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IlpHso;a;.sITCSI pe3yJihTaTbI HCCJie;a;osaHffj( MopcpocpH3HOJIOrH'leCKOH H3MeH'IHBOCTH pb16 (Ha npHMepe CHra 

Coregonus lavaretus), o6HTaJO~Hx B ycJIOBffj(X ;a;nuTeJihHOro npOMhIIIIJieHHoro 3arpSI3HeHffj( cy6apKTH'le

cKoro 03epa. IloKa3aHO CTaTHCTH'leCKH AOCTOBepttoe yseJIH'leHHe HH;a;eKCOB cepAn;a, ne'leHH, DO'leK, 

)l(a6p H ynHTaHHOCTH pbI6, KOTOpbie coxpaffj(JOT DOBhIIIIeHHhie 3Ha'leHffj( B Te'leHHe DOCJieAHHX 20 JieT . 

,U;aeTCSI aHaJIH3 npOHCXO~~ H3MeHeHHH c HCDOJlb30BaHHeM 6HOXHMH'leCKHX AaHHhIX. Ha OCHOBe H3Y

'leHHSI ;JJ;HHaMHKH reMaTOJIOrH'leCKHX DOKa3aTeJieli npHBOAHTCSI xapaKTepHCTHKa pa3BHTffj( TOKCHKOJIOrH

'leCKOro npon;ecca pb16. B COOTBeTCTBHH c KOHn;em:i;Heli c.c. Illsapn;a .i:i;aeTCSI. 06'bSICHeHHe aAaDTHBHbIM 

nepecrpo"AKaM, CBSl3aHHbIM c yseJIH'leHHeM ypOBHSI. MeTa60JIH3Ma H M06HJIH3an;Heii 3a~HTHhIX cpyHKD;Hli 

opraHH3Ma. CcpopMHposaHo npeACTaBJieHHe o ";a;onoJIHHTeJihHOH aHepreTH'leCKOH nnaTe" Ha ;a;eTOKCHKa

n;uro, KOTOpaSI. MO)l(eT onpe.i:i;eJISITb MOpcpocpH3UOJIOrH'lecKyJO H3MeH'IHBOCTh pb16 B cospeMeHHbIX ycno

BHSIX 3arpS13HeHffj( BO.IJ;. 

K.mo~e6bte C/I06a: MOpcpocpH3HOJIOrH'leCKHe HHAHKaTOpbI, TOKCH'IHaSJ. Harpy3Ka, 3a~HTHbie cpyHKD;HH, 
"aHepreTn'lecKaSI nnaTa". 

B COOTBeTCTBHH c KOHQeilWfeH c.c. llisapQa 
(1958, 1980) mo6oe H3MeHeHHe ycJIOBHH )KH3HH )KH
BOTHbIX npSIMO HJIH KOCBeHHO CBSI3aHo c H3MeHeHHeM 
3HepreTuqecKoro 6anaHca, qTo HeHJoe)KHO npuso
;a;nT K COOTBeTCTBYIO~HM MopcpocpyHKQHOHa.JlbHbIM 
c;a;suraM (ysenuqeHne OTHOCHTeJihHhIX pa3Mepos 
cep;a;Qa, noqeK, IIOBbIWeHHe KOHQeHTpaQHH reMO
rJIOOHHa B KpOBH H ;a;p.). IlpH H3MeHeHHSIX B o6pa3e 
)KH3HH, KOTOpbie CBSI3aHbl c o6HTaHHeM B 6onee cy
poBOM KJIHMaTe, unu s ycnosHSIX noHIDKeHHoro aT
MoccpepHoro ;a;asneHHSI, HJIH )Ke Tpe6y10~HM secTu 
6onee aKTHBHblH o6pa3 )KH3HH, T.e. B JIIOOblX 3KC
TpeMaJibHbIX ycnoaHSix, )KHBOTH1>1e HeCYT 6onhwHe 
3HepreTHqecKHe 3aTpaTbl. 3aKOHOMepHOCTH no;a;o6-
Horo xapaKTepa Bbipa)KeHbl CTOJib oTqeTJIHBO, qTo 
OHH B03BO;JJ;SITCSI B paHr "3aKOHOB". Cnoco6HOCTb no
BbIWaTh 3HepreTnqecKHH o6MeH ;a;m1 BhI)KHBaHHSI a 
CTpeCCOBOH CHTyaQHH Bbipa6oTaHa y )KHBOTHbIX B 
npoQecce 3BOJIIOWfOHHOro pa3BHTHSI H SIBJISieTCSI 
Ba)J{Heiimeif ux npea;a;arrTaQneii K H3MeHeHHIO yCJio
BHH cpe;a;h1 (lliaapQ, 1980; .H6noKos, IOcycpoa, 1981; 
EuroH H ;a;p.,1989; rpaHT, 1991). 

MeTo;a; MopcpocpHJnonoruqecKux nH;a;nKaTopos 
KaK O;JJ;HH H3 MeTO;JJ;OB OQeHKH a;a;anTHBHOH peaKQHH 
opraHH3MOB 6onhrny10 norrynsrpHOCTh B uccne;a;osa
HHSIX npuo6pen B 60-e ro;a;bI B CBSI3H c pa3BHTHeM 
u;a;eH C.C. ffiBapQa (lllsapQ, 1958; 1980; lllaapQ H 
;a;p., 1964) 06 3KOJIOruqeCKHX 3aKOHOMepHOCTSIX MH
Kp03BOJIIOQHIJ. B 3Konoruu pb16 rrosraunuch pa6o
ThI, CBSI3aHHble c u3yqeHHeM H3MeHqHBOCTH HH;a;eK
COB opraHOB B pa3JIH'IHbIX ycJIOBHSIX (CMHpHOB H ;a;p., 
1972; ,IJ.o6pHHCKaSI, 1964 a, 6; EmKKO, 1969; EpychI-
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HHHa, 1971). Hawe HayqHoe HanpaBJieHue, CBSI3aH
Hoe c u3yqeHHeM BJIHSIHHSI 3arpSI3HeHHSI Ha pbIO, WJIO 
B nepuo;a; BhICOKOH norrynSipHOCTH u;a;eli C.C. lllsap
Qa s 70-x ro;a;ax. MbI ucxo;a;unu H3 cne;a;yIOJWfX npe;a;
IIOJIO)KeHuH:: 1) aHTPOIIoreHHOe 3arpS13HeHHe BOil: co-
3;a;aeT "3KCTpeMaJibHOCTb" ycnosmI o6uTaHHSI ;a;nSI 
)J(HBblX opraHH3MOB; 2) TOKCHqHbie Be~eCTBa SIBJISI
IOTCSI ;a;orroJIHHTeJibHOH Harpy3KOH Ha opraHH3M H 
crroco6HbI H3MeHSITh ypoBeHb MeTa6oJIH3Ma; 3) ;JJ;JISI 
Bbl)KHBaHH.sI B HOBbIX ycJIOBHSIX TOKcuqHoro 3arpSI3-
HeHHSI BO;a; OCOOH HecyT 3HepreTuqecKHe 3aTPaTbl no 
;a;eTOKCHKaWfH, qTo ;JJ;OJI)KHO OTpa3HTbCSI Ha HX MOp
cpocpH3HOJIOrnqecKHX IIOKa3aTeJISIX. 

Cne;a;yeT OTMeTHTh, qTo )KH3Hh B ao;a;oeMax BOT
nuque OT Ha3eMHhIX ycnosuli xapaKTepu3yeTc.s1 
6onhmeli 3asucnMoCThIO ru;a;po6noHTOB OT cpaKTO
pos cpe;a;bI B cuny BbICOKOH ponu B BO;JJ;HbIX 3KOCHC
TeMax npoQeccoa 3KonoruqecKoro MeTa6oJIH3Ma u 
6onbJIIeH HHTeHC.HBHOCTH pacnpocrpaHeHHSI 3arp.S13-
H.sIIO~Hx ae~ecrs (IlaTHH, 1979). B npe;a;ucnosuu K 
KHHre B.C. CMHpHOBa H ;a;p. (1972) c.c. lllaapQ OT
MeTHJI, qTo pbIObl .sIBJISIIOTC.sI u;a;eanbHbIM 061>eKTOM 
u3yqeHHSI 3aKOHOB, ynpaBJIHIO~HX H3MeH'IHBOCTbIO 
opraHH3Ma. 

B 1978-1979 rr. Ha rrpuMepe cy6apKTnqecKoro 
03. MMaH;a;pa, KOTopoe c 40-x ro;a;oa 3arpH3HHJIOcb 
CTOKaMH Me;JJ;HO-HHKeJieBoro H arraTHTO-HecpeJIHHO
Boro rrpou3so;a;cra, no3;a;Hee rro;a;orpeThIMH ao;a;aMu 
A3C, a TaK)Ke X030bITOBbIMH CTOKaMH, Mbl rrpoBeJIH 
HCCJie;a;osaHne H3MeHqHBOCTH HH;JJ;eKCOB BHyTpeHHHX 
opraHOB (oTHomeHne seca opraHa K secy TYIIIKH) H 
reMaTonoruqecKux noKa3aTeneli cura (Coregonus 
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lavaretus), 06HTa10~ero B yCJioBH.si:x, pa3Jrnqa10~x
c.si: no xapaKTepy H HHTeHCHBHOCTH 3arp.sI3HeHHSI. 
EbIJIO AOKa3aHo, qTo npu xpoHHqecKOM B03AeikT
BHH Ha pbIO TOKCHqHblX KOMnOHeHTOB B npupOAHblX 
BOAoeMax npoHCXOAHT yeenHqeHHe OTHOCHTenbHOH 
MaCCbl opraHOB (MoHceeHKO, 1984, 1992). Ha OCHO
ee 3THX pe3ynbTaToB ObIJIO e<PopMHpoeaHo npeA
CTaeneHHe 0 3aKOHOMepHOCT.sIX TOKCHKOJiornqecKO
ro npoQecca H BbICKa3aHo npeAnono)l{eHHe 06 
"3HepreTHqecKOH nnaTe" Ha AeTOKCHKaQHIO H Bbl
)l{HBaHue e yCJioBH.sIX xpoHHqecKoro 3arp.si:3HeHHSI 
BOAOeMOB (MoHceeHKO, 1992, 1997). 

11cXOA.sI H3 ccpopMHpoBaHHOH runoTe3bl H Heo6-
XOAHMOCTH ee npoeepKH c yqeTOM ecex cpaKTOpOB, 
KOTOpbie MOrJIH nOBJIHSITb Ha AOCTOBepHOCTb pe-
3YJibTaTOB H OOOCHOBaHHOCTb BbIBOAOB, cnyCT.si: noq
TH 20 neT (1996-1997 rr.) ObIJIH npoeeAeHhI noeTop
Hbie AeTaJibHeHIIIHe HCCJieAOBaHHSI MOpcpocpH3HOJIO
rHqecKHX noKa3aTene:H nonyn.si:QHH cura B Tex )Ke 
pa:HoHax. 3arp.si:3HeHHe BOA e 3TOT nepHOA 6hmo 3Ha
qHTeJibHo HH)l{e BCJie)l;CTBHe o6~ero 3KOHOMHqec
Koro KpH3HCa H COKpaI.QeHHSI npOH3BO)l;CTBa Ha rop
HO-MeTannyprnqecKHX npeAilPHSITH.sIX. 

ELma nocTaeneHa Qenb - BbI.sIBHTb xapaKTep H 
ycroiiqHBOCTb aAanTHBHbIX MopcpocpH3HOnornqec
KHX H3MeHeHHH; npoaHanH3HpOBaTb OTBeTHbie pe
aKQHH opraHH3Ma pbIO Ha TOKCHqHyIO Harpy3KY H ee 
CHU)l{eHHe; AaTb nOHHMaHHe MexaHH3MaM Bbl)l{HBa
HHSI e aHTponoreHHO H3MeHeHHbIX yCJIOBH.sIX B ceeTe 
KOHQenQHH C.C. IlleapQa 

K HaCTOSII.QeMy epeMeHH 3aeepmeHbI H .n;pyrHe 
HCCJie.n;oeaHHSI no cHraM 03. 11MaH.n;pa, pe3yJILTaTbI 
KOTOpbIX HeOOXOAHMbl An.sI o6c~eHH.sI H nOHHMa
HHSI npuqHH H MeXaHH3MOB MOpcpocpH3Honoruqec
KOH H3MeHqHBOCTH pb16: Bbl.sIBJieHhI 3aKOHOMepHoc
TH pa3BHTHSI TOKCHKonornqecKoro npoQecca opra
HH3Ma Ha ocHoee reMaTonoruqecKHX noKa3aTene:H 
(MouceeHKO, 1998), AaHa xapaKTepHCTHKa naTono
ru:H pbIO c HCilOJib30BaHHeM rHCTOnoruqecKHX .n;aH
HbIX (MouceeHKO, JlyKHH, 1999) H u3yqeHbl H3MeHe
HHSI Ha OHOXHMnqecKOM ypoeHe (KHpHnIOK, CMHp
HOB, 1993; CMHpHOB, KHpHnlOK, 1994). 

MATEPMAJI 11 METOAhl 

0CHOBY pa60Tbl COCTaBHJIH MaTepHanbI no MOp
cpocpH3HOnOrHqecKHM IlOKa3aTeJISIM MaJIOTblqHHKO
BOro cura - Coregonus lavaretus. PoA curoBhIX pb16 
3aHHMaeT AOMHHHpy10~ee nOJIO)KeHHe B pbIOHOH 
cpayHe MHOrHX BOAOeMOB ceeepHbIX perHOHOB MHpa. 
Cnara10~ue ero BH.D;bI .si:en.si:10Tc.si: noJIHMopcpHbIMH, B 
pa3JIHqHblX eo.n;oeMax cnoco6Hbl o6pa30BbIBaTb 
MHoroqucneHHbie cpopMbI H pacb1. 3To yKa3LIBaeT 
Ha 3BOnlOQHOHffYIO MOnO.D;OCTb H BbICOKYIO nnacruq
HOCTb CHrOBbIX pbIO (PemeTHHKOB, 1980). BMeCTe c 
TeM OHH y3KO aAaDTHpoeaHbI K cy~ecreoeaHHIO B 
ycJIOBHSIX XOJIO)l;HOr o KJIHMaTa - OKCHcpHJibHbl H xo 
JIOAOnlOOHBbl, CTeHOOHOHTHbIH xapaKTep o6yCJIOB
JIHBaeT BbICOKYIO Tpe6oBaTenbHOCTb K KaqeCTBY BOA 
u 6b1crpy10 ux p eaKTHBHOCTb Ha H3MeHeHHe 3Konoru-

qecKoii o6CTaHOBKH e BOAOeMe. C OAHOH cropoHbI, 
AaHHbie BHAhl y.sI3BHMbI K aHTPOnoreHHo:H Harpy3Ke, c 
Apyro:H - cnoco6HhI 6b1crpo BffAOH3MeHSITbC.sI H a.n;an
THpoeaTbCSI K H3MeHSIIO~MCSI yCJIOBHSIM cpeAbI. 

Tpe6oeaHH.sIM An.si: HccneAOBaHHii no oQeHKe B03-
AeHCTBHH 3arp.si:3HeHHSI Ha pb16 OTBeqaJOT B 6onb
meli CTeneHH 6eHTOcparH, KOTOpbie He COBepmaIOT 
6oJibIIIHX MHrpaQHH, ~o no3Bon.si:eT nonyqaTb Mac
COBbIH MaTepHaJI no H3MeHeHHIO cpH3HOJIOruqeCKHX 
noKa3aTeneii c IlpHB.sI3KOH K ypoBH.sIM 3arpS13HeHHSI B 
npeAenax apeana 06uTaHHS1 nonynS1QHH. Ha 03epe 
11MaHApa 6bIJIH BhIAeJieHbI CJieAyIO~e 30HbI no 
CTeneHH 3arpS13HeHH.sI BOA TOKCHqHblMH Be~eCTBaMH 
(l:C;/IIAK;): I) BbICOKHe A03bl (20-500), II) xpoHH':le
CKHe (3-20), III) HH3KHe (1-10), a TaK)l{e 30HbI IV) 
B03.n;eiiCTBHe noAorpeTbIX BOA A3C (~t 3-8°C) H V) 
ycJIOBHbIH KOHTpOJibHbIH yqacTOK, rAe ypoBeHb 3a
rpS13HeHHSI npu6nH)KaJICSI K 3HaqeHHSIM IIAK. 

PL16 B BbIAeJieHHbIX 30Hax oTnaBJIHBanu craH
AapTHbIM Ha6opoM AOHHbIX CeTeii AJIHHOH 25 M H Bbl
COTOH 1.5 M. B 1978-1979 rr. ObIJIH Hcnonb30BaHbI 
ceTH c pa3MepoM gqeu 36-40 MM; B 1996-1997 rr. -
Ha6op ceTeii (npOH3BOACTBO Lundgren Fiskered
skapsfabrik AB, IllBeQHSI) c Sfqee:H 10, 12.5, 16.5, 22, 
25, 30, 38 H 46 MM H3 HeHnOHOBoro MOHOcpenaMeHTa. 
3To no3BOJIHJIO oxBaTHTb 6onbIIIee qucno pa3Mep
HbIX rpynn. reMaTonoruqecKHH aHaJIH3 npOBOAHnH 
Ha )l{HBOH pb16e no MeTOAHKe 0 .H.KpbIJIOBa (1974). 
Ilo KJIHHHqecKHM H naTOJioroaHaTOMHqecKHM CHMil
TOMaM OTMeqanHCb IlpH3HaKH HHTOKCHKaQHH pbI6 H 
naTonoruqecKHX H3MeHeHHH B opraHH3Me. Ilocne 
o6pa6oTKH pb16 no o6~e6uonornqecKoii cxeMe 
(IlpaBAHH, 1966) npoBOAHn OCb B3BeIIIHBaHHe opr a
HOB ()l{aOpbI, neqeHb, noqKH H cepAQe) Ha 3JieKTPOH
HbIX Becax c TOqHOCTblO AO 0.05 r. 

11HAeKCbl opraHOB onpeAemIJIH KaK OTHOllleHHe 
HX eeca K TYlIIKe pbIObI, qTo HCKJIJOqano BJIHSIHHe 
TaKHX BapHa6enbHbIX cpaKTOpOB, KaK CTeneHb Ha
nonHeHH.sI )l{enyAKa HAP· YnuTaHHOCTb onpeAen.si:nH 
no KJiapK (Bee TYIIIKH K AJIHHe pb16b1). AaHHbIH no
Ka3aTeJib pb16 B nocne.n;HHe ro.n;b1 nonyqun Hoeoe 
lIIHpOKOe npHMeHeHHe B 3KOTOKCHKOnoruqecKHX 
HCCJieAOBaHHSIX IlOA Ha3BaHHeM "HHAeKC COCTO.sIHHSI 
opraHH3Ma" (Adams, Ryon, 1994). CTaTHCTH':lecKaSI 
o6pa6oTKa AaHHblX Benach Ha nepCOHaJibHOM KOM
IlblOTepe " Digital" no rraKeTy STA TISTICA npu
KnaAHbIX nporpaMM cpHpMbl " StatSoft Inc." 

PE3YJih TA Thi 11 11X OECY)l(AEHl1E 

Ecmecm6e1-t1taR 6apua6eAbftOCmb 
.MopcjJocjJu3uoA02ut.tecKux noKa3ameAeu 

IlpH H3yqeHHH BnHSIHHSI 3arp.si:3HeHHSI Ha Mopcpo
cpH3HOnor uqecKHe noKa3aTeJIH pb16 He06XOAHMO 
AOCTaToqHo crporo n OAXOAHTh K HAeHTHqHo CTH 
cpaBHHBaeMbIX rpynrr H HCKJIJOqHTb eCTeCTBeHttylO 
eapHa6eJibHOCTb noKa3aTeneii, KOTOpa.si: MO)l{eT 3a
BHCeTb OT 3HAOreHHbIX (B03paCT, non, 3peJIOCTb ro
HaA) H 3K30reHHbIX ( ce30HHa.sI AHHaMHKa ycJIOBHH 
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Ta6JIH~a 1. B03pacrHa51 H3MeH'IHBOCTb HH.[leKCOB opra
HOB CHra (%0) 03. 11MaH,Ilpa 

Bo3paCT Cep.r1Qe Ile'leHb IlO'IKH )Ka6pbt 

2+ 
2.27 ±0.5 8.03 ±0.6 7.02 ±0.8 

-
9 6 8 

3+ 
2.04±0.2 9.6 ± 0.43 7.3±0.2 16.9 ±0.5 

45 39 58 20 

4+ 
1.85 ± 0.1 9.83 ±0.3 7.3 ±0.2 17.4 ±0.3 

104 109 120 46 

5+ 
1.66 ± 0.1 10.4±0.4 8.0±0.2 16.5 ± 0.3 

107 104 95 29 

6+ 
1.61±0.I 10.6 ±I.I 7.8±0.5 16.8 ±0.7 

30 21 18 7 

7+ 
1.65 ± 0.1 11.3 ± 0.5 6.5 ±0.9 -

14 4 3 

TipHMeqaHHe. 3,11ech H .11anee Ha,11 qepToft - cpe,11HHe 3HaqeHHst, 
ITO.II qepTOH - qHCJIO HCCJie,llOBaHHhIX pb16. 

cpe,n;hI, o6ecne'leHHOCTh KopMoM H ,n;p.) cpaKTopoB. 

IloaToMy B nepByIO oqepe,n;h npoBe,n;eH ,n;eTaJihHhIH 

aHaJIH3 BJIH.sIHIDI 3THX cpaKTOpOB Ha HH,n;eKChl opra

HOB y pb16 KOHTpOJibHOH rpynnhI H3 OTHOCHTeJihHO 

qffCThIX paHOHOB. ,Il;OCTOBepHbie pa3JIHqH.sJ Me~y 

HH,n;eKcaMH opraHOB y pbI6 6JIH3KHX B03pacTHhIX 

rpynn He BhI.sIBJieHhI (Ta6n. 1). Mo)lrno JIHIIIh roeo

pHTh 0 TeH,n;eHIJ;HH CHIDKeHH.sI HH,D;eKca cep,n;u;a H yBe

JIHqeHHSI HH,n;eKCOB neqeHH H noqeK no Mepe B3poc

.11eHH.sI pbI6. IloJIOBbie pa3JIH"IH.sl ycraHOBJieHbl y no-

JIOB03peJibIX caMOK (4-5-51 cra,n;HH 3peJIOCTH roHa,n;) 
no HH,n;eKcy neqeHH, ,n;n.si: Heno.11oeo3penh1x oco6eH: 

nOJIOBOH ,ll;HMOpcpH3M He Bhl.sIBJieH (Ta6JI. 2). 3TH pe-

3YJibTaThl xopOIIIO cornacyIOTC.sI c JIHTepaTypHbIMH 
,n;aHHhIMH (Ao6pHHCKast, 1964a; Eo)l{J(o, 1969; CMHp
HOB H ,n;p., 1972). 

CeJOHHast ,n;HHaMHKa yCJIOBHH cpe,n;hI OTPa)KaeTcst 
Ha MopcpocpH3HOJIOrH'leCKHX noKa3aTeJI.sIX - 3HMOH 
HH,D;eKChl BHyTpeHHHX opraHOB HaH60Jiee BhlCOKHe 
(CM. Ta6JI. 2), "ITO o6'bSICHSleTCSI KaK HaH6onee Hanpst
)KeHHblMH H CJIO)KHhIMH yCJioBHSIMH cyiu;ecrBoBaHHSI B 

nepHo,n; ,D;JIHTeJibHOH IlOJISlpHOH 3HMhl - CHH,n;poM 3HM
Hero crpecca (Lemly, 1996), TaK H CHH)KeHHeM Jana
coB )f(Hpa. CaMhie HH3KHe HH,n;eKChI - B neTHe-oceH

HHH nepHo,n; HaH6onee 6naronpHSITHoro Haryna. 

Oco6e1t1wcmu mo1ecuK0Aozuttec1eozo npou,ecca 
y pbt6 U3 ao1t aazpRa1te1tuR 

,Il;JI51 nOHHMaHH.sl H3MeH'IHBOCTH MopcpocpH3HOJIO
rHt.IeCKHX IlOKa3aTeJieH KpaTKO OCTaHOBHMCSI Ha xa
paKTepHCTHKe TOKCHKOJIOrH'leCKOro npou;ecca B 

opraHH3Me pbI6, HHcpopMaTHBHYIO KapTHHY KOTO
poro ,n;aIOT reMaTOJIOrH'leCKHe DOKa3aTeJIH (MoHce

eHKO, 1998). 

B JoHe BhICOKHX ,n;o3 3arpS13HeHHSI (I) Te11eHHe 
TOKCHKOJIOrH'leCKOro npou;ecca crpeMHTeJihHOe, 
npOHCXO,Jl;.sIT MaCCOBa.sI ,n;eCTPYKIJ;H.sI H pa3pyIIIeHHe 
3pHTpOIJ;HTOB, CBH,D;eTeJihCTBYIO~He 0 CKOpoTe'IHOH 
rn6eJIH opraHH3MOB: npH KOHIJ;eHTpau;HH reMOrJI0-
6HHa, 6JIH3KOH K HOpMe (80--110 r/JI), pe3KO B03pac
TaeT C03 - c 2 (B HOpMe) ,n;o 11 MM/'1. B 30Hax xpo
HH'lecKHX ,n;o3 (II H III) H3MeHeHHSI reMaTonornqec-

Ta6JIH~a 2. Ce30HHa51 H nonoBa51 H3MeH'IHBOCTb HH.[leKCOB opraHOB CHra (%0) 03. l1MaH,Ilpa 

Ce30H 
Ilon H CTa.[IH51 

Cep,I1Qe Ile'leHh Ilo'IKH )Ka6pbt 
3penoCTH rosa.r1 

3HMa CaMKH, I- II 
1.9 ± 0.1 14.3 ±0.6 11.0 ± 0.6 18.5 ±0.6 

20 11 14 16 

CaMQbI, I-II 
l.9 ± 0.1 12.5 ± 0.5 11.1±0.6 17.8±0.5 

18 13 15 17 

Becsa CaMKH, I- II 
1.96 ± 0.1 12.4 ±0.3 7.9±0.2 18.7 ± 0.4 

127 166 204 44 

CaMQhI, I- II 
2.3 ±0.2 11.9 ± 0.3 7, 7±0.2 19.8 ± 0.6 

81 127 171 23 

OceHb CaMKH, II-ill 
l.72 ± 0.1 10.3 ± 0.2 7.2 ± 0.1 16.9 ±0.3 

126 248 254 60 

CaMQbI, TI- III 
1.78 ± 0.1 9.6±0.3 7.3 ± 0.2 17.7±0.6 

84 167 173 28 

CaMKH, IV- V 
1.56 ± 0.1 16.7 ± 0.5 6.9±0.3 17.8 ± 0.7 

100 42 71 16 

CaMQbI, IV-V 
1.82 ± 0.1 9.0±0.3 7.0 ± 0.4 17.1±0.8 

42 44 51 12 

5 3KOJIOBUI M 6 2000 
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PHc. 1. H3MeHeHHe reMaTonorHtiecKHX noKa3aTeneii: pb16 Ha pa3JIHtiHbIX CTaAmix TOKCHK03a: I - KOHTaKTa; II - M06HJIH3a-
QHH; III -AeCTa6HJIH3aQHH; IVa,6 -AerpaAaQHH. · 

1 - 3peJibie 3pHTPO~TbI; 2 - He3peJibie 3pHTpOQHTbl (nmrnxpoMaTO<i>HJibHbie, 6a30<i>HJibHbie H HOpM06JiaCTbI); 3 - JIHM<t>o
~bI; 4 - MOHOQHTbI; 5 - Heii:TPo<i>HJibl. 

KHX noKa3aTeJieH CBH)J;eTeJibCTBYIOT 0 6onee 
MeAJieHHOM pa3BHTHH TOKCHK03a HJIH CTa6HJIH3aQHH 

xpoHHqecKHX npoQeccoa. CTaAO pb16 no KOHQeHTpa

QHH reMOrJI06HHa B KpOBH B 3THX 30Hax KpaH:He AHC
KpeTHO, BcrpeqaJOTCSI oco6H c BblCOKHMH noKa3aTe

JISIMH - AO 160 r/11 (cryIQeHHe KpOBH) H Kpaii:He HH3-

KHMH - AO 20 r/11 (aHeMHSI). 3Ta BapHa6e11bHOCTb 

onpeAe11SleTCSI KaK npOAOJI)KHTeJibHOCTblO AeHCTBHSI 

TOKCHKaHTOB, TaK H HH]l;HBHAYaJibHOH T011epaHTHOC

TblO pb16 K ux AeHCTBHJO. B JOHe B11HS1HHS1 noAorpe
TbIX BOA (IV) creneHb aapbHpOBaHHSI reMaTOJioruqec

KHX noKa3aTe11eH: BbICOKaSI (reMOrJI06HH 60--180 r/11), 

qTO CBSl3aHO c AeHCTBHeM nOBbIWeHHblX TeMnepaTyp 

H aAanTaQHeH K HHM. 

Ha ocHoBe reMaTonorHqecKHX HCCJieAOBaHHH 

BbIAeJieHbl qeTbipe CTaAHH TOKCHKOJa: KOHTaKTa, 

M06HJIH3aQHH, AeCTa6H11H3aQHH H AerpaAaQHH (Mo
uceeHKO, 1998). Ha pHc. 1 noKaJaHbI HJMeHeHHSI 

JHaqeHHSI reMorno6uHa, C03, COAep)l{aHHSI 3puTpo

QHTOB H He3peJiblX cpopM, a TaK)l{e KJieTOK 6eJIOH 

Kpoau Ha BhIAeJieHHhIX craAHSIX. Ha nepab1x ABYX 

CTaAHSIX TOKCHKonoruqecKoro npoQecca B pyc110 

KpOBH nocTynaioT MOJIOAble H pe3epBHbie KJieTKH, 

qTo npHBOAHT K cryIQeHHIO KpOBH, Ha Ma3Kax KpOBH 

Ha6JIJOAaeTCSI KapTHHa nonuxpoMa3HH H aHH3aQHT0-

3a, nOSIBJISllOTCSI aHOMaJibHbie AeJieHHSI KJieTOK, no

BbIWaeTCSI COAep)l{aHHe JieHKOQHTOB H H3MeHSleTCSI 

neHKOQHTapHaSI cpopMyna B HanpaaneHHH yaenuqe

HHSI AOJIH MOJIOAbIX JIHMQlOQHTOB, He:HTpocpHJIOB H 
MOHOQHTOB. B pS1Ae TOKCHKonoruqecKHX 3KCnepu

MeHTaJibHbIX pa60T (KpbIJIOB, 1974; llBaHOBa, 1976; 
)l(uTeHeBa H AP .. 1989) OTMeqeHO TaK)l{e nOBbIWe

HHe ypoBHSI reMOrJI06HHa KaK nepao:H peaKQHH Ha 

B03AeHCTBHe Sl]l;OB. 

Ha CTaAHH AecTa6HJIH3aQHH npoQeccbI pa3pywe

HHS1 KJieTOK KOMneHCHpylOTCSI pe3epBHblMH KJieTKa
MH. 3Ty CTaAHIO, c onpeAeJieHHOH ]l;OJie:H ycJIOBHOC-

TH, MO)l{HO npHHSITb 3a KpHTHqecKHH nopor Heo6pa

THMblX HJMeHeHHH. MeTop;uqecKH ero MO)l{HO 

ycTaHOBHTb AJISI curoB no KOHll;eHTJ)aQHH reMOrJI0-

6HHa 80 r/JI H HaJiuquio Ha Ma3Kax MOJIO]l;bIX, pa3py

waJOIQHXCSI u naTonoruqecKnx KJieToK. B CJiyqae uc

TOIQeHHSI 3aIQHTHblX cpyHKQHH opraHH3Ma Ha CTaAHH 

AerpaAaQHH npoucxoAHT nocreneHHoe pa3pyweHue 
KJieTOK H pa3BHBaeTCSI aHeMHSI, KOTopaSI npHBOAHT K 

npe)l{]l;eapeMeHHOH 3JIHMHHaQHH oco6eii. 

C.C. IIIBapQ (1980) cryIQeHHe Kpoau paccMaTpH

BaJI KaK OAHH H3 MeXaHH3MOB aAanTaQHH opraHH3-

MOB K 3KCTpeMaJibHbIM yCJIOBHSIM. Hawn AaHHbie 

noKa3bIBaIOT, qTo AJISI pb16 Ha nepBbIX CTaAHSIX AeH

CTBHSI TOKCHqHblX BeIQeCTB CHCTeMa KpoBeTBOpeHHSI 

pearupyeT KaK JaIQHTHaSI cpyHKQHSI nyTeM M06HJIH-

3aQHH MOJIOAbIX H pe3epBHbIX KJieTOK. 

BAURHue aazpR3HeHUR 
Ha uHoeKcbt eHympeHHUX opzaH08 

,[(JISI OQeHKH BJIHSIHHSI 3arpS13HeHHSI Ha MopcpocpH-

3HOJIOruqecKHe noKa3aTemi: B Ka)l{]l;OH 30He paccMaT

pHBaJiaCb rpyrrna pb16, OTJIOBJieHHbIX B JieTHe-oceH

HHH nepHOA 6naronpHS1THoro Haryna, 6JIH3KOro B03-

pacrttoro COCTaBa (4+, 5+ H 6+), COCTOSIIQaSI TOJibKO 

H3 HenOJIOB03peJibIX oco6e:H, qTo n03BOJIHJIO HaM HC

KJIJOqHTb ecTeCTBeHHbie BapHaQHH noKa3aTeJie:H. ,[(JISI 

acex o6CJieAOBaHHblX rpynn pb16 o6ecneqeHHOCTb 
DHIQeli 6hma AOCTaTO'lHOH. B JOHax TOKCH'lHOro Ja

rpS13HeHHSI BOA conyTCTBYIOIQee 3BTpocpupoBaHHe 

npHBO,!J;HT K cpopMupoBaHHIO AOCTaTO'lHO KOpMHbIX 

naCT6HIQ, npeACTaBJieHHblX HeCKOJibKHMH ycTo:ffqu

BbIMH K 3arpS13HeHHIO BHAaMH XHpOHOMHA H OJIHro

xeT (MouceeHKO, 5IKoaneB, 1990; Mouce eHKO, Jly

KHH, 1999). 
Cep]l;~e. B ycnoBHSIX 3KOJioruqecKoro onTHMyMa 

HHAeKC cepp;Qa CHrOB HaHMeHbWHH. IlpH TOKCHqHQH 

3KOJIOrm1 Ni 6 2000 
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Harpy3Ke y pb16 rrpoHCXO,ll;HT HapaLUHBaHne MaCCbl 

opraHa - BeJIH'IHHa HH,ll;eKCa MO)KeT yBeJIH'IHBaTbCSI 

Ha 60% (Ta6JI. 3). O'IeBH,ll;HO, ,11;eHCTBHe TOKCH'IeCKHX 

BeLUeCTB Ha opraHH3M rrpHBO,ll;HT K M06HJIH3aQHH ero 

3aLUHTHbIX cpyHKQHH H ycKopeHHIO o6MeHa BeLUeCTB, 

'ITO B CBOIO O'Iepe,ll;b o6yCJIOBJIHBaeT Harpy3KY Ha 

cep,11;Qe H BhI3hrnaeT ero a,11;arrTHBHh1e nepecTpo:HKH. 
l1MelOTCSI MHOrO'IHCJieHHbie 3KCIIepnMeHTaJihHhie 

,11;aHHhie (Hughes, Abeney, 1977; Smart, 1978; MarrS1-
peecKaS1, 1979; JlyKhSIHeHKO, 1983; KapnoBH'I, JlyKh

SIHeHKO, 1988; "Aquatic toxicology ... ", 1988; <I>rre

poe, 1989) 0 TOM, 'ITO B ycJIOBHSIX TOKCH'IHbIX Harpy-

30K y'IaLUaeTCSI pHTM ,ll;hIXaHHSI, nOSIBJISleTCSI 
TaXHKap)l;HSI H yeeJIH'IHBaeTCSI IIOTpe6rreHHe KHCJIO

po,11;a, 'ITO co3,11;aeT Harpy3i<:y Ha cep,11;Qe H MO)KeT 

06'bS1CHHTh rrpH'IHHY HapaLUHBaHHSI ero Macchi. Ta

KHM o6pa30M, HH,ll;eKC cep,11;ua CBSl3aH c ypOBHeM Me

Ta60JIH3Ma pb16. C.C. Illeapu (198Q, c. 41) rro,11;qep

KHBarr, 'ITO HHTeHcHCf>HKaQHSI o6MeHa BeLUeCTB Be

)l;eT K yBeJIH'IeHHIO pa3Mepoe cep,11;Qa, H 3Ta 
3aKOHOMepHOCTh xapaKTepHa ,ll;JISI pbI6, IIO,ll;Bepral0-

1.UHXCSI )l;eHCTBHIO TOKCH'IHhIX BeLUeCTB. 

Ile'leHb. B opraHH3Me urpaeT 6orrhIIIYIO porrh no 

11:eTOKCHKaUHH Bpe,ll;HhIX seLUeCTB. B TOKCH'IHhIX yc

JIOBHSIX OTHOCHTeJihHaSI Macca 3TOro opraHa yBeJIH

'IHBaeTCSI. CaMhie BhICOKne HH,ll;eKChI ne'IeHH x apaK

TepHhI )l;JISI 30H xpoHH'IeCKOro 3arpS13HeHHSI - no OT

HOIIIeHHIO K HOpMe OTHOCHTeJibHaSI Macca ne'IeHH 
MO)KeT yBeJIH'IHBaTbCSI B 5-7 pa3 (CM. Ta6JI. 3). ,Il;JISI 

3TOH 30Hbl xapaKTepHbl H HaH6orree HH3KHe noKa3a

TeJIH reMorrro61rna, 'ITO CBffAeTeJihCTByeT 0 B3aHMO

CBSl3aHHOCTH H3MeHeHHH HH,ll;eKca rre'IeHH H reMorrro

OHHa. HanpHMep, MaKCHMaJihHoe 3Ha'IeHHe HH,ll;eKca 

ne'IeHH CHra 62%0 (npH HOpMe 9-10%0) COOTBeTCTBO

BaJIO KOHQeHTpaUHH reMorno6HHa 23 r/rr. TaKHM o6-

pa30M, HapaCTaHHe Macchi opraHa, CBSl3aHHoe c npo

QeccaMH )l;eTOKCHKaQHH B opraHH3Me, rrpO,ll;OJI)KaeTCSI 

u B IV CTa,11;uu ,11;erpa,11;aQHn. Mo)KHO rrpe,11;rroJIO)KHTh, 

'ITO coxpaHeHne )KH3He,11;eS1TeJihHOCTH ,11;aHHOH oco6n 

npu CTOJib HH3KOM co,11;ep)KaHHn r eMorrro6nHa Morrro 
6hITb o6yCJIOBJieHO BbICOKOH CTerreHblO 3aLUHTbI, KO

TOpaSI npOSIBHJiaCb B cnoco6HOCTH yeeJIH'IHBaTb OT

HOCHTeJibHYIO Macey rre'IeHH B 6 pa3. 

B yCJioBHSIX BhICOKHX ,11;03 TOKCHKaHTOB, o'IeBH,11;

HO, cpaKTOpbI pa3pyIIIeHHSI npeeaJIHPYIOT Ha)]; Mexa

HH3MaMH 3aLUHThI, n03TOMY yee JIH'IeHHe HH,ll;eKea 

ne'IeHH HH)Ke no OTHOIIIeHHIO K rpynne pbI6, no11:

Bepra101.UHXeS1 ,ll;JIHTeJibHOMY 803,ll;eHCTBHIO xpOHH'Ie

eKux ,11;03, XOT.sI yseJIH'IeHHe )l;OCTOBepHO. ,Il;rr.sr CHrOB 

03. lfMaH,11;pa OTMe'IeHa rrHnOH)l;HaSI ,11;ereHepaunS1 ne

'IeHH e npH3HaKaMH HeKpo3a KJieTOK H pa3paCTaHHSI 

eoe,ll;HHHTeJihHOH TKaHH (MoueeeHKO, JlyKHH, 1999). 
HapSllJ;Y c naTorrorH'IeCKHMH H3MeHeHH.sIMH coxpaHSl

IOTCSI H HOpMaJihHbie TKaHH n e qeHH, 'ITO MO)KHO 

o6'bSICHHTh B3aHMOCBSl3hlO npoue ccoB ,11;e cTpyKQHH H 

pereHepauHn. B 3aBHCHMOeTH OT ux cooTHOIIIeHHSI 

onpe,11;err.sreTCS1 )KH3Hecnoco6HOCTh oco6e ii:. 

Tenrrosoii: cpaKTOp He BbI3hIBaeT CTOJib cephe3-

HhIX nepecrpoeK ,11;aHHOro opraHa, XOT.sI ,ll;OCTOBep
HOe yBeJIH'IeHHe ee MaCCbI y pb16 3 TOH 30Hbl MO)Ke T 

3KOJIOrIDI .N2 6 2000 

TaK)Ke CBH,ll;eTeJibCTBOBaTb 06 HHTeHcncpnKaunn 06-

MeHa eeLUeeTB B ycrrosH.srx Tenrrosoro CTpecca. 

Crre,11;yeT OTMeTHTb, 'ITO B eoBpeMeHHhIH nepHo,11; 

eHH)KeHHSI ypOBH.sI 3arp.sr3HeHHSI HH,ll;eKC ne'IeHH, XOTSI 

H coxpaHSleT BhICOKHe 3Ha'IeHHSI, B cpe,11;HeM eHH3HJieSI 
B 2 pa3a no cpaBHeHHIO e 1978-1979 rr. Ile'IeHh 3BO

JIIOQHOHHO onpe,11;eJieHa KaK euCTeMa )l;eTOKCHKaQHH 

opraHH3Ma, no3TOMY ee Macca Han6orree 'IYTKO pea

rupyeT Ha TOKCH'IHYIO Harpy 3Ky. S.M. Adams u 

M.G. Ryon (1994) noKa3arru uHcpopMaTHBHOCTh Kpn

Tepu.sr yeeJIH'IeHH.sI HH)l;eKea ne'IeHH Ha TOKeH'IHYIO 

Harpy3KY H ero 3Ha'IHMOeTb B HH)l;HKauuu 3)l;OpOBb.sI 

pbI6 H eoCTO.sIHHSI nonyrr.srQHH npH 3arpS13HeHHH npu

pO)l;HbIX BO,ll;OeMOB. 

EnoXHMH'IecKne 11:aHHhie CBH)l;eTeJihCTBYIOT 06 aK

THBH3aQHH B ne'IeHH pblO H3 3arp.sr3HeHHbIX BO)l;OeMOB 

cpepMeHTOB (UHTOXpOMOB, MOHOOKeH)l;a3bl H )l;p.), OT

BeTCTBeHHbIX 3a )l;eToKeHKaQHIO (CliAopoB, IOpoBHQ

KnH, 1991; CMupHOB, KupHJIIOK, 1994). B p.s1,11;e 3Ken e 
pHMeHTaJihHbIX pa6oT no BJIHSIHHIO .sl,ll;OB Ha pb16 

MO)KHO BCTpeTHTb nO,ll;TBep)K)l;eHne yeeJIH'IeHHSI 6no

XHMH'IeCKOH aKTHBHOCTH B ne'IeHH (BbieOQKaSI H ,11;p., 

1994; HeMoBa H ,11;p., 1994). ,Il;m1 BhI)KHBaHHSI B y CJio

BH.srx BJIHSIHHSI xpOHH'IeCKHX ,11;03 TOKenKaHTOB pbl Ohl 

yBeJIH'IHBalOT Macey rre'IeHH BeJie)l;CTBHe aKTHBH3a

UHH cnCTeMbI )l;eToKCHKaQHH. AMepnKaHCKHe HeCJie
AOBaTerrn (Adams, Ryon, 1994) yKa3hIBaIOT, 'ITO B 
ycrrOBH.sIX B03)l;eHCTBHSI Ha pb16 xpoHH'IeCKoro 3a

rpS13HeHH.sI yBemt:'IHBaIOTeSI: 1) cnoco6HOCTh ne'IeHH 

npo11:yuupoBaTb 3H3HMbl )l;JI.sI ,11;eTOKeHKaQHH; 2) Ha

KOnJieHne rJIHKOreHa H JIHIIlfAOB H 3) npoueeehI npe

BpaLUeHH.sI npoTeHHOB H JIHnH,ll;OB B cpH3HOJIOruqeeKH 
cso60AHYIO 3Heprn10. TaKHM o6pa3oM, ypoeeHh Me

Ta6orrn3Ma no )l;eTOKCHKauun BeLUeCTB B n e 'IeHH eB.sr-

3aH e ee OTHOCHTeJihHhIMH pa3MepaMH. Eeecn opHO, 

'ITO Ha OTHOeHTeJibttylO Macey ne'IeHH MO~ BJIHSITh 
n naTorrorH'IecKHe H3MeHeHH.sI opraHa. Cnoco6-

HOCTb 3Toro opraHa K pereHepaQHH TKaHH KaK 3a

LUHTHa.sr cpyHKIJ;HSI opraHH3Ma IIIHpOKO H3BeCTHa. 
3THM o6'bSICH.sieTCSI, 'ITO B yCJIOBH.sIX )l;JIHTeJihHOro 

B03)l;eHCTBHSI HH3KHX ,11;03 TOKCHKaHTOB 3Ha'IeHHSI HH

)l;eKca n e q eeu MHoro BblIIIe no epaeHeHHIO c 30HOH 

BbICOKHX )];03. 

Ilo'IKH. OcHOBHaSI cpyHKQH.sI no'IeK 3aKJIIO'IaeTc.sr 

B BhI,ll;eJieHHH npo,11;yKTOB )KH3He)l;eSITeJibHOCTH pb16, 

roJIOBHOH OT)l;eJI yqaCTByeT B npoueceax KpoBeTBO

peHH.sI. C.C. IIIBapu (1958) e p a6oTe "MeTOA M o p cpo

cpu3uorroru qeeKnx HH,ll;HKaTopoB B 3KorrorHH )KH

BOTHhIX" 11:erraeT onpe)l;eJieHHhIH aKQeHT Ha TOM, 'ITO 

OTHOeHTeJibHhIH Bee noqeK .sIBJI.sieTCSI 'IYTKHM HH,ll;H

KaTOpOM ypoBHSI o6MeHa BeLUeCTB KaK y roMOHO

TepMHhIX )KHBOTHhlX, TaK n y noii:KHJIOTepMHbl X, 011:
HaKo JIHTepaTy pHble )l;aHHbie 06 HCCJie,ll;OBaHHH HH

)l;eKCOB no'Ie K pb16 oTeYTeTBYIOT. 

AHaJIH3 H3MeH'IHBOCTH no'IeK B 30Hax 3arpS13He 

HH.sI BhISIBHJI HX BhICOKYIO p eaKTHBHOCTh Ha H3MeHe 

HHe 3KOJIOrH'IeCKOH o6CTaHOBKH B BO)l;OeMe H TOKCH

'IeCKYIO Harpy3Ky. Bo ecex 3oe ax 3arp.sr3HeHH.sI Ha-

6rr1011:aeTcS1 CTaTHCTH'IeCKH )l;OCTOBepHoe yeeJIH'IeHHe 

MaCCbl no'IeK (CM. Ta6JI. 3), 'ITO CBH)l;eTeJibCTByeT 0 
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Taomn~a 3. MoJJ<l>o$H3HOJIOrH'lecKHe noKa3aTeJIH pb16 B yCJioBIDIX 3arpj13HeHID1 BOA TOKCH'IHhIMH Be~eCTBaMH - BhICOKHX (I), xpoHH'lecKHX (II), CJia6L1x A03 (III), 
a TaIOKe noAorpeThIMH BOAaMH A3C (IV) H B yCJIOBHo 'IHCTOM KOHTPOJihHOM paifoHe (V) 

IlpeBhIIIIeHHe 
reMOrJI06HH liHAeKChl opraHOB, %0 YnHTaHHOCTh rr,r:u<. no 

3oHa 
IlepHOA, 

TOKCH'IHhIM 
roAhI 

Be~eCTBaM 

t(C;!Il.D:K;) r/JI t cepAQe t ne'leHh t DO'IKH t )J(a6ph1 t no KJiapK t 

1978-1979 4~500 
88.3 ± 3.1 

5.8*** 
1.68 ±0.05 

4.4*** 
9.9±0.3 

5.8*** 
8.95 ±0.5 

3.8*** 
22.9 ±0.5 

3.4*** 
· 1.19 ± 0.02 

5.5*** 
40 41 49 9 48 53 

I 
2~0 91.7 ± 1.9 1.65 ±0.04 9.8 ±0.4 7.8 ±0.4 1.18 ± 0.1 1996-1997 

38 
6.3*** 

53 
3.8*** 4.4*** 

83 
2.2* -

87 
5.9*** 

46 

8-20 73.6±4.9 1.59±0.04 21.3 ± 1.6 8.2± 0.4 21.6 ±0.6 1.25 ± 0.02 
1978-1979 

40 
6.8*** 

164 
2.8** 

49 
7.9*** 

20 
3.1*** 

37 
0.9 

57 
7.0*** 

II 
5-15 79.3 ± 2.6 1.61 ±0.07 13.2±0.8 7.8±0.3 1.27 ± 0.02 

1996-1997 
33 

9.1*** 2.2* 5.9*** 2.8** - 9.5*** 
32 25 41 52 

1978-1979 
3-10 110± 5.8 1.7 ± 0.06 10.1±0.8 8.1 ±0.7 23.0±0.9 1.1 ±0.5 

9 
0.1 

9 
3.5** 

9 
2.9** 

9 
1.8 

9 
2.0 

9 
1.3 

Ill 
2-5 94.0 + 1.7 1.77 ± 0.05 10.6±0.3 8.1±0.2 1.14 ±0.01 

1996-1997 5.8*** 5.1*** 8.6*** 4.6*** - 3.9*** 
80 65 72 75 100 

1978-1979 At 3-8° 
116 ± 3.4 

1.3 
1.53 ± 0.04 

1.8 
9.4 ± 0.3 

4.6*** 
7.9±0.2 

4.2*** 
21.0±0.3 

1.8 
1.16 ± 0.05 

4.4*** 
50 65 66 31 80 50 

IV 

1996-1997 At 3-5° 
104 ± 3.4 

1.5 
1.8 ± 0.12 

2.9** 
8.5 ±0.3 

2.1* - 1.04±0.ol 
1.5 -

49 20 26 31 

v 1978-1997 <1 
111±2.2 1.41 ±0.04 7.6 ± 0.3 6.7±0.2 20.1±0.3 1.05 ±0.02 

43 44 50 67 70 75 

TipHMe'laHHe: t - OTJIH'lHll Me)K'Ay rpynnaMH pb16 H3 30H 3arpll3HeHHll H KOHTPQJibHOro paAoHa )l;OCTOBepHbJ: * - p < 0.05; ** - p < 0,01; *** - p < 0.001. 
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eo3pacraHHH ponu AaHHoro opraHa no BhIBeAeHHIO 

npOAYKTOB MeTa60JIH3Ma H TOKCHqHbIX COeAHHeHHH. 

I1oKa3aHo (IOpoBHIJKHH, CHAopoe, 1993), qTQ 

npu OTpaBJieHHH B noqKaX pb16 npOHCXOAHT HaH60-
Jiee 3HaqHMbie H3MeHeHHH Ha 6HOXHMHqecKOM ypoe

He. CneAyeT OTMeTHTh, qTo B ycnoenHx 03epa MMaH
Apa nOA B03AeHCTBHeM TSDKeJiblX MeTaJIJIOB B noqKe 

npoHCXOAHT naTOJioruqecKHe H3MeHeHIDI. ,[I;JIH pbI6 

xapaKTepHhI TaKne 3a6oneBaHHH, KaK He<t>poKaJih

QHT03 H qm6p03JiaCT03 (MouceeHKO, JlyKHH, 1999). 
Ilo3TOMY yeenuqeHHe MaCCbI opraHa B 30Hax BhICO

KOH H cpeAHeH TOKcnqHOCTH MO)l(eT HBJIHTbCH HHTe
rpaJibHhIM pe3yJibTaTOM naTOJIOrHqeCKHX H3MeHe

HHH H nOBhIIIIeHHH ypoBHH MeTa60JIH3Ma B opraHH3-

Me. HecMOTpH Ha CHH)l(eHne ypoBHH 3arpH3HeHID1 BOA 

H 3a6oneBaeMOCTH pbI6 B COBpeMeHHhlH nepHOA, HX 
HHAeKCbl rroqKn, KaK H Apyrux opraHOB, OCTaIOTCH Ta

KHMH )Ke BhICOKHMH, KaK H 20 JieT Ha3aA. ,[I;ocraToqHO 

BblCOKH HffAeKCbl noqeK y pbI6 H B 30He HH3KHX A03 
TOKcnqHbIX eem;eCTB, rAe naTOJIOrHH noqKH He BbIHB

JieHbl, a TaK)l(e e 30He BJIIDIHHH rrOAOrpeTbIX BOA. Bo3-

pacraHne ponu noro opraHa no BhIBeAeHHIO npoAyK

TOB MeTa60JIH3Ma npH ero IIOBbIIIIeHHH MO)l(eT pac

CMaTpHBaTbCH KaK OAHH H3 MexaHH3MOB aAarrTal]HH 

pb16 K n106b1M 3KcrpeMaJihHhIM ycnoBIDIM. 

)Ka6pLI. MrparoT B opraHH3Me pb16 Ba)l(HYIO <t>n-
3HonoruqecKyro ponh KaK opraH AhIXaHHH. 0AHaKo, 
K CO)l(aJieHHIO, B JIHTepaType AaHHbie no OTHOCH

TeJibHOMy eecy 3Toro opraHa ecrpeqaJOTCH peAKO 
(EmKKO, 1969). Eonee BbICOKHe HHAeKCbl )](a6p CH

roe Ha6JIIOAaJIHCb B 30Hax 3arpH3HeHHH (CM. Ta6JI. 3). 
Bo3MO)](HO, qTo IIOA AeiicreueM TOKcnqHhIX ee

m;eCTB, COAep)](alIJ;HXCH B BOAe, 3am;HTHaH cpyHKl]HH 

)](a6p npoHBJIHeTcH B pa3pacTaHHH H YTOJim;eHHH ux 

3rntTeJIHH, qTo OTpa)](aeTCH Ha HX OTHOCHTeJihHOH 

Macce. c Apyroii CTOpOHbI, MHOroquCJieHHbIMH 3KC

nepnMeHTaMH AOKa3aHO, qTo B03AeHCTBHe TOKcuq

HbIX sem;ecTB HJIH Apyrux CTpeccopoe npHBOAHT K 
yqam;eHHIO pHTMa AhixaHHH, rHIIepeeHTHJIHIJHH 
)](a6p H noBbIIIIeHHIO noTpe6neHIDI pb16aMH KHCJIO

poAa (Becenoe, 1969; ManHpeBcKaH, 1979; JI YKhH

HeHKO, 1983; Kapnoeuq, JlyKhHHeHKO, 1988; "Aquat

ic toxicology ... ", 1988). YcKopeHne MeTa60JIH3Ma, 

IIOBhUIIeHne IIOTpe6neHHH KHCJIOPOAa nOA AeHCTBH

eM TOKCHqHhIX Bem;ecTB npHBOAHT K B03paCTaHHIO 
<l>H3HOJIOruqecKOH ponu )](a6p, qTo C03AaeT AOIIOJI

HHTeJibHYIO Harpy3KY Ha opraH H B pe3yJibTaTe yee
nuqueaeTCH OTHOCHTeJibHaH HX Macca. 

Ha.MeHeHue noKaaameJleu J1CupoHaKonJleHUR 

)KupoHaKonneHHe TeCHO CBH3aHO co BCeMH <t>n3H

OJIOruqecKHMH npo11eccaMu B opraHH3Me pb16, no-

3TOMY MO)l(eT 6bITb HffAHKaTopoM aAaIITHBHhIX H3Me

HeHHH B opraHH3Me. JluTepaTYPHble TOKCHKOJIOruqe

CKHe AaHHhie, nonyqeHHhie B 3KcnepHMeHTax, qacro 

CBJmeTeJibCTBYIOT 06 ucrom;eHHH pbI6 H CHH)](eHHH HX 
Beca H )l(HpHOCTH nOA BJIHHHHeM TOKCHqffbJX eem;eCTB 

(MeTenee HAP·· 1971; JlyKhHHeHKO, 1983). 

3KOJIOfl1SI M 6 2000 

Hamn AaHHbie, nonyqeHHbie B npHpOAHhIX BOAO

eMax, pacKpbIBaIOT npoTHBOIIOJIO)](HYIO KapTHHy: B 

ycJIOBHHX xpoHuqecKoro 3arpH3HeHHH npupOAHOro 

BOAOeMa y cura H pHnyIIIKH K oceHH Ha6JIIOAaeTCH 
IIOBhIIIIeHHOe )](HpOHaKOnJieHHe (ynHTaHHOCTb H KO

JiuqecTBO BHyTpeHHero )](Hpa) no cpaBHeHHIO c pbl-
6aMH H3 KOHTpOJibHhIX paHOHOB (MoHceeHKO, 1992, 
1997). Pe3yJihTaThI uccneAOBaHIDI noKa3hIBaIOT, qTo 

y pbI6 B 30Hax xpouuqecKOH HHTOKCHKal]HH ynuTaH

HOCTb AOCTOBepHO BhIIIIe IIO cpaBHeHHIO c KOH

TpOJihHhIM paHOHOM (CM. Ta6JI. 3). IlonyqeHbl TaK)l(e 

6HOXHMHqecKHe AaHHbie, KOTOpbie IlOATBepAHJIH 

IIOBhIIIIeHHe B MhIIIIl]aX ypOBHH 3anaCHhIX JIHnHAOB y 
pbI6 H3 3THX 30H no cpaBHeHHIO c He3arpH3HeHHhIMH 

paiioHaMH (KHpunIOK, CHAopos, 1994). 
B pa60TaX r.B. HHKOJlhCKOro (1974), c.c. Illsap-

11a ( 1980) )](HpOHaKonneHHe paccMaTpHBaeTCH KaK 
OAHH H3 MexaHH3MOB o6pa30BaHHH 3HepreTuqecKO

ro "Aeno" npu B03AeHCTBHH Ha norryJIHl]HIO He6naro
npHHTHhIX npHpOAHhIX <t>aKTopoe. Ha 6uoxuMnqec

KOM yposue M.M. IIIaTyHoBCKHM (1993) noKa3aHo, 

qTO y MOJIOAH pbI6 B KpHTuqecKne rrepHOAhI )](H3HH, 

HarrpHMep npu 3HMOBKe HJIH CKaTe npOXOAHhlX H no

nynpoXOAHhlX pb16 B Mope, nOBbIIIIaeTCH COAep)l(a

HHe JIHilJmOB B KpaCHblX MblIIIl]aX, )l(a6pax, KHmeq

HHKe, yBeJIHqueaeTCH COAep)](aHHe cpoc<t>onHnHAOB H 
BbICOKO HaCbIIIJ;eHHhIX )l(HpHbIX KHCJIOT JIHHOJie.HO

BOro pHAa. A.<I>. Kupunoe (1983) npuBOAHT <t>aKThI, 
qTo B npo11ecce aAanTa11uu cura K HOBhIM ycnoBIDIM 

BOAOXpaHHJIHm;a OH C03AaeT 3HaquTeJibHhie 3anaCbl 

3HepreTuqeCKHX cy6crpaTOB, B pe3yJibTaTe nOBbl
maIOTCH ynHTaHHOCTb H KOJiuqeCTBO BHyTpeHHero 

)](llpa. IO.r. IOpoBHIJKHM H B.C. CHAOPOBhIM (1993) 
noKa3auo, qTo y pHnymKH H3 03epa, KYAa rrorranu 

rep6Hl]HAhI, BO ecex CHCTeMaX opraHH3Ma OTMeqeuo 

nOBhIIIIeHHe ypoBHH COAep)l(aHHH <t>oc<t>onunHAOB. 

Mo)l(ffo npeAIIOJIO)](HTh, qTo noA BJIHHHHeM xpo

uuqecKoro 3arpH3HeHHH cpeAhI CTHMynupyeTCH 
BKJIIOqeHue MexaHH3MOB peryJIHl]HH pocra JI )l(Hpo
HaKonneHHH pb16, nocKOJibKY AJI» Bbl)l(JIBaHlrn B 3KC

TpeMaJibHblX ycnoeuHx opraHH3M AOJI)l(eH o6naAaTh 

onpeAeJieHHhIM 3HepreTuqecKHM pe3epsoM. 

XapaKTep H3MeHeHIDI JIHIIHAHOro craryca pb16 

npu OCTpOM KpaTKOBpeMeHHOM B03AeHCTBHH TOKcuq

HbIX eem;ecrs pe3KO oTnnqaeTCH OT xpouuqecKoro 

B03AeHCTBH». B nepBoM cnyqae npoHBJIHeTC» HpKo 
BbipIDKeHHaH KJieTOqHa» naTOJIOrHH, npu KOTopoH: 

IlOBbJIIIaeTCH KOHl]eHTpal]H» JIH30JIHl]HTHHa; BO BTO

poM CJiyqae npoucxoAHT pea6um1Tal]H.S1 opraHH3Ma 3a 

cqeT CHHTe3a JIHIIHAOB (IOpoBHIJKHH, CnAopoB, 1993). 
TaKHM o6pa3oM, 6uoxnMnqecKHe MexaHH3MhI 

o6"h»CHHIOT pa3JIHqlfjJ B npOI\eCcax )l(HpOHaKOilJie

HH» pb16 B ycJIOBIDIX OCTpOH H xpouHqecKOH HHTOK

CHKal\HH, pacKpbIBaIOT npHqHHhl yBeJIHqeHIDI IIOKa-

3aTeJieH ynHTaHHOCTH H KOJIHqecrea BHyTpeHHero 

)l(Hpa. c 3KOJioruqeCKOH TOqKJI 3peHH» cnoco6HOCTb 

oco6eii nepecTpaueaTh o6MeH Bem;ecre B cropoHy 

OTJIO)](eHH» )l(HpOB BMeCTO paCXOAa nnacrHqecKHX 
eem;eCTB Ha pocr HBJI»eTCSI OAHHM H3 MexaHH3MOB 

pearHpOBaHHH Ha CTpeccoBylO CHTyal]HIO H Bbl)l(HBa-
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Pee. 2. CxeMa pa3BHTm1 TOKCHK03a opraHH3Ma pb16. 

HHSI, KOTOphIH e yCJioeHSix 3arpSI3HeHHH npHo6peTa

eT a.n;anTHBHYIO QeHHOCTh. 

06ocHoBaHue noHRmuR "aHepzemut.tecKou n.flambt" 
Ha OemOKCUKal{UIO 

3arpSI3HeHHe OKpyxca10meu cpe.n;hI SIBJISleTCSI 

<t>aKTOpOM, CTpeMHTeJibHO (e 3BOJIIOQHOHHOM epe

MeHH) H3MeHSIIOIQHM ycJIOBHSI o6HTaHHSI opraHH3-

MOB, 1.fTO C03.n;aeT 3KCTpeMaJihHOCTh .n;m1 HX cymeCT
BOBaHHSI H BhDKHBaHHSI. IloSIBJISieTCSI HOBOe Kal.feCT-

80 - TOKCH"IHOCTb cpe.n;LI. y CJIOBHSI npoumoro 

npe.n;onpe.n;eJISIJIH <f>opMHpOBaHHe COl.feTaHHH npH-
3HaKOB, n03BOJISllOIQHX BH.D;Y BhDKHBaTb B onpe.n;e

JieHHOM .n;11ana30He KOJie6aHHH a6HOTH1.feCKHX <t>aK

TOpOB (IlleapQ, 1980). "OpraHH3Mbl He npe.n;Ha3Ha-

1.feHbl, He a.n;anTupoeaHhl HH )l;JISI HaCTOSIIQero, HH K 

6y.n;ymeMy He npHcnoco6JieHbl - OHH SIBJISllOT co6oli 
)l(HBbie CJie.n;cTBHSI co6cTBeHHoro npoumoro" (Bu

roH u .n;p., 1989). Ha H3MeHeHHe ycnoBHH >KH3HH, 

BKJIIO"laSI TOKCH"IHOe 3arpSI3HeHHe, opraHH3MbI pea
rHpyIOT B COOTBeTCTBHH c 3BOJIIOQHOHHO onpe.n;e

JieHHbIMH MexaHH3MaMH BbDKHBaHHSI B CTpeccoeo:H 

CHTyaQHH. CaMoperynsiTopHbie MexaHH3MbI - 3TO 

o6mue CBOHCTBa, Bbipa6oTaHHhie y )KHBOTHbIX B 

npoQecce HCTOpH'IeCKoro pa3BHTHSI, OHH npH3BaHhl 

He 06ecne1.1ueaTb CTa6HJibHOCTb, a ypaBHOBeIIIHBaTh 

c H3MeHSIIOIQHMHCSI yCJIOBHSIMH cpe.n;hI H HanpaeneHhI 
Ha BhI)l(HBaHHe BH.n;a (HHKOJihCKHH, 1974). Opr aHH3-

MbI npea.n;anTHpoeaHbl K KOJie6aHHSIM a6HOTH1.feCKHX 

napaMeTpOB B npe.n;enax HCTOpH"leCKOro HX pa3BH

THSI, T.e. HMeIOT noTeHQHaJihHbie a.n;anTaQHH, KOTO

pbie npoSIBJISllOTCSI npH eapHa6eJibHOCTH napaMeTpOB 

cpe.n;L1 (516JIOKOB, IOcy<t>oe, 1981 ). 
AHaJIH3 pe3yJILTaToe HCCJie.n;oeaHHSI Mop<t>o<l>H3H

onorH1.fecKHX noKa3aTene:H CHra o3. 11MaH.n;pa noKa-

3hIBaeT, 1.fTO e 3KCTpeMaJihHhIX yCJioBHSIX, co3.n;aeae
MhIX TOKCH"IHhIM 803.n;eiiCTBHeM, npOHCXO)l;HT yeeJIH-

1.feHHe MaccLI oprau oe. MoX<Ho n p e.n;nono>KHTb, 1.fTO 

BblCOKaSI peaKTHBHOCTb <l>YHKQHOHaJihHO BaX<HhIX 

opraHOB CBSI3aHa c HHTeHCH<i>HKaQHeH o6MeHHhIX 
npoQeCCOB no .n;eTOKCHKaQHH H BhIBe.n;eHHeM npo.n;yK-

TOB MeTa6oJIH3Ma. YeeJIH"leHHe OTHOCHTeJihHOH Mac
Cbl opraHOB H CryIQeHHe KpOBH B yCJIOBHSIX .n;eHCTBHSI 

xpoHH"leCKoro 3arpSI3HeHHSI SIBJISieTCSI CJie.n;CTBHeM 

IlOBhIIIIeHHSI ypOBHSI MeTa60JIH3Ma, 1.fTO HaIIIJIO no.n;

TBep)K)l;eHHe B IlOCJie.n;yIOIQHX 6HOXHMH1.feCKHX HCCJie

.n;oeaHHSIX ( CH.n;opoe, IOpoeHQKHH, 1991; IOpoeHQKHH, 

CH.n;opoe, 1993; HeMoea H .n;p., 1994; Adams, Ryon, 

1994). Bcsi peryJISIQHSI B3aHMo.n;eHCTBHSI pb16 c H3Me

HSIIOIQHMHCSI yCJioBHSIMH cpe.n;hI H.n;eT 1.1epe3 H3MeHe

HHe o6MeHa eemeCTB (HHKOJibCKHH, 1974). JiorH"IHO 

3aKJII01.fHTh, 1.fTO B 3KCTpeMaJihHhIX ycJIOBHSIX 3arp.S13-

HeHHSI eo.n; e nepeyIO 01.1epe.n;b BKJIIOl.faIOTCSI 06me-

6HonorH1.1ecKHe MexaHH3MhI pearHpoeaHHSI Ha cTpec

coey10 CHTyaQHIO. B cny1.1ae, Kor.n;a H3MeHeHHSI BhI
xo.n;SIT 3a paMKH a.n;anTaQHOHHhIX B03MO:>KHOCTeH 

BH.n;a, B opraHH3Me pa3BHBaIOTCSI naTOJIOrHH " .n;uc

<l>YHKQHH, KOTOpbie npHBO)l;SIT K ero m6enu. Ilo

CKOJihKY M06HJIH3aQHH 3aIQHTHbIX <l>YHKQHH opraHH3-
Ma npOHCXO)l;HT BO B3aHMOCB.Sl3H c naTOJIOrH"leCKHMH 

H3MeHeHHSIMH B HeM, TO CJIO:>KHO npoeeCTH rpaHh 
Me)K)l;y HHMH. 

B o6o6meHHOM BH.n;e cxeMa pa3BHTH.SI TOKCHKOJIO

mqecKoro np01.(ecca y pL16 npe.n;CTaeneaa Ha pHc. 2. 
TeopeTHl.feCKH MexaHH3MhI 3aIQHThI .n;oCTHraIOT 

MaKCHMaJihHOH M06HJIH3aQHH Ha KOMileHCaQHOHHOM 

nopore, 1.fTO n03BOJI.SleT CHH3HTb HJIH 3aTOpM03HTb 

pa3BHTHe naToreHe3a, KpHTH"leCKHH nopor xapaKTe

pH3yeTcSI HCTOIQeHHeM 3aIQHTHbIX <l>YHKQHH, Kor.n;a 

naTOJIOrH"leCKHe H3MeHeHHSI B opraHH3Me Ha"IHHa

IOT npeeanHpoeaTb, 1.fTO npHBO)l;HT B KOHel.fHOM HTO

re K neTaJihHOMy Hcxo.n;y. BMeCTe c TeM cTa.n;o pb16 

no 3a6oneeaeMOCTH )l;HCKpeTHO, 1.fTO MO)l(eT o6'bSIC

HSITbCSI He TOJibKO npo.n;OJI)l(HTeJibHOCTblO H CHJIOH 

.n;eHCTBHSI TOKCHKaHTOB, HO H HH)l;HBH.n;YaJihHOH TOJie

paHTHOCTblO oco6eli K HX .n;eHCTBHIO. 

B03HHKaeT .n;HcKyccHOHHhIH eonpoc 06 a.n;anTHB

HhIX H3MeHeHHSIX, Il03BOJISllOIQHX nonyJISIQHH, He

CMOTPSI Ha TOKCH"IHYIO Harpy3KY' cymecTBOBaTh H 
no.n;.n;ep)l(HBaTb 1.fHCJieHHOCTb B ycJIOBHSIX )l;JIHTeJibHO
ro 3arpSI3HeHHSI. B HaIIIeM npHMepe 03. 11MaH.n;pa 3a

rpSI3HSieTcSI 6onee nonyeeKa, o.n;HaKo nonyJI.SIQHSI 

no.n;.n;ep)l(HBaeT CBOIO 1.fHCJieHHOCTb H npo.n;OJI)l(aeT 

eocnpoH3BO.D;CTBO (MoHceeHKO, 1997). B ycnoBHSIX 

xpoHH"leCKHX H CJia6bIX )];03 3arpS13HeHH.SI HH.n;eKCbl 

BHyTpeHHHX opraHOB )l;OCTOBepHO BbIIIIe no OTHOIIIe

HHIO K KOHTPOJibHOH rpynne pb16 H coxpaHSIIOT 

6JIH3KHe nOBbIIIIeHHbie 3Ha1.feHHSI H3 nOKOJieHHSI B 

IlOKOJieHHe B Tel.feHHe 20 JieT. 

OcHOBhIBaSICb Ha 06me6uonom1.1ecKOM 3aKoHe 

peampoeaHHSI oco6eli Ha CTPeccoey10 cHryaQHIO H 
KOHQeITQHH c.c. IlleapQa 0 TOM, 1.fTO JII06b1e .n;onoJI
HHTeJihHbie 3HepreTH1.feCKHe 3aTPaTbI ee.n;yT K yeemt:-

1.feHHIO MaCChI BHyTPeHHHX opraHOB, npHXO)l;HM K 3a

KJII01.feHHIO - M06HJIH3aQHSI 3aIQHTHhIX <l>YHKQHH op
raHH3Ma, npo.SIBJISIIOIQaSICSI B yeeJIHl.feHHH HH)l;eKCOB 

BHy Tp eHHHX opraHOB, CBH.n;eTeJibCTByeT 0 .n;onOJIHH

TeJibHOH "3HepreTH1.feCKOH IIJiaTe" opraHH3Ma, CBSl-

3aHHOH c .n;eTOKCHKaQHeH H ero BhDKHBaHHeM B Tex

HoreHHO-TpaHc<t>opMHpoeaHHhIX yCJIOBHSIX cpe.n;hl. 

3Kononrn M 6 2000 
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TaKHM o6pa3oM, aAanTHBHYIO QeHHOCTh B cospe

MeHHhIX ycJIOBHSIX 3arpSI3HeHHSI BOA npHo6peTalOT 

nepeCTPOHKH opraHH3Ma, CBSI3aHHhie c HX cnoco6HO

CThlO IlOBhilllaTb yposeHb MeTa6oJIH3Ma B COOTBeT

CTBHH c 3BOJIIOQHOHHO onpeAeJieHHhIMH MexaHH3Ma
MH IlOBhillleHHSI )l{H3Hecnoco6HOCTH, HX npeaAanTa

QHeH K He6naronpH.SITHhIM ycJIOBIDIM. YseJrnqeHHe 

Macchi BHYTPeHHHx opraHOB no3BOJISieT oco6H BhI
Aep)l(HBaTh HanpSI)l(eHHhIH 3HepreTHqecKHH 6anaHc, 

a rrepecTpoiiKa o6MeHa semecrB B CTopoHy 3anaca

HHSI )l(HpOB C03AaeT Heo6XOAHMOe 3HepreTHqecKoe 

"Aerro" . Oco6H, cnoco6Hh1e BhIAep)l(HBaTh AOilOJIHH

TeJihHhie 3HepreTHqecKHe 3aTpaThI Ha AeToKCHKa
QHIO npoHHKaIOIQHX B opraHH3M CJia6hlx A03 SIAOB, 

npHo6peTalOT npeHMyIQeCTBa gJISI Bhl)l(HBaHIDI B y c

JIOBHSIX 3arpS13HeHHSI cpeAhl. 

qTO KacaeTcSI caMoro MeToga MopcpocpH3HOJIOrH
qecKHx HHgHKaTOpOB, TO c.c. IllsapQ (1980) OTMe

qaJI HegonycrHMOCTh ynpomeHHoro nogxoga K He
My, KOrga sec Toro HJIH HHOro opraHa HCilOJih3yeTCSI 

"KaK TepMOMeTp", c IlOMOIQhlO KOTOporo MO)l(HO on

pegeJIHTh HHTeHCHBHOCTh MeTa60JIH3Ma B 3HepreTH

qecKHX egHHHQax. Heo6xogHMO "HcnoJih30BaTh sec 

opraHoB B Kaqecrse HHgHKaTopos, yKaJaTeJieH se

poSITHoro H3MeHeHHSI ypoBHSI o6MeHa semecTB, no

nyqaSI B03MO)l(HOCTh BCKpbITh npHqHHhl H3MeHeHHH 
3HeprHH )l(H3HegeSITeJihHOCTH opraHH3MOB B 3aBHCH

MOCTH OT coqeTaHHSI BHelllHHX ycJIOBHH HJIH nonyJISI

QHOHHOH CTPYKTYPhI". 

3AKJIJOqEHl1E 

KoHQenQHSI C.C. lllsapQa 06 HJMeHqHBOCTH MOp

cpocpH3HOJiomqecKHX IlOKa3aTeJieH opraHH3MOB B 

3KCTpeMaJibHhIX ycJIOBHSIX, K KaKOBhIM 6eccnopHO 

MO)l(HO OTHeCTH H 3arpSI3HeHHe OKpy)l(aJOIQeH cpe

AhI, coxpaHHJia Bh1c0Ky10 aKTyanhHOCTh npH 1nyqe

HHH cospeMeHHhIX 3KOJiorHqecKux npo6neM. P e 

JYJihTaThI HJyqeHHSI HHgeKCOB BHyTpeHHHX opraHOB 
pb16 B yCJioBHSIX 3arpSI3HeHHSI npHpogHoro sogoeMa 
o6ocHosanu Heo6xogHMOCTh noHcKa gonoJIHHTeJih

HhIX 6HOXHMHqecKHX, rHCTOJIOrHqecKHX H TOKCHKO

JIOrHqecKHX gaHHhIX, o6nSICHSllOIQHX npHqHHhl H Me

xaHH3Mhl MopcpocpH3HOJIOrHqecKHX nepecrpoeK, HX 

3HaqnMOCTh AJISI )l(HBhIX opraHH3MOB c 3KOJIOrHqec 
KOli TOqKJI 3peHHSI. 

Mo6HJIH3aQHSI 3aIQHTHhIX cpyHKQHH opraHH3Ma 
npH HX QTPaBJieHHH npHBOgHT K yseJrnqeHHIO HII,l(eK

COB BHYTpeHHHX opraHOB Ha cpoHe HX naTonoruqec

KHX H3MeHeHHH. Cnoco6HocTh oco6ei% Bhigep)l(HBaTh 

gonoJIHHTeJihHhie "3HepreTH'lecKHe 3aTPaTb1" Ha Ae

TOKCHKaQHIO H H3MeHSITh o6MeH semecrB B cropoHy 
o6pa3oBaHHSI 3HepreTH'lecKoro " g erro" B ymep6 nna

CTuqecKoMy pocry npHo6peTaeT aganTHBHy10 QeH

HOCTh B cospeMeHHhIX ycJIOBHSIX 3arpSI3HeHHSI OKpy

:llCalO}QeH cpeghI. 

B noCJiegHue roghl npo6JieMa aHTponoreHHhIX MH

Kpo3BOJIIOQHOHHhIX npeo6pa30BaHHH B nonyJISIQHSIX 
npHo6perneT BhICOKy10 aKTYaJihHOCTh. B 6HoJiomu 
HaKOilHJIOCh MHOrO npHMepoB 0 TOM, 'lTO opr aHuqec-
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KHH MHp peampyeT Ha 3arpSI3HeHHe OKpy )l(alOIQeH 

cpeghI aKTHBHhlMH MHKp03BOJIIOQHOHHhIMH npoQec

caMH (KoJI'lHHCKHH, 1990; CesepQOB, 1990). Hanpu

Mep, B 1978-1979 IT. HHgeKChl opraHOB y pb16 B nepH

og MaKCHMaJihHOro 3arpSI3HeHHSI 6bIJIH BhICOKHMH no 

cpaBHeHHIO c HOpMOH, K 1996-1997 rr. Ka'leCTBO Bog 
ynyqnrnnocb, ogHaKo, HecMoTpSI Ha 3Ha'lHTeJihHoe 

CHH)l{eHHe 3a60JiesaeMOCTH pb16, HHgeKChl opraHOB 
coxpaHHJIH csou noBhlllleHHhie JHaqeHHSI. Ecnu 

rrpegnoJIO)l(HTh, qTo B yCJioBHSIX xpoHH'leCKOH HH

TOKCHKaQHH npeHMymecTBO gJISI Bhl)l(HBaHHSI 6 ygyT 

nonyqaTh oco6H, crroco6Hhie Bhigep)l(HBaTh IIOBhI

llleHHhIH ypoBeHb MeTa60JIH3Ma H yseJIHqHBaTh Mac
ey cpyHKQHOHaJibHO Ba)l(HblX opraHOB, TO qacroTa 

anneneil B norryJISIQHH, onpegeJISIIOIQHX gaHHhIH npH-

3HaK, MO)l(eT y senHqHsaThCSI. OgHaKo 6e3 gonoJIHH

TeJihHhIX reHeTHqecKHX HCCJiegoBaHHH CJIO)l(HO OT

BeTHTh Ha BOIIpoc - HaCKOJihKO 3TH H3MeHeHH51 npH

o6peJIH CTa6HJihHOCTh. 

MhI HaAeeMc51, qTo TeopeTHqecKHe acrreKThI Mop

cpocpH3HoJiorHqecKOH H3MeHqHBQCTH opraHH3MOB B 

yCJIOBHSIX 3arpSI3HeHHSI rrpHpogHhIX BOgoeMOB H rrog

TBep)l(galOIQHe HX npHMepbI 6ygyT aKTYaJihHhl gJISI 

yqeHbIX, pa3BHBalOIQHX HanpaBJieHHe 3BOJIIOQHOHHOH 

aganTaQHH gHKHX )l{JIBOTHhIX K aHTPOnoreHHhlM cpaK
TopaM. B 3BOJIIOQHH egsa JIH MO)l(ffO ocMhICJIHTh SIB

JieHHSI, He OnHpaSICh Ha 3KOJIOfHqecKy10 TOqKy 3pe

HHSI, T.e. Ha npegcraBJieHHe 0 B3aHMOgeHCTBHH Me)l(gy 
opraHH3MaMH H HX cpHJHqecKHM, XHMHqeCKHM H 6 u o

JIOfHqecKHM OKpy)l(eHHeM (Dobzhansky, 1954). 
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