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AnHomayus. [Ipennoxena MOJIENb MIPOCTPAaHCTBEHHO-BPEMEHHON
caMOOpraHu3alu ypOooIKOCHCTEM KaK CYHEepIIO3UIMs COMPSHKEHHBIX aKTHUBHBIX
Cpel, YYUTHIBAIOIIAsT HEOJAHOPOJHOCTH aHTPOIIOTEHHBIX U TPUPOITHBIX (PaKTOPOB.
JaHHBII BHA HSKOCUCTEM XapaKTEpPU3yeTCsl BBICOKOM CKOPOCTBIO  pOCTa
YUCIIEHHOCTH ¥ IUIOTHOCTH HACENIEHUS 32 CYeT KOHIICHTPAIMHd IKHUIIBIX,
MPOMBIIIJICHHBIX, TOPTOBBIX M WHBIX OOBEKTOB, & TAKIKE CPEICTB KOMMYHHKALIUH.
[lepeuncrnennpie yCIOBHS HApYyMIAIOT JUHAMHYECKOE pPAaBHOBECHE MOTOKOB
SHEPTHH, BellecTBa U HHQOPMAIINH, CHIKAIOT «Oy(PEepHYI0 €MKOCTBY» MPHPOTHBIX
MOJICUCTEM U YBEJTMYMBAIOT HETMHEHHOCTB, a, CJIe0BATENIbHO, U HEYCTOWYHBOCTD,
CHCTEMHBIX TpoleccoB. B ocHoBe Moaenn — MOIU(PHUIMPOBAHHOE aBTOPAMHU
ypaBHeHne OutniXpio—Harymo, y4uTeIBaromiee HeOJHOPOTHOCTH aHTPOTIOT€HHBIX
(axTHBaTOp) ¥ MPUPOIHBIX (MHTHOUTOP) pakTopoB. OOOCHOBAaHHOCTH MPUMEHEHHS
ypaBHEHUS JaHHOTO THIA OMPEeNAeTCs OTHOCUTEIbHONW MPOCTOTON CHCTEMHOIO
aHalM3a JBYX ypaBHEHHH THMA «aKTHUBATOp — MHTHOUTOp». [loydeHsr ycnoBus
(hopMupoBaHusT BO30YIUMOTO/HEBO30YAMMOIO COCTOSIHHSI AKTHBHOW CpeIbl H
HaYaJIbHOTO BCILJIECKAa aBTOBOJIHBI B 3aBUCHMOCTH OT IUIOTHOCTH HACENEHUS U
KHHETUYECKHX TapaMeTpOB CHCTEMbI (aKTHBaTOpa M MHTHOWTOpa), a TaKxKe
KpuTepun (POpMHUPOBAHHUSA TEPEXOAHBIX 30H MEXIy TOpoaaMu (Ha OCHOBaHWHU
pacdeToB, CHENaHHBIX IO JaHHBIM a’podoTochemkH). [lomydyeHHoe 3HaUeHUE
0e3pa3MepHON  MOJCIIbHOW BEIMYWHBI IUIOTHOCTH HACEJICHHS B  00JIaCTH
nepexoaHoro cios (bappepa Ha MYTH aBTOBOJIHOBOTO ()POHTA) U HA OKpaMHAX
JKWIIBIX MAacCCHBOB TO3BOJHMIIO BBISBUTH KOI(DPHUIMEHT MPONOpIHNOHATHFHOCTH
MEeXIy TapaMeTpaMyd MOJEIbHON 33aJaud W COOTBETCTBYIOIIUMH BEIHMYMHAMH B
pealibHOM TOpOoACKOM cpene. be3pa3zmepHass Mojiesb TOATBEPXKAEHA JTaHHBIMU
JUHAMHUKH YHCJICHHOCTH W IUIOTHOCTH HACEIeHHUS W KapTorpaduuecKuMu
nagaeIMA MockBel ¢ 1946 1o 2014 romel. Mozaenb HO3BOJISIET BBISIBIATH
MIOPOTOBBIE 3HAYEHHS YIPABISIONMX MApaMeTpOB W PACCMOTPETh OCHOBHBIE
MPUHIMITBEL  Pa3BUTHS aBTOBOJHOBBIX MPOIECCOB, (HOPMHUPYIOMMX CTPYKTYPHI
ypOOdKOCUCTEM.
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MOJEJIb CTPYKTYPOOBPA30BAHHUA YPEOKOCHCTEM KAK IIPOLECC ABTOBOJIHOBOH CAMOOPTAHU3ALIMN
TEOPETHUYECKHUE ITPEAITOCBIJIKHA IIOCTPOEHUA MOAEJIN

B koHTekcTe HCTOpHYECKOW JMHAMHKH pacceneHuss HOmMoO sapiens B antpomocdepe
HOCTENIEHHO C(OPMHUPOBAINCH CTPYKTYpHBIE IPOCTPAHCTBEHHbIE HEOAHOpoIHOcTH. U B
3HAYUTEIBHON CTENEHH 3Ta HEOJHOPOJHOCTh OOBSACHSIETCS (HOPMUPOBAHHEM TOPOJIOB H
CBSI3aHHBIMU C HHMMH  COLHMAJbHO-)KOHOMMYECKUMM  OTHOLICHUSMU  MPUJIETaroIIUX
tepputopuii. Ecau 2009 ron cran toukoii omdypkanuu (BIepBbie 3a BClo ucTtopuio HOmo
sapiens 4YHCICHHOCTh TOPOJCKOTO HACENICHUSI CPaBHSIACH C YHCICHHOCTBIO CEIBCKOTO
HacelsieHus), To K 2050 roxy 0515 YUCIEHHOCTH TOPOACKOT0 HACEJIEHUS MOXET YBEIUMUUTHCS
10 65-68% . [To3ToMy MOXHO C YBEPEHHOCTBIO YTBEpXKJaTh, YTO MpoOJIeMa YCTOHYUBOCTH
reobrocdepsl CBA3aHa C OPraHNU3aLUeH KUZHEHHOTO MTPOCTPAHCTBA YEJIOBEYECTBA.

OCo6eHHOCTH 3BOJIOLIMOHHOIO Pa3BUTHS CHENAIN TOpoJia CYIIECTBEHHO HEIMHEHHBIMU
CIIO)KHBIMA ~ CHCTEMaMH, C OOJNBIIMM TPYAOM MOAJAIOIIMMHUCS MaTEeMaTHYECKOMY
MOJICJIMPOBAHMIO, 3aBEIOMO HEOOXOJUMOMY Il BBIPAOOTKH LIMBUIIM3ALMOHHO IpUEMIIEMON
TPAeKTOPUHU MX YIPABISIEMOTO YCTOHYMBOro pa3BuTHs. BmecTe ¢ Tem, Jaxe yNpoOIICHHbIE
Mojeny, Oa3upyroumyecs Ha pPa3syMHBIX MEXIUCHUIUIMHAPHBIX I10CHUIAX, IO3BOJISIOT
OCMBICIIMTH IPUHITUITHATIBHBIE OCOOCHHOCTH MX Pa3BUTHSI.

Bonpocy mopdonorun pacnpeneneHusi HacelleHUS B TOPOJCKUX YCIOBHUSX YJENAETCs
HEMaJi0 BHUMaHUA B JIUTEparype. MI3BECTHO, YTO TOpOIa C €MUHCTBEHHBIM [IEHTPOM (YHKIIUU
IUIOTHOCTH PACIPEENICHHUs] HACEJIEHUSI XOPOIIO OMUCHIBAIOTCS IKCIOHEHIIUAIBHBIM 3aKOHOM
[1, 2]. DT0 ympolaeT aHATUTHYECKYIO 3a/1a4y, HO JaHHBIC MOJCIN MPUMEHUMbI JIMIIb JUIS
HEOOJIBIIMX OJIMHOYHBIX FOPOJIOB, TOCKOJIBKY KPYIHBIE TOpOAa 00J1a1atl0T MHOKECTBEHHBIMU
NUKaMH IUIOTHOCTH HaceneHus. OIHUM U3 TEPCIEeKTUBHBIX KOMIUIEKCHBIX METOJIOB
UCCIIEIOBaHMsI TOPOACKON CTPYKTYpHI SIBISIETCS KOMOWHAIMS TEOPUH KIETOYHBIX aBTOMAaTOB
U 1erneil MapkoBa: MpaBuja IMEpexoja OJAWHAKOBBI JJIS BCEX sUEEK HH(PPACTPYKTYpHI, a
BEPOSITHOCTb ~ IOCJIEOBATEIbHBIX  CIIy4yallHbIX COOBITHH, CBSI3aHHBIX C TOPOJCKON
UH(PACTPYKTYpOi, BBIUUCISCTCS TpU  (DUKCUPOBAHHOM COCTOSIHUM — cuCTeMbl  [3].
[Ipumenenue Teopun (GpakTagoB i ONUCAHUS MOP(OJIIOTUU TOPOJCKUX IATTEPHOB
MO3BOJISIET HWCKIIIOYHTh TPEACTABICHUS 00 OJIHOPOIHOM IPOCTPAHCTBE M HCIOJIB30BATH
QHAJIOTHH MEXIY CTPYKTYpPOil TOPOJCKHX MATTEPHOB M (ppakTalbHBIMU CTPYyKTypamu [4].
JlaHHBIE METOIBI TO3BOJISIIOT  ONMHUCHIBATE MOPQOJOTHIO TOpOAa C TOYKH 3pPEHHS
NPOCTPAaHCTBEHHOW U  COLUMAIBbHO-3KOHOMHYECKOM CTPYKTYphl, HO HE YUUTHIBAIOT
HENMHEHHBIN dQQEeKT B3aUMOJECHCTBHS MHOTOYMCIEHHBIX AHTPOIOTEHHBIX M TPUPOIHBIX
(akTOpPOB B I'paHMIIaX OMUCHIBAEMOM CHUCTEMBI, a CIEI0BaTEIbHO, HE PACCMATPUBAIOT TOPOIa
B Ka4eCTBE 00IIEH YKOCHCTEMBI, UTO CBOJIUT MPOLIECCHI B CJIOXKHBIX CUCTEMaX K JTMHEHHBIM.

C Hamell TOYKM 3peHHUs, MpoIecC CTPYKTypooOpa3oBaHHs TOPOJOB II€IECO00Pa3HO
paccMaTpuBaTh C MO3UIMKA TEOPUH CAMOOPTaHHU3AIMH B aKTUBHBIX Cpelax, a CaMH Topoja B
kagectBe ypOoskocucteM (YIC), COCTaBICHHBIX CONPSKEHHBIMH TOJCHUCTEMAMU —
AHTPOITOTEHHON W TpupoaHoit [5, 6]. JlaHHBIH BHI SKOCHCTEM XapaKTEPH3YETCS BBICOKOU
CKOpPOCTBIO pOCTa YHMCICHHOCTH M IUIOTHOCTH HAaceleHHs 3a CYeT KOHLEHTPALMM S>KUJIbIX,
NPOMBIIIICHHBIX, TOPTOBBIX M HHBIX OOBEKTOB, a TaKXKe CpEACTB KOMMYHHKauu. B
pesyibrare, B rpanunax YOC Habmonaerca Oosee akTHBHBIH 3HEPro- M MaccooOMeH H
BBICOKAsi MHTCHCHUBHOCTH MPOIECCOB MeTabonm3Ma. [lepednciieHHbIE yCIOBUS HapyIIaloT
JUHAMUYECKOE pPaBHOBECHE IIO0TOKOB JHEPruM, BelIecTBAa U HMH(MOpPMAIMM, CHUXKAIOT
«OydepHyl0O eMKOCTh» TPUPOAHBIX TOACHCTEM W YBEIWYHBAIOT HEIMHEHHOCTh, a,
CJIeZIOBaTeNIbHO, M HEYCTOMYUBOCTh, CHCTEMHBIX IPOIIECCOB.

W3BecTHO, YTO 4YeM CJIOXHEE CTPYKTYpa CHUCTEMBI, TEM CJIOXXHEe W MHOTOYHCIICHHEE
(GyHKLIMOHAJBHBIE B3aUMOJEHCTBHMS, M TeM OoJiblliee KOJUYECTBO  CTAIMOHAPHBIX
(YCTOMUMBBIX M HEYCTOWYMBBIX) COCTOSHHI OJHOBPEMEHHO MOJKET BO3HUKATh B CHCTEME
(MynpTHCTaOMIBHOCTE). [lo3TOMY HEOOXOAMMBIM YCIOBHEM caMoopranuzamuu B YOC
ABJIIETCS. CHUHEPIeTUYECKOE COOTBETCTBHUE NPUPOIHBIX (OMOTHYECKUX U aOMOTHYECKHX)
¢dakTOopoB MacmrTabaM AaHTPONOI€HHOTO BO3JAEHCTBHS, YTO ONpEAeNseTcs CTPYKTYypHO-
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(GYHKIMOHATIBHOHN CIIOKHOCTHIO 9KOCUCTEMBI, THTEHCUBHOCTBIO aHTPOITOTEHHBIX MPOIIECCOB U
NOTEHIMAJIBHON CIIOCOOHOCTHIO TPUPOAHBIX IOJCUCTEM HHMBEIUPOBATh 3THU IPOLECCHI
(«OydepHOl eMKOCTBIO»).

VY3C kak compspKeHHBbIE aKTHBHBIE CPEIbl OTHOCATCS K HEIMHEWHBIM JUHAMHYECKUM
MaKpOCTPYKTYpPaM, COCTOSIINM M3 CONPSIKEHHBIX BO BPEMEHH U IIPOCTPAHCTBE MPUPOIHBIX U
aHTpororeHHbix nojacucrem [6-8]. B YOC umeercs pacrnpenesicHHbI pecypc (HaceleHHE,
MIPOMBIIIICHHBIE U XKHIIbIe 00BEKTHI, TPAHCIIOPT, Fre00MOIIeHO3b!). [Tpy HaM4YMK BO3MYIICHUS
B COCEIHUX sUeiiKaX, CBS3aHHOTO C M3MEHEHHEM pecypca, IPOLEecC CIO0COOEH CTaTh
ABTOKATAIUTUYCCKUM. M Hambosee aKTHBHBIN «BOIMTEIb PUTMA» CIIOCOOCH 3aXBAaTUTh BCE
npoctpanctBo YOC (momo0OHBIN TpoIiecc MpOTEKaeT B XUMHUYECKOW peakiuu benoycoBa—
JXKaboTtuHCcKoro). B pesynbraTe yBeTUYEHUS] YUCICHHOCTH W TUIOTHOCTH HACEJICHUS PacTeT
IUIOTHOCTh ~ 3aCTPOWKH, YBEJIIMYMBACTCS  KOJMYECTBO  TPAHCIOPTA, MPOMBIIUICHHBIX
OPEINPUSATHA, TOPrOBBIX W JIPYTHX CONYTCTBYIOIIMX pPOCTY HACEJICHUs CTPYKTYP,
POTSDKEHHOCTh KOMMYHHKAIMH, pacuupstorces rpanunsl YOC u 1.71. bonee toro, pactymme
ropojia UIMEIT TCHJICHIMUIO K CIHMSHUIO B oOIIMe cucTeMbl. M pe3ynbraToM paciupeHus: u
cimsiaust YOC sBIsIeTCSl UI3MEHEHHE TUIO0MIAIeH re0OHOIIeHO30B (KaK TOPOACKHX, TaK U MEXKIY
ropoJiaMu), KOJIWYECTBEHHOTro ((IyKTyallMM) M KadecTBEHHOro (Omdypkaluu) cocraBa
TPOPUIECKUX CETEH.

Camoopranuzanusi TpOSBISIETCSS B 0Opa30BaHWM  aBTOBOJIHOBBIX  JIUCCHUITATHBHBIX
cTpyktyp [9-12], dopmupyromux BbIIeleHHBIE CcTeneHn cBoooabl [13], u cmocoOHa
noaJepKuBaTh  ycroiunBocth YOC B JONOPOTOBOM  COCTOSIHUHU. Y TIPABISIOLIUMU
napamMeTpamMu JaHHOTO IIpoIiecca SBISIOTCA TPUPOAHBIE W aHTPOIOTCHHBIE (aKTOPHI
(Bo30yauMBbIe 3eMeHTHI), dhopMupyromue IHHy U Gopmy aBToBONH. [Ipu 3TOM cKOpocTH
AQHTPOIIOTEHHBIX MPOIIECCOB, 10 MEHBINEH Mepe, Ha MOPAIOK OOJIBIIE CKOPOCTEH MPUPOIHBIX
nporieccoB [14], mMo3TOMYy aHTPONOICHHBIC MPOIECChl B JaHHOW MOJEIU Mbl IOJIaraeM
aKTUBAaTOpPaMH, a TPHPOJHBIE — HMHTHOMTOpPaMH OOIIECHCTEMHBIX TIpoueccoB. JlaHHBIE
CBOWCTBA TMO3BOJIAIOT Ka4eCTBEHHO OILCHUTH MOPOTOBBIE W TMOIIMOPOTrOBBIC YCIOBHUS
pacrpocTpaHeHHsI aBTOBOJIHOBOTO TPOIIECcCa B 3aBUCUMOCTH OT WHTEHCHBHOCTH MCTOYHUKOB
BO3/ICUCTBUS, PACIOJIOXKEHHUsI BO30YAMMBIX, CIa00BO30OYyIUMBIX U HEBO30YIAMMBIX 30H,
HAJIMYMS JIATCHTHBIX MCTOYHUKOB ABTOBOJIH, YHCIEHHOCTH W TUIOTHOCTH HACEJEHUS, M OT
Ipyrux (hakTopoB.

B KkadecTBe aKTHBAaTOPOB CHCTEMHBIX TIPOLECCOB IMPEIIaraeTcs paccMaTpHUBATh:
3arpsA3HEHUsT XMMHUYECKUMHU BEIIECTBAMH, TEXHOTCHHBIEC 3JIEKTPOMArHUTHbBIE H3ydeHus [6],
KOPPO3HMI0 TIOJ3€MHBIX COOPYXEHHH ¥ KOMMYHHMKAIU{, HW3MEHEHHE TeMIIEpaTyphl,
kucnotHocTH (pH) 1 okucauTEeNnbHO-BOCCTaHOBUTENbHOTO TToTeHIIMata (Eh) mom3emubIx Bos,
aKyCTUYeCKHe W BHOpAallMOHHBIE HArpy3Kd Ha BEpPXHUH CIIOH JUTOC(hEphl, pOCT
KOHIIEHTPAIIUHU TSHKEIBIX METAJUIOB B OMOTEHHOM BEIlleCTBE U T.1. B KauecTBe HHTUOUTOPOB —
yIIENbHOE DJIEKTPUYECKOE COMPOTUBIICHHE, BO3pacTaHWE/yMEHBIIEHHE IUIOTHOCTH W
BJIQXKHOCTH TIOYBO-TPYHTOB, CKOPOCTh T€UCHHSI M TIEPEMENIUBAHIS TIOJI3€MHBIX BOJI, TIOIIA b
NPUPOIHOTO KapKaca H T.JI.

MOJEJIb CTPYKTYPOOBPA3OBAHUSI YPBOIKOCHUCTEM KAK ITPOLHECC
ABTOBOJTHOBOU CAMOOPI'AHU3AIIUA B AKTUBHBIX CPEJAX

Ha 6a3e ypaBaenust ®utnXeto—Harymo [15] aBTOpamu npemiokeHa cucteMa ypaBHEHHI
[5-8]:
ou 1
e——¢D,Au :——(u(u—a(x, y))(u—l)—uv), —L<x<L,-L<y<L, t>0;
ot € (1)

ov
e— —¢eD Av = —yv +[3u.
p v W+p

rae u— (I)YHKI_II/ISI HHTCHCHUBHOCTH aHTPOIIOICHHBIX MTPOILIECCOB (aKTI/IBaTOp),
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V — (yHKITUSI HHTEHCUBHOCTH MPUPOIHBIX MPOIIECCOB (MHTHOUTOP).

BBenénnoe aBTopamu mpou3BeneHHE UV pacHIMpsieT BO3MOXHOCTH MaTeMaTHYeCKOIro
aHaJM3a TEePEKPECTHBIX B3aMMOJICHCTBHI aKTUBATOpa W MHruourtopa. Pemienus ypaBHEHHs
OTHOCHTEJIBHO U M V HEOTPUIATEIIbHBI.

0 — TlapaMeTp aKTUBAIlMM CUCTEMbI (ONpenensercs Kak BeJIWYuHa, oOparHas IUIOTHOCTH
HaceseHus), o < 1.

Y — KHHETHYECKHI MapaMeTp 3aTyXxaHus HHruouropa, y > 0.

B — KMHEeTHYeCKUH mapaMeTp B3auMOJICHCTBHS aKTUBAaTOpa U HHruouTopa, > 0.

€Dy, eDy — ko3 dunments! auddy3un akTUBaTOpa U UHTUOUTOPA.

€ — TapameTp, OTPAKAIOUIMA 3HAYUTEILHOE pa3JInYhe CKOPOCTeH H3MEHEHHs (QyHKIHHA
aKTHBaropa u uHruouropa, (0 <& < 1).

Cucrema pemiaercsi YMCICHHO MPH MOMOLIH CYEeTa Ha YCTAHOBJIEHUE B IIPOCTPAHCTBEHHOMN
obmactu D ¢ rpanmueii 0D . Ha rpanmue pacueTHO#f 061acTH 3a7aroTcsl KpaeBble YCIOBHS
Helimana:

al _a _a
OX |x=-L, ay y=-L, OX [x=-L, ay y=—L, .
x=L y=L x=L y=L

Pacnipeniesienrie B HayalbHBII MOMEHT BpPEMEHU CUUTAeTCS H3BECTHBIM. UMClIeHHOe
pelieHre ByMEpPHOM 3adaydl MPOBOAMTCA B MpsiMoyroibHuke —L<X<L; -L<y<L, B
KOTOPOM BBOJMTCS paBHOMEpHasi ceTka. Peanmzalivs YMCIEHHOTO cYeTa MPOU3BOAUTCS MPHU
MOMOIIM CXEMBI C JBOJIONHOHHOW (hakTopuzanueit [16, 17]. Mcmonp3oBanue 3TOH CXEMBI
MO3BOJIIET TMPOBECTH pachapaiieMBaHUEe YHUCICHHOrO Ipolecca. PacnpeneneHHble
KOMITBIOTEPHBIE BBIYUCICHUS OBUIM TPOBEICHBI C IMOMOIIBIO TPa@UUECKUX IMPOLECCOPOB
AMD wu kommmsitopa OpenCL.

Bripoxxnennas cucrema ypaBHeHui 11 (1) 3anuceiBaercs CaeayrImM 00pa3oM:

u(u-a(xy))(u-1)+uv=0; w-Bu=0. 2)

B 3aBucumocTH OT TOro, CKOJBKO PELIEHUH MOXET ObIThb Y BBIPOXKJIEHHOM CHCTEMBI
YpaBHEHMI, OHa ONMHUCHIBaET OMCTAOMIBHYIO MJIM MOHOCTaOMIbHYIO cpeny [5]. Ha pucynke 1
IpeJICTaBICHa JuarpaMma COCTOSIHUSI aKTUBHOM cpeibl B 3aBHCHUMOCTH OT COOTHOILIEHUS
napametrpoB o, B u y. KpuBas, ornensromias o61acTb MOHOCTAOMIBHOCTH OT OO0JIACTH
01CTaOMIBHOCTH, ITOJIy4€HA B PE3yJIbTaTe aHaJIN3a KOJIMYECTBA PEIIeHUH cucTemsl (2).

3.5

0.8

0.6 Hes030youmas cpeda ] %

0.4r

0.2r

%.S 2 2.5 3 4 4.5 5 5.5

6030ydumas cpeda .
0 0.2 0.4 0.6 0.4 Bly

3.5
In(y/B)

0

Puc. 1. [luarpamma coCcTOSIHUSL aKTUBHOH CpeJibl B Puc. 2. I'padux 3aBucumoctu p* = 1/a” ot In(y/B).
3aBUCHMOCTH OT COOTHOIIICHUS NTapaMeTpoB o, 3 1 .

JloctatouHbiM  yclioBUeM Uit (OPMHUPOBAHUS aBTOBOJHOBOTO (pOHTA aKTHUBaToOpa
ABJISIETCS. TaKOo€ COOTHOILIEHWE MapaMeTpoB o, B M 7y, KOTOpPOE COOTBETCTBYET oO1acTu
BO30yauMoOl cpeapl (puc. 1): BolHA aKkTHBaTOpa MOMJEP)KUBACTCS 3a CYET HAIWYHS
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pacnpeieieHHbIX MCTOYHHKOB SHEPruu BEIIecTBa W HHQpOpMAIUU. 3aTyXaHUE aBTOBOJIHBI
BO3MO)KHO, €CJIM COOTHOILIEHHE MapaMEeTpOB JISKUT B 00JacTH HEBO3OYAMMOM Cpenbl:
€MHCTBEHHOE BO3MOXKHOE YCTOMYMBOE COCTOSIHME cHCTeMbl (2) — HyjleBoe, a mobas
HayanbHas (QIIYKTyalHs 3aTyXaeT CO BPEMEHEM, IIOCKOJIbKY MPUPOIAHBIE (PAKTOPHI CIIOCOOHBI
MHTHOMPOBATh HEraTHBHBIE AHTPOIIOT€HHBIE MPOLIECCHI.

UYeMm Oodbllie MIOTHOCTH HacelIeHus, TeM Oonbiie B cucteme YOC dopMupyeTcs: MpsMbIX
U oOpaTHBIX CBsI3ed U, CleJOBaTEIbHO, TEM OOJbllle 3HAUEHHWE KWHETHYECKOIro Mapamerpa
B3aMMOJICHICTBUA TOTEHIMAJIOB akTuBaTopa M wuHruomropa . Cucrema CTaHOBHUTCA
HEBO30YJIMMOMN, KaK TOJBKO KHHETHYECKHE MapaMeTpbl CUCTEMbl (KMHETHYECKHH Mapamerp
3aTyxaHuss MHTUOMTOpAa — Y M KHHETHYECKUH MapaMeTp B3aMMOJCHCTBHUS aKTUBATOpa H
UHTHOUTOpa — ) CTAHOBATCS CPaBHUMBIMU. [IpH ATOM YHCIEHHOCTH U IJIOTHOCTH HACENICHUs
SBIISIOTCSL BaXHBIMH  (hakTopamu  (opMupoBaHus CTPYKTypbl YOIC W HMHTEHCHBHOCTHU
ABTOBOJITHOBOI'O IMpoOLlecCa pacHpOCTpaHEHUs aHTPONOreHHbIX QakTopoB. Heobxonumo
YYUTBIBATh, YTO CAMOOPTaHU3ALKsI BO3MOXKHA TOJILKO IIPU YCIOBUHU OTCYTCTBHS HEOOPATUMBIX
MPOLIECCOB, T.€. B MOANOPOrOBOI 30HE YCTONYMBOCTH CUCTEMBI (MUMEIOTCSI B BUAY T'PAHUIIBI
VYOC, KoiauuecTBO, HANpPABICHHOCTh U B3aUMOJCHCTBUE NPUPOJHBIX U AHTPOINOTEHHBIX
¢dakTopoB). A B cilydyae 3HAUUTENIBHOrO ArcOaigaHca B CTOPOHY aHTPOIIOTEHHBIX BO3CHCTBHIA
JOMUHUPYIOLIUI BOJUTENb pUTMa (aKTUBATOp) MOCTENEHHO 3aXBaTbIBa€T BCE MPOCTPAHCTBO
(kak B peaknun benoycoBa—3anknHa—KaObOTHHCKOT0), YTO BBI3BIBAET, KaK IPABUIIO,
HeoOpaTtuMele cucteMHble mpouecchl B YOC. B aToM citydae cucreMa NepexoauT Ha HOBBII
KaueCTBEHHBII YPOBEHb.

YOC, Kak MpaBUIIO, XapaKTEPHU3yeTCs HAIWYHEM IEePEXOJHON O0JIACTH OT TOPOJICKOU
Cpebl K IPUTOPOIHOM. DTOT Epexo/i, B OCHOBHOM, CBSI3aH CO 3HAUUTEIbHBIM YMEHBIICHHEM
IUIOTHOCTU HACEJEHMs, U IO3TOMY, COIVIACHO MOJIEIM, B pailoHE TIOpPOJCKON OKpauHbI
MPOUCXOIUT PE3KOoe HM3MEHEHHE (PYHKIMI HHTEHCHBHOCTEH aKTUBaTOpa W HHTHOUTOpA.
CymiecTBOBaHHE U IIOJIOKEHUE IEPEXOJHOIO CJIOSI B paMKax paccMaTpuBaeMOll Mojenu
ompenensiercss GyHkuueir a(X,y), 0OpaTHO MPONOPIUOHAIBLHON IUIOTHOCTH HaceneHus. M3
pacueToB, TPOBEICHHBIX Ui paccMaTpuBaeMoi Mojenu (cormacHo paboram [18, 19]),
CIelyeT, UYTO TEPEeXOJIHBIM CJION o00pazyeTcss B OKPECTHOCTH HEKOTOPOW KpHBOW Ha

*

mwiockoctr (X,Y) mOpH Takux 3HadeHusx (X,Y), Ha kotopodl QyHkums o(X,y)=o .

BenuunHa o ONpEENsIeTcs U3 ypaBHEHUS

%(V3 (oc*))z —(oc* +1)(V3 (on*)—v0 (oc*))+

y y ©)
|

% ((a*_1)2_4v3(a*)) _((a*—1)2—4v0(a*)

: : 9(0L—1)2—(oc+1)2 .

2 2\2 2
rae 2 =05 Plar1) P 1 [ Barn)-B | —aa P | v, =
Y Y Y Y Y 36

C yBennueHHEM KHHETMUYECKOTO IapaMeTpa 3aTyXaHUs IOTeHLuana HWHruouropa —
MPOLIECCOB MPUPOTHON MOJICUCTEMBI (Y) OTHOCUTEIFHO KHHETHUECKOTO IMapaMeTpa 3aTyXaHus
NOTEHIIMaja aKTHBAaTOpa — AaHTPOIOTEHHBIX TMpolueccoB () yMEHbIIAeTCs KPUTHYECKOE
3HAUEHHEe TapaMeTpa aKTUBAIMH CHCTeMHI (o) M YBENTHYMBAETCS KPHTHYECKOE 3HAYCHUE

* * 71
napameTpa IJIOTHOCTH HACEIEeHUs p =(OL ) (puc. 2).

B pamkax aBymMepHOW Moend HaMH OBUIM pPacCMOTPEHBI CIEAYIOIINE BapUAHTHI
obpaszoBanusi CTpykTypbl YOC: A) aBa ropoja CpaBHHMOIO JgHaMETpa C OJWHAKOBBIMH
pacmpeneneHus MU TUIOTHOCTH HaceleHus; B) nBa ropoaa ¢ pa3HbIMU AMaMeTpaMH U pa3HOU
MMUKOBOM TJIOTHOCTHIO HACEJIEHUS.
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MOIEJIb CTPYKTYPOOBPA30OBAHUSA YPEOOKOCHCTEM KAK ITPOIJECC ABTOBOJTHOBOH CAMOOPI AHU3ALTUN

A) Pe3yabTaThl YHCJIEHHBIX JIKCIEPHMEHTOB AJsl ABYX TOPOAOB C CONMOCTABMMBIMH
AUAMETPAMH C OIMHAKOBBIM pacrnpe/iejeHneM NJIOTHOCTH HACeJIeHUs

B ¢dopmupyromemMcs HaceleHHOM IyHKTE, €CIM €ro oOpa3oBaHHE HE sBIsETCS
pe3yJIbTaTOM SKOHOMHUYECKUX MPEINOCHUIOK (HAmpuMep, BO3HUKHOBEHUS MPOMBIIUICHHBIX
LHEHTPOB, CTUMYJIUPYIOLUIMX TpasooOpa3oBaHue), a MPOJAUKTOBAHO POCTOM UHCICHHOCTH
HACEIICHUsI, WUCXOAHBIA YpOBeHb ypOaHW3anuu (HAIMYUE MPOMBIIUICHHBIX OOBEKTOB,
TPaHCIIOPTa, CPEICTB KOMMYHUKAIlMM W T.A.) Bcerga Hu3kui. Ilostomy mnpobiema
obOpaszoBanusi u pa3zButus YIC HEMOCPEACTBEHHO CBsSI3aHA HE TOJIBKO C YHUCIECHHOCTBHIO U
IUIOTHOCTBIO HaceleHus (p), HO U CO 3HAYCHHEM KPUTHUECKOro Iapamerpa IUIOTHOCTH
HaceneHus (p’) B TOUKE JOKATM3AIUH TIEPEXOTHOTO CIIO.

Ha ocHoBanuu pacyeToB, CIIETaHHBIX MO JAHHBIM a’pOPOTOCHEMKHU TOPOJIOB OIMIKHErO
[TogMOCKOBBS, TOJIYYEHO COOTBETCTBHE 3HAUEHUS Oe3pa3sMEpHON BEIWYHHBI IUIOTHOCTH
HAaCeNleHHs B OOJACTH TIEPEXOJHOTO clos (p'), ONpPEenensieMOro MOJENbIO, M ILIOTHOCTH
HAaceJeHUs Ha OKpaWHaX pealibHBIX TOPOACKMX MaccHUBOB. COINIACHO HAIIUM pacueTam,
KpUTEpHEM 00pa30oBaHMS IEpeXOAHOro cios seiusierca p = 1500-1800 wen/km?. Msl
UCXOIWJIA W3 CIEAYIOIHX cooOpaxkeHwid. s HEOONBIINX TOPOJOB, HE SBISIOIIUXCS
MPOMBINUICHHBIMU [IEHTpaMH, Tpu 7Y/P = CONSt 30HAa MEPEXOJHOTO CJOS COBIAJACT C
00sacThi0  HauOoOJIbIIEr0 TpajueHTa (PYHKIMM IJIOTHOCTH HaceleHus. B cioydae
pactipenenieHusi HaceleHuss mo layccy 3HaueHHE IUIOTHOCTH B 00JIacTH HauOOJBIIETO

rpajlienTa ompeensercs Kak p = p, /e . ns PaCCMOTPEHHBIX HaMU HEOOJBIINX TOPOJIOB
[ToagMocKOBBs XapaKTepHOE MaKCHUMaJIbHOE 3HAYCHHE TUIOTHOCTH paBHO
po = 2500—3000 wen/km?>. Torma p =p,/ Je =1500-1800 uen/km?. Ucnone3ys oty

BEJIMUMHY, MOXXHO OIpEAeNuTh, KaKOH IUIOTHOCTM HacelleHusi OTBeuaeT Oe3pa3mepHas
€IMHUIIA TJIOTHOCTH, SIBIISIONICHCS MapaMeTpoM B paccMaTpuBaeMoil Mojaenu. B wactHocTH,
npu y/P=6.7, ypaBaenue (3) gaet o = 0.333, 4T0 COOTBETCTBYET OE3pa3MepHON BETHUMHE

TJIOTHOCTH HACeJeHMs B 30HE MEPEXOAHOro ciosi p =~ 3. CpaBHHBAs 3Ty BEIMUMHY CO
sHaueHneM p = 1500-1800 wen/km?, moiydaeM, 4YTO eIMHHIE 6Ge3pa3MEpHOil MIOTHOCTH
HACEJIEHHs COOTBETCTBYeT BemmanHa 500—600 uen/km?,

ABTOpaMHU TPOBEIEH pPacyeT BEPOSTHOCTH CIMSHMUSA JABYX TOPOAOB B 3aBHCUMOCTH OT
paccrostHus Mex 1y ux 1eHtpamu (d) v pacrnpeaencHus MIOTHOCTH HaceneHus. Ha pucynkax
3 1 4 npescTaBieHbl KapThl AHATM3UPYEMBIX 00BEKTOB U IpadUKH 3aBUCUMOCTH (QYHKIHUIL U,
V¥ p OT KOOPJIMHAT X, Y.

Jlns TpOBEICHUsT UHUCIEHHBIX HKCIEPUMEHTOB BbIOMpanach cleayromas QyHKIusS
pacrpenieneHus TNIOTHOCTH HAaCeICHUS:

1
p (X, ¥) = o (XP (2 ((x =) +¥*)) +exp(-2((x=%)°+V))), = F'”E‘O’ @
d
rae (X1,0) u (X2,0) — KOOpaAUHATHI [IEHTPOB TOPOJIOB; IEHTP KaXKIOr0 W3 TOPOIOB JICKUT Ha
ocu OY; po ¥ pd — 3HAYEHUS TUIOTHOCTH B IICHTPE U HA paccTosiHUH O OT LieHTpa.
HauanbHoe npuOmKeHue:

IMapamerpsl ypasuenus (1), a Taxoke GyHkumit p(X,Y) u Uy (X, y) ykasaust B Tabmune 1.

Taﬁ.lmua 1. HapaMeTpH CUCTCMbI IJId ABYX TOpOJOB C COINOCTABUMBIMHU IUAMCTpPaMH U
OANHAKOBBIM PACIIPCACICHUCM IIIOTHOCTH HACCIICHU A

€ Di |[Dv |y [ B |po|pd|p d X1 X2
0007 | 5 | 1|20 1|5 [11]23|03]| 04 |04
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0 j 1 ’ ; 1
X X
Puc. 3. OOvekr wuccrmemoBanusi — Ilymkuno u UpanteeBka (YOC ¢ OJIMHAKOBBIMH ITHKaMH

pacmpe/ieiieHnst [UIOTHOCTH HACENEeHHs M IUIOIIA[sIMH TEPPUTOPHiL): a) KapTa pacIoOKeHHs JIBYX
ropozos [20]; b) paccmarpuBaembie obmactu [lymikuuo: 1 — B 1ieHTpe, 2 — B IEpexoqHOMH 061acTH, 3 — Ha
OKpawuHe; €) rpaduK MPOCTPAHCTBEHHOIO pacrpeie/icHnss QYHKIUU TUIOTHOCTH HaceneHus; d) rpagux
MPOCTPAHCTBEHHOIO pacipeaeieHus (QYHKIIMA WHTEHCHBHOCTH aHTPOITOTEHHBIX MPOIECCOB; €) rpaduK
IPOCTPAHCTBEHHOTO paclpeaeseH s (yHKINH HHTCHCUBHOCTH IPHPOIHBIX IIPOLIECCOB.

Ecnu rpaHunpsl ropofioB pasienser J0CTaToOyHO OoJiblias IUIOLIa/]b JIECHOIO MacCHBa,
AaBTOBOJIHA AHTPOINOIEHHBIX BO3JACHCTBHM TACUTCS IPU IEPEXOJ€ B 30HY NPHUPOAHOU
9KOCUCTEMBI. B 1aHHOM cilydae ABa ropoja pacroJIOKEHbl Ha JOCTaTOYHOM YAAJIEHUH JpYyr
OT JpyTa, ¥ 3HAUEeHHE IUIOTHOCTH HACETEHHsS MEXIY TOPOJAMU MEHbIIE KPHTHIECKOTo (p ),
YTO MPUBOAMUT K (POPMHPOBAHUIO JTOCTATOYHO YCTOMYMBOW NMPOMEXKYTOUHOH 30HBI MEXIY
nBymst YOC ¢ nocTostHHBIMU TpaHuiiamu. [1oaToMy npy 1aHHBIX 3HaYeHUSIX QyHKIUN U, V U p
o0mmuii aBTOBOJIHOBOM (PPOHT HE hopMuUpyeTcs.

B) Pe3yabTaThl 4MCI€HHBIX IKCIIEPUMEHTOB JUISI BYX TOPOJIOB Pa3HOro aWaMeTpa ¢
Pa3IMYHBIMU pacnpeaeTeHUsIMU MJIOTHOCTH HACeJIeHUsI

B cinydae axkTMBHOrO pocTa IUIOTHOCTHM HAceleHUs pacIIMpeHHe TpaHull Topoja
MIPOMCXOUT 33 CUET TEPPUTOPUH MPUPOTHON IKOCHCTEMBI, YTO CHH)KAET €€ MOTCHIIHAbHBIC
BO3MOXKHOCTH KaK HWHTMOMTOpa aHTPOIOTEHHBIX MpoleccoB. B pe3ynabTare BO3MOXKHO
o0pa3oBaHNE PKOCHCTEMBI C OOIIMM aBTOBOJHOBBHIM (pOHTOM. B KadecTBe mpumepa HaMu
ObUT TIPOBEJIEH aHAIN3 JJIS OJIM3KO PAaCHoOJIOXKEeHHBIX ropogoB Mertuiu u Koposnes. [lanHbie
a’poOTOCHEMKH M pacdyeThl ~ MAaTeMaTHYECKOTO  MOJCIMPOBAHUS  TOATBEPIUIA
3HAYUTEIBHYIO BEPOSITHOCTh CIHSIHUS IBYX TOpooB B 00mIyro YOC (puc. 4).

192

Mamemamuueckas buonozusn u buoungopmamura. 2017. T. 12. Ne 1. doi: 10.17537/2017.12.186



http://www.matbio.org/journal.php

MOIEJIb CTPYKTYPOOBPA30OBAHUSA YPEOOKOCHCTEM KAK ITPOIJECC ABTOBOJTHOBOH CAMOOPI AHU3ALTUN

a) b) PCxH’)

-1 o

X x

Puc. 4. O6bekt uccienoBanus — ropona: Kopones u Mprtutiu (YOC pa3HOro quamerpa ¢ pa3indyHbIME
pacmpeneneHusIMA TUIOTHOCTH HAaceJeHHs): a) KapTa paclosioKeHHs NOByX roponor [21]; b) rpaduk
NPOCTPAHCTBEHHOI'O pacrpeaesicHus] QYHKIHMU IUIOTHOCTH HACENeHHUs; C) rpaduk IPOCTPAHCTBEHHOI'O
pacmpezeneHusl (GYHKIHM WHTCHCHBHOCTH aHTPOMOTEHHBIX mporeccos; d) rpaduk mpocTpaHCTBEHHOTO
pacnpezeneHus GYHKIMA HHTCHCUBHOCTH IIPUPOIHBIX POLIECCOB.

[IpencraBiennple rpadUKU MMOKA3BIBAIOT, YTO JJIS JBYX TOPOJIOB Pa3HOTO JUAMETpa C
pa3IMYHBIMHU paclpeAeNeHUsIMU IJIOTHOCTH HaceleHuss (OpMUPOBAHHE AaBTOBOJHOBOTO
(GpoHTa U TepexXOMHBIX 30H TAaKKe, KaK M IS MPEbIAYIIero ciaydast (paBHbIE JHAMETPHI U
O/IMHAKOBBIE pacIpesieIeHHs MIOTHOCTH HACeNeH s ) onpeensercs sHadenueM p(X,y), p (X,y)
u coorHomeHuem Y/B. Takum >xe oOpa3oM, 3a CYET MNPUCOSAMHEHUS OJIM3IISKAIUX
TEPPUTOPUI C MEHBIIIEH MIOTHOCTHIO HACENIEHUSI K OCHOBHOMU Tepputopun Y IC, MpOUCXOIUT
(dhopMHUpPOBaHKME METATIOJIMCOB.

L. L L. L
Pacnpenenenue MmioTHOCTH HaceleHUs B 001acTu (X, y)e ——;— |X| ——=;—= | 3amaercs

bopmynoii:

(x=x)* (y-y)°
dg dyy

_(X_XZ)2 _(y_y2)2 _ (5)

p(X, y)=p01exp - +Pg, €XP 2 2
dx2 dy2

[Tapamerpbl GyHkuuu p(X,y) u cuctemsl (1), TpH KOTOPHIX MPOBOIMIKCH PAaCUETHI,
npefcTaBieHbl B Ta0nmie 2. Pe3ynmbTaThl  UMCIIEHHOTO OKCIEpUMEHTa U JIaHHBIC
a’po(OTOCHEMKH MPeICTaBICHBl Ha PUCYHKE 4.

Ta6auna 2. [TapameTpsl cucTeMBI I ABYX TOPOIOB C Pa3HBIMU P U TUIOMIAIASIMH TEPPUTOPHIA

€ Dy [Dv | Y/B | por |poz |p" | W [ e [X1s [X |AX [ dys | Dy | Vi |y | L
0.007 |5 1 20 10 |5 23103 /03|04 |04 (08|08 1080 0 2

Mopeab npucoeIMHEHHs HacCeJeHHbIX NYHKTOB ®Puiau, Masmwiaoso u KyHueBo k
Mockse (1946-1968 rr.) kak npoiecc aBTOBOJTHOBOI CaMOOPTraHU3anu

[Ipucoeaunenne mpoucxoausio mo3ranHo: B 1952 r. — @unn u MasmiioBo (HeOObIION
KOTTE/KHBIH 1ocenok), B 1968 r. — Kynueo (tadxn. 3, puc. 5-7).
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Ta6auna 3. IlapameTrpsl AWHAMHUKH pPa3BUTHS HaceleHHbIX NyHKTOB @umm, Maszuioso,
KyHnueso

Hacenennpie myHKTHI roJ Pyenmp, Poxpaunas

IToaMOCKOBBS yen/km? yen/km’
KyHIieBo 1946 [22] 200 80
Dunu 1946 [22] 200 30
KyHIieBo 1952 [22] 280 60
Ounn 1952 [23] 2160 360
Masusioso 1952 [23] 200 30
KyHieso 1968 [24] 12960 504
Ounn 1968 [24] 13000 13000

Puc. 5. 1952 roxm: ®wmm, KyHmero m MaswioBo NpEACTaBISIIOT COOOH OTHENBHBIC IOCCICHUS,
pa3jielicHHbIC MPHUPOIHBIMH OuolleHO3aMu. Ha pucCyHKe KpyKOYKamMH T[OKa3aHbl 00jacTh pacuéra
IUIOTHOCTH HACEJICHHS B [IEHTPE TOPOJIOB U Ha OKpauHe [22].

plx.y) u(x,y) v(x,)
899 699 499 299 99 0,8 0,6 04 0,2 0 0,004 0,003 0,002 0,0004
I | . | [ . [

Puc. 6. Ilpucoenurenne Ma3uiaoBo k @uiid B Cliydae JHHEHHOTO POCTA IUIOTHOCTH HACEICHHUS M pagnyca
@®un. 1947 rox: a) mIoTHOCTH HaceneHus (p), D) GpyHKIHS HHTEHCMBHOCTH akTHBaTopa (U), C) GyHKIHS
MHTEHCUBHOCTH mHruGuropa (V); 1949 roxa: d) mmorHocTs Hacenenus (p), €) GYHKIMS HHTEHCHBHOCTH
aktuBaTopa (U), ) GyHkIus naTeHCHBHOCTH HHTHGHTOPA (V).
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p(x.) u(x,y) v(x,p)
1,3E+004 9999 6999 3999 999 0,9 0,7 0,3 0,1 0,075 0,06 0,045 0,03 0,015 0

I | . N | IE—LI\HIIJ_

2 3 4 5 6 7 8 9 0 -123456789
X X

Puc. 7. [Ipucoenuuenue Kyrmeso k MockBe B ciydae JIHHEHHOTO pocTa ITIOTHOCTH HaceleHus U paanyca Ouimn
1 Kynmeso. 1956 rox: a) QyHKIHS IIOTHOCTH HaceleHus (p), D) GyHKIMS MHTEHCHBHOCTH akTHBaTopa (U), C)
(GYHKIHS HHTEHCUBHOCTH UHTHOUTOpa (V); 1962 rox: d) miotHOCTs HaceneHus (p), €) GyHKIMA HHTEHCHBHOCTH
aktuBatopa (U), f) dyHkius waTeHCHMBHOCTH WMHrHOHTOpa (V); 1968 rox: g) miotHocTh HaceneHus (p), h)
(bYHKIMSI HHTCHCUBHOCTH akTHBaropa (U), i) GyHKINS HHTEHCHBHOCTH HHTHOHTOPA (V).

[InoTHOCTh HAceNeHWs, TPOKHUBAIOIIETO HA TIUIOMATNA S, PACCUYMTHIBACTCS Kak
P = (Nooros Muerosex)/S, THE N — YUCIIO TJOMOB Ha ITOM ydacTke (KapTorpaduyueckue TaHHbIC),
M — YUCJIO YEJIOBEK B KAXKJIOM JoMe (yCpeIHEHHbIE JaHHbIe). PacueTsl TMHAMHUKHN TTO3TAITHOTO
npucoenuHenus nocenkos @unu, Mazunoso u KyH1ieBo npeacTaBieHbl Ha pUCYHKax 6 u 7.

Hcnonws3oBanne MOMyHeHUS O JMHEHHOM pOCTE IUIOTHOCTU HACEJEHUS W PaJUYCOB
MPUCOEANHIEMbIX HACEICHHBIX IMYHKTOB MO3BOJUIIO MPOBECTU aHAIU3 ISl MPOMEKYTOUHBIX
BPEMEHHBIX MHTEpPBAJIOB Tipoliecca ypOaHuzanmu — oOpazoBanust MockBel. [laHHbIE
MOJIETILHOTO pacueTa MOCPEICTBOM Oe3pa3MepHON MOJENTH B MOJHOW Mepe COTIacyIOTCs C
JTUHAMHUKOUN Pa3BUTHS PEATbHBIX IKOCHCTEM.

3AKVIIOYEHUE

Hcnons30BaHHBI HAaMH TIOAXOJ OCHOBaH Ha TIPEJCTaBICHUSX OO0 aBTOBOJHOBOM
caMOOpraHu3allid B aKTUBHBIX cpelax. B HacTosmeil paboTe B KauecTBE aHTPONOTECHHBIX
(GakTOpoB,  KOHTPOJHMPYIOIIUX  MPOCTPAHCTBEHHO-BPEMEHHYIO  CTPYKTYPY  pPa3BUTHS
ypOOIKOCUCTEM, PACCMOTPEHBI  (DAKTOPBI  COIHMATBLHO-DKOHOMHYECKOTO U (husmKo-
XUMHYECKOTO XapakTepa. YCTaHOBJEHO, YTO Mpu Tmepexone u3 omaHod YOC B Apyryro
TUIOTHOCTh HACENEHHUS W COOTHOIIEGHHE 7Y/ W3MEHSeTCS CKadyKooOpa3HO. OTOT BBIBOJ
COOTBETCTBYET TEOPUU CaMOOPTaHU3allUU: MPHU MEPEeXoJ/ieé Ha HOBBIM YPOBEHb MPOUCXOIUT
KaueCTBEHHBIH CKAUOK B CTPYKType U (QYHKIHSIX cucTeMbl. OCOOEHHO 3TO XapaKTepHO s
Pa3BUTHSI METAIOJIMCOB 3a CUET MPUJIETAIOIINX TEPPUTOPUN — HEOOJIBIINX TOPOIOB, KOTOPHIE
B pe3yibTaTe NPUCOECIUHEHHUS MOMNAJal0T Ha HOBBIN UEPapXUUYECKUN YPOBEHB 3BOMIIOIUN Y DC
— MeranoyincoB. [IpeioxenHas MoJIeb TO3BOJISIET OMKUCHIBATh XapaKTepHbIie cBoicTBA YO,
a 00OCHOBaHHOCTh €€ MPUMEHEHHs IOATBEPKIACTCS AHATUTUYECKUMH W YHCICHHBIMU
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MerofaMu. MoJenupoBaHue peXMMOB CpbIBa HMOJOOHBIX CHCTEM B XAOTHYECKUE PEKUMBI
TpeOyeT TOMOIHUTEIEHOTO PACCMOTPEHUSI.
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