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AHHOTauMA: 3MeN MMEIOT BMOJIHE PAa3BUTYHO KPOBETBOPHYHD U MMMYHHYIO CU-
CTeMbl, AEMOHCTPUPYIOT pPeakLMn Ha BECb CMEKTP 3KOIOrMYeckux GpakTtopos
cpeabl 06MUTaHMA U ABAAIOTCA YHUKANbHbIM 0ObEKTOM /19 3KONOrMYECKUX mC-
cnefoBaHUii. Bonpocbl OLEHKM MMMYHHOFO CTaTyca 3Mel Nnog, Bo3AencTBMem
aQHTPOMOreHHOro npecca B pasHbix BUMOTONMYECKUX YCNOBUAX Cpeabl OCTAlOT-
CA MasIon3y4yeHHbIMU, U 0COBEHHO aKTyaseH MOWUCK MONYAAUMOHHbIX MapKe-
pPOB, MO3BONAOWMX OLEHUTb PAaboTy 3PGEKTOPHBIX MEXAHU3MOB UMMYHHOM
CUCTEMBI, ONpeaenArmnx npouecc GopMUPOBaHMA aZANTUBHBIX PeaKLUi
opraHusma. Llenbto paboTbl ABNANACL CPaBHUTENbHAA OLLEHKA NOKasaTenew
NIeiKoUMTapHOM CUCTEMbI KPOBW YrKa BoasHoro Natrix tessellata (Laurenti,
1768) n3 nonynaumuii CeBepHoro u BoctouHoro Mpukacnua. JiumoountapHo-
rPaHyNOLMTAPHbBIA COCTaB NenKorpamm neprudepruyeckon KpoBK yxKa BOAAHO-
ro CesepHoro 1 BoctouHoro MpuKacnma xapaktepusosasca npeobiagaHnem
arpaHynoumtoB (70-75 %), Aona rpaHynoumnToB coctasaana 25-30 %. YctaHoB-
NleHO nepepacnpeseneHne COOTHOWEHUA TPaHYNOLMTOB K arpaHy/iounTam B
KpoBu ocobelt n3 nonynaumin pasHbix bnotonos. B KpoBu ocobeit BoctouHoro
MpuKacnus BblABAEHO NOBbIWEHHOE coaepKaHMe reTepoPpuaos, MOHOLMUTOB U
NOHUKEHHOE coaeprKaHne AMMPOLMTOB NO CPABHEHMIO C BbIBOPKOIM 13 nony-
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naumn CesepHoro Mpukacnus. Mexnonosble pasnnmyma HabaAaNNCh B OTHO-
LUEeHUM coaepKaHunsa a3sypodnios, 4018 KOTOPbIX B KPOBM CaMOK Yy*Ka BOASHOIO
CeBepHoro lMpuKacnua bblna Bbille NO CPAaBHEHUIO C camuamu. MHTerpaabHble
nHaekcol (UCra, UAT, NCIN) BbiIABUAN OAHOTUMHbLIA XapaKTep U3MEHYMBOCTH
napameTpoB NENKOLUTAPHON CUCTEMbI KPOBM CaMOK M CaMLLOB, 06UTaOLLMX
B paloHax MpMKacnuincKo HU3MEHHOCTU. BbifiBIeHHbIe pasnnyma B napame-
Tpax NeMKOLMUTAPHON CUCTEMbI KPOBM Y»Ka BOASHOIO, BO3MOXKHO, CBA3aHbI C ce-
30HHOWM OHTOreHeTMYeCKON aKTUBHOCTbIO 3Mell. Hecneunduyeckas 3alwmTHas
cMcTema KpoBu 3melt bbicTpee n addeKkTUBHEE pearnpyeT Ha LUMPOKUIA CNEKTP
naToreHHbIX aHTUTEHOB cpeabl 0BUTaHMA NO CPABHEHMUIO C aAANTUBHLIMM OTBE-
Tamu, MOSTOMY B MEPMOZ, CMAPMBAHNA MMEHHO BPOXKAEHHAA CUCTEMA 3aLLMITI,
XapaKTepusyloLlasncs 6onee BbICOKMM Pa3BUTUEM Y SKTOTEPMHbIX XMBOTHbIX,
obecneymBana MakCMMasIbHYH 3aLLMTY U yCTOMYMBOE DYHKLLMOHUPOBAHME Op-

raHM3sma. . 5
© MNeTpo3aBOACKMIA rOCYAAPCTBEHHbIN YHUBEPCUTET

PeueH3eHT: B. H. KypaHoBa

MonyyeHa: 15 nrona 2020 roga

BsepeHue

Apeanbl y»eobpasHbix 3men poga Natrix
Laurenti, 1768 oxBaTbiBalOT BCE PACMNOJIOXKEH-
Hble Ha TeppuTopuM Bonxckoro 6accenHa 39
cybbekToB Poccuiickon depepaummn n ase ob-
nactm KasaxctaHa (TabaunwwmH, Tabaumwwu-
Ha, 2002; Yyryesckana, 2005; bakues un ap.,
2009). UmetoTcsa obLWIMpPHbIE CBEAEHMA MO MOP-
donornm, pPacnpocTpaHeHUIo, YUCAEHHOCTH,
NAOTHOCTU, PAa3MEpPHO-NON0BON CTPYKType no-
NynALMA, Pa3MHOXKEHUIO, CE30HHOW U CyTOuY-
HOM aKTMBHOCTM, TEPMOOBMONOrMKN, NMUTAHUIO,
napasutam n notpebutenam yxeu poga Natrix
B Bonxkckom bacceitHe (Bakiev et al., 2011;
Litvinov et al., 2011; KneHuHa, bakues, 2015;
KnenuHa n ap., 2015). YcTaHOBAEHO, YTO 3MeEU
MMEIOT BNOJIHE PA3BUTYHO KPOBETBOPHYHO U UM-
MYHHYIO CUCTEMbI U AEMOHCTPUPYIOT PeakLmn
Ha BeCb CMEKTP 3KOIOTMYeCcKMx GpaKkTopos, xa-
PaKTepPHbIX AnAa cpeabl Ux obutaHuma (Davis et
al., 2008; Kobolkuti et al., 2012; Lisicic et al.,
2013). KpoBb 3mel umeeT MHoro obLuero, ¢ oa-
HOM CTOPOHbI, C KPOBbIO Pblb M ampurbuii, c apy-
rov — ntuy, u mnekonutawowmx (Cooper et al.,
1985), uTO AenaeT Ux YHUKa/NbHbIM 06beKTOM
ANA 9KONOTMYECKUX nccnegoBaHnin. M3sectHo,
YTO K/IETOYHblE MEXaHM3Mbl HecneundUyecKko
PEe3UCTEHTHOCTM Yy PEenTUIMA NpeacTaBeHbl
Habopom NenkouuToB: MoHoUMTaMK, 6asodu-
lamu, 303nHopuIamm n retepodunamm, peak-
UMM afanTUBHONO MMMYHHOTo oTBeTa obecne-
ymsatotca aumoountammn (Davis et al., 2008;
Arican, Cicek, 2010; Masnos, KOcynos, 2015;
Bacunbes, 2016 un ap.). NonyyeHbl nonynauu-
OHHble nerKkouuTapHble GOPMy/bl KPOBM YyiKa
06bIKHOBEHHOIO U yXKa BogAHoro Camapckoi
06nactn. BbifiBNEHbI MEXBUAOBbIE PaA3NNYKS,
npoucxogAwmMe B KPOBM 3TUX 3Mel A0 M no-
cne OTKNAAbIBAaHMA AUL, CBA3AHHbIE C aKTMBA-

MopnucaHa K neyaTtn: 28 mapta 2021 roga

uMein ecTecTBEHHOTO MMMYHUTETA MKUBOTHbIX
(PomaHoBa un gp., 2015). BbisBneHbl pasnnums
B /IEMKOLMTAaPHOM COCTaBe KPOBU AL40BUTbIX U
HeaZoBUTbIX 3mel (PomaHoBa 1 ap., 2017). B
HacToALLee BPeEMA aHTpPoOMoreHHas TpaHcdop-
MauMA MecToobuTaHuUM umeeT 1o0banbHbIN
XapaKTep, NpuM 3TOM WHAMBWUAYANbHAA aKKo-
MOZaLMA Ha M3MEHAIOLWMECA IKONOIMMYecKme
ycnoBus cpeabl BO MHOTOM onpeaensieTcs cno-
COOHOCTbIO OpraHM3amMa HOPManM30BaTb WM-
MYHOremMaTo/IOrMYeCcKyo CUCTEMY FTOMEOoCTasa.
B 3TOM CBA3M aKTyanbHOCTb W AasibHenwwue
NepcrneKTMBbl U3yYEeHUA afanTUBHbIX PeaKkL Ui
CUCTEMbI KPOBM U MEXaHU3MOB peryiaumm 3a-
WNTHbIX QYHKLNIA OpPraHM3ma 3men He Bbi3bl-
BAlOT COMHEHUN U HeobXxoaMMbl KaK Ana Teo-
pUK, TaK U ONS pPeleHna NPaKTUYEeCKUX Npu-
POA0OXPaHHbIX BONPOCOB B 061aCTK 3KOA0MMM
OTAENIbHbIX BUAOB.

Lenbto paboTbl ABNANacb CpaBHUTENbHaAA
OLEHKA MNOoKasaTenen nemkouuTapHoOM cucTe-
Mbl KpoBM y¥a BoasHoro (Natrix tessellata
Laurenti, 1768) nonynsuuit CeBepHoro u Boc-
ToyHoro MNMpuKacnua B pasHble Nepnoabl CE30H-
HOW aKTUBHOCTMW.

Martepuanbi

OTnoB y*Ka BoAAHOro 1 nabopatopHble UC-
cneaoBaHUA BeIUCb Ha TeppuTopum CeBepHOro
(Pd, ActpaxaHcKas obnactb) 1 BoctouHoro (Ka-
3axcTaH, MaHrucrtayckaa obnactb) Mpukacnus
(puc. 1). Bce paboTbl co 3meamn NPoBOAUAM B
COOTBETCTBMM C « MeXKAYHAPOAHbIMN PEKOMEH-
A3UMAMM NO NPOBEAEHUID MeauKo-buonoru-
YeCKUX UccnenoBaHUiM C UCNONb30BAHMEM KU-
BOTHbIX» (International Recommendations...,
2012). B uccnenoBaHMAX MCNONb30BaAM TONb-
KO nonoso3spesnbix 3men. O6bem matepuana m
KpaTKaa XapaKTepucTMKa MecT OT/ioBa npen-
CTaB/ieHbl B Tabn. 1.
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AcCTpaxame
-

Puc. 1. KapTa-cxema MecT oT/10Ba Yy*Ka BogaHoro. CeBepHbli Mpukacnuin: 1 — ActpaxaHckana obnactb, KpacHo-

APCKKUIA palioH, noc. KomcomonbcKuii, . JTanac; 2 — AcTpaxaHcKas 061acTb, KpacHOspCKuin palioH, p. AxTy6a,

noc. benaumi, c. AcbiH-CoKaH; 3 — AcTpaxaHcKas ob6i1acTb, XapabaanHcKuiA paioH, noc. byrop, c. Muxainos-

Ka; 4 — AcTpaxaHcKkasa ob6s1acTb, XapabanHCKuIA panoH, r. Xapabanun. BoctouHbin Mpukacnuin: 5 — KasaxcTaH,
MaHrucrayckasa 06,1acTb, OKPeCTHOCTH €. Kbi3bls103€eH

Fig. 1. Schematic map of Natrix tessellata trapping stations. Northern Pre-Caspian: 1 — village Lapas,
settlement Komsomol'sky, Krasnoyarsky region, Astrahanskaya oblast'; 2 — v. Jasyn-Sokan, s. Belyachy,
Krasnoyarsky region, Astrahanskaya oblast'; 3 — v. Mihaylovka, s. Bugor, Harabalinsky region, Astrahanskaya
oblast'; 4 — Harabali city, Harabalinsky region, Astrahanskaya oblast'. Eastern Pre-Caspian: 5 — v. Kyzylozen,
Mangistauskaya oblast', Kazahstan

B mecTax OT/10Ba Yy)Kel Ha TeppuTopumu
AcTpaxaHcKoi 06nacTu aHTPOMOreHHoe BAUA-
Hue 6bl10 H6onee BblpaXKEHO NO CPABHEHMUIO C
TeppuTopmen KasaxcraHa.

MeToabl

Ona nonyyeHna ob6pasyoB KPOBM KUBOT-
HbIX 06e34BUKMBANN NyTeM 3axBaTa M Aena-
N NYHKUWUIO BEPXHEYENOCTHON BEeHbl UMON,
CMOYEHHOW B pacTBOPE renapuHa, 4na B3ATUA
KPOBM M NPUrOTOBAEHMA MA3KOB. Bce paboTbl
npoBOAMANCL B COOTBETCTBUM C «MexKayHa-
pPOAHbIMW pPEeKoOMeHZaUMAMM MO npoBese-
HUIO MeAUKO-BMOoNOrnMYecknx uccnesoBaHUn
C MCNOMb30BAHNEM KMBOTHbIX» (International
Recommendations..., 2012). Ana Kaxaoi oco-
61 roToBUAM NO ABa Ma3Ka KpoBWu. Mocne Ppuk-

caumm B cmecu cnmpT : 3dpup (1 : 1) ma3ku okpa-
Wwusanm no PomaHoBCKOMY — [MM3e B TeueHue
20 muH. (Pomelic, 1954). AnddepeHumnpoBaH-
HbIX NOACYET NENKOLMUTOB NPOBOAMUAM HA OU-
HOKyNApHOM MUKpockone Meiji Techno cepumn
MT 4000 c ummepcuel (x1500). Bcero npoaHa-
nvsunposaHo 206 npenapaToB U NPOCMOTPEHO
2060 nerkoumToB. C yyeTtom mopdonoruye-
CKMX 0COBEHHOCTeN onpeaenanun WwecTb TUMNOB
NeNKoUMTapHbIX KNeToK (B %): rpaHy/iouUTbl
(retepodunbl, 6aszodunbl, 303UHOGUANBI) WU
arpaHynounTbl (azypoduabl, MOHOLUMTbI, TUM-
¢doumtbl) (Campbell, 2006; XanpytauHos, Co-
KonuHa, 2010; Nasnos, 2019). Ha ocHoBaHuM
NenKounTapHom Gopmynbl KPOBU PACCUUTAHDI
MHTerpasibHble eKouMTapHblie MHAEKCbI (OTH.

en.):
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Tabnunua 1. KpaTkan akonoro-reorpaduyeckasn xapakTepucTmka MecT OT/10Ba y¥Ka BOAAHOIo
Natrix tessellata (Laurenti, 1768)

Bpemsa otnosa

MecTto otnoBa

Camku
(3K3.)

Camupl
(3K3.)

PalioHbl CesepHozo lNpuKkacnus

AcTpaxaHcKaa 061acTb, KpacHOAPCKMIA palioH, Mexkay noc.

23.08.17-
24.08.17

Komcomonbcknit n c. lanac (koopauHaTbl: 46°55'42.2"N,
47°51'45.6"E) (mecTo BOAOMOA CKOTa M PbI6aNKM MECTHbIX
Xutenemn)

17 8

AcTpaxaHckas obnactb, KpacHoapckuit paioH, p. AxTyba,

25.08.17

meay noc. benaumin un c. AcbiH-CoKaH (KoopAanHaThbI:
46°40'48.4"N, 48°04'12.9"E) (yacToe mecTo pblbHOMN N0BAU U

10 6

npoesga aBToTpaHcnopTa)

AcTpaxaHckaa o6nacTb, XapabanMHCKM paioH, MexKay

26.08.17

noc. byrop u c. MuxainosKa (koopauHaTtsl: 47°36'18.5"N, 3 1
46°53'15.2"E) (3anpyKeHHbI y4aCTOK, 4aCTOe MECTO OTAbIXa

MECTHbIX KuUTenen)

AcTpaxaHckaa o6nacTb, XapabanMHCKMN PaioH, HOXKHbIe

26.08.17

OKpecTHOoCTM T. Xapabanu (KkoopauHaTbl: 47°22'50.2"N ) 2
47°17'08.4"E) (6n13Koe pacnonoKeHne HaceneHHoro NyHKTa,

YacTbl Npoe3n, aBTOTpaHCNopTa)

Bcero

33 17

PalioH BocmoyHoeo lMpukacnus

KasaxctaH, MaHrucrayckas o61acTb, OKpecTHOCTH C.

01.05.19-
2.05.19

Kbi3blnoseH (koopauHaTtel 44.17.55 c. w., 50.30.16 B. 4.)
(kameHucTbIN Beper Kacnuiickoro mops, peaiko noceLaembli

27 27

MECTHbIM HaceneHmeM)

Bcero

27 27

NToro

104 >Ks.

1. WHpekc casura nerkoumtos (UC/), oTH.
ef.: =5 rpaHynoumuTos / 5 arpaHynoumTos;

2. MHAEeKc cooTHOWEHUA AMMPOLUTOB U 30-
3uHooumnos (UC/3), oTH. ea.: = N1/3;

3. MHAEKC COOTHOLWEHMA reTepodpuios 1 30-
3uHoomnos (UCr3), otH. ea.: = /3 ;

4. JInMPOUNTAPHO-TPAHYNOLUTAPHBIA  UH-
aekc (UNN), otH. ea.: =1 10/(3 + T + B);

5. MHAEKC COOTHOWEHUs retepodunos wu
nvmooumTos (UCI), otH. eq.: =T/N,
rae /1 — numdountbl; 3 — 303nHOPUALI; I —
retepodunbl; b — 6asodpunsl.
Cmamucmuyeckas o6bpabomka. AHanus
MOJIY4EeHHbIX AAHHbIX NPOBOAMAN METOL4AMM
HenapamMeTPUYECKON CTAaTUCTUKM C PacyeTom
KpuTtepmes: Kpackena — Yonnuca (H) (npu mHo-
YKECTBEHHOM CPABHEHUW HE3aBUCUMbIX TPYMM
no ogHoOMy Npu3Haky), MaHHa — YutHu (U) m
[aHHa (D) (npy nonapHom cpaBHEHUW rpynn)
B NakeTe NpuUKNagHbIx nporpamm Statistica. 3a
BE/IMYMHY CTAaTUCTUYECKON 3HAYMMOCTU NPUHU-
Manu a = 0.05. MNpun NnpoBeaeHUN MHOXKECTBEH-
HbIX CPaBHEHWN NPOM3BOAMNACL KOppeKuuma
KPUTUYECKOro YPOBHA 3HAaYMMocTn. C yyeTom

BMAA pacnpefeneHua UeHTpanbHble TeHAEH-
UMM U paccesiHMe W3YYeHHbIX MoKasaTtenen
onucbiBanu megmaHon (Me) n MHTepPKBapTU/Ib-
HbIM pa3maxom (IQR) (3HauyeHua 25-ro n 75-ro
npoueHTUnen) (Pebposa, 2006).

Pe3ynbTatbl

NccnepoBaHMe KayecTBEHHOrO M Koauye-
CTBEHHOrO COCTaBa /IEMKOLMUTOB KPOBM pen-
TUNUA CBA3AHO C PAJZOM TpPyAHOCTEN, 0Oy-
CNOB/EHHbIX KaK ocobeHHOCTAMU Mopdono-
TMN KNeTok, AndPY3HOCTbIO KPOBETBOPEHMUS,
TaK U BHeWHUMKU PakTopamu (Masnos, 2019).
[Ona noppepaHna romeocTtasa opraHMsma B
cneundUYHbIX YCIOBUAX cpeabl OBUTAHUA K-
BOTHble WCMNOJIb3YIOT HAbop YyHWMBEPCANbHbIX
3dPEeKTOPHbIX KNEeTOK. Y 3melt 3TO 3epHUCTble
NenKounTbl (FpaHynouuTbl), XapaKTepusyto-
WMeca HanMymem KpyrnHOro cermeHTMpoBaH-
HOro fAgpa W MPUCYTCTBMEM B UMTOMNAa3me
cneundUYecKMx rpaHyn, npeacrasneHbl bHa-
3odunamu, 303MHodMNamm u retepodpunamm
(Campbell, 2006). MoHOHYK/I€apHbie KNETKU
(asypodunbl, MOHOLMTLI U AMMOLNTBI), B OT-
indMe OT arpaHynoUUTOB MIEKOMUTAIOLLUX,
MMEKT MHOFOYMCNEHHbIE MENIKME TPaHy/bl B

55



PomaHoBa E. B., ConomaikuH E. U., bakues A. T., Topenos P. A., KnenunHa A. A. NoKasatenn neiKkouuTapHoN CUcCTeMbl
KpoBWM yxa BoasaHoro Natrix tessellata CesepHoro n BoctouHoro Mpukacnua // MpuHumnbl akonornn. 2021, Ne 1. C. 52-2

umTonnasme. MoHOUUTbI — KPYMHbIE KNETKN C
6060BUAHBIM AAPOM, CMELLEHHBIM OT LLEHTPA
KNeTku, asnarTca ¢arountamm, obpabatbiBa-
0T AaHTUTEHbI, BbICBOOOXKAAOT LMUTOKUHBI — Ty-
MOpasibHble PEryATOPbl MEXKAETOUYHbIX B3au-
mogaerictaui (Arican, Cicek, 2010). Asypodunbl
UMEIT MEeHbLUME pasMepbl NO CPABHEHUIO C
MOHOUMTAMKN, KPYNHOE OKpyrnoe Aapo, TaK-
YKe XapaKTepusyrTcsa BbICOKOW daroumtapHom
akTMBHOCTbIO (Salakij et al., 2002). Tumdoum-
Tbl — KNETKU OKPYI/10M MK 0BanbHON GOpPMbI C
OKpPYI/IbIM 14POM, 06ecneymBatoT peannsaumio

cneunduryecknx peakunii UMMYHHOM CUCTEMBI
opraHusma (Davis et al., 2008).

NumooumnTapHo-rpaHyNoLMTapHbIN  COCTaB
Nnenkorpamm nepudepmnyeckon KpoBm yKa Bo-
asHoro CesepHoro M BocToyHoro Mpwukacnus
XapaKTepu3oBanca npeobaagaHnem arpaHyno-
unToB (70-75 %), [ona rpaHynoUMTOB COCTaB-
nana 25-30 % (tabn. 2). 3HauMMble pasnmumna B
NerKorpammax mccnenoBaHHbIX BbIOOPOK yiKa
BOAAHOIO BbIABNEHbI MO COAEPMKAHMUIO KaK rpa-
HyNoUMTOB (reTepodunioB), Tak M arpaHyIoLu-
TOB (MOHOUMTOB M IMMPOLIUTOB).

Tabnuua 2. NleiMkounTapHbIN cocTaB Nepudepudeckoit Kposu y:ka BoasaHoro Natrix tessellata CeBepHoro
n BoctouHoro lMNpukacnua

Cratuctunyec-

KMe NoKasa- I'eTep%dmnbl, 5330(()1/())Vlﬂbl, 303I/IH§)¢I/II1bI, A3ypc())/fl)>vmbl, MoHOLMTSI, % ﬂl/lMd)(y(le,VlTbl,
Tenm
CesepHbili Mpukacnuii (n = 50)
Me 5.00 9.50 9.00 8.00 6.50 62.25
IQR 2.00 4.00 4.00 2.00 2.00 7.00
BocTouHbIn Mpukacnuit (n = 54 )
Me 12.00 9.50 8.25 8.00 11.25 51.75
IQR 4.25 5.25 5.25 4.25 5.50 8.50
U 6.68 1.43 0.93 1.28 6.23 5.65
D e <0.01 0.15 0.35 0.20 <0.01 <0.01

MpumevaHune. HKUPHbIM WPUPTOM BblAeNEHbI CTAaTUCTUYECKU 3HaUMMBbIe pasanyma (a = 0.05).

CpaBHUTENbHbBIA aHANU3 JIeKorpamm He
BbISSIBU/1 MEXMONOBbLIX Pas3ninuuii B8 mopdono-
rTMYecKOM cocTaBe nepudepuyeckon Kposwu
y*Ka BogsHoro BoctoyHoro lMpukacnua. B nei-
KoumTapHom npodune kposu N. tessellata Ce-
BepHoro [MpuMKacnmMa MeXKnosoBble pasnnyma
Habnofanncb TONIbKO B OTHOLWEHUU a3ypodu-
NN0B, A0/1A KOTOPbIX B KPOBW CaMOK bblna Bbille
no cpaBHeHwuto ¢ camuamu (D = 2.64, p = 0.05).
MexaHW3M TaKUX pasnnymin Mexay nonamm He
ACEH, HO MOXHO NPeAno/IOKNUTb, YTO B 3aBU-
CMMOCTM OT CE30HHbIX U3MEHEHUI Y NOJIOB Ha-
6ntopatoTca pasHble KonebaHma B Koimyectse
asypodumnos.

OnpepeneHne nemkounTapHoM Gopmynbl
ABnAeTcA HeobXOAMMOM COCTaBHOM 4acCTbio
obuiero aHanunsa kposu. OAHAKO OTAEeNbHbIE ee
nokasaTtenn He [aloT LeNIoCTHOro npeacrasne-
HUA O peaKkuMAaX CUCTEMbl KPOBM M OpraHn3ama
Ha BO34eNCTBME pas/MYHbIX ¢akTopos. [lo-
3TOMY ANA WMHTErpasbHOM OLEHKM COCTOAHMSA
CUCTEMbI KPOBWU MCMONb3YIOT /IEMKOLUTAPHbIE
WHTerpasibHble MHAEKCbl, OTParkaloline B3au-
MOCBAI3M KNETOK KPOBWU M MO3BOAAOLLME OLe-
HUTb paboTy 3dPEeKTOPHLIX MEXAHU3IMOB MM-

MYHHOM CUCTEMBI.

CpaBHUTENbHbIM aHANNU3 UHTErpPasibHbIX MO-
KasaTenen BbiaBuA B nonynaummn N. tessellata
BocTtoyHoro MpuKacnua nosbileHHOEe 3Haye-
Hue nHaekcos NCN, NCI3, NCIN n 6onee HU3-
Koe 3HaveHune UJIT no cpaBHEHUIO C NOoNynAum-
el Buga CesepHoro Mpukacnua (tabn. 3).

MonyyeHHble pe3ynbTaTbl CBUAETENbCTBOBA-
I 0 nepepacnpeaeneHn COOTHOLWEHUSA rpa-
HynoumtoB (U = 2.95, p = 0.003) K arpaHynouu-
Tam (U = 1.96, p = 0.04) B KpoBM UCCNen0BaH-
HbIX Nonynaunii. B UMMyHONOIrMYEeCKNX MoKa-
3aTenAx Kposwu ocober BoctouHoro Mpukacnuma
npeobnagana Hecneundpmyeckan 3awMTHaAA Co-
cTaBnAwwan. HanpoTtus, ycpegHeHHasa neiko-
rpamma ocoben nonynsauum yxe CeBepHOro
MpuKacnua nmena APKO BblpaXKeHHbIN AMMdo-
UMTapHbIA Npoduab, YTO CBMAETENbCTBOBA/O
0 BO3pacTaHuM cneunduyeckom peakTMBHOCTHU
opraHusma (puc. 2). OTMeTUM, YTO aKTMBaLMA
cneunduryecknx peakunii UMMyHHOM CUCTEMDI
(copepskaHne nMmoouunToB) NpoC/exmnBanacb
B IEMKOLLUTAPHOM COCTaBe KPOBWM Yy CaMLOB M
camok nonynaumm CesepHoro Mpukacnums.
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Tabnnua 3. 3HaueHne NHTerpasbHbIX MHAEKCOB Nepnudepuyeckon KpoBu yxka sogaHoro Natrix tessellata
CesepHoro 1 Bocto4yHoro lMNpukacnua

CraTuctuyeckue

HOKa3aTenu nUCn ncna ncra nnr ncrn
CeBepHbliit MpurKacnuit (n = 50)
Me 0.34 7.09 0.61 23.63 0.09
IQR 0.07 3.25 0.38 8.89 0.03
BocTouHbiii Mpukacnuii (n = 54)
Me 0.40 6.57 1.43 18.08 0.25
IQR 0.16 4.38 1.04 8.12 0.11
U 3.25 0.58 6.11 4.37 6.78
?E’H;zg"\’nii:; <0.01 0.56 <0.01 <0.01 <0.01

MpumevaHue. }UpHbIM WPUEGTOM BblAeNeHbl CTaTUCTUYECKM 3HaYMMble pa3nmuus (a = 0.05).
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Puc. 2. MepepacnpeneneHne COOTHOLEHUSA FPAHYNOLUTOB K arpaHy/iouMTamM B COCTaBe nepmndepmnyeckoi
KpoBu ocobeli yxKa BoasaHoro MNpuKkacnuinckon Hu3meHHoctu. 1 — CesepHbliii MpuKacnuit; 2 — BoctouHbil Mpu-
Kacnui; 3 — CTaTUCTUYECKM 3HAYMMbIE PA3ANYUNA

Fig. 2. Redistribution of the ratio of granulocytes to agranulocytes in the periferal blood of N. tessellata of the
Caspian Lowland. 1 — Northern Pre-Caspian; 2 — Eastern Pre-Caspian; 3 — statistically significant differences
between groups

Ocob6eHHOCTb0 MOPGdOIOrMYECKOM KapPTUHbI
N CaMOK, M CaML,OB y¥a BoaAHOro BocTtoyHoro
MpuKacnua ABASNOCb NOBbIWEHHOE CoAepKa-
HUWe B KPOBW reTepodnIoB U MOHOLMUTOB, KOTO-
poe CTaTUCTUYECKM 3HAYMMO MPEBbLIWANO aHa-
NIOTUYHbIE NOKa3aTeNuM CaMoOK M CaMUOB YiKa
BoaAHoro B nonynaumu CesepHoro lNpuKkacnma
(tabn. 4).

Konnuectso retepoduniioB B KPOBU penTu-
NI MOKET 3aBUCETb OT HaNM4mMA 3aboneBaHuni
nnun nospexaeHuns TkaHen (Campbell, 2006). B
Ma3Kax KpoBMW yxKa BogAaHoro BoctouHoro Mpu-
Kacnma TOKCUYECKUX retepodpunos (nosBneHune

KOTOpPbIX CBA3aHO C HaKTepuanbHbIMU UHPEK-
uMAMM) He Habntoganock. MoBbiWeHHbIE 40N
retepodunnoB U MOHOUMTOB B KpoBM ocoben
3TOM BbIOOPKM YyXKa MOIMIN ObiTb CBA3AHbI CO
CTPOro MHANBUAYANbHbIMU PaKTOpPaMMU, TaKu-
MW KaK BOCMNPUMMUYMBOCTb OTAE/NbHOM 3Meun K
CTpeccy, Haanyne MUKPOOPraHU3IMOB B OKpPY-
Jaloleln cpeae UaAM HeKoTopble Apyrue BHY-
TPEHHMeE U BHeLWHUe GaKTopbl.

NHTerpanbHble nHaekcol (UCr3, UAT, UCTN)
BbIABUAM OLHOTUMHbIA XapaKTep W3MeHYU-
BOCTW MApPameTpoOB JIEMKOLUMTAPHON CUCTEMDI
KPOBM CAMOK M CaML,0B, 0BUTalOLLMX B paloHax
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Tabnnua 4. Nlelikorpammbl KpOBM CaMOK M caML,0B YxKa BoasHoro Natrix tessellata

MpuKacnMMcKom HU3MEHHOCTH

Cratuctuyec- [eTepodunbl, J03nHodu- Asypodunbl, MoHouUTbl, JTumPOoUUTbI,
KMeTr;s:r;aaa— p%cb basodunbl, % bl (y? ypP ; %"" ¢%""
CeBepHblli NMpurKacnuii, camku (n = 33)
Me 5.00 9.00 10.00 9.00 7.00 59.00
IQR 1.50 3.50 4.00 3.00 1.50 6.50
BocTouHbIvt Mpukacnuit, camku (n = 27)
Me 12.50 10.00 8.00 8.00 11.00 51.50
IQR 3.50 8.50 4.00 4.50 5.00 10.00
U 5.16 0.13 2.15 0.49 3.99 3.44
EH;ZE%GC':; <0.001 1.00 0.19 1.00 0.0004 0.003
CeBepHbili NMpuKacnuii, camupl (n = 17)
Me 5.00 10.00 8.00 7.00 6.00 65.50
IQR 1.75 1.75 3.50 1.00 1.75 5.50
BocTtouHbIn MpuKacnuin, camubi (n = 27)
Me 11.50 9.00 8.50 8.00 11.50 52.00
IQR 5.25 4.50 5.50 5.00 5.25 8.50
U 4.41 2.33 1.18 2.84 4.88 4.88
— ypOBeHb
P oapoeeh  <0.001 0.12 1.00 0.03 <0.001 <0.001

MpyvmeyaHne. KUpHbIM WPUPTOM BblAENEHbI CTATUCTUYECKM 3HAYMMBble pasnmuma (a = 0.05)

MpUKACNUMNCKOM HU3MEHHOCTU. TaKk, Hanpu-
Mep, MHAEKCbl COOTHOLWIEHMA reTepodusioB K
nmmoountam (UCI) n retepodmnos K 303UHO-
dmnnam (UCr3) 6bIM CTaTUCTUYECKU 3HAYMMO
BbllLE Y CAaMLOB U Y CaMOK Yy»Ka BogsaHoro Boc-
ToYHoro lMpuKacnua No cpaBHEHUIO C ocobamm
CesepHoro Mpukacnusa (puc. 3).

O6cyxaeHue

MoaBogsa UTOr NPOBEeAEHHOMY MCCenoBa-
HUIO, OTMETUM, 4YTO TMMPOMUNENONAHBIA KOM-
NAeKC pPenTUAMMA [OCTAaTOYHO reTeporeHeH W
daKTMyeckn cooTBeTcTBYeT NMMPOUAHON Cu-
CcTeme BbICOKOOPraHM30BaHHbIX MO3BOHOYHbIX
KMBOTHbIX. PenTunmm nopggepratoTcA aTake
CaMbIX PA3HOO6PA3HbIX UHEKUMOHHBIX U He-
MHPEKUMOHHbIX areHToB, AEeNCTBMIO KOTOPbIX
npenaTcTBYOT ABe GOPMbl MMMYHHOIO pearu-
poBaHMA: HecneundUyeckmuin (BpOXKAEHHbIN)
UMMYHUTET U cneumduyecknin (aganTUBHbLIN,
npuobpeTeHHbIN) MMMYHUTET. BporKaeHHan
CUCTEMA XapaKTepumsyeTca 6onee BbICOKMM pas-
BUTMEM, BbICTPO M 3 PEKTUBHO pearmpyeT Ha
LWWMPOKUIA CMEKTP NATOreHHbIX aHTUTeHOB cpe-
Abl 06UTaHMA NO CPAaBHEHMUIO C aAaNTUBHLIMMU
oTBeTamu. IMMyHHas cuctema pentuanii (Ha-
3eMHbIX 3KTOTEPMHbIX MBOTHbIX) CnocobHa
pearMpoBaTb B LUIMPOKOM AMana3oHe Temnepa-

Typ, HO Hanbonee BbICOKME OTBETbLI HabAoAa-
IOTCA NpU onpeaeneHHon, onTMManbHOM ANA
KOHKPETHOro BMga Temnepartype, Nno3Tomy MUc-
cnefoBaHME MMMYHHbIX peakuui TpebyeT yye-
Ta BPEMEHHbIX U KAMMATUYECKMX (PAKTOPOB.
CtpaTterma MMMyHHOW 3aWMTbl onpeaenaeTca
He TONbKO OHTOreHeTUYeCKMMU 0CObBeHHOCTA-
MW PENTUIMIA, HO N NMyTEM MOCTYNAEHUA, BENU-
YMHOM WU ANUTENbHOCTbIO BO34ENCTBMA AHTU-
reHoB (Coico, 2003). XopoLlo M3BECTHO, YTO Ha
nposBAeHne NeMKOUMTapPHOro Npopuna KPoBm
N MMMYHHbIA CTaTyC OpraHM3ama 3meun OKa3sbl-
BAOT BAMAHME BO3PACT, N0, Gp1U3Monormyeckoe
COCTOSIHME KMBOTHbIX, @ TaK)Ke CEe30HbI roaa U
n3MeHeHne abumoTuyeckux GakTopoB cpeabl
(MaBnos, Kcynos, 2015). MNepeyncneHHble
daKTopbl HAKNAAbIBAKOTCA APYr HA APYra M OKa-
3bIBAlOT KOMBMHUPOBAHHOE AENCTBME Ha Opra-
HU3M. BblfiBNeHHble pas3ninymMa B napameTpax
NEeNKOUUTApPHOM CUCTEMbI KPOBU MeEXKAY Bbl-
H6opKaMu 13 NonynAuMM y*a BOgAHOTO B nep-
BYIO 0Yepe/b CBA3aHbl C CE30HHOM AMHAMMUKOWN
$U3MONOrNYECKOM aKTUBHOCTU KMBOTHbIX. YK
BoaAHon CesepHoro lMpuKkacnua 6bln OTNOB-
NIeH BAnKe K KOHLY ce30Ha $pM3M0N0orMyeckomn
aKTUBHOCTK, 0cobu BocTtouHoro [MpuKkacnus,
HanpoTuB, B BPayHbIN Nepunog, CBA3AHHbLIN CO
CnapuBaHMEM U MaKCMMa/lbHOW CE30HHOW aK-
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Puc. 3. 3HauyeHMe NHAEKca OTHOLWEHUs reTepodunos K ammountam (MCMN) u sosmHodunam (UCr3) ans
CaMOK M CamLOB Yy»Ka BoagaHoro CesepHoro 1 BoctouHoro MNpukacnua. 1 — CesepHbint MpuKacnuit; 2 — BocTou-
HbI MpUKacnuin; 3 — CTaTUCTUYECKM 3HAYMMbIE PA3NNYUS
Fig. 3. Values of the index of the ratio of heterophiles to lymphocytes in males and females of N. tessellata

from the Northern and Eastern Pre-Caspian. 1 — Northern Pre-Caspian; 2 — Eastern Pre-Caspian; 3 —
statistically significant differences

TMBHOCTbIO. BONBLWINHCTBO N3MEHEHUI B opra-
HU3Me ABAAKTCA MMMYHOOMOCPEeAOBAHHbIMM
WK Ke Hanpsamyto OeTePMWHUPOBAHbLI BAWSA-
HUEM MMMYHONOTrMYeckux GpakTopos. Baammo-
OTHOLLUEHMA OpraHM3ma co cpeaon obuTaHus
ABNAIOTCA pe3y/bTaTOM BO34eNCTBMA, C O4HOM
CTOPOHbI, AHTUreHOB (KCEHOOMOTMKOB), a C
ApYroii — pacno3HaBaHMA U pearnpoBaHMA Ha
3TN aHTUTEHbI UMMYHHOM CUCTEMbI OPraHU3Ma.
Niobblie 3Konornyeckme ¢GakTopbl, U3MEHAD-
WMe MMMYHOJIOTUYECKYI0 PEeaKTUBHOCTb Op-
raHM3ma XMBOTHbIX, MOTYT HapyLwaTb Gpopmu-
pOBaHMeE C/IOXKHbIX MexXaHM3MOB obecneyeHun
romMeocTaTMYeCcKOro paBHOBECMA B CUCTeEMeE
«OPraHn3m — cpesa o6uUTaHUAY.

3aknoueHue

B npouecce aganTtaumm K cpeae obutaHmA u
Pa3HbIX CPOKOB OHTOTEHETUYECKOW aKTUBHOCTU
Y 3MeW U3MEHSAIOTCA NOoKa3aTenu KAeToYHOU u
ryMOpanbHOM 3aLWMTbI, YTO OTPaXKaeTcA Ha Mop-
donormyeckom coctaBe Kposu. Bcneacteue

bubnnorpadus

3TOro ocob6eHHO aKTyaneH NOUCK NONYyNSALLMOH-
HbIX MapKepoB, NO3BONAOWMX OLEHUTL pabo-
Ty 30 EKTOPHbIX MEXAaHM3IMOB MMMYHHOM CU-
CTeMbI, a TaKKe YPOBEHb UMMYHO/IOrMYECKOM
PEeaKTUBHOCTM, onpeaenstowme npouecc dop-
MWPOBAHUA aganTUBHbIX peakuuii. Mcnonbso-
BaHHble B paboTe MHTerpanbHble NeikouuTap-
Hble MHAEKCbl 06naaan HGOPMaTUBHOCTbIO,
WNNKOCTPUPOBA/IN AaKTUBALMIO cneundumnyeckomn
COCTaBNAOWEN MMMYHUTETA 0Ccoben yXKa BO-
asHoro CesepHoro MpuKacnusa npu noarotos-
Ke K 3umoBKe. Hecneunduyeckaa 3awmTHan
cucTema KpoBu 3mel bbicTpee 1 apdeKTuBHee
pearnpyeT Ha LWMPOKUA CMEKTP NATOreHHbIX
aHTUTEHOB cpeabl OOUTAHMA MO CPABHEHUIO C
afanTMBHbIMW OTBETaMW, MO3TOMY B Mepuoj,
CnapvBaHMA UMEHHO BPOXKAEHHan cMcTemMa 3a-
WMTbl, XapakTepusylowanca 6osee BbICOKMM
Pa3BUTUEM Yy IKTOTEPMHbIX MBOTHbIX, 0be-
CNeyrBasia MakCMMabHYO 3aWMUTY U YCTONYU-
Boe GYHKLMOHMPOBaAHME OpraHM3Ma.
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Summary: Snakes have a well-developed hematopoietic and immune system,
demonstrate responses to the full range of environmental factors and are a
unique object for environmental research. The issues of assessing the immune
status of snakes under the influence of anthropogenic press in different
biotopic environmental conditions remains poorly understood. Therefore, it is
particularly relevant to search for population markers that allow us to assess
the work of the effector mechanisms of the immune system determining the
process of forming adaptive responses of the body. The aim of the work was a
comparative assessment of the leukocyte blood system of the tesselated water
snake Natrix tessellata (Laurenti, 1768) of the Northern and Eastern Pre-Caspian.
The lymphocyte-granulocyte composition of peripheral blood of the water
snake Natrix tessellata was characterized by a predominance of agranulocytes
(70-75 %), the proportion of granulocytes was 25-30 %. The redistribution
of the ratio of granulocytes to agranulocytes was established in the blood of
individuals of the studied populations from different biotopes. The content
of heterophiles, monocytes was increased and content of lymphocytes was
reduced in individuals of the Eastern Pre-Caspian compared with individuals of
the Northern Pre-Caspian. Intersex differences were observed in the content of
azurophils, the proportion of which in the blood of females of the water snake
from the Northern Pre-Caspian was higher compared to males. Integral indices
(ISGE, ILG, ISGL) revealed the same type of variability in the parameters of the
blood leukocyte system of females and males living in the areas of the Caspian
lowland. The revealed differences in the parameters of the white blood cell
system of water snakes may be related to their seasonal ontogenetic activity.
The non-specific protective system of the blood of snakes responds faster and
more effectively to a wide range of pathogenic antigens of the environment,
compared with adaptive responses. Consequently, during the mating period, it is
the innate defense system, characterized by higher development in ectothermic
animals that provided maximum protection and stable functioning of the body.
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