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IpeaucnoBue

B xHure paccmMatpuBaroTcsa MaTepuaiibl X Bcecolo3Ho#M 1UKO0JIbI NO MaTeMaTH-
YeCKOMY MOJECHPOBAaHHIO CIOXHBIX GHonornueckux cucrem. IlepBas Ttaxas
uIkosa 6euia oprann3oBaHa B 1972 r. wi.-kop. AH CCCP A A. JIanyHoBbIM, 10-
CTenyommMe MpOBOOWIMCh C MHTEpBaTamMu COA-ABA CEKIHEA MAaTeMaTHUeCKOro
MOZEIHPOBAHUA U CHCTeMHOro aHanmu3sa Hayunoro cosera AH CCCP no npoGine-
Mam Guoctepbl. MiHTepechl YYaCTHMKOB LIKOJ CBA33HBI C 3KOJOTHYECKMMM
npoGlieMaMH, HO He HCYEpHBIBAIHChH MMHM. Tpydbl HeKOTODBIX LIKOJI GbUlH
u3gansl. JlecATas 1IKoja KaKk Gbl NOABOJHT HEKOTOPBIE HTOTH.

1. CoBmecTHas paGoTa MaTeMaTHKOB M GHONIOTOB OKa3bIBaeT CTHMYIHpPYIO-
Lee BO3[EWCTBHE Ha pa3spabGOTKy MareMaTHueCKOro amnapara (B YacTHOCTH,
Teopur Oudypkauuu) u IporpaMmHOro oGecreueHus IBM. Owytumo Takxke
oOpaTHOe BIIMfAHHME Ha NOCTaHOBKY IOJIEBBIX M 3KCHEPHMEHTANbHBIX HUCCIIE0-
BaHHil.

2. OnBIT NOCTPOEHHA W HCCIENOBAaHHA MAaTEMaTHUeCKHMX Mopellei GHONIOIH-
YeCKMX IPOHECCOB Ha OJHHMX YPOBHAX OPTraHH3AlMH OKa3bIBACTCA MOJIE3HHIM
1A NOHHMAHHSA COBCEM HHBIX, Ka3aloch Obl, NPOLECCOB HAa APYTHX YPOBHAX
opraHu3auuy. Hanpumep, MeTompl M pe3yisTaThl, NOJTyYeHHbiE B MaTeMaTHye-
CKO#l HMMMYHOJIOTHM, OKa3bIBalOTCH MHTEPECHBIMH IJKOJIOTaM, M HaoGOpOT.
Ilostomy crnenman¥cty B OGNacTH MaTeMAaTHYECKOIO MOJEIHpPOBaHUA He
cJlemyeT 3aMBIKAaTbCA B paMKax KakoH-Inbo ONHOM KOHKpETHOH Guoiormue-
CKOM TUCHHIUIMHBI.

3. B nactosuiee Bpems HaGlniofaeTcA OOHafieKMBawolasA TCHOCHIUA K KOM-
IIEKCHOMY aHAIU3y NPOCTPaHCTBEHHO-BpeMEHHOH OpraHM3auyu (YHKUHOHH-
pOBaHHA NEIOCTHBHIX CcHCTeM. K307MpOBaHHOe M3yueHWe NPOCTPAHCTBEHHOM
CTPYKTYpBl, ¢ OOHOH CTOpPOHBI, WIH BPEeMEHHOH KHHETHKH GHOJIOTHUECKHX
00BeKTOB — C IpYToif, MOCTENIEHHO, KaK MO>HO HaJIesIThCA, H3KUBAET CEOH.

4. OxmpaBiierocs HeCKOIBKO JieT Ha3aji CHHTE3a MMHTAUHOHHOIO M cob-
CTBEHHO MATeMaTHYeCKOTO MOMEHPOBaHMA He Hpou3ousro. MoxHo maxe
YCMOTpeTh [JAlbHEeHNIylo NONApHU3alMI0 ITHX NoAaxomoB. Pa3BuTHe BHIYMCITH-
TENBHOH TeXHUKH (B MEPBYIO Ouepels NOABIEHME MEPCOKOMIIBIOTEPOB U COBEP-
HICHCTBOBAaHHE CPEeACTB AMaliora uejioBeK—IBM) onpenenwno ru6pumusauuio”
MMHUTAIMOHHBIX MOJeJlell C 3KCNePTHBIMM CHCTeMaMM. IMHTaUMOHHas MoOJelb
B COBpPeMEHHOM IOHHMaHMM HpENCTaBJIseT COGOH He caMolLienlb, a CpefcIBO,
HO3BOJIAOLIEe 3aMEHHTh MAILKMHHBIM 3KCHEPUMEHTOM JIKCIIEePHMEHT HaTypHBIH.
YcnoBua MAaLIMHHOTO 9KCNEPHMEHTa MOTYT GBICTPO M B LUMPOKHX Ipenenax 13-
MeHATbcA. Mofens npu 3TOM, eCTeCTBEHHO, NOMKHA GBITh MaKCHMAJIBHO IpH-
GmukeHa X peanbHOMy oGbexTy. C Ipyro#l CTOpOHbI, HCCIENOBaHHA (yHa-
MEHTAJIBHBIX OCOGEHHOCTeR (YHKUMOHMPOBAHMA GHOJIOTHUECKUX OGBEKTOB
METOAaMH MAaTeMaTHYECKOrO MOMENMpOBaHHA TpeGyioT, KaK MpaBHIIO, CHIIBHOM
HAIgaIu3alMy 1 peHeGpekeHUA KOHK PETHHIMH e TAJIAMH.

I'maBHeN pe3ynsTaT MOXHO BHAETh B TOM, YTO 33 MUHYBIUME CO BpeMeHH
NpoBeicHUsL TEepBOM HIKOJIAI MONTOpa AECATKA JIeT B CTpaHe BO3HHKIIO Hedop-
MaJIbHOe HayuyHOe COODWIeCTBO eCTeCTBOMCHBITaTelleH H MaTeMaTHKOB, CIIOCOD-
HBIX IOHKMATh JPYT APYTa H IUIOIOTBOPHO COBMECTHO paboTaTh,
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CaMoopraHn3anus pasMeTKH
NPH MHTETHAJLHLIX MOpgoOrenesax

JLB. Beaoycos, A.I'. 3apaiickuii, ZI.A. Casuy

HHCcTHTYT Monek ynsapHo#t 6uonoruu AH CCCP
MoCKOBCKHI rOCyBapCTBEHHBIN YHHBEPCHTET
HUscruryT 6uooprannueckolt xumuu AH CCCP

Beepenue

Ommum u3 Begyumx QopmooGpasyoumx MexaHH3MOB B IMGpHOTeHese
ApnseTcA pAedOpMalMA SHMTSIHAIBHBIX IUIACTOB: CKJIAKH BbINAUHBAHMSA,
u3rubet M 1.0, Jedpopmaluy 3MHTENHEB ¥acTO NMpPEALIECTBYIT H O6ecneurBaioT
3anyck TKaHecnenuduunbix nuddepenuuposox [1-3]. Mauusii TMn Mopgore-
HETHUYECKOH AaKTUBHOCTM XapaKTepH3yeT CTaHZApTHas NOCIeNOBaTENBHOCTD
6osiee 3neMeHTapHBIX Npeo6pa3oBaHui. Ilpexne Bcero ocyluecTBIAETCA pa3MeT-
Ka — B 3MMTeJIHATIBHON TKaHH BBIAENIAETCA OGIIacTb, KOTOPO# MOKa TONBKO Npen-
CTOHT NPOABHTH MOPGOTreHETHYECKYI0 aKTUBHOCTb. B 3TO# 06NacTH KileTouHbIH
IAcT 3aMETHO TOJIIE, YeM B OKPYIXKAIOIMX, 32 CueT YJIMHEHMA KIEeTOK B HOp-
MallbHOM HampaBliehuH (Mopdonoruueckoil nonspusanuu) (puc. 1). 3arem
cllefiyeT aK THBHOE [IBH)KEHHE HMEHHO 3THX KJIeTOK, KOTOpOe ¥ MpPHBOIHUT K He-
¢dopmaunu wiacra B uenom [1-3].

O6pa3oBaHMe INONAPH30BAHHBIX KIJIETOUHBIX JOMEHOB, NOCTENEHHO 060-
COONAIUMXCA OT OKPYXAIWMX TAHIeHUMVTILHO pacTATHBAaeMBIX KIIETOK,
MOJKHO CUHTaTh YHMBEPCAJIBHBIM HAaualoM €lBa JIM He BceX MOpGOreHe30B MHO-
FOKJIETOUHBIX HBOTHEIX. HanGonee tumuunble u o6Gume npumepsr — 06pa3oBa-
HHE 3apOJIBILLEBBIX NATEH, IMMTKOB MIIH NMOJIOCOK IpH MepoOJIacTHUeCKUX THIaxX

Puc. 1. HexoTophle MpHMephl pacwieHeHHs SIHTEIHATBHBIX CTEHOK 3apofpIilie Ha JOMEHBI
TONSAPH30BAHHBIX H HEMOJIAPH30BAHHBIX KIIETOK

@ — paumuii 3sporsim Epiperipatus trinidaensis (Protracheata); 6 — nospuss 6mcryna To-
xopneusta brevispina (Mopcioli ex) ; 8 — I/1a3uble 3a4aTKH B 3KTOAEPMe 3apoabima Limulus
(Arthropoda); 2 — MMH38 ¥ 3a848TOK /1238 3aPOBILIIA MOIBOKOYHBIX



pasBHTHA (HAlpUMep, Y HaCEKOMBIX) ; 06ocOGIeHHe MONAPU3OBAHHDBIX KIIETOK
npe3yMITHUBHOA HTONEPMBI epe]l HayaJioM H B MpOLECCe ée MHBATHHAUMH OT
PacTATHBAEMOI IKTOEPMbl; NONAPA3ALUA KIIETOK HEpPBHOW IUIACTHHKH mepen
HAYAJIOM HeHpylsAHuM; O0Gpa30BaHHe 3KTOHEPMATbHEIX IUIAKOJ OpPraHoOB YyBCTB,
amHANGHBIX TIpeOCIIKOB MApHBIX KOHEYHOCTEH M T.N.; MNOJNAPH3ANMA KIIETOK
0CeBO# Me30[iepMbI Niepefi HaualoM comuToreHesa [4—6] (cm. puc. 1).

HavanpHple yCIOBMA BBIAENICHMA IOJIAPH30BAaHHBLIX [OMEHOB pPaIHYHbI:
B paHHEM Da3BHTHH OHH MOTYT ObITh CBA3aHBI C aKTaMM COIUIa3MATHUYECKOM
cerperaunn (GnacTyna-racTpyna mMopckoro exa [44]), mosxe — ¢ HHAYKTOpa-
mu. BaxkHo, 0THaKO, OTMETHTb, YTO NPAKTHYECKH HH B OIHOM H3 CIIyYaeB Havuajb-
Hble YCIOBHA He MpefonpeneisiT rpaHun Gyayumx IOMeHOB. B psane cnyuaes
(MOYKOBaHKME Y ACUMAMA) JIOKAIBHBIX HaY&TBHBIX YCIOBHi BOOOLIE He ymaeTcs
obHapyXUTh ¥ MOXXHO TOBOPHTh O *’UMCTONH" CaMOOPraHU3aUHH JOMEHOB.

Haum BONpOCk! OTHOCATCSA HMEHHO K ¢(a3e BhIwleHeHM st O0nacTeil NONspU30-
BaHHbIX KileTok. Ilpu 3TOM MBI GyleM MHTepecOBaTbCs He CTOJIBKO IPUUHHOM
H MeXaHW3MOM pedopMalmH KIIETOK, CKONBKO KOOpAMHAUMe# 3ToH ¢opmbl
Aax aKkTMBHOCTH. [loueMy, BO3HMKas JIOKIBHO B OIIpeielIeHHOM MeCTe MacTa,
OHa paclpOCTpaHsAeTCs Aalee, HO JIHILbL O BIOJIHE ONpeNeNIeHHOTo mpenena?
Moryr mu pedopMauuu KIeTOK CaMH OpPraHM30BaThCA B KIJIETOYHOH Macce,
RIH T2 OPraH{3alMsa TNOAWIHEHa CIeLHaIbHOMY BHEILLIHEMY KOHTpOITio?

Ilens paGoTbl — 0GocHOBakHe HabGmniomaemMoro ¢bopMHpPOBaHUA HAaAKIIETOUHOI
YHOPAIOYSHHOCTH B SMOGPHOHATBHOM MaTepualie UCXOOA U3 ero Golee INeMeH-
TapHbIX CBOMHCTB.

JKcnepHMeHTAIRHBIE TIPENOCHUTKH MO IeITH

1. Ionsapusauns 3MGPHOHATTBHBIX KIIETOK — aKTHBHBIK Mpouece, Tpebyowmit
3aTpaT MeTaGoMUeCKOR SHEPTHH.

IKCNepHMEHTATBHO NONAPU3aLHUA KIETOK B TKaHH MHOYUMpPYETCA NpH Hapy-
INeHHH MEXaHWYECKOIO PaBHOBECHA B HHTAKTHOM 3apOfbILie MyTEM PacCeUeHHs
TKaHH MJIH 3KCIUIaHTauuu ee ¢pparmeHToB [7]. [TomoGHble Onepalyy BBI3BIBAIOT
aKTHBHbIe OedopMauMu IMGPHOHANBHOTO MaTepHasla, B XOJe KOTOPBIX H3Me-
HAeTCcA GOpMa OTHENBHBIX KIJIETOK TaK, YTO YBEJIMUMBAETCA IUIOWIAAb  MEXKKIIe-
TOWHBIX KOHTAKTOB Ha YYacTKaX NOBEpXHOCTH ¢pparmenTa [8—11].

Hedopmaiuu 3T0# KaTeropuy XapaKTepH3YIOTCs JIATEHTHBIM IEPHOJIOM IIO-
PAIKAa HECKOJIBKHX MHHYT H IOJIHOCTHIO TOMABIIAIOTCA NpU YTHETEHUH MeTa-
Gom3mMa — NOHMXXEHMM TeMIlepaTypbl, HoOaBieHun MHrUGHTOpoB AT® Wi
meanuna [7]. Ha 3TomM OCHOBaHMM HX OTHOCAT K KaTeropud akTUBHbIX [7].HU3
aHaNMH3a FUCTOJIOTHYECKMX INpeNaparoB cjlefyeT, UTO ONMCaHHble AedopMauuu
KJIETOK CONPOBOXIAIOTCA He TONBKO AedopmMalyed KAETOUHOH MeMGpaHsbl, HO
1 Gonee riny6GOKHMH e pecTPOMKAMH BCero uurockenera [8—11].

2. Mlonapu3anus KIeTKH — MHepexo THIA ~Bce WIK HUYero”.

HocratouHo moNHOe ¢EHOMEHONIOTHYeCKOe OINMCaHWe aKTHBHOH nedop-
MalHy KJIETOK MOJIy4eHO B JKCIEpHMEHTaX C KJIETOUHBIMM KYNIbTypaMHM Ha
HCKyccTBeHHOM cyGcTpare (mimacmMk, orexiio) [12]. Bonbumucrso BHAoB
3MOpHOHATBHEIX KJIETOK (OpMHpYeT INPOUHBIA aAre3UOHHbIH KOHTAaKT C IO-
BEPXHOCTbIO.

Anresust KJIETOK K INOIOXKKe He eCTh MpOCTOe NpUIKMNaHHe, HO aKTHBHBIA
Nipouecc mceBOONMOAMATIBHOTO INpPUKpPEIUIEHHsA, CONpoBOXpatommicsa medopma-
UMel KieTKH, NONOGHOM ee nedopMaluy B InuTeNHanbHoM mwiacte [12]. B nu-
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TepaType MNpeAcTaBleHa OOUMpHAA JKCIepUMeHTaIbHaA MHQopMauusa O pe-
OpraHH3alMM LMTOCKeJNeTa, CONPOBOXKIAMINEH pacIUIACTHIBAHME M aATe3HIo
wierok [12, 13]. OpHako 3Ta MHQOpMalusA NOKAa He BHECHa JOCTaTOUHYIO
ACHOCTh B NOHMMAaHWEe aKTHBHOTO MNOBENEHHA KJeTKH. Bompoc o cunax, 3a-
CTaBNAKIMX KIETKY pacIUlacTHIBaThCA MO MOMIOXKKE, OCTaeTCA HEACHBIM.
Ho HexoTopble cBemeHHs, Kacawilecs o0wWero xapaxkTepa npouecca, Heo6xo-
[MMBIe U IOCTaTOuHbIE [j1f HAaC HA JaHHOM 3Tane, NOJIyWHTh yaeTCH.

BaxxHo, yTO TpollecC paciUIacTbIBAHMA MMeeT XapaKTepHble UepThI Nepexoia
THNa “Bce WiM HMuero”. Eciiu roBopuTh nuiup 06 YCTOHUMBBIX COCTOAHHAX,
a He O MPOMEXYTOUHBIX HeCTaOMIIbHBIX HOopMax, TO MX 1A KIETKH B 3apaH-
HBIX YCJIOBHAX /Ba: miapooOpa3Hoe — Ge3 afre3w M paciylacTaHHOE — C Hachl-
mawowei anaresueii. Ilpu pa3TuuHbIX BapHauMAX YCIOBMA B3aMMOAEHCIBHA
KIIETKH C NMOMJIOKKOH (Hanpumep, IIpH H3MEeHEHHH IUIOTHOCTH MeCT CBSA3bIBaHUSA
Ha nomioxke [14]) B KauecTBe acMMNTOTUYeCKOTO BCerga OGHapyKHUBaeICs
ONHO M3 ABYX Ha3BaHHBIX AJIbTEPHATUBHBIX COCTOAHMH. JlaHHBIE MO KWHETHKE
pacIIacTBIBAHMA YKa3bIBalOT Ha CyLIECTBOBAaHME OIpeMe/IeHHOTO Nepuopa 3a-
pmepxku (5 MuH) B COCTOAHMM Ge3 afresuH, N0 MCTEUEHHH KOTOPOTO Mpoliece
UK peIlieHHs poTeKaeT KoonepaTuBHO [14].

HasBanHble ¢aKThl HeTPHBHAIIBHBI, IOCKOJIBKY MOJIEKYN, OTBETCTBEHHbIX 32
afre3uio Ha KJIETOYHO# MOBEPXHOCTH, BNOJIHE MaKpOCKONMHUECKOe KOJIHYECTBO
(105-10"). Mpu stom mo 06pasoBaHMs CBA3M C TNOMIOKKOH 3TH MOIe-
KYJIBl OTHOCHTEJIBHO CBOGOIHO M HE3aBHCHMO Jpyr oT Ipyra muddyHmupyor
B IIOCKOCTH MeMOGpaHpi [16]. Mcxons 3 3T0Or0 MOXHO 6bUIO 6bl OXHMOATh
NPaKTHYECKH HETpepLIBHBIA CNEKTP COCTOSHHH NMpPHKPEIUICHHA KIIeTKH. B melt-
CTBUTEJIBHOCTH MX HeT.

Takum o6pa3oM, obGcyxpmaeMoe MOBelAeHHE KIETKHM INpeAcTaBiseT coGoi
¢a3oBbIi nepexoy (THNA NepBOro pofa) — KOONEPATUBHYI0 CMEHY MaKpoOCKO-
NMMuecKoro cocrosHua. [Ipuponoii 3T0ro nepexonma TONBKO HauMHAOT HHTEpECO-
Batbca [17]. Ho yxe cam ¢akT Takoro nepexosa He3aBHCHMO OT HOHHMAaHHSA
€ro MeXaHW3Ma [03BOJIAeT NPUIHCATh KJIeTKe [IBa AIbTepHATHBHBIX, CYLLECTBYI0-
MX B OGHUX M TeX Xe YCTOBUAX M YCTOHWMBEHIX (IO KpaiiHe Mepe B MaloM)
cocrosHUA. TIocKkoNBKY Hepexonpl MeXAy ITHMH COCTOSTHHAMM CBA3aHBI C fe-
dopMmalyeli KIETKH, MOXXHO TOBOPHTb O NMpPHUCYIIEH € MeXaHHUYeCKOW aKTHMB-
HOCTH.

HerpuBuanpHocTs MOphONIOIHUeCKOA MNONAPU3ALMH HpOABIIAETICA elle H B
TOM, YTO COOTBETCTBYIOLIAA CNOCOGHOCTh B 3MOPHOHAIBHOM MaTepHale BO3-
HHKaeT M COXpaHAEICA TOJIBKO B ONperdesleHHble, OTpaHWYeHHbIE HHTepPBallbl
passutua [47]. Ilpu 3ToM paHHYyI0 COCOGHOCTb MpHOGPeTaeT GONBHIOE KOMH-
YeCTBO KJIETOK, B TOM UMCIIE H Te, KOTOpble B HOpME HHKOIJIA He MOJIAPH3YI0T-
ca [47]. Tak, y MOPCKOTO €a MOTYT HOJIApU30BAaTbhCH BCe KIIETKHM 3apOAbilla
Ha cTamuM GiacTymna-racTpyiia, a B HOpPMe MOJsApPHU3yeTCA JHIIp BereTaTHBHAA
yacts Gnactynst [18]. B 3apompimax am¢pubuil Ha CTaguM HEHpPYNIbl U paHHeH
XBOCTOBOM NOYKH CHNOCOOHBI K NOJIAPH3aUMH MPaKTHYECKH BCe KIIETKH, HO
3Ta CNOCOGHOCTh IPOABIIAETCS JIKLIDb B OMBITAX MO 3KCIUIaHTauMu [18].

3. Ynpyrue HanlpsKeHHsA B IMOPHOHATHHOM MaTepHae.

B onpiTax 00 3KCIVIAHTAalMM, MPOBOJMBLIMXCA B YCIOBHAX, KOTJAa HCKIIIO-
ueHpl aKTHBHbIE MEXaHOXMMMWUYECKHE MNpOIECCH, THUNA OMMCAHHBIX BBIIIE, BB
sIBJIeHa IONOJIHUTeNIbHasA KaTeropus nebopmaiuit [7]. Itu nedpopmaiiuu MOKHO
CUMTaTh MacCUBHBIMM. I HUX XapaKTepHO OTCYTCTBHe JIATEHTHOTO Nepuopaa —



OGHAPYKUBAITCA HEMEYIEHHO NOC/Ie HApYIIEHHA HHTAKTHOCTH 3MOPUOHATIBHOTO
matepHana [7].

IMaccuBuble neOpMalMH OTPaXKAIOT HATHYHE B MHTAKTHOH TKaHM Ipency-
WECTBYIOUMX ynpyrux HampsokeHuil [7]. Ifomumo Mexammueckoit ynpyroctu
KJIETOUHOH MeMOpaHbl, BMeCTe C MNpHJIETalomMM KOPTHKAIBHBIM HHTOCKEIe-
TOM, €¢ BHEUIHMM HOCHTeleM, SBIIAETCA CIeluanbHas ¢bopMa BHEKJIETOUHOTO
MATpHKCA, O0WasA [Jid pAna 3MUTeNueB — GasajbHas namMuHa. Ei, a Takxke cne-
IMATH3UPOBAHHBIM CTPYKTYPaM MEXKIIETOUHBIX KOHTAKTOB 0GA3aHbI KOTepEeHT-
Hble CBOMCTBA JNHTeNHaNbHOM Tkanu. [laccuBHbIe nedopMalMK 3apOABILIEBOTO
MaTepHasla ABJIAIOTCA UMEHHO TAKHM CBOHCTBOM.

4. Ynipyrue HanpskeHHA TIOPOXXHAIOTCA aK THBHBIMH 16O pPMALMAME KIIETOK.

Ecnu m3onupoBath ¢parMeHT 3MOPHOHAIBPHON TKaHH, NpPeICYyLECTBYIOLIME
MEXaHHUECKHE HallpsDKEHMA B HEM HeMEJIEHHO penaxcupyioT. OnHako co Bpe-
MeHeM (mopspaka nomyuaca [19]) Takoil e mpouemypoll pacceueHMs, KaK K B
NpefbIAyILeM Cllydae, HX BHOBb perHCTpupyioT [19]. JTa moBTOpHas perucrpa-
UM HalpPSFXKEHHH CONMpsDKeHa C MOMABJIEHHEM B Macce KJIETOK OrpaHMYeHHOIO
wicia MOPGOJIOTHYECKH NONApU30BaHHbIX. PasymeeTcs, B OTNHuME OT IacCHB-
HOTo c6poca HallpsokeHMH MX TIOBTOpDHAasA FeHepalMsA — IpOLECC aKTHBHBIM,
1.6. AT®-33aBHCHMBIH.

®aKTOp reHepupyeMbIX YNPYTHX HANpsXKeHHH B NpHHIMIE CNOCOGEH HIpaTh
pOiib JATBHONCHCTBYIONIEH CHTHANIM3AUMHE — MEeXaHMYeCKYI0 aKTHBHOCTb JaHHOM
KIIETKH JIOJKHbI NOUYBCTBOBaTh JPYTHe Ha 3HAUMTENILHOM pacCTOSHHHM OT Hee.
Mlopo6Hoe pameHONEACTBHE ABJIAETCA ONHOH M3 HanGolnee O6WMX IpPeINOCH-
JIOK CaMOOPraHM3alliH MaKpPOCKOMAYecKoro nopsaaka [48]. Bonee koHkpeTHO
PaccMaTpHBAeTCA HHUXKE.

5. Ynpyrue HanmpsokeHWS KOHTPONMpPYIOT “HaIbHHHA NMOPANOK” aKTHBHOM
pedopMalIK KIIETOK B Macce.

Hamuwe pansHero nopsaka — IVIaBHAA OTIHUMTENBHAA uepTa HHTaKTHOM
3MOPHOHAIBHOH TKAHH IO CPAaBHEHHIO C TKaHbIO, IEJIOCTHOCTh KOTOPOH Hapy-
uieHa. B cTeHKe 671acTyiIBI MOPCKOTO e€xka NOJNIAPH30BAHBI KJIETKH B IIpefenax
30HBI (BereTaTHBHAA IOJIOCKA) C AETEPMHHHPOBAHHBIM MECTONONOXKEHHEM
K GHKCHPOBaHHBIMH rpaHHuamMi. Hamuwe rnoGarbHOrO KOHTPONA KIIETOUHBIX
HpOLECCOB NMPOABNACTCA 30eCh B MOMJABICHHH MONAPU3ALMHE CHOCOGHEIX K 3TO-
MY KJIeTOK GoxoBo# crenkH [18]. Ilpn HapymieHuM uenOCTHOCTH 3apompiiIa
HPOCTHIM MECTHBIM PacCeueHHEM YTIDYTHE HANlpsOKEHHA B HEM peNaKCHpYIOT
H IpK 3TOM OH JIMLIAETCA BCAKHMX NPH3HAKOB HNATbHEr0 IPOCTPAHCTBEHHOTO
nopsiAKa. BMeCTO CTaHApPTHOTO PacwWieHEHHA Ha KOMIAPTMEHTHI O GHAPY XHBaIOT
xaoc xnerounnix aedopmanuit [18]. C BoccTaHOBINIEHHEM LENOCTHOCTH B XOJe
Ipolecca pereHepallii BOCCTaHABIHBASTCA M HCXOMHBIA THN OpraHusauuu [18].

Ha cuer mMIOGWIBHOM peryslMu KJIETOUHBIX NpOUECCOB OTHOCHTCA H
CBOHCTBO pa3sMepHOH HMHBAaDHAHTHOCTH (CK3MIMHI) Ppa3BUTHA 3apolblla —
€ro CnocoGHOCTh COXPaHATh NPOTOPIHH YacTel IPH BapHALIKK Pa3MepoB 1eJI0TO.
Tlonpo6uee 3to paccmatpuBaercs Hixe.

6. BriuxHue B3auMopeiicTBHA KieToK . KOHTak THas NOJIAPU3ALMA.

Xa0THYHOCTD KIIETOUHOH MONAPH3AMH B TKaHM Ge3 HaTskemnuit (1. 5) mpo-
ABJIAETCA JIKILIL B OTHOCHTENIbHOM HE3aBHCHMOCTH NOBENCHHA YNANeHHbIX APYT
OT mpyra kierox. Ho GimmxHMe KOppenAIMHM MeXaHHYECKOH aKTHBHOCTH NpH
3TOM He HAapYWIAITCA — COCe[HHE KJIETKH NMPEHMYIUECTBEHHO COXPAaHAIOT OJHO-
THIHOE cocTOsAHKE — Ne)OpMUPOBAHHOE WIIH HeflehOPMHPOBAHHOE.



Boo6uie B Macce SMOPHOHAIBHOIO MATepHaia HUKOTAA He BCTpevaloTcs OJiH-
HOUYHbIE TOJIAPH30BaHHbIC MIIH HEMOJNAPH30BAHHbIE KIIETKH, HO BCerfa — Liefible
FPYTINbI COCENHAX.

3a [aHHYI0 KOONEpaTHBHOCTb MEXaHHUYECKOM aKTHBHOCTH KIJIETOK B KOJ-
JIEeKTHBe OTBETCTBEHHbI KOHTAKTHBIE MEXIJIETOUHbIE B3aMMOJCHCTBHA, TaKHe,
YTO ye MOJIAPU30BABLMECH KIIETKH WHIYUMPYIOT K NOJIADH3AlMH CBOMX GIIH-
KAMHMIMX cocelieil. JTO TaK Ha3piBaemasg KOHTAKTHas IOJIsSApH3alMs KJIETOK
[11,20].

poueccnl, aHATOTHYHbIE HIIK NOTTHOCTHIO COOTBETCTBYIOLUME KOHTAKTHOH MO-
NAPU3ALMN KIJIETOK, OMMCAHBI TaKke Ha KymbTypax [21, 22]. U apecs Gmuxiaue
B3aHMOJIEHCTBHA OOECNEeWBAIOT OIMXKHIO KODpENAIMI0 HANpaBIeHUd OCeH
MOPONIOrHUeCKOR NOJNAPH3aUMKH KIeTOK. IIpH 3TOM YCTaHOBJIEHO, UTO CyLue-
CTBEHHO HEOBGXOOMMOM uYepTOif TAKHX B3aHMOJCHCTBHH ABJIAIOTCA afre3uoOH-
Hble KOHTaKTH [22].

HarnangHas [OEMOHCTpaUMs SIBJIEHWS KOHTAKTHOH NOJIApU3alMH NpencTaB-
NeHa B 3KchepumMeHTax mo TpaHcmiantaumu [23]. Ilpm nmopcapke ¢parmenTa
3apOJBILIEBOTO MaTepHasia, B HOpMe HMKOIZAa He monspusywowerocs (Gpiom-
Hasd 3KTOflepMa 3apoppima aMuGHA) B 06NacTh NONAPH3OBAHHBIX KIIETOK
(crMHHas 5KTOJepMa 3apofbllla), HaGNIONaeTCA paclpocTpaHeHue (POHTA
KOHTAKTHOH MOJIAPH3ALMH NO HCXOIHO HENOJIAPH30BAHHOM KIIETOUHOH Macce
[23]. XapakTepHas CKOpOCTh TAKOTO PACIpOCTpAaHEHMsI, 3apErHCTPHPOBAHHAA
BO MHOTHX 3KclepuMeHTax [24], cocraBnser oxono 1—2 MKM/MHH.

Pe3slomupyeM NpefcTaBieHHble (HaKTHYECKHE CBE[CHHS CBOIKOH CYlIECTBEH-
HbIX 1A [anbHeillilero BHIBOJIOB.

a) . UHpuBHOyaTbHBIE KIIETKH 3apOMBILIEBBIX IMUTEHEB B EPHOT HX MOpGoO-
TeHeTHueCKOH aKTHBHOCTH OGIaaloT MexaHHYeCKOH aKTHBHOCTBIO. 3a CueT Me-
Ta6OTHUECKON 3HEPrMM OHHM CNOCOGHBI CaMOIIPOM3BOJIBHO AehopMHUpPOBaThHCH,
o6nagan OBYMA TUCKpPETHRIMH YCTOHWMBEIMH B MaloM ¢OpMaMH: H3OTPONHOH
B MOP(ONIOTHUECKH NOJAPHIOBAHHOM.

6) . Knetounniit MaTepuan, paccMaPpHBaeMElil Kax CIUIOUIHAA cpefia, oGnmamaer
YMCTO MEXaHUUECKOH MACCHBHOR YIpPYTOCTBIO.

B). MexanMueckasd aKTUBHOCTh [IaHHOHM KJIETKH B TKaHH MOAIBepXKeHa KOH-
TAKTHOMY BJIHAHHIO CO CTOPOHBI cOCefHHMX. KOHTaKTHble B3aMMOIEHCTBHS
obecrneunBaloT KOONEPaTHBHOCTH NOJIAPH3aLHH KIIETOK,

BhifeneHHble CBORCTBA KJIETOYHOTO MaTepHala caMH No ceGe He JleMeHTap-
Hbl. OGYCIOB/IMBaONMe MX CyGKIIETOUHBIE MeXaHH3MbI, 10 BCeH BHOMMOCTH,
JAOCTaTOYHO CIIOXHEI. M Boe e, KOria CTaBUTICA BONpPOC 00 OpraHM3alMu rpyn-
NOBOH aKTHBHOCTH KIIETOK B 3apOMblIeBOH TKaHH, 3TH CBOMCTBAa MOTYT pac-
CMATPHBATBCA KAK 3/eMeHTapHblie. IMEHHO Ha MX OCHOBe C NOMOILIBIO TEOPETH-
yeCKOH MOJENH MBI HONbITaeMcA OGOCHOBaTh HaGiiomaemoe ¢GOpMHpPOBaHHE
MaKpOCKOIMYECKOH YNOPANOUeHHOCTH MO/IAPH3ALMH KIIETOK B SIMHTEIHH.

®opMyIHpPOBKa MOMIEIH

PaccMmaTpHBaeTCst TUIOCKHH MOHOCIOH KJIETOK, ClielUIEeHHBIX MeXpy coboi
u ¢ ynpyro aedpopmupyemoii nomioxkoi. Kaxnas xierka mwiacta MoiemMpyer-
CA KaK YIpyruil 3IeMeHT, PelaKCHpOBaHHOE COCTOSHHE KOTOpOTrO COOTBET-
cTByer M30TpomHOH ¢opme. KitetkH, kpome TOro, oGafaleT MeXaHOXHMHYeE-
CKOM aKTHBHOCTBIO, CIeACTBHEM KOTODOH SABJIAETCA HAIMUMe HapARy C H30-
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TPONHBIM IBTEPHATUBHOTO YCTOAUMBOIO COCTOAHMA. B mocnemsem KieTku
BHITAHYTHl NEpHeHIMKYNAPHO IDIaCTy M CXKaThi B KacaTelIbHOM HallpaBIIeHUH.
FlomI0XKKOH CUMTaeTCA KOHTAaKTHPYIOIMHA CO CI0eM aKTHBHBIX KJIETOK 3apo-
ABIUEBBIA MATepHa, He NPOABIAINMH CMOCOGHOCTH K aKTMBHBIM fedopma-
MAM.

TipennaraeMas OMHAMHYECKas MOJENb HMeeT peHOMEHONOTHUECKHH XapaK-
Tep. MBI He NOCTYNHpYeM KaKOH-THGO KOHKDETHbIH BHYTPHKJIETOUHBIH Me-
XaHH3M MOPQONOTHUecKoil NonApH3anuH. MexaHuueckas aKTHBHOCTh KJIETOK
HHTEpNpEeTHPYETCA B IOCTATOUHO OGILEM BHJIE CEAY oMM 06pasoM.

BBOIHMICH CKalApHBIA AMHamMuueckuit napamerp p [19, 25], xapaxtepu-
3ylouMii COCTOAHHE BHYTPHKIJIETOWHOR CHCTEMBI KOHTPOJIA MEXaHOXMMHYEeCKOH
akmuBHOcTH. [0 npeanosoxeHuIo B HCXOMHOM M30TPOIHOM COCTOSIHHM KJIETKH
p = O Npu NONAPU3AUMK B HaNpaBlIeHWH, NepNeHIUKYNAPHOM Iutacty, p > 0.
HopuepKHeM, YTO NapaMeTp p BBOIMTCA HE KaK XapaKTepHUCTHKa (OPMbI KIIET-
KH, a CKOpee KaK Mepa aK THBHOH CIJIbI, TeHEpHpYeMoii IpH ee AedopMalmu.

PealIbHO NpOIIECC MONAPH3ALMK ONpENIENATCA, BEPOATHO, MHOTUMH  bu3nve-
CKHMH M GHOXMMHUYECKMMH NapaMeTpaMH KieTKH. O HHX HaM IOKa H3BECTHO
OYeHb M@10. B wCTO peHOMEHOMOrMUYeCKOM OMMCAHHH MbI NMOCTyTIaeM TO06HO
TOMY, KaK 3TO JeNiaeTcs B GeHOMEHONOTHYECKOH TEOPHH KPHTHUECKHX ABNCHUH
B CTaTHCTHYECKOH ¢u3uxe [26], a MMeHHO BbiensdeM OAMH 3ddeKTHBHBIHA
napameTp — MapaMeTp NOPAOKAa p, KOTOPBIA OMMCHIBAET TeMI-THMHTHpYIO-
OLyl0 CcTeneHb- CBOGOAB! BHYTPHKJIETOUHOH MHHAMMKH, OGYCIOBIIMBAIOLIEH
MEXaHU4eCKYI0 aKTHBHOCTb.

BBemeHne (EeHOMEHONIOTHUECKOrO NapaMeTpa p HMeEET LENbI0 BKITIOUCHHE
B GOpMATBHOE OIMMCAaHHe OCHOBHBIX HAG/IONaeMBbIX MaKPOCKOIMUECKHUX YepT
Apolecca KNETOUHOH NOJIApH3alMH — BHYTPEHHHH OUCTaGHIIBHBIE KOHTpOIb
H MEXKIETOUHYI0 KOOMepaTHBHOCTh. COOTBETCTBYMOLIAA MaTeMaTHyecKas
MOJIeNIb MMeeT BHJ TMHaMHYeCKOIO YpaBHeHHA Wi py (i — MHOAEKCHI ABYX-
MEpHOTO MacCHBa KJIETOK B IUTacTe)

dpy/dt =1/1f(py) + g'ﬂpif - D) (1)

3necp cBOMCTBO GMCTaGMIIBHOCTH Mpolecca aKTHBHBIX JedopMaliii BbipaxaeT-
ca B U-06pasHoit dopme HenumueiiHoM 3aBucumoctu f(p) (puc. 2). Cymma
B (1) 6epercs Mo GIMXAALIAM COCEOAM KIETKH 7, j. YUeT KOHTaKTHBIX B3aHMO-
peictBuilt B dopMe BTOpOro wieHa ypaBHeHus (1) moppasymeBaer, uTO (pyHK-
IHA ¢ o6pawaeTca B HyJIb NPH HYJEBOM 3HAYCHHH apryMEHTa p;; — Py ;. UHBIMA
CIOBaMH, eCJIH COCEHMe KJIETKH MOJsAPHU30BaHbI B PaBHOH Mepe, OHHM He OKa3bl-
Bal0T B3aHMHOTO TOJIAPH3YIOLIEro WIN AeNoIApU3yIOILEro BINAHAA.

Huxe Gynet npepnonaraTscs I71agKOCTh paclpefieNieHus py;. IT0 NO3BOJIAET:
a) CUMTaTh BEIMWMHBI Djj — Dy, OTHOCHTESIHO MAaIbIMM M HCIONB3OBATh Ijist
dyHxuMn ¢ NUHeliHYl0 annpoKcHMaimMio ¢ = ¢ - (Pyj — pxy)s 6) 3ameHHTH
MACKpeTHbIE KJIETOUHBIE HHMIEKCHI i, j HEelpEePBIBHBIM pafyCc-BEKTOPOM 7, Iepe-
XO[A MpH 3TOM K OMHMCaHWI0O B TePMMHAX CKalApHOTro nons p(7, t). Cuutas
TaKxke, 410 3P HeKT KOHTAKTHOH NOIAPH3ALMK H3OTPOIIEH B IIOCKOCTH {X, ¥},
bonywM Bmecte (1)

p/ot=1/1f(p)+ DpV?p;  Dp =di; dp(p)dpl,_ . ()
3pech MOABMBIUMACA HOBbIA nNapamerp D, umeer cMbich Ko3hdHIUMEHTa

flepeHOca NONAPH3aLHH.
1



£ Puc. 2. Xapakrep HyHKUHM BHYTpHKIIETOY-
HOTO KOHTPOJIA MEXAHO-XHMHUECKOH aK-
TUBHOGTH [ (p)

Ypasuenue (2), He roBOpsa HHUue-
ro 0 MeXaHM3Max KIIeTOYHOMH MOJNAPH-
3alMH H €€ TPAHCIIOKAaUMH, NpECTaB-
\ 7 JIAETCA afleKBAaTHBIM OMMCaHHEM Hab-

TMOaeMOr0  fBJIEHHsI paclpOCTpaHe-
HHA (POHTA NOJNAPHU3aLMHU 11O MOpdo-
TEHETHYECKH aKTHBHBIM TKaHaM. Ha-
paMeTphl 3TOro onucauus 7 u D, Mo-
FyT ObITh OHEHEHBI H3 U3MEPEHHI CKO-
POCTH pacnpoCTpaHeHHs, O yem Byner
coobmIeHO B Apyroi paGore.

HepocraomumM B ypaBHeHuH (2) HeOGXOOMMBIM 2JIEMEHTOM OIMCAHMSA SIB-
TAETCS KOHTPOJb AMHAMUMKH p (7, ¢) CO CTOPOHDBI MEXaHUUECKHX HATIPSKEHHUH,

EctecTBenHO cunTaTh, UTO KacaTeIbHble HATSKEHHA JOJDKHBI NPENATCTBOBATH
aKTHBHOMY CXKaTHIO KJIETOK (MX MOP(OIOTHYECKOH NOJIAPH3ALMT) , TOCKONBKY
TIpM 3TOM JIOJI)KHA COBEpIUAThCA HONOJHUTENbHAA MeXaHHueckas pabora. BHew-
HHe CXKaTHA, HAallPOTHB, JOIKHBI COCOGCTBOBATh NMoNspu3aiuu. Tako# 3pdexT
dopMapHO BhIpaxaaeTcs NoGaBlieHHEM B ypaBHeHHe (2) ciaraemoro, Nmponop-
IMOHATBHOTO CIIefy TeH30pa KacaTeNIbHbIX HAlpAXKeHH :

ap/ot = 1/rf(p) + D,V*p - kTra,. 3)

IIpu 3TOM noppasymeBaeTcs, UTO HANpsKEHHE COBUIa B IUIOCKOCTH KJIETOU-
HOIO CJIOA, TIpM KOTOPOM He HM3MeHseTcs IUIOWAb IOINEpPeyHOro CeueHHs,
HUKAK He CKa3pIBaeTCA Ha Ipoliecce aKTUBHOTO CxkaTthaA Kietok [27].

B oTcyTCTBHE BHELIHMX CHJI €IMHCTBEHHBIM HCTOUHHKOM HalpsOKEHHH B IUIac-
Te ABJIAIOTCA NPOLECCHl aKTMBHBIX JeopMaluit KIeToK. AKTUBHOe aedopmMu-
pylolliee HampsiKeHue, CBA3aHHOE C KJIETOUHOH NOJIApU3aiued, B MepBOM IpU-
GIH)KEeHHM MOXHO HpPHUHATH M30TPOIHBIM M MPONOPUMOHATLHBIM CTENIEHH MOJsA-
pHU3alMH

O = €yup. 4)

Peakuus Ha 370 HanpskeHHe — BEKTOp KaCaTEIbHBIX CMEIUEHMM #, MOXET
GbITh Hal[leH M3 YCTOBUS MeXaHM4YeCKOro paBHoBecus [19, 27], penakcauus
K KOTOpOMY, KaK OTMEYalIoCh, ABJIACTCA OBICTPBIM IIPOLECCOM MO CPABHEHHIO
C aKTUBHBIMH JlepOpMalMAMH KIIETOK.

COOTBeTCTBYIOLIEE YCTIOBHE BBINIAMMT CIIeQyI0LMM 00pa3om:

—qu; + d0¥Tfox, + daP[ax; = 0. )

3necs nepBoe cllaraeMoe NpeAcTaBiseT coboi cHTy B KacaTelIbHOM HalpasJie-
HMH, OEHCTBYIOLIYI0 Ha eqUHUYHYI0 IDIOIUANKY, COABHHYBIUYIOCA M3 MCXOJHOTO
TIOJIOKEHHA Ha BeKTOp i JTa CHia ABIAETCA peakuHed yNpyroi NOJUIOKKH.
Bropoe ciaraemoe — ympyrasi cuia, reHepHpyemas B CaMOM IUIacTe BCIIENCTBHE
ero HeofHOpogHO# medopmauuu. [locienmuit wieH — cuna, BO3HUKAIOWAA U3-32
HEOTHOPOJHOCTH aKTHUBHBIX HaNpSOKEHWH B NOTPaHMYHBIX C BbIENEHHOH ILIO-
WagKoH 06acTAX Iiacra,
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C yueTOM JIHHEHHBIX COOTHOLIEHHA MEXIY TeH30pOM YIIpYTHX HallpsKeHuit
PP ¥ BexTOpOM cMemieHHH i [28] W BBIpakeHHS [UIA TEH30pa aKTHBHbIX
Hanpsoxenuit (4) [27], ycioBue paBHOBecus (5) MepeNHCHIBAaETCA B BEKTOp-
Ho#t popme

—qii + Eh/(1 - ¢*)graddivit — Eh/2(1+ o) rotrotiz + egradp =0. (6)

9THM ypaBHEHHEM OIpEIETiACTCA NoJie AeOpMAlUH U, reHepUpYEMBIX NOJIeM
MEXaHOXUMHYeCKOH aKTUBHOCTH p(7, t). 3pech £ ¥ 0 — yupyrue NOCTOAHHbIC
MaTepHalla KJIETOUHOTO Iuiacra: Momyns lOHra m xoadduuuenr Iyaccona co-
OTBETICTBEHHO; i — TOJIMMHA IWIacTa; ¢ — KO3 HIMEHT CABHIOBOM XECTKOCTH
NOWIOKKH.

Benmuwnna oy = 0" + 0P, KOHTpONMpYIOWAA NMHAMHKKY pacTpeie/IeHHs

p(7, t), HaXOMTCA MHTErpalbHbIM ypaBHeHHEM (6) (cM. “Ilpunoxenue A”)
M BBIPXKAETCA B BHJE

Troy = €/t R% [Ko (IF-FI/Rg) p F, 1)d* 7| )

me R = hE[q(1 — d*).
Toclle MOCTaHOBKH 3TOTrO BHIp&XKeHHA B (3) HONydaeM 3aMKHYTO€ ONHMCAHHE
IMHAMMKH NOJ15 KJIETOUHOM Nomsipu3auuu p (7, t)

dpfot=1/1f(p) + D,V’p ~ ke [nR% [Ko(F —F'|/Rq) X
X p(' t)d*r’. 8)

CylLecTBEHHOR 4epTOil caMOro mpolecca M ero omucanus (8) sBIsercs
3¢ peKTHBHAA HEJIOKATLHOCTh. B COOTBeTCTBUM C BhipaxeHueM (7) JIOKanbHas
NOJNAPH3alMA BBI3bIBAaCT YNPYIHe HANpsOKEHHsA B IpHIeraioilell HeNoJsApU30-
BaHHOH o6nacTH miacta, 10T 3pdeKT omymaeTcs N0 PacCTOAHUA NOPAOKaE
Ar ~ R ;¥ pacTeT 1O Mepe paclIMpeHHs INOJAPU3OBAHHOIO [OMEHa, NpeMnsT-
CTBYS 3TOMY PacILMpeHHIO,

Hapsiny ¢ Ry — xapakTepHblii MaciuTab pacnpoCTpaHEHHA YNpYroi peakiuu
Ha JIOKaIbHYIO TOJIAPU3aUMI0 KJIeTOK — Mozenb (8) uMeeT BTOpOil XapakTtep-
HBId MpOCTPaHCTBEHHpIH MaciuTa6. OH ompenenAeT JIMHY KOTEPEHTHOCTH
npollecca KOHTAKTHOH MNOJIAPH3aUMM KIIETOK M MpPUOIH3MTENBHO OLIEHHBAaeTCA

Kak R, = \/Dp-r'. Hanuuve nByx xapakTepHbIX NPOCTPaHCTBEHHBIX MAacLITaboB
ABJIAETCA OHOM M3 CYNIECTBEHHBIX NPEANOCHUIOK CIHOHTAHHOTO YNOPSNOYEHHS
uepe3 ThIOPHHIOBY Heycroiumsocts [48]. B cienyroiem pasmene Ml ybemumcs,
YT0 TaKOBasA [ICHCTBHMTEJIBHO MMeET MECTO M MCCIeAyeM OKOJNOKPHTHUECKOE
noBesieHHe B GOTIBLMX [ETAIAX. CdopmynupoBanHas Mopens GymeT LUTHpO-
BaTbhCA HUXe Kak mopens I.

CreunasibHOrO BHMMAaHHA [OCTOMH BBIPOXACHHBIH CIIyyail IU1acTa, He B3aM-
MOZICHCTBYIOILIETO ¢ BHelHeH ynpyroi nomioxkoi (mogens II [19]). B stom
Clyyae NEpBbIH WIEH B YpaBHEHHH MEXaHWYeCKOTO paBHOBecHs (4) oOTCyT-
CTBYET M, KaK CJIeICTBHe, — OJMH M3 JBYX XapaKTepHbIX Maciuta6oB (R,)
Hcuesaer (dpopmanbHo Ry — ), TlockonbKy BHYTpPEHHETO OTrpaHHYeHHS
AManasoHa JaJbHOMIEHCTBHA Telepb B 3afaue HET, HEOGXOOMMO SHBHO YUeCTb
OrpaHUYeHHOCTh Pa3MEpPOB IUIACTa.

IIns npocroThl cOpMYyIHpyeM COOTBETCTBYIOLUYI0 MATEMATHUECKYI0 MOTENb
B Qlyyae OHOTO IPOCTPaHCTBEHHOTO H3MepeHHs. IIycTh BbIOEJIEHHbIH OJHO-
MEpHBIH MAaCCMB aKTMBHBIX KJIETOK MPOTAKEHHOCTbI0 L TpaHMUMT Ha KOHLAX

13



€ MaTepHAIOM, JIMILIEHHBIM CHOCOBGHOCTH K aKTHBHOH MODPQONOrHyYecKo# nomng-
pU3aliMM, HO OONajaoIMM OOBIYHOH MEXaHHuYeCKOH ynpyrocreio. B Takom
OKPYXEHHH Kpasd KOMIETEHTHOTO K NOJIApH3aUMH ¢parMeHTa JOJDKHBI CMe-
WIATHCA NPH €ro MONSIPH3alyM, BbI3BIBAA HPH 3TOM YHPYTYIO PeaKIHIio. YuIeM,
KpOMe TOrO, HalpsDKeHMsi B IUTacTe, BO3HMKAIOIIME 33 CUET BHELIHeH CHIIbI
He3aBHCHMO OT MOJIAPH3AlMH €ro KJIETOK.

CooTBeTcIBYIOLEE pPeNyUMPOBAHHOE YpDaBHEHHE MEXaHHUECKOTO paBHO-
BECHSA KMEET BUL

doY"P/dx + edp/dx =0. )
' paHHYHBIM YCIIOBHEM [UIA HETO ABJIAETCA

(ep+a¥™P) lo,, = —qulg,, * F. (10)

B Boipaxenuax (9), (10) o¥"P — enuHCTBeHHasi KOMIIOHEHTa TEH30pa Ha-
NpSDKEHHA B OHOMepHOH Mopend., B neBoil yactu paBexcrsa (10) cTour BbIpa-
XKEHHe [YIA TMOJHOM (aKTHBHOM IUTI0C yNpPYroi) CHIBI Ha FPaHHMLe NONAPHU3YIOLLE-
rocs C/OSl KJIETOK. B NMpaBoil YacTM — yNpyras peaxIus BHELIHEro MaTepHaia
— QU TUTIOC HE3aBMCHMAs OT MOJIAPH3ALME BHYTPEHHUX KIIETOK BHeLuHssA cuia F.

du
HUurerpupys ypaBHenue (9) ¢ yuerom (10) u 3axoHa 'yka ¢¥Y"P = Ec;x , o~
JTyuaem BbIpaXKeHHe [UTS BENTHUMHBI YIIPYTHX HAlpAKeHUH
o¥"P= e (qL/(k +qL) (p) — P)+F. (11)

COOTBeTCTBEHHO ypaBHEeHHE BOJIIOHMH pacnpeesnenus p (x, t) Gyner:

op/ot = 1/1 fip) + D, d*pjdx* — keqL/(k +qL) (p) — F. 12)
3pech () 06o3Havaer cpemHee MO [JIMHE TUIACTA
@)= 1/L [p(x, t)dx. (13)

B oTimMuKe OT MOMIENBHOrO IUIacTa C YNMPYTHMMM BHEUIHMMH CBA3AMH B Kax-
poit Touke (momens I) B Mopenu II ynpyras peakuus Ha JIOKanbHbIe MPOLECCHI
aKTHBHOH medOpMalMK KOTrepeHTHa [id Bcero Iacra. 310 o6CTOATENBCTBO OT-
paXXeHO B OTCYTCTBHM BECOBOTO MHOXHTENA B HEJIOKANBHOM WIEHe IHHAMMKH
(12). AmenHO Takoe JaNbHOAEHCTBHE ABIACTCA HCTOYHUKOM IJI06aIbHOrO KOH-
TpOJA NPOLECCOB KIIETOYHOTO YPOBHSA M CBOMCTBA pa3MepHO# HHBapUaHTHOCTH B
TOM YHCIIE.

HccnepoBanve noseneHHsa Moneny |
B MCXOIHOM COCTOSTHUM IO TIPEATIOTIONKEHHUIO YIPYTHE HATIPAKEHHA OTCY TCTBYIOT
¥ KJIETKH HETONAPH30BaHBI
P=po=0; 054 = 0. (14)

JlanHOe COCTOAHHE, OUEBHMIHO, YIOBJIETBOPAET CTAUMOHAPHON 3ajiave Op/dr =
= 0, mockoJIbKY 3HaueHue p = 0 ABNAETCA OOHOHN M3 TpeX HYJIEBbIX TOYEK PYHK-

und f (p) (cm. puc. 2).



Tloka 3T0 COCTOSIHHE ACHMITOTHYECKH YCTOHYMBO, MEXaHOXMMHUYECKAs aK-
THBHOCTD, XOT# B NpHHIMIIE MPHCYINA KaXNO# KJIETKE, OJaB/ieHa B KOJIIEKTH-
Be. OpHAKO BapHalueil MapaMeTPOB HCXOMHOE COCTOAHKE MOXKET GbITh BHIBEIICHO
K KPHTHYECKOH TOUKE NOTepH yCTOHYMBOCTH. JT1a TOUKA ABIAETCA ONHOBpC 1 CH-
HO H TOYKOMH BETBJIEHHA HOBBIX, BOOGILE TOBOPA, MPOCTPAHCTBEHHO-MOTYIIHPO-
BaHHBIX COCTOsIHHIA. Bonpoc o ToM, Koraa (IMpH KaKHX 3HAYEHHAX MapamMeTpoOB)
3TO MPOMCXOJHT, pelllaeTcs MyTeM aHaIM3a AMHAMMKH MAaJIBIX MO aMILixiye
BoaMmymeHuit 8p (7, t) = p —po McxopHoro cocrosauus (14).

Ecnu He HMHTEpPeCOBAaTbCA NOBEHEHHEM B IIPHIPAHMYHBIX OONacTAX niacta,
cuMTasg BCE €ro JIMHeHHble pa3sMephl CYIECTBEHHO NMpPEBOCXONSAILMMH BHYTpEH-
HHME XapaKTepHble pa3Mepsl 3ajiauM R, 1 Ry, TO HOPMILHHIMH MOJAMM JIMHEa-
PH30BaHHOI'O YDaBHEHHMA JIBHXXKCHHA mm N%noamnnnrynﬂmx BO3MYILEHUH AB-
JIAOTCA rapMoHudeckue Sp (7, t) = A(t)e BpemenHass 3aBHCHMOCTb COOT-
BETCTBYIOLLEH aMIUINTY/b! 3KCIIOHEHIHAJIBHA

8p('r':t)=e)‘(k)t+ﬁ‘."_ (15)

Bonpoc 0 KpHTHYECKOH TOUKe BBIACHAETCA HAXOXIEHHEM YCIOBHA oGpauie-
HHA B HyJIb MAKCHMAQJIbHOTO H3 A IIPH BCEBO3MOXHBIX 3HAYCHHAX BOJIHOBOTO
pexTOpa k.

CBA3b BPeMEHHOrO IIOKa3aTelIAi A C BOJTHOBBIM YHCIIOM K YCTaHaBJIMBaeTCHA
JHCTIEPCHOHHBIM ypPaBHEHHEM, KOTOPOE [UIA NRHHOTO Ciy4ast HMeeT BHJL

- !

(k)= a — R3k* + ERY¥k?/(1 +R%.k?); ‘:3 f:(’) (16)

=ekr

TIpeanocbUIKO# HEYCTOHYMBOCTH TBIOPHHTOBA THNA (KOTNA KPHUTHYECKOM fAB-
NAETCA NPOCTPAHCTBEHHO-MOMYJIHPOBAHHAA KOJUIEKTHBHAA MOJA) SBNACTCA
IMCTIEPCHOHHAA 3aBHCMMOCTb C MakcMMyMoM nipu Kk # 0. Heo6xomumbrit s
9T0T0 POCT AEKPEMEHTa A C BOJHOBBIM YHCIIOM B OGNacTH ManbiX 3HaueHHA

NOCIIeAHEro OGeceunBaeTCs HENOKAIBHON KOMIIOHEHTOH [HMHAMMKH (Tperse
cIaraemMoe B MCIIEPCHOHHOM ypaBHenHH (16)) NpH ycnoBHu

VER; >R,. an

Takum 06Gpa3oM, XapakTepHBIH MaciiTab pacHpOCTpaHEHMs yNpyroi peax-
MM Ha JIOKaJIbHYI0 NOJIAPH3AaLMI0 KIIETOK (Ry) HOJDKeH GbITh MOCTATOYHO Be-
AHK [0 OTHOMIEHHIO K [JIHHE KOTePEeHTHOCTH MpOLEcca KOHTAKTHOH MONApH3a-
waH kietok (puc. 3).

Kaxprit U3 napaMeTpoB IMHEApUSOBAHHOH IMHAMMKHY : &, Ry, Ry, E, a Takxe
HX KOMOMHALMH B MpHHIMIIE MOTYT HMCIOJIHATh POJIb KPHTHYECKOroO, T.e. Bbl-
BECTH MCXOJHOEe TOMOIeHHOE COCTOSIHHE K MMOPOTy aCHMIITOTHYECKOH HeyCTOHIM:
BOCTH, IlocnenHuit MOCTHraeTCA, KOrga BepUIMHA AUCIIEPCHOHHOH KPHBOH Ka-
caercs ocu abeuucc. ITO ecTh THIOPHHIOBa HEYCTOHYMBOCTD, HGO COOTBETCTBYIO-
miee BOJTHOBOE YHCIIO OTITHYHO OT HynA, IIpocToi ananu3 Beipaxenusn (16) maer
TIApaMeTph! KPUTHYECKOH TOUKH

Bxp=0; u=+a+2E— VE - R,/R, (18)

H BOJIHOBOE€ YHC/IO KPHTHIECKOH MOJIbI
2p=VE/R,-Ra — 1R} . (19)
15
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Puc. 3. ®opMa 3aBHCHMOCTH A(k) B COOTBETCTBHH C ypaBHeHHeM (16)
A — npu DOKPHTHYECKOM 3HaueHuMHM 6udypxauMoHHOro napamerpa u ; 5 — B kpHTtHUe-
ckoii Touxke (18); B — npH 3aKpUTHYECKOM 3HAUEHHH napaMeTpa u : u> 0

Puc. 4. [IBa Tuna 61 ypKauun MaKpOCKONMYECKH HEOMHOPOIOHEIX COCTOSHHY p (x) TipH
THIODHHIOBOH HeyCTOHYHBOCTH
a - 3aKkpuTHYecKan Gudypxauua; 6 — noxpurHyecKkan Gudypiauus

Budypxanus npocTpaHCTBEHHO-MOINYNHPOBAHHEIX PEXKHMOB. AHAaJIH3y OKO-
JIOKPHTHYECKOTO NMOBefeHHs BOIN3H NOpora HeyCTOMYMBOCTH ThIOPHHIa NMOCBA-
weHa obwMpHas nureparypa [29—31]. Tor ¢akr, 4T0 COOTBETCTBYIOLIM aHa-
JIi3, KaK MpPaBWIO, OTHOCHUICA K CHCTeMaM peaKkiHOHHO-I¥(dPYy3HOHHOTO THNA,
He MelIaeT HaM BOCIOJIb30BaThCA OCHOBHBIMH MOJIyYEHHBIMH Pe3yJIbTaTaMH BBH-
Oy OOIMHOCTH MAaTeMaTHYeCKOro OonucaHuA. PaHee GbUIO NMOKa3aHO, YTO KHHETH-
YeCKMe ypaBHEHMsA, N0 ¢popMe oveHb Gnuskue K (8), MONydatoTCA MyTeM pefyK-
MM OGBIMHOM [BYXKOMIIOHEHTHOH peaKuMOHHO-IH()GY3HOHHOH CHCTEMBI ¢
olpesieSIeHHLIMH NOTOHUTENIbHBIMA YCIOBHAMU [32, 48] .

a) . Ciyuait IpoCTpaHCTBEHHOM pasmepHocTH d = 1.

B 3TOM Clyyae KHHETHYECKOe ypaBHEHHe I p (X, t) TpaHCHOpMHpyeTcs K

BHIY
ap/ot = 1/r fp) + D, 3%p/ax? — KE[2Ry fe ' p(x',0dx".  (20)

OpHAKO QHUCTIEpCHOHHBbIE COOTHOLIEHHS (16), a Tak>Ke BEIIMYMHBI TAPAMETPOB
B KPUTHYECKOH TOUKE OCTAIOTCA HEH3MEHHBIMH.

B o61ueM ciyuae BeTBIIeHHE HOBBIX MaKPOCKONHYECKHX COCTOAHHH B KPHUTH-
YeCKOH TOUKE MOXeET GBbITh [IBYX Pa3JIHYHBIX THIIOB: JOKPHTHYECKHM M 3aKpH-
THYECKHM. BO BTOpPOM ciyuae nmepexop K HOBOMY MaKpOCOCTOSIHHI0 32 IOPOr'oM
HEYCTOMYMBOCTH IPOMCXOXUT Ge3 ckauka (’MArkHii riepexon”). B arom cryuae

x —x'I/R4
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6udyPKALMOHHBIA aHANIM3 MOXeT ObITh MPOBENEH TPATHIMOHHBIMH METONAMH
TeopuH Bo3MylneHu# [29—31, 33] . INonyualonmecs TAaKMM 06pa30M CTaGHIbHBIE
npodWIK P (X) OKa3bIBAIOTCA MOJYTMPOBAHHBIMH KDHTHYECKOH FapMOHHKOMH
coS KypX C aMIUIMTYIOK Majiol B Mepy GIIH30CTH K NMOPOTY HEyCTOHYMBOCTH
[33] (puc.4).

Ha prc. 5 moxasaHa 3BOIIOLHUA PacHpeNeNieHns P (X, ) K aCHMITOTHYECKOMY
COCTOAHMIO P(X) , IOyueHHas I JAHHOTO CIyYast IyTEM YHCIIEHHOTO pelleHust
ypasHenus (20). OTMeTHM, YTO IIPH reHepalMH NPOCTPAHCTBEHHOTO paclpeneie-
HUA D (X) NOKaIbHBIM MAJIBIM MO aMIUTHTy[e  HAYaJIbHHIM BO3MYILEHHEM HC-
XOHOTO TOMOTE€HHOTO COCTOAHHS AaJIbHEHINasA 3BOMOUMA P (X, ¢) OCYLECTBIIA-
eTCAl IyTEM paclpoCTpaHEeHHA “BOJIHbI NepeGpoca™.

Jpyroi THOMYHBIA Cly4yai KapTHHBI BeTBJIEHMA — NOKPHTHYECKaA 6udypKa-
UMA — OTJIHYAETCA TeM, YTO HOBOE YCTOHYHBOE COCTOSIHME 3apOKHaeics cpasy ¢
KOHEYHOH aMIUTHTY/IOH /10 HOPOra aCHMIITOTHYECKOH HEYCTOHYMBOCTH HCXOIHOFO
cocrosnusa p = 0. opMy npodusis p(x) B JaHHOM Cilyuae HeJlb3f, KaK BBILIE,
YCTaHOBHUTb NyTeM O6H]ypKanHoHHOro aHanusa. Kpuruueckas Touka 4 = 0 BooG-
e He ABNAETCA 0coboi [UIA HeOHHOpOIHOro pacmpepesnieHus. COOTBETCTBYIo-
mas HHGOpPMalHA JOCTYIHA ITIaBHBIM OGpa3oM M3 UMCIEHHOro aHanmu3a [34].
OpHako B YaCTHOM C/Iy4ae CYIUECTBEHHOTO OT/IMYHA IPOCTPAHCTBEHHBIX MaC-
mraboB Ry > R, rpaduueckue NonyKaueCTBEHHbIC METOMbI aHA/IM3a OKa3bIBa-
I0TCA BMOJIHE HHGOPMATHBHBIMHU (CM., Hanpumep, [35]).

B maHHOM ciyyae aCHMNTOTHYECKHE COCTOSHMSA NpPEJCTaB/AT cOB6OH JOMeEH-
Hble CTPYKTYPbl C OTHOCHTEJIBHO Y3KO# NepexonHo# 30Hoi (Ar ~ Rp) mexny
0Bn1acTAMH MOJHOCTHIO NOJIAPH3OBAHHBIX KIIETOK P = | H HeNMoNAPU30BaHHBIMK
yvactkamMu (p = 0). lllupuHa JOMEHOB U MHTEPBasIbl MEX/IY HHMH HeeTePMH-
HHpOBaHbI NapaMeTpaMH 3afaud. Onpe/iesneHs! MU HIKHUE I'PaHHKIb] I ITHX
BermmuuH [35].

JleAcTBUTENBHO, €CIIH KIIETOYHAsA MOJIAPH3aUMA MHOYUHPYETCA KaKUM-THGO
obpazom nokanbHO, MopaBnAlNMHA 3¢hdeKT NaTepanbHbIX HATAXKEHUH MpeHe6-
PEXHUM NMOKa MaJIO MOJIAPH30BAHHBIX KJIeTOK, [IpH 3TOM M ecliH BHINONHEHO yC-
JIoBHe

g‘ f@)dp > 0, @1)

3bdexT KOHTaKTHOH monApusauun (AHdY3HOHHBIR WieH B ypaBHeHHH (20))
DPHBOAMT K DACUIMPEHMIO MOJIAPM3OBAHHOH OGNACTH MyTEM pacHpoOCTpaHAIo-
merocst ¢pponta. YcnosHe (21) XOpOLIO H3BECTHO KaK YC/IOBHE PaclpoOCTpaHe-
HMsA CTauMoHapHOro ¢ppoHIa “nepebpoca” [36].

Orpanuuuts 370 pacnpOCTpaHEeHHE MOXET JMIUb HAPACTAIOIMA 3(deKT Ha-
TAXKEHHH, ONpeeNAeMblii OTPHUATEILHBIM HEJIOKAJBHBIM WIEHOM B YpaBHEHHH
(20) . Mockonbky faHHbl 3eKT pacTeT OT HyNIA C POCTOM IIMPHHBI IOMEHA
nonspusaumy [ p, OH NPUBOAMT K OCTaHOBKE (poHTa TONBKO NpH [ p > 1 1. Ta
XK€ NpUYMHA — YNpYTHe HATSOKEHHA — MPENATCTBYeT HHHUHMALMY HOBBIX UEHTPOB
KIICTOYHOH MOJIADH3AaLMH B OKPECTHOCTH Ax ~ Ry monspu3oBaHHO# OGNacTH.
Tem cambIM ompejienAeTcs MHHHMAJIBHOE PACCTOAHHE MEXMY ABYMA MOJIAPH3O-
BaHHbIMM JOMeHaMHU. B pasnene “HWiutiocTpaus...” NpencTaBIIeHb! pe3ybTaThI
WMCTICHHOT O aHaNu3a, NOATBEPXKIAIOIIHE IPHBEIEHHbIE KaueCTBEHHBIE COOOpaxe-
Hus.
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Pac, 5. IBonoUMA K aCHMITOTHYECKOMY COCTOSIHHIO P (X) 3a noporom “MATKo#™ 6udyp-
Kauuu cocrofiiug p = 0 B ypaBHehmu (20). IlonydeHo YHCIIeHHHIM peuleHHeM ypaBHe-
Hus (20)

a—2 — npodpuis p(x, t)B MOC/IEXOBATE/IBHBIE MOMEHThI BPEMEHHU; MYHKTHDP — HAYAIIbHOE
Bosmymesne p(x 0) . Micnons3oBaHHEle nngmerpu B Gespasmepunix emunmuax: D=5-10"3
7=5:10"2; Rg=0,1,f =4p+0,3p* —2p

Puc. 6. ®opMa aCHMNTOTHYECKHX paclipefieneHu#t p' (x) momenHoro tHha B mopemu I (20)
a — npH 3aKpuTHIECKOM; O — NP XOKPHTHYECKOM 3HaYCHMAX mnapamerpa i . ITymk-
THpP — HAYAJIbHBIE COCTOAHHA P (x, 0)

XOoTA B KpPUTHYECKOH TOUKE ThIOPHHIOBOH HEyCTOHYHBOCTH YIS MPOCTPAHCT-
BEHHO MOJYJIMPOBAaHHBIX MAaKPOCOCTOSHMH HHKAKHX TOPOroBhIX 3¢ deKToB ObITh
He JIOJDKHO, XapakTep paclpefeleHuii p(x) IO pasHble CTOPOHBI ITOH TOUYKH
pasnuuaercs. B 061macTH aCHMITOTHYECKOH YCTOAYMBOCTH OTHOPOIHOrO COCTOS-
Hua g < 0 [ONApH3OBaHHbIE MOMEHBI MOTYT CHOPMHPOBATHCA JIMIID NyTEM
KECTKOr0 HavyallbHOro BO30YyxpeHuA. B 3To# 06nacTH pacnpesiesieHHe 30H Kie-
TOYHOH MONAPH3AUMH ONpeNeAETCA pacinpefie/leHHeM BHEUIHHX CTHMYJOB. B
YACTHOCTH, P OJHOUEHTPOBOH CTHMYJIALMH GOPMHUPYETCH ye[HHEHHBIA HOMEH
TOJNAPU3OBAHHBIX KIETOK. B 3axputuueckoii o6mactu p> 0, rae oHOpomHOe
HEMOJIAPHU30BaHHOE COCTOSIHHE ACHMINTOTHYECKH HEYCTOHYMBO, CNEHHANILHOTO
BHEIIHero Bo36yXIeHHA aKTHBHOCTH KJIETOK He Tpebyercs. Pacunenenue Ha 1o-
JIApH30BaHHbIE H HENOJAPH30BAHHBIC 30HBI IUIACTA BO3HMKAET CaMOIMPOM3BOJIb-
HO. YCTaHAaBJIHMBAaIOIHECA B pe3yNibTaTe MaKpPOCKONHYECKHe MaTTepHBI KIeToy-
HO# MOJNIAPU3ALMH TIPH ITOM, BoOGILe roBops, HeperysapHsl. Hu nmpuHp nomns-
PH30BAHHBIX JOMEHOB, HH ITPOMEXYTKH MEXITy HHMH He GHKCHDOBAHBI O[THO-
3HauHO. B T0 ’Ke BpeMA TakHe MaKpPOCOCTOSIHUA HE ABJIAIOTCA H XaOTHUYCCKHMH,
NOCKOJIBKY OGe Ha3BaHHbIE BEJIMUMHBI HMEIOT OIIpefie/ieHHbIE HHXKHHE IPENEIIBI.

Ipenckasarb, KaKOH THN BETBIIEHHA (JOKPHTHYECKMH WIK 33KDPHUTHYECKHI)
HMeeT MECTO, MOXHO, HCXOA H3 3HaUYeHHH K03((PHIHEHTOB HEITMHEHHOTO pas-
noxenus ¢pyHxkumu f(p), a TaKKe BpeMeHHBIX NMOKa3aTelled KPaTHbIX rapMOHH-
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4eCKHX MOJ, e?*xp *. Tlocnenmue OKa3bIBAIOTCS: CHEIUIEHHBIMM C K PUTHUECKOH B
HeyuHeiHo# 3agaun (20) . 3akpurnueckas GuYpKalMA UMEET MECTO,
eI BBITIOITHEHO YCIOBHE CYIIECTBEHHOH HeBBIpOXeHHOCTH [37]

A2 kl(p) -A (kxp) | > 32/7' (22)
3pech MapameTphl f U y ABNAOTCA KOG GHIMEHTAMH PazIOKeHHA QYHKINH

f@):

@)=~ ap +8p* — 139 (23)
B o6paTHOM Ciiyvae
1 > Rkyp) — MNkyp) < B /7 29

6y pKaLHA HEOTHOPOJHBIX COCTOAHMIA B TOUKE ThIOPHHIOBOH HeyCTOHYHBOCTH
CTAHOBHTCA IOKpHTHUeCKO# [37].

W3 ypaBHenust (16) BbIACHAETCA, YTO JIEBbie CTOPOHBI HepaBeHCTB (22),
(24) onpefienenb! BeMHUnHOH OTHOWEHHA R [Ry. B clyvae, ecii 3Ta BeIMUKHA
Gm3Ka K e[uHHuIe, yoioBHe (22) yHOBHETBOpsSETCS IPH KOHEUHBIX 3HAUYCHHAX
BrY.

B 3TOM Cllyyae MMeeM 33K pUTHYeCKYI0 GH(ypialuio 1pocT paHCTBEHHO-MOLY-
IHPOBaHHBIX pacipefeneHuit p(x), oGNAFAMMX COBEPILEHHBIM JANILHHM MO-
psmcoM (pOCTPaHCTBEHHOH NepromuuHOCTbi0). Hanpotus, korma Rs ® R,

AN mana. TostoMmy mia mio6pix KOHEUHBIX BETMYHH f, y BHIIOIHEHO
YCOBHE [IOKPUTHUECKOH OHudypKalMH HEOTHOPONHBIX paclpepeneHud p (x).
TarrepHbl KJIETOUHOMH NMONAPU3ALMH, KAK yke OTMEYAIOCh, B JAHHOM Cllyyae He
06najaloT CTpOroil NPOCTPAHCTBEHHON PETYNIAPHOCTBIO.

6) . IpocTpancTBeHHas pasMepHocTs d = 2.

OCcOGCHHOCTBIO THIOPHHFOBOH HeyCTOHYHBOCTH IIA ABYMEPHOTO IpPOCTPAHCT-
B8 ABJIAETCA TO, YTO ONpENENIEHHOe BLIPOXACHHE NPH 3TOM BCeryia MpUCYTCTBY-
et. JeitctutensHo, ycnosuem (18), (19) ompeneneHa Tonbko aGCONMMOTHAS

BEJIHYMHA BOJTHOBOTO BEKTOPa HOPMAIBHBIX MOJI, BO3MYIUCHUA -7, TIpu stom
€T0 OPHEHTALUA OCTaeTCHA HeoNpefeleHHOR. ECM Ha #aHHYI0 OpHEHTAIHOHHYIO
BBIPOJICHHOCTh He HAKJIAABIBAETCA BBIPOXKIECHHOCTb IO 3HAYEHMAM BOJHOBO-
ro uMcna (T.e. BBMONHEHO ycioBHe (22)), To pelieHne ypaBHenus (8) BGnu3u
KPHTHYECKON TOUKH NIPE/ICTABNIAETCA B OGIeM BH/IE CyTiepHO3HIHeH

Per)= ;w,e"?r?; \Erl =y (26)

Or6op OrpaHMYeHHOrO YMCIIA HaNpaBJieHHH [ IJIOCKMX BOAH B CyIeprno3u-
man (26) ocywectBiseT HenuHeiHOCTh QyHKIMM f(p). HerpymHo yGemuthes,
9TO WieH BTOPOro NMOpsAAKa B paxioxeHHH (23) ocraBiiseT NUNIb TPOKKH OJHO-
MepHBIX FAPMOHHK

ekrr. 1=12 3,

BOJHOBbIC BEKTOPA KOTOPBIX 06pa3yioT NpaBUIIbHBIH TPEYroibHHK. TeM caMbiM
NBYMepHble NMATTEPHB! KIJIETOUHOR NONAPH3ALMH P (F) MOIDKHBI NMPEeNCTaBiIATh
©06oit perynspHyl0 reKcaroHanbiylo pemerky [37, 38]. CiencrBuem opueHTa-
H¥OHHOH BBIPOXKIEHHOCTH THIODUHTOBOH TOUKH HBIIAETCA [OKPHTHYECKHIA
XApaKTep 3apOXKueHMs Takux cocroanuii [38]. Bonee netansHbii GrdypKaHoH-
HEN aHanu3 371ech He TpebyeTcs, MOCKONbKY OH HHYEM He OTiIHYaeTcs oT 6udyp-
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KAIMOHHOIO aHANM33 WIA peaKUMOHHO-TH(}Y3HOHHBIX MOpeNneH, AOCTYMHOrO
u3 maTepatypsi [38].

Ecnn ke KpUTHUECKass TOYKAa BBIPOXKIEHAa B TOM CMbIciie, 0 KOTOPOM TOBO-
pWIOCh B TpefbilyiueM pasnene (1.e. R, < Ry), 10 marrepHs! p () Tpancop-
MHpYIOTCH TaK Xe, KaK miA ofHoMepHoro ciyyas. Ilpu 3toM xapakTepHO
HApyuUIeHHe peryJIApPHOCTH H OTpaHMYeHMs CHM3Y [yIf pa3MepoB MOJIAPH3OBaH-
HBIX JIOMEHOB U PaCCTOSHUH MeXXIy HHMH.

HeroMorenssie cocrosHus B Moaey 11

JlanbHOneiCTBHE, BhIpaXKaeMoe WIEHOM (p) B IMHaMMKe MapamMeTpa p(X, t),
T.e. KOTEpeHTHasA YNpyras peaKlys BCEro IUIACTA HA JIOKAJbHYI0 aKTHBHOCTH
KNEeTOK NpHAaeT HeKOTODble XapaKTepHbIE YePThl KOJUIEKTHBHON MOJIAPU3AINH
KIJIETOK.

OcoBeHHOCThI0 K PUTHYECKOH TOYKH MOTEPH YCTOMUMBOCTH MCXOIHOIO HEIo-
NAPH3OBAHHOTO COCTOAHMA ABJIAETCA TO, YTO HE3aBHCMMO OT INapaMeTpoB
mopenu (12) nepBoil HeyCTOHUMBOH MOIOH Bcerja OKashBaeICA rapMOHMKA
¢ HauGornblued WIMHOH BONHbI. IIpH rpaHHuHBIX YCIOBHAX i TNapameTpa p
BHOA

opfox lo,1, =0, 27

3TO KOCHHYCOMIAIbHAsA NONYBONHA. B cka3aHHOM jlerko yGemuTbcs MCXOOS M3
BBIpaXKeHH

M =1/ra—Dpk}; kn=nn/L; n=1,2, .. 28)

No=1/ra—keqL/(k +qL),
rae k, u A, BOJNHOBOE YHCIO H COOTBETCTBYIOIUMH BpPeMEHHOH MNOKa3aresb
HOPMAJIBHBIX MOJL eMnt cos(k,X) NUHEAPHIOBAHHOM OWHAMHKH B MOJIENH
(12). 3ameTnm, yto B Mopeni ¢ OFpaHMYeHHBIM PaycOM YIIpYToil peaKIMH
BEJIMUMHA KPHTHYECKOTO BOJIHOBOTO YMC/1a MEHseTCA B 3aBHCHMOCTH OT Mapa-
MeTpoB MopenH (cM. Bripaxenue (19)).

JloxanbHpri XapakTep Gy pKalinu HErOMOTeHHBIX paclipeficTIeHHii B OKpecT-
HOCTH Hopora Ay = O BLIACHAETCA B IBYXMOJIOBOM NIpHGITHIKEHHH

p=C;(t) cos nx[L + Cy(f) cos 2w x/[L. 29)

B pamxax 31oro npu6iMxeHus ypapHetue (12) paer
o
C1=MCy +BC1Cy — 3/47(CE +2C,C), (30)

0
Gy =(\y —3D,m*[L*)C; +BC3/2 - 3/47v(C3 +2C, CY).
Herpusnansubie craimMoHaphsie pewemus {C,, C,} BGmmsn mopora A, = 0
TIPeNCTABNIAIOTCA B BHIE
Caz> — BN /3y (A — 3]-)p772/L2 +262/37), (31)
62 ~ — 2/‘301 - 3Dp1rz/L2) 62.
EcmH nonHedi pasMep mwiacta L He cimumkom mail, 1ak wro 3D, w?/L? <
< 28%/37, 10 pemenne (31) cywectyer npu A; < 0, T.e. B IOKPHTHYECKOH
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o6inacTi. 3TO aBTOMATHYECKH O3HAYAeT, YTO YKAa3aHHOE CTALMOHAPHOE pelIeHHe
HeyCTOHYHBO [39] u, cnepmoBarensHO, MOJIXHO CYLIECTBOBaTbh CTaGWIBHOE
HeOJHOPOZHOE paclpelielieHHe P (x), He ABIAOLIEECA NPOAYKTOM GudypKanuu
HMCXOIHOTO COCTOAHWA. MOXMO OXMIATh, YTO 3TO pacnpeneneHHe, KaK M B
clyyae JOKpHTHYeCKOH Oupypkamuu B Mopenu I, iMeeT [OMEHHbI XapakTep
[19]. B npunoxenun B NpOBOMMTCA aHATH3 BBUIENIEHHOTO MAK pOCOCTOSHHA
TAKOrOo THIIA, 3 MMEHHO — COCTOSAHMA C eJUHCTBEHHOH NOMEHHOH CTEHKOM.
OnpefienieHpl 3HAYEHHA NlapaMeTpa p Ha YYacTKax IJIATO pacripenelieHHs Py, Pz
M OTHOCHTEJIbHBIE ITPOTAXKEHHOCTH 3THX YYacTKOB /4 /I, . [Toka3sana Takke acHmI-
TOTHYECKAA Y CTOHUMBOCTD JAHHOIO COCTOSAHHUA.

BaxkHpii BHIBOJ, COCTOMT B TOM, YTO Ha3BaHHbIE NapaMeTpbl pacripepfeeHUs
p1, P2, I/l oKa3pBalOTCA pa3sMepHO-WHBAPHAHTHBIMH. JTOT BBIBOJ, KaK MbI
nonaraeM [19, 47], umeeT HeNmOCpeACTBeHHOE OTHOMIEHHE K OGOCHOBaHHIO
cMOcOGHOCTH K peryiALMH IpONIOPUMH, XapaKTepHOH IJ1f Npolecca pereHepanuy
B MopdannakTHyeckux nonsax [41].

N3 He3aBMCHMOCTH TaKMX XapaKTepMCTHK pacnpenejleHus p (X), Kak p;,
P2, {P) OT myHHEI OTpe3Ka (TpwioxeHue B), cieayeT BO3MOXKHOCTb CTAIMOHAP-
HBIX COCTOSHHMH C IPOH3BOJIBHBIM YHCIIOM JIOMEHOB M pachpefieJieHHeM HX
minH. EcTecTBEHHO, 3Ta NpPOU3BOJIBHOCTD OTPaHHUMBAETCH YCIOBHEM MAJIOCTH
HIMPHHBI TIEpeXOHOA obnactd § ~ R, 1O OTHOLIEHMIO K pa3MepaM [OMEHOB
ly, I;. OnHOBpeMEHHO 3TO O3HAYaeT, YTO BCE MAKpPOCOCTOAHMA, B KOTOPBIX
YYaCTKOB HellpepbIBHOrO miato Gonee ABYX (MYIBTHOOMEHHBIE CTPYKTYpBHI),
ABJAIOTCA COCTOAHMEM Ge3pa’xIUYHOTO paBHOBeCHA. EMMHCTBEHHBIM aCHUMIITO-
THYECKH YCTOHUMBBIM COCTOAHNEM fABJIsieTCA OMHApHOEe pacwieHeHHe.

HecMoTps Ha MOABHXKHOCTH T'paHMI, IOMEHOB B MYJIbTHAOMEHHBIX CTPYKTY-
pax, ofHa rmo6anbHas xapaKTepHCTHKa JIOMKHA OCTaBaThesd HeM3MeHHOH. Hesa-
BHCHMO OT IOJIHOTO pa3Mepa M [ETAJIbHOTO XapaKTepa pacipefeneHusa p (x)
cpelHAs BelNMYMHA (D), a BMeCTe C HeHl U OTHOLLEHHE COBOKYMHBIX NMPOTAXKEH-
HOcTell oGnacreil MOJIAPH3OBAHHBIX U HENONAPH3OBAHHBIX KIIETOK ONHO3HAaYHO
onpepeneHo. Ha3BanHble XapaKkTepUCTHKM BO BCeX MYJIBTHIOMEHHbBIX CTPYKTY-
pax TaKHe e, KaK B BbIIEJICHHOH, acCHMIITOTHYECKH YCTOMYMBOH CTPYKTYpe
6HHapHOTO WieHeHH .

Hnmocrpanum, nosyydeHHble IyTeM YHCIEHHOTO pelieHUs
ypaBHesns (12)

CpencTBaMH aHAJIMTHYECKOTO HCCIIENOBAHKA MBI HE MOXEM CYIHTh 00 3BOITIO-
MM pacnpepeneHus p(x, ¢) BHe JIOCTATOYHO MaJIbIX OKPECTHOCTeH aCHMIITO-
THYECKHX COCTOSHMH, T.e. 33 NpefielaMH NPUMEHHMOCTH JIMHEHHOTO MpUGITHKe-
HMA. Bompoc 0 TOM, KaK cHCTeMa NMpPUXOAMT K 3THM COCTOSIHMSIM, HAuMHAs
“H3paneKa”, MOXeT IPOSCHUTBCH JIMIUb IYTEM YHCIIEHHOTO aHATA3a.

OCHOBHbIE Pe3yJIBTaTbl 3TOTO AHANIH3Aa TAKOBBI. B 1mMpoxoH oGnacru 3Have-
HUA napameTpoB 7, Dy, k€ aCHMITOTHYECKOE COCTOSIHHE THNA GHHAPHOTO WieHe-
HMs sBnsierca npmraruBalonmM. Ha puc. 7 mokasana 3pomniomua npodmwis K
€MHOMY acUMIITOTHYECKOMY pacipefieSieHuIo p (x) NpH pauIHUHbBIX BapHAHTAX
HayansHOM ¢GyHKmMH p (x, 0). ITa 3BOMONMA, KAK BHIOHO, HMeeT OIHOTHITHBIA
Xapaktep. OHa MPOXOIMT Yepe3 OTHOCHTENBHO GbiCTpyIo dasy GhopMHpOBaHMs
¢ponta u MemieHHylo 3aBepiuaiouryio ¢azy ero MOCTYNATENTBHOTO NepeMelle-
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Puc. 7. Iponoums pacnpeneneHus p(x, t) B mopeny Il npu pasnuuHbIX HavyanbHBIX YCIOBH-
AX (MyHKTHP)

JupHble NMHMM — SCMMNTOTHYECKHe mpodumu P (x). UucineHHoe peleHue ypanﬂemm
(12) mpu 3HAYEHHAX N3 ApaMeTpoB B 6e3pa3mepHBIX emumMuax D =5-107%; 7 =5-1072
f=-3,5p+15p® — 10p

Puc. 8. Isomouns pacnpocTpaseus p(x, t) B Mopgerm Il npr aByX 3HaveHuAX GudypKanuoH-
HOFO NapaMeTpa A,

a, 6 - SCHMITTOTHYECKH HEYCTOWIMBOE MCXOOHOE COCTOSHHEe P = 0; 8, 2 — COCTOAHMeE
P = O Meracrabwmuo. Bo BTOPOM Cyuse MSTIOBMIUTUTYRHbIE BOIMYIIEHHA PENBKCHPYIOT
(2), B epBOM — BHIBOHAT K HOMEHHO# CTpyKTYype P (X) (8). I[lapamerpnr Te xe, wTO H
Ha puc. 7. Qynxoun f (p) B cnyvae g, 2:f = -3, Sp+15p® — IOp' Bcnywsed, 6:f=0,5p+
+15p% - 10p°
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Puc. 9. JlnarpaMMa CTaUMOHapHBIX cocTOAHMM Wt Moneny II. ClloulHbie TIHHUH COOTBETCT-
PYOT YCTOMUMBLIM, NMyHKTHDHBIE — HEYCTOMYMBEIM BEeTBAM pelueHH#t ypaHeHus (12).
BerBH @, 6, 8 COOTBETCTBYIOT HENONAPH3OBAHHOMY COCTOSHHIO H COCTOSTHHAM C OfHUM (6)
H OBYMS NOJIAPH30BaHHLIMH floMeHamu (&)

Hus Ge3 H3MeHeHMsA GOpPMBI BIUIOTh [I0 OCTAHOBKH B IOJIOXEHHHM, IPERXCKA3bl-
paeMoM BhipaxenneM (B7).

lpu BapuauMu mapaMeTpa @, BXOJALIErO B BbidelleHHbIH Gy pKalMOHHbIH
mapaMerp A;, YJaeTcs pasrpaHMYdTh OGNacTH METAaCTaGWIBHOCTH H aCHMIITOTH-
WecKOH Hey CTOHUMBOCTH MCXOJHOTO cOCTOsAHHA p = 0.

Mpu A; < O HemoNApH30BaHHOE COCTOAHHE H COCTOSHHE C JOMEHHOM NOJIA-
pusaiielil COCYILECTBYIOT KaK aJIbTepHATHBHbIE, YCTOAUMBEIC B MATIOM pelleHH,
HepexoAbl MeXAY HHMH HYXJIAOTCA B CTHMYJIaX KOHEYHOH aMIUMTY[bl
(puc. 8, 6, 2). B oGnacTH HeycTOHUMBOCTH A; > O TOT Xe Iepexon K JIOMEHHOH
DOIAPH3ALUMH MOXET OCYILECTBIATHCA H CKOJIb YTOHO MAIBIM N0 aMIUIATYE
HEO[HOPOAHBIM Bo3My1leHHeM (pHc. 8).

Puc. 7, 2 wunoCcTpHpyeT BO3MOXHOCTh (POPMHPOBAHHMA IIPH COOTBETCTBYIO-
IDA¥ MHMUMALMHA CTPYKTYp WIEHeHH: IUIacTa ¢ AByMdA M Gojlee MOMEHaMH MOJIsA-
pasamy. OGoGiieneM TNpHBENEHHOH HHGOPMAUMH 06 aCHMITOTHYECKHX
cocToaHuAX ypaBHenua (12) u mepexojax Mexay HHMHM SBJISETCA OHAarpamMma,
NoKa3aHHAA Ha pHC. 9.

ConocraBnesne ¢ OHOJIOrHIeCKHMH JARHBLIMH

Kak yxe ormevasjoch B BBOANHOH vacTH paGotel, 06pa3oBaHHe [OMEHOB
MOJISIPM3OBAHHbIX KIJIETOK — YHHBEPCIbHOE MOP(OreHeTHUECKOEe SBJICHHE.
HMeHHO 310 CcOGRITHE pa3MevaeT Nodieaylouine MopdoreHespl, NOTOMY YTO
DOBefeHNe MONAPU3OBAHHBIX M HEMOJNAPHIOBAHHBIX YUACTKOB SMHTEIMEB PE3KO
oTmMuaerca Apyr oT gpyra. Kak npaBwio, niepBbie 0GpasyioT HHBarHHallHOHHEIE
BISIMBAHHA.

Mopens, npencraBieHHas HaMH, NIO3BOJIAET TPAKTOBATh OPraHM3alMIo NHTE-
JMHeB Neped HAYaIOM MOpGOreHeTHUECKHX [BHXKEHMH — BBIUICHEHME B HHX
S0H MOp(OIOTHYECKOH NOJNAPH3AUMA KIIETOK — KakK NepBHYHOe coObiTHE, He
TpeGymoliee KaKoH-THG0 NMpeBapHTeNIbHOH pa3MeTKH. I'J1aBHBIM pe3yJbTaToM
pabors! sBNAETCA NeMOHCTpamMsA Toro ¢$akTa, YT0 COOTBETCTBYIOILAS CAMOOPTa-
HM3auWMsA 3apOMbIlcBOA TKAHH €CTh NPOAYKT KOJUIEKTHBHOH [IMHAMMKH MEXaHO-
XHMHYeCKHM aKTHBHBIX KJIeTOK. IIpH 3TOM mpemionaraemele Goree 3memeHTap-
Hble CBOMCTBA 33pOBILEBOrO MATepHANa MOXHO CYHTATh BIIOJIHE HAJEXHO
06ocHoBaHHbIMH B 3K cllepuMenTe. Ha GHonornuecknx npuMepax 3T0ro pasfena
Mbi IPOJIEMOH CTPHPYEM OITHCATENbHBIE BO3MOXHOCTH MOLEIH.
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Mopdorese3sl NOKPOBHBIX CTpyKTyp. Ilpomecchi 3aKNagKH pasiiMYHbIX
CTPYKTYp KOXHOTO NOKpOBa — BOJIOC, LIETHHOK, NEpbeB, jeje3, vellyeKk —
OCYUIECTBNAITCA B pe3ynbIate B3aHMOMEHCTBHA 3MMAEPMHMCA C KIIeTKaMH
Me3eHXMMEI B nopactuiaoumeii gepMme [42]. GopmMupoBaHHe BCex 3THX IPHIAT-
KOB HaUMHAETCA OJHOTHITHO: B 3MMAEPMHCEe BO3HHKAIOT YTOJIIEHUA — INIAKOMBbI,
MO KOTOPHIMH KOHACHCHpyeTcs MeseHxuma [42]. Ilanee mpoucxomur jiu60
BBUIAYMBAHHE, NHGO BIIAYMBAHME SNHMAEPMMCA, H OT ITOTO 3aBHCHUT, Kaxas
NporpamMma JaJIbHEHAIIEro pa3sBUTHA GyeT B HEM BKIToueHa [42].

Ha TOM OCHOBaHMM, YTO BO3HHKHOBEHHe IUIAKOJ B 3MUOEPMMCE PETHCIDH-
pyeTcs Ipexne 3aMeTHOH KOHJIGHCAUMM Me3eHXMMb! [42], MosxHO mpeggiono-
JHTb BeAyLUYI0 POJb 3MHAEPMHCA B OPraHH3aliM MaTTEPHOB KOXXHOTO NOKPOBa.
HauGosnee pacnmpocTpaHeHs! ABa TUNA TAKHMX NATTEPHOB : T€KCATOHAIIbHbIE PELeT-
kH (TaKOBO, HallpUMeEp, PAcHOJIOXKeHHe HEepheB) H HeperynApHbie MAaTTepHbI —
BOJIOCKH, IIETHHKH,

OrmeueHo, 4T0 (OPMHPOBAHME TIeKCATOHAJIIBHOH pelleTKH IUIaKoH, KaK B
cllyyae MepseBBIX 3aYaTKOB, NPOMCXOMMI He eMHOBPEMEHHO Ha BCed MOBEpX-
HOCTH KOXH, HO PacnpoCTpaHAIoUMMca GPPOHTOM OT IO3BOHOYHHKA B JIaTepajib-
HBIX HanpaBnieHusx [42].

JIONOJIHKTENIEHOM ' ICTaNbI0 IS CTPYKTYp HEperyJspHOrO THNA sABJIAeTCA
OTpaHMYeHHOCTb CHH3Y M CBEpXY DACCTOAHMIA MeXHy COCeHHMH 3ayaTKa-
mu [34].

CeTb AKOpHBIX GIWIAMEHT B fiepMe M Ga3anbHas JJAMMHA MOTYT PacCMaTpH-
BaThCA KaK HOCHTEJIM NaCCHBHOH YNPYroctH, Geps Ha ceGa polb NMOJIOXKKH B
mozemu I. B nuteparype Ha ocHOBaHMH (aKTa CYIIECTBOBAHHA “TIOJIEH MHIH-
GHpOBaHHA™ B OKPECTHOCTH KaX/IOrO 334aTKa C JIONOTHHTENBHBIM NpeIIoNnoKe-
HHEM O TOM, YTO pafifyC PaclpOCTPaHEeHHA HHIHOMTOPHOTO NONA He(pHKCHPOBaH,
HO HMeeT HeKOTOpoe pacipefenenue [34] .

Mpbi B pe3ynbrate IPOBENEHHOTO HCCISHOBaHHA MOXEM YTOYHHMTh (bH3H-
YeCKyI0 MpHpOAy HMHrHGHTOopHOro noms. B oxpectHocrH chopmupoBapinerics
SMMAEPMAIIBHONH IUIaKORbI BO3HMKHOBEHHE [pYTO# MNONABNAETCA BCIIEACTBHE
TAHTEHUMANbHBIX HaTsxceHui. IIpu 3TOM make OJHO3HAYHBIA pafycC JeHCTBHA
NONABNAIMETO 3pdexTa HaTAXeHWH (KaK B Halle MOJENH) NPHBOHT K
MaK pOCKONMUECKHM  paclpefiefieHHsAM IUIAKOA ¢ HepHKCHPOBaHHBIMH, HO
OrpaHMUEHHBIMH CBEPXY H CHM3Y PacCTO’HHMSMHY, eCIIH reHepalus COOTBETCTBYIO-
e aKTHBHOCTH KJIETOK OCYIIECTBIIAETCA CTATHCTHYECKH.

M3 npoBeieHHOrO HCCIEIOBaHHA MOJENH I IIpH CONOCTaBUMBIX 3HAYECHMAX
XApaKTepHBIX HMHH R, H Ry eCTeCTBEHHbIM 0GpPa30M BHITKAIOT HaGnoaeMbie
YepTHI mpolecca GOPMHPOBAHHS IeKCArOHANIBHOM peleTKH NepbeBbIX 3aYaTKOB.
Mpu 310M HaGiTionaemMas MPOCTPAHCTBEHHO-BPEMEHHAS YNOPANOYEHHOCTb 0Goc-
HOBBIBAaeTCA Ha 6a3¢ 3KCNEPHMEHTANIBHO JOKYMEHTHPOBAHHBIX CBOMCTB KJIETOY-
HOTO MaTepHaJla M He HYXJAeTCS B NpPeANONIOKEHHAX O “IeTepMHHAUMOHHBIX
ponHax” [42] wmM “’3anporpaMMHpPOBAHHOA BpPEMEHHOH NOCIENOBATENbLHOCTH
pa3BuTHA 3auaTKOB” [42].

OTMeTHM, 9TO COITIACHO NpepjlaraeMoH HHTEplpeTaliMH, Befylias poiib B
NpOCTPAHCTBEHHOH OpraHH3amMy MOpgOreHesa NOKPOBHBIX CTPYKTYP OTBOJHT-
¢ MeXaHOXHMHYECKOH aKTHMBHOCTH KJIeTOK smupaepmuca. Ho npu stoM pepma,
HCTIONHAIOMIAS POJb NACCHBHOH IOMIONKKH, [OJDKHA BIIMATH HA THII MaKPOCKO-
IMYecKOl YMOPANOUEHHOCTH uYepe3 HapaMeTp ¢, ONpENENAIOLMHA BeNUUMHY
XapaKTepHOTO pajiyca JUCTAHTHBIX B3aHMONEACTBHH Ry. JTMM Ham@a MHTEp-
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Puc. 10. CxeMa ONBITOB 1O MEXAaHMYECKOH MHOYKUHMM TOYKOBAHHA Y ruppoupoB [43]

3—8 M MX MHTepnpeTauus B pamxax Mopeiu 1. Crpenxn Ha puc. A—B coorsercrayior
MECTEM NPHIIOKEHHS HakuMoB. Ha puc. d—6 nMoKa3aHs! NOJyYeHHbIe YUCIICHHBIM pelleaneM
ypasnenna (20) acuMnTOTHYecKHe NpoduaH P (x) (criomHble MMHUM) H COOTBETCTBY-
somMe HaYanbHble ycnoBMa (NMYHKTHP). Be3spasmepHsie NapameTpnl, HCNOJB3OBAHHbIE
npe Betmcenuax D =5-107%; 7=5-10"7; p3=0,4; f=0,5p + 15p*—10p°

nperamyMs OTAMYaeTCA OT WHTepnpetauuu Ocrepa H ap. [42], B xoTOpO# Bemy-
AR PONb OTBOAMTCS MEXaHH3My CaMOIPOH3BOJIBHOTO PACCIIOEHHA ME3EHXHMBI.

9K CrepuMEHTHI 10 HHAYKIMM MOYKOBAHMA Ha MOpPCKHX ruapowupax Ilnmk-
KeprT B OIBITaxX C HCHOJb30BAHMEM MEXAHHUECKOH CTHMYJIALMH TMOYKOBAHHA
TEApOMOOB [43] HAaDIAOHO MpPO/IEMOHCTPHPOBAJl NPpOABIIEHHE NOJIEBBIX YepT
mMopdorenesa. ITH ONBITHI MHTEPECHBI I HAC TeM, YTO NMO3BOJIAIOT CAENAaTh
HEKOTOpble KOJIMYECTBEHHbIe OLUEHKH MapaMeTpoB mopenu. Cxema OINBITOB
BaHa Ha puc. 10.

[Ipu BO3OEHCTBHM Ha CTONIOR [BYMS MEX3HHYECKHMH CTHMYJIAMH, KaXIbIi
H3 KOTODBIX B OTAEILHOCTH HHAYLMpYeT MOpdOreHe3 G0K0BO#H NOUKH, Habitio-
TaeTcH cieslyomasn “uHTepdepeHIMoHHas” kapTuHa. [Ipy Gnu3akoM MpunoXeHUH
CTHMYJIOB TeHepHpyeTcs TONBKO OfJHA MOYKa, NIPHYEM DaClOIOKEHHAA MeXIy
MecTamMud Bo3geicTBHA. TakMM 06pa3oM, OKa3bBaecTCA, YTO JIOKAIM3ALMsA
BHENIHero cTumynia MopdoreHesa He COBNAZAET C JIOKaIM3alMed mopdoreHe-
THYeCKOIO OTKJIMKA Ha Hero. 3T0 CBHETENIBCTBYET O TOM, UTO Hpolecc MOpdo-
TeHE3a CTAHOBHTCA CYILIECTBEHHO AaBTOHOMHBIM IOCIe BHeEIUHed HHMIIMAlMH.
BHewHM#l MHIYIMpYOLMHA CHTHAI BKITIOYAET KOJUIEKTHBHBIA KIJIETOYHBIM IpO-
Hece, MCXOJ KOTOPOTO OIpefelAeICs He CTOJNIBKO CAMHM CHTHAJIOM, CKOJbKO
TPYNIIOBHIMH CBOHCTBAMH pPearupyIolLero KJIeTOYHOro MaTepHana.

Ilpu yBenuyeHMH pAacCTOSHMA MeXOy TOYKAMH BHeEIIHEH HHAYKIUM
(puc. 10, 6) cHoBa GopMHpYyeTCA OfHA PACTyLias NOYKa, HO JIOKAJIH30BaHA
OHA yXe Ha OJHOM K3 MecT Bo3fieiictBuA. OTKIIMK B MecTe NpWIOXKeHHs BTOPOTO
nomaensercsd. Ha eme Gonpumx yganeHHAX 062 CTHMYJa OKa3bIBAIOTCA pe3yllib-
TaTHBHBIMH.

Ormeuanocs, 4To mepBbIM HaGIOJAaeMBIM COGBITHEM NpH NOYKOBAHWM FHMA-
POMpOB sABNAeTCA GOPMHPOBAHHE HOMEHA KOJIOHOOGPAa3HbIX KJIETOK B 3KTOJEp-
Me cronoHa. Ha 3TOM OCHOBaHMM Mbl MOXEM IIBITATbCA HHTEPINPETHPOBATH
HUpuBeeHHbIe pe3yNbTaThl B pAMKaX MpeJiCTaBIEHHOH MOJENM CAMOOPIraHH3YyIo-
Wielcs  MeXaHOXMMMUECKOH AKTHBHOCTH KileTok. Puc. 10,a4—e, ToOyueHHbIi
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NyTeM YHCIICHHOTO pellleHuA ypasHeHna (20) IpH pasHbIX BapHAHTAX HaYaNbHBIX
YCJIOBHiH, HMHTAPYOLMX BHEIUHHE CTHMYJIbl, JEMOHCTPHpYET COOTBETCIBYIO-
11y10 ONMHCATENIEHYIO CHIIY MOJIEIIH.

KauecrBeHHOe OGbsicHeHMe NpMBENEHHBIX PE3Y/ILTATOB YHCHEHHOIO aHaIK3a
1akoBo. IIpy MajloM B3aMMHOM Y[afieHMH HAuaIbHBIX OYAroB NOJIAPH3ALMH
(nopsyca WIM MeHbllle IHHbI KOTEPEHTHOCTH IpOLiecca KOHTAKTHOM IONsApH-
samuH R,) 3a cueT 3¢ dexTa KOHTAKTHOH MONAPH3ANKH TPOUCXOIMUT HHAYKLHA
MEXAHHYECKOM aKTHBHOCTH KJIETOK B OGIAcTH MeXIy MecTaMH HHMIMAIHH.
3ateM 30HAa KJIETOYHOH MOJIAPH3ALMHA CYXACTCA 3a CUET HAPACTAIOLIMX TAHIeH-
IHMAIbHbIX HATAXeHHH. ECM jke paccTosiHMe MeXHAy HayaIbHBIMH CTHMYJIAMH K
TOJAPH3aLMY GONblLe XapaKTepPHO#H [JIMHBI KOONEPATHBHOCTH R, HO He NpeBbI-
IAET XapaKTepHOTO pajHyca PaclpoCTpaHeHHs YIpPYro# peakuuu Ry, TO Ofpe-
IE/IAIOIMM OKA3bIBAETCH MMEHHO 3((PEeKT B3aHMHOIO NOHABJIEHHA 3apOJbILCH
nosspusauuu. O6a ovara MONAPH3ALMH B CHITY 3TOTO 3dexTa He MOTYT COCY-
HIECTBOBaTh — coxpaHsAerca auimb omuH. Ilpu ypanenum Ha paccrosAHHA,
npesbuuaonwe Rz, 3BONIONMA KaXKIOTO H3 HAYANbHBIX OYAroB MOJAPHU3ALMK
TIPOUCXOMIMT He3aBHCHMO OT [Ipyroro.

U3 npuBelicHHOH HHTEpIpETAlMH CIEAyeT OLEHKA i ABYX XapaKTepHBIX
pa3MepoB, ABJAOMMXCA (EHOMEHONIOrHYeCKMMH MapaMeTpaMu MOJIEITH R, <
£ 150 MxM; Ry = 250 MxM.

IKcmepUMeNTBI [0 pereHepauwd 3apojsmuedi Mopckoro exa. HauGonee
MOJiHOEe ONMHCAHME ABJICHMA OPMIUEBCKHX PETYJIALMA OAHO B 3KCIEpHMEHTax
Ha 3apOABIIIAX MODPCKOTO €X@. YCTaHOBJIEHO, YTO TaKHe PETyNALMH BO3MOXKHBI
He MO3[Hee, YeM Ha Toi crajuM (Mo3/HAsA GIacTyna), KOraa yCTaHABIIMBaeTCH
cTaGWIBHOE pacwieHeHHe CTEHKH 3apOofblllid Ha IOJIAPH30OBAHHYI0 BEreTaTHBHYIO
IUTACTHHKY M HeNONIAPH30BaHHYIO aHMMAaNbHYI0 vacTh [47]. Perynsauma mocne
yOaneHus YacTH 3MOPHOHAIBHOTO MaTepHana CBfA3aHa KaK C MpOMNOpUMOHAb-
HBIM yMeHbILCHHEM 30HBI MONAPU3ANHMHA B BereTaTHBHOH OGNacTy, TaK M C TeMm,
Y70 B IOJIAPH3ALKIO BOBJIEKAIOTCA YYACTKH aHHMAaibHOH OGNacTH, HOPMAJBHO
B Hell He yYyacTBOBaBILME.

MpuseneM Heckonbko Gonee [eTanbHyi0 KapTMHy Mpouecca peryiAliu.

Ecnu npoM3BecT# ONepamiio He Mo3xe CTafMM cpenHed GnacTyinsl, TO pere-
HepalMOHHBIE NpollecC OTYETIHBO pacnapaeTcA Ha fpe ¢asbl. [lepas u3 HUX
COCTOMT B 3aMBIKAHWM paHbl M XapaKTepu3yeTcsA 3HAUMTeNbHOH Bapuabernb-
HOCTBIO BO3HMKAaoHUMX ¢opM. XOTA paclpoCTpaHeHHe KIIETOYHOMH IOJIApU3ALMH
HMeeT MeCTO Ha 3TOM CTA[IMH, B HEH OTCYTCTBYIOT YepThl F106aIbHOrO KOHTPOJIA.
Ouary TNOJIAPH3ALMH MOTYT CHOHTAHHO (GOPMHPOBATLCA B IIPOM3BOJIBHBIX
MecTax, pasMepbl NOJIAPU3OBAHHBIX OGITacTed He[leTe PMUHHPOBAHDI, HX I'PAHUIIbI
pa3msiTsi [18].

Bropas ¢aza pereHepailiM I0CJe 3aMbIKAHUSA PaHbl XapaKTepH3YeTCA BKIIO-
yeHHEM ITOGANbHON peryisuMu, KoTtopas obecneuuBaeT NpaBUIIbHYI0 KpYHHO-
MaciuTabHyI0 CTPYKTypy paclpefielieHHs NOJIsIpPU30BAHHBIX M HENOJISPH3OBAaH-
HbIx KieTok [18] . OnucanHOe H3MeHEHHe XapaKTepa peryJsilMOHHOTO Ipouecca,
OYEBH/IHO, CBA33HO C BOCCTAHOBIICHHEM IEeJIOCTHOCTH 3apoapmm [18].

Cnoco6HOCTBIO TPOJOJDKATh HOPMAJTIBHOE Ppa3BHTHE MOCHE 3aXHBIEHHA
panbl obnazaeT He NM0GOH (parMeHT GNAcTy/Ibl. KpHTHYHBIM ABIIACTCSH HATHYHE
B 3TOM (bparMeHTe BBIIETICHHOH IpYTHIbl KJIETOK — MHKpPOMEpOB, KOTOpas B
HOpMe paclioNaraeTcsi Ha BEreTaTHBHOM Iontoce 3apoppiun. Tak, Boccranose-
HMA HOPMAJIBHOTO Pa3BHUTHA He HAGIIO[AETCH, €CNM W3OJHPOBAHA TPYNNA aHH-
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MaisHBIX GNIacTOMepOB Ha CTagyH ApoGIeHHA WM AHUMAIBHAA YACTh GIIacTynbl
[44] . Ho nocie nopcapgku B TaKylo, HeClIOCOGHYI0 pa3BHBAaThCA pe/{yLMpOBaH-
Hy©o GnacTylly MHKpPOMEpOB el cOOOILIaeTCA COOTBETCTBYNOINASA CIOCOGHOCTDH
[44] . Tpu 5TOM KONMHYECTBO MAKPOMEPOB MOXKET He HrpaTh porH [44].

C ppyroié CTOpOHBI, IpH TPAHCIUIAHTAIMH B aHHMAIbHYI0 0GJIacTh HOp-
MAJIBHOTO 3apOMBIIA JIOTONHHTENIBHOH TIpYNNBI MHKpPOMepoB HaGmomaercs
XapaKTepHOE yaBOeHHe CTPYKTyp [44].

W3 OpHBemeHHBIX [JAHHBIX, OUYEBHIHO, MOXHO CHENATh [B2 KaYEeCTBEHHBIX
BBIBOJIA: BCE KIIETKH CTEHKH GIIacTYINbl HA PAaCCMATPHBAeMON CTa[MM CIIOCOGHBI
K aKTHBHOH MOpJOIOrHYecKONn MNOJIAPH3AUMH; MeXAHHYECKHe HATSKeHHA B
cTeHKe (peNnaKcupyioume NpH ee PAacCeYeHMH) CYIIECTBEHHBI [WIA OPraHM3aumy
JAJIBHETO MO PAMIKA MPOIEeCCOB KIETOYHOTO Y POBHA.

JIns Goree OCHOBATEIBHON HHTEPIIpETAAM ONBITOB MOXXHO NpHBJIEYh MOIENb,
NpeyIOKeHHYI0 B JaHHOHA paGote. KieTouHyIo CTeHKy Gnactynbi MOXHO Ipen-
CTaBHTh KK H30JIMpPOBaHHbIA (OT YNpPYTO# NMOYIONICH) IMUTETHATbHBIH IUIACT.
Hamuume Typropa B noyiocTd GracTylnibl [IOJKHO NMPENATCTBOBATH COKPAILECHHIO
ee noBepxHOCTH. ['pyGo 3T0 MOXHO HMHTHPOBATH YCIOBHEM MOCTOSAHCTBA
mwiomags iacta. Tem camMpiM Bapuant Mmozenn II xaxercs ageKBaTHHIM B
TIepBOM NPHOIHKEHHH.

Hecnioco6HOCTh aHMMATIBHOM IOJyGIAcTYNBl K MOpdOreHeTHIECKOH aKTHB-
HOCTH YKa3b[BaeT Ha TO, YTO OJHOPOJIHOE HEeNOJIAPA3OBAHHOE COCTOAHHE CTeHKH
ABJIAETCA OTHOCHTENIBHO ycToKumBEIM, Ha sisbike MOMIENH 3TOMY COOTBETCTBYET
o6nacth GHdypKAIMOHHOIO NapameTpa jieBee K PHTHYECKOK TOYKH Ha JHarpaM-
Me puc. 9. Ha 3roM ke si3bIKe MHMKPOMEpaM OTBOIMTCA pPOJIb 33TPABOUHOMH
NONAPH3aUMHM KIIETOK. JTOTO JOCTATOYHO [yIA MHTEpIpeTAl|H ONBITOB IO Moj-
cajie MUK pOMEpOB, IUTHPOBAHHBIX BhILLE.

IIByxa3HOCTh pPeryIsAUMOHHOTO MpONecca Mbl OTHOCHM Ha cueT 3¢dexra
TAaHTeHIMAJIBHBIX HATSXKEHMH. B OTCYTCTBHe TaKMX HATseHHH (HE3aMKHyTas
WIH 3aMKHYTasg, HO CMOpIIEHHasA M3-33 HeJOCTATOYHOro Typropa GnacTyina)
HeJIOKAJIBHOTO WIEeHa B [MHAMHUKE KJICTOYHOH NOJIsApM3alMH HeT. OPOHTHI KOH-
TAKTHOH MOJIAPHU3AMHM MOTYT CIIOKTAHHO 3apOXKHATbCS H paclipOCTpaHATHCA B
TAKOM IUIacTe, HO TPH TOM He BO3HHKAeT OTPHIATENIBHOA OGpaTHOH CBA3H,
KOHTpOJIMpYIOIliel Takoe pactipoctpaHenue. Ilo 310# NpuuuHe KIeTOYHAA NOTA-
pH3alHMsl JIMIIEHA YepT MAKPOCKOIMHYeCKOH YNOPAHOuYeHHOCTH. OKpyrieHHe
3aMKHYTOTO 3apofbillia Ha BTOpOH ¢ase pereHepallMOHHOTO Mpolecca CBHJE-
TeNbCTBYET O BO3HHKHOBEHWM Typropa B €ro IOJIOCTH, a CJIE[OBATelbHO, H O
OABNEHMH TAHTEHUMATBHBIX HATSKGHMH B OrpaHHUMBAIOLIEH SMHTENHATIBHOH
crenke. Hatsxenus, BO-epBBIX, CTAGHITH3APYIOT OJHOPOIHOE HEMOJAPH30BaH-
HOe COCTOSIHHE KJIETOYHOTO IUIACTa M, TAKHM 0Opa3’oM, CTHPAIOT KapTHHY XaOTH-
YeCKOH MOJIAPH3aUMM NEpPBOrO 3Tana; H, BO-BTOPHIX, ABJIAIOTCA MCTOYHHKOM
OTpHIaTENbHOH 06GpaTHOH cBA3H (WieH —(p)), cnocoGHo# oBecriewTs rI0GAITB-
HbIH KOHTPOJIb KJIETOYHOH aKTHBHOCTH. IIpoABIIEHHEM 3TOrO KOHTpOJIA ABNIACT-
CA pa3sMepHAd HHBAPHAHTHOCTb MAaKpPOCKONHMYECKOH CTPYKTYpbl WICHEHHA
IJIacTa Ha 30HBI MOpPGOreHeTHUYeCKOH aKTHBHOCTH KIIETOK, 4TO GbUIO Npo-
JIeMOHCTPHPOBaHO B pasyieie "HeroMoreHHble COCTOAHHS...”

Mopdorenes amdnbuii. Kak Gburo moxasano panee [7], B mopgoreHese
amdubuit OT craguu no3gHed GNACTYNbI OO XBOCTOBOH MOUKH MOXET GbITb
IpOC/Ie)KeHa TOCIIEIOBATENIBHOCTD HECKONIBKUX TMOJIeH HATSKeHHA: MOJIA NO3/-
Hell GNacCTyNBI-TacTPYJbl, HEHPYNBI, a TAaKXe HECKONbKHMX GoJjiee JIOKANIbHBIX
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[moJiei, BHIABIIAEMBIX Ha CTaJMM XBOCTOBOH MOYKH — INOJIA XBOCTOBOH OGIAacTH,
%a6epHO-TOJIOBHOTO paiioHa U T.0. HecMoTps Ha pap clienudHIecKHX pasiTHyuid,
B OCHOBE KaXXAOTO M3 3TUX MNOJIe JIeXHT OOMH H TOT Xe (yHIAMeHTaIbHbIH
TOTOJIOTHYECKHA 3JIEMEHT, KOTOPbIH ONMCHIBASTCA M HalleH MOMeNbio: rpymnma
aKTMBHO TOJIAPH30BaHHBIX KIIETOK, OPHEHTHPOBAHHBIX NOH 3HAYMTEIbHBIMHA
yrIaMH (XOTf M He BCErid TOYHO HEpPNEHIMKYIAPHO) K TOBEPXHOCTH IUIac-
Ta M OKPYXAOIMMH HX KIJIETKAMH, TAHTCHIHAJIBHO pPACTAHYTHIMH MEpBBIMH.
Kaxpoe mociemyioiee rojie co3paercd 3a OTHOCHTENbHO KOPOTKHH IepHOp,
(MeHee yeM 3a 1 Y) M OCTaeTCA 33TEM TOMOJIOTHYECKH HEH3MEHHBIM B TeueHHe
HECKONIbKHX 4acoB. FIMEHHO 3TH MOJIA HEOGXOmMUMBI Wis OGecreyeHHs JaIbHero
nopAgka B MoporeHeTHYECKHX nponeccax [7] .

INocrpoeHMe KaxxEOro TAKOro HOBOIO MOJS MOXHO pAacCMaTpuBaTh KakK
ABJIEHHE CaMOOPraHM3alMH, KOHTPOJMpyeMOe, OJHAKO, HAayaJibHbIMH YCJIO-
BHAMH, 33/1aBaeMBIMH IpeALIecTBYoumMH MopdoreHezamu. Hanpumep, Hauas-
HBIe YCIIOBHA Ij1A OpPMHPOBaHUSA HEHPYJIALMOHHOTO NOJA — KpaHHO-Kay[ailb-
HOe pacTsaXeHHe—JIaTepo-MeJMaJIbHOe C)XaTHe MaTepHala CIIMHHOH CTeHKH,
BBI3BAHHOE TracTPYJIAHMOHHBIMM [BHXXeHMAMH. Ilocmenmyiomas MaccoBas Kiie-
TOYHasA NOJIAPH3aLMA B MNpe3yMITHBHOH HEpBHOK IUIaCTHHKE MOXeT ObITh
B COOTBETCTBHH C Hallleil MOMENbI0 NPAMEBIM pe3yJIbTaTOM 3TOTO CKATHA. ToT
¢daxT, 4TO HepBHaA IUIaCTHHKA (paccMaTpUBaeMasa KaK AOMeH NOJIAPH30BaHHBIX
KJIETOK) Pe3KO OTAelleHa OT OKPYXAlOUMX TAHTeHIHAJIBHO PacTAHYTHIX KJIETOK
B NONEpeyHO#H, a He IPOHONBHOH INIOCKOCTH, TaKXKE COOTBETCIBYET MOZENH,
MIOCKOJIBKY OHa NOCTYNIMpYeT pacllpOCIpaHeHHe BOJIHBI NOJISpU3ALUMH MMEHHO
B TOMNEpeYHO IUTOCKOCTH (cOBHAajaoIueil ¢ HAallpaBJIEHHEM HCXOOHOTO CXaTHsA
KJIETOK) .

Ha 3apogpiuax am¢puGuit HeTpYOHO NMPOBEPHTh OJHO H3 OCHOBHBIX Npen:
CKa3aHMif MOZENH: pelaKcauys TKaHu (yCTpaHeHMe TAaHIeHIMAJIbHBIX HAaTH-
XEHMH) [OJIXHA CIOCOGCTBOBATh KJIETOYHOH MOJNApH3alMH. B Haumx omsiTax
yHO3aBaJIoCh HAGMIONAaTh 3HAUMTENbHYI0 NOJIAPU3ALMI0 KIIETOK B padHoOHaX, HOp-
MaJIBHO PaCTAHYTHIX M HENONAPH30BAaHHBIX yXe Yepe3 HeCKOIBKO MMHYT NOCJIe
HX pelaKcalMd NyTeM Haape3oB. boree NMoapoGHO 3TH pe3ynbraTel GymyT
ONyGITMKOBaHBI IO3KeE.

3akmoueHHe

Ilpn dopmMynupoBKke HacTOAINEH MOMAENH MbI CTPEMWIHCh YIOBIIETBODHTH
YCJIOBHIO He IpHBJIEKAaTh B KadeCTBe MOCTYJIATOB CYLIHOCTeH, KOTOpbIE HENb3s
yXe ceifyac 060CHOBATb JOCTYMHBIMH K CII€ pHMEHTAIBHBIMA JaHHBIMH. [Ipyrum,
CTONb )K€ CyUIECTBEHHbIM TpeGoBaHHeM, GbUIa MPOCTOTa (OPMATIBHOIO OINHCA-
HUs, T.e. MCIONb30BaHHE IO BO3MOKHOCTH MHHHMAIBHOTO YMCIIa HapaMeTpoB
H ypaBHenud. IIpu 3TOM MBI CTapanuce He BBOMTH IIapaMeTpLl M NepeMeHHbIe,
He JOCTYIHbIe TIPAMON KOJIMYeCTBEHHOM OlIEHKE B 3K ClIEpUMEHTe.

Ilpu TaKoH MOCTAaHOBKE 3a/1ayd HeH30eXXKHbI 3HAuMTeNIbHbIE OrpyGIIeHHMs.
HauGonee ysa3BHMBIM 3BEHOM MOJENH ABJIACTCA MpPelCTaBIIEHHE MEXaHOXHMH-
YeCKOM AKTUBHOCTH KJIETOK €[IMHCIBEHHOH IMHAMHYECKOH IepeMeHHOH, ¢u-
3MYECKHH CMBICT KOTOPOH Mbl He YMeeM MOKa OJHO3HAYHO ONpenesMTh. Mbr
PacCuMTBIBAEM, YTO 3TOT CMBICH BBIACHMTCA IO Mepe NanbHEHINero pa3sBHTHA
TEOpHUM, KOT[Aa YAACICA OBOCHOBaTh CNOCOGHOCTh K AKTHBHBIM H3MEHEHHAM
¢$OpMBI KJIETOK Ha ypOBHE MOJIEKYJAPHBIX H HaJIMOJIEKYJIAPHBIX MEPECTPOEK.
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Bnonse BepOATHO, YTO AMHAMHYECKAasA MOAENb UMIOTeNs, pa3pabaThiBaeMas
B nocinequee Bpems OctepoM M ip. [45], chirpaeT posb 3aTpaBKH IIpH MOCTpoOe-
HHM TAKOH TCODHH.

OpHaKo OCTAalWAACA HEONpeNeIeHHOCTh B JAHHOM MecTe He NpeNsTCTBYeT
TOMY, Y4TOGBI OXapaKTepH30BaTh HCIOJb3yeMble NapaMeTpsl MOIENH 3KCIepH-
MeHTaJIbHEIM NyTem. [lapamerp p — Mepa KIIETOUHOH MOJIAPU3AUHM — BaXeH
MIA Hac JIMIb KaK Mepa aKTHBHOH CHJIbI, TEHEPHPYEMOH KIIETKOH. JTy CHIIY
MOJKHO NBITATBCA HU3MEPHTh, HAlpUMEp, METONOM pacceueHmit. Mcrnonb3yemas
B dopmansHO# Mopenn GpyHKIMA f(p), xapaKTepu3yollas TPUrTepHbie CBOACT-
Ba NpoLecca AKTUBHOM JiehOpMALUK KIIETOK, TAKKe IOCTYTIHA IS 9K CIIepUMEH-
TaJIFHOrO aHanu3a. B yacTHOCTH, MOXHO MPEIONHUTh C 3TOH LENbI0 HCCIeNoBa-
HHe 3aBHCHMOCTH CKOPOCTH PaclpOCTpaHeHHA (GpOHTa TONApH3AlMM KIETOK
OT BEJIAUMHBI BHEIIHEH, TAHTeHIMANTbHO PacTATHBAIOILEH MIaCT CHIIBL.

IMocnenuuit (He MO 3HaYEHHIO) BOIPOC, KOTOPHM JIOMKEH OBITH 3aTPOHYT B
CBA3M C NMpeIyIaraeMoi MOJENbIo, KacaeTca obIero nojiooxeHus o6 yHUBepCaib-
HOCTM MeXaHH3Ma Clelu(pHKaIMH NO3UIMOHHOK MHpopMaimu B mopdoreHe-
THUECKMX TIONAX. B MHOTOUMCIIEHHBIX BapHAHTaX TPAHCIVIAHTAMOHHBIX SKCIe-
PHMEHTOB C 3apOABIIIAMH II0Ka3aHO, YTO OPraHM3alHA NPOCTPAaHCTBEHHOTO
MOpPAIKA B MOJIAX PA3TMYHBIX SMOPHOHATBHBIX 3aYATKOB OCYLUECTBIIAETCA MOJ
KOHTPOJIEM . OJMHAKOBBIX MexaHu3MoB [41]. UMeHHO 3TO OGCTOATENBCTBO B
3MBpPHONIOrMYecKoll TUTepaType MpPHHATO OTHOCHTh HA CYET YHMBEPCAIbHOCTH
MexaHu3Ma chnenMUKaAOUH NO3HLUMOHHOH WHpopmauuu. B npepcraBneHHOR
MOJIENI TaKas CHeupHUKaIUA WM pa3sMeTKa MOp(OreHeTHYECKOH aK THBHOCTH
32pOJBILEBBIX KIETOK ABJIACTCA NPOAYKTOM KOIUIEKTHBHOH AMHAMMKH KJIETOY-
HOMt monspuzaumu. IIpeIoXKeHHBH MEXaHH3M HpPOCTPaHCTBEHHOH caMoopra-
HU3alMH 5MOPHOHATIBHOTO MATepHana, OUEBHIHO, MOXeET GBITh YHHMBEPCAJIBHBIM
B TOH Mepe, B KaKOH KOHTAKTHBIH NepeHOC NOIAPH3AIMH MOXET OCY1IeCTBIIATE-
cA MeXAY HOPMAIbHO HEKOHTAKTHPYIOWMMM TKanamu. Mmes B Bumy dyHma-
MEHTANIbHOCTh MEXaHOXMMHUEeCKO#H (HOPMBI aKTHBHOCTH 32 pOJBIIEBLIX KIIETOK,
3T0 KaXeTcs BIOJIHE €CTECTBEHHBbIM. I'MCTONOrMYeckue HAaGIIONEHMSA B TPaHC-
IUTAHTALMOHHBIX K CIEPHMEHTaX HA 3apoipluax aMdubuil 1a0T 060CHOBaHHE
3THM OGILIMM KayeCTBEHHBIM co0GpaxerHuam [23].

JIutreparypa

1. Wessels N.K. |/ Evolution and development. B.; N.Y.: Springer, 1982, P. 115-154.

2. Nardi J.B. [/ Differ. 1981. Vol. 20. P.97 -109.

3. Wessels N.K. Tissue interactions and development. N.Y.; Menlo Park, 1977. 380 p.

4. I'ypeuu A.5. Atnac v ovyepk 5MGPHONIOTHH MO3BOHOYHRIX M YenoBeka: [lpakt. Menu-
nuHa. 1909. 340 c.

5. Heawoea-Kazac O.M. CpaBHHTeNsHas 3MGpHONOrHA GeClO3BOHOYHEIX WHBOTHAIX :
Henomuoyckre. M.: Hayka, 1981. 208 c.

6. Heanosa-Kazac O.M. CpaBHMTenbHas 3MGpuonorus GeclO3BOHOYHEIX >KHBOTHBIX:
UnenucroHorue. M.: Hayka, 1979. 224 c.

7. Beloussov L.V., Dorfman Ya.G., Cherdantsey V.G. [/ J. Embryol. and Exp. Morphol.
1975. Vol. 34. P. 559-574.

8. Reggio H., Condrier E., Louvard D. [| Membranes in growth and development. N.Y.:
Liss, 1982.P. 115-130.

9. Misek D.E., Bard E., Rodriger-Boulan E. [[ Cell. 1984. Vol. 39. P. 537-541.

10. Beloussov L.V., Naumidi L. [| Cell Differ. 1983. Vol. 12. P. 191-198.

11. Beaoycos JLB., JIyuunckas H.H. [/ lluronornd. 1984. T. 25. C. 939-944.



12. Bacuaves IO.M., I'ensghand H.M. B3anmopeiicTBHe HOPMAIEHBIX U HeOIUIaCTHYECKHX
KJeTok co cpeno#t. M.: Hayka, 1981. 220 c.

13. Spooner B.S. |/ BioScience. 1975. Vol. 25. P. 440—-451.

14. Weigel P.H., Schaar R.L., Kiihlenschmidt M.S. et al. /| J. Biol. Chem. 1979. Vol. 254.
P. 10830-10838.

15. Edelman G.H. || Science. 1983. Vol. 219. P. 450-457.

16. Poo M.M., Poo W.J., Lam J.W. [/ J. Cell Biol. 1978. Vol. 76. P. 483-501.

17. Bell G.I, Dembo M., Bongrand P. /| Biophys. J. 1984. Vol. 45. P. 1051—-1064.

18. Beaoycos JI.B., bozdanoackuii C.B. [[ OnroreHes. 1980. T. 11. C. 467—475.

19. Beaunyee B.H., Feaoycoe JLB., 3apaiickuii A.I. || Tam xe. 1985. T. 16. C. 5-14.

20. Yepoanyes B.I. || Tam xe. 1977. T. 8. C, 335-360.

21. Middleton C.A. [/ Exp. Cell Res. 1977. Vol. 109. P. 349—-359.

22. Yamada K.M., Olden K., Hahn L.-H. || Cell surface. L.; N.Y.: Acad. press, 1980.
P. 43-78.

23. Beloussov L.V. || W. Roux’ Arch. Develop. Biol. 1980. Vol. 188.P. 1-7,

24. Ierpos K., Beaoycoe JI.B. [/ Ourtorenes. 1984. T. 15. C. 643—-648.

25. Beaunyee B.H., Benoycos JLB., 3apaiickuii A.I, Boasvxenwreiin M.B. || IAH
CCCP. 1985. T. 281. C.-708—711.

26. Jianoay JIA., Jlugwuy EM. Cratuctmieckas c¢usuxa. M.: Hayka, 1976. 583 c.

27. Beaunyes B.H., Casuu [1. [/ Buodpusuka. 1985. T. 30. C. 284-291.

28. Jlanoay JLA., lugwuy E.M. Teopusa ynpyroctu. M.: Hayka, 1965. 202 c.

29. Aucmuty J.F.G., Nicolis G. [/ Bull. Math. Biol. 1975. Vol. 37. P. 589-601.

30. Haken H, || Rev. Mod. Phys. 1975. Vol. 47. P. 67—103.

31. Kuramoto Y., Tsusuki T. [| Progr. Theor. Phys. 1975. Vol. 54. P. 687—-699.

32. Belintsev B.N., Livshitz M.A., Volkenstein M.V, || Ztschr. Phys. B. 1981. Bd. 44,
S. 345-351.

33. Beaunyes B.H., Jlupuuy M.A., Boavkenwrein M.B. /| JAH CCCP. 1981. T. 257.
C. 487-491.

33a. Belintsey B.N., Livshitz M.A., Volkenstein M.V. [/ Phys. Lett. A. 1981. Vol. 82.
P. 375-377.

34. Meinhardt H. Models of biological pattern formation. L.; N.Y.: Acad. press, 1982,
230 p.

35. Kepuep b.C., Ocunose B.B. [ X3T®. 1978. T. 74. C. 1675—-1686.

36. Ppanx-Kameneyxuii J.A. Nuddy3ns u Tewonepenaya B XUMHIECKOH KHHETHKE.
M.: Hayka, 1967. 491 c.

37. Jlugwuy M.A. || Buopusuxa. 1984, T. 29. C. 699-705.

38. Nitzan A., Ortolewa P, /| Phys. Rev. A — Gen. Phys. 1981. Vol. 21. P. 1735-1755.

39. Sattinger D.H. [ Atch. Ration. Mech. and Anal. 1971. Vol. 43, P. 154-168.

40. Wolpert L. |/ J. Theor. Biol. 1969. Vol. 25. P, 145,

41. Sengel Ph. Morphogenesis of skin. Cambridge: Univ. press, 1976. 315 p.

42. Plickert G. [/ Developmental biology of coelenterates. Amsterdam: Elsevier: North-
Holland, 1980. P. 185-193.

43. Horstadius S. Experimental embryology of echinoderms. Oxford: Clarendon press,
1973. 374 p.

44, Oster F.G. |/ J. Embryol. and Exp. Morphol. 1984. Vol. 83. P. 329-340.

45. Oster F.G., Murray J.D., Harris A.X. |/ Ibid. 1983. Vol. 78. P. 83-125.

46. Beaunyes b.H., Eenoycoe JLB., 3apaiickuii A.I'. [| OnroreHes. 1985. T. 16. C. 437
449.

47. Beaunyee B.H. || Ycnexu ¢us. Hayk. 1983. T. 141. C. 55-101.

Ipunoxenne A

YpaBuenus (3)—(6) HawT 3aMKHYTOe ONMHCaHME KOJUIEKTMBHOH AHHAMHKH
KJIETOUHO# NONAPH3aUMM B MOJelIbHOM Iacte. OHAKO 3TO ONMCAHHE MOXET
GBITh PENYIMPOBAHO [0 OIHOrO JMHAMMYECKOIO YPABHEHHA cllefylouumM o6pa-
30M.

TeH30p MexaHHYeCKHX HANpsOKEHUH, KOHTPOJIMPYIOLMX PacClpOCTpaHeHHe
KJIETOYHOH NOJIAPH3alMU, B COOTBETCTBHHM .C (3), HMeeT [Be COCTABJIAIOLINE:



AKTUBHYIO, CBA3aHHYI0 C BHYTPHKJIETOYHOH AMHAMHKOM, ¥ MACCHBHYI0 — UHUCTO
ynpyryio
O = G?er + Oiinp. (Al)
IlepBas BoIpaxcaeTcs uyepe3 3HaueHHe NapaMeTpa IONIAPU3ALMM P COOTHOLIle-
HueM (4). Bropas cBs3aHa ¢ BeKTOpoM fedopManuH i BeipaxeHuem [28]
Tro}'? = E/(1-0o)divir (A2)
BenuunHa div 7 HaXOIMTCA HHTerpHpoBaHHeM ypaBHeHus (6). Bepsa onepa-
uHio div OT 3TOr0 ypaBHeHHUsA, HMEEM
—Q+R; AQ +AAp =0, (A3)
re UCNOoJIb30BaHbI 0603HAUEHH
Q = kTro)™®; R = En/q(1-0*); A = ekE/q(1-0). (A4)

Pentenne ypaBHeHus (A3), cTpemsileecss K Hylo IpH r = ©° NIpeCTaBlAET-
cA B BUle

A o ,e
Q= S Ko (1 FF1/Rg) Ap (F, 1) d°F, (AS)
d
roe Ko(p) — pyHxuua MakoHanbJa, ABJIAIOILAACA pelieHHeM ypaBHEeHHA
—Ko + R;AKO = 7d (p). (A6)

Crenyiomme nmpeoGpa3s’oBaHUA MO3BONAIT HCKIIOWATh UG EpeHUHANbHbIA
oneparop Ap u3 uHTerpana (AS):

JKoAp d®F = [divK, (Vp)d*¥ = [div(KoVp)d’F — [VK,Vp d*¥ (AT)

IepBoiit uHTerpan B npaBoil uactd (A7) 3aMeHsAETCA KOHTYpPHBIM MHTerpa-
0M

[div(KoVp)d*F = § Ko (A V p)dl (A8)
L
Y MCUYe3aeT NIPH FPAHHYHOM YCIIOBHH
Vaplp = 0. (A9)
Bropoii unterpan B (A7) npeoGpa3syercsa aHATOTHYHBIM 0Gpa3oM
—[VKoVpd?F = —[V(pVKo)d*F +[pOKed?F = (A10)

=-$7p VKo dl + [p AKod?F.
L

Oyukuua K, 6bicTpo y6bIBaer ¢ pocrom aprymenta Ko =+/n/2 pe~?
IloatoMy is TOuek, YAaTeHHBIX OT I'paHULl IUTAcTa HAa PaccTOsSHUA > Ry, Nep-
BbIi MHTerpan B npaBoi yactH (A10) npeHeGpexwmmo man, HakoHel, Hcnons3ys
onpenenenue pyHkuuu Ko (ypaBHenne (A6)), HMeeM

IpAKd’F = —p(®) +1/nR? [ Ko (IF-F|/Rg) P (F, 1) d°F. (A11)
Ok OHyYaTeIBHO NOJTy4aeM
kTroy =ke/nR? [ Ko (F-FI/Ry)p (F, D) d*F . A12)
d
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Mpunoxenne B

BucrabuwisHOCTD JIoKanbHOH muHaMukH (f(p)) mwioc GakTOp KOOMEpaTUB-
HOCTH, NpeJiCTaBJieHHble B ypaBHeHun (12), kax u3BectHo [36], 3apjator acum-
TOTHYECKOE COCTOSIHHe THIIa JOMEHHBIX cTeHOK. OnHaxo 6e3 MONONHHMTENbHBIX
OATLHONEHCTBYIOIMX MEXaHU3MOB He BO3HMKaeT YCTOWUMBEIX MECTOIONIOXKE-
HMH TaKMX cTeHOK. Ecrm crenka chopmMupoBanace Ha JOCTATOYHOM YHIAJIEHHH
OT rpaHHIl, OHa JIBHXETCA C NOCTOSHHONH CKOPOCThI0O B TOM WIH HHOM Hamnpasiie-
HMM B 33aBHCHMOCTH OT 3Haka HHTerpana [ fdp. ®akTop HambHOMEHCTBUA
—(p) oxa3pIBaeTCA HOCTATOYHBIM i PHKCAIMK CTEHKH B OJHO3HAyHO OIpe-
HeNeHHOM IIOJIOKEeHUH .

CocrosiHMe ¢ eIMHCTBEHHOH NOKoOseHcA CTeHKOW B ypaBHeHun (12), yna-
JIeHHOH OT rpaHuu otpe3ka [0, L] Ha paccTosiHus, CyLIeCTBEHHO NpeBOCXOHA-
ume UMPHHY NepexoHo#t 30Hb1 8~/ D7, XapaKTepH3yeTcs 3HaUeHHAMY N1apa-
METpa P B ABYX AOMEHaX Py M P, U KOOPOUHATOH CTEHKH IO OTHOLIEHHIO K Tpa-
Hunam. s npousponsHol U-06pasHoil pyHKuun f(p) yka3aHHbIe XapaKTepHC-
THKH MOTYT ObITh Hal/IeHbI CIIEYIOIUM 06pa3oMm.

K rpaHuyHbIM yciioBUAM (27) mo6aBasAioTca JIONOMHHTENbHBIE

Pyxx IO,L =0, (B

DHKTyeMble TpeGOBaHHeM TOMOTEHHOCTH pachpefenieHns p(x) B mpenenax
[OMEHOB, YpaBHeHHe [UIf CTALHOHAPHOTO pacipeneneHus p(x)

1/7 f () + Dp Pxx — ke qL/(K +qL){P) =0 (B2)
IJ1S YYAaCTKOB IUIAaTO BGIIM3HM TPaHMI] 3aIHChIBAETCA B BH/IE

f®) =E®@), E= kerqL/ (K+qL). (B3)

Cuntas 37ech (D) Toka HeompepejieHHpM mnapamerpoM: C = E (B), mm

MoxeM Mpencrasuts paBeHcTBO (B3) rpadpmueckn (cM. puc. 11). 3nayeHue
aprymenta ¢byHKmuu f Ha ypoBHe C I MaJalolmx BeTBei KpuBoi f(p) 3amator
3HAYEHUA CTelleHH NOJIAPU3ALMH Py U P, B IOMEHaX.

Danee onpenensercs koHcranta C (T.e. (p)). IlepBprt uHTerpan ypaBHeHUs

Puc. 11. I'padpuyeckoe omnpeneneHne NapaMeTpoB P, P,, (P), XapaKTePU3YOLIMX HAOMEH-
Hele naTTepHs! P (x) B mogenu 11
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(B2) BMecTte ¢ rpanuuHpIMU yCTTOBHAMH (27) maeT paBeHCTBO

A®-_CAp =0, (b4)
rge
D,
Ad = [ f(p)dp; Ap = p,-p:. (B5)
Py

Ha rpajuxe puc. 11 3TOMYy paBeHCTBY COOTBETCTBYeT YCIIOBHE PaBEHCTBA
3aL0TPHXOBAHHBIX ITowazei. OueBHAHO, 3ITHM yCIIOBHEM KOHCTaHTa OJHO3HAYHO

OnpefeneHa.
C HafileHHPIMM 3HAYEHUAMH Dy, P, U (P) U3 paBEHCTBA
(p)=py + Apx; x = L/L (B6)
n (B4) onpenenserca pasMmep NONAPU3OBAHHOTO OMeEHa [,
I, ~L.A®/E (8p)>. (B7)

B mpenenbHOM Cllyyae >KECTKOrO 3aKpelUleHMs rpaHuL mnacra gL > K oTHo-
mieHue [, /L oKa3pIBaeTCA HE3aBMCHMBLIM OT MONHOro pasmepa L. Takum oGpa-
30M, NPONOPHMH IOMEHHOTO WIEHEHHS — OTHOLIEHHE Pa3MepOB HONMAPU30BAH-
HOM M HeMOJIAPU3OBAHHOM obyacre — OKAa3pIBAlOTCA HHBAapHAHTHEIMM 110
DTHOIUEHUIO K 06mIeMy pa3Mepy Iiacra.

Bonpoc 06 ycTOWUMBOCTH OIMCAHHOTO MAKPOCOCTOAHHA IO OTHOLIEHHMIO
K eCTECTBEHHBIM MaJIbIM BO3MYILEHHSM Npoduns pP(x) pelraeTcs aHAIMTHYEC-
KHM IyTeM 1o BenmuHueBy. YaeTcst noKa3arh, YT0 HMeHHO GMHApHAsA CTPYKTYpa
(cocTosiHMe ¢ eIUHCTBEHHOH NOMEHHOM CTEHKOH) aCHMIITOTHYECKH Y CTONUMBA.

YK 910.1 : 536.75

Camooprann3anus 3eMHOI NOBEePXHOCTH
(reorpajgmueckas CHHepreTHKa)

A Apmano

HucruryT reorpadpun AH CCCP

CoBpeMeHHasA HayKa O CaMOOPraHM3aUMH — CHHepreTka [8] — Bo3HMKIa
Ha OCHOBE MW3yYeHHs IJIaBHBIM 00pa3oM ¢H3MYECKHX, (PH3UKO-XMMHYECKHX,
OTYacTH GHMOJIOrHYeCKHX sABJIeHMH. Mexpay Tem reorpaduyeckas cpefa Kak B
OpUPOMAHOH CBOeH YacTH, TAK U B COUMATBHOH MOXeT ObITh CMOCOOHa HaTh
HauGonblilee pasHOOOpas’ue MPUMEPOB BO3HMKHOBEHMA NOPAAKA M CTPYKTY Dbl
Ha MecTe xaoca u ogHooOpa3us. [lonpo6yeM o6paTHTs BHUMAaHHE HA HEKOTOpBIE
M3 HEX B HacTosLIeH cTaThe.

Bce cucreMbl, KOTOpbIe IO TPaJKUUH OTHOCATCA K reorpadpuyeckum, BO3HU-
K0T U CYILEeCTBYIOT O1aroaaps HellpepbIBHOMY HITH Ile pHOIMUYECKOMY NPUTOKY
COITHEYHOH MIIM TelUlypHueckod 3Hepruu. CamMoopraHusauus — 370 pabora,
KOTOpasi He MOXeT cOBeplIaThca Ge3 JOCTATOYHOrO 3HepreTMUecKoro obecre-
yeHus. UToOsl 3Heprus Obla HallpaBjieHa Ha YBelWyeHHe NOpAOKaA, a He HA060O-
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poOT, TpebyeTcs, HaTHWMe ellle HeKOTOPBIX YCIOBMi, 0 KOTOPEIX GyaeT CKa3aHo
B KOHIe, [Iocile pacCCMOTPEHHA IPHMEPOB.

Jlna HaBefeHHA MOpAAKa B Xaoce ¢eHOMEeHOB reorpadpuyecKOi CHHEPreTHKH
BBOIMTCA paGouast, MpeBAPHTENbHAS KIACCHPHKALUMA ITHX ABJIEHHH, BO3MOX-
HO, HE[IOCTaTOYHO CTPOrasf C TO3HIMH JIOTHKH.

OGpasoBakne NACCHBHBIX CTATHIECKHX CTPYKTYP
B H30TPOMHOM cpene

K crpykTypam 3TOr0 THNA MOJXHO OTHECTH NpEXMe BCEro ceThb TPEUIHMH,
BO3HHKAOIMX HAa BBHICOXIICH FJIMHUCTOM NOBEPXHOCTH. TpeumHml 06pasyoT
HOJIMTOHBI C YMCIIOM CTOPOH OT 3 7o 8, uame 5—6. PazMepnt MoNMroHoB Bapbu-
PYIOT B [OBOJIBHO Y3KHX IIpefieNiaX, CpedHuil pasMep 3aBHCHT OT CBOHCTB CyO-
cTpara. BO3HMKHOBEHMI0 TpelMH NpeAllecTBYeT 06pa3oBaHHe H30TPONHOTO
OBYMEpPHOTO HaNpfeH!s B MOBEPXHOCTHOM CJIO€ TIMHHCTOIO OCafiKa B pe3yib-
TaTe COKpalieHHA ero mromami. C MOMOIIBI0 TPEIMH TPOHCXOIMUT pa3spaaKa
HallpsOKeHHsT, KOTOpas 3aXBaThIBAeT N0JIOCY HO 06¢ CTOPOHBI TPEIMHbI C LIMPH-
HoO#t n, paBHO#H “paccrosnuio penakcauuu’ (puc. 1). losBnenue cocenueit Tpe-
IMHBI NPOMCXOPHUT He GIMdKe, 4eM Ha PAacCTOSHUH 7 OT NepBOH M He [ablile,
uem 2n. Taxum 06pa3om, NepBasi TpewuHa, NPOIIEAIIas B CAMOM Cl1abom MecTe
BBICHIXAIOIIETO OCafKa, 3a/iaeT HanpaBleHHe H MONIOXKEHHE, XOTA He XKECTKO, Wi
cepun nomoGHpIx 06GpasoBaHMit B cBOei OxpecTHOCTH. [lockonbky HanpsxeHue
H30METPHYHO MO IUIOCKOCTH, aHAJIOTHYHAA CepHs BO3HMKAET NMEpHEHOUKYIAPHO
WK nop, GONBIUMMHE YI1aMH K TiepBOii, GOpMHPYS TMOMUTOHbI. MelkHie HeOZHO-
POOHOCTH OC3[IKa K NOBEPXHOCTH, HEOHFHOBPEMEHHOCTh BBICBIXaHMS HapYIUAlOT
NpaBWIBHOCTb CETH, OJHAKO 3aKOHOMEPHOCTh NPOSABIIAETCA KaK TEHACHIMA H
OGHapyXMBaeTCA CTATUCTHYECKUMH MEeTOIaMH.

AHanoruyHas HNPaBHIIBHOCTh HAGMIOJAeTCss OOBIYHO B PACIONIONEHHM Tpe-
LIWMH, PacceKalouMX ropHeie Nopospl. OHM 06pasyloTcs NOJ, AeHCTBHEM TeKTO-
HMYECKHX CHJ WM NPH OCTHIBAHWM MarMaTHueckux Tesl, HHTepBann1 Mexay Tpe-
IMHAMM PEryNHpYITCA BCe TeM Xe paccTosHneM penakcaumu. OcoGeHHO
BBIpa3uTeNeH PAMATbHO-KOHIECHTPHYSCKHA PHCYHOK TPELIMH, TAK Ha3sBaeMas
“yepenaxopas CTPYKTypa’, HAGMIONAIOWMIACA Ha IOBEPXHOCTH KYNONIOO6Pa3HbIX
CKJIaioK, GpaxHaHTHKIMHANeH. CucTeMa TEKTOHUYECKMX TPeLMH HepeaKo Ipo-
AIBJIAETCA B PUCYHKe THApOrpaduuecKoi ceTu.

Bonee win MeHee perynsapHOe NOBTOpeHHE OJHHX M TeX Xe CTPYKTYp Ha
OIHOPOIHOM NOBEPXHOCTH 3eMHOH CYlM — OGBIUHBIA MPU3HAK TOTO, YTO MOBEPX-
HOCTb CAMOOPraHM30BIach B TaK Ha3blBAEMYI0 OJHOPONHYIO, HIIH KOPIYCKY-
napuyio [4], cucremy. Kak ¥ npu o6pa3oBaHHH TpeUWH, Pa3sMeps! AueeK 3aja-
I0TCA TOPH3OHTANbHBIMM B3aUMOIEHCTBHAMH MEXAY 3eMEHTaMH CHCTEMBI,
B KauecTBe TAKHX AuYeeK MOTYT BBICTYNaTh BOAOCGOpHbie GacceHHbI MepBOro
nopAnKa, HUBaIbHblE Kapbl. M3BECTHYI0 IPaBWIBHOCTb MOXHO OGHApYXHTh B
PACIONIOXEHHH CTENMHBIX 3aNaJHH, MeXaHH3M, peryupyOiHi pacCTOAHUA MeX-
Ay TOHMKEHHSMH, COCTOMT B BETPOBOM IepeHOCe M HaKoIUleHuu cHera [2].
HelcoTOpBIi MEHHMAJIBHBIH IPOMEXYTOK HeOGXOIMM Mis TOTO, YTo6b! BO Bpems
MeTelH C 3TOro YyacTKa MO0 GbITh CHeCeHO HOCTaToyHOe IJisi ©06pa3oBaHUsA
CllefyIomieil 3amafuHbl KOJIMYeCTBO cHera. B OfHa)(ipl HAMETHBILMXCS MeCTax
KOHIUEHTpaUMK TBEPMBIX OCAJIKOB HAYMHAETCS PaccolieHHe M NpOcajKa MOuBhI,
BBIPACTAI0T NOMBIHb, CTENHBIE KYCTAPHUKHU, 3a[iepKMBAIOLIME CHET, M Manblue
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Puc. 1. PacmpeneneHue HampsokeHHHt Hal TpelIUMHAMM BBICHIXaHHA TIIHHHCTBIX TPYHTOB
P — BeJIAYMHA HANIPSDKEeHHusA; | — PACCTOAHME; N1 — PACCTOAHME PeJaKCauHH

pasBHTHe 3aNafMHBI MJET M0 cxeme caMoycwieHus. Takum oGpasom, paccros-
HHME pelaKcaluuH (PU3HUYECKOTO HalpAXEHHA 3aMEHSETCHA 3[1eCh PacCTOAHMEM,
Ha KOTOpPOM IIpeKpallaeTcs NefCTBHe “KOHKYPEHIHMH ™ 32 pecypc — 32 CHer WIIH,
ecny peub HieT o0 Bouocbopax, 3a BOY.

KoHkypeHima (yxe Ge3 KaBbIueK) 3a CBET, BIIATY M MUTaTe/IbHbIE BELIECTBA
NOYBBEI MOXeT OBITh NpPUYMHON BO3HMKHOBEHMS PEryNfApHBIX (OTHOCHTENBHO)
PACCTOAHHMI MY HepeBbiAMH B jtecy. MHOrza, Bipoyem, B ¢puroueHo3ax Geper
Bepx Apyrad ¢opma CaMOOPTaHM3aUMH — KIAaCTepU3alus, WIH CTATHBaHHE
pacTeHHit B OFHOBHAOBbIE IPYTIIb, KYPTHHBI, NapLESLIIBI.

CBoeo6pa3Hble (POPMBI CAMOOPraHH3alMH 0GpPa3ylOTCA Ha NepeyBaXHeHHOH
NOBEPXHOCTH cyum. ChIpble JIyra M HU30BEIE 6ONI0Ta NOKPHIBAITCA KOUKAMH —
HpPUIOAHATHIME Haj, OOlie# TNOBEPXHOCTBIO JEPHMHKAMH U3 IUIOTHOKYCTOBBIX
37aKOB WIH 0cOK. CeTh KOUeK M pasfeNAoHX X JIOXKOMHOK HepeaKo MO3BO-
NIAET 3aMETHTH OTNpefieNieHHYI0 NpPaBWIBHOCTh B MX B3aHMHOM PacTIOIOKCHHH.
Bapuamuu pasMepoB (IMameTpOB H BBICOT) KOUeK Takxe HeBelmukH. Huxorza
He ypaBaloch HabmomaTh, 4TOGbI KOUKH, pa3spacrasich B UMPHHY, CMbIKTHCh
B e[MHYI0 noBepxHocTh, OueBHOHO, pacwieHeHHe MOBEPXHOCTH CBIPHIX JIYTOB
Ha [JBa YpOBHA — YCTOHUMBOE CBOMCTBO, BBITEKAIOILiee U3 PUPOIBI ITHX 0Opa-
30BaHMil, MOXHO Mpe[IONaraTh, YTO CTpeMJIeHHEe PACTCHHH NPUIIOTHATH CBOIO
KOpHEBYI0 CHCTeMYy Haj, YpOBHeM ONHM3KOH K IOBEPXHOCTH PYHTOBOH BOJIbI
BLI3BIBaeTCA (PU3HONIOTHYECKOH MOTPeGHOCTBIO 06ECIIEUNTh IbIXaHHe KOPHEBBIX
BonockoB, C [pyrodl CTOpOHbI, MHMHepalbHOe H BOJHOe NMHTaHWE DacTeHHH
He NMO3BOJIAIT UM CTPOMTH CITALIKOM BHICOKHE “NbefieCTallbl”’, HHaUe HAYMHAETCH
rojiofiaHMe pacTeHui, Pacmpepenenne KOyeK Ha MOBEPXHOCTH perynupyercs,
NO-BUAAMOMY, TEM, UTO IIpH CIMUIIKOM TECHOM CMBIKGHHH MX IpPYyT C JpPYroM
3aTpy[HAECTCA OTTOK NUlIHe# BOIbI B JIOXKOHHKH, MOBLIILAETCA OGILMA ypOBeHb
BOJHOrO 3epKala H BCe IPEMMYILECTBA NPUIOAHATHIX YYACTKOB JIepPHOBOTO
C10s1 IPONAAaIoT,

AHANOTHUHBI MeXaHH3M NPHBOAUT K POCTY MOXOBBIX KOUEK, MOOHMMAI0-
UMXCA Hajl YpOBHEM COCE/IHMX MOYaXHMH Ha BEpXOBHIX charHOBeIx Gonorax,
KOrfia pasMepbl GONOTa JOCTATOYHO BeNHKH, TAK YTO (pWIBTpauusa BOOBI K
KxpaaMm Gonora 3aTpynHeHa.
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HecmoTps Ha ABHbIE OTIMYHA 3THX (OPM NMOBEPXHOCTH OT TPELUMHHEIX TIOJNH-
FOHOB, MX OObeHHsAET CIIOCOGHOCTD MeMEHTAPHBIX 06pa30BaHuil (KOYEK M Tpe-
IIMH) K “panpHOfedcTBHIO”, Kaxgas manmas ¢opma, OOHAKIbI BO3HHKHYB,
TIpefOTBpaIiaeT 06pa3soBaHue NONOGHBIX (GOPM B HEMOCPEACTBEHHOH GIIM30CTH
OT Hee, Ha pacCTOSTHMHM, MeHbllIeM “’pacCTOAHUA penakcauun’. OgHOBpeMeHHO.
H30BITOK HAKOIUIEHHOH B GHOJNIOTHYeCKOH WIM MexaHuuecKoi ¢dopMe 3Hepruu
He [1aeT MPOMEXXYTKAM CTaHOBHTHCA CTHIIKOM Gonbummu, OFciofia — BO3HUKHO-
BeHHe MPOCTPAHCTBEHHONW PpEeTyNAPHOCTH B CBOEOOPa3HBIX [JHUCCHIATHBHLIX

CTPYKTYpax.

OGpa3oBaHHe aKTHUBHEIX CTATHYECKHX CTPYKTYp
B H30TPOIHOJ cpene

Cnenyiomas rpynna CaMOOPraHH3YIOMIMXCS CHCTEM OTIIMYAETCA OT INpenbl-
AYLed [OCTaTOYHO YCJIOBHO JIMINb TeM, YTO B HHUX NPUCYTCTBYET JJeMEHT, OT-
BETCTBeHHbIH 32 BhIOOp Mecra, xHBOe cymecTBO. OT MHOXecCTBa “pelueHuit’’
3THX aKTMBHBIX 3]IeMEHTOB 3aBMCHMT, HACKOJIBKO 3aKOHOMEpHBIM Oymer CTpoe-
Hie Bcell pasBepHYTOH Ha IuTomamu cucTeMsl. Tax, NpH BoIGOpe MecCT JUIf THe3N,
NTHLBI (Cpedy NMpoyero) NPHHUMAIOT BO BHUMaHME pacCTOsiHMe O ’coceneit”
TOro sxe Bu/a, IIpu HaHeCeHMM CeTH IHe3[OBBIX YYACTKOB Ha KapTy OGHApYxH-
BaeTCA HeCIyYaHHOCTb PacCTOMHMIA Mexay HUMH, To ke OTHOCHTCH K pasmelle-
HHI0 KOPMOBBIX H OXOTHHYBHX YYacTKOB HeKOTOPBIX XHWBOTHBHIX, OCOGEHHO
XHBYIUMX B IOCTOSTHHBIX HOPAaX: CYpPKOB, NecOB M [p. PerynapHeiM pa3melie-
HHEM OT/IMYAeTCA CeTh MYPAaBEHHHKOB, 3 TAKXKE CETH METEOCTaHIIM, IOYTOBBIX
OT/eNeHuH, CeIbCKHX COBETOB,

Heckomnsko Gonee CIOXHYI0 CTPYKTYpY 06pa3yioT JIIO[H, pacloNOXUBIIMECH
A orapixa Ha wiske, [o pamnpiv I1, Xarrera [7], paccrosnus mMexay 3aro-
palIMMH TATOTEIOT K TpeM MAaKCHMyMaM paclipefeleHusM. MeHplme Bcero
PaccTOAHUs Mex(Ly BII0GIIeHHEIMH, 06pa30BaBILMMH Napel. Chenyomui uHTep-
Baj 06pa30BaH cOOpPAaBIMMHCA B KOMIIAHHH 3HaKOMBIMH M, HAKOHell, HanGoJIee
yZaneHsl ApYT OT ApYTa He3HAKOMbIE OTABIXAOLIHNE,

IIpuMep U3 coBeplleHHO Apyro# o6nactu. Kyun nucteeB, coGpaHHpIx yGop-
INMKaMH B OCeHHeM cajy, HOJOGHO HOPaM >XWMBOTHBIX WIM THe3[aM OTHl, Je-
MOHCTPHPYIOT HAJIHYME OIpefeJIeHHOr0 MeXaHW3Ma B3aMMHOTO “OTTAJIKHBA-
HUA,

Bce 3TH CHCTeMbI B TOH WIM MHOH Mepe IpOSBIIAIOT TEHOEHUMIO K TUIOTHEH-
ulell YNaKOBKe CBOMX 3MIEMEHTOB, MOCTYJHPOBAaHHYIO TeOpHeH LEeHTPaTbHBIX
Mect A. Kpucramepa [6]. ImemMeHTapHO! siueiicod, COITIaCHO TEOPUM, ABIAETCA
HIECTHYTONIBHUK, B BEPLUIMHAX M LEHTpPe KOTOPOTO pACIONAralTCcs “UeHTpalib-
Hble MecTa”, JTOT TepMHMH aBTOpP OTHOCHJI INpexHhe BCEro K NpeIpHATHAM
TOProBjiH, OJHAKO TeOpHs NPUMEHHWMA TaKXe K IEHTpaM, BBINOJIHAIIHM H
npyrue GYHKUMH M TIpOCTO K HaceleHHbIM NMyHKTaM, PacnonoxxeHue peapHbIX
TOpOJIOB M JiepeBeHb onpefensaeTcd MHOTHMH ($aKTOPaMH, HO Cpeii HUX HTPaIoT
CBOI0 POJIb ¥ MEXAHM3MBI, PETyIMpYyOIUHe B3aHMHOe yZialleHHe 3TeMEHTOB OJJHO-
POIOHBIX CHCTeM, JIJiA CeTH CelIbCKMX HaceJeHHBIX IIYHKTOB “TAKHM MEXaHH3MOM,
OYEBMJIHO, CITYXHT €CTeCTBEHHasA NMOTPeGHOCTh KPECThAH B NAXOTHBIX, MACTOUIL-
HbIX M Opyrux yropbsx, Ilpw 3ToM npuHUMD “narsi 3a paccrosiHue™ TpeGyer
pacnionararb AepeBHI0 (XyTOp, BBICENIKH), KAK MOXHO GJIMe K cepequHe IJIO-
IWagM YroaMi, HOpy, FHe3[0 — K cepellMHHe KOpMOBOTo yuacrka, Orciopa u BO3-
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HMKAeT HeCIYYaHOCTb B3aUMOPACTIONIONEHMS GBS Nofed H >XUBOTHBIX,
MpOCTPaHCTBEHHAA CAMOOPraHH3alMA.
[IpHHIMIMAIBHO T2 Xe 3aKOHOMEpHOCTb MeHCTBYeT NpH ¢opMUPOBAHUH
crpymypm PacIoNoXeH|s: IOMOB BHYTpH cem:cxnx " u;a>|<e rOpOJICKHUX Nocesle-
Boripeky TrOCHIOACTBYIOIIMM 3[eCh CHIAM “’CKATHA” WIIH, €CIH YTOOHO,
”nsanMHoro NPUTAXKEHUA HOMa PAcNoJaraloTCa Ha HEKOTOPBIX PACCTOAHMAX
ApYT OT Jpyra WiM XOTs Obl NMepHOOMYecKH NepeMexalorcs msopamu. Ho mo
Mepe 3acTpOHKHM KBaprana, KOrfid OHa NpPOXONMT CTUXWWHO, BO3HHKaeT U
HauMHaeT “IABMT” HAa CTPOMTeNled TpaHCNOpTHas npobiema, NOTpeGHOCTH B
nytax coobmenus. Hapacraiomas HampsXeHHOCTh NMpoGNeMbl B HEKOTOPBIA
MOMEHT pa3psakKaeTcs “TPelUMHON™ B CIUIOLIHOM MACCHBE JAIbA — NepeyIKOM.
HecKoNbKO KBapTanos, pasfelieHHbIX NepeyiKaMu, OTPaHHUMBAIOTCA Gostee LM~
POKOH Marucrpanbio, ynmuueii. Kak M IIpd pacTpecKMBaHMM 3eMIH, pasMep
3NeMeHTapHON siuelikH — KBapTaja — ONpeNeIAeTCA PaCCTOSTHUEM peNaK CaliuH,
TIpeIOMIIEHHBIM B 3TOM CITy'4ae uepe3 CO3HaHue JTIofieH.

JuraMuYecKHe paBHOBECHbIE CTPYKTYPHI B OTHOPOIQMO#H cpenie

CTpPYKTYphl, O KOTODbIX IOHJET peub HHxe, OONafalnT CMOCOGHOCTRIO CY-
IIeCTBOBATh B IIOJBUXXHOM cpefie, HEMPEPHIBHO OOHOBIIASA Cliaraloiiee X BeulecT-
BO, HO COXpaHsif NpH 3TOM (opMy. IKCIEPHMEHTANBHBIM AHATOTOM TAKHX
¢dopm crnyxat ayeiiku Benapa, 06pasyolmuecs NpH HarpeBaHWH Maciia Ha IU10C-
KOM 1IpoTHBHe, Byropku Haj BLIXOAAIMMHA CTPYSAMH XHAKOCTH H BIIaMHbI HaJ|
HHCXOOAUMMM CAMOOPIaHH3YIOTCS B CeTh C NMPaBWILHHIM YepelOBaHHEM TeX H
ApYrux N0 IUIOW@AMM NpoTHBHA. B npupone nopnoGHoe uepelOBaHHe THIHYHO
i TOMMIOHAIBHBIX TIOUB, BO3HMKAWIIMX B TONAPHBIX M BBICOKOTOPHBIX
paiioHax MOBepX CI10sA MHOTOJIeTHeH Mep3IOThI.

TonuronansHple Mep3NOTHEIE GOPMBI OTITHYAOTCA GOTBUIAM pa3HOOGpa3ueM.
HeomuHaxoBbt, 10-BUIMMOMY, ¥ NPOLECCHI, IPUBOAALIME K MX $opmIpOBaHHIO.
Xon npoueccoB He BCerAa AOCTaTOYHO ACEH, HO IO KpaiiHeil Mepe 06pa3oBaHue
HEKOTOPBIX M3 HMX MOXHO MpefCcTaBUTh ceGe cremyommM obpasom. Hecmotps
Ha OGBIYHBIA It 30HbI TYHApPBI ¥ MONAPHON IyCThIHH M36bITOK BJIaTH, 3TH Tep-
PUTOpHH M3pe[Ka TaKxe NMOABEPraloTCs 3acyXaM, IPOUCXOJMT TepecylMBaHue
W PaCTPeCKMBAHHE WIHCTBIX, ITIMHHCTHIX, CYTIMHMCTBIX M CYNECUaHbIX IPYHTOB.
B mocienyolieM BhiajieHne NOXIeH NMPUBOIMT K 3alONIHEHHIO TPeUMH BOIOH
U HENOJHOMY HX cMbIKaHuio. OceHHHe MOpPO3bl NPEBPAIllAT TPEIUMHLI B JIeAsA-
Hble KJIHHbSA, KOTOPBIE, 3aMep3ad H pacTauBasi B TeYeHHE MHOTHX CE30HOB, OCTe-
NMEeHHO PacUMPST M YIMyOIAT 3aNONHEHHble JHIOM TpewmHel. [locie ux
CMBIKAHHsI ¢ TOPH30HTOM MHOTOJIETHeH Mep3lIOThI 06pa3yeTcsl CHCTeMa sueek,
3aMKHYTBHIX JIBIOM CO BCEX CTOPOH, KpOMe [THEBHOH NOBepXHOCTH. ExeromHo
Ce30HHAs Mep3/IOTa TepMETHUeCKH 3aMevaThiBaeT SYEHKHM TaKKe M CBEpXY.
Pacumpenue fs/1a Mpy NPOOOIKAOLIEMCS OCEHbI0 NPOMEP3aHUHM TPYHTA CO3[aeT
B cyxalollleMcsi ofbeMe Tanoil 3emiM NOBBILIEHHOe [aBlicHHE. B pesynbTarte
NIOBEPXHOCTb B CepelyHe AUEHKH NMPHIOIBIMAETCH, HHOTJA MPOUCXOIUT NIPOPBIB
PKPBILKA™ ¥ HITHSHAE HACHILEHHON BOIOH IrPYHTOBOH MAaCChl Ha OBEPXHOCTD,
ee pacTeKaHWe OT cepelMMHBI K KpasM. [loBTOpeHHe 3TOro mpomecca B TeYeHHe
MHOTHX JIeT BeleT K UMKJIHYECKOMY IBMIXKEHHMI0 NOUBEHHOH MAcChl B KaxHoH
H3 fveeK B LEHTpe — KBEpXy, MO KpasiM — KOMIIEHCAHOHHOE MOrpyieHue
BHH3. BHelHe “KHIAIME NOYBHI” UMEIOT BUJI MTONMMUIOHAJIBHON CETH JIOXOHHOK,
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Puc. 2. CxemaTHueckHif pa3spe3
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pasfensole BBIIYKIble TIHHMCTBIE “Me[aIbOHBI”, JIHILEHHpIE B CepefHHe
pacturenbHoro mnokposa (puc. 2). TyHapoBrie pacTeHHA B JIOXKOMHKAx ¥ IO
KpasgM MeIalbOHOB CO3al0T TepMHUYECKYIO H30NAUMIO TOBEPXHOCTH H CIIOCOGCT-
BYIOT, TAKHM OOpa3’oOM, COXpaHEHHI0O Mep3TIOTHBIX IeperopofoK Mexay AYei-
xamu, OfHaXObl BOHUKHYB, CTPYKTYpa NOJIMTOHAIBHBIX TIOUB caMa cebs noa-
TepXuBaeT OO TeX MOp, NOKa KJIHMAT NO3BOJIAET CYLIeCTBOBAaTh MHOTOJNIETHEH
Mep3JoTe.

B Tex cnyyasx, KOrga rpyHT, KpoMe MeNKHX (GpakuMH, cOJEepXHMT TaKxe
KaMHH, JBHXeHHe NOYBbI AONONHAETCA H MOMYEPKHBAETCA KX BHIMO PaXXHBaHHEM
¥ cOopTHpOBION. KaMHM B NMONHTOHAX NPHIOIHUMAIOTCA OCEHBIO BMECTe C BKIIIO-
yaiolled Nx 3aMep3aloliedl 3emieil. BecHo# uaeT nocoifHoe npoTauBaHyue U Npo-
ceflaHHe IpyHTa, HO KaMHH, HEKOTOpOe BpeMs CBsA3aHHbIE C elte COXpaHuBILeHcs
BHHM3Y Mep3lIOTOH, OTCTalT OT NpocedaHus. B urore xaxgoro rogosoro *’B3po-
Xa” OHHM HECKOJIBKO HPHIIOJHUMAIOTCS OTHOCHTENIPHO IPYHTa M HaKOHel OKa3pi-
BaIOTCA BBITOJIKHYTHIMU Ha NOBepXHOCTb. OIHOBpEeMEHHO NPOHCXOAAT paHanb-
Hble MYJIBCAUMH B Tpelenax KaxKgoW siueliKH, B pe3yNbTaTe 4ero KameHHbIH
MaTepuall U3 NMONHMIOHAILHBIX IOYB QKa3piBaeTcd B GOpMe BATMKOB COOpPaHHBIM
no Gopmopam nonuroHoB. Tak Kak HBMKeHHe KPYMHBIX KaMHeH upeT buicTpee,
YeM MeJIKUX, TO OJHOBPEMEHHO NpOHCXOJMT ellle ¥ COPTHPOBKA UX IO pa3me-
paM. JlanmuacgT NMOMMroHanbHEIX TYHAP, BO3HUKIIMX B pe3yNbTaTe camMoopra-
HHM3alMH, HEM3MEHHO NOpPaXaeT CBOEH reOMeTpHYECKOH NpaBWILHOCTBIO, CO3Ma-
Bas BHevyaTIeHue paboThl pa3yMHBIX CYILECTB,

Ipouecc, Ginu3kuit kx TOMY, KOTOpbH Gopmupyer sueiikn BeHapa, B sicHbIe
JieTHHe pHHM 06pa3yeT CTPYKTYpY KyueBnIX oGnaxos. IIpn nomorpeBanuu cHu3y
KaK XHIKOCTb, TAK ¥ BO3AYX B HHXHeH aTMOcdepe BHITAIKHBAETCA BBEpX H,
Npeo/ioNes YpOBeHb BHIPDABHMBAHHs [IABIIEHHs, PacTeKaeTcsa B cTOpoHbl. Oxiax-
[eHHBIE HABEPXY MAaCCH yCTpeMIAITCA BHM3. [lockonbky CHIDKEHHe Temilepa-
TYpPbl M COOTBETCTBEHHO yBejMYEHHe [ABJICHHs NPOMCXOIHT JIMIIb HA HEKOTO-
POM pacCTOAHUM OT LEHTPa BOCXONAIIEr0 HOTOKA ~— aBTOMATHYECKH BO3HMKAeT
Gonee WIM MeHee perynsapHOe uepefOBaHHe CIpYH BO3[yXa WIM HUIKOCTH,
HaNpaBJIeHHbIX BBEPX U HalpaBJIeHHbIX BHU3.

CHMHONTUKH, MOCTOAHHO MMEIOT OENI0 C OTHOCHTENBHO YCTOWUMBBIMH aTMO-
cepHBIMH CTPYKTypamH Gosiee KpYNHOTO pa3Mepa — LUMKJIOHAMH H aHTHLMK-
JTOHaMH. 3[eCh TaKXe HMEIT MeCTO BepTHKaIbHble [epeMelleHns BO3[OyXa,
BO3JHHMKAOUIMEe B pe3yNbTaTe HaNpaBIeHHOTO HarpeBaHMsA M oxnaxgeHusa. Ho
IJ1aBHas OCOGEHHOCTh CBA3AHHBIX C 3THM O0pa3oBaHMil — CNHPATbHOE BHXpe-
BOE IOBH)KEHME BO3[YIIHBIX MAcC K LEHTPY HH3KOrO NaBJIeHHA HIIH OT LeHTpa
BBICOKOTO HaBNeHMs. BpaueHne — pe3ynbTaT JeHCTBHA YyCKOpeHus KopHonuca
Ha LEHTPOOeXHble U LEHTPOCTpPeMHTeNbHEIe BeTPHl, CepHH BHXped, HMEIOLHX
B [MaMeTpe HECKOJIbKO COT KWJIOMETpOB, NOCTOAHHO JBHXYTCA B IMpelenax
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yMepeHHBIX NOACOB 3eMITH B EJIOM C 3aMaja Ha BOCTOK. ATMOc(depHasA cucTeMa
YMepeHHOTO Nosica o HaGmoneHHsaM HauGonee yCTORYHBA MPH OTHOBPEMEHHOM
YHKIUMOHHPOBAHMH CEMM LHIKJIOHOB, XOTA B pa3sHbie MOMEHThI WCIO HX MOXeT
MeHATHCA OT 3 10 9,

OGpa3oBanve HeOMHOPOTHOCTeH B aHHIOTPOIHOM cpene

AHH30TPOIHA CPefibl — 3T0 B HHTEPECYIOIMX HAC CIYYasaX WIH HOTOK BOJBI,
BO3[lyXa, TPyHTa, WIH YKJIOH NMOBEPXHOCTH, CO3MAIONIHIA BO3MOXHOCTh TAKOTO
ABWKeHHA, B TaKo# cpefe UEHTpanbHas CHMMeTpHS GOpM HIIH ceTeif, BO3HH-
KaloWMX B XOJle CAMOOPraHH3aluy, JOJKHA, OYeBHIHO, YCTYMHTb MECTO OCEBOM
CUMMeTpHH. B HeKOTOphIX Cilyyasx NOAOGHBIE YCUHOBHA NPHBOAAT JHIIL K
TpaHchOpMAUMH CTPYKTYDP, QHATOTHUHBIX OMHCAHHBIM BhIIe, HHOTAA Xe o6pa-
3YI0TCA ClielHuecKue GopMslL.

Bonora ¢ MOXOBHIMH KOYKaMH, €CITH OHH PAacroJlaraloTcs Ha IOJIOrOM CKIIO-
He, OCTaBNIAKT BIevYaT/IeHHe OGLIEro MeMJIEHHOTO CHON3aHus TOPGAHOrO H MH-
HEpPaNIbHOTO IPYHTA N0 YIJIOHY, B 3THX cimyuasix KOYKH Npeo6pa3yioTcs B rpsampl,
OpPHEHTHPOBaHHbIE IO MPOCTHPAHHIO CKJIOHA, H BCA IOBEPXHOCTD IPANOBO-MOYA-
JHUHHOTO §OJIOTa CTAHOBHTCA NOnocaToi, 'opH3oHTaIbHBIE IOBEPXHOCTH MOYa-
XHH TPeNCTaBNAIT coGoil Kak Obl IIOMAgKM cTyneHed. Bech mepemap BhICOT
COCPeNOTOUMBAETCA Ha MOXOBBIX IDAAAX, KOTOPbIE HIPAIOT POJb IUTOTHHOK 1A
OONYXHKOKOro rpyHTa MoxauMH. Ha rpsamax MOryT pactH [epeBua, TaK 4rO
eBa IH BCA CHCTeMa GOJIOTHBIX Teppac MeHCTBHTENIBHO [IBHXKETCH CO CKOJIBKO-
HuOy/b 3HAUHTENBHOH CKOPOCTBIO, HO GHIBTPaUMsA BOIBI B OHOM HalpaBJIcHUH
HPOHCXOOHT MOCTOAHHO B JIETHee Bpems,

B 30He MHOroJeTHeH Mep3lOThbi, €C/TH IBHTaThCA OT IUIOCKHX BOHOPa3s/eNnoB
K TOJIOTHM CKJIOHaM, MOXHO GhIBaeT NPOCIENUTh BCe CTamMM Npeobpa3oBaHus
KaMeHHBIX MHOTOYTOJIbHHKOB B KaMeHHble NMOJIockt. IlepeMBIuKH MHOTOYTOJb-
HMKOB, HAIlpaBJieHHBIe 1O MpPOCTHPAaHWIO CKIJIOHA, pa3pBIBAIOTCH, M MOBEpPX-
HOCTb OKa3bIBaeTCHA NOJENeHHOH MeXIy uYepelyoLMMHCA INapanyienbHbIMU
NOTOCAMH KaMHeH M Menko3ema. Ilonocel HanpaBiieHb! 1O JIKHMM HauGomb-
mwero yxnoHa, IIpy TakoM mnpeoGpa3oBaHHH MepIIOTHbIX (GOPM, OYEBHJIHO,
CTRHOBHTCA HEBO3MOJKHOH TNOJHAA H30JIAUMA OTHENBHBIX AYeeK MHOCPEACTBOM
CTEHOK M3 NpOMep3LIero rpyHTa, BO3HMKAIOWAA B ONpEACTICHHBI CE30H.
OnHMaKo MeXaHU3M BBIMOPAaXHMBAHHA H COPTHPOBKH KAaMEHHOTO Marepuaia
paGoTaeT B paBHON CTelleHM KaK HA TOPHU3OHTANIBHBIX, TAK M HA HAKIIOHHBIX
NOBEPXHOCTAX.

CaMoopraHu3anus B TIOABHXHOMA cpefie 4acTO OOpMIAETCA B BUMIE BOJIHOBO-
'O IHpOoLecca M CBA3AHHBIX C HUM MaTepHalbHbIX GopM, PuTMHIHAs psaGb COUC-
THIX ¥ NEPHCTHIX OGNIAKOB — 3TO OTpPaXXeHHe BOJIH, OCTOXHAIOIMX I0BEPXHOCTH
pa3nena BO3AYIUHBIX MacC Pa3sHOM IUIOTHOCTH, BeTpoBas M BOJIHOBasA TecuaHas
pAGh, MmOHBI ¥ GapxaHbl — ellle MPUMEpPHI 3aMEYATIIEHHBIX BOJHOBBLIX MPOLEC-
COB HAa rpaHMUAX ABYX cpeld. Pa0b BO3HHKaeT B pe3yNbTaTe B3aUMOJeHCTBHA
MeJIKOi HEepOBHOCTH Ha II€CYaHOM, WIHCTOM HJIM TajledyHOM [He MOTOKa M
o6pasylomMca B €ro “TeHH’ BHXpeM. J1a Napa, CBs3aHHa# OGpaTHOM CBA3bIO,
CHAayana IOJIOXUTeNbHOM, a MOTOM OTPHUATEILHOM, MOXET CYIUECTBOBATh B
€IHHCTBEHHOM uHciie. CKopo, onHaKo, HHGOPMALHs 0 BO3HUKIEM BO3MYILCHHH
PAacIpOCTpaHAETCA BHU3 N0 TEUEHHIO H B CTOPOHBI, GOPMBI pAGH YIUTHHAIOTCA H
»pasmHOXaloTcsA”’. KaHanamu nepenauM MHGOpPMAUMH B “’HeOPraHU3OBaHHYI0™
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Cpeny C1y»aT, ¢ OOHOH CTOPOHBI, TapMOHHYECKHe KOJieGaHHs BOOHOM Cpefibl,
C apyrodl — mphirawinMe MO JHY, WIH “canbTHpyloiue”’, NecudHKH. ITocne
06pa30BaHUA HEPOBHOCTH TPACKTOPHH IECUMHOK COGMpAIOTCA B NYYKH, KOTO
pole 00ecneuMBAlOT CTPOMTENBHBIM MaTepHaioM TrpAAy, BO3HHKAOUIYI0 Hi
POBHOM [iHe HMXKe N0 TeueHMIo. CaMOycHileHHe B CHCTeMe ’TlecyaHas rpsapa-
BOOHBIA BHXPb” B HEKOTOPBIH MOMEHT CMeHAETCH CAMOTOPMOXEHHEM M IPOMC
XOOMT cTabuiM3auus MHUKpopenbeda, BHEIIHe HANOMHMHAIOIAA CTHPAIBHYH
pocky. Iloka cucrema xmBeT”, MaTepHas MecYaHbIX I'PAM, HENPEpHIBHO OGHOB
NAeTcA, a BCA “CTHpalbHasA [OCKA” MeIUIEHHO CMellaeTcss BHU3 II0 TeYeHHI0
06 ycToHuMBOCTH TaKOH CTPYKTYpbl CBHAETENILCTBYET TO, YTO OHA CHOCOGH:
BOCCTAaHABJIMBATb TPAObI, Pa3pylUeHHBIe, ~’CTepTble” KaKUM-THGO BHEIIHHM
daktopoM. C H3MeHeHHEM HANpaBIIeHHS TeYeHHUS TpsAAbl aNaNTHPYIOTCd K
HOBBIM YCJIOBHAIM, II€peCTPauBasAch B HallPaBICHHH, NepNeHIUKYIAPHOM NOTO
Ky. BHe noTOKa cHcTeMa rpsj NOCTENEHHO pa3pyLIaeTcs,

CBoeoOpa3Hoit mMomuduKauye# BOIHOBBIX CTPYKTYp, CIOHTaHHO BO3HHKAI0
IMX B NpUpONe, ABNAIOTCA PeuHble MITYYHHBbI, MeaHOpbl. MexaHH3M B3aUMO
HEeHCTBHA NOTOKA M pycna, GOpMHPYIIMA XapaKTepHYI0 KOHDUIYpauuo pas
HHMHHBIX peK B IUIAHe, IO CHX NOp MoaBepraeTcsa 06Cyx/IeHHio, OHaKO Koneba
TeJIbHBIH XapakTep IpoIecca JOCTaTOYHO oveBHeH. M3BecTHO, 4TO IpH HEKOTO
PhIX PEXMMaX BpaIATeNIbHOE, CUPATTbHOE OBHKeHNe XHUIKOCTed M ra3oB 6orec
YCTOMUMBO, YeM NpPSAMOJNIHHeHHOe, TaMUHapHOe. Ha NpoTskeHHH pevyHoro pycr:
TIPOMCXONAT PUTMHYECKHE TNEPEKITIOUeHHSA H3 OJHOTO OTHOCHTENIBHO YCTOHUW:
BOTO COCTOfIHMA B fpyroe, Korpga moTok BpaiaerTcs BIPaBO OTHOCHTENBHC
HalpaBJieHUs1 TeYeHHs, OJHOBPEeMEHHO NMPOMCXOMMT ero 3aKpyUMBAaHHE [IPOTHE
YaCcOBOHM CTPENIKH OTHOCHTENBHO IOPH3OHTATLHOM OCH. 3[ech, HA YYacTKax Teye-
HMf, Ha3bIBaeMBIX IJIECAMM, HHTEHCHMBHO HIeT YriyGOreHHe pycna M NOOMBIB
BOTHyTOrO Gepera pexku. K KOHuUY Ileca 3anac SHepruy, IPHBOMAAIIMH K Bpailie:
HHIO0, MCTOLLAETCH, HA NepeKaTe MPOUCXOJUT aKKYMYIIAUMSA HAHOCOB H IepPeKIIio-
yeHHe BHXPEBOTO [BH)XeHWsA HA NPOTHBONOJIOKHOE — BIIEBO IO TEUYEHHIO M N0
yacoBo# crpenke. CucremMa paGoTaeT MO CXeMe TPHITEpa C ABYMs KBa3HyCTOH-
YMBBIMH COCTOSTHUAMH. ABTOMAaTHUECKOE DeryisipHOe IepeKilioueHHe TPUITepa
MOXHO OODBSICHUTh 3a[epXKOH B KOHTYpe OTpHIATENIsHOH OGpaTHOH CBA3M.
CyTb €e COCTOMT B TOM, YTO KaK IIpaBoe, TaK U JieBOe BpalleHHe NI0TOKa yepes
HEeKOTOpOe Bpems NPHBOJMT K CYINECTBEHHOMY OTKIIOHEHHIO pycia OT Hamnpag-
JIEHWs MAaKCHMAJIbHOTO YKJIOHZ BCeil peyHOH JONHMHBI, B pe3yJibTaTe Yero gasb-
HeillMii MOBOPOT CTAHOBHTCA 3HepreTHueckd HeoGecreueHHbIM. [lockomnbky
ApoLecc MEePeKIIOUeHUA ABIIAETCA CIeJCTBUEM IOCTYNATENBHOTO ABHXKEHUSA BO-
Obl B pyciie, Bechb KOJeGaTeNibHBIA Npoliecc pa3BepThIBaeTCA B IPOCTPAHCTBE B
¢dbopMe peuHbIX M3NTyuMH, B “HBOM™ COCTOAHMM M3NYYHHBI, KaK W MecyaHas
pa6b, MeIEHHO CNOJ3a10T BHU3 1O NOJTHHE,

OGpa3oBaHHe MPOCTPAHCTBEHHO-BPEMEHHBIX
aBTOKOJICOaTeILHBIX CTPYKTYP
O6pa30BaHus, pacCMaTpUBaeMble HHXE B OTIIMUHE OT NpPEAbIAYIUMX, MOXHO
Ha3BaTh “’TOUEYHHIMH”. PeIllalolliM MOMEHTOM I MX (GYHKUMOHMPOBAHUA

OKa3bIBaeTCA He “HalibHOJEHCTBHE” B IMpPOCTPAHCTBE, a CAMOPErylIHpOBaHHe
Ha MecTe. COOTBETCTBEHHO CYWECTBEHHBIM NapaMETPOM VI 3THX CTPYKTYp
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CTAaHOBHTCA He pacCTOsHHe pellaKkcaudH’”, a BpeMsA pellaKCcalMM WIH Xapak-
TepHOe BpeMs B ero 6ornee LIMPOKOM NOHUMAHUH,

Kraccuueckum npumepoM aBTOKOIIeGATEIBHBIX MPHPOIHBIX CTPYKTY P MOXHO
CUMTATh TeH3epsl ¢ HX CTPOTO MO yacaM paGoOTaroWMM MeXaHH3MOM. B xaxaom
IMKJIe M3BEpXXCHHe KHIALIEH BOMBI M3 NMOJA3eMHOM MONOCTH CBA3aHO C Iepexo-
OOM Yepe3 KPUTHYECKYI0 TOUKY, KOI[a JaBjieHHe Napa B IleperpeTom BbIllle
100° xunaTKe NpeononeBaeT faBienme cron6a Bomel Ilocine BrIGpachiBaHMA
NepBbIX Kalells BOSHHKAeT aBTOKATAIMTAYeCKHHA Ipouecc, ObICTPO NOBOMAILIMA
MOILHOCTh CTPYM A0 MAaKCHM&IbHOH. McuepnaHue u30bITKa 3HEprHM BO3Bpa-
I}aeT CHCTeMY B CIOKOHHOEe COCTOsIHME, II0OKa He HAKONHTICA HOBBIH 0ObeM
BOABI H TeMIlepaTypa He NOJHMMETCA OO0 KPUTHYECKOH. YCIOBHEM pHTMHYHOH
paGoTeI refi3epoB CIYXMT NOCTOSHHBIA NPUTOK TPELIMHHBIX BOJ B 3aMKHYTbIE
noja3eMHble NOJOCTH M CTOJIb e NMOCTOAHHBIH MPHTOK TEJIYypHYECKOro Tela.
Tefisep — mnpepniBaTenb, NOCTaBJIeHHbIH NpPUPOJOH HAa NYyTH 3THX ABYX NOTO-
KOB, KOTOpbIH MEHCTBYeT IO NpPHHIHMITY OTPHLATeJIbHOH OGpaTHOH CBA3M C
3a[EPXKKOH,

AHamoruyHOe IpefBIAyIIeMy KBaHTYIOILiee YCTPOHCIBO MNpe[CTaBiIfeT
coboH NepHOIMYECKH pa3psxkaloiidecs CHGOHpI, KOTOpbie HHOI[a MOXHO
BCTPETHTh B KapCTOBBIX Ieilepax. 3ech, NpaBja, HCTOYHUKOM 3HEPTHH CIly-
XHT He NMOJ3eMHOE TEIUIO, 3 TPaBHTAUHOHHAS Heprus NpHTekaioulel B CUPOH
Bopapl. KapcroBeie 03epa HoBropopckoi oGnacti, BpeMs 0T BpeMeHH HcUe3alo-
IMe B MOHOpax, a 3aTeM CHOBa HAMOJHAIIMECH, OYeBUOHO, TaKxke CBA3AHBI
C €CTeCTBEHHOH OpeHaKHOH CHCTeMOH uepe3 KaKOH-TO, NOKa He HCClelOBaH-
HbIA, IpephIBaTeb,

ITpumep koneGaTenbHOR CHCTEMBI HAIOT NMyNbCHpYIOUIME JIEOHHKH THIA Jiefd-
HHKa Mengsexaii Ha ITammpe, Pa3 B HeCKOIBKO JIeT OHH TEPAKT YCTOHUHMBOCTD
M, OpoGACh Ha IMBIGHI, ¢ KATaCTPOPUUECKOH CKOPOCTbIO YCTPeMIAIOTCA BHU3
no pomuHe, [IpopBukeHHe MOXET YUTHHHTD fA3bIK Ha COTHH METpOB, AaXe Ha
KWIOMETPHI, HO 3aTeM Jief, OCTAHABIIMB3ETCA M MeJIEHHO TaeT, COKpalIafch
OO mpexHero npedena, Ilo-BUIMMOMY, OlipefelleHHOe coueTaHue penbeda
NeHMKOBOrO JI0XAa H CBOHCIB CaMoOro Jpga (TeMmepaTypa, IUTaCTHYHOCTH)
CIIOCOGCTBYET HEKOMITEHCHPOBAHHOMY HAKOIUIEHMIO JIeHAHOHM Macchl, NpHBO-
OfAuweMy K NepHOOMYECKUM ~paspAngKam”,

ABTOKONIe6aHMA MOTYT CYMTaThC HOPMAJIBHBIM COCTOSIHMEM TaKxke is
CHCTEM COBEpLIEHHO ApPYTO# NpHpPOAbl — 3KONOrHYecKMX. XOpOLIO H3BECTHBI
€CTeCTBEHHO BO3HMKAIOIMe OCIWUIAUMM B CHCTeMe XHLHHK—KepIBa, ocobeH-
HO THUNHYHble [JIA Hepa3BeTBIEHHbIX TpodHueckux nemed, JlecoBomam musBecr-
Hbl NMEPHOAMYECKH HACTYTIAIOIME CHHXEHMA COMKHYTOCTH JpeBOCTOEB, OCOGEH-
HO MOHOJOMHHAHTHbIX., VX NMpHUMHOH CITYXMT 3aep)Kia BO30GHOBIICHHSA JIeCO-
oGpasyioilledl NOpOXB! BCJIEACTBHE NOJABIEHAA NMOAPOCTa MAaTEPHHCKHMM IOJIO-
rOM B3pOCHbIX AepeBbeB, [IpH BceM OTIMUMH OT pPacCMOTpPEHHBIX Bbille aGHO-
THYECKHX CHCTEM MMCKpPeTH3auMsa Npomecca (CMeHBI MOKOJIEHWH) OGYcCIOBIH-
BaeTCA 3[eCh T€M )¢ CAMBIM MEX3HH3MOM OTpHIIATelIbHOH OGpaTHOH CBA3M C
3aJepKKOH, 3a/iepKa 3aBUCHT OT KOHKPETHBIX CBOMCTB JpeBeCHBIX TOpPO,
oT 45—50 ner B eNIOBO-MUXTOBBIX Jecax Bocrownoit CuGupu pno 200 ner B
ny6papax JlansHero BocToka, B NOMMAOMMHAHTHBIX J1ecax KONeGaHHA MOTYT
NpOABIATHCA He B M3MEHEHHMAX COMKHYTOCTH, a B IpcOGNalaHHM TO OMHOTO,
TO Hpyroro BHAA AepeBbeB, Hanpumep, mis KapnaTcKUX FOpHbIX JIECOB Xapak-
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TepHa NpPOUCXOHALIAA BpeMA OT BpeMeHH B3aHMHAasA CMeHa IHXTHl M eIM B
KayecTse JOMHHMpYyoued mopopsi. JlyGpaBel cpenHedl NOJOCHI €Bponeickol
yacth CCCP B Teuenme olpefie/ieHHOr0 NepHOna MCTOLAIT MOYBY M VI BOC-
CTaHOBJIEHUA ee IUIOOPOAMA HYXHAITCH B NEPHORMUECKHX CMEHaxX HyGOBBIX
JIeCOB JIECaMH H3 JIMIIbI, KJIEHa M APYTHX NOPON. B TaexHO#H nonoce OCHWIIAIHA
MOTYT NpHHUMaTh GopMy “OIMyXIAOIMX NMONAH”, KOTOpble 06Gpa3yloTCA NMpH
BETPOBANAX, CHOCOGCTBYIOUIMX OGHOBIIEHHIO NIEPECTORHOTO Jieca.

Bonee cnoxHo# ¢GopMoi NMpOCTPaHCTBEHHO-BPEMEHHON OPTraHM3alMH ABNA-
eTCsl MO3aMKa TIpUPOCTOB GHOMACCHI B cHOMpCKHX necax [1]. deHOMeH coCTONT
B TOM, 4TO, KaK OGHapyxeHO HcclleMoBaHHAMM MHCTHTYTa Jleca, IPUPOCT ApeBe-
CHHBI KONefleTca ¢ TePHONUYHOCTBIO TIPHMEpHO B YeThipe roma. Ilo mnomamu
TEpPUTOPHA Jleca pacwleHWNach Ha HeGONblLIMe YYaCTKH TaKMM 00pa3oM, 4TO B
COCEHHX YYacTKax yCHIeHHe M 3aMeUleHHe NpHPOCTA HacTynaeT B IpPOTHBO-
nonoxHeIX ¢a3ax. MoXHO NpeanonaraTh CylieCTBOBAHME HEKOTOpOro Mexa-
HH3Ma ofpaTHOM CBA3H, BHI3LIBAIOLIETO 3TH OCUWIIAUMH H, KpoMe TOro,
HesICHOE TMOKAa NATIBHOMEHCTBHE, KOTOpOe NPHBOIUT K HEKOTOPOMY HHIHOH-
POBaHMI0 POCTa MO COCEACIBY C IPYNIOA JepeBbeB, HAXONAIIHMXCA B ¢ase
yCKOpEHHS.

B TyHpope GiM3 ceBepHOH TIpaHMIlbI Jleca YCTaHOBJIGHBI aBTOKOJeGaHMsA,
TepHONL KOTOPBIX COCTaBiIsAeT MepBhie COTHH NeT [3]. Pews uner o ToM, uro dax-
TOPOM, THMHTHPYIOILHM POCT JPEBECHOH pPaCTHTENBHOCTH, 3[IeCh MOXET CTaTh
ry6usa 3ajieraHdsi MHOTOJIETHeH Mep3JNioThl. Mep3nora xe, B CBOIO Ouepelh,
QyBCTBHTENIbHA K COCTaBYy Ha3eMHOH pacTHTeNIBHOCTM. YCIIOBHA, GrmaronpHAr-
HbIe 1A MOCceNieHHA TMCTBEHHHUIBI, G OPMHPYIOTCA , HAI[pHMEP, Ha J0XKHBIX CKIIO-
Hax TYHApOBHIX GyrpoB. 3UMOH C HMX CHyBaeTcsi CHer, MOXOBOH IOKpOB, JIH-
IICHHBIA CHEroBOro ofesina, ruGHeT, B JIeTHHE MeCAIb] IUIeIMHbI" OGHaXEeH-
HOro rpyHTa Xopouo mnporpeatorcsi. Eci Ha pocrynHom mis nepeHoca ce-
MAH DACCTOSHMM HMMeeTCH JIMCTBEHHHUHBIA JieC, TO BEJMKa BEPOATHOCTDH IO-
CelieHHsl HepeBbeB HA JHLICHHOM MXa ydacTke TyHpbl. CO BpeMeHeM, OOHAKO,
caMa JpeBecHas PacTHTEIBHOCTh CTAHOBMTCHA aKKyMyisropom cHera. Ilom no-
JIOroM HH3KOPOCIIbIX epeBbeB BHOBb IIOCENAETCA MOX, UTO CIOCOGCTBYET MO/ Db-
€My YpOBHA Mep3JIOTHI M THGemu neca. Iluxi, ynpapisieMbii OTpHLATENBHOA
06paTHOM CBA3DbI0, NOBTOPAETCA .

TIpoBopspe CeTH, BOJHOBbIE CTPYKTYPHI, GPORTEI

Cpenoit, npoBopsALIeH KoNne6aHHsA, MOXeT GbITb Jf0Gas MUIOTHaA Cpeqa, a TaK-
sxe BakyyMm. IIOBepXHOCTH pa3fiena BOABI H BO3[YXa, BOIHBIX U BO3MYILHBIX
Macc pa3HOH IUIOTHOCTH MepefjaloT Nonepeynble BOMHLL. Boree uHTe peceH cirywi
Tepe/iayd HMITY/bCOB B TaK Ha3bIBAEMBIX AKTHBHBIX cpenax. Mx ornmuume B TOM,
Yro paclpoCTpaHeHHe BOJH B aKTHBHOM Cpeie CONpPOBOXAAeTCA MOMMHTHIBA-
HHeM 3HEepruei, 3alaccHHOA He B HCTOYHMKE BO3MYILEHHS, 3 B KOK/IOH TOUKe,
KOTOpO#l focruraer Bo3gedcrBue. Ilepememarommiics GpPOHT Pa3pAKH 3TOH
3HepruM He JaeT BOJIHE 3aTyXHYTh, 8 CIOCOGEH , Ha0BOpOT, YCHIMTD ee.

B reorpaduuecKoil cpefie TAKHMH CBOHCTBAMH MOXeT 06MNafaTh HaceleHHe
U3 moObIX THIIOB OPraHM3MOB: Tpaw, [ePeBbeB, KMBOTHBIX, JIIOMied, €CIIA OHH
[OCTATOUHO IyCTO TOKPBIBAIOT MOBEPXHOCTh 3eMJIH. BOJIHBI B 3TOH cpefie MOTYT
HMeTh MeXaHHYecKyl0 Npupofy (B TONMeE y BXOOa B METpPO), GHONOTrHYeCKYIo
(pacipocTpaHeHHe KOJIOpaiCKOTO >yKa, [yGOBO# IHCTOBEPTKH H [pPYTHX
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BpeMTeNell CeNbCKOTO M JIECHOTO XO3AMCTBA, JMM300THH, JMAEMHH K T. 1) .
Bo3aMOXHBI TaKke HHGOPMAaLMOHHBIE BOJIHBI: PacCIpOCTpaHeHHe CIyXoB, Ta-
HUKH, aHeKJOTOB, MOABI H Ap. JTHMH IpPOUECCAMH 3aHMMAeTCA AMCUMIIIMHA,
Ha3BaHHas ee co3farteiieM mmenckum reorpadpom T. Xerepcrpanmom “muddy-
3Heit HOBOBBeICHH™,

JIOBONBHO OGBIMHEIM NMPHMEPOM paclpOCTpaHeHHA BOJIH B aKTHBHOH cpefie
MOXeT CIyXHTb BereTaTHBHOE pa3MHOXKEHME DACTCHHH C IIOMOLUBI0 YCOB, MO-
GeroB, KOpHeBHIL, H T. II. B ciryvae HacTynmaHms, MOMYCTHM, INIOTHOKYCTOBBIX
3]1AKOB HX paccefieHHe MOXeET HMeTb BHJ, [BHXEHMA UeTKO OGO3HaYeHHOro
¢dpoHTa. ITO MOXKET GbITH BOJIHA HACTYIUIEHMA CHIBHBIX KOHKYPEHTOB, ION1aBIA-
IOIUMX COMpOTHBJICHHE aGOPHIeHOB WIH pacTeHUA-THOHEPOB, OCBAHBAIIMX HO-
BYI0 TEPPHTOpDHI0. B 06OMX Cilyuasx “aKTHBHOCTB™ CpEObl ONpEneNserTcs TeM,
YTO pecypchl NMUTAHMS HACTYMAIOUMA BMJ He NPHHOCHT C COGOM, a HAXOMUT
Ha 3aXBayeHHOW TEPPUTOPHHM: 3TO M INHTaTelbHBIC BELECTBA NMOYBMI, H BJara,
M JHEprHA COJIHEUHBIX JIyued. PaBHOMEpPHO BO BCe CTOPOHBI C IOCTOAHHOH
CKOpOCTBIO TIPOMCXOIHMT Pa3pacTaHMe HAKUIHBIX JMLRHHAKOB MO MOBEPXHOCTH
CKaJll M BaJIyHOB. B meHTpe, 3 KOTOPOro Hayajoch pacceneHue, TaJUIOM dYepes
HECKOJIbKO JIET OTMHpaeT, TOTJa KaK BHEIUHHHA Kpail MpONOJKAeT HACTYNaTh
YBEIHUMBAIOIMMCA KONBLOM. IIOBEpXHOCTh BHYTPHM KOJIBIR, MO-BUAMMOMY,
M3-32 OTpaB/leHMsA MeTaBONHTaMH JOMKHA MPOHTH CTagHio pedpaKTepHOCTH,
Mpexpe YeM B LEHTpe MOXeT BO3HHKHYTb HOBBIA ovar pa3spacraHus. Moxsio
OpiBacT HaOIIoAaTh OJHOBPEMEHHO HECKOJNIBKO KOHIEHTPHYECKHX KOJIBLEBBIX
W (ecTOHYaTHIX (UTYp, OGPa3OBaHHBIX TeslaMM JHURAHMKOB. Ilo BHelmHe-
My BHOy OHM HAaNOMHMHAIOT PHCYHOK, BO3HMKalomMii B peakuuu bemoycoea—
¥ aGorHHCKOro, 4ro He CIyYafHO, TaK KaK B OGOMX CITy4yasX MpOoLECC yNpaBis-
eTCA H30MOGHBIMH CTPYKTYPaMH OGPATHBIX CBSI3€H.

AHAJIOryuHble ONMHMCAHHBIM CTPYKTYpBl O6pa3syiorTcs NpH pacnpOCTpaHEHUH
U3 ofHOro ovara rudpoB rpuGoB, OGHTAIOIMX B BEPXHHX TOPH3OHTaX MOYBBI.
Ha noBepXHOCTH B 3THX CITyYasX IUIOAOBLIE TeJla pa3mMelnaorca B popme “Bemp-
MUHbIX KoJten’”’. Tloxoxas KapTruHa MOXeT GbIThb CBSI3aHA M C HEKOTOPBHIMH
BHICIIMMH pacTeHHsMH, Tak, KycCTbl BepeCKa MMEIOT TCHICHIMIO pa3pacTaTbCs
B LIMPUHY, TOTHA KaK CPeJHAA YacTh KyCcTa OTMHpaeT. AIpopOoTOoCheMKa O3BO-
nseT oGHAapyXHTh KONBIA M ¢ecTOHbI, HAlOMUHatolMe (Urypsl peakuud XKa-
6GOTHHCKOTO, Ha H306pakeHusax o3ep 3amaguoit Cubupu u Kasaxcrama. Ot ocr-
pPOBOB M GeperoB, pa3pacrasch, HAaCTyNaeT Ha MOBEPXHOCTb O3ep IIABAIOLIAS
pacruresibHOCTh. 3bIGKHA NMOKPOB CIUIABHHBI, KAK H B MpeABIIYUIMX CIIyYasXx,
pacupocrpanserca B aKTHBHOH cpepe. Tonmbko npu cOmmxenuu GppoHTOB, Ha-
CTYNAIOIMX C MPOTHBOMOJIOXKHBIX OeperoB o3epa, ABHXXEHHE 3aMeIAETCA U3-3a
yBeJIMYEHHA CKOPOCTH 3aXaToro ¢ JIByX CTOPOH BOAHOro moroka. B teuloBoOM
YAaCTH CIUIABHHBI He MPOHCXOAMT BO3BpaTa K OTKPBITOA BOJHOW MOBEPXHOCTH.
CMeHa uaeT B [IpyrOM HallpaBJICHMH: CNIE[OM 3a NepBbIM (PPOHTOM HacTymnaer
nonoca rurpo¢HTHLIX BHOOB (BaXThl U 1p.), OCOKH M, HAKOHELl, KYCTapHH-
KOB M JIEpPeBbeB, B APYTHX CITy4yasAXx — charHOBBIX MXOB,

Bonee cnoxHylo KapTHHy HOCIIEZOBATeIbHO HACTYMAIOLMX MOACOB HIIH
30H HaGmogaior reorpadbl-ypGaHHCTBI, HCCIELyOIIHe pa3pacTaHHe COBPEMEH-
HbIX MeranonucoB. C yBeJIHUEHHEM HacelleHHA TOpOJia M YCOBEPILEHCTBOBAHHEM
CPEACTB TPAHCHOpTa NPOUCXOMMT UCHTPOGexHOE pasberaHue peKpeanMOHHBIX
M XO3AMCTBEHHBIX 30H: OOHO[HEBHOrO OTABIXA, JAYHOH 3aCTPOMKH, NOMOB
OTObIXa M INHOHEPCKUX JIarepei, INPHrOpOOHOrO CeNbCKOrO XO3sMCTBA, IO-
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POIOB-CIIYTHUKOB , IPOMBILLUIEHHOR W >KWIOH 3aCTpOMKHM M T. N, BonmHa makcu-
MaJIBHOH TJIOTHOCTH HAacCeJIEHHA B IOCTeOHME JECATHIICTHA ~OTOpBanace” or
LEHTPOB KpYIHEHIIMX TOpOJOB M Havajia IBUraThcs K nepudepun. LleHTpans-
Hble YaCTM METalloJIMCOB BCe OObllle NMPHOGPETAIOT CTATYC HEMOBBIX, a 3aTeM
H My3e#HbIX LIEHTPOB, BbiTecHAs xwurtenedt. Ilo masneim B.B. Pomomana (mo-
kimag B MockoBckoM ¢umane BI'O), ueHrpoGexdioe cMelleHHe TOPOACKHX
GyHKIMA HMeeT TaKXe TeHHIEHLMIO K CIUpajibHOMY 3akpyuuBaHuio. [IpeBpaine-
HHE HaCeJICHHBIX LEHTPOB B KOJIBLEBBIE CTPyKTYPbl XOPOLIO BOCHpPOMU3BOIMT-
¢ MOJENBI0 POCTa FOpPOMOB, O KOTOpo# ynomuHaercs B kHure HU. Ilpurosxm-
Ha ([5]. c. 136). YnomaAHyTaAs MOQeNb WHTEpecHa TeM, YTO B Hee BBEIEHO
NpedMnoJioxkeHHe O TMOJIOXKHMTEJIBHOM W OTDHUATENIBHOM IPOCTPaHCTBEHHOM
B32HMOMEHCTBHH ([anbHONEHCTBHH) OCBOCHHBIX HACEICHHEM M XO3fHCTBOM
Te pPUTOPHIi.

Cnenyrommi npuponHeiii eHOMEH He MMeeT XapaKTepa ¢pOHTa, HO BO3HHK-
HOBEHHE €ro NPAMO CBA33HO C CYIeCTBOBAHHEM aKTUBHOW IPOBOMSALICH CpElIbl.
Peur upeT O TpONMYECKHX ILMKIIOHAX, TaidyHax. YcroHuwMBOCTb U paspylH-
TeJIbHaA MOUIb 3THX aTMOCGEpHbIX BHXpeil 00y CIIOBAMBAETCA TEM, YTO HAa CBOEM
NyTH OHHM “’IMTAIOTCA’ OTpOMHBIMH 3allacaMH SHEpruM, HaKOIUIEHHOH TpOIH-
yecKOH M cyGrpomuueckoit arMocdepoit B popme HeycToituuBoi TponocdepHoii
crpatuduxampu. Ilo nyTd UMKIIOHa MPOMCXOMUT >’pa3pAnKa’ aKKyMyJIATOpPOB,
CKOHLEHTPHPOBABIIMX cONHeYHYI0 sHepruio. Ilutaemblii 310H >Heprue# Mmexa-
HH3M NOJIOKMTENIBHOH OOpaTHOH CBA3M HeNpepbIBHO BOCCTAaHABIIMBAET pas-
HOCTh [IaBfIeHHH MeXIOy OCeBOH uacThio M INepudepued LUMKIIOHOB, He Aapas
3aMONIHMTECA OapryeckoMy MunuMyMmy. M Tolbko ¢ nepememenueMm B Gosee
BBICOKME IIMPOTHI, Iie KOHYAeTCsA dHepreTHYeckas “Mopkauka’’, raidyH pac-
CachIBaeTCA .

ABTOMaTHYECKOE BO3HHKHOBEHHE HEPapXHIECKBX CTPYKTYP

Buonoram, 3aHUMAIOIMMCA 3TOJIOTHEH BBICIIIUX JKMBOTHBIX, XOPOILIO H3BECT-
Ha TeHAEeHIMA K GOPMMPOBAHMIO HEPAPXHYECKHX OTHOIICHMA B CIY4aHHO H He-
CAIYYaitHO BOZHHUKIIMX IPYNIAaX XMBOTHBIX OFHOTO BHAA. CpelM HWBYIHX CTajia-
MM WJM CTaAMHM NIPUMATOB, XHIUHBIX, KOMBITHBIX OGBIYHO BbIACNACTCA JIMIEP,
Hepelko cpa3y oQOpMIIAETCA H ’’ouepelib’”’ MpPEeTCHAEHTOB Ha NEpBOE MECTO B
Cnyyae BbIXOHa ympaepa W3 urpsl. Eille cuibHee BrIpaXieHa 3Ta TCHOECHIMA B YeJo-
BEYECKHX KOJUIEKTHBAX, 0COGEHHO OKa3aBUMXCA B KPUTHYECKOH CHUTYalMH.
MoxHO, OmHAaKO, MPOCNEIWUTH NMpOLECC POXKHOEHUSA HEPAPXHYECKHX CTPYKTYD
gaxe B TaKMX CHCTEMax,T[e CO3HaTeNibHafg CaMOOpraHM3alysA 3TOTO THMa MoJjl-
HOCTBIO McKiioyeHa. Tak, B 3arymieHHbIX MOCaiKax MAM IOCeBaxX JApeBeCHBIX
NOpoA, Kakoro-mu6o BHAA (2 OHH MOYTH BCET[A 3arylIeHbl) CKOPO BbEENsA-
1o1ci GoNee KOHKYpeHTOCNOCOOHEIE 0CO6H. OHM BLIPBIBAIOTCA BBEpPX, INEpe-
XBATHIBasA CBET Yy COCelel, a TaKKe TeCHA HX KOpHAMHM nop 3emeit. Orcras-
1Me B pocTe pacTeHusi o6pa3yioT BTOPOit sipyc. OHM MOrYT MHOTO JieT Npo3s6arb
B YTHETEHHOM COCTOSIHHH, OJHAaKO 3TO HeOOXOOMMBIA KOMIIOHEHT GHOLiEHO3a,
ero peseps. B cnyuae ruGenu mepeBbeB BEpXHEro SApyca 3TH “HEyHNaYHHHKH
B MMHHUMaJIbHble CPOKH 3aNlOJIHAIOT 0Gpa3zoBaBumecs Mpo6eiibi. B MHOroBHAO-
BBIX COOGLIEeCTBAX 3BOJIOIMA 3aKpenwia 3Ty GopMy caMOOPraHH3alMH — MHO-
rosipyCHYI0 CTPYKTypy LEHO30B — B FeHeTHUECKHX KOJIaX BHIOB,

3HaunTeILHO CHIbHEE NMOBJIMAJIO HAa O6NMK reorpadHuecKoll cpeibl BOIHHK -

44



HOBEHHE MePapXHH HaCEJIEHHBIX yHKTOB. ITOT MHOrOBEKOBOH H MHOTOITaITHBIH
NpOIIeCC MOXXHO B PaMKaX YNPOLIEHHOH CXEMbI NPEACTaBuTh CeGe Caeyoum
o6pa3om. [lepBOHaYalIBHO YeslOBEYECKHe MOCeJIeHUsi OXOTHHKOB, CKOTOBOIOB,
3eMJIE/IENTbLEB KOHIEHTPUPOBAJIMCH JIHIL B HanboJiee GIIaronpuATHBIX MECTaX —
1o Geperam pek, 03ep U Mopeil, OCTaBINIAA He 3aHATHIMHU GOJIBIIME MTPOCTPAHCTBA.
YacTp M3 3TUX NPOCTPAHCTB MCHOJIB30BAJIACh IMM3ONMYCCKM, HO He MpHHAf-
nexaNna K NMOCTOAHHOHM “’nHrTamwmieii’” oblacTH Kakoro-TO HaceJleHHOro NMyHKTa.
C pa3BHTHEM 3eMJie[ieltMs U POCTOM HaceJleHHs BCE MEHbIIIe OCTaBaJIOCh 3eMellb,
He OCBOCHHBIX M He MOMEJICHHBIX B KaYeCTBE CeJIbCKOXO3ANHCTBEHHBIX YTOMMH
MeXOy MOJIb30BaTeNIIMH. BaXaibiM MOMEHTOM B DasBHTHH COLMAJIbHOH CTPYK-
Typbl SIBUJIOCh ’’CMBIKaHHE’’ 30H BJIMAHMA AEpeBeHb, MCKIIIOYAOILEe ajipHeH-
Hiee 3KCTeHCHBHOe paciumpenme. IIpomomkarommiics pocT HaceJleHMA IIpH He-
M3MEHHOH Tellepb pecypcHOM Gase CO3man MOTPeGHOCTh B paspsike PpacTylieH
B CBfA3M C 3THM HaNpAKeHHOCTH C MPOAYKTaMH NMUTaHMA. B pasHbie MCTOpHYe-
CKHe 3TOXM B PasHbIX MeCTaX NMOMCKH BbIXO/JA M3 3aTpY[IHCHHs BEJIMCb B pas-
HbIX HalpaBlleHusAX. IMelH MecTo MUrpalMH, KOJIOHM3aLMA OTHENBHBIX Tep-
PUTODHii, OTXOXGMe NPOMBICHbI. JNMHAEMHH W BOHHBI, HEYPOXaHHbIE TOMbI He
pa3 CITY)XWTH HEBOJIbHOMH pa3psnKe, yMeHbIIAs IUIOTHOCTH HaceNleHus. B nocnen-
HHE CTONIETMA 3aMETHYI0 DOJIb CTala MIpaTh MHTEHCHHKALMA CENIbCKOXO3AH-
CTBEHHOIO TpyJa B CBA3H C IpHMEHEeHHeM, HanpHMep, 6ojlee COBEPILIEHHBIX OpY-
ouit 3emiiefienus. Ho Hapsany ¢ 3THM BakHOe MeCTO B OCNAGIIeHHM HampsikeH-
HOCTH YK€ JaBHO CTaJIi 3aHMMATh MONBITKH CMEHHTH 3aHATHE H TAKHM 00pa3oM
HaMTH YIS YACTH HACeJIeHUs Ha CTapOM MeCTe HOBYIO ’’3KONIOTHYECKYI0 HHIIY .
TpaMUMOHHBIMH HAIIPaBJICHHAMM 37ech GbIM peMecio u Topropiis. bornee noa-
rOTOBJIEHHBIMH K TaKOH CMeHe OKAa3bIBaJIMCh, ECTECTBEHHO, HauGoNee Gorarsie
W MHOTOJIOOHbIE [epeBHH M cena. OGHeceHHbIe OGOPOHHTENIBHBIM YaCTOKOJIOM,
KpPeNOCTHOH CTeHOH OHM MepeXOAWIH B pa3psasl rOPOMIOB, COCTAB/AIOILINX Cleay-
IOIUMH YpOBeHb MepapXuW HaceleHHBIX MyHKTOB. JIf CBOEro CyuiecTBOBaHUA
3TH TOCEeNeHUs [OJKHEI ObUIM MMeThb 30HY BIIMAHMA, B KOTOpPOH OHH BeEJH
TOProBii0, OGCIYXHUBAIH NPORYKTAMH PEeMECIICHHOrO Tpyna, BepbOBayM Io-
nonHenue. IMocne opOpMIICHHA CHCTEMBI TOPOZIOB B CaMOCTOATEJIBHEIH ApYC,
MPOH30LUIO CMBIKaHHE HX 30H BJIHAHHA. JlansHeHLIMiA poCT CTaHOBMIICA BO3-
MOJKHBIM JIHILb [IPH TOBTOPEHHH MPOLiecCca: BOHHKHOBEHHH ClIEIyIoLIero Apyca
ropoioB ¢ 6onee TPYyJOEMKHMH, CIIOXHBIMH NPOH3BOJCTBAMH, TpebyolHMH
0COGEHHO BBICOKOH KBaJMHKALMM, WIM, KaK Mpl Teliepb CKa3amu Obl, KyJb-
Typbl IpoU3BOACTBa. KOHewHO, 3T0 CTaHOBHJIOCh BO3MOXXHBIM TOJILKO B pe3yIib-
TaTe OJHOBPEMEHHOFO pa3BHTHA TEXHOJOTHH PpAa3JIHUHBIX -IIPOMBILIEHHbIX
NpPOU3BOACTB M NPOH3BOMMTENBHOCTH TpPY/a KPECThAH, KOTOpEIE BBIHYXKIEHBI
GbUTH KOpMHTH Bee GOTlee BBICOKY 10 “HENPOMIOBONLCTBEHHY10™” Mupamuny . Heon-
HOKpATHOe IOBTOpEHHEe ONMUCAHHOrO MpOlecca MPHBEIIO K MHOTOCTYNEHYATOH
MepapXuM TOPOACKHX H CEJIbCKMX HaCeNieHHBIX MYHKTOB B COBPEMEHHBIX pa3-
BUTBIX CTpaHaX. YpGaHHMCTHI BHIAENAIT AO CEMH APYCOB IOCeNIeHHi, OTMeuas,
BIIpOYEM, YCIIOBHOCTb pa3fielieHHsA HX Ha KaTeropun. Tem He MeHee HepaBHOMeD-
HOCTb B PasBHTHM T'OpOZIOB, CTaBIUAA MO MHOTHM COOOpa<eHHAM HeXenaresb-
HO}t, BCe YBEMUMBACTCA M TIOYTH He MOMNaeTcst KOHTpomo. Harnamsem me-
TOJIOM HCCNIE[IOBAHHA ITOM HepaBHOMEPHOCTH ABNsAeTcs KpuBas Hnnda, pariu-

pymoLLas ropoia KaKoro-aubo rocyJapcrsa Mo ux JIOJHOCTH.
I'naBHBIM MeXaHM3MOM, Be[lyliMM K aBTOMATHYECKOMY BO3HMKHOBEHWIO H
YCIIOXHEHN10 HEPAPXMUYECKOH CTPYKTYpPbl HacelleHHBIX TYHKTOB , MOXHO CUMTATh
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TNIOJIOXKHUTENIBHY10 OBGPATHYI0 CBA3b, ABTOKATAJIHTHYECKHH MPOIECC , KOTOPBIK JlaeT
NPEeHMYILECTBO KDKAOMY NOCEJICHHI0, CIIyYaHO MOJHABIIEMYCH HaJ CpeHHM
ypoBHeM. QYHKOMA 3TOTO MPEeHMYLIECTBA HEIHHEHHO DACTET C yBE/HUYEHHEM
pa3MuMil B KOJIHYeCTBe HaceneHHsA. OOHOBPEMEHHO NMPOLECC MEPAPXHUECKOTO
PacciiOeHHA YCWIMBAETCA H3BECTHBIM MOJABJIEHHEM POCTa FOPOJIOB H NIEPEeBEHb,
MONaBIMX B 30HY BIMAHMA §oliee CHWIBHOrO KOHKYPeHTa, T. €. HAJIHIHEM “1ajib-
HOAEHCTBYIOMIEH”” OTPHUATEJIBHON 06paTHO#H CBA3H.

Camoopranusaiua reorpadudeckoii cpemsi

Taxum 06pa3oM, pacCMOTpEHHbIH Bhillie HAGOp MPHMEPOB — [aJIEKO He MOJI-
HbIA — IOKa3pIBaeT IMMPOKOE pACIpOCTpaHeHHe B Npefesax reorpauyeckon
cpedpl ABJEHWA CaMOOPraHH3aLUMM, BO3HHKHOBEHHA YNOPANOYEHHBIX CTPYK-
Typ Ha MecTe Xaoca WIH OBHOpogHOCTH. EcrecTBeHHO, BCTaeT BONpOC, KaKHe
YCIIOBHA CIIOCOBCTBYIOT BOZHHKHOBEHMIO “’Aflep MOpAAKA’™, HX pOCTY H CTabu-
masauuu? Ceffuac TPyOHO TOBOPHTE O HeOGXOOMMOM H OCTaTOUHOM HaGope
YCIIOBHi1, HO IO KpaiHel Mepe HeKOTOpble H3 HMX MOXHO Ha3BaTh C HOCTa-
TOYHO# onpeneneHHocTsio. IlonpoGyemM 0603HAUMTH 3TH NMpeAIOCHIIKH CAMOOP-
FaHH3a1MH.

1. Norox cBoGopHo# sHepruu. IlopsmoOK, OPraHM30BAHHOCTD — KaTeropuu
HHGOPMAlMOHHbIE, €CIIM NMOHAMATh MHGPOPMALMIO LIMPOKO, KAK OOWH H3 Wie-
HOB TpHaJibl: 3HEpruA—BellecTBO—HHpopMauysa. Tem He MeHee BCAKOe H3MeHe-
HHe KOJIHYecTBa NMOpAAKA — ITO, KAK yxe F'OBOPHIIOCH, OMHOBPEMEHHO H YHCTO
¢dusmveckan pabGora, TpeGylomias 3aTpaThl 3HepruM. YNOPAMOUYEHHOCTh reorpa-
¢dubeckHux cHcTeM ’ONAUMBAETCA” H3 ABYX HCTOYHHKOB — 3IEKTPOMATHHT-
HOro uamydeHus CONHIR M SHEprHH 3eMHBIX Hellp. B TpascopmupoBanHOM
BHE JHEPrMA MOXET MPHHUMATh (GOPMY NMOTOKOB BeTpa, BOALI WIH TBEPHBIX
WCTHI, — M0 YKJIOHY peiibepa, MOXKeET TPaHC(HOpPMUpPOBaThCA B INOTEHIUMATIb-
HyI0 3HEpruio NMpHIOAHATHIX MACC BOMABI, MJIOTHOTO ra3a, FOPHBIX NOPOH, XUMH-
yeckoi 1M ¢a30BOi HepaBHOBECHOCTH BELECTBA.

2. Camo coGoOH pasymeercs, UTO IA TOrO YTOObI NPOH3OLLIO “’yrHopamoue-
HHe’’, HeOOXOMMa Hekas BelleCTBEHHAas cpenda, COCOOHas MeHATb CBOH CO-
crofHMA TOp, AeiicTBHeM Moroka 3Hepruu. OT Hee TpeGyeTrea Hemuoro. Ecim
HXHAKOCTH, T3, B3BECh, IUIACTHYECKOE WIH Chlllyyee BELIECTBO — Hy’XHA CIOCOG-
HOCTDp ’’Teub’’, CIOCOGHOCTh COCTABNAIOIIMX MX YaCTHL K OpPraHH30BAHHOMY
HallpaBIIeHHOMY TiepeMelieHH0. [N TBepAbIX YacTHI, WIH OTHOCHTEJIBHO CTa-
GHJIBHBIX CTPYKTYP, TAKMX, KaK BHXpH HIH 4eJIOBeYeCKHe Nocenexus, — Clocob-
HOCTb MEHATb H GHKCHPOBATh B3aUMHOE PaCIIONIONEHHE.

3. Ina npouecca caMOOPraHU3alMH BaXKHA TAKiKe H3HAYaJIbHasA HeolipefeNieH-
HOCTb COCTOAHMM HYACTHII, 3IeMEHTOB IIOTEHIMAJIBHOH CHCTEMbI, BO3MOMKHOCTH
CO3HATEIIBHOr0 WIH HecO3HaTeNbHOrO BbIGOpa MOBeOeHUA B TOoukax Gudypka-
immu. Ecrm mepecrpoiika cHCTeMbI, B TOM YHCJle COMpPOBOXHAIOLIAACH YCIIOXHe-
HHEM M YyBeJMUeHHeM MOpAAKa, NPOUCXOJHUT IO 3apaHee 3alaHHON NPOIrpaM-
Me, TO, OYEBUIHO, CllefyeT FOBOPHMTb 00 “’OpraHm3aimMu’, HO He ’camMoopra-
Hu3amuK”’. K nepBoMy Cllyuaio Hafo OTHECTH IIpOLIECCHI CAMOpETYJIMpOBaHMUSA,
TaKHe, KAK aBTOMATHYeCKOe MOjiepKkaHHe HeHTpambHOro GanaHca Bomsi B Gec-
CTOYHOM 03epe, aBBTOMATHYECKHH CaMOKOHTPOIIh YHC/IEHHOCTH NOMyJISILUH.

4. Haxowen, camMoOpraHM3alisA HeBO3MOXHA 6Ge3 HEKOTOPOro BHELIHero
U1 CHCTEMB! ’pellaloniero YCTpOHCTBA’, KOTOpPOe MOXET OlpefenuTh, Oyaer
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BHOBb BO3ZHMKIIAS CHCTeMa C ee MOpPANIKOM CYUIECTBOBAaTh Jajbiie WiM Gy-
JeT pa3pyllieHa, pasjioXeHa Ha COCTABJIAIOLIME JJIEMEHTBbI, Pas’yNOpAHOuYeHa.
MO3HO IpedCTaBUTh ceGe 310 YCTPOHCTBO KaK HEKHH HCTBITaTeNIbHBIA CTEHI,
H2 KOTOPOM COXPaHAIOTCA NHILUD OCTATOYHO YCTOHYMBBIC K BHEIHHM BO3JIeH-
CTBHAM CTpyKTypbl, HcnBITaHKe, ClleOBaTeIbHO, BefleTcsl 10 KPHTEPHIO YCTOMH-
YHBOCTH K BO3MYINEHHAM, WM HIMPOKO ITOHMMaeMOH ’’>KH3HECIOCOGHOCTH .
Takum YHHBEepPCAIBHBIM CTEHIOM CJIYXHT CaMa cpefia, B KOTOPOH OKa3bIBaeTCH
n106asA TONBKO YTO “POAMBINAACA”™ CTPYKTYpa. B Kaxmom KOHKpPETHOM Ciyvae
“HOBHUKY’® TPENOJHOCHTCA CBOS HpOrpamMma HCHBITaHHA™, HO NPEACTaBHTH
ceGe peasbHyI0 CHCIEMY, IOHOCTHI0 H3OJHMPOBaHHY10 OT “HIyMa’ CO CTOPOHBI
cpenbi, HEBO3MOXHO. Bce CKONBKO-HHOGYAb YIMOPAMOYECHHBIE CTPYKTYphI HpO-
CEHBAIOTCA Ha 3TOM €CTECTBEHHOM (@ MHOTHA H CO3HATEIBHO CKOHCTPYHpPOBaH-
HOM) cHre. HCTOUHMKOM BO3MYuICHHMH Ha MOJIEKY/ISPHOM YPOBHE CTaHOBHT-
€A TEIUIOBOe IBHXXEHHE MHKPOYACTHII, HA MAKPOYPOBHE — KOJieGaHUA KIIMMATa
H 1orofipl, KOHKYpeHIMA CO CTOPOHBI APYTHX CaMOOPraHH3YOUIMXCA CHCTEM
TOro e mopagKa (peuwHbiX NOJMH, OpPraHM3MOB, 3KOCHCTEM, YelOBEYECKHX
KOJMNEKTHBOB), NpeoGpa3oBaHus B cynepcucreMe (TeKTOHHYECKHE MOMBHXK-
KH) H T. 1. v

Ha srane “uchmITaHuii” HOBBIX CHCTEM B MIDy BMENIMBAaeTcA HX CHOCO6-
HOCTh K caMoperyiupoBanuio. Ecnu Bo3HuKalomas cTpykTypa 6ojee WIH MeHee
CITYYaiiHO BKJIIOUAET B Ce6A KOHTYp OOpaTHOM CBA3M — 3TO Cpasy HpHAAeT e
ABTOHOMHMIO [10 OTHOIICHHI0 K COCTOAHHAM Cpelibl, 3 CJeOBAaTeBHO, H YCTOH-
YMBOCTh K BO3MylieHHAM. Korga morok BHEUIHMX BO3[EHCTBHit, B TOM UHCIIE
H NOTOK JHEPrHH, MATalouIei CHCTeMY, KOHTPOIMpPYeTCs OTPHI[aTeILHOR O6parT-
HOH cBA3pi0 (%), CHCTeMa MOJNIy4aeT CHOCOGHOCTh CHHXKATb HHTEHCHBHOCTD
BO3MYILCHHA WM aJalTHPOBAThCA K HUM Ge3 CTPYKTYpHbIX nepecrpoex. O6pat-
Has CBA3b ABTOKATANMMTHUecKoro Tuma (}) nosponser cucreme mocrurats ¢
YCKOPEHHEM M COXPaHATb 3KCTPEMAJIBHOE COCTOfHME, HAallpUMEp MaKCHMAaJlb-
Hy10 IUIOTHOCTh PACTHTENIBHOrO NMOKpOBa, Bompeku (uiykrymusam cpeppl. Kow-
KypeHTHas CcBs3b (=) mOmAepXXHBAaeT OJHO M3 JBYX a/IbTEPHATHBHBIX COCTOA-
Hui. Takum oGpasom, oOpaTHme CBA3M B CHCTeMaX HAMHOrO MOBBILAIT MX
au3Hecnoco6HOCTh. He cityuaiino 3TH CTPYKTYyphl HOUTH BGeTAa OGHapy>XHBa-
10TCA NpPH HCCNeJOBAHWM MpOilCCOB camoopraHu3amuu. s cucreM, o6nana-
10WHUX KoyieGaTenbHBIME CBOACTBAMM, BaXKHbIM KPHTepHEM 0TOOpa CTaHOBUTCA
YacToTa COOCTBEHHBIX KoneOaHuii, oOycloBJIeHHasA OINBTb-TAKH OTPHUATENb-
HO# 0GpatHOil cBa3sie. QrGop MO uacroTe B 3BONIOIMOHHON pPeTpPOCIEKTHBE
NO3BOJIHJI PACTEHUAM M XHUBOTHBIM YMCPEHHBIX H BBCOKHMX LIHpOT Had-
MyuumMM OGpa3oM aganTHpPOBATbCA K CYTOWMBIM H FOAOBBIM FeOQH3HYECKUM
pHTMaM.

N3 cka3zaHHOro MOXMHO CHEeNaTbh BRIBO, YTO Bech MpOUECC CaMOOPraHM3a-
MM CBOJMICA K ABYM 3TallaM: K CO3MaHHI0 H3GBITOYHOro HaGopa BapMaHTOB
CTPYKTYp M nochenyioiieMy OTGOpY HauGolee »M3HECNOCOGHBIX cpefd HHX.
Ilo OTHOIICHHI0O K >XMBBIM OPraHH3MaM — 3T0 NAPBHHOBCKMH 33aKOH MyTa-
Mk M ecrecTBeHHOro orGopa. OGOOIEHHMH Ma NPOUECCH BO3HUKHOBEHHSA
aGHOTHYECKHX, COUMAIBHBIX H HACABHBIX (MBICJIEHHBIX) CHCTEM 3TOT 33KOH
NO3BONIAET OOBACHUTE MOCTYNATENbHOE BOCXOAfIlee pPA3BUTHE OKpysKaloule-
ro Hac mupa. Korza peus nmer 06 3BOmOUMOHHBIX MpPOLECCAX Pa3HOro paHra,
A TMOCHeNOBATENBHOIO MATEPUANTHCTHYECKOTO MBIIUIEHHA, MHO-BHOAMMOMY,
HeT aJIbTe pHATHB.
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ChopMynupoBaHHBIX BhHIlLE YETHIPEX YCIOBHH CaMOODraHM3aHMH OKa3bl-
BaeTCA HEeJOCTATOYHO MpH H3YuYeHMH reorpaduueckux sABieHWd. Jleno B TOM,
YTO B TOJIe 3peHHs reorpadoB MONAJaT NPEHMYILECTBEHHO Te IIPHMEpPHI YIIO-
PANOYCHHBIX CTPYKTYp, KOTOpbIe HMEKT MPOCTPaHCTBEHHOE BBIpajXkeHHE M MO-
ryT GbITb, HapuMep, H306paXkeHsl Ha kapre. [lostromy naTeiM, dakynsraTus-
HBIM, YCJIOBHEM CaMOOPraHM3alMy MbI HOJDKHBI Ha3BaTh paneHopeicrBue. Ecmm
CyLIeCTBYeT MEXAHM3M [epellaud BO3JEeHCTBHHA Ha paccrosHue — (PHU3HYECKHH,
GHONOrHYeCKHH,, TICHXOJIOTHIECKHH, — TO BO3HHKAKOT CTPYKTYphl, Pa3BepHY ThIe
B IMPOCTPRHCIBE, B YACTHOCTH 110 MoBepxHoctH 3emid. Yacro OHM AOMONIHA-
10TCA Pa3BePTKOH BO BPEMEHH: TAKOBBI BOJIHOBbIE H HEKOTOPBIE APYyTHE CTPYK-
Typbl. CBA3HM B INPOCTPAaHCIBE MOTYT GbITh OOHOCTODOHHHMH H OGpAaTHLIMH,
OT HMX THNa 33aBHCHT FeOMETPHA BO3HHKAIOIUMX CHCTeM. IIpocTpaHcTBeHHasm
OTpHILATeNIbHAA OOGpaTHAaA CBA3b BeMET K B3aMMHOMY ’’OTTAJIKMBAHHUIO 3/eMeH-
TOB, HallpUMep HaceJICHHBIX MYHKTOB. IIpi HOJIOXKMTENTBHOH IPOCTpaHCTBEHHO
0o6GpaTHOH CcBA3M HAOMoJaeTca ’’CTATHBAHHE B3aHMOMCHCIBYIOIIHMX eJUHHIL B
TOYKY, IIpd CMeEHe THIa OGparHOH CBA3H — YpaBHOBEIIMBaHHE Ha HEKOTOPOM
PacCTOAHMH, HEOOXOIMMOM IOCpelicTBOM Npo6 H ommbox. CamoopraHu3a-
uMA reorpadpuueCKHX CHCTEM CBSA3aHA ¢ peaM3auMedl NMpHHLMAA IUIATHI 32 pac-
crosiHue, MO3UUMOHHOrO npuHuMna b.b. PomomaHa, npuHuMNa IUiatel 3a TOY-
HOCTb M HEKOTODBIX Py THX.

IIpu o6GbscHeHMH Bcero MHOrOOOpa3sHsA COLMANBHBIX M IPHPOIHBIX CHCTEM,
oopMIAIOWIMX MOBEPXHOCTh HalleHd MIaHeThl, MOXHO HCXOAMTb M3 CyLIeCT-
BOBaHHA ABYX THIIOB HpOIIECCOB: CaMOOPraHH3allMH H YNpaBIICHUA. Ynpasie-
HHe — CO3HaTellbHOe M HeCO3HarelbHOe — reorpadHuyeckoil cpemoit ocyme-
CTBIIAETCSA YeJIOBEKOM. B LMpPOKOM CMbICHe C/IOB3 YIpaBlieHHEM MOXHO Ha-
3BaTh BIMAHME KJIMMATa, penbeda H TeOJOTHYECKOIO CTPOEHUA TEeppPUTOpPHH
Ha jJaHmnagT, BOSHUKAMIOIMA B pPaMKaXx, 3aJaHHbIX 3THMH KOMNOHeHTamu. Bo
BCeX CIy4aAX YNpaBlicHHe Cy>KaeT NUAaNa30H HeONpelelIeHHOCTH IIpH BO3HHMK-
HOBEHMM HOBOro nopsapka. Boo6ue roBops, mo6asg “IamMATh> CHCTEMBI OTpaHH -
UABAET HEONpeNleJICHHOCTs M cdiepy [elCTBHA CaMOOPraHM3alMM: TeHETHYECKHE
HacneACTBEeHHbIe NpPOrpaMMpl OpPraHU3MOB, TPAOMLMH, IOPHOMYECKHE 3aKOHEI,
Habop MCHOJIb3yeMBIX TEXHONIOTHI B O6IecTBe ¥ T. 1. TeM caMBIM CaMopraHu3a-
UMM OTBOJMTCA POJIb OTAENOYHMKA Ha IOCTPOeHHOM 3haHuM. Ecim, onHako,
BHUMATENIBHEH BIJIALETHCA B MOTHBBI, PYKOBOJMAIMIME JIIOJBMH IIPH COCTaBJie-
HUH IUTaHOB NMpeoGpa3OBaHHA IPHPOMBI, B IPOLECCHl 3BOIOLMH XHBOTO Bewie-
CTBa, B reOTEKTOHHYECKME H IUIAHETapHBIE Npouecchl GOPMHUPOBAHHA 3eMHOM
TIOBEPXHOCTH, TO H 3[1¢Cb OGHAapY>XHTCA, YTO KPYNHOMAcCIITaGHbIE CTPYKTYpbI
BO3HHKAIOT, TOBHHYACh 3aKOHY COMOOpraHu3auuu. CleqoBaTeNbHO, B KOHey-
HOM cueTe reorpaguueckas cpefia BMECTe CO BCEM CBOHM COMEPKHMbIM Hpef-
CTaBJIsfieT COBOH He YTO HHOE, KAK HEPAPXHI0 CAMOOPraHU3YOLIMXCSH CHCTEM.
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MareMaTHueckoe MOAE/IHPOBAHHE PerHOHAIbHbBIX
JIKOJIOr0-3KOHOMHYECKHX CHCTEM

A.B. I'opcrxo, I''A, Yeonvnuyxuii

PocToBckuit rocymapcTeeHHbIH yHHBepcuTeT M. M.A. Cycrnosa

Ilpyu MopenHpOBaHHH CIIOXKHBIX 3KOJNIOro-3KOHOMHYECKHX OOBEKTOB He-
06XOMMO YYHTEIBATH aHTponoredHble daxropsi. B3aumopeiictBue mnpupon-
HBIX M COUMATBPHO-3KOHOMUYECKHX OGDBEKTOB CllelyeT pacCMATpUBATh B pam-
KaX e[JMHOH 3KOJIOrO-3KOHOMHYECKOH CHCTEMbI, OXBATBhIBAKOIIEH BO3JeHCTBHE
YejIOBEYECKON [IeATEIbBHOCTH HA IPUPOXNHYI0 Cpelly M BIIMAHME INPUPOIHBIX
¢daxTopoB Ha obutecrBo. Ocofoe 3HaueHHe 3KONIOTO-3IKOHOMHYECKHUH aCHEKT
npHoOpeTaeT Ha PerHOHAIBHOM Y pPOBHE IPHPOJIONOINb30BAHUA .

Bricokas cremeHb CIIOKHOCTH HMCCIEOBaHHA 3K OJIOr0-3KOHOMHYECKOH
CHCTeMbl PErHMOHAa 3aCTaBJIAET CUMTATh €lIBa 1M He €JMHCTBEHHBIM CpeICTBOM
aHayIM3a MaTteMaTHYecKoe MopenupoBaHue. [lpu 3ToM Ha omHO U3 BaxkHeHIMX
MeCT BBIIBMIaeTCH BOAPOC O KPHTEPHAX ONTHMAJIBHOCTH Da3BHUTHA JKOJIOro-
9KOHOMMYECKOR CHCTEMBI, H Mpexae Bcero 06 OleHKe COCTOAHMA IPUPOTHOM
cpelibl perMOHa M ero aHTPONOreHHOH IHHAMMKH.

OpHuM 13 BO3MOXHBIX MOAXOHNOB K DpEILIEHHI0 3TOTO BONpPOCA ABJIAETCH
NOMNBITKA BBIABJICHHA CKAJAPHOTO KPHTEpUA — 3KOHOMMYECKOMN (JIeHeXHOi)
ONEeHKH NpPUPOJHBIX pecypcoB H ycnoBuil. KoHeuHo, HayMuMe eOHHCTBEHHOIO
KpHTEpHA BeCbMa YAOGHO, MOCKOJIBKY MO3BOJIAET NOCTaBHTh H PEILMTH  3a-
Jady CKajIsipHOM ONTHMH3ALMH COLMAIbHO-3KOHOMHYECKOIO pa3BUTUA perHOHaA.
OpHako panexo He BCe IPHUPOAHble LEHHOCTH MOTYT IOJIYYHTb JIEHEXXHOE BbI-
paxeHue. Yacto Tpebyercs OUEHHTb KavueCTBeHHble (NCUXO(H3UONMOrHUecKHe,
3CTeTHYeCKHE) CBOMCTBA JIAHMWAGTOB; IIPH 3TOM, KaK INpaBuiiO, NpHOErawr
K GaJIIbHBIM NOKA3aTeNIAM Ha OCHOBE 3K CMePTHBIX OLEHOK .

Baxayio rpynmy KpHTepHEB COCTAaBIIAIT MNepeMEHHbIE, XapaKTepU3yIolue
COCTOSIHHE KOMIIOHEHTOB 3KOCHCTeMbl H (QYHIaMeHTallbHble GHOTeOUeHOTH-
YeckHe mpouecchl. K uYMCmy TakMX nepeMeHHBIX OTHOCATCA COHOEpXaHMe Ty-
Myca H 3IEeMEHTOB MHHEpAJIbHOro NMMTaHHUA B IOYBe, GHOMACCa PacTHTENBHOC-
TH, BeIMYMHA CTOKa M 1p. UHorpa oxaspiBaeTcs ymoGHBIM 06pa3oBarth Clie-
uHanbHble (YHKIMH OT CYUIeCTBEHHBIX NepeMeHHBIX, NMPUHHMAIOIIME 3Haye-
HMA HA HEKOTOPOH IUKane (eAMHHYHBIA OTpe30K, AecATHOANIbHAA WIKama
# 1.0.). TakHe QYHKUMH HA3BIBAIOT MHJEKCAMM KauecTBa [PUPOIHON Cpembl.
CywectBylor ¥ Apyrue CrocoGbl OLEHKH COCTOAHHA OKpYXAIOMIEH Cpembl:
CaHMTapHO-TUrMEHUYECKHE HOPMATUBBI (HpeleNbHO HONYCTHMBble KOHLEHTpa-
MM, BHIGPOCHI, HATPY3KH) , METOMIBI TEOPHH [OIE3HOCTH H JIp.
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Ha wami B3rnsin, 3a4ava ONTHMHM3AUMH 3KOJIOTO-3KOHOMHUYECKONH CHCTEMBbI
perMoHa SABNAETCA NPHHUHMIMANLHO MHOFOKPHTCPHATILHOH, NpHYEM Kaxgas
MOACHCTEMa — COHMAIbHAA, IKOHOMHYECKAs M IKONOrHYecKas — JIOJIXKHA Olle-
HUBAThCA MMMAHEHTHOH I'DYMNIIOH K PHTEPHEB.

INockonsky B Hacrosuied pabGoTe ONMMCHIBAETCA MOJENb AHTPONOTeHHOTO
BO3/e/ICTBMA Ha 3KOCHCTEMY peTHOHA, TO HaHOGOnbllice BHHMAaHHE YllenfAercs
IKOJIOTHYeCKHM KpHTepuAM. CrieqyeT OTMETHTb, YTO 3KOJIOFHYeCKHE OUECHKH
HOCAT COUMAJIBHBIA XapaKTep, MOCKOMBKY KauYeCTBO Cpefbl BBICTYNAET Bax-
HeWIIeH COCTABNAIONIEH KayecTBa XM3HH H BCErga OUEHMBAETCA C MO3HIMH
KOHKpeTHOro obuiecrna.

CpaBHuBass HaGOpHl 3KOJIOTHYECKHX IOKa3aTesieil, MBI MOXCEM BLUICIHTD
MHOXecTBO Ilapero B NPOCTPaHCTBE COCTOSAHMA 3IKOCHCTEMBI perHoHa —
MHOJXKECTBO 3KOJIOTHYECKOH momycruMocTd. Torga 3apavya ONTHMH3AUMM CO-
LKA bHO-3IKOHOMHMYECKOTO DPa3BHTHS pDEerMoHa MO COIMATIBHO-3KOIOTHYECKHM
KDHTEpHSIM CBOMTCA K BBIGOpY TAaKOro BapHaHTa pa3BHUTUA, KOTOPbIA He
BBIBOIMT 3KOCHCTEMY 3a MpefeIIbl JOIYCTHMOTO MHOXECTBA.

Tax kak cocrosiHMe NMPHPONHOH Cpefpl MOCTOAHHO U3MEHAETCA MOJ HAeHCT-
BHEM KaK eCTeCTBeHHBIX, TAK H TeXHOreHHbIX (hakTOpOB, i U3YyUeHHA ITOTO
Aporecca MOCTpoeHa MOpJeNb NHHAMHKH 3KOCHCTEMbl B YCIOBHAX aHTpOHO-
FeHHOTO BO3AEHCTBUA. [lepeMEeHHBIMH COCTOSIHHA MOJIESTH CIYXAT BBILUEYNO-
MSAHYTBIE 3KOJIOTHYECKHE XapaKTEPHCTHKH — apryMeHTHl HHAECKCOB KayecTBa.

Ilpemnaraemass Mopenb OLEHKH 3KOTOIMYECKMX MNOCIENCTBHl Ppa3BHTHA
perHOHa BKIIIOYAaeT TPH OCHOBHBIX Gnoka: GHOMOTHYECKHH, IKOHOMMHYECKHi
H OLEHOYHBIH.

Buonoruyeckuii GIOK COAECPXKHT MOIeNH ¢YHIAMEHTaNbHBIX GHOreOUEHO-
THYECKHX fpoueccoB: Bl: OHONOrHieckMi KpyroBopor GHOTreHHBIX 3JIeMeH-
T0B; B2: NuMHaMMKa OpraHHYeCKOrO BeLIeCTBA HOYBBI M PACTHTENIBHOCTH;
B3: rupponoruyecKuii UHKI.

Tepputopus peruoHa pa3buBaercs Ha paiOHBI, B KaXIOOM M3 KOTOPhIX
TIPHPOAHBbIE YCTIOBHS CYHTAIOTCA OJHOPONHBIMH, NPH 3TOM HMCHOJNb3YIOTCA [aH-
Hple PaxIHUHBIX THIMOB reorpagHyYeckoro paioHHpoBaHHAa. B cBolo ouepenp,
TEpPHTOPHA KaXHOro paHOHa Mpeanonaraercs cOCTosiied M3 30H Jeca, Jiyra
U mons (peyb O CyXONMYTHBIX 3KOCHCTeMax). JIns KaXnoi H3 NepeuucCiIeHHBIX
30H paccMaTpHBaIOTCA clenMdHYecKHe MNpOLECChl €CTeCTBEHHOTO pa3BUTHA
3KOCHCTEMBI H aHTpONOreHHoro Bo3paeiictBHA. HMMewrca npoueccs:, o6mue
DJ1A BCEX 30H.

Tlpu ‘paccMOTpeHHH GHOJIOTHYECKOro Kpyrosopora (6rox Bl) ommchiBa-
eTcA [BWXXEHHe BaKHEHUIMX OMOTeHHBIX 3IeMeHTOB — a30Ta, ¢pocdopa u Ka-
JNHA — B TIOUBE M PACTHTENIBHOCTH. 3TH MpPOHECCH! BO MHOTOM OIpefeNAioT
¢opmupoBaHHe IUTOJOPOSMA MOYBLI, NMPUPOCT OHOMACCHI PACTEHHH, a clemo-
BaTeNbHO, M BTODHYHYI0 MPOSYKTHBHOCTh, OGEeCHEUHBAIOILIYI0 >XH3HEOEATeNb-
HOCTD 4eJIOBeKa.

YpaBHeHus Gnoka Bl HOCAT ONHMOTHNHBIA XapakTep WIA BceX 30H W auie-
MeHTOB-GHoreHoB. Hanpumep, ons Kpyrosopora a3ora B JIeCHOH 30He ypas-
HeHHWe GasiaHCa MPHHUMAET BUL,

NF (t + At)=NF (t) + NFALLF(At) + NLITF (At) — NASSF (Af) — o
—NRF (A?),
roe NF (t) — comepxaHue a30Ta B JIECHOR nouBe B MoMeHT t; NFALLF(At) —
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NOCTYIUIEHHe a30Ta C ONMafoM 3a BpeMms Atr; NLITF(At) — mocrymienue a3so-
Ta K3 HOOCTWIKH 33 BpeMs At; NASSF(At) — pacxopn a3ora Ha oGpa3oBaHHe
YuCTOro npupocra ¢puromaccel 3a BpeMsa At; NRF(At) — cMmuiB a30ta c Tep-
PHTODHM JIECHOM 30HKI 33 Bpema Af.

B Gnoke B2 paccMaTpHBalOTCA ABa OCHOBHBIX Mponecca AMHAMMKH Opra-
HHYECKOTO BElIeCTBa B MOUBE M PacTHUTENBHOCTH: B21: NpONYKUMOHHBIA Npo-
uecc; B22: Tpanchopmanus OpraHMYeCKOro BELIECTBA B TMOUBE.

B cimyyae necHOi 3KOCHCTEMBl OMMCaHMe NMPOAYKIMOHHOrO npouecca dax-
THYECKH CBOJMTCA K ONMCAaHMIO AMHAMHKM HpeBecHoro 3amaca. lns ee ¢op-
MAaJIM3aLHMH MCTIONIB3YETCA CIeYIOIAsa 3aBHCHMOCTb

PF (t)=PF (to) efIn[1+(1-0,0090)ZM/PF (1)} @)

rae ZM— Texyuimii IpEPOCT NO 3afiacy HAIMYHOTO ApeBocToA [4] .

JinA nyroBO# 3KOCHCTEMBI OTHENIBHO pPAacCMAaTpUBaeTCA OMHAMHKA 3eleHOM
¢duTOMAacCHl, MAacCHI XKHBBIX KOpHe# 1 Macchl Beroum. CoOTBETCTBYIOLIME YpaB-
HEeHHs MOJIeSTH HMEI0T BHJT

PM (t + At)=PM (t) + GAM (At) — GBRM (At) - FALLM (At), 3)
roe PM(t) — senenas ¢utomacca; GAM (Atr) —o6uwmii npupocr 3eneHoi ¢u-
ToMaccel; GBRM(At) — 3arpaThl 3e/leHOH (WTOMAcCCBI Ha [IbIXaHHe;
FALLM(At) — macca omapma 3eneHoi ¢puToMacchl (Bce BeNHYMHBI — 33 Bpe-
mMa At);

RM(t+ At)=(1 — QR — QF) RM (t) + RWF- RTF (GAM (At) —

— GBRM(At)),
roe RM (t) — Macca XuBBIX KOpHeit B MoMeHt ¢t; RWF,RTF € {0, 1] — ko03d-
$HUMEHTBI, XapaKTepH3yIOIHe MPHPOCT KOpPHeH B 3aBHCHMOCTH OT BIAXHOC-

TH ¥ Temneparypsl; OR, QF € [0, 1] — xoaddmumentsl pacxoma Maccel KOp-
He#l Ha IpIXaHHe U ONad;

SDM (t + At) = (1~ QSDM — QSDF) SDM (t) + FALLM (At), )
rae SDM (t) — macca Betoum B MoMeHT t; QSDM, QSDF € [0, 1] — xo3¢-
(MUMEeHTH MMHePAJIN3aUMH BETOLIM U ¢ MOCTYIUIeHHsA B MOACTHIIKY .

Bonee noppo6Ho ypasHeHns (3)—(5) omucanbl B [3]. OnucaHue nuHa-
MEKH GUTOMAECCHI IR 30HbI OJIA OCYILECTBIACTCA AHAJIOTHYHO.

TpaHcdhopManus OpraHMYeCKOro BeweCTBa B NOYBE ONMMCHIBAETCHA CIEMyI0-
LIeH CHCTEeMOH YpaBHeHHH

LIT (t + Af)= (1— Q15— Q12) LIT (¢) + Q31-FR (t) + Q41-MET(®),
HUM (t + At)= (1— Q25) HUM(¢) + Q12 LIT (¢) + Q32-FR (1) +

+ Q42.-MET (1),

FR(t + At)= (1- Q31— 032— Q35) FR(t) + FP(AY), (6)
MET (t + At) = (1— Q41— Q42— Q4S) MET(f) + FY(A),

CO2t + At)= Q15-LIT (t) + Q25-HUM(¢) + Q35-FR (t) + Q4S-MET(t) —
~FM(AY),

“)

roe LIT(¢t) — macca mopmctunku B MomeHT ¢; HUM () — macca rymyca B
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MoMeHT f; FR(t) — macca CBeXHX KOPDHEBHIX OCTATKOB H OCTaTKOB 300HA-
ceneHusi B MoMeHT t; MET(t) — Macca mpogyKToB MeraGoiu3ma MouBeH-
HOMt ¢nopsl U ¢ayHsr B MOMeHT ¢; CO2(t) — KOHUEHTpauMs YrJIeKHCIOro
rasa B NOYBEHHOM BO3lyXe B MOMeHT ?; FP(At) — KOJHYeCTBO MOCTymaio-
XX B MOYBY pAacTHTENbHBIX, XHUBOTHBIX M MHKPOOHBIX OCTATKOB 33 NEDH-
op Ar; FY(At) — Macca NpoayKTOB XXH3HEAEATENBHOCTH PaCTHTENILHOTO H XH-
BOTHOrO MuMpa HOYBHI 3a nepuopn At; FM(At) — KOMMYECTBO YITIEKHCIIOTO
rasa, BBIIEIMBLIETOCA W3 MOYBBI 32 mepuon Atr; QIJ — oGoGuieHHbie K03d-
¢uUKeHTl TOTOKOB OpraHWyeckoro semectsa u3 ¢opmsl I B popmy J, xo-
TOpbie OTPAXAT KaK MUKPOGHOIOTHYeCKYI0 aKTHBHOCTh NOYBBI, TAK M €€
MeXaHWYeCKHe, (GHM3UKO-XHMHUYECKHEe M NpOuMe XapaKkTepHCTHKH, YcCpeAHeH-
Hble 332 HEKOTOpOe Bpems [1].

10T MpouecC MPOMCXOOMT MPHMEPHO OJMHAKOBO JUIA BCEX PacCMATpH-
BaeMBIX 30H (pasyMeeTcsl, MpH 3TOM pa3nuualorca Koddpouuuentsr QI).
Tpancopmaisi OpraHHYeCKOro BellecTBa B MOYBE TECHO CBA3aHA C €ro JiH-
HAMHKO# B pacTeHHAX, HANPUMep B cliy4ae JIyra:

FPM (At)= QSDF- SDM (1), Q)

roe FPM(At) — KONMYecTBO OTMEPLIMX PACTHTENIBHBIX, XUBOTHBIX H MHK OG-
HBIX OCTaTKOB, NOCTYNMBIIMX B NMouBy 3a BpeMs At, a QSDM, SDM (t) —on-
penenens! B dopmyne (5).

3aMeTHM, YTO B 3TOH MOAMOMENIH, KPOMe NMOYBBI H PACTHTESIBHOCTH, YYTeHO
TAKXE BIMAHME >XMBOTHBIX M MHKpPOOPraHM3MOB, YrO cnocoGereyer 6oinee
NOJIHOMY OMKCAHNIO GHOMOTHYECKMX MPOLECCOB.

Tupponoruveckuit muxn (6nox B3) Mopenupyer B3aHMOMEHCTBHE ~IOXKIb—
PACTHTENIBHOCTh—TI0uBa—peKa ™. OCHOBHOH LeNbI0 ero H3yYeHHA ABJIAETCH pac-
4eT CTOKa B peKY C TeppHTOPHH Jieca, Iyra u mojs,

Mopenb rUApONOruYecKoro UMKIa B IECHON 3KOCHCTEME BKIIIOYAET CIIeNyIo-
IMe TOAMONENH: 1) NOIMOIEHHe OCAMKOB KPOHAMH [epeBbeB; 2) HHOHUIIBT-
paumio; 3) npocauMBaHWe BONBI B IVyOMHHBIE CNIOH; 4) BaNOTPaHCIHPAUMIO;
5) BOOMYIO 3PO3HIO JIECHBIX IOYB,

Ipu hopManu3aLMK STHX NPOLIECCOB HCMOJIB30BAHDI Pe3yNbTaThI [6] .

YpaBHeHHe V1A CTOKA C Te pPUTOPHH JIeCa HMeEET BUL,

WRF (At) = QWF. PR (At) ~WPF(A?) + QRI1F. WIF (At) +
+ QR 2F. WBF (At) - WEF (Af),

rae WRF(At) — BeluuMHa CTOKa C TepPUTOPHH Jleca 3a Bpems At; PR(Af) —
KONTHYECTBO aTMOC(EPHBIX OCAIKOB, BBLIANAIOLIMX HAJl TEPPHTOpPHEH peruoHa
3a BpeMa At; QWF — pons ocagKoB, BbUNIAfAIOLIMX Hapj TepPHTOpHei Jeca,
WPF (At) — KONHYeCTBO OCaJKOB, 3ajiepXaHHOe nonorom neca; WIF (At) —
KOJIMYeCTBO BJIATH, MpOHHMKIUEE C MOBEPXHOCTH MOYBBI B ee BepXHHe CIIOH
3a Bpemsa Ar; QR1F — pons 3TOr0 KONHYECTBAa, HAYmas Ha GOpPMHPOBaHHe
ctoka; WBF (At) — konmuecTBO BOABI, [POCOYMBIUeeCA 3a BpemA Af u3
BEpXHUX CJIOCB MOYBHI B ri1y6GuHHble; QR2F — pona 3TOro KOJHYECTBA, HAY-
mas Ha ¢dopmupoBanue croka; WEF (At) — o6beM 3BaNOTPaHCHUPALUMH 33
Bpema Ar.

JUis onMcaHWA OHMHAMUKH BOMHOIO PeXKHMa JIYyTOBOH 3KOCHCTEMBI KCIOJIb-
3yercd MoIMGpHKauMA MOAENU, NpPHBEACHHOH B [2]. YpaBHenue mia croka

®
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C TEpPUTOPHH nyra (MOJ1sA) UMeeT BUA,
WRM (At) =WSM (At) + QRIM- WIM (Af) + QR2M- W2M (Ar), ©)

roe WRM(At) — BesuynHa CTOKA ¢ TeppUTOpHHE JIyTa 3a Bpems At; WSM(At)—
BEJIMYMHA TOBEPXHOCTHOH COCTaBifAwINelt cToka 3a BpeMA Ar; WIM(At) —
3amac Bjlard B CJIoe NouBbl DiyGHHO# 0—50 cM B nepuop At; QRIM — ero
ponsA B cToke; W2M(At) — 3amac Bnaru B ciioe mousbl riyGuno# 50—100 cm
B niepuoxn At; OQR2M — ero gonsA B cToke.

BopHast 3po3us nyroBbIX MOYB ONMCHIBAETCA CIEAYIOUMM YpaBHEHHeM

SEM (At)= QEIM- RUNOFM (At) -MCM- e~ QE2M- FYTO() (10)

roe SEM(At) — KOJNHYECTBO JIYrOBO#l TOYBBI, CMBITOH BCJIECTBHE IPO3UM
3a Bpema Ar; RUNOFM(At) — xo3d¢uumeHT, OTpaXaloUUi BIUAHHE NO-
BEpXHOCTHOrO cTOKa B nepuon Ar; MCM — xo3¢duiMeHT, OTpaxalolui
BnusAHUe coctaBa nmousbl; FYTO (t) — obwas ¢uTomacca JIyTOBBIX pacTeHHit
B MoMeHT t; QF1M, QFE2M — smnupuyeckue K03pdHuuneHTHI.

B pesynprate MfpoueccoB, NMPOMCXONAUIMX B IKOCHCTEME, €€ COCTOSHHE
HEeKOTOpBIM 0GPa3oM U3MEHACTCA, T £.

B : BGC (t)— BGC(t + At), (11)

roe BGC (t) — BEKTOp COCTOAHMA 3KOCHCTEMBI B MOMEHT !, KOMIIOHEHTaMH
KOTOpPOrO ABJIAIOTCA ONHUCAHHbIE BbILIE CYIIeCTBEHHble 3KOJIOTHYECKHE IIe-
peMeHHble; B — omiepatop BO3HEACTBHA COBOKYMHOCTH mpoueccoB Bl, B2,
B3 Ha cocTrosiHMe KOCHCTeMbi; A7 — BpeMeHHOH LIar B MOJENH, PaBHBIA OfI-
HOMY TOf1Y.

BaxHeilie#t 4acTbi0 OMHCHIBAEMON MOJEINH, ONpelefAluiell ee crenuduxy,
clleflyeT CYMTaTh PacCMOTPEHHE aHTpPONOreHHOro BO3HEACTBHA HAa COCTOAHME
BKOCHCTEMBI pEruoHa. Bpiensorca cliemyionise OCHOBHBIE AaCIEKThl 3TOrO
mpouecca: A1: 3arpsa3HeHMe OKpyxaioweH cpembl; A2: norpeGnexne npupoa-
HBIX peCypcoB; A3: BOCCTaHOBJIEHMe NPHPOJHLIX peCYypCOB M OXpaHa Cpelipl.

XorAa B [eHCTBUTEJILHOCTH eCTeCTBEHHble OHMOreOleHOTHYECKHE MPOLECCHI
M Mpouecchl AHTPOMOTeHHOTO XapaKTepa Hepa3phIBHO CBA3aHbI, MPH MOMe-
MMPOBaHMH TNpPUXOOUTCA MX PA3HeNATb, UTO OTPAXEHO MyTeM BBeHeHHA Guo-
reoneHoruyeckoi (6noxu Bl1—B3) u aurpomorenHoit (6noxu A1-A3) uac-
Te MOMENH .

Ipepnonaraercs, 4T0 B NEPBOM NpHGIMKEHHM AHTPOMOreHHOE BO3JCHCT-
BHEe MOXeT OBITh OMHCAaHO ¢ MOMOWIBI0 NMHelHpIX Mopeneit: Ilpu paccMorpe-
HAUM BpeMEHHBIX MHTEpBAIOB Nopsngxa 10—15 neT 310 OrpaHMyeHHe He IpH-
BOIMT K CYIECTBEHHOMY HCKaXXCHHIO [eHCTBHTENIBHOCTH, MO3BOJIAA 33TO
ydects GONbUIOE UHCIO Pa3HOPODHBIX MPOLECCOB M OGECIEYHTh MOIENb He-
obxomumoit uHGOpMaHeii.

Kak ¥ OHOreoleHOTHYECKHE [pOLECChi, AHTPONOreHHOEe BO3[ICHCTBHE.
paccMarpuBaercsl fuddepeHUIMPOBaHHO [If PAaIMUHBIX KOMIIOHEHT Cpefbl.

Tak, Gmox 3arpsAsHeHusa A1 BkilouaeT cnepylomme noamopnenu: A1L: 3a-
rpAsHeHHe atMocdepnl; A1P: 3arpA3HeHMe pacTMTenbHoctH; A1S: 3arpas-
HeHMe ouBb1; A1W: 3arpsA3ssenue BOJBI,

Ilpu 3TOM yUMTBIBacTCA PacCHpOCTpaHeHHe 3arpA3HAIIIMX BelIECTB B GHO-
chepe ¥ mnpouecchl camoouunieHus, Hanpumep, 3arpsa3HeHMe aTMOCGEphI
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OIIMChIBACTCA CIICKYIOUIHM YPABHCHUEM

X N1L x(AD) NDy
POLLY (t + A=POLLY (t) + = AL AN+ T Alf (An+
j=1 m=1

+A1PRF(AY), (12)

roe POLL:‘(t) — KOJIMYECTBO 3arps3HAIONIero BeuwecTBa i-r0 BHIa B aTMoOC-
depe Hag k-M pailoHOM B MOMeHT ¢, N1L(At) — UMCIIO HCFOUHHKOB 3arps3-
HeHUA BO3yXa B k-M paiioHe B nepuop Atf; AlL’;i (At) — BenuuuHa BhIGpOCa
i-TO 3arps3HSIOIIEr0 BelEeCTBA j-M HCTOYHHKOM 32 BpeMs Af; AIPR;‘ (Ar) —
cofiep)KaHHe i-TO 3arpA3HAIOIIEro BELIECTBa B aTMOC(EPHBIX OCajKax B Ie-
puon At; ND, — uucno paioHOB, CMEXHBIX C k-M; iAl’i‘m(At) — KOJIH-
YeCTBO i-TO 3arps3HAIOIIETO BEIECTBA, NepeMellileHHoe ¢ BO3[AYLIHBIMH Macca-
MH U3 k-ro paitoHa B m-il ¥ oGpaTHO 32 Bpema Af.
3arps3HeHHe JIeCHOW PacTHTEJIBHOCTH B K-M pailoHe MOMeNnMpyeTcs cCledylo-
UM obpaszom
NI1F(At)
POLF¥ (t + At)=POLF¥(r) + ~21 AIFf (At) + A1PRFE(Ar)
=

+ AIFS¥(Ar) — ASFE(AY), (13)

roe POLF f‘ (t) — copepxaHue 3arpA3HAIONIErO BElECTB2 BUOA [ B pPacTu-
TEJIBHOCTH B MOMEHT ¢ B k-M paiioHe, N1Fx(At) — 4MCIIO HCTOYHHKOB 3arpsf3-
HeHHUA Jieca, GYHKIHOHUPYIOMWHUX B kK-M paiioHe B mepuop Af; A1PRF ;‘ (At) —
KOJIMYECTBO -0 3arpA3HAIOUIErO BeleCcTBa, MOTIOLIEHHOTO PaCcTUTENIBHOCTHIO
u3 aTMocthepHBIX OCagKoB 3a Bpemsa At; tAlFSf(At) — KOJIMYeCTBO i-r0
3arpA3HAKLIETO BEleCTBA, MOCTYMAMOMIEr0 U3 PACTHTENBHOCTH B IOYBY M 0O-
paTtHo 3a Bpemsi Ar; ASF :‘(At) — KOJIMYECTBO {-rO 3arpA3HAIOLIErO BelecT-
Ba, aCCHMWIMPOBaHHOE PAaCTeHHAMH 32 BpeMs Af, ¥ T.1.

Ipouecc pecypconorpeGnenna (6nox A2) orobpaxaeTcs B MOAENH YpaB-
HeHHUAMH BHIA

N (an

RES¥(t + At)=RESK(1)— ,El A25(AD), 14)
rae RESf(t) — obGbeM i-ro pecypca B k-M paiioHe B MOMEHT f; sz (At) —
yucino morpeGurenedt i-ro pecypca, GYHKUMOHMpPYIOLIM® B K-M paiiOHe B me-
puon At; A2’§i(At) — BeNHYMHa norpeGneHus i-ro pecypca j-M mnorpe6u-
TeNeM 3a nepHox At B k-M paiioHe.

B xavectBe pecypcOB pacCMAarpMBAIOTCA: [MOJIE3Hble MCKOMAaeMble, CTPOi-
MaTepHailbl, JIECHbIE, BONHBIE, CEIIbCKOX03AHCTBEHHBIE PeCy pChl ¥ JIP.

MeponpyATHA MO OXpaHe OKpY’XKaloweH Cpefbl, BOCCTAHOBJIIEHHIO U KYJIb-
THBUPOBAHUIO MPHPONHBIX PeCypcoB, BXOAsMIHe B cocraB Onmoka A3, oTnu-
yaTca OGoMNbLIOH pa3’HOPOOHOCTBIO M HEONHO3HAYHOCTHIO BO3[ECHCTBHA Ha
IKOCHCTeMY. B MX uMCciI0O mMpH MOpENMpOBaHMM BKITIOYEHbI CleAYIOLIHe Mpo-
LEeCCHI: JIECOBOCCTAHOBJIEHHE H IJleCOpa3Be/ieHHe, MeENHOpauuA, yXon 3a moy-
BOM M BHeCceHMe YyHOOpeHHit, 6oppba ¢ GONe3HAMH H BpeHMTENSAMH, OXpaHa
YHCTOTHI aTMOC(hEPHI H THOPOCGHEPBI U AP.

54



O6iee BO37IEACTBHe aAHTPONMOreHHOM HEATENILHOCTH HA COCTOSHME 3KOCHCTe-
Mbl perHOHa BBIPAXaeTCA CleAyIouteii cxeMOi

A :BGC (t+ At)~> BGC' (t + AY), @5)

rme BGC(t + At), BGC'(t + At) — BeKTOp COCTOSHHS IKOCHCTEMBI B MO-
MEHT JI0 M [OC/ie yYeTa aHTpONOreHHoro ¢akrTopa; A — OmepaTop aHTPOMO-
reHHOro Bo3peiicTeua (6nokn A1-A43).

OCHOBHO#l ULeNbI0 CO3NAHHA MOJEIH ABJIAEICA aHATIH3 M KOJHYeCTBEHHas
OHEeHKAa AaHTPONOTeHHOH IMHAMHMKH Cpeioo6pa3ylomux ¢(aKToOpoB 3IKOCHCTE-
Mbl. Bynem oueHuBaTh BaxMeiilme cpefiooGpasyiomme HaKTOpnl ¢ MOMOLIBIO
HHJIEKCOB KaveCTBa CeAyI0Iero BUaa

I=1-0, (16)
roe I — vHOekc kavecTBa cpefooGpasyiomiero ¢akropa (KOMIOHEHTBI KO-
cucteMnl); [, — GHONOTMYeCcKasA COCTAaBIAIAA HHOEKCa KavectBa; @ —

mrpadpHas GyHKUMA 3arps3HeHAA.

PaccMaTpuBalOTCA OLEHKH BaXHeHHMX cpemooGpasyiomMx (aKTopos:
BOIBI, TOYBBI, PACTHUTENBHOCTH M arMocdepsl. Bce HHOEKCHI MNPHHUMAIOT
[efiCTBUTE/IbHBIE 3HAYCHWA Ha orpe3ke or O (Hamxymuee 3HaueHue) o 10
(Hawnyuuree) . Bonbliee 3HaueHMe HHJEKCA COOTBETCTBYeT Gosiee BBICOKOMY
KaYeCTBY JAHHOTO IPHPOJHOro KOMIIOHEHTa.

MHpeKchl KaueCTBa NpeACTaBIAIT coboil GyHKUMM BaKHeHumx 6uoso-
THUeCKHMX XapaKTepHCTHK — NepeMeHHbIX COCTOSHHA Mpe/ylaracMoH MOJENH:
I OUBBI — COAEPXAHHA TyMyca, 3JJIeMEeHTOB MHHEpAalIbHOrO MUTAHHA M THM-
POJIKTHYECKOR KHCIOTHOCTH MOYBBI; JIA PACTHTENIBHOCTH — (HTOMACCHI Jiec-
HBIX, JIYTOBBIX H arpO3KOCHCIEM; JUIA BOABl — CTOKA C TePPHTOPHM pPadOHA H
€ro JUCIepCHH.

Tlpn ompemeneHWH CTPYKTYPbl M 3HaueHHH napaMeTpoB (YHKIMiA GbUTH
HCIONIB30BaHbl  pe3ynbraThl paGoTel [5]. ComepxkarennHble HCCIeOBAHHA
NOATBEPXKEAIOT, Yr0 MCHNONB30BAaHHblE NepeMeHHble [eACTBHTENIBHO HeCyT
OlpefieNAOUIYI0 AONI0 HHPOPMALHH O COCTOSHMH COOTBETCTBYWOIIEH KOM-
MIOHEHThl 3KOCHCTEMBI. Bce M3MeHeHMA, MPOMCXOAAINME C YKA3aHHBIMM BaX-
HeHMlIMMH NepeMeHHbIMH KaK B pe3yJIbTaTe ecTeCTBEHHbIX mpoueccoB (6rmo-
ku B1—-B3), TaK ¥ BCIIECTBHe HEATENbHOCTH uenoBeka (6moxnm A1-A3),
6ymyT OTpaxkaTbcsi Ha H3MeHEHWM 3HAYeHHH COOTBETCTBYIOLUMX HMHIEKCOB Ka-
YeCTBa, YTO MOCYXXUT HWHIMKATOPOM COCTOSIHHA H3YyYaeMOH KOMIIOHEHTHI MpH-
PORHOMR Cpe/Ibl.

IlrpadHasa ¢yukuua 3arpasseHHs @ Npu3BaHA OTPA3UTh YXYMILEHHE CO-
CTOAHHA OKpYXawuleil cpellbl B pe3yibTaTe JefATeNIbHOCTH uenoBexa. Ilpen-
NojaraeTcA, YTo B ClyvYae eOUHCTBEHHOro 3arpsAsHsiomiero Bewecrsa POL
mrpapHas GYHKIHA HMeeT CleyIOmui BH

1, POL<SL,
PDK—POL

® (POL)= { ———— , SL<POL <PDK, a7
PDK-SL

0, POL>PDK,

roe SL — ypoBeHb UyBCTBHTEJIBHOCTH K 3arpsasseHuio; PDK — npepensHo
HONYCTHMAsA KOHIEHTpauuA 3ar pA3HAIOIIErO BellecTna.
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B cnyyae HeckonbKHX 3arpasHsiommx Bemects POL,, ..., POL, moxmo
paccMaTpuBaTh Cllegyomyl GYHKIKIO 3aTr pA3HEHAA

®=1/n T ©E@OL), (18)
i=1

roe ® (POL;) onpepenserca no dopmyie (17).

BoamoxHbl M gpyrde BHabl GYHKIHH 3arpsasHeHus. OyHKuus 3arpsasHe-
HuA O npuHuMaer 3HaueHuA Ha orpe3ke [0, 1]: Takum oGpa3oM, NpH MHHH-
MaJIbHOM 3arpssHeHun (® = 1) MHOEKC KaueCTBa KOMIIOHEHTHI Cpefbl COBIIA-
[aeT CO CBOei OMONOrHYecKO# coCTaBisfwoled o, T£. ONpenensaeTcsa TOJIbKO
eCTeCTBEHHBIMH NpPHYMHAMM, 2 TIPH MaKCHMaibHOM 3arpasHeHmn (@ = 0) 3Ha-
YeHHe UHAEKCca 06palaeTcs B HOJb.

[pencraBnsercs uenecooGpasHpIM CleAyIOUiee HCTOb30BaHHE HMHTALHOH-
HOH mopenu. Pa3paGarbiBalorcs ajbTepHAaTUBHbIE BApHAHTHI (CIEHApMM) CO-
UMAIbHO-9KOHOMMUYECKOTO DPa3sBHUTHA pPerHoHa, KaXAOMYy M3 KOTOphIX B MO-
JeJH COOTBETCIBYET OMNpefeNieHHbIH HaGop 3HaueHMid NEepeMeHHbIX X NMapaMeT-
pos GrmoxoB 41—-A3. Ha 6a3e ecTeCTBEHHOHayYHBIX JAHHBIX M IKOJIOTHYECKO-
O MOHHTOpHHIA WUJIEHTH)HUHPYETCHA OHOreOLEHOTHYECKAA 4YacTh MOJENH
(6noxu B1—B3). [anee, mia KaxaOro CUEHapus B pe3ynbIaTe pealn3alUy
mopenn Ha IBM paccuMTBIBAOTCA MHIEKCHl KayeCTBA KOMIIOHEHTOB Cpenbl.
Okcneprsl (ML, NPHHAMAIONHE pELUEHWA) aHANM3MUPYIOT NOJyYeHHble pe-
3yNbTaTbl HA 3KOJIOTMYECKYI0 H COLHATBHO-JKOHOMHYECKYI0 HOMYCTHMOCTh
M B PeXXHMe [Hajiora BHOCAT HeOOXOAMMBIE KOPPEKTHBBI B [epBOHAYANBHBIH
CHEHAapHi.

TakuM 06pa3oM, MopeNb CIYXHT HHCTPYMEHTOM IIpEAIyIaHOBOro OBGOCHO-
BaHWA pelleHHWH MO PpEerHOHANIBHOMY pa3BHTHIO C YYETOM JIOJITOBpEeMEHHBIX
COLHMAJIBHBIX, SKOHOMHYECKHX H 3KOJIOTHUECKUX NOCIeCTBHH.
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YIIK 517.9:577.472
Mopaennposanne JHHAMHKH
TpogHYecKkoro cocrosuus odepa CeaH

B.B. Cearorun, E.B. Yukanosa

HHU MexaHUKH ¥ IpHKIIagHOH MaTeMaTHKH PTY

HeGnaronpuATHbie H3MEHEHHA B 3KocucTeme CeBaHa, BRIPAXKAIOMMECHA MPex-
Zie BCero B MAaccOBOM I[BETEHHH IUIaHKTOHHBIX BOAOpOCIeil, HOABIEHUH Aedu-
LMTa KHCIOPO/a, Pe3KOM CHIDKEHMH 3aMacoB 3HAMEHMTOH CEeBaHCKOH (opeiy,
a TAaKXXe yXY/IeHHd psifia NoKa3aTellei kauecTBa BOMEI, €CTECTBEHHO CBA3BIBATD
co 3HauMTeNbHLIM (70 20 M) HOHMXKEHMEM YpOBHA o3epa, Kak M3BecTHO, 310
CHIDKCHHE OBUIO BBI3BaHO OCYILECTBIEHHBIM C cepedHHbI 30-X TOJIOB CNyCKOM
vacTH 03epHBIX Bopa B p. Paspman, Cnemyer oTMerHtn, uTO jerpapmauusa CeBana
ObUla CO3HATENIBHO 3ANPOTPAMMMPOBAHA, TaK KaK KOHEYHOH IeNblo CIycKa
ABJISUIOCH YMEHBILIEHHe IUIOUIaM o3epa (MOJIHAsA JMKBMOALMA MEIKOBOTHOM
vyacth — Bonsworo Cepana), u, Kak ciencrsue, yBenuuerue KIIJI BogocGopa
(Gonbiasg yacTh MPUTOKA B 03ep0 HCHAPSIACH BCIECTBHE TPEBbILICHAA HCIa-
peHns Hag ocankamH) . Taxum 06pa3oM, B MOMEHT DPHHATHS PELLEHHS O CITyCKe
JOMMHHMpOBAIa BOJOXO3AHCTBEHHasA Touka 3peHHsA, Cryck ObUI pacCUMTaH Ha
HOCTAaTOYHO [JIMTENIbHBIA NEepHOA, C TeM, YTOGBl ¢ MaKCHMAJIbHOW IONb30H
PacxofoBaTh JONOJIHUTENbHYI0 BOAY Ha HYXAbI THIPO3IHEPreTHKY W OPOLIEHUs,
OnHako, BO-NEPBbIX, B CWIY psAfa CyObeKTHBHBIX NPHYMH CIYCK IPOH3BOAMWICA
Ype3BBMAHHO BBHICOKMMH TeMmnamu (mo 1,3 M/rof), YTO 3HaAUMTENIBHO CHH3WIO
3G ¢HEKTUBHOCTD MCHONIB30BAaHMA pPas[aHCKOTO CTOKa, BO-BTOPBIX, Giaropmaps
POCTY OOLICCTBEHHOTO CaMOCO3HAHMA M IKOJIOTH3AMH SIKOHOMMYECKOH NIONUTH-
KH B0300J12a710 eTMHCTBEHHO NpaBWIbHOEe OTHOLIeHHe K CeBaHy — KaK K yHH-
KaJIbHOMY BBICOKOTODHOMY 03€py, XPaHHTEJI0 YHCTOH IMpEecHOH BOMBI, XKeMUy-
suHe ApMEHHMH, a He KaK K pe3epByapy — HcHapHurellio, Biaropaps npUHATEIM
MepaM — nepeGpocke YacTH CTOKa M3 OaccefiHa Apakca M CHHDKEHMIO NIOMYyCKOB
B Paspan B HacToslllee BpeMs yHaloch CTaGWIM3HPOBaTh M Jjaxke HECKOJBKO
HOBBICHTD yPOBEHb 03€pa,

OpHaxo 6pUT0 6bi HEMPaBHIBHO CBOJMIb CEBAHCKYI0 Mpo@iieMy TOJNBKO K
BONpOCaM DETYIIMPOBAaHMA CTOKa M YypoBHs, Clelyer CUMIAaTbCA C TeM, 4TO,
NOMMMO YpOBHS, 33 ocjiemHue 50 JleT CTATH OLIYyTHMbI M IpYTHe BHBI aHTpPO-
TIOTEHHOr0 BO3JEACTBHA, B IEPBYI0 OUepesib MOCTyIUIEHHEe GHOTEHHBIX BEIIECTB 1
NOJUTIOTAHTOB KaK ¢ Bomocbopa, Tak U M3 aTMOChephI,

Taxum 06pa3oM, ceBaHCKas poGiieMa BKITIOUAET CIIE/IYIOLIHE 3a/1a4H :

1) nmporHO3 3KONOFHYECKOTO COCTOSIHMSL 03€pa B 3aBUCHMOCTH OT H3MEHEHHA
YPOBHsA BOTBI M BHELHHX OTOKOB BEIIECTB;

2) oleHKa ONTHMAIIBHOH BENTMYMHBI O HATHS YPOBHS BOJIMI;

3) BHIGOp ONTHMAIBHOTO YNpABNIEHHs YPOBHEM (B pexXHMe NOTHATHA).

IlepBas 3ajaua ABNIAETCA KIIOUEBOH M Haubosee COXHOH, CIOXKHOCTD ee
ONpefIeyIACTCs MEXOHCUMIUIHHAPHBIM XapaKTepOM OLEHKH COCTOSHHS BOJHBIX
3KOCHCTeM (Y THAPOXMMHMKOB, THAPOOHONIOIOB, HXTHOJIOTOB H THMIMEHHCTOB
CYILECTBYIOT HE COBCEM COITIACYIOIIMECA INKATBI M KPUTEPHH OLEHOK), Ciia-
GocTbio HHPOPMANMOHHO! 6a3b1 (0COGEHHO B OBOEHHBIN NEPUON) , OTHOCHTEIb-
HBIM HECOBEPLIEHCTBOM CYLIECTBYIOUIMX METOJIOB 3KONOTHYECKOrO MOMEIHpPO-

BaHMsA U NIPOTHO3ZUPOBAHMS,
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Bropas 3apaua TpeGyeT OIpEMeNeHHOTO COINIACOBAHMA 3JKOHOMHUECKHX H
JKOJIOTHYECKHMX KpHTepHeB, Tak Kak CTOMMOCTh NOAHATHA YPOBHA CWIBHO
PacTeT ¢ ero yBeJIMUEHHEM, 2 YITyYIlIeHHe SKOJIOTHYECKOTO COCTOSHUA KMEET CBOH
npenensl, TO, OYEBHAHO, CYHIECTBYeT HEKOTOpas ONTHMANIbHAA (B 9KOHOMMYEC-
KOM CMbIC/IE) OTMETKA YpOBHS, B mepBom MpHGIMNKEHHH MOXHO CIMTATh, UTO
ONTHMANBHBIM YPOBHEM SIBIACTCA TOT, IPEBbILICHHE KOTOPOTO HE AaeT OLLYTH-
MOTO YJyYIlIeHHA BEIGPAHHOTO KPUTEPHA 3KOJIOTHYECKOTO COCTOAHHA,

Tperbs 3apaua MepapxmueckH CBs3aHa ¢ [ABYMs NpedbUIyIMMH M 3aKIII0Ya-
€TcA B KOHKPETH3alMH MEpONpPHATHH, BIMAIOIMX Ha COCTOAHME O3epa (Tie-
pedpocka BO, yMEHBIICHHE MOITYCKOB, OUHCTKA CTOYHBIX BOJ, OGBOAHbIA KOJI-
JIEKTOP U T.1,) ¥ MX cBalaHCHPOBAHHOM COYETaHMH,

Tpoduneckuit craryc o3ep

Tonarue Tpoduyeckoro craryca (COCTOAHMA) BOAOEMA A0 CHX IOP HE UMeEET
OOCTaTOYHO YETKOro OmnpefeleHHs, B MHOEKCH TPOdHUEEKOro COCTOSHHA,
npemiaraeMple  pa3lIMYHBIMH 3BTOPAMHM, BXOOAT TaKHe NMOKa3aTelM, KaK KOH-
LieHTpauMsa obuwero a3ora M ¢ocdopa B o3epe, XIopodwI, nepBUYHAA IPO-
NYKUHA, NPO3pPavYHOCTh, INTyGHHA, MPOTOYHOCTh, OHOTEHHAasA HAarpyska, Ko3dgu-
IMEHT YHep)KaHHs, NOoTpeGlieHHe KHCIOpoga B rMONONAMHHMOHe M T.1, [1-10].
Ha Haw B3rnap, 3gech UenecooGpasHO 4eTKO BBIAEIATh IPYNIly yCTaHOBOUHBIX
HIH BXOJHBIX NapaMeTpOB, KOTOphbie MOTYT HCHIOJI30BaTbCsA 1A MpeCKa3aHuA,
M Tpynmy nokasaTtesiedl COCTOAHMsA, HEMOCPEACTBEHHO XapaKTepH3YIOIMX Tpo-

. uueckmit craryc (puc, 1). Bo Bropoit rpynne HanGornee nHGpOpMaTHBHBIMH 5B-
JIAOTCA [IBa MOKa3aTeNiAd — MepBHYHAA MPOAYKIMA H KOHUECHTPAUHA KUCIOPOaa
B THNOJIMMHHOHe, JTH NOKa3aTelnd Mbl H OyJeM paccMaTpHBaTh KakK Onpefe-
nAoIMe TpodHUecKkHui cratyc CeBaHa,

:’;"m“":azz:ﬁ; nx‘:;:;erpu Moxasateny TpodHuUECKOro coCTOAHUA
T'eorpagpnueckoe Temneparypa soms!
NONOXeHHe; Buorens: — //“ \
(asor, gocgop) ="/
panHauMOHNbIH Gananc; - \\
BomHbIH Ganasc; ! : :;g;;xm. /oprammeckoe \ KHCIopoa
¢monmu|<;on =g~ BEWECTBO =P B [H1O-
XHMMYeCKHit COCTaB (utopodmn) (Copr » BIIK, XIIK) JIHMHUOHe
TIPHTOKOB,
arMoChepHbIX OCAKOB; ;
MOoppoOMeTpUa Npo3payHoCTh

Puc.1. CxemMa ¢ropmupoBaHus TpodHIECKOro CTaTyca 03epa
Copr — opramwueckuii yrnepon; BIIK — Guonormueckoe mnotpeGrnenne KHCIOPOUAS;
XIIK — xumudeckoe norpe6renne KuCIopona



PexymiapoBannas Moaerm, GHOTHYECKOT0 KPyToBOpoTa
(MemIeHHEIE IEpEMEHHBIE)

IIpemiaraemas Momenb 6asMpyeTcA Ha  psfie TEOPETHUECKHX KOHIEMIHH,
KOTODBIE KPAaTKO HIJIAraloTcA HUXKE,

1, Buonorumyeckas IPOMYKTHBHOCT BOHOeMOB (fonee OmpeneNieHHO —
flepBUYHasA NPOAYKIHA) ONPEeIACTCA COBOKYITHOCTBIO IPOAYKIMOHHO-IECTPYK-
I[HMOHHBIX MPONECCOB, 06pasyIoIHX GHOTHIECKHH KPYyTroBOpOT,

2. JHepreTHYECKOH OCHOBOH GHOTHYECKOTO KPYroBOpOTa ABIAITCA NMPOLEC-
cbl GOTOCHHTe3a H OKHCIEHHS (MHHEpaIM3alMM); BeELIECTBEHHOM OCHOBOH —
KPYroBOpPOT GHOTeHHBIX 3JIEMEHTOB, CKOPOCTh KOTOPOIO ONpeneisfercs Mo Jid-
MHTHpYlomemy OHOreHHOMy ieMeHTy (Kak NpaBWio, a30Ty Wi docdopy).

3. MopenbHoe ONMCaHHE CHMCTEMBI CBS3aHO C COBMECTHBIM IIpHMEHEHHEM
6anaHcoBOro NpUHIHNA M KHGEPHETHYECKOTO NOIXOAR, YTO BHIPAKAETCA B KOM-
NapTMEHTATH3AUUMHK MOJIEIIH, T.€. NIPEJICTAB/IEHHH 03¢PHOTO KPYroBOpOTAa B BUE

x=(P— PT)e, 1)
e P=(py),i,j=0,N — MaTpiua NOTOKOB BEILECTBA MeXMY BbIETEHHBIMH
TepeMEHHBIMH ISKOMHapIMeHTaMK) Pio, Poj — OOMEHHBIE NOTOKH C BHelMe#
cpemoit,x € R}, e=(1,1,..., ) .

4, Onpenemnonmm thakTopoM npH (GOPMHPOBAHMH BEKTOpa COCTOAHHA
ABIAETCA YyYeT BPEMEHHOTO MacluTaba paccMaTpuBaeMbIX ABJeHHH, B paH-
HOW 3ajjaue MOKHO BBIIEJIHTH TPH XapaKTepPHbIX MaciTaba BPeMEHH: [IepPBUYHO-
ro kpyropopota (Tp, < 1 roma), cnycka ypoBHs (T, ~ 10 jer), BHeumero
o6mena (Tg ~ 50 ner). COOTBETCTBEHHO BBINENAITCA *GhICTPbIe” M “MeJlieH-
Hpie” mepeMeHHbte, K mepBbIM OTHOCATCA (HTO-, GaKTepHO- H 300IUIAHKTOH,
J12GWIBHBIE OPraHHYeCcKHe H MHHEpalbHbIe COelMHeHHs, B KauecTBe meqyieH-
HbIX” ClelyeT paccMaTpHBATh NEpEeMEHHbIE, MAJI0 M3MEHAIOMMECH B XOME ro-
[OBOTO JIMMHHYECKOro IHKIA, K TaKoBBIM OTHOCATCA CToikue ¢pakuum opra-
HHMYECKOTO BellecTBa (BOMHBIA IyMycC), 3alachl BeLIeCTBa B JOHHBIX OTIONKe-
HHMAX, @ TaKXe arperHpoBaHHas TNepeMeHHasA, oObenpHAOWAA BCe GBICTpBIE
KOMIIOHEHTHI,

5. Beona manbiit napametp i = Ty, /Ty, PACCMOTPHM CHCTEMY

dx
- fCe,y, t, ut) +ug(x,,t, u), Q)

Yk c, y, 1, uf)
—-—F X0 1 s
dt M VLK

rge X — BEKTOp “OBICTPbIX” NMEPEMEHHBIX, ¥ — BEKTOp “MeIjIeHHBIX> Hepe-
MEHHBIX,

B cny KBa3H3aMKHYTOCTH 03€pHOTO GHOTHNECKOTO KpyroBOpOTa NpeJiCTaB-
nenmne (2) Bcerga MOXHO BbIGpaTh Tak, uro Zf; = 0. [IpoBopsa omepanuio ycpen-
HEHUA M HCNOb3ys METOJ, “’3aMOPOXeHHBIX’ K03dduuneHTOB, NOTyyaeM npu6-
JIMKEHHOE pellleHHe CHCTEMBI ~’BBICTPOro” Kpyrosoporax =x (g, y, 7) ¥ painee
penyLMpOBaKHYI0 MOJIENb ~’MeICHHbIX * NEPEMEHHBIX

dqfdr=G (x(q,», 7,7, 7),
dyjdr=h(x(q,y,7),y, 7, 3)

rme G=Zg & » 1), ¢=Zx; T=4t 59



C yuerom m, 1—5 npepgiaraeTcs pefylMpoBaHHas MOHENb THHAMUKH docdo-
pa, a30Ta ¥ NEPBHYHOH MpOAyKuMH B 03, CeBaH,

BeKTOp COCTOAHWA MOMENH BKJIIOYaET Clemyloummit HaGop “MepIeHHbIX ™ Te-
pemennbix: Qy, Op — MHTErpaibHble NepemMeHHbie, 06benuHsIoMe ~GhICTpbIE”
KOMIIOHEHTBI, cofepxaliue CoeAuHeHns a30Ta H docdopa; ¥ — BomHsii rymyc,
BbIpaxeHHbIH B Cypr; By, Bp — 3amach1 coenuHeHmi 23012 H (ocdopa B aKTHB-
HOM CJI0€ JOHHBIX OTIOXKEHUH,

Tlpoueccl, yuuTbIBaeMbie B MOZIEIIH: IOCTYIUIEHHE BELECTBA C PEYHBIM NIPUTO-
KOM H aTMOCQEpHBIMH OCafKaMH, CTOK BellieCTBAa M3 o3epa uepe3 p. Paspan,
a30TdHKCAUMA ¥ JeHMTpHHKALMA, ABTOXTOHHOEe 06pa3oBaHMe OpPraHHYECKOro
BEHIECTBA, OCE[laHMe OPraHUYeCKOTO BeIecTBa Ha JIHO 03epa, MHHepalH3auMs,
nuddysus  (pecycreHsus) MHHEPAIBHBIX BEIUECTB M3 HOHHBIX OTINOXEHHA B
BoJy, 6e3BO3BpaTHOE 3aXOpOHEHHe a30Ta H docopa.

YpaBrenus Mmopenu

By =0nPy — pNBN, )

Bp =0pPp — ppBp,

On=1/H(Ly— By +Uy - U3) — 01 —02) QN ~ V/H - 1 ny (n+En)Pc+

+kY llnN,

Qp=1/H(Lp — Bp) — (v1 —v;) @p — 1/H- 1/np (n + £p)Pc + kY 1/ np,

Y=1/HLy — @, —v,)Y +1/Hn Pc — kY,
roe H — cpemins rnyGuna osepa; Ly, Lp, Ly — 6uoreHHas Harpyska Ha 03epo
(cootBercrBenHo N, P, C) ;v = V[V, v, = V, [V — npotounocts; ¥, —o6bem
BOJIb!, OCTYNIAIOLIMIA B 03€po 32 rof (peuHoi puToK + ocanku); V, — oGbem
BO/ibI, HCTIAPSIOLMIACS C IOBEPXHOCTH 0O3epa 3a rofl; V — o6Gbem o3epa; n— gons
crofikoil ¢pakuum B NpomymMpyeMoM opranmyeckom BewectBe (OB); P,
Py, Pp — nNepBHuHasd NpPOOyKUWs, BhIpaXKeHHas B eguumiax yraepopga (C),
azota (V), pocdopa (P); k — cxopocts mmmepamusamun OB; Uy, U, —
MOTOKH 230 TGUKCAUMH U JIeHHTPUUKAIMH

Ev=Etlnfry, Ep=Elp/rp,
£ — [ONA NEpBMUHON MpOJYKUMH, NOCTyNaloWas B HOHHBIE OTIOXEHHS;
oy = 0ly/my, op= olp/mp,

G — CKOpOCTh CeOMMEHTALIMH; Py, Pp — CKOPOCTb pecyciieHsuu Nu P; ny, np —
K03 bunreHTs1, paBHbie oTHoueHuw C: N, C: P B crofikom OB; ry, rp —
K03¢dunuenTsl, paBHble oTHOWeHHIO C : N, C : P B 3aXOpOHAEMOM BelUECTBE;
my, mp — K03¢dHuMeHTsl, paBHbie oTHomeHHw C:N, C:P B ocepaiomem
cectone; ly, Ip — xo3hduupentsl, paBusie oTHoueHuio C : N, C: P B CHHTE3H-

pyemom OB,
®opmyna Wis NEpBHUHOA NPOAYKIIHM
Pc=min { (Qn — Q&) IncnHo, (Qp — OF) lpcpHo )

rae Q¥, O — MEUHAMaNbHbIE KOHLEHTpalluH a30Ta M pocdopa; Cy, Cp — cko-
POCTb KPyroBOpoTa a3oTa i pocdopa; Ho — TOJMUMHA NPOAYKIHOHHOTO CIIOA.

B 1aGnuiie NpHBeleHbl WICTCHHbIE 3HAYCHHA KOd(QduiueHToB Moxenu. [Ipn
HIeHTHGUKALUMH PANA MOJENBHBIX NAapaMeTPOB, 3aJJAHMM HAYATIBHBIX YCIOBHIA
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HapameTtps1 Mopenu

TMapamerp 3uavenne |PasmepHocTs || ITapamerp | 3Hauenme PazmepHOCTb
n 0,01-0,05 6/p PN, PP 0,1-0,5 1/ron
k 0,1 1/ron oN 10 MrN/m*
13 0,05 6/p (734 1 MrP/m>
EN 0,034 6/p CN, cp 10 1/rom
tp 0,031 6/p H, 15 M
ny 15-20 6/P/Mr/N on 129 mr N/m®
np 100-200 6/P{mr P Op 320 mr P/m*
m NN TN 7 mrC/mMmrN Y 2100 mrC/m?
mp,lp, rp 49 mrC/mrP By 12900 mMrN/m?
o 0,4 6/p Bp 1837 mr Pim?

H BXOOHBIX BO3[eHCTBHH GbUM Mcnonb3oBaHb! paGotsl [11—-14]. Pacuer muHa-
MHKH CcpefHed TJIyOMHBI 03epa M COOTBETCTBYIOLIEIO H3MEHEHMs INEPBHUYHOM
MPOAYKIMH NpHBeAeH Ha puc. 2. Yetko BHIEH Beieck” MPoJyKIUH, KOTO PbIi
oGycnoBieH creAyuME (aKTOpaMH: M3MEHeHHEM BXOAHBIX KOHIEHTpauui
GHOreHOB, YBEJIMYEHHEM BLIXOAa MHHEDATbHBIX GOPM M3 JOHHBIX OTIIONKEHHH,
IIpofBJIeHNEM JMHaMHyeckoro 3¢ddexta (M3meHeHHe oGbeMa 03epa B pe3yiib-
TaTe CIyCKa), YBeJIMYEHHEM MPOTOYHOCTH o3epa. Jlajiee MepBUYHAA NPOAYKIMA
CHWXXaeTcs. B pesynsrate cyeTa Ha yCTaHOBJIEHME NMOJNYYEHO NpeMeNibHOE 3Havye-
HHMe NEPBHYHON NPOAYKUMH, NPUOIM3HTENbHO B 2,6 pa3a MpeBblLIalomice €€
YPOBeHb B HOCIYCKOBO# NepHOI. JTO 3HaYeHHe ONpefeNiAeTCA HHTEHCHBHOCTBIO
6MOTeHHON HArpy3kH Ha o3epo (B NepByio ouepenp ¢pochopoM Kak JIMMHUTH-
PYOLUMM FIEMEHTOM), @ TaKdke NPOTOUHOCTbI0 O3epa. Pasnuuuble 3HaueHHA
MPOTOYHOCTH MOTYT JOCTHTaThCA IPH MCIOIB30BAHNUM PasHbIX Cloco6oB nogbe-
Ma ypoBHA (IlyTeM JIONOJHUTENBbHOH MNepeGPOCKM BOOBI WIH COKpALEHHs

#m £ , 2/ me zad

5
@
o
z
w
\ \ P , .
A A A A A A AN rod

Puc. 2. JluHamuKa nepBHYHOR npodykuuu (P ) 03epa NpH pa3TMUHBIX BAPHAHTAX YNpas-
NeHNust
a — cpenHAs rMyGuHa 03epa; 6 — MePBHYHAR NPOLYKIUA (HOKCHEHUA B TEKCTE)
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NOIYCKOB BoMbI Yepe3 Paspan), a Taxxke uX coueTaHus. Brol npoBeneH pacuer
NPOAYKUNM NMPH pa3sHBIX pekMMax ynpapiienus. Ha puc. 2 uudpamu 0603HaueHb1
KpUBBIE [MHAMHKH [EPBHUHO#H NMpPOAYKUMH NMpu: ] — NOObEME YPOBHA BOZb
B O3epe Ha 3 M HyTeM HNOMOJHUTENIBHOH IepeGpockH (pPocT KOHLEHTpauHi
GHOreHOB B peuHOM MpHTOKe ¢ 1970 r.); 2 — moabeMe ypoBHA BOIBI Ha 3 M
MyTeM yYMEHBINEHHA NONMYCKOB M3 03epa (KOHIEHTpaluH GHOreHOB B PEYHOM
npuroke ¢ 1985 mo 2000 r. ymensbiuatores Ha 10%) ; 3 — nogbeme ypoBHA BO-
OBl Ha 3 M nyTeM nepeGpockH (POCT KOHIEHTPAUMA OGHOreHOB B PEYHOM MPUTO-
ke c1960T.).

Munumariphoe npenesibHOe 3HAuCHHE NEPBHYHOH MPOAYKIHH JOCTHraercs -B
ciyyvae 2.

Anann3 MopdoMeTpHIeCKOH CTPYKTYPHI 03epa
B CBSAI3M C H3MEHEHHEM KHCIJIOPOJHOTO peXxnma

OueBHIHO, YTO NpPH M3MeHeHMH YpoBHf CeBaHa MpPOMCXOMMT Tiepepacmperie-
nenue fionu 8,(z°, Az) wiowaneii yyaCTKOB faHa, PacHONOXEHHBIX Ha OTpe-
OeNeHHo# riTy6GuHe, O OTHOIIEHWI0 K IDIOIa} TMOBEPXHOCTH 03epa. Buiuciie-
HMs TPOBOJMINCH MO opmyrte

du(z*, Az) = [S* — Az) —S(2* + A2)] [SK(0), (6)

IZie z* — UEHTp paccMaTpUBaeMOil 30HbI IMYy6HH; A z — pasmax 30HbI; S(2) —
runcorpadpuueckas GyHkuua; Sp(0) — mromaas MOBEPXHOCTH 03¢pa NP AaH-
HOM YpOBHe BoAbI /1 .

Ilpu pacuerax GbUTM HMCMONB30BAHBI Pe3yNbTaThl THApOrpadpHYecKUx pabGor
Ha o3epe U.A. Kupeesa [15].

Kak u3BecTHO, B HaHGONbLIEH CTENEHH CIYCK YPOBHA Ha 19 M NoBnMsUT Ha
mopdomerpuio Bonbioro CesaHa. IToT $aKT 4eTKO OHATHOCTHPYETCA GOpMy-
noin (6). MpencraBnserca HeGe3bIHTEPEeCHBIM AHATH3 BIIMAHHA MPOHCXOMMILMX
H3MeHeHHit MOpGOMETPHH Ha KHCIIOPOMTHBIA PeXXHM 03epa.

CornacHo HATYpPHBIM HaGIIIOIEHUAM, SBJIeHHe TMNOKCHH B 03, CeBaH Habio-
[aeTCA Ha OMpeleNeHHBIX CNy6MHax, KOTOpble Mbl HazoBeM “omacHbiMu™. Ilo
IaHHBIM coTpynHUKOB I'uapoxumuyeckoro uHcTHTyTa C.A. Peanukosa u C.C. 3o-
3yNM, TAKOBBIMHM SIBJIAIOTCA YYaCTKHM NPHIOHHBIX BOA Ha rny6une 20-30 m.

BaxHO OTMETHTb, YTO NOJOOHAs OLEHKA ABJIAETCA AOCTATOUHO HHpoOpMa-
THEHbIM MOKa3aTelleM, TaK KaK HeSBHO YUMTBIBAET PAJ TIHIPOJIOTHYECKHX,
GMOXMMMUYECKHX M THOPONMHAMHMYECKMX XapaKTEPHCTHK, NpPHUCYIUHMX O3epy.
C nMoMoIbI0 3TOH OleHKH (mapaMeTpsl z* = 25 M, Az = 5 M) MOXHO BbIAC-
HHUTb, KaK M3MEHAETCA JONA “OnacHbiX” rIyOHH B 3aBHCHMOCTH OT NOJIOXKEHHA
yPOBHA BOABI B 03epe (pHC. 3).

U3 rpadHMKOB BHIHO, YTO TIOHMXEHHe YPOBHA O3¢pa HO CpPaBHEHHIO C
mocmyckoBhiM nourd Ha 20 M npuBeno B Bonbmom Cepane k 8-KparHOMy
yBEJIMUEHHIO 30HBI “ONacHbIX” rny6uH (20—30 m). B Manom CepaHe 310 H3Me-
HeHMe He3HAUMTENIBHO, NpHUeM ClefyeT oOpaTHTh BHHMaHHe Ha TOT aKT, yTo
NOoCe MaKCHMAIBHOIO TNMOHMXEHHS BOMBI [OJIA YKa3aHHbIX IMyGuH B Manom
CeBaHe cTana TaKo#, kakoil 6sma B Bonbmom Cesane fio ciycka (0,1).

Takum o6pa3oM, NPy NPOYMX PaBHBIX YCIOBHAX (TIPOLYKUMH, TEMIIEpaType
BOMIBI, XapaKTepe BOOOGMeHa H T.JI.) TOJNBKO CHH)XEHWEe YPOBHE BOMbI (1O
20 m) npuBomur B Bonbiom Cepane K CO3[aHHIO ABHBIX NMPEMNOCHUIOK JUIA
yXyOueHHA KHCIOPOJHOTO Pexuma.
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Puc. 3. 3aBHCHMOCTD OTHOCHTENIBHOM IUTOLII2~ D(255)

T4 “’ONacHBIX” I'yGHH OT YPOBHSA BOIBI Bl
a — Mansiii CeBan; 6 — Bomsmo#t Ce-

BaH; &8 — pona axearopum Komnosuw, [ /4

COOTBETCTBYIOLIAA ’’OnmacHbIM’ rnyGuxam

(20-30 M): h — noHIDKeHMe YPOBHA N0

OTHOIIEHMIO K IOCTTycKOBoMy K, paBHomy 0 [ F

g4

42

i _— L

7 46 0 4 78 iw

Paccyxmas aHanoruyHo, HaNPOTHB, NOBHIIIEHHE YPOBHSA BOMBI B 03epe Oyzmer
COKpamaTh foNi0 “omacHbiX” riy6uH B Bonswom Cepaue, H, ClIeOBaTENIbHO,
BECTH K CHHKEHMIO IHIOKCHM ([axe NpH HEM3MEHHOH NMEepBHYHON NPOMYKLMH
o3epa). HanGonee 3¢pdextnBen B 3T0M CMBICIE MOABEM 10 3 M OT COBPEMEH-
HOro YpOBHA (YTO COOTBETCTBYET YMEHBIUGHHIO 30HBI “’ONMAacHbIX” rny6uH Ha
35%). Ilpu pmanbHeiimem nogbeme 3¢GEKTHBHOCTD CHUXKAETCA; NOBBILIEHHE
ypPOBHA Bofbl Gonee yeM Ha 10 M NO OTHOLLIEHMIO K COBPEMEHHOH OTMETKE
COBCEM He MMeNo Obl cMbICia (C TOYKHM 3peHMA COKPALIEHHA HONH “’0mMacHbIX”
riry6uH.)

BriBoas!

1. Tlpuuunamu 3BTpodupoBaHHA 03. CeBaH ABIAITCA: PE3KOE NafIeHHE
ypoBHsA Boasl (Te <€ Tp) ; pocT CyMMapHOro NMOTOKA a30Ta B 03€PO; M3MEHe-
HHE CTPYKTYpbl rTyGHH.

2. BelTHuHHa NEPBHYHONH NMPONYKIMH NOCHE NPOXOXKIEHHA MaKCHMYyMa HMe-
€T TeHEHIHI0 K CHHXXEHHIO.

3. logHATHe YPOBHA: YMEHBILHUT 0N ~ONMACHBIX" IIYHMH; YCKOPHT NPOLECC
CHM)KEHHS Y POBHA NEPBHYHON NMPONYKIMH.

4. UpepensHbiii (aCHMITOTHYECKHIA) YPOBEHb NMEPBHYHOH NPOLYKUMH IpH-
MepHO B 2,6 pa3a mpeBbiiIaeT ee ypoBeHb B 1931 r. (npH ycloBHM COXpaHEHHs
CYLIECTBYIOLIEH GHOreHHOM HATPY3KH) .

5. B cuny HeompemeleHHOCTH YaCTH HCXONHOH HHGOpMaIu# NOIyYeHHbIE
KOJIHYECTBEHHbIE OLEHKH HMEIOT OLEHOYHBIH XapaKTep, OJHAKO KayeCTBEHHOE
noBefieHMe MopenH (4) OCTaeTcs HEM3MEHHbIM NpH BapHaMH MAPaMETPOB.

Asropsi Gnaromapar A.A. MateeeBa 3a nonesHble 06CYXACHHA H NPEIOCTaB-
JIeHHYI0 KHHGOPMAIHIO.
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YK §76.12

MopaeanpoBaHHe MaKpO3BOJIIOIIHOHHOI O Mpolecca
Ha OBM
B.®. Jleguenxo, B.B. Menwytxun, M.JI. Ilenduna

HHCTUTYT 3BONIOUHOHHOM du3nonoruyn ¥ 6uoxumuu uM. U.M. CeueHoB2

ITonbsITKM MOMEHPOBaHHA 3BOJIIOLMOHHOrO npouecca Ha IBM npennpuHuma-
much u padee [10, 5, 11], PaccMarpuBaeMass Mopenb npefHa3HaueHa Jid H3yye-
HHA MaKpO3BOJIIOMUOHHBIX SBJICHHMH, B YaCTHOCTH OCODeHHOCTeH M MMHAMMKH
pocrta pIIeTHIECKHX SBOTIONMOHHBIX AepeBbeB, ['MaBHas uepTa MOZIENH — B TOM,
YTO B ee OCHOBY 3al10)K€HbI TOJIBKO CBOHCTBA ¥ JAPBHHOBCKHE NMPHHIIMIIBI B3aH-
MOZEHCTBUA NOMyJALMIA,

MaxkposBosionio KpaitHe TpyIHO HaGl0maTh B NpHPOME, HENb3A NOBTOPHUT
B omeite, I103TOMy HMMHMTaMOHHOE MOJEITHPOBAHHME SBJIACTCA MPAKTHUCCKH
eIUHCTBEHHBIM CIIOCOGOM H3yYeHHA 3TOTO IMpolecca, XOTs MOXeT 110Ka3aThes,
YT0 NpH HATHUMM KECTKOTO MAETePMHHH3Ma, HAKJIA[bIBAEMOTO MpOrpaMMai
U TeXHHYeCKHMH ocoGeHHocTAMM IJBM, pe3ynsraThl MOJEITHPOBAHMS MOXHO
3apaHee NpPeACKa3biBaTh, HA NPAKTHKE 3TO OKAa3bIBAETCA HEBO3MOXHBIM B CHITY
TOrO, 9TO I 3TOr0 BCAKHi pa3 HeOOXOIMMO IpOMENbIBATb HCKITIOUHTENHLHO
GOJIBIIIOE KOMYECTBO BBIYHCIIEHHH H JIOFMYECKHX NpeoOpa3oBaHui,

H3-3a HeNMOMHOTHI NaJICOHTONIOTMYECKHX JAHHBIX, H3-32 TOr0, YTO KaXAas KOH-
KpeTHas pealu3alis NPH MOMENUPOBAHAN MaKPO3IBOTIONMH YHHKATbHA (B MO-
OeTH HMUTHPYIOTCA MYTAlMH) MOXHO JIMLIb YCJIOBHO rOBOPHTH 06 HueHTHH-
Kaiud pe3ynbraroB, OueBHAHO, YT0 HeoGXxoauMO o6pariaTh BHHMaHHe Ha HHBa-
PHaHTHbIE 110 OTHOIUEHHIO K CTYYaiHOCTH H K YCJIOBHMAM 3KCNEpHUMEHTa YHUBEp-
caNbHBIE 3aKOHOMEPHOCTH, CTPYKTYpPBI, XapaKTepHaylolHe ¢peHoOMeH, IT0 AB+
JifeTcA TNPaBWIOM HE TOJIBKO IIpM HHTEPNpeTaldH Pe3yIbTaToB MOEIHpPOBa-
HHA, HO ¥ JII0Goi Mo3HABaTeNbHOM HesATeNbHOCTH [8].
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Onucanye MOIENH, TEPMHHOJIOTHSA

Komimnexc nporpamm mopenu Goul peanu3zoBaH Ha QopTpaHe B OnepalHOH-
Ho#t cucteme RT 11V05 [PAGOC2] Ha BRIMHCIHTENBHOA MallMHe ~INeKTPOHHU-
ka 100-25”. HeoGxomumsiii 06beM nmamati — nopaaxa 120 kwio6aiir. I'pad
HMHTHPYIOIICH 3BONIIOIMOHHBIA NPOLECC MPOrpaMmbl H300paxen Ha puc. 1.
[Iporpamma paBoTaer B OHAIOTOBOM pPeXHMe, XO UMHTHPYEMOIO IBOIIIOLH-
OHHOTO IpoLecca MOXHO “perynMpoBaTh” C NOMOUIbI0 CHEUHATBHBIX Ma-
paMeTpoB,

Ilockonbky Mopmens OTpakaeT MU HEKOTOpbIE aCHEKThI TEOPETHYECKHX
NpefCTaBJIeHHH M PealbHOCTH, TO MCHONb3yeMas GHOJIOrMYecKas TepMHHOJO-
THA HMeeT ycnoBHbIR xapaktep. Ilon monmynsumAmMu Hike NMOHHMAKWICA Bpe-
MEHHFIE Cpe3bl (DMIeTHUECKHX JIMHMIA, TIOJl MYTALMAMH — 3BONIOLHOHHBIE COGBI-
THA, NPUBOASAIHE K BO3HUKHOBEHMI0 HOBBIX (QWIETHUECKHX JMHMA (MHOTHa
KOPOTKHX) . B CITyuae H3yyeHUA MaKpOIBOJIOIHOHHBIX ABJIEHMI TaKHE JOMyILe-
HHSA He ABJIAIOTCA CIHLIKOM rpyGhIMH.

B Mopenu npemycMOTpeHO 12 BapHaHTOB YCJIOBMEl Cpeibl — JIHUEH3Hi [6,
14}, koTOpbie MOrYT COXPaHATbCA WIM H3MEHATHCA Ha MPOTHKEHUH IKCHEPU-
MeHTa. B Kaxmoil u3 MHLeH3HA MO AONyCcKaeTcs HaTHuue A0 NEeBATH BUIOB
NOMyNAMIA, JicONOrHiecKye HUIIM [12] rpymims! NOMynAuMii, COCYLIECTBYIOLHX
B JIMUEH3HH, COCTaBIIfIOT IPYMIOBYI0 3KONOTHMueCKyIo Humry [6, 7]. Buyrpu
rpynnoBoil 3KOJNIOrHYeCKOR HMIIM HMeeT MeCTO KOHKYypeHImA, ®aKT HCHONb30-
BaHUA MOMYJALMeH TOH WIH HHOW JIMIEH3HH O3HauaeT, YTO aJaNTHBHAsA 30Ha
nonynauuy [13] coOTBeTCTBYeT MpeNOCTaBIfAEeMEIM YCIOBHAM., B oTmHume
OT 3KOJIOrMYeCKOH HMIUM NHUEH3UH MOTYT GBITh He3aHATHIMH (CBOGOIHBIMH) .

B Hauane pa6oTEl MPOrpaMMEl B KaKyH-HUOYOb H3 JIMLIEH3HH NMOMeIaeTcs,
KaK NpaBWIIO, OffHa MCXOHHasA nomynaums, Kaxpmas nomynsuus oIMchIBaeTCcA
25 cBO#CTBaMM, KaXa0e CBOMCTBO MOXeET MMeTb OT 2 0 9 rpajauuit-npu3Ha-
KxoB. OGuiee xommyecTBO rpamaimuit — 100, H BCe OHM ONHCAHBLI B CNELHANbHOMH
Tabiuue — MaTpule NMPU3HAKOB (CM. paspuen 2, 1a6n. 1). JlioGo# 13 MPH3HAKOB
HMeeT WIS KKAOK H3 JIMHEH3WH CBOIO 3HAYHMOCTb, KOTOpaA MOXXET MpHHH-
marh 3Hauenua or 0 mo 10. IlpucnocoGieHHOCTs S KOHKPETHOH MOMYNALMH
K JIMIEH3HH ONpepeisieTcd KaKk CyMMa 25 yKa3aHHBIX 3HaUMMOCTEH, KOTOpBbIE
pomxupl 6biTh Gonmbiue Hynsa, UMmeercs cnenuanbHas TaGnuia HECOBMECTHMBIX
NPH3HAKOB (JIETANILHBIX COYETaHWiT), MyTaHTHI C HeCOBMECTHMBIMH NPH3HAKA-
MH B JanbHeiiieM He paccMaTpuBawoTcA. IIpumMep HeCOBMeCTHMMBIX IPH3HAKOB:
OTCYTCTBHe Yepena M rpbI3yLIHi poT.

Ilporpamma paGoTaeT IMKNMYECKH, NPHYEM 33 KKIbIH HMKIT — “3BONIO-
UMOHHBIH LIar” — y YacTH MOMYNAUMHA BO3HUKAIT MYTAlMH, IPOMCXOAAT Iepe-
XONbI MOMYNALMUA M3 JIMICH3MH B JIMLEH3HIO, a TAK)Ke PasbIrpbiBalOTCA KOHKY-
PeHTHbIE B3aMMOOTHOLIEHMA. [ MMHWTaIMH MyTalMi HCMONB3YETCH CIEIHANb-
Has MOAMpOrpaMMa — reHepaTop ICeBHAOCTYyYaiHHbIX wmucen., Myrauum Moryr
MPOMCXOMHUTh B HpeieNIax CBOHCTBA HE3ABHCHMO OT AIPYTHX CBOHCTB, Jing xax-
OOr0 CBOHCTB2 OHM pPaBHOBepOATHHI, OOliee UHCNO MYTauMi 3a IMKJ MOXHO
MEHATh NOCPEICTBOM 3alaHHA CICHATTLHOTO Mapamerpa R,

Ilocrie TOro kak MyTalHMs NPOH3OLDIA, TIPOBEPAETCH He JIETAbHA JIH OHa,
Iajtee MpoBepsieTCA, K Kaxoi 3 12 ymumueH3uit HanGonee nprcnoco6nena nony-
muunn, Eciu B pe3ynerare MyTaumii NOARIAETCH Takas NONMYNIAUHMS, KOTOpas
npucniocofiTeHa K KaKHM-HHOYIS NHNUECH3HAM Jydie, Y4eM K TOH, B KOTOPOH

5. 38x. 799 65
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OHR B AaHHBIA MOMEHT HaXOIBTCA, TO BO3MOXKCH NEPeXOy H3 NHIEH3NH B JIHICH-
amo, Ilepexon (Tonsxo omMH WIS KAXAOH MOMYIAUMA MYTAHTOB) NPOHCXOZMT
JIBIDB TOTAA, KOTHZa HOBas “HAWTyWIIasm™ NHNCHIWS CBOGOMHA WIH Xe 3aHATA
MeHee MpuCNOcoGnenHbIMH nonynmmam, [Ipy 3ToM HexonHas nonmyndmms nu-
6o coxpaHAercs — CM. NOTHYECKYI0 cXeMy “Momens 1 Ha pHc. 1, 160 aHHYIH-
pyerca — mopens 2”. Hinke peus GyleT HATH TONMBKO O cXeme mopens 17,
YTO COOTBEICTBYET PACCMOTPEHUIO NONYAAIMHA GONBINOH TMCNIEHHOCTH,

Cnenywunmm 3tanoM paboTel NPOrpaMMBl ABNAETCA MMHTALMA KOHKYPEHT-
HBIX B3aHMOOTHOMIeHMHA. JiI8 3TOro MPOCMATPHRaeTCA” 3aMONHEHHE KAXIOM
H3 nuuensuii. Ecmm B ymuensuM ecth CBOGOOHOE MECTO, TO OHO 3ANONHACTCH
HauGonee NMPHCIOCOGNICHHOH NOMynsAMeH, a HAUMeHee IPHCIIOCOOIeHHAA Momy-
NIALRA 3aMemaeTcs Ha HanGonee npHCIOCOGIEHHY0.

Taxum 06pasoM peallH30BaHE! CleAyWLIHe KIIACCHIECKHE Uepysi, OPHCYLIHE
MAKPO3BOMONHOHHOMY [IPOUECCY: a) MEXAHKIM MYTAUMIA HIH TOYHEC — MeXa-
HM3M BETBICHHA (WIETHUECKMX JIHHMI: 6) yHHUTOXEHHe HEXH3HECIIOCOGHBIX
MYTaHTOB; B) CNOCOGHOCTh MYTAaHTOB CO3[aBaTh HOBbIC IKONOrHYECKHE HHUILM,
NEPeXOMTh H3 JIMICH3AH B JINIEH3HIO H 3aHHMAaTb CBOGO/IHbIE JIHIIEH3HH; I') KOH-
KYPEHTHhIE B3aHMOOTHOIIEHHs BHYTPH I'DYNIIOBOH HHIIM JIHHEH3WH, NIPH KOTO-
PIX HaMeHee MPUCTIOCOGTIeHHbIe MOMYIIAIMH BEITECHAIOTCS,

Jns yuera 3KONOTMYECKMX B3aMMOOTHOLICHHN MMEEeTCA CHENnabHas Tabiu-
Ua, ¢ MOMOUIBI0 KOTOPOH KaXKIOH JIMIEH3HH XHIYHUKOB CTaBATCA B COOTBETCT-
BHe JIHICH3MH XepTB. IIpH NoABNeHNHA XHUHHKOB 3HATMMOCTH PH3HAKOB XKEPTB
MEHAITCA (HMeeTCH JONONHATENbHAA TafUIMIIA 3HATHMOCTH NMPH3HAKOB NOCHeN-
HHMX B CTydae HANMWMYMA XHMIWHHKOB), ECIM B pesynbrate MyTauMil NOABJIAITCH
XHIHHKH, a )KePTB HET, XHIUHKKH IMGHYT.

B pe3yneTaTe 3KCIEpUMEHTOB BBIACHHIIOCh, UTO Ba)KHBI HEKOTOpBIe 0cOGeH-
HOCTH KOHKYPEHTHBIX B3AHMOOTHOLUEHHH, B YaCTHOCTH BO3MOXHOCTb COCYLLECT-
BOBaHHMA B OJHOH JIMIIEH3MH NMOMYNAUMA C pa3HO#, HO GIIM3KOi, NpHCIOCOGIIeH-
HocTeio. C 3TOH LieTbio B MOJIEJIb BBEJCHH NONONHHMTE/bHbIe NapameTpst / u P,

Ilapamerp I ompepenfer BO3MOXHOCTD COCYWIGCTBOBAHWA IOIYJIAIMI
¢ pa3HOH NPHCNOCOGICEHHOCTI0O B ONHOW NHUEH3HH, B TOM cCiyuae, xorpa
ISk — Sul < I, rpe Si u S, npucIOCOGNEHHOCTH PaCCMATPHBAEMBIX IICILY AN,
KOHKYDPCHIIMH My HHMH He NpOHCXOmHT, Buonormueckuit cMmeicn 3Toro ma-
PaMeTpa CTAHOBHTCA MOHATEH, €CIIH YYeCThb, YTO Pa3Hkle OCOOM OHOMH H TOH Xe
PEATHHOR MOMyJNALMH HMEIT pasGpoc B NMPHCIOCOGIEHHOCTAX, a2 Pa3HRIX — He-
OMHAKOBYI0 YyBCTBHTEIIBHOCTh K KOJIEGaHHAM yCJIOBHil cpempl. s ydera oT-
HOHICHHH MEXIy OcOOAMH OHOH NMOMyNsauMM BBefieH Napamerp P. B ToMm cityuae,
xorna S, —S > P, rae S — npucnocoGIeHHOCTh POIUTENBCKOMH TOMYIIAIMH,
a S, — MyraHTOB, GOllee MPHCIOCOGNMEHHBIX K ITOH e JIMIEH3UH, IIPOUCXOUT
3aMEHa POJUTENILCKOMH NOMYNIAMH Ha HOBYIO.

B mopens BBemeHs! Taxoke napamerpsl F, D; u C;. E onpenenser gonon-
HHTENIbHbIE “TPYQHOCTH [UIA Nepexofa MexAy nuueH3usamu. [lepexox Bo3mo-
xeH,ecmd S — E > Sy, roe S — npHCIIOCO6IEHHOCTb OMYTIAINH, ~CTpeMs-
meiicA” K MePeXony, a8 Smin — MPHCHOCOGIIEHHOCTh HAMMEHEe KOHKYPEHTHO-
€a0co6HOH NMOMYNAUMM B TOMH JIMIEH3HH, Ky[a NpenmonaraeTca nepexop. D; —

-

Puc. 1. QynkunoHansHas GI0K-CXeMa MPOTPAMMEI I MOIETHPOBAHHS MaKpO3BORIOUHMOH-
Horo mpouecca. IIyHKTHpoM orpaHnueHa o67acTh “omNepalMH Haj OTHEALHBIMU MoO-
MyNAUMAMHA®’
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NOPOT BHDKUBEEMOCTH B i+ THHCH3HH (B YNPOMIEHHOM BapHaHTe MOACHM Gnu
paseH Hynmio) . Ecin npucriocoGientocTs § nomynAuus MeHsuie D;, oHa rRGHET.
HaxoHell ¥MeeTCA TaK)ke BO3MOXHOCTD YBENHUMBATH WIH YMEHBUIATh NPHCHO-
cOGIIEHHOCTH TONYNAUMIA B KaXHOH M3 JHICH3IWA Ha wacno C; (i — HOMEp JIH-
ueHaun). Wsmennn napamerp C; Ha ONPEReNIeHHBIX 3TaNaX MOJETHPYEMOTO
3BOIOHOHHOTO NPONECcca, MOXHO MMHTHPOBATh KOsneGaHWN YCIOBMA Cpemul.

Takum o6pazom, mia paBorsl Monenn HeoGxomumo 3asHKe Tabmum npHcno-
cobneHHOCTe |, TeTRIBHAIX COueTalHil MPHIHAKOB, MCONOTNNSCKHX B3IAHMOOTHO-
mreHui, a Taxoke napamerpoB R, I, P, E, D, C; (nocnemine MOMKHO MeHATH B
potiecce BHINOMHEHMA NPOTPAMMBI). JHATNTENBHOE IHCIIO NBPAMETPOB MO3BO-
JIfeT HMMTHPOB2Td MHOXECTBO 3BORIUHOHHBIX 3PPEKTOB, TOHKO 3aBHCALIMX
OT COOTHOLICHHA MEXAY HAauaNbHBIMH AaHHBIMH. TlOCKOMNBKY IOITHOE Bpems,
HeoGXomuMoOe I MMHTAUMA TOTO WX HHOTO BSPHAHTA, cOCTAaBNAET 5—30 mMuH,
BANCKO He BCe BO3MOXHbIE COYCTAHNN NAPAMETPOB HcciieoBanh. Hinkxe mpi oc-
TAHOBMMCH Ha HauBonlee THMEWTHBIX M JIETKO BOCHPOM3BORHMBIX DE3YJNbTaTax.

Peaynsrats 1 ux oGCyxaenme

Jinsa narnanHOCTH B KavecTBe OGdexYa HeC/eoBaHuA GLUmH BLIGPARHE XOp-
[OBbie, NPHYCM KaXK/ad NPOrpaMMHaK MYTaltHsi COOTBETCTBOBANA TAKO#H rpymie
¥3MeHeHHI B (eHOTHNE, Ha OCYIHECTBIIEHME KOTOPOH B HpHpone HeoGXommumo
nopanka 0,5 MR, ntet, nHorna 1+5 mumH. ner (cm. taGrnnuy). Ilepauie wersipe
SUUEH3IMH — MOPCKHe, Jajice TPH — NPEeCHOBOAHbIE, 33T€M ABEe — IR 3eM-
HOBOJMBIX M, HAKOHel, TpH — MWiIA cyuM. HcxomHeiM BHAOM, Kak HpaBWiIo,
ABNANACH NONYNALMA OPraHM3MOB, ONHCAHME KOTOPOH B paMkax TaGmiust
OpPH3HaKOB COOTBETCTBOBAIO THIOTETHYSCKOMY HPERLIECTBEHHHKY JIaHICTHH-
Kxa. Haywedme »3BOMIOIHOHHOrO mnpouUecca NPOBOFWIOCH WIS NPOMEKYTKOB
BpeMeHH OT Heckobkux A0 200—300 muH jser. EcTecTBEHHO, 910 KOMIUIEKC
HMHTHPYIOUIMX NPOrpaMM BRONHE NOXXOMMT ¥ [UIA OPYTrHX 06beKTOB HCCnemo-
BaHHsA, B TOM WHCIIe H HeGHONOIHYECKHX, B CJIydYae KOTOPBIX MOXHO FOBOPHTb
O CHIYMalHBIX OUCKPETHBIX H3MEHEHMAX, KOHKYPEHTHbIX OTHOMICHUAX U FPYNIH-
POBaHMM 11O JIHLICHIUAM.

JKCREPUMEHTHI ¢ MOMENBIO IPOEMOHCTPHPOBAJIH, YTO JaXe B CTONNb XOPOLLIO
H3YYeHHOM HpoLecce, KakK NapBHHOBCKAsA 3BONIONHA, NPH MOACITUPOBAHUH
MOXET BCTPETMTbCH DAJ HeOXHHAaHHBIX 3dexToB. OCTAHOBHMCA B NEPBYIO
ovepenb H3 TeX, KOTOpble HaGMIONATICA NIPH HEM3MEHHBIX YCNOBMAX CpeHbl,

Buavane Gbumt nopoGpaHbl TakHe NapaMeTpbl MONENH, APH KOTOPHIX A
BpeMeHu umuTapan ~ 300 mumH ner HaGnionanmuch pe3ynbTaThi, CXOXHBIE C U3-
BECTHBIMH U3 NAICOHTONOrHH. IIpH 3TOM HOBONIBHO THNWYHOIM ABNACTCA CIIEHYI0-
Was KapTHHa: MYTaHTHI, NlepexXois B [APYryio JIHIECHIHIC H Pa3sMHOXaACh TaM,
[AIT Yepe3 OTHOCHTENHHO HeGOMBIIOH NpoMexyTok Bpemenu (0,5—5 MIIH ner)
TaKHX NOTOMKOB, MYTaHTHI KOTOPBIX BO3BPAIUAIOTCA B HCXOAHYIO JIMUEH3HIO
H BHITECHAIOT HCXomublii Bup (cMm. puc. 2), M3 pe3ynbTaToB MOXHO CHENATh
BbIBOJ, YTO “’PEHMMIpAlHA’ NMOTOMKOB Yepe3 HeMpOAOIKHTENBHbIH MPOMEXY-
TOK BpeMeHH — 370 $aKTOp, 3aAMETHO BIIHAHIHA HA OCOBEHHOCTH 3BOIIOLHOH-
Horo mpouecca. He HCKJIIOUEHO, YTO HMEHHO TAKOIO POJa OTHOCHTENIBHO KpaT-
KOBPeMEHHBIC COGBITHS OTBETCTBEHHBI 32 BO3HHICHOBEHHE HEKOTOPHX MaJICOH-
TONOTMYECKHX HESCHOCTEH.



OparMeaT TAGIMIE! 3HAYMMOCTEH MPUIHAKOB V1A PA3TMIHBIX JTAI eH 3t

Ipmasax N° ;mapensvm

1 213414} 5§ 6 | 7 8| 9110|111 | 12

Pasmep
10cm 3 0 3 0o 1 1 1 2 2 1 0 O
10-50 c™ 2 0 3 1 2 3 2 4 4 8 0 3
50-100 cm 10 3 5§ 3 4 S 4 5 5 6 3 4
1-2 M 0 7 6 5 5 4 6 4 4 0 8 6
2-5m 0O 8 7 8 5 3 6 2 2 0 3 5
Sm o 8 8 7 0 0 0 1 1 O O O
Qopma
1Hap OBMITHAN 1 1 5 1 1 4 1 3 3 6 7 3
MAROYIUIMH eHHasA 5 4 5 2 4 4 2 3 3 7T 8 4
YOUIHR SHHAS 8 9 5 8 8 4 7 4 4 3 2 5
IMeeBHOHAR 6 5 6 8 6 6 71 5 5 1 1 4
ITIOCKAsN 1 3 8 § 1 8 5 4 4 2 2 1
i afne
BPEMNTHBHEIE XaGphl 4 4 4 2 2 2 2 1 1. 0 ©6 O
MAGPH ¢ KPRIUIKAMH g8 8 8 3 3 3 1 3 3 0 0 O
” M IPHMHTHBHbIE o 0 0 8 0 8 8 8 8 8 1 1
nerxkue
P HMHATUBHEI e JIEr'KH e o o 0 0 0 O O O s 1 S 5
paseHThie » 3 1 1 1 6 1 1 1 1 1 § 5§

NMpumevanune, JIunensnn 1 1 2 — MOPCKHe WMHKTOHOdArH; 3 — mopckre Geurodarn;
4 — MOPCKHe XHIDHHKH; 5 — NpecHOBOIMble INIAHKTOHodaru; 6 — mpecrosommbié Gewreo-
aru; 7 — OpeCHOBOOHbIE XMIUHMKH; 8 ¥ 9 — 3eMHOBOOHbIE; 10 M 11 — MeNKHe H KPymskie
TPABOAHBIC IPHI3YHBI; 12 — XHIMHUKH Ha Cylle,

Ipy H3yYeHMH BIHAHMA CTENIEHW KOHKYDCHUMH BBIACHWIIOCH, UTO )KECTKam
KOHKypennust (Maisie I 1 P) NpHBOIHUT K GbICTPOMY POCTY HPUCIIOCOGIIEHHO CTH
H NpeofIafaHHI0 Npoliecca CTeNMaH3alMy HALY MpOLECCaMH, BeNyIMMH K OC-
BOCHHIO HE3aHATHIX JIMIeH3mH, V3 pHc. 3 BUAHO, YTO HA HAYAIBHBIX 3TaNaX pOCT
HPHUCIOCOG/IEHHOCTH MIPUCXOAMT GBICTPO, 3aTEM TEMII POCTa CHIDKAETCH H HaGIo-
[AI0TCA anepuoMuecKHe KoNeGaHMsA, YTO CBUIETENIBCTBYET O TOM, YT0 B paMKax
CJIOXKMBIUMXCA OTDAHMYEHMH [OCTHTHYTa WpENENbHasA CTeleHb ClEUHANIN3ausK
# “coBepiieHcTBa”, 06 3TOM XK€ CBH/ETENBCTBYET H YBeJIHYEHHE KOJIMYCCTBA
AeTANBHLIX MYyTamui, 3apganve Gonplied ofiLed YacTOTHI MyTauUMH TPHBOMMT
X TOMY, YTO yKasaHHbie pdeKTbI NPOABNAKTCA paHbine (cM. puc. 3).B urore
ApH HATHYMY XKECTKOH KOHKY PEHUMH OOMeH MEXIy THUCH3UAMH GbICTPO yMeHs-
mmerca (BIIOTh IO TOJHOTO MPEKpAIEHWA), IBOIONHOHHDIE JEPEBbA MOYTH
He HAI0T GOXOBBIX BerBell H INPpEHNCTaBIANT COBGOH JIMHMM MOCNEIOBATENHHO
CMEHAIOILMX [IpYTr Apyra Bce Gonee nMpHcnocoGneHHbIx popm. MHOTHE H3 JIHICH-
SHil OCTalOTCA NpH 3TOM He3anonHeHHbIMH, HaoGopoT, cHIDkeHHe KOHKYpeHIHM
YycHWIHBaeT B3aMMOOGMEH MYTAHTaMH, MPHBOJMT K KapTHHE, HACHILICHHOH MHO-
MECTBOM MEpEeXOOB M3 JIHICH3HH B IHIEH3HIO, Aake KOT/a MOCNeIHHE 3a0liHe-
un1 (cM. pHc. 4) . CpeHAA NPHCIOCOGNEHHOCTD O KaX/O#H H3 JIMIEH3MA 3eCh
MMXe, YeM B epBOM ciyuae. (cM. pHc. 3) .
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Puc. 2. [IpuMephl  IBONOLMOHHLIX JiepeBbeB, NONYYMBIUMXCA B pedynbrare paGoThl
TpOrpaMMBbI

d — TPHMEPHI BHITECHEHMA HCXOMHOrNO BHA3 NMOTOMKAMM, COBEPHIABIIMMU IEPEXOR B
apyryo munensuo. IyHK™MpoM 0603HINEHN IPaHHMIhl MEKAY JMUEHIHAMH: a — rubenb
BHOOBOH NMONYIAUMH. BC/IEACTBME KOHKYPEeHTHOH Gopblint; 6 — npumep noapoBuoro Aepena,
NOJIyYaI0MIETOCR HA [MCIVIEC WIH DEYaTaomieM ycTpolictse, B oTnMume or rxpwwnrwioi
GopMBI BpemMa HANPEBIICHO BHHS, nEGpPaMit MO TOPHIOHTAIM 06GO3HaYeHH! HOMEPA JIMIICH-
Ui, TOVKaMM, PACTIONIOXCHHbIMA B CTPOKY — MO3MIHN BORYAALMA B mHueH3nn. Cumson 0
CTABHTCA B TY NOSHUMIO, IA6 mpon3zomno cobhiTHe, mpHBEAllce K NOABJICHHIO HOBOH
NONyAAUMH WIH AyGINPOBAHMIO HMEIOmMEHCA; CHMBOJ X — B MNO3MIMIO, re NOABHIIACH
HOBaA mNoNmynAuMA wm Ry6ne Bonee KOHKYpeNTHOCNOCOGHON. BpyuHyio npopucoOBaHBl
HEKOTOpbI¢ 3BOJIIOMMOHHBIC NepeBbi (ABTOMATHUYECKH 3TO He [eNIaJIOCh HAMEPEeHHO, YTO6hI
He Meperpyxars u3ao6paxenue) , cumson X o803xnauseT ruGeIb NONyIALMK
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Puc. 3. T'paduxu cpepHet npHCNOCOGNIEHROCTH MO JIMHEH3WK NMPH Pa3HbIX 3HaYeHHAX YacTo-
TeI MyTauu#t R ¥ napameTpon Ilu P

ITo ocu aGcumce — HOMep mara, MO OCH OPAMHAT — TPHCNOCOGIEHHOCTh B YCIIOBHBIX
emumuuix: I - R= 0,99,I= 10, P=5; 2~ R= 0,85,I= 10,P= 5§5; 3—R= 0,6,I=
=10,P= 5, 4~-~R=0,1; I=10,P= 5; 5—R= 085,I=0,P=0; 6 -R= 0,1,
0;7—R= 0,85,I= 50, P=50; 8—_R=0,1, I = 50,P=50; 9 - R =
10,P=10

Ilpy Hanuumm B3aMMOOGMEHA POCT cpelHed NPHCIOCOGIEHHOCTH B JI0GOH
H3 JIHUCH3MA 3aBHCHT OT ee pocTa B Apyrnx. JmueH3usx. [locme pocmmkenus
TpeeNIbHON NMPHCNOCOGIEHHOCTH BO BCeX JIMUEH3MAX HacTynaeT ¢asa “nepecra-
HOBOYHO#H " HeduHanbHOR [17] 3BoNMIOIMH B MacliTabe BCeH CHCTEMBbI JIMIICH3UMA .
IIpn oTcyTcTBHHM B3aumMooOGMeHa HaGmopaercsa HedHMHATbHAA IBONIOIHA B Kax-
OO# M3 3aMONHEHHBIX JIMUeH3MiA. MoxHO nMomOGpaTh TAKHEe KOMIIDOMHCCHBIE
NapaMeTphl MOJICITH, NIPH KOTOphiX GyAyT NepHOMMYECKH HAGHIONATHCS BCIIBILI-
KH” BHOOOGpa3oBaHMs, GyHmeT BpeMEHHO YBE/IMUMBATBCA WHCIIO MepexoioB
(puc. 5). 310 mpoHcxXOmMT MOCIe 0cOGO yMAYHBIX IBOMIOLHOHHBIX “’H306peTe-
HM# ", KOT/]a TPAKTHYECKH Cpa3y NMOABIAETCA MHOXECTBO POICTBEHHBIX BHICOKO-
KOHKYPEHTHRIX BHAOB, BosmyllleHHe, BBI3BAHHOE KaXIBIM “H300peTeHHeM”,
MPOUCXOIAINM B KaKOH-HUGYIb OZHOM JTKLEH3MH, llepefiaeTcs B ApyTHe JIKLEH-
3HMH H NIOCTENEHHO 33TyXaer,

MNocnenoBaTensHOCTh WHce)1, TIONYYaeMas OT TeHepaTopa INCeBAOCITYYaiHBIX
YHCeNl, HCUONb3yeMas NjIA HMHTAUMH MYTali, BOCIPOH3BOIMMA, €CIM IIpH
MycKe FeHepaTopa 3ajaeTcs OJHO M TO XKe ClelUaNbHOE CTapToBoe wucio L
(8 Hauane paboOTHI OHO MOJDKHO GBITH BBeneHO ¢ mucivies) . [TosTomy npH OpHHX
M Tex ke HAYAIbHBIX NapamMeTpax MOJIENH H OMHOM L 3BONIONMOHHBIE NepeBbs
He pasmauaiorca, IIpH pamMuHbix 3HaveHMsax L [epeBbsA He NMOXOXH ApYr Ha
Opyra, “BHOB’’ HHble, OOHAKO NOCJE HOCTATOYHO GONBINOrO WMCJIA IIAroB (Ha-
nipuMep, nopapka 200 m1a BapuauTa 3, M, pic. 4) 06UIasA KapTHHA 3aNONTHEHHA
NAIEH3HHA OKa3hIBAETCA CXOMHOM mia Mo6eix L. 310 oTpaxaer 10T ¢aKT, uro
3KOJIOTHIECKASA IBOJIIONHA B CHCTEME C 33aAHHBIMH JIHICHIUAMH TIpeIOHpeLerne-
Ha, @ PWIOreHeTHYECKa A IBONIONHA HH/IETEPMHHHPOBAHA,

Kaptuny NOCTENEHHOrO 3aflONHEHHst BCEX JIMICH3HA MOXHO BHICTh M IpH
mycke MporpaMMel OT HCXONHOH NMOMYNAUMM “*3€MHOBOIHBIX™ WIH, HApHUMeED,
PrpaBOANHBIX” (MpHMEP AepeBa Hike — Ha pHc. 7,¢). CyliecTBEHHO, uTO
noJIe3HEIe TPH3HAKH KAaK H3HAYAJIBHO 3a[jaHHBIE, TAK H NMPHOGpPETEHHbIe (HAIpH-

7
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Puc. 4. TlpuMeps! 3BONIOUMOHHBIX [AEepeBhEB NPH pa3HO# CTeneHM KOHKYPEHTHBIX OTHOLLE-
HHH

OTaenbHble BHOOBLIE NMOMYNAUMM He H306paxkeHB!, BePTHKATbHBIC JIMHHMH OTHOCATCH
K CIIOMUBIIHMCH TPYNIOBHIM HULIAM NHUEH3UI, HA WIKANaX — HoMep auueH3ui. I'opu3on-
TaJIbHbIE AMHUM OGO3HAYAIOT Mepexonmbl MYTAHTOB MEXAY JHMUEH3UAMH; O — MEepecTPOiKy
rPYNNOBOH Ppeany30BaHHOH HUINK BCECTBHE BCEJIEHUA HOBOTO KOHKYPEHTHOTO BHMA;
1 — ovens BHICOKAA KOHKYpEeHUMA; 2 — BRICOKAR KOHKYPEHUMA COCYMIECTBYIOT NMOMYISIMH
¢ pa3BpocoM npucnocobinennocreir I (scp = §%; P =1); 3 — cpemHAA CTeNeHb KOHKY-
peHimyn (COCYIIECTBYIOT nomynsuuy ¢ 20% pa3bpocom npucnocobnennocreir) . HexomuniM
BHOOM #BJIAETCA TOIYINAUMA THIOTETHYeCKOTO MpENUISCTBEHHMKA JIAHIETHHKA, B KOHILE
ZiepeBa MHOTHE M3 BHIOB OG/Iafa0T IIIABHMKAMH, PA3BHTOR HepBHOM cucTeMoii. OGpamalor
Ha ce6f BHMMaHMe MHOTOKDATHBIC IEePEXOOB MEXAY MHIEH3UAMHM MOPCKHX H NMPECHOBOR-
HBIX IUIAHKTOHO(Aros, compskeHHble C BO3HMKHOBEHMEM HOBBIX NMpU3HaKos. Hurepecmo
MPOUCXOXKOAeHHE NMPECHOBOMHBIX XHITHMKOB U3 MOPCKHX GeHTodaros
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Puc. 5. Kone6aHus cpemHero wWicina NMepexogoB M3 JIHHUEH3HH 1 (BBepX) H B NHHEH3HO 1
(sHu3)

INo ocu aGcoce — HOMeEp HIArs, o OCH OPAMHAT — cpenHee WMCno nepexomos. [Ipome-
WYTOK ycpenHenmus — 10 maros.



Mep, ABYXKOHTYpPHas CHCTEMa KpOBOOOpAILeHUsA , BHYTpeHHee OIIOJOTBO pEHHeE)
o6bpruHO yKe He TepsaIoTcA B mansHelieM. dddekT KaHATHPOBAHHSA 3BOTIOLHOH-
HOTO mpounecca 06bACHAETCA MOpGOreHeTHUECKHMH OTpaHMYCHMAMH: JIf 3a-
MEHBl YKa3aHHbIX INpM3HAKOB Ha OpYTHe HEOGXOMMMAa ONHOBpEMEHHas Hepe-
CTPOHKE HeJIoro KOMILJIEKCa XapaKTepHCTHK OpraHu3Ma, H3MEeHEHHE IIpYTMX
NPU3HAKOB, YTO MAIOBepoATHO, HeomHoBpeMeHHas HepecTpoilika HEBO3MOXKHA
B CHIly HH3KO# KOHKYPEHTHOCNIOCOGHOCTH NMpOMEXYTOUHBIX ¢opm. OueBHIHO,
YTO C MOPOreHeTHIECKHMH OTPAaHHYEHHAMM CBSA3aHA H CHILHATH3ALHUA,

Ecmu IBomiomMOHNCTEI H36EraloT [aBaTh OJHO3HAYHBIA OTBET HA BOINpOC,
CHIOCOOCTBYET JIM YBEJIHYCHHE YACTOTHI MYTALMH YCKOpPEHHIO 3BOJIIOUMH, TO
MIPE[ICTABUTENIH = APYTHX OHONIOTHYECKHX CIIELHANBHOCTEH, NOIYJISApU3aTOPBI,
yauie BCEra OTBEYAIOT HA HErO YTBEpOMTENbHO, Pe3ynbTaThl N0 paGoTe ¢ MOJENbIO
MpOJIEMOHCTPHPOBAIH, YTO BEpHO JIMIIb MpH MAaOH CTENEHH KOHKYpEHIHH
(B mpHpose, HANpHMep, TIOCIe BHIMUDAHMS YaCTH NONMYNAMHA cOOBILEeCTBa) H He
oyeHp TIyGoko# cmemuanu3aumd, HyxHo Taxke HOOuepKHYTh, YTO TEPMHH
’3BOMIONHA" TPAKTYeTCA IIpH TaKOM HOAXoje OHHOGOKO H INOOpasymeBaer
IpPOCTO YBETMYEHHE CKOPOCTH BHIO0Gpa3zoBanud. [IpaBiibHee roBOPHTH, TAKHM
00pa3oM, YTO yBEIIHUEHHEe YaCTOThI MYTalMA ABNACTCHA “KaTaH3aToOpoM” Wis
PA3BHTHSA TEHACHIMHA, OllpeieNifeMbIX KOHKYpEHIMEH U CIIOKHBIIMMHUCSA K 3TOMY
MOMEHTY MOp¢oreHeTHIECKHMM OT PAHHUEHUAMH, CHICIMaIH3auMe .

C yBenuueHHeM 4acTOTHI MyTalMil yckopenne (°Kartanu3’) BHHOOGpPasoBa-
HMA, CNEIHANH3a0KA H PAOA MHBIX 3BOJIIOLMOHHBIX NpOLIECCOB He 06A3aTeNIBHO
MpOHCXOOHT JnHeHHO, HopmanpHoe npoTexaHue psApa IPOLECCOB BO3MOXKHO
TOJIBKO INOA KOHTpOJIeM OTGOpa, H NMO3TOMY BEPXHHM JIHMHTHPYIOIIMM (aKTo-
POM ISt MX CKOPOCTH SBIIAETCH CKOPOCTs OTGOpa. B Momen#u oHa MOCTOAHHA,
T3K KaK 33 ONMH IIAr B KaXJOH JIHICH3HH BCIECTBHE 0TO60pa AMMHHHPYETCA
He Goiee ueM opHa monynamus (cM. pasgen 1). MMeHHO NMO3TOMY KpHBBIE
pocTa cpefHel MPUCIIOCOBICHHOCTH NMPH BHICOKHX 3HAYCHHAX YaCTOThl MYTalMil
orTnHuarca Maio (cM, puc, 3). CreyeT OTMETHTDb, YTO CHTYAallHs C HApyIICH-
HbIM OTGOpOM BpAA 1M UIMPOKO PpaclpOCTpaHEHa B PEANbHOCTH, MOCKONBKY
B 3TOM Ciyuade [E30pPraHM3yloTCA 3KOJOrHuYeCKHe B3aHMOOTHOIICHHsA, YTO He
CHOCOGCTBYET BBDKHBaHHIO GONIBIIMHCTBA WIEHOB cOOOLIECTB2 [Ie30 praHH30BaH-
HO# 3KOCHCTEMBI,

B npupope 0coGeHHOCTH 0TGOP3a KOHKYPEHTHBIC B3aHMOOTHOILCHHA CBA3aHBI
C BEJIHUHHOM, CTENEHbI0 B3aHMODCHCTBHA MeXOy 0cOGAMH MONMYNAUMA U B KO-
HEYHOM HTOTE OINPENENAIOTCA NMPOHECCAMH CAMOpErylifliMM 3KOCHCTEM M GHO-
reocepat. [TpuAuun camocoxpatexus Groreocdepst [7], B uacTHOCTH, TpeGyer-
csi, YTOOM 3BOJIOUMOHHBIE NpoUeccM He MPHBOIWIH K CaMOINpPOHM3BOJIBHBIM
MACCOBBIM BHIMHPAHKAM, PACAiaM 3KOCHCTEM. ITO HAKIIAABIBAET OrPAHHYECHHUSA
HA CTelleHbh B3AUMOJEHCTBHA M HA BEANWIHBI YACTOT MYTALMH 33 IIOKOJICHHE,
NO3BONACT rOBOPHIL 06 ONTHMAABHMX 3HAYCHHAX 3THX BENHIMH B 3eMHBIX
ycnosuax, OueHb MaJias YacTOTa MyTaumil He Gyner oGeclieumBaTh HeOGX0IMMYI0
CKXOpOCTH 3BOJIIOLHOHHOTO Nipolecca, Bomsuias yacToTe nNpu yCnIOBHAX XKeCTKOMH
KOBKYPOHUMH NpHBESET K Upe3MepHoil CHEeIMANH3alMH, 3 370 HEBHINOJHO,
ecam ¢pena He craGwibHa, OueHb GOAMDAR YACTOTA Y BCEX WIH [aXe YaCTH Mo-
nynsupli BHI30BET HapylicHHe pomeccos 0T6Opa, AeCTAGUIN3ALMI0 TOMYIIALMI
H MCOCHCTEM, BHIMMPaHHE, YTO HE COTHACYETCH C YNOMAHYTHIM IPHHIMIIOM.
Jonwmo ObiTb, CIIENOBATENBLHO, HEXOTOPOE KOMIIDOMHCCHOE COOTHOLUEHHE
MEXAY CTENEHbIO B3aMMOMEHCTBHA 0co0ell NMONYNALMA H YaCTOTAMH MYTAIHH 33
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MOKOJIEHKEe, ITO HABOIHT HA MBICHh O TOM, YTO OGbACHEHHE JABHO 06CYXAaeMO-
ro ¢heHOMeHa GIM30CTH BETMYHH YaCTOT MYTALMH 32 IOKOJIEHHE Yy CAMbIX Pa3HbIX
BHOOB [1, 16] ciemyeT MckaTh He B OGNACTH reHeTMKH (HECMOTpA HAa TO UTO
CKOpOCTh MYTAUMOHHOTO TMpOUecca A HEeIKCTPEeMATBHBIX YCIOBHH Cpefipi
3aKpelieHa TreHeTHYeCKH) , a B OGMNacTH 3KOJIOrMH. YKa3aHHb 3pdeKT BO3HUK
H3-32 GIM30CTH B 3HayYeHHAX NapaMeTpOB, XapaKTEepH3YIOLINX B3aUMOEHCTBHE
0cOoGeil caMBIX pasHBIX YPOBHeH 3KOJIOTHYECKOi THpaMH/BI, HNM Npolle H3-3a
nofo6ns B3aHMOAEACTBHA Ha Bcex ypoBHaAX., HyxHo yrounuts, 4TOo nmpH 3tom
He TAK YX BaXHO, OGECTeYMBAETCA JIH OOWH H TOT XK€ YpOBEHb KOHKYpPEeHIHH,
JABJICHHA OTGOpa NpPEHMYIECTBEHHO BHYTPHIONYIAUHOHHBIM WIH K€ MEX-
NONYNANMOHHLIM B3auMoJieHcTBHEM. Ha 310 ke ykasnIBaT M pe3ynbTaThl MO-
AeTTUpOBaHHA: BAMAHHE H3MeHeHMA Napamerpa P Ha mopenupyemsril Ipolecc
B [}eJIOM TaKoe Xe, KaK H OT u3meHeHuit I (cM. puc. 3).

Ha puc. 6 u306paxcen pparMeHT 3BONIONHOHHOIO JiepeBa C CHMBOJIHYECKHUMH
H306paxeHHAMH HEKOTOPBIX XXH3HEHHIX opM. Bornee crioxHoe mepeBo nokasa-
HO Ha pHc.7,4. O TOM, HaCKONIBKO OTIHMYAETCA OT HETO AEPEBO, NOJyYEHHOE
HONyNAPHEIM METOJIOM KIIACTEPHOrO aHaNnu3a (Mfes METOJA 3aKJIIOYaeTCA
B TOM, YTO BBIBOJBI O TIPOMCXOXMCHHH [ENalOTCA MO JAHHBIM O KOJIMYECTBe
OTIHYHMA HA KOHEYHOH CTa/HHA NMPOLECCa), MOXKHO BULIETh U3 pHC.7,6. Y AOBIETBO-
pHTeNIbHOEe COBMafiecHHEe MMEETCS rJIaBHBIM 06pa3oM B BepxHei , 3aKITI0YNTeIIbHOM
YaCTH JIepeBbEB,

IIpn n3yueHnn GHIOreHHM B peaIbBHOCTH MOTYT BCTPETHTBCA CIlyyaM, KOrpa
HMEIOTCH TONBKO ¢parMeHTapHbIE CBEJEHHA O IPOMEXYTOuHbIX popmax. Takas
CHTYall¥A 10 TeM WIH MHBIM NPHUHHEM HMEET MECTO, HallpuMep, B TaJIEOHTOJO-
[MH, TeHeTHKE, 3BOJIIONHOHHOA ¢uauonorun. IloaroMy NpencraBiiser HHTEpEC
BOIIPOC, HACKOJIBKO HCTHHHBIE 3BOJIIOLHOHHbIE NIEPEBBA OTIIHYAIOTCA OT AEPEBHEB,
MOCTPOEHHBIX MO HENMONHOMY YHCIY XapaKTepH3YIOIHMX TAKCOH NPH3HAKOB,
10 6BUIO HCCIEIOBAHO C MOMOLIBI0 MOMeNH. Tak KaK Bee 3TaNkl MOMEIIHPYEMO-
ro mpomecca HaGiTiofaeMsl, IOCTPOEHHE “HCTHHHBIX™ IBOJIICIMOHHBIX JEpeBbEB
ONA Hero He MpeAcCTaBisieT Tpynda. JepeBbsi CTPOWIHCh H TPAIMUMOHHBIM 1A
6GHMONIOTMH CNOCOOOM C HCIONB3OBAHMEM HAHHBIX JTHGO O Beex, JIMGO O yacTH
npusHakoB, IIpH 3TomM cuMrtanock, Yr0 BHA HE MIMEHWICA HA TOM HIH HHOM
3TaNe 3BOJHOLMH, €CIIH CDEIH BCEX YYHTHIBAEMBIX NMPH3HAKOB HMENIOCh COBMaze-
HMe, KOI[I2 e COBMafieHusa He GhUIO, B KayecrBe MpeaKa BpIOMpanca BUA, C Hau-
MEHBILHM 4HCIIOM OTIHumi. Pesynpratel Taxoro pofa o6paGOTKH HarisapHo
NPOAEMOHCTPHPOBAJIH, YTO 3BOJIIOLKOHHEIE NIEPEBbs, IOCTPOCHHbIE N0 HEMOJIHO-
My UHCITy IPH3HAKOB, H HCTHHHBIC MOTYT Pa3IHYATHCA NPHHIMITHANIBHBIM OGpa-
3oM (cM. puc. 8) . M3 3T0T0 HANPAIMBACTCA BBLIBOA, YTO [AEPEBbA, NOCTPOEHHbIE
10 JAHHLIM PA3JIAYHBIX GHONOTrHYECKHX HAYK , OJDKHBI PACCMATPHBATHCA HE KaK
TIapafioK CATFHO OTAHYAIOIIHECH IPYT OT APYT4, 8 KaK B3aHMO/IONOITHSAIOIIHE .

HanpasnenHoCTs 3BOMIOHOHHOTO MpOlieccA B JRAHHON MOJENH 06bAcCHAETCA
TeM, YTO HEABHO NpENYCMOTPEHB TAKHE COMETAHHMA MPH3HAKOB, IPH KOTOPBIX
NPHCTIOCOGNERHOCTD BbIle, YeM Y HCXORHBIX GopM. MeXaHH3IMB MYTaUHA M
0T60pa CNIOCOGCTBYIOT PeATHIBIMM ITHX coveTanuii, Uem Gonee MArKoil apseT-
¢ KOHKypeHIMA, TemM B GoNee IIMPOKOM [HMANA30HE NpHCNOcoGneHHOCTedH
or6op He YyBCTBMTENIEH K KoneGaHHAM MOCieHed; B MpefeNax IToro AHanaso-
HA M3MEHEHMA OTHC/bHBIX IPH3HAKOB, COYCTAHME HEHTPAIbHLI, & 3BOJIIOIMA
He HMMeeT HaNpaBICHHOCTH, HedHHanbHa, Pocr cpenHell NpHCNOCOGIEHHOCTH
10 M0G0 THUEH3HH CONPSDKEH C YCHICHHeM MOPGHOTeHETHYECK HX OTPaHHICHHH ,
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Puc. 6. CxematHueckoe H306pakKeHHe HEKOTOPHIX (DOPM, BOSHHKAIOUMX B pe3ynbTaTe
MallMHHONR 3BOIOUHH

O6Benennt *’mucmieiinbie’’ n306pakeHus. CuMBon M 0603HAYAET HAMMUME MITEYHBIX
Kejle3, Me3aKPAaMICHHLIH KBAPATMK — OJHOKOHTYPHYIO CHCTeMY KpOBOOGpameHus, 9ac-
THYHO 38KPAaLIeHHbI — IBYXKOHTYPHYIO C MEPETOKOM, NOIHOCTHIO 3a8KPAllEHHbIH — ABYX-
KOHTYPHYI0. BHM3y clleBa — ynpoOIUeHHOe 3IBOIIIOUMOHHOE AepeBO, Ha KOTOPOM mudpamu
06o3HaveHb! HOMeEPA *XUBOTHHIX. [I0 TOPHIOHTAH — HOMEP ML CH3UH

YBeJIHYECHHEM CIIEUHATIM3aIHK, 3 3TO O3HAYAET, YTO IPOHCXOJHT CyXKEHHE CleKTpa
BO3MOXHDIX HANpaBJIeHHH 3BOMIOLMOHHOTO Mpolecca (KAHATHPOBAHKE) .

Moxer NOKa3aThCcA, YTO [AHHAA MOMENb IOATBEPXKIAET TeOpETHUECKHE
npencrasiieHds A A, JTioGHIIEeBa OTHOCHTEIIBHO BO3MOXHOCTH CO3JAHMA 3BOJIIO-
IHOHHOH TEOpHM B PAMKAaX “eCTECTBEHHOH CHCTEMBb! OPraHH3MOB”, eCllH B Ka-
yecTBe Ga3Mca CHCTEMBI HCIOJIB30BATH YTO-TO BpoJe T2GIHIIkI 3HATHMOCTH NpH3-
HaxoB [9]. BHMMaTeNBHBIN aHANM3 TOKA3BIBAET, YTO CO3JAHHE TAKOrO pOIaA
“NeprOAMUECKOH CHCTEMBI” HEBO3MOXHO, NOCKOJIBKY BO3HHKHOBEHHe HOBOTO
NpH3HAKA — 3TO CJIE[ICTBHC CAMOOPTaHH3aLMH, 3 HE pe3yNbTAT PEATHSALHH
BapHaHTA M3 KOIJR-TO MpeHyCTaHOBJIEHHOIO IHCKpPETHOTO HaGopa (KcCTaTH,
HMEHHO H3-33 KOHEYHOCTH Habopa TNpH3HAKOB B JAHHOH MoOJENH
Hacrynaer $aza HepHHATBHOH 3BONIOIME B MaclITabe Boeil CHCTeMBI JIHLIEH3MIA) .
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Puc. 7. Ilpumep oTNHWHMSA “HCTMHHOTO” 3BOMIOHHOHHOTO fiepeBa OT [epeBa, MONYYEHHOTO
METO/IOM KJIaCTEPHOI'O aHANKM3a 11O MAHHBIM [UIS OCIIeAHero wara HCTHHHOIo”

Hudpst B KpyXKKaX — HOMEPa MONYNAHA; 4 — “HMCTHHHOE” AEPEBO, MO BEPTHKAMM —
HOMep mara, mMdphl HAX KPYKKAMH — HOMepa JHREH3ui; 6 — Aepeso, NOTYYEeHHOE METO-
[OM KJISCTEpPHOTO aHAIMM38, NO BEPTHMKATH — KOJHYECTBO OTIMUHI. DBOIIOLMA HATMHACTCH
oT " TpaBoAOHMX"’

PeanpHO MMeeTca He HEHM3MEHHBIH HAGOp, a MEHAIOMIHIACA BO BPeMEHH KOHTH-
HYYyM BO3MOXHOCTel, 3aJaBaeMblii Bceli CHCTeMOH B3aHMO3aBHCHMBIX XXHBBIX
opranmamoB, Guoreocdepoii. Ilponecc cnenmmanu3anuu CHOCOGCTBYeT BHIABIIE-
HHI0O M3 3T0T0 KOHTHHYYMa HOBBIX MpPW3HAKOB H HX 3aKperenwio. OpHako
KOHKpETHbIE NPH3HAKH He MpeoNpeneNe s, TAK KaK He NpefonpeneneHs! YHH-
KalbHbIe OElH CyYaifHbIX COGLITHH, BeylHX K TOMY WIH HHOMY H3 HMX.

YueT 5KONOrMiecK X B3AHMOOTHOILEHHH He TpHBENl B MOJMIENH K CyLIECTBEH-
HOMY H3MEHEHHI0 CKOPOCTH BHIOOGDA30BaHUA, K CKOJIBKO-HUOYAb HEOXHIAH-
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Puc. 8. IIpuMep HecoBnaieHus “HCTHHHOTO” 3BONOLKOHHOIO [iepeBa ¥ AEPEBa, NOCTPOEH-
HOTO N0 HEMOJIHOMY YHCNY NPH3HAKOB, KOIJa B Ka¥eCTBe NpeliKa BCAKHI pa3 BhIGHpaeTCa
TaKo#l, KOTOPhIit HMeeT HAHMEHbILIee YWHCAO PaIAYHit CO CPABHHBaeMbIM

Ha mxanax yKa3aHel HOMEpa JHUEH3IHH; MIMPHHBLI 30H X3PAKTEPH3YIOT KOIHYECTBO
ny6neii NOMynAUMH B JMUCH3IUH; J — HCTHHHOE' 3BOIIONMOHHOE JEPeBO, INOJIYYEHHOE
TNpH HMHTAUHK 3BOMIIHOHHOTO NMpOLecca; 2 —OepeBO, MOCTPOCHHOE Mo 60% NPH3HAKOB;
NyHKTHPOM 0603HAYeH AIbTePHATHBHDII BapHaHT. YCXOAHble BUIBE B JTAEHIME 1 M BUOB
M3 JHIIeH3MN 2 B KOHIl¢ NEpeBheB i 06ONX NepeBbes OMHH H# Te XKe.

Puc. 9. U3meHeHM BMOOBOre pa’HoOOpa3H# NpH “YOIPHOM™ YXYOUICHHE YCIOBHH BO
BCEX JTHLICH3UAX Ha 65-M [are

TIo ropM3oHTan® — HOMeEp IUara; NG BEPTHKaNH — OTHOCHTE/IhHOE UHCIO Pa3IHuaio-
WHXCA NONyAAR, %

HBIM pe3ynbTarTaM (XHIUHMKH He HOABNISUMMCH 6e3 XepTB, NpH NOSBJICHHH
XHMIIHAKOB YacTh XepTB ru(ia, MOXHO HOGHTHCH, YTOObI XMILHUKY “Bbleqanmu”
JEepTBBI H CAMH FHGIIH) , NO3TOMY H2 HUX He Gy/ieM NOIPOGHO OCTAHABIIHBATHCH.
Bonee uutepecHsie mamHbie GHUM NONYYEHBI B 5KCHEPHMEHTAX MO H3MCHEHHIG
YCTIOBHH B JIMIIEH3MAX H H3MECHEHHIO NOPOTa BhDKMB3EMOCTH. YBEIHUEHHE I0-
CTieIHero BIIEKIIO 33 coGOoi CHIDKEHHE KOJIMYeCTBA epexXoioB, a MpH MATKO#”
KOHKYPEHIMH YCKOPEHHE pOCTa CpejHeit NpHCcnocoGneHHOCTH . OGbacHAeTCA 3T0
TEM, YTO, UeM BBile NOpOr, TeM GoJyblilee KOJHYECTBO NOMYNAUMHA ¢ HH3KOH
NpUcnocoGIeHHOCThI0 OTOPachIBaeTCsi, a 370 B NepBOM NpHOITHKEHHH SKBHBA-
JIEHTHO YCWIEHHIO KOHKYpPEHIHH, YCKOpeHHI0 MponeccoB orfopa. Korma cpen-
HAA NPUCTIOCOGIEHHOCTD II0 JIMIIEH3HH BO3pacTaer, BIIHAHHE TOPOra Ha MPOIECCh
BHYTpH Hee YMCHBIIAETCH, OJTHAKO BIIMSHME OCT3aeTCs 3aMeTHhIM B Tipolieccax
OCBOEHHA HOBRHIX JHUeH3uit, Hammuue nopora 3amepsiser ocBoeHHe WIH BOOGLIE
MpENATCTBYET eMy, NOCKOMBKY NOCHE NepexOoaa COXpaHAITCA TONBKO Te MoIy-
JISIMH, Y KOTOPKIX MIPHCIOCOG/IEHHOCTD BBICOKA, @ TO, YTO MOCNEAHHE TAKOBLI, —
He camas THIIHYHAA CHTyauls [2].

YBennueHue WIH YMEHbIIEHHE NMpPHCNOCOGNEHHOCTeH Bcex MOMyIALMHA B JIH-
ueH3uu i Ha wucno C; (oM. paspernt 1) MOXHO MHTEPIIPETHPOBATh KAK YITyvINeHHe
WIH yXy[IEHHMe YCITOBHR CyliecTBOBaHHA BHYTpH Hee. Ecim mopor BpbkuBaemo-
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CTH HH30K, TO B3aMMOOTHOILCHHsA MEXOy nOonyiasuMAMH BHYTpH JIHUEH3HH
COXPaHAITCA, €CIM BBICOK, TO NPH YXyHUICHHH YCTIOBMHA 4aCThb NONMYNAIHHA THG-
HET M MpPOMCXOJHT NepecTpOHKa CTPYKTyphl NHueHsHH. Ecm C; mensworcs,
(TlpryeM HEOAMHAKOBO JYIA Pa3HbIX i) HAGMOAAETCA H3MEHEHHE B3aMMOOTHO-
LIEHHA MEXAY JTHIEH3HAMM,

boum HccnepoBaubt MemieHnsie (pa3 B 10-20 wmaros) u Gbicrpsie (Ha
K2XIOM IIAre) KONeGAHHA yCOBHH, 3 TAKXKe BIHAHHE Pe3KOTO KpaTKoBpe-
MEHHOro (Ha OOMH Iuar) yxymiuleHus ycnoswit, [loctemaee MOXHO HHTepIpeTH-
POBaTh KaK KaTacrpopuuecKoe COGBITHEe, BEI3BAHHOE, HAIPHMED, YBEITHUEHHEM
BYIIKaHMYECKON [eATENIbHOCTH, NafieHneM acrepouna H 1.1, Iloppaspenenue Ha
GBICTpbIE M Me/JICHHbIE KOJIeGaHHA CBA3AHO C KOHEYHOCTBIO CKOPOCTH OTGOpa.
Tonsko nNpy MemIeHHbIX KONEGaHUAX OTGOP yCleBaeT OTCIEKUBATH H3MEHEHHA
B pa36poce MpPHCIOCOGNIEHHOCTeH BHYTpH KaXIOH JIHUEH3MH H NOJIEpKHBAeT
3TOT pa3Gpoc BHYTpH auanasona < I,

YXynueHue yClioBHi B ClTyyae BBICOKOTO NOPOTa BEDKHBAEMOCTH IIPHBOIMIO
K CHIDKCHHIO BHOOBOrO pasHOOGpAasHs, YMEHBIIEHHI0 KOIMMYECTBA NepexOfioB,
YCKOpeHHIo criempanu3amyy, IdpdekT 0cOGeHHO 3aMeTeH NPH XKECTKOH KOHKY-
peHunH. Pe3ynbraT BO3NEHACTBHA KpPaTKOBPEMEHHOTO “yAapHOro” yXy/ueHHs
YCIOBHH MOXHO BHAIETh Ha pHC. 9, 3 Hero BHIHO, YTO BOCCTAHOBJIEHHE PAaBHO-
BECHOTO COCTOSIHMA MPOHCXOOHT MeMjIeHHO M TpebyeT OKOJO AECATH IIAroB.,
IpdexT BO3EHCTBASA HECKONBKHX MeJICHHBIX KONEeGaHUH B CTOPOHY yXyIuue-
HMAL YCJIOBHA IO pe3ynbraTy nomoGeH 3¢ ¢eKTy, BBI3BAHHOMY [NIHTENILHBIM
YBEJIMYEHUEM CTENEHH KOHKYPEHIMH, 38 B CTOPOHY YJIYULIeHHA — Malo3aMeTeH.
To e camoe MOXHO cKa3aTh M Npo 3pdexT BO3NEHCTBHA CEpPHH GHICTpHIX
KoneGanwi, OmHako B ciywae GHICTpBIX KONeGAHHMH Yepe3 IUAT YHHUTOXAETCHA
He OfiHa, 3 OGBIYHO HECKOJIbKO Ma/IOKOHKYPEHTHBIX MOIYJIALMI, 4TO, KaK roBO-
pWIOCh, 3KBHBAIEHTHO CYUIECTBEHHOMY YBE/IMYCHHIO CKOpOCTH oT6opa. B 1O
Xe BpeMA Ha OCTAIBHMIX IAraX KOHKYpPEHIMA ocnaGlieHa, WHCIO NepexoyioB
noppnueHo, OpHOBpEeMEHHOE COBMeILCHHe 3THX (PAKTOPOB MPHBOIHT K HOBHIM
THIaM 33BHCHMOCTEH, HHBIM NOPANKAM BEHUMH, B YacCTHOCTH, IpH yBeNHYEHHH
YacTOTH MYTAUMA [0 3HAYEHMH, GIM3KHX K MAKCHMANBHRIM (MyTalMA HAR IIar
Kax/oH NONmynAuMM), He HaGiIIOAaeTCA BBIPAKEHHOH HENMHEAHOCTH 3aBHCH-
MOCTH CKOpOCTH POCTa CpefHed IPHCIIOCOGNEHHOCTH OT YacTOThl MYTAlMi
(cp. ¢ puc. 3). BoamoxHo coxpaHeHHe GONBIIOIO CpeHEro YpOBHA B3aHMO-
OOMeHa MeXAY JMIEH3HAMM, HECMOTPA H2 BHICOKYIO CPefaioln NpHCIOCOGIeH-
HOCTD 15l HHX,

Hyx#HO nopuepkHyTh, YTO paccCMOTpeHHBIH CIIOCOG MOAETHPOBAHMA H3MEHE-
HHHl yCNIOBHI B JHICH3IHAX BE ABIACTCA YHHBepPCAUILHBIM H eHHCTBEHHRIM. Ipn
HeMm Bo3felicTBmo HefiTaronpuATHEIX GaKTOpOB NOABEPraloTCA ITABHAIM 06pa-
30M HHM3KOCHECUBATH3HPOBAHHbIE MAIOKOHKYpEHTHRe (OpPMEI, B TO Bpems
KaK “CHEIMATHCTH 3aTparusawrca MeHbile, Jipyro# cnoco6 Mome/HpoOBaHus
H3MEHEHHA YCIIOBHI B JHUCH3HAX 33KJIIOYRETCA B CMEeHe TaGITHIL 3HAYMMOCTeH
[OpH3HAKOB [YIA 3aNONHAMNHKX ee nonynsumii, Hanpumep, nepexniovenre TaGnn-
UB! 3HAYMMOCTH NPH3HAKOB “TPaBOAAHBIX" Ha TaGNMIY “’3eMHOBOJHEBIX" MOXHO
HHTePIIpETUPOBATh KaK ro6awiayoe 3a60NauMBaHKC TEPPHTODHM, K8K CMEHY
a6HOTHYECKHX (PAKTOPOB H3-32 TPAHCTPeCCHH. 3/1ech BO3NEHCTBHIO NO/ABEPraloT-
CA KaK “HeCTelMayMCT”, TaKk B “cnenpamucte’’. Ilpepapatensunie i cnepn-
MEHTH OKA3aJIH, YTO NPH TAKOM THIIe M3MCHCHHA YCTOBHH * ClIEeIMAITHCTRI”,
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KaK MNpaBWIO, BhMHpawT, B ciyuae koneGanmit ycioBudA ynaerca HOGHTbCA
HEKOTOPOTO YCKOPEHHR BHOOOGPa30BaHHUsA,

W3 3KCnepHMEHTOB C MOJENBI0 BBITEKAIOT M APYTHE BBRIBObI, YACTh H3 KOTO-
pbIX IJIABHBIM O6pa3oM OG6llero xapakTepa H B TOH HIM MHOH ¢pOpMe BBICKA3bI-
BaJIKCh Pa3HBIMH YueHbiMH, HaunHas ¢ llapsuHa [18, 4, 3]. 3pech MoxHO ymo-
MAHYTb ClleflyloillHe 3 HAX: 1) BO3BpaT K NpenecTByomum bopmam Kpaiie
MaJiOBEpOATEH, 3BOJIIOUMA HeoOpaTHMa; 2) ¢QUIOreHeTHUECKas 3BOJIOUMA
CONpSDKEHA CO CIyYaHBIMH COOBITHAMH W WHHETEpMHHMpOBaHa; 3) SKOJIOTH-
YecKas 3BONIOLHUA B CHCTEME C 3a[AHHLIMM JIMIEH3HAMH B O6LIMX yepTax Npesio-
npepeneHa; 4) cleUMaTH3NpOBaHHbIe GOPMBI PeAKO SRIAITCA NOCTABLIMKOM
3BOJIIOMOHHOrO MaTepHana,

OcHOBHO# cMbIC/T HacTOsUleH paGOThI 3aKIIIOYAETCA B TOM, UTO OOILEH3BECT-
Hple M OOLIENpHHATbIE 3aKOHBI IBOJIIOHHH MOJNYYeHB He MyTeM OGOGLIeHHA
¢daKTHUECKOTO GHONOrHYECKOTO MaTepHaia, a MyTeM HCCIIeOBaHHMA KOJIHYECT-
BEHHOH MOJieIH, B OCHOBY KOTOpOH MOJIOKEHBI NPHHIMILI IAPBHHOBCKOIO
yueHus, 3TO O3HAvaeT, Y10 1A OGBACHEHHA NONYYeHHBIX 3¢ dexTOB (HanpHMep,
HEpaBHOMEPHOCTh TEMII2 3BOJIIOIMH, PACXOXICHHE CBOHCTB (PHIIOTEHETHYECKHX
1 TaKCOHOMMYECKHX EpeBbEB, HEOGPATHMOCTb 3BOJIOUHH IPH paBHOBEPOAT-
HOCTH TIpAMEBIX M OGPAaTHBIX MYTAlMit, IPOHCXOX/IEHHe HOBBIX (OpM OT Heche-
UHATH3IHPOBAaHHBIX BHOOB M Jp.), KaK HpaBHIO, HEeT OCHOBAHHH IpHBIIEKATh
HHKaKHe HHpIe IMIIOTe3hl, KpPOMe IAPBHHOBCKOH,

Hpyrum pe3ynbTaTOM CO3LNAHMA CIOXHOH WMMTAUMOHHOH MOJENIH 3BOJHO-
UMOHHOrO NMpOLECCa ARIAETCA BO3MOXHOCTD PEKOHCTPYKIHMH (PWIOTEHHH peasib-
HBIX CHCTeMAaTHYeCKHX Ipymn (HampuMep, MOJUIIOCKOB) HAa OTPaHHMYEHHbIX Bpe-
MEHHBIX MHTEpBaJaX H NMPOTHO3 [AANIBHEHIero Xora makposBonioiuH. Il1penmo-
JIaraeTCsi TAKXKE INPOM3BECTH CpaBHEHHE COBpPEMEHHBIX TEOPETHYECKHX
TpEeACTABJIEHHA O HEKOTODBIX MEeXaHH3MaX BHIOOGpa3oBamua [15] ¢ mAHHBIMH
MOJIEJIHPOBAHHA,
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HNmutanusa ¢peHeTHUECKOH H3IMEHYHBOCTH
nonyjaanuii pu16
METOAO0M 3IBOJIIOLIHOHHOI0 MOJAEJIMPOBAHHSA

A.b. Kazancxui

T'ocHUH o3epHoro M peuHoro peibHoro xoasiicrsa

TpapMumoHHbIi NMOAXOA K aHAIM3y NWHAMMKH pBIGHBIX 3allacOB OCHOBBI-
BaeTCA Ha pe3yybTaTax HCCIENOBaHMA NPOCTOH JHWHAMHYECKOH MOJENM BHMAO-
BOW NOMYNALMM C (HKCHPOBAHHBIMM H OJAMHAKOBBIMM NapaMeTpaMH >XU3HEH-
HOro uMKIA BCeX ocobeil. JeMeHTapHOH efMHHUEH CHCTEMHOTO OIMMCaHMsA
B TaKHX MOJEJIAX ABNACTCA BO3pacTHasA rpyiia WiIH KOropra.

TlofoGuoe ynpoileHne, HOMYCTHMOE NPH COCTABJIEHHH KPaTKOCPOYHOTO
NpOrHo3a YMCIEHHOCTH H YJOBa, JalleKO He BCErfa IPHeMIIEMO WA BhIpaboTKH
YCTOHYMBOH palMOBANIBHOH CTPaTerHH 3KCIUIYaTallHH PhIGHBIX pecypcoB BHYT-
PEHHHX BOJIOEMOB.

PuiGub1ii mpoMbICeN ¥ ipyrHe aHTPONOreHHbIe BO3/EHCTBHA U3MEHAT YCIIo-
BUA QOMTaHMA pbIG, NPUBOIAT K (eHeTHYECKHM H3MEHEHHAM nomynsuui [6],
3aTparMBaT CTPYKTYpy HXTHOUEeHO30B [1].

C TOUKM 3peHMs TEOpHH PpAUMOHAIBHOH 3KCIDIyaTauMH peIGHBIX 3aMacoB
ocoOnlit MHTepec HpeacTaBiseT H3MEHUMBOCTh TaKHX NAapaMETPOB XH3HEHHOTO
uMxna (OHTOreHesa) OTOENBHRIX OCOGEH, KaK HHAMBHOyalbHasa a6CoONMOTHasA
IWIOROBHIOCTh, CKOPOCTHh CO3PEBAHHA, TEMII POCTa, BHIKHBAEMOCTh HAa PasHBIX
CTANMAX Pa3BMTHA, CUEKTP NHTAHHMsA, HHTEHCHBHOCTD oGMmena. MMenno 3tu
MOK238TeAN ONPeJeNIA0T XapaKTep aJaNTHUBHOrO OTBETA MOMYNALMHA Ha BHEILL-
HMe BO3MLHACTBHA, YTO B CBOIO Ouepe/ib CKa3BBAELTCA HA CTPYKTYPHRIX H3MeHe-
HMAX B MXTHOIEHO3E.

Tak H3a3biBaeMasi TCOPHA CTPAaTerHH XW3HeHHoro wuxna [9, 12] B ocsos-
HOM pa3’BHBaIaCh B PaMKaX ONTHMH3ANHOHHOTO NOXXOHA, peaM30BAHHOTO
aHanMTHYeCKUMH MeTopamH. TIpu 3ToM, OYeBHIHO, MPHXOAHTCA HATH HA CHIBHOE
ynpouienHe MOMENH AMHAMHKH H JKCHNEepHMEHTHPOBATh € PadIMUMBIMH KPpHTe-
pHMAMH ONTHMANIBHOCTH.

Hcnonbays runortesy 3BONIONHMOHHON CTaGHIBHOCTH, JAHHAA TEOPHsS HAXOIMT
Haubonee ONTHMANIbHBIC COYETAHMS PACCMOTPEHHbIX (PEHOTUNHYECKHX MNpH3-



HaKOB 0Co0efl M CBA3BIBAET MX C IPHCNOCOGIEHHOCThIO LENIOH MOMYNIAUMH
B pa3NTHyHbIX ycnoBHax [10, 11].

AHaTMTHYECKHIl MeTOJl ABHO CKOBBIBAaeT HCCIIe[IOBaTeNie, 3acTaBisfeT HATH
Ha rpy6eie ynpomeHus. Bonee ecrecTBeHHBI NyTh pa3BHTHA TeOpHH CIpare-
THM XH3HEHHOFO IMKJIa BO3MOXEH B paMKaX 3BOJIIOIHOHHOrO noxpxoda [8, 7].
JneMeHTOM OMMCaHHA B TaKHX MOJENAX ABJISETCA OTAeNbHasA 0co0b, Nepenao-
pias [0 HaoIeACTBY NOTOMKaM HaGop NapaMeTpoB >KH3HEHHOTO HMKIa, Apan-
THBHAA HM3MEHYHBOCTb I[APaMETPOB UMHTHPYEICS C HOMOLUBIO SBOJIOLIMOHHO-
nogoGuo#i mpouenypsi. [Ipy 310M B mpolecce nepefaud NPH3HAKOB NOTOMKaM
OCYHIECTBJIAIOTCA CIyuyailHble H3MeHeHHA mnapameTpoB (“myrtaumn’™). OrGop
peaIM3yeTCs B HETabHOH MOJENH AMHAMHKH IONYJIALMH, yYUThIBAOIIEH 3aBH-
CHMOCTH T€MIIa pocTa 0CoGeii OT CTeNeHM KOHKYPEHIMH, BbDKHBAaEMOCTH H
IWIOJIOBHTOCTH OT MacChl, IPHPOCTa MacChl Tejla OT TPaT 3HepruM Ha oOMeHHbie
MpoIecchl H Ha BOCIpoH3BoACTBO. ITofixon peanusyercsa Ha MOCTaTOYHO OBICTPO-
meicrByromnx IBM ¢ GonmpummM oGbeMoM onepaTHBHO#M namATH. TeM He MeHee
pecypcoB coBpemeHHbIX 1MpoBbix IBM mnoka HemoCTaTouHO mIA CHHTE3a
HOMYNAUMOHHO-TeHETHYECKMX NPOLECCOB B PaMKaXxX HETalbHOH MOJENM OHTO-
redesa. B cBA3H ¢ 3TMM MOAXOM OrpaHHYMBAEICA pacCMOTpeHMeM (eHoamamnTa-
UMHA, KOTOpble B 3HAYHTESIPHOH CTENEHH OINPEAENANTCA OKPYXeHHEM, a He
BHYTpEHHEH CTPYKTypHOH NpOrpaMMO# CO BCEMM CIIOXHOCTAMM 3JIUIEHETH-
YeCKOH perynauHH, ACHCTBYIOIIEH B PaMKaX )XeCTKHX OrpaHHYeHHH, HAKIIaZbl-
BaeMbIX Mopdonorueit ¥ dusronorueit. Hexoropsie orpaHuueHus Ha AHana3oH
M3MEHEHMH TaGUNIbHBIX MNapaMeTpOB XHM3HEHHOTO LUMKJIA NPUXOOUTCA BBOIHUTDH
Ha OCHOBaHMM [JaHHBIX N0 KOHKPETHBIM IMOMYJIALUMAM PbIG, ApYrHe OrpaHHYEHHUs
MONIYYa0TCA B Ipolecce MOAETTHPOBAHUA KaK HeoOXOMUMOe YCIIOBHe YCIIEHIHOM
Bepuduxanun Mopenu. Takum 06pa3oM, HMHMTaUHOHHLIAH BapHaHT TEODPHH
CTpaTerHy XH3HEHHOTO LHUKJIa MeHee aGCTpPaKTeH, YEM aHAIMTHYeCKas TeOpHs,
4 NMPHBA3aH K KOHKPETHHIM BHAOBBIM NONMYJIALMAM .

3amaun, KOTOphIe CTOAT Mepef, paCCMaTPHBaeMbIM MOAXOIOM, HOCAT MHOTO-
IUIaHOBbIH XapakTep. C o@HOH CTOPOHBI, 3TO NMOMOUIp OHOJIOraM B BbIABIIEHHH
aflanTHBHBIX KOMIUIEKCOB, B TOCTAHOBKe 3ajiay HcciemoBauuit. C gpyroit cro-
POHBI, 3BONIOLUMONHBIE MOIENH C afalTHBHO NOACTPaMBAKIUMMHUCA MNapaMer-
paMM [Al0T HOBHIA TONYOK Pa3sBUTHIO TEOPUM AMHAMMKM MNOMyNAUUHE M coob-
mwecTB poib u Apyrux opraHu3mos. Tem campiM HensGexHo GyneT pa3BHBATHCH
H TEOpHA PANMOHATIBHOTO UCIIONB30BAHHA GHONOTHUECKHX PECYPCOB.

Hacrosmmas paGoTa NOCBALUEHa AHANM3Y HEKOTOPBIX pe3ylbTaToB 3BONIO-
UHOHHOTO MOMENMPOBAaHHA abGCTPaKTHOH MONENH MNONMyNAUMM pPpIObI C mapa-
Merpamu, GITH3KHMM K MapaMeTpaM XHM3HEHHOro IMKAA Jeia. 3aTeéM NPHBO-
AATCA HEepBbie Pe3yNbTaThl IBOIOIMOHHOTO MOICIMPOBAHHA cOOOIIECTB phib.
OcHOBHO# axKUeHT CfeNiaH Ha BBIABNCHMH METOIMYECKHX TPYAHOCTEH, CBA-
3aHHBIX C pealiH3anmedf NOJAXONA M HHTEPNPETalMEil NONYYaCMBIX pe3yAbTATOB.

KpaTkoe onrcanie Monens

PaccMaTpHBaeTCA CTOXaCTHYECKMil BBPHAHT TOUCYHOH, 3SHEPreTHUCCKOM,
HETIPEPHIBHO-MUCK PETHOR MOAENTH IHHaMHKH coofurectsa pniG [4] . Bpemen-
HOM Iar MOJOENH coOTBeTCTIBYeT roay. Texyulee coCTOAHHE MOAENBHOTO COO6-
1ecTBa CKIIA[BIBACTCA M3 TEKYIIMX COCTONHHHA BCeX XHBLIX 0cobeit puib, T.e.
HX MECCOH H BO3pacToM.

6. 3ax. 799 81



Ta6nuna 1
BapbsHpyembie napaMeTpbl H3HEHHOIO UHIUI2 pbIG
(COXpaHAIOTCA B TeUCHHE KH3HH H NEPEJAIOTCA NO HACNEACTBY
CO CNY4YaiHbIMH MYT3IHAMH)

XapaKTepH-THKH NapaMeTpoB i-i ocobu

Ha3panue Tun O6o3Haveuue | O6GnacTp u3- | CBA3b ¢ APYrU-
MEHYMBOCTH | MH napamerpa-
MU
Macca Havana co3peBaHHsi  HenpepbIB- mat; 0,25+0,9 (kr)
HBIH
1-# xoddduuMenT oo~ 7 f 0+10
BHTOCTH
2-# ko3 PHUMEHT om0~ 2 125+400 feci=f1;+f2;-
BHUTOCTH - Wy
1-it ko3dduuueHT QYHK- ” aly 0,5+1
LMH MaKCHMAJIBHOTO NpH-
pocTa bl
2-it k03 pHuuHEHT DYHK- » bl; 0,709 Wmi=al;-w; *
LM MaKCHMANbHOTO NPH-
pocTa
3HepreTHYeCKHe 3aTparhl kal; 1077 +10°¢ wl;=kal;- al;-
Ha HKPHHKY . (xan) - const
MpenensHei BO3pacT JMCKpeTHBIH tinax 1420 (romsr)
Hpenensuasn Macca HenpepbiBHbli m';mx 1+5 (xr)

IIpuMeEY aHH e. fec; — HHOMBUAY ATBHAA IUIONOBMTOCTh (THIC. IIT. HKPMHOK) ; Wm; —
MAKCHMAILHBIA YOENIBHBIH MPHPOCT 0COOGH ¢ Maccoi Tena w; Kr/kr; wl; — Macca rOfOBHKaA.,

KpoMe TeKyMX NapaMeTpoB COCTOAHMA, KaXgas 0cobb XapaKTepH3yeTcs
napaMeTpaMH JKM3HEHHOTO LMKIIa, KOTOPbie HE H3MEHAITCA B TeueHHEe >KU3HH
H NpAMO NepefaoTca NOTOMKaM. B mpouecce mepenau NpH3HakoB C ompefe-
JIEHHOM BEPOATHOCTBIO TIPOM3BOJATCA CIIyyaiHble H3MEHEHHA MapaMeTpoB
(’mytauun™). B 1aGn. 1 nmpHBOIMICA CIMCOK PACCMOTPEHHBIX NapameTpoB
XU3HEHHOTO UHMKJIAa M AMANa30Hbl X H3MEHUMBOCTH I MCCIENOBAaHHOIO CIy-
yag OJHOBHJIOBOI'O MXTHOLEHO3a (NOMYJIAUMH) .

YHCeHHOCT JOXHBILMX O rOAa NOTOMKOB Kaxmoit ocobu (V) naxomures
MyTeM YMHOXXCHHA HHOMBMOYATbHOM IUIONOBHTOCTH Ha KO3((HUMEHT BBDKH-
BaeMOCTH, HEJIHHEHHO 3aBMCALIMMN OT IDIOJOBUTOCTH BCEHl NOMYIIALMH |

NY=fec;-a-e E/®, 1)

raoe £ — GboHa MKpbI NONMYNALHHK; g H b — mapaMeTphl.

EcrecTBeHHas CMEpTHOCTb paBHA NPOM3BENEHHIO CIIYYaHHOTO MHOXHTENA,
H3MeHAILIErocsa B AuanasoHe 0,8—1,2 Ha TPagMIHOHHYIO BBHITYKIIYi0 (PYHKIMIO
BO3pacta, OMHAKOBYIO [JiA BceX 0cobed.

BepoATHOCTh NONAfaHHA B OpPYOMs JIOBa BblpaxaeTCs ¢yHKIHedl Macchl.
[TapaMeTpbl B3ATHI H3 [ETEPMHHHPOBaHHOH MOIEJIM MONYJIANMH Jiemia MBaus-
KOBUKOro Bogoxpanwnua [2] .
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Joonnankmow

Joodermoc

Puc. 1, TpodrieckHe OTHOIIEHHA B aGCTPaKTHO! MOLEIM HXTHOLEHO3a

IIpupoct Macchl xaxpgod ocobu 32 rom HaxOAMTICA H3 3HEPreTHYECKOro
0anaHcOBOTO pAaBEHCTBA KaK YCBOGHHas YaCTh paUMOHa 3a BBINETOM TpaT
3HEePruH Ha 06MeH M Ha IPOU3BOJICTBO MOJIOBBIX MPONYKIOB.

Tpoduyecknit cratyc, Win npHHaAIEXHOCTh K TOH MM MHOM TpodHyeckoi
rpynmne, onpefenserca TEKyIled Maccoi ¥ BHOOBOH NPUHAIIENHOCTHIO OCOGH.
B cnyuae paccMOTpeHMA He OTHENbHOH MOMYNAUMM, a cooOuecrBa pui6, 0cobb
XapaKTepH3yeTcs MOMNOIHMTENBHO BHIOBOH H INONYJANMOHHOW MpHHAIEX-
HOCTBbI0. BHp, B Macca OJHO3HAYHO ONpEHeNiAoT TpOo¢HUeCKYyIo IpymIy, B KOTO-
Py BXOOAT 0COGH C OIMHAKOBLIM CIIEKTPOM IHTaHHA. KOHKYypeHTHbIe OTHO-
LICHHs MOENHPYIOTCA, KaK M B [eTePMHHHPOBAHHOH MOJENH, MyTEM pacuera
K03pPUIHEHTOB YHAOBJIETBOPEHHA MaKCHMAIBHBIX 3alIpOCOB B KOpMe. Mexmy
TpoHYeCKHMH TIpynNaMM MOryT CYILECTBOBaTh OTHOLICHHA THUNA XHIUHMK—
HeprBa.

HepreTHYeCKHil 3aac HKPHHKH, Macca roOBHKa B MOTOMCTBE M 3HEpreTu-
yecKHMe 3aTpaTsl popuTeNsa (OOHONONOro) Ha IMPOM3BOACTBO HMKPHHKH IIpo-
NOPUROHATBHBI APYT APYTY.

OcobH, mocTHriHe NpeleNbHOrO pa3Mepa, NEpecTawY PacTH, a NOCTHILINE
NPENENIBHOrD BO3pacTa — Norubaor.

IIpenensHoe 4HCIO XHBBIX ocobelt B Mozieny He npesbiumano 1200. JlumuTH-
poBaHMe YMCIeHHOCTH (CM. ypaBHeHMe 1) moaGupanocs Takum 06pa3om, yToGeI
nmamaTs IBM e nepenonHsanace.

ITponeccel rmGenu ocoBeit, mpomecchl MyTaUMM CYMTAOTCA pPaBHOMEPHO
pacnpeflefICHHBIMM ~ CIYYaHHBIME BEJIHYMHAMH H MOJEITHPYIOICA MeTOJOM
Moute—Kapro.

JIna 3IBOJIIOLMOHHOrO CHHTe3a MofiemH aGcrpaktHoro coobuiecTBa pbiG
BBOJMJICA JONOJTHHTEJIbHBIA NapaMeTp “THN NHTAaHMA, 33[a0IIME MOCIEROBA-
TEJIBHOCTD CMeHbI TPodHuecKHX rpynn no Mepe pocra ocoGu (puc. 2). Tumsr
TpodpHueCKNX IPYNn M OTHOLHEHHA MeXOY HHMH CXEMaTHYeCKH MOKa3aHbl
Ha puc. 1.

JuanasoH W3MEHUHBOCTH MapaMeTpOB XHM3HEHHOTO LMKJIA B CIyyae C00G-
1JECTBA 3HAYMTENILHO PacUIMPAJICH H OXBAaTHIBAJI TOYTH BCE BM/BI, BCTpevaro-
wmecs B BoloeMax CCCP. TaxuM ofpa3zoM, BHOBI M HOMYAAIHMH ampHOPHO
He 3a88aBAVTHCh, OHH BSHMEBIISUINCH KaK YCTOHUMBBIE KNAacTephl B MHOTOMEPHOM
APOCTPAHCTBE NIAPAMETPOB KUIHCHHOTQ HMKIIA.
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Puc. 2, IlocnenosaTensHOCTs CMeHBI TPOQHYECKHX TPYNN OCOGAMH C Pas/MUHEIM THIIOM
NATaHUA N0 Mepe pocTa

Kak B ciyuae nomynsiMu, Tak M B QlyyYae cooGliecTBa NOACUMTHIBATUCH
CpefiiMe 3HAYEHMA, CTAHHAPTHbIE OTKJIOHEHHA H CPOWIHCh THCTOTPaMMBbl rapa-
METpOB JKH3HEHHOTO LHKJIA.

Onsa peanu3anys 3BONOLMOHHONONOGHOK Npouenypsi mwinack 200 Bpe-
MEHHBIX LIaros 4 oTHHMaia 15 mMuH mMaumuuoro Bpemenu IBM BACM-6. Ina
KaXJAOTO YHMCIOBOIO 3KCHEPMMEHTa NPOCUHTHIBAIOCH JMIECATh pealH3alHi
C pa3TMyHbIMH 3HaYCHHAMH BO3OYAMTENA NATUNKA CITYYalHBIX wices.

BeposAATHOCT “’MyTallMii” MOANEPXHBAIACh OYeHb BBICOKOH B Hauajie Npo-
mecca (mepBble TPHALATH INATOB), 3aT€M CHIDKANACh [0 BEITMUMHBI, JieXalei
B untepsane (0,01-0,1). Ha nocnensem stane (20 maroB) MyTaiMH npekpa-
WATKCh COBCEM. B 3T0T nepxon ¢duxcupoBanach AUHaMHKaA nomynaumu (coob-
IecTBa), KOHTPOJIMPOBA/IACH NMHAMMKa BO BPEMEHH NapaMeTpOB MH3HEH-
HOTO LIMKTIa, BBIABJIATIUCH KiIacTepel ((eHoHnr) .

Pe3ynbTarsl ModenupoBanHs

YHCIoBBIe IKCNEPHMEHTH! HAYHHATHCh ¢ GUKCHPOBAHMSA HAYATBHOTO COCTOSM-
HUA. 3ajiauue NMpaBAONONOGHOTO, GNH3KOro K pPaBHOBECHOMY PacHpeneeHHs
ocobeil MO YMCIEHHOCTH H Macce NO3BOJIAET CYLUECTBEHHO YCKOPHTH 3BOJIO-
LMI0 [1apaMEeTPOB XHU3HEHHOTO LMKNA. BoiGpaHHblil CTyneHvaTsiii pexum MyTa-
muii (CM. BBIINE) Tak e CMOCOGCTBYeT yBenmMueHKIo 3PPEKTHBHOCTH MeHCTBUA
ot6opa. lo onpenenentoro ypoBusa (0,15 +0,2) BepoaTHOCT MyTalMii Ha BTO-
poM (OCHOBHOM) 3Tane He OKa3blBaIa CYWIECTBEHHOTrO BIIMAHUA Ha pelynbra-
Tl OT6Gopa. JlanbHeillllee yBelHueHHe 3TOH BEPOATHOCTH NMPHBOIMUT K Xaocy,
C KOTOPbIM OTGOp CpaBHThCA He MOXeT. CHIDKEHHME YPOBHS MyTAlMii HHXKe
nopora 0,01 + 0,005 ornansier BO BpeMeHM HACTyIJIeHHE 3BOJTIOLHOHHO CTa6HITh-
HOro COCTOsIHHA. B IaHHOM HCCIeIOBaHMM BbIGpaH ypoBeHb MYTamMil, GIm3-
xui x 0,02,

IBOMOUHOHHAA MONENb OTHENIBHONH NMONYNALME PbIGbl IEPBOHAYANIBHO HCCTe-
HoBanach NpH CTaOGHIBHBIX YCIOBHAX BOCIPOM3BOACTBA H BBIXHBAEMOCTH.
BaprMpoBaHHio nogBeprajiach BeJIMYHHA KOPMOBO# Gasbi.

B cnyyae OTCYTCTBMst MyTanMit OMHAMHKA YMCIEHHOCTH M T€MIIa pOCTa CTO-
XaCTHYECKOH MOMIEIIbHON MOMYJIALMK NPaKTHYECKH He OTIHYAETCH OT IHHAMMKH
TleTepMHHHPOBaHHOW MOJENIM C TaKHMHM Xe NapaMeTpamu. Beenmexue myTtamnwmit
NPUBOIHT B KAXIOH KOHKPETHOH pealH3auuu Kk oT6opy ycroitumBoro Habopa
3HayeHWil 1apaMeTPOB XHIHEHHOTO IUKJIA.

IIpn u36biTKE KOpMa M, CIeOBaTENIbHO, OTCYTCTBHH KOHKYPEHUMH 33 MUY
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Ta6nrua 2

CoveTaH st NapaMeTPoB XH3IHEHHOTO LMK/ 3BONIOUKOHHO CTaGHIIBHON NOMYJIALHH,
NOJTyYeHHbIE IPH PA3THYHBIX PEANIH3AUMAX IBOMIOWHOHHOM NMpOIEAY Pbi
(cnabas KOHKYPEHIHA B MHTAHUK) *

O603HaueHHe 3HaueHHA napaMeTpa
napaMeTpa
Homep peanusauuu
1 2 3 4 5
f1 3,8 2,9 5,5 3,9 5,42
f2 347 168 125 347 261
mat 0,255 0,455 0,35 0,229 0,452
kal 3,3x10°° 4,4 X10°¢ 3,9x10°° 3,3x10°¢ 4,7 X 10°¢
al 0,853 0,963 0,982 0,864 0,954
b1 0,729 0,735 0,748 0,727 0,752

* 0603HaYeHNA MapPaMeTpoB paciuHdposansl B Tabn. 1.

oTOHpATCE OCOGH C MO3IHUM CO3peBaHHEM, CPABHHTENIBHO HEBBICOKOH MIOAO-
BUTOCTBIO HA €[JMHHUILY MacChl H GBICTPbIM POCTOM.

Heo6xoIMMO OTMETHTh, YTO MapaMeTpsl ~HpelenbHbId BO3pact” M “Iipe-
OenbHasg Macca” B PacCMOTPEHHBIX UYHCIOBBIX 3KCIEPHMEHTaX BCerAa 3BOJIO-
LHOHHPYOT B CTOPOHY MAaKCHMAIBHBIX 3HAUCHMH H NO3TOMY HCKJIOYAIOTCA
43 a”anmu3a. KanopuiHOCTb HMKpPHHKH <1a00 pearHpyeT Ha M3MeHEHHe Ijapa-
MeTpoB Cpellbl H B [AHHOM Cilyuae ABJIACTCA MAIOHH(POPMATHBHBIM NOKa3a-
TeJIeM.

Ilpu cpemHMX 3HAYEHMAX KOPMOBOM Ga3bl, Koraa xodpdHuMeHT yIOBIeTBO-
peHHsA 3aNpOCOB B KOpMe HOCTHraeT BenuwiH B HHTepBate 0.8 +0,87 u Mopenu-
pyeTca yMepeHHad KOHKYPEHIIHA 3a IHILY, pasHble peaM3alMy Ipoluecca NpH-
BOAAT K PaxTMYHBIM YCTOHUMBBIM BO BpeMeHH HaGopam 3HayeHHH mapaMeTpoB
PO3BONIIOIMOHMpPOBaBIlell nomynsuus. HHaye roBops, pe3ynbraT “’IBOJIIOLMH”
B YCIOBHAX ¢1a6oro oT60pa CTAaHOBMTICA YyBCTBHTENIbHBIM K [CHCIBHIO CIIyvai-
HbIX $HaKTOPOB.

3HauuTensHO Gonee yCTodwMBoe NoBedeHMe (3KBUPHHATBHOCTL) B Cilyuae
H30bITKa KOPMOBOH Ga3bl, NO-BMIMMOMY, CBA3AHO C T€M, YTO TaM AEHCTBYeT
OIMH JIMMHUTHPYIOIMHA akTop — €MKOCTh HepecTwIMuI. 34ech Xe NpH ciaGoi
H YMEpeHHOH KOHKYDEHIMH 3a IHILY MNOABJIAETCA YXe [1Ba JIMMHIUPYIOIHX
dakTOpa, “INMMreHeTHUECKH JaHmadT” CTaHOBHTCA * pa3mbiTeiM™. OGocTpe-
HHe NHIIEBOW KOHKYpeHuuM (CM. HHXe) CHOBA NPHBOAUT K 3KBHPHHAIBHOCTH
npotuecca.

CpaBHuBaA OTHENBHBIC pPEATM3ALMH, MOXHO OOHapYXWTh OIpelieNIeHHbIC
KOpPpeJIAMOHHBIE CBA3H MeXIy NMapaMeTpaMu >KH3HEHHOTro wMKsia (Tabnm. 2).

CKOPOCTh CO3PEBaHHA H INIONOBHIOCTh (K03dd. f2) KOppenupy T C NoIo-
AUTENILHBIM 3HAKOM, & IUIOJJOBHTOCTh H HayallbHAA CKOPOCTh POCTa — C OTPHIA-
TEJIbHBIM.

HanbHeiiliee CHIDKeHHe YPOBHA KOPMOBOH 6a3pr 060CTpsieT KOHKYpEHIHIO
No NMHTaHHIO U PE3KO CHHXKAET MHOTOOGpasHe BO3MOXHBIX 3BONIOIMOHHO CTa-
6unsubix QenotunoB. Tak, npH xo3dpduuMeHTe yHOBIECTBOPEHHR PaLMOHOB,



Puc, 3. OTHoCHTe/IBHBIE 3HaYeHus Hauboslee YyBCTBHTENBHBIX K OTGOPY H alaTMBHO 3HAYH-
MBIX. [1apaMeTPOB XH3HeHHOTO UHKJIA NONYJAUMY PLIGH mpH u36miTke (/) M HefloCTaTKe
xopma (2)

OOMHAKOBOE HANpaBIeHHe CTPEJIOK O3H34aeT KOPPENALMIO ¢ MOJIOKHTEILHLIM 3HAKOM ;
NPOTHBOMOJIOKHOE — KOPPENALMIO C OTPHUATEIBHEIM 3HEKOM, 3HaYEHHA NMAPAMETPOB YMHO-
KeHbl Ha maciuraGHbie MHOXHTerm: f2 =f2 X 0,1; mat = mat X 20; kal=kal X4 X 10%;
al=alX 20; o6o3HaueHunA NAPaMeETPOB NMpHBEaEHsI B Tab, 1

pasHoMm 0,7, npu mOGBIX pealH3alMAX COXPaHAETCA BHICOKAsA IUIOHOBHTOCTD,
paHHee co3peBaHHe H BBICOKMH HaYaJIbHBIH TEMI POCTA.

Ha puc. 3 u3oOpaxetibl ¢deHOrpaMMBI YeThipeX MapaMeTpOB >KH3HEHHOTO
uMkna (Haubonee 3BOMIOLHOHHO 3HAYMMBIX) [Vis Cllyuas H3GbITKA H HeOCTaTKa
KOpMa.

Cnyuaituplii xapakTep M3MeHEHHA OT rofia K rojly ycrexa BOCIPOM3BOJCTBa,
THIHYHBIA 1A MHOTHX BOJOXPaHWIHLL, MOAETMPOBAJICA CIYUaiiHbIM pa3GpocoM
3HayeHHit napameTpoB a K b B ypaBHeHHk 1. He3aBHCcHMO OT BelIHUMHBI KOpMO-
Boil 6a3pl HeperynspHoe mononHeHHe cnocobersyer oT6opy deHoTHNOB C Gonee
PaHHHMH CPOKaMHM CO3peBaHHA. B pesynmbrate maxe npu ¢1aGoiéf KOHKYpEHIMH
No NMHTaHHIO pa3HoOGpasne oTOGpaHHBIX GEHOTHNOB YMEHBILAETCA M Pa3THuMA
peaM3andii  CrnaxuBalTCA. [DIONOBHTOCTD Kak ¢YHKUMA Macchl BO BCeX
Clyuasx [OBONBHO BBICOKas. OTHOCHTENbHO GONBIIAA UacTh JHEPrHH HIET
Ha BOCIIPOM3BOJICTBO, XOTA IIpH XopolieHd obecneueHHOCTH muuieil Habmonaerca
H GBICTpBIi poCT.

Peaynprar Xopouio cornmacyercs ¢ MaHHsIMH no newy llxmnsHckoro Bomo-
XpaHWIHOIa, rae Goratas xopmoBas 6a3a CnocoGCTBYeT KaK YCKOPEHHIO POCTa,
TaK H YBEJTHYeHHIO IDIOJOBHTOCTH, a CHJIbHAA H3MEHUHBOCTb YCIIOBHi BOCIIPOH3-
BOJICTBA NPHBOIMT K OTHOCHTEIBHO paHHeMy co3peBaHHo [3]. B To xe Bpems
nemy MBaHbKOBCKOro BONOXPaHWIIHILA CYIIECTBYeT B YCIOBHAX HeJOCTAaTKa
GeHTOCa, OCHOBHOTO BH/IA KOPMa BCEX BO3PACTHBIX TPy, KPOME CerojleTok.
Iononuenue snema B BomoeMax Bepxwedt Bonru cpaBHHTeNBHO CTaGHIbHOE.
Cxopocts co3peBanua B MBanbkoBckoM H IIMMIAHCKOM BOHOXpaHWIHIIAX
(mo macce!) npaxTHYeckM opMHakoBas. HecMOTpA Ha MpuGIH3MTENBLHO OIMHA-
KOBO€ COOTHOLIEHHE TPaT JHeprHM Ha pOCT H Ha BOCHPOM3BOACTBO, IVIONOBH-
TocTh LIMMIIAKCKOTO Nea Ha eMHHIY MacChl CAMKH NPHOMH3HTENBHO B 2 pasa
Bbie. Takum 00pa3oM, MOAENs He BO BCEX JIETAJIAX COITIaCyeTCA C JaHHbHIMH
no peansHuiM nomynAuuaM. ClieyeT yuyecTb, 4T0 B MOJEJH NOYTH HE YUHTHI-
BaeTCA MEXaHH3M H3MEHEHHA aK THBHOCTH NUTAHHA, HEJOCTATOYHO NOIHO OIHCHI-
BaOTCH CBA3H MEXAY “KOHKYpHpYfomumu” napamerpamu (“trade offs”) {12].

B Monenu OTOentHOH NONYNAUMH YUHTBIBAETCA TOJBKO BHYTPHBHOOBaA
KOHKYpeHUHA. Il OpHEeHTHPOBOYHOH OLIEHKH BIHAHHA CETH MeXBHOOBBIX
OTHOLUIGHHH Ha XapaKTep afanTHBHOIO OTBETa NOWYNAUMH ¥ Obula co3jaHa



IBOJIIOUMOHHAA Mopenb aGcTpakTHOro coobiecrsa pei6. CTpyxTypa OTHOIIe-
umit (puc. 1, 2) HamMepeHHO yNpOLLIeHa U CXEMaTH3HPOBaHa.

Mofens WMHTHpYeT INpOLECC YPABHOBEIUHBAHHA CHCIEMbI COOOLIECTBO
pbiG—cpea nyTeM NONYNSLUHOHHOW aJaNTallMd H BHIOBOH NepecTpoikH. Biuus-
HHE Cpelbl MOJEIHMPOBAIIOCh H3MEHEHHEM NpPOMJyKUMH 300IIaHKTOHa, 3000eH-
TOCa H YCJIOBHI BOCHPOM3BOJCTBA.

B panHO#t paBoTe MMeeT CMBICI OCTAHOBHUTHCSH JIMILD HA HEKOTOPBIX pPe3yiib-
TaTax HccnemosaHus [5].

B pesynbrare “cyKiueccMu’ B MOMENBHOM BOJIOeME, KaK NIPaBHIIO, COCYLLECT-
BYIOT NONYNALUME YeThIpEX BHOOB PbIG C Pa3iIMUHBIM THIOM MHTaHHA (pHC. 2)
M IOBOJIbHO 3aMETHbIM CTpeMJICHHEM K pocTy. McKiloyeHHe cocTaBisieT o3ep-
Hasg JKOJIOTHYeCKas CHCTeMa, XapaKTepH3yioulascd BBICOKON INPOAYKIHEH
300IUIaHKTOHA M HHU3KOH npomykuued GeHroca. [Ipemmymtecrso 3pece nomy-
yaT IWIaHKTodarn, cpedd KOTOPHIX NOABIAIOTCA KaK THHHOLMKIIOBBIE, TaK
H KOPOTKOIMKIIOBBIE MONMyJsuuH. BHIOBoe M momynAuHOHHOE pa3HooGpasue
Gonbiie M y GeHTOgaroB, HaNpaBIAKMIMX B NAHHBIX KPHTHYECKHX YCIOBHAX
GOTIBIIYI0 YacTh 3HEPrHH Ha BOCHPOM3BOACTBO B ymep6 pocry. CospeBaHue
B QIyuyae HemocTaTKa GeHTOCa y BceX BHOOB, KpoMe IUIAHKTO(aroB, paHHee.
OTHOCHTeJIbHAA IUIOMOBHTOCTD HA €QMHHLY MacChl Y MeJIKHX BHIOB BBILIE,
YeM y KpYINHbIX.

TIpu u36bITKE 300IUIaHKTOHA H GeHIOCa NMOABIIAIOTCA BHAbI ¢ BONBILIOH OTHO-
CUTeNIbHO# M aBGCONOTHON IUIONOBHTOCTBIO, MO3[HHM CO3PEBAHHEM H XOPOIIMM
TeMniom pocta. Hapagy ¢ 3THM IDlaikTO(arH, MCIBITHIBAOIINE CHIIBHBIN Ipecc
XHIIHMKOB B MJIaiLIMX BO3pacTax, 3aMEeTHO YMEHbBIIAT INIONOBHTOCTb B NEp-
BBIX PENPOOYKTIHMBHBIX BO3pacTax, YTo cornacyercs ¢ Habnwopenuamu Podda
[11].

Tlepromuueckye (C pa3HbIM NMEPHONOM) WIH CIyvaiiHble H3MEHEHHS BO Bpe-
MeHH KOPMOBOH 0a3bl, a2 TaKXXe €MKOCTH HepeCTOBBIX YrofHui NPHUBOMAT K
MOSIBJICHHIO paHHeCO3peBalolHX (GeHOTHNOB ¢ GonpliM pa3bpocoM Io TeMmy
pocra.

Kak okasanocp, yueT kaHHHOa/IM3Ma XMIIHMKOB M mpoluecc o6pa3oBaHHsA
OTAENbHBIX HEPecTOBBIX MOMYNAUMA H3 IPYNIMPOBOK 0COGEH C pa3iMUHBIMH
[apaMeTpaMH XM3HEHHOTO IHMKJA ABJIAKTICA HeOOXOIHMBIMH YCIOBHAMH
CYILECTBOBaHHA >XH3HECTIOCOOHOrO H CTPYKTYpPHO YCTOHuMBOro coobitecrsa.
O6a MexaHH3Ma OKa3aJIHCh KaK Gbl B3aHMOIONOJIHSIOIHMH .

TloBeeHHe MONENH YYBCTBHTENIBHO K OIpeJie/IeHHIO T'PaHML TPOPHUeCKHX
rpymn (puc. 2). IyTh K Npeono/IeHHI0 5TOH YYBCTBHTENILHOCTH, BO3MOJXKHO,
HAIEeT Yepe3 HeTATH3AUMI0 TPOPHUECKHX OTHOLLIEHHH.

B nenom mMomens cooblillecTBa MOKa3bIBaeT HeOOXOMMMOCTD yueTa KOapamnTa-
LIMH NOMYNIALUME pPazyIHUHbIX BUOOB.

3axmovenHe

IBONIOUMOHHOE MOJEHPOBaHHE NPENCTaBNAECTCA BECbMa IepCleKTHBHBIM
METOIOM HCCIICIOBAHHA 33KOHOMEPHOCTEH H3MEHUMBOCTH NapaMeTpoOB XXH3-
HEHHOTO LHMKJIa MOMYyNAuMiA peIG H APYrHX OpraHM3moB. JJaHHBIH KOHCTPYK-
THBHBIH TOAXON OPHEHTHPOBAH Ha aKTHBHBIA CHHTe3 HauboJsiee ameKBAaTHBIX
Mopeseil ONyIAHA U COOOIEeCTB XMBOTHBIX C YueTOM H3MEHUHBOCTH OCHOB-
HbIX JIaOHIIBHBIX apaMeTPOB XM3HEHHOTO LMKIIA. [ToMCK M yCTpaHeHHe NpPUYMH
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HECOOTBETCTBUS OPUIHHAIIA U MOJIENHM ABNACTCA OCHOBHBIM MOMEHTOM IpOLecca
3BOJIIOIMOHHOIO KOHCTPYHpOBaHMsA. [IpH 3TOM Iy HaCTpOHKH K BepUpUKAUHY
MOJE/IM NPHUBJIEKA0TCA [aHHble NO MHOTMM MOMYNALMAM ONHOTO BHAZ WM
OaHHble N0 Pa3THYHBIM HCTOPHYECKHM MEPHOZAM CYLUeCTBOBAHMA OTOEIIbHOMK
MONYJISILMH.

Mogens ecrectBeHHbIM 06pa3oM peanusyeT ”CTOMMOCTHOW IOIXOM TEOpHH
CTpaTerHH XH3HEHHOTO WMKJa Ge3 HCIoNnb30BaHMs CYOBEKTHBHBIX M OOHO-
CTOPOHHHX KPHTEpHEB ONTHMalbHOCTH. B xauectse BajioTei” 37eCh BBHICTY-
1naeT YCBOEHHasi C PpauMOHOM 3HEPrHs, KOTOPYI OPraHu3M ONTHMAIIbHBIM
o6pa3soM HCHONb3YyeT Ha pasNuuHble HyXabl. IIpobnema wacto 3akiouaercs
B BBIABIICHMH TOW 3HEPreTHYeCKOW IUIaThi, KOTOPYK NPHXOOMTICA IUIaTHTh
32 Te WIM HWHble mnpucnocodnenus. HWHaue roBopsa, HeoO6XomuMO BBIOENATH
U BHOCHTh B MOZENb KOHKYPEHTHBIE MeXNapaMeTpuuecKHe CBA3H 3aMellato-
mero tMna — “trade offs”. [loka He coBceM ACHO, KaK M C YeM CB#A3aTh Napa-
METP UIHTENIBHOCTH XH3HEHHOIO HMKJIAa, aKTUBHOCTb MUTAHHA, HHTCHCUBHOCTD
obmena. TpynmHo omnpedenuTs 3HEpreTHUECKYHW LeHY pHOOBIBaHMA THILNEBBIX
obbexToB  pasnuyHoro Tma. TaxHM oGpa3oM, IBONIOIMOHHOE MOJEITMPOBa-
HMe SABJIACTCA B NEPBYI Ouepedp MOMEIMpPOBaHMEM TeopeTHYeCKHM. Bmecrte
¢ TeM 3TO M NPHKIIA[JHOE MOMEITMPOBAHHE, KOPEHHBIM 06pa3omM npeobpasyroiee
MeTOJOJIOTHIO H METOJMKY HayKH O DALHOHATIBHOM MCMHOJIB30BAaHHH OHOIIOTH-
YECKHX PeCypcoB.
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YK 639.222.4.261.24

JAnHamuka nonyasuun Baaruiickoro mmpora —
NpHMep YNpaBJieHHS H CAMOPperyJ/isaliHH
P.A. Anc

TawnHckoe otpenedue bantTHUNPX

3HauuTenbHble KONeGaHMUA UMCIIEHHOCTH SABJIAIOTCA XapaKTepHOH uYepTo
Ganruiickoro inpora. OGLIENpU3HAHO, YTO JHHAMHKA YHCIICHHOCTH 3TOH phIOHI
B ONpeleNIAIONIed Mepe 3aBUCHT OT YCNELIHOCTH BEDKMBAHHA Ha PAHHMX CTaMAX
pasButua. OcobGoe 3HaueHHe NPHAAETCA “’KPUTHYECKOMY IEPHOMY’’ BpeMEeHM
nepexofa JIMYMHOK LIIPOTa Ha BHellIHee MHTaHWe. BenkuBaHue MMYMHOK INNIPOTa
CTaBHTCA OGHIMHO B 3aBUCHMOCTH OT KOHIEHTpAalMH KOPMOBBIX OpPraHH3MOB
[3, 4 u pp.]. ns nmpoTa, BUAMMO, MOXXHO NPHHATH GOPMYITHPOBKY 3TOH 3a-
BHCHMOCTH, ITpelcTapieHHylo B obmem Bupge T.P. IlapcoHcom c coaBr. [6,
c. 339]: ... BblllIe ONpeleNIeHHOTO YPOBHA KOHUEHTPAlM¥ KOPMOBAIX OpPraHu3-
MOB BbDKHMBaHME JIHYMHOK BBICOKO M B OCHOBHOM He 3aBHCHUT OT [a/IbHEHILErO
yBeNMYeHHA KX KOHueHTpauud. IIpy KOHIEHTpauusx HUXe 3TOr0 MaKCHMalb-
HOFO YpOBH# BBIXHBaHHE MYMHOK 33BHCHT OT KOHIEHTpalMd KOPMOBBIX Op-
TaHH3MOB; OJHAKO NpPH HEeKOTOpO# Oosee HU3KOH IMOPOroBOM KOHIEHTpALHH
KOPMOBBIX OPraHM3MOB PECYpChI XKEITOYHOTO MelIKa OKaXKyTCA HCYepHaHHBI-
MH M JIMYMHKH NOTHGHYT, MOCKONBKY OHM JOMXHBI GbITh O6ecreyeHbl HEKOTO-
pPbIM MHHHMAJIbHBIM KOJIMYeCTBOM [MIIH, 4YTOGbI 3¢¢deKTHBHO MNOTpeGnATh
IUIAHKTOH”.

VYcranosnmeHo [11], uro 3HaueHMs AoNied FONOBMKOB, OBYX- U TPEXTOHOBH-
KOB — HauGoliee NpeNCTaBUTENIBHBIX BO3PACTHBIX TPYNN B BO3PAaCTHOM COCTaBe
LIMpoTa — YepemyloTcs CIyYadHbIM o06pa3oM B psapgy NOCHeOyOUIMX JeT
(ta6n. 1). Jna oGbsAcHeHMS NpeljiOXeHa TIMIIOTe3a, MO KOTOPOH BbDKMBaHUe
CeroJIeTOK ILMpOTa H3MEHAETCA CITyYaHHO B ONpe/ielleHHOM HHTepBaie. [unoTe-
3a MpoBepsANiach Ha MpocTeiiiel MOMeTTH, OAMH U3 ITApaMeTpOB KOTO poit MPHHH-
MaICcA CITy4YaiHBbIM, a OCTa/IbHbIE NOCTOSTHHBIMH.

BenuwiHa HONONHEHNU ONpeNeNAiach K3 COOTHOLIECHUS

Ny = 8o Z qiNhy,
H

roe So — K03 ¢HIMEHT BBKHBAHUA CETOJNETOK; §; — IUTOJOBHTOCTb LINPOTA
IO BO3pPAaCTHBIM Ipynnam; NN; — YMCIIEHHOCTD i BO3PacTHOM rpymnsl; h; — oT-
HOILIEHHE YHMCHA CaMOK - BO3pacTHOM rpynnel K oflied WICTeHHOCTH 3TOH
I'PYTIIBL

KosgdpHuueHT BHDKMBAHHS CeroieTok (S¢) mis k-ro MOMEHTa BpeMeHH Ha-
xopwica 1o ¢popmyie

S§ = dR¥,

rae d-ko3¢ppHUIHEHT; R¥ - pAR cryvaiHbIx wcen ot 0 go 99.

Ipepnonaraercs, 4ro 0GeCHeYeHHOCTD JIAYHHOK ITHINEH, OCOGEHHO B K pHTH-
YeCKHHl TepHOn”, ABIAETCA KAK pa3 TeM (paKTOpoM, KOTOPbIH, CITy4aHHO Kone6-
JIACHh B ONpelesieHHOM HHTepBajie, IPHBOAMT K CIIyYaHHBIM 3HaYEeHHAM IOTOJIHE -
HHMA LINPOTa B pAQY HOCHEOYIOWIHX J1eT.
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Tabnuma 1
Bo3apacTHoit cocTas (B %) MPOMBICIOBBIX Yi0OBOB winpoTa B CeBepo-BocTounoit Bantuke

Ton Bo3pacTHas Tpymma
0 1 2 3 4
1970 0,2 24,2 9,8 44,2 4,5
1971 - 3.8 27,6 7,9 49,6
1972 0,1 1,5 11,8 30,4 53
1973 0,5 36,2 12,0 6,9 144
1974 0,3 5.8 49,4 12,8 3,3
1975 - 2,7 16,7 46,3 10,3
1976 - 36,9 2,7 10,0 30,7
1977 0,2 4,1 61,2 44 5,0
1978 0,2 1,7 10,0 63,8 3,7
1979 0,5 54 2,8 1.9 63,0
1980 - 11,0 10,8 4,3 6,7
1981 0,9 33,3 22,1 9.8 1,5
1982 0,8 4,8 57,2 11,9 5,5
1983 - 25,6 10,3 374 8,5
1984 3,7 14,1 47,9 7,6 20,0
1985 - 23,8 15,6 36,8 2,3
TaGnuua 2

BBOMacca NOJIOBO3PENOro IMPOTR B OTHOCHTENIBHMIX eAMMMNAX B CeBepo-BocrosHodt
BanTuKe, PACCYNTRHEAR NO METOAY BHPTYANBHOH MOMYNMUMH C HCHOJNB3OBAHHEM (AKTH-
YECKHX MACC IO BO3IPACTAM (Bdm“.) H OAHHAKOBLIX MACC 110 BO3PACTaM, BIATHIX HE YPOBHE

1970 1. (B per)
Ton Bgaxr Byoncr B paxr—Bxoner B paxcr—Bxoner %

1970 1,0 1,0 0 0

1971 1,13 1,08 0,05 44

1972 1,0 0,86 0,14 14,0

1973 0,82 0,73 0,09 11,0

1974 0,98 0,89 0,09 9,2

1975 0,75 0,67 0,08 10,7

1976 0,53 045 0,08 15,1

1977 0,75 0,66 0,09 12,0

1978 ,51 0,44 0,07 13,8

1979 0,33 0,28 0,05 15,1

1980 0,23 0,17 0,06 26,1

1981 0,16 0,12 0,04 25,0

1982 0,18 0,13 0,05 27,8

1983 0,13 0,10 0,03 23,1

1984 0,22 0,17 0,05 22,7

1985 0,18 0,15 0,03 16,7




BoapacTHas rpynma

5 6 7 8 9 10
0,2 8,2 - 0,8 0,2 1.7
2,2 0,1 5,1 - - 3,7
36,8 1,3 0,1 3,9 0,4 2,1
3.1 20,3 1,4 0,1 1,2 3,9
11,4 1,9 12,5 0,5 0,1 2,0
2,4 9,4 1,0 8,9 0,2 2,1
3,8 1,3 7,3 0,6 5.8 0,9
16,8 1,5 0,5 3.4 0,2 2,7
4,3 11,2 1,1 0,6 1,8 1,6
2,8 3,0 11,2 0,7 0,3 2,4
52,6 2,3 1,3 84 0,6 2,0
2,6 24,6 0,6 0.4 34 0,8
0,7 1,6 15,3 0.4 0,2 1,9
3,2 0,7 11 11,8 0.4 1,0
1,8 0,6 0,2 0,2 33 0,6
12,9 2,0 0,6 0,2 0,5 4,6

HenecooGpa3so pa3kinuath CIyyaifHble MeXTOHOBble KOJe6aHMA M MHOFO-
JIETHHE TpPeHAb! YMCIIEHHOCTH Gantmiickoro umpora. Bo3HMkHOBeHMe TpeHIOB
YMCIIEHHOCTH MOJKHO MNpeACTaBHTh KAaK pe3yJIbTaT OTHOCHTENIBHO HeGONMBLIMX
H3MCHEHM# MHTepBaia 3HaUYeHWH BBHIKHMBAHUA GalITHHCKOro LUNMPOTa Ha PaHHUX
CTaMAX pa3sBUTHA, OOYCNOBJIEHHBIX H3MEHEHMAMM YCIIOBHH OGHTaHMA. Takum
06pa3oM, OTHHAMMKA YMCIIEHHOCTH GanTHACKOro IMpoTa MOXeET GhITh IpHMe-
POM TOro, Kak BHEUIHsA JeTepMHHHPOBAaHHOCTb, YIpaBJleHHe PeasIu3yIoTCs de-
pe3 OorpaHuyeHHyl0 OIlpefielIeHHbIM HHTepBalioM cinyvaitHocts. Hampumep, mns
NEepHOAAa YMeHbIEHHA uMcIeHHoctH umpoTa B CeBepHo#t Banruke B 1970—
1985 rr. (1a6nm. 2) 3TOT MHTEepBaJ OlLEHEH cleaylowHMM obpazom: 0 < §y <
< 10 ™* [11]. Jina nepHomoB cTaGWIM3auMK WIH BO3DACTAHHA UHCIEHHOCTH
IINpPOTa HHTePBAJ 3HaYeHHWH BBDKMBAHHA S BOJIXKEH OBITh HECKOIBKO GONBLIMM.

TpeHnb! UMCIIEHHOCTH WUIIPOTa MOTYT OBITh BBI3BaHBI TaKXe M3MEHEHHAMH
BbDKMBAHMA TOOOBHKOB 1 M IOBYXTOHOBHKOB S,. PacueTsl noka3biBaioT, 4YTO
Jaxe OTHOCHTENIbHO HeGONbLIOE, HO MPOMO/IKHTENBHOE YMEHBIICHHEe 3HAuUeHHH
Sy ¥ S, NPHBOIUT K NMAIEHHIO YHCIIEHHOCTH. [I03TOMY IIpH yIIpaBiIeHMH 3a1lacOM
6anTuiicKOro WMIMpoTa CTapaloTcA OGBIYHO, N0 BO3MOXHOCTH, YMEHBLIaTh BO3-
OeHCTBHe MPOMBIC/IA H2 FOJOBHMKOB LINIPOTa H KOHTPOIMPOBATH MPOMBICIIOBYIO
CMePTHOCTh IBYXTONOBHKOB.

@aKTOphl Cpefibl H MEXaHH3MbI, YIpaBiAOUMEe OHHAMHKOH 4HMCIIEHHOCTH
GANTHICKOTO LINPOTa HCCIENOBAaHB K HACTOMIEMY BPEeMCHH HeZOCTaTO4HO.
Bce xe eCTb OCHOB2aHMA MOJNIarark, YTO OCHOBHOH NPHYHHOH BO3HHKHOBCHHSA
TPEH/IOB UMCIIEHHOCTH GalITHACKOro LINPOTa ABNANTCA TPeHObI TeMIepaTyphl,
CONEHOCTH M CO/lepXahus Kucnopona B BantuiickoM Mope, Befyuiue K Ipoaon-
XHTENBHBIM H3MEHEHHAM KOPMOBOH 6a3pl IMMpOTaA, Tpexde BCero Ha paHHUX
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Ta6nuua 3

Ha6mopennas (H) u pccuntannas (P) no ypasHenmio Bepranandu cpeausas macca (r)
MO BO3PacTHBIM IpyNNam wnpoTa B PuHCKOM 3a/MBe

IMoxkonenne Bun gaHHBIX Bo3pacTHsie rpynmnel
1 2 3 4
1955 H 1,5 4,2 6,9 7,9
P 1,51 4,28 6,52 7,92
1957 H 1,8 5.5 7,7 7,2
P 1,80 5,26 7,62 8,85
1967 H 4,0 10,0 11,7 12,2
P 4,05 9,56 12,10 13,03
1969 H 4,5 10,3 12,5 12,6
P 4,55 9,97 12,46 13,38
1972 H 3,5 10,2 12,0 12,8
P 3,63 9,21 12,48 13,98
1975 H 3,5 10,5 12,4 14,0
P 3,59 9,65 13,17 14,74
TaGnuua 4

Tapamerps! ypanenun Beprananpn (W_, X, 1,),

MrHOBEHHAS ecTeCcTBEeHHan cMepTHOCTh (M), mpoaykuus (P, r) wa 1000 ocoGeit
HAYa/IbHOM WMCACHHOCTH NOKOJICHHUSA, @ TAKKE HAYAJIbHAS YHCIIEHHOCTb OKONEHnA N,
NpH NPOAYKUMH, COXPaHollelics Ha ypoBHe 2282 r, pacciMTaxHbie JIf WNpOTR
B OUHCKOM 3aIHBE

TMoxonenue IMapameTtp M P N,
Weo K t,

1955 9,58 0,671 -0,16 0,42 2282 1000
1957 9,89 0,825 -0,01 0,37 2911 784
1967 13,49 1,116 -0,01 0,18 5234 436
1969 13,87 1,093 -0,07 0,22 5266 434
1972 15,04 0,917 -0,06 0,31 4936 463
1975 15,80 0,945 0,0 0,31 5287 432

CTagMAX ero pasBHTHA, 3 TAK)Xe K NePHOOUYECKOMY BO3DACTaHMIO BIIHAHMA
XHIHHKOB, TAKHX, KaK Tpecka. Hanpumep, nns BanThiickoro Mops BbizeneHsl
’TeITIOBOAHBIE™ M ’XonopHOBOHbIe” nepuonsl [4]. “TemwroBonHsle™ nepuonsi
XapaKTepH3YITCA pacliMpeHHeM HepeCTOBOrO apeaya, 6ojiee paHHHM HAYaIOM
H Gonbille MHTEHCHBHOCTBIO HEpPECTa M, YTO BaXKHO, BBICOKOH YHCIIEHHOCTbHIO
MeIKHX TeIUIOBOAHBIX $OPM 300IUIAHKTOHA, ABJIAIOIIHXCA OCHOBHBLIMH IMILe-
BbIMH O0BEKTaMH [UIfl MHYMHOK M MoNogd wmpoTa. B “xomomHoBopHbie” ne-
PHOMBI YHCHEHHOCTD MEJIKHX TEIUIOBOMHBIX M HAYIUTHAIBHBIX GHOpPM 300IUIAHK-
TOHA 3aMETHO YMEHbILACTCA. ITHM NHiLeBas 00eCeUeHHOCTb JIMYMHOK H MOJIO-
OB LINPOTa yXYy/IUIACTCA, 8 HX BRDKHBaHKe MOHIDKAEeTCA.
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Bo3pacTHbIe FpynIibl

5 6 7 8 9 10
9,1 7,9 8,4 10,0 9,9 10,3
8,71 9,13 9,35 9,46 9,52 9,55
8,3 10,5 9,8 10,5 (10,5) (10,5)
9,43 9,69 9,80 9,85 9,88 9.89

13,6 13,3 13,3 13,2 13,8 14,4
13,34 13,44 13,47 13,49 13,49 13,49
13,0 12,9 14,0 14,5 14,1 15,0
13,70 13,81 13,85 13,86 13,86 13,86
13,9 14,1 14,9 15,3 15,9 16,4
14,61 14,87 14,98 15,02 15,03 15,04
14,7 15,8 16,3 16,3 16,0 15,8
15,38 15,63 15,73 15,77 15,79 15,79

KoneGauusa wiciIeHHOCTH GaNTHCKON TPeCKH — OJXHOTO M3 OCHOBHBIX IOTpe-
Guteneit GanTuiickoro wnpora [14] — cBA3BIBalICH B ONpeleleHHOH Mepe C
M3MeHeHHAME aGHOTHYeCKO# cpensl BanTuiickoro Mopa [8].

Ilepexonst K NpOABIEHHAM CaMOPETyNfAllHM B TNONYJISAUMHM GaTTHHCKOTO
IUNpOTa, HEOGXOMMMO OCTAHOBHTHCH HA M3IMEHEHHAX TEMIA POCTa 3TOH pbIOBI.

B nuTepaType OnucaHa NpHMeUaTenbHas TCHOCHIHMs YBEIHYCHHA TeMIa pOCTa
GanTHiicKoro LIMpoTa, HaGmonaeMan B NociaeaHye HCCATIWIETHA H CBA3BIBacMas
C yMeHbllIeHHeM ero wHMcneHsHoctu [2, 10, 15 u gp.}. 912 TeHpeHuus HauGonee
HAINAQHO IHPOABIACTCA NP CpaBHEHMH CpefHed Macchl GanTHHCKOro HIpOTa
O BO3PAaCTHBIM IPYTINIaM B OTAENBHBIX NTOKONMeHHAX (Tadn. 3).

YnciteHROCTh IpoTa B GUHCKOM 3a/MBe, HANIpHMep, Y MEHBIIIAETCA, BUIMMO,
y>ke oT Hayana 60-x ronoB [2]. KocBeHHO 3T0 MOATBEpXIAETCA TaKKe NAHHbIMH
006 ynose Ha ycwine [16].

TlepBbifi NepHOn NageHWUA YMCIEHHOCTH LINPOTa MNPHXOOMTCA HAa Hayaio
60-x ropos. B Havane 70-X rofoB MpPOH3OLUIO OTHOCHTENIBHO HeGONbUIOE MO
CPaBHEHHIO C YPOBHEM KOHLA 50-X rofoB yBelHueHHe YHMCIICHHOCTH ITOH phibb
[2]. Bropoit nepuopn GRICTPOTO COKpALICHHA BeIHUMHBI NOIYJALUK IPHXOIUT-
CA Ha BTOpYI0 NONOBHHY 70-x romoB. 3HauMTENBHOE yMeHbllieHHe GHOMAacCh
GanTHiickoro wmpoTa HaGiioganocs B 3T0T nepuop kak B CeBepHoit Bantuke
1 B OuHCKOM 3a/IHBe, TaK K 10 BanmiickoMy Mopio B nenom [17].

Pocr Macchl IO BO3pacTHBIM IpyINaM LIMPOTa B OTAEIBbHBIX NMOKOJIEHHAX
YHOBJIETBOPUTE/ILHO OHHChIBaeTCs ypasHenweM Bepranandu (1a6n. 3). [lapan-
JIETIBHO ¢ OGIMM yMeHbilleHHEeM MHCIICHHOCTH LIMPOTa 3HAUeHHA €ro acHMIIO-
THYSCKOH MACCHl YBEJIHWWIHCh OT 9,6 r B moxoJenus 1955 r. no 15,8 r B noko-
newun 1975 r. (1abn. 4), Bo3spocnu Takke 3HaueHus Ko3puunenta pocra K,
Hinpor cTan ObicTpee HOCTHraTh CBOEH BO3pPOCHUICH 2CHMITOTHYECKOH Macchl,
Co3pamuch NPEANOCKUTKE HECKOITBKO JIYIIEr0 BbDKHBAHHA B MIIa[UIMX BO3pac-
18X [13]. B nepHoaBI BHICOKO# WHCIIEHHOCTH IUBPOT MeLjleHHee JOCTUr2eT B TO

93



TaGnuua 5

AGCoNOTHAA IIOAOBHTOCTb (THIC. HKPHHOK) , PACCIHTAHHAN NO cpeaHeR Macce
NO BO3PacTHBIM rpynnam wnpora B GHHCKOM 3auBe

Toxonenue BospacTHas rpymma
2 3 4 5
1955 5,7 8,8 10,7 11,8
1957 7,0 10,3 12,0 12,8
1967 12,9 16,4 17,7 18,1
1969 13,5 16,9 18,2 18,6
1972 12,5 16,9 19,0 19,9
1975 13,1 17,9 20,0 20,9
TaGmaua 6

Cpenusis Macca (B r) no BO3pacTHHIM IPYINaM LINPOTA H3 MPOMBICIOBbIX YJIOBOB
B CeBepo-Bocrowoit Bantnke

Ton Bo3pacTHbIe rpymnnst
0 1 2 3 4
1970 2,8 6.4 9,3 10,7 1,5
1971 - 6,8 10,0 11,2 11,7
1972 3,1 7,6 10,7 12,1 12,5
1973 4,2 8,8 10,3 12,1 12,9
1974 4,0 8,0 10,0 11,3 12,2
1975 - 7,7 10,9 11,9 12,4
1976 - 7.8 11,2 12,8 134
1977 3,5 6,8 10,2 12,2 13,3
1978 3,7 9,9 10,5 12,2 13,2
1979 3,8 8,7 114 13,3 13,5
1980 - 8,2 11,9 14,1 14,3
1981 43 9,3 12,6 14,7 14,7
1982 34 9,4 12,6 14,6 15,6
1983 - 7,2 124 14,7 15,8
1984 3,6 10,3 11,7 13,4 14,9
1985 - 8,3 114 124 13,5

ke BpeMs M MeHbllell aCHMIITOTHYECKOH Macchl, a CIIeIOBATE/IbHO, BbDKHBAHHE
€F0 B MJIQ/IIIMX BO3pAacTax yXyHmIIaeTCs.

CymecrtByer nomgxon, [5], no3sonsiomiuii Mo TeMity pocTa ¥ BO3pacTy NnepBo-
IO CO3peBaHMA NOJNOBLIX NMPOLYKTOB OLEHHTh 3HAUCHHA eCTECTBEHHOH CMepT-
HoctH phi6. Ilockonsky daxTHueckmii MaTepHan YHZOBIETBODHTEJIBHO OMHMCHI-
BaeTcA ypaBHeHWeM Bepranandu, ¢opMmyna mwis pacdeToB Gbula HCTIONBIOBaHA
B BHJE

n=1 _e—M =1- [(1 _e—K(f - to))/(l _e—K(t"'l—t.))]E
rfie n — YCJIOBHbI KO3¢dHIHEeHT ecTeCTBeHHOH CMepTHOCTH; M — MIHOBeHHBIH
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Bo3apacTHas rpynma

6 7 8 9 10
12,3 12,7 12,8 12,9 12,9
13,1 13,3 13,3 134 13,4
18,3 18,3 18,3 18,3 18,3
18,8 18,8 18,8 18,8 18,8
20,2 20,4 204 20,4 20,4
21,3 214 21,5 21,5 21,5

BoapacTHnte rpynus!

5 6 7 8 9 10+
10,4 12,3 - 13,5 12,7 12,4
11,8 12,9 13,1 - - 12,3
13,0 12,6 14,2 13,7 13,7 12,8
13,1 13,5 13,8 12,1 14,1 13,1
12,9 13,1 13,4 14,1 14,5 13,7
12,9 13,3 13,8 13,7 15,1 13,1
14,2 14,2 14,8 14,7 14,8 15,2
13,9 14,5 15,2 14,6 15,2 14,8
13,5 14,3 15,0 15,3 14,8 15,1
14,1 14,1 15,1 15,3 15,4 15,1
14,8 15,0 15,4 15,5 144 15,2
15,3 15,6 16,1 14,1 15,1 14,5
16,5 16,1 16,2 16,3 16,9 16,7
16,0 15,9 16,5 16,3 17,7 16,8
15,6 15,5 16,2 16,4 16,0 15,3
13,8 14,5 14,5 14,9 14,2 14,9

KO3 puuHeHT ecTecTBeHHO#H cMepTHOCTH; K — K03 HuMeHT pocTa B ypasHe-
HuH Bepranandu; ¢ — BO3pacT NepBOro CO3peBaHHA IOJNOBBIX IPOLYKTOB
(t =2); to —napaMerp ypasHeHus Bepranandu.

Tlepuogy BBICOKOH WHCIIEHHOCTH IUTIPOTa (BTOpas NOJIOBHHA S0-X TOmoB)
COOTBETCTBYIOT H OTHOCHTE/IBHO BHICOKHE 3HaueHWS MIHOBEHHOM eCTeCTBEHHON
cmeprHocTE (My9s55 = 0,42; My9s5,7 = 0,37) (cMm. 1a6n. 3).Brictpoe napenwe
YAC/IEHHOCTH LIIpOTa B Havyasie 60-X roJoB, OYeBUOHO, NIPHBEJIO K YMEHBLICHHIO
3HAYCHHA MrHOBEHHOH eCTeCTBEHHOH CMepTHOCTH (Mjge¢7 = 0,18; Migee =
= 0,22). [loBbilieHNe WMCTIEHHOCTH LINPOTa B Hauajie 70-X rOfIOB CHOBA NIPHBENIO
K YBOQIMUYCHHIO 3HaUYeHHH ero ecreCTBeHHOH cmeprHoctH (M;o7, = 0,31;
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M;975 = 0,31). ClieoBaTeNIbHO, MOXHO TIpEACTaBHTD, YTO ECTECTBEHHAA CMepT-
HOCTb Ga/ITHACKOrO IUNPOTa ABJIACTCA 3aBHCALMM OT IUIOTHOCTH NapaMeTpoM,
a HaGiiofaeMble H3IMEHEHHA €ro 3HaYeHuH CNocoBCTBYI0T CTaGHITM3aANMM YHCIICH-
HOCTH MOy ALMH.

H3BectHo, 4r0 mMHAMHKA WHCIIEHHOCTH PHIO CBA3aHa B OIpelENEHHOH Mepe
C H3MCHEHHSAMM HX IUIONOBHMTOCTH. 3aBHCHMOCTb aGCONIOTHOM INIONOBHTOCTH
OT Macchl 6aNTHICKOro INpPOTa BBIpaXKeHa B cilenylomeM Bune [7]:

F= 0,163 +1,371Q,

rae F — mopgosutocTs (ThIC. HKPHHOK) ; O — Macca puibbl (r) . Ha ocHoBe pac-
CUMTaHHBIX 110 ypaBHeHM10 Bepranangn 3navemmit Maccsl pni6 (cM. tabi. 3) no
NIpMBEEHHOH BhIe ¢opMyle NONyyeHa abGCONIOTHAA IUIONOBHTOCTh MO BO3-
PACTHBIM IpynnaM wmpora B OMHCKOM 3aiMBe mMokojeHuit 1955, 1957, 1967,
1969, 1972 u 1975 rr. (ta6um. 5). PaccMarpuBaeMoe Kak OTBeT Ha NafieHHe YHC-
JIEHHOCTH yBelMYeHue aGCONIIOTHOH IUIOMOBMTOCTH IUNPOTA ABJIAETCH ONHOH H3
NpeaNOChUIOK HOBOTO yBEIIHYEHH €r0 YHCIIEHHOCTH.

W3smeHenus 6GuoMacchl GanTHHCKOrO IIIpOTa ITIaBHBIM OGpa3oM CBS3aHbI
C KONIeOaHHAMH YHCIIEHHOCTH 3TOH pbIGhl. [lonb3ysch MeTOOOM BHPTYaIBHOM
nonynsumd [1] ¥ DaHHBIME 1O CpenHell Macce b6 MO BO3PACTHHIM IpyNNaM
B IPOMBICIOBBIX yioBax (TaOi. 5), MokKasaHO cTabwIM3Mpylollee BIHAHUE
U3MEHEHHH TeMIIA POCTa Ha BeIMUMHY GMOMACCHI MOJIOBO3PENON YaCTH MOMys-
muM Gantuiickoro wmpora B CeBepo-Boctounoit Banmuke B 1970—1985 rr.
(1a6n. 6). 31a GHomacca Gbuta B Hayane 80-x rOfOB MPHMepPHO Ha 25% BBiile,
4eM OHa Obula Gbl B Cilyvuae COXpaHeHAs CpefiHeidl Macchl pbi6 IO BO3PAacTHBIM
rpynnam Ha ypoBHe 1970 r. CrenoBaTelibHO, 3aBHCSIIHE OT INIOTHOCTH U3MeHe-
HHA B TeMIle pocTa GanTHACKOro ILINPOTA YMEHBLIAT B HEKOTOPOH CTENeHH
KoneGanus 6HOMacChl, BEI3BAHHbIE H3MEHEHHAMH €0 YHCIEHHOCTH.

Dyia uccnenoBaHuA BO3MOJXKHOTO BIIMAHMS M3MEHEHMA TeMIa pocTa GanTHii-
CKOro IMpOTa HAa BEJIHYMHY NpPOAYKIMH ObUIa HCIONB30BaHAa IpeyIOXKeHHas
K.P. Annesom [9] nmpocrast mopens

P=3KNoW,(1/(Z +K) — 1/(Z + 2K) + 1/(Z + 3K)),

rae P — npopyxmusa nokonenus, r; K — K03 dHIMEHT pocTa B ypaBHEHHH
Beprananpu; W — acummrotMyeckas macca (napamerp ypaBHeHHs BepramaH-
¢u); Ny — HauaibHAA UMCIEHHOCTh TOKONEHHA; Z — MrHOBeHHas OGmas
CMepTHOCTb (HCHONb30BaHO 3HayeHue Z =0,7).

BenuuuHb! npoyxuMH, paccunTasHbie Ha 1000 0coGeil Havan bHON WACIEHHOCTH
NOKOJIEHHA, CBA3aHBI C TEMIOM pocTa (NapaMeTph! ypaBHeHus Bepranandwu)
Gantuiickoro wmpora (cM. 1aGi1. 4). B mepHoaB! BHICOKOH WHCIIEHHOCTH IUTIPO-
Ta TeMIl €r0 pOCTa M 3HAYEHHA NMPOAYKIMH OTHOCHTENIBHO HM3KH (NOKOJIEHHS
1955 u 1957 rr.). B nepnopst HU3KOH YHC/IEHHOCTH LIMPOT2 TEMI POCTA BhILlE
U 3Ha4YeHUA NMPONYKLMH TaKXKe OTHOCHTENIPHO Bbille (mokoneHus 1967, 1969 u
1975 rr.). Ha noBhlleHHe YHCIIEHHOCTH B Hauale 70-X TOZOB MONyNALMS Gan-
THIICKOIO LINPOTA OTBETHIA HEKOTOPhIM MOHMXKEHHEM TEMIIA POCTA H 3HAYCHHI
npopykiuu (noxoneHue 1972 r.).

B rabn. 4 npuBeneHs! 3HaueHMA HAYATBHON WMCACHHOCTH Noxonenus Ny,
PaccUMTaHHble TaK, YTOObI NMPOMYKUMA COXPAaHAIAch HA YpPOBHe NOKONEHHA
1955 r. (P = 2282 r Ha 1000 ocoGeii HaYaTBHOM WHCIICHHOCTH TOKOJIEHHS).
Ilpu npounx paBHBIX YCIOBHAX 32 CYET YBEMYEHHA TEMIIZ POCTa MOXeT GbITh



KOMIEHCHPOBAHO YyMeHbIlICHHe NpOAYKIMH, BbI3BaHHOEe COKpallieHHeM Hauaib-
HOH YHCIIEHHOCTH NMOKONeHHsA B 2,3 pa3a. CiemoBarelbHO, 3aBHCAIKE OT IDIOT-
HOCTH M3MeHEHHS B TeMIle POCT4 HalpaBJieHb! Ha cTaGWIH3aumio (OO Ompene-
JIEHHO# CTeNeHH) BeNMUMHBI MPOAYKIUMH GalI THICKOTO LINPOTAa.

PaccmarpuBas IMHaMMKY NONYNAUMH GaITHHCKOrO WIMPOTa, MOXHO IOBO-
puth 06 ynpasnsmiolux ¢akTopax M SBIEHHH camoperynsiud. M3 ynpasnsio-
mHux abHOTHYeCKHX (aKTOpOB cCllefyeT Ha3BaTh TeMIleparypy, CONEHOCTh H
cofiep>kaHHe KHCIIOpONa, H3 GHOTHYeCKHX (haKTOpPOB — 0GeCreueHHOCTD IMHILei
LIPOTa Ha PaHHMX CTaNMAX Pa3BHTHA H B MJIaALIMX BO3PACTaX, a TaKXe BIIMA-
Hve xuiHMKOB. TeMn pocra GanTHiCKOTrO IUAPOTa MOXET OBITh PACCMOTpEH
KAK B OCHOBHOM 3aBHCAIIHMIA OT IDIOTHOCTH GHOTHYecKuit daxrtop. Onpenense-
Mble IUIOTHOCTBIO M3MEHEHHA B TeMNe pocTa GanTHACKOro INMpOTa cnocober-
BYIOT CTaGHIIH3HPOBAHMIO YHCIICHHOCTH M GHOMacchl ero nomynsuus. IIpu npo-
YMX PAaBHBIX YCIIOBHAX M3MEHEHHA B TeMIle pOCTa OaITHHCKOTO LINpOTa B Olpe-
LesleHHOH Mepe CTaGWIM3MPYIOT BEIMUHHY TTPOAYKHHH, YMEHBIIAA BIIUAHHE KO-
neGaHuit THCIIEHHOCTH.
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YIK 519.876 + 574.34

Mopaens AMHAMHKH KCIUIYATHPYeMOM NONYJIAIHH
XHIIHBIX MJIEKONHTAIOLIHMX

D.B. Kpawumckuii, U.E. Benencon, H.C. Kopbitun

HHcTHTYT 3K0NOTHH pacTeHH# ¥ XHBOTHRIX YHI] AH CCCP

HecMOTpsi Ha HHTEHCHBHYI0 paspaGoOTKy H 6e3yClOBHYI0 NpPaKTHYECKYIO
3HAYMMOCTb, BONPOC O MNPHYMHAX KOJIeOaHHH YMCIIEHHOCTH >XHBOTHbIX OCTaeT-
¢ OTKpbiThiM. Habmionenuss B mpupoje [IEMOHCTPHPYIOT CBA3b H3MeHe-
HUH YHCTICHHOCTH HacelleHMA >XHBOTHBIX KaK C 3HAOTEHHBIMH, TaK M C 3K30-
FEHHBIMH (DaKTOpPaMH GHOTHYECKOTO M aGHOTHYECKOTO MPOUCXOXICHHA (B mep-
BYI0 odepeflb ¢ MOrOAHBIMM YCIIOBHAMM M COCTOAHHeM KOpPMOBOi 6asbr). [To-
9TOMY B DpasHbIX CIIyyadX H3MEHEHHSA YHMCIIEHHOCTH CBA3BIBATCA C DPasiiuy-
HBIMH NPHYHHAMH, YTO He MO3BOJIACT PeIiaTh OCHOBHYIO 3afjayy — HaBaTh IpOr-
HO3 YHCJIEHHOCTH KOHKPETHOH IpYNIHPOBKH KHBOTHBIX, 3aHUMAIOUIMX OTIpefie-
NeHHyw (TpefCTaBIANIYI0 HHTEPEC C XO3AHCTBEHHOH TOUKH 3peHHs) TEppH-
Toputo. TakHe rpynmHpOBKM HOMYNALMOHHOIO paHra NpeNCTAaBIAIT COGOM
CIIOXHbIE THHAMHYECKHE CHCTEMBI, NIOBENECHHE KOTOPBIX ONpeNeNiseTcss KOMI-
JIEKCOM BHEIIHMX M BHYTPEHHHX B3aHMOCBs3eil. [IoaTomy BocTpOeHue U HcCie-
OOBaHHE MATEMaTHYECKHMX MOAENeH NpH HX M3YUCHHH IIPE[CTaBIISETCH HEUs-
6GexHBIM.

B mocnepyue ropmer mid LeNOro pAga XUBOTHBIX MIIEKOMMTamummx (mecel,
JIMCHIA, BOJIK, PbICh) Ha pasHbIX ¢a3ax MOMYJIALUHOHHOTO UMKJIA GBUTH H3ydeHbI

JKcnepHMeHTabHbIE AaHHbIe 06 HHTEHCHBHOCTH paccelleHnsi )KHBOTHBIX

Mapamerp JKCMepUMEHTaNbHDbIE ABHHEIE N0 BO3PACTHBIM KIIACCaM
0 o+ 1+ 2+

CpenHee 9HCITO MIaUEHTapHBIX 0 6,5 6.6 7,0
nATeH
MaxkcuMasbHas AONA yYacTBYIO- 0 0,74 0,87 0,95
HMX B Pa3SMHOXEHHH
BuDKHBaeMOCTh 3a MecslL 0,8 1,0 1,0 1,0
Ilons moGhiBaeMBIX 33 NEPHOL 0,60 0,40 0,40 0,40
OXOTHI NPH HOPMANTBHONH NNOTHOCTH
MakcumanbHas s o6hIBaeMbIX 0,70 0,65 0,65 0,65

IIpumMmeuaHue CoorHomeHnHe nonos B8 noromcrse 1 : 1. HopmansHas naoTHOCTS
0,11 3x3./kmM? = 100 3K3./900 xm>. Kpuruueckan mHOTHOCT 0,25 3K3./kM? =
=225 3K3./ 900 xm>.




OCHOBHbIE ieMOrpacpHyecKHe napaMeTpsl — KO3 GHIHEHTh OOLIEH CMEPTHOCTH
U TUIOJOBHTOCTH >XMBOTHBIX Pa3HOTO BO3pacTa, HHTEHCHBHOCTh MX DacCelleHHs
H HepeMelIeHH B pamiMyHble CE30HBI ropa 4 T.1. [2, 5, 6, 10, 11, 13]. 310 mO-
3BOJIAET KOJMYECTBEHHO OMHCATh JeMOrpadHyecKHe MpOUECChl, POTeKaKliyue
B peaJsHbIX MOMyNAUMAX. B HacTosme# paGoTe H3NaranTCcs pe3yNbTaThl U3yye-
HHMAL MaTeMaTHYeCKOH MOJENH AMHAMHMKH YHCIIEHHOCTH 3KCIUIyaTHpyemou
TOMYNALMH OGBIKHOBEHHOM NMucHIb1. KoHeuHast enb paGOThI — MOKCK ONTHMAIb-
HO# CTpaTeruy peryJsAliiM NPOMBICIa 3TOTO IIEHHOTO MYIUHOrO 3Beps.

Onucanue MopenH. B OcHOBY Momenu NnojoxeHbl IMIMPHYECKHE [aHHBIE,
NOJTyuYeHHbIE NpH aHAIN3e HacelieHHs OOBIKHOBEHHOH JIHCHIbI B 3aypaibe H
[Ipenypanbe [2—4], a Takxe JMTepaTypHble JaHHble 00 MHTEHCHBHOCTH pacce-
nieHust >xMBOTHBIX [13] (cM. Tabmuuy 1) . OCHOBHBIM MeXaHH3MOM 3HOOT€HHOH
PEryJISAUMH YMCIIEHHOCTH HACEIeHHs JIMCHUBI ABJIAETCA CHIDKEHHE OGIIero YHcia
HOBOPOXEHHbIX XHBOTHBIX NpH yBeIHYEHHH IUIOTHOCTH 33 CYET YMCHBIICHHA
OONM pasMHOXAIMXCA caMOK [3]. OMmupuyeckas 3aBHCHMOCTDb, IpHBENCH-
Hafg Ha pHUC. 1, JOCTaTOYHO XOPOLIO MOXET GBITh aNMPOKCHMHPOBAHA 3aBHCH-
MOCTbIO BHA2

a(a) =u(arctg (v(a@ +w)). ¢))
Ipy u3MeHeHUH IUIOTHOCTH NONYJIALMH MeHsAeTca M Ko3dPpHUuHeHT obuiei

cmepTHOCTH (pHC. 2). Uncio JOGHITBIX 33 CE30H >KHBOTHBIX JAHHOIrO BO3pacT-
HOTO KJIACCa MBI OIIMCHIBATIH 3aBUCHMOCTHI0 BHAA

v(@) =g-I-af(@+h?). @)

B 060ux cyyasx ¢ — IUIOTHOCTb HacelIeHHsA Nepef HaYaIoM IPOMBICTIOBOTO
ce30Ha; u, v, w, ¢ * h — nmapamerpsl; /] — MHTEHCHBHOCTh IPOMBICJIOBOH Har-

IIpumeuanue

3+ 4+ 5+ 6+

7.4 7,4 7,4 7,4 B Mopenu IpUHATO B KavyecTBe pa3-
Mepa BHIBOAKA NPH POXKACHHUH

1,0 1,0 1,0 1,0 B Monemu MunuManbHas A0 pas-
Ha 0 s BceX KJacCoOB M OLieHeHb!
napamerpsl (1) apuv =5

1,0 1,0 1,0 1,0 B axcnepHMeHTax OliEHEHa TONBbKO
U1 CETONETOK

0,40 0,40 0,40 0,40 Io 3THM Be/IMYMHAM OLICHEHEI Napamer-
peth ug nnsa (2) npu = 1. pu

0,65 0,65 0,65 0,65  3TOM NMPHHATO, YTO MAKCHMAITb-

Has K0JIA KOGLIBAEMBIX COOTBETCTBY-
€T IJIOTHOCTH MeHbille HOpMaJTbHOM




L 1O 1

J /4 y7/4 W

Puc. 1, 3aBHCHMOCTb [IONH BCTYNA®OMMX B PasMHOXeHHE XHBOTHRIX OT YHCIIEHHOCTH IO-
IyNALHHA

Ilo och abcumcc — YMCIEHHOCTH NMONMYNAUMH OOBIKHOBEHHOR Jmcuupl, % K cpemmeii;
N0 OCH OPAMHAT — BCTYNSIOIIHE B Pa3MHOXOHHE CAMKH; 0 — IKCIEPHMEHTAaNbHbIE TOUKH
oA Monogsix camok u3 lpenypansa

g 200 400 7 200 400 %o

Puc, 2. 3aBHCEMOCTD J0/H BOGHLITHIX XBBOTHRIX OT WHCIICHHOCTH MOMY/INLAH

ITo ocu s6cmpce — UHCHOHROCTS nonynmmum, % K cpegHell; NO OCH OPOMHAT — MONA
BOOGHITHIX MEBOTHMX; A : 1 — mawmnie H.C, Kopairuna (1983) nnn oGbIXHOBERHOM JIMCHITLI
2 — paumsie I0.M. Mansdoens u ap. (1986) nnn pmicu; B : I — asunsie ann Takmbipckoi
gonynapMs necus (MO MarepEanaM M3 KHurK “Tlecenm, AMCMIS, CHOTOBHAHRA cobaxa”,
1985) ; 2 — pawamte oyim SImManscxoit nonynmmum mecus (o Marepusmam B.C. CmmupHOBS,
1967) ; 3 — pammmpie ana HwxrexonsiMckoft nonynaums necus (IO MaTepHanaM M3 KHHCH
"Tlecen, Macuns, eROTOBEIHAN cobaxa™, 1985)



rog (T)

rubenb rubenb + 0xoTa rubesns

- o 3
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>

f '
MHTpaltii POXaeHHe h
NOTOMCTBA

Puc, 3. YuTeHHble B MOfeNH JeMorpaduuecKHe MpOLecchl B HX
IPOTHAXEHHOCTL BO BpeMeHH

py3kH. [ToMUMO BIIOJIHE yIOB/IETBOPHTENbHOM aNIPOKCHMANMH JaHHbIX (pHC. 1,
2) mis HeNMUEH3HOHHOrO KANKaHHOT) NPOMBICIA, THITHYHOTO [JIA JTHCHI, HMEIOT-
C TEOpETHYeCKHe OCHOBAaHMA [YIA BbIGOpa 3aBHCHMOCTH (2) HMEHHO B TaKOMH
aHamuTHYeCKOH ¢opme (cM. mpwioxeHue). Ilpum stom mapamerp / MOXHO
HHTepIIpeTHPOBaTh KaK YMCIIO OXOTHUKOB, BEXYIHX MPOMBICE]T B JAHHOM paifo-
He WIH OGIIYI0 IWIOLIaAs ONPOMBIIUIAEMOA TEPPHTOPHH.

T'onx B Mopenu pa3pelnieH Ha 36 BpeMEHHBIX HHTEPBATOB H HAYMHACTCA OCEHbIO,
B MOMEHT Iepexofa MpHOBUIBIX JKHBOTHBIX K CaMOCTOATEIBHOMY CYILECTBOBA-
Huio. Homep HHTepBana BHYTpH roga o6osnaumm cumBoiiom h (0 <h <35).
IpunsaTas B MOJENH NPOTAXKEHHOCTh BO BPEMEHH OCHOBHBIX AEMOTpapHYECKHX
npoleccoB (NMpPoMbIceN, pa3MHOXKeHHe, TOH H T.JI.) YKa3aHa Ha puc. 3.

3aHMMaeMas rpyNIMPOBKOH JIHCHI, TeppHTOpMA pasfielleHa B MOJEIH Ha
pafoHbI, JOCTATOYHO GOJIBLIME YIS TOTO, YTOGBI MOXHO GBUIO paccMaTpuUBaTh
AMHAMHKY YMCJIIEHHOCTH pYNIBI, 3aHHMamoLieH OTOeNbHBIA paioH. THNHYHBIM
MBI CUHTaeM paiion pasmepom 20 X 20—40 X 40 kM. Hacenenue xaxmoro paiioua
paszieleH0 Ha BOCEMb BO3pAaCTHBIX KJIACCOB — JKMBOTHbIE AAHHOTO rOfa poX/e-
HHsA, OcOGM NpedpiayINero M T.Ji. rofa poxJaeHus. B mociensuii BO3pacTHO#M
KJIacC BXOTAT XKHUBOTHBIE, so:}pacw KOTOpBIX NIPeBBILAET LIECTH JIET.

0O603HaYHM CHMBOJIAMH X i(t) YMCIIEHHOCTh CAMOK B i-M BO3pacTHOM KJlacce
B paiiOHe HOMep j B MOMEHT BpeMeHH f. Jig yNpOuleHHA CaMIIOB YUHTBIBATh
He Gynem. JlMHamMKa YMCIIEHHOCTH HacelleHHsl j-rO paHOHa MOXeT 6biTh onu-
caHa CHCTeMOil ypaBHeHH#t BHIA

F(t+1) = A(@)-3(@) +Fi(D), 3)

rae X¥/(t) — BexTOp uHCIeHHOCTe# BO3pacTHBIX Kiacco; A/ — maTpuua pasmep-
HoctH 8 X 8, pasnuyalomascs B pa3Hble NepHOApbI roga (pHc. 3)

A{ mpu 0 <h <9, 4] npu h =20, A] npu 22 <h < 35

Al =
A} mpn 9 <h < 20 4] npu h= 21, Alnpu h = 35

Af = diag(®{, 8J,... 8]),
A = diag(8] (1 - 7)), 8] (A=7)),..., 8, (1—1])),

101



Al =10, 8] ,0 e , 0 ,
0 , 0 s » 8%
0, 0,..... , 0,0
Al = 5,,0,..... , 0,0 |\,
0,0..... , 87,088
rme i = 1,2,... L — HOMep BO3pacTHOro kjacca (NOCIeqHHUIH n3 KOTOPBIX
Blcmoqaerocoﬁen Boapacr KoTopeix npeBbmmaer L —1rom);j =1,...J —Ho
Mep yyacTka, rae 'y, — pons foGEIBaeMBIX ; or: — [ons paamnomammnxcx;
R; — BenuunHa nomera; 8’ — €CTeCTBEHHass BBDKHBAeMOCTb; S — [ONA

CaMOK B IIOMeTax.

O603nayum cumBosioM T HoMep ropa cuera, 36 - T+ h =¢.Ilycts 7 =36 - T+

8
+ 9 — MOMEHT Hayana oxoTsl B T-M rony. O6osnauum P/(f) = 2 x:(t)/Sj -
i=1
IUTOTHOCTDb HaceJIeHHsA B pafoHe lgs IIowangp padoHaj ).

o (D u@) v/ = 1/Pl), o a’ (P(1))-

B paHHOM paccmorpemm Mhl npennonaraem, YTO eOHMHCTBEHHON IPUYHHOH
MMUTpanMii ABNAETCA BBICENIeHHe KHUBOTHBIX B OKPECTHBIE paﬁom TNpM 3aNoJIHe-
HHH e€MKOCTH Cpefibl oﬁuramm ITycts emxocTh cpenm B j-M paiHOHe COOTBeT-
CTBYeT IUIOTHOCTH P . Mm TPHHSH, YTO ecIiH Pl > F , U BpeMeHHOil
Iar ¢ NpUXOAWTCA Ha nepnon murpauuit (puc. 3) TO BCe xnnomue He UMelo-
1UMe MHIMBHIYATbHEIX YYaCTKOB (ux wncno (Pi(t) — P ) - - §;) , nepecensiorcs
B COcCeHMe PaHOHBI HE3aBHCHMO OT IUIOTHOCTH B 3THX f))auouax Mo [13], npu
YKa3aHHBIX THIIMYHBIX pa3Mepax paioHa 3a BbIGpaHHbi (mpumepHo 10-mHEB-
Hbi#) BpeMEeHHOM LIAr JIMCHIBI MOTYT NIEPEMECTUTBCA TOJNBKO B T€ PAiOHBI, KO-
TOpble HMEIOT OGLIYI0 I'PaHUIY C JAHHBIM. MBI TaK>ke TIPUHAIH, YTO JOJIA XKHUBOT-
HBIX KaXOOro0 BO3PacTHOro KJIacca CpeiM pacCeNISIOIMXCA MPONOPIHOHATbHA
YHCIIEHHOCTH 3TOrO KJIacca, T.6. HHTeHCHBHOCTh IUIOTHOCTHO-3aBHCHMOTIO pacce-
JIHHst He 3aBHCHT OT BO3pacTa, a O COCENHHM PaifOHAM IMHIDAHTHI pacupere-
JNIAIOTCA MPOTIOPUHOHATLHO IUIOIAMAM ITHX PaiHOHOB, T.e.F/(f) = Fl@o-7..0

out
Hat @) = #@) - P 1P(o);

FAGKS @) Py -s/z Sk,
’ ] keB;

rne By — MHOXeCTBO HOMEPOB YYacTKOB, HMEIOIIMX OOLLYI0 IpaHMIly C yvacr-
xom womep I, P(r) ={0 npu PI(p) < P,:p,

P'(t) - P;, npu P'(r) > Pl
IlpunsATbie mpH pacyeTax 3HAUYCHHA NapaMeTpOB yKa3aHbl B TaGn. 1.

102



Pesynprathl. W3yunm cHauasa JMHAMHKY YHCIIEHHOCTH H30JTHPOBAHHOH rpyT-
Tibl, T.¢. pewenus (1) mpu 7 =0. pumem mwiomanp yyacrka 3a 1. Mupexc j B
3TOM Cjly4yae MOXHO OHyCTHTb. OrpaHMyMMCs pacCMOTpeHHeM BapHaHTOB, B KO-
TOpPBIX 3HayeHHs AeMorpadHyeckux apaMeTpoB GNUM3KH K YKa3aHHBIM B Ta6. 1.
H3yunm pexum puHaMukd (3) B 3aBHCHMOCTH OT MHTEHCHBHOCTH MpPOMBICIIO-
BOH Harpysku [ . Hac Gyner uHTepecoBaTs roguuHas QMUHAMMKA YHUCIEHHOCTH.
Mb1 GynemM omuchiBaTh ee BEKTOPOM UMCIEHHOCTH MNOIYJALMH Iepel HaualioM
MpOMBICTIA ¥ YHCIIOM JOOBITBEX 32 FOJ XMBOTHBIX. BEeKTOp 4HCIIEHHOCTEH BO3-
PACTHBIX KJIACCOB Iepeq HayaJloM Npomsicia (X(7)) YEOBIIETBOPAET YpaBHEHUIO

x(r+1lropg) = B(x (7)) - Xx(1), 4)

rae B(x(r)) =A*I <Ay - Axls ‘A; Ay A;Z Az = Ay (R(1)), A3 = A3 R(1)).
IIna Toro 4ToGHI NpeACTaBUTh AMHAMHKY pelueHuii (5), pacCMOTpHM B fyxe pa-
Goter [12} u3MeHeHMe KpPaTHOCTH NPUPOCTA YHCIIEHHOCTH 3a IOl NP NOCTOSH-
HO# BO3pAacTHOH CTpYKType (COOTBETCIBYIOIUEH CTaGHWIBHON YHCIIEHHOCTH MOIy-
naouu (cM. TaGiuuuy 1), HO pa3HO# HayaILHOH YHCJIEHHOCTH CaMOK B NOMYJIsA-
UMH, T.. 3HayeHHe BeMMuMHbI Ro (P) = P (1;05)/P (0) mpu X(0) =P - J,,
I3l = 1. 3navenme R, MpH yKa3aHHbIX B TaGnuue | NOMyJIANMOHHBIX Mapa-
MeTpax M IpHBENEHHBIX 3aBHCMMOCTAX Y(P) u a(P) npuBemeHo Ha puc. 4.
Ilpu P, Bo3pacramoumem OT HyJsA OO0 3HaueHHA P = P;,CcOOTBETCTBYIOHIETO MaK-
CHMaJIBHOM fioNle Z0GBhIBaeMbIX 0cobedt, Ry (P) yGbiBaer, Tak Kak yGbIBaeT
Y(P) u a (P). [Ilpu panpHeHleM YBeNHMUEHHH IUIOTHOCTH P 10 3Haue-
HUsA, 6nuskoro x P = P,, Ry BO3pacTaer, TaK KaK IIpH pPacCMaTpHBaeMbIX
3HAUEHHAX MAPaMeTpPOB CHIDKEHHE HONH HOGbIBaeMbIX OcoGed meHCTBYeT Ha
3HaueHMe Ry (P) cymtecTBEHHO CWIbHEe, yeM HeGOJblIoe CHIKEHHE HOJIH pas3-
MHOXaloumxca camok a« (P). Iocie TOro Kak IWIOTHOCTb MONYJIAUKMM TONa-
maer B oGMacTb, COOTBETCTBYIOLYI0 3HaYMTEIIBHOMY CHIDKEHHIO IOJIH Pa3MHO-
XKALMXCA CaMOK, Ry (P) BHOBb YyGbIBaer.

HeMOHOTOHHAs 3aBHCMMOCTb KPAaTHOCTH IIPUPOCTa YMCIIEHHOCTH 3a O OT
IUTOTHOCTH IPHBOAMT K TOMY, YTO PABHOBECHBIX 3HaYeHM# UMCIIEHHOCTH TOMyJIs-
IMM Tepefi HAayaJioM NPOMBICTIOBOIO NEpPHOMA, T.e. HeHYJIEBbIX pelleHH# ypaB-
HeHust

x*=B(x")x", (6)

MOXeT ObITh OHO, /iBa WIM TPH B 3aBHCHMOCTH OT 3HAUYEHUS UHTEHCHBHOCTH
npomsicna (puc. 4,5). KoopmuuaTe! HyneBbIX MNONOXeHHH paBHOBecus (6)
Mbl BBIYMCIIAUIH 1O MeTony HbioTOHa. AHaNM3 KX JIOKQJIBHON YCTOWMHBOCTH IO
nuHeliHoMy npuGmkennio {8] noxasbiBaeT, YTO IIA BHIGPaHHBIX 3HAUYCHHH
napaMerpoB (cM: TaGnuuy 1): a) eciin paBHOBeCHE €MMHCTBEHHO, TO OHO JIO-
KaJIbHO YCTOHuMBO: §) ecnM paBHOBECHN TpH, TO NpoMexyTouHoe (P) HeycToi-
wBo no JIanyHoBy, a ABa xpaituux (P,< P") nokxanbho ycroituueel. B cryuae
CYLIECTBOBaHHA [IBYX PaBHOBECHH MOJIO)KeHHE, KAK U ClIeAyeT U3 obuieii Teopun
[14], Gonee cnoxHoe, u MbI He Gyzem ClleUMaNbBHO paccMaTpUBaTh Ceiyac 3TOT
cnyyail. UMcCIIeHHbIH aHaIM3 YCTOHUMBOCTH pPaBHOBECHH MOKa3pIBaeT, UTO BCeE
JIOKABHO YCTOHUHBbIE PABHOBECHA YCTOHUMBEI M B Gonsirom. Ecriu paBHOBecHe
€/IMHCTBEHHO, TO pelueHne (4) CXOOAMTCA K HEMY IpH, JOGBIX HAYAIBLHBIX YCIIO-
BHAX, B CJIyyae Xe Tpex paBHOBeCHH IUIOCKOCTh P = P B nepBoM MpHGITHXKEHMH
XOpOLIO pa3fenser OO0JacCTH NPUTAXKEHUA HHXKHETO H BEPXHETO YCTOMUMBBHIX
PaBHOBECHI.
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Prc. 4. 3aBACHMOCTE KpaTHOCTH NPHPOCTAa IUIOTHOCTH 3a rol OT IUIOTHOCTH NONYIALMY
nepeq Ha4anoM NpoMeicia

Io ocu aGenmec — MIOTHOCTH 3K3./900 KM?; MO OCH OPAMHAT — KPATHOCTH MPHPOCTa
NNOTHOCTH

3aBHCHMOCTH PaBHOBECHOH IUTOTHOCTH M WMCNa JOGBITBIX 3a FOM, XHBOTHBIX
OT MHTEHCHBHOCTH noﬁm'm InpuBenens! Ha puc. 5. IIpy MaJIOMHTEHCHBHOM
npomsicie paBHOBecHe (P°) eIMHCTBEHHO M TITTOGANBHO YCTOHUMBO. HOpu I =
=1, (B Hamem ciyvae [/, =0 67) POXIaeTCA BTOpOE PaBHOBECHOE 3HAaUeHMe,
KOTOpOE BETBHTCA Ha JBa — ycroitunBoe (P,) H HeycToiiunBOe (ﬁ) Ipy pans:
HeHllieM yBelnHYeHHH HHTEHCHBHOCTH noﬁmqu I HeycroiunBoe paBHOBCCHeP
CTMBaeTcs ¢ BepXHMM ycroiumBriM (P*) u 06a mponaparwr (B Hawiem ciyuvae
3T0 npoucxoput npu I*= 1,55). B BepxHeM paBHOBECHOM COCTOSHHM MOGBIYA
3a rof, pacrer ¢ pocToM / NOYTH JIHHEHHO H coctaBngeT Ao 30% ot obuwieit uuc-
JIEHHOCTH, B HIXKHEM MeJJICHHO yGrIBaer, ocraBasich Ha ypoBHe 70—80% or
YHMCIEHHOCTH NOMYJAUMM. PacCMOTpHM ClieNCTBUA 3TOrO pe3yNbTaTa ¢ TOUKH
3peHMA OPraHu3alMH HPOMBICIIA JIHCHLEL.

IpenmosnoxuM, YTO NPOMBICEN HAYMHAETCA B paHee HEOMPOMBIIUIABLIEMCA
paiioHe. MicxopHasi MHTEHCHBHOCTh MPOMBICIIOBOH HarpysKH CHauyajia HeBeJIHKa,
NO3TOMY [UIOTHOCTb NOMYNIAIMH CTaGHIN3HPYETCA Ha BEICOKOM YPOBHE, a KO6bI-
Ya Ha HH3KOM. JlasibHeiflee yBeTHueHHe IPOMBICIIOBOH Harpy3KH Befer K IOYTH
NHHEHHOMY pOCTY MOOBIYM M NOITOMYy Ge3yCIOBHO BHLITOJHO. B pesynbrare
Harpy3ka HeH3GexcHo GynmeT [oBefieHa JO KpHTHUeCKOro yposus I* (puc. 5).
Eme Gonbiee yBelWueHHEe HHTCHCHBHOCTH Harpy3KH B TeYeHHe HECKOJIBKHX
JieT He NpHBENeT K OLYTHMOMY CHIDKEHHIO 3aroToBOK (pHC. 6) M NO3TOMY
OCTaHEeTCA HEe3aMEUYEHHBIM H He BBI3OBET OTKJIMKA B BHAE PETYIHUDPYOIIUX NpPO-
MBICITOBBIX MepOIpHATHA. 3aTeM NoClelyeT pe3koe CHUXeHHe no6biun, obyc-
JIOBJICHHOE MepeXOiOM CHCTEMBbI K HIDKHEMY PaBHOBECHOMY COCTOSHHIO, KO-
TOpOE YXe He CMOXeT ObITh OCTaHOBJIEHO 33 CYET HE3HAUUTEIILHBIX O PRHUYCHHI
npomsicia. JIns BOCCTAHOBJIGHMA BBICOKOTO YDOBHS IUIOTHOCTH M HOGBIUM
Tenepb HEOGXOAMMO CHH3WTL MHTEHCHBHOCTh NMPOMBICNIA B HECKOJIBKO pa3 U
COXpaHATh TAKYI0 HH3KYI0 HHTECHCHBHOCTb B T€YeHHE HECKOJIBKHX JIET, uTO,
KOHEYHO, 5KOHOMMYECKH HEBBITO/IHO.

Ilo-BupMMOMY, CHTyalLus, CXOIHAA C ONHCAHHO#A Bbllle, Habmonanacs B [Ipen-
ypaJibe, rje UHCIEHHOCTb JIMCHIBI OCTaBajach Ha OUeHb HU3KOM YDOBHe MpH-
MepHO ¢ 1972 o 1983 r.
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Puc. S, PaBHOBecHble ypOBHH IUIOTHOCTH M HOGBMH OGBIKHOBEHHON NHCHLBI B 32BHCHMOCTH
OT HHTEHCHBHOCTH NPOMBICNIOBOH Harpy3ku ()

Mo ocu opauHAT — UPEMIPOMBICNOBAA MAOTHOCTb rMcuubl Pp(J) (4HCNO XHUBOTHBIX
Ha 900 KM? TeppUTOpPHM) M YHMCIIO AOGBITLIX Ha 3TOH TEPPHUTOPHH 32 rof Dy (2)

Puc, 6, HU3smeHeHue No rofgaM NpeANpOMBICIIOBOA IUIOTHOCTH MNMONYNALMHM M IUIOTHOCTH
noG6uiThIX 32 Top npu P(0) =P* [/ =I*1,05; no ocu abcuxcc — Bpems (Trofpl); Mo OCH
OpAHHAT — NPERNPOMBICHIOB ad MNOTHOCTL P (1) M INOTHOCTB JoGRIThIX 3a rof D (r)

SicHO, YTO KOHTpPOJMpPOBAThb TEKYLIYI HHTEHCHBHOCTb MPOMBIC/IA C LETIbIO
NOffiepXXaHusi ee Ha TOM ypoBHe, Korga mobbiya makcumansha (/*), HeBo3-
MOXHO. TakuMm 00pa3oM, NMpU NMOCTOAHHBIX BHELIHHX YCIIOBHAX M OTCYTCTBHM
paccelleHHsi TpeGOBAaHHA MAaKCHMHM3aLMH JOObIYM U ee YCTOHYMBOCTH HECOBMeEC-
TUMBI. [IOCTPOUTH CTpaTeruio MPOMBICIIA, KOTOPas MpeJCTaBIAeTCA NPAKTHIYECKH
OCYIIECTBMMOM, MO3BOJIfAET, OAHAKO, YYeT MHUIpauuii M HEOZHOPOOHOCTH MpoO-
MBICIIOBOH Harpy3ku [0  TeppMTOpHM. PaccMOTpMM pe3yJsibTaThl M3YyUeHHA
MOJIENH C yueToM murpamuu (7 #0).

Bce uHTepecyioiMe Hac 3¢ ¢eKThl MPOABIAITCA HAa KAYeCTBEHHOM YpOBHE
yxe npuJ = 2, ¥ MBI pACCMOTPHM TOJIbKO 3TOT ciyyait. [lycTh u3yyaemblii paiion
pasgeneH Ha nBe vactu. B opHol (3) npomsicen zampeweH, B apyroit (IT)
paspeireH. Bygem cuutath, yTOo OGWIAA MIOWAAb paitoHa (S) NOCTOAHHA, HO
MeHsAeTCH CooTHoMIeHHe S3/S(S3 + S =S). Ilps BBICOKOH MIOTHOCTH B Of-
HOM M3 yacTeil “nuuIHMe” OCOOH NepeceNANICA B APYTryi0 YacTb paiOHAa, KaK
OMUCAHO BbILIE.

YucIieHHbIH aHAJIM3 MOKA3bIBAeT, YTO HE3aBMCHMO OT COOTHOLUEHHA IUIOLLA-
ge#t S3 H Sy YHCIEHHOCTh KHBOTHBIX Ilepell HauaJloM MpOMbIC/IAa B KaXKIOM
paitoHe M YMCINO AOOLITHIX B paiione T’ MMCHII CTAOHNTM3UPYETCA; PaBHOBECHBIE
3HaueHus 3aBHCAT OT S3/S (puc. 7). C yBennyeHHeM S5 /S HHTEPBal HHTEHCHB-
HOCTe#H MPOMBICIIOBOH Harpy3ku B “I1”°, B KOTOpOM CylIECTBYIOT ABa yCTOHYM-
BbIX PAaBHOBECHBIX 3HAYEHUA YMCIIEHHOCTH CYXaeTCid M CMEILaeTcsA BIIPaBo, a
BEPXHHii ¥ HYOXKHMH PaBHOBECHbIE YPOBHM YMCIIEHHOCTH H AOOBIYH CONMMXKAIOTC.
[Ipu HccrenoBaHHBIX 3HAYEHMAX NAPaMETPOB W TMIIOTHOCTHBIX 3aBHCHMOCTEH
I, w I cosnapator npu S3/S =0,5, T.e. NpH MIOWAAY 3aKa3HUKA, IPEBHILIAI0-
wei 50% TeppUTOpHM, KATACTPODUYECKUH CMaf YHCIIEHHOCTH W 10ObIMM HEBO3-
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Puc. 7. PaBHOB ecHble YPOBHM IUIOTHOCTH M HO6GLIUM OGBIKHOBEHHOMN JIHCHL(BI B 3aBHCUMOCTH
OT UHTEHCHBHOCTH NPOMBICIIOBOA Harpy3xKM IpPH U3MEHEHUHM [0/IH 3aKpBITOA I OXOThi
TEePPUTOPHH

1 — anA 0XOTbl OTKPBITA BCA TEPPUTOPHA; 2 — 3aKpbITO 10% TeppUTOpUH; 3 — 3aKpbI-
10 30%; 4 — 3aKpeITO 50%; 5 — 3akpuiTO 70%; OCTanbHbIe OGO3HAYEHHs KAaK U Ha PHC, §

MoxeH. OCOBEHHO BaXKHO TO, YTO C YBEJIMUEHHEM S3/S MaKCHMANIBHO BO3MOX-
Has BeJiMuMHA NOObIMM He MeHsiercs (puc. 7). Bonee toro, ¢ yBenuyeHnem mio-
LAM 3aKa3HMKA AMANa3oH 3HaYeHWH MHTEHCHBHOCTH NpoMmeicia /, B KOTOpOM
no6blua OTNHYAETCA OT MAKCHMAlIbHOH Ha GUKCHpOBaHHYI0 (HeGOnbluIyIo) Benu-
yMHY, OBICTPO pacLINpsAETCA, H NpH GOJIBIIOH MIIOIAAN 3aKa3HUKA NEpeNpOMBI-
Cen MpaKTHYeCKH HeBO3MOXeH. Tak, NpM ONPOMBILUIEHMH BCel TepPHUTOPHH
ypoBeHb [OGHIYM OTJIMYAETCA OT MAKCHMMAJIBHO BO3MOXHOTO He GoJiee YeM Ha
5% npn 145 <1< I* =155, npu 3akpbitun 50% npu 2,8 < I <34, npmu
3aKphITUM WA npombicna 70% teppuropu npu 6,2 < /< 9,1. CoseplieHHO
SICHO, 4TO GOIbIlas MO 33aKa3HHKA HCKJTI0YaeT MepernpoMBICeN — MbI IPOC-
TO A0CbIBaeM BCeX NMIHHMX” XHUBOTHBIX. OnHako Ho6bIua NpH 3TOM He HUXKE,
YeM MaKCHMAJIbHO BO3MOXHAsg, YTO OGYCJIOBJIEHO KOHKPETHBIMM 3HayeHHAMM
NapamMeTpoB H NPHUHATBIMH 3aBHCMMOCTAMH HX OT MmiotHoctH. To, yTo 3KChE-
pUMEHTaNIbHbIE [JaHHble MPUBOMAT K TAKOMY pe3yJbTaTy, NpefCTaBIsAeTcA HaM
CYILIECTBEHHBIM apryMeHTOM B NONb3y NpPHHATUA MMEHHO 3TOro, akTWBHO 06-
CYXIaeMOro B TOCJIe[iHee BpeMsi B OXOTOBeXUecKoit nurepearype [1,7] cmoco-
6a B KayecTBe OCHOBHOTO ISl PeTyNALMK POMBICIIa MHTEHCHBHO pacCeAnIINX-
CA JKUBOTHBIX.

Hpunoxenne
3aBHCHMOCTD [0JIH KOGRIBAEMBIX KHBOTHBIX
OT IJIOTHOCTH NIpH NIPOMBICIIe KaKaHaMH

IIpepmonoxxum, uro ONpPOMBbILDIAEMas TEPPUTOpPHA pasfielieHa Ha k “ane-
MEHTapHBIX” YYacTKOB, Ha KaXOAOM H3 KOTOPBIX MOXeT GbITh YCTaHOBIEHO MO
OOHOMY KalnkaHy. BepOATHOCTH MOMafiaHMs B OTKPHITHIA KallKaH OJif KUBOT-
HOTO, HaXOAAWEFOCs HAa TaKOM Y4YacTke, paBHa w. OGo3HawMm a(t) — u4ucIo
ofHTaOIWHMX HA PacCMATPHBAEMOH TEPPHTOPUM B MOMEHT ! ocobeit: I(r) —
YHCIIO OTKPBHITBIX B MOMEHT ! KaNKaHOB, a U(?) — BEPOSTHOCTb MOMNACTh B Karl-
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KaH B MOMEHT [ Ul >KUBOTHOIO C ONPOMBILUIAEMOH TeppUTOpHH. Bymem
CYMTaTh, YTO €CJIM 3a MajiplH MHTEpBaJi BpeMeHH Af [0OGBITO X XXHBOTHBIX, TO
32 3TO BpeMsA Ha OINpPOMBILUIAEMYI0 TEPPUTOPHI0O MUMHUIpDHpyeT «< X ocobeH,
0<axl.

B HammMx INpeanosioxeHHAX YMCIIO NOHMAaHHBIX 33 Maylbli HMHTEpBall Bpe-
MEHH Af )XHBOTHBIX paBHO a(t) - v(t) - At , nosaromy

I(t+Ar)=1(t) —a(t)v(t)At,
a(t+At)=a(t) —a(r) v (1) At+a-a(t) v(t)Ar, ¢
rae v(t)= w-Il(t)/k.

0603HaunM 3HaueHus BenMuMH V(r), I(f) na(t) B HayanbHeIi MOMEHT BpeMe-
HM! =0 vuepe3 Vo, lo U ao.Idnat =0 umeeMm vy, = wly/ k, oTKyna

v(t) = vo- U(t)]1, . ¢)]
Ilpu At >0 u3 (1) u (2) nonyuaem
dljdt = —a(t)v(t), da/dt=+(@—-1)a(t)v(t). 3)

Otkyna i( l-a)=a,1e. a(t)=l(t)(1—-a)+ Cy ,tne Co=ay — Iy (1 —ar).
[ToncraBnas B (3) Beipaxenue niAa(t) uepes [ (f) nonyyaem

I=_1(1(1=a)+Cy) vy /1y . %)
Pewrenue (4)umeer BHA

I(t) = 1oCo/ (aoe™ - lo(1— ) mpu Co # 0,

1(1) = lo/ (%o(1—a)t+1) npn Cy =0, ®)

rae r=voCo/lo = wCy/k.
Uucno poGuiThix 3a BpeMA ¢t ocobeit paBHO / o—I/(t), a mons HOGLITHIX paBHa
P =(l¢-l())/ao. 3adpuxcupyeM OIMTENLHOCTH BPEMEHHOrO MHTEpBajla M pac-
CMOTPHM [OMI0 AOGBITBIX >KHBOTHBIX KaK (YHKIMI0O HAuaJbHOH IJIOTHOCTH
ag : P=P(ay)
P(ao)=1lo(e"—1)(aoe™— Ip (1 —a)) npu Co #0, (6)
P(ag )= vo(1—a)t/(ao(vo(1—a)t+1)) mpu Co=0,

P(ap) MOHOTOHHO yGBIBaeT C POCTOM 4, 4rO Tpd Co=0 OueBHHHO, a HpH
Co # 0 cnepyet 13 TOTO, YTO

dPlday = lpe™(1—e"'+ rt)/(@pe™ — o (1—a))*< 0, TaK Kak e’'> 1+ rt.

ConepxarenbHpli CMBICTT 3TOrO pe3YJbTaTa COBEPIIEHHO ACEH — C POCTOM
IIIOTHOCTH MOBBIILIAETCA BEPOATHOCTh TOTO, YTO HAa YYacTKe B TeueHWe WHTepBa-
na spement (0,¢) noGbiBaeT Gojlee OQHOTO XMBOTHOTO, B TO BpeMs KaK B KaIl-
KaH MOXeT MOMNacTb TONbKO OAHO M3 HuX. OLEeHHM NapaMeTpsl, KOTOphIe OIpe-
pensuot P(ap) nna Toro, 4roGbi MOHATH, HACKONBKO CHILHO MeHsetca P(a,)
B /IMana3oHe peasIbHbIX H3MEHEHUH MTOTHOCTH.

[pumeM crnesyiolliee cXeMaTHYeCKOe ONKMCAHHE OXOThI Ha NUCHUY. OXOTHHK
nepuoanuecky (TIpMMEPHO Yepe3 OfiHy-Be HefleJIH) OCMATPHBAaeT ONPOMBILUIsAE-
MBIH YYaCTOK M Y)Xe YCTaHOBJIeHHble kankaHbl. Eciu mpu ocmorpe yuacTka
OH BCTpEYaeT HOBBIH ClIe/l, TO OH CTABHT Ha 3TOT CJef KankaH. Ecnu B KankaH,
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MOCTaBJIeHHBIA B MNpelbIAyIHH 06X0M WIN paHee, He MOMNAJIO XXHBOTHOE, TO OH
ero yGupaer. B Takoii cxeme BBe[ieHHBbIE NEepeMEHHbIE MOXHO UHTEPIPETHPO=
BaTh CJIeHYIOIIHM 00pa3oM: k — YMCIIO yYacTKOB, Ha KOTOPBIX €CTh JOCTaTOYHO
CBeXkHe cnefibl; o — UMCIIO BBICTAaBJICHHBIX KallKaHOB, IpPONOPIHMOHATILHOE
yucny OGHAapYXXeHHBIX CIeNoB; dp — ¢aKTHyeckas IJIOTHOCTb XUBOTHbIX. [Ipn
3TOM Kk CPaBHHMMO C 4o, / ¢ CPaBHHMO C K, HO He NpEeBBILAET K; W BENIMKO H PaB-
HO eTHHHIIE MHHYC BEpOSITHOCTb NEpEeHTH Ha YYAacTOK, IAe JIKCBI paHee He BCTpe-
YaJTHCh. B NMPHHATHIX NpPEANOJIOKEHUAX rf MOCTATOYHO MAaJl0 UJIA TOro, Yrobht
3ameHuTh e’? Ha 1 + rt. Torpa ms Co #0 u3 (6) momyuaem

P(ag) = ly/(apt+k/wt). )

IycTs pealibHO HOCTHraeMoOe 3HAuCHHe IUIOTHOCTH PaBHO 4 ,,, Wt — BepoAT-
HOCTh NMONACTh B KallkaH 3& BpemA Mexay ob6xomamu = 0,5, k = g, .. Torna
k/wt = 2a_,,,n B nuanazoHe miotHocreit (0,a,,,,) P(dp) H3MeHseTCH OT
Io/2a,,,, B0 lo/3a,,,, T€. B 1,5 pasa. IMEHHO TaKkHe M3MEHEHMs pEan30-
BaHbl B PacCCMATPMBaéMOM BapHAaHTE MOJENH, M OHH NpEACTAaBIAIOTCA HAM
BIIOJIHE peajIbHbIMH.

Ilo Bceit BEpOATHOCTH, OT IUIOTHOCTM MOMYNAUMH 3aBHCHT M WHCIIO yvacT-
KOB CO CNe[JaMH, KOTOpble OGHapyXUBaeT OXOTHHUK, T.e. [y = lg (ap ). Ilpu Hu3-
KOl IUIOTHOCTM NONMYJIAUMH YCHIIHA, 3aTpauyMBaeMble Ha OGXOJ KamKaHOB M
HOMCK CJIe[OB He OIpaBABIBAIOTCA, NMOITOMY NpH MaNbIX do 3HaueHHe Iy (ap)
6rmu3ko K Hymo. C pocToM HNJIOTHOCTH OXOTa JOCTaTOYHO GBICTPO CTAHOBHTCH
BHITOIHOM U [y (@) NpHOMIXKAETCA K MAaKCHMAJIbHOMY 3HAueHHIo, Onpefesise-
MOMY pa3MEpOM TEPPUTOPHH, KOTOPYI0 OXOTHHK CTPEMHTICH OXBATHTb YHCIIOM
HMEIOUMXCA KANKaHoB U T.I.

Ipocreiiiee aHaTUTHYECKOE BhIpaxeHHe 01 [ 4(do), yIOBIETBOPSIOIIEE ITHM
TpeGoBanmam, umeet BUL lo(ao) = (I8ao + q)/(ao + u), TReU Hq  KOHCTAHTBI
u >0. Ecnu MbI CuHTaeM, YTO NPU HH3KHX IIOTHOCTAX [ = 0, TO €CTECTBEHHO
Bri6pats ¢ < 0. IIpu Taxom BeiGope g, lo(ao) > 0 npuay > q/l, . Tloncrasnsas
310 BBIpaxedue Wis ly(ao) B (7) nomyuaem, uro

p@o) = (1§ ao + q)/((ao + kiwt) * (ao *+u)). (®

JneMEHTapHOE PaccCMOTpeHMe NOKa3piBaer, yto (8) MMeeT MaKCHMYM INpH
a9 = ap,Npuay < a,, (8) Bo3pacraer,npua, > @, yGuIBaet (@,, — NOIOKH-
TENbHBIA KOPeHb ypaBHeHHs I a* + 1y ua — (I$u — q) + k/wt =0). IIpocreii-
1as 3aBHCHMOCTb, KOTOpa# COXDaHAeT BCe CBOHCTBA (8), umeer Buap(ay) =
= I3g + ao/(h+al); g h,lp —nonoxurensubie nocrosuubie. Ee Mb1 M BoIGpanu
O HCTIONb30BaHMs B Mopesin. MHTeHCHBHOCTD NMpoMbicia [ B TaKO# MHTEpMpe-
TalMH — 3TO BeJIMUMHA, ponopuyoHanbHas ! § Ee BO3MOXHO HHTEpHpPETHPOBATh
Kak Ofllyio IUIOIans ONPOMBILUIAEMOH B NaHHOM Fofly TEpPUTOPHH, IPONOp-
LMOHAJIBHY 0 YHCITy YYaCTBYIOILMX B IPOMBICIIE OXOTHHKOB,
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OGpa3oBanue NacCHBHLIX cTaguii
H ycTroliunBocTh GHoIOrHYecKHX coobuiecTs

B.I". Havuvyes, P.II. 'eyuna

HHH MeXaHHKHH NPHKNanHO! MaTeMaTukk PTY

OgHHM M3 afaNTaUMOHHBIX MEXaHM3MOB, DPEryIHpPYIOLIHX XH3HEHCATENb-
HOCTh NONYNAUMH, ABNAETCA MNpouecc oOpa3oBaHMs MACCHBHEIX CTalHH, T.e.
CrocoGHOCTD OPraHH3MOB 3aTOPMAXKMBAThb CBOE Pa3BHTHe IpH HACTYTUICHHH
HeGIaronmpuATHBIX YCIOBHE cpenbl. JTO ABNeHWe HaGniomaerca y NpocTei-
umx ¢opM, HanpuMep y Bopopocneit [1]. B Gonee mmpoxoit TPaKTOBKE HaH-
HbIH MPOLECC MOXHO PaCCMATPHBATH KAK BO3MOXHOCTb NTepeXx0fa H3 aKTHBHOTO
cocroanua B naccuHoe (IIC). B 3toM cryuae MOXHO CKa3aTh, YTO MEXaHH3M
o6pasopanua naccuBHbix cTamuit (TIC-mMexaHM3M) XapaKTepeH M i BBICOKO-
OpraHM30BAHHBIX GHOJIOTHUYECKHX BHAOB. B 4acTHOCTH, 3MMHIOI CINAYKY He-
KOTOpPBIX BHOOB MIICKONHTAIOUIMX WIH HaIWuHe YGeXHIl MOXHO OTHECTH K
OaHHOMY KJIACCY AIBJICHMM.

Boo6ue ropops, IIC-MexaHn3mM — TOHKHA GHOJIOrHYECKHii IIpoliecc, IpHpoaa
KOTOpOro M3yyeHa He[IOCTaTOYHO, YTOGHI OMyCKaTh OFHO3HAYHYI0 €r0 MaTeMa-
THYecKy10 dopmannsauuio, B 3Toit CBA3H 1eNecOOOpa3’HO pacCMOTPETh pasiIHy-
Hble CXeMbl MopenbHoro omucaHua IIC-MexaHW3Ma M OLEHMTb HX BIIMAHHE
Ha YCTOHYMBOCTb AMHAMHKM K&K M30JIHPOBaHHOH, TaK M B3aHMOMCHCTBYIOIHX
nonynaumii. B uenom, oueBHOHO, 9TO, 4eM ObICTpee BHA MOXET IEPEXOOHTbh B
IIC npr yxymimneHHn YCHOBHA cpeibl (CHHXEHHME TeMIlepaTyphl, YMEHbILICHHE
KOPMOBOTO pecypca K TJ1.) , TeM Bbillie XHBYYECTb IAHHOro BiAa. Taxoi pe3kuii
nepexon MOXeT ObITh peaiH30BaH B MOMEJIAX NMOCPENCTBOM BBEACHHA B HHX
CWIBHBIX HeNHHEHHBIX cooTHomreHui. Ecnu xe IIC-MexaHn3M B MoJeNAX Npef-
cTaBiieH B c1a6o HejIHHEHHON WiIHM NaXke NHHEHHOH dopmMe, TO aNPHOPH He sACHO,
MOXET JIH OH OKa3pIBaTh CTaGWIH3HpYlollee BO3NCHCTBHE HA IMOBEACHHE IIO-
ynsui.
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B Hacrosue#t paGore paccMoTpeHa obmas nuHe#Has cxema IIC-MexaHuzma
6HoNTOrHYeCKHMX BHOB M MPOBEACHO UCCIIeOBaHHE YCTOMYMBOCTH Ba)KHEHLLIMX
3KOJIOTHYECKHX B3a3HMOJICHCTBHH (KOHKYpDeHUHs, XMIIHMYECTBO H T.A.) C
yYeTOM JaHHOro daxropa.

Jiunedtnan cxema IIC-Mexann3ma

PaccmoTpumM Ha npumepe OMHAMMKH OJHOR NMOMYJNALMH Pa3jIHyYHbIe JINHEHHbIE
cxembl popmanu3sauuy npouecca o6paszoBanus I1IC.

INpocreimas cxema. IlycTs u3MeHene 6GHoMacchl 6uonoruueckoro suga (x)
ONHUCBHIBAETCA Y paBHEHHEM

x = fx). (1)

ByneM mpepnonaratb, 4TO JaHHAs MONMYNAUMA Hapafy C aKTHBHBIM COCTOS-
HMeM OGJIafiaeT M TNaCCHMBHBIM COCTOSIHHEM, HAXOHSCh B KOTOPOM BHZ He pas-
BHBAeTCA M He MCNBITHIBAaeT BIMAHMA OPYTHX NOMyNAumMid. B cuily momymeHus
O JTMHeHHOCTH JAHHOTO MNpolecca GymeM CUMTaTh, UTO MMEET MECTO JIBYXCTO POH-
HH# Nepexol, U3 aKTHBHOrO COCTOSHUS B NACCUBHOE M Ha0GOPOT.

OGozHaunM uYepe3d ¢- At ¥ p- At COOTBETCTBEHHO BEPOATHOCTH € PEXOMO]
X = § M § - X 3auHTepBaN BpeMeHH (¢, t+ At). Torga mopens (1) ¢ yyetom
6uomaccel I[IC Mopuduumpyercs crnemymomum o6pa3oM:

=f(x)— qx +ps, )
§= qx —ps.

Taxum oGpa3om, BBefienne B Mofenp IIC-mMexaHusma xmmerca nuneimoﬁ
HaACTpoiiko# K McXonHoH Mogenu. OTMETHM, YTO JAHHAA CXeMa “’He NOPTUT”
KOOPAMHAT CTAIHOHAPHBIX TOUEK HAualbHON Mopenu, T.6. ecnu £ — ocobas
Touka mMogenu (1), 10 (X, S = g¥/p) — ocoGas Touxa Mogenu (2).

O6man cxema. EcrecTBeHHOe 0GoGlueHue npeapiayiueit cxemsr I1C-mMexaHu3-
Ma 3aKJTI0YAeTCA B MPEAIOIOKEHHH O TOM, 4TO 1) CyLUeCTBYeT LeJIoe MHOXECTBO
MacCUBHBIX cocTosHmit (S3, ..., Si)OTpaxaoWMX pasTHHyl “IIyGHHY”
o6pasopanus IIC y nonmynanuy; 2) nepexomsl MEXAY COCTOSHHAMU Sy, ..., Sk
OpeACTaBIAIOT coG0H OpHEHTHPOBaHHLIH Tpad (HepeBO) M ONMMCHLIBAIOTCA CHCTE-
Mo# nuHeHHBIX And¢epeHUHATBHBIX YpaBHeHuit; 3) B pe3ynbIaTe B3aUMO-
npespauieHusa [IC He npoucxoauT MoTepu GHOMACCHI BEIECTB.

IIpy cpenaHHBIX ROMYIIEHHAX HETPY[QHO NMOKa3aTh, YT0 AMHAMHKA H30JIMpPO-
BAHHOM NONMYNAUMH, BK/IoYalomas B ceba [IC-mexaHu3M, MoOXKeT OBITh ONHCaHA
creQyomel MOTEIBI0 [2]

x=fx)— qx +qE Jx(@—1), 3
roe ;2 0, A\;= 0, L 7\1—1
B yacTHOCTH, NIpH 1 = l nmeeM

x=fE)+qlx(t—-1)-x(1].

IIC-mexann3m B mMomenu (3) momyckaer MPOCTYI0 3KOJOrHYECKYI0 HHTENpera-
I{HI0, 3 MMEeHHO: cywiecTByet 7 Tunos IIC, npu 3rom mapamerpst §7;3 , {A;} nme-
10T CNIeYIOLIHHA CMBICII: T; — CpeliHee BpeMs NpeObIBaHUA NOMY/IALMH B i-M THIIE
IIC; A; — mons nonynsAuMy, nocrynawoman B i-i Tun [IC, OTMETHM onATb-TaKH,

YTO U B OGILeM cnyvae BBefeHue [IC-MexaHH3Ma B MOAIEIb “He MOPTUTY KOOPHH-
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HAaT 0coObIXx TOYeK. YKa3aHHOe CBOHCTBO ABJIAETCA BeCbMa UEHHBIM IIpH IO-
CTPOCHMH MMUTALMOHHBIX MofenieH CIOXHbIX IKoNornyeckux cucreM. Hanpumep,
ec/i ucxomHaa Mofens (1), HaxoHACh B KBa3sUCTALMOHAPHOM PEXHMe Ha IepH-
oge [0, T], Gbuta KONHUECTBEHHO aJileKBaTHa 0GBEKTY, TO BBeJlCHHE B MOMENb
NpoNecca CHOpooGPa3oBaHUA COXpAaHAET ee afleKBaTHOCTh Ha BpeMEHHOM Mpo-
mexytke [O,T].

Hccneposanue peiicteus IIC-mMexanusma B ¢opme (3) Ha guHamuky 6wo-
JIOTHYECKHMX COOOIIECTB IMpeCTaB/fAer coGOH HOBONBHO TPYAHYIO MaTeMarH-
yecKymo 3agavy. Huke Ha npumepe mpocreiilieit cxembl (2) GyneT npoaeMOHCT-
pupoBaHo crabwinsupywomee BiauaHue [IC-MexaHu3Ma Ha XapakTep 3KOJIOrH-
YeCKHX IPOLECCOB.

TNC-MexanH3M H YCTOHUHBOCTE H30THPOBAHHOH HOMYIIAUAH

Ilycte A — cOGCTBEHHOE YMCIIO JIMHEAPH3OBAaHHOH B OKpPECTHOCTH % mopennu
X = f(x). Eciu ucxopHas MOZeNs — OGBIKHOBEHHOE U depeHIHMaNbHOE YpaBHe-
HMe, TO, OYeBHIHO, A — BelllecTBeHHOoe uHcio. Ecnu xke f comepxmr nepemes-
HYI0 X C 3ala3fpIBAIOIMM apryMEHTIOM, TO, BOOGIe roBOps#, A MOXeET GbITh
KOMIUIEKCHBIM.

PaccmoTprm oGwmit ciryvait A = g +ib. CrnpaBeuBsl clepyiomue MpoCThbie
pesynstarsl [3] ,

Yreepxpmenne 1. “Ecnu ¢ < 0, 10 mpu M06bIX MOJNOXKUTENbHBIX 3HAYeHHAX
D, q HOBOE paBHOBECHe — (x xq/p) - ycroﬁtmno UHbIMU criOBaMH, BBefIeHHE
IIC-mMexaHH3Ma B MOJENb He “OPTHT” YCTOHYMBOCTH COOTBETCTBYIOLIMX PaBHO-
BecHit”’;

Y'mep:meune 2. ”Ecnv a > 0, b = 0, T0O npH BeeX MOJIOKUTENbHBIX 3HAYCHHAX
P M q HOBOe paBHOBecHe HeycroWuMBO, Taxum 06pa3oM, HeyCTORYHBOCTD, HO-
cAlIAass MOHOTOHHBIH Xapakrep (A — BelECTBEHHOE) , HEYCTpaHHMa 3a CUeT BBe-
nenus [1C-mMexaHH3Ma B MOZEND”;

Yreepxpensie 3, “Eciu @ > 0, b # 0, T0O CyLUECTBYIOT TaKHe NOMIOKUTENbHbIE
3HAYEHHA P H ¢, YTO HOBOE¢ paBHOBecHe Gyner ycrowumsBeiM. Hanpumep, cTabu-
TIM3aUMA NOCTHIaeTcs, eclli q = +b? u p — nocratouno mano. CrefoBares-
HO, HEyCTOHUMBOCTB, HOCAIIAA KoJeGaTeNbHblit XapakTep (A — KOMIUIEKCHOE) ,
ycTpaHHMa NOCpeacTBOM BBeneHHA [IC-mexaHM3Ma B MOZEITb NPH MOMXOMAIIMX
HapaMeTpax p H q”.

JloxasaTenscTBO 3THX YTBEPXECHHMH poBoaUTCA MeTopom Ji-pa3tuennit [4] .
B xauecTBe wimocTpauuu mokaxeMm yrBepxpenue 3. Ilycts f (X) = Axrme A =
=q+ib ua>0,b+0. Torna xapakTepucTHYeCKHUH# MHOTOWIEH 1A CHCTEMBI
(2) mmeet BH

z2+z(p+q—a—ib)—p(a+ib)=0. C))

Haitmem B ABHO# (opme ypaBHEHHs IpaHHL 0G/IaCTH YCTORUMBOCTH B MPOCTpaH-
CTBe NOJNIOXKMTEIILHBIX NapaMeTpoB (P, q). s aroro B (4) nonoxuMz =iy u
NpHpaBHAEM K HYJII0 COOTBETCTBEHHO AEHCTBUTEIILHYIO H MHHMYI0 4YacTH. Torma
HOJDKHBI OTHOBPEMEHHO BBIIONHATHCA COOTHOLIIEHHSA

-y*+yb-ap=0,
yp+q-a)—bp=0. ®)
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Ecnu p = 0, 10 He3aBHCHMO OT 3HauYeHHs g cucrema (5) coBMecTHa npu y = 0,
Hrax, nyu (@ > 0, p=0) — ocb ¢ — OfHA U3 IpaHHUI OGJIACTH YCTOHYHBOCTH
(rpanmua L ).

Iycrs 0 < p < b?/4a, Torma us neporo ypaeuenns (5) umeeM y = o=
+ \/b; — 4ap)/2. C yuetom BTOPOrO ypaBHeHHsA (5) momyuaeMm ewie [Ba ypaBHe-
HMsA IpaHML 06/1acTH ycroiuuBocTH. I'panmua L 5 :

g=a-p+2p/(1 —/1—4ap/b?) npu 0<p < b?/4a.
B wactHoctH,q »a+b?/anpup 0. Tpanunal 5:
g=a—p+2p/(1+/T1—4ap/b?) npu 0< p <b?/4a.

B wactHoctH, ¢ > a npu p > 0. B wiockoctH (p, q) xgmme L, u L 3 uMel0T
eIMHCTBEHHYI0 OOmIyI0 TOUKY nepeceyeHHMA Npu p = b*/4a. B uenom xpHusbie
L1,L2, L3 OorpaHMuMBalor B NPOCTPaHCTBE (P, ) HEKOTOPhIH KPHBOJIMHEHHbIHA
TpeyroibHMK (A), ONMHPAIOLIMHACA CBOMM OCHOBaHueM (4, @ + b?/a) wHa ocs q.
Ecmu b # 0, 10 A — He nycrt. Jlanee, HCMONb3Ys TEXHHKY BbIUCIIeHHa D — npous-
BopHO# [4], nerko moxasats, 4t0 A — OG/IaCTh YCTOHYHBOCTH B MPOCTPAHCTBE
nmapaMerpoB (p, q) ypaBHeHHA (4). YTBepxieHHe 3 HOKa3aHO.

Ilpumep 1, PaccmoTpHM momynspHOe B MaTeMaTHYSCKOH 3KOJIOTHM ypaBHe-
HHe XaTYMHCOHA C 3aNa3[bIBaHHEM

#=x[1-x(-N). (6)

H3BecTHo, uTo eciu N > 71/2, TO NONOKHUTeNBHOE paBHOBecHe 3 = 1 MOAENH )
HeycToiunBo. JlononHum Mogens (6) MEXaHU3MOM OOpa30BaHHA NMAaCCHBHBIX
crapmii cornmacHo cxeme (2). Torna npu N=4,¢ = 10 1 p = 1 HOBOE paBHOBeCHE
(#=1, 5 = 10) oxa3sIBaeTcs, KaK NOKa3aIH pacueTs! Ha IBM, rno6anbHO ycToi-
YHBBIM,

TIC-Mexann3M H yCTOHIHBOCTD B3AHMOZEHCTBYIOLAX NMOMY 1SINME

B o6uem ciyuae aMHaMHKa [ABYX B3aHMOZEHCTBYIOLIMX NONMYNAIMA (X H )
MoxeT GbITh NpencTaBieHa B ciaepyowei popme:

x=f(x ), )
y=qG&, ).
Ecnu pa3suTHe BHIA X BKIiouaeT B ceGA H MEXaHH3M O0Gpa30BaHHA NMacCCHBHBIX
cTanfiil, TO B paMKax npocreiueii cxembl cucrema (7) MongHHIHpyeTCA Cite-
oyomuM o6pa3om: .
%=f(x,y) —qx +pS, ®)
y=q(,),
$= qx — pS.
Ouenmmno, ecn (£, §) — pasrosecue momen (7),10 (2,7, 8 = %q/p) — passo-
Becue mozend (8).

IIpoBeieM CpaBHHTENbHBbIH aHANM3 YCTOHYHBOCTH HAHHBIX OCOGBIX TOUYEK.
Ecnu nuneapusosannas cucrema (7) xapakrtepusyercs marpuueit ( a; — Be-
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IIeCTBEHHBIE YHCIIA)

ay , a2

®)

TO COOTBETCTBYIOLUAA JIMHEAPH30BaHHasA CHCTeMa (8) ompepensieTcs pacimpeH-
HOH MaTpHilel

a2 , a2

asy —4q, a , p
az , az , 0 10)
q, 0 ’ -p

Hencrere TIC-MexaHH3Ma B Cllyuae ABYX NOMyJIAmMA GoJee CIIOXHO H MeHee
OHO3HaYHO, YeM B Cllydae H30JIMPOBaHHOH momynsauuH, B vacrroctH, IIC-Me-
XaHM3M HHOIJa MOXET “MCIOPTHTH” YCTOWUMBYI0 AMHAMHKY B3aHMOMICHCTBYIO-
mHx nomynsumii. JefictBurensHo, ycroiuuBas Marpuua [—1, 1\ cramoBurca

-1, 0
HeycToAuMBo# npH pacimpernn (10) ¢ napamerpamu p =q =0,5.

B pa6ote [5] paccmarpuBanacs B HeKOTOpOM cMbiciie obpaTHas 3ajaua, a
HMEHHO BO3MOXHOCTh CTAGHIIM3aUMH HEYCTOHUMBOH AMHAMMKH B3aHMOZEHCTBY-
I0MMX DONyNALME NpH NOAXonsAweM BriGope napameTpoB p M g B IIC-mexanus-
Me. Ha ocHOBaHMM KpHTepHA BBILIHErpajicKOro [jis XapaKTepHCTHYECKOTO MO-
JiHHOMA MaTpHIb! (10) GBUTH NONyYeHb! CIIEMYIOLIHME Pe3yTbTaThI.

Yreepxknenne 4. “Ecii B Hexonuo# cucteme (7) paBHOBecHe (f, ﬁ) cemio, To
COOTBETCTBYIOLLEE pABHOBECHE MOMIeNH (8) OCTaeTCsA HeyCTOHYMBBIM ITpH JTI0GBIX
3Havenuax p > 0,q > 07,

Beenem oGoanavenns: T = ayy + ay; — cien marpuust (9) ud =ayy -ayy —
— dy3 * g1 — ONpeeNnuTeNs MATPHIREI (9).

Yreepxpesse 5, *Tlpu T > 0 1 d > 0 cymecTByior MaTpuup! (9), B KOTOPBIX
HEYCTOHYHBOCTh PABHOBECHSA HEYCTPAHHMA HY NPH KAKHX 3HAYCHHAX D H g,

Yreepxpense 6. "Ecnu T > 0,d > 0 ¥ a5, < 0, TO HeycToilumBas MaTpHIa
(9) craGwmsupyema npu nopxojsuleM BrGOpe napamerpos p > 0, ¢ > 0”.

Yreepxnemne 7. "Ecnu T > 0,d > 0,a,; > 0u a3, < —ay; -8y, TO HeycTO#-
uuBas Marpuua (9) craGwiMsnpyema NpH NOAXOAAieM BhiGOpe MapaMerpoB
p>0uqg >0~

IlpoBenennbifi aHaNMK3 JIOKANBHOK YCTOHIABOCTH NO3BOJNAET ChOPMHPOBATH
CHe/TyIONIHe 3KONIOTHYECKHE BRIBOJIBI :

1) ecnu B MCXOmHOH CHCTEMe HMENO MECTO KOHKYPEHTHOe HCKITIOYEHHE
ofHOro Buaa HpyrHM (ocoGas Touka — cemio), 1o peicTeHe IIC-mMexanu3zma
OKa3bIBaeTCA HENOCTATOUHMIM VIS CTaGHIH3ALMH B3aHMONEHCTBHA MOMyJIAIHIL;

2) ecnu B CHCTEMe HMENIO MECTO HEYCTOHUMBOE B3aHMOJIeHCTBHE THIIA XHII-
HHK—XepTBa H [p. (0coGas Touka — HeycTOHUMBRHIA HOKYC WIH y3eT), TO BO
MHorux ciyuasx IIC-mexaHusm oxazmBaer CTaGHIH3MpYOiee BO3/eHCTBHE HA
MUHAMHKY O JIAIEHIA.

HpyriMH clI0BaMH, KOHKYpPEHIMA — 6oee XKeCTKOe OTHOILICHHE, YeM XHILHH-
YeCTBO.

PaccMOTpHM HeKOTOpBIe IPHMEPHI HENMHEHHBIX MOJIENe, B KOTOphle BKIIIO-
west [IC-MexaHn3M y O{HOro M3 BHIOB.
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[pumep 2. Knaccuueckas cxema Bonbreppa XummHuK —xepTBa
{J'c =Xy — X,
y=y—xy
~ - A

¥MeeT HEHTPAIBHO YCTOHYMBYI0 — THIZ LEeHTP — 0coBylo Touky (X = = 1).
Torpma, xak mokasanu pacuerst Ha IBM, pBemenue IIC-MexaHu3Ma Y XHUIHUKOB
(x) npu p = g = 0,5 npeBpamaer paBHOBeCHe B rIIOGATEHO YCTOHUYHBYI0 0COGYI0
TOUKY.

Npumep 3. Ipepnaraemas HHXe MOMENb ONHCHIBAET B3aMMOMIEHCTBHE JBYX
AHTATOHHCTHYECKHX BHAOB MMKPOODPraHH3MOB, HAXOHAIMXCA B IPOTOYHOM

KYNbTHBATOpE, U ABJIAETCA B OT/IHYHE OT BonbreppoBckoit “rpy6oit™ cucremoi

x =xy/(k +y) — Dx,
y=y (1 —-D)—xy/(k+y)-py?.

Ilpu 3navenuax mapamerpoB D = 1/2, k = 2, B = 1/16 monenb MMeeT eTHHCTBEH-
HyI0 HEBBIPOXJIECHHYI0O OCOByi0 TOUKY ¢ KoopmuHaramu (x = 3/2, y = 2). 310
PaBHOBECHE NpelcTaBnser co6oi HeycroiuuBbin ¢okyc, Oxasanoce, Yro BO3-
MOXHOCTh [IC-MexaHM3Ma y XHIIHMKOB (X) npH q = 5/6, p = 1/6 paspywaer
YCTOHUMBBIA MpENeNbHbIA IHKI M HOBOS PaBHOBECHE CTAHOBHICH IJI06aIbHO
YCTOAYMBBIM,

TIpumep 4. BxiTroueHHe MACCHBHBIX CTafuil [UIA NepeMeHHOR x B “Gploccens-
Tope”

x=1+x%y —4x,
y=3x-x%

OpH NapaMeTpax p =q = 2 TaKXKe pa3’pyllaeT YCTOWUMBBIA IpefesIbHbIH LMK,
M HOBas CTaUMOHapHad Touka (X = 1, ¥ = 3, § = 1) cranoButcs rno6ansHo
YCTOHYMBOM.

IIpumep 5. BsaumopeiictBue B cucreme Bomopocnu (x) — ¢ocdop (v) mo-
XeT GBITh OMHCAHO ClIeAylowed Moaensw [7] :

x=-~ax+fxy/(x +y),
y=ax(t—N)—-Bxy/(x +y).

Ilpu a = 3, = 4, N = 10 nosnoxxureIbHOEe PaABHOBECHE (J? =1, ﬁ = 3) aroit Mopie-
¥ HeycToiuMBo. Bimiouenne [IC-MexaHnsma [yia BOJOpPOCHeH ¢ mapaMeTpamu
q = 1, p = 0,1 oxa3ssBaeT ro6asibHOE CTaGWIH3MpYOLICe BO3ACHCTBUE Ha AHHA-
MHKY JaHHO# CHCTEMBI,

Ilpumep 6. Eme Gonee cunsHOe crabunusupyiowee geicreue IIC-Mexannsma
MIPOHCXOAMT B TOM CJlyuae, eClH Uit KaKIO# NMepeMeHHON (X; ) BBejieHa CBOA
naccuBHas cragus (S; ) c mapamerpamu (p; ,q; ). Tak, Hanpumep, IIpH PacIIH-
peHHH cucTeMbl Jlopenia

x = 10x + 10y,
y=28 -y —xz,
z2=—8z/3+ xy
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NOCPEACTBOM 00pa30BaHMA MAaCCHBHBIX (OPM IJiA KaXKHOH NepeMeHHoi X, y, z
(P1 =p2 =p3 =0,1; q; =q, =q3 = 10) 6GbUIO OGHAPYXKEHO, UTO B 3aBUCHMOCTH
0T BpI6Opa HAaYaJIbHBIX YCIOBHH TPaeKTOPHH MOAENH NPUTATHBAIOTCA K OHOM U3
TOYEK (\/7—2,\/7_2, 27) win (—«/;23, —/72,27).

B nenom mpouecc 06pa3oBaHMA NMAaCCHBHBIX CTajiui, 3a/JaHHBIH B JIMHEHHOM
¢dopme, oxa3piBaeT cTaGWIM3MpYIOIee BO3MEACTBHE HAa MHAMUKY GHOIOrHuec-
KMX BHAOB. CllemyeT OTMETHTb, YTO PacCMOTpeHMe HeHHEHHBIX MEeXaHH3MOB
3TOro Mpouecca MpHBEOET K OTKPBITHIO H GOJiee CHIIBHBIX 3KOJOTHYECKHX 3¢-
(exToB.
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SlpocnaBcku#t rocyIapCTBEHHBIH YHUBEPCHTET

CHauana M3naralOTcs OCHOBHBIE MNPHHIMIBI NOCTPOEHHA MAaTeMaTHYECKHX
MOJIeTlell 3KOCHCTEM M HEKOTOpble MX CIEACTBHA, 3aTeM OHH NMpPHMEHAIOTCH K
MO[eTHpOBaHHI0 Kilacchueckoil peaxuuu B.II. Benoycosa. HoBwiit nogxop mo-
3BOJIMJT He TONBKO OGBACHUTH BCe HMEIONMECH IKCIEPHMEHTAIbHBIE GaKThI, HO
H NO-HOBOMY Ha HHX B3IMAHYTh. OTMeEUaloTCA HANbHEHIME NepCIeKTHBHI HC-
Clle[IOBaHHA.

K Bonpocy o npoGiieMe aneKBATHOCTH 3KOJIOTHYECKHX ypaBHenHii. B HacTos-
miee BpeMA MAareMaTHUeCKHEe MOJeNIM GHOCHCTEM HOENATCA Ha CTpaTerHuecKue
H TaKTHuYeCKHe. MOfieNlM NepBOTO THNA CBA3aHbI ¢ IMdepeHIMaNbHbIMUE YpaB-
HeHHAMH U NPH3BaHbI BHIABJIATH OGIME 3aKOHOMEPHOCTH JHHAMHKH 3KOCHCTEM.
Mopenu BTOpOro THma BO3HMKAIOT NMPH OMHCAHMM KOHKPETHBIX 3KOCHCTEM H
ABJIAIOTCA HMHTAUMOHHBIMH, Takoe nenenue BpAR M npaBomepHo. B camom
fene NpH PacCMOTPEHHH CTPaTerH4YeCKMX Mofiesieil HCIONb3YIOTCA CTONb LMPO-
KHe KJIacChl ypaBHEHHMH, YTO NPaKTH4YECKH HEBO3MOXHO COMOCTAaBHTb CIEmylo-
U/Me M3 MX aHATH3a BBIBOIBI C 3KCNEPHMEHTANBHBIM MaTepHaioM. TeM cambiM
3TH MOMENIM B 3HAYMTENIbHOH CTeleHH NpPOH3BOJNBbHBEL. VIMHTaMOHHBIE MOZENH
CYIIeCTBEHHO 3aBHCAT OT 3KCNEPTHBIX OLEHOK, T.6, OTPAKAIOT HbIHELIHHE Npe-
CTaBjleHMs ONpefe/leHHbIX TPYNN yueHbIX. ITO O3HauaeT, YTO HX MCHONb30Ba-
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HME — OftHa M3 GOpM NMPUJIAHUA HAyKOOGPa3HOCTH 3BPHCTHUECKHM IIpefiCTaBlle-
HHSAM.

B cymmupyoweit paBore [1] BhieneH xiacc maTeMaTHYecKMX MOfelei,
KOTOpOMY IpHHamjIexaT MpOCTbie N0 CTPYKTYpe MG e peHIH A bHO-Pa3HOCTHEIE
YPaBHEHHA ¢ KBaJpaTHUHbIMM HEIHHEHHOCTAMH, HO KOTOpBbIE NO3BOJIAKIT Bbl-
ABNIATH OCOGEHHOCTH TMHAMHKH CIOXKHBIX COOOILECTB MIEKOMMTAIOIMX H Hace-
kompix. IIpu 3ToM B cyuae onHOpomHOro apeana oGUTaHHA creUMHKA KOH-
KPeTHOH IKOCHCTEMbl XapaKTepH3yeTcA HaGOpOM  UMCIOBBIX MapaMeTpoB,
KOTOpble OTHOCHTEJIBHO NPOCTO ONpPe/eNAI0TCA U3 AHATA3a 3K CIEPUMEHTATIBHOTO
MaTtepHaina. Eciu e cymecTBeHHa HEONHOPOIHOCTD Cpeibl OGUTaHUA, TIPH OTIpe-
OeJIeHHH HapaMeTpOB YDAaBHEHHMH CTAIKHMBaeMCH C GONBIIMMH TPYIHOCTAMM.
Tem He MeHee MOXHO yTBepXKHAThb, UTO MpPH TaKOM MOAXOHE CTHPACTCA IPaHb
MEX[Y CTPaTerHYeCKMMH H TAKTHUECKMMH MOJENAMH.

B OCHOBe pa3sBHTOr0 MeTOna MOMENHPOBaHHUA GHOCHCTEM JNexuT mdde-
PEHUHANBHO-PA3HOCTHOE ypaBHeHHe XaTuHHCOHA (2 B CJ1yuae HaCEKOMBIX — 3Ha-
YMTENIBHO CTPYKTYpHO GoJlee ClIOXHAA CHCTEMa OBYX YpPAaBHEHMik), IpH MOMOLM
KOTOPOTO YK€ B ONHOBHAOBOM GHOLIEHO 3¢ KOJIeGaHHA WHCIIEHHOCTH O GbACHAIOT-
€ 338 CUeT BHYTpeHHero ¢akTopa — 3amas3fibIBaHUA B LiemH OGpaTHO#M CBA3M,
YTO COOTBETCTBYET BCeH COBOKYNHOCTH MpHPOAHBIX HaGmiopenuit. Hamommmm,
YTO MpH O6BLIHOM MeETOJle MOIETHPOBaHUSA, OCHOBBI KOTOPOrO 3aT0XMI Bois-
Teppa, KOoNebaHus WICTIEHHOCTH CBA3bIBAIOT C BHEIIHHMH (aKTOpaMH, CKaxeM, C
BIHAHMEM XMILHHKOB.

OTMeTHM psAj BaKHBIX CBOMCTB INpejlaraéMbIX MaTeMaTHUECKHX MOJEJeH.
Bo-neperix, oHi 0GNafaoT onpeneNeHHbIME 9KCTPEMATBHBIMU CBOHCTBaMH, KO-
TOpBie BBIACTAIOT HX H3 COBOKYNHOCTH MM NnofoGHBIX. Bo-BTophIX, OHM copep-
’Kar MMHHMAIBHOE WHMCIO MapaMeTpoB, KOTOpbie ABJAITCA BHYTpeHHHMH Xa-
PaKTEPHCTHKAMH GHOJIOIHYeCKOrO COOG6MLIeCTBA, ¥T0, COGCTBEHHO, M NO3BOJNAET
HX OTIpe[eNIHTh M3 aHANH3a GHOJIOFHYECKOro MarepHana. B-TpeTbHX, oHHM OoGna-
HalT pAAOM KHBAapHAHTHLIX CBOACTB: COXpAHAETCH MX CTPYKTypa M GHONIOIH-
HeCKHH CMBICT IApaMeTPOB IpH BBITECHEHHWHM OTHEIBHBIX BHAOB, NpHYeM He
H3MEHAIOTCA HEKOTOpble GHONIOTHYECKH OCMBICIeHHble (QYHKIMH OT Hapa-
METpOB. B-ueTBepTbiX, Ye B Clyyac OMHOBHUIOBOTO GHOLEHO3a MHIDALHOHHBIE
¢dakTOpsl Hmaxe B ONHOPOAHOH Cpele NPUBOIAT K OOpa30OBaHMIO CIOXHBIX
NPOCTPaHCTBEHHO HEOHOPOOHBIX CTPYKTYp — pPEXHMMOB CaMOOpPraHW3alHH,
HMEOLMX Npo3pauHbii H BMecTe C TeM HETpPHBHAIBHbIA GHOJIOTHYECKHH
cMmelcn [2].

Haum mopenu 6buiM anpoGHpOBaHbI Ha AOCTaTOUHO OGUMPHOM GHONIOTHYE-
CKOM MatepHane: OGbACHEH MRECATWICTHHA UMKJI KOJICGaHMH WICIEHHOCTH
miexomuraioumx B Kanape u flkyrum, ¢ 3KO0JOrHuecKHX NO3MIMA OGbsACHEH
MeXaHH3M BHIOOGpa3oBaHHA, B OMHOH 3afjaue NOKa3aHa pOJIb IKOJIOFHYECKOM
nosymku [3], maHO TeopeTMueckoe OGBACHEHME PAAY JIaGOPATOPHBIX 3KCIle-
PHMEHTOB O KONIeGaHHAX WHCIICHHOCTH HAaCEKOMBIX M T.1.

PassuThifi Metom mNo3Bonser Goiiee 1eJeHANpPABIIEHHO NMPOBOOMTDL NOJIEBBIE
HCCIIeHOBaHHA, B YaCTHOCTH coGHpaTh HMEHHO Te JAaHHbIE, KOTOphHIC 0COGEHHO
BaXKHbl [UIf aHAIM3a JMHAMHKH HHTepecyloumx 3KocHcTem. [lomuepkHem, uro
OOCTATOWHO AeTaNIH3HPOBAHHBIC MOJENH, KOrAa YUMTHIBAIOTCH MMIDAllHOHHBIE
dakTophl M NPOCTPaHCTBEHHas HEOMHOPOAHOCTh apeaa OOMTaHMA, TpeGyloT
A CBOET0 aHAIM3a He TOJNbKO NPUMEHEHHA CaMBIX COBpeMeHHbiX JIBM, mo
H noapo6Hyio GHoNIOMMuecKYi0 HHPOpMaIMio, B 4acTHOCTH, ee ABHO HE XBaTaeT
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¥l KCCTIEIOBAHM A BaXKHOH MpoGiieMbl, pellieHHe KOTOpOil BIOJIHE BO3MOXHO
C NOMOLIBI0 HAIIETO MeTona, — GHONOrMYecKOd 3aUMMTHI PAcTeHHH OT Bpemu-
TeJIeH — HAaCeKOMBIX, Ifie HEHTPAIbHYI0 PONIb JIONKHO CHITpaTh BBENEHHOE B
cratbe [3] moHATHe 5KONOrMYEcKOH NOBYIIKH, Bo3HMKatonme 3ech TpyAHOCTH
(monuepkHeM ewie pa3s) HETHKOM CBA3aHbI C HEJOCTATKOM HH}OpMalun
M orcyrcTBHeM MomHbeIXx IBM. Eciu Mx ynmactcs npeomoners, 3KOHOMHYECKHA
3¢ dexT OT BHEAPEHNA HAIMX MOAeNel COCTABUT MH/UIHApAp! pyGulei.

MaremaTigeckas Mopenb peaxkumn BenoycoBa. MHTepecyiomas Hac peaknus
6puta orkpeiTa BenoycoBrM eme B 1951 r., HO 1O HEKOTOPHIM IIPHUHHAM €TI0
nofpoGHas CTaTbA Ha 3Ty TeMy NOABWIACh OTHOCHTENBHO HemaBHO [4]. Ee
3KCHEePHMEHTATIHBIHA aHATH3 BHINONHEH B [5].

B Hactosmiee Bpemsa OTKpPbITO MHOTO OKHCIHTEIBHO-BOCCTaHOBHUTENIbHBIX
KoNeGaTeIbHbIX XHMHUECKHX peakuuit, Bce OHM, OHAaKO, HMEIOT OJHOTHITHBIH
MexaHu3M. Onmiem ero, clienys [5], rae B kauecTBe OCHOBHBIX BELIECTB BHI-
neneHbl GpoMar, nepuit 1 6pomua. Ha xauecTBeHHOM ypoBHe MeXaHH3M KoJle-
6aHuii TaKoOB: IepHii, BBINONHAIOIMA PONb KaTalmu3aTopa, cnocoberByer o6pa-
30BaHMI0 OpOMMAa, KOTOPHIH CIYXMT CWIBHBIM HHIHOGHTOpOoM GpomaTa, a mo-
Clle[HHA — HOBBIIAET KOHIEHTpalMio nepus. TeM caMbIM MHTepecyiomas Hac
XHMHYeCKasAd peakllMs HMeeT ABHYI0 Iapalsiedb cO cBoeoGpa3HOH 3amaueit
XHIIHHK—XepTBa. B cBaA3H ¢ 3THM B paGote [1] mia ee ommMcaHMA NpemIoXKeHa
crenymowas cxeMa muddepeHIHANBHBIX ypaBHEeHHIH ;

N’l =r,[1+a(1—N;/Kg)—N,/K,]N,, (1)
Ny = [N /Ky - N2 [K3 1NV, @)
Nj3 = r3[N; /Ky — N3 [K31Ny', €)]

roe K, K;, K3 — cpenHHe KOHUEHTpauMM COOTBETCTBEHHO Gpomara, uepHs
H 6poMMa, ry, Iy, 3 ~ K03 UUMEHTHI IHHEHHOTO pOCTa, MapaMeTp 4 Xapak-
TepH3YeT “aBlleHHe” Gpomuaa Ha Gpomar,

HeoGxomimMo 3aMeTHTh, UTO peaibHO peakuus BemoycoBa cocTont u3 6ons-
oro wicna craguit, Mel cuuraeM (3TO COINacyercs C OMBITOM) OCTATIbHBIE
npoltecch! GHICTPBIMH, YTO NO3BOJIAET NPOBECTH IO HUM YycpenHeHne. CrenaHHOe
3aMevaHHe H pe3ynbTartel paGot [1, 6] MO3BONAIT CUMTATh HHBAPHAHTHEIMH Be-
THYHHBI

ri(1+a)= Ao, /Ky, r2/Ks, r3/K;. “)

Iocnennee 03HauaeT, YTO OHH COXPAHAKTCA TPH M3MEHEHHM HecTelrdpHuecKUX
YCIIOBHH NPOTeKaHHsA peaKLiHH.

Pasymeercs, H3 cTpykTypbi cucreMsl (1)—(3) sicCHO BHOHO, UTO OH2 — OCO-
GeHHBIA BapHaHT 3aauM XHIIHUK—XepTBa. Ee cBoeobpasne COCTOHT B TOM, UTO
"XHUIHUK” GPOMM/I H3BNeKaeT BBHITOAY U3 JaBJIeHHA Ha epTBY” Gpomar uepe3
NOCpPeIHHKA LIepH 1, BRITIOTHAIOIETO pOJib HAKOMU TN A WIH ckiana. CoGCTBeHHO,
3710 0GcTOATeNBCTBO M menaeT cucteMy (1)—(3) aBTOKONEGaTENbHOM: €CIH
BbIGpocuTh ypaBHenue (2), a B (3) 3amenuts N, /K, Ha N, /K,y nonywsiie-
¢ B MTOTe OOBIYHOMN 3aMaWH XMIIHKK—KXepTBa, B KOTOpOit (akTope! nocnenei-
CTBHS He YUMTBLIBAIOTCH, COCTOAHHE paBHOBecHA (K1, K3) r1o6GanbHoO ycTOHUMBO.

JIuneapusyem cucremy (1)—(3) Ha coctosmmm paBHoBecusn (K, K,, K3)
H COCTaBHM XapaKTepHCTHYECKOe ypaBHeHHe

(ﬂ+ rl)(u+ rz)(‘l*‘ I'3)+ aryrar3 =0, (5)
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KOTOpoe yoGHO 3amMcath B hopme
piry =—1— aryrs[(u+ r)) (u+ ry)]"t. (6)

MNopcraBnasa B (6) u = iw, a 3aTeM BbIAENsAs BELIECTBEHHYI0 H MHMMYIO YacTH,
y6exxaeMca B CipaBeUIHBOCTH CJIEAyOLIero yreepxuenus [1].
Teopema 1. IlIycrs ypaBHeHue

W —(@rrs—r3 - W +(1+a) 3 =0 m

HMeeT KOPHH w; > w; > 0. Torpa cocrosmue paBHoBecus (K, K,, K3) cuc-
Tems! (1)--(3) xoneGarenbHbIM 0Gpa3oOM HEYCTOUMBO IIPH

(Wi + r3) (w3 + r)faryrs(ra +1r3)>ry >
>(wi + r3) (Wi + rd)aryrs(r; + r3). (8)

W3 ycnoenit Teopemsr (1) mpocto ciiemyer, uto 3aBeomo a > 8, TeMm caMbiM
HMeeT CMBICT aHATM3 3HaKa JIANYHOBCKOH BEJIMUMHEBI NMpH KPHTHUYECKHX 3Haue-
HHAX 7y, PaBHBIX COOTBETCTBEHHO 7 H 7y, KOTOpbie onpenensiorca U3 (7) —(8).
flBHas ¢opMynla s NANYHOBCKOH BeIHUMHBI IIPOU3BOJIBHON 3KOJIOTHYECKOM
cucTembl npuBesieHa B [7]. [IpumeHss ee k HaueMy cllyualo, y6exmaeMcs, 410
IpH BCEX OTHOCHUTENIBHO OGOJIbUIMX 3HAUEHHAX @ TPH KPHTHUECKHX 3HaueHMAX
ry NANYHOBCKAA BEMUMHA TOJNOXHTeNbHAa'. ITO O3HAauaeT, uTO NMpH GONBLMX @
aBToxoneGanud B cucreme (1) —(3) BosHuKaloT xecTko. U3 Kiaccuueckoit Teo-
pembi A.H, TuxoHoBa [8] BbITekaer, 4To NpH 3aMETHOM YMEHBILUEHWH  WIH
yBEIMYeHHM Fy IMIJI “pacTBOpseTICA B BO3Ayxe”, CIMBAACh C HEYCTOHUMBBIM
HepHOUYECKHM PEXHMOM, OTBETBIIAIOIIMMCAH OT COCTOAHUA paBHOBecua (K,
K,,K3).

OGume cBoiicTBa peakmun BenoycoBa — 3jieMeHTapHEIE CIe[ICTBHS CBOHCTB
MaTeMaTHuUeCcKo# MoneiH. B [5] aBTokoneGanus uepus NMOpeNeHs! Ha ABe ¢a3bl
Ty ¥ T2 — BO3PACTaHMA U NafieHUA KOHHUEHTPALUH COOTBETCTBEHHO, YTO IIO3BO-
mano chopMyIHpOBATh CIIEAYIOIE TIOTOXKEHU .

a) Mansie xomuuectBa Br~, moGaBneHHble B ¢haze 7., BHI3BIBAIOT NMEpeKIIio-
ueHHe, T.e. Nepexop B a3y yObIBaHHA 7,. MUHUMaTbHOE KOMHUECTBO Br™, BhI-
3pIBaloillee MepeKIIoUeHHe, YMEHbILAEeTCS K KOHILY Tj.

6) Br-, noGasneHHsiit B dasze 7,, ymmmHAeT ee. IddeKkT TeM CHIIbHEe, UeM
GoJbiiie JOGaBKa H 4eM OHa GIHKe K KOHILY T2.

B) Io6asxa Ag', cBaspiBaiomiero Br~, BbI3biBaeT Clefyioume COGBHITHA:
eClli KOHIEHTpauMa Br~ yMeHsiileHa B ¢a3ze 7,, 3T0 NPpUBOOHT K NepeKiove-
HHI0, a 106aBKa Ag' B dase 7y NIPUBOMT K YBEIHYEHHIO €€ [VIUTETLHOCTH.

r) Ilpu HenpepbIBHOM yBeJIHUeHHH KOHLEHTpaluK Br~ KoneGaHus racHyT.

O) AHaTOTHUHBIH pe3yNbIaT BHIXOOMT NpH TIOCTENIEHHOM YBEIHUYEHHM KOH-
nentpauun Ce®" .

¢) Jlo6asxa Ce** B dase 7, NPUBOMMT K NMePEKITIOUSHHIO,

BriBeneM TeOpeTHUeCKH HaHHbie CBOMCTBa peakmyu BemoycoBa M coenaem
HEeKOTOphbie 3aKIIIOuCHHA, Kacaoumecs 6ojlee TOHKHX CBOHCTB KoJleGaTesTbHOro
pexuma.

OmucaHHpie BbIlle 3KCIEPHMEHTANBHBIE (GaKThl NPOCTO CIEAYIOT H3 HHBa-
PHAHTHOCTH TIOCJIEHNX ABYX BellHuiH (4) u reopemsl 1, [loxaxem 3To.

1 PeanlbHO OHAa MOJIOXKHTEINIBHA yXKe, CK@KeM, pH @ = 10, xoTd npn @ = 8 u, cnemoBarensHo,
r, = r, = r, OHa OTpHIIaTeJTHHA,
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a) llycts B ¢ase 7; HemHOro yBenuueHo V3. Torma B cuny (1) yMeHbUHTCA
N, uto cornacHo (2) mpuBepeT K ymeHsiueHH0 NV,. TeM caMbIM DI TENTBHOCTD
¢da3pi 7, cokparurca. [Ipu 3TOM, OueBHAHO, mepexop K ¢ase 7, NPOUCXOIUT
TIpH MEHbLIEM YBeJIMUEHHH V3, eCITH HAXODMMCA B KOHIle ¢a3sl 7.

6) Ecnu xe N3 yBenuueHo B ¢ase 7,, TO B CHIIy yObiBaHuA N, u nocienyio-
I1ero yMeHblleHus N, ITMTENBHOCTh 3TOH (a3bl Bo3pacTeT.

B) Ilycts N3 ymenbiueHo B dase 7,. Torma cornacuo (1) yBemuumres Ny, a
3ateM B cuny (2) Bospacrter V,. IlocnemHee mpuBeneT K coKpaieHHo ¢assi
7. Ecnin e N3 yMeHbiieHO B ¢a3e 7;, TO B CHITy CKa3aHHOTO ee [INTeJIbHOCTD
BO3pacTer.

r) ComiacHo (4) npu yBenuuenuu K3 Bo3spacteT u r3. OTciopa ciemyer,
YTO0 KOPHHM W, M w; ypaBHeHUA (7) COMMXKAIOTCA U 3aTeM HCUE3a0T. ITO NpH-
BOJUT K rauieHuio KojlebaHui.

O) AH&IOrHYHOE IpedbiIylieMy NPOMCXOMMUT MPU MOCTENEHHOM yBEJIHUEHHUH
Ky, ur,.

e) Ilycts yBemuueno N, B ¢aze 7,. Torma comacHo (3) Bo3pacrteT Nj,
a B cuny (1) N; ymeHbumutcsa. Otciona u U3 (2) BbiTeKaer, uto ¢asa 7y co-
KpaTHTCH.,

HexoTtophle pe3ynsrarsl WMCIIeHHOTO aHamM3a cacremsl (1) —(3). Kak oka-
3bIBaeTcs, koyeGanua N, (K| HocaT 6-06pasHsIii xapaxTep. Ckaxem, npu a = 40,
ry =10, r, = 1, r; = 3 Munumym N; /K, menbie 1078, 3ta tpymuocts npe-
oposneBaercs, ecit BMecTo N; /K, BBecTH QyHKIMIO

v=1-Ny[(1+ o) ] — aVs[(1 + a)Ks]7",

KOTOpas OCHWUIHpPYeT BIOJIHE YMEPEHHO,

Tpaucdopmanns koneGauuit N, /K, npi nocTeneHHOM yBeJTHUEHHH F; TAKOBA,
B NONTHOM COOTBETCTBHM CO CKa3aHHBIM BBIle KOJIeGaHHSA BO3HMKAKT elle MpH
ry < ry. OHM GIM3KKM K rapMOHMYECKHM, NpHueM ¢as3a 7, HECKOIBKO GOJIblie
¢assl 7,. [Ipu yBemuueHuw r, mepuop koneGauuit 7, + 7, yGbiBaeT. [lpu 3t0M
¢da3a 7; coKpallaeTCA CyILECTBEHHO Goinbiue ¢a3sbl 7,. Makcumym N, /K, cHa-
yajia BO3pacraeT, YTO NpHAaeT rpapuxam XapakTepHeld MWIOOGPa3HbIA BHL,
Ilpu panbHedieM yBenuueHuH r; HONA aspl 7, B NepHOOe T; + T, HawiHaeT
BO3pacTaTh, a MAaKCHMYM — yMeHblaThcst. HakoHen, KoneGaHMA CTaHOBATCA
HeGOJIBLIMMH 1O aMIDIHTYOE U GIM3KHMU K TapMOHHYeCKHM, KOrAa ry nonagaer
B OKPECTHOCTb T .

Ilpu yBeNHUEHNN a4 H YMEHBLICHHH 73 30Ha 110 7y HHTEHCHBHbIX MWIOOGPa3HbIX
KoJieGaHuil pacumpseTcs.

OrMeTHM emme XxapakTepHylo ocoGeHHOCTh. Ilpu GONbUMX @ M He CIHMIIKOM
MAaJIeHBKHUX 7y BpeMs YCTaHOBJIeHMs KorneGaHuii cuiibHO Bo3pacTaeT. Hanpumep,
npu a =75,r, =8, r, =1, r3 =30 ycraHoBnenue wmrcsa okono 100 nepuonos,
NpHYeM NepeXOOHOi Mpouecc HeperyisApHLIH U €ro perysisipu3alus NPOUCXOTHT
memienHo, Hexotopsiit aHanor atoro 3¢dexra oT™MeueH B [5]. 310 HHTepecHOE
ABJIeHHe UMeeT criegymoiee o6bacHenue. [Ipu yBenuuenun ¢ U HUKCHPOBAHHBIX
Iy, r2, I3 OJ{H U3 [ByX MYJIbTHIUTHKATOPOB NEPHOUYECKOTO pellieHHA CHCTEMBI
(1)—(3), nexamux BHYTpH eOUHHYHOTO Kpyra, GIM3KO MOMIXOMMT K eJMHHIIE,
ApUYeM eMy COOTBETCTBYIOIlieeé MHTErpalbHOeé MHOroOGpasme CHIBHO CMOpLM-
BaeTcs, a NpHHAJIeXKalHe eMy TPaeKTOPHH MeIEHHO HaMaThIBaIOTCA Ha WUKII,
Tem cambIM mpakTHueCKHM NpH JIIOGBIX HAYATHHBIX YCIOBHAX KONEe6GaHUA Bbi-
DIAJAT BHELHE [OJIr0¢ BpeMsA HeperylsapHbIMM, 4TO NO3BONAET YTBEPXKOATh
O CyIECTBOBaHMH HOBOTO THIIA Xa0ca. 19



[IpsiMoe comocTaBlieHHe pe3yNbTATOB UHCIIEHHOTO aHATH3a ¢ MMEIOLIMUCH
B [5] BBBOAaMHM 3aTPYNHMTENIBHO, TAK KAK Y HAac HeT GOPMYI, CBA3BIBAIOIMX
MAHAMHuECKHe TapameTpbl cucTeMbl (1) —(3) ¢ HCXONHBIMH KOHIEHTpAIMAMH
pearupyloux BemeetB. [103ToMy MOXHO TONBKO COXpaHHTh BeCh TeOpeTHue-
CKMH MaTepHall co BceM 06beMOM 3KcnepumMenTansHoro. IIpH Takoit OCTaHOB-
Ke BOnpoca HaGitoaeTcs NpaKTHYECKH TOJIHOE COTTIacOBAHHUE: NIOUTH BCE, COZiep-
xameeca B [S], momyckaer wnrepnperammio B TepmmHax cuctemsi (1)—(3).
Pacxoxnerse umeercs ToNbKO B OofiHOM Bompoce. B [S] Ha puc. 32 nokasan
Xapakrep H3MeHeHMA (OopMbl KosteGauua N, /K, B 3aBHCHMOCTH OT H3MeHEHHA
YCIOBHA NMpPOTEKaHHA peakiMH. I'py6o roBops, H3MeHeHHE 3THX YCIOBMH IpH-
MEpHO 3KBHBAIEHTHO M3MEHeHHIo 7y. MiciuTiouas nepBbiii, Bce OcTabHble NMpH-
BefieHHBIe B [S] Ha puc. 32 rpadHKH COIIACYIOTCA ¢ ONMMCAHHBIM BbIIE XapaK-
TepOM NMHAMHKM H3MeEHeHMA ¢opmmr koneGanuit N, /K, npu mnocreneHHOM
yBenuuenuu ry. [lpencraBnserca, uro npH HeGONMBUMX 7y OTIHYHE CBA3AHO He
TOJNBKO C BO3MOXHOH HETOYHOCTHIO SKCNEPHMEHTA (HaXOIMMCA Ha TpaHMIie Cy-
IIECTBOBaHNA KoJeGaHmil), HO H ¢ MHTepnpeTauyeii. He uciotioueHo, uro asrop
MoHorpadun [5] cTpemwica nonywuTh pefiaKCaMOHHble KoneGaHMs C Tq,
NpHMepPHO B 2—3 pa3a GOJNBIIMM T, IOJTOHAA AaHHbIE MO CBOH TEOPETHUECKHE
NpencTaBleHU .

Ceotictea pacmpeneniensolt mMoperm. Ilycrs Q — orpanmueHHas o6nacts
B R" ¢ pocrarowo rnamkodi rpaumuei. B £ pacCMOTpHM paciipefielieHHYIO
MOJIe/ib, KOTOpas MHpeAcTaBisAeT coGoi KpaeBylo 3ajauy, NOJYUAIOMIYIOCH M3
(1)—(3) nmytem yuera mudpdymonnbix cnaraemsix Dy AN,, D, AN,, D3 AN,
M NIOCT4HOBKH rpaHHuHbIX yoioBHi Heiimana, IIpocTeie, HO IOBONBHO rpOMO3J-
KHe BBIKJIAIKH TIPHBOJIAT K ClleyIOLIEMY YTBepKIECHHIO.

Teopema 2. Ilycrs cocrosmme paBHoBecua (K;, Ki, K3) TouewHoit
mozema (1) —(3) sxcnonemmmansHo ycroiwmeo. Torma mpH no6eix K03ddu-
uueHTax mubdysuu Dy, D,, D3 > 0 OHO yCTOHWHBO H B paMKax paclipefelieH-
HOH Mopenu.

HpyriMi CIOBaMHM: HEBO3MOXHA TBIODMHICKas HeycrodwBocTh!. Tem
CaMBIM B CHIY HITIOXEHHOTO B MpeAbIAYIIeM pa3fielle pachpeeiieHHas MOJIENb
B xonebarenbHOM clywae Npx GOJIBIUHHCTBE 3HAYEHHH NMapaMeTpoB TIpHHazjIe-
XuT BBeneHHoMy B [9] xnaccy, IlpepcraBnsiercs, 40 NpH 3HAaYEHMAX 4, He
oTHIIKOM GMM3KHMX K 8, pacnpeniefieHHas MOJielIb — XOpOUMM NpenCTaBHTeNb
CTIOXHOH ¢H3UUeCcKOH NapaGomuuecKkoi cucTeMbl. OTUACTH 3TO CIEAYET U3 TpH-
BeJIeHHBIX B [5] sKcepHMeHTaIBHBIX HaHHBIX. ONHAKO HX ABHO HEHOCTAaTOHO,
T.s HeNeco06pa3HO MPOBECTH JETANbHBIH WACHEHHBIA AHATH3 PacIpeNie/ieHHOM
MonienH, 3xiech MOXKeT GBITh NOJIE3HO ClleAyIolLee YTBEPKIEHHE.

Ho6GaBuM K KaxnoMy ypasHeHHI0 (1) —(3) cOOTBEeTCTBEHHO cllaraeMbie

a! 1)N i=1,2,3
/(1_1 II 9 Ly Iy

rae Teneps N; — mBymepHbie BeKTOphL. [lonywBuIyIOCA B HTOTE ILECTHMEDHYIO

! Cnenoparensio, MPOHCXOXACHHE 3KCHEPHMEHTANLHO HAGMIONAEMEIX MEIKOSYEHCTHIX
MEPHOMHYSCKHX PEXHMOB, HA3BAHHLIX B [5] AMCCHNMRTHBHMMIME CTPYKTYpaMH, AMeeT Apy-
Ty IpHpoAy. B wncToM Bufie NUCCHNATHBHEIE CTPYKTYPH (¥TO CiieAyeT IPOCTO H3 3HPaBO-
FO CMBICNIA) B PacCMaTPHB2eMOH peaKiMH HeBO3MOXHM, OGpamiacM BHAMaHHe, WTO H B
Gonee CIOXHOM Bompoce — AMHAMMKe MOMyNAUMH MIEKONHTAOUMX H HACCKOMEIX — 06pa-
30BAHHA TAKOTO THNA He XapakTepHs! [1].
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CHCTEMY Ha30BeM OHIOKaIbHOH moOpenblo. Ee OOHOpOOHBIM LMKIIOM Gynem
Ha3bIBaTh IEPHOIMYECKOE PELLIEHHE, Y KOTOPOro KaXMbIH H3 BeKTOpOB N; HMeeT
paBHble KOOPAMHATBI.

Teopewma 3. Mycts npu HekoTOpBIX dy, d,, d3 > 0 OOHOPOAHBIH UMKIT
GuNIoKabHOM MosienH HeycroHumB. Torna npu

D, = 2,/\, D, =2d, |\, Dj3=2d3/A,

rae A > 0 — HeKOTOpoe COGCTBEHHOe WHCIIO OMeparopa A IpH rpaHHYHBIX
ycnoBusx HefimaHa, omHOpOIHBIH IMKII HEYCTOHWHMB M B paMKax paclipefereH-
HOH MopenH.

O6ocHoBaHHe MPOBOAMTCA MO HINOKeHHOH B [1] cxeme.

10 mpemwIoKeHHe MO3BONAET CYWIECTBEHHO YMEHBIUMTh O6beM BbIYHCIeHMI
NpH pellieHUK NpoGIeMbl HEYCTOHYHMBOCTH OHOPORHOIO UMKia. Tem Gomee uto
OHO 06paTHMO : €CITH OHOPOTHBIH LHKJI GUSIOKATBHO# MOJIETM  yCTOHWB  NpH
moGrix dy, d;, d3 > 0, TO OH yCTOMUMB H B paMKax pacHpeeNeHHOH MOTIEITH.

Mpua=8 +¢,0<e<1mur, =r, =r; pacnpenenenHas MOaeNb yIOB/IETBO-
pAeT BceM CHOpPMYTHPOBAHHBIM B [7] yCIOBHAM, H3 KOTOpPBIX ClleflyeT yCTOM-
YHBOCTh OJHOPOOHOIO UHMKJA NpH J6bIx ko3dduuuentax muddysnu. Kax
OKa3bIBaeTCA, UTO COBCEM HEOYEBHAHO, ero HGQy3HOHHAA HEYCTOHUMBOCTH
BO3MOXH2 JIHIUb B TOM Clly4ae, €C/IH OH 3aMETHO OTIHYAeTCA OT FaPMOHHYECKO-
ro. 3TOT pe3y/bTaT YCTaHOBJICH WHCIIEHHO Mpu a = 15,7, =73 =4, korpa ry =
=0,75, 1, =21,25. TIpu 3THX 3HaUeHHAX NAPAMETPOB BEKTOP H3 KO3 HUHEHTOB
maddy3uH cunTanca NpuHamIexaumMm aydy (0,001, 0,005«, 0,01a). B mioc-
KoctH (a,7;) 06o3HaunM uepe3 U oGnacTb HeyCTOMWMBOCTH OIHOPOIHOTO IIHK-
Jia GWIOKTLHOH MopenH. UucneHHbIH aHanM3 MoKasal, YT0 OHa oGnajaer cie-
AyloumMMH CBOWCTBaMH. Bo-mepBhix, oGnacts U He mpumbikaeT K OcH a = 0
(TeM cambiM NIpH YBENIHUCHHH @ OHa “’pOX.aeTCA M3 Bo3ayxa™). Bo-BTophix,
OHa OYeHb y3KasA NpH TeX 7y, NPH KOTOPHIX KOJIeGaHHA GIIM3KH K rapMOHMYe-
ckum. Hanpumep, npu 7, = 1 ¥ a = 0,1 OQHOPOAHBIH UMK HeyCTOHWHMB, a NpH
a2 021 a<0,0] on yxe ycroimB, NpHueM IpH HeGONBIIMX &, YTO BHOJIHE
€CTeCTBEHHO, NpPOCTPAHCTBEHHbIe BO3MYILEHHA TacHYT OueHb MemieHHO. Ilpu
ry = 3, Korja Kone6GaHusa HHTEHCHBHBI H JIeKH OT FapMOHHUECKHX, OJHOPO.-
HBblil WHKJT GMITOKaNIbHOK MOfieNIH HeyCTOHwMB M NpH a = 0,2 u a = 0,01, T.e. mua-
Na30H M3MEHEHHA a, Bxoaaumx B U, sHawurensHo Goisme. Koneuno, 3to cie-
AyeT NOMUEPKHYTb, OGNAcCTh HeyCTOHMWMBOCTH OJHOPOMHOTO LMKJIA pachpepe-
NIEHHOH MOJIENH K OCH @ = () MPHMBIK3eT, TaK KaK B COOTBETCTBHH C TEOPeMOH
(3) oHa coctouT M3 Takux (@, ry), wro (a\/2, ry) € U. Orciona, B 4acCTHOCTH,
clefqyer, 4YTO HApH YMeHBIICHHH KO03Q¢duuueHToB mudyMH YCTORWMBOCTD
OAHOPOJHOTO HHKJIAa MOXET MEHAThCA HECKONBKO pa3, NpPHYeM XapaKTepHCTH-
WCKHE TOKas3aTelld [alieKo B MpaByio NONYIUIOCKOCTh He YXOOAT H HM OTBe-
WIOT Bce Gonee BhICOKHe HoMepa mop, Ilocnennee 0BCTOATENBCTBO, KaK HaM
KaXeTCA, ABNACTCA [MIABHHIM (AKTOPOM, NPHBOMAIIMM K 06pa3oBaHMI0 MEJIKO-
SNCHCTBIX NEPHOIMYECKHX PEXHMOB. B (BA3M C 3THM 3aMeNaHHEM YMECTHO OT-
METHTb, YTO MEXAHM3M HEYCTOHTHBOCTH OIHOPOMHOrO HHUKJIA PACHpe/ieSieHHOK
MOJENM TO XapakTepy GNM30K K TMIOPHHICKOH HEYCTORYMBOCTH COCTOMHEN
PaBHOBECH.

Hrax, HerpuBMAnsHa yxe 3amaua o mudPy3MOHHOH HEYCTOHUHBOCTH OIHO-
PORHOTO WHMKNA pacnpepesicHHoH monenn. Tem cambpiM ponmxHa Obite HOCTa-

TOYHO CJIOXHA M NpoGiieMa KNacCHMK LAY e¢ CTALHOHIPHBIX PEXHMOB.
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B 3axioueHHe NOMYEPKHEM, YTO K HAacTOSWIeMy BpeMeHH HauGonee NpH-
eMJIEMOH MaTeMaTHYecKOH MOIeNblo peaknuu BenoycoBacuuraercs “’opero-
HAaTOp” — CHenMasibHasA cHcreMa Tpex IvdbQepeHIMaNbHbIX ypaBHeHHH, KOTO-
pas TpH €CTECTBEHHBIX YCIIOBHUAX NMPUBOIOMICA K CHHTYJIAPHO-BO3MYLICHHOH
cucTeMe mBYX ypaBHenuil. Hamra mopens, nonyuennas B [1] Ha ocHoBe 3Ko0-
JIOTHYECKHMX ypaBHEHHH, CYILleCTBEHHO TPEXMEPHa, T.e. HH NPH KaKHX yCIOBHAX
OHa He CBOOMTCA K CHCTEMe IBYX ypaBHeHHil. Jlpyrue ee OTIMUHTENbHbIE Yep-
TBI — HENIOKAIbHOCTh, 0COGeHHbIE CBOHCTBA MEPeXOJHOro Mpouecca ¥ 0CoObIH
XapakTep NOTepH YCTOHYMBOCTH OJHOPOJHOrO LMKNA NpH yyere nucddy3HOH-
HBIX CJIaraeMbIX.

3aMeTHM, 4YTO B TEOPHMM KOJEGaTeNbHBIX XMMMUYECKHX DEaKUHi OGbIMHO
CUMTAeTCA THNIOBHIM IpuMepoM “Gproccensatop” [10]. OnHako OH OMHMCBHIBAET
THTIOTETHYECKYI0 XMMHUYECKYI0 peaklyio. B cuily 3T0ro cooTBETCIBYIOMIAs EMY
pacripefie/ieHHas MoOJielb B Cllyyae TapMOHHYECKHX KOJIE€GaHHMH Malo cCreuua-
JIM3MPOBAHA: B Heill BO3MOXHO CIMINKOM MHOTO 3¢ ¢eKTOB, XapaKTepHbIX Wi
CHCTeMBI IBYX mnapaGonuueckux ypaBHenuit {9]. IlpaBpa, BBHIABHTH HX, He
OIPasACh Ha TeOpETHYECKHUE NPe/ICTABIICHHA, 3aTPYTHUTENIBHO, YTO U POJEMOH-
ctpuposaHo B [10], roe maxe comepxarcs HETOYHOCTH, CKaXeM, Ha pHc. 5, 9
MoKa3aHa HenpaBWIbHaA GHGypKauMOHHAA AuarpaMma. BBeeHtas Hamu pacrnpe-
AelieHHas Mofelib peakuud DBenoycoBa [0CTaTouHO cBOeOGpasHa M, UTO YXe
OTMEYAIOCh BBIILIE, CTRHET, BEPOATHO, 3TANOHHOMH, T.€. THIHYHOR IJIA CIOXHBIX
dbuanueckux napabonmueckux cucrem. [locienHee ouens BaxHoO, Tak Kak B [9]
PaccMOTpPEeHBI FTapPMOHHYECKHE H PeNTaK CALIHOHHbIE CHCTEMBI, B paMKaX KOTOPbIX
3TOT KJIaCC apryMEHTHPOBAaHHO BBIAEIMTb 3aTPYAHMIENBHO: B KPaWHHX CH-
TYalMAX [Or pRHUYHBIE CTyYaH 3aMETHBI IUI0XO0.

O HexoTopeix CBolicrBax Osonmormueckux M ¢usHueckux napaGoymueckux
cHcTeM. Brillle yxe HeOQHOKPaTHO ynomMuHanach pabora [9], B koropoit mpose-
[eHa colepXaTeNbHas KIIaCCHGHMKAUMA YCTAaHOBHMBIUMXCA IPOCTPAHCTBEHHO
HEOJHOPOIHBIX PEXXHMOB KpPaeBBIX 3a/1ay BHIA

u =D Au +F(u), au/anl(x y)earz:o’ )

roe mia npocrothl ¥ € R%, D = diag {d,,d,} ,dy,d, > 0,d; +dy > 0 B
Mpe/NoNOXEHHH, YTO ToueyHass Mopens & = F (u) nmeer rmoGanbHO yCTOHYH-
BBl IMKJI. Bo3MOXHa CHTyauMs, KOraa NpH IIABHOM M3MeHeHHH K03 duimeH-
10B mUdYIMH OOHOPOAHBIA LMKIJI KpaeBOH 3afiaud (9) TepseT yCTOHYMBOCTH
cpa3y Ha OueHb GOJBIIOM YHCIe MOJI. B TakoM cilyyae rOBOPHM O €TO B3PLIBHOM
middy3uonHoi HeyctoiumBoctH. Takue curyauuu B pabote [9] u3 paccMorpe-
HMsA HcKmioverbl. OcTayibHble KpaeBhle 3amaud Buaa (9) mopeneHbl Ha MPOCThIE
dusmnyeckue, Cloxupie pusnyeckue u Guonornueckue. K npocroim pusnueckum
OTHECEHbI Te KpaeBble 3aiaud, OJHOPOAHBIH UMK KOTOPbIX YCTOWYHB NpH
no60M JONYCTHMOM M3MeHeHHH Ko3dduumentoB muddys3uu. B crnoxubie ¢u-
3uyecKkHe M GHOJIOTHUECKHME BKJIIOYEHBI KpaeBbie 3aJauM, OJHOPOMHBIH LMK
KOTOpBIX NpH MNOAXOHALIEM yMeHbilleHHH ko3ddunuentoB mudpdysuu ycroi-
YMBOCTD TEPAET, a padTHUHe MeX/AY HEMH CBA3AHO C XapaKTepOM MPOHCXOMALIMX
npu 3ToM Oudypkaumii. R ciyyae ClIOXHBIX HIHUCCKHX NapabonHyecKux
CHCTEM pa3BHTHE M YCJIOXKHEHHE NPOCTPAHCTBEHHO HEONHOPOMHBIX CIPYKTYD
NPOUCXOIMT AOCTaTOYHO MATKO. HanpoTHs, B ciiydae GHONOTHYECKHX KpPaeBBIX
3ajay ewle NpH JOKPHUTHYECKHX 3HaueHHAX Ko3pduumento mudpdysmm u3
”’BO3[yXa” POXIAITICA CIOXHO YCTPOEHHbie H OZHOBPEMEHHO XOpOIIO YTO-
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PAOYEHHBIE N0 MPOCTPAHCTBEHHBIM NIEPEMEHHBIM PEXHMBI, KOTOPBIe 6e3ycIIoB-
HO HeoOXOMMMO OTHECTH K PeXXHMaM CaMOOPraHU3alHH, TaK KaK NP yMeHbIIle-
HHH KO3 duumMenToB mudPy3uu BMecTe C HUMM COCYILECTBYIOT 3HAYMTEIIBHO
Goree npocThie PeXKMMBI THIIA ’BeIYIINX LEHTPOB” U Mp.

HaunGonee neransuo B paGore [9] mpoaHanM3upoBaHbI CllyyaH, KOTa OMIHO-
ponmHBIA UMKJ KpaeBoH 3amauM (9) rapMOHMYECKHMH WIM pellaKCalMOHHBIN.
3pech At HaC HHTepeceH MOCIeIHUMA cllyvail, TaKk KaK KpaeBas 3ajava

e/aul/at = Dl Au, +f(u1 uz), aul/anl(x’ yeEIn = 0, (10)
aug/at = Dz Auz +g(u1,u2), auzlanl(x’y)ean =0 (11)

cumraerca Oa3oBoi [11] mns GONBLIOrO YMCIA pasTMYHBIX GHODHU3UYECKHX
3a/iay, BKJIIoYasa peakiuMio benoycoBa. OgHako OKasalnoch, YTO TaKHE XOPOILO
H3BecTHble KpaeBble 3ajaud Bupma (10)—(11), xak Momens Bonroddepa—
Ban-gep-llons;, Harymo, ®urn Xsio-Harymo, ”6pIocceNIATOp” M MHOTHe
ApyTHe, OTHOCATCA K NpOCThIM ¢u3nueCKMM. BO3HHKHOBEHHe NMPOCTPaHCTBEH-
HO HEOJHOPOIHBIX PEXHMMOB B HUX BO3MOXHO JIMLIb 32 CYET XOPOIUO YCTPOEH-
HOH TEeOMETpHM paccMaTpuBaeMoil OONIAacTH, NpUYEM OHM HCYe3al0T NpH ee
3aMeTHOR AeOpMalMM H NMOIXOAAIEM YMEHblIeHHH Ko3¢¢uuueHToB aud-
¢y3uu. C nosuumit cCaMoro 3J1€MEHTapHOTO 3[APAaBOTO CMBICIA 3TO BIIOJIHE AICHO:
HEHCTBUTENIPHO, C OOHOH CTOpPOHBI, MHUTPAaUMOHHbI (GaKTOp 3HAUMTENeH, TaK
KaK yCTOHYMB ONHOPOOHBIA UMKJI, HO B TO )€ BpeMsA OH M MaJl, TaK KaK BO3-
MO>KHa HEKOTOPpas [JeCHHXPOHM3alMsA KoeGaHui.

OnucaHue CBOHCTB GHONIOTMUECKHX M (pU3HUECKHX MapaBOTHUECKUX KPaeBhIX
3a/1a4 MOMOXET HAM MOHATb H3NIOXKEHHBIE B NIpeAbINYIMX pa3fenax GaKTel.

3akmouenme. Hrax, comepxaumecs B pabore [1] upmen nossonsior sddex-
THBHO peLIaTh He TOJbKO Pa3HOOGpa3Hble JKOJIOTHYECKHE 3a/Iaud, HO H IIPOMBH-
HYTBCA B CTOpPOHY Gonee yGoKOro NMOHMMaHMsA OOIMX NMPHHUMIIOB MOMIENH-
POBaHH s CaAMBIX PaTHYHbIX GHODU3HYECKHX 3a/au.

ABTOophI 6naropapHs B.B. MaitopoBy 3a noMoiup B BeucieHunx Ha IBM.
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YIK 517.929+591.5

O HekoTOpKIX 0coGenHOCTAX
3KOJIOTHYeCKHX YpaBHeHMmii

K0.C. Koaecos

SipocnaBCKHit roCy NapCTBEHHBIH yHHBEPCHTET

CHavana paccMaTpHBaeTCs BONPOC O GHONOIHYECKHX IPHYMHAX BO3HHKHOBE-
HHA Xaoca B 3a[jaye XMIUHHUK—XEPTBA B CJTyYae CHIBHO IUTOJOBMTOM >KEPTBBI.
AHanu3 OCHOBRH HAa HCCIeJOBaHHOH aBTOPOM paHee Npo6jieMe afieKBaTHOCTH
IKONIOTHUECKHX YPaBHEHHH. B 3aKiIIOUMTENBHON YacTH 3aMETKM aHAJIOTHYHBIC
HOEH TPHMEHSIOTCA K OODBACHEHHI0 MeXaHM3Ma BHMOooGpaszoBanma. IlomyTHo
$hopMynHpYOTCA HepellleHHble 33Jaud. 3aMeTHM e€lle, YTO JaHHAs 3aMeTKa —
KpaTKoe pe3loMe PANA BHICTYIUICHMA aBTOpa MO MOBOAY HEKOTOPBIX M3 MOKIIa-
NOB, IPOYHTAHHBIX HA IHKOJeE.

3anaua XMIHHK—XKEPTBa: O0BEKT aHAM3a M MCTOpHS Bompoca. CuMTaem
apeal OOMTaHMs [BYX BHIOB, NMEPBBbI H3 KOTOPBIX — XEpTBa, a4 BTOPOH —
XHIIHHK, OXHOPOIMBIM, HPHYEM NPEANOJIaraéM MHUTPAlHOHHbIH (HaKTOp CTONb
3HAYHTENIBHE™, YTO MPOCTPAaHCTBEHHbIE 3P PEKTHI He BO3HMKAIOT. Kak 06bIuHO,
ApennoaraéM HENMpephiBHY0 BOCCTaHABIIMBAEMOCTh IMINEBOH Ga3bl >KePTBbI.
Kpome TOro, mjas MpOCTOTHI CYMTAEM, YTO MOJITONMTEM He OKa3hIBalOT 3a-
METHOTO BJIMSHUA H2 IHHAMHUKY OO€HX pacCMaTpUBaeMbIX MOMYJIAUMIA.

Tlprn chopMyTHPOBAHHBIX YCNOBHAX COOTBETCTBYKIIAA MaTeMaTHueCKas
mogens umeer Bz {1, 2] :

Ny =r [t +a(1 —N3) —N; (¢ — D] Ny, )

Ny =1y [Ny =N, (¢ -m]N,. )

3pecy Ny, N — WIOTHOCTH NOMYJALMA XePTBBHl M XHIHMKA;, [Apamerp a
XapaKkTepu3yeT HaBIIEHHE XMIHMKA HaxeprBy; r = A/(1 +a), rme A — mans-
TY3HaHCKHA KO3b(HUMEHT JIMHEHHOrO pocTa XepTBbl; r; — K03bHUMEeHT
JIMHEHHOIO POCTa XHMINHMKA, BBIYHCIICHHBIH YCPEAHEHHO 332 GONBILIOH MPOMEXY-
TOK BpeMeHH; i — BO3pacT MOJIOBO3PEIOCTH CaMOK XMIHMKA, Ifie 3a eHHM-
1y BpeMEeHH NPHHATA aHATIOTHYHAA BEJIMUMHA 1A CAMOK XXEePTBbI.

EcrecTBeHHO, 4T0 GHOMOTHYECKMH CMBICT HMEIOT JIHIIbD pelLIeHHA CHCTEMBI
(1) —(2) ¢ NONOXKUTENbHBIMH HAYATBHBIMH YCIOBHSIMH. C GHOIIOTHYECKHX NO3H-
M NPOAHATHINPYEM BOMPOC O XapakIepe aTTPaKTOPOB MNOJIOXHTENBHBIX pe-
LICHHH 3TOH CHCTEMBI B Cllyuyae CHIIBHO IUIONOBHTOM XepTBhl. BIH3koii npoGne-
Me yxe Gpum nocesuensl paborsi [3, 4], B KOTOPHIX UHCIIEHHO NMOCTPOEHbI
arTpakTOpbi cHcTeMbl (1) —(2) NpH OTHOCHTEINIBHO HEGONBIMX 3HAYCHUAX MaJlb-
Ty3HaHCKOro Koa3pdHiHenTa JIHHEHHOro pocTa xxkepTBrl. Kpome Bcero npouero,
HEeNOCPeACTBEHHbIM CTHMYJIOM WIS HCCIEAOBaHHA NMOCTABIIEHHOTO BOMpOCa Io-
CNy>WI1a BBICKa3aHHaA aBTOpoM ewte B 1980 r. cepyiowias runoresa.

Ilpy GoNbIIOM MAIBTY3HAHCKOM K03¢pHuHEHTe JIHHEHHOTO POCTa XepPTBbI
€e IUIOTHOCTh Pe3KO MeHAETCA C TeueHHEM BpeMeHH. TeM caMbiM MMILEBas
6a3a XMIIHMKA CWIBHO HeyctoiumBa. HanpamupaeTcs momyuieHwe, yro B Ta-
KOH CHTyalMM YCTaHOBHBLUMHCA pesxM cHcteMs! (1) —(2) — cTpaHHbI# aTTpak-
TOP.
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Ocraerca 3aMeTHTb, YTO OO CHX HOp MCHOJIb3yeMble MHOTHMH HCCIIEIOBaTE-
JIAMM pa3iHyHble BAPHAHTbI BONBTEPPOBCKOH MOMENH 3a[jauH XMIIHHUK —XEPTRa
o65afanT He TONbKO GeOHOH DUHAMMKOH, HO M MPUMHMTHBHBIM 06wweduiocod-
cKuM o6ocHOBanueM [2].

I'naBhast ocoGeHHOCTs H3MeHEHHS IDIOTHOCTH XHIUHHKE — 4YepeloBaHHe
IVIHTENBHLIX CTPECCOB H KPATKOBPEMEHHBIX NOINYJSANHOHHBIX B3pPHIBOB. Bce
mapametpnl cucremsr (1) —(2) cunTaeM PHUKCHPOBAHHBIMHM, MCKIIIOYAs Maslb-
TY3HaHCKHH KO3 HIMEHT THMHEHHOrO POCTa >KEePTBbI, KOTOPBI NPEANoNaraem
OTHOCHTENIBHO BOJIBIIMM, NpHUEM IO Mepe HeoGXOOMMOCTH ero Gynem yBenu-
yMBaTh, BroNHe ACHO, Y4TO NMPH 3THX YCIOBHAX IUTIOTHOCTb JKEPTBBI MEHAETCS,
rpy6o roBops, 0 XaTYHHCOHOBCKOMY 3aKOHY, T.e. N; MaJIO [JIHTeJIbHOE BpeMH,
BO3pacTas MO SKCHNOHEHUHATLHOMY 3aKOHY C NOKa3aTelleM 3KCHOHEHTHI No-
pagka A, ¥ N; 3KCNOHEHIMAIBLHO BEJIHKO Ha MPOMEXYTKaX BPeMeHH MOpAIKa
emuuuibl. EcTecTBeHHO, YTO KOne6GaHMsA MIOTHOCTH XMIHMKA BO MHOFOM 3aBH-
CAT OT H3MEHeHHA ero numeBoR Gaswl. [loatomy N, mano npu Mansix N, , npu-
9eM, YTO NPHHIMITHATIBHO BaXKHO, IPH COOTBETCTBYIOLMX 3HAYEHHMAX ! peabHBIH
xo3pduuneHT NMHHeHHOrO pocra 7, N(f)  xmmHMKa Takxe man. Mocnemmee
06CTOATENBCTBO MO3BONAET FOBOPHTH O CTPECCOBOH CHTyallHH B IOMYIIAUHA
XHMIIHHK3, KOT[Ja B TEYeHHE MHOTHX TeHepalHii ero ¢aMKH MaJIOIUIOZOBHTHI,
JIHLIb NOCTENEHHO BOCCTAHABIIMBAA CBOI0 PENpPORYKTHBHYI0 crnocoGHocTs. IlpH
BBICOKOH IUIOTHOCTH XEPTBBI MOXET NPOH3OHTH NOMYJIALHOHHBIH B3phIB, KOTA2
IJIOTHOCTb XMINHHKA CTPEMMTENIbHO BBIPACTAeT, OCTaBAACh H2 BBICOKOM YPOBHE
[IO TexX Nop, Noka He cpaGoTaeT BHyTpeHHAA oGpaTHas CBA3b.

Hrak, cunpHas HeyCTOHWMBOCTb NHUIEBOH# Ga3bl XMINHHKA BpeMs OT Bpeme-
HH OPHBOMHT K TNONYIAUMOHHBIM B3pHIBaM, 2 BHI3BaHHbIE MMM IepeHaceNeH-
HOCTb H TOJIONAHHE BBI3BIBAIOT [UIHTENBHbIE CTPECChl. ITOT GHONOTHYECKHIA
¢deHOMEH NpOABINACTCA, OYEBHAHO, MPH NIOGHIX GHKCHPOBAHHBIX NapamMeTpax
cucrembt (1)—(2), Hckmiouas A, KOTOpoe HOMXHO 6bITh MOAXOAMIMM 06pa-
30M ysenuueHo. IIpy 3ToM ManoBepoATHO, YTOGbI H3MEHEHHSA IUIOTHOCTH MpO-
HCXOWIH CTpOro nepuouuecku. Oco6eHHO 3T0 OTHOCHUTCA K NOMYJIALMH XMILl-
Huka. JleficTBuTeNBHO, NOCE MONTOH AeNpeccHH OH MoXeT GbITh MGO HemoA-
TOTOBJIEHHBIM K OYEpENHOMY BCIUIECKY UYHCIIEHHOCTH XepTBbl, TGO pearupo-
BaTh NOMYJANMOHHBIMH B3PbIBAMH Pa3IMYHO# HHTEHCHBHOCTH,

OvueBupgHO, Npy A1060M GONbIIOM, HO GHKCHPOBAHHOM 3HAUCHHWH A TOMY-
NALUHOHHble B3pHIBBI H BBI3bIBAEMbIE HMH CTPECCHI CTAHOBATCA MeHee BhbIpa-
WEHHBIMH C yMEHbILEHAEM KOG QUUHEHTA 7 ;, XapaKTEPH3YIOWIETO IIONOBH-
TOCTh XHMIIHMKE, H C YMEHBIICHMEM Napamerpa A, KOrJa CMeHa NMOKOJIEHHH B
TIONYTIALMA XMILHMKA HAeT OwicTpee.

TosicHHM, 4TO NOMYNAIMOHHAIC B3PHIBBI YMCIEHHOCTH XCPTBHI, BbI3BaHHBIE
ee MITHIIHEH IUIONOBHTOCThIO, HE MPHBOIAT K CTPECCOBLIM CHTYanusaMm. Men-
HO N0 3TOH NpHYHHE B OMHOBHAOBOM GHOLEHO3¢ THITHUHBI MEPHOMHYECKHE H3-
MEHEHH INIOTHOCTH,

B WHMCTOM BH/Ie OIMCaHRAA Bhpillle GHONOTHYECKAA CHTYAIMsA PeaTH3yeTCH NpH
@ = 0, KOrga OTCYTCTBYeT [aB/ICHHE XHIIHHKA Ha XepTBY. B 3TOM Ciiyuae npw
GonbUMX 3HAUCHHAX A\ MHIIEBaA (432 XMHIHHKA CHIBHO NIEPHOIIHYECKH OCLHIIIIH-
pYeT CTPOrO MO XATYHHCOHOBCKOMY 3aKOHY. Pa3BuThle HaMu GHOJIOrMYecKHe
NPeNICTaBICHUA NIO3BONAIT CReNaTh CIEMyIOLHe 33KJII0YCHHA O XapaKTepe ycTa-
ROBMBUMXCA pexuMOB cucTeMbl (1)—(2). Buibepem kax-10 A npu ¢pHKCHpO-
BaHHBIX OCTANBLHBIX NAPaMETPaxX, CYUMTaA NPH ITOM 7, CTONb HeGONBIIMM, YTO
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cuctema (1)—(2) uMeeT TONBKO NEPHOOMUECKHE DEXHMMBI COOTBETCTBEHHO C
peaKkiped XMIUHMKA HAa KaXIbI BCIUIECK UHCIIEHHOCTH- XKePTBbI C peaxuueit
yepe3 OOMH BCIUeCK U T.JI. Ilo HaileMy MHEHHMIO, NIpH YBENHUYEHHH A Kar<upli
M3 3THX WUHKJIOB NPOXOIHMT Yepe3 LeENOouKky Oudypkauué ymBOeHHs, NPUBOLA-
ued K HarfAfHO PasmlMuMMBIM THNIAM Xaoca. IIpM 3TOM BO3HHKEeT XaoC OT
pasMYHbIX UHUKIIOB, BOOGIE TOBOPA, MPH pa3mHuHbIX A. Kpome Toro, npu yse-
NMYEHMH A MOXeT HaGNIOfaThCA, KOHEUHO, SABIEHHME IEPEMEXaEMOCTH, KOra
O[IMH M3 Xa0THYECKHX PEXHMOB TPAHCHOPMHPYETCH B Tie pUOAMYECKHIA.

Ilpu @ > 0 B npuHUMNe OMHAMMKA CTAUMOHAPHBIX PEXXUMOB COXDAHAETCH;
JHUIb TOJIBKO PasBHTHE Xaoca TpeGyeT, BoOGLIe roBops, Gollee 3HAUMTENTBHOTO
YBETHYEHHA .

PesynbTarel uHcriesHoro aHanu3sa. Cuer Ha IBM, BhINONHEHHEIH 110 NpochGe
apTopa B.B. MaliopoBrIM, MPOBOMWICA C MCHONB30BAHHEM JIOTapHPMHYECKOM
mKanel v=InN;, w=InN,, Tak Kak npu GOJMbUMX AKOIeGaHUA B CHCTEMe
(1)—(2) pe3kue. B mpouecce BHIMMCIIEHUH BCe BPeMA INPEMNONIAranoch, uTO
h = 1. Oxasanocs, yro npu ¢ = 0,15 u 3HayeHuaAx (A, ry), B3ATHIX HUXKE HEKO-
TOpO# KpHBOH, cucrema (1)—(2) HMeeT eIMHCTBEHHBIH YCTOWUMBBIN UMK C
peaKuMed XMIMHMKA Ha KaXObIA BCIUIECK XKEPTBHI, a HPU ee MepeceueHHH CHU3Y
BBEpX MpPOMUCXOIUT ero Gudypkauua ymsoeHus. HarnmsagHo oHa xopoiio Bbipa-
JKEHa: COCe[HHE JIOKIbHbIE MAKCHMYMBI YCTaHOBHBLIErOCs INepHOIHUYECKOTO
pexwumMa v (¢), w (f) HauMHAT pPasMMYaThCA 10 BBICOTE, YTO M OBIIO HMCIOJB-
30BaHO NpH YHCIIEHHOM NOCTpOeHHH NepBOH GHYprauuoHHOR KpuBoi. OcTass-
Hple KpHBble OMGypKaumil yHBOEGHMsA CWIBHO NpPHUONHXAOTCA K NepBOH IIpH
yBenuueHHH A. Ilocnentee o3Hauaer, 4TO NipH GONMBINOH BeNMUHHE MANIbTY3HaH-
CKOro k03d¢QHUMEHTa JUHEAHOTO pPOCTa XepTBbI M NMOCTENEHHOM YBEJIHYCHUM
ry Xaoc HacTynaeT NpPaKTUYeCKM cpa3y MNOcCe MNepeceyeHHs NepBOH KPUBOH
6udypiauui ynsoeHus. IIpu 3TOM CHIBHO BBIPaCTalOT MHKHM BCIUIECKOB IUIOT-
HOCTH JKepPTBBI M XMINHHKA, YTO GHONIOTHYECKH OODBACHACTCA YCWIIEHHEM pOIH
AIBJIEHUA “’yCKOJIb3aHUA .

BaxxHo, YTO B HOJTHOM COOTBETCTBHMH C MITOXKEHHBIMH B IIpedbIayuieM pas-
pene GHONOTHYECKHMH COOOpakeHMAMM Ha KpPHBBIX OMypkauud yOaBOeHus
BEJIMYMHA 7, MOHOTOHHO yGbIBaeT 10 HYNA C YBEITHUCHHEM A.

AHANOrMYHbIA YMCITEHHBIH aHATU3 NpoBoawIcA npu @ = 0. Pesynbrarsl 3mech
nonydeHsl ONH3KHe, NpHUYEM, YTO COOTBETCIBYeT GHONOTHYECKOMY CMBICIY,
Ha COOTBETCTBYIOWMX KpPHUBBIX OMypKauui yIBOEHHsA IIPH OIMHAKOBBIX A
3HauyeHHUs 7, MeHbIlle II0 CPABHEHHIO C PACCMOTPEHHBIM Bbillle ciyyaema = 0,15.

WUrak, Hall aHANMK3 MO3BOJIAET YTBEPXKIAATD, YTO NPH A —> °° Kaxaasa u3 6udyp-
KAUMOHHBIX KPUMBBIX NpUGIHKaeTCA K OcH 7, = 0. ITO0 03HAYaeT, YTO YNIOMUHAB-
masics B NepBOM pasfiefie THIOTe3a O XapaKTepe CTallMOHAPHBIX pPeXHMOB
cucremsl (1)—(2) cnpaBemmBa B NOTHOM 0GbeMe.

O tepmunonorsm. Kak u Bo MHOTMX ApYrHx 3ajauax, B cucreme (1)—(2)
Xa0C BO3HMKAeT Yepe3 UeNOuKy Gudypkauuil ymBoeHHMs, T.e. MMeeTCcH ABHaA
CBA3b C TeOpHeH OFNHOMEpPHBIX OTOGpakeHHil, OCHOBBI KOTOPOH 3a/l0XeHbI B
¢dyHnameHTanbHpix paGorax A.H. IlapkoBckoro [S, 6]. Ilpu uHTepnperauuu
HX CBOHCTB B TepMMHax MMc¢epeHUMATBHBIX YpPaBHEHHA YIOGHO ONMpaThes
Ha KJIACCHYECKYI0 TeOpHI0 30H ycToiumBocTH AM. JIAnyHOBa, 351eMeHTbI KOTO-
poH, OUEBMHO NOCTYNAIT NpPH PACCMOTPEHUN JIMHEAPU3OBAHHLIX YpPABHEHMH.
B cBA3M ¢ 3TMM Hpe[yIaraeM Ha3pIBaTh BO3HMKAIOUIMH OMMCAHHBIM CNOCOGOM
CTPaHHBIA aTTPaKTOp Xa0coM JlanyHoBa—lllapkoBcioro.
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O nepemenHbIx 3apauax. Pasymeercs, uHTepecHO mpoBecTH Gonee HeTaib-
HbI YHCIeHHBIA aHaimu3 cucreMsl (1)—(2), B 4acTHOCTH BHIABMTH B HOJTHOM
Mepe pojib mapamerpa h Npu OGompumx 3HaveHMsAX A. IIpakTuueckn coBceM
HOBas 3ajjaya — po/lb MEX3HU3MOB CaMOOPraHM3alMH NpH YUeTe MMIpPALMUOH-
HbIX (aKTOpOB B INMOckux oGnacrsax. Hanpumep, He BbI3bIBaE€T COMHEHHH, YTO
€CTeCTBEHHaA HHTEPIpETAalMsl HEKOTOPBIX M3 HHUX NMO3BOJIMT OGBACHUTH U3BECT-
HpIl IpHPOSIHbIH (eHOMeH: OleHH OGbeNMHSNITCA B CTafa, a BOJIKH — B CTaM.
WckmiounTensHas BaXHOCTh MNOCTedHedl 3amauM oueBmpHa. Ilpencrasnsercs
TaKXe, YIO NOCe e¢ peLIeHHs LeNecooOpasHO CHATb (pWIBM, KOTOPHIH MO-

JKeT TNOCNYXHTb LEHHBIM IOCOGHEM A Pa3BHTHA HETPUBHUAIIBHOTIO MbIillie-
HHA.

BunooGpazoBanne — aBTOperymMpyemsili mpomecc. JTOH TOYKM 3peHMs
Ha 3BOJIIOUMOHHBIN Npouecc nmpupepxmBaics WM. llmansraysen. B momonme-
HHEe K €ro HfiesM B 3aMeTKe aBTOpa [7] copMynHpoBaH NpUHUMN YCTOHuM-
BOCTH B 3BOJIIOUMK KakK OJHAa M3 ero Haubonee xapakTepHpix YepT. COBOKYN-
HOCTb 3TMX KOHLEMNUHHA NOCTy>HIa OCHOBOH Mjisi ONHCAaHusA BeAywero ¢gakropa
BHI006pa3oBaHuA, H3JIOXKEHHOrO KpaTko B paBote [2]. 3mech ocraHOBHMCH
Ha 3TOM CJIOXKHOM BOTIpOCe B elle Oolee KOHCIIEKTHBHOH W NOCTYMHO#R ¢opMe.

B miocko#t obnactv §2 ¢ [OCTaTOYHO rnamkoil rpaHuuedt I' paccMOTpuM
KPaeBylo 3aauy

. oN

N=DAN + X1 -N,_)N, —| =0, 3)

av |r
ONKCBHIBAIOLIYI0 H3MEHeHHEe IUTOTHOCTH NONYJ AN B OQHOPOZHOM apealie 0OuTa-
Hus. 3aech D — K03 HIMEHT TOOBMXHOCTH, YHCIIEHHO PaBHBIH, rpy6o rosops,
IUTOW@AM, KOTOpass HeOGXOAMMa OTHEIbHON 0COGH IS *HOPMaIbHOro” Cyiect-
BOBaHMA B TeYeHHMe H3HU, N;_; =N (1—1,x, y);v — HanpaBleHue BHeIIHeH
HopManu k I,

IIpn oTHOCHTENBHO HeGONBUMX 3HAaueHUAX D M He CIMIUKOM MaJIbIX 3Haye-
HHAX MAJIbTY3MaHCKOTO KO3 ¢HIMEHTa JMHEHHOro pocTa A KpaeBasd 3afaya
(3) uMeer GomplIOE WHCIO PAIUYHBIX MPOCTPAHCTBEHHO HEOJHOPOIHBIX YCTa-
HOBMBLMXCA DPEXHUMOB, CIOXHO MEHSIOMXCA B IPOCTPaHCTBE M BPEMEHH.
B vacTHOCTH, BO3MOXHA CHTyalH#, KOIJa AOBOJIBHO HOJIO B HEKOTOPHIX ABYX
YacTAX apeana IUTOTHOCTh BBICOKAsA, a B OCTANBHBIX — MNPAKTHYECKH paBHA
Hyno. B nociegyiomme MOMeHThI BpeMeHH IpH CTOJIKHOBEHHHM 3THX J[BYX
MONYJAUMOHHBIX BOJIH JIOK/IbHBIE NMOMYNAUMM MOTYT “He Y3HATH HpYT OpYyra,
9TO NpUBelNeT K KOHKYPEHTHOH 6opbbe Mexay HUMH, T.e. K 0Gpa3oBaHHIO ABYX
noasuaos. IIpr 3TOM, YTO Upe3BHIYAHHO HHTEPECHO HBaXHO,B  MOCIEAYIOWEM
PE3KO TracATCHA KOJIeOaHUA H CWIBHO YBETHUHBAETCH CYMMAapHasA JMHAMHMUECKas
TUIOTHOCTb,

H3noxeHHs MeXaHM3M BMIOOGPa30BaHHA XOPOIUO OGBACHAET HATHUHE
6OMIBIIOTO YHCIa BHAOB B CWIBHO IUIOHOBHMTBIX pOJAX, YTO OTMeual B CBOe
Bpems ewe Y. Jlapsu, Pasymeercs, BO3BMOXHBI M HCKJIOUEHHA, TpeGylomme
RONOJIHUTEJILHOTO COMIEPXKATEeNIBHOTO aHaJIM3a,

3axmouenne. B paGore [2] B cyMMHpPOBaHHOM BHIE M3NIOXKEHBI HA A3BIKE
b depeHUMaANBHEIX YpaBHeRU OOHM U3 Haubosee GpyHAaMEHTAIBHBIX 3aKOHOB
NPUPOABI, X2paKTepHO, YTO XOTA COOTBETCTBYIoIUMe MuddepeHUHaNbHbIE YPaB-
HeHMA 10 GopMe NPOCTHI, OHH OGIAJAI0T HEOXKHMAAHHOM U CIIOKHON JUHAMHUKOHN.
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Ilpu ux amanuse, 4TO MBI BhiIe M MOCTAPATMCh MOKA3aTh Ha NpPHMEpE JBY

Haubonee MOMyJNAPHBIX 3a1aU MaTeMAaTHYECKOM 3KOJIOTHH, HeOGXOOMMO CaMbIM
CYLIECTBEHHbIM 06pa3’oM OIMparcs Ha OGuIMe NMOJIOKEHUA TEOPHH KONeGaHuit
6uonoruyeckne cooGpakeHHA U 3APaBbIi CMBICII.
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YIOK 577.472

Pa3zaH4uHbie MeXaRHH3MBI
YNpPOLIEHHA BOJHBIX 3KOCHCTEM
NPH POCTE NOCTYIJICHUA
OpraHHYecKHMX 3arps3HeHHH
H GHOreHHBIX 3/1EeMEHTOB

C.B. Bazoyxuii, B.A. Basuaun

HucTutyT BopHeiX npobiem AH CCCP

Kak H3BeCTHO, BO3pacTaHMe NOCTYIUICHHs B BORHbIE 3KOCHCTEMbI OpraHH-
YECKOTO BElECTBA, 4 TAKXKe GHOTEHHBIX WIEMEHTOB, NPHBOIMT K YNPOUICHHIO
cTpyKrypni 3kocucremsl [1], [4], [9], [15].TIpn atom cioxuoe coobiuecTBo,
BKJIIOYaloliee HECKOJIBKO TPOJHUECKHX YpPOBHEH, MOCTENECHHO NpeBpamiaeTCs
B YNPOILEHHOE, a2 B pAfe CIy4yaeB H B MOHOBHOBOE cooburecTBo, Slpkum npHMe-
POM 3TOrO MOTYT CIIYXHTb NOC/IEOBAaTE/IBHBIC H3IMCHEHHA, IIPOMCXONANME NPH
9BTPOGHPOBAHHH BOJIOEMOB: COOGIECTBO OIMroTPOGHOro BOgoema, HeCMOTPS
Ha HM3KYI0 GHomaccy, GOraro BHIaMH H HMeeT CIIOXHYI0 TPO(HUECKYI0 CTPYK-
TYpy; CoOGiIeCTBO IHIEP3BTPOGHOro BOAOEMA CHIIBHO YTPOIICHO H B NEPHOJ
LIBETCHHA CONEPAT OBBITHO eMMHCTBEHHBI BHA Bogopociei [4].

B Hacrosime# paGore GymyT paccCMOTPEHBl HEKOTOpPBIC MEXAHH3MBI, BBI3HI-
Baoupie nogobHoe ynpomeHue,
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Yipoluenne MHOTOBHIOBOI'0 GaKTepHANILHOTO coolitecTsa

PaccMoTpiM co06GILECTBO, COCTOsAILEE U3 HECKOJIIBKHX BHIOB MHUKPOOPraHH3-
MOB, pacTyLlMX Ha MHOTOKOMIIOHEHTHOM cyGcrpare, is onucanua mopmoGHbIX
©000IIEeCTB HCMONB3YI0T OGBIYHO CHCTEMBI YpaBHEHHH TAKOro BUMa

. s
By =By (i(Sk) — 1 - Dy),
Sj=D(Soj — S) — ? Ly (Sk)By,

rae B; — Guomacca i-ro BHAa; S; — KOHUEHTpauus j-ro cyGerpara; So; —
KOHUEHTpauus j -ro CyGerpaTa BO BXOGHOM XHAKOCTH; fi(Sx) s~ ynenbHas CKo-
POCTb POCTa i-TO BHJA; ¢; — €ro yAelbHas CMepTHOCTb; Ly(Sx) — Bbleanue
j-ro cy6erpara I-m BHpoM Gakrtepuit; D — mpoTouHocTh no cyGerpary; Dy —
TPOTOYHOCTh MO 6MOoMacce (ecM GakTepuH pa3BuBaloTCA B obbeme, 10 D; = D,
€CJIH Ha creHKax, 10 Dy =0).

IopoGHble ypaBHEHMA 3alHMCBIBAIMCL pa3HbIMM aBTOpamu [2], opHako
OpH 3TOM OGBIYHO HE YIOMMHAJIOCH BaKHOE OFpaHHMYEHMeE: 3TH YpaBHEHHA CIpa-
BEIMBLI JTKIb KiA HeGONMBLUMX B;, KOrHa oTAeNbHbIE BHABI HE MELLUAIOT PacTH
mpyr apyry. Ilpu Beicoknx B; ypaBHeHHs HyXHO MOJM(HIHPOBaTh: B HHX
poneH ObITh YUTEH KOHKPETHBIH MEXaHH3M, 3a CYeT KOTOoporo GakTepuu GyayT
HeraTHBHO BJIMATb OPYT Ha Jpyra., 3TH MEXaHH3Mbl MOTYT GbITh pasiIHUHBIMH,
B YaCTHOCTH a) MCKYCCTBEHHOE OrpaHHYeHHe Ha CyMMapHylo 6Womaccy (Typ6u-
BOCTaTHBIA PEXHM KyNbTHBHpOBaHHA [6]); 6) HemocTaTok Mecra Ha NMOBepX-
HOCTH CTEHKH; B) pelMpKynsauus GHoMacchl B a3poTeHkax [14]; r) komky-
PEHIMA 33 KHOIOpPOH; A) HAIMYME NOTPeGHTENA, MUTAIOIIErOCA BCEMH BHIAMH
Gakrepuit [13]; ) B3aumooTpaBieHue 3Kk30MeTabOTHTAMH,

Herpynno noxasatn, 4T0 B cilyyasx “a—a’ NpH pocTe KOHUEHTPALMK Cy6CTpa-
TOB B NOCTyNamwlueil XMAKOCTH GyneT HaGIIONAaTbCA yYMEHBUIEHHE KOJIHYECTBa
BHJIOB; B KOHEYHOM HTOT¢ OGBMHO (XOTA H He BCerga) B CHCTEME OCTAETCA
€IUMHCTBEHHBIA BHA. JIOKa3aTeJIbCTBA 3THX YTBEPXKIECHHH [UIA PasfIMUHBIX CITy-
YacB MOXHO HaliTH B paborax B.A, BaBwiuna c coasr. [2], [3], [13], [14].

Kakue xe cBOHCTBa BIHAIOT Ha BO3MOXXHOCTH COXPAHEHHMA TOrO HIH HHOTO
BHJIa NIpH BBICOKHX KOHUEHTpauMsax cybcrpara, OueBHIHO, YTO TAKMMHM CBOHCT-
BaMH ABJIAIOTCA, BO-NEPBHIX, BHICOKAS MAKCHMAIbHAA CKOPOCTh POCTa Uy H,
BO-BTOpPBIX, HAJIHYHE Y3KMX NPHCNOCOGNCHHHA, NPENATCTBYIOIMX HETATHBHOMY
BITHSHHIO CO CTOPOHBI APYTHX BHAOB (CIOCOGHOCTb OUEHb KpENKO NpHKper-
JIATBHCA K CTEHKe, aHaIpo6GHOCTh, HEBBIEAAEMOCTD H T.1L,) .

B psane ciywaes, npn cxoltb yTOIHO BICOKHX S TEOPETHIECKH BO3MOXKHO
COXpaHEHHe NBYX BHIOB C Pa3NIMYHBIMM aJaNTHBHbIMM crparerisamu, Tax, npu
BO3MO)HOCTH BO3HMKHOBEHMA KOHKYPCHIMH 32 KHCJIOPOA B Ciyyae Gonbumx
Soj MOTYT COCYIIECTBOBATb [Ba BHAA: GRICTPOPACTYUMi adpoGHbBIH H MeyIeH-
HOpACTyIMi aHa3poGHeiH, PocT mepBoro Buaa Gyaer OrpaHHUMBARTLCA HEIOCTAT-
KOM KHCIIOpOsia, BIOPOro — HEIOCTATKOM CyGcrpara,

B cnywasx a—B” cocyiecTBOBAHME ABYX BHIOB HEBO3MOXHO, HO B 3aBH-
CHMOCTH OT KOHKPETHOTO PacHPEHEJICHHA NapaMeTpOB NOGEIMTENIeM MOXET
OKa3aThCst MHGO GpicTpopacryinmit Bua, MHGO BHA, CHOCOGHBI B HamGONMpLICH
CTCHEHH NPOTHBOCTOATh TOMY HIH HHOMY MEXAHH3MY YAMICHHM H3 CHCTEMBI
(HanpHMep, CHIbHee OpYTHX NPHKPEIUICHHRIA K CTCHKAM) .

BaxiHbiM nokasatenem cocrosma ToR WIH HHOH IKOJIOTHYECKO# CHCTEMBI
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ABJIAETCA CKOPOCTh 060pOTa GUOMACCHI, paBHast
v=XRy/ZB;,
i i

rae Ry — ckopocte pocrta i-ro Bupa; B; — Guomacca i-ro Bupa (B CTauMoHap-
HBIX YCJIOBHAX) ,

3aBHCHMOCTb CKOPOCTH 06OpOTa GHOMACChI OT So; ABNAETCA HEONHO3HAY.
Hod, Ecnu B cHcTeMe OTCYICTBYIT BHIp, ofNlajaloie Y3KO# amanTanueii
K KOHKPETHOMY MEXaHM3MY OTpaHHYeHMs pOCTa NpH BBICOKHX GHOMaccax, TO
poCT Soj BeOET K BO3pAacTaHHI0 CKOPOCTeH 0BGOpOTa; B IIPOTHBHOM Cllyuae,
CKOPOCTH 06OpOTa MOTYT HauyaTh CHHKATHCA,

C TOouKHM 3peHMA aHATH3a OCOGEHHOCTEH CAMOOYMIIEHHS ClIeIyeT OTMETHTD,
yro OoGeHeHHe GaKTepHaIBHOTO coObIeCTBa IPH BBICOKHX So;j OyHeT BecTH K
TOMY, YTO YaCTb OPraHHYECKHX KOMIIOHEHTOB IIepeCTaHeT MOMBepraThcs Gakre-
puansHoMy pacnany. IIpu 310M B cucreMe GyAyT HaKaIWIMBATbCA TPYLHOPA3NIO-
dHMble (PAKIMK OpraHHYecKoro Beuwectsa. Korma So; CTaHyT oueHb BBICOKH-
MH, HAYHYT HaKaIJIMBaThCA U HEKOTOPBIE JIETKOPa3/I0oXKuMble paKiyu,

Takum 06pa3oM, MOXHO HAyMaTb, UTO C POCTOM KOJIHYECTBA OPraHHYECKOTO
BEILECTBA, IMOCTYMAIOIIEr0O B 3KOCHCTEMY, MEHAETCA CHNEKTp pasilaraiolluxcs
OpPraHMYeCKHX BELIECTB, AHAJIOTHYHAA CHTyauus OyuneT HaGIONAThCs M TpH
3BTpOGHUpPOBaHHH BOI0EMOB, ITOT BONpPOC Ghul MOAPOGHO PacCMOTPEH B Halle
pa6ore [13].

Bopopociesbie CHCTEMBI ¢ 3K30MeTaboIMTHOM perymnsiumei

OpxuM 13 HauGonee NPUHUHKITHANBHBIX BOIPOCOB B 3KOJIOTUH (PHUTOMIAHKTOH-
HBIX COOOLIECTB ABJIACTCA BOMPOC O MEXAHH3MaX, 06y CIIOBIMBAKINMX BHOOBOE
pasHooGpasue. lllMpoxo H3BecTeH *HapafioKC IUIAHKTOHA”, 3aKJIIOYAIOILMACA
B TOM, YTO YHCJIO BHJIOB, OQHOBPEMEHHO COCYILECTBYIOIIMX B BOXOEMAaX HEBBI-
COKOH TPOGMHOCTH, 3HAYUTENIHHO INPEBOCXONMT UMCIO BMJIOB, NpEeACKa3biBae-
MO€ “IPUHIHMIOM KOHKYPEHTHOro Mckiiodenusn” [7]. Tlapamokc IUaHKTOHa
oBbaACHAETCA panuuHbIM oGpasom [11], [12], npu 3ToM MOxeT GbiTh, B yacT-
HOCTH, HMCIOJIh30BaHA “’3K30METa0ONHTHAA " THIOTE3a, COTJIACHO KOTOPOH BU/IbI
BOJIOPOCNIEH  BBIIENAIOT XHMHUYECKHE BelECTBA, CTHMYIMUPYIOUME POCT OHMX
BHIOB M Nopapisionme poct apyrux [8], [10]. Pasnoo6pasue Bunos 6ypner B
9TOM CiTyYae ONpeNeNATbCA pa3HOoOOpazueM 3K30MeTabOIUTOB,

CooTBeTCTBYIOIAA MAaTeMaTHYECKas MOZEIb MOXET ObITh 3alHCaHa B BHOE

—
B;=B; (f; (P, Hy) —a —_D)),
I{i = ?gﬁ(Bﬁf;(})’ Hk), Hk) —u (11]) —DH,

-
P=D @y —P)—v ?Bi(fi(P: Hy) —cy),

roe B; — Guomacca i-ro Bupa Gakrepuit; H; — KOHUEHTpauys j -Io MeTabonuTa;
P — xoHueHTpauusa MunepaisHoro gocopa; g (By, f; (P, Hy), Hy) — ckopocts
BhifielleHHsA MeTabonuta Bopopocnamu, u(H;) — cKOpOCTh pa3nioxeHHA MeTa-
Gonura, fi(P, Hy) — ynmensHas ckopocth pocra i-ro Bupma; Py - docop B
NOCTYTIAIOIEH JKUIKOCTH; ¥ — copepkaHHe docopa B enuuuie GHOMAcChHL

Hasoem i-#t Bupg Bomopocneil coobiuiecTBO—06pasyIoMM”, €ClTH OH Bhbize-
JAeT 3K30MeTabonuT H; , CTUMYNHPYOIMH POCT KaKoro-iu6o Apyroro BHa;
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Ha3oBeM i-if BHA “cooGIecTBO—paspylIaolMM”, eCIIH OH BBIIEIAET 3K3QMe-
1abonut Hj , npuuem NpH pocTe By HEOTPaHMUEHHO pacTeT 8By, 1P, Hy), Hy);
npH GONBUIMX KOHUEHTpaUMAX 3K30MeTaGonut H; mnopaenser pocT BEEX BO-
mopoceii, kpome i-ro; npu Gonpumx H; 3aBepomo Byumonuserca fi(P, Hy) <
<¢; ps M1060TO BHAA, Kpome i-10.

HetpynHo mokasaTts, yro HpH Gonbumx P, cramMoHapHOe peieHHe (oco6ast
TOYKa), B KOTOPOH OCTaeTCH TOJBKO OfMH >’COOGIIECTBO—pAa3pyIUAoIMii’ BHL,
Oymer ycroiumsoi. IIpm stom “cooBiuecTBo—paspylualonuii” BUA OynmeT
MOJABJATL pPa3sBUTHE BCEX OCTAIBHBLIX BHAOB C TNOMOILBI0 CBOEro 3K30Me-
1abonura. Takas cHTyauus HaGmioaeTcs, B YaCTHOCTH, IIpH LBETCHHH CHHE-
3eleHbIX Bomopociei [4].

Ecnu B cucreme uMeercss HECKOJIBKO ’COOGIIECTBO —pa3pyLIAIOMINX BULIOB,
TO B 3aBUCHMOCTH OT HaUY&IBHBIX YCJIOBHA MOXeT 3aKpEIMTbCs OJMH M3 HHUX,
CocyiiecTBOBaHUEe HECKOJNBKHX ’COOGIIECTBO—pa3pyHIAIOIHX> BHAOB HEBO3-
MOXHO. SIpKMM NpHMEpOM SABJIAETCA AHTATOHM3M TaKHX ABYX BaXHeHIMX
BO30ynMTene LBeTeHHs, Kak Microcystis aeruginosa u Aphanisomenon
flos-aquae [4].

Hcxopsi U3 06IIeGHOIOTHYECKHMX COOGpaXkeHHH, MOXHO AyMaTh, UTO 3BOJIIO-
IHsl MIET He MyTeM NOACTPauBaHMA IK30METaGONMMTIA N0 CTUMYITHPYEMBIi BHII,
a myTeM NOACTPaHBaHHA CTUMYJIHPYEMOTO BMAA HOA, YyXOH 3K30MeTaBGonuT,
IBONIOMHOHUPYET He BLINEIAIOLIMA 3K30MeTaGONUT BUM BOZOpOCHIeH, a B,
POCT KOTOPOrO CTHMYIIMpYETCA 3THM 3K30MeTaGonmutom, Ilosromy ¢ Teuennem
BPEMEHH MOXHO OXHJaTh NpPEBpallleHHs COOOLIECTBO—paspyllaLIero BUOA
¢ coobiecTBO—00pasyoumii 3a cueT 3BOJIOLMM [Apyrux BumoB, Kaxercs Be-
POATHBIM, YTO COOOIIECTBO pa3pyllialoT NpPeMMYyLIECTBEHHO ’BHAbI-BCEJIEHIbI”,
HMCTOPHYECKM HE THIHUHbIC UIA JAHHOW MECTHOCTH WIH I JaHHOro GMOTOmNa,
®axTOopOoM, ONATONpPHUATCTBYIOLIMM BCEEHHI0 TaKUX BHOOB, MOXET ObITb
BBICOKAA TPOHOCTL BOJOEMA,

TIpHHIMIIBI MOJENTMPOBAHHA BOJOPOCIIEBBIX COOGIIECTB C 3K30MeTaGONMUTHOM
peryJsauueii Becoma GIIM3KM K NOAXOAaM, pazpaboTtaHnsiM M, DiireHom [S] ms
aHa/IM3a B3aUMOICHCTBHA HOCHUTENIEH HaCJIeICTBEHHON MHGOPMAIMU U KOOUpYe-
MBIX MMH KaTaTH3aTOpOB B NpeaGHONIOTHYECKOH 3BOJIIOIMH,

Ynpoienue nNBy3BEeHHBIX 3KOCHCTEM

IIpu yBenuueHMM KOJIHYeCTBa cyOcTpara, MOCTYNAWOIIETO B 3KOCHCTEMY,
MOJET YMEHBIIATBCA HE TOJIBKO KOJIHYECTBO BHIOB Ha OJHOM TpPO(UUECKOM
YPOBHE, HO M UHCIIO CaMHX 3THX YPOBHei, ITO CBA3aHO C TeM, 4TO IpH GONBLIMX
fuOMaccax HHXHMI TPOdHUECKHH ypoBeHb GyleT OKa3biBaTh HEFATHBHOE BIIUA-
HHME Ha BepxHMil, ITO BO3feHCTBHE MOXET GbITh OBYCIOBJIEHO a) HCKYCCTBEH-
HbIM OTpaHMYEHHEM Ha CyMMapHywo Guomaccy (Typ6uao); 6) CTaTHBIM pexxu-
MOM KYJIbTMBHpOBaHHsA [6]); B) HeOCTATKOM MeECTa Ha NOBEPXHOCTH CTEHKH;
r) peuMpKynsuue#i GHOMAcChl B aspoTeHKax [14] ; [) xoHKypeHuuei 3a KHCIO-
pon; €) HanuuMeM OOliero moTpeGUTENsA; k) OTPaBICHHEM BEPXHErO YpPOBHs
9K30MeTab0INTaMH HIDKHETO YPOBHS,

B omio# U3 HaumMX paboT MOPOGHO pacCMOTpEH cyyail T, Korja Hapamy
¢ OTHOLUEHUAMM XHIIHHMK—XepTBa B CHCTeMe HablioJaeTcA KOHKYPEHIMA 3a
kucinopoa. Kak nokassiBaioT pe3y/ibTaTbl MOJEIHPOBAHUs, NPH GONBLIOM KO-
JINYECTBE MOCTYTAOLIEr0 CyOCTpaTa B CHCTEME MOTYT CYILIeCTBOBATh [Ba YCTOM-
YMBBIX PEXUMA: 131



— pexM, NIpH KOTOPOM XHMIUHHK YHEPXKHBaeT GHOMACCY XEepPTBbI Ha HH3KOM
YpOBHe;

— PpexuM, TIpH KOTOPOM XEPTBa, Pa3MHOXAACh, CO3/Ia€T HEAOCTATOK KHCIIO-
pona, YTO NPHBOIHMT K THOEH XMIHUKA,

B paccmarpuBaemMO# cHcTeMe MOXeT HaGilopaThcsa cBoeobpasHbiid “addexr
apganTaluu’” K NOCcTymieHHo cyGerpata, IIpu pe3skoM BO3pacTaHHH NOCTYIUIEHHA
cybcrpaTa B 9KOCHCTEMY, COpPMHPOBaBIUYIoCA Ha GOHE MalbIX KOJIHYECTB Cy6-
CTpaTa, XHIGHHK HE MOXET CIepXKaTb POCT YHCIIEHHOCTH JKepTBbI M GyJIeT €10 Bbl-
TecHeH, EciH axocucrema chopmupoBanace Ha poHe HECKOJIBKO GONbILIEro KO-
nHYecTBa Cy0CTpaTta, TO XHIIHMK YAEPXHT YMCIIEHHOCTb JXXEPTBbI Ha HH3KOM
YPOBHE H A¢HIMTa KHCIIOpOAa He BO3HHKHeT, OTHAaKO CHIIbHOE NMafeHHe YHCIIeH-
HOCTH XMIHMK2 M >KEPTBBI B 3HMHHH nepHop Gyaer cnocobGcTBOBaTh BBITECHE-
HHIO XHIIIHHKA U3 CHCTEMBI,

BrBofpl, nosyyeHHsIe 1A CHCTEMBI ¢ AeHHIMTOM KHMCIOpOAa, MOXHO pac-
NPOCTPAHHTH H Ha ApyrHe ciayyau (a, 6, B, A, €). HexoTopbie TOHKOCTH BO3HH-
KaloT OpH OTPaBNEeHHH XMIHHKA BOMOPOCIEBBIM TOKCHHOM (Ciyuait “e”),
Yuer KOHKYpeHUMH TOKCHYHOHR M HEeTOKCHYHON opM BOHOpOCHeH MOXeET fipH-
BECTH K HH3KOUAaCTOTHBIM (NIEPHOJ, NOPAKa HECKOJIIBKHX COTEH CYyTOK) KoJieGa-
HHAM, 00y CIIOBIEHHEIM MHKPO3BOJIIOHHOHHBIMH NPOLECCAMH,

B criyuae, ecnti xMIHHK criocoGeH MHTaTHCA HE TONIBKO XKePTBOil, HO K cyGerpa-
TOM, POCT NOCTYIDIEHHA Cy6CTpaTa MOXeET MPHBECTH K INMONHOMY BBITECHEHHIO
XEpTBHI M NepeXody XHIIHHKA Ha NMOJHOXHbIA KOpM, IT0T 3¢deKT He CBA3aH
¢ NPHYHHAMH, TIEPETHCIICHHBIMH B ’a—e” H OObACHACTCA COYCTAHHEM BbIe[aHHA
H 006y CIIOBICHHON HAIHUMEM ATbTePHATHBHOM NMIM HE3aBHCHMOCTBIO XMIHUKA
oT yOBUIM UH(JIEHHOCTH XEPTBHI, YUeT MEXaHH3MOB, NMEPEYHUCIIEHHbIX B ~a—e”
OpHBEACT K HATHYMIO ABYX YCTOHUYHMBBIX PEXXMMOB: PEXHM KeprBa—Cy6CerpaT
peXHM XMIHHK—CyGcrpar, [Ipy MemieHHOM BO3pacTaHMM CKOPOCTH NOCTYIUTe-
HHA cyGcTpata B cucTemy Gojiee BepOATHO COXpaHeHHe B CHCTeMeE XHIHMKA,
TipH GBICTPOM — KEPTBBI,

Takum oGpa3oM, nmpH pocTe KoNHuecTBa cyGcrpaTa, MOCTymnaero B 3Ko-
cucTeMy, nocnemHsaa 6yner ynpomarsca, HecmoTpsa Ha MHOroo6pasue MexaHH3-
MOB, 06ecreuHBalOIMX yNpONIEHHe 3KOCUCTeMbl, OOIUMA XapaKTep 3THX H3Me-
HeHHi GyZIeT CXOIHBIM,
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YIOK 519.95

JKcTpeMaibHbie CBOMCTBA
H JBOJIIOLIHOHHASA ONTHMAJILHOCTD
B MojieH 6nosIoru4eckoro coobuecrsna,
YYHTHIBAIOIIEH JHEPreTHKY KH3HEACATE/bHOCTH

B.IT. IMacexos, JI.JI Oscannuxos

BrruucnurensHeit ueitp AH CCCP

BBenenne

PaccmoTpuM Mopenb IBYXBHAOBOrO GHONOrHUECKOro cooGillecTBa, B KOTO-
POM yBellHUeHHe UWHCIIeHHOCTH (V) MepBOro BHAA OTPHUATENIBHO CKa3bIBaeTCA Ha
9HCIIeHHOCTH (R) BTOporo, a oGpaTHoe BIMAHHE HMEET NPOTHBOIOJOXHDIA
(ctaMynHpyloumii) xapakTep (MHHYcC—IUTIoc B3aumoneiicteHe [8]). CooGurecr-
Ba [aHHOTO THNA BKJIIOYAIOT CHCTeMbl XMIHHK—)XEPTBAa, MapasHT—XO3AMH H
norpe6utens—pecypc. HanGonee pacmpocTpaHeHHbe MOJENH TaKHX co06iecTs
CXE€MaTHYECKH ONMCBHIBAIOT AHHAMHKY YHCIIERHOCTeH BUAOB C NOMOILBI0 OGBIKHO-
BeHHbIX IHdepeHUNaNnbHbIX ypaBHeHUH, NpeHeOperas (BO3MOXHBIMH) MOJIO-
BBIMH H BO3pacTHbIMH paxtHuMAMH. COOTBETCTBYIOMIee (Ha30BOe MpPOCTPAHCTBO
POBYMEPHO — COCTOSIHME COOGLIECTBA ONMUCHIBACTCA YHCIIEHHOCTAMH JBYX BHIOB
W, R).

[lonbiTka O0GOGIIMTL MOZJENH 3TOTO pPOMA, YUMTHIBasg IHEPreTHKY KH3He-
AeATENIBHOCTH 0COGeil MepBOro BHAA Ha OCHOBE aHAJNIM33a JMHAMHMKH Beca Opra-
Hu3Ma naHa Hamu paHee [7] (cM. takxke [12]). CooTHOUIEHHe MONMYyYyaeMO# H
3aTPauMBacMOH B Npolecce KH3HENEATENIBHOCTH 3HEePrHY NIPHBOIMT K H3MeHe-
HHI0 GHOMacch! Beero Buaa (B), xoTopoe, B CBOIO Ouepens, BIMsET HA CKOPOCTh
upupocTa (HanmpHMep, ¢ yMeHbLIGHHEM GHOMACCHI M MCTOLIEHHOCTBIO 0cObei
npupocT napaer). Takoro popa 06o6mieHHA MOXHO OMMCATH CHCTEMOH BHIA

dN/dt=F[g(N, B),R,&] N, dB/dt =G [g(N, B),R,&], 1)
dR/dt=H(N, B, R, @)

¢ TpexXMepHbIM ¢a3oBsM mpocTpanctBoM (N, B, R).

3peck Mbl NpenoiaraeM, YT0 HHTEHCHBHOCTb POCTA IIEpBOTO BHJ2 paBHa
TPON3BEEHHIO Y/IENbHOH CKOpOCTH F Ha uMcrieHHOCTh N. BenwumHa ynensHo#
CKOpOCTH Iipupocra F oGyciioBiieHa CTeHeHbi0 “IHepreTHuecKod cGanaHcHpo-
BAaHHOCTH” OcoGeil, xaparepusyemoil ¢ynkmueit g (N, B), uepe3 Kotopyro
BPOHCXONUT M perynsAuMs W3meHennd GHomacchl. Hanmpumep, Tako#i xapakre-
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PHMCTHKOH JHepreTHYecKOH CGAaNaHCHPOBAHHOCTH MOXeT CIyXWTb CpemHAs
Guomacca ocobu P = B/N: npu peduuMTe NOJNYyyaeMoOi 3HEPIHM OHA yMeHb-
IIaeTCA, NPHBOJIA B KOHIE KOHUOB K Ma[eHHIO YJIETbHOH CKOPOCTH NPUPOCTA.
OueBupHO, ecnu B coobllecTBe HET MepBOrO BUAA, TO, MPeNONaras OTCyTCTBHE
MpHTOKA 0CObeH H3BHE, €r0 YMCIEHHOCTh H GHOMacca GymyT OCTaBaThCA Hyle-
BBIMH NpH M0G0OM 3HaveHuH R, oTkyna ciepyer, uro 3G [g(0,0), R, @] /dR= 0.
HluHamuka NIOTHOCTH R NOJaBNiseMOro™ BMAA OnpenenseTcss (yHKIHMe
H, 3aBucameit 01, BOOGILE roBOpsi, BCEIO COCTOAHUA COOBLISCTRA.

CeoiictBa ¢urypupyrounix 8 (1) dynkumii F, G, H 3aBucAT OT napameTpoB
@, KOTOpble BXOJAT B NpaBbie yactu cuctemsl (1). Ciieys Gonee noppoGHOMY
ONHCaHMI0 NEPBOTO BH/A, GyneM HHTEPIpPETHpOBAaTh 3HAUEHMsA NapaMeTpOB
0/ KaK 3HAYEHMs JGI3HEHHO BAXKHBIX NMPH3HAKOB 0coGeil 3TOro Buma. 3anapas
ABHbIA BuA ¢yHkuuit F, G, H, MOXHO HCCIeOBaTh KaueCTBEHHpIe M KOJIH-
YeCTBeHHBIe CBOWCTBa muHamuku (1) B 3aBHcuMocTH ot & [7]. OpHako B jau-
HOil paGoTe Hac GypeT MHTEpecoBaTh He XapakTep pemreHuit (1), a 3BONIOLMOH-
Hble aCIeKTh HEOTHOPOMHOCTH (IO 3HAYEHHSM NAapaMeTpoB) ocobeil INepBOTO
BHJa, He TpebyolMe ABHOTO 3HAHU IPaBbIX YacTei (1).

Mogens KoHKypeHIHH NOMYJIsiMit ¢ pa3nHIHEIMK NapaMeTpaMH ocobelt

PaccMOTpUM npocrefiimii cTyyaii HeOZHOPOIHOCTH OCOGed NepBOTo BUA —
ero MNOMpa3sfeNieHHOCTH Ha HEeCKpPEIUMBAIOIMecH IIOMYJIALME HOCHTENIEH pas-
JIHYHBIX 3HAYEHHH MPH3HAKOB (BEKTOpa NapameTpoB &). UMCIIEHHOCTD i-i nomy-
UMM 0603HaAYUM uepes N, ee 6uomaccy — yepes B;, COOTBETCTBYIOLIMIA BEKTOD
napaMeTpoB — uepe3 & ;. IlpeAnonoxeue 06 OTCYTCTBMM CKPELIMBAHHA MOXXET
6bITb ONpPaBIAHO raIUTOMIHOCTBIO BHIIA, reorpadMueCKMMH WM 3TOJIOTHYECKHMH
GapbepaMu Mexay HOMynAuMsAMH H Tp. COOTBETCTBYIOLIMMH YpaBHEHHIMH
IMHaMHKH GynyT

dN;/dt = F [g(Ny, By), R, f-'-‘?i]lé’b dBy/dt =G [g(N;, B), R, @)), ¢))
1= 1,n,

=2 = e -
dR/dt=H(N,B,R, &, ...,0,),

roe NuB - BEKTOPbI YHCIEHHOCTEH NONYNIANMA U X GHOMAcC COOTBEICTBEHHO,
¢dyuxmus H coBnmapmaer ¢ H B (1), eciu n = 1. 3pech MbI peyionaraeM, Yro
KOHKYpEHIMsA Mexay TMONyJIAIUsMHE OCYIIECTBIACTCA ONOCPENOBAHHO Yepes
“BbleJaHHe” MONABJIAEMOrO BHOA, 2 MHHAMHMKA GHOMACC M YHCIIEHHOCTEH Toly-
JAMHA NO-Ipe)XHEMY PeryJHpyeIcs XapaKTepHCTHKOH jHepreTHuecKoi c6ajiaH-
CHPOBaHHOCTH HX OcoGeil g. J[iA MOReNM KOHKYDEHLMH CIpaBejIMBO ypaBHe-
Hue (2).

YrBepkpenue 1. A) B paBHOBecHH cHcTeMbl (2) C HeHyJeBOM UHCIIEHHOCTBIO
NepBOTO BHAA “THIHYHA™ CHTYalHs, KOTA 3TOT BUJ NPEACTABIICH JIMIb OJHOM
nonynsue. ) Ecnu cymecTByeT aCHMNTOTHYECKH YCTOHUMBOE HEBBIPOXK/ICH-
HOe paBHOBecHe (2) YyKa3aHHOTO THMa, TO B HEM MaKCHMYM YAENBHOH CKO-
POCTM NpPHpPOCTa NONYJAUMHA AOCTHraeTcA y NOMYNAUMM, NpPEICTABIICHHOH B
JTAHHOM PaBHOBECHH C HEHYJIEBOH UM CIIEHHOCTBIO.

Hoxasatenscreo. A) Ilycts cymectByer paBHOBecHe (2), B KOTOpOM IIpH-
CYTCTBYIOT M < n TONYNsAMA (Djis OHpefieNIeHHOCTH HNepBBIX N0 HyMepaluH).
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B CAJTYy paBHOBECHOCTH UX YHCIIEHHOCTEH B bIMOJIHAIOTCSA PaBEHCTBA
A A A - —
F[g(Nl !Bl)7R’ a l] =.. =F[g(Nm, Bm)’R, am] = 0’ (3)

cumBONl ” /\ ” OTHOCHTCA K DAaBHOBECHBIM 3HaueHHsM., PaccMOTpuM ypaBHe-
HHWe paBHOBecHA 1o 6uomacce

Glg(N, B),R,&] =0. (4)

3peck MbI chenaeM ecTecTBeHHOe ¢ GHONIOTHYeCKOH TOYKH 3peHHsi JOMyIUEeHHe
O CYLIECTBOBAHHH 33aBUCAILETO OT R U & paBHOBECHOTO 3HAYEHHA XapaKTepHUCTH-
KH JHepreTHyecKoH cOallaHCMpOBAHHOCTH g. POPMaTIbHO 3TOMY COOTBETCIBYET
TpeGoBanue O0F/0g # O (crmyuyait 0F/dg = O Herpy6bii), OTKyJa IO TEOpPEMe O
HessBHOM (YHKIMH (4) paspelllMMO OTHOCHTENBHO g KaK ¢yHKuUMM R u

def
@:g=g(R @). Mopcrasnas £ B (3) Bumum, uro F 3apucuT muis ot & (F

OMIHO M TO >Xe NI BCeX 3HaYeHHAX Ol;) U PaBHO HyJIo HpH & = &;,i = 1,m. Mepa
MHOXECTBA 3HaueHWH O, Ha KOTOpPOM (yHKIMsA F NpPHHHMAeT OHO H TO XKe
(uyneBoe) 3HaueHWe, paBHa Hymio. IlostoMy, mpeHeGperas BO3MOXHOCTBHIO
NONMafaHusA B TAaKYH0 “HETHIIHYHYI” CHUTYalHI0, KOT[A Bce &; NpHHAIIexaT
JAHHOMY MHOXECTBY, MOXHO CKa3aTb, YTO paBeHCTBa (3) mpu m > 1 He BHINOIN-
HawTca (npu m = 1 paBeHCTBa MOXHO NOCTHYb, HAIpUMEp, 3a cYeT BbIGOpa
R) . 3Hauut, B paBHOBECHH HMeeTCsl JIHILb OJIHA MONMYJIALMA C HEHYJIEBOH YHCIIEH-
HOCTBIO.

3aMeTHM, YTO PaCCMOTPEHHBIH CTyYaH COITNAcyeTcs ¢ HPHHUMIIOM KOHKYPEHT-
HOro MckoueHus I'ayse.

B) Tenepb OorpaHHUMMCH aHaJIM30M HEBBIPOXKIEHHBIX PABHOBECHi, B KOTO-
PBIX YHCTIEHHOCTh TONIBKO OJHOM M3 MOMynAumMi nonoxmresnbHa. [Ipu uccrenoBa-
HHH YCTOMYMBOCTH PaBHOBECHs YOOGHO pacIOJNIONKHTH [IepeMeHHEIE CIEAYIOIHM
06pa3oM: cHayasia HyjeBble YHCIICHHOCTH NONynAuMi N;, 3aTeM HX GHOMacChI
Bi(i = 1, n — 1) n, HakoHen, N, (# 0), B, u R. JlaHHBIM TpeM rpynmnam nepe-
MEHHBIX COOTBETCTBYET pa3OHeHHe MaTpHMbl JIHHeapu3aUMM cucTeMsl (2)
Ha Onoku By, ij = 1,3. BeiuMclleHHs NOKa3bBAlT, 4TO GIOYHAast CTPYKTypa
3TOH MaTpHIIb! HMeeT BHL,

DF) O 0
* DG o} )

* * B33
3nmech D(.) — pmaroHanmbHasi MaTpHuUA C 3IeMEHTAMH BekTopa (.) Ha Omaro-
namt, F, G' — Bektopm ¢ xoopmmmatamu {F; = F[g(0,0), R, @]} u

{0G[g(0,0), R, @;]/dB;} COOTBETCTBEHHO 3Be3]0UKOH OGO3HAYeHbI GIOKH,
3HAYCHHs KOTODhIX He BIIMAIOT HAa COGCTBEHHBIG uucna ’(5), 6ok B33 paBeH
MaTpHlle JiMHeapu3auuu cuctems! (1) B Touke (N, By, R) npu@ = @,. Hanom-
HHUM, yto B (5) Gnok B, ; paseH Hyimo, Tak Kak 3G [g(0,0),R, @] /oR =0, 60
npu mo6eix @, R G[g(0,0), R, @] pasmo Hymo.

OvueBupHo, ynemsHbie ckopoctu F;, i = 1,n — 1 sBnsoTCA COGCTBEHHBIMU
YHCIIAMH MAaTpUUb! JIMHeapH3auuu (5), M OHH OTPHMUATENIBHEI B CHIY aCHMIITO-
THYECKOH YCTOHUMBOCTH PacCMAaTpHBaeMOTO paBHOBecHA. Tak Kak M3 yCIOBHsA
PaBHOBECHOCTH CJIE[lyeT, YTQ yHeNbHasA CKOPOCTh NPHPOCTA IMPUCYTCTBYIOLIEH
nonynsu F gV, B,), R, @,] paBHa Hym0, TO MAKCHMYM YIelbHOH CKO-
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POCTH NPHPOCTA cpeld Bcex NONYNAUMA NMPHXOOMTCA MMeEHHO Ha Hee. Jloka-
3aTeJIbCTBO 3aKOHYEHO.

3ameuwanne. U3 (5) BUOHO, uTO ecniM paBHOBecHe (2) HEBBLIPOXAEHO (H
aCHMNTOTHYECKH YCTOHUMBO), TO TO e CaMOe MOXHO CKa3aTh IIpO COOTBETCTBYIO-
mee paBHOBecue (1), KkoTtopomy oOTBewaer 6nok Bzz; B (5).

Onpenenenne. HasoBem 3HayeHHe BEKTOpa MapaMeTPOB O * TOKATILHO IBOITIO-
IHOHHO ONTHMAJIbHBIM, €CIIH MONYJIAUMA HOCHTENIeH 3THX NapamMeTpoB ’BbIMI-
pbiBaeT” INpH KOHKYDEHLUHMH C BHEADAIOIMMACH HOCHTENIAMH NIOOBIX [IPYTHX
NapaMeTpoB M3 HEKOTOPOH OKpecTHOCTH G* (POpMAaJIBHO 3TO0 TpeGOoBaHHe O3Ha-
YaeT CYLIeCTBOBAaHHE HEBBIPOXKACHHCTO DaBHOBECHA, B KOTOPOM IIPHUCYTCTBYET
NULIb NOMYJIAUMA HOCHTeNeH G*, M €ro acHMITOTHYECKYI YCTOMYHBOCTH K
BO3MYIIEHHAM HOCHTENAMHM JIIOGbIX APYrHX (HOCTaTOYHO GIM3KHX K &* B [IO-
NYCTHMO#H OGITaCTH H3MEHEHWH ) [TapaMeTpOB.

3ameuwanue. [laHHOe omnpeperieHHe GIM3KO K OIpeNeNieHHI0 3BOJIIOIIMOHHO
ycroiumBoi crpaterud [16] ¥ HeCKOJIbKO OTINY2ETCA OT YCJIOBHS IBONIONHOH-
HO# ONITHMAJIBHOCTH, aHHoTO B [12].

OTMeTHM, UTO.IpH & = * BO3MOXHBI MHOXECTBEHHBIE PaBHOBECHA U yCIO-
BHA JIOKAJIbHOA ONTHMAIBHOCTH He 00f3aTeNIbHO BBINOJIHEHDI Beiogy . [loaromy
fanee NpemIonaraeICcs, Yro BoIGOp “HyXHOT0’> paBHOBECUSA CHIENaH .

Ytepxnenne 2. Ecimm @* — JIOKAIPHO IBONIOUMOHHO ONTHMAJILHOE 3Have-
Hie NapameTpoB, TO CYIIECTBYET TaKas OKPECTHOCTH U touku o* B o6nactu
JOIly CTUMBIX 3HAYEHMH @, YTO

. A A A

_E;EaxUF [£ (R*,@),R*,a] =F [§(R*,a*),R*,a*] =0, (6)
T. €. lIpH a=a y ¢byHKumu yaensHoro npupocra F B (6) mOCTHraeTcs JIOKalb-
HBI MAKCHMYM IO @. 3mech £(R,®) HesBHO onpenensaerca ypaBHEHHEM paB-
HOBECHA MO 6uomacce (4), a R* — paBHoBecHoe 3HauenHe R B cucreme (1)
npH &= a*.

Hoxasarenserso. [lo olpeeIeHNIo JBOJIIOIIMOHHON ONTHMAIBHOCTH PaBHO-
BecHe CHCTeMbl (2) c?!’,, =a* ¥ n =2 HEBLIPOXAEHO H ACHMIITOTHYECKH YCTOHUM-
Bo. IloaroMy cornacHo yrBepxzaeHHIo 1

Fle@, BR8] <Fle(As, B2), R, &3], 9
Gle(N;, B), R, @1 =0,i=1,2,
A

A
roe, oueBMIHO, R — paBHOBecHOe 3HaueHue R B (1) npu3=&’,. B (7) moxaio
BhIpa3uTs g W3 (4) xak £(R, @), kaK npu noKka3aTeNnscTBe yTBepXNACHHS 1, MOM-
craBuTh £ B F, nonyuus B urore

FIER,E)),R,2,]1 <F[§R &,),R,2,].

HoCKOMBKY &; MOXHO BHIGPaTh NIPOU3BOJILHO (B HEKOTOPOH OKPECTHOCTH )
SOTJIACHO _ OnpefeneHuIo JIOKATBHOH 3BOJIIOIMOHHOR OINTHMAJIBHOCTH, TO INpH
a=a, (=a*) pocruraeTcs NOKIbHBIA MaKcHMyM F, 1. e. Bumomuserca (6).
Joxa3aTe/lbCTBO 3aKOHYEHO.

Cnencreue. Ilons3ysck pe3ynbTaToM YTBEPXKACHHS 2, MOXHO NpEIOXKHTH
JITOPHTM TOKCKA “NIONO3PHTENILHBIX" HA JIOKAJIBHO 3BOJIIOLHOHHYIO ONTHMAJIb-
HOCTb [1apaMeTpoB.
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1. PaccMOTpHM KaKoe-THGO HeBBLIPOXIEHHOe paBHOBecue cHcTemsl (1) npu
HEKOTOPOM a. Io TeOpeMe O HeABHBIX (YHKUHAX U3 YPaBHEHWH, KOTQpPHIM
OHO YIOBJIETBOpAET, HAaXOAMM PaBHOBeCHOe 3HaueHMe R Kak QyHKuUHUIO @).

2. U3 ypaBueHust (4) Haxomum §(R,—a’) M, MOOCTaBIIsAA 2 B F, nonyuaem
dynxmmo F[Z (R,@),R,d].

3. Cornacso (6) y 3T0# GYHKHMH B TOUKe & = &* JOCTHTAETCA (npu puKcH-
poBaHHOM R =R (@) ) noxansHeii MakcumyM. Heo6xomampiM ycnioBiem (BHYT-
peHHero) 3kcTpeMyma F SBIAeTCHA PaBEHCTBO HyJi0 BEKTOpa Mpou3BOIHBIX Dy
¢$yuKy F no KoopaMHaTaM a

D.F[ZR,®),R, 0] |r=8@)=0.

Tlpu 310M HOCTaTOUHBIM YCIOBHEM JIOKABHOTO MAaKCHMMyMa GydeT OTpHua-
TeNbHAA OMNpENe/IEHHOCTh MATPHIBI BTOPBIX NpPOM3BOAHBIX DAF £ R,9),
R,?r)]l R =R (d). YcnoBHsA Ha MPOH3BOHBIE OBECTICUHBAIOT JIOK AIBHBIH MaKCH-
myMm F, a Bei6op R =§(&’) rapaHTHpyeT PaBEeHCTBO 3TOr0 MaKCHMyMa HyIo,
T. €. BbINOJHeHue (6) .

Ecnmu “’nopo3purenbHan’ TOYKAa HaXOMTCA HA IpaHMue 06/acTH JOMYCTHMBIX
FJavenHii o, TO NpuBeficHHbIe Bblllle TPeOGOBaHMA OTHOCATCA K “BHYTPEHHMM”
KOOPAMHATaM @, 4 U1 [PaHHYHBIX IPOH3BOHEIE N0 HANPABIIEHHAM KOOPIMHAT-
HbIX OCEH BHyTpb 06J1aCTH JODKHEBI GbITh OTPULIATEIIBHEI.

3aMeTHM, YTO O CHMX IIOp MbI B CYIIHOCTH He IOJIb30BAaJIHCh TEM YCJIOBHEM,
YT0 BHABI PACCMATPHBAEMOTO COOGLIECTB2 B3aHMOAEHCTBYIOT MO THOY MH-
Hyc—mmoc. [ [ByMepHOH MOMENH 3TO O3HauaeT, Yro yHeNbHasd CKOPOCTh
Apupocra F yBelnuuMBaeTcs ¢ pocToM R, 1. e. F/0R > 0. JIeymMepHy10 MOZENb
MOXHO, B YaCTHOCTH, PaCCMATPHBATH KAaK PeAYKIHIO TpeXMEPHOi (_1) B pe3yib-
TaTe OBICTPOH CTAaGHIM3aIMM “’IHEPreTHUCCKOH COGanaHCHpPOBAHHOCTH™ 0OcoGei
[7], xorna F =F[g(R,2),R,&]. 3uaunt pasymHoe 0oGOGlueHHE [ABYMEPHOI
MOJIEJIH MHHYC—IUTIOC B3aHMOJICHCTBHA Ha TpexmepHywo THna (1) osHauaer,
wo oF [ (R,a), R, @] /aR > 0.

YrBepxnenne 3. ECTi &* — JIOK&IBHO 3BOJIOLHOHHO ONTHMANBHOE 3HAYCHHE
napamertpos u IF [§(R, Z), R, al {OR >0, re £ HeABHO OmpefieNifAeTCA U3 ypaB-
Hewus (4), T0 ¢yHKims R (&) paBHOBeCHBIX 3HaueHMit R B 3aBHCHMOCTH OT
N2paMeTPOB HMeEET B TOUKe &* TOKANBHBIA MUHHMYM. .

Tloxasatensctso, Coracio yreepxenuio 2 hynxuua F[§(R*% d ), R* & ]DEF
F (k*,&') [OCTHraeT MpH @ = &* JIOKAIBHOTO MaKCKMyMa Mo &, paBHOTO HyJTIO.
OrpanMuMMca CllyyaeM CTPYKTYPHO YCTOWUMBOTO (HeBBIPOXOEHHOrO) MaKCH-
myma. B cuny seBrrpoxaennoctu (1) npu @ = &* no TeopeMe, 0 HeABHBIX zynx-
UHAX B OKPECTHOCTH &* CYILeCTBYIOT PABHOBECHbIE 3HAYCHHA Y @, 3@, R@).
Moncrasnsa R (@) B F(R, @)= 0y mbdeperuupys no xoopauxaram d, nony-
qaeM

[@F R, 2)/dR)DR @) + D, F (R, B)] l =0.

R=R@")
Orciofia 15 BeKTOPOB NPOH3BOIHBIX Dy N0 KOOpIMHATAM & HMeeM
DR @)=~ [3F (R, 3/ R] "' DeF (R, B) lp- 23 - @®)

Taxum 06paszom, nepBbie NPOH3BOAHbIE RuF no KOOpIHMHATaM & OT/IHYAIOTCA
OTpHIATENBHLIM MHOXMTeNeM —aF/oR B wactHoctd, npu @=%*  npousson-
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Hete R 06pawmiaTcA B HYNb OTHOBPEeMEHHO C NpoM3BOAHBIMU F. B 3T0#l cHTya-
UMM W1 MATPHL BTOPBIX MPOU3BOIHBIX [ MMeeM

D*R @)1 340 =~ 13F R /ORI "' DL F R, D) p_pay 2-2- ©)

3HaUMT OTPHIATENBHOH OINpeHeNieHHOCTH MaTpuuibl D2 F COOTBETCIBYeT MOIO-
XKHUTENbHAs ONpeeNeHHOCTs MaTpuibl DR cOornacHo pHaKy COMHOXHTENs
—0F/dR B 1%9). Mockonmexy npu @ = @* (yTBepkaeHHe 2) y F nokanbHsIit MaK-
CUMYM, y 3fiech GYAeT JOKATBHBIA MHHUMYM (1O “BHYTPEHHHM’ KOODIH-
Hatam @ BekTOp DR paBeH Hymo, a MaTpuua D? R NONOXMTENBHO OMNpe/eNeHa;
1 TPAHHYHBIX KOOPHMHAT [IPOM3BOJIHbIE N0 HAIPABJIEHHAM OCeH, He BLIBOJ-
HMM M3 0GNacTH HOMYCTHMBIX 3HAueHMH @, TMOJIOKMTENbHBI). JlOKA3aTeNbCTBO
3aKOHYEHO.

Crencreue. U3 (8)—(9) u yTBepiieHMs 2 BBITEKAET, YTO TOYKH, ’OAO3PH-
TeJIbHbIE” HA JIOKAIBHO 3BOJIIOLMOHHYI0 ONTHMAIBHOCTh MOXHO HCKATh Cpey
TOYEK MMHHMyMa paBHOBECHOTO 3HAUEHHsA pecypca Kak (HYHKIMU I1apaMeTpoB.

BrIGOp KOHKpETHBIX ypaBHEHMH JTHHAMHKH.
WiunocTpaTMBHBIE IPHUMEPBI

BrisiBieHHEIe 3KCTpeMasibHble CBOHCTBA YCTOWUMBBIX PaBHOBeCHH GNHM3KH
K COOTBETCTBYIOWIMM Pe3yJIbTaTaM IO NPHHUHIIAM 3BOJIIOLIMOHHOA ONTHMH3alUHH
B HMCCIIeSOBAHMH MHOTOBMIOBBIX coobectB [9, 15], B TOM umcie W NpH yueTe
reHeTHYeckoH CTpYKTypsl [14]. OHM MOryT GHITh IOJIE3HBI M B TPHKIIA[IHOM
IIaHe /I NPOTHO3HPOBAHMA peaKuMil cooOllecTBa Ha AHTPONOTeHHbIe BO3/IEH-
CTBHSA, [UIA NPEACKa3aHus pe3YJbTaTOB KOHKYpEHUMH, Oj1f ONpefesieHHs 3BO-
JIIOHHOHHO ONITUMANBHBIX 3HAUEHHH MPU3HAKOB BH/IOB, BHIABJICHUA BO3MOXHBIX
YCTOHUMBBIX PABHOBECHBIX COCTOSHHH M T.A.

B Hacrosmem paspenie Mbl NONBITaEMCA KOHKpeTH3HpOBarh mopenb (1)
MyTeM BbIOOpa GHONOTMYECKH ONpPaBIAHHBLIX (YHKUMOHANBHBIX 3aBUCHMOCTEH,
COOTBETCTBYIOIMX MNPaBbIM YaCTAM 33AOUMX Mofens JHddepeHUHnATBHBIX
ypaBHeHuii. Mb1 He GymeM craparbcsi HOCTHYb “TIOPTPETHOrO” CXOACTBA A
KaKOro-IHG0 KOHKPETHOro oGbekTa (B TaKOM Cilyyae JIyvllle HCMOJIb30BaTh
HMHTaLHOHHBpIE MOJeNH), HO OymeT AOOMBaThCA MAKCHMAJIBHOIO YNpPOLUEHUs
MOJIeJIH, BKJII0Yas JIMILIb OCHOBHbIE 3aKOHOMEPHOCTH, BbipaXkeHHbIe B HauGolee
npocrom Bufe. Ha 3ToM myTH ciienyeT OCTaHOBHUTBCA y Tpefena, 3a KOTOPHIM
TEPAITCA “TIOJIYKOTMUECTBEHHbIE” H KaueCTBeHHbIe CBOMCTBA pealbHbIX GHOTIO-
THYeCKHX coobuecTs.

HauHeM c BbIGOpa XapaKTepHCTHKH 3HepreTHuecKOl c6anaHCHpOBaHHOCTH
ocoGeit g(V, B). B xauecTBe Tako# XapaKTepHCTHKH BO3bMeM CpefHIol0 GHO-
Maccy (manee Gymem HaspiBaTbh ee BecoM) ocoGu P=B/Nu choemaem 3aMeHy
HepeMEeHHBIX, lepelasa K ¢a3oBoMy NpocTpaHcTBY (N, P, R). Jra 3ameHa He on-
penieneHa mpu N, pasHoM Hymo. HamomuuM, opmHako, Yto MpoBepKa yCIOBMi
JIOKJIBHOM 3BOJIOMOHHON ONTHMAIILHOCTH Npou3BoauTCA npu N #* 0, yTO Nnos3-
BOJIAET POBOIHTh KOJIMUECTBEHHbI aHATH3 KOHKPETHBIX MOJIeNled B TepMHHAX
Beca. B 10 ke BpeMs moJyueHHbIe Bhlllle KaueCTBEHHbIE BHIBOMbI (CKaxeM, O
pe3yNbTarax KOHKYpeHIHH) He NpefioJiaraloT OrpaHHyeHui Ha WMCIeHHOCTH, U
HX MOXHO HMCHNOJNIb30BaTh NPH WHTEPIpeTaUMH Hal[eHHBIX BOOLMOHHO ONTH-
MaJIbHBIX NIapaMeTPOB.
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Temepb nepeiineM K YpaBHeHHI0 NMHAMMKH UMCIEHHOCTH IIePBOTO BHAA.
HHTeHCHBHOCTB €T0 pOCTa ONpefeNAeTcs IIONOBHTOCTBI0 M CMEPTHOCTBIO OCO-
Geit, Ms1 mpepmonaraem, 9TO YHeNbHas CKOPOCTb NPHPOCTa paBHAa Pas3HOCTH
IUTONOBHUTOCTH f ¥ cMepTHOCTH d. IlocnmenHaAs 3aBMCHT OT Beca, H MbI IpEMEM
cleAywomyo npocryo ¢opMy 3toii 3apucuMoctu: d = (D/P)®. C ysenuyeHuem
Beca CMepTHOCTH NaJIaeT, a8 ¢ pOCTOM HCTOLUEHHOCTH — BO3pactaer. [Tockonbky
MOJe/Tb OPHEHTHPOBAHA HA AaHAJIH3 INPHUPOOHLIX NONYJIANMA, >XMBYLIMX, KAaK
NpaBWIO, B YCIOBHAX HeHIMTA IHIM, BO3MOXHOCTI0 OTPHLATENIBHOTO BIIHSA-
Hus u36bITOUHOrO Beca npeHeOperaeM. Takum o6pa3om, Gonbluas YUCIEHHOCTD
N u/unu pepuuuT pecypca R OKa3LIBalT perynupyiolee AeiCTBHE H3 yIENbHYIO
CKOpOCTb MpPHPOCTA Yepe3 CpeliHHUit Bec 0coGei, OTpaXkaroluil cTeneHs UX 3HEp-
reTHYeCKOM cOaaHCUpOBaHHOCTH,

JHepreTHuecKHil GamaHC CKa3pIBaeTCA Ha Bece uUepe3 Cle/yIoliHe OCHOBHbIE
TMOTOKH JHEPruM: MOCTYIUIEHHE 3HEpTHH C MOTpeGisAeMbIM pecypcoM R, TpaThl
DHEPrUM HA MOIEPKAHHE HOPMAJIBHOYO (YHKIMOHHPOBAHUA OPraHM3Ma, JHep-
ro3aTparsl Ha BOCIPOHM3BOJCTBO MOTOMCTBA. CrieflaeM pAf YNPOILIAIOIMX AOMY-
meHuit. [0nOXHM, YTO HHTEHCHBHOCTh YBEJIMYEHHs Beca U3-3a TOTpEG/ICHHSA
pecypca paBHa cV(R) —q, roe xo3dduumeHT ¢ OTpaxaeT KalOPHAHOCTH H
CTeTleHb YCBOEHHMA pecypea, V' (R) — xoiuuecTBO pecypca, 06bIBaeMOe 0coBb1o
B eMHMIy BpeMeHH (TpodHueckas QYHKLMA); g OTpaxaeT 3aTpaThl Ha IOGHI-
Banue pecypca. [lotepu Beca B pe3ynbTaTe 9He preTHYECKUX TPAT HA HOpPMAJIBHOE
(GyHKUHOHMpPOBaHHME OPTraHH3Ma ONpENeNATCA WieHoM 40P Y, a B pesynsrate
BOCIPOH3BOZCTBA C IVIOAOBUTOCTHIO [ — wieHOM @ f.

HIy¥HamMuKa pecypca OMNpepieNifieTCA €ro ecreCTBEHHIM NpupoctoM Q H
yOBUIBIO 32 CYET YHHUTOXKeHHSA NMOTpeGHTeneM ¢ Tpoduueckor dpyHkumeii V (R).
Omoii u3 npocreiinmx GopM Tpodmrueckoil GYHKIMN ¢ HACHILEHHEM ABJIAETCA
bynxuus Bupa aR /(b + R), KoTopoit MeI H 6y[ieM TONIb30BATLCA ANIee.

B pesynerate monyyaeM cCHCTeMy YpaBHEHMH, OMHCHIBAIOWIMX OUHAMHKY
OBYXBMAOBOTO COOOIIECTBA C YYETOM 3HEPreTHKH XKU3HEJEATENLHOCTH [7]

dN/dt=[f-dP)IN, dP/dt=cV(R)—q — acP —a; f. (10)
dR/dt=Q - VR)N,

roe d(P) = (D/P)®, V(R)=aR/(b +R).

CsoiicTBa 310# MOe/M GbUIM M3YyUYeHbl Hamu B [7], Mpedmionaras AUHAMHUKY
Beca ObIcTpoit u ucnonb3ys TeopeMy TuxoHoBa. B HacTosieM cOOGUIEHHH MBI
XOTHM II0Ka3aTh, YTO Jaxce yNpouleHHas mofens (10) mo3ponsieT fenaTh HEKO-
TOpble KOJIMUECTBEHHBIE OLICHKH PaBHOBECHOrO COCTOSHHSA COOGLUECTBA, COOT-
BETCTBYIOLLIETO 3BOJIIOUMOHHO OTITAMAJIBHBIM [1apaMeTpaM.

Ilns wutocTpauMu 3TOro NMOAXOMIA MBI HCHOJIb30BAIH JAHHAIE 110 TIPHPOIHEIM
TONYJIAMAM JIOCEH H KaBGaHOB. B xauecTBe aHANIH3MpPYeMOro NapaMerpa MbI BbI-
6pasi IWIOMOBUTOCTb. PacueTs! ONTHMATBHO#M TUIOIOBHTOCTH ¥ CPEJHErO PaBHO-
BECHOTO Beca B3pOC/bIX 0CO0el I MOMyJIAIMH JoceH GBEUIM CHeTaHbI Ha OCHO-
BaHAH M3YYEHHHA JIMTEPATYpPHBIX JAHHBIX NO KATOPHAHOCTH TeNla B3pOCIbIX
ocoGeit [3], ux ¢usmonormyeckum xapakrepucrukam [10], xanopuitHOCTH pa-
uuoHa noce [2,11]. IlonHble maHHble M COOTBETCTBYIOLIME pacyeThl IyGiH-
KYIOTCA OT[eNIbHO. 3/1eCh MBI JIHIIb MPUBEAEM OKOHYATENbHbIE pe3y/IbTaThl. Be-
JIMYKMHA 3BOJIIOMOHHO ONITHMANIBHOH IUTOJOBHTOCTH CAMKH JIOCA 0Ka3ajlach paB-
Hoit 0,48 meTeHBIA B TOf, TOrda KaK CPedHAA IUIOJOBMTOCTh CAMKH JIOCHA B
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IPHPONHOA momy/AuMM, MO gaHHeM [13], cocrasisor B cpemiem 0,78 mete-
HpIua B rofi. BenuwuuHa cpefHero Beca N0cs HaiifieHHAs Ha OCHOBAHUM HAILIETO
MOIXOJA MPH 3BOJIIOLMOHHO ONTHMAILHOM 3HaYeHMH IUIOIOBHTOCTH, OKA43aJ1ach
B paBHOBeCHH paBHO# 349 kr. CpenHee HOpManbHOe 3HAaUeHME Beca Tella CAMKH
nocsi, 1m0 pgaHHeM [4], coctaBnser oxono 380 kr. Takum o6pasom, rpy6oe
COOTBETCTBHE MEXY AHATHTHYECKHMMH M IKCIIEPHMEHTAUTBHBIMH pe3yJbTaTaMU
HaJMLo.

Kpome 3toro, me1 npunaranu mopens (10) K aHanu3y OaHHBIX 1O TIPHPOJ-
HBIM NONYNAUMAM KabaHOB. [laHHBLIM IO KaJOpHIHOCTH Tella B3pOCIIbIX OCOBei
Gpayucy u3 [1], dusnonornueckne xapakTepucruku u3 [10], maHHbIe O paumo-
Hy M O KaJopuAHOCTH u3 [6, 11]. HaiipenHoe aHaMTHYeCKH 3HAaYeHHWe OIITH-
MAJIBHOU TUIOJOBHTOCTH CAMKH KaGaHa 0Ka3asioch paBHbIM 5,1 [IeTeHBINA B rof,
TOrga kak HaGnmiogeHWe Haj TPHPOMHBIMH TIOMYJIAUMAMM A3IOT 3HaueHHe 6,2
perenpmua B yop [5]. CooTBeTcTBYIOIME 3HAYEHUsA Wik Beca Tella B paBHOBEC-
HOM COCTOAHHM OKa3amuch paBHbIMH 72 1 80—90 kr [5].

ITH B OCHOBHOM WILTIOCTPAaTHBHbIE MPUMEPDI TOKA3bIBAIOT MEPCIIEKTHBHOCTD
Pa3BHBAaEMOro B HACTOSILEM COODLIEHHH HaNpaBJieHUs [yIA aHATTH3a TPHPOIHBIX
€oo6uecTB. MHOTHM, BepOATHO, Cpa3y BU/HBI ITYTH MOIMHKALMK YTIPOLIEHHON
mopenn (10) misa Gonlee BepHOro OMMCaHMs KOHKpETHbIX cooBmects. Takoro
pona MomuHUKaUMH MO3BOJIAT AOCTHYL BOJiee TOYHOIO COOTBETCTBUA MEXIY
AHATHTHYCCKUMH pe3yJIbTaTAMH H HATYpHBIMHM HaOlromeHHAMH. B 1O e Bpems
BBIBO/IB! 06 3K CTpeMasIbHBIX CBOHCTBAaX B GHOCACTEMAX pacCMaTPHBAaeMOTO THITA
HMeroT o6 XapaKTep.
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YIOK 577.3+575.3

HH(bOpMallHOHHaﬂ MoOAaeJib aaanTailuH
B.M. Kowsxun, 10.P. 3a6poockuil

XapbKOBCKHH NOTHTeXHHYECKHH HHCTHTYT

MuorouncrieHHble paGOThI 1O HCCIICIOBAHMI0 KHHETUKH OOYYEHHA TMOKa3bl-
BAOT HIEHTHYHOCTh XapaKTepa 3aBUCHMOCTH HC/Ia HEeY[AYHBIX HOMBITOK OT HO-
Mepa ycriexa B DEIICHHH 3aJa4d METOZIOM NpoG n oumboK it CaMbIX Pa3sHbIX
o6yuatomuxcs xuBbix cucrem. Hanpumep, B paBorax A.Il. Kpanusnoro [1]
NTHUAM NpeSbABIATACH CleyIoas 3a/;a4a. B cTeKIAHHOM NPOGHpKe MOMELIEHO
3epHO, K NOCIeIHEMY TPHKpeIUIeHa HHTKA, BBIXOJAWIAA 32 TIpeielibl PO GUPKH.
CTpemsch HOCTaTh 3epHO, NTHIA KIII0ET MPOGHPKY M MOCTIe OTPeNie/IeHHOTO KO-
RHYECTBA HeyJAuHbIX TMOMBITOK MOJIYYHTh 3E€PHBILIIKO TeM WIKH HHbIM 0Gpa3oM
BBIIEprUBaeT 3¢PHO 32 HHTKY. TyT e HTHIE NPeabABIIACTCA TaKas Xe Ipo6up-
xa ¢ 3epHOM. IloficuMTbIBaeTCA UMCIIO HEYIAYHBIX NONBITOK 1 ¥ CTPOMTCS 3aBH-
eumocts n(k), roe kK — Homep NpembaBneHns (Homep ycriexa). Ha puc. 1 npn-
BeJleH XapaKTepHBIH BHJI TAKOH 3K Clie PHMEHTAJIBHOM 3aBHCHMOCTH.

B paHHOM COOOIIEHHH CHeNIaHa MOMBITKA TeOPeTHIECKOro OMMCAHHA Mpoliec-
ca obyueHus, IPe/ICTABIIAIOMETO COGO0I0 3KOJIOrHYECKHH NpHMEp ajalTalyH
oByuaioineiica cucreMsl (0COGH, HHAMBHAYYMa) K HOBOMY CIEpPEOTHIIy NOBe-
HEHHA.

IIpn oOyueHum OTKpbITas cHCTeMa NpHOGpeTaeT HEKOTOpOe KOJNHYECTBO
uHOpMauMH, YTo, BOOOIIe rOBOps, OMpenelisiecT BO3MOXHOCTD pacCMOTpEHHA
npoiecca B paMKax TepMOAMHaMukHu [2]. Byaem nonarats, uTo Kaas IONBIT-
Ka pellleHMs COIPOBOXIAETCA HEKHM TeIIOBHIM 3(dexToM (CBA3AHHBIM, Ha-
NpUMep, ¢ OCyuleCTBJIEHHEM OJHOTO yHapa KiBOM mo npobupke). Torpa
MOXHO YTBEP)XKAaTh, YTO NPHPAILIEHHE SHTPONTHH B K-M K CIIepHMEHTe

AS (k) ~n(k). 1)

EcTecTBEHHO mOJIaraTh, YTO KONMYECTBO MHGOpMAImH, MpHOGpeTeHHOH M 3a-
¢uxcupoBanHO# cucTeMOH B K-M TNpembABIEHHH, NMPONOPLUOHATILHO YMeEHb-
IEHHIO YHCIIa HeYyJAYHBIX HOMBITOK, TAK YTO

AJ'~n(k) - n(k + 1)~ —dn/dk. ¢

B cooTBeTcTBHM C HepaBeHCTBOM Bpunmiosna AS > AJ' suTponmitnas 1wiata
AS 3a npuoGpereHHe HeXOTOpPOro KonuuecTsa unpopmauun AJ' mpessmuaeT
HocieHIon, B 3ToM ¢MBICiIe MOXHO BBeCTH “’KO3Q(PHIMEHT NOJIE3HOTO JIeHCT-
BHA” 0 HHGOPMALMOHHOH CHCTEMBI, BHIPAXALIMA OTHOIICHHE CO3[AaBaeMOil B
eucTeMe HHOOPMAIHH K TEIUTORBIM 3aTPaTaM, KOTOpbIe CBA3AHEI C AKTOM TOJY-
seHMs HHpOpMalmK U ee 3amucH. OTMeTuM Bente 32 XapkeBudeM [3], uro anoc-
FEpPUOPHOE oNpeneneHue (2) KOJNHUECTBA MPHOGpeTeHHOH HHGPOPMALKH HHICCH-
PyeT MMEHHO H TOJIbKO LEHHYIO [jIfi CHCTeMBbI HHpopMmaumio. B npouecce perue-
HASA 33/12W (afANTAMH) WACTH CO3PAHHON HHGDOPMALMH AJ", conposoxpaio-
1aACA MPOU3BOACTBOM 3HTPONHH, TepAeTcd, HampHMep, 338 CUeT TEIIOBRIX LIy-
MOB B CHCT€Me, TIDHHITMITHANIBHO HeYCTPaHMMBIX TIPH TeMilepaType, OTIHYHOH
or OK (cm., Hanpumep [4]). Yura x.aLA. ¥ yKasaHHble OTepH HHGOPMAUKH,

141



Jog

200 -

70

/ J 5 7 g «x

Puc, 1. DxcnepuMeHTaIbHAsA 3aBUCHMOCTE 7 (K) Ui ABYX BHIOB ITuil { 1]
1 — 4wKu; 2 — BOJHUCTBIE NMOMNYTaK

Hepaneﬂcmo BPPUUHOE)HZ! MOXET OBITH 3aTIMCAHO B BHIE ypaBHeHHiI
AJ' +AJ" =as, 3)

rae AJ” — xonuuecTBO HHGOPMALKK, CO3NAHHOMN, HO He 3a(HKCHPOBAHHON CHC-
TEMOH H3-32 TEIUIOBbIX LTyMOB B Heil.

s Toro yroGel ¢ momoubio (3) MPOAHATTH3UPOBATH KUHETHKY OOGYyueHHd,
HeO0GXOOMMO KOHKPETH3MpPOBaTbh CHCTEMY, clellaB ONpefesieHHble IpemTIonoxKe-
HUA O XapaKTepe mpouecca. KaxeTcd ecTeCTBEHHBIM Ipe[IIONIONHTh, UTO HH-
¢dopMauus B cHcTeMe NMPOU3BOOUTCA IPU CONOCTABIIEHHH PE3YNIBTATOB MOMBITOK
C XKellaeMBbIM pe3yNbTaTOM M ApYT ¢ ApyroM. Torma monHoe KONUYeCTBO HH-
¢dopmaumH, co3paoileecss B CHCTEMe, OTIpene/iseTCss BCEMH. TAKMMHU COTIOCTaBJle-
HUAMHU

M)~ T fin' (o) @

EcrtecTBeHHO monarath, HAKOHell, YTO C POCTOM i BKJIa[i COOTBETCTBYIOILHKX
WIEHOB YGbIBaeT M IpH HEKOTOpoM i =7 + 1 CTAHOBHTCA COM3MEPHMBIM C LIY-
maMu B cHcreme. Toraa

NN B; n'(k), (%)
1

i=y+

rme AJ"— co3maBaeMas, HO TPHHIMIMATBHO HEMUCIONb3yeMas MHGPOPMALHUA.
IMycrs rnaBHeii Biiag B (5) BHocut wien fn”*!. Torna, nopcraenaa (1),
(2), (5) B (3), monyuaem

_ & +Bn"* =an (6)
dk ’

roe @, §, Yy — mapameTpsl, XapaKkTepu3ywiuHe cucTeMy. Tak, 3HaueHue ompepe-
NfAET XapaKTepHOe I JAHHOH CHCTEMBI YHCIIO OJJHOBPEMEHHO COMOCTaBJIAEMBIX
coOprruii. Petienne (6) umeer Bup

n(k) = [a/(C exp(avk) + §)] 117, @)
roe C — npou3BOJIbHAA TQCTOAHHASA, ONpeAe/AIIIAACA O H3BECTHOM MMOJIHOR HH-
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X
Puc. 2. XapaxTepHblif BUJ 3aBHCHMOCTH 7 (k) Oysi ABYX 3HaueHuit v (v, > v,) npu S = const

fopmMaTuBHOCTH 332 S

= [ dnjdk dk=n(0)=(e/(C+B)'1,
0

C=a/SY - 8. )

3ametum, uro npn y =1 (7) coBmapaer ¢ pacupenenenrem ®epmu. Ha puc. 2
IPUBENIEHO CeMEiCTBO KpUBbIX N(K) 1A pa3fIMYHON MephI Y KOPPETHPOBAHHOC-
TH cuctemMsl. flcHo, yT0 ¢ pocTroM Yy nepern6Ha kpuBbix n(k) CTAHOBHTCA BCe
Gonee pe3kuM. OTMETHM, YTO HCTIOJIB30BAHHOE MpUOITMKeHHe (6) TepAeT CMBICT
npu S> (a/f)}/Y. B atom cllyyae cCllefyeT, MO-BUAMMOMY, y4YecTb Gojbiliee
uncio wieHos (5).

Y3 ycnosus d/dk (AJ') =0 onpemenuM HoMep ombiTa Ko, IpM KOTOPOM
CHCTEMA M3BJIEKAeT MAKCHMAJIbHOE KOJIMYECTBO UH(O pManum

d?nfdk* = adn/dk — B(n + 1) n" dn/dk.= 0, ©)
no = fe/BCy + DI/ (10)
Hogncrasnsas (7) B (9), nonyuaem

ko = 1/ary In By/C = 1/ay m(y/(T:g; - 1)) 11

BupHo, uro neperu6 Ha xpuBoi n(k) cywectsyer npu yB>C. Ilpu y8<C,
AJ' pocturaer makcumyma Tipu ko = 0. Onpenennm nHpOpMaLHIo, TIONTYYaEMY 10
CHCTEMOI B K¢ -M OIIbITE

Jo =—dnfdk |, = By(@/B(y + 1)V, a12)

OTtmerHM, YTO HM YMCJIO NONBITOK B “’KPUTHUECKOM’ OMBITE, HU MOJyYaeMas B
HeM HHGOPMAUHA He 32BHCAT OT CJIOXHOCTH 33[1a4M, T.6. HHBAPHAHTHEI IO OT-
HOweHHI0 K Hed. OT cnoxHOCTH 3amauu S 3aBHCHT HOMeEp ’’KPHTHYECKOro”
onsrra ko (11), yBenuunsalommiica ¢ pocrom S. Takum 06pa3om, mia ckopeii-
wiero o6yyeHHs HEOOXOTMMO NpegbABIAT B KaXKHIOM OIBITE 3324y CIIOKHOC-
TH Sg, IpH KOTOPOi Ko =0, uro Bemonuaetcs npu y8 =C (cm. (11)). Orciona,
Hcnons3ys (8), nmonyvaeM OLEHKY MHPOPMALMOHHOM eMKOCTH 3afiauM, HanGo-
nee 3bdex THBHOM AjiA 06yYeHHs

So = (a/B(y + D)1, (13)
143



Torpa B xaxo# MONEITKE B CpeHeM H3BIIEKaeTCs HHGOpMALHsA
i=Jo/ng =ay/(y +1). (14)

OTmeTnM, YTO, BOIEPBBIX, XOTA C POCTOM 7 HpH a, f = const Jo (12) mapaer,
io (14) Bo3pacraer, T.e. YeM GOMbLIMI MOPANOK CONOCTABIIEHHH YiePKUBALTCH
cucreMoii (Yem Gonbime ), TeM GOMbUIAA HHGPOPMALIMA HIBIIEKAETCH IPH OJHOK
NOMBITKE, BO-BTOPHIX, i HE 3aBHCHT OT f, T.e. He 3aBHCHUT OT JIOJIH TepACMOM
HHGOPMAMH, 8 TOJIBKO OT MOPSAMKA Y OCYWECTBIIAIOMMXCA H (HKCHpyeMEIX
B CHCTeMe KOppeALHii.

Taxkum 06pa3oM, mpemioxeHHasas MOIeb, OCHOBAHHAA HA HCHONIb30BAHME
npuHuyna Bpwutiossa u yunThBaowas pasgensHo uHGOpMauMio, MpHOGpeTeH-
HYI0 M TepsaeMyl0 CHCTeMOH B Npoiecce afaNTAIMH, IO3BOJIAET OMMCATh KHHe-
THKY apantauud. [To-supuMomy, napameTpst cucreMsl (@, f,Y) MOIYT paccCMaT-
pUBATBCA KaK YCTOHUMBAS XAaDaKTePHCTHKA BHJA WIH OCOGH IIpH TECTOBRIX
OpeqbABIICHHAX 3IKBUBAJCHTHBIX 3amau. OGpaGoTKa pe3yNbTaTOB ONBITOB
Al KpamusHoro [1] cBMpmeTeNsCTBYeT B MOJIB3Yy TAKOTO YTBEPKHCHHA: KPR-
Bble n1(k) HAEHTHUHBI W1s 0colell OHOrO BHAA, a MapaMeTPhl KPHBLIX WA pas-
HbIX BHOOB OTIHYHBI ApYyT OT Opyra.

Knnernka oGyuenus, onuceiBaemast ¢pyHkuned (7), B paBHO# Mepe OTHOCHT-
cA He TOJIBKO K ’NTHUKaM”, HO H K J1106bIM OpYTHM OGyqaiomuyMCH CHCTEMAM,
pelIAIoUMM 3a/iauy MeToIoM Tpo6 H oumbok. He kaxercs HelOrHUHBIM Hpep-
MOJIOXHUTh, YTO NMOJOGHOH MOMXHA OKAa3aTbCi M KHHeTHKa 0oGyueHus, HalpH-
Mep, CTyfeHTOB. .. IlocTpoeHne nomoGHBIX KHHETHUECKHX KPHBBIX MO3BOJIHT,
BO3MOXHO, MOJIYUHTh COGCTBEHHBIE MAapaMeTphl a,f,7y HHIMBHIYYMa, & yCpen-
HeHHasd KHMHETHKAa MO “NOMYNAMH’ CTYAEHTOB HACT BO3MOXHOCTH ONTHMM3H-
POBaTh CIIOXHOCTb peIIAeMBIX 3ajau 1A HanGonee 3¢¢eKTHBHOTO CO3[aHAA
CTepeOTHTIa MX pelIeHHs.
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CoBpemeHHbie npod.Jiembl 6GHoChepbI

B u3natenscree "Hayka™ roToBATCA K H32HHIO:

I'enbMHHTBI THKHX KOMLITHBIX
Bocrounoii EBpomnsl
201.4p.00 k.

OKOJIOTHA reIBMHHTOB NO3BOHOYHBIX CUOHpH
17n.3p.80 k.

Isisi momyYeHHs KHMT OYTOM
3aKa3b1 IPOCHM HANpPABJIATE MO agpecy:
117192 Mockea, B—192, Muyy puHcKHit npocniekT, 12
mara3dH “Kuura—nouroi”
LenTpansho# KoHTOpE! "AKageMKHHIa"




