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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MOKHO BOBHUKHOBEHHNE HEyCTONUYMBOCTH, NPUBORAMPSHE K 06pa3oBanmio
CTaHIBHEIX NPOCTPATCTBEHHO-HEOMHOPONHKIX COCTOAHAN — TAK HABHI-
BaeMblx auccunatmBEHX crpyRTYp [[aemcnopd, Ipurosxmm, 1973).
TonyepkmeM, 4T0 MOMEHT BOSHMKHOBEHHMS HEYCTOMUIHBOCTH JONMEH
ynpaBaaTecs B 00BheKTe (COOTBETCTBYWINME KOHTYDPH YOPABICHHSA
00LIYHO He BXOJAT B Tak;me MOMENH), OJHAKO B JalbHeHmeM NYTh
IPOLECCOB OHPEfedrH MPAKTAIECKE ONHO3HATHO. TaKyl peryiIdmuio
¥ COOTBETCTBEHHO amilck MEHGOPMAINE 0 Hell MOMHO CUMTATH Hapa-
MeTpHYecKoi. ’

B macrosmee Bpems, Do-BEAEMOMY, HET TOCTATOYHEIX PKCIIE pAMeH-
TANBHEX JAaHHBIX, 4TOOLI CTPOMTH AUHAMMYECKHE MOJEId, HEImoC-
PENCTBEHHO COMOCTABEMEE ¢ KOHKPETHHIMH 00BEKTAMHE MM IIPOIEC-
camMz Omoxoruu pasputud. [losToMy MofenmpoBaHWe HampasJeHoO HA
T0, 4TO6H MOKA3aTh BOSMOKHOCTH PEAJMBAIAY PasjIWuHbIX ABIEHUN
B PAMKAaXx I0CTaTOYHO 00muX IpeanoioKeHnil. Tar, paccMaTpUBaeMEIe
Halee aBTOHOMHEIE MOMNENH K3 TEOPHH AUCCHIATHBHLHIX CTPYKTYp IO-
KasHBaoT: 1) BO3BMOIKHOCTH ONMCATH CYINECTBEHHEIE IOTEPH CEMMET-
pun o0BbEKTAa mpE €ro AaBTOHOMHOM Pa3BUTHH; 2) YOpaBIAEMOCTH
pocToM m peremepaipeii; 3) BoaMoKHOCTh 00pA3OBHIBATE HEPAPXHIO
CTPYKTYD; 4) BapuabedbHOCTb yTell yCTaHOBIEHUA CTPYKTYPH H D KBH-
duraTpHOCTL IPOLECCOB faske HPY HATWYAYA 3HAUUTENBHEX QIYKTYa-
Iy, 5) BO3MOKHOCTH B PAMKAaX pacHpefielleHHHX Mopxededl KIeTodHoi
nuddepernupoBKu tHna rpurrepos axo6a—MoBo cBA3aTh smmre-
ues u gopmooGpaszosanne 7 np. OrMeTHM, 9T0 TOROGHEE MOJEIH CEM-
Yac WHTEHCHBHO NCCAEAYIOTCH HE TOJNLKO B CBA3W ¢ GHOIormYecKEMHU
npobaemamu [Dyrc-Kurosernmit, 1980], #o w B HoBO# obmenaydHol
MACUMIJIAHEe 0 caMoopramumsanum — cumepretuke [Xaxen, 1980;
Powanoperumir, 19811,

MOJEJN PACOPEAEJIEHHBIX KHHETHYECKNX CHCTEM

B xavecTBe Mofeseil pacupeeeHpX KUHETATECKEX CACTEM Jale Bce-
ro NpAMEHAITCA KBasunageinse, no llerpoBckoMy, napabonudeckue
ypasuenus. [{asa TRanedl npubiwKendeM SBIAETCA YiKe TO, 9YTO OHH,
B OpHHNUOE, ONACHBAIOT HENPEePHIBHYIO cpejy. dacTo AMCKPeTHOCTH
cpefibl KaYeCTBEHHO HE BAMAET Ha XapaKkTep YCPe[HeHHHX paclpefese-
Uit KoMmoHeHToB. OHAKO BOSMOKHHE CIyYaHd, KOTHA RUCKPETHOCTH
Cpefl BaXkHAa M CIeAyeT NOPHUMEHATHh AUCKpeTHHe Mopead. Hmxe
6yayT mamm mpEMepsl obenx curyaruit. Iipm aTom Hekoropsie o6mue
BONPOCH M3JAATAIOTCA HECKONBKO HmoApoGHee, UeM 5T0 NDPUHATO B
nopo6unix paborax. [leso B ToM, 9T0 MH CTPEMIIHACH J2TH BO3MOKHOCTE
9@TaTeNn, CIeNHaIbH0 He 3aHAMAMEMYCs MOJeTHpOBaHAEeM, Dpaso-
6paThCsa B TaHHOM MOAXOMEe B IeIOM ¥, CIEf0BATEIBLHO, CYAATH O IpH-
MEHWMOCTH DPE3YIbTATOB.

B ocHoBe Mofeneil HAXOXATCA YpaBHeHAH MaTepuaabHoro OalaH-
ca [Jla#pyr, 19771:

—;— zi=F@y, ..., 2,)— divl, (1)
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IR B CIy4ae AHCKpeTHOTe mpoctpaHcTBa (cmcteMa nuddysmonuo-
CBSBAHHBEIX RJETOR): :

Ly =Pl 4 (1) 7 — I, (1a)
IMie HUKHNI nHAGKC nneRTHGUUpYeT NepeMeHHbe, & BepXHUE HHAEKC
B (1a) — nsamemenT mpocrpascra. Jaampocrors B (1a) paccMarpuBaer-
¢ cpefla, Ifie RAKAHIA HJIeMEHT CBA3aH TOJBKO C JBYMsS COCEJHHUMM.

ITH ypaBHEHHUA B IPABBIX 9aCTAX CONEPsKAT YIOHH, OMHCHBAIUE
I0OKaJIbHOE IPOUBBOACTBO KOMIIOHETH Z; ¥ €r0 HOCTYNJIEHHE U3 CO-
CeHUX DIEMEHTOB, I; MOKET 03HAYAaTh He TOJHKO KOHIEHTDAIHH
KOMOOHEHTOB, HO TAKKE BEPOATHOCTA HAfTH onpefesIeHHEI ONEPOH B
aKTABHOM COCTOSHWY H T. II. 3aMeTAM, 9T0 TaKWe YpPaBHEHWA BO3HMKA-
10T B TOOPWH HEPBHOTO MMOYJIbca, HO TAM OHYM UMEIOT APYIYI0 HpHpPO-
oy LBacnnbeB 1 np., 1979

I, —9r0 mOTOK i-T0 KOMIOHEHTA:
- — s
I =vz; — kZI Dy grad (zy), )

e v — CKOPOCTh [BW;KEeHUA QUKCHPOBAHHOTO 00BEMa CpeAll; &; —
abconoTHAs KoHUeHTpanusa (HmampEmep: Moasv/n); Dy — Marpuma
mapdysnn. Ee sefmarosansunie 4JeHH HasHBAoOTCA Ko3dduuaeaTaMu
BzauMmuoil mnddysmm, T. €. YUUTHIBAIOT HOTOKH i-TO BEIECTBA, HHAY-
nupyemsie moTokamu (rpaguenTtamu) k-ro sempecrsa [Xaasze, 1967;
Boabkesmreita, 1978].

OxaseBaercd, Yro B3amMmuas [MROPY3AS OTCYTCTBYET TOIBKO
TOra, KOTJIa PABHE Me:KAY coboit Bce Koadgduumentsl caMoquddhysnn
[Xaage, 1967]. Yacro mma MosxH0 Hpere6peds, ofHAKO MMEIOTCHA CIY-
v9ad Kak B xumnn | Xaase, 1967], rax u B 6moaornn [Jlairgyr, 19771,
KOTHa WHAYIHUPYEMHe HOTOKM CPABHHUMEl IO BeJHYUHE ¢ caMORudy-
3meii.

Ecam B cucreme mpomexofaT xuMAdeCKie IPeBpamieHAA U CBA3AH-
HEle ¢ HAMY IPOIECCH, U3MEHAWINEE ee 00beM, TO B Cpefie BOSHAKAIOT
MaKpPOCKONMYECKAe MBIKEHHA. Ilpm sToM U spigerca QYHRImei
HepeMeHHBIX CHCTeMH. [| 1151 NpOCTOTH 0CTAHOBUAMCH Ha CiIydae OqHOMED-
Horo mpocrpancrsa. He ymamas o0mHocTH, MOMKHO CYATAThH JEBYIO
TpaRuny orpeska memonewwuoil (r = 0). O6o3HauMM CKOPOCTH OT-

HOCUTEJBHON NePOpMAUdAW NJIWHH W3-3a YBeJIWueHUs o6beMa B TOY-
ke r uepes l, rorma

v(r)=Sld{’; i Z—Z:l. 3)
0
B wacrroctn, pamHa oTpeska L mopumHseTcs YpaBHEHHIO
L
r=\1dy wm L =1} %)

0
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HanGomee mpocThiM ABAAETCH Cydail, Korfa | 3aBHUCHT TOIbKO
0T mepeMeHHHBIX CHCTEeMH (Z;) M HOCTOAHHBIX HapaMeTpoB {(APYTHMA CIO-
BaMy, W306apHEE YCIOBAS NJASl HECKEMAaeMOH W HEeBASKOH CpejH).
B o6meMm cnydae | moer 3apucets Taxke or L, v.

B TpexmepHOoM mpocTpancTBe BMecTo (3) crefyer HCHOIB30OBATH
grad (v) =1l (m, k=1, 2,3), the l,x — TEHB0pP OTHOCHTEIBHHIX
medopmanuit o6bemMa. [[Ig H30TPONHEIX CPe 9TH YPABHEHHAA COBMECTHO
¢ (1) pemamorca He TpyAHee, ueM (3). B anmsorponHOM caydae mpuxo-

OMTCA pellaTh BechbMa TPOMO3LKYI0 cmcreMy ypasuemuit. Homeuno,
B OMOJIOTME aHWSOTPONHKA YACTO BAKHA, TAK KAK ypeamdeHue o0beMa
OpPOUCXONAT W83-3a POCTA KJIeTOK, IMEIIMX ONpefe eHEyl0 ¢opMmy,
TeOMETPHI0 KOHTAKTOB W DPACHONATAIMUXCH yOOpAKodeHHO. MosHo
3aMeTUTH, YTO PEIIeHWe TAKOH 3afJadNl B Caydae MOCTOAHHOH IO 06H-
eMy CKOPOCTH POCTa BO MHOTOM AHAJOTHIHO 8afade 0 caMocOOpKe, HO Bee
7K€ T03BOJIAET WOTYINTH BoJNplle cBefenmii o cucreme. Ilpm sToM v
ABISAETCA BEKTOPOM POCTA, pACCMATPUBABIIEMCH B MoHOTpadmu
Vonnuarronma [1964].

Temeps ocraHOBHMCH Ha BOIPOCE 0 HEPEXOfe 0T AMCKPETHOH cpe-
O K HempepsiBHoil. Juddysmonusie moroku GymeM camTarth KBasu-
CTAalHOHAPHEIMHA, T. €., 9T0 BpeMA YCTaHOBJIEHHS HOTORA MEKAY KieT-
ramum-cocegama (20 —100 c¢) MHoro MeHBIIE XapaKTepHHX BpEMEH
fMoXUMHATeCKUX HpeBpamenuii (YBeInIe NI KOHIeHTpanuu B 2,7 pasa).
PaccMoTpuM aBe KIETKH, PACCTOSHUA MEKIY LEHTPAMA KOTOPHIX
pasuo R, pasneneHHHX MeM0OpaHoil ToMmuHON d M ¢ DpOEAIAEMOCTHIO
P (cM/c). Bepxuumit mumeKc «1» OTHOCHT BeNWYMHK K mEHTPY JeBoi
KIeTKH, «2» — K JeBoil mosepxHocTH MeMmOpaHH, «3» — K IpaBol
HOBEPXHOCTH, a «4» -— K meHTpY npaBoil kaerkm. IloTokm Bpa-
Ralorcsi depesd Kommemrpamum: [n = D, (lx — 2z)/(1 —d); I3 =
= D,z —*2)/(l —d); I}’ = P(x —3z); I}' = Do ('x —*x), rme
D .y —ro3(uument nuddysnn «3KBUBATCHTHONY HEIPEPHIBHOR CPE/IHL.
Veaosne KBasmeranmmosapmocTH uMeer Buf [v = I2 = I2 = I3

NOACTABUB CIOJIa BLIpasKeHHA NJIA HDOTOKOB, HOJAYUYHM:

1/Dyy = (1 — d/R)/D, + 1/PR, )

970 MOKHO CUATATH OPABHIIOM CJIOKEHHS IOCIHENoBaTeldbHHX nuddy-
BMOHHBIX CoNpoTHBIeHmH. B ypasueHHmEH (D) He yYHMTHBAETCA MEM-
KIeTOYHAA Cpefia, KOTOpas ABJAeTCA Hapalie]bHHM COIPOTABICHAEM,
T. €. OIYHTOM,

O6patuM BHEMaHUe Ha ciaerylomue obcrosrenbersa. Hak B Mofne-
aAx MeMOpaHH ¢ HOpaM#, Tak W B MOJleliAX ¢ HepeHocuYHKamu P me-
numeitno saBucur ot (‘x; '+lx), caegoBarensHo, u I,, 3aBHCHT oT Z.
B orauume ot KeiicTBATENLHO HENPEPHIBHKX CPEM NI HEKOTOPHX KOM-
noHeHToB BoaMoxHo D, = 0. Ecnu P cpapHUTeIbHO MaNo, TO W3-3a
HAJAYAS ME;KKISTOYHOR cpefihl Helb3A 3aMEHUTH NTUCKPETHYI0 MORENH
(1a) Ha HempepuBHY (1), He [0GaBUB TYHa HEJIOKAJIbHHE WIEHH. ITO
COOTBETCTRYET MPeNIoJIosKeruio, Buickasanaomy C. 9. Illroxem [1979],
0 «manpHOmedcTBEM» B MopdoreHeTHUIecKNxX noasx. J[pyroe Baskuoe
orauume GHMoTKaHeidl oT OGHYHON KMAKOA CPENHI COCTOWUT B TOM, UTO
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BCJICICTBHE YIOPANOYEHHOTO PACIONOMKEHHS KICTOK ONpeleleHHON
$opME 1 MyHTOB KoadduiueHTsr auddysnnm saBACAT OT HANPABJIEHHAS,
T. €. Bo3MoyKHa ammsorponma amdpdysmu.Tarasa aEmsoTponms Moser
CYMECTBEHHO NMOBIHATHL HA IPONECC CTPYKTYpoobpasoBaHEA.

Ilpurok sHepru;m W PHTPONUY, HEOGXOMUMHEX MJif CYMOCTBOBAHMA
RUCCUOATHABHEIX CTPYKTYP, IPOUCXOMUT 3a CUET XUMUIECKHX WpeBpa-
IeHUIT BemecTs, ONUCHBaeMuX Fy (21, Z3, . . ., &) B (1). YroGH nay-
9UTh 0CO0EHHOCTA XIMATECKOE KNHETAKY , IPABOIANIEH K 00pasoBaHuIo
CTPYKTYD, MOKHO OFPAHIYIHUTHLCS HCCIEOBAHAEM OXHOMEPHOM IO IpO-
cTpaHCTBY cmereMH., Torxa ypasueHume (1) mocae momcranoBrm (2)
npuMeT BHJ

n

o] a a o]

—(,in :Fi (.’121, Ty oy .’I}n)—'-aT(\U.'IIl) —‘r '—a—r(z DikTr .’IIk> , (6)
k=1

KOTOpOE CJeyeT NOMOJIHUTH TPAHWYHHIMEA YCJIOBHAMH Ha TOpIHAX,
a IJIA CHCTEME! ¢ MBMEHAIMUMCA 00beMOM — YDABHEHUAMH A CKO-
poctz v (3) w manas L (4). OcranopuMes moKa ma cucremMax ¢ v = 0.

IlycTs cucremMa HAXONMUTCA IPH ONHOPORHBIX TPAHMYANX YCIOBHAX,
HAPUMEpP HENPOHUI[AeMEe TOPI[H:

o] o]
S Ll = o T 1~=L=0 (i=12,...,m). (7
Torga ona mMeer TpEBHAJABHOE pemenue z; (r, t) = I;, rae #; ApAsAeTCH
KoopAnHAaTol 0co60oi TOUKH COOTBETCTBYIOMEH TOYCIHOI CACTEMHI, T. ©.
#; — pemenue aixreGpamduecKoil cucreMbl ypaBReHwit F; (%;, Z,, ...
e T =0 (=1, 2,..., n). YcroliaumpocTb OXHOPORHOTO CO-
CTOAHMA HCCAENYeTCA MOCPEfCTBOM IoAcTaHOBEM z; = A; exp{Mt +
+ jamr/L} — %; u aureapusanmym (6) orHocWTeapHo 4;. B pesyns-
TATE IOJIYYaeTCA XapPAKTePUCTHYECKOe (IMCHePCHOHHOE) YPABHEHWS
A (m) [PoMamosekmit u ap., 1975]. Ouesnano, 9T0 eciym xoTd O ONHHE
KOpeHH MONOMKATENEH, TO ONHOPOJHOE CTAMOHAPHOE COCTOAHHE He-
ycToitumBo.

BasxBHoCTD HCCaENOBaHAA OTHOPOAHOTO COCTOSHWSA BHAHA U3 CJe-
nyomero. Ecan F; TakoBH, 9T0 B TOUETHOM CHCTEME OTCYTCTBYIOT GecKo-
HEYHBlEe HAPACTAIONMME PEIIeHAS, TO JOCMamoYbiM YCA06UEM CYIIecT-
BOBAHUA CTA{HOHAPHEIX NPOCTPAHCTBeHHO-HEOAHOPOAHHX pemleHmii
ABJIAETCA HAJMHYME Y XapaKTepUCTHIECKOTO YPABHEHHS JIA KAKOTO-
a0 m HeueTHOro 9YUCIAa MOJOKEATENbHHX KopHeil A [Bacuares w
np., 19791, Hago nommuTs, 4YT0 YTBeDKAEHWEe O peald3yeMOCTH
HEOMHOPOJAHKX COCTOSHHE MOMKHO CAeJaTh TOJBHKO MOCJTe HCCIeNoBAa-
HEA YCTOHYMBOCTE TAKKX pellenudii. Jra CIOKHAS 3a/lada, OPUMEPH
pesyIpTaToOB ee pemeHms GYAYT MAaHBE HAMKE.

BaskzeiimymM HeoGXORAMEIM YCIOBHEM CYIIECTBOBARHUS HEOLHOPOS-
HEX COCTOSIHMI SBJISETCH NPUCYTCTBHE aBTOKATANTHTHICCKUX lemei
B Opyrro-cxeme peakmmm: X + A4 —...—>nX 4+ B, n>1.
NarepecHO BCIOMHATDH, YTO TaKOe Ke YCIOBHO BOSHHKAET B KaUeCTBe
OPeANOCHIKA 0T00pa B MPeAGHOIOTAYECKOH 5BOMIONAY MAKPOMOJe-
Kya [Jiiren, 1973]. ApTokaTalmTHvecKme HpOIECCH BOSMOKHEL He
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TOJABKO IIPH XWMHUYOCKAX HPEBPAMIOHUAX, HO TAK/KO BCICNCTBHE KO-
ONMEpaTHBHHX fABAEHUWI B CyOMONEKYIAPHHX KOMIIEKCAX, NPH 3TOM
OpOCXoqdT KakK GH pa3sMHOMKeHHe AaKTHBHHX cocrogamii. Hampmmep,
©CJIH HepeHoC Tepe3 MeMOPaHy IPOMCXORAT HOCPEACTBOM OJIUI'OMOPOB,
BCTPOEHHHX B Hee, W AKTHBHOCTH ONHON CYOBEJHHUIH YBEIXUYUBaeT
AKTHBHOCTH APYTHX, TO HOTOK Yepe3 MeMOpaHy AMeeT aBTOKATAJIATH-
deckne cpoiictBa [Blumental, 1975]. Jlarepaasnasn puddysms ma
Takoi MeMOpaHe omuCHBaeTCA ypaBHEHASM BHAA (O), ¥ NUCCANATABHEIE
" CTPYKTYpPH 06pasyiorcs B BAME MATEH AKTABHOCTA Ha ee MOBEPXHOCTH.
HawnGonee peranbmo msydema GazoBasi Mofenb, HasBaHHAA Gploc-
ceaaropom. Ona mpepioskeHa Gpiocceabckoil mkoxoit Ilpuroxmua
u Apasercs passutweMm Hpeii Thiopmura [Turing, 1952; T'mescpopd,
Iprroxmn, 1973]. B 6poccendarope MCOOXB3YeTCA CleAYOMAasa Hedb
runorernueckux peakmaii: 4 - X,2X +Y > 3X, B4+ X —>Y +
+ D, X —> E, d4ro coorBerctsyer OpyTro-peaxkmuu A - B —
— E + D. Ypasuenue 3TO#l MoJeI: HMEeT BUJ

0 92 .
-—a—i-a:=A+a:y——(B+1)x-+~Dm-a—r2—x, (8)
2

7] 9
- Y =Bz —a%y + Dy —=v.

Ee enuncreonnas ocobas Toura: ¥ = A; §=B/A; upu B > Byoy =
=1 4 A? roueunas cucreMa ABJAETCA aBTOKoJdeOaTelbHoil. Ecawm
B> B, =1 4 m*D, [L* + A¥L* + n®*m2Dy)ln*m?Dy, (the m =
=0, 1, 2, .. ecTh UBCJI0 HOJYBOJH), TO ypaBHeHUA (6) uMeIOT HeOH-
HOPOXHO® CTaidoHapHOe pemenme. Kcam mpm aroM B < Byoa, TO
3T0 pemenume Bcerfa ycroirumpo. Ha pme. 18, 6 mokaszarHm pacmpepe-
memnA y (r) mia m=141 u m=2.

MosHo BHIEINUTH BA TUIA AUCCHNATABHLIX CTPYKTYD: KBasurap-
MOHAYECKHe ¥ KOHTPACTHHE. B KBAa3HTapMOHHWYECKHX CTPYKRTYpax
pacmpefieieHde NEPEMEHHHIX ANOPOKCAMUDPYOTCH DPANOM € HeGOIb-
muM KohmdectBoM wieHos: Y (r) = Py + P, cos (nr/L)+ P, cos X
X (2nr/L)y+-. . . . KsasarapMonudec- 2
R¥e CTPYKTY PH 0CHOBATOABLHO WCCIE0- bn i
Baon [Bacmases, 1976; DBaGcekumit, 4
Maprman, 1977; Bacmases u gp.,

1979; Huwonne, Ipurommu, 1979; 7
Bacnases, Pomanoscrmit, 1980; T'oaxy-
6es, [leancos, 1980; Mapkman, Yiame- -y

nes, 1980]. B koHTpacTHHX CTPYKTY- : U

pax mjJaBHBIE YYACTHKH pacnpeneneﬂnﬁ
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Puc. 18. TrcTepesucHHe IePHOE MOKLY THC-
CHIATHBHHIME CTPYKTYPaMH ¢ PasHHMHE (op-

MaMP IIpM M3MOHEHNN JINHH CHCTOMH (8) .7=.$.9
@ — B3aBHCHMOCTHL aMILIMTY IapMOHMYECKHX COCTaB-

nsomux (Pp,) ot L (A = 10; B = 99, D, = 0,75; 79
Dy, = 1,0); 6 — HavaNrHNeE B KOHEYHHE COCTOAHMA

IIpH Hepexofie OT CTPYKTYDPH ¢ m = | K CTPYKTYpe
cm=2
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gepenyIOTCA ¢ KPYTHME pOHTAMM, OHU BOBHAKAIOT, KOIKa KO3(du-
nuenr auddysun aBTOKaramrmampyemoir mepemenuoin (D,,) MmEOTO
mensme Dy, [Bacuaves m np., 1979]). las 6piocceasitopa KoHTpact-
HHE CTPYKTYpH feranbuo ucciegosaust B. C. Hepmepom m B. B,
Ocumosuim [1978, 1980]. BaskHbM oTiAMd@eM KOHTPACTHHIX CTPYK-
TYp ABJIAETCA TO, UTO OHE BOSHEKAKT NPA CPABHHETENBHO MAJIBIX
HaKaYKax DHEPIWHM B CHCTEMY.

B nccaeoBaEAAX JUCCANATUBHEIX CTPYKTYP YAOOGHO NMOAB30BATHCH
IMarpaMMaMH COCTOAHHUI, HpUMep KoTOphX faH Ha puc. 18, a. Ha
3THX AWAaTPaMMaX BHIENANTCA [Be o06JacTh: JOKPUTHIECKASA U 3a-
KpuTHYecKkasa. B fokpuTHdecKoil o61acTa 0AHOPORHOE COCTOSHAE YCTOM-
9UBO K MAJEIM BOSMYMEHWAM ®H, €CJIHW AUCCANATABHAA CTPYKTYpa cy-
mEeCTBYeT, TO OHA MO’KeT BO3HHKATH TOJBKO B pe3yiabrare GOILIMIAX
(maprpuTAYECKEX) BO3MYmERHIA, T. €. B jecTKoM peskume. Ecan sanare
JOKaJIW30BAHHOE BO3MymeHHe, To 00pa3oBaHHWEe CTPYKTYDPH Hpo-
XOQHAT OYTeM camodocmpoliku: cHadajla BO3HHKAeT oJUH Iopl, saTeM
PANOM C HEM JpYToil. ITOT peskuM HaGMIOZANCH SKCOIEPAMEHTAIBHO
B HcciaefosaEnAX peaknud Bexoycosa — MaGoruucroro [MaGorun-
ckmit, 1974]. Mas saxpurudeckoit oGimactm 6odee XapakTepeH pe-
KM, B KOTOPOM CTPYKTypooOpasoBaHme cpasy Ke OXBATHIBACT BCE
OPOCTPARHCTRO.

N3menenns cocTosiHMI CHCTEME DA YBeAWIeHAN ee LIuHE L oTpa-
meHs Ha puc. 18, q. Ilpm ysenmuemmm maumBE cHadala ofpasyerca
CTPYKTYpa, COCTOSAMmAA U3 ONHOR MoMYBOJHH (m = 1), np: malvHeil-
neM YBeJIWYEHWH JJIUHH CHCTEMA CKAYKOM HOpeXojdT B COCTOSHUE
cm = 2,3ateM ¢ m = 4, 8, 16,. . . OGparusle nepexoxs, HaUpAMEP
m3 m =2 B m= 1, coBepmarTcsa OpA IpyIux 3HAYeHAAX HAPaMETPOB,
a 3HAYET ¢ TucTepesucoM. TaKue mepexomil Bo MHOTOM aHAJXOTHYHBI
$a30BHIM mepexofiaM IEepBOTO POfa B PaBHOBECHHX cucremax. Tak,
Ipu uAX CKaYK000pasHO MBMEHSAIOTCH DKCTOHCHABHBE (YHKIUE COCTOSM-
HUA, B YaCTHOCTH, HOTOKE norpeGademoit sgeprau. HoMumo nmemourn
nmepexofmos m = 1, 2, 4, 8. .., BOSMOJKHB M [pyTHe, HAIpAMEp: m =
= 3,6, 12,. . . Homacrs ¢ ORHOI IENOYKA HA APYTYIO MOKHO TOIBKO
B pesyibraTe LJOCTATOYHO CUJBHBX BHEIIHUX BO3AeHCTBHUI cHermab~
HOIL (OpMEL.

B Mopenn GpioccelfiTopa nepeHoc BemecTBa OCYMEeCTBIALTCA TONb-
Ko camomuddysueir, UtoOn moHATH 3HaUeHMe B3amMHON nuddysun,

PaceMOTPUM CJASYIOIYI0 0YeHb UpocTyio cucreMy [Bacumawes m mp.,
1979]:

dz

d
— = Ay — Bz — 1%, —;:—:Bx—-—Cy. 9)

Ee eqmHCTBeHHO® CTAIMOHAPHOE COCTOSHUE C MOJNOKATEIBHEIME KO-
opiEEaTaM# ycroiuuBo npu ao6ex A, B, C >> 0. OrmernM, 9To cxe-
Ma peaknuit ana (7) sHaYMTENBHO peajucTHUHee, 4eM B Oplocceis-
tope. Bcam Dy = Dy = 0, T0 B COOTBETCTBYIOIIEH pacupefenennoi
cucreme CTPYKTYps He oGpasylorcsa. Oxrako ias ao6ux Dy, Dy, <<
< 0 Bcerna Haiigercs Takoe Ayp, 910 Ipu A > Ay 6yAYT poskgaThes
CTAIMOHADHBE [ACCHOATABHLE CTPYKTYDHL
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Eme oira Bo3MOKHOCTS 06pa30BaHNA CTPYKTYD CBSA3aHA C TPAHAY-
HHME YeaoBusama. VIx posip xopoimo BUjHa Ha NpPUMEpe OAHOKOMIO-
HeHTHHIX cucTeM. JleficTBATeNbHO, IPHU ONHODOAHHX I'PAHWIHHIX YyC-
nopmax ypasrenue (5) (n = 1) mo Teopeme Yadm mn pgag xaxkmx F ()
He AMeeT YCTONYHBHX CTaNMOHAPHHIX PEeIIeHAil, KPOMe TPUBUAIBHOTO,
onHopoAHoro pemenus, [ IPOHANAEMEX TOPIOB IPAHMYHEIE YCJIO0-
BUA HMEIOT BUJ

ox oz
=aVo—z(0,1); - T=L=a(NL+x(L, t). (10)
Ecnm F (x) yaosaersopseT ompefleJIeHHHM TpeGoBaHUAM, HampuMep:
F (z) = Az — B3, 10 B cucTeMe BOBHHKAeT yCTOMYABAA NUCCHNATHB-
Had cTpyrtrypa [Livshits et al., 1981]. Onuaro B oramdue or cHcTeM
¢ n>> 2 3Ta CTPYKTYpa Opd NOOLIX 3HAUYEHUAX MAPaMETPOB, B TOM
qmcae W AAWHE, COCTOUT M3 ofHoM moaysonsl. Ha pmarpammax co-
CTOAHHUA CHCTEM £ = | TaKMe HMEIOTCHA MOKPHATHUSCKNO W 3aAKPHATH-
gecKkue o6IacTH.

Ipaamunse yeaosusa (10) ApasgoTCA OTHEM M3 cI0CO00B 3aMaBUA
HEeOTHOPOAHOCTEH! B cucreme, ee moasaprocta. Hpyroi cnocob cocrout
B 3aflaHUM CHAaGHIX TPAJMOHTOB IAapaMETPOB; IPW 3TOM B TaCTH IPO-
CTPAHCTBA OPOUCXOAUT 06pasoBaHme CTPYRTYPH, a B 0CTaJAbHOR mepe-
MEHHEIE AMeIOT TIafKde pacupenenenus. [as Mojexrm Gprcceafaropa
(8) Takme ToKaIM30BAHHBEIE CTPYKTYPH HCCHENOBAHK NIA HEOTHOPOJ-
mbix pacupefenennit B {Huroauc, Ilparoxun, 1979], koropse Takoss,
9TQ [JIA 9aCTH CPENH BHIOJHEHH YCJIOBUA CYMECTBOBAHHAS CTPYKTYD.-
lpn arom moTepw cUMMeTpHH, CBA3aHHHe C IpajgmeHTamMu B m He-
YCToHYABOCTHIO CIal0 HEOTHOPOLHOTO pacIpeeNe s, CKIaJNBAIOTC
U B pe3yabTaTe MONYYAIOTCH clozxuile KapTaHH (puc. 19). Ecau cam-
TaTh, 9T0 pacupefexeHne B ABJIAeTCA 31eMEHTOM CTPYKTYpHI G0JBIIOT0
Macmraba, To MOKHO YBHIETH, KaKkoe pasnoobpasue GopM noayiaercsa
B OPOLECCAX THOA CTPYKTYpa H3 CTPYKTYDHL.

Tapep u Maiiaxapp [ Gierer, Meinhardt, 1972; Meinhardt, Gierer,
1974] upennosuan pag eHOMEHONOTHIECKUX MOLENSH N5 H3ydeHAS
pocTa, CTpYKTypoobpasoBaHuA ™M No9Koo0pasoBanns y rajgps. Monens,
B KOTOpOi#l paccMaTpuBaloTCs arTEHBaTOp (@) W ero cyGerpar (S),
04eHb HoX0iKa Ha Gpioccemsarop (8):

d 2
_0% = Pop - Cpaz‘s —pa+ Daa‘a?‘“:

Br |r=0

d v o 43
—0—tS=Co—CpazS*"VS+DssTr5'S’

rge P — NJIOTHOCTh HCTOYHMKOB. VX pacmpefenenyme MOHOTOHHO H
uMeeT CIalulii, He 3aBMCAIMHUN 0T BpeMeHW TpajgueHT.

Ipyras rpynna mMomesneii ocHoBaHA Ha B3aMMOAEHCTBHUAX aKTHBA-
ropa (a) m murmbmropa (h), Bampumep:

0 3 2

3 =00+ Cp 5= — pa + Daa w0,

oh a2 (12)
5)5— == C'p'a2—— vh + thhjarTh.



Puc. 19. Ycnoxaenne RUCCHNATUBHOR Z A\
CTPYKTYPH B CHUCTMH (8) IDH HeOHHO- |
pofHOM pacHpenesieHMH Hapamerpa A,
TOKABAHHOI0  INTPUXOBOH  JHUHUeMH
[Huroane, Mpuroxun, 1979], uro ma-
JIOCTPEPYET Hponecc THIA CTPYKTypa
H3 CTPYKTYDPH

P

——
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e e -
—
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1 ! Y L

>

Vud

Puc. 20. TlpumepH CcTanMOHAPHHEX pacnpenenennn aKTHBaTOpa B MOmedAx I'm
pepa—Maiinxapara (11), (12)

IlitpuxoBolt JmumeH HOKa3aHk 3alaBaeMble pacnpenenenna ucTouuuKoB p [Gierer, Mainhardt,
1972]

Jang stEx Mofenell OHJIA MpoBefeHH o6mupHbIe YNCIeHUEE dKCIe-
PEMEHTH # paccMaTPHUBAICA CIYy4all KOHTpacTHHIX CcTpYKRTYp (D,
D, 3 D,). By moxryueHH Kak OGHOIEKOBEE Paclpe/leleHAs aKTH-
BaTopa, Tak u KBasumepuopmdeckue (puc. 20). Ilorasaso, uro mumpn-
Ha IUKA MokeT GHTH aBTOMONENbHLIM HapaMeTpoM (T. e. He 3aBHUCETH
OT NJIMHH cHcTeMbl) wim Qyuruueid ammusl. IIuk Moxmxer maxoguThCH
Kak Ha TpamdIe CHCTEeMEH], TaK ¥ HEeCKOJBLKO B CTOpoHE oT Hee. B pam-
Kax 5THX Mojeleil HaXonuT pemenne npobiaema PpaHIyscKoro Quara
[Wolpert, 1969]. PasnooGpasue pemennii nossosnuno ['apepy 1 Maiin-
Xapmay HPOBECTH CONOCTABJEHAE C 3KCOCPHUMEHTAJIbHEIMYU [aHHBIMW
U TaTh WHTEpHOpeTar#0 HalA0TAaeMBIX ABIEHWH HA MOJEKYJIAPHOM
YpoOBHE B paMKax WX KOHIEHIHU.

Janvaeiinmee paspRTHE MOJIENN COCTOSIIO B q0o6aBlleHNy IpEeACTaB-
JeHuil 06 ypeiamuieHNH o0beMa, saHWMaeMmoTo cucreMoit. Pocr yumrn-
BAJICSA IOCPEACTBOM CJeAyImero YDPaBHeHUA:

—379=Kf(a)——w>—v’(r—rs)_%p, (13)

rpe (r —r,) — paccrosHEe OT HeHTpa Kjieroudoro asmuenus. Co-
mocraBuB (13) ¢ (4) m (5), BumEM, 9TO CKOPOCTH yBennmdeHus obbeMa
! camraercd mocTogHHON (rpalimeHT P B KOHBEKTHBHOM 4jeHe Mal, X
3TOT 4JeH He yuuTHBaercd). Ilpwm Takoil ckopocTw [ namma cmcTeMHl
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HeOTpaHWYeHHO BospacTaeT. UmMenennble 3KCHEPAMEHTH NOKAZAMNM,
970 ONATH BOBMOMIHH [IBA CIyYafA: B CHCTeMe OCTAGTCA OANH HEIOo[-
BIGKHBIN OHK aKTHBATOpa, OO Mepe pocTa 0GpasyIoTeA BTOPHYHLIE
unks. O6pasoBanne NePHORKYECKOH CTPYKTYDH NPOTEKAeT B pesiuMe
CaMOJOCTPORKM, a AHArpaMMa COCTOAHHANH HOXOKa HA HOJYYeHHYIO
ansa Oploccensatopa (cM. puc. 18a).

Jna MEOrMX 06BEKTOB HIpPEANONOKEHHEe O HOCTOAHHOM CHOPOCTH
yseamdennd o0bema (1. e. Heynpasisemoil npoandeparun) HenpueMie-
Mo. JleficTBUTENbHO, CTPYKTYPH U CaM OpTaHH3M MMEIOT Ol pefleIeHIIbe
pasmepsl. PaceMoTpmM, Kak o6pasoBanme CTPYKTYP MOTJIO Obl peryin-
poBaTh Aauuy cucreMnl L, Ha npumepe Gpioccensaropa. Byaem canrars,
YTO BpPEMeHA PpeJaKCaIUH CTPYKTYp MHOTO MEHBIIE XapaKTepHbIX
BpemeH pocra. Ilo kpaitHeit Mmepe B ciydae npoangepaTABIOro pocrTa
3T0 BCET/Ia TAK. OTO LOBBOJIAET MOJTAINHO PACCMATPUBATE YpaBHCHHE
pocra (5) m mmarpammy cocrosuuii (cMm. puc. 18). Ilycrs Ha JeBoM Kpalwo
CcHUCTeMH HAXOMMUTCH JOKAJM30BAHHEI MCTOYHHK BeliecTBAa, MBJAIO-
mieroca KodaKropoM pocra u Aupdy3HOHHO-paCHpOCTPAHAIONIErOCA
B cucreMe. J\pyruM KodaKTopOM ABIAETCA BEIECTBO Y, a (QYHKOHA
I mmeer Bug: | = l,, ecoi f = ¢y > € = const m [ = 0, ecam cy <
< &j. lna ounmcanua npoandeparun npepcrapieHne o I Kak o mo-
poOroso¥ QymnKium BHIAAAWT ecrectBeHsHbM. Ongsaxo, 4To0H orpa-
HUYHUTH POCT, BBOAHTH IOpPOT He off3aTelpHO, HANPUMeD, TAKOH e
sddext maror wienn B I, yumrteBaomue ruGenp Kiertok. Ilpm raxoi
l (y, ¢) B ogHOpOIHOM COCTOAHAN CHCTeMa yBeamdmsaer Aangy L (D).
Ipu o6pasosannn crpykTypH ¢ m=1 npu Lypu: pOCT IpeKpamaeTcs.
Jlerko Bupets, 4To cucreMa cnocobna K peresepanuu. Ilpm gpyrom su-
Gope BeJIMYAHE LOPOTa POCT MOKeT TPEKpPATHTHCA HPH CTPYKType
¢ GonpmmM YUCIOM NOINYyBOaH. Takum o6pasoM, B pacmEPeHHOH cuc-
Teme L JOIKIA CTAHOBHTHCA aBTOMOJENBHLIM HapaMeTpoM, Onpejielise-
MEM KWHETAYECKAMU HOCTOAHHHIMA CHCTEMH.

B paceMorpesHHoM Ipmmepe CHCTeMy, CTPOTO T'OBODA, HEeNb3A CYH-
TATh BHOJNHE ORHOPOAHOH, OHAKO AIMHA MOKeT OLITH aBTOMOJIEIbHEIM
napaMeTpoM ¥ B IOJIHOCTHIO TOMOT@HHOW CHCTeMe, HAIPHMep, eciaun
f (x, y) 1pm mepexofe OT COCTOAHMA C M, K COCTOSHAIO C My MEHACTCH
ckaurooGpasuao. Ilpmuem oxaseiBaerTca, 4To f(r, y) MOKeT HMeTH
JOCTATOYHO NPOCTOR M ecTecTBeHHEHH Bujl. B o6mewM ciaydae, IOCKOIb-
Ky CHKOPOCTH NIpoJufepandl 3aBHCHT OT MeXAaHAYECKOrO COCTOSHUA
KIeToK, 1o 1 (x, y, r, L). JlelicTBuTenbHO, ANA TOTO YTOGH yBeNAINI-
cs1 00'BeM BOIMBN NEeHTPa, KIeTKe IPAXONMUTCA «Pa3fBHraTh) 6ONbIIyI0
Maccy. Kar 68 ramM um OBulo, fajke OpUBeJeHHBE OPOCTHE IPHUMEPH
DOKA3HBAIOT, 9TO B TEOPHH JHCCHIATHBHEIX CTPYKTYp mpobiieMa Mac-
mraGHoli MHBAPUAHTHOCTH PEIIAGTCA BeChMa NPOCTO ¥ ©CTeCTBEHHO.

Buinre paccMaTpmBaduCch OJHOMEPHEE N0 IPOCTPAHCTBY CHCTEMEL.
JIByx- ¥ TpexMepHBM CHCTEMaM OOCBAMEHO He CTONbL MHOTO “paor.
Tak, amanrms KomTpacTHHX cTpykryp Bemonmed B. C. Hepnepom
u B. B. Ocunossm [1980], a Takike mMeioTCA pesyIbTaTH YHCICHHBIX
sxcnepuMenToB [manpmmep, Martinez, 1972; Meinhardt, Gierer, 1974].
Koneuno, quarpaMmul COCTOAHMI B IByMEpPHOM clydae yCHAOKHATCA,
TaKk Kak pa3poo0pasue cocrosiemil Gonpme. CTpyKTypH 00pasyoTca
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KaK B MATKOM PeKUMe, TaK M B JHECTKOM, TaK/Ke MOJKeT IPONCXOJUTh
CaMOJOCTPORKa CTPYKTYp H T. J. Boobime roBopsA, BO3MOKHEL CO-
CTOAIHWMA C OdYedbh HHU3KOH cuMMerpmeli. OfHaKO AJA WX pealH3alNH
TpebyloTcs BHeliHmWe BO3feMcTBHA cmenualbuo#l dopmei. M3 npo-
CTPAHCTBEHHO-IOKAIN30BAHHBIX BO3JIEHCTBHIA HOIYIAIOTCA JOCTATOIHO
CHMMeTpUYHHe CTPYKTYPE. OHE ke XapaKTepHH RIS MATKHUX PerRu-
MOB CTPYKTYpO0oOpasoBaHus.

B MHOroMepHmHX cHCTeMaX, KaK OrOBapWBaloCh Ipu O0CY:HIeHAR
augy 3MM B KIETOYHHIX CHCTeMaX, MOKeT BO3BHHKaThL NOTPeGHOCTH
BBeCTH B OCHOBHOe ypaBHeHmMe (1) HelowaixrHbie omeparophl. Taxme
JKe 3afla9d BOZHHKJIN B TeOPHH ropennsa. PaccMaTpmBalach OAIIOKOM-
nonedTHasA cmereMa [Anmymms m np., 1980]. Pemenune sroit samaunm
OOKAa3allo, YT0 [ake B OHOKOMIOHeHTHOI cucTeMe 06pasyoTea yeroii-
YUBHE CTANNOHAPHBE AUCCHOATHBHEE CTPYKTypH. Ilpmuem mx ¢eno-
MEHOJIOTHYeCKYE CBOMCTBA TOUHO TAKME ke, KAK M B MHOTOKOMIIOHEHT-
HEX CHCTEeMaXx.

B kmerouHsx cucTeMax BO3MOKHHE cioydam, Korga D;; = 0, Kak
B cayuae (D), MHBIMH CJIOBAMH, MOKET BO3HUKATH Mudys3moHHBIH
fappep. X ypasneHns mmeoT Bce cTALMOHADHBIE PEIIEHNs, KOTODH®
CYIEOoTBYIOT B COOTBETCTBYIOIMUX HENpepPHBHHX CHCTEMaX, a TaKKe
PAI crenuMYeCKUX IA KISTOYHEX cHcTeM peinednit, B wactHocTH,
B TAKHX CHCTeMaX Jake ¢ OJHOPONHEIMH apaMeTrpaMu B peayianTare
BHEIIHWX HAJANOPOTOBHX BO3AeHCTBHE MOTYT 00Pa30BHBATHCA YCTO-
4YABHE JOKATM30BAHHEE JUCCHOATABHEE CTPYKTYPH [Bacmiabes u ap.,
1979]. Ilpu sToM cHCTeMa 3aIOMHHAET MeCTO BO3JeicTBHA. YKaskeM
TAaK/Ke, 9TO B OJ{HODOAHBIX OZHOKOMIOOHEHTHHX KIGTOUYHHX CHCTEMAaX
BO3MOKHHE YCTOWYHBHE CTPYKIYDPH, TOTa KaKk HeIPePHBHLIE CHCTEMbE
nx He mmeior. To jKe caMoe OTHOCHTCH K CHCTeMaM ¢ TPHITePHOH! To-
YeYHOM KUHETHKOM, KOTOPHIE BayKHKE B CBABH ¢ IPoOIeMaMn SOAreHesa.
Taknm o6pasom, Harmune quddysmornoro Gapbepa MokeT GBITH Bask-
HEM (axTopoM, cTa0MAMBHPYIOMHUM CTPYRTYDY.

CTOXACTHYECKHUE MOJEJIHU

Ouyxryaunm KAHOTAYECKMX NePEeMEeHHH X OKa3HBAlT CYMEecTBeHHOe
BIMAHNE Ha CTPYKTYPH B ABYX caydaax: 1) Maise KOHIEHTpamum;
2) mapaMeTpl cmcTeMHl Oam3km K KpurmdecknmM. OGbeM KIETKH CO-
crasaser okoxo 107° g, m npm rommesrpanmax 1078—107% moxsn/x
B ofHoM Kiaerke okasniBaercsa 10—1000 Monexyi ogHoro Bujaa. 3aKoH
GOAbIINX YMCEN HeIPUMEHHMM K OJHOH KiIeTKe, W OTKJIOHEHHUA OT CPej-
HAX BeJM4MH Beamko. IIpm »TOM JJifA OOMCAHHA COCTOSHNA KJIGTKA
HY/KHO HOIb30BATECH YHCIAMH MOJEKYJ Kammoro Buia. Eciam na-
paMeTpH cueTeME! OJIH3KM K KPATHYECKHM, TO Jajke MAKPOCKONHYe-
ckme QUIYKTYanu| MOTYT OPHBOJUTH K MAKPOCKOINYECKUM SBICHUAM.

B croxactmuecKHX MOJeNAX MCHOAB3YIOTCA ABa moaxona. Bo-nep-
BHX, MOKHO 3a/aBaTh IIYMOBHE NOJA M MCCIEAOBATHL HMX JeicTBHA
Ha CHCTEeMHI; BO-BTOPHIX, MOYKHO 3ammcaTh yHAAMeHTaJbhHOe ypaBHe-
Hue JIA BepoATHOCTH cocrosinnsa cuctemul [Huwomme, ITpurosiumm,
1979; Xaxen, 1980]. Bropoit noxxos, koseuno, Gogee nocae0BaTesIeH,
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Onmakxo om m Gomee ciomen. PaccmorpuM ero Ha mpmmepe Gproc-
ceaATopa.

OcHoBHoe [onymeHue, HCOOJb3yeMoe OpH BHOOpe ypaBHeHHUIH,
COCTOHT B TOM, 4TO BCE BJEMEHTAPHHE IPOIECCH ABJIAKTCA MapKOB-
CKEMH, T. e. HOcIelelicTBue B HUX He cymecrBenno. Cmcrema pasdn-
Baercd Ha N fiveex, W ee cocTogHme onucuBaercs pyHrimedr P (x;,
Yire - -2 TN, Yn, 1) =P (&, 7, t) BepodgTHOCTH TOrO, 9TO B MOMEHT I
B MepBo# gueiike HAXOMUTCA Ty M J; MOJIEKYI, BO BTOPO# X M Y M T. [.
IBONONHUA 3TOM QYHKIUM ONpefielseTcA BepPOATHOCTAMH IePeXoji0B
KaK 3a c4YeT XMMAYECKUX PeaKnui

Py(z;— x; + 1) = Ax;At;  Po(xy, yi— 2, — Ly + 1) = BriAt;

Py(zyyi— i+ Ly — 1) =, (x; — 1) y:i AL (14)
Py(z;— x; —1) = x;At,
Tak 7 32 cueT Audpysum
Pa,zipy—r;,—12ia+1)=P @, 2iq—~xia—1,2; + 1) =
= dex;AL, (15)

e dx,y = Dy, (N L% Janee Gymem momarare L = 1. [lag Touek
(1,2 1 N — 1, N) coorsomenue (15) ciegyer cKOpPeKTHPOBATH ¢ yue-
TOM TPaHWYHHEX YCIOBHH.

Wcnonwssya (14) m (15), xerko mocrpouts HAufdepeHRnuaIbHOC
ypasuenne auas P (%, 7, ¢). Oso BeceMa rpomMosnko [Acramkwsa,
Pomanoscknit, 1980], u Mu ero sgecr me npmsogum. Ero aranmruye-
CcKOe W YHCIeHHOP pelmeHne — BechMa TpyAHAasA 3anaya. Boolme mMeron
ero pemenus OCHOBAH Ha LIepexoje K NPOH3BONAMUM QYHKIHUAM, U3
KOTODHX ViK€ NONYy4al0TCHA [eNOYKM W3 YpaBHeHHMH HIJs MOMEHTOB
pacnpefienennit [Bapyua-Puyn, 1972]. 9ror meron Jerko peanmayem
OIS MUHeHHHX WIH JUHeAPM30BAHHHIX CHCTEM, T. 6. OH 3QPeKTHBEH
BOnm3n kpuTHYeckux Touek cucremsl [Huxomme, ITpmrommn, 1979).
C npyroii CTOPOHH, MOKHO BHIONHNTH YHCICHHKY 5KCIePUMEHT He-
nocpeacrsesno ¢ (14) m (15), mompaysace meromom Monre-Hapao
[Acramxnaa, PomanoBckmit, 1980]. Ilomyuessr ciaepyiomme pesyib-
TATH.

Oayxryanun BHAYATENHHO YCKOPSIOT NPONECC YCTAHOBIEHHSA
[AHCCUNATHBHOM CTPYKTYDPH. OHU ATrPalT BAXKHYIO CEICKTHBHYI DPOIb
B BEI0Ope (POPMEI KOHeUHOH CTPYKTYPLI, IpU 3TOM 3HAYCHIE HAYAIBHEIX
YCIOBUI OTHOCHTEIBHO yMeHbImaeTcsa., Kein cneTeMa HaXoRAUTCA BAAIH
OT KPUTHYECKOl TOYKH, TO (PAYKTYAndd OTHOCHTEIHHO OJHOPOJHOTO
COCTOAHMA ABJAITCA HYACCOHOBCKAMHA, T. 8. TAaK /Ko KAK W B PaBHO-
BeCHOU cucreMe. BOam3Hm 0T KPUTHYECKOH TOYKH IMOABIAKITCA MaKpO-
ckonmueckme Quayrryammn. CucreMa 4acTh BPeMeHH HAXOJATCA B €O~
CTOAHNN, GIM3KOM K OJHOPOLHOMY, & 4acTb — B OIM3KOM K HEpPHO-
IuYecKoi cTpyKType (cM. puc. 21); 53T0 BpeMsA pacTeT C yBelHueHHEM
B. TlpuueM, ecin MCKAIOYNTH GIAYKTYANUA, TO YCTAHOBUICH OXHODPOZ-~
HOe COCTOAHME, TOrfa KaK B BAKPATHYECKOH o0macT¥ yCTaHOBHIOCH
OB HEONHOPORHOE COCTOANAe. TOUHO TAK e B BAKpATHYeCKOH o0macTn
MOTYT COCYIIECTBOBATH CTPYKTYPH C PABANYHHMH LIEPHOLAME.
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Puc. 21. CroxacTMIecKoe MOJeIMPOBAaHHE IWUCCHNMATHBHHX CTPYRTYP (14), (15)

a ¥ 6 — NpMMepH MIHOBEHHAKIX pacnpenelleHHi, MOKASKBAIOIIAX COCYMIECTBOBAHME ONHOPOA-
HOTO ¥ HeOTHOPOXHOIO CocTostHMit (A = 250; B = 1000 < Bxpm‘» Dy = 14; Dy = 5 N = 30;
At = 10—7); ¢ ¥ 2 — npEMepH MTHOBEHHHX pacupefelleHui, TIOK&BBIBAIONINX COCYIIECTBOBAHUE
CTPYKTYP ¢ DASHHMM LePHOAAMM B npocrpaHcTBe (B > Bypyr)

B pa6orax B. H. Beaunnesa [1979] mccaenosamncs pnyxryanmm
B OploccelisiTope OPHE ABYX THNAX HCTOYHUKOB IIyMa: 1) aguTHBHEM
(nammeBenoBeknil) myM (Dapamerp A); 2) myMm DapaMerpa, 8XO/IAIIET0
comaoRuTeneM (B). Dayxryanun DapaMeTpoB CYMTAIHChL T'ayCCOBRIME
1 HOKOPPEKTHPOBAHHKMY, B nepBoM ciiydae HCCAAOBANECH IPOCTPAaH-
CTBeHHEIE KOPpPeIALuE DepeMeHHEX: Ry (Ar, t) = (Sz; (ry, 1)Sz; (rat)),
rae Ar = ry—ry; 2, = x; 23 = y; i, k = 1, 2. I[Ipu srom cucrema (6)
OLIIa MVHEeapu30BaHA BOMU3YM KpuTndecKo# Touxku. Hpn nprbamxeHnn
K KPHTHYECKOH TOYKe aMUIIHTYH2, BPeMA X PafuyC KOPPeIAINH yBe-
ANYABAOTCHA, BO3HUKAET HaNbHUM NOpafox. HoppensruonHas §yHK-
mua R (Ar, t) BOIn3H OT KPATHYECKOH TOUKA OCHANIUPYET, MENIeH-
#o 3aryxad. MccienoBanusa HeaffUTEBHOTO IyMAa OHAM BHIIONHEHH
NHOIB AJA CIy4asd ABYX KIETOR M MATKOTO NePeXoia X HeoJHOPOHOMY
COCTOTHHIO, TaK KAaK B 9TOM CIy4ae Helb3fl OrPAHAYHTHCA JIMHCHHEIM
opubamxenneM. Ilomygeno GmmopanbHOe pacmpefelieHHe IS Bepo-
ATHOCTER COCTOAHHA CHCTeMH BOJMBM KPHTHYECKOH Toukm. B camoit
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KPHTHYECKON TOUKe HamboJiee BEPOATHHM ABNAeTcA OXHOPOAHOE CO-
CTOSHHE, HO BCO e ONpe/lelieHHylo 9acTh BPeMeRn cHCTeMa HaXOJHTCHA
B OJHOM W3 HEOJHODOZHHX.

B nenoM anaim3 cTrOXacTHYeCKMX MOfesieii MOKAa3KBaeT, 9YTO B pac-
npefeneHHHX "aKTHBHHX CHCTeMaX QAYKTIYyalHH YCKODPAT HepPeXOfnl
H3 COCTOAHAA B COCTOAHME, BAMEHAIOT KPHTUYECKME TOYKHM Ha oOna-
CTH, YMeHbIIAIOT 3HAYCHME TOYHOCTH 3aJaHNA HAYAABHHX YCIOBHIA
H CYKAI0T Kjace peayimdyeMHX CTPYKTYD.

OUCCHIIATUBHBIE CTPYKTVYPERI
H MOJIE/IM 3MUTEHETHYECKUX ITPOLECCOB

Haerousasn guddepeHnupoBKa MomeT GETH OIHCAHA JIUMD ¢ TOMONIHI0
MYyJIbTHCTANMOHAPDHKHX Mofedeii. PacipefeneHasie MoOmelun ¢ MYIb-
THCTAIMOHAPHLIMA TOYEYHHMH YacTAMHU HO3BOJIAIT WMCCACHOBATH
caeayomue mpobaeMu;

1) psammocsasp AuddepesnUpoBKM M CTPYKTYpoobpasoBaHusa,
T. ©. BOIPOC O TOM, B KaKko# Mepe o6pasoBanne ANCCHNATHBHON CTPYK-
TYDH ompefielsieT KIETOYHYI0 JuGPepeHIUPOBKY M caMO 3aBHCHT OT
moclemuesk;

2) neperuddepeHIUPOBKY B nporecce MopforeHesa, T. . BOIPOC
0 ToM, Kak BeayT cefsa KieTkm, Hauasmne JuepeHIEPOBATHCA
B PasHHIX HANpasleHHAX, HO BaTeM molagmue B OFHY 06IacTh Juc-
CULATHBHON CTPYKTYPH,;

3) ponxs nmpemmlcTOpPHH KIETKW B 00pasoBaHwA JACCHIATHBHEIX
crpyxryp. llpefncropna TOXbKO TOTHAA HrpaeT podb, KOTJa oHa 3a-
DoMHeHa. Bo3MomxHOCTh 3amOMUHAHHSA BO3HHKAET B CHCTEGME TOIBKO
TOrga, KOrja OHa MMeeT HECKOIbKO CTAIMOHADHHX cocroammir. Cob-
CTBEHHO NONAJAHNE B ORHO U3 HECKOJBKUX BOBMOIKHLKX CTAMOHA PHEX
COCTOSAHMI M eCTh AKT 3aMOMUHAHUS,

Ota npolieMH paccMaTpHBalOTCA B MOJABNAX paslHuYHBIX TH-
ooB. B aBroMaTHMX MOJENAX TeHeTHYECKWM M SHUIeHeTHISCKUH
ammaparsl KJAeTKH NPefCTABIAITCH KOHEUHBIMH aBTOMATaMH, T. e.
9JEMEHTAME ¢ JHCKPeTHHME MHOKeCTBAMH cocrosHuil. Basammopei-
CTBAS 5JIeMeHTOB BHISHIBAIOT IEPeXOJH W3 OJHOTO COCTOAHWA B APYroe
OO onpefeleHHEM npasmaaM. [Insa paGoTH ¢ TaKkuMm Mogeldsamu Jlun-
OenMaitep cosgail maTemarmueckmii ammapat [Lindenmayer, 1975],
HasnBaeMBli Temeph L-rpamMmarturamu (cM. cTathio B. 3. Amamsesa
B ar0ii Kaure). HemocTtarkoM atmx Mopesdeit, 00 CPABHEHHIO ¢ MHHA-
MHYECKAMH, ABIAeTCA HX OTBICYEHHOCTh OT KOHKPeTHHX MeXaHASMOB.
JOCTOMHCTBO COCTOMT B BOBMOIKHOCTH WMCCIER0BATH OYeHb CIOKHEE
ceTd ¢ pJeMeHTaMH, uMelomuMu Gonpmoe Yncio cranuorapos. U xors
ar0601 KOHEUHKR aBTOMAT PeajinsyeM B Kiacce AHHAMEYCCKHAX CHCTEM,
a ob6parmoe yrBep:xaenme HepepHO [Rozen, 1975), B munammueckux
MOZeXfX IejqecoofpasHo PpaccMaTpHBAaTh OTHOCHTENABHO NPOCTHE,
a WMEHHO 3lieMeHTAapHEEe TPHITePHHE CHCTEMH, W NOJYIaTh SaHHEe
A TOCTPOGHHMS ABTOMATHRIX MoOjleei.

ITpomemyTouHEIi NOAX0N, ONUPAIUACA HA AHCKPETHO-HEN PEPHIB-
HEIE MOJeJAU TeHeTHYeCKHX ceTel, paspaGora’ B paGorax Ifamema
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u CennoBa m mx nociefopareneir [Tzanev, Sendov, 1969, 1971a, B;
Caitnasinnesa, Xmampor, 1976; Cenpmos, 1976; Caiimaiinmera, 1978].
Ocranosumes, caenys CemmoBy [1976], ma Momenm xiaerouso# mud-
depennmposkn. Omepos ompefeiseTcs Kak ABOMYHOE YCTPOHCTBO
¢ PUKCAPOBAHHKM YHCJIOM BXOHOB M OJHHM BLIXOTOM. I'eHeTmyecKmik
annapar KIeTKH IPefCTaBiAeTCS CeThbi0 B3aMMONEUCTBYHOMMX OIe-
posoB. Urolbu ommecars Heobpatumocts nudPepeHIUPOBKA, BBOAATCH
mongrne OIOKHPOBKH OIEPOHOB.

Bxopgs onepoma feasrcs Ha ABa runa: R-BXoas u B-BHXOIH,
KOTOPEIe MOTYT HaX0AuThea B cocTosnnn O m 1, T. e. y omepoHa weTHpe
cocroauns: 00, 01, 10, 11. CBasm MeKIy onepoHaMH 3ajal0T B BHAE
Marpun HHEnHAeHTHOCTH, Ha R-BXONH MOrYT fAeficTBOBATH 110 TIPHH-
OUNY «AIN» Penpeccopsl, BHpabaTHBaeMbie B Pe3yiIbTaTe aKTHBHOCTH
APYTAX OIePOHOB, MEePEeBOJIf er0 B HEAKTHBHOE COCTOAHWe. B-BXOMH
OTINYAOTCA TeM, ITO COCTOARNE GIOKUPOBKM BAIOMIHAGTCA Ol POHOM
1 [e0IoKHPOBKA MOKET POMBOATH JHUIIL B MOMEHT JeJeHHA KJIeTKH.
B cern nMeerca MATOTHYECKAH OmepPOH, XAlOMU KOMAHAY HA JeJeHHUe
KJAeTKH, eClIM 0Ha HAXOAMTCA B aKTHBHOM coctosumm. IIpm stom co-
CTOSIHAE PEIPeCCHH B HOUSPHHX KIGTKAX TAKOE JKe, KAK M B MaTePHH-
ckofi. B orHomennnm GIOKMpPOBKH OmEpPOHOB AeiicTBYeT cCiefyromee
npaBmio: 1) ecaw MatepmHCKasA KIeTKa ne(GJMOKAPOBAHA W MUMENTCH
neOnoxupyiomue BO3AeficTBAA, TO AoYePHUE KIETKHA [e6I0KApOBAHE;
2) ecnm MaTepUHCKAs KieTKa OJoKHpoBama, TO [O4YeDHHEe KIETKH
OmoxmpoBadil; 3) ecjim MaTepHHCKAaA KjeTkKa Ae6IOKmpoBaHa M OT-
CYTCTBYIOT RelIoKupylomue BO3JEHCTBHA, TO OXHA JOYCPHAA KICTKA
Oyner GnokmpoBauHoit, a apyras pebmoxmposarsois. Tun muddepen-
UAPOBAHHOH WIeTKH onpefensdercAd HabopoM HAeOIOKMPOBAHHEX
OLEPOHOB,

BzanmopeiicTBUA KIETOK OCYMECTBIATCA 32 cYeT fuddysnm, npn-
4eM K H2i cmoco0HH penpeccoprl, HO He Kebiokupyomue Geaku. B nn-
HaMI4eCcRON Mopenm paccmarpuBaioresi KorneHTpanus MPHKE n coor-
BeTCTBYIOIMX pufocoM, a raksxe GenxoB (penpeccops u ReGIoKaTOPH)
¢ NOPOTOBHIMM MeXaHW3MaMH AeficTBUA Ha BXOAH omepomoB. Hierkwm
06pasynoT KoJsne, npuieM AAGPY3nA OPOUCXOMNAT KaK MEKIAY COCE/-
HAMH KJIeTKAMH, TaX M BO BHyTpeHuell IOJOCTH KOAbLa. JTa MOJedb
OOJIy4njIa HasBaHHe «RHJMHAPOCY M mMcclaenoBanachk Ha IBM gas coy-
4aa BocbMu onepoHoB., OcHOBHOH pe3ylbTar COCTOHMT B TOM, 4TO BHA-
Yajie OAHOKJIETOUHHIH KHIWHAPOC NPOXOANT HECKOIBKO JelleHwuii,
HocJie 4Yero JeJIeHWs NPEeKPAINaiTIcsa H molydaeTcsl ycrofiumBoe cra-
[UOHADHOE COCTOSAHHME, B KOTODOM HMMEIOTCH KIeTKH Pa3HEIX THIOB.
Ilpm maMeHeHWHM NapaMeTPOB BOBHHMKAIT HOBEE CTPYKTYDH, pasin-
qamuecs KAk N0 YMCIy KIeTOK, TAR M N0 PACHpPeNeleHHI0 THIOB
wierok. Ilupokmii Kpyr BOIpPOCOB, CBABAHHHX ¢ NOCTPOEHHEM Ma-
TEeMATHYECKHX MOJejiell MONEeKYIAPHO-TeHeTHYeCKHX CHCTeM, paspa-
OarbHiBaeTcAd HOBOCHOMPCKON IIKOJNOH TeOPETHYSCKOH  reHeTHKH
[Patrep, 1975]. B wacTHOCTH, IpeJCTaBATEIAME TOr0 HALDPABIGHAS
OKAa3aH0, 4TO MOPOTOBHE MeXaHM3MH Peryifmuu MoryT ObITH CMO-

[eAAPOBAHE COOTBeTCTBYOIUME KuHeTHdecKmMHu cucremamu [[llamnmn,
Kynmmuros, 1977].
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B paccMoTpeHHo# MOfennm TPHrrepHOCTh HOCTYAHpYeTcd, a He-
ABIACTCA CIIO/ICTBHEM BHYTPHKICTOYHHX HPONOCCOB, A NPH WBYYeHHH
B3aHMOJIeACTBAA KIeTOK M3-33 TEXHHYECKHX TPYAHOCTeH UPHXONHTCH
OrpaHNYMBATHCA cACTeMaMd ¢ HeGoibmnM gHCIOM KIAeTOK. llosTomy
menecoo0pasHO TAKKe DACCMOTPerh pacHpefeleHHHe AHHAMHEICCKHE
MOJeIH ¢ OFHAM omepoHOM. IIpocTeiime#i MOJEIBI0 ¢ MYIHTHCTALHO-
HApHOH TOYeYHOH wacThi0 sABIgerca ciaefyromas [Chernavskii, Ru-
ijgrok, 1978]: -

0 r = Ax ' oy + 02 z
wE=Tra Wt
e (16)

gﬂ_“(‘”y“iiy >‘* D

Ee Toveunas wacts npn A < 2 nMeer 0JHO yCTOHYHBOE CTAHOHAPHOE
coorHOmenne, npu A > 2 — ABA YCTOMYABHIX COCTOAHUA H OJIHO
cenao; = m y coorsercrBylor meTaGomuram (X + Y — 2Y). Oxasa-
aock, 4ro cmcreMa (16) ommcmBaeT AWCCHIATHBHHE CTPYKTYPH Kak
npa A4 > 2, rak n ‘wpu A < 2. Ilpu npojasukernu B 061aCTh MyJib-
mc'rau;nonapnocm [MHCCHIATUBHEE CTPYKTYPH CTaHOBATCA Goiee
YCTONYMBEIMM K BHEIDHUM BOBIEHCTBHAM, HHKMH CIOBAMH, HOABIeHNE
cnocofHOCTH K nncpd)epenunpome cTabuansnpyeT AHCCHIATHBHYIO
cTpyRTYpPY. Bee ke B aroit mopmeaum nuddepeHOHpOBKA paccMaTpmBa-
ercs caumeoM ynpomesHo. [losromy Omila mcciemosama MoOKedb
c TOYeYHOH wacThIO, OTBewalomed cxeme jHaxoGa — Momo [1964].
Horegno, cmegyer mMeTs B BHAY, 4TO Y 3YKAapAOTOB 3IATEHE3, [O-
BHAMMOMY, CIOKHee, HO ye 9Ta Mofedb ofecneunsaer pasHooOpasue
cocroaumii. Moaeap comep:ur cucreMy ypasuenus [Conamnx, U.[ep—
mapcrmit, 1980]:

ey
31 =+(%__x2)+%x2’ (17)
aiS =B—ﬁ%§—51+l)ai;x3’
‘aigg—B TI:TS:E_I_—S2+D_§?$4’

e r; W ¥y — coenupmueckue MeTaGoNHTH (GedIxu-pepMeHTH miIn
OPOAYKTH MX JefTeNbHOCTH), YYACTBYIOIIWE B PEryJAnuE Ha 3OHTE-
HeTHIeCKOM ypoBHe; S; um S, — HécmenudpmuecKkme MeTaGONHTH, TB-
asommecss cyOcrpaTaMd OiA CHHTE3a ¥y M Lp COOTBETCTBEHHO.
Toweunas wacrp cmeremur (17) mpm pmxcmpoBanEHX Sy B S, He-
ciefioBana fieTanbao [['puropos u Ap., 1967]. B cummerpuynoM ciyqae
(8§, = &3 = S) MynpTHCTArmoOHapHOCTH Hacrymaer unpm AS > 2,
npu 3ToM ¥, = % = z > 1. JT0 MOMKHO CYBTATH AOCTHIKEHWE CHO-
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co0HOCTH K leTe PMUHAITHNA FeHETHYSCKOTO aOnapara kieTkd. HapaMerp
A mMeer cMpca METeHCABHOCTH 6aszoBoro meraGoamama. Takum obpa- -
30M, KoMOeTeHnuA K AnQQepeHnUpOBKe W WHTEHCABHOCTH 6a30BOTr0
MeTaGoInA3Ma HOJKHE KOPPEIAPOBATE APYT C APYTOM. JTO yTBeprKie-
HAe JOOYCKaeT BKCOSPHMEHTANBHYI0 NPOBepKY, 4T0 OBIIO MPOAeNaHo
m f[ano ymosumersopurenbhsie pesyiabrath [Chernavskii et al., 1980].

IocKoabKY KOHIXENTPAIMA CYGCTPATOB H3MEHAIOTCA OTHOCHTEIHHO
MeJIZICHHO, TO CIeAyeT moJarath, uro T<< 1. Beawanna D (orHomesnne
Ko3pdunuenTor muddysum cyGerparoB W meTafoONHATOB) BelHKa:
D > 1. WnredcusHocTh OpuToKa cyGerparoB (B) W HMHTeHCHBHOCTD
meraGonmsma (A) mpexmonaratTea HopAaka enuanAns. Mcecneposanne
MOJeNH B YKa3aHHoil 0GaacTh mapaMeTpoB Aallo CleAyoImue pesyib-
TATH. .

OXHOPOJHOE COCTOSHUE TepfAeT YCTOWIMBOCTh OpH Z2 > i =
=1 -+ V' 847/D. B pamrax Mofeln MArKoe BO36YkIeHHMe NMCCHIA-
TABHHX CTPYKTYD BO3MOKHO JHIIb IPW HAIAYMHM HOTOHUUA K Aud-
depeHIEpPOBKe.

B ycnoBusax, npm KOTOPHX aMILIHTYAH AUCCHNATABHHX CTPYKTYP
Hepenukn (mpu & =1 -+ &, e <€ 1), cucrema (17) pexyunpyerca B cie-
AYOmyIo:

a1 A 1t 92
‘a?z—‘r(F“r —z‘”“—w—z)+ a7 5
) (18)

— A+t &
h=—z——g—u-+D—75u

ot
e z =2, — &y, 4 = 8; — §,. Jipyrue mepemernuwe (S; + S, n
2, -+ Zp) HCKIMIOYAIOTCA ¢ HOMOMBI0 METONA, OIMBKOMY K MeTONY KBa-
BUCTANMOHADHEX KOHIGHTPAI[U.

Cucrema (18) onmchiBaeT BO3HHKHOBEHHE KOHTPACTHHX JHCCHTA-
THBHH X ¢TpyXTyp (D > 1). Pacnopegenesne u mnasHoe, a pacupeje-
JGHUE Z COCTOUT U3 KPYTHX (POHTOB, pasfeleHHbX NIABHHIMHA YYaCT-
kamn. Ilpuuem v m z meHsiorca B mpormBodase. Ha paccroarmAx
7 = Ryaxe = VY 7/e = |}/ De? ypaBHenwe iIf Z CTAHOBUTCH OJHO-
CTAHMOHAPHEM. IJTO 03Ha4aeT, 9YTO PACCTOAHHE MeKAYy QpoHTaMn
BCOJIeCKa He MOKeT OHTH 00Jsme, 4eM Ryaxc. Y CIOBHA YyCTOHYABOCTH
KOHTPACTHOM CTPYKTY PH IOKa3HBAIOT, 94T0 CYMECTBYeT W MUHUMATb-
HOe paccromume: Ry = V 7/e Iny eD/r.

Nrax, mosens (17) onmmchBaeT YepefyiOmHUecsA CIOU KIETOK, JAd-
depeHnMPOBaHHEKX B PA3HHX HANpaBIeHHUAX. JTH CTPYKTYPH 06Ia-
AT CBOMCTBAMM, aHAJOTAYHHMHA ONUCAHHHM B OPeRBIYIIAX Pase-
nax. Tar, nuddysnounsit Gaphep B KIETOYHHX CHCTEMAX MOKET
oflecnevdBaTL JOKANMBAIMIO CTPYKTYP; MOMKHO TAKKe peIath Ipo-
Guemy MacmTa0HON WHBAapPHaHTHOCTH; [JIA Hee XapaKTepHH IyKrya-
IUOHHEE ABIeHUA W Ap. HecoMHeHHHM JROCTOMHCTBOM MOJieledl THOa
(17) ABaAercA TO, 4TO C MX HOMOIMBI0 MOMKHO aHalWU3WPOBAThH KOH-
KpeTHHe OmojuamuecKne NPeNCTABIEHAS O B3aAMOJIGHCTBHM TEHOB
A [UTOLNABMBI.
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HEHKOTOPLIE JPYTUE BUOJIOTUYECKUE NPOBJIEMEI

Jlo cux mop pasBuTHE TEOPUH AHCCHIATHBHHX CTPYKTYD U ee IIPHIO-
jKeHHme K pellenmio npobaeM crTpyrrTypooOpa3oBaHms B GHoJorum
He HAXOQAT MOJOKHOIO HOHHUMAaHHA CO CTOPOHEL (osibmeldl d9acrm
nceaenoBarteneii-Ononoros. OGpasoBaEmMe AMCCHIATHBHEIX CTPYKTYP
AM KaKeTCA KAaKUM-TO JK30THYECKHMM fABIenmeM. B To xe Bpemsa
B Gonxpmmeit yacrm OMONOrMYecKmX paboT NONYEPKHUBAETCA PONbL XH-
MA4YeCcKHX TPajgueHToB B IHporeccaXx cTpykrypoobpasosanma. Kou-
nenmus Treiopuara [Turing, 1952] roske ocHoBasa Ha mpuee o pojm
rpamueHToB. IlaccuBHEe rpafimeHTH, KOHEYHO, MOTYT aBaTh KJISTKaM
mo3unuoHHYy0 mHGopManuio. OnHaxo ecTecTBeHHBIe (QIYKTYALMH MO-
TyT HABeIHPOBAaTH ee: CHTHal yroHer B myme. C Apyroil cTopoHsH,
AMCCHNIATHBHAA CTPYKTYpPa ABIAETCS MOIMHEM aTTpakropoM. UYem
Jalblle cHCTEMa YXOAUT OT MOJOMKEHHS TEePMOTUHAMUYECHKOTO
paBHOBecHs, TeM HafleskKHee M Oojiee NeTePMUHWPOBAHHO LIPOMCXOIHAT
oGpasopanme cTpyKTyp. CosllaHne TaKMX IPUTATUBAKIEX COCTOAHMIA
MOKeT O0XOAUTHCA CHCTEMe JelleBje, HeKeJIn NO/eP/KaHue MOMHEKX
WCTOYHMKOB TpafimeHTOB. [{oHe4HO, TEOPNA MUCCHIATHBHBIX CTPYRTYP
He pelraeT, Xa W He MOJKET PeIUTh BCeX mpobieM MHIMBUXYAIBHOTO
pasBuTusa oprasmama. ONHAKO MOHUMAaHWE e¢ BO3MOMKHOCTEH Heco-
MHEHHO TIPWHECeT ONpeieleHHyIo HO0JIb3Y.

OcHOBHasA TPYRHOCTH CONOCTABJIEHWA Pe3YIHTATOB, NONYYSHHBIX
73 aHAIW3a MOJENeH W DKCHePUMEHTANBHHX JaHHHX, COCTONT B TOM,
YTO 32 PeJJKEM HNCKIIOUeHHEM COBPeMeHHAA TeXHHKA JKCIEeDPHMEHTA
He I03BOJIAeT M3y4aTh KMHETHYECKHe CHCTEMBI, KAK pacIpejeideHHEe.
TlosToMy Takoe COLHOCTaBIGHWEe NPAXOMUTCA HPOBOAMTH 1O KOCBEH-
HEIM [OKa3aTeJAM MIH 0 eHOMEHOJOrn:u mponeccoB. B sroit curya-
nuA npefcTaBasgercAd nelaecoobpasuuM ofcyaurs Dpo6ieMH CTPYKTY-
pooGpasoBadng B GHONOTHH, CONOCTABJIAA MX C pe3yJbTATAMH MOJe-
NMPOBAHAA.

OnncaHue npomecca pPa3BHTHA B IeJOM TpefmojaraerT HajJinmume
He 07Ho# rI06albHON MOAENN, HO CO3JAAHMAE MEePAPXMYECKON CHCTEMBI
moyieneidi. J[ImHaMmdeckme DOepeMeHHEIE MOJEJM BepXHEr0 YPOBHA
CTAHOBATCA Hmapamerpamu ApyrmXx mojexed. Ilpomeccw crpykTypo-
00pa30BaHUA MOIYT HHHNUHPOBATHCA ABYyMA cmocobamm: cnenudu-
YCCKUMH BO3JeHCTBUAMH, HAOPHMep JKECTKHH peKuM B JOKPUTHYe-
cxolt obnacTm, M mapaMeTpmyecKn — ypeamuenue B B (6) mpusopmT
K MATKOMY BO30y;kieHMIo crpykrypu. Ilpm stomM madopManms o
CTPYKTYpe, B TOM 4HCJe W TreHermdeckas, sallHcaHa B HapaMeTpax
CHCTeMEI. JTO HalaraeT OTPAHMYEHHA HA NPONMECCH W3MEHEHWA Hapa-
MeTPOB {(a MMEHHO, OHU JOMKHH OHTH YCTONYMBHIMHA, a COOTBETCTBYIO-
mue MONeNH JOCTATOYHO rpyOmMHM), MOJKHEL TAKMe CYIecTBOBATH
nepBHYHEE NapaMeTPH, TaKHe KaK KOHCTaHTH Muxasiamca ¢epmen-
TOB, OmpejelseMie TeHeTHKOH. Jlerko BmAerh, 9TO AMCCHOATHBHEIE
CTPYRTYPH ofaamaior tpefyeMbiMH CBOMCTBAMH YIPaBASEMOCTH H
caMH co3faT cTalHMiIbHEIe NOJIS OapaMeTpoB, MHHEIMH CJIOBaMH, OHHA
JeTKO MOTYT OHTH BONCAHH B I@JOCTHYIO CHCTEMY MOJeleii.
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Wmeercsa GoTaTHA dKCIe DAMEHTANBHEI MATePHAT, ToKABHBAIOIAH,
uyro Mopdoreses m KierouHas JUPPepeHNTPOBKA CONPOBOIKIAIOT
Apyr apyra. PaccMoTpesHHble TPHITepHHE MOJEJ M YKABHBAIT Ha TO,
9TO [eJeco06PasHO CUATATL STH ABAEHMA PASHEMHA CTOPOHAMH exu-
HOro mpomecca oOpazoBaHUA CTPYRTYpH opraHmsma. MosxHO yKasaTh
TaKsKe, 9T0 HHIYKTOPH Bcerta MeHANT u dopMy, m PyHKIMOHANLHOR
COCTOANNE, COeNUANNBAPOBAHHEE KIeTHKH 00pasylIca TOIBKO B OO-
pefleleHHHX 00NACTAX CHCTEMHI.

Bapocanit opranmaM UMeeT CHOKHYI0, MaJlo CHMMeTprIsyio Gopmy.
Onnogorsopessan ainerierKa o6laaeT 3HAIATENLHO GoJee BRICOKOH
cammerpreii. Ilpeamonaranock, 910 cuMMeTpHM MOTYT MCYE3ATh B pe-
3yJNbTATe BHEIIHHX BO3JeHCTBHA ® HEOAHOPOJHOCTH NWTOMIA3ME
ainexkaerka. CunTanoCh, 94TO HAPYUIeHAE IIHHAPAIECKON CAMMETPHA
OPOUCXONUT BCJIEJCTBHEe aKTa BHeNpeHHsa cmepmaroszompa. Opmaxo
B paborax rpynnst Heoryna [Niewkoop, 1977] Gsuio noxasaso, 4ro
CarruTTalbHaA NIOCKOCTh 00Pa3yeTca W TOTAA, KOINA CIePMATO30MJ
BHE/IPAETCA TOYHO B OJMH M3 NONIOCOB aiimexiaerku. Teopermueckme
HCCIeJOBaHNSA MOKABBIBAIOT, 4TO HapYILIEHMA CHMMETPHH MOTYT IpO-
HCXONATH BCAEACTBHE HOTEPH YCTORTMBOCTH CAMMETPHYHOTO COCTOTHUA.
ITpmuem sTa TOUKA BpeHNsa He OTPHNAET 3HAYCHHA BHEIIHUX BOBJIei-
CTBUH, & TONBKO YKA3HBaeT, 4TO OHU NHPOCTO CTAJIKHBAIOT CHCTEMY
13 HEeYCTOWYMBOTO CHMMETPHYHOro cocTosanmsa, HoHeuHO, 5TO0 He 3HA-
YHUT, YTO TOJNBKO KHHETHUECKHE SBICHAA ONPEAENAAIOT NOTOPI CHM-
MeTpHUH; B NOpPHHIMEE, TO Ke Camoe OO0 OH OpH MeXaHUYeCKHX,
THAPOJAHAMAYECKAX W JAPYTHX HEYCTOHYMBOCTAX. -MOKHO TOJBKO
HANOMHHTHL, KAKHMU 0OraTHIMH BOBMOKHOCTAMM 00XafjaloT AHCCH-
natuBHBe nporecckl. [Ipm o0pasoBaHuMU CTPYKTYDH H3 CTPYKTYPH
(cm. pue. 19) xomeuHOe cOCTOAHME MOMieT He O0IAAATH CUMMeTpHel
BoBce. IIpomeccsr oGpasoBadWs AUCCHOATHBHHIX CTPYKTYP MOJIKHEL
OpOTeKaTh B aHU30TPONIHON cpefe (Kak ans Aud@dysund, Tak u B OTHO-
OIeHAN MeXaHWYeCKHX XapPaKTePHCTHMK W yBedmdeHwWs oGbeMa). IT0
JaeT JOMOJHUTEIbHYI0 IOTepI0 CUMMETPHH, KOTOPAs TecHO CBA3aHA
¢ reoMerpueil KIeTOK, T. €. W 3JeCh IOAYYaeTcA TeCHAd CBHA3b MY
CTPYKTYPAMH Pas3iIHIHKEX YPOBHEI.

MojieiupoBanme JUCCHIIATABHHIX CTPYKTYP DLOKA3HBaer, dTO
CHCTEMH MOryT 00jagars Ha0OpOM YCTOHYMBHIX CTAaIMOHAPHHX CO-
CTOAHUI IIPA ONHAX W TeX e 3HAYeHHAX HapaMeTpoR. B 10 e BpeMa
GuoormyecKne CTPYKTYpH O00XafaorT cBOHCTBOM SKBMOUHAIXBHOCTH,
No-BEJAMOMY, reHeTHueCKH mpejonpejenednod. Pemesmil sToit mpo-
GiieMEl B paMKaX PacCMOTPeHHHIX Mojedeil MOKeT GHTH HECKOIBKO.
C onHO# cTOPOHB, (UKCHPOBAHHEIA KIAacC HAYAJNbHEIX W TPaHHYHHIX
yeIOBHiT WO3BOAAET OTOHPATH KOHe4HHE COCTOAMHA, ¢ JAPYyroi cy-
mecTByoT obaacTH NapaMeTpoB, OpPH KOTOPHIX HMEETCs WML OfHH
BHJ KOHeuHO#l CTPYKTYpH. Bcerja muMmerorcA CTPYKTYPH, KOTODHIE
ob6aagaoT Hamboxpmed obmacthio mpmramenud. Dryrryanuonsme
sffexTHr obecmedar peanusarmio 9Toli crpyrrype. Ha aABmemmax
dnyxryanmii ciaefyer OCTAHOBHTHCA.

B paGorax rpymnmu JI. B. Beaoycosa [Ocrpoymona, Hepnanuesa,
1978; cm. crateio JI. B. Benoycosa B sroit kmmre] 6wuio 3ameueHo,
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4T0 HA IPOMEKYTOIHHIX 3TAaX PasBHTHA THAPH pacHpeleideHHe psafa
BeIECTB CTAHOBHTCH BechMa HeperyJADHEM — croxacTagecknM. Kpome
TOTO, B TOYKAX OTCYeTa HaGMonawTcsa cHabpube QAYKTYANUY KOHIeH-
Tpanai 3THX BemecTB, JTal CTOXACTHYHOCTH JaBepmaercs ofpaszo-
BaHHEM BHOOJHe YHOpPsnodYeHHON (OPME, a pacupejeleHne KOHICH-
Tpan## CTAaHOBHTCA IUIABHBIM H OJMHAKOBHIM [JIfi BCeX LPeACTABH-
tened adcambun. PayxTyanun Ha sTame PasBUTHSA CIHIIKOM BENHMKH,
9100m OHThL paBHOBeCHHMH. KEciu CpaBHUTh 9TH OUHTHHE IaHHEE
o BapHaleJbHOCTH Pa3sBHTHA ¢ Pe3YIAHTATAMH CTOXACTHIECKOrO0 MO-
NeNHPOBAHNA AUCCHINATHBHEIX CTPYKTYp BOAHSH 006JacTH MATKOTO
BO30YHIeHNA, TO HETPY/AHO YBHIEeTh HX AaHAJOTHIO.

IIpoGaema MacmTabuoil HHBAPHAETHOCTH TaKsKe HAXONUT pemieHue
B paMKax paccMOTpenHO# Teopmm. PasMepn CHCTeMHl yNpPaBIAIOTCA
KaK napamMeTpudecKd, Tak H 4epe3 BHemHue ycaobma. OfHaxo BTopo#
cnocob ue croip adderturen. [MosroMy, Kak UPaBUIO, PasMeprl AUC-
CHNIATHBHHIX CHCTeM ONpEeNeJieHH 3HAYCHWAMHE IIapaMeTpOB, HpHueM
X MaJlhle W3MEHEHMs MPHBOIAT K MAaJkM M3MEHEHNAM PasMepoB.

B sakmogenue cienyeT HOQIEPKHYTH, 9T0 aBTODH CTABHIM I(EIBIO
MOKa3aTh JUNIL BOSMOMKHOCTH 00pa30BaHUsn OCHOJOTHYECKAX CTPYRTYP
BCJIeACTBAE KUHETHUECKHX HeycToiumpocred. CpaBHUB NaHHEE Teo-
pun ¢ HaGaionaeMEME ABACHUAME, MOKHO OHJIO YBH/ETH, 9TO B o0meM
HeT KadeCTBEHHHIX DacCOTIacoOBAHUE. ITo, KOHEUHO, He CIYKHT HO-
Ka3aTeIbCTBOM pONH [UCCHNATHBHHEX CTPYKTYp B Ouosormm pasBm-
THA H He OTBepraeT aJMbTePHATHBHEIX MeXaHH3MOB CTPYKTYpooOpa-
30BaHNA, HO NMOKA3HBAaeT, 4TO 9TH WHTEpEeCHHe W KPAacHBLe ABAeHHS]
'MOTYT UMeTh Ba)KHOE 3HayeHue B OHOJOTHMM Da3BUTHA.



