GOEHOMEHOJIOTNYECKUE YPABHEHNSA
KOHCTUTYTUBHBIX IIPOIJECCOB

P.C. Bomuna, A. H. 3omun, E. A. IIpokoifves

HoBrCTHTYTHBHHME IpollecCAaMU MLl HA3HIBAEM -IPOIECCH, CBA3AH-
HHe ¢ H3MeHeHHeM JUCCAIATHBHOM YHKIUA BO BPeMs Pa3BUTH, POCTA
u cTapenns oprammamoB [3otum, 1974; 3ormn, 3otuna, 1976}, Tak
KAK IUCCUTATHBHYI QYHKIMIO MOKHO IPHPABHATH K MHTeHCHBHOCTH
DHEPreTHYECKOro MeTaboJuM3Ma OPraHU3MOB, TO (AKTUYECKM, KOTHA
MBEL [OBOPHM O KOHCTHTYTHBHEIX OPOHECCAX, peup HAeT 00 H3MeHeHUH
0CHOBHOTO oGMeHA (HHTeHCUBHOCTH [[HIXaHUA) B OHTOTeHE3€ KUBOTHHIX
U pacTeHHi.

Bo3Mo;KHH ABa IOXX0fa, OMHpANIMeci Ha TepMOJMHAMHUECKHe
coofpakeHHs, IPU IOCTPOHNY KOJINTeCTBeHHOH (jeHOMEHONIOIHIeCKOH
TeopuY KOHCTHTYTHBHEIX HPONECCOB: CTOXAcTHHecKUHd m (enomeHOIO-
ruueckmii. B KakqoM #3 THX NOAXONOB HMENTCsA CBOHM TPYRHOCTH,
HO B OT/IMYME OT BMINPHYECKOr0 MOCTPOEHNA YPaBHeHHUI, OMHCHBAK-
MUX W3MEHeHHe OCHOBHOro oO0OMeHAa, 3TH HOIXONH OMHPAOTCA Ha
o0myw TeopHI0 — TOPMOXMHAMMYECKYI0 TeopHio passutua [[puro-
sxuHa—Buam [Prigogine, Wiame, 1946; 3otun, 1974].

KUHETUKA KOHCTUTYTUBHEIX ITPOLECCOB:
CTOXACTUYECKNN ITOAXON

VMeHbIIeHHe THCCUIATHBHONR QYHKIMM, a clef0oBaTelLHO, M pHepre-
THHEeCKOTo MeraboJm3Ma, BO BpeMs DAa3BHTHA H DPOCTA OPraHM3MOB
mpefcTaBiaseT co00f ¢ TOYKU 3peH:Msa TeopuH IlpuroxmEa—Bnmam
npomece TpUGIAIKEHNAA JKUBOH CHCTEMH K KOHOTHOMY CTANUOHAPHOMY
coctoanmio [3otun, 1974]. C npyro#i cTopoHH, mpHGIMKEeHNe TEPMO-
IMHAMAYeCKOH CHCTeMH K PABHOBECHOMY WIM CTAUHOHAPHOMY COCTOS-
HIIO MO;KHO CPaBHUTH ¢ PACCACHBAHMeM KPYIHOMAcIITa0HOH payKTya-
nuu [Typos, 1978]. Ilosromy Teopus pAyRTyanmit m pexaxcanua ayx-
Tyanuii MoKeT Jjiedb B OCHOBY PAcCMOTPeHH KUHeTHKH OPUOIM/KeHNA
TePMOMUHAMHUTIECKO!l CHCTOMH K DABHOBeCHOMY WIHM CTamHoHapHOMY
cocTosampo [3otuma, 3ormm, 1977, 1980}

OaykTyanun B M30JIMPOBAHHOI cHCTeMe, HaXoNAmeHcd B COCTOA-
HUM paBHOBeCHS, ONHCHBAeTCs (OPMYIoi OJHHmTeliHa:

AS
p=_Cexp—, 1)
rme p (Z3,- » . 4 Zp) — IIOTHOCTh BEPOATHOCTH OTKAOHEHHA IapameT-
(]
poB I,. .., &, OT NX 3HA4YeHWA B paBHOBeCMM I, .. ., zn: AS =

=8 — S¢; S, — BeINMUNMHA SHTPONHH B COCTOAHHHM DABHOBECH!
k — xomcranTa Boarmmana.

B nekoTopux cayuasx opmyrna JAHmTeHHA MOKeT GHTH HCIONb-
30BAHA M IpPH ONHCAHHM (PIAYKTyanu# B HepPABHOBECHHX CHCTeMAax .
[Nicolis, Babloyantz, 1969; Nicolis, Prigogine, 1971; Nicolis,
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1972; T'memcmopd, ITpurommm, 1973]. Hcxonsa H3 mpenmoso;keHus,
YTO OHA CHPABeIMBA [UIA CIydas KOHCTHTYTHBHHX IIPOIECCOB, MHL
nonyswnn [3otmma, 3orum, 1977, 1980] saBmcmmocTs AuCCHIATHB-
HOji (YHKINH OT INIOTHOCTH BePOATHOCTH B CIeNyIOmeM Buje:

D=0y + -2, ' ®)

rme 1,y —BeJIWYMHA [HCCHIATHBHON (QYHKIMH B CTAUOHADHOM
COCTOAHUHU; K — KOHCTAHTA, 3aBHCAMAA OT VYg,.

Kak caenyer ua ypasHennud (2), [JIs DOJIYdeHNs 3aBUCUMOCTH JMC-
CHIATHUBHON (PYHKIMH OT BpemMeHH, He0OXOIMMO 3HATh CKOPOCTH M3-
MeHeHHA TIOTHOCTH BePOATHOCTH p. Jlormuno mpeauoaokuTs [JoTuHa,
3otmr, 1980}, uro

22— (o), )

rae f (p) — GeckoEeuHO nuddepernupyeman GYHKIMA B OKPeCTHOCTH
TOUKM p,; (B OKPECTHOCTH CTAanMOHAPHOTO COCTOAHMA CHCTeMBI). Pas-
marag »Ty OyHxuuio 8 paAn Tefaopa um YUMTHBAA, 9TO OPHU D = Dy
dp/dt = 0 m, caemosarean®o, f (p,) = 0, moxyumm

d P (pgy) 1" (pg,) 17 (Pgy)
"gl;)‘z—‘““—t(l’-‘l’st) -+ _‘T!t_(p_pst)2+——3TL“ X
(P—pstf’ + .- (%)

Ecau MH orpammyuMes TONHKO JMHeHHHMI WIeHAMA DPa3i0KeHHA
(4), To MokHO HamucaTsh

-%—:(11 (pst - p), (5)
rre o; = —f (pg). IMoxcrasasa (5) B (2), uMeem
o=b (L~ 1) 4 v ©)

rae B; = a;kT. Ecau Mb #cmoabsyeM W KBAajpPaTHYHHEI WieH pas-
ToskeHHsa (4), To:

- =0 (s — ) + oa (ot — V%, 0!
e ay; = -+ f(ps)/2. IlopcraBuaa (7) B (2), umeem
D= (B + Bopoe) 2L -+ e —B1 -+ Ba (p — 254, ®)

rae By = aykT. Pamee [3ortmm, 1974; Zotmma, 3Borum, 1977, 1980]
6r0 mpemmoikeHo pasCmenue NMCCHEATUBHON GyHrmmu () I
HEKOTOPOTO KJIAcca HeJMHeHHBIX CHCTEM Ha [Be 9acTH — (QYHRIHIO
BHeMHeH guccamanmn (P;) 1 QYHKIUMIO CBA3aHHOH muccmmamum (VP,):

Y = Pa + Pu. )

CpasmmBasn (9) u (8), a Taxske yuuTEiBasg CBOMCTBA GYHKIMI Vg & Yy
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[3otmua, 3orun, 1977, 1980], npuxoaum K BHBOLY, 4TO

Ya= (B + Papo) 2 (10)

Yy = Pgp — (31 + ﬁZ(P - 2Pst)' (11)

OueBugHo, 4TO HPA P = P Vg = Py I[loaromy dopmyay (10)
MOXHO HaumcaTh B 6ollee IPOCTOM BHAE:

o= o 2 (12)

rae Yo = Py + PBopsr. Uz dopmynn (12) BHTEKaeT caemcrTBEe, KO-
TOpOe HaM UPATONMTCA B NaJbHEeHmeM:

Ogp = YgPst = 2, (13)

Iie 7 — HEKOTOpasg KOHCTAHTA.

Jlerko mokasarh, aro coorHomenna tuna (10)—(12) cupasegnnsu
H B TOM cAydae, ecjM HCHOOAB30BATH BCe WIEHH pama Teimopa (4).
HanpuMep, oum cHOpaBemJMBE, €CIH BKJIYATH B PACCMOTpPEHHE
KyOuuecku#i wien pasnoxenns (4). B sroMm caywae P, = B, 1+
+ BaPs: + Bspsi®. Ecunm BRiounTs n wienos, T0 Y = By + Papst +
+ Bapk + . . .+ Babi -

Temeps HepeiileM K PACCMOTPEHHI KHHETUKM M3MEHEHHS UC-
cunaTHBRHON QYHKIME B IpoIecce IPHOIAMEHNA OTKPHTOW CHCTEMH
K CTamAOHAPHOMY COCTOAHWI0. PaccMoTpuM CHawala ciaydai, KOrja
BHIOAHAeTCA ypasaeHme (5). Pemasa ero, moaywaem

p = pull — C exp (—ayt)], (14)

rae C — woJsokaTeNAbHAA HocTonHHaA. [TogcrasiAs (14) B (6), umMeem
_ C exp (— ayt)

‘P——‘Pst +ﬁl [1—Cexp (——Oclt)]i‘. (15)

Tak rak cucTemMa GIMBKA K CTaNUOHAPHOMY COCTOSHHI, TO £ 0
n Cexp (—oa,t) <€ 1. [TosToMy MOKHO HaIMCATh:

P = Yyull + 4 exp (—oyt)l, (16)

rie 4 = C8,/V¥,;;. IT0 ypaBHemHme HAXOUTCA B XOPOIIEM COOTBET-
CTBHEA ¢ YpaBHeHHEM, NONYYeHHHM B TepMOUHAMHUKE JMHEORHHX
HeoOpaTHMHX HPONECCOB MCXOOA M3 COBePMEHHO MHHX COO00pameHmit
[em.: me I'poor, Masyp, 1964].

Bo BpeMsa pa3BUTHA M POCTAa OPTAaHH3MBI IPHOAMKAIOTCH K KOHEd-
HOMY CTAanHOHApPHOMY COCTOAHHIO, H ¢ OUPEAeJeHHOT0 MOMEHTa
BpPEeMeHH OHHE I0UafaT B JHHENHY 00J1aCTh, TAe COPaBedJIABO ypaB-
merwe (16). Tak war B numefimoir oOmacTE Y = (o, B Yy = § i,
T0 ypaBHueHMe (16) MOKHO 3anMCaTh B BHIE, KOTOPOE MOANAETCA SKCIe-
PUMEHTAJIBHON TpOBEpPKe:

Go. = §all + A exp(—ay)l. (17)

J{siA MEOTHX KUBOTHELX GBII0 IOKA3aHO, YTO SMIHPHYECKHEE YPaBHeHIA
Baga (17) xopomo onMCHBAKT H3MEHEHNE HHTEHCABHOCTA [HXAaHAA B
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mponecce pocra opraHusMoB. Tak, Bpomu [Brody, 1945] mpusomnt
caenyomue GopMYJH, ONMMCHBAIIME H3MEeHOHHMEe OCHOBHOTrO oGMe-
HAa BO BpeMa pocTa MIGKONATAIIEX: y Jdomamu o, = 22[1 4
+ 7 exp (—0 ,22t)], 'y ®mopoBm ¢o, = 16[1 + 23 exp(—0,0961)],
y oBuH {o, = 27 [1 + 17 exp(—0,22 1)].

CnegoBaTeIbHO, ypaBHOHHMA (16) u (17) Xopomo cOOTBETCTBYIOT
SKCTEePUMEHTAJBHKM NaHHHM, [OJNYYCHHHM OpPH HM3YYeHAM pPOCTa
FUBOTHHIX,

B Bemumeiinoii o6iacTm ciaemyeT HCIOJNb30BaTh pasioskenne (4)
B MOJHOM BHAe. JTO CHJIBHO YCIOMHACT KMHETHUECKHe YpPaBHeHHA.
IlosToMy OrpaHMYMMCH KBagpaTHuHuMHM wieHamu [3ormma, 3orus,
1977, 1980] m sammmem ypasuenue (7) B Bupe:

d

—d—l:—-—- ap? -+ bp + ¢, (18)
e @ = Oy, b = —(a; + 20sPst); € = Q1P + CaPy. YpaBHeHHe
(18) — ypapuenne Pnrxarun. Pemas ero, momyuaem

. 04 exp (— aat) |
p=DPst + oz l¢ -+ exp (—loht)] ) @

MMoacraBasa (19) B (10) u (11), monywaem
_ 090p gyt 0ap Y, eXp (— o)
Pa = 0y, 1+ (01 + &2p,,) exp (— aaf) ’
Yo = T (21)
YanrteBas (9) n (13) u 1o, aT0 Y = §0,, MOKHO HANKCATH AJIA H3Me-
HeHMA HHTEHCHBHOCTH [HXaHHA OPraHM3MOB

- %z [1 - cexp (an?)] + B
102 o -+ g, [1 -+ coxp (o) ] [1+ cexp (agt)] *

3necs ¢,; — MATEHCUBHOCTH TEINIONPOAYKIMM B CTANMOHAPHOM CO-
CTOAHMA, TaK Kak Vg = § [3ormua, 3orun, 1977].

Hus Toro aro6s npegcrasuTs cebe KapTHHY M3MEeHOHHA AMCCHIIA-
THBHHX QYHKIMiL BO BpeMA pPasBUTHUA M POCTA OPTaHH3MOB, PACCMOT-
pEM BOIPOC 0 3HAKaX Hepel KOHCTAHTAMM O M Oy. B pasuos;xeHnn (4)
f'(pet) < 0, Tar Kak CKOPOCTH M3MEHEHHA IIOTHOCTH BEPOATHOCTH IO
Mepe 5SBOJIONMM CHCTEeMH K CTAMAOHADHOMY COCTOAHHUI0 YGHBaer.
Orcona ememyer, 4dro o > 0, Tak Kak B ypasHemmm (7) o; =
= — f'(pst). Hao6opor, B pasuaomenn: (4) 7 (ps) <0 m ap, <O,
tak kak B ypasmeHma (7) ay = f"(ps)/2. Orcioma caemyer, 410 Pg
u P, — QYHKImAM, ompefendeMuie ypasHermamm (20), (21), mosxBH
HeIlpepHBHO YOHBATH B XO[e JBOJIONUN CHACTEMH. K CTAMOHADHOMY
COCTOAHAIO,

s Toro wro6H BTO CTANO ACHHM, AOMYCTUM, 970 BCe KOHCTAHTH
B ypaBHemmx (20) = (21), RpOMe wst, paBEH eguHMne. Torna ¢g =
=P (1 4+ef) 1 $, =101 +e) . Hpm - 00 Pg— Py, &
P, — 0, uT0 cooTBeTCTBYET CBOMCTBaM TMX QyHKmm#. Tak kKak obe
oTH QYHKIMHE Y(HBAIOT BO BPOMEHW, TO A0JKHA yOHBATh N HHTEHCHB-

(20)

(22)
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HOCTH  [IHIXAHMA, ONpeieNiAeMas g p
dopmyoit (22). Kak BEgno us npu-
BeleHHHX (opMyd, (YHEKDAA P,
CHadala ROMmHA YOHBarh OHICT-
pee, 9eM {4, . H B HEKOTOPOHA TOU-
Ke 0Ha JoJxHA Hepecedncsa. Cxe-
MATH9eCKM 3T0 CBOMCTBO [HCCHIIA-
THBHHX (QYHKmu#t usobpaskeHo
Ha puc. 47. ComocTamiieHne KpH-
BHX, MIOKA3aHHKX Ha puc. 47, ¢
PEANBHHMHA JaHHHMH, DOAYUYEH-
HBHIMH TPA MBYYCHHA MBMEHEHUA  Pyc. 47. CxemarTudecKoe maobpaskenume
WHTEHCHBHOCTM NLIXaHMA W Tem- uaMeHeruii {,- u Y ~Oyakumii s
JOUPOAYKIAA B 0OreHe3e BBIOHA OHTOTeHe3e KWBOTHHIX [3oTmHa, 30-
[Bormr, 1975al, B sapomgmmesom T, 1980]
passutum Kyp [Barott,1937], o
BpeMa pocra pub [[pymHmmkwii,
1975] n nacexommix [Loher et al., 1976], mokasano, uTo KAHETHKA KOH-
CTMTYTHBHHIX IIPONECCOB MokeT GHTH omucaHa ypaBHeRmaMu (20)—
(22). B npomecce ooreHesa, KOTZHa }KMBHE CHCTeMH HamGoldee ymale-
HH OT KOHEYHOTO CTAIMOHAPHOTO COCTOAHMA, QYHKIOHA , Goabme
Yq, 1 066 OHM yMeHbpmMAIOTCA B Xome ooreHesa [3ormra, 3otua, 1980].
Bo BpeMs sapomuimeBoro passmTHd M pocTa QYHKMAA 1P, JEHKHT
HmKe Py, OpEdeM P, — 0, a Pg — ;. TouKa nepecedeHHA JesRMT
rfie-T0 B KOHIE 00TE€HE3a WM HA CAMHX PaHHNX CTAOUAX 3apOfHIIe-
BOTO pasBATHA.

TakuMm o6pasoM, ommpasch Ha Teopuo QIyKTyanmuii Jimmreiima
H HEKOTODHE TepMOAMHAMMYeCKHe COOGpaykeHMA, MH NONYIWIA KO-
HOTHYECKMe YpPaBHEHWA Niad OUCCHOATABHOH ¢yrkmum (17) m (22),
¢yEknuE BHemHed muccunammym (20) m yHKIMHU CBA3aHHON AACCANA-
mum (21), He ommpasch Ha KOHKpeTHOe 3HagdeHMe HapaMeTpoB, Xapak-
TEPU3YIOIMX pasBATHE M POCT oprammsmoB. CiemoBaTeabHO, 3TH
ypaBHeHMA MOTYT GHTH MCHOJbL30BAHH M NIA ONHCAHAA MIOGHX IPy-
TMX CHCTEM, HO CIMMIKOM JaleK0 YKJIOHMBIMUXCA OT o6macTH UpH-
MEHNMOCTH TePMOAMHAMUKA JNHEHHHX Heo6paTAMHX IpPONECCOB.
Tak kar cmenuuueckme oCOOCHHOCTH ;KMBHX CHCTeM He OTpPasKeHH
B ypaBHeHmAX (20)—(22), To 3HaueHMA KOHCTAHT, BXOMAIIAX B 3TH
YPaBHEHMA, MOKHO OIpEeJeJnTh N3 IKCUePAMEHTANbHHX NaHHHX,
UOJY9eHHHX Ha COBePMIeHHO WHHX (U3MIECKMX MOJENAX, H, BO BCS-
KOM ¢JIy9ae, 9T KOHCTAHTH MNOJKHH OHTH OJAHAKOBH MJA pasHHX
BAMOB OPTAaHMBMOB,

KNHETHRA KOHCTUTYTHUBHEIX ITPOIJECCOB:
®EHOMEHOJIOTUYECKUN TIOAXO0[

Bosmoxxen wacro (eHOMEHOJOTMHYECKME MONXOX K LOCTPOCHHIO YPAB-
HeHUii, ONWCHBAIMUX W3MEHeHNe MHTEHCHMBHOCTH NHXAHHA (IUCCH-
maTuBHOM QYHKOWA) BO BpeMA PAasBHTHA M pocTa OPrammsMoB. B o1-
auaMe 0T CTOXAaCTHAYECKOro IOAX07a, B TOM ciaydae Gojapmioe BHawe-
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HHe HMeOT cuenufuuecKHe [JIA UPONEeCCOB pa3BHTHA HOHATHA H.
mapaMeTpH,

Hax yse roBopuiock, Iponeccs pasBUTHA, pocTa U cTapeHHA Op-
ragu3MoB ¢ (PEHOMEHOJOIMYECKOH TOYKM 3PeHMA CKIANHBAIOTCH N3
TpeX BHIOB ABIEHHMH: pocta, quddepeHTnpoBRE 1 fopMoo6pPa30BAHNA.
Coorsercrpenno (cM. ra. II) 6surm mosnydeHH JNHEHANe N HeINHEHHEE
deroMeH0JIOrHIeCKe YPABHEHAS,, YIATHBAOIINE B3aNMOAeCTBAE POC-
Ta, nuddepeHrupoBkr I HopmooGpaszoBaHNA. JTH YPIBHEHHSA JETKO
HCIIONB30BATh JJIA ONMCAHUA KUHETHKHM W3MEHEHHsH AUCCAIATHBHOM
dYyHKOUE BO BPeMsd Pa3BHTHs, ONMMpPasch HA OCHOBHBIE COOTHOIMIEHMHA
TePMOAMHAMUKYE HEPABHOBECHHX IIPOIECCOB.

JleficTBUTENLHO, JHHeHHEE (EeHOMeHOJOrHYeCKAe YPAaBHeHUA B
TePMOJMHAMIKe HEPaBHOBECHHX IPONECCOB 3aIMCHBAIOTCA B BHJe

n

ji= |L”X (i=1,...,n). (23)
iy
J{ucennarugnas ¢QyHKnna paBHA
r 4, Ty

—y

Toncrasass (23) B (24) noIydaem

Y= (o= ZX ZL“ (i=1,...,n). (25)

j=1

loncraBnnsa sHauenme cui (cM. ria. I1) B ypasmenme (25), monygaem
W
. m
o, = rg,:ng <_V_V—b—— - 1) + Lyt —18) +

7b b
+ Ly o —w) ( VV‘V 1) L (o — 1)
+ Lai (tm— 1) + LagWm — W) (tn — 1) + 14 X (26)
b
X [Lfg( uks —u)+ Lga (b — 1) + Lty W — W”)](W?n —~ W),

TAe rg, Iy, s — KOHCTAHTH pasMepHOCTH (Apyrme 0603HAYeHHMA CM.
ra. 11

B 3ToM ypaBHEHHMH CJIMIIKOM MHOTO PASINTIHHIX KOHCTAHT M Iapa-
METpPOB, W HO3TOMY OHO Ka;keTcsa 0eccofepsxarTesbHHM, TAK .KAK MpH
COOTBETCTBYIOMEM Honbope KO>POUIAEHTOB MOKET OMHCATH BCE, UTO
yrogao. OpgHaKo 4uciIo MOArOHAeMHX K03QPUIueHTOR MOKHO 3HAYH-
TeAbHO YMEHBLIHTHL, MOJYyIaAd NUX H3 HKCIEPUMEHTAJLHHX HaHUHX H
ypaBHEHHIi, He3aBUCHMEIX oT ypaBHenma (26). B wacrmoctn, Kom-
CTAHTY b MOMKHO IOJYUATH M3 DKCHEPHMEHTAJHHLIX JaHHHX O 3aBH-
CHMOCTH HHTEHCHBHOCTH AbIXAHUS OT BeCa KUBOTHHX. Hosddummen-
o Lgg, Lgq, Lgy MOKHO OLpeNeJIMTH, MCIOJIB3YA JIHHeiiHOEe ¢eHo-
MeHOJIOTHYecKOe Y PaBHEHHE POCTA [JIA ONMCAHNA 3KCIePAMEHTAIBHHX
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KpHUBHX pocra KHBOTHHX (cM. ra. 11). 3 coornomenus BzammaoOCTH
Onsarepa Burekaer, aro Lagg = Lgq, Ljg = Lg; m Ly == Lg;. Ocrans-
Hie K03)OUOUeRTH TPAXOINTCH IOJNYIATh HYyTEM MOa00pa npu onmca-
HUY ¢ IOMON[bI0 YpapHeHNA (20) KPHBHX H3MeHeHUA HHTEHCHBHOCTH
OHXaHHA B IPOMNEcCe PasBUTHH WM POCTA KABOTHHX. B mpmmmume
KOHCTAHTH PasMEepPHOCTH g, Iy B Iy XOKHK GHTH OJWHAKOBHIMA IS
BCEX ;KMBOTHBIX HJIM XOTH OB IS PYNOH PONCTBEHHHX )KHBOTHHIX.
ITosromy mx MosxuHO GyJeT LOJYYATH NpH MHOTOKPATHOM HCIIONb30-
paumm ypasmemun |26].

JlnA UpoBepKM BOBMOMKHOCTHM NCIOJB30BaHUA ypaBHeHda (26)
B KagecTBe (beHOMEHOJOTHIECKOTO YPARHEHHAA KOHCTATYTHBHOTO LPO-
Ijecca MH MCIOJB30BANM MaHHbC 00 N3MEHEHHM WHTEHCHMBHOCTH AHIXa-
HHA BO BPeMA PAa3BATAA H pocTa HACEKOMHIX, MIEKOIUTAOIMX M
orurn. B coorBercTBHM ¢ M3I0MKEHHEIME BHOIE cO00paskeHEAAME CHAYA-
Jla GEIIa OmpefesieHA KOHCTaHTA b, 3aTeM BCE OCTAJNbHEE KOHCTAHTEL.

Ha puc. 48 conocTapneHH qaHHbe 0 THTCHCABHOCTH JHXaHHU CBEPU-
KOB, TADAKAHOB, AKCOJOTIEH, KYp ¥ KPHC ¢ KPHBEIMHE, PACCYHTAHHEIMHE
oo ypasmenmio (26). Kax Bunmo m3 5Tmx pacuerToB, ypasaenme (26)
YAOBIETBOPHTEJIHHO OUMCHBAET N3MEHOHWE OHXaHHAA B OHTOTEHe3e
HEKOTOPHIX BHJOB }RUBOTHHIX,

CxomaniM 00pa3oM MOYKHO NMOJYUIMTH HeJmHeiHOe (eHOMEHOIOTH-
9ecKoe ypaBHeHHE KOHCTUTYTHUBHHEX mponeccoB. B aTom cayuae cie-
AyeT HCIOJNB30BATH HelHHeWHHe (EHOMEHOJNOTHIeCKHEe ypaBHEHAA
BHJIa

k(3 .
=S LX) X, (=1,...,n) (27}
=
A COOTBETCTBEHHO
= 3%, S, x (28)
j=1 j=1

IlopcraBasa B ypasHenue (28) 3HaweHMe MOTOKOB H CHJI M3 HeJHHEH-
HHX (eHOMeHONOTHUeCKHX YpasHeHm# (cM. ria. II), momygaem
b

. we,
Coa= Tyt | Lgg o 1) 4 aelgg (tm —1t) +

W}, we
-+ ll;;Lgf (Wb Wb(t))]( — )+ rals lalLdg (W}n;—)- —_ 1>+

+ Laa (tm— 1) 4 aaLay W — WHO)] (b — 1) + (29)
W
—]—- riag [alLfg< Wth) —_ 1) + dszd (t'm —_ t) —+
Wb
+ Lff( — Wit ))] ( B@E) 1)
rie ,
Wb 2
ay = exp[ (Wb(t) — 1) ], =exp[—ag(tn—1* (30)

ag = exp [—af (Wi — W®)], b()=b[L+ ytexp(— pt)].
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A Puc. 48. Pocr (@) u MRTeHCHBHOCTb
zar e il mHXaEuA (6)
280F Nt el * -# A — ceepuxs [Hukonscrass m  Ap.,
0 e Ao 1982]; B — peikve rapawaus [Loehr
o ¥ et al., 1976]; B — awcosorim [Pansns~
k)ZM 7 ckas, Hmuwoubckad, 1982]; I' — Kypw
<o dg [Barott, Pringle, 1946]; [ — Gexnnre
Y kpuical [Kleiber, 1961)
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Puc. 49. Vavenenue WNHTeHCHB-
HOCTH JHIXaHHA B OHTOTEHe3e Ty-
TOBOr0 Imreakompsapga [Pansmm-
crada, Huronbcrag, 1982]

Pacder KpuBoli mo ypaBHenwio (29)



B s10M carydae 4mciIo IPOM3BOILHKEX K09(UIUEHTOR HE BO3pacTaer,
TAK KaK Bce K06aBOYHHE KOHCTAHTH Oy, O3, O ¥ M § MOKHO Opene-
JNTH W3 HeJINHEAHOTO (JeHOMEHOJOTMIeCKOI0 YPaBHeHAA POCTa B CHC-
TeMe ypasHeHmi (23).

Mgur mposean IpoBePRY COOTBETCTBUA ypapHennusa (29) skcnepumes-
TAJbHHM JaHHHM HA .IPUMepe TYTOBOTO melkompapma. Kak BmaHO
u3 puc. 49, ypasuenne (29) yI0BIETBOPUTEIHHO OMMCHBACT H3MCHEHAE
HHTEHCUBHOCTM JHXAaHMA TYTOBOrO IMEIKOUpPAAA.

Takmm o6pasom, PeHOMEHOJIOTHIeCKE COOTHOMEHMA TepMOANHa-
MHUKM HePaBHOBECHHX NpPOIECCOB MOTYT GHTH MCHOAH30BAHH A HO-
JydeHHs ypaBHEHMH, ONMCHBAWOIUX W3MeHeHHe OCHOBHOTO o0MeHa
B Ipomecce PasBUTUA M POCTa OPraHm3MoB. HOHewHO, MOJYy9YeHHHE
denoMeHoMOrMUeCKHe ypaBHeHndA (26) m (29) cAMIIKOM CIOMKHH A
OPaKTHYECKOr0 MCIOJH30BAHMA B Gmodormm pasBuThA. [unaBHHR
CMBICJI MX UOAydYeHHMA, Tak ke Kak ypasmemmit (17), (20)—(22),
COCTOUT B TOM, 9TO OHHM IOKA3HBANT NPHHIUINAIBHYIO BO3MOKHOCTD
HCTOAH30BAHNA TePMOANHAMUKY HeoOpaTHMHX HPOOECCOB A KOIMU-
9eCTBEHHOTO ONHMCaHWA pocTa, nuddepermupoBru u dopmoobpazo-
BaHAA, OJIA OUMCAHMA KOHCTUTYTHBHEIX IPONECCOB.

JHEPI'ETUKA
U KHPUTEPAN OITUMAJIBHOCTI
OHTOI'EHETUYECHHUX IPOIIECCOB

M. A. Xanun

Kak maBecTHO, B mpomecce pocta o0HADPYKMBAIOTCA HOTPeGHOCTH B
SHEPTHH, a TaK/e B PasIHIHHX BemecTBax, Heo0XomuMHX AnA $op-
Mupopanwa Tkadeid. IIpm pemenmm MHoOTHMX 3aJgad, cBA3AHHHX € Ma-
TeMaTHIeCKUM MOJAeTHDOBAHAEM OHTOreHe3a, HeOOXOAUMO YCTAHOBHTh
($arTOPH, HrpalIEe ONpeNeIAONYI0 POJIb B PA3BATAM OPOLIECCOB, —
TaKk Ha3HBaeMHe JUMUTApYIOm#ue (aKTOPH.

Husxe paccMaTpHEBaNOTCA 9HEPreTHIeCKAE M GeIKOBEIE nOTPeGHOCTH
oco6u B OHTOTeHe3e ¢ TOYKH 3PEHHA OrpaHMIeHN#, HAJaraeMHX BOS-
MO;KHOCTBHI0O YHOBIETBOPEHHS 3THX NoTpefHocreil. [lamee upexuna-
raercd KpuTepuii ONTHMAJIBHOCTH OHTOTEHOTHYECKHX IAapaMeTpOB,
ABIAMuUxca pynrmuei Bospacra. Ha ocHOBe KpmTepHa onTEMANb-
HOCTH, (hOpMANM3YIOHIEro BH;KHMBaHMe B Oopb6e 3a cymecTBOBAHME,
nonydeHo muddepeRnualrEoe ypaBHeHHe, .pelleHHeM KOTOPOro fAB-
JigeTCA ONTHMAIBHAA B 3BOJIOMUOHHOM CMEHICIE 3aBHCHMOCTH (ieHO-
TANMYECKNX IapamMeTpoB ocolm oT Bo3pacra.

S9HEPTETNYECKUE IIOTPEBHOCTH B NIIPOIJECCE POCTA

JnepreTmgeckme morpebHocTE ocofu B mpomecce HHAMBUAYAILHOTO

PasBUTHA -OUpefeIAlTcA ciepyomumn dakropamm [Xamme m ap.,
1978].
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