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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1. Ocuommoit o0MeH ocobu W, T.e. TemnoBasg MOmMHOCTH 0COOH
B COCTOMHHMN IIOKOS IPH TeMIepaType OKpy:;kaiome# cpensl, HaxXonA-
meiica B mpejenax TepMOHEHATPDaJLHON 30HH, OIpedeaserca BHIpa-
HOHHEM

3
Wo=yP7%, y="70kkan -kr-o%cyr?, (1

rge P — Bec tema ocobu.

2. JlomonmmresbHOe TEINOBHIENEHNE, CBA3AHHOE C COXPaHEHHEM
TEMIIEPATYPH TeJa TMPH TeMIepaType OKpy:Kawomel cpems, JeKamel
BHE TPAHAIL TEePMOHEHWTPANBHOH 30HEI:

Wy = kS (Tx — To) — W, )

rie Ty m T¢ — TeMuepaTypH Tesga oco0M M OKpy:kawmeid Cpeas
COOTBETCTBEHHO, K — Ko3pPunueHT TelwnooTHagn, S — IIOMANb IO-
BEpXHOCTH TeJa.

Bupasxenne (2) MoOKHO npemncTaBuTH B BHJe

I,—T,
Wl—Wom opu T0<T1, (3)
W;=0 apu Te>Ty,

rae T, — TemMmepaTtypa, COOTBETCTBYOIas# HIKHEH rpaHHIle TepMo-
HeHTpaJabHO! 30HH.

3. Mexammueckasi MOIIHOCTH, pa3BuBaeMasn oco6bio. Eciam 0coGb
COBEpIIaeT HEKOTOPYI0O MEXAHHIECKYI0 paboTy (06ycaoBIeHRAYIO TIaB-
HEIM 00pasoM mepejBHeHHeM), UOTpebJIeHne MON[HOCTH, CBA3AHHOE
¢ OTHM, ONPEfieAEeTCA BHPAKEHHEOM

w
W2 = nM y (4)

rae W, — MommocTtb, norpebaseman 0colbi0 B ¢BA3H ¢ COBEPIIEHHEM
MeXaHM9eCKOHd paboOTH.

4. 3aTpaTh MOIHOCTH, CBA3aHHEE ¢ pocToM. B mpomecce pocTa
H3MEHAETCS KaJloOPpHUHOCTH Tema OcoOm, T. e.

ac 5

W3 —_— —F y ( )
rae C (T) — KajopuiiHOCTH Teja ocofu BoO3pacra T.

Bupakan ramopmitmocrs C wepes Bec Teira ocobum P

C = CUP? (6)
rae Co —cpelHAsA yAeabHas KaJOPHAHOCTE Tela ocobu, HaXomaumMm

d (C,P) dp -
Wy —=0 1~ (Cg—r. f
3 dT ) R 0 dT ( )
Beanuusa W, npounopnmonansHa dP/dt, ecim cpequas yaelpHAas
KQJIOPAHHOCTD ci1afo 3aBHCHT OT Bo3pacra.
Bripaskenusa (5) m (7) HaumcaHH B IPEAIOJNOKEOHHH, 9T0 B IPO-
1ecce pocTa TKaHel 9HepreTHYecKHe MOTepPH OTCYTCTBYIOT. Tak KaK B
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PeAIBPHHIX YCIOBMAX HOTePH 9SHOPIHHM BCerga MMEIOTCH, BHpPajKeHMe
(7) caenyer mpencraBuTh B BuUJe
Cy dP

8= -n—;’- wral @)
roe Yg — 9JHepreTmUecKmii Ko3gdummenT unoNe3HOro HeiicTBAA B
upomecce pocra. MMeoTcsas OCHOBaHMA CYMTATH, 4TO KOIPPUIUEHT
N3 ABIAETCA QYHKIMEH CKopocTH pocTa: 1, (dP/dT); 3Ta 3aBECHMOCTH
MOsKeT GHThH HaiifleHa ¢ HOMOIII0 COOTBETCTBYIOMMX SKCIePAMEHTANb-
HHX HaHHHX. H coxaieHmio, B HalmeM pacmopaKeHHH TAKWE NaHHEE
OTCYTCTBYIOT.

5. Ipyrue BuAH 5HEPreTHYeCKHX 3aTpaT CBA3AHH ¢ TAKAME (ak-
TOpaMHM, Kak DPOCT IMepCTH, KajJopHreHmueckuil 3fdekT m mpoume;
DOCKOJIBKY 3TH BHOH DHEpPIro3aTpaT HeBeJMKH IO CPABHEHMIO ¢ Hmepe-
QUCIEHHKMY BHINE, MH WX He OyIeM YYHTHBATH B 9HEPTETHIECKOM
Gamance ocoGu.

JuepreTnveckue NoTPe6HOCTH 0coOM YIOBIETBOPAIOTCA, 09EBHIHO,
3a cuyeT NOOHIBaeMOd mImmM:

I qpn = Z w., )
“o
rae II — Bec nmmu, no6rBaeMoit B efuenny Bpemenu; Cy — CpegHAA
yIeNbHAA KaJIOPUHHOCTD UAINY; ¢y —KO3PPummenT YCBOGHHSA mmIH.
VYparuerue (9) MOKHO UPEACTABHTH B BHJE

‘;’; 2L NCun — ZW — AW, (10)
1=0

rie AW — sHeprermdecku#i numc6Gananc, T. €. PasHOCTH MEKIAYy HO-
CTYIIeHHEeM MOIGHOCTY B ee pacxofoM. Ilonssysacs ypaprennem (10),
Heo6XOMMMO MMETh B BANY CJCXYOIIHE OCOGEHHOCTH.

1. TloTepn MOIMHOCTH, cBf3aHHHE C Upeolpa3oBaHueM XHMMUYE-
CKOH PHEPTUH B MOXaHHYECKYIO, COBEPIIAEMHIM B MBIIIAX, MOTYT OHTDH
HCIIOIH30BAHE 1A ofecneueHNs TeIIOOTAAYN B OKPYIKAOIYIO cpeny
BHE TePMOHEHTPAIbHOM 30HE. [[05TOMY NODOIHHTENBHOE TEIJIOBHTE-
nenne W, ornipefenserca sppaskeHneM (3) TOJABKO NPH YCIOBAN HAXOM-
meHNs ocobu B CcocToARME NOKOA. [Ipm Quamdeckoii Harpyske mo-
TOJHATENHHOE 'renJmeme.neHne oupenensaeTcA BHpaMeHAeM

-7,
Wy= WoT T —Wa(l—m) (upm Wy >W,(1—n),

(11)
Wy=0 opr W, L We (1 —1).

"Ilpn ounpefeneHnM 2HePreTHYCCKOTO MMCOANAHCA CHOAYET YCpey-
HATH BenImduHy W, ¢ yueToM COOTHOMEHHA BpeMeHH, IPOBOXHMOTO
0c00bI0 B COCTOAHNY MOKOS B IpPH (H3HIECKOH HATPY3Ke:

2. Mexanugeckas MOmMHOCTH 3aTPavnBaeTCA 0CO0BI B OCHOBHOM
¢ mexso noGupamua mumy. [[09TOMy yI06HO BHPASHTs MEXAHWIECKYIO

179



MOIMHOCTH T€Pe3 Bec MMy, NOGHBaeMOH B equHMy BpeMern: Wy— EIT,
rme & — BunocmemmuaecKMii sHepTeTHYeCKHE Ko>ddmrmenT.

3. Omroxorgueckme YCJIOBEA W, CIENOBATENHHO, ODHEPTETHYE-
ckmit aucGamanc MOryT SBHO BaBHCETh OT BpeMeHw, B 3TOM cayuae
ypasnenne (410) mpumer Bux

5 T =, AW (12)

4. B mpomecce pocta 0co6p 4acTh mumu A00HBaeT caMOCTOATENE-
HO, a OCTAJLHHE MOTPe6RUCTA MOKPHIBAET 32 CUeT IuMIW, mePemanae-
Moii popuTersMu. Ira 0cOGEHHOCTH NOMKHA GHTH OTpakeHAa B BHIpa-
YOHWN, OMpeeNAomeM »HepreTHIecKmi nucGanaHc.

BEJIKOBHIE ITOTPEBHOCTH

Beaxonre moTpeGHOCTH OMpPeeiAl0TCA B UepBYI0 ouepels (opMmpo-
BaHMeM HOBHIX TKaHeir B mpomecce pocTa. Kpome Toro, 6enok pacxo-
NyeTcd B CBA3HM ¢ HOPMAIbHHM (YHKIMOHMDPOBaHMEM THaHe# — mpn-
MepHO IPONOPNUOHATHHO OCHOBHOMY OOMEHY.

Takum oGpasoM, NOTPeGHOCTS OpraHE3Ma B YCBOeHHOM Oelke
MO;xer OWTH upefcTaBieHa B BHe

dp,
dt °’

B=xWs + ¢ (13)
rme P, — Bec GeXKOB, BXONSMHEX B COCTaB Teja ocolbm; ¢z — Koad-
furment, yuwThBapmmit 5PPeKTHBHOCTs Tpomecca IepepaboTEm
0eIKOB H OHOJOTHIECKYIO MEHHOCTH 0EJIKOB, CONEPKAIMAXCA B INMINE;
% — ros3ddunmumenT, yumTHBawmuii GelKoBHeE B3aTpaTH, He CBA3aH-
HEIe ¢ POCTOM. '

BamernM, uro KOsPPHNHMEHT 3, TAK e KaKk W BBEJEHHH BHIme
K03 PUIAeHT 1),, 3aBACHT OT cKOpocTH pocra dP/dt. Kax m B crywae
BHEPreTHKH, HANe;KHee JaHHHE O 3aBACAMOCTH Kosdpummenta g
OT CKOPOCTH POCTa OTCYTCTBYIOT. VIMelorca M Apyrme, MeHee CymecT-
BeHHE® CTAThHM pacxona GenkoB (IMHBKa W Ap.), KOTOpHe MH He 6y-
IeM YYHTHBATE.

CocraBnM Temeph ypaBHeHue OaraHCa GeakoB

dap,

.. (14)

Hegpp =B =%Wy 1 ¢

Vpasaenue (14) onpepensier moTpeGHOCTH B muINe, 06YCIOBIEHEYIO
pacxonom GemxoB. C Opyroii CTOPOHH, 3TO YPaBHeHWE OMpEeReNAeT
CKOPOCTH pOCTA, €CAW KOJIMTecTBO IMmy, NOGHBaemoii B efmHANY
BpeMenn, mapecTHO. Ilomaras Py = c,P (rme c; — KOHNEHTpamusa
Genrxos B Teme ocolm), HaxommMm

ap
dt

1 1
= —Z’;q;- (T[cgcpxz -— %Wo) == T(P:; AB, (15)

rge AB — 6Gexkonwit gmcbananc; AB = Ilc,@y — %Wo.
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YuutnBasg usMeHeHHe YCIOBHE GemxoBoro GamaHca BO BpeMehd,
ypaBreHRe (15) cllefyeT mpencTaBuUTh B BUIE

ap op 1
_5t—+-_0-1:—= P AB. ('16)

Monssysce ypaBrenmamu (10) u (14), MoxHO HallTH MUHRAMajAbHEEE
noTpeGHOCTH B nume Ha OCHOBE YHEPTETHKH XM GeNKOBHX 3aTpar. AHa-
AU3HPYA BABHCHMOCTE 3THX BelTWduH oT pospacta [Xammu u np., 1978],
MOKHO YCTAHOBHTH, UTO B HAaYANXBbHHIM HepHON IOCHe pORIeHMs GeJ-
KOBHIe HOoTpe6HOCTH B nmume GoJbine, ueM sueprerudeckue. Ilpn gann-
HelimeMm pocTe morpebmocTr B mmme, 06YCIOBIeHHHE HHEPTeTHKOI,
mpeBumanT Geakosne unmessie mnorpe6roctn. Takmm oGpasoM,
IO ONPeIeIeHHOTO BO3PacTa JUMUTHPYIOMHEM (PakTOpPOM MABIAIOTCH .
fexxoBhe mOTPeGHOCTH, a B HalbHeHNIeM — SHEPTETHYECKHE.

KPUTEPUN ONTUMAJIBHOCTA OHTOTEHETHYECKHNX IIPOITECCOB
BE3 YUYETA JJUMATHUPYROIMNX ®AKTOPOB

B oRTOTeHE3e TPOMCXOMUT CYMECTBEHHOES M3MEHEHHE CTPYKTYPHHX H
OYHKIUOHATHLHEX OapaMeTPOB, KOTOPHE, CIEMOBATEILHO, ABJIAIOTCH
¢yEKRnuAMu Bozpacra ocobmu. IToaromy 3amaga MaTeMaTHIECKOTO MO-
HeXNPOBAHHASA CTPYKTYPHO-PYHKOUOHANBHKX IapaMeTPOB B OHTOTEHeE-
3¢ HECKONBLKO VCIOKHACTCA IO CPABHEHAIO ¢ aHAMOTHYECKEMH 3aja-
9aMHi, B KOTOPHX PacCMATPHBAOTCA CTPYKTYpa M (YHKIEA B3poCioi
oco6n

B xagecrBe KpuUTepHs OUTHMAIHHOCTH MBI 6y11eM HACIONKL30BATE
npuEnan BeprupBanna [Xamun, 1975], nonaras, aro B [uane BEyKHBa-
Hye — OPUCOOCOOAEHHOCT: INEPBHYHHM SABJIAETCS BHIKUBaHHE.

IIpaMem, 9TO OUHAMWKA DKOCHCTEMH, B KOTOPYI0 BXOIHT pac-
cMaTpHBaeMHIi BHN, aleKBAaTHO ONMCHBAETCH CHCTEMOH ypaBHEHHH

L(X,a, B, =0, (a7

rage X — BEKTOp, KOMIOOHEHTAaMH KOTOPOTrO SBISIOTCH YACIEHHOCTH
ocobeit Bcex 3TEeMEHTOB HEKOTOPOH 5KOJOTHYECKOH CHUCTEMEI; & —
BEETOD , KOMIIOHEHTAMHY KOTOPOTO SIBIAIOTCSH CTPYKTYPHO-OYRKIHOHAI b~

Hble TapaMeTpH 0Co0ell BCEX DIIEMEHTOB 3KOCHCTEMBI; p — BEKTOD,
KOMIIOHEHTH KOTOPOTO OHPeNelfTCH YKOJIOTHICCKIMH YCIOBHSMM.

BunenuMm ogmry nu3 IONYAANME, BXONAMAX B COCTAB DKOCHCTEMSI
(S-IO) ¥ pacCMOTPWM HEKOTODHIH CTPYKTYDHHE HIM (QYHKIMOHAIL-
HEI TapaMeTp O, BTOM DOMyIANNN. Hpennonomx«m majee, 9T0 MOWY-
JAANHS COCTOMT M3 ABYX DONNONYIANMI, pasiAgaoMUXCHa BeInInHONT
paccMaTpmBaeMoro (EHOTHOAIECKOr0 IapaMerpa.

YucreanocTH # BeJIMIAHH PeHOTHIMIECKOTO IapaMeTpa IOMIOmy-

Aanuy 0603HAYEHH ClIenyomuM ofpasoM: 1-1 IOIOOnYAAGHS — x®,
2
oV 2-1 mopmonynsmaz — XP, af?.
CooTBeTcTBeRHO M3MeRUTCA AuHammgeckas cucrema (17). Ee pe-
IeHre MO3BOJIAEeT aHAIA3HPOBATH ACHMITOTAIECKIE CBORCTBA TACHEH-

HOCTeA IOXUONYJIAMNHA.
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OJIPIH 13 BapHAaHTOB ACHMIOTOTHYIECCKOI0 HOBEIeHHA YUCIeHHOCTen
TaKOB: . .
HnXP >0, 1limXP=0, (18)

t—x t—+00

T. €. OepBaf MONUOOYJNALMA BHTECHSET BTOPYI H, CIeI0BATENLHO,

denoTummueckuit mapamerp o) WMeeT CeJCKTHBHOE MpPEHMYMIECTBO

IO CPaBHERMIO ¢ HAPaMeTPOM G B BaJaHHEIX HKOJOTHUCCKHX YCIO-
BHSX.

Chopmyanpyem Teneps onpegesIeHAe ONTHMAIBHOI ¢ TOTKY 3PEeHASN
BEOKMBAHHASA BeJWIMHE (eHOTHNNIECKOTO Iapamerpa.

OnTrManbeHON ABAsAETCA TAKafA BeJIMIAHA EHOTHINHIECKOI0 Mapa-

* . #*
Merpa G, IPH KOTOpOil s aroboro al? o4 qi, BEOXHSIOTCA YCIO-
BUA

limX® =0, limX®>0. (19)

t—»00 1>

Onpenenenne (19) momHEO BHIOONHIATHCS OPH IPOW3BOJBHHIX
HavanabHEX yeaoBusax [Xamum m gp., 1978

HaGnogaembre BetnunHs e HOTHONTIECKAX IapaMerpoB Oy AYT coB-
mafaTh ¢ OUTHMANBHEIME o ompefelerno (19), ecan npomomkATe b
HOCTE 3BOJMONMONHEOTC IPOIecca 0Ka3alach OCTATOIHOH [JIA COOTBET-
CTBYIOmETo 0T60pa. ITO OTpaHMYEHZE CBA3AHO C JOCTATOYHO §ONE ok
CeJIEKTHBHOM 1IeHHOCTHI0 M3MEHEHHWH paccMaTpuBaeMoro IapaMeTpa.
B npupone o6wuno nabnomaerca pacupenesienne ocobeii no penoTunm-
9ecKHEM DapamerpaM, o0ycI0BIeHHOe BOSHUKHOBeHASM MYy Taliuil # meidcT-
Brem orGopa. C omTHMAaNBHON BEIMYWHOU, YMOBIETBOPHIOmEH KpH-
tepuio (19), caenyer comocraBasTh cpepHee 3HAYEHWe PeHOTHIHYEC-
KOT0 Iapamerpa.

O6mwmit kxpurepnit onrumansgocT (19) Moker GEHTE DpUMEHeH He-
DOCPEeNCTBEHHO MYTeM UYHCISHHOTO MHTEIPUPOBAHUA YPaBHEHWH -
HAaMAKH 3KOCHCTEMH IPH Pa3iIWYHEX BeIWIMHAX PaccMaTPUBAEMOro
deroTrnHIeckoro mapamerpa. OTHAKO HPENCTABJISAETCH 3HAUYATEIHHO
6oJee IPOCTHM W HM3AUHEIM OpPUMEHEHHE YaCTHHX KPHUTEPHEB ONTH-
MAJIBHOCTH, CIPAaBEMJIWBEIX B KOHKPETHBIX CIYYafX U CIAeAYIOMUX U3
o6mero xpmrepmsa (19).

PacemotpuM mpocTedimyo MaTeMaTHYECKYH MOJENb HOMYJISAIUH,
yqn'rmnaroiuyro BospacrHoe pacmpenexense ocobeir [Ceupesres, Jloro-
der, 1978]:

ap o9 .
T—!——a—r——— (p,a, &, T) @, (20)

tae ¢ (¢, T) dt — aucao ocobeit B BO3pacre 0T T 70 T -+ dv B MOMEHT f;
u(p, @, &, T) — cuira CMEpPTHOCTH.

Ypasueune (20) Brpamaer faKaHC uACIEHHOCTH ocobeit momysi-
nan. [Ipenmonaraercs, uro QyHKIUA, Onpeneas0OmMa s CHIYy CMEPTHOCTH,
3aBHCHT TaK:e OT PAla Heo6Oo3HAYCHHKIX TapaMeTpoB, OTP aKaoIuX
9KOIOoTHYeCKAEe ycIoBus. [Jlin pemerms ypaBuemmsa (20) nomuEH
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Ot cHOpMYINPOBAHH CIHERYIONMIMe TI'PaHMUHEE YCIOBHA

2~

ot 0) =\ rgar, @1)

0
¢ (0, 1) =00 (1), (22)

rge A (9, @, &, T) — KoadduuMeHT poskgaeMocTd; @, (T) -— BO3pacT-
HO® pacmpefeleHne B HAYAJBHGIL MOMEHT BPEMEHH.

B coorsercreun ¢ onpenenenueM (19) pasobbem monmyIAnuio Ha e
MOZIOOYJSANUN, Pa3IAYAIOMuecs BeJIUIUHON HeKOoTOPOro QeHOTAIN-
yeckoro mapaMerpa. ¥ pasrenne (20) mpu sT0oM 3aMEHAETCA CHCTEMOI,
COCTOSIMEA U3 CIeAYIMUX IBYX YpaBHEHWH:

T = gt e, 0 (0, 61 ()] 3)
a(p2 + a(Pz =—W [(Pl + Pg, Qg (t)7 d(z (T)] P2

YpaBHeHUS He YIMTHBAIOT renerwdeckue gaxropru. I[Tostromy Bpe-
M, 32 KOTOpOe IPOM30HeT sIMMUHALAA MeHee NPHCIOCOOIEHHOTO
denornma, ompeneleHHoe ¢ IOMOMbI0 pemends cucteMH (23), 6ymer
3aHMKEHAHM, JT0, OfHAKO, He CYNeCTBEHHO C TOUKW 3DeHHsA Ieleif,
3aKIMIOYAIMAXCA B HAXOKICHAN ACHMIOTOTHYECKOTO COCTOSHHS CH-
CTeMHl OpH [ — oo.

AprymenT ¢pyuknmm p BuOpaH Tak, ITOGH OPH HAEHTHIAOCTH HOM-
moUydsAnui, T.e. mpm o,4(T) = a, (1), CyMMEmpoBaHHEe YpaBHeHHI
(23) mpuBopmIo 6K K mexoxHOMy ypaBHenmwo (20) — 1A monyiasumn
B IeNoM. JTOMY BHOJHE eCTECTBEHHOMY Tpe0OBaHWI0 MOJKHBI YIOB-
JNeTBOPATh BCE MaTeMaTUYEeCKHE MONENH HKOCHCTEM.

Hac B mansueiimem OGyneT muTEpecoBaTh He Tpancdopmanus BO3-
PaCcTHOTO pacupefeleHNsA, a ACAMOTOTHISCKOE HOBEeHNe CyMMapHOi
9UCIEHHOCTH HOAIONYJIANME, ONpeensieMol BHPaKeHAAMH

o0 o0

Nl'—S P (¢, ©) dr, N2—S @s (t, T) dT.

HpOHHTePppreM ypaBHemm (23) mo Boapacry ¢ yIeToM rpaHM4-
HHX yelosmit (21, 22) m ogeBMEHOTO YCaOBHA @y (£, 00) = 0:

oo s oo '
S -%—d7= Sf((P1 + @2, ay, &g) @1 AT,
0 0 (24)
Qs _ .
S 3 dt =\ (91 + P2, 02, %) P2 dT,
1] 0
rme f=A — .
Bypem mckatp pemenme cueremsl (24) B mupme:
¢y = a1 () F(v), @2 = a5 () P (1), (25)
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rae @ () — acEMmoToTHYeCKoe pemeHne ypapHemmsa (20) (Ges paspe-
JMeHAs Ha NOANONYJIALNH).

B o6meM ciygae aMIIATYAH @, ¥ d, 3aBHCAT He TOABKO OT Bpeme-
HE, HO H OT BO3PacCTa, T. €. YIATHBAIT TPaHCPOPMALHMIO BO3PACTHOIO
pacupegelennd B npornecce spolonuu. B nanpHeitmeM Mur GymeM mpe-
HeGperaTh A3MOHERAEM BO3PaCTHOTO PACHpeieldeHAS BCIEACTBHE (EHO-
TAOMIECKAX PA3INIAA PacCMaTPUBAEMBIX MORNONYIANMA H, CIEf0-
BaTeabHO, GyfleM CUATATh, UTO AMIUIUTYNH dy U d, HE 3aBUCHT OT BO3-
pacra.

Ilpenmonosxum fanee, 9ro AJaA IEPBO NOAIONYIANAN paccMaTpu-
BaeMblil peHOTHIMIECKA mapaMeTp PaBeH SBOJMIOIEOHHO ONTHMAlb-
Hoil Benmdmme o, (1) = a* (1), 4y (t) =-d*(t), a masa Bropo#t mommo-
OyJIAnAM — OTAMYAeTCs OT ONTHMAJNBHOrO BHaueHHs Ha Aa (1):

o (7) =0 (1) + A (1), e (1) = &% (1) + A (), (26)

Bapuamusa demoTmmmieckoro mapamerpa Aa ofaamaer mo mpepmo-
NOMEHNI0 CHNEAYIOIMMUMY CBOHCTBAMH:

Ao (0) =0, Aa () = 0, Ac (1) <& a*(1). (27)
Tlonp3ysch 5TUMH CBOWCTBAMH, PAa3IOKEM (YHKOUIO f B paAm mo
BapHamEd Ao U ee OPOW3BONHOH, OrPAaHWYMBIIACH JIMHEHHHIMU
4IIeHAMU: .
. ~ . a ~
f((Pl. + Pa, a*a (Z*) =f(q)1 CZ*, a*) + _5(%' (al + ag — 1) (Pv
. ~ . 9, ~
f(o1+ (sz 0z, Gg) == f (@, ¥, @%¥) +‘6_£>— (ay+a,— 1) +
oL L Aa 4 af Aé. (28)

Honc'ranma pasnoenus (28) B ypasuemms (24), Haxomum

B @ ta—1B, = g(ata—1)B+ac, (29)
roe
_toa sde /o 30
B= § 00 lpre=g q)d'c/ OS @ dr, ©0)
C_( o
Sq)( Aa+ 3a A(l)
c= 9 — . (31)

Gt

o7 g

Hajigem pemernme cmcremul ypasHenmit (29). Jlerko saMernts, 9T0

d('j«z:i_) ol (32)
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Unrerpupys, moaydmm

a a
= klect; kl == 2
a a

33)

t=0

IoncraBnas pemenne (33) B ypaBrenue (29), mpuxoamm x ypas-
HeHHMI0 Bepmymnu:

dal

= =a&B (1 + kie) — Bay. (34)
Pemenue ypaBmenmsa (34) mmeer Bun
ap = (1 -_ le ect + k ebt) ' E] (35)

e k, — moCTosAHHAS MHTETPHPOBAHWS, OIpENeNAOMasCsa HaIalb-
HBIM YCJIOBHMEM.

PaceMorpum acmmmrormieckoe mosefenme pemenmit (33) u (35).
Jlerko Bmpmers, uTo lim @, = 1, ecam ¢ <0, B < 0; lima, = 0,

t-oo

ecan ¢ << 0.

B cootBeTCTBRE ¢ 06MUM KPATEpHEM ONTEMAABHOCTH (2) HepaBeHCT-
Ba ¢ <0, B << 0 sasaaw0Tcsa HEOOXOTUMMEIM I TOCTATOYHEIM YCIOBHEM
ODTUMAJBHOCTH, €CIK OHM BHINONHMIOTCA IIPH INPOM3BONbHON Bapma-
nun Aa. Kospdunuent B ne 3aBucnr ot Bapnauun Ac.. Bnorormaecknii
¢MbICT yeiroBusg B < (0 3akI09aercs B TOM, UTO OTHOCHTENLHAN CKO-
pPOCTE pPOCTA THCIACHHOCTH, yMEHBIIAETCHA OPH YBeJAWIEHHH IWCIICH-
HOCTH BhIIE CTANHOHAPHOrO B3HAYCHH.

Paccmorpum reneps xosdpumment c¢. MmTerpmpys mo 4acTaAM o
Hoib3ysAch ycaosmamu (27), Haxommm

t—so0

ﬁ-a—f-A l:+ [(F—%f;—-;‘-(gf ")-lAad'v (36)

CL ¥ d

ann
c~§[$§—;—— 5 (35-7)] A dr.

Heo6xomnmoe ycaoBHe onTHMalbHOCTH BO3PACTHOH 3aBHCHMOCTH
HEKOTOPOTO IapaMeTpa, OYEBHIHO, HMEeT BHI

~ Of 8 (. of

Taxmm o6pa30M, ONTHMaJabHasl 3aBUCUMOCTD apaMeTpa o OT BO3-
pacTa sBIseTcs pemeEHeM ypaBueHus (37), KoTopoe MOIKHO Takixe
OpejCcTaBATh B CIeNyOIeM BHTe:

~ Of of Vdp ~ 0%
P2 e g P =Y
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niain
af of of
e s — —Mag e (38)

Ecnn ¢ysknus f we 3aBHCHT or &, To ypaBHenue (38) nmpurnmmaer
Bupn 0f/da. = 0, 1. e. mepexonmr B kpurepmit Oumepa.

OIITUMAJIBHEIE OHTOTEHETHUYECKME HAPAMETPBHI
C YUETOM NEUCTBUA JUMUTHPVIOIINX GAKRTOPOB

B coorBercrBHM ¢ Pe3ynbTATAMA, W3IOEHHLHIME B IepBOM pasfiele,
MO’KHO' IIOJIATaTh, 9YTO B UHIAMBHAYAJIGLHOM DA3BHTHH CYMECTBEHHO
meficTBME ONHOTO M3 ABYX JUMUTUPYIOmUX (aKTOPOB: OrpapdYeH-
HOCTh HHEPTETHYECKHWX HWIW OEJKOBHIX pecypcoB. B ofomx cayuasx
ypaBsHeHme, Bhpaskalomee 0aliaHC JTEMETHPYIOLMETO pecypca, HMeer
ClenyIOMAN BHT:

apP ap 1
St T e =7 A (39)

rme Ay — mucbamame muMmrEpylomero pecypca, £ — Koaddunuent,
XapaKTepH3YOMMA comep/RaHAe INMUTHPYIOMIEr0 pecypca B Tele
0co6u ¥ 5PPEeKTHBHOCTD MCIOIb30BAHAA 3TOTO PECypca B OpramH3Me.

Yder meiicTBHA JIEMHTHDYIOmMEro gakTopa HOJIKEH BHIPAayKaTbHCS
BO BBeleHUYW IBYX YpaBHeHNMIl, anadoruwdskix (39), xag nognony asmuil,
pasIAYamuXCca BeJINIAHO paccMaTpuBaeMoro mapamerpa. Taxau o6-
pasoM, cmcreMa ypaBmemmit (23) mpumer un (g = Ay/k):

262;1— + '(?a%i = —p [@1 + P2, 01 (1), &1 (1), P1] @y, (40a)
%q:z + 6;;2 = —Julle1+ @2, 0z (7), &b (1), Pa] @2, (406)
379?21_ + %‘ =g[e1+ ¢, 01, &, Pi], (408)
-%fi + %—1:2 =g (91 + 2, %, Ga, Po]- (40r)

Ilamee mMoHO Cief[0BAaTh B 0GmMHUX Yeprax TeM ke NpOIERypaM,
KOTOpHE OHIW OpPAMEHEHH BHIIe.
Warerpupys ypasrerns (40a,6) mo BospacTy, pasiarad QyEKmun
[ ¥ g B pAMH IO CTeNeHAM BapHWAIWW PACCMATPHBAEMOTO HapaMeTpa
Ac. 1 OTHICKMBA s pelleHne B BENE Q; = 4,9, Q2 = a,§, P, = P + AP,
P, = P + AP,, rue P — pemerne ypasuerus (39) nas omHOpoxHOR
(zo mapaMerpy @) HONyIANWH, HAXOMAM
1 day __
o At T
af 9, of 9 _ o 9 3 g .
S{(—a{rﬁ?—wﬁ’r) Ad + (“aﬁ-%—‘ﬁm‘)w}wf
0

og ¢ B
3P S ¢dr
' (1)
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Jlerxo Busiers, 9To HEOGX0RMMOE YCIOBAE 3IMMAHAAY BTOPOit O~
DONyIANMA WMeeT BHA (IOCIe MHTEIPHPOBAHHUSA IO FaCTAM)

(LR
— (2 2 Z_g_ﬁ}mdr=o. (42)

Wz ypaBuenns (42) crenyT, 910 ONTHMAIbHAS 3aBUCHMOCTD (EHOTH-
ONYeCcKOTO HapaMeTpa OT BO3DPAacTa OIpPeJeldsAeTcA peIleHMeM ypas-
HEHUS

9 ~
57 (PLy) — Ly =0, (43)

rae L, = 0f/ox 0gloP — of/oP oglos, L, = df/oa 0g/dP — df/oP.
-0g/0o mim

Ly ———=—npl. (44)

PaccmoTpuM ocHOBHEE dYacTuhie ClIydam ypasHemusa (44). Ecanm
PenpoRYKTHBHEE CBOACTBA HONYJANMM W (alaHc JMMHTHPYIOMEro
daxropa He 3aBucAT or &, T0 L, = 0 u ypaBuenue (44) mpmmmmaer
BHJ

of % _ 9 1% _

Ly=0 nmmm =35 ——5H5—=

3a 9P 0P da (45)

Kopuu ypaBuenus (45)— onramannHEe BeIHINES GYHRIIMOHATIBHBIX
napamMeTpoB, He ABIAAmMEecs QYHKUUAMHA Bospacra. B ypaBuemmm
(45) yumTeIBaeTCA BIAMSHHWE PacCMaTpHBaeMOro MmapaMeTpa Kak Ha
PenpoAyYKTHBHEE 0COOeHHOCTH MONYIAINKMA, TAX W Ha GalaHC TWMATH-
pyiomero ¢dakropa.

Ecau or paccMaTpuBaeMoro mapamMmeTpa He 3aBHCAT OallaHe JTuMM-
tupyromero ¢axropa, T. e. dg/da = 0, o ypasHenme (45) mpumer
pag 0f/da = 0, 9ro copmajjaer ¢ kpurepuem Mumwepa. B npyrom mpe-
menbHOM ciaydae df/da = 0, T. e. IpH HE3aBHCHMOCTH pPEHpPONYKTHB-
HHIX CBOMCTB OT paccMaTpUBaeMoro mapaMerpa ypasHeHme (45) mpm-
mer BAR [Poszen, 1969] dg/doe = 0, ppyrumm ciaoBaMH, OOTHMAIbLHOE
3HaveHMe MapaMeTpa COOTBETCTBYET MAKCHMYMY mucOaanca JIMMUTIH-
pyomero dakropa. Ecam muMuarapyomaM GaxTopoM SBIAETCA dHEP-
TSI, TO KPUTEPHEM ONTUMANBHOCTH HBIAETCA MaKCHMYM BHEpPreTH-
gecKoro fucHaamca.
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