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BBEJIEHUE

AKmyanbHoCmb memul UCC1e008aAHUA

YCTOWYMBOCTD MMOMYJISILMA  MJICKOIHUTAIOIMINX K TOKCHYECKOH Harpyske BO
MHOTOM omnpenensercs 3p(EeKTUBHOCTHIO BOCIIPOU3BOJICTBA, MTOATOMY €r0 Pa3IMYHbIC
napaMeTphl, B TOM YHCJIE€ IMOKa3aTeld PENpOaAyKTUBHON CHCTEMbI, BCEr[a IPHUBIICKAIN
BHHUMaHue 3KoTokcukosoros [Llobet et al., 1995; Myxauesa, 2001, 2016; Damek-
Poprawa, Sawicka-Kapusta, 2003, 2004; Ieradi et al., 2003; besens, 2006; HMBanrep,
Mengenes, 2007; JlaBbinoBa u ap., 2009; Miska-Schramm et al., 2014, 2017; Amuno et
al., 2016]. OxHuM U3 KpPYNHEHIIMX HCTOYHUKOB TOKCHKAHTOB SIBIIIOTCS KPYITHBIE
IPOMBIILICHHBIC TPEANPHUATHS, OCOOCHHO 3aBOJABI C IEPBUYHOM IUIABKOH I[BETHBIX
METaJUIOB.

[Tpu mM3ydeHuHn BKJIaga CaMIIOB B BOCIIPOM3BOJICTBO IMOMYJISAIMHA PAaCCMATPUBAIOT
BCE 3BCHBSA MY)KCKOM PENPOAYKIHH — OT MOP(OJOrdd TKAHEH M OPraHoB [0
(GU3HONIOrHYCCKUX M TOBEAEHYECKUX peaknuii. K Hambojgee BaKHBIM acleKTaM
U3y4EHHUS BOCIPOM3BOCTBA OTHOCAT KAYECTBO DAKYIMPOBAHHBIX U DIUIAMIAMAILHBIX
CIIEPMATO30HMI0B, YTO TOXKACCTBCHHO OIIEHKE IMOTCHIMAILHOW (DEePTHILHOCTH.
TpaaMIIMOHHO TECTHPOBAHUE KAYECTBA CICPMATO30MI0B 0asupyeTcs Ha MPSMBIX
METO/aX JUArHOCTUKH (EePTHILHOCTH — MOP(OJIOTHH, TOABMKHOCTH M KOHICHTPAIUH,
KOTOPBIC B KOMIUICKCE XapaKTEPU3YIOT UX OILUIOJOTBOPSIOIIYIO CIIOCOOHOCTh. B cBOIO
oyepenb, KakKIblii M3 3THX AaCIEeKTOB MOKET BKIIIOYaTh HECKOJIBKO IIOKa3aTesei:
HaMpUMep, MOJBHKHOCTh CIIEPMATO30MI0B MBIIIEBUIHBIX TPHI3YHOB XapaKTEPHU3YIOT
BOCEMBIO pa3InYHbIMK BennunHamu [Yeste et al., 2018].

Ha npakTuke 0oJHOBpEMEHHO BCE TpU OJIOKA IOKa3aTelied OOBIYHO HCCIICAYIOT
TOJIbKO y YeJIOBEKa MIIM XO3SHCTBCHHO 3HAYMMBIX BHIOB. Y JKUBOTHBIX M3 MPHUPOIHBIX
OIS UCCIIeI0OBAaHUE BCEr0 KOMILJICKCA 3aTPYAHEHO, TaK KaK HEOOXOIUMbI 0COOBIC
YCIOBHS U UX OTJIOBA M COJAEPIKaHUs, 0TOOpa ISIKYJIsATa, €ro aHaau3a U T.1. TeM He
MEHE€, C TOW WIM MHOU MOJHOTOM CIIEPMAaTO30MAbl NCCIEA0BAIN Y «IUKUX» CyMYaThIX
[Hughes, 1965], mapunokonsitHeix [Malo et al., 2006; Gizejewski et al., 2008], xumabix
[Wolf et al., 2000] u xpymubix rpeizyHoB (Castor fiber) [Bierla et al., 2007].
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[Mpu wccraenmoBaHUM MENKUX MIICKOMUTAIOMUX (B YAaCTHOCTH, MBIIICBHIHBIX
TPBI3YHOB) OTMEUYEHHBIC BBINIE TPYAHOCTH, OCOOEHHO B OTHOILIEHHUH OTOOpa
CIIEPMATO30M/IOB U UX aHAJIN3a, YCYTyOuIsioTcs HEOOIBIIMMU pa3MepaMH KUBOTHBIX U
UX TOJIOBBIX OPTaHOB, a TaKXe HEOOIbITUM 00beMoM Ipo0. Takum oOpazom, naxe s
«YHHMBEPCAILHOU MOAETN» — JIAOOPATOPHBIX MEIKUX IPHI3YHOB — MOJTYy4YEeHUE OOBIYHOM
CIIepMOrpaMMBbl HE CUUTAIOT PYTHHHOH mpouexypoil. HecmoTpst Ha To, uTo emie ¢
1960 -x rr. HAYANUCh OKCIEPUMEHTHI C JJICKTPOCTUMYJISIUEH JSKYIALUA Y
nabopaTtopHbix Mbimei [Birnbaum, Hall, 1961; Mauss et al., 1970; Anderson et al.,
1983; Hernandez et al., 2004], stor MeTrox He CTaJll PACHPOCTPAHCHHBIM H3-3a
CJI0)KHOCTH MPUMEHSIEMON anmapaTypbl U JUCKYCCUOHHOCTH PE3yIbTaTOB.

B Hacrosimee Bpemsi mojabisiolee OONBIIMHCTBO MCCIEAOBAaHUN Ha MEJIKHX
TPBI3yHAaX BBIMOJHSIOT C WCIHOJB30BAaHUWEM OJMHIWIUMAIBHBIX CIEPMAaTO30H OB,
MOCKOJIBKY TIOCJI€ YCIEUIHBIX ONBITOB Ha PAa3HBIX BHJAX MIIEKONUTAIOMIUX 10
OIUIOIOTBOPEHHIO CAMOK CIIEPMATO30MIaMH U3 XBOCTA MPHUAATKa CEMEHHUKA IN VIVO U
In Vitro, ux CBOWCTBAa CUMTAIOT DKBUBAJICHTHBIMU JsikynupoBaHHbIM [Lakoski et al.,
1988; Cooper, 2007; Monteiro et al., 2011]. O1Tu BBIBOABI MOCTYKHIA OCHOBAHHEM JIJISt
KPUOKOHCEPBAIIMN  JMHUIWAUMAIBHBIX CIIEPMATO30MAOB PEOKUX M  HCUE3AIOIINX
KUBOTHBIX B TEHOAHKAaX, YTO, B KOHEYHOM CUETe, BaXHO Ui COXPaHEHHS
ouopaznoobpaszust [Amstislavsky et al., 2012; AMmctucmaBckuii u ap., 2016]. Ha atux
BBIBOJIaX TaKKe€ OCHOBAH BBHIOOP SMUAMIMMAIBHBIX CIIEPMATO30UIOB ISl HACTOSIIETO
UCCIIETOBaHMS.

Co crnenudukoil Hamero oObEKTa UCCICIOBAHUNA — MBIIIICBUIHBIX TPHI3YHOB U3
MPUPOIHBIX MOMYJSIIUNA — CBsI3aHA HE TOJBKO MOJHOTA aHAIM3a CIIepMaTO30UI0B, HO U
OPEINOYTUTENBHOCTh OJHUX T[IOKa3aTeliell 10 CpPaBHEHUIO C JPYTHMMH, KOTOpBIE
UCTIONB3YIOT pa3Hble TPYMIbl HCCenoBaTeNield. Y MPaKTUKYIOUIUX PErpoayKTOJIOTOB
IEpPBOE MECTO CpeAH MOoKazaTeled MYKCKOW (PepTHIIBHOCTH 3aHUMAIOT MOKa3aTelu
MOJIBUYKHOCTH CIIEPMATO30UI0B, KOTOPYIO CUMTAIOT KIIFOUEBBIM (DAaKTOPOM, BIHSIOIIUM
Ha JIOCTaBKy OTIIOBCKOTO T'€HETHUYECKOro Marepuana k siinekinerke [Buffone et al.,
2012; Anosia u n1p., 2013]. B npoTUBONOJIOKHOCTh MEAULMHCKON PEMPOYKTOIOTHH, Y

JAUKHUX TI'PbI3YHOB 4YallC HCCICAYIOT MOp(bOJ'IOFI/I‘ICCKI/IC IIPHU3HAKN CIICPMATO30HUI0B.
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KadecTBeHHY!0 OIIGHKY MOP(GOJIOTHH CHEPMATO30M0B — HAIWYHE U CHEKTP
MATOJIOTHYECKUX M3MEHEHUN (aHOMaIMi Win e(PEeKTOB) — UCIOIB3YIOT ISl U3YICHUS
reHeTHYecko m3MeH4YuBOCTH [Styrna et al., 2003; Ocamuyk, Ocamguyk, 2010], mus
OLIGHKH BJIMSIHUS pa3iudHbIX (akTopoB cpenbl [Mamuna, 2012; Kruczek et al., 2013;
Kotula-Balak et al., 2014; Manbues u ap., 2016], B Tom uucie 3arps3uenus [Ribeiro et
al., 1987; Tannenbaum et al., 2003; Rafique et al., 2009].

DKOTOKCHKOJIOTHYECKUE  aCMeKThl  (YHKIIMOHUPOBAHUS  PEMPOTYKTUBHOU
CUCTEMBI CaMIIOB MBIIIEBUIHBIX TPHI3YHOB U3Y4€HBI (DparMEeHTaApHO, a YCTONYHBOCTD
pa3sTUYHBIX €€ TMapaMeTpPOB K JCHCTBHIO AKOTOKCHKAHTOB (B TOM YHCJIE TSIKEIBIX
METAJJIOB) JI0 CHUX IMOp JUCKYCCMOHHA. BOJBIIMHCTBO HCCIEn0OBaTENIC CUUTAIOT
MIOJIOBBIC KJICTKH CAaMIIOB YyBCTBUTEJIbHBIMH K 3arps3sHenuto [Miska-Schramm et al.,
2014, 2017], oqHako IO CUX IOp JAaHHBICE O KAayeCTBE CICPMATO30HMJIOB TI'PHI3YHOB C
3arpsi3HEHHBIX TEPPUTOPHUI HEIMOJHBl U YacTO MPOTHUBOPEUYUBBHI: aBTOPHI HE BCErIa
OOHapy>KHUBAIOT TOKcHYecKkue 3S(PEeKThl, HAIpUMEp, YMEHBIICHHE MOABWKHOCTU U
KOHIICHTPAIIMU CIIEPMATO30H 0B, WIIH YBEIIMYCHUE JI0JIM aHOMAITLHBIX KiieTok [Llobet et
al., 1995; Tannenbaum et al., 2003, 2007].

KpaiiHe HEMHOTOYHCIICHHBI Pa0OTHI, B KOTOPBIX OJTHOBPEMEHHO HCCICAOBAIN H
PENPOIYKTUBHBIE TapaMeTpbl (Kak MpaBUJIO, TOJBKO CTPYKTYpY CEMEHHHUKA), W
KOHIICHTpAIIMHU TsOKEIBIX MeTautoB B opranusme [leradi et al., 2003; Damek-Poprawa,
Sawicka-Kapusta, 2004]. K «0enbIM msITHaM» MOXKHO OTHECTH MPAKTUYCCKH IOJHOE
OTCYTCTBHE CBEICHMM O CBSI3M MEXAY WHIMBUAYAJIbHONW TOKCHUYECKOW HArpy3kou MU
Ka4ueCTBOM CIIEPMAaTO30UJIOB.

Takum 00pa3om, aKTyaTbHOCTb UCCIICIOBAHUSI ONPEIEIISACTCS TPEMS ACTIEKTAMU .

1) BaKHOCTBIO BOCITPOM3BO/ICTBA JIJISl YCTOMYMBOCTH MOIMYJIAIIUI )KUBOTHBIX;

2) neUIMUTOM JAHHBIX IO TIOKa3aTelsIM MOP(OJOTUH, IMOJABHKHOCTH U
KOHIICHTpAI[UU CIIEPMATO30UIOB y IIUPOKO PACIIPOCTPAHEHHBIX BUJIOB TPHI3YHOB;

3) IMCKYCCHOHHOCThIO BOmpoca 00 YCTOWYMBOCTH MapaMETPOB MYIKCKOW
PENpOyKTUBHOM CHUCTEMBI TPBIZYHOB W3 MPUPOJHBIX MOMYJISALUN K XUMHUYECKOMY

3arpsi3HEHUIO.



Oovexkmul uccineooeanus

[Tockonbky 3amaud pabOThl CBSI3aHBl C AHAIM30M BIMSHUS XHUMHYECKOTO
3arpsi3HEHMs] Ha LIMPOKHUI CHEKTp IMOoKa3aTelel CcrepMaTo30MJIOB TPBI3YHOB U3
MPUPOIHBIX MOMYJISAIINANA, BRIOPAIHM TPU BHUIA TPHI3YHOB, IIMPOKO PACTIPOCTPAHCHHBIX Ha
Cpennem VYpane. J/[Ba Buaa oTHocsTcs kK cemerictBy Cricetidae: pwbkas mosieBka
(Clethrionomys glareolus Schreber, 1780) u kpacnas moneska (Clethrionomys rutilus
Pallas, 1779); omuu Bux — Kk cemeiictBy Muridae: manmas nmecHas mbimb (Sylvaemus
uralensis Pallas, 1811).

Buel paznnyaroTcs 1no TUIy NUTaHUs (MOJEBKU MPEUMYIIECTBEHHO 3€JICHOS/IbI,
Majasi JIECHAasl MBIIb — CEMEHOsT), OMOTONUYECKON MPUYPOUYEHHOCTH (Maliasi JiecHas
MBIIIIb OXOTHEE CEJIUTCS B AHTPONOTEHHBIX MECTOOOMTAHUSX), MOJBHKHOCTH (Majas
JecHasi MbIllb OoJee MOJBH)KHA M MOXKET INepeMeniaTbCsi Ha PacCTOSHHE 10 9 KM
[['puropkuna, Onenes, 2018] u psany apyrux cBorctB. Kpome Toro, peixkas u KpacHas
MOJICBKU — OJIM3KOPOJCTBEHHBIE BHJBI, O00pa3yoline THOPUILI B IKCIIEPUMEHTE
[Ocunoga, Coktun, 2006, 2008] u B nmpupojae [Adbpamcod u ap., 2009; bopoaun u np.,
2011]. BkiroyeHWe B aHAIW3 pPacCMaTPUBACMbBIX BHOB IO3BOJIAET OICHHUTH
aJanTUBHYIO CIOCOOHOCTb PENPOJYKTUBHONW CHUCTEMBI JKMBOTHBIX K YCIIOBHUSIM
3arpsA3HEHUS] y TAaKCOHOMHUYECKMX TPy C CYHMECTBEHHO Pa3IMYarOlIUMUCS
CBOVCTBAMU.

Biusinue XuMHMUYeCKOTO 3arps3HEHUs] Ha  IOKa3aTeld  CIIEpMAaTO30MJIOB
UCCIIEIOBAIM C YYETOM BapuaHTa pa3BUTHs rpbi3yHOB [Onenes, 2002]. [Tpeanocsuikoii
JUJIS1 9TOTO TIOCITYXKUJIM MPEICTABICHUS O TOM, YTO Pa3uyus MHOTHX XapaKTepUCTUK (B
TOM YHCJIE PEMPOJYKTHUBHBIX) MEXKIY CETOJeTKaMU M TEePEe3MMOBABIIMMHU OCOOSIMHU
JIETEPMUHHPOBAaHBI BapuaHTaMu oHToreHesa [Onenes, 1989, 2002, 2009].

Ilenw uccneoosanus — onieHKa BIUSIHUS BIOPOCOB MEJIETIIIaBUIIBHBIX 3aBOJIOB Ha
KAueCTBO OANUJIUIMMAIIBHBIX CIEPMATO30MI0B MOJIECIbHBIX BHJIOB TPHI3YHOB U3
npupoaubix monyssiiuii  (Clethrionomys glareolus Schreber, 1780; Clethrionomys

rutilus Pallas, 1779; Sylvaemus uralensis Pallas, 1811).



3aoauu uccneoosanus:

1) onpenenuth Mop(doIOrHUECKHe TOKa3aTeH, MOABMKHOCTh U KOHIICHTPAITUIO
CIIEpPMAaTO30UJIOB TPBI3YHOB, HACEIAIONIMX YYaCTKH C KOHTPACTHBIMHU ((DOHOBBIMU HU
MMITAKTHBIMUA) YPOBHSAMH XUMHUUYECKOTO 3arpsi3HEHUS OT BBIOPOCOB MEJIETIABUIIBHBIX
3aBOJIOB;

2) OLIEHUTh MEXBHJIOBYIO u BHYTPUBHJIOBYIO (OHTOTE€HETUYECKYIO)
M3MEHYMBOCTh MOKA3aTeNIel cCriepMaTo30UI0B;

3) OLIEHUTh KOHICHTPAIUH IPUOPUTETHBIX 3arPA3HUTEICH — TSHKEIBIX METAJIOB
(Cu, Zn, Cd, Pb) — B opranm3me TpbI3yHOB M OXapaKTepHU30BaTh CBSI3b KadyeCTBa
CIIEPMATO30UI0B C NHIUBUAYAJIBHOW TOKCUYECKON HArPy3KOM.

B xoxe paboTel mpoBepsiin cunomeswt. 1) XAMUYECKOE 3arpSI3HCHUC YXYAIIACT
MOKAa3aTeIM  CIIEPMATO30MI0B TPHI3YHOB W3 MPUPOAHBIX IOMYJISAIUN; 2) peakius
CIIEpMATO30HMI0B HAa XHUMHYECKOE 3arpsA3HEHHE BHAOCHCHH(HYHA;, 3) peaKius

CIICPMATO30M 0B Ha XUMHUYCCKOC 3arpsA3HCHUC 3aBUCHUT OT BAPpHAHTA OHTOI'CHC3a.
HOJZOJ!C@HM}I, 8bIHOCUMDBIC HA 3ALUmMY .

1. BeIOpocsl MeAeTUIaBHIIBHBIX 3aBOJIOB CIa00 BIMSIOT HAa CIEPMATO30UIbI
Clethrionomys glareolus, CI. rutilus u Sylvaemus uralensis u3 npupoIHbIX OIS,
Haubonee 4yBCTBUTENbHBI K TOKCHMYECKOW HAarpy3ke IOKa3aTeld TOJIBHIKHOCTH
ciepmaro3onioB. Ha ummaktHbeix ydactkax y Cl. glareolus nmokazarenu mopdomoruu
(toniss aHOMANIBHBIX KJIETOK) W TOJBIKHOCTH HW3MEHSIOTCS OIHOHAIMPABIEHHO — B
CTOPOHY  YXYIIICHHS KadyecTBa CIEPMAaTO30MAOB, 4YTO  CBUJECTEILCTBYET O
COTJIACOBAHHOM PEaKITNH MOJIOBBIX KJIETOK Ha 3arpsi3HEHHE.

2. Peakiusi  (cTeneHb  BBIPAKEHHOCTH W HANpPABJICHHOCTh  M3MEHEHMIA)
MoKaszaTesield  CIepMaTo30HMJI0B  Ha  BBIOPOCHI  MENEIIaBUIBHBIX  3aBOJIOB
BUJOCTIeIM(UYHA: TIOJIEBKH CHUJIbHEE PEarupyroT Ha 3arpsi3HEHHE 10 CPaBHEHUIO C
MAaJIOW JIECHOU MBIIIBIO.

3. [NokazaTenu Mopdoaorruu, MOABMKHOCTH M KOHIICHTPAIIUU STUTAINMATBHBIX

cuepmaro3ongoB Cl. glareolus, Cl. rutilus u S. uralensis He 3aBucaT OT BapuaHTa
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OHTOI'CHEC34, HOTeHHHaHBHBIfI BKJIaJd CCroJICTOK MW HICPC3NMMOBABIINX ocobeil B

BOCIIPOU3BOACTBO IOIYJIALNNMU MOXHO CHYUTATh PAaBHOLICHHBIM.
Haylmaﬂ HO6U3HA

BnepBrie BiusHHE BBIOPOCOB MENEIIIABUIBLHBIX 3aBOJIOB (30HBI 3arpsi3HCHUS H
WHIUBUAYAJIbHOW  TOKCHMYECKOW  HArpy3Kd) Ha  KauyeCcTBO  AIHUIUIUMAIbHBIX
CIIEpMAaTO30MJIOB TPBI3YHOB W3 MPUPOAHBIX MOMYJSAIHUM OIEHEHO JII KOMILIEKCa
nokasareyied — MopdoJiorndecknx (pasMepbl KIETOK, JOJs aHOMAJIBHBIX KIETOK C
nedexTamMu TOJOBKH M XBOCTA), MOABMKHOCTU (JIOJISI TTOABHIKHBIX KJIETOK, CKOPOCTh H
NPSIMOJTMHEUHOCTD JIBMDKEHUS) Y KOHIICHTPAIIUU CIIEPMATO30HI0B.

BriepBrie KONMYECTBEHHO OICHEH BKJIAJ MEKBHIOBOM M OHTOTCHETUYECKOU
M3MEHYHUBOCTH B BapHaOEIbHOCTh ITOKa3aTejed SIMUIUIMMAIIbHBIX CIIEPMAaTO30UJI0B

IPBI3YHOB U3 OKPECTHOCTEN MEIETIIaBUIIbHBIX 3aBOJIOB.
Teopemuueckasa u npakmuueckan 3HAYUMOCHb

HoBble cBeneHMsI O IMOKa3aTeNsX CHEPMATO30MIIOB TPBI3YHOB M3 NPUPOIHBIX
NOMYJISIUMNA CYIIECTBEHHO JAOTMOJHSIOT MUMEIOIUNACS MyJl 3HAHUM 00 OCOOEHHOCTSX
pPa3MHOXEHUS B YCIOBHUAX XWUMHUYECKOIO 3arpsA3HEHUs. BpIBOAbl 0O BIUSHUHU
XUMHUYECKOTO 3arpsi3HEHHs] Ha TMOTEHUHAIbHYI0 (EpTUIIBHOCTh TPBIZYHOB U3
OPUPOAHBIX TMOMYJSIMUA BaXKHBl Il T[IOHMMAaHHMS MEXaHU3MOB yCTOWYMBOCTH
pPEeNpOAYKTUBHBIX TOKa3aTesied CcaMllOB M IPOTHO3UPOBAHUS CYIbOBI MOMYJSLUUN B
YCIIOBUSIX CUJIbHBIX TOKCUYECKHUX HArpy3oK.

BriBogbl 00 OTCYTCTBUHM BJMSHHMS BapUaHTa OHTOreHe3a Ha OOJIBIIMHCTBO
M3YYEHHBIX T[OKa3aTejeil MO3BOJSAIOT UCKIIOUMTh M3 aHalih3a JSTOT HCTOYHUK
M3MEHYMBOCTU U CKOHIIEHTPUPOBATh BHUMAHKE HA aHAIM3€ U3MEHUYMBOCTH, CBSI3AHHON
CO CTaausMH IIOJOBOIO pa3BUTHUS (CO3PEBAHUEM, 3pEIOCTHIO, YraCaHUEM ITOJIOBOM
¢ynkuun). Hubopmamms 00 HW3MEHYMBOCTH SIUAHIUMAIBHBIX CIIEPMATO30UI0B
MO3BOJIIET ONTUMHU3UPOBATH MPOTOKOJIBI aHAIM3a W HUCKIII0YaTh MajJOWH()OPMATHBHBIE
nokasarenu. AmnpoOHpoBaHHBIE Ui Pa3HBIX BHAOB  TPBI3YHOB  MPOTOKOJIBI

KOMIIJICKCHOI'O 06CJI€I[OB8,HI/I$I CIICpMaTO30M 0B MOI'YT CTAaTh OCHOBOM JJIs1 pa?:pa6OTKI/I
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YHHBepcaJIBHOﬁ CXEMbl C BO3MOXHOCTBIO €€ HCIIOJIB30BAHUA I[MHUPOKUM KpPYIromMm

CTHEIMATUCTOB B 00JIACTH SKOTOKCUKOJIOTHHU, TOMYJISIITHOHHON SKOJIOTHH U 300JI0THH.
Cmenens 0ocmoeeprocmu u anpooayus pe3yibmamos

JIOCTOBEPHOCTh ~ pE3yJIbTATOB  OMNpPENETSETCS]  3HAYUTEILHOM  00BbEMOM
(dakTHyeckoro Marepuaia. mpoaHanuzupoBaHo 570 ocobeill MOJEIbHBIX BHJIOB
I'PBI3YHOB, OTJIOBJICHHBIX B XOJ€ 5 MOJEBbIX ce30HOB (oTpaborano 5099 mnoBymiko-
CYTOK), B aHanu3 BkiIodeHO 307 MAa3KOBBIX MPEmapaToB AUUAUINMAIBHBIX
crepMaro3ousioB, 141 omnpeneneHne nokaszaTeneil MOJABMXKHOCTH M KOHIEHTpalUU
CIIEpPMATO30UJI0B Ha aBTOMATHYECKOM aHAJIM3aTOPE CIEPMBI, BbIMOJHEHO Oosiee 1000
AIIEMEHTO-ONPEIEICHUIN TKENbIX MeTaIoB. Bee mabopaTopHble paOOThI BBIITOJIHEHBI
Ha COBPEMEHHOM aTTECTOBaHHOM OOOpYy/IOBaHUU. [|0CTOBEPHOCTH PE3YyJIbTATOB TAKXKE
00yCJIOBJIEHa TPUMEHEHUEM COBPEMEHHBIX METO/IOB CTATUCTUYECKOTO aHAIU3A.

PesynbraThl uccnenoBaHuit  ObutM  mpeAcTaBieHbl Ha 11  koH(epeHIusX:
exerognsie Bcepoccuiickue KOHGEPEHIIMM MOJOJBIX YUYeHBIX «IKoJorus: (GakThl,
runote3bl, moxenu» (ExarepunOypr, 2017, 2018, 2019, 2021, 2022 rr.); IlepBas
Bcepoccuiickas Hayunas koHdepennus « Tokcukonorust u paguooduosnorus XXI Bekay
(Cankrt-IlerepOypr, 2017); MexayHapoaHas Hay4yHO-TIpaKTHUeCKas KOH(EpeHIus,
nocesieHHas 90-netuto 3aciaykeHHoro 3kojora Poccum H.U. JlutBunoBa «Wtoru u
MEPCIEKTUBBI Pa3BUTHUSI TEPUOJOTMYECKUX HCCIEIOBaHUM a3uarckod Poccunm wu
conpenenbHbix Tepputopuit» (Mpkyrck, 2017); XV Bcepoccuiickas MomnoaexHas
Hay4dHass KoH(pepeHnus «DU3MOIOTHUS YEIOBEKAa W JKUBOTHBIX: OT JKCIIEPUMEHTA K
KIIMHUYECKOM TpakTuke» B pamkax III Bcepoccuiicko MOJIOAECKHONM Hay4YHOU
KoH(pepeHuMu (C 3neMeHTaMu Hay4yHOU mikoJibl) «Mosoaexxp u Hayka Ha CeBepey
(CeixteiBKap, 2018); XV Konrpecc MexayHapogHoil acconuanuu Mop¢oJIoroB
(XanTsi-Mancuiick, 2020), MexperuonansHas koHpepenuus «Hayunble nucciegoBanus
Ha OOIIT VYpana», nocesamenHas 50-netuto BHCUMCKOro rocyaapCTBEHHOIO
npupogHoro Ouocheprnoro 3amoBennuka (ExarepunOypr, 2021); XI Cwesn
Tepuonoruyeckoro obmectBa npu PAH «MiekonuTaroye B MEHSIONIEMCS MUpE:

aKTyasbHble ITpo0aemMbl Tepuosiorun» (Mocksa, 2022).
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Hccnenoanue BeinonHeHo B pamkax TeM HUP mabopatopun skoTokcukonoruu
nomyisiinii 1 coobmects UOPuX YpO PAH (2015-2017 rr., Ne 0400-2015-0025,
2017-2019 rr., Ne AAAA-A18-118031690077-1, 20192021 rr., Ne 0400-2014-0026).
B 2019-2021 rr. pabora Opuia momnepkana PDODU (mpoektr Ne 19-34-90004

«ACTIMPAHTBI»).
Juunwtit 6kn1a0 aemopa

ABTOp yuacTBOBaJd B pa3paboTke oOIlero IJlaHa WCCIEAOBaHUA U psija
IPOTOKOJIOB ~ AaHAJIM30B, B YaCTHOCTH TMPOTOKOJOB IO OTOOpPYy  0OpasioB
AMUANJANMAIBHBIX  CIEPMATO30HMI0B,  KJIAaCCH(PUKAIMK  AHOMAJIbHBIX  KIIETOK,
KOMITO3HMIIMM THTATEIbHONH Cpenbl IS aHalu3a IOJBWKHOCTH CIIEPMAaTO30MIOB.
[TonaBmnsromnuii 00beM I0JIEBOM U KaMepaabHON pPadOThI OB OPraHU30BaH M BBHITIOJIHCH
JUYHO aBTOPOM WJIH MPH €T0 HETOCPEACTBEHHOM YYaCTHH, BKIIIOYAs OTJIOB )KUBOTHBIX,
oTOOp M aHaau3 OHMOJIOTHYECKHX OOpa3IoB, oIpeseicHue abCOMIOTHOrO BO3pacTa
JKUBOTHBIX, U3MEpPEHHE MOP(POMETPHUIECKUX IMOKa3aTeJIeH CIIepMaTO301/I0B, U3MEPECHHE
WX KOHIICHTPAIIMM W TIOJBMIKHOCTH, TPOOOIOATOTOBKY OOpAa3OB I XUMHUYECKOTO
aHajgu3a. AHaIM3 JaHHBIX M O0O0OIINEHHE pe3yJbTaTOB BBINMOJHEHBI aBTOPOM IIpHU

KOHCYJIBTALMSAX C HAYYHBIM PYKOBOJIUTEIIEM.
Ilyonukayuu

[To Teme auccepranuu omyOIuKoBaHO 12 HaydHBIX pabOT, U3 HUX 5 craredl B
xypHanax u3 [lepeunst BAK, B Tom uucne 4 myOiukanuu B U3JJaHUSIX, HHACKCUPYEMBIX

B WoS u Scopus.
bnazooapnocmu

ABTOp BbIpaXkaeT OJaroJlapHOCTb CBOEMY HAy4YHOMY PYKOBOJMTENO — K.O.H.
FO.A. JlaBb110BOM 3a CTOMYECKOE TEPIICHUE U MOMOIIb Ha BCEX dTanax padoTsl, A.0.H.
E.JI. Bopobeitunky — 3a oOcyxaeHue pe3yiabTatoB padotsl, kK.0.H. M.A. KuiHsaceBy u
k.0.H. A.H. C0o30HTOBY — 3a KOHCYJIBTAIIMM TIO CTATHCTHUYECKOW OOpabOTKE JAaHHBIX,
BenyuieMy HHxeHepy 3.X. AXYHOBOW — 3a OMNpENENIEHUE KOHLEHTPALMN TKEIbIX

MCTAJIIIOB.
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ABTOp Takke OmaromapuT 3a IeHHble 3ameuanus 1.0.H. B.C. besens, 1.0.H.
E.A. bensckoro, a.60.1H. JLE. JlykpsinoBy, k.0.H. B.Il. Mamuny, k.6.1H. C.B. Myxaueny,
1n.0.1. I'.B. Onenena, k.0.H. M.A. ®oMHUHEBIX.

ABTOp  4Ype3BblHaiiHO mpu3HareneH k.0.H. C.B. MyxaueBoil, K.0.H.
A.H. CozontoBy, T.H. OpexoBy, a Takxke aIMUHUCTPAlUd U COTPYJHHKAM
Bucumckoro rocyaapcTBEHHOTO OHOC(EpHOro 3amoBEeTHHKA 3a IMOMOIIsL B cOope

Marepuana.



13

I'maBa 1. U3YUEHUE BJIMAHUA XUMHWYECKOI'O 3ATPA3HEHA HA
CIIEPMATO301 bl MJIEKOITMTAIOIINX

1.1 CnepmaTo30u/bl KaK 00bEKT YIKOJOTHYECKOH TOKCHKOJIOTHH

Peakiuio JKMBOTHBIX HAa XHMHYECKOE 3arps3HEHUE H3Y4aeT HKOJIOTHYECKas
TOKCHUKOJIOTUSI — CPAaBHUTEILHO MOJOJasi Hayka, cpopmupoBaBiiascs B kKoHie 60-x —
Hayajge 70-x rr. XX B. Ee BO3HHKHOBEHHME BO MHOTOM OBLIO OOYCIIOBJICHO
CTPEMHTEIIbHO HapacTarONIUM BIUSHUECM JEATCIBHOCTH YEJIOBEKa Ha SKOCHCTEMBI:
MOSIBJICHUEM HOBBIX BHJIOB BOOPYXKEHHUU, Pa3BUTHEM MPOMBIIIIEHHOCTH M CEIbCKOTO
xo3giicTBa (ymoopenusi, nectuiuanl) [besens, 2006]. IlosBUIMCH, MHOTOYHMCICHHBIC
3aIOKyMEHTHPOBaHHBIC  (aKThl  TOPAKEHUS W 3arpsi3HCHHUS  DKOCHUCTEM
Metautyprudeckumu  npeanpusitusimu: B Canbepu (Kananma), Ilanmeprone (CIHIA),
I'ysyme (IIBemus) m DitBonmayte (BenukoOputanusi), Pyp (I'epmanus), Munamara
(Amonwus). Ilyomukamuu 1970-1980-x rr. 00 3THMX MCTOYHMKAX 3arpsS3HEHUS JICTJIH B
OCHOBY COBPEMEHHBIX MPEJCTABICHUN O BIMSHUU XUMUYECKOTO 3arps3HEHUSI U CTalu
OCHOBOM J1J1s1 9KOTOKCHKoJioruu [Bopobeitunk, 2022].

HoBoe nampamienne Hayku oudeHb ObICTpO ¢dopmupoBajioch. Ecnu m3HauambHO
HKOTOKCHUKOJIOTHIO PAacCMATPUBAIM KaK OTBETBJICHHE MEIUIIMHCKONW TOKCHKOJIOTHH,
u3yyJaromiei Tokcuaeckue 3pQGeKTol, He CBA3aHHBIE HEMTOCPEICTBEHHO C YEJIOBEKOM, TO
Omaromapsi CTAHOBJIEHHUIO B OTOT K€ TIEPHOJ DOKOJOTHUH, €€ BO3pacTaroiiei
MOMYJISIPHOCTH U PACIIPOCTPAHCHHUIO IMHPOKOTO «IKOJOTHYECKOTO B3TJIAIA» OYKBAJIBHO
Ha BCE, BKJIIOYAs ¥ MPOOJIEMBI 3arpsi3HEHUS, SKOTOKCHKOJIOTHSI CTajla CAMOCTOSITEIIbHBIM
HaIlpaBJICHUEM B DKOJIOTHH.

CoBpeMeHHass  JKOTOKCHUKOJIOTHUS ~ Oasupyercss Ha  (PyHIaMEHTaJbHBIX
JOCTIDKCHUSIX 00€MX HAyK — DKOJIOTMM M MEIUIIMHCKOW TOKcukosoruu. [lpm stom
DKOJIOTHUSI ouepuuBaeT cdepy wuHTepeca (1edb, MOPEAMET W HOBbIE TPUHIUIIBI
HOPMHPOBAHUSA) — TPEUMYIIIECTBEHHO OWOJIOTMYECKUE CHCTEMBl HAJIOPTaHU3MEHHOTO
YPOBHSI B WX HEMOCPEJCTBEHHOM B3aUMOJICUCTBUU C OKPYXKAIOIMICH (3arps3HEHHOMN)

CpCI[Oﬁ, a MCIHMIMHCKAas TOKCHUKOJIOIUs IpeajaaracTt H_II/IpOKI/Iﬁ CIICKTp MCTOAOB
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U3y4eHUs TOKcuuecknx 3¢ (deKkToB Ha otaenbHble opranu3mbl [besens, 2006]. Tak,
OOJBIIMHCTBO METOAOB OLEHKU (PEPTHIIBHOCTH KMBOTHBIX M3 MPUPOIAHBIX MOIMYJISALUAN
0asupyercs Ha METOJaxX, pa3paOOTaHHBIX KJIACCMUYECKOM TOKCHKOJIOTHEH, B TEPBYIO
ouepeqp, JTabOpaTOPHBIX SKCIIEPUMEHTax ¢ 3arpaBkoil. K skomormueckum Metoaam
OTHOCAT HATypHbIE HaOMIOACHUS, MOMYJISLUMUOHHBIM aHaU3, MaTEeMaTUYECKOE
MojienupoBanue u ap. [besens, 2006].

DKOTOKCHKOJIOTHS, B OTIIMYME OT MEIUIIMHCKON TOKCUKOJIOTHH, XapaKTepU3yeTCs
«OTJIO)KEHHOHN aHTPOMOLEHTPUYHOCTBIO» U CIEYET UJEE COXPAHEHUS U 3alIUTHI (B TOM
YHCIIE OT XMMHUYECKOTO BO3JCHCTBUS) MPUPOIAHON Cpeabl A OYIyIIMX MOKOJICHUH.
OCHOBHBIE yCHUJIUS MPU 3TOM HaIlpaBJIE€Hbl HA U3YYEHHUE CIOKHO CTPYKTYPUPOBAHHBIX
CUCTEM IMONYJIILMOHHOTO U LIEHOTUYECKOTO YPOBHEW. HEOMHOKpaTHO OI4EepKUBAIIOCH,
YTO IpPHU W3YYEHUU HAJTOPraHW3MEHHBIX CHUCTEM BO3PACTAET 3HAYEHUE OKpPYXKAIOLIEH
Cpelbl KaK aKTHUBHOIO (hakTopa, BIMSIOIIETO U Ha MOBEJCHHE SKOTOKCHUKAHTOB, U Ha
nposiBiieHre Tokcuueckux 3¢ dexron [beszens u ap., 1994, 2001].

[To ananorum Cc NOMYJNSIPHOM CETOAHA «JIOKA3aTEIbHOW MEIUIIMHON» MOMXKHO
TOBOPUTh U O (PEeHOMEHE «JO0Ka3aTeNbHOM HKOTOKCHKOoJorum». Hayka oOmuratHo
UCTIONIB3YET JAaHHBIC O KOHIICHTPAIUSIX TOKCUKAHTOB (B TOM YHUCIIE TSKEIBIX METAJLIOB)
B OnocyOcTpaTax M OpraHu3Max, 4ToObl yJIOBUTh U OLIEHUThH CBS3b MEXIY YPOBHEM
3arpsi3HeHMs] (WM WHIWBUIYAIbHOW TOKCHYECKOW HArpy3Kod) M OHOJOTHUYECKUMHU
(MopdonornueckuMu, (PU3HOIOTUYECKUMHU U [Ip.) XApaKTEPUCTUKAMHU OPraHU3MOB.
OpHako »SKOTOKCHUKOJOTHS OTHIOAb HE CBOJWUTCA K H3YYEHHUIO KOHLEHTpalui
TOKCUYECKHX BEIECTB B OMOCyOCTpaTax M OpraHM3Max, MOCKOJIbKY Ba)KHEE «OIIEHKa
3HAYMMOCTH 3TUX TOKazarened uisi cynbObl MOMyJsUMKA WUiu OuolieHo3a» [besens,
2006].

OnbIT, HAKOIUICHHBIH B HACTOAILLEE BpeMsl 3KOTOKCHUKOJIOTHMEH, OrpOMEH.
[TonobHO MenuiuHE, UCCIENyIomed 00JIe3Hb OT OCTPOro TEUEHHUsS 10 XPOHUYECKOTO,
DKOTOKCUKOJIOTUSL HCCIEAYEeT 3KOCUCTEMBI OT HayaJbHBIX JTallOB BO3JECUCTBUS
3arpsA3HUTENCH 10 JTaloB, XapaKTEPHU3YIOLIUXCA CHUIKEHHEM IIPU PEKOHCTPYKLIHH
OPEeINpUsITUA WIM TOJHBIM MPEKPAIIEHUEM BBIOPOCOB MPH HUX 3aKPBITUH. OTO

IIO3BOJIIET OLNCHHMBATH OOJTIOBPEMCHHBLIC TPCHAbBI, a TaKXKEC PCKOHCTPYHUPOBATDH
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NeATEILHOCTh YEJIOBEKAa W €ro BIMSHUE Ha OWOTy B Oojiee paHHWE Mepuoiabl. Tak,
HalpuMep, W3-3a HU3KOM TIOJBIKHOCTH META/VIOB B IOYBAaX BBICOKHE YPOBHU
OCTaTOYHOTO 3arpsi3HEHHUs OOHAPYXKMBAIOT BOJW3M JABHO TMPEKPATUBIIUX CBOIO
NEATEILHOCTh MPEANPHUITHI, BIUIOTh 10 APEBHUX MUaBmwiieH CpeaHEeBEKOBbS U BPEMEH
Pumckoii umnepun [BopoGeituuk, 2022]. IlpudyemM Takoe HUCTOPUYECKOE 3arps3HCHUE
CIIOCOOHO HETAaTMBHO BIUATH HAa OMOTY M B Halle BpeMs: MOKA3aHO, YTO TSKEIbIe
MeTaJuThl (CBUHEI] M KaIMWW) W3 JPEBHETO MOYBCHHOTO ITyJa IMOMAIal0T B OPTaHU3M
menkux Miaekonuraromux [Camizuli et al., 2018].

Bce mpocTpaHCTBO, 3aHATOE  YEJIOBEKOM, IOJBEPKEHO  XUMHUUYECKOMY
3arpsA3HEHUI0, TO3TOMY SKOTOKCHUKOJIOTUYECKMMHU HCCIEIOBaHUSIMU OXBaueHa, 0e3
peyBeIMYEHUs, BCs TUIaHeTa. Peakiinio Ha XMMUYECKOe 3arpsi3HEHNE U3Y4YaloT BO BCEM
pa3zHoo0pa3uu 00BEKTOB OMOTHI — OT MOYB (COCTaB, CTPYKTYpa, 0OMEHHBIE MPOIIECCHI) U
HACEJISIONMX UX TMEeA00MOHTOB J0 MTUIl M MiekonuTaromux [JlaBeimoBa, Myxauesa,
2014; Tpybuna u np., 2014; Cmopkanos, 2016; Myxauea, 2017; Belskii, Mikryukov,
2018; Mikryukov et al., 2020; Muxaitnosa, 2020; Vorobeichik et al., 2021].

Tokcuyeckne >(PdeKkThl H3ydaroT Ha Pa3HBIX YPOBHAX OPTaHHU3AIlMU >KUBOU
Matepuu. Eciu 3)@exThl mOmyasIiuoHHOT0 M 3KOCHCTEMHOTO YPOBHS — CHUIKEHUE
Oropa3Ho00pa3usi W YHUCIEHHOCTH, OO€MHEHHWE CTPYKTYpPbl MOMYJSIUN, YIPOIIEHUE
BUJIOBOTO COCTaBa COOONIECTB, Jedopmarius €CTECTBEHHBIX IOTOKOB BEIECTBA U
DHEPTUN — HATJIAIHBI ¥ HHTEPIIPETUPYEMBI, TO 3 (PEKThI Ha CyOOpTraHN3MEHHOM YPOBHE
4acTO HE OYEeBUAHBI. M3-3a HanmWuus pa3lIWYHBIX TKAHEBBIX OaphepOB M IHIAOTECHHBIX
TOMEOCTAaTHICCKUX MEXaHU3MOB CyOOpraHW3MEHHBIC TMOKA3aTeIu B MECHBIICH CTEIICHU
MOJIBEP>KEHBI BIIMSTHUIO U3MEHSIONINXCS YCIOBUM OKpYy»katotiel cpensl [besens, 2006].

Opnako wu3ydeHHe TOKCHMYEeCKuX H(G(EKTOB Ha CyOOpraHU3MEHHOM YypOBHE
MO3BOJISICT BBISBUTH MEXAaHHU3Mbl WHTETPHPYIONIUX JeMOTpadUUECKUX TIPOIECCOB.
Cka3zaHHOE OTHOCUTCS W K HW3YYCHUIO BIUSHUS 3arpsS3HEHUST Ha PEMPOIyKTUBHBIC
XapaKTEPUCTUKN KUBOTHBIX.

Menkue MIEKONMUTAIOLME, HACENSIIONIME MPOMBIIIJIEHHBIE palioHbI, B Mpoliecce
KU3HM  TIOJIBEPralOTCA KaK HEMOCPEJACTBEHHOMY  BO3JEHCTBHUIO  3arpsS3HCHHOU

TOKCUKaHTaMu cpenbl (B TMEpPBYIO oOyepenb uepe3 OOBEKThl MUTAaHUS — PACTEHUs,
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0€CIO3BOHOYHBIX U BOJIY), TAK U KOCBEHHOMY — Yepe3 TECCUMHU3AINI0 MECTOOOUTAaHUH
[Wijnhoven et al., 2007; Lukan, 2009; Miska-Schramm et al., 2014; Myxauea, 2021].
CuuTaroT, 4TO MPHUCIOCOOJICHHE K TOKCHYECKHUM (paKTopaM Cpelbl peaqnu3yercs Ha
OCHOBE KOMIICHCATOPHBIX JEMOTpadUUYECKUX PEAKIMi B TMOMYJSIMHUAX, TAaKUX Kak
CHIDKEHHME YHUCJIICHHOCTH TOMYJISAIUA W/Win oOeTHEHHEe cocTaBa coobiiecTB [besensp,
2006; Myxauesa, 2021].

KinroueBast ponb B ajanraiuu, HanpaBICHHOW Ha BBDKMBAHHUE BHJIA B
HEOJAronpusATHBIX  YCIOBUSIX, HIPUHAUICKUT  BOCIPOU3BOJACTBY.  Hampumep,
YBEJIMYEHUE TIJIOJOBUTOCTH CaMOK PacCMaTPUBAIOT B Kau€CTBE OJTHOTO M3 MEXaHU3MOB
ajanTallid, HaNpaBJICHHOM Ha BbDKMBaHWE BHJA (KOMIIEHCAlMiO0 Trudenu) B
HeOaronpusaTHeIX ycioBusax [IlsctomoBa u np., 1989; Jlykesnos, JlykesiHoBa, 1990;
Tecros, 1993; PoxnectBenckas, 1999; Kynsamesa u ap., 2004]. Ogqnako, HeCMOTpsST Ha
obunmue  (pakTHUECKOTO Marepuaia, oOmMe 3aKOHOMEPHOCTH  BapbHPOBAHUS
IIJIOJIOBUTOCTH JKUBOTHBIX, CBSI3aHHBIE C KAa4€CTBOM CpEJIbl OOMTaHHMS, 0 CHX IOp HE
BbIsSIBIICHBI | beszens, 2006].

OObsicHeHue 3TOMy ecTh. Tak, uzydeHue MopGoIorHueckiuX u (yHKIIMOHATBHBIX
MokKazarejied  CIepMaTo30UJIOB  HEOOXOJMMO  JJIi  OLICHKM  MOTEHIHAIbHOU
(bepTUILHOCTH CaMIIOB, HO HE JOCTATOYHO JISl ONPEISICHUS WX OILIOAOTBOPSIONIETO
norenrmana [Muller, 2000; Amann, Hammerstedt, 2002]. HeB03MOXXHO TOYHO
ONpEeNeNUTh  ONTUMAJILHOE  KAueCTBO  CIIEPMATO30MIOB  JJII  HACTYIUICHUS
OEpEeMEHHOCTH, YHUCJIa TUIOJI0OB WM YPOBHS BBDKHBAEMOCTH IOTOMCTBA, IMOCKOJBKY
nocJsie oOpa3oBaHuUs 3UTOTHl HAYMHAET JICUCTBOBATH KOMILJIEKC (JaKTOPOB, CBSI3AHHBIX HE
TOJIBKO C KQU€CTBOM CIIEPMATO30UJIOB.

[IpoOneMy mBITAIOTCS TMPEOJOTCTh, COMOCTABISIS OLEHKH TMOTEHIIUATBLHON H
(baKTHYeCKO IJIOJOBUTOCTH CaMOK W (EPTUIBHOCTH CaMIIOB C YHCIEHHOCTHIO
nonyJsiiuu [Myxauesa, 2001, 2021; Muxeesa u np., 2006; {aBsinoBa, 2007; MamuHa,
Maunkoga, 2021; u mp.] .

B cucteme nonynsiuoOHHBIX TapaMETPOB CaMKH «OTBEUAIOT» 3a OOJIBIIYIO YacTh
PENPOTYKTUBHBIX TTOKA3aTeNel, TAKUX KaK YUCJIO Pa3MHOKAIOIIHUXCA 0CO0EH, CKOPOCTh

IIOJIOBOI'O CO3pC€BaHUsA, MPOAJOJDKUTCIBHOCTE PCIIPOAYKTHUBHOI'O IIEPpHOJa, KOJIHUYCCTBO
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MPUHOCUMBIX CAMKOW B TE€YCHHE PEMPOTYKTUBHOIO MEPHOJA MOMETOB, JIUTEIHHOCTh
MEKPOJOBBIX MPOMEKYTKOB, MOTCHI[UATbHAS U PEAIM30BaHHAS TIJI0JIOBUTOCTH (HKEJIThIC
Tena OepeMEHHOCTH, dYMOPHOHBI, IUIAllCHTapHbIC MATHA). «Bkiamy camIioB B OOIIyIO
KapTUHY BOCHPOU3BOJCTBA MOMYJSIIUA Yallle BCEro BBIPAXKAETCS B €IUHCTBEHHOM
OJIHO3HAYHOM TI0Ka3aTesie — YHUCIIe Pa3MHOXKAIOIIUXCS 0CO0CH.

OnHako, TOCKOJBKY PENpPOIYKTUBHBIE CIIOCOOHOCTH CaMIIOB HE 3aBUCIT OT
BIIMSIHUSL PECYpCO3aTPaTHOTO BBIHAIIMBAHUA MOTOMCTBA, CO3PEBIIME CaMIlbl B
NOMYJISIIIMA BCErJja MaKCUMaJbHO peaju30BaHbl B OTHOIICHUU (EPTUIBLHOCTH (B
OTIIMYHE OT CAMOK C WX IUKJIAMH OE€pPEeMEHHOCTH/BBIHAIIMBAHKS CAMITbI BCETIa TOTOBBI
K CIapUBaHUIO), HACKOJIBKO 3TO BO3MOXKHO B KOHKPETHBIX YCIOBHUSX CpEIbl. ITO
OOCTOSITEILCTBO TO3BOJIACT HW3y4yaTh pa3jIMYHble ToKazartenu ¢GEepTWIbHOCTH Ha
CyOOpraHn3MEHHOM YpPOBHE M OIICHUBATh «YUCTBIC» S(PPEKTHl BIUSIHUS BHEUTHEH
CpeIlbl, B TOM YHUCJIE 3arps3HEHUSI.

OKOTOKCHKOJIOTHYECKHE  aCleKThl  (YHKIUOHUPOBAHUS  PENPOAYKTHUBHOM
CHUCTEMBI CaMIIOB TPHI3YHOB M3YyYCHBI ()parMEHTApHO, & YCTONYMBOCTH Pa3IMIHBIX €€
napamMeTpoB K JEHCTBUIO YKOTOKCHUKAHTOB JI0 CHUX MOP JUCKYCCHOHHA. YacTh aBTOPOB
CUMTAIOT, YTO CEMEHHUKH OYEHb UYBCTBHTEIBHBI K XHUMHYECKOMY 3arpsi3HCHHUIO
[Parizek, 1983; Nolan, Shaikh, 1986; Sugawara et al., 1989; Chubb, 1992]. Uccnenys
CTPYKTYPY CEMEHHHUKOB B YCIIOBUSX J1a00OPATOPHOTO IKCIIEPUMEHTA, HEKOTOPHIE aBTOPHI
OOHapyXUJIU NAaTOMOP(OJIOTHYECKUE U3MEHEHHUS, KOTOPhIE ObLIN MHTEPIPETUPOBAHBI
uMu kak Tokcuueckue 3¢ dextr [Corpas et al., 2002; Toman et al., 2002; Jlynerkona,
[[ly6una, 2013; Makytuna, 2013; bokoB u ap., 2014]. B To ke BpeMs y IpPbI3yHOB U3
MPUPOIHBIX MOIMYJISIIIUN OTMEYAIH YCTOWIUBOCTE MUKPOMOP(HOIIOTMYECKUX TTPU3HAKOB
CEMEHHUKOB K XHUMHU4eckomy Bo3aeiicTeuio [Damek-Poprawa, Sawicka-Kapusta, 2004;
MyxaueBa, JlaBbiioBa, 2006; JaBsinoBa, 2007].

S. Wadi u G. Ahmad (1999) uccnemoBanu BIMSHHE CBHHI[A HA COCTOSHHUE
pPENPOaYyKTUBHON cuctembl JabopatopHbix wbimed (CF-1) B sKkcmepuMeHTax ¢
3aTpaBKOW: TOJy4YEHHBIE JO3bI HE BIUSJIM Ha MacCy CEMEHHHMKAa U YPOBEHb
TECTOCTEPOHA, HO YMEHBIIAIM MAacCy CEMEHHBIX MY3BIPBKOB W OIHIAIUMUCA,

KOHIOCHTPAOUIO MW IOABHIXXHOCTL  CIICpMATO30MJ0B, IIOBbBIIIAJIM  IPOLCHT HX
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natonoruueckux Gopm. L.A. leradi ¢ coaBt. (2003) wu3y4asivn T€HOTOKCHYECKHE
apdektel y kentoropior wmeimm  (Apodemus flavicollis) w  pepkelt  moseBku
(Clethrionomys  glareolus) mox  BausHHEM  BBIOPOCOB  HEPTEXHUMHUUYECKOMU
MPOMBINIUICHHOCTA ¥ TEIUIOBBIX O3JEKTPOCTAHIMH. JIJIsT 3TOTO OHU  ONpeaeIsn
KOHILIEHTpAIlMU TSKEJBIX METAJUIOB B TEUEHW W TMOYKAX JKUBOTHBIX, MPOBOJIMIIN
MUKpOSIIEPHBIA TECT U TMOJCYET aHOMAJIbHBIX crHepMaTo3ougoB. (Okazaioch, 4TO
MOJICBKM TI0 CPAaBHCHHWIO C MBIIIAMA HAKAIUIMBAIOT MEHBINE TOJUIIOTAHTOB, a
KOJIMYECTBO AHOMAJBHBIX KIETOK y ocoOel ()OHOBBIX M HMIIAKTHBIX YYaCTKOB HE
paznuuaercs. Ha ocHOBaHWU ATOTO aBTOPHI CENATN BHIBOJ O TOM, YTO KEITOTOPIIbIE
MBIIIH 00JIee TPEATIOYTUTENBHBI TSI ONOMHANKAITMOHHBIX IEJICH.

H.K. T'arapckas u E.H. YepnoBa (2010) wuccnemoBamu BiHsSHUE BHIOPOCOB
CBUHIIOBO-TUIABIIIBHOTO 3aBojJia B [IpuMOpcKOM Kpae Ha BOCTOYHOA3WATCKYIO MBIIIIH
(Apodemus peninsulae) u moneByro Mmbimbs (Apodemus agrarius). B rojasl BBICOKHX
BBIOpOCOB mpeanpusaTust (1o 1996 r.) y KUBOTHBIX OTMEUaIM YBEIMYECHHE YaCTOTHI
MaTOJIOTUI TOJIOBKM CIEPMATO30MA0B B 3-8 pa3 Mo CcpaBHEHHIO C (OHOBBIMH
3HAUCHUSAMH, y HEKOTOPHIX OocoOel (UKCHpOBAIM MpEKpalieHue crepMarorenesa. B
2007 r., mocie JUIMTEIBHOTO TMEPUOJa CHIXKEHHBIX BBIOPOCOB, TOBTOPHBIC
UCCJIEIOBaHUSI OOHAPYKUIIM y 000X BHJIOB YBEIWYEHUE YUCICHHOCTH U YCIIOKHEHUE
MOMYJISIIUOHHON CTPYKTYpPBI, @ Y CaMIIOB — HOPMAaJIbHBIN CriepMaTOreHe3 M CHUKCHUE
4acTOThI AHOMAJIMI FOJIOBKM criepMaTo30u1oB [I'arapckas, UepHona, 2010].

B cepun skoTokcumkomormueckux padbotr A. Miska-Schramm c coast. (2014,
2017), BBIOJIHEHHBIX HAa PBDKEH IMOJIEBKE, PACCMOTPEH NMIMPOKHN CIEKTp MOKa3aTesei
CTIIEpMAaTO30M/IOB, a TaK)Ke MPOAaHATU3UPOBaHA MOPQOJOTHS CeMEHHUKOB. [Ipu sTOM
paboThI PEACTABIISIOT COO0M IKCIIEPUMEHTHI ¢ 3aTpaBkamu cyibdarom meau (2014 r.)
u xyopuaom amomunus (2017 1.) rpei3yHoB U3 jJabopatopHoi kojonuu (Institute of
Environmental Sciences, Jagiellonian University, Poland). Asrtopsl mnoka3zanu
«KJTaCCMYECKHe» J030Bbie d(PGEKTh: ¢ YBEIMYEHHWEM JI03bl Yy TOJEBOK HAOI0IaIH
YMEHBIIEHUE TMOABMKHOCTH M KOHLEHTpAIMU CIIEPMATO30MI0B, a TaKXke OTMeYalu
MOpQOJIOTUYECKHE HAPYIICHUS KJIETOK. B IpyroM mccieoBaHUM BIUSHUS aTFOMUHUS

Ha PENpOAYKTHUBHYIO (YHKIMIO y caMioB jomMoBoi Mmbimm (Mus musculus) mpwu
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3aTpaBKe OOHAPYXKUBAJM YMCHBIICHHE KOHIICGHTPAIMU CIEPMATO30MUI0B, OJHAKO
MOJBMKHOCTH M KOJIMYECTBO aHOMAJIbHBIX KIIETOK He u3Mensuioch [Llobet et al., 1995].

Oco0oe MecTo B CHHCKE 3KOTOKCHKOJIOTHMUYECKHX padOT 3aHUMAIOT, Ha Hall
B3, padorel L.V. Tannenbaum c¢ coasr., paspaboraBmmx RSA (Rodent Sperm
Analysis) — wMerom OLIGHKHM 3arps3HEHHOCTH TEPPUTOPUH OT  JCSITEIBHOCTH
NPOMBINUICHHBIX TMPEANPUATANH W PYJAHUKOB, VTHIW3AaMA OOCTPUIIACOB W T.1.,
OCHOBAaHHBIN Ha aHaMM3e (GEPTHIIBHOCTH CaMIIOB TPHI3YHOB M3 MPUPOTHBIX MOMYJISIIHHA
[Tannenbaum et al., 2003, 2007, 2009; Tannenbaum, Lee, 2011; Tannenbaum, Beasley,
2016; Tannenbaum, 2020]. MeTtox BKIIOYaeT H3ydeHUE TIOKa3aTelIeH SIHIHIAMATBHBIX
CIIEPMATO30UI0B — MOP(OJIOTHH, MOABMKHOCTH M KOHIEHTpanuu. COrIacHO 3TOMY
METO/IY, TEPPUTOPUS MOXKET OBbITh TMpU3HAHA 3arpsA3HEHHOM, €CIu TOoKa3aTelu
MOIBMYKHOCTH M KOHIICHTPAIIUK CIIEPMATO30UI0B CHIDKECHBI JI0 «ITOPOTOBBIX» YPOBHEH,
HarpuMep, IIOKa3aTeIu TOJBMKHOCTH JIOJDKHBI ObITh cHUKeHbl Ha 40-50 %,
koHuentpauu — Ha 80-90 %. Cronp BBICOKME TOPOTOBBIE 3HAYEHUS aBTOPbI
OOBSICHSIFOT TEM, UTO caMIloM BbipabaThiBaeTcs «B 10—-20 pa3 OosbIle CriepMaTo30UI0B,
yeM HEoOXOAMMO IS omuromoTBopeHus» [Tannenbaum et al., 2007; Tannenbaum,
Beasley, 2016]. B To e Bpems, MO MHEHHIO aBTOPOB, JJIsi MOP(OIOTHYECCKUX
noKasaTelield MPEoJI0OICHUE TOopOoTa JOCTUTaeTCA MPU YBEJIMUYCHUM JIOJIM aHOMAaJbHBIX
cnepmato3ousioB b A0 4 %. OpgHako, HECMOTpsS Ha OOHapyKUBaeMble
CTAaTUCTHUYECKUE pA3IMUUs MEXAY IOKa3aTeIIMU CIIEPMATO30MI0B TPBI3YHOB C
(GOHOBBIX W  3arpsA3HEHHBIX  TEPPUTOPHH, 3HAUYCHUS  MOP(DOIOTHYECKUX U
(GYHKIIMOHATBHBIX MOKa3aTesICH MOYTH HUKOTAA HE TIPEOA0JIEBAIOT MTOPOTOBBIC YPOBHHU.
L.V. Tannenbaum c coast. (2007, 2016) 0OBACHSIOT 3TO OTHOCHUTEIILHOW «YHUCTOTOW
UCCJIEMYEMbIX TEPPUTOPUNM W JACNAIOT BBHIBOJ O TOM, YTO OHU HE HYXIAIOTCS B
CHEIUATBHBIX OUYHMCTHBIX, PEKYJIFTHBAITMOHHBIX M APYTUX MEPOIIPHUATHSIX.

[TonpoOHO pe3ynbTaThl YyKa3aHHBIX BbIIE paboT OyayT oOOCYXIEHBI B
COOTBETCTBYIOIIUX TJIaBaX JAUCCEPTAIIUU.

Takum oOpa3om, HCCIEIOBAaHUS CIEPMATO30HMIIOB >KMBOTHBIX W3 MPHPOIHBIX
MOMYJISIIANA MaJOYMCICHHBI W B TIOJIABIIAIONIEM OOJIBIIMHCTBE TMPEACTABISIOT COOOM

Ha60paTOpHBI€ 9KCIICPUMCHTEI C 3anaBKOﬁ; CBCACHUA O COCTOAHHU CIIEPMATO30HUA0B Y
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JUKHX TPBI3YHOB  OTPBIBOYHBI, BEJIWYMHY HW3MEPEHHSI IAPaMETPOB  CIIOXKHO
UHTEPIIPETUPOBATH (MIOCKOJIBbKY HET PeEepeHTHBIX 3HAYEHUIT); PEIKO MCCIEAYIOT BEChH
KOMIUIEKC TapaMeTPOB CIEPMATO30MI0B, Yallle BCETO — TOJIBKO MOP(OJIOTHIO TOJIOBBIX

KJIETOK.
1.2 CoBpeMeHHBbIEe METOAbI AHAJIN3A CIIEPMATO30MI0B

[TosiBIeHHEe HOBBIX METOJOB aHAW3a CIIEPMATO30MIO0B (CIEPMBI) >KUBOTHBIX
CBSI3aHO C Pa3BUTHUEM CIIEPMATOJIOTMHU (OT rped. GMEPUO, OTOC TO — CeMs, Hauajo,
UCTOYHUK U AOYOG — CJIOBO, TIOHATHE, YICHUE) — HAYYHOTO HAMpaBJICHUs] B OMOJIOTUH,
U3YYaroIIero MOPQOJIOTHIO U (PU3UOIOTHUIO AHU30TAMHBIX MYKCKHX TraMeT (aKTHBHBIC —
cnepMarto3ouipl (aHri. sperm cells, spermatozoa) m maccuBHBIE — criepMuM (QHTJL.
spermatia)), a Takke Mpolecchl WX O00pa3oBaHMs, TpPaH3UTAa M OILUIOJOTBOPCHHUS
SULEKJIETKA. DJTO HaMpaBJICHHE TECHO CBS3aHO CO MHOTUMH JAPYTUMHU pas3ieliaMu
OMOJIOTUM W MEAMIMHBI — IUTOJOTUEH, dMOPHOJIOTHEN, aHIPOJOTHUEH, YPOJIOTHEH,
KPHOOHOJIOT e, MEUIIMHCKOM (PENPOyKTUBHOM) TOKCHKOJIOTHEH.

Kak nayka, ciepmaTosorusi ctana popMupoBaThCS TOIBKO B XX B. — €€ Ha4aJIoM
cuuTaroT nosiBiiecHHe padot ['ycraBa Perimyca [Retzius, 1909]. B mienom et mpunuioch
MPOUTH ONTHUH MYyTh — OT MOHWMAHMS TOTO, YTO TAKOE CIEPMATO30MIbI U KaKOBa HMX
poJib B dMOpHOTEHEe3€e, /10 TMOSBICHUS HOBBIX METOJOB (Hampumep, MEUEHUs KIIETOK,
AJIEKTPOHHON MHKPOCKOTHMHM) W HaNpaBJICHUM (HampuMep, U3YYCHHUS MOJIEKYIISIPHO-
TCeHETUYCCKUX aCIEeKTOB ()YHKIIMOHUPOBAHHMS KJICTOK).

SpxuM puMepoM BKITFOUCHHUS CTIEPMATOJIOTHU B TEOPHIO SBOJIOIUN U SKOJIOTUIO
MOXHO cuuTath padotsl Jxedda [Tapkepa 1970-x rr. ¢ onucaHueM HOBON KOHIEHIINH
«KOHKYPEHIIMH cIiepMaTo30ua0B» (sperm competition) [Parker, 1970; Parker, Smith,
1975; Boorman, Parker, 1976]. . [Tapkep moka3ai, 4To CyIIeCTBYET MOCTKOUTAIbHAS
KOHKYPEHIIMS 32 OIJIOJOTBOPCHHE MEXIy caMiiaMu. KOHKypeHIs, B CBOIO OYepeb,
MPUBOJNT K JIABJICHHUIO OTOOpa M OBICTPOM BOJIIOIMHM MYXCKOW TIOJIOBOM CHUCTEMBI: OT
TeHUTAJIUI pa3Hoi (GOPMBI 10 pa3Mepa U KOJIMUECTBa CIIepMaTo30Uu10B. B 3T0 ke Bpems
U3BECTHBIN criepmaTosior J. Py3en-Panre, 3aHuMaBImmiics U3y4eHHEM CIIepMaTOreHe3a

Y Pa3HbIX JKWBOTHBIX, HAIIUCAJI: «... TCICPb CTAHOBUTCA SICHBIM, 4YTO CAWMHCTBCHHO
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BO3MOXXHBIM UM (PaKTUYECKH JOMYCTUMBIM SBJsieTcss Oosiee IIMPOKUH, Oonee
JTUHAMUYECKUM U «IKOJIOTMYECKUI» B3I Ha ciepmaTo3ousl» [Pysen-Panre, 1980].
VIMEHHO 5TUX DBOJIIOLMOHHBIX M DKOJOIMYECKUX B3TJIAJOB Ha CIEPMATO30MIbI
YKUBOTHBIX MbI IPUJIEP>KUBATKMCH PU HAIIUCAHUH HAIEH paOOThl.

HeoOxoaumo Taxke cienarh MNosiCHEHUE 00 MCIOJIb3YEMOM HAMU TEPMHUHOJIOTHH.
B pasHpIx oOnactsax OMOJIOTMHM M MEIULMHBI MOHITHUS «CIEPMay», «CIEPMATO30U»,
«CIIEpMHUI»  ONPENENSAIOT Mo-pasHOMY. UYUToObl u30€kaTh TEPMHUHOJIOTHYECKUX
Pa3HOYTEHUH, MBI BO BCEX CIIy4asix, KPOME MPSIMOr0 LIUTUPOBAHUSI HEKOTOPBIX aBTOPOB,
UCITIOJIB30BAIM TEPMUH «CIIEPMATO30M1», OMPEIENss €ro Kak aKTUBHYIO aHU30TaMHYIO
MY>KCKYI0 MUKPOTaMeTy.

JUIsL OLICHKM Ka4yecTBa CIIEPMATO30MIOB MIEKOIUTAIOMNX Yalle HCCIEAYIOT
BIKYIAT (CIepMy) — OMNAJCCHUPYIONIYIO, CBETJIO-CEPYI0 MYTHYIO  JKHUIKOCTH,
BBIICTISIEMYIO TIPU JSIKYJSALIUN (CEMSU3BEPKEHUH) CAMIIAMU JKUBOTHBIX, U COCTOSILIYIO
U3 CIIEpMATO30MI0B M CEMEHHOM MXUAKOCTU (CeKpeTa A00aBOUHBIX IOJIOBBIX JKEJE3)
[Ocunos, 2017].

VY Menkux JKMBOTHBIX OTOOp 3SIKYJSATa 3aTPyAHEH H3-3a pa3Mepa OpraHOB U
HEKOTOPBbIX (PU3MOJOTMYECKUX OCOOEHHOCTEeW (y TpBI3YyHOB — U3-3a 00pa3oBaHUs
OBICTPO ~ 3aTBEpACBAIOIIEH  «IPOOKW»,  CEKpeTa  KOaryJIHpyloIIMX  JKejes,
IPEMATCTBYIONIET0 OOpaTHOMY TOKY CIHEpPMbl K3 IIOJIOBBIX IyT€W CaMKH TIOCIHe
NOJIOBOTO  aKTa), TMOJTOMY pa3pabdOoTaHbl  pa3IMYHBICE METOABI  IMOJYYCHHS
SIKYJIUpOBaHHBIX criepmaTtozouaoB [Carballada, Esponda, 1992; Adebayo et al., 2015;
Boersma et al., 2015; Li et al., 2015].

K HumM otHOCHT:!

1) 3JIEKTPOISKYIISAIHUIO C TIOMOIIBIO PEKTATBHOTO 30H/Aa U JICKTPOCTUMYIISTOPA;

2) GpapMaKodSKYISANNI0, KOTOpas MPOUCXOIUT B Pe3yJabTaTe HHIYIUPOBAHHUSI
IKYJSIUMU CIIEHMAIBHBIMU IpenaparamMi, CTUMYJHAPYIOUIMMHU COKpAIIECHUE TIJIaJKON
MYCKyJIaTypsl opranusMa. [IpuMepamMu MOTYT CIyKUTh OKCUTOLMHOBAs CTUMYJISILIUS
VI IPUMEHEHNE TapaCUMIIATOMUMETHUKOB (IMJIOKApPIHH, (PU30CTUTMUH).

3) BBIMBIBaHHE CIIEPMATO30HUJOB M3 MATKH CAaMOK, CIAPUBIICHCS C IEJIEeBBIM

CcaMIIOM.
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OI[HaKO BCC MCTOAbBI IMOJYUCHM 34AKYJISITa OKAa3aJIuChb CIIMIOKOM TPYAOCMKHMH U
IUI0OXO BOCHPOM3BOAYMMBIMH M IMO3TOMY HE MOIYYHIH IIHPOKOI0 pPacHpOCTpaHCHUS
[Snyder, 1966; Bennet, Vickery, 1970; Tecirlioglu et al., 2002; Yamauchi, Ward, 2007,
Lietal., 2015].

CyHIeCTBeHHBIe CJIIOKHOCTHU 0T6opa AKYIATa 'y MCIIKUX MIICKOIIMTAIOMINX
OoOyCJIOBUJIM pa3BUTHE JAPYroM TPYIIBl METOJOB, CBS3aHHOM C TOJy4eHUEM
CIICPMATO30M 0B M3 Pa3HbBIX OTACIIOB My)I(CKOﬁ MOJIOBOM CHUCTEMBI — CCMCHHUKA,
InpuaaTka CCMCHHHKA (FOJ’IOBKI/I, TEJIa N XBOCTa), CCMABBIHOCAIICTO IIPOTOKA. Haubonee
YacTO HUCCIICAYIOT SIIMAUINMAJIBHBIC CIICPMATO30MUJIbI U3 XBOCTOBOI'O OTACIIA IIpHUAATKaA
CEMEHHUKAa  (ANUAUMAMMHCA), T[OCKOJIbKY  OHHM  XapakTEepU3YIOTCA  Jydliel
OHJIOI[OTBOPSIIOIHeﬁ CIIOCOOHOCTBIO IO CPaBHCHHIO C KICTKaMH H3 JAPYIHX OTACIOB
MY>KCKO# M0JIOBOM cucteMbl. KpoMe Toro, 0TOOp KJIETOK M3 CEMSBBIHOCAILIETO MPOTOKA
HE PEKOMEHJyeTCsl M3-3a HEMOCTOSHCTBA ero HamojHeHus (dskysaiuu) [Seed et al.,
1996; Tayama et al., 2006; Cooper, 2007].

OTO6paTb SIMUANAUMAIIBHYIO JKHJIKOCTH CO CICPMATO30MAaMH M3 XBOCTOBOH
JaCTH IIpUAaTKa MOXKXHO CJICAYIOIINMHU crocooamu:

1) metomom MESA (microsurgical epididymal sperm aspiration) wmm PESA
(percutaneous epididymal sperm aspiration). 3To eaMHCTBEHHBIC HETEPMHUHAIbHBIC
CHOCO6I>I B3ATHUA CIICPMATO30MA0OB M3 IJIHAWIHMMHUCA C IIOMOINBIO IOIIpHIId, HO HX
HEBO3MOXHO HUCIIOJIB30BAThH JJI HU3MCPCHUA KOHIOCHTpPpAaIun n3-3a IJTOXOU
BocrpousBoaumoct [Boersma et al., 2015];

2) MPOKOJIOM WJIM PAa3pe30M H3BJICYCHHOTO SIUAWIUMHUCA, MOMEIICHHOTO B
IMUTATCIbHYIO CpEAY, IMMOCIIC YECro CrICpMaTo30n bl MMCPEMCIIAIOTCA (BCHJ’IBIBaIOT) B HEC.
[Ipu 3TOM cmocobe oTOopa YMCIO MOABHKHBIX KIETOK MOXKET OBITh 3aBBINICHHBIM
[Gomez Montoto et al., 2011a; Tourmente et al., 2015];

3) FOMOTCHU3AMEN — U3MEIbUYCHUEM SIUIUINMHUCA B MUTATEIBHOM Cpeae IJIst
mojcyeTa OOINEro KOJMYECTBA CIIEPMATO30MIOB (AIUIMIMMAIILHOTO 3amaca). Meron
HCIIOJB3YCTCA AJId M3MCPCHHA KOHLCHTpallMK, OAHAKO HE IMO3BOJIACT OJHOBPCMCHHO

OIICHUBATh TIOJIBIXKHOCTH KJIeTOK [Tannenbaum et al., 2007; Ocamuyxk, Knemés, 2016];
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4) MPOKOJIOM TPHJIATKA ¢ MOMEHTAIBHBIM OTOOPOM SIHIHIUMAIBHOMN JKHAIKOCTH
U TIOMEIIEHUEM B MUTaTeNbHYI0 cpeny [CmupnoB, 2022]. JlaHHBII croco® MO3BOJSET
OIICHUTh W KOHIICHTPAIIMIO KJIETOK B JIUIUIUMAIBHON JKHJAKOCTH W IPOBECTH
WU3MEPCHHUS TIOJBMKHOCTH KJIETOK.

[ToqpoOHO O JOCTOMHCTBAX W HEJOCTATKaxX WCIOJIB30BAHUS JTHX METO/OB
M3JIOKEHO B pasjienax guccepranuu 2.6 — 2.8.

B macrosimiee Bpemsi pasHOOOpaswe METOJOB aHAIM3a dSIKyJIUPOBAHHBIX W
AMUIUIMMAIIBHBIX CIIEPMATO30MJI0B YeJIOBEKa M JKMBOTHBIX OUYCHBb BBICOKO. Kpome
KJIACCUYECKHX METOJIOB ONpE/CIICHUs I[BeTa, 00beMa, BOJOPOJHOTO Mmokaszareis (PH)
IAKYJATA, a TAaKXKEe aHalnu3a MOPQOJOTHH, >KHU3HECIIOCOOHOCTH, TOABUKHOCTH U

KOHIICHTPAIIMHU CIIEPMATO30U/I0B, TIOSIBUJICS LIEJIbIN s HOBBIX MeTo10B (PucyHok 1.1).

o
el

SDF
ROS volume [ Vitality / HOS test J £/
QG %-* Concentration ./
Total number
CASA 4 Proteomics
? b, Yo,
£ ) \&‘C:‘ oy
Hyperactivation - ) Metabolomics <4
Total Motility
Progressive Motility
AR Morphology HZA ‘
Vitality ‘\///—\\V
\’\;“'
HBA

SDF — sperm DNA fragmentation, HOS test — hypo-osmotic swelling test, HZA — hemizona assay,
HBA — hyaluronan binding assay, AR — acrosome reaction, CASA — computer-aided sperm analysis,

ROS - reactive oxygen species

Pucynok 1.1 — CoBpemMeHHbIE BUIbI aHAIN3a CIIEPMATO30H/IOB,

ut. 1o [Van der Horst, du Plessis, 2017]
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MOXHO  BBICIUTH  CJIEOYIONIME  OCHOBHBIE  METOJbI  COBPEMEHHOU
CTIIEpMaTOJIOTUU:

- SDF (sperm DNA fragmentation) — kommuiekc meromoB Comet, FISH, TUNEL,
SCD/Halo) nnst anammza ¢parmentannu JJHK ciepmaroszonios;

- HOS test (hypo-osmotic swelling test) — runoocmoTnyeckuii TecT — OAMH U3
METOJIOB OIPEACTCHUS IEJIOCTHOCTH MeMOpaHbl KIETOK (MPU €€ HAapyIICHUU KUBBIC
CIIEPMATO30U 16l HAOYXaIOT M CKPYYHBAIOTCS M3-32 MPUTOKA KUIKOCTH);

- Proteomics u metabolomics — mnpoTreomuka — ompeneneHue MNpodusa
IKCIIPECCUPYEMBIX OEIKOB B CIEPMATO30MIaX; METAa0OJIOMUKA — HWICHTU(DHUKAIUS
METa0OMMTOB B KJIETKaX WM JKUIKOCTAX B KA4eCTBE HU3KOMOJEKYIISPHBIX
OMOMapKepOB MATOJIOTMUECKUX COCTOSIHHM;

- HZA (hemizona assay) — TecT CBs3bIBaHHSI C OJiecTsAIeld OOOJOYKOH —
U3MEpPEHHUE KOJUYECTBA KJIETOK, MPOB3aMMOJICHCTBOBABIIMX C OJiecTAIeH 000JI0YKON
SIMIIEKJICTKH;

- HBA (hyaluronan binding assay) — aHaim3 CBSI3bIBaHUS C THATYPOHOBOM
KHUCIIOTOM — BBIJICTICHUE THATYPOHOBOW KUCJIOTOM MyJia CO3PEBIINUX KJIETOK, CTIOCOOHBIX
K PEaKIMH C TyYHUCTHIM BEHIIOM (CJI0eM (OJLTUKYIISIPHBIX KJIECTOK BOKPYT SHIICKIICTKH ),

- AR (acrosome reaction) — akpocoMHasi peakius — WHIYKIUS aKpOCOMHOM
peakiuu ¢ TMOMOIIBIO arrIIOTUHUHOB M CIEIHMAJIBHBIX KpacuTeseH, MOACYET KIETOK
C OKpAILIEHHON aKpOCOMOW;

- Hyperactivation —  rumepakTuBaiusi — CIIEPMATO30MIOB —  H3MEPEHHUE
MOJIBMYKHOCTH THUIIEPAaKTUBHPOBAHHBIX CIIEPMATO30MI0OB, OJHOTO M3 KOHCYHBIX ATarloB
KalmamnuTauy, ¢ I3MEHEHUEM IaTTepHa MOJIBMKHOCTH KIIETOK (YBEIIMUCHHE CKOPOCTH,
Y aMIUTATY]IBI IBUXKCHUS JKTYTHKA);

- CASA (computer-aided sperm analysis) — aBTomMaTHuYecKOoe H3MEpPEHUE
MOPQOJIOTUH, TTOJABMKHOCTH U KOHIIEHTPAITUU CIIEPMATO30UIOB;

- ROS (reactive oxygen species) — u3MepeHHE aKTHBHBIX (OPM KHCIOPOIa —
U3MEpEeHHE KOHIICHTPAIIMH HOHOB KHUCIOPOa, CBOOOTHBIX PAIMKATIOB U MEPEKUCEH, KaK

MapKepa MOBPEXICHUs KIeTOK ¥ HapymieHus: ux ¢ynknuu [Van der Horst, du Plessis,
2017].



25

Baxno MNOAYCPKHYTb, YTO OOJBIIMHCTBO HOBBIX MCTOJOB 10 CHUX IIOp HC
CTaHAAPTU3HUPOBAHBI, CIMIIKOM 3aTPAaTHBI U TPYAOCMKHU IJIA PYTHHHOI'O aHaJIM3a JaxKe

IpUMEHUTEIBHO K YesmoBeky [Van der Horst, du Plessis, 2017].
1.2.1 CASA — asmomamuueckuil ananus cnepmamo3ouoos

W3 mepedHss COBpEMEHHBIX METOJIOB, TpHUBEIEHHbIX Ha Pucynke 1.1, MbI
ucnonb3oBan Metoyy CASA — aBTOMaTHYECKUW aHaau3 CIEPMaTO30HUI0B, MOITOMY
OCTaHOBUMCSI HAa HEM MOAPOOHEE.

[TonumMaHue Ba)XKHOCTU OOBEKTUBHOW OLIEHKH MOJABUKHOCTU MY>KCKHUX TOJIOBBIX
KJIEeTOK mpunuio B cepeauHe XX B. IIuoHepsl 3TOro HampaBiieHHs — OpUTAHCKUUN
ouonor nopn H.M.B. Pormunea, romnmanackuit Ouodusuk K. Ban JlyiiH wu
aMEpUKAHCKUN BeTepuHapHbld penpoaykrosnor H.JI. Ban/lemapk — mbITanuch BBECTH
HOBBIE METO/JIbI ISl 0ObEKTUBHOM OLIEHKH M BO3MOXKHOCTH MaTEMAaTHYECKOIO aHaIn3a
MOJBM)XHOCTHU CTIEPMATO30U 0B, UCTIONB3YS JIJISl 3TOTO ChEMKY Ha (POTO/BUICOIIICHKY U
pyuHyto rpaduyecKyro 00paboTKy mokaapoBoii TpaekTopuu [Rothschild, Swann, 1949;
VanDemark et al., 1958; Van Duijn, Rikmenspoel, 1960]. DTo Obl1 4Ype3BBHIYANHO
TPYJIOEMKHM MPOIECC MOIyYeHHUsI U 00padoTku naHHbiX. B 1970-e rr. Havancsa nepexon
Ha UU(pOBbIE KaMepbl 1 00padOTKY JAHHBIX C UCHOJIb30BAHHUEM KOMITBIOTEPOB, OJTHAKO
CO37IaHHBIC HA WX OCHOBE CHUCTEMBbI ObLIN YHUKAIbHBI — U3-32 BHICOKOM IIEHBI UX MOTJIU
pUOOPETaTh TOIBKO KPYIHBIC YUPEKICHUS.

B cepennne 1980-X rr. MOSBIAETCS HECKOJBKO KOMMEPUYECKHX CHCTEM,
opueHTUpoBaHHbIX Ha HYXkabl IVF maboparopuii (CellSoft, CRYO Resources Ltd,
USA) u Berepunapuu (HTM-2000, Hamilton-Thorne Research, USA). Ilo3xe stn
CHUCTEeMbl HAYaJId MCIOJI30BaTh HE TOJIBKO ISl XO3SMCTBEHHO 3HAYMMBIX, HO U IS
71ab0paTOPHBIX JKUBOTHBIX (KpbIC, MbIlIeH, xoMssukoB) [Amann, Katz, 2004]. B ato xe
BpeMsl cTaja MoHATHAa BaxXHOCTh CASA kak MHCTpyMEHTa Jisi OLUEHKH Pa3IMYHBIX
PUCKOB JJISI CIIEpMATO30MA0B, B TOM YHCJIE, CBSI3AHHBIX C OKPYXKAlOLIEeW Cpeoil Win

OTpe/IeTICHHOW MPOQECCHOHAIBHON JeATSIBHOCTRIO (st denmoBeka) [Amann, Katz,

2004].
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B Hacrosimiee BpeMsi CyIIECTBYET MHOXECTBO KOMMEPUYECKHX CHUCTEM, KOTOPBIC
UCIIOJIB3YIOT KOHBEHLIMOHAJIbHBIE METOAbl OLEHKH MOABMAKHOCTH: «Apryc-CASA»
(ArgusSoft, Poccusi), Androvision (Minitube, Germany), Crismas (Image House
Medical, Denmark), Hamilton Thorne Sperm Analyser (IVOS, CEROS, USA), Sperm
Class Analyzer (SCA, Spain), MMC Cnepm (Poccus), SFA 500-2 (Poccus), SQA-V
(Medical Electronic System, USA/Isracl) u ap. B mocnemanue rofsl HOSBISIOTCS U
HEKOMMEPYECKHUE MPOCKTHI CO CBOOOMHBIM JIOCTYIIOM K CBOWM Tporpammam. Cambrit
u3BeCTHBIN 13 HUX — ImageJ ¢ marunom s CASA [Wilson-Leedy, Ingermann, 2006].

K OCHOBHBIM JTOCTOMHCTBAM aBTOMAaTHYECKOTO aHanm3a otHocaT [Yeste et al.,
2018; Schubert et al., 2019]:

- TOYHOCTh KOMITBIOTEPHOTO aHalin3a, KOTopas Ha MOPSIOK BBIIIE «PYYHOTOH
aHanm3a;

- aBTOMATU3AIMI0O U3MEPEHUS  MOJBW)XHOCTU  CIEPMATO30MJIOB,  KOTOpas
MO3BOJISIET TOJIy4aTh OoJjiee OOBEKTUBHBIE W HAJIEKHBIC JaHHBIE M 00ECIEUMBAET HX
BOCITPOU3BOAMMOCTb;

- ”HPOPMATUBHOCTh, KOTOpas OOECHEYMBAETCS TEM, YTO [BIKEHUE KIETKU
MOKHO Ppa3JIO)KUTh Ha HECKOJbKO COCTaBISIONIMX, a TaKXe BO3MOXKHOCTBHIO
UCCJIeI0BaTh OCOOCHHOCTHU CYOIOIMYIISIINI KIETOK;

- BO3MOXKHOCTh (C HEKOTOPBIMHU TIONMpPaBKaMH) CpPaBHHUBATH JIaHHBIC Pa3HbBIX
HCCJIEIOBAHU.

JlocTonHCTBa METO/a ONPEICIIMIN €r0 MIUPOKOE PACPOCTPAaHEHUE: KOJTUIECTBO
paboT MO HM3YUYEHMIO MOJBIKHOCTH criepMaro3ousioB ¢ momoiibio CASA pacrter ¢

KaxbIM rojgoM (PucyHok 1.2).
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Pucynok 1.2 — KosnnuecTBO crareit o moABM>KHOCTH CIIEPMATO30UI0B
¢ ucnosp3oBanreM CASA (1151 morcka ucnosib3oBaiu TepMuHbl « CASAy, «Spermy» u

«motilityy)

Ho cymectByeT u psij ele HEpelmeHHbIX Mpo0eM (C HEKOTOPBIMU U3 HUX MBI
CTOJIKHYJIMCh B CBOEH paboTe, cM. riaBy 4):

- HECMOTpSI Ha CTaHJIAPTU3AINIO, 3HAYCHHS /I OJHOTO M TOTO JK€ MOKa3aTels,
BBITIOJIHEHHOTO TpHOOpaMu ¢  Pa3jUYHBIM  anmapaTHbIM WIH  [POTPAMMHBIM
oOecrieueHUEM, HE SBISIOTCS CTPOTO COTOCTaBHUMBIMH, TaK KaK MOTYT HWMETh
pa3MYHbIe MEXaHU3MBI (U, COOTBETCTBEHHO, (hopMyiiel) pacuera [Yeste et al., 2018];

- MHIMBUIYAIbHBIA TyTh Kaxaoro cnepmarozouna (VCL) woxer ObITh
BBIUMCIICH C COOTBETCTBYIOUIEH TOYHOCTHIO, OJHAKO QJITOPUTMBI BTOPHUYHBIX
BBIUMCJICHU OO0ECTIeUMBAIOT TOHSATHBIC, HO, BO3MOXHO, HE CaMbleé TOYHBIC WU
3HauuMbIe gaHHbe [Amann, Katz, 2004];

- TPaHUIIBI CKOPOCTEH KIJIETOK (HEMOABUXKHBIE/MEAJIEHHbIE/CpeIHnEe/ObICTpPhIE)
JacTO YCTaHABJIMBAIOTCS MPOW3BOJLHO M HUKAaK He apryMeHTHpyroTcs [Amann, Katz,

2004; Tannenbaum, Lee, 2011; van der Horst et al., 2018];
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- HEJIOCTATOYHOCTh JKCIIEPUMEHTAILHOW (OMOJIOTHYECKO) 0a3bl I TPOBEPKHU
OOHaApy)KHBAaCMBIX CTATUCTHYECKH 3HAYMMBIX pa3IMdvil Tmokasartenei [Amann, Katz,
2004];

- He0OXOIUMOCTh KOMITJICKCHOTO aHaJIM3a MOABMKHOCTH M JIPYTHX ITOKa3aTeleh
criepMaTo30uI0oB (B TOM uyucie Mopdonorudecknx). Tak, MemMIEHHO- W CpeaHe-
MOJIBIKHBIC CIIEPMATO30MIBl C HOPMalbHOW MopdoJorueid MOTryT OBITH Oolee
YCICIIHBIMA B OIUIOJOTBOPCHHH, 4Ye€M  OBICTPO-TIOJABM)KHBIE  KICTKH  C
mopdonornueckumu anomanusamu [Amann, Katz, 2004];

- OTCYTCTBHUE CTaHJIapPTOB B OTHOIIICHUHU MAaTTEPHOB IBMKCHHS KJICTOK (M3BECTHO,
YTO CIIEPMATO30MbI MMCIOT pa3HbIe MATTePHBI JIBIKCHUS OT MPHAATKAa SUYKa J0
sinekinerkn) [Katz et al., 1989]. Kpome Toro, aBumkKeHHE CIIEPMATO30UI0B M3 OIHOM
npoObl MOKET pa3auyaThCsd B 3aBUCUMOCTH OT TJIyOMHBI KaMepbl W/WJIM COCTaBa
nutatensHoi cpennl [Katz, Phillips, 1986; Amann, 1988];

- TIOJIBYDKHOCTh SIBJISIETCS. HEOOXOJAMMOM, HO HE JIOCTATOYHOW XapaKTEePUCTUKON
JUTS OTIPE/ICIICHUS OIUIOOTBOPSIONIETO MOTCHIIMAIA CIICPMATO30M1a WU TOMYJISIIHH
kiaerok [Muller, 2000; Amann, Hammerstedt, 2002].

N3navaneHo wuHTEpec K pa3zpadorke CASA OblT CBA3aH C HaJAekKJaMH Ha
«OecripeneIcHTHOEe MOHUMaHue (yHAAMEHTAIbHBIX OMOJIOTMYECKUX MPOIECCOBY» IMPHU
W3YYCHUU TIOJIBIYKHOCTH CIIEPMATO30HIOB, HANpUMEp, Ha BBIICHEHHE CBSI3U MEXIY
OMOXMMHYECKUMH H3MCHEHUSMHU B CIEPMATO30MIaX W HM3MCHCHHMSMH HX JIBYDKCHUS
[Amann, Katz, 2004]. Oanako moka 3T HaaeKsl He onpaBabiBaroTcs, © CASA yaire
UCIOJIB3YIOT B MEIUIIMHE KaK MHCTPYMEHT C BBICOKOW CTEICHBIO cTaHaapTu3amnuu. [1o
mHeHno R.P. Amann u D.F. Katz (2004), npumenenne CASA Haunbosee nmepcrneKTHBHO
B 00JacTM pPEnpOAYKTUBHOH TOKCHKOJOTHH U  SIHJISMHOJOTHH, TOCKOJIBKY
YYBCTBUTEIBHOCTh 3TOT0 METOJAa MOXET IIOMOYb B OILICHKE BJIMSHHS Pa3IMYHBIX
CTpecCUpyIonux (PakTOpoB Ha MOIBUKHOCTh KIIETOK.

OnpeneneHu0  MOKa3aTeled  SMUIAUIUMAIBHBIX  CIIEPMATO30HIOB  C

ucnosas3oBanueM CASA nocCBIEeHBI TJIaBbl 4 U 5 HACTOSIIEH TUCCEePTAILIUH.
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I'maBa 2. MATEPUAJT 1 METO/IbI

2.1 Pajionsl uccjie10BaAaHUA

JIJist iiccliemoBaHusl BIMSIHUSI XUMUYECKOTO MPOMBIIIJICHHOTO 3arpsi3HEHUs ObLIN
BBIOpaHbl JIBa KpPYHHEHIIMX MeAemiaBwiIbHbIX 3aBoga Cpemgnero VYpana: CYM3
(Cpenneypanbckuii MeaernaBuiIbHbId komOuHaT, T. PeBna) u KMK (Kuposrpaackuii
MeJIeTUTaBUIIbHBIN KOMOUHAT, T. Kuposrpan). [Ipeanpustus 061aatoT psijioM CXOIHBIX
YepT, MO3BOJIIOMIMX IMPOBOAWTH KOPPEKTHbIE CpaBHEHHS S(PPEKTOB 3arps3HEHUs U
MPOBEPATH OOIIHOCTH MOJIYYSHHBIX pe3ysbTaToB. K HUM OTHOCSTCS:

1) cormocTaBUMBIH (Ha MOMEHT HCCJICIOBaHUS) OOBEM BBIOPOCOB M CIEKTP
INPUOPUTETHBIX TOKCUKAHTOB — cepHUCTHIM aHruapuna (SO,), Tsokensie metamwisl (Cu,
Zn, Pb, Cd, Fe, Hg u n1p.) u metamnonasl (As);

2) chopMUPOBAaHHBIE B HMX OKPECTHOCTSX TEXHOTCHHBIC T'€OXMMHYCCKUE
aHomMasiuu ¢ moBbiieHHBIM B 10—100 pa3 mo cpaBHeHHIO C (OHOBBIM COJEPKAHUEM
METaJIJIOB U JIPYTUX A3JEMEHTOB B mouBe [Bopobeiunk u mp., 2006; TpyOouna u ap.,
2014; Bopoo6eitunk, ITumrynun, 2016; BopoGeiuuk, Kaiiropomosa, 2017; Korkina,
Vorobeichik, 2018];

3) pacronio)keHHe B OJHOM JIaHAIIA(QTHO-KIMMATHYECKONM 30HE — Jiecax
YMEPEHHOI0 TOsICa, OJHOM 30HAJIBHOM INPHUPOJHOM KOMIUIEKCE — IOA30HE FOKHOM
TaTH TaeKHOW 30HBI (C TpeoOiaaHreM TEMHOXBOWHBIX JIECOB) 3allaJHOTO
MakpockiioHa CpenHero Ypana, OJAHOM TEKTOI€HHOM MPUPOJHOM KOMIUIEKCE —
Hu3Kkoropbsix Cpeanero Ypana [IIpokaes, 1976; I'ypbeBckux u ap., 2016];

4) peopraHu3anuss W PEKOHCTPYKIUS TPOM3BOJICTBA B pe3yJbTaTe KOTOPOM
MPOU30IIJIO CYHIECTBEHHOE CHIMKeHuE BhIOpocoB [Kozlov et al., 2009; ['oc. noknanst ...
CeepyioBckoit oomact ... 1995-2020 rr.].

B okpecTHOCTSIX 000MX 3aBOJIOB COTPYJIHUKAMH JIA0OPATOPUH IKOTOKCUKOJIOTUU
nonyisuuid 1 coodmects MOPuK YpO PAH nposoautes (B paiione CYM3 ¢ 1990 r.,
B parioHe KMK ¢ 2005 r.) KOMIIJIEKCHBIII MHOTOJIETHUI MOHUTOPUHI COCTOSIHUSL OMOTHI.

[Iupokuii MO BpPEeMEHHBIM paMKaM M OXBaTy MCCIIEIyeMbIX TaKCOHOB M YPOBHEH
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OpraHM3aIK KOPITyC 3HAHUI MO3BOJISET 00Jee TOYHO OLIEHUBATH COCTOSIHME CPEAbl U
NOJIy4aTh MAaKCHUMAaJbHO NPAaBAONOAOOHYI0 OLIEHKY MHOTOJETHETO (XpOHUYECKOIO)
XUMHUYECKOTO 3arpsi3HEHHUS.

[IpoOHBIE TIOLIAAM, PACMIOJOKEHHBIE HA Pa3HOM YAQJICHHMH K 3anany
(MPOTUBOMOJIOKHO TOCTIOICTBYIOLIEMY HAMPABJICHUIO BETPOB) OT 3aBOJIOB, OXBATHIBAIOT
TEPPUTOPUH C PA3IUYHON CTEMEHBIO MOPAKEHUS] IKOCHUCTEM M OOpa3yloT TI'paJUeHT
NPOMBIIICHHOTO (XMMHUYECKOTO0) 3arpsi3HeHus. MblI pacronarajiii y4acTKH OTJIOBOB
YKUBOTHBIX B JIByX KOHTPACTHBIX MO YPOBHIO 3arpsi3HEHUSI 30HAX TpajueHTa — (OHOBOM

(Bg) u umnakTro# (Im) (Pucynok 2.1).

Kuposrpaa
35KM  KMK

BepxHuit Tarun

6 i lepBoypanbck
4xm /. -
2km = CYM3
&

=

[PY>KUHMHO -

© ®doHOoBbIE YHaCTKM @ /IMNakTHbIE Y4aCTKM E Tpy6a 3aBoaa
lpaHMLA OXPaHHOI 30HbI 3aNOBEAHMKA | 'paHunua 3anoBeagHuKa

1-KMK, 2 - CYM3, 3 — CBepyioBckast 0071aCTh

Pucynox 2.1 — Cxema pacroiio)eHus: y9acTKOB OTIIOBOB MEIKUX MJICKOTIMTAIOIINX B
OKPECTHOCTAX MEJETUIaBUIIbHBIX 3aBOAOB. Ha Bpe3ke — pacnoliokeHue 3aBOJI0B Ha

tepputopun CBEpTIOBCKOM 001acTu
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VYyacTku, pacmnonoxennble ¢onoBor 30He (B 3040 KM OT 3aBOJOB),
XapaKTepU3yIOT OTHOCHUTEIHHO HEHAPYIIEHHOE COCTOSHHE JKOCHCTEM, KOTOPOe
OOyCIIOBJICHO JCHCTBHEM TOJBKO pPETHOHATBHBIX BBHIMAJCHUN MOJUTIOTAaHTOB. Ha
MMITaKTHBIX YYaCTKaX B HETMOCPEACTBEHHOM OMM30CTH (B 2—6 KM) OT 3aBOJIOB OTMEYAIOT
CTPYKTYpHBIC TIEPECTPOWKH JIKOCHCTEM, BBI3BaHHBIC JICHCTBHEM  JIOKAJHHOTO
3arpsi3HEHHUS BIUIOTH 10 KPAaHWX BapUaHTOB TEXHOTEHHOW AWTPECCHH COOOIIECTB

(TeXHOTEHHBIE TTYCTOIIIH).
2.1.1 Paiton CYM3

CYM3 pacnonoxen Bozse . PeBna CepanioBckoil 06:1., B 42 kM K 3anaay OT
ExarepunOypra. [Ipennpusitue pynkuuonupyet ¢ 1940 r., o0CHOBHOU COCTaB BHIOPOCOB
— Ta3000pa3Hble COEMUHEHUs cepbl, (TOpa M a30Ta, a TAKXKE MbUICBbIE YACTHIIBI C
copOupoBaHHBIMU TsDKeNbIMH MeTaymiamu (Cu, Pb, Zn, Cd, Fe, Hg u np.) m
metauiongamMu (AS). JITMTeTsHOCTh €ro BO3JIEUCTBHSI Ha IKOCUCTEMBI HA HACTOSIIUN
MomeHT coctaiigetr 6osiee 80 met. B 1980-x rr. Banossie BeiOpockl CYM3 nocturanu
225 TBIC. T NMOJUIKOTAHTOB B TOJ, YTO AENAJO NPEANPUITHE OJHUM M3 KPYIHEWUIIHNX
UCTOYHUKOB mpombinieHHOro 3arpssHeHus CCCP. C navama 1990-x BBIOpOCHI
IMOCTENEHHO CHIXKaIUCh: K 1999 1. — o 65 TeIc. T/Toa, k 2005 r. — no 27 ThIC. T/TOA,
nmocie KopeHHou pekoHcTpykimu B 2010 r. — mo 3-5 Teic. T/rox [I'oc. mokmansl ..
CsepiioBckoit oomactu ... 1995-2020 rr.] (Pucynok 2.2).

MHOroJIeTHUII MOHUTOPUHT OOBEKTOB OMOTHI B paitoHe CYM3 mnpoposkaercs
yxke Oonee 30 yer m oxBarbiBaeT Mepuojbl BBICOKUX (1990-1997 1T.), CHUKEHHBIX
(1998-2009 rr.) u nmoutu npekpatupmuxcs (20102021 rr.) BeIOpocoB [Myxadesa,
2021]. Opnnako, HECMOTpPsS Ha MHOTOKPAaTHOE CHW)KCHHE BBIOPOCOB, CTCIICHb
BO3JCUCTBUSL HA OSKOCHCTEMBI OCTaeTcsi BBICOKOM. MccnemoBanus JOUHAMUKH
KOMIIOHEHTOB OMOTHI IMOKa3aJid, YTO B HEMOCPEJICTBEHHOM OJM30CTH OT MCTOYHUKA
3arpsi3HEHHS TPOJIOJDKAETCSI THOENb JPEeBOCTOS, OTCYTCTBYIOT BOCCTAHOBHUTEIILHBIE
MPOIIECCH B TPaBSHO-KyCTapHUUYKOBOM sipyce [Bopobeituuk u np., 2014; TpyOuna u
ap., 2014]. YrHeTeHHOE COCTOSIHHE JIECHBIX JKOCHCTEM aBTOPhI OOBSCHSIOT KpaiiHe
MEJIJIEHHBIM OYMIIEHUEM BEPXHUX FOPU30HTOB MOYBBI OT TSXKEIBIX METAIOB (U J1axKe

YBCIIMYCHUCEM HX KOHHCHTpaHI/II/I), KOTOpPOE€ CBA3aHO C COXpPAHCHHEM MOIIHOI'O CJI0s
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c1abopa3I0KUBIIEHCS JIECHOW TOJCTWIKH, W MOBbIIeHueM pH, M3-3a 4ero, B CBOIO
ouepe/lb, CHUXKAETCS TPAH3UT METAUIOB B HIDKENEXKallue ropu3oHTh [Bopobeiuuk,
Kaitroponoga, 2017; Korkina, Vorobeichik, 2018].
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CYM3 — mer 3anuBku, KMK — TeMHas 3a1uBKka

Pucynox 2.2 — O6beMbl BaJOBBIX BEIOPOCOB (THIC. T/TOA) B aTMOCc(epy B paifoHax
CYM3 u KMK (1980-2020 rr.). UcTounuku manubix: 10 1995 r. — Bopobeiiunk u ap.,
2006, 2017; mocme 1995 r. — I'oc. gokmaner ... CBepaoBckoit oomactu ... 1995-2020 rr.

DOHOBBIE YYACTKH JJIsI IPOBEJEHUS OTJIOBOB B pailoHe CYM3 pacronoxeHsl B
30 kM OT 3aBojia, UMNAKTHBIE — B 2—6 kM (PucyHok 2.1).

Ha ¢oHOBBIX ydyacTkax mpou3pacTaeT eI0BO-IIUXTOBBIH JieC ¢ MPUMECHI0 Oepe3bl
(mo 20 %). B TpaBAHHCTOM sipyce MPeo0IaAar0T KUCIHIa OOBIKHOBEHHAS, MTAIOPOTHUK
polla IMUTOBHHWK, BEWHWK TPOCTHUKOBHHBIM, CHBITh OOBIKHOBEHHAs W JKHBYYKa
nonsyyas [Dulya et al., 2019].

Ha uMnakTHbIX yyacTKax NMpou3pacTaeT NUXTOBO-EJIOBBIN U €J10BO-ITUXTOBBIM JIEC
C IPUMECKHI0 Oepe3bl, OCUHBI U COCHBL. B TpaBSHHCTOM sipyce MpeoOsIagaloT BEWHUK
TPOCTHUKOBUAHBIN, KUCIHIA OOBIKHOBEHHAsI, BOJIM3U 3aBO/a aOCOIIOTHBIA JOMUHAHT
TpaBSIHUCTOrO spyca — monesuna TtoHkas [Dulya et al.,, 2019]. B memom c

HpI/I6J'II/DKeHI/IeM K 3aBOJY HNPOUCXOJUT YIHCTCHHC IPCBCCHOIO spyCa, YMCHBIICHHC
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BUJIOBOTO OOTaTCTBA M OOMJIMS TPaBSHO-KyCTAPHUYKOBOTO sipyca. HemocpeacTBeHHo y
3aBOJia JIPEBOCTOM COXpaHsAETCS B BUAC (PparMEHTOB M3 YCBHIXAIOIMIUX W OCIA0JICHHBIX
JIEPEBLEB, BUJOBOE OOTaTCTBO TPABSIHO-KYCTAPHUYKOBOTO fpyca YMEHBIIEHO 110 1—7
BUJIOB, 3HAYWTEIHHOE pa3BUTHE IOJy4aeT OJHOBUIOBOM MOXOBOW TOKPOB U3
nuonepHoro Buja Pohlia nutans [BopoGeiiunk u ap., 2014].

UccnegoBanusi cooOMIECTB MEIKUX MIICKOTUTAIONIMX (BUIOBOM COCTaB, OOMIIME,
pazHooOpa3ue) B TpaJMeHTE 3arps3HeHus cpenbl 3a 30-JeTHH Tepuoja MmokKazaiu
OTCYTCTBHUE H3MEHEHUN 00IIero oOWIMs Ha MMIAKTHBIX Y4YacTKax, a Ha YMEPEHHO
3arpsi3HeHHBIX (0ydepHbIX) — ero yBenudeHue B 2 paza [MyxaueBa, 2021]. Ha poHOBBIX
ydacTKaX OOWIHMe yBeIW4Ymiaoch B 1.3 pa3za 3a CYET €CTECTBEHHBIX CYKIIECCHOHHBIX
U3MEHEHUH PaCTUTEIBHOCTU. Y BETUYCHUE OOMINS BUIOB Pa3HBIX TPOQUUECKUX TPYII
(butodaros, cemeHos10B, 300(paroB) B OydepHON 30HE MOKHO CUUTATh MPU3HAKOM
HAaYaJIbHBIX  CTaAUil  BOCCTAHOBJICHHUS  BCIEJCTBUE  YJIY4IIEHUS  KadyecTBa
MECTOOOUTaHUH.

JIns UMIaKTHBIX ydacTKkoB B panioHe CYM3 mnoka3aHa CMEHa JOMHHATOB B
COOOIIIECTBE TPHI3YHOB: B MEPHUO]I BEICOKUX U CHUKABIINXCSI BHIOPOCOB JOMHUHHUPOBAJA
phDKas TOJIeBKa, B MEPUOa NPEKpAIICHUsS BHIOPOCOB — KpacHas MmojeBka. [lpm 3Tom
oO1iee OOWIIME JIECHBIX TMOJEBOK HE M3MEHWIOCh, a CyMMapHoe obwive Obuio B 2—4
paza Hmxke (oHoBoro [MyxaueBa, 2021]. B 1menom, OOJBIIMHCTBO HAOIOAAEMBIX
W3MCHCHUI Ha MMIIAKTHBIX YYacTKaX OBLIO BBIPAKEHO B MEHBIIEH CTEMEHW, YeM Ha
Oydepubix yuyacTkax. K TO3WTHBHBIM CIBUTaM Ha WMIAKTHBIX y4YacTKaX OTHECEHO
yBeJnueHue oomus Oypo3yOoK, UTO O3HAYaeT MOCTEIICHHOE YIYUYllIeHUEe X KOPMOBOM
0a3bl B OKpeCcTHOCTSAX 3aBojia [MyxaueBa, 2021]. Tak, oOmiee oOuiive negoOUOHTOB
YBEIMYWJIOCh B 5 pa3, a HEKOTOPbIC TPYMIMbl (JIOKACBBIE UYEPBH, IHXUTPEHUJIBI,
MOJUTIOCKH), paHEee OTCYTCTBOBABIIHME B HMMIIAKTHON 30HE, MPUOJM3WINCH K 3aBOAY
[BopooGeituuk u ap., 2019]. IIpu 3TOM TeMITbl BOCCTaHOBJICHUS PACTUTEILHOTO MOKPOBA
BOmm3un CYM3 HesHauutenbHbl [Bopobeiuuk u np., 2014; Tpybuna u nap., 2014],
yIy4dIlIeHusT KOPMOBOM 0a3bl 11t ¢utodaroB HE MPOU3ONLIO, YTO OOBIACHSET

MHOTOJIETHIOIO CTa0MJIBHOCTh CYMMapHOTO OOWMIIHMSI JIECHBIX IMOJIeBOK [MyxadeBa,

2021].
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2.1.2 Paiion KMK

KMK pacnonosxen B r. KupoBorpan CBepasioBCkoi 001acTu, MPUMEPHO B 72 KM
K CceBepo-ceBepo-3amany oT ExarepunHOypra. 3OTO OJWH M3  CTapeMIux
MeEJICTUIaBIWIIBHBIX 3aBOJOB Ypalia, €ro MCTOpUsl Hayandach C 3amycka KamaThuHCKOro
3aoga B 1914 1. CoBpeMenHoe Ha3BaHue npeanpusitusa — «lIpou3BoacTBo
nonuMetasioBy, pumman OAO «Ypamnekrpomenb». JJIMTETbHOCTh €ro BO3ACUCTBUS
Ha SKOCHCTEMbI Ha HACTOSIIIUNA MOMEHT cocTaBiisieT 108 ner.

O6mas crpykrypa BbiOpocoB KMK comocraBuma co CTpYKTypoil BBIOPOCOB
CYM3, HO B coCTaBe HEOPraHWYECKOW MbUIA CPEIU TIKEIBIX METAJUIOB MpeolaagaeT
HE Mellb ¢ MHKOM, a cBuHel. OOmas macca BeiOpocoB KMK B 1989 r. cocrasmsiia
95 ThIC. T, B 1993 1. — 56 THIC. T. 32 Mepuoz ¢ 1995 no 2005 rr. obmias Macca BEIOPOCOB
COKpaTujach MpuOau3utesnbHo B 3 paza (B 2005 r. — 15 Teic. T), HO 3aTeéM BHOBb
MPOM3OIIET UX POCT — 10 25 Thic. T exerogHo [['oc. mokmaawl ... CBepIIOBCKOM
obnacti ... 1995-2020 rr.] (Pucynok 2.2).

B 10 km « roro-3amany or KMK pacmonoxen erie oJiH HCTOYHHUK 3arpsS3HCHHS —
Bepxuerarunbckas ['POC, neiictByromas ¢ 1956 r. Jlo peKOHCTpYKIIMM B €€ BhIOpOcax
npeobiiaiana mienoyHas Kaibiuiconepxkamas neuib. C 2016 . mpou301LII0 pe3Koe
camwkenne oobema BeiOpocoB BTI'POC (Gonee uwem Ha 90 %, mo 2 ThIC. T) 3a CyeT
nepexo/ia co CKUranus yriig Ha ra3 [['oc. mokmansl ... CBepasioBckoit oomactu... 1995—
2020 rr.]. BbIOpOCHI AIEKTPOCTAHLIMM TOBBIIAIOT PH T1OYB, 4YTO CHMXKAET
MUTPAIMOHHYIO aKTHBHOCTH TsDKEINBIX MeTalioB [Bopobeituuk u nip., 2006].

YHUKaTBHBIM J1JIS palioHa C BHICOKMM YPOBHEM KOHIIEHTPAIIUX MPOMBIIIJIEHHOTO
MIPOU3BOJICTBA OBLJIO CO3/IaHUE 0CO00 OXpaHsSeMOW MPUPOJHON TeppuTopun: ¢ 1946 1o
1951 rr. 3mecs cymiecTBoBan 3anoBegHUK «Bucum», ¢ 1971 1. — Bucumckuii
rOCy/IapCTBEHHBIM MNPUPOAHBIN 3amoBeAHUK, KOTOpbii B 2001 1. momyuwmn craryc
ounochepuoro. MccnenoBanus TeprodayHbl 3a110BETHUKA, B TOM YHUCIIE, HE CBSI3aHHBIE C
poOIeMOI BIIMSHUS TPUJICTAIONIMX MPOMBIIUICHHBIX MPEANPUATHI, BEIYTCS OKOJIO
70 ner. Hanpumep, B MoHOTpaduio, MOCBAIICHHYIO pbDKel moseBke [EBporeiickas

ppDKasg mojeBka, 1981], Bomwin Marepuanbl «BHUCHUMCKUX» 300JOTMYECKHX YYETOB

(1948-1949 rr.) M.51. MapBuHa.
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HccnenoBanus BIMSAHUS 3arps3HEHHss Ha teppuropuu, npuieraronme k KMK,
Hadaymch eme B 1970-e¢ rr. [JlykesHen, IllenkoBuukoBa, 1975; Jlykesuem, 1979;
JIykbsinoB, JIykbsiHOBa, 1990; Mapun, 1990, 1992, 1996; JIykesHoBa, JIykbsaHOB, 1998a,
1998b]. C 2005 r. KOMIUIEKCHBIE HWCCIICOBAHUSI BEAYTCS TaKKe COTPYIHUKAMU
1ab0paTOpun SKOTOKCUKOJOTUU MOMYJSAUUA U cooOiecTB. boinbinas yacTh MpoOHBIX
wiomaael pacrnosioskeHa Ha mnpoduie «r. Kuposrpam — n. bonbmume [Mamamikmy,
3anmoxeHHOM O.®. MapuHnbiM (3aMmecTUTeNh JUpEeKTOpa BucuMckoro 3amoBegHUKa 10O
Hay4HbIM BonipocaM B 1981-2007 rr.) B 1989 r. nnst or00opa cHEroBBIX IPOO.

OTnOBBl  JKMBOTHBIX BeAyTcs Ha (OHOBBIX yuacTkax (['ajmamkuHCKH,
Cytykckuii, BepxHecyneMckuii), pacroyiO)KCHHBIX Ha TEPPUTOPUM 3aAMOBEIIHHUKA, U
UMIIAaKTHBIX YacTsaX rpaaueHTta 3arpssnenus (Kuposrpaackuii yuactok) (Pucynok 2.1).
Kax1p1i1 13 4eTbIpex y4acTKOB UMEET Psii OCOOEHHOCTEH.

lanamkunckuit yyactok (yaaien ot KMK wa 35 km) pacnonoskeH B KpaifHei
3amagHON 4acTh 3anoBegHUKa (KB. 21) m B OkpecTHOCTSAX n. bonpmume ["amamiku.
PaboThI BeayTCsi BO BTOPUYHBIX MUXTOBO-EJIOBBIX M CMEIIAHHBIX JIECaX KYCTAPHUYKOBO-
Pa3HOTPABHBIX.

Cytykckuil yyactok (18 km ot KMK) Haxonutcs B HanOosiee BBICOKOW IOTO-
BOCTOYHOM 4yacTu 3anoBenHuka (kB. 140) u xapakrepusyercs nepenaaamu BoIcOT 250—
300 M m MakcuMajgbHOM BbICOTOM 699 M Hax y. M. (ropa bombmoit Cytyk). Ha
CyTyKCKOM YYacTKE COXPAaHWJIMCh OCHOBHBIE MAacCCHBBI KOPEHHBIX MUXTOBO-€JI0BBIX
JecoB. buorombl mpencTaBiIsOT OO0 KOPEHHBIE MUXTO-CIBHUKH BBICOKOTPABHO-
MaroOpPOTHUKOBBIC U PA3HOTPABHBIE.

Bepxnecynemckuii yuactok (18 kM ot KMK) pacrnonoxken B ceBepHOM uacTu
3amoBenHuKa (KB. 46) B BepxoBbsax p. Cynewm, npeobiagaroniue THIIBI Jieca — BIaKHbBIC
CJIbHUKM MeENKOTpaBHble. Vccienmyemble OHMOTONBI — MUXTOBO-EJOBBIE, €J0BO-
Oepe3oBble, M CMEIIAHHBIC JiECa XBOIIEBO-MEIKOTPABHO-BEHHUKOBBIC C Pa3BUTHIM
MOXOBBIM TOKPOBOM. [1o/171€COK HE BBIPAKEH M COCTOUT U3 €JUHUYHBIX KYCTOB MAJIMHBI
Y LIUITOBHHUKA.

Otnnunst KnupoBrpaackoro yyactka (paciosiokeH B OKpecTHOCTAX I'. Kuposrpaf,

3.5 km ot KMK) oT apyrux y4yacTKOB TIpaJMeHTa CBSI3aHbl C BBICOKOM CTENEHbIO
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AHTPOIIOTCHHOTO BO3JCUCTBUS HA THIUYHBIE IOKHO-TAaCKHBIC JaHAmMA(TBl U
BBIPAXKAIOTCS B JAErPaJlalliy MOYB, CBEICHUHU U 3aMEIIICHUN KOPEHHBIX MUXTOBO-EJIOBBIX
JIECOB TMPOU3BOAHBIMU, HAIWYUEM PYyJEPATbHBIX MPOCTPAHCTB, (POPMUPOBAHUU
CBOCOOpa3HOro MHUKpoOKJIuMaTa (0oJjiee TEmIOoro M BIAXHOIO MO CPAaBHEHUIO C
IpUIETAOIMMUA TeppuTopusiMi). Ha ydacTke mpouspacTtaer MUXTOBO-EJIOBBINA JieC C
IPUMECBIO COCHBI, pAOWHBI, €JIbI0 W THUXTOW B TOJPOCTE, KYCTapHUYKOBO-
Pa3HOTPABHBIM SIPYCOM.

Exeromgnpiii (¢ 1994 1.) MOHUTOPUHT HACEJICHUS MEJIKHX MIICKOMUTAIONIUX
BefeTcss ToNbKO Ha CyTYKCKOM y4YacTKe, Ha OCTaJbHBIX YYacTKax HaOMIOACHHS 10
nocienHero BpeMenu (2018 r.) Hocwin HeperynsipHbld xapaktep. s CyTykckoro
y4acTKa TOKa3aHbl W3MEHEHHS B MHOTOJICTHEN JUHAMHKE YHCICHHOCTH MEJKUX
miekonuTaromux: 10 2006/2007 r. perucTpupoBaiv UUKIAYECKHN PEXUM TUHAMUKHU
(TpexJIeTHUM LMK C 4YepeloBaHHeM (a3 «ICHpecCum», «pocTay U «IUKa»), 3aTeM —
HEIUKINYECKUA («KBa3W»-IBYXJIETHHUI) pexXUM C 0oJiee BBIPAKEHHBIMU CE30HHBIMU
W3MEHECHUSAMHU YHCIECHHOCTU XUBOTHBIX [Kunsces, daBeigosa, 2005, 2021]. B 2018 r.
HaOIIOMANIM PE3KUH CIaJ] YUCICHHOCTU TPBI3YHOB, KOTOPBIN, MO-BUIMMOMY, TIPUBEN K
BO3BPAILECHUIO TPEXJETHErO0 IUKIWYecKoro pexnma (Ha CyTyKCKOM —y4acTKe
CpEIHEroI0Bas YMCACHHOCTh IpbhI3yHOB cocTaBmia 0.75 oc./100 moB.-cyT.). ['myOokyio
JIETIPECCUI0 YHCIICHHOCTH TPBI3YHOB M Oypo3yOOK OTMedanu Ha JAPYTUX Yy4dacTKax
Bucumckoro 3anosennuka [JIykbsiHoBa u ap., 2021] u B npyrux parionax CpeaHero u

FOxHoro Ypana (ycTHbIE COOOIIEHHUS KOJLIET).
2.2 XapaKTepuCTHKA MO/IeJIbHBIX BUI0B I'PHI3YHOB

Menkre MIIEKOIMTAIOIHE — KaK MHCTPYMEHT 3KOJOTMYECKOr0 MOHHUTOPHHIA —
MOTYT CIYKUTh Ul OHOWMHAMKAIIMOHHBIX Ilefieil  Ojarogaps OTHOCHTEIBHO
HEOONIBIIIOMY ~ y4acTKy  OOWTaHWs, HWHTCHCHBHOMY  Pa3MHOXKCHHMIO, BBICOKOM
yrciaeHHOCTH U 3BpuononTHOocTH [Sheffield et al., 2001].

JInsg wu3ydeHus] BIMSHUS XMUMHYECKOTO 3arps3HEHHS HWCCIEAOBANIM TPHU BHIA
rpei3yHoB (Rodentia) u3 aByx cemeiicts: peokyro mosieBky (Clethrionomys glareolus

Schreber, 1780) wu xpacuyto moneBky (Clethrionomys rutilus Pallas, 1779)
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nojcemerictBa Arvicolinae cemeiictBa Cricetidae [Krystufek et al., 2020], u manyro
aecHyro Mbimib (Sylvaemus uralensis Pallas, 1811) moacemerictBa Murinae cemericTsa
Muridae [ITaBmunHoB, Xism, 2012]. Dtu Buabl 0ObIUHBI Jjisi TeppuTopuu CperHero
VYpana 1 4acTo TOMUHHUPYIOT B JIOKAIBHBIX TAKCOICHAX.

Prrkast moneBka — 3BPUTOIHBIN BU, OOUTAIOMINA HA OOLIMPHBIX MPOCTPAHCTBAX
JecHOM W necoctenHodl 30H EBpasuu M YacTo AOMHUHHMPYIOUIMH B COOOIIECTBAaX
IPBI3YHOB, 0COOEHHO B €BPOIEHCKUX XBOMHO-IIIMPOKOJIMCTBEHHBIX Jiecax [ EBponeiickas
pbixkas noneBka, 1981; KapaceBa, Tenuuuna, 1996]. Pepkas mosieBKa 3KOJIOTUYECKU
MJJACTUYHA U MUTAETCS CaMbIM IIMPOKUM CIIEKTPOM KOPMOB. Buja nmeer eBponeickoe
IIPOMCXOKJICHUE M pacrnpocTpaHeH B Jecax EBpomel or cesepa [Iupeneickoro
MOJIyOCTpOBa 110 cpenHero Enuces, Ha bputanckux octpoBax, Ha ceBepe Maioi Azuu,
B 3anagHoil Cubupu — B MOJOCE IOKHOM Taiiru, mpoxoxasuieil 1o Auras, 3amnagHoro
Casna [AOpamcon, JlucoBckuii, 2012]. CeBepHas TpaHuIla B €BpPOIEHUCKOW YacTU
apeasia — J10 JIECOTYHAPOBO 30HbI, B CUOMpU ceBepHasi rpaHulla I0’KHEe — B palloHe 55
napamienu. Ha Ypane pacnpoctpanena mupoko, HO HepaBHOMepHO. B Ilpenypanse
MOXET 3aXO0JIUTh K CEBEPY B JIECOTYHJIPOBYIO 30HY, B 3aypalibe — U3peJIKa MPOHUKAET B
MOA30HY cpeaHen Tairu [ EBpomneiickas ppikas nosieBka, 1981; bonsmakos u ap., 2000;
bepatorun u ap., 2007].

KpacHass moneBka — Takke HSBPUTONHBIM, HO Oosiee KpUOPWIBHBIA BHUA TIO
CPaBHEHHUIO C PBIKEU MOJIEBKOM. 3aCeI€T 30HbI TAMTU U MIUPOKOJIMCTBEHHBIX JIECOB; HA
CeBepe MPOHMKAET B JIECOTYHPY, a HA IOT€ — B OCTPOBHBIE Jieca U jecocTenu. KpacHas
noJIeBKa Ha OoJbIlIel yacTu apeana 0ojee CeMEHOSIHbIN BU 110 CPABHEHUIO C PbIKEH
nosneBkoit [KapaceBa, Temununa, 1996]. B Mectax cOBMECTHOro OOWTaHHUS 4YacTO
YCTyHaeT MO YHUCIEHHOCTH pbiked mojieBke [Komkuna, 1957; OxynoBa, MsCHUKOB,
1979; Espomeiickas pebkas noieska, 1981]. Cl. rutilus umeer BocTrouHOa3marckoe
MPOMCXOXKICHUE W BCTpeyaercss B 30He TauWru EBpaszum ot JlanmsHero Bocroka no
CkaHJMHaBUH, B TYHApPE U ceBepHOU Taiire CeBepHON AMEPUKHU — BILIOTH J0 3aIaJHOTO
nooepexnbs ['yn3onora 3anuBa [bopoaun, 1988; Abpamcon, JIucosckuii, 2012; Kohli et
al., 2015]. FOxnas rpanuna B EBpasun 3axBatbiBaeT BepxoBbs Bourn, O6acceitn Kamsr,

oOJeceHHy10 YacTh Ypana, ceBepHblid Kazaxctan un Kazaxckuil MenkoconoyHuk, AnTai,
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Casnpl, Xanraii, Xouren, bonsmoii u1 Maneiii Xunranel, Yanbaitmans, JIsogyHckuit
nosryoctpoB, Caxanus, Kypuibckue u fnonckue octposa, B CeBepHO AMEPHKE K IOTY
npuMepHo 10 60 mapamienu [CokosoB, Opno, 1980; Zhang et al., 1997; Shenbrot,
Krasnov, 2005; A6pamcon, JIucosckmii, 2012].

Cpennuii Ypan cuUdMTalOT 30HOM CHMIOATPUM KPacHOM M PBDKEHW IOJIEBOK.
Omnucanbl cinydaun japeBHe u coBpemeHHoi ruOpumusanuu Cl. glareolus u Cl. rutilus
[Tegelstrom, 1987; Ocunosa, Coktun, 2008; Abpamcon u np., 2009; bopoaun u mp.,
2011]. Hoseie meToas! akcnpecc-otienku MTIHK u s/IHK mokasanu, 4To eCTeCTBCHHAS
COBpPEMEHHasl THOpuUAM3alisl HE YHUKalIbHA, HO JOBOJIbHO penka [CubupsikoB u 1p.,
2021].

Ha nepudepun apeana y JIECHBIX TMOJEBOK HAOMIOAAIOT PETYISAPHYIO
IUKJINYHOCTh MOJBEMOB U CIAJIOB YUCJIECHHOCTH, TOTJa KaKk B ONTUMyME apeaja OHa
orcyrctByeT [Krebs, 1966; bepnmreitn u np., 1987, MBankuna, 1987; Kuminsces,
HaBwiioBa, 2021].

Marnas JiecHasi MbIlIb MPEANOYUTAET CMEIIAaHHBIE U IIUPOKOJMCTBEHHbBIC Jieca.
OTOT BUJl — CEMEHOS, HO B €r0 PallMOHE MOCTOSTHHO MPUCYTCTBYIOT KUBOTHBIE KOpMa
¥ HeOOJIBIIIOE KOJUYECTBO BEreTaTUBHBIX YacTel pacteHuid. S. uralensis Bcrpevaercs B
YMEpEeHHBIX MmupoTax BocTouHOM EBpombsl m 3amamnoit Cubupu. Ha ceBepe — ot
BEpXOBHil OacceitHa p. Benukoit k kpaitnemy tory Kapenuu, Cpegnemy Ypaiy u yCThIO
Tobona; Ha BocTok — 10 UpThima [[TaBaunoB, Xsm, 2012].

S. uralensis Bxmrouaer 2 noaysuga (uralensis u kastschenkoi), ceBepHas 4acTh
IPAHUIBI MKy HUMH TIpoxoauT 1o Mpteimry [Mexokepun, 1997a, 1997b; bornanos u
ap., 2009; Kapawmsimiesa u ap., 2010]. B cBoro ouepensn, y S. uralensis paznuuaior 2
dbopMbl — CceBepHYI0 W IOKHYIO [ATonmkuH u np., 2007; bamakupeB u np., 2007
bormanor u gap., 2009] (panee wuXx paccMaTpuBajad Kak BHABI MOSQUENSIS u
ciscaucasicus). Itu (GopMbI MOKHO paccMaTpUBaTh KakK IOJBHJBI, I'PAHHIIA MEKITY
HUMH NIPOXOJUT B ceBepHOM IIpeakaBkasbe [Kapambimesa u ap., 2010; CraxeeB u ap.,
2011]. Ha Cpennem Ypaine Manas JieCHas MbIIIb IpEACTaBICHa CEBEPHOH (HopMoii

noxyBupa uralensis.
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2.3 OT1n10B, coepkaHue U 00c/IeJ0BaHNie TPbI3YHOB

[Ipy yderax MEJNKMX MIIEKOMUTAIOMMX OOBIYHO HMCHOJB3YIOT METOJ JIOBYIIKO-
nuauii  [KapaceBa, Temumuua, 1996]. Otor MeTon MO3BOJISIET  OICHUBATH
KOJIMYECTBEHHOE COOTHOILICHUE BHUJOB, BBIJICISATh BHUJbI-IOMUHAHTHI, OIMPEICTAThH
OTHOCUTEJIBHYIO YUCJICHHOCTb U MPOCTPAHCTBEHHOE paclpe/IeieHUE, a TAKKe MOTy4YaTh
aJICKBaTHYIO BBIOOPKY JUIsl ONIPEACIICHUS] PA3JIMYHBIX MOMYISAIUOHHBIX XapaKTEPUCTHK —
neMorpaguueckux, penpoayKTUBHbBIX, MOP(HODU3HOTOTHUECKUX U T. 1.

Mpbl TakkKe HCIOIb30BAM JIMHEHHBIA CIOCO0 pa3MeleHusl JIOBYIIEK — Ha
Ka)XJOM y4acTKe pa3MeIiaiy 1o JBe—TpH JIMHUU KUBOJIOBOK (1m0 2030 mT. Kaxknas) Ha
paccrossuun 5—10 M apyr ot apyra. OIHaKO JJisi YBEJIUYCHHS HEOOXOJMMBIX Ham
BBIOOPOK (TTOJIOBO3PEINBIX CaMI[OB MOJICIBHBIX BHUOB I'PHI3YHOB) HMCIIOJIb30BAINA CXEMY
«MaKCUMaJIbHOTO BBUIOBA» >KUBOTHBIX: MOCJE cpabaTbiBaHMs (IMIOMMKH >KUBOTHOTO)
JIOBYIIIKY CHOBa YCTaHAaBIIMBAJM B paboyee COCTOSHUE, B OTIMYHME OT KJIACCHYECKOU
CXEMBbI, NPU KOTOPOU JIOBYIIIKA B TEYCHHE CYTOK MOKET cpaboTaTh TOJHKO OJHMH pPa3.
JIOBYIIKM 3KCIMOHUPOBAIM 3—5 CYTOK W THPOBEPSIIA €KETHEBHO YTPOM U BEUEPOM.
Takum o00pa3om, ObBUTM TIOJYYEHBI BBHIOOPKM HEOOXOAMMOrO O0BeMa, HO OICHKH
YUCJIEHHOCTU OKa3aJIUCh HECKOJIBKO CMEILIEHHBIMU (B CTOPOHY YBEIUYEHHS).

Cucremarnueckue omioBel B pailoHax CYM3 u KMK mnpoBogmnu B 2018—
2021 rr. ¢ mas mo aBryct. B 2020 1. OTJIOBBI MPOBOAMIIM dHaIlle, YTO MO3BOJIMIO
HCCIICIOBATh IIUPOKHWM CIHEKTP OHTOTC€HETHUYECKOW HM3MEHYMBOCTH IOKa3aTenen
CIIEPMATO30U I0OB TPHI3YHOB M COOpaTh MacCOBBIN MaTepHUal.

B o0oux palioHax BBIIMOJHEH MOYTH OJWHAKOBBIA 00beM pador (Tabmuma 2.1).
Haubombimue noBure ycuaus (53 % ot Bcero oobema pabot) nmpumeneHsl B 2020 T.:
orpabotano 1300 noBymko-cyTok B paiione CYM3 u 1407 moBymKo-CyTOK B paiioHE
KMK. 3a stot nepuoj oTyioBIeHO 832 3K3. METKUX MJICKOMUTAIOIMINX, U3 HUX: 377 3K3.

O0ypo3y0ok, 401 7K3. MOIEBOK pa3HbIX BUMIOB, 54 HK3. MAJIOH JIECON MBIIIIH.
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Tabmuia 2.1 — AGComoTHASI YUCTIEHHOCTh MEJIKUX MIICKOTUTAOMKX B paiioHe CYM3 u

KMK B 2018-2021 rr.

2 S

Hara | Kou- 3 . k%) = ©

= S 7] ) &

. 3oHa Hata- Bo g = 5 2 3
Paiion Yuactox I'on na JIOBY 8 - G £ >
3arpA3HCHUA o) ) — ©
OTJIO- IIKO- . O = o o

BOB | cyrok | O » 3 g

M A

2018 | 23.07 | 126 | 4 1 0 6 8

Doronas 30 1 2019 | 15.07 | (200) | 37 | © 5 | 43 | 99
2020 | 19.05 | (400) | 45 | 1 3 | 49 | 10

Bcezo 726 | 86 | 2 8 | 98 | 117

6 kM 2018 | 20.07 | (130) | 6 3 4 [ 13 | 1

2018 | 20.07 | (48) | 5 1 1 7 0

2019 | 15.07 | (75) | O 7 5 | 12 | 24

CYM3 4 1m 2020 | 0206 | (250) | 10 | 3 | 3 | 18 | 31
—— 2020 | 23.07 | (200) | 12 | 20 | 5 | 43 | 46
2018 | 23.07 | 162 | O 0 0 0 8

2019 | 15.07 | (99) | O 0 0 0 1

12 km 2020 | 02.06 | (250) | 1 6 1 8 | 11

2020 | 23.07 | (200) | 1 7 2 | 10 | 45

Bcezo 1414 | 35 | 47 | 21 | 111 | 167

Tanamxns- | 2019 | 05.08 | (200) | 18 | 3 3 | 24 | 79

ckuit 2020 | 06.07 | (300) | 4 7 0o | 11 | o

2018 | 28.05 | 150* | O 0 0 0 0

?yejf;‘;‘:mn 2019 | 05.08 | (232) | 4 9 1 | 22 | 182

2020 | 06.07 | (243) | 17 | 17 | 1 | 53 | 87

2018 | 28.05 | 150* | O 0 0 0 0

2018 | 03.08 | 150* | O 0 0 0 1

doHoBas 2018 | 02.10 | 120% | 2 2 0 4 | 31
MK 2019 | 26.08 | 150 | 36 | 10 | 3 | 67 | 52
c . | 2020 [ 16.05 | 150 | 18 | 5 9 | 45 | 7

YIYRCKMH 75020 | 10.08 | 150* | 36 | 8 6 | 68 | 32

2020 | 19.09 | 120~ | 59 | 9 | 12 | 90 | 30

2021 | 24.05 | 50* | 1 0 0 1 0

2021 | 19.09 | 75% | 2 0 0 2 2

Bcezo 2240 | 197 | 70 | 35 | 387 | 503

Kuposrpar- 2019 | 2607 | (275) | 0 | 10 | 1 | 16 | 39

HmnaxTHas cxuii 2020 | 18.06 | (444) | 25 22 12 60 78
Bcezo 719 | 25 | 32 | 13 | 76 | 117

UTOTO 5009 | 343 | 151 | 77 | 672 | 904

[Ipumeuanne — B ckoOKkax MpUBENEHO YCJIOBHOE KOJIMYECTBO JIOBYIIKO-CYTOK

(Ipu cxeme ¢ «MaKCUMAaIIbHBIM BBUTOBOMY); * — yueTsl FO.A. JlaBbI0BOi
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B pabote ucnonb3oBanu Takke matepuainbl oriaoBoB C.B. MyxadeBoii B uiojie
2019 r. (B cBomuyto Tabmuiy 2.1 e BrmtoueHsl). Camiibl (10 ocoOelt pepKei MOJIeBKH,
9 — KkpacHOH TOJICBKH, 2 — MaJIOil JICCHOW MBIIIK) OBLIM MOMMaHbI Ha «CMEIIAaHHOW»
JUHUM, COCTOSIIEN W3 JABWIOK M >KUBOJIOBOK, MPOTSKEHHOCTBIO B HECKOJIBKO
KWJIOMETPOB, B 2—4 kM o CYM3.

JI1s1 OTJIOBOB HCIOJIB30BAIM JICPEBSHHBIC TPANUKOBBIE KUBOJIOBKH (210X88%85
MM) C OKAJIOM KaMepoil W OTACJIICEHHEM i1 [PUMAHKH, MOAXOMISIINE s
KpPaTKOBPEMEHHOTO MpeObIBaHUs B HUX TPbI3yHOB B ycioBusx Cpemnero Ypana. Jlms
YTEIUICHUs] B JIOBYIIKM TOJKJIAAbIBAIM CyXOM MOX WM TPABAHHCTYIO BETOUIb.
[ToiiMaHHBIX KUBOTHBIX COJEPKAJIA B METAUIMUYECKMX CETYAThIX KJIETKaX-TEPEHOCKAX
Triol (China), pasmepom 280x190x140 mMm. Kietku 3amonHsim o Mepe moumku (1o 4—
6 ocoOeit). JKuBoTHBIX 0€3 MPHU3HAKOB KOH(MDIMKTOB HE paccakuBaid. [lociie mouMMKH
YKUBOTHBIX JIOCTABJISUIM B JIAOOPATOPHIO JJisi OOCIEI0BAHUS: U3MEPEHUS, B3BEIIIMBAHMUS,
OIpe/IeNICHUs] MacChl BHYTPEHHUX OPraHOB U 0TOOpa OMOJIOrMYECKUX 00pas3IioB.

['pe13yHOB comepxkanu 1-3 nHS B yCHOBHSX Ja0OpaTOpUU MPH €CTECTBEHHOM
OCBEIICHNH U KOMHATHOM TeMIepaTrype, CTapasch MaKCUMalIbHO OBICTPO paccaauTh
JKUBOTHBIX IO 1-3 ocoOm B miracTukoBble KiaeTku-caaku (400x245x155 Mm) ¢ ceTuaToit
KpbllIkoi. [lepenepkka KUBOTHBIX IMOMOTajia CHU3UTh BIHMSHUE CTPECCA OT MEPEBO3KH
¥ HOBO# 00cTaHOBKH. JKuBoTHBIX Kopmutu (@d libitum) oBcom, MOPKOBBIO, OT'ypIIAMHU H
A0J0KaMu, JIs1 MOACTUIIKY HCIIOIb30BAIIN APEBECHBIE OMIMIIKU U CEHO.

JKMBOTHBIX yMEPIIBIUIM Pa3pbIBOM HIEWHBIX TO3BOHKOB. Y CAMIIOB ONPEAEIISIN
Maccy U uHzaekc (otHomenue Macesl k auHe) tena (TANITA 1479V, Japan, TOYHOCTB
0.1 r), mMaccy CEMEHHMKOB U TMPUIATKOB (SMUIUIUMHUCHI, CEMEHHBIC ITy3bIPHKH,
npenynyanbHas u npeacrarenbhas xkenessl) (TANITA 1210, Japan, Toudocts 0.002 r).
s mopdoduznonornuyeckoro aHaian3a HMCIONb30BAIM CpelHEE 3HAUEHHE MAacChl Y
MapHbIX OPraHoOB (CEMEHHHMKOB M JIUJIUJIMMHUCOB), & TAKKE PAaCCUUTHIBAIM WHJEKCHI
CEMEHHHUKOB M JPYTrUX OpraHoB (OTHOIIEHHUE MACChl OpraHa K Macce Teja).

Bce mpouenypsl, BBINONHSIEMbIE TIPU pabOTe C KUBOTHBIMH, COOTBETCTBOBAJIU

THYeCKUM HopMaM MHcTuTyTa 3Konorun pacrenuit u skuBoTHbIX PAH (ITpotoxomn Ne 4

ot 26.01.2021).
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2.4 UncaeHHOCTh M CTPYKTYpPa NOMYJISALMIl MO/IeIbHbIX BU0B

BrI100pKHM 9acTUUHO OTpakaJid COCTOSTHUE HACEICHHSI MEJIKUX MJICKOIUTAIOIIHNX B
okpectHocTAx CYM3 u KMK B nepuon uccnenoBanus (2018-2021 rr.). Ha yuactkax c
pa3HBIM YPOBHEM 3arpsi3HCHHsI YHCIICHHOCTh TPBI3YHOB pasnudanach. Ha (HhoHOBBIX
y4dacTkax oHa Obuia Bbilie B 1.6—1.7 pa3a mo cpaBHEHUIO ¢ UMIAKTHBIMU U COCTaBJIISIA!
st CYM3 — 13.5 u 7.9 oc¢./100 noB.-cyT., ;s KMK — 17.3 u 10.6 oc./100 noB.-cyT.,
COOTBETCTBEHHO.

Uccnenyemble Buabl ObUTM MpEACTaBICHbI Ha BceX yuacTkax. OJHako Ha
(OHOBBIX TEPPUTOPHUIX 000MX PAHOHOB CpeIU TPHI3YHOB MpeodiIaana pehkas MOJICBKa
(88 (67-92) % mma CYM3, 51 (18-100) % mnas KMK), Ha m05110 KpacHOH MOJCBKH
npuxoawiock B cpeaneM 10 % (2 (0-17) % mns CYM3, 18 (0-64) % ans KMK). B
UMIIAaKTHOM 30HE JIOJII KPACHOM MOJICBKU Bo3pacTayia B cpeareM J1o 42 % (14-75 % s
CYM3, 37-63 % nna KMK). Ha yuactke BOm3u CYM3 (2 kM OT 3aB0/1a) BO BCE T'OJIbI
HaIIMX HaOIIOJCHUI JOMUHHUpOBaIa KpacHas noJsieBka (70—75 % oT BceX IpbI3yHOB).

B 2019 r. Ha umnaktHoM yvacTtke B pailone CYM3 (4 kM oT 3aBoja) HE OBLIO
ITIOMMaHO HU OJTHOW PBDKEM MOJIEBKHU, XOTS B APYTHUE IOAbl €€ YUCICHHOCTh COCTABJIAIIA
ot 28 no 72 % ot oOmero konuuectBa rpbizyHoB. Haobopot, Ha KupoBorpaackom
yuacTke B 2019 r. moiMHOCTBIO0 OTCYTCTBOBAJIA PhKas MOJIEBKA.

Mamnas niecHast MBIIITb Ha BCEX y4acTKax ObLIa MaJIOUYMUCIIEHHA, €€ JIOJsS B y4eTax
coctaBisia oT 0 mo 20 %, enuHcTBEeHHBIH MakcuMyM (42 %) ObUT 3aperucTpUpOBaH B
2019 r. Ha UMDIaKTHOM yyacTke (4 KM OT 3aBojia) B paiione CYM3.

B cpennem B 00oux pailloHax 3a UCCIENYEMBbI Mepuoja A0S TIPhI3YHOB
cocTaBJisiia: sl pbiked moneBku — 51 %, kpacHou moneBku — 22 %, masoil JieCHOM
MmbIu — 11 %.

MeXrooBbIe pa3Inyusl YUCICHHOCTH T'PHI3YHOB ITO3BOJWIM BBIICTUTH TOIBI C
auskoit (2018, 2021 rr., 3 (1-6) oc./100 moB.-cyT.), cpeaneit (2019 r., 13 (6-22) oc./100
JI0B.-CYT.) U BBICOKOMW uncienHoctohio (2020 r., 16 (9-28) oc./100 5n0B.-cyT.) U OTHECTH
ux K ¢dazam «Ienpeccun», «pocra» U «IHKa» TMOMyISUOHHOTO IUKIa. JTa

KJIacCU(pUKalusl coriacyeTcsi ¢ 0003HAUeHHEM J3THX JeT/¢da3 ApyrMMH TEPUOJIOTaMH,
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paboratomumu B 3Tux painionax [KunsiceB, [aBwimoBa, 2021; JlykesanoBa, 2021;
JlyxbstHOBa U ap., 2021; MyxaueBa, Co30oHTOB, 2021].

Jlns  BBIIENEGHUS] TIOMYJISIITUOHHBIX TPYIIT  HCIOJIB30BAIH  (DYHKIIMOHATIBHO-
OHTOTECHETHYECKHI moaxoa, npemioxeHasd [.B. OneneBeim (1989, 2002, 2009) wu
OCHOBaHHBIH Ha IIOJUBAPUAHTHOCTH (OMBApHAHTHOCTH) OHTOI'CHE3a MBIIICBUIHBIX
rpbI3yHOB. OCHOBHOM KpUTEPHUH BBIJICTICHUS — (DYHKIIMOHAIBHOE €IMHCTBO (crienuduka
pocTa, pa3BUTUS W  PEOPOAYKTHUBHOIO  COCTOSIHUS) oOcoOeid B TIpynmax,
COOTBETCTBYIOIIUX JBYM BapHaHTaM OHTOI'€HE3a.

Ocobu | Bapmanta («mytm» mo [.B. OmeneBy (2002, 2009)) oHTOoreHesa —
nonogospenvie ceconemky  (pa3MHOXKAIOIIMECS B TOJl CBOEr0 pOXKACHUSA) —
XapaKTEepU3YyIOTCI MOHO(A3HBIM POCTOM, OBICTPBIM CO3PEBAaHMEM U BCTYIUICHHEM B
pa3MHOKEHHE, OBICTPBIM MeTabomm3MoM u crapenuem (Pucynok 2.3). X ocHoBHas
GyHKIUS B TONYJSIIAA — «HapallliBaHWE YHCICHHOCTW» B TEKYIIEM CEe30HE

pasmuoxenus [Onenes, 2002].

I nyTs IT nyTs

Macca OaHa wasa 1-a taza 2a pasa
Tena,r

J0F
MHOKADWULCH™
20 :lj/ Ce20AeMKN
e/ Hecospebanuue cezofEMEL
10}

Bpemsa
O — e aHaAJU3UPYEMBIE TPYIIILI IT0JIOBO3PENBIX I'PHI3YHOB
Pucynok 2.3 — CxeMa IByX albTEPHATUBHBIX ITyTEH OHTOTE€HETUYECKOTIO PA3BUTHS

MBIIIEBUIHBIX TPBI3YHOB, LIUT. 110 [OneHnes, 2009]

Ko Il BapmanTy oHTOreHe3a OTHOCATCA ocobu ¢ OudasHbIM POCTOM.
Henonosospenvie ceconemxu (HeCO3peBaIIME B TOJl CBOETO poxaeHus, l-as dasza)
XapaKTePU3YIOTCS CHUKCHHBIM METa00JIM3MOM M 3aMeJICHHOH (ITOYTH B JIBa pasa Iio
CPaBHCHHUIO C ITOJIOBO3PEIIBIMH CETOJICTKAMHU) CKOPOCTBIO POCTa. DTY TPYIITY CUHTAIOT

HaumOoJiee YCTOMYMBOM K IIMPOKOMY CHEKTPY HEOJAromnpusTHBIX BO3ICHCTBUHM, ee
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OCHOBHAasI GYHKIIUS — COXPAHECHUE TOIMYJISIIIUKN 0 CIASAYIOIMIETO CE30Ha PAa3MHOKECHHUS.
Bo 2-oii ¢aze paszButus (IMocie 3UMOBKH) nepe3uUMosasuiie 0codu XapaKTepU3yrTCs
OBICTPBIM CO3pPEBAHMEM M JOCTIKEHHEM Je(UHUTHBHOIO COCTOSHMS, CKOPOCTh HX
MeTaboJIM3Ma U CTapEHUS CXOJIHA C TIOJIOBO3PENIbIMU cerojieTkamu. OCHOBHAS (PYHKITUS
9TOH TPYMIIBI — TOCJE TIEPE3UMOBKH «HAYaTh I[IMKJI OOHOBJICHUS momysnun» [OneHes,
2002].

Takum 00pazoM, OTJIOBJICHHBIX CaMIIOB IO KOMIUIEKCY MpPHU3HAKOB (Macca u
pa3Mep Tela, HAJIMYWE TUMYCa, COCTOSHHUE TOJIOBBIX jkeie3) nuddepeHnnpoBain Ha
MOMYJISITAOHHBIC TPYIIITHL:

- HETOJIOBO3pebIe ceroyieTku (immature, im);

- TIOJIOBO3pEIIbIC CEroyieTKu (mature, m);

- Iepe3uMoBaBIre ocoou (overwintered, ow).

B ananuze mokaszateneil criepMaTo30MA0B UCTIOIb30BANN )KUBOTHBIX JIBYX TPYIII
— MOJIOBO3PEIIBIX CETOJIETOK U Nepe3nMoBaBIuX ocoodelt (PucyHok 2.3).

[TomoBO3penocTh CcaMmIlOB OMpPENeIsIM 10 CTETICHH pPa3BUTOCTH (Macce H
pa3MepaM) CEMEHHHMKOB U TMPHUAATOYHBIX JK€JI€3 W HAJIWYUIO0 CIIEPMATO30UIO0B B
smuauanMuce. Jsg BepupUKanUM ONpEeACICHUs TPYNIbl Y BCEX OTJIOBJICHHBIX
IPBI3YHOB IO BO3PACTHBIM U3MEHEHHSM 3y0OB OBLI OIpesesieH a0COMIOTHBIM BO3pacT:
JUISL TIOJICBOK C TOYHOCTHIO 110 10—45 mueit [Onenen, 2009], a1t Majaoi JIECHON MBIIITH —
10 10-142 nueit [Komuesa, 1992].

Bo Bcex cimywyasx B aHaiM3 TOKa3aTelied CIEPMATO30MJOB  BKIIIOYAIH
MOJIOBO3PEJIBIX CaMIIOB 0€3 BHUIUMBIX TPHU3HAKOB HHBOJIIOIMK CEMEHHUKOB U
npuaatounbix kene3 (Pucynok 2.4). HckiroueHue — aHaIM3 OHTOTCHETHYECKOM
U3MEHYMBOCTU MOP(HOIOTHYECKUX TOKazaTene crnepmaro3ousoB (pasmen 3.1), B
KOTOPOM OT/EJIbHO YYWTHIBAIN TaK)Ke TPYINTY CETOJETOK C WHBOJIOMHUEH ITOJOBBIX

xenes (M/i).
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1 1
2 3
4 4

5
3 .

6
6

7

1 — cemennbie my3bipbkH (Vesiculae seminales/glandulae vesiculosae); 2 — mouesoii my3sips (Vesica
urinaria); 3 — cemsBbIHOCAIIMIA TpoTOK (Vas/ductus deferens); 4 — cemennuk (testis);
5 — npencrarenbHast xkenesa (prostata); 6 — xsoct npunatka cemennuka (cauda epididymis);
7 — ienuc (penis)

Pucynok 2.4 — ®ororpadust myxckoi mosnoBoit cucremst Cl. glareolus

CtpykTypa nmonyJjsiiuid MOJAENBHBIX BUIOB TAaKXKE pasjinyanach B pa3HbIC T'OJbI
(Tabmuma 2.2). ChoeuupuKy HTOTOBBIX BBIOOPOK —ONPEICIMIM  OCOOCHHOCTH
PENPOAYKTUBHO-BO3PACTHOM CTPYKTYphI B pa3Hble (a3bl NOMYJISILIMOHHOIO LuKia. Tak,
B 2020 r. oTMeHYanHu CYIIECTBEHHOE CHM)KEHHME JOJM I0JOBO3PEIbIX CETOJETOK, YTO
MO’KHO CBSI3aTh C XapaKTEpHBIM 1Jis NuKa yncieHHoctu 3¢ dexrom Kanensi—Komkunoi
— TIOJABJICHUEM CO3PEBAHMSI CErOJIETOK IIPU  BBICOKOM BECEHHEH IUIOTHOCTH
nepe3nuMoBaBimx KuBOTHBIX [Kalela, 1957; Komkuna, 1957; Kmmnsces, J[aBbimoBa,
2005].

CrnenyeT NOJYEpKHYTh, YTO BBIIOJIHEHHBIE TOJEBBIE PAOOTHl OXBAThIBAJIN JIHILb
OJIMH TOMYJISILIMOHHBIA UKI AMHAMUKH MEJKHX MiekonuTtaroumx. Hebombioe uncio
JeT HaOJMIOJEHUI M OTCYTCTBHE MOBTOPHOCTEH (BCEro JBa roja «JEHpeccun» U 10

OJIHOMY TOJly «pOCTa» M «IHKa») HE TMO3BOJUJIO B IOJHON MEpE OLEHUThH CBA3b
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PENPOIYKTUBHBIX XapaKTEPUCTHK CAMIIOB C JIWHAMHUKOW 4YHCICHHOCTH. OIHaKO B
OTIEIBHBIX CIydasx (HampuMep, TPH aHAIW3€ BCTPEYAEMOCTH aHOMATBHBIX
CIIEPMAaTO30UJIOB Y PHDKEH TOJEBKH) Mbl CMOTJIM YYE€CTh MEXIOJJOBYI0 M3MECHYMBOCTh
nokazareneir [CmupHoB, JlaBeimoBa, 2018]. B Hacrosmeld paboTe MexXroaonas

W3MEHUYMBOCTh MOKAa3aTeneu CIICpMATO30U 0B HC O6CY}K,ZIaCTCH.

Tabmuna 2.2 — TlonmoBas u penpoayKTUBHO-BO3pACTHAs CTPYKTypa MOIMYJISIIUN

MojenbHbIX BUAO0B B paitione CYM3 u KMK B 20182021 rr.

HemnosoBo3perbie ceroiaeTku/
Bup Paiion YuacTku Ton CaM?;/:«;C;MKH cerone?ﬁlf/?ji%giﬁ;wmm
ocobwu (9K3.)
2018 3/1 0/2/2
2019 22/15 221817
doHOBBIC 2020 25/20 0/0/45
2021 - i}
CYM3 2018 714 2/5/4
2019 0/0 0/0/0
HmmakTHEIC 2020 17/7 10/2/12
Cl.glareolus, 2021 i -
n =385 2018 1/1 0/2/0
2019 34/24 36/20/2
®doHOBBIC 2020 79/55 105/0/23
2021 2/1 1/1/1
KMK 2018 - -
2019 0/0 0
MMmakTHEIC 2020 16/9 8/12/5
2021 - )
2018 1/0 0/1/0
2019 0/0 0/0/0
®DOHOBEIE 2020 1/0 0/0/1
. 2021 - _
Toe | ovMs3 2018 22 0/3/1
2019 4/3 1/6/0
HIMIaKkTHEIE 2020 18/18 9/16/11
2021 - )
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[Iponomkenne TabauIb! 2.2

HemnonoBo3pesibie ceroaeTku/
Bux Paiionn | Vaaemn | Ton | O e e
ocobu (9K3.)
2018 210 2/0/0
2019 13/9 9/12/1
Poroseie 2020 32/14 36/2/8
2021 0/0 0/0/0
KMK 2018 - 3
2019 713 0/713
Mumaktieie =555 10/12 8/5/9
2021 - -
2018 0/0 0/0/0
2019 32 0/312
Porosrie 5075 172 01073
2021 - -
CYM3 2018 32 0/4/1
2019 32 1/4/0
Mumaktieie =575 47 10/0/1
S. uralensis, 2021 - -
n=79 2018 0/0 0/0/0
2019 3/4 3/3/1
Pomonrie 5500 13/15 200117
2021 0/0 0/0/0
KMK 2018 - -
2019 1/0 0/1/0
vmakTaeie == q5q o3 20713
2021 - -

[Ipumeyanue — «-» OTJIOBBI HE MPOBOAMIIN; TOTY>KUPHBIM MIPU(PTOM BBIICTICHBI

MOJIOBO3pEIbIe 0COOU
2.5 Mopdopusnonornueckue XapakTepuCTHKH CAMLIOB

Mopdoduznonorndeckue (B TOM YHCIEC PEHIPOAYKTHUBHBIC) MOKA3aTEIM CAMIIOB
HCCIICNYEMbIX BHJIOB Pa3JIMYAOTCS y Pa3HbIX MNOMYJISUMOHHBIX Tpymnn [JlaBbiaoBa,

2007; HaBwimoBa u ap., 2009; HectepkoBa u np., 2012]. B kauectBe mnpumepa
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IMPHUBCACHDBI a0COJIFOTHBIE U OTHOCHUTEJILHBIE MACCHI T€JIa U MOJOBBIX JKejie3 A1 CaMIIOB

U3 caMbIX MaccoBbIX cOopoB (2019-2020 rr.) Ha hoHOBBIX yuacTkax (Tadmwmma 2.3).

Ta6J'II/IHa 2.3 — AOCONIOTHEIE U OTHOCUTEIILHBIE MAacChl TeJIa M IOJIOBBIX JKEJIe3 CcaMIIOB

MOJICJIBHBIX BUJIOB I'PbI3YHOB € (DOHOBBIX ydacTKoB (2019-2020 rr.)

Macca (Mr) / HHJIEKC IOJIOBBIX XKeJIe3 CaMI[OB

Macca (1)
Bun I'pynna / MHzIEKC Cemen- | Ipemy- | Ilpen-
TCIa SDnuau- HEIE - cTa-
CeMeHHUK
JAUMHUC IMy3bIpb- AJIbHAsA TCJIbHAasA
KA1 JKeJie3a JKeJie3a
im 18.9 9.7 B B B B
0.21 (95) 0.63 (93)
oL alareolus | m 225 360.5 43.8 235.7 23.4 39.0
- glareolus 024(6) | 16.1/211(6) | 2.11(6) | 9.03(6) | 107 (5) | 1.87 (4)
ow 27.1 = gge'g % 456 269.4 31.1 40.3
0.28 (40) 40 1.70 (40) | 8.36 (40) | 1.16 (33) | 1.53 (34)
- 18.9 5.0 B B B B
0.21 (29) 0.31 (29)
22.9 197.5 22.0 224.7 45.8 27.6

Cl.rutilus | m 0.24(6) | 7.15/114(6) | 1.07(6) | 550(5) | 216(5) | 1350(5)

ow 30.9 265.0 32.2 303.4 93.0 51.1
030(7) | 858/1.22(7) | 1.10(7) | 864(7) | 3.01(7) | 1.65(7)
im 145 22.0 B B B B
0.18 (10) 2.04 (10)
21.2 241.0 21.3 230.7

S. uralensis | m 024(3) | 856/148(3) | 123(3) | 1090(3) | )

22.8 249.6 21.3 215.6 16.5 21.0

ow 025(5) | 929/145() | 0.95() | 7.8(5) | 0.72(2) | 0.98(3)

[Mpumeuanne — IlonmynsiuoHHAs Tpymma: IM — HEMOJIOBO3pENbie CErojeTku, M —
TIOJIOBO3PEIIbIE CETONIETKH, OW — MEepe3nMMOBaBIINEe 0COOU; B CKOOKaxX yKa3aHO KOJIMYECTBO
oco0eil; /uIsi mapHbIX OPraHOB (CEMEHHHMKOB U SMUIUAMMHUCOB) MPUBEJICHO Cpe/lHEE 3HAUCHHUE;
IPYIIBI TIOJIOBO3PENbIX caMmiloB (M, OW) He BKJIOYAIM 0coOCi Ha CTaIuu CO3PEBaHUS HIIH C
BO3PAaCTHOM MHBOJIIOLIMEW ITOJIOBBIX OPIaHOB; MPOYEPK O3HAYACT OTCYTCTBUE NAaHHBIX. Jlis
IIOJIOBO3PEJIBIX CaMIIOB TaKkKe MPHUBEIEHBI (4Yepe3 clell) JBa HHAEKCAa CEMEHHUKA!
1) oTHOIIEHHE MACChl OpTraHa K Macce Tejla ¥ 2) OTHOIICHUE HAOJII0JaeMON MacChl CEMEHHUKA

K €ro IMporHo3upyemMoii macce, 1ut. mo [Kenagy, Trombulak, 1986]
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Y OJM3KOPOACTBEHHBIX pBDKEM M KpPAaCHOM TIOJIEBOK MpPU  OJMHAKOBBIX
MacCce/MH/IEKCe Tella MAaCCBhI/MHACKCHl PEMpOAYKTHBHBIX OpPraHOB  pa3IHYajIHCh.
Hampumep, mMacca ceMeHHUKa y pbDKEH MMOJEBKH Oblaa OoJibllie, YeM Yy KpacHOM: y
MIOJIOBO3PENBIX CEroyieToK B 1.8 (MHIEKC ceMeHHMKa — B 2.3) pa3a, y Nepe3nMOBABIINX
ocobeit — B 1.7 (unaekc cemenHuka — B 1.9) pasza. TakcoHoMHUueckue pa3innyus 0ObIYHO
CBSI3BIBAIOT C pa3HbBIMU PENPOYKTUBHO-IKOJIOTHYECKUMU CTpaTeTUsIMHU
BUI0B/TakcoHOB [GOmez Montoto et al., 2011a, 201 1b; Ambapsa u ap., 2015; Liipold et
al., 2020].

B Tabnune 2.3 npuBeleHbl JBa BapuaHTa MHIEKCAa CEMEHHMKA: 1) OTHOILICHHE
Macchl oprana k macce tena [IlIBapm u np., 1968]; 2) oTHOIICHHE MAaCChl CEMCHHHMKA K
€ro mporHo3upyeMort macce (uHaekc KoHkypeHTtHoctH 10 G.J. Kenagy wu
S.C. Trombulak (1986) wHTEpnpeTHPYIOT KaK OIEHKY YPOBHS KOHKYPEHIIUH MEXTY

camiiamu). HIEKC KOHKYPEHTHOCTH PacCUYHUThIBAIOT 10 hopmyite (1):

MOTHOCI/IT. = MC@M@HHI/IK / MHpOFH03. (1)

M 1ocur. — OTHOCHTEIIBHASI MAacca CEMCHHUKA,
M evensne — HaOJTIOaeMas Macca CEMEHHHUKA.

Mipornos. — IPOTHO3UpPYEMas Macca CEMEHHHKA, pacCcuuThIBacMas o Gopmyie (2):

Mporos, = 0.031 X %77 (2)

X — macca Tena.

YpoBeHb KOHKYPEHIIMH CUMTAIOT BBICOKUM TIpU 3HAYCHUM WHJICKCA BBIIIIEC
enuannel  [Kenagy, Trombulak, 1986]. YV moaeBok © Majoi JIECHOM MBIIIN
OTHOCHUTEJIbHAsI Macca CeMeHHMKa Oblia Bbile eauHuIlsl (Tabnuma 2.3), mo3ToMy Bce
OHM MOTYT OBITHh OTHECEHbI K BHJIaM C BBICOKMM YPOBHEM KOHKYPCHIIMH MEXY
camuamu. OJHAaKO WMHAEKC KOHKYPEHTHOCTH Y TMEpPE3MMOBABIIMX CaMIIOB pPbDKEH
MOJIEBKM ObUI BBIIIE€ MO CPABHEHHUIO C caMmIlaMU KpAacHOW MOJEBKU B 2 pasa, Majou

necHoi Mbiu — B 1.6 paza.
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2.6 AHaamn3 Mop¢o10rnYecKuX noKa3arteiei cnepMaTo3onioB

B Mopdonornueckom aHaIMn3e U CITOJIb30BAJIH MOCTMOPTAJIbHBIC
AMUANAUMAIBHBIE  CIIEPMATO30M/bl, IIOCKOJIBKY M3BECTHA HX JOJITOBPEMEHHAas
byHKIIMOHATBHAS COXPAaHHOCTh, a COOTHOIICHWE HOPMAJIbHBIX U JAC(PEKTHBIX
CIIEpPMATO30UJIOB y TpyIa Ha MPOTSKEHUU HECKOJIbKUX JHEH OCTAeTCS HEU3MEHHBIM
[MoxamMmanzaze u ap., 2011].

Jna uccnegoBanus Mop@OJIOTUH CIIEPMATO30M0B TOTOBWIIM Tpenaparbl U3
COJIEP’)KUMOT0 XBOCTOBOM YacTH MPABOr0 SIMUJUJIMMHCA: CYCIIEH3UIO HEOKPaIICHHBIX
KJIETOK HAHOCWJIA Ha TMPEIMETHOE CTEKJIO M JeNaid Ma30K, KOTOpbIA 3aTeM
¢ukcupoBamu B 95 %-HOM crmupre. MaskoBble mpemapaThl TOTOBUIM B 2-3-X
noBTOpHOCTSX. Kietku dotorpadupoBanu ¢ nomorisio Mukpockona Leica DM1000
LED u mudposoii kamepsl Leica DFC 295 (Leica Microsystems, Germany) npu
yBenuuennn x400 s ananmm3za maroioruid uw X630 s mMopdomerpudeckux

uccieaoBanuil y moneBok u npu yenudeHn X200 u x400 — y Manoii JIeCHOW MBIIIH.
2.6.1 Ananuz ecmpeuaemocmu AHOMATLHBIX CHEPMAMO30UO0E

Y TIpBIBYHOB pa3ivyaid TPU TPYIIbI CIEPMATO30MA0B: HOpMalibHbIEe (0e3
neopManuii  CTPYKTYpHBIX 3JEMEHTOB KJIETOK), € Je()EKTOM TOJIOBKU (BKJOUast
nedopmaliio akpocombl), ¢ nedexToM XBocTa (pa3iaUYHbIE BapUAHTHI METENb U
mmuiek) (Pucynok 2.5) [Cmupnos, JlaBbimoBa, 2018]. st metamuzanuu (GopMel
TOJIOBOK CIIEPMATO30M0B HCIIOIb30BAJIM BO3MOKHOCTH CKAaHUPYIOIIECH 31EKTPOHHOU
mukpockonuu (SEM). nss SEM oT npeaMeTHbIX CTEKOJI ¢ Ma3KaMH 3MHIUIUMAaTbHbIX
CIIEPMATO30UJIOB C MOMOIIBIO CTEKJIOpE3a OTpe3aau HEeOOJMbUINE KBAAPATHBIE KYCOUKH
(~10x10 mm). 3atem ux mokpeiBanu pacmnbuieHueMm 7 HM 3os0ta (Q150R ES, Oxford
Instruments, UK) u wuccnenoBanu B mukpockonie VEGA 11 SBU (Tescan, Czech
Republic).

Y kaxmoro >xuBoTHOro wucciaeaoBamu mo 200 cmepmarozommos: B 15-30

CJ'Iy‘—IElfIHbIX OJIAX 3PCHUA OIIPCACIIIIN JOJTKO0 HOPMAJIBHBIX U aHOMAJIBHBIX KJICTOK.
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A — ¢ HOpMaJbHO# roJIOBKOH, b — ¢ nedexToMm romoku (Hadbyxanue, aegopmarus akpocoMbl),
B — ¢ netie- 1 mmmibkoo0pa3HbIMU XBOCTaMU. CTPENKH YKa3bIBalOT Ha 00JIaCTh aKPOCOMBI TOJIOBKH
cnepmaro3onia. 3obpaxxenus A, b noiaydeHsl ¢ UCIIOJIb30BaHUEM CKaHUPYIOLIEH 371€KTPOHHOM

mukpockoruu (VEGA 11 SBU, Tescan), B — ceeroBoit mukpockonuu (Leica DM1000)
Pucynok 2.5 — Cnepmarozouzst Cl. glareolus

2.6.2 Ananuz mopghomempuueckux nokazameeil CRepMamo3ouoos

Jna  ompenencHus ~— MOpHOMETPHUECKHX  TOKaszareyed  HCIOJb30BalIU
U300paXkKeHMsI CIIEPMATO30MI0B M ITporpaMMHoe obecriedenne ImageScope M (Poccwus,
http://www.microscop.ru).

W3mepsiu creayroliue nokasareiu cnepmatozouaa (PucyHok 2.6):

e mmny romoku (head length, HL) — makcuManbpHOE paccTOSHHE OT BEPUIUHBI
aKPOCOMBI IO OCHOBAHHS TOJIOBKH;

e mmpuny ronoBku (head width, HW) — wmakcumanbHOe paccTossHEE OT
BEHTPAIBHOM /10 JOPCATHHON MTOBEPXHOCTH T'OJIOBKH;

e juMHy cpenHed dactu xBocta (midpiece length, MP) — paccrosHue ot
OCHOBAaHUSI TOJIOBKH JI0 Hayaia OCHOBHOM YacTH XBOCTA,

e JUIMHY OCHOBHOW M KOHEUHOM yacteit xBocTa (principal and end piece length,
PEP) — paccTosiHHe OT Ha4yaJila OCHOBHOM YacTH JI0 KOHYMKA XBOCTA.

3aTeM pacCUUThIBAIIU:

e 00mIyI0 IIMHY XBocTa criepmarosonaa (MP + PEP);
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e o0myro mmmHy ciepmarto3onaa (TSL = HL + MP + PEP);

e pa3iuyHble MOP(HOMETPUYECCKHE HWHICKCHI  CIIEPMATO30HJa, HAIpPUMED
OTHOIIICHWE JUTHHBI TOJIOBKH K €€ IUPHHE WK K CPEIHEH YacTH XBOCTA U JIp.

W3mepenust MpOBOAMIN TOJBKO JIJII HOPMAaJIbHBIX CIEPMATO30HIOB. Y KaXKIOTO

YKUBOTHOTO U3Mepsun 1o 30 KIETOK, BHIOPAaHHBIX CIIy4ailHbIM 00pa3oMm.

HW

PEP

Ah —apical hook, Vs — ventral spike, HL — head length, HB — head width, MP — midpiece length,
PEP — principal and end piece length

Pucynox 2.6 — MoaudunupoBanHas cxema U3MEPEHUN CTPYKTYPHBIX 3JIEMEHTOB

CIIepMaTO30M 1A TPHI3YHOB, IHUT. IO [AKCeHOBa, 1978]
2.6.3 Oovem u cmpykmypa 8v100poK

Jis  uccienoBaHUs Pa3lIMYHBIX ACHEKTOB MOP(OJIOTHH  CIIEPMaTO30UI0B
WCTIONB30BaI BBIOOPKHM TPHI3YHOB, OTJIOBJICHHBIX B pa3Hble TOAbl W B Pa3HBIX
JOKaJIUTeTaXx.

Ecmecmeennyto UBMEHYUBOCD Mopgonocuueckux nokasameineu
cnepmamo3ou008, HE CBSI3aHHYIO HAIPSMYIO C JeATelbHOCThIO uenoBeka [lIIBapr,
1963; S6noxoB, 1966], u3yuanu Ha BbIOOpKaxX TpbI3YHOB C (DOHOBBIX TEPPUTOPHIA

(pazmen 3.1).
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1) Mexx- ¥W  BHYTPUBHAOBYIO  (TOMYJISIIMOHHYIO W WHIAHBHIYAJIBHYIO)
U3MEHYMBOCTh MOP(OMETpUUECKUX TOKa3aTeNell CIepMaTO30M0B HCCICAOBAIN Y
I'PBI3YHOB C He3arpsisHeHHbIX Tepputopuii Cpennero u KOxHoro Ypana (Tabnuma 2.4).
Kpome MonenpHBIX BUAOB B aHATIN3 BKIIIOYAH €1Ie S5 BUIOB TphI3yHOB ceM. Cricetidae
u Muridae, Bkitouast 1abopatopHbsix Mbiieii (CBA) B kauecTBe yCI0BHO pedepeHTHOM
TPYNIbl, HE WCIBITHIBAIONICH BIUSHUE MPHPOMHON Cpeabl B TEUCHHWE MHOTHUX
nokosieanid. [lonpoOHOE ommcanue BBHIOOPOK APYTUX BHUAOB TPHI3YHOB TPUBEICHO B

Hareit padote [Smirnov et al., 2021].

Tabmuua 2.4 — O6bemM BBIOOPOK MOJENBbHBIX BUAOB IPBI3YHOB C (POHOBBIX TEPPUTOPUI
Cpennero u IOxHOro VYpana mis aHanusa MeX- U BHYTPUBHUIOBOM H3MEHYMBOCTHU

MOp(l)OMeTpH‘IeCKI/IX rokKasarejiei CIICPMATO30HU10B

['pymma
Bun Paiion I'on
m ow
[Ipuropoansiii, Hu:xHecepruuckui,
Cl. glareolus, | Pepaunckuii p-ubl CBEpATIOBCKOM 2007, 2010, 41 88
n=120 obnactu; Muacckuii paiion Yensiounckoit | 2014-2016
obnactu
Cl. rutilus, [Tpuropoansrii, HmwkHecepruHCKui, 2012, 11 9
n=20 Pesnunckuii p-ubl CBepaiioBckoit obnactu | 2014-2016
[Ipuroponusiii, Huxuecepruackui,
S._uralenSIS, PeBnuHCKU p-HBI €Bepv;1n01301<014 | 2014-2016 9 24
n =26 obnactu; Muacckuit paiton YensOuHckoi
00JacTu

2) OHTOTEHETUYECKYI0O ~ HM3MEHYMBOCTH  MOP(OJIOTUYECKUX  TOKa3aTeleit
CTIEpMaTO30MI0B (pa3Mepbl M BCTPEUAEMOCTh AaHOMAJIBHBIX KJIETOK) HMCCIEAOBaIM Ha
npuMepe phDKEH TONeBKU ¢ (OHOBBIX Teppuropuii. BwiOOpKy cocTaBwiIn
7 OJIOBO3PEIIBIX ceroyieTok (M), 9 cerosieTok ¢ WHBOMONMEH ceMeHHHMKa (M/i) u
56 mepe3uMoBaBIIUX 0coOel (OW), OTJOBJIEHHBIX Ha ()OHOBBIX TEPPUTOPHIX

(Cytyxkckuit yaactok) B 2007-2017 rr. [CmupHoB, [laBbiioBa, 2020].
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Hzmenuusocmv mopgonocuueckux noxazameinei CRepmMamo3oud08, CEiA3aAHHYIO
¢ 3aepsiznenuem cpeodwt (pasnen 3.2) Takke U3yJalid Ha JIBYX BIOOPKAx TPHI3YHOB.

3) BiusiHME XMMHYECKOTO 3arpsi3HEHHsT Ha MOpPQOJOTHYECKHE IOKa3aTeln
CIIEpPMATO30UJI0OB (pa3Mephl U BCTPEYAEMOCTh AHOMAJIBHBIX KJIETOK) MCCIEAOBAIM Ha
npuMepe pebkelt mosieBku (N = 55), omiosnenHoi B 2014 u 2016 rr. B paitone CYMS3.
Ha ¢onoBpix ydyactkax B 2014 r. Obl10 OTJIOBICHO 18 mMepe3smMOBaBIIMX OCOOEH U
1 ceronetok, B 2016 r. — 13 mepe3nmoBaBmIX 0co0Oel U & CEroJIeTOK; Ha MMIAKTHBIX
yugacTkax B 2014 r. — 1 u 5, B 2016 1. — 4 u 2 ocobei, cooTBeTcTBeHHO [/laBbIIOBa M
ap., 2017b; Cmupnos, JlaBbioBa, 2018].

4) BnmussHue XMMHYECKOTO 3arpsi3HEHUS Ha BCTPEYAECMOCTh  aHOMAJIbHBIX
CIIEpPMAaTO30U/I0OB UCCIIEAOBANIN Y BCEX TPEX MOJEIBHBIX BUJOB (N = 141), OTIOBICHHBIX
B 20182020 rT. B pationax CYM3 u KMK (Ta6muma 2.5).

st 3TOM >k€ BBIOOPKHU OIICHEHO BIIMSIHUE WHIUBUIYAIbHOW TOKCHYECKOM
Harpy3ku (KOHIEHTpaIlMM TSOKEJIBIX METalIOB B TICYEHH) Ha IOKa3aTelu
criepMaTo3ouioB (paszen 5.2) ¥ BBINOJHEH KOMIUIEKCHBIM aHain3 MOP(OIOTHYECKUX
(BCTpeuaeMOCTh aHOMAJIbHBIX KIJIETOK) TIOKa3zarelield, a TakkKe TMOABWKHOCTA U
KOHIICHTPAIIUU SMUIUIUMAIIBHBIX CIIEPMATO30U10B (T71aBa 6).

B nanpheiimem 3Ta BoIOOpKa OyZeT IMEHOBATHCSI «OCHOBHOMY.

Tabnumna 2.5 — O0beM U CTPYKTypa OCHOBHOM BBIOOPKU MOJICIBHBIX BUJOB T'PHI3YHOB
JUIsL OIIEHKH Mopdosorun (BCTpe4aeMOCTh aHOMAJBHBIX KIIETOK), TMOABHKHOCTH W

KOHLOCHTpAMH CIICPMATO30UI0B H ypOBHeﬁ HAKOINNICHUA TSXKCIIbIX MCTAJIJIIOB B

opranusme (2018-2020 rr.)

3 Cl. glareolus, Cl. rutilus, S. uralensis,
OHa _ _ -
Paiion n="71 n=>52 n=18

3arpsA3HEHUS

m ow m ow m ow

dounoBasa 0 24 1 1 2 2
CyM3

Nmnakraasg 8 11 16 9 4 2

doHoBas 7 12 6 6 1 3
KMK

HmnakTHas 5 4 6 7 2 2
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2.7 AHauM3 MOABHKHOCTH U KOHLIEHTPAIIUM CIIEPMATO30U/10B

[Tocne BCKPBITHS y CaMIIOB W3BJICKATH SIUIUANMUCHI, AeJIad TOHKUH MPOKOJ B
X XBOCTOBOW 4YacTH, C MOMOINBIO MHUKpomnumeTrku-gozaropa (Proline, Sartorius AG,
Finland, 0.1-2.5 mki) otoupamm 0.5 MK STUAXIIMATBEHON KUIKOCTA U TIOMEIIAH B
MUTATeNbHYIO cpeay oobeMoM 2 mit Ha 10—15 MuH. MaHUIyIAIAN € SHIAINMACAMHA
BBIMIOJIHSIIA TIOJT CTepeocKonuueckum Mukpockonnom MC-2 (buomen, Poccusi). B
Ka4yecTBE IMUTATCIIBHON Cpelbl HCIOJIb30BaM cMech pactBopoB DMEM (Dulbecco's
Modified Eagle's Medium, ¢ L-rmyramuHoM u riroko30it 4.5 /1) u 2 % BSA (bovine
serum albumin). O6a pactBopa — npousBojctBa «buonoTy», Poccusa. Cmece DMEM wu
BSA mpexacraBiaser co0oil MoOAM(UKAIINIO MHUTATEIBHBIX CPEA, MPUMEHSIEMBIX IS
aHaJIM3a MOJBIXXHOCTHU criepmaTo3oua0B JadopatopHbix Mblieit (Crlj:CD1 (ICR) mice)
[Tayama et al., 2006] u peokux mosieBok 3 jadoparopHoit komonuu [Kruczek et al.,
2013]. T'oToByIO CMeCh Pa3UBaId B CTEPHIIbHBIC MUKPOIPOOMPKHA M TOMEINAIA Ha
tepmoctoiuk (Mukpoctat, Texnom, Poccust) mpu Temneparype 37°C.

['oToBO# cycnieH3uen 3anonHsuii 00e kamepsl (o 10 MK CyclieH3uu Ha KaMepy)
npeametHsix crekon (2X-CEL chamber, Hamilton Thorne, USA, rinyOunHa kamepsbl
80 MkM) m 3akpersuid Ha HarpeBatene mpeaMeTHbix ctekos (MiniTherm, Hamilton
Thorne, USA) mox o00beKTHBOM MHUKpoOckoma. Jlns aHanmm3a IMOJBHIKHOCTH
CIIEPMATO30UIOB  UCIOJIb30BAIM MPABbI  JIMUAMIMMUC, KpOME JBYX CIIy4yaeB
BBIPOKCHHONW aCHMMETPHUH SMHIUIAMUCOB (MpaBblii opraH Obul B 2 m Oojee pasa
MEHBIIIE JICBOTO) U JIBYX CIy4aeB TEXHUYECKON OMMUOKH Mpu 0TOOpE MpoO.

[TonBwxHOoCTh  M3Mepsiii ¢ nomomiblo  cuctembl  CEROS  CASA:
crenuanu3upoBanHoi mporpammel MouseTraxx v. 12.3 (Hamilton Thorne, USA),
mukpockorma (Olympus CX41, Japan) u Bumeoxkamepsr (Sony XC-ST50, Japan).
JIB>KeHUEe CHepMaTo30MJ0B CHMMaIM TpU yBenuueHun oObekThBa x4 Ha 30
MOCJIEIOBATEIBHBIX KaApax Mpu ckopocTu 60 kamp/c B 3-x m OoJiee MOISX 3pEHUS.
Krnerku, momaBmme TOIBKO B YacTh OTCHSATHIX KaJpOB, B aHAlW3 HE BKIIOYAJIH.
AnammzupoBanu B cpenHem 450 (240—-1782) TpekoB JBIKEHHUS CIEPMATO30MIOB Ha
oco0b. HccrmemoBanmu 00 TOABWXXKHBIX KJIETOK W TOKa3aTeId WX JIBIDKCHHS

(Tabnuua 2.6, Pucynok 2.7).
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Tabnuia 2.6 — VccnemoBanHbIe OKa3aTeIH TOIBIXKHOCTH CIIEPMATO30UI0B

O6o03HaueHue Enunuia
Pacmmdposka OnucaHue nmokasaress
noKasarels U3MEpEeHus
Motile Motile cells % J10J1s1 TOABMYKHBIX KJICTOK
Curvilinear CkopoCTh IBUKEHUS KIETKH 10 KPUBOI
VCL ) : MKM/C
line velocity OTCHSITOI'O TPEKa
Straight line CKOpOCTb IBUKEHHUS KJIETKH MO MPSIMOU
VSL : MKM/C
veIOCIty OT HaJaJia 10 KOHIIa TpeKa
Average path CKOpOCTh ABUKEHUS KIIETKH 10
VAP : MKM/C .
velocity YCPEAHEHHOMN TPACKTOPUU
Amplitude of AMITIUTYa OTKJIOHEHHUS TOJIOBKU
ALH lateral MKM CIIepMaTo30M/1a OT YCPETHCHHOU
displacement TPACKTOPUU
BCE Beat cross r Yacrora KoiaeOaHUi TOJIOBKU
frequency = CIIEpPMAaTO30U/1a B CEKYHIY
[IpsIMOIMHENHOCTH YCPETHEHHOM
STR Straightness % TPaeKTOPUH, CTETICHb HAIIPABICHHOCTH
nerxerns kietku, (VSL/VAP) x 100
[IpsIMOTMHEMHOCTD KPUBOU OTCHSITOTO
LIN Linearity % TpEKa, CTEeNEHb MPSIMOJIMHEHHOCTH
nsmwkenus kinerku, (VSL/VCL) x 100
1 /\

1 — ckopocts kpuBonmHeHOTO NBIXKEeHUS (VCL), 2 — ckopocTh npsimonuHeitHoro asuxenus (VSL),
3 — CKOPOCTh JBM)XKEHUS KIIETKHU 10 ycpeaHeHHoMy myTH (VAP), 4 — aMmuinTya OTKIOHEHHS TOJIOBKH
cnepmaro3onna (ALH), 5 — yactora koneGaHuil royIoBKH criepMaTo3ouaa (KOJIMYecTBO MepeceyeHuit

nunuu VAP B cexkynay) (BCF); Touku — mosoxeHue KJIeTKH B MOMEHT ChbEMKHU

Pucynok 2.7 — Cxema JIBH>KEHHSI CIIEpMAaTO30M1a U U3MEPEHUS TToKazaTeen
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Mb1 He nuddepeHIMpoBaTd TMOABWKHBIE KICTKM Ha «MEIJICHHBIC» W
«IPOTPECCUBHBIC», KaK OTO NPHHATO, HANPUMEp, IMPU aHAIU3E CIEPMATO30UI0B
YeJI0BEeKa, HEKOTOPBIX XO3SHCTBCHHO-3HAYMMBIX M JIA0OpaTOpHBIX *HBOTHBIX [WHO
laboratory manual for the examination and processing of human semen, 2010; Mortimer
et al., 2015; Murphy et al., 2018; Sipild et al., 2020; Barquero et al., 2021a].
«MenneHHbBIMIY»  OOBIYHO HA3bIBAIOT HEMOJBIKHBIE KIETKH, WM KIETKH C
HEJIOCTATOYHO OBICTPHIM (OTHOCHTEIIBHO APYTHUX KIETOK) ABMKeHHEM. CUUTAIOT, YTO
MEJJICHHOE JIBU’KEHHUE HETIOJIBUXKHBIX KIJIETOK 00YCIIOBIICHO CIyYalHBIMU KOJECOAHUSIMU
(OpoyHOBCKMM JIBIDKCHHEM) 3a cdeT JBrkeHHs apyrux kierok [Kotula-Balak et al.,
2014]. «IIporpecCHBHBIMHY» CUHTAIOT CIEPMATO30MIbl C BBICOKUMH IIOKA3aTEISIMH
OPSMOJIMHEMHOCTH  JIBIDKeHHs  (Hampumep, Oonbiie 80 %), wiM  coueTaHueM
HECKOJIbKHMX MOKa3aTenaed — NpsIMOJIMHEMHOCTH U ckopocTh (Hanpumep, STR > 80 % u
VAP > 100 mkwm/c). Onnako ans quddepeHnnanuu 3Tux TUNIOB (WM CyOMOMyIsiinii)
KJIETOK HCHOJB3YIOT TPOU3BOJIbHBIE 3HAYCHHS IIOKa3aTesie TMOJBMKHOCTH, WU
3HAUCHUS I CIEePMaTO30MIIOB dYenoBeka. [Ipobiema mpoBemeHUs TpaHHI] MEKITY
CyOmonyJIIIUsIMHU KJIETOK Il OOJBIIMHCTBA BUIOB MJICKOMMTAIOIIMX JO CHUX IMOp HE
pelieHa, XOTs B IOCIEIHEE IECATUIICTHEC OYEBHUJCH TPCH]I YBEIMYCHHS WHTEpeca K
U3yYEeHHIO CyOnomysnuii criepmaro3ounos [Maree, van der Horst, 2013; van der Horst
et al., 2018; Barquero et al., 2021a, 2021b; Valverde et al., 2021]. Iloka Her
KOPPEKTHOTO W OOIIECTPUHATOTO METOJa ONPEACIICHUS TPAHUI] MEXIY MEIJICHHBIMU U
MPOTPECCUBHBIMH KJIETKAMU JJII U3y4aeMbIX HaMU BHJIOB, MBI CYUTAEM HEOOXOIUMBIM
TOJIBKO YITOMSIHYTh 00 3TOM Ba)KHOM METOJMYECKOM acCITICKTe.

Jst ompeneneHus MOABMYKHOCTH CIIEPMAaTO30MI0B UCIIOJIb30BAIA JKHBOTHBIX M3
ocHOBHO# BbIOOpPKH (Tabmuma 2.5).

3HaYCHUS KOHIICHTPAIMKM CIEPMATO30HMIOB B O0Opaslax MOJyYad C TOMOIIBIO
CASA 01HOBpEMEHHO CO 3HAYCHHUSMH MX ITOJBIKHOCTH.

[IpubopHoe ompeneneHue TMOKa3aTelde  KOHIEHTpAIMU  JTOTIOJHUTEIHHO
KOHTPOJIMPOBAJIA ¢ moMoInpio cuetHor kamepsl MMC-SR (MMCSoft, Poccus). s
3TOTO JOMOJHUTEIBHO OTOMpPaIu Mpoly SMUAUAUMAIBLHON KUAKOCTU U pa30aBisii ee

B (¢usnonorudeckom pactBope (NaCl, 0.9 %). 3arem Kkamio roTOBOH CYCIIEH3UH C
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MOMOIIBIO THUMETKA TOMENIad B CUeTHyI0 Kamepy. Kierku dotorpadupoBamm u
cunTaiy ¢ momombio Mukpockomna Leica DM1000 LED u mudposoit kamepsr Leica
DFC 295 (Leica Microsystems, Germany) nipu o6miem yBenuuenuu x200 B 10 siueiikax
HaHEeCEeHHOU ceTku Kamepsl (PucyHok 2.8).

Ob6vekTue 20x
aueunka cetkm 0,1x0, Tmm

KonuuecTteo cnepmaTtosonaos
B 10 AuUenKax ceTku

KoHUeHTpayua B M/mn

PI/ICYHOK 2.8 — Cxema OIIPpCACICHUA KOHLICHTPAIUU CIICPMATO30UI0B B CUCTHOU KaMCpcC

MMC-SR [MMCSoft]

JIns mepecyera KOHIEHTPAUWU CHEPMATO30MIOB W3 Pa3BEACHHOM CYCIICH3UHU B
3HAUEHUA JUIA OJOUAUIAMAIBHON KUIAKOCTH (AUUAUAMMATa), TpU PYIYHOM U

ABTOMATHYECKOM OIPEICICHUN UCTIOJIb30Bau hopmyny (3):

C=Lx (VI/Ve) (3)

C — KOHIIEHTpAIUS KJIETOK B IUIAIAMAIBHOM KUIKOCTH (KJI./MJI),

L — wu3MepeHHas KOHIEHTpaiusi Kietok B pactBope (DMEM  wmm
busnonornyeckom) (Ki./mi),

VI — 06bem muTareabHoro pacteopa (DMEM winu Gusnogoruueckoro) (M),

Ve — 06beM 0TOOpaHHOM AITUIUTUMAIBHON KUJIKOCTH (MIT).

KonnuecTBo cnepMaro30u0B paCCUMTHIBAIA B XBOCTE MPABOr0 SMHUAUAUMHUCA 10
dopmynie (4), momyckasi, 4TO OH IIOJIHOCTBHIO 3aIlOJIHEH KOHIICHTPATOM KIJIETOK, a

IJIOTHOCTb KOHICHTPATa COCTABIISACT 1.06 r/ma. Mur HCXOOHNJIN U3 N3BCCTHBIX 3HAYCHUH
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IUIOTHOCTH  SUWIAHIUMAIBHBIX  cliepMaTo3ougoB  denoBeka (1.06-1.10  1/mm),
SMHUTENHATBHBIX KJIeTOK mpupatka Kpbickl (1.055-1.069 r/mur), askynsita demoBeka
(1.043-1.102 r/mi1, ee npunaTo cBoauTh K eamuuie) [Oshio et al., 1987; Finaz et al.,
1991; WHO laboratory manual for the examination and processing of human semen,
2010].

N=M x C/p (4)

N — o0miee KOJMYECTBO CIEPMATO30MIOB B XBOCTOBOM 4YacTW MpHUJaTKa
CEMCHHHMKA (KIIL.),

M — macca snuauauMrca (Mr),

C — KOHIICHTpAIHS KJICTOK B SMUIUAMMAILHON KUAKOCTH (KJI1./MIT),

p — IZIOTHOCTH SMUAUINMAIBLHON KUAKOCTH (MI/MII).

Jlns onpeneneHyss KOHIIEHTPAIMK CIIEPMAaTO30UJI0B HCIIOIb30BAIHM KUBOTHBIX U3

oCcHOBHOM BbIOOpKH (Tabnwuma 2.5).
2.8 U3MepeHne KOHIIEHTPALMIA METAJUIOB B OPraHu3Me

JInsi OLEHKM BIIMSIHUSI MHAMBUAYAIBHONM TOKCMYECKOW HArpy3KH Ha MOKa3aTeld
CIIEPMATO30UJIOB ONPENETSIN KOHIEHTPAIIUM MPUOPUTETHBIX (IO COACPKAHUIO B
BeIOpocax) 3arpsisaurencit (Cu, Zn, Cd, Pb) B meyenu. BoiOop medeHu ompeaesics
W3BECTHBIM (paKTOM MPEUMYIIIECTBEHHOTO JCMOHUPOBAHUS B HEM TOKCUKAHTOB [ EpIos,
ITinerenena, 1989; Swiergosz-KowaIewska, 2001; Wu et al., 2016; Andjelkovic et al.,
2019; Mammals and birds ..., 2019; Ostoich et al., 2020].

OOpa3upl TKaHU NIEYEHHU Ka)XXIO0ro >KMBOTHOTO cymmiu rpu 75°C 10 Bo3ayuIHo-
CyXO#l Macchl. 3aTeM TpoObl M3MEIbYalld W B3BEUIMBAIM HA AHAJIUTHYECKUX BEcCax
KERN-770 (Germany) ¢ Toudocthio 0.01 mr. AnukBoTsl okosio 100 Mr momenianu B
teoHoBBIe cocymabl, coaepxkamme 7 mi 65 % HNO; (CBepXBBICOKOW HYHCTOTHI),
cmemianHo ¢ 1 mu penonusupoBanHoi H,O, nHkyOupoBanu B Teuenue 30 MHH. U
030J1sTH B MUKPOBOJIHOBOM meun MWS-2 (MWS-2 Berghof, Germany). 3atrem o0beM

obpazna noBoaunu 1o 10 mun gemonusupoBanHor H,O. KoHueHTpammu TsKembIx
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METaJUIOB (MKI/T CyXOW MacChl) U3MEPSIIN Ha aTOMHO-a0COPOIIMOHHOM CIIEKTPOMETPE
ContrAA 700 vario (Analytik Jena, Germany) ¢ ucnons3oBanueM riameHHoro (st Cu
u Zn) u snexkrporepmudeckoro (s Cd u Pb) BapuanTa atomuzanuu.

AHanu3 IpoBOAUIM B Ja00OPATOPUU SKOTOKCUKOJIOTUH MOMYJISIUNA U COOOIECTB
NuctutyTta s3K0norMu pacteHnii u xuBOTHBIX YpO PAH. KauectBo wu3MepeHuii
OLICHUBAJIM IO MEKIYHApOJHOMY cTaHmapty Oblubs meueHb BCR-185R (European
Commission, Belgium). IIporient u3Bnedenust coctaBisii B cpexneM 81.5 % misa Cu,
83.6 % misa Zn, 94.0 % mis Cd u 95.0 % g Pb (Tabmuna 2.7).

Tabmuma 2.7 — KoHIeHTpanuy TsHKEIBIX METAIIOB B CTAaHAAPTHBIX 00pasmax (MKI/T) U

IMPOOCHT UX U3BJICUCHHA

SHAtCHHA Cu Zn cd Pb
KOHIOCHTPaluK1

Cranzapr, npoba | 256.75 119.96 0.490 0.152/0.216
Cranzapr, npo6a 2 226.94 113.77 0.497 0.063/0.129
Crangapt, npoba 3 193.65 113.73 0.547 0.175/0.244
Cpetee 3HAUCHHE 225.78 115.82 0.511 0.163
Cepruduunposanoe | 594 g, 138.6 0.544 0.172
3HAYCHHUC

Wssneuenue, % 81.5 83.6 94.0 95.0

[Mpumeuanne — Anammu3 Cu 1 ZN BBINIOJIHEH Ha IulaMeHHOM atomu3zaTtope, Cd u
Pb — Ha oaymekrporepMuveckoMm; i PD  BBINOSHEHBI MOBTOPHBIE W3MEPEHUS
CTaH/IapPTHBIX 00pa3IoB (yKa3aHbl yepe3 ciiel); * — cepTUPHUIUPOBAHHOE 3HAYCHHUE T10

[European Comission, Joint Research Centre]

[IpenenbHBIC KOHIIEHTPAIMN OOHAPYKEHUS B TUITAMEHHOM BapUaHTE aTOMH3aIlUU
coctaBisi 0.03 mxr/mn aiis Cu u 0.015 Mir/mi it Zn, U B DJIEKTPOTEPMHUYECKOM

Bapuante — 0.0008 mxr/mu mis Cd u 0.0025 mxr/mn g Pb. Eciu koHueHTparus
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eMeHTa ObUla HIDKE Tmpenena OOHApYXKEHWs, JUIsi CTaTUCTHYECKOTO aHaIn3a
WCIIOJIb30BaAJIM 3HAYEHUE, PABHOE MOJIOBUHE TIpejieia OOHAPYKEHUS.

[ToaroTroBka 00pa3lOB MEYEHHU TPBHI3YHOB, BKJIIOYAs 030JICHHE, OblIa YACTUYHO
BBITIOJTHEHA aBTOPOM, M3MEPEHUE KOHIEHTpALUd 3JIEMEHTOB B 00pasllaXx — BEAYIIUM
WHXEHEPOM-XUMHUKOM — 3. X. AXYHOBOII.

YPOBHM MHIUBUyAIbHOW TOKCHMYECKOW HArpy3KHM U BIMSHUE HAa HUX Pa3HBIX
(haKkTOpOB OMpeaesiIn B JBYX BRIOOpKAX:

- IepBas, paclIMpeHHas BBHIOOpPKa, BKJIIOYAia IMOJOBO3PEIbIX CaMIIOB U CaMOK
MOJICIBHBIX BHJIOB TpbI3yHOB (N =243), otnorieHHbix B 2017-2020 r1r. B paiioHax
CYM3 u KMK (Ta6:auiia 2.8);

- BTOpas COCTOsUIa TOJIbKO M3  MOJOBO3penbix camioB (N=141) wu
COOTBETCTBOBaJIa OCHOBHOW BBIOOpKe (Tabmiwma 2.5). Beero BeimonaeHo oxojo 1000

AJIEMEHTO-ONPEACIICHUN.

Tabnuna 2.8 — O6beM BBIOOPKHU 7151 OTIPEICIICHHS] KOHIIEHTPALMH TsHKEIbIX METAJIOB B

NICYCHU MOJICTHHBIX BUJIOB IphI3yHOB B paiioHax CYM3 u KMK (20172020 rr.)

['pynna
Bun Pavion YyacTku
m ow
doHOBBIE 11/2 42 /0
CYM3
Cl glareolu& I/IMHaKTHBIe 13 / 3 12 / 3
n=137 ®oHOBbIC 10/9 17/1
KMK
NmrmakTabie 10/0 4/0
DOHOBBIE 2/0 1/0
CYM3
CI. rutilus, ViMnakTHbIE 19/1 10/2
n="73 DOHOBBIE 715 710
KMK
NMnakTHbIE 8/3 8/0
DOHOBBIE 2/0 2/0
CYM3
S. uralensis} I/IMHaKTHBIe 5 / 2 5 / 0
n=33 DOHOBBIE 3/1 3/1
KMK
NmrmakTabie 710 2/0
Bcero 97 /26 113/7

[Tpumeuanue — [IpuBe1eHO KOIMYECTBO CAaMIIOB / KOJMYECTBO CAMOK
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2.9 CTaTMCTHYECKUHA aHAJIN3

CTaTHCTHYECKHH aHAlIW3 TMPOBOJAMINM C HCIOJIb30BAHUEM IPOIPAMMHOIO
obecneuenuss STATISTICA 8 [StatSoft, 2007] u cpeast nporpammupoBanus R (R-
project, v. 4.1.1, IDE RStudio v. 1.4.1717) [R Core Team, 2021], a Taxxke makera
ggplot2 nmns  Busyanmsammm  [Wickham, 2016]. Bo Bcex aHamm3ax, Kpome
HepapxXuyeckuXx MOJCNCH AMCIIEpCHOHHOr0 aHanu3a (pasmen 3.1), CTaTUCTHYECKOi

EIMHUIIEA ObLIa 0COOB.

2.9.1 Ananuz ecmecmeenHoil U3MEHUUBOCHIU MOPPONOZUYECKUX NOKa3amelell

cnepmam 030U0086

AHanuz medxtc- u @HYmMpuU8UO080l USMEHYUBOCMY CIIEPMATO30M0B BBIOJIHEH B
pasnene 3.1. 3HaueHust Bcex MOp(HOMETPUUECKUX MOKa3aTeseil crepMaTo30u0B ObLIN
pactipeneneHsl HopManibHO (TecT Lllanupo-Yunka). Csizb Mexk Iy MOPPOMETPUIECKUMHU
nokazarensmu  cnepmarozounos (HL, HW, MP, PEP) oneHuBaiu ¢ MOMOIIBIO
ko3 dunrenTa uHEHHON Koppemsaiuu Ilupcona (), MEKBHIOBBIC Pa3IMYMS ITHX
noKazaTesel — ¢ TOMOIIbI0 KAHOHUYECKOTO TUCKPUMHUHAHTHOTO aHanu3a. J[is pacuera
noBepuTeabHbIX HHTepBaioB (1) koaddunnenta Bapuarmu (CV) MophomMeTpudeckux
mapaMeTpoB HCIOIB30BaJIM OyCTpen-I0BepUTEIbHBIE WHTEPBANIbI, PACCUMTAHHBIC B
nakete cvcqv V. 1.0.0 ¢ 999 nosTopenusmu [Beigy, 2019].

Bxrnag tectupyembix ¢GakTopoB (BuI, Tpymmna, 0codb) B OOIIYI0 W3MEHUYMBOCTD
MOp(HOMETPUYECKUX TOKA3aTeIe OICHUBAIM C TMOMOIIBI0 HEPAPXUUSCKUX MOJIETICH
mucnepcuonnoro axanmsa (Nested ANOVA), rae craTuCTHYEeCKOW eOUHMIEH Oblia
KJeTka. B aToit Mmojenu akTop «ocoOby» ObUT BIOXKEH B (paKTOp «TpyImmay», a (GakTop
«Tpynma» BIOXEH B (HaKTOp «BUA», Bce (HAKTOPHI CUMTAIN CIydalHBIMH. MBI TaKxke
OIICHWJIM BKJaJA (PaKkTopa «MOMYJISIUs BO BHYTPUBUIOBYIO M3MEHUUBOCTD JIJISI CaMOM
OONBIION BBIOOPKU pPBDKEH MOJEBKU. BbUIM H3ydeHbl YEThIpe MOMYJALMH pPbIKEH
MOJEBKM W3 pas3Hbix paiioHoB Cpennero u IOxuoro VYpana (IIpuropoansii,
Huxneceprunckuii, Pesnunckuii, Muacckuii). Bo BTOpoil MoJenn HepapXuyecKoro
aHanu3a (PaKToOpbl «IpymHma» U «ocoOb» ObUIM BIIOKEHBI B (DAKTOpP «MOMyJALMs (BCE

(haKTOpBI TaKKe OBUIH CITyYalHBIMU).
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KonTponb Hajx oxngaeMon 4aCTOTOM J0KHBIX OTKIIOHEHUM MMPU MHOKECTBEHHBIX
IPOBEpKaxX CTAaTUCTUYECKUX THUIOTE3 OCYLIECTBISJIM C TMOMOLIBIO  IOMPABKU
BenbsamMuan—Mexytnnn  (IpHBEJICHBI  CKOPPEKTHPOBAHHBIC  3HAYCHHS  YPOBHS
3HaYUMOCTH P).

AHanus onmozenemuyeckou U3MeHYU8oCmu CIEPMATO30UJIOB BBIMOJIHEH B
paznene 3.2. Jlyis aHanu3a U3MEHUYMBOCTU Pa3MEPOB HOPMAbHBIX CIIEPMATO30MIOB U
BCTPEYAEMOCTH aHOMAJbHBIX KJIETOK HCIOJIb30BaIM OOOOIIECHHBIE JIMHEHHBIE MOJEIU
(GLM) nnst HempepblBHBIX M JUXOTOMHYECKHX TPU3HAKOB (JIMHEHHAs W JIOTUT-
perpeccus). DTOT amnmapar MO3BOJISIET UCCIENOBATH JIIOOOW M3 (PAKTOpPOB MpHU yyeTe
s dexra ocranpHbIX [pelinep, Cmur, 2017].

Otnomenust mancoB (OR) m ux 95%-Hbie poBeputrenvHbie MHTEpBaibl ()
IPUBEAECHBI MOCJE MOTEHUUPOBAHUS KOA((PUIIMEHTOB JIOTUT-PETPECCUH — JOTapU(PMOB
otHomieHus maHcoB (exp(InOR) unu 1/exp(InOR)). B xayecTBe pedepeHTHON TpyIIIBI
BbIOpaHbl MOJIOBO3pENble ceronieTku. KoHTponb Haj 0XUaaeMoll 4acTOTOHM JIOKHBIX
OTKJIOHEHUW MPU MHOKECTBEHHBIX MTPOBEPKAX CTATUCTUYECKUX TMIOTE3 OCYUIECTBIISIIH

C ITIOMOIIBIO NMONPABKU benbssmuan—lexyTumnm.

2.9.2 Ananus énuanuA XUMUYECKO20 3A2PAIHEHU HA MODPPonoZuuecKue

nokazamesnu cnepmamoa’ouooe

AHanu3 BeIMONHEH B paszaene 3.2. Paznmuuus mexnay mopgomempuueckumu
MOKa3aTeNssMU  HOPMAJbHBIX  CIIEPMATO30MAOB  TOJIOBO3PENBIX  CETOJIETOK U
MEePE3UMOBABIINX CAMIIOB OLICHUBAJIU C TOMONIBIO t-kpuTepus CThi0IeHTA.

CBsi3b  MEXAY Ppa3IUYHBIMU AHOMAIUAMU  CIIEPMATO30MIOB OICGHUBAIU C
NOMOIIEI0 K03 duimenTa panroBoit koppensuun Crupmena (R).

[Torck BO3MOXKHBIX TPEAUKTOPOB Pa3BUTHUS MATOJIOTUNA CIIEPMATO30UI0B (pailoH,
30Ha 3arpsi3HEHUs, BHUJ, TPYIa) MPOBOAUIM C IMOMOIILI0 OOOOIIEHHBIX JIMHEHHBIX
Mojzenen (GLM) mis JUXOTOMMYECKMX IPHU3HAKOB (MHOXXECTBEHHAs aJJMTHBHAs
norut-perpeccust). Ornomenus mancoB (OR) u ux 95 %-nasie /IM npuBeneHsl mocie
NOTEHIIMPOBAaHUS KOI(P(GUIMUEHTOB JIOTUT-PETPECCUU — JIOrapu(PMOB OTHOIICHUS
mrancoB (exp(InOR) umm 1/exp(InOR)). B kauectBe pedepeHTHON Tpynmbl BHIOPaHBI

M0JIOBO3pEbIE CEroJieTKH ¢ (POHOBBIX y4acTKOB B pailone KMK.
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2.9.3 Ananusz noosux3cHoCmMuU U KOHUEHMPAYUU CREPMAMO30UO08

Amnann3 BeIMONHEH B riaBax 4 m 5. Jlmsg anamm3a Imokaszateinei IOABIKHOCTH
CIIEPMATO30UJI0OB HCIIOJIb30BAIM CpeHee apu(pMETHYecKoe st 0COOU, OOJIBITMHCTBO
noKa3aresiel MoJBHX)KHOCTH CIIEPMATO30UI0B UMEU HOPMaJIbHOE pacipeeicHue (Tect
[Mamupo-Yuinka). CTpyKTYpy KOppeIsiiuid MEXIy TOKa3aTelssMU MOJABMKHOCTHU
AHAJTM3UPOBAIM METOJOM TJIaBHBIX KOMIIOHEHT (MCIOJIB30BAIM BpallleHue Varimax
raw). TlockoibKy WCXOJHBIC JAaHHBIC MNPEACTABIILIN COOOW HecOaTaHCHPOBAHHBIN
komruieke (cM. Tabmnuiy 2.5), BiusHue GakTopoB (palioH, 30HA 3arps3HCHHUs, TPYIIA)
Ha TOABMXHOCTHh M KOHILEHTPALMIO CIEPMATO30MI0B AHAIU3UPOBAIM C MOMOUIBIO {-
kputepusi CthrofieHTa U F-kputepust ®uiepa i MPOBEPKU PABEHCTBA JIUCIICPCUIA.
Jns ananuza qoiu oObscHeHHOM mucriepcun (R?) ucmonb3oBanmu oOIIMe JIMHEHHBIC
Moaenu (LM).

JIns OUEHKHM MEXBHUIOBBIX pa3IW4YUil  [OKa3aTeled MOABUKHOCTU H
KOHIIEHTpAIlMU CIEPMATO30MJIOB HCIIOJIb30BaIU OJHOMAKTOPHBIN AUCIEPCUOHHBIH

a"Haimm3. MHOXECTBEHHBIC CpaBHCHHMS BBIITIOJIHHUIIA C IIOMOIIIBIO KPUTCPUA TrrOKH.

2.9.4 Oyenka énuanua uHOUBUOYATbHOU MOKCUYECKOU HAZPY3KU HA

cnepmamosoudbl

AHanu3 BbITOJIHEH B TiaBe 6. [ToCKoNbKy 3HAYE€HHS] KOHIICHTPAIUW TSKEIBIX
MEeTayuioB He Obut pacnpedeneHsl HopMmanbHO (TecTt [llamupo-Ywuika), wux
MpeABaAPUTEIBLHO JIoTapuPpMUpoBaiu (HaTypaibHBIN jorapudm). s OlleHKU BIUSHUS
(akTopoB (paiioH, 30HA 3arpsi3HEHMs, BUJ, TPYIINA) WCHOIH30BAIH MHOTO()AKTOPHBIH
JIMCTIEPCUOHHBIA aHaIu3. MHOXECTBEHHBIE CPaBHCHHUS MEXKY BUJIAMHU BBITIOJHWIHN C
IIOMOILBIO KpUTepUs ThIOKH.

CBsi3p MEXIy IMOKa3aTeasIiMu MOP(]OJIOTHUH, MOABMKHOCTH W KOHIICHTPAIlUU
CIIEpPMATO30UJIOB W WHIUBHUAYaJbHBIM YpPOBHEM HAKOIUICHUSI TSDKEJIBIX METaJIOB

OLICHMBAJIM C IMOMOIIIBIO KO3 dHUIMEeHTa THHEHHO# Koppesiuuu [Tupcona ().
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295 Ouenka GJIUARUA XUMUUECKO20 3ACPA3ZHEHUA HA KOMNJIEKC noxkazameeiu

cnepmamoa'ou()oe

Ananu3 BeITIoNHEH B T1aBe 7. CTPYKTYpy CBsI3el MEXIy MpenauKkTopamu (panoH,
30HA 3arpsS3HCHUS, KOHIICHTPAIIUU TSDKEIBIX METaUIOB, BUJ, I'PyIIa) U 3aBHCHMBIMHU
NEpPeMEHHBIMH (TTOKa3aTeMH CIEPMATO30HMI0B) OILEHWBAIN ISl OCHOBHOW BBIOODKH
TPHI3yHOB C TIOMOINBIO aHall3a TJaBHBIX KOMIIOHEHT. 3HAYCHHUs IIOKa3aTenei,
U3MEPSEMBIX B MYJIbTHIUIMKATUBHON IITKaJie (I0JISI aHOMAJIBHBIX U TIOJIBFKHBIX KIIETOK,
npsiMmosinHeHOCTh (STR)), mpeaBapuTebHO MPeoOPa30BhIBAIN B aJIIUTHBHYIO IIKATY
— sorapudm 1rancoB (LO — Log Odds i morut — logit).

Bxiag pasHpIX Tpymm mokazaTesieidl CrepMaTo30HU0B B MEKBUIOBBIC Pa3IAUHS

OICHHUBAJIH C IIOMOIIBIO KAHOHUYCCKOI'O JTUCKPUMHUHAHTHOI'O aHAJIM3a.
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['maBa 3. MOP®OJIOIT MYECKHUE ITOKA3ATEJIN CITEPMATO30U10B

3.1 EcTecTBeHHAasi N3MEHYHBOCTD

3.1.1 Mestc- u 6nympueudosan usmeH4u80CHmb MOphomempuiecKux nokazameinei

cnepmam 0301008

Mopdoiorus criepMaTo30HI0B MIICKOTIMTAIOIIUX — pe3yiIbTaT MOJI0BOr0 0TOOPA,
OHa OTpakaeT MX OCHOBHYIO (DYHKIIMIO — JOCTaBKy I'€HOMa caMlla B SIUIICKJIETKY
[Beatty, Sharma, 1961; Roldan et al., 1992; Sperm biology: an evolutionary perspective,
2009; Gomez Montoto et al., 2011b; Fitzpatrick, Liipold, 2014; Liipold, Pitnick, 2018;
Pahl et al., 2018; Rossi et al., 2018]. VYcmemHocTs TpaHCHOpPTa TIE€HETHYECKOMH
uHQOpPMAIMU W TIOCIEAYIOIIETO OIUIOAOTBOPEHUS O0ECIICUYNBAOT YHUKAIBHBIC IS
KaKJI0ro BuAa «OMO(HU3MYECKHE acCoIMaluuy MEXIy (GOpMOM, pasMepoM U
NOJIBMXKHOCTBIO KJeToK [Garcia-Vazquez et al., 2016]. Bugocneundguunocts Gopmsl 1
pPa3MEPOB CIIEPMATO30UJIOB IMIUPOKO HCIIOIB3YIOT ISl TAKCOHOMHYECKON JUArHOCTHKH
u ¢urorenernyeckux nocrpoenunii [Friend, 1936; Hirth, 1960; Cummins, Woodall,
1985; Gage, 1998]. Bonpimoe 4mciao Takux padOT BBHIMOJHEHO HA MBIIICBHIHBIX
rpei3yHax [AkceHoBa, 1973, 1978; Lehmann, Schaefer, 1974; backesuu, 1997; Breed,
2004, 2005; backeBuu u np., 2004a, 2004b; Rossi et al., 2018].

Jns muddepeHnmanuy BUI0B IPhI3yHOB, MHOTHE U3 KOTOPBIX UMEIOT CIOKHYIO
dbopMy TOJOBKM CHEPMATO30UJIOB, HCIOIL3YIOT KaK KAa4eCTBEHHBIC TOKa3aTelu
(Hajuuue amuKaibHOro Kprouka «apical hook» wm 3ybGoBumHoro orpoctka «ventral
spike»), Tak u KoaWMYecTBEHHbIC (pa3Mephbl CTPYKTYPHBIX 3JeMeHTOB). HekoTopbie
aBTOPHI  JIOTIOJHUTEIBHO TPUBOIAT pa3dudHble MOP(HOMETPHUCCKHE HWHICKCHI,
HaIpUMEpP OTHOIICHUE JIJTMHBI TOJIOBKHU K €€ IIMPHUHE WIIM K CPEIHEH JacTH XBOCTa H T.
1. [AxcenoBa, 1973, 1978; backeBuu, 1997; backeBuu u ap., 2004a; Gomez Montoto et
al., 2011b; Tourmente et al., 2011; Zorenko, Golenishchev, 2015]. TakcoHoMHUYECKYIO
IIEHHOCTh MOP(OJIOTHYECKUX TOKa3aTed  CIEPMATO30U0B OOYCIOBIMBAET WX
HE3HAUWUTEIbHASI, 1O CPAaBHEHUIO C MEXBHUIOBOW, BHYTPUBHUIOBAS H3MEHUYUBOCTH

(momysiimoHHas U uHAMBKHayanbHas) [Friend, 1936; Imutpues u ap., 1991].
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HGCYIHCCTBGHHEUI AJ1 CUCTECMATHKW, BHYTPUBUI0BAsA U3MCHUYMBOCTL BaKHA IJIA
HCCIIEA0OBAaHNA 3BOJIONUOHHO-TECHETUYCCKUX U 3KOJOTHYECKUX ACIEKTOB MOp(l)OJ'IOFI/II/I
CIIepMaTo30UJI0B. Bapuanuu CTpyKTypHO-(YHKIIMOHAIBHOM OpraHU3allid MY>KCKHX
MOJIOBBIX KJIETOK IIMPOKO H3YYalOT B CBSI3U C KOHKYPEHIMEH, WHOPUIMHIOM U
ruOpuan3anueri [Ward, 1998; Breed, Taylor, 2000; Sperm biology: an evolutionary
perspective, 2009; Tourmente et al., 2011; Simmons, Fitzpatrick, 2012; Sandera et al.,
2013; Roldan, 2019; Skinner et al., 2019].

BnusiHue »KOJIOrMYecKux (b&KTOpOB qame HCCIACAYIOT IIPUMCHHUTCIBHO K
KpalHUM M T03TOMY XOpOILIO pa3IMYMMBIM BapuaHTaM MOpP(OIOrHYecKOM
HN3MCHYUBOCTH CIICPMATO30HMA0B — IIATOJIOTHUAM. HpI/I O9TOM IIPHUHATO CYHUTATb, 4YTO
Pa3MCPHLBIC ITOKA3aTCIIM HOPMAJBHBIX CIICPMATO30HMA0B HC 3aBUCAT OT 3KOJOIMYCCKHUX
daxropos [Beatty, Sharma, 1961; Beatty, 1970; Gage, 1998].

HGCMOTp}I Ha BaXXHOCTb HCCIICAO0BaHUA BHyTpHBHI[OBOﬁ HU3MCHYHNBOCTH
MOp(l)OJIOI‘I/ILIeCKI/IX MoKa3aTejiet CIICPMATO30UI0B JKHBOTHBIX, CBCIACHHUA O HEH
HCAOCTAaTOYHLI WX OTCYTCTBYIOT JJIA OOJIBLIIIMHCTBA T'PBI3YHOB, BKJIIOYasA CaMBbIC
pacipoCTpaHCHHBIC BHJBI. KpOMe TOTO, ITOCKOJIBKY Pa3HbIC KOMITOHCHTHBI
N3MCEHUYHNBOCTU MOpq)OJ'IOFI/II/I CIICpMaTo30MaA0B HCCIACAYIOTCA pPa3HbIMH HAayYHBIMHU
HallpaBJICHUAMMH, KOJIMYECTBECHHBIM aHAJIN3 BCEX KOMIIOHEHTOB M3MEHUYMBOCTH IMOYTHU
HHUKOI'’Ia HC ABJIACTCA IIPCAMETOM CAMOCTOATCIIBHOI'O UCCIICAOBAHUAA.

Ha npumepe mMpOKO pacnpoOCTpaHEHHBIX BUIOB MBIIIEBUIHBIX TI'PBI3YHOB
agecHbix 9kocucteM Ypama (Clethrionomys glareolus, Clethrionomys rutilus,
Lasiopodomys gregalis, Alexandromys oeconomus, Microtus agrestis, Sylvaemus
uralensis, Apodemus agrarius) wu saboparopueix Mbimed (CBA) Mbl  onenwmm
BHYTPUBHJIOBYIO U3MEHYNBOCTh Pa3MEPHBIX IIPU3HAKOB CIEPMATO30UI0B U €€ BKJIAJ B
MEKBHJIOBYIO U3MEHUMBOCTH [SMirnov et al., 2021].

PaCCManI/IBaJII/I JABa BUda BHYTpHBHI[OBOﬁ N3MECHUYUNBOCTHU.

- OMYJIALMOHHYIO — MEXIy TpynnaMu (IOJOBO3PEIbIMUA  CETOJCTKAMH |
Mepe3MMOBABIIIMMHU OCOOSMHM),

- UHAUBUAYAIbHYIO — MKy OCOOSIMHU.
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Dopma 20108KU U pazmepbl CREPMAmMO30u008. Y HCCIAEAyeMbIX BUIOB (hopma
TOJIOBKH CIiepMaTo30uI0B HeomHokpaTHO ommcaHa [Koehler, 1978; backeBuu, 1997;
Breed, 2005]. Jlns HMX XapakTepHa CEKUPOBHIHAS (MM CEPIIOBHIHAS/KIFOBOBHUIHAS,
«falciformy) royioBka W3-3a CHIBHO BBLIAIOIIECTOCS ANMUKAILHOTO Kprouka. DopMbl
TOJIOBKH CIIEPMaTO30MJIOB TOJIEBOK M MAaJIOM JIGCHON MBIIIM XOPOIIO Pa3IHYalOTCS: Y
MOJICBOK aNMKaJIbHBIM KPIOYOK OTHOCHTEIBHO KOPOTKHM, 3YOOBUIHBIA OTPOCTOK
OTCYTCTBYET, MECTO COCIWHEHUS TOJOBKM W CPEAHEW YacTh paCMoOJIOKEHO Ha

0azanbHOM KOHIIE ToJIoBKHU (PucyHok 3.1).

A — Clethrionomys glareolus, b — Clethrionomys rutilus, B — Sylvaemus uralensis

Pucynok 3.1 — ®opMa roi0BOK CriepMaTO30MI0B MBIIIIEBUIHBIX TPHI3YHOB

(1e MomuduUIIMPOBaHHBIE N300paKEHUS, TTOJTydeHHBIE ¢ TomMomsio SEM, Tescan VEGA
Il SBU)

VY S. uralensis amukanbHBI KPIOYOK CHJIBHO BBITSHYT, 3yOOBUIHBIA OTPOCTOK
XOPOIIIO BBIPAXKEH, MECTO COCTUHEHUSI TOJIOBKH M CPETHEH YacTH XBOCTA PACIIOIOKECHO
ommwke K cepeanne BeHTpayibHOM cToponsl. Y Cl. glareolus romoBka crepmarto3ounaa
UMeeT yTojeHue B OasanbHOM udactu TosioBku, y Cl. rutilus ona Oosiee BBITSIHYTa
(Pucynok 3.1).

Bce pasmepHble XapaKTEpPHCTUKU CIIEPMATO30HMIOB Y TPEACTABUTEICH CceM.
Muridae Oonbme, yem y cem. Cricetidae, mpu 5ToM MakCHUMaJbHBIE pa3MephbI

3apeructpupoBanbl y S. uralensis, muaumainenbie — y Cl. glareolus (Ta6mawma 3.1).
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Tabnuna 3.1 — Mopdomerprueckue mokaszareian (MKM) HOPMaJIbHBIX CIIEPMATO30MI0B

T'PBI3YHOB
Bun
ITokazarenn
Cl. glareolus, Cl. rutilus, S. uralensis,
n=129 n=20 n=26
HL 6.8+ 0.01 7.7 £0.03 9.8 +0.03
6.4-7.2 7.4-8.0 9.5-10.1
HW 3.7+0.01 3.7+0.03 5.1 +£0.02
3.5-4.0 3.5-4.0 4.9-53
MP 20.8 £0.03 23.5+0.07 27.0+0.09
20-21.6 23.0-24.1 26.1-27.5
PEP 554+ 0.09 55.5+0.20 90.4 +0.29
51.9-57.8 54.0-57.4 86.4-93.1
76.2 +£0.09 79.0+0.22 117.3+0.31
MP+PEP 725-786 774—81.4 112.7—120.2
TSL 82.8+0.11 86.6 +0.22 127.2 £0.30
80.9-84.6 84.8-89.2 122.5-130.1
1.83 +0.003 2.08 + 0.013 1.91 +0.007
HL/HW 1.74 -1.92 1.90-2.16 1.84-1.99
3.05+0.007 3.06 +0.015 2.75+0.011
MP/HL 2.85-3.29 2.93-3.20 2.66 —2.87
2.66 + 0.005 2.36 +0.011 275+ 0.011
PEP/MP 2.52-2.79 2.26 — 2.45 2.66 —2.87

[Tpumeuanne — HL — nmuna ronoBku; HW — mmupuna ronosku; MP — mimna
cpeaneit yactu xBocta; PEP — niuna ocHoBHOM 1 koH1IeBoM yact; MP + PEP — oOmas
nuHa xBocta; TSL — obmas mmaa cnepmaroszouaa; HL/HW, oTHomeHue mivHBI
rojioBku k ee mupude; MP/HL, oTHomeHne AJIMHBI cpeiHel YacTu K JJIMHE TOJIOBKHU;
PEP/MP, oTHoIIeHHME IJIMHBI OCHOBHOM YaCTHM XBOCTa C KOHIIEBOM YacCThIO K JJIMHE
CpeIlHel 4acTu; HaJl YepTO MPHUBEACHO CpeHee + CTaHAapTHAS ONTMOKA; MO YepTON —

MHHUMAJIBHOC U MAKCUMAJIbHOC 3HAUYCHUA, N — KOJMYCCTBO JKMUBOTHBIX

K mHacrosmeMy BpemMeHH HE TOJIBKO (OpPMBI TOJIOBOK, HO U pa3Mephl
CIIEpPMaTO30MJIOB ONMHUCAHBl IS MHOTHUX BHJOB MJIEKONUTAOIMMX. Hampumep,
J.M. Cummins u P.F. Woodall (1985) npuBoasat nanusie ais 284 sumos; M.J.G. Gage
(1998) — mis 445; M. Tourmente c¢ coaBt. (2011) — mia 226 u ap. Mmeromascs

JMTEepaTypa MO3BOJIMIA CPABHUTH HAIM JAaHHBIC C JaHHBIMU ApPYyrux aBropos [Friend,
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1936; Cummins, Woodall, 1985; JImutpues u ap., 1991; Gage, 1998; backeud u np.,

2004a; Breed, 2005; Tourmente et al., 2011]. I[Ipu >ToM 3HaYCHUS MOPHOMETPUICCKUX
NPU3HAKOB CIIEPMATO30MIO0B y Pa3HBIX aBTOPOB HECKOJIBKO PA3IMYAIOTCS: HAIPUMED,
J.M. Cummins and P.F. Woodall (1985) yka3siBaroT 3Haue€HHUE JJIMHBI CPEAHCH YacTH
XBOCTa crmepmaro3ouaa s pbbked noneBku — 19.5 mkm, C.I'. JIMUTpueB U COAaBT.
(1991) - 22.0 £ 0.06 mxm. Ilo HamuM [JaHHBIM, 3HA4YCHHE OTOrO IIPH3HAKA
cootBeTcTByeT 20.8 £ 0.03 ™mxm (Tabmmma 3.1). DTr HeOoNbIIWE pa3iwdus, IIO-
BUJIMMOMY, OTPAKAIOT pa3HOOOpa3ue TEXHUK U3MEPEHUSL.

HccnenoBanHbIE TOKA3aTENN CIEPMATO30MA0B MO-Pa3HOMY KOPPEIHUPYIOT APYT C

npyrom (Ta6muma 3.2)

Tabmuuna 3.2 — Koppemsuuu Mexay MopQOMETPUYECKHMU — MOKA3aTEIsIMU

CIIEPMATO30U/I0B TPHI3YHOB

Bun n | Iloka3arenb HW MP PEP

HL 0.72* 0.23* 0.05

Cl. glareolus 129 HW — 0.15 0.08
MP — - 0.14
HL 0.68* 0.12 -0.14

Cl. rutilus 20 HW - 0.08 0.07
MP — - 0.09
HL 0.49* 0.02 -0.16

S. uralensis 26 HW - 0.15 -0.11
MP — — 0.19

[Ipumeuvanne — HL — mimna ronosku, HW — mmpuna romnosku, MP — nnuna

cpeaneit yactu, PEP — qynnnHa ocHoBHOM "acTtu xBocTta; * p < 0.05

Y wHcclenoBaHHBIX BHUIOB JUIMHA W IIMPUHA TOJIOBKH CIIEPMATO30M]Ia
TIOJIOKHUTEIIBHO CBSI3aHBI MEXTy coOoi. Ilpum 3TOM pasMepsl TOJOBKH KIETOK HE
CBsi3aHBbl ¢ pasMmepamu xBocta. Mckmodyenne cocrasisior Cl. glareolus, y koroporo
JUTMHA TOJIOBKH CIIEPMATO30UJIa TOJOKUTEIHLHO CBsi3aHA C JUIMHOW CpEIHEH YacTu
xBocta (MP). C mnunoi Bcewt kmetku (TSL) mamna romoeku (HL) crmepmatosounga

NOJIOKUTENNBHO cBsizaHa Toiibko y Cl. glareolus (r = 0.26, p < 0.05).
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Bxnang BHYTpUBHIOBOM HM3MEHUYMBOCTH MOPGOMETPUUYECKHX TIOKa3aTenel B
MEXBHJIOBYI0 W3MEHUMBOCTh. MepapXuueckuii aHaiv3, BBIMOTHEHHBIA IS BOCHMHU
BUJ0B Ipbi3yHOB ceM. Cricetidae u Muridae, mokasai, 4to 6 nepeou moodenu (HpakTop
«BUI» BHOCWJI HanOOJBITNN BKJIAJ B OOIIYI0O U3MEHYMBOCTH IO YE€THIPEM IOKA3aTEIsIM
(HL, HW, MP u PEP), npu sToM [10J1 MEXBHIOBOH H3MEHUYHMBOCTH JOCTHraa
MakcUMalbHbIX  3HaueHuit (TaOmuma 3.3). ®akrop «rpynma» He BIMAI Ha
MophoMeTprUYecKue TMoKa3arenud, HO (aKTop «ocoOb» ObLT 3HAUMMBIM. Bkiaf
NOMYJISIIUOHHON Y WHAWBUAYaTbHOM BapHallMM JTUX I[IOKa3aTelel B  OOIIyrO
U3MEHYMBOCTH OBLI He3HAUYHUTEIBHBIM [SMirnov et al., 2021].

Bo BrOopoli Momenmn (HaKTOpPHI «HMOMYJSIUS» W «TPYIIa»y HE BIUSIM Ha
napamMeTpbl TeCTa, a BKJaJ MEXKIIOMYJAIHMOHHOW U  BHYTPUIIOMYJISAIIMOHHON
u3MeHYMBOCTH B o0myro wusMeHuuBocth Buua (Cl.  glareolus) orcyrcrBoBan
(Tabnuma 3.3). HanpoTus, BKJIaJ MHIMBUAYAIbHOW M3MEHYMBOCTH B 3TH IapamMeTphl
OBLT 3HAYUTEIIBHBIM, €r0 J0JIs JOCTUIaaa BeICOKUX 3HaueHui (R? = 23.0-33.3 %).

Kak u oxwumamoch, (pakTtop «BUA» BHOCWJI HaWOOJBIINK BKJIAJ B BapHAIUH
MOP(POMETPUUYECKUX MOKA3ATENCH CIIEPMATO30UI0B IPHI3YHOB. MEKBHUIOBBIE PA3TUUMS
B MOP(QOJOTHH CIIEPMATO30MJI0B MOTYT OBITH CBSI3aHBI C Pa3IUYHBIMH ACIICKTaMH
KOHKYpeHIuU crepmaro3zonoB [Gage, 1998; Ward, 1998; Bauer, Breed, 2006; Gémez
Montoto et al., 2011a, 2011b; Tourmente et al., 2011; Simmons, Fitzpatrick, 2012;
Sandera et al., 2013; Varea-Sanchez et al., 2016; Roldan, 2019]. HekoTtopbie aBTOPHI
MPUACPKUBAIOTCS UACH O TOM, YTO YCUJIEHWE KOHKYPEHIIMU MPUBOANT K YBEIMUCHUIO
pasMepoB crepmarozouaoB. Hanpumep, M.J.G. Gage (1998) mnpeamnonoxun, d9To
YBEIMYCHUE CpPEIHEH 4YacTH IIO3BOJISIET €l YIaKOBBIBATh OOJBIIEE KOJIHYECTBO
MUTOXOHJPUA M TEM CaMbIM oOOecreyrBaeT OoJiblllee KOJWYECTBO DHEPTUU IS
MOABWKHOCTU criepmaTo3ouioB. M. Tourmente ¢ coaBt. (2011) mokazanu, 4To 1Mo Mepe
YCWICHHS  KOHKYPCHIIMM  CIIEPMATO30MIOB BCE  CTPYKTYpHbIE  KOMIIOHEHTHI
CIIEPMATO30U I0B KOMITJIEKCHO YBEJIMUMBAIOTCS B pa3Mepax, a TOJIOBKH CTIEPMAaTO30U 0B
CTaHOBATCS OoJiee YUIMHEHHBIMH, MPU STOM YBEJIWYEHHUE JIMHBI CIIEPMATO30U0B
oOecrieuynBaeT MOBHIICHHYIO CKOPOCTh IUIABAHMS — QATUBHBIA MPU3HAK B YCIOBUSIX

KOHKYPCHIMU CIICPMATO30HUJ0B.
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Tabmuma 3.3 — Mex- ¥ BHYTPUBHAOBAasS HU3MEHYMBOCTH MOP(HOMETPUUECKUX
nokaszaTenen CIIEpMaTO30MJI0B IPBI3YHOB (pe3yabTaThI UEePaAPXUIECKOTO
JMCIIEPCUOHHOTO aHAJIH3a)
[Toka3zareinb
®akTop HL HW MP PEP
F R? F R? F R? F R?
MesxBumoBas uaMeH4nBoCTh (0e3 CBA)
Bun 804.9* | 93.3 |232.2* | 82.6 |464.0* | 934 | 2505* | 99.0
['pymma 1.0 0 1.7 0.2 2.6 0.3 2.1 0.1
Oco0p 10.4* 1.6 8.3* 3.4 9.0* 1.3 18.6* 0.3
BryTtpuBmoBas namMenurBocth (Tospko st Cl. glareolus)
[Tonmynsanus 0.4 0 0.3 0 1.0 0 1.3 0.6
['pymima 2.1 2.6 1.4 0.9 0.3 0 1.2 0.5
Oco0p 13.0* | 279 | 10.1* | 23.0 | 10.9* | 249 | 16.3* | 333

[Tpumeuanne — HL — mnuna romoBku, HW — mupuna ronoBku, MP — miuna
cpenneii yactu, PEP — nnuHa oCHOBHOM 4acTH XBOCTa criepMaro3ouja; F — kpurepuit

®umepa; *p < 0.01; R* — kodbdULMEHT HeTepMUHALHH (IO IUCTICPCHH)

Ha npumepe 11 Bunos rpeizyHoB L.G. Montoto ¢ coat. (2011b) nokazanu, yto
KpOME YBEJIMYEHHS JUIMHBI CIIepMaTO30MAa JUIsl CKOPOCTH IJIaBaHUS MMEET 3HAUCHHE
HAIMYUE  AaNuKaJIbHOTO Kprouka. Mcrmonb3ys WHCTPYMEHTBI  T€OMETPHUYECKOM
mopdomerpuun, M. Varea-Sanchez ¢ coaBt. (2016) oueHunu cBsizb Mexay (popmoit
aKpOCOMBI U YPOBHEM KOHKYPEHLIMH MEXITY CaMIlaMU I'PbI3yHOB. ABTOPBI 3aKJIIOUNIIH,
4TO HA JM3aiH TOJOBKHU CIIEPMATO30HUIa BIHIET MOCTKOMYISAIUMOHHBIN MTOJIOBOI 0TOOD,
YTO B YCJIOBHUSAX KOHKYPEHIIMM Ba)KHO JUIsl YBEJIMYEHUS CKOPOCTHU CIEPMAaTO30MJIOB.
M. Sandera ¢ coaBr. (2013) y IIECTH TAaKCOHOB TPHI3YHOB HCCIIEIOBATH CTENCHb
IUCTIEPCUN JJIMHBI aKpOCOMBI M JUIMHBI XBOCTa CIIEPMATO30UIOB. ABTOPHI MOKAa3aJH,

YTO BBICOKHUM YPOBCHb KOHKYPCHIIMU CIICPMATO30UI0B BJIMACT HA YBCIIMYCHUC JIJIMHbBI U
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YMEHBIIICHUE JUCIIEPCUU [JIMHBI aKPOCOMBI. YTOJ KPIOYKAa aKpOCOMBI U JIJIMHA
BCHTPAIBHBIX OTPOCTKOB Takke OBUIM CBS3aHBI C YPOBHSAMH KOHKYPEHITUH
CIICPMAaTO30MI0B MEXAy pa3IuYHbBIMH TakcoHamu TIpbi3yHoB [Immler et al., 2007;
McLennan et al., 2017; Pahl et al., 2018].

Brxan daktopa «rpymnmay B 00IIyI0 H3MEHYHBOCTh Pa3MEPOB CIIEPMATO30UIOB Yy
UCCIICTIOBAaHHBIX BHJIOB OKa3aJCsd HE3HAYUTEIbHBIM (3HAUCHUE W3MEHYHUBOCTH,
CBSI3aHHOW C BapUAHTOM OHTOTEHE3a, MOJAPOOHO PACCMOTPEHO B CIIEAYIOIIEM pasfelie).
HaoGopor,  uHAMBUAyallbHbIE  pa3iuuus  MOP(POMETPUYECKUX  IOKaszaTesen
CIIepMaTO30MI0B ObUIM 3HAUMMBIMH B o0enx Moxensx. [lpm sToM  BKIaa
WHIUBUTYyATbHOH M3MEHYMBOCTH B OOITYI0 M3MEHYUBOCThH OKA3aJICsl 3HAYUMBIM TOJBKO
JUIS BTOPOM MOJEINIH, ONMUCHIBAIONIEH M3MEHUYMBOCTh IMOKa3aTeliel CrepMaTo30UI0B Y
Cl. glareolus. Beicokas J10J11 HCOOBSICHEHHOM JIUCIICPCHH BO BTOPOM BapHaHTE aHAIN3a
yKa3blBa€T Ha TO, YTO CYIIECTBYIOT HEHUCCJIEIOBAaHHbIE (PAKTOPbl BHYTPUBHIOBOM
uamenunBocty (Tabmmna 3.3).

Koagpduyuenmuor sapuayuu mopghomempuueckux nokazamerei cnepmamo3ouoos
epuizyHog. Camble BBICOKHE KOIGOUIMEHTHI OBLINM 3apEerUCTPUPOBAHBI Y TMOJIEBOK,
camble HU3KHE — y Mayioi yiecHo Mmblmm (Tabmuua 3.4). Ilupuna ronosku (HW)
criepMaTo3oujia OKa3ajgach HauOoJiee M3MEHUYMBBIM TokasareiieM. Haimm naHHbie Mbl
CMOTJIM CPaBHHUTD TOJBKO C JaHHBIMH 11 MHOpeaHbix Mbimeit [Williams et al., 1970].
OTH aBTOpPbI TaKXKE MOKAa3aJld, YTO HAMOONbIIMN KOAI(PPUIMEHT Bapualud HMEET
IIMPUHA TOJIOBKH CIlepMaTo30uaa. MOXKHO TPEIINONOKUTh, YTO OSTOT IOKa3aTelb
OTpakaeT Ka4eCTBCHHBIEC M3MEHEHUS (AIIOMNTO3 MUJIH MATOJIOTHIO) B SAPE KIETKH.

[Ipy 3HAYUTETBHBIX PA3TMUMUSIX B KOIPPUIIMEHTE Bapuallid MEXAY pPa3HBIMU
MOP(POMETPUUECKUMH TTPU3HAKAMHU Y OJTHOM 0cOO0M KOA(PDUIIUESHTHI BapHaIlUU OJTHOTO U
TOTO K€ MPHU3HAKa y pa3HbIX BUAOB OMM3KH. CXOACTBO KOI(PPUIMEHTOB BapHallH Y
pa3HbBIX BHUJIOB MOKET YKa3bIBaTh HAa BBHICOKYIO CTETICHh KOHCEPBATUBHOCTH Pa3MEPHBIX

rokazaresiei CIICpMaTO30UI0B.
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Tabmuma 3.4 — Koaddumuentst Bapuaruu (CV, %) MmopdomeTpuuecknx mokasarenen

CIEPMAaTO30UJI0B TPHI3YHOB (CTAaTUCTUYECKAS €IMHULIA — OCOOB)

IToka3arens
Bun n
HL HW MP PEP TSL
2.4 2.8 1.5 1.8 1.3

Cl-glareolus | 129 | =55y | @5-32) | d-1.7) | (15-2.0) | (11— 15)

2.0 3.8 1.3 1.6 1.1

Clordtilus 1 20\ = 8 & | @7-52) | 0-17) | (13-2.1) | (0.8 16)

1.5 1.9 1.4 1.6 1.2

S. uralensis 26

(11-19) | (15-24) | (1.1-17) | (1.1-2.3) | (0.8-1.7)

[Tpumeuanne — HL — mnuna romoBku, HW — mupuna ronosku, MP — miuna
cpenneri yactu, PEP — nnmHa ocHOBHOW dacth xBocTa, ISL — oOmias mimuHa

cnepmaro3ouia; Hajg yeptoit — CV, %, mox ueptoit — 95 % A1

Meorceuoosas UBMEHYUBOCTND Mophomempuyeckux nokazamezreii
cnepmamo3ou0o8 2pbizynos. MoppoMeTpuuecKuii aHaJIu3 CepMaTO30UI0B MO3BOJISET
mudepeHnnpoBaTh BUJIBI TPHI3YHOB, B TOM 4HCie OMu3KopoacTBeHHBIE [JlaBbioBa 1
ap., 2017a; Smirnov et al., 2021]. JluckpuMUHAHTHBIA aHAJIU3, BBITOJHEHHBIN JIs
BOCBMHU BHUJIOB TPBI3YHOB, TMOKa3aJ, YTO HaubOoJee CUIBHO MOKa3aTeau paziuyaroTcs
mexay cemeiictBamu Cricetidae m Muridae, MuHUMaNbHBIE pa3IU4us OOHAPYKECHBI
MEXIy POACTBeHHbIMU Bupamu [Smirnov et al., 2021]. Tlpu cpaBHEHHMH TpeX BHIOB
(Cl. glareolus, CI. rutilus, S. uralensis) ¢ ¢onoBbix ydacTkoB B paitone CYM3
MOJYYMJIM CXOAHBIN pe3ynbtar [JlaBbimoBa u ap., 2017a]. s iMCKpuMUHAIIMA BUIOB
ObLTM 3HAYUMBI BCE HCCIeAyeMble Mop(oMeTpudecKkue IMoKa3aTenn. B mepByro
KaHOHMYECKYIO0 (DYHKIIMIO OCHOBHOM BKJIQJl BHOCHJA JIJTMHA OCHOBHOM YacTH XBOCTa
(PEP), Bo BTOpYIO — cpemHsst yacTh XBocTa criepmaToszoua (MP).

Takum o00pa3oM, OCHOBHOHW BKJaJ B HW3MEHUMBOCTH Pa3MEPHBIX IMPU3HAKOB
CIIEPMATO30UJIOB OXUJAeMO BHOCWJI BHA. Jlods MOMyNSIMOHHON HW3MEHYUBOCTH,

CBSI3aHHOM C NMPUHAIJIC)KHOCTBIO K PAa3HbIM HONYIOWMOHHBIM TI'pYyIIIIaM, OKa3ajlacCb
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He3HaunTenbHO (B 5—10 pa3 meHblie uHOuMBHAyanbHOW W B 15-20 pa3 MeHblue
MEXBHUJIOBOM  WM3MEHYMBOCTH), TO3TOMY B  MOMYJISLUUOHHBIX  HMCCIIEJOBAHUAX
PENPOAYKIIMH CaMIIOB €10 MOXHO NpeHeOpeub. Bkiaa MHIMBHUYaTbHOW U3MEHUUBOCTH
pa3MepHBIX  MOKa3aTeled  CIepMAaTo30UJIOB B OON[yI0 HM3MEHYMBOCTH  OBLI
CYLIECTBEHHBIM, MIOATOMY €€ HEOOXOIMMO YUYMTHIBATh IpU (OPMUPOBAHUU BBHIOOPOK U

AaHaJIN3C NaHHBIX.

3.1.2 Onmozenemuueckan uzmeHuu8oCnmb Mopghoao2udecKux nokazameinei

cnepmam 0301008

B mpempigymem  pasgene  pa3nmuus  MOP(OJIOTHMYECKHX — MOKaszaTesei
CTIIEpMAaTO30UI0B MEXAY MOJOBO3PENBIMU CETOJETKAMU U TIEPE3UMOBABIIUMHU O0COOSIMHU
paccMaTpuBaiM Kak OJIMH W3 BUIOB BHYTPUBHJIOBOM M3MeHUMBOCTU. HecmoTps Ha ToO,
YTO TPBI3YHBI ITHX TPYMI Pa3TUYAOTCSA MO aOCOTIOTHOMY BO3pAcTy, MPHYMHA ITHX
pa3Iuuuid — OHTOreHeTHYeckas pasHopoaHocTh [OneneB, 1979, 1981, 1989, 2002,
2009; Omnenes, I'puropkuna, 2016]. OHa xapakTepHa MJisi MBIIIEBUIHBIX TPHI3YHOB
NPUPOAHBIX 30H YMEPEHHOTO Tosica W, KaK YK€ YIOMUHAJIOCh B pasuene 2.4,
oTpeseNsieTcs: OMBapUAHTHBIM Pa3BUTHEM OCOOCH.

Peanu3zanus Toi WM MHOM TPACKTOPUU Pa3BUTHUS 3aBUCUT OT BPEMEHH POKACHUS
0CO0M, COCTOSTHUS TTOMYJISIIUU U ApYTUX PakTopoB. Kpome mpogomKuTeIbHOCTH KU3HH
(3-6 mec. y I Bapmanta onrtorenesa, 12-15 mec. — y Il Bapumanrta), 3TOT THII
U3MCHUYMBOCTH JIETEPMUHUPYET pa3Iudusl MHOTHX TPU3HAKOB: META0OJUICCKUX
[Orekhova et al., 2019], Owosnepretnueckux [HoBukoB wu ap., 2015],
Mopdoduznonornyeckux [Onenes, 2002], cucrembl kpoBu |[Tapaxtuii, J[aBwinoBa,
2007], Bo3pactHbIx n3MeHeHwmit 3yooB [Onener, 1989, 2009] u np. K penpoaykTuBHBIM
MPU3HAKaM, Pa3IMYaIONIUMCS Y TTOJIOBO3PEIIBIX CErOJIETOK M MEPE3MMOBABIIIUX 0COOEH
MO>XHO OTHECTH, HAIpUMEp, MacCy M pa3Mep CEMCHHHKOB W TPHUIATOYHBIX IKEJe3.
3HaueHWs MacChl CEMEHHUKOB Y TIEPE3MMOBABIIMX CaMIIOB MHOTHUX BHUJOB
CYIIIECTBEHHO BBIIIE, YEM Yy TOJOBO3PEIILIX CErOJIETOK, W SBIAIOTCS Je(PUHUTUBHBIMU
s Buga (Pucynok 3.2) [Smirnov et al., 2021]. CeroneTku He yCHEeBalOT JOCTHIaTh

ATHUX 3HAYECHUH U3-32 MEHBIIEH TPOJAOJIKUTEILHOCTH )KU3HHU.
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PCFI/ICTpI/IpyeMI)Ie pasimiust IIO3BOJIAIOT Ha3bIBaTb O9TH I'PYIIIbI
(I)YHKLII/IOHaJ'IBHBIMI/I, TO C€CTb BBIIIOJIHAIOIIUMU PA3HYIO CI)YHKI_[I/IIO B TOIIYJAIUM:
«MOMCHTAJIBHOC» CO3PCBAHUC JIXI HCIIOJBb30BAHHMA BCCX HMCHOINUXCA PECYpPCOB H
ITOBBIIICHUA YUCJICHHOCTH 501041 «IICPETACKUBAHUCH MMOITYyJIIIU N qcpe3

HeOaronpusaTHbIN 3uMHNEN niepuoa [Onenes, 1989, 2002, 2009; Cmupnos, 2022].

50 700 | ¢
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12 3456 7 8 12 3456 7 8
1 - CI. glareolus, 2 — Cl. rutilus, 3 — L. gregalis, 4 — Al. oeconomus, 5 — M. agrestis, 6 — S. uralensis,
7 — A. agrarius; 6eblii Mapkep — IOJIOBO3PEIIbIE CErOJIETKH, YePHbBI MapKep — Mepe3MMOBaBIIIHE

ocobu
Pucynok 3.2 — Macca Tena 1 Macca ceMeHHHKOB (cpeznee, JJN)
y pa3HBIX TOMYJISIIMOHHBIX TPYII TPEI3YHOB; N = 4 — 129; npuBeneHb cpeaHue

3HAYCHUS JIJIS IBYX CEMEHHUKOB U3 Mapkl, IUT. 1o [Smirnov et al., 2021]

[TockosbKy BapuaHT OHTOTEHE3a OOYCIIOBIIMBAET PA3IMUUsl B CKOPOCTH POCTA U
CO3pEBaHMsI, MPOJIOJHKUTEIBHOCTH PEMPOAYKTUBHOTO TIEPUOJA W IUIOJOBUTOCTH, €rO
YUUTBIBAIOT NpH aHanu3e nauHamuku nomyssiuu [Nyholm, Meurling, 1979; Bondrup-
Nielsen, Ims, 1986; Lofgren, 1989; Klemme et al., 2014]. B nenom, OuBapuaHTHBIM
OHTOTCHE3 PACCMATPUBAIOT KaK YACTHBIA CiIy4all IOJIMBAPHAHTHOIO OHTOTCHE3a,
00eCIIeYnBAOIIETro epepacnpeesieHIe PEPOTyKTHBHBIX YCUIINHA B )KU3HEHHOM ITHKIIC
ocobeit [HoBukoB, Momkun, 2009]. PesynpTaT 3TOro mnepepacrpeaeiieHus —
(YHKIIMOHATBHYIO HEOAHOPOJHOCTh TOMYJSIMH — OTPaKaeT pPernpoayKTUBHO-
BO3pacTHasl CTPYKTypa, B KOTOPOW OOBIYHO pa3iMyalOT HEMOJIOBO3PEIbIX H

IMOJIOBO3PECJIBIX CECTOJICTOK U IIEPE3MMOBABIINX 0COOCH.
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CyiiecTByeT HECKOJbKO THIIOT€3 OTHOCHTEIBHO TOTO, C YeM CBS3aHbBI
(U3HOIOTHYECKAE OCOOCHHOCTH Ka)JOH W3 OTHX TPYHI: CPeOd HHUX Ha3bIBAIOT
HaJIMYUe 3UMHEH JHaray3bl, KyMYJISTHUBHOE JACHCTBHE pa3HbIX ()aKTOPOB CPEIbl M T.1.
OmHaKo J0 CHX TMOpP OOJBIIMHCTBO aBTOPOB, 32 PEIKHM HUCKIIOYCHHEM (Hampumep,
Houkos, Morukun, 2009), onuceiBaloT (HEHOMEHOJOTHIO Pa3IMunii, a HE MEXaHH3MbI
IOJIMBAPHAHTHOCTH Pa3BHUTHSL.

Iea  acnexma  owmoceHemuueckou — UBMEHYUBOCMU  PENpOOYKMUBHLIX
nokazamerneti. KpoMe onmmMcaHHOW BBIIIe M3MEHUYUBOCTH, O0YCIOBICHHOW pa3TUIHBIMU
BapHaHTaMH OHTOTEHE3a, y TPHI3YHOB MOXXHO pacCMaTpUBaTh TAKXKE JPYrOW acIeKT
OHTOTEHETHUYCCKOW M3MEHUYMBOCTH, KOTOPBIM CBSI3aH CO CTAIUSIMHU IIOJIOBOIO Pa3BHTHS
KUBOTHBIX (HEMOJIOBO3PEIIOCTh, CO3PEBAHME, IIOJIOBO3PEIIOCTh, yracaHWe IOJIOBOM
(GYHKIIMM) ¥ HE 3aBUCHT OT BapuaHTa OHTOreHe3a. CaMIlOB OOCHX ITOMYJISIIHOHHBIX
TPYII, B CBOIO OYEPE]lb, M0 KOMIUIEKCY KCTEPHEPHBIX M WHTCPHEPHBIX MPHU3HAKOB U
JaTe TIOMMKH MOXHO T pepeHIpoBaTh Ha TPYIIBI HEMOJIOBO3PEIBIX, CO3PEBAOIINX,
MOJIOBO3PE/BIX  (MMOTCHIMAIBHO CIIOCOOHBIX K Pa3MHOXCHHIO) M C yracaHueM
PENPOAYKTUBHON (PYHKIIMM, COMPOBOXKIAIOMICHCS MHBOJIIONKMECH CEMEHHHMKA (B HAICH
paboTe 3Ty Trpymnmy camioB oOo3Hadamu M/i). O0a acmekTa W3MEHYMBOCTH HE
KOH(JIMKTYIOT MEXKIY COOO0i — BCIO COBOKYITHOCTh OHTOTCHETUYECKUX (BO3PACTHBIX H
PETPOTYKTUBHBIX) W3MEHCHUH MOXXHO HCCIICIOBATh, BBIJICISS TPYMHIBI C YYETOM U
BapHaHTa OHTOTCHE3a, U CTaJIMH MTOJIOBOTO Pa3BHUTHA.

HecMmoTpst Ha TO, 9TO XapaKTEPUCTUKHA CIIEPMATO30UI0B JKHBOTHBIX BaXKHBI JJISI
OLICHKH MYXXCKOH (EepTHIBLHOCTH, y MIICKOIMUTAIONIMX W3 MPUPOIHBIX MOIMYJISIHAN
OHTOTECHETHYECKasi M3MEHUYMBOCTh CIIEPMATO30MI0B H3ydeHa Ci1abo0. BonbIMHCTBO
WCCIICIOBAaHMI BBIMONIHEHO Ha dyenoBeke [Sengupta, Nwagha, 2014; Johnson et al.,
2015; Gunes et al., 2016], B McHbImel cTemeHH — Ha Ja0OPAaTOPHBIX H
CEJIbCKOXO3SIICTBEHHBIX JKUBOTHBIX [Beatty, Mukherjee, 1963; Marti et al., 2011;
Kipper et al., 2017], B penkux ciny4asx — Ha aukux sxuBoTHbeIx [WOIT et al., 2000;
Martinez et al., 2008].

Yaire Bcero perucTpupyroT yYXyAIICHHE KaueCcTBa CIIepMaTO30UI0B, B TOM YHCIIE

uX MOP(HOJIOTrHYECKUX XapaKTePUCTUK, U CHUXKEHUE (EePTUIBLHOCTU C BO3PACTOM
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[Sengupta, Nwagha, 2014; Johnson et al., 2015]. B npyrux pa®oTax HE BBHISBICHO
YXYAIMIEHUST pEeNpOAYKTHBHBIX XapakTepucTuk npu ctapenuu [Nieschlag et al., 1982;
Rolf et al., 1999; Tang et al., 2012].

Ha npumepe Cl. glareolus wmbl BBIICHSIIM, HYXHO JIM  y4YUTHIBAaTh
OHTOTCHETHYECKYI0  M3MEHYMBOCTh NPH  aHaIM3€  pPa3MepoOB  HOPMAJIbHBIX
CIIEPMATO30U/I0B U YaCTOThI BCTPEYAEMOCTH KJIETOK C JieheKTamu.

Mpsl He OOHApYKUIU pazTuuuii MOP(HOMETPUUECKUX TMOKa3aTeae HOPMaIbHBIX
CIIEPMATO30MIOB MEX/Ty TPEMsI TPpyIIaMu KMUBOTHBIX (M, M/i, OW): 1S IJIMHBI TOJIOBKH
p = 0.17, mmpuns! Tonoku P = 0.72, qymHbBI cpeanei yactu xBocTa P = 0.99, ocHOBHO#
gactr xBocta P = 0.17 (Pucynok 3.3).

B apyroii BwIOOpke phDKed moneBkn (N = 55) wu3 paiiona CYM3
MophOMETpUYECKHUE TMOKA3aTeIM CIIEPMATO30UIO0B y JBYX Tpymi (M, OW) Takke He
pasznuyanuch: A JiuHbl rosioBku t = 0.4, p = 0.66, mmpuns! rojoku t = 0.2, p = 0.87,
cpenneit yactu xBocta t = 0.2, p = 0.83, ocHoBHOI yactu xBocta t = 1.1, p = 0.27
[daBbiioBa u np., 2017b]. Y, HakoHel, aHAJTOTHYHBIA PE3yNbTAT Mbl MOTYYUIH JIS
JPYTUX BUJOB I'PHI3YHOB (CM. MEPBYIO YacTh pasnena 3.1.2).

OTcyTcTBHE paznuuMii B pa3Mepax HOPMAIbHBIX CIEPMAaTO30MA0B Y Pa3HbBIX
MOMYJISIIUOHHBIX TPYII CBUIETEIHCTBYET O KOHCEPBATUBHOCTH TOJIOBBIX KiIeTOK. [Ipu
TOM JIaHHbIE O HEMOCPEACTBEHHO BO3PACTHOM H3MEHYMBOCTU MOP(HOMETPUUYECKUX
MOKa3aTejaed CHepMATO30MI0B TAaKKE KpalHEe HEMHOTOYHMCIICHHbl. HaM u3BeCTHBI
naOmoaenus R.A. Beatty u D.P. Mukherjee (1963), koTopsie He 0OHAPYKUIN BIUSTHHS

aOCOJIFOTHOTO BO3pacTa Ha pa3MepHbIEe MPU3HAKU CIIEPMATO30UJI0B JTUHEHWHBIX MBIIICH

(A/Be-CRe).
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6o i 76 Jr

6.8

6.7

[OnuHa ronoeku
LnpwrHa ronoeku

6.6

21.0

55.6

20.9 55.2

20.8 54.8

[nwHa cpegHen YacTh XxBocTa

20.7 54.4

[nnHa oCHOBHOW YacTk XBocTa

m m/i ow m mi ow

M — MOJIOBO3PEIbIC CCTOJICTKH, m/i — CEroJeTKH C WHBOJIIOIHCH CCMCHHHKOB, OW — IICPE3UMOBABIIINIC
OCO6I/I; pa3Had 3aJiuBKa o003HayaeT Pa3HbIC OHTOI'CHETUYCCKUC TPACKTOPUHU:

Oenast — | BapuaHT OHTOreHe3a, cepas — Il BapuaHT oHTOreHe3a
Pucynox 3.3 — MopdomeTrpruueckue nmokazareian (MKM) criepMaTto3ouioB (cpeauee, JJN)

y Cl. glareolus pa3HbIx mOMyJISIIMOHHBIX TPYIITT

B To ke BpeMs 10151 aHOMaJIbHBIX CIIEPMATO30MI0B Pa3indyaiach MEXIy Tpems
rpynmnaMe KuBOTHBIX (M, M/i, OW): s nedextos romosru x°(2) = 807.5; p < 0.0001,
s nedextoB xBocTa y(2) = 22.8; p < 0.0001. MUHHMAaBHAS 4aCTOTA BCTPEYAEMOCTH
AHOMAJIbHBIX ~ CIEPMATO30MJI0B OOHApy)K€Ha Yy TIOJOBO3PEIBIX CEerojeTok (M)
(Pucynok 3.4).

Jlonst KIeToK ¢ ne)eKTaMu TOJIOBKH Y ITOJIOBO3PEIIBIX CETOJIETOK OKasajach B 4.7
(95% JU: 4.1-54) pa3a HmXKE IO CPaBHCHHIO C CETOJETKAMH C HWHBOJIIOIUCH
cemennnka (y°(1) = 446.4; p < 0.0001) u 8 1.7 (1.5-2.0) pasa — ¢ mepe3sUMOBABIIHMH
ocoGsimu (¥*(1) = 59.4; p < 0.0001). Hdomst criepMaTo30ouoB ¢ me(eKTaMi XBOCTA Y

MOJIOBO3pENBIX ceroyieTok Obuia Hmwke B 1.2 (1.1-1.3) pa3za, 4em y CErojieTok c
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nHBOMIONHel cemennnka (y°(1) = 20.0; p < 0.0001) u 8 1.1 (1.0-1.2) pasa, uem y
nepesuMoBaBInx ocobeit (y°(1) = 6.2; p < 0.01).

Bbicokass yacToTa BCTpe4aeMOCTH Je(PCKTOB TOJIOBKH CIEPMATO30HJIOB Y
CeTOJISTOK C WHBOJIOIMEH CEMEHHUKA, BEPOSTHO, CBs3aHA CO CTPYKTYpHO-
(YHKIIMOHATBHBIMU ~ TIEPECTPOUKAMHU, COIMPOBOXKIAOIIAMHU  CE30HHYHO/BO3PACTHYIO

OJIOKUPOBKY PENPOAYKTUBHON (QYHKIIUU.
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M — TOJIOBO3PENBIC CCTOJICTKH, m/i — CErOJIETKH C WHBOJIIOIUEH CCMCHHHUKOB, OW — IICPE3UMOBABIIINC
OCO6I/I; pa3Had 3aJiuBKa o003HayaeT Pa3HbIC OHTOI'CHECTUYCCKUC TPACKTOPUHU:

Oenast — | BapuanT onToreHesa, cepas — |l BapuanT onTorenesa

Pucynox 3.4— YacToTa BCTpeuaeMOCTH aHOMAJIbHBIX CIIEpMaTo30u 0B (cpeanee, JJN)

y Cl. glareolus pa3HbIx mOMyJISIIIMOHHBIX TPYIITT

MOoXHO TpeAnoIokKUTb, YTO OOHAapy>KEHHbIE cjadble pa3Inyusl YacTOThI
CIEepMaTo30UJI0B C Je(deKTaMyd TOJOBKM MEXKIY IOJIOBO3PEIbIMU CErojeTKaMu U
NEepPe3MMOBABIIUMHU  OCOOSIMH  OOYCIIOBJIEHBI pa3HULIEd B aOCOJIOTHOM BO3pacTe
KUBOTHBIX U «HAKOIUICHHEM» IOJOMOK. B TO ’xe Bpems, cCyliecTBEeHHO Ooublias
4acTOTa BCTPEUAEMOCTH N1€(DEKTOB TOJIOBKH Yy CETOJIETOK C WHBOJIOIUEH MOJIOBBIX
Keye3 MO0 CPaBHEHHWIO C TEPE3VMOBABIIUMHU OCOOSMH CBHIETEILCTBYET O TOM, UTO
b (dEeKTs OIOKMPOBKH PENPOAYKTUBHOW (DYHKIIMM HaMHOTO cuiibHee 3(h(eKToB,
CBSI3aHHBIX C KaJCHIapHBIM BO3PACTOM >KHMBOTHBIX.

Takum obOpazom, Ay aHamu3a MOPQOJOTUU HOPMAJBHBIX CIEPMATO30HIOB HE

CymeCTBCHHO, Ha KaKou craguun BPCHOCTI/I/ CTAapCHUA HAXOAATCSA JKUBOTHBLIC M KOI'/Ida OHU
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JIOCTHUTAIOT TIOJIOBO3PEIIOCTH — B TOJ[ CBOETO POXKICHUS WUIIU TOCIE 3UMOBKU. DTOT KeE
BBIBOJI MOYKHO CJIeJIaTh U B OTHOIICHWH YaCTOTHI BCTPEYAEMOCTH CIEPMATO30UIOB C
neexkramMu  XBOCTa, TIOCKOJBKY  OOHapyxeHHble 2(@dEKTbl, HECMOTps  Ha
CTAaTUCTHUYECKYI0 3HAYMMOCTh, OKa3aJuCh cia0biMu. [IpW  OIlEHKE YacTOTHI
CIIEpMAaTO30HUI0OB C JePEeKTaMH TOJOBKM HEOOXOJAMMO YYHTHIBATH BO3MOKHBIC

HHBOJIOTUBHBIC U3MCHCHUS, CBA3dHHBIC C YTACAHUCM I10JIOBOM Q)YHKHI/II/I KHUBOTHBIX.
3.2 Bausinne XUMHY€CKOI0 3arpsA3HCHUSA

3.2.1 Mopgomempuueckue noxazamenu cnepmamo3oudos

BrusHue 3arps3HeHMss Ha  MOP(QOMETPHUYCCKHE ITOKa3aTead HOPMAaJIbHBIX
ciepmaTto3onioB mosoBo3penbix camioB Cl. glareolus (n = 55) u3 paiiona CYM3
OKa3aJI0Ch HECYIECTBEHHBIM: I JWHBI royioBku — t = 1.3, p = 0.20, mmpuHsl
romoBku — t = 0.3, p = 0.74, cpenneit vactu xBocta — t = 0.2, p = 0.85, ocHOBHOM YacTn
xBocta — t = 0.8, p = 0.43 [[aBsimoBa u ap., 2017b]. DTOT pe3yabTar OXKUIAeM, H
MOET OBITh OOBSICHEH KOHCEPBATHBHOCTHIO (BHJAOBOW KOHCTAHTHOCTBIO) Pa3MEpPHBIX
noKasaTelied CrnepMaTO30MIOB, KOTOpas HapsAay ¢ (OpMOM TOJIOBKM M MHOTUMU
JIPYTHMH MEXaHH3MaMH pacro3HaBaHUS CAMKOW caMIla CBOETO BHJA, OOECIieUunBacT

YCIICITHOE OIUIOI0TBOPCHUE.
3.2.2 Bcmpeuaemocmb aHOMANbHBIX CREPMAMO30UO08

Cpenn HOPMAJIBHBIX 3SKYJIMPOBAHHBIX M ANUAUIAMMAIBHBIX CIIEPMATO30MUIOB
MOTYT TPUCYTCTBOBaTh aHOMaJIbHblE (Ie(eKTHbIC) KIETKU. PaznuuHbie AedeKTbl
CTPYKTYpPBI CIIEPMATO30MI0B CBHJETEIBCTBYIOT O CHM)KEHMHM HMX OIUIOJOTBOPSIOLIEH
ciocooHoctr [WHO laboratory manual for the examination and processing of human
semen, 2010], mo3TOMy CKPUHHHT MY)KCKHX TraMeT BOCTPeOOBaH B Pa3HBIX 00JIACTIX
ounonorun u Meaunuuel [Wyrobek et al., 1983; Pesch, Bergmann, 2006]. ¥V rpsi3yHOB
aHanu3 Je(PEeKTHhIX CHEePMATO30MJIOB HMCMOJB30BAIMA AJIA Pa3HbIX LeEJIe: H3ydeHUs
TreHeTUYEeCKO n3MeHunBoctu [Styrna et al., 2003; Ocanuyk, Ocamuyk, 2010; Ocanuyk,
Knemés, 2016], BbIABIEHHS CBSI3M C BO3pAacTOM, TOPMOHAJIBHBIM W COLHUAIBHBIM

cratycom [Weissenberg et al., 1987; Bilinska et al., 2006; Kruczek et al., 2013], ouenku
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BIMSIHUSL Pa3nuyHbIX (hakTopoB cpeabl [Tannenbaum et al., 2007; Mamwuna, 2012;
Kotula-Balak et al., 2014].

B MHOrOYHCIEHHBIX JTa0OpPaTOPHBIX OSKCIEPUMEHTaX I[TOKA3aHO YXY/IIICHHE
KauecTBa CIIEPMATO30MI0B MPHU 3aTPaBKe, BKIOYass U MOPQOIOTHUCCKUE TOKA3aTeITn
[Wyrobek et al., 1983; Bucci, Meistrich, 1987; Wadi, Ahmad, 1999]. Oagnako u3BeCTHBI
¥ OOpaTHbIE MPUMEPHI: MPH 3aTPaBKe JOMOBOW MBI aJIOMUHUEM HE OOHApYKEHBI
paznuyus B KOJIMYECTBE AHOMAJIBHBIX CIEPMATO30HMIOB MEXIY KOHTPOJIBHOH U
oneiTHOM rpynmamu [Llobet et al., 1995]. PesymbraThl pa0oT, BBIMOJIHEHHBIX Ha
TPBI3YHAX W3 TPHPOAHBIX MOMYJSAIHWHA, TaKXKE TMPOTHBOPECYUBHI: OIHH aBTOPHI
3apETUCTPUPOBAIM YBEIMYEHWE 4YHCIA KIETOK ¢ JedeKTaMu TP TOKCHYCCKOM
BosaciictBun [Miska-Schramm et al., 2014, 2017], mpyrue Takux H3MEHEHUH HE
obonapyxwu [leradi et al., 2003]. Eme pa3 noguepkaeM, 4To Ui OOJIBIIMHCTBA BUIOB
«JIMKUX» TPBHI3YHOB OTCYTCTBYIOT CBEJICHHMSI O €CTECTBEHHOW M3MEHYUBOCTH JOJHU
aHOMAJIbHBIX CIIEPMATO30UIOB.

Brnusarie 30HBI  3arpsi3HEHHS Ha 4YacTOTy Je(PEKTHBIX CIEepMaTO30MJIOB
MOJICNIbHBIX BUJIOB TPBI3YHOB M3 OCHOBHOM BBIOOpkHM (Tabmuma 2.5) ucciemoBaiu ¢
YUETOM IMONYJISIIUOHHOMN TPYIIITHI )KHBOTHBIX.

@daKkTop «BUA» CYIICCTBEHHO BIHSUI Ha BCTPEYACMOCThH IMATOJIOTUH TOJIOBKU H
XBOCTA CIIEPMATO30ua0B: i aedekToB ronoBKA ¥ (1)paumm = 21.6, mis nedexros
xBocTa x°(1)pamm = 56.2 (mpu p < 0.001). Illarcs 06HApYXUTh AeEKTHI TOTOBKH
CIIEPMATO30U/IOB Y PhDKEH MOJEBKH OBLIN BHIIIE IO CPABHEHUIO C KPACHOM TMOJICBKOM B
1.3 (95 % JIU: 1.2—1.4) pa3a, 10 CpaBHEHHIO C MaJIOW JieCHOU MbIbio — B 1.7 (1.3-2.0)
paza. lllancel 0OHApY UTh NePEKThl XBOCTA KJIETOK, HA0OOPOT, OBLIM HUXKE Y phLKEH
MOJIEBKU TI0 CpaBHEHMIO C KpacHoM mojsieBkorl B 1.2 (95% JAU: 1.1-1.2) paza, no
CpaBHEHHUIO ¢ Majioil jiecHod Mbimbio — B 1.4 (1.3—1.6) pasza. Ilockonbky uacroTa
BCTPEYACMOCTH TMATOJOTHUH  CHEPMATO30HMJIOB Y Pa3HBIX BHJOB CYIIECTBEHHO
pa3nuuanach, BIAsHAE (PAKTOPOB (palioH, 30HA 3arpsi3HEHUs, IPyIIa) paccMaTPUBAIN
Jajee OTJEIbHO /IS KaXXI0T0 BUIA.

Bce daktopsl mo-pasHOMY BIUSIM HA YacTOTy IATOJOTHUN CIIEPMATO30HI0B

I'PBI3YHOB. TaK, HEKOTOPBIC BUJbI M1aTOJIOT UM qame BCTPpEUAINCh Y )KUBOTHBIX B paﬁOHe



83

CYM3, nanpumep, neeKThl TOJIOBKH U XBOCTA y KpAaCHOM MoyieBKH. [Ipyrue — B paiioHe
KMK, nanpumep, nedeKThl XBOCTa CIIEPMAaTO30UI0B Y pbhker nojieBku (Tabmnwma 3.5).
Ha wmmaktHbIX y4acTkax gonisi Bcex maronormii y Cl. glareolus u mons nedexros
xBocta y S. uralensis Oplia BhIIe, yeM Ha GoHOBBIX ydacTkax. ¥ Cl. rutilus gactora

neheKToB ToJIOBKH Oblia Bhilie Ha (GoHOBBIX yuacTkax (Pucynok 3.5, Tabnuma 3.5).
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1 - Cl. glareolus, 2 — ClI. rutilus, 3 — S. uralensis; Genbiii Mapkep — OHOBbIE YYaCTKH, YEPHBII MapKep

— UMIIAKTHBIC y‘IaCTKI/I; m-— IMOJIOBO3PCJIbIC CECTOJICTKH, OW — IICPE3NMOBABIIINC ocobu
Pucynox 3.5 — BerpedaemocTs aHOMaNBHBIX criepMaTo3ou1oB (cpenuee, 1)

y TPBI3YHOB € (DOHOBBIX U UMITAKTHBIX YYACTKOB

YacToTra aHOMAILHBIX KIIETOK B HEKOTOPBIX CIIydasX pas3lindajach y T'PHI3yHOB
Pa3HBIX MOMYJISIIIHOHHBIX TPYMIL. Y MOJOIBIX O0COOEH PBIKEH MOJIEBKH BCTPEUAEMOCTh
NneEeKTOB XBOCTA ObLJIa HUXKE, YeM Y TICPE3UMOBABIINX KUBOTHBIX.

VY CI. rutilus nedextb rooBKY 4Yalie BCTPEYAIUCh Y MOJIOBO3PEIIBIX CETOJIETOK, a
nedekTel XBocTa — y Tepe3uMoBaBIIMX ocoOeil. Y S. uralensis Bce BHIbI MaToJIOTUi

CIICPMaTO30MA0B Yalll€ BCTPEUHAINCh Y MOJIOABIX JKUBOTHBIX.
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VY Cl. glareolus 6oxpmmHCTBO 00HApY)EHHBIX 3()PEKTOB OKa3aIUCh CIadbIMHU,

T.C. BCPOATHOCTH O6H3py>KCHI/IH AHOMAJIBHBIX CIICPMATO30MA0OB B CBsA3M C TCM WU

UHBIM (DAKTOPOM HEBBICOK, T.€. OTHOIICHHE IIaHCOB 0JIn3Ko K exuuuie (Tadmuma 3.5).

Tabmuma 3.5 — Onenka BausSHUSA (PaKTOPOB Ha JOTI0 AaHOMAIBHBIX CIEPMATO30UI0B

I'PBI3YHOB (pe3yJIbTaThl JOTUT-PETPECCUN)

L[OJ'I?I AHOMAJIBHBIX CIIEPpMATO30U10B

¢ ne(heKTOM TOIOBKH

¢ neekToM XBocTa

®daxrtop
2 1) OTHoOLIEHUS 2 1) OTHoOLIIEHUS
b (SE) B)e(m o IIAHCOB b (SE) B)gm a IIaHCOB
A [95% JIU] A [95% JIU]
Cl. glareolus
-3.52 *Khk _ -1.99 *kk _
bo 0.116) | 9188 (0.050) | 114739

. 0.15 1.15 -0.11 N 1.1271
Paiion 0105 | 18 | 0941421 | os0) | > [1.24 — 1.02]*
3oHa 0.29 — 1.33 0.29 30 g 1.33
3arps3HeHus (0.104) ' [1.09 - 1.64] | (0.050) ' [1.21 —1.47]

—0.15 1.1671 0.35 e 1.42
Ppyrma ©0114) | ™ | (46107 | (0058) | > [1.26 — 1.59]
Cl. rutilus
-3.10 *Khk o -1.98 *kk _
bo 0.111) | 7822 0.063) | 98426

} 0.66 o 1.94 0.29 s 1.34
Paiion (0.128) | 2668 [1.51-250] | (0.061) | 2270 [1.19 - 1.51]
30Ha —0.61 e 1.847 0.007 1.01
B — 0.134) | 2982 | o ag 14217 | 0o70) | OO0 [0.88 — 1.16]

—0.313 o 1.377 0.43 o 153
I'pymna (0.111) | 803 [1.70- 1.10]* | (0.054) | 3259 [1.38 — 1.70]
S. uralensis
—3.66 x —1.49 o
bo 0306) | 1437 - (0.009) | 22863 -

. —0.34 1.947 0.23 . 1.26
Paiion ©0.281) | 1% | 243_o0s81]" | (0oss) | 2 [1.07 — 1.49]
3oHa 0.17 0.3 1.18 0.25 8 93 1.29
3arpsi3HEHUS (0.294) ' [0.67 — 2.10] (0.085) ' [1.09 — 1.52]

-1.20 e 3.33"7 -0.17 N 1.18*1
[pynma (0.332) | 31 [6.38—1.73]* | (0.085) | 91 [1.40 — 1.00]™

[Tpumeuanne — by — pedepentnas rpynma: ceroyneTku, (pOHOBBIE yYaCTKH, PaiioH

KMK, b — xoadduiment perpeccun, SE — crangaptHas omuOKka, P — ypOBEHb

3sHaunmMocTH, JI — noBepurensHbie naTEpBaIHI; *p < 0.05, **p < 0.01, ***p < 0.001
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VY KpacHOi1 MOJIEBKU U MaJIOi JIECHOW MBIIIN HEKOTOphIe A(P(PEKThI, CBA3aHHbBIE C
nedekTaMu TOJIOBKH CIIEPMAaTO30U/I0B, ObLTH cuiibHee. HampuMmep, anchl 00HAPYKUTh
aHOMaJIUU TOJIOBKM ObUIM B 2—3 pasza BbIIIE B 3aBUCUMOCTH OT «paioHa» WIH
«rpymmb». Ho naxe mnpu MakcuManbHOM 3HaueHwn maHcoB (y S. uralensis
BEPOSITHOCTh OOHAPY>KEHUS MATOJIOTUH roJIOBOK Obliia B 3.3 pa3a 0oJbIle y CEroJieTok,
yeM Yy Tepe3uMOBABIIMX OcCO0ei) YacToTa BCTPEYAEMOCTH TATOJIOTMM TOJIOBKHU
CIIEpMAaTO30H/IOB Y 3TOT0 Bua He npeBbimaia 3.5 % (Pucynok 3.5).

JledeKTbl TOJOBKM M XBOCTAa CIIEPMATO30MJOB OKA3aJIUCh HE CBSI3aHBI MEXKIY
coboit: ms peokei monmeBku R = 0.02, p = 0.88, kpacnoi noneBku R = -0.27, p = 0.06,
manoi necHor Meimu R = 0.07, p = 0.80. DT pe3ynbTaThl COTIacyloTCs C JTaHHBIMH
JUISL IPYTUX BBIOOPOK: HAmMpUMeEp, I pbDKed moJjieBku u3 paiiona CYM3, B 2014 u
2016 rr., R = 0.02, p = 0.88, n = 52 [CmupHOB, [aBbigoBa, 2018]. Takue pazmuuus B
4acTOTE€ BCTPEYAEMOCTH W PEAKIMU Ha uccieayemble (aKTOpbl CBUJIETEIBCTBYIOT B
M0JIb3y MHEHHSI O pa3IMYHBIX MPUYUHAX X BO3HMKHOBeHuUs [Pesch, Bergmann, 2006].

[TomydeHHBIE pe3yibTaThl MO W3MEHEHHIO YacTOT aHOMAJIHMH COTJIACYIOTCS C
OIMyOJIMKOBAaHHBIMU HAMH paHee JUIsl JIPYTUX BBIOOPOK TPHI3YHOB C (DOHOBBIX U
MMITAKTHBIX Y4acTKOB obOoux paitoHoB [CmupnoB, 2017, 2020; CmupHoB, J[aBbiioBa,
2018, 2020]. Xotst HampaBiieHHOCTh 3()QeKTOoB He Bcerga coBmaaaia (s 30HBI
3arpsi3HEHUs] U TIOMYJISIIIMOHHOMN Tpymbl), cuiia 3G¢GeKToB Oblia HA OJJHOM YPOBHE —
OIICHKHU IIIaHCOB BO BCEX CITy4asx ObUIA OJM3KHU K CIUHUIIE.

Cnexkmp Oeghekmoe cnepmamoszoudos. B ocHOBe Bcex Kiaaccuukaruit
MATOJIOTMA  CIIEPMATO30MJOB JIGKUT WX NPHYPOUYEHHOCTH K  OMNpPEICICHHBIM
CTPYKTYPHBIM 3JIeMEeHTaM KJIeTKH. CUUTAIOT, YTO MPUYMHBI BOZHUKHOBEHUS Je(HEKTOB
pas3nu4HbL: 1e(DEKTHI TOJIOBKH (SApa U aKPOCOMBI), BKITIOYAIOIIUE U3MEHEHUE pa3Mepa 1
GbopMBI, KOHIEHCAIIMI0O WM (PparMEHTAllMI0 XpOMaTHHA, BBI3BAHBI ATHUITHMYHBIM
CIIEPMHOTCHE30M M aromTo30M, a AePeKThl XBOCTa — FTeHOMHBIMU MyTarusmu [Pesch,
Bergmann, 2006].

HecmoTpss Ha eauHblii «TomorpadMyecKuil» MPUHLHUI, JIO0 CHUX TIOp HET
YHU(PHUIIMPOBAHHOW KIacCHU(pUKAMU maronoruii crnepmarozonaoB. A.J. Wyrobek u

W.R. Bruce (1983) Bbimensyii ImIeCTh KIJIACCOB CIEPMATO30HJOB C Pa3IMUYHBIMU
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nedeKTaMu TOJIOBKM M XBOCTa. MHOTHE aBTOPHI pPACCMATPUBAIHN Y TPBHI3YHOB TOJBKO
IIaTOJIOTHIO TOJIOBKH, BbiIeisis Tpu [Ocamuyk, Ocamuyk, 2010], getsipe [Kruczek et al.,
2013] wm nate [Styrna et al., 2003] Tunos nedekro. CTeneHp AeTaau3auu 1eeKTOB
CIIEpPMAaTO30M/Ia MOKET OBITh OUCHb BBICOKOW: HAIPHMEp, JUII CHPHHCKHUX XOMSUYKOB
pasnuuanu 17 tumnos aedexktoB xBocTa U rojosku [Calvo et al., 1997]. M3BecTeH ombIT
NPUMEHEHHUsS IS MEJNKUX TPBI3YHOB KIACCHU(UKAIUK TATOJIOTUH CIIepMaTO30MI0B
yenoBeka, pekomeHnoBanHo BO3 [KusunoBa u gnp., 2015]. 3arpyaHenust c
pacro3HaBaHWEM HOPMAJBHBIX M JIE(DEKTHBIX CIIEPMATO30UI0B HEKOTOPHIC aBTOPHI
IIPEOOJICBAIA BBEJICHUEM IIEPEXOJIHON KAaTErOpUU — «KBa3U-HOPMAJIbHBIX» KIIETOK
[Burruel et al., 1996].

MpbI paccMaTpuBalld TOJIBKO JBE TPYIIIBI 1e(PEKTOB CIIEpMaTo30HI0B (TOJIOBKH U
XBOCTA), YTO IMO3BOJIMIIO CPABHUTH HAIIIA PE3yJIbTAaThl C MaTepHallaMU JIPYTUX aBTOPOB,
NPUMEHSBIINX pasHble Kinaccudukamuu. Kpome Toro, orpyOJeHHBI BapHaHT
Knaccupukanuu  0e3 getamu3zanuy  1e(eKTOB MOXKET OBITh HCIIOJIB30BaH IS
MJICKOITUTAIONIUX C MEHEe CJIOXHOW (OpPMOM TOJIOBKHM cIepMaTo3omja (Hampumep,
MEJIKMX HACEKOMOSITHBIX ).

Knaccudukanusa nedexTtoB crnepMaTo30MIOB CBSi3aHA C JIMCKYyCCHEH O
MIPOTHOCTUYECKOW IIEHHOCTH MOP(OJIOTHUSCKAX MPHU3HAKOB CIIEPMATO30UIOB IS
OllCHKK ToTeHnuaabHoN ¢eprmibHoctn [Kishikawa et al., 1999]. BoabimmHCTBO
aBTOPOB CYMTAIOT, YTO JC(PEKTHI TOJIOBKH BEIyT K CHIIKECHHUIO OIUIOAOTBOPSIOIICH
cnocobnoctr u nmedexkram passutus moromcrBa [Chemes, Rawe, 2003; Menkveld,
2010; Kucenea u np., 2017]. B Tto ke Bpems V.R. Burruel ¢ coaBt. (1996) Ha
OCHOBAHHUH JIAHHBIX O COXPAHHOCTH B AC(PEKTHBIX CIICPMATO30MIaX BCEX HEOOXOIUMBIX
TCHOB U (JEPMEHTOB 3aKJTFOYIIINA, YTO MOPQosIoTnueckue Ae(heKThl TOJIOBKU HE CIEAYyeT
CUMTATh MPU3HAKOM (aTajabHOW MATOJOTHMH MYKCKHX rameT. C JIpyroid CTOPOHBI,
H. Kishikawa ¢ coast. (1999) y 15 % HOpMajabHBIX CHEPMATO30MJIOB MBIIICH JTUHUU
BALB o6Hapyxuiu XpoMOCOMHbBIE aHOMaTNHU. OTpeaeieHHbIN CKETICUC OTHOCUTEIHLHO
MPOTHOCTUYECKONW IIEHHOCTH MOP(OJOTHYECKUX TPU3HAKOB CIEPMATO30UIOB Y
PETPOJTYKTOJIOTOB HAIEeNl OTPAaXCHWE B CHIDKEHUW pe(epeHTHOro 3HAYCHUS JOJIH

HOpMaJIbHBIX criepmaro3ouoB [Menkveld, 2010].
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CpasHnenue c¢ onyonukogannvimu OanHvimu. ONMyOITUKOBaHHBIE JAaHHBIE O
COOTHONICHHH HOPMAJILHBIX U Te(PEKTHBIX CIIEPMATO30UIOB IEMOHCTPUPYIOT OOJIBITION
pa3dpoc 3HAUEHWH y TPBIBYHOB JakK€ MPU OTCYTCTBHU TOKCHUYECKHX BO3JICHCTBHUH.
Hampuwmep, J. Styrna ¢ coast. (2003) B HOpMe y Mbrmeit muann CBA BBISSBUIH OKOJIO
14 % kneTok ¢ maTtoiorusMu rojoBok, JI.B. Ocamuyk ¢ coaBt. (2012) y mbrmei 13
HHOpeaHbIX TUHUM — 0T 5 110 20 % [Ocaguyk u ap., 2012].

OTrMmeuyeHa CBS3b JOJMUM AaHOMAJIBHBIX CIIEPMATO30HUJIOB C BO3PACTOM U
¢dusnonoruueckum (ropMmoHadbHBIM) cratycom [Weissenberg et al., 1987; Kruczek
etal.,, 2013]. Tak, y CHpPUHCKHX XOMSYKOB JOJII AHOMAJBHBIX JIHIAIUMATBHBIX
CIIEPMAaTO30MI0OB CHHUKACTCS TIOYTH B 3 pa3a IpH Mepexo/ie OT MyOepTaTHOTO MepruoIa K
spenoctu [Weissenberg et al., 1987]. V pbbkeii mojeBKH B J1a0OpaTOPHBIX YCIOBHUAX
JIOJIsT CTIEpMAaTO30MI0B C MATOJOTHEH TOJIOBKU BapbupoBaia oT 3 ao 16 %: nauboinee
BBICOKHE 3HAUEHUS 3apETUCTPUPOBAHBI Y CaMbIX MOJOJBIX (1.5 Mec.) U caMbIX cTapbix
(12 u 15 mec.) ocobeii [Kruczek et al., 2013].

Pa3Hbpie aBTOpHI MOMYEPKUBAIN BHUAOCIEHU(DUIHOCTh CIIEKTPAa W YaCTOTHI
BCTpeYaeMoCcTH Je(EeKTOB CIepMaTo30MI0B y Tpbi3yHOB. Tak, KusuioBa ¢ coaBT.
(2015), ucronp3oBapmue kiaccupukanuo BO3, cpeau 5 BuaoB rpeiyHoB (Myodes
glareolus, Phodopus campbelli, Ph. sungorus, Apodemus agrarius, Acomys cahirinus)
camyro Hu3kyio (meHee 30 %) JOII0 aHOMAJBHBIX KJIETOK OOHAPYXWIM y HUTIUCTON
MBIIIH, JHKYHTAPCKOTO XOMSYKA M TOJIEBOM MBIIIN, a caMyro BBICOKYIO (Oomee 80 %,
npudeM OoJIbIlias 4acTh aHOMAIHMKM ObLIa CBsi3aHA € JePEKTaMH aKpOCOMBI M KPIOYKa
TOJIOBKH) — y pBbDKEH TmosieBku. J[pyras rpynma wuccieaoBaTeseil, MCIoIb30BaBIIas
coOCTBEHHYIO Kjaccuukaiuio (pazinyaid aHOMaJIMU TOJIOBKU, CpeHENd, OCHOBHON U
KOHIICBOM 4YacCTHM XBOCTa) MAaTOJOTHl CHIEpPMAaTo30U]0B, MPU CpaBHEHUU 18 BUIIOB
MBIIICBUAHBIX TPHI3YHOB Tak)Ke OOHAPYKUJIAa BUAOCICIIH(PUIHOCTD CIIEKTPa M YaCTOTHI
BcTpeuaeMocT JedekToB crepmaro3onnoB [Gomez Montoto et al., 2011a]. Hous
HOPMAaJIbHBIX KJIETOK Yy TpbI3yHOB BapbupoBana ot 69.4 % no 93.4 %. Camoe HU3KOE
3HAa4YCHHUE JI0JIM HOPMAJbHBIX criepMaro3ouaoB Obu10 y M. duodecimcostatus (69.4 %),

camoe Bbicokoe — y Ap. sylvaticus (93.4 %). Y pbDKel TOJIEBKH JOJISI HOPMAIbHBIX
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cnepmaro3ousioB coctaBmsia 90.1 % wu Obula OgHOM W3 CaMBIX BBICOKHUX CpEAH
U3yYEHHBIX BHJIOB.

B Tokcukonormueckmx paboTax TakkKe MPOJEMOHCTPHUPOBAHO  OOJIBIIOE
BapbUPOBAHUE 10U AHOMAJIBHBIX CIIEPMATO30M0B Y I'pbI3yHOB. Y Mblel auHun CF-1
JI0JIs aHOMAJIBHBIX CTIEPMAaTO30MI0B yBeIHUnBaiach ¢ 3.7 % B koHTpoIe 10 9.7 % npu
3atpaBke cBuHIoM [Wadi, Ahmad, 1999], a y mblmiel auaumn swiss mice — ot 9 % B
koHTpone a0 21 % mnpu 3arpaBke amomuameM [Llobet et al., 1995]. Hons
CIIEPMATO30HJIOB C TETIe00pa3HbIM XBOCTOM (86 %) Obula B HECKOJIBKO pa3 OoJbIle
J0JIK KJIIeTOK ¢ aedekramu rojoBku (14 %) [Llobet et al., 1995], yro comocraBumMo C
HAIIUMU pe3yJIbTaTaMH. BoIbIMe pas3auuusi B 4acTOTE€ BCTPEUAEMOCTH JBYX THUIIOB
neeKTOB MOYKHO PACIEHUBATDH KaK €IIe OJTHO CBUAETEIHCTBO UX PA3HOU STHOJIOTHUH.

A. Miska-Schramm u coagt. (2014, 2017) B 3KCHEpUMEHTE C PBDKEH IMOJICBKOM
U3 J1abOpaTOPHON KOJIOHUM TMOKa3aJid, YTO JOJIS MATOJIOTUN TOJIOBKU YBEIMYUBAIIACH C
«HOpMAJIbHBIX» 22 % B KOHTpoJe 10 43 % npu 3aTpaBke amoMuHUEM U A0 54 % npu
3aTpaBKe MeIbpl0. B OqHOW M3 paboT, BBIMOJHEHHBIX HA TPBI3YHaX W3 TPUPOIHBIX
HOMYJISIIUH, BBISABIICHA BUAOCTICHU(DUIHOCTh U3MEHEHHS BCTPEYaEMOCTH aHOMAJIBHBIX
ciepmarosouioB [leradi et al., 2003]: B koHTpoJIe y JKEATOTOPJIOW MBIIIK OHA ObLIA
BBIIIIE, YeM Yy pPBDKEW TNOJEBKH, a CYIIECTBEHHBIE pa3jMyds B J0J€ aHOMAaJbHBIX
CIIEPMATO30HUI0OB  MEXAY (OHOBBIMH W 3arpsS3HEHHBIMH TEPPUTOPUSMHU  ObLIH
3apETUCTPUPOBAHBI TOJIBKO Y )KEIATOTOPIION MBIIIH, HO HE Y PhDKEH IMOJICBKH.

Kak ™mbr yxke ynomuuamu (cMm. pasmen 1.1), L.V. Tannenbaum wu coasr.,
pa3paboTaBIIKe METOJ OIICHKH 3arpsI3HCHHBIX YYacTKOB MO KAYECTBY SIUINIAMAIBHBIX
CIIEPMATO30HI0B TPHI3YHOB, MPEIOKUIN 00paliaTh BHUMaHUE HE Ha CTATHUCTHYCCKUE
3HAYMMBIEC OTJIMYHS B MIOKA3aTENSIX CIIEPMATO30HIOB TPHI3YHOB M@Ky Y4aCTKaMH, a Ha
MOPOTOBYIO OTCEUKY AJIA yXyauieHus: nokasareneid Ha 60 % (B 2.5 u Ooznee pa3), ecnu
OHa HE MPEOJ0JICHA, TO TEPPUTOPHS MOKET CUMTAThCs «4rcToi» [Tannenbaum et al.,
2003, 2007; Tannenbaum, Beasley, 2016; Tannenbaum, 2020].

[TonBoas wTor OOCYXIEHHIO, MOXKHO 3aKIIOYHTh, YTO B KAayAaJbHOW YacTH

SMUANANMEICA TPHI3YHOB BCETJa MOKHO OOHAPYXHUTh CHEPMATO30HIbI C nedeKTamu
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XBOCTa, B TO BpeMs Kak KJIETKU C JAePEeKTaMHu TOJOBKH BCTPEUAIOTCS PEXKE HIIA MOTYT
OTCYTCTBOBATb.

JledekTbl TOJMOBKM M XBOCTa HE CBSI3aHbI MEXIy COO0Oi, a pasziuyaroiuecs
4acTOTa BCTPEYAEMOCTH U PEAKIHMs Ha HccleayeMble (DakTopbl CBUACTEIHCTBYIOT B
MOJIb3y MHEHHUS O pa3MYHBIX MPUYMHAX UX BO3HUKHOBEHMS, a TaKkKe
BusocnenupuyHocT. B TO ke Bpemss oOHapykeHHble 3(PGEKTbl, HECMOTpsS Ha
CTaTUCTUYECKYI0 3HAYMMOCTh, OKa3ajiuch cladbiMu. B 1emom cnalwie paznuaus
YaCTOThl AaHOMAJIBHBIX CIIEPMATO30MI0B B Pa3HbIX BIOOPKAX MOTYT CBHJIETEIbCTBOBATH

0 CCTCCTBCHHOM YPOBHC M3MCHUYMBOCTHU 3TOI'O ITOKA3aTCJIA.
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I'nmaBa 4. IIOABNKHOCTD CIIEPMATO301/1OB

4.1 Pe(l)epeHTHLIe 3HAYEeHHUs MoKa3aTejei MOABUKHOCTH CIIEPMATO30U/10B

OnauM w3 HawbOoyiee  WHGOPMATHBHBIX  METOJIOB,  ONPEACISFOIINX
(GYHKIIMOHAIBHBIE CBONCTBA IOJOBBIX KJICTOK, CUMTAIOT OIEHKY MX IIOIBMIKHOCTH
[Amann, Waberski, 2014]. Jlns naGoparopHbiXx Mbimei (SWISS MICe), Hampumep,
YCTAHOBJICHBI TIOPOTH «PEMPOJAYKTUBHOTO Kpaxa» — HIKHHEC YPOBHH ITOJBHYKHOCTH
CIICPMAaTO30MJIOB, BEIYIIHNE K PE3KOMY CHIDKEHHUIO (epTuiabHocTH camioB [Chapin et
al., 1997].

[ToaBMKHOCTh CIIEPMATO30HMI0B H3MEPSIOT KaK «BPYYHYIO», C ITOMOIIBIO
cuetHeiX (bropkepa, Hoiibayspa, TopsieBa, IlerpoBa-Xayccepa u jnp.) wWiu
cneruanu3upoBaHHeix kamep (Makiepa, MMC-SR), Tak U ¢ TOMOIIBIO Pa3TUYHBIX
nony- (CERQOS, Hamilton Thorne, USA) wmiu NOJIHOCTBIO aBTOMATH3HUPOBAHHBIX
cuctem (IVOS, Hamilton Thorne, USA), 0 KoTOpbIX MbI yrioMUHaH B pazaene 1.1.

[Tout cpa3y Tmociie TOSBIACHHUS  aBTOMATHUECKHX CHCTEM  aHaju3a
cnepmaro3ouioB  (cepenmna 1980-x rr.) oHum ObUTM  ampoOWUPOBAaHBI B
TOKCHKOJIOTHUECKUX IKCIEPUMEHTAX M JJIsI BBIABIACHUS 3((EKTOB 3arps3HEHHS CPEIIbI
[Amann, Katz, 2004]. Ognako 10 cuX mop OOJBIIMHCTBO padOT TOM HANPaBICHHOCTH
BhIMOJIHEHO Ha veioBeke [Nobles et al., 2018], xo3siicTBenHo 3naunmMbix [Silva et al.,
2019] u mabopartopusix xuBOTHBIX [Adamkovicova et al., 2012]. Hccnemosanwmii
KMUBOTHBIX M3 MPHUPOJHBIX MOMYJISAINUNA 3HAaUuTebHO MeHbIne [Gizejewski et al., 2008;
Baberschke et al., 2021], a mi1s ycloBHi 3arps3HCHHOH Cpenbl, 3a OYEHb PEIKUM
uckaodeHreM [ Tannenbaum et al., 2003, 2007], npakTH4ecKH HET.

HecmoTpst Ha TO, YTO B MOCIACIHHE TOJBI KOJMYECTBO WCCICIOBAHUNA C
ucnons3oBanneM CASA mpubmkaercs kK nByMm cotHsM (PucyHok 1.2), y mMHOrumx
BUIOB JKUBOTHBIX [TOKA3aTENIN MMOABIKHOCTH CIIEPMATO30HMI0B HE U3YyUEHBI, TIOCKOJBKY
oTOOp 3sKyJiATa 3a4acTylo 3arpynHeH. Kak yxke oTmewanoch B pasgene 1.2, y
MBIIICBUIHBIX ~ TPBI3YHOB OTOOp  YCIOXKHSETCS HM3-3a HEOONBIINX  Pa3MepOB

PENpPOYKTUBHBIX OPraHOB M OOBEMa 3SKYJIATA, MOAITOMY y HHUX Yallle HCCIEIYIOT
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CIIEPMATO30U/IbI U3 XBOCTOBOM YACTH JMHUAUIMMHCA KaK Camble OJIM3KHE IO CBOUM
CBOMCTBaM (KU3HECTIOCOOHOCTH W (PEPTHILHOCTH) K CIIEPMATO30MAaM ISKYJISITa WIH
KJIeTKaM M3 cemsBbIHOCsIIero mporoka [Lakoski et al., 1988; Seed et al., 1996;
Monteiro et al., 2011]. IToaHOCTBIO TaKHe HEOOXOAMMBIC I CCTCCTBEHHOI'O
OIUIOZIOTBOPEHUS]  SIULIEKJIETKH CBOMCTBA, KaK TMOABMKHOCTh M  KalaluTalus,
M3HAYaJIbHO MMMOOWJIBHBIE SMUIMIUMAIbHBIE CHEPMATO30MIbl MOTYT MpHOOpeTaTh
mocyie J00aBJICHUS THUTATEIBLHON Cpeapl, COAEpIKaIleil BEIecTBa, AaHAIOTHYHBIE
CEMECHHOM KHIKOCTH W BeIleCTBaM MaTOYHBIX myTeit [Monteiro et al., 2011; Li et al.,
2015].

BugoBble 3HaueHuA TOKa3aTeNed  TMOJABUKHOCTH  CIIEPMATO30HUJIOB  TPEX
MOJICJIbHBIX BUOB TPHI3YHOB MpuBeacHbl B Tadmuie 4.1. HecmoTps Ha 3HaAUMTENIbHOE
KOJMYECTBO PabOT MO TMOABMKHOCTH CIIEPMATO30U/IOB, BBITIOJIHCHHBIX C ITOMOIIBIO
aBTOMAaTHYCCKUX aHajiau3aTopoB [van der Horst et al., 2018; Yeste et al., 2018], aus
MHOTHX BHUJIOB MEJIKUX MJICKOTIUTAIONINX CBEICHUS 00 3TOM IOKa3aTesie OTCYTCTBYIOT.

MBI MOrJM CpaBHUTH HAIlM JAHHBIE TOJBKO ISl pPbDKEH NOJNEBKU. Tak,
M. Kotula-Balak ¢ coast. (2014) npuBoAST JaHHBIC O MOABMIKHOCTH CIIEPMATO30M OB
s 2-mecsunbix camioB Cl. glareolus us maGoparoproii kononuun, a M. Tourmente ¢
coasnT. (2015) — mys Cl. glareolus (n = 4) u3 npupoaHOI MOMYJIAIUH.

[Tony4yeHHbie HaMU CpeAHHE 3HAUCHUS TIOKa3aresied CKOPOCTH JBUIKEHUS
cnepmaro3zouioB (VCL, VSL, VAP) nins pbikeid MOJEBKU OTIMYAIOTCS OT JaHHBIX dTUX
aBTOpoB (BhIMIe B 1.5-2 pa3za), mokazarenpb 4acToThl kKojebanuii romoBku (BCF) Obin
CXOJIHBIM, a aMIUIuTyna OTkJIoHeHus ronoBku (ALH) Beimie mpumepHo B 2 pasa.
HaoGopoTr, m0is MOABMKHBIX CIIEPMATO30MIOB y PBDKEH TOJEBKH OblIa HIDKE IO
CpPaBHEHHIO C JAaHHBIMU JIpyTrux aBTOpoB. Tak, B uccienoBanuu L. Gomez Montoto ¢
coanT. (2011) ona cocraBisuia 78.3 %, B uccienosanun M. Tourmente ¢ coast. (2015)
—81.3 %.

[Tpu4rHBI TaKUX PA3TUUUNA MOTYT OBITH PA3HBIMU — OT OCOOCHHOCTEH BHIOOPOK M
YCIIOBUM COJAEpX aHUsl >KMUBOTHBIX JO METOAOB OTOOpa W aHanmu3a o0pas3loB
cnepmato3ousioB. K Hambonee BEpOSATHBIM MPUYMHAM, CBSI3aHHBIM C OTOOpPOM H

aHaJIN30M O6p33LIOB, OTHOCAT FJ'IY6PIHy KaM€p, COCTaB MMUTATEIbHOM CpEanbl,
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COOJIIOICHHE TEMIEpPaTypHOro peXHMa BO BpeMsl aHalu3a, BpeMs MpeAbIHKYyOaluu,

OIBIT PabOTHI MCCIENOBATEINS, pa3HOe MporpaMMHOe obecriedueHue nmpudopos [Yeste

etal., 2018].

Tabmuna 4.1 — [lokazarenu MOABMKHOCTH CHEPMATO30MI0B TPHIZYHOB (CETONETKU U

nepe3rMOoBaBIlKe) ¢ GOHOBBIX TEPPUTOPUIA

oKasaTers Cl. glareolus, Cl. rutilus, S. uralensis,
n=43 n=14 n==38
Motile. % 597 +1.35° 53.4+2.84" 442 +591>B
» 70 (40.6 — 74.4) (36.0 — 70.9) (10.5 — 49.9)
e 251.2 +4.88%F 223.6 +6.23% 209.7 +11.35°
’ (183.2 — 345.5) (185.1 — 267.7) (175 — 280.6)
VSL. aiatlc 198.5 + 3.62P 173.3 + 6.8248 123.4 +18.72%®
’ (145.2 — 245.6) (147.4 — 230.0) (48.5 — 233.8)
VAP, v 216.6 +3.89%5 188.7 + 6.62* 8 136.9 + 17.43>8
’ (153.5 — 264.4) (156.9 — 244.2) (81.2 — 244.7)
ALH. vt 9.12+0.27 9.0+ 0.53 8.9 + 0.64
’ (6.88 — 12.96) (6.23 — 13.4) (7.2-13.1)
BCE.T 35.5+0.48"" 38.9 +0.924 387+ 1.19"
M (28.9 — 41.9) (29.5 — 46.4) (31.9 — 42.5)
b b
STR. % 91.1 +0.43 91.3 +0.93 86.6 + 3.84
(83.3 — 96.3) (83.2 — 96.5) (60.3 — 94.6)
79.0 + 0.69° 78.1+1.738 58.6 +5.9>8
LIN, %
(68.0 — 87.0) (65.9 — 86.2) (24.7 — 82.6)
[MTpumeuyanne — Motile — mgons momsmxubIX Kietok, VCL — ckopocTh

KpUBOJMHENHOrO JBMXKeHusA, VSL — ckopocTh npsMonuHeitHoro asuxeHus, VAP —
CKOPOCTh JBIKCHHS KIIETKU MO ycpeaHeHHoMy nyTH, ALH — ammuTyna oTkioHeHus
rojioBku criepmarosousia, BCF — gacrora kone6anmii rogoBku cnepmaro3onaa, STR —
CTEMCHb HANpaBJIECHHOCTU JBWXKeHUs kieTku, LIN — cremens mnpsMoiamHEeHHOCTH
JBIDKEHUS KJIETKW; TPUBENCHBI CpeaHee =+ ommubKa CpeaHero, MUHUMAJIbHBIE U
MaKCUMaJIbHbIE 3HAUEHUs MoKa3ateneill. bykBbl yka3piBaroT Ha pasnuuus (tect ThrOKW,
p < 0.05) mexnay: A — Cl. glareolus u Cl. rutilus, b — CI. glareolus u S. uralensis, B —

CI. rutilus u S. uralensis
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WNimrocTtpauriein BO3MOXKHOTO — BIIMSIHMS —KAdyeCcTBa IMHUTATEIBbHOM Cpelbl Ha
MOKA3aTeNId TOJABIKHOCTH CIIEPMATO30HMIOB MOTYT CIIY>)KHUTh COOCTBEHHBIC JTaHHBIC,
MOJIyYCHHbIE MpPU anpodalud METOAUKA M MoAOOpe NHUTATENbHOM cpeabl st
HEOOJBIION BBHIOOPKK pbDKEHM mosieBKH (9 mepe3umoBaBmIMX camIloB, CyTyKCKuit
yaactok, 2017 r.) [CmupnoB, 2018]. Bce ckopocTHBIE MOKa3aTelM CIIEPMATO30MI0B
OBLTM HUXKE TI0 CpaBHEHUIO ¢ MpuBeaeHHbIMU B Tabmuie 4.1 (mHanpumep, VCL = 226.3
+ 8.30), NMOCKOJIBKY B 3TOM JKcrnepuMmeHTe wucnoib3oBaiu DMEM ¢  Huzkum
CojiepKaHUEeM TIFOKO03bI (= 1 /).

B To ke Bpemsi, BIUSHHE COCTaBa MATATEIBLHOW Cpebl HA MOABMYKHOCTD KJIETOK
HE BCETJa OYEBHIHO. Tak, CpaBHCHHE PA3HBIX MMUTATEIBHBIX CPEJl IPYTUMHU aBTOpaMHU
MOKa3aJio, 4To J0OABIICHUE KaJbIUsl, MarHUsl WU TJIFOKO3bl HE YJIYYIIIaeT MOoKa3aTeau
JBIDKEHUS CIIEPMATO30MI0B B KPATKOCPOUYHOH NEPCIIEKTUBE, HAIMPOTHB, aIbOyMHUH
HEOOXO0IUM IS [UTMUTEIBHOTO O Iep)kaHus noasmwkHocTr [Tayama et al., 2006]. B to
ke BpeMs muTHpyeMbie Hamu aBTophl [Kotula-Balak et al., 2014; Tourmente et al.,
2015] ucnonb3oBanu pasusie cpenbl (IVF ¢ rmoko3oii (= 1 /1) u ans0ymuaOM, 1 mT-H
c TioKo3oi (6 r/1) 6e3 anmbOymMHHA, HO TOJYYMJIA B II€JIOM CXOJHBIC 3HAYCHUS
MOKa3aTesen MOJABUKHOCTH I PIXKEW MOJIEBKHU.

OtaenbHOrO 00CYXACHUS TPEOYIOT PE3yNIbTaThl, MOTYYECHHbIE HAMU I Majon
necHoi Mbliu. [louTn Bce mokazaTenu ABMXKCHUS U J0JIs MOABUKHBIX CIIEPMATO30HI0B
(3a uckmouenueM ALH) y maioil jecHOW MBIIIM OKa3ajgach HHXKE, YeM Y IOJICBOK
(cMm. Tabmumy 4.1).

[TockonbKy AaHHBIX O TMOKAa3aTeNIIX IMOABUKHOCTH CIIEPMATO30MIOB IS 3TOTO
BHJIa HAaWTH HE YJAI0Ch, MBI TOIBITAINCH CPABHUTHh MX C UMEIOMUMHUCS JTaHHBIMU JIIS
POJCTBEHHOr0 BHAa — eBporeiickor secHor Mmbimm (Apodemus sylvaticus L. 1758)
[[TaBnuHOB, 2006]. CiepmaTo30u/ibl 000MX BUIOB UMEIOT CXOJHbIE (JOPMY TOJOBKU U
UIMHY cniepMato3ouaa — 127.2 mxm y S. uralensis u 126.1 mxm y Ap. sylvaticus [Moore
et al., 2002; Gomez Montoto et al., 2011a, 2011b; Smirnov et al., 2021].

Jlons moaBmkHBIX KieTok y Ap. sylvaticus Obuta Beire, uem y S. uralensis, u
BappupoBaia ot 82.5% (n = 8) [Gomez Montoto et al., 2011a] mo 87 % (n = 5)

[Tourmente et al., 2015]. Oanaxo, cieayeT OTMETHTD, YTO 3TOT IOKA3aTENIb OLICHUBAJIH
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BHU3YalIbHO J[BA HE3aBUCHUMBIX OIBITHBIX HaOMIOAaTeNs (3aTeM IMOTyYEeHHOE 3HAYCHUE
YCPEIHSIIN ), U CPAaBHCHHE alMapaTHBIX JAaHHBIX C CYOBEKTUBHON OIEHKOW MOKET OBITh
He BroyiHe KoppekTHeiM. Ckopocth aBwkeHus kietok (VAP) y Ap. sylvaticus
cocraBmsuia 115.4 mxm/c [Tourmente et al., 2015] u Obuta comocTaBUMOM ¢ HAIIMMH
naHHeIMA 1 S. uralensis, Ho pacuetHoe (mo ycpennenusiM VSL u VCL) 3Hauenue
npsmoauHeinocTy asrxenus (LIN) 6bu10 Boime (87.1 %). B 1ieiaoM, mpoTHBOPEUNBLIC
pe3yabTaThl CPaBHEHHS JBYX NpPEICTaBUTENICH TPyIIIbI/ceKiuu Apodemus He MOoryT
CIIy’KUTh OOBSICHEHHEM OOHAPYKEHHBIX Pa3JIMYuil B TOJBHKHOCTU CIIEPMATO30UI0B
MEXKy MaJIOW JIECHOM MBIIIBIO U MOJICBKAMMU.

MO>XHO TPEIOIOXKUTh, YTO Ha TOKA3aTeIN MOABHKHOCTH 0OJiee KPYITHBIX, IO
CPaBHEHHMIO C MOJICBKAMH, CIIEPMAaTo30u 0B S. Uralensis Moria BIusTh NIyOWHA KaMephI
[Peng et al., 2015; Soler et al., 2018]. ITokazaHo, HampuMep, YTO HCIOJIH30BAaHUE
HerTyookux (20 MKM) KaMmep ¢ KamuUIIpHBIM 3 (HEKTOM CHUKAET CKOPOCTh JBUKCHUS
kieTok [Gémez Montoto et al., 2011b; Tourmente et al., 2015]. Henb3st uckaounTs 1
BIUSHUAC TIMTATCIIBHOW Cpeabl, Ha KOTOPYIO peakius KIETOK MOXET OBITh
BUJIOCTIEIIU(UYHOM, YTO OOBACHWIO Obl OOJiee HU3KWE 3HAYEHUS MPSIMOJIMHEUHOCTHU
nBUKeHus ciepMato3ouoB (LIN) y Manoi 1ecHO# MBIIIY 110 CPAaBHEHUIO C MOJEBKaAMU
(cMm. Tabnuiy 4.1).

A. Valverde ¢ coaet. (2019) Ha mnpumepe crepMbl XpSKOB IOKa3aid, 4YTO
3navueHust VSL n ALH ycroitunBel kK HaCTpoiiKaM CheMKHU JBHKEHUs KieTok [Valverde
et al., 2019]. DToT BakHBIH pe3yNbTaT MO3BOJSCT OMPAHUYNTD CIHUCOK MOTCHIIMATBHBIX
(GaKTOpOB, BIMSIONIMX HA IOKa3aTeNd IMOABHKHOCTH CIIEPMATO30MJI0B KOHKPETHOTO
BUJIa, JBYMSI OCHOBHBIMU — OCOOEHHOCTSMHM METOJIHUKH OTOOpa 00pa3lioB U BBHIOOPOK.
[locne crammapTuzanuu TOpOIEAyp OTOOpa W aHajdM3a CIePMATO30MAOB IOKa3aTelu
MOJIBMYKHOCTH MOTYT OBITh HEMOCPEICTBEHHO MHTEPIPETUPOBAHBI KaK CBONCTBEHHBIC
JAaHHOM BBIOOpKE (MOMyNIANMOHHON Tpymme). [lockonbKy cranmapTuzanus oTOopa
0o0pa3loB CHEpMbl Y MEIKUX MIJICKONMUTAIONIUX IOKa HE JOCTUTHYTA, TMOJyYCHHE

pC(I)epCHTHBIX 3HAYCHUM JJIs1 HUX BO3MOXKHO TOJIBKO B OTACIIBHO B3SITOU J'Ia60paT0pI/II/I.
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4.2 Me:XBUI0BbIE Pa3jinuus NoKa3aTejeil MOABHKHOCTH CIIEPMATO301/10B

Kax 6bu10 0TMEYeHO BhIIIe, Ha GOpMY, pa3Mep U MOJBIKHOCTh CIIEPMATO30UI0B
BausieT nojioBoii otoop [Liipold, Pitnick, 2018; Pahl et al., 2018; Rossi et al., 2018].
[TpuumHON SBOIIONNN Pa3MepoB U (POPMBI CIIEPMATO30UIOB MIICKOMTUTAIOIINX Pa3HBIC
aBTOPbI CUYMTAIOT MEXK- U BHYTPUBUIOBYIO KOHKYpeHIuto [Ward, 1998; Gomez Montoto
et al., 2011a, 2011b; Sandera et al., 2013]. Tax, M. Tourmente ¢ coasr. (2011)
MOKa3aJId, YTO C BO3PACTaHHMEM KOHKYPCHIIMH YBEIUYMBAIOTCS BCE CTPYKTYpPHBIE
AJIIEMEHTHI KJIETKU, MPUYEM T'OJIOBKU CIIEPMATO30M0B CTAHOBATCSA 00Jiee BHITIHYTHIMHU.
DOTH aBTOPHI TaKkKe OOHAPYNKUJIU, YTO YBEIMUYCHHUE JJIUHBI CIIEPMATO30UI0B CBI3aHO C

POCTOM CKOPOCTH JABUXKEHUS — aJallTUBHON XapaKTEPUCTUKON MPU KOHKYPEHIIUH.
4.2.1 Cpasnenue 6au3Kopo0CmeeHHbIX U008 NOJIC6OK

Mp1 00HApYXWIH, YTO TPU OJUHAKOBOHW J0JI€ MOJBIKHBIX KIETOK IMOKAa3aTeln
CKOPOCTH CIEPMATO30MJI0OB Y PpbIKEH TMOJEBKU OBLIM BBIIIE, Ye€M Y KpacHOM
(Tabauma 4.1). OgHako HEKOTOpbie MOp(OMETpUIECKHE MPU3HAKK CIIEPMATO30H/I0B —
JUTMHA TOJIOBKH, CPEIHEH YacTH XBOCTA U B LIEJIOM BCEH KJIETKH, HA00OPOT, y KpAaCHOM
NOJICBKK Ooubllie, 4Yem y peokedr [Smirnov et al., 2021]. dopma rojoBKH
CIIEpMAaTO30M/Ia Y ABYX BHIOB TaK)Ke HECKOJIbKO paznuyaetcs (PucyHok 3.1).

N3BecTHO Takke, 4TO y pbIKEH IMOJIEBKH 110 CPABHEHUIO C KPACHOMW BBILIE UHAECKC
CEMEHHUKA ¥ YPOBEHb TECTOCTEPOHA B TECTUKYJIAX, HO HUKE YPOBEHb 3TOr0 TOPMOHA B
kpoBu [I'pomoB, Ocaauyk, 2015]. ns ¢pusznonorum pasMHOKEHUS KUBOTHBIX (B TOM
YHUCJIe TPHI3YHOB) ATOT MOKA3aTeNIb YPE3BBIYAMHO BAXKEH, TAK KAaK MOXKET yKa3bIBaTh Ha
YpOBEHBb MPOU3BOJICTBA TMOJIOBBIX TOPMOHOB M CIIEPMATO30WUIOB M, KaK CIEICTBUE,
OTpaXkaThb CTECTICHb MEK- W BHYTPHBHIOBOW KOHKYPEHIIMH MEXKIY camIlaMu (T.e. 4eM
BBIIIE MHJIEKC CEMEHHUKA, TEM BBINIE KOHKYPEHTOCTIOCOOHOCTh CIIEPMATO30M 0B BU/A
wi ocobu) [Gomez Montoto et al., 2011a; Ambapsu u ap., 2015; Tourmente et al.,
2016; Liipold et al., 2020]. CBs3p MOJABMXHOCTH CIEPMATO30MJIOB C MacCOM Tena,
ceMeHHUKOB W mnpuaarounbix sxkene3 y Cl. glareolus w3 naGopatopHoii kooHHMH
obnapyxuin M. Kruzcek ¢ coart. (2013). VBenuuenue noJBUKHOCTH MOJOBBIX KJIETOK

aBTOPbl OOBSCHSAIM CEKPETOPHOW AKTUBHOCTBIO MPUIATOYHBIX IOJIOBBIX JKEJIE3,
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KOTOpbIE HAXOASATCS TMOJA HEMOCPEACTBEHHBIM KOHTpOJIEM aHAporeHoB. B  cBoro
ouepeqb, YPOBEHb aHJPOTCHOB (B TOM YHCIE TECTOCTEpOHA) CBA3aH C POCTOM U
Pa3BUTHEM MOJOBBIX OpraHoB. OAHaKO B OOJIBIIMX KOJUYECTBAX TECTOCTEPOH MOMKET
MO/IABJISITh BRIPAOOTKY CIIEPMATO30UI0B, a TAKIKE CEKpEIHio TOpMOHOB runoduza (OCI°
u JII'), yuacTByOIIKX B KOHTpoOJIE cTepouporenesa [Matsumoto et al., 1986].

Ha mepBbIii B3rUisA/l, KOHKYPEHTHOE MPEUMYIECTBO JIOJDKHBI UMETh CaMIlbl C
0oree KpPYMHBIMH TMOJIOBBIMH OpraHAMH U CIIEPMATO30MIaMH, OJTHAKO, MO-BUANMOMY,
YCIIEIIHOCTh PENpPOAYKLUMU BUAa 00ycioBieHa Ooyiee CIOXKHBIMU B3aUMOACHCTBUSIMU
(CTpYKTYpHBIMH M OMOXMMHYECKHMH) SJIEMEHTOB PEMpPOIyKTHBHOW CHCTEMBI, a HE
TOJIBKO UX pazMepamu. HeoOxoaumo emie pa3 MOAYEPKHYTh, YTO pa3invuus (OpPMBI,
pa3MepoB M TOABM)KHOCTH CIEPMATO30UJOB pPbDKEHM M KpacHOM TOJEBOK HE
NPEMATCTBYIOT MX ruOpuanzanuu B nadopatopun (Ocumosa, Coktun, 2006, 2008) u

npupoze [AdpamcoH u np., 2009; bopoaun u ap., 2011].
4.2.2 CpagneHnue nonesok u Manoil 1ecHoil Moluiu

Kak  yxe  ymoMuHamoch, OOJBITMHCTBO  IOKa3aTeleH  MOABUKHOCTH
CIIEpMATO30M/I0B MajON JIECHOW MBI CYIIECTBEHHO HWXKE, YeM Y IMOJIeBOK. Ecin
UCKITIOUNTHh BO3MOXKHBIC TEXHHUYECKHE MPUYUHBI ATOTO pe3yibTaTa (HeIOoCTaTOYHAas
rIyOrHa KaMmephl JUTsl aHaIn3a 00pas3IoB, HEMOAXOAIIas MUTaTeIbHAs cpeaa u JIp.), TO
NPUYUHONW HU3KOM TOJBIKHOCTH CIEPMATO30UJIOB MOXKET OBbITh 00pa3oBaHHME Tak
HA3bIBACMBIX  «IOE370B»  CIIEPMATO30MIOB (Ssperm-train) — XapaKTepHBIX IS
HEKOTOPBIX MpejacTaBuTeneii rpynmbl/cekimu  Apodemus (Bxmrouas — Sylvaemus).
OOpazoBanue «ImOE370B» — CKOIUJICHMH KJIETOK, B KOTOPBIX CIEPMAaTO30MIbI
NPUKPEIUISIIOTCA APYr K JPYry rOJIOBHOM 00JacThio (B OCHOBHOM 3a cueT 00JacTu
KpIOUKa) U 00pa3yroT moJBmwKHbIe arperatsl u3 10—50 ki1eTok — BIepBhIE OMUCAHO IS
Ap. sylvaticus [Moore et al., 2002]. ITo3:xe Takue «moe3ga» OOHAPYKUIH Y APYTHX
BugoB poga Apodemus (Ap. flavicolis, Ap. microps, Ap. agrarius) [Dvorakova, Stopka,
2004], a Tarxke y mpeiacTaBUTENeH APYrux ceMeicTB, Hampumep, ceM. Cricetidae
(p. Peromyscus) [Fisher, Hoekstra, 2010].

Bompoc 06 o6pa3oBanuu «moe3l0B» 10 CUX MOp AUCKyccuoHeH. Hekoropeie

HCCIICAOBATCIIM CYUTAIOT, YTO IIPH CKOINNICHUH CIICpMATO30HMAbI JOCTHUIAIOT Oonee
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BBICOKOM CKOPOCTH IIJIaBaHMsI, YeM CIIEPMATO30HIbI, IIaBAIOIINE 10 OTACIbHOCTH. TakK,
y Ap. sylvaticus ckopocTh OJUHOYHBIX CIIEPMATO30MI0B ObLIa HIIKE, YEM Y «ITOE3I0B»
(87 mxm/c mpotuB 132 mxm/c, coorBercTBeHHO) [Moore et al., 2002]. HaobGoport, y
apyrux BuaoB (Hampumep, M. musculus) otraenbHBIE CIIEPMATO30MIBI JBUTAIUCH
oeictpee [Immler et al.,, 2007]. Ilpu cpaBHeHMH ABYX BHIOB poja Peromyscus
oOHapywid, 4To camibl Buaa P. maniculatus ¢ Oomee BBICOKMM ypOBHEM
KOHKypeHIuu, 4eM P. polionotus, jerde pacrmo3HarOT criepMaTo30uibl APYT Apyra H
yamie oOpasyroT arperatel [Fisher, Hoekstra, 2010]. Kpome Toro, Takue BHJBI
(mokazano Ha mpumepe P. maniculatus) game oOpasyror arperaTsl o 6—7 KJIETOK ¢
ONTHUMAJIbHBIMU XapaKTEPUCTHKAMH JIBIKCHHS — 0€3 MOTEpPH CKOPOCTH, HO C Ooiee
BBICOKMMH TIOKazaTeasiMu npsmoiuHeinoctu [Fisher et al., 2014]. Ognako eciu
CIIEpPMATO30MI0B B arperare CIUIIKOM MHOTO, TO BCE IOKAa3aTead IIOIABMKHOCTH
YXYIIIAFTCA.

HecMmoTpst Ha TO, YTO CIIEPMATO30M bl MHOTMX TPBI3YHOB HMEIOT alMKaJIbHBIN
kproyok [Breed, 2005], 3To He CIyXHUT IOCTATOYHBIM YCIOBHEM JJisi O0Opa3oBaHHMs
«moe3noB» [Tourmente et al., 2016]. Ilpu cpaBHeHun 25 BUAOB TPHI3YHOB MOKAa3aHO,
9TO y BCEX BHIOB, HE3aBHCHMO OT HAIWYMs aluKaabHOIO KPIOYKa W YPOBHS
KOHKYPCHIIMH, JOJS OJMHOYHBIX CIEPMATO30MJ0B CPEAM TOJABIIKHBIX  KIETOK
coctaBisia B cpenHem 92-99 % (y peokeidt mosneBku 99.83 %), 3a HCKIIOUCHUEM
Ap. sylvaticus, y KoToporo Ha 010 OAMHOYHBIX CIIEPMATO30HI0B IMIPUXOIUIOCH TOJIBKO
48.77 % [Tourmente et al., 2016].

Msbl Takke HaOMIOmANM B HEKOTOPBIX 00paslax IMPOTrPECCHBHO IOABHMIKHBIE
arperatbl U3 6—10 knetok (Pucynok 4.1). x He0ObIIOE KOJIUYECTBO, BO3MOXKHO,
CBSI3aHO C paCcCCHBAHUEM CIIEPMATO30HMI0B M3 arperaroB B TCUCHHE KAKOTO-TO BPEMEHHU.
[Tokazano, uro y Ap. sylvaticus paccenBanue arperatos in Vitro HauMHAETCS TPUMEPHO
yepe3 30 munyt [Moore et al., 2002], y aByx BumoB Peromyscus — depe3 40 MuHyT
[Fisher, Hoekstra, 2010]. Msl He ompeAensii BpeMs PacCEMBAHHS arperaToB IS

S. uralensis u He yYUTHIBAIU MX B aHAJIH3E.
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CTpernku yKa3bIBalOT Ha «I10€3/1a» CIIepMaTo30Hu 0B (Sperm-train)

Pucynok 4.1 — Arperatsl criepMaTo30u10B («1oe310By») y S. uralensis
(mepe3uMoBaBIIIMI caMmell, MMITAKTHBIN yuacTok B paitone CYM3, 2020 r.),

yBenmueHune X200, 6e3 okpammBaHus

Takum oOpa3oM, 10 cHX TOp OOpa3oOBaHHE arperaTtoB CIEPMAaTO30UIOB Y
HEKOTOPBIX BUIOB MBIIIECBUIHBIX IPHI3YHOB CUHUTAIOT OMOJIIOTHYECKON «CTPAHHOCTBHIOY
[Tourmente et al., 2016]. OxHa K3 NEPBBIX THIIOTE3 OTHOCUTEIBHO (PYHKIIMOHATBHOCTH
Takoi (OPMBI aKpPOCOMBI CIIEPMATO30MIOB 3aK/II0Yanach B TOM, YTO OHAa MOXKET
JIeHCTBOBaTh KaK KPIOYOK, LEIUISSACh 3a DIHUTEIHH JKEHCKHMX ITOJIOBBIX IyTEH, 4YTO
yJIydIIaeT TPAHCIOPT CIEPMATO30MIA0B IO TOJOBBIM MYTSIM CaMKH M MPHKPEIUICHUE
CIIepMaTO30MI0B K Mepemieiky siteBoga (isthmus tuba uterina), obpasys pesepByap
cnepmaro3onioB [Suarez, 1987; Smith, Yanagimachi, 1990]. ITo3zxe R.C. Firman wu
L.W. Simmons (2009) mnpeamnonox)wim, 4YTO NPHKPEIICHHE CIIEPMATO30UI0B K
’KCHCKHUM ITyTSIM TIPUBOJIUT K TPEAOTBPALICHHUIO TTACCHBHOM MOTEPU CIIEPMATO30UI0OB H

CHIDKEHHIO pacxojia dHepruu crepmaro3ouaos [Firman, Simmons, 2009].
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Eime oana rumore3a COCTOUT B TOM, 4TO (hopMa TEPMHHAIBHOIO KOHIIA KPIOYKa,
Hapsay ¢ OCOOBIM XapaKTepOM JBHIKCHHS JKTYTHKOB BO BpEeMsl B3aWMOJICHCTBHS
CIIEPMATO30HMIa W  SUIEKICTKH, MOXET YBEIMYMBaTh (DU3UYECKOE JIaBJICHUE,
OKa3plBaeMO€ Ha  OOOJIOYKH  SIMIIEKJIETKH, W  oO0Jjerdarb MPOHUKHOBEHHE
cuepmaro3ouoB [Flaherty et al., 1983; Drobnis et al., 1988]. Ognako Hu ogHa U3
TUIIOTE3 TIOKA HE TIOATBEPIKICHA.

CyWTaoT, 4YTO BHIBI TPHI3YHOB C BBICOKUM YPOBHEM KOHKYDPEHIIHH
CIIEPMATO30MIOB TMPOU3BOJAT OoJyiee OBICTPBIC CIEPMATO30MIBI, M YTO CKOPOCTH
CIIEPMATO30HIOB MMOJIOKHUTEIBHO KOPPEIUPYET C IJIOMIA/IHI0 TOJOBKH CIIEPMATO30UIa U
nuHHOM xBocTa [GOmez Montoto et al., 2011b]. I[lpumeuarenbHO, YTO ILIONIAMb
TOJIOBKM CIIEPMATO30Ma HMEeT OoJiee BBICOKME 3HAUCHHUS y BHUJOB, Yy KOTOPBIX
NPUCYTCTBYET alMKaAbHBINA KpIOYOK. I10sBIEHME KPIOYKa CBS3BIBAIOT C yBEIHUYCHUEM
JUIMHBL criepMaTo3ouioB y rpeisyHoB [Roldan et al., 1992; Breed, 2004, 2005].
[TockoNbKY ~ CIIEPMATO30HMIbI  MBIIICBUIHBIX  TPBI3YHOB  UMCIOT  TCHJICHIIHIO
YBEIUYHUBATHCS B JIIUHY IPU BHICOKOM YPOBHE KOHKYPEHIIUU CIIEPMATO30MI0B, a OoJiee
JUITMHHBIC CIIEPMATO30M/IbI, KaK MpaBmIIo, MaBaroT ObicTpee [Tourmente et al., 2011],
MOSIBICHWE KPIOYKA M YIJIMHCHHE XBOCTA MOTYT OBITh YAaCThI0 HHTErPajIbHOM
MOpGOJOTHUECKOM afanTaliy K BRICOKOH KoHKypeHiuu [ Tourmente et al., 2016].

[Tony4yeHHbIC HAMU JaHHBIC JEMOHCTPHUPYIOT, YTO YPOBHU KOHKYPEHIIUU MEKIY
caMIlaMH Pa3HbIX BUIOB, OMpPEIEIeHHbIE [0 HHAEKCY KOHKYPEHTHOCTH (OTHOCHUTEIILHOM
macce cemennukoB) (Tabmmma 2.3) [Kenagy, Trombulak, 1986], cootsercTByeT
YPOBHSIM,  ONPEAEISIEMBIM IO  CKOPOCTHBIM  IIOKa3aTeasiM  IOABMKHOCTH
cnepmarosounnioB: Cl. glareolus > Cl. rutilus > S.uralensis (Tabmuma 4.1), HO
MOJHOCTBIO IPOTHBOPEYAT YPOBHSM, ONPEICIAEMBIM I10 Pa3MEPHBIM IPH3HAKAM
nosioBeIx kierok: S.uralensis > Cl. rutilus > CI. glareolus (Ta6muua 3.1). MoxHo
NPENOI0KNUTh, YTO pa3Mep CIIEPMATO30MI0B HE €AMHCTBEHHBINH (PAKTOP, BIMSIOLIHUIA
Ha KOHKYPEHTOCIIOCOOHOCTh CaMIlOB, W HE HCKIIOYCHO CYIIECTBOBAHUE JIPYTHUX
PENPOAYKTHBHBIX CTPATEI Ui, IOMUMO YBEIUUEHHS JUTHHBI KIETKHU (TUIOIIAIAN TOJIOBKH),

HanpuMep, o0pa3oBaHus moe3a0B (Sperm-train).
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4.3 Bb10op KJII0YeBbIX MOKAa3aTeJeil MOJABHKHOCTH CIIEPMATO30U/10B

N3-3a BuUgocnenuuUYHOCTH TOKa3aTejell MOABMKHOCTH  CIIEPMAaTO30HUI0B
(Tabmuma 4.1) nanee UX aHATM3UPOBAIU OTACIBHO JIJIS KXKJI0TO BUJIA.

Y CI. glareolus na mepeele aBe rmaBHble kKommoHeHTsl (PC 1 m PC 2)
W3MEHYMBOCTU TIOKa3aTelield TOJBHUKHOCTH CIIEPMATO30UI0B Mpuxoamwioch 84.2 %
obmeit nucnepcuun, y Cl. rutilus — 84.4 %, y S. uralensis — 92.1 % (Tabnuma 4.2). B
IIEPBYIO TJIABHYIO KOMITIOHCHTY Y BCEX TpeX BHIOB OCHOBHOW BKJIAJ] BHOCHIIH
MOKa3aTeIM, XapakTepU3YIOIUE CKOPOCTh  CIIEPMATO30HUI0B, BO BTOPYIO —
HaIMpaBJICHHOCTh JBWXEHUs. [l panpHeliero aHanu3a BbIOpajad JBa XOPOIIO
UHTCPIIPETHPYEMBIX  ITOKa3aTeldss C BBICOKUMHU (DAKTOPHBIMH Harpy3Kamu, He
koppenupyromue mexay coboit — VCL (PC 1) u STR (PC 2). Takxe aHanu3upoBaiu

JIOJTIO TIOJIBIDKHBIX KiieTok (Motile).

Tabnuna 4.2 — ®akropHble Harpy3ku AByX miaBHbIX komrmoHeHT (PC 1 u PC 2) mo

nokazaressm nojasmwkHocT criepmarto3ouaos Cl. glareolus, Cl. rutilus, S. uralensis

Cl. glareolus Cl. rutilus S. uralensis
ITokazaTtens
PC1 PC2 PC1 PC2 PC1 PC2
VCL, MkM/c 0.91 0.35 0.91 -0.26 0.97 -0.05
VSL, Mxm/c 0.98 -0.19 0.96 0.24 0.87 0.49
VAP, MkMm/c 0.99 0.10 0.99 0.02 0.90 0.42
ALH, Mxm 0.35 0.92 0.23 -0.92 -0.04 -0.98
BCF, I' -0.28 -0.27 -0.44 0.33 -0.74 -0.35
STR, % 0.00 -0.97 0.05 0.97 0.38 0.88
LIN, % 0.12 -0.94 0.52 0.79 0.65 0.75
Homns obmeit 42.6 41.6 46.6 37.8 51.6 40.5
nucrepcun, %o

Bricokuii ypoBeHb KOppessiuuu nokasareneil ckopoctu aswxkenus (VCL, VSL,
VAP) ciepmaTo30u10B, 0OHAPYKEHHBIH HAMH y TpeX BHIOB rpei3yHoB (Tabmuna 4.2),

nokasanu Ttakke L. Gomez Montoto ¢ coasr. (2011b) mns 11 BHIOB TIphI3YHOB,
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M. Tourmente ¢ coasrt. (2015) mis 18 Bugos, Brirouast Cl. glareolus. CxoxctBo cBsizeit
ToKa3aTeNiel, MPUBOJUMOE STUMH aBTOPaMH, MOXKET OBITh KOCBEHHBIM CBHJICTEIHCTBOM
BaJIUHOCTH TIPOBEICHHOTO HaMH aHaiu3a. KpoMe Toro, BhICOKasi CTEIEHb KOPPEISAIINN
nmokazareneii VCL, VSL, VAP wMoxer OBITH ¢€IIe OJHUM CBHICTSIHCTBOM

HpHMOHHHGﬁHOCTH HUX ABH)KCHUA HAPAAY C paCCUUTBIBACMBIMH IIOKA3aTCIIIMU STR n

LIN.
4.4 HOI{BI/DKHOCTL CIEpPMAaTO30MA0B B PA3HBIX NONMY/JIANUOHHBIX I'PyIIIIax

CBs13b MOABMKHOCTH CIIEPMATO30HI0B ¢ a0COIOTHBIM BO3PAacTOM, Kak U MHOTHE
JPYTHE acIeKThl aHAJIM3a KaueCcTBa CIIePMBI, Jallle U3yJaroT y yenoBeka [Johnson et al.,
2015], xozsiicteenHo 3HauumMmbIx [Ntemka et al., 2019], mabGoparopueix [Syntin,
Robaire, 2001] u qukux xuBoTHBIX B skcriepumente [Wolf et al., 2000; Kruczek et al.,
2013]. s >KMBOTHBIX M3 MPUPOTHBIX IMOMYJISAIUN TaKKMX padOT 3HAYUTEILHO MEHBIIIE,
OJTHAKO W3BECTHBI MPHUMEPHI BO3PACTHONW M3MEHYMBOCTH TOKAa3aTeNeH IMOJBHKHOCTH
CIIepMaTo30MI0B y rokHOadpukaHnckoro remapaa (Acinonyx jubatus) [Crosier et al.,
2007] u ucmanckoro 6maropoanoro ojieHs (Cervus elaphus hispanicus) [Martinez et al.,
2008]. YV HEKOTOpBIX BHIOB OJTOKHBYIIHUX J>KUBOTHBIX (CEIbCKOXO3SIMCTBEHHBIX U
JTUKWAX) HW3yYalld CE30HHYI0 KOMIIOHCHTY BO3PAaCTHBIX HW3MEHEHUH IOJIBHUKHOCTH
cniepmaro3onoB [Kozdrowski, Dubiel, 2004; Ntemka et al., 2019].

Brusaue aOcoiroTHOro Bo3pacTta Ha OO  TMPOTPECCHBHO  IMOJBFIKHBIX
cnepmato3ouioB Cl. glareolus u3 nadoparophoit kojonun ooHapyxuiu M. Kruczek ¢
coanT. (2013): camas BbICOKas OJIs1 STOrO Kj1acca KJIETOK ObLTa Y 4-MECSUHBIX CaMIIOB
110 CPaBHEHHIO ¢ 00JIee MOJIOJIBIMH U OoJiee cTaphIMUA. ABTOPBI TAKXKE IMOKA3alld, YTO C
6-MecsiyHOTO BO3pacTa J0 KOHIIA PENpoOayKTHBHOIO mepuoja (Bo3pacTt 15 mec.)
KaueCTBO  CIIEPMATO30MIOB  (BKJIFOYAs  ITOKa3aTeld  TOJBHKHOCTH)  ITOJICBOK
3HAYUTEIIbHO CHMXKAJIOCh. PabOTHI MO M3ydeHHWIO BJIMSHHUS BapHaHTa OHTOIEHE3a Ha
MIOJIBYKHOCTD CIIEPMATO30HI0B ITPHI3YHOB HAM HE W3BECTHEI.

Mps1 00HApYKUIIH, YTO MPUHAAJIEKHOCTh K TOW WM MHOW TpYMIEe HE BIUANA Ha

IOKa3aTe/ M MOJBMKHOCTH cIiepMaTo30oua0B rpei3yHoB: s Cl. glareolus |t ] = 0.82 —
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1.65, p = 0.103 — 0.417; ansa Cl. rutilus | t | = 0.47 — 1.30, p = 0.200 — 0.637; nns
S. uralensis |t|=0.13-1.70, p = 0.108 — 0.900.

B pasgene 3.1 mbl mokasanu Ha mpumepe Cl. glareolus, uro mis ananmsa
MOP(OJIOTUM HOPMAJBHBIX  CIIEPMATO30MJOB HE BaXXHO, HA KaKOW CTaauu
3peJIOCTI/I/CTapCHH51 HaXO0OATCA JXKHUBOTHBIC M KOI'Jd OHU AOCTUTANOT ITOJIOBO3PCIIOCTH.
HO-BI/II[I/IMOMy, [NIOKa3aTeJIn IIOABHXKXHOCTH, KaK WU MOp(i)OJIOI‘I/I‘{CCKI/IG IIOKAa3aTeIn
HOPMAJIBHBIX CIICPMATO30MA0B, CICAYCT CUHHUTATDH I[eq)I/IHI/ITI/IBHI)IMI/I XapaKTCPUCTUKAMHA
MOJIOBO3PENBIX 0COOEH, KOTOPBIE HE 3aBUCST OT MOMYJISIIMOHHON TPYTIIIHI.

OI[HaKO HaM IIOKa HC YJaJIOCh HMCCIICA0BATbL OHTOTCHCTHUYCCKYIO M3MCHYHMBOCTD
MoKa3aTejeH IIOABHMIXXHOCTH, CBA3AHHYIO CcO craausamMunu IIOJIOBOI'O pa3BUTHUA

(co3peBaHmMEM, MTOJTOBO3PEIOCTHIO, YTACAHUEM MOJIOBOU (PYHKITUN).
4.5 BausiHue XUMHY€CKOT0 3arpsi3HeHUsl

dakTop «pailoH» Tak)Ke HE BIUSII Ha MOKA3aTeu MOJIBHYKHOCTH CIIEPMATO30HI0B
rpe3yHoB: as Cl. glareolus [ t|=0.31—1.27, p = 0.209 — 0.756; aus Cl. rutilus |t | =
0.32 — 0.56, p = 0.575 — 0.752; nnsa S. uralensis | t| = 0.61 — 1.58, p = 0.133 — 0.548.
[TocKONBKY BIMSHUE TMOIMYJSALMOHHOW TPYIIBI U palioHAa OTJIOBOB OKa3ajloCh HE
CYIIIECTBEHHBIM, VIS JATbHEHIIIET0 aHAIM3a Mbl 00bETMHIIIN KUBOTHBIX PA3HBIX TPYIIT
Y U3 Pa3HbIX PaliOHOB.

Bnusiaue 3oHb1 3arps3nenus Ha Motile u VCL y pbbkelt MojeBKH 0Ka3ajaoch
3HAYMMBIM: Ha HWMIAKTHBIX YYacTKax JOJS TOJBIKHBIX KIETOK W HMX CKOPOCTh
OKa3auch HUXKe, YeM Ha POHOBBIX (tmote = -2.60, p = 0.011; tyc. = -2.43, p = 0.018)
(Pucynok 4.2). OnHako (akTop «30HA 3arps3HEHHs» OOBACHST TOJNBKO 9 % oOriei
nucnepeun s Motile u 8 % — s VCL. Y kpacHOM MOJIGBKH U MajIOW JIGCHOW MBIIITH
oba mokasatens He pasauuanuch Mexay 3oHamu: it Cl. rutilus tyege = -0.21, p =
0.837; tyc, = -1,87, p = 0.067); mms S. uralensis tyegiie = -0.29, p = 0.772; tyc. = 0.92,
p=0.373.

[TokazaTenp HampaBiaeHHOCTH ABWKeHUs (STR) crmepmaTo30uoB y BCEeX BHUIOB
He pasnuyancs mexay 3onamu: juis Cl. glareolus t = 0.60, p = 0.548; nna Cl. rutilus t =
-0.76, p = 0.451; nna S. uralensis t = 1.21, p = 0.242,
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Taxke y pbDKel MOJIEBKM Ha MMITAKTHBIX ydacTKaxX ObLIa BBIINIE W3MEHYHBOCTh
nokazarens Motile (CVgy = 14.85; CV|, = 25.18; Fptie = 2.26, p = 0.017) — Tomnbko
3IECh BCTPEUAIMCh OCOOM C KpaiHe HHU3KAMHU TI0Ka3aTeISIMA  IOJIBUKHOCTH
cnepmaro3ouioB (PucyHok 4.2).

VY MaJtoit JieCHOM MBIIIH, HA000POT, M3MEHYMBOCTH TIOKazaresst Motile okazanack

BBILIE Y )KMBOTHBIX Ha (POHOBBIX ydacTkax: CVgy = 63.81; CV), = 32.81, Fpoiile = 4.34,

p = 0.045.
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Cl glareolus ClI. rutilus S. uralensis Cl. glareolus CI. rutilus S. uralensis

(1)0HOBI)I€ Y4YaCTKH — oe3 3aJIMBKHU, UMITAKTHBIC YHAaCTKHU — CCpasd 3aJIMBKa; TOPU30OHTAJIbHAA Y€PTa —
MCJiMaHa, rpaHulbl AHUKa — Me)KKBapTI/IJ'ILHLII\/'I pa3Max, yCbl — MUHUMAJIbHOC 1 MAKCUMAJIbHOC
3HAYCHUS, HC ITPCBLINIAOIINEC 1.5 MCKKBAPTUJIBHBIX pa3dMaxad, TOUKa — BLI6pOC;

* — pazmumst ipu p < 0.05
Pucynox 4.2 — Jlonst moaBmxkHBIX criepmato3ouaoB (Motile, %) 1 CKOpOCTh ABUKEHUS
cnepmaTo3on10B 1o kpuBoil (VCL, MKM/C) y TphI3yHOB ¢ (POHOBBIX U UMITAKTHBIX

Y4acTKOB

B TOKCHKOIOTHYECKHX 3KCIEPUMEHTaX, KaK IMPaBUJIO, OTMEYAIOT J030BYIO
3aBUCHUMOCTh MEXIY YPOBHSMH TOKCHKAHTOB M IOKa3aTeIsMH IMOABIKHOCTH. Tak, y
oneiTHOM rpymmbl Cl. glareolus u3 mabopaTopHO# KOJIOHHU MPH 3aTpaBKe CyIb(haToOM
MEId H  XJOPHIOM allOMHHHUS OOHApY)KEHO CHIDKEHHE JIONHM  ITOJBHIKHBIX
CIIEPMATO30M/IOB 110 CPABHEHHUIO C KOHTPOJbHBIMU XHBOTHBIME (¢ 82 10 6 %) [Miska-

Schramm et al., 2014, 2017]. Tlpu 3TOM CHWXCHHE TOJIBHXXHOCTH CIIEPMATO30HI0B
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COIIPOBOXJAJIOCHh YBEJIWYCHUEM JOJIA KIETOK C AHOMaJIbHOM TOJIOBKOW. ABTOpPBHI
MIPEATOJIOKUIIN, YTO, HAIPUMEP, MEIIb MTPH BBICOKMX KOHIICHTPAITUSIX MOTJIA BBHI3HIBATH
OKHCIIUTENBHBI CTpecc, TOBPEXMAIINNA CIEPMATO30MAbBl M, KakK CIEACTBHE,
CHIDKAIONTUH MX MMOABUKHOCTH M OTUIOJOTBOPSIONIYIO CTIOCOOHOCTb.

L.V. Tannenbaum c coagt. (2003, 2007) uccienoBain CIEpPMaTO30MIbI Pa3HBIX
BUJIOB TPHI3YHOB, OOMTAIONIMX HA y4acTKaX, B MOYBE KOTOPBIX COJICPIKATCS BBICOKHE
YPOBHH TSDKEIIBIX METAJIJIOB, TPOTHIIA, TEKCOTEHA U IPYTUX OMACHBIX BemiecTB. OaHAKO,
HECMOTpSI Ha CTATUCTUYECKHUE Pa3NIMyMs ToKazaTeliel CIepMaTo30UJI0OB TPHI3YHOB C
(OHOBBIX WM 3arpsA3HCHHBIX YYACTKOB, 3TH PA3IMYMsl HE MPEBBIMIATN IMOPOTOBBIX (40—
50 % — mi1g mokasaTeneil MOABMKHOCTH KiIeToK, 60 % — 11 KoJIndecTBa KIETOK) IS
MPU3HAHUS TEPPUTOPHUH OMACHOM.

Takum oOpa3oMm, TIOKa3aTeNW TOJBIKHOCTH CIIEPMATO30MAOB OKa3aJMCh
BUJIOCTICIIU(UYHBIMU: OOJBITMHCTBO M3 HUX y MAaJIOM JIECHOW MBIIIM CYIIECTBEHHO
HUKE, YeM Yy TOJIeBOK. Paznuumss MOryT OBITh CBSI3aHBI KaK C TEXHHUYECKUMHU
MPUYMHAMH, TaK ¥ C YPOBHEM MEXBUIOBOW KOHKypeHIMH. [loka3zaTenu MoIBHKHOCTH
CIIEpPMATO30MI0B HE 3aBUCEININ OT paiioHa u monyssinuoHHo# rpymmel. Y Cl. rutilus u S.
uralensis mokazatenu mnonswxkaocTH (Motile, VCL, STR) He pazmuyanuce MExIy
y4acTKaMH C pa3HbIM ypoBHeM 3arpsisHenus. Y Cl. glareolus Ha cuibHO 3arpsi3HEHHBIX
ydacTKax JoJs MoABMKHBIX KieTok (Motile) u ckopocts criepmato3onaoB (VCL) O6biu
CHIW)KCHBI 10 CpaBHEHUIO ¢ (oHOBEIMU. OHAKO W3MEHYMBOCTH TIOKa3aTeseH,
oOyCJIOBJIEHHAsl 3arps3HEHUEM, cocTaBisuia Bcero 9 m 8 %, COOTBETCTBEHHO, T.e.
MOKAa3aTeNId TMOJABMKHOCTH CIIEPMATO30MJIOB TPBHI3YHOB W3 TPHUPOIHBIX ITOIYJISIIHHA

ci1abo IMOABCPIKCHBI BIIMAHUIO 3arpA3HCHUSI.



105
I'maBa 5. KOHLUEHTPALIA CIIEPMATO301U 0B

5.1 Pe(l)epeHTHble SHAYCHUA KOHINCHTPAIUH ClIEpMaTOo301U/10B

OmnpeneneHre KOHIIEHTPALMK CIIEPMATO30MIOB Y HYEIIOBEKA M XO3SHCTBEHHO
3HAYMMBIX JKHBOTHBIX — PyTHHHAS TpoIeypa, permamerTapyemas BO3 u pa3nuaHbiMu
HAI[MOHAJIBHBIMA U MEXKIyHapoaHbIMH pykoBojctBamu [WHO laboratory manual for
the examination and processing of human semen, 2010; Bjorndahl et al., 2010;
Chenoweth, Lorton, 2014]. Ins maGopaTOpHBIX XHBOTHBIX, B TOM YHCJIEC TPHI3YHOB,
TaK)Ke€ pa3pabdOTaHbl pErjJaMeHThl (MPEeArNoNaraloT HUCCEYCHHUE UM TOMOTECHU3AIUIO
npuIaTKoB ceMeHHuka) [Tayama et al., 2006; Behringer et al., 2014], ogHako mouck
HOBBIX, ONTHMAIBHBIX METOJIOB ONPEICICHUS KOHIICHTPAIMU W CBS3aHHBIX C HUMU
METOJ/IOB 0TOOpA SIKYJIUPOBAHHBIX WM MUIUTUMAIBLHBIX CTIEPMATO30U 0B BEJIETCS 110
cux mnop. B pa3sHBIX HMCTOYHMKAX MOMXHO BCTPETUTh pPa3HOOOpa3HbIE CIIOCOObI
OTIpeJIeICHHs] KOHIIEHTpAIuu (UM a0COIOTHOTO KOJMYECTBA KJIETOK) CIIEPMATO30UI0B
I'PBI3YHOB, PE3YyJIbTaThl KOTOPBIX TPYAHO UM HEBO3MOXKHO CPABHHUTH MEXKLYy COOOI.

OmHu WccrmeoBaTeNM MOMENIAIOT SIHUIUIUMUCE TPHI3YHOB B TMHTATEIIBHYIO
cpeny (0.1 M), 3aTeM aKKypaTHO BBIIABIMBAIOT M3 HUX MUHIIETOM SIUIUIAMAILHYIO
XKHUIKOCTh, KOTOpas 4epe3 CEMSBBIHOCAIIMKI MPOTOK MomnagaeT B cpeny. [lomyueHnyro
CYCIICH3HIO C TOMOIIBIO MUTATEIBHON Cpeabl JOBOIAT 10 HY)XKHOTO oObema (2 Mmi)
[Kruczek et al., 2013; Miska-Schramm et al., 2014, 2017]. Ilo-BuagumMOMy, TaKum
CIIOCOOOM MOYKHO TOJYyYHUTh HE OYCHb OOJIBIIOE KOJIWYECTBO OSIHIANIAMAIBLHON
KUJKOCTH, MOCKOJIbKY 3HAUYE€HUS! KOHIICHTPAIlMM Ha HECKOJIbKO mopsiakoB (B 100 u
Oosiee pa3) HIDKE 3HAYCHUH, MOYYCHHBIX IPYTMMH MeToaaMu. Kpome Toro, aToT Metoa
KOKETCI CYOBCKTUBHBIM, ITOCKOJBKY TIOKa3bIBACT KOJHMUYECTBO CIIEPMATO30MJIOB,
KOTOpO€ WCCJIeIOBAaTeIM CMOTJM  BBIIAaBUTh, YTO BBI3BIBAET COMHEHHUS B
BOCITPOU3BOJAMMOCTH PE3YJIHTATOB.

Hpyrue wucciemoBareny TakKe CHadajga TOMEIIAT ANUANJIAMECH B
MUTATEILHYIO CPelIy, 3aTeM JIeJalOT aKKypaTHbIe Haapesbl (0T 3 10 5) B IUCTAIBHON

4acTh 000UX IMUAUAMMUCOB U B TeueHue 2—10 MUH Jal0T criepMaTo30uaM CBOOOHO
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«BBITUTBITHY W3 Pa3pe30B SMUIUIUMUCOB Hapyxky [Gomez Montoto et al., 2011a;
Tourmente et al., 2015]. /lanee onpeaesiroT KOHIICHTPALMIO CIIEPMATO30UI0B B 00bEME
NUTATEIBHOM Cpellbl U TEPECUUTHIBAIOT Ha O0IIee KOJIMYECTBO CIEPMAaTO30UIOB B
pactBope. [lomydeHHbIe a0COMIOTHBIC 3HAYCHUST OOIIETO KOJMYECTBA CIIEPMATO30HIOB
MOTYT CIY)XHTh B Kauye€CTBE OLEHKH <« 3IUAUJAMMAIBHOIO pe3epBa» — OOIIETro
KOJIMYEeCTBA KJIETOK B snuauaumucax [Ocamuyk, Knemés, 2016] — u xopoiio
KOPPEJIUPYIOT C OIEHKOHM, MOJIy4yaeMOW MpH TOMOTEHU3AlMU SHUAUAUMUCA, TPH
YCJIIOBUH, YTO BSI3KOCTh U AUCIEPIUPYEMOCTh SMUAUAUMAIBLHON KUIAKOCTU Y Pa3HbBIX
BUJIOB OJTMHAKOBA.

3aMeTuM, OJHAKO, YTO KOJIMYECTBO BBHITUIBIBIIMX W3 AMUIUIMMHCA MPU O000UX
BBIIICONUCAHHBIX ~ CMOc00aXx (C  aKTUBHBIM W TACCHUBHBIM  «BBITUIBIBAHUEM)
CIIEpPMATO30U/I0B) MOXKET 3aBUCETh OT BEJIWYMHBI (JUIUHBI U TIIyOMHBI) pa3pe3a opraHa.
Ecnum BenmnunHa pa3pe3a OAMHAKOBA, BHE 3aBUCUMOCTH OT pa3Mepa OpraHa, TO
KOJIMYECTBO  BBIIUIBIBIIMX KJIETOK OTPa)XaeT KOHUEHTPALHUIO SIUIAIAMAIbHOU
YKUJIKOCTH, €CJIM pa3pe3 MPOIMOPIHUOHANIEH pa3Mepy opraHa (3aBHCUT OT €ro pa3mMepa),
TO MOKa3aTelb OTPAKAET YUCIIO CIEPMATO30UIOB B OpraHe (aHajor MHUAUIAMAIEHOTO
pe3epna).

TpeTbss Tpymnma wucciaegoBaTesied MpeiaraéT TOMOT€HU3UpPOBATh  OJUH
[Tannenbaum et al., 2003, 2009; Tannenbaum, Beasley, 2016; Chen et al., 2021] wiu
o6a snuauaumuca [Ocaguyk, Kimemés, 2016]. [ns storo ero (uMx) B3BEIIMBAIOT,
W3MEJNIbUalOT, BCTPSAXUBAIOT B IICHKepe, 3aTeM QUIBTPYIOT Yepe3 HEMIIOHOBBIN (PHIIBTP
[Ocaguyk, Knemés, 2016]. L.V. Tannenbaum c¢ coaBT. 100aBisiiOT B TOMOI'€HAT
bayopecuupyrommii kpacutenb (Hoechst dye H33342) ans okxpammBanus JJHK B
roJIOBKE criepMaro3oujia. [nsi cpaBHEHHS pPa3HbIX BUJOB IMOJIYYEHHOE KOJIMYECTBO
KJIETOK HOPMHPYIOT Ha MacCy TOMOTE€HHW3UPOBAHHOIO SIHUIUJUMHUCA U YKa3bIBAIOT
KOJIMYECTBO KJIETOK HA €MHUIY Macchl anuauaumuca [Tannenbaum et al., 2003, 20009;
Tannenbaum, Beasley, 2016]. B ciydae, eciu HCHONB3YyIOT 00a SHHIXWAMMUCA,
MOJYYaroT OLIEHKY «UCTUHHOTO» 3MUIUIUMATIbHOTO pe3epna [Ocaquyk, Kinemés, 2016].

OI[HaKO HOHy‘lGHHBIfI roMoreaar COACPKUT MHOKCCTBO OCTATKOB pPa3MCIIbYCHHOI'O
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MMUANANMKCA, OT  KOTOPHIX  HEOOXOAMMO  W30ABISTHCS  JIOMOJHHUTEIHHBIM
HeHTpUyTUpoBaHUEM U QUITHTPAIHCH.

XOoTsa MeToJ TOMOTeHM3alluM KaXeTcs Haubojee aJeKBaTHBIM CII0COOOM
ONPEAEICHNS] KOHIIEHTPALMU CIIEPMATO30M/I0B, €r0 HEJb3sI UCIIOJIb30BATh JJIsI aHAJIA3a
rokKasaTesiel MoJBUKHOCTHU. [lepBbie ABa METOJa MO3BOJAIOT OLICHUMBAThH MOKAa3aTEIn
MOJIBMYKHOCTHA M KOHIICHTPAIIMK OJTHOBPEMEHHO, HO MOKAa3aTelyd MOABUKHOCTH B 3TOM
ciiydae MOTYT OBITh CMEIICHHBIMU (00JIee BRICOKMMH) 3a CYET TOTO, YTO YaCTh KIETOK C
MopdosoruueckumMu AedeKTamu, He CHOCOOHAs K AaKTUBHOMY JBUKEHHUIO, MOXKET
3a7E€PKUBATHCS B SMUIUIUMUCE.

[TpennoxxkeHHplidi Hamu MeToJ (CM. pasnen 2.5), MO3BOJSCT HCCIIEI0BaTh
OJHOBPEMEHHO II0KA3aTeIu NOABWKHOCTM M KOHUEHTPALMU CIEPMATO30UIOB B
AMUIUIMMHUCAX B HECKOJBKMX IMOBTOPHOCTAX, MPUYEM MPOObI (CO BCEM CIEKTPOM
KJIETOK, BKJIIOYasi HECIIOCOOHBIX aKTHBHO BBIIUIBIBATH) MOTYT OBITH OTOOpaHBI HE W3
OIHOM M TOU K€ TOTOBOM «MAaTOYHOW» CYCIEH3UMU. XOTS Mbl IIOKa HE MPOBOIUIIU
CpPaBHEHHUSI C METOAOM, KOTOPBIM HCIHOJB3YyI0T, Hanpumep, M. Tourmente ¢ coasr.
(2015), mamu AaHHBIE KOCBEHHO CBHJICTEIIBCTBYIOT O TOM, YTO JIOJS IOJBHKHBIX
CIIEPMATO30U/I0B MOXKET OBITh 3aBBIIICHA MPU UX CBOOOTHOM «BBITIIBIBAHUL.

C npyroil CTOpPOHBI, «3aTOYCHHOCTBY» HAIlEH METOJWKH Ha  OTOOp
SIUAUAUMAIIBHBIX CIIEPMATO30UA0B JUISI OLIEHKU IOJBMYKHOCTH HE MO3BOJISIET TOYHO
OIICHUTH OOIIMI 3amac KJIETOK B XBOCTOBOM YAaCTH MPUAATKOB, XOTs, IO MHEHUIO psJia
aBTOPOB, ATOT TOKa3aTejb YyBCTBUTENICH K Bo3aekcTByromMM (aktopam [Chapin et al.,
1997; Tannenbaum et al., 2003; Tayama et al., 2006; Chen et al., 2021].

Eme onHo BakHOE 3aMeuaHHE KacaeTcsl CTENEeHU MOAPOOHOCTH MPOTOKOJIOB
0oTOOpa M aHAMKM3a MOABMKHOCTH M KOHIIEHTPAIIMU CIIEPMATO30MI0B TPHI3YHOB: 4acTO B
OMHUCAHUSAX OTCYTCTBYIOT BAXXHbI€ JE€Tald, KOTOPHIE HE TMO3BOJAIOT B TOYHOCTH
BOCIIPOU3BECTU TOT WJIM MHOW METOJ JPYTUM UCCIEA0BATENSIM. ABTOPBI HE YKa3bIBAIOT
COCTaB TMHTATEIHLHON Cpelbl U O0OBEMBI, MCIIONB3YEMbIC ISl Pa3BEACHUS KICTOYHOU
CYCTIE€H3UH, PEXKUMBI IIEHTPU(GYTUPOBAHUS TP TOMOTCHHU3ALMK STUIUIUMHUCOB U T.J.
YuuthiBasg 3TO, MbI CTApAIUCh MAKCUMAJIBHO IIOJHO HW3J0XKUTh BCE HIOAHCHI

HCIIOJBb3YCMbIX HAMH METOAOB N YKa3aTb Ha BO3SMOXXHBIC «KIIOABOAHBIC KAMHU)).
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PydyHoe wu3MepeHne KOHIIEHTpPAIMM CIEPMATO30MIOB HKCIOJIB30BAU TS
KOHTpPOJISI  almapaTHOrO OMNpeAeNieHHuss W [ TPOBEPKH BOCIPOU3BOAUMOCTH
pe3ynbTaToB. 3HAUYEHHS] KOHIIGHTpAMH MpPU PYYHOM U aBTOMATHYECKOM H3MEpPEHUU
KOppenupoBanu (Hampumep, A5 OCHOBHOM BBIOOpKH *KUBOTHBIX — I' = 0.63, p < 0.05,
3HAYEHHUS KOHIICHTpAIU Jorapu(pMUpPOBaHbI).

Takum 00pa3oMm, HECMOTpS Ha TO, YTO B JIUTEpaType NPHUBOJAATCS JIaHHBIE O
KOHIICHTPAIUU CIIEPMATO30M 0B JUIsI HEKOTOPBIX BUIOB I'PHI3YHOB (B TOM YHCIE IS
OJIHOTO U3 UCCJEAYEMbIX HaMH BHJIOB — PBDKEH IMOJEBKH), UX CPABHEHHUE C HAIIUMU
JAHHBIMH HEJIB3S IPU3HATH MTOJTHOCTHI0O KOPPEKTHBIM.

B Tabmuune 5.1 mnpuBeneHbl KOHIEHTpAIMU CIIEPMATO30MAOB TPBHI3YHOB C
(OHOBBIX YYaCTKOB, IPUUEM TE€PBbIC TPU TPYIIbI 3HAYCHUN MPECTABISIOT COOOU TpH
CTETICHU TeHEepATU3aIH JaHHBIX, MOTYYeHHBIX ¢ ToMoInpio CASA:!

1) B 1 mut nurarensHOro pactBopa DMEM; B sToM o0beMe pazBogmau 0.5 Mk
OTOOpPaHHOMW AIMUAUIUMAIBHON KUIKOCTH;

2) B 1 MI SIuauIuMalibHOW JKHUIKOCTH (mepecyeTHoe 3HadyeHue w3 (1),
cM. pazzen 2.5); 3HaueHHs MPUBEICHBI JJIs1 CPABHEHHS CO 3HAUCHHUSIMHM, TOJYYCHHBIMU
npy pydHOM mM3MepeHuu (4), U I OUEHKU KOHYEHMPUPOSAHHOCMU STHIUIAMATBHOMN
KUIKOCTH;

3) npuUOIU3UTEIBHOE KOJIMYECTBO CIEPMATO30MAOB B HCCICIYEMOM MpPAaBOM
MMUAUTUMHUCE (QHAIOT TOJIOBUHBI OAIHAWIUMAIBHOTO pe3epBa); OTU 3HAYCHHUS
MPUBEACHBI JII BO3MOXXHOCTHM CpPAaBHEHMsI HAIIMX JAaHHBIX C JPYTUMH METOJaMu
orOopa Marepuana, HampuMep TMpPH TOMOTCHHU3AIMH XBOCTOB OJIHIUINMICOB
(mepecuerHoe 3Hauenue u3 (1), cMm. pazgen 2.5);

4) B 1 M 3OMAMAMMATIBHON JKHUIAKOCTH; 3HAYEHHUS PACCUUTAHBI C TOMOIIBLIO
kamepsl MMC (cM. paszzen 2.5); 3HaueHUs MPHUBEACHBI JJIs1 CPABHEHHS C aIlllapaTHBIM
OIpe/IeIeHUEM 3HaUYCHHI KOHIIEHTpauu (2).

JIist  manmbHEWIIUX pacyeTOB MbI  HCIOJIB30BAM 3HAYEHWS KOHIICHTPAIlUU
cuepmaro3onioB B 1 M1 DMEM (CASA) (1), mocKoiIbKy HUMEHHO B 3TOM OOBeMe
NUTATENbHOM Cpelbl OMpEeNessUId MOJBWKHOCTh KIETOK M MOJIydajdd H3HA4aJbHOe

armapaTHoC 3Ha4YCHUC KOHIOCHTPAlH.
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CIIEPMATO30UIOB TPHI3YHOB C (JOHOBBIX YIACTKOB

omuOKa CpPEIHETO)

Konnenrtpanus
CIIepMaTO301 0B

Cl. glareolus,
n=43

ClI. rutilus,
n=14

S. uralensis,
n=38

1) B 1 ma1 DMEM
(CASA)

1.40E+6 +6.83E+4°
(5.53E+5 — 2.54E+6)

1.49E+6 +1.20E+5®
(8.09E+5 — 2.41E+6)

3.78E+5 + 7.56E+4>B
(1.45E+5 — 7.14E+5)

2) B 1 mu snmau-
IUMalIbHOU
KUIKOCTU
(CASA)

3.07E+9 +1.50E+8®
(1.22E+9 — 5.58E+9)

3.28E+9 +4.44E+8 B
(1.78E+9 — 5.30E+9)

8.32E+8 + 1.66E+8 "B
(3.18E+8 — 1.57E+9)

3) B anuAMIUMICE
(CASA)

1.31E+11 +7.37E+9*5
(5.28E+10 — 4.45E+11)

8.21E+10 +9.13E+9"B
(4.16E+10 —1.53E+11)

1.86E+10 + 4.71E+9%B
(5.41E+9 — 4.15E+10)

4)B 1 M
SMUIUIUMAIBHON

5.28E+9 + 5.53E+8°
1.07E+9 — 1.82E+10

5.88E+9 + 7.86E+8 B
2.00E+9 — 1.14E+10

1.00E+9 + 2.02E+8> B
4.80E+8 — 2.24E+9

xuakocta (MMC)

[Ipumeuanne — 3HAyYeHUs TOKa3aTel€l MPUBEACHBI B SKCIHOHEHIHUAIBHOM
dopmare (E — skcnonenTa, «10™»); mpuBeaensl pazmuuus (tect Toroku, p < 0.05)
mexay: A — Cl. glareolus u CI. rutilus, b — Cl. glareolus u S. uralensis, B — CI. rutilus u

S. uralensis
5.2 MexXBUI0BbIE Pa3iMyus MOKa3aTe/ell KOHIEHTPAIUN CIIEPMAaTO30H/10B

Kak MbI yxe TOJUEepKHBAIIM, OIEHUTh MEKBUIOBBIC PA3IWYMsl IOKa3aTelei
KOHIICHTPAILMU CIIEPMATO30UIOB MOKHO TOJBKO TPU OIPEICICHUN WX OJHHAKOBOM
METOAMKON WJIM JJaK€ OJHUM KOJJICKTHBOM aBTOpOB. HO M B 3TOM cilyyae pe3yJIbTaThl
MOTYT OBITH TMPOTHBOPEUYHMBBHIMU. Hampumep, OAMH M TOT XK€ KOJUIEKTUB aBTOPOB B
oaHOM pabore mokaszan, uyto y Cl. glareolus komudectBo criepmaro3onioB ObLI0 B 2.5
pasa Hioke, ueM y Ap. sylvaticus [Gomez Montoto et al., 2011a], B apyroii, Ha060POT, B
2 pa3za Beiire [Tourmente et al., 2015].

Mpbl 0OHapyXWiH, 4YTO KOHIICHTpanuu crnepmatozongoB B DMEM (1) u B
smuauauManbHol sxxuakocTH (2) y Cl. glareolus u Cl. rutilus e paznudanuce, mpu 3Tom

y 00OHMX BHJIOB MOJIEBOK KOHIIEHTpAlMs KJIETOK ObUIa MOYTH B 5 pa3 BBILIE, YEM Yy
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Majoi JiecHoW MbImHu. OOIee KOJIMYEeCTBO CIEPMATO30MI0B B anuauaumuce (3)
pas3iu4anock y Bcex Tpex BuioB (Tabmmma 5.1).

OTMeTuM, 4TO MpU OTCYTCTBUU PA3IUYMA B KOHILIEHTpAIMU CIEPMATO30UJIOB Y
MOJIEBOK, a0COJIIOTHASI 1 OTHOCUTEIbHASA Macca (MHACKC) CEMEHHUKA Y PbIXKEW MOJIEBKU
MOYTHU B 2 pas3a BhIIIE, YEM y KPACHOW MOJIEBKU. Pa3inuusi B OTHOCUTENILHOM Macce
CEMEHHUKOB Yy TPbI3YHOB HUCIIOJIb3YIOT B KadeCTBE IMOKa3aTelsisl YPOBHS KOHKYPEHIIUU
cnepmaro3zousioB [Gomez Montoto et al., 2011a]. YBenuueHue uMHIEKCa CEMEHHHKA
CBSI3BIBAIOT KaK C YBEIUYCHUEM KOJMYECTBA TKAHU, MPOAYIUPYIONICH CIIEpMATO30MIbI,
TaK U C yBeIMYeHUEM «3(P(HEKTUBHOCTH» CIIEpMaToreHe3a Ha eauHuly TkaHu [Liipold
et al., 2009]. DTo NPUBOAMT K YBEIUUCHUIO KOJIMUECTBA CIIEPMATO30MI0B B MPHIATKAX
CEMEHHHUKA U CEMSBBIHOCSIIEM MPOTOKE (pe3epBax CIepMaTO30HMI0B), COOTBETCTBEHHO,
U K YBEJIMYEHUIO KOJUYECTBA CIEpMaTto3ouAoB B 3dakyisare [Moller, 1988, 1989].
[lepeHoc GOJBIIIErO KOJIMYECTBA CIEPMATO30UIOB BO BpeMs KOMYJAINHU yBEIMUYUBACT
IIAaHCHI Ha OIUIOJJOTBOPEHUE M3-3a 3HAUUTEIBHBIX MOTEPh CIIEPMATO30MIOB B KEHCKUX
nytsax [Suarez, 1987]. Takum 00pa3oM, MOXXHO TPEANOJIOKUTh, YTO YPOBEHb
KOHKYPEHIIMU CIEPMATO30MI0B BJIMSIET HE HA WX KOHIICHTPAIMIO, 4 Ha YyBEJIMYCHUE
o01iero (abCOJIFOTHOTO) KOJIMUECTBA CIIEPMATO30MA0B, YTO JOCTUTACTCS YBEIUUYECHUEM

OpraHOB MPOAYKIWHU U 3aMlaca — CEMEHHUKA U MUININMUCA.
5.3 KoHuleHTpanus cnepMaTo30u/10B B Pa3HbIX MOMYJIAHMOHHBIX IPyNIIax

BiusHue abCONMIOTHOrO BO3pacTa Ha  KOHIIGHTPAIMIO  SIHIUIAMATbHBIX
ciepmaro3onoB Cl. glareolus u3 maGoparopuoii komonun ooHapyxuim M. Kruczek ¢
coaBT. (2013): camas BBICOKas KOHICHTpalus ObUIa y 4-MECSYHBIX CaMIIOB IO
CpaBHEHUIO ¢ 0oJsiee MOJIOABIMU U OoJiee cTapbIMU. ABTOPBI Takke OOHAPYKUIIU, YTO K
6-MecSYHOMY BO3pAcTy KOHIICHTpALUsl CIIEPMATO30MIOB yMEHbIIAIACh B 2 pa3a |
OCTaBajach Ha TOM YPOBHE JI0 KOHIIa PENPOIyKTUBHOTO TIeproaa (Bo3pact 15 mec.).

B Hamem »JKkcHepuMeHTE [OKa3aTeld KOHIEHTPAWU  SIUJAUIMMATBHBIX
CIIEPMATO30HMIOB I'PhI3YHOB (KaK M MOKA3aTeNM TMOJABMKHOCTH) HE 3aBUCEIH HU OT

NPUHAIOKHOCTH K TOW WJIM MHOM TpyIine, HU OoT paiioHna otioBos: st Cl. glareolus —

tpymma = 0.56, p = 0.579, tui0n = -0.25, p = 0.803; mna Cl. rutilus — tynm = -0.40, p =
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0.694, tyuion = -1.17, p = 0.246; nna S. uralensis — t,ynm = 0.55, p = 0.592, t,i0n = 1.24,
p =0.232.

5.4 Bausinue XUMHUY€CKOIr0 3arpsi3HeHUs

[Tockonbky 3pPeKTrl (HaKTOPOB «palloH» U «TPYIIa» OKa3aJIMCh HE3HAUUMBIMHU,
JUTSL OTICHKH BJIVISTHHSI YPOBHS 3arpsi3HEHUST MbI 0ObSTUHIIIN KUBOTHBIX Pa3HBIX TPYIII U
U3 pa3HbIX paioHOB. OJHAKO y BCEX TpeX BHJIOB BIMSHUE 30HBI 3arpsi3HEHHS Ha
KOHIICHTPAIIMIO CIIEPMATO30HI0B TaKKe OKazanoch HesHauumbIM: 1utst Cl. glareolus t =
0.37,p=0.711; gna Cl. rutilus t = 0.68, p = 0.497; ms S. uralensis t = 0.48, p = 0.638.

Hecmotpst Ha TO, uTO 3(PdeKTOB, CBSI3aHHBIX C 30HOM 3arpsi3HEHUs, HE
OOHapy)XeHO, y 000MX BHJOB IIOJIEBOK CaMble HHU3KHE 3HAUCHUS IOKa3aTelen
KOHIIEHTpAIlMU CIEPMAaTO30M10B BCTpEUAINCh HAa UMIIAKTHBIX yyacTkax. Kpome Toro, y
KpacHOM IMOJICBKM M3MEHUYMBOCTD MMOKa3aTeNell KOHIICHTPAIIMU Ha UMIIAKTHBIX y4acTKax
Obuta BblmIe, yeM Ha (oHOBbIX: CVgy = 30.03, CV,, = 49.83; F = 3.37, p = 0.022
(Pucynok 5.1).

Kak MBI yxe oTMeuanu paHee, B TOKCHKOJOTMUECKHX JKCIIEPHUMEHTAaX WHOTIA
OOHapyXMBalOT JI030BYI0 3aBUCHUMOCTb MEXIY YPOBHSMU TOKCHUKAaHTOB U
TOKa3aTeIs MU TIOJIBUKHOCTH criepmaTo3ouioB. Y onbiTHOM rpynmsl Cl. glareolus us
71a00paTOpPHOl KOJIOHMM TMpPH 3aTpaBKe CyIb(aTOM MEOU M XJIOPHUAOM AITIOMHHMS
OOHApy)XEHO CHIKEHHE KOHIEHTPAlMM SMUIUAUMAIBHBIX CIIEPMATO30UJ0B IO
CpaBHEHHMIO C KOHTpOJbHBIMH >kuBOTHBIMH [Miska-Schramm et al., 2014, 2017].
CHuXeHre KOHLEHTPALUK CHEPMAaTO30MI0B MPOUCXOAMUIIO BCIEACTBHE YMEHBIIECHUS
CIIEpMAaTOTEHHOTO WHJACKCAa TKaHW CEMEHHUKA. ABTOPBI TPEANOJIOXKUIN, YTO
YMEHBIIIEHHE KOJUYECTBAa CIIEPMATO30U0B CBA3aHO C YBEIWYCHHEM KOJIWYECTBA
TECTOCTepOHA (TaK Ha3bIBAEMOM TECTOCTEPOHOBON  MEPErpy3KoM), MOCKOJIbKY
TECTOCTEPOH B OOJIBIIMX KOJUYECTBAX TOJABISET BBIPAOOTKY CIEPMAaTO30HIIOB, a
TAaK)K€ CEKPELHI0 TOPMOHOB THIOTAJaMyca, Y4YacTBYIOUIMX B CTEPOHAOrCHE3e

[Matsumoto et al., 1986].
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Cl. glareolus CI. rutilus S. uralensis

(bOHOBI)IG Y4aCTKH — oe3 3AJIMBKHU, UMITAKTHBIC YUACTKHU — CCpasd 3aJIMBKa; TOPU3OHTAJIbHAA YCPTA —
MCAWaHa, 'paHUIIbI SAIIUKA — MC)KKBapTI/IHLHLIP’I pa3Max, YCbl — MUHUMAJIbHOC 1 MAKCUMAJIbHOC
3HA4YCHH:A, HC ITPCBLIIIAIONINC 1.5 MCIKKBAPTHJIbHBIX pa3dMaxad, TOYKa — BLI6pOC;

* — pazmumst ipu p < 0.05
Pucynok 5.1 — Konnenrpanus (MIH/MIT) SMTUIAIUMATBHBIX CIIEPMATO30HUI0B IPHI3YHOB

C (bOHOBBIX N UMITAKTHBIX Y9aCTKOB

Heonnokpatao mutupyembie L.V. Tannenbaum ¢ coaBT. Takxe HE OOHAPYKHIN
pas3nu4Mii B KOHIICHTPAIIUUA CIIEPMATO30MI0B I'PHI3YHOB Ha (DOHOBBIX W 3arpsS3HEHHBIX
TEPPUTOPHAX. 3HAYCHHsI OTOTO TIOKaszaTelss HU pa3dy HE JOCTUTAIM ITOPOTOBBIX
(cHmKeHus KoHIeHTpauuu Ha 60 %, a B Oosnee panneit padore 2003 r. — Ha 80 %)

[Tannenbaum et al., 2003, 2007, 2009; Tannenbaum, Beasley, 2016].
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I'naa 6. BIMSIHUE UHJIMBUY AJIbHOM TOKCUYECKOM HATPY3KU HA
CIIEPMATO30M1/IbI

6.1 dakTopbl HAKOILUIEHUS THAKEJIbIX METAJVIOB I'PbI3yHAMH

Tsokenble MeTaulbl — IIMPOKas Tpynna 3JIEMEHTOB, 3HAYE€HUE KOTOPBIX B
Pa3IMYHBIX 00JIaCTAX 3HAHUS OLEHUBAIOT MO-pa3sHOMY. B OHMONOrMYecKux Haykax Jyis
BKJIFOUEHHBIX B 3Ty KATErOPHUIO BELIECTB 3HAYMMBI HE TOJBKO XUMHYECKHE U
(du3nYecKue CBOMCTBA 3EMEHTOB (HapUMep, UX aTOMHAsI Macca WIH IIOTHOCTb), HO U
uxX OMOJOrMYecKas aKTUBHOCTb M TOKCHYHOCTh JUIsl OpraHu3MoB [CHIpaBOYHUK IO
ruapoxumun, 1998]. Tsokenple MeTaUIbl, KOTOpPBIE YYacTBYIOT B OHMOJOTHMYECKHX
Ipoleccax U B OMNPEIEICHHBIX KOJUYECTBAX HEOOXOAUMBI ISl (PYHKIHOHUPOBAHUS
opranu3ma (Hampumep, MeIOb [HMHK, JKEJIe30), OTHOCIAT K 3CCEHIHAIbHBIM
MUKpO3JieMeHTaM. TspKellble MeTasllbl, HE MMEIOIIHME TaKOW «MOJe3HOW» (YHKLUHMH B
OMONOTHYECKHUX Mpolieccax (KaaMHid, CBHUHEI, PTYTh H Jp.), CUYUTAIOT TOKCHYHBIMH
[CpaBouyHUK no ruapoxumu, 1998; Kypnauackuii u np., 2002].

B MeAMIIMHCKON TOKCHUKOJOTUU TSKENble METAJIbI OTHOCST K TaK Ha3bIBAEMbIM
«THOJIOBBIM SiJaM», TJIABHBIA MEXaHU3M TOKCUYECKOTO JIEUCTBUS KOTOPBIX CBS3aH C
YTHETEHHEM (PEPMEHTHBIX CHCTEM B PE3yJbTaTe OJOKUPOBAHUS CYIbPIUAPUIBHBIX
(SH-) u npyrux (GyHKIMOHAIBHBIX TPYII B aKTUBHBIX LIEHTPAX U WHBIX OMOJIOTMYCCKH
BaXXHBIX yYaCTKaxX OEJTKOBBIX MOJIEKYJ, UTO BEJCT K HapYIICHHIO OOMEHHBIX MPOLIECCOB
B opranusme [[onpamreitn, 1959; Tpaxten6epr, 1969; Kypasuackuii u ap., 2002].

BaxxHenmmii ICTOYHUK MOCTYIUICHUS TSKEJIBIX METAJUIOB B OKPYXKAIOLIYIO CpELy
— TOpPHOJOOBIBAIOIIASl W METaJuTypruueckas mnpomMblinuieHHOCTh [besens, 2006].
['aBHBIM JOJTOBPEMEHHBIM JIETIO AJII METAJIJIOB CJIEAYET CUUTATh TOYBY — OCHOBY BCEX
OMOreOXMMHUYECKUX IHUKJIOB B MPUPOAHBIX 3KocucTtemax [besens, 2006; Bopobeiuuk,
KaiiroponoBa, 2017]. PacrteHusi, mnpouspacraroliue Ha 3arpsI3HCHHONM TOYBE,
HAKaIUIMBAIOT 3HAYNUTEIbHBIE KOHUEHTPALMH TSHKEJBIX METAJJIOB, 3aT€M 3THU PACTEHUS
MOTYT ToeaThcs TpaBosiaHbIMU xkUBOTHBIMU [Wijnhoven et al., 2007]. Kak cnencrsue,

B TKaHAX TAaKHUX KHUBOTHBIX 06Hapy}KI/IBaI-OT 3HAYUTCIBbHBIC KOHIOCHTPpAIUKW Pa3JINYHbBIX
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metaiioB [Gdula-Argasinska et al., 2004; Wijnhoven et al., 2007; Nikolov et al., 2010;
Martiniakova et al., 2011; Martiniakova et al., 2012; Ullah et al., 2014; Zounkova et al.,
2014; Myxauesa, 2017].

KoHmeHTpauu TsSKeIpIX METAIOB B MIOYBE, OPTaHNU3ME KUBOTHBIX (B TOM YHCIIC
MEJKUX MJICKOTIMTAIOIINX) U WX KOPMOBBIX OOBEKTOB MPEICTABISIOT COOOW IEHHYIO
UHPOPMAIIMI0O O TIEPEeMEUICHUH, HAKOIUICHUH W TIOTEHIIMAIBHOM TOKCHYECKOM
BO3JICHCTBUM METAJIJIOB Ha OKpYy’KaroInyto cpeay [Torres, Johnson, 2001; besens, 2006;
Wijnhoven et al., 2007].

Jlanabie 00 WHIMBHAYATbHBIX YPOBHSAX HAKOIUICHHS TSDKEIBIX METAJJIOB B
opraHax H TKaHSAX >XHUBOTHBIX CIy)KaT HMHIWKATOPOM HArpy3Kd Ha OpPraHWU3M U
MO3BOJISIIOT BBISIBUTH CBSI3b MEXKY YPOBHEM 3arpsi3HEHUs Cpe/ibl U MaTOJIOTHSIMU B
opraHax >XHBOTHBIX, T. €. ONPEICIUTh CTEIECHb OMMACHOCTA TOKCHYECKOTO BO3ICUCTBUS
[Damek-Poprawa, Sawicka-Kapusta, 2004; Sanchez-Chardi et al., 2009a, 2009b; Téte
etal., 2014].

[Ipyn w3ydeHWUW BIMSHUS 3arpsA3HCHUS HA PEMPOAYKTHBHYIO CHCTEMY CaMIIOB
KQKETCS JIOTUYHBIM U3MEPSATh KOHIICHTPAIMH TSDKEIIBIX METAJIJIOB HEMOCPEJICTBEHHO B
MIOJIOBBIX JKeJie3ax, B TEPBYIO odYepenb, ceMeHHHMKaxX. OJHaKO HEOTHOKPATHO OBLIO
MOKa3aHO, YTO CEMEHHHKM HaJEKHO 3allUIICHbl OT TOCTYIUICHHS U JICUCTBUS
TOKCHKAHTOB Te€MaTOTECTHKYJISIpHBIM Oapwepom [Marchlewicz, 1994; Mruk, Cheng,
2015]. OOHapyxuBaeMble  TpH  3aTpaBKe Yy  JIADOPATOPHBIX  >KUBOTHBIX
MUKPOMOP(OJIOTUYECKHE W3MEHEHUS PENPOAYKTUBHBIX OpPraHOB CBSI3BIBAIOT C
OIMOCPEIOBAHHBIM BIUSHHUEM TSDKEIIBIX METAJJIOB Ha Bech opranu3M [Levin et al., 1983;
Parizek, 1983]. O6 oOmieii WHTOKCUKAIMK OpPraHW3Ma TPBI3YHOB W3 TMPUPOIHBIX
MOMYJISIIANA  CBUJETEIHCTBOBAIM PA3IMYHBIC HAPYIICHUS B MHUKPOIMPKYISITOPHOM
pyciie ceMeHHHKA (M3MEHECHHSI DHIOTENHS COCY0B, TEMOPpAruu U Ap.), Toraa Kak B ero
TCHEPAaTUBHOM KOMIIOHEHTE — W3BUTBIX CEMEHHBIX KaHAJbI[aX — HE OOHApYKUBaIU
HapyllIeHUH, CBSI3aHHbIX C JIeicTBHEM TOKCUKaHTOB [/laBbioBa, 2007].

YPOBHM HAKOIUICHUS TOKCUKAHTOB B PEMPOMYKTUBHBIX OpraHax TPBHI3YHOB C
3arpsAA3HEHHBIX TEPPUTOPUM OLIEHMBAIOT KakK KpanWHe Hu3kue. Ha mnpumepe pwDken

MOJICBKU, OOMTAIONIE B OKPECTHOCTSX KPYMHBIX METaJUIyprUYECKUX MPEIIpUsITHM,
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MOKA3aHO, YTO KOHIIEHTpAIlMU KaaMus, MEIU M IIMHKAa B CEMEHHUKAaX J>XUBOTHBIX C
(OHOBBIX W 3arpsA3HCHHBIX Y4YacTKOB He paznmyanuck [Damek-Poprawa, Sawicka-
Kapusta, 2004; MyxaueBa, /[laBbimoBa, 2009]. Kak mnpaBuno, Ajis OLEHKHU
WHIUBUAIYyAIbHOW TOKCHMYECKOW HArpy3Kd Ha OpPTraHW3M HCCICIYIOT OpTaHbl
MPEUMYIIECTBEHHOTO JACMOHUPOBAHUS TSDKENIBIX METaNIOB — TEYEeHH, MOYeK, KOCTEeH
ckenera [MyxaueBa, bezenn, 1995; BopobGeiiuuk u ap., 2006; beszens u ap., 2007;
Wijnhoven et al., 2007; Sanchez-Chardi et al., 2009a; Téte et al., 2014; Myxadena,
2017].

MBpI BcclieoBaIu KOHIICHTpAIH dcceHInaabHbIX (Cu 1 Zn) u tokcnuubix (Cd u
Pb) snmementoB B meuenu (Tabimma 6.1) tpex monenbuHbix Bumo (Cl. glareolus,
Cl. rutilus, S. uralensis) u3 pacimupentoii Beioopku (Tabnuia 2.8).

[TeyeHb OTHOCAT K OCHOBHBIM OpTaHAM-MHIICHSIM U1 TSDKEIBIX METaJlIOB
[Hébert et al., 1993; Aburto et al.,, 2001]. KineTku nedyeHd MOTyT aKKyMyJIHPOBATh
3HAYUTEIHLHOE KOJIMYECTBO MOHOB METAILIOB 0€3 Kakoro-iaubo yiiepda ajig opranusma
[Linder, 2001]. OnmHako B KpaWHUX ClydasX H30BITOYHOC HAKOIUICHHE JJIEMEHTOB

NPUBOJAUT K TOBPSKICHHIO KJICTOK M OPraHOB M HapylieHHI0 uX (yHkiuii [Evans,

Abraham, 1973; Amiard-Triquet et al., 1986; Nikolov et al., 2010].



Tabauma 6.1- KoHIleHTpauy TSKENbIX METaUIoB (MKI/T CyXOi MaccChl) B IICUYEHH I'PBI3YHOB (CaMIIOB U CaMOK) C (DOHOBBIX U

UMIIAKTHBIX y4acTkoB B paiioHax CYM3 u KMK (2017-2020 rr.)

o 2 Cl. glareolus Cl. rutilus S. uralensis
5 T < B
= 2 axfilles
) < o3 &
- A £ m, ow, m, ow, m, ow,
© n=>58 n="79 n=45 n=28 n=20 n=13
Bg 15.3+0.55 16.2+£0.79 17.5+£0.71 13.7 114+0.24 13.1+1.71
CYM3 11.9-19.2 10.5-43.2 16.8 -18.2 ' 11.2-11.7 11.4-14.8
Im 15.1+1.04 142 +0.83 13.1+0.57 13.8+1.07 153 +1.31 15.4+1.03
Cu 5.8-20.2 10.2-22.0 9.9-19.8 9.5-205 10.0-19.5 12.7 - 18.6
Bg 11.8+1.08 12 +£0.57 12.8+1.26 8.8+ 1.09 16.3+1.00 12.3+1.03
KMK 2.3-19 5.0-16.0 4.4-16.7 34-13.1 14.4 - 18.2 10.7 - 15.2
Im 17.2 +£1.53 17.5+1.50 14.5+0.84 14.6 +£0.95 148 +1.26 13 +£2.54
95-235 13.1-19.5 8.1-18.7 11.8 -19.7 10.5-18.5 10.5-155
Bg 81.2+2.08 86.7 £2.04 88.1 £4.37 844 445 +3.58 61.6 +3.82
CYM3 65.6 — 90.9 56.5-117.5 83.8-925 ' 40.9 -48.1 57.8-65.4
Im 83.9+4.15 83 +£3.16 73.2 +£4.43 79.1 £4.13 55+6.32 66.3+1.96
7n 45.8 - 105.8 52.8 -98.3 45.0 - 133.7 59.6 — 101.6 327774 63.0 - 73.3
Bg 106.1 £8.75 | 143.3 +64.43 79.9 +4.04 68.5+5.74 93.1+12.29 68.7 +£10.25
KMK 59.2 -235.6 | 61.1-1237.7 41.9-95.3 52.4 —-90.3 70.5-127.4 54.8 - 98.5
Im 93.4+5.07 100.2 £7.26 82.5+6.96 86.2 +4.36 88.8 £5.07 71.2+7.25
68.8 — 112 78.7-110.6 37.6-117.7 68.8 — 105.6 72.7-115.3 63.9 - 78.4

oTT



[Tponmomkenue Tadbmmim 6.1

= E ClI. glareolus Cl. rutilus S. uralensis
) o < O
= 2 T T
() < e &
& o RER-Y m, ow, m, ow, m, ow,
S n =58 n=79 n=45 n=28 n=20 n=13
Bg 0.7 +0.09 0.7+0.07 1.3+0.10 0.6 0.9 +0.57 0.2+0.08
CYM3 01-1.2 0.1-2.2 1.2-14 03-14 01-0.3
Im 6.3 +1.43 2.7£0.55 3.3+0.60 3.3+0.57 0.9+0.20 0.8 +0.20
cd 0.2-18 0.7-75 0.2-11.8 06-8.1 02-17 03-15
Bg 0.6+0.11 0.6+0.13 0.6+0.11 0.5+0.20 0.2+0.14 0.2 £0.08
KMK 0-14 0.1-2.0 02-15 01-16 0-0.6 01-04
Im 1.0+0.19 1.2+0.39 2.5+0.68 4.6 +1.65 0.3£0.07 0.3+£0.11
03-22 05-23 07-79 0.9-12.1 01-0.6 02-0.4
Bg 0.4+0.10 3.0+0.47 0.3+0.12 49 2.5+0.82 2.5+0.11
CYM3 01-13 0.1-10.0 01-04 ' 16-33 24-2.6
Im 1.9+0.45 1.5+0.35 2+0.40 29+0.77 1.5+0.61 2.4+1.70
Ph 0.3-6.4 0-5.0 0-7.0 0.1-8.8 02-47 05-9.2
Bg 1.6 £0.33 3.5+0.42 2.9+0.55 3.4+1.17 1.4+0.6 4.0+ 0.80
KMK 01-52 0.9-6.7 1-6.4 04-85 04-29 22-5.9
Im 52+0.95 3.3+£0.53 3.1£0.88 53+094 5.7+0.87 6.4+1.07
0.9-89 21-46 02-9.0 09-9.6 2.0-9.0 54-75

[Ipumeuanne — 3oHa 3arpsisHeHus: Bg — ¢onoBas, IM — umnakTHas; TOMyJSIMOHHAS TPyHma: M — TOJOBO3PEIIbIE

CCroJICTKH, OW — IIEPE3UMOBABIIHNC OCO6I/I; IMPUBCACHLI CPCAHCC + ommoOKa Cp€aAHCTO, MUHUMAJIbHBIC U MAKCUMAJIbHBIC 3HAYCHUA

MoKazaTelieii; KOJIMYECTBO 0co0el B Kax o rpyrie cM. B Tabmmiie 2.8

LTT
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Hccnenyemble Hamu (akTopsl (paiioH, 30Ha, BUJ, TPYIIA) IMO-pPA3HOMY BIIHSUIA
Ha HAKOIUICHUE TSDKENBIX MeTaioB rpbiyHamu (PucyHok 6.1, Tabnuma 6.2). @akrtop
«palloH» BIMSUI HA COJIEp)KaHUE LIMHKA, KaJMHUs U CBUHIIA: TPbI3yHBI B pailone CYM3
HaKalJIMBaJIM B MEYEHHU OOJBbIIE KaaMUsi, HO MEHBIIE IIUHKA U CBUHIA. DAKTOpP «30Ha»
BIMSJI HAa HAKOIJICHHME MeIW M KaJMHUS: Ha HMIAKTHBIX y4YacTKaX KOHIIEHTPALUH
3JIEMEHTOB B INEUEHH XUBOTHBIX ObUIM BhIlIe. KoHIEHTpalys UHKA U KaaMus Oblia
BbIIIIE B TICUEHHU IOJIEBOK, YEM y MaJIOil JIECHON MBIIIM, a KOHIICHTpAIUs CBUHIA —

BBIIIC Y IICPC3UMOBABIIUX JKUBOTHLBIX, YCM Y ITOJIOBO3PCIIBIX CCIOJICTOK.

3.0 4.8

28 46

Ty |

24

Cu
/n

42

2.2

4.0

2.0

3.8

Cd
—0—
——
——
Pb
e
——
—0—
—_——

1 2 3 1 2 3 1 2 3 1 2 3
m ow m ow

1 — ClI. glareolus, 2 — ClI. rutilus, 3 — S. uralensis; 6enbrit Mapkep — GOHOBBIE YIACTKH, YEPHBIH MapKep

— UMITIAKTHBIC YJaCTKH; M — MOJOBO3PEJIbIC CETOJICTKH, OW — IICPE3UMOBABIIINC ocobu

Pucynok 6.1 — Konuientpanuu (MKI/T) MeIH, IIMHKA, KaAMUS U CBUHIIA B ICUCHU
(cpennee, JIW, 3Ha4eHust morapuMUPOBAHBI) TPHI3YHOB (CaMIIOB U CAMOK) pa3HBIX

MOIIYJIIUOHHBIX T'PYIIIL
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Tabnuna 6.2 — BrnusHue (akTopoB Ha HAKOIUIEHHWE TSKENBIX METAUIOB B MEYECHU
MOJIOBO3PETIBIX CaMIIOB M CaMOK (CEroJIeTKH M Mepe3rMOBABIINE 0COOM) MOJAETHHBIX
BUJIOB I'PHI3YHOB C ()OHOBBIX M UMIIAKTHBIX y4acTKOB B paiioHax CYM3 u KMK (2017—

2020 rr.)

DJeMEeHT ®dakTop MS F p <
Paiion 0.17 1.92 0.1672
30Ha 3arpsi3HEHUS 0.40 4.47 0.0356
“ Bun 0.09 0.99 0.3731
I'pymima 0.08 0.89 0.3473
Paiion 0.64 8.37 0.0042
30Ha 3arpsA3HeHHUS 0.01 0.10 0.7580
2" Bun 0.94 12.43° 0.0001
I'pymima 0.00 0.00 0.9586
Paiion 13.85 17.36 0.0001
30Ha 3arpsA3HCHUS 36.30 45.49 0.0001
“ Bun 13.99 17.53%% 0.0001
['pymima 0.58 0.73 0.3935
Paiion 19.70 17.19 0.0001
oh 30Ha 3arpsi3HEHUS 3.27 2.85 0.0925
Bun 2.30 2.01 0.1366
['pynna 11.99 10.46 0.0014

[Mpumeuanne — [IpuBenenst pasmuuns (tect CreronenTa, p < 0.05) mexay: A —
Cl. glareolus u CI. rutilus, b — CI. glareolus u S. uralensis, B — Cl. rutilus u

S. uralensis; momyxupHbIM PU(TOM BBIACICHBI 3HAUUMBIC YPPEKTHI

IlonydyeHHblE HAMU NAaHHBIE B LEJIOM IOATBEPKAAIOT YCTAHOBJICHHBIE IPYTHMH
aBTOpaMH  3aKOHOMEPHOCTH  HAKOIUIEHUS  TSDKEJBIX  METAUIOB Yy  MEJIKHUX
MJIEKOIIUTAIOIIHUX:

1) )KuBoTHBIE Ha 3arps3HEHHBIX TEPPUTOPUSX  HAKAIUIMBAIOT  OOJIBIIIE

TOKCHUKaHTOB, YeM Ha (oHOBBIX Tepputopusx [Hunter et al., 1987; Talmage, Walton,
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1991; Pankakoski et al., 1994; MyxaueBa, bezens, 1995; Pereira et al., 2006; Rogival et
al., 2007; Wijnhoven et al.,, 2007; Levengood, Heske, 2008; Téte et al., 2014;
MyxaueBa, 2017; besenb, Myxauesa, 2020]. HecMoTps Ha O4Y€BUIHOCTH 3TOTO TE3HCA,
CBsI3b KOHIICHTPAITUH TSKEIBIX METAIOB B OPTaHU3ME C 3arps3HEHUEM OOHAPYKUBAIOT
He Bcerja. [IpuyuHBI 3TOTO pa3NMUHBl — OT YPOBHS 3arpsi3HEHUS U Pa3HOTO
(TOBEJICHUS» ACCEHUMATBHBIX M TOKCHYHBIX JJIEMEHTOB B OpraHu3Me [0
CnenmuUIHOCTH  AKKyMYJUPOBAHHWS  Pa3HBIX  JJIEMEHTOB  pPa3HBIMH  BUIAMH,
NOMYJISIIUOHHBIMYU TPYIIIaMU, WHAUBUAYyMaMu M opraHamu. B kadecTBe mnpumepa
MO>KHO TIPHBECTH OTCYTCTBHE 3HAYMMBIX Pa3IMUNi B HAKOIUICHUM CBHHIIA Y TPHI3YHOB
Cc (OHOBBIX W MMHAKTHBIX y4dacTKoB (Tabmmma 6.2). D10 0OBACHAETCS TEM, YTO B
OTJIMYME OT KOCTEH CKeJeTa, eYeHb cJ1a00 JEMOHUPYET ITOT JIEMEHT.

2) HakormieHne TOKCUKAHTOB CBSI3aHO C BO3PACTOM: WX KOHIICHTPAIMH BBIIIC Y
B3pOCIIBIX JKMBOTHBIX, YeM y Mosoabix [Hunter et al., 1987; Pankakoski et al., 1994;
Beernaert et al., 2007; Rogival et al., 2007; Wijnhoven et al., 2007; Sanchez-Chardi et
al., 2009b]. B pabGore C.B. MyxaueBoit u B.C. besens (1995) mnokaszaHo, 4To
Nepe3rMOBaBIINE 0COOM Ha BCEX ydacTKaX TOKCHMUYECKOro rpaaueHta B paiione CYM3
HaKaIUIMBAalOT KaJaMHs B TiedeHW Oojbine (Ha ¢oHoBBIX — 1.63, Oydepupix — 10.57,
UMIAKTHBIX — 16.67 MKr/T), yem cerojetku (1.87, 8.36 n 13.10 MKI/T, COOTBETCTBEHHO)
[MyxaueBa, bezenb, 1995].

3) PasHble BUIBI/TAKCOHBI MEJIKUX MJICKOIHUTAIOIINX TO-Pa3HOMY HaKaILUTHBAOT
TOKCUKaHTBI. bonee HU3KME KOHIEHTPAIMU JJIEMEHTOB y MBIIICH IO CPaBHEHUIO C
MOJIEBKAMU OOBIYHO OOBSCHAIOT OCOOEHHOCTSIMU UX OMOJIOTUU — MPEUMYILECTBEHHBIM
MUTaHUEM CEMEHAaMH, MaKCHMAaJIbHO 3alllUIICHHBIMH OT TOKCHYECKOTO BO3JICHCTBUS,
Oonbieli moaBmKHOCTRIO M Ap. [Hunter et al., 1987; Talmage, Walton, 1991; Heske et
al., 2003; Wijnhoven et al., 2007; Schipper et al., 2008].

OO6napyxeHHbIe paznuuusi B HakorieHuu Zn, Cd u Pb rpeidyHamu U3 pa3HBIX
paiionoB (B paiione CYM3 XHBOTHBIC HaKaIUTHBaAIM O0JbIe Kaamus, B paiione KMK —
OoJibllle ITMHKA W CBHUHIIA) Takke ObLIM okujgaembl. OHU MOTYT OBITh OOBSCHEHBI
OCOOCHHOCTSIMH TEXHOJOTHYECKUX IIMKJIOB TPOU3BOJICTBA, CHUCTEM (DHUIbTpaIuw,

COCTaBOM 00pabaThIBa€MOTO ChIphs U T.1. [BopoOeiiuuk u ap., 2006].
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6.2 CBs13b MOKa3aTeeil CIepMATO30M0B ¢ HHAMBUAYAIbHON TOKCHYECKOMH

HAIpy3Koi

Jlns ocHoBHOUM BBIOOpKM (Tabnuia 2.5) MOaydusid pe3yJbTaThl, CXOJHBIE C
pe3yabTaTaMH JIs OOJBIION BBIOOPKHU (cM. pazgen 5.1). Tak, Ha HaKOIUICHUE KaaMUs
BIUSUTU cienytonue (akTopsl: «paiion» — Bo3iae CYM3 rpbI3yHbl HaKaruIMBaId 3TOTO
sanmementa Oompme (F(1, 129) = 12.18, p= 0.0066), «30Ha 3arps3HeHUsS» — Ha
UMIIAKTHBIX YYacTKaX )KUBOTHBIC HAKAILTUBAIM OoJbie, YeM Ha (oHoBBIX (F(1, 129) =
57.7, p < 0.0001), «Bua» — MOJIEBKM HAKAIUIMBAJIH OOJbIIE, YeM Majas JIeCHas MBbIIIb
(CL. rutilus > CI. glareolus > S. uralensis, F(2, 129) = 8.2, p < 0.0001). Bnusuaue
BapHaHTa OHTOT'CHE3a Ha HAKOIICHHE KaJMHUs OKa3zainoch HesHauuMmbiM (F(1, 129) = 2.8,

p =0.0961) (Pucynok 6.2, Tabnuma 6.3).
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Oenblif Mapkep — GOHOBbIE YYaCTKH, YEPHBII MapKep — UMIIAKTHbIE YUYaCTKH;

M — OJIOBO3pENbIC CCTOJICTKHA, OW — MMEPE3NMOBABIINEC ocobu

Pucynok 6.2 — Konnenrpauuu kaamus B neuenu (cpeanee, /A1, 3nauenus

norapu(MUPOBAHBI) Y TPHI3YHOB ¢ (POHOBBIX U UMITAKTHBIX y4aCTKOB



Tabmumna 6.3 — KoHIleHTpauu TSKEIbIX METAUIOB (MKI/T CyXOW MaccChl) B MEYEHU CaMIIOB MOJEIbHBIX BHIOB I'PHI3YHOB C

(OHOBBIX M UMIAKTHBIX y4acTKoOB B paiioHax CYM3 u KMK (2018-2020 rr.)

x
= = = Cl. glareolus Cl. rutilus S. uralensis
O 5 < O
5 2 | &k
& A “ 4 m, ow, m, ow, m, ow,
3 n=20 n=>51 n=29 n=23 n=9 n=9
152+1.28 11.4+0.24 13.1+1.71
CYM3 Bg - 10.5-43.2 168 13.7 11.2-117 11.4-1438
Im 12.7 £1.09 13.3+0.79 13+£0.71 12.6 £ 0.95 12.1 +1.04 197
Cu 58-15.1 10.2-16.7 9.9-19.8 9.5-16.6 10-135 '
Bg 11.6+1.80 11.2+0.69 14.8 £0.50 8.8+1.29 17.8 11.4+0.55
KMK 2.3-16.5 5.0-13.9 13.0-16.6 34-13.1 ' 10.7-12.5
Im 16.7 +2.42 17.5+1.50 152 +0.62 14.5+1.09 11.5+1.01 13 +2.54
9.5-235 13.1-19.5 13.7-17.2 11.8-19.7 10.5-12.6 10.5-15.5
80.2 +5.85 44.5 +3.58 61.6 +3.82
CYM3 Bg - 56.5-102.2 83.8 84.4 40.9-48.1 57.8-65.4
Im 75.4+7.40 84.2+6.78 73.3 £8.68 78.9 £6.06 39.2 +£4.04 63.9
7n 45.8 -94.4 52.8 -98.3 45.0-133.7 59.6 —101.6 32.7-433 '
Bg 95 +13.09 75.9 £4.98 76.5+7.42 68 = 6.27 81.9 58.8 £4.39
KMK 59.2-130.9 61.1-89.7 41.9-953 52.4-90.3 ' 54.8 — 66
Im 89.2+£7.24 100.2 +7.26 87.5+5.72 88 +4.63 77.2+4.53 71.2+7.25
68.8 — 109.8 78.7-110.6 75.9-114.8 68.8 — 105.6 72.7-817 63.9-78.4

¢cl
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=
% z o % Cl. glareolus Cl. rutilus S. uralensis
= = % =
g% & ot § m, ow, m, ow, m, ow,
3 n=20 n=>51 n=29 n=23 n=9 n=9
0.6+0.10 0.9+0.57 0.2+0.08
VM3 Bg - 02-22 14 0.6 03-14 0.1-0.3
Im 7.4+2.10 2.1+0.56 3.8+0.68 3.2+0.73 1.2+0.31 03
cd 0.2-17.3 0.7-6.9 0.9-118 0.6-8.1 0.7-1.7 '
Bg 0.6+0.20 0.5+0.15 0.4+0.10 0.5+0.24 0.2 0.2+0.10
KMK 0-14 01-2 0.2-0.8 0.1-16 ' 01-04
Im 1.4+0.28 1.2+0.39 2.8+ 1.20 5.1+1.80 0.3+0.08 0.3+0.11
0.7-2.2 0.5-2.3 0.7-7.9 1.2-12.1 0.2-0.3 0.2-04
34+0.61 2.5+0.82 2.5+0.11
VM3 Bg - 0.1-9.3 0.4 4.9 1.6-323 24-26
Im 2.6 £0.83 1.7+ 0.45 1.8 +0.36 2.6 +0.72 25+1.28 92
Ph 0.3-64 0-5.0 0-5.1 01-7 0.2-4.7 '
Bg 1.1 £0.49 3.7+0.52 3+0.75 3.0+1.29 29 42+1.07
KMK 0.1-35 0.9-6.7 1.1-64 0.4-85 ' 2.2-59
Im 4.8+ 1.35 3.3+£0.53 4.0+ 1.37 52+1.07 6.6 £2.32 64+1.07
0.9-8.8 21-46 0.2-9.0 0.9-96 43-9.0 54-75

[Ipumeuanne — 3oHa 3arpsizHeHus: Bg — ¢onoBas, Im — wumnakTHas; TOMyJSIMOHHAS TPynma: M — TOJOBO3PEIbIE
CETOJIETKH, OW — MePE3UMOBABIIIFE 0COOM; MTPUBEJEHBI CpEIHEE + OIMMOKA CPETHET0, MUHUMAJIbHBIE 1 MAaKCUMAJIbHbIC 3HAYCHUS
MoKazaTelieli; MpoYepK 03HaYaeT OTCYTCTBUE JAHHBIX ; KOJIMYECTBO 0COOEH B KaXK0i rpytie cM. B Taomwmie 2.5

ecl
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[Tokazarenyu >MUIMAMMANIBHBIX CIIEPMATO30U0B MO-Pa3HOMY OBUIM CBSI3aHBI C
VH/IMBUATYaJIbHON TOKCUYECKON HArPy3KOM.

Y pbokeil moneBKH OOHAPYKUIM ClIa0yl0 OTPUIATEIbHYIO CBSI3b MEXAY
KOHIICHTpAIIUEH mMOKCUYHbIX DJIEMEHTOB U TOJBIKHOCTBIO CIIEPMATO30UIOB: C
YBEIMYECHUEM  KOHIEHTpAlMK  KaaMHUs  YMEHBIIAIMCh 3HAYEHUS  CKOPOCTHBIX
xapakrepuctuk noasmwxkHoctn VCL, VSL, VAP (r = -0.25 - -0.31, p < 0.05), ¢
YBEJIMYECHUEM KOHLIEHTPALIMM CBUHIA YMEHBIIANACh CTENEHb NPIMOJIMHEHHOCTH
newkenuss LIN (r = -0.30, p < 0.05), gactora konebanus roigosku BCF (r = -0.39,
p <0.05) u yBenmnumBayiack amruintyaa asuxerus rooku ALH (r = 0.30, p < 0.05).
Konnentparusi CcBMHIA TakXke OTPHUIATEIBHO KOppEIHpoOBaia © C YacTOTOU
BCTPEYaEMOCTH CIIEpPMaTO30MI0B ¢ Aedekramu rooBku (r = -0.24, p < 0.05).

VY KpacHO# MOJEBKU OOHAPYX WM a0y oTpuIiaTeabHyto cBs3b (I = -0.36 - -
0.39, p< 0.05) wmexmy KOHIIEHTpalMe MeAM U TMOKa3aTeIsIMU TOJBUKHOCTH
cnepmaro3onios (VCL, VSL, VAP).

Y Mamnoil JeCHON MBIIK KOPPENANruid MEXIy KOHIEHTPAIUSMH METAJUIOB |
MOKa3aTeJIIMH CTIEPMATO30UI0B HE OOHAPYKHUITH.

HenunelHOCTh CBSI3M MHIMBHUIYaJIbHOW TOKCUYECKOW HArpy3ku U 3ddexra (mim
N03bI-3pQeKTa) B MEpBYH odYepelns OOyCIOBJICHA JCHCTBHEM psga OWOJOTHYECKHUX
O0apbepoB (racTPOIHTEPATbHBINA, T€MATOTECTUKYJSIpHBIN). Kpome TOro, orcyrcTBue
TOKCUYECKHUX 3(PPEKTOB 0OBACHAIOT HEOONBIIMMHU BBIOOPKAMH, ceNU(UKON BUIOB, B
TOM YHCJIe, OCOOCHHOCTSAMH HUX JHUEThl (MHOTOKOMIIOHEHTHBIM COCTaBOM PAIlMOHOB U
er0 pPa3IUUYUsIMU Ha PAa3HBIX TEPPUTOPHSIX), MO3AMYHOCTHIO 3arpsi3HEHUS W T.I.
[Tannenbaum et al., 2003, 2007; Au, 2004; Damek-Poprawa, Sawicka-Kapusta, 2004,
besens, 2006; Brumbaugh et al., 2010; Myxauesa, 2017].
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I'nasa 7. CBS3U MEXY MOP®OJIOI'MEN, ITOJIBMXHOCTBIO U
KOHIIEHTPAITMEN CIIEPMATO30M/JOB

B mpempiaymmx rnaBax KaxkJaas Tpynna IoKaszaTelned CcIepMaTro3ouiioB —
MOp(}OJIOruH, TOJBHKHOCTH W KOHIICHTPAIMM — paccMaTpUBalach OTAEIBHO. ITO
MO3BOJIWJIO MOJAPOOHO OMHMCAaTh METOAMYECKHUE ACHEKThl aHaliu3a Ka)JAO0M TIpYIIIbI,
OLIEHUTh ME€X- U BHYTPUBHUJOBYIO (OHTOI€HETHYECKYI0) U3MEHYMBOCThH IOKa3aTesei,
CPABHUTH MOJTYUYEHHBIE PE3YNIBTATHI C JINTEPATYPHBIMU JaHHBIMU. OJJTHAKO HE MEHBIIUI
MHTEpEC MPEACTaBIAIOT aHaIu3 JuddepeHIraluyd BUIOB M0 KOMIUIEKCY HU3YYEHHBIX
NoKaszaTelied W aHajiu3 CTENEeHHU COIJIACOBAHHOCTHM M3MEHEHH MEXIy Tpynnamu
ITOKA3aTeJIel CIepMaTo30nuI0B. st 3TOro B JaHHOM TJIaBE OLEHWIH CTPYKTYPY CBSI3EU
Mexy (pakToOpaMH U KaueCTBOM CIIEPMAaTO30MJIOB, a TAK)KE BKJIAJ Pa3HbIX MOKa3aTenei
CIIEPMATO30UJIOB TPHI3YHOB B MEXBUIOBBIE paznuuusi. CBS3M aHAIM3UPOBAIM MEXIY
Haubosee MHPOPMATUBHBIMU IOKa3aTeIsIMU, BHIOpaHHBIMU IO pe3yJibTaTaM aHalIHu3a
IJIAaBHBIX KOMITOHEHT.

HccnegoBaHHble  BHUJIBI  CYHIECTBEHHO  pa3IMyajdCh MO  MOKa3aTelsiM
HOJIBUYKHOCTU (CKOPOCTh U MPSIMOJIMHEHMHOCTh JBUKEHHUS, A0S MOJABUKHBIX KJIETOK) U
KOHLEHTpAaLUHU 3MUIUIMMAIBHBIX CIIEPMATO30HMI0B, HO MOP(OIOrMYeCKUe MOKa3aTeau
(o kJeToK ¢ JedeKTaMu TOJOBKM M XBOCTa) OKAa3aJUCh HE3HAYUMBI I MX
muddepenrmanuu (Tadauma 7.1).

B mnepByto kanonumdeckyro ¢yskiuwo (KJID 1, odwvacaser 91.6 % nucnepcun)
HanOOJBIMK BKJIQJ, BHOCHJIA KOHIICHTpAIUs, NPSIMOJIHHEHHOCTh nBHxkeHus (STR) u
noJig noABMKHBIX KieTok (Motile), Bo Bropyto (KD 2, o6bsicusier 8.6 % nucnepcun) —
ckopocTh JBkeHust cnepmaro3ousioB (VCL). Pasnuuusa cniepMato3ougoB OKUIAEMO
ObUTM MaKCHUMaJbHBIMU MEXY MOJEBKaMU M MaJiOW JIECHON MBIIIbIO, MUHUMaJIbHBIMU

— MKy BuaaMu nojieBok (Pucynok 7.1, Tabmuua 7.2).
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Tabmuma 7.1 — Bkmag mokasaTeneil crepMaTo30U0B TPBHI3YHOB B MEKBHJIOBBIC

pa3iuuns (pe3ynbTaThl TMCKpUMUHAHTHOTO aHanmm3a, F(12, 266) = 27.2, p < 0.0001)

[Tokazarens Wilks F (2, 133) p =<
Lambda
Joust kieTok ¢ qeexramMu roJ0BKH 0.202 0.1 0.902
Jost keTok ¢ qeexraMu XBocTa 0.203 0.3 0.766
KonueHTpaius KieTok 0.411 68.9 0.001
STR 0.262 19.7 0.001
Motile 0.251 16.2 0.001
VCL 0.245 14.3 0.001

KOP 2

oenbrit kpyrabsiit Mapkep — Cl. glareolus, yepnsrii kpyrisiii mapkep — Cl. rutilus,

TpeyronbHbIA Mapkep — S. uralensis; smmumncer — 95 % AU

Pucynok 7.1 — Pacnipenenenue ocobeit Tpex BUJIOB IPHI3YHOB IO MOKa3aTeIsIM
CIIEPMAaTO30UJI0B (JI0JIsI KJIETOK ¢ Je(eKTaMu rOJI0BKHA U XBOCTa, KOHIIEHTpalus, STR,
Motile, VCL) B mpocTpaHCTBE ABYX KAHOHHYECKUX JTUCKPUMUHAHTHBIX (YHKIIUH

(K 1, KD 2)
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Tabnuna 7.2 — MexXBHUIOBBIE pa3iMyusl TPHI3YHOB IO MOKA3aTessiM CIepMaTO30U/I0B

(pe3yapTaThl JUCKPUMHHAHTHOTO aHAIN3A)

Bun Cl. glareolus Cl. rutilus S. uralensis
Cl. glareolus 1.2 25.5
Cl. rutilus 5.9 \ 26.3
S. uralensis 58.9 56.5

[Ipumeuanue — IlpuBenensl paccrossHus MaxananoOuca (HajJ AMArOHANBIO) H

sHauenus F cratuctuk (P < 0.0001) (mmoa auaroHabo)

O CymIIeCTBEHHBIX MEXBUIOBBIX pa3IMYUAX I[IOKa3aTelel CcrepMaTo30HI0B
TPBI3YHOB CBHJICTCILCTBYIOT W PE3YNbTaThl aHAJW3a CTPYKTYPhI CBS3CH MEXKIY
NPEAUKTOPaMU M 3aBUCHUMBIMU TEPEMEHHBIMHU, MPOBEACHHOTO il 00bEIMHEHHOU
BeIOOpKH (N = 141) (Tabnuma 7.3).

[TockonpKy (hakTOpHAs HArpy3Ka JUIA MPEIUKTOpa «BUI) UMela MaKCHMaIbHOE
sHaueHue (0.61), manee CTpyKTypy CBsI3e€d MEXIy NMEPEMEHHBIMM IS KaXKJ0TO BHUJA
OLICHUBAJIA OTAEIBHO.

Y CI. glareolus na mnepBbic nBa (akTopa mnpuxommwiocs 57.1 % oOmei
mucriepcun, y Cl. rutilus — 52.7 %, y S. uralensis — 55.6 % (Ta0mwuma 7.3).

HekoTopple W3 HM3yYEeHHBIX ITOKa3aTeJIed CIEpPMAaTO30UI0B OBLIM OJMHAKOBO
CBS3aHBl Y Pa3HBIX BUJOB, HAMPUMEP, Y OOOMX BHUIOB TOJEBOK JIOJS TMOJBHXHBIX
criepmaro3ouioB (Motile) mookuTEIBLHO CBsi3aHa cO cKopocThio aBrkeHus (VCL, r =
0.3— 0.4), a KOHLIEHTpaIMs KJIETOK OTPUIIATEIBHO — C MPSAMOJUHEHHOCTHIO JIBHXKCHUS
(STR, r =-0.4 — -0.8) (Pucynox 7.2) [CmupHoB u ap., 2022].

XO0Ts MBI HE OOHAPY>KUIIM 3HAYMMOM CBSI3M MEXKy J0siei moaBMKHBIX (Motile) u
JI0JIeH KJIETOK ¢ JeheKTaMu XBOCTa, OTH JBa MOKa3aTessl OKa3aIiuCh Pa3HOHAIIPABIICHBI:
y BCEX BHUJIOB T'PHI3YHOB MPHU YBEIUYCHUU JOJIM AHOMAJIBHBIX KJIETOK JIOJISI TTOABMYKHBIX

KJICTOK YMCHbLIIIAJIACh.
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Tabmuma 7.3 — CrpykTypa CBs3ed MeXAy MPEAUKTOpAMH W  IOKA3aTEIsIMU

CIIEPMATO30U/I0B IPHI3YHOB (PE3yJIbTaThl AaHAJIN3A IIaBHBIX KOMITOHEHT)

Bce Bupl, Cl. glareolus, Cl. rutilus, S. uralensis,
n=141 n=71 n=52 n=18
[Toxkazarens / «IIpeaukrop»
Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor
1 2 1 2 1 2 1 2

Hons xnerok ¢ gedexramu rososku | 0.15 | 0.34 | -0.19 | -0.40 | 0.04 | -0.65 | -0.62 | 0.37
Hons knetok ¢ nedexramu xBocra | -0.56 | -0.08 | -0.46 | -0.25 | -0.24 | 0.16 | -0.15 | 0.83
KonneHntpanus kiaeTok 0.77 | -0.33 | 0.72 | -0.62 | 0.90 0.20 0.31 0.41
VCL 049 | 0.18 | 0.57 | 055 | 042 | -0.49 | -0.78 | 0.30
STR -0.23 | 0.89 | -0.88 | 0.35 | -0.89 | -0.23 | -0.72 | -0.42
Motile 034 | -0.12 | 057 | 0.30 | 0.16 | -0.72 | -0.61 | -0.25
«Paiton» -0.05 | -0.03 | -0.03 | 0.03 | -0.14 | -0.05 | 0.24 | 0.36
«30Ha 3arpsI3HEHU» -0.19 | -0.05 | -0.24 | -0.31 | -0.02 | 0.25 | -0.31 | 0.33
«Bun» -0.61 | -0.23 — — - - - -
«[pymmay 0.07 | 0.07 | 0.03 | 0.24 | 0.02 | -0.11 | 042 | -0.57
«Cuy» 0.04 | -0.03 | 0.11 | 0.02 | -0.09 | 0.24 | -0.29 | 0.17
«Zn» 039 | 009 | 0.16 | -0.12 | 0.06 | 0.16 | -0.28 | -0.08
«Cd» 0.15 | -0.12 | -0.09 | -0.36 | 0.25 | 0.18 | -0.20 | 0.28
«Pb» -0.05 | -0.17 | 0.20 | -0.03 | 0.01 | -0.01 | 0.25 | -0.04
Jons obuieii nucnepcuu, % 30.8 19.9 34.5 22.6 31.2 215 | 334 | 22.2

IIprumeuanue — IIpenuKTOPBI BBIIEIECHBI KaBBIYKAMM, MAaKCUMAaJbHBIE HArpy3KH
JUISL KaXA0ro (akTtopa — MOJMYKUPHBIM MIPUGTOM, MPOYEPK O3HAYAET OTCYTCTBUE

JaHHBIX

AHanmu3 CTPYKTYpbl CBsI3ei Takke IMOKa3al, 4TO (aKTOPHBIE HATPY3KH IS
MOpPGOJOTHYECKUX TOKa3aTejaed MeHbIe, 4eM JJis MOJBHKHOCTH W KOHIIEHTpALUU
KJIETOK. Huzkas «4yBCTBUTEIBLHOCTBHY» MOP(OIOTUUECKHIX nokaszarenen
CIIEPMATO30UJI0B K TOKCUYECKON Harpy3Ke COrjlacyeTcs ¢ pe3yjibTaTaMu UCCIeAOBaHUM
MOP(OJIOTUH CEMEHHHMKOB TPBI3yHOB, B KOTOPBIX AaBTOPbl HE OOHApYXUBAJIU
CTPYKTYPHBIX TIEPEeCTPOeK, OOYCIOBIEHHBIX 3arpsi3HeHueM cpensl [Damek-Poprawa,

Sawicka-Kapusta, 2004; MyxadeBa, /laBbimoBa, 2006; JlaBbigoBa, 2007].
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Oenblii KpyrJbiit Mapkep u myHktup — Cl. glareolus, uyepHblit kpyribiii MapKkep H CIUIONIHAS JTUHUS —

Cl. rutilus, TpeyronbHbIit Mapkep U crutoiHast TuHus — S. uralensis; smmmncer — 95 % JIU

Pucynok 7.2 — 3aBucumocTs npsiMoJIMHEeHHOCTH nBmxkeHus (STR) cepmaTto3onaos oT

HNX KOHLCHTpAIUKN

N3yuyeHHbIE Mop¢osioruyecKue IIOKa3aTesn CIIEpPMaTO30MI0B
MaJOMH(pOPMATHUBHBI JJIs AHAJIA3A AEUCTBUS MOJUTIOTAHTOB HA TPHI3YHOB U3 MIPUPOIHBIX
HOMYJISILMM, TO3TOMY HX HELEJIecO00pa3HO HCIOJIb30BaTh B 3KOTOKCHUKOJIOTMUYECKUX
paborax (1o KkpaiiHe# Mepe, IPU COMMOCTABUMBIX YPOBHSX 3arpsi3HeHUs). B To ke Bpems
oOHapy>KeHHasl, XOTA U ciadas peakius MoKa3aTesed MOJABM)KHOCTU CIEPMATO30UI0B
Ha 3arpsA3HEHUE TO3BOJISIET B IMEPCHEKTHBE HCCIENOBaTh M JPYrHE BaXkKHbIC
(YHKIIMOHAIILHBIE XAPAKTEPUCTHKH I OICHKM WX KadecTBa (Hampumep, ypOBCHB
amnornTo3a, COAECPKAHUE IKCTPA- U HHTPAKIETOUHBIX HYKJIEHHOBBIX KUCJIOT).

Pe3ynpraThl aHanmu3a IVIABHBIX KOMIIOHEHT COIVIACYIOTCA C pe3yJbTaTaMu
OTJIEJIBLHO MPOBEJAECHHBIX TECTOB JJI PA3HBIX MOKAa3aTeNeH, N3JI0’KEHHbBIE B MTPEABIYIINX
rjlaBax, U JEMOHCTPUPYIOT MIU OTCYTCTBHE 3((EKTOB, CBA3AHHBIX C BIMSHUEM
(GhakTOpOB «paloH» W «rpymnmnay, Wik ciaabocTth 3PEGEeKTOB, CBSI3aHHBIX C 30HOU

3arpsi3HEHUS M TSOKEIbIMU MeTauiamu (Pucynok 7.3).
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KBaJPaTHBINA MapKep — NPEAUKTOPBI, KPYTJIblii MapKep — 3aBUCUMBIE IIEPEMEHHbIE
Pucynox 7.3 — CTpykTypa CBs3€i MEXIy IPEIUKTOPAMHU U TTOKA3aTEIISIMH

cniepmaro3ouioB y Cl. glareolus

[loutn Bce paHee UUTUPOBAHHBIE aBTOPHI MCCIEAOBAIU OJHOBPEMEHHO
HECKOJIbKO TMoKazarenel criepmato3onsoB. M. Kotula-Balak ¢ coast. (2014) nokazanu
pa3HOHANpPABJICHHOE BIMAHHE KCEHOOCTPOTEHOB HA TIOKa3aTeNd IOJBUKHOCTHU
ciepmarozounsioB Cl. glareolus mpu aByx Tumax coneprkaHus (IJTMHHBIA U KOPOTKHIA
¢dotoneprona), mpuueM KCEHOACTPOTEHbl YBEIMUNBAIN BCTPEUAEMOCTh CIIEPMATO30MI0B
c nedeKkTaMu XBOCTa B 00OMX ciydasix. B skcmepumeHTte c 3arpaBKkamu Cyib(haTom
Meau U xjaopuaoMm amomunus y Cl. glareolus B onbiTHOM rpymine yMEeHbIIAINUCH U JTOJIS
MOJBMYKHBIX KJICTOK, U J0JsI MOP(OIOrndeck:n HOpMaabHbIX KieTtok [Miska-Schramm
et al., 2014, 2017].

L.V. Tannenbaum ¢ coagt. (2003) y 6enonororo xomsiuka (Peromyscus leucopus)
Bo3Jie 3aBoja OoemnpunacoB (RVAAP) He oOHapykwim BIMSHUS 3arpsi3HCHUS] HU Ha
JIOJTIF0  TIOJIBMKHBIX — criepMaTo30uAoB (oHa coctaBisuia 94-99 %), Hu Ha A0J10
aHOMAJIBHBIX KJIETOK (OHM OTCYTCTBOBaJM). B Ipyrom mcciaenoBaHuu 3THX K€ aBTOPOB,
POBEJICHHOM Ha HECKOJbKUX BUJAaX TPHI3YHOB M3 Pa3HBIX PAOHOB, JOJS MOABUKHBIX

KJICTOK JKMBOTHBIX HE KOppEianupoBajia C ,IIOJ'ICI\/i AHOMAJIbHBIX KIJICTOK: U3MCHCHHA O0JIN
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MOJBW)KHBIX KJIETOK Ha (DOHOBBIX WM 3arps3HEHHBIX TeppuTOpusx mocturanu 47 %, a
9JacToTa MaToJIoruid KieTok He npesbimana 0.1 % [Tannenbaum et al., 2007].

HecMoTpsi Ha mOpOTUBOPEYMBOCTH OIYOJIMKOBAHHBIX JAHHBIX, KOMIUIEKCHBIN
aHaJIHM3 MTOKa3aTeNIed CIIePMATO30U/I0B MTPEACTABIISETCS BaXKHBIM, TTOCKOJIBKY TTO3BOJISIET
OLIEHUTh COTNIACOBAaHHOCTh MX m3MeHeHui. Tak, JI.B. Ocamuyk u M.A. Kiemés (2016)
nokazayiu, 4ro y mbimed juanun CBA/Lac HHM3KOe coliepKaHUE CIepMAaTO30U0B B
000uX AMUANAUMECAX (AMUIUIAMATILHBIN PE3EePB) COMPOBOKIAIOCH YBEIMUYCHUEM HUX
MOJBW)XKHOCTA M CHIDKEHHEM JIOJIM aHOMAaJbHBIX KJIETOK. [lo MHEHHIO aBTOpPOB,
nojiep kanre GEePTHIIBHOCTH CaMIIOB Ha ONTUMAIBPHOM YPOBHE MOKET 00€CTICUNBATHCS
KOMITCHCATOPHBIM YBEIUYCHHEM KaueCTBa CIIEPMATO30HI0B.

B wnameit pabote Tonpko y omuoro Buma, Cl. glareolus, Obuta oOHapykeHa
COTJIaCOBAaHHOCTh PEAKIIMA Ha 3arpsA3HCHHE: OJHOBPEMEHHOE YBEIMUYCHUE JOJIH
AHOMAJIBHBIX KJIETOK, YMEHBIIECHUE JIOJIM TOJBWKHBIX KJIETOK U HUX CKOPOCTH
(marmpumep, VCL Hmxe B cpeaneM Ha 9.0 mxm/c (95 % JAU: 1.6-16.3) [CmupHOB | 1p.,
2022] Ha UMMAKTHBIX y4acTKaxX, a TAaK)Ke YMCHbBIIICHUE IMOABMKHOCTH CIIEPMATO30HI0B
C YBEIIMUCHHEM KOHIIEHTpalluu TOKCHYHBIX 351eMeHToB (Cd, Pb) B opranmusme. OnHako,
HECMOTpPSI Ha CTAaTUCTHUYECKYIO 3HAYMMOCTh, BCe OOHapy>KeHHbIC d(PHEKThl OKa3aIuCh
ciaObIMU, HanpuMep, (PaKTop «30HA 3arps3HEHHS» OOBACHSIT TOJIBKO 8 % IUCIIepCUun

g VCL.
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3AKJIFOYEHUE

Y wmognenpabix BHmoB TpeyHOB (Cl. glareolus, CIl. rutilus, S. uralensis),
OOUTAIOIMX Ha YyYacTKaX C KOHTPAacCTHbIMU ((POHOBBIM M HMIIAKTHBIM) YpPOBHSIMHU
XUMHUYECKOTO 3arps3HEHUsT OT NPOMBIIUIEHHBIX BBIOPOCOB B pailoHaX JBYX
MEEIUIaBUIbHBIX 3aBOJIOB, UCCIEI0BaHbl MOP(OJIOTUYECKUE MOKa3aTeau (pa3Mepbl U
BCTPEUAEMOCTh aHOMaJMil), MOABMKHOCTD W KOHLEHTpALUs SHUIUANMAIbHBIX
CIEPMaTO30U/I0B.

B xose paGoThbI ObLIH OIIEHEHBI:

- yPOBHM MEX- M BHYTPUBHUIOBOM (IMOMYJSUMOHHOM M HWHIUBUIYAIBHON)
WU3MEHYUBOCTA MOP(POMETPUUYECKHX MTOKA3ATENIE HOPMAJIBHBIX CIIEPMAaTO30U0B;

- YPOBHU OHTOT€HETHYECKOM HM3MEHUYUBOCTH MOP(OJOTUH, MOJABUKHOCTH U
KOHLIEHTpAalMU CIIEPMATO30UI0B, CBA3aHHOW ¢ OMBapUaHTHBIM PAa3BUTHEM TPHI3YHOB;

- YPOBHU U3MEHYUBOCTU MOP(OJIOTUU CIIEPMATO30MI0B, CBI3AHHOMN CO CTaUsIMU
II0JIOBOTO Pa3BUTHSI,

- KOHILIeHTpauuu scceHunanbHbiX (Cu u Zn) u Tokcnunbix (Cd u Pb) snemenToB B
IIEYEHU TPBI3YHOB KaK II0Ka3aTead WHIAUMBUIYAIIBHOM TOKCHYECKOW Harpy3ku Ha
OpTraHU3M.

OcHoBHbIE yCHIHSI ObLTM COCPENOTOUYEHBI HA aHATTU3E:

- BJIUSIHMS 3arPSI3HEHUS HAa KAYE€CTBO CIIEPMATO30MI0B;

- CTPYKTYpbl CBf3€d MeXAy mpeaukropamu (pailoH, 30Ha 3arps3HeHus,
KOHLIEHTPAlUU TSDKEJBIX METAJJIOB, BHUJ, IMONYJSALMOHHAs TPYyIIa) U KOMIUIEKCOM
noKasarteliel CriepMaTO30HI0B.

3HAYUTEIBHYI0 YacTh pabOThl COCTAaBWJI TOWCK M ampoOaiys HOBBIX WU
BepU(pUKaALlMs  CYHIECTBYIOUIMX  METOJOB  HWCCIEIOBaHHUS  SIUAMIUMAIbHBIX
CIIEPMATO30UJIOB TPHI3YHOB. DTO CBA3aHO C OTCYTCTBHEM YHUDUIIMPOBAHHBIX METOJIOB
JUI HalIMX OOBEKTOB, CIOXKHOCTHIO OTOOpa CHEPMATO30UIOB Y MIICKOMHUTAIOUIMX C
HEOOJBIIMMU  pa3MepamMH  TOJOBBIX  JKele3, a  Takke  pa3HooOpa3ueMm
UCCIIEIOBATENbCKUX 3a/1au. B psaae ciaydaeB onmyOiaMKOBaHHBIE MPOTOKOJBI OKA3AJINUCh

HCTIOJIHBIMHU, IIO3TOMY B JHUCCCPTAINH MAKCHMAJIbHO HOI[pO6HO HN3JI0KCHbI HIOAHCBI
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UCIOJIb30BaHHBIX HAMHU METOJIOB M OOpalleHO BHUMAaHHE Ha BO3MOXKHBIE «IIOJBOHBIC
KaMHI.

Mpbl  Ope;IoKWIM  OPUTMHANBHBIA ~ METOX,  TO3BOJLSIIOIIMM  OTOMpaTh
CIepMaTO30MIbl  OJHOBPEMEHHO [UIsi aHaimu3a MoOpQOJIOTUH, TOABMKHOCTH U
KOHIIEHTpAllui, a TaKKe€ MOAU(DUIMPOBAHHYIO MUTATEIBHYIO CPENy, MO3BOJISIOLIYIO
COXPAHAThH KU3ZHECTIOCOOHOCTH IMOJIOBBIX KJIETOK B TEUEHHE JJIUTEIBHOIO BPEMEHH 0€3
CHI)KEHHUS! XapaKTEPUCTHK JBMXKEHHsS. MBI Takke CYIIECTBEHHO NPOJBHHYJIHCH B
OIBITE HCIIOJIb30BAHUSA aBTOMAaTHUecKoro ananusza crepmaro3ousioB (CASA) u
BBISIBWIIM psJ MpoOJeM, KOTOpble HEOOXOAMMO pemuTh B OyaynieM (B 4YacTHOCTH,
npoOJieMy BbIOOpa MoporoB ajisd auddepeHunanuu cyonomyasuuil KJIeToK).

@parmMeHTbl paboThI, Kacarolrecs Mokas3arejeii HOPMaJIbHbBIX CIIEPMAaTO30U/10B
IPBI3YHOB, UX WHAWBHUAYaJIbHOM, MOMYJALMOHHON U MEXBHIOBOM M3MEHUYHMBOCTH, HE
CBSA3aHbl HENOCPEACTBEHHO C OLEHKOW BIMSHMS 3arps3HEHHs Ha KadecTBO
cnepMaTo3ou1oB. TeM He MeHee, OHU HEOOXOJMMBI, TIOCKOJIbKY MO3BOJIMIIN MOJTYyYUTh
NpeACTaBIeHUEe O 0a30BBIX XapaKTEPUCTHKAX HCCIEAYyEeMbIX OOBEKTOB. Takke OHU
BaXHBl JUIsI MHTEPOpPETAlMd  pe3yJbTaTOB C TOYKH 3PEHHUS COBPEMEHHBIX
HKOJOTUYECKUX U 3BOJIOLMOHHBIX KOHIICTILIHM.

IlepceKTHUBHBIM NPEACTABIACTCS W3YYEHUE W3MEHUYMBOCTH, CBSI3aHHOW CO
CTalusSMU TIOJIOBOIO PAa3BUTHUS (CO3pEBaHHEM, 3pEJIOCThIO, YracaHUEM IOJIOBOU
(GyHKUIHH), TOCKOJIBKY Y CErOJIETOK C MHBOJIIOIIMEN MOJIOBBIX jKelie3 oOHapykeHa Oosee
BBICOKAsl 4acToTa BCTPEYaeMOCTH Je(EeKTOB TOJIOBKM IO CpPaBHEHHUIO C
NEePEe3MMOBABIIUMH OCOOSIMHU. DTO CBUJIETEIBCTBYET O TOM, YTO 3 (PEKThl OJTOKHUPOBKHU
PEenpoIyKTUBHON (YHKIIMM HAMHOTO CHiibHEee 3(DPEKTOB, CBA3AHHBIX C KaJIEHIAPHBIM
BO3pacTOM JKMBOTHBIX. II0Ka 3TOT BapuMaHT M3MEHYHMBOCTH HCCJENOBAH TOJIBKO JUIS
MOpPQOJOTUYECKUX TOKa3zareyed crnepmaTo3ouioB. HecomMHeHHa NepCreKTUBHOCTh
TAKOro aHaJh3a W I JPYTrux IOKas3aTelled CIIepMaTo30MAOB — MOJBM)KHOCTH U
KOHLIEHTpaL1H.

HecmoTpss Ha CTaTUCTUYECKYIO 3HAUYUMOCTb, OOHApY)KEHHBIE TOKCUYECKHE
ekt okazanmuch caadbiMu. PaKTUYECKH HU OJIUH W3 WCCIEAOBAHHBIX MOKa3aTesei

CIIepMaTo30Ma0B CaM I10 cebe He MOXKET OBITh HaACKHBIM MAapKEPOM IIPOMBIIIIICHHOI'O
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3arpsA3HEHUs], 0 KpauHenl Mepe, U1 UCCIEAYyEMbIX YPOBHEH 3arpsi3HEHUS METAJIIAMMU.
[Ipu »TOM mOKa3aTenu TMOABMXKHOCTH  CIIEPMATO30MAOB  OKa3aluch  Oosee
YYBCTBUTEJIBHBIMM K  3arps3HEHUI0O 1O CPAaBHEHHIO C  MOP(QOJIOTHUYECKUMU
MOKa3aTeJSIMH, YTO COTJIACYETCsl C MPEACTABICHUSIMHI O KOHCEPBATUBHOCTU KJIETOYHBIX
cTpyktyp. Kpome TOro, oguHakoBas 4acTOTa BCTPEYAEMOCTH AHOMAJIbHBIX KIIETOK Y
Pa3HBIX BUJOB W MOIMYJISIIIUOHHBIX TPYII MOXXET CBHJIETEIHLCTBOBATH O €CTECTBEHHOMU
00yCIOBJIIEHHOCTH TaKUX (POHOBBIX YPOBHEH 3TOT0 MOKa3aTelsl.

Tem He MeHee, oOHapyXeHHas Ha WHIUBUIYaJIbHOM YPOBHE CTAaTUCTHUYECKU
3HaYMMas OTpHIIaTeTIbHAs 3aBUCUMOCTD MEXIY KOHIICHTPAIIUSIMU TOKCHYHBIX METAJIJIOB
B OpPraHM3ME U TOJBMKHOCTBIO CIIEPMATO30MI0B MOKET KOCBEHHO CBUECTEIHCTBOBATh
0 Kay3aJbHOM XapakTepe naxe ciaObix Tokcuueckux 3¢dekroB. Kpome Ttoro, Ha
UMIAKTHBIX Y4YacTKaxX IOKa3aTeld W MOPQOJOTUHU (I0JI1 aHOMAIBHBIX KJIETOK), U
NOJIBUYKHOCTH H3MEHSUINCh OJHOHANPABIEHHO — B CTOPOHY YXYyJIUICHUS KayecTBa
criepMaTo30u]10B. Takas COIJIaCOBAaHHOCTh PEaKIMM Ha XHMHUYECKOE 3arps3HEHHE
MOJKET MPHUBOJIUTH K CyMMallMd MHOTHUX Cla0biX 3()(EeKToB, UTO HeTIaeT «UTOTOBBIN
MOMYJISITUOHHBIN A((EKT HE CTONB C1adbIM.

BaxxHo oTMeTHTh, 9TO BKIIAJ (akTopa «pailoH» B M3MEHUYMBOCTH MOKA3aTENICH B
OOJBIIMHCTBE TECTOB ObUI HECYIIECTBEHHBIM. OJTO MOXET CBUACTEIbCTBOBATH O
CXOJACTBE  BO3ACWUCTBHUA  JIBYX  HMCTOYHMKOB  3arps3HEHHMs] U  BBISBICHUU
3aKOHOMEpPHOCTE, KOTOpBhIE HE CBSA3aHbI CO CHEUU(PHUKON BHIOPOCOB KOHKPETHOTO
MPEANPUATHS.

Cna0bie 3(pdekThl 3arpsi3HEHUS MOKHO OOBICHUTh HATMUYUEM TOMEOCTAaTHYECKHUX
O0appepoB, B TMEpPBYIO OdYEpeAb TIE€MaTOTECTUKYISIPHOTO, HAAEKHO 3aIIMINAOIIINX
PENPOIYKTUBHYIO (DYHKIIMIO KUBOTHBIX. K mpuunHaM crnabbix 3PEeKToB MOKHO TaKKe
OTHECTH TMPOCTPAHCTBEHHYID MO3aWYHOCTh TOKCHYECKOW HArpy3KH, MOJIBHKHOCTD
TPBI3YHOB, KOTOpasi MO3BOJISIET M30eraTh HEOIAarompuaTHBIX Mectoobutanmii. Kpome
TOTO, HEJIb3 HUCKIIOYUTb, YTO HCCICJOBAaHHBIH YPOBEHb 3arpsi3HEHUs ObLI
HEJIOCTAaTOYEeH /I CYIIECTBEHHOI'O CJBUra PENpOAYKTHUBHBIX MOKa3areinend. 3ITo
00yCIOBIUBAaET HEOOXOIUMOCTh BepU(UKAIMKM BBIBOAOB ISl BO3ACUCTBUS JIPYTHX

HCTOYHHKOB ITPOMBIIIJICHHOI'O 3arpsA3HCHN.
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bonpminHCTBO ~ moOKazaTenei  CIepMaTO30MIOB  TPBI3YHOB  OKAa3aJIHCh
BugocnenupuyHbl, gaxke mpu paccMorpermn OmmskoponctBeHHbIX Cl. glareolus wu
Cl. rutilus. TTo-BuauMomy, 3TO OTpakaeT pa3IMYHBIC PEMPOAYKTUBHBIC CTPATETUU
BUJOB. BupocnenuduuHoil okazajgach M peaklys CIepMaTO30MIOB HA XUMHUYECKOE
sarpssaeHue. Haubonee spko toxcuueckue s¢hdextsl nposisumch y Cl. glareolus. K
COYKaJICHHIO, TIOKa MBI HE MOKEM UCKJIIOYHTH, YTO MEHEE BBIpaKCHHBIC dPPEKThH (WIH
ux orcyrcteue) y Cl. rutilus u S. uralensis Morytr ObITE OOYCIIOBICHBI HEOOIBITUMHU
pa3Mepamu BBIOOPOK JJIsl 3TUX BUAOB. TeM He MeHee, KpallHe HU3KUE KOHUEHTpaluu
METaJUIOB y S. Uralensis Ha UMIaKTHBIX y4acTKaxX KOPPECHOHAUPYIOTCS ¢ OTCYTCTBUEM
TOKcHU4ecKnX 3(pQexToB. B cBoI0 odyepenn, HU3Kas TOKCHUECKasi Harpy3Kka Ha OPraHu3M
S. uralensis MoxeT ObITh 00YCIIOBJIEHA OCOOCHHOCTSIMHA OMOJIOTUH 3TOTO BHJIA: BBICOKOM
MUTPAIMOHHON  TOABW)XHOCTBIO,  MPEUMYIIECCTBEHHBIM NHUTAaHHEM  CEMEHaMH,
MaKCHMaJbHO 3allMIIEHHBIMU OT aKKyMYJISILUU METAJUIOB U Ap. Bunocneunduunocts
peakuuMu Ha 3arpsA3HEHHE CBUJETEIBCTBYET O PHUCKOBAHHOCTH 3KCTPANOJSLUU
pe3yapTaTOB € OJHOTO BHJIAa HA JAPYrod ©  BAXHOCTH  BKJIIOYCHHS B
HKOTOKCUKOJIOTUYECKHE UCCIIEI0BAaHUS Pa3HbIX BUJIOB.

Taxum o6pazom, mpoBepsieMble THITOTE3bI MOATBEPIMIINUCH JIHIIb YaCTUIHO:

1) xuMuYecKoe 3arps3HEHUE YXYAIIAeT MOKAa3aTeld CIIEPMATO30HI0B TPHI3YHOB
U3 MIPUPOHBIX MOMYJISILIUM, OJIHAKO PEAKIIHs Ha 3arpsi3HEHUE OKa3anach ci1aloii;

2) peakius CriepMaTo30UI0B Ha XUMHUECKOE 3arps3HEHUE BUIOCTICIIU(PUIHA;

3) peakius CHEpMATO30UJOB HA XHMHUSCKOE 3arpsi3HCHUE HE 3aBUCHT OT

BapHaHTa OHTOICHC3a.
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BbIBO/IbI

1. [okazarenu MOpQOIOTUH, TOJABUKHOCTH U KOHIEHTPALUH SIUAAIUMATBHBIX
CIIEPMATO30HIOB TPEX BHIOB Iphi3yHOB OopeanbHOU 30HHEI (Clethrionomys glareolus,
Cl. rutilus, Sylvaemus uralensis) He 3aBHCAT OT BapHaHTa OHTOICHE3a M JIOCTHIAOT
Ne(UHUTUBHBIX 3HAYCHHH Y IOJIOBO3PEJIBIX CETOJIETOK W IEPe3UMOBABIIMX 0c00eii;
CJICIOBATENIbHO, TMOTEHIMAJBbHBIA BKJIAJ CAMIOB A3TUX TPYII B BOCIPOU3BOJCTBO
TOMYJISIIIAA MOXKHO CUUTATh PAaBHOIICHHBIM.

2. XMMHUUYECKOe 3arpsi3HEHHEe, B TOM YHCJIe HAa WHIUBHUIYalbHOM YPOBHE, CI1a00
BIMSET HAa KAa4YeCTBO SIUIUAUMAIBHBIX CIEPMATO30MJI0B TPEX MOJCIbHBIX BHJIOB
I'PBI3YHOB, YTO MOXKET OBITH CBSI3aHO C HajdH4heM Y(PQPEKTUBHBIX FOMEOCTATUICCKUX
OapbepoB, B TIEPBYIO Ouepelb TI'eMAaTOTECTHUKYJSIpHOro. V3ydeHHBIE IOKa3aTeln
CIIEPMATO30H/IOB HEJIb3sl CUNTATh HAJICKHBIMH MapKepaMu XUMHYCCKOTO 3arpsi3HEHHS.

3. [TokazaTenu TOABMXKHOCTH SHUAUAUMAIBHBIX CIIEPMATO30HIIOB TPHI3YHOB
Ooliee  YYBCTBHTEJIBHBI K XUMHUYCCKOMY 3arps3HCHUIO [0 CPaBHEHUIO C
MOP(OJIOTHYESCKUMH ~ TTApaMETPaMH, 4YTO COTJIACYeTCsl C  MPEACTABICHUAMH O
KOHCEPBAaTUBHOCTU KJIETOYHBIX CTPYKTYp. OIMHAKOBO HH3Kas 4acTOTa aHOMAJIbHBIX
CIIEPMATO30HMIOB B PAa3HBIX MOMYJSIMOHHBIX TPYIIAaX MOXET CBHICTEIbCTBOBATH O
€CTEeCTBEHHO O0YCIOBJICHHOM ()OHOBOM YPOBHE ITOTO TTOKa3aTesl.

4. Peaknusi TOKa3zaTelieil  CIEpMaTO30HMJOB  HWCCICIOBAHHBIX  BUJIOB  Ha
XMMHUYECKOE 3arpsi3HCHHE BUJAOCHCIM(UYHA: TIOJICBKH CHIIbHEE pPEarnpyroT Ha
3arpsi3HEHHE 10 CPABHEHUIO C MaJIOMl JIECHOM MBIIIbIO; BBIPAXKEHHOCTh 3((eKToB
ymenbinaercs B paay Cl. glareolus > Cl. rutilus > S. uralensis. YcroituuBocts Manoit
JIECHOM MBIIIA K 3arps3HEHUI0 MOXET OBITh OOYCJIOBJI€HAa OCOOCHHOCTSIMHU €€
OMOJIOTHH, B YACTHOCTH OOJIBbIICH MOJBHUKHOCTBIO M MPEUMYIIECTBCHHBIM MUTAHHEM
CeMEHaMHU.

5.V Cl. glareolus, narbosnee 4yBCTBUTEIBHOTO K XUMUUECKOMY 3arpsi3HCHUIO U3
U3YYCHHBIX BUOB, MOP(HOJOTUIECKUE MOKA3aTeIN U MOBHKHOCTL CIIEPMATO30UIOB C
YBEJIMUYCHUEM TOKCHYECKOW HArpy3KH M3MEHSIOTCS OJHOHAIPABICHHO (yXYIIIAIOTCS),

4YTO CBUACTCIILCTBYCT O COTJIaCOBAaHHOM PCaKnuu IMOJIOBBIX KJICTOK Ha 3arpsA3HCHHC.
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