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UTOI'N

Yeaxcaemole yumamesu, asmopesl U peyeHzeHmei!

bnarogaps Tomy, YTO B NpOLIEALEM oAy Hall KypHan no pesynbratam pabotbl 2018 r. Bowen B
TOM-70 (https://xn--80aafbngeja7auophOat.xn--plai/), y Hac NOABUAUCH BOSMOXKHOCTU NPOdUHAH-
CMPOBATb PAL NPOEKTOB: 3aKa3aTb CTAaTbM Y U3BECTHbIX 3KONOrOB, MPOBECTU KOHKYPC Ha /ly4yllmne CTa-
TbW M Ha NyylUMe PeLUEH3UM, a TaKKe MOAEPHN3MPOBATb U CHAbAMTL CaliT 3epKanom C NepeBodamm
Ha aHIMMMUCKUI A3bIK paga cTaTel U3 ABYX BbIMYCKOB 3TOro roga (Mx obopmneHue Ha canTte elle He
3aKOHYEeHO).

MpemuanbHbii GOHA KOHKYpca no nybankaumam 2019 r. mbl pewnnn pacnpegennts (no 15 Tbic.
pyb.) MexKay YeTblipbMA aBTOPCKMMU KONNEKTMBaMU: Bbinyck Ne 1: bapaHos C. I, 3bikoB U. E., ®éao-
poBsa /1. B.; Bbinyck Ne 2: *yKkosckasa A. @., CinHbko E. H., YenomuH B. I1.; Bbinyck Ne 2: 3y6osa E. M.,
Kawynun H. A., TepeHTbes M. M.; Bbinyck Ne 3: AHydpues A. U., AopUXnHCKMA B. @. (B KOHKypC He
BK/IHOYANIN CTaTbM, CNeLMabHO 3aKa3aHHbIe Y M3BECTHbIX 3KO/I0TOB, U CTaTbM YIEHOB PeAKONNETNN).
Mpemumn ByayT BbiNAa4YeHbI CPaA3y, KaK TobKo AeHbrn noctynat oT HOMKOH MuHob6pHayKu.

CynTato CBOMM MPUATHLIM AOJIFOM BblPa3nTb FyOOKYHO NPU3HATENBHOCTb BCEM PELLEH3EHTAM,
KOTOpble B Halle CYyeTHOe BPEMS HalU/M BO3MOMKHOCTb OTBE€YbCSA OT CBOMX 3ab0T, NpoaHanM3npo-
BaTb PYKOMMCK KOA/ET U BbICKA3aTb CBOW 3aMeYaHMs, KOTOpPble 06bIYHO CMOCOOCTBOBAMN YYHLLEHUIO
KayecTBy CTaTbM (MHOrAa@ — OTKasy B Nyb6aMKaumm). ITOT BHELWIHE He3aMEeTHbIN TPy TeM He MeHee
CNYXKUT HAY4YHOW OCHOBOM HaLUEro KypHana, obecneymBaeT pa3BUTUE M HALLEro M3AAHUA, N HAYKK B
uenom. B cnmncke — umeHa Hawwmx peueH3eHToB 2019 r. O6bIYHO UCTOYHUKOM UX TPYAa C/YKUT TONb-
KO Hay4HbIN 3HTYy3nasmM. OgHaKo peakonnera noayvymaa BO3MOXKHOCTb NOAAEPHKMBATb HEKOTOPbIX
N3 HUX HebonbwMMKn npemmamu (no 15 Tbic. py6.), KOTOpble Mbl NPUCYANAN KOEraM 32 Hanbonee
APKMe 1 nonesHble peueHsnm (Mx pamunmm sblgeneHol). Mbl UCKpeHHe 61arogapHbl BCEM peLeH3eH-
Tam 3a nomoulb!

AkceHosa O. B., AHncmumosa T. 0., AHTOHOBaA E. M., banbiknH [. H., bapaHosa O. 0., baxmeTt WU.
H., beneswny O. 3., benoga 0. H., boituyk M. A., boHgapes W. N., boukapes H. A., Bacunesckas H. B.,
Bacunbesa O. b., Bepbuukunin B. b., BecenkuH A. B., Buktopos C. B., Boiita /1. /1., lanaHuHa O. B., la-
neesa M. B., lfanoHos C. ., lpasbkuH A. B., F'yanin O. U., T'ynnd M. b., lasbigosa W. HO., [lepeBeHcKas
O. 10., Epmonaesa H. U., Epmonosa /1. C., EctonuH C. /1., }urynuHa E. B., 3a3Ho6mHa H. U., MiBaHOBa
H. C., MBaHTep 3. B., NweHko B. I, KasHuHa H. M., KacbsiH B. B., Kopabnés H. M., KopoTtueHko WU. C.,
KoceHko E. 1O., KygnHosa I. 3., Kygawesa A. I, KyabmunHa B. B. ., Kypawos E. A., Kyuepos C. E., /laityc
A. N., Nebepesa H. B., /iuteBuHoBa H. A., Jlonatosckaa O. I, /lbikos E. E., /1a63unHa C. H., lamues H.
U., Nankos C. M., MarsaHosa [. K., Makapos A. A., Makcytosa H. K., Maccaannmos WU. A., MenexuH
A. B., MupoHos A. [., Hukonaesa H. H., Hockos 0. A., NMasnos A. B., Maesckuin B. A., NMaH4yeHKo L.
B., MponuH C. M., Mpoxopos A. A., ysayeHKo A. tO., MuenkunH A. B., PorosuH A. ., PognoHos A. B.,
PognoHosa H. H., PoseHbepr I. C., Po3eHugeT O. A., PymaHues A. E., Pycakosa W. B., Pbixkakos A. B.,
Cataesa /1. B., Cepruenko /1. A., Cunko T. I., Ctepaurosa O. 1., Capkn M. M., Tarnposa O. B., Tama-
xuHa A. Al., TekaHosa E. B., TkaueHko I. M., TokuHosa P. 1., Tonctnkos A. B., Tpunmkayckac /1. A., Ycos
H. B., ®unenko O. &., dunoHeHko U. B., Xanmkos C. C., XacaHosa P. ®., Xononos 0. A., LLIBapos A. I,,
Wepbiwesa H. I., LLinTukos B. K., LycTos 1O. A.

MoKanyii, nocnegHAs HOBOCTb: MUCNpPaBJEHWE 3aMedYaHWuit (cAenaHHbIX CO CTOPOHbI Scopus m
AHPW) npuaano Ham cMenocTy 44 NoAavym HOBbIX 3asiBOK Ha BKAtoYeHMe B Scopus n WoS CC.
Bcex umMtatenemn, aBTOPOB M peLLEH3eHTOB No3gpasasem ¢ Hosbim rogom!

C HeusameHHOoUl 20Mm0oBHOCMbIO K COMPYOHUYECMEY,
peoKosnneaus 31eKMpPOHHO20 HYpHANa «TPUHYUMbI 3KoM02UU»
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KnioueBble cnoBa: AHHoTauua: Cpean nekapCTBEHHbIX CPeACTB, NPUMEHAEMbIX ANA peryna-
Tpombo3 LMK npoLecca cBepTbiBaHUA KPOBW, AOBO/bHO 60/bLUAA YacTb COAEPHKUT
Koarynaumsa aMUHOTPYNMbl MW YEeTBEPTUYHbIE aTOMbI a30Ta. C TOYKU 3peHna BANAHUA
KpOBb Ha KoarynAauMOHHble CBOMCTBA KPOBWU MX KO/MIMYECTBO M MPOCTPAHCTBEH-
AMWHbI HaA OpraHW3aunAa MMeLoT NepBOCTENEHHOE 3HavyeHue ANA peanusauuu
CO/I aMMHOB du3monornyecknx GyHKLMM opraHmama. MoaTomy MydyeHne MexaHM3IMoB
YyeTBEpPTUYHbIE aKTMBaLMM npouecca TPOMH6006pa3oBaHMA Y PA3NUYHBIX BUAOB ABNAAETCA
AaMMOHMEBbIe COMn HeobxoaMMbIM YCIOBMEM CO343aHMA HOBbIX JIEKAPCTBEHHbIX NMpenapaTos
remodunma nofobHoro aerictemaA. Kpome Toro, B NOBCEAHEBHOW U3HWU Mbl CTA/IKMBa-

€MCA He TOJIbKO C JIeKapCTBEHHbIMW CPEACTBAMM, HO U APYTMMU BELLLeCTBa-
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MM, TaKKe UMEKOLMMN B CBOEM COCTaBE aMUHOTPYMMbl UM YETBEPTUYHDIE
aTOMbl @30Ta, B YaCTHOCTM C PA3/IMYHbIMU NULLEBbIMM A06aBKamMM, KOMMO-
HeHTaMW BbITOBOWM XMMUM, NONNKOTAHTAMM U Ap., YTO, HECOMHEHHO, BHO-
CUT B paccmaTpMBaemyto Npobaemy aKONOrMYECKUn acnekT. B HacToswen
cTaTbe UccnefoBaHa in vitro cnocobHOCTb Pas/IMyHbIX a30TCOAEPHKALLMX
coefiiHeHUI (NpeaenbHbIX, aLeTUNEHOBbIX, aPOMATUYECKUX U reTepoapo-
MaTUYeCKUX aMUHOB, UX FTMAPOrasoreHNA0B U YeTBEPTUYHbBIX aMMOHMEBBIX
conem) yCKopsaTb Koarynauuio (cBepTbiBaHWE) KPOBU Mbiwei. OHa 3aBUCUT
He TO/IbKO OT KMC/IOTHO-OCHOBHbIX CBOMCTB COeAMHEHWN, MOCKO/bKY eto 06-
NapaloT TaKKe ruaporanoreHnabl aMMHOB U YeTBEPTUYHbIE aMMOHMEBbIE
COJ/IN, He y4acTBylOLLME B KUCIOTHO-OCHOBHbIX B3aumogencrenax. Makcu-
MasbHbIM 3QDEKT NPOSABAAIOT BELLECTBA, COAEPMKALLME B CBOEM COCTaBe
OKTWU/IbHbIE 3aMECTUTENIN HOPMAJIbHOTO CTPOEHMUA. BO3MOXKHO, Npu ycune-
HWK NpoLLeCcca CBEPTLIBAHMA KPOBU KOOPANHALMOHHAA CNOCOBHOCTb SINraH-
[0B C H-OKTWUJIbHBIMW rpynnamun no otHouweHuto K Fe(ll)-npotonopoupuHy
IX, BXOoAALLEMY B COCTaB reMornobuHa, TaKKe UrpaeT BaXKHyO posb. Benay
TOro, YTO MHOrMe MeAMLMHCKMe npenapatbl (0CO6eHHO BBOAMMbIE BHY-
TPUBEHHO) ABAAIOTCA aMUHAMMU, UX CONAMMU UAN YETBEPTUYHBIMW AaMMO-
HWEBbIMW CONAMMU, Mbl 06paLLaem BHUMaHMe, YTO 3HAUMUTe/IbHAA MX YacTb
npv 4UTENBHOM UCMOAb30BAaHUN MOXKET yBEMUYNBaATb PUCK Tpomboobpa-
30BaHUA, OaXKe eCcnu B HAaCTOAWMN MOMEHT NoaobHble addeKTbl AN HUX
He onucaHbl. Bbicka3biBaeTcA NpeanonoxKeHne 0 BO3MOXKHOCTU UCMONb30-
BaHMA NoA06HbIX COEAUHEHNI B KayecTBe NOTEHLMANbHbIX COCTAaBAAIOLLMX
JIEKAPCTBEHHbIX CPEACTB AN1A Ie4eHns 3aboneBaHnit (Hanpumep, HeKoTo-
PbIX BUAOB reModuanii), CBA3AHHbIX C MOHUKEHHOMN CNOCOBHOCTbIO KPOBYU

K CBEPTbIBaHUIO. . .
© MNeTpo3aBOACKMIA rOCYAAPCTBEHHDBIN YHUBEPCUTET

PeueH3eHT: A. B. Pbixkakos

MonyuyeHa: 18 anpensa 2019 roga

BsegeHue

TpomboobpasoBaHue — npouecc GopMnpo-
BAHMA CTYCTKOB KPOBM B MeCTax NoBpexaeHun
COCYAMCTOM CTEHKM C LLeNbl0 OCTAHOBKM KPOBO-
Te4YeHu n obecnevyeHna COXPaHHOCTM cocyam-
CTOM CUCTEMbI, NPENATCTBYHOLWMIA U3OLITOYHOM
notepe Kposu (Colman et al., 2006; Bacunbes
n ap., 2013). AKTMBaUMA CBEPTbIBAHMA KpO-
BM MOXET ObiTb MHULMWPOBAHA HApPYLUEHU-
€M LLe/IOCTHOCTM TKaHW (BHECOCYAUCTbIN UK
BHELUHWI NYyTb) NN NPOLECCaMM, KOTOPble Ha-
YMHAOTCA HA BHYTPEHHEW NOBEPXHOCTM COCYAa
(BHYTpMCOCYAUCTbIA NN BHYTPEHHWUI NyTb). B
0b6ounx cnyyaax Npu y4acTum MOHOB KanbLUMA U
docdonmMnnaos 3anyckaeTca Kackag npoTeo-
JIMTUYECKUX pPeaKUWUii: M3 HeaKTUBHbIX npes-
LIeCTBEHHUKOB pepMeHTOB (3MMOreHoB) NyTem
oTwenneHnsa NnentTuaos 06pasyoTcs aKTUBHbIE
CepUHOBbIE NPOTEMHA3bI, KOTOPbIE BO3AENCTBY-
0T Ha gpyrve 6enkun. PaznnyatoTca BHELWHUA 1
BHYTPEHHMIN MeXaHW3Mbl TO/IbKO HAa4Ya/IbHbIMM
CTagMAMM A0 aKTMBaLMK NPOTPOMOUHaA (dak-
Topa Il), KoTopbIN, B CBOIO 0Yepesb, MPUBOANT K
obpaszoBaHuto TpombuHa (lla), akTnBauum du-
6puHoreHa u popmmpoBaHuto Tpomba. OagHako
B TOM C/ly4ae, Korga TpPomboTMYEeCKUiA npoLecc
CTAaHOBUTCA TMNEPaAKTUBUPOBAH WUAWN ABNAETCS

MNoanucaHa K neyartn: 19 aekabpa 2019 roga

CaMOCTOATENbHON MPUYUHOM MNOBPEXAEHUS
Pa3/INYHbIX COCYA0B, OH AEMOHCTPUPYET CO-
601 naTonornto, NPeAcTaBAAOLWYI0 ONAaCHOCTb
He TO/IbKO ANnAa TPOMOMPOBAHHOrO cocyaa, Ho
n opraHusma B uenom (Colman et al., 2006;
Buller et al., 2005). 3a6oneBaHua, Tak AU UHa-
ye cBA3aHHble ¢ TpoMb03amMm CoCyaoB Pa3nny-
HbIX JIOKaNM3aLmMn, COCTaBAAIOT 40 65 % OT Bcex
dopm cepaeyHO-coCyanCTbIX NaToNormn. Tak, B
CLWA Habnogaetca 600 Tbic. cnyyaes Tpombo-
aMb0ONUM NeroyHom apTepun B rod, Npuyem B
10 % 13 HUX pPerncTpUpyeTca IeTaNbHbIA UCXOA,
(Buller et al., 2005; Wells, 2007).

B BeTepMHapHOM MpPaKTUKe OAHOW U3 Npu-
YMH CEPbE3HOro HapyLweHMa KpoBoobpaleHumn
M 4acTO CMEpPTM KMBOTHOFO SIBASIETCA TPOM-
603mb0nMA (CMHAPOM OCTPOro HapylleHun
KpoBoobOpalleHna B pes3ynbTaTe 3aKynopKu
aptepun Tpombom). OT Tpomba oTCnamBatoT-
CA YacTULbI M PACNPOCTPAHAIOTCA NO BCEMY Op-
raHM3My KMBOTHOro, 3abuBana menkune cocyabl
M HapyLwan UMpKynaumio Kposu. MNpu sTom Ha-
YMHAeTCcA BOCMaNUTeNbHaA peaKkumsa, KoTopas
PaCcTBOPAET CryCTKM U MOXKET YrpoXKaTb KU3HM
YKMBOTHOTO, €C/IN NOPAXKEHO CAULIKOM MHOr0
cocynoB nnm 6onbluon cocyd (neroyHan apre-
pus, aopTa). AHANOMMYHbIA NPOLLeCC HepeaKo
HabatogaeTca y YenoBeka.
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Tpombosmbonua asnaetca Hambonee ua-
CTbIM M OMNACHbIM OCJ/IO}KHEHWEM 3aCTOMHOM
cepaeyHoM HenoCTaTOMHOCTM Yy Kowek. Ei
npeawecrsyet M3bbiTouHOe obHpasoBaHue
TPOM6OB B BeHax, r4e OCHOBHbIMW MeXaHM3-
MaMM CBepTbiBaHWUA ABAAKTCA MA3MEHHbIe
daKTopbl popmMmmnpoBaHMa GUBPUHOBOrO CrycT-
Ka. B cnyyae Tpomb603ambonnm apTepmmn B mecte
JloKanmnsauum Tpomba aobasnatoTca U Tpombo-
LUMTapHble paKkTopbl, NpuBoaALMeE K GUKcaLmm
CryCTKa M A0NONHUTENbHOTO TPOMb03a apTepun
HUXKe MecTa 3aKynopku. OCHOBOM /ieYeHUA Ko-
LeK ABNAETCA CKopeMnlluee BOCCTaHOB/IEHUE Te-
MOAVHAMUKWN, AN Yero HeobxoaMmo ocnabuTb
60neBoM CMHAPOM U NPOBECTU UHPY3UOHHYIO
Tepanuio KONNOUAHbIMM PACTBOPAMM ANA YAYY-
LWEeHMA PEOIOTMYECKMX CBOMCTB KPOBU. TONbKO
Ha pOHe 3TOro sieYeHns UCNOJb3YHT NPsAMble
aHTMKOArynsaHTbl U, BO3MOXHO, TPOMbBOANTU-
yeckue npenapatbl. Ana npodunaktmkm T3 npum
XPOHMYECKON CepaevyHOM HeaoCTaTO4HOCTU
npu NOABNEHUN MPU3HAKOB 3aCTOA, a TaKXKe
ANA NpoPUNaKTUKK peumamBos T MUCMONb3y-
0T HENPAMbIE aHTUKOAryNAHTbI — aLeTUACANN-
LWUNOBYH KMCNOTY, KNonuaorpenb, BappapuH.
Ha3HaueHue aHTUKOoAryNAHTOB ONpPaBAaHO Teo-
peTUYeCcKMMU AaHHbIMU, HO 3PPEKTUBHOCTbL NX
Y KOLLEK NOKa He MmeeT OA4HO3HaYHbIX A0Ka3a-
TenbcTB (lepke, 2014).

Ona unsyyeHua crtaguii npouecca Tpombo-
06pasoBaHuMA, poan GaKkTopoB CBEPTbIBAHMA, a
TaKKe AnA oueHKU 3G PeKTUBHOCTM NpenapaToB
M areHToB, UCMNOJIb3yeMbIX A8 NPOPUNAKTUKN U
NneyeHna Tpomb03a BEH NPUMEHSIOTCS MOAEN
BEHO3HOro Tpomb03a. B otanume ot yenoseka,
y NabopaTopHbIX XMBOTHbIX OTCYTCTBYET TPOM-
6odUNNYEeCcKUn CUHAPOM (COCTOSIHUE, KOTOpOoEe
B COYEeTaHWUU C GaKTOpaMM pUCKa YBENNYMBAET
BEPOATHOCTb BO3HMKHOBEHUA TPOMbOOB B He-
CKO/IbKO pas), YTo ABAAETCA rMaBHOM npobne-
MOW BOCMpou3BeLeHMA BEHO3HOro Tpombo3a
B 9KCNepumeHTe. B coBpeMeHHbIX nccnenosa-
HUAX, NOCBALLEHHbIX AOKAMHUYECKOM OLEHKe
3pdEKTUBHOCTN aHTMKOAryNAHTOB, B KayecTBe
Mmogene BeHO3HOro Tpombo3a mcnonb3yerca
3KCNEePUMEHTANIbHAA TEXHONOIMA IOKA/IbHOM
runepkoarynaumm (Wessler et al., 1959). Tpom-
603 BOCNpOM3BOAUTCA KOMBUHALUMEN TMNepPKOo-
arynauum ¢ nocaeayoLmm BEHO3HbIM CTa3omM,
nyTem BBeAEHWA XWBOTHbIM TeTepOreHHOWM
CbIBOPOTKM MAN pacTBOpa TKaHeBOro Tpombo-
NNacTMHA. BeHO3HbIN CTa3 JoCTUraeTca nyTem
nepeBsa3KN UKW nepexatna 0bbl4HO KPYyMHOWN
BeHbl (COHMH 1 ap., 2014).

OAHUM U3 OCHOBHbIX aHTUTPOMBOTUYECKNX
CpeAcTB B Ie4eHUN 060CTPEHUN ULLEMNYECKOM
6onesHn cepaua [0 HACTOALWErO BpPeMEHM

oCTaeTca auetuncanmumnosaa Kucnorta. OHa
noaasnseT arperayuo TpomboLMTOB, ABNAET-
ca BasoAunatatopom (cocyzopacwmpstouiee
CpPeacTBo) W npeaynpexaaetr obpasoBaHue
TpomboB. BmecTe ¢ Tem, cornacHo pabote (Ait-
HeTaMHoBa U Aap., 2007), ot 5 go 45 % nauu-
€HTOB OKa3blBalOTCA TEHETUYECKU PEe3UCTEHT-
HbIMKW K ee aenctemto. Cpean NeKkapCTBEHHbIX
npenapaTos, TakXe ob6nagarowmx aHTUTPOM-
60TMYECKMMKN CBOMCTBAMM, B HacTosLLee Bpe-
MA NPUMEHAITCA KAONUA0rPen, TUKNONUANH,
annupuaamon, TupodmnbaH, annkcabaH, pusa-
pokcabaH 1 apyrue, BKAKOYalOLWMe B KayecTse
KOMMNOHEHTOB COeANHEHUNA C a30TCOAEPKALLM-
MU reTepoumKaamm.

BmecTte ¢ TemM B HEKOTOPbIX CNyYanX, B YacT-
HOCTU MNPU XMPYPrUYECKUX BMeELLaTeNbCTBAX,
MOXeT Habnwgatbcs 0b6uAbHOE KpoBoTeye-
Hue. MNMoZoOHbIMM NpUMepamn TaKKe MOryT
CNYXUTb Takne 3aboneBaHunaA, Kak remopumana
TMNa A, BbI3BaHHAsA HepoCTaTKOM daKTopa
ceepTbiBaHuA Kposu VIII (FVIII), nan remodu-
nma TMna B, BO3HMKalOW@A Npu HeaocTaTKe
dakTopa IX (FIX), ngmMonatnyeckaa tpombo-
umutoneHus (ITP), Bbi3BaHHAs MOHUMKEHHbIM
cogepkaHmem TpombouutoB. lemoduama
BCTpeyvaeTcAa npnbansutensHo y ogHoro m3 10
000 HoBOpOKAEHHbIX. COrNMacHO OUeHKe, OCHO-
BAHHOM Ha exerogHom rnobanbHOM onpoce,
nposogMmom BcemupHoi deaepaumen remo-
dbunmn, uncno nogen ¢ remopunnen B mupe
coctaBnsfet npubnmsutensHo 400 Tbic. yeno-
BeK. lfemodumana A BCTpeyaeTca valle, Yem re-
moounma B, n coctasnaet 80—-85 % oT obLiero
yucna nogen ¢ atTum 3abonesaHnem. O6bIYHO
remopuina NoparkaeT NnL, MYXKCKOro nosa co
CTOpPOHbI MmaTepun. OgHaAKO Kak reHbl FVIII, Tak
n renbl FIX nogBep»keHbl myTauum de novo, n
B OOHOM TpeTu Bcex cnyyaeB 6onesHb ABnseT-
CA pe3ynbTaTOM CMOHTAHHOM MyTaLMKU B OTCYT-
CTBME reHeTUYeCcKon NpeapacnoNoKeHHOCTH K
3abonesBaHuio (Pykosoactso..., 2012).

MOCKONbKY NONHOCTbIO M31e4YnTb remodu-
N0 HEBO3MOXHO M3-3a AedeKkTa Ha ypOBHe
reHoBs, TO Tepanus AaHHoro 3aboneBaHus Ha-
npaBneHa B MNepBYyH o4vepenb Ha KOMMEHCa-
umto gednumnta pakTopoB CBEPTbIBAHMA. Takan
TepanuA Ha3blBAaeTCA 3aMeCTUTENIbHOM, T. K. B
OpraHM3mM YenoBeKa BBOAATCA npenaparsbl, Co-
AepKalme BewecTBa, KOTOPbIX B OpraHu3sme
BblpabaTbiBaeTCA HEAOCTATOYHO. 3aMeCcTUTe b-
HaA Tepanua NO3BONAET NOAAEP)KUBATb HOP-
Ma/IbHYHO CBEPTbIBAEMOCTb KPOBU M Kynupo-
BaTb O4Yar remopparuu.

JOnNONHUTENbHO K 3aMeCTUTENIbHOW Tepanum
NPUMEHAKT CMMNTOMATUYECKUE CPeaCTBa, KO-
TOpble HE0HXOAMMbI 419 KYNUPOBAHUA TEX UK
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MHbIX BO3HUKAIOLLMX PACCTPOMCTB GYHKLMOH M-
POBaHMA Pa3INYHbIX OpPraHoB WM cuctem. Ha-
npumep, AN OCTaHOBKWU BO3HMUKLLErNO KPOBO-
TeyeHna 6oNbHbIM remopuanen HaszHayaTcA
npenapatbl aMMHOKANPOHOBOW (aLMKaNPOH,
admnbpuH, ammkap, Kapnauma, Kapnamon, 3n-

CUKaNpoH), TPaHEeKCaMoBOM (LMKNOKaNpPOH,
TPaHeKcam, TPOKCAaMMHAT, 3K3aUu), a TaKxke
AMUHOMETUNBEH30MHOM KUCNOT (ambeH mnu
[EeCMOMNpPEeccUH (CUHTETUYECKMIN aHanor Baso-
npeccuHa)) (puc. 1) (Pykosoactso..., 2012).

O

% OH

OH HoN

3

Puc. 1. dopmynbl 6-aMMHOKaNPoHOBOM (1), TpaHekcamoBoW (2) 1 4-aMMHOMETUNOEH30MHOM (3) KnucnoT
Fig. 1. Formulas of 6-aminocaproic (1), tranexamic (2) and 4-aminomethylbenzoic (3) acids

BBugy TOro 4TO Cpeau NeKapCTBEHHbIX
CpeacTs, NPUMEHAEeMbIX ANA perynaumMm npo-
LLecca CBepTbIBAaHUA KPOBU, AOBO/IbHO 60/1bLLAA
4acTb COAEPKUT aMUHOTPYNMbl UM YETBEPTUY-
Hble aTOMbl a30Ta, Mbl PELINUIN BbIACHUTb, Ha-
CKONbKO BAYKHO MX MPUCYTCTBME C TOUKM 3pEHMUA
BAMAHMA Ha KOArynAUMOHHbIE CBOMCTBA KPOBM.

MaTtepuanbl

CoeauHeHus (Ne 14, 15, 18-27, 33, 34, 36—
38; Tabn. 3; Acros organics, cogepaHue 99 %)
ncnonb3oBanu 6e3 AONOSHUTENIbHOM OUYUCTKM.
MMaporanoreHnabl NOAyYanM B3aMMOOENCTBU-
€M COOTBETCTBYIOLLMX aMUHOB C CONAHOM UK
6pPOMMCTOBOAOPOAHOM  KUCNOTamMK.  AueTu-
JIeHOBble aMWHbl U YeTBEPTUYHblIE aMMOHMe-
Bble conn (YAC) cMHTEe3MpOoBanM, Kak ONMCcaHo
B pabote (AHapees, 2007). N!,N-Aumetun-
N2-peHnndopmammanH nonay4yann CoOrnacHo
(Oszczapowicz, Raczynska, 1983), a guamuHo-
n gumeToKcndypasaHo[3,4-blnmnpasnHel — co-
rnacHo (Sharchenkov, Andrianov, 1997). Coeau-
HeHua 2-6eH3oun-3-(1-metnn-1H-mumunpason-
2-1n)-3-GeHMANPoONaHOHUTPUN (Trofimov,
Andriyankova, 2011), (Z)-3-(3-meTun-2-TMoKco-
2,3-aurnapo-1H-umngaszon-1-un)-3-peHun-
2-nponeHoHuTpun (Belyaeva, Andriyankova,
2014) u bis-(2-penetnn)-[2-(1H-umumaasonnn)-
atun]dpocdaHceneHna (Gusarova, Malysheva,
2011) 6bInKn cMHTE3MpPOBaHbI N NtobE3HO npe-
AOCTaB/MEHbl ANA UCCNefoBaHMM 4. X. H. K.B.
Bensesoit u a. x. H. C.®. Manbliweson (NpKyT-
CKMWA MHCTUTYT Xumum um. A. E. ®aBopcKoro
Cnbupckoro otaeneHuna Poccuiickor akagemmm
HaykK).

MeToabl

I/IsyqulAe BANAHNA Pa3/INMYHbIX a30TCO-
AeprHawnmx opraHn4eCknx COELI,VIHGHI/IVI Ha CKO-
POCTb CBEPTbIBAHNA KPOBU BbIMNO/IHEHO Ha 06-

pa3uax Kposu mblien nnHuin C57BL/6, MOLF
n nx rmbpmnaos. MamepeHne BpemeHn obpaso-
BaHMA CryCTKa KPOoBKM Nposogman B npobax, co-
AeprKalmx KpoBb ogHOM Mbiwn 1 0.1 mn an-
meTtuncynbdokeunaa (KoHtpons) nnm 0.1 mn 0.1
% pacTBopa mccnefyemoro coeguHeHua B Au-
meTuncynbdokecmae (onbiTHble Npobbl) cornac-
HOo meToauke (KanHuyeckas..., 2013) B Hawemn
moanduKkaumn.

MonyyeHHble pe3ynbTaTbl o0bpabaTtbiBanu
06LWENPUHATBIMM  METOAaMM BapPUALMOHHOM
CTAaTUCTUKMN, OLEHMBAA AOCTOBEPHOCTb OT/INYNMA
no Kputeputo U BUNKOKCOHaA — MaHHa — YUTHU
(fy6nep, MfeHKnH, 1969). Paznnuma cumtanm go-
cToBepHbimu ripu p < 0.05.

Pe3ynbratbl

MccneposaHua ¢ ncnonb3oBaHmem 38 Kak
3HAOreHHbIX (UMTUAWH, YPUAUH), TaK U 3K30-
reHHbIX BELLecTB NoKasanau, YTo Hanuyme aTto-
Ma a30Ta B MOJIEKYNAX, 33 PEAKUM UCKTHOYEHUN-
em (rmapobpomua ambeHannaMmnHa n gUnNpo-
NapruiaHuanH), NPMBOAUT K CYLLECTBEHHOMY
YCKOPEHUIO KOoarynsiuuMm KpPoBWU Mbllen. IToT
addeKT ABnAeTCcA YHUBEpPCasNbHbIM U NPOAB-
NAeTca B c/lydyae pPas/INYHbIX a30TCoAEePKaLLMX
coeAnHeHUn (npeaenbHblX, aLeTUIEHOBbIX,
apPOMATUUYECKUX U FTeTepoapoMaTUYECKUX aMu-
HOB, WX FMAPOrasoreHNA0B U YeTBEePTUUYHbIX
aMMOHMEBbIX COJIel), CUbHO PA3/INYAKOLLNXCA
MO OCHOBHOCTMU.

B paHHOM cTaTbe onmcaHbl NOyYeHHbIe
HaMW in vitro pe3ynbTaTbl 3KCMNEPMMEHTOB MO
Koarynaumm Kposu mbiweli (C57BL/6, MOLF u
nx rMbpmnaos) B NPUCYTCTBUM PA3/IUYHbIX IH-
[OTeHHbIX (YPUAUH U UMTUANH) U SK30T€HHbIX
a30TCcoAeprKalmx coeAnHeHnn (npeaenbHblx,
aUEeTUNIEHOBbIX, APOMATUYECKUX N reTepoapo-
MaTUYECKUX aMUHOB, UX TMAPOranoreHna0B U
YeTBEPTUUYHbIX aMMOHMEBbLIX conen) (Tabn. 1).
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Tabnmua 1. CnocobHOCTb amuHOB M YAC M3MeHATb Bpems CBepTbiBaHMA KpoBK mblwelt (C57BL/6, MOLF
n ux rubpunaos)

Table 1. The ability of amines and QAS to change the blood clotting time of mice (C57BL/6, MOLF and
their hybrids)

Bpema
CBEpTbIBaHUA
No HasBaHue uccnemyemoro BelLecTsa u KPOBM, CEK. SbderT, % Yucno
ero ¢opmyna onbIToB
KOHTPOJIb  OMbIT
ruaporanoreHuabl aMMHOB
fmapobpomuna anbeHsnnammnHa
1 (PhCH.),NH-HBr 35 33 94 14 >0.05
) M'mapobpomng TpeT-byTmnammnHa 49 36 74 12 <0.05
Tpet-BuNH, -HBr
3 mapobpomna H-OKTUIAMUHA 53 7 59 13 <0.001
C_H _NH_ -HBr
Mapobpomung, an-H-OKTUIAMUHA
<0.
4 (C.H._).NH-HBr 53 32 61 14 0.05
Mapoxnopua TPMOKTUNAMMHA
5 (C.H.).N-HCI 53 27 51 9 <0.05

fMapoxnopng H-OKTUA
6 nponaprunamuHa 53 21 39 11 <0.001
C,H,,NH(CH,C=CH)-HCI

YAC

Bpomug aumeTnanponaprmun
7 OKTageLnnIaMmMOoHUA 37 27 73 16 <0.001
[(CH,),N(C H. )(CH C=CH)]Br

18 37

Bpomung, Tpu-H-6yTUANPONAPIrUA
8 aMMOHMA 40 34 85 18 <0.01
[(C,H,),NCH C=CH]Br
bpomug Tpu-H-
9 OKTMANPONaprmaaMmoHnaA 47 19 40 15 <0.001
[(C.H,.),NCH C=CH]Br

! 17

Bpomunz TpU-H-OKTUNBYTUHUNAMMOHMS
[(C,H,,),NCH,C=CCH,]Br

8 17

10 37 21 57 9 <0.001

E[.')OMVILI| TPU-H-OKTUNOKTUHNTAMMOHUA
[(C,H, ),NCH.C=CCH, ]Br

] 17 5 11

11 43 29 46 9 <0.001
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Tabnuua 1. MpoponKeHue

Bpemsa cBepTbiBa-

HUA KPOBMU, CEK.
No Ha3saHuMe nccnegyemoro seLLecTsa u SbdeKT, % Yncno
ero popmyna onbITOB
KOHTPONb  OMbIT
12 Bpomunpg, TeTpa-H-OKTUIAMMOHMUA 36 31 37 19 <0.001
[(C,H..),NIBr
13 Bpomung, TeTpabyTnaammoHus 30 2 33 9 <0.001
[(C,H,),N]Br
npPou3BOAHbIE AaHWIMHA U NUPUAUHA
2-NOJaHUNNH
NH,
14 | 34 23 68 11  <0.001
2-bTOpPaHMANH
NH,
15 R F 34 24 71 10 <0.001
"
4-¢T1op-N-nponapruaaHnanH
16 4-F-C_H,NHCH, C=CH 38 29 77 14 <0.001
N,N-gunponaprunaHnamnH
1 1 .
7 C.H.N(CH,C=CH), 36 34 94 0 <0.05
3-noanupuanH
o |
18 | 34 23 68 10 <0.001
-
4-noannpuanH
19 m 34 23 68 10 <0.001
@H_ﬁ»
mapoxnopug 4-xnopnupuamHa
Cl
20 34 23 68 9 <0.001

o
| - HCo

-

N
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Tabnuua 1. MpoaonKeHue

Bpemsa ceepTbiBa-

HUWA KPOBMU, CEK.
No HasBaHue uccneayemoro BeLLecTsa 1 SbdekT, % Yucno
ero ¢opmyna onbITOB
KOHTPO/Ib  OMbIT
npousBogHblie NUPUMULUHA
YpnavH
0
21 34 25 74 9 <0.001
UntnamH
NHa
I
NF |
22 OA\N 34 22 65 9  <0.001
HO-CHz o
HO OH
Npou3BoAHbIE XMHOJIMHA U XMHOKCAJIMHA
3-6pOMXMHONNH
23 43 29 68 8 <0.001
3-aMUHOXMHONMH
o e o NH,
24 i j/ a3 27 62 9  <0.001
3 ' o
T xﬁf
2,3-ANMETUNXNHOKCANUH
A e CH,
25 P I 34 25 73 10 <0.001
%_Nﬁ” “-CH:EII

10
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Tabnuua 1. MpoaonKeHue

Bpemsa ceepTbiBa-

Ha3BaHue nccneayeMoro BeLLecTsa u HUA KPOBK, CEK. ., Yucno
ddodekKT, %

ero dopmyna OnbITOB
KOHTPOAb  OMbIT

2-meTtun-3- rMp,pOKCMXMHOKcanMH
«-"" e CH3
,»r"

26
_/“*-\,_

34 21 63 10 <0.001

npousBoAaHblie umugasona u ¢pypasaHo[3,4-blnupasmHa

l-annnnnmupason

N="
27 @N— CH,CH=CH, 32 20 64 10  <0.001

2-6eH30oun-3-(1-metun-1H-umupason-
2-1n)-3-peHNNNPONaHOHUTPUA

28 /C 40 29 72 9 <0.01
N
CH—CN
L)
|
CH,

(2)-3-(3-meTnn-2-TMoKco-2,3-anrnapo-
1H-ummpason-1-un)-3-dexHnn-2-
NPOMNEHOHUTPUN

s
T

| f
29 P 39 27 70 11 <0.01
/C I,
7N SCH-CN

i
*\AN oS

CH,

Bis-(2-peHeTnn)-[2-(1H-ummngasonnn)-
atun]docdaHceneHmp,

O-eoen
30 \ SN 37 27 73 14 <0.001
P — CH,CH,~N
Cromen 1,77
e

11
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Tabnuua 1. MpoaonKeHue

Bpemsa ceepTbiBa-

Ha3BaHue nccneayeMoro BeLLecTsa u HWA KPOBK, CEK. ., Yucno
ddodekT, %

ero dopmyna OnbITOB
KOHTPOAb  ONbIT

5,6-anamuHodypasaHo [3,4-b]nupasmH

HN A~ N
ol =
31 : f I 0 32 20 62 9 <0.001
e
HoM =
N N

5,6-AnmeTokcndypasaHo [3,4-b]
nMpasuH

N
32 CHyO~ o =~ &N\ 32 23 73 9 <0.001
,L /L /D
CHO™ 2 N

Apyrue coeguHeHuUa

2-(N-ruapokcrunammuHo)

LLMKNOTr€KCaHOHOKCUM aLleTaT

OH

33 ,Jl 30 22 73 7 <0.001

: jNHEJH - AcOH

3-N,N-aumeTnnammHo NPONUOHUTPUN

34 (CH.),NCH.CH.CN 30 24 80 8 <0.001
NI, N-aumeTnn- N2-
35 deHnndbopmammngmH 36 25 65 9 <0.001
(CH.),NCH=N-Ph
4-0KTUNOKCMBEH30MHaA KMCNoTa
0
CH3(CH»)gCH2
0
NleKapCTBEHHbIEe a30Tcogep Kalyme npenaparbl
HeocturmuH metuncynbdat
+
~N(CH;);
37 - CH,080, 30 21 71 9  <0.001

OCN(CH.),
{5




AHppees B. I1., bensesa K. B., Cobones M. C., lowwnH A. A., MouyanuHa A. A., Manbiwesa C. ., Boskosa T. O. Tpombo-
TUYECKME CBOMCTBA HEKOTOPbIX a30TCOAEPKALLMX coeanHeHni // MpuHumnbl skonormun. 2019. Ne 4. C. 4-22.

Tabnuua 1. MpoaonKeHue

Bpemsa cBepTbiBa-

HasBaHue nccnesyemoro BeLLecTBa 1 HW1A KPOBK, CEK. Yucno
Ne dddekT, %
ero popmyna onbITOB
KOHTPOAb  OMbIT
MMApa3ua U30HUKOTUHOBOW KUC/OTbI
(n30oHMazma)
38 A } 38 31 82 22 <0.05
s 5/" - CONHNI k
Tt e
O6cyxpeHue 06pasHbIM (apMaKONIOrMYECKUM [eNCTBUEM,

B cnpaBoyHOM n3gaHmm M. [. MallKOBCKO-
ro «JlekapcteeHHble cpeactsa» (MalIKOBCKUN,
2016) okono 400 cTpaHul, 13 1000 nocBsLLEHbI
OMMUCAHWUIO NPEeNapaToB C YPe3Bbl4ANHO pa3HoO-

MMEILMX B CBOEM COCTaBE YKasaHHble QyHK-
UMOHaNbHbIe TPYMMbl WAM a30TcoAepXKallme
reTepoumKkabl. Mpumepbl HEKOTOPbIX U3 HUX
npeacrtaBneHbl B Tab. 2.

Tabnnua 2. NlekapcTBeHHble CPeACTBa, ABNAOWMECA aMUHAMM Pa3/IMYHbIX K1acCOB M OMMUCaHHbIE B pa-
6oTe (MawkKoBckuii, 2016)

Table 2. Medicines that are amines of various classes and described in the work (Mashkovsky, 2016)

JlekapcTBeHHble cpeacTsa CTpaHuLbl

OeicTByloWMe NPEUMYLLLECTBEHHO HA LLeHTPa/IbHYIO HEPBHYIO CUCTEMY

CHOTBOPHbIE, NPOTUBOCYAOPOKHbIE, MCUXOTPOMNHbIE, ANA HEUHIANALNOHHOIO HapKO3a,
ANANeYeHnA NapKMHCOHMU3MA, aHaAbreTuYecKne, HEHapPKoOTUYECKMe NPOTMBOKalluesble, 23-197
PBOTHbIE N NPOTUBOPBOTHbLIE CpeacTBa

AEWCTBYIOLME NPEUMYLLLECTBEHHO Ha nNepudepuryeckme HelipomeaunaTopHbie NpoLecchbl

aUeTUNXONMH U XOJIMHOMMMETUYECKME BELLECTBA, MHIMOUTOPbI M peakTUBATOpPbI
XO/IMHICTEPa3bl, AHTUXONIMHEPTUYECKHUE, raHIIMOCTUMYANpPYIOLLME "
6noKuMpytowme, KypapenofobHble, agpeHanvH U agpeHOMUMETUYECKME BELLECTBA,
aHTMaZdpeHeprnyeckne coeauHeHna, gobdamumH n godamumHepruyeckme BeLLecTBa,
CEePOTOHMH U AeNCcTBYoWMe NPenMyLLEeCTBEHHO Ha CEPOTOHUHEPIMYECKME peLLenTopsl,
TMCTaMUH M NPOTUBOTMCTaMUHHbIE CPeaCTBa

199-308

AEﬁCTByIOLI.I,Me npemmyuwiecTteeHHoO B obnactu YyBCTBUTE/IbHbIX HEPBHbIX OKOHYaHUM

MEeCTHOaHecTe3unpytoLme, MyKOIUTUYECKME CpeacTBa 309-364

OeNUCTBylOLWME HA CEPAEUYHO-COCYAUCTYIO CUcTeMy
KapAMOTOHMHECKre, aHTMAPUTMMYECKME, CPEeACTBa, yAyyllalowme KpoBOCHAbXKeHue 377.489
OpraHoOB U TKaHeM

YCUUBAlOLWME BbIAENUTENbHYIO PYHKLMIO NOYeK
AnypeTnyeckue, Topmgaﬂmme 0bpasoBaHMe MOYEBbIX KOHKPEMEHTOB M obJieryatoume 496-512
NX BblBEAEHME C MOYOM

renaToTponHbie

*KenyeroHHble, renaTonpoTeKTOPHbIE CpeacTBa 519, 523
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Tabnuua 2. MpoaonKeHue

NekapcTBeHHble cpeacTsa CTpaHuubl

BAMAIOLME HA MYCKYNaTYpy MaTKU

yTEPOTOHMYECKME CpeacTBa 527,531

perynupyiowme metabonnueckme npoueccobl

peryanpytoLme GyHKLMIO LWNTOBUAHOW *Kenesbl, BATaAaMUHbI M POACTBEHHbIE NpenapaTbl,
aMWHOKUCNOTbI, pa3iMyHble NpenapaTbl, CTUMyAMpYoWMe meTabonmnyeckmne npoueccol 542-729
M NPOLLeCCbl UMMYHUTETA

MMMyHOMOAYNUpYIoLLne

MMMYHOCYNpPEeccopbl, CPeacTBa A5 NPOOUNAKTUKM U IeYeHns ny4yeBon 6onesHu 740-754

ucnonb3yembie gna nedeHns NHGEKUMOHHbIX 3a6onesaHui

QHTUCENTUYECKNE U MHCEKTULNAHbIE CPeaCcTBa 764-956

NpoTUBOOMNYXO/EBble

alkKnampyrouime coegnHeHusa, aHTMMETa60}'IMTbI, npoTUBOOMNyXo/sieBble aHTUOUOTUKM,

969-1021
ropMoHasibHble NpenapaTtbl, UHTMBUTOPbI NPOTEMHKMHA3 U Ap.

Ona Ttoro ytobbl ynpocTUTb aHanM3 auTe- NpUMep, NPU BBeAEHUN NepopanbHo (per os).
PaTypHbIX AaHHbIX, Mbl MOCTAPaAUCb Orpa- [aHHble N0 HEeKOTOPbIM AKTUBHOCTAM Je-
HUYUTBCA COEAUHEHUAMM, KOTOPble WMCNOMb- KAPCTBEHHbIX CPEACTB, NPeACTaBleHHble B pa-
3ylOTCA BHYTPUBEHHO/BHYTPUMbILIEYHO, T. €. 60Te (Mawkosckui, 2016), u uHGopmauma u3
HenocpeACTBEHHO B3aMMOAEWNCTBYIOT C TKAHA-  WHCTPYKLMIM NO UX NPUMEHEHUIO NPUBELEHDI B
MW M KPOBEHOCHOM CUCTEMOM, He noaseprasace Taba. 3.
npeaBapuTeNbHbIM NPEeBPALLEHUAM, KaK, Ha-

Tabnunua 3. JlekapcTBeHHblE CPEACTBA, ABAAOWMeca ammuHamn unn YAC, ncnosnb3syemble BHYTPUBEHHO/
BHYTPMMBbILLIEYHO (KpOMe NapMmnamHa) U BAMAIOLME Ha KOaryasLMOHHbIE CBOMCTBA KPOBMU
Table 3. Medicinal products, which are amines or QAC, used intravenously/intramuscularly (except for
parmidine) and affecting the coagulation properties of blood

Ne T[penapart MpumeHeHwne // NpoTusonokasaHma 1 noboyHoe gencreme

aKTMBauua TpomboobpasoBaHua

OCTAHOBKA KPOBOTEUEHUI MPU XMPYPrUYECKUX BMELLATENbCTBAX U
Pa3/IMYHbIX NAaTONOMMYECKUX COCTOAHMAX, MPU KOTOPbIX NOBbILLEHA
€-aMMHOKaNpoHoBasn GUMBPUHONUTMYECKAN aKTUBHOCTb KPOBM U TKaHel // CKNOHHOCTb K
KucnoTa TPomb03y 1 3M60MN, HAPYLLEHUA MO3FOBOrO KPOBOODOpaLLEHMS,
CUHAPOM ANCCEMUHUPOBAHHOIO BHYTPMUCOCYAMUCTOrO

CBEpPTbIBAHMA

OCTaHOBKA KPOBOTEYEHUIN MPU XUPYPTUUYECKUX BMeLLaTebCTBax
N Pas/INYHbIX NMATOIOTMUYECKMX COCTOSIHUAX, COMPOBOXKAALMXCA
nosbllLeHneM GUBPUHONNTUYECKON aKTUBHOCTU KPOBM U TKaHEM, a
TaK)Ke Npu remopparnyeckmx amatesax TPOMOOLMTONEHNYECKOTO
NPOUCXOMKAEHUA // CKNOHHOCTb K TPOMBO3Y M 3IMBOINU, HapYLLEHUSA
MO3roBOro KpoOBOOOPALLEHUA, CUHOPOM AUCCEMUHUPOBAHHOTO
BHYTPMCOCYAMCTOrO CBEPTbIBAHUS

AmbeH (ammHomeTUn
b6eH30M1Has Knucnota)
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Tabnuua 3. MpoaonKeHue

Ne TllpenapaTt

MpumeHeHue // MpoTMBonoKasaHMsa U Nobo4YHOe AencTBme

KpOBOTEYEHUA, 0OyC/0BAEHHble mMoBblleHneM GUBPUHOAN3ZA:
remoouana, remopparmyeckne ocnoKHeHUa GUbPUHONUTUYECKOM
Tepanuu, TpombouMTONEHMYecKas nypnypa, anjacTuyeckas
aHeMMus, 1IeMKO3bl, KPOBOTEYEHUSA BO BPEMSA M NOC/E ONepaL i, npu
pOAaXx, NeroyHoe, HOCOBOE, KENYAOUYHO-KMLLEYHOE KPOBOTEYEHWA,
MOHO- U MeTpopparnn // cybapaxHoMaanbHOEe KPOBOU3AUSAHUE,
C OCTOPOXKHOCTbIO — TpOMbBoremopparmyeckme OCNOMKHEeHUA (B
COYETaHUN C TenapuHOM W HEemnpPAMbIMU aHTUKOAryNAHTaMM),
Tpomb03 (Tpombodnebut, rnyboknx BeH, TPoMboaIMboNMYECKNi
CUHAPOM, MHOAPKT MUOKAPAA), reMaTypus n3 BEPXHUX OTAENOB
MOYEBbIBOAAWMX MyTel (BO3MOMKHA OOCTPYKUMA KPOBSIHbIM
CryCTKOM), MOYEeYHan HeA40CTaTOYHOCTb (BO3MOMKHA KymyaaLma)

penakcauma CKeNeTHOW  MYCKynaTypbl (NpU  XMPYpPruyeckmx
onepauusax nog obulein aHectesuelt) // 3abonesaHua cepaedHo-
COCYOMUCTOW  CUCTEMbI, BbIPA)KEHHble HapyLeHUa  QYyHKUUK
MeyeHu 1 NoYeK, BO3MOXKHbI MUOTI0BMHEMUSA U MUOTNOBUHYPUA,
OMWCAHO YMEHbLUEHWe napumanbHOro TPOMBOMIACTUHOBOMO WM
NPOTPOMBMHOBOTO BpeMEHMU

apTepuanbHas TUNepTeH3usa, fA3BeHHas 60/1e3Hb Kenyaka W
[BEHAALATMNEPCTHOM KULLKKM // NpOTMBOMOKAa3aH npu Tpombo3ax
(raHrnmMobnoKaTop), uHbapKTE MMOKapaa, UHCY/bTe, apTepuanbHOM
rmnepTeHsum (Kpus)

KOHTPO/IMPOBaHHAA TUNEPTEH3UA, MPUMEHSAIOT MpPU A3BEHHOW
6onesHn Kenyaka M ABEHAAUATMNEPCTHOM  KUWKKM [/
NPOTMBOMNOKa3aH Npu Tpombo3ax (raHrIMobioKaTop), MHbapKTe
MWOKapAa, UHCYNbTe

3 TpaHeKcamoBadA KMcaoTa
4 BekypoHuin (HAC)

5 Kamdonunit (YAC)

6 BeHsorekcoHuin (HAC)
7 UnmetmnanH

A3BeHHan 60n1e3Hb Kenyaka U ABeHaALaTUNEePCTHOM KULLKK, Npu
MaHKpeaTUTax WM KenyAouYHO-KMLIEYHbIX KpoBoTeveHuax // npu
HapyweHUax GYHKUMIA NeYyeHn 1 novek

8  PaHuTMAMH (rmapoxnopua)

obocTpeHns A3BeHHOM 6ONEe3HU KenyaKa U ABeHaauaTUNEepPCTHOM
KUK, NPOPUNAKTMKA KPOBOTEUEHWUI KeyA0oUYHO-KULWEYHOro
TpakTa // uMppo3 neyeHn c NOPTOCUCTEMHOM 3HUedanonaTmen,
ocTpasn nopdupus, neyeHo4yHas nnu/v noyeyHas
HeA0CTaTO4YHOCTb

9 damoTnanH

npodunaktMka M Tepanus ODOOCTPEHUN A3BEHHOW 6onesHu,
CMMNTOMATMYECKUX 3B ABEHAALATUNEPCTHOM KULLKU U KenyaKa
B Moc/ieonepaumMoHHOM nepuoae, Npu KPOBOTEYEHUM N3 BEPXHMUX
OTAENOB KeNYAOYHO-KMLIEeYHOoro TpakTa // npu anvtenbHom
MCMNO/Ib30BAaHMUM BO3MOXHblI TPOMOOLMTOMNEHWUA, arpaHy/10uuMTO3,
remMosIMTUYecKasa aHemumsn

10 HusatnguH

0b0CTpeHUs A3BEHHOM B0NE3HU XKenyaKa 1M ABeHaAuaTMnepCcTHOM
KMLLKWU, KPOBOTEYEHMA M3 BePXHUX oTAenoB KT // HapylieHus
dYHKUMIA NeyeHn, aHemus, TpombouutToneHms

11 CepoToHWH (agunuHar)

CTUMYIATOP arperauunm TpoMb0oLNTOB, yBEIMYMBAET KOHLEHTPALMIO
TPOMOOLMTOB B KPOBW, YCUMAMBAET CAUMNAHME, NpesoTBpaLiaeT
NOTEPIO KPOBW; PEKOMeHAYeTCA NoAAM C TpoMmbouuToneHuen,
Tpombouutonatuenn  //  rnomepynoHedput,  3abonesBaHus
noyeKk, apTepuanbHasA  TUNepTeH3us,  OcTpbli  Tpombos3,
aHIMOHEBPOTUYECKUI OTEK, 3abosieBaHUs, COMPOBOXKAAOLWMECA
rmnepKoarynsumen
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Tabnuua 3. MpogonxeHue

Ne

MNpenapaTt

MpumeHeHue // MpoTMBonNoOKasaHMsA U N0OH6OUYHOE AeincTBMe

12

AZpOKCOH (rnapar)

CTUMYNATOP arperauum TpombouunTOB, oCTaHaB/iMBaeT
KanuWANApHble  KPOBOTEYEHMA,  MOHMMKAET  MPOHULAEMOCTb
CTEHOK  KanMWANAPOB, JKENYAOYHO-KULIEYHbIE KPOBOTEYEHMS,
npyv  apTepuanbHbIX  KpoBOTeYyeHUsx  HeapdektuseH  //
rMNepyYyBCTBUTENLHOCTD, OHKO/IOTUYECKUNe 3aboneBaHus,
CepaeYHO-CoCyAMCTbIE HapyLeHnn

13

dtamsunar (cynbdoHat
AV3TUNaMMHA)

OCTaHaB/NMBAET  KaNWANAPHbIE KPOBOTEYEHWUA, CTUMYIUpyeT
obpasoBaHMe TPOMBOLNTOB, aKTUBUPYET 06pPa3oBaHME TKAHEBOTO
TpombonNacTMHa B MecTe MOBPEXAEHUA MENKUX COCyAoB,
cnocobCTByeT aaresvm n arperaunm TpombouMTOB, YMEHbLUAET
KPOBOTOUMBOCTL // TPOMB03, TPOMB03IMB0OIMA, OCTpan nopdupus,
remo61acTo3 y geTel, remopparnm Ha GoHe aHTUKOAryNsaHTOB

14

Pokcatngmu

A3BeHHana 60ne3Hb Xenyaka M ABeHaAUAaTUNEPCTHOM KUWKK [/
BO3MOXHbl TPaH3UTOPHOE MOBbILIEHWE YPOBHA TPaHCAMWHA3 B
KPOBM, HEMTPOMEHMA, TPOMBOLUTONEHNS

15

Luknosun (rmgpoxnopua)

M-XONMHOBMOKMpYyloWee  CPeacTBO,  ABASETCA  TPETUYHbIM
aHanorom xnoposuna (YAC), HO B OTAMUME OT HEro MPOHUKaeT
yepes remartosHuUedannuecknin bapbep // npu runeptpodun
npeacTaTeNibHOM Kesie3bl, OCTPOM MNOYEYHOM U NeyYeHOYHOM
HeaoCTaTOYHOCTH

16

AnpodeH (ruapoxnopua)

nepudepuyeckoe U LEHTPaNbHOE M- U H-XONMHOBG/oKMpYyloLee
OENCTBUE; MPUMEHAIOT MpM cnasmax npu A3BeHHON 60/1e3HK
Xenygka W OBEeHaAUuaTUMEepPCTHOM KULWKKM, Chasme COocyaoB
roI0BHOrO MO3ra; paclmpsAeT cocyabl, B TOM YMCAE KOPOHapHble
// npu runepTpodmm npeacTaTeibHON enesbl, OCTPON NoYeHHOM
M NeYeHOYHOM HeaoCTaToOYHOCTH

aHTMarperauMoHHOe JeicTeune

17

AMUHOOUANWH

OPOHXOOOCTPYKTUBHBIA CUHAPOM /06Oro reHesa, rmnepTeHsus
B Ma/loOM Kpyre KpoBoObpalleHWa, HapylleHue MO3roBoro
KpoBOObGpaLleHMA Mo MWeMUYeckomy Tuny // A3Ba xenyaKka uam
NBEHaALLATUMNEPCTHON KULLIKK, KPOBOM3AUAHME B CETYATKY [N1asa,
reMopparn4eckmnini MHCybT, KPOBOTEYEHME B HeJaBHEM aHamMHese

18

KcaHTMHONA HUKOTUHAT
(conb HMKOTUHOBOWA
KWUC/I0TbI)

pacwupser nepudepunyeckme cocyapl, ynyywaet
nepudepunyeckoe, KonnaTepasbHOe, MO3roBoe KpoBoobpalleHne
M MUKPOUMPKYIALMIO B COCYyAAx CeT4aToh 060N0YKM [na3a,
nopasnsaeT arperauuio TpomboumToB, akTMBUPYeT GUBPUHONUS,
CHUYKAET BA3KOCTb KPOBM // OCTPOE KPOBOTEYEHWNE, OCTPbIV MHDAPKT
MWOKapaa, OCTpasa cepaeyHas HeaoCTAaTOYHOCTb, apTepuanbHasn
rMNOTEH3MA, A3BeHHaA 6one3Hb XKenyaka v ABeHaALaTUNepCcTHOM
KMWKKN B Pase 0b6OCTpeHMA, OCTpaa NMoyeyHasa HeAOoCTaTOYHOCTb,
rnaykoma

19

LUMHHapU3nH

ocnabnseTt COKPATUMOCTb IMaAKNX MbILUL, COCYA0B, MONOXKUTENBHO
BAWAET Ha MO3rOBOE, KOpOHapHoe U nepudepunyeckoe
KpoBoobpalleHne, yBennMyMBaeT CNocobHOCTb 3PUTPOLMTOB K
AedopmMaL MM U CHUXKAET NOBbIWEHHYH BA3KOCTb KPOBM // OCTpbI
nepuos remopparmyeckoro WHcynbTa, ywmnba mo3sra, Taxenas
neyeHoYHas Heg0CTaTOYHOCTb, C OCTOPOMKHOCTBIO MPY HaPYLIEHMAX
KapTUHbI KPOBU M KPOBOTOUMBOCTU

16
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Tabnuua 3. MpoaonKeHue

Ne [lpenapaTt

MpumeHeHue // MpoTMBonoKasaHMa n NoboUYHOe AencTBme

MapmuauH (Tabnetkn,

20
Masb)

npenaTcTByeTarperaLmMmTpoMboLmUToB, CTUMYNMpPYyeT GUbprUHONUS,
MCMONb3YIOT B KOMIMJIEKCHOM Tepanuu aTepocKaepo3a COCyAoB
MO3ra, cepaua, KoHeyHocTel, Tpombo3e BeH CeT4yaTky,
TpodurYecKnx A3Bax KOHeYHocTeln // npu HapyweHuax GyHKUMA
neyYeHn 1 NoYeYHOM Hef0CTAaTOYHOCTH

21 dochaneH, AMOP

y4yacTByeT B HOpManm3auum buocnHTesa noppuprHoOB, oKasbiBaeT
cocyaopaclumMpsatolee naHTMarperauMoHHoe 4eMCcTBUe, NPUMEHSAIOT
npu oOCTpoOM nepemexatoulerica nopdupumn, Tpombodnebute,
Tpombo3e BeH, MHOrAa NpU MLemmndeckon 6onesHn cepaua //
NoBbILLIEHHAsA YYBCTBUTENbHOCTb K aleHO3UHpochaTy

22 DMOKCcUNUH (rmapoxnopua)

dHIMOMPOTEKTOPHAA, aHTUarperaunoHHaA adKTUBHOCTD, B
Od)TaJ'IbMOI'IOI'W-IECKOVI NnpaKkTnke  OnAa nevyeHunA TpOM603a
u,eHTpaanoﬁ BEHbl CETYATKM U ee BETBEW, OCNOKHEHHOW
MUnonuun, npu HapyweHunAax moOo3rosoro KpOBOO6paLLI,eHMFI, B
HeBpoOJsioTnUn " Heﬁpoxmpyprmm HA3Ha4awT Npn nwemmnyeckmnx u
remopparn4eCckmnx HapyweHUAX mMo3rosoro KpOBOO6paLLI,EHVIFI, B
TOM YUcCne n TpaBMaTn4eCckoro, nocne onepau,MVl no nosoay ann- v

cyb0panbHbIX rematom // runepyyBCTBUTENBHOCTL K Npenaparty

MunokapnuH

23
(rmpopoxnopua)

B 0GTaNbMONOTMN NPUMEHAIOT ANA YAyYLeHUA TPOOMKM rasa npwm
TPoMb03e LEeHTPaIbHOW BEHbl CETYATKM, OCTPOW HEMPOXOAUMOCTH
apTepun CeTYaTKM, KPOBOM3NUAHUAX B CTeKnoBuaHoe Teno //
TMNepYyBCTBUTENIbHOCTb K MUIOKAPNUHY

MenbaoHn, MUAAPOHAT
3-(2,2,2-TpumeTnn-
rMAapasnHKin) nponnoHat
(monorugpar) (YAC)

NOHMMKEHHasn paboTocnocobHOCTb, nocneonepaumoHHbIi
nepvoa Ana YCKOpeHus peabuautauuum; B COCTaBe KOMIMIEKCHOM
Tepanun — NBC (cTeHoKapaua, MHGaPKT MMOKapaa), XpoHUYecKan
cepaeyHan He4oCTaTOUYHOCTb, OCTPbIE M XPOHMYECKME HapyLIeHUsA
MO3roBOro KposoobpalyeHus, B odTanbmonornm — remodranbm
N KPOBOM3NMAHMA B CETYATKY Pas/NIMYHOM 3TUOSIOTMM, TPOMBO3
LEeHTpaNbHOMBEHbICETYaTKMNEe BETBEW//TMNepUyBCTBUTENbHOCTb,
NoBblWEHNE BHYTPUYEPENHOrOo [AaBfeHus (MpyM  HapyweHuu
BEHO3HOI0 OTTOKA, BHYTPUYEPENHbIX OMYX0AAX), OCTOPOXKHOCTb MNPK
3a601€eBaHMAX NeYeHM U/UM NOYEK; COBMECTUM C K1aCCUHECKMMM
aHTUKOAryAsHTaMM M aHTUarperaHTamm

25  bpetunua tosmunat (HAC)

Xenygodykosble APUTMUN: Xenygoykosan
3KCTpacuUcToNus // ocTpble HapyLleHuns
KpoBOOOpaLleHUs, apTepuanbHas MNOTEH3US,

noyeyHaa HeAOCTAaTOYHOCTb, d)eOXpOMOLI,VITOMa

TaxuapuTMus,
MO3roBOro
BblparkeHHan

Kak BugHO w3 Tabn. 3, neKkapCTBeHHble
CPeAcTBa, TaK UAW MHAYe BAWAKOLLME HA Koa-
FYAALMIO KPOBM, MOXKHO MOAPA3AenuTb Ha ABe
OCHOBHbI€ rpynnbl: aKTUBMpPYLOLWME TPOMB006-
pasoBaHMe W obnajarolime aHTUArperaumoH-
HbIM AeicTBuem. Bmecte ¢ Tem HeobxoamMmo
OTMETUTb, YTO Yy DO/IbLUIMHCTBA M3 3TUX JieKap-
CTBEHHbIX CpeacTB 0603HaUYeHHbIE CBOMCTBA He
ABNAIOTCA NEPBUYHBIMU, T. €. OHU MOTYT MNPO-
ABNATLCA NPU AJINTENIbBHOM NPUMEHEHUU, BO3-
HUKATb KaK NoboyHbIn apdeKkT nmbo He npo-
ABNATbCA BOOOLLE. Bce 3aBUCUT OT MexaHU3Ma
[eNCTBMA peareHTa, 4OCTaTOYHOrO KOAMYecTsa
KNEeTOYHbIX MULLIeHel (cneuunduryeckux peuen-

TOPOB) M reHeTMYecKUx ocobeHHocTen opra-
Hu3Mma. TaKKe cneagyeT 06paTUTb BHUMAHME Ha
TO, YTO 3 PEKTbI COANHEHWI in Vitro v in vivo,
0COBEHHO NpPW  MCMO/Ib30BAHUM PA3/IUYHbIX
MOZENbHbIX CUCTEM, HEpPeaKOo DObiBalOT NPAMO
NPOTUBOMNONOXKHbIMW.

Kak BMAHO M3 AaHHbIX Tabn. 1, Bce uccne-
Ayemble a3oTcoaepiKalme coeanHeHusn, 3a Uc-
KntoyeHem Ne 1, 17, cywecTBeHHO YCKOPAT
cBepTbiBaHWe KpoBK (Ha 15-60 % no cpaBHe-
HWIO C KOHTposeM). lmapobpomuapl ANb6eH3u-
NlaMMHA M AUNPONApPruNaHUANHA, B OTAMYME
OT APYrUX peareHToB, COAEPKAT NO 2 CU/bHbIE
3N1EeKTPOHOAKLUEeNTOpHble (obnagatowme OT-
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puuaTenbHbIM MHAYKTUBHbIM 3¢ddeKToM) npo-
naprunbHble MAN 6eH3UAbHbIE TPYNNbl U UMe-
0T HU3KYO OCHOBHOCTb (pKa gmMbeH3nnamuHa
0.79).

OTMeTUM, YTO MaKCUMMa/bHYK Chnocob-
HOCTb K CBEepTbIBAHMIO KPOBM MOKa3biBalOT
amuHbl 1 YAC, copepawme H-OKTU/IbHbIE
rpynnbl: Ne 3—-6, 9-11 (40-60 %). TonbKo y
6pommnaa TeTpaoktunammoHusa Ne 12 (68 %)
N 4-0KTUNOKCHMbeH30MHOM Kucnotbl Ne 36 (74
%) addpeKkT HemHoro cnabee. Ocoboe nosege-
HUEe 3TUX aNKUbHbIX rPpynn (aHOMasbHO Bbli-
COKMEe 3HAYEHUS KOHCTAHT YCTOMYMBOCTU KOM-
naekcos) 6blNO Hamu BrepBble OOHAPYKEHO
npu MccneaoBaHUM KOOPAMHALMW aMUHOB C
Zn-TeTpadeHmnnnopdupmHom (AHapees u ap.,
2014; Anppees, Cobones, 2015). Bo3moKHO,
npu yCUIEHUM NPOoLLecca CBEPTbIBAaHUA KPOBMU
KOOpAMHALUMOHHAA CNOoCOBHOCTb NUraHAOB C
H-OKTU/IbHbIMK TPYyNNamn MO OTHOLIEHUID K
Fe(ll)-npotonopdupuHy IX, Bxoasawemy B co-
CTaB remornobuHa, TakKe UrpaeTt He nocnea-
Hot ponb. OTmeTum, uto B cnydae HYAC, cogep-
alWMX anKUAbHble rPynnbl Apyron AnanHbl (Ne
7, 8, 13), cBOpayMBaHne KpoBU UOET MeA/IeH-
Hee (70-85 %).

Kpome yKasaHHbIX rMaporasioreHnaoBs amum-
HoB 1 YAC, bbICTpyto Koarynaumuo Kposu (62—64
%) NPOBOLMPYHOT HEKOTOpPbIE FreTepouMKanYe-
CKue npounsBoaHble XMHonuHa (N2 24), XMHOK-
canunHa (Ne 26), umungasona (Ne 27) un ¢pypasa-
HonupasuHa (Ne 31).

MPUHUMas BO BHUMAHME BbICOKYIO BEPOSAT-
HOCTb a30TCOAEPKALUNX COEANHEHUI YCKOPATb
CcBepTbiBaHUE KpoBu (cm. Tabn. 1), mbl npose-
NIV 3KCMEePUMEHTbI C ABYMA NEeKapCTBEHHbIMMU
CcpeacTBamm, oNA KOTOpPbIX NOAOOHbIN apdeKT
B INTepaType OAHO3HAYHO He onucaH. B Kave-
CTBE TAKUX COeAMHEHUN OblAM BbIOpPaHbl Npo-
3epuH (cm. Tabn. 1, Ne 37; HEOCTUTMUH Me-
TMAcynbdaT, NpUMeHseTcs B BuAe Tabnetok m
NOAKOXKHO) M NPOTUBOTYOEpPKYNE3HbIN Npena-
paTt u3oHunasung (cm. Tabn. 1, Ne 38; rugpasug
N30HUKOTUHOBOW KUC/IOTbI, MPUMEHAETCA BHY-
TPUMbILLEYHO N BHYTPUBEHHO). OKa3anocb, 4To
06a 3Tu BewecTBa CyLWEeCcTBEHHO YBENNYMBAIOT
cBepTbiBaHMe Kposu (Ha 30 u 20 % cooTseT-
CTBEHHO).

Beuay Toro, YTo MHOrMe MeaAnLMHCKUE npe-
napatbl (0CO6eHHO BBOAWMbIE BHYTPUBEHHO)
ABNAIOTCA aMMUHamK, nx conamm mam YAC, mbl
obpawaem BHMMaHWE, YTO 3HaYUTENbHAsA MX
YyacTb NpPU ANAUTENBHOM MCMNOAb30BAHUU MO-
EeT yBenMumBaTb PUCK TpomboobpasoBaHus
(nopobHo npenapatam Ne 1-16, cm. Tabn. 3),
[aXKe ecnv B HacTosAWM MOMEHT noaobHble
3pdeKTbl A4NA HUX HE OMUCAHDI.

OtmeTum, yto atamsmnar (Ne 13, cm. Tabn.
3), OCTaHaB/MBAKOWMNI KaNUANAPHbIE KPOBO-
TeYEeHUA, ABNAETCA CONbIO MPOCTENLLEro BTO-
PUYHOr0 aMMHa — ANITUNAMUHA, @ O4YEHb NonNy-
NAPHbIM B HAcTOALLEE BPEMA MeNbA0OHUIN (MUA-
APOHAT), YeTBEepPTUYHOE aMMOHMEeBOe MPous-
BOAHOE rmapasmHa, NPUMEHAIT NPU OCTPbIX U
XPOHMYECKUX HAaPYLUEHMAX MO3rOBOro KPOBOO-
6paleHus, remopTasibMe U KPOBOU3INNAHUAX B
CeTYaTKy PasIMYHOM 3TUOIOTUN.

KoHeuyHOo, B Hallem opraHM3me npucyTCTBy-
€T OrPOMHOE KOIMYECTBO 3IHAONEHHbIX coeau-
HEHUN, ABNAOLMXCA aMUHAMU U UX NPOU3BO-
AHbIMU, — aMUHOKUCNOTbI, HEMPOMEANATOPbI,
nenTuabl N 6enKN, HYKNEUHOBbIE KUC/OTbI U T.
A. OgHaKo B npouecce 3BOOLMN NPUPOAa He
NpPocTo «Bblbpana» Hanbonee HesonacHble U3
HUX, HO U MaKCMManbHO cbanaHcuMpoBana mXx
COCTaB B OpraHn3me C y4eTom pasHoobpasHoro
M 4acCTo NPOTUBOMOJIOKHOIO BO3AEUCTBUA Ha
npoueccbl TpomboobpasoBaHma. Kpome ToOro,
MaKCMMa bHble KOHLEHTPaLUMM Takux coenu-
HEHWIA HAXoAATCA BHYTPU K/NETOK OpraHuM3ma,
T. €. U30/IMPOBaHbl MeMOPaAHHbIMM CTPYKTYpa-
MM, YTO UMEET NEePBOCTEMNEHHOE 3HAYEHME ANA
nogaepXaHna romeocrasa.

B paHHOM cTatbe mbl 0bcykaaem cnocob-
HOCTb 3K30reHHbIX a30TCoAEeprKalunx coeam-
HEHUWN Pa3/IMYHbIX KNACCOB YCKOPATb CBEPTbI-
BaHMe KpoBM (cm. Tabn. 1) n nogyepknsaem
TOT $aKT, YTO NPM CO34aHUN NEKAPCTBEHHbIX
CpeAcTB Ha UX OCHOBe cieayeT ocoboe BHUMA-
HWe obpalLaTb Ha 3To cBOMCTBO. OAHAKO, Kak
NMoKa3aHo B Tabn. 3, HEKOTOpbIe a30TCoAepKa-
WwMe npenapaTbl NPOABNAAIOT AHTUTPOMBOTUYE-
CKue cBoicTBa. He uckao4eHo, YTo in vivo He-
KOTOpble M3 UCCNeAO0BAHHbIX HaMWU coeanHe-
HWI (Nogo0BHO nekapcTBEHHbIM cpeacTBam Ne
17-25, cm. Tabn. 3) Takxke 6yayT npoaBaATb
nogo6HbIN 3PPEeKT, 4To, KOHEYHO, 3HAYUTEND-
HO PACLIMPUT UX NPUMEHEHUE B MPAKTUYECKOMN
meguuMHe. B HacTosawee Bpema Tpebyetca
pa3paboTKa NPUHUMNMANBHO HOBbIX Meau-
LMHCKMX NpenapaToB A4 U3roTOBIEHMUA CTeH-
TOB C JIEKAPCTBEHHbIM MOKPbITUEM, KOTOpbIE
6bl 0bnagann Gonbliel (B nepsyto ovepenb
NPOTMBOBOCMNANIUTENIBHOM,  LMTOCTAaTUYECKOM
M aHTUTPOMOBOTUYECKOM) 3DPEKTUBHOCTBIO M
LUMPOTON CneKTpa Bo3aencteua. Mosatomy no-
MCK HOBbIX @aHTUTPOMBOTUYECKUX COEAUHEHUN
ABNAETCA aKTya/ibHbIM WU NEPCrneKTUBHbIM Ha-
npaBAeHMEM HaYYHbIX UCCNeA0BaHUN.

Cnepyet TakKe 06paTUTb BHUMAHME Ha TO,
YTO XMMWUYECKNE COeAMHEHMA C a30TCOoAEpPIKa-
WMMK TPYNNamm WMCNONb3YHTCS B MULLEBOWN
NPOMbILLIJIEHHOCTU B KayecTBe aHTMOKMC/IUTe-
nen, nogcnactutenen, NULLEBbLIX Kpacutenew,
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KOHCEPBAHTOB WU APYrKUX rpynn coeanHeHun,
KoTopble A00aBAAKOT B MNPOAYKTbl MNUTAHMUA.
JTO elle O04HO HanpaB/ieHMEe, B paMKax KOTO-
poro cneayeTt paccMaTpuBaTb BMOOMMYECKYIO
AKTUBHOCTb amMHOB U YAC, NOCKO/IbKY B 3TOM
C/lydae OHM NOoMajatoT B HAL OPraHU3M exe-
OHEeBHO.

CNEeKTMBHbIE OpPraHMYecKMe asoTcoaeprKalime
COeAMHEeHNs 3K30reHHOro U 3HAOreHHOro Npo-
NUCXOXAEHUA, CNOCOOHbIE YCKOPATb npouecc
Tpomboobpa3oBaHuMA. B nocneayrowem Hamm
NAaHUPYeTCs NPOAO/IXKUTbL UCCNeA0BaHMA B
NMOMCKe a30TCcoAeprKallmMx OpPraHMYeckux coe-
AVWHEHUM, CNOCOBHbIX OKa3blBaTb BAMAHMUE Ha

3aKnouYeHue npouecc Tpombo06pasoBaHms.

Takum obpasom, Hamu ob6HapyKeHbl nep-
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Summary: Among the drugs used to regulate the process of blood clotting,
a fairy large portion contains amino groups or quaternary nitrogen atoms.
From the point of view of influence on coagulation properties of blood
their quantity and the spatial organization are of paramount importance
for the realization of physiological functions of an organism. Therefore, the
study of the mechanisms of thrombosis activation in different species is a
necessary condition for the creation of new drugs of this action. In addi-
tion, in everyday life we face not only drugs, but also other substances that
also have in their composition amino groups or quaternary nitrogen at-
oms, in particular, various food additives, household chemicals, pollutants
and others substances, which undoubtedly contribute an environmental
aspect to the problem under consideration. In the article we present the
results of the investigation of the ability of various nitrogen-containing
compounds (saturated, acetylene, aromatic and heteroaromatic amines,
their hydrochlorides and quaternary ammonium salts), to accelerate co-
agulation (clotting) of the blood in mice carried out in vitro. It depends not
only on the acid-base properties of the compounds, since hydrochlorides
of amines and quaternary ammonium salts, which are not involved in acid-
base interactions, also possess it. The maximum effect is shown by sub-
stances containing octyl substituting groups of normal structure in their
composition. It is possible that the coordination ability of ligands with
n-octyl groups in relation to Fe (ll)-protoporphyrin IX, which is a part of
hemoglobin, also plays an important role in enhancing the coagulation
process. Due to the fact that many medications (especially intravenous)
are amines, their salts or quaternary ammonium salts, we note that a sig-
nificant part of them with prolonged use may increase the risk of throm-
bosis, even if at the moment such effects are not described for them. It is
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suggested that such compounds can be used as potential components of
drugs for the treatment of diseases (for example, some types of hemo-
philia) associated with a reduced blood clotting ability.
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AHHOTaumA: Hactoswana pabota NOCBALLEHA M3YYEHUIO IKONOTUYECKUX OCO-
6eHHoCTel BMAa KansHOMAHbIX Konenog Jaschnovia brevis, obHapy»KeHHOro
B paliOHe rpaHuLbl PacnpPoCTPaHeHUA 1e40BOr0 NOKPOBA B CEBEPO-3aNaHOM
yactu bapeHueBa Mmops B xoae ABYyX 3kcneamunii Ha HUC «danbHue 3eneHubl»
B Mtone n Hoabpe 2017 r. B bapeHueBOM Mope AaHHbI BUA, 3aperncTpnupoBaH
BrnepBble. OTMeYeHbl CYLWECTBEHHbIE OTIMYMA B NPOCTPAHCTBEHHOM pacnpe-
aeneHuu J. brevis u negosbix amounod, o6HapyKeHHbIX Ha UCC/ie40BaHHOMN
aKkBaTopun. Ha OCHOBaHMKM NONYYEHHbIX AAHHbIX U AOCTYMNHbIX ANTEPATYPHbIX
cBeAeHun obeyKaaeTcs 060CHOBAaHHOCTb MPUYUC/IEHMA AAaHHOMO BMAA K aB-
TOXTOHHOW fiefoBon payHe. PaccmaTpuBaeTcs CBA3b 0COOEHHOCTEN 3KONOTUN
J. brevis c Taknumn abnoTnyeckummn Gpaktopamm, Kak ryburHa, AnManasoH Temne-
paTyp Y CONEHOCTM, a TaKKe UX PO/b B PACNpOCTPaHEHUN BMAA.

© MNeTpo3aBOACKMIA rOCYAAPCTBEHHbIN YHUBEPCUTET

MonyyeHa: 11 uiona 2019 ropa

BeepgeHune

AccounmpoBaHHana co Nbaom dayHa, K Ko-
TOPOM OTHOCAT pA4 NpeacTaBUTENneir pakoo-
6pasHbIX, ABASETCA HEOTbEM/IEMOW YaCTbio
MOPCKUX COODOLLECTB APKTUYECKMX W aHTap-
KTuyeckux Bog (MenbHukos, 1989; Gulliksen,
Lenne, 1991; Garrison, 1991; Werner, Arbizu,
1999; Arndt, Swadling, 2006). Bxogawue B
AaHHble coobuecTBa BUAbI NOAPA3AENAOTCA
Ha aBTOXTOHHbIE, BECb }KU3HEHHbIN LKA KOTO-
PbIX CBA3aH CO NbAOM, U aN/IOXTOHHbIE, acco-
LMUPOBAHHbIE C HAM NULIb B ONpeaeneHHble
nepuoabl ¥u3HeHHoro umkna (Horner et al.,
1992). K aBTOXTOHHbIM NPeACTaBUTENSAM APKTU-
Yyeckor noasieaHoM ¢payHbl OTHOCATCA aMmdpumno-
Abl Gammarus wilkitski Birula, 1897, Onisimus
glacialis G. O. Sars, 1900, O. nanseni G. O. Sars,

NoanucaHa K neyatn: 19 gekabpa 2019 roga

1900 v Apherusa glacialis (Hansen, 1888), mu-
3naa Mysis polaris Holmquist, 1959 n koneno-
Aa Jaschnovia brevis (Gulliksen, Lgnne, 1991).
OAHAKo MPUHAZNEKHOCTb NOCnegHero BMAa
K neposon ¢ayHe Bbi3blBAeT PAA, COMHEHUMN
BBMAY OTCYTCTBMS HabNOAEHWI BCex cTagumn
YKM3HEHHOro UMKNa B6AM3N nesoBOiN NoBepx-
HOCTW.

MN3HauyanbHOM Uenblo Hawen paboTbl fAB-
NANOCb M3yyeHne ocobeHHOCTelN pacnpeaene-
HMA aBTOXTOHHOW negoBon payHbl amdunos, B
palioHe rpaHuLLbl PACNPOCTPAHEHUA Ne0BOr0
NOKpOBa B ceBepHOM YacTu bapeHueBa mops B
3aBMCMMOCTM OT Ce30HHbIX 0cobeHHOCTEN ne-
A0BbIX ycnosuin. OgHaKo, nocne obHapyKeHUa
B OTobpaHHOM MaTepuane ocobeir J. brevis,
¢oKyc paboTbl 3aKOHOMEPHO CMEeCTU/ICA Ha
AAHHbIA BMA, M onMcaHue ocobeHHocTel ero
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pacnpeaeneHns B HOBOM MecTe 0buTaHusA, a
TaKXe MepecMmoTp UMeKLWUXcs B MTepaType
npeacTaBAeHUIA OTHOCUTENIbHO pPacnpocTpaHe-
HUA BKAA J. brevis ¢ UeNbio YTOYHEHMA ero 3Ko-
Nornyeckux ocobeHHocTem.

Martepuanbi

OTbop npob 300nnaHKTOHa 6bln Npounsse-
OeH B xoae AByx akcneanumin MMBW KHL, PAH
Ha HUC «[anbHue 3eneHupl» B Utone n Hoabpe
2017 r. (puc. 1, Tabn. 1).

Puc. 1. Cxema pacrnonoKeHus CTaHLMI U rPaHMLLbl PacnpoOCTpaHEHUA Nba0B
Fig. 1. Scheme of location of stations and boundaries of ice

300MNaHKTOH OTOMpanu ABYyMA METOo4aMM
(nyTem ropu3oHTanbHOrO U BEPTUKANLHOIO
obnoBa ctonba Boabl, cMm. Tabn. 1) ¢ ucnonbso-
BaHuem cetei MKC-80 (anameTtp BXOAHOrO OT-
BepcTma 80 cm, pasmep aven 500 mkm) n WP-2
(anameTp BxogHoro oteepctma 50 cm, pasmep
Aa4en 200 MKM). BepTMKanbHble N0BbI B Utone
OCYLLECTBNIANUCH OT AHA A0 NOBEPXHOCTU, B HO-
Abpe — B cnoe 0-50 m. lopM30OHTaNbHbIE N0BbI
BbIMO/IHANUCL B TeyeHne 10 MMUHYT C MOMEHTa
KacaHua BXOAHOro obpyya MNOBEPXHOCTU A0
NOJIHOrO ero BbIXo4a U3 BoAbl. B TeyeHune aToro
BPEMEHMU CYZHO LIMPKYIMPOBAJIO C NOCTOAHHOWN
CKOPOCTbO, paBHOM 3 y3nam. MaKCMManbHbIM
cnon obnosa He npesblwan 5-10 meTpos. Ha

CTaHumax 67 n 75 (cm. puc. 1), BBMAY NpuUcCyT-
CTBUA Yy MOBEPXHOCTU BONbLWIOIO KOAMYecTBa
MEeNKMX neaoBbix 06pa3oBaHUiA, TOPU30HTA/b-
HOe TpasieHMe He nposogunock. Becero B xoae
3KCNeAMUMOHHbIX paboT 6bino oTobpaHo 20
npo6 Ha 11 cTtaHymax.

ABMOTUYECKME XapPaKTEPUCTUKU cpeapbl Ha
CTAHLMAX, TaKME KaK CONEHOCTb U Temnepary-
pa, namepanucb npu nomowm CTD 30Haa SBE
19 plus V2 u SBE 19 plus ¢upmbl SEA-BIRD
ELECTRONICS (CLLUA).

CobpaHHbIM  maTtepuan ¢ukcuposanm 4
%-HbiM pacTBopom dopmanmuHa. Mpun ganbHen-
el KamepanbHOM 06paboTKe Kaxayto npoby
NpoCMaTpuBaaM TOTasbHO B Kamepe boroposa
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Tabnnua 1. XapakTepuCTUKKU cTaHuuii otbopa npob

CraHuma Jarta WwnpoTa JonroTa Opyamne nosa :03?1::2:\;1_ Bepruran-
0B HbI 0B
33 16.07.2017  78.5020 33.5013 NKC-80 + +
35 17.07.2017  78.3843 31.6710 NKC-80 + +
36 17.07.2017  77.9786 30.7827 MNKC-80 + +
67 28.11.2017  78.9322 35.0000 WP-2 - +
68 28.11.2017  78.8657 34.9877 MKC-80, WP-2 + +
69 28.11.2017  78.6998 34.9847 NKC-80 + -
70 28.11.2017  78.4542 34.9953 NKC-80 + -
75 29.11.2017  78.8050 33.4683 MNKC-80, WP-2 - +
76 29.11.2017  78.7410 33.5012 MKC-80, WP-2 + +
77 29.11.2017  78.5743 33.4997 MNKC-80 + -
78 29.11.2017  78.3225 33.5007 NKC-80 + -

C Mcnosb3oBaHMem mmnkpockona MbC-10.

MHbopmauma o rpaHMuax pacnpocTpaHe-
HWA NbJOB Ha WCC/NELOBAHHOM aKBATOPUM
(cm. puc.1), o TMNe Nbga U ero CNJOYeHHOCTH
6blna B3sTa Ha canTe PIBY «AAHUN» (www.
aari.ru).

Pe3ynbratbl
XapakmepucmuKa ycaosuli cpedbl

BusyanbHble HabnoaeHus ¢ 6opTa cyaHa,
a TaKXe CMNyTHMKOBbIE [aHHble O MOJIOXKEHUM
rpaHuLbl PacnpoCTpaHeHUa /bAa BO Bpemsa
NpoBeAeHMA 3KCNeaAULMOHHbIX paboT ceuae-
TENbCTBYIOT O TOM, YTO NefoBas 06CTaHOBKA B
panoHe uccnenoBaHUM B Ut0NE 3HAYNTENIbHO OT-
IM4anacb OT TaKoBOW B HoAbpe. MpaHMua nbaa
6blNa 4OCTAaTOYHO XOPOLLO BUAHA HEBOOPYKEH-
HbIM rnasom. CNAoYeHHOCTb /ibAa B Henocpea-
CTBEHHOM 61M30CTM OT palioHa UCCNeaoBaHUM
coctasnana 7-10 6annos.. C apyron CTOPOHbI, B
KOHLLe HOAGPA Ne0BbIN NOKPOB TO/IbLKO Hayvan
dopmupoBaTtbes (puc. 1) n 6611 NpeacTaBneH
HWUNACOM M MONOABIM NbAOM HU3KOM CNI0YEH-
HOCTWU. Bu3yanbHO Habnwoganucb oTaesbHble
HebonblUMe negoBble NONS.

3HaYeHMs CONEHOCTM U TemnepaTypbl Ha
CTaHUMAX B mnpenenax KarKaoro cesoHa OTau-
Ya/IMCb HE3HAYUTENbHO. XapaKTep X N3MeHe-
HMA Ha ABYX CTaHUMAX B Utone n Hosbpe B 3a-
BMCUMOCTW OT INyBUHbI NpeacTaB/eH Ha puc. 2.
CpeaHue 3HaYeHnsa TemnepaTypbl U CONEHOCTU
B NOBEPXHOCTHOM 10-MeTpOBOM C/l0€ Ha CTaH-
uMAxX npmuseaeHsbl B Tabn. 2. Ocoboe BHMMaHUe

C HaweW CTOPOHblI K AAaHHOMY CNOK BbI3Ba-
HO TeM, YTO UMEHHO B Hem B Uione ocobu J.
brevis oTCyTCTBOBANM Ha BCEX CTaHLMAX, B TO
Bpemsa Kak B Hosbpe Habntoganacb NpoTmBeo-
NON0XHaA KapTMHA (3a UCKAKYEHMEM CT. 78).
Jaschnovia brevis n npeacraButTesin 1€40B0/
¢ayHbl

B uione Ha wuccnepoBaHHOM akBaTopum
6binn obHapyxeHbl 3 Buaga amdwunos (A.
glacialis, O. glacialis n G. wilkitski) n 1 Bung
konenoa (J. brevis), OTHOCAWMXCA K npea-
ctaButensMm neposoin  dayHbl  (Gulliksen,
Lgnne, 1991). Bce 3T BUAbl NPpUCYTCTBOBA-
1 Ha Hambonee 6AM3KUX K S1e40BON KpOMKe
CTaHUMAX, B TO BpeMs KaK Ha yAdaneHuu oT
Hee (cT. 33) 6binn o0bHapy>XeHbl TObKO 0CO-
6u A. glacialis v J. brevis. CnegyeTt 0OTMETUTDb,
4YTO NocneaHn Bna 6b1s1 3aperncTpmMpoBaH Ha
BCEX CTaHUMAX TONbKO B BEPTUKANbHbIX J10-
Bax OT AHa A0 NoBepxHOCTU. MnybuHa B pain-
OHe nposeaeHus paboTt coctaBnsna 220-235
M. Monynsaumua J. brevis 6blna npeacraBneHa
II-V konenoAnTHbIMW CTagUSAMUN pa3BUTUS.

B KOHUe HOoA6psa KapTMHa MpoCTpaH-
CTBEHHOro pacnpenenenus J brevis sbirnsae-
na CXoA4HbIM 06pa3oM, 3a UCK/IOYEHMEM TOrO,
4YTO 0COobM BMAA MPUCYTCTBOBAAM Kak B MO-
BEPXHOCTHOM c/ioe (ropu3oHTanbHble N0BbI),
Tak 1 B HMXenexaweM. JIMwb Ha OAHOM CTaH-
umm - cT. 78 (camas yganeHHas oT rpaHuubl
pacnpocTpaHeHuWsa fbaa, HapaeHe co cT. 70)
He 6bIN0 06bHapy»XeHo HM oaHOM ocobu. Bos-
pacTHasa CcTpykTypa nonynsuun J. brevis, B
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Puc. 2. PacnpegeneHue nokasaTenei TemnepaTypbl U CONEHOCTU B 3aBUCMMOCTM OT MyOuHbI Ha cT. 35 B
ntone u ct. 77 B Hoabpe

Fig. 2. Distribution of temperature and salinity indications depending on depth at st. 35 in July and st. 77 in
November

Tabnnua 2. 3HaYeHns TemnepaTypbl U COIEHOCTU B MOBEPXHOCTHOM coe 0—10 m

Nionb
Temnepartypa, °C ConeHocTb, %o
CraHumA CpeaHee MuH. Makc. CpeaHee MWuH. Makc.
33 -0.01 -0.23 0.05 32.42 32.35 32.6
35 -0.24 -0.28 -0.11 31.65 31.55 31.98
36 -0.56 -0.69 -0.38 31.84 31.45 32.51
Hosbpb
Temnepartypa, °C ConeHoctb, %o
CraHumA CpegHee MuH. Makc. CpenHee MWuH. Makc.
67 -1.69 -1.69 -1.68 34.04 34.04 34.05
68 /o H/A
69 -1.45 -1.45 -1.45 34.09 34.09 34.09
70 -0.97 -0.97 -0.97 33.96 33.96 33.96
75 -1.78 -1.8 -1.74 341 34.1 34.11
76 -1.39 -1.39 -1.38 34.22 34.21 34.22
77 -1.38 -1.38 -1.37 34.26 34.26 34.27
78 -1.48 -1.48 -1.47 34.07 34.07 34.07
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OT/IM4YME OT TAaKOBOW B MKOJE, XapaKTepuso-
BaslaCb Ha/M4YMEM TONbKO CTapLIMX KOMeno-
AVTHbIX cTagmii V-VI, npuyem nosoBo3pesible
0cobu 6bInM NpeacTaBsieHbl Kak cCaMKaMy, Tak
M camuamu.

O6HapyxeHHble B ufe amdunoabl
MpaKTUYEeCKN TOSIHOCTbIO OTCYTCTBOBa/IN B
KOHLEe HOoA6ps, 3a UCKIIOYEHNUEM OAHOM OCO-
6u G. wilkitski, obHapy>XeHHOM B NOBax Ha
CT. 69.

O6cyxaeHue

HecmoTps Ha 1O, YtO 0cobwu J. brevis oT-
MeYasIMCb paHee MOYTU BO BCEX MOPAX POC-
CUMACKOTO CceKTopa ApPKTUKM, HaxoxaeHue
3TOro BMAA Ha MCCNefoBaHHOW HaMWM aKBaTo-
pun oTmevaeTtcs Brepsble. [MpegnonoxeHune
0 npucytcTBumn J. brevis B bapeHueBom mope
BbICKa3blBanocb paHee (Scott et al., 2002), Ho
TOYHOrO [AOKYMEHTa/IbHOIrO MNOATBEPXKAEHUA
3TOMY [0 CMX MOp MoJiy4eHo He bblno. PaHee
Ha akBaTopumn Cryp-dbopaa Obinv oTmeye-
Hbl npeacTaButenn poga Jaschnovia (Hirche,
Kosobokova, 2011), koTopble, ogHaKo, B paB-
HOM CTENeHM MOINN ABNATBCA KaK BUAOM J.
brevis, Tak u J. tolli (Linko, 1913). B BuAaoBbIX
CMUCKax 300Ma1aHKTOHa bapeHueBa mopsa yno-
MUHaHuA J. brevis otcytctBytoT (Dvoretsky,
Dvoretsky, 2010). Cuctematnyeckoe onmcaHue
Bunaa (Markhaseva, 1996) He BKAlO4YaeT Bbl-
LleyKa3aHHYI aKBaTOpMIO B reorpapuyeckue
rpaHuUubl ero mectoobutaHua. OaHako, ecam
npeanonoXntb, 4To J. brevis asnaetca acco-
LMMPOBAHHbIM CO NbAOM BUAOM, U YYECTb, YTO
B 9KCTPEMa/IbHO XON04Hble roAbl 1eA0BUTOCTb
BapeHueBa mopa moxeT gocturaTtb 86 % oT ero
obuwen nnowaan (Boabl BapeHuesa...,, 2016),
TO NNOTMYHO 3aKNOYUTb, YTO J. brevis B oTAeNb-
Hble Nepnoabl MOXKET UMETb LIMPOKOE pacnpo-
CTpaHeHue, KOTOPOe He OrPaHNYNBAETCA NULLb
CeBepHOM YacCTblo aKBATOPUM.

Mony4yeHHbI HaMK MaTepuran, a TakKe Ha-
KOMMEHHbIEe K HAacToALLEMY BPEMEHU CBeAEHMUA
OTHOCUTENbHO PACNPOCTPAHEHMA nonynauum J.
brevis B pa3nnyHbix 6GUOTOMNAax NO3BONAAOT NPU
AETa/IbHOM pPacCMOTpPeHuM patb bonee Tou-
HYHO 9KONOTMYECKYHO XapPaKTEPUCTUKY AaHHOMY
BMAY.

HecmoTpss Ha MHOroYMcneHHOCTb CBUAe-
TeNbCTB 06UTaHuA J. brevis B HenocpeacTBEH-
HOM BIM30CTU OT HUMKHEN NMOBEPXHOCTU Neno-
BOr0 MOKPOBA, YTO CAYKWUT OCHOBaHMEM ANA
NPUYNCNEHNA ee K aBTOXTOHHOM nefoBon day-
He (Melnikov, Kulikov, 1980; Werner et al., 2002;
Scott et al., 2002; lkavalko, 2004; Kosobokova
et al., 2011), MOXXHO NMPUBECTU CTO/NIbKO KE,
ecin He bonble, NpUMepoB OOHapyrKeHuA

ocobeli 3TOro BMAa Ha akBaTopuAX, NONHOCTbIO
cBob0oaHbIX 0TO nibaa (Kosobokova et al., 1998;
Fetzer et al., 2002; Walkusz et al., 2010, 2013;
Ershova et al., 2015).

B pononHeHue K aToMy cnesyeTt OTMETUTD U
pPa3nnyYmsa B pacnpoCcTpaHeHUN TUMNYHbIX Npes-
CTaBUTENEN aBTOXTOHHOM negosou ¢ayHbl, Ta-
KUX Kak G. wilkitski, O. glacialis n A. glacialis B
NPUKPOMOYHOM 30He, OOHapyKeHHble HamMwu
KaK B Mepuos TanHuA ibaa B UtoNe, Tak U B MO-
MeHT ero obpasoBaHua B HoAbpe. byayun go-
CTAaTOYHO KECTKO MPUBA3AHHbIMU KO /ibay KaK
cybetpaty, G. wilkitski v O. glacialis 8 wone
npeackasdyemo bbinv obHapyKeHbl TONbKO Ha
6M3KUX K N1ef0BOM KPOMKe cTaHumax. Hanbo-
nee MobunbHOM U3 Tpex BUMAOB /Ief0BbIX aM-
¢unopg asnaetca A. glacialis, yem n ob6bAcHAET-
CA ee NpUCyTCTBUE Ha BoMbLIeM PAcCTOAHUM OT
NefoBOM KPOMKM. B KOHUe HosbpsA, Koraa ewe
He Ccyl,ecTByeT HenocpeacTBEHHOro KOHTAKTA
TO/MIbKO HauyuMHatowero ¢opmmpoBaTbCs neno-
BOroO NMOKPOBA C MHOMO/IETHUMM NbAaMUN — LLeH-
TpoM pacceneHmns paHHbix Buaos (Gulliksen,
Lgnne, 1991; Hop, Pavlova, 2008), nonHoe oT-
CYTCTBME 3TUX «Ne[0BbIXx» amdunog B Haem
MmaTepuane TakXkKe ABNAETCA BMOJHE 3aKOHO-
MmepHbIM. Mpwn atom J. brevis npucyTcTBOBa-
Nla Ha BCeW uccnefoBaHHOM aKBAaTOPUM Kak B
ntone, Tak U B Hossbpe (MckntoueHme —ct. 78).

BmecTe ¢ Tem cocTaB aMnnaoB y J. brevis cxo-
[eH C TAaKOBbIM

y O. glacialis, A. glacialis v G. wilkitski (Scot
t et al., 1999, 2002; Werner, Auel, 2005), uTo
CBUAETEeNbCTBYET O CXOACTBE MX paunoHoB. OT-
NNUYUTENBHOM YePTOM NINNNA0B BCEX STUX BUAOB
ABNAETCA npeobnagaHne TPUALMUATANLEPONOB
HaZ, BOCKOBbIMM 3PUpPaAMM, YTO XapaKTEPHO KakK
ANA APKTUYECKOMN, TaK M AaHTAPKTUYECKOM Neao-
BOM ¢ayHbl pakoobpasHbix (Lee et al., 2006).
OpaHako B paboTte CKOTT c coaBTopamu (Scott
et al., 2002) ykasbiBaeTca, 4To y J. brevis 3Ha-
YUTEeNbHAA O0NA KUPHbIX KUCNOT C KOPOTKMU-
MU uensamum (16:0n-7, 16:0, 14:0) conoctaBMma
¢ TakoBon y Metridia longa (Lubbock, 1854),
ABNAIOLLENCA TUNMUYHBIM aPKTUYECKMM UHTEp-
30Ha/IbHbIM BceaaHbIM Buagom (Kocobokosa,
2012).

MOHO NpPeanonoKnTb, YTO APYron BaxK-
HOM abWOTUYECKOM XapaKTEPUCTUMKOM, BO3-
MOXHO, OrpaHUYMBAIOLLEN PACMPOCTPAHe-
Hue J. brevis, aBnaeTtca coneHoctb. OgHaKo npum
BHMMATE/IbHOM PACCMOTPEHUN  UMEIOLLUXCA
AaHHbIX CTAaHOBWUTCA ACHO, YTO AAHHbIN Qak-
TOp BPAL M MOXKET CYMTATbCA JIMMUTUPYIO-
WMM BBMAY OYEHb LUMPOKOro AManasoHa ero
3HAYEHWI, MNPU KOTOPbIX AaHHbLIN BUA, Obin
obHapyeH. TaK, B ApKTuyeckom baccenHe J.
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brevis obutana B paioHax c CONEHOCTbIO 29.6—
31 %o (MenbHukoB, 1989), B YykoTcKOoM mope
—31-33 %o (EpwoBa, 2017), B mope JlanTeBbIX
— 17-33 %o (Kosobokova et al., 1998), B Kap-
cKom mope — 2—-33 %o (Fetzer et al., 2002), B ba-
peHueBom mope — 32-34.9 %o (HawK faHHble),
B [peHNaHAcKom mope — okono 30 %o (Werner
et al., 2002), 8 mope bodopTta — 31.6-32.7 %o
(Walkusz et al., 2013).

M3 BbllEeCKa3aHHOro caeayeT, YTo NPUHAA-
NeXXHOCTb J. brevis K aBTOXTOHHOW NnepoBOM
¢dayHe, a TaKkXKe ee NPUYPOYEHHOCTb K onpeae-
NIEHHbIM CO/JIEHOCTHbIM XapaKTEPUCTUKAM He-
OAHO3Ha4YyHa. B HacToAuLee BpemA B anTepary-
pe NPUCYTCTBYET MHOIO aprymeHTOB KaK 3a, TaK
M NPOTUB MCNONb30BAHUA 3TUX MAPAMETPOB
B KayecTBe OMpefensioWmx 3KONOrMyYeckue
npeanoYTeHnsa AaHHOro BMAA. B 3HaUMTENbHO
6onblen cTeneHn, NO Hawemy MHEeHMIo, Ha
AAHHYIO POJib NOAXOAAT TAaKME XapaKTepucTu-
KM, KaK TemnepaTtypa u caoit obutaHus, ¢ no-
MOLLLbHO KOTOPbIX MOYHO AOCTAaTOYHO NOTMYHO
06DBACHUTL BCE HECOOTBETCTBMA B 3KOOTMUYE-
CKOM OMUCaHUKM BUAA.

Tak, ¢ 6onblLION goNer BEPOATHOCTU MOMXKHO
roBOpUTb, YTO J. brevis aABnaeTca anunenaruye-
CKMM BUZOM, OTPAHUYEHHbIM B CBOEM PACMpo-
CcTpaHeHun nsobatoit 50 m. O6HapyKeHue oco-
6elt y aHa B peHnaHackom mope (Markhaseva,
1996) TaK)Ke yKNaAblBAeTCA B 3TO yTBepXKAae-
HWe, NOCKONbKY rybuHa B paliOHax ee Haxo-
AOK coctaBnana 17 u 50 m, a obHapyKeHue
BCEX KOMENOAMUTHbIX CTagui B NOBEPXHOCTHbIX
cnosix B rnybokoBogHon ApKTuKe (MenbHu-
KoB, 1989; HalK AaHHbIE) UCK/IOYAET XKecT-
KYIO CBA3b XM3HEHHOro LMKAa C NPUAOHHBIM
cnoem. J. brevis obutaeT Ha akBaTopumn 60/b-
WMHCTBA WenbPOoBbIX aPKTUYECKMX MOPEN, rae
rnybuHa B OCHOBHOM He npesbiwaet 50 m, a B
6onee rnyboKoBOAHbIX paioHaX, TaKMUX Kak Ap-
KTUYeckui bacceltH, obHapyKnBaeTca A1Lb B
noBepxHOCTHOM cnoe (MenbHuKoB, 1989).

JNlydwee 06BACHEHME KapTUHbI MPOCTPAH-
CTBEHHOrO pacnpocTpaHeHua J. brevis MOXHO
Noly4nTb, €CAU [ONYCTUTb, YTO Temnepatyp-
HbIX AMana3oH 0O6UTaHMA AAHHOTO BMAA BKAO-
yaeT 3Ha4yeHusa oT -1° C 1 HuxKe. B nonb3y 31o-
ro CBMAETENbCTBYIOT U HalM AaHHble. Ocobu
BMAA OTCYTCTBOBA/IM Ha BCEX Tpex CTaHUUAX B

bubnnorpadus

noBepxHOCTHOM 10-meTpoOBOM C/l0€ B MIONE,
rae TemnepaTtypa He onycKanacb HuxKe -0.6 °C
(cm. Tabn. 2). HecmoTpAa Ha HeboNbLIOE KOMU-
YeCTBO CTAHUMWM, AaHHbIN GaKT MOXKHO CYMTaTb
AOCTOBEPHbIM, MOCKO/IbKY 06bem npodub-
TPOBAHHOWM BOAbI NPU FOPU30HTA/IbHbIX 10BAX
Ha KaXaoW ctaHuuu coctasnan bonee 400 m3,
a pacctoaHune TpaneHua — okono 900 m. Cxoa-
Haa KapTuHa Habnwpganacb B mope bodopTa,
rae ocobu J. brevis npucyTcTBOBAAN B 10BaxX U3
CNnos co cpegHen TemnepaTypor okono -1.3 °C
M OTCYTCTBOBA/IM Yy MOBEPXHOCTU, rae Temne-
paTypa bbla CyLLEeCTBEHHO Bblle U A4OCTUrana
3HayeHui ot 3 go 8.5 °C ((Walkusz et al., 2013).
Hecmotpsa Ha 70, 4TOo B 60OAbLUMHCTBE pac-
CMOTPEHHbIX Hamu paboT (MenbHukos, 1989;
Markhaseva, 1996; Kosobokova et al., 1998;
Fetzer et al., 2002; Werner et al., 2002; Walkusz
et al.,, 2013; Epwosa, 2017) 300NNaHKTOHHbIE
NOBbl OCYLLECTBANNCD TOTA/IbHO, BO BCEX CANYy-
Yyaax obHapyKeHua J. brevis B BOAHOW TOALLE
OTMEYaINCb Ha CTAHUMAX, rae B Npeaenax c/os
0-50 m perucTpupoBasacb TemnepaTypa HUXe
-1°C.

3aknto4yeHue

0606u1as BbllWECKa3zaHHOE, MOXKHO npea-
NOJIOXKUTb, YTO J. brevis ckopee aBnaeTca an-
JIOXTOHHbIM BMAOM NefoBon ¢dayHbl, CBA3aH-
HbIM He CO NIbJOM KaK TaKOBbIM, a CO Cneuu-
duyeckMmm  TemnepaTypHbIMU  YCOBUAMM,
XapakTepHbIMKU Ans nepuoaa obpasoBaHus/
CyLLeCTBOBAHUA Nef0BOr0 MOKPOBa, B OTCYT-
CTBME KOTOPbIX TemnepaTypa NOBEPXHOCTHOO
CNofA NOBbIWAETCA, U AaHHbIMA BUA, NEPEXOANT B
anunenarnanb B CI0M C AMana3oHOM Temnepa-
Typ oT -1 °C oo 6A13KKUX K TemnepaType 3amep-
3aHuA 3HayveHum (-1.7 °C).

B 3aKkntoueHue xotenocb bbl OTMETUTb, YTO
HalW BbIBOAbI, HECMOTPA Ha HEKOTOPYHO KaTe-
rOPUYHOCTb BbICKA3bIBaHWUM, HOCAT AMUCKYCCUOH-
HbIX XapakTep. Bo3moXKHO, N0 mepe HaKonse-
HWA HOBbIX AAHHbIX OKAXKETCA, YTO }KU3HEHHbIN
UMKA J. brevis 3aBUCUT OT Hanuumsa cybctpaTa B
H6onbLien cteneHun, Yem 3TO NPeACTaBAAETCA Ha
AaHHOM 3Tane. Hanpumep, 4na npukpenaeHuns
ANL,, YTO XapPaKTEPHO ANA HEKOTOPbIX NpeacTa-
BuTenen cemeiictea Aetideidae (Kosobokova et
al., 2007).
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Key WOTC!S= ) Summary: The work is devoted to study of ecological peculiarities of the species
Jaschnovia brevis colanoid copepod Jaschnovia brevis. It was found in the border area of the ice ex-
Copepoda tend in the North-Western part of the Barents Sea during two expeditions of R/V
ice fauna “Dalniye Zelentsy” in July and November 2017. The species has been recorded in
Barents Sea the Barents Sea for the first time. Significant differences in the spatial distribution

of J. brevis and ice amphipods found in the studied water area were noted. On the
basis of the obtained data and available literature the validity of the classification
of the species belonging to autochthonous ice fauna was discussed. The relation-
ship of J. brevis ecology features to abiotic factors such as depth, temperature
range, and salinity, as well as their role in species distribution, was considered.
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AHHOTauumA: B gaHHoM paboTe bblM NpoBeAeHbl UccneaoBaHUA MopdoTH-
NMUYecKkoi N3MEHUYMBOCTN KOPEHHbIX 3yboB Myodes rutilus CpeaHero Mpuo-
6bs ToMeHCKoi obnacTu. BbiasneHbl mopdoTunbl 3yba M3 KpacHoi nones-
KM? XapaKTepHble AN Nog30HbI cpeaHen Tanrn TromeHckol obnactu. Mpo-
CNeXXeHa BO3PaCcTHasA U3MEHYMBOCTb CTPYKTYPbI YKeBaTe/IbHON NOBEPXHOCTU
3yba M3 KpacHol noseBku. B rpynne 3umoBaBLUMX 0cobel oTmeYaeTcs 4o-
CTOBEpHOE yBennyeHune goam mopdoTUnos cpeaHel CI0XKHOCTU Npu AOCTO-
BEPHOM CHUXXEHWUU 40U CNOXKHbIX MOpdOTMNOB. KO3 PULMEHT CNOKHOCTU
3yba M3 31moBaBLLMX 0cObel KpacHOM MNOJIEBKU 3HAUNTENIbHO HUMKE, YEM Y
CerofieToK. YnpotuieHue cTpoeHus 3yba M3 KpacHoM noseBKM No mepe yBe-
JIM4EHUNA BO3pPACTa CBA3AHO CO CTaYMBaHMEM NpuM3Mbl 3yHa B TeUYeHMe Ku3-
HW. OnAa KpacHon noneskn CpeaHero MpuobbA BbIABNEHO M3MEHEHUE Ya-
CTOT BCTpeyaemocTy mopdoTmnos 3yba M3 B xoge NoNyAALMOHHbIX LLUKNOB.
OTMeYEeHO, YTO YaCcTOTbl BCTPEYAEMOCTU MOPPOTMUMNOB CPEAHEN CNOKHOCTHU
Ha Bcex $asax NonyAALMOHHOTO LMKAA OblNM OTHOCUTENBHO CTabU/bHBI, a
CHUYXEHME OTHOCUTENIbHOTO 0OUINS KPACHOM NOIEBKM COMPOBOXAANOCH L0-
CTOBEPHbIM YBE/IMYEHMEM YACTOTbl BCTPEYAEMOCTU MPOCTbIX MOPGOTUMNOB.
MUKM YNCNEHHOCTM XapaKTePU3YOTCA CHUMKEHUEM YacTOTbl BCTPEYAaEMOCTH
NPOCTbIX MOPPOTMMNOB. BepoAaTHO, npocTbie MopdOTUMNbI MMEIOT aganTUB-
HOe 3HayeHue ANA NONyAALUK KPAacHOM NOJIEBKM B Nepuog C HU3KMM OTHO-
cuMTeNbHbIM 0buanem BMAa NPy CTabUNbHOM YacToTe BCTPEYaeMOCTU MOp-
$oTUNOB cpeaHel CNOXKHOCTU. TaKkKe OTMeYeHO BAUAHWE BUOTONMYECKNUX
XapPaKTEPUCTUK MEeCTOOOUTAHMI KPpacHOM NOMEBKM Ha CTPYKTypy 3yba M3.
B Hamnbonee 61aronpuUATHbIX YCAOBMAX OOUTAHUA CTPYKTYpPa KeBATE/NbHOM
NOBEPXHOCTM XapPaKTEPU3YETCA MEHbLLEN CNOXKHOCTbIO, B MeHee bnaaronpu-
ATHbIX OTMeYeHa TeHAEHLMA YCAOXKHEHNA CTPOEHMA 3yba.
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BsegeHue

CTpoeHue KeBaTe/ibHOM MOBEPXHOCTU KO-
PeHHbIX 3ybOB MOMEBOK TPAAULMOHHO MUC-
nonb3yeTcs B TakcoHommueckux (OrHes, 1940;
pomos, Epbaesa, 1995) 1 MUKPO3BONIOLLUOH-
HbIX UccnegoBaHuax (bonblwakos n ap., 1980;
Chaline et al., 1993), nockonbKy ANA CTpoeHun
KOpeHHbIX 3ybOB xapaKTepHa, C O4HOWN CTOpO-
Hbl, BUAOCNELNPUYHOCTb, C APYro — 3HAYM-
TenbHan nsmeHunsocTb (Runck et al., 2009; Ay-
6MHKUH, 2016).

B HacTosiwee BpemAa CyLlecTBYeT HeCKoJb-
KO NoAXo40B K OLEHKEe C/NIOKHOCTU KeBaTe/lb-
HOW MOBEPXHOCTU TMONEBOK MNOACEMENCTBA
Arvicolinae, yuuTbiBalOWMe TaKue MPU3HAKK,
Kak uncno, opma, NONOXKEHME U CTEMEHDb CU-
AHMA 3N1EMEHTOB EBaTe/IbHOM MOBEPXHOCTU
(MapkoBa, 2013). Hanbonee yaobHbIM, Ha Haww
B3rN1A4, ABNAETCA MOPOOTUNMYECKUIA aHANN3 C
BblAe/IEHNEM BapuaLUI CTPOEHUA KeBaTeslb-
HOM NOBEPXHOCTU — MOPPOTUNOB — U OLEHKOWN
NX BCTPEYAEeMOoCTM B nonynaumnax. Cxembl mop-
dboTUNMYecKon M3MEeHYMBOCTM paspaboTaHbl
ANA 60NbLWMHCTBA COBPEMEHHbIX BUA0B (AHrep-
MaHH, 1973; bonbwakos un gp., 1980; Mo3gHA-
KoB, 1993 n ap.) 1 nckonaembix Gopm NONEBOK
(Maneesa, 1976; Maneesa, LLlysanosa, 1980;
CmupHOB 1 ap., 1986). NMpumeHeHne mopdo-
TUNUYECKOTO aHa/an3a MNO3BOASET MCMOJb30-
BaTb Pe3y/NbTaTbl M3YYEHUA COBPEMEHHbIX KU-
BOTHbIX B KayecTBe CpaBHUTeNbHOM Ha3bl ana
nccnefoBaHUA MCKOMAEMbIX OCTAaTKOB, a TaKXke
ANA BbIACHEHMA BONPOCOB O MPOUCXOXKAEHUN U
asontoumm suaos (Maneesa, 1976).

MopdoTMnnyeckaa WM3IMEHYMBOCTb KeBa-
Te/NIbHOM NOBEPXHOCTM KOpPEeHHbIX 3yboB nose-
BOK —3TO C/ly4an MOPPON0rMYecKkoro noaMmMop-
¢m3ma, npu KoTopom HabnogaeTca Hanpas-
JIeHHbIA CABUT BO BPEMEHM W MPOCTPAHCTBE
npeobsagatowero TMna CTPOeHUs, B AAHHOM
CNy4ae — CTPOEHUA XKeBaTe/IbHOM MOBEPXHO-
CTU KOpeHHbIXx 3y6oB. OHa OTpaKaeT reHeTu-
yeckoe MHoroobpasve BuZAa, HaKoMNMBLUEecCs
33 BCIO UCTOPWUIO ero passutua. Mo pasnnyHbim
nNposiBAeHUAM MOPGOTUNUYECKON M3MEHYMBO-
CTU MOXKHO NOHATb, KaK BUA Npucnocobmnca K
YC/IOBMAM CyLLECTBOBAHUA, U OLEHUTb Xapak-
Tep AaBNeHuA ecTtecTBeHHoro otbopa B npo-
uecce popmupoBaHma Buaa (bonbluiakos u gp.,
1980). NoaobHy N3MEHUYMBOCTb YA0OHO onu-
CbiBaTb B BMAe paga mopodoTtunos (/lapuHa,
EpemunHa, 1988), a pacueTt 4acToT BCTpe4Yaemo-
CcT MopdOTUNOB JaET BO3MOXKHOCTb FTOBOPUTL
0 MOPPOTUNNYECKON U3IMEHYMBOCTU MOMyNA-
UMM M NO3BONAET MOAYYUTb MpeacTaBieHune

O BbI3blBalOWMX ee ¢akTopax. AHanM3 paga
paboT no MopPOTUNMYECKON W3IMEHUMBOCTMU
3y60B KOpHe3ybbix MONEBOK MOKa3blBaeT, YTo
AaHHaA Mopdonormyeckana XapakKTepucTmka
Haxo4MTCA NOA BANAHWEM HECKONbKUX PaKTo-
poB. Mo mHeHuto T. A. AHapeeso (2008), us-
MEHYMBOCTb CTPYKTYpPbl KeBaTe/IbHOM NOBEPX-
Hoctu M3 cBasaHa c reorpaduyeckummn oco-
H6EeHHOCTAMM TEPPUTOPUIA B Npeaenax apeasios
BMAOB: Hanpumep, ana M. rutilus yctaHoBneHO
YC/IOXKHEHWE CTPOEHUS KOPEHHbIX 3y60B B BOC-
TOYHOM HanpasneHuu, a gna M. glareolus — B
cesepHom. A. B. Bobpeuos (2010) oTmevaer,
4yTO Ha TeppuTopumn Meyepo-Mnbiuckoro 3amno-
BeAHMKA YacTOTHbIN cOCTaB MopdoTMNOB me-
HAeTcA B NaHAWaGTHOM rpagneHTe, @ UMEHHO:
4acToTa CNoXKHbIX MopdoTnnos M3 ysenmumea-
eTCA OT paBHUHbI K ropam. Pagom aBTopoB oT-
MEYaEeTCA CBA3b MeXAy CTPYKTYPOM »KeBaTesb-
HOW noBepxHOCTM M? u NUTaHMEM Ha OCHOBa-
HWUM aHaNM3a COAEPKMMOrO Kenyakos (coot-
HOLEeHMe 3e/leHblX U CEMEHHbIX Kopmos) M.
glareolus ¢ puUCyHKOM KeBaTeNbHOM MNOBeEPX-
HocTh 3yba, NpM 3TOM noavYepKkmBaeTca aaan-
TUBHAA 3HAYMMOCTb 3TUX CTPYKTYpP (BopoHLOB,
1967; EmenbaHoBa, 2008; OKkynoBa, AHApeeBa,
2008). MNpu yBeNn4eHUn 00U 3e/1IEHbIX KOPMOB
B paunoHe M. glareolus noka3aHo yBennyeHune
4acTOTbl BCTPEYAEMOCTM NPOCTbIX MOPPOTUNOB
¥KeBaTeNIbHOM MOBEPXHOCTU KOpPEeHHbIX 3y6o0B.
Kpome 3TOro M3meH4YMBOCTb CTPYKTYPbl *KeBa-
TeNIbHOM NoBEepPXHOCTU 3yboB NoaBepKeHa BO3-
pacTHoM mMameHuymBoctu (Koyposa, 1986; bo-
poauH u ap., 2006; EmenbaHosa, 2008). Taknum
obpa3om, gaHHble paKTOPbl OKa3bIBAlOT cyLle-
CTBEHHOE B/IMAHME Ha MOPGOTUNUYECKYHO U3-
MeHYMBOCTb 3y60OB NONEBOK.

YuntblBaA WMpoKoe reorpadpuyeckoe pac-
npocTpaHeHMe W Bbicokoe obunve B bHope-
aNbHbIX 3KOCUCTEeMax TrOMeHCKoM obnactuy,
KpacHas nonesKa (Myodes rutilus Pallas, 1779)
npeacTtasnseT coboit ygobHyo moaens Ans us-
y4yeHUa mopdoTUNMUYECKON M3MEHUYMBOCTMU.

B HacToAulee BpemAa pervoHanbHble 3aKo-
HOMEPHOCTM NPOABAEHUA MOPPOTUNMUYECKOMN
M3MEHYMBOCTM JaKe Y LUMPOKO pacnpocTpa-
HEHHbIX BWAOB OCTAlOTCA MasioU3yYEeHHbIMM,
nosaTomMy LUenb Hawen paboTbl — onucaHue
MOPGOTUNMYECKON M3MEHUYMBOCTU KeBaTeslb-
HOM noBepxHOCTU 3yba M*® Myodes rutilus Ha
Tepputopun CpepHero Mpunobba TomeHCKOM
obnactu, n3yyeHne BO3pacTHOM M3MEHUYNBOCTH
N N3MEHYMBOCTU CTPYKTYPbI ¥KeBaTeNbHOM No-
BEPXHOCTW 3yba M3, cBsazaHHOM ¢ $pasamu no-
NYAALMOHHOTO UMKAa M BMoTONMYEeCKMMM 0Co-
H6eHHOCTAMM MecToObUTaHUA 3BEPbKOB.
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Marepuanbi

MaTtepuanom ana Hawen paboTbl nocay-
UMM KONNEKUMOHHble cbopbl 4yepenos M.
rutilus Ha TeppuTopun CpegHero Mpnobbsa Tio-
MeHcKoi obnactn ¢ 1987 no 1990 r., xpaHsa-
wmxca B 3oonormyeckom mysee TromlyY. Cxema
cbopa maTepmana npeacrtaBaeHa Ha puc. 1,
pacnpegeneHne ob6bema BbIDOPKM NO TOYKaM
cbopa 1 yactoTbl mopdoTunos M3 — B Tabn. 1.
B xoae paboTbl Bcero 66110 npocmoTpeHo 538
4yepenos KpacHoM nonesKku. nsa nccnenoBaHms

MOPPOTUNMYECKON U3MEHUYMBOCTU CTPYKTYpbI
YKeBATeNbHOW NOBEPXHOCTM Obl1 MCNO/b30BAH
TPETUN BEPXHUIN KopeHHoM 3y6 M3. B ocHoBy
Knaccuoukaumm mMopdoTUnoB KeBaTe/IbHOM
noBepxHocTn 3yba M?* Bblna NonoxkeHa meTo-
AuvKka U. B. EpemunHoli (1981) c AononHeHnamm
(OrynoBa, AHpgpeeBa, 2008), pa3paboTaHHan
ONA pbixKen noneskn. Ha ocHoBaHMM 61M3KOro
POACTBA KPACHOM U pbiXKein NoJIEBOK Mbl COYN
BO3MOYHbIM UCNO/Ib30BaHWNE AAHHbIX METOAMK
N ONA KPACHOM MOJIEBKW.

Puc. 1. Cxema cbopa maTepuana:
1 —r. HedTetoraHck (HedTtetoraHckuii p-H), 2 — . CypryT (CypryTckuii p-H), 3 —n. AraH (CypryTckuii p-H), 4 —n.
BaTuHCK (HM»KHEBapTOBCKUI p-H), 5 — Mbixnalickoe mecTopoxaeHne (HUxKHeBapTOBCKUM p-H), 6 — . HUxKHe-
BapTOBCK (HMKHEBAPTOBCKMIA p-H), 7 — p. Macon (HUXKHEeBAapTOBCKUI p-H), 8 — p. Bax (HUKHEBAPTOBCKUIA p-H)

Fig. 1. The scheme of collecting material:
1 — Nefteyugansk (Nefteyugansky district), 2 — Surgut (Surgut district), 3 — Agan village (Surgut district),
4 — Vatinsk (Nizhnevartovsk district), 5 — Myhpayskoye field (Nizhnevartovsk district), 6 — Nizhnevartovsk
(Nizhnevartovsk district), 7 —r. Pasol (Nizhnevartovsk district), 8 —r. Vakh (Nizhnevartovsk district)
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Tabnnua 1. Yactotbl mopdoTnnos M3 KpacHoW NoneBKu

3
Mecro c6opa Yucno YacTtoTbl MopdoTmnos M
Ne n Bblbo-
MaTepuana pOK a b c e f glf ss
1 rHegreloranck ., o691 . 0818 0091 - .
(HedTetoraHcKmMM p-H)
2 " CypryTé_C:)pryTCK”” 18 1 0056 - 0778 0167 - ; -
g MATEH SE‘F"F)’FVTCK”” 230 14 0018 0014 0.764 0.193 0.004 0.002 0.006
n. BatnHcK
4 (HukHeBapToBCKM 47 5 0.101 - 0.712 0.187 - - -
p-H)
Mbixnarckoe
5 MECTOPOKAEHNE — H»5 2 0056 -  0.889 0056 - . -
(HW»kHeBapTOBCKNMA
p-H)
r. HuxHeBapToBCK
6 (HuxHeBapTOBCKUIA 84 3 0.017 0.006 0.895 0.071 0.006 0.006 -
p-H)
p. Macon
7 (HwkHeBapToBCKMI 37 2 0.180 - 0.578 0.124 - 0.019 0.100
p-H)
p. Bax
8 (HvkHeBapToBCKMI 91 7 0.022 - 0.712 0.266 - - -
p-H)

MprmeyaHue. n — ob6bem BbIBOPKM, @ — SS —YacToTa BCTPEYaeMoCTM MOPPOTUMOB.

MeTtoabl

CTpoeHMe  KeBaTeNbHOW  MOBEPXHOCTM
3yba M3 (nesbii 3y6HOM pAag) paccmaTpuBanm
C MOMOLbI OUHOKYNAPHOrO MMKPOCKONa
MBC npu ysennyeHnn B 20 pa3s. AHaaus
MopPdOTUNUYECKOIN USMEHUYNMBOCTU MPOBOANICA
ANA HEenosoBO3penblX, AOCTUMLNX Pa3MepoB
B3POC/bIX, W  B3POC/AbIX  MONOBO3PEsbIX
ocoben, KaK camuUOB, Tak W CaMOK, ANs
KOTOPbIX XapaKTepHbl 3ybbl C MOAHOCTbIO
PacKpbITON OT 3Manu nosepxHocTbto. CTapble
1 OBEHW/IbHbIE 0COBM NCNONB30BAINUCh TO/IbKO
npu OUgHKe pa3HoobpasvMa MopdoTMnoB WU
M3yYEHUN BO3PACTHOW M3MeHYMBOCTU. [nA
M3yYeHUss BO3PACTHOM W3MEHYMBOCTM BCE
3BEPbKM OblNN pa3aeneHbl Ha ABe BO3PACTHble
rpynnbl: CEronetkM M 3uMmoBasliMe. Bospact
3BEPbKOB ONpPeaensncsa no cTeneHn peayKkumm
anbBeonsapHoro 6yrpa (KowkwuHa, 1955).

Mpn BblAENEHUMM OUCKPETHbLIX BAPWAHTOB
(mopdotmnos) 3yba M3  nonb3oBanucb
metoaukon OKynoson, AHapeeson (2008),
A€ YYMTbIBANOCb KOJIMYECTBO  BXOAALLMX
M BbIXOAALWMX YINOB Ha JIMHIBA/NIbHOW W
BYyKKanbHOM cTopoHax 3yba M3 (puc. 2). Nocne
O6blAN  paccyMTaHbl YacTOTbl BCTPEYAEMOCTM
mopdoTnnos B BbibOpKE U KOIPOULMEHTDI
cnoxHocTm 3yba M?*  (KC3). Moacuer
KoapPMUMEHTOB CNOXKHOCTM 3yba Benw,
npuAaas 6annbl CAOXKHOCTM MopdoTunam 3yba
M3:a-1,b—-2,c—-3,d—4,e—-5,f—6, bonee
CNOXHbIM — 7. 3atem paccumntbiBanm KC3 no
cneaytowen dopmyne: KC3 = Ba x Fa + Bb x Fb
+BcxFc+BdxFd+BexFeunurt ., roeB -
6annbl CNOXKHOCTM AaHHOro mopdotmna, a F —
4yacToTa BCTPEeYaeMoCcTu AaHHOro mopdoTmna.
Cratuctnyeckas obpaboTKa OAHHbIX
NPoOBOAMNACH C NPUMEHEHMEM NPOrPAMMHOIO
nakeTta StatSoft Statistica 10.
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Puc. 2. Bapuaumn pucyHKa KeBaTefibHOM nosepxHocTH 3yba M3
Fig. 2. Variations of the chewing surface pattern of the M*tooth

Pe3ynbTatbl

B nonynaummn KpacHoi noneskn, obutato-
wen Ha Tepputopumn CpegHero Mpuobba Tio-
MEHCKOM obnactn, 6binn obHapyKeHbl 7 (a,
b, ¢, e, f, glf, ss) n3 12 nssecTtHbix mopdpoTMnos
3yba M?, 4yTO CBMAETENbCTBYET O HEBbICOKOM
pa3Hoobpa3nm mopdoTMnos.

Mopdotun a BcTpetunca y 4.46 % ocoben
(Ha M3 nmeeTcs ABa BXOAALWMX YrAa Ha NINHT-
Ba/IbHOM CTOPOHE 3y6a) M TO/IbKO Y eAMHUYHbIX
ocobelt. Kak npaBunio, y AaHHOro Buaa none-
BOK npeobnagator mopdoTtunsl, 3y6 M3 koto-
PbIX XapaKTepu3yeTcA Ha/IMuMem TPex BXOAA-
WMX YII0B Ha IMHIBA/IbHOM CTOpPOHe (Mopdo-
™™NbI b, ¢, e, f). 3TOT NPU3HAK ABAAETCA ANArHO-
ctnyeckum (Mpomos, Epbaesa, 1995; NaBamHoB

n ap., 2002) u oH npucytcteyety 94.42 % none-
BOK. OgHaKo TonbKo y 71.75 % ocobeit umeetca
TUNUYHOE A1 KPACHOM NOMIEBKU CTpoeHne M3,
a MMEHHO: Ha/nyme ABYX BXOAALMX YINOB Ha
HOYKKaNbHON CTOPOHE M TPex BXOAALLMX YI/I0B
Ha JINHIBaNbHOW CTOpPOHe 3yba (mopdoTu-
nbl b n c). Y 5.02 % ocobeit 3y6 M* umeet nHoe
KONMYeCcTBO BXoAAwWmMX yrnos. MopdoTunel e,
fvmetotcay 22.67 % ocobelt KpacHOM NONEBKY,
ONS HUX XapaKTepHbl MO TP BXOAALWMX Yrna C
obeunx ctopoH 3yba. MopdoTun glf umeet yeTbl-
pe BXOAALLMX YI/1a Ha HAPY»KHOM CTOPOHE U TP
Ha BHYTPeHHel cTopoHe M3 1 6bin 0bHapy»KeH
nmwb y 0.56 % ocoben. MopdoTmn ss xapakTe-
pusyeTca peayKuMen BXOOALLMX U UCXOLALLUX
YyrnoB BCNeACTBME UCTUPAHUA WM BCTpe4vaeTca
Takxke y 0.56 % ocobeli (Tabn. 2).

Tabnuua 2. PasHoobpasue mopdoTunos 3yba M3 M. rutilus CpeaHero Mprobbs

MopdoTunbl keBaTenbHOM NoBepxHocTU 3yba M3

n
a b c e f glf 53 KC3
Konuuecteo 538 24 8 378 118 4 3 3
ocobel
[POUEHTHO® COOTHOWRHME, 4 46 149 7026 21.93 074 056 0.56 3.40

%

MpumeyaHue: N — KOIMYECTBOBO ocoben.

B cooTtBeTCcTBMM C MeTOAMKOM, BCe MOpPdOTH-
nbl 3y6a M? 6blnKn pacnpeaeneHbl cieayoLmm
06pasom: K rpynne «npocTbiX» OTHECEHbI MOpP-
doTUnbl a n b, K rpynne «cpenHemn CNOKHOCTU»
— ¢ n d (B Hawem cnyyae mopdoTtun d oTtcyT-
CTBYET), K rpynne «CnoxHble» —e, f, glf n ss.

MopdoTnnmnyeckas WU3IMEHUYMBOCTb KeBa-

TeNbHOM noBepxHocT 3yba M3 xapaktepwu-
3yeTcA HEeBbICOKOM 4acTOTOM BCTPEYaeMOCTU
npocTtbix mopdoTtunos (5.95 %). Hanbonee ya-
CTO BCTpeyvaloWmMmMnca ABAATCA mopdoTunbl
cpefHer CNOXHOCTM, YacToTa BCTPEYaEeMOCTH
KOTOpbIXx paBHa 70.26 %, yacToTa BCTpeyaemo-
CTU CNOXKHbIX MopdoTnnos —23.79 % (tabn. 3).
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Tabnuua 3. Yactotel mopdoTunos 3yba M3 M. rutilus CpeaHero Mpuobbsa

MopdoTunbl }KeBaTenbHOM NoBepPXHOCTN 3yba M3

n NbocThie @ + b cpeaHAn cTeneHb CNOXHble e + f
P CNOYKHOCTU C N CNOXKHee
KonunuecTtso ocobei 538 32 378 128
MNpoueHTHOe COOTHOLWEeHMe 100 5 05 70.26 23.79

Mmopdotunnos M3, %

MprmeyaHue. n —ob6bEM BbIOOPKMU.

OnAa n3yyeHnAa BO3PaACTHOM M3MEHYUBOCTU
3yba M? 6bl210 NpoBeAeHO CpaBHEHWE YacToT
BCTpeYyaemoctm mopdOoTMMNOB pa3HOW cTene-
HM cnoxKHOCcTK M KC3 B rpynnax 3MMoBaBLUMX
ocobeit M ceroneTok KpacHoM MoneBKWU. AHa-
nn3 ocobeHHocTel ctpoeHna M3 nokasan, yTo
Y 3MMOBaBLUMX 0cobei YacToTa BCTpeYaemMocCTum
NPOCTbIX MOPGOTMMNOB U MOPPOTUMNOB CPeaHEN

CNIOXKHOCTU AOCTOBEPHO BbILLE, YEM Y CErone-
TOK. B rpynne 3umoBasLwwmx ocoben otmevaert-
€A AOCTOBEPHOE yBE/NMYEHUNE A0NU MOPDOTU-
NoB CpeAHel CNOXKHOCTM MPU AOCTOBEPHOM
CHUXKXEHWUWN [ONU CNOXKHbIX MOPPOTMMOB, B CBA-
31 c yem KC3 M3 3umoBaBLUMX 0cObel KpacHoM
NONEBKM 3HAUYUTENIbHO HUXKE, YEM Y CEroseToK
(tabn. 4).

Tabnuua 4. CpegHune yactoTbl MopdoTnnos 3yba M3 (M + m) M. rutilus CpeagHero MNprobbs B pasnnyHbIX
BO3PACTHbIX rpynnax

YactoTbl mopdoTmnos M3

BospacTHan

rpynna NbocTble g 4 p  CPEAHAR cTEneHb CNOXHble e + f KC3

P CNOXHOCTY C 1 CNoXHee
3umosasLune 121 0.102 £ 0.027*  0.831 +0.041*** 0.067 + 0.048%*** 2.81
Ceronetku 405 0.049 + 0.026 0.675 +0.038 0.277 £ 0.025 3.53

MpumeyaHue. n —obbem BbIBOPKM, * — pasnunuma goctosepHbl Npm p < 0.05, *** — pasnnuma goctosepHbl

npu p < 0.001.

B nepuop cbopa matepmana, ¢ 1987 no
1990 r.,, 6blna BbiABAEHA AMHAMMKA OTHOCU-
TeNbHOro 0bMNMA KpacHOM NoneBku. [aHHbIN
NMoKasaTeNb [AOCTUraeT BbICOKMX 3HAYeHUM
(14.03 3k3./100 nos.-cyt.) B 1987 r., B nocne-
ayoume 2 roga oTMeYeHo nocnegoBaTeNbHoe
CHUXXEHMEe OTHOCUTENIbHOrO 06MNA 3BEPLKOB,
a B 1989 r. oHO 6bIN0 MUHUMaANbHbIM — 2.93
3K3./N0B.-CYT., YTO, BEPOATHO, CBA3AHO C aHO-
MA/IbHO BbICOKMMWU NETHUMWU TemnepaTypamu.
B 1990 r. oTHOCUTeNnbHOE 0bunne BMAA 3HAUU-
TenbHo yBennumsaetca Ao 14.93 sk3./nos.-cyT.

Mpu wu3yyeHUn pasHoobpasma mopdoTm-
nos 3yba M?* KpacHoOl NoneBKW, B 3aBUCMMO-
CTU OT NOKa3aTens OTHOCUTeNbHOro obunus
3BEPbKOB, ObIIO BbIBNEHO, 4TO MopdOTK-

Nbl @, C U e BCTPeYanmcb B TeyeHune BCero no-
NyAALMOHHOIO umMKkna 1987-1990 rr., cheposa-
Te/IbHO, OHU ABAAKOTCA OCHOBOM MOPPOTUNU-
4eCcKoro pasHoobpasunsa KesaTeNbHOM NOBEPX-
HOocTM M?® KpacHOM NONEeBKU B mMccneayembli
nepuog (Tabn. 5). Mopdotun f BcTpeyaetca
€4MHMYHO MNPAKTUYeCKM BO BCe roabl, 3a UC-
KntoyeHnem 1989 r.,, ¢ HaMMEHbLUMM OTHOCU-
TenbHbIM 06unnem. Tonbko B 1990 r. oTCyTCTBY-
eT mopdotmn b n npucytctayeT mopdoTun glf.
Taknm o06bpa3om, B rod, XapakTepusyoLmiica
AeNpeccuert YNCNEeHHOCTU KPACHOM MNONEBKM
(1989), oTMmeueHo ymeHblLeHMe pa3Hoobpasua
MOpPdOTUNOB, OAHAKO 3TO MOXKET HbITb CBA3AHO
CO CHUXKeHnemM obbema BbIBOPKMU.
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Tabnunua 5. PasHoobpasune mopdoTtunos 3yba M3 M. rutilus CpegHero Mprnobba B nepmoa 1987-1990 rr.

MopdoTtunbl M3

lop, N n
a b c e f glf
1987 14.03 140 + + + + + -
1988 4.33 131 + + + + + -
1989 2.93 64 + + + + - -
1990 14.93 146 + - + + + +

MpumeyaHue. N — oTHocUTeNbHOE 0bMAne KpacHOW noneBku (3k3./100 NoB.-CyT.), N — KOANYECTBO OCO-
6eM, + — npucyTcTBne mopdoTnna B BbiIOOPKe, - — OTCyTCTBME MOopdOTUNA B BbIGOPKE.

Ona KpacHon noneBkn CpeaHero Mpuobbs
BbIAB/IEHO M3MEHEHME YACTOT BCTPEYAEMOCTHU
MmopdoTnnos 3yba M?* B xoae NonynsLMOHHbIX
LMKNOB, XapaKTepU3yoLWMXCA Pa3/IMYHbIM OT-
HocuTeNbHbIM obunnem (Tabn. 6). YactoTbl
BCTPEYaeMoCT MOpPPOTUNOB CpeaHEN CNOoXK-
HOCTU (c) Ha Bcex dasax NoNyAALNOHHOIO LUK-
na c 1987 no 1990 r. 6bIAM OTHOCUTENBHO CTa-

6UNbHbI. CHUXKEHME OTHOCUTENbHOrO 0buaua
KpacHoi nonesku (1988 n 1989 rr.) conposo-
¥AaN0Cb AOCTOBEPHbIM YBENIMYEHNEM YACTOTbI
BCTPEYAEMOCTM NPOCTbiX MopdoTunos (a + b)
3yba M3. A B rogbl C BbICOKUM OTHOCUTE/NIbHbIM
obunnem KpacHon nonesku (1987 n 1990) ot-
MeYaeTca A0CTOBEPHO HM3KaA YacToTa BCTpe-
4aeMOoCTM NPOCTbIX MOPPOTUNOB.

Tabnnua 6. CpeaHune YactoTbl MopdoTnnos 3yba M3 (M £ m) M. rutilus CpegHero Mpunobba B nepuog,
1987-1990 rr.

Yactotbl mopdoTunos M3

T wormears  Tommomen  combectS o
1987 14.03 0.065 +0.034 * 0.722 £0.011 0.212+0.046 @ 3.41
1988 4.33 0.082 £ 0.017 ¢¢¢ 0.711 £ 0.042 0.207 £0.032 3.31
1989 2.93 0.095 £ 0.006e e 0.734+0.112 0.171 £ 0.002 3.19
1990 14.93 0.040 £ 0.027 0.789 £ 0.020 0.170 £ 0.040 3.40

MpumeuaHune. N — oTHocuTeNbHOe obuane KpacHo nonesku (3k3./100 nos.-cyT.), * — cpaBHeHue 1987 n
1988 rr., ¢ — cpaBHeHMe 1988 1 1990 rr., @ —cpasHeHune 1989 n 1990 rr., pa3nnuma goctosepHbl Npu: 1
3HaK — p < 0.05, 2 3HaKa — p < 0.01, 3 3HaKa — p < 0.001.

Take 6blna BbIABNEHA CBA3b MeXay Mo-
KasaTesiem OTHOCUTENIbHOTrO 0b6uMAMs KpacHoWM
NosIeBKM U KO3PPULMEHTOM CNOKHOCTM 3yba
M3 (puc. 3). MI3meHeHUs YacToT BCTpevaemo-
CcTn 3y60B C Pas/INYHOM C/IOXKHOCTbIO HaxoaAT
oTpakeHue B 3HaYeHuax KC3 M3 (cm. Tabn. 6).
MOCKONbKY 6ONbLWIMHCTBO BbIGOPOK OTKAOHA-
JIMCb OT HOPMAJIbHOTO pacnpeaeneHuns, Hamm

6bl71 UICNONb30BAH HEMAPAMETPUYECKUIN METOS,
— pacyeT KoapodumumneHTa Koppenaumm Cnmpme-
Ha (rsp). B pe3ynbraTe npoBeAeHHOro aHaiu3a
6blna BbiBNEHA [O0CTOBEPHAA MNONOXKUTENb-
HaA CBA3b MeXAy BEIMYMHON OTHOCUTENBHOTO
0bunma n KC3 M3: KoapdumumneHT Koppenaumnm
CnupmeHa - Fy = 0.79 £ 0.02 npu p <0.05.
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Fig. 3. The dependence of the complexity factor of the M3 tooth on the relative abundance of the red vole in
the Middle Ob area

KpacHaa nonesKa WWMPOKO pacnpocTpaHeHa
B cpeaHen Taire n cnocobHa 3acenAtb camble
pa3nunyHble No cteneHn 61aronpPUATHOCTU Me-
cToobutaHua. ns aHanmsa BaMAHUA buotonu-
YeCcKoro pacnpegeneHua 38epbkoB Ha mopdo-
TMNbl 3yba M?® KpacHol nosnesku 6bian B3ATbI
TUNUYHbIE ANA CpeaHen Tanrm GuoTonbl: pas-
HOTpaBHble accoumnauum, ocoKosble 6050Ta,
Npou3BoAHble neca (onywWwKKn, rapm, Nopocaun),
OONTOMOLUHbIE accouMaunm, NpUpyyYbeBblie U
TpaBAHO-60/10THbIE accouMaLLUM.

AHanu3 AaHHbIX Tabn. 7 NoOKasan usmeHeHue
4acToOT BCTPeYaemMocTM MOpPPOTMMOB pPas3nmy-
HOM CNoXKHOCTK 3yba 1 KC3 M3 KpacHoi nones-
KM ANA MecToobUTaHUI ¢ pasinyHbIMKU BMOTO-
nuyecknmm ocobeHHoctamun. Hanbonee Bbico-
KU KO3dDULMEHT CNoKHOCTU 3yba M?® Habnto-
[AeTca y NONeBOK, obuTatowmx B pasHOTpPaB-
HbIX accoumaumax (3.54) n B ocokoBbIx bosoTax
(3.48), roe ycnoxkHeHne 3yba npomucxoamT 3a
CYeT BbICOKOM YaCTOTbl BCTPEYAEMOCTU CAOXK-
HbIx mopdoTtmnos (0.318). 3eneHoMOLLHbIE,
TpaBAHO-60/10THbIE U NPUPYYENHUKOBbIE aCCo-
LMaLMKn XapaKTepusyoTca HanbonbLLen YyacTo-
TOW BCTPEYAEMOCTM NPOCTbIX MOPPOTUNOB WU
HEBbICOKMMMWN YaCTOTaMWU CAOXHbIX MOPPOTU-
nos, Bcieactsme yero KC3 M umeeT HU3KMe
3HayeHwuA. MMpounssogHble neca U AONTOMOLL-
Hble accouMauMn 3aHUMAKOT NPOMEXKYTOYHOE
nosoXeHue no 3HaveHuo KC3 M3,

O6cyxaeHue

Ha ocHOBaHMM [0NE€BOrO yyactTusa OTAeNb-
HbIX MmopdoTUnoB bbla paccymnTaH Kosappuuu-

€HT cNoXKHOoCTK 3yba (KC3) M3, KC3 M? KpacHol
noseBKKn, 0bUTaloLLEN B NOA30HE CpeaHel Tan-
rm CpeaHero lMpuobbsa TiomeHCKoi obnactw,
paseH 3.40 (cm. Tabn. 1). No pesynbTaTtam Ha-
wmx nccneposaHunii (CopokuHa, 2011), ana no-
NyNALMM KPACHOM NONEBKU B CEBEPHOW Talre
TiomeHcKoi 06nacTu 3HaveHua KC3 M3 Bblwe
n coctasnatoT 3.66. Mo gaHHbIM COPOKUHOMN M
Cupoposoit (2016), BennumnHa KC3 M3 KpacHol
noJieBKM B ceBepHoOM Tanre CpegHero 3aypanbA
coctaBuna 3.76, a B noaraire — 3.09. Koadpou-
LMEHT CNOXKHOCTU 3yba M3 KpacHOM NonesBKu
B lOXHOM Taure EBponelickon 4vactm Poccum
(YomypTua) paseHn 2.88 (OkynoBa, AHApeeBa,
2008). Takum obpasom, Npu CpaBHEHUN KOID-
dnumeHToB cnoxHoctn 3yba M3 KpacHoi no-
JIEBKM B BbllEYKa3aHHbIX NOA30HAX MOXHO OT-
MeTuTb, 4To KC3 M2 KpacHOI NoneBKu cpeaHe
TaWrn B UccnegyeMom parioHe XOpoLo BMMUCHI-
BAETCA B pPAA, XapaKTepu3yoLwmnin reorpadpuye-
CKYI0 M3MEHYMBOCTb CTPOEHMUA KeBaTe/IbHOM
nosepxHoctTn M3 1 oTpakaeT nocnenosatenb-
HOe YC/IOXKHEHWe KeBaTe/IbHOM MOBEPXHOCTH
aToro 3yba B ceBepHOM Hanpas/ieHUN.

06 nsmeHeHMN MOPPOTUNMUYECKMX XapaKTe-
PUCTMK 3y6OB NONEBOK Ha Pa3HbIX BO3PACTHbIX
CTaAMAX HEOAHOKPATHO YNOMMUHANOCh B NUTe-
patype (BopoHuos, 1967; AHgpeesa, Okyno-
Ba, 2005; EmenbaHosa, 2005; bopoguH v ap.,
2006). Ons KpacHOW NoJieBKM, obuTatolen B
nop3oHe cpegHen Tanrm CpegHero Mpuroboba,
TaK¥Ke XapaKTepHa BO3pacTHaA U3MEHYMBOCTb
CTPYKTYpPbl KeBaTe/ibHOM MnoBepxHOCTU 3yba
M3. YnpouieHue cTpoeHus 3yba M3 kpacHo#
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Tabnuua 7. CpeaHune YactoTbl MopdoTmnnos 3yba M3 (M + m) KpacHol nonesku CpegHero Mprobba B
Pa3NINYHbIX MECTOOBUTaHUAX

Yactotbl MopdoTunos M3

buoton n cpeaHAsA cTeneHb  CNOXHble e + f KC3
npocTble a + b
CNOXHOCTU C N CNOXHee
PasHoTpaBHeie 48  0.121+0.091 0.652 + 0.035 0.318 + 0.041 3.54
accoumaumm
OcokoBble bonoTta 21 0 0.743 £ 0.019 0.257 £0.019 3.48
lNMponssogHble neca 43 0.036 £0.021 0.839 £ 0.059 0.125+0.072 3.35
AonromoluHele 93  0.114+0.012 0.676 + 0.068 0.211 +0.017 3.33
accoumaumm
Mpupydentukoseie 38 0.054 +0.004 0.720 + 0.041 0.225 + 0.043 3.32
accoumaumm
TpasAHo-60/10THbIe 84  0.0820.005 0.727 + 0.003 0.191 + 0.001 3.30
accoumaumm
3eneHOMOllIHBIE 108  0.038+0.024 0.827 + 0.048 0.135 + 0.039 3.26

accoumaumm

MpumeyaHune. n — Kon-Bo ocoben.

NoJIeBKM NO Mepe yBeAMYeHUs BO3pacTa, Bepo-
ATHO, CBAA3QaHO CO CTayMBaHMEM MpuU3Mbl 3yba
B TeyeHue ¥M3HW. [TOCKONIbKY BXOAALLME YI/bl
MOJIAPOB 3a/1eratoT Ha HeoAMHAKoBble rybu-
Hbl MO BCEM BbICOTE KOPOHKM M B MPUKOPHEBOW
4acTW OHWM HauMeHbLUne, CNeaoBaTe/IbHO, NPU
CTUPAHNN KOPOHKM YMEHbLUAETCA KONYeCTBO
BXO4ALLMX YINOB, @ 3HAYMUT, YNPOLLAEeTCa CTpoe-
Hue 3yba. CnepoBaTenbHO, CTPOEHWE KOPEH-
HbIX 3y6oB M?* KpacHOW NONEeBKU NOABEPIKEHO
BO3PACTHOM M3MEHYNBOCTMU.

MN3yyeHme 4acToT BCTPEYaeMOCTM Pa3INYHbIX
MO CNOXKHOCTM MOPHTOTUNOB B XO4€E NONyNALM-
OHHbIX LMKA0B NOKa3ano, 4To mopdoTun cpea-
Hel CNOXHOCTU (C) XapaKTepusyeTca OTHOCU-
TE€NbHO MOCTOAHHOWM YAaCTOTOM BCTPEYAEMOCTH,
MO3TOMY MOMKHO NonaraTb, YTO OHW obnagatoT
Hanbonbluen aganTUBHOM LLEHHOCTbIO. YBenu-
YyeHue YacToT BCTPEYAEMOCTU NPOCTbIX MOpdO-
TMNoB (a + b) KeBaTeNbHOM NOBEPXHOCTU 3yba
M? cBA3aHO C KOMMN/IEKCOM afanTaLmii, NOBbI-
LUAIOLLMX BbIXKMBAEMOCTb 3BEPbKOB B YC/I0BUAX
HWU3KOr0 OTHOCUTENIbHOrO 06unMA. Bo3moxk-
HO, NPOCTble MOPPOTUMbI MMEIOT aZaNTUBHOE
3HaYeHuMe Ana NonynAuMM KPacHOM NoJIEBKM B
nepuog, ¢ HU3KMM OTHOCUTENbHbIM ObUNnem
BMAa NPU CTabMAbHOM YacToTe BCTPEYAEMOCTH
MOpPPOTUNOB CcpeaHen CNoXHOCTU. U3meHe-
HWEe YacTOoTbl BCTPEYAEMOCTU MOPOTMNOB Ha
pa3Hbix ¢asax AMHAMUKN YNCEHHOCTU OTMe-
YeHo U AnAa pbiken nonesku T. A. AHApeeBoO
(2008).

BbiABNeHHaA 4OCTOBEPHAA NMONOXKUTENbHAA
CBA3b MeXKAy MNOKasaTenemM OTHOCUTE/IbHOro
obunuma KpacHol nNoneBkn U KoapdUUMEHTOM

CNOXHOCTU 3yba M3 cBMAETENLCTBYET O TOM,
YTO MPU CHUXKEHWU OTHOCUTENbHOro 0bmams
KpacHOM nosieBKM oTmeyaeTtca bonee npocroe
CTpOEeHMe XKeBaTeNbHOM NoBepxHOCTU 3yba M3,
M HAobOoPOT: C yBE/IMYEHNEM OTHOCUTENBHOTO
obunna Buaa Habnpaetcas Hambonee cnox-
HO€ CTPOEHMeE KeBaTeIbHOM NOBEPXHOCTHM 3yba
M3. AHanormyHasa 3aKOHOMEPHOCTb MPOC/EXKMU-
BaeTca B pabotax T. A. AHapeesomn (2008), Ko-
TOpas M3y4yasa U3MEHYMBOCTb KOPEHHOro 3yba
M3 pbixKelt NONEBKN B Pa3/IMYHbIX YacTAX apea-
Na BMAa. BoamoxKHO, BbiABMEHHAA TEHAEHUMA
3aBucumocTtn KC3 3yba M2 oT oTHocuTeNbHOrO
06MANA KPacHOM NONEBKWU CBSA3aHA C NepeXKu-
BaHMEM HebnaronpusATHbIX YCI0BUI (B NEPBYIO
oyepeab Knumatmyeckux). T. A. AHgpeeBsa, H.
M. OkynoBa (2005) oTmeyarT CXOAHYK TeH-
AEHUMIO: YBE/IMYEHME 4YACTOTbl BCTPEYAEMO-
CTV NPOcCTbiXx MopdoTUNOB M3 pbirKkel NofeBKu
MpuoKcKo-TeppacHOro 3anoBegHWKa B 3acyLu-
NnBOeE neTo.

NccnepoBaHMe UM3MEHEHMA 4acToT BCTpe-
4aemMoCTU MOPHOTUMNOB PA3/TIUYHOMN CIOKHOCTU
3yba 1 KC3 M3 KpacHol nonesku Ana mMecToo-
B6UTaAHUIN C pa3IMYHbIMK BUOTONUYECKMMMN OCO-
6EeHHOCTAMM MOKAa3ano onpeaeneHHy 3aBu-
CUMOCTb. AHaNM3 NUTEPaTYPHbIX AAHHbIX CBU-
AETENbCTBYET O TOM, YTO Hambonee H6oratbimum
No YMCNy BMAOB M OTHOCUTENBHOMY OOBUNUIO
MENIKUX MJIEKOMUTAIOLWMNX ABNAIOTCA 3e/IEHO-
MOLHble, TPaBAHO-60NOTHbIE U NMPUPYYENHU-
KoBble accoumauumn (Mawes, 1991). Mo Hawmm
AAHHbIM, B BblENepeYncIeHHbIX MecToobu-
TaHMAX HabnlogaeTcAa HEBbICOKAA CNOXHOCTb
¥KeBaTeNIbHOW NOBEPXHOCTM 3yba M?* KpacHol
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noneskn. Kpome storo, C. H. lawes (1996)
YTBEPXKAAET, YTO 3€/1IEHOMOLLIHbIE KeApPOBHMU-
KW ABNAOTCA ANA KPAaCHOW NosieBKM Hanbonee
61aronpuUATHBIMU MECTOOBUTAHUAMMU, A TaKKe
B 3€/IEHOMOLLHMKaX KpacHas NnoJsieBKa NepexKu-
BaeT HebnaronpuATHbIE roAbl U (MKN) CE30HbI, U
OoTHOCUTENbHOE 0buMe BMAA 34eCb MeHseTcs
He3HauyuTeNbHO, AaKe B rogbl Aenpeccuit. Pa-
60TbI 3. B. UBaHTepa u E. A. Mouceesoit (2015)
NOATBEP)KAAIOT MPEANO/IOKEHME O TOM, YTO
KpacHaa nosneBKa B ycnoBuaAx Kapenuu Takxke
OTAaeT NpeAnoYTeHNE XBOMHbIM 3€/1eHOMOLL-
HbIM fiecam.

CnepoBaTenbHO, CcTeneHb 6GaaronpusaTHO-
CTM MeCcTOOOUTaHUI OKasblBaeT B/MAHME Ha
C/IOXKHOCTb CTPOEHMA KeBaTeIbHOM NOBEPXHO-
cTn 3yba M3, T. e. B Hanbonee 6aaronpuATHbIX
YCNOBUAX CTPYKTYpa *KeBaTe/NbHOW NOBEPXHO-
CTM 3yba M3 nmeeT MeHbLLEE YNC/IO BXOAALLMX
yrnoB, B MeHee 61aronpuATHbIX — 6onbluee, YTo
BeAET K YCNIOXKHEHUIO cTpoeHuAa 3yba. [laHHoe
npeanosoXKeHne 0CHOBAHO Ha YrKe U3y4YeHHOM
3aBMCMMOCTU CTPYKTYpPbl KeBaTe/ibHOM Mo-
BEPXHOCTU OT BMOTONMYECKUX oCcobeHHOoCTeM
M COCTaBa PacTUTENIbHOIO NOKPOBA U, CIe0Ba-
TeNbHO, OT paLMOHa NUTAHWUA 3BepbKoBs (Eme-
nbsHoBa, CyBopoBa, 2008; Souto-Lima, Millien,
2014; Ambopko, 2015).

3aknouyeHue

Mpu nccnegoBaHUKM KeBaTeNbHOW MOBEPX-
HocTu M. rutilus CpegHero Mpuobba TiomeH-

bubnuorpadpun

CKOM obnactn bbiv BbiIABNEHbI Caepylolme
mopdoTunsl: a, b, ¢, e, f, glf, ss. 94.42 % BcTpe-
YeHHbIX MOP(OTMMNOB XapaKTepPM3yTCA TpemMa
BXOLALMMM YINAMU HA IMHIBANIbHOW CTOPOHE
3yba M3; y 5.58 % ocobeit KONMYECTBO BXO-
AALWMX YII0B HA JIMHIBA/IbHOM CTOPOHE MHOe
(nnbo aBa, nnbo YeTbIpe).

Ona M. rutilus CpeagHero Mpnobba BbisiBNE-
Ha BO3pacTHaA M3MEHYMBOCTb CTPOEHMUA Ke-
BaTeNbHOW NoBepxHocTu 3yba M3, Y 3umoBas-
Wwnx ocoben *esaTesibHaa NOBEPXHOCTb 3yba
M3 umeeT bonee NPoOCTyHO CTPYKTYpYy NO cpas-
HEHWIO C CeroneTkaMm BCAeacTBUEe UCTUPAHUA
KOPOHKM 3yba.

MopdoTnnuyeckas M3MEHUYMBOCTb CTPYK-
Typbl *KeBaTeNbHOW noBepxHocTn M3 KpacHom
NoJIeBKM NPOABNAETCA B AOCTATOYHO CTabuib-
HOM 4YacToTe BCTpPeYaemocTn Mop¢doTUNOB
cpenHer CNOXHOCTU NPU NOBbILLEHUWN YACTOTbI
BCTPEYAaEMOCTM NPOCTbIX MOPPOTUNOB B rogbl
C HU3KUM OTHOCUTENIbHbIM 0bunnem smuaa. Us-
MeHEHWA YaCTOTHOro cocTaBa MOPPOTUMNOB Ha-
Xo4AT oTpaxkeHue u B KC3 M3,

Ha cTpoeHue »keBaTenbHON MNOBEPXHOCTU
M3 kpacHoli nonesku CpeaHero MNprobba K-
AT bBMoTonNUyeckne ocobeHHOCTU mectoobu-
TaHMN. B Hanbonee 6naronpuATHBLIX YCAOBUAX
CTPYKTYpa *KeBaTe/IbHOW MOBEPXHOCTU XapaK-
TEPU3yeTCA MEHbLUEN CNOXKHOCTbIO, B MeHee
6n1aronpuATHLIX OTMEYeHa TeHAEHLMNA YCNOXK-
HeHWA CTpoeHus 3yba.
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Key words: Summary: In this paper we present the results of the studies of the morphotypic

Myodes rutilus variability of the molars Myodes rutilus of the Middle Ob, Tyumen region. The mor-

morphotype photypes of the M3tooth of the red vole characteristic of the subzone of the middle

variability taiga of Tyumen region were revealed. The age variability of the structure of the

molars chewing surface of the M3tooth of the red vole was traced. In the group of winter-

chewing surface ing individuals there was a significant increase in the proportion of morphotypes of

population medium complexity with a significant decrease in the proportion of complex mor-

dynamics photypes. The complexity coefficient of the M3tooth of wintering red vole individu-

population cycle als is significantly lower than that of this-year brood. Simplification of the structure
of the M3tooth in the red vole as the age increasing is associated with the grinding
of the tooth prism during life. For the red vole of the Middle Ob area, a change in
the occurrence of M3 tooth motphotypes during population cycles was revealed. It
was noted that the occurrence of morphotypes of medium complexity at all phases
of the population cycle were relatively stable, and the decrease in the relative abun-
dance of the red vole was accompanied by a significant increase in the occurrence
of simple morphotypes. Population peaks are characterized by a decrease in the oc-
currence of simple morphotypes. Probably, simple morphotypes have an adaptive
value for the red vole population in the period with a low relative abundance of the
species at a stable frequency of occurrence of morphotypes of medium complexity.
The influence of biotopic characteristics of red vole habitats on the M3tooth struc-
ture was also noted. In the most favorable living conditions, the structure of the
chewing surface is characterized by less complexity, but in less favorable conditions
there is a tendency to complicate the structure of the tooth.
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KntoueBble cnosa: AHHOTaumA: NHTerpanbHbIA 3K0N0ro-6MoN0rMyecknin Nnokasatenb npeao-
MWKPOOPraHM3Mbl NOYBbI CTaBNfAET LWMPOKME BO3MOXHOCTU A5 OLEHKM aHTPOMOreHHOro BO3Aei-
WHTerpanbHbIM NOKasaTe/lb  CTBUA Ha NOYBbl U BMOMOHUTOPUHIa. Kaxapbli BUA, aHTPONOreHHOro BO3-
nepeysnaxKHeHme no4s [EeNCTBMA XapaKTepmusyeTca M3MeHeHMAMM onpeaeneHHoro Habopa 6uo-
3Konoro-buonoruyeckoe NIOTMYECKMX NapameTpoB noysbl. [1nA pacyeTta MHTErpanbHOro noKasartens
COCTOAHME cnenyet BbibpaTb MapameTpbl, CTAaTUCTUYECKM 3HAUYMMO WM3MEHAOLMECS
Bronornyeckan akTUBHOCTb  Mof, BAMAHUEM KOHKpeTHoro HebnaronpuatHoro dakTopa. B ctaTbe npea-
MWUKPOMMLIETbI cTaBNeHbl pe3y/ibTaTbl PaboTbl NO BbIABNEHUIO MUKPOBNONOTMYECKMX NOKa-
BUOMOHUTOPUHT 3aTenei, Hambonee YyBCTBUTENbHLIX K NepeyBnaXKHeHuto noys. MaTtepma-

NlaMK UccneaoBaHMA NOCAYXMAM 06pasLbl YepHO3EMa BbiLEN0YEHHOTO U
aNnoBManbHOM AepPHOBOM NOYBbLI, HaxoausLIKecs 3.5 mecALa B KOHTPOAU-
PYEMbIX YCN0BUAX MOAE/IbHOTO OMbITa MO BAMAHUIO NEepeyB/iaXKHEHUs Ha
nousbl. O6pa3Lbl BblAEPHKMBAINCL B NIACTUKOBbLIX KOHTEMHEPAX NPM 3aTo-
NAEHUU N ONTUMANIbHOM BNIAXKHOCTU, ¢ AgobasneHuem n 6e3 gobasneHun
pacTBopa caxaposbl. [lo OKOHYaHWK OMbiTa B 06pa3Lax METOA0M NOCEBA Ha
TBEPAble NUTaTe/IbHble Cpeabl ONpPeaensnacb YNCAEHHOCTb NATU IKOMOro-
TpodUUECKUX Tpynn MUKpoopraHmamos. OnpegeneHve NpoBOAMIOCH B
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Tpex NoBTOpHOCTAX. Onpeaensanacb CTaTMCTMYECKAsA 3HAYMMOCTb Pa3HULLbI
UYNCIEHHOCTM PYNN MUKPOOPraHM3MOB MEMXKAY 3aTOMIEHHbIMM NMOYBAMU U
MoYBaMM C ONTUMAJIbHOM BNAXKHOCTbIO. [NOKa3aHo, YTO 3aTONEHWE NPUBO-
OMT K CHUMXKEHUIO YMCNEHHOCTU BONBLUMHCTBA U3YYEHHbIX MUKPOOPraHuU3-
MOB. YCTaHOBNIEHO, YTO MO YYyBCTBUTE/NbHOCTU MWKPOOPraHW3MOB K 3aTo-
NAIEHUIO M NPOLLeCccaM OFEeEeHUA MOXKHO PaCMONOXKUTb UX B CAeaytoLLmii
pAg, no ybbiBaHMIO: MUKPOCKOMUYECKUE Tpubbl, aKTUHOMULETbI, aMUO-
NIUTUYECKNEe, aMMOHUPUKATOPbI, cnopoBble. Hanbonee yctonumsbl K 3a-
TOMJ/IEHUIO NOYB CMOPOBblE MUKPOOPraHn3mbl. CTaTuctnuyeckas obpaboTka
pe3y/NbTaToOB He BbIABM/A 3aBUCMMOCTU MEXKAY UX YUCAEHHOCTbIO B a/lio-
BMa/IbHbIX MOYBAX U OKUCAUTE/IbHO-BOCCTAHOBUTE/bHbIM MOTEHLMUANOM.
NHTerpanbHbIi NOKasaTeNb, PAaCCYUUTaHHbIM C YYETOM YUCIEHHOCTU TONIBKO
Tpex Hanbosiee YyBCTBUTE/IbHbBIX TPYMNMN MUKPOOPraHU3MOB, UMeeT bonee
BbICOKMI KO3IDOULMEHT KOPPENALLUUN C OKUC/IUTENIbBHO-BOCCTAHOBUTE/IbHBIM
NOTEHLMAZIOM MOYBbI, YEM PACCUMUTAHHbIN C Y4ETOM BCEX MATW rpynmn.

© MeTpo3aBOACKMI FOCYAaPCTBEHHbIN YHUBEPCUTET

MonyueHa: 27 nioHa 2019 roga

BsepeHue

MeToanKa pacyeTa MHTErpanbHOro MNoKa-
3aTenA 3KoJIoro-6MoN0rMYeckoro COCTOSHUA
6blna pa3paboTaHa Kaseesbim, KonecHMKOBbIM
n Banbkosbim (Kasees u gp., 2003, 2012) ana
OLLEHKWN M CPpaBHEHMUA NOYB MPU Pa3HbIX YPOB-
HSX aHTpPONoreHHoro Bo3aeicTama. [Mog aHTpo-
noreHHbIM BO34ENCTBMEM B MEPBYHO ovyepesb
NMOHMMANIOCh 3arpA3HEeHUe TAXKENbIMWU MeTas-
namu n HedTenpoayktamu (Kasees mn gp., 2003,
2012). bnarogaps yHUBeEpcanbHOCTM cnocoba
NOACYETOB, A TaKXe B3aMMO3aMeHAEMOCTH
Mcnonb3yemMblx MoKasaTenen, 3a npoweauee
BPeMA  MHTErpasibHbl MOKas3aTelb npume-
HANCA ONA OLEHKU COCTOAHUA rOPOACKMX MOYB
(CanbHuKOB 1 Ap., 2018), Ans oUeHKMU cocTon-
HWA NOYB MPU PA3HbIX TEXHONOrMAX 3emnese-
nus (TpuropbaH n ap., 2014), Ana oUEHKM Kop-
penaunum 6Monormyeckom akTMBHOCTM MOYB CO
CTPYKTYPHbIM COCTOAHMEM YepHo3emoB (Typy-
coB 1 ap., 2017), ana cpaBHeHMA buonormye-
CKOM aKTMBHOCTW aBTOMOP®HbIX noys (fopob-
uosa u ap., 2015) n ypbaHozemos (KanmMHKMHa
n ap., 2016).

B aaHHOM paboTe caenaHa nonbiTKa npume-
HWUTb MHTErpanbHbI MOKAa3aTeslb NPU OLEHKe
HeraTMBHOTO BO3A4EWCTBMA Ha nouBbl Pecny-
6nKM TaTapCTaH TaKoro ABNEHMUA, KaK nepey-
BNAYKHEHWE, KOTOPOE YAaCTO HOCUT AHTPOMOreH-
HbI XapakTtep. MepeyBnaxKHeHWE UIMEHAET He
TONIbKO PU3MKO-XMMUMYECKME, HO U Buonornye-
CKMe noKasaTenu noysbl. Mpuyem, no nutepa-
TYPHbIM AaHHbIM, BMoNorMyeckas akTUBHOCTb
AaeT Hanbonee ObICTPbIA OTKAMK MO CpaBHe-
HUIO C PUIMKO-XMMMUYECKMMU NOKA3ATENAMM.

MosTomMy BecbMa Nosie3HbIM H6b110 Hbl HANTK
3KON0ro-TpoduyecKkme rpynnbl MMKPOOPraHmus-
MOB, ABAAOLWMECA UHAMKATOPHbIMK A1 nepe-
YBNAXKHEHHbIX NOYB AAHHOW 30HbI, U OLLEHUTb

MoanucaHa K nevatun: 19 gekabps 2019 roaa

CYMMapHbIM 3GdeKT nepeyBnarKHEHMA Ha He-
CKONbKO MOYBEHHbIX NapamMeTpoB.

LUenbaaHHoronccnenoBaHna—BbibpaTb Hau-
6onee HPopmaTUBHbIE MUKPOBUMONOrNYecKue
NMoKasaTe/In, KoppenmpytoLmne ¢ BaHEeNLWNMHN
OU3NKO-XMMUYECKMMM NapaMeTpamu nepey-
BNA*KHEHHbIX MOYB, ANA pacyeTa WHTerpasb-
HOro nNokasaTens 3Koaoro-bmonornyeckoro co-
CTOAHMA NOYB, U NOACYMUTATb ITOT MOKa3aTesb
ANA nepeyBna*KHEHHbIX NOYB U MOYB C ONTU-
Ma/IbHbIM YBNAXKHEHMEM.

BbiaBneHHble NoKasaTenu MmoryT ObiTb MC-
No/ib30BaHbl MNpPU OGUOMOHUTOPUHIE nepey-
BNAYKHEHWUS U BPEMEHHOTO 3aTON/IEHWS NOYB.

Martepuanbi

NccnepoBaHMA NpoBoauAKCb ¢ 0bpasuamm
€CTeCTBEHHbIX MPUPOAHbIX NOYB, ANA KOTOPbIX
MCKYCCTBEHHO ObinM co3a4aHbl yYCNoBUA nepe-
yBnaxkHeHns B nabopaTopHOM MOAEbHOM
onbiTe.

OnbITbl NpoBOANANCE C 0BpasLLaMu rymyco-
BblIX FTOPU3OHTOB 30HA/IbHOM U HE30HaNbHOW
nouYBbl:

® aNINOBMANIbHAA AepHOBAA cpeaHe-

CYrMMHUCTaA U3 normbl p. CeuaAra byuH-

CKOro parioHa Pecnybamku TaTapcTaH ¢

copeprkaHmem rymyca 3.9 %, peakunen

cpeabl BOOHOM BbITAXKKMK 8.3;

® YyepHO3eM BbILLENOYEHHbIN cpeaHe-

CYIIMHUCTBbIN M3 MeH3eNnHCKoro pamno-

Ha Pecnybauku TaTapcTaH ¢ cogepkaHu-

em rymyca 8.6 %, peakuuen cpeapl BO-

AHOW BbITAXKKMK 7.8.

NTabopaTopHbIN MOAENbHbLIA 3KCMEPUMEHT
BK/ItOYAN NO 4 BapuaHTa ANA KaxKaoM noysbl: 1)
3aCTOMHbIN PEXMM; 2) 3aCTONHbIN PEXUM C 40-
6asneHnem 1 % pactBopa caxaposbl; 3) onTu-
ManbHas BNAXKHOCTb (60 % oT 06uiel Bnaroem-
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KoCTHh); 4) onTMManbHaA BNAXKHOCTb ¢ fobaBne-
Hnem 1 % pacTBopa caxapo3bl. [ogpasymesa-
JI0Cb, YTO PACTBOP Caxapo3bl AO/IKEH CO34aTb
b6onee H6naronpuATHbIE YCIOBUA ANA PA3BUTUA
aHa3pPObHHbIX MUKPOOPTraHNU3MOB.

OKMCANTENbHO-BOCCTAHOBUTE/bHbIN MOTEH-
uman (OBM) noys B NepBbli AeHb OMbITa CO-
CTaBAAN ANA aNNOBMANIBHOW AEePHOBOM MOYBbI
272 mV, gna yepHoszema — 291 mV.

MpumepHo 4epe3 3.5 mecAua M3 KOHTEWU-
HEepoOB C uMccnegyemMbiMM BapuaHTamu Obian
oTOOpaHbl 06pasubl Ha MUKpobuonormye-
CKUIM aHanu3 1 onpeneneHne OKUCIUTENbHO-
BOCCTAHOBUTE/IbHOIO NOTEHLMAaNA MOYBbI.

MeToabl

OnpeaeneHne YNCNEHHOCTM Fpynn MUKPO-
OpraHM3MoB NPOBOAMNOCH METOAOM MOCEBa
MOYBEHHOM CyCneH3un Ha TBepable nutaTesb-
Hble cpeapbl:

1) cnocobHbIX MCNONb30BaTb A30T OpraHu-
YeCKMX coeamHeHUN (ammoHUdUUMpPYOLLMX)
— Ha MACO-NEenToHHbIN arap (MNA), uau, no-
Apyromy, nutrient agar;

2) aMUAOAUTUYECKUX (MCNONB3YIOWMX MU-
HepasbHbIA a30T) — HAa Kpaxmaa-aMMUaYHbIN
arap (KAA);

3) akTMHOMULIETOB — TaKKe Ha KAA;

4) cnopoBbIX MUKPOOPraHM3moB — Ha MIMA
nocne KpaTKoBPeMeHHOM nactTepmnsaLmu;

5) MUKpocKkonuyeckux rpmbos (MMKpomMU-
uetos) — Ha cpeay Yaneka (Metoabl..., 1991;
Churkina n gp., 2012; Szegi, 1976; Asadu et al.,
2015).

OnpeneneHve NPOBOAUNOCH B TPEX MOBTOP-
HocTAX. KoapdUUMEHT MUHEPANU3ALUM U UM-
mobunmsaumm (KmuH), no E. H. Muwyctnny
(1956), paccumTbiBanM Kak COOTHOLLEHUE YMC-
JNIEHHOCTM aMMUIONIUTUYECKUX (BbIpaLLLEHHbIX Ha
Kpaxman-aMMMayHoM arape) 1 aMmMoHUdULM-
pyrowmx (BblpalleHHbIX Ha MACO-NEenTOHHOM
arape) MMKPOOpPraHM3MoB.

NHTerpanbHbIn noKasartesb 3K0JI0T0-
6MONOrMYECKOro COCTOSHUA MOYB PACCYMTDI-
Ba/ICA N0 MEeTOAMKe, NpeaNoXKEeHHOM aBTOpaMm
(Kasees un gp., 2003, 2012).

OKMCNUTENBHO-BOCCTAHOBUTE/NbHbIA NOTEH-
LUMan noys onpeaensanca noTteHuMomeTpuye-
CKMM METOAO0M.

CtaTuctnyeckaa o06paboTka pes3ynbTaTos
NPOBOANNACL C UCMO/Ib30BAaHMEM MPOrPammbl
Excel.

Pe3ynbratbl

YcTtaHoBneHo, 4To 4epe3 3.5 mecAaua B
BapuaHTax C 3aTonJiIeHMem OKUCAUTENbHO-
BOCCTAHOBUTE/IbHbIM MOTEHLMAN CMECTUICA B
CTOPOHY OTPULLATENIbHbIX 3HAYEHUN, YTO CBUAE-
Te/IbCTBYET O NPOTEKaHUM NPOLECCOB Or/ieeHnsA
(puc. 1).
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Puc. 1. OKMCANTENBHO-BOCCTAHOBUTE/IbHbIMN noTeHywman yepes 3.5 mecAauya nocne Havana nposegeHnA
moaenbHoro onbita: 1 — B anntoBMANbHOM Noyse, 2 — B yepHo3eme

Fig. 1. Redox potential 3.5 months after the start of the model experiment: 1 — in the alluvial soil, 2 —in
the black soil
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MonyyeHHble pe3ynbTaTbl MOKAa3aau, YTo
YUCNEHHOCTb MMKPOOPraHM3MOB, CMOCOOHbIX
noTpebnAaTb OpraHMYecKkuin asoT (ammoHUdU-
KaTopbl), B BapMaHTax C 3aTOM/eHMem 4Yepes
3.5 mecAua Mmena TEHAEHUMIO K CHUMKEHWUIO
Mo CpaBHEHMIO ¢ 06pasLamm Tex e NoyBs, Bbl-
AEPXKMBAEMbIX NPU ONTUMANbHOW BNAXKHOCTU
(puc. 2). OpHako cTaTUCTUYecKana obpaboTKa

pe3ynbTaToB NOATBEPANNA 3HAYMMYIO PA3HULLY
npu p = 0.05 AaMwb AnAa anntoBUaANbHbIX NOYB.
3HaYMMOM Pa3HULLbI MO COAEPKAHUIO AAHHOM
3KONOro-TpodmYecKom rpynnbl MMKPOOPraHms-
MOB MeXAy YepHO3EeMOM BbILLENOYEHHbIM U
anntoBUaANbHOM AePHOBOM NOYBON He Habsto-
[ANochb.
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Puc. 2. YncneHHoCTb aMMOHUUKATOPOB U aMUNOINTUYECKUX MUKPOOPraHnM3mMoB Yepes 3.5 mecaua no-
C/le Hayana NpoBeAEHNA MOLENBHOIO OMbITa MO NepeyBAAXKHEHUIO (CpeaHee U CTaHAAPTHbIE OTKNOHEHMA): 1
—YUCNIEHHOCTb aMMOHUGDUKATOPOB B a/I/IIOBUAIBHOM NOYBE, 2 — YNCIEHHOCTb aMUIONUTUHECKUX MUKPO-
OpraHM3MoB B a//Il0BUANbHOM NoYBE, 3 — YNC/IEHHOCTb aMMOHUGOUKATOPOB B YepHO3EME, 4 — YNCIEHHOCTb
AMUIONNTUYECKNUX MUKPOOPraHNM3MOB B YepHO3eme

Fig. 2. The number of ammonifiers and amylolytic microorganisms 3.5 months after the start of the
model experiment on waterlogging (mean and standard deviations): 1 —the number of ammonifiers in the al-
luvial soil, 2 — the number of amylolytic microorganisms in the alluvial soil, 3 —the number of ammonifiers in

black soil, 4 —the number of amylolytic microorganisms in the black soil

KoadpodnumneHt Koppenaymu MeX-
ay YNCNEHHOCTbIO MUWUKPOOPraHNM3MoB-
AMMOHMPUKATOPOB n OKUC/IUTENbHO-
BOCCTAQHOBUTE/NIbHbIM  MOTEHUMANOM  4epes

HEeCKO/ZIbKO MecAueB npoBeaeHUA onbiTa ANA
annoBuanbHOM nousbl coctasun 0.75, ans
yepHo3ema — 0.84 (KoappuumMeHT Koppenaumnm
MupcoHa npu p < 0.05), 4To CBUAETENLCTBYET O
BbICOKOM CTENEHU 3aBUCUMOCTU MEXAY STUMM
npU3HaKamm.

YNCNEeHHOCTb MWKPOOPraHM3mMoB, MnoTpe-
ONAWMUX MUHEPaNbHbIA a3oT (aMUNONUTU-
YeCKMX), TaKKe CHUXKaNacb B BapMaHTax C 3a-
TON/IEHNEM MO CPABHEHUIO C BapWaHTamMu C
ONTMMANbHOM BAAXKHOCTbIO. CTaTMUCTMYECKan
0bpaboTka pe3ynbTaToB MOKasana 3Ha4YMMmble
pPa3inumMa mexay nepeyBnarKHEHHbIMU U He-

nepeyBnaXXHEHHbIMW BapWaHTaMU Npu p =
0.05 KaK Ansa anntoBrasbHOM NOYBbI, TaK U ANA
yepHO3eMa BbILLEe/IOYEHHOr0. B uenom gaHHble
NO YNCNEHHOCTU aMUJIONUTUYECKUX MUKPOOP-
raHM3MOB COrNACYOTCA C NONYYEHHbIMM paHee
ans apyrux noys (KaHpawosa, 2016; KaHpawwo-
Ba u Ap., 2015), HO B HawweMm cnyyae pesynbraT
OKa3asncs 6onee BblipaXKeHHbIM.

YnucneHHOCTb aKTUHOMMULIETOB, TaKXe Bbl-
pawmsaembix Ha KAA, HO noacynTbiBaeMbIX OT-
AENbHO, B LLe/IOM NOBTOPAET 3aKOHOMEPHOCTU
pacnpeaeneHMa nNo BapuaHTam BCeW rpynnobl
MMUKPOOPraHM3mMoB, MNOTPEONAWMNX MUHE-
panbHbIn a30T (puc. 3). Mpu 3aToNNEHUM TaKKe
NPOC/IEXKMBAETCA YrHETEHNE MO CPABHEHMUIO C
ONTUMANIbHOM BNAXKHOCTbIO, 3aMeTEeH BCMNAECK
YUCNIEHHOCTM Ha BapMAHTE «4YepHO3em npu
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ONTUMAa/IbHOM BNAXKHOCTM + caxapo3a», 0bbsAc-
HAEMBbIV TEMM XKe NpuymMHamm. CTaTucTMyecKas
06paboTKa pe3ynbTaToB NOATBEPAMIA 3HAYM-
Mble Pa3INunA MeXKay BapnaHTamu c 3aTonne-

200

HUemM N BapnaHtTamu C ONTMMaNbHOM BAAXKHO-
CTbHO KaK AnA aNNoBUANBHOM MO4BbI, TaK U ONA
yepHo3ema.

180

160
140

120

100

80
60

105 KOE/r

40

20
Cl_

1 BApHMaHT 2 BapWaHT 3 BapWaHT <4 BapWaHT

Puc. 3. Y1CcneHHOCTb aKTUHOMMULETOB U CNOpPOBbIX MUKPOOPraHN3moB 4epes3 3.5 mecAuya nocne Havana
nposegeHnAa mogesibHOro onbiTa No nepeyssia*KHEHUKO NOYB (cpe,u,Hee N CTaHOaPTHbIe OTKI'IOHEHMFI)I 1—yuc-
NNEHHOCTb CNOPOBbLIX MUKPOOPraHN3moB B aNNoBUANBHOM noyse, 2 —YNCAEHHOCTb CNOPOBbIX MUKPOOpra-
HM3MOB B YepHO3eme, 3 — YNCNEHHOCTb AKTUHOMMULLETOB B annoBUANBHOMN nouse, 4 —YNCNEHHOCTb aKTUHO-
MULETOB B YepHO3emMe

Fig. 3. The number of actinomycetes and spore microorganisms 3.5 months after the start of the model
experiment on waterlogging (mean and standard deviations): 1 — the number of spore microorganisms in the
alluvial soil, 2 — the number of spore microorganisms in black soil, 3 —the number of actinomycetes in the al-

luvial soil, 4 —the number of actinomycetes in black soil

KoaddpuuneHT koppenaumm mexay OB u
YMCNEHHOCTbIO AaKTMHOMMLETOB A/1A ANJIOBU-
anbHbIX Noys paBeH 0.99, anA 4yepHO3eMOB —
0.90, yTo cBMAETENbLCTBYET 06 OYEHb BbICOKOM
KOppPEenaumMoHHOM CBA3MK.

3aTonsieHMe He 0OKa3ano 3aMeTHOrO BAUSHUSA
HA YNCNIEHHOCTb CMOPOBbIX MUKPOOPraHN3MOB
(cm. puc. 3). Ona annoBUanbHbIX NOYB CTaTU-
CcTu4Yeckana o0bpaboTka pe3ynbTaToB He BbIABU-
N1a 3HAYMMbIX OT/IMYMIN MEXAY BCEMU BapUaH-
Tamu onbiTa. [1na 4yepHO3eMOB CTAaTUCTUYECKMU
[0CTOBEpPHaA pa3HULA 0bHapyXKeHa Wb ana
BApWaHTa NpU ONTUMANbHOW BNAAXKHOCTU C Ca-
Xapo30i CO BCEMW OCTa/IbHbIMU BapUaHTAMMU.
JONONHUTENbHBIN UCTOYHUK MUTAHUA B KOM-
nAeKkce C ONTMMAJIbHbIM YBNAXKHEHWEM NpPU-
BE€/ K YBEAMYEHWUID 4YMCAeHHOCTM Haubonee
YCTOMUMBLIX CanpPOTPOPHbIX MUKPOOPraHU3-
MOB B ,Ba C IMLIHNM pa3a. 3aTO CTAaTUCTUYECKHU
3HaAYMMble OT/INYMA OblIN OTMEYEHbI MeXay
YMCNEHHOCTbIO CNOPOBbLIX MMKPOOPraHU3MOB B

pa3HbIX TUNAx MNOYB NP OAHOM M TOM XKe Ba-
PUaHTe yBNA*KHEHUA, YTO CBMAETENbCTBYET O
TOM, YTO ANA KaXKAO0ro TMNAa NOYB XapaKTepHO
onpeaeneHHoe KOAMYeCcTBO CNOPOBbIX MUKPO-
OpraHM3MosB.

YMCNEHHOCTb CNOPOBbIX MUKPOOPraHNU3MOB
B a/1I1t0BMANIbHOM noyse He ceA3aHa ¢ OBI. Ko-
3dPUUMEHT Koppenauum mexay 3TUMKU npu-
3HaKamn paseH -0.009, 4yTto cBMaeTenbcTByeT
06 OoTCyTCTBMM KaKon-nnbo 3asBmcumocTtu. Ana
4yepHO3eMa KOIPOUUMNEHT KOPPenauum mexay
3TMMM Npu3HaKamu coctasnaeT 0.81, yto mo-
YKeT roBOpPUTb O JOCTAaTOYHO BbICOKOM 3aBUCU-
MOCTH.

YMCcNneHHOCTb MMKPOCKOMUYECKUX rpubos,
onpepenaemana MoceBOM Ha cpeay Yaneka,
OKasanacb H6onee 4yBCTBMTE/IbHbIM MOKa3aTe-
NIem 3acToMHOro nepeysnaxHeHusa (puc. 4).
3aTtonneHne M nepeyBnAXHEHME NpuBenn K
YMEHbLUEHUIO YUC/IEHHOCTU MUKPOMULLETOB
B 40-70 pa3 No CpPaBHEHMUIO C ONTUMAJIbHOMN
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BNIAXKHOCTbO noyB. CTaTucTUYeckaa obpabort-
Ka pe3ynbTaToB NOATBEPAM/IA 3HAYMMble pas-
INYNA MeXAy BapuaHTaMM C 3aTOMIEHUEM U
6e3 Hero Kak Ana anntoBManbHOW AEPHOBOM
MouYBbl, TaK U A5 YePHO3EeMa BbILLLE/IOYEHHOTO.
NHTepecHo, YTO CTAaTUCTMYECKMU 3HaYMMa pas-
HULA MeXAYy YepHO3eMOM W an/toBUaIbHOM
NMOYBOM MO YMUC/IEHHOCTU MUKPOMMULIETOB MpWU
OMTMMANbHOM BNAXKHOCTU. BEpOATHO, AaHHbIN

noKasaTenb NPUroaeH ONA BblABAEHMA OTAU-
YU MeXAy TMNAamM NoYB.

KoadpuumneHT Koppensaunm mexagy OBl um
YMCNEHHOCTbIO  MMKPOCKOMMYeckux rpubos
(MMKpOoMMLLETOB) B BapMaHTax C YepPHO3EMOM
paseH 0.92, a B c/ayyae annoBMaAbHbIX NOYB
npubnukaetca K eanHunue u coctasnsaet 0.99,
4YTO MO3BO/NIAET FOBOPUTb O MPAMOWN, OYEHDb
CU/IbHOW 3aBUCMMOCTMU.
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Puc. 4. YncneHHOCTb MUKPOCKOMUYECKNX TpnboB Yepes 3.5 mecsua nocie Havyana NpoBeaeHUA MOAe/b-
Horo onbiTa: 1 — B a/1t0BMabHOM NoYBe, 2 — B YepHO3eme

Fig. 4. The number of microscopic fungi 3.5 months after the start of the modeling experiment: 1 —in
alluvial soil, 2 —in black soil

O6bcyxpeHue

MpoBeaeHHble WUCCNeAOBaHUA MOKa3bliBa-
tOT, YTO B a/I/IOBMANbHbBIX U YEPHO3EMHbIX NO-
yBax Pecnyb6aunKkn TaTapcTaH YyBCTBUTENbHOCTb
MWKPOBNONOTMYECKNX MNOKasaTenem K 3aTo-
NAEHUIO U NPOLECCaM OFNeeHUs MOXKHO pac-
NOJIOKUTb B Cneayrowmn psag no ybbiBaHuUo:
MWKPOMULETbI > aKTUHOMULETbI > aMUN0NN-
TUYECKME > aMMOHUPUKATOPbl > CMOPOBbLIE.
Mony4yeHHbIN pag B Lenom 61U30K K pesysb-
Tatam KaHpgawoson (2015, 2016), oTmeyaBLien
MaKCUMaNbHYI YYBCTBUTENbHOCTb MUKPOMMU-
ueTtoB. MNMonyyeHHble HaMK pe3ynbTaTbl Corna-
CYIOTCA C AaHHbIMM APYrMX uccieaoBaTenei
(Churkina et al., 2012; Gadd, 2007), koTopble
noaYepKnBaun, YTo MUKPOCKOMUYECKME rpubbI
— 3TO Hanbonee TpeboBaTeNbHbIE K KUCIOPOAY
canpoduTbl U HAMBONbLLYIO PO/b B SKOCUCTEME
UrpatoT B a3pOobHbIX ycnoBMAX. AHA3POO6HbIe
YC/I0BUA, BO3HUKAIOLLME NPU 3aTONNEHUN, ANA

MUWUKPOMMULETOB KpaiHe HebnaronpusaTHbI U Be-
OYT K NOSABNEHMUIO UX YNCNIEHHOCTM.
CnopoBble  MMKPOOPraHM3Mbl OKa3aanCb
Hanbonee yCTOMUYMBbI K YC/IOBMAM 3aTOMNEHUA.
MX 4yMcneHHOCTb AOCTOBEPHO HEe U3MeHANacb
OT YC/NI0BWUI yBNAXKHEHUA. BmecTe ¢ Tem Heob-
XO4MMO OTMETUTb, YTO A0NA CNOPOBbLIX MUKPO-
OpraHM3MoB OT 06Ler YNCNEHHOCTU MUKPOB-
HOro coobuwecTsa Npu 3aTonaeHMn Bo3pacTa-
€T, YTo 0ObI4HO HabNtoAaeTCA NPU YXYALWEHUN
ycnoBuii xu3Hu B nouse (Hristeva et al., 2015).
YUCneHHOCTb aMMOHMPUKATOPOB Yepes
3.5 mecaua 3aTtonaeHua He BO3pOoCaa, YTO He-
CKOJIbKO pacxogmTca ¢ AaHHbIMKM KaHaawoBow,
KOTOpaA OTMe4asia yBe/IMYeHUe YUCAEHHOCTU
aMMoHuPUuKaTopos Ha 100-1 aeHb onbiTa Npu
3aTONNEHUM MO CPABHEHWUID C BAPMAHTOM C
BNaXKHOCTbO noysbl 60 % (KaHpawosa, 2016;
Kanpgawosa u ap., 2015). Mo-suanmomy, 310
CBAAI3aHO C TeM, YTO B OMbITE UCMNO/Ab30BaA/INCH
pa3Hble MNoYBbl. BO3MOXHO TaKXe sBAeHUE,
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OTMEYEeHHOe APYrMMU uUccnenoBaTenimm, mus-
Y4YaBLIMMK 3aTOMNAAEMbIe MOYBbI: M3-33 UCTO-
WweHmA NabunbHOro OpraHMYecKoro BeLLecTsa
MMWKPOBOHAA aKTUBHOCTb CHUMXKAETCA NPUMEPHO
yepes yeTblpe mecaua (Sjogaard et al., 2018).
B Hawem cnyyae YMCNEHHOCTb aMMOHUPUKa-
TOPOB He NoKasana ceba APKMM MHAMKATOPOM
nepeyBna*KHeHWs NOYB.

MHTepecHo, uTOo pobaBneHne caxaposbl
NPUBENO K YMEHbLEHWUIO YMCNEHHOCTU aMU-
NONINTUYECKUX MWMKPOOPTraHU3MOB NpWU 3aTo-
NAIEHUU, HO K YBENIMYEHUIO MPU ONTUMAJIbHOMN
BNAXKHOCTU. [penonoXunTenbHo, 3TO CBA3AHO
c 6bonee 3HaAUMTENBHBIM CMELLEHMEM B CTOPO-
Hy OTPWLATE/NbHbIX 3HAYEHUN OKUCIUTENbHO-
BOCCTAaHOBUTENbHOIO NOTEHLMANA NOYB UMEH-
HO MNpPW BHECEHMW Caxapo3bl B MNepeyBaaK-
HeHHY0 noyBy. BHeceHne caxapo3bl B YepHO-
3eMHYI0 MOYBY NPU ONTUMAJIbHOM BNAXKHOCTU
yepes 3.5 mecAua NpmMBeENo K 3HaYUTENIbHOMY
(B ABa C AUWHUM pa3a) yBENYEHUIO YUC/IEH-
HOCTU aMUNONTUYECKUX MUKPOOPraHM3MOB.
Mo-BuAMOMY, NPUYNHA B UISMEHEHUW COOTHO-
weHua C:N npu BHeceHMn caxapo3bl. MHorne
nccnefoBaTeNI OTMEYAIOT, YTO CMeLLeHne Cco-
oTHoweHuA C:N 3a cyeT BHECEHUA KaKoro-nnbo
KOMMOHEHTa B MOYBY NPMUBOAUT K U3IMEHEHMUIO

HaNpPaBAEHHOCTU MNPOLECCOB OT MUHepanu-
3aunmM K ummobunmsauymm asota (Singh et al.,
2010; Van Zwieten et al., 2010; Hagemann et
al., 2016; Wang et al., 2011). O6bl4HO OTMeYa-
eTCA, YTO aMMOHUPUKATOPblI MHTEHCUBHO pa-
6oTatoT npu cooTHoweHun C:N go 20-25. Ecaum
COOTHOLWEeHMe bonee LWMPOKOE, HayMHaeTcs
WHTEHCUMBHAsA MMMOOMAM3ALMA a30Ta aMWUO-
NINTUYECKMMU MUKPOOPraHU3MaMm, 4TO 1 NpPo-
M30WN0 B A@aHHOM C/y4ae.

3aBMCMMOCTb MEXAY YNCNEHHOCTbIO MUKPO-
OpraHM3mMoB, NOTPebAAWMX MUHEPANbHbIN
asoT, 1 OBl no4yB oKa3anacb Aaxke bonee Tec-
HOM, YeM MeXAY YUCNEHHOCTbO aMMOHUPU-
KatopoB un OBI. KoadpoduumeHT Koppenaymm
AN anntoBManbHOM noysbl coctasun 0.87, ana
yepHozema — 0.92 (npu p < 0.05).

KoappuumeHt muHepanusaumm/mmmobu-
nmnsauum, no MuwycTuHy, npeacTaBaeH B Tabn.
1. Mpoueccbl MUHEpPaANM3aUUM U UMMOBUNK-
3aUMMN Haxo4ATCA B PAaBHOBECUM B YEPHO3EME,
MHKYOBMpPYyeMoOM npu ONTUMaNbHOM BAXKHO-
CcTW. B 3TOoM BapuaHTe KoadpumumeHT Hanbonee
61130K K egnHmue. NonyyeHHbIN pe3ynbTaT co-
rNacyeTca c AMTepaTypHbIMKU AaHHbIMUK (Mpuaa-
cosa u gp., 2015).

Tabnuua 1. KoadpduumeHT muHepanmnsaumm/mmmodbunmnsaumm (no MuwyctuHy)

OnTumanbHas
Koaddpuument 3atonneHue + OnTnmanbHas
3aTonneHue BNAXKHOCTb +
MUHepannsaumm caxaposa BNAXKHOCTb
caxaposa
NA anNtoBUANBHOM
A 0.54 0.22 0.78 0.82
nouyBbl
Ona yepHosema 0.42 0.65 0.95 2.47
Mpu 3HayeHuUn KosdPMUMEHTA, PaBHOM WMMEETCA CBOA JIOTMKA, U 06a MMEIOT NPaBo Ha

eaUHULE WU OKONO eANHULI, Pa3HOUYTEHUI B
ero MHTepnpeTauuun y pasHbiX aBTOPOB HET, B
OT/IM4ME OT APYrMX BapMaHTOB.

[eno B Tom, 4To B YacTn paboT Koappuum-
€HT MeHblUe eANHULLbI CYUTAETCA NOKa3aTenem
npeobiafaHmMA NpPoOLECcCOB MWHEepPanm3aLmm,
b6onbwe epguHULbl — MMMOOUAM3AUMM a30-
Ta (Muwyctnn, 1956; KoHuesana u ap., 2018).
B apyrmux paboTtax 3HaveHus KoadpduumeHTa
TPAKTYIOTCA NPOTMBOMNO/IOXKHbIM 06pasom (Ky-
ToBaa u ap., 2018; Churkina et al., 2012).

Mpoueccol, NpoTeKatoLWwue B NOYBE, ropasao
6onee CNOXKHbI, MOTYT YepenoBaTbCA BO Bpe-
MEHMW, YMEHbLUEHMNE WU YBENNYEHNE YNCIEH-
HOCTM Fpynn MMUKPOOPraHM3MOB MOXKeT ObITb
BbI3BAHO pPa3HbIMU NpUYNHAMK. [No-Bugmumomy,
M B TOM, U B PYrOM BapuaHTe MHTepnpeTaLmm

CyLLEeCTBOBAHME.

[JobaBneHune caxapo3bl B YEPHO3EM C ONTU-
Ma/sIbHOM BANAXXHOCTbIO MPUBENIO K PE3KOMY
YyBENUYEHUIO KOIPDULMEHTA MUHEPATN3ALMN.
Taknum obpa3om, ecim paccmaTpuBaTh NepBbIn
BapMaHT MHTepnpeTaumn, B AaHHOM NoYBe Ye-
pes 3.5 mecAaua MHKybauum npeobnagatoTt npo-
Leccbl UMMOBUAN3aLMN. B 3TOM ciydae MOXKHO
NPUMEHUTb NEePBbIA BAPUAHT UHTEPNPETALUN.

B BapuaHTax ¢ 3aTtonneHnem KosadpuumeHt
MUHEepanm3aummn noay4ynmnca MeHbllue eanHU-
Ubl. B naHHOM cnyyae AaTb OAHO3HAYHYHO UH-
TepnpeTtauunto nNo KoapoduumeHty MuwyctnHa
He NpeACcTaBiAETCA BO3MOXKHbIM. B nepeysnax-
HEHHbIX MOYBAax HU3KOe CoAep)KaHUe MUKPO-
OpraHM3mMmoB, NOTPebAAlWMUX MUHEPANbHbIN
a3oT, a CneaoBaTeNbHO, U AOCTYNHOrO MUHe-
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panbHOro as3ota. BepoaTHo, oH Bbin NoTepsAH B
pe3ynbraTte NpoLEeccoB, KOTOPble Pa3BUBAOTCA
npu 3atonneHun nous (Singandhupe, Rajput,
1989; Sjogaard et al.,, 2018). MoryT 6bITb U
apyrme npuunHbl. MHTepnpeTtauma Bbi3blBaeT
3aTpyAHeHmA.

HanpawwuBaeTtca BbiBOA4, YTO B A3HHOM
cnyvyae KoadPMUMEHT MUHepanusauum  He
CTOMT WCMO/Ib30BaTb A1 OLEHKU 3KOJIOro-
H6MONOrMYECKOrO COCTOAHMA KaK M3-3a CI0XKHO-
CTW MHTepnpeTauuu, Tak 1M u3-3a aybnmposa-
HWA B3aMMOCBSAI3aHHbIX NOKa3aTenen (4Yncnen-
HOCTb aMMOHUPUKATOPOB U aMUJIONIUTUYECKNX
MWKPOOPraHU3MOB).

[Janee bbina npegnpuHATa NONbITKA Paccym-
TaTb ABa BapuMaHTa MHTErpasbHOro 3KOA0ro-

H6MONOrMYECKOrO MOKa3aTeNAa: Ha OCHOBE BCEX
NATM ONpeAeNeHHbIX MWUKPOOBMONOTNYECKUX
napameTpoB U TO/IbKO Tpex Hanbonee 4yBCTBU-
TeNbHbIX.

Ha nepBom 3Tane pacyeta Heobxogumo
KaKoe-To 3HayeHue napameTpa npmHATb 3a 100
%. B KauecTBe Takoro 6bia1 BbIOPAH BapUaAHT C
ONTUMANbHON BNAXXHOCTblO 6e3 JobasneHus
Caxapos3bl, MNOCKO/IbKY OH Ho/lee BCero cCooTBeT-
CTBOBaN KpUTEPUAM KOHTpona. [pyrve 3Haye-
HWA 3TOro MOKa3aTena BblPaXKaUCb B NPOLEH-
Tax K Hemy. 3aTeM paccyMTbiBasoCh cpegHee
apudmeTryeckoe BbibpaHHbIX MOKa3aTenen.

B Tabn. 2 npeactaBaeHbl pesyabTaThl pacye-
TOB.

Tabnuua 2. NIHTerpanbHbI 3KoI0ro-6Monormyeckmnin nokasartenb (MMNIBC), paccynTaHHbIN MO NATU U NO
TpeM MUKPOBMONOrMYECKMM NapamMmeTpam

3atonneHue + OnTumanbHas OnmumanbHas
NMN36C 3aTtonneHune BNIAXHOCTb +
caxapo3sa BJIAXKHOCTb
caxapo3sa
YepHo3eM BblLW,EeN0YEHHbI
Mo 5 napameTpam 49.8 38.1 100.0 192.7
Mo 3 napameTpam 26.8 24.0 100.0 216.3
AnntoBuanbHaa aepHoBasA
Mo 5 napameTtpam 35.4 53.6 100.0 144.3
Mo 3 napameTpam 20.4 19.6 100.0 143.1

B 060mx cnyyasx npu 3atonaeHnun Habnwoga-
eTca CHuXeHue 3HavyeHnit MMNIBC no cpasHe-
HWIO C KOHTpOneMm, a npu aobasBaeHnn caxapo-
3bl MPU ONTUMAJIbHOM BAAXKHOCTU — MOBbILWeE-
Hue. OgHaAKO NpU UCMONBb30BaHUM B pacyeTax
TO/IbKO CaMbIX YyBCTBUTE/NIbHbIX MUKPOOMONO-
rMYEeCKMX NapameTpoB KO3IPOULMEHT Koppens-
umn mexagy OBIM nouysbl 1 UMIBC 6bin Bbilwe,
4yem Npu UCNOSIb30BAHNM BCEX UCCEA0BAHHbIX
nAaTK napameTpos (cooTBeTcTBeHHO 0.96 1 0.95
AnAa annoBmanbHo noysbl U 0.96 n 0.92 ana
yepHo3ema).

3aKnoueHue

MpoBefeHHble UCCNeAOBaHMA MNOKasanu,
4yTo Hambonee 4yBCTBUTENbHLIMM K 3aTonje-
HUIO MWKPOOPraHM3Mamm ABAAIOTCA MUKPO-
cKonmyeckme rpubbl, YMCNEHHOCTb KOTOpPbIX
ymeHbliaetca 8 40—-70 pas. MNMocae 3.5 mecaua
3aTON/IEHNA O0CTOBEPHO CHUMKAETCA YUC/NEH-
HOCTb aKTUHOMMLLETOB M B LLE/IOM aMUNONUTU-

YECKMX MUKPOOPraHM3MOB B a//IlOBUA/bHbIX
[lepPHOBbIX MOYBAaX M YEPHO3EME BblILLE/OYEH-
HOM. YMCNEHHOCTb aMMOHUPUKATOPOB Npu
3aTOM/IEHMM TaKKe YMeHblUMNacb, XOTA 3TO
YMEHbLUEHME CTaTUCTMYECKM 3HAYUMO TO/b-
KO ANA anatoBMaNbHOM MOYBbI. YMCNEHHOCTb
CNOPOBbIX MUKPOOPTraHU3MOB AOCTOBEPHO He
M3MEHWNACb B pe3ynbTaTe 3aTonsieHus. Yuc-
NEHHOCTb BCEX MPYNM MUKPOOPraHU3MOB, Kpo-
M€ CMOpPOBbIX, KOPPENNPYET C OKUCAUTENBHO-
BOCCTAaHOBMUTE/IbHbIM  MOTEHLMANIOM  MOYBbI.
Taknm 06pasom, K MHANKATOPHbIM MUKPOBUO-
NOTMYECKMM MOKasaTeNsm cpegu W3yyYeHHbIX
MOXHO OTHECTU YMUCEHHOCTb MUKPOMMULIETOB,
aKTUHOMMLIETOB M aMUNONUTUYECKUX MUKPO-
opraHusmoB. [pu pacyeTe UHTErpanbHOro
3K0/10ro-61MoN0rMyYecKkoro nokasaTtena A1a Bbl-
AB/IEHUA OT/IMUYNI NepeyBAaXKHEHHbIX NOYB pe-
KOMEHAYITCA MMEHHO 3T MUKpobuonormye-
CKMe NnokKasaTesu.
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Summary: Integrated ecological and biological indicator provides wide possibili-
ties for assessment of anthropogenic impact on soils and bio-monitoring. Each
type of anthropogenic impact is characterized by changes in certain sets of bio-
logical soil parameters. To calculate the integrated indicator, one should select
the parameters that change statistically significantly under the influence of a
particular adverse factor. The article presents the results of work on the iden-
tification of microbiological parameters most sensitive to water logging in soil.
The research was performed using samples of leached chernozem and alluvial
sod soils which were 3.5 months in controlled conditions of the model experi-
ment on the effect of water logging on soils. Soil samples were kept in plastic
containers in conditions of water logging, at optimal moisture content, with and
without addition of sucrose solution. At the end of the experiment, the popu-
lation of five ecological trophic groups of microorganisms was determined by
seeding on solid nutrient media. The determination was carried out in triplicate.
The statistical significance of the difference in the population of microorganism
groups between flooded soils and soils with optimal humidity was determined.
It was shown that water logging led to a reduction in population of the most
studied microorganisms. It was established that according to their sensitivity
to water logging and the processes of gleization, the microorganisms can be
arranged in the following series in descending order: microscopic fungi, actino-
mycetes, amylolyticus, ammonifiers, and spores. The spore microorganisms are
most resistant to water logging. Statistical analysis did not reveal a relationship
between their population in alluvial soils and ox-redox potential. It was shown
that the integrated indicator calculated taking into account the population of
only the three most sensitive groups of microorganisms has a higher correlation
coefficient with the soil ox-redox potential than that calculated taking into ac-
count all five groups.
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AHHOTaumA: Ha Konbckom nonyoctpose Hambosiee pacnpocTpaHeHbI
TopdsaHble 6on0THbIE NoYBbI N Al-Fe-rymycoBbie nogzosnbl (no knaccmou-
Kaumn WRB cootsetctBeHHO Cryic Ombric Fibric Histosols v Folic/Histic
Albic Podzols), ogHaKo cpaBHEHUA YPOBHA UX 3arpA3HEeHUA TAXKeNbIMK
meTannamm (TM) HuMKorga He nposogunock. Llenb AaHHON paboTbl —
CpaBHUTE/NbHbIV aHaNN3 YPOBHSA 3arpasHeHusa TM BepXHUX FOPU3OHTOB
Top®sAHbIX 600THBIX No4YB U Al-Fe-rymycoBbix Nog30/0B B 30HE BO3-
OEeNcTBuA MeaHO-HUKeneBoro KombuHata. NoyseHHoe onpoboBaHue
nposeaeHo B 37 6/IM3KO PACMONOMKEHHbIX MECTOOOUTAHUAX (IECHbIX U
00NIOTHbIX) ANA KaXKA0ro TMNa NoYB, HaXoAsALWMXCA B 30HE BO34ENCTBUSA
aTMocdepHbIX BbibpocoB KombuHata «CesepoHuKenb» (MypmaHcKas
065.). Banosoe coaepxaHue Ni n Cu B npobax nous onpeneneHo MeTo-
AO0M aTOMHO-abcopOUMOHHOM CMEKTPOMETPUM NOC/E UX PACTBOPEHMSA
B CMeCU KOHUeHTpupoBaHHbIX Kncnot HNO3 n HCI. Ctatuctmnyeckas ob-
paboTKa pe3ynbTaToB aHaNM3a NOYB NPoOBeAeHa B NakeTe Statistica 12 ¢
MCNOMb30BaHMEM HeMapameTpuyeckux Kputepmes Kpackena — Yonnu-
ca, MaHHa — YUTHU 1 BUnKoKcoHa. YcTaHOBAEHO, YTo 06a TMna uccne-
AyeMblX MOYB 3HAYMMO HE Pas3/INYaloTCA MO BaIOBOMY coaeprKaHutio TM
B BEPXHWX FOPU3OHTAX NMOYBEHHOro Npoduaa. YpoBeHb 3arpasHeHus
CpaBHMBAEMbIX MOYB ONpeaenaeTcs PacCTOSHNEM OT UCTOYHMKA 3arpss-
HeHUs, po3on nNpeobiagatowmnx BETPOB 1 oporpadueinn mectHoctu. Co-
AeprkaHue Ni npakTUyecKkm Bo Bcex obpasLax Novs NpesblllaeT KOHLUEH-
Tpauuto Cu, 4To 06YyCNOBNEHO MpeBbIWEHNEM 06BbEeMOB aTMOChHEPHbIX
BbIOPOCOB TEXHOreHHbIX coegmMHeHnin Ni No cpaBHEHUIO C COAEPKAHM-
eM B HUX coeanHeHnn Cu. PUTOTOKCMYHOCTb 060OMX TMNOB UCCaeaye-
MbIX MOYB BapbMpPYyeT B LWMPOKUX Npesenax: OT ee NOAHOro OTCYTCTBUA
[0 BbICOKOM M 04YeHb BbICOKOM cTeneHu. MNpu ogMHaKOBOM ypOBHE 3a-
rpAsHeHna noys TM 6010THble MecToobuUTaHMA Bonee 6aarononyYHbl
BCNeACTBUE NydLleit obecneyeHHOCTM BAAron 60N0THbIX NOYB.

© MeTp0o3aBOACKMI FOCYAAPCTBEHHbIN YHUBEPCUTET
NoanucaHa K nevatun: 19 gekabpa 2019 roga
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BsegeHue

B HacToAwee Bpema B 30He BO34ENCTBUA
npeanpuATUA LBETHOM MeTannyprim Habawoaa-
OTCA HapylweHna B GYHKUMOHMPOBAHUM BUO-
reoueHO0308 BM/IOTb 40 NOMHOW UX Aerpagaumm
¢ GOpPMUPOBAHMEM TEXHOIEHHbIX MyCcTOLWEMN
(Bnnanume..., 1990; JlyknuHa, HukoHos, 1996;
Barcan, 2002a; Kozlov, Zvereva, 2007; AuHa-
MWKa..., 2009; KawynuHa u gp., 2018). Ipoau-
POBaHHbIE MOYBbl YaCTO UMEIOT MOBbIEHHYIO
KMCNOTHOCTb, 06eHEeHbl 31eMeHTaMM NUTaHMUA
N 3arpssHeHbl pasnnyHbimm TM (BausHue...,
1990; AnHamuKa..., 2009; EBgoknumosa u ap.,
2011; KawynuHa n ap., 2016; Jlaurysosa v ap.,
2016; Barcan, 2002b; Kozlov et al., 2009).

Ha paBHWHHOM TeppuTopum KonbCKOro
nonyoctposa npeobnagatdT  HU3KOMNPOAYK-
TUBHbIE JINLIAMHUKOBbIE U KYCTapPHUYKOBO-
3e/IeHOMOLUHbIE €/10Bble U COCHOBbIE JiIeca Ha
Al-Fe-rymycoBbix nopgsonax, a Takxke 6Honota
nnun 3aboN0YEHHbIE TEPPUTOPUN, ONA KOTOPbIX
XapaKTepHbl No4Bbl 60s10THOroO TMNa (Mepesep-
3eB, 2006; JlykuHa u gp., 2010; HaumoHanb-
Hbil...,, 2011). Ans 6uoreoueHo3oB ocoboe
3HaYeHMe WMeeT OpraHoreHHbl (gna noa-
3010B) uan TopdaHon (ana 60NOTHLIX MoYB)
FTOPU30HT, KOTOPbIN B 3HAYUTENbHOM CTEMEHMU
onpeaenaeTr XMMMUYEeCKMe CBOMCTBA, BOAHbIN U
TENN0BOM PEXUM BEPXHETO KOPHEOOMTAEMOrO
CNoA No4s, ABNAETCA 06/1aCTblO KOHLEHTPALLUK
COCYyLLMX KOpHEeWN, baHKa cemsaH, cpenon obu-
TaHuA abcontoTHOro 6oNbWMHCTBA BUAOB rPU-
60B, MMKPOOPraHNM3MoB M 6eCNO3BOHOYHbIX U
OKa3blBaAET CyLLeCTBEHHOE B/IMAHME HA OpraHu-
3auMto U PYHKUMOHMPOBAHME NECHOro GpuTo-
LeHo3a. B cBA3M ¢ 3TMM NpeacTaBnAeT UHTepec
CPaBHUTENbHbIN aHaNM3 YPOBHA 3arpA3HeHUs
OpraHOreHHbIX ropusoHToB Al—Fe-rymycoBsbix
noA30/10B M 6ONOTHbLIX TOPPAHDLIX NOYB, HA KO-
TOPbIX NPOMU3PACTAOT XBOWHbIE Neca.

Lenb pabotbl — BbIABUTL 0bOLME 3aKOHO-
MEPHOCTM N 0COBEHHOCTM 3arpA3HEHUA BEPX-
HUX ropmn3oHTOoB Al—-Fe-rymycoBbix Nog30108 U
TopdaHbIX 60N0THbIX NOYB B 6AM3KO pacnono-
YKEHHbIX NIeCHbIX U 6OIOTHbIX MecTo0bUTaHMAX
B 30He BO34eNCcTBMA aTMoCchepHbIX BbIBpocoB
KombuHaTta «CeBepoHukenb» (MypmaHckan
ob6n.).

MaTtepuanbl

NTannaHACcKMn rocyfapcTBEHHbIN NPUPOA-
HbI BUocdepHbIi 3aNoBEeAHUK M ero OXpaHHasn
30Ha, Ha TeppuTOpPUM KOTOpbIX BbiNK NpoBeae-
Hbl UCCIeA0BAHUA, PACNONONKEHbI B LEHTPab-
HOM YacTn KonbCKoro nosyoctpoBa B ceBepo-
TaeXXHOW NIeCHOWM 30He, rae PacnpoCTPaHeHbI

Al-Fe-rymycoBble noasonbl n 60n0THbIE MO-
4yBbl. BcA mnccnegyemaa Tepputopusa nopsep-
raeTca BO34enCTBUIO aTMOCcdepPHbIX BbIBpoCOB
KombuHata «CeBepoOHUKeNb», OCHOBHbIMMU
WNHTpegMeHTaMM KOTOPbIX ABAAKTCA ANOKCUA,
cepbl M NOIMMETaANINYECKas MblAb, rae npeob-
NagatoT cynbduabl U OKCUMAbI METaN/N0B, a TaK-
e metannunyeckume Ni n Cu (Barcan, 20023, b).
OnMHamnKa o6bemoB aTmocdepHbIX BbIOpPOCOB
TM npepctasneHa Ha puc. 1.

Ona nouBeHHoro onpoboBaHua nogdbupanm
Mo BO3MOXHOCTM B/IM3KO pacnonoXKeHHbIe nec-
Hble M 60N0THbIE MecTOOBUTAHNA COOTBETCTEH-
HO € noa30namu U 60N10THbIMM TOPGAHBIMK NO-
yBamu (puc. 2, Tabn. 1). B pesynbrate aspoTex-
HOreHHOro 3arpA3HeHMA B paguyce NPUMepHO
5 KM oT KombuHaTa «CeBepoHUKenb» chopmm-
poBasacb TEXHOTEeHHaA MyCTOWb CO CMbITbIM
BEPXHMM OPraHOreHHbIM FOPU3OHTOM MOYBbI,
nosTomy Haubonee 61M3KO PaACNONOMKEHHbIN
MYHKT no4yBeHHoro onpobosaHua Ne 24 Haxo-
AWUNCA MNLWb B 6.5 KM OT KOMbKHaTa.

MeToabl

B Kaxgom nyHKTe npobbl OpraHOreHHoro
ropusoHTta Al-Fe-rymycoBbix Noa30/108 U BEpX-
Hero (0—5 cm) ropr3oHTa 60N10THbLIX TOPPAHbLIX
no4ys OTOMpPanM U3 Tpex TOYEK, PACNONOXKEH-
HbIX NO TPEYrosbHMKY co cTopoHoi 50—100 m,
3aTemM MHAMBUAYANbHblEe NPO6bl 06BEANHANN B
Oo4HY cpesHtoto Npoby.

HaBeckn nouyBeHHbIx Npob HarpeBanu B
LLAapCKOM BOAKE (CMeCUM KOHLEHTPUPOBAHHbIX
kucnot HNO, u HCI). CogepxaHue meTtan-
NnoB B OTOMABLTPOBAHHOM pacTBOpe onpeje-
NANM aTOMHO-abcopObUMOHHBIM METoA0M Ha
cnektpodpotomeTtpe AAS-36. OTHOCMTENbHAsA
OWMOKa onpeaeneHua Kaxkaoro meTanna He
npesbiwana 10-15 %, norpewHoCcTb onpege-
NIEHUI COOTBETCTBYET HOPMaM MOrPeLHOCTH
npu onpeaeneHMmn XMMMYECKOro coctaBa Mu-
HepaabHOro cbipba No Il KaTeropmn TOYHOCTH
(OCT 41-08-212-04). KoHTponb NpaBuUIbHOCTH
N TOYHOCTM Pe3yNbTaTOB aHa/IM3a OCYLLECTB/EH
B cooTtBeTcTBUM ¢ OCT 41-08-214-04 n OCT 41-
08-265-04.

Cratuctmyeckyto 0bpaboTky pes3ynbTaTos
AHAaNN30B NPOBOAUAM C MOMOLLbIO MAKETOB
Excel n Statistica. MpoBeaeHHan NnpoBepKa pac-
npegeneHnmn cogepaHma TM B noyBax Ha co-
OTBETCTBME HOPMaAZbHOMY pacnpeaeneHuto
NMoKasasna 3HayMmoe HeCOOTBETCTBME 3ITOMY
3aKOHY, NO3TOMY A/1A OLLEHKM 3HAYMMOCTM pas-
NINYMA MPUMEHANN HenapaMeTpuyeckue Kpu-
Tepun Kpackena — Yonnuca, MaHHa — YUTHU 1
BunkokcoHa.
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Puc. 1. InHamuKka o6bemos aTmocdepHbix Bbibpocos Ni 1 Cu KombuHaTta «CeBepoHMKeNb» 3a Nepuog, ¢
1990 no 2016 r. (No oduLManbHbIM 0Ny6AMKOBaHHbIM gaHHbIM). I — Ni, 2 — Cu
Fig. 1. Dynamics of atmospheric emissions of Ni and Cu of the Severonickel plant from 1990 to 2016
(according to official published data). 1 —Ni, 2—Cu
Pe3ynbTatbl Ni n Cu xapaKTepmu3yrTCA NOYBblI MYHKTOB OT-

CpegHune 3HayeHWs BaNOBOrO COAEPIKa-
HUA TM B BEPXHUX FOPMU30HTax BONOTHbIX NOYB
n nop3onos coctasnatoT: Ni — 402 + 84 n 387
+ 85; Cu— 247 + 57 n 226 + 56 mr/Kr cooTseT-
CTBEHHO, 4To B 10—40 (Ni) n 6-25 (Cu) pa3 npe-
BOCXOAMUT pernoHasibHble GOHOBbLIE BENMUYMNHDI.
CornacHo Kputepmto MaHHa — YntHu, oba tvna
MOYB 3HAYMMO He Pa3IMYaLOTCA HM MO BAIOBO-
My coaeprkanuto Ni (z =-0.24, p = 0.81), HM no
BanoBomy cogepaHuto Cu (z =0.39, p = 0.69).
MHTepBanbl BapbMpoBaHUA cogepkaHmna TM B
CpPaBHMBAEMbIX TUMAX NOYB TaKKe 6AM3KK, ans
6onotHbIX nous: Ni — 40-2540, Cu — 14-1770,
ana nogsonos: Ni—20-2500, Cu—12-1635 mr/
Kr (cm. Tabn. 1). HuxKHUM npeagen BapbupoBa-
HUA cogepaHua TM B 060Mx TMNAx noys 6au-
30K K pervoHasibHbiM (GOHOBbIM 3HaYeHUsM
(10-40 mr/kr). MpeBbiWeHNE MaKCUMabHbIX
3HayeHun cogepxanua Ni u Cu Hag MUHK-
Ma/ibHbIMM COCTaBAANO B BONOTHbIX NoYBax 64
n 126 pas, B nogsonax — 125 n 136 pas coor-
BETCTBEHHO. HaMMeHbLWMMM KOHLUEHTPALMAMM

6opa npob Ne 8, 17-19, 33-36, Hanbonee yaa-
JIEHHbIX OT KOMbuHata nmMbo 3aKpaHMpyemblx
COMKaMM OT UCTOYHMKA aTMOChepHbIX BbIbpoO-
COB 3arpAsHAOWMX BelwecTs (cm. Tabn. 1, puc.
2). MaKcmanbHble 3HauyeHus cogepkaHma TM
OTMeuYeHbl B NyHKTax otbopa npo6 Ne 10 u 29,
yAQNeHHbIX B FOXXHOM HanpasaeHUU NpUMepHO
Ha oaAuHaKoBoe paccTtoaHue (15 Km) oT Kombu-
HaTa.

Kak BngHo 13 puc. 3, oTHOWEHNE KOHLEH-
Tpauui Ni namn Cu B 60N10THbIX NOYBAX K UX CO-
OTBETCTBYIOLWEMY COAEP)KAHUIO B MN0OA301aX
MOMKeT bbITb Kak meHblwe 1, Tak n 6onblie 1,
M BapbupyeT B AOCTAaTOYHO LWMPOKOM UHTEPBA-
ne ot 0.3 go 5.0 pas, npu 3TOM MUHMMANbHbIE
M MaKCMMasibHble pa3nmMuuAa HabnwopatoTca B
pa3HbIX NyHKTax oTbopa nNpob. Tak, Hanpumep,
MWHMManbHble pa3nnums (0.3 pasa) B oTHOLWe-
HUK copeprkaHuA Ni B 60NI0THbIX NOYBAX K €ro
KOHUEHTpaLuum B No430/1aX OTMeYEHbI B MyHKTe
oTbopa npob Ne 6, ana Cu — B N2 34, a maKcu-
MmanbHble (4.8-5.0) — B nyHKTax oTbopa npob No
8 1 32 cooTtBeTcTBeHHO. ConocTaBneHne AaH-
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Puc. 2. KapTa-cxema TeppuUTOpUM NOYBEHHOIO ONPOBOBaHMA: KPY>KKU — BONOTHbIE TOPdAHbBIE NOYBbI; TPey-
FONbHMKU — NOA30/bl

Fig. 2. Map-scheme of soil testing territory: circles — peat bog soils; triangles — podzols

HbIX Tabn. 1 n puc. 2 nokasano, 4to B 46 % oT
obuwero yncna npob sanosoe coaepkarHune NiB
6010THbIX NOYBax 60bLIE NN MEHbLLE TAaKOBO-
ro B OpraHOreHHOM ropuM3oHTe NoA30/10B, OAM-
HAaKOBOE coAeprKaHMe 3Toro meTanna B obonx
TMMax No4B HabawogaeTca Anwb B 8 % cnyyaes.
B 6010THbIX NOYBax BasoBoe cozepKaHue Cu
B 55 % cnyyaeB 60nblue NO CPAaBHEHMUIO C 3TOM
BE/IMYMHOMN B nog3onax, B 27 % cnyyaes 3710
COOTHOLEHME MMeeT 0BPaTHY BEANYUHY, U
B 12 % cny4vaes cogepkaHne Cu 04MHAKOBO B
CpaBHMBaembIx noysax. Chegyet OTMETUTb, YTO
B OO/IbLUMHCTBE C/ly4aeB COOTHOLUEHWE Basno-
BbIX KOHLEHTpaumin TM B no4yBax M3MeHAETCA

CUHXPOHHO, T. e. ecnu cogepkaHune Ni 6onblie
B 60N0THbIX NOYBaX, TO U coaepkaHue Cu Tak-
e H6onblue No CPaBHEHMUIO C 3TUMM BEIMYUHA-
MW B OPraHOreHHOM FOPU30HTE NOA30108B (CM.
Tabn. 1).

CpaBHUTeNbHbIN aHanu3 oTHoweHusa Ni/Cu
B 6ONOTHbLIX MOYBaxX M MOA30/1aX MOKAa3ana, YTo
NPaKTUYECKM BO BCeEX CAy4vasx B obomx Tmnax
No4yB 3TO OTHOWweHue b6onbwe 1, AMwb B 5 %
npo6 nop3onos n 12 % npob 6010THLIX NOYB
3TO OTHOoWweHue meHblwe 1. UHTepBan Bapbu-
poBaHus oTHoweHuMaA Ni/Cu 4OCTaTOUYHO WNPOK
n coctasnfet B8 60n0THbIX noysax 0.5-3.4, B
nogzonax — 0.6—6.4 pasa. Kputepuin Bunkok-
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Tabnnua 1. XapaKkTepucTuka NyHKTOB 0T60pa NOYBEHHbIX MPO6 M BaNIOBOE COAEPKAHME TAMXKENbIX MeTa-

N10B B BepXHeEM OpraHoreHHOM ropn3oHTe no4s

Ne

leorpaduyeckue

nyH- KOOpAMHaTbl NYHKTa Paccron- COp'?V‘pr)/K:rHMe'
KTa MecTononoxeHune Tvun oTbopa npob** Hue oT
oT- nyHKTa oTbopa npob nousbl™* KoMbu-
bopa HaTa, KM :
Npo6 C. . B. 4. Ni Cu
1 67.650 32.650 33.2 340 323
1 YyHo3epcKkana ycaabba
2 67.653 32.639 33.0 120 188
, Yetbe p. HusHAs YyHa 1 67.628 32.733 34.8 275 94
(621113 KypT-Bapehu) 2 67.628 32.733 34.8 130 70
3 Beper OxTo3epa, 1 67.688 32.272 37.6 117 113
Boaopasaen Hyna-OxTa 2 67.692 32.275 37.2 77 39
A CeBepHbiii Geper 1 67.650 32.517 35.2 46 34
HyHosepa 2 67.650 32.517 35.2 125 51
1 67.681 32.300 37.4 63 36
5 FOKHbIV Beper YyHo3epa
2 67.683 32.289 37.5 113 73
1 67.633 32.467 37.8 110 44
6 FOkHbIV Beper YyHo3epa
2 67.633 32.467 37.8 252 146
1 67.575 32.583 42.0 205 126
7 183 km goporu M-18
2 67.575 32.583 42.0 185 101
1 67.558 32.450 45.7 45 92
8 191 km poporu M-18
2 67.550 32.450 46.6 43 19
1 67.683 32.909 28.0 293 256
9 JonuvHa p. Kypku
2 67.693 32.911 27.0 847 347
10 ry6a BOpOHbBA (0. 1 67.828 33.063 14.2 676 —Exx
Mmarapa) 2 67.822 33.063 14.7 2541 1771
1 ry6a Cyuba (0s. 1 67.811 32.986 14.5 1050 917
Mmanapa) 2 67.810 32.986 14.6 1103 608
. y6a KyneGauba (03 1 67.769 32.933 18.6 540 485
Mmanapa) 2 67.775 32.922 17.9 1805 1105
1 67.726 33.028 24.0 348 329
13 Pyueit AcTpebuHbIi
2 67.726 33.028 24.0 303 190
1 67.703 32.972 26.1 350 -
14 ly6a Kncnas
2 67.703 32.972 26.1 350 330
1 68.050 33.167 17.5 90 63
15 Pasbess ArenbHblii Bop
2 68.058 33.261 21.0 258 176
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Tabnuua 1. MNpogonkeHne
No leorpadpuyeckue
nyH- Paccros- CopepskaHue,
KoopAMHaTbl MyHKTa
KTa MecTononoxeHune Tvn 0T600a NDo6** HWe oT Mr/Kr
oT- nyHKTa otbopa npob noysbl™* panp KOMbu-
bopa HaTa, KM
npo6 C. . B. 4. Ni Cu
1 67.953 33.339 19.2 63 68
16 Yctbe p. Manas KyHa
2 67.953 33.339 19.2 108 69
17 Meu-o03epo, HUSKHUTA 1 68.014 33.472 26.2 42 61
KOHeL, 2 68.014 33.472 26.2 82 61
18 [lonvHa  YyHbl  HWKe 1 67.867 32.267 26.8 47 43
CysHb-nara 2 67.867 32.267 26.8 78 33
1 67.983 32.283 25.5 29 27
19 03. BepxHuit Talkmum
2 67.983 32.283 25.5 57 27
Wmangapa) 2 67.974 33.261 16.5 290 130
1 68.106 32.792 19.4 1600 900
21 Cyxoli nopor (03. MoHue)
2 68.106 32.792 19.4 660 240
1 68.042 32.850 12.0 900 570
22 MusHyc ryba (03. MoHue)
2 68.042 32.850 12.0 680 725
53 Koiim 03epo, BepxHuii 1 67.976 33.225 15.1 275 189
KoHeL, 2 67.978 33.189 13.7 170 50
t03 beper 2 67.925 33.033 6.5 420 270
- Wmangpa, 6eper npoTus 1 67.940 33.150 11.3 200 169
Koiim o-a 2 67.944 33.156 11.5 170 50
- OnbXoBbIA ~ MbIC (03 1 67.904 33.133 11.1 652 290
Vimanzpa) 2 67.904 33.133 11.1 240 100
Mimanapa) 2 67.892 33.067 9.2 170 160
3anafHblil beper 2 67.817 32.683 15.6 670 220
BOCTOuHbIN beper 2 67.807 32.750 15.3 1300 580
1 67.718 32.672 25.7 513 222
30 03. KeHsuc
2 67.717 32.672 25.8 420 260
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Tabnuua 1. MNpogonkeHne
Ne
leorpaduyeckue
nyH- PaccTos- CopepaHue,
KoopAMHaTbl MyHKTa
KTa MecTononoxkeHue Tun K HWe oT Mr/Kr
% oTbopa npob
oT- nyHKTa otbopa npob MouYBbI KOMbu-
6opa HaTa, KM
npo6 C. W. B. 4. Ni Cu
KOHel, 2 67.683 32.650 29.7 275 125

1 67.714 32.617 27.0 700 294
32 O3. Tynn, toXKHbIN Geper

2 67.714 32.617 27.0 140 100

1 68.050 32.000 38.9 20 12
33 03. Kynec

2 68.050 32.000 38.9 60 38

1 68.039 31.939 41.0 23 12
34 0s. HaBKa, C3 ryba

2 68.039 31.939 41.0 90 14

1 68.047 32.267 28.5 30 25
35 YcTbe Ypa-peku

2 68.047 32.267 28.5 80 22

1 68.058 32.122 34.5 30 27
36 0Os3. Curosoe

2 68.058 32.122 34.5 40 25

H. Bonubnm 2 68.163 32.525 29.3 180 60

COHa noATBEPAUN 3HAYMMOe npeBbieHne
cogepxaHma Ni Hag cogepxaHumem Cu Kak B
6010THbIX Noysax (z = 4.1, p = 0.0000), TaK m
B noasonax (z = 4.9, p = 0.0000). 310 BNoNHE
06BACHUMO, T. K. B COCTaBe aTMOCHEPHDIX Bbl-
6pocoB B Nepuoa, nccneaoBaHu cogepanue
TEXHOreHHbIX coeanHeHnn Ni npesbiwano co-
oTBeTCTBYIOLWEe cogepKaHue Cu (cm. puc. 1).
JnA oueHKN NPOCTPaHCTBEHHOrO pacnpeje-
neHna cogepaHua TM B BepXHUX rOPU30HTaXx
MoOYB BCE MYHKTbl MOYBEHHOro onpoboBaHuA
6blAin pasgeneHbl HAa KBaApPaHTbl MO OTHO-
WEHWNI K MCTOYHMKY 3arpA3HEeHuA: ceBepo-
BOCTOYHbIM, IOrO-BOCTOYHbIN, tOro-3anagHblii n
ceBepo-3anagHbin. ConoctaBneHme AaHHbIX O
cogepxaHmm Ni n Cu B nccneayembix noyBax
NOKa3biBaeT, YTO HAMMEHbLUME KOHLEHTpa-
umMm TM B nouBax 06oux TMNOB OTMEYAtOTCA B
CeBepo-BOCTOYHOM KBaAPaAHTE, 8 MAaKCMMa/ib-
Hble 3Ha4YeHMA 3TOro NokKasatens HabagaroTcA
B OrO-BOCTOYHOM HanpasaeHUM OT KombKHaTa
(Tabn. 2). CornacHo Kputeputo Kpackena — Yon-

nnca, mexay cogepxkaHnmem TM B muccnepye-
MbIX NMOYBax B Pa3HbIX KBagpaHTax CyLlecTBy-
0T 3HAYMMble Pa3nMumnA: B BONOTHLIX NOYBAX
-2,,=9.39, p = 0.024; z_ = 9.34, p = 0.025; B
nofi30/71ax COOTBETCTBEHHO Z = 8.69, p = 0.041;
z.,=8.84,p=0.032. OnHaKo, BCNeacTBME O4YEHb
60NbLIOr0 NHTEPBANA BAPbUPOBAHMA KOHLEH-
Tpaumin TM BO BCeX pacCMaTpPMBAEMbIX HaNpaB-
NeHMAX oT KoMbuHaTa (cm. Tabn. 2), 3HaunMble
pa3nnymMA, COrnacHo Kputeputo MaHHa —YUTHMU,
B cogepaHuun Ni n Cu B 06ounx Tnax nccneay-
€MbIX NOYB BbIAB/EHbI TOJIbKO MEXAY CeEBEPO-
BOCTOYHbIM W Or0-BOCTOYHbIM KBaApPaHTaMM
(z,,=3.32, p=0.001; z_ = 3.20, p = 0.001). 370
MOXHO 06bACHUTL npeobnagaHnem BETPOB,
AYOLWNX B HOXKHOM HanpasneHun ot r. MoHuye-
ropcka (Apxwus..., 2018). CootHoweHune Ni > Cu
coxpaHaeTcAa B 060MX TMMax NOYB BO BCEX Ha-
NPaBAEHMAX OT UCTOYHMKA 3arpA3HEHUA, 4To,
KaK Yy»Ke roBOpMNOChb Bbilwe, 06ycnoBAEHO CO-
OTHOLWIEHMEM TEXHOTeHHbIX coeanHeHnn Ni u
Cu B aTMmOcdepHbIx Bbibpocax KombuHarTa.
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—— ] -y

KpaTHoOCTb

PaccToaHme oT KoMBKHHAaTA, KM

Puc. 3. OTHoweHue cogepkaHuma Ni nnm Cu B BepXHEM ropn30oHTe BOIOTHbLIX NOYB K €ro COAEPKaHMUIO B
OpraHoreHHom ropusoHTe nogzonos: I —Ni, 2—-Cu

Fig. 3. The ratio of the content of Ni or Cu in the upper horizon of bog soils to its content in the organo-
genic horizon of podzols: 1 — Ni, 2—-Cu

Tabnuua 2. CpeaHee cogeprkaHune Ni n Cu B BEpXHUX rOpn30oHTax 60/IOTHLIX MOYB M MOA30/10B B Pa3HbIX
HanpaB/ieHMAX OT KoMbunHaTa «CeBepPOHMKENb»

CongeprkaHue TM B 60N0THbIX No4Bax, mr/

HanpasneHue “r CoageprkaHne TM B noasonax, Mr/Kr

OoT KombuHaTa

Ni Cu Ni Cu
Ceepo-BocTok 120 +93* (42-275) 107+ 61 (60-190) 182 +90 (82-290) 97 + 54 (50-175)
tOro-BocToK >30 il%;g))(zoo_ 400 192;18)(170— 790 £ 854 (170-2540) >10 ii;773)(50—
Oro-sanag 470+ 663 (45-2500) 27 35151)(35‘ 320+ 356 (43-1300) 157 15%350? (20~
Cesepo-3anaz 345 %590 (20-1600) 225+ 360 (12-900) 230 + 274 (40-680)  ~+* ’-’722‘;‘? (14-

MpumeyaHue. *— npegcrassieHbl cpegHne 3Ha4eHnA Co CTaHAaPTHbIMU OTK/IOHEHUAMMU, B CKobKax
npmneegeHbl MMHUMaA/IbHble U MaKCUMaA/IbHbl€ 3HAYEHUA.

KoppenAunoHHbIA aHann3 AaHHbIX BbIBU  PENALUM HE CIULLIKOM BEAUKKU, ANA BONOTHbIX
3HaYMMyIO CBA3b MeXAay cofepkaHnem TM B nous: r, =—-0.45,r =-0.47, p <0.05; ana noa-
oboux TMnax No4s U paccTosHWem ot Kombu- 3onos:r, =-0.43,r =-0.41, p <0.05.

HaTa, OAHAKO 3Ha4yeHUsa KOIPPULMEHTOB KOp-
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O6cyxpeHue

ConocrtaBneHne BanoBoro cogepxaHma TM
B BEPXHMX rOPM30HTaxX BOIOTHbIX MOYB M NoA-
30/10B C UX NpeaenbHO A0MNYCTUMbIMU KOHLLEH-
Tpauuammn (NAK) (MpeaenbHo AonycTumble
KOHUeHTpauuu...,, 2006) B nouysax Mokasano,
4YTO OHO B cpeaHem npesblwaeT MAK no Nis 10
pa3, no Cu — 7 pa3 B ob6ounx Tmnax no4ys. MHTep-
Ba/l BApbMpPOBAHMUA 3TOro nokasatensa ana 6o-
NOTHbIX MOYB AOCTATOYHO LWMPOKWUIA U COCTaBAA-
eT 0.5-63 (Ni) n 0.4-50 (Cu) pas, ana nog3onoB
cooTtBeTcTBeHHO 1.0-64 n 0.4-54 pasa. B nyH-
KTax oTbopa noyBeHHbIXx Npob N2 4,5, 8, 17-19,
33—-36 gmanasoH npesbiweHna NAK coctasna-
eT 0.4-2 pasa, T. €. MOXXHO KOHCTaTUPOBaTb,
YTO 34€eCb NPAKTUYECKN OTCYTCTBYET TEXHOTEeH-
HOe 3arpA3HEeHNEe NOYB TAXKENbIMU METANNAMM.
MaKcMManbHbI YyPOBEHb 3arpA3HEHMA N0430-
IOB OTMeYaeTca B NyHKTe otbopa npob Ne 10,
a 6onoTHbIX nous — N2 29, rae npeBblleHUE
NAK coctasnaet cootsetcTBeHHO no Ni 63 n 64
pasa, no Cu—50 u 54 pasa, 4To CBUAETENLCTBY-
eT 06 0o4YeHb BbICOKOM YpPOBHE 3arpA3HeHuA
noys TM. OgHAKO MOXHO NpPeanosioXnTb, UTO
BC/IeACTBUE Nydllen obecneyeHHOCTU Baarowm
OUTOTOKCUYHOCTb BONOTHBIX NOYB MEHbLLE NO
OTHOLWWEHUIO K JIECHOM MNoACTUAKE NOA30/10B.
dTa ruMnoTesa nonyyuMna NOATBEPXKAEHMe B
pabotax (Kawynuna, 2017, 2018; KawynmHa m
Ap., 2018). Mpu uccnegoBaHMKM pacnpeaene-
HuA obwero cogepkanua Ni, Cu, Co, Cd, Pb n
Zn B npodune Noys LWECTU KAaTeH B JIOKA/IbHOM
30He BO34eNCTBMA MeAHO-HUKeNeBoro npea-
NPUATUA aBTOPbI NPULLAN K 3aKAOYEHUIO, YTO
WMEHHO Nyyllne yCNoBUA YBNAXKHEHNA B NOA-
YMHEHHbIX 31emMeHTax faHawadTta obycnosam-
BAlOT 3HA4YUTEeNbHO 60nee BbICOKYI YCTOMYM-
BOCTb COCYAMUCTbIX PACTEHUM B 3TUX YCNOBUAX
K BO34ENCTBUIO TEXHOTEHHOTO GaKTopa, AaxKe
NpW 3KCTPEMAZIbHOM €ero ypoBHe.

3aknouyeHue

B pesynbTate nNpoBeAeHHOro CpPaBHUTE/Nb-
HOrO aHanM3a YPOBHA 3arpA3HEeHUs BEpPXHUX

bubnnorpadus

ropu3oHTOB TOPdAHbIX 60N10THLIX Moy M Al—
Fe-rymycoBbix Nog3010B B 30HE BO34ENCTBUA
aTmocdepHbIx BbiIbpocoB KombuHaTa «CeBepo-
HUKenb» (r. MoH4yeropck, MypmaHckaa 061.)
YCTaHOBNEHO OTCYTCTBME 3HAUYMMbIX PA3INYUIA
B BaNOBOM cogeprkaHun Kak Ni, Tak n Cu B
CpaBHMBAEMbIX TUMNax NoYs. HMKHKe npegensl
BapbUpOBaHUA coaep:aHna TM B oboumx Tmnax
noys 61M3KM K permoHanbHbiM GOHOBbLIM 3Ha-
YeHMAM U OTMeyatoTcs Inbo B Hanbonee yaa-
NIEHHbIX OT WMCTOYHMKA 3arpA3HeHMA MNyHKTax
oTbopa npob, "MMbo B 3KPaHMPYEMBIX CONKAMMU
mecTtoobuTaHuax. CpegHue 3Ha4YeHnsa BasoBO-
ro cogeprkaHma TM B nccnegyembix TUNAx Noys
NPeBbIWAIOT PernoHasibHble poHOBbIe 3Haue-
HMA B 6—40 pas, YTO CBUAETENLCTBYET O BbICO-
KOM CTeneHn TOKCUYHOCTU 3TUX NOUYB.

YposeHb 3arpAasHeHna TM BepXHUX TOPU30H-
TOB NMOYB BapbMpyeT B AOCTATOYHO LUIMPOKOM
AnanasoHe OT NOMHOro OTCYTCTBMA A0 OYeHb
BblCOKOro (Banosoe cogepaHue Ni n Cu npe-
BbiwaeT MK B 50—64 pa3a) u obycnosneH yaa-
JNIEHHOCTbIO OT WMCTOYHMKA aTMocdepHbIX Bbl-
6pocos (rNi =—(0.43-0.45), rCu =—(0.41-0.47),
p < 0.05), po3oi npeobnagatowmnx BeTpos (B
IOXXKHOM HanpasaeHUM OT KoMbMHaTa cpeaHue
3HauyeHuA cogepkaHma TM B 06omx TMNax noys
3HAYMMO 6onbLUe NO CPABHEHMUIO C UX KOHLLEH-
TPAUMAMM B MOYBAX CEBEPHOroO HanpaBieHuA)
n oporpadueirr MecTHOCTU (3KpaHMpOBaHME
conkamm).

OTHOWeHne KoHueHTpaumii Ni/Cu npak-
TMYECKM BO Bcex npobax uccnegyembix NoYB
6onbwe 1, T. e. cogepkaHme Ni noytn Bceraa
npesblwaeT TakoBoe Cu HE3aBMCMMO OT TUMaA
nous, 4to 0bycnoBNEHO cocTaBoM aTmocdep-
HbIX BbIBPOCOB TEXHOTEHHbIX coeanHeHun Nin
Cu.

Mpwv 0a4MHAKOBOM YpOBHE 3arpA3HEHUA NOYB
TM akonormyeckue ycnosma 6010THbIX MECTOO-
6uTaHM Bonee GharonpuUATHLI ANA PACTUTENb-
HOCTM BC/NeACTBME Anydlein obecneyeHHOCTH
BNaro 60N10THbLIX NOYB.

Apxvs norogbl B MoHueropcke // Pacnucanue noroabl. URL: https://rpru/ (pata obpauieHus:

14.12.2018).
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Key words: Summary: On the Kola Peninsula, peat bog soils and Al-Fe-humus pod-
Al-Fe-humus soils zols (according to the WRB classification, Cryic Ombric Fibric Histosols
Folic / Histic Albic Podzols and Folic/Histic Albic Podzols, respectively) are the most common. How-
peat boggy soils ever, comparison of their level of pollution with heavy metals (HM) has
Cryic Ombric Fibric Histosols never been carried out. The purpose of this work is a comparative analy-
aerotechnogenic pollution sis of the level of HM pollution of the upper horizons of peat bog soils and
heavy metals Al-Fe-humus podzols in the impact zone of the copper-nickel plant. Soil
Kola Peninsula testing was carried out in 37 closely located habitats (forest and swamp)

situated in the zone of atmospheric emissions of the Severonickel plant
(Murmansk region). The total content of Ni and Cu in soil samples was
determined by atomic absorption spectrometry after their dissolution in
a mixture of concentrated acids HNO3 and HCI. Statistical analysis of the
soil analysis results was carried out in Statistica 12 using nonparametric
Kruskel — Wallis, Mann — Whitney and Wilcoxon tests. It was established
that both types of studied soils did not significantly differ in the total
content of HM in the upper horizons of the soil profile. The level of pollu-
tion of compared soils is determined by the distance from the source of
pollution, the rose of the prevailing winds and the orography of the ter-
rain. The Ni content in almost all soil samples exceeds the Cu concentra-
tion, which is due to the excess of atmospheric emissions of technogenic
Ni compounds compared to the content of Cu compounds in them. The
phytotoxicity of both types of studied soils varies widely: from its com-
plete absence to a high and very high degree. At the same level of soil
pollution with HM swamp habitats are more prosperous due to better
moisture content of peat bog soils
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AHHOTaumA: bbbl BbINOSHEHbI UCCAEAOBAHUA MO M3Y4YeHUIO Mnpouecca
cynbdaTpenyKumm B npecHoBogHoOM o3epe Hasaposckoe (KoHoLWCcKuiA paii-
OH ApxaHrenbcKkol obnactu). MNonesble paboTbl NPOBOAMAUCL B 3UMHUN
(mapT) ¥ netHuit (nonb) cesoHbl ¢ 2013 no 2017 r. OnpeaeneHbl 6uoreo-
XMMUYECKMe nokasaTenn (cogeprkaHune cynbdaTtos, Kenesa, opraHMYecKo-
ro Bewectea, GOpM cepbl) U CKOPOCTb HaKTepManbHOro npotecca cynbda-
TpeayKkuMm B 0TOBpaHHbIX 06pasuax ¢ UCNONb30BaHMEM OBLWENPUHATBIX
AN anpobupoBaHHbIX MeTOAMK. Boga B 03epe Oblia oxapakTepun3oBaHa
KaK npecHas, ruapoKapboHaTHOro Kaacca KasibuMeBoW rpynnbl. B BogHoM
TOJILLE MaKCMMabHble Konuvectsa cynbdaTtos 107 mr/n 1 cepoBoaopoaa
1355 mKr/n 6binn oTMeYeHbl B 3MMHUIN Mepuoa,. B AOHHbIX OTA0XKeHMAX 03.
HasapoBscKoe 6o/iee MHTEHCMBHO BOCCTaHOB/IEHME Cy/1bPaTOB OCYLLECTBAA-
10Cb B IeTHUIM Nepunog, (MakcMmaibHaa CKOPOCTb Npouecca coctaBasna 555
MKr S/am3 cyT). B oTiMume oT 60NbLIMHCTBA paHee UcCcaef0BaHHbIX HamMM
NPeCcHOBOAHbIX 03ep Ha TepPpPUTOPUU ApxaHreNbCKon 0b6aacTu, B AaHHOM
BOAOEMe OTMeyeHbl Hambonbline coaeprkaHuA cynbPpaToB M CEpPOBOAO-
poAa B BoAe, NPU 3TOM 3adMKCMPOBAHA HAaMMEHbLUAA CKOPOCTb HaKTepwu-
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anbHOro npouecca cynbdaTpeayKLuMm Kak B BOAE, TaK U AOHHbIX OT/IOXKe-
Huax. OQHaKo cpean NPOU3BOAHbLIX CEPOBOAOPOAA B AOHHbIX OCafKax U3
cyNbdpuaHbIx popm B 03. HazapoBCKOM AOMUHMPOBaAAa NMPUTHAA cepa, uTo
MOXET KOCBEHHO CBUAETENbCTBOBATb O A0BO/IbHO aKTUBHOM MPOTEKaHMM
npouecca cynbdaTpeayKunmn B OTNIOKEHUAX 3TOro HernyboKoro Bogoema.
MO3KHO NPeAnoIoXKMUTb, YTO, HECMOTPA Ha BO/bLIYI0 CKOPOCTb MpoLecca,
netom obpasyoumeca cynboduaHblie GOPMbl B BEPXHUX C0AX OT/IOKEHWM
MOTYT OKMCNATHLCA M3-32 MPOHUKHOBEHMA KMC0POAa A0 AHA BOAOEMA BBU-
Ay Hebonbluon rybuHbl 03epa, a HaKanAMBakoTCA COeAMHEHNA BOCCTAHOB-
NIEHHOMW cepbl B OHHbIX 0CaZKax B 3MMHUI Nepuog, (B Bogoeme oTMeYeHbI
aHa3pOo6HbIe YCNI0BUA [aXKe B BOAHOW TONLE).

© MNeTpo3aBOACKUIN FOCYAAPCTBEHHbIN YHUBEPCUTET

PeueHseHT: H. I. LLlepbiwesa

MonyueHa: 16 aHBapa 2019 roga

BeepeHue

B rugpocdepe cpean coeamHeHUn cepbl
cynbdaTbl ABNAOTCA OAHMM M3 Ba*KHEMLMX
aHWOHOB M NPUCYTCTBYIOT NPAKTUYECKM BO BCEX
NOBEPXHOCTHbIX Bogax. B 3aBnucumoctm ot ucro-
pun obpasoBaHUA Bogoema, GopMbl 03epHOM
BaHHbI, KJIMMATUYECKMX YCNOBWUI, XapakTepa
OKpY*KaloWwmMx NOpoa U rmapoiormMyeckoro pe-
KMMa 03epa cogepikaHue 3TUX MOHOB B BOAE
MOeT BapbMpPOBATb B LIMPOKUX Npesenax
(ThobanbHbI BUOXMMUYECKMI LKKA..., 1983). B
aHaspPOOHbIX YCNOBUAX MOXKET NpoTeKaTb Npo-
Lecc, B KOTOPOM cy/ibdaT MCMONb3YyeTCcA Cy/b-
daTtpeayumnpytowmmm baktepmuamm (CPB) B Ka-
YyecTBe KOHEYHOro aKLenTopa 3/IeKTPOHOB NpU
OKUC/NIEHUWN OPraHUYECcKMX BELLECTB UAM BOAO-
poaa (MBaHoB., 1979; MobanbHbIN BoxMMUye-
CKUM UMKA..., 1983; Bonkos, 1984; BanHLwTeNH,
1996). CxemaTM4yeckum CywHOCTb npouecca
cynbdaTpesyKLMN OTPAXKAETCA YPaBHEHNEM:

[C] +SO,* +6H* - H,S + CO, +2H,0.

B pe3synbraTe gaHHoOro npouecca obpasyert-
ca cepoBogopoa. Ocoboe BHMUMaHWe yaens-
eTCs MMEeHHO HeaAMCCOUMMPOBAHHOMY coeau-
HeHWto. ITO CBA3AHO C ero bosblueit TOKCKUY-
HOCTbIO, B pe3y/nbTaTe Yero MOJIEKYNAPHbIN
cepoBoAOpoOa, NpeacTaBnseT OnacHOCTb ANA
rmapobuoHToB, B TOM 4Yncie U gna cepobak-
Tepun (Tumodeesa, 1991). B Kucnoi cpepge
NPaKTUYECKM OTCYTCTBYIOT WMOHHble (GOpMbI
CepoBoAOpoaa, MNO3TOMY [JaHHOE CcoeAuHe-
HWEe HaxoauTCA B PACTBOPEHHOM COCTOAHUM
B BMAEe Monekyn. [pn NoBbIWEHUN 3HAYEHUA
pH ymeHblUaeTcs KOAMYECTBO PACTBOPEHHOIO
MOJIEKY/IAPHOrO CEPOBOAOPOAA U YBENNYMBA-
eTca AoNA MOHU3UPOBAHHbLIX dopm cynbdua-
n rnapocynbdma-moHoB (XatumHcoH, 1969). B
BOAE OKMCNEeHMEe CepoBOoAOopOoAa MPoOUCXoauT
B OCHOBHOM A0 3/IeMEHTHOM cepbl U cynbdaT-
NOHa. B 4OHHbIX OTI0XKEeHUAX 06pasytowmiica B
pe3ynbraTe 6aKTepmasbHOro BOCCTAHOBNEHMUA

NoanucaHa K nevatu: 19 gekabpsa 2019 roga

cynbdaToOB CEPOBOAOPOL MOMKET CBA3bIBATHCA
MOHAMM METANJIOB B MaJIOPaCcTBOPUMbIE Cy/b-
dunabl, KOTOpble, KaK U OH Cam, B Ja/ibHelLwem
TpaHchopmMUpyeTca B pas/IMYHbIe COeANHEHUSA
cepbl. Cpean dopm cepbl B AOHHbIX OT/IOKEHU-
ax (A0) npeMmyLLecTBEHHO BCTPEYAKOTCA: CY/b-
éupHas (Knucnotopactsopumble cynbduabl),
nupuTHaa (ancynbdua *kenesa), snemMeHTHaaA n
cepa, CBA3aHHAA C OPraHMYEeCKUM BELLECTBOM
(Octpoymos, 1953). 3TK coegMHEHUA BXOAAT B
COCTaB TaK Ha3blBAEMOM CYMMbl NPOU3BOLHbIX
cepoBogopoaa (ZSst)' Ha MHTEeHCUBHOCTb Npo-
uecca cynbdatpesyKuMn B OCHOBHOM MOTYT
OKa3blBaTb BAUAHUE: copepiKaHue cynbdaTos,
KONIMYECTBEHHbIN U KauyeCTBEHHbIA COCTaB Op-
raHmMyeckoro Beuectsa (OB), a Ha HakonaeHue
dopm cepbl — NPOM3BOAHbBIX CEPOBOAOPOAA —
TaK¥Ke M Ha/nYme peakuMoHHOCNOCOOHOrO Ke-
nesa B cpege (Bonkos, 1984). B npoBoanmbix
HamMK paHee WUCCNeLOBAHUAX Ha TeppuUTOpUM
ApxaHrenbckon o6nactTm pns MenKoBOZAHbIX
HWU3KOMMHEpPaIN30BaHHbIX 03ep (rybuHa go 8
M) KeHOo3epCcKoro HalMoHaIbHOro napka 6bino
BbIIBIEHO, YTO OCHOBHbIM JIMMUTUPYIOLLUM
baKTOpOoM npoTeKkaHusa cynbdaTpesyKunn B
[OHHbIX OT/IOXKEHUAX 3TUX BOAOEMOB ABNAIOT-
CA HM3KME KOHLEHTpauun cynbpaTtos, He npe-
BbllIAlOLWME 2 MI/N KaK B BOAHOM TO/LLE, TaK U
B *KMAKOW ¢ase ocagKkos. ObLLEe KOIMYECTBO
coegMHEHNN BOCCTAHOB/MIEHHOM cepbl B AOH-
HbIX OT/IOXKEHMAX 3TUX BOLOEMOB B CPeaHEM
coctasnano 0.18 % a.c.B. (TutoBa, KokpATcKas,
2018). Hanbonbliee cogeprkaHmne coeaAnHEHNM
BOCCTAHOB/IEHHOW Cepbl B 0OCaZKax OTMEYaioCh
B MOBEPXHOCTHbIX cnofax (go 10 cm) c 3amert-
HbIM CHUXKeHMeM B ux Tonuwe. Cpean oTmeyeH-
HbIX dopM cepbl B 06a ce30Ha AOMUHUPYIOLLEN
6blna opraHmyeckaa coctasnsaowas go 90 %
S, (TnToBa, KoKpaTckasn, 2018). B n3y4eHHbIX
Me/IKOBOAHbIX 03epax KoHoLcKoro palioHa
(HuxHee, CBATOE) C KOHUEHTPaUUAMK cynbda-
TOB B BoAe (40 5 Mr/n) n naKom ¢pase otnoxe-
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HUI (go 2000 mr/n) coeaMHEHUIA BOCCTAHOB-
JIEHHOW cepbl HAKaNMBa0Ch MMLWb HEMHOIMM
6onee — ot 0.19 go 0.29 % a.c.B. MpuunHoOM
3TOMY CAYXXWUT HEAOCTAaTOK OpraHMYecKux Be-
wects, AocTtynHbiX ana CPb, noCcKonbKy M3-3a
HebOoNbLLIOW ryH6UHbI 03ep B a3POOHbIX YCNOBU-
AX BOAHOW TO/LLM nocTynusLLee B Bogoembl OB
noaBepraeTcs He3HauYUTEeNbHOM AEeCTPYKUMUW.
JomunHupyrowen ¢opmoit cpean coeguHeHUn
BOCCTAHOB/IEHHOW Cepbl OCTaBanacb OPraHu-
yeckana cocTasnawowan. B o03. benoe, otanyato-
wemca 6onbwWMMM KonnyectBamu cynbdatos
B BoAe (B cpeaHem — o 12 mr/n, makcumans-
HO — 00 30 Mr/n) u *KnaKol dase OTIOKEHNN
Ao 5000 mr/n, coeAnHEHUIA BOCCTAHOBAEHHOM
cepbl B 10 HakananMBanocb 3ameTHO Hosblue
(B cpegHem go 2.40 % a.c.B.) M He Habnwoaa-
JI0OCb 3aMETHOTO CHUMKEHWUA 3TOro NapameTpa B
TONLWeE OTNOXKEeHMN. JomuHupyowen dopmomn
cpean coeAMHEeHU BOCCTAaHOB/IEHHOM cepbl
B8 O ctaHoBunacb nuputHaa — ot 50 go 90 %
>S,,; (TuTosa n ap., 2017).

Llenb HacToAwen paboTbl — U3y4yeHUe oco-
6eHHoCTel npouecca cynbdpatpeayKunm B 03.
HasapoBcKoe no pacnpeaeneHnio ¢opm cepbl
1 BblAB/IEHNE ero ocobeHHOCTEN.

MaTtepuanbl

O6beKkTOM Hallero ncciefoBaHUA ABNANOCH
03. HasapoBckoe, pacnonoxeHHoe B KoHow-
CKOM paioHe ApxaHrenbckon obnactn B noa-
30He cpefHel Talrm ¢ ymMepeHHbIM KOHTUHEH-
Ta/IbHbIM KAMMATOM M OTHOCALLEecA K BOAO-
cbopHomy bacceliHy p. OHera (BepxHeMmy ee Te-
yeHuto). M3yyaemasn TeppuUTOpUA PacnonoKeHa
Ha BbICOKOM BOAOPA34E/NbHOM MACCUBE MEXK-
Ay pekamu Baron n OHeroin co CpaBHUTENBHO
Manon 3ab60sI04eHHOCTbIO, FAe rocnoacTBYHOT
€/lbHUKN-3€/IEHOMOLLHMKM, @ TaKKe eNbHUKU-
YEPHUYHUKM C NMPUMECBIO INCTBEHHbIX NMOPOA,
N COCHbl (ArpoKAMMATUYECKUI CMPABOYHUK...,
1961).

03. Hasaposckoe (puc. 1) ¢ niowaabio Bo-
AHoM nosepxHocTu 0.325 KM? OTHOCUTCA K Ka-
Teropuu manbix sogoemos (Apabkosa, 1979).
OnvHa pgocturaet 1.86 KM, MaKCMManbHasa WK-
puHa — 0.33 Km, cpegHAasa rmybuHa — 1.80 m,
MaKcMmanbHasa — 5 m (3ToT yyacTok 0603HaueH
Ha cxeme To4YKoWn M bbin BbibpaH ans otbopa
npo6). Mo nokasatento ycnoBHOro Bogoobme-
Ha 03epo — cMAbHOBOAOOOMeHHOoe. CoeamHe-
HO py4Ybem c cocefHUM 03. benoe, pesynbrathbl
N3y4yeHMA KOTOPOro paHee Hblan onybankosa-
Hbl (TuToBa 1 Ap., 2017).

Mpobbl BoAbl 0TOMPaAnMCb B COOTBETCTBUM C
(FOCT, 2000) nocnoiHo yepes 0.5 m Ha rnybo-

KOBOAHOM y4acTKe (penepHoM cTaHuMK) ¢ no-
MOLLbIO NOMKAPOOHATHOIrO rOPU30OHTANIbHOIO
6aTomeTpa BMECTUMOCTbIO 2-5 n B 3UMHUI
(mapT) n netHuit (utonb) nepuoabl. Mpobbl AOH-
HbIX OT/IOXKEHUI oTbupanucb cornacHo (FOCT,
1980) Ha TOM ke CTaHUMK, 4YTO M BoAa, C MOMO-
Wb YAAPHOM NPSAMOTOYHOM FPYHTOBOWN TPYyO-
KM C BHYTPEHHUM AnameTpom 50 mm, gamHom
1 m (Aquatic Research Instruments) nocnoiiHo
c warom 5 cm (pexke 1-2 cm B OCHOBHOM A5
NOBEPXHOCTHbIX FTOPU3OHTOB).

MeToabl

OnpepeneHune ceposogoposa U cynbdmaos
npoBoAnAN GOTOMETPUYECKMM METOLOM C 06-
pa3oBaHMEM METUIEHOBOrO CUHEro B KayecTee
KoHeyHoro npoaykTta (P4..., 2010). Onpeaene-
HWe cynbpaToB B BOAE NPOBOAM/IOCH XPOMa-
Torpaduyeckn Ha XKMAKOCTHOM XpomaTtorpade
LC-20 Prominence C KOHAYKTOMETPUYECKUM
petektopom (MHA ¢, 2008). PacTBOpEHHbIN
opraHuW4Yeckui yrnepog onpegenancsa Ha TOC-
aHanusatope (ISO,1999). OnpeneneHne KoH-
LEeHTPaLMA pPacTBOPEHHOrO Kese3a B BOAE
NpPoBOANNOCE GOTOMETPUYECKUM METOAOM C
obpa3oBaHMEM KOMMAEKCHOro CoeauHEHUS
ero ¢ ¢eppo3nHOM, OKpalLleHHOoro B ¢punoneTo-
BbI (NypnypHbIn) useT (KoHoHey 1 ap., 2002).
OnpeaeneHve pasnnyHbix GOpm cepbl B AOH-
HbIX OTNOXEHUAX MNPOBOAUAM MO METOAMKE,
pa3paboTaHHOW B nabopaTopum reoxmmmnm UH-
CTUTYTa OKeaHonorum um. MN.M. Wnpwosa PAH
(Bonkos, *KabuHa, 1980). MeToamka npeaycma-
TpMBaeT onpegeneHne cynbGUAHOM, 3NeMeHT-
HOM, NUPUTHOM M OpPraHMYecKkom ¢opm cepbl U3
O4,HOM HaBECKM AOHHbIX 0CafKoB. Mcnonb3oBa-
INCb TUTPUMETPUYECKNE, POoTOMETPUYECKME U
rpaBUMeTpUYeckne metoabl aHanusa. Onpege-
NleHne peakUMOHHOCNOCO6HbIX dopm Kenesa
NPOBOAWNAN PA34EeNbHO NOCNe U3BEYEHUS WX
n3 ocagka 3.5 N cepHoit kucnotoit (Cokonos,
1980). OnpeaeneHne obLLero n opraHMUYecko-
ro yrnepoga u asoTa NpoBOAUAN METOAOM Cy-
XOro CXUTaHWA C NOC/eAyoWmMM ra3oXxpomMaTo-
rpaduyecKkMm pasgeneHmem rasoBom CMecu Ha
C,H,N-aHannsatope ¢pmnpmol «Hewlett-Packard»
(fenbmaH n ap., 1987). NabunbHoe opraHuye-
CKOE BELLEeCTBO OMpenenanocb No MeTOAMKe
(Rovira, Vallejo, 2002). MHTeHcMBHOCTL BaKTe-
puanbHOM cynbdaTpeayKuum onpeaenanachb
PaANOM30TONHBIM METOA0M C MCMO/Ib30BaAHU-
em meveHoro no cepe Na **SO,. ObpaboTka
pe3ynbTaToB NpoBogMaacb ¢ nomouwbio Excel
2010.
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Fig. 1. Location of Lake Nazarovskoe
Pe3ynbratbl (puc. 2). OTMeTUM, YTO cpeaHee coAeprKaHue

MccnepoBaHua o3epa HasapoBcKoe OxBa-
TbiBalOT nepuog ¢ 2013 no 2017 .

MMAPOXMMNYECKUIA COCTAaB BOAbI OTPAXKEH
B popmyne Kypnosa, rge M — mmHepannsauma
B Mr/n; 1- mapT, 2 —1tonb.

HCO26950,34

M 193K 2,62 T 2222 pH 6,50 (1)
HCO57450,24
M 100K 1,37 S22 pH 7,45 (2)

KaK BUAHO U3 flaHHbIX, NPpUBEAEHHbIX Bbllle,
BOAA B 03epe npecHad, r’MApoKapboHATHOro
Knacca Kanbuueson rpynnbl. MuHepanmsaumn
B 3UMHUM N NETHUI Nepuoabl OT/IMYAETCA NoY-
™ Ha 100 mr/n. MNoBbllWEeHMA MUHEpPaNn3aLmum
BOZ 3MMOM MOIM BbiTb CBA3AHbI KaK C pa3rpys-
KON FPYHTOBbIX BOZA, TaK U C KOHLEHTpUpoBa-
HMEeM conen B NoasieHbl MeXKeHHOM nepumoga,
Bknag rmapoKapboHaToB B MUHEpPanbHbIN CO-
CTaB BOA, 03epa YBE/NIMYMBAJICA OT 3UMbI K NETY,
a MX coaepXKaHme CHuKanocb — ot 124 go 65
Mr/n B cpeaHem.

Mpw aTom gons cynbdPaToB CHU3UAOCH B CyM-
Me aHMOHOB Ha 10 %, 4TO CBA3AHO CO CHUMKe-
HMEM MX KONMYECTB B BOAe B 3 pasa un bonee

cynbdatoB B mapTe coctasasno 52 mr/a, B
nione — 16 mr/n.

Konnyectso cynbdatoB KO AHYy nocTeneH-
HO yBennumBaeTtca B 4-5 pas (puc. 2a): noao
NbAOM MX KOHUEHTpaumAa uUameHAnacb oT 21
Ao 35 mr/n (B cpegHem — 28.00 mr/n), B npu-
J[OHHOM ropu3oHTe — ot 80 go 107 mr/n (89.12
Mr/n). 9To MakcMmanbHoe (Ha AaHHOM 3Tane
nccnepoBaHUit) Konmyectso cynbdatos AnA
[aHHOro 03epa. B neTHUIM nepunog, Takxke oTme-
4anoCb yYBENIMYEHME KOHLLEHTpauumu cynbdaTos
KO OHY, 33 ucknodeHnem 2016 r. J/leto 2017 .
6bin10 6onee AOXKAAMBBIM MO CPABHEHUIO C
npeablaylwmmm rogamn  mUccnegoBaHuA, YTo
CKa3an0Cb U Ha Konn4yectee cynbdaToB — OHO
HaMMeHblLee 3a BeCb Nepuog, UccnesoBaHUm
(puc. 26). B noBepxHOCTHOM C/I0€ BOAHOM TON-
LM KOHLEHTPaumMA cynbpaToB M3MEHAIACH OT 6
[0 25 mr/n (B cpeaHem —21.21 £ 9.99 mr/n), B
npuaoHHOM cnoe - oT 15 go 107 mr/n (49.83 +
35.02 mr/n).

B mapTe cpegHee 3HayeHne pH 6bino 6.50,
4YTO CBMAETENIbCTBOBANO O HEKOTOPOM MOAKUC-
NleHun Bo4 (MMHMMaNbHble 3HAYeHMA NOKasa-
Tena pocturanum 5.50), cnepoBatenbHo, npu Ta-
Knx 3HayeHuax pH 6onbwe 80 % ceposogopo-
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Puc. 2. PacnpeaeneHue cynbhatoB B BOAHOM To/LLE 03. HazapoBcKoe a) B 3MMHUI 1 6) B 1IeTHWII nepuoabl
Fig. 2. Distribution of sulfates in the water column of Lake Nazarovskoe a) in the winter and b) in the summer

A3 MO0 Haxo4MTbCs B MOJIEKYASiPHOM dopMme  AOHHOM cnoe ux cogepkutca B 130 pas 60b-
(6onee TOKCMYHOM ANA rMAPo6UOHTOB). B uione we — 779 + 548 mkr/a (makcumym 1355 mKr/n).
cpeaHee 3HayeHue cocTaBnano 7.45 (usmeHa- KoHueHTpauua cynbdaTtoB B NPUAOHHOM cnoe
Acb 0T 7.10 00 8.12), B 3TUX YC/IOBMAX OH BCTPe- BOAbl 6o/blle, Y4eM Ha NOBEPXHOCTM 03epa.
yancs B OCHOBHOM B ¢dopme ruapocynbpua- B neTHuit nepuopa Habno4aNnoChb CHUXKEHUE
MOHa. MMEHHO NpW HanuuMM Nibaa Ha O3epe KOHUEHTpauun ceposogopona/cynbdpuaos — B
onpeaeneHue cepoBoaopoaa ocobeHHo Heob- cpeaHem A0 28 MKr/N, MaKCMMyM OTMEYEH B
X04MnMO. 2013 r. - 517 mKr/n (cpeaHee 3Ha4YeHME KOH-
Kak 31Mmol, Tak M NeTOM MOBEPXHOCTHble LeHTpauuu gna o3. benoe cocrasnano 12; os.
cnou Boabl copepxanu Kucnopog (ot 3 go CeaAtoe — 10; 03. HUKHee — 37 (Mmakcumym 292);
9 mr/n). B mapTe, HauMHasa c Tpex MeTpoB M 03. BepxHee — 9 mKr/n). Mpun 3TOM B NPUAOH-
[0 AHa, HabnwgaeTca McyepnaHMe KUC/IOPO- HOM CN0€ BOAHOW TOAWM B NETHUI nepuog,
Aa (KoHueHTpauma 6bina uyyTb 6onee 0 mr/n). WHTEHCUBHOCTb npouecca cynbdatpeayKumm
B neTHU nepuoa B BEPXHUX CNOAX cogepska- 6blna Bbie — 29.45 MKr S/am3 cyT, uem 3umomn,
HWe KMUCNopoaa COCTaBaAN0 OT 7 A0 9 Mr/n, 3a- Koraa npakTUYecKku He Habaaanoch NpoTeKa-
TEM MOCTEMEHHO NPOUCXOANNO CHUMEHWE ero Hue npouecca, — 1.09 mkr S/am® cyT.
NPaKTUYECKU A0 Hyns (MUHUMYM 3adpUKCUpo- MpoayunpoBaHMe cepoBoaopoda B Xoae
BaH B NPUAOHHOM CN0€ BOAbI). cynbdaTpeayKkumMn n obpasoBaHne ero npoms-
CpenHee cogeprkaHMe pacCTBOPEHHOMO Opra-  BOAHbIX COeANHEHWNIM HAXOAUT NPOAOKEHNE U
HUYeCKOro yrneposa B MapTe COCTaBnAN0 27.26 B AOHHbIX OT/IOXKEHUAX 03ep.
+7.58 mr/n; B tone —17.32 + 1.29 mr/n. CopeprkaHue cynbdaTHOM cepbl (Mo npume-
CpeaHee cogepkaHue cepoBogopoaa/cyib- HAEMOW MEeToAMKEe MapameTp BKAKYAET Cy/ib-
$1O0B 3MMOM 3HAYMUTENIbHO MpPeBbIWano AaH- daTbl XKuAaKolh u TBepaon ¢as A0) B cpeaHem
Hble ans netHero nepuoaa (puc. 3) n coctaB- coctasnano 0.78 + 0.72 % (B pacyeTe Ha abco-
nano 340, netom - 28 mKr/n. AnAa cpaBHEHUA IIOTHO Cyxoe BEeLEecTBo).
npuMBeAeHbl NOJIyYeHHble AaHHble MO cogep- B »knakoi ¢dase ocagkos 03. HaszapoBsckoe
YKQHUIO 3TOro COeaMHEeHNA B BOAE COCeAHEro C  OTMEYeHO coaeprkaHue cynbdaTos, B CpeaHeEM
03. Hazaposckoe 03. besnoe - B cpeaHem 152 B mapTe u uione npesbiwatowee 2500 mr/a. B
MKI/N 1 ApYrux 3ydyeHHbIX Hamu o3ep: CBATOe MapTe MX KOAMYECTBO COCTaB/MA/NO B CPeAHEM
— 7 mKr/n, HmkHee — 11 mKr/n n BepxHee — 5 2850 mr/n, yBenn4mMBanacb OT NOBEPXHOCTHOTIO
MKr/n (BCce BOAOEMbl PAacro/IOXKEeHbl Ha TEPPU-  CNOSA OTAOXEHUIM B nx Toauwy ot 2300 go 3600
Topun KOHOLICKOro paiioHa ApxaHrenbckon mr/n; B uone — 3180 mr/n, CHUXKaACb He3Hauu-

obnactu). TE/IbHO MO Mepe MOrpy»KeHWUs B TOJILLY OT/I0XKe-
MOBEPXHOCTHbIA CNOM BOAHOM TOAWM cO- Hui ot 3100 go 2800 mr/n.
AEepPrKan MUHMMa/IbHbIE KOIMYECTBA CEPOBOAO- He noaBepriieeca MMHepanm3aumm opraHu-

popa/cynbdumaos — 5.91 + 4.12 mKr/a, B Npu- Yeckoe BewecTBo (B nepecyeTe Ha opraHuye-
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Puc. 3. PacnpegeneHue cepoBogopoaa 1 cynbdraos B BOAHOM ToAlLe 03. Ha3apoBCKoe a) B 3MMHWIA 1
) NneTHUK nepuroapl
Fig. 3. Distribution of hydrogen sulfide and sulphides in the water column of Lake Nazarovskoe a) winter and
b) summer periods

CKUWN yrnepos) COXPaHWUNOCb B AOHHbIX OT/IO-
XeHuax B cpegHem konunyectse 9.50 % a.c.s.,
yMeHbLaAacb K 6bonee rnybokmm cnoam. Konu-
4ecTBO Heu3pacxoAoBaHHOro nabunbHoro OB
COCTaB/IAI0 B MOBEPXHOCTHOM C/IO€ OT/IOXKEHW
B mapTte — 7.21 %, B ntone — 6.18 %, 4to roso-
pUT 0 YyTb HOoNbLLIEM €ro KONNYECTBE B 3MMHUN
nepuoAd. Konnyectso He noaseprweroca mu-
HepaausauMm opraHuveckoro seuectsa 8 [0
(B nepecyeTe Ha yrnepoa) B 3MMHUI Nepuog, B
CpeAHeM NPEBbILWA/O ero coaepKaHne NeTom.
JOonsa nabunbHol ¢pakumnm OB B MtoNe Hacuu-
TbiBasia B octaBwemca OB go 70 %.

CopeprkaHue kenesa B Kuakon ¢ase [0
B MapTe uameHanocb ot 120 go 240 mkKr/n; B
nione — ot 250 go 510 mkr/n. B cymme TBepaoi
N XuaKon ¢$a3 OTN0XKEHUIM BOCCTAHOBNEHHaA
dopma peakumoHHocnocobHoro Kenesa (7. e.
cnocobHoro K nepexoay 13 ogHo ¢asbl B 4py-
ryro Npy cmeHe GU3NKO-XMMUYECKUX YCNOBUIA B
cpeae) cogepranacb B Konnyectse 1.59 £ 0.74
% (B pacyeTe Ha cyxoe BelLecTBo). CogepkaHue
Kenesa B COCTaBe MOHOCYNbOUAOB He NpeBbl-
wano B cpegHem 0.02 %; nuputa — 0.61 %, 13-
meHAAcb oT 0.00 o 2.28 %. 9TK BEAUYUHDI FO-
BOPAT O PA3/INYHON MHTEHCMBHOCTM MpoLiecca
cynbdaTpeayKunmM B OTIONKEHUAX, YTO NPUBENO
K HaKOMJIeHU0 NPOM3BOAHbIX CEpOBOAOPOAA B
[0 TaKk)Ke B pa3HbIX KOIMYECTBaAX.

B xoae npoBegeHHbIX UccnenoBaHui 6olio
YCTAHOBNEHO, YTO cpefHee coaeprKaHue coe-
AVNHEHUM BoccTaHoBeHHOM cepbl B 10 03. Ha-
3aposcKoe ¢ 2013 no 2017 roabl COCTaBAANO B

mapTe 1.36 + 0.88 % a.c.B., U3SMEHAACH B UHTEP-
Bane 010.13 oo 3.14 %; s utone —1.40 £ 1.00 %
(o1 0.08 00 3.96 %) (puc. 4).

O6cyxpeHue

lMonyyeHHble AaHHble NO FMAPOXUMMYeE-
CKMM nokKasaTtenam (pH, cogeprkaHne KMcaopo-
A3, PAaCcTBOPEHHOr0 OpPraHWYecKoro yrnepoaa,
cynb¢daTos) 03. HazapoBCcKoe CBUAETENLCTBYIOT
0 CO34aHMKN B NPUAOHHbIX CNoAX BoAbl B 0ba
Ce30Ha YC/IOBMIN, KOTOpble He NpPenAaTCTBYHOT
NPOTEKaHWUIO Npouecca CynbPaTpeayKumnm.

[aHHble NO coAeprKaHMIO COeaMHEHUI BOC-
CTaHOB/JIEHHOM cepbl B Boge n 10 npecHoBoOA-
HbIX 03ep HEMHOIOYMCAEHHbI U NPeACTaBAEHbI
B Nyb6AMKaumAx cepefmHbl MPOLWIOro BeKa, a
NPW COBPEMEHHOM TEHAEHUMN N3yYeHUe Cy/b-
daTpeayKuMM CBOANUTCA K ONpeaeneHuto TONb-
KO CKOPOCTU MpoLiecca U BUAOBOro pasHoobpa-
31A cepHbix 6aKTepuii. Moatomy nposoguTCA
CpaBHEHME C paHee NONAYYEeHHbIMU HamK pe-
3yAbTaTamMm.

NIumutupyrowmm cogepraHmem cynbdaTos
CYMTAOT BeNNYUHbI OT 8 A0 40-100 mMKMob/An
(Holmer, Storkholm, 2001), 1. e. npubansnTens-
Ho oT 1 go 10 mr/n. Ana xuakon ¢assl 40 o03.
HaszapoBcKoe 3Ta BennYMHa coctasnana 2500
mr/n. CnenoBaTefibHO, KOHLEHTpAuuUW Cy/b-
$aToB He AO/IKHbI CAEPXKMBATL AeATENbHOCTb
cynbdatpeayumpytowmx 6aktepmin 8 0 n3yya-
€MOoro Hamu o3epa.

B Aopyrux uccnegoBaHHbIX HAMKW BOoAOEeMax
KOHLeHTpaLums cynbdpaTos B Kuaxkon 0 cocTas-
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Puc. 4. PacnpeneneHue coegMHeHN BOCCTAHOBAEHHOW Cepbl B IOHHbIX OT/I0XKeHUAX 03. HazapoBscKkoe
Fig. 4. Distribution of reduced sulfur compounds in bottom sediments of Lake Nazarovskoe

nana: o3. benoe B cpegHem - 5280, 03. HUKHee
- 496, 03. CBatoe — 1334 mr/n (TutoBa u ap.,
2017).

BennumHa S . B OHHbIX OTNI0XKEHMAX ApY-
rmx BoA0emoB KOHOLLCKOro paloHa cocTaBns-
na: 03. benoe — 2.40 % (o1 0.00 go 8.94 %); os3.
HuxkHee — 0.19 % (o1 0.04 go 1.12 %); o03. Csa-
Toe —0.29 % (o1 0.04 o 3.18 %) (TutoBa u Ap.,
2017).

Mpy paccmMoTpeHUn HaKoNNeHuAa coeguHe-
HWIA BOCCTAHOB/IEHHOM Cepbl TO/IbKO B roApbl,
Koraa otbop nposoaunca B oba ce3oHa, co-
AepxaHve 3SH.S byaer BbimageTb crenyto-
Wwmm obpasom: mapt — 1.64 £ 0.87 % (o1 0.27
0o 3.14 %), vronb — 1.21 + 0.73 % (ot 0.08 po
2.94 %).

B 1abn. 1 npuseseHo B cpegHem pacnpese-
neHune ¢opm B coctase YSH2S B 0O 03. Haza-
poBCKoe.

Tabnuua 1. PacnpeneneHne dopm cepbl B coctaBe YSH2S no ce3oHam B AOHHbIX OT10XKeHMAX 03. Haza-

Table 1. Distribution of sulfur forms in the comsgssiiit)onezSHZS by seasons in bottom sediments of Lake
Nazarovskoe
% oT 3SH.S MapTt Uionb
CynboungHas 1.10 0.40
dnemeHTHanA 1.49 1.03
MnputHaa 40.46 52.59
OpraHunyecKas 56.95 45.98
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N3 npeactaBneHHbIX Bblle AaHHbIX BUAHO,
4TO NMPUTHAA cepa Cpean coeaMHEHNN BOCCTA-
HOB/IEHHOW cepbl Npeobiagana UaM 3aHMMana
nocneaytouiee mecto B 06a ce3oHa, B AOHHbIX
OTNOXKEHUAX NUPUT MOXKeT 06pa3oBaTbCA TO/Nb-
KO B pe3ynibTaTe Nnpeobpa3oBaHunsa obpasytoLue-
roca cepoBoAopoaa v cynbduaos. Konmyecrtsa
cynbdunaHon cepbl B 10 03epa MUHMMA/bHbI.
Hannune snemeHTHOM cepbl, XOTA U B HEGONb-
LIMX KOJIMYECTBAX, CBUAETENbCTBYET, UTO OKMUC-
NeHve ceposoaopoaa/cynbGuaos MMeno me-
CTO B OTNIOXKEHUAX, HO, BO3MOXKHO, 3Ta popma
TaKXKe pacxogoBanacb Mpu TpaHchopmauumm
npoayktos OB n npu obpaszoBaHum nupmTa.

CopeprkaHne oOpraHMYecKkon cepbl, AOMU-
Hupylowen cpegn Gopm 3UMMOI, COCTABAANO
- 1.04 % a.c.B., B NETHWUI Nepuoa, KONUYECTBO
COKpalanocb noytn sasoe — ao 0.55 % a.c.s.,
ycTynas sty ponb nuputy - 0.66 % a.c.s. Cnepo-
BATE/IbHO, MPOUCXOAUT COKPALLLEHWNE KOINYECTB
OpraHMYecKom cepbl, KOTOPaAA MOT/1a CNYKUTb B
KayecTBe AOMONHUTENIbHOrO MCTOYHMKA coeam-
HeHun cepbl (Rudd et al., 1986) (c nocneayto-
WMM BOBNEYEHMEM MOCNEAHUX B LUMKA 3TOrO
anemeHTa) Nnpu mmHepanusauum OB.

[Ons cuctemaTmMsaumm BblLLEONUCAHHbIX pe-
3yNbTaTOB OHW HblNM 0606LEHDbI B TabA. 2.

Tabnumua 2. CBoaHble pe3ynbTaTbl NOKasaTenen B BoAE 1 A0HHbIX OTI0XeHMAX 03. HazapoBckoe
Table 2. Summary results of indicators in water and bottom sediments of Lake Nazarovskoe

MNokasaTenb MapTt Utonb
Boaa
pH 6.50 7.45
Kucnopoa, mr/n 0 5
PQY, mr/n 27.26 17.32
Cynbdartbl, mr/n 52 16
;if;’ns‘(’rﬂzs)oﬂ/ cyneduap, 340 (1355) 28 (152)
[lOHHblE OTNOXKEHUA
Cynbdartbl, mr/n 2850 3180
*eneso pacTs., MKr/n 200 350
NabunbHoe OB, %. 7.21 6.18
eneso nuputHoe, % 0.58 0.65
CymMa BOCCTaHOB/IEHHOM 164 191

cepbl, %

BbiNM M3y4eHbl KOppensuMoHHble 3aBUCK-
MOCTU MEXKAY XapaKTepu3yLWMMN NpoTeKa-
Hue cynbdaTpeayKunm 1 HakonaeHue coeau-
HEHWIA BOCCTAHOB/IEHHOM Cepbl MOKasaTens-
MW B 06pasLax, oTobpaHHbIX B MapTe M ukone
OAHOTO M TOTO Xe roaa.

TonbKo ANa AOHHbIX OT/I0XKeHun (n = 20) oT-
6opa B mapTe oTMeyeHbl o0bpaTHble 3aBUCU-
MOCTU MeXAy COAEep*KaHWEM OpPraHMYecKkoro
Bel,ecTsa (Cop) N cneayroLwmmMmn nokasaTensmm
(p < 0.05): $*(-0.62), S (-0.52), Fe(ll) (-0.52),
SO,* (-0.75), 4To nosBonsAeT MpeanooKnUTb
NPOTEeKaHMe B OCaAKax BOCCTAHOBUTE/bHbIX
npoueccos ¢ 3aTtpaTton OB, B TOm uncne n Ha
npouecc cynbdatpeaykumn. Ans JO otb6opa B

nione (n = 19) He BbIABNEHO HUKAKMUX ABHO Bbl-
Pa*KEHHbIX 33aBUCMMOCTEN MeEXAY 3TUMU XKe
noKasaTensamm.

MaKcumanbHaA CKOpPOCTb M3y4aemoro npo-
Lecca yCTaHOB/IeHa B IETHUIM nepuog ANAa no-
BEPXHOCTHbIX cnoes [0 — ao 555 mkr S/am3 cyT
(ans OO o03. Benoe 3TOT NOKasaTelb COCTaBAAN
okono 2000 mkr S/am3 cyT), a B 3MMHWI nepu-
04, MaKCMMyM oTmMmedeH gna cnoa 9-10 cm -
338 MKr S/gm® cyT. 9To MOXKeT HbITb CBA3AHO
C Tem, 4YTO B Mepuog, OCEHHeN roMOTePMUN U
HenocpeACTBEHHO S1IeTOM MPOUCXOAUT AO0NOA-
HUTenbHoe noctynneHune B 1O opraHU4eckoro
BeLLecTBa CO CTOKamum ¢ Bogocbopa mnm B pe-
3y/bTaTe OTMUPAHUA BOAOPOCNEN, pacTUTeNb-
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HOCTWU M BOAHbIX OPraHN3MOB; NPOHUKHOBEHME
KMCN0pOAa B TOJILLY OT/IOXEHUN (80 15 cm) m
YaCTUYHOE OKMUC/NEeHUE COeAMHEeHUM BOCCTa-
HOBNEHHOW cepbl (MpMBOAALLEE K NONOJHEHUIO
3anaca cynbdaToB). B nogneaHbin nepnos Knc-
nopog, 8 10 3akaHuYMBaeTCA B pe3ynbraTte pac-
XOA0BaHMA €ro Ha OKUCAUTENbHblE NPOLECChl
— YC/I0BMA NOCTENEHHO CMEHAKTCA CHavyana Ha
MWKPOaspoduabHble, 3aTeEM Ha aHa3pobHbIe,
T. €. CO34at0TCA YCNOBUA ANA aKTUBM3aLUMN aea-
TenbHocTn CPB. B nepunop BeceHHel romoTtep-
MWU N OTKPbITOM BoAbl 06pa3oBaBLLMECA paHee
n obpasytomeca NeTom BOCCTAHOB/IEHHbIE CO-
eAnHeHnA cepbl (ZSHZS) B BEPXHUX CNOAX OTNO-
KEHMN MOryT noaBepratbCA OKUCAUTEIbHbIM
npoueccam, MNO3TOMY, HECMOTPA Ha 3Hauu-
TeNIbHY MHTEHCUBHOCTb NpoLiecca cynbdaTpe-
aykumn, netom B 1O HE NPOUCXOANT CTONb XKe
ABHO BbIPaXXEHHOrO HAKONNEeHUA COeaANHEHNM
BOCCTAHOB/IEHHOM cepbl, Kak 3umon. OgHako
B 6osiee rybOKUX CNOSAX OTNIOKEHUN OTMeYe-
HO HaKoMNaeHMe BOCCTAHOB/NIEHHOW Cepbl, He-
CMOTpA Ha Bonee HU3KYH CKOPOCTb Npouecca
cynbdaTpesyKUMM — MaKCMMa/IbHOE CoAEeprKa-
Hue 3SH.S 3adpumkcuposaHo B uione 2017 r. ans
ropusoHTa 20-24 cm, Npyn TOM YTO UHTEHCUB-
HOCTb Mpouecca cynbdaTpeayKunmn gna 3Toro
CNOA OTNOXKEHWUI COCTaBNANA TONbKO 43 MKr S/
AM3 CyT, U1 COBCEM HEMHOTO OT/IMYaANAacb OT UH-
TEHCMBHOCTM Mpouecca ANa NPUAOHHOro CnoA
BOADbI.

3aknouyeHue

B 3akntoueHne o0606uieHbl M NpuBeAeHbl
daKTopbl MAM NOKasaTenun, KoTopble BAUANU
Ha NpoTeKaHue npouecca cynbdaTpenyKkummn mn
HaKonaeHne coeamMHEeHUN BOCCTAHOBEHHOM
cepbl B BOAE M OOHHbIX OTAOXKEeHMAX 03. Ha-
3apOBCKOE, NMOKa3aHbl 0COBEHHOCTM 3TUX MPO-
LEeccosB.

Mo MMHepanunsaumm Boabl, COCTaBAAOLLEN B
cpeaHem 146 mr/n, 03. HazapoBCcKOe OTHOCUTCS
K NPecHOBOAHbIM BOAOEMAM. B 3umHui nepu-
O/, 9TO NMOKa3aTeNb NPaKTUYECKN BABOE Bbllle,
yem neTom. o coaeprKaHMIo rMaBHbIX MOHOB —
K KaTeropum ruapokapboHaTHOro Knacca Kanb-
umeson rpynnbl. MNpu 3TOM cpeaHee cogep-
aHue cynbdaToB B BOAE AAHHOrMo BOAOEMA
coctasnano 35 + 25 mr/n, makcmmansHo — 106
mr/n. MpeacraBneHHble 3HaYeHUA — Hanbosb-
Wwne AnAa BCex U3yv4eHHbIX HAMU NPECHOBOAHbIX
o03ep. HecmoTpA Ha 3TO, OTMEYEHO yBeAnyYeHmne
MX KOJIMYECTBA 3UMOM OTHOCUTENIbHO NETHETO
nepuoaa 1 oT NOBEPXHOCTM KO AHY B 06a ce3o-
Ha (HecmoTpa Ha npoTekaHue cynbdaTpenykK-
LMK), 4TO MOXKET KOCBEHHO CBUAETENBLCTBOBATD

0 NoCTynneHnn cynbdaToB C rPYHTOBbIMM BO-
OAMU.

Hanbonblwee KonmMyectso cepoBoAOpPOAA
coctasnano 1355 mkr/n (npeacraBneHHas Be-
NIMYNHA MAKCMMaA/IbHA KaK ANa AaHHOro 03epa,
TaK U gna Apyrux UccneaoBaHHbIX HaMu npe-
CHOBOAHbIX 03ep) 1 BbIN0 OTMEUYEHO B 3UMHWUIMA
nepuoa. OAna 60nbWMHCTBA APYIrMX BOAOEMOB
3TOT NOKa3aTe/lb MaKCUMAEH B JIETHUN Nnepu-
oA.

KaK n gna Bcex U3y4yeHHbIX HAMU paHee npe-
CHOBOAHbIX BOA0EMOB, B 03. Hazaposckom 6o-
lee MHTEHCMBHO BOCCTAHOB/EHME cyNbdaToB B
[0 ocywecTBnANOCh B NETHUIM Nepuog (Makcu-
Ma/ibHasa CKOPOCTb npouecca cocrtasaana 555
MKr S/am3 cyT), XoTA B LLENOM UHTEHCUBHOCTb
aToro npouecca B 0O 03. Hasaposckoe 6blna
MeHbLle, YeM BO BCEX paHee UCCea0BaHHbIX
o3epax.

B otinume ot 6onbIMHCTBA paHee uccne-
AOBAHHbIX HaMW 03ep, PaCMONOXKEHHbIX Ha
Tepputopumn ApxaHrenbckoi obnactu, 8 [0
KOTOPbIX AOMUHMpPYOWEeN Gopmon ABNANACH
— OpraHMYecKas, a cpegu cynbGuaHbIX — cepa
MoHocynbdnaos, B 03. HazapoBCKOM B LLeNOM
AOMUHUpYIOLWEeNn dopmoi cepbl 6blna NUPUT-
HaA, 40NA KOTOpOM nopoi gocturana 94 % ot
obuiero KonmMyecTea CoeAMHEHWUIM BOCCTAHOB-
JNIEHHOW cepbil.

Ha Hakon/aeHMe BOCCTAaHOB/IEHHbIX COegMHe-
HMK cepbl B 1O 03. HazapoBcKoe OKa3ano BAu-
AHWe coaepKaHue cynbdaToB B XKuaKon dase n
CKOPOCTb MPOTEKaHUA Npouecca: C O4HOM CTO-
poHbI, 3SH.S B cpeaHem Ha nopaaoK 6onblue,
yem A 6ONbLIMHCTBA MUCCeA0BaHHbIX HAMM
paHee 03ep, HO C APYrol CTOPOHbI, B 2 pa3a
meHbLe, yem B 1O 03. benoe, B KOTOPOM CKO-
pOCTb CynbdaTpeayKuMM OKasanacb B 4 pasa
Bbiwe. [larke HeECMOTPA Ha TO, 4YTO 03. benoe
Menb4ye nccneayemoro Hamm Bogoema B 2 pasa
n goctynHoro ana CPb OB B Hem A0nKHO b6bITb
MeHblLEe, CoeaMHEHMN BOCCTAHOB/IEHHOM cepbl
AOMKHO 6bIN0 6bl HAKANNMBATLCSA MEHbLLE.

Ha OCHOBaHMW MOAYyYEHHbIX pPe3y/nbTaToB
MOKHO NPEeANON0XKUTb, YTO 3anac 3 SH,S B OH-
HbIX OT/IOXKEHMAX CO34aeTCA B 3MMHUIM NEPUOA,
a IeTOM NnLWb NOMOJIHAETCA. B 3MMHUIA nepu-
on obpasoBaBlUMECA COEAUHEHMA BOCCTAHOB-
NIEHHOW cepbl HakanaMBatoTca (B Bogoeme oT-
MeYeHbl aHaspobHble ycnoBUA gaxKe B BOAHOM
Tonuwe). Jletom ke obpasoBaBlUMECA paHEE U
obpasylouwmeca HenocpeacTBEHHO B Mepuos
HanbOoNbLLEN aKTUBHOCTWU NpPoOLECcCca B BEPXHUX
CNoAX OT/IOXKEHWUIM COeANHEHNA BOCCTAHOB/EH-
HOW Cepbl MOTYT NOABEPraTbCA OKNCAUTENbHBIM
npoueccam ns-3a HebonbLLOW rybuHbI 03epa.
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Key words: Summary: Investigations were carried out to study the process of sulfate re-
biogeochemical duction in freshwater lake Nazarovskoye (Konoshsky district, Arkhangelsk re-
processes gion). Field work was carried out in the winter (March) and summer (July) sea-
sulfate reduction sons from 2013 to 2017. Biogeochemical parameters (content of sulfates, iron,
sulfur compounds organic matter, sulfur forms) and the speed of the bacterial sulfate reduction
reactive iron process in the selected samples were determined using conventional or ap-
bottom sediments proved methods. The water in the lake was characterized as fresh, bicarbonate
small lakes class of calcium group. In the water column, the maximum amounts of sulfates
Arkhangelsk region 107 mg/L and hydrogen sulfide 1355 pg / L were noted in the winter. In the

bottom sediments of the lake, more intensive sulfate reduction occurred in
the summer period (maximum process speed was 555 pg S/dm3 per day). In
contrast to the majority of previously studied freshwater lakes in Arkhangelsk
region, this reservoir had the highest concentrations of sulfates and hydrogen
sulfide in water. At the same time, the lowest speed of the bacterial process
of sulfate reduction both in water and bottom sediments was recorded. How-
ever, among the derivatives of hydrogen sulfide in bottom sediments, pyrite
sulfur dominated among sulfide compounds in Lake Nazarovskoe, which may
indirectly indicate a fairly active process of sulfate reduction in the sediments
of this shallow reservoir. It can be assumed that despite the high speed of the
process, in the summer the sulfide compounds formed in the upper layers of
the sediments can be oxidized due to the penetration of oxygen to the bottom
of the reservoir via the small depth of the lake; and in the winter compounds
of reduced sulfur are accumulated in the bottom sediments (anaerobic condi-
tions are noted even in the water column of the reservoir).
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T'OPYJIEB
IHaBen AnekcanapoBuy

Kniouesble cnosa: AHHoTaumA: OgHOW U3 cOBPEMEHHbIX SKON0rMYecknx npobnem ABnseTca pac-
Melanoides granifera NPOCTPAHEHMNE YYKEPOLHbIX BUA0B HECMO3BOHOUHbIX, B YaCTHOCTU NpeACcTaBU-
HUXXHAA NIeTanbHan Tenel TPONMYECKNX BOLOEMOB, B HECBOMCTBEHHbIX MM YC/I0BUAX Cpeabl. DKCne-
Temnepartypa PUMEHTA/IbHO YCTAaHOB/IEHbI 3HAYEHUSA HUXKHEN NeTasibHoM TemnepaTypbl (HNT)
Temneparypa ana Melanoides granifera — Tponnyeckoro 6ptoXoHOroro NPecHOBOAHOIO MOJI-
AKKAMMaumu JIIOCKa, KaK npeacTaBuTens MHBa3sMOHHOM dayHbl. Onpegenann HAT npu aByx
BbIXXMBAEeMOCTb TemnepaTtypax akKAMmMaLnn n pasHomMm BpeMeHU sKcnosnumm. C ymeHblUeHnem
WHBa3nA TemnepaTtypbl aKKIMMaLUM OTMEYEHO CHUMXKeHKne 3HaveHuA H/1T n Touku xono-

[oBoW cmepTn. Mpn 8-4acoBOM BpeMEHM BO3AENCTBUMN MOHMMKEHHbIX TEMMEpa-
TYP Y akKAMMauumn npu temnepatype +20°C 3HayeHne H/T coctasuno +8.4°C,
nNpwn akkAMMaunn K Temnepatype Boabl +18 — +7.3°C. Mpwu yBennyeHum speme-
HW BO34elcTBUA A0 168 yacos Npu Temnepatype akkanmaumm +20°C 3HayeHne
HAT coctaBuno +13.3°C. M3yyeHune ANHAMMKN BbIXKMBAEMOCTM MOJIJIFOCKOB NpU
NMOHMMKEHHbIX TEMMNEpPaTypax NoKa3asno 3aKOHOMEpPHbIN POCT NpoLeHTa rnbenn
ocobeli No mepe yBesMYeHNs BpeMeHW BO34encTemA. O4HAKO BbIsSIBIEHO, YTO
OHM CNOCOBHbI COXPaHATL KU3HECNOCOOHOCTL B TedeHMe 168 4acoB B OCyLUeH-
HOM rpyHTe C BNaxHOCTbo 20 %. OTMeYeHOo, YTO NPU NOCTENEHHOM OCYLLEeHUN
FPYHTA MOJIIIOCKM CMOCOOHbI BbIXKMBATb NMPU CHUMKEHUW BNAXKHOCTM FPYHTa 40
2 %. MoKa3aHo, YTO NP AENCTBUM NOHUKEHHbIX TEMMNEpPaTyp BEPOATHOCTb Bbl-
YKMBaAHMUA MOJIIIOCKOB B 0OCbIXatoLLEM FPYHTE Bbille, YeM B 06BOAHEHHOM, YTO,
BEPOATHO, CBA3AHO C UX NEPEXOAOM B COCTOAHME BMonormyeckoro nokos. Mo-
Jly4eHHble pe3ynbTaTbl CBMAETENbCTBYIOT, UTO HU3KME 3HAYEeHUA TemnepaTypbl
cpeabl B OCEHHE-3MMHMIA NepPUoL MOTYT CTaTb OCHOBHbIM GaKTOPOM, OrpaHu-
ymsarLWmMm nHBasmto Melanoides granifera B ecTecTBeHHble BOAOEMbI CPEAHEN
nonocbl Poccuu.
© MNeTpo3aBOACKUI FOCYAAPCTBEHHbIN YHUBEPCUTET
MonyueHa: 29 asrycta 2019 roga MNoanucaHa K nevatun: 19 gekabpa 2019 roga

BBepeHue npobnem (KopHesa, 2005). OgHOM U3 NPUYMH
pPacnpoCTpPaHEeHMA YyKepoaHbIX BUAOB BOAHbIX
6€eCcrno3BOHOYHbIX B CaMbiX Pa3HOOOPa3HbIX BO-
[OemMax M BOAOTOKax CTasio pa3BUTUE aKBapU-
YMUCTUKK (BuHapckuii n ap., 2015). Kak npa-

MPOHMKHOBEHWE BOAHbIX HECNO3BOHOYHbIX
B HECBOMCTBEHHbIE MM paHee MecToobuTaHuA
ABNAETCSA OAHOM U3 BarKHENLIMX SKO/TOTMYECKMNX
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BWJIO, YyXKepogHble BUAbl, 3aHeCeHHble baaro-
AapAa nobutenam-akBapmyMmnctam, OTHOCATCA
K NPecHoBOAHbIM obuTaTensm TPOMUYECKUX
BOAOEMOB. HekoTopble BUAbI-BCENEHLLbI, TAaKNe
Kak Melanoides sp., Ampullaria sp., oTmeu4eHbl
B BOJOEMax ceBepa-3anagHoro MpuasosBba m
Esponbl, YKpauHbl ([derrapeHko, AHUCTpaTEH-
Ko, 2011; CoHn, 2007). OgHuUM M3 Hambonee
3HAYMMbIX 9KONOTMYECKNX PAKTOPOB, onpeae-
NAKLWNX NPOCTPAHCTBEHHOE pacnpegeneHue
N CE30HHYI0 CMEeHY BUAOB, ABASETCA TeMnepa-
Typa. TemnepaTypHbIN AManNa3oH B BogOeMax-
oxnagutenax obecneymBaeT obuUTaHWE B HUX
Pa3INYHbIX B OTHOLEHUM TEPMOPE3NUCTEHTHO-
CTU TMAPOBUOHTOB. M3BECTHbI C/ly4an HAXOXK-
AEHUA }KN3HecnocobHbIXx ocoben TponnYecKmx
MOJIJIIOCKOB B 3006€eHTOCe MpyAoB OTCTOMHU-
KoB A9C u B cbpocHbIx KaHanax PI3C (AHbIrMHa
n ap., 2009; Hexaes, MNanatos, 2016; Cnnaesa,
2017; Bespalaya et al., 2018a, 2018b). B 0bna-
cTn cbpoca oTpaboTaHHbIX BOA TemMMepaTypbl
BOZbl MOBbILWEHbI B TeYEHNE BCEro roAa, Yto u
ABNAETCA BO3MOXHOW MPUYMHON COXPaHEHWUS
KU3HEeLeATeIbHOCTU TennontobuMBbIX MOANIO-
CKOB.

B cBA3M C M3MEHEeHMeM KAMMATUYEeCKOro
peXKMMma, a TakKe C yBeanYeHnem aHTponoreH-
HOW TepMasibHOW HarpysKM Ha BOAOEMbl 3Ha-
YUTENbHOE YNCNO0 PABOT NOCBALLEHO U3YYEHUIO
TEPMOYCTOMYMBOCTM U BOSMOXKHOCTM TeMNepa-
TYpHOM agantaumm pbib (Kanwaii, fonosaHoB,
2013). Bonpoc O BO3MOMKHOCTM MHBA3UWU Te-
nnonto6UBbIX MONTIOCKOB B BOAOEMbI CPeAHEN
nosiocbl Poccmn nsyyeH HegoCTaToOuHO, M NONY-
YeHHble 3KCNepMMEHTA/IbHble JaHHble UMEIOT
He TO/IbKO TEOPETUYECKUM, HO U MPAKTUYECKUI
nHTepec. UN3yyeHne TemnepatypHoro aganTa-
LMOHHOrO NOTEHLMaNa NPecHOBOAHOIo Hptoxo-
Horo monntcka Melanoides granifera K noHu-
YKEHHbIM TeMnepaTypam obyCcnoBAEHO TEM, YTO
OAHHbIM BMA, obnapaet pagom Kayvects, bnaro-
NPUATCTBYHOLLMX YCNELWHOMY 3aHATUIO cBObOA-
HbIX TeppuTopuit. MONNKOCKM [aHHOrO poaa
MMEIT LUMPOKUI apean obuUTaHUA — BCTpeya-
totca B Adppuke, Aszmn, Asctpanun. MenaHum
— rPYHTOBbIE MOJIIFOCKN, B €CTECTBEHHbIX YCN0-
BMAX MOTYT 3acensitb NpUOperKHble Y4YaCTKM
rnybuHol go meTpa n 0bmUTaTb BO BPEMEHHbIX
Bogoemax. OHUM ABNAIOTCA TUNUYHBIMU AEeTPU-
Todaramu, ycCnewHo pa3MHOMXKAlTCA B Aua-
nasoHe TemnepaTyp oT +18 go 28 °C, oTHOCHK-
Te/NIbHO YCTOMYMBbI K USMEHEHUIO CONEHOCTU U
YKECTKOCTU BOAbI, AbIWAT }Kabpamu, cnocobHbI
K nonoBomy 1 6ecnonomy pasMmHOXKeHUIO, ANA
HUX XapaKTepHO XuBopoxgeHue (Leng at el.,
1999; Ben-Ami, Heller, 2005; Ca¢poHos, 2001).
Mpeanonaraetca, 4TO 3a cyeT CNOcobHOCTM K
napTeHOreHeTUYECKOMY Pa3MHOMKEHWUIO KOO-

HW3aLMA HOBbIX MECT 0OUTaHMA MOOCKaMM
[AHHOro BMAa Npu 61aronpuATHbLIX YCAOBUAX
cpeAbl NPOUCXOAMUT C OCTAaTOYHO 60/bLLOM CKO-
pocTblo (Pointier at el., 1998). Moatomy uenbio
nccnenoBaHUA ABNANOCH U3yYEeHUE YCTOMUYNBO-
ctn Melanoides granifera K NOHUXXEHHbIM TEM-
nepatypam. 3aZauM UcCcneaoBaHUS BKAKOYAN
onpeaeneHne HUXKHeN NeTaNbHOM Temnepary-
Pbl, BbI)KMBAEMOCTU MOI/IFOCKOB NPU AENCTBUN
MOHWMMKEHHbIX TeMnepaTyp U MNpU CHUXKEHUU
BNIAXKHOCTM rPYHTA.

Martepuanbi

BptoxoHorue MOINTHOCKM Melanoides
granifera ABNAKOTCA TUNUYHbIMU O0bUTaTENAMM
AEKOPAaTUBHbLIX aKBapuUymoB. MaTepUuHCKyto
KY/IbTYpY COAEPMKa/N B aKBapuyme ob6HbemMom
20 NUTPOB C FPYHTOM, BbICLLUEN BOAHOMN PacTu-
TENbHOCTbIO U CUCTEMOM NMPUHYANTENBbHOM a3-
paumun n epunbtpaunmn. KopmaeHne monntoCcKkos
NpoBOAMAN Yepe3 AeHb CyXMM KOpMOM AnA
pblb6 «TeTpa». B aKkcnepMmeHTe MUCMo/1b30Baan
ocobei 0AHOM pPa3sMepHOM KaTeropuu: AMHa
pakoBuHbl 8.08 £ 0.04 mm, macca MOANIOCKA
0.08 £ 0.001 r. AnAa KaxkQoro BapmaHTa aKcne-
PUMEHTa MCNOIb30BaNN TPEXKPATHYO NOBTOP-
HOCTb. B nnacTukosble emKocTM o6bemom 250
mn pgobasnanm 150 r rpyHTa, 4OAMBANM OTCTO-
AHHYIO a3PMPOBAHHYIO BOAY M MOMELLAN TyAa
no nATb ocobei. [lanee eMKOCTU C MOJINIHOCKa-
MM NEPEHOCUNMN B KTMMATUYECKYIO Kamepy ANA
noafepKaHuA BbIbpaHHbIX TemnepaTyp. B KoH-
TPO/NIbHOM BapMaHTe MOJIJIFOCKOB NMOMELLAN B
AHANOMMYHbIE EMKOCTM NPWU 33aZ4aHHOM Temne-
paType akKIMMaLnm Ha Heobxoaumbli nepuoa,
3KCNO3ULUMN.

MeToabl

NcnblTaHWA NPOBOAMAN C NCNONb30BAaHNEM
KNMMaTUYECKOM Kamepbl (Kamepa NoCTOAHHOM
TemnepaTtypbl U BAAXKHOCTM, moaenb TH-ME-
025). Bpemsa 3KCno3mumnm 1 CKOPOCTb MOHUXKe-
HWA TemnepaTypbl B KAMMATUYECKOM Kamepe
3agaBann astomatmyeckn - 0.1 °C B MUHYTY
A0 BblOPaHHOro 3HaYeHMa TemnepaTtypbl. CKo-
POCTb NMOHUMKEHMA TEMMEpPATYpPbl BbibpaHa Kak
Hanbonee oNTMMaNbHasA CKOPOCTb U3MEHEHMUA
TemnepaTypbl Ha OcHoBe PaboT, NOCBALLEHHbIX
NU3YYEHUID BEPXHEW NIeTaZlbHOM TemnepaTypbl
(BNT) (fonosaHos, 2013). OnpeaeneHne HUMXK-
Hel netanbHon TemnepaTypbl (H/1T) npoBoau-
1N Ha OCHOBE MeToAa XPOHWYECKOro feTanb-
HOr0O MMHMMYMa C MNOCAeAyLWMM pPacyeTom
HNT. NleTanbHOM cuyMTalOT TemnepaTypy, npwu
KoTopom 50 % »KnBOTHbIX NornbatoT, a 50 % BblI-
*uatoT (LUmnaT-HuenbceH, 1982). Onpeanene-
HUE HUXKHEWN NIeTa/IbHOW TemnepaTypbl NPOBO-
ANAN Npy TemnepaTypax akkanmaumm +20°C n
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+18°C, nepunog, akcnosunummn 8 n 168 yacos. [ns
3TOro Ha NepBOM 3Tane Haxo4WNU AMana3oH
netanbHbIX Temnepatyp ot LT, ' Ao LT , a 3atem
rpaduyeckMm MeToaom C NMOMOLLBI NPobuT-
aHanusa onpegenaam LT, (Mpoccep, 1977).
AKKIMMALUIO MOJITIFOCKOB K COOTBETCTBYHOLLUM
Temnepatypam nposoauan B TevyeHume 7-10
AHewn.

N3yyeHne nsmeHeHUA BbIXKMBAEMOCTU MOJI-
JNIOCKOB NpU A/ UTENbHOM BO34eNCTBUM MOHMU-
YKEHHbIX TemnepaTyp NpoBOAUAU NPU Temne-
paTypax +10 °'C u +12 °C KaK Temnepartypax,
NPUBAUKEHHDBIX K CpegHEMY 3HAaUYEHUIO Temne-
paTypbl BOAbI B XO/I04HbIV Nepmnog, B BogOeMax-
oxnagmutenax A3C n TIC (AHbirvHa u ap., 2009;
Myp:anos u ap., 2017). Temnepatypa akKIMMa-
umnm coctasnana +20 °C. Mpwu Temnepatype +12
°C nepuog, akcnosmuum coctasnan 48, 72, 96,
120 yvacos. MNpu Temnepatype +10 °C — 8, 24,
48, 72 vaca.

N3yyeHne  BbikMBaemoctu  Melanoides
granifera Npn CHUKEHUWU BNAXKHOCTWU TPYHTa
nposogunu npu temnepatype +20 °C n oTHOCK-
TEeNbHOWM BNAXKHOCTU BO3ayxa 36—40 %. Bnax-
HOCTb W TemrnepaTypy BO34yXa U3MepPAIN Tep-
morurpomeTpom «TKA-MKM». B ucnbITaHMUAX
ncnonb3osanu 18 emkocten no 5 monntockos
ONA Kaxkgoro BapumaHTta. OcyweHue rpyHTa
NPOUCXOAN/IO MYTEM eCTeCTBEHHOro ucrape-
HWUA BOAbl M3 OTKPbITbIX emKocTen. Mo mepe
OCyLIeHMA NPOBOAUAN U3MEPEHME BNIAXKHOCTU
FPYHTA M OLLEHKY BbI)KMBAEMOCTU MOJINIKOCKOB.

100
a0
&0
it ]
&0
&0
40
i
20
L)

BuixueaeMmocTs, %

BnaxKHOCTb rpyHTa paccyuTbiBa/M MO CTaH-
[ApPTHOM MeToAMKe onpeneneHuns BAAXKHOCTU
rpyHTa BecoBbiM MmeToaom (BaweHKo, 1982). B
KOHTPO/IbHOM BapuaHTe 06bem Boabl nogaep-
YKMBaNCA HAa Ha4Ya/lbHOM ypOBHe nytem n06as-
NIEHMA OTCTOAHHOW a3pMPOBAHHOM BoAbl. Ha-
6at04eHMA NPOBOAMAN B TeYeHMe 27 CyTOK.

MpoBepPKY BbI*KMBAEMOCTU MOJIIIOCKOB BO
BCEX CEepUAX IKCMEPMMEHTOB MPOBOAMIM MO
Ha/IMYMIO ABUTATE/IbHOM aKTUBHOCTM Nocae no-
melleHua ocobein B Boay. Mmbenb ocobent pac-
CYMTbIBAZIN MO CpeaHeMy 3HAYeHUI0 U3 Tpex
NOBTOPHOCTEM NO CPAaBHEHUIO C KOHTPOJIEM.

Cratuctmyeckaa 06paboTka AaHHbIX Mpo-
BeAeHa B nporpamme Statistica 6.1. MpuHATbIN
B paboTe KPUTUYECKUI YPOBEHb 3HAYMMOCTMU
p = 0.05.

Pe3ynbratbl

Ha nepsom 3Tane onpegensnu AuanasoH
NeccMmanbHbIXx TeMnepaTyp OT TOUYKM XON0A0-
BOW CMEPTU A0 HUMKHETO 3HAYeHMA Temnepary-
pbl, MPY KOTOPOM BbI}KMBaAM BCe 0COOM. BbiaB-
JIEHO, YTO NpPU TemnepaType akkaMmaumm +20
°C n 8-4acoBOM BO3AENCTBUN MOHMMKEHHbIX
TemnepaTtyp AManasoH NeTanbHbiX TemnepaTyp
HaxoamTca ot +10 °C (LT, rubenb 0 % ocobeit)
po +8 "C (LT, rnbenb 100 % ocobeil, Touka xo-
noposoi cmepTu). Mpn aKKAMMaUUKn K Temne-
paType +18°C AnanasoH neTanbHbIXx Temnepa-
Typ — 0T +8.5 "C (LT ) mo +6 "C (LT ) (puc. 1).
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Puc. 1. lmanasoH BblxKMBaeMoOCTU MoAtoCKoB Melanoides granifera npun pasHbix TemMnepaTtypax B 3a-

BUCMMOCTHU OT BpEMEHMU BO3,£|,€V1CTBMF| N TeMnNepPaTypbl akkaimmauyunn: 1-7T
+18°C;3-T_ 1684,t,  +20°C
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Fig. 1. The range of survival of the mollusk Melanoides grar?l?léra at different temperatures depending on

the exposure time and acclimation temperature: 1 - T
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Kak BMAHO M3 rpaduKa, CHUKeHne Temne-
paTypbl akkAMMauum Ha 2 °C npMBoAMT K yBe-
JIMYEHUIO XONOA0YCTOMYMBOCTU MOJITHOCKOB,
CMEeLLEHMUIO0 3HAYEHUA TOYKN XON040BON CMep-
TU U YBEJIMYEHUIO «30Hbl TOIEPAHTHOCTUY». Ha
OCHOBE MOJIy4YeHHbIX pPe3ynbTaToB, UCMO/b3yA
npobwut-aHanmns, yctaHoBAEeHbl 3HayeHusa HNT
npu 8-4acoOBOM 3KCNO3MUMMK: NPU TemnepaType
akKknMmauum +20 °C 3HayeHmne HUXKHeM netanb-
HOM TemnepaTypbl coctaBuno +8.4 °C, npu Tem-
nepatype akkaMmaumm +18 °C—+7.3 °C.

MN3BeCTHO, 4TO BbI)KMBaHWE OpraHM3Ima B
30He cybneTanbHbIX 3HAYEHUM TemnepaTypbl
Yy TPaHuL, XWU3HeaeATeNbHOCTU 3aBUCUT U OT
NPOAOCNKUTENbHOCTM BO3aencTBus  (LLUmnar-

BeixuBasMocTe, %

HuenbceH, 1982). Mpu 3KCNO3MLUM MONNIOCKOB
B TeuyeHme 168 4yacoB AMaNa3oH NeTanbHbIX
Temnepatyp onpegeneH ot +16° (LT ) go +10°C
(LT, Onpe@eneHme HAT npwn 6onee aantenn-
HOM BO34EMCTBMW MOKA3ano, YTO MOJIFOCKU
BbIXXMBanu B TeyeHne 168 yacosB npu bonee
BbICOKMX 3HAYeHUsX TemnepaTtypbl (cm. puc. 1),
a HMXKHAA NeTanbHaA TemnepaTtypa cocTaBmna
+13.3 °C.

N3yyeHne ANMHAMUKWN BbIXKMBAEMOCTU MON-
NIIOCKOB MPWU MOHUMKEHHbIX TemnepaTtypax no-
Ka3aso 3HauuTe/IbHOE YMEHbLUeHUe 4ucaa
ocoben, COXpaHAKOLWMX KU3HECNOoCcobHOCTb
no Mepe yBE/NWYEHUA Nepuoaa BO3AEUCTBUA
(puc. 2).

0

MepWon 3KCNO3MUKK, Y

Puc. 2. BbIX>KMBaeMOCTb MOJIJIIOCKOB NPU AEUCTBUN MOHUMKEHHbIX TemnepaTtyp +12 °C (1) n+10°C(2) B
3aBMCMMOCTM OT Nepuoaa SKCNo3nuun
Fig. 2. Survival of mollusks under the action of low temperatures +12 °C (1) and +10 °C (2) depending on
the exposure time

Mpu Temnepatype +12 °C yepes 24 u 48 va-
COB 3KCNo3nunm coxpaHanacb 100 % BbikMBae-
MmocTb ocoben. Tmbenb 40 % ocoben oTmeveHa
yepes 72 4aca 3KCNO3ULUK (CTaTUCTUYECKM 3HA-
ynmble oTan4YMA, Kputepuit Mann — Whitney,
p = 0.025), 60 % — yepe3 96 yacos (cTaTUCTK-
YeCKM 3HAYMMble OTNYMA, Kputepun Mann —
Whitney, p = 0.036), a yepe3 120 4yacoB npwu
Temnepatype +12 "C »knsHecnocobHbIx ocobelt
He ob6HapyrKeHo.

Mpu Temnepatype Bo3gelictema +10 °C yxe
yepes 24 yaca oTmeyeHa rnbenb 14 % monnto-
CKOB, OZHAaKO pa3HWLLA B BbIXKMBAEMOCTU He
ABNAETCA CTaTUCTUYECKM 3HAUYMMON (Kputepuii
Mann — Whitney, p = 0.317). Yepes 48 yacos
nornbno 54 % ocoben, a yxe yepes 72 vyaca

oTmeueHa rmbenb 93 % ocobei, 4To ABNAETCA
CTaTUCTUYECKN 3HAYMMbIMU OTAMYUAMMN (KpuU-
Tepun Mann — Whitney, p = 0.036 n p = 0.033
COOTBETCTBEHHO).

MenaHumM moryT obutaTb Ha MeNIKOBOAbE
B npubperkHom rpyHTe (Leng, 1999), roe cy-
LecTBYeT BEPOATHOCTb BbIHOCA MOJIJIIOCKOB B
30HY Bbllwe ype3a Boabl. [103TOMy M3yyeHue
MX BbI)KMBAEMOCTU MPWU MepPecbiXaHUU TPyHTa
MMeeT He TO/IbKO TEOPETUYECKUIA, HO U NPAKTU-
YeCKMI UHTepec. B Hawem nccnegoBaHUM Bbl-
ABJIEHO, YTO NPU OCYLLIEHUU FPYHTa NyTEM ecTe-
CTBEHHOrO WMCMNAapeHus BOAbl BbI*KMBAEMOCTb
MOJIJIIOCKOB [I0CTOBEPHO CHUXAETCA TONbKO
NPY BNIAXKHOCTU TPyHTa MeHee 2 % (Kputepuit
Mann — Whitney, p = 0.046) (puc. 3).
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Puc. 3. Bbirknsaemoctb mosisitockoB Melanoides granifera npu pa3sHoit BAaXKHOCTM FpyHTa
Fig. 3 Survival of mollusks Melanoides granifera at different soil moisture

B BapuaHTax C BNAXKHOCTb TPyHTa 7.5
0.38,11.4 + 0.48 n 15.7 + 0.48 nocne ero o0b6-
BOAHEHMA, MOMMMO B3POC/AbIX 0cobel, oTme-
YeHOo Han4Yme *KnsHecnocobHom monoan mon-
JNIOCKOB.

C yyeTom pe3ynbTaToB Npeablaywmx mccne-
AOBaHWI MO ONpPeaeneHUo BbIXKMBAEMOCTU
MOIIFOCKOB MPU MOHUMXKEHUWN BNAXKHOCTU FPYH-
Ta U BO3AENCTBUM MOHUMKEHHbIX TemnepaTtyp
6b11n BblIbpaHbl Temnepatypa +10 °C 1 3Have-
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HMWe BJIA)KHOCTU TPyHTa, cooTBeTcTByoWwee 20
%, ONA U3y4YeHMA BO3MOMKHOCTU BbIXKMBAHUA
MOANIIOCKOB B 30HE Bbllle ype3a BoAbl. Boiane-
HO, YTO B OCYLLUEHHOM rpyHTe Npu BO34ENCTBUN
NOHMXEHHbIX TemnepaTyp B TedeHne 168 va-
COB BbI)XMBAEMOCTb MOJIZIIOCKOB B OMNbITE CHU-
*Kaetca Ha 34 %, 4TO ABNAETCA CTaTUCTUYECKMU
3HAaYMMbIM OTIMMMEM MO OTHOLIEHWUIO K KOH-
Tponto (Kputepuin Mann — Whitney, p = 0.033)
(puc. 4).

[ o ok

P [
: ;

e
e ;

Puc. 4. BoixkuBaemocTtb Melanoides granifera npu BnaxkHoctu rpyHTa 20 % npu Temnepatype cpeabl +20
°C (1) n+10 °C(2) B TeueHne 168 yacos

Fig. 4. Survival of Melanoides granifera at soil moisture of 20 % and an ambient temperature of + 20 °C
(1) and + 10 °C (2) for 168 hours
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O6cyxpeHue

H/IT npu pasHbIXx TemnepaTypax akKAMma-
LMW N BPEMEHM BO3AENCTBMA ONpeaenanun ana
oueHkn ycrtonumsoctn Melanoides granifera
K MOHUXKEHHbIM TemnepaTypam, Kak K OCHOB-
HOMY, OnpeaenAlWweMy UX BbIXXMBAEMOCTb
dakTopy. JleTanbHaa TemnepaTypa ABAAETCA
OL4HWM U3 BaXKHENLINX TeMNepaTypHbIX KpuTe-
pueB KU3HeAeATeNIbHOCTU MOMKUAOTEPMHbIX
*KUBOTHbIX. 0 3HayeHuto HJIT MOXKHO cyguTb
O HUXKHEeM rpaHuLe CyL,ecTBoBaHMA BUAA U ero
a4anNTaLMOHHbIX BO3MOXHOCTAX NPU AeUCTBUM
€CTeCTBEHHbIX W aHTPOMNOreHHbIX ¢GaKTopoB
cpeabl (lonosaHoB u ap., 2012; Kanwan, lono-
BaHoB, 2013). lnA WMHBA3MOHHbLIX BUAOB 3TOT
$aKToOp MOXKET CTaTb ONpeaenAWMM SKCNaH-
cumio.

MNonyyeHHble3HaYeHMAH/IT NOKa3bIBatOT,uYTO
B €CTeCTBEeHHbIX BOAOEeMax CeBepo-3anaaHbliX U
LEHTPasbHbIX perMoHoB EBpomnerickon 4vactu
Poccun BbIXKMBaHWE M pacnpocTpaHeHue me-
NaHui byaeT orpaHMUYMBaTLCA TEMNEPATYPHbIM
daKTopom, T. K. TemnepaTypa BOAblI B X0/10A4-
HbIM nepuog, B HUX cHUXKaeTca go 0 °C. Jaxe
C Yy4eTOM MNOHWUXKEHUA TemnepaTypbl aKKAK-
MaUMK YXKe KpaTKOBPEMEHHOEe BO34eNCTBUE
npuBoanT K rmbenn 50 % ocobelr npu Temne-
paTypax, He ABMAAKOWMXCA NeTasbHbIMKU ANA
6ecno3BOHOYHbIX BOAOEMOB HaLLEro pernoHa.
C yBennyeHnem BpemMeHn BO34encTema go 168
yacoB 3Ha4vyeHuA HJ/IT Bo3pacTatoT Jo Temnepa-
TYp, CBOMCTBEHHbIX NETHEe-OCEHHUM MOKa3a-
HuAM. Kpome TOro, npu ganTenbHOM BO3Ael-
CTBUM MNOHUMKEHHbIX TemMnepaTyp OTMeYeHbl
U3MEHEeHMA U B NoBeLeHUU MONKOCKOB. Tak,
MO OKOHYAHWM IKCNO3MLUM OOHAPYKEHO, YTO
B KOHTPO/IbHOM rpynne MOTHOCKM 3apbIBANNUCH
B FPYHT, @ B OMbITHbIX rpynnax 60/blWMHCTBO
ocobelt HaxoAMAUCb Ha MOBEPXHOCTU TPYHTAa.
BO3MOXKHO, 3TO CBA3AHO C HapyLeHnem uenu
noBeAeHYeCKMX aKTOB, NPUCYLLLUX MOAJTFOCKAM
B ONTUMA/NbHbIX yCNOBUAX. M3yuyeHne guHamu-
KM BbI)KMBAEMOCTU MOJIJIIOCKOB NpU AeUCTBUN
NOHWUXEHHbIX TEMMepaTyp NOKa3ano, YTo KoAu-
4ecTBO KM3HecnocobHbix ocoben Melanoides
granifera cHuaeTcA MO mepe yMeHblUeHUs
TemnepaTtypbl cpefbl, U YeM HUXKe Temnepa-
Typa cpeapl, TEeM MeHbLN NpoueHT ocoben
COXPAHSAEeT ¥M3HecnocobHOCTb 3a OAUH U TOT
YKe NPOMEXYTOK BpeMeHMu. MNpnyem monnockm
nornbanm yxe yepes 120 yacos npu Temnepa-
Typax, 3HAYUTENbHO MPEBbIWAOLNX 3HAYEHMA
TemnepaTtypbl BOAbI B €CTECTBEHHbIX BOAOEMAX
B 3MMHMI nepuog,. Taknm obpasom, ana coxpa-
HEeHWA nonynAuMu OAaHHOro BMAA MOJIIIOCKOB
AaXke B BogoeMax-oxiaantenax Tpebytorca oT-

HOCUTENbHO BbICOKME 3HAYEHUA TemnepaTyp,
KOTOpble AOCTUTAlOTCA, KAk MPaBuUaO, TONbKO B
30He cbpoca oTpaboTaHHbIX BOA.

N3yyeHWe BbIXKMBAEMOCTU MeNaHWn npu
OCYLUEHWWN TPYHTA MOKa3a/0, YTO OHM COXPaHA-
tOT ¥KM3HECNoCOBHOCTb NPU CHUMKEHUWU BNAXK-
HOCTM rpyHTa 0 2 %. BO3MOXKHO, npu ocyLwe-
HWUM TPYHTA MOJIIIOCKM, 3apPbIBLUMCb B TFPYHT,
nepexogAT B COCTOsSIHME aHrmapobuosa, 4To
cnocobeTByeT MX BbIXKMBaHWUIO. MN3BECTHO, YTO
B COCTOSAHUM BUONOTrMYECKOro NOKOA, B YaCTHO-
CTN aHrnapobunosa, 6ecno3BoHOUYHbIE CNOCOb6-
Hbl NepeHocuTb HebnaronpuATHble YC/I0BUA
cpeabl Ha NPOTAXKEHUU ONUTENIbHOTO Neproaa
(Anekcees, 2010). UHTepecHbIM paKTOM CTano
Ha/lMyMe B OCYLIEHHOM FpyHTe nocne ero ob-
BOAHEHMA }KNM3HECNOCOHOHOM MOIOAN MENAHUN.
BeposaTHO, MONOAb MOXKET COXPaHATb XKU3He-
CNOCOBHOCTb B YCNOBMAX MOHUMKEHHOM BNAXK-
HOCTM FPYHTa, HAXOAACb B BbIBOAKOBOWM Kame-
pe MaTePUHCKOM 0CobU. ITO MOXKET ABNATHLCA
BaXXHOM npucnocobutenbHon peakumen ana
COXPAHEHWUS YUCNEHHOCTU NONynaunmn. Bbixku-
BaHME MMEHHO MONOAbIX 0cobeir B nepuogbl
6e3BOAHON 3MMOBKWM U NETHEro nepecbixa-
HWA U3BECTHO A/1A NPECHOBOAHbIX MOJIIIOCKOB
Hawwux wupoT (MuTtpononbckmin, 1978).

N3yyeHne BbIKMBAEMOCTU MOJIIIOCKOB B
OCYLUEHHOM TPYyHTE NpU OENCTBUM MOHUMKEH-
HbIX TemnepaTtyp MNOKa3ano, YTO CHUKeHWe
TemnepaTypbl cpeapl BbICTyNaeT AONOJHUTE b-
HOM QYHKLMOHANbHOM Harpyskoi, cnocobcTsy-
tOLLLEM CHUMKEHUIO }KM3HECNOCOHOHOCTN ocoben.
OAHaKo paHee Hamu HbII0 NOKA3aHO, YTO NpPU
AaHHOWN TemnepaType B 06BOAHEHHOM rpyHTe
MOANNOCKM nornbanu yepes 168 yacos. Cneno-
BaTE/NIbHO, NPU AENCTBUM MOHUMKEHHbIX TEMMe-
paTyp BEPOATHOCTb BbIXMBAHWA MOJIIIOCKOB
B obOCbIxatoLLem rpyHTe Bbilwe, 4yem B 06BOA-
HEHHOM, 4YTO, BEPOATHO, CBA3AHO C WX nepe-
XO40M B COCTOIHME ©HMONOrMyYeckoro MoKoA.
Takum obpasom, MokasaHHasA paHee CnNocob-
HOCTb MOJIJIIOCKOB AAHHOIO BMAA COXPaHATb
¥KM3HEeCnocobHOCTb B OCYLUEHHOM FPyHTE NpU
HOPMa/IbHbIX TEMMEPaTyPax MOXKET MOC/NYKNUTb
OAlHOM M3 npeajanTauymi, cnocobeTeyowen ux
pacnpocTpaHeHUo B BOAOeMax ¢ baaronpuat-
HbIM TEPMOPEKNUMOM.

3aknoueHue

B oceHHWI nepuoa yCTOMUMBLIN NEpPexos
cpeaHeCcyTOYHbIX TemnepaTyp BO34yXa yepes
0 oC BneyeT 3a coboi CHUXKeHMe Temnepa-
Typbl Boabl Ao 0 2C n Havyano negosbix ABe-
HWUIM Ha Bogoemax U BogoTOKax (By3suH, 3uMHo-
BbeB, 2009). B Bogoemax-oxnaautenax (PIC n
npyaax-otctoMHmnKax A3C TemnepaTtypa BOAbl B
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30Hax MOCTOAHHOIO CUNbLHOIO NoAorpesa v 30-  BbiBOADbI
Hax cbpoca MOXKeT NpeBbIaTb eCcTeCTBEHHbIe 1
3Ha4YeHMA B 3UMHUI nepuog Ha 14-16 °C,aB
netHui — Ha 11-14 °C (bonpgakos, 2003; lyp-

., 201 o o
¥anos u ap., 2017), 4to co3paeT BePOATHOCTb akkMmaLun +20 °C coctasmna +8.4 °C,

BbIXXMBAHNA N PaA3SMHOXeHUA B HUX AaHHOTO Npu Temnepatype akKIMMaLmm +18 °C -
BMOQ MOANOCKOB. A TennontobusbIx Mos- +7.3°C

JNIOCKOB 30HbI cbpoca nogorpeTbix Bog P3C un 2
A3C, nmeowmx cneundpuyecknn rmapotepmm-
YECKUIN peXxnum, MOryT CTaTb CBOeOobpasHbIM
TemnepatypHoim pedyrnymom. UHTpoaykuma
AQHHOTO BMAA MOJIIIOCKOB MOMET MpPeAcTas- 3
NATb OMNACHOCTb AN BUONOTMYECKOro pasHoo-
6pasnsa KOpeHHbIX BUAOB B BOAHbIX OObeKTax U
NPUBECTU K MOAB/IEHMIO HOBbIX MAapPA3UTAPHbIX
3ab0/1€BaHNM, NOCKONbKY NPEACTABUTENN AaH- 4
HOro poZa ABNAKTCA NPOMENKYTOYHbIMW X035 e-
BaMu Ans psga napasutos (Lopez-Lopez et al.,
2009; Pointier et al., 1998; McKoy et al., 2011).
MonyyeHHble AaHHbIE YKa3blBAOT Ha Npumep-

HuxHAA neTanbHaa TemnepaTypa Ans
monntockoB Melanoides granifera npwm
8-4acoBOM 3KCMO3UUMM U TemnepaType

HWKHAA neTanbHaa TemnepaTtypa 414 Mos-
nockoB Melanoides granifera npu 168-
4acoBOM 3KCMO3MUMKM U TemnepaType ak-
Knumaumm +20 °C coctaBmna +13.3 °C.

BbixkmBaemoctb Melanoides granifera npwm
OCYLUEHWM rPYHTA 3aBUCUT OT CTEMEHU CHU-
YKEHUA BNAXKHOCTU rpyHTa. MOANKOCKM No-
rMbatoT NpPU BAIAXKHOCTU FPyHTa meHee 2 %.
BbI’KMBAaEeMOCTb MO/IIFOCKOB  3aBUCUT OT
TemnepaTypbl cpegbl U nepuosa BO3AEW-
cTBMA. Yem [Oonblue MOAIOCKM HaxoaaT-
CA NMPU NOHWMMKEHHbIX TeMMepaTypax, Tem
MeHblUe MX BblKMBaemocTb. Mpu bonee

HOE PacnonoKeHne TPpaHULbl HUKHETO Tep- BbICOKMX 3HaYeHMAX TemnepaTypbl cpesbl
Ma/IbHOTO NOANIOHa, U, Y4nTbiBasA TepMOPUb- YBENMUMBAETCA BPEMSA COXPAHEHMA KIU3HE-
HOCTb B/, LIMPOKOE PacrnpocTpaHeHue ero B CNOCOBHOCTU MOTIOCKAMM.

eCTeCTBEHHbIX BOAOEMaX CeBepHbX PaioHOB 5 Moy spasHocTM rpyHTa 20 % BbIKMBAE-
MaNOBEPOATHO. MOCTb MOJUIIOCKOB CHWXKaeTcA npu aen-

CTBMM NOHUMKEHHbIX TEMNepaTyp.
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RESISTANCE OF FRESHWATER GASTROPOD
MOLLUSK MELANOIDES GRANIFERATO
THE EFFECT OF LOW TEMPERATURES

FOMICHEVA Ph.D., FSBEI HPE P.G. Demidov Yaroslavl State University,

Elena Mikhailovna fomalyona@bk.ru
GORULEV FSBEI HPE P.G. Demidov Yaroslavl State University,

Pavel Aleksandrovich pasha.gorulev@yandex.ru
Key words: Summary: One of the current environmental problems is the spread of alien
Melanoides granifera  species of invertebrates, in particular representatives of tropical water bodies,
lower lethal in unusual environmental conditions. The values of the lower lethal temperature
temperature (NLT) for tropical gastropod freshwater mollusk Melanoides granifera as a repre-
acclimation sentative of the invasive fauna were experimentally established. NLT was deter-
temperature mined at two acclimation temperatures and different exposure times. When the
survival acclimation temperature decreased, there was a decrease in the NLT value and
invasion the point of cold death. At 8-hours time of exposure to low temperatures and

acclimation at a temperature of +20, the NLT value was + 8.4°C, when acclimated
to the water temperature +18 — + 7.3°C. When the exposure time was increased
to 168 hours at an acclimation temperature of + 20° C the NLT value was + 13.3 °
C. The study of the dynamics of survival of mollusks at low temperatures showed
a natural increase in the percentage of death of individuals with increasing ex-
posure time. However, it was found that they are able to maintain viability for
168 hours in a dried soil with a humidity of 20%. It was noted that during gradual
drainage of the soil, mollusks are able to survive with a decrease in soil moisture
up to 2%. It was shown that under the action of low temperatures, the prob-
ability of mollusk survival in the drying soil is higher than in the watered soil,
which is probably due to their transition to a state of biological dormancy. The
obtained results indicate that low ambient temperatures in the autumn-winter
period can become the main factor limiting the invasion of Melanoides granifera
into the natural water bodies of the Central Russia.
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Bcakoe «xo03alicmeo» Mo cyu,ecmay ceoemy 8 KOpHe rnpomusopeyum uoee oxpaHsl npupoos.

B anpene 2019 r. Ha 3Tane Bcepoccuinckoro
necHoro ¢opyma, npoxogmsero B r. Nepmb,
OAVH U3 AOKNAAUYMKOB NPUBEN B KayecTse npu-
mMmepa Ana nogpaxaHmsa 1ot gpakT, yto B CLUA ye-
pe3 HaunoHanbHble napku n gpyrmue OOMT npo-
xoauT nopsaaka 40 MMANMOHOB noceTuTenen
B roz, Npuv 3TOM TaM COXpaHAeTcA npupoaa —
«BYPYHAYKN U ONIEHU XOAAT PASOM C NHOAbMUN Y.,
HanBHOCTM TaKuUx meHeaKepoB OT Typusma
MOXHO TO/IbKO NoparkaTbCA. Ha moto penamky
0 TOM, 4YTO B Haunapkax CLUA nocetutenn su-
AAT NPUKOPMEHHBIX (L4OMECTULMPOBAHHbIX)
YXMBOTHbIX, @ T€ OPraHU3Mbl, KOTOpPble He MOryT
COCyL,ecTBOBaTb PAAOM C Ye/IOBEKOM B 30HAX
KOHTAKTa, yXe AaBHO Uc4e3nn, 4OKNAAUYMK BO3-
pasuna, 4to «B POCCUM CKOPO BbIMPYT TYPUCTHI,
a Bbl O XMBOTHbIX». [TOHATHO, YTO TaKOMY «ap-
FYMEHTY» TPYAHO YTO-TO MPOTUBOMOCTABUTb.

Mo nHpopmaunm National Parks Traveler, B
2009 r. cuctema HaumoHanbHbIX napkos CLUA
NPOAEMOHCTPUPOBAsIa PEKOPAHOE KONNYECTBO
noceTutenenm HaUMOHaNbHbIX MAPKOB M MNpU-
poAHbIX 3an0BeAHMKOB AMepuKu — bonee 285
MWANIMOHOB YenoBeK (HaumoHanbHble napku
CLWA..., 2019).

To, 4TO poCCUINCKME 3aN0BEAHUKN — ABIEHNE
YMCTO PYCCKOe, LWMPOKO M3BEeCTHO. Ha ocHoBe

npodeccop I. A. KoxXeBHMKOB

naen B. B. [lokyyaeBa (1895) n I. A. KoxkeBHuU-
kKoBa (1997, 1999) 3anoBeAHMKM CO34aBaIUCh
KaK y4acCTKu, rge npupoga bbina 6bl npeno-
CTaB/ieHa camol cebe, morna 6bl «OTAOXHYTb
OT YesioBeKa», rae AencrsoBanu Obl TONbKO
NpOLLeCcCbl eCcTeCTBEHHOW camoperynaumun. B
cBoe Bpema . P. LUTuabmapk nucan o Tom,
YTO B 3aMOBeAHMKax NPUPOAA AOJIKHA 3alun-
aTbcs oT noaen ana bnara nogein. B atom
KpOeTcA KAoYeBOe OT/IMYMEe PYCCKUX — COBET-
CKMX 3aNOBEeAHWKOB OT CeBepOaMepPUKAHCKUX
HALUMOHA/bHbIX MAapPKOB, KOTOPbIE M3HAYa/bHO
C034aBa/NCb KaK MeCTa OTAbIXa, Fae rpaxaaHe
morau 6bl 1tob6oBaTbLCA NPUPOAON U NAATUTD 33
3T0. B pesynbraTe peanvsaummn sTon Maeun Bo-
KpYr KEMMWHIoB, A0POr U Tpon GopmupyroTCA
AOMECTULMPOBAHHbIE COObLLECTBA, KOTOpble
HaWBHbIE TYPUCTbl U POCCUNCKNE YUHOBHUKM,
3a4yacTMBLUME Ha 3anaj nepeHMmaThb «nepeao-
BOM» ONbIT, MPUHUMAIOT 33 AUKYIO NPUPOAY.
NMoHMMaHue HeobxoaMmocTn abcontoTHOM
3anoBegHOCTM MMeNocb B cpege ynpaB/eH-
LEeB Ha 3ape COo34aHWA 3anoBegHOM CUCTEMbI
B 20-X IT. NPOLW/IOr0 BeKa M CHOBa Kak byaTo
BEPHY/NOCb K KOHLy 70-x. B uctopum 3anoses-
HMKoB CCCP 6b110 MHOTO BCEro, ee HeBO3MOMK-
HO OTAENUTb OT UCTOPUU CTPaHbl, bnarogapsa
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pabotam @. P. LUTMAbmapKa MOMKHO O3HAKO-
MUTbCA KaK C cOBbITUAMM, TaK U C IBOIOLNEN
Bo33peHui (Ltnnbmapk, 1996, 2014). Ho yBbI,
TPYAbl pbllapelt 3anoBeaHOro gena bbICcTpo 3a-
6bIBalOTCA, @ 3aNOBEAHUKM 3BOMIOLMOHUPYIOT
B NPOTMBOMOJIOXKHYI CTOPOHY OT MPEKPacHOM
KoHuenumn. BoamorKHo, ckopo 1 braropoaHoe
CNOBO «3aMN0OBEAHUK» YAOET B UCTOPUIO...

B 20-x rr. XX B. ¢ noanucaHnem B. U. JleHu-
HbIM AeKpeTa 0 3anoBeAHWKax 3a4a4u, NOCTaB-
JIeHHble nepes HOBbIMU MPUPOAOOXPAHHbLIMM
yuypexaeHuaAmu, BMNOJIHE COOTBETCTBOBA/IN
naee abcontoTHom 3anoseaHocTn. Ho B 30-x rr.,
Koraa Te3nc nepcoHaxa W. C. TypreHesa EBre-
HuA BasapoBa O TOM, YTO «NPUPOAA HE Xpam,
a mactepckaa», 6bl1 NPUHAT Ha BOOPYKEHUEe
B rocyaapcTBeHHOM Maclitabe, Bo3obnaganm
naen npeobpasoBaHuAa npupogbl. OcobeHHO
APKMM BOM/IOWEHNEM AAHHOW MAEN ABUIUCH
KOHUEMNUMN KPEKOHCTPYKLUUM dayHbI» N «Bpes-
HbIX U NOJIE3HbIX BUAOBY. B 3TO Bpema mHorune
3anoBeAHMKN CTa/In CBOEro poga NUTOMHMUKa-
MW, rae o4HU BUAbI Pa3BOAMANCH B yLLepb apy-
rum. Ho HekoTopble pe3ynbTaTtbl OblN BECbMA
HarNAgHbl, © UMW MOXKHO TOPAUTLCA: Tenepb
LUMPOKO M3BECTHO, YTO YyTb /IM HE NOJIOBUHA
606poB Poccum BeayT CBOK POAOCAOBHYHO U3
BopoHerKcKoro 3anoBeaHMKa, rae TeXHON0oruA
nx passeaeHuns bbina oTpaboTtaHa.

K cyacTbto, K Havany 70-x rr. npMwno no-
HMMaHMEe TOro, YTO B 3aMOBEAHMKAX AO0/KHA
OXPaHATbCA SKOCUCTEMA B LLE/IOM, @ He U3bpaH-
Hble BMAbl. PaKTUYECKM NPOM3OLWNO0 BO3BpaA-
leHne K nctokam. B 1983 r., korga s HauymMHan
paboTtaTb B KOMCOMONLCKOM 3anoBeAHUKe, Ha
CTapon TEePPUTOPUM KOTOPOro A0 Havana 70-x
pabotan ®. P. LUTunbmapk, aaHHaa OOMNT ¢ak-
TMYECKM COOTBETCTBOBaNa Waee abcontoTHoOM
3anoBeAHOCTU. BpakoHbepcTBO ObINO MUHMU-
Ma/IbHbIM, @ BbICOKOE HA4Ya/bCTBO HE 3Ha/0 B
3anoBegHUK poporn. MHorve 3anoBeaHUKM
Cnbupn n OdanbHero BocToka TOro nepuopa
COOTBETCTBOBANM KPUTEPMAM 3anoBeaHOCTU B
elle 60nblUEN CTEMNEHMU.

HoBoe paclaTbiBaHMe 3aN0BEeAHOM CUCTEMDI
B KAKOM-TO CTENEHW NPOABUNOCH C NOAB/IEHUEM
6rocdepHbIX 3aN0BEAHUKOB, B KOTOPbIE CTaN
npeobpa3oBbiBaTbCA C NOAAYN AKAZEMUM HAYK
n fockomrngpometa CCCP HekoTOpble cTapble
3anoBeaHuKM B cepeauHe 70-x rr. Mpun atom
daKTMyeckoe noHuxeHue ctatyca OOMT (noHu-
YKEeHMEe CTeneHn CoOXpaHeHua TepPUTOpPUN) CcTa-
10 BOCMPUHMMATBLCA aAMUHUCTPALMAMM STUX
3aN0OBEeAHMKOB N B PYKOBOAALLMX BEAOMCTBAX
Kak nosblweHune. inpektop OKckoro buocoep-
Horo 3anoBegHuKa C. I. MpuKnoHcKmin B 80-X IT.
Ha 0AHOM coBeL,aHMmn 0603Haunn buochepHble

3aMoBeAHMKM KaK «3anoBeAHUKU-TeHepanbiy.
MOHATHO, OTKYAA BO3HWKA/IO TaKOE MHEHME: B
buocdepHble 3anoBegHWKKM [ockomruapome-
TOM CTaBW/UCb CTAHUMMU (OHOBOrO MOHMUTO-
PWHra, NOCTynano AOMNO/JIHUTENbHOE PUHAHCK-
poBaHWe, Kak NpPaBuaIo, UMenucb bonblume Ha-
YYHble OTAeNbl..., a KTO nosiyyaeT bonblie aeHer
—TOT u reHepan. Tot GaKT, uyto Ana bnochepHbIxX
3anoBegHMKOB MOAPa3yMeBasocb 30HMPOBA-
HWe TeppuToOpMK, KOTopaa paHee BcA Oblna
NOJIHOCTbIO HEMNPUKOCHOBEHHOM, He b6panca
BO BHMMaHue. ®. P. LUTnnbmapk otmeyan, 4yto
«bnochepHble CTaHUMWUY», KaK 3/IEMEHTbI [/10-
6anbHON ceTU, AONXKHblI OblAM co34aBaTbCcA
3aHOBO, @ He MpPoBOAUTbCA NpeobpasoBaHue
B HUX OENCTBYHOLMX 3aN0OBEAHMKOB, M CTaTyC
OOIMNT ponxKeH paHXMpPoOBATbCA OAHO3HAYHO:
BbICLIAA CTeNeHb — NPUPOAHbIA 3aN0BEAHMUK,
Aanee 6uochepHbIN pe3epBaT, HALMOHAbHbIM
napK u T. 4. KOHeYHo, ecimn paccmaTpuBaTb TOT
e BopoHexXcKMi 3anoBegHUK unm MpUoKcko-
TeppacHbI, TO MOXKHO CKa3aTb, YTO OHM BCerga
6b1 1M CKOpee ONbITHbIMWU CTAHLUMAMM, YEM 3Ta-
JNIOHAMK NpuUpoAbl, NO3TOMy NpeobpasoBaHue
nx B buocdepHblie pesepsBaTbl BNOJHE OMNpaB-
AaHHO. HO OTHOCUTENIbHO KPYMHbIX CMOUPCKUX
WAN  YPaNbCKUX MNPUPOAHbIX 3anoBeAHWKOB
3TOro CKasaTb Hesb3s.

Tenepb, OTKpbIBaA MHOTUeE 06LEepoCCUiickne
c6bOpHMKM NO 3anNoBeAHOWN HayKe, He yCTaellb
YAMBNATLCA, KaK ObICTPO BMECTO MPUBbIYHbIX
PYCCKMX 3anoBeAHWKOB Tam CTann Gurypupo-
BaTb pe3epBarthbl.

B HacToAwee BpemA M3 111 3anoBegHUKOB
P® 35 yxke nmetot ceptndmrat OHECKO u rop-
AATCA NOHUXKEHMEM CBOETO CTaTyca.

BocxuwaeT u 1o, 4TO 3anoBegHbI 6OMOHA,
He 33yMbIBafACb, PaCCTaeTCA CO C/IOBOM «3ano-
BEAHUK», MEeHAA ero Ha 6e3NnKui «pesepBaT».
Tenepb 3anoBeaHble 04N CTAHOBATCA «pe3ep-
BaTHbIMW», KaK nHAenubl CLUA. A yxe nucan o6
aTom (KonbuH, 2019), xoTa nepexos Ha ynoTpe-
6n1eHne NPMBBLIYHOIO AN BCErO MMpa C/0Ba,
BEPOATHO, YEeCTHee: eCcNM HeT 3anoBeAHOCTU B
CTapOM POCCUMCKOM MOHMMAHUMU, TO HET U 3a-
noBeAHWKOB.

CnoBo «3anosegHUK» nogpasymeBaeT nos-
HYIO HeAOCTYNHOCTb TEPPUTOPUU ONA MOCTO-
POHHMX. ITO Xpam MPMPOAbI, HA BPATax KOTO-
pPOro AO0/MKHO 6blTb HAaYepTaHO «3anoBeaaHo
— He TPOHbY.

[axke Bo BpemeHa CCCP HeKoTopbie OOMNT
TONbKO HA3bIBA/IMCb 3aNOBeAHUKAMMU, KaK, Ha-
npumep, «Ctonbbl» Bo3ne r. KpacHospcka. Mo-
HATHO, YTO YMCTO AEKOPaTUBHbIM 06BEKT BO3NE
KPYMHOro ropofa, KOTOpbIA MOCeLWaoT COTHM
TbICAY TYPUCTOB B FOZ, He A0/KeH Obln Ha3bl-
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BaTbCA 3anN0BeAHUKOM, YTOObI HE ANCKPEaUTU-
poBaTb naeto. Ho Bo BpemeHa ero co3gaHusa ob
3TOM He 3aZyMbIBasUCb. TaKoe pasmMbiBaHue
NMOHATUI yKe NPUBENO K TOMY, YTO Tenepb MHO-
rme NoBEPXHOCTHbIE KYPHA/UCTbI IETKO Ha3bl-
BatoT 3anoBeAHMKamu nobblie OOMT oT 3aKas-
HMKOB A0 HauWoHanbHbIX napkos CLUA, rae 3a-
YacTylo Aa*Ke NPoAatoTCA NyTEBKMU HA OXOTY.
KoHeyHo, TypucTbl M BOJIOHTEPbLI B 3amno-
BeAHMKax He HaHocAT rnobanbHoOro Bpeaa.
Bo3gencTteme nocetntenem HECPaBHUMO C Bbl-
pybkon neca nnm aobbiyer nonesHbIX UCKoNa-
eMblX, KoTopoe morno 6bl 6bITb B TOM C/y4ae,
€C/IN 3eM/IN He NMPUHAANEXKANN 3aN0BEAHUKY.
Ho noyemy-To MMeHHO Tenepb, KOraa cTanu
KynabTuBmMposatb Typmam Ha OOIT, HarnagHo
NPOABNAKOTCA HEraTUBHbIE NMPOLLECChI B HaLUEN
npupoge. A Kak opHUTONOr ewwe 15 neT Hasazg
He Mor npeacTaBUTb, YTO C BONOT U NYroB UC-
Yye3HyT OBCAHKU-AYbpoBHUKKU Ocyris aureolus,
a B 1Iecy He BCTPETULb OBCAHKY-pemesa Ocyris
rusticus. KOHeYHO, OCHOBHble b6eAbl C 3TUMMU
MENIKUMU BUAAMMU NPOUCXOAAT HA MeCTax 3u-
MoBKK B KOro-BoctouyHoM A3uun, HO COKpalla-
eTCA YUCNEHHOCTb U OCeA/blX BUAOB: CaMbli
HarnAAHbIA NMPUMEP — COKpaLLEHWE YUCNEeH-
HOCTWU 6GaHaNbHOM NIeCHOM CUHWUUbI — NyXAs-
Ka Parus montanus, KOTopoe BbIABUAOCb MO
Bcet Poccum (MpeobparkeHcKkas, 2018). B To
e Bpemsa ceryac B CTpaHe aencTtsyeT dene-
panbHaA nporpamma «O pa3BUTUM Typu3ma u
coxpaHeHun buonormyeckoro pasHoobpasma».
BepoATHO, aBTOpPbI AAaHHOrO NPOEKTa He 0cCo-
60 3a4yMbIBa/INCb, YTO OAHOBPEMEHHO MOMKHO
pa3BMBaTb TO/IbKO OA4HO U3 3TUX HAaNPaBAEHUN.
Monyyaetca Kak B bacHe Kpbinosa: nebeab
pBeTcs B 06N1aKa, a LWyKa TAHET B BoAy... Ecan
ANA Pa3BUTUA Typuama HeobxoaMmo 3aTpayn-
BaTb MacCy YCMAWNIA Ha co3haHMe UHPPACTPYK-
TYpbl U noadeprkaHne ee (4acto 3aTpaTbl He
OKyMaloTCA AaxKe B A0/ITOCPOYHOM MepCcneKkTm-
B€), TO raBHOE MepPOonpuUsaTUE ANA COXPaHeHuUn
61MopasHo0bpa3nsa —oTCyTCTBME MEPONPUATUIA:
TONbKO OXPaHa M HEHABA3YMBOE HabaoaeHMe.
Hy»HO npocTo AaTb NPUPOAE KUTb camol bes
aKTUBHOM AeATeNbHOCTU BO3OMHMUBLLEN O cebe
MHOroe «ronoi ob6esbAHbl», eCcn UCMNONb30-

Bbubaunorpadpums

BaTb TepMmmHonoruto Jecmonaa Moppuca.

MpocToir npumep: A0 Hayana CTpoUTENb-
CTBa AOMOB A/15 MOCeTUTeNEeN Ha KopaoHe Jlbl-
NnbAa Buwepckoro 3anoBegHWKa B Hayane fneta
34ecb exerogHo TokoBanu aynenun Gallinago
media. Tenepb NTUL, yXKe He ycablwaTb. HaBep-
Hoe, NOAOOHbIX MPUMEPOB MOXKHO HAWTK MO
3anosegHMKam Poccum mHoxkectBo. Ho Begb
HY*XHO Ntoboi LeHoN pas3BuMBaTb Typu3M.... B
90-e rogbl HEKOTOpPbIE ropAYMe roN0Bbl AdXKe
npeanarann Bce 3anOBeAHMKWM MpPeBpaTUTb B
HaUMOHa/IbHble MAPKK, TaK YTO OKOHYATE/IbHO
NOXOPOHUTb UX He TPYAHO, AOCTAaTOYHO NoA-
KMHYTb MAEK COOTBETCTBYHOLLEMY YNHOBHMUKY.
NMoHeBone BcnomuHaetca A. B. MannHoBCKUN,
no MMNOCTU KoToporo K 1954 r. ot 120 3ano-
BegHMKoB CCCP octanock 40 n naowaab nx co-
KpaTtunacb B 10 pa3 (LUtnnbmapk, 2014).

OueBMAHO, YTO TYPU3M BHYTPU CTPaAHbI HY-
YKEH, M OT 3TOro TPEeHAa HUKyAa He AeTbCA, «AN-
KUN» TOPOACKOM YenoBeK AO0/MKEH MNoayyaTb
Kakoe-To npeacTaBneHMe 06 OKpyrKatowem
MMUpPE U OTAbIXaTb B CBOEN cTpaHe. Ho ansa ston
Lenun BnoJiIHe 40CTaTOYHO MCNOb30BaTb HaUM-
OHa/ibHble U NPUPOAHbBIE MAPKK, CETb KOTOPbIX
ceiyac akTMBHO Pa3BMBAETCA U OHWM NO YMONYa-
HUIO NpegHa3Ha4YeHbl gna Typmama. Ja u mano
N B POCCUM KPACKBbIX MECT, rae HeT HUKAKNUX
OOINT. A 3anoBeAHWKM A0/IKHbI OCTaBaTbCA
TAaKUMU, KAKUMU UX NPeaCTaBAAIN HALIU KO-
NIOTUYECKME KNACCUMKU, U «3anoBeAHOCTb» He
AO0/KHA NPEBPATUTLCA B HECOBIBLLYIOCA MEeYTY.

Bce mngen, socnpousBegeHHble B A4aHHOM
coobuleHnn, B CBOe BPEMA BbICKa3blBa/JNCh
®. P. WUtnabmapkom M 4pYyrMMKU  KIaCCUKa-
MM pPYCCKOM 3anoBeaHol Hayku (Peiimepc,
Wtnnbmapk, 1978; KoxkesHukos, 1997; 1999;
Wtmnnbmapk, 2001, 2004). A nbiTatocb peTpax-
CAMpPOBaTb UX B CBETE COBPEMEHHbIX BEAHW,
nmes cnabyto Hagexay, YTo MaATHWUK IBOSIO-
LMW POCCMNCKUX 3aN0OBEeAHMKOB CHOBA nNomnaet
B GnaronpuMATHOM AN COXPaHEHUA NPUPOAbI
HanpasaeHnU. Ho yBbl, MOKa Ha ym NpuxoauT
ropecTtHoe BbiCKa3blBaHMe Bacuana Muxanno-
Bu4a leckoBa: «3anoBegHUKK — 3T0 Haw Cta-
NNHrpag».
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YEPJIUH
Baagumup AnexcanapoBuyd

KnioueBble cnosa: AHHOTauumA: B cTaTbe ONMCbIBAETCA UCTOPMA U 3aKOHOMEPHOCTU MCCﬂe,ﬂ,OBaHMﬁ

Tepmobuonorua no tepmobuonornmn pentuaunin 8 CCCP/P®. Mepsble paboTbl Ha 3Ty Temy 6blan
penTunmu onybaunKoBaHbl B Hayane 30-x rogos XX B., T. e. npumepHo Ha 100 neT nosxe,
ncTopua nccnefoBaHmMa yem 3a pybexkom. [aetca mx obWwmiA aHanM3 BNAOTb A0 HACTOALWEro MOMEH-
6uonoru Ta. Camble nepBble cepbe3Hble Nyb6anKaumm no aton tTeme B CCCP, gatnupyemble
nybavkaunm nepsoi nonosnHon 30-x — Havyanom 40-x rogos XX B., cpasy Hecau Ha cebe oT-

NMeyaToK KNacCUYeCcKoM POCCUMCKOM BUONOTMYECKON LLIKObI, CTa/IN CEPbE3HbIM,
HO elle HegOCTaTOYHO OLEHEHHbIM BKAaA0M B TEPMOOMOIOTUIO PENTUINIA U B
61onorMyeckyto Hayky B uesnom. MmeHHo nybaunkaumm U. 4. CTpenbHuKkoBa, A.
B. PtomuHa, A. M. Cepreesa, B. B. YepHomopgmkosa, C. C. JinbepmaH un H. B.
MOKPOBCKOM MO¥HO MO NPaBy CYMTaTb MCTOPUYECKMM HAYalOM 3TOTO HanpaBs-

NIeHns BUONOIrMYECKUX UCCNeA0BaHUNA.
© MNeTpo3aBOACKUI rOCYAapPCTBEHHbIN YHUBEPCUTET

MonyueHa: 31 MapTta 2019 roga
BBEOEHUE

WccnepoBaHua no Tepmobuonornn pentu-
M Hayanucb B Poccum npumepHo Ha 100 net
nose, 4yem 3a pybexom. B Poccum no reorpa-
OUYECKUM N KNIMMATUYECKMM NPUYMHaMm pen-
TUINM  PACNPOCTPAHEHbl HAMHOIO MeHbLUE,
Yyem B TPOMUKAX, M OHU 3aHMMAIN ABHO MEHb-
e mMecCTa B XM3HU YesloBEeKa, UHTepeC K HUM
TaKxe bbin cyulecTBeHHO HUXKe. U ecnn B XIX B.
nccnefoBaHua B obnactu 3ooreorpadun u cu-
CTEMATUKM YyXKe BEUCb B CBA3M C IKCNeAnLUU-
OHHbIM M3yyeHnem Tepputopumn Asmn, Kaska-
33 M 3apyberKHbIX CTPaH, TO UCCIeA0BAHUA NO
du3nonornn n gpyrum HanpasaeHmam, Tpeby-
IOLLMM HaNn4mMa [OCTaTOMHO 6ONbLIOrO KOAU-
4yecTBa AOCTYMHbIX XXMBbIX }KUBOTHbIX U YMEHMUA
NX XOTb KaK-TO COAEeprKaTb B HeBone, bbinu ana
POCCUMAH MPAKTUYECKU HeaoCTynHbl. MosTtomy
N Hay4Hble UccaeaoBaHMA No Tepmobuonornm
penTuanM Havyanucb B Poccmm noske, yem 3a
pybexom (TouyHee, Bnepsble — B CCCP B cepe-
AnHe XX B.).

Ho B oTanume oT 3apyberkHbIX CTpaH, 3TU
nccnepoBaHuAa Hadanmncb B CCCP yxke Ha ¢oHe

MoanucaHa K nevatun: 26 gekabps 2019 roga

BbICOKOIO YPOBHA pa3BUTUA GU3MONOTUMU, IKO-
NOTUWN U APYTUX HANpPaBAEHWUN, TPASULMOHHO
Pa3BUTbIX B HaLLEN KNacCMYeckon poccuiickom/
coBeTCKoM Hayke. CoBeTcKkMe y4yeHble bblnn B
TOW WAM MHOW CTeneHu nocneposatenamm u/
UAN NPAMbIMU YYEHUKAMU BUAHENLWNX Npes-
CTaBUTENIEM KNACCUYECKOM PYCCKOW HAy4yHOM
6uonornyeckon wkonbl — K. ®. Pynbe, U. I.
MNasnosa, H. E. BeeaeHckoro, . A. MaHTel-
¢dena, M. A. MeH3bupa, A. H. CeBepuoBa, A.
H. ®opmo3sosa, C. U. OrHesa, b. C. MaTBeeBa,
U. U. lWmanbrayseHa, 4. H. KawkKaposa, a 4yTb
nosxe — . A. Hosukosa, H. . HaymoBa u gp.
Bce OHM OTNIMYANMCH WMPOYAULLMM HAyYHbIM
KPYro3opom v OrpoOMHbIM BHUMAHUEM K 0bLLe-
b6uonormyeckum npobaemam, K 3BOMOLMOH-
HbIM acnekTam 6Monornmn, BHUMaTENbHENLLINM
OTHOLUEHMEM K M3YYEeHWUIO 3KoNorum, obpasa
¥KM3HU, K HATYyPaNUCTUYECKMM HAbAoaeHUAM,
o6WKMM 3aKOHOMEPHOCTAM 3KO/IOTUU, METO-
AAM 3KONOTUYECKUX U PU3NONOTUYECKUX WUC-
cnefoBaHun u T. N. MMeHHO 3TK cTonnbl 6uo-
NOTUW HAaNPaBAAAU MONOAbIX, AKTUBHbIX UCCe-
[oBaTenemn, KoppekTMpya nx paboty, npuaasas
el ocobyto 3HAaYMMOCTb, JaBasi BO3MOXKHOCTb
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nogHMMmaTb ee A0 06webrnonormyecknx BbicoT.
MosTomy npu cbope, HakonaeHun, obpaboTke
N aHaNIM3e NepPBUYHOIo MaTepuana y HMX npo-
ABNANACb HAMPaBNEHHOCTb K YyrnybneHHoOMy
06webrnonornyeckomy OCMbIC/IEHUIO  CBOMX
paboT, HauYMHaAA C caMoro Hayasia — C nocTa-
HOBKM M3HA4Ya/IbHOW 3a4ayn MCCNenoBaHuMA.
Mcxoas 13 3TOro, Kak HM napagoKcanbHO, BCe
paboTbl TOro BpemMeHu, XoTb U BbIIN CambiMM
Hayanamu Tepmobuonornm pentunnii 8 CCCP,
HO [aKe eC/IM OHM Kaca/InCb YacCTHbIX BOMNpPO-
COB, TO HEC/IN Ha cebe OTYETAUBbLIN OTNEeYaTOK
KNnaccuyeckor 6MoN0rMyeckom WKoAbl, NPOBO-
Avunn tnybokui obwebrnonornyeckun aHanms
pe3ynbTaToB, OMWUCLIBANN CEPUU CMeLManbHO
MOCTABNEHHbIX 3KCMEPMMEHTOB, MbITAa/NUCh
«BMUCaTb MX B TKaHb» 3BOJIIOLMOHHOIO NOHU-
MaHUA Mupa. XoTsa obwana gona atux pabot B
MUpPOBON Hase HayyHOW AUTepaTypbl NO Tep-
MOBMONOrMMN PENTUNUIA OYEHb MAJIEHbKAA, HO
MX Hay4YHasa 3HAYMMOCTb AOCTAaTOYHO BbICOKa.
4yem gasiblie Pa3BMBAOTCA UCCEL0BAHUA, TEM
60o/bLle CTAaHOBUTCS MOHATHO, KAK MHOIO B 3TUX
CTapbix paboTax bGnectawmx, ewe Hegooue-
HEHHbIX naen. Takum obpasom, Kak HM CTpaH-
HO, UMEHHO 3TOT Ha4a IbHbIN NepPUOL, N3y4eHun
Tepmobuonormun pentunmin B8 CCCP xapaktepu-
30Ba/CA, MOMMMO NPOCTOrO HAKONAEHUA AaH-
HbIX, yOOKMM 3KCMepuMMeHTaNibHbIM, aHaNu-
TUYECKMM U 06EebN0N0rMYEecKUM NOAXOA0M K
npobneme.
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WU3YYEHUE TEPMOBMONOIMM PENTU/INIA B
CCCP U PO

BHauane HyXKHO onpeaennTbCa C Tem, Kakue
anemeHTbl nybanKkaumin mbl byaem B AaHHOM
aHanM3e NpuMHMUMaTb 33 MPU3HAKU U3yvyeHWUA
Tepmobuonormm pentunmin. [aneko He Bce
paHHMe uccnegosatenn aton Tembl B CCCP 3a-
HMMaNUCb crneunanbHom, Tem bonee aKkcnepu-
MeHTaNIbHOW pPaboTon B 3TOM HanpaB/EHUM.
MNopasnatoLlee 60/bLWIMHCTBO B CBOEN MOIEBOM
3KoJsiorMyeckon pabote, BCTpeyas PenTUINiA,
MHOrAA YKasbiBa/M TemMnepaTypHble YC/l0BMUA
cpeabl NMpU 3TUX BCTPEYax, ele pexe — Tem-
nepaTtypbl Tena. Bce Takoro poga nybavkaumm,
OaXKe C eAVHUYHbIMU YNOMUHAHUAMU 06 un3-
MepeHUN TemnepaTyp B CBA3W C PENTUINAMM,
Mbl BK/ItOYaem B paboTbl, Kacatowmecsa ux tep-
mobunonorun.

Kak y»e 6b1710 CKa3aHOo, A,0NA HaLLel CTPaHbI
B obwem Konnyectse nybamMKauMm no Tepmo-
6uonornm penTuanii coctaBnseT He 6onee 10
% (pwuc. 1). Ho 3a4acTyto OHUM ABAAOTCA BaXKHbI-
MW B NOHMMAHUN MHOTMX BUONOTMYECKUX 3a-
KOHOMEpPHOCTEMN.

3a nepuoga c Havana 1930-x no KoHew, 1940-x
rr. Ham n3secTtHo B CCCP Bcero okono 30 ny6au-
Kauun. 310 6blnn nepsBble onybAMKOBAHHbIE
MaTepuasbl, KacaloMecs pPas/NYHbIX aACMeK-
TOB 6MONOrMKN PenTUANIA, CBA3AHHBIX C TemMe-

paTypow.
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Puc. 1. KonmyecTBo M3BECTHbIX aBTOPY HayuHbIx Nyb6ankaumnii 8 CCCP, a 3atem B Poccuiickoin deaepaunn,
KacatoLmxca TepMmobmnonorum pentuamim n 6AnKanmx CMeXKHbIx ob6a1acten, No AecATUAETUAM

Fig. 1. The number of scientific publications in the USSR and then in the Russian Federation concerning
the thermal biology of reptiles and the adjacent fields, by decades
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N 3pecb ocobo cnepyetr oTMeTUTb Ceputo
CTaTel 3ameyvyaTeNlbHOro, Pa3HOCTOPOHHErO,
sHUMKNoNeamnyeckn obpasoBaHHoro 6uonora
MBaHa Omutpuesmnya CTpenbHUKoBa (puc. 2),
KOTOpPbI Hbl yYEHUKOM M cOpaTHMKOM [eTpa
®paHuesmnya Jlecrapta n Ceprea MeaHoBMuua
MeTanbHMKOBA, YYWU/ICA U HEKOTOpOe BpemsA

pabotan B nabopatopuax y Unoemn Nnbnua Meu-
HUKoBa M Tomaca MopraHa, nn1oTHO obuwanca
¢ MeaHom MeTtposuyem [MaBnosbiMm (YepnuH,
2018). Ero uHTepecoBanu He NPOCTO ONMUCaHMUA
YKM3HU XKMBOTHbIX, HO, YTO Ba)XHO, — MPUYUHDI
TOro, NOYEMY }KUBOTHbIE KMBYT UMEHHO TaK.

Puc. 2. UBaH Amutpuesnd CtpenbHukos, 1931 r. (CtpenbHuKoBa 1 ap., 2017, c. 88)
Fig. 2. lvan Dmitrievich Strelnikov, 1931. (Strelnikova et al., 2017; p. 88)

Be3ycnoBHO WHTepecHbl ero nybanKauuu
O BAUAHUM TemnepaTypHbiXx (aAKTOPOB cpe-
Abl Ha TemnepaTtypy Tena, GM3nonornio n ob-
pa3 KM3HW KUBOTHbIX. [ePBbIMU }KUBOTHBIMM,
C KOTOpbIX Hayan cBOWU uccnepoBaHua WMeaH
Omutpnesny CTpenbHUKOB, Hblin HaceKomble.
MepBaa cTatbA, KoTopaa Gblia um onybamko-
BaHa NO TeMe B/IMAHUA COTHEYHOTO U3yYeHuUA
Ha TemnepaTtypy Tena HaceKoOMbIX, BbllWNa B
1931 r. (Strelnikov, 1931). B panbHelwem WH-
Tepecbl MBaHa IMnTpmesmya paclumpuamcb 4o
N3y4YeHMA NOMKUNOTEPMHbLIX (SKTOTEPMHDbIX), B
COCTaB KOTOPbIX BOLWIN U PENTUNUMU, @ TaKKe
FOMOMOTEPMHbIX (3HAOTEPMHbIX) }KUBOTHbIX.

MepBasd cTaTtbA, B KOTopoi U. 1. CTpenbHUKOB
MCNONb30BaN KPOME HAaCEeKOMbIX eLe U penTu-

NI — yWwacTbIX Kpyrnoronosok Phrynocephalus
mystaceus, ceTyaTbix ALLYPOK Scapteira (HblHe
Eremias) grammica M CUMHKOBbIX FE€KKOHOB
Teratoscincus zarudnyi (HbiHe Teratoscincus
scincus), nossunace B 1934 r. (CTpenbHMKOB,
1934). B Hel OH U3y4nn BAUAHUE CONHEYHOTO
CBeTa Ha TemnepaTtypy Tena *KMBOTHbIX, B TOM
yncne u PenTUaMn, Ha CT. PeneTeKk B NycTbiHe
Kapakym. OH onpenenunn, B Kakom pexkume
NPOMCXOAUT MOBbIWEHME TemnepaTypbl Tena y
NPeCcMbIKAOLLMXCA MO BO34ENCTBMEM MHCONA-
LMW B CNeLMaNbHbIX SKCNEePUMEHTAX, onucan
AVHAMMUKY 3TOrO npouecca, BAMAHWE Ha Hee
HaNPAXEHHOCTU MHCONALMK, COCTOAHUA NOro-
Abl, 0613a4HOCTH, BETPA, 3aMNblIEHHOCTM aTMOC-
depbl, NONOXKEHUA Tena, U3MEHEeHUM OKPaCKu
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NMOKPOBOB, OTMETU/] 3HayYeHWe 4YepHOM Bbl-
CTUNKM BHYTPEHHEN NOA0CTM Tena u T. N. Takxe
OH UCCNeaoBan U PeXmMmMbl OXNAXAEHUA Tena,
BKAOYAA TPAaHCNMPALMIO C NOKPOBOB.

B wuccneposaHuax WeaHa [OAmutpuesnya
CTpenbHUKOBaA BaXXHO OTMeTUTb ABa obcToA-
TeNbCTBa:

YyeHbli obpalian BHMMaHME MMEHHO Ha
TemnepaTtypy Tena WUcCieayemblX MWUBOTHbIX.
[Jeno B Tom, 4TO BNAOTb A0 Hayana 1940-x rr.
60NbWNHCTBO 3apybekHbIx uccnegoBaTenen,
n3y4yan CBA3b }KU3HEAEATENbHOCTU PENTUIUN C
TemnepaTypHbIMW YCIOBUAMMU U MbITAACHL ONpe-
AenuTb UX TemnepaTypHble nNpeanoyYTeHus,
obpalLanm BHUMaHWE Npexae BCero Ha Tem-
nepatypy cpeapl. I aaxke B TepmorpagueHT-
npubopax nsyvyanm «TePMOTaAKTU/IbHbIA» ONTU-
MyM, T. €. npeanoyMtaemyto Temnepartypy
nousbl (Herter, 1941). Ho WU. A. CTpenbHUKOB,
napannensHo ¢ A. M. Cepreesbim (Ceprees,
1939), noHAN 3HAaYEHNE NMEHHO TeMnepaTypbl
Tena B 6UONOTrMM STUX }KUBOTHDIX.

N. 0. CTpenbHWKoB M3yyan Ttemnepartypy
TeNa *MBOTHbIX «B COCTOAHWUM AKTUBHOM KU3-
HW». O4YeHb BaXKHO, YTO OH 06PaTUN BHUMAHUE
Ha TO, YTO TemnepaTypy Tena HaZLo U3MepATb
MMEHHO «B COCTOAHMWN aKTUBHOM XMU3HUY», YTO
COOTBETCTBYET COCTOAHMIO MNOIHOM AKTUBHOCTU
(Nnbepman, Mokposckan, 1943; Yepnaun, 2013,
2014a), normal activity (Cowles, Bogert, 1944).

MopaxkaeT macwTab uccneposaHunii U. L.
CTpenbHMKOBA, KACAOLWMXCA OTHOLUEHUA XKWU-
BOTHbIX K TemnepaType, ero aHanauM3 3Hepre-
TMYeCcKoro obmeHa MMBOTHbIX OpPraHM3MOB
co cpegon. NBaH Amutpuesmny npoussen 6o-
nee 30 TbiCAY U3MEPEHMN TemnepaTypbl Tena
Yy MPAMOKPbINbIX, CEeTY4ATOKPbI/IbIX, KNOMNOB,
KyKoB, 6abouyek, Myx, nepenoH4YaTOKPbIAbIX,
pPenTuaAniM — 3Men U AWepuL, Ha3eMHbIX MOJI-
NOCKOB M ap. N3y4an oH 1 BANAHME CONHEYHO-
ro U3Ny4eHUsa Ha TemnepaTypbl pacTeHui. Uc-
cnefoBan CBA3b TeMnepaTtypbl TeNa XMUBOTHbIX
C HanpAXeHWem COJIHEYHOro M3/y4eHusA, ero
KauecTBOM, COCTOoAHMEM aTtmocdepbl, Yraom
nageHnAa n 1. n. Kpome TOro, oH NOCTY/INPOBAN,
4yTO TeMnepaTypa Tena asnaetca GyHKLUEN Co-
BMECTHOrO AeNCTBUA Pa3HbIX GaKTOPOB cpeapbl,
BINAIOWMX Ha KMBOTHOe. UccnepoBaHuAa OH
nposoaun ot ApKTUKK (Konbckunii nonyoctpos)
n leHnHrpagckom obnactm, yepes Kanmbiukue
N NPUKACNMNCKMe cTenu, ycTbe TepeKka, dnb-
6pyc (2000—4250 m Hag,y. m.), A0 NOAYNYCTbIHb
AsepbangrKaHa v nycTblHKM Kapakym (YepnuH,
2018).

B nccneposaHma U. [l. CtpenbHMKoBa 6biaK
«BCTPOEHbI» PaA3Hble YKWBOTHbIE, B TOM YMUC-
ne v pentuann. OnNucaHHble MM MPUHLMNDI
N 3aKOHOMEPHOCTM B3aMMOCBA3M 3IKOJOTUU

YKMBOTHbIX C CO/IHEYHbIM U3/ly4EHUEM U TEM-
nepaTypon Tena HanpAMYyO Kacajucb U Hace-
KOMbIX, U penTunuii. MoaTomy, Ha Halw B3rNAL,
MOYHO C NONHOM YBEPEHHOCTbO CKa3aTb, YTO
MBaH Omuntpmesund CTpenbHUKOB CTOAA B pPALY
OTLLOB-OCHOBaTeNen AByX HOBbIX A4 TOrO Bpe-
MEHW Hay4HbIX HanpaBneHUn — pusmonormye-
CKOWM 3KOMOTUU U TepMOBUONOrNN KUBOTHbIX
(Mx TepmanbHOM 3KONOTMK B YacTHOCTK). Mo3-
ToMy, 6€3yC/I0BHO, MOXXHO CYMTaTb €ro O4HUM
M3 CamMbIX 3HAYMMbIX MMOHEPOB TepMobuMono-
TMU PENTUNNA.

370 cenyac gNA y4eHbIX MHOTUE NOJOXKEHMUS,
KoTopble NoapobHo 1 obcToATenbHO pas3obpan
N. O. CTpenbHUKOB, KaxyTca «camo cobow
PasyMerLWUMUCAY, KUHTYUTUBHO NMOHATBIMUY,
€CTEeCTBEHHbIMMU, KaK ByATO 3HAHME O HUX Cy-
wecrtsoBano Bcerga. Ho He Hazo 3abbiBaTb O
TeX, KTO CBOMM MNOABUMXHUYECKMM TPYAOM [0-
6bIBan ANA Hac 3TM 6a30Bble 3HAHUA, HA KOTO-
PbIX Ceryac 3MKAYTCA Hawu uccnenosBaHual
MpocToTa, «06bIYHOCTbY U ECTeCTBEHHOCTb WX
BbIBOZAOB — He NpMYMHA ANA Hac npeHebperaTtb
MMM 1 3ab6bIBaTb 0 HUX. OHKU BbINN NepBbIMYK,
1 cBOW paboTbl HAYMHAM NPAKTUYECKM C HynA!l
A 370 — 6€3yc/10BHOE OCHOBAHWE UX yBaXKaTb U
BCerga NOMHUTb O HUX!

YpesBblyaliHO MHTepecHa paboTa Anekcak-
Apa Bnagumuposuuya Promuna (1939) (puc. 3).
3Ta CTaTbs — U3/I0XKEHME MaTepuanos ero gu-
nAoMHon pabotbl 1936 r. No oKoOHYaHUK MIY.
OHa BKAIOYAET TUFaHTCKUIA 3KCMepumeHTaNb-
HbI MaTepman No N3y4yeHmo PasINYHbIX CTOPOH
Tepmobuonornn (TemnepaTypbl aKTUBHOCTY,
«ONTUMaNbHbIE» TemMnepaTypbl, MaKCUMaib-
Hble MU MMUHMMA/bHbIE TPAHWULbI TemnepaTyp-
HOM BbIHOCNMBOCTU Y pblb, ampubuii, pentu-
NUA, NTUL, U MNEKOMUTAIOWMX), U BCE 3TO Ha
pa3HbIX CTAaAMAX OHTOreHe3a y BCex 3TUX rpynn
YKMBOTHbIX, HAYMHAA C UKPbI PbIb N amodnbuii,
AUL, penTuaui n ntuy, 1 7. N. Chepyet ykasarb,
4yTO pyKoBOAUTENsAMM ero paboTbl Bbinn Takme
KNaCCMKW Hallen 30010rnK, Kak npodeccopa b.
C. MatBees u . A. MaHTendenb, a NOMOLHHK-
Kamun —npodeccop B. B. Annatos, H. N. Kanaby-
xoB (puc. 4) n A. M. Ceprees. B cBoeli paboTe A.
B. PtomnH BRepBble A0Kasas, YTO Y NO3BOHOY-
HbIX *XMBOTHbIX C NOBbILWEHNEM YPOBHA 06LLEN
OpraHu3auumM yCUAMBAETCA HaNpaBAeHHOCTb
Ha CTabuan3aLmio NOBbILEHHOM TeMnepaTypbl
Tena, T. €. oNMcan NpPUHLMN cTabnansaunm Bbi-
COKOWM TemnepaTypbl Te/la B 3BONOLUM NO3BO-
HOYHbIX. TaK¥Ke OH, MapansenbHoO C OCHOBHOW
TEMOW CTaTbW, FOBOPU/ O KNOTEHLMANbHOM Te-
NJIOKPOBHOCTM» PENTUNMI, T. €. 0 TOM, YTO NpPWU
aKTUBHOCTU OHWM MMEIOT BbICOKYIO TeMNepaTypy
Tena.
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Puc. 3. Anekcangp Bnagummnposmy PlomunH,
1940-e rr. (MepBAayosa, 2009)

Fig. 3. Alexander Vladimirovich Ryumin, 1940s
(Chervyatsova, 2009)

Pabota Anekcea Muxahinosuya Cepree-
Ba (puc. 5) (Ceprees, 1939; Bacunbes, Ba-
cunbeBa, 2012) TaKKe O4YeHb WHTEPEcHa WU
Ba)KHA. [MOMMMO KOHKPETHbIX [AaHHbIX MO
TemnepaTtypam Tena y YyWacTon Kpyrnoro-
nosku Phrynocephalus mystaceus, 3aKacnui-
CKOM Kpyrnoronosku Ph. raddei, ctenHou ara-
Mbl Trapelus sanguinolentus, ceTyaTon Aawyp-
Ku Eremias grammica v cpeaHeasnaTckon Ye-
penaxun Agrionemys horsfieldi, A. M. Ceprees
06paTnn BHMMAHME Ha PAL BarKHEMLIMX 3aKO-
HOMepPHOCTEN, KOTOpble NPOXOAUAU MUMO €ro
COBPEMEHHMKOB: B YaCTHOCTW, OH, BCes 3a A.
B. PromuHbIM, yTBEPXKAAN, YTO PENTUINN B Ne-
puog, akTMBHOCTM MMELOT BbICOKME TemnepaTy-
pbl Tena. MNpu 3Tom, XOTA 3Ta CTaTbA BbiWwa B
Tom ke 1939 r., yTo 1 pabota A. B. PiomuHa,
O KOTOPOM Mbl FOBOPUAN Bbille, HO B HeN A.
M. CepreeB cneumanbHO yKasblBas, YTo MAeA
«MNOTEHLMANbHON TEMNJIOKPOBHOCTU MpPECMbl-
KalOLLMXCA B Nepmnoa, akTUBHOM AeATEIbHOCTUY
NPUHAANEXNT UMeHHO A. B. PromuHy (Ceprees,
1939, c. 49). Uccnenya 6MONOrMIO NPECMbIKato-
LLMXCA, OH TaK»Ke obpallan BHMMaHME Ha BECh,
MOJIHbIA CYTOYHbIMA LUK aKTUBHOCTU 3TUX XKMU-
BOTHbIX, Y4eNAa cepbe3Hoe BHMMAHME U U3y-
YyaA TepMmasibHble YCNOBUA B TaKMe CKPbITHbIE
nepuvoabl, Kak OHEBHOM COH (HaxoXKaeHue B
AHEBHOM ybexulLle) N HOYHOM COH (Haxoxkae-

Puc. 4. Hukona MeaHosuy Kanabyxos
Fig. 4. Nikolay Ivanovich Kalabukhov

HMe B HOYHOM yberkuuie). OH Takke obpaTtun
BHMMaHME Ha BA)KHOCTb CYyTOYHOroO nepenaga
Temneparyp.

B 37O Ke Bpema noAsBmaacb M nepsas cre-
LUMaNbHan aKcnepumMmeHTanbHasa paboTa, noces-
WeHHas ¢usmonormyeckum npobnemam nepe-
oxnaxkaeHus y pentuanin (PogmoHos, 1938).

Kpome Toro, ¢ KoHua 1920-x u B8 1930-e rr.
6bin pAag NybarMKauunii, KoTopble BPAL 1N MOXK-
HO Ha3BaTb HaANPAMYI CBA3AHHbIMW C TEMOW
Tepmobuonormm pentTuUAMi, HO KOTOpble ee
OfHO3HAYHO KOCBEHHO KacanaucCb, OMWUCbIBAA
yCNnoBMA cpeabl B mMecTax obuUTaHMA pasHbIX
BnagoB pentunmin dayHbl tora CCCP, B uvact-
HocTM — CpegHent A3nun, peXkMmbl aKTUBHOCTMU
3TUX YXMBOTHbIX, UX BMOTONMYECKOE pacnpeae-
NIeHne, 3N1eMeHTbl TEPMOPEryNALNOHHOIO No-
BegeHnsa u T. n. (Kawkapos, Kypbatos, 1929;
Kawkapos, 1935, 1938; Kawkapos, KoposuH,
1936; 3axupgos, 1938; AHgpyWwKo v gp., 1939;
MectnHckni, 1939; Pannb, 1939). MHoraa Tam
BCTPEYANIMCb INU30ANYECKME N3SMEPEHMA TEM-
nepaTtyp cpezbl.

Pabota A. B. PiomuHa (1940) npoponu-
Na n passuna ero xe naeto (Promumn, 1939) o
HanpaB/NIEHHOCTM Ha CTabuaM3aLMI0 BbICOKOWM
TemnepaTypbl B 3BOMOUMM MO3BOHOYHbIX. B
Hel OH MoABen nog CBOK MAE TBEPAYHO TEO-
peTuyeckyto 6asy.
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Puc. 5. Anekceit Muxaiinosuy Ceprees (http://vov.bio.msu.ru/res/DICTIONARY_PAGE307/227.jpg)
Fig. 5. Alexey Mikhaylovich Sergeev(http://vov.bio.msu.ru/res/DICTIONARY_PAGE307/227.jpg)

Ype3BblYaliHO MHTEPECHOM U BaXKHOM ABNA-
etca nybaukauma Cepadumbl CONOMOHOBHDI
NnbepmaH n HuHbl BUKTOpOBHbLI MOKpPOBCKOM
(1943) (puc. 6) no 6GUoNOrMM NPbLITKON ALLEPU-
Ubl.

B 3TOM cTaTbe aBTOPblI B OY4E€Hb KOPPEKTHO
BbINO/IHEHHbIX MONEBbIX U NabopaTOpPHbIX MUC-
CnefoBaHMAX BNepBble YETKO BbIABUAN TeMne-
paTypHble NpeanoYTeHUa y Alwepul, onpeae-
NN PAL BaXKHbIX NOHATUIA, TEPMUHOB M 3aKO-
HomepHocTel (YepaunH, 20146). OHKU BrepBble
YeTKO BblAENINAN AaKTUBHOE COCTOAHME U pas-
AENVUIN ero Ha COCTOSIHUA MOJIHOW U Henon-
HOM aKTMBHOCTW, YTO OKA3a/10Cb METOANYECKU
O4YeHb NepPCrneKkTUBHO N BMoNornyecKkn Koppek-
THO. TaK»Ke OHW BMNepBble NPUMEHU/IN BaXKHbIM
nokasaTe/lb — TemnepaTypbl Tena Npu NOJHON
aKTMBHOCTU. B mx paboTe 4YeTKO NpoaemoH-
CTPMPOBAHO, YTO, HArpeBLMCb YTPOM, fLle-
pULbl BCIO AaNbHENLWY YacTb AHA, T. €. BeCb
nepuog, MOMHOM aKTUBHOCTU, YAEPKUBAIOT
TemnepaTtypy Tesia NPMMEepPHO Ha O4HOM BbICO-
KOM ypoBHe. B cTaTbe ecTb U Apyrve metoau-
YyecKune n TeopeTUyeckme HoBaLMu, ONUCaHHbIe
B pabote B. A. YepnnHa (20146), cneumanbHo
NoCBALLEHHOW aHaNn3y 3ToM cTaTbu. Paborta C.
C. InbepmaH u H. B. MOKPOBCKOM, BbINONHEH-
HaA NoZ HenocpeacTBEHHbIM PYKOBOACTBOM M

KypatopctBom A. M. CepreeBa, a TaKxe npo-
¢deccopos A. H. Popmososa u b. C. MaTBeeBa,
ABHO onepeanna ceoe Bpems.

B sTOoM cBA3M nopaxkaeT onpegeneHHoe
CXOACTBO MO pPAAy HanpaBneHuMW AByx «bHaszo-
BbIX», «MUOHEPHbIX» PaboT, NOABUBLUUXCA C
nHTepBanom Bcero B oauH roa: C. C. JinbepmaH
n H. B. MoKpoBsckoit (1943), c 04HOM CTOPOHDI,
n R. B. Cowles n C. M. Bogert (1944), c apyromn
CTOPOHbI. B 4acTHOCTM, U 0gHa, 1 Apyrasa napa
ABTOPOB MPAKTUYECKMU B O4HO U TO XKe Bpemsa
M HEe3aBMCMMO ApYyr OT Apyra BblAENUAU CTa-
TYCbl aKTUBHOCTM Yy PenTuanii (HeakTUBHOe U
AKTUBHOE COCTOAHWA, NOCneAHee U3 KOTOPbIX
pa3fgenneTca, B CBOKO o4vyepeab, Ha MOJHYO U
HEMO/IHYH aKTUBHOCTbL). HO, INLLb YNOMSIHYB O
BA)KHOCTM 3TOr0 MeToAMYEeCKOro nogxoga, obe
napbl aBTOPOB He Janu CTaTycam aKTUBHOCTMU
YeTKMX HAay4YHbIX OnpeaeneHuin, He akLeHTUpPOo-
Ba/IM BHMMAHMA HA TOM, YTO B METOANYECKOM
naaHe Npu U3y4yeHnn TemnepaTyp Tena B aKTMB-
HOCTU M NpW ONpeaeneHnn pPaaa BaxKHEULWNX
Tepmobunonormyecknx nokasatenen ux obssa-
TENbHO HEOBXOAMMO YyuUTbIBATb. XOTA U3 CNO-
BECHOTO OMMUCAHUA METOAUKU B 0H6eunx cTaTbax
04YeBMAHO, YTO CAMM AaBTOPbI CTPOro 3TOroO Npu-
aeprrmBanuco (Hepnaun, 20146). Ectb 1 ewe
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Puc. 6. Cepaduma ConomoHoBHa J/inbepmaH (cnesa) u HuHa BuktoposHa MokpoBcKas (cnpasa). 3BeHU-
ropog, BecHa 1941 r. (boTtorpacdua ns apxmsa MapuHbl JInbepman)

Fig. 6. Serafima Solomonovna Liberman (left) and Nina Viktorovna Pokrovskaya (right). Zvenigorod,
spring 1941. Photo from the archive of Marina Liberman

ofHa 0bwan yepTa y 3TUX ABYX CTaTel: U3-3a
OTMEYEHHOW HaMM HEYETKOCTU B U3/I0KEHUM
N OTCYTCTBMA CMbIC/IOBbIX AKLLEHTOB YMOMAHY-
Tble B HUX M OTMEYEeHHble Bbille BaxkHeKnwue
MeToAMYEeCcKMe U TeopeTUYecKmne acnekTbl Tep-
Mobuonorum penTuanii He 6bIIN 3aMedeHbl UX
Hay4YHbIMW MOCNEAO0BATENAMM U OKA3a/IUCb Ha
[oNrne rogbl 3abbIThbl.

JKcnepMMmeHTasbHOe uccnegoBaHne Buk-
Topa BeHeunaHoBmnya YepHomopamkosa (puc.
7) (YepHomopgmkos, 1943; MocCKOBCKMeE rep-
netonorn, 2003) noKasaso, 4YTO HeKoTopble
penTuAMK, B YAaCTHOCTM 3MeM, He BCe Bpems
CTPEMATCA NOALEPKUBaATb TemnepaTtypy Tena
Ha BbICOKOM ypoBHe. OH MoOKaszan, 4yto AnA
PENTUINUMA HYXKHbI U NEepuoabl C MOHUMKEHHOWN
TemnepaTypoi. Mo ero MHeHWIo, OT4aCTU 3TO
CBA3aHO C HEOHXOAMMOCTbIO NOAAEPKUBATL B
ONTUMANbHOM peXMMe AeATe/IbHOCTb OCHOB-
HbiX PepmMeHTOB, TemnepaTypHbIX ONTUMYM
KOTOPbIX Y MOMKNUNOTEPMHbIX PENTUANI pacno-
NaraeTca mexay HU3KMMKU 3HAYeHUAMMU Y pPbib
n ampubunin n BbICOKUMWN — Y TOMONOTEPMHbIX
M/IEKONUTAOLWMX (4TO HA CaMOM fene He Co-
BCEM TaK — 0630p TemnepaTypHbIX ONTUMYMOB
paboTbl pasHbIX GEepPMEHTOB Yy Pas3/INYHbIX XKU-
BOTHbIX CM.: YepnuH, 2012). B gpyroi ero aKc-
nepumeHTanbHon pabote (YepHomopamKos,
1947) penaeTca BbIBOA, O TOM, YTO Y HEKOTOPbIX

3Mel PEXMM CYyTOYHOM aKTUBHOCTU onpenens-
€TCA B 3HAYUTE/NIbHOM CTEMeHU 3HAOreHHbIMM
NPUYMHAMM U HE HANPAMYIO CBA3aH C CyTOYHOM
AVNHAMUKOM TeMnepaTypHbIX YCI0BUI Cpeapbl.

B pabote A. /1. 3HH (1944) npuBoasaTca pe-
3y/IbTaTbl aHa/IM3a MEXAaHM3MOB CBA3N TEMNEpa-
Typ Tena u ycnosuii cpeabl y 6€cno3BOHOYHbIX
M NO3BOHOYHbIX MOMKUIOTEPMHbIX MKMBOTHbIX
(TemnepaTypa, BNAXKHOCTb, OTHOCUTE/IbHAA NO-
BEPXHOCTb M Macca Tesa, TpaHCcnMpaumsa ¢ no-
KpoBOB U1 T. n.). OCHOBHaA LeNb CTaTbM — aHa-
nn3 $aKTopOoB, ONpPeaensWwmx TemnepaTypy
Tena NOMKUNOTEPMHbIX }KMBOTHbIX. ABTOP TOXKE
NOATBEPXKAAET, YTO HEKOTOopble PenTuaMK no-
CPeACcTBOM pPa3sHOObOpasHbIX NOBeAeHYEeCKMX
peakuui M nNpuemoB: U3MEHeHUA No3, Noso-
YKEHWA TeNna, OKPaCKU U T. N., — NoAAEPKUBAIOT
OTHOCUTENIbHO BbICOKYIO M NOCTOSIHHYO TEMNe-
paTypy Tena.

B ctatbax WU. . CtpenbHukosa (1944, 1948)
paccMaTpMBaEeTCA 3HaYeHUe CONIHEYHON pagu-
auuu B NoAAEePKaHMN PenTUANAMU Heobxoau-
MOW TemnepaTypbl B YCNOBUAX BbICOKOrOPUHA,
roe TemnepaTypa Bo3gyxa CHUKeHa. Cneunans-
Hble 3KCNEePUMEHTbI CTaBATCA A/1A BblACHEHMA
MEXaHWU3MOB HarpeBaHWsA Ty/I0BULLLA Y ALLEPUL,
3HayeHuA paga mopdonoro-GrusnoNormyecKmx
0COBEHHOCTEN OpraHU3ma, ABMMKEHUS U T. M.
Ob6pallaeTca BHUMaHME Ha 3HAYMMOCTb Tens1o-
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Puc. 7. Buktop BeHeumnaHoBMY YepHOMOPANKOB
( http://vov.bio.msu.ru/res/DictionaryAttachment/164/DOC_FILENAME/uct.300m.-10001.jpg)

Fig. 7. Viktor Venetsianovich Chernomordikov

BOrO CO/IHEYHOTO U3IY4YEHUA B PEryNaLNmM TEM-
nepaTtypsbl Tena.

Kpome Toro, U. . CTpenbHMKOB n3y4van cy-
TOYHYIO AMHAMMKY TemnepaTypbl TeNa Y MHO-
rMX OTMEYEHHbIX BUAOB MBOTHbIX. OH npueen
ype3BblYaMHO WMHTEPECHbIM M MOKa3aTe/bHbIM
PUCYHOK, CBEAA Ha HEM CYTOYHbIM XO4 Temne-
paTypbl Tena pasHblX MOMKUIOTEPMHbBIX KW-
BOTHbIX B Pa3/INYHbIX NaHAWwadTax (TakKe yno-
MAHYTbIX Bblwe). Ero AaHHble MoOKas3aau, 4YTo
nogasnsatouee 60NbLWMHCTBO AAHHbIX MO TEM-
nepaTypam Tefa y CamblIX PasHbIX *KUBOTHbIX (M1
HaCeKOMbIX, U PENTUANIA, U MNEKOMUTAIOLLMX)
B Pa3/IMYHbIX K1MMATMUYECKUX YCI0BUAX (MO ero
BblpaXeHMUI0 — «B pa3HbIX NaHgwadrax», T. e.
OT APKTMKM U BbICOT Inbbpyca Ao Kapakymos)
NPU aKTUMBHOM XM3HW YKNAAbIBAIOTCA B AMa-
nasoH TemnepaTtyp npumepHo 35-382. llpo-
NCXOAMT 3TO 3a CYET CONHEYHOTO U3NYYEeHUA, U
Temnepatypa Tesia MOXeT B OTAE/IbHbIX Cy4va-
AX NpeBbIWaTb TemnepaTypy Bo3ayxa Ha 302 u
6onee. N3 cBOMX MCCnenoBaHWi elle B cepeam-

He COPOKOBbIX r040B NPOLIAOro BeKa OH cae-
Nlan 3amevaTenbHbll BbiBOA,: «Bbicline popmbl
6€Cno3BOHOYHbIX U MO3BOHOYHbIX YMBOTHbIX
KMBYT U aKTUBHO OENCTBYIOT Npu Temnepary-
pe Tena B cpegHem 36—382; Hu3wWwMe dopMmbl
NMO3BOHOYHbIX U HECNO3BOHOYHbIX KMBOTHbIX
KMBYT Npu 6onee HM3KOM Temnepatype Tena.
BoaHble KMBOTHbIE CYyLLECTBYOT U pPa3BMBatOT-
cA Npu TemnepaType cpeabl okono 02 n pgaxe
Huxke» (CtpenbHukos, 1948, c. 151). N panee:
«Bo BCeX pacCMOTPEHHbIX NaHAWaPTax NONKM-
NOTEPMHbIE }KMBOTHbIE B COCTOAHUN aKTUBHOTO
OBVXKEHWA, KaK M aKTUBHOW KU3HU, Nofa aei-
CTBMEM CO/IHEYHOM pagvauuuM UMeT cpea-
HIOIO TemnepaTypy Tena okono 35-382 c 3Ha-
4YUTEeNbHbIMKU KoNlebaHMAMKM BBEPX U BHM3 NOA,
OEeNCcTBMeM coyeTaHUA pa3HoobpasHbIX 3KONO-
rmyeckux ¢aktopos» (CtpenbHukos, 1948, c.
153). «B pe3ynbrate B3aMMOAENCTBMA MHOrO-
06pa3sHbIX 3KONOTMYECKNX GAKTOPOB B pPas3iny-
HbIX laHAWadTax NONy4aeTCA TaKoe UX CoYeTa-
HWe, KoTopoe BO Bcex naHpwadTax obpasyer
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CXOAHbIN 3PPEKT M aaeT cxogHble TenaoBble
YC/I0BUA BHYTPEHHEN cpebl MONKUAOTEPMHBbIX
HA3EeMHbIX }XMBOTHbIX B MePMOAbl aKTUBHOM NX
Xun3Hu» (CtpenbHukos, 1948, c. 153). Apyrumu
CNoBaMM, MPU aKTUBHOM XKU3HU TemnepaTypa
Tena y NOMKUNOTEPMHbIX U FOMOMOTEPMHbIX
YKMBOTHbIX NPAKTUYECKM OAMHAKOBA.

B csoux onbitax U. . CTpenbHMKOB, B OT-
iMune OT NOoAABAAIOLLEro YMcna 3apyberkHbIX
Y4YeHbIX, MOoC/NefoBaTeNbHO W3y4YyaeT BAUAHUE
pa3HblX TemnepaTypHbiX (GaKTOPOB Ha Tem-
nepatypy Tena pentuavi, Bblaenaetr ocoboe
3HAYeHMEe COJIHEYHOro TEeMnJI0BOr0 M3Ny4yeHus
B YKM3HW MOWMKMNOTEPMHbBIX KMBOTHbIX (Hace-
KOMbIX U PEnTUANA), MexaHu3ambl, GopmMbl U
NPUHLMNbI ero Bo3aenctana. OnbiTol Bbian no-
CTaB/ieHbl O4YeHb YEeTKO, M MO3TOMYy NpeacTas-
naoT 601bLWONM HAay4YHbIN MHTepec. Kpome Toro,
3T0 6blNa He NPOCTO KOHCTaTaumMA onpeaeneH-
HbIX ¢aKToB. [MO/Ny4eHHble OMbITHbIM MNyTeEM
maTepuanbl MBaH Amutpuesny paccmaTtpmsan
C TOYKM 3PEHUA UX 3HAYEHUA B IKOOTUMU KU-
BOTHbIX. CKOPOCTM HarpeBaHMA U OCTbIBaHMA,
3Ha4YeHMe LBeTa, No3bl XKMBOTHbIX, NOIOKEHUS
NX Tena OTHOCUTENIbHO CO/THEYHbIX yYen, BAU-
AHWE CKOPOCTU BETPA, COCTOAHUA aTmocdepbl
(3anblneHHOCTN, BNAXKHOCTM BO34yXa) Ha MH-
TEHCUMBHOCTb BO34EMCTBMA MHCONALMMU HA XKMU-
BOTHbIX, OTHOCUTE/NIbHOE BIMAHME TeMnepaTyp
cpeabl M UHCONALMWN Ha TeMnepaTypy Tena — Te
acneKTbl, KOTOPble OH PAcCMATPMBAA U NPUBA-
3bIBa/l UX K YKU3HU }KUBOTHbIX B YC/IOBMAX KOH-
KpeTHbIX 6uoTtonos. OH NoKasana, YT0O MMEHHO
CO/IHEYHOE M3Ny4yeHUe MO3BONAET HEKOTOPbIM
AWEpPULLAM KUTb BbICOKO B ropax, NnoaaeprKu-
Bas bnarogapa MHCONAUMM TemnepaTtypy Tena
Bblwe 302 ga)ke npu TOM, 4YTO TemnepaTypa
BO3/yXa B TO e BPeMs U B TOM e MecTe Co-
cTasnaeT Bcero 3—4°.

Mpobnemam npucnocobneHma penTUnnn K
BbICOKMM TemMepaTypam MNycTbiHb NOCBALLEHA
ctatba U. ®. AHapeeBa (1948), B KOTopoli OH
npuBen eauHUYHble U3MepeHUa TemnepaTyp
Te/fla HeKOTOPbIX MYCTbIHHbIX PENnTUAWI, Npas-
Aa, bes yyeta popm aKTUBHOCTH.

YpesBbl4alHO UHTepecHa cTatba J1. . Au-
HecmaHa (1949). B Helt aBTOp paccmaTpuBaeT
dopmanbHyo CBA3b PACNpPOCTPaHEeHMA PasHbIX
BMAO0B PENTUANI C 30HANbHOCTBIO B UHTEHCUB-
HOCTM COJIHEYHOM pagmaunn. Kpome Toro, oH
N3y4aeT NPOHNL,AEMOCTb MHCONALMM CKBO3b NO-
KPOBbI U, NAaBHOE, CKBO3b BPIOLWMHY penTUani,
KoTopas B 60/blUel UNM MeHbLLEN CTeNEeHM Co-
AEPHKUT MEeNaHWH, NPenATCTBYOWMMA NPOXOXK-
AEHUI0 U3nyvyeHusa. B oTgenbHbIx MecTax nepu-
TOHeyMa MeNlaHMH cKanamBaeTca, obpasys yep-
Hble NATHA, NOJIHOCTbIO aAacopbupyoLmne n3ny-

4yeHue M NPUKPbLIBAOLLNE BarKHEMLLME OPraHbl,
3aWMLWAA MX OT NoparkeHuA. TaK, y yLacTbiX
Kpyrnoronosok Phrynocephalus mystaceus w3
CeBEepPHbIX NYCTbIHb BECb NEPUTOHEYM MUTMEH-
TMPOBAH U MmeeT Bonee MAM MeHee TEMHO-
CEepyr WM MOYTM YEpPHYI OKPACKy. Y Tex e
AwepuL, M3 NYyCTbIHHO-CTEMHOM 30HbI TaKXKe
NMUIMEHTUPOBAH BECb MEPUTOHEYM, HO NOHO-
CTbHO YEpPHbIN LBET PaCMo/IOXKeH B XBOCTOBOWM
4acTW Tena, Ha CNUHe BAO/Ib NO3BOHOYHMKA U
Ha H6poWwHOM cTopoHe. bbino nccnegoBaHo He-
CKOJIbKO BUAO0B ALLEPULL U3 Pa3HbIX MPUPOLHbIX
30H M YCTAHOBJIEHO, YTO Yem Bosiee MHTEHCUB-
HaA CONHeYHaA pagualma NPUCYTCTBYeT B Me-
CTax 0b6MTaHUA AlepuL, TeEM TEMHee OKpacka
nepuToHeyma n Tem 60blyio NAOLWAAb 3aHU-
MaIOT COBEPLUEHHO YepHble MATHA, 3aKpblBato-
LwmMe roHagbl n 061acTb NO3BOHOYHMKA.

Momumo 3Tnx 6onee nnm meHee cneymanb-
HbIX paboT, 6blAn U NybAnKauMKM, KOCBEHHO
Kacalowmecs TemnepaTypHbIX acnekToB 6Huo-
nornn pentunnin (Kawkapos, 1945; UWyHWH,
1948, 1949).

Mepuoa ¢ KoHua 20-x no KoHew, 40-x rr. XX
B. B OTEYECTBEHHbIX MCCNef0BaHMAX, MOCBA-
WEeHHbIX WKW KacaBwuxca Tepmobuonormm
penTunui, otdyactm bGbln BpemeHem nepBud-
HOro HaKOM/NEHWUA AaHHbIX U HAYa/IbHOTrO aHa-
NM3a pes3ynbTaToB HabAAeHUA MO 3KONOTUK
N TepModM3NONOrMN PEenTUAMUN, CBA3AHHOM
C acnekTamu, B nepsByk o4yepenb obpaluato-
WMMM Ha ceba BHUMAHWE NMPU U3YYEeHUU NpU-
CNocobneHnsa penTUNUh K MKECTKUM YCN0BU-
AM cpeabl (KapKuMe NyCTbIHW, BbICOKOropbs),
— B/IMSIHUE MOLLHOW CONMHEYHOM pagmaumn Ha
TeMnNepaTypy Tena, TeMnepaTypHasa BbIHOC/K-
BOCTb K BbICOKMM TemnepaTtypam u T. n. Tonbko
Hayanca oH npumepHo Ha 50 neT noske, yem
3a pybexkom. IMeHHO K 3TOMy BpeMeHU OTHO-
CUTCA Cepbe3HOoe 3HAaKOMCTBO 3KOJIOrOB C Npu-
pogon CpegHen A3nm, dayHa KoTopoun boraTa
pa3HbIMK BUAAMU penTuaunii. Ho 3gecb ovyeHb
BA)*HO OTMETUTb, YTO 3TOT HaYya/bHbIM Nepuos,
N3y4yeHmMa TepmobMoNornm npecmblKatoLLmMxcaA
6a3nposanca B CCCP Ha NpoYHOM OCHOBaHUM
KNacCcMYecKom pyccKoi/coseTckol buonoruye-
CKOM WKoNbl. Bcneacrteme aToro M3HavanbHbIM
HAy4YHbIX YPOBEHb MCC/NEA0BAHUM COBETCKUX
y4YeHbIX B 3TON 061aCTU OKa3a/icA OYEHb BbICO-
KMM. Bbln NpeanoXKeH nepsbl aHANN3 TEPMO-
6ronormm penTUanii Kak BHyTPeHHe yBA3aHHO-
ro KOMMJIEKCA CBOMCTB U XapaKTePUCTUK.

Mbl y»Ke YyNOMWHAAM O TOM, YTO BONbLUNH-
CTBOM, 0COb6EeHHO 3apybexHbIX, repneTonoros
nepBoOW cepbe3HOM CTaTbel No Tepmobunonorum
penTuani cumtaetca ctatbs P. b. Koyna n K. M.
BorepTa (Cowles, Bogert, 1944), c KOTOPOI OHM
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NCYNCNAIOT NOABNEHME U HAaYa10 PA3BUTUA ITO-
ro HanpasneHuA Haykn. O4HaKo HenpeaB3ATbIN
aHaNN3 roBOPUT, YTO 3TO He COBCEM CrnpaBes-
nmeo. baecrawme crtatoun U. . CtpenbHMOKOBA
(1934, 1944, 1948), A. B. PtomunHa (1939, 1940),
A. M. Cepreesa (1939), C. C. JinbepmaH u H. B.
MoKkposckoit (1943), B. B. YepHomopankoBa
(1943) cBMAETENLCTBYIOT O APYrUX NpuopuTte-
Tax. Ha ocHoBe cobcTBEHHbIX MOMIEBbLIX U 3KC-
NepMMeEHTaNbHbIX MaTepunanos u nNybamkaumin
3apybexHbIXx uccnepoBatenen ewe € KoHua
1930-x rr. Ha4YancA O4YeHb CEPbE3HbIN aHaNU3
pAfa KAYeBbIX acNeKkToB bBuonorum pentuamin
Ha ypOBHe BakHeKhwux npobnem skonoruu m
agantauum, GOpMMPOBaAHMA NOHATUMHOIO an-
napaTa U OCHOBHbIX 3aKOHOMepHOCTeN GpUsno-
NIOTMYECKOM 3KONOTUM, CBA3AHHDIX C aAanTauu-
AMU K cpege, mopdonornyeckmmu, ¢unsmono-
rTMYECKMMM U NOBeAEHYECKMMMN 3aKOHOMEPHO-
CTAMM NPUCNOCOBNEHUA K HKECTKUM YCNOBUAM
apUAHOM 30HbI M T. N. ITU UCCeA0BaHNA BENU
/N pyKoBOAUAN UMW 3aMeydaTesibHble y4ye-
Hble — NPeACcTaBUTENIN KNAaCCUYECKON Hay4YHOM
LUKO/Ibl POCCUIACKOM M COBETCKOM 3KOMOTUU M
¢wnsunonornun: A. M. Ceprees, U. A. CTpenbHu-
KOB, a Kpome Hux — A. H. ®opmosos n b. C.
MaTBeeB, MX UCMONHUTENbHbIE U Aymatouine
yueHuku: C. C. inbepmaH un H. B. NMokpoBcKas,
a TaKXe y4YeHbIN-04MHOYKA, «CaMOPOAOoK» — A.
B. PtomuH (MepnnH n ap., 2016). N paxke camble
nepsble B CCCP aKkcnepMMeHTanbHble paboTbl B
obnactn TepmobUoNOrnMK PenTUINN NOKasanu
M3HA4Ya/IbHO OYE€Hb HATYPAIUCTUYECKN BHUMA-
TeNbHbIA U TOHKUIN, CEPbE3HbIN U METOAMNYECKU
BbIBEPEHHbIA NOAXOA K PELUEHUIO NMOCTaBNEH-
HbIX 3aZay. ITOT MCXOAHbIA TEOPETUYECKUN,
NPaKTUYECKMIA U METOLMUYECKUIA YPOBEHb UC-
CNefoBaHUM  OKA3anca CyLeCTBEHHO Bbllle
TOro, KOTOpPbI AEMOHCTPUPOBAM B 3TO BpeEMA
nccneposatenn Tepmobuonornn penTuanii 3a
pybexkom. OTeyecTBeHHble nccnegoBaTenu no-
Kazaan 6MoNormyeckmin CMbiC/i, OCHOBHYHO 3BO-
JIOUMOHHYIO HAanpaB/lIeHHOCTb PA3BUTUA OTHO-
LEeHUM K TemnepaTtype y No3BOHOYHbIX (A. B.
PIOMWH), onucanu BaxHelwmne ocobeHHOCTU
N 3aKOHOMEPHOCTM CBA3M TemnepaTypbl U Ppu-
3M0N0rnK, opraHnlaunm Gu3MoNornM4yeckom u
NnoBeAeHYECKOM perynaumm TemnepaTtypbl Tena
y pentunmin (A. M. Ceprees, UN. . CTpenbHu-
kos, C. C. JlInbepman n H. B. MNoKpoBsckas, B. B.
YepHOMOPANKOB), U3Yy4MNU 3HAYeHUe daKTo-
pOB Cpeabl U UX BANAHUE HA TemnepaTypy Tena
Pa3HbIX SKTOTEPMHbIX }KUBOTHbIX, B TOM Yncne
n npecmblkatowmxca (M. O. CtpenbHukos, 4. /1.
MHH, /1. I. JMHEecMmaH), CKoppeKTMpoBanm me-
TOAWMKY UCCNeAoBaHWUM B AaHHOM obnactm (A.
M. Ceprees, W. [l. CtpenbHuokos, C. C. /inbep-

MaH 1 H. B. MoKpoBcKas). 3TUM OHMU, MO CYyTH,
33/10KU/IN CUCTEMATUYECKME, HAayYHble N MeTOo-
ANYECKN KOPPEKTHbIE OCHOBbI TepMobuonormm
penTuaunii. M nepsble cTaTbM U3 3TOM bnecTa-
e cepum ocHoBomosararowmx nybankaymm
noasmnucb B 1934 r., T. e. Ha 10 neT paHbLe,
yem BbIWNa M3BecTHaA ctatba P. b. Koyna n K.
M. BorepTa (Cowles, Bogert, 1944). Takum 06-
Pa30M, KaK 3TO HM NOKaXKeTCA CTPaHHbIM, BOC-
CTaHaB/MBaA UCTOPUYECKYOD CNPaBeaIMBOCTb,
MOXHO C MOJIHbIM OCHOBAaHWMEM U OTBETCTBEH-
HOCTbIO YTBEPXKAATb, YTO Tepmobuonorua pen-
TUAMMA KaK HayKa MOABWMAACb M Hayasa pas3Bu-
BaTbCA MMeHHO B CCCP ewe B nepBoOM NONOBU-
He 30-x rr. XX B. XOTA NOTOM ee HanpasBaeHHoe
pa3BUTME B HalLEM CTPaHe HECKOJIbKO MpUTop-
MO3u1N0Cb. N 3TO He cTpemneHue yTBepaaTb,
4YTO «COBETCKME C/IOHbI Camble 60nbLINE COHbI
B Mupe» (yBbl, U Takoe B TO Bpemsa bblN10), a He-
OCMOPUMbINA UCTOPUYECKUIM N HAYUHbIN PaKT.

3a 50-e rr. XX B. HamM M3BECTHO HEeMHOrnmm
6onee 50 nybanKaumin. B aToT nepuop, ToNbKo
Hebonbwas 4YacTb NybnnKauui bbina cBsA3a-
Ha C 9KONOrMEN PENTUIUN, U NNLLb YaCTUYHO,
BCKO/Mb3b — C UX Tepmo3akonoruel (borgaHos,
1950; Hosukos, 1953; Kaneukan, 1956; Pycra-
moB, 1956; Apgamaukas, 1958; Cbipoeykos-
ckni, 1958; CanoxkeHkos, 1959). B ocHOBHOM
paboTbl coBeTCKMx aBTopoB B 1950-x rr. Ha-
KaniMBaanM 3KCNEePUMEHTANbHbIA  3KONOro-
dU3nMoNornyecknii matepuman no Tepmoobmono-
MK M TEPMOPETYNALMN PENTUNNA.

B aToM cBA3M 0c060 X0UeTCA OTMETUTL CEpUmn
paboT AByX aBTOPOB.

Bo-nepsbIx, 3TO cepus ctater MBaHa OAmu-
Tpmuesmya CTpenbHMKOBaA Mo Tepmobuonorum
NOMKUNOTEPMHbBIX MBOTHbIX (HAaCEKOMbIX W
pentunuii). B aByx ctatbax WU. . CTpenbHUKoB
Kacanca npobnem Tepmoperynsaunumn pentuamin
(CtpenbHukos, 1958, 1959), ryboko u c pas-
HbIX CTOPOH aHanmM3npya 3ToT npouecc. OH He
NPOCTO OMNWUCbIBAaJl, @ BCKPbIBAaA MeEXaHWU3MbI
B3aMMOAENCTBMA MKMBOTHbIX C OKpPYXKatoLen
cpenomn. 3To M He ecTb UCTUHHAA aKonorma?!
A ymeHWe BUAETb B YaCTHOM oblLuee — NpM3HaK
60/1bLIOro y4eHoro.

BO-BTOpPbIX, HY}XHO OTMETUTb paboTbl b. I.
Ywakosa (puc. 8) ¢c coaBTopaMun No U3y4eHUto
TeMMepaTypHOMN BbIHOCIMBOCTU TKaHEW penTu-
I pa3HbIX BUAOB M U3 pasHbIX MecT obuTa-
HuA (YwakKos, Mactaesa, 1953; Ywakos, 1955,
19564, 6, B, 195843, 6, B, 19594, 6, B, 1 Ap.). Bce-
ro Ham nsBectHo 36 nyb6amkaunit 1950-1960-x
Ir. HA AaHHYIO Temy. BbiNo BbIACHEHO, YTO NO-
KasaTenn TepMasbHOM BbIHOCAMBOCTM KAETOK
TKaHel BuaocneunduyHbl (Ywakos, 19598) um
WMHOrAa, HO Aa/IeKO He Bceraa, CBA3aHbl C yCno-
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BMAMM 06UTaHUA. C OAHOW CTOPOHbI, U3MEHe-
HWe TeNN0yCTOMYMBOCTM KNETOK B OHTOreHese
B3POC/bIX MOMKUIOTEPMHbIX XMBOTHbIX MJ0X0
KOppenupyeT C TeMnepaTypor OKpyXKatoLueWn
cpeabl Uy 6ONbLIMHCTBA BUAOB He ABAAETCH
nposB/ieHMemM TemnepaTypHOI aganTaumm op-
raHnsma. C gpyroi CTOpOHbl, B 6O/NbLUIMHCTBE
M3YYEHHbIX C/Ny4aeB pasnMuMa B TENI0yCTOW-
YMBOCTM TOMOJIOTUYHBIX KNETOK U BEeNKoB vy

pa3HbIX BUAOB PENTUANIA HAabNOAAIOTCA, U OHM
Tem 6onblie, yem H6onbLUE PA3INYMA B TEMIE-
paType 0bUTaHUA N Pa3MHOXKEHMA CpaBHUBae-
MbIX BUA0OB. Ho, Nno MHeHUIO aBTOpa pabor, cy-
LLIeCTBEHHAA 4YacTb 3TON M3MEHYMBOCTU CBA3A-
Ha ¢ dU3MONOrNYECKMM COCTOAHNEM XKUBOTHbIX
(Ywakos, Oapesckuir, 1959; Ywakos, 19583,
19596 v ap.).

Puc. 8. bopuc MNeTtposuny Ywakos (http://www.kmay.ru/photopers/n5767.png)
Fig. 8. Boris Petrovich Ushakov

Kpome TOro, o4eHb WUHTEPECHbIMU U BaK-
HbIMKW ObINIM 3KCNEPMMEHTA/IbHbIE UCC/1eA0Ba-
HMA BukTopa BeHuumaHoBuya YepHomopau-
KoBa, Hadyaswmeca B 1940-x n 3aKoHYMBLUUNE-
ca B 1950-x rr. (YepHomopauKkos, 1947, 1949,
1950). OcTaeTcA TONbKO COXaneTb, 4YTO €ero
onbITbl U HabAOAEHMA HAL PEeXMMaAMM aKTUB-
HOCTW PenTUAUN, NPOBEAEHHbIE B CMELMANbHO
CKOHCTPYMPOBaHHbIX UM Npubopax B Teppapu-
yme MOCKOBCKOro 300MapKa, He cTanu bonee
MacWTabHbIMK M Yy HEro BbIWAO TaK Mano ny-
6AMKaLUNI Ha 3Ty TEMYy.

B 1950-x rr. noABUINCL HECKONbKO 06LLMX
OYeHb cepbe3HbIx paboT, no3BonABLIKX bonee
rny6oKo NOHATb TEPMODBMOIOrMYECKME OCHOBDI

6uonorMm penTMauin: aTo macwTabHas KHuUra
XauaTtypa Ceppakosuya KowToAHUA MO OCHO-
BaM CpaBHUTENbHOWN pusmonorum (1950); aHa-
N3 BAINAHUA KNMMATUYECKON TeMMepaTypbl Ha
pa3mepbl 3Men U BecxBOCTbIX 3€MHOBOAHbIX
MaBna BukTtopoBuya TepeHTbeBa (1951) (pwuc.
9); KHura Abpama [oHoBu4ya CnoHmma (1952)
(puc. 10) 06 3HAOTEPMMM MIEKOMUTAOLMX,
AaBlaA mnaen Ana NOHUMAHUA 3SKTOTEPMUU
pentunaunii; pabota Hwukonas MBaHoBMYa Ka-
NnabyxoBa O cnAYke XKMBOTHbIX (1956). Takxke
HeNb3A He ynomMsaHyTb paboty U. [. CTpenbHu-
KOBa O TEPMOPEryNsaLMnN Yy COBPEMEHHBIX U O
BEPOATHOM TEM/JIOBOM PEXMME Me3030MCKNX
pentunuii (1959).
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Puc. 9. Masen Buktoposuny TepeHTbEB
Fig. 9. Pavel Viktorovich Terentyev

Puc. 10. Abpam [loHoBMY CIOHUM (https://myslide.ru/docu)ments_3/679f0102ed44287596a6e0e2d363223e/
img3.jpg
Fig. 10. Abram Donovich Slonim

Takum obpasom, 50-e rr. XX B. 6b111 Nnepuro-
AOM Ha4yana yrnybneHHoro aHanmsa obuebuo-
normnyeckmx npobnem, Kacatowmxca 6Guonormm
penTuUAMUA, BPpeMeHeM MOCTPOEHMSA, B YACTHO-
CTW, JanbHENWnNX npeacTaBaeHUn ob mnx Tep-
Mmobunonoruu.

3a 1960-e rr. Ham M3BECTHO HeMHOrMm 60-
nee 60 nybnukaumii — GU3NONOTUYECKUX,
3KONIOTMYECKMX,  3KOJIOro-GU3MOOTMYECKMX,
¢du3nonoro-skonornyeckmx n ap. Booblue, ¢
KaXkabIM AecATUNeTUEM KONnYecTBo nybnuka-

UMM Ha 3Ty Temy B CCCP HecKo/ibKO yBeNn4mnBa-
Nocb. 3T0, B YAcTHOCTU, BbINO CBA3AHO C Hava-
JIOM aKTUBHOTO OCBOEHMUA U n3yyeHua CpegHen
A3unn, pazBuTMEeM 3MeenUTOMHUKOB, BOKPYT KO-
TOPbIX KOHLLEHTPUPOBAIUCL Cepbe3Hble repne-
TONIOMU, U MaTepuan ANA UCCNef0BaHUM Yy HUX
6bl1 OrPOMHbBIN. ITO BbIIM HE KOHKPETHO Tep-
Modu13noNornyeckme cTaTbM, Ho HabntoaeHms
N [,OCTAaTOYHO NPOCTbIe ONbITbl, YKa3blBatoLMeE
Ha HeKoTopble 3aBMCUMMOCTM buonornm, nose-
OEHUA N 3KONOTUWN PENTUINIK OT TEMNEPATYPbI
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cpenpbl n, pexke, Tena. OTaenbHoble AaHHbIE, CBA-
3aHHbI€E C 3KO/IOTUEN U TeMNepaTyPHbIMKU YCNO-
BUAMM cpeabl NPy 06UTaHMKU penTuanin, bbiam
onyb6aMKoBaHbl OYEHb aKTUBHbIM MCCNeaOoBa-
Tenem CpegHelnt A3nn, 61ecTALLUM SKOIOTOM U
HaTypanuctom Onerom lNasnosunyem borgaHo-
BbIM M KOHUEHTPUPOBABLUMMMUCA BOKPYr Hero
nogbmn (boroaHos, 1960, 1962, 1964, 1965
n ap.). NoasmMaANCb MHTEpecHble HabnwaeHun
Hag, BAWAHMEM KIMMATUYECKMX YC/NOBUM Ha
aKTUMBHOCTb cpeaHeasunaTckom adol (MepcraHo-
Ba, 1969) n pasHouseTHOM AlwypKn (OKynoBa,
1969), Hag, 3MMHEN aKTUBHOCTbIO U rMbepHa-
umen ob6bbIKHOBEHHOM raatoku wu [lannacosa
wmTomopaHuka (/MlapuoHos, 1961; JlecHsk,
1962; Hepankos, Koyesckuin, 1964) n agpyrue
CBfi3aHHbIEe C TEMNepaTypoi matepumansl.

B uenom 3a 1960-e rr. 80 % Bcex nyb6am-
Kauun, Kacalowmxca Tepmobuonorum pen-
TMAWK, Oblnn GU3MONOTUYECKME U 3KONOro-
dusmnonornyeckne. MpoponKanucb  cepum
nybnvkauun b. M. Ywakosa (1960a, 6, 1962,
19634, 6, B, 19644, 6, B, 19653, 6, 1967; Ywa-
KoB, 3aHgep, 1961; Ywakos, YepHOKOXeBa,
1963; Ywakos, Bacunbesa, 1965; Ywaxkos u
Aap., 1968 n ap.), B. B. YepHomopamKkosa (1961)
N MHOTUX APYTrMX aBTOPOB. IKONOTMYECKUX Ma-
TepManos., XoTa 6bl BCKONb3b KacatoLMXca Tep-
MoperynaumMm pentuanii, boino Bcero okoso 19
% (XoHAKKMHa, 1962; Makees, 1964; Heaankos,
Kouesckuin, 1964; domunHa, 1965; TodaH, 1967;
YaH-KbeH, 1967; Aarapos, 1968; Okynosa,
1969 u gp.). TakKe Ham M3BECTHbI ABE Cepbes-
Hble paboTbl N0 NPUHLMNAM TEepMOpPErynaLmnm
(LUnnos, 1962; UeaHoB, 1965 n ap.) 1 aKono-
rumn (Haymos, 1963).

Cratba Wropa AnekcaHgposuya Lnnosa
(1962) (puc. 11) paccmaTpuBaeT OCHOBHble
pPas3InumMa MexKay TepMoperynaumen y romomno-
TEPMHbIX U MONKUAOTEPMHbBIX *KUBOTHbIX. OHa
mMmorna 6bl cTaTb Hay4YHbIM COBbITUEM, HO, K CO-
¥aneHuto, TeopeTmyeckasa b6asa ana ee Hanwu-
CaHMA elle He bblna K ToMmy BpemeHn chopmm-
poOBaHa M rotoBa. Tem He MeHee aBTOP OLEHUN
OTHOCUTENbHOCTb TEPMWHOB «FOMOMNOTEPM-
Hble» U «MOMKUIOTEPMHbIE» U AI€NEHMA Ha ABe
rpynnbl UCKAOYUTENBHO NO 3STUM GOPMasIbHbIM
npu3Hakam. Ho, nbiTafacb HaUTK N oNpeaennTb
OENCTBUTENbHO  CYLLECTBEHHbIE  PA3INYUA
MeXay HMUMKM, aBTOp NPUCOEAMHAETCA K MHe-
HUIO MHOTUX COBETCKUX PU3MOIOTOB O TOM, YTO
rNaBHOE OT/INYME COCTOUT B HECnocobHoCTH
NMOMKUNOTEPMHbIX KUBOTHbIX PEryanpoBaTb
Temnepatypy Tena (Xensenb, 1960; CnoHum,
1952 n ap.). 3aecb U. A. LLUnNoB, K coxkaneHuto,
COBepLUaeT XapaKTepHYl AN TOr0 BPEMEHMU,
0CO0b6eHHO B COBETCKOM HAay4HOM LWKoNe, OWmnb-

Ky. B pamkax 3Tol KoHuenuMm cnocobHOCTbIO
perynMpoBaTtb TemnepaTtypy Tena (tepmopery-
NAUMeNn) cuMTanacb UCKNYUYUTENIbHO peaKkums
YCUNEHUA UNn ocnabneHns TenaoNpPoayKLNM B
OTBET Ha U3MEHEHUA BHELIHMX YCA0BUI. 3aecb
NPOMCXOAUT HEeKOoTopas NyTaHMua, nogmeHa
NOHATMWN. ABTOPbI B CKPbITOM dOopMme CTaBAT BO
rNaBy yrna He cam aKT peryavMpoBaHus, a 3¢-
bEeKTopHble MeXaHM3Mbl CUCTEMbI PErynsaLunm.
Y HUX nony4vaetcs, 4yto ecam 3PPeKTOPHbIM
MEXaHM3MOM SIBNSETCA TEPMOreHes, To 3To pe-
rynayma. A ecnm adpPpeKkTopHbie MeXaHU3Mbl —
noBeAeHYECKME peaKkLunmn, TO 3TU NPOABAEHUA
noYyemy-To perynsumeint HasBaTb Henb3A. Tak,
U. A. lUnnos nuweT: «...Tepmoperynauma ectb
NpoLecc U3MeHeHUs TeENIoNPoAYKLUN U TeNNo-
OTAAYM OpraHM3Ma, OCYLLEeCTBAAOLWMNCSA NOA
KOHTPO/1IEM LLEHTPaNIbHOM HEPBHOM CUCTEMbI U
HanpaBAEHHbIN Ha NoAAepPrKaHMe NOCTOAHCTBA
ero Ttensnosoro 6anaHca co cpegomn, uto obe-
cneymBaeT OTHOCUTE/NIbHOE MOCTOSIHCTBO TEeM-
nepatypbl Tena» (LUunos, 1962, c. 3—4). anee,
B PaMKax 3TOM KOHLEMNUMU, NOABASETCA 3aKH0-
yeHue 06 OTCYTCTBUM, MO UX MHEHWUIO, Y NOWN-
KM/IOTEPMHbIX }KUBOTHbIX PEryNALUN Temnepa-
TYpbl T€Na, U3 Yero AenatTca Aanekonaylme
obuebronornyeckme BbiBOAbI.

B cBA3M C 3TMM XoueTca NpuBeECTU onpeae-
JIeHWe TepMOoperynaLmnm, KoTopoe cneunanbHo
66110 gaHo Commission for Thermal Physiology
of the International Union of Physiological
Sciences: «Tepmoperynauus (perynayms tem-
nepaTypbl): COXpaHeHWe TemnepaTypbl WAK
TemnepaTyp Tena B Yy3KOM AnanasoHe B YCNo-
BMAX PA3/IMUHbIX BHYTPEHHUX U/UN BHELHUX
TENNOBbIX Harpy3okK. Perynauunsa temnepaTypbl
Tena ocyuwiectsnnaetca QYHKUMOHANbHO He3a-
BUCUMbIMW WU MNOBEAEHYECKMMMU CPeacTBa-
mun» (Glossary..., 2003, c. 97).

MmeHHO B rog Bbixoaa ctatbn U. A. LLinnosa
nossmaacb gpyras nyoamkaumsa (Cowles, 1962),
B KOTOPOM ObIAM NpeanoXKeHbl HOBble, HAY4YHO
060CHOBAHHbIE TEPMUHbI — SKTOTEPMHbIE U IH-
OOTepPMHble KMBOTHble. K coxaneHuto, N. A.
LLinnos 06 saTom elle He mor 3HaTb. He mor oH
3HaTb M 06 onpeaeneHnax YNnomMaHyTon Bbllle
KOMWCCUM, NOSIBUBLLUMXCA HAMHOTO MO3MKe.

Be3ycnoBHbIM MHTEpEC K 3TOM Teme NposB-
NAN fOUEHT Kadeapbl 30010rMN MO3BOHOYHbIX
KMBOTHbIX bMonoro-noyBeHHoro ¢akynbTeTa
JleHMHrpaacKkoro rocyaapcTBEHHOTO YHUBEP-
cuteta JleB McaakoBuy Xosaukuit (puc. 12)
(BopkuH, 2013), KoTopbih BMeCTe C COTPYA-
HUKaMmn ¢ KoHua 1950-x no Hayano 1980-x rr.
onyb6/MKoBan HECKONbKO CTaTeM MO pPasHbim
acnektam Tepmobuonorun pentuanii. OnbIT-
Hble PaboTbl NPOBOAMINCE B TEPMOTrPaANEHT-
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Puc. 11. Uropb AnekcaHaposuy LLnnos (

http://ecopri.ru/journal/conf2016/shilov.jpg)

Fig. 11. Igor Alexandrovich Shilov

npubope, 6onbluMe CEPUN U3MEPEHUI MO pac-
npeaeneHuto TemnepaTyp B Tene pasHbIX rpynn
penTUAMA NPOBOAWJNCL C MCMO/Ib30BAHMEM
OYeHb YYBCTBUTE/IbHbIX 3/IEKTPOTEPMOMETPOB,
CNeunanbHO U3roTOB/IEHHbIX ANA 3TUX UCCae-
AOBaHMN. B yacTHOCTK, ero paboTbl Kacanucb
BOAHOIO WM TEN/JOBOro ObmeHa y HEKOTOpPbIX
3eMHOBO/AHbIX, Yepenax, Awepuy, (Xosauxui,
1959, 1965, 1981; Xo3aukun n ap., 1981, 1983;
Xo3aukuii, MacneHHukoBa, 1989; XosauKkui,
fikoBnesa, 1985). U xoTta nybaukaumn /1. WU.
X03aLKoro (CamocTosTeNbHO M C COABTOpPaMM
— YYEeHMKamMu U Konneramu) 6bino Bcero He-
CKO/MIbKO, MHOIMe MaTepuasnbl 3KCNepuMeH-
TOB TaK M He bblan onybanKkoBaHsbl. [locne ero
CMEPTU Mbl NbITAaINCb pPa3obpaTb M cUCTeMa-
TU3MPOBATb €ro Hay4Hbl apxuB, 3anucu pe-
3y/IbTAaTOB 3KCMEPUMEHTOB, HO, K COMKa/JIEHUIO,
M3-33 OTCYTCTBMA MHOTMMUX KAKOYEBbIX MaTepua-
JIOB 3TO OKa3a/s0Cb HENoAbeMHOMN 3aauven.
Tem He meHee apygmuma JlbBa McaakoBuua,
rnybokne 3HaHWA M MNOHMMaHWe 6uonorum,
NPUYACTHOCTb K CTAapOM, KNAaCcCUYECKOW LIKone
610N0roB-3HUMKAIONEANCTOB, ero nNpenogasa-
TeNbCKUI TaNaHT BOCMMUTANN LLeNoe MOKoeHNe
6uonoros.

MockonbKy B 3TOMN chepe, N0 KparHen mepe
B JleHMHrpage, He 6bINO Apyroro cneunanu-
CTa TaKoOro YpPOBHS, KOTOPbIA 6bln 6bl ogHO-
BPEMEHHO KBaAUPULMPOBAHHBIM 300/10rOM-
repnetosiorom M 3Kopu3noiorom, oH, bHesy-
CNOBHO, MOBAMAN Ha Aa/ibHellee pa3BuUTUE
WMHTEpeca y Toraa ewe MosIo40ro NOKoAeHUA
61o0N0roB K gaHHoOM Teme. Bo BcAKom cnyyae,
B KOHUe 1960-x — 1970-e rr. aBTOp AaHHOM CTa-
TbW, Byayumn ctyaeHTom Kadeapbl 300/10MMKM No-
3BOHOYHbIX JITY, BCTpeYan HeCKONbKUX NoaEeN,
BHMMaHMe KoTopblix J1. . X03auKnit npuBnekK K
OrPOMHOMY 3HAYEHUID TeMMNEpPaTypPbl B XKMU3HU
PEenTUINM, K U3y4EeHMIO SKONOrMYeCcKon prsno-
JIOTUM N TepMOBNONOTUN PENTUNINMN, NEPBbIM
— K CYLLECTBOBAHMIO KOXKHOFO AbIXaHMA Yy Alle-
pUL, B YaCTHOCTU — Y CLUMHKOBbIX TEKKOHOB, U
T. n. [lpyroe aeno, 4to H6ONLLIMHCTBO U3 €ro
YYEHUKOB MO pPasHbIM NPUYUHAM (U cybbek-
TUBHbIM, U OODBLEKTUBHbIM) He YTBEepPAUIUCH
B 3TOM HAy4yHOM HanpaBaeHun. OO6BEKTUBHO
rosops, J/leB MicaakoBMY OCTaBM BCEro OKONO
10 onybaunKoBaHHbIX paboT no Tepmobuono-
rmn pentuani: Xosaukum, 1959, 1965; Xosau-
Kui, 3axapos, 1970; LWernosa, Tpycosa, 1973
(nog HenocpeacTBeHHbIM pyKoBoacTBOM Jl.
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Puc. 12. e NcaakoBunY Xo3aLKuit
Fig. 12. Lev Isaakovich Khozatskiy

N. Xo3auKoro); Xosaukui, 1981; Xosaukui u
ap., 1981, 1983; Xosaukuin, Akosnesa, 1985;
Xo3aukui, MacneHnkosa, 1989 n ap. Ho mbil,
6€e3yc/noBHO, CYMTAeM €ero CBOMM MEPBbIM U
BaXKHEMLIMM Hay4YHbIM HAaCTaBHMKOM, KOTOPbIN
nomor Ham BblbpaTb CBOM NyTb B HAayKe M Noa-
XOAUTb K McCneaoBaHUAM MAKCUMMA/IbHO KOM-
NJAEKCHO U KOPPEKTHO. U gaxe ecnn mbl 6bian
APYr C APYrom Mo KakMm-TO BOMPOCam He COo-
rNIaCHbl, OAHU TONbKO CMOPbI C YENOBEKOM Ta-
KOro YPOBHA KpanHe MnonesHbl, NOYyYUTENbHbI
N BOCNUTATeNbHbIl. [03TOMY He YyNnOMAHYTb O
JlbBe NcaakoBumYye X0O3aLKOM B CBA3U C MU3y4e-
HMeM TepmobMOoNOrnK PENnTUINN ANA HAC NpPo-
CTO HEBO3MOMKHO.

B 370 ke Bpema choOpMMpPOBaANCA CEPbE3HbIM
repneTonornyecknii ueHTp B Kuese BOKpyr us-
BeCTHoOro repnertonora Hukonaa Hwukonaesu-
ya Lllepbaka (puc. 13). 3pecb onpeaeneHHoe
BHMMaHWE yaensanocb 3KON0OrMYecKMm uccne-
AO0BAHMAM, U B YaCTHOCTU U3YYEHUIO TeMmnepa-
TYPHbIX YCN0BUIA OOBUTAHUA NPECMBbIKAIOLNXCA
(xoTs Tema aTa 6bINa B UCCNEA0BAHUAX LUKOAbI
H.H. LLlep6aka nunwwb BTOPO- UK JaXKe TpeTbe-
cTeneHHom). MNybanKaumm Ha gaHHy Temy no-
ABM/IUCb OT 3TOW rpynnbl Anwb B 1970-1980-x
rr. Tem He meHee B KueBe 6Obin COOpPYXKeEH
TEPMOTrpaAneHT-npnbop, B KOTOPOM MNpPOBO-
OMNOCb M3yvyeHMe TemnepaTypHbIX npeano-

YTEeHWUI (NpeanoyYnTaeMbiX TeMnepaTyp NoYBbI,
TOYHEE — TEPMOTAKTUYECKOro ONTUMYyMa) NoY-
TU BCex BMA0B AWypok ¢ayHbl CCCP (Lepbak,
1974) n pspa sugos 3men (doueHko, 1984).
O6beKTMBHO roeops, B pabote no tepmobuo-
JIOTUX PENTUANIA Yy 3TOW TPynnbl yYEHbIX UMe-
JIUCb CYLLECTBEHHbIE HEKOPPEKTHOCTM 6a3oBOM
MeTOAMKN UCCNeaoBaHMM U CBA3AHHbIE C 3TUM
ownbku B BbIBOAax (YepnuH, 2013), AcHo npo-
ABMBLUMECA B ONYBAMKOBAaHHOM pPYKOBOACTBE
no meToAam TepmMobMONOrMYecKux mccnepo-
BaHWI pentunuii (LLlepbak, 1989). N xota oco-
6bIX LOCTUKEHUI B TEPMODOMONIOTNM PENTUINI
3TN paboTbl HE MPUHECAN, HO UcCnenoBaHUA
B nabopatopuun H. H. LLlepbaka nog ero Heno-
CpencTBEHHbIM PYKOBOACTBOM Hamnpas/ieHHO
BeNNUCb, M paboTa bblna NpogenaHa Hemanas.
MoaTomy Mbl ciMTaem, 4TO 06 3TOM TaKKe He-
06X0AMMO YNOMSIHYTb.

B 1970-e rr. Konnyectso nybamkaumMn no
Tepmobnonormm penTunmii 3ameTHO BO3POC/IO:
Ham n3BecTHo 6onee 80. N3 HMX okono 40 % pu-
3M0N0rMYECKME U 3KOJI0ro-GMU3noIornyecKme,
okono 35 % — aKonormyeckme n okono 16 %
X0oTA Obl KOCBEHHO Kacanucb Tepmobuono-
Mu pentuanin. Pag nHTepecHbix pabot 6bin
onybnmkoBaH Yapbl Ataesbim (1970, 1973),
tOpuem Muxaiinosuyem KopoTkosbim (1978)
n Ap. IKoNoro-p1M3mMoNormyeckme n sKoNoro-
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Puc. 13. Hukonait Hukonaesuy LLepbak
Fig. 13. Nikolai Nikolaevich Shcherba

Mmopdonormyeckne matepuansl boinm onybnm-
KoBaHbl Jllogsurom Cepgpakosuyem Menkyma-
Hom (1972, 1979 u ap.) u AnekcaHapom BukTo-
poBuyem lpaxkaaHkuHbIM (1973, 1974, 1981).
Takxe 3a 370 Bpema B CCCP BbILWIO HECKOABLKO
6onbwmnx pabot No GM3nMONOrMK U 3KONOTUYE-
CKoM ¢uM3mnonormm, Kacaroumecs tepmobumono-
MU, U KOHKPETHO no ¢u3nonormnm Tepmope-
rynsiunm, HanucaHHble COBETCKMMM aBTOpPamMm
(Cnonum, 1971; byabiko, 1978; NeaHoB, 1972;
3anetaes, 1976; MwuHyT-CopoxtnHa, 1972,
1978 n ap.), u nepeBeaeHHbIE Ha PYCCKUI A3bIK
3apyberkHble cBoaku (LUmunar-Hunbcen, 1972;
Mpoccep, 1977).

3ameuvaTtenbHbl ctatbm B. E. Cokonosa ¢ co-
aBTopamu (CokonoB u gp., 1975a, 6). B Hux aB-
TOPbl OMUCBIBAOT M MNpeasaratoT TeEXHUYECKue
CMUCTEMbI AUCTAHLMOHHOTO C/IEXKEHMA 32 aKTUB-
HOCTbIO 60/1IE€ NN MEeHee KPYMHbIX PenTUAnin
(cpepHeasmnaTtckmx yepenax 1M BapaHoB). B Ha-
Wwem paboTte no cepomy BapaHy Mbl TPUMEHUAN
YyacTb KX paspaboTok (Uennapuyc u ap., 1991).

ITOT NepmnoL XxapaKTepm30BaACA HEKOTOPbIM
NoOBbILEHNEM MHTEPECA K TepmMmoperynaumm
pPenTUAMA N UX aganTauuaMn K cpege obuTa-
HuA. lNoABMBLUMECA MONEBbIE MaTepuasabl MO
Tepmobuonormn pentTUaANn NPOJOIKUAN Ha-
KOM/ieHWe AaHHbIX MO 3TOMY HanpaBAEHUIO, HO
NMOKa 3TO He NPMBOANNIO OTEYECTBEHHbIX repre-

TONOrOB Ja)Ke K MOMbITKaM aHanM3a CUTyauum
B LE/IOM.

C Hayana 1970-x rr. noasuamcb nybankaymm
Banepua Muxannosumya laspunosa (puc. 14),
M3y4yaBLUEro 3HepreTuKy KU3HeaeATeNbHOCTH
ntuy (faspunos, 1972, 1977 v ap.), paboTbl Ko-
TOPOro NpuMBeNu B Aa/ibHENLLIEM K CEPbEe3HbIM
0606L1eHMAM 1 BbiIBOAAM 06 3BONOLMN U B3a-
MMOOTHOLLEHUAX 3KTO- U aHaoTepMumn (FaBpu-
nos, 2012 v ap.). Xota B 1970-e rr. ero uccne-
[0BaHUA KaCaNnCb TONbKO SHEPrETUKN NTUL,

C cepeauHbl 1970-X rr. N0 3TOM Teme Hayan
nybAMKoOBaTbCA M 3aMeyaTe/lbHbI COBETCKMMN
yyeHbln BukTop PadasnbeBmy OonbHUK (puc.
15), KOTOpbI TaKXKe 3aHMMaNCA NPeKae BCero
aHepreTukon ntuy (donbHuK, 1975; Dolnik et
al.,, 1977 v ap.), Ho umen n bonee WNPOKNE Ha-
Y4Hble MHTepecbl B 06/1acTn 3BOAOLMM SHEpre-
TMYECKOM CUCTEMbI KMBOTHbIX (JonbHKUK, 2002,
2003 n ap.).

C KoHua 1970-x rr. Ha4yan akTUBHO Nyb6aNKO-
BATbCA M aBTOP HacCToALLEeN cTaTbM — Bnagmummp
AnekcaHaposuy YepaunH. Haw vHTepec nexkan
N NEeXUT HenocpeacTBEHHO B 061acTu Tepmo-
6buonorum pentunuii. 3a 70-e rr. Hamu 66110
onybanMKoBaHO 7 cTaTeW, KacalowWMXCsa 3KONO-
MKW penTUAni, Ux Tepmoburonormm, cogepa-
HUIO 1 pa3BeaeHunto B Hesose. OHM — pe3ynbTaT
NOJIEBbIX IKCNEAULMOHHBIX UCCIeA0BAHNI MO
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Puc. 14. Banepuit Muxainnosud faspunos (http: //
vertebrata.bio.msu.ru/assets/images/db_images/
db_661.jpg)

Fig. 14. Valeriy Mikhailovich Gavrilov

Tepmobuonorum pentunmn B8 CpeaHeasumart-
CKOM pernoHe, a Hebo/blIas YacTb NOCBALLEHA
COAEPKaHMIO N pa3BeseHU0 PenTuanii B He-
BOMIE N TOXe HenocpeacTBEHHO KacaeTca Tep-
Mobuonormyeckom tematukun (Yepnuu, 1977a,
6; WUronknna, YepnuH, 1977 n ap.). 310 6bBINO
Wb CaMOe Ha4yano Halewn paboTbl, KOTOpoe
eLe He NPUHEeCN0 HUKAKMX HOBALMM, HO 3a/10-
¥KMJI0 OCHOBbI A/1A UX Pa3paboTKu.

3a 1980-e rr. KonnMyecTtso Nyb6AMKaLMA NO
Tepmobuonormm pentunaunii Bo3pocao Ha 83 %
no cpasBHeHuto ¢ 1970-mu rr.: HaM M3BECTHO
okono 150. 9ToT nepuog — camblii N1040TBOP-
HbI B OTEYECTBEHHOM nTepaType Ha NybaunKa-
UMM no Tepmobuonornmn penTuini.

N3 Bcex nybamkaumin okono 45 % — ¢usmo-
NIOTMYEeCcKMe 1 3KoNoro-Gusnonornyeckne, oko-
no 14 % — sakonorunyeckme, okono 39 % — xota
6bl KOCBEHHO Kaca/lMCb HEMOCPEACTBEHHO Tep-
mobuonorun pentunnii (CnoHum, 1984, 1986;
BopkuH, CemeHos, 1986; Opnos, 1986 1 ap.).

HekoTopoe Bo3pacTaHue gonu (c 40 po 45
%) 1 abcoNtTHOro KonyecTea (Basoe) pusmo-
NIOTUYECKMX U IKONOTo-PU3MONOTMYECKUX My-
6nKaumMi cBA3aHO, BUAMMO, C TEM, YTO HaYa-
NI aKTUBHO paboTaTb M nybamMKkoBaTbcA npes-
CTaBUTENIN Ka3aXCKOM 3KOM0ro-61Monornyeckom
wKonbl — Canga bynebaesHa Ucabekosa c Kon-

) _ ( http://
readly.ru/public/media/authors/4/a/

4ab8a9cachd3aed4fd972f03f7dadcea_180x0.jpg)
Fig. 15. Victor Rafaelievich Dolnik

Puc. 15. Buktop Padasnbesny JoNbHUK

neramn (Ucabekosa n ap., 1984; Ncabekosa,
KypraHoBa, 1988 un ap.) (puc. 16).

[ona 3sKonornyeckmMx matepuanos no ob-
pa3y KU3HM U APYTUMM ACNEKTAM 3SKOI0TMn
npecmblkatowmxca (Ataes, 1985; LLlammakos,
1981) HaobopoT ymeHbwmnace ¢ 35 go 14 %,
XOTA B abBCONOTHOM, YMUC/IOBOM, BblparKeHUMU
NX KOZIMYECTBO OCTANIOCh NOYTU HEU3MEHHbIM.

CunbHO BO3poOCLUIEe YMUC/I0 OnyB/MKOBAH-
HbIX MATEPUANOB HENOCPEACTBEHHO NO TEPMO-
6uonormm pentunnii (c 16 1o 39 % n s 3 pasa s
YMCNOBOM BblPa*KEHUM) B 3HAYUTENBHOM CTENe-
HW CBA3QHO C HAYaJIOM aKTUBHOM NybanKaumm
MaTepuanoB Hawux pabot (M3 35 M3BECTHbIX
Ham onyb6aMKOBaHHbIX paboT 28, T. e. 80 %, 310
Halw cTaTbun). B aToT Nnepunog, B8 Hawmx paboTtax
NOABUINCb HEKOTOPbIE MEeToANYECKME HOBLLE-
CTBa, B YAaCTHOCTU, MNOMNbITKN BblaeneHmna popm
noseaeHuA, B KOTOPbIX CTpaTerMm OTHOLIEHMUA
K TemnepaType y penTuaniA pas/inyHbl, HO NOKa
3TO HanpaBAeHMe elle He NPUBENO K YeTKoOMY
BblAENEHUIO CTAaTyCOB aKTUMBHOCTU, XOTA YrKe
Hayano NPUBOAUTL K KOPPEKLUn Tepmobmono-
TMYECKMX NOKasaTenemn ANA pasHbIX BUAOB U K
HAKONNEHMUIO MaTepManoB HOBOTO, «CKOPPEK-
TUPOBAHHOIO» TMNA.

NHTepecHa nybnukauma AnekcaHgpa Buk-
TopoBuya MNpaxkaaHkuHa (1981), KoTopas asna-
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Puc. 16. Canga bynebaesHa McabekoBa

I

(http://i67 fastpic.ru/big/2015/0109/c2/045830691abb2c7255feaecf

e2fbe5c2.jpg)
Fig. 16. Saida Bulebaevna Isabekova

€TCA YacTblo CepuUM ero cTaten, NOCBALLEHHbIX
npobsieme MexaHU3MOB M 3HAYEHUA KOXKHOW
BNArooTAauuM B TEPMOPETYNALUN Y PENTUIUNA U
nTMy. OH NOKasan, YTo M ANA NPEeCMblKatoLWMX-
CA 3TOT MeXaHU3M MOMKeT ObITb CBA3AH C Ha-
JIM4MEM MMEIOLLMX BbIXOZ BO BHELLHIOK cpeay
Kamep NoA Karkaow YelymKon. B aTnx kamepax
3NUTE/NIMN YTOHYEHHbIA, U OHM 0OWAbHO Ba-
CKYNIAPU3NPOBAHbI Kanunanapamu. 370, B CBOK
oyepenb, 3a CYET AOMO/IHUTE/IbHOM TPAHCNMPaA-
LMW C NOBEPXHOCTU TY/IOBMLLA MOXKET ABNATLCA
Ba’KHbIM 3/IEMEHTOM NOALEep}KaHMA Heobxo-
ANMOM TemnepaTypbl Tena.

MpumepHo ¢ cepeaunHbl 1980-x rr. no npo-
6nemam skonorum M Tepmobuonorum pentu-
N cesepa PP oyeHb MHTepecHble paboTbl
Hayan nybamkosaTb npodeccop MeTposasos-
CKoro yHmuepcuteTa AHApen Buktoposuy Ko-
pocos (1983, 1984) (puc. 17). Ero paboTbl ume-
tOT 3aMeyaTe/IbHYH 0COBEHHOCTb, CBA3AHHYHO C
TEM, YTO aBTOp, C OAHOM CTOPOHbI, YMeEET npe-
KpacHo Habno[aTh 3a PENTUANAMM B NPUPOLE
n BUAeTb BaxHble Bewm (Kopocos, 2010), 7. e.
OH XOopowwui HaTtypanuct. C Apyron CTOpoHbI, Yy
Hero NoAy4Yna0Ch yaauyHO COeaMHUTL 3TO CBOM-
CTBO C NpeKpacHoi maTemaTuyeckon obpaso-
BAHHOCTbIO, B pe3y/abTaTe Yero eMmy yAanocb B
byaywem caenaTb MHOTO MHTEPECHOTO U BaXK-
Horo. Ho 06 aTom 4yTb No3xke.

Cepua crtatber B. A. YepnmHa camocTosn-
TenbHo (Yepnun, 1981, 1983) 1 ¢ coaBTopamm
(YepnuH, My3blueHKo, 1983, 1988) 6bina Ha-
npaB/feHa, Kpome Wu3yvyeHUsa Tepmobuosornm

OTAENbHbIX BUAOB ALEPUL, 3Mer 1 Yyepenax,
Ha YHUOUKALMIO U CUCTEMATM3ALMIO NOHATUM-
HOro annaparta Tepmobuonorum pentuaunii. B
ony6/MKOBaHHbIX CTaTbAX, ONUCbLIBAOLWNX pe-
3yNbTaTbl NONEBbIX UCCAEA0BAHUIA, 3aTPOHYThI
KNtoUYeBble TEMbI 3TOFO KOMMNEKca npobaem.

3a 1990-e rr. Ham U3BECTHO BCero okono 40
nyb6aunkaumii, ns kotopbix 20 % — pusmnonoru-
Yyeckme U aKkonoro-pusnonoruyeckune, 12 % —
no skosormu, a 55 % — HenocpeacTBEHHO MO
Tepmobuonormn penTuanii. Peskoe CHUXKeHUe
obuwero ymMcna nybanMKaumnii No AaHHOM Tema-
TUKEe CBA3aHO, BUAMMO, C TEM, YTO B CTpaHe
6bl10 BECbMA CNOXHOE NOAUTMYECKOE U PU-
HAHCOBOE MONOXEHUE, unCCenoBaTe/IbCKue
TeMbl Bce 60/1blle KOHLEHTPUPOBAIUCL BOKPYT
KaKMX-TO YY4EOHbIX UM HAaYUYHbIX YYPEKOAEHUN,
NPUKNaAHbIX NPOrpaMmm, U BCneacTene obbek-
TUBHbIX NPUYUH HOBbIX TEM MOYTU HE OTKPbI-
Bann. A NOCKOJIbKY 10 3TOro Tepmobuonormen
PEenTUINIMA HU OAHO yypexaeHne odnLManbHO
He 3aHMMa/I0Cb, TO M B3ATbCA 3TUM UCC/IeA0Ba-
HMAM Tenepb 6b110 0c0H60 HEOTKYAA.

Tem He meHee nmeHHOo B 3Tu rogbl Canaa by-
nebaesHa NcabekoBa BbINycTM/a B OCHOBHOM
3K010ro-Pp13nN0N0rMYECKYO CBOAKY MO Tep-
mobuonorun pentununii (Mcabekosa, 1990). B
Hel 04YeHb NOMIHO M 06CTOATE/IbHO NPUBEAEHDI
0606LeHMA 0 TEPMOPU3NONOTMYECKUX U IKO-
NIOrMYECKMX 3aBUCUMOCTAX B BMONOTMK penTu-
NI, N3BECTHbIX K TOMY BPEMEHM.

BmecTe c Tem B 3TOT Nepunog, o6uiaa aona eu-
3MOJIOTUYECKMX U 3KOIOrO-PU3N0IOTUYECKMX
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Puc. 17. AHapein Buktoposuy Kopocos
Fig. 17. Andrey Viktorovich Korosov

paboT cHu3mnach, a gona pabot no Tepmobumo-
normm Bospocna. OTKyaa B3AAUCL 3TM Nyb6anKa-
umn?

Co BTOpOWM NoMOBMHbLI 1990-X IT. NOABUAUCH
ny6ankaumMm no TepmobuonorMm npecmbi-
Katowmxca Camapckoi obnactu (M He TONbKO)
Hukonaa AHTOHOBMYA JluTBMHOBA (puc. 18) u
CBetnaHbl BrnagmmupoBHbl lAHLWYK C Konne-
ramum m yyeHMKamun. HecmoTtpa Ha nmetowme-
cA B UX paboTax meTogMyeckme HeTOYHOCTU U
[a*Ke nHoraa HekoppekTHocTu (Yepaunn, 2013),
3TUMM aBTOpamn cobpaH Honblwon daKTuye-
CKMI MaTepuan; OHU Ha NPAKTUKe oTpaboTanu
MeTOoAMKY paboTbl C perncrpatopammn temne-
paTyp — fiorrepamu n T. N. Mano Toro, BOKpyr
HUX cobupaeTca HEKOTOpPOe KO/IMYeCcTBO aK-
TUBHbIX, 3aUHTEPECOBAHHbIX MONOAbIX OAEN,
KOTOpble, HAKONWUB MaTepuan M OnbIT, CMOTYT,
BO3MOXKHO, B AanbHenwem cdopmnpoBaTb He-
KU «Tepmobuonornyeckmn ueHTp». Ectb Ha-
AEX/Aa Ha To, YTO B Aa/IbHENLLIEM HETOYHOCTU U
OWKnBKM B pamMKax AaHHOM UCCneaoBaTeIbCKoM
rpynnbl CKOpPeKTUpyrTCcA. MOXKHO MM TONbKO
noxenatb ygaum! B 1990-e rr. H. A. JIutBnHoB
n C. B. NaHWyK ¢ Konneramu onybaMKoBaam He
MeHee 5 cTaTen.

B 1990-e . B JleHuHrpaae/CaHKT-
Metepbypre rpynnon B. A. YepnunHa 6bino
CO34aHO Hay4yHO-MPOU3BOACTBEHHOE Mpea-
npuATME, KOTOPOE HAaNpPaBAEeHHO 3aHMMANOCh,
B YaCTHOCTM, M3y4eHnem Tepmobuonormm pen-
TUNUNA, Pa3BEPHYB Cepbe3Hble, MHOTOJIETHUE,
MOYTU KPYrNoroanyHble UccaeaoBaHuMA B nose-
BbIX ycnoBuaAx B CpeaHen A3mn, Ha cTaumoHape

B KbI3blIKYMCKOM 3anoBegHuKe (Y3b6eKucrtaH)
M B CNeuuanbHO CO34aHHOM nabopatopuun. B
3TOT nepuog, Hawa rpynna onybankoBana Ha
aty Temy 11 craten (Lennapwuyc, Uennapuyc,
1997 v ap.). UMeHHO B 3TW roApbl, B pe3ynbraTte
NPoBeAEeHHbIX B HaleM MNpeanpuatTMM pabor,
HamM y[anocb BHECTM B METOAO0N0rMI uccne-
OOBaHUM M pe3ynbTaTbl aHa/M3a MaTepPManos
LUEeNbin paf, BaKHbIX MHHOBAUWKA (O KOTOPbIX
— HUXKe), CTaBLIMX NepPCneKTUBHbIMK B Noc/e-
AyoLem.

Kpome rpynnbl H. A. /IuTBMHOBA 1 Hac, B 3TO
BPeMA HECKONbKO cTaTen Hbino onybankoBaHo
A. B. KopocoBbiMm € Konneramu, uccneposarte-
namm u3 YkpauHbl — TatbaHon MBaHoBHOM Ko-
TeHKo (puc. 19) (Meckos n ap., 2013), EBreHnem
Makcumosuyem MucaHuom (puc. 20) (douer-
Ko, 2017), a TaK)Ke HEeKOTOpbIMU repneTosora-
mu 13 Mocksbl, CaHKT-lNeTepbypra un gp.

C 2000 roga no cen AgeHb CUTyauma C UC-
cnefoBaHMAMKM NO TepmMobMonornm penTuania
noYTn He meHAeTcA. Ho aHanM3npoBaTb Mbl by-
AeM cenyac B ocHoBHOM nepuog ¢ 2000-x ao
2010-e rr., KaK HEKMW 3aBEpLUEHHbIA AeCATU-
NIETHUI BpeMEeHHOM OTpe30oK. Ham n3sectHo 3a
3TO Bpema Bcero HemHorum 6onee 50 nybnum-
Kauui. Cpean Hux 33 % — pusmonormyeckme m
aKkonoro-pusmonormnyeckune, 39 % — Henocpea-
CTBEHHO No Tepmobuonorum pentunmii, 18 % —
Mo 3KONOTnM.

Hanbonee nnoaotsopHoi B pabote no Tep-
mobuonorum pentTUnMn B 3ToT nepuog bbina
rpynna H.A. J/InTBMHOBA, KOTOpAA BbiNyCTUAA
He meHee 25 ctaTten (/luteuHos, 2007, 2008 n
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Puc. 18. Hukonait AHTOHOBMY JINTBUHOB
Fig. 18. Nikolai Antonovich Litvinov

Ap.). OHU UccnenoBaNM SNEKTPUYECKYIO aKTUB-
HOCTb cepAli,a HEKOTOPbIX PENTUAUNA B CBA3M C
TEMMNEPATYPON, a TaK¥Ke MHTEHCMBHO M3yyanu
TemnepaTtypbl cpeabl U Tena y pentuani Mpu-
KambA 1 [1OBOJIXKbA.

K pabotam rpynnbl H. A. JlIuTBMHOBA no
TepmobronorMm penTUAniA y Hac Noka, K co-
¥KaneHuto, 6onble BOMPOCOB, YeM OTBETOB.
Obpauwato BHMMAHME, YTO Mbl He A3aemM UM
OAHO3HAYHYHO OLLEHKY, @ TO/IbKO KOHCTAaTUpyem
pa3nnymMe Hawux NO3MUUIM MO MHOTMM BaXK-
HbiM npobnemam. BaxkHO TO, 4TO B cTaTbAx H.
A. lutBMHOBaA NpuBeaeH 6onbwon 0b6bvEM no-
NneBoi MHPopmaummn no Tepmobuonornn psga
BMOOB PENTUNMUMN, BbIACHATb e pa3nnuna Ha-
YYHbIX NOAXOA0B M BAABATLCA B TOHKOCTM Hayu-
HbIX pa3HOrNacui — oTaeNbHaa Tema, KOTOPOW
3[1eCb Mbl KacaTbcsi He byaem.

He meHee 7 cTaTteit onyb6aunkosan A. B. Kopo-
COB C Ko/iieramu. ToT aBTOpP NPOAEMOHCTPU-
poBan NpUMep Mo-HACTOALWEMY KOMMIEKCHOMO
noaxona K M3y4yeHUto KOHKPETHOro BMaa pen-
TUANMA — OObIKHOBEHHOW TalOKWM, 3aTPOHYB
6onblyo YacTb QYHKLMOHANbHbIX CBA3EW ee
XKU3HEeLeATENIbHOCTU: TepMOperynaumo, mno-
TPebHOCTU, BO3MOXKHOCTW, paccyMTan obbvem
MULLEBbLIX PecypcoB Ana GpyHKUMOHMPOBAHMUA
nonynauMmn, NPoOBeN NOAHbIA U MHOrodaKTop-
HblW aHanM3 MexaHu3amoB GOPMUPOBAHMUA
apeana, BK/O4YaA aHTPOMOreHHbIN GaKTop M
ero ucTtopuyeckoe passutue, n 1. n. (Kopocos,

2010, 2011). HackonbKo Ham WM3BECTHO, TaKoO-
ro 4ypesBbl4aiHO NOAPOOHOro aHanM3a HU No
O4HOMY BWAY PEnTUAUMA HUKTO He CMOr cae-
NaTb HW B HaleW CTpaHe, HK 3a pyberkom. Kpo-
me Toro, A. B. KopocoB paspaboTan u noctpo-
WA MaTEMATUYECKYI0 MOAENb TEPMOPErynaLmm
obblKHOBeHHOM ragtokun (Kopocos, 2008). OHa
ABNAETCA Ha PEeaKoCTb YAAYHbIM MPUMEPOM
TOro, Kak MaTemMaTUYeCKaA MOLEIb MOXKET OKa-
3bIBaTbCA He cyrybo TeopeTnyeckomn, abcTpaKT-
HOWM «UTPOM pasyma» (4To, K COXKaANEHUIO, MOXK-
HO OTMeTUTb B nogasnawowem HONbLIMHCTBE
3apyberkHbIX nNybanKaumin), a peanbHO NOMO-
raeT NoHATb cepbe3Hble buonornyeckune (a He
TONbKO MaTeMaTU4yecKne) 3aKOHOMEPHOCTH,
Ba)KHble AR KU3HeAeATe/IbHOCTU MU3YyYaeMblIX
YKMBOTHbIX. M C TOUYKM 3peHMA MaTeMaTUKK OHa
BbINO/IHEHA OYE€Hb YETKO U KOPPEKTHO, afek-
BAaTHO BMOIOrMKN A@HHbIX PENTUIUA N NOCTaB-
NIEHHbIM 33a4am.

Mol B nepBoi gekage 2000-x rr. no psay
NPUYUH HE 3aHMMANUCb AAHHOM TEMOM U ony-
6/1MKOBaNM BCEro OAHY CTaTbto (BOpKUH 1 gp.,
2005) no maTepuranam cTapbix NONEBbIX Uccae-
[0BaHUMN.

C 2010 r. 3aKOHOMEPHOCTb Pa3BUTMA UCCae-
[0BaHUI No Tepmobuonornm penTuamin cylue-
CTBEHHO He M3meHwunacb. Bce paboTbl B aTOM
HanpaBfeHMW NPOAO/KAT  KOHLEHTPUpPO-
BATbCA B TPEX OCHOBHbIX «LleHTpax»: MepmcKo-
TonbATTUHCKas rpynna, cobpaBllanacs BOKpPYr
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Puc. 19. TatbsiHa MBaHOBHa KoTeHKO
Fig. 19. Tatyana lvanovna Kotenko

H. A. JintenHosa, C. B. NaHwyK 1 A. I. bakunesa,
B MeTpo3aBoacke — A. B. KopocoB ¢ Konnera-
Mu, B CaHkT-lMNeTepbypre — B. A. YepauH (puc.
21) (Hepnwun, 2010; YepnuH, Wennnos, 2014 n
Ap.). Mpun aTom Nepsblie ABe rPynmnbl NPOAONKM-
/Y aKTUBHbIE MONEBbIE U IKCMEPUMEHTAJIbHbIE
nccnefoBaHUA, @ Mbl, HE UMeA NOo PAAY NPUYNH
BO3MOXHOCTU BECTU TaKme paboTbl, 3aHANNUCH
OKOHYaTe/IbHOM 06PabOTKOM NPEKHMX MaTepu-
anoB, U3y4yeHnem NnTepaTypbl, OCMbICIEHUEM,
cuctemaTusaumein n obobuieHnem Mmer L mMxcs
MaTepuranos C Le/bto BbiiBAEHUA 0bLWmnx 61o-
JIOTUYECKUX 3aKOHOMEPHOCTEN.

HaunHaa c 2010 r. mbl onybamnkosanu 27
paboT, U3 KOTopbIX 5 MOHOrpaduit n ogHoO me-
TogMyeckoe nocobue. 3a 3TOT nepuos Ham
YAANOoCb BbIMPaBUTb METOA0NOrMYeckyto 6asy,
pa3paboTaTbh CTaHAAPTHbIE METOAMYECKU KOP-
peKTHble Npuembl cbopa n 06paboTkM NnepBuY-
HbIX AaHHbIX, KOTOpble MO3BONAIOT U3beXKaTb
daTanbHbIX OWMOOK B pe3ynbTaTax U BbIBOAAX,
NPOW3BECTU WHBEHTApPM3aUMIO MEeTO4OB MC-
cnegoBaHM B obnactn Tepmobuonorumn pen-
TUNUA U BbIABUTb CTaHAAPTHbIE, Hanbonee ya-
CTO BCTpevatolmeca meToanyeckne oLnbKM,
cbopmupoBaTb Hay4yHO OOOCHOBAHHbLIN, YHW-
OUUMPOBAHHbLIA MOHATUIMHBLIA annapaTt (BHY-
TPEeHHEe COrNacoBaHHbLIN KOMMEKC TePMWUHOB
M noKasatenen B o0bnactm Tepmobuonorum
PENTUAWNIA U T. N.), CKOPPEKTUPOBAB TaKMM 06-
pPa3oM CTapblii ero BapmaHT, ObIBLUIMIA 40 3TOFO
B 3HAUYUTE/IbHOW CTENEeHU YMO3PUTENbHbIM W
6a31poBaBLUMIACA 3a4aCTYIO Ha CTapbIX, TPAAMU-
LUMOHHbBIX M 4acTo OWMOOYHbIX NONONKEHUSAX.

Takan KoppeKuma MeToamMKu NpuBeena B 4ab-

Puc. 20. EBreHnin Makcumosuy MucaHel,
Fig. 20. Evgeniy Maksimovich Pisanets

HenweMm K ONUCAHUIO BaXKHEMLLMX 3aKOHOMEP-
HocTen. Mbl onucanu, TouHee — «NepeoTKpbI-
Nnx», BCep, 3a 3abbiTon paboToit A. B. PlomuHa
(1940) n KOPOTKMMMW, OAHOCNOMKHbLIMM, MaNo
KeM 3aMeYeHHbIMWN YITOMUHAHUAMM O BO3MOXK-
HOCTM TaKOM 3aKOHOMepHOCTU B paboTax A. [.
CnoHuma n WU. 1. CtpenbHukosa 50-x rr. XX B.,
NPUHLMN cTabunmsaumnm BbICOKOM Temneparty-
Pbl Te/la B 3BOOLLMM MNO3BOHOYHbIX }KUBOTHbIX
(YepnuH, 1990), Hay4yHO 0b6OCHOBaNM buonoru-
YEeCKUIM CMbICA 3TOTO ABNEHUA U ero 3HavyeHue
B 3BO/IOUMM MO3BOHOYHbIX (YepnuH, 2017).
Mbl onncanu Hanmuune y penTuanii Komnaekca
CTaTyCOB aKTMBHOCTM M CBA3AHHbIX C HUM Ha-
6OpPOB TEPMOIKONOTMYECKMX XAPaKTEPUCTUK
N TepMmoduM3noNornyeckmx nokasartenen (Yep-
NuH, 2014a; Cherlin, 20153, b); TeopeTnyecku
M Ha NPAKTUKe 060CHOBAIM HAIMYME HEU3MEH-
HbIX XapaKTePUCTUK TepMasibHOr0 rOMeoCTasa,
BMAOCNEUNPUYHO CTaBUNBbHBIX N HEU3MEHHbIX
NONyNALMOHHO, reorpaduyeckm WM Ce30HHO,
onpeaenaowmx akTMBHOCTb KMBOTHbIX (Yep-
nnH, 2014a); AoKasanu, YTo OCHOBHAA 4acTb
TePManbHbIX afanTalni K cpese CBA3aHa He C
NNACTUYHOCTBIO GU3NONOTUYECKUX XapaKTepu-
CTUK, a peanusyeTcabnarogapa noBeaeHYeCcKoM
MoANDUKAUMN NPOCTPAHCTBEHHO-BPEMEHHbIX
CTPYKTYpP CYTOYHOM M CE30HHOM AKTMBHOCTH,
onpeneniemon CTabunbHbIMU XapaKTEPUCTU-
Kamu TepManbHOro romeocTasa, v 3TM aganTa-
UMM HanpaB/ieHbl HA COXPAaHEHUE HEU3MEHHO-
CTW TEPMAJIbHbIX XapPaKTEPUCTUK FOMeOoCTasa B
pasHbIx ycnoBusax cpeabl (Hepaun, 2015); onu-
Canu npegnonaraemyto CTPYKTYpy M BapUaHTbI
OpraHu3auumM Tepmoperyaauum y penTuani
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Puc. 21. Brnagumnp AneKkcaHgposuy YepaumH

Fig. 21. Vladimir Aleksndrovich Cherlin

(YepnuH, 2014a); obocHoBanu cBoe npenno-
NIOXKEeHWe O TOM, YTO IBOJIOLUMOHHbIE U3MeHe-
HUA BUAOCMELUPUYHOTO KOMNAEKca TepModpu-
3MO/IOTMYECKMX XaPAKTEPUCTUK BPAL N MOTYT
BO3HMKATb KaK af4anTuBHbIM npouecc (YepauH,
2014a); pa3paboTanm meTon OLEHKM MEeXaHU3-
MOB B3aMMOZAEMNCTBUA KOMMAEKCA BHYTPEHHUX
OU3NONOrNYECKUX XaPAKTEPUCTUK TFOMeOoCTa-
32 pa3HbIX BMAOB PENTUAMUN C UX IKONOTUEN,
NPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYPOMN UX
CYTOYHOM U CE30HHOM aKTUBHOCTWU, Buotonu-
YeCKMM pacnpefeneHnem u reorpapuyeckmm
pacnpocTpaHeHnem meTtog, ¢usmonoro-
aKosornyeckmx matpuy suga — @M (Cherlin,
1991, 2015c) u T. n. Bce 3TM MHHOBaLMW, BNep-
Bble ONMCaHHbIE MU AOKa3aHHble HAMUM Ha NpU-
Mepe penTUaniA, He MoK 6biTb BblABNAEHDLI B
paMKax CTapoi U/MAn HeAOoCTaTOYHO KOPPEKT-
HOM Tepmobuonornyeckomn napagmurmbl. Taknum
obpasom, 3a 2010-e rr. Ham yaanocb chopmm-
poOBaTb HAKOHeEL, LLeN0CTHOe NMOHMMaHMe opra-
HU3auum Tepmobuonornyeckon cdepsbl y npe-
CMbIKAIOLWMXCA, ee 3BOIKOLMOHHOIO PasBuUTuUS,
co3aaTtb o6y KoHuenuuo Tepmobuonornu
PenTUAMMA KaK KOHKPETHOrO Hay4yHOro Hanpas-
neHus. B ator KoHUenuumn B eguHoe Lenoe 06b-
eMHAITCA OTBETbI HA KNOYEeBble BONPOCHI: ANA
4yero penTUIMAM U APYTUM NO3BOHOYHbLIM KN-
BOTHbIM HeobxogMmo xoTa bbl Nnepuogmyeckoe
NoBbIWEeHME TeMNepaTypbl TeNa, 32 CHET KaKUX
OCHOBHbIX UCTOYHMKOB Ten/ia 3TO NOBbIWeHMEe
TemnepaTypbl y PenTUANIA OCYyLLEeCTBAAETCA,
KaKMMWU MEeXaHM3MaMM 3TO HanpaB/ieHue pea-

NIN3YeTCA, KAKUMU MEXaHU3MAMU U B KAaKUX CU-
TyauuMAx OCyLLEeCTBAETCA perynauma remnepa-
Typbl TeNa, Kak OpraHM30BaHbl 3T MEXaHU3Mbl
M KaK OHW 3BOJIIOLMOHNPOBANM, KaK OPraHn3o-
BaHA cCUCTeMa BHYTPeHHUX Tepmobuonoruye-
CKMX XapPaKTEPUCTUK Y PENTUNUN, KaKME U3 HUX
ABNAOTCA U3MEHYMBBLIMMU, @ KAKME HEM3MEHHDI,
COCTaBNAS KOMMJEKC BMAocneumduyHbIx no-
KasaTenen TepmMasibHOro romeocTasa, KakMmm
MexaHM3MaMK NoaaepPHKMBaAeTCA NOCTOAHCTBO
NnoKasaTenem TepMasibHOro romeocTasa, 3a
CYET Yero M COMIAaCHO KaKMM OCHOBHbIM MPUH-
LUMNamM OCyLLEeCTBAAETCA afanTauua penTuamin
K pa3HOO6pa3HbIM YCNOBUAM Cpefbl B pPa3HbIX
NPUPOAHbIX 30HAaX U B PA3NYHbIX KAUMATU-
YECKUX U  MUKPOKAMMATMYECKUX YCNOBUAX?
MaTtepuanbl HawKMx paboT MOryT BbIBECTU MUC-
cnenoBaHMA Tepmobuonornm penTUamMn Ha Ho-
BbllA, bonee BbICOKMIN, Hay4YHO 0OOCHOBAHHbIN,
KOPPEKTHbIN U MHHOBALMOHHbIA ypoBeHb. Ha
Hal B3rnA4, Ham yAasoCb CAenaTtb TO, Yero Ka-
TErOPMYECKN HEe XBATaN0 NPU N3y4YeHUU SKONO-
run penTuanin, nx GrU3noN0rMYecKom 3KON0rmn
n TepmobMonorMm, YTo TOPMO3UI0 Pa3BUTUE
3TOro HanpaBAEHUA HayKW. XOTA MOKa, 06bEK-
TMBHO rOBOPA, MHTEPEC K 3TUM UCCef0BaHUA
HeBbICOK. Hageemca — noka. [ina Tex, KTo Bce-
TAaKM 3aMHTepecyeTcA, Ha WMHTEpHeT-pecypce
https://yadi.sk/d/liCEOob10PM3g BblNOMKEHbI
KOMKUM BCEX HALMX NybanKaumi.

A. B. Kopocos Ha VIl cbe3sge lepnetonoru-
yeckoro obuiectsa um. A. M. HuKonbCcKoro npu
Poccuiickor akagemmn Hayk B 2018 r. B cBoEM
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OOKNane pasgeninn CoBpeMeHHble nccneiosa-
HuA B PP no Tepmobuonornm pentunmi Ha aga
OCHOBHbIX HaMNpaBAEHMUA: KUHCTPYMEHTANbHO-
CTaTUCTUYECKMN» noaxog, rpynnbl H. A. Jluteu-
HOBA W «3TONOr0-TeOPETUYECKMN» noaxon, B. A.
YepauHa.

MHCcmpymeHmanbHo-cmamucmuyeckul
nooxoo

H. A. JIUTBMHOB yTBEPXKAAET, YTO €C/IN UMETb
XOPOLWMWIN MHCTPYMEHTapUh ANA TOYHOro 3a-
Mmepa TemnepaTtypbl, TO ycpeaHeHHble OUEHKMU
TemnepaTtypbl Tena gnsa AHEBHbIX YacoB (T. e.
AAHHbIE BCEX BCTPEeY penTuani Ha NOBEPXHO-
CTW NOYBbI B NepMoabl, KOrAa OHU «aKTUBHbIY,
a TOYHee — ABUraTe/IbHO aKTUBHbI) MMEIOT Bbl-
COKYH YCTOMYMBOCTb K A00aBNEHUID HOBbIX
AAHHbIX, CNegoBaTelbHO, OHU OOBEKTUMBHBI U
XOPOLWO XapaKTepusyloT TepmonpedepeHumm
penTUAMMA Pa3HbIX BUAOB.

A. B. KopocoB cunTaert, 4to, Ucnonb3ya aToT
noaxoa, WHOTr4AQ MOXKHO MPUNTU K HEBEPHbIM
BbIBOAAM, MOCKO/IbKY 00606LieHHble OLLEHKM
bopMMpPYIOTCA He TONbKO 3a CYeT Tepmonpe-
depeHumin Bnaa (mam rpynn ocobei pasHoro
cTaTyca), HO U OnpeaensatTcs [OCTYNHOCTbIO
TENA0BOro NOTOKA, KOTOPbIN BapbMpyeT No 30-
HaMm, ce3oHam, MectoobuTaHnAaM u np.

Mo Hawemy MHeHUIo U No MHeHuto B. A. Ko-
pocoBa, HabatoaeHuAa no metoauke H. A. Jlnt-
BMHOBA (0bOLENPUHATLIE) AAlOT WNPOKUI Ana-
Na3oH 3HAYeHUM, a cpeaHAA apudmeTmnyeckas
OTHOCUTENIbHO HWU3Ka. [lMana3oH BK/OYaeT Bce
dbopmbl Tepmoperynaummn, BapbMpoOBaHME 3a
cyeT M3MEHEeHUA TenJI0BOro NOTOKa U Bapbu-
poBaHME M3-33 METOAMYECKUX OWKNDBOK. B pe-
3ynbTaTe cpegHue apudmeTmyecKme BeNUYnHbI
AMana3soHOB TemnepaTyp Tena «rnpu akTUBHO-
CTU» B Pa3HbIX BHELIHWUX YCNOBUAX Y PENTUINM
OHOrO W TOTO e BMAa Pas/InyatoTcA B PasHbIX
reorpaguryecKkmx TO4Kax C OT/IMYAKOLWMMNCA NO-
KasaTenAMM KAMMaTa, B Pas/inyHbIX Buotonax
M NO Ce30HaM roaa.

3monoz20-meopemuuecKuli nooxoo

B. A. YepnunH yTBeprKaaeT, uyto penTuamm
OAIHOTO BMAA B TeYEeHMe CYTOYHOro Nepnoaa ak-
TUBHOCTU CTapaloTCcA MNoALepXKuBaTb onpese-
JIEHHYIO AMHAMUKY TemnepaTypbl Tena. Kaxkaan
¢dasa 3TOM AMHAMMKKU MPOUCXOAUT NpuU onpe-
AeneHHOM ypoBHe TemnepaTtyp Tena uam npum
onpeaeneHHoO 3aKOHOMEPHON ee AMHAMMUKM
(Hanpumep, nNpu HarpeBaHWM — MNOBbIWEHUE
Temnepatypbl Tena, Npu oCTbIBaHUM — NOHUMKEe-
HWe TemnepaTypbl Tena, Npu TepmocTabunmnsu-
pyloLLem nosegeHUn Uav TepMmuHre — nogaep-
XaHne TemnepaTypbl TeNla Ha BbICOKOM YpPOBHe
M B Y3KOM AmanasoHe). Takum obpa3om, Becb

nepuoa, akKTUBHOCTM PEenTUANN MOKeT ObITb
pa3geneH Ha pag Gopm aKTUMBHOCTM, KarKAaas
M3 KOTOPbIX CBA3aHa C peannsaLmnen Kakon-to
onpeaeneHHon, ogHOPOAHOM $a3bl CYyTOYHOM
AVHAaMUKM TemnepaTtypbl Tena (Hepaut, 2014a;
Cherlin, 2015a). [Ans peanusauum Kaxaomn
dopmbl aKTUMBHOCTM TpebytoTca onpepeneH-
Hble GOpPMbl TEPMOPErYNALMOHHOTO U ApYro-
ro NnoBeAeHuA; KPOMe TOro, B KaXKAo0M U3 HUX
YKMBOTHble MOTyT COBEpPLLATb BNOJIHE onpeae-
NeHHble dopmbl noBeaeHUs, GYHKLNOHANbHO
CBA3aHHbIe C peasnsaumen pasHbix a3 Kus-
HEHHOTO LWK/A — C aKTUBHBIMW JIOKOMOLMAMM,
NMUTAaHMEM, 3aLLUTON TEPPUTOPUN, PA3MHONKe-
HUem, Tepmoperynaumen n 1. n. lMoatomy meto-
ANYECKM NPaBUIbHO ByaeT CTPOro COOTHOCUTD
3HaYeHMA TemnepaTypbl TeNa C yCTaHOBAEHHOM
$OpMOI aKTUBHOCTM U XapaKTepmn3oBaTb TEM-
nepaTypHbIMW NapamMeTpamm Kaxkayto dopmy
aKTUBHOCTU oTAeNbHO. CpaBHMBATL NO Temne-
PaTYPHbIM XapPaKTEPUCTUKAM MOMKHO TONbKO
OAHOTUMHblIE GOPMbl aKTUBHOCTU C OAHOTMM-
HbIMU PYHKUMAMKU. OT 3TOro 3aBUCUT U KOPp-
PEKTHOE BblaesieHne TepMobMoIornMyecKmx na-
pameTpOoB, KOTOPbIMW MOXHO OLEHUBATb 3aKO-
HOMepPHOCTM Tepmoperynaunun. Tak, AnanasoH
TeMnepaTyp aKTUBHOCTU UAM A0O6POBOJIbHbIX
TeMMepaTyp TeNa — HEKOPPEKTHbI Tepmobuo-
NOTUYECKMIM MOKasaTeNlb, KOTOPbIM He MmeeT
6uonormyeckoro cmbicna. KoppekTHbIM ABNA-
eTcA NoKasaTenb «AManasoH TemnepaTtyp Tena
NPV NONHOM aKTUBHOCTM». A TemnepaTypbl Tep-
MOCTabunmsaumm (HeLOCTaTOYHO KOPPEKTHbIE
Ha3BaHWA — ONTUMa/bHble, NpeanoYnTaemble
n apyrue npedepeHTHble TemnepaTypbl Tena)
BO3MOXHO BblAeNATb TO/IbKO M3 pOPM aKTUB-
HOCTM «MOJIHAA QaKTUBHOCTb» U KTEPMMUHI»
(YepnuH, 2014a; Cherlin, 2015b). B pesynbraTte
NoJly4aeTca, YTO AMana3oH TemnepaTyp Tena
NP NONIHOWM aKTMBHOCTM U AMana3oH Temnepa-
TYyp TepmocTabuamsaumm y pentuanmii ogHoro
BMAA OKa3bIBatoTCA BUgocneumMPpuyHbimm, ogmu-
HAaKOBbIMW M HEM3MEHHbIMW B PA3HbIX reorpa-
dMYEeCKMX TOUYKaAX, B Pa3/IMYHbIX BUOTONax M No
cesoHam (YepnuH, 2014a n ap.).

A. B. KopocoBs cuutaert, 4to 3TOT noAaxon
BEPEH AN HECKONbKUX XOPOLLIO Pas/IUYMMbIX
dopm noBeneHUA, OAHAKO Y HEro noka ecTb
OCNOXHALWME 0b6CTOATENbCTBA: TPYAHO pas-
NMynmble, ocobeHHO B nose, dpopmbl nosese-
HUA 1 ap.

Mo Hawemy MHeHWUI0 M No MHeHuto B. A.
KopocoBa, HabnogeHMa No Hawen metoamke
(opueHTMpoBaHHbIE Ha 06A3aTENbHbIN YYET NOo-
BeAEeHMA) JaloT ANA pasHbIX Gopm noBeseHun
OTHOCUTeNbHO 6Gonee y3KMe AManasoHbl; AN
COCTOAHMA MONHOW aKTUMBHOCTM €ro cpegHue
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TemnepaTtypbl 6yayT Bbilwe; TemnepaTypHbIn
AMana3oH BK/HOYAeT BapbMPOBaHMA 3a cyeT
YPOBHA TEM/I0BOro NOTOKA M 3a cHeT meToguye-
CKUX OLUNOBOK.

OpHaKo, Kpome yKasaHHbIX ABYX meToauye-
CKMX MOAX0A0B, HEOHXOAMMO YNOMSAHYTb U O
MeToAe U3yYeHUA TepMOpErynaumm pentTuani,
npeanoxeHHom cammm A. B. Kopocosbim.

KubepHemuko-gusuonozauyecKuli nooxoo

A. B. KopocoB ucxogmt 13 Toro, 4to pery-
nauma nwboro ¢usMonormyeckoro npotwecca
obecneumBaeTcs OTpuUUATENIBHON O0bOpaTHOM
CBA3blO — peaKkumen CMCTeMbl Ha BO34ENCTBME,
KOTOpOe paHee BbIBE/O ee 13 paBHoBecusa. du-
3Monornyeckas perynsauma Kakon-nmbo BaxKHom
nepemMeHHOM BHYTPEHHEN cpeapbl OpraHM3ma
coctouT B cneaytowem. Korga nog gencrsmem
BHYTPEHHMUX UM BHELHNX GAKTOPOB 3HAYEHUE
3TOM NepemeHHOM NPeBbICUT HEKOTOPbLIN reHe-
TUYECKM 33[aHHbIA YpOBEHb (Mopor), perynu-
pyroL,aa cMCcTemMa 3anyCTUT KOMMEHCATOPHYIO
peakuuto. ObpaTHaA cBA3b — 3TO M aHANM3 OT-
KNOHEHMUA, U peanu3auma KomneHcaunun. 3Ha-
YyeHMe nopora HeMsMeHHO, Hanpumep, ANA
yenoseka — 37 °C (B runotanamyce). 3pecb
BaXXHO NOAYEPKHYTb, YTO MOPOroBas Temnepa-
Typa, BKAOYEHHaA B NamMATb 06paTHOM CBA3MY,
AOMKHA ObITb KOHCTAHTOW, cnabo 3aBucALLen
OT COCTOAHMA 0CobM. ITO — PU3MoNOrMyecKan
KOHCTaHTa. MIMeHHO ee OUEeHKa npeacTaBs-
eT MHTepeC C TOYKM 3pEeHMA TeopUn Tepmope-
rynaumn. M3 cxembl obpaTHOM cBA3KU crepyeT
MEeTOAMYECKN BAXKHOE MONOXKEHME: ANA OLEeH-
KM $M3MONOrMYecKor KOHCTaHTbl Tepmopery-
NAUMM 3amepbl cneayeTt BbINOAHATb B MOMEHT
OCYLUECTB/IEHMA TEPMOPEryNATOPHON peak-
unun. pyrmumm cnoBamm — oueHUTb $uU3mono-
rTMYECKMM MOPOr MOXKHO, ecnn 3aPpUMKCUMpoBaThb
3KON0ro-Ppr3noN0rMyeckme  XapaKTepPUCTUKM
HENOCPeACTBEHHO B MOMEHT «BK/IKYEHUAN
TEPMOPErYNIATOPHOM peaKkuum.

HabntogeHns no metogmke A. B. Kopocosa
BK/IIOYAIOT TO/IbKO TOYKM CMeHbl GOopm nosese-
HWA, T. €. OLLEHKN O4HOM M3 rPaHuL, AMana3oHa
onpeaeneHHbIXx TepMobMoNornyeckmnx nokasa-
Tenen —Hanpumep, TemnepaTyp NoAHOM aKTUB-
HOCTM MW TEPMOCTabMAM3aLMN. ITOT NOAXOZ, B
Ka*kAOM OTZAEeNbHOM C/ly4yae MPU3BaH OLEHUTb
KaKkAyH TOYKY MO OTAE/bHOCTU, U AMNaNa30oH ee
3HaYeHu o0bpasyeTca TONbKO U3-3a MeTogmye-
CKUX OWIMOOK. ITO A0BO/IbHO Y3KMI AMANA30H C
CaMOW BbICOKOW CpeaHeNn.

Ba)KHO OTMETUTb, YTO BCE 3TN TPU METOAMU-
YeCKMX Noaxo4a Ha CaMOM Jene U3y4vatoT pas-
Hble napameTpbl.

JINTBMHOB M3y4yaeT Aumana3oH TemnepaTtyp

Tena npu akmueHocmu, NOHUMAA B AAHHOM
CNyyYae aKTUBHOCTb KaK COCTOAHWE, NpU KOTO-
POM pPenTUAnKM MoryT BbiTb BCTPEYEHbI Ha No-
BEPXHOCTW B CBOEMN 30HE aKTUBHOCTMU.

YepnuH nlyyaet AnanasoH TemnepaTyp Tena
npu nosaHol akmusHocMu, T. e. Korga 3mesn ne-
pPexoauT B TO COCTOAHME, MPU KOTOPOM MOMKET
NO/IHOLEHHO obecneynTb COOCTBEHHYIO KU3-
HeaeATeNbHOCTb U BKAKOYUTLCA B KU3Hb OBUO-
LeHo3a. Mbl TbICAYY pa3 COMACHbI C TEM, YTO
3TO COCTOAHME Ha AAHHOM 3Tane CBOero mlyye-
HUA NJI0X0 ONpeaenaemMoe, Ho 3TO He MPUYNHA
roBOPUTb O TOM, YTO ero He cyuwectsyeT. Mano
TOro, Ha Haw B3rAAL4, PeryanpyoT penTuamm B
nepeylo ovyepeab MMEHHO NogaepKaHue gua-
nasoHa TemnepaTypbl MNPU MNOJIHON aKTUBHO-
cTn.

KopocoB mnsyyaeTr «moyku nepexoda» (rpa-
HUUbI) NpU cmeHe ¢opm noBedeHua, dopm
TEPMOPErYNALNOHHbIX PEAKLUUNA.

B ynomaHyTOm yKe Hamu aoknage Ha VI
cbesge lepneTtonormnyeckoro obuiectsa um. A.
M. Hukonbckoro A. B. KopocoB npeanoxun
NPeKpPacHbI BaPUAHT KMHTErpaLMmn» BCEX TPEX
OCHOBHbIX HaMpPaB/IEHNN TEPMOBMONOTNYECKMX
nccnepoBaHuii. Ha 6ase MHcTuTyTa BMnonormum
Kapenbckoro HayyHoro ueHTpa PAH 6bina no-
CTpoeHa Bo/sbepa ANA OObIKHOBEHHbIX FafoK
(10 x 10 meTpoB) C KAMEHHOW rPAAON — TUNWNY-
HbIM YKPbITUEM 3TUX 3MeN. B pa3sutne meto-
aa H. A. /InTBMHOBaA 3anucb TemnepaTyp Besu
MWHWAOITEPAMK, BLUMTBIMM B CNUHHYHO 06-
NacTb Tena rnyboKo rMnoTepMUpPOBAHHbLIX ra-
AtoK. MNepnog nsmepeHuit 1orrepos CoOCTaBNAN
2 MUHYTbI, CPOK paboTbl — 1 mecay, B passutune
meToaa B. A. YepnnHa dopmbl noBegeHus pe-
TMCTPMPOBANN Ha BuAeo. [ewndpmpoBaHHble
3anncun BUAEeOKamep 1 1orrepoB Hbliv CUHXPO-
HWU3MPOBaAHbI M 3aHeceHbl B 06wyt 6a3y aaH-
HbIX. AHaNM3 3TUX 06begMHEHHbIX MaTepmanos
NMO3BOJINN y4eCTb BCE BaXKHble acneKTbl, Noa-
YEpPKHYTble Ka)KAblM M3 Tpex MeTOAUYEeCKMX
NoAXo0A0B, AN BO3MOXHOCTb MHTErpMpoBaThb
BCE UX NPEMMYyLLLEeCTBaA.

B uenom e B pOCCMMCKOM repneTonorum
B nocnegHve [ABaguaTb NeT 3KON0rMyeckoe
Hanpas/ieHMe B UCCNeA0BaHMAX CTasio nocTe-
MEHHO YyCTynaTb MeCTO 300reorpaduyeckomy,
CUCTEMATMYECKOMY, C YNOPOM Ha Buoxmmumye-
CKMe, MONEeKYNAPHbIE U TeHeTUYeCcKne meToabl
N Ap. DKONOrMYECKUX MaTepuanos CTano 3a-
METHO meHbLlle. HO Mbl He OCTaBasAeM Hagex-
Abl HA TO, YTO 3KONOTMA PENTUAUN, UX GU3NO-
Nlormyeckan sakosorusa, Tepmobuonorus sanmyT
AOCTOMHOE MecCTO B pAgy 6MONorMyeckux uc-
CNnefoBaHUM, MOCKONbKY 3HAYeHMEe U3yyYeHuA
6uonorm penTUanin, Kak BbICLUMX IKTOTEPM-
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HbIX }KMBOTHbIX, MOYKET BHECTM BECOMbII BK/AA,
B OMONOIMYECKYIO HAYKY.
kok %k
Ceiiyac nepuogmyecku B Tepmobuonorum
penTuaunii B Poccum NosABAAKOTCA HOBblE MMe-

Ha. byaem HafgeATbCA, YTO CO BPEMEHEM 3TO
Hay4YHOe HarnpaB/eHWe CHOBA pPa3pacTeTcs U
npuobpeteT BbINYI0 N AaxKe 6ONbLIYIO pacnpo-
CTpaHeHHOCTb. o cBoel BUonornyeckom 3Ha-
YMMOCTM OHO 3TOTO 3aCNyKmMBaeT!
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