«  duanonornyeckas (PyHKUMOHaNbHas) akonornsa ncenegyet (omnsnonornyeckme)
MEXaHN3MbI, C MOMOLLbIO KOTOPbLIX OCYLLECTBNAETCA aganTtauma OMonorm4ecknx
CUCTEM Pa3HOro YPOBHS K YCIOBUAM cpelbl U X U3MEHEHMIO

« Bpema 3apoxgeHus yHKunoHanbHou akonormn: 30-e roabl XX Beka

Mopdonorusa, aHaToMums

A

JKOI10oIrms

donaunorsnorug
CpaBHUTENbHas
Brnoxnmms
domanonorus
\ aKornormnyeckas puanosnorus
reHeTuKa " PyHKUMOHarbHasa 3KONorns

A

3BOMNOLUMOHHAsA buonorusa

9BONMKOLUMOHHAsA pusmnosnorms

IBOJTIOUMNOHHAA 3KOJ10rn4




« OcHoBatenu: Oxopax baptonombtio, KHyT LUMuaT-HuenbceH, lNep
Llonanpep, JlopeHc UpsuHr, H.U. Kanabyxos, A.[l. Cnonum, WU.
A. lLUunos..
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George A. Bartholomew
(1919-20006)

Per Fredrik Scholander
(1905-1980)

Knut Schmidt-Nielsen
(1915-2007)



) Hukonaii MiBaHoBuY KanabyxoB
-« \ (1908-1991)

Abpam [JoHoBMY CrioHUM
(1903-1986)

Nropb AnekcaHgposuy LLnnos
(1921-2001)



« B camocTtoaTenbHyo gncumninHy oyHKUNOHaNbHas 3Kosorus Bolagenunacs B
KoHue 80-x rogoB XX BekKa.

« 1987 roa: nossnenue kHUrn «New directions in ecological physiology» (Feder
et al., 1987), B koTOpOW ObINIO OTPaXXeHO COBPEMEHHOE COCTOSAHME ATOro pasaena
aKonorun, onpeaesrieHbl OCHOBHbIE KOHLUENUMN U NOAX04bl, HAMeYeHbl JanbHenwme
uenun n nytm passutus. lNoasnenune xypHanos «Functional ecology» n «Evolutionary
Ecology». logom nosxe — xxypHana “Journal of Evolutionary Biology”.

« B 90-x rogax domsnonorndeckasi 3Kosiorns crtasna ogH1UM U3 camblX BYpHO
pa3BMBaOLLINXCA HanpaBiEHUN SKONOrUN.



JHepreTukKa

» Pacxon QHEPIMnN XMBOTHbLIM OTpaKaeT LUeHYy ero Xm3dHegeAaTeribHOCTHU.

* I3yyeHne aHepreTmkn Ha opraHM3amMeHHOM, NonynauMoHHOM N BUOOBOM
YPOBHSIX cenyac sABNSETCA HEOTHEMSIEMOMN HYacCTblo OU3NONOrMYECKON IKONOTUN.
OTO OTpPaXXeHO B CaMOM Ha3BaHWM rMaBHOIoO Tpyada no onanonornyeckom

akonorun nocnegHux et “The physiological ecology of vertebrates: a view from
energetics” (McNab., 2002).



buosnepcemuka

M3MeHeHrEe BEMECTB B MPOIIECCE NX OMOTEHHOTO KPyroBOpOTa
MIPOUCXOJIUT C 3ATPATOM IHEPIrUHU

[ JTaBHBIN UCTOYHUK SHEPTUU — IHEPTUS COJTHEYHOTO U3JTYUCHU S

100% 1 Opranunyeckoe BemecTBO —
0 CBSI3BIBACTCS B PE3YJIbTATE
/i (OTOCHHTE3a PACTCHUSIMU

KusHeHHble mporecce = 509, ~50%
ITIOTEPHU na JbIXAHUE g
Poct Guomaccsl = nepBH4Has
npoaykuua = 0.5% conneunon
sHeprud (....0.1%)

~A40% ucnonb3yercd rereporpodamu (= koncymenrtsl I mopsaka )



buosnepcemuka

{ METAEOJ'II/I3M}

{: Katabonunsam :} AHabonmam

<. ADP +Pi >

Tenno Tenno




13,8 k[x/Mmonb,

Phosphate Groups

NO-®

ﬂ Adenine

Ribose

Energy Released for cell metabolism

T

40-60 k[x/ monb

N
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- B knetke okosno 1 mnpa monekyn ATO.
- Kaxxgas mornekyna xmnet He 6orblue 1 MUHYTHI.

- OgHa monekyna AT® obHosnsetcs 2000-3000 pas/cyTku.
- 3a cyTku opraHnam [yenoseka] cuHTeanpyeT 40 kr ATO, u B
Kaxkabin MOMEHT BpemMeHun 3anac AT® coctaenaet 250 r.



Mwa (Cxema moTOKa SHEPTUU B OPraHU3ME B3POCIOU IITHIIBI buosnepzemura

AN

BONbLUAA SHEPIUA, GEl
MeTabonmanpoBaHHasi aHeprusa, ME

/\

NpPoaYKTUBHagA
akckpeTol | QHEPrUsi CylLlecTBoBaHUsi, EMR POAY
oHeprus, PE
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SKCKpPETOPHas
sHeprud, EE

SHeprus SHEPIUS] SHeprus SHeprus
6asanbHoro Tepmope- SHEeprus NPOAYKT. || NMpoayKuuwy,
mMeTabonuama, rynaumm, aKTUBHOCTY paboThl,
BMR Etr Ea Epa P

~. N /7

kKaTabonn3anpoBaHHasa aHEPrus
npupocT
Tenmno Brnomaccsl



buosnepcemuka

YeBoenue sHepruu u3 numm (MEC) < 100%
MEC = ME/GEI,
Ho GEI = ME + EE,

MEC = ME/GEI = (GEI - EE)/GEI — nnyTh, KOTOpBIH
OyZIeT UCCIeA0BaH BaMHU B IMPAKTUYECKOM 3a]1a4e Ha IITUIAX
(pykoBoautenb T.A.MnbuHa).

MEC 3aBUCUT OT:

*CocTaBa nuIu

*Ta

*Ce30Ha

*DEepMEHTATUBHOW CUCTEMBI BUIA

*p.



Hecmotpst Ha To, yTo MEC HE MOXKET OBITh B CTPOTrOM

CMBICJIE XapAKTEPUCTUKOM MUILU, HAKOIIJICHHbBIE JIAHHBIE 110 buosnepeemuxa
MHOTHUM BUJAM IITHI] U TATIAaM KOPMOB MO3BOJISIFOT IMOJYyYaTh

BIOJIHE MPAKTUYHbBIE KOJIMYECTBEHHBIE OIICHKH ( pHUC. MO

JonbHuKy, 1995) ';»gf/e
A
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Prc. 5. Y pensEad KaIoOpMEHOCTS OCHOBHBIX KJIACCOB PACTHTENBHEX B XMBOTHEIX 00HEKTOB AT aHMS
{opdunama, xIIx/r cyxoit Maccu) 7 kxo3ddummenT mx ycsoenms (abcyucca) nrumamu (mo: Homsrawux
u #p., 1982, c nomoysemwaM®). e e et Y

1-5 — cemeHna GepesoBLIX, STTAKOB, KPECTOUBETHEIX, CNIOXKHOUBETHBIX ¥ XBOMHBIX COOTBETCTBEHHO; 6 — siu2
NTHLU.
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YoenbHas aHepretTnyeckasi LeHHOCTb (KK/r cyxon Macchbl) pasHbIX KNacCoB MULLIEBbLIX
obbekToB Anda NTuy,
PaccuuTtaHo nyTemMm yMHOXEeHUA y,D,eJ'IbHOI7I KaﬂOpMIZHOCTM nmwn Ha KOS(bd)MU,I/IGHT €€ yCBOEeHNA NTnuamm



CocTtaB nuwmn (knpbl/6enkn/yrnesoabl)
buosnepeemuxa

Tabnuna 6. KoHcTaHTbl IS HenpsiMoro onpeneneHus sHeprooGMeHa
(mo Japroabuy, 1973)

BeJkh
MeraGonnueckHe KOHCTAHTH JKupH Yrnesogn
‘ MJIGKONMHTAIO- IITHI
1100794

Konnyectso Oy Ha 1 1 (41) 2,03 0,83 | ) 1,03 - 0,9 -

Koauyectso CO, Ha 1,45 0,83 0,87 - 0,71
I r (o) | |

Heixatenbuuit  k03(du- 0,71 1,00 0,85 0,74
urerT CO,/0,

OHepreTHYeckas  CTOH- 39,06 17,64 19,74 18,48
mMocTh (KIk/T) .
y MeraGoanyeckass  Boja 1,05 0,56 0,40 0,49
. (r/r) . .
- ODHepreTHYeCKHH K030- 19,32 21,25 19,19 19,24
-Qunuent O, (xIIx/a) ! .
 JHepreTHYeCKHH  KO03(- 26, 88 21.25 - 22.51 25,83
‘Guunent CO, (xx/n) ‘



IIpoaykiys Temna u moTpedieHue KUCIopoaa B Impolieccax MeTadoI1M3Ma
OCHOBHBIX MMUTATEIbHBIX BelleCTB. BeTnunHbI 1711 O€JIKOB 3aBUCST OT TOTO,
OyzeT 1 KOHEYHBIM MPOAYKTOM pacIiajia MOYeBUHA WJIM MOYEeBask KUCJIOTA.
OtHorienne KoiauuecTBa oopasosasuieiicss CO, K KOMHYECTBY TOTPEOICHHOTO
O, HasbIBaeTCsA bIXaTENbHBIM Koo duinenTom (JIK)

(a) (6) (e) (@)

MuTaTenbHoOe BelecTBO Kkan/r no,Jr kkan/n O, K= CO,

O')
Yrnesoq 472 0,84 5,0 1,00
Knp 9,4 2,0 4,7 0,71
Benok (—mo4eBunHa) 4,3 0,96 4,5 0,81

Bernok (—mo4eBas kucnoTa) 4,25 0,97 4.4 0,74




buosnepcemuxa

ObixaTenbHbI K03 dunumeHT (RQ)

YrneBoAabl (rnoko3a):
CeH1206 + 602 1110 6CO2 + 6H20 + Energy

vy ("&DH

RQ=6C02/602=1.0

Xup (nanbMnUTMHOBAS K-Ta):

/‘\/‘\/V\/‘W\J]\a.

C16H3202 + 2302 111 16CO2 + 16H20 + Energy

RQ =16C02/2302 = 0.7



Mwa (Cxema moTOKa SHEPTUU B OPraHU3ME B3POCIOU IITHIIBI buosnepzemura

AN
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akckpeTol | QHEPrUsi CylLlecTBoBaHUsi, EMR POAY
oHeprus, PE
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SKCKpPETOPHas
aHeprud, EE

3Heprus SHeprus 9HEPTUA aHeprus 3Heprus
©a3anbHOro TepmMope- aKTUBHOCTWN, npoaykT. || NPoAyKuuu,
meTabonnama, rynaunm, paboThbl,
BMR Etr Ea Epa P

~. N / 7

kKaTabonn3anpoBaHHasa aHEPrus
npupocT
Tenmno Brnomaccsl



*3aMeIJICHUE PACCEUMBAHUS YHEPTUH (OrPaHUYECHUE SHTPOIHUH,
HapyIICHHUE 2-0r0 3aKOHA TEPMOJMHAMUKH ) = CBOMCTBO KUBOU
MaTrepuu

*DJHEprus, HAKOIUICHHAsI B TKAHAX reTepoTpoda = BTopuyHas
POAYKIIMS SKOCHCTEMBI.

*HO sHeprus, noctynHas 1j1st MOTPEOJICHUS IPYTUMH TETEPOTPOPamu ,
YMEHBIIIAETCS Ha KKJIOM dTane [ | peayKIus SHEpruu [ | KpaTKOCTh
MMUILEBBLIX IIETIEN



Mwa (CxeMa MoToKa SJHEPTUU B OPTAaHU3ME B3POCIION MTUIIBI buosnepeemuxa

AN

BONbLUAA SHEPIUA, GEl
MeTabonmanpoBaHHasi aHeprusa, ME

/\

NpPoaYKTUBHASA
akckpeTbl | QHEPrUsi CylLlecTBoBaHUsi, EMR POAY
oHeprusi, PE
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SKCKpPETOPHas
aHeprud, EE

AHEPrnA aHeprus IHepruA QHEPIunA aHepruda
basanbHoro TepMmope- aKTUBHOCTW, NPOAYKT. | npoayKkuuu,
meTabonunama, rynsiumm, paboThl,
BMR Etr Ea Epa P

\ \ / /

kaTabonn3anpoBaHHasa aHEPrus
npupocT
Tenmno Brnomaccsl



var P/ME >x10

var PE/ME <=x2



Etr ‘— BiausHUE Ta HA opraHu3M  buosuepeemuxa

nmLwa
BOJIbLIAS QHEPIrusl, GEI
IKCKpeTOopHa4d
PETOP MeTabonmanpoBaHHasi aHeprusa, ME
sHeprud, EE

/\

NpPoaYKTUBHagA
akckpeTbl | QHEPrUsi CylLlecTBoBaHUsi, EMR POAYy
oHeprus, PE

aHepru4 3Heprus SHEPIUA aHepru4 aHepru4d
6asarnbHoro Tepmope- aKTUBHOCTW, NPOAYKT. | NPOAYKLUW,
MeTabonmama, rynsuvm, paborTb,
BMR Etr Ea Epa P

~ N / 7

KaTabonnsanpoBaHHasa AHEPrus
npupocT
TEenno Brnomaccsl



Opeanusm - Ta

Jlnanazon Ta Bozmyxa: +50°C ........... -50°C =
= DyHaaMeHTaIbHas XapaKTepUCTHUKA OMOC)EpHI.

C-B Eppazus ......... 100°C
KOHIO .......coeviiieill. 1-2°C



Opeanusm —Ta. Q.

Tenmora — 0CHOBa KWUHETUKHA XMMHYECKUX
IPOILIECCOB.

CornnacHo npasuiny Bant-I'odda: ko6 XeHapuk BaHT-Todch
18521852- 19111852- 1911,
ronnaHacknni852- 1911,

Q =K /K =2-3 111 OOJbIIMHCTBA  [QGHACKAR XVimuik,

10 t+10 t § nepsbit Naypear HoGenesckoi
A0MOTHUUYECKUX PEAKIU. ¥ MHOTHX KHBOTHBIXpcD@H@8umun (1901 ron)
mupokas Bapuanus Q , T.K. UX pepPMEHTATUBHASI AKTUBHOCTD
3aBUCUT OT Ta HEJIMHEHHO.

Tponmyeckue pactenus - Q.= 3, HO << npu 25°C;
Poibbr - Q,, {2.2.....10.9} mpu Ta {0°C...... 30°C};
Y onnoro oprannizma PASJIMYAETCS yckopeHue pa3HbixX

OMOXMMHYECKHX pEaKIMil B 3aBUCUMOCTHU OT Ta

TPAHULIBI TEMITEPATYPHOU YCTOUYNBOCTHU



Opeanusm — Ta. Q.

MoTtpebnexune O,

— T\ oX
10 20 30 T°C y ba

Cropoctb nporecca npu T, -[1 R,

—R =R . Q (T,-1,)/10
Cropoctb npouecca npu T, -[1 R, 2 71410

[Moxoune aKCnoHeHLUmarnbHble 3aBUCUMOCTU MONyYeHbl AN pagnoakTUBHOIO
pacnaga, pocTta v ap.



O
peanusm — Ta
. Q
10

y=b a*
log
y =
logb+x1
og a

R =R Q
=
Q. (T,-1,)/10
logR,=logR Q
T I(T2- T/l
0] lo
g
10



Opeanusm — Ta. Q.

4\0%Q\Q

pa
a2
o
=

— log R,

(T2-T1)/10
y=b a* — logy=1logb+xloga

—

R,=R,Q,, "™ "™ | logR =log R, +[(T2-T1)/10]log Q,,




Opeanusm — Ta. Q.

OTKIIOHEHHE OT MpexkHero Q, B apyrom nuanasone T°C

Log O,, Mxi/e * u

10 15 20 25 30 T°C

y=b a* logy=logb+xloga
_ T2-T1)/10 [
Rz_Rl QIO ( )

logR,=logR, +[(T2-TI1)/10] log Q,,



Opeanuzm — Ta. 1a Lim

TemneparypHbI€ IOPOTH KU3ZHU

*/I3MeHYHnBOCTH auana3oHa Ta
*/13mMeHeHne Ta-TOJIEPaHTHOCTU B TECUCHUE KU3HMU:
a) Bpemsi, npoBeaeHHoe npu limTa [ cnBur Ta-TonepaHTHOCTH;
0) pa3Hast Ta-ToaepaHTHOCTD JJI PA3HBIX CTAJIUM Pa3BUTHA.
*Onpeaenenue noporo (Lim) Ta:
Ta, mpy KOTOPOU OPraHu3M MOXKET BbIKUTh KAKOE-TO BPEMsI
N\ (OpraHu3M BBI)KMBAET B TECUCHUE HECKOJIBLKUX MUHYT, HO
norudaeT Mpyu MHOIOYaCOBOM BO3JICHCTBUM JJaHHOHU Ta);
Ta, mpy KOTOPOU OPraHru3M MOXKET IIPOUTHU BECH KUZHEHHBIU LIUKII;
*Hano noMHuTH, 4TO peub uaeT o Tb, KoTopas naneko He y Bcex ~= Ta.
a) Y MHOTHUX BOJIHBIX )KMBOTHBIX Tb ~= Ta;
0)HO y JaXe MOUKHJIOTEPMHBIX HA3€MHBIX ATO PABEHCTBO MOXKET HE
BBITIOJIHATCS. Y Harpetoit smepunbl Tb — Ta = 20°C;
B) Y TEIUIOKPOBHBIX MaJICHbKHE KojicOaHusi Tb UMEIOT MECTO MpH
OTPOMHOM JiHala3oHe BHEIIHMUX Ta (ApKTHKA — ITYCTHIHM)



Opzanuzm — Ta. Ta Lim

BepxHuil TeMOeparypHbIU IPEAE

*Hu 01HO KMBOTHOE HE MOXKET IPOUTHU BECh )KU3HECHHBIN LIUKJI
pu Ta > 50°C

*OHOKJIET. CHHE-3€JICHbIE BOAOPOCIM Synechococcus KHUBYT B
ropsituux ucrouHukax npu 73-75 °C (~= lim ans
(POTOCUHTE3UPYIOLINX OPTraHU3MOB)

*TepmodunbHbIe OaKTEPHUM B TOPSIYUX UCTOYHUKAX KUBYT IIPU
92 °C (~= Ta kuneHus1 Ha JaHHOU BBICOTE)



Opeanusm — Ta. 1a Lim

O0e3BOKMBAHME || TOBBIIICHUE YCTOMYUBOCTH K Ta (IIUCTHI,
CIIOpBI, CEMEHA):

JImunnku myxu Polypedium (Hurepusi) B BeICyIIeHHOM
COCTOSIHUM BBDKUBAIOT B T€ueHHUE 1-0v1 MUHYTHI Iipu 102 °C u

3aT€M MOTYT YCIICIITHO MTPOUTH METaMopP(oO3;

*fina pauka Triops (CymaH) B CyXOM HIJIE IIPOTrPEBAIOTCS 10
80°C. B mabopaTtopHbIX yCIOBUSX (MOBBIIIAIN TOUKY KUIICHUS 3a
CUET yBEJIMYECHUS P) KHU3HECTIOCOOHOCTH SIWI] COXPAHSIACH B
teueHue 16 dac npu 103°C (Ha 1°C Hmke Touku kuneHus ). Ipu

106°C rubnu 3a 15 MuH

TpyaHO TOYHO YCTAHOBUTH BEPXHUM IIPEJIETT KU3HMU. . .



Opeanusm — Ta. Ta Lim

OnpeneneHue JeTATBHBIX TEMIIEPATYP

~ MonHoe
npeacraBneHne — |
o Ta-

TONEPAHTHOCTU

06 BBIJKUBILINX

100

50

T°C

Jleranpnas Ta = LT, = Ta, npu koTtopou
50% xkuBOTHBIX morudaet, a 5S0% BBIKHNBAaeT.

T°C
LT,
1 8 yac

Bpems 10 rudeau 50% ocoden



Opeanusm — Ta. Ta Lim

LT, v npuuuHbl rHOEH Mpu meperpese

Y MHOTHX CI0KHO-OpraHHW30BaHHBIX *KUBOTHBIX Ta rudemu < 50°C,
OosbIIMHCTBO Noruodaet npu 42-43 °C (uro Huke Ta geHarypamnuu

OenKoB). Y aHTapKTUYECKOM pbIObI Trematomus, 4To )KMBET B BOJE

npu — 1.9 °C + 0.1, Ta rudemnu =6 °C. [

BAXXHO J1J19 IOHUMAHMSA ITPUYMH TEITIJIOBOW CMEPTHU!



g Opeanuszm — Ta. Ta Lim
[IprynHBI TEILUIOBON CMEPTH:

*Jlenarypaius oenkoB (45-55°C s psjga 0eJIKoB, HO 310 >>6°C -);

*/IHakTHuBaIysa PepMEeHTOB (AKTUBHOCTH ()E€pPMEHTOB
Trematomus yBenunuuBaecs ¢ poctoM Ta mo 30°C -);

*Hemocrarok O, (rubenb CXOMHBIX BUIOB MPU UCKYCCTBEHHOM
a’paly BOJIbI -);

*Pa3znuuus B Q1 o VI B3aNMOCBSI3aHHBIX pEaKIUn
(AL BLC L D....... nycte V(C [ID)> V(B LJC), Torna
BO3HUKHET HexBaTka C ~+);

*3mMeHeHne CTpyKTyphl MeMOpaH (u3MeHenue Ta [] n3sMeHeHue
KOH(pOpMaMi (PyHKIIMOHAIBHO aKTUBHBIX OEIIKOB U UX CBA3H C
OMMOJICKYJISIPHBIM CJI0EM JIMIIUAO0B [ | n3MeHeHue f-iiuu memopas; ?)



Opeanuzm — Ta. Ta Lim

HyoKHUK TeMIieparypHbIv Opeae

*PaccoracoBanue peakiuui, IMEIOLIHUX pasHbie Q

*MHakTuBanus GepMeHTOB (y TEILIOIFOOUBBIX JKMBOTHBIX U PACTCHUM )
* X0JIOJ0BOE TOPMOKEHUE AbIXaHUS [ ] aHOKCHS

*CTpYKTypHBIE U3MEHEHMS KJIETOK 1 TKaHeH (MMOBPEXKICHUE TKAHEH

JIbJIOM, 00€3BOKMBAHUE ITUTOIIA3MbI U YBEJINUYECHUE KOHIIEHTPAIIUU
COJIEN )



Opeanusm — Ta. Ta Lim
*CTpyKTypHBIE U3BMEHECHMS KJICTOK U TKaHEH

v

2 MEXaHHu3Ma Y JKUBOTHBIX M3 XOJOAHBIX U YMCPCHHbBIX 30H

IlepeoxiiaxkaeHue 3amopaxuBanue

(4yBCTBUTEIBHBI K (TOJIEpAHTHBI K

3aMOPaKUBAHUIO) 3aMOPaKMBAHUIO)
CHumxenue T )KHUAKOCTH Tena CnocoOHOCTh IEPEHOCUTH
HIKE TOYKM €€ 3aMep3aHus 0e3 oOpa3oBaHUE JIbJia B

oOpa3zoBaHUs JIbJIa OpraHU3Me



Opeanusm — Ta. Ta Lim




Opeanuzm — Ta. Ta Lim

AHTHUDOPUIBI

IyiMuepuH — €CTh Y MHOTHUX HACEKOMBIX.
A 1)3ammiaeT TKaHU OT IMOBPEXKICHUS JIbIO0M;
2) Ilonmxaet Ta 3amep3aHud [ > CTENEHb IIEPEOXTAKICHUS

YBenmueHme KOHUEHTpaUmn rnuuepuHa B XXUAKOCTSAX Tena nepeq s3uMomn
(y ocbl p. Bracon — 30%).

b ) I'nmkonporenasnl y peIO.
1)Camxarot Ta 3amep3aHust
2)O0ecneunBarOT IEePEOXIaKICHHOE COCTOSHUE



Opeanuzm — Ta. Ta Lim CeBepHbliii JIabpanop,

Koctucteie ppiobl C=400 MocMOIIB/ 1T

T 3amep3anusa = — 0.8°C
A 1) Camxenue T 3amep3aHus

2) Ilepeoxiiax1€eHHOE COCTOSTHUE
T T~ 7 T
g O )
= +5.0° S -1.73
~
O
=
—
-1.73° -1.73° JKCrepunmMmedTt
s ==«
4 )
|
h [ Al
1.0 1.0 15 ToC

VY pbIO, oOUTAIONMIMX 3UMOM B KOHTAKTE CO JIbJIOM OOJIbIIIe OCJIKOB B IJIa3Me, M1 OHH MPU TOH ke
T 3amepzanus (= -0.8°C), 4yTo U y TITyOOKOBOJHBIX PHIO, TOPMO3ST POCT KPUCTAJIIOB JIbJIA.



Opeanusm — Ta. Ta Lim

40d Anmugppu3d
3 300
[
=
Q
o
= 200
=
s
=

100pP

7 il?nonoaa

0 0,002 0,004 0,006 Q008 G010 0,012 0,014
Moau na 1xz H,0

BellecTBo co cBOMCTBaMU aHTUMPU3A, BblAENEHHOE U3 aHTaPKTUYECKOM PbibbI
Trematomus, B BOOHOM pacTBope C HEODbIKHOBEHHOW 30O EKTUBHOCTLIO NPENATCTBYET
obpasoBaHuio nNbaa. B pacyete Ha MONAPHYHO KOHLIEHTPALMIO 3TO BELWECTBO B COTHMU
pa3 adppeKTUBHEE, YEM MOXHO ObI10 Obl OXXMAaaTh (DeVries, 1970)

Mo ocn abcumnce — MonsnbHast KOHLEHTpaUKUs BeLLeCcTBa, No OCU OpANHAT — KaxyLlasics

OCMONSANbHAasA KOHLEHTPaLUUs, BbIYMCIIEHHAs MO CHUXXEHMIO TOYKM 3amep3aHust
pacTBopa.
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['muxonporenn Trematomus
(2 amuHokucriomsl u Oucaxapuo):.

AMAHVH  23% TPEOHUH 16%
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AONCAXAPNA

BrICOKOMOJIEKYIJISIpHBIE aHTU(DPU3bI OOHAPYKEHBI Y MHOTHX PbIO U3 11
OTIAICHHBIX ceMeUCTB. CyIIECTBEHHBIE PA3INYUs B CTPYKTYpe aHTU(HPU30B!
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DU3MOJIOTUYECKHE AJaNTALIMU K TIEPEMEHE TEMIIEPATYPHI

BoszaelictBue cyoneranbHon Ta azarnraius K JetajabHou Ta

1) 3uMMa-7eTo: B 3TH CE30HBI - Pa3HAS YCTOMYMBOCTh K MUHUMAJIbHBIM 1
MakcuMalibHbIM Ta. Takoe n3amMeHeHeHue Ta-ToJIepaHTHOCTU ITPU U3MEHEHUN
BHEITHUX ycJ0BUK Ha3biBaeTCa AKKIIMMATU3AIIMEN wunum

AKKJIMMAIIMEH, ecu 3TOT mporiece CMOEIHPOBAH B JIa00PATOPHH.
(Ta, BnaxxHocth, pO,, THIIA U JIp.).
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CKOpOCTh aKKJIMMAaIuH
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Tzc. 7.15. B Bome ¢ mocratoumbiM  cOAeprKaHHeM Kucaopoma (/) rteMmmepartypmas
:¥RIMMalius coMuKa Ictalurus npoucxomuT 3a 24 u; IPH HH3KOM KOHIleHTpauuu O

3 g
[I) akgauMauus upet kKpaine megmenno. (Fry, 1947.)

[pyrue dakTopbl: BO3pacT, pa3mMepsbl, kadyectso Boabl, POTOIMNEPNOL...
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MakcuMaibHBIN AHUAIIA30H TOJICPAHTHOCTHU

CIruronHast IMHUSA O4€PUYNBACT
IMOJIHBIM JIMana3oH Ta-ToJIepaHTHOCTH
' (o
o | 3010T0M priOKH (Fry et al., 1942).
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TemnepatypHas TOJIEPAHTHOCTh PAa3JHYHbIX NPECHOBOMHBIX
M MODCKHX PbI0, BbIpaxKeHHash B rpajycax B KBajparte
(o0bsicHenne cM. B Tekere). Jlasa cpaBHeHuss B Tabiauny
BKJIIOYEH OMap

o i
3omoras peibka (Carassius auratus) 12201)
Comux Ictalurus nebulosus 11621)
Kanudopuuiickas rupemna (Girella nigri-
cans) 8002)

Menunpua (Menidia menidia) 7158)
Kamb6ana Pseudopleuronectes americanus 6853)
Amepuxanckas namus (Salvelinus fontinalis) — 625%)
Uraobpiox (Spheroides maculatus) 5503)
Kera (Oncorhynchus keta) 4681)
Owmap (Homarus americanus) 8305)

1} Brett, 1956.

2) Doudoroff, nur. no McLeese, 1956.

8) Hoff, Westman, 1966.

4) Fry et al., 1946,

5) McLeese, 1956.
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T -xomIieHCaIs ¥ KHTEHCUBHOCTD METa0O0IH3Ma.
[IpaBuiio KOMIIEHCALIUN
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Puc. 7.16. IlpeamosaraeMoe H3MEHEHHE HHTCHCHBHOCTH oOMeHa (moTpe6/eHust Kuc-
Jopoia) y Ppebbl, akKJIHUMHPOBaHHOH X Temmepatype Boie 5°C (a). Ilpm mnocie-
AYIOIeH akkJIuMalud Tako#d puibbl K 25 °C H3MEeHEeHHe HHTENCHBHOCTH oOMeHa B Cly-
yae INOJHON KOMIEHCALMH OHUCHLIBACTCA NMPAMOH 6, a IPH MOJHOM OTCYTCTBHH KOMIEH-
calil — NyHKTHpHO# Jauuuelt o, Illkana mo ocu opauHar JoraprdmmuyecKas,
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5 (5) Oépamelfl aghperm .
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Jozapupm nompebnenust 0,

Temnepamypa

BapuaHTbel NpoTeKaHUSA IIPOLIECCOB KOMIIEHCAIIUHU TIPU
nU3MeHeHuu 1a ot T1 110 T2
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TemneparypHas YCTOWYHUBOCTE JKUBOTHbIX

| eneTnuecKue pa3anyans Ce30HHBIC 3MEHCHUSI
(~CBsI3aHHBIE C UX reorpapuueCcKum (aKKJIMMATH3aLKs WK
pacrpoCTpaHeHHEM) aKKITMMAaLus)

% @ HO He u3MeHsroTCA

I'CHCTHYCCKHNUC I'DAHHUIIBI






Research Summary
last updated by G. A. Bartholomew in 1989 and slightly updated in 2006 by Bruce
Bartholomew

I have attempted to combine laboratory and field studies of ecologically relevant aspects of the physiology and behavior of
animals which are exposed to unusu-ally demanding aspects of the physical environment or which represent an extreme of
specialization for the group. My area of scientific concern lies at the interface between physiology, behavior, and ecology.

I have concentrated my research in three environmental settings--deserts, oceanic islands, and tropical
forests and savannahs. Because of the variety of taxa I have studied and the contrasting properties of the
environmental settings in which I have worked, I have acquired a broadly comparative point of view which
has allowed me to delineate both convergences and differences in the ways which dissimilar organisms meet
similar problems. This in turn has afforded insights into the functional, ecological, and evolutionary aspects
of adaptations.

My research interests have led to groups of publications on each of the following topics: (1) photoperiodic
control of reproduction in birds, mammals, and reptiles; (2) reproductive cycles in mammals; (3) cardiac,
respiratory, and metabolic studies of large reptiles; (4) water economy, electrolyte excretion, and respiration
physiology in birds and mammals; (5) energetics of locomotion in mammals, birds, reptiles, and insects; (6)
hibernation and estiva-tion in birds and mammals; (7) reproductive and social behavior in a variety of
terrestrial and marine birds and marine mammals; (8) distribution and population dynamics of seals and sea

lions; and (9) heat production, energetics, and locomotor behavior of insects



Knut Schmidt-Nielsen

Born in TrondheimBorn in Trondheim, NorwayBorn in Trondheim, Norway. He was educated in OsloBorn in Trondheim,
Norway. He was educated in Oslo and CopenhagenBorn in Trondheim, Norway. He was educated in Oslo and Copenhagen.
He became a student in the laboratory of August KroghBorn in Trondheim, Norway. He was educated in Oslo and
Copenhagen. He became a student in the laboratory of August Krogh in Copenhagen in 1937. Schmidt-Nielsen moved to the
United StatesBorn in Trondheim, Norway. He was educated in Oslo and Copenhagen. He became a student in the laboratory
of August Krogh in Copenhagen in 1937. Schmidt-Nielsen moved to the United States, where he studied at Swarthmore
CollegeBorn in Trondheim, Norway. He was educated in Oslo and Copenhagen. He became a student in the laboratory of
August Krogh in Copenhagen in 1937. Schmidt-Nielsen moved to the United States, where he studied at Swarthmore College,
Stanford UniversityBorn in Trondheim, Norway. He was educated in Oslo and Copenhagen. He became a student in the
laboratory of August Krogh in Copenhagen in 1937. Schmidt-Nielsen moved to the United States, where he studied at
Swarthmore College, Stanford University, and the University of Cincinnati College of MedicineBorn in Trondheim, Norway.
He was educated in Oslo and Copenhagen. He became a student in the laboratory of August Krogh in Copenhagen in 1937.
Schmidt-Nielsen moved to the United States, where he studied at Swarthmore College, Stanford University, and the
University of Cincinnati College of Medicine.[2]

Schmidt-Nielsen published over 275 scientific papers, received the International Prize for Biology and wrote the authoritative
text on animal physiology. Schmidt-Nielsen is widely recognized as having made significant contributions to
ecophysiologySchmidt-Nielsen published over 275 scientific papers, received the International Prize for Biology and wrote
the authoritative text on animal physiology. Schmidt-Nielsen is widely recognized as having made significant contributions to
ecophysiology. He has been referred to as "the father of comparative physiology and integrative biology"[3]Schmidt-Nielsen
published over 275 scientific papers, received the International Prize for Biology and wrote the authoritative text on animal
physiology. Schmidt-Nielsen is widely recognized as having made significant contributions to ecophysiology. He has been
referred to as "the father of comparative physiology and integrative biology"[3] and "one of the all-time greats of animal
physiology".[4]Schmidt-Nielsen published over 275 scientific papers, received the International Prize for Biology and wrote
the authoritative text on animal physiology. Schmidt-Nielsen is widely recognized as having made significant contributions to
ecophysiology. He has been referred to as "the father of comparative physiology and integrative biology"[3] and "one of the
all-time greats of animal physiology".[4] He came to Duke UniversitySchmidt-Nielsen published over 275 scientific papers,
received the International Prize for Biology and wrote the authoritative text on animal physiology. Schmidt-Nielsen is widely




Scholander, Per Fredrik (Thorkelsson) (Norway- United States 1905-1980)
physiological ecology

Physiologist Scholander became well known for his field and experimental studies on both
animals and plants, especially those living in extreme ecological conditions. | cannot do
better to describe his work here than to quote directly from the online publication 1986,
University of California: In Memoriam:

"A list of his achievements in animal and plant physiology is long. He anticipated and
discovered that hemoglobin could facilitate the diffusion of oxygen and suggested that
myoglobin may function in a similar capacity in muscles. He largely explained how the
counter flow of arterial and venous blood in the rete mirabile of the swim bladder of some
deep sea fishes could maintain a large difference in oxygen and nitrogen with respect to their
partial pressures in sea water. He also found one of the clues to attaining the high oxygen
pressure in the swim bladder. By direct measurement, he confirmed the cohesion theory of
transpiration in tall trees, mangroves and desert shrubs. He came to understand the turgor
pressure in plant cells must be attributed to pressure exerted by the solutes in the cytosol
rather than to intracellular water, the orthodox view. This led to further challenge of the
orthodox view of osmosis and osmotic pressure. He enlightened us on such varied subjects
as: the role of insulation and metabolism in polar birds, mammals and man exposed to cold;
freezing survival in polar insects and freezing avoidance in polar fish; paleoatmospheres
preserved in gas bubbles entrapped in glacial ice; the cardiovascular adjustments during
diving in marine mammals; and how porpoises ride the bow waves of ships.



CJ1IOHNM Abpam oHoBuu (1903, [NeTpoBck-INopTCIOHNM Abpam doHoBud (1903,
[MeTtpoBck-INopT darectaHckomn obn. — 1973, PpyH3e)

domsuonor. [1-p meq. Hayk (1939), npod. (1940). B 1924 okoH4un 6uorn.
do-T JleHuHrp. yH-Ta, B 1926 — VIH-T Meq. 3HaHU
(J'IeHMHroaucbmsmonor [-p men. Hayk (1939), npod. (1940). B 1924
OKOHYUI 6mon. d-T JIEHMHrp. YH-Ta, B 1926 — VIH-T Meq. 3HaHUI
(NeHnHrpapn). B 1926—-33 Hayy. coTp. BUOM, B 1940-50 3aB.
OpraHM3oBaHHOW UM Kadbeapbl HOPM. U3NoNorMn Kuprmsckoro mea.
NH-Ta, B 1950-65 3aB. nab. NH-Tta pusmnonorun um. W.MN.Masnosa AH
CCCP, B 1972-73 3aMm. gup. no Hayke VH-Ta ousnonormum n akcnepum.
naTonornun Beicokoropbst AH KuprCCP. OcH. Hay4. paboTbl NOCB.
npobnemam pusnonornu Tpya. AeATENbHOCTU, MEXaHU3MaM
pednNeKTOPHON perynaumm KpoBoobpallueHusi, TenoodpasoBaHus,
noBeaeHNsa opraHn3moB, akosornn.Cou.: 2)KnBoTHas Tennorta n ee
perynsuus B opraHmame mnekonurtatowmx. M.—J1., 1952; OCHOBbI
obuien akonoruveckom dpusumonornn mnekonutarowmnx. M.—J1., 1961;
Cpena n nosegeHne: dopMnpoBaHMe aganTUBHOIO noseaeHus. Jl.,
1976; LinpkagHbint putmM on3nonorn4ecknx npoLeccos 1 TpygoBas
O0eATenbHOCTb Yenoseka. PpyH3e, 1976.




Hukonan ViBaHoBuY KanabyxoB

"MeTO,DMKa JKCNnepnmMmeHTalribHbIX VICCHe.D,OBaHVIVI Mo 3KONOrmm HaseMHbIX NMO3BOHO4YHbIX”
CoBeTckas Hayka, 1951 - Bcero cTpaHuu: 175

B Hayane 30-x rogoB npotunoro Beka Hukonan UBaHoBuY npogomkun paboty B nabopatopumn akonormm
UHctutyTa 3oonorum MY y Bnagnmmnpa Bnagummposuya AnnatoBa, BO3BpaTUBLLUCH K UCCreaA0BaHUAM
CNAYKM M aHabuno3a XMBOTHbIX. 3aecb KanabyxoB npoBoaun akcnepuMeHTbl HA HAaCeKOMbIX, pbibax,
3eMHOBOAHbIX, MPECMbIKAIOLWMXCA U MITIEKONUTAIOLLUX.

Tak, Hanpumep, Hukonan UBaHoOBMY OOHapyXWUN BNUSIHUE coAepXXaHUA aCKOPOMHOBOW KUCNOTbLI HA OOMeH
BeLWeCcTB Y CYyC/IMKOB U BO3HUKHOBEHMUE Y HUX fleTHeun cnsavku. OH pa3paboTan MmeToaMKy NOoCTEeNeHHOro
oxnaxaeHus n nepexoaa B aHabMo3 NeTyuYmMx Mbilen, OTKPbIS BNMSAAHUE HU3KMUX TeMnepaTyp Ha napa3suToB
B KPOBM NOAOMNbITHLIX XXWBOTHbLIX (3TU pe3ynkTaThbl Ob1M onyb6nuMkoBaHbl B «Nature») U caenan BbiBoa 06
YCNOBHOM 3Ha4Y€HUU TePMUHA «XOI040BOK aHabno3» Ans No3BOHOYHbLIX. B pe3ynbraTe
3KCNepuMeHTarbHbIX UCCeaoBaHUU UM Obi caenaH BbIBOA, YTO NPUHLUIMOM KPUOKOHCEpBaLmu
OpraHM3MoB AOJMKHO ObITb CTeKNoBaHue (BUTpucukaums), a He Kpuctannmsauus. Cenyac aTor meton
aKTMBHO UCNOSb3yeTCA B MeAULMUHE U Aaxe AN COXpaHeHUs YernoBeyeckoro amé6pmoHa. OgHOBpeMEHHO
Hukonan UBaHOBMY nccnenyeT aganTauuio XXMBOTHbIX K YCITOBUSIM BbICOKOrOpbS, BO3pacTHble U3MEHEeHUs
CTPYKTYpPbl U KONIM4ECTBA KPaCHbIX KPOBSIHbIX Tenew n MHorne apyrve oyHKUNOHaNbHble MeXaHU3Mbl
apantauuum. MNMo3sxe B 1970 roay B JloHaoHe Hukonan MBaHoBWY no3Hakomutcs ¢ Oapu CMuT n
COTpyAHMKaMU eé nabopaTopumn, KOTopble U3yvanu U3MEHEHUA B opraHax U TKaHAX YyerioBeKka npu
nepeoxnaxaeHum n BO3MOXHOCTb XONI040BOM KOHCepBaLMu Ans nepecagku opraHoB U TKaHen nNpu
HecYacCTHbIX Crny4yasix U Xupypruyeckux onepaumsx.

B koHue 1936 r. cnoxuslummnca y4yeHbin H.U. KanabyxoB onpaBnsietcsa B JIeHUHrpaackum yHMBepcuTeT no
npurnaweHuto flaHumna Hukonaesu4a KawkapoBa Ha Kacdheapy 300510rmm Nno3BOHOYHbIX 6uodaka.



