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B macrosmee BpeMs oTCyTCTBYeT KOoImdecTBeHHaA Teopus nuddepen-
IHPOBKE H He ACHH MOXXOOH K IOCTPOEHMIO TaKO# TeOpHH. ITO B
3HAYATEIBHOE CTelleHH CBA3aHO ¢ HEACHOCTHIO CAMOTO NOHATHA nug-
hepeHIHPOBKY, ¢ OTCYTCTBHUEM TOTHHX KPHTEPHEB, a TAKKe KoImdecT-
BEHHBIX TaHHBIX, KaCAIOMUXCA U3MEHEHN A cTeneHH quddepeHnup OBKH
KJIEeTOK M TKaHeil BO BpeMs pa3BUTHSA opraHmaMoB. B cBa3m ¢ staM
HaM KaKyTCH NOJe3HbHIMH JIO0BEe IONKTKH BBeIeHHA TOYHEIX
KpuTepues nHPPepeHINPOBKE, IO3BOJAKIIIAE KOMHYCCTBEHHO OXa-
paKTepH30BaTh JTOT IPOIECC.

BripaboTka Taknx KpATEPHER CBS3aHA, OHAKO, C peImieHHEM He-
HKOTOPHX NPHHOUIHAABHBIX BOIPOCOB TeopnH nH(dEepeEnnpoOBKH,
IIaBHKEM H3 KOTOPBIX, ¢ HAWIeH TOUYKH 3PEHHSA, ABIAETCH CIAYIOMMIi:
HPONCXONAT JIH B Iponecce audhepeHnupPOBKY YUHOPANOICHHOCTH B
TePMOTHHAMHICCKOM CMBICNE JRHUBHX CHCTEM HJIH, KaK HpPeamojiara-
er I'. JI. TymMmannmBuin (cM. Hpeasaymyo ¢TaThio), B Ipomecce mug-
fepeHIuPOBKE NPOUCX OJAT IEPEXOJI KUBOE CHCTEMH B Gojee BepOAT-
HOe COCTOSHHE. XOTH HHTYHTHBHO Ka)KeTCA OYEBHAHEIM, YTO BO3-
HHKHOBEHHE YOOPANOICHHKX CTPYKTYDP H NOABICHHE CHENHPUISCKHX
dyarumit B mponecce MuddepeHIApOBKE JOTKHEI CONPOBOKIATHCH YBE-
IHYeHHeM CTENeHA YHOPAJOYeHHOCTH SKHABOH CHCTeMEH, THIOTE3a Ha-
KIOHHO# miIocKocTH TyMaHWIIBRIN BIONHE ONPABIAaHA W YMECTHA.
K coskanennwo, 1oKasaTeabcTBa, KOTOPHE IPABOAATCA B 3aIATY 9TOR
THIIOTE35i, OCHOBAHH Ha KOCBEHHHX COOOpaKEHNAX M [OCTATOYHO IIO-
BePXHOCTHHIX aHAJOTHAX, MOITOMY BUHOJHE IpPaBOMepPHa W LPOTHBO-
TOJOKHAA TOYKa 3peHnms, KOTOpOil MH W mpupaepskmBaeMcsa. Bamo,
YTO W rUIOTe3a HAaKJIOHHOU MIOCKOCTH W TOYKAa 3peHmA Ha nupdepen-
IHPOBKY, KaK Ha IPONECC, CONPOBOKAAIMUACA yBeINICHNEM CTeIIeHN
YOOPAMOYEHHOCTH JKHBEIX CHCTEM, OAalOT BO3MOYKHOCTE BHPaboTaTh
Kpurepnn HudPepeHNNpPOBKH, T. €. OTKPHBAIOT BO3MOKHOCTE  DKC-
IEPAMEHTAABHON IPOBEPKH TOT0 M APYroro mpenmoiaoskenns. Hpure-
puit nuddepeHIAPOBKE, BHTEKAOMMAA 13 THO0Te3H HaKJIOHHOM mioc-
KOCTH, HONpOOHO m3JI0keH B crarbe |yManmmBnian. Kpurepnit nudde-
PeHIWPOBKH B IPOTHBONOJOKHOH THIIOTe3e NOJNKeH ONHPATHCH MM
OHTBH TORIECTBEH KPATEPHIO YIOPANOIeHHOCTH JKUBX cucTeM. I1o106-
HOTO pofa KputepHil OBLI Npenio;KeH paHee IJIA XapaKTepHCTUKY Ha-
[OpaBJeHHEA DBOMIOIHAOHHOTO mporpecca opranmsmos [Komommes u mip.,
1975; Botun, Komonues, 1976]. Teneps Mbi mOnKTaeMCH HCHOIH30BATH
ero AJA XapaKTepHCTHKW YBEIWYeHWA YHOPANOUYEHHOCTH JKMBHIX
cmcTeM B mpomecce auddepeHnnpOBKA OPraHN3MoOB.
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KPUTEPUN VIIOPANOYEHHOCTH

TepMonuuaMudecKHE CMHEICA YOOPANOYEHHOCTE OTKDHITHX CHCTEM,
K KOTOPHM OTHOCATCA Bce (3 MCKINYEHHA JKHBHE OPTaHHABME, CBA-
3aH CO CTeNeHHI0 YIAJTeHHOCTH CHCTEMH OT PABHOBECHOrO COCTOSHHA:
ueM fajdbOle CHCTeMa yAajeHa OT PaBHOBecHA, TeM (0jie€ OHA SBIA-
eTcsA YIOPSAROUCHHON B CTAa0HILHOM coCTOARMA. [leliCcTBNTEAbHO, Hal-
6oee BEDOATHEIM COCTOSHMEM CHCTEMH fBJIAETCA COCTOSHHE DPaBHO-
BecHs — MONHHE MoXeRyJIApHHHA Xaoc. Ecam cmereMa yRIoHAeTes
OT PaBHOBECHS, TO BEPOATHOCTH €€ COCTOAHAA YMEHBIIATCA M yBeJH-
9MBaeTCH cTeleHb ynopanotennoctH. OTcona cienyer, 9ro 4eM 6oapme
cHcTeMa yhajeHa OT COCTOHAA PABHOBECHs, TeM OHa HOJNKHA OHTEH
6olee yuopAKOICHHOM.

IIpn TakoM moaxofge K MOHATHIO YHOPANOYCHHOCTH MOJKHO JHOCTA-
TOYHO HPOCTHM IIyTeM HOJYIATH KONMIECTBEHHEIE COOTHOUICHHA A
XapaKTepuCTHRH ynopsagodeHaoctd cncTeMu [Homommes n ap., 1975;
3orur, Komomues, 1976; 3ormm, 3ormma, 1977; 3ormua, 3ormm,
1980]. B armx paGoTax 6BI0O IOKa3aHO, YTO BEPOATHOCTH COCTOSHMSA
HePABHOBECHOH CHCTeMH B CTAIIHOHADHOM COCTOSHHM, JUIA KOTOpOit
cupaBeynBa Teopus QAYKTyanun OWHMTENHA, IMEeT BHL '

2z
Dst= 1] 1
: \pst ( )
rae pPst (xl,. . vy xn) ~— IIJIOTHOCTHL BEPOATHOCTH OTKIOHEHUA napa-
. 0
METpoB &%y,. . . , X, OT WX 3HAYCHHA IXy,..., x',’, B CTARMOHapPHOM

COCTOSIHMM CHCTEMH; Pg; — BeIWYMHA AUCCHNATABHON YHKOMHU B cTa-
[HOHAPHOM COCTOAHMH; z — KOHCTaHTa.

C momompo ¢opmyas (1) MOKHO B OTHOCHTEIBHHX eIHHANAX
0XapaKTepH30BaTh BEPOATHOCTH COCTOAHHA JIOOOTO OPTaHU3MA WM
W3MeHEHHE HTOH BepPOSTHOCTH B Ipomecce oHroreHeza. J{ias sToro
HOIYCTHM, YTO BEPOATHOCTE COCTOAHN A Hanbolee IPOCTHX OPraHN3MOB
(MHEPOOPTAHU3MOB) DABHA Py, 2 BEPOATHOCTb COCTOSHMSA OCTAJE-
HHIX opraHmamoB p,. IIpm T = const (TeMmeparypa BXOmmT B cocTaB
KOHCTAHTH z) HAMeeM

P
Pa == Pu lp‘: ’ (2)

TAe Y — AHCCHNATHBHASA (YHKOWA MHKDOOPTAHH3MOB, Y, — JUC
cunaTuBEaf QYHKOMA KAaHHOTO opradmsMa. Tak kKak Y= (o, u §o, =
=aW-b, roe o, — MHTCHCHBHOCTH JAmxaumsa, W —Bec opranmama,
a m b — roucrautH [em.: 3orar, 1974], 1o
auW;'nbm
P P S ®

ITycrs Temeps BepOATHOCTH COCTOAHAS HEKOTOPOTO YCIOBHOIO MEKPO-
oprammaMa BecoM B 1 r mpm Temueparype 20° paBHa egunune (p, = 1).
VumrnBas, 9T0 AJA9 MAKPOOPTaHN3MOB KOHCTaHTa ¢ pasHa 0,098 MBr
[em.: Hemmingsen, 1960] (xan/a mepeBenen B nannom carygae 8 MBr)

b
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moJxydaem faA Jgo6oro npyroro oprammama Becom B 1 r (mpm 20°)
0,098
(4)

g = —,

a

CnemoBaTenbHO, OTHOCHTEIBHYIO BEPOATHOCTH COCTOSHMSA OPTaHM3Ma
MOKHO BHYHMCIANTD, ONPeednB dKCIepUMeHTAIbHEIM Iy TeM HapaMeTp a.
JlIf XxapaKTepHCTHKH OTHOCHTENBHON YHOPANOYEHHOCTH OpTaHM3-
MOB YOO Hee BBECTH BeANINHY, OGPATHYIO OTHOCATENbHOM BePOATHOCTH:
Cr = 1/p,, rne Cr — TaK Ha3HBaeMbiil KPATEPHA YIOPAIOISHHOCTH
[Kononnes u nmp., 1975; 3orun, Koumomues, 1976]. U3 popmynnt (4)
cIefyeT, YTO KpHUTepHWH YUOPANOICHHOCTH DaBeH

Cr = 10,2a. - 5)

U3BMEHEHME HPUTEPUA YIOPAJOYEHHOCTH

Hpurepnit (5) MoHO, KaK HaM KajKkeTCd, HCHOJIb30BATh NIA Xapak-
TePHCTHKA N3MEHEHU A YIIOPANOIeHHOCTH OPTaHA3MOB B XOJI€ Pa3BUTHA
H pocTra KNBOTHHX, J{JIg 9T0oro HeoGX0OIAMO 3KCIePHMEHTAIbHEIM IY-
TeM M3MEPUTH MapaMeTP @ Ha PAas3HLIX CTaJHAX OHTOTeHe3a. JTO He
upocTas 3a7ada, TAK KaK TaHHHE IO NHTEHCHBHOCTH IHXaHAA 00HYHO
CHIBLHO BapbUPYIOT W IPHXOAUTCH NPOBOAHTH OONBIIOE YHCIO HM3Me-
peHuil B 60JbIIOM AHANA30He BecoB, YT00H IPEON0IeTh 3Ty TPYNAHOCTE
ANf CIydYas pacTymuX OPraHW3MOB, MH HpHOEIIH K CIeqyoIleMy
mpueMy: M IPHHAIH, YTO HapaMeTp b He MeHAETCA BO BpeMsA pOCTa
JKMBOTHHKX. TOrga MOKHO OIPeNelNTh dTOT HAPaMeTP NI BCETO Ire-
pHOJIa POCTa B UEJNOM H C ero IOMOMBI0 PACCIATATH HYKHEIN HAM ma-
paMeTrp a mgis Ao6oft cTamgum pocta Ho dopmye

a=goW". (6)

IocraTouno mOMHEIE JaHHHE 00 W3MeHEHHN HMHTEHCHBHOCTH JIHIXa-
HMS PacTyMMX aKCOJOTIeH M BHIOHOB IOJYYEeHH B Halmell taGoparo-
pum. Pacder ®oHeTaHTH b mo 3TAM HaGIIONEeHWAM Jald CIeIYyIOMTe
BeJAWYNHH: 018 akcoaotas b = 0,2, nas Bbiona b = 0,14. 9to mo3Bo-
auno no dopmyiae (6) paccunTaTh H3MEHeHHE HapaMeTpa d B Hpomecce
pocra >THX ;KUBOTHHX. Hak BunHO W3 pue. 15, Ha HAaYaXBHBIX CTagUAX
poOCTa AKCOJOTAS WOCHe BHIYIVIEHAA 3apofgbmmei#t u3 o060d09ex
HPOHCXOMUT YBeJIWYeHHE CTEINeHN YIOPANOYeHHOCTH, BEIYACICHHON
mo dopmyrae (D), 3areM OHa JOCTHTaeT MAKCHMyMa M HaYHHaeT CHH-
matbea. ComocraBieHHe H3MEHEHHS KpPHTEPHS YUOPATZOYCHHOCTH
(cM. pme. 15) ¢ xpmBoit pocra akcomoras (cm. ra. V, pume. 48,B) mo-
Ka3HBaeT, YT0O MaKCAMaJlbHOe 3HAUYeHUE 3TOTO KPHTEPUA HPHXOTHTCH
Ha HaYanbHHE mepmod pocTa. CXOgHBIA pe3yabTaT MOMKHO TOJYYHTH
W UL IPYTHX JKMBOTHHIX, €CIH 06paboTaTh YKa3aHHEM BHIIE cOCO60M
DKeHepMMeHTalbHEe NaHHHE, OnyONnKOBAaHHEE DPa3HHIME aBTOpamd.
Ha puc. 16 n 17 npuBefeHHn pacueTh N3MeHeHNA KPAUTEPHUA YOOPAIO-
9eHHOCTH BO BpeMa pocta Kyp [nannsie Barott, Pringle, 19461, xpwmic
[Kleiber, 1961] m ceepuros [Huronbexras u ap., 1982]. Bo Beex caydasx
AabaiofaeTca HPUMEPHO CXONHAA KAapPTHHA: YBeJHIeHHe KPHTepUS
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Cr Cr
saqt+
00l — Kyoor
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D N Kpsresr
200f* .
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g 40 b0 720 160 200 cymna Y 100 200 cymmu

Puc. 15. Wamenenue KpUTEPHA YNOPANOUIEHHOCTH BO BPeMS POCTa AKCOAOTIEH
Tocile BHUIYINIOHNA 3apojeinleif n3 0GoJ09eK

Pacuer 1m0 mauuwmm JI, V. Pamsumckoit ¥ V. C. Huxouscroit [1982] ¢ nomomsio popmyn (5)
u (8)

Puc. 16. Namenenne KpUTepPUA YIOPAKOICHHOCTH BO BPeMA pocTa Kyp [paHEHe
Barrot, Pringle, 1946] u rpuic [gammse Kleiber, 1961]

Pacder ¢ nomompio popmyn (5) u (6)

Cr
60\

Puc. 17. Wsmenenne kpu- 2
TepUA  YHNOPAROYeHHOCTH

BO BpeMdA PocTa JIMIMHOK
cBepuka M y Bapocamx 7/
CBEPUKOB

Pacuer no - .Wt'

Rauumem W, C. Hu A
ronmbckolt u mp. [1982] ¢ mo- T
7

1 1 | |

L 1 1
90 60 80 100 20 140 164 160 cymru

mompio Gopmyn (5) u (6) 20

YHOpSA0YeHHOCTH B IEePBHIH HepmoOf pocTa, AOCTHKeHIEe MaKCEMYyMa
U CH/KeHHWe Ha 3aKJIOUUTeNBbHBIX dTamax pocra (cpaBHHTE C puc. 48 —
cM. I V).

Ha mepsriii B3rasg raskeTcs, 9To XapakTep M3MEHOHHUS KPHATEPHSH
YUIODPANOIeHHOCTH OPOTHBopeunT npefcraienusaM [Ipuroxuna — Buam
[Borun, 1974], cormacHo KOTODPHM OpraHHSME B IpoIecce Pa3BATHA
I pocTa HpubGIMKalOTCA HENPEePHBHO K HamGojee BepoATHOMY KO-
HedHOMY cocrosuamio. CoriacHo mammeiM pue. 15 —17, ma HaYaJabHHX
CTANNAX POCTa CHCTeMa yAajsercd OoT HamGoliee BEPOATHOI'O COCTOA-
HAA. 9TO CBA3aHO, ORHAKO, ¢ TeM, 4TO IapaMeTp & XapaKTepHusyer
VHTeHCHBHOCTD JBXaHUA YCIOBHOrO oprammsma BecoM B 1 r m, cie-
J0BaTeIbHO, XapaKTepU3yeT TOAbKO T€ H3MEHeHU A, KOTOPhIe He CBA3AHK
¢ HM3MeHeHWeM Beca OpraHH3Ma. MeKay TeM OTHOCHTEIBHAHA BePOAT-
HOCTb COCTOAHHUSA OPraHW3Ma CHIBHO 3aBUCHT oT Beca. M3 dopMmyan
(3) caexyer, uTo B mONHOM BHAE oTHOCHTENLHAA BEPOATHOCTH COCTOA-
HHUA opraHmaMa O0y/JeT paBHa (Bec MHKPOOPT aHM3MOB, KaK H IPEXK]E,
npuEEMaeM pasBHeM 1 1)

0,098
e ()

Poru =
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A YyHOpAAOYeHHOCTh cucTemit (Or) MoHO paccumratTh mo dopmyie
Or = 10,2aW™ = 10,240, )

Kax nssecrro [eMm.: 3orun, 1974], naTeRCUBHOCTH JHXAHAA YMEHBIIA-
0TCA B OPONECCe POCTa OPTaHU3MOB, IOITOMY YHOPANOUEHHOCTH
KEBOM CHCTEMB B I[JIOM coriacHo dopmyne (8) Gymer HempepHBHO
yMeHbIIATHCA. IpmTepmil ymopsiiOYeHHOCTA LPH HTOM COBEpIIaeT
Gomee caoxuyo 3Boxtonmio (cM. pue. 15--17).

Hrak, B pesyabrare yBeImueHWs Beca OpPraguAsMoB nponcxonm
yMenbpmenme ofmeil ymoOpsAmoYeHHOCTH CHCTEMH, HO Ha (ome 3TOTO
CHI)KEHHA W OfHOBpeMEHHO ¢ HHUM HPOUCXOAUT YACTHHIE mporece
YBeJIUYOHAS YOOPANOYeHHOCTH Ha HAYAJIBHHIX CTAfHAX pOCTa. ITO
NaeT OCHOBAHHE CYHTATE, YTO YBOIWYOHHO YHOPANOUCHHOCTH OPraHM3-
MOB, NoKasanHoe HA puc. 15—17, cBasauo ¢ mpoueccamu nuddepen-
maposkn. [udpdepeunupoBra, KaKk 0TMeH4aI0Ch, BT K IOABICHUIO
B CHCTEM® YOOPAROYSHHHX CTPYKTYD U ABIKEHAIO CHCTEME. B CTOPOHY
YMEHBIUCHAS BEPOATHOCTH €€ COCTOAHMS, UTO BIOJHE COOTBETCTBYET
CMEICJTY N3MEHeHRAH KPUTEPHS YIOPAK0IeHHOCTH, IIOKA3aHHOTO Ha STHX
pucynrax. TepMopuHaMudecKH HOTOOHHI MPOUECC BOOJHE BO3MOMKEH
3a CYeT CONPAKEHHHX IPOIECCOB, HPOTEKAMMAX B JKUBOH cucTEMe.

SJIEMEHTHI TEOPUU
JUCCUNATNBHLIX CTPYRTVYP:
CBfI3b C ITPOBJIEMAMU
CTPYRTYPOOBPA30BAHUA

B. A. Bacuaves, F0. M. Pomanoscruii, JI.C. Yeprascrui

-Cymecrpe RO CTOPOHON Pa3BUTAA GUOIOTHISCKHEX 00 BEKTOB ABJAETCSA

cTpyKTypoobpasoBanue. [lonsarue cTpy KTy pHL, TaK jKe KAK U Pa3BUTHA,
OTHOCUTCA K 4ucAy Hambolee o0muUx, Tak 4TO BpAA JH BO3MOKHO
CKROHCTPYHDOBATH 6T0 YHEHBepcalbHoegompenexeHme. B mpepmarae-
MoM 0030pe CTPYKTYPH PaccMaTpHBAIOTCA B parkypce gopMmoobpaso-
BAHNA ¥ BO3HAKHOBEHHWA (QYHKIMUOHAJIBHOTO pasHooOpaswa B Hpo-
crpaHceTBe cucteMit (Rupdepennmanun). BHEMaHMe COCPEAOTOINBAOTCH
Ha mpoGaeMe o6pasoBanHuA GMOXMMEIECKOH Momenn (mabroHa — pat-
ternmo Yopamuarrony, 1964), ciaeqys KoTopoi MOTYT MPOTEKATDH AAlb-
Helmye TPOLEecCH CTPYKTYpooGpasoBaHUA.

MareMaTHuecKkne MONEIN NOJKHH YYATHBATH KAK KAHETARY XWAMU-
qeCKUX IIPEB pameHNil, TAK IePeHOC BemecTB MeKIY 4acTAMHA 00 BeKTa,
T. €. OHN NPHHAMJISKAT K KiIaccy Mofenell pacupeneleHHHX KAHeTH-
4ecknx cucTeM. B mpuunmne Takme Monmeam MOMHO cOpMYIAMpPOBATH
Ha pasIWYHHX A3HKaX, 31ech 6yJeT pacCMOTPOHO AALIL JUHAMAUECKO
ONMCAHWE TEepMOAMHAMHIECKW OTKDHTHX cucreM. Kak oxasalocs,
Tagkme cucTeMsl o6aagaor GoraTeiM HaGopoM THIOB HoBeeHHAA. B Tacr-
HOCTH, IPH yBeJIAYCHNH HOPHUTOKA HSHEPTHH MW B3HTPONHH B HUX BO3-
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