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Y Menkux roMmonoTepmMoB U Tak BbicOokasa H.
YBenunyeHne H npun oTcyTcTBUKN NULLM = npobnema.
Bbixop (] cHmxeHue T, (= ymeHblleHne H) +
cbepexeHne aHepreTu4ecKknx pe3epBoB
(oxnaxaeHHble TkaHu noTpebnstoT <O,)
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OdvHamuka Tennonpoaykuum n TemnepaTypbl Terna roMoMoTePMHOro opraHMama
B 3aBMCUMOCTM OT TeMmnepaTypbl cpeapbl. MyHKTMPOM 0003Ha4Y€eHbl UBMEHEHMS
TEennonpoayKUMn NOMKNNOTEPMHOrO opraH13mMa.



[MNoTepMua Kak eamHbiv POU3noIormvyeckn deHoMeH

OXBaTbIBAE€T AOOBOJIbHO pPa3HblIE I'IEO%GCCbIZ

3nmHAs cnadka = [mbepHayms IleTHAA cngayka = OcTnBayms
(hyberna — 3uma) (aestas — neto)
BrnageHune B cnsiuky exkegHEBHO Ha HECKOSTbKO 4YacoB UNKU Ha
HEeCKOSbKO AHEWN (00 HECKONbKMX HeAenb Kak y aMepuKkaHCKoro
benoropsrioro K030404) rNpu HegoCcTaTKe NULLA




B cnauky pasHoro Tuna BnagatoT exmugHa, HacekoMosigHble (eXn), neTyyme MblLlu,

XOMSIKU, COHU, MbILLOBKWN, CYCITUKK, CYPKN, NEepPOorHaTbl, FOPHbIA KapSIMKOBLIA NOCCYM
(ABcTpanus), megseau, nemypol. MNtuybl: konnodpu,
(p. Colius), ko3ogou /

CTPWXKKN, KyKLla, NTULUbl-MbILUA

e 3%\ ‘

Konmbpu

[ OpHbIN KapriMKoBbLIN

MOCCYyM
Phalaenoptilus nuttallii

(Audubon (Audubon,
1844)  kosogou

Coliiformes.
Colius striatus

NTULUbI-MbILUN

neTyyne Mbilu Mensen

Cheirogaleus medius



[10 BnageHnsa B cnayky — HakonneHne pes3epBos.
BnageHue B cna4ky [] CHUXeHUe Tb, 3amenrieHme
psaa Punsanonormyeckmnx NpoLeccoB, OTCYTCTBUE
peakunn Ha BHELLUHNE CTUMYIIbL.
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3aBuCUMMOCTY TemnepaTtypbl Tena (T.) oT TemnepaTtypsl
cpenbl (T ) y konnbpu Bo BpeMs 0ObIYHOMO CHa 1 B
COCTOSIHUM OLEeNeHeHns

1 — Calypte anna, 2 — C.costae, 3 — Selasphorus rufus,
4 — Archilochus alexandrii
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Putm cepaua, notpebneHne O, n T | ceB.-aMepUKaHCKOro

necHoro cypka (Marmota monax) npu Bxoae B rubepHauymio
(Lyman, C. P. and O'Brien, R. C. ,1960)
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Putm cepgua apktmndeckoro cypka (Marmota caligata),

MHOIOKpPaTHO BXOASILLIErO B COCTOSIHME CMSAYKM B NabopaTopHbIX

ycnosuax B dpesparne

—
—

121+
-
S8
7



100~
F hibernating
- S0 at 67 . .
= [ é “cuthermic
= at 38°C
2 oV
= '
S 400 1l
5 | |
£ {1 !
.2 | |
= 20! !
| !
| |
1 |
) Ll | 1 1 1 [
() 2 4 6 8 10 |2 14
Po, /kPa

KpuBble kKnucnopogHon guccounaumnm y CycnmkoB, Haxoasawmxcst B 00bIYHOM
coctoaHun (T = 38° C) n B cocTosiHUM 3umHen cnavkm (T = 6° C).
[MpepbiBUCTas NMHMA NnokasbiBaeT P, , Koraa NpoUCXOAUT MofyHachkIeHne
remornobuHa kucnopogom (Musacchia, Volkert, 1971)



OueneHeHne i cnabdocTtb PN3nMoNorM4ecKkoro

KOHTPOMS U HeCOBEPLUEHCTBO TEPMOPErynaLunu,
a XOpoLLO perynmpyemMoe CocTosiHue.

KaxyLieeca cxo4cTBO CO CMAYKOMN NOUKUITOTEPMHbIX
OBMAHYNBO!

I Ho cm. Grigg et al., 2004
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(no V. Popovic, 1952)
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[1o0 1960-x mHorue
nccnegoBaTenm cunTanu,
4YTO crnabas Tepmoperynauus
Oblfia cBOMCTBOM r’MOEPHAHTOB.
Tepmoperynsauyma npocTo
«OTKMNo4Yanacb» nocre cepmu
cobbiTun (NnageHus Ta,
COKpalLeHNA CBETSION dhasbl
CYTOK, YBENNYEHUST XKNPOBbIX
aeno...

bena, ecnu npomep3HeT
Hopa rmbepHaHTa...
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BnusHue T_ Ha ypoBeHb meTabonusma, RQ u T,
bepuHrumnckoro cycnuka (Spermophilus parryii ),
HaxodsiLLerocd B COCTOAHMK rnybokon cnsykn (means = SE)

* Npn oxnaxaeHun tena o -3°C, T° mo3sra n mexnonarodHon obnactu (4actu,
OTBETCTBEHHbIE 3a perynsauuto metabonuama) octaetcs Boiwe 0 °C

MR perynupyetca HESABUCUMO ot Tb (Buck and Barnes, 2000).



Ex B cnsiuke nopaepxusaet T, = +5-6°C u n3oeraet
obmMmopoxeHusi. Ecnn Ta ymeHbLUaeTcsl, OLeneHeBLUNN X
yBenuuueaet H u nogaepxusaet T, = +5-6 °C.



T_ v notpebneruve O,

1. lNpunmep netyumnx mbien — dyporo kKoxaHa (p. Eptesicus) u
MEKCUKaHCKoro cknag4daroryoda (p. Tadarida), kotopble moryT
BnagdaTtb B CnsiyKy nvbo akteHbl npu T < 30°C.

Oaxe npn T_ < 10°C oHW nnbO akTMBHEI, MO0 — B Cnsiuke.

BypbIn KOXXaH, 0OUTalLWKUN B YMEPEHHLIX U BbICOKUX LLUMPOTAX,
BnagaeT B 3MMHIOK cndadvky. MekcukaHcknn cknagyartoryo
obutaet Ha O-3 CLLUA n B Mekcuke n He BnagaeTt B 3UMHION
CMAYKY.

Ho...
CyLLEeCTBYET OrPOMHO€E CXOACTBO B peakuun 2-x BuaoB Ha T .
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Temnepatypa Tena y AByX BUOOB CEBEPOAMEPUKAHCKNX NTIETYUYMX MbILLEN
(Herreid,Schmidt-Nielsen, 1966)
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[ToTpebrnenune kucnopoaa y NneTyumx Mbillen, HaxXoasILLNXCA B aKTUBHOM
COCTOSIHMWN, BO3PaCTaET Mo MepPe CHUXEHUA TeMnepaTypbl BO3ayXa; MblLLN,
BNaBLUVe B oLieneHeHne, NoTpednsaoT Bo MHOMO pas MeHble O, Yem
aktnsHble (Herreid,Schmidt-Nielsen, 1966).

[Tpn 15 °C oHKM pacxoaytoT aHeprmn B 40 p. MeHbLLE, YEM aKTUBHbIE, a 3anacoB
Xupa UM xBatuT Ha cpok B 40 p. bonbLLnm



ExuaHa ToXXe MOXET BnagaTh B OLIENEHEHUE, a
MOXET NoAAepPKMBaTb HopManbHyto T, naxe
npu T_=0°C.

Ecnu nnwnte exngHy nuwm npu +5 °C, oHa ObICTPO
BnagaeT B OLEeNeHeHne:

T, nagaer fo +9.5 °C, a notpebneHne O, cHuxkaeTcs
B 10 pas.



[loabem YPOBHHA MeTabonmama Npn BXoAde 1N BbIXoae N3 CrnAYKun
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MNotpebnenne O, n Ty
30M10TUCTOrO XOMsiuKa
(Mesocricetus auratus) B
TeyeHne npodbyxaeHus
(Lyman, 1948)

Putm cepaua, notpebnenme
O,n T ceB.-amepuKaHCKOro
necHoro cypka (Marmota
monax) npu Bxo4e B
rméepHauymto (Lyman,
O’Brien,1960)

-
anterior Ty, (cheek pouch) 4 \
y

e postenor Th (rectal) / \

hme mmn



OKOHOMMST QHEPTUM NMPK nepexoae
B TOPNMUAHOE COCTOSIHUE
(onbITbl Takepa Ha neporHaTtax)

*KannpopHuUnckne neporHaTtbl NpyU HegocTaTke Kopma
BnajatoT B oLeneHeHune npu niodown T_ B ananasoHe 15-32°C.
* Mpun T_ < 15°C neporHat He MOXXET CaMOCTOATENbHO BbIATY
N3 OLIENEHEHUS.

Bnagas B oueneHeHne, neporHaT He TEPSIET B Macce npu
HegocTaTke KopMma.

KAK HAHNHAETCA OUENEHEHUE?

(lNpekpawiaeTtca BbipaboTka TepmoperynsumoHHoro tenna (H)
npu T_ < T, [l cHwkaetca T

* MNpobyxxaeHve npw nodon T_> 15°C [ > H go max npu
naHHon T_ (notpebnenne O, Bo3pactaet B 10-15 pas)
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[MpekpallaeTcs BblpaboTka
TepMmoperynsiunoHHoro tenna (H) npu T, <
T,. U cHuxaetes T,
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OHepezemuyeckasi MoOesib 20MOUIOMEePMHO20 KUBOMHO20: 83aUMOCEsI3b NoKa3ameJiel
3Hep2emuKu e 3asucuMmocmu om memnepamypbi cpeodbi (no MNaspunos, 1996).
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[Torpebnenune KUCa0poa Ha IPOTSHKEHUH CYTOK Y TIEpOrHaTa IPH OrpaHnYCHHOM
nuiieBoM panuone (1,5 r 3epHa B nenn) (Tucker, 1965).

B Teuenne 9 4acoB )KMBOTHOE HAXOIUJIOCHh B COCTOSIHUH OLICIICHEHHS, TOTPEOIss
O4EHb MaJIO KMCJIOPOJIa, MOCIE Yero HabmoaIcs ik nortomenus O,
3HAMEHYIONIMH BO3BPAIIECHHUE B aKTHBHOE cocTostnme. T_=15°C.



‘[lpouecc Bxopa B oueneHeHne 3aHumaet 2.0 yaca (0.7 ml O,/g)

(Da3a pasorpena npu Bbixoae u3 cnayvkn 3aHnmaet 0.9 yaca
(9.8 ml O,/g).

UTto OyaeT, ecnu nMWNTL 3BEPbKAa CHa, pa3dbyamns cpasy nocne
BXoda B ouLeneHeHune?

Obuwee Bpems = 2.0 + 0.9 =29 yaca [J E=0.7+5.8= 6.5 ml O,/g
B akTBHOM cocTosiHMK 3a 3TO BpeMsi Tpatutcsa E = 11.9 ml O /g

1 45% akoHomumn E. 3a 10 yacoB cHa — 5-kpaTHasi akoHomMmuA E
(max 3aTpaTtbl Ha npobyxaeHne = 75% E 3a 10-yacoBoi LUKI)
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aMmnupuyeckne aaHHble 06 9KOHOMUKN AHEPTUN
HEKOTOPLIMW NTULLAMK NPU TMNOTEPMUN

Pasznoctb DKoHOMMUS 3HEpruu, %
Bz Temmeparyp, °C HcTounnk
MOJIHAS Ha 1°C
Eulampis jugularis 22 50 23 Hainsworth, Wolf,1970
Tot xe 22 66 3 Tot xe
Parus atricapillus 5 23 4.6 Chaplin, 1973
Zonotrichia leucophris 35 21 6 Ketterson, King, 1977
Falco sparverius 1 6 6 Shapiro, Weathers,1981
Perisoreus infaustus 5 31 6.2 Amnnpees, 1980
Archilochus anna 10 75 7.5 Calder, King, 1974




OueneHeHne =
XOpPOLUO perynmpyemoe COCTosHUe.

B ycnoBuax roqoBowv LMKNUKU BNageHune B CNAYKY
CTUMynupyeTca He T, a poTonepmoaom u
ropMOHarsnbHbIMN N3MEHEHUAMMN.,

Mpn T, < 10-15°C npekpallaeTcs NnpoBefeHNE HEPBHbIX
nmnynoscoB [] Kak HepBHas cuctema KoopanHupyeT
COCTOSIHUE XXMBOTHOro npu T, = +5°C?  []

ObixaHue u pag ounsnonornyeckmnx OyHKUUn B
3amepnsieHHOM putMme KoopauHupytrotcsa HC



CHuXeHne metabonuama npu rmnoTepMmn 3aBUCUT
oT TA: neesee E2F OEeNCTBYET TOSTbKO 3aKOH
HbtoToHa, npaBee E.B, — TONbKo 3akoH BaHT-
[ochcha, B obnactu mexay nuHuamn E.Fun E B, —
aencTeyoT oba 3akoHa. CokpalleHne
Tennonpoaykumn npm 0 °C pasHo 50%, npu 16 °C
-83% n npu 24 °C — 75%.

D
p i —
4 12 20 28 75 1y

Mopenb, nosicHaLWas B3ammMmoaencTene 3akoHoB HetoToHa 1 BaHT-I'odpdoa npum

rmnoTepmMmmnn y ntmy
Tennootaaya ntuy (H) npu T,=40 °C c noBbiwexuem T, nagaeT nuHeiHo (A B.) no npaeuny HbtoToHa.

YpoBeHb 6asanbHoro metabonusma ntuubl (BMR=B,C.) obpa3yeT TepMOHENTParibHYy0 30HY C HUXKHEW rpaHuLen
npu T,=24 °C (E,). Tennootaaya = nuuua A_B.C.. MNpu runotepmum T, cHkaetcs fo 20 °C. CornacHo

npaeuny HbloTOHa, TennooTaava Tena yMeHbllaeTcs napannensHo (nuHus A,B,) n gomkHa ObiTe paBHa 0

npu T,=T,=20°C (D,). BMR ymeHbLuaeTca no npasuny Bant-fodda (Q,,=2), T.e. B 4 pa3a, 1 oka3biBaeTcsi Ha
ypoBHe B,C,. HwkHas rpaHnla TepmoHenTpanbHoctu (B,) casuraetca ao 16 °C (E,), Ha 8 °C Huxe npexHen.

TennooTtgaya NTuUbl cnegyeT NUHUK Aszcz' (no onbHuk, 1995)
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(b)
[laBneHwne, putm cepaua,
TemMnepartypa cepaua 1 pekranbHagd

TemMmnepartypa neonapgoBoro cycrunka
npu T =3° C, NCKYCCTBEHHO
BbIBEAEHHOIo 13 rryoboKkoro

oueneHeHusa.(Lyman, C. P., O'Brien,

R. C. ,1960)
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T, TepMoCTaTM4eckoro
sapa Tena oByx

CYCInNKOB nepen
npobyxgeHnem n nocrne

Hero (Mayer, 1960)



Bbixog n3 oueneHeHud: ysenunvyeHne MR (cunbHas
OPOXb — MakcumanbHaa CKOPOCTb MCNOSib30BaHUA
3anacoB «Tonnueax») — poct T .

Y mMnekonuTtatowmx 6onbLUyo posib B pa3orpese
Tena urpaet dypbIn XNp, B KOTOPOM MHOIO
LMTOXPOMOB W NPOUCXOAUT NHTEHCUBHOE
notpebneHne O2



bypblil :xup pacrnionaraetcss B MEAKJIIONATOYHOU
00J1aCTH, BIOJIb KPYITHBIX COCY/IOB TPYJHON U
OpIOIITHOM MOJIOCTEM, B 3aTHIJIOYHOM 00JIaCTH IIEH.
CB0€00Opa3HbIi OTTEHOK OypOi )KUPOBOU

TKaHU MPUJIAI0T OKOHYAHUS CUMITATUYE€CKUX HEPBHBIX
BOJIOKOH, a TaK’K€ MHOTOYHUCJIeHHbIe MUTOXOH/IPUH,
CoJIeprKaIluecs B KJIETKaX 3TOM TKaHH.

[TosToMy OypBblii KMP JIETKO MOOUITU3YETCS JJIs1
00€CIIEUCHUST PHEPTETUUYECKUX MOTPEOHOCTEN
OpraHus3Ma.

B MUTOXOHAPUSAX KUPOBBIX KJIECTOK UMEETCS TOJUITCHTHT MOJICKYJIIPHON MAacCO
32 000, cnocoOHbIM pa300maTh MAYIIHE 31eCh MPOECChl OKUCIEHUS U
oopazoBanust AT®. Pe3ynsratoM Takoro pazo0nIeHUs IBISETCA 00pa30BaHUE B
Oypoii ’KUPOBOM TKAHU B XO/I€ META00IM3Ma KHUpa 3HAYUTEIILHO OOJIBIIIErO
KOJIMYECTBA TEIJIa, YEM B OEJIOMN KUPOBOM TKAHMU.



(b)
TepmMmorpamma gopcanbHOU MOBEPXHOCTU NEeTyvyen Mbilliu

clenaHHoOu B TeYEHMe ee Bbixoada N3 cnadku (4em Bblwe T,
TeMm dpye unsobpaxeHue) (Hayward, J. , Lyman, C. P. ,1967.
Nonshivering heat production during arousal from hibernation and

evidence for the contribution of brown fat, Fisher, K. et al. (eds),
Mammalian Hibernation Ill. 1967 Oliver and Boyd)



CuuTtaeTtcs, YTo BO BpeMs rubepHaLmn ypoBeHb
brnonorn4yeckmx nNPoLeccoB B OpraHmn3me npu
CHMXeHUn Temnepartypbl Tena Ha 10 rpagycos B
cpedHeM NagaeT B ABa pa3sa.

Ho y bapnbanoB — nHas cutyauus...




Tgien G, Blake J, Edgar DM, Grahn DA, Heller HC, Barnes BM, 2011.
Hibernation in black bears: independence of metabolic suppression
from body temperature. Science. Feb 18; 331(6019):906-9.

Source: Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, AK 99775, USA. otoien@alaska.edu

Abstract

Black bears hibernate for 5 to 7 months a year and, during this time, do not eat, drink,
urinate, or defecate. We measured metabolic rate and body temperature in
hibernating black bears and found that they suppress metabolism to 25% of basal
rates while regulating body temperature from 30° to 36°C, in multiday cycles. Heart
rates were reduced from 55 to as few as 9 beats per minute, with profound sinus
arrhythmia. After returning to normal body temperature and emerging from dens,
bears maintained a reduced metabolic rate for up to 3 weeks. The pronounced
reduction and delayed recovery of metabolic rate in hibernating bears suggest that
the majority of metabolic suppression during hibernation is independent of lowered
body temperature.



buonoru yHuBepcuteta Fairbanks Ha Andacke noctpounu suMHUm
narepb ans yepHoro measeas (Ursus americanus) n oCHacTuUnn ero
N3MepUTENbLHbIMN MHCTPYMeHTaMKn. bapubansl NpoBoAAT B CNsiYKe OT
NATU OO ceMU MecsaueB 0e3 eabl, MUTbA, MOYENCNYCKAHNA U
aedekaunun. Ix annetnt nogaBnseTcsad ropMOHOM NENTUHOM, a
a30TUCTbIE NPOAYKTbI pacnaga pPeunknupyoT obpaTHO B MPOTENHDI.

Okasanocsb, 4YTo cnsawumn dapubarn:

e leflaeT BOOXN OT OOQHOro A0 ABYX pa3 B MUHYTY U CHMXKAaET
KONMYeCTBO COKpalleHUU cBoero cepaua c 55 go 9-14
yOapoB B MUH.(+ aputMms).

*T, konebanack B npeaenax ot 30 o 36 °C ¢ neprogom ot
2 0o 7 oHew.

*YpoBeHb MeTabonuama coctaBus okono 25% ot
HopmanbHoro!!!

Kpome TOro, Mmetabonnam 4epHbiX mMmeaBeaen ocrtaeTcs
Ha TaKOM HU3KOM YPOBHE B TeyeHue 3 Heaernb nocre
TOro, Kak XXMBOTHbI€ BbILUN U3 CMAYKU U NOKUHYNN
Gepnory!



[1aHHOEe nccnegoBaHue cTarno nepBbiM, Korga rmdoepHauuto
N3YYUIN Y XKNUBOTHbIX, pa3aMep KOTOPbIX COMOCTaBUM C
pa3MepomM YeroBeka.

Ta nnu nHasa dpopma cnsvkn HabngaTcs B AeBATU
oTpsAaax MJIeKONUTarLWMX, U, BEPOSTHO, 3HAHNE OCHOB
9TOro nNpouecca MOXeT ObITb UCNOMb30BaHO B MEAULMHE,
KocMoce un ap.

OwnBuH ToneH:

«Halue nccnepgosaHue Morno Obl MOMOYb NMOHATb, Kak 0e3
HeraTMBHbIX MOCNeaCTBMNA YMEHbLUUTL YPOBEHb
MeTabonmama y Yyernoseka, 4To garno 6bl BO3MOXHOCTb
cnacaTb YenoBEYECKMNE XNU3HN B HEKOTOPbLIX KPUTUYECKNX
cuUTyaumsix...» om0




OueneHeHne i cnabdocTtb PN3nMoNorM4ecKkoro

KOHTPOMS U HeCOBEPLUEHCTBO TEPMOPErynaLunu,
a XOpoLLO perynmpyemMoe CocTosiHue.

KaxyLieeca cxo4cTBO CO CMAYKOMN NOUKUITOTEPMHbIX
OBMAHYNBO!
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Many elements of mammalian and avian thermoregulatory g
mechanisms are present in reptiles, and the changes involved g 267
in the transition to endothermy are more quantitative than = 27
qualitative. Drawing on our experience with reptiles and echidnas, 26
we comment on that transition and on current theories 95 | | | | |

07204 07./06 07/08 07/10 o7nz 07414
depending on whether selection pressures operated directly or

indirectly on mechanisms producing heat. Both categories of

theories focus on explaining the evolution of homeothermic u b}
endothermy but ignore heterothermy. However, noting that

hibernation and torpor are almost certainly plesiomorphic

(pancestral, primitive), and that heterothermy is very common

among endotherms, we propose that homeothermic endothermy

about how it occurred. The theories divide into two categories, .?

evolved via heterothermy, with the earliest protoendotherms 35
being facultatively endothermic and retaining their ectothermic 24
capacity for “constitutional eurythermy.” Thus, 134
unlike current models for the evolution of endothermy that |
assume that hibernation and torpor are specialisations arising g 32
from homeothermic ancestry, and therefore irrelevant, we consider = 3l
that they are central... E 30

Ic

g 29

E 28

w

= 27
Figure 1. Two examples of daily cycles in body temperature in 26 -
a male echidna at our southeast Queensland study site, which 2 T ! ' ' !

. 1113 11/15 1117 11419 11/21 11423
has a warm temperate climate. a, July 4—14, 2001 (southern

winter). b, November 13-23, 2001 (southern summer).



From Grigg et al., 2004

“...Malan (1996) certainly saw these attributes in both
mammals and birds as stretching back to a common
ancestry in the reptiles. With torpor/hibernation being found
iIn 11 out of 26 orders of birds, and still counting, including
the ancient mousebirds (Coliidae; McKechnie and
Lovegrove 2002), parsimony again suggests
plesiomorphy, as argued by these authors. As in
mammals, avian evidence continues to accumulate; Lane
et al. (2004) concluded that heterothermy within the
Caprimulgiformes is plesiomorphic. It seems likely that the
physiological mechanisms that support torpor in birds
and mammals share the same ancient origins and,
therefore, the evolution of their endothermy may be more
similar than is usually acknowledged”.
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