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BBEJEHHUE

Bospeitcteue yenoBexa Ha NpHpoAdy HEykioHHO pacrter. M36exars ero ycune-
HUA B O6GO3pUMOM OyHyuieM, MO-BHOAMMOMY, NPHHIMOMANIBHO HEBO3MOXHO,
NO3TOMY HEO6XOAMMO CTPEMMTBCA K TOMY, YTOGbI MHHUMM3MPOBATh BPETHBIE
NOCIIEACTBHA AHTPOMOIrEHHbIX HArpy30K Ha NpUpPOJIHbIe cHCTeMbl. IlepBblit Luar
Ha 3TOM IyTH JOMKEH COCTOATh B TOM, YTOObl HayYHTHCS OLICHUBATb XapaKTep
¥ MacliTa6bl BO3ACHCTBHA U NpeEICKa3blBaTh ero MOCiencTBusa. B 3ToM cocrour
LeJb CO3[IaBaeMOH cefyac B riobanbHoM Maciltabe M B MacuTabe Halllel CTpaHbl
CHCTEMbI IKOJIOrMYECKOTO MOHMTOPHHra [44-46].

OueHka BO3IEACTBHSA M NpeICcKa3aHHe ero MOCIENCTBHA — 3TO 3aJau¥ TECHO
CBA3aHHbIE, HO H CYyLIECTBEHHO pa3nuuHbie. IIpOrHO3MpOBaHMe MOCNENCTBUM
BO3HEHCTBUA — CaMOCTOsITeJIbHasi M OYeHb HEMpOCTas 3afava, JaXe eClTH HaM
C YOOBJIETBOPHTEIPHONH TOYHOCTBIO H3BECTHO ~MTHOBEHHOE™ COCTOSTHME IPHpPOL:
HOM CHCTeMBl M ee JIMHaMMKa 3a HeKOTOpHIA NMPOMEXYTOK BpemeHH. [IpuunH
TOMY MHOrO, BCE OHM K HacTOALIEMY BpeMeHH HeJOCTaTOYHO XOPOLUO H3YYEHb!,
HO C HEKOTOpOH [0Jieil YCIIOBHOCTH MOXHO BbIICTHTb IBE, HauboJlee NMPHHUM-
nuanshele {13, 97].

1. "ByodepHslil” xapaktep peaklUdu HPHPOOHbIX CHCTEM Ha BO3[eHCTBHA.
B oueHb LIMPOKOM KpyTe CUTyaumit OGHAPY>XMBAETCS, UTO CYLIECTBYET YPOBEHb
BO3JEACTBHA, KOTOPbI MOXHO Ha3BaTh IMOPOTOBbIM, WIH KpHTHueCKUM. [Ipu
OTHOCHMTENBHO CNabbIXx KOMOPOTOBBIX BO3MEHCTBHAX CHCTEMa Kak Obl MOIJOHIa-
eT, afcopbupyeT BO3MIEACTBHA U NpETEpIeBaer JIMIID Cilabble, KOMYECTBEHHBIE,
3aYacTyl0 HeJOCTyNHble [Ns HabGmiofarens W3MEHEHWs: JTO CBOMCTBO MpHUpOL-
HbIX JKOJIOTMYECKHX CHCTEM OO NOpbI 0 BPEMEHH NPOTHBOCTOATH BHELIHHM
BO3HEHCTBUAM IIOJIyUWIO HA3BaHWE  IITACTUYHOCTU IKOJIOTHYECKUX CHCTEM
[124]. Tlocme TOro Kak MHTEHCHBHOCTS BHELIHEro BO3MEHCTBHMA IpeBbILIAET
KPHTHYECKMH YDOBEHb, CHCTEMA He BBIAEPXKUBAECT BHELIHETO [IABJICHHS, JIOMaeT-
Ccsl, MIEPEXOIUT B KaueCTBEHHO ‘MHOE, KaK NpaBHIIO, HEXEJIaTeIbHOE COCTOAHHE.

BaxHO# O0COGeHHOCTbI0 TAKOr0 KAYeCTBEHHOrO MepeXxoda MABISIETCH ero
npakTHyeckas HeoOpatumocTs. CHATHE BO3IEHCTBUA HE MPUBO/IMT K BOCCTAHOB-
JICHHIO NMPEXHETO COCTOSIHUA IKOCHCTeMbI. Ero Takxke HeBO3MOXHO HCKYCCTBEH-
HO CHHTe3npOBaTh. OHO MOXET BOCCO3NATHCA JIMIIL B [IPOLECCE IKONIOTHYESCKOH
CYKIECCHH, TpeOYI0IIEH eCATKOB H COTEH JIET.

PasnuuMe MeXJLy KayeCTBEHHBIMH H KOJIMYECTBEHHBIMH, NOCTENEHHBIMH M
CKaYKOOOpa3HbIMH W3MEHEHUSIMHM, pazymeeTcs, YCJIIOBHO — 3T0 B HEPBYI0
o4epeib BONPOC O BpeMEHH, 332 KOTOPOE NMPOMCXOHAT 3TH M3MEHEHUA OTHOCH-
TEJIbHO XapaKTepHbIX BpeMeH cucTeMbl. [lo-BHOMMOMY, IIsi 3KOMOTHYECKHX
CHCTEM CKaYKOOOpa3HbIMH, IKaYeCTBEHHbIMH YMECTHO CUMTaTh H3MEHeHWsd,

3



HPOHUCXOALIME 32 BPeMEHa MOpANKa HECKOJBKHX JIET WIA HEMHOTHX [IeCHATH-
neruid. Takoi maciirab BpeMeHH, C OXHOH CTOPOHbI, HauGosiee aKTyaneH s
IIPOTHO3UPOBAHMA, HO, C OPYroil CTOPOHbI, C IPHBbIYHOH UENIOBEKY TOUKH
3peHUA W3MEHCHHUA, IPOUCXOOSAIME 32 TAKOe BPeMH, IPEACTABIIAITCH IOCTEIEeH-
HbIMH, U B 3TOM 3aKJIIOYAETCA IICHXOJIOTHYECKAR TPYAHOCTP MX BOCIPHATHA
KaK CKauyKooOpa3HbIX.

2. KOMTpUHTYMTHBHBIA XapaKTep peakuMu NPUPOMHbIX CHCTEM HAa BHEIUMMe
BO3AeicTBUA. TepMHH KOHTPUHTYMTHBHOCTD ObIJT BBE[IeH NU3BECTHBIM aMepUKaH-
CKHM CIeUManucToM B obsactu cucremHoro aHanmsa Qoppectepom [85, 114]
NPUMEHHTENIBHO, B YaCTHOCTH, K YIpPaBJIEHHI0 3KOHOMMUYECKHMM, AemMorpadu-
YECKMMH M COUHMAJIbHBIMH IIpOLiecCaMM B GONBILIMX rOpOdaX M o3HayaeT IpOTH-
BOpeyaulyio ’30paBOMY CMbICIY” peakuHi CIIOXHOM CHCTEMbI Ha BHELIHee
Bo3fencTBHE. B nmpupopdHbIx cHcTemMax momo6Hbl XapaKTep peakluMM Ha BHEUI-
HHe BO3IEHCTBUA CKOpee MPABWIIO, YeM MCKIIIOYEHHE: HEYMEPEHHOe MpPHMEHE-
HHe MHCEKTHUMAOB NPHBOOMT CO BPEMEHeM He K IOJABJICHHI0 HaceKOMBIX-
BpeIMTeNiel, a K BOHUKHOBEHHMIO CEPHM BCIbIIIEK MX YMCIEHHOCTH; U CTpebne-
HUE XMIIHHKOB MOXeT BbI3BaTh He yBeJHUCHHE, a MafleHHe YHCIIEHHOCTH ITPOMBbIC-
TIOBbIX XHMBOTHBIX ; U3OBITOYHOE OPOLLICHHUE HEPEIKO BICYeT 3a coBOi HE YBeTHYe-
HHE IUIOHOPOAMA 3eMeTh, a X 3aCOJIeHME M T.II. SIpPKMM NPUMEPOM KOHTPHHTYH-
THBHOCTH NOC/IEACTBHH aHTPOMOLEHHbIX BO3HECHCTBHA MOXET CIYXHTb ABIICHHE
3BTpOQHUKALMH NIPeCHOBOLHbIX BomoeMoB. [locTyIuieHHe B O3epa M BOZOXpa-
HWIMIIA MHHEPATIbHBIX YIOOpeHuil ¢ moneil 3ayacTylo He TOJIbKO He MOBBILUAET
TI0JIE3HYI0 NPOLYKTUBHOCTh BOIOEMOB, KaK MOXHO ObUTO ObI OXHIaTh, 3 KOpEH-
HbIM 006pa3oM IepecTpauBaeT CTPYKTYpPY IKOJIOTHYECKON CHCTEMBI H BEHET K
ee 3KOJIoruyeckom rubenu.

Kazanoce 6b1, pazpaboTka MeTOOOB NMPOTHO3HPOBAHMA MO JaHHBIM O COBpe-
MEHHOM COCTOSHUH 3KOCHCTEMbl M HNpeflleCTBOBABLIMM COOBITHAM LOMKHA
BXOOUTh B KOMIIETEHUHIO TEOPETHYECKOM 3IKOJIOTMH — HAYKH O CTPYKType H
OYHKUMOHMPOBAHUH IPHPOIOHBIX COOOUIECTB BHIOOB, O B3aHMOOTHOLUIEHMAX
BHIOB MexAy cob0H M MX CBA3AX C OKpyXatolxed cpefoi. OnHako Npu Gikaii-
uleM pacCMOTPEHMHM OKa3bIBaeTcd, YTO TEOPETHYECKOH 3KONOTMHM KaK HayyHOM
OMCHMIUTHHBI, B PAMKaX KOTOPO# M3 HECKOJIbKHX OCHOBONOJArawiyx 3aKOHOB
MOXHO Obl10 Gbl BHIBECTH JI0OBIE YaCTHbIE 3aBUCHMOCTH WIH IIPOTHO3UPOBaTh
X0 coObITMH B KOHKPETHbIX CHTyauuX, He cywecrByeT. Mmeercsa B syuulem
cly4ae HEKOTOpasA cHCTeMa IOHATHA W HaGop He BCer/ia TeCHO CBA3AHHbIX MEXAY
cob0il KOHIENUHUA H MOYIMIMPHYECKHX OOOOHIEHHI ¢ HE OYEHDb YSTKO OYepYeH-
HOM 067acTbi0 NPUMEHMMOCTH. B GONBILMHCTBE ClyyaeB HESCHOH OCTaercs
Jaxe nNocraHoBka npoGiembl. TIpuMepoM MOXET CIIY)KMTb OYCHB BaXKHbIK B
NPaKTHYECKUX MPUIIOKEHHAX HABHO U OXHMBJIEHHO 0OCYXXIAIOIMIACA B TEOpPETH-
YECKOH 3KOJIOTHMH BOIPOC O COOTHOLICHHMH CJIOKHOCTH 3KOCHCTEMBI M ee yc-
TOWUMBOCTH. [0 CMX IOp He CYuIeCTBYET €OUHOTO MHEHMS HM O KPHUTEpHAX -
M3MEpEeHUsA CJIOXKHOCTM M YCTOMUMBOCTH 9KOCHCTEM, HM O CYIIECTBOBAHHMM
YHUBEPCATBHOH 3aBMCHMMOCTH Mexay HuMH. TakMm 0Gpa3oM, B HacToALIee
BpeMA TeOPETHYECKAs IKOJIOTHA, KaK NPABWIIO, HE MOXeT GbITh pabouMM MHCT-
PYMEHTOM [U1s1 pellleHWA KOHKPETHBIX 3aJlad I10 MPOTHO3HPOBAHHIO MOCHIEACT-
BHH YEJIOBEYECKOM IeATEIPHOCTH VAl IPUPOJHBIX IKOCHCTEM.

OrpaHMYeHHbBIMM BO3MOXHOCTAMM OOJIaHaeT TaK)Ke METOMI MPOrHO3UPOBAHUA
MIOBEICHHA 3KOCHCTEM, HAXONALMXCS IOJ BHEIIHMM BO3[CHCTBHEM, Ha OCHOBE
IKCIEPTHBIX OIEHOK BHICOKOKBaNMMUUMPOBAaHHBIX cHepuanucToB. OCHOBHadA
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IpUYMHA 3TOTO COCTOMT B TOM, YTO AHTPONOTEHHBIE BO3MEHCTBHA YacCTO HOCAT
GecnpeleieHTHBIA XapakTep ¥ IO CBOMM Maciurabam, u mo Mexanu3mam. [Ipu
ITOM HpeACKa3aHHE MNOCEICTBMH MMEHHO TaKOr0 poJa BO3NCHCTBUH, Kak
[paBHIIO, NpeAcTaBisger HauGonbimA HHTepec. HO B OTHOLIEHHMM TakHX BO3-
OEeHCTBUIM HU Y HayKH, udyvaiomedl ¢yHKIMOHMPOBAHHE IKOCUCTEM, HH Y CAMUX
NPHPOIHbIX 3KOCHCTEM He HAKOINIEHO HMKAKOrQ OMbITa, MOITOMY 3KCIIEPTHBIE
OlIeHKH, OCHOBaHHbi€ Ha HaONIOMEeHUH U MCCIEOBAaHUM 3KOCHCTEM B MPOLIIOM,
3a4aCTyI0 OKa3bIBAKWTCA HeHa[eXHbIMH.

B 3t0it cuTyauuu Hambonee MHOroo6emialoUMM HHCTPYMEHTOM INPOTHO3H-
POBaHMSA peaKuuH IPUPOJIHbIX CHCTEM HAa BHellIHMe BO3IEHCTBUA NpEOCTaBideT-
cA MareMaTHyeckoe MomenuposaHue. Ho ¥ Ha 370M IyTH Hayka CTaIKHUBaerTCAd
C Cepbe3HbIMH TPYOHOCTAMY. ITH TPYJHOCTH XapaKTEPHbI 3jid T0ObIX MONMBITOK
IPHMEHEHHA MAaTEMAaTHKH K GHOJIOTHM, HO IPH MaTeMaTUHECKOM MOJEIHPOBaHuH
3KOJIOTHYECKHX CHCTEM OHM BBICTYNAIOT, MOXanyil, B Hanbosnee 0BOCTpeHHON
dbopme ¥ umelor ceoto creuubuky. OHH NPOMCTEKAWT B OCHOBHOM H3 IBYX
TECHO CBA3aHHbIX MeXTY c000# 0BCTOATEIbCTB.

Bo-nmepBbix, 3KONOrHYeCKHE CUCTEMbI YCTPOEHBI OYEHb CIIOKHO — OHU COCTOAT
M3 MHOTHX HECATKOB H COTEH MOMYJIAIMI OT/AEIIbHbIX BULOB, CBA3AHHBIX MEXIY
co00ii THICAYAMU PA3JIUUYHBIX U, YTO OCOOEHHO BaXKHO, CYLIIECTBEHHO HEJIMHEMHBIX
ceaseil. CoBpeMeHHass MareMarMka, (GOPMHPOBaBIUAsACA B HEpBYI0 Ouepemb
HOA, BIUAHMEM 3alpocOoB GU3UKH U TEXHHUKH, a TAKXKe B CHIIY JIOTHKH cOOCTBEH-
HOTO pa3BUTHA, He pacHoJiaraeT yHOOBJICTBODUTENIbHBIM aMIapaToM HcClledoBa-
HHA TaKOTO poJa CUCTEM.

Bo-BTOpbIX, BCe GMOTIOrMYeCKHE CHCTEMbl YHHKaIbHbl, 3 B OTHOLUEHHH HpH-
POIHBIX 3KOJIOTMYECKMX CHCTEM 3Ta YHMKATBHOCTb IpOsBJIAETCA B Haubosnee
apkoit dopme. IIpnpoasbie S3KOCKCTEMB! Pa3THUAIOTCA MeXOy COGOH 3HAYMUTEND-
HO CHJbHEe, YeM, HalnpuMep, OPraHU3Mbl OJHOTO BHM/Ia MJIH HEPBHbIE BOJIOKHA
npeacTaBUTeNe pasHbix BuOOB M T.I. [losTomy mnpu paspaborke mpobnem
MareMaTuyecKoil GuodU3UKH KOJIOrHYeCKHX COOOlIeCTB MaKCUMAalTbHO 060CT-
pAETCA NPOTHBOpEUHE MEXIY PEeaUTHCTHYHOCTHIO M TOYHOCTHIO MOIENH, ¢ OTHOH
CTOPOHBI, ¥ €€ OBIHOCTBIO — C APYTOf.

JTO NpOTHBOpeYHe Hauulo O6BbEKTHBHOE BbIpaXKeHHE B TOM, YTO MareMartH-
yeckad OHodH3MKa 3KOJIOrHYECKMX COOOWIECTB pa3BHBacICsi B pycne ABYX
B 3HAUATENBHOM CTENEHW CaMOCTOMTENIbHBIX TeueHui. PaGoTbl, BBIIOIHEHHbIE
B pyCile OOHOrO U3 HallpaBJIEHHH, NOJTYYMBIIEr0 HAMMEHOBAHHE HMHTAUMOHHOT O,
WM TOPTPETHOro, MOGEIMPOBaHMA, CTABAT CBOEH  LEJIbI0 MAaKCHMAJIbHYIO
NpUONMKEHHOCTh MOIENM K KOHKDETHOMY YHHKalbHOMY 3KOJIOTHYECKOMY
00BEeKTY, MAKCHMAITbHYI0 TOYHOCTb €ro omicaHusa. PaboTbl, Bedyumecs B pycie
BTOpOTO, COOCTBEHHO MaTeMarH4eCKOro MOIEJIUPOBAHUA, CTaBAT  Hepen
coBoii 3afauy BBIABJICHMA, MaTeMaTHYeCKOro OMHCAHMA W aHAIM3a CBOMNCTB,
HPHCYLIMX MAaKCHUMaTbHO LIMPOKOMY KpYry 3KOJIOTHYeCKMX cucreM [83].

OpHoit M3 Hauboslee aKTYaNbHbIX W TPHBJIEKAIOMMX HauOoJblllee BHUMAHHE
npo6iieM B MaTeMaTHYeCKOM GHOH3MKeE IKOJIOrMYECKUX COODLIECTB SIBNsSIETCA
YCTOMUMBOCTE 3KOcHcTeM (cM., Hampamep. [146, 80]). Ilpn 3tom oGbIYHO
YCTOMYMBOCTh paCCMAarpuUBalOT Kak arpubyT caMO#l 3KOCHCTEMBI, TOrga Kak
NpaBWIbHEe PacCMaTpHBATh YCTOMUMBOCTh KaK aTpMOyT TOTO WIM HHOTO peXuma
DYHKUHOHMPOBAHUA 3KOCHCTEMBI. ITO IPHUIAET aKTYaIBHOCTh CHCTEMATHYeC-
KOMY MCCIICIOBaHUIO TaKMX MoOJeNed IKOCHCTEM, B KOTOPBIX peanusyercd
6oriee OMHOrO NPHUTArMBawIEro (T.e. JIOKANBHO YCTOHYMBOIO) pexuma MoBe-

5



nerus. Takue morenu HauGojiee ageKBaTHhl OMHCAHMIO KAYECTBCHHBIX MepecT-
pOeK MOBEOEHUS IKOCUCTEM NOJ AEHCTBMEM BHEUIHHX Har py30K.

IIpu 3TOM ectecTBEHHO paccMaTpuBarb OBa TMna gsienuil [14]. K nepsomy
OTHOCATCA KaueCTBEHHbIE MEPEeCTPOMKH peXXHMa MOBEESHHA B pe3yJIbTare OJHO-
KPpAaTHBIX, HMNYJIbCHBIX BO3[EACTBMHA, KOrAa 3KOCHCTeMa nepebpackbIBaeTcs M3
30HbI MPUTKEHWA OJHOIO pexHMa IOBefACHWA B 30HY NPUTHNKEHUA HHOIO,
KayeCTBEHHO OTIMYHOIO pexxuma. Ko BTopoMy THIly ABJICHHH OTHOCATCSA KaueCT-
BEeHHble HEpeCTPOWKHU MOBedeHUA IMOM AEHCTBHEM IOCTOSHHO NPHUCYTCTBYIOLIUMX
HArpy30K, MHTEHCHBHOCTb KOTOPbIX HOCTeNeHHO HapacTaeT. Korga MHTEHCHB-
HOCTb HArpy3KH INPEBbILLIAET HEKOTOPOe KPHTHYECKOE 3HAaYeHHE, 0051aCTh NPUTH-
eHUA MHTEPECYIOLero Hac pexHMma MOXEeT, Halpumep, CTATHBATbCA B TOUKY
U Hcye3ars. B pesynbTaTe Mo MpeBBILIEHMM HArpy3KOHW KPHTHUECKOI'O 3HaYeHHA
3KOCHCTeMa OymeT cKaukooBpazHo (M NpPaKTHYECKM HeOGpaTHMO) MEHATH
CBOE IOBeJeHMEe. AJCKBATHbIM MaTeMaTHMYECKHM aImapatoM IIpH aHAIHMIe
TAKOro MOBEHECHMS CJIYXKUT KaueCTBeHHaA TeopHs [N QepeHunanbHbIX ypaBHe-
HUit ¥ Teopust Gudypkammi [6, 7, 10].

Henb HacToAwein MOHOrpadMM COCTOMT B CHCTEMATHYECKOM HCCIIEIOBAHMH
pazHoo6pa3nsa OMHAMHYECKHX PEXMMOB B MOMENAX ABYX H TpeX B3aMMOEACT-
BYIOIMX TMONyNAIMA, CBA3AHHBIX MeXOy cob0# pa3nuyHbIMH OHOJIOrHYECKH
€CTeCTBEHHbIMH B3aMMOOTHOWIECHUsIMH. MakcuMmansHoe BHHMMaHME IpH 3TOM
yOenseTcd CHTYyauMaM, KOrfja MOJEIMpYEMbI€ CHCTEMbI B 3aBMCMMOCTH OT
COGCTBEHHOrO HAYaJbHOTO COCTOAHMA M BHEIIHMX YCJIIOBHH MOTYT BBIXOOHTH
Ha pasHble pexuMsl DYHKUMOHMPOBAHHA, M KaueCTBEHHbIM IepecTpoiikam
PEeXUMOB (PYHKLMOHAPOBAHHUA MO HeHCTBHEM BHELLUHUX Harpy30K.

[puuMHbI, N0 KOTOPHIM TLIATENIbHOE CHCTEMATHUYECKOE HCCTIEHOBaHHe CHITHHO
YIPOWIEHHBIX MOJE/IeH B3aMMOIEACTBHA BCEro JIHLIL [IBYX-TpeX IOMymnsuMi
NpelCTanIAeTCA MHTEPECHBIM [UIA TEOPETHUECKOH M NMpPaKTHYECKOH 3KOJIOTHH,
COCTOAT B CIIEdYIOLIEM:

1. CywecTByoT BECKHe OCHOBAHHMA IOJIAarath, YTo TaKMe QyHOAMEHTATIbHbIE
CBOWCTBAa NOBENEHHSA  peaybHbIX MIPH POJHBIX IKOCHCTEM, KaK YIIOMKHaBIUHECH
Bbutie GydepHOCTh (3MACTHYHOCTH) M KOHTPUHTYMTHBHOCTb PEaKIMH Ha BHELI-
Hee BO3MeicTBHe, 06A3aHbl CBOMM CYHIECTBOBAHMEM HE CTOJIBKO CJIIOXHOCTH
(MHOTOKOMITOHEHTHOCTH) 3KOCHCTEM, CKOJIPKO CWJIBHO HEJTMHEHHOMY XapaKTe-
py CBs3ell MeXy OT/JeNbHbIMM KOMIOHEHTamHu. Bo Bcakom ciyuae, 3tu dyH-
JAMEHTAJIbHBIE CBOMCTBA OOHApYXMBAIOTCA YX€ I MOIEIbHbIX 3KOCHCTEM,
COCTOSIIMX M3 [BYX-TPEX KOMIIOHEHTOB. AHAIM3 M KJIaCCHMOMKAUMA THIOB
KOHTPHHTYMTHBHOIO TOBEHEHHS M KDHTEPHEB IPHUOIMKEHHA HHTEHCHBHOCTH
HAarpy30K K KPUTHYECKMM 3HAYEHHAM, IO NPEBLILIEHUH KOTOPBIX 3KOCHCTEMA
KayeCTBEHHO MeHsieT CBOE NOBEJeHHE, NPOBENEHHbIE Ha MpPOCTbIX MOIENAX,
MOT'YT GbITb NOJIE3HbIMHM Npu paboTe ¢ peanbHbIMM, HeCpPaBHEHHO Gonee CIIOX-
HbIMM IKOCHCTEMaMH.

2. lloBenenue COXHOM CHCTEMbI BOIH3M rpaHALbI KaYECTBEHHO! MepecTpon-
KH peXWMa NoBeJleHUs I0/DKHO, KaK IMpPaBWiIO, XOPOLIO ONMCHIBATHCSA amipoK-
CHMHpYIoLIE €€ CHCTeMOl HeGONbLIOTO WMCIa epeMeHHbIX [62, 63].

3. Wsyuenne B3aMMOAEHCTBHA MONMYNAUMH JBYX-TPEX BUAOB HU30JIHPOBAHHO
OT OCTaJbHOM 3KOCHCTEMbI NPEACTABIACTCA 3KOJIOTHMYECKH ONpaBAaHHbiM H
IPAKTHYECKH MHTEPECHBIM B pAME BaXHbIX cHTyauwii. [I[pumepamu Moryt ciy-
XHUTh CHCTEMbBI THIIA JIEC—€rO BpeOuTelib, CEIIbCKOXO3ANCTBEHHbIE HACAKEEHNA



M UX BDEUTEIIH, LIEHHbIH IPOMBICIIOBbIH BHI—r0 OCHOBHOH pecypc—ero X
HMK M T.IL .

HuTepec aBTOpa K KayeCTBEHHbIM IMEPECTPOHKAM MHAMHYECKUX PEKUMOB
B 3KOCHCTeMax ObUT B 3HAYMTETILHON CTENIeHH CTUMYTMpOBaH Hesamu A.M. Mor-
YaHOBA O pOJIM KPUTHYECKHX DEKMMOB HpPH HM3YYeHUM 3KOCcHCcTeM [62, 63].
Iny6oxmii oTmeyatok Ha pabBoTy HaNOMXMIIO MHOTOJIETHEE IOCTOSIHHOE HayuyHOe
ob6uieHne aBTOpa C COTPYIHMKaAMH J1aGopaTOpHH MareMaTHyeCKoro MOZIENUpo-
Bamus HUBIL AH CCCP, B ocoGennoctu ¢ ®.C. bepesonckoii, A.U. XuGuukom,

10.A. Ky3nenosbeim, E.A. u 10.M. AnoHMHbBIMH, KOTODBIM aBTOP rnyb6oKo mpus-
HareJieH.



TITABAI

KPATKHUA OYEPK UIEH
A METOIOB MATEMATHWYECKOW BHO®U3HUKH
9KOJIOTMYECKMX COOBHIECTB

Hcropuio nNpuMeHeHMsI MaTeMaTHKM B 3JKONOTHH CIpPaBEIIMBO IIPHHATO
HCYMCIIATH C BbIXOHOA B cBeT KHMruM Manbryca ”OmsiT O 3aKoHe Hapo[OHacese-
Hus” [142, 59]. B Heit Biepsble 4eTKO cHOPMYTMPOBAHO IIPEICTABIIEHHE O TOM,
YTO WMCJIEHHOCTh HacejleHuAa (aHrimidckoe coBO population mopomuno coBpe-
MEHHBI! PYCCKHMil TepMMH ’HONYNAWAA"), KOTOPOMY NpPEIOCTaBIEHa BO3MOX-
HOCTb HEOTrPAaHHYEHHO pPa3MHOXATbCHA, PacTeT BO BPEMEHH B reOMeTPHYECKON
nporpeccuu. Ucronb3ys coBpeMeHHYI0 GOPMY 9aNHCH ¥ TEPMHHOJIOTHIO, MOXHO
CKa3arb, YTO [IMHAMHMKA YMCIICHHOCTH He OTPaHMYEHHOHM pecypcaMH NOMysguuu
ONUCHIBAETCA YpaBHEHHEM

X = ax, (1.1)

MMeommM pellenueM x (£) = xoe®” M MOITOMY, €CTECTBEHHO, Ha3bIBAEMbBIM
ypaBHEHHEM 3KCIOHEHUMaTbHOro pocta. ¥ Manbryca, pasymeercs, GbIH mpen-
LIECTBEHHHKH, HauyuHadA ¢ HranbaHckoro maremaruka XII—XIII BB., Bowmeauerd
B HCTOpHI0 oA HMMeHeM ®HGOHAYUM, KOTOPOMY NMpPHHAMJIEKUT U3BeCcTHAsA 3aMa-
ya: ”CKONbKO NMap KPOJMKOB B IOl OT OOHOM Hapbl poxmaiorca?”’. OmHako
HMEHHO ManbTyCy NMpHHAUIeXUT YETKasd H HeABYCMbICIIEHHaa (opMypoBKa
YHHBEPCABHOrO 3aKOHa pOCTa YMCIIEHHOCTH NOmynAuuil. 3mech He MecTo o0-
CyXXIOaTh 3KOHOMMYECKHE H INOJIMTHYeCKHE B3TIAOb! M KoHuemmM Manbryca,
MO[IBEpraeMble >KeCTOKON KpUTHKe HAYHHAA C KJIACCUKOB Mapkcu3Mma. B koH-
TeKCTe 3TOH paboThl BaXKHO JIHILBL TO, YTO NpeAeabHO MAEATH3UPOBaHHOE Npe-
CTaBJIEHHE O COBEpIUCHHO OJHOPOOHOW NONYJIAUMM, OCOOM KOTOpOH HOJNI-
HOCTbI0 TOXHACCTBEHHB!, NOMYJIALMH HMYEM He OIPaHMMEHHOH B CBOEM pOCTe
H NOTOMY CHOCOOHOHM QOCTHrarh CKOJib YrOHOH GOJIbUIOH YMCIEHHOCTH, 0Ka3a-
JIOCh [ Pa3BHTHA MaTeMaTHYeCKON 3KOJIOTHH CTOJb XKe (yHIaMeHTaJIbHbIM,
KaK HMOeaIM3NpPOBaHHOE NpE[CTaBJIeHHe O JIMIIEHHOW pa3MepoB, HO obaparo-
1e# MacCOH MaTepHaJIbHOH TOUKe [N Pa3BUTHA MEXAHHUKH.

Cremywoumii 1ar 6bl1 CBA3aH C BBeJeHHEM MOIEIM MNONMYJIALKH, POCT YHC-
JIEHHOCTH KOTOpOH He Gecrpefesen, HO OrpaHHYeH HEKOTOPHIM HeOoOXOdHMbIM
eit pecypcom. ®epxionber [169] NpemIoKHN ONMCHIBATH JYHAMUKY TaKoH
NONYJIAUMK ypaBHEHHEM, I03[IHEE MOJTYYHBLIMM Ha3BaHHE JIOTHCTHYECKOTO:

x=ax (K -x)/K, 1.2)
roe a — nokKasatelb JKCIOHEHIHMANbHOIO pOCTa NONMYJSIMH NPH Manoi YHCIIeH-
HOCTH, a K — CTauMOMapHas YMCIIEHHOCTH MONYJIAUMH, ONpedendemasd OOCTYI-
HbIM pecypcoM. BmocnemcTeum 3r1a paGora Gbina 3abbiTa, a ypaBHeHHe (1.2)
"nepeorkpsiTo” [upnom {154, 155] u moToMy B 5KONOrMYecKOi JMTEpaType

yacTO HasbiBaercs ypasHennem Pepxronscra—Iluprna.
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YnomsanyTtble pabotel ObUIM NPH3BaHbI ONMCHIBaTH HMHAMWKY OTHAENIBHO
B3ATON IONMYNIAUMM, B TEPBYI0 OYepeldb YelIOBEUECKOrOo HaceneHus. [lepmbre
cOGCTBEHHO MAaTeMaTHKO-IKOJOTHYeCKHE paboThl, CTaBsALIMe LEsbl0 ONMMCaHue
YHCJIIEHHOCTH B3aMMOOeWCTBYOUMX MexOy coboil nomynsauuit, MOABWIMCH
ymums B 20-x rogax Hawero Beka [140, 141, 170, 171].

CambIM BaXXHBIM pe3yJIbTATOM 3THX paboT CledyeT CYMTaTh TO, YTO B HHX
6bUTO NOKAa3aHO, KaK Ha OCHOBaHWM HEMHOTHMX OMONIOTHYeCKH HpaBXONogo6-
HBIX ¥ OOMNYCKAaOUMX 3KCIEePHMMEHTaIBHYIO NPOBEPKY NpEAIIOTIOKEHHH O MeXa-
HM3MaX BHYTPH- M MEXIIONYJISIMOHHBIX B3aMMOOEHCTBHI MOXHO YMCTO MarTe-
MaTHYECKMMH MeTOaM¥ BbIBECTH HEKOTOpbie 3aKIIIOYEHHA O XapakTepe HuHa-
MHKH cucTtembl. HamGosee W3BeCTHBIM 3aKJIIOUEHHMEM TAaKOrO pOAa MBUJICA
BBIBOJ O BO3MOXHOCTH 3HIOTEHHbIX KOjieGaHMii UUCIIEHHOCTH B CHCTEME IBYX
NOMYNALUHMH, B3aMMOJEHCTBY IOMX 1O MPHHIMUNY XMIHHK—KepTBa. JKCIEpUMEH-
TaIbHAA IpoBepKa pe3ysbraroB Bosbreppa M JloTka M HekoTopoe pa3BHTHE
MaTEeMaTHYeCKO# CTOPOHBI €ro HCCIefOBaHMi ObUIM NpeANPHHATHI B OOJNBILOH
cepun pabor I'.®. T'ayse u ero coasropoB [36, 37, 118], k coxajeHuio paHo
NpEpBaBIIMXCS.

Hccnenosanva BonbTeppa MHMIMHUpOBanM Takxe paboty A.H. Konmoropo-
Ba [53, 132], B koTOpO# GBUT NPEUIOKEH KAUECTBEHHO HOBBIH MOIX0M K 3ajia-
YaM MaTeMaTHYECKOH 3KOJIOTHH: TNPEeAlNoNOXEHHA O XapakTepe BHYTPH- U
MEXIIONY/IAUMOHHbIX B3aUMONEHCTBHA NpennoNnaragoch (GpopMyaMpoBarh, He
3alaBasi KOHKpETHble (PYHKUMOHA/IBHbIE 3aBUCMMOCTH, TOYHBI BHI KOTOPBIX
U3 3KCNEpHMEHTa OIpEeJENUTh HEBO3MOXHO, a JIMIL BBOOA OTPaHHYSHHA Ka-
YeCTBEHHOTO XapakTepa Ha COOTBeTCTBYowHe ¢yHkuud. Bbiio mokasaso,
4TO Ha OCHOBE [JaXe TAaKOro pofa OrpaHMYeHHH MaTeMaTHYECKHMH CpeICTBaMH
MOXHO cHenaTh ComepXKaTellbHble OMONIOIMYeCKHME 3aKJTIOUEHMA O XapakKTepe
MMHAMMKK cooTBercTByoUmX cucTeM. K koHuy 30-x romos “mHoHepcKHii
5Tan”’ pasBUTHA MAaTeMaTHYECKOW 3KOJIOTHM 3aBEpPLUMIICH, U XOTA OTHENbHbIe
paboubl B 3TOR 00NacTH MPOHOIIKANM MOABJATHLCA, TEM HE MEHEe MOXHO CKa-
3aTh, YTO B Da3BHUTHM HaNpaBJIeHWA B UEJIOM HAaCTyNWIa HPOHOIDKUTETbHAs
maysa.

Hauyano HOBOro — u IO CHI0 NOpPY MPOJOJDKAIOLIETOCS — 3Tara HHTEHCHBHOTO
Pa3BMTHA MaTeMaTHYeCKOR JKOJIOTMM NpHXOIUTCA Ha 60-e rogpl U CBA3AHO
¢ ABymsa oOcroATenbcTBaMM. Bo-mepBbiX, Ka:aCTpOdHYECKHE NOCIENCTBHA
BO3OCHCTBHA YejIOBEKa Ha MpHpOAHBbIE IKOCHCTEMB! CIEIANM 3aflady MPOTHO-
3MPOBAHUS TaKMX TMOCNIENCTBHi BecbMa akTyanbHOH. Opguum u3 HaubGornee
3¢ beKTHBHBIX METOLOB TaKOI'O NPOTHOMPOBAHUA NPECTAaBIIAETCA MIOCTPOEHHE
H NOCTeyomee HccieqoBaHue MaTeMaTHuyeCKUX MOOeNed COOTBETCTBYIOILMX
curyammii. Bo-BTOpbIX, GypHOE pa3BHTHE BBIMHCIIMTEJIbHOH TEXHMKH M YCIIEXM
ee MPUMEHEHMA B PELLIEHUM Pa3IMUHBIX 3a[ay MOPOMIM €CTECTBEHHbIE HAEXKIIbI
Ha ee TIpPMMEHEHWE U B JKOJIOrHUecKOW mpobnemarnke. PeaynpratoM ABHIIOCH
BO3HHKHOBEHHE M MHTEHCHBHOE pa3BHTHE HWMHTAUMOHHOTO MOJIENMPOBa-
uug [61].

JocTOMHCTBa MeTONa MMHTAaMOHHOTO MOAEIMPOBAHNA OYEBHIHBI: IIOCTPOE-
HHe M peanu3auus Ha IBM Mopeneil KOHKpeTHBIX IKOCHCTEM B pAAE CNyvaes
[a€T [OOCTOBEPHbIH [POTHO3 [MHAMHKH (YHKUMOHMPOBAHMA 3KOCHCTEMBI M
(MHOra) NpaBWIIbHBIA NMPOTHO3 PeaKIMM JIKOCHCTEMbl Ha BHEIIHHE BO3MEHCT-
Bus (cM., Hampumep, [60, 39, 42, 82]). OnHaxo BO3MOXHOCTH 3TOrO METOIA
HeGe3rpaHMuHbl. B mepByio ouepemp 3TO CBA3AHO C T€M, YTO TPYOHO ObIBaer
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OLEHHMTb PaMKH TPUMEHHMOCTH MMHMTagHOHHOM MOJMENH, B YacTHOCTH CPOK,
Ha KOTOPbIA NPOrHO3 MOXeT ObITh MOCTPOeH ¢ TpeGyeMoi TouHoCcThio. Kpome
TOTO, IO CBOEH IPUPOie HMHTAUMOHHAA MOIENh BCerfa UPHBA3aHA K KOHKpET-
HOMYy 00BEKTY W NpH IONBITKE NPHMEHEHHs K OPYTOMY, JaXe POLCTBEHHOMY
00bekTy TpebyeT KOpDEHHOH NepeCTpOKM WM KaK MHHMMyM 3HaUMTeNbHOH
mopudukammu. Hakonen, nocnennee. MMurampoHnbie MOMeNM NpU3BaKbl Ipor-
HO3HPOBAaTh CPABHUTENBHO Ci1abble H3MEHEHUs DYHKUMOHHMPOBAHMS IKOCHCTEM
TIpM OTHOCHTEJIBHO MaJl0 MEHAMIIMXCA YCIIOBHAX, TOTAA KAK HA MPAaKTHKE Hac
3aYaCTyl0 MHTEPECYIOT IIDEXAE BCEro pe3KHe KayeCTBEHHbIE IIEPeCTPOMKH
(GYHKUMOHMPOBAHUA 3KOCHCTEM KaK HpH cabbiX, TaK U IPH OYCHb 3HAYMTENIb-
HbIX HAPYLIEHHAX YCIIOBHUI X CYIIECTBOBAHHA.

OrpanmyeHHA Ha BO3MOXHOCTH MMMTauMOHHOTO MOZETMPOBAHHUA MMEIT
obuyro npuuuny. IlocTpoeHHe M UMCIIEHHBIA pacyer “TOYHOH’ MOIENH IapaHTH-
pyer ycmex JMimb B Tex 0OmacTax, IAE CyweCTBYeT TOUHAas KOJMMYECTBEHHAA
TEOpHd, T.e. KOTa U3BECTHb! YPaBHEHHs, OIMCHIBAIOILIHNE TE WIM MHbIE ABJICHHSA,
M 3aJaya COCTOMT ’BCEro JIMIL” B TOM, YTOObI PELLMTh 3TH ypaBHeHHs C Tpebye-
MO TOYHOCTBIO. B Tex xe oGnacriax, r’fe KOIMYECTBEHHOH TEOPUH HE CYILECT-
BYET, IOCTPOEHHE TOYHOU MOJICIM MMEET OFPaHUIECHHYIO HEHHOCTD.

Oco3HaHne OrpaHHYEHHOCTH BO3MOXKHOCTEH HMHTAUHOHHOIO MOIE/TMPOBAHUA
IPHBENIO B KPYTY 3KOJIOrOB K CMeHe Oe3ymepHOro 3HTY3Wa3Ma pa3yMHBIM
ckenTumuaMoM [99, 97, 65] M BO3pOXIEHHMIO HHTEPECA K COGCTBEHHO MATEMa-
THYeCKOMy Mogmenuposanuio. CoOGCTBEHHO MaTeMaTMYecKO€ MOAENMPOBaHHE,
B pyCie KOTOpOTO BbINOJIHEHa Hacrosiuas paGoTa, pasBUBAIOCh NO CaMOro
MOC/EeJHEro BpeMeHH (DaKTHYECKH M30JIMPOBAHHO OT MMMTALMOHHOI'O MOIENH-
poBaHHsA. Tsra Kk CHMHTe3y TMX ABYX HampaBjieHW# HaGTI0DaeTcA JIMLIb B IOC-
JICTHUE TOOBI.

ToBopst 0 cOGCTBEHHO MareMarHyeCKOM MOAEIHPOBAHMH B 3KOJIOTHH MM
0 MaTeMaTHYeCKO# Guodusnke monmynAumii U cOOGLIECTB, credyeT OTMETHTD,
YTO B HAaCTOsAlLEe BpeMdA ITO HANpaBJICHHE MCCIEHOBAaHMI e€me He HOCTMTNIO
CTaMH{ LETOCTHON HayYHOH OMCHMIUIMHBI. B MMpOBO# JIMTepaType He CyLLeCTBY-
€T HH OfHoH 000G6uiaIEed CBOAKH, aBTOpPbl KOTOPOW MpeTeHmoBanmy Obi Ha
CKONTBbKO-HUOYMb MONHEBIA 0030p GHONOrMYeckoil mpobneMaTHKM U MareMarH-
YeCKOH TEXHMKHM 3KOJIOTMYECKOTO MOIenupoBaHWsa., JOBOJIBHO MHOrOYMCIIEH-
Hble B HACTOsAICEe Bpemsa MoMorpaduu B 3TOM 06iacTv OOBIMHO MOCBSALIEHBI
GO MPUMEHEHHIO Da3NIMYHBIX MAaTeMAarHyecKHX CpeJICTB K HCCQIEHOBAHHIO
KaKoi-Ti60 OmpeAeneHHOH (3aYacTyi0 HOCTATOYHO OOwIeil) GHONOrHYECKOH
npobnembl (Hanpumep, [146,80]), miGo HCIOL30BAHMIO .ONPENENIEHHOTO MaTe-
MAaTHYECKOro anmapara i aHaM3a Pa3jIMuHbIX 3KOJOrMYECKUX CHTYaumid
(nanpumep, [75, 90]). CywecrsyioT, pasymeeTcsi, 4 paGOThI IPOMEKYTOYHOI'O,
CHHKpeTHUeCKOro xapaktepa [41). lloaTomMy B HacTosimed BBOOHOM IJaBe, He
CTaBd UeNbl0 NPOAHATU3MPOBATh COCTOSHME MAaTeMaTHYecKoil Ouoduanku
HOmynAuMid ¥ cooOllleCTB B LEIOM, A OrpaHMYyCb IIEpEYHEM OCHOBHBIX, Ha
MOil B3INIA, HaWOOJlee WHTEPECHbIX HANpaBJIeHMH HCCIEOOBaHMH, CMEXHbIX
IO OTHOLIEHHMIO K HacTosued paboTe, H yKaxy MeCTOo, KOTOPO€ OHa TEMaTAYECKH
Cpely HUX 3aHMMaeT.

TlocTpoenne MaTeMaTHueCKON MOJIENH oGOro oObeKTa WM ABJICHHUA HEu3-
OexHO TpeGyeT NpPHHATHS HEKOTOpbIX Mueanu3aumii. [Ipu 3TOM noruka mare-
MaTHYeCKOYO0 MOIEIIHPOBaHMA TaKOBa, uTo YeM OGojee MACanM3MpOBAHHBIMM,
YIpPOIIEHHbIMU NOHATHSMH MW ~ruepupyem, Tem Gornee oOIIMe CBOMCTBA H3yyae-
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MBIX OOBEKTOB 3a4YaCTyi0 MOXHO aHAJIM3UPOBaTh. ~"MaKCHMAJIbHOE YIPOLUEHHE
MOJIEJIH, YMEHbIIEHHE YHCIIa HE3aBHCHMBIX IEPEMEHHBIX, KaK 3TO HU NapajoK-
CallbHO, BEHYT, MO HalleMy MHeHW, K Gonee rny6okoMy NMOHMMAaHHIC MOJE-
nupyemoro asneHua” ([78], c. 195). C npyroit cTopoHbI, I8 MOHUMAaHHA
Pa3sNUYHBIX aCMeKTOB OJHOrO M TOTO Xe€ #ABICHHA HEOOXOOMMBIMH MOTyT
0Ka3aThCA Pa3NIMYHBIC MIEATN3aUMH OJHOrO M TOro ke ob6bexTa. Ilepeuncnum
HEKOTOpBIE M3 HHX, IIMPOKO MCHOJNB3YLMecs B MaTeMaTHuecKol Orodusnke
NONyNAUMA M CoOOLIECTB, CONOCTABNAA MM COOTBETCTBYIOLUYX MareMarHyec-
KYI0 TeXHMKY ¥ OHOnOrHYecKne npobrnembl.

1. B nopaBnswieM GONbIMHCTBe paboT MO MAaTeMaTHYeCKOH 3KOIOTHMH
MPMHAMAETCA NPEJNOJIoKEHHe O MOCTOAHCTBE BHEILUHMX YCIIOBHMH, TaK Kak,
NpexJIe YeM HCCIEOBaTh POJIb BHEHIHMX BO3XEHCTBHH, €CTECTBEHHO INpOaHa-
JM3HPOBATh CBOHCTBA ABTOHOMHOW CHCTEMbI. ITO NPUBOIMT K MOJEINAM, ONHUCH-
BAEMBIM [HPEPEHIMANIBHEIMA MM PA3HOCTHBIMH YDABHEHMAMH C MOCTOSH-
HbIMH kO3 uuMeHTaMu. Bbutn NMpenpUHATL MHTEPECHDIE TIONBITKH OlIEHUTH
BINAHME MaiblX (IyKTyauud BHEIIHMX YCIIOBMA Ha JUHAMHMKY 3KOCHUCTEMBI
[86, 81). OcobenHo HHTEPECHBI NPH ITOM CHUTYalHH, KOTa CHCTeMa B OTCYTCI-
BHE BO3MYIUEHWH OONajlaeT HECKONBKHMHM MPHUTATHBAWIIMMH PEXHMaMH.
OpHako HpH aHAIMIE TaKMX CACTEM BO3HHKAKT CEPbE3HBIC MaTeMaTHUECKHE
TPYHRHOCTH, U Pe3yNbTaThl YAAETCA NMONYUHTH TOKA JHIUb B MPOCTEHILIEM CiTyvae
H30JIMPOBAHHOM MOMYIAUMH C HECKOJIBKHMH COCTOSHUAMH PaBHOBECUA.

2. PeanbHbie nomynAuMy OGBIYHO COCTOAT M3 COTEH, ThICAY, HHOrAa MWIIIHO-
HOB M MHoro Gomee ocobeii. IIpy paccMoTpeHuMM MONyNAUMA OueHb GOJIBILOM
YHCIIEHHOCTH MPHHATO MCMONb30BATh [BE HIEAM3ALWM: CUMTATh UMCIIO OCOOei
B TIONy/IALIMHM BEJIMUYMHON HENMpepBIBHOH M, uro Goyee BaXHO, MpeHeGperats
CIyvalHbIMU QIyKTYaUMAMH UYMCIEHHOCTH, M3yYas JHIIb OMHAMHKY CPEeTHHX
3HayeHM#. Yuer CyyaiHbeIX QIYKTYallHd NPUBOOMT K HeOOXOIMMOCTH MCIOIb-
30BaTh MAaTeMaTMYECKHii ammapaT TEOPHH BEPOATHOCTH M TEOPHH CIIy4YalHbIX
npoueccoB [38, 66]. Ipenebpexenue- GnyKTyalMAMH YHCITICHHOCTH TPHUBOIUT
K HCNONb30BaHWI0 anmapara Ju¢pdbepeHUMATbHbIX WIH Pa3sHOCTHBIX yPAaBHEHMH.
Touka 3peHns, COrIacHO KOTOPOH WIH aHANM3e JUHAMHKH YHCIIEHHOCTH OTHENb:
HbIX MOMyNAUMA aIEKBATHHIM ABIIAETCA aMNapar TEOPHM CIIYYaiHbIX MPOLIECCOB,
a MpM aHaIM3e IUHAMHUKH COOOIIECTB MONYNANMH — annapar AiddepeHIHaTIbHbIX
ypaBHeHH#, Obuia oBocHoBana B pafoTax OOHOro M3  OCHOBOIOIOXHHUKOB
MaTeMaTHYeCKOro MOJenupoBanns B GHoloruu B Hautei crpane A.A. Jisnymo-
Ba [56, 57]. MeTOHONOIHYECKH €CTECTBEHHO B KauecTBe MepBOro llara Ucciie-
OoBaTh Mopenu, npeHeGperas GnmykTyauusaMHd, a 3aTeM Ha CrellyloLIeM JTare
BKIII0YaTh B PACCMOTPEHUE HOMONHUTENbHbIe 3G(PEKThl, BO3HUKAOUME MNPH
yuete ciyvaiubix GIyKTyanuil, OLEeHUBas NpU 3TOM XapaKTepHble BPEMCHa,
Ha KOTOPBIX YY€T CIy4YaiHbIX (IyKTyaluuil KaueCTBEHHO MEHSET KapTHHY.

3. B MareMaTMuecKO# 3KOJOTMM HCIHONbL3YIOT  pa3jiMyHbie MICATTA3ANMH
OTHOCHTENBHO MNPEANONIONKEHUH O BO3PACTHOH CTPYKType mnomymsauuii. OpnHa
U3 HUX COCTOMT B TOM, YTO Pa3MHOXEHUE MPOUCXOIUT CHHXPOHHO y BceX 0cobeii
MO JOCTHXCHUM MMM OIpEeSIEHHOro BO3pacra. Taxkas HIeaIn3auMs MPUBOIUT
K aNnapary KOHEYHO-Pa3HOCTHBIX yPaBHEHUH. BrepBble 3TOT ammapar B 3a/1ayax
MA4TeMaTHYECKOH 3KONOrud npumennn Jlecnu [136,137] npu uzyuennn puHamu-
KH BO3paCTHOH CTIPYKTYphl M30NIMPOBAHHOA momynsuuyd. Briocnencrsumn KOHEY-
HO-Pa3HOCTHbIC YDABHEHMS YCNEUIHO MCTONB3OBAMM NpH AHATH3e BPEMEHHOH
OMHAMHKH OTHEBHBIX MONYNANMHA, B YACTHOCTH, IPOMBICIIOBBIX BHU/IOB, C YETKO
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BBIPAaXKEHHOH CE30HHOCTBI0 pasMuoxeHuss [156]. Ilpu ananuse HMHaAMHKH
NONYNAUMA C AMCKPETHBIMM HEMEPECEKAIIMMUCA TTOKOJIEHUAMU BIEPBbIE B
3afjayax MaTeMaTHMYeCKOH 3KOJIOTMH ObUTa OGHapy’eHa BO3MOXKHOCTb HEpETY-
NAPHBIX, KBAa3UCTOXACTHYECKUX, ~XAOTHYECKHX  KOJEGAHMH WACIEHHOCTU Iipu
NOCTOAHHBIX BHEWHMX ycnoBuax [89,147]. lNosnee Takue KBa3MCTOXACTHYEC
KHe JHHaMHYEeCKHE DEXUMB! GbUIM Hai[eHpl 1 B MOJENBHBIX 3KOJIOFMYECKUX
CHCTEMax C HEMpepuIBHBIM BpeMeHeM. Kak mnpaBwno, ammapar pa3sHOCTHBIX
yPaBHEHUH HCNONb3YIOT NMpPH aHAIN3€ OCOBEHHOCTeH MMHAMHMKH YUCIIEHHOCTH
OTHEnbHBIX TomynAuuid. HexoTopoe HckiioueHHe NpercTaBnAer coGod cepus
pabor A.Il. MMarupo ¥ ero cOTpyAHMKOB MO MCCIEIOBAaHHUIO JMHAMUKH [IBY-
KOMIIOHEHTHBIX coobects [90].

Bropas pacrpocTpaHeHHas Mealu3auMs, OTHOCALIAACA K BO3PaCTHOM CTPYK-
Type NONyJAUMA, CTPOMTCA Ha NPeNONIOKEHHU O TOM, YTO TOKOJIEHHMs Mepe-
KPBIBAIOTCH, HO CKOPOCTh M3MEHEHMS YMCIIEHHOCTH MOMYNIALMH OIpefiensercs
ee YMCIEeHHOCTBI0 B HEKOTOpBIA MNpENIUeCTBOBAaBLIMH MOMEHT BpeMeHH. JIMHa-
MMKa UYMCTIEHHOCTH TaKHMX NONMYyNAUMA omMchiBaeTcs axddepeHIanbHbIMH
YPaBHEHMAMH C 3aNa3/IbIBAIOIMM apl'yMEHTOM, UTO BIiepble TIPEIOKHI XaTuuH-
codn [130]. Ilpu MCHONB30BaHMM ITOFO MATEMATHYECKOTO aNlNapara OCHOBHOE
BHMMaHue MCCeOBaTeNel, KaK MpaBHIIO, COCPENOTOYEHO HA YCIIOBUAX BO3HHUK-
HOBEHMA M XapaKTepe KoneGaHHil B COOTBETCTBYIOIMX CHCTeMax. B mocneinee
BpeMsa GONbILYI0 CEpHI0 PaboT MO aHATH3Y MUHAMMKH YHCIIEHHOCTH B CHCTEMax
OBYX B3aMMOEHCTBYIOLIMX MONMYIAUMA C y4eTOM 3ana3[bIBaHUA BBINONHWIM H
npononxawnt Bectu H0.C. Konecos u ero yuerrku [50—52]. Bonsuioe sHuMane
aBTOPBI YIENBIOT UHTEPeCHbIM GHONOTHYECKMM M MAaTeMAaTHUYECKUM NpobiemMam,
BO3HMKAIOUMM B Ciyyae, Korga KodpdHIHeHTbl CHCTEMBI YIOBIIETBOPAIOT HITH
HaXOOATCA B OKPECTHOCTH Pe3OHAHCHEIX COOTHOLLIEHUM.

4, Ilo cux mOp Mbl pacCMaTpUBAIM HeIM3alMH, CBA33HHBIE C AHATIH30M
AMHaMUKH M30JIMPOBAHHONM MOMyNALMM WIIM OYeHb HeGONBIIOro YMCa B3aHMO-
me#cTByloumx nomynAuui. PeaibHple GHOreoLEHO3bl COCTOAT U3 MOMYNALMH
MHOTHX J[eCATKOB M COTeH BHAOB. [103TOMy MCCIIEOBATENH HEOJHOKPATHO
NPEANPUHUMAIH TIONBITKH NOJOATH K ONMMCAHMIO AMHAMUKH GHOreoLeHO30B B
LEIOM, HUCHONb3yA HMEOTIOTHI0 M METOJOJIOTHIO CTATUCTMUECKOH MEXAHHKH
[132, 133, 72, 73, 5, 2]. Onnako, NMOCKONbKY pa3paboOTKa CTATHCTHYECKOH
MEXaHHKH HEJNHEHHO B3aMMOJIEHCTBYIOIMX YaCTUIL, CTAIKHBACTCH C HENpeo-
OONIEHHBIMH MAaTeMaTHYeCKMMH TPYOHOCTAMH, MPH HCIOJIb30BAaHMM anmapara
CTATMCTUYECKOH MEXaHMKH 15 aHAJIM3a JMHAMMKH GHOT€OLEHO30B NPHUXOIHUTCA
NPUHAMATh OYEHb CHJIbHbIE MJICWIM3HPYIOIME NpEeANONOXeHUsA. B mnepsyio
ouepefb 3TO OTHOCHUTCHA K MOCTyNaTy, KOTOPHIH NPUHATO Ha3bIBaTh NMPUHUMIIOM
IKBHMBAIEHTOB BonbTeppa, a Takxke K NPENONIOKEHHI0 O CTPOro GumuHeiHOM
XapakK Tepe B3aUMOJIEHCTBHA My BUIAMH.

5. Bce paccMOTpeHHble MIEATM3aUMH OTHOCATCA K CHCTEMaM JIOKAIbHBIM
WK ¢ TOJHBIM NMEpPEMELIUBAHUEM. B TepMMHAX MOMYIALUHMOBHOA GHONIOTHM 3TO
03HAYaeT, 4TO OCOGb 32 BpeMs XH3HH ycliepaeT NOGHIBaTh Ha BCEH TEPPUTOPHUH
oburanua nonynsuud. OUEBH/IHO, TAKOE YCIIOBHE SABIAETCH OYEHb CHIIbHBIM,
NOCKONBKY PpeaibHO TNpPOTSKEHHOCTh apeaia MNONMYJIANUH MOXET B HECATKH,
COTHM M THICAYH pa3 NpeBbILATh BEJTHYMHY NEpEMEILECHHs OTHENBHBIX OCOOeH
9a nokonenne. ECK Npy McCleNOBaHMM MOMENeH JOKATIbHBIX, HIIN cocpenoro-
YeHHBIX, COOBILECTB UHTEpEC NMPECTABIIAET HCKITIOUMTENIBHO BpeMEHHAA AMHAMY-
Ka, TO B MOJIENAX NMPOCTPAHCTBEHHO PACHpEEIEHHBIX COODILECTB NMpeIMeTOM
12



aH&IM3a ABNAKTCA KaK BpeMeHHad, TaK M HpPOCTPAHCTBEHHAs OpraHM3alMH.
MarteMaTHYeCKMM anmapaToM IpH 3TOM CAYXAT, KaK IpaBHIIO, ypaBHeHU A mud-
¢y3uK c HemMHEHHOHN NpPaBOH YACTbIO, WIH, MO NPHHATON B HACTOAILEE BpPEMS
TEPMHMHOJIOTHH, CHCTEMbI THNA A dy3uA—kuHetuka [87]. Mopenu nmpocrpasc-
TBEHHO pacIpefeNIeHHBIX 3KOJIOTMYecKHX cOOBLIeCTB HCCIeIOBaHbI HECPABHEHHO
XyXe JOKaIbHBIX Mopenei. PakrHueckn paGota B 3TOM OONAacTH NUIIb HAauH-
Haerca. [loka He cyiecTByeT Haxke MCUYepHbIBAOWEH KIACCHPUKALMKM TUHAMH-
YECKMX PEXXMMOB, pealM3ylolmxcd B Takux mopensx. HanGombiiee BHUMaHuE
uccnenosareneil npuenekawr 3¢dekTol TMma Gerymmx BonH (”¢poHTOB”)
[54, 77] u cTauMOHAapHbBIX JUCCHNATHBHBIX CIpyKTyp [17, 26, 76].

B Hactosue#t MoHorpaduu paccMaTpUBAIOTCA HAXOOSLIMECA B MOCTOSHHDBIX
BHEWHHUX YCIOBHAX COOGWIECTBA M3 JIBYX-TpeX B3aMMOMACHCTBYIOLIMX TOMYIfA-
LMH 10CTaTOYHO GONBUIOH YHCIIEHHOCTH, YTOOBI MOXHO ObUIO NpeHeGpeub Pryx-
TyauMAaMid. CKOpOCTH H3MEHEHM#H YMCIICHHOCTH TONYJAUMA OIpeensiTcs
MIHOBEHHBIMH 3HAYEHHAMH CaMMX YMCIIEHHOCTEH, BO3PACTHAA CTPYKTypa momy-
JAUMA U3 pacCMOTpPEHUs MCKItoyeHa. Taxkue MpeaNM3allMM AT BO3MOXHOCTD
UCMONIb30BaTh MUCKIIIOUMTENIBHO OObIKHOBEHHbIE AHGdepeHIMANIbHbIE YPAaBHEHUA
¢ TNOCTOSHHbBIMM KO3bdulMeHramMu 6e3 3ama3fgbIBaHMA M HCCIENOBATh MX €
NOMOIIBI0 KaYeCTBEHHOH TeopuM mub¢epeHIUaIbHbIX YPABHEHHA M TEOpPHH
Gudypxanuii.

Kakue 6Guomoruuecku copepxareiibHble BONMPOChI BCTAOT [PH HCCIENOBa-
HUM MOJIeNed 3KONOTMYeCKHX COOGINECTB B paMKaX NpHUHATHIX U NEepPeuUCIIeH-
HbIX BhIle Haeanu3auuit? Takux BONPOCOB HecKONbKO. Ilepeuncium OcHOBHEIE
U3 HUX.

1. Kak Beper cebs coobliecTBo, NpefIOCTaBNEHHOE CaMOMYy cebe?

Kako#t muHaMMYecKMH pexaiM (GyHKUMOHMPOBaHHS B HEM YCIaHABIIMBACTCH:
CTaUMOHAPHEIH, aBTOKOeGaTeNIbHbIA, KBa3HCTOXaCTHYECKHH?

2. 3aBUCHUT JIH, U €CIIM [a, TO KaKHM 00pa3oM, IMHAMHUECKHI pexHM, yCra-
HABNWBAIOWMACA B MPEIOCTABIICHHOM CaMOMY cefe COOBILECTBE, OT ero MCXou:
HOT'0 Haya&JIbHOTO COCTOAHHMA?

3. K cxa3aHHOMY MMeOT NpAMOe OTHONIEHHE BOTPOCHI O PEAKIMH IKOCUCTE-
MbI Ha BHEILHHE BO3ACHCTBHA, U3 KOTOPBIX BBHIICIHM [1Ba THNA: BO3JCHCTBMA
onHoxkparHpie ($a30BbIe) U NOCTOAHHBIE (NapaMeTpHYecKue) .

4. Ilocnegnsaa rpynna BONPOCOB, BOHUKAIOLMX [PH HCCIEIOBAHUM MOJIENeH
B PAMKaX PUHATHIX HICanH3auMi, OTHOCUTCA K COOTHOLUCHUAM MEXIy BpeMeH-
HOM JMHAMHKON COCPETOTOYEHHON IKOCHCTEMBI 1 NPOCTPaHCTBEHHO-BPEMEHHOM
OpraHM3alUUeil COOTBETCTBYIONIEH pacnpe/iesIeHHON CHCTEMEBI.
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TITABA 2

JUHAMUKA YUCIIEHHOCTH
HU30JIMPOBAHHOH TMOITYJISILIMU

B Hacrosuie# riase paccMaTpPUBAIOTCA MOJENM OMHAMMKH UMCIEHHOCTH W30-
AUPOBAHHOIl TIOMyIALMHA, ! HEKOTOpbIE M3 HUX B JanbHeHLIEM MOCHTyXaT OCHO-
BOIl mA Mojeseit 83aumodeiicreyroujux nonynsumid. KpoMe 1010, B 3T0H riase
Gy/lyT BBeIeHbI H MPOWITIOCTPUPOBAHbI Ha IPUMEPAX BaXKHbIE VA AAIBHEHLIETO
M3JIOKEHUA TIOHATHA ($a30BOM H MAPaMETPHYECKON OHMACHBIX rpaHMil. Mbl pac-
CMOTPUM TOCIIEIOBATENIHO MOAENHN: 1) [MHAMMKHM HHYEM HE O paHMYEeHHOH
(cBobomHoi™) monynAuuM, 2) NOMyNAUMM, OrPaHHYEHHOH BHEIUHMMH Decyp-
caMd M 3) mnomynAUMA, HAXOOAUMXCH MOJ NEHCTBMEM PAa3NIMYHBIX PEXHMOB
IpOMBICHa.

2.1. CBOBOJHAA NONyIAuUUsa

B 3710ii rmaBe W Ha NMPOTSXKEHUM BCel fasibHeiileir paGoTsl Mbl GyaeM pac-
CMATPUBATb OOKOPOOHble TMONYNALMM, NpeHeGperasg MX BO3PACTHOM, FeHOTHIM-
yeckolt M kako#f Gbl TO HM GbUIO WHOM CTPYKTypupoBaHHOCTbI0. Kpome TOTO,
32 UCKIIIOYEHHeM MOCNIeHEH IIaBbl, MCCIEOyKTCH JMIUb JIOKAIbHLIE [OMyIs-
UVH, 1 KOTOPbIX NMOHATHA YHCIICHHOCTU M IUIOTHOCTH ABIISIOTCA CHHOHMMAaMH.
B 3TMX TpeanonaokKeHUAX YpPaBHEHHE, OMMCHIBAOLICE AMHAMUKY UMCIIEHHOCTH
MONYNALUMH, ECTECTBEHHO 3alMcaTh B Obmelt dopme:

% =F(x) (2.1.1)
U
% =xf(x). (2.1.2)

JnMHaMMKa YMCTIEHHOCTH TNONYIALMM CKIAObIBAeTCA K3 [OBYX NpPOLECCOB:
pasMHOXeHUst M rubenu ocoGeil. Ecnu ux paccMarpuBaTh MOpO3Hb, TO ypaB-
Herma (2.1.1) u (2.1.2) npuoGperarot BUL

% =B(x)—D(x) (2.1.3)
I
x=x[b(x)—d(x)] (2.1.4)

COOTBETCTBEHHO, THe B(x) M D(x) — aGcomwrHble CKOPOCTH POXIEHHA H
rubemun ocobeit, a b(x) U d(x) — COOTBETCTBYIOLME Y/ENbHbIE CKOPOCTH, OT-
HeceHHble K OO6IIEH UMCIIEHHOCTH IOMYNALUMH, T.6. 1O CYLIECTBYIOLUEH TepMu-
HOJIOTHH — IUIOJIOBMTOCTb H CMEPTHOCTD.

PaccMoTpHM, KakoOil BAX MOTYT MMerh dyHkuuu b (x) u d(x), n npoaHamm-
3MpyeM KayeCTBEHHO XapaKTep pellieHuii ypasHenus (2.1.4).

ITpu uccnenoBaHMM cBOGOTHON NOMYNSAUMM MPUHATO AOITYCKaTh, YTO CMEpT-
HOCTb HE 3aBMCHT OT YMCJICHHOCTH NOMYJIALMM, TPHYEM B HEKOTOPLIX CIIyYadx
Npe/ICTAB/IACTCA ECTECTBEHHBIM CUMTAaTh CMEPTHOCTH INPEHEOPEXHMO MAJIOH
¥ PacCMATPUBaTh MpEIENbHbIH UeaNN3UPOBAHHDIi cinyvait d (x) =d = 0.

B OTHOIEHUM TUIONOBUTOCTH [IENI0 OGCTOMT ciioxkHee. IIpocreiiliM sBnser-
cA Ciyyail, KOrja TWIOZOBHIOCTh, TAK Xe KaK M CMEPTHOCTb, HE 3aBMCHMT OT
YHCIIEHHOCTH NOMyNIANMA. MBI PHXOMUMM K KJIACCHYECKOMY ypaBHeHWIo Marm-
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Puc. 2.1.1. Ilsa cnoco6a rpacdmuec:.oro npeacraBlieHHsi AHHAMHKH YHCIIEHHOCTH IOTYNs-
LMY OTIA yPaBHEHHHA :

1 - (2.1.5); 2 - (2-1.7) ; X, — HauanbHAs YUC/IEHHOCTH

TyCa, WIH YPABHEHUIO IKCIIOHEHIIHAJIbHOTO POCTa NONyJIALHHA,
x = (b—d)x =ax. (2.1.5)

3ametum, uto mpH b < d 31O Xe ypaBHeHHe ONMCHIBAET 3KCIIOHEHLMANbHOE
BbHIMUpaHue TOMyIAUMH. [JMHAMHKA YMCIIEHHOCTH NONYJALUMM, OMKChIBaeMas
ypaBHerueM (2.1.5), nokasana Ha puc. 2.1.1.

IIpennonoxexe O HE3aBUCMMOCTH IUIOJOBHTOCTH OT WHMCIIEHHOCTH Jyullie
BCETO OTBEYAeT INPENCTABJIEHMI0 O pPa3MHOXEHMM Oecnojioif MonynALMM, Ha-
IIpUMep, NMOCPedCTBOM JieJieHuA, KOIfla aKT Pa3sMHOMXEHWA OCOOM He 3aBUCHT
OT NMPHUCYTCTBUA HHBIX 0cOGeil.

PaccMoTpuM Temepp NOMyNAUMIO, Pa3MHOXAKILYIOCH IMOJIOBBIM COCOGOM.
B 3TOM Cnyuae eCTECTBEHHO OXMOATh, YTO aGCONMIOTHAA CKOPOCTh Pa3MHOXKEHUA
B(x) momxHa GbITb NPONOPUKOHaNbHA YaCTOTE KOHTAKTOB MEXTy OcoGamMH.
Ecn¥ npuHAT, “MEXaHMCTHYeCKOE™ Hpe/ICTAaBIIeHHE O CIIy4aifHOM XapaKTepe
6myxpganua ocobeil, TO YacTOTa KOHTaKTOB MeXAy OcOGAMM NponopLMOHaiNb-
Ha KBajpaTy IUIOTHOCTH momynAuud. ITocKONbKY TepMMHBI “IUIOTHOCTH H
"\MCIIEHHOCTD” MOMYJIAUMH B PaCCMaTpUBAEMBIX HAMH JIOKAIBHBIX MOJENAX —
CHHOHMMBI, TO

B(x) =xb(x) = kx?, (2.1.6)
OTKY/ia B NpEANONOKEHNHM NpeneSpexuMo MaJIOH CMEPTHOCTH
x =kx?. 2.1.7)

PerrenueM 310r0 ypaBHeHMA sBnserca rumepGona, MMewlias BepTHKATIBHYIO
aCMMITOTY:

x(t) =x0T_ (T ~t); T. =1/kxo. (2.1.8)

JpyrumMu ClIOBaMM, WHMCIIEHHOCTh NOMYJIALMH, JHHAMHKA KOTOpOW MOJUYMHAET-
cA 3aKoHy (2.1.6), Masio TOro, YTO HEOTrPaHHWUYEHHO PacTeT, OHA MOJKHA Ipe-
BBICUTb CKOJIb yrOOHO GONbLIYI0 BENHMYMHY K MOMeHTy BpeMenn T (cM.
puc. 2.1.1). flcHo, 4TO TaKOro pona MEATU3aMA MOXET GbiTh NOJEe3Ha JIMIIb
[0 HEKOTOPbIX He CIMLIKOM GONbILMX 3HAaYeHHH IUIOTHOCTH monynsuuy. OnHa-
KO B CBAI3M C 3THM JII0GONBITHO OTMETHTH, YTO POCT YHCIIEHHOCTH YeIOBEYeCTBa,
HayMHasd cO BpPEMEH, OTHOCHTENIBHO KOTOPHIX MMEITCH HOCTOBEPHLIC OLCHKH,
U NpUMeEpHO [0 KOHna 60-X rogoB Haulero BeKa OYeHb XOpPOLIO OTBEYAET 3aBHU-
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Puc. 2.1.2. [IunaMuKa YMCNEHHOCTH NONYAUMHA, OMHCLIBAEMAs ypaBHEHHAMH :
1-(2.1.9); 2 - (2.1.13)

cumoctn (2.1.8) [113, 84, 96]. 310, B YACTHOCTH, CBHMIETENHCIBYET O TOM,
YTO 3aKOH pa3MHOXeHMA (2.1.6) MoXer BO3HMKATh He TONBKO B CHJy Mexa-
HM3Ma CIyYafHBIX KOHTAKTOB MEXHy OCOGAMHM, HO M BCIENCTBME pPYruX,
B TOM UMCIIE elle HEeOCTATOYHO M3YYeHHBIX MpHuMH. ONHON M3 TAKHX NPUUMH
MOXeT 6bITh ’COTPYOHWYECTBO MeXOY OCOGAMH Yy KOJNOHMAIBHBIX XMBOT-
HbIx [58].

YueT ecTeCTBEHHOH, He 3aBHCALIEH OT INIOTHOCTH MOMYJISUMH CMEPTHOCTH
NpPHA COXPaHEHMM 3aKOHa pa3MHOXeHHs (2.1.6) NpPMBOMMT K CledyIOIEMY
YPABHEHHIO TMHAMHMKH YHCIICHHOCTH NOMYJISIUMH :

x =kx* —dx = x (kx—d). (2.19)

[lpy GompuMX 3HAYEHWAX UMCIEHHOCTH AMHAMHUKA TONMYNALMH, TOAUUHAIOLIEH-
ca ypapHeHMio (2.1.9), He o1nMuaeTcs OT OMHAMKKM NMOMYJIALMH, YAOBIETBO-
psiomedt ypaBHeruo (2.1.7): wMcneHHocTh NpeBbimIaeT Miobyio CKONb YyTOMHO
Gonblilylo BETHYMHY 33 KoHeuHoe mpems (puc. 2.1.2). INpu Mambix uMCIEH-
HOCTAX TMOBE[eHHe TMOMyNAUHH KaYeCTBCHHO OTIMYACTCH OT DPacCMOTPEHHbIX
paree. Ha puc. 2.1.2, 2 u 6, BugHO (KpHBBIe /), 4TO CKOPOCTh H3MEHEHUA UHC-
JIEHHOCTH TOMYNALMA MEHAET 3HAK B 3aBMCHMOCTH OT yMcrieHHOcTH: X < O mpu
x < d/k u x > 0 npu x > d/k. IT0 03Hauaer, YTO MOBEIEHHE NONYIALMH B OTIIH-
Yde OT paHee PaCCMOTPEHHBIX ClyyaeB KauyeCTBEHHbIM OOpa3oM 3aBMCHT OT
HaYasIbHBIX YCJIOBMI: €CJIM MCXO[Hasd WHMCIIEHHOCTb MOMyJsAumy GOJblie HeKO-
TOPOi KPHTHYECKOH uncrieHHocTH L = d/k, TO momynALMs HeOrpaHWYeHHO pas3-
MHO>aeTCsi, B IPOTUBHOM CITyuae BBIMHpAeT.

TonATHEe KPHTHYECKOW UMCIEHHOCTH (IVIOTHOCTH) MNONMYNAUMM FOMyCKaer
€CTeCTBEHHYI0 OHONIOTMUYECKYI0 HHTepnperauyio. IIIOTHOCTD HiKe KpUTHYeC-
KOHM — 3TO IUIOTHOCTh CTONb HU3KafA, 4T0, (PUrypasbHO BbIpaXasAch, OCOOH yalle
norn6awoT, YeM BCTPEYATCA Hpyr ¢ ApyroM. Bomee crporo, kputnueckas
IJIOTHOCTh — 3TO IUIOTHOCTb, NIPH KOTOPOH CpeliHee BpeMs Mexay NociaenoBa-
TEJIbHLIMH KOHTAKTaMHU MOTEHUMANBHBIX OpauHbIX MapTHEPOB PABHO CPEOHEMY
BPEMEHM JKU3HH OCOOM, [IE/IEHHOMY Ha CpelHee YMC/IO NMOTOMKOB B OIHOM
aKTe Pa3MHOXXEHHUS.

[lopemeHue nonynsuMM, TOgUMHsnoleics ypaBHemusam (2.1.7) u (2.1.9),
npu GONbIIMX YMCIIEHHOCTAX ABHO “HEGHOJNIOTMYHO: C TEYEHMEM BpPEMCHH,
NIPHYEM 332 KOHEYHOE Bpems, CKONb YTOOHO GOJNBLIYI0 BeEJMUMHY IIpEBhILIAET
He TOJIBKO UMCIIeHHOCTb, HO M OTHOCHTENbHAas CKOPOCTb POCTAa MNOMYIAUMH.
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Bonee GUONIOrMYHON MPEACTABIIACTCA 3aBUCHMMOCTb IUIOJOBHTOCTH OT UHCIEH-
HOCTH, ~KOMIpoMHuccHas Mexiy 3aBucumoctamu (2.1.5) u (2.1.6) [11],
a KIMEeHHO

b(x) =bx/(N+x). (2.1.10)

B paMkax 1aKo# MopenM NMpyU MaNbIX WHCIIEHHOCTAX X < NV momynauusa pa3sMHo-
*aetTcA mo runepbonuueckomy (2.1.6), a npu GONBIMX YACHEHHOCTAX X > N —
MO 9KCNOHEHIMATIbHOMY 3aKoHy (2.1.5).

3aBucumocts (2.1.10) momyckaer ecrecrBeHHyro mHTeprpertamuio. O6paTnm
BHMMaHME HAa TO, YTO B JBYTIONOH NOMYyNSILMH CaMKa MOCHE OIUIOZOTBOPEHHS
Ha HEKOTOpOe BpeMA T BbIGbIBAET U3 NpoIecca pa3MHOXeHus. 3 aroro crenyer,
YTO NPH MATBIX IDTOTHOCTAX MNOMY/IAUMM, KOIZIa XapaKTEPHOE BpeMs MeXIy
KOHTaKTaMH ocobeif MHoro Gombllle 7, CKOPOCTh POCTa ONPEENAETCH YaCTOTOM
KOKTaKTOB M mopuMHsercs 3akoHy (2.1.6). Ilpu Gonmpumx IWIOTHOCTAX MOIMY-
TAUMM, KOT[a XapaKTepHOe BpeMs MeXOY KOHTAKTAMM MHOIO MeHbule T, ab-
COMIOTHAA CKOPOCTh POCTa YMCIIEHHOCTH NONYJALMHM ONpPENeNAercs JMIUb Yuc-
TICHHOCTBIO CaMOK W MOMyJIALMA Pa3MHOXAETCA MO IKCMNOHEHUMAbHOMY 3aKO-
Hy (2.1.5). U3 npempimymero sicen Guorornveckuii cmbici Bemumubl N. J1a
BEJTHYHHA O3HayaeT IDIOTHOCTh MOMYJIALMM, NIPH KOTOPOH CPEIHEe BPEMSA MEX/IY
MOCNeAOBaTeNIbHbIMY KOHTAKTAMM OJHOH OCOOGHM paBHO 7, WIM, IPYTHMM CJIO-
BaMH, 3TO IUIOTHOCTH NOMYJIALMH, NPH KOTOPOH K pPa3sMHOXEHMIO CIOCOGHA
TOJIOBHHA CAMOK.

IIpn npeneGpexumo Maioft cMepTHOCTH (d = 0) ypaBHeHMe AMHAMHKH
YHCIIEHHOCTH B paCCMAaTPUBAEMOM CIIyyae MMeEET Bul

x =bx?/(N+Xx). (2.1.11)

JIMHaMHMKa YMCIIEHHOCTH IPH 3TOM MAJIO OTJIMYAETCH OT IKCIOHEHIMAIIBHOMN,
MaJIbTY COBCKOH, ¥ 3aMETHTh PasiMYdsA MOXHO, JMIUb M300pasHB 3aBUCUMOCTD
UHMCTEHHOCTH TNOMYNALUMH OT BpeMEHH B MNONYNOrapudMHUeCKOM MacluraGe.

CoxpaHss B KauecTBe 3aKOHa pa3muoxeHus (2.1.10), Ho mpuHMMas cMepT-
HOCTh OTJIIMYHOH OT HyNsa (M, KaKk M paHee, He 3aBUCALIEH OT WACIEHHOCTH),
NPUXOAMM K CIIEAYIOLIEMY YPABHEHHIO 151 YHCTIEHHOCTH MO JIAIMH |

X = bx? | (N +x) —dx. (2:1.12)

BBops oGosnaverus b—d = a, dN/(b-d) = L, yno6xo ¢popmyny (2.1.12) nepe-
mcaTh B BUIE

%=ax(x~L)/(N+x). (2.1.13)

Kak BumHO Ha puc. 2.1.2, KpuBbIe 2, OUHAMUKA YHCIIEHHOCTH MOITYJIALMM, OIH-
ceiBaeMaA ypaBHeHueM (2.1.13), XapakTepusyercsi ciemyoummu 0cobeHsoc-
TaMH. MMeeTca kpuTHyeckoe 3HaueHHMe umciaeHHoctd X = L. Ecnmu ucxopsas
YUCTIEHHOCTh TIONMYNALIMM MEHBIE KPHUTHYECKOH, TO MOMYNSLMA BbIMHpaer.
Ecnu >ce HayanbHas YMCIIEHHOCTh GOJIBIIIE KPUTHYECKOM, TO MOMYNALMA HEOrpa-
HHYCHHO pacreT MO 3aKOHy, GNM3KOMY K S5KCINOHEHIMajibHOMY (M Bce Gonee
NpubMKaoLIEMyCa K HEMy O Mepe pOoCTa MOnyJiAiuy) .
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2.2, nONyJIAUKA, OrPAHHYEHHASA
BHEWHMMH PECYPCAMH

OueBumHO, 4T0 GecnpemensHblii POCT MOMYIIANMIA, ONMCAHHBIA Bblllle, HEBO3-
MOXEH H3-32 OTPaHMYEHHOCTH BHEIUHHX DECYPCOB MOMyNALUM: HCTOMHMKOB
U, MecT obutaHHA ¥ T.. OrpaHHYeHHOCTh BHEIUHHMX DPeCypcoB NpHBOMMT
K BHYTPUBMIOBOH KOHKYDEHIMM, KOTODasA IPOABIACTCA B 3aBHCHMOCTH
IWIOJIOBUTOCTH, CMEPTHOCTH MM OBeuX 3THX BEJMUMH OT IUIOTHOCTH MOITY IALHH.
Benencreue BHYTPHBHAOBOW KOHKYpPEHUMH IUIOMOBUTOCTD C POCTOM IITOTHOCTH
najgaer, cMeprHocts — pacrer. HamGonee npocrbiM, OGLIEHPHHATBIM M nof-
TBEPXIOEHHBIM BO MHOTHX CIIy4YasX 5KCNCPUMEHTAIILHO ABJIAETCA MPEnIonoxKe-
HHE O JIMHEHHOM XapaKTepe 3THX 3aBUcHMOCTed. TakuM 06pa3oM, 06o3Hauas
uepe3 bg (X) ¥ do (X) 3aBMCHMOCTH IUIOJOBMTOCTH 1 CMEPTHOCTH OT ILTOTHOCTH
B cBOOOJHON mOmMynAuMM, a TeMH xe OykBamu Ge3 MHOEKCa — aHATIOrHYHBIE
BEJIMUMHBI B OTPaHUYEHHOM pecypcaMM MOMYIIALMM, MOXXHO 3alHcaTh

b(x) =bg (x)—e€px;
d(x) =dy (x) +egx, (2.2.1)

[he €5 q — COOTBETCTBYIOIHE KOIGHUIMEHTH! HPOMOPUHOHATBHOCTH, XapaK-
TEPU3YIOLIHE BIIMAHKE KOHKYPEHIIMH Ha IUIOIOBUTOCTD H CMEPTHOCTb.

OGmee ypaBHeHHe N7 AMHAMMKH UMCIEHHOCTH OTDAaHHMYEHHOH pecypcamu
NONyY/NIALMY NIPH ITOM UMeET BHN,

X =x [bo (x)~d, (x)—ex] = (22.2)
=By (x)—Dp (x) —ex? = Fo (x)—ex?, :

TIe HyJNeBbIM MHAEKCOM OGO3HAYEHBI COOTBETCTBYIOLIME 3ABUCHMOCTH aJisi CBO-
GoIOHOI NoMmy AUy,

3aMeTMM, YTO KBAaADAaTHYHBIA WieH ex’ B ypapHenmu (2.2.2) yKa3bBaeT Ha
TO, YTO NPHHATHIA JIMHEHHBIA BHI 3aBUCHMOCTH IUTO[IOBHTOCTH M/WIH CMepTHOC-
TH OT IUIOTHOCTH NOMYJIALMM JOMycKaeT elle OIHY AOBONLHO E€CTECTBEHHYIO,
XOTA M MEXaHMCTHYECKYI0, MHTEPNPETAUMI0 BHYTPHBHIOBOM KOHKYpEHIMM:
abcomoTtHasd “HemocTaya” ocoGed B YCHOBMAX OrpaHHUEHHOCTH pecypcaMH
0 CPaBHEHUIO C POCTOM CBOBOIHOH MOMYNALUMHM NTPONOPUMOHATIHA KOJTHYECTBY
KOHTAKTOB (*’CTOJIKHOBEHHIA™") MeXHy ocobaMH.

PaccMOTpHM, K UeMy NPHBOIMT Y4eT OrPaHHYEHHOCTH PECYPCOB (T.€. BHYTpH-
BHJOBOM KOHKYPEHIHH) B MOJEIAX NPebIRyNIero pasnena.

Ypasuenue (2.1.5) nepexomur B

x =ax—ex® =ax (K- x)[K; K = e/a, (22.3)

T.6. B M3BECTHOE JIOTHCTHYeCKOE ypaBHeHue ‘Depxtonbcra—Ilupna (pHc. 2.2.1).
ITIpu mOG0M HMCXOOHOM COCTOAHMn NMONMYNANMM €€ YHCIEHHOCTh MOHOTOHHO
cTpeMuTca K 3Hauenmio K. Ecny McxofHas wicTeHHOCTb MeHsile K/2, To xpuas
33aBUCHMMOCTH YMCIIEHHOCTH OT BpEMeHN KMeeT Ha Bbicote K/2 neperu6.

Ypapuenue (2.1.7) mocne BBeCHHs WIEHA, OIMCHIBAIOLIETO BHYTPHBHIIOBYIO
KOHKYPEHLMIO:

x= koxz ,—ex2 =kx2; k= ko—e>0, (2.2.4)
HE MEHAET BH[A, T.e. NO-TpeXXHEMY OIMCHIBAET IUNepGONHUECKHA POCT WHCIIEH-

HOCTH monynsanuM (cm. puc. 2.1.1, 6, xpusasn 2) .
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Puc. 2.2.1. JInHaMHKa YYCIIEHHOCTH MOMYJIAUMH, ONHChiBaeMast y PaBHEHHSAMH
1 — noructuyeckumMm (2.2.3), 2 — (2.2.8)

CoBeplLUEHHO 2HAJIOTUYHO COXPAaHAET CBOM BHJ B 3TOM CIyYae H ypaBHEHMe
(2.19):

X =kox*—dox—ex? = kx*—dyx; k=ko—e. (2.2.5)

Jxonoruueckas MHTepIpeTauMa OYEBHMMIHA: B PaMKaX NpPeINoNIOXeHHH, 3a-
JIoXeHHbIX B Mofenax (2.2.4) u (2.2.5), xak npuGbuis, TaKk ¥ yOsuIs 0cobeit
B MOMYJIALMK IPOUCXOMAT B pe3y/ibTaTe HEHCTBUA AHATIOTMYHBIX MEXaHU3MOB:
CIYYaHBIX KOHTaKTOB MexAy ocoGamM. MHbIMH CllOBaMM, JTHHEHHON 3aBMCH-
MOCTH IUIOHOBHTOCTH M/WIM CMEpPTHOCTH OT YMCIEHHOCTH MPH OIMMCaHUH BHYTpH-
BHUIOBOH KOHKYPEHIUMHM B PaMKaX 3THX MOJeNedl HelOCTaTOYHO, YTOGhl CTabu-
JM3UPOBATL YHCIEHHOCTh TOMyNALMU. ITO ellle pa3 yKasbiBaeT Ha Guoioruyec-
KYI0 HeKOppeKTHOCTb Momener (2.1.7) u (2.1.9) npyu GonplMX YWMCIEHHOCTAX
TIONYJALMA.

YpaBHemme (2.1.11) mocne yyera BHyTPHBMAOBOH KOHKYpEHLMM NMPHHHMAET
BU[
box? ) bx* K-x
—ex?= . , (2.2.6)
N +x N +x K

rae b = by—eN, K = by Je—N.

KauecTBeHHO [MHaMMKa YMCIEHHOCTH MOMYNALMYM, NOMNMHAIIEHCS ypaB-
Henmio (2.2.6), coBmagmaer C TaKOBOH VIS JIOTMCTHYECKOTO YpaBHeHMs (CM.
puc. 2.2.1,6, xpuBas ). Pa3snnume HOCHT KOJIMUECTBEHHbI XapaKTep U COCTOMT
B TOM, YTO, BO-TIEPBbIX, MONMyNAUMA MeJJleHHEe PACTET NPH MANbBIX UHUCIICH-
HOCTAX ¥, BO-BTOPBIX, NEPErHG KPUBOH 3aBUCMMOCTH YMCIIEHHOCTH OT BpeMeHH
nexur Bbiie K/2. [lpy N> K ypasxenne (2.2.6) 018 MHTEPECYOLMX HAC 3Ha-
YeHHHl UMCIIEHHOCTH TOINYJIALMM, HE CWIbHO NpeBbiliaronmx K, xopoumro an-
NpOKCUMHUpYeTcA Golee NPOCTHIM ypaBHEHHEM

x = bx* (K-x) K. (2.2.7)

Yuer BHYTPUBMIOBOH KOHKypeHUMM B pamiax momenu (2.1.13) npusommr
K YPaBHEHHIO

. bex? ax (x—L)(K—x
X =— _ dox—ex? _ &G hEx) ) , (2.2.8)
N+x N+x)K

roe a = eK, L u K — xopH# ypaBHeHHs
x*—[(bo—do)/e~N}x +dpNJe =0.
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CoorBercrByloume rpaguku H3o6paxens Ha puc. 2.2.1, xpussie 2. U3
pHCYHKa ClleflyeT, uTo NOMYNANMA, oNMMchbiBacMmas ¢opmymnoi (2.2.8), Hmeer
[Ba HETpUBHAIBHBIX (T.6. OTNHYHBIX OT HYJIEBOTO) COCTOSHHA PaBHOBECHA:
x =L ux =K. Eciiy HayasIbHaA YHCIEHHOCTh Xo > L, TO WUCIIEHHOCTD NONYJIRIMHU
MOHOTOHHO pACTET, CTPEMACH K 3HaYeHHI0 X = K, TaK Xke KaK 3TO NPOUCXOIAT
y TOMyNAUMM, MOMUMHSAIOLMHCA JIOrMyeckoMy ypaBHenuio (2.2.3). Ecnm xe
xo < L, 10 momynamua BeiMupaer. Cocrosnue x = K — ycroifumoe, x =L —
HEeyCTOHMYMBOE paBHOBeCHE NOMYIIALKU.

Takum 06pa3oM, eClH UHCIEHHOCTb MOMYJISUMH, MCXOOHO HaXOAsIueics
B COCTOSHMM YCTOHYMBOTO paBHOBecHsi X = K, B pe3ynbraTe OTHOKPATHOrO
BO3JEACTBUA CHWKAETCA /10 YPOBHA HWXe L, To momynsauus oGpeyena Ha BbI-
mupanue. Heycroifunsoe paBHoBecMe x = L — mpoCTeilLmii npuMep ONACHOM
TpaHMLBI B OTHOIIICHUHM OJHOKPATHHIX MM a3oBbIX BO3MEHCTBMIA.

IIpencraBum ceGe, 4TO HUCXOMHO MONYNAUMA HAXONMUICH B COCTOSHMA paB-
HOBeCHA X = K W nopsepraercs OJHOKPATHBIM BO3MIENCTBUAM, YMEHbLUAIOUIAM
e¢ uncreHHocTb. [lpu 3TOM Kaxaplii pa3 mocie BO3HEHCTBHA NOMYNAUMY AI0T
BO3MOXHOCTb BOCCTaHOBHTb €€ UMCIEHHOCTb, 2 MHTEHCHBHOCTb BO3MEHCTBHA
pa3s OT pa3dy BO3pacTaeT, T.6. ~BO3MYLUEHHAs  UMCIEHHOCTh NMONYJIALMM BCe
Gonee mpubmwKaeTcs K KpHTHUECKOMY YposHI0 X = L. C nmoMompio Kakoro
KpHTEpPHA MBI MOXEM CYIUTh O NPHGIMKEHMM MHTEHCUBHOCTU BO3[EHCTBUA
K ONacHOMY KpHTHYeckOMY ypoBHI0? Kpurepmii aToT mpocT, HarnsagHO BHIEH
Ha pHc. 2.2.1,4, KpUBag 2, M XOPOIUO M3BecTeH 3Komoram [84]. O cocrout
B TOM, YTO ueM OnMxe BO3MYLICHHLIH yPOBEHb YHCIIEHHOCTH K KPUTUYECKOMY,
TeM Me[JIeHHee BBIXOIUT NOMyALMA U3 BO3MYLIEHHOTO COCTOAHMUA.

Ypasuenne (2.2.8) npencraBnser coboit omHy u3 HauGomee MPOCTBHIX H €c-
TecTBeHHbBIX dhopM 3amicH apdexrta O [102, 69], KOTOpPBIH COCTOMT B TOM,
YTO IUIONOBHMTOCTb 3aBUCHUT OT YHCIICHHOCTH NMOIMyNSLMM HEeMOHOTOHHO. Meitct-
BUTEJIBHO, B CWIy NPHHATHIX B PAMKaX MOJEIN H MPOaHATM3MPOBAHHBIX BhILIE
NPHYHH 3ABUCHMMOCTD IUTOJIOBHTOCTH OT YHCIEHHOCTH NOMYJIALMH B paMKaX MoO-
nemn (2.2.8) vemonortonHa. Eciim cumraTs, Kak 3TO JEeNanock M paHee, CMepI-
HOCTb He 33aBHCAILLUEH OT UMCIIEHHOCTH, TO TOYKH IepeceueHHs KpuBoi b(x) ¢
TOPH3OHTaNbI0 d OTBEUAIOT HeycroiuwBoMy (x = L) M ycroituusomy (x = K)
PAaBHOBECHAM NOMYJIAIMH.

9ddext Onnu chopMynHpoBan B KaUueCTBEHHbIX TePMHUHAX (MOHOTOHHOCTb—
HEMOHOTOHHOCTDb) , 2 COOTBETCTBYIOLME 3aBHCHMOCTH MOTYT OIMCHIBAaTbCA pa3-
JWYHBIMM KOHKpeTHbIMM ¢yHKmMAMA. B wactHoctd, mpu N > K ypaBHeHue
(2.2.8) B 06nacTH 3HAUEHMIT WICTIEHHOCTH, He CHIIbHO NpeBbllatonmx K, Xopouo
amIpoKCHMUpYeTCA Goree MPOCTOH 3ABHCHMOCThIO

x =ax(x-L) (K—-x). (229)

T'paduxu, wunoctpupyroume Bbipaxedne (2.2.9), KaueCTBEHHO COBNAZAlOT C
n306paxkeHHBIMM Ha puC. 2.2.1 KpUBHIME 2.

B mMateMarnueckoil 3KOJIOTMH BCTpeYaloTCA M Gojiee COXKHBbIE MOMEIM JHHA-
MHKH YMCNEHHOCTH OTPaHWYECHHOW pecypcaMH NOMyJAIyH, KOTNA TOMYJIALMA
MoXeT HMerh GoJiee OXHOTO HETPHBHAIBHOIO COCTOSIHMS YCTOWUMBOIO pABHO-
Becusn [80, 129, 40]. B Hacrosiueir paGoTe TaKue MOMENIH HE PaCCMATPHBAIOTCH .
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2.3. onynsAanusa, NOABEPMKXEHHAA MPOMBICITY

PaccmoTpum nomynsauuio, U3 KOTOPOit perynApHO U3bIMAETCA HEKOTOPOE YHC-
0 ocoBeit, T.e. NMONMynAUMI0 NMoj AeACTBHEM INpombicna. Ilpu 3toM cuuTaem,
YTO HMHTEHCHBHOCTb IIPOMBICNIa Ha NMPOTSKEHHMHM 3HAUMTEIBHBIX TPOMEXYTKOB
BPEMEHH OCTAaeTCA HEM3MEHHOH, HO, BOOOLIE rOBOpsA, MOXET MPHHHUMATbL pa3-
JIMYHble 3HAueHHA. B 3TOM ciyyae ypaBHEHHE IJIA M3MEHEHMA YHCIIEHHOCTH
MONyNALMH HMEET BUTL

% =F(x)=S(x a), (2.3.1)

roe ¢yHxkuma F (x) onucbiBaeT AMHAMMKY MOMyNALMM, He NoOABeprarmoiueics
npoMmsiciy, a S (X, @) — CKOpocTb U3bATUA 0ocObell M3 nomynauuu. Iapamerp
(¢ Ha30BEM MHTEHCHUBHOCTBIO INPOMBDICIIA; OH MOXET MMETb pa3jIMyHbIH CMBICH
B 33aBHCHMOCTH OT BuUaa ¢pyHkuuu S (x, &) . Takum o6pasom, npombicesn ¢ nocTo-
AHHON HHTEHCHMBHOCTBIO, KOTOpaf MOXeT IPHHUMATb pasjiMyHble 3HAYECHUA,
NpeACTaBNIAET NPOCTEHIMHE MpUMep MapamMEeTPHYECKOr0 BO3OECHCTBMA Ha 3JKO-
CHCTEMY.

PaccMoTpuM monynAumMio, AMHAMMKA KOTOPOH B OTCYTCTBHE NPOMBICHIA MOJ:
YHHSAETCA JIOTHCTHYECKOMY ypaBHenHio (2.2.3). Uccnemyem BiusiHMe Ha JiHaMU-
Ky TaKod MOMyJIALUMH ABYX PEXHMMOB MPOMBICIA MpH H3BATHM W3 MOMyJTALMM
B eJMHHLY BpeMeHH IOCTOAHHOro uucia ocobeit (1) WIK MOCTOAHHOM [ONIH OCO-
Geil, T.e. HEKOTOPOTO uMcna Oocobei, MPONOPUHOHATILHOTO YMCIICHHOCTH MOIY-
nauun (2).

B nepBom cnyyae mMHaMHKa YHCIIEHHOCTH ONMCHIBAETCA Y PaBHEHHEM

x =ax(K-x)/K-a, (232)
BO BTOpOM —
x =ax(K-x) /K-ox, (2.33)

roe & — HHTEHCMBHOCTb IPOMBIC/IA, HMEIOLIAA B NMEPBOM Cyyae CMBICI YUcna
0coGel, H3bIMAaeMbIX B e[MHHLY BpeMeHH, a BO BTOPOM — [OJM NMONYJIALMH,
H3bIMaeMOM B €MHHUILy BPEMEHH.

PaccMotpuM B 0GoMX cilyuasx 3aBMCUMOCTb IMHAMUKH [ONYIALMMU OT M-
TEHCHBHOCTH TMpombicia. IlpH 3tom ynoGHO BOCHONB30BAaTHCA CIEAYIONMM
rpaduyeckuM TNpHEeMOM: H300pakarb Ha OFHOH [MarpamMMe OJHOBPEMEHHO
rpabuku dyskumit F (x) u S (x). AGcupcchl ToYeK NepeceyeHus ITUX rpacu-
KOB COOTBETCTBYIOT pPaBHOBECHbIM (YCTOMUMBBLIM M HEyCTOMYUBBIM) UHCIIEH-
HOCTAM TOMyJIAIMHA, HAXOOALMXCA NOJ AEHCTBMEM 3a[]aHHOTO peXHMa Ipo-
MBIC/Ta, A OpJMHATBl — YMUCIly OcoOeH, H3bIMAEMbIX TpH 3TOM B eIMHUIly Bpe-
MEHM M3 HONMYJIALMH, T...” ypoxai”.

Ha puc. 2.3.1,a u3oGpaxeHpl TpH BO3MOXHbIC BApHaHTA B3aMMHOIO pac:
nonoxeHusa rpaduxos F (x) u S (x) Npu pasiMyHbIX 3HAYEHHAX & 1A MEpBO-
ro pexxuma npombicna. U3 pucyHka BUAHO, 4ro ypaBHeHue (2.3.2) B 3aBucH-
MOCTH OT 3HaYeHMA & ONMCHIBAET IBa KAYECTBCHHO Pa3NIMYHbIX THIA NHHAMHKH
nonynauuu. Jlpd Manoi MHTEHCHBHOCTH MpPOMBICNA (a < oxp =akK/4) y ro-
NyNIAUMA CyHIECTBYIOT [Ba COCTOAHHA PAaBHOBECHA: K'(@) u L'(e), npuuem
paBHOBecHe, OTBevawoliee OGONbINEH YHCIEHHOCTH MNOIMYJIALMY K', YCTOHYMBO,
a menbuieii L' — HeycroituuBo. TloBefieye MOMyNANMM B 3TOM Clyyae KAuecT-
BEHHO COBMajaeT C MOBeldeHWEM, OMMChIBAEMbIM ypaBHeHHMeM (2.2.9): cymecT-
BYeT HIKHASA KPMUTHYECKAA YHUCIEHHOCTb MOMYJIALMH, TaKadA, YTO eCIM Hayallb-
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Puc. 2.3.1. JluHaMKKa YUCTIEMMOCTH MOMYNAUMH, NOOMHHAIOLIEHCH JIOTHCTHYECKOMY 3aKOHY

a- ﬂepBblH PeXUM NPOMBIC/Ia NP AOKPpUTHYecKOR (o), KPHTHYECK O (aKp) M 33KpH-
THYeckoit (') UHTeHCHBHOCTAX NPOMBICNIA; 6 ~ BTOPOI PeXHM IpoMbICHa

Hafl YUCIEHHOCTbh MEHbLIE KPHMTHYECKOH, TO TOMYNAUMA OOpeueHa Ha BbIMH-
paHue. Ecnu ke MHTEHCHBHOCTb MpOMBbICHA BenuKa (a > oy = aK/4), 10 pas-
HOBECHBIX COCTOIHMM Y INONMYJIALMHM He CyIuecTByeT BoBce. Ilomymauma He Mo-
)KET IPOTUBOCTOATH MPOMBICILY ¥ 06peyeHa Ha BbIMMPAHUE TIPH JIIOGBIX Hayasb-
HbIX YMCJIEHHOCTAX. B cnyvae o = aK/4 (ocoGoM, IOrpaHHYHOM, WIH “BBIPOX-
OEHHOM™) ycroiuuMBOe M Heycrommnoe PaBHOBECHA MNOMYNAUMH CIIMBAIOTCA,
o6pasya nonyycToiynBoe K

WurepnpetHpyem nonyqem{bm pe3yibTaT 3KojiordueckH. IlpencraBum
cebe, UTO MCXOOHasA MOMyNAUMA He MOABepraeTcA MPOMBICAY H HAXOOMICA B
COCTOAHUM paBHOBecHA Xx*= K. PaccMOTpUM 3a3BHCHMMOCTb YCTOMUMBOH paBHO-
BECHOH YMCTIEHHOCTH NONMYnAuMH OT o Ilo Mepe HapacTaHMs HHTEHCHBHOCTH
NPOMBICTIA YCTOMUMBAS pDABHOBECHAA YMCICHHOCTh K  CHayama MOHOTOHHO
YMEHbLLIAECTCA, 3aTe€M [OCTHraeT HEKOTOpOro KpPUTHYECKOTO 3HaueHUA Kkp,
TMOCIe Yero CKaykom MajaeT A0 Hyna. Kputuueckoe 3HaueHMe ypokas Sy,
NpH 3TOM paBHO MaKCHMAaJIbHOM CKOpOCTHM pOCTa IONYNALMH, He nou.nepraro-
IIEACA MIPOMBICTTY.

Ilpensiono»mM, YTO pacCMOTpeHHass TMOIYJMAUMA CTaHOBHUTCA 0GbEKTOM
ApPOMBICTIA ¢ HHTEHCHBHOCTBIO, yBEIHUMBAIOLICHCA BpeMs OT BpeMeHH Ha He-
KOTOPYI0 KOHEUHyl0 BENIHYMHY, MPHYEM KaXObi pa3 Mocie YBEMTHYCHUA MH-
TEHCHBHOCTH INpOMBICIIAa MONYNALIMHM NpeoCTaBIIAeTCA OOCTATOYHOE Bpems
A TOro, 4roGbl YCTAHOBWJIOCH HOBOE 3HaYeHWEe PABHOBECHOH MHCIIEMHOCTH.
KakoB B 370M cilyvae Kpurepuii NpHONMMEHMA MHTEHCUBHOCTH NPOMBICIA
K KpuTuueckoi? Kputepuii 310T MeHee HarnsmeH, YeM B paCCMOTPEHHOM BBILLIE
ClTy4a€ OMHOKPATHbIX HAarpy3oK, HO MaTeMATHYeCKH NOCTATOYHO OYEBHIEH.
OH cOCTOUT B TOM, YTO YeM GIIMKE MHTEHCHMBHOCTb HATpy3KM K KpPHTHYECKOH,
TEM MemjieHHee GyneT CTPEMHTbCA YMCIIEHHOCTH MOMYJALMM MOCHe OYepemsHoro
yBeNU4YeHUs HHTCHCHBHOCTH IIPOMBICJIA K HOBOMY PaBHOBECHOMY 3HauYeHMIO.
MareMartHuecKky 3T0 ABIACTCA CJIEACTBHEM TOTO OOGCTOATENBCTBA, YTO YeM OJu-
K€ MHTEHCUBHOCTDb IIPOMBIC/IA K KPHTHYECKOH, TEM MeEHblle COGCTBEHHOE 3Ha-
YeHWe CUCTEMBI B OKPECTHOCTH PaBHOBECHA.

BaxkHO MOAYEPKHYThH, YTO B PACCMATPHBAEMOM pEXMMe MpOMBICTa NpHOIH-
eHMe K MAaKCHMAIIbHOMY 3HaueHMio ypoxasa (MHOrJa 6e3 NO/DKHBIX Ha TO
OCHOBAHMH Ha3bIBa€MOE€ ONTHMAJIbHBIM) OINACHO: €CJIH MHTEHCHBHOCTH IpO-
MBIC/IA HA CKOJIb YTOOHO Mailylo BENIHYMHY NMpeBbIIAeT Ty, MPH KOTOPOiH ypo-
Kail MakcUMalleH, TO MONyNAIMA OKa3biBaeTcA oOpeueHHOH Ha BbIMUpaHue.
[o3TOMy TaKO# pexM IIPOMBICIIA TPYAHO CUUTATh ONl THMAIBHBIM.

PaccMoTpMM Temeps BTOpO#H peXM NPOMBICTA, NPH KOTOPOM M3 MONYJA-
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LMK M3bIMAETCA TOCTOAHHAA [OJA 0cobeil, BOCNO/Ib30OBABLUIICH TEM XK€ rpadu-
yeCKkHM npueMoM (cm. puc. 2.3.1,6). Ha pucyHke BHIHO, YTO B 3aBHCHMOCTH
OT 3HaYeHWA ( BO3MOXKHBI [Ba THIIA B3aUMHOrO PpACIOJIOXEHHA IpadHKOB
F(x) u S(x) u cooTBeTCTBeHHO [Ba THMa JYHAMUKH nomynam. IIpu manoit
HHTEHCHBHOCTH TIPOMBICIa TNOBefeHde momlynmamuu [cM. dopmyny (2.3.3)]
TIO-TIpEe>KHEMY OIMCHIBAETCA JIOTHCTUYECKMM ypaBHeHHeM. [Ipn 3toM mua Kax-
NOTO 3HaYeHHMA « HOBbIE” 3HAYEHUA NApAMETPOB JIOTMCTHYECKOTO ypaBHEHMA
3ananTca Bhipaxemuamu o = a—a, K' = K(1-o/a). Ilo Mepe pocTa MHTEHCHB-
HOCTM TIPOMBICSIA PAaBHOBECHAA YMCIIEHHOCTb MNOINYJIALIMM MOHOTOHHO YMEHb-
LIAETCA, U TIpH MHTEHCHBHOM IIPOMBICHIE ( > & MOMyNAuUMA O06peyeHa Ha BbIMHU-
paHue npu 060H HayaIbHON YMCIIEHHOCTH. YpOikail 3a8BUCHT OT MHTEHCMBHOCTH
MPOMBbICIIa HEMOHOTOHHO.

M3 mnpopeneHHOro paccMOTpeHMA ciefyeT BaXKHbIM BbIBOA: XOTA MAaKCH-
MaJIbHBIA CTALMOHAPHBIA YPOXKail, KOTOPBIA MOXXHO CHATb C IONMYJIALMH, HE 3a-
BUCHT OT pexHMa NpOMbICNa, pa3fIMYHbIC PeXXMMbI IPOMBICIIA HE ABIAITCA PaB-
HOUEHHBIMU. Pe>xuM, np KoTopoM npu (PMKCHpOBaHHOH MHTEHCHMBHOCTH IIpO-
MBICTIA M3 JIONYJIALMH HM3bIMaeTCA ONMpeMe/ieHHas ee [0NA, ABHO Oonee npen:
nouyTHreneH. B 3ToM ciryyae mpeBblileHMe WHTEHCHMBHOCTH IIPOMBICHA, OTBEYAs0-
el MaKCUMATBPHOMY YpOXai, BieueT 32 COGOH MOCTENEHHOE yMEHbILCHHE
€aMoro ypoxas. 10 06CTOATENBCTBO CUTHATM3UPYET O NPEBBILICHHH ONTUMATb-
HOM MHTEHCHBHOCTH NMpOMBbICIa. B TOM e ciyuae, Korga ¢pUKCUPOBaHHAA UH-
TEHCHBHOCTb IIPOMBIC/IA OTBEYAeT UIBATHIO M3 NONYNAUMM B ¢IHHULY BPEMEHH
olpenesIeHHOTO YNCia 0CoGel, MpeBbILieHe HHTEHCUBHOCTH ITPOMBICITA, COOTBET-
CTBYHOIIEH MaKCHMAIBHOMY ypOiKalo, BJI€YeT 3a cOBOM, Kak Mbl BUAENH, BHIMH-
paHue MOmyNIALMH.

PaccmoTpeHue pextMOB NIpoMbICHa, IIpH 00JIee CIOKHbIX BUAAX 3aBUCUMOCTH
KOJIMYECTBA M3bIMAaeMbIX M3 MOMYyNAIMM OCOGEH OT UMCIIEHHOCTH MOMYNIALMU
TNIPeNICTaBIIACTCA M3UIIHUM, IIOCKOJIbKY TaKME PEXHMMBI BPAN JIK PEaTH3yeMbl
IIPAKTHYECKHU.

F'JIABA 3
OTHOMEHUSA XUIHAK—KEPTBA

B 3K0noruM NpuHATO BbIAENATh TPH OCHOBHBIX THUIIA MEXBHUIOBBIX OTHOLIE-
Huii: ++, — ¥ +— [69]. IIpu 3TOM 3HaKOM “Inoc” 0603HAYAETCA TOJOKU TN
Hoe, GaronpuaTHoe BO3[CHCTBHE OJJHOTO BUMA Ha JpyToil, a 3HAKOM ~’MHMHYC” —
HeGmaronpusaTHoe. COOTBETCTBYIOIME TUIIBI MEXBHIOBBIX B3aHMOOTHOLLEHUI
TIOTYYH/TM HAUMEHOB aHUA :

++ [pPOTOKOONEepauya, MyTyaJIu3M HIH cUMGHO3;

—— B3aMMHOE KOHKYPEHTHOE IOMABJIEHHE WIM KOHKYPEHUMA 33 oOmit

pecypc;

+— OTHOLUCHMA TUINA XMIHUK—KEePTBa WIIM MapasHT—XO3SAMH. .

Kpome Ttoro, NpHHATO BHIOENATH OBa THIA OTHOLUEHHH, OPU KOTOPbIX OMH
BM[, OKa3bIBasg IOJIOKUTEIbHOE WM OTPHIATENIbHOE BO3[EHCTBHEe HA BTOPOI,
CaM HE UCIBITHIBAET C €ro CTOPOHBI HUKAKOro BiMAHUA (OTHolleHus THna * 0).

3Haku ”+’ u - B 3TOM CHMBONHMKE, KpoMe oOLIeNpHHATOro MeTadopmiec
KOro, UMEKWT KOHKPETHbIi MaTeMaTHYecKMH cmbicil. Ecnu OvHaMuka [ByX
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B3aUMOJEHCTBYIOIUMX TOMyNAUMA ONMCHIBAETCA CHCTEMOM nubdepeHINaIbHBIX
YpaBHCHUi

x=xf(x,5), y=yg(x¥)

H pou3Bofasseie 9f/ 0¥ u dg/ 0x HMEIT NMOCTOAHHBIA 3HAK NPH BCeX 3HAYECHMAX
NePEMEHHBbIX, TO COYETaHME 3HAKOB 3THUX [POM3BOMAHBIX OIPENENACT XapaKTep
MEXTONMYIALIMOHHBIX OTHOLIEHHWH B COOTBETCTBHM C OOLIENpHHATON KIlaccHw-
Kanyeii. C 3Toit TOUKM 3peHM A OTHOLIEHHA THNA + O ABNAITCA HCKITIOUUTEITbHOIM,
BBIPOJ/ICHHOH CHTYalMel H pacCMaTpHBATLCA He OymyT.

TpocdHueckue oTHOIIEHHA WIH OTHOILEHHA XMIHMK—XEPTBA ABJIAIOTCA Hau
Goree CyLIECTBEHHBIMU WA (GYHKUMOHMPOBAHMA 3KOCHUCTEM. PaccMOTpHM HX
B NIEPBYIO OYEPE/ID.

3.1.MOEIL BOIBTEPPA U EE MOOAUOGUKALMM.
MOCTAHOBKA 3AJAYH

IlepBas Mopens, ONMMCHIBAIOLIAA TMHAMMKY YMCIIEHHOCTH (IUIOTHOCTH) ABYX
MOMyNALMIA, B3aUMOOEHCTBYIOIHX MO MPHHLUMITY XHIHMK—)KepTBa, Obuta mpep-
noxeHa HezaBucuMo A. Jlorka [140] u Buto Bonsreppa [171]:

Xx=ax— bxy, y= —y +dxy, 3.1.1)

IOe X U ¥ — IUIOTHOCTH MNMOMYNAUMH XEPTBH U XMIHHKA COOTBETCTBEHHO, d —
CKOPOCTh Pa3MHOXCHUA NMOMYJIALMM JKEPTBHI B OTCYTCTBHE XMIIHUKA, b — ylemnb
Has CKOpOCTh NOTPEONECHHA MNOMyNALMEH XHIIHWKA TOMYNIALMH >KePTBbl IpH
eOMHMYHOM IUIOTHOCTU OOEHX MomynAuMil, ¢ — €CTeCTBEHHas CMEPTHOCTh XMilk
HuKa, d/b — xo3dduIMeHT nepepaGoTKH NOTPEGIEHHOM XHILHHKOM GHOMAcChl
MepTBb! B COOCTBEHHYI0 GHOMacCy.

B ocHOBY MoaenH nonoXKeHs! CleAyIoNHe HACATH3HPOBaHHbIE NPeCTABIICHHA
0 XapaKTepe BHYTpHBHIOBbIX ¥ MEXBH/IOBBIX OTHOLUEHMH B CUCTeMe XHIIHHK—
XepTBa:

1) B OTCYTCTBHE XUIUHMKA MOMYNAMA KEPTBbl Pa3SMHOXAETCA B COOTBETCT-
BHH C MIPHHIMIIOM MaJbTyca — 3KCIIOHEHUHANBHO;

2) nomynAuMsA XHIMHKUKA B OTCYTCTBHE SKEPTBbI IKCMOHEHIMATBHO BHIMHpAET;

3) cymMMapHoe KOJIMYECTBO >KepPTBBbI, MOTpednAeMoe HONMYIALMEH XHIHHKA
B e[MHMLy BpPeMEHH, IMHEHHO 3aBHCUT U OT IUIOTHOCTH IIONYJALMH XEPTBbI, U
OT IUTOTHOCTH TOMy/IALMH XUIHHKA;

4) notpebneHHas XUMUIHUKOM GHOMAcca XE€pTBbI C MOCTOAHHBIM K03ddu-
UMEHTOM nepepabarbiBaeTcA B GHOMACCY XHUHHKA;

5) xakue Gbl TO HM GbUIO HONOIHUTENbHbIE GaKTOPBI, OKA3BIBAIOIIKE BIIUS
HUe Ha TUHAMUKY TOMYJALMHE, OTCYTCTBYIOT.

B ucxopHo# 3amucu (3.1.1) cucTeMa 3aBHCHT OT YeThIpeX MapameTpoB. 3a
MEeHOI# NTepeMEHHbIX

a a
x=7 u, y=——b— v, t=rla

NPHXOAMM K CHCTEME YPABHEHMH
u=u—uy,
V= —yv+ uv, (3.1.2)

BKJIIOYAOLIEH JTHING O[IMH TapaMeTp y = c/a.
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PesynbTar uccnemoBaHuA cHcTeMbl B NEpBOM KBajipaHTe $a30BOTo MPOCTpak
cTBa obuieu3secTeH. PaBHoBecuAMM cHCTEMBI ABIAITCSA HAYaNo0 KOOpAMHAT —
cemIo — U Touka (¥ =17,v = 1) — nentp. CucteMa KOHCepBaTHBHa, Bee ee Tpaek-
TOpHH 00Pa3yioT 3aMKHYThbi€ IMKITHI MPH JTOGBIX Y > 0.

3ameTuM, 4YTO XOTA NpM McCleioBaHuM cucrembi (3.1.2) W B manbHeiiuem
NPU HCCNIENOBaHUK BCeX ee MoanbuKauyii OHoNMoruyecKui CMbICT UMEIOT JIMLLDb
TIOJIOXUTENbHble W KOHEYHbIE 3HAYEHHA MEPEMEHHbIX, OJIHAKO 4acTo OblBaeT
MONIe3HBIM 3HATh XapaKTep AMHAMHYECKOrO MOBeleHMA CHCTEMbI NpU OTPHIE
TeJIbHBIX H CTpeMAIIMXCA K DECKOHeYHOCTH 3HaueHMAX nepeMeHHbIX. IlomHblit

Puc. 3.1.1. Cxemaruueckoe n3aobpaxe-
Hue (a3zoBOro moprpera  CHCTEMBI
(3.1.2) Ha chepe ITyankape npu y > 0

¢a3osbiii noprper cucteMsl (3.1.2) Ha chepe Ilyankape HMeeT Bup, u3oGpaker
Hbilft Ha puc. 3.1.1.

OcHoBHas ocoGeHHOCTs cucTembl Jlotka—Bonbreppa, Guaromapa KoTopoi
OHa CTaj1a KJIACCHYeCKOH M B KaKOH-TO Mepe 3TAOHHOM MJIA MHOTHX INOCIIeayio-
IUX MoJENel MaTeMaTH4eCKOM 3KOJIOTHH, COCTOUT B TOM, YTO Ha OCHOBE OUE€Hb
YNpOLIECHHbIX MPEACTABIEHHA O XapaKTepe 3aKOHOMEPHOCTeH, ONMCHIBAIOLIMX
MOBEAEeHHE CHCTeMbl, Cyrybo mareMaTH4eCKHMM CpPeNCTBaMH ObUIO BbIBENEHO
3aKJIOYeHHE O KAuYeCTBEHHOM XapaKTepe NOBENECHWA TaKOH CHCTEMbI — O Halu-
WM B CHCTeMe KoONeGaHMi IUIOTHOCTH HomMynAuui. bes mocrpoeHnsa MaTeMaru-
4YeCKOM MOJIENH U €€ UCCIIE[IOBAHUA TAKOM BBIBOJ CHOEIaTh HEBO3MOXKHO.

B 10 Xe BpeMs 3To# CHcTeMe MPUCYLIM ABA MPUHLMIIAANILHBIX H B3aUMOCBSH-
3aHHBIX HEMOCTATKAa — OHH MaTeMAaTH4YECKOro, ApYyroi GHOIOrMYECKOro Xapak-
Tepa, KOTOpble PETPOCHEKTHBHO IpaBWIbHee pacCMaTpHBaThb He KaK Heloc
TATKH, 3 KAK UCTOKH BO3MOXHOCTH COBEpIUEHCTBOBAaHWA M pa3Butua. C MaTe
MAaTHYeCKOH TOYKM 3peHus,cucTema (3.1.1) HerpyGas B cMbiciie AHIPOHOBa—
MoutpsrnHa [6] u, Gonee Toro, KOHcepBaTUBHAA. ITO O3HAUAET, YTO BKITIOYEHUE
B Mopenb Kakux Obl TO HH ObIJIO JOHONHUTENbHBIX (PaKTOPOB KaueCTBEHHBIM
obpa3oM MeHaeT ee noBedeHre. C GHONMOrHYECKO#M TOUKH 3pEHMA HENOCTATKOM
MOJIeJTH ABNIAETCA TO, YTO B PAMKHM €€ He BKITIOYEHb! IPMHIMITMANTbHBIE CBONCTBA,
XapaKTepHble I J11060i napbl B3aMMOMAEHCTBYIOIMX MO NMPUHLMITY XMUIIHUK—
KepTBa nonynAumi: 3P eKT HACHIEHHA XUIHMKA, OTPAHHYEHHOCTb PECYPCOB
KEPTBbI H XUIHUKA [aXe TPU U3ObITKE XePTBbI U T.1I.

Paspure nopoxpeHHbIX paGoramu Bonsreppa u JIoTka MccnenoBaHui IuHa
MHMKH B3aMMOJIECTBYIOIUMX MOMYJSLUMA NMOLUIO Mo AByM HanpasnenuaM. HcTto-
KOM I1€pBOr0 HANPaBITeHUA ABIACTCA YyNOMMHABIIasca Bhile paboTa A.H. Ko
MoropoBa [135, 53], ocHOBHaa MfieA KOTOPOH COCTOMT B TOM, YTO, ONHCHIBas
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BXOAAIHKE B MOMETbHbIE CUCTEMbI PYHKIMH, ClIeqyeT 3afaBaThCA JMLUb TAKHUMHU
HX KaYeCTBEHHbIMM OCOOEHHOCTAMM, KAaK IOJIOXKHTEIbHOCTh, MOHOTOHHOCTS,
OTHOILIEHHA TUNA GoJbllIe—MEeHblle ¥ T.1T.

B pamkax BTOpoOro HanpaBJIeHWA NMOCENOBaTeIbHO PaCCMATPUBAIMCE PasIUY
Hple momubukanuu cucTembl (3.1.1), MomyvaeMmble BKIIIOYEHHEM B HCXORHYIO
MoJEnb PazIMYHbIX [IONONHUTENBHBIX (GaKTOPOB H 3aKOHOMEPHOCTEH, ONMChE
BaeMBIX ABHBIM 00pa3oM 3ajiaBaeMbIMH QYHKIUAMY.

IMony4nnu Takxke JOBOJIBHO LIMPOKOE PacCIpOCTpaHeHHe paGoThl ~'THOPHIHO-
ro” XxapakTepa, B KOTOPbIX HEKOTOpble M3 BXOOAUMX B Mopenb QyHKImMi
3a[1al0TCA B ABHOM NapaMeTPHUYecKoi dopMe, a B OTHOLICHHH IPYTHX [eJaTcA
THMING HEKOTOpbie OBIMe NpeNooKEeHHA TUNA NepeYrcleHHbIX Bbite. [Ipume-
POM TAKOrO pOfia MOXKeT CIIYXMTh CHHCKABIIasA GOJbIIYI0 MOMyIAPHOCTD MO/EITH
Posennpeitra—Max-Aptypa [158].

PaGotbl, mpHHamexaiiye o60HM HaMpaBIEHHAM, HMEKT CBOM JTOCTOHHCTBA
M HEJOCTATKH, KOTOpPbIX He JMIUEHb H ~TuOpupsble” paborhi. B oTHoweHuH
Mof€iell MepBOro THMA BO3MOXKHBI (POpMYMHMPOBKA M IOKA3ATeNbCTBO HEKOTO-
PBIX YTBEpPX/eHUil O51IEro XapaKTepa, B IEpBYI0 OYepe/lb OTHOCAILMXCA K YHCIY
paBHOBECHl B CHCTEME H MX JIOKAIbHONH YCTOHYMBOCTH, HO HEBO3MOXXHBIM
OKa3pIBaeTCA MOCTpoeHHe oOuieil KapTHHBI MHHAMHKH CHCTEMBbI, B YaCTHOCTH
capenenenue KoHgurypauuu oO6nacTell NMPHIANXKEHWA OTHAENBHBIX COCTOAHMIA
paBHOBecHs H YCTOWUMBBIX IMKJIOB. Mojenu BToporo Tama fionyckaior, Boobiue
rosopsa, Bonee MonHoe HccaeqoBaHMe, HO MNOJydaeMble pe3ynbTaThl oGmanaroT
OrpaHRyeHHOH OBUIHOCTHIO.

[lepcieKTMBHBIM NpENCTaBNAeTCA CHHTe3 ODOMX HAMpABJIEHWH MCCIENOB#
HUH, MOApa3yMeBAXIIMA ClEeAyIOLIHe NMOCIEeAOBATENbHbIE ITAMbI:

1) BhIfAiBNIEHME OCHOBHBIX OHONOrMYeCKMX (PaKTOpPOB M 3aKOHOMEPHOCTEH,
KOTOpble ciieflyeT IPMHMMAThb BO BHMMAaHWE IIPH MOOENMPOBAHMH CHCTEMBI
XUIMHUK—)XEPTBA, M YHOOBJIETBOPUTENBHBIM 00pa3soM OIMMCHIBAIOMIMX MX
byHKIMIA;

2) aHayM3 guHaMHuECKHX 3$@PEKTOB, K KOTOpbIM NMPHBOOMT Y4YeT BbIABIICH
HBIX, OTAENIBHO B3ATHIX (PAKTOPOB;

3) nocrpoende M HccllenoBanKe HaGopa Mopeneil CHCTeMBI XHIHHK —KEepPTBa,
BKJIIOYAIOLIUX PA3IUYHbIE KOMOMHAIMM OCHOBHBIX GHONOrMYeCKHX (aKTOpOB,
BIMAIINX HA AUHAMMKY CHCTEMBI;

4) BbIfIBICHHe OCOGEHHOCTEN, OOLMX MIA pasnMuHbix Mogenei, H Gopmy-
JIMPOBKA OOILMX YTBEpXKIACHHH O CTPYKTYPE NMHAMHYECKOTO TIOBEICHNA B TAKKX
CHCTEMaX,

MaTteMaTuuecKH HaMeYeHHass MPOrpaMma O3HAYaeT CleIyolIee. pacCMOTPHM
CHCTEMY

x=A() - B(x,y),
y==C) +D(x%y), (3.1.3)

ABNAwLYIocA o6o6menneM cucremsr (3.1.1), B KoTopoit Bce K03DhHIMENHTDI
3aMeHeHb! QYHKIMAMH OT COOTBETCTBYIOLUMX IWIOTHOCTEH MOmynsuMi. 3arem
NepeurciiM OHOJTOrMueCKH BakHble (aKTOpbl H 3aKOHOMEPHOCTH, HE pacCMaF
puBaemMble B Mozend (3.1.1), u mpoaHanuM3upyeM SIBHbIH NMAapamMeTpHYECKHUH BHI
BXxoaAumHux B cucteMy (3.1.3) GYHKIM, C MOMOMBI0 KOTOPHIX 3TH 3aKOHOMED-
HOCTH MoryT GbITh OmHMcaHbl. Jlanee ccrenyeM KOHKPETHbIE BADHAHTBI CHCTEMBI
(3.1.3) ¢ yueTom pomonHuTenbHbIX GaKTOPOB M X Pa3NIMUHbIX KOMOHHAauMi.
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3.2. JJIEMEHTAPHLIE ®AKTOPbl BHYTPH
H MEXNONYJIAUHOHHLIX OTHOWEHHHA

PaccMoTpum HekoTopbie M3 HauGonee BaKHbIX (HAKTOPOB, OKa3bIBAIIIMX
NPMHUMIHATLHOE BJIMAHHE Ha MEX¢ M BHYTPMIIONYJIALMOHHbIE OTHOLIEHHWA B
CHcTeMe XHILHMK—XXepTBa.

JvHaMHKa HM30HPOBAaHHOH NONMYNAUMM MOAPOGHO HccnemoBaHa B rn. 1.
HekoTopbie M3 3aKOHOMEPHOCTEil, NMpeIJIOXEHHBIX paHee NJIA €e OMMCaHus,
GymyT MCHONB30BaHb B JaNbHeilneM B KauyecTBe GyHKmu 4 (X) Npu uecnemnoBa-
HUM cucTeMs! (3.1.3). 3aMeTUM NKiub, YTO B PACCMOTPEHUE MPU 3TOM BBOAATCA
IBa HOBBIX MO OTHowIeHHIo K cucteMme (3.1.1) dakTopa: HenuHelHbIN XapaKTep
PAa3MHOXEHUA TOMYIALMH XEPTBBI IIPU MAJIbIX [UIOTHOCTAX NMOMYNAUMM M BHYT-
PUBH/IOBas KOHKYPEHUMA B TOMYJIALMM >KEPTBbI, BbI3bIBACMasA OrpaHHYEH-
HOCTBIO PECypCcoB.

3.2.1. BelegaHue XepTBbI XMIHHKOM

®ynkiEa B(x, y) omMcbiBaeT CKOpOCTh BbIEJAHUA XKEPTB B 3aBUCHMOCTH OT
IVIOTHOCTH MONyNALMHA XEpTBBl M XumHMKa. V3 obumx coobpaxeHuii npem
CTAaBJIICTCA OYEBHAHBIM M 3KCIEPUMEHTaNbHO NOATBEPXAEHO, 4To B(x, y) —
¢byHKIMA, MOHOTOHHO Bo3pacTawman (6onee TOUHO — HeyGbiBarollas) Mo Kax
ooMy u3 aprymenToB. flo3ToMy ecrecTBeHHO CHa¥aIa pacCMOTpPETb 3aBHCHMOCTD
N0 KaKAOMY U3 apryMEHTOB NpH MPOM3BOJBHOM (HKCUPOBAHHOM 3HAYEHUM
BTOPOTrO, a 32TEM TIOCTPOUTH 061yI0 GyHKIHUIO OT 0GEHX NEepEeMEHHBIX.

A. Tpodpwueckasn PpyHKuMs XHIHHKA., PaccMOTpHM 3aBHCHMOCTb CKOpPOCTH
BbIEHAHMA J>KEPTBbl OT IUIOTHOCTH NOMYIALMH XEPTBbl NMpU (GUKCHPOBAHHOI,
HallpiMep E€AMHMYHOH IUTOTHOCTM NOMYNALMH XMIIHHKA, W 0O0O3HaYMM 3Ty
byHKIMI0 CMMBOJIOM B(X, *). B 3K0NOrHM 3Ty 3aBHCUMOCTH OGBIYHO Ha3bIBAIOT
TpodHuecKOoi GYHKUMEH XMIIHUKA WM GYyHKIMOHATIbHOH peaKuued XHIIHMKa
Ha IUTOTHOCTb TomynsAimy xeptsbl [123]. B momenu (3.1.1) B xauecTBe TpOdU:
YeCKOi BbiGpaHa uHelHan ¢yHKkus B (x, «) = bx, KoTopas 03Ha4aeT, YTo Hachl-
IeHHe XHLIHMKA OTCYTCTBYET: Y/BOEHHE, HAalPHMEpP, KOJHYECTBA NMpenbABIAe-
MOil XMIIHMKY MWK BCETAa BefeT K yaBoewuio ee morpebmenua. flcHo, uTo
TaKas 3aBHCHMOCTb MOXET pealM30BbIBATHCA JIHIID NPH OTHOCHTENBHO HeGouk
LIMX IWIOTHOCTAX MOIYJIAUMH XKEPTBHI.

Bonpoc o Bume Tpoduueckoi PyHkimH MoppobHO IKCMEPUMEHTAIBHO M
TeopeTHyecku HMccnenosad B.C. Usnessim [43]. MM Gbut npemyioxeH crepyio-
wuit BUA, 3aBHCHMOCTH!

p=R(1-et?P), (32.1)

TOe 0 — PauMoH, T.e. KOJNIWYECTBO IMIUH, MOTPeOIAeMOe XHIIHHKOM B eIMHALY
BpPEMEHM, R — MaKCHMaIbHbIH PAUMOH, T.€. PAUMOH IPU M3OHITKE NUIIM; P —
ITIOTHOCTb TIOMYNALMH XKEPTBbI, WIM Mepa KOJMYECTBA NPEIbABIAEMON XHUIHH-
KY MMIUH; £ — NOCTOAHHaA, HMeEIoIaA pa3MepHOCTh OOPaTHOM IWIOTHOCTH NMOMy-
JUAMH. B mpuHATBIX Hamu o603HayeHHAX dopMynty (3.2.1) MOXHO MepemucaTh
B BU[le

- x
B(v"»')"Bmax(l_eE ).
Takoii e BHJ 3aBHCHMOCTU TeOpeTHYECKM 0DOCHOBAI, MCXOJIS U3 HEKOTOPBIX

coobpaxkeHuit 0 MexaHusMe murTanus, H. Pamresckuii. B Muxpo6uonoruu mns
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OIMMCaHNA 3aBHCHMOCTH CKOPOCTH MOTpeGleHHs MHKpPOOpraHW3MoM cybcTpara
OT ero KoHueHTpauuu MoHo [150] 6bina npemioxeHa Gopmyna

B(x,*) = bx/(1 + ax). (322)

Ty dopMyny TakxKe eCTeCTBEHHO MCIIONIb30BATh I ONMMCAHUA TpOHUECKOH
dyHKuMH xuHMKa, cuUTas b/a = By, ;x MaKCHMAIBHBIM PAIHOHOM XHILHHKKA,
a o — HOCTOAHHOM, UMEIOILEH Pa3MEPHOCTh BEJHYMHBI, OGpaTHON IUIOCKOCTH
TIOMYJIAIMH, ¥ TIO CMBICIY OM3Kol K MocTosAHHoM £ B popmyne (3.2.1): 1/a—
3TO IUIOTHOCTD MOMYJIALMH XEPTBbI, IPY KOTOPOH PAlMOH XUIIHHKA COCTABIIAET
NOJIOBHHY MaKcumarnbHoro [12].

Puc. 3.2.1. Tpu Tvma TpoduyecKon
¢byHkm no Xonnauury [123]

Xomnuur [123] obparun BHMMaHMe Ha TO, 4T0 TpobHyecKasa (GYHKIMA
MOXeT KayeCTBEHHO OT/IMYaTbCA OT JIMHEHHOM He TONBKO NMpPH GONMBUIMX 3HAYEHK
AX IWIOTHOCTH NONMYJIAUMH >KepTBb! (32 cueT 3ddexTa HACBILEHHA XMUILHUKA),
HO M [pU MaJIbIX IUIOTHOCTAX MONMYNAUMHK XepTBbl. [Ipu 3T0M rpadmk GyHKIUM
B(x, *) kacaerca aBcuucch! B HauaJle KOOPOMHAT, M B ABHOM [apamMeTpPUYeCKOM
BU/E TaKas GYHKIMA XOPOLIO ONMCHIBAaETCA 3aBUCHUMOCTBIO

B(x,~) = b (3.2.3)
1+ax?
u B Gonee obiweit popme
bx?
B(x,+) = . (32.4)

1+a;x+ a2x2

Takoe moBenenne Tpoduueckoi GyHKIMH IpU MabiX WIOTHOCTAX MOMYJIALMU
XepTBbl MOXHO OOBACHUTh JByMA NPHYMHAMH: HAIMYMEM Y XMILIHHKA BTOpPOTro,
aNbTEPHATHBHOIO MCTOYHMKA IMMTAHHMA K HATMYUEM HEKOTOpPOTO KOJMYeCcTBa
HEIOCTYHBIX XUIHUKY yOexu y xepTsol {123].

Taxum oGpazom, Bcrmen 3a XONWIMHTOM BBIJENMM TPH THMA TPOGdHUYECKOH
GbYHKIMH, KaueCTBEHHO HMEIOIIMX BMA, W300paXkenHblii Ha puc. 3.2.1. IIpu sTom
TpeTMit TMN Tpodudeckoit GyHKIMN MpaBUIBHO MHTEPNPETUPOBATh KaK pe3yib
TaT CyMMapHOTO y4eTa ABYX /1eMeHTapHbIX GaKTOpoB: HEMHEHHOro XapaKTepa
3aBHCHMOCTH CKOPOCTHM BbIEHAaHMA XHIHMKOM >KEPTBBI OT IUIOTHOCTH MOMY/IA
LM >KepTBbI NpY MAJIOH IDIOTHOCTH M HACBINIEHHA XMIIHUKA NPH OOJBILMX
ITIOTHOCTAX TMOMYJIAIMM XKEPTBBI,

3amerM, uto B pabore XoUIMHra mepBbIM TUIIOM PEAKIMM XUINHUAKA Ha
IIOTHOCTh TIOMyJIALMM SKEPTBBl HA3bIBAE€TCA KYCOYHO-IMHEHHad OGyHKIMA,
HAKJIOHHasA Ha HEKOTOPOM HMHTepBajie 3HaYeHMi Xp > x> 0, U ropu3OHTanpHasA
NpH GONMBLIMX 3HAYEHHAX X > Xo (cM. puc. 3.2.1) . B HacTosein paBGoTe paccMaTt-
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PMBAITCA JIMIUb TMAdKue QYHKIMM, M JUIA HAlIMX Lenel ynobHee cuMTath nep-
BHIM THNOM (QYHKIMH MPOCTO JIMHEHHY0.

b. KoukypeHmus xumuukos 3a xeprBy. IlepeiineM k paccMoTpeHHIo 3aBu-
CAMOCTH CKOpPOCTH BbIEOAHHA JKEPTBBI OT IUIOTHOCTM MONMYNALMH XHLIHWKA
Tpy HEKOTOPOH (HKCUPOBAHHOH, HallpHMeEp €IMHMYHOH IWIOTHOCTH NOMYJIALMM
xepTBbl. OG03HaUMM 3Ty GyHKuMI0 cHMBoIOM B(+, ¥). B ucxopmHoit Momenu
(3.1.1) 31a pyHKMA, TaK e Kak U TpobHyeckasds GYHKIUMA XMIMHUKA, TIPHHU-
Manach JuHeitHou: B(*,y) =by.

AHanu3y Tpoduueckux GYHKIMHA XHMIIHMKA W MX HCMONb30BaHUI TPH IO
CTPOCHMM MOJENIEH CUCTEMbl XWINHMK—XEPTBA MOCBAlleHo OGonblloe uMCIo
pabor, B TO BpeMa KaK 3aBUCHMOCTh CKOPOCTH BbIEIaHHA OT IUIOTHOCTH IOMY-
JIALUMK XHMIIHMKA He MpUBJIEK/Ia TaKOTO BHUMaHMA, U B GOJIBLUMHCTIBE McCeno-
BaHUit QyHKLMA 3aNUCHIBAETCA B BUIE

B(x,y) =yB (x). (3.2.5)

OueBHOHO, 3T0 O3HAYAET, YTO W3 PACCMOTPEHUS HCKIIIOYAETCA NPOLECC KOHKY-
PEHIMH XMIUHMKOB 3a XepTBY. JleHCTBUTENBHO, MPH TAKOH 3amMCH y.enbHas
CKOpOCTh moTpeOienMsa >XEpPTB B pacuere Ha €IMHMYHYIO IUIOTHOCTD NMOMYJIALNM
XUIIHMKA (WIK B pacyeTe Ha OOHOrO XMIUHMKA) OT CaMOM [UIOTHOCTH TOMYJIs-
UMY XHIHUKA He 3aBUCHT. JIpyruMH c1oBaMH, NpearonaraeTcs, 4o Kakue b
TO HH GbUIO B3aMMOAEHCTBUA MEXOY XHUIHHKAMHU, B YaCTHOCTH KOHKYpPEHUMA
MeXay HMMH, oTCyTCTBYIOT. [IomoGHbIi NMOAXON K OMMCaHWI0 AMHAMHMKH NMMTa-
HHA TIONHOCTbIO ONpaBAbIBaeT cebs B MUKPOOHONIOTHH, KOTAa B PONH ~XHLIHK-
Ka” BbICTymaeT MNOMyNAUMA MHUKPOOPTraHM3MOB, HAXOOAIIMXCA B pacTBOpE
MHTaTeNbHbIX BEIIECTB, 3 B PONM ~)KepTBbI” — HAXOHALIMECA B PacTBOpE IMTa
TebHbIE BéllecTBa. ONHaKO, BOOGLIE TOBOPA, OH BpAN JIX MPHMEHUM B GOJIBLIMH-
CTBE KOJIOTHYECKHX 3amay. TakuM o6pa3om, 3aBHCHMOCTS (3.2.5) ecTecTBEHHO
pacCMaTpUBaTh B KaYeCTBE NMPEAC/TBHOrO Cyyuas, aCHMNTOTHYECKH ONMMChIBaNOLIe-
ro CHTyauMio, KOraa HanpsKeHHOCTh KOHKYPEHIMH XHLIHMKOB 32 XKEpTB CTpe-
MHTCA K HYJII0, T.6. IPH CTPEMAILEHCA K HYJTIO IDIOTHOCTH MOITY/IALMH XMUIHUKA.

MBICINM M IPOTHBOMOJIOXKHBIH IpeAeNbHbI Clyyait KpaitHe oCcTpOil KOHKY-
PEHIMH, KOTAa yaenbHasA cKOPOCTb MOTpeGiIeHHA B PacyeTe Ha OFHOro XUUIHMKA
NPONOPLUMOHATIbHA He OOILeH YHCIEHHOCTH (IWIOTHOCTH) MONYNALUMH XepIB, a
UMCTY XKepTB, ~NIpHXOALMXCA Ha ero gomo”. Takas cuTyauus BnepBble pac-
cMotpena Jlecrm [137]. OueBupHoO, YTo NpH 3T0M CyMMapHas CKOpOCTb noTpes-
JIEHHA JKePTBHI HE 3aBHCHT OT IVIOTHOCTH NMOMYJIALMK XHIIHUKA.

EcTecTBEHHO mNpeAnoNoXwMTb, YTO IpeHeGpexxuMo ci1abag KOHKYpEeHUUA
XMIIHMKOB 3a XEPTB Peau3yercs NMpU CTPEMAIIEHCA K HYNI0 INIOTHOCTH MOMy-
NAUMM XMIIHMKA, a MpefesbHO OCTpaA KOHKYpeHUMA — IMpH HeOorpaHUYeHHO
PacTyuel IWIOTHOCTH MONYMALMK XMIHUKOB. Jl1a mpoMexy TOYHbIX IWIOTHOCTE#H
TIOMY/IALAM XHIHAKOB MPHHUMaeM CIIeqyIoLUMii BUfI 3aBHCHMOCTH:

B(~,y) =by/(1+8y), (3.2:6)

rae 1/8 — MWIOTHOCTh MONYNAIMM XMUIHMKA, TIPH KOTOPOH €ro paunuoH BHBOE
MeHblile, YeM B OTCYTCTBHE KOHKYpPEHLIMM 33 XKEPTBY.

Bo3ModxHbI, pasymeeTca, ¥ IpyrHe CocoObl OMMCAaHUA KOHKYDPEHIMN XUILHH-
KOB 32 >XepTB, OIHAKO INpe/JIaraeMbiii — MPOCT, ECTECTBEH W HE MPOTHBOPEYUT
3KCNEPUMEHTATBHBIM NaHHbiM., ®opMa 3amucH (3.2.6) momyckaeT Clefyiollyo
CXEMATHYECKYI0 MHTEPIIPETALMIO: NPH MANbIX [UIOTHOCTAX MOMYNALMH XMIIHHKH
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Tabnupal

Tun Tpodpuueckon PyHKIAK
Harmune KoHKypew pod dynxcim

i 1 I 1

bxy bx?y
O1cyTcTByeT bxy l+—ax_ Tran
Mpucytcreyer bxy bxy bx’y
1+g8y (1 +ax)(1+8y) (1 +ax?)(l1 +8Yy)

He MellaT JApYyr Apyry u noObIBaoT XepTBy He3aBMCHMO; IIpM Gonblumx —
XHIJHMKH M3BIMAOT M3 IMONMYNALMM XEPTBbl MAKCHMaIbHO BO3MOXKHOE IpH
JaHHOW €e IUIOTHOCTH KOJIMYECTBO JKEPTBbI, M OaTbHEHLUIMHA POCT IIOIMYJIALMH
XHIIHUKOB He BEAET K YBelTUYEHHI0 CYMMAapPHOH N0ObIYM.

B. O6umit Bup GpyHKIMHM BbreNanuA. Boilire MbI OIH caTH NpaBxONOAoGHbIE Hop-
MBI 32BHCUMOCTH GyHKIMM B (X, ¥) OT KaXmOro U3 apryMeHTOB IpH GHKCHUpO-
BaHHBIX 3HaYEeHWsAX BTOpOro aprymeHTta. Kax BbIrmAmuT obluas GyHKIMA 3aBu-
CHMOCTH CKOPOCTH BBI€JaHMA OT IUIOTHOCTEH MOMyJIALMH XMUIHUKA U KEpPTBHI?
ABTOpy HEM3BECTHBI CNleLMaIbHbIe IKCTIEPUMEHTAIbHEIE PabOThI, OCBALICHHbIE
HCCIIEAOB2HUI0 B3aUMOCBA3H Mexay 3¢ dexToM HachILICHUA XUILHUKA U 3 dek-
TOM KOHKYPEHUMM XHLIHUKOB 3a epTBy. KocBeHHO Ha OCHOBe MCCIIEXOBaHMiA
B.C. HBneBa [43] MokHO Npeanonoxuts, 4to B OBOIBHO LIKPOKOM HHTepBane
IUIOTHOCTEH TOMyNALMH XUIIHUKOB H XEPTB 3TH 3bGdEKTsl MOXHO CUMTATDH
He3aBUCUMbIMH. [Tpu 3TOM dyHKLMA B (X, y) uMeeT BUI

B(xy) =B(x,*) *B(*,»). (32.7)

Takum o6pa3oM, cymMMupysa cooGpakeHHs, BHICKa3aHHbIe Bbllile OTHOCHTENIBHO
BUda OYHKUMH, ONMCBHIBAIOLWIEH 3aBHCHMMOCTh CKOPOCTH BBHICHAHMA JKEPTBbI
XHIIHUKOM OT IUIOTHOCTH oOeux NOMynAuMi, MOXHO CKa3aThb Cremymowuiee:
B Hy/1eBOM TIpuGJIMKeHMY M B COOTBETCTBHH C KNIaCCHYECKOl cxeMoli Bonbreppa
(3.1.1) OyHKIMIO ecTECTBEHHO CYMTATh JHMHEHHOA 1O OGOHM apryMeHTaM
(6wnHeitHow) . [Tpu yTOuYHeHHH BMOA QYHKIMH B pacCMOTpeHMeE LieniecoobpasHo
BKmouaTh: 1) Hacwimenue xuipvka (11 mn rpoduueckoit pynkimu no Xonms-
ry); 2) HeJMHEHHbIH (KBAXPAaTHYHBIA) XapaKTEp 3aBHCHMOCTH CKOPOCTH Bblea-
HHA OT IUIOTHOCTM TOMYJIALMH XKEPTBBI NPH MabIX ee 3HaueHuAX (IIpH ydeTe
HenmuHeiHocTH HacblmieHusa xuummka — Il tan Tpoduueckort dyBKIMH mo
Xoruuury) ; 3) KOHKYPEHUMI0 XHIIHUKOB 32 XEPTB, T.€. CHIDKEHHE NpU HHKCH-
POBaHHOMN ILIOTHOCTH TOMYJIALMH KEPTBbI CKOPOCTH BbICNAHUA XEPTBbI OMHUM
XMUIHUK OM NIpH POCTE IVIOTHOCTH MOMYIALMM XHIHHKA.

OuyeBMIHO, YTO OpH 3TOM mnepBble [ABa (GaKTOpa OTHOCATCA K 3aBHCMMOCTH
CKOpOCTH BBlE[JaHMA OT IUIOTHOCTH MOMYJIALMH XKEPTBbI, 3 TPETHA — OT IWIOT-
HOCTH TOITYJIALMM XUIITHUKA.

MTaK, B 3aBUCHMMOCTH OT yuy€Ta TeX HIHM MHbIX (akTopoB dynKima B(x, y)
MOeT ONNCHIBATbCA OJIHOM U3 3aBHCHMOCTEH, IPUBEREHHBIX B Tabm. 1,
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3.2.2. PasMHOXeHHEe H CMEPTHOCTH XMITHHUKA

B.C. MBnes [43] yka3smBad, YTo BOMPOC O 3ABMCMMOCTH CKOPOCTH POCTa
TIONY AWK OT YCIIOBHH €¢ MATaHuA oYeHb cnoxed. HanoMHum, 410 B HCXomHOM
mogend (3.1.1) TpPUHMATO NpEANONOXEHHE O CYIIECTBOBAHMH IOCTOSHHOTO
Ko3¢duimenta nepepaboTky NOTPeSIAEMOH XHIHUKOM MM B COBCTBEHHYIO
Buomaccy. CoxpaHum 3TO NpeNioNoXeHWe B KAYECTBE OTNPABHOTO, BBENA B
PaccMOTpEeHHUE JIMIIb OMH JOMONHUTENbHbIA dakTop. [lo aHamoruu ¢ paccMoTpe-
HUeM JTUHAMHKH YMCIEHHOCTH M30ITMPOBAHHOM MONMYNALMU YYTeM, YTO IIPH Ma-
JIBIX IUIOTHOCTAX MOMYJIALMH XUIIHHKA CKOPOCTb PA3MHOXEHHA MOXET JIMMMUTH-
pOBATBCA HE HEMOCTaTKOM IMILH, 3 HEXBATKOH NOTEHUMAIbHBIX GPavyHbIX MapT-
HEpOB M IIOTOMY MOXET GBITh MPONOPUMOHATBHOIM He caMO# INIOTHOCTH MOITYISA-
UMY, a KBajipaTy INOTHOCTH (cM. pa3p. 2.1). B 3tom cnyuae BhipaxeHMe HJis
¢yaxmmu D(x, y) npuHUMaeT BUL

d
D(x,y) = ——=— B(x,y), (3.2.8)
Ny, +y

rae N, — IUIOTHOCTb MOMYJIAUMH XMUHMKA, IPH KOTOPOH CKOPOCTh pa3MHOMe
HMSL PaBHA NONOBUHE MAKCHMANBHOR NPH YCIOBAM U30BITKA KEPTBLI.

CmepTHOCTD XMiHMKa B Mopend (3.1.1) MpUHATa MOCTOAHHOM, T.e. He 3aBM-
csALlei 0T IUIOTHOCTH ero momynauuyu. JomomHHM 3To TIpeAriolioxeHue YHeToM
KOHKYPEHUMH XHUUIHAKA 33 OTIHYHbIE OT XKEPTBHI Pecypchl. Brriie mpyu omacaHuu
BHOa GyHKIMK B (X, ) MBI aHaTH3HPOBAIN JIMIIE XapAaKTeP KOHKYPEHIHH XUIIF
HUKOB 32 xepTBY. OOHAKO B PEUIBHBIX YCTIOBUAX MOMYIAIMA XHUIHUKOB MOXET
JMUMHUTAPOBATECA HE[OCTATKOM He TONBKO IMIUM, HO M MHOXECTBAa HPYTHX
OrpaHWYeHHBIX DECYpPCOB, HalpHMep TePPUTOPHH, NIPUTOOHONH WA OOMTAHUA H
Pa3sMHOXeHHA. B 3Tom Cllydae Mo aHaIOTMH C OMMCAHMEM OMHAMUKH M30JIUpO-
BaHHO{ TNOMyNAUMH €CTeCTBEHHO yuecTh 3¢ddeKT KOHKYPEHIMH XHUUIHUKOB,
BBef B ypaBHeHMe 1A CKOPOCTH H3MEHEHHS IUIOTHOCTH MOMY/IALMY XHUIHHKOB
OTpHLATeNBHBIH KBafpaTiuHbIi wieH. Torna ¢pynkuusa C(y) nmpuHUMaeT BUL

C(¥) = —cy — wy?, (3.29)

rage h — xo3pduiMeHT KOHKYPEHUMH XMIIHUKA 33 OTIMYHbIE OT XKEPTBBI pe-
CYPCHI.

3.2.3. lNepeueHs 3neMeHTapHBIX (PAKTOPOB

Urax, NpuHAB B KayecTBE HYNEBOro NMPUGIMKEHUA NPH ONMMCAHUM NUHAMHKH
YKCIIEHHOCTH Napbl MONYJIALMHA, B3aMMOMEACTBYIOMX 10 NPUHIMITY XULKHUK—
KepTBa, Knaccuueckywo cuctemy (3.1.1), MBI paccMoTpenu MOCTenOBaTebHO
Habop JononHUTenbHBIX hakTopoB. [lepeuncnum ux:

1) HenuHeHHOCTh (KBaJpPaTHYHOCTb) 3aBUCHMOCTH CKOPOCTH Pa3MHOXEHUA
HOIYNAUMM JKEPTBHI OT ITOTHOCTH IPH MaJIbIX 3HAYEHHUAX IUIOTHOCTH;

2) KOHKypeHUMA B NONY/IAIMH KEPTB;

3) cMepTHOCTb epTB (NpM yueTe HENMHEAHOTo XAapaKTepa pa3MHOXeHMs
NIp¥ MaJTBIX IUIOTHOCTAX MONMYJIALMH) ;

4) HachlleHMe XMIIHUKa,

5) HenuHeWHbIH (KBaJpaTHYHBIA) XapaKTep 3aBMCHMOCTH CKOpPOCTH Bhlefa-
HUA XMIIHHKAMH XEPTB OT IUIOTHOCTH HOMJIALMH >KEPTBBI NpH MaNbiX 3Have-
HUAX ITIO0THOCTH;
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6) KOHKYpeHUMA XUIHMKOB 3a XEpTB;

7) KOHKYpEHUMA XMILHUKOB 33 OT/IHYHbIE OT XKEPTBBI PECYPCHI;

8) HemuHelHbIH (KBaJPaTHYHBIH) XapaKTep 3aBHCUMOCTH CKOPOCTH Pa3MHO-
XKEHHA XHIIHMKA OT IUIOTHOCTH INONYNAUMH IPH MAIbIX 3HaYEHMAX [UIOTHOCTH.

BBemenne B Mopens u pacCMOTpeHHe IMHAMHYeCKMX 3 ¢eKToB, CBA3aHHBIX
C KaxObIM OTHENBHO B3ATHIM (HAKTOPOM, C MaTeMaTHYeCKOH TOUKM 3peHHA
O3HayaeT MCClAegoBaHHE HEKOTOPOro OAHOMAPaMeTpUYeCKOro BO3MYLLUEHHA
cucremnl (3.1.1.). OmHOBpeMEHHbUi yueT mapsl Kakux-JM60 GbaKTopoB COOT-
BeTCTBYeT [BYyNapaMeTPHYeCKOMY BO3MYyIieHHIo, U T.4. Takum oGpaszom, dop-
MJIBHO 33/iaya H3YYEHHUS COBMECTHOTO BIIHSHUSA MepeyHCIIeHHbIX (aKTOPOB U HX
COYeTaHMH Ha AMHAMHUKY CHCTEMBbI XMIUHWK—)KepTBa NOJpa3yMeBaeT NPOBeHeHue
MOJIHOro  KayeCTBEHHOTO HCCJIEMOBAHUA 8 MapaMeTpHyeckoro BO3MYILEHUsA
cuctemsr (3.1.1), T.e. cucCTeMsl, 3aBHCALLeH NMocie NpHBeneHUA K GeapasMep
HOMYy BHJly OT [eBATH MmapameTpoB. OgHako NMOHMMaeMas TakuM obpa3oM 3ajia-
Ya, mpeprionararomias MocTpoeHHe pa3bueHMA 9-MepHOro NpOCTPaHCTBA Mapa-
MeTPOB Ha 0OJacTH, COOTBETCTBYIOLU{ME KaYeCTBEHHO Pa3JIMYHOMY IOBEdEHHIO
CHCTeMBbl, He TOJIbKO HepeaMcTHYHa, HO M OeccMeiciieHa. Pesynbratel Taxoro
HCCTIENOBaHMA ¢ HeM30eXHOCTBI0 OKa3anuch bl HeOGO3pMMO TPOMO3TKUMHU ¥
He[IOCTYMHbIMH i1 MHTepnperauyu. IoaroMy MslI noiineM nmo myTH mocnaemo-
BaTe/IbHOrO YCIOXHEHUS MCCNEAOBAHMA Y CHavYaJla POaHAIK3UPYeM OTHONApa
MeTpHYeCKHe BO3MylleHna cucreMs! (3.1.1). 3ateM Ha ocHOBe MOJIY4EHHBIX
pe3ynbTaToB AamMM KnaccHdHKalMio BBeJeHHBIX B DPacCMoOTpeHHe $haKTOpOB,
a Tocie 3TOro YTOYHMM, KakHe M3 ABYTNapaMeTpHuecKHX M 6ojree CIIONHBIX
MoamduKaimit HMeeT CMBICTT HCClleoBaTh M1 NOJHOT O IOHMMaHUA 0coBeHHOC-
Teit TUHAMHYecKOro NOBedeHNA CHCTEMBI XHUIHUK—)KEpPTBa.

3.3. ODHO®AKTOPHLIE MOAHOHKAUMH MOJEIH
BOJIbTEPPA

AHanu3 ogHomapameTpHyeckux Momudukammi cucreMsr (3.1.1), cosmagaio-
X WJTH aHaJIOTMYHbIX HHTEPECYIOIUMM Hac, OTYAaCTH ObIN IPOBe/IeH pa3IHYHbIMH
HCCTieNoBaTeIAMI paHee, OTYAaCTH He NpEACTaBNAeT TPyHa, MOCKONLKY HETpH-
BUAJIBHOE DaBHOBECHE BCErda eNMHCTBEHHO, a ero YCTOMYMBOCTh OZHO3HAYHO
onpegenseIcs B3aWMHBIM pacnoNoKeHHeM Hyins-H3okimue [158]. IMostomy
OTPaHHYUMCA TeM, YTO BhINMIIEM COOTBETCTBYIOIME cucTeMnbl muddepeHyas
HBIX ypaBHeHH#t B HCXOOHOH dopMe u B 6e3pazMepHOM BHIE U NIPHBENEM CXEMa
THYeCKHe ¢a30Bbie NMOpTpeThl. 3aMeTHM, YTO NMOCKONbKY HCXOOHas CHCTeMa
(3.1.2) B 3TOM Cryuae 3aBHCHT OT OOHOro mapamerpa, To Bce ee ogHodaKToOp-
Hbie MOTMGUKALMK 3aBUCAT OT ABYX MAPaMeTpOB.

3.3.1. HemmuuedmocTs pa3sMHOXKEHHs, KOHKYPEHIMA
H CMEPTHOCTD XKEPTB

Yyer daxTopa HeNMMHEHHOCTH Pa3MHOXEHWA B NOMYNAIMH XKEPTB HaeT CHC-

TeMy
. ax?
X= —— — bxy,
N+x
Y =—cy+dxy, (33.1)

rge N — IUIOTHOCTb MOMYJALMH XKEePTBHI, IPH KOTOPOH CKOPOCTh Pa3MHOXKEHHA
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Puc. 3.3.1. ®a30Bbifi MOPTPET CHCTEMBI
(332)

A

Puc. 3.3.2. JlBa BapuaHTa B3aWMHOTO

PpacnonoXeHus HyNb-HIOKIHH (@) u da-

30Boro noprpeTa (6, 8) cucreMs! (3.3.4) V4 ~

14 a o Vi
7

A
B| » B
7 [y, Ty V4 P 7 Py

a
COCTaBJIsieT MOJIOBHHY MaKCHMaIbHOM. 3ameHa ! = 7/a, x = Nu, y =— v TpuBo-
mt cuctemy (3.3.1) x Bugy b
2

. u
u= - uv,

1+u
U= —yv + KU, (3.3.2)

roe y=cla, k =dNa.

Ha ¢azosom noprpere cucremst (3.3.2) npu moGbix 3HaYEHUAX IapameTpoB
BHYTpU TIepBOro KBagpaHTa HMeeTcsi OIHO HeyCTOHuMBOe pasHOoBecHe A
(puc. 3.3.1). Bce TpaekTOpMM NpeACTABIAIT COGON pasMaThiBaloumecsd CIMpa
M, NPUTATHBAIOLINECS K GEeCKOHEeYHO yNaTeHHOMY ~ TpeyTroJisHOMY” NpenenbHo-
MY LHKITy.

YueT KOHKYPEHLHH >KEPTB MPUBOOUT K CHCTeMe

K—x

X= ax — bxy,

y=—cy+dxy, (3.3.3)
a
KoTopas 3ameHolt ¢t = 7/a, x=Ku, y = -; U INepeBOIMTICA B
u=u(l—u) — uv,
b=—yv + kuv. (334

Bo3Mo)xHBI B2 BapHaHTa B3aMMHOTO PACcNOJIOKEHUSA HyJIbHU30KIMH H COOT-
BeTCIBeHHO [IBa BapwaHrta ¢a30Boro mnoprpera cucremnt (puc. 3.3.2). Ilpu
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v/k < 1 umeetcst ycroitumpoe pasHopecue A {u=1v/k;¥ = 1 —1y/k} BHYTpH
nepeoro xpajpanta u cemo B{u= 1, v =0} maocuabeuycce (cm. puc. 3.3.2,6).
Ilpn yBemuueHMM 3HauyeHMs Y/k paBHOBecHA A u B cGnypkarorcs, CIMBasACH NpH
Y/k =1 u obpasys ycTOHYMBBIH CeIOy3ell C y3OBHIM CEKTOPOM B IIEPBOM
kBagpatte. [Ipy pHanbHelilleM yBenMUeHMM 7Y/K TOYKa PaBHOBECHA A YXOIHT B
OTpHIaTeNn bHYIO 0OiacTs, a B craHoBUTCR ycTOMUMBHIM yanoM (cM. puc. 3.3.2,6).

970 O3HavaeT, YTO B CiIy4Yae, KOrfda BHYTPHBMAOBAA KOHKYPEHIMA B IIONYIifA-
UMK KEPTB CHIbHA, T.€. €6 PecypChl CHIIBHO OTpaHHYEHBbI, IOMYJIALMA XKEPTB He
B COCTOAHMM “TMPOKOPMHTH’ XHINHMKA U NMONYNALMA XHIIHHKA OGpeuYeHa Ha
BBIMHPAHHE TTPH 111060M HCXOJHOM COCTOAHHH CHCTEMBI.

3ameruM, YTO 3[1€Ch U Be3le B JaibHEHIIeM, TOBOPA O paBHOBECHAX CHUCTEMBI,
MBI He 6yHeM OCTaHABNMMBATBCA Ha PadIMYMM Mexay YoM u dokycoMm (ecimu
TONBKO 0B6paTHOe He OTOBOPEHO 00060), 06panias BHUMaHue TUIUb HA TOMONOIH-
YeCKMI XapaKTIep paBHOBecHS.

Kak cnemyer u3 paccMoTpeHHs, TPOBEAEHHOTO B pa3f. 2.1, yueT cMepTHOCTH
epTB He MeHseT Bufa cucreMst (3.1.1) B oTCyTCTBHE MPENTIONIOKEHNA O HEJH-
HelfHOM XapakTepe pa3MHOXKeHHA )KEPTB IIPH Masioi IUTOTHO CTH NOMYIIALHH.

3.3.2. Haceilllene XMIIHHKA
(BTOpoit THI TpOodUuecKoii pyHKIMM)

Yuer 31010 (paKTOpa NIPHBOIMT K CHCTEME

. bxy
X =ax ———
1+ Ax
: L (3.3.5)
- _c , ol e
Y Y T T ¥ Ax
a a
KOTOpas 3aMeHo# ¢ = 7/a, x =7 uy =7 D MepeBOJUTCA B
. uv
U=y - —
l1+tau
: e (3.3.6)
vV=E —yot+t—mmmm . .
Y l1+au

W3 ypareHuit Hynsusokmui (4 =0,v = 1 +au; v =0, = 7/(1 —ay) Bu-
JIMM, YTO BHYTpH NMEPBOTO KBaJipaHTa paBHOBECHE CYIIECTBYET JIMILb npu oy < 1.
970T hopManbHbIA pe3ynbTaT JOMYCKAeT eCTECTBEHHYI0 HHTeplpeTauyio. Jlefcr-
BUTE/TBHO, MAKCHMATBHAA CKOPOCTh NPHPOCTa MOMYIIALMH XMITHHKA IPH HIOLIT-
Ke >xepTBBI coctaBnser 1/a. CooTercrBeHHO mpu ay > 1 mpowssopHaay < 0
1A J1I00BIX 3HAYEHMI lTepeMEeHHbIX, HeTPHBUATIBHOTO PaBHOBECHS HE CYILECTBYeT
U TONYNAUMA XUIHUKA o6peveHa Ha peimupanue. [Ipu ay < 1 paBHOBecHe BHYT-
PY NIEPBOTO KBaJIpaHTA CYIIECTBYET, HO BCerna Heycroiuuso. ®a3obni moprper
CHCTEMB! IIPH Pa3THYHbIX 3HAYEHMAXTRPAMETPOB PEACTaBieH Ha puc. 3.3.3.

O6partdM BHHMaHHe Ha OfIHY OCOBEHHOCTh NOBEIEHH CHCTEMbI B GeCKOHEUHO
yHoaneHHOR 4acté Iwrockoctd. [Ipu a = 0 cucTeMa KOHCEPBaTHBHA, €6 TPaeKTO-
puu — 3aMKHyTHIe TuHEA. [Ipu 1/(1 +v) >a >0 (cm. puc. 3.3.3,a) paBHOBecHe
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7 7 4 “
Puc. 3.3.3. BapuauTs! a3oBoro noprpera cuctemsi (3.3.6) nppay <1l (@-¢) may>1 (2)

CTAHOBHMICA HEyCTOHUMBBIM, a OECKOHEYHO YHAIEHHBIN MPENETbHBI LUK —
NPUTATHBAOWHMM. ITO O3Ha4aeT, Yo MPOHUCXONAT KoneGaHus MIOTHOCTH MOMy-
JIALIMEA OKePTBBI M XMUIHMKA ¢ HEOTPaHHYEHO BO3pacTaiomiedt ammiutynoi. Ha
KaxaoM NHKe YUCTIeHHOCTH XMIMHMK KaK Obl ’Haronser” B NMOMyJAIMOHHOM
CMbICTIe )KePTBY M BO3BpaillacT IUIOTHOCTb €€ MOMYNAIMM NOoCiIe KaXKIOro MuKa
B o67acTs BCe MEHbIIMX 3HAYEHUH.

OpHako Npu panbHeHIeM pocTe & TOBEJEHHE CUCTeMB! Ha GeCKOHeYHOCTH
mensierca. [Ipu a = 1/(1 + ) Touka, cooTBeTCTBYIOWAA **KOHIY” aBGCUMUCCHI,
CTaHoBHUTCA cefyioyanom (puc. 3.3.3,6), a npu &> 1/(1 + v) — rmobansHo NpH-
TATHBAIOWAM GeCKOHEUHO Y[alIeHHBIM y3710M, OTIUEIUIAS OT cebs cemyio ~’Bepx’”’
1o akBatopy cdepsr Ilyatxape (puc. 3.3.3, 6). Mutepnpetupyem 310T pa30B blit
noprper cineaywmnMm obpazomM. Pocr mapameTpa oTBeyaeT yMeHblleHHI0 GHOTH-
YeCKOTO NMOTEHUMATA XMIHAKA, T.e. MAKCHMATIBHO BO3MOXHOM CKOpPOCTH MpH-
pocra ero momynsAuuu. [lpu a > 1/(1 + ) ¥ npu GOJBUMX IO THOCTAX MOTYJIA-
MK JKepTBbI XMIIIHMK OKa3bIBaeTCA HE B COCTOAHHH €€ ~HaCTHIHYTh M BEPHYTh
B obnacts Maitbix IUTOTHOCTEH. B pesynbraTe INIOTHOCTH MOIYJSUMH >KePTBBI
MOHOTOHHO M HeOTpaHHYeHHO pacreT. [INoTHOCTD NONYNAIMY XUIHHKA IPU 9TOM
Takxke ysenuuuBaercs. I[lofoGHbI 3ddeKT NOMYNAUMOHHOTO YCKOMb3aHUA
’KEPTBBI OT XULIHUKA paHee GbUT OMMCaH HIA COBCEM HHOM Mozenu [166].

3.3.3. HermHeitHbIi xapaKTep
Bble[IaHH A XHIIHKKOM >KepTBbI
[PH MarbiX NNOTHOCTAX NOIIYNIAUHH JKEPTBBI

XapakTep B3aMMOIEHCTBUA MEXIY XUIMHHKOM H XXEPTBOH, OIUCHIBA€MbIH
TpoduyecKoi GHyHKiMeR TpeTsero THna, XapakTepusyercs AByMs 0CoBeHHOCTA-
MH: BO-NEPBBIX, HEJIMHEHHBIM POCTOM aGCONIOTHOM CKOPOCTH BhIEJAHUS XMIIHHU -
KOM JKepTBBI C POCTOM IUTOTHOCTH NOMYJISIMM >KEPTBbI U, BO-BTOPBIX, pac-
CMOTpPEHHBIM TOJIBKO 4TO 3¢ deKTOM HackhueHua xumHuka. CucremMa

) bx*y
X =4ax - ———
1+Px
. dx*y
y = ¢ +———L——-’ (3.3.7
7 1+Px )

rge P — BenuuMHa, 06paTHasA IUIOTHOCTH NOMYJIAIMH >KEPTBBI, OTIMCBIBAET KBaf-
paTHYHbIA XapaKTep 3aBHCHMMOCTH CKOPOCTH BBIEJAHHSA )KEPTBBI XMIIHHKOM IIpH
MalloH TWIOTHOCTH MOMY/ISIMM JKEPTBbI M aCUMIITOTHYECKH NepexoauT B HCXOH-
Hyl cucreMy (3.3.1) npu GONBIMX IUIOTHOCTAX NMOIMYNALMM XEPTBAI.
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3aMmenat =7/a, x =\/aPldu, y =

v nepeBomuUT cucteMy (3.3.7) B

. u?v
U= ——
l1+au
2
. u u
v = — YV + ’_m’u—3 (3.3.8)
rae y = cla, a = a/Pd.
/4
Puc. 3.3.4. ®azosbi#t moptper cuctem (3.3.8)
¥ (3.3.10) npu g < 1 (npu B > 1 HeTpUBHAIIb-
{ HOE paBHOBECHe OTCYTCTBYeT H (a3oBbIft
NopTpeT aHaiormyeH wu3o6paxeHuoMy Ha
6 puc. 3.3.3,2)
7 Vg

HerpuBsuansHoe paBHOBecHe BCerda CYLIECTBYET M IIpM NI0BBIX 3HAUYEHUAX
napameTpoB ycToiumso (puc. 3.3.4).

3.3.4. KonKypeHUus XHLIHAKA 38 XKepIBY
U 33 OTJIIMYHBIE OT >KEePTBhLI peCypCHl

KoHKYypeHIMA XuiHIKA 32 )KEPTBY YYHTHIBAETCHA CHCTEMO

. bxy
X = ax — ——,
1+ By
; Ly (3.3.9)
=,__C ——, el
Y Y 1+ By

a a
KOTopas 3aMeHoll 1 = 7fa, X =7 u,y= 7 U NPHBOUTCA K BUOY

. uv
U= - —,
1+ Bv
y b 3.3.10)
v:.._ U e
v 1+ Bv (
rae § = aB/b.

Tpu § < 1 HeTpuBHaIbHOE PABHOBECHE CYIIECTBYeT M ycroiumso. (Paso-
BHIHl NOPTpeT aHamormyeH usobpaxenHomy Ha puc. 3.3.4). [lo Mepe pocra
napameTpa § paBHOBECHBIE YKC/ICHHOCTH MOMYJNALMA XUIIHWKA W XKepTBbI pac-
TyT. HepaBeHcTBO § > 1 OTBeyaeT cUTyamMH, KoIJAa CKOPOCTb POCTa IO MYyIAMMU
XKepTBBI BCeTHa, MpH N0OOH CKOJNb YromgHo GONBILOH IUIOTHOCTH MOMYJIALWM

36



X{LIHKKa, OoJipllle CKOpPOCTH BhlegaHuA. IlomynmsuMs >keprBbI HeoTpaHMYEHHO
pacTeT, He TPUBUAIIBHOE paBHOBECHE OTCYTCTBYET.

YueT KOHKYpPEHIMH XMIIHHKA 33 OLIMYHBIE OT KEPTBHI PeCypChl NPUBOIUT K
cucreme

x =ax — bxy,
y = —cy +dxy — hy*. (33.11)

3ametnM, uTo yMHOXeHUe oBoux ypaBHenwit (3.3.9) ua (1 + By) (uro 3KkBH-
BaJICHTHO COOTBETCIBYIOI[EH 3aMeHe MacluTaba BpeMeHH) NMPUBOJIUT UX K BHIY

x =ax —(b — aB) xy,

y = —cy +dxy — Bey?, (3.3.12)
C TOYHOCTBbIO [0 O0GO3HAYeHMH NapaMeTpoB COBNAfalolieMy C BBIPOKECHUAMHU
(3.3.11). 310 o3Havaer, yto cucreMsl (3.3.9) u (3.3.11) KauecTBEHHO 3KBH-
BalTeHTHbI. [loaToMy ¢asoBbli moprper cucTeMsr (3.3.11) Takike TOXAECTBEH
u3006paxkeHHOMY Ha puc. 3.3.4.

3.3.5. HeymMHeHHOCTH pa3MHOKEHHS XHLHHKA
TIpY MaIOH IUIOTHOCTH MOMYIISIHH

Yuer atoro daxTopa MIpUBOIMT K CHCTEME
X =ax — bxy,

. y

= —¢y +——— - dxy, 3.3.13
y Yy 5 y ( )

aN a
KOTOPYIO 3a8MeHa ! = 7/a, x = T u, y =—b—v NepeBONUT B
w=u—uy
; v (3.3.14)
v [ — U S—— oo
v 1+vo

rae v = cfa, v =a/bN. YpaBHeHUsA HYIbU30 KJIHH: u=0,v=1; v= O, u=vy(1 +
+ vv)/v. HerpusManbHOe paBHOBecHe Bcernga CymiecTBYeT M HeycToitumso. Bcee
TPaeKTOpHM YXOJAT Ha GeckoHeyHocTb. (Pa30BbIi MOPTPET aHANOIHYeH u3o6pa-
YKeHHOMY Ha puc. 3.3.1.

3.3.6. Knaccuduxaims snemenrtapHbix paxTopon

[IpoBeneHHOe pacCMOTpeHMe MO3BONACT CHENATh CIIeAylOliee 3aKITIOYEHHE.
Mo mduxaims cucremst Bonsreppa (3.2.1) ¢ yueToM OJTHOTO M3 TIe pEUNCIIEHHBIX
B [PedbIAYILEM pa3pelie GaKTOPOB IIPHUBOMMT K TOMY, 9TO € IMHCTBEHHOE PaBHO-
BECHe, COOTBETCTBYIOLIEe ~HEHTPabHO ycToiuymBOMYy™ (Gonee cTrporo — ycroM-
YMBOMY, HO He aCHMIITOTHYECKH YCTOHYHBOMY) COCYILECTBOBAHHIO IOy
XMIUHMKA M KepTBH! B cucTeme (3.2.1), nubo mproBperaeT YCTOWYMBOCTH M
CTaHOBUTCH [IOGAIIBHO NPHTATMBAIOIMM, NUGO, HANpPOTHB, TepAET YCTOHYM-
BOCTb, M TOIJA BCE TPaéKTOPHH YXOJAT Ha GecKOHEYHOCTh. JTO [O3BONAET
pasleNuTh pacCMOTpeHHble GakTophl Ha CTaBHIM3HPYIOUIME DABHOBECHE M
HecTabunu3upyIolme ero.

37



Crabunusupyionme GaKkTopbl: KOHKYPEHIHA JKePTB, KOHKYPEHUMA XMLIHHU-
KOB 32 )XEPTBY M 32 OTNHMYHBIE OT >XEPTBBI PECYPCh!, HEJIMHEHHOCTh GYHKIMH
BbICTAHU A XMIIHUKOM >XEPTBHI IIPH MAJIOH IVIOTHOCTH MOIYJI SIMH >KEPTB.

Hecrabwinanpyomue (GakTOpH: HENMHEWHOCTH DPa3MHOXEHHS MOMYIIALMIA
XEPTBbI ¥ XULI{HUKA [IPH MaJio! IUTOTHO CTH, HaChIieHUe XUIITHMKA.

HetpyaHo mnoxasarh, 4To OJHOBpEMEHHBIH y4eT [BYX WIM Gonee TONMBKO
CTabuym3upyouMx GakTopoB WIH TONBKO JeCTaGWIN3MPYOUMX GaKTOPOB He
NPHBOIMT K HOBBIM 3¢ ¢eKTaM: HOBBIE COCTOAHUA PaBHOBECHA HE MOABIAIOTCA
¥ KOMOUHAIMA cTabWn3upylouMx $paKTopoB BCeraa Biever 3a coboil ycToim-
BOCTb eIHHCTBEHHOTO PaBHOBECHSA, a KOMOHHAUMA AeCTaGWIH3HPY Ioumx $HaKTo-
poB — €ro HeycroHyMBOCTb. [lo3TOMY MHTepec mpencTaB/sieT THIIp HCCTHEIOBa-
Hue KoMOMHauMi CcTabuMsHpylolMX M JAecTabWinsupyloux ¢akIopoB, K
KOTOPOMY MbI H IIe peX0IuM.

3.4. IBYOAKTOPHBIE MOJUOHKALIUK CHUCTEMbI
BOJIbTEPPA

Cmenaem HeKOTOpble mpedBapUTeNBHble 3ameuaHusA. McxomHas cucrema
(3.1.1) nocne mepexona x Ge3pasmepHoMmy BuAy (3.1.2) 3aBHCHT OT ORHOTO
ITapaMeTpa ‘Y M IpH J1100bIX eT0 3HaYeHUAX OCTaeTCA KOHCEPBATHBHOA.

Yuer oTHensHO B3ATHIX (AaKTOPOB, BAMAKIMX Ha IMHAMUKY IUTOTHOCTH
MOMyNALMA XHUIHKKE X XKEePTBbI, NPOBEIeHHBI B IpebIAYILieM pa3fiene, IpHBO-
MMT K OJTHOMapaMeTPHYeCKUM MomibHKauuAM UCXOaHOH cucteMs! (3.1.2), 1.e.
K CHCTeMaM, 3aBHCALIAM’ OT gBYX NapaMeTpoB. Moxmo 6bUI0 GBI OXHIATH
CyLIECTBOBaHHMS Ha INIOCKOCTH 3THX [BYX IapaMeTpoB JIMHHH, COOTBETCTBYIO-
nmx GudypkaumaM Kopa3sMepHOCTH OOUH M pa3TeNsOUMX IUIOCKOCTb Napa-
MeTpoB Ha oGacTH, OTBevaiolMe PpAa3TUYHOMY KayeCTBEHHOMY IFOBENEHHIO
cuctembl. OTHaKo MpoBeJEHHOE BhILE MCCIIEJOBaHKHe TOKA3AI0, YTO KayecTBEeH-
Hoe MOBeJIEHME TAKMX CHCTEM JMOO OCTaeTci eIMHOOGpasHBIM INpH NIOGBIX
3HauCHUAX INapameTpoB, JIMOO MpeTepneBaeT KayecTBCHHblE H3MEHEHMA MpPH
HeKOTOPBIX 3HAYEHUAX *’BO3MYLIAIOMIEro’ mapamerpa, Mo-pexXHeMy OCTaBasch
He3aBHCHMBIM OT 3HAaYeHMs NTapaMerpa y B ucxopHoit cucreme (3.1.2).

OrHoBpeMeHHbIH NONAPHBIH yueT POTHBONMOMIOXHO HallpaBJIeHHbIX — CTabH-
JM3HPYIOIIAX H JecTabliu3upyloumX — ¢pakTopoB NPUBOAMT K ABYNapaMeTpH-
YeCKHM Momu¢ukauusaM cucrems! (3.1.2), win K cUCTEMaM, 3aBUCAILIUM OT
Tpex mapamerpoB. Pa3GueHue TpexmMepHOTO NapaMeTpPUYECKOTO MAPOCTPAHCTBA
Ha 00nacTd, COOTBEICTBYWOIIHE KAYECTBEHHO PA3IMUYHOMY [IMHAMHYECKOMY
NOBEJEHUI0 CUCTEMBI, — 3ajaua, BooOule roBops, He nmpocrad. [loatoMy mpu
MOCTPOEHMH TpeXMapaMeTpUYeCKHX NOPTPETOB B JalbHeilleM OyldeM CYMTATh
TlapaMeTpsl HepaBHONPABHHIMUM M MCCIEOBaTh CIPyKTYpy ABYNapaMmeIpHyec-
KOTO MOpTpeTa CHCTeMbl B ’BO3Myw@MX’ [apaMmerpax IIPU pPa3IHUHBIX
(bUKCHpOBAHHBIX 3HAYEHWAX MapaMeTpa 7y, “’yHaClIe[OBaHHOTO” OT MCXORHOH
cuctemsl  (3.2.1). Bonee TOYHO 3TO O3HavyaeT HAMepEHHe CTPOMTH IOPTpET
CHCTeMBl B BHJE ONHONMAPaMETPHYECKOTO CeMeiCTBa [BYIapaMeTpUYECKUX
Cpe3oB, [pPOBEOEHHBIX NapaUIeNbBHO OJHOM M3 KOOD/IMHATHBIX IUIOCKOCTEH
MPOCTPAHCTBA, a UMEHHO CPE3OB Y = const.

Hanee, aHau3upys KaXIyl KOHKPETHYI0 CHCTeMY, MbI ByaeM Io BO3MOX-
HOCTH NIPUIEPXKUBATBCA CIIE/LyIOLieH IT0CIeI0BaTeJIbHO CTH U3/TOXKEHUA:

1) 3amich UCXOIHOrO BUJ2 CUCTeMb] H 06e3pa3MepHBaHue;
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2) MaTeMaTHYECKOE UCCIICJOBAHKE CHCTEMBI )

3) omicaHMe MOJTYYEeHHBIX NapaMeTpHuecKoro ¥ ¢a30BbIX IOPTPETOB;

4) omMCcaHKe MMHAMUYECKHX PeXHMOB, PEATM3YIOMMXCA B CHCTeMe, U peak-
MM CHCTEMBI Ha BO3MYIIIEHUA TUHAMHYECKHX Tle DPeMEHHBIX ;

5) omucaHHe 3BOMTIOIMH [MHAMHYECKHX PEXMMOB IIPH W3MEHEHHH 3HaUeHWi
nmapaMeTpoB, B YaCTHOCTH IIpH Iepexope MapaMeTpoB ucpe3 OGHdypialmoHHbIE
SHaYeHM s}

6) sxonoruueckas HHTIEpNpeTauMA Pe3yJIbIaTOB HCCIeJOBaHHUA.

[epeiimeM K McCleJOBaHMI0O KOHKPETHBIX CHCTeM, YUMTBIBAIOIMX IONApHO
BiIWsiHUE CTaCWIM3MpPYIOWMX M AecTabunmsupylowmx ¢(akIopoB Ha BONBTED-
poBcKyto cucremy (3.1.2).

3.4.1. KouxypeHuys xepTB U HachillleHHe XHILHHKA

Yuer 31X HaKTOPOB IPHBOIUT K CHCTEME

. K —x bxy
X = ax -
K 1+ Ax
y ¢ (3.4.1)
=—c —_— 4.
Y Y 1+ Ax

Ypasrenus (3.4.1) npenctaBnsioT coGoi YacTHBIN CITyyait CHCTEMBI, IIpeIIOMXKEH-
Hoit PoseHupedirom u Max-Aprypom [158]. CyuiecTBOBaHMe YCTOHYMBOTO
MpENeTbHON0 UMK/IA B 3TOH MOJENH NPH HEKOTOPBIX 3HAYEHHAX NapaMerpoB
6BUTO MpaKTHYECKH OMHOBPEMEHHO yCTaHOBNeHo B paGortax [119, 144, 162].
Mo3axee Ta e cucreMa Gboia uccepopaHa B paBote [131]. Us cooBpaxkeHuit
equHooGpasusa HIMOKEHHA INIPOBeleM ee MCCIeJOBaHWE B HCIONb3yeMOH B
Hacrosteit paboTe MapaMeTpu3alyy.

c a
3ameHa f =17/a, x =7 u,y =-—b- v nepeBoauT cucteMy (3.4.1) B

. uv )
U=u-— ——— — €u’,
1 +au
1 (1 “ ) 3.4.2)
v: v .—-————-———’ T
v 1+ au (

roe o = Acld, € = c/Kd, v = c/a. YpaBHerusa uynpusoxnun: 2= 0,v = (1 +
+au) (1 —eu); v=0,u=1/(1 —a). U3 puc. 3.4.1,2 nerko yCTaHaBIHBaeTCH
ofnacTh Cyl1ecTBOBaHMA HETPMBMAIBHOIO PaBHOBECHs: YCIIOBHE NepeceyeHHs
HyNb-HM30KJIMH B MIEPBOM KBaJIpaHTe, OYEBUAHO, UMeeT BuA o + € < 1. OGnacts
HEYCTONYMBOTO PaBHOBECHS 3a/acTCHA YCIOBHEM PAaCIONIOKEHUS BePTUK ATbHOM
M30KIMHBL 0 = 0 NleBee MakcumyMa u3oKiuH #=0; ¢ < a (1 — a)/(1 + @).
CoOTBETCTBYIOIME JTMHMM Ha IWIOCKocTH { @, €} OnpelensiloT mapamerpHyec-
Kuit noprper cuctemn! (cm. puc. 3.4.1, 6). Ilepsas nanynosckas (Tpetss ¢o-
KycHas) BenuuuHa [28] npH BCeXx 3HaueHMAX MapaMerpoB NONOXUTENbHA. ITO
03HayYaeT, YTO IIPH Nepexofie 3HauyeHuii MapameTpoB u3 oGmactu 2 B ofnacts 3
PaBHOBeCHE TepfeT YCTOMUMBOCTb C pOX/IeHMEM BOKPYT HEro yCTOHUMBOTO
IpelenbHOTO IMKJIa. 3aMeTHM, UTO KayecTBeHHoe moBeneHue cuctemst (3.4.2)
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Puc. 3.4.1. Tpu BapHanTa B3aUMHOTO DaclONOXEeHUA HYJb-H30OKAMH (4), MapaMctpHyec-
ku#t (6) u daszoBble (6) noptpersl cuctembl (3.4.2). 3pech 1 Be3lie B AanbHeflilieM Hyme-
paums obnacTed mapaMeTpHyecKOro IopTpera oTBeyaeT Hymepauu# $a3oBbix NMOPTPETOB

He 3aBHCHT OT 3HavyeHM# napamerpa <. [TonHbI HaGop ¢a30BBIX MOPTPETOB
cucTeMbl U130 6paxeH Ha puc. 3.4.1, 6.

TlogBeneM MTOr MPOBEAEHHOTO HCCIEHOBAHHMA. AHAIN3 COBMECTHOIO JIGHCT-
BHA CTAGWIN3MPYIOLIETO (KOHKYPEHIMA JKepTB) M JecTaGwiusKpylomero (Hacki-
UIeHHe XMIHMK2) (AaKTOpOB NMOKa3pIBaET, YTO HA IUIOCKOCTH NapameTpos,
XApaKTePH3YIOIMUX HHTIEHCUBHOCTh 3THX (AKTOpPOB, CylecTBYIOT oGmacrs
YCTOHUMBOTO paBHOBECHA (BBIllEe JIMHMH, Ha3bIBa€MOH NHMHHEH HeHTPaIbHOCTH,
€ =a(l —a)/(1+a)], roe noMHHMpYyeT NepBbIi (paKTOp, U 06NacTb HeyCTOI -
WBOIO paBHOBECUA (HWKE JIMHMM HEHTPAIBHOCTH), IAe COCYIUECTBOBaHUE
MONYMALMA XUDIHMKA ¥ )KEPTBhI BO3MOXHO JIMIIb B aBTOKONEBaTeTbHOM pexai-
Me. MOXXHO cKa3aTh, YTO NocTelleHHoe ocnaGe e NeHCTBUA CTabIIH3UPYIOIIEro
daxTopa (yMeHblleHHe € ) MOXET IPUBOIMTH K NOTEPH YCTOHYMBOCTH PaBHOBE-
CHA C MATKUM POXXAEHUEM 2B TOKOJIe 6aHUi.

3aMeTHM, YTO eClIM KOHKYPEHUHMIO XKePTB MOXHO cUMTaTh 6e3yciioBHO cTabu-
IM3UPYIOLIMM (aKkTOopoM, TO (GaKTOP HACBILICHMA XMIIHMKA IPH aHAJIM3e X
COBMECTHOTO JeHCTBUA Ha3BaTh Ge3yCIIOBHO HeCTabWIM3HPYIOLMM yXKe HeNb3f.
e CTBHTENBHO, PaCCMOTPUM M3MEHEHMs, MPOMCXONsAiHe ¢ $Ha3oBbIM MOPTpe-
TOM NIpH [BWXXEHMH N[O MapaMeTpy & Npu GMKCUPOBAHHOM 3HaueHHH € <
< €max = 0,17 (cM. puc. 3.4.1, 6). llpu Manbix 3HayeHuax « < & paBHOBECHE
ycroitumpo. Ilo Mepe yBenuyeHMs o 3HaYeHHe NapaMeTpa NepeceKaeT KpHTHYEC-
KYI0 BEJIMUMHY &; 4 Ha (a30BOM NOPTpeTe POXHAeTCA MBI yCTOHUMBBIH
TIpenenbHblH UMK, YTO OTBEUYaeT MATKOMy peXuMy Bo3ByxIeHus asToxoneba-
mait. C JabHEHIIMM POCTOM & pa3Mep NpelelIbBHOTO LMKJIAa CHavyajia yBeJTHYM-

40



BAeTCA, HO 3aTeM, JOCTUIHYB MaKCHMAJIBHOTO 3HaYeHHS, HAYMHAeT YMEHbILATh-
cA. B MOMEHT, KOrfa & MepeceKaeT KPHTUYECKOE 3HAYCHHE & =, MPEIeIIBHBIH
UMKJ CTATHUBAeTCHA B TOYKY M PaBHOBECHE CHOBA CTAHOBHTCA ycroiumBbIM. Ta-
KHMM 06pa3’oM, yBeIMUEHHE 3HAYEHHs MApaMeTpa &, XapaKTepH3yIOUIETO MHTCH-
CHBHOCTb HACBIUEHHS XHIUHHKA, MOXET MIPHBOIMTh KAK K MOTEpE paBHOBECHEM
YCTORMMBOCTH, TaK U K €e IpHoGpeTeHuMIo.

3.4.2. KoHKypeHuusi ®epTs
Y HETMHEAHOCTD Pa3MHOXKEHHS NOMYJISI{HH XKEPTB
TIPH MAJIbIX IUIOTHOCTAX NMOMYJIAUHH

OpHOBpeMeHHBI! yueT feHCTBHA 3THX (PaxTOpPOB NPUBOMUT K cuCTeMe [24,
25]

. ax? K—-x
x = — bxy,
N tx K
y =—cy +dxy, (34.3)

a
KOTOpyIo 3aMeHa ¢t = 7/a, x = Ku, y = —b V MepeBOOMT B

. u(1-uw)
u

ntu
= —qyv(m — u), (3.4.4)

roe n = NK, m = c/dK, v = dK/a.

3ameTHM, YTO B 3TOM .CIyYae W MHOTAA B NanbHeilleM HaMm yaoGHO MpuMe-
HATH 3aMEHY NePEeMEHHBIX, IPU KOTOpOM B poinm mapamerpa oGespa3sMepeHHo#
CHCTEMBI BBICTYTIaeT PaBHOBECHOE 3HaueHue u = m. BooGiue cnemyer Cka3arh, YT0
CHCTEMY, 3aBHCALIYI0 OT HECKOJIBKMX NapaMeTpOB, MOXHO 0Ge3pa3MepuBarh
Pa3NIMMHBIMM  CocobaMM, NPHXOASA K pasiMuHpIM NapaMeTpHYecKMM BHIAM
3amMcH OKOHYaTeNnbHON cucteMul. PopmanbHO Bee cnocobbl 06e3pa3sMepuBaHUuA
PaBHOTIPAaBHbI, OJHAKO C TOYKH 3peHHA ymoOCTBA MCCIEOOBAaHMA CHCTEMBI, a
IMIaBHOE, €CTECTBEHHOCTH MHTEPNpEeTalMM pe3ysbTaToB, HEKOTOpHIE CIOCOGHI
0Ka3bIBalOTCA ABHO Oonee MpemmoytMTesIbHbIMU. OIHO3HAYHBIX PeLETITOB MpH
3TOM He CYIUeCTByeT. BbIGop mapamMerpusalyu CHCTeMbI B 3HAWMTeJIBHOM CTere-
HA — JI€J10 UHTYHIMH UCCTIeIOBaTeNA.

Hynb#30kinuss! cucreMbl (3.4.4) onuChIBaOTCA YpaBHEHHAMM

. u(l—u)

u=0,v=———30 =0, u=m.

ntu

<.

IlBa BapHaHTa HX B3aMMHOTO pACTOJIOKEHUA MpeCTaBIeHs! Ha puc. 3.4.2, a.
Ha mapametpuueckom moprpere { m, n} cucremsi CYyLIECTBYIOT IO MeHbILe
Mepe aBe Gudypxamionnsie nunmu (3.4.2,6). OnHa u3 Hux (m=1) coorBer-
CTBYET OTIIEIUIEHHIO OT cemioyxia AB ycroliuuBoro ynma A BHYTPb NepBOro
KBajpaHTa. Bropas, oTBevawmas 3HaYEHWAM IapaMeTPOB, NMPH KOTOPBIX Bep-
THKQIBHAA HyNb-M30KIMHA U= 0 NPOXOIMT Yepe3s MAaKCHMyM HYNb-M3OKITH-
Hel % = 0, COOTBETCTBYET NOTEPH YCTOWUMBOCTH paBHOBECHEM A. YpaBHeHue
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Puc. 3.4.2. JiBa BapuaHTa pacHONIOXEHMA HYJIb-M3OKIIUH (a), mapameTtpuyeckuit (6) M
asoBbIRt (8) mns obnacti 4 nopTpethbl cucreMsl (3.4.4)

ITOM JIMHMK (HeHTpambHOCTH V) 3a1aeTCA YCIIOBHEM
n=ml(1-2m).

PaccMOTpHM BO3MOXHBIE H3MEHEHHA B (a30BOM NOPTPETE NPH TEpeCceyCHUH
B IIPOCTPAHCTBE MApaMETPoOB { M, n} nuHuu N. U3BecTHO, uTO pu 3T0M GoKYC
A TepAieT ycroiuMBOCTb. 3TO MOXET MPOMCXOAMTs OABYyMsA crocoBamu. Bo-mep-
BbIX, Ha ()a30BOM NMOPTPETE MOXKET POXKAATHCA MANIbIN YCTOMYMBBII [Ipe/esIbHBIRA
LMK H, BO-BTOPBIX, CTATMBAaACh B TOYKY, ~YMMpATh’ MaIblii HeyCTOHYMBLIH
NpefenbHbIi UMKII. PacCMOTpPHM, YTO mMpoMCcXOmUT B cucteMe (3.4.4) , BHIUMCNAA
TpeThio GOKYCHYI0 BeNMUMHY L, Ha NMHMM HEHTpambHOCTH paBHoBecus [28].
Ina ypasHenuit (3.4.4) 3HaueHHe L, 3aaeTcA BbIpaXKeHHEM

7 (1-2m)(dm—1)

L= — — ,
! 4 m(—-m)?

1
NOJIOXKUTETIBHBIM BBIIIIE TO‘{KHF; {m = ; , N =—é- Ha JTHHUH Heﬁrpanb}{ocm H

OTpUuATeNbHBIM HiKe ee. Takum 06pasoM, mpH nepecevyeHun B MPOCTPAHCTBE
TNapaMeTpoB JIMHUM HEWTPATBHOCTH BBILIE ITOH TOYKM Ha (a3oBOM moprpete
CHCTEMBI DOXMIAeTCS Malblii yCTOWYMBBIA mpenenbuplii uuian. [Ipu nepeceyeHnw
K€ JTMHHM HeHTPaIBHOCTH CTpaBa HaleBo Huke n = 1/8 Ha dazoBom noprpere
CTATUBACTCA B TOYKY Masblii HEYCTOHUMBBIA IpeNe/IbHbIA MUK, JT0 C Heobx0-
MMMOCTBIO O3HAYaeT CYLECTBOBAaHME Ha MApaMETPHYECKOM TOPTPETE enje oHOM
6MdypKamMoHHOH KpHBOi (, Nexawei Mexy JMHuei HEUTPATBHOCTH H BeEp-
THKanb0 m = 1. Taxoit kpUBOH ABNAETCA NMHUA EMbypKalMK pPoXIeHUA Taphl
UMKJIOB M3 CTYUIEHUA TPAeKTOPUA WIM, PYTMMHU CTIOBAMH, JIHHUA 6H(YpKalky
KPAaTHBIX IMKIOB. OMH ee KOHEIl HAXOIMUTCA B TOYKE F Ha JIHHMM HEHTpaTbHO-
ctu [10], BTOpO#i — B Hauae KOOP/WMHAT IAPAMETPHYECKOTO TIO PTPETa.

Jlunus () KPaTHBIX LUMKIIOB ABIAETCA Ha IUIOCKOCTH NApaMeTpoB OJHOH M3
rpaHmal obNacTd, OTBEYAMIiEH CYMECTBOBAHMIO Ha (as’oBOM MNOpPTpeTe ABYX
BJIOXKCHHBIX PYT B /IpyTa IPENENbHbIX UMKIIOB, M3 KOTOPHIX BHEUIHHI YCTOM-
uiB. BTopoi rpaHMue#t 3Toi NMapaMeTpHuecKO# oGIacTH ABNAETCA JTMHHA HEHT-
patsHOCTH (CM. pHc. 3.4.2,6).

OTMeTMM [Ba CYIECTBEHHBIX OBGCTOATENBCTBA. BO-IEpPBBIX, KaYeCTBCHHBINA
XapaxTep NoBefeHusa cHcTeMbl (3.4.4) mo-pexHeMy, Kak M BCeX paHee HC-
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CICHOBAaHHBIX CHCTEM, HE 3aBMCHT OT 3HAYEHHWA MapaMeTpa 7y; BO-BIOpPHIX, B
OTJIMYHE OT paHee HCCIEJOBAHHBIX CHCIEM OH He IIOJIHOCTBIO OMpefeifeTCA
B3aUMHBIM PACNOJIOKEHHEM HYJIb-H30KJMH: MOJOXCHUE BEPTHKATBHON HyITh-
H30KJIMHBI ¥ = ) IpaBee MaKCUMyMa HyJib-H30KJIHMHBI & = 0 MOXeT 0TBeyaTh KaK
mobaibHO#M ycToiuMBOCTH paBHoBecua A (cm. puc. 3.4.1,6, oGmacts 2), Tax
H CyIIECTBOBaHMIO Ha (pa30BOM MMOPTpETE Napsl YCTOHYMBBIX HMKIIOB (CM.
puc. 3.4.2,6) . ®a3oBbie MOPTPETHI IIA o6nactel I, 2, 3 TOXIECTBEHHBI H306pa-
EHHbIM Ha puc. 3.4.1, 6.

PaccMOTpUM, YTO NMPOMCXOMMT B CHCTeME NIPH M3MEeHeHWH 3HaYeHHs napa-
MeTpa m A (uxcupoBanHoro 3Hauenus n < 1/8. Ilycts mepBoHauansHo 1 >
>m> 1/2. Torpa cymecTByeT OmHO ITI06ambHO NMPUTATHBAIONIEE pABHOBE-
cue A. Ilo mepe yMeHsLIEHHA M B NpPOCTPaHCTBE NApaMETPOB IepeceKaeTch
JIMHUA KPaTHBIX UMKIIOB, HO 3TO HMKAaK He CKa3bIBaeTCHA Ha JOKATBHOH yCTOH -
YYBOCTH DaBHOBECHA A M OCTaeTCA He3aMEUEHHBLIM [yl Habnropmarend, Creds-
LIEr0 3a COCTOAHMEM PaBHOBECHA CHCTeMbl. MameHsieTcA ML 0OacTh NPUTA-
XKEHHA PABHOBECHA: OHA CTAHOBHMTCA OrpAaHMYEHHOW BHYTPEHHHM, HeycTOMYH-
BBIM npefensHsiM 1KiIoM. Ilpu 31oM nieBoe [0CTaTOYHO CHIIBHOE BO3MYLUE-
HME BBIBOIMT CHCTeMY 3a IrpaHuMHy obJylacTH MpUTSKEHMA PABHOBECHs M mepe-
BOMMT B peXMM aBTOKOJIeOaHuii.

Tlo Mepe marnbHeiillero yMeHbIIEHHA 7 YMEHBLIAETCA M 06/1aCTh MPUTANKEHUA
A. B MOMeHT, COOTBETCTBYIONMIi EpeceYeHHI0 B IPOCTPAHCTBE apaMeTpoB JIH-
HHM HEATPAJIBHOCTH, O6JIaCTh MPHTAXEHHA A CTATHBaeTcA B TOYKy. PaBHOBe-
cue A TpH 3TOM TepAeT yCTOMYMBOCTb, M TPAEKTOPHH CHCTEMBI HAKPYUHBAIOTCA
H3HYTpH Ha “60oibluoin” mpenenbHbii uuxit. [IpoHcxomuT xecTkoe BO3GYHKIeHHe
aBTOKOJIe6aHuUH.

Tlpn mBuxeHuH IO mapaMeTpy B OGPAaTHOM HaNpaBJIeHHH HaGriogatens, clie-
OAWMA 33 aBTOKONe6aTeNIbHBIM PEXXUMOM, HANpOTHB, HE 3aMevyaeT Nepeceve-
HUA 3HaYeHHEM MapaMeTpa JIMHUM HeiiTpanbHOCcTd. [IpedenbHbIii NHKT IpH 3TOM
MPONODKAET CyLIECTBOBATh M OCTaeTcA ycroiuusbIM. [Ipu pameneiiiem yBenn-
YeHHH M B MOMEHT, KOIa 3HayeHue M MepeceKaeT JIMHHIO KpaTHBIX UHKIIOB,
TIPOMCXOSIMT “XKeCTKUH CpbIB” aBTOKOJNeGAHUH, OHH CTAHOBATCA 3aTyXaloLd-
MM M CMCTeMa IPUXOIMT B COCTOSIHHE PABHOBECHS.

Jna 3KONOrmyeckux MPUIOXKEHHH BOKHOE 3HAYCHHE MOXET HMeTh XapaKTep-
HOe [OJIA >KECTKOrO peXuMa BO3GYXIEHMA aBTOKONeGaHHMil ABJIEHHE rucTepe-
suca. Ilpum mBwxeHnn no mnapameTpy B NMpAMOM H OGpaTHOM HanpaBJIeHHAX
OOUHAKOGbIM 3HAYeHWEM IIapaMeTpa MOTYT COOTBETCTBOBATh pA3Hble PEXUMBI
(GYHKUMOHUPOBAHHA 3KOCHCTEMBI. JIpyruMu ClioBaMH, BOCCTAHOBJIEHHME YCIIO-
BHH CylECTBOBaHMA CUCTeMbl He TapaHTHpYeT BOCCTaHOBJIEHMA pexvuMa ee
(G YHKUMOHUPOBAHHA.

3ameruM, YTO B (M3HMKE TEPMHH “HKECTKHH pEXHM BO36YXKIEHHA aBTOKOJIe-
6aHui” YacTo ynotpeGnaeTCA B IBYX TeCHO CBA3AHHBIX, HO BCE XK€ PasNUYHBIX
3HaveHuAX. B $a3soBoM cMbiciie KeCTKHM peXHMOM BO3GYNIEHHA aBTOKOJIe-
6aHMii HazpIBaeTCcA CHTyarMa, KOrjJa Ha a3zoBOM MOPTPETE CUCTEMBI CYLIECTBY-
€T YCTOHYMBOE PpaBHOBecHE, ODJNACTh NPUTAKEHUA KOTOPOrO OFpaHMyeHa He-
YCTOHYMBBIM TIpENENIBHBIM HHUKIIOM, 3aKJIIOYEHHBIM, B CBOI0 OYepesb, B yCTOW-
YUBBIA MpemeNbHbI UMK (cM. puc. 3.4.4, ¢). IIpy ManeIx BO3MYyIIEHHAX PAB-
HOBECHE CHCTEMbl B IIPOLECCE 3aTyXaUMX KOJIeGaHMii BOCCTaHABIIMBAETCH,
a Ipu JOCTaTOYHO OOJNBILMX BO3MYILUEHMAX CHCTEMA NMEpEXOMT B aBTOKOJeOa-
TEJIbHBIA PEXHM.
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B napamerpmueckoM cMbiCe XeCTKHM BO30YXICHHEM aBTOKOJIeOaHHi
Ha3bIBAaeTCA OIMCAHHBIA BBILIE NPOIECC BO3HMKHOBEHHA B CHCTEME aBTOKO-
neGauuit cpasy “Gonbuioi” (T. e. KOHeYHOi, a He GeCKOHeYHO MaJoii) aMIUIu-
TY[bl NIPH NiepecedeHun MapaMeTpOM KPHUTHYECKOTO 3HaueHuA. B sxonmoruvecknx
NIPUIIOXKEHHAX TONe3Hsl 06a 3TM MOHATHA. Kakoe MMeHHO MMeercs B BHAY,
OBBIYHO ACHO H3 KOHTEKCTA.

BrepBrle Ha BO3MOXHOCTb CYIIECTBOBAHHA HECKOJIBKMX BIIOXEHHBIX ApPYT
B [pyra IpefenbHbIX LIMKJIOB B MOMENHM XHIUHHK—KepTBa ykasbiBan Koamo-
ropoB [135]. Mboit [144, 145] cumtan, ogHAKO, YTO B 3TOH CHCTEME MOXET
peaM30BLIBaThCA JIM60 yCTOHYMBOe paBHOBEcHE, MO0 YCTOHUMBBIH Npenesb-
HBIi IMKI. Anb6pexT W apyrHe aBroph! pabor [100, 101] copmymuposamn
TpeGOBaHHA Ha BHI BXOJALMX B MONENb XHIUHMK—XKepTBa dyHKuui, oGecre-
YMBAOIIMX OJHOBpPEMEHHOE CYIeCTBOBAHHE YCTOIYMBOIO M HEyCTOHYHBOTO
IMKTIOB, OJHAKO He [alNM 3KOJIOTMYECKOM HMHTepnpeTalMM 3THX TpeGOBaHMii. .

B 3Koiormyeckmx Mopenfix skeCTKHMil pexuM BO3GY>XJeHus aBTOKOJeba-
Huii 6p1T 06HapyxeH B paGorax [84, 85] s MccnemOBaHHON BbIlEe CHCTEMBDI U
B paGote [121] oA cuctembl, ¢ TPYHOM HONMycKalomeH 3KONOTHYECKYIO MH-
TepIpeTalHio.

OcHOBHO# pe3ynsTaT HMccuemoBaHus cucteMbl (3.3.4) COCTOHT B TOM, 4TO
KOMOMHAUMA CTaGWIH3MPYIOWETO H [eCTabHIMSHPYIOWEro (aKTOPOB MOXET
NPUBOOMTh KaK K MATKOMY, TaK M K KECTKOMY peXHMMaM BO36yXIeHusA aBTo-
KoJ1e6aHMA B CHCTEME XHUTHUK—XKEPTBA.

3.4.3. HenuneitHoCTb BbIeJAHHA XHIHHKOM )XEPTBbI
NpH MaJIoH IUIOTHOCTH TIOMYJTALHH XKEPTBbI

M HAChIIIEHHe XHMIUHNKA

(Tpertuit THI TpodHueckol PYHKIHMH)

Tlpn aHanuse Tpoduueckux GYHKUMA VA pasIMYHBIX THUMOB (GYHKUNOHAND-
HOH peaKklMM XHMIUHMKA Ha XePTBY YKa3bIBaJlOCh, 4TO TpOdUYecKyw bYyHKIMIO
IJIA TPETHETO THIIA PEAKUMH €CTECTBEHHO 3aIMUCHIBATh B BHIE

b(x)=bx?](1+A;x +A,x?),
BoamoxxHa 1 ynpoueHHas 3ammich GYHKIUMH B IpennosioxeHun A, = 0.
Taxum o0Gpa3zom, pacCMOTPHM cHCTeMY
: bx?y
=gx ——,
1+ Ax?
dx?y

&y 3.4.5
1+ Ax? ( )

y=—ot

b ad
Tocste 3aMeHs! £ = T/a, X =d—u, ¥y =? v Tmonyyaem

2, (3:4.6)

ey =cla, a=Abld*.
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Puc. 3.4.3. Bo3Moxuble BAPHAHTEI B3AUMUOTO PaCHONQNKEHUS HYNb-UIOKIUH (@) u dazo-
BRIl Noprper (6) cuctembl (3.4.6) npu ¥, = 1/5/ @, COOTBETCTBYIOLUMA NPOXOKACHHIO
HyNb-H30KIHHb v = 0 yepe3 MUHUMYM HYITb-H3OKIIHHBI ¥ =0

YPaBHeHHﬂ HYJIb-U30KJIHH CHCTE€MbI HMEIOT BHI

. 1+ au®* . ¥
u=0v =—; V=0, u-= -

u 1—-ay )

Mpuay > 1 HerpuBHANGHBLIX  PABHOBECHA B MONIOXKMTENLHOM KBAfpaHTe
He cylwecTByeT: v < O npu mo6bx 3HaueHWAX mepemeHHbIX. [Ipu HccenoBanuy
B KauecTBe IlapaMeTpa YHOGHO BOCTONB30BaThCA AaBCUMCCOH paBHOBECUA
uy = J y/(1—ay). Torma B COOTBETCTBHM C FPahMIECKUM KPHUTEPHEM YCTOH M-
BOCTH PaBHOBECHE JIOKATHHO YCTOHWMBO NpH U < 1/V'a@ (puc. 3.4.3,4). Bonee
TOro, mocTpoenye dynxumu dionaxa [28] B mpepnoxennoii lily [125] dopme
obHapyxuBaer [25], uTO y CHCTEeMBI NMpH 3TOM HE CYIIECTBYET NpeNeNbHbIX
IMKIIOB, T. €. PABHOBECHE YCTOHUMBO InoGabHO (CM. TOXIECTBEHHBIH TOPTPET
Ha puc. 3.3.4). Uto mpoucxomut ¢ (pa3oBbIM MOPTPETOM CHUCTEMBI IIPU epexofe
TapaMeTpoM Yo IO Mepe ero BO3PAcTaHWs KPUTHIECKOro 3uauenus 1/Ja? Bot-
YKMcnenue NepBoil IAIMYHOBCKOM BEJIMUMHBI L | He [aeT OTBETA HA MOCTaBJIeHHbIH BO-
MpOC, MOCKOMNBKY OKA3bIBAETCH, YTO B POCTPAHCTBE MAPAMETPOB{ly , & }-Ha TMHUK
HefiTpanbHOCTH 4o = 1/V@ Bemmumna L, = 0. (Ilapamerpuueckuit noprper
cuctemsl (3.4.6) TpuBMareH — OH COCTOMT M3 OJIHON JIMHMH Uy = 1/V @ u noTo-
My Ha OT/eIbHBIH PHCYHOK He BbiHeceH.) Bomee toro, A.M. XuGHuxom [25]
6bUI0 YCTAHOBJIEHO, YTO Ta Xe camad ¢yHkuus Ionaxa mo3somser A0Ka3arb
OTCYTCTBHE UMKIOB B cucteme (3.4.6) npu u, > 1/Jda. Us sroro cnenyer,
uro paBHOBecue A mpu up > 1/V @ HeyctoiuuBo IioGaIbHO — BCe TPaeKTo-
pUM yXOOAT Ha OeCKOHEYHOCTh (AHAJIOTMMHO MOPTpETy Ha pHC. 3.3.1). Jro,
B CBOI0 OuYepeslb, O3HAYAET, YTO HA JIMHUM HeHTPATLHOCTH CHCTEMa KOHCepBaTHB-
Ha (cM. puc. 3.4.3,6).

Takum o6GpazoM, MOXHO CKa3arh, 4yrO Mpu IEpeceYeHHM MApaMeTpOM U
KpPHUTHYECKOrO 3HAYeHHA B CHCTeMe NMPOHCXOMT HE JOKaibHasA, a rnoGanbHas
nepecTpoiixa ¢azoBoro noprpera. B ¢pusnueckux TepMUHAX 3TO MOXHO Ha3BaTh
EeCTKHM TapaMeTpHuecKuM Bo36yx/ieHHeM H3 IT0GAIbHO YCTOXYMBOrO paBHO-
Becus aBTOKONeGanuit 6eckOHeYHO GONbILOH aMITTUTYABI.

OcTaHOBMMCH Ha TIOJTy4eHHOM pe3ynbTaTe noapoGHee. Brimre Gbuio cKasa-
HO, YTO B C/Tyyae OGLIero NOJIOKEHHA JTMHUA HEHTPAUTBHOCTH OTBeyaeT 6udypka-

1IMM KOpPa3MEpHOCTH OOHH U e¢ NMepeceycHue B MPOCTPAHCTBE NIApAMETPOB OTBe-
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yaer poxeHHio (rubem) Ha ($azoBOM NOPTpETe MAIOFO MPENENBHOTO LUKIIA.
TomyepxHeM crioBa B ciryuae obuero mososxeHHA”. B 3ToM ciiyvae nepsas -
NyHOBcKasA BeNuuuHa L, obpaumiaercs B Hyib, BOOGie FOBOPA, UL B OTOEND-
HBIX TOYKAX JIMHUM HelTtparbHocTH. OpHAKO Mp¥ KOHKPETHOH NapaMeTpH4ecKom
3aMMCH CHCTEMBI MOXET 0Ka3aThCs, Hanpumep, 4t0 L = O Ha Bcell nuHUM Heid-
TpansHOCTH. B cnyvae cucremsr (3.4.6), 6onee TOro, Ha JIWHUM HEHTPATIBHOCTH
TOX[IECTBEHHO OOpaiaeTcA B HyJIb He TONbKO MNepBasA, HO M BcA GeckoHeuHas
NOCTIEAOBATEIbHOCTE JIAITYHOBCKHMX BeNIMUMH GONee BBICOKHX NOPAAKOB. JT0
O3HayaeT, yro Gudypxauua ycr06rod KOpPa3MEPHOCTH ONHH, COOTBEICTBYIO-
Was BHIMOJIHEHHIO OTHOTO YCJIOBHMA THNA PaBeHCTBAa, HAK/IA[BLIBAEMOro Ha na-
paMeTpbl KOHKPETHOH CHCTEMbI, MOXET B ACHCTBUTEIBHOCTH B CWIy CHCTEMBI
OTBEYaTh KOpa3MepHOCTH Gonee Bbicokoro nopsaka. B cinyvae cucremsr (3.4.6)
BBIIOJIHEHHE DPAaBeHCTBA Uy = 1/V @ ¢popmanbHo oTBevaer Gudypkauum Gecko-
HEYHOo GOJIBILOM KOPa3MepHOCTH.

(axTHYECKH MBI yXe BCTPEualuch C 3TO# caryauMeii B pass. 3.3. mpu aHanmu-
3¢ OfHONapaMeTpuyecKux Momuduxaumit ucxogHoi mogenu (3.1.2). Cucrema
(3.1.2) ABNAeTCA KOHCEPBATHBHOl, MOITOMY KaX/IbIii pa3 obpauieHue B HyIlb
”BO3MyILAKOLIEr0”’ TapaMeTpa (GOpManbHO OTBevaeT OMdypKauuu GecKOHeuHo
BBICOKO# Kopa3MepHOcTH. ConepxaTeNibHO 3Ta CHTYalUHsA B OTIIMYME OT paccMOT-
PEHHO# B HacTOAILIEM ITyHKTe He MpeACTaBiifgeT GONBIIOro HHTEpeca, TaK KaK CO-
OTBETCTBYIOLINE anaypxam;omme 3HaYeHHs MapaMeTPOB JIeXaT KaxKmbli pa3
Ha rpaHuue o61acTH 3HaueHHi, UMeoImX GHoNorHYecKuit CMaICI.

Hurepnpetpyem mnonyueHHbiit pesynsrar. Cucrema (3.4.6) omuchiBaeT
OMHAMUKY Taphl NOMYIALMA XHIUHHK—XKEepPTBA NIPH TPEThbeM THIIE GYHKIUHOHAID-
HOH peaklUMH XMUMHHMKA Ha IUIOTHOCTh NOMYJIALMHU XXEPTBH. ITOT THI PeaKuuH
YUMTBIBaET OTHOBPEMEHHO CYyLIECTBOBaHMe NBYX (aKTOpOB, OOWH M3 KOTO-
pbIX — KBafpaTMuHasg 3aBUCHMOCTb CKOPOCTH BbleaHUA OT IUIOTHOCTH MOMy-
JAINK KEPTBbI — ABNACTCA CTaGWIM3HPYIOIIMM, & BTOPOH — HACHILIEHHE XHMIL-
HUKa — JecTabwinsupylommM. Pe3ynbTat MccrenoBaHua ypasHeHuit (3.4.6)
COCTOHMT B TOM, YTO npeo6nafatomas poib TOT0 MM MHOTO haKTopa NPUBOXHMT
K [I0GanbHO# CTaGWIN3anuM WIM COOTBETCTBEHHO [eCTabWIM3auuu paBHOBe-
CHA.

3.4.4. KoHKypeHIHA XHUHKUKA 32 OTIMYHbIE
OT XEPTBBI PECYPChI M HACHIUEHNE XAUMHUKA

Cucrema, yuMThIBaOImasA OZHOBPEMEHHOE JIEHCTBHE CTAGWIN3HPYIOLLEro (HaKTo-

Pa KOHKYPEHUMM XMIHMKA 33 OTINYHBIE OT )XEPTBbIE PECYpPChI M [eCTabHITH3H-

pyouiero ¢$aKTopa HachILEHUA XUNHAKA, ONMCHIBAEMOTO BTOPBIM THIIOM (yHK-

IMOHANBHOM peaKuyin XUILHNKA Ha IUIOTHOCTb MOMYJIALMY XKepTB,UMeeT B, [12]
X=ax — bxy[(1+Ax),

.

Y = —cy + dxy/(1 +Ax) —ey?.

a a
3ameHat =7/a, x =;u, ¥y =;v TIepeBOIMT 3TY CHCTEMY B

u=u—uy(1+au),

)= — yv + uv/(1 +au) —8v 2, 34.7)
roe y=cla, a=Aa/d, & =ea/b.
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Puc. 3.4.4. JIa BapuanTa B3aMMHOT'O PAacIONOXKEHHs HyJIb-M30KIHH (@) M napamerpuyec-
KHit noprper (6) cucrems (3.4.8)

Bocnonbayemcs npueMoM, NpejIokKeHHBIM BO BBEJEHHM K pasmeny 3.4,
H CHavaya MccrenyeM ypaBHeHus (3.4.7) npu y = 1, a 3aTeM pacCMOTpHM 3BOJII0-
UM [IBYNapaMeTPHYECKOrO MOpPIpeTa \ @, O/ NpH M3MEHEHHH Napamerpa 7.
Taxum 06pa3om, pacCMOTPHM CHCTEMY

=u—uvf(l+av),

v =—v tuy/(1+av) —8v?2, (3.4.8)
YpaBHeHHA HyJIb-U30KIIHH UMEIOT BHJ
(l-a)u -1

u=0,v=1+au; v =0, v = —— .
5(1+au)

Ipu a > 1 npu no6bIx 3HaYeHUAX NepeMeHHbX U < 0.

OmucaHWe M WHTeplpeTalus NOBENEHHA TAKOH CHCTEMbl NaHBI NPH HCCIEHO-
BaHmMu ypaBHeHuii (3.3.6).

Mpu a < 1 nub0o paBHOBeCH B epBOM KBafipaHTe HET BOBCE, THBO HMEIOTCA
nBa paBHoBecusa A u C (puc. 3.4.4,4).

T'paduueckuii kpuTepuit, [0 CHX NMOp MCTONB3OBABLIANCA 1A ONpeeneHuA
XapakTepa JIOKaIbHOH YCTOMYMBOCTH HeTPHBHAJIBHBIX PaBHOBECHid, B OTHOILe-
HUU cucTeMsl (3.4.8) HenpuMeHuM. Kpome TOro, 910 TiepBasi M3 HCCIIEAYeMBIX
HaMu CHCTEM, B KOTODOi peaimsyercs GoJbllie OHOHOrO HETPMBHAJIBHOTO paB-
HoBecu.

Jluneapusauna ypasHenuii (3.4.8) B OKpECTHOCTH TOYKH NOKa3bIBAET, U4TO
C — cenno mpwu 06GbIX 3HAYEHHAX NIAPaMETPOB, a A — Hecem1o (T. €. y3el WM
bOKyC) W B 3aBHCHMOCTH OT 3HAYeHMH MAPAMETPOB MOXET GbITh yCTOMYHUBBIM
HIIH HeYyCTOHUYHBBIM.

Ycnosue
8= (1 —a)?/4a (3.4.9)

OTBEYAET KACAHUI0 HYJIb-M30KJIMH M ABJIAETCA YpPaBHEHHEM JIMHWH, Pa3jiensio-
el Ha MOcKocTH NapaMeTpos {a,.8)} 06nacTH, WA KOTOPBIX Ha $a30BOM nopr-
pPeTe paBHOBECHI HET BOBCe WIM MMeEeTCA Mapa paBHOBecuii (cM. puc. 3.4.4,6).
OHo cooTBeTcTBYeT GUdYpKamuM KOPa3MEpHOCTH OMH CINHAHHA M ~aHHMTH-
JsuMn” ABYX paBHoBecwii: cemna C m y3ma A. Taxum o6pa3oMm, BolpakeHue
(3.49) sABnAeTcA TaKXKe YCIIOBHEM CYIIECTBOBAHMA Ha (ha30BOM MOPTpeTe
CHCTEMbI BBIPOXAEHHOH 0cOoBO# TOUKH THMA “cemuioysen’. 3Hech M B Jaib-
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Puc. 3.4.5. ['py6rie da3zoBrie nopTperhi cucremsl (3.4.8)

HeiillleM NWHMIO Ha MapaMeTPHYECKOM MOpTpeTe, OTBEYAIOMIYH0 CYLIECTBOBAHHIO
cemioy3na Ha ($a30BOM NOpTpeTe CHUCTeMBI, GymeM Ha3piBaTh JIMHMER Cemio-
y3noB u 0603Hayats GyxBoii S.

Jluneapuzauma cucrems! (3.4.8)B OKPECTHOCTM TOYKM A TOKA3bIBAET, YTO

Ha napamerpmecxom{ a,d } NOpTpeTe CUCTEMBI CYILECTBYET JIMHUA, HA KOTOPO
obpauaeTcA B Hynb NEACTBHTENbHAA YacTb Mappl KOMIUIEKCHO COMpPAXEHHBIX
cOBCTBEHHBIX 3HAaYeHHMIA cHCTeMbl — JIMHMA HeiitpaibHocTH N paBHOBecua A
(cM. puc. 3.4.4, 6). Jluina HeATPANIBHOCTH BBHIXOIMT M3 Hayala KOOpOMHAT H
ikacaeTcsa JIHHMM CEIVIOY3IoB S B TOouKe J3.
IIpu 3HayeHHSX MapamMerTpoB, JiEXauMX Bbillle JHHHM N, paBHoBecme A yCTOM-
YHBO, B NPOTUBHOM cilIyuae — HeycToiumBO. IlepBad NAMYHOBCKas BesIMUMHA
Ly > 0 Ha Bceit nuHum HeiitpanbHoctu. Taxum o6pa3oM, Npu MepeceycHUu B
MpOCTPAHCTBE MapaMeTpoB JimHuM N CBepXy BHM3 Ha (pa30BOM MOPTpETE CUCTe-
M=l paBHOBecHe A TepseT YCTOHYMBOCTb C DOXIEHHEM MAalOro YCTOHYHBOFO
npenensHoro uukia (puc. 3.4.5).

Tapamerpuyeckan touka 9B xacanus nuxuu S u N oTBeuaer 6udypKanuu
KOpa3MepHOCTH /IBa CYLECTBOBAaHMA Ha $a3oBOM MOPTpeTe CUCTEMBI IBYKpaT-
HO BBIPOXIEHHOH TOUYKH — pPaBHOBECHA C JIByMA HYJEeBBHIMH COGCTBEHHBIMH
UMCTaMM, WIM BbIPDOXKIEHHOro cemioysna. Ilapamerpuueckas OKpeCTHOCTh
3TO# TOUKM M COOTBETCTBYMuIHE (a30BBie NMOPTPETH! B CIIy4ae OBLIEro MOJO-
eHuA MCCIenoBaHsl B paborax Bormamoma [31, 32), mokasasiuero, uto B ma-
paMeTPHYECKYI0 TOUKY KACAHMA JIMHWHA HeWTpanbHOCTH N M JIMHUMI cemyoy3IoB
S Bxopur ewe oaHa 6MdypKANNOHHAA IMHUA. ITO JIMHUA 3HAYCHMI TapaMeTpOB,
IIpY KOTOPBIX Ha ha30BOM MOPTPETe CUCTEMbI OIJHA H3 CENapaTPHC, BHIXOAALMX
M3 Cce[JIa, COBMNAaAaeT ¢ OJHON M3 celapaTpuc, BXOOAIMX B cenyio, o6pasys ImeT-
O Cenaparpuc, Wi cenaparpucHeii umin (puc. 3.4.6, 6) . B stux xe paborax
YCTaHOBJIEHO B3aHMHOE PacIIoJIoKeHHe JIMHUH HeHTparibHOCTH N M JIHHUM TIeTIH
CenapaTpuc B OKPECTHOCTH TOUYKH MAaKCHMAJIBHOTO BBIpOXAeHUA. JlunHio mernu
cenaparpuc 0603HaumM GykBoii P.

Ha napamerpuuyeckom noprpere cucremsl (3.4.8) numuust P pacnonaraercs
Hiwke uHUM N. OnMH KOHeu JIMHKM P BXOAMT B Havyajio KOOpOMHAT — B Na-
PaMETPHYECKYI0 TOYKY, KOTOpas, KaK TOBOPWIOCH BbIlle, GOpMATBHO OTBe-
yaeT GHdypKauuH GECKOHEUHO BONBILOH KOPa3MEPHOCTH.

HaHecennpre Ha mwiockocTd {a, 8} JUHMM MCYEPNIBIBAIOT TapaMeTpHYECKHI
noprper cucremnl. HerpynHo noxasarb, 4To B3amMHOe pacnoyoxeHue Gupyp-
KaNMOHHBIX JIMHMA OCTaeTCA OJHHM M TeM Xe IpH JobbIX 3HaueHuax 7y. 3a-
MeTHM, 4TO BCe YeThblpe OB/IAcCTH MMEIT OGUIYI0 TOYKY, 2 MMEHHO TOYKYy I3
Taxum o6pa3somM, 6udypKamMOHHbIe COGBITHA, MPOUCXOJAIIME B CHCTEME, MO-
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Puc. 3.4.6. ®azoBbie noptpeTsi cucremsl (3.4.8) npu 3HaYeHHsiX NapaMeTpoB Ha Gudypka-
LUMOHHBIX TTHHUAX _
a~S (nesee n Bbuue Touxk J3);6 — P; 6 — S (upasee u Hike TowcH J3)

ryT 6bITh ONMMCAHBI K JIBHXXEHHH B OKPECTHOCTH TouxH B Boxpyr Hee. Haunem
c o6nactu / u GymeM OBUraThcs BOKPYT TOUKH 3 B HampaBiIeHHWM NMPOTHB va-
COBO# CTpenKH (cM. puc. 3.4.4, 6).

Ipn 3HayeHusix mapaMeTpoB, Jexammx B obGnactu. /, Ha ¢a3oBOM moprpe-
Te cHCTeMa paBHOBECHA B NepBOM KBafpaHTE, KaK YXe YKa3pIBajioCh, HE CYy-
LIECTBYET BOBCE ¥ BCE TPAEKTOPHH YXOTOAT Ha GECKOHEYHOCTD.

Ilpu mepeceueHuM B MPOCTpaHCTBEe NMapaMeTPOB JIHHHM CELUIOY3/IOB S BBIILE
ToukM J3 W mepexoie B NapaMeTpuuecKylo oGyacth 2 Ha ¢azoBoM moprpere
CHCTEMBI POXQaeTcss ycroiumBbii cegoy3sen AC (cM. puc. 3.4.6, @), pacuien-
NAOUMACA 3aTeM Ha ycToiuuBsIit y3en A u cemo C.

Ipu mponomKeHHH ABMKEHHA MO INIOCKOCTH NapaMeTpOB B YKa3aHHOM Ha-
TIpaBJICHUM MTapaMeTpHyeckasd TOYKA MepeceKaeT He 06O3HaYeHHYH Ha MapameT-
pUYECKOM TIOPTpETe JIMHMIO, OTBEYAlOUlyi0 HETONOJIOFUYeCKOH IepecTporKe
paBHOBecA A u3 yana B ¢poxyc (cM. puc. 3.4.5, obnacts 2).

3ameTtuM, uro Ha puc. 3.4.5,067macTh 2, BXopAwan B cegyio C cemapaTpuca
AIBNIACTCA TPaHMIEH OGNACTH NPHTAXKEHMA YCTOAYMBOrO PaBHOBeCHA A M OT-
aenser, TakuM o6pa3om, 0671acTb HAYAIBHBIX YCITOBHI, H3 KOTOPBIX TPAeKTOPHH
CHCTEMbl TIPUTATHBAIOTCA K A, oT 06J1acTH HavyaJIbHBIX YCNOBHE, U3 KOTOPBIX
TPaeKTOPUM YXOOAT Ha GECKOHEYHOCTD.

Cnenyiomas 6ubypkauusa, NpOHCXOAAWAA B CHCTEMe, — 3TO NOTEPA yCTOM-
yuBOCTH (GOKYCOM A NpH NepeceyeHMH 3HAYEHHAMHU IapaMeTPOB JIMHMM HeW-
tpaimbHoctu N u nepexofe napaMerpuyeckoit Touky B o6nacte 3. Kax ykasaHo
BbIlIE, IPH 3TOM BOKDYr PaBHOBecHA A pOXIaeTcA Mallplil YCTOWUMBBIA IIpe-
IeNbHbIA MUK (cM. puc. 3.4.5, o6nacrs 3).

Tlpu 3HaveHMAX MapaMeTpoB, Jiexaumx B obmactu 3, BxopsAwas B cemio C
ceflapaTpuca OTpaHHUMBAaeT OGNACTh MPUTAKEHHMA YCTOWUHBOro NpenenbHOro
IHMKAA, ¥ B 3aBHCMMOCTH OT HAYaIIbHBIX YCJIOBHH TPaeKTOpuM cHCTeMbl in6o Ha-
MaThIBalOTCA Ha UUKII, TUGO yXONAT Ha 6ECKOHEYHOCTh.

Ilpu manpHeiillieM ABWXEHUH IO MApaMeTPy B yKa3aHHOM HaIlpaBJIEHUH UK
pacrer M HakOHell B MOMEHT, KOr[a MapaMeTpsl CHCTeMbI NMPUHUMAIOT 3Haue-
HHUA, NeXampe Ha TAPAMETPHYECKOH NIMHWMM TET/H CeNapaTpUCh, YCTOMYMBBIA
TIpenenbHbIi UMK Ha a30BOM MOpTpere “BiHMmaer” B MeTNiI0 CEMapaTpHChI
(cM. puc. 3.4.6, 6). 3areM 3HaueHHA NAPaMETPOB IEPEXOIAT B MapaMeTPH-
YyecKylo O6JIacThJ, M CelapaTpucHbIi IMIJI Ha ($a3’oBOM IOPTpETe CHCTEMBbI
pazpymmaerca (“nonaerca’) (cM. puc. 3.4.5, o6nacts 5).
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UsmeHenns $a3oBoro noprpera NpH NepecedeHHN 3HAYEHUAMH [ApaMETPOB
TMHUM P MMeoT NpHHUMIHATIbHOE 3HAYCHWE: €CTIM TIpH 3HAYeHHAX NapaMeTposB,
JexauMx B obnactm 3, Ha (a3’0BOM MOPTPETE CHUCTEMBI CylLECTBYeT GOJIb-
was 06acTh HAYATBHBIX YCIIOBMI, MPH KOTOPBIX TPAEKTOPUM CHCTEMBI CKOJIb
YrogHO [OJIF0 OCTaBAIMCh B KOHEUHOH YacTH IUIOCKOCTH, HaMaThIBaACh Ha
YCTOHUMBBIA MPENeNTbHBIA UKKII, TO JUIA NapaMeTpoB obmacTi 5 Bce TPAEKTOPHH
CHCTeMBI IIpH 11106bIX HAYAJIBHBIX YCIIOBHAX YXOMAT Ha 6€CKOHEYHOCTS.

Cob6piTis, NpoHcXonAlLNe NPpH JATbHEHIEM ABM)KEHUH 1O MapameTpy B TOM
Xe HallpaBJIeHHH, GOJIBILOrO 3HAYEHUA He HMEIOT, TIOCKOJIbKY COOTBETCTBYIOLHE
NepecTPOHKH (ha30BOT0 NOPTPETa He MEHAIT OCHOBHOIO — BCE TPaeKTOpHM
CHCTeMBbl YXOIAT Ha 6ECKOHEYHOCTD.

Taxum oGpasom, omicaHue mapamMeTpHueckoro u ¢Gas’oBbIX NOPTPETOB 3a-
BeplIeHO. 3aMeTHM, YT0 XOTA B3auMHOe pacnonoxeHue muhuik N u P a priori
HEH3BECTHO, TeM He MeHee caM (hakT CyHIeCTBOBaHMA [apaMeTPUUECKOH JH-
HUM DETJIM CENapaTpuc M ee BXOX/eHusA B IapaMeTpPHYeCKYI0 TOYKY MaKcCH-
MIBHOTO BBIPOXIEHHA I3 OueBH/IEH: NpH [BHXKEHHU IO NAPaMeTpy BOKPYT
ToukH J3 6e3 nepeceueHus MHMHuUM P mernu cemaparpuc HEBO3MOXHO OCYLLECT-
BHTh TIepexof, OT ¢$a30BOrO NOPTPeTa NpH 3HAYeHMAX MapaMeTpoB B 0GIacTH
2 K (a30BOMy NOPTpeETY npy 3HAYEHHAX NAPaMeTPOB B OB/acTH 5.

IlepeiineM x uHTepNpeTamuu MOJYYEHHBIX pe3ylbTaTOB. B 3aBMCHMMOCTH
OT 3HAYEHMA MApaMETPOB H HAYANbHBIX YCNOBHA B CHUCTEME BO3MOXKHBI TPH
THNa (YHKUKMOHHPOBAHUA: HEOrpaHWYEHHOe DA3MHOXEHHe NOMYNALUMH XepTB
H acCHMITOTHYECKasa cTabwim3auusA IIOTHOCTH MNOMYIAUMM XHIHMKA Ha YpOB-
He v = (1/a — 1)/8, ycTOiiuMBOE COCYIIECTBOBAHME MNONMYNALMA XMIUHUKA U
KEepTBBI B CTallMOHAPHOM pexxuMe (paBHOBecHe A) U yCTOHUHBOE COCYLIECTBO-
BaHue MONMYNALUMA XHIMHKA M XKEPTBbI B aBTOKOJIe5ATEIBHOM PexHMe — yCTOH-
YMBBIA TIPEeNbHbIN HUKII.

Ilpu 3HaueHmsAx mapameTpoB B obnactAx I M 5 NMOBeNEHHE CHCTEMBI He 3a-
BMCHT OT HAavanbHBIX YCIIOBUi: NOMyNAUMA >KePTBbI BCEria HEOT PAaHMYEHHO pas-
MHOXaeTcsl. IIpu 3HaueHHAX NapaMeTpoB, Jexanmx B oGnactax 2 u 3, daso-
BOe NPOCTPAHCTBO CHCTEMBI PacmajiaeTCA Ha [Be YacTH: O6JIACTb NMPUTANKEHUA
YCTOHUMBOrO PpaBHOBECMA WIHM YCTOHYMBOrO IpeNeNbHOro HMKia U o6racTh
NIPUTSOKEHUA OeCKOHeYHO YHAIEHHOW TOYKM, COOTBETCTBYIOUIafA HeoTpaHWueH-
HOMY pa3sMHOXEHHIO NIOMYIIAUMH KePTBHI.

EcTecTBeHHO MHTEpPIIPETHPOBATH 06/1aCTh HAYAIBHBIX YCIIOBHI, IIPM KOTOPBIX
CHMCTEMA CKOJIb YTOIHO JOJIFO OCTaercA B KOHEYHO!H YacTH IUIOCKOCTH, Kak 06-
7acTh HOPMATBHOTO (YHKIMOHHPOBAHHMA 3KOCHCTEMBI”, a TPaHHUy ITOH 06-
Jacti B a30BOM NPOCTPAHCTBE — KAK “ONACHY!0” I HOPMAJIbHOFO GyHKIHO-
HHPOBAHUA 3KOCHCTEMBI FPAHULY.

TlpownmocTpupyeM ckasanHoe mpumepom. Ilpencrasum ceBe, uro U M v —
TUIOTHOCTH ROMYJIAUMHA HACEKOMBIX—BpeIHTeNel jleca H HaCeKOMOSAIHBIX TITHIL,
KOHTPOJIMPYIOUHX YHCIIEHHOCTh BpeguTesieii. Torma cocymecTBoBaHue obGemx
TonyNAUMA B CTaUMOHAPHOM WIM aBTOKOJIEGATENBHOM peXHMMe MOXHO pac-
CMAaTpHBATh KAaK HOPMATIbHOe GYHKUMOHHPOBAHHME 3KOCHCTEMBI, 3 Heorpa-
HUYEHHOE pasMHOXeHHe BpeauTeneil — kak karactpody. B mefictBurensuocru,
pasyMeeTcfl, pa3MHOXeHHe BpeluTelnell He MOXET ObITh HeOTpaHHYEHHBIM, HO
31ech MBI He By/ieM Ha 3TOM OCTaHaBJIMBAThCA, TAK KaK YYET 3TOFO OGCTOATEND-
ctBa TpebyeT BBeIeHHA B MOJENb HONOJIHUTENIBHBIX (HaKTOPOB, KOTOpbIe By-
JOyT pacCMOTpPEHBI B JaJIbHEeHIIIEM.
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Puc. 3.4.7. lIpu cyinecTBOBaHMM XHMILUHMKA W XEPTBbI B CTalMOHapHOM (@) M aBToKoneba-
TeNIBHOM (6) peXHMax pe3Koe CHHMCHHC YMCICHHOCTM JKEPTBBI M YBCIMYCHHC UHCIICH-
HOCTH XMIIHHKA NIPUBOAAT K HCOIPaHUUCHHOMY POCTY MOAYIALUUM XKCPTB

Mrax, B pamkax paccMaTpvBaeMOil MOJENIN I'PaHHULbI OONACTH TPUTSDKEHUS
YCTOHUMBOTO paBHOBECUSI WIH YCTOMYMBOrO HMKJIA MOXHO HHTEpIpeTHpOBaTh
Kak ¢a3soBble TpaHUUB! OONACTM HOPMANBHOTO (QYHKUMOHUPOBAHUA IKOCHCTE-
mel1. [1oaToMy MHTEpecHO MOHATH, Kakoro poga (a3oBeie BO3MYLIEHUS CUCTe-
Mbl BBIBOAAT €€ 32 IpaHulbl OGIacTM HOPMANBHOrO GYHKUMOHUPOBAHUA
(puc. 34.7).

M HarmsAmHOCTH ONMMLIEM CUTYalMIo, MCIONb3Ys TEPMUHOMOIUIO IMpPHBe-
OeHHOro Bbillle mpuMepa. IlycTh MCXOOHO MOMYNSAUMH HaceKOMBIX-BPeRUTENeH
M HaCeKOMOSIGHBIX NTAL HAXOOATCH B pPaBHOBECHOM cOCTOSHMM. Torga MHTyu-
TUBHO ITOHAITHO, YTO K KaracTtpode MOXeT INpHBecTH OOHOKPATHOE pe3Koe
yMeHblIIEHHe YHCIICHHOCT NTHy (OTCTpest, OTpaBjieHue d T. I.). SIcHO Takke,
YTO KaracTpodHueCKHMMM IOCIEeNCTBHSAMYE MOXeT GhiTh UPEBATO pe3Koe MOBHI-
LIIeHHe YHACITIEHHOCTH BpeRuTeNeil, HallpiMep, BCIeACTBHeE 3aHOCA U3BHE.

Monens, onHako, Npeacka3sniBaeT U MeHee OYeBUIHbIe ABJIeHUs. JlomycTum,
YTO paBHOBECHAA YUCIIEHHOCTb BPEOMTENS NMpPeSCTaBiAeTcsd HAM U3NKIIHE BHICO-
KO, ¥ MBI B HEKOTOpbIi MOMEHT BpeMEHHM ee De3KO CHH)XKaeM, HalpuMep
NOCPERCTBOM MAacCCHPOBAaHHOIO NpHMeHeHUs MHcekTHImMOB. B momenu comep-
JKMTCA BO3MOXHOCTD  KaTaCTpPOUUECKHX MOCNEACTBHA Tako#l akumuu (Ha
puc. 34.7, @ — crpeiika BlI€BO U MAYIMH U3 KOHUA CTPENIKHU IIYHKTHD) , T. €. TO-
JyyaeM “KOHTPUHTYUTHBHBIA 3deKT: pe3koe yMeHblIEHHE KOIMYecTBa Ha-
CEKOMBIX BIIEYET 32 CcOGO#M ruGenb MUTAOLMXCA MMM NTUL, a 3aTeM ~HexoOu-
Tasw’ yacTh NMOMYNSAUMM HacEeKOMBIX Pa3sMHOXAETCH, ~yCKOMb3asd’ U3-1Of KOHT-
PO 0cnaGiIEHHOM TOMYJISIIMY CBOMX XHITHUKOB.

PaccmoTpeHHas Mopenls B CHIIYy CBOeil NpereNisHOM yIPOLIEHHOCTH He INpe-
TEHRYeT, pa3yMeercsi, Ha OIMMCaHHEe KaKOH-IMBO KOHKPETHON 3KOJIOrMYecKON
CATyanuH, HO JIMUb OGpaiiaeT BHUMAaHMe Ha BO3MOXHOCTb  KOHTPHUHTYWTHB-
HbIX 3 (HeKTOB B pealbHhIX IKOcHcTeMax. JIOGOMBITHO, YTO CXOOHOEe AWHAMHU-
YecKoe MoBefieHue ObUTO HE3aBMCHMO ONMCAHO B MOJENU COBCEM IPYroro sB-
TIeHUSI, 2 MMEHHO MMMYHMTETa K GONE3HETBOPHBIM MMKpPOOpraHusmam [64].
B 3axmioueHHe 0TMETHM, YTO K TAKOI'O >Ke pOJia KaTacTpohHIecKuM IOCNeRCTBH-
AM MOTYT [pPHBOIUTb HeyMepeHHble MOMBITKU CHM>KEHUSI YHCIIEHHOCTH Bpe-
muTeneil v B TOM criyyae,. KOrma HOPMAIbHBIM PEXHMOM (DyHKUHOHUPOBAHUSA
IKOCHCTEMBI SIByseTcs aBTOKONebarenbHpl (HallpuMep, peXHM IepMaHeHT-
HbIx Bembliuek [67] (cm. puc. 3.4.7,6).
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Eciiv B (a30BOM MpOCTPAaHCTBE TIpaHuuy OONAacTH NPHUISKeHUs paBHOBe-
CHA WM YCTOMYHBOTO INPENeNbHOTO LMKIIa eCTECTBEHHO Ha3BaTh (Ha3OBOW Ipa-
Hulell HOPMANMBHOIO (YHKUMOHUPOBAHUSA 3IKOCUCTEMBI (MMM OMAcHOH IpaHu-
Hell B $a30BOM CMBICIIE), TO B MapaMeTPHYECKOM INPOCTPAHCTBE €CTECTBEHHO
BbIIENINTh OONACTh, B KOTOPOH ITOT pexuM (Wi COBOKYIHOCTb PEXHMOB)
BOOGUIEe peanu3yercs. I'paHulpl 310 OONACTH B MapamMeTPUUECKOM ITPOCTPaH-
CTBE Ha3bIBAlT OMACHOH NapaMeTpuyeckoil TIpaHuliel cucTeMsl. PaccMoTpum
C ITOHl TOUKM 3peHus NapaMeTpuueckuil moprtper cuctemnl (34.8) (cm.
puc. 3.4.4, 6). IMapameTpuuecku OMACHOW rpaHMuEd B ITOM CIIyyae CIYXUT
COBOKYIHOCTh GudypKaUMOHHBIX JIMHHH, OrpaHHUMBaOIMX O6nacTh 3Haue-
HUH [TapaMeTpOB, KOTOpbie COOTBETICTBYIOT CYILECTBOBAHHIO Ha (Ha3oBOM MOpT-
pete CHUCTEeMbI YCTOWUYMBBIX DPABHOBECHH M YCTOMUMBBIX IPEENIbHBIX ILMKIIOB.
s cucremsl (3.4.8) cootBeTcTByWIUass  OOJNIacTbh 3HAUEHHH IN1APaMeTPOB
cKyaapBaeTcs u3 obnacrer 2 m 3. OmacHas mapamMerpuyeckad rpaHuua co-
CTOMT COOTBETCTBEHHO W3 [BYX KacamlUMXcs RpYyr Apyra KpWMBBIX: YYacTKa
NMUHUY CEUIOY3NOB S BhIe ToukH 3 M NMHMM NET/IM cenaparpuchl cemna .

U3 puc. 3.4.4, 6 scHO, ur0 mpu N0GOM 3HaYEHHH NapaMeTpa ONACHBIM SIB-
JsieTCs KaK YBeEJIMYeHWEe, TaK M yMeHblleHHe Mapamerpa &, XOTS SIBIICHMSA,
MPOUCXOASLIAE TP 3TOM, COBEpLIEHHO pa3nuyHbi. Ilpu yBenuueHuu Mapamer-
pa & paBHOBECHE OCTAETCH YCTOWUMBBIM, HO Bce Gonee MpuOIMXKAETCs K Tpa-
HHue O6nactH CBOero MpPUTSDKEHHS M, HAKOHel, NpM KPUTHYECKOM 3HaueHUW
8, COOTBEICTBYWILEM IEPECeUeHUI0 JIHHMM S, BBIXOIMT Ha rpaHuuy oBnacru
2 (oBpasyercs cemnoy3en) u moruGaer. Ilpu yMeHblieHHU § paBHOBecHE CHa-
Yana TepseT yCTOHUMBOCTL ¢ OOpa30BaHHEM MAJIOTO YCTOHUMBOTO MpELenbHOro
uukna (MArkoe Bo3BYxJeHue aBTokoneGaHuil), 3aTeM pasMephl IMKIA YBe-
JIMYMBAIOTCSA, 8 CaM LMKJ1 [TPUHUMAaeT XapaTepHylo YIoBaTyw ¢opMmy, T. €. yBe-
JTHYMBaeTCH aMIUMTyfa KoreOaHuit ¥ KOle6aHusd CTAHOBATCA PENaKCalMOHHBI-
MH H, HaKOHell, LMK paspyiaeTca Ha IeTie CeNnapaTpUcCk.

HHrepnipeTupyeM fABNEHUA, MPOUCXONAIIME B CHCTeMe NpPU U3MeMEHMM Iia-
paMeTpa &, B IKOJOTHUECKHX TepMHHax. YBeluueHue & O3Hauyaer yCWIEHHe
BHYTPHBHIOBOW KOHKYPEHUMH XWUIHHKOB 33 OTIIMYHbIE OT JKEPTBBI pecypChl.
Ipyrumu cnoBamm, yBenuueHue 8 OTBevyaeT yMeEHBIUEHMIO NpeNeNbHOM 10T
HOCTH NONYJIAUMM XHIHUKA U may = (1 — a)/ad, koTopoit OH mocturaer NMpu
HM3BHITKE >KEePTBBI, T. €. COKPAWEHUI0 EMKOCTH KOIOTUYECKOH HUIIM XHIHKKA.
Ilpn mocrarogHo GONBHIOM § eMKOCTh IKONOTHUECKOH HHLM XHIHUKA CTONb
Majla, 4TO MaXe MAKCUMAIbHO BO3MOXHOMN IUIOTHOCTH MONMyNAMM XWULIHUKA
CTAHOBMTCA HEHOCTATOYHO Il TOTO, 94TOOBI KOHTPONMPOBATH MONMYNIAUMIO
XEPTBBI, M HONMYNALMA >KEPTBHI “yCKONb3aer”’ OT XHUHMKA Ipu nw6oH cob-
CTBEHHOW HaYaJIbHON IUTOTHOCTH.

Hanporus, ¢ yMeHblleHueM § (aKTOp OrpaHHMUEHHOCTH XMIUHUKA OTIMY-
HBIMHM OT >XEpPTBbI PECYpCaMM CKa3bIBaeTCA BCe MeHee 3aMeTHO, IpeBaIUpYIo-
MM CTAHOBMTCA [eCTaCWIIM3HpyOWHiA cucTeMy akTOp HACBILEHUS XUILHU-
Ka, U paBHOBecUe IO Mepe YMeHbLIEHWs CTAHOBMTCA CHayala JIOKaJIbHO, a 3a-
TeM IJI06aJIbHO HeyCTOHYMBLIM.
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3.4.5. KorKypeuuus XHINHHKA 32 XKepTBY
H HacChblllleHHe XHITHUKA

OnHOBpEMEHHBIA yyeT HecTabwin3upylwero (aktopa HAChILUEHHS XWIL-
HUKA ¥ CTaOWIM3MPYIWEro (AaKTOpa KOHKYPEHUHH 33 XKEPTBY IPUBOOMT K
cucteme [18, 105]

. bxy
PR A (1 +BY)
; dxy (3.4.10)
==y + N .
Y v 4x) (1 + By)
a
KOTOpad 3aMeHol f = 7/a, x =;1~ u y= hd U NpHUBOOMTICH K
b
. uv
Y —
(1 +au)(1 +pv)
. uv
b= v (3.411)

t—,
(1 +ou) (1 +pv)

rae y =cja, a = Aa/d, B = aB/b.

TpexmepHblii MapameTpuyeckuil HOpTpeT cncremm{ g, B, ’)’}6)’118M CTPOUTD
B BUle OJHONaPaMETPHIECKOro ceMeiicTBa IBYMEPHBIX Cpe30B{a, f }Tpu pasmus-
HbIX (GUKCHPOB2HHBIX 3HAYEeHUAX TPEThero Iapamerpa y. PaccMorpum cuctemy
(B4.11) mpuy=1

. w
[ P —

(1 +au)(1+pv)
b= b uy (34.12)

S
(1 +ou) (1 +pv)

YPBBHBHP{H HYJ1b U3BOKNUH HMEIOT BUL

. I Q-pv-1

u=0, y=— ————;
o 1+pv

. 1 (I1-aju-1
i 1 +ou

Hyne-u3oknuuel nubo He nepecexawnTcsi, MUOO IepeceKalnTcA B ABYX TOYKax
pHc. 3.4.8, ¢ COOTBETCTBYIOLUIMX PaBHOBeCHIM A u C.

Jluneapusama ypasHenuii (3.4.11) B OKpECTHOCTH paBHOBECHH MOKa3bIBaeT,
4710 Touka C mpu /116hIX 3HaYEHUAX NTapaMeTpOB — CEMJIO, a TOYKa A — HeCcemIo,
T.e. y3en Win GOoKycC.

YcnoBue cmsinua paBHosecit A u C cooTBercTByeT 6udypicauum Kopasmep-
HOCTH ofuH 0Bpa3oBaHHA CEUIOY3JNa, WiIH, [PYTUMM CIIOBaMM, KAaCAHMIO HYIIb-
H30K/IMH Ha a30BOM HOPTpeTe CUCTEMBI.

YcroBHe HeHTpanbHOCTH paBHOBecHA A misi cucteMbr (3.4.12) 3apaercs
paBeHcTBOM 0. = f,
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Puc. 3.4.8. B3auMHOEe pacnonoxeHue Hylb-H3OKIIMH (a),(a, B}-cpea TpexinapameTpHyec-
xoro noprpera (6) mpH v =1 u ¢a3zosbic nopTpersl (8) cHcrembl (3.4.12) 1npu 3naye-
HUSX [IAPaMETPOB, JIeXalMx B obnactax 2, 5 v Ha NMUHUM HeHTpanbHocTH N

©.C. Bepe3sonckas u 10.A. Ky3suenos nokasam [18], uro cuctema (3.4.12)
npu o=f sBnSeTCS TaMWILTOHOBOM, a NMpU o # f B CHCTeMe HeT 3aMKHYThIX
TpaeKTOpui. ITO, B YaCTHOCTH, O3HAYAET, YTO HA MAPAMETPHIECKOM | ¢, 3 HOpTpe-
Te cucTeMbl TMHUA N HEATPAIBHOCTH paBHOBecHS A M NuHUA P nmetnu cenaparpu-
cet cemna C coBmamatot. [Tapamerpuyeckuil noprper cucremsl (3.4.12) monHo-
CTbIO 3amaercs 6udypKaIMOHHLIMH JIHHUAMMK: S cemnoysna u N — HeldTpanbHOCTH
paBHOBecuA A, sIBNAWIIEACA Mis ypaBHeHu# (3.4.12) nuuueil raMuIbTOHOBBIX
cucreM (cm. puc.348, 6 us).

3aMeTHM, UTO KOHCEpBAaTHBHOCTb cucTemsl (3.4.12) npu @ = § MOXHO Iosic-
HUTh CIIEIYIOLMM IMPOCTIM cooBGpaxkeHHeM: cCHCTeMa IepexoauT cama B cebs
IIPH OTHOBPEMEHHOM 3ameHe ¥ Hav (¥ HaOBOPOT) W HalpaBlIeHWsI BpPEMeHH Ha
obparHoe.
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Puc. 3.4.9. CTpyKTypa napaMeTpuuccKoft OKPeCTHOCTH Touku J3 * MaKCHMabHOro BhIPOX-
neuuss (@) v dasoBuie noprpersi (6) cucrembt (3.4.11) npu 3HaUCHUAX MApPamMeTPoOB B
obnactax 3 u 4

®a3zoBble NOpTpeThr ypaBHeHHH (3.4.12) mns GubypKauMOHHBIX 3HAYEHH I
MapaMeTpoB, JIEKAUIMX Ha JIMHUH S CemIoy3JIOB, aHAIOIMYHBi TAKOBLIM s
cucrembl (3.48), nuzobpaxeHHnIM Ha puc. 34.6,¢ u 6,a mia obnactu / — Ha
puc.33.3,¢.

Paccmotpum Teneps cuctemy (3.4.11) npu y # 1. Hanpasnenue kacaHus
TUHUM S ceyioy3n0B ¥ JIMHUM N HEHTPAIBHOCTH PAa3NMYHO B 3aBUCHMOCTH
OT 3HaKa HepaBeHCTBA Y # 1. [lapameTpnyeckas rouxa 93 oTBevaet GudypKanuu
KOpPa3sMepHOCTH [IBa — CYIECTBOBAHMIO HA ()a30BOM MOPTpETE BHIPOXKIAEHHOIO
CEMI0Y371a, T.€. PABHOBECHA C JBYMS HYJEBhIMH COBCTBEHHbIMH unciamu. [lapa-
MeTpHueckuit noptper {a, B} cucremnr (3.4.11) npu v < 1 KauecTBEHHO COBMA-
IaeT ¢ TaKOBbIM MiuA cucTembl (348) B napamerpax{.a,‘ B}A,anpﬂ'y>1 CHM-
METPHYEH eMy OTHOCHTENIBHO JMAaroHaIM MepBOro KBajipaHta{a, § } (cMm. puc.
3.4.4,06).

Tpexnapamerpuueckuii noprper{ o, B, 7}3 oxpecTHoctn ToukuB* Makcu-
MayibHOro BhipoxcaeHua {a=1/4, §=1/4,y =1}, B KOTOPyI0 CXOIATCA BCE Napa-
MeTpryeckye oBmact cuctemnl (puc. 3.49), MOCTPOEH C UCIONE30BaHUEM Clie-
Aymouero rpaguueckoro mpuema, npeioxkeHHoro aBTopy A M. XubHUKOM.
MbicenHo okpyxum Touky B* manoit chepoit. 3atem paspexem chepy mno
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GonbLIOMY KPYTy W [Be €€ MONOBUHbI CIIPOSIMPYEM Ha IUIOCKOCTh. Pa3Buenue
O[IHOTO 3 BYX IOJIYYMBLIMXCS KPYTOB Ha 0671aCTH HacT MOTHOE NpeACTani eHue
O CTPyKTYp€ NapaMeTpHYecKOH OKPecTHOCTH TOUKK B* . BTopoit kpyr uenuicoMm
OTHOCHTCS K mapamerpuueckod obmactu / . Cama Touxa$B* Ha muarpamme,
€CTECTBEHHO, OTCYTCIBYET. TOUKHM Ha AHArpaMMe COOTBETCTBYKT TOYKAM Iepe-
CeyeHHd B TPEXNapaMeTPHYECKOM NPOCTPAHCTBE NMHMI, OTBeyaomux Gudypka-
uam codim 2, co chepoit. JIMHMAM HA AMarpamMme OTBEYAIOT JIHHMM IIepece-
YeHus Co chepoi MOBepXHOCTel, oTBevatoux Gudyprauusm codim 1.

TlopyepkHeM, YTO CIPYKTypa HapaMeTPHYECKOH OKpeCTHOCTH Touku P *
cHcteMsl (3.4.11) He siBaseTcs cnyyaeM OBIErO TOIOXKEHHA , IOCKOIIBKY B 3TOH
OKPECTHOCTH MMEETCSl JIHHUS 3HayeHWil MapamerpoB, IIPH KOTOPHIX CHcTeMa
raMmIbTOHOBA.

Ileppasi nsamyHoBcKash BenmMuuMHA HA NuHUM HelitpambHoc L; < O mpu
v<1lwuly>0rmpuy>1.370 03HayaeT, B YaCTHOCTH, YTO NPy MePECEYEHHH NPH
v > 1 THHUM HEHTPAJILHOCTH ClIeBa HANpaBO 3HaYeHHAMH ITapaMeTpoB Ha ¢a3o-
BOM IOpPTpeTe paBHOBecHe A TepsieT YCTOIMMBOCTb B Pe3yNbTaTe CTATMBAHHA B
TOUKY MaJIOr 0 HeyCTOHUMBOT O MPeMeNnbHOro uMKia (cM. puc.3.49,6).

Hrak, mocTpoeHHe MapaMeTpHYECKOro MOpTpeTa U NOMHOro Habopa ha3zoBsixX
HOPTPETOB CHCTEMbI 3aBepIeHO. 3aMeTHM, uTo cucrema (3.4.11) — neppas u3
HCCTIENIOBAHHBIX HAaMH, Ka4yeCTBEHHOE IOBefeHHe KOTOpOH 3aBHUCHT OT Imapa-
MeTpa 7.

OmuiieM CIpyKTypy mapamerpHueckoro noprpeta{ o, §, v} nogpo6uee. Ona
3ajaeTcA B3aMMHBIM PaclONOXKeHHeM Tpex NMoBepxHocTed: S (cemnoyanos AC),
N (HeiitpanbHocTH paBHOBecus A) M P (mmetnu cemaparpuckl cemna C) . Bee Tpu
MOBEPXHOCTH OTBEYaI0T GHYypKaluHAM Kopa3MepHOcTH oiuH. JIunus kacanus B
noBepxHocTH S ¢ noBepxHocTAMU N u P oTBedaer GudypKaimu KOpasMepHOCTH
IiBa Cyl[eCTBOBaHUA Ha (a30BOM MOPTpeETe BHIPOXKAEHHOIO CeJIoy3ia — 0coboi
TOYKH C AByMA HYJIEBEHIMH COOCTBEHHBIMYU 3HaYeHussMU. JIunus NP nepecevenus
B NPOCTPaHCTBE MapaMeTpoB Ou¢ypkamuoHHbix moBepxHocTeit N u P B cnyyae
oBmero MonoxeHus HOMKHa Gepula G oTBevyath Grdyprauuu KOpasMeEpHOCTH
”OOMH IUTIoC ofuH”. JTO O3HAYaeT, YTO NPH 3HAYCHHAX MBPAMETPOB, YIOBIETBO-
pSlomMX ABYM YC/JIOBMAM TWMA DAaBEHCTBA, Ha (ha3OBOM MOPTpeTe CHCTEMBI
6udypraudaM KoOpasMepHOCTH ONMH IOHBEPXeHbl ABa (Ha30BbIX OGbEKTA:
MeEHSIeTCS. 3HaK YCTOMYMBOCTM PAaBHOBECHS A M B3aUMMHOe PaclosioXeHue cena-
parpuc cegna C. Ilpu stom B cnyyae oburero Nono)xeHus mnepBasi NAMyHOBCKAS
BelMYMHA U3 MapameTpuyeckoil nuuuu NP mMoxer, BooGme roBops, IpUHHUMATh
nfo6hle 3HaYeHMA ¥ obpauiaTthCsl B HYJIb JIMUIL B HEKOTOPhIX TOYKax. B KoHkper-
HOM cnyvae cuctembi (3.4.11) Ha nmapamerpuyecxoi UM NP, 3amapaemoit
ycnoBuaAMH y = 1, @ = 8, nepBas nanynoBckas BenuyuHa L; = 0. ToxmectBeHHO
PaBHbI HYJIIO Ha 3TOH JIMHUK W BCE JISTIYHOBCKHE BETMYMHBI BBICLIMX MOPAOKOB.
9710 O3Hayaer, yTO mMapamerpuyeckas nuHus NP, orBeyaiomas yCIOBHOH Kopa3s-
MEPHOCTH “OMH IUIIeC OfuH”, IS cucteMsl (3.4.11) siBnAercs nuHKEH KOHCeEp-
BAaTUBHBIX CHCTEM, T.e.OpPMaIBHO OTBevaeT O ypKanyu GeCKOHEYHO BONbILION
KOpa3sMepHOCTH

Bce ¢asoBrie moprperbi cuctemsl (3.4.11), 3a uckoueHHeM ¢a3oBoro nopi-
peTa [py 3HAUEHUAX TapaMeTPOB, MPHHAIEKAHUX TapaMeTpuieckoit obactH 4,
KAueCTBEHHO aHATIOTHYHbI COOTBETCTBYHUIMM (Ha3oBbIM MOPTPETaM CHCTEMBI
(34.7) 4 yXe OmMcaHB! ¥ MHTEPNPETHPOBaHLI B NpembiAymem nyHikre. CoBma-
[leHHE eCTeCTBEHHO, NOCKONbKY cHcTeMsl (3.4.7) u (34.11) onuckiBaioT neil-
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CTBHE ONHMX H TeX ke (GaKTOPOB: HACHIIIEHHA XMUHHKOB M KOHKYPeHUHMH
MEKIy HAMH, H pasiMuHe COCTOMT Jmumb B 06bexTe KoHKypeHmyu. CucTema
(34.11) omuchIBaET KOHKYPEHIMIO 32 HKEPTBY, a CUCTEMa (34.7) — 3a oTymy-
HbI€ OT XepTBbI pecypcel. Pasnuuue mexny cucremamu (34.7) u (34.11)
TIPOSABIIACTCA B MOABIEHUU HA NTAPaMETPHIECKOM NOPTpeTe YpaBHeHHMil (34.11)
06nacTM 4, OTCYyTCTBOBaBLUEH UIA CHCTEMBbI (34.7). Jroit napamerpuueckoi
006rnactv CooTBETCTBYeT (ha3oBbIil TNOPTPET, H30GpakKeHHbIH Ha puc. 349, 6,
Ha KOTOpOM yCTOHYMBOE PaBHOBECHE 3AKIIIOYEHO B HEYCTOMYMBDIN Npe/eNbHbLiT
UHKIT, ABMAIOMHACA [paHuted oBnacTH IPUTAKeHus paBHOBecuA. Takum oGpa-
30M, €C/IM TIpY 3HAYEHUAX MAPAMETPOB, JIOKAWMX B N2PAMETPHYECKOMR 06IaCTH
2, Ha }a30BoM mopTpere rpaHMueil obnacTi OPUTAKEHUA PABHOBECHA CILY)KHT
PA30MKHyTasA KpuBaf (BXOAALASA cenapaTpuca cefyia), TO NPy 3HAYCHUAX napa-
METpOB B 06n1acTH 4 IpaHuna OGJACTH TPUTHKEHUA PAaBHOBECHS MBIIAETCA
3aMKHYTOH W 111060€ JOCTAaTOYHO CWILHOE BO3MYUICHME BBIBOTHT CUCTEMY 3a
I'paHuuy 0671aCTH NPUTSKEHUS PaBHOBECHA .

Paccmotpum Gubypkamuu, npoucxomsumue B cucreme (34.11) mpu vy > 1
W NIpU IEpEXO/ie 3HAYEHHH napameTpoB M3 obnactu 2 B o6nacTs 5 uepes o6acTb
4. Ilpu nepexone 3Hauenwil MapameTpoB yepes MMHMIO P meTiM cemaparpuchl,
pasfensomyio napamerpuueckue obnactv 2 u 4, Ha $pas’oBoM MopTpeTe CHCTE-
MBI U3 IETIH CENapaTpuchl POKAAETCA “GONbILON™ HeyCTOMYMBLIH MpeebHbLA
uuki. Tlo mepe manpHeiiero u3MeHEHHs NapaMeTPOB B TOM e HalpaBlleHHH ,
HalpuMep 1O Mepe YBEIHYCHHA 3HAYCHHA «, pasmep NPeAeNbHOTO LMIJIA Ha
¢azoBom mopTpere ymeHbluaerca. Ilpu nMepeceyeHHH 3HAYCHUAMM napaMerpoB
NOBePXHOCTH N HeHTP&TBHOCTH PAaBHOBECHS A MpeNeNbHbIE HUKI Ha (pa3oBOM
NOPTPETe CTATHBACTCA B TouKY (’’CanTCA Ha paBHOBecHe') , paBHOBeCHE TepAeT
YCTORUMBOCTD U BCE TPAEKTOPHM CHCTEMBI YXOIAT Ha BeCKOHETHOCTD .

PaccMoTpyM CIpYKTypy ONacHOil NapamMerpuyecKoil TpaHUIBl CHCTEMBI
(3.4.11). Mpu v < 1 Ha gBymepHOM{ 0, B}-Cpese MOMHOro MapaMeTpHYECKOTO
TIOPTpeTa CHCTEMbI ONACHAsA TIpaHMua YCTpOeHa Tak e, KaK Ha IUIOCKOCTH
{0, 8) cucremsl (3.4.8), ¥ COCTOMT U3 y4aCTKOB aHATIOTHYHO# HPUPOMHI.

Kak yctpoena omacHas napameTpHuecKas IpaHuna Ha mBymepHoM{a, }cpe-
3e IapaMeTpHYecKoro rnoprpera nmpu y > 1? HerpynHo Bugmers, 4r0 MapamerpH-
yeckue o6acTu 2 u 4 OTBEYAT Cyu[eCTBOBAHMIO YCTOHYMBOTO paBHOBECHA A
B [epBOM KBaJlpaHTe CUCTEMbI, a NapameTpudecKue obnacti / u 5 — ero orcyT-
creuto. CnenoBarenbHO, OMACHOM MNapaMeTPHYECKONH TpaHULEH CHCTEMbI NpH
v > 1 ABnAEICS COBOKYIHOCTb I'paHul Mexay obnactamu / u 2 ¢ OfIHoO# cTOpO-
HbI U obnacTsiMu 4 1 5 — ¢ ApYToii. 3aMeTHM, YTO B OT/IM4ME OT ciyyasa y < 1
npH v > 1 onacHas mapaMeTpHYECKas IPaHuIA B KoopauHarax {o, § }npecras-
TsieT coBoil TIaAKyI0 THHHUIO.

Takum o6Gpa3zom, OMAacCHOM MapaMeTpudecKO# rpaHuued cucremsr (3.4.11)
B LIENOM B NMpocTpaHcTBe {a, B, ¥ } ABNACTCA COBOKYIHOCTb yYaCTKOB TPEX MO-
BEPXHOCTeH — CeAyoy3na, HeHTpaTbHOCTH PaBHOBeCHA A U METIM CemapaTpuc
cenmaC, mpuueM 00uias CTPyKTypa IpaHHLBI ONpefensieTca e JIOKAMbHOM CTPYK-
TYPOii B mapameTpuyecKoi Touke, obmiei oyt BceX Tpex MOBEpXHOCTeH U OTBe-
vawuiet 6ud ypraiin yCIOBHOR KOPa3sMepHOCTH TpH Ut cucTeMsl (34.11).
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3.4.6. HenuneMiiocts pasMHOYKEHNS XHITHHKR
H KOHKY DEHLHSA XK epTB

Coueranne 3THX OBYX ()aKTOPOB, U3 KOTOPBIX HENMHEHHOCTh Pa3MHOMKEHHS
XHIUIHUKA ABIIAETCH [eCTabWIM3HPYIOMMUM, @ KOHKYDEHUMSA XePTB — cTabuu-
3UPYHOILUM, IPUBOIHT K cucteme [19]

. K-x
X =ax- - bxy,
y2

)" = —C +dx s 34.15

7 N+y ( )

KOTOpast 3aMeHO ¢ = 7/a, x = (a/d)u, y = (a/b) v npeobpasyercs K BURY
ie=u— uv— ew’,
2

. uv
v=._w+n+va (34.16)

TRe vy = c/a, € = a/dK, n = bK/a. B 3aBUCHMOCTH OT 3HauCHUit MAPaMETPOB BO3-
MO>XHBI ABa CMToco0a B3aHMHOTO PacnonoxeHus Hyib-H3oKkmuH (puc.34.10,a).

Havano xoopanHar ¢asoporo noprpera cucremMbr (3.4.16) mpu Bcex 3Haye-
HUAX 1apaMeTPoB SBIAETCSH, Kak W Y BCEX paHee UCCIIEOBAaHHBIX CHCTEM, PaBHO-
BecueM Tuna ceano. Kpome T0ro, npu Bcex 3HauyeHHAX MapaMETPOB CyleCTBYET
pasHoBecue B{u 3 1/, v= 0}na ocu abeupice. IT0 paBHOBECHE NpH BCEX 3Haue-
HHUAX NapaMeTpOB — YCTOHUMBIH y3el.

YcnoBue KacaHusA Hy/b-M30KJIMH 3a7aeT B MPOCTPAHCTBE MapaMeTpoB({ 7, €,
1 } IOBEPXHOCTb, OTAENANOULYI0 0G/IACTh 3HAYeHHi NapaMeTpoB, MPU KOTOPbIX
Ha ¢azoBOM NopTpeTe HeTpHBUAIbHbIE PaBHOBECHA B IIEPBOM KBafipaHTE OTCYT-
CTBYIOT, 0T OGIIacTH 3HaueHHil TapaMeTpoB, TPH KOTOPLIX Ha (a3oBOM moprTpe-
Te CyILeCTBYIOT 1Ba HETPHBHAIBHBIX paBHOBecUA A u C:

R=(1-7y)—4yen=0. (3.4.17)

BbinonHeHue 3TOTO PaBEHCTBA OTBevaeT CIMAHMI0O Ha ¢pa3oBom NopIpere
OBYX DaBHOBECHil M CyleCTBOBaHMIO BBIPOXKIEHHOH ocoboit Touxu AC THOA
cemioysenn. COOTBETCTBEHHO 33JaHHYI0 I3THM YCJIOBHEM I1apaMeTpHYECKYIo
MOBEPXHOCTb, OTBevaroulyld GudypKanpu KOPasMEPHOCTH ONMH, Mbl Bymem
Ha3bIBaTh [IOBEPXHOCTHIO CEAJIOY3JIOB S.

Bocronb3yeMCsi TeM K€ NPHEMOM, 4TO U paHee, X 6yNieM CTPOHTh Tpexnapa-
Merpudeckuii {y, € n}-noprper cucTembr (3.4.16) B BUfLe OHONAPAMETPUYECKOTO
ceMeiiCTBa IBYNapaMeTpHyeckux { €, n}-NOPTPETOB NPH Pa3NMIHbIX GUKCHPOBAH-
HbIX 3HaueHHAX y. Torpa, NMpu 1m06OM 3HAYEHMH Y YCIIOBHE (3.4.17) 3apaer Ha
wiockoctu { €, n} ypaBHeHue GudypKaIMOHHOH JHHUM S cemoy3inos, pa3buBalo-
Iiet IWIOCKOCT MapaMeTpoB Ha fiBe o6mactu (cM. puc. 3, 4,10, 6) . Ilpn 3Haye-
HWAX [ApaMeTpOB, JexXalluX Beile S, Ha $a30BOM NOPTPETE CHCTEMbI HETPU-
BHAJILHBIX PABHOBECHI B MEPBOM KBaIpaHTEe HE CylIeCIBYeT. [pu 3HaYeHHAX
IapaMeTpoB, IEXAIHUX HIKke S, CymiecTBYeT napa paBHOBeCHH A u C ¢ xoopnou-
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Puc. 3.4.10. IBa BapuaHTa B3aMMHOI'O paclonoXeHuss HyNb-U30KIUH (@) U NuHUS S cenno-
y3noB (6) Ha IOCKOCTH napachpoB{n. e) ans cucremsl (3.4.16)

HaTaMHn

1 1
up == (L +7e VR v = —ye=\/R); (34.18)

1 1
uc === (1 +ye—+/R); vc =5 (1= +VR).
€

PasnoBece C mpu nmioObix 3HaYEHHAX MapaMmeTpoOB — CEANO, paBHOBeCHEe A —
Hecem10, T.€. y3en uwm Gokyc.

PapHoBeCcMe A B 3aBHCHMOCTH OT 3HaYyeHMil apaMeTpoB MOXeT ObITh YCTOM-
YMBBIM WIK HeycTOMuuBBIM. Ha mIockocTu nmapamerpoB{#, €)npu GUKCUPOBaH-
HOM 3HaYeHMM Y YCJIOBME CMeHbl YCTOMYHBOCTH PaBHOBeCUSI A 3afaercs paBeH-
CTBOM

mf(n+vp)—€up =0, (3.4.19)

KOTOpOe Ha30BEM YypaBHEHHEM IMHuM HeiiTpanbHOCTH paBHoBecusi A. Ilpu
repeceyeHH JIMHUM HEeWTPATBHOCTH B CTOpOHY BO3DAacTaHHUsi N PaBHOBECHe A
Ha (a30BOM MOPTPETE CUCTEMBI TEPSET YCTOAYMBOCTE. B 3aBUCHUMOCTH OT 3HaKa
NEepBOA JISMYyHOBCKONW BelWuMHBI L, Ha NuHMuUM HeiltpanbHocTH N, NoTeps
YCTOMUMBOCTY A CONPOBOXKAACTCH JMOO POXAECHUEM MAIOTO YCTOHYUBOIQ
nperensHoro uukna T, , mu6o cxatem B TOYKY U rubesbio MaJIoro HeyCToHYM-
Boro mnpenenshoro wikna T_. K Bonpocy o 3Hake L) Ha TMHUU HEHTPATbHOCTH
Na MbI BepHeMCS HiDke.

Kaxue eme Gudypkauyy KOpa3MepHOCTH OIMH BO3MOXHbBI B cucreme?
Takux Gudypxaumit nBe, 1 06¢ OHY HOCAT HEITOKAILHBIA XapaKTep H NMPOHUCXO-
OST [pH 3HAYEHUAX NapaMeTPOB, OTBEYAIOIIMX POX/ICHHIO GONBILOTO MPEIENbHO-
ro mukma. C Takoro pona GudypKauusiMu Msl yke BCTpeuyaiuch. IT0 6udypka-
LMK POXKIAEHUS NPENIENILHOTO UWKIIA W3 TETNH CenapaTpyc ¥ Mapbl WHKJIOB U3 CTY-
WIEHNA TPaeKTOPUH.

Takum 06pa3oM, MOCTPOEHHE {€, 1}-TapaMETPUUECKOTO MOPTPETa CUCTEMBI
[OpU PasJIMYHBIX (QUKCUPOBAHHBIX 3HAYEHHAX Y TPeOYyeT yCTaHOBJIEHHMA B3aUM-
HOrO PAcIONIOXKeHHA Crefymoummx OudypKkauMoHHbIX JHMHUI: S ceanoysna AC,
Na HeitrpansHocTd A, P metnu cemaparpuc ceana C, Q [IBYKpATHBIX 1MKIIOB

* .

CIIOXXHOCTb IOCTPOEHUA IapaMeTPUYECKOro NOPTPETa CHCTEMBI COCTOMT B

TOM, YTO IOJOXEHHE JIMIIb IBYX M3 ueThIpeX THHUiH, 3 UMeHHO MuHUE S M Ny,
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COOTBETCTBYIOIUMX JIOKATbHbIM OuYpKalMaM, 3a/1a€TCA B SBHOM MapaMeTpu-
Yeckom Bufe. LA nummit HenokanbHbix 6udypicanmit P u Q Takux aHamTHYEC-
KHX YCIIOBHH HE CyLUeCTBYeT, M OThICKAHMe C 3aJaHHO# TOUHOCTBI0 COOTBET-
CTBYMOWMX 3HaYEHWH mapameIpoB Tpebyer, BooGwle ropops, NpUMeHeHus
YUCTICHHBIX MeTONoB. OOHAaKo B PaMKaxX KAaYECTBEHHOTO MCCIIENOBAHMS HAC
MHTEpecyeT He TOUHOE MOJIOXKEHHE, & NULIL XapaKTep B3aHMHOT O PACToNIOXNeHHA
GHYPKAUMOHHBIX TMHKH , KOTOPOE JIOKATBHO 3a/1aeICs CTPYKTypOil TapaMeTpH-
YECKHX TOUEK, OBIHX [UIA pasyMyuHbIX GudypKaIMOHHBIX THHHIA, T €. napamerpu-
UeCKHX TOUYeK, OTBevarumux Oudypkamusam KopaszMepHOCTH HBa. 3HaHue JIO-
KTbHOr' O B3aHMHOIO PAcCloNIOXEHUA 6y ypiKaMOHHBIX TMHAK WHOTJA MOJIHO-
CTbI0 ompeaensier rIoBalbHy0 CTPYKTYpPY MNapaMeTpHYecKoro MOPTPETa M B
n106oM Cciiyyae pagMKaTbHBIM 0GpPa3oM MO3BOJISET COKPATHTh BBIYMCIIEHHA HA
9BM npu OTBICKaHHU MX TOYHOT'O PACTIONIONEHHUS .

Taknm 06Gpa3om, KioueBOH Mueell MPM MOCTPOSHHH MAPAMETPHYECKOTO
NOPTpeTa CUCTEMBI CTYXKHT OTHICKaHME MApAMETPUYECKHX TOYEK , COOTBEICTBYI0-
mux GupypKauusim KopasMepHOCTH /iBa (W BBIILE), M H3yUeHME CTPYKTYpHI
MX OKpPECTHOCTH. JTOT NPUEM OKa3bIBAETCA TeM Ganee 3pdeKTMBHBIM, YTO
MapaMeTpHYECKHe TOUKH, OTBevaromue OudypKamusiM KOpasMepHOCTH ABa,
ABJIAITCA KOHUEBbIMU 151 HEKOTOPLIX 6UypKaMOHHBIX JIMHUI. 3Has B3ayM-
HOe pacMojIOXNeHHe KOHILOB, Mbl MOXEM Cy[UThb O B3aUMHOM pACIONIOXEHUH
6udypKamMOHHBIX JIMHHH B LIETIOM.

Tonuslit HaGop nMHUHA, BXOAAILMX B NapAMETPHYECKYI0 TOUKY , COOTBETCTBYI0-
myo 6udypxaunu KoOpasMepHOCTH [iBa, HX B3aHMHOE PacHOJIOKEHHE U XaAPaKTep
KacaHus 337alTcs BepCaTbHOM AedopMalHeit COOTBETCTBYIOUIENH BbIPOKIEHHON
cucTembl U depeHIMATEHEIX ypaBHEHHt B OKpecTHoCTH 310it touku [10].
K coxaneHuto, B HacTosiiee BpeMs BepcalbHble e opMauuy W3BECTHBI He IS
BCEX MHTEpPECYOLIUX Hac TOYeK KOpa3sMepHOCTH ABa.

Mepeuncrmm  Bo3MOXHBle B cucteMe (3.4.16) mapamMeTpUueCKHE TOUKH,
COOTBETCTBYIOIIME GUPYpKAUMsAM KOPa3MePHOCTH [IBa M ABJIALWMECH KOHLe-
BBHIMH 7151 61y PKALUMOHHBIX IHHUA,

1. Havanno xoopmusar O{e=0,n= 0}. 3Ta TOUKa OTBeYAET HCX OTHOM KOHCcep-
BaTUBHOM cucreme Bombreppa (3.1.2). J7Ta TOuKa, Kak y>Ke OTMeUaJIocs paHee,
MMeEET JIMIIb YCJIOBHYI0 KOPa3sMepHOCTD [IBa, IIOCKOJIbKY OTBEYaeT BbITNOIHEHHIO
IBYX YCJIOBM# THIIa paBeHCTBA, HUTOXKEHHBIX Ha MapaMeTphbl cucTeMbl. Popmas-
HO T2 TOuKa OTBeyaer Gudypxamuu GeCKOHEYHO BBICOKOH KOPa3MepHOCTH.
151 Hac 3TO BaXHO, TaK KaK O3HayaeT, yto B cucreme (3.4.16) Touka 0 moxer
ObITH KOHEBO# i1 TIOObIX TMHMIA, OTBevalomX OudypKanusiM Kopa3MepHOCTH
OIMH.

2.Touka B , obwas AnA JTUHUKM Cemioy3noB S u juEuM Np HeHTPaIBHOCTH
pasHoBecuss A. C 3To# TOuKO#, orBevaromeit Gudypkanuu KopasMepHOCTH
IiBa CYLeCTBOBaHMA Ha (a3sOBOM NopIpeTe BRIPOXACHHOIO cemnoysna (0coboit
TOYKH C AByMA HyJIEBBIMH COBCTB eHHBIMU 3HaYeHHAMH) , MbI YK€ HEOFHOKPATHO
BcTpevanuch. Ham BaxcHO, UTO OHA SIBJIAeTCA KOHLEBOM WIS ABYX OudypKauuoH-
HBIX JmHMit: nuavn N, HelltpanbHocTM paBHOBecusi A w nunuu P mermm cema-
parpuc cemna C (puc. 3.4.11). OGe 31u nuHMH B TouKe FKacarenbHbl K TUHHK
S cemnoy3noB AC. HanpaBnenue BXOX/IeHUA TUHMI B TOYKY M COOTBETCTBEHHO
B3aUMHOe pacnonoxenue nuuHi Ny 1 P Ha miockoct e, n}onpenensiorcs 3ua-
KOM YCJIOBHA OTCYTCTBHA NONOJHMTENBHOTO BHIPOXIeHHA Touku B [31, 32] .
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Puc. 3.4.11. Bo3MoXHble BapHaHThI CTPYKTYpPHl MapaMeTPHYECKOM OKPECTHOCTH TOUKH
KOPa3MEpHOCTH [Ba, OTBeuallell OBYM HYNEBBIM COGCTBEHHBIM 3HAUEHHAM CHCTEMBI
(a, 8) , n cootBeTcTBYIIOLUIME (basosbie NopTpeThl (8) (no Bormasosy [32])

CMmeHa HanpaBiieHWA BXOX/eHHA IIpH JBHXKEHHMH MO NapaMerpy 7y OTBeyaer
6udyprammy KOpa3sMepHOCTH TPH, KOTopas Oy[eT pacCMOTPeHa Huxxe.

3ameTum, 4TO NpogoIDKeHHe JIMHUH Np 3a Touxky$, yIoBIeTBOpAIOLee ypaB-
HEHHIO

Yal(n +vc) — €uc =0, (3.4.20)

rae ug, v, — xoopauHarsl cemia C (Ha puc. 34.11 o6o3HayeHa NMyHKTIHpOM),
x0T GudpypxaluoHHOH TUHHEH He ABJIAETCA, HO TEM He MeHee B JaJlbHellieM
OKaXeTCA MoJIe3HbIM, JTa IMHUA OTBEYaeT OOPAILEHUI0 B HYJIb CyMMbI COGCTB €H-
HbIX 3HaveHH#l (cemmoBoi Bemwuuubl) cemna C. B manbueinneM GymeM Ha3bl-
Barb ee muHUEH N HeHTpanibHOCTH cemta C.

3. Touxa ¥, obman mis muauu N HeiirpanbHocTH A MnuHu Q KpaTHbIX
mukimoB Ti. JToi Touke cooTBercTBYeT OOpanieHue B HyJIb MEPBOi JIAMYHOB-
ckoii BemwumHbl L, wa nubnuu N, Heiirpanshoctd A [28]. Ilpu mepeceyeHun
nuHud Np 10 ogHy CTOpOHY ToukH F Ha (a30BOM NopTpere poXAaETCA YCTOH-
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Puc. 3.4.12. CTpyKTypa NapaMeTPHYECKHX OKPECTHOCTeH Touek F, oO6wWeH misA NUHHK
HEATPanbHOCTH N ¥ NMUHHK Q KPaTHBIX UMKMOB, H X, 061leit A nuuuy P nernu cenaparpy-
ChI M THHUH Q KPATHBIX UHKIIOB, H COOTBETCTBYIOLME (a3oBbie MOpTPeThI

UMBbIi [P EAENbHBIH UMK, T10 IPYTYI0 CTOPOHY — CTATHBAETCA B TOYKY U YMHpa-
€T Hey CTOWYMBDIH nipedenbHbli 1k (puc. 3.4.12,4).

Mp1 ysxe BCTpedanuch ¢ 310# Gudypkaumeil kOpasMepHOCTH ABa NPH HCCIIENO-
Banuu cucrembl (3.4.3). IMomuepxHem, YTO XOTA TMOJIOXEHHE CaMOMl JIHHMH
KpaTHBIX LMKJIOB HE MMeeT aHAJIM THYECKOTO BBIPOKEHHSA, TOJIOXKEHHE €€ KOHIA
Ha JIMHMK HeHTpasibHOCTH Np 3a/aercd ycJOBHEM paBeHCTBA HYJIO NepBOil Jisk
TIYHOBCKOH BeMUMHBI L Ha 31O TUHMK.

4. Touxa ¥, o6mias 1A NTMHUM NeTIH CeNapaTpucC U JIMHUM KPATHBIX IUMKJIOB.
OHa COOTBETCTBYET CYILECTBOBaHMIO Ha ¢a30BOM MOPTpeTe CHCTEMbI HEHTPAIH-
HOro CemapaTpUCHOrO UMKI/Ia, W3 KOTOPOTrO B 3aBUCHMOCTH OT HalpaBjieHWA
OBIDKEHUA TO TlapaMeTpy MOXET pOXIaTbcA KaK yCTOHYMBBIN, TAK U HEYCTOM-
YHBbIi NpefenbHbli MK (M. puc. 3.4.12,6) .

Ilpu nepeceyeHny 3HAYEHUAMH [APaMETPOB JIMHUM [T CelapaTpUC Ha
¢$@30BOM HOpTpeTe CHCTEMbI POXAACTCH OPENENbHBIA HUKII, yCTOHIHBOCTh KOTO-
POTO OlpenieNgeTCA 3HAKOM Ce[JIOBOW BEIWUMHBI B TapaMeTpUUEcKoil Touke
TIepeceUeHUA JIMHUM NeTM cenmaparpuc. TakuM oOpa3om, xord nuHuA Ne He#-
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Puc. 3.4.13.{ n, e) -cpe3bl nomtoro{n, €, 7)-NapaMeTpuYecKoro MopTpeTa cuctembl (3.4.16)
npu v>4/3 (@),4/3>7>1(6),y<1 (8)

TpatbHOCTH cemnia C M He GupypKauUMOHHasA, TOUKA ee MEPECEeUeHHA C NIHHUEH
P cemaparpuc cemna C cooTBeTcTByer Gudypkauuu KopasMepHOCTH B2 (Toy-
Kxa H) u ABNAETCA KOHUEBOH [JiA NHHUM KPATHBIX LMKIOB (cM. puc.34.12,6).
CTpyxTypa MapaMeTpHyecKoil OKPeCTHOCTH TouKH ¥ B ciiydae o6Luero mnoyoxe-
HUA MCcCniefioBaHa B pabore [68] .

IlpuBeneHHbie co0GpaXkeHUA MO3BONAIT MONEOCTbI0O YCTAHOBUTb KaueCTBEH-
HyI0 CTPYKTypy IpexmapameTpuueckoro{y, €, n}-noprpera cuctemst (3.4.16).
OnuieM CTpyKTypy NopTpeTa B ¢opMe OFHONAPaMETPHIECKOrO CeMeilcTBa
ABYNiapaMeTPUYECKHX {€ N1}-CPe30B NMPHU PasNUUHBIX GUICCHPOBAHHBIX 3HAYCHUAX
napamerpa 7.

B 3aBUCHMOCTH OT 7Y PEUIM3YIOTCH TPH KaYeCTBEHHO Pa3fIMYHbIX, HO 06anaio-
IIMX HEKOTOPhIMH OBIMMH YepTaMH THNA {€, 71}-apaMETPUIECKOrO MOpTpeTa
cucrembl (3.4.16). Ilpu mobbix 3HaueHHAX Y Ha (€, n}-TOPTPETAX MMeTCA
Mo MeHblel Mepe Tpu GudypKauMOHHBIE JIMHUM, OTBevaolme Oudpypranmam
KOpa3sMepHOCTH ofuH: JIuHUA S cemnoy3noB AC, nmuHusa N, HeATpabHOCTH A U
nuHua P netnu cemaparpuc cemna C. Ilpu moObIx 3HaUEHHUAX Y 3TH JIMHUH UMEIOT
o6y Touky I3, oTBevaromyo 6udypKaMH KOpPa3MepPHOCTH /IBa.

XapakTep ¢$a30BOro noprpera IpH 3HAYEHMAX [APAMETPOB, JIEKALUX HA
TUIOCKOCTH {€, 71} BbILIE JIMHUKM CEUIOY3NOB S, T.e. B TapaMeTpuuecKkoi obnactu
1, He 3aBUCHUT OT 3HayeHus y (puc. 34.13, 3.4.14). B 3ToM cnyyae paBHOBeCHA
BHYTpU TePBOTO KBaJpaHTa OTCYTCTBYIOT. EquHCTBeHHbIM I06anbHO NpHTA-
T'MB2IOLLIMM PaBHOBECHEM ABIIAETCH B.

He 3aBucAumil OT 3HAYCHHA MapaMerTpa Yy BHJ MMEIOT Takxe $a3zoBble MOpI-
PETbl, OTBEYAIOIME 3HAUEHHAM [1aPAMETPOB, JIEXKAWMM Ha IUIOCKOCTH { €, 7 ) HH-
e JIMHHH CeUIoy31oB S B ee GrHMxaiiiliedl OKpPeCTHOCTH, T.e. B NapaMeTpuye-
ckux obnmacTax 2 U 5 cootBeTCTBEHHO (cM. puc. 3.4.13 1 3.4.14).

63



a ¥/
Puc. 3.4.14. ®azossie noprpeTsl cucremsl (3.4.16)

Takum 06pa3oM, HCClieIOBaHWe TapaMeTpUueCKHX TMOPTPETOB €, 1) CBO-
JMTCA IO CyTH [eJIa K IOCTpOEHHI0 HaGopa BO3MOXHbIX Gudypkauuii, nepeso-
asumx (a3oBblil MOPTPET, COOTBETCTBYIOLMi NMapaMeTpuyecKoit o@iactd 2, B
TaKoBO#l /1 NTapaMeTpHueckoi oGacru J.

Opu y>4/3 Bup {€, n)-napameTpuyeckoro nopTpera cucremsl (3.4.16)
KauecTBEHHO coBnagaer ¢ f{o, f}-NapaMeTpHyeCKUM MOPTPETOM CUCTEMBI
(34.11) npa y>1. B cucreme (3.4.11), xak GbU10 MOKa3aHO Bbllle, Nepe-
CTpoiika NapaMeTpHYecKoro moprpera { a, B } npd ABHXXEHHM 1O MapaMeTpy 7,
CBA3aHHaA C M3MEHEHHEM HanNpaBJICHUA BXOXICHUA NMUHUA HEHTpanmbHOCTH Ny U
netTnd cenaparpuc P B Touxy 93, mpOMCXOMT MpH 3HaueHMH 7y = 1 B peaynbrate
00pa30BaHuA Npy Y = 1 THHAA raMUIIBTOHOBBIX CHCTEM o = .

PaccMOTpMM TodpoGHee, YTO MPOMCXOAMT C { €, M }-OPTPETOM CUCTEMbi
(3.4.16) npu mepexo/e napaMeTpoOM Y KpUTHYECKOTro 3HaueHUA y = 4/3.

Panee oTMeuasioch, yTO B MapaMeTpUYeCKOil Touke I3, cooTBeTCTBYIOMWIE
CyLIECTBOBAHHIO Ha ()a30BOM MNOpTpeTe CUCTEMBI BBIPOXKIEHHOIO CelJIoy3na,
T.6. 0cOGON TOUKH C [ByMSA HYJIeBBIMH COOCTBEHHbIMH 3HAUEHHAMM, B Clyyae
obulero MONOXEHHA NapaMeTpuueckue NUHHH N, HEATpabHOCTH PaBHOBECUA
A u P netnu cenapatpuc cema C kacaioTca NapameTpUyecKoi JIMHHM S ceqo-
y3na AC. llpu OBuxeHMH MO TpeTbeMy MapaMeTpy MOXKEeT BO3HHKHYTh JOTOJN-
HHTEJIbHOE BBIPOXKAEHHE: NpH MEpeceueHHH TPEeThMM MapaMeTpoM KpHTHYECKO-
rO 3HaYeHMS MEHAETCA HANpaBlieHHe BXOXAeHua muHuit N u P B touky B,
YTO OTBeyaeT Gudypkalyu KOpazMepHOCTH Tpu. IMEHHO 3T0 MPOMCXOHMT B
cucteme (3.4.16) npu y = 4/3.

3aMeTuM, YTO HU3MEHEHHE HanpaBJieHUA BXOX/eHHA JMHMHE N u P B TOY-
Ky B MeHAeT HX B3aMMHOE  pACHONIOKEHHE B OKPECTHOCTH 3Toll ToukH. K
KaKHM [IOMOJHUTENbHBIM COOBITHAM Ha [BYlapaMeTpHYecKoM { €, 71 }-cpese
TpexIapaMeTpHUeCKoro MoprpeTa NpuBOOUT 3T0 06CTOATENHCTBO?

llpu 4/3>v>1 napameTpuueckuii NOpPTPET CHCTEMbl NPHHHMACT BUJ,
u3o6paxennslii Ha puc. 3.4.13, 6. MloscauM cTpykTypy noprpera. UsmeHenue
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HAIpaBNIeHUst BXxoXAeHHs nuuuit Ny u P B Touky 3B npusomut k Tomy, uto B
OKPECTHOCTH TOUKH 9B Bo3uukaer Touka ¥ mepecevesus nuuuu P metmu ce-
naparpucel ¢ JunMe# N HeHTpanbHOCTH celj1a, M300paXxKeHHOH Ha pHCyHKe
NyHKTHpoM. Mb1 3HaeMm, uro Touke ¥ cooTBeTCTBYeT GHdYypKauuA Kopazmep-
HOCTH [Ba CyIECTBOBaHMA Ha ¢a30BoM moprpere HEHTpanbHOW NETHH Cena-
PaTpHChl, U3 KOTOpPOH B 3aBUCMMOCTH OT HANpaBJICHHA ABM)XEHHA IO MapaMeT-
Py MOXET BO3HHKHYTh KaK YCTOWWMBBIA, TAK U HEyCTOWWMBBIA TpenesbHbIH
UMK, JTa MapameTpHyeckasa Touyka ABAACTCA KOHUEBOH A muHuM Q 3Ha-
YeHHA MapaMETPOB, COOTBETCTBYIOLMX CYIIECTBOBaHMI0 Ha (Ha30BOM  fOpT-
pere CHCTeMbl ABYKPaTHOro nMKia. Bo3HHKaeT Bompoc: rae HaXoOMTCH BTOpOi
xoHel, IMHMM Q KpaTHbIX IMKIOB? EcTecTBEHHAas TMIOTE3a COCTOUT B TOM,
YTO BTOPHIM KOHUOM JIMHMA KpaTHbIX IMKJOB ABNAETCA Touka ¥ Ha MuHMM
Na He#iTpanbHOCTH $oxyca A, B KOTOpo# obpawaercsa B Hysnb lepBag JAMy-
HOBCKas BenuuMHa L,. YucnenHbli pacueT NOATBEPHIAeT CNPaBEITMBOCTh
3TOr0 IpPEeANoNOKEHHA M TOKa3bIBacT, YTO MCKOMAaA TOYKA pacrlojiokKeHa Ha
JIMHMM HEATpPaIBHOCTH oKyca BbILIE TOYKH ee MepeceyeHUs C JIMHHEeH NMeTnH
cenapatpucel (cM. puc. 3.4.13,6) .

Takum 06pa3om, MOXHO CKa3aTh, uTo Ha {€, n)-IapaMeTpHYeCKOM Cpese

NOJIHOFO MapaMEeTpPUYeCKOro HOPTpeTa CHCTEMbI IPOXOXAEHHE IapaMeTpoM
'y KPHUTHUECKOTO 3HaueHMA 7 = 4/3, cooTBeTcTByMIOMmEro 6GUdypKauuu Kopas-
MEpPHOCTH TpHM HU3MEHEHUs HalpaBJieHuA BXoXmeHusa ymHUi Np # P B Touky
%, cOmpoBOXKAAETCA OOHOBPEMEHHO pOXXAEHHEM MBYX MMapaMeTPHYECKUX TO-
yeK, oTBevaroUMx GUpypkaumaM KopasmepHoctd asa (¥ u § ), u omHoit ToU-
KkH (mepecevenns nuHuii Ny ¥ P), orBevatomeit 6udyprauuu Ko pasmepHOCTH
“OAMH IUII0C OOMH’’. ITH TOUYKHM OTBEYAaOT COOTBETCTBEHHO CYUIECTBOBAHHIO Ha
¢$a30BOM TNOpPTpeTe CHCTEMbl HEHTPAJIbHOM METNM CemapaTpHChl, OBaXK/Ibl BbI-
poXAeHHOro ($oKyca ¥ OJHOBPEMEHHOMY CYIUECTBOBAHHMIO METIM CermapaTpu-
cbl U HefiTpanbHoro ¢oxkyca. JIpyrimMu clioBamu, IPOXOXKAECHUE TapaMeTpOM ¥
KPHTAYECKOrO 3HAaYeHWsA 7y =4(3 NpUBOOUT K MOMABIEHHI0 Ha [BYyNapameTpH-
yeckoM (€, n}-cpe3e HoBo# OH(QYpKaUMOHHON NHHUM, COOTBETCTBYIOIIEH GH-
¢bypxauHtyu kopa3MEepHOCTH OMH, 3 HMEHHO JIMHHK Q KpaTHBIX LUKIIOB.

MoxHo BbICKa3aTh NPEAINONIONKEHHe, YTO 3Ta OHypKauMs KOpa3MepHOC-
TH TpH, UCCNIENOBAHHAA B HACTOALIEM NYHKTE NPHMEHHMTIENBHO K KOHKPETHOH
cucreme (3.4.16), oTpaxaer ciyuail obero moyioxeHus. B3aaumHoe pacrono-
weHue OuypkalMOHHBIX MOBEPXHOCTEH M JMHHA B OKPECTHOCTH 3TOH TOYKH
KOPa3MEPHOCTH Tpd B TPEXMapaAMETPHYECKOM IPOCTPAHCTBE CXEMAaTHYECKU
n3006paxeHo Ha puc. 3.4.15.

Ilpu 3TOM ymO6HO BOCTIONIB30BAThCA OMMCAHHBIM BbILIE IpadUyecKHM IpHe-
MOM, COCTOSILMM B TMpOEKTAPOBAHHH Ha IUIOCKOCTb Cdepbl, OKpYxawlueH B
MPOCTPAHCTBE [apaMeTPOB TOYKY MaKCHMAIBHOTO BBIPOXIEHHS CHCTEeMBI.
Ha puc. 3.4.15 usobpaxeHa NpoexKuMaA onHo# Monycoepsl. [Ipoexunsa BTopoi
nojiycdeps! MONHOCTHIO MpPHHAMJIEXXHT MapaMeTpHyecKoi obmactm /. MoxHo
IIPEeATIONOXUTb, YTO M300paxeHHad Ha puc. 3.4.15 cTpyKTypa oTpaxaeT CTpyK-
Typy MNapaMeTpHyecKOoil OKpeCTHOCTH Gudypxammu codim 3, oTBevaiolueil
HapylIeHHI0 O[HOTO M3 YCNIOBHMii HeBbIpodJieHHoctH no BormanoBy [31, 32]
B Cilyyae o6uiero moyioxeHu .

Pe3ynbTaT [pOBENEHHOrO MCCIEIOBAHHA MOXET CIIYXUTh MHIIIHOCTpalueil
mbiciii B.W. ApHonba o TOM, YTO “’C ypeJIMUeHHEM yMClia [IapaMeTpOB CeMeu-
CTBa IIpH JIOKAJbHOM HCCIENOBaHHM OMdyprammit 0cobbIX TOYEK HaYMHAIOT
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HrpaTs pons miobanbHble OHypkanuu MeHbUIMX KopasMepHocteir” ([10].
¢. 255).

Bropas mepecTpoika {e, n}-cpe3a AOJIHOTO TapaMeTpUYECKOro MOpPTpe-
Ta { Y, €, nj NpH yMEHbIUCHHM 7y MPOHMCXOJHUT Npu y = 1. [fo mepe ymeHsuure-
HHA Y Ha{ €, nj-IOPTpeTe TOYKA BXOXKIEHHA H306paXeHHOH NMyHKTHPOM IM-
HMM HEATPaIbHOCTH CEIIa B OChb OPAMHAT OMYCKaeTCH, NpuONMXKafACh K Haya-
ny koopauHaT. IIpm vy =1 yMHMA HeATpabHOCTH celia MpeTepreBaeT Kauecr-
BEHHYI0 MNepecTpoiiKy, CTaHOBAChb NpH y< 1 acHMNTOTHYHOH OCH aGcmmcc.

Puc. 34.15. Crpykrypa flapamMeTpHuecK ol
OKpPECTHOCTH TOYKH 43 , KopaaMepHOCTH
Tpu B cucteme (3.4.16)

COOTBETCTBEHHO N0 Mepe yMeHblleHHA v OT 4/3 mo 1 oT Touku B Ho Hava-
ia KOOpOMHAT {e, n} -OpTpeTa MEepeMeaeTca Mo nuHuM P netnmu cemapaTpv-
Chi TouKa J HeATpaIbHOCTH METNH, ABNAOWAACA KOHUeBoM mifs mumm Q
KpaTHbIX UUKIOB. IIpu ¥ <1 NMHMA KpPaTHbIX UMKJIOB BXOOHMT B Haualo Ko-
OpIOMHaT { €, n}-napamerpuqecxoro noprpera. Hanomuum, yro Havano koop-
OUHAT I[IapaMETPUYeCKOro NOpIPeTa OTBEYaeT KOHCEpBATMBHOH CHCTEME H
noTtoMy MoxeT ObiTh KOHUEBOW TOuko# s nrobbx 6GucdypKauMORHBIX
JIMHUH.

3aMeTHM, YTO IHEPeCTpOiika, MPOMCXOAAWAA C [ApPaMETPUUECKUM MOpTpe-
TOM { €, nj TIpd NPOXOXJAEHHH [apamMeTpoM 7Y KPHTHUECKOro 3HaueHHsa ¥=1,
MAIOCYIIECTBEHHA, TAK KK OHa He NPHBOJHT HH K TNOABJIEHHIO, HM K HCYe3-
HOBEHHI0 Ha IapaMeTpHYeCKOM NOPTpeTe HOBBIX oBnacTedt, COOTBEICTBVIOWMX
KaueCTBEHHO HOBBIM (a30BbIM NopTpeTaM. EnuHCTBEHHOE OTNIHMuUME { €, n}-nopr-
pera ipu y< 1 or moprpeTa npH 4/3 >y > 1 — 310 HEBO3MOXHOCTb HEMOCpES-
CTBEHHOTO Tmepexofa MpH JBHXKCHHHM MO napamerpy uz obnactu 2 B oGmactb 4
(cM. puc. 34.13,6, 8).

IlepeitmeM Kk omMcandio (Ha3oBbIX MOPTPETOB, peATH3YIOLMXCA B CHCTEME
(34.16) npu pasmuMuHBIX 3HAUCHMAX hLapaMeTpPOB. Bcero cymecrByeT WIECTh
PaMVIMYHbIX THIOB (pa30BbIX MOPTPETOB. [lpH 3HaYEHHMAX NapaMeTpOB, JieKamMX
B oGactu I, eOMHCTBEHHbIM, [NOOAIBHO MPUTATUBAOIMM ABIAETCA PABHO-
Becue B{ u=1/e, v=0}. 3amMeTHM Cpa3y, YTO 3TO paBHOBECHE CylECIBYET
U ABJIACTCA IO MEHbIe# Mepe JIOKAIBHO yCTOHUMBBHIM M TIPH JIFOGBIX ApPYFHX
3HAYEHUAX MapaMeTpoB.

IIpn 3HaueHMAX MapaMeTpoB, Jiexawmx B obnmacTax 2—6, Ha ¢pa3oBoM HOPT-
peTe CHCTeMbl HMEIOTCA [Ba paBHOBecus, A W C, BHYTpH NEPBOTO KBAaIpaHTa
cucrembl. PaBHOBecue C — cemno Tpu MoObIX 3HaueHHAX NapaMeTpoB, a A
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MOXET ObIThb B 3aBMCHMOCTH OT 3HAYEHHH [APAMETPOB KaK YCTOHUMBBIM, TaK
K HeyCcTOHWBbIM y3710M WK poxycom. Ilpu 3HaueHHAX MapaMeTpoB, NIEKALMX
B oOnactd 5, Ha $a30BOM NOPTpETe CHCTEMbl SAMHCTBEHHBIM IJIOGANbHO MpH-
TATHBAOIMM PaBHOBECHEM HBJACTCA B, Tak e Kak M NpH 3HaUYCHUAX MNapa-
MeTpoB B obnactu I (cm. puc. 3.4.14).

IIpu 3HaYeHMAX NapameTpoB B o6nacTax 2—4 M 6 CywmecTBYIOT HeTpPUBHAIb-
Hble NpPHTATHBAIOIME PEXHMBI, T.6. TaKHe, IPH KOTOPBIX HU ofiHa U3 (a3oBbIX
nepeMeHHbIX CHCTEMBI He 06paiiaerca B Hyb.

IIpHTATHBaOIMM IIpH 3TOM MOXeT ObiTh paBHoBecHe A (NapameTpuueckue
oGnactu 2, 4 u 6) MM yCTOHUMBBIH NpefenbHbii 1MKA T, BOKpYr paBHOBE-
cusi A (mapamerprueckue ofnactu 3 # 6). O6acTb NPUTXEHHA PABHOBECHA
A MoxeT 6bITb OrpaHMYeHa JIMGO OKPYXAOUMM €ro HeyCTOHUMBBHIM MpedeNb-
HpIM wuknoM T_ (o6mactv 4 u 6), nuGo Bxogswed cemaparpucodt cemia C
(o6nacte 2). OGnacTs MpUTAXKEHUA YCTOHYMBOrO TNpPEeAETbHOTO UMKIa BCETAa
orpaHMYeHa CHapy»M Bxodawen cenaparpucon cemna C (obnactu 3 u 6) H,
KpOMe TOro, MOXET ObITh OrpaHMYeHa W3HYTPH HEYCTOHUMBBLIM MPEIETbHBIM
mknom (o6nmacts 6).

[ToBemenue cuCTeMbl NpH 3HAYEHHMAX NapaMeTpoB, Nexaumx B obnacta 6,
saciy>xuBaer bonee noApo6HOro paccMoTpeHHs. B 310it oGnacTu BepBsie CpefH
H3yyaeMbIX HaMM CHTyalil B CCTeMe OJQHOBPEMEHHO PEAIU3yITCA TPH IIPHTH-
THBAIOIMX pEXHMa, a MMEHHO HETpUBHAIbHOE paBHOBECHE A, YCTOHUMBBIM
npenenbHblA muxn T, u “nonyrpuBuaibHoe” paBHoBecue B. IIpu 3ToM nep-
BbI KBagpaHT ¢a30BOro MPOCTpaHCTBa, eCTECTBEHHO, MOJpa3e/IACTCA Ha TPH
o6nactu NputaxeHHs. 'paHMnamu obmacTeit ABNsAloTCA Bxodswas B cemio C
cenapaTpuca M HeyCTOHYMBBIA npemenbHbrii UMka T_, nexawMii BHyTpd yCToii-
YUBOTO M OKPYXKalolMil paBHOBecHE A.

Unrtepnpernpyem nosnyueHHbie pe3ynbraTtbl. To 0GCTOATENHCTBO, YTO paBHO-
BécHe B, oTBevaouiee BHIMMPAHHIO XHILHHMKA, CYLIECTBYET H ABIACTCA JIOKAIb-
HO YCTOHUMBBIM NpH JMoGbIX 3HaYeHHAX MapaMeTpPOB, IETKO NOHATb. YUeT ¢ak-
TOpa KOHKYPEHUMH >XepTB OTPaHHUYMBAET pOCT YHCIICHHOCTH MOMYJIALMU XKEPTB
B OTCYTCTBME XMUIHMKA. YUET HENMMHEHHOCTH pa3MHOXeHMA MOMyNAuMM XMiu-
HHKa, WM, OpyTMMHM CIOBAMM, 32MEUIEHHOrO XapaKTepa pocTa YMCIIEHHOCTH
MOMyNAIMM XMUHMKA [Ipd MaIoH IUTOTHOCTH €ro TMONYNALMH, NPUBOJHUT K
3¢ppexTy CymecTBOBaHHA HUXKHEH KPUTHYSCKOH IUIOTHOCTH MOIMYNAUHH XHl-
HHAKa. HavanbHble 3HayeHHA IUTOTHOCTH NOMY/IAIMH XMIUHMKA, HHXKE KOTOPBHIX
HoMynAUMA obpeueHa Ha BBIMMpaHHE, 3aBHUCAT, eCTECTBEHHO, OT HAYalbHOM
IJJOTHOCTH NOMYJIALMH XKepPTB.

[Ipu 3HayeHWsX NapamMeTpoB B o6iacTaAX 2, 4 M 6 B CUCTEMe BO3MOXEH PEXHM
YCTOHYMBOIO CTAIIMOHAapHOTO COCYMIECTBOBaHMA NONYJIAUMH XMILHMKA U XKeprT-
BbI, a B oOnactax 3 u 6 — cocymecTBoBanne B Kosebartenbiom pexume. Ilpu
3HaYEHHAX MNApaMETPOB, JICKAWMX B Y3KOH MapaMeTPUUECKOH 30HE 6, COCY-
UXeCTBOBAHME JKEPTB M XWIIHUKA BO3MOXHO KaK B CTallMOHAPHOM, TaK H B
aBTOKONE6aTeNnbHOM peXMMAaX B 3aBMCUMOCTH OT HayaJIbHOTO COCTOSHMA CHC-
Tembl. C 3TMM FBJIEHMEM MBI yXe BCTPEYAMCh TPH HCCIIEJOBAHHH CHCTEMBI
(3.4.3). IlIpu 3tom pocratoudHo 6GoJiblie BO3MYLIEHUS CHCTEMBI, HaxoAAmeH-
CsA B CTAIMOHAPHOM COCTOAHMM, BCEIfia NEpeBOMAAT €€ B PEXUM YCTOHUMBBIX
aBroKoneOanuii. JIpyrumu cnoBamm, MpH 3HaUYEHHAX IapaMeTpOB, JieXauwmx
B oOnmactd 6, B CHCTEME MOXET PEaIM30BBLIBATLCA PEAMM XECTKOro BO3OYx-
HeHud Konebanuii B ¢pa30BOM 3HAUCHUM CJIOBA.
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3aKanuMBasA omMcaHWe ¢Ha30BBIX MOPTPETOB CHCTEMbI, 06GpaTMM BHHMaHHE
Ha ofHo obulee mIA HUX cBoiicTBO. O@IacTb HPUTAXKEHUA yCTOAUMBOTO paBHO-
BECHA MOXeET OrpauHyMBaThCA MO0 HEyCTOMYMBBIM IpeENbHBIM UHKIIOM,
6o BXoAAwed cemapaTpucoi cemmra. OueBHAHO, YTO B EpBOM cilyuae yioboe
JOCTaTOYHO CHJIbHOE BO3MYILIEHHE BBLIBOAMT CHCTEMY 33 rpaHuuy oOrmacTd
npuTXeHHa paBHOBecua. Kak o6CTOMT feno Bo BTOpOM cityyae?

W3 uccrnenoBanua 0cobbix Touek Ha GeCKOHEYHOCTH, B YACTHOCTA M3 TOrO
obcroATenbcTBa, 4TO OeClKOHEYHO yAaJleHHas Touka Ha “KoHue” ocu abcuuce
SABNIACTCA HEYCTOMUMBBIM y3NIOM, clefyeT, YTo H B TOM Cily4ae, Koraa obnacts
NpUTAKEHUA OTpaHHYeHa BXOJMILEH B CeMIO CeTlapaTpHCOH, “NourH Jo6oe’
JOCTaTOYHO OONbIIoe BO3MYIUCHHE BBIBOJMT CHCTEMY 3a rpanuiny oGnactu
nputAxerus. VICKITIOueHHe COCTAaBJIAET NUILUb Y3KMH KJacC BO3MYIUEHHH, NpU
KOTOPBIX IUIOTHOCTb MOMyNALMM XMIUHMKA YMEHbIIAeTCHd, & IUIOTHOCTh MOIMy-
JAUMK KePTBBl OJHOBPEMEHHO YBeNHUMBAETCA TaKMM 06pa3oM, uro U300pa-
XAwWaA ToYyKa Ha (a3oBOM NOPTPETE OCTAaeTCHA B ceKTope, obpasyeMoM Ha
¢$a30BOM NOpTpeTe BETBAMHM Bxofswed B cemyio C cellapaTpuChl, BBIXOAALM-
MH U3 6eCKOHeYHo yAaIeHHoro yana (cM. puc. 3.4.14, 06nactu 2, 3, 6).

UntepnpetupyeM To OGCTOATENBCTBO, 4TO NPAKTHYeCKH m060e A0CTaToY-
Ho GomblOE BO3MYIUEHHE BBIBOOMT CHCTEMY 3a IpaHuuy ofmacTd MpUTANe-
HHA peddiMa YCTOWUMBOIO COCYIMECTBOBaHMA MOMyNMAUMA XMUIHMKZ M XKepI-
Bbl. HauGonee NpoTHBOpEWMT MHTYHLMHM MPENCKa3aHHE MOMENH, COTIaCHO KO-
TOpOMY MAOCTaTOYHO OOnbliloe YBENHYCHHE MUIOTHOCTH MNOMYNAUMH XHIIHUKA
Bcerfa JO/DKHO B KOHEYHOM cdeTe MOBJeYb 3a coGoif ero BhIMHMpaHue. ITOT
pe3ynbTaT MOXHO 3IKOJIOTHYECKM HHTEplpeTHpOBaTh clnegylouwmM o6pasom:
OMHOKPAaTHOE pEe3Koe YBEJIMYeHHe IUIOTHOCTH TMOMYyNAUMH XHMIHHKA BIIEUET
3a coGoii yMEHbILEHHE IUTOTHOCTY MOMYJIALMU XKEPTBbI A0 YPOBHA, IIpH KOTO-
pOM IUIOTHOCTh MOMYNAUMH XMIHWKA, B CBOKI Ouepedb, HeH3BexHO Magaer
OO YPOBHSA HHXE KPHTHYECKOroO, NOCIE Yero HOMyNAUMA XHIIHWKA BbIMHpaeT.
3ameTHM, YTO, KaK BCerda B TaAKHX CyYyaax, CKazaHHoe ABIAETCA He oObAc-
HeHHWEeM ABJIEHHA, a JMUIb CIIOBECHBIM OMMCAHHEM pE3yNbTaTa HMCCIENOBaHUA
MOJIENH.,

IIpocnenyiMm, kakue CobbITMA MOryT MpPOMCXOIMTb B CHCTEME HpH IOCTe-
MIeHHOM HM3MEHEeHMH 3HayeHW#l mapameTpoB. HauGonee .GoraTsim {e, n}-cpe-
30M MOJHOrO NapaMeTpHYecKoro MOprpeTa ABNAETCA cpe3 npd 4/3>vy>1.
Ha HeM npeacraBieHbl Bce NapameTpuyecKHe oONacTH CHCTEMbI, M PacCMOT-
peTs CoBbITHSA, MPOMCXOAAIMe B CHCTeMe NPH NBIXKEHWH 1O NapameTpy, yao6-
Hee Bcero MMeHHO Ha HeM. IlycTh HCXOMHO TapameTpbl CHUCTEMBI JI€Xar B 06-
HacTM 2 M caMa CHCTEMa HAaXOOMTCA B YCTOHWMBOM paBHOBecHH A. K uemy
IIpH 3TOM MOJXeT IIPUBOIUTH yBENUYEHHE H YMEHbILIEeHHE apameTpa €’

HeTpynHo BuAeTs, YTo MOKa 3HaueHWA MapaMeTpoB HaxodaTcs B obmacTv
2, TOCTENEHHbIH PpOCT € MNPUBOAMT K YMEHBIUEHHIO PABHOBECHOW IUIOTHOCTH
HONYJIAIMM XHIMHMKA M K pPOCTy PaBHOBECHOH IJIOTHOCTH NOMYNALMH >KEpPT-
Bbl. JTO FABIIEHME MOXHO WHTEpIPETHPOBATH CleqylumMm obpazom. YBeyu-
YeHHe NapaMerpa O3HauyaeT yYMEHbIIeHHe €MKOCTH 3KONOTMYecKOod HHILM Io-
MyNAUMH XKepTBbl. XHMIIHUK pearMpyeT Ha 3TO YMEHbIIEHHEM CBOEHl paBHO-
BECHOH IUIOTHOCTH MONynAnud. Yrto Kacaercd PaBHOBECHOH IUIOTHOCTH .TO-
[IyNAUMAA KEPTBBI, TO OHa HAXOIOUTCA MO KOHTpONEM IBYX (akTopoB: em-
KOCTH COGCTBEHHOH 3KONOTHYECKOH HMUIM M Npecca XWIIHHKOB. Bropoii dak-
TOp OKa3bIBaeTCA .B HCCnedyeMoW cuTyauuu 6Goree CymieCTBEHHbIM, M oci1ab-
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7leHde JaBJICHMA XUIUHMKOB M3-32 YMeHBLIEHHMS WX pPaBHOBECHOH IUIOTHOCTH
0OKAa3bIBAETCA Ba)XKHEe YMCHBIICHMA €MKOCTH 3KOJIOTHYECKOH HMIIM. B pesynb-
Tare IUIOTHOCTH MOIYNALUMH XXepTBbI PacTeT, HECMOTPA Ha YMEHbILUEHHE eMKOcC-
TH €€ 9KOJIOTHYECKOH HHIIM.

[Ipu DanbHEHiIeM yBeNMYEHHM € CHCTEMa, BHE 3aBUCHMOCTH OT 3HaYCHHid
OCTIbHBIX MNapaMETPOB BBHIXOOMT Ha FPaHMIy HapaMeTpHueCKHX obmnacreit 2
u 1. B 310T MOMEHT Ha (a30BOM NopIpeTe yCTOWUMBOE paBHoBecHe (y3en)
cnupaerca ¢ ceiom C, o6Gpasysa cemnoysen, H NpH JaibHEHLIEM YBEMMYEHUH
€ oba paBHOBECHS AHHMIMIHMPYIOT. Bce TpaeKTOpHH cUCTEMBI NTPUTATUBAIOTCA
K ’HonyTpuBHanbHOMY’ paBHOBecHio B. ITpoucxomr ecTKHMHl CpbIB HeTpU-
BHAJIbHOTO paBHOBecuA A. MHTepnpeTHpoBaTh 3T0 MOXHO CledylolMM obpa-
30M: [0 Mepe YMEHbIUEHHA €MKOCTH 3KOJIOTMYECKOI HMIUM XXEPTB paBHOBEC-
Hafl IUIOTHOCTb NOMY)IAUMM XWIUHMKA TajaeT HacTONIbKO, 4TO CTAHOBMTCA HH-
K€ KPUTHYECKOH, NOCIE YETO MONYNAUMA XMiyHMKa OOpedyeHa . Ha BbIMHMpa-
HHEe Npd mobObIX HMCXOOHLIX 3HAYEHHUAX IUIOTHOCTEH NOMYNALMU >XePTBbl U
XUIIHHKA,

[Ipu yBenmMYeHUH 3HaYEHHA € COOBITHA, MpoMCXodfAlUMe B CHCTEME, PasBU-
‘BAIOTCA eAMHOOOpa3HO GEe30THOCHTENBHO K 3HayeHHIo napametpa n. Yro mpowuc-
XOIMT B CHCTeME, MCXOJHO HaXo[siueHcCs B COCTOSIHMM paBHOBECHA A MpH 3Ha-
YEeHHAX NapaMeTpoB B o6nacTu 2, N0 Mepe YMeHbLICHHS 3HaUeHHA € ?

B 3toM cnyyae Ao Tex NMOp, NMOKa 3HAYCHHA MapaMeTpoB OCTalOTCA BHYTpH
obnactu 2, coObITHA TaKkxe pPa3sBHBAIOTCA €OQUHOOOpasHO: paBHOBECHAA IUIOT-
HOCTb TOMYNALMH XMIUHAKA PACTET, @ ’KepIBbl — yObIBAET, OCTABAACh IIpH 3TOM
BBILIE HEKOTOPOrO0 MUHMMANbBHOIO 3HAYCHHA Ui, =7. HHTepnperaumsa 3To-
ro 3¢dexTa yxe gaHa BbllIE IpH ONMMCAHMM ABJICHHIl, NPOUCXOOALMX B CHCTe-
Me Tpy YBEJIHYEHHH €.

Budypxaumonusie cobbiTvA, MPOMCXOOALUME MO Mepe yYMEHbLIEHHA Iapa-
MeTpa € Ha TpaHMIE NapaMETpUYeCKoi oGnacTH 2, 3aBMCAT OT 3HAYECHUA Mapa-
meTpa n (cM. puc. 3.4.13, 6). PaccMoTpiM Mx, NOCTIEIOBATENIbHO YBENHUNBAA
ucxomHoe duxcHpoBaHHoe 3HayeHue n. Ipy manom n < ny yMeHbLIEHUE € IIpU-
BOIOMT K BbIXOJY 3HAuCHHi NapamMeTpoB Ha rpanuny obnactu 4. Ha nmapamerpu-
uecKOM NOpTpeTe CHCTEMbI MpH 3ToM obpasyercs newiA cenaparpucel cemna C,
K3 KOTOpO#l MpH [anbHEHUIEM YMEHbUIEHHH € Ha ($a30BOM MOPTpETe pOXIAeT-
cA ’GonbLION’ HEYCTOWUMBBIA MpedenbHbil nuki. Iia BHeiuHero HaOnmmoga-
TeNA, CHEAALIEr0 32 paBHOBECHEM A, 3TO cOGBITHE OCTAETCA HE3AMEUEHHbBIM,
MOCKOMbKY YCTOHYMBOCTb DABHOBECHA coxpaHseTcd. [IpM NMpoxoxaeHuu mnapa-
METpoM OGHGYpPKAUMOHHOTO 3HAUeHUA M3MEHACTCA JMIIb TpPaHMLE oGNacTH
MpPUTSOKEHHA DPABHOBECHA. IIPH 3HAaUEHMAX MapaMeTpoOB, JiEXauMX B o6ractu
2, ew Obuta Bxopdswas cenaparpuca cemia C; Npd 3HAYEHHAX IIApPaMETpPOB,
nexammx B obractd 4, €0 CTaHOBMTCA HEYCTOWYMBBIA NpendenbHbni muxn T_.

Ilo Mepe pHaybHeHIlero yMEHBIIEHHA € paBHOBECHE A OCTaeTcs YCTOWYM-
BbIM, IOKa 3HaueHUE MapamMeTpoB JIEXHUT B obnacTu 4, omHako, obnacTs Mpu-
TAXEHUA PABHOBECHA — HEYCTOMUMBBIA MpefeNbHbIA UMK T_ — TNOcTeneHHo
yMmeHbuiaeTcs. [Ipd 3HaueHHAX [1apaMeTpoB, COOTBETCTBYIOWMX IPaHHLE Iapa-
MeTpuyeckux obmacreit 4 U 5, Ha a30BOM NOPTPETE CHCTEMBI HEeyCTONYMBbIi
npenenbHbi 1Mk T_ cTArMBaerTca B Toyky. PaBHOBecHME A MNpH 3TOM ecCT-
KO — B NApaMeTpHUYECKOM CMBICIIE — TepAeT YCTOWYMBOCTb. EIMHCTBEHHBIM
NpUTATUBAIOUIMM pEXHMOM OCTaeTcA “HoNyTpUBHaANLHOE” paBHOBecHe B,
COOTBETCTBYIOIIEE BHIMHPAHUIO XMIHUKA.
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TouHo Tak e ¢ TOYKM 3pEeHMA BHEHIHEro HabNogaTend, CIAERAWETO 3a
PaBHOBECHEM A, pasBOpPauMBAaIOTCA COObITHA Mo Mepe yMEHBUIEHHA € MpH
nNp > n > ny. budypkauma obpasoBaHna Ha ¢(asoBoM MOPTPETE CUCTEMBI
nappl IMKJIOB H3 CTYWEHHA TPACKTOPHA TIpH IPOXOXOECHHH IapaMETPOM €
OMYypKAIMOHHOTO 3HAYeHWA, COOTBETCTBYIOLIETO TIPAaHMLE MapaMETpHUeCKHX
obnacteil 2 W 6, OcTaeTcA UIA BHEHIHEro HaONIogaTeNiA HEe3aMEueHHOH, TaK
KaK YCTOHUMBOCTb PABHOBECUA A MPH 3TOM COXPAHACTCA.

Haubonee cnoxueiM 06pa3oM pasBUBAOTCA COOBITMA [0 MEPE YMeHbLIe-
HUA € TIpH ng > n > nyp. OGpasoBanue Ha (a3oBOM MOPTpeTe Hapbl LMKIIOB
npd NpoXOoXAeHHH OHdypKAUMOHHOIO 3HAYEHHA, COOTBETCIBYIOIMX TIPaHH-
e MapaMeTpuyeckux obmacreit 2 U 6, MO-TPEXHEMY OCTAETCA HE3AMEUCHHbIM
[UIA BHElIHero Ha@uiiogatend, cnegawiero 3a paBHoBecdem A. [lo mepe panb-
HellIero yMeHbLICHHA 3HAYEHHA NapaMeTpa € B rpaHuuax obynacTd 6 paBHOBe-
CHE A OCTaeTcsi yCTOHUMBBIM, ONHAKO CyXaeTcd oO6nacTs ero NPUTAKEHUA —
HeycTonuMBbid nipenenbHplii wnakn T_. [lpy mpoxoskiueHud 3HaueHHeM ¢ Gu-
GypKaMOHHOTO 3HAYeHUA, OTBEYAIOINETO TPAHMIE [apaMeTpUYeCKHX obimac-
1eif 6 U 3, Ha $Ha30BOM NOPTpeTe CHCTeMbI HEYCTOMUMBBIA ITPEIESTbHBIA LUKII
T_ craruBaeTcAd B TOYKY M paBHOBECME A TepAeT yCTOHWMBOCTb. [Ipu sTom
TIPOMCXOMMT JXECTKOE NapaMeTpHueckKoe Bo3byxmeHHe aBTOoKoNeOaHuii: Tpaek-
TOPHH CHCTeMbI BBIXOAAT Ha yCTONYMBDIii TIpeaeNbHbli ik T..

[Ipu nanpHeiilleM yMeHbBIEHHHM NapaMeTpa € B I'DaHMUaxX [apameTpuUyecKoil
obnactu 3 pasmep mpenenbHOro umukia pacrer. HakoHen, npu 6udypkanuon-
HOM 3HaUYeHMH MapaMeTpa, COOTBETCTBYIOLIETO IPaHHLE NapaMeTpHYeCKUX 06-
nacrell 3 1 S5, yCTOHUMBBIH NpEeAENbHbIH UMKI paspyuiaeTcd, “BIHNAa” B INeT-
nio cemapatpuchl cemra C. CoCywmieCTBOBaHMe XMIUHHKA M XepTBbI CTaHOBHUT-
€A HEBO3MOXXHBIM, H XHIHUK BBIMHPAET.

Moxoxe pa3BUBAOTCA COBBITUA N0 Mepe YMEHBUICHHS €IpH /1 g >n >N g,
O1uwie OT NpedblAywero C1yuag COCTOMT B TOM, 4TO MpH MPOXOXKOEHWH €
OMdypKAUMOHHOTO 3HAYeHHA, OTBEYAIOMIEr0 [PAaHMIE IlapaMeTPHYeCKHX 0O-
nactel 2 ¥ 3, B cucTeMe NIPOMCXOIMT Msarkoe Bo36yxaeHHe KoneGaHHi: Ha
$a30BOM TNOPTPETE CHCTEMbBI DPOXXHAETCA MAaJiblil yCTOHUMBBIA IpEIeNbHbIH
UMKJT U3 HOTEPABILETO  YCTOHMUWHBOCTH paBHOBecHs A, IIpu JajibHeiiieM yMeHb-
IUCHHH € YCTOHUMBBIA MpEAENIbHBIA UMK, TaK XK€ KAaK M B IpeJbymem ciy-
yae, pacTeT M, HaKoOHel, paspyuaerca (“nomaerca’’), Bnunas B METO cCemna-
parpucel C.

OcradoBuMca TNoapobHEe Ha CTPyKType OMACHON MapaMeTpHYEeCKOH rpaHH-
ubl cucremsl (3.4.16). Tako#t rpaHuueil TpaBHJIbHO CYMTaTb NMOBEPXHOCTh B
npocrpchrBe{ n, € Y, OTAENAOWYI0 0oONacT, 3HaYeHHH MapaMeTpoB, MNpH
KOTOPbIX Ha ()a30BOM NOPTPETE CHUCTEMBI CYLIECTBYIOT HETPHBHATBHOE YCTOM-
YMBOE€ PAaBHOBECUE MIIM YCTOHWYMBBIA NpeneNbHbIi LUK, OT OOIAaCTH 3HaYeHMiA
MmapaMeTpoB, INIpH KOTOPhIX Ha Ga3oBoM HOpTpere MIOGAIBHO NPOTATHBaIO-
UMM ABNIAETCA TIONYTpUBHABHOE paBHOBECUE, OTBEYAIOIEE BbIMUPAHHIO
xMuHKKa. Takasa MOocraHOBKAa BOIPOCA IMIPeCTaBIIACTCA €CTECTBEHHOM, I[I0-
CKONbKY B paMKax paccMaTpHBaeMOH MojesiM COCYecTByowasa Mapa nony-
JAUMA XHUINHHK—)XePTBa — 3TO0 9KOCHCTEMA, ABHO KayeCTBEHHO OT/IMUHafA OT
OTHENBHO B3ATOH MOMYIIAUHM XepTBbl. C 3TOM TOYKY 3PEHUA PANIHUMA MEXIY
COCYIIECTBOBAHHMEM Napbl NONYNAUMHA XHUIHHK—XKEPTBA B CTALMOHAPHOM H
aBTOKOJIe 6aTENTBHOM PEXUMAaX MOXKHO CHMTATh BTO POCTEIIEHHBIMH.

IIpy Tako# HOCTAaHOBKE ONACHOH MApaMETPUYECKOH TIpaHHUEH CHCTEMBbI
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(3.4.16) ecTecTBEHHO CUMTaTh COBOKYNHOCTh OHM(YPKAIMOHHBIX MNOBEpPXHOC-
Teil, OTOENAIOLMX NapameTpuyeckue obmactd 2, 3, 4 ¥ 6 ¢ OFHOH CTOpPOHBI
OT nmapameTpuyecKHx obnacteit / m 5 — ¢ gpyro# (cm. pHc. 3.4.13). Paccmor-
PHM CTIPYKTYpy ONACHOH NapaMeTpHYECKOHN IpaHHIbl HoApoOHee Ha [BYymapa-
METpPHYECKOM {n, €§-Cpe3¢ MOIHOTO {n, e, 7}-napamerpuqec|<oro HOpTpeTa
cHcrembl ipH 4/3 >y > 1.

IIpexge Bcero 3aMeTHM, YTO K paspyLIeHHI0 PeXHMMA COCYIIECTBOBAHMSA
NONMYJIAUMHA XMINHAKA H XePIBbI NPHBOAMT KaK YBEJIMUEHHE, TAK W yMEHblie-
HHe 3HayeHMs napameTpa €. OQHAKO MEXaHH3M paspylIeHHs pexuMa Cocy-
INECTBOBAHMA NpH 3TOM KauyecTBeHHO padnuueH. IIpu mepeceueHHu € onacHoi
IPaHMLB FIO Mepe ero yBelHYeHHSA Ha (a30BOM NMOPTPETe HCUE3aET CaMo COC-
TOfHWE paBHOBecHA. IIpH ymeHblieHMM € paspyleHHE pexdHMa COCYIEeCTBO-
BAHMA MOXKET NPOMCXOIMTH NBOAKO, B 33BHCHMOCTH OT 3HAYEHHS OCTANbHbIX
napameTpoB. PaBHOBecHe MOXeT NGO KeCTKO TepATh yCTOHMUMBOCTDH C MOCIIe-
NYOIMM BbIMMpAaHMEM XHILHKKa, JMG0 MO Mepe yMEHbIUeHHS € CHavana Te-
PATh YCTOHYMBOCTb MATKO, C NEpPeXofoM CTAIMOHAPHOIO pexuMa CoCyuiect-
BOBaHHA B aBTOKOJeGaTeNbHbIi, 3aTeM K BO3HMKHOBEHHIO ¥ YCHICHHIO peNlaK-
CalMOHHOCTH KOJIeOaHMil W, HAKOHEel, K pa3pylieHHI0 aBTOKOIeb6areisHOro
pexHMa COCyIeCTBOBAHMA ONATH XKe C NOCAENYIOWMM BHIMHpaHHEM XHMIITHUKA.

Takum o6pa3oM, ollacHaA NapameTpHueckafd rpanHMua cucremsl (3.4.16)
Ha IUIOCKOCTH { n, €} npn GUKCHPOBaHHOM 3HaueHHH 4/3 >y > 1 cocToMT H3
VYaCTKOB TpPEX pa3NHyHbIX GHYpKaUMOHHBIX JIMHHMA: IHMHMM S cemnoysna
AC, nuHnu N, HeHTpaZbHOCTH PaBHOBeCHA A M JIMHMM P mersiu cemapaTpuc
cemna C (cM. puc. 3.4.13).

B TpexnapameTpHyeCKOM NPOCTPAHCTBE { n, €, 'y} OfIacHas IpaHHuA MOJEINb-
HOH 3KOCHCTEMbI NpENCTaBIAET cOBOi HEKOTOPYID COBOKYTHOCTh YWacTKOB
pa3iHuHbIX OHYpPKALMOHHBIX NOBEpPXHOCTEH, OTREevaUMX 6GHdypKauuMAM
KOpa3MEpHOCTH OIMH. JTH MOBEPXHOCTH MOTYT NONApHO B3aHMOIEHCTBOBATH
Tpems criocofamu. Bo-nepBbix, OHM MOryT NepeceKarscs, o6pasys ‘peGpa’ —
JINHWM, oTBeyatoume OudypkauuaM “omMH IUToc OfMH’ (IIpMMEp: TpaHMIa
oGnacreit 3, 4 ¥ 5). Bo-BTOpbIX, OHH MOTYT KacaTbCA ApyT Apyra, o6pasys
3aocTpeHMe (npHMep: rpaHMua oGnacteit /, 3 M 5). B-rperTsux, oHM MOryT
KacaTbC ApYT HpyTa, ob6pasys IafKylo NOBEpXHOCTb, H TOrAa Ha DJIAAKO#H
NOBEPXHOCTH HAaXOMHTICA CTBIK MEXAY ABYMA yYaCTKaMM ONACHOM IpaHHIbI,
HMEIOUMMHY pasTHuyHylo 0OpHpony (npHmep: rpanMna oOmacret 1, 2 u 4 Ha
puc.3.4.13,4).

Touku, obume mia Tpex GHdypKAUHOHHBIX NOBEPXHOCTEH, OTBEYAIOLIMX
ONACHBIM TPAHMIIAM pa3lIHYHON NPHPOABI, COOTBETCTBYIOT “>yriiam’ OINACHBIX
rpanun. TakuM Toukam, ecTeCTBEHHO, COOTBETCIBYIOT OMdypkaumu kopasmep-
HoctH TpH. Jins cucTemst (3.4.16) Takoil TOUKO# ABNACTCA 33+, oTBEYAIOIIAN CY-
UIECTBOBAHMIO Ha $a30BOM NOPTIPETE CHCTEMB! JBAXIBI BHIPOXKIEHHOTrO CEIJIO-
yana — Oubypkaumus zaocrperma” [28]. BsaumHoe pacnosnioxenne Gudypka-
UMOHHBIX NOBEPXHOCTell B OKPECTHOCTH JTOH TOUKH 3aJa€T JIOKAIBHYIO CTPYK-
Typy ONAacHOW TrpaHMIpl MoOensHOl 3xocucrembl. HopmanpHas ¢opma ans
3Toit OMypKamH He MOCTPOEHA, HO MOXHO BBICKA3aTh MpPEANONIONKeHHe, YTO
B3aMMHOE pacrosioxeHMe OH¢ypKaUMOHHBIX NOBEPXHOCTeH, HaifeHHOe A
cucrembt (3.4.16) u msoGpaxenHoe Ha puc. 3.4.15, oTBeuaer cnyuyaio o6uue-
IO NOJIOXKEHHA.
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3.4.7. Ocransusie aBydakropubie MonuduKanusa

B Hauane 3Toro paspena ObUIa MOCTAaBNEHAa HENb KCCIIENOBATh MMHAMHYECKHE
3} PeKTs, BO3MOXHbIE B CHCTEMAX, NpPENCTaBIAoumMx co6oH INBydaKTOpHbIE
MOIUGHKAINK cHCTeM BomnbTeppa, BO3HHMKAWOLUME IpH OLHOBPEMEHHOM yYETE
OfIHOTO CTaOMNM3MPYIOMEro W OHOHOTO HecTabunusupyioiero daxropa. Ilo-
CKOMbKY B PACCMOTPEHHE BKIIIOUCHBI YeThIpe CTaGHIIM3HPYOMX U TpH NecTabu-
nH3KpyoumMx daKTopa, TO BCETO TaKHX CHCTeM ABeHanuats (Tad.).

Boillle MccneqoBaHsl wiecTs M3 HUX. M3noxkenne Gbulo MOCTPOEHO TakHM 06
pa3oM, uTo B KaXIoH M3 MOCIenoBaTelIbHO PacCMOTPEHHBIX CHCTEM BO3HHKaA-
T KayeCTBEHHO HOBhIE H, KaK MpaBuio, Gonee cloxHble TMHaMmueckue 3d-
dextpl. OcTanbhble KoMOMHauMM GaKTOpoB 1—6, nmpencrapiieHHble B TabNHIE,
TPHBOIAT K CHCTEMaM, B KOTOPBIX KaueCTBEHHO HOBBbIe TMHaMHuYecKue 3ddex-
Tbl II0 CPAaBHEHUIO C HCCIEJOBAHHBIMHM BBIIIE HE BO3HMKAWT, U NpUBOMMTD HX
HCCIe[loBatKe 30ech HeT HeOOXOAMMOCTH, MOCKOJIBKY LIeNblo HACTOAILEHR paBoThl
ABJIAETCA He CTONIBKO aHAlM3 KOHKPETHBIX CHCTEM, CKONIbKO BBIABIIEHHE 06-
UMX OA HUX OCOOEHHOCTEH moBeneHWs. 3aMeTHM JHIUb, YTO B KaxdOH M3
cucreM 1-6 peanusyercsi He Gonee OHOTO HEeTPMBHMAIBHOTO PaBHOBECHS, KO-
TOpOe B 3aBHCHMOCTH OT KOHKpPETHOTO BHJA CHCTeMBI M 3HayeHHil napamer-
poB MOXET ObITh KaK yCTOHUWMBBIM (JIOK&IBHO WIH II0BAIBHO), TaK M He-
YCTONUMBBIM.

3.4.8. HiokHSAsA KPHTHYECKAS IIOTHOCTD KEPTBH

B n. 3.3.1. npu uccnemoBaHMu OmHODAKTOPHBIX MOOUGHKALMA CHCTEMBI
BonpTeppa yKashIBaJIOCh, YTO YYET JIHHEHHOH 3aBHCHMOCTH aBCONIOTHOH cMepT-
HOCTH XEPTB OT IUIOTHOCTH MONYNAUMH He MeHMAET BHOAa HMCXOOHOH CHCTEMBI
(3.1.1). Opyrumu cToBamM, CMepPTHOCTD XepPTB B HeHl yse yuTeHa. AHAIOMMY-
Ho OGCTOHT Zeno ¢ moGhMH MOAMGHKAUMAMH HCXOQHOH CHCTEMBI, B KOTOPBIX
COXpPaHseTCsa IpeNnosokeHHe O JIHHEHHOM XapaKtepe pa3MHOXeHHS NOMyIA-
UMM KePTBBI: MOXHO CKa3aTh, UTO NpH 3TOM aBTOMAaTHYeCKH YUMTHIBAETCA M
TMHEeHHAA CMEpPTHOCTb kepTB. OJHAKO B TeX CJIyyadX, Koria Ipennonaraer-
CA HenHHEHHBI XapaKTep pPa3sMHOXEHHA TONMYNALUMH d>KepTB, HNONOIHUTEIID-
HBI yueT JIMHEHHOH CMEPTHOCTH >XEPTB NPHBOIMT K KauyeCTBEHHO HOBOMY
3pdexTy, a HMEHHO K NOABJIECHHI0 MHHMMAIBHON KpPHTHMECKOH IIIOTHOCTH
TNONYJIAUKH XKePTB, Kak 370 ObU10 NOKa3aHo B pasn. 2.1.

Tabnuua

Hecrabunusupyrommue GakToph!

Crabunusnpywiwme dax-

TOPDI Hacpimenue xupn- HenuueinocTs pa3- | HenuueiHocTh pas-
HMKAa MHOXXEHMHS XXEePTB MHOXEHHS KepTB

KOHKYpeHUHUs XepTB (34.1) (3.4.3) (3.4.6)

KOHKYpeHUMS XU LIHU- (3.4.11) 1 4

KOB 32 XepTBY

KOHKYpeHUUA XHIIHU- (3.4.7) 2 5

KOB de 3a XepTBY

HenuHefiHOCTH Bblea- (3.4.5) 3 6

HHUS KEPTB
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Ilepeiinem Kk HccnemoBanuie MOmM(HKAUMKM HCXOMHON cHCTeMs! Bonbreppa
(3.1.1), Bosnukarowie#l 1IpH OTHOBPEMEHHOM yUYeTe ABYX (PaKTOpOB: HeIlHHel-
HOrO XapaKiepa pa3MHOXEHHA JXCPTBBI NPH MAIOH IUIOTHOCTH NOMYIIAUNK
¥ JUHEAHOW CMepTHOCTH. JIpyrHMM ClIOBaMH, HCClIELyeM OUHAMHKY CHCTeMbl
XUUIHHK—XEPTBa B IPEATIONONEHHH, YTO AMHAMIKA MOMYNAUMH XEPTBBL B
OTCYTCTBHE XMIIHHKa MOAuMHAeTCA ypaBHeHHio (2.1.12). Jta cucrema oTmH-
YAETCA OT PAHEEe MCCIENOBAHHBIX B HACTOAIEM pasfieNieé TeM, uTo Npedbiy-
1M CHCTEMb! BKJIIOYAIHM B PacCMOTpeHHE MO OAHOMY CTaGHIH3HPYRLEMY K
OJHOMY HeCcTabHIu3MpylolemMy ¢GakTopy, a B JaHHOM ciyyae GaKTop JIHHEM-
HOH CMepPTHOCTH XXEPTB He MOXeT ObITh OTHECEH HH K TeM, HH K [IpYTHM.

Utak, pacCMOTpUM CHCTEMY

X =ax? (N +x) —gx — bxy,
y =-—cy+dxy, (3.4.20)

Ilie g — CMEPTHOCTD XKEPTB. 3aMeHa f=7fa, x=Nu, y =(a/b)v nepesomutr
cucremy (3.4.20) B

u =u?/(l +u) — tu — uv,
V= — yu+Kuv, (34.21)

roe £ =gfla, y=c/a, k =dNja.

B ucronp3yemoii napamerpusammu BenwumHa I=§/(1—£) npenctaBnser
c06 01 HIDKHIOW KPUTHIECKYI0 TUIOTHOCTD TTOMYIISINH JKEPTBBI.

B3aumHOe pacrionoXeHHe HYNMb-H3OKIMH B 3aBHCHMOCTH OT 3HaueHuii Napa-
MeTpOB MOXer GbiThb OBOsikMM (pHcC. 3.4,16, @). da3oBbie NOPTPETH! IPH 3TOM
HMeIoT B, H300paxKeHHbI Ha puc. 3.4.16, 6, 8 COOTBETCTBEHHO.

PapHoBecHe B Hauale KOOpAMHAT NpH MIOGHIX 3HAUCHMAX NapaMeTpOB YCTOM-
YMBO B OTIMYHE OT BCEX OCTATBHBIX CHCTEM, UCCIEJOBAaHHBIX B HACTOAILEM
naparpade. Touka B{ u=l v= 0} — HeycrofunBeiit y3en npu y/k <! ¥ cen-
TI0 ¢ BXO/AILEH H3 IePBOTO KBaNpaHTa cenapaTpucoit npu y/k > /. Herpusuams-
HOE paBHOBECHe CYLIECTBYeT B MepBOM KBadpaHTe $a30BOro MOpPTPETa JTHIND
npH y/k > ¥ BCerna HeycToNuuBo.

®asopsle NOPTpeThi, H306paxeHHbIe Ha puc. 3.4.16, 6, &, NOMyCKaIOT ecTecT-
BeHHYI0 HHTepnperanuio. ECIM mioTHOCTD NOMYNALMH >kepTB Y/k, HeobXoaumas
1A NoAfepXaHUsA CyUIeCTBOBaHMA IMONYNAUMH XHIHUKA, HIDKE KPUTHYECKOH /,
TO BHYTpPH [lepBOrO KBalpaHTa He HMeETCA pPaBHOBeCHil — COCYIIECTBOBaHHE
XepTBbI B XMILHAKA HeBO3MOXHO. ECTH e paBHOBecCHas INTIOTHOCTH MONYNAUKH
KepTB, NMOAMEepPXKUBAWILAA CYILeCTBOBaHHE XHUIHMKA, GONbINE HUXHEH KpUTH-
yecKOM INIOTHOCTH [/, To HeTpUBMANLHOE paBHOBECHe, COOTBETCTBYMOLIEE COCY-
LIeCTBOBAHKIO TMONYNALUMA XUIUHMKA W XKepTBBI, CYLIECTBYET, ONHAKO ABJIAETCA
HEyCTOMUHBBIM, MW EOMHCTBEHHBIM TINOGATbHO HPHUTATHBANIIMM COCTOAHHEM
ocTraercs Nno-IpexkHeMy Hayano KoopauHar. TakHM 00pasom, yuer addexTa Hik-
He#l KPUTHYECKOHN YHCTEHHOCTH NMONMYNAUNM XKePTBbI B CUCTEME XHUIHHK —KepTBa
NPHBOTAT K TOMY, YTO NpH NM0bbIX 3HaYeHHAX NapameTpoB 06e NONyNALMH OKa-
3bIBAIOTCA OOpeueHHbIMH Ha BRIMHpPaHUe.

HanomHuM, 4TO y4eT OTAEIBHO B3ATOTO $HaKTOpa HETMHEHHOCTH pa3sMHOXe-
HUA KxepTBbl [cucTemMa (3.3.2)] mpuBOOMT K TOMY, 4TO HETPUBHAJIBHOE PABHO-
BecHe NpH M06bIX 3HaYeHMsAX NapaMeTpOB CYUIECTBYET, HO ABJNIAETCA IMOGAIbHO
HeyCTORUMBBIM. TPaEKTOPHM CHCTEMBI, PaCKpyUMBasiCh, HAMATBHIBAIOTCS Ha
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Puc. 3.4.16. IlBa BapuauTa B3aMMHOTI'O PaCNONIOXKEHUA HYNb-M30KIHH (@) M COOTBETCTBYIO-
e uM asosbie NOopTpeTki (6, ) B cucteme (3.4.21)

6eCKOHEUHO ynaneHHbIA NpeneTbHbI uyiIl. JpyruMu ClIoBaMH, YHCTEHHOCTH NNO-
NyaAUMiA XMIJHMKA H XKEPTBBI NpeTepleBaloT kKoneGaHusa HeorpaHuYeHHo pacry-
el ammumryasl. IIoaToMy nomyyeHHbIH B HACTOAILEM IIYHKTE Pe3yiIbTaT O HeH3-
GEXHOCTH BHIMMpPaHMsA OOEHX NOMYNMANMA MOXeT GbiTh HHTEPNPETHPOBAH Cile-
nywowuM 06pa3om: NecTabUnH3upyoumit GakTop HeTMHEHHOCTH Pa3MHOXEHHA
NOMyNAUMH XEPTB BiIeYeT 32 cOGOH BO3HUKHOBeHMe KOneGaHHHl 4YHCIEeHHOCTH
obeux MOMynsAnui co BCe Bo3pacTaloweil ammwiutyno#t. Korna pasmax xoneba-
HH CTaHOBMICH CTONb BEJIHK, YT0 B ¢aze MHHUMYMa YHCIEHHOCTb MOIYIUAIAN
XepTB CTAHOBHTCA MeHbille KPHTHYECKOH, TO MOMYIIALUKMA XePTB, a BCen 33 Helf
H TOMYIIALHA XHIHHKOB BbIMHPAIOT.

Bellte Mbl paccMOTpenH MONHBIA HaGop ABY(aKTOPHbIX MoAMHKaAUMiA CH-
cTeMbl BombTeppa, BO3HMKAIOLINX NpH yYeTe OJHOTO CTAOWIH3UPYIOIEro W of-
HOTO HecTaGwiH3Mpyiowmero ¢akropos. Bo Bcex cilyyasix IpoBeIeHO MOMHOe Ka-
YeCTBEeHHOE HCCIeIOBaHAe COOTBETCTBYIOLWIMX CHCTeM MU} epeHITHATILHBIX YpaB-
Hennil. B paccMOTpeHHBIX MOMDENAX PeAIM3YHTCA TPH HETPUBHANIBHBIX, T.e.
He CONMpPSDKEHHbIX ¢ BHIMHPaHHEM OJHOM M3 NOMYNAUMA M 00eyx MOImymALui,
IMHAMHYECKHX DEXHMa: a) CTAMOHADHOE CYIeCTBOBAHHE OOeHX IOMYIispuit,
6) cocymecTBoBaHHe OGeHX NOMyNAUMA B aBTOKOJIEGATEIBHOM peXHMe,

'B) HeOFpaHMYeHHOE pa3MHOKeHWe MNOMyNMAUMH JXepTBhl WIH 06eHX NOmyns-
115058

B 3aBHCHMOCTH OT KOHKPETHOrO BHEA MOMEIM KAKABI K3 IepeuncyIeHHbIX
PEXHUMOB MOXeT 6bITb TG0 II106aNBHO yCTOMYMBBIM, THG0 06MIanaTh orpaHAYeH-
Ho#l o6nacTbio NMpUTsDKeHHA. B nocienHem ciyvae npu GuxKCHPOBaHHBIX 3Haye-
HMAX 11APAMETPOB B 3aBHCHMOCTH OT HAauyalbHBIX YCITOBUH B CHCTEME YCTAHABIH-
BAeTCA OJMH M3 IBYX BO3MOXHBIX JUHAMHYECKHX PEXXHMOB,

Ilpy M3MeHeHMM 3HaueHWd NApPaMerpoB CHCTEMbI BO3MOXHbBI KayecTBeHHbIe
nepecTpORKH pexxmMa ee QYHKIIMOHMPOBAHHSA, 2 KMEHHO :

a) MATKHIA H XeCTKH PeXUM BO36YXIeH!s aBTOKOIeBaHMil, IPUYEM BO BTO-
POM cl1yyae BO3MOXHO BO3DYXIeHHe aBTOKONeOaHH#i KaK OrpaHMYSHHOM, TaK
H HeOrpaHHueHHO pacTyllel aMITTHTYbI;

6) cpbIB paBHOBeECHA, BeyIUMil MO0 K BBIMHPaHMI0 ofHo# (WM OOeHX)
nomyAuyH, THG0 K HeorpaHuYeHHOMY pa3sMHOXEHHIO;

B) pa3pylleHHe aBTOKoJIeGaHHis Ha Niersie CenapaTpuchl.
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3.5. TPEX®AKTOPHbIE MOOHOHKAIIHK CHCTEMbI
BOJIbTEPPA

Bremem ¢akTop KOHKYpPEHIMH XepTB B GHONIOTHYECKH HEKOPpeK THbie MOTe-
nu (3.45), 34.7), 34.11) u (3.4.20), TeM caMbiM YUMTBIBaA B paMKax
COOTBETCTBYIOUIMX HOBBIX Mofeiell HeBO3MOXHOCTh HEOTPAHMUEHHOTO Pa3MHO-
X EeHHA NONYNANMH XEPTB AaXe B OTCYTCTBHE XHIIHMKaA. ITO NPHBOJAUT K OOHO-
BpeMEHHOMY YYeTy Tpex (GakTopOB, BIMAIIUMX HA JHHAMHKY CHCTEMBbI XHIL-
HMK—)XepTBa, [AONOIHMTENIPHO K BKJIIOYEHHBIM B IJIACCHYECKYI0 BOIIBTEPPOB-
cKy1o mognens. Takum o6pa3om, 06BeKTOM HCCIeIOBaHNA B HACTOALIEM pa3ferne
ABJIAIOTCA HEKOTOpble TpexHapameTpHyecKHe Bo3myiueHHs cucremsl (3.1.1),
WK cMcTeMbl MU depeHManbHbIX ypaBHeHUWH BTOPOTO MOPAAKA, 3aBHCALIHE OT
yeThIpEX IAPaMETPOB.

3.5.1. HacpiinieHue XHIHMKA,
- HNTHHEHHOCTD BHICTIAHNA MM KEpTB

(Tperuit Tun Tpoduueckoli GYHKIHH XHILHHKA)
M KOHKYpeHIUSL KepTB

Vuer 3mux Tpex dakTopoB B HexomHoit mogenu (3.1.1) i, ApyrumMy cosa-
MH, JONOHUTENTbHBIA YyUeT KOHKYDEHIMH XepTB B MoaenH (3.4.5) OpHBOAMT K
ypaBHeHHAM

: bx?y )
X=ax - ————— —2x?,
1+ Ax%y
- (35.1)
y= —cy + .
7 4 1+ Ax%y

Cucrema (3.5.1) 6buta HMccnepmoBaHa 6e3 MOCTPOeHWA NapamMeTPHYECKOro
noprpera B pabote [131]. Ilposenem monHoe ee KccienoBaHtye.

3aMmena NepeMeNHbIX ¢ =7/a, x = (b/d)u, y = (ad/b*)v nepesomur cuctemy
(Bs51) s

u=u-uv/(1+ou?)- eu?,
. 2 2 (3.5.2)
0= —w+uy/(1 +au?),

roe y=cla, a=Ab?/d*.

V4 7/2 7 z,

Puc. 3.5.1. ITapmeTpuueckuit mopTper cuctemsl (3.5.2)
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[Tapamerpuuecknit moprper ynobHo M306pa3uTs, BHIOPaB B KayecTBe ORHOW
H3 KOOpPIMHATHBIX OCeil 3HaueHWe MapaMeTpa o, a Apyrod — uo =+ 7v/(1 — ay)
(puc. 3.5.1).

®aszosbie mMopTpersl cuctems! (3.5.2) COBNAgawT ¢ NMOPIPETOM CHCTEMbI
(34.1) (cm. puc. 34.1, 8), ¥ HX HHTepHpeTamua aHaIOrHyHa. HHKakux Ka-
4eCTBEHHO HOBbIX 3¢ dexTOB B cucteme (3.5.2) He BO3HMKAET.

3.5.2. HachlieHde XHIHIKA , KOHKYP eHIHA XHLHHKA
33 OTIHYHBIE OT XKEPTBEL pecypch
H KOHKYpeHIIHA XepTB

Yuer 3tHX Tpex ¢akTOpOB MIIM, APYTMMM CIOBaMH, BBefeHHe (akTopa
KOHKYpPEHIMH )KepTB B Mofensb (3.4.7) npHBOOMT K CHCTEMe

x =ax - bxy/(1+ Ax) — ex?,

. (3.5.3)
¥ = —cy +dxy/(1+ Ax) — hy?.

Jra cucrema Gbula pepjioxkeHa B crathsx [, 12}, vacTiuno, a 3atem u non-
HOCTbIO MccneoBaHa B paGorax [12, 104, 17}. Hocne 3amensl ¢ = r/a, x =
= (a/d)u, y =(a/b)v cuctema (3.5.3) nepexommT B

U=u-u/(1 +au)— eu’, 354
0= —y+uv/(l+au)— 607, (3:54)
roe y=c/a, a=Ad/a, §=g/b.

Takum o6pa3oM, NpeNCTONT HCCenoBaTh CHCTEMY, 3aBHCALLYIO OT YeThIpex
napamerpoB. 3ajava oGneryaercA TeM, 4To NomemeHHe cucteMbl (3.5.4) mpu
§=0 n e=0 uccnemosaHo paHee [ypasmwenus (3.4.2) u (3.4.8) coorBer-
CTB€HHo] .

Anamn3 cucTems! (3.5.4) moctpoum caepywoumum o6paszom. [lo-npexHemy
paccMaTpuBas NapaMeTp 7Y KakK BbiIeIeHHbIR, YHACJIeNOBAHHBIH OT HEBO3MY-
IMeHHON cHcTeMs! BombTeppa, 3adukcHpyeM Ha IlepBoM 3Talle ero 3HaueHWe H
paccMoTpuM ypasHenus (3.5.4) npu ¥ = 1. Ilocne Toro xak napamerpHYecKHiH
IOpTper | &, 3, e} npu 7y=1 6GymeT MocTpoeH, NpoCIeaUM €ro 3BOIOLHIO C
H3MeHeHHeM 3HaueHus 7.

TpexmnapameTpryecK¥i {oz, 5, e}-noprper CHCTeMbl €CTeCTBEHHO CIPOHTh
B BHJe OJIHONMapamMeTpHYeCcKOI'0 CeMeNCTBa IBYXMepHbBIX {a,& -Cpe3oB  NpH
pa3nyHeX GUKCHpOBaHHbIX 3HaueHUsAX €. Ilpu e€=0 {a, 6 -TopTpeT  CHCTe-
Mpl (3.5.4) coBmajaer ¢ NapaMeTpHYyeCKHM INOpTpeToM cucTembl (3.4.8).
PaccMoTpuM, Kak OH BoIrnAmur Ipu 1> e> 0.IIpu 3TOM CHaya1a HaHeceM Ha
IUIOCKOCTB TapaMeTpoB {®, 8} JIMHUH OTBevaiomie OudypKAUMAM TIONOXKeHHH
PaBHOBECHS, 4 3aTeM — ITpeJlelIbHbIX U KIIOB.

PudbypxanH¥ paBHOBeCHHR YpaBHeHUs HYIb-U30OKIIHH CHCTEMBI:

u=0, v=(1+au)(l — eu);
1 / u

=0, v=— (——— —1). (3.5.5)
) 1+au

B cnydae o61ero nonoxeHHA BO3MOXHEI TPH BapHaHTa B3aHMHOTO pacnofo-
XEHUs HyNb-M30KIIHMH CHCTEMBI: KOTTa OHH He NepeceKaroTcs, HMEIOT B NEPBOM
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Puc. 3.5.2. Tpu BapraHTa B3aUMHOro <&
PAacHONIOXKEHUA HYJIb-U3OKIIMH CHCTEMBI
(3.5.4) B cnyuae o611ero NONOXEHUA

KBajgpanTe omHy (A) H TpH
(Ay, C, A;) TOuKM nepeceyeHHs
COOTBETCTBEHHO (pHC. 3.5.2).

[Ipn mo6pix 3HaYeHHAX mapa-
METPOB pPaBHOBECHAMH CHCTEMbI
ABJIAIOTCA Hayalno KoopauHar O
(Bcerna cepnio) u Touka B {u =
=1/e,v =0)}.

T?qxa }3 — 910 rnobampHo /e
YCTOMYMBBIM Y3€]1 NPH 3HAYEHUAX
NapamMeTpoB, NIpH KOTOPhIX HYJIb-M30KJIMHBI Me MEpeceKalnTcs B MepBOM KBaf-
paHTe, ¥ CeMJIO — NPHU BCeX OCTaNIbHBIX 3HayeHUAX mapamerpos. Cenyiom Takoke
ANAeTCA IPOMEXYTOUHOE™ moNoxeHHe paBHOBecHs C IIpH 3HAYEHHAX Mapamer-
POB, NPH KOTOPBIX Ha (a30BOM NOPTpeTe CHCTEMbl HMEWTCA TP PaBHOBECHS.
Papnomecus A, A; U A, — Hecema. XapakTep MX yCTOHUMBOCTH By/ieT paccMoT-
PeH Huxe.

YcnoBua cnusHUA Touek A; u C, Bo-epBbIX, U Touek A, H C, BO-BTOPbIX,
3a/1310T Ha MIOCKOCTH NMapaMeTpoB {a, 8} OBE KpHBbIE, COOTBETCIBYIoLINE OH-
byprampsaM KOpa3MepHOCTH oK cemnoysnoB A, C u A,C,, COOTBETCIBEHHO.

AHanuTHYeCKM 3TH YCJIOBMSL OTBeYaloT ABYKPATHBIM KOpHAM KyOMUecKOro
YpaBHEHHS '

S(1+au)?(l —eu)=(1 —a)u — 1. (3.5.6)

Ha mnocxocmd mapamerpos {a, 8} 6udypKauHOHHble KpPHUBbIE, COOTBET-
CTBYIOUIME CYIUECTBOBAHWIO Ha ¢(a3zoBoM NopTpeTe cemioy3noB A;C u A;C,
HMeloT oblKMe TOUKH % 3 M <%, (pHc. 3.5.3) M OrpaHHYHBAIOT 3aMKHYTYIO
CepIOBHOHYI0 “ABYYTONbHYl0™ o6Gnacts, ITH TOUKH OTBevalT Gudypranuam
KOPa3MepHOCTH [Ba CYLIECTBOBAHMA Ha (a3oBOM NOpTpeTe TPEXKpaTHOH 0CO-
60H TOUKH, BO3HHK AIOILEH NIPH OTHOBPEMEHHOM CIIMAHMM [BYX Y3TIOB ONHHAKO-
BOH YCTOMYMBOCTH M Cemyia. B mapaMeTpHyecKHMX TOUKax o#; H <%, Gnoypka-
IMOHHBIE KpHBBIE KAaCalOTCA, aCHMITOTHYECKH o0Opasys HOMyKYOGHYecKYylo
napabonry.

Takum oGpasoMm, xpuBble S; u S, cemioy3nos A;C u A,C pa3Gusaior
MJIOCKOCTh NapaMeTpoB Ha ABe O6GNAcTH: NApaMeTPHYECKHM TOUKAM, JIeXaliiM
BHYTpH OBYYTOJNbHHKA, COOTBETCTBYET CyHIECTBOBaHMe Ha (a30BOM NOprpere
CHCTeMbI TpeX HETPUBHATbHBIX paBHOBecuil, MapaMeTpPHYeCKHM TOYKaM BHe
ABYYTOJIbHHKA — CYINECTBOBaHNe Ha (a30BOM NOPTpeTe OJHOTO HETPHBHANIBHO-
IO paBHOBECHUA,

[lpu e— O HMKHAA Oyra OBYYroibHMKa, COOTBETCTBYIOLIAsA 6udYpKAUHH
o6pa3oBanud Ha Ga30BOM NOpIpeTe ceIoysna A,C, “miunaer’” B KoOpAHHAT-
Hpiit yron { @, 8, npudem Touka o7 ; crpemurca k (@ = 0, § = oo af, -
K (a=1, § =0), u mapamerpmyeckuit noprper (cM. puc. 3.5.3) npuoGperaer
BHJI, H306paxceHHbIH Ha puc. 3.4.4, 6.

ITpoaHanu3upyeM YCTOHMMBOCTb TOYeK A, A; H A, . KauectBeHHO 310 MOXHO
coenarb, He npuberas K MareMaTHUeCKHM BBIKIIa[IKaM, 3Has NHINb MapaMeTpH-

/4
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Puc. 3.5.3. [locnenoBarenbHbie 3Tambl MOCTPOEHHS MapaMeTpUYeCKOro MOPTPeTa CUCTEMBI
(3.54)

4 — NMHHUU CEeMTOY3N0OB; O — NMHHUH HEWTPAILHOCTH; 6 — JTUHUM MeTeslb CenapaTpuc u
KPaTHbIX IMKIIoB (MONHLIA NOPTPET)

veckHil moptper cucrems! (3.5.4) npu € =0 [coBragaer ¢ mapaMeTpHYECKHUM
noprperom cucrems! (3.4.8) (cm. puc. 3.4.4, 6)] u npu 8 = 0 [coBmamaer ¢
noprperom cuctems! (3.4.2) (cm. puc. 3.4.1,6) | u pyxosonctByscs cooGpaxe-
HUAMH HeNpepbIBHOCTH.

PaccMOTPHM TONOXKEHHe JTHHUK HelTpanpHocTH Ha { @, 5} -wiockocru. U3 co-
MOCTABJIeHUA C NapaMeTpuyecKHM MHoprperoM (cMm. puc. 3.4.1, 6) cucremsl
(3.4.2) cnenyer, uto och abeuuce {a, & }-mopTpera cuctems! (3.5.4) HMeerT e
ob1iHe TOYKH C THHHeR HeiTpambHOCTH ¥y, (@ =ay, §=0) u ¥, (@ =a,,
5=0) (cm.puc. 3.5.3,6).

U3 conocTasnenus ¢ NapamMeTpUYECKHM MOpPTpeToM (CM. pHc. 3.4.4) CHCTEMBI
(3.4.8) u cooBpaxeHHMil HeNpepbIBHOCTH CleNyeT, YTO JIMHUA HEHTPATbHOCTH
[OJDKHA KaCcaThCsA BepXHeil [yTH IBYYTONbHNKA B TOUKe & ; (cm. puc. 3.5.3,6).
Mexnoy ToukamM ¥, M &, THMHA HeATPAIBHOCTH, CIENOBAaTEIBHO, Iepece-
KaeT HIDKHIO OyTy ABYYroJIbHMKa B Touke ;. IIpu 3ToM 3HaueHHs Napamer-
pOB, Nexatie Ha oTpeske ¥, ¥;, COOTBETCTBYHT Ha $a30BOM MOpTpeTe
HEATPANBPHOCTH eIMHCTBEHHOTO PaBHOBeCcHA A, a 3HaYeHWs NapaMeTPOB, Jiexa-
uiMe Ha oTpe3ke ¢; &, COOTBETCTBYIOT Ha )a30BOM NOPTpPeTe HEHTPAIBHOCTH
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paBHoBeckA A, . [lapamerpiueckast Touka ¢ cooTBeTcTByer GHbYpPKaLKH KO-
pasMepHOCTH ~OIMH IUTIOC OfMH — cluAHMIO Ha ¢a3oBoM noprpere ceyia C ¢
y3i1oM A, U HeilitpanibHOcTH A;. Touka 53, cooTBercrByer 6MdypKamyu Ko-
pa3MepHOCTH [OBa BBIpOXMeHHOro cemioysna A;C (paBHoBecHs Cc OgBYyMsA Hylle-
BBIMH COOCTBEHHBIMH UHCJIaMH), aHAJIOFMYHOM yke BCTpevalouieiica HaMm, B 4acT-
HOCTH NpH uccienopanuy cicrems! (3.4.8). TIpu 3toM yuacrok <% ; &, Bepx-
Hell [YrM [BYYTOJIbHMKa OTBEY3eT CYlIeCTBOBaHHI0 Ha (Ga30BOM IOPTpeTe
yeroiivugozo cepnoysna A;C, a yyactok B1v% , — HeYCroiiuvugo2o cemjo-
y3na A, C.

MpocmenuM pacnonoxeHHe NMHUH HEHTPATBHOCTH MeXIy TOuKamMu I3, H
¥ 5 (eM. puc. 3.5.3, 6). 3ameTHM, UTO MOCKONBKY TOUKH | ¥ vZ 5 COOTBET-
cTByI0T GHdypKalMu Kopa3sMepHOCTH [ABa, TO OHH HOJKHbI ObITh OOLIMMH 1A
JIMHUHA CEMJTOY3TIOB COUHAKOGODI YCTOUYUSOCTU : MApaMeTpHYeCKash TOYKa |
COOTBETCTBYET CIHAHMIO Ha ¢asoBom Noprpere cedyia C M ABYX ycroiiyugvix
yanoB A; u A,, a Touka <%, —ciuammio ceana C U ABYX HeEYCTOiNUBbIX YIIOB
A; ¥ A;. J10 O3HauaeT, yTo HA HWKHEH Oyre [BYYronbHUKA CYLIECTBYeET TOY-
Ka ', TaKas, 4TO0 y4yacToK OYTH o# ; 53 , OTBevaeT Cy1IecTBOBaHHUI0 Ha daso-
BOM IOpTpeTe YCTOWWMBOro cemmoysna A,C, a yyacTok &, o#, — HeyCTohum-
Boro cemioysna A,C. Touka §3 . cooTBeTCTBYeT OHYpKaUMK KOPa3MepHOCTH
OBa BBIPOXTOEHHOro cemtoy3na A, C M fABIAETCA TOYKOH KacaHuA JIMHHM Hei-
TPaIBHOCTH W HIDKHed [yTH ABYYronbHKKa., JanpHedni Xon THHHK HeATpalb-
HOCTH OUeBHHEH: OHa FepeceKaeT BepXHIOI YTy ABYYTOIbHUKA B TOUKe ¢ ,
H 3aTeM BXOAMT B OcCb abcumce B Touke &7 5, Touka ¢, otBeuaer Gudypxauum
KOpa3MepHOCTH OfIHH IUTIC ONMH™: CIUAHHIO Ha dazosom noprpere cemna C
C YyINOM A; H M3MeHeHHI0 YCTOHMUMBOCTH TOYKH A,. JIMHMA HeATpaNbHOCTH
Ha {q, 8)-noprpere cucremnl (3.5.4) mocrpoeta nonHoctsio. llomuepxHeM, uro
pasnMuyHble YYacTKM JIMHMH HEHTPIBHOCTH COOTBETCTBYIOT HEHTPaIbHOCTH
Pa3MyHBIX PAaBHOBeCHil Ha (ha30BOM IMOPTpETE CHCTEMBI: Y4acToK & ; ¢
OTBeyaeT HeHTPaTbHOCTH EOHHCTBEHHOTO PaBHOBeCH# A, ¥ ; Iy — HeHTpATD-
HocTH Ay, 7 ; 97, — HeiitpabHOCTH cemna C (IANEAS1=1), B, €, — e
TPWTBHOCTH A, H, HAKOHell, %2 &, — CHOBa HEATPATBHOCTH EIMHCTBEHHOTO
paBHoBecHs A. Yuacrox & ;&/,, COOTBETCTBYIOMHMI HeHTpanbHOCTH cemia C,
tdopmanpHo 6HYpKAUKMOHHHIM He ABJIAETCHA, HO Ha HeM JIEXHT Touka ¥, oTBe-
yarpollaa Ba)XXHOH GUypKampy KOPa3MepHOCTH [IBa.

XapakTep B3aHMHOTO paCHONIOXKEHHS JIMHKIA CENI0YIOB M JIMHUH HelTpath-
HOCTH, TIpOBeNeHHOM Bl Ha OCHOBE OGIMX cOOGpaXkeHuii, 6pUT NOATBepXeH
Hernocpe/icTBeHHbIM pacuetom [33].

Pudypkanuu nmpemenbHB X WHKIOB. Ha napamerpuyeckom
noprpeTe cucrembl (3.5.4), KpoMe HaHeceHHBIX Yxke nunuit (puc. 3.5.3, 6),
oTBevaloiyx 6udyprauuaM ocobbix TOUEK, NPHCYTCTBYIOT JMHHH, OTBeualomue
6udypkalmAM npeaenbHpIX LMKIIOB. Paccmorpum xapakTep GHdypkaumid u
B3aMMHOE pAaclonoxkeHWe COOTBETCIBYIomMX OHdypKauvoHHbIX nunui., U3
TOUKH % ; BHYTpb JBYYrONbHHKA BBIXOOMT JNuHMA P; 3HayeHwil mapamerpos,
NpU KOTOPBIX Ha (a30BOM NOpPTpeTe CHCTEMBI CYILECTBYET HeTIA cenapaTpuChl
cemia C BOKPYT TOUKH A,. ITa JTHHHA HMeeT o0lyI0 TOUKY 2 ; C HIDKHe# qy-
ro#l IBYyrojbHHKa M, eCTeCTBEHHO, He HMeeT NPOJIOIKeHH BHe IBYYTONIbHHKA,
NOCKONBKY COOTBETCTBYIOUIHE 3HA4YeHHA NapaMeTpoB OTBeYaloT OTCYTCTBHIO
cemna Ha ¢a30BOM MOpPTpETe CHCTEMBI.

CrpykTypa mapameTpHYecKOH OKpPECTHOCTH TOYKH, 06ulel o THHHH Cemio-
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Y3TI0B M JIMHUH IeTIIH CeHapaTpHChl, B Cliyyae obuiero NomoxeHusa KcclenoBaHa
B pabote [S5]. ACHMITOTHKA JIHHMIA CeyIOY3NOB U NETIIH CeNapaTPHCHl B OK-
PEeCTHOCTH TOYKH £ He H3y4YeHbl, HO ecTh OCHOBaHH II0JIarath, 4TO 3TH JIMHUH
B cllydae oBmiero nojosxeHHsA KacarnTcs.

CoBepILIEHHO aHAJIOTHYHO M3 TOYKK J3 ; BHYTpb IBYYTONIBHHKA BBIXOIMT
nuHuA P, 3HaueHnd mapameTpoB, IpH KOTOpPBIX Ha $a30BOM NOpTpeTe CHCTEMbI
CyllecTBYeT MeTia cenaparpuc cemna C BOKPYr TOUKH A,;. 3Ta NTHHUA HMeeT
obmyio Touky £ , c BepxHe#l AYTO#M OBYYroNbHHKA.,

IToctpoum da3oBbie MOPTPETHI 1A HEKOTOPBIX MapaMeTpHUeCKHX obacrei,
uTo6bl TPOAHANIM3KPOBATh, KakHe eute GHYpKaNMOHHbIE THHHE ¢ HeoBXOmM-
MOCTBI0 NIPUCYTCIBYIOT Ha [IAPaMETPHUECKOM NOPTPETEe CHCTEMBI.

Ha puc. 3.5.4, BugHo, yt0 (pa30Bble NMOPTpeTH! I NapaMerpuuecKux 06-
nacTet 5 M 6 pasNMvarTCA JHIUbL OONMBIIMM NpeNeNIbHbIM HKIIOM, OXBaThIBAIO-
HIMM BCe TpPH paBHOBecHA. SICHO, YTO NIOPTPeT S5 B NOPTpeT 6 ¢ HeOBXOAUMOCThIO
nepeBoauT 6Hdypranua obpasopaHua Ha ¢a3oBoM noprpere “GONBIION” METIH
cenaparpucel cegna C, oxsaTeBalowmied o6a pasHoBecus A; U A,. [Ipyrumu
CIIOBaMH, Ha IIapaMeTpHyecKOM NOPTpeTe CHCTeMBbI ¢ HEOOXOMUMOCTBIO [IOJHKHA
CylleCTBOBaTh JIMHHA 3HAYEHHH IapamMerpoB, OTBEYAIOLIMX CYLIECTBOBAHMIO
Ha (a30BOM NOpTpeTe CHCTEMBI “GONBILIOH" METIH cellapaTphc. ITa NapamMerpu-
qecKas JIMHKUA, eCTECTBEHHO, HIHKOM JISKHT BHYTPH ABYYTOIbHUKA, NOCKOIIBKY
3HaYeHHA MapaMeTpoB, JIeXalwWHe BHe MBYYTOJIbHMKA, COOTBETCTBYIOT OTCYT-
crBHio cenia C Ha $a3oBOM NOPIpeTe, H MMeeT Ob1IHe TOUKK & | U T, ¢ AOy-
ramu AByyronbpHuka. Kak nokasano Ha puc. 3.5.3, 6, Touka . paclonoxeHa
Mexny L, Hu Dy,aTouka J ; —MeXay 1 u D,.

INonmHbIA MapameTpHyecKHil NOPTPET CHCTEMbl He HCUEPIbIBAaeTCA MepeyrciieH-
HbIMA JMHUAMH. JIMHMA J, & , 3HaueHHA NapaMeTpOB, OTBEYAIOLIUX CYLUECT-
BOBaHMI0 Ha (a30BOM NopTpeTe GONMBLIOH NETIIH CeNapaTpHC, KaKk BHOHO Ha
pHc. 3.5.3, 8, wepecexaer NUHHIO B | B , HelirpanpHocTH cemna C (Touxa X).
Touka H NepeceueHHs COOTBETCTBYET HCCIeNOBaHHOM B pabote [68] Gudypka-
UMK KOPa3MEpHOCTH [Ba CylIeCTBOBaHHA Ha (pa30BOM IOPTpeTe CHCTEMbI
HEATPAIbHOM NET/IN CenapaTpuchl. ITO O3HAYAET, YTO €CIH 3HAYEHHA l1apamMeTpoB
NepeceKawT JIMHHIO J, J, OONbIION NeTm cerapaTpuc CBEPXY BHU3 Ha
yuactke J ¥, To Ha ¢a3oBOM NOpTpeTe H3 MeETNH CENapaTpPUchl pOXHAeTCA
YCTOMYMBBIH IpenenbHuld UMKI. ECIHM ke 3HaueHMs NapaMETpoOB B TOM Xe
HalpaBjieHHH TlepeceKawT JIMHHIO J; J , Ha ywactke X 7 ,, To Ha $pa30BOM
NopTpeTe NpH 3TOM ’BIUNAET” B MET/II0 CEeNapaTpuc ¥ pa3pylluaeTcA HeyCTOHUH-
BBIH IpenensHbI DMKI. ITO, B YaCTHOCTH, O3HayaeT, Yto Touka H sABnAercs
KOHIEBOH 1A nuHMK () 3HaYeHMid NMapaMeTpoB, COOTBETCTBYIOMIHX CYIUIECTBO-
BaHHI0 Ha $a30BOM NOPTpeTe CHCTEMBI ABYKPATHBIX I{KJIOB.

Takum oBGpa3som, npu Nepexone 3Ha4YeHWi mapamerpoB U3 obnactw 6 B 06-
macTb 5 Ha ¢$a3oBoM NOPTpere CHCTeMbl COGBITHA MOTYT Pa3BOPaYMBATHCA
OBOAKO: nHO0 GOMBILOH YCTOWYMBBIA MpeneNbHblid nuKN paspyuraerca (7no-
naerca’) Ha NeTne celapaTpHc, TW6O CHAaYw1a BHYTPH YCTOMYMBOTO NpeAeIbHO-
ro pMKIa W3 NETIM Cenaparpuc poxpaerca HeyCTOMUYMBBIA (Napamerpuyueckas
o6racts ¥ Ga3oBbii HoprpeT 9), a 3aTeM IPH HaNbHelllleM JBIDKEHMH NO Napa-
MeTpy 06a mMKJIa CTHIATCA M AHHUTIWIMPYIOT NpH NepeceyeHHH 3HAYeHMAMMH
napamerpoB MuHUM Q KpaTHBIX LHKIIOB.

Ocraercs nocnemuuit Bonpoc. I'ne HaxoguTca BTOpod KoHen nuHUM Q 3Have-
HUH TapamerpoB, NPH KOTOPBIX Ha (a3oBOM MOPTpeTe CHCTEMBI CYLIECTBYIOT
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Puc. 3.5.4. Tlonauiit HaGop rpyGuix $a3oBhiX moprpe-
TOB CHCTeMHI (3.5 4)

4

R

OBYKpaTHble NpedelbHble UMIIbI (IMHHM KpaTHeix ILuxioB)? EcrecrBeHHO
MIPEMIIIONIONHTh, YTO HA y4acTKe JIMHUM HEeATPAIbHOCTH MeXIY TOUKaMH %, H
% , cyuectByer Touka & , B KOTOpo# oGpaliaercs B Hylb MepBas JIAMYHOB-
cKaf BEJIMUMHA, JTa MapameTpUuecKas TOuKa OTBeyaeT OUdypKauuH Kopa3mep-
HOCTH [BA M ABJIAETCA KOHUEBOW UIA JIMHUH KpaTHbIX HMKIIOB. IIpsimoit pacuer
TIO/LTB €AW PABWIBHOCTB 3TOr0 Npemmonoxerus [33]. Ha atom mocrpoeHue
{a, 8}mapamerpuueckoro noprpera mpu =1 cucremsr (3.5.4) 3aBeplieHo
(cm. puc. 3.5.3, ). I'pyGoie ¢a3oBbre mOPIPETHI [UifA NapameTpHYecKHX 00-
nacreit I—10, npencTasieHsl Ha puc. 3.5.4.

B COOTBETCTBHHM C HaMeUeHHbIM IUIaHOM HCCII€AOBaHMsA cucTeMsbl (3.5.4) pac-
CMOTPHM, KaK HM3MeHAercs { a, 8)-MOPTpET CHCTEMbl IIpH YBETWYEHHH €.
3amernm, yto BHA, {a, 6} -noprpera npu €< 1 He 3aBUCHUT OT 3HaUEHMA apamer-
pa 7. Bun {a,8)-cpesa mpu € > 1/4 Takke He 3aBHCHT OT 3HAuYCHHA Y: BeCb

6. 3ax. 75 81



Puc. 3.5.5. TpexmepHast CTPyKTypa OKpPeCTHOCTH NapaMeTpUuecKolf TOUKH KOPasMEepHOCTH
Tpn, obilelt B IpOCTPaHCTBE MapaMerpoBy «, &, €} AN MuHuu A GubypKanuy KopasMepHo-
CTH IBa TPEXKPATHBIX TOYEK U [TOBEPXHOCTH N HEATPANIBHOCTH KOPAa3MEPHOCTH OGHH

mepBblit kBajpaHT {,8)-cpeza mpeacTasnAer cofoil NMapaMeTpUUECKYio 06-
NacTs f, MOCKOJIPKY M3 COOTBETCTBYIOIMX anrebpaHuecKuX ypaBHEHUH clienyer,
YTO C BO3pacTaHMeM € Mpd mo0blx 7 cO/MDKATCA, a 3aTeM CIIMBAlTCA M
HCue3aloT maphi Touek o4 | U A 2, ¥y H 9 5.

Kakue nepectpoiiki {a, §}-NapaMeTpHYecKOro MOPTPeTa, NpPOMCXOMAMIHE
C YBeliueHHeM €, [OJDKHbI NPEQIIeCTBOBATh CIMAHKI TOYeK %, H.€,7
OueBu/HO, 4TO B C1yuae 0BILEro MojoXeHus 06e TOUKH v& | H % , B MOMEHT,
NpeqlecTBYOIUME P JBIDKEHMH N0 MapaMeTpy € HX CIIMAHUI0 M HMCue3HOBe-
HMIO C NapameIpHYeCKOrO NOpTpera, AOMKHBI HAXOMMTbCA JHGO Bhillle, JHOO
HUXe JIMHMK HeliTpanpHocTH N, Jpyrumu cioBaMH, NMPEeXMAEe ueM HCYe3HYTb C
[apaMeTpHYeCKOro NOPTPETa, OBYYTONbHUK AOIDKEH LETHKOM JIHG0 ONMyCTHThCA
nox nuHuo N, nu6Go mopHATbCA Hax Heit, IlocmemoBaTensHOCTL MepecTpoeK,
RPOKCXOAAMX TIPH 3TOM C apaMeTpHueckuM { @, 8} -opTperoM, 6buia wHCeH-
Ho uccnenosaa T. U, Bypuesbim [33]. OcHoBHOE cOBBITHE COCTOMT B TOM, YIO
IpH HEKOTOPOM KPHTHYECKOM 3HAueHHHM MapameTpa € JIHHMA HeHTpanpHocTH N
IPOXOJUT yepe3 OfMH U3 “YITIOB ABYYroibHUKA™ (TOUKY o£ ; WIM % ,). JTa
CHTYaupus COOTBETCTBYeT OH}YpKauMH KOpasmMepHOCTH TpH, B 06meM ciIyyae
He uccienoBaHHOM, [lapamerpHueckas CTpYKTYpa OKPECTHOCTH ITOH TOYKH A
cuctembl (3.5.4) nonyueHa MOCPEACTBOM NPOEKIMH Ha INIOCKOCTb OKpYatomed
ee cohepbi (puc. 3.5.5). MOXKHO NpPENNIONOXHTB, YTO T4 CTPYKTYpa OTBEYaeT
cyvaio o6mero MojoXeHns Wik OKpeCTHOCTH NMapaMeTpUYecKoi TOUKH, obiei
[UIA JIMHUM TPeXKpaTHeIX (Da30BBIX TOYEK M MOBEPXHOCTH HEHTPabHOCTH
B TpexmapameTpHyecKoM HpOCTPaHCTBE, APYIMMH CJIOBaMH, COOTBETCTBYET
HapyLEHHI0 OIHOTO U3 YCIOBMI HEBBIPOXIeHHOCTH o Boraaxosy [31, 32].

JRONOLHA { @, 6} TIOpTPeTa C yBEIIHYEHHEM € CONPOBOKIACTCH HEKOTOPBIMH
NepecTpoiiKaMi NapaMeTPHYECKUX JIMHMH KPATHBIX IMIJIOB H MeTeab Cera-
patpuc. PaccmMaTpuBath BCIo NOCIEAOBATENBHOCTD NMEPECTPOEK NAPAMETPHYECKO-
ro moprpera &, § HeT HEOGXOQMMOCTH, TTOCKONbKY OHM He NPUBOIAT K
NOABJIEHAI0 HOBbIX OHPYPKANMOHHbIX JIMH M M mapaMerpuieckux o00-
nacteit. OTMETHM JIMILD, YTO, Kak Gbulo mokazano T.U. Bypuebim [33], npu
¥<1%p ~1,4 yBenvueHne ¢ NpPUBOIUT K MONHATHIO OBYYrolbHMKa Has -
Hueill N, a mpu ¥ > vk p — K €r0 OyCKaHUIO HOM JIHHKIO N.
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Taxum o6pasom, nocTpoeHue NapaMeTPUUECKOro MOPTpeTa 1 IOJHOro HaGopa
¢$a30BbIX MOPTPETOB cUCTEMBI (3.5.4) MOXHO CUMTaTh 3aBepllieHHBIM.

®asopbe nmoprtpersl H BX 6udypxanuu. Uspesynsratos
NpoBedeHHOro BbIllle MCCTENOBAHAA CIIEdyeT, YTO B 3aBHCHMOCTH OT 3HaueHMi
napamerpoB B cucTeme (3.5.4) MOI'YT peallM30BaThCH JECATh Pa3lIMYHBIX THIIOB
IMHAaMMYECKOro MOBECHUA, COOTBETCIBYiouMX (a3soBbIM NOpTpeTam, INpen-
CTaBneHHbIM Ha puc. 3.5.4. PaccMOTpHM, YTO 0BLIETO y 3THX THIIOB NOBEIEHUA
MexAy cobolt, KaKkHe MeXy HUMH CYWIECTBYIOT Pa3nHuud, KaKue JUHaMHUec-
Kue coGbITHA MOryT MPOUMCXOJUTD TIPH U3MEHEHNM 3HaUeHHI MapaMeTPOoB.

Ilpexxme Bcero mpoBefeM KnaccHpukauuio $Ha3oBbIX HOPTPETOB CHCTEMbL
(3.5.4) mo xapakTepy 1 YHCITy IPUTATNBAIOIUX PEXUMOB

Onno paBHOBECHE 1,5
(001871381171 91 38
JiBa paBHOBeCHA 2

‘PasHoBecue vumMkn 4,6, 7, 9, 10

OcraHoBuMCcA NoppoOHee Ha CTIPYKType OTAEbHbIX (Ha30BBIX IOPTPETOB.
Ioprper 1 aHanoruyeH MHOTMM PacCMOTPEHHBIM BbIllle NPH aHATH3e Pa3NIMMHBIX
Moneneit XuuHUK—kepTBa, OH OTBevaeT CyeCTBOBAHHIO OZHOTO r1o6anbHO
NpPUTATHBAOLIEr0 PaBHOBECHA M ocoboro MHTepeca He mpeacraBnsgeT, [IpH 3Ha-
YEHUAX NapaMeTpoB, NeXamux B 06MacTH J, CHCTEMa TaKkKe UMeeT eUHCTBEH-
Hoe ro6aTbHO ycTo#uHBOe paBHOBecHe. [loBemeHme cucTeMbl HpU 3TOM OTIH-
YaeTcA OT Npenblayllero cuydyas JIMIlb XapaKTepom IepexodHbIX MpOLEcCOB
IpH BO3BpaleHHH B paBHOBecHe mocie Bo3MyieHu s, [Ipy aHanu3e KOHKPETHBIX
9KOJIOTHYECKMX CHTYaUMii 3TH pa3iHuus, OOHAKO, MOryT OKa3aTbCA BecbMa
CYLECTBEHHBIMH.

IMapamerpuueckue obnacti 3 U 8 0TBEYalT CYlIECTBOBAHHIO Yy CHCTEMBI IIIO-
GanbHO MPUTATHBAIOLIEIO ABTOKOJIEGATENBHOrO peXHMa — CHTYalHs, TAKKeE Yoke
BCTpevaBlilasicd B paHee H3yueHHBIX cHcTeMax. KauecTBeHHO HOBBIM ABJIAETCA
noBeaeHne cucTeMsl (3.5.4) mpH 3HAUYEHUAX NapaMeTpoB, JIeXaiuux B obnacty 2.
Ha ¢asoBom nopTpere NpH 3TOM pEATH3YIOTCA OBA HETPHBHAIBHBIX YCTOHYMBBIX
PABHOBECHS, B OAHO U3 KOTOPHIX B 3aBMCHMOCTH OT HayanbHbIX yCNOBHH MoMNa-
HaeT cucrema. 3aMeTHM, 4To ni060€e JOCTATOYHO CHIIbHOE BO3MYILIEHHE CHCTEMBI,
HaxopsAmeficds B paBHOBECHH Aj, B CTOPOHY YBEIHUCHHS WIM YMEHbLIECHUA
YHCJIEHHOCTH JTI000H M3 monynsauwid NpH NOCTOAHHON YMCJIEHHOCTH HOPYTo#
nepeBoIMT CHCTeMy B obnacTh MPHTSOKEHUA paBHOBecHs A, (cM. puc. 3.5.4,
pexum 2).

HauGonee 6Gorat HaGop pDEXHMOB [MHAMHYECKOTO TOBEHCHHS CUCTEMBI
(3.5.4), xorga Ha (azoBom HOpTpETe ONHOBPEMEHHO -MMEIOTCH YCTOHUHBOE
paBHOBeCHEe M MpefensHbil muior. CriedyeT pa3iHyaTh Ipexie BCEro asa Ciy-
9asg: ycTONEHBOE paBHOBECHE HAXOIMTCH BHe (4) M BHyTpu uukina (6, 7, 9, 10).
B nepBoM ciiyuae NoBeleHMEe CUCTEMbI GTM3KO K OBEEHUI0 Ha (a3oBOM MOPT-
pere 2, ¢ TeM OTIMYMEM, YTO BMECTO YCTOMUMBOTO paBHOBecHMA A; HMeETCHA
YCTOMUMBBI PO bHBIA MK BOKPYT paBHOBeCHA. J11060€ JOCTaTOUHO CUITbHOE
BO3MYLUEHHE aBTOKONEGATENbHOrO pexxMMa IO KaxAoM M3 KOMIOHEHT Mepe-
BOUT CHCTEMY B OGIIacTh NMPUTAKCHUA paBHOBECUSR A, .

ITapamerpuuecikue obnacm 6, 7, 9 ¥ 10 cOOTBETCTBYIOT CUTYallMH XECTKOTO
(B dazoBoM CMBICIE) pexxMMa Bo3GyxdeHus asBTokoneGammii. Jlo6oe pmocra-
TOYHO CHJILHOE BO3MYyILIeHUE CHCTEMBI, HAXOMAMEHCA B COCTOSHHH PaBHOBECHS,
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NepeBOMT ee B 0OJIacTh NMPUTAXKEHMA aBTOKONeGaHui “BOKpPYI’ 3TOIO paBHO-
Becud. IIpy 3TOM Npu 3HaYEHUAX HapamMeTpos B oGnactax 7, 9 u 10 Ha ¢a3oBbIX
NopPTpeTax rpaHALEH 00IacTH NPUTAKEHNAA PABHOBECUA ABNAETCA HEYCTOHUMB bIii
1IpedenbHBI UMK BOKpPYr 3TOr0 paBHoBecuA. [Ipu 3HaueHHMAX NapaMeTpoB B
obnacu 6 Ha $a3oBOM nMOpIpeTe OGIACTb NPUTAXKCHUS PABHOBECHS YCTPOCHaA
Sonee cnoxHo. OHa orpaHMueHa ABYMs CMAThIBAKIUMMHUCA C HEYCTOMUMBOTO
paBHOBecuA A, MoliycenaparpucaMu, Bxodsummu B cemio C, u NpenciaBndeTt
c060i1 Hekoe nofiobue “YIUTKH ’, CKPYUMBAIOIIEACA C DABHOBECHSA A .

Takas cTpyKTypa o0nacTd NpUTAXKEHUA PABHOBECHA A, NpPUBOIUT K OBYM
B3aMMOCBA3aHHbIM CleACTBUAM. Bo-mepBbIX, B OKpPeCTHOCTH pPaBHOBECHA A,
HMeeT MeCTO CHTyauus 'IMHaMMueckod HeonpedeneHHoctw” [29]: ckornb
YTOAHO MATI0€ BO3MYIUEHHE HayallbHBIX YCNOBMH B J1I0OOM HalpaBIIEHHH MOXET
HepeBOMTh CHCIEMY M3 OONacTH NpUTSOKEHMA paBHOBecUsA B oGacTs IpuTH-
XeHHA TpefieNIbHOTO UMKIIA, H Hao60poT. Bo-BTOphIX, HOCTENEHHOE YBEIHUEH!E
BO3MYIUCHUA DaBHOBECHA A, B onpedeneHHOM HanpaBJieHWH, HaipHMep BAOIb
NpAMOM, coeMHAOIIEH Ha Pa30BOM NOpPTIpeTe pABHOBECHUA Ay U A, , IPUBOIUT
K ’’yepecronocuue”, T.. K KayeCTBEHHO HEMOHOTOHHOM pEeaKkudH CHCTEMbI Ha
BO3pAacTaHWe BO3MYILeHUA: CUCTEMA NIONA/IaeT TO B ONHY, TO B [APYryio oGnacTs
HpUTANKEHUA.

Omicap ¢a3oBbie NOPTPETHI, MEPEANEM K OMMCAHHIO COGHITWI, KOTOpbIe
MOTYT HpOMCXOIUTh B cicTieme (3.5.4) NpH NOCTENEHHOM M3MEHEHHH 3HaueHMi
napameTpoB C NPHTATHBalOWMMH 00bEKTaMM, T.e. ¢ YCTOAWMBBRIMM paBHOBe-
CHAMHM H yCTORUMBBIMH NIpelen bHbIMM UMKIIAMH.

ITpu u3MeHeHMM 3HayeHWH MapameTpOB C YCTOMUWMBBIMA pPaBHOBECUAMH
MOTYT NPOHCXOANTDb COGBITUA NATH PAITHYHBIX TUIIOB

1. Cprie pasrosecus na nogoe pagnosecuc. Tlpi 3HAYEHHAX MapaMeTpoB,
nexawyx B offlac 2, cucreMa MOXET HaXOIMTbCA B OAHOM M3 ABYX COCTOSA-
HUH YCTOWUMBOro paBHOBeCHA: A, MIM A,. EciM cucTeMa HaxoIMTCA B P4BHO-
BECHH A;, TO U3MEHEHHE 3HAYCHMil MapameTpoB, Npd KOTOPOM HA NapameTpH-
YECKOM IMOpTpeTe NepeceKaeTca rpanuua 4, 4,, HUKAK He CKA3bIBaeTCA Ha
NOBEeJIeHUH cHCTeMbl, ECiH e 3HaueH!s lapameTpoB NepeceKaioT tuHuio 4, 53,
TO MPOUCXOJHUT CPbIB PABHOBECHS: YCTONWMBBIA y3el A, clMBaeTca ¢ cemiom C,
U CHCTEMA “’CKAYKOM™ Nepexo/[MT B paBHOBeCHe A, . AHAJIOTWYHO, €CIIU HCXOQHO
3HAYECHUA IapameTpoB JIexaT B oOacmi 2, TO CHCTeMa, HAXOAALIASACSH B PABHO-
BeCHH A, NpH MU3MEHEHMH 3HaYeHHH MapaMeTpoOB, COOTBEICTBYIOLIMX Iepexoly
B IapaMeTpHuecKyio obmacts I uepes nuHuio A, B2, CKauKOoM HEPEXOMT B
paBHOBeECHE A, .

2. Maz2xoe 6030yxoenue xonebanuii. Tpd M3MeHEHWM 3HaUYeHWHA NapameT-
POB, COOTBETCTBYIoumMX Hepexody I — 3, MPOMCXOMMT MArKoe BO3GYKIeHHe
Kojie6aunii BOKpYT €OMHCTBEHHOIO PaBHOBECUA — sBJIEHHE, YXXe 3HaAKOMOE
HaM, B YacTHOCTU IO MccleioBauuio cucteM (3.4.2) u (3.4.8). JIpu u3meHeHuu
3HAYEHMI MapaMeTpOB, COOTBETCTBYWOIMX MHepexoay 2 —> 4, B CHcCTeMe Ipo-
HMCXOIMT MArKo€ BO30yxAcHue KoleGaHMH, eCTM OHA MCXOOHO HaXOAMIIACh
B p4BHOBECHM A,, M HE IPOMCXOJMT HHKAKHMX COOLITHH, €CITH OHa HAXOOWIAch
B paBHOBECUH A,.

3. XKecrxoe @0306yxOdenue Konebanuii. Ilpu M3MeHeHWH 3HAYeHMit MapaMeT-
POB, COOTBETCTBYIOIMX Nepexodam 6, 10 >3 u 7 - 8, B cucTeMe IPOUCXOOUT
XecTKoe TapaMeTpHuecKoe Bo3OyxkIeHHe KojneGaHHii — ABJIEHHE, 3HAKOMOE
HaM, B YaCTHOCTH, N0 HccnefioBanuio cucTembr (3.4.3). VicxomHsle paBHOBec-
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Hble 3HAYCHWs NEPEeMEHHbIX HpPH ITOM HAXOAATCA BHYTPH [Malla3soHa XECTKO
BO30yIMBLUMXCA KoJieOaHuH.

4. Cpvig ycrToiiuueo2o pasHoB8eCUA Ha yoanennvlil npedeavnvlii yuxa. Tpa
M3MeHEeHHH 3HAYEHMA NapaMETPOB, COOTBEICIBYIOIMX Hepexony 4 — 3 B CHCTe-
Me, KCXOIHO HaXOIMBLIEHCS B COCTOSIHMR PABHOBECHS A, NPOMCXOMT CpbIB
pPaBHOBECHA Ha aBTOKOJebatenbHb pexaiM. OTiMude OT NpepiayIIero ciyvas
(kecTkoro Bo30y:ieHMA KonebaHMi) COCTOMT B TOM, YTO MCXOAHbIC DPAaBHO-
BECHbIC 3HAueHUs TepeMEHHBIX JIexar, BooblIe roBopsT, BHE Quana3oHa H3ame-
HEHWl NMepeMEHHbIX B HOBOM YCTAHOBMBHIEMCA 4BTOKOJICOATENbHOM peXMe,

5. PoxoOenue asroxonebanuti u3 netau ceonoysind. Ilpu U3MeHEHHH 3Have-
HWHA I1apaMeTpOB, COOTBETCTBYIOIUMX Ilepexody 5 —> 3, B cucTeme Takxke Ipo-
HCXOIMT BO36YaeHue koneGaumit, NpHyeM cpasdy Sonbuiodl amMmwiMrynsl OT-
IMuMe OT [ABYX IIpedbiAyLIHX C/Iy4aeB COCTOMT B TOM, yTo (opma kosnebanuii
HOCHT penaxcalMOHHbIA XapaKTep ¥ GOMBIIIYI0 YaCTb BPEMEHU CHCTEMA IIPOBOMT
B OKPECTHOCTH COCTOSAIHUA, 10 O ypKalMy GHIBILETO p4BHOBECHBIM.

PaccMoTpum coObiTHsA, KOTOpBIE MOTYT IPOMCXOIMTb IpH M3MEHEHMH 3Ha-
YeHHH [ApaMeTpPOB C CHCTEMOi, HaXONslEHCA B aBTOKOIEOAaTENBHOM pexvime.
CyuiecTryIoT YeTpipe THIa TAKHX COGBITHH.

1. Msaexoe 3aryxanue xonebanuii. SIBnenue, o6paTHOEe MATKOMY BO3GyxHde-
HWI0 KOneGaHui U3 yCTOHUMBOrO paBHOBECHS, MPOMCXOOMT IpH Mepexone 3Ha-
yeHMi NapameTpoB 3 —> [, a Takxke 4 — 2, €ClH IIpH 3HaYCHMAX NMapaMeTpPOB B
obnacti 4 cucTeMa Haxo[MIach B aBTOKONIE6aTENNBHOM pesxaime,

2. Xecrroe 3aryxanue agToxoOnebanuii — sABneHUe, obpaTHOE >XecTKOMY
BO3Gy>xaeHNI0 aBTokoNeGanvit, [IpoMcxonuT npH Nepexode 3HaueHWHt mapamer-
poBY9—~>5 u 10->1.

3. Paspywenue astoxonebanuii Ha neTne cenapdTpucsl TPOUCXOMUT MpH
nepexofie 3HauYeHWH mapamerpoB 4 — 5, eCid NpH 3HAUEHUAX NapameIpoB B
oGnacmu 4 cMcremMa Haxomwlach B aBToKoneGarenbHoM pexmme. [lo mepe mpu-
OmixeHMs K OHYypKaUMOHHBIM 3HaYCHWAM IapameTpoB aMIUIMTyHda Kojeba-
HMH yBenMWMBaeTcA M KonebGaHus npuoOperaoT permakcaulMoHHyw dopMmy.

4, Ocranosxa asTokonebanuil 8 cednoysne Ha yukne — sBNeHUe, oGpaTHOE
pOXAeHUI0 aBTokoneGaHMiA M3 NeTnM cemioyana. IIpoucxoguT NMpH Nepexone
3HayeHud mapameTpoB 5 —> 3. Ilo mepe mpuGmimxeHMs K OHypKAUMOHHbIM
3HAYEHHAM [1apaMETPOB, ABTOKO/EGaHWUsA, COXpaHAA OGONbIUY0 aMIUIMTYAY,
HpHOOpETAT penaK cauoHHyo Gopmy.

3TMM MCcUYepnBBaeTCs nepedeHb OGUYpPKaUMOHHBIX COGBITHI, MPHBOIALIMX
K KauecTBEHHbIM H3MEHEHWAM IOBeHeHHs cucTembl (3.5.4) mpu M3MeHeHMH
3HayeHuid MapamMeTpoB.

Ixkonorvueckas MHTepnperaunusa PaccmoTpum sKonoruuec-
Ky HHTepmpeTaumio ¢a3oBbIX HOPTpeToR cHcTembl (3.5.4) npu cuxkcupo-
BaHHbIX 3HAYEHUAX NApaMETPOB U cOOBITMl, MPOUCXOOAUMX C YCTOWYHMBBIMH
paBHOBECHSIMM M 4BTOKONEGAHMAMHM INPH M3MCHEHWM 3HAUYEHWH IapameTpoB.
HavGonmpumi# HHTEepec mpu 3TOM IpeACTaBJAAIOT CHTYalWM, NMpH KOTOpHIX Ha
($ha3oBOM MOpTpeTe cHCTEMbI HMeeTCA Bojiee OOHOTO MPHTATMBANLIEro 0ObeKTa.

Ipu 3HaYEHHAX MAPaMETPOB, JieXkaumX B obnmacti 2, Ha $a30BOM MOPTpeTe
CHCTEMbI HMEIOTCS [IB2 YCTOMWMBBHIX paBHOBECHA A, H A, , 0G/IacTH NpHTIKEHHS
KOTOpPbIX pa3jieneHbl BXoaswen cemapaTpucoi cemma C, Jxonorvuecka A; —
970 paBHOBeCHe, “YHACICFOBaHHOE™ OT MCXOMIHO#H cHcTeMsl Bonbreppa, B Ko-
TOPOM TONYNANIMM XMUMHMKA H XEPTBbI B3aMMHO JIMMHTHDYOT YHMCIEHHOCTB
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apyr npyra. KauecTBEHHO HHy10 MpUpOdy HMEeT paBHOBECHE Aj; €e JIErKo
HpelcTaBUTh, pacCMaTpHBas HpedenbHbi cinyyail € —> 0. [1pu 3Tom paBHOBecHast

1
WICTICHHOCTb XHIUHHUKA Up . > Umax = ;(lla — 7). CMbICTT 3TOr0 BhIpaXkeHus

BMONIHE MpO3paueH: l/a — MaKCHManbHaAw CKOPOCTh NPUPOCTa MOIYNAUUK
XUWHNKAa B OTCYICTBME CMEPTHOCTH M NpH M3Gbirke xeptBbr; (l/a —y) —
MaKCHMajIbHasA CKOpPOCTh POCTa MOMYNALUMH XHIUHMKA C Y4eTOM CMEepPTHOCTH;
1/8 — BenuwiHa, oGpaTHas MHTEHCHMBHOCTH BHYTPHBHIOBOH KOHKYPEHLMH
XHUIHMKA 32 PECYpChl, OTIMYHBIE OT XEPTBHI, T.€. MPONOPUMOHANIBHAA EMKOCTb
JKOJIOrdYeCKOoi HUIIM XWIHMKa NpH M30bITKe XepTBhl. B menom BenuuwiHa
Umax XapaKTEPU3yeT €MKOCTb 3KOMOTHYECKOW HMIIM XMIHMKA W aHAJIOTHYHA
BenuuHe K B IOTMCTHYECKOM ypaBHEHHH.

Ilpu € - 0 paBHOBECHAA UWMCIIEHHOCTh MOMYNALUMK XKEPTBBI Up , > l/e, T.e.
K MaKCHMAIbHOM IWIOTHOCTH, JONYCKaeMOM pecypCcaMH >KepIBbI.

Taxum 06pa3oM, B paBHOBecHH A, NONMyNsAuusA XEPTBbI TUMHUTHpYeTCA He
XHIIHMKAMH, HO [OCTYNHbIMM ef pecypcaMM, a IONyNIAUUA XHIUHMKA JIMMHTH-
pyeTcA pecypcaMu, O IIHYHBIMHI OT JKEPTBBI.

IloBenenne cuUcCTeMbl NpH 3HAUCHMAX NapameTpoB, Jiexalmx B obnacrd 4,
6nMUM3KO0 K MOBEICHH!O IIpH 3HAYEHUAX MapaMeTpoB B 06/1aCTH 2, C TEM OTIIMUHEM,
YyTO MONYNAUMM XMIIHWKA K XepTIBbI, B3aWMHO THMUTHPYA WMCICHHOCTh ApYr
Apyra, HaxOOATCA He B CTAUMOHapHOM, a B aBTOKOjebaTelbHOM pexHme CO-
CYLUECTBOBAaHKA, COOTBETCTBYIOILIEM YCTOHYMBOMY HMIKJY BOKpPYr pPaBHOBE-
CUsa Al .

IKONOTHYeCKass MHTepPHpETalMs NOBE[CHHWA CHCTEMBI IIpM BO3MYIIEHUAX
paBHOBECHA A, aHANOTMYHA MIVIOXKEHHOH NpH HccledoBaHuu cuctemsl (3.4.8),
¢ TEM OTIIMYMEM, YTO MOMYNANMSA KEPIBbI, “YCKONB3HYB” (B HONYNALUHOHHOM
CMBbICTIE) OT XHUIHMKA, pa3sMHOXaeTcA He GecrpemensHo, a CTaGWIM3MpyeTcs
BOIHM3K WICTEHHOCTH, AONTyCKaeMOi YPOBHEM AOCTYHHbIX €if pecypcoB.

MepefizeM K 3KONOrMYeCKOi HHTEpNpeTaUMM cOObITHI, MPOUCXOAAWMX B
CHCTeMe NpY H3MEHEHUH 3HaueHUH apameTpoB,

M3 paccMoTpeHHs MapaMeTPHYeCKOTO MOPTPETa CUCTEMBI ACHO, YTO K OIHUM
K TEM XE€ KaueCTBEHHbIM NepecIpoiikaM pexdMa (GYHKUMOHMPOBAHUA IKO-
CHCTeMbI MOTYT NPUBOMMTL U3MEHEHHA Pa3JIMYHbIX HapameTpoB. OrpaHuwmca
paccMOTpeHHeM COObITHIH, IPOUCXOAAUMX NpH H3MEeHEHWHM NapameTpa 6 Npu
paxTMYHBIX (UKCHPOBAHHBIX 3HAYEHMAX BCeX OCTAIBHBIX NapameTpoB. Ha-
NOMHHM, YTO & XapaKTepu3yeT WHICHCMBHOCTP KOMKYDEHUMH XHIIHHKOB 33
pecypchbl, OTAHMYHbIE OT XXEPTBBI, 4 1/6 — COOTBETCTBEHHO BEIHWAHA, NMpONOp-
IMOHANIPHAA €MKOCTH 3KOJIOTHYECKOH HUIIM XWINHMKA NMpH U36bITKE >KEepIBbI.
MNapameTp € cuuraeM MaibiM (€ <€ 1). IT0 3KONMOTMYECKH 03HAYaeT, UTO IUIOT-
HOCTh MONMYTIAUMH JKEPTBbI, ONpelensemas AOCTYNHbIMH eiff pecypcamu B OT-
CYICTBME XHUIHHKa, MHOro GoJibie, YeM IUIOTHOCTb, NIpH KOTOPOH IMOIIEpPHKH-
BaeTCA TNONYNALMA >XEpTBbl, KOIMa ONpelensiomM GaKkTopoMm ABAAETCA ee
HUCTpeOneHMe XMIHHUKOM,

€CobbImia, Mpoucxodie NpU U3MEHEHNM MapaMeTpOB C PABHOBECHEM A,
aHAOTHYHBI COOBLITMAM C EOMHCTBEHHbBIM paBHOBECHEM A B paHee McClello-
BaHHOH cucreme (3.4.8). EmHCTBEHHOE OTIMYME COCTOMT B TOM, 4YTO M IIpH
CpbIBE pABHOBECHS, H NMpPH paspylieHUM aBTokoJe6aHUM HA NMeTne Ccenaparpucsl
UK CIIEHHOCTh NMOMYNAUMH XeprBul B cucreme (3.5.4) B omume OT CHCTEMBI
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(3.4.8) He pacTeT HEOrpaHHYEHO, 2 CTAGHIIM3UPYETCsA, B Pe3YNbTaTe uero cucIema
HepexoouT B paBHOBECHE A, .

PaccmoIpuM, 4TO MpOHMCXOOMT HpH M3MEHEHHWH HapaMeTpOB C PaBHOBECHEM
A>. 3amMeTHM NIpH 3TOM, YTO IIpH 3HAYCHMSAX ITApaMETPOB, JIEXAUMX B OGIIACTAX
1, 3 u 10, Xorga B CHCTEMe CYWIECTBYET COMHCTBEHHOE DaBHOBECHE, pa3iHude
MeXIy paBHOBECHsiMH A,, 0OyCIOBJIIEHHBIM B3aUMOJIEHCTBUEM MEXKIY XM ILHH-
KOM H XepTBOH, H A,, 00ycnoBiieHHpIM B3aUMOAEHCTBHEM KaXJIOH U3 mHomy-
JIALMH CO CBOMM pecypcoM, eCTECTBEHHO, TepseTca. OIHaKo, NOMHA O TOM, YT0
B cucteme (3.4.8), B KoTopyio mepexommt (3.5.4) npu € = 0, cocyuiectBoBa-
HHE MOMy/IANMA XMIUHAKA W XEPTBbI [PH 3HAUCHUAX NApaMeTpPOB, JIEHKAIMX
BhbIlll¢ JIMHWH CEJIOY3IIOB, HEBO3MOKHO, NOJIE3HO C HEKOTOpOH Jofiell yCIoB-
HOCTH CYMTaTb, YTO COBOKYNHOCTh 3HAYeHMH NapameTpOB, JIEXKAUMX IpaBee
M BbIIE JOBYYroJsHWKA, OTBEYaeT CYHIECTBOBAHMIO paBHOBECHSA THAa A,, a
obnactb neBee M HMXE ABYYIOJIBHHKAa — CYHICCTBOBAHUI0 DPABHOBECHA A, .
YCIIOBHOCTh COCTOMT B TOM, YTO YETKOHW IpaHUUbl MEXOYy 3THMH COBOKYI-
HOCTAMHM 3HAYEHMH NMapaMeTpoB HE CYIUECTBYET, OJHAKO Wi MHTEppeTauHi,
HE NpeTeHAYIoUMX Ha aGCONMWTHYI0 CTPOrocTh, TaKOe pasfielieHHe YHOGHO.

CoObiTHs, TPOHMCXOAANME C paBHOBeCMEM A, INpH HM3MEHEHMM €MKOCTH
IKojiornyeckod HuumM XumnMka (1/8), KauecTBeHHBIM 06pPa3oM 34BHCAT OT
GHOTHYECKOrO TNOTEeHHMAIa XMIIHAKA NpH M3GLITKE XEePTBbl. JTa BelMUHHA,
KaK ¥xe TOBOpHIOCH, pOMNopunoHanbHa 1/a. Byaem paccmaTpuBath coObiTuA,
NpOMCXOHAIIMe B CHCIEME IIpd M3MEHEHMH €MKOCTH 3KOJIOTHMYeCKOH HMLIM
XMIUHMKa, TOCIEHNOBATENbHO yBENHUMBAA (UKCHPOBAHHOE 3HAYCHWE ero Guo-
THYeCKOro noTeHumata. [Ipu 3Tom Bech [MamNa3oH 3HaueHWil MapameTpa & pac-
nafaeTca Ha ceMb MHTEpBAIOB (cM. puc. 3.5.3,8).

1. a > ag . Ipu mioGbIx 3HaueHUAX & B CUCIEME CYLICCTBYET eJMHCTBEH-
HOE M rxpm'oﬁ YCTOHWMBOE paBHOBECHE THiIAa A,. BHOTHYECKHIT NMOTEeHUHAN
XMIUHMKA OYeHb Majil, H XHIUHAK HE B COCTOSHWM KOHTPOIMpOBAaTh HOMYJIALUIO
XepTBel. PaBHOBecHble WICIEHHOCTH MNOMYMAUMA XMIUHMKA M JKepTBbl Ompe-
OensTCA JOCTYIHBIMA KM pPecypcaMu.

2. ag, > o > ag. JIoBONbHO y3KHA MHICpBAN 3HAaueHWH NapameTpoB, B
KOTOPOM NpH YMEHBIIEHHM €MKOCTH JKOYMOTHYECKOH HMIM XHIHMKA paBHO-
BEeCHE MATKO TepsieT yctoiwiBocTs (rpammua ¥ G;). Kak u Besxoe msArkoe
B030yxaeHne konebGaHuit, 5T0 sBIIEHHE OOpaTMMO: NpU OBHXKEHMH IO Mapa-
MeTpy & B OOpaTHOM HampaBJIEHHHW PaBHOBECHE CTAHOBMTICA YCTOMYMBBIM IpH
TOM >€ KPUTMYECKOM 3HAYeHWH Iapamerpa. JTO SABJIEHHME MOXET CIY>XHUTh
WITIOCTpaudeil MOOXeHAs 06 YCIIOBHOCTM BBIJEIICHMA DPAaBHOBECHH painny-
HOTO THNa B CJIyuae, KOraa 3HauyeHW s MapaMeTpoB JIEXKAT B OKPECTHOCTH ’yronka
OBYYTOJIIbHMKA”,

3.af > a > ay . B sTom HHTEpBANEe 3HAUCHMA GHOTHYECKOro MOTEHUHANA
yBenUYCHUE eMKOCTH 3KOJIOTHYECKOH HMIIM XHIUHMKA BJIeyeT 3a COGOM KecTKoe
BO30YKOeHHE cmroxoneGalmu T.¢, BO3HUKHOBEHHE aBToKojeOauuit cpa3sy Gomnsb-
IO aMIUTHTYObI,

BaxHo HopuepkHyib, YTO XOTA (HEHOMEHOJIOTHMA fBJIEHUA OJMHAKOBAa BO
BCEM pacCMaTpUBaeMOM HHTEpBaJie 3HAYeHWH GHOTHYeCKOro IOTeHIHANA,
JIeXAIUME B €70 OCHOBE MEXaHM3Mbl PasiMyHbI: 3TO MOKeT ObITh GO morteps
ycToiumBocTd (PoKycoM C HMCYe3HOBEHMEM Ha HeM HEYCTOMUMBOTO Mpenensb:
HOro uuxna (mepeceyeHWe JIMHMM 598, $,), nubo ciusHWE YCTOHWBOIO
yala ¢ ceiioM BHYTpH YCTOHUMBOTO WMkia (mMHuA 32 Jy). ITo 3ameuanue
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CYWECTBEHHO, MOCKOJIBKY COBEPIIEHHO PadIHuHbl NpH 3TOM KpHTEpHH IIpH-
OMMIKEHUA K NapaMeTpHUYECKOM “*OTacHOH rpaHuIe”.

Bo3nukHOBeHHe aBTOKONEGaHWA GOINBIIOH aMIUTMTYAbl B paccMaTpHBaemMoi
CUTYallhH JIOKAIBHO napaMeIpwyeckW HeoOpaTMMO BHE 3aBHCHMOCTH OT OM-
(GypKAUMOHHOTO MEXaHM3Ma: YMEHbIUIEHHE EeMKOCTH 3JKOJIOTHYECKOH HMIIM
1ocne BO3HMKHOBEHHA aBTOKONEGaHWM 0 3HAUCHWH, MEHBILMX TOro, fpH KO-
TOpPOM aBTOKONEOaHus BO3HMKIIH, He BlieyeT 3a coboil MX npekpaileHns. Juimb
AaNbHeAlee 3HAYMTENIBHOE COKPAlIEHWEe eMKOCTH 3KONOTHYeCKOd Huum (mepe-
ceuenne nuHMM F 2 7/,) Bneuer 3a coBoii "KecTKOE” BOCCTaHOBJIEHHE CTa-
HMOHAPHOTO pEXHMa COCYlecTBOBaHUA. BudypKaunoHHbI MeXaHM3M 3TOro
BOCCT4HOBJICHUA OIATH XK€ MOXET GbITb pasfIuuHbIM. JTO KOO CIIHUSTHUE NAapsl
muxnoB (mmmu F ), nnbo ruGens ycTORUMBOTO UMKIIA Ha HETIE CenapaTpuc
(mums F£J;) co cpsIBOM TpaeK Topuii BHYTPb UMKJIA.

4. ay, >a>aP, B srom unrepsane 3HayeHN GHOTHYECKOTO NOTEHLMANA
yBEIIMYEHHE E€MKOCTH 3KOJIOTMUYECKOH HMIIM BJIEYET 3a CODOH WHTEpeCHOE U
paHee Juifd 3aay MaTeMaTHYEeCKOH 3KOJIOFMM He omMcaHHoe sBjeHHe. [Ipu yse-
JIHYEHMH €MKOCTH CBEpX HEKOTOpOH KpuTHueckoit (muHus .Jy %,) B cucTeme,
KaK M B NpeApblIylueM clyvyae, BOZHMKAKT aBToKoneGaHusa cpasy Bonpilioi am-
IWIKTyObl. XapaKTepHOH O0COGEHHOCTHI0 3THX aBTOKONEOAaHUH SABIAETCA OYEHD
Gonbwoit (nopsaxa T =~ 1/(8,p, ~ 8)) nepuol, 1 To, uto GoNbUIYI0 YAaCTh Bpe-
MEHH CHCTeMa NPOBOAMT B OKPECTHOCTH COCTOSIHUA, KOTOpOe INpH JOKpPHTH-
YeCKHX 3HaueHWsAX IapameTpa Gpulo ycToiwBbiM. HauGonee uHTepecHO TO,
4YT0 B OTIMWME OT TONBKO YTO pacCMOTPEHHBIX MEXaHM3MOB XKECTKOro BO3-
Gyx/eHus KoseGanuii B JaHHOM Clyyae SIBTIEHHE TMCTepe3uca He HaGIIIoIaeTCcs:
NpH ABMOKCHWH 1O NMapameTpy B 0GpaTHOM HanmpaBJIeHMH aBTOKOIeGaHMs HCue-
3a10T M p4BHOBECHE BOCCTaHABIMBaeTCA NpPU TOM K€ CaMOM KpHTUYECKOM
3HAaueHUHM NTapaMeTpa.

dKonoruyecKas WHTEPIpEeTaluKA ITOrO ABJICHUA C KCIIOB30BAHNEM NpPECTaB-
JieHMi 0 “cTaGunu3MpyloumMx” U “aecTabunusupyroumx’’ ¢aKropax, Ho-BUIH-
MOMY, HEBO3MO)XKHa, IIOCKO/IbKY OHO BO3HHKAET /ML K&K pe3ynbTaT B3auMo-
HEHCTBUA BCEX YYTEHHBIX B paMKax JaHHOH Mofenu ¢pakTopos.

5. a9, > a>a®,. Batom nHTepBane 3HaueHMit GHOTHUECKOro MOTEHIHANA
yBeIIMYCHAE €MKOCTH 3KOJIOrHYeCKON HMIM TaKKe NPUBOJMT K BO3HMKHO-
BEHHI0 aBTOKOJIeGaHMA GONbIIOH AMIUIMTYIbl, ONHAKO B OTIMYHE OT paHee
PacCMOTPEHHBIX CJIyyaeB 3HAYCHWS MNCPEMEHHbIX, ObIBIIME DAaBHOBECHBIMH B
JOKPHTMYECKHA MOMEHT, J1€XaT BHE Auana3’oHa BO3HMKAIOIIMX A4BTOKOIEGa-
Huid. [JosTomMy B maHHOM cjlyvyae NpaBMIIBHO TOBOPHTH HE O BO3GY>KOECHMH KO-
neGanMit, a o cpbBe paBHOBecusl Ha aBTokoneGamuA. Tak e kak H INpH
aF > « > ay , ABNCHME NIAPAMETPUYECKH JIOKAIBHO HeoOpaumMo — HMeeT
MECTO THCTEPE3HC.

6. ap >a > ay . YBenmMueHue eMKOCTH IKOJIOTHYECKOH HULM NPUBOIUT
K CpbIBYy paBHOBecHA A, Ha A,. [Tocnenywouee ymeHbuIeHne eMKOCTA HHLLM
He NPHBOMMT Cpa3y K BOCCTAHOBJICHWIO PaBHOBECUSA A, — MMEET MeCTO TMCTe-
pe3uc. JUnsi BoccTaHOBJIeHMA TpeGyeTca Gojlee 3HaWMTENBHOE YMeEHbUIEHWE
eMKOCTH HMiM (Tiepeceuerue nubnu A, 3,).

OJKOJIOTHYECKHA CMBICTL 3TOr0 ABJICHMA COCTOMT, MO-BUIMMOMY, B CleOyw-
weM. IIpH Manoit eMKOCTH 3KONOrMyecKoN HULIM NONMyNIAUMA XUIHMKA HeMHO-
TOYMCIIEHHA U HE MOJXET KOHTPOJIMPOBATh TIOMYIISAUMIO KEPTBBI, KOTOpast JIKMHU-
TUpYeTCs COGCTBEHHBIMM pecypcaMu (paBHOBecHe A,). C YBEIHYEHHUEM eM-
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KOCTM HHUM paBHOBECHAaf IUIOTHOCTb MONYIALMM XWIHAKA pacTeT ¥ HAKOHel
IOCTUTAET TaKOTO YPOBHS, IpH KOTOPOM XHMIUHHK “y>K€ MOXET B3ATh Ha cebd”
KOHTpOIb Hafl nomynsuuei xepIBol. IDIOTHOCTD NOMyNALMY XEePTBHI (a 32 Hel
M XMIIHMKA) COKpaWaeTCs, ¥ CHCTEMa CKaYKOM NepexXOIUT B paBHOBEcHE A,
B KOTOPOM MOMyJIAUMM XMIMHMKA H JKEPTBB B3aMMHO KOHTPONUDYIOT ApYT
apyra.

Ecnu mocne ycTaHOBJIEHMS PaBHOBECHA A; OTIMYHbIE OT XKEPIBBI PECYpChl
XMUIIHMKA CHOBAa HayMHAWT COKpPamaTbCA, TO IUIOTHOCTh NMOMYNAUMH XMILHUKA
HECKONbKO COKpAaIaeTcsi, XOTA B OCHOBHOM OHa OlipefieisieICs B3aHMOJCHCT-
BHeM c nonynsuueil sxepTBsl. COOTBETCTBEHHO ocnabeBaeT JdBlIeHUE XHULIHUKA
Ha l'[OﬂyJ’IHuPﬂO XXEpTBBI, H paBHOBeCHasA IUIOTHOCTb IONYNAUMHU )KepTBbX BO3-
pacraer. Ilpd manpHeH1leM COKpAllleHWM €MKOCTH 3KOJIOTMYECKOH HMIM XHIL-
HMKA p4BHOBECHaA IUIOTHOCTb MONYNAUMH JKEPTBbI AOCTUraeT 3HAYeHWsi CTOJIb
BBICOKOTO, YTO XMIUHMK OKa3bIBa€TCH *’yXe HE B COCTOSHHMHM KOHTPOJIHpPOBATH
TOMYNAUKIO KEPTBBI. IUIOTHOCTH NOMYNALMH XepTBbI (3 3a Hell M XHIHMKA)
YBETHUMBACTCA, i CHCTEMA CKaYKOM IIEPEXOMT B COCTOSIHHE A .

OnucaHHble Bpile COOLITHSA, TPOMCXONAUME NP M3MEHEHMH €MKOCTH KO-
TIOTHYECKOH HUILM XMIUHKWKA, KOTda aﬁD > a > ai, , RHTepIPETUPYIOTCA CO-
BEpIICHHO aHAJIOTHYHO, C TOHM paa}muen, 4TO crauuonapﬂoe COCYILECTBOBAHUE
HOMYMAUMA XHUIIHMKA W KEPTBbI B YCIOBHM B3aMMHOK PEryNALMH TUIOTHOCTH
HEYCTOHYABO H OHM MOTYT COCYIHECTBOBATb, B3aWMHO PEryJHpys WMCIEHHOCTD
Jpyr Opyra, NMlmb B aBTOKONEGAaTENBHOM pEXMME, COOTBETCTBYIOIIEM YCTOH-
YHBOMY NPEfielIBHOMY LMKIIY BOKPYI paBHOBECUA A, .

7.« < a4 . BHe 3aBHCHMOCTH OT eMKOCTH 3KOJIOTHYECKOH HHILIM XHIUHHKA
B cHcTeMe cymecmyer €[MHCTBEHHOE COCTOSIHME paBHOBECHSA. JKOJIOTHYECKH
3TO 03HAYaeT, YTo GHOTHYECKHH IMOTeHHMAN XMIIHWKA CTOJNb BBICOK, YTO XHIHMK
BCerga KOHTpOIMpYeT IUIOTHOCTh MOMyNAUMM >epTBbl. Bripouem, cTanmoHapHoe
COCYECTBOBaHHE MOXET IpH 3TOM ObIThb HEYCTOWUABLIM, H MOMYIIAUMK MOTYT
COCYIUECTBOBATh B aB TOKOJIEGATENIbHOM peXHME.

Ha sTomM 3K0JIOrHYecKas HHTepHpefalMs AUHAMMYCCKHX PEXMMOB H ux
nepecTpoeK, peanusyroumxcs B cucteme (3.5.4), 3aBepiueHa,

Hau 6o71ee HHTE peCHBIMU MPEACTABIIAIOTCA ClISAyIoIUe Pe3yIIbTaThl:

a) BO3MOJXHOCTb YCTOHUWMBOIO COCYIUECTBOBAHMA XWIIHMKA M JKEPTBHI B
PA34uuHblX COCTOSTHUAX TIpH OOHUX u Tex Me YCHOBHUAX (3HaueHMAX Ha-
pamerpoB);

6) cBA3aHHBIE C 3TMM pa3HOOOpa3Hpie rucrepesucHble 3pdexTs Npu H3me-
HEHMHM YCIIOBMH, ApyrMMHM CIOBaMH, HEOGPATMMOCTh KayeCTBEHHBIX MEPECTPOeK
pexmmMoB (pYHKUMOHHPOBAHHSA NPU H3MEHEHHH YCIIOBUIA,

B) BO3MOXHOCTb G€3rvCTepe3uCHOro BO3HMKHOBEHUA 4BTOKONeOGaHu#i 6orb-
1I0# aMIDIMTYIBI IPH K3MEHEHUH YCJIOBHIA.

3ameuanve. Mopens, umewias MHoro obumero ¢ cucremoit (3.5.4), uccie-
goBanachk B cepuu paGor A.C. McaeBa u ero corpymHukoB [47—49, 67]. Obwme#
0COBEHHOCTBI0O 3TUX MOIErneH SIBIAECTCA TO, YTO B OTIIMYME OT MOJABJiSIOIIETO
SOJIBILIMHCTBA APYTHX MOMENEeH MaTeMaTHUeCKOH 3KOJIOTMH B HUX MCCIIENyIoTCA
CHUTYauuu, Korga Ha ¢a3’oBoM NOPTpeTe CHCTEMbI MOXKET CyLIeCTBOBAThH Doree
OJHOro YCTOMYMBOrO HETPHBMATBHOrO paBHOBecusi. OTIIMWHEe COCTOMUT B TOM,
4T0 B HcceioBaHuax Vicaea U np. ucmosip3yeTcs BocxoasAumi Kk paGore Kon-
MoropoBa [53, 135] nopmxod, Mpu KOTOPOM OTOBapHBAWICA JMIIbL OrpaHH-
yeHMA oOwWEero xapakTepa, HaKnajpBaeMble HA BWJ GYHKumil, TOrga Kak B
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HACTOAWEH padoTe aHaMM3MpYyeTCA KOHKpETHasA MapaMeTpHueckas dopma
cooTBeTCTBYIoumMX (yHKkuuit, OcraBagcp B pamKkax Gonee obuero koimmoro-
POBCKOro MOAXOAa, YA2eTCA YCTAaHOBHTH JIMIIL HEKOTOpbIEe OOIME CBOHCTBA
JMHAaMMKH (WACIO PaBHOBECHH M HHOITIA. HX JIOKANBHYI0 YCTOHUMBOCTD). B 01-
HOWICHMH HHBIX, HC MEHEE CYIUECTBEHHBIX UIA NPaKTHKH OCOOCHHOCTEH IMHa-
MHKH, CBA3aHHBIX, HaNpHMEp, CO B3aHMHBLIM DAaCIONOKEHHEM .CEMaparpHc
U MpelenbHbIX DHKIOB, IpH TaKOM NOAXoAe NMPHUXOOUTCS NOBOJIBCTBOBATHCH
YTBEpXKACHUAMH THNA TOrO, UTO TOT MIM MHOH BHJ ¢a3oBOro moprpera “He
IpOTHBOPEYUT OrpaHMYCHUAM, HaNoxeHHHIM Ha BUJ IpaBbIX vacTedl cHcTeMbl
OOBIKHOBEHHBIX MM depeHManbHBIX YpaBHenuit” [67, c. 33], HO oTHIops He
0053aTENIbHO peaNH3yeTCs.

C npyro#t cTOpOHbI, MapaMeTpHUECKHHl TOPTPET, TONYYEHHBIA B HACTOALUEH
paGote, Oyoyum CTIpyKTIYypHO rpy0biM, OUEBMIHO, COXpaHAET CBOH BH[ IpH
MAajI0M “’llIeBeJICHHM ™ TIPaBbIX YacTel MM depeHIMaNbHbIX YPaBHEHUI H TOITOMY
ClpaBeyIuB He TONBKO IIA HCCTICNOBAHHOM CHCTEMbI, HO M IS JI0OBIX CHCTEM,
ONMU3KHUX K MCCIIEIOBAHHOM,

3.5.3. Hacsimenye XANEMKA, KOHKYPeHIHA XPIHWKA

32 XKePTBY H KOHKYPEHIMA XEePTB
YueT atux Tpex ¢aKTOpoB NPUBOIUT K cucteme [20, 21]
. bxy 2
X = ax — - ex?,
(1+4x) (1+By)
dx;
y=-ey+ A— 357
(1 +Ax)(1 + By)
KOTOpas 3ameHol ¢ = 7/a, x = (a/d)u, y = (a/b)v npuBomUICA K BHOY
, uv 2
u=u- —eu’,
(1+au)(1+8v)
uv
V= -y (35.8)

+ .
(1+au)(1+pv)

YpaBHerua (3.5.8) 3aBHMCAT OT uyeThipex mapameTpoB. Ilpu NocTpoeHnyu noin-
HOro NapaMeTpuuecKoro IMoprpeTa Boclonb3dyemcs Tem, uro cuctema (3.5.8)
npu € = 0 nepexomur B cucteMmy (3.4.11), mapameTpuueckuit IOpTpeT Koro-
poit nocrpoe panee (cm. puc. 3.4.8, 6; 3.4.4, 6). HanomHuMm, uto moBeeHHE
cucremsl (3.4.11) 3aBHCUT OT 3HaKa HEPAaBEHCTBA ¥ # 1.

Hccnemoranue cuctemnr (3.5.8) mpoBemem cienywoumm oGpasom, Ha nep-
BOM 3Talle 3aUKCHpyeM HEKOTOpOe 3HaueHWe 7y < 1 W IOCTpOHM ofHONapa-
METpHUECKOe CeMeHCTBO [BymapameTpuueckux {a, f}-cpesoB Tpexmapamerpu-
yeckoro {a,f, €}-MOpTpeTa cuCTeMbl, BOIHMKAWIIEE MpPH NOCIEA0BATEIEHOM
yBE/IMUEHHY NTApaMeTpa € HauHHasg OT Hynsf. 3aTeM MOBTOPHM TY € Npouenypy
IUIA TPOM3BOJILHOTO (PUKCHPOBAHHOTO 3HAUCHUS ¥ > 1.

[peapapas OMACaHHWE pe3yNIPTATOR MCCIENOBAHWSA, 3aMETHM, YTO B -3aBHCH-
MOCTH OT 3HAYeHHW# NMapamMeTpOB B CHCTEMe CYMIECTBYIOT OTHO HMIIM TPH HETpH-
BHANTGHBIX PAaBHOBECHSA JINGO HeTPUBHANBHDBIE pABHOBECUA OTCYTCIBYIOT (o + € >
> 1/v), 1 310T Ciy4ail Janee He pacCMAaTPHBAETCA.
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Puc. 3.5.6. Cpe3 nmapamMerpnueckoro nop'rpeTa{a, B} cuctemsf (3,5,8) mpu e << 1n
ry>1

[Mopanox HccmegoBamua cucremsl (3.5.8) mpu y < 1, mapameTpuyeckue
¢a3oBbie MOPTPETHI CHCTEMBI B TOYHOCTH COBNAIa0T C TAKOBBIMH JUIAl CHCTEMBI
(3.5.4). EnvHCTBEHHbIM OTIHYMEM ABINAETCA 3aMeHa NapameTpa §, XapakTepH-
3oBasiuero B cucreme (3.5.4) HHTEHCHBHOCTh KOHKYpDEHUMH XMIUHMKOB 33
OWIMYHBIE OT >KEPTBBI PECYDCHI, IAPaMETPOM f, XapaKTEPHIYIOILIEM B CHCTEME
(3.5 .8) HHTEHCHBHOCTb KOHKYPCHIMM XMIUHMKA 33 xepTBY. [lockonbky Gnusku
o GHOJIOTHYECKOMY CMBICTY (haxTOpbI, yUTeHHbIe B Mofienax (3.54) u (3.5.7),
TO &HATOTMYHA, €CTECTBEHHO, H HHTEepNpeTalMs pe3yNbTaToB HCCIENOBAHUA
Mozenei.

[Mapamerpuyeckuit moprper cucreMsl (3.58) npu v > 1 u ¢ = 0 coBnapaer
C mapaMmerTpuWyecKMM INoprpeTroM cucremsl (3.4.11). Ilpy y>1 1 €<l ma
{a, B)-cpese monHoro { a, B, €}-NapamMeTPHYECKOTO MOPTPETA CHCIEMBI CY-
IIECTBYET, TaK K& KaK M HA aHATOTMYHOM Cpe3e IpH Yy < 1, ceprnoBHIHasA OBY-
yroybHas oG/iacTh 3HayeHui IapaMeTpoB, IIPH KOTOpPbiX Ha ¢a30BOM NoOpTpeTe
CYLUECTBYIOT TPH HETPHBHATHLHBIX PaBHOBeCHA. UTO xacaerTcs JMHMH HeHTpanb-
HOCTH, TO OHa Ha {a, § }-cpese mpu Y > 1 BHIIIAMMT MHave, yem IpH ¥ < 1. [Ipen-
CTdBIIEHHE O €e pACTIONIOKEHMH OTHOCHTENBHO KOOPIMHATHRIX ocedl u Gudyp-
KaMOHHBIX JIMHHHA CeIJIOY3JIOB MOJXKHO NOJIYWMThb M3 CpaBHEHMA MOPTPETOB
cucremsl (3.58) npu € = 0 v npu B = 0, Hcnok3ya coobpaxeHUs HeNpephIB-
Hoctu. KavecTBeHHBIT XapakTep paclOIOXKEHHA TpeX JINHUM NeTelTb CerapaTpuc
yCTaHABIIMBAETCA Ha OCHOBE COOGpa)keHWi, MCIIOIH30BAHHBIX NPH MCCIENOBa-
Huu cucremb! (3.5.4), U NMOATBEPXECH YWMCIIEHHBIM pacuyeToM, MpOBEIEHHBEIM
T.U. Bypuesnim [21].

CynieCTBEHHO, 4TO YYCTOK JIMHMHM HENTpPalibHOCTH, COOTBETCTBYIOUMI Heil-
TpalbHOCTH cemia (WyHxTHpHaa nmausa 53, 3, Ha puc. 3.5.6) nepecexaer
He TOJIBKO JIMHMIO “GOJNBILON™ NETIIH CeNaparpuc, HO U JIMHUIO “Maloil’’ NeTiu
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Puc. 3.5.7. ®azoBbic mopTpeTsl cucTembl (3.5.8) NpH 3HAYCHHAX NapaMeTpoOB, JIEXKAUIUX
B 06/aCTAX napamerpudeckoro noprpera /[l n (2

CemapaTpuc, OXBaThiBawiied paBHoBecHe A;. COOTBEICTBYMOLIasA TOWYKA Iepe-
ceueHuA Jf, ABNACTCA KOHUEBOH [UIA JIMHMM KPAaTHBIX LUKIIOB, OXBaThIBAIO-
IUMX paBHOBecHe A,;. BTopoil KoHen JMHMM KPAaTHBIX UMKJIOB pAclOJIOKEH
Ha y4yacTKe JIMHUH HEATPaIbHOCTH, OTBEYAIOLIEM HE TPATIBHOCTH PaBHOBECHA A, ,
H ONpenensaercsa U3 YCIOBHA PaBEHCTBA HYIIIO NIEPBOIl JIATYHOBCKOM BETHMUMHBI
Ha Jroit mumMK (Touka J,). Ha atom mpouengypa Noctpoermusa { «, f}-cpesa
MapaMeTpUYeCKOro NMOpTpeTa MpH MpOU3BONBHOM ¥ > 1 u € <1 3aBeplleHa.

BonbumucTBO Mapamerpuyeckux oGnmacreit Ha puc. 3.5.6 orBeuaer ¢aso-
BBIM MIOPTPETaM, aHATTOTHYHBIM OMMCAHHBIM TPy HCCIIEHOBaHUHU CUCTEMBL (3.5.4).
(Hymepauua coxpaHeHa TOH >¢e.) JIMLIb NMpH 3HauyeHMAX MapameTpoB B OG-
nacrax /1 u 12 B cucreme (3.5.8) peannsyrorca ¢pa3oBbie MOPTpeTHI, OTIHUHBIE
oT ¢a30BhIX TOpTpeTOB cucTeMs! (3.54) (puc.3.5.7).

PaccmotpuM 3Bomsounio { @, B}-cpesa ¢ poctom € mpu v > 1.

IIpu yBenHyeHHH € NapaMETPHUCCKHMil MOPTpeT, H306paxeHHbIH Ha puc. 3.5.6,
TpeTeprieBaeT IOCIEAOBATE/IBHO [IBE CYIUECTBEHHBIE IEPECTPONKH, CBA3GHHBIE
¢ OudyprauMAMM KOpa3MEPHOCTH TpH, BCTpeyaBLMMMCH panee. [lepBad u3
HHX OTBEYaeT H3MEHEHWI0 XapaKTepa KacaHWA JIMHHI HeHTPaNIbHOCTH M CELIO-
y3oB B Touke J3;. ONHOBpEMEHHO MpPH TOM XK€ SHAYCHHH €y, (Y) B Ty Xe
Touky 93, crarmBanrca 06a KoHua nuHMM Q KpaTHeiX uukios ¥, um ¥(;.
Ananormunas OGudypxauMsa KOpa3sMEpPHOCTH TPA HaGoHanack NpH HCCIeno-
Banun cucreMnl (3.4.16) (cm. puc. 3.4.15). [Ipn panbHeiieM pocTe € MNapa-
Merpudeckuit {a, ﬁ}-cpea NpuHMMaeT BH, H300paxeHHbM Ha puc. 3.5.3, 6.
Ilpn stom napamerpuueckue oGnactv /] u ]2 CTATHBAITICA B TOYKY M MCue-
3atot co cpe3a. HoBrle mapamerpuyeckue oGrmac He 06pasyoTcs.

Tpn nanpHefilieM yBenMueHMH € dJBOMIOWMs {Q, B}-Cpe3a NPOMCXOIUT Ka-
YeCTBEHHO TAK e, KaK H 3BOTIOUMH {q, 8)-cpeaa cucremsr (3.5.4). OcnoBHas
nepecTpoiika {@, f}-1apamMeTPUYECKOTO Cpe3a CBA3aHa NpH 3TOM C Gudypxa-
UMell KOpa3MepHOCTH TpH, TMpOABIAMMIEHCT Ha {a, B}-Cpe3e B POXOXKIEHHH
JMHUM HEHTpanbHOCTH uyepe3 “’yroymox” JmHMM cemwioysnoB. Ilpu Hocrarouno
6OMNbIIOM € ABYYTONbHWK OKAa3piBAETCA B 3aBHCMMOCTH OT 3HauenMs 7y NuGo
Hao, nubo nod TMHHMEH HeHTPATBHOCTH, A 3aTeM IIpH JalbHEHILEM pOCTE € CTH-
IHBaeTcA B TOUKY M Hcue3aer ¢ { a, B}-cpesa. HoBbie mapaMeTpuyeckue oGiactu
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H COOTBETCTBEHHO HOBbIE (pa3oBbIe MOPTPETHI NIPH JTOM He BO3HMKaWT. Ta-
KHMM 006pa30M, HOJTHOE KaueCTBEHHOE HCCIEIOBAHME CHCTeMsI (3.5.8) 3aBepllieHo,

Omiuiem noapoGHee dasoBbie noprpersl /] K /2, He BCTpeyaBLUIMECH paHee,
1 IepecTpoiiKH, MPOKCXOAALME C HUMM TIpH M3MECHCHUY 3HAaYCHMH NapaMeTpoB.
IlnHaMuyeckoe IMOBEJICHWE, COOTBETCTBYIOIEE MOpTpery [2, GnMU3Ko X MOBe-
FEHUIO CHCTEMBI NPH 3HaYeHHAX IapaMeTpOB, JIeXalMX B oGnacty 5: Ha ¢aso-
BOM IIOpPTpeTe CYLIECTBYIOT OJHOBPEMEHHO [BA JIOKAIBHO YCTOHUMBBIX PaBHO-
BecHsd A; u A,. OTIHwie COCTOMT NHINb B XapaKTepe IpaHULIbI, pa3/ieii AI0ILen
00nacTH MpHTAXEHHA 3TAX pasHoBecwi. [IpH 3HaueHMsAX MapamerpoB, JIexa-
umx B ofnacTi 5, Ha ¢a3oBOM NOpTpeTe, KaK YX€ yKa3pmBaaocsk, o6racrtb
NpUTAXEHHA A, OrpaHMyeHa sxopsuwed B celo cenaparpucoil. [Ipu 3naue-
HUAX TapaMeTpoB, Jiexkaumx B obnactd /2, Ha ¢a3oBoM MOpIpeTe rpaHULECH
00nacTM TpPUTAXEHHA paBHOBeCMA A; SBNACTCA OKPYXAWIIMH paBHOBECHE
HeyCTOHUMB bl IIpeIebHbIA UMKIT.

Bonee pa3srooOpa3Ho NOBEHAECHHE CHCTEMbI TpH 3HAYEHHAX I[1apaMeTpoB,
HaxopAmmxca B obGmacty //. B 3tom ciyvae (BmepBbie CpefM CHCTEM, H3Y-
YeHHBIX B HacTosilledl paGotre) NpH (MKCHPOBAHHBIX 3HAYCHMAX NMapaMeTpOB
-ONHOBPECMEHHO pEANIH3YIOTCA TpH HETPHBMANBHBIX IPUTATHBAIOIIMX PpeXMMa:
YCTOHUMBOE paBHOBECHE A;, OKPYXXaIOWMil ero YCTOHUMBDIA MIpeeN bHbIA UHKI
H ycroMuMBoe paBHOoBecue A,. W3 3Toro, B 4aCTHOCTH, ciielyeT, YTo BO3MYy-
IUEHHA DAaBHOBECHA A, B 3aBHCHMOCTH OT XapaKTepa ¥ HHTEHCHBHOCTH MOTYT
IIpHBORUTD K TPEM Pa3IHYHBIM UCXOHaM: Mpy c1abbIX BO3MYILEHHMAX CHCTEMaA
BO3BPAUIAeTCA B TO XK€ CAMOE COCTOSHHE PaBHOBECHSA, [IPH CPEHUX — NEPEXOIUT
B YCTOHYMBBIH aBTOKO/ICOATCIbHBIA pPEXMM BOKDYr 3TOr0O paBHOBECHA, H,
HakoHell, IpH CHIBHBIX BO3MYIUEHHUAX IPOMCXONHMT NMEpPEXO CHCTEMBbI B HOBOE
COCTOSIHME paBHOBeCHA A,. OGnacTb cnabbix BO3IMYINEHHMI 3aKill04eHa BHYTDH
HEeyCTOWUMBOTO IpEHENbHOrO LMKIIA, OKPYXKAIOWero paBHoBecHe A, ; o6nacTs
CpeIHUX BO3MYLUCHHH JIEXMT MEXNTY HEYCTOMYMBBIM IIPEHETbHBIM LMKIIOM M
BXOJAWEH cenapaTpucodt cemia C; CHIIbHbIE BO3MYILIEHMA BBHIBOOAT CHCIEMY
3a TIpefernbl 0GIacTH, OrpaHMYeHHOH BXOAALLEH cenaparpucoit cema C.

Ilpn wccnemoanuu cucremnl (3.5.4) MBI MepeuMCIMIN COOHITHA, KOTOPHIE
MOTYT TIPOHCXOIMTh C YCTORUMBBLIMM PaBHOBECHAMM H IHMICTAMH TP M3MEHEHHU
3HayYeHMH napamerpoB. Kakue co6bImMA, OTIMYHBIE OT IlePEUMCIIEHHBIX, MOTYT
TpoKcXoauTh B cucreme (3.5.8)7

1. Cpwig pagnosecus. Iina cucremst (3.5.4) GpUl OMMCaH CpbiB paBHOBE-

" cuA, NMPOMCXOAAIMHA NpH Nepexofie 2 —> ] uyepe3 NHHUIO YCTOMUMBBLIX CeIO-
y3JIOB, COINPOBOXKAA0UMICA HCUe3HOBEHHEM YCTOMUMBOTO paBHOBecHA. B cucre-
Me (3.5.8), xpoMe 3TOro, CpbiB paBHOBECHsA [IPOUCXOMMT IIpH Nepexode 12 =5
uepe3 TIHHMIO HEHTpaTbHOCTH paBHOBecHA A . PaBHoBecHe A; IIpH 5TOM Tepsier
YCTOMUMBOCTD, a €NUHCTBEHHBIM IPHTATHBAOIMM OO0beKTOM Ha (ha30BoM
TIOPTpEeTe OCTaeTCA paBHOBecHe A,. DEHOMEHOIOTHUECKH 3TO COOBITHE ONMM3KO
K IIpOMCXOJALIEMY C paBHOBecHeM A, Iipu niepexofe 2 ~> ] yepe3 nuruio A, 934,
OHAKO MEXaHM3M SABIICHMA M KPHUTEPHH NpHOIHMKEHHSA K TNapameTpHuecKoi
IPaHUIE COBEPLICHHO HHBIE.

2. Xecrxoe 6030ymOenue xonebanuii. Ina cucremn: (3.5.4) omucaHo xkecr-
Koe BO30yxIeHHe KOJIeGaHHil IpH [IOTEpe Yy CTORYMBOCTH € IMHCTBEHHBIM COCTOA-
HMEM paBHOBECHA A TNpH llepexofe 3HaueHwd NapameTrpoB /0 — 3 H paBHo-
BECHEM A, IIpH nepexopax 6 > 3 m 7 = 8. B cucreme (3.5.8), xpoMe 3tux
3cbdexTOB, BO3MOXHO TaKkKe KeCTKOe BO36yHAeHue Koe6aHH BOKDYT paB-
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HoBecHA A,. OHo mpoucxomut npu nepexonme [1 — 4. OGpatHoe sBicHWE —
XKeCTKoe 3aTyXaHue KojebaHuil C BHIXOOOM CMCTEMBI B paBHOBECHE IIPOHCXO-
OMT ¢ aBTOKONEeBaTeIbHBIM PeXMMOM NpH nepexofe 11 = 2.

PestoMupys pesynsTaTel MCCIIenoBaHMA cucreMb! (3.5.8), MOXHO cKa3arth,
uro TpH Yydyere (paKTOpOB HAChHIUEHWA XMIHHKE M KOHKYPCHIMHM XEPTB [0O-
TIOJIHA TeJIbHBIA YYET KOHKYPEHUMH XMIUHHKOB 33 XXEPTBY IIDHBOJMT K HECKOMb-
K0 Oornee GoraromMy Habopy pE}XMMOB NOMHAMHUECKOIO TNOBEJEHHA, YEM yueT
¢axTOpa KOHKYPEHIMH XMIIHMKOB 33 OTIMYHBIE OT XEPTBBI pecypchl. OcHOB-
Hble YEPThI AWHAMMYECKOro NOBedeHWA IIpH ITOM OCTalIca TemH xe. Cyuect-
BEHHO HOBOH ABJACICA JIHIUbL BO3MOXHOCTh OJHOBPEMEHHOIO CyIUECTBOBA-
HWA NpH GMKCHPOBAHHBIX 3HAUCHMAX [IAPaMETPOB TPEX HETPHBHATBHBIX TIPUTA-
TMBAIOIMX PEXHMMOB: [BYX YCTOHUMBBIX PaBHOBECHH W YCTOWYMBOTrO MpEMEib-
HOTO IMKJ1a BOKPYT O[JHOTO M3 HUX.

3.5.4. KonkypeHunst xxepTB

¥ KOHKYPEHIMS% XHLIHHKA 33 OTHHYHbIe
OT JXePTBBI PeCyPChl IPH TPETHEM THIIE
TpoduuecKoi G yHKUMN XHIHHKA

Yyer 3TUX Tpex GaKkTOpOB IIPHBOAMT K CHCTEME

x = ax - bx%y/ (1 +Ax*) — ex?,

y = —cy +d2y[(1 + AX?) — hy?, (3.5.9)
KOTOpas NOC/e COOTBETCTBYIOMIER 3aMeHbl TIePEMEHHBIX [PHHUMAET BHJL

4=u-uv/(l+au®) —eu?,

b= —yv+uto/(A+au?) —8v2. (3.5.10)

JT1a MoHenb OTIHYAETCHA OF CHCTeMnl (3.5.2) TeMm, uTo B Heit yureH 3addext
KOHKYpPEHIUHH XMIIHHKOB, H OT cucTeMb! (3.5.4) -- NIpEONONIOkKEHHEM O He-
JIMHCAHOM XapakTepe BBHIEA3HHMSA OECPTBH XMIHMKOM NpPH MalOH IUIOTHOCTH
TIOMYJIAUKH XKEPTB.

CucremMa XMIIHMK—XKEPTBA € PacHONOXEHHEM HYJIb-H30KJIHH, KaueCTBEHHO
COBIAJAIOIMM C TAKOBBHIM IiA cucTeMst (3.5.10), mccnemoBana B paborte [115],
rJe XOHCTaTHPOBAHa BO3MOXKHOCTb CYIIECTBOBAHHA [BYX HETPUBHAIBHBIX
PaBHOBECHH M CpbIBa OJHOTO M3 HMX IIpH M3MEHCHHM 3HaYeHWH NapaMeTpoB.

[TocnemoBarenvHpie ITampl MccenoBanua cucremst (3.5.10) monHocthio
TIOBTOPAKT HCCIenoBaHue cucTembr (3.5.8) u Mo3TOMy 37¢Ch He NPUBOIATCA.
Pe3ynbTathi HCC1€[IOBAHUA CBHETENBCTBYIOT O TOM, UTO CTpyK1ypa{a, 8, €, v} -
noprpera cucrems! (3.5.10) xauecTBeHHO coBMagaeT co CTpyKTypodt {a, B, €, 7} -
noprpera cucreMn! (3.5.8), XoTA KOHKpeTHble GHGypKauMOHHBIE 3HAYCHHA
IIapaMeTpoB, pasyMmeeTcs, pa3/IHuHbl. BHONOrHYecKkas MHTEPIPETAUNS paNTHY-
HBIX pPEXHMOB OUHAMHYECKOrO NMOBEJCHUA W fepecTpoeK NMOBEeNEHHM, IPOUCXO-
OAWMX TpH H3MEHCHMM 3HaYeHuil MapameTpoB, aHAOIHYHa IIpUBENCHHOH B
m 3.5.3.
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3.5.5. HuoxuAa K puTHYECKas TUIOTHOCTD SKEPTBBI
M KOHKYPEHIHA XKePTB

B m1. 2 6pul0 MOKa3aHO, YTO y4eT (haKTOpa. HEMHEHHOCTH Pa3MHOKEHHUA
H30/IHPOBAHHON NOMYJIAUMK IIpH Mano#l IUIOTHOCTH Hapady ¢ GaxTopoMm ec-
TeCTBEHHON CMEepPTHOCTH NpHBOMMT K 3hdexTy HMXKHeH KPATHYECKOH IoT-
HOCTH TOMYNIAIMY. YUeT BO3HHKAWILEr0 TakuMm oOpa3soMm 3bdexrta HuMHEN
KpHTHYECKOH IUIOTHOCTH TONYIALUMA JKEPTBhI B CHCTEME XMINHUK—KEPTBA
npuBomuT (cM. II. 3.4.8) K GHONOTMYECKH HEKOPPEXTHON B HEKOTOPOM CMbICIE
MOJeJIM, B PaMKaX KOTOpOH MpH J1100bIX OLIMYHBIX OT HYJIA HaYalIbHbIX YACIIEH-
HOCTAX MOMyNANMH 06€ MOMyNANHH O6GpeyeHbl Ha BhIMUpaHUE.

IIpumem ypaBHeHMe (2.29) B KadecTBe OMUCHIBAMOILEro JMHAMUKY IUIOT-
HOCTH NOMY/IAUMHA XePTBHI B OTCYTCTBHE XMLUHWKA, a )i MOMYIAUMA XHIHMKA
COXpaHMM MCXOHOe BTOpOE ypaBHenMe cucreMbl Bonbreppa. Takum o6pasom
npuxoguM [16] x cucreme

x =ax(x - L) (K ~x) - bxy,
J'} — Cy + dxy. (3.5.1 1)

3ameHa nepeMeHHbIX ¢ = 7/a, x =ku, y = (a K/b)v npuBomMr ee Kk BUOY
u@w-nD(QA —-u) —uv,
b= —yu(m - u), (3.5.12)

roe ! =L/K, ;=dfa, m = c/dK.

Buonmornueckuii cMpiCT BXOOAIMX B CHCTEMY I[1apaMETPOB HOCTaTOUHO
oueBHAeH: ! — OTHOIIEHHE HWXKHEH KPUTHYECKOH IUTIOTHOCTH MOMYNALMH XepT-
BH K IUIOTHOCTH, OGyJIOB/IEHHON pecypcaMH >epTBbI B OTCYICTBHE :XMIIHHKAE;
Y — k030¢duuMEHT NepepaboTKH GHOMACCH! MOTPEGNEHHBIX XHUHUKOM KEPTB
B GHomaccy xuiyHWKa (B HOpMMPOBAHHbBIX MEPEMEHHBIX OH MOXET ObITh Kak
MeHblIle, TaK W GOJIbIle eAMHHLLI) ; M — MapaMeTp, KOTOPBIH MOXXHO MHTEpIIpe-
THPOBATh I0-pa3sHOMY. Bo-nepBriX, m — CralMOHapHad IUIOTHOCTb MOIYNIANUK
XEPTBBI TPH COCYILECTBOBAHHH C XMIMHHKOM, BeTHUMHY M €CTECTBEHHO CUMTATH
Mepoii NMPHCTIOCOGIIEHHOCTH XMIIHMKE K XEPTBE: YeM MeHbAA MIOTHOCTD IIO-
NyNAUMA XKEPTBHI MOXET obecreunTh CTallHOHAPHOE CyLIeCTBOBAHUE XMIITHUKA,
TEM JIYullie OH NpUCTIoCcODIer K kepTBe. BO-BTOPBIX, M MOXHO pacCMaTpUBaTh
KaK Mepy CMEpTHOCTH XuIUHuKa (NpH (GUKCHAPOBAHHOM 3HAYEHMH 7Y), T.C.
OMATH e KaK BEIHUMHY, YGbBAIOLIYI0 C POCTOM MpPHCOCOGNEHHOCTH XUILHUKA.,

YpaBHeHUA HyJb-H30KIIUH CHCTEMBI 3a/Ia10TCA B bIDAsKEHHAMU

-1 —u;

v=0, u=m

B0o3MOXHbIE BapuaHThl HX B3aMMHOTO pACNONIOKEHHA IpPEeACTaBJIEHbI Ha
puc. 3.5.8,a.

3ameruM, 410 GOPMa U TIONOXKEHHE HYNTb-H3OKIIMH, 2 3HAUMT, U KOOPAMHATh
0COBbIX TOYEK W MX YCTONUMBOCTb He 3aBHCAT OT 3HaueHMs Iapamerpa 7. Ilo-
3TOMY TpPEICTABIAETCA €CTECTBEHHbIM, KAK M paHee, NOCTPOMTh [IBYMepHbIA
{1 m }-cpe3 nonuoro { /, m, -y} -napamMeTpHYECKOro MOPTPETA MPH TIPOU3BOJILHOM
UMK CUPOBAHHOM 7, a 3aTeM NPOCIIeUTh 3a €ro 3BOJIIONMEH C H3MEHEHHEM 3Ha-
yeHus 7. Ilpd 370M GMOJNIOTHYECKHH CMBICI HMEET elMHHYHAs IO0JI0CZ MEPBOTO
OKTaHTa [IapaMeTpHIeCKOro poCTpancTBa 121 2 0.

u

it

u=0, v
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Puc. 3.5 8. B3aumHOe pacnonioxeHue HYJb-H3OK/MHH () (YeTbipe BAapHAHTAa) H MapamMerpu-
yeckuit noprper (6) cucremsl (3.5.12)

Pacrionoxenne HEKOTOphIX M3 OH(pYpPKAUMOHHBIX JIMHMH Ha IDIOCKOCTH
{1 m)} oueBumHO 6e3 xaxkuX Gbl TO HH 6bUTO BHIKIAHOX. [IpH J1F0OBIX 3HAUECHUAX
NapamMeTpoB B CHCTEME CYMECTBYIOT paBHoBecHa Of{u =v= 0}, Blu=1,
v=0}, By{u=1v=0}. Havano xooppuHar -- Bcerja ycToiuBnii y3en. Pac-
CMOTPHM HEKOTO phie 3 COGBITHI, TPOHCXOAMUUX Ha Ha30BOM IOPTPETE CHCTEMBI
MO Mepe yMEHbILUEHUS apameTpa m:

1.m>1. B, — cemno, B; — ycroitumBbIit y3er1. Bxogsausas cenaparpuca cefyia
B, paspenser oGnacti npuTsxkerns Ou B, .

2. 1>m%(+1). By — cemio, B, — cemwno, A - ycToiuMsbIit y3en unu ¢o-
Kyc; m =1 —GudypxaunoHHOe 3HaUeHHE, OTBEYAIOLIEE CYILECTBOBAHMIO Ha (a-
30BOM NOPTpETE YCTOHUMBOTO cemioyna AB; .

3. B(l+1)>m>1 By — cemio, B, — cemio, A — HeycroiuuBnlit dokyc
unu y3en; m='%(l +1) — GudypxaupoHHOe 3HauyeHMe, IpH KOTOPOM A TepseT
yCTOHUMBOCTh. MeXaHHM3M MOTEpH YCTOMYWMBOCTM Oy[ET DacCMOTPEH HMXe.

4. |>m>0. B, — HeycroiuuBbiit y3en, B; — cemno. EmMHCTBeHHDIH NpUTA-
rupapuMii o6beKT — HAYano XxoopmuHar. budypkaunorHoe 3Hauewme m =/
coOTBETCTBYeT 0bpa3oBaHMI0O HeycroiumBoro cemioyana AB, mpu nepexome A
B OTPHLATENbHYI0 O6IaCcTb.

HaneceM Ha mapameTpHuecKuil IOPTpET CHCTEMbI TPH OHdypKauMHHBIE JIH-
HHMM, 3ajaBaeMbie YyCIOBHAMU m =1, m ='4(l + 1), m = /. MbI nonyyaeM MoiHoe
NpepcTaBieHde O (ha3oBbIX NMOPTPETaxX TPH 3HAYCHMAX NMApaMETpPOB, JIEKAIMX
B obnactax I u 5, a takke 2 M 4 B OKpeCTHOCTH OHbYpKalMOHHBIX JTHHUA
m=1u m=[ coorBercrBeHHO (cM. puc. 3.5.8,6). Bun ¢asoBrix moprperos
TIpH 3HAUYEHWAX NApaMETOPOB, JIEXNAIMX B OKPECTHOCTH JIMHMH HEHTpanbHOCTH
m=Y%(+1), 10 06e ee CTOPOHBI, TOKa HEU3BECTEH.

U3 paccmorperua ¢a3oppix noprperoB 2 u 4 (puc. 3.5.9) oueBMIHO, YTO
Ha apaMerpuYeCKOM MOPTpeTe CHCTEMBbI B TPEYTOJIBHUKE, OrPaHMYEHHOM
OCbI0 OpIMHAT M OUPYPKAUMOHHBIMH NpAMBIMH m =1Hum =[, ¢ HeobXOmM-
MOCTBI0 [OJIKHA TIDHCYTCTBOBATb 110 MeHBLIEH Mepe ellle OOHa OudypKaumoH-
Hast JIMHMA, 3 UMEHHO JIMHMA 3HaYeHWi apaMeTpOB, IIPH KOTOPHIX CeNnapaTpuca,
BBIXOAAIUAA M3 ceia B, BHYTph MEepBOTO KBaIpaHTa, COBIIAJACT C CelaparpH-
coit, BXonALen B cewio B, .

3ameuanne. [IpM 3HaYeHMAX MapamerpoB, JIEKALMX B pPacCMaTpPHBaeMOM
TpeyrojbHMKe, Ha (ha30BOM INOPTpeTe BBIXOAAIAA cemaparpuca cemria B,
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Puc. 3.59. HaGop rpy6mx $a3oBrix noprperoB cucremnl (3.5.12)

B CUMTy CHCTeMbI COBMNajiaeT ¢ BXOMsALLEH cellaparpHcoit cemna B, mockombky
o6e OHM COBMAnaloT ¢ ochio aGemucc ¢a3oBoro moprpera. ITo O3HAYAET, 4TO 3Ha-
YeHMA NapameTpOB, IPH KOTOPHIX CemapaTpuca, BBIXOAAmAA M3 cemia By,
COBMAAaeT C cerapaTpHcoil,. BXoaAwel B cemio B,, oTBeYarT CyecTBOBAHUIO
Ha (pa30BOM TNOpTpere CenapaTpHCHOrO IMKNa, oGpa3soBaHHOroO CemapaTpuca-
mu OByX cefen By u B,. IlostomMy B HanbHeiillieM COOTBeTCTBYIOIYI0 GHdyp-
KAUMOHHY0 JIMHMI0 MbI 6yneM Ha3s/BaTh JIMHHENH CEMApaTPUCHOTO IMKIa. 3aMe-
THM, urO, BOOGLE roBops, Gudypwauua obpa3oBaHusA 3aMKHYTOro KOHTYpa
(UWMKIIa) CcemaparpHcaMH [BYX Cemell MMeeT Kopa3MmepHocTb asa  (TouHee,
“oQuH IUII0C OOMH™), HO IJIfA KOHKpPETHOro BHOa cucreMs! (3.5.12) B cuny T0-
ro, Yro B paccMaTpHBaeMoi IapaMeTpHyeckod o6acTv BbIXOPsAUAA Celapar-
puca cemia B, ¥ Bxomsias cemaparpHca cemia B; coBmapanr ¢ KooprmHar-
HOWM OCTbIO, 3Ta GHypxauua uMeer yCIIOBHYI0 KOPa3MEepHOCTb OIMH K €if COOT-
BETCTBYET JIMHUA HA IByMEPHOM IIapaMETPHYECKOM IIOPTpETE.

Kpome nmuHMM netnu cemaparpmc Ha MapaMeTpUYECKOM MNOpTpere, Boobine
roBOps, He MCKIIIOYEHO NPUCYTCTBHE JTMHHIA KpaTHbIX LMKToB. Kak nuHuA ner-
N CemapaTpuc, TaK M JIMHWH KPAaTHbIX UMKJIOB He MMEWT aHAMMTHYECKOTO
BBIPAKEHUA H [OMKHBI OTHICKMBATbCA YMCIIEHHO. UMCIIEHHOE MOCTPOEHHE Napa-
METPHYECKOro NOPTPeTa 3HAMMTENbHO obieryaercd CcluefyOWMMH aHanuTHYe-
CKHMH COOBPaXKeHHSIMH ©

1. TlepBas nAnyHOBCKaA BeIHUMHA Ha JuHMH m = Y%(l + 1) HefTpaibHOCTH
paBHOBeCcHA A Be3je MONOXMTENbHA. ITO 03HAYaeT, YTO NMPH H3MEHeHHWH 3Have-
HHIl IAPAMETPOB, COOTBETCTBYIONMX IIe peceYeHHIO JIMHHU HEHTPATbHOCTH CBEPXY
BHH3, Ha (a30BOM NOPIPETE CHCTEMBI PaBHOBecHe A TEPAET YCTOHUMBOCTh
C POKZIEHMEM MAIOT0 YCTOHWHBOTO MPENEIIbHOTO LMKIIA.

2. Mposenennoe ®,C. Bepesonckoit [16] ucarenosaHue crpyxryphl Gecko-
HEUHO YJ@IEHHHX O0coObIX TOYeK (ha30BOTO MOPTPETa W CJIOXHBIX 0COOBIX
TOYEK, JIEXKAIMX B KOHEYHOH 4acTi (pa30BOro MOpTpeTd H BO3HMKAKOUMX MpH
KPHTHYECKHX 3HaueHMAX napamerpoB [=0, [=1, m =0, m =1, nokasnmaer,
YTO: @) ITMHHA CeMapaTpPUCHBIX MMKIIOB Ha IFAPAMETPHYECKOM MOPTPETE BHIXOMUT
H3 TOUKH m =[ = 1, mpUdYeM HMXKe JIWHUHA HEATPAIBHOCTH PaBHOBECHA A, H BXOIWMT
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B TouKy m =/=0, T.e. oHa 1160 He NepeceKaer JINHUY HEHTPATLHOCTH PaBHOBE-
cua A, nubo mepecekaer ee YeTHOE UMCNO pa3; 6) IMHAA KPATHBIX LUKIIOB
(ecrv oHa cymecTByeT) He HMeET KOHIEBBIX TOYEK Ha JIMHMAX m=[/um=1,
J10 03HAUAET, YTO NMHHA KPATHRIX UHMKJIOB, €CITM OHA CyLIECTBYET H HE3aMKHY-
T8, HOJXKHA MMeTh KOHHEBHIC TOUKH Ha JIMHWM CEMapaTPHCHBIX LMKIIOB. JTH
TOYKH, eC/TH OHM MPUCYTCTBYIOT Ha NlapaMeTpHYeCKOM IOPTpeTe, COOTBETCTBYIOT
Oudypxaumy KOpa3MEpPHOCTH JIBA HeHTPaNBHOCTH CEeNapaTPUCHOro LMKIIA.

3. YcrmoBue HeATpPaIbHOCTH CEMAapaTPHCHOTO WMKJIA 33/IaeTCA MPOCTHIM JIO-
K@IbHBIM YCIIOBHEM, a MMEHHO COOTHOILEHHEM COGCTBEHHBIX YMCEN CHCTEMBI
B ceytax By u B,. CenapaTpHCHBIH MK yCTOHYMB IIpH

1 1 2) 3(2
'>\§1> >\<B: /7\‘3)‘ )\(B)z >1,
TAE BepXHHH uHpaexc (1) OTBEYaeT OTPHIATENBHBIM, a (2) — MOJIO>KMUTENIBHBIM
COOCTBEHHbIM YMCIIaM, H HEYCTOHYMB IIpH OOpaTHOM 3HaKe HepaBeHcTBa. [lns
cucrembr (3.5.12) ycnoBHe HeHTPaIBHOCTM CEMAPaTPHCHOTO IMKIIA HMMeer
Bug m = 21/(1 + [) . Ha napameTprueckom NOPTpETE 3Ta JIMHUA COEIMHSET HAayaso
KOOpAMHArT ¢ m = | = 1 M JIeXHT HHXE JIMHUH HEHATDAIbHOCTH PaBHOBECHA A.

Ha 3rom aHanmutHYecKHe COOBPAKEHMA O CTPYKType apaMeTPHIECKOro opT-
pera cacremnt (3.5.12) ucuepnbBaioTcs. CPaBHMTENBHO HECIIOKHOE YHCIICHHOE
ONpeie/ieHHe B3aMMHOIO PacloNiOXEeHHA BbIXOAseH cenapaTpuchl cemina B,
M BXojflledl cemapaTpuchl cenjia B, IpH 3HaueHMAX MapaMeTpoB, YAOBJIETBO-
PAOIMX YCIOBHIO HEHTPAnbHOCTH CeNapaTpUCHOTO LMKIa, MO3BonsAer yGe-
IOUTBCA B TOM, YTO B IUMPOKOM [MANa30He 3HAYeHMil y cerapaTpHCHbIA LMKI
Bcerga ycrofumB. TaxuM 00pa3soM, NIapaMeTpHYECKMil IOPTPET CHCTEMBI
(3.5.12) mocrpoen (cm. puc. 3.5.8,6) .

HHTepnipeTMpyeM TMONYEHHbIE pe3YNbTa4ThI B GHONOTMYECKHX TepMMHAX.
Mogenb npeackasbpBaeT BO3MOXHOCTD YETHIPEX PAaJTUYHBIX PEXHUMOB MHHAMH-
KM cucCTeMsl. [lepeucnuM HX IOCIIEIOBATENIbHO B MOPARKE BO3PacTaHUA IIpH-
CIIOCOGNEHHOCTH XMLIHHKA K XepTBe (T.. YMeHbIUCHHA mapaMerpa m). Bee
OCTanbHbIe 3HAUECHHA NMapaMETPOB, XapaKTEPU3YIOUMX CHCTEMY, MOXHO CUMTaTh
chuxcCH poBaHHBIMM.

1. Tlpu manoit IpucnocOGIEHHOCTH XMIHHKA K XeprBe (m > 1) momynauus
XMIIHMKA Beerpa Brivupaer. JIpyrimu C10BaMH, INTOTHOCTH NOMYJIALMU 5KEpPT-
BBI, 00YCIIOBJIEHHON OOCTYTIHBIMM €H pecypcaM, HeOCTaTOMHO, YTO6bBI mpo-
KOpMHUTh XHIHuKa. [Tony/IAIMA XXepTBbI IPH 3TOM B 3aBUCHMOCTH OT Hadalib-
HbIX YCTOBHit THOO Taxoke BHIMUPAeT, TH60 crabunusmpyerca.

2. YBenuueHue NMPUCIOCOONIEHHOCTH XMIUHMKA CO3/13eT BO3MOXHOCTb YCTOM-
YMBOrO CTAUMOHAPHOIO COCYIUECTBOBAHMSA XHUIHMKA C XEPTBOH.

3. lpn panbHeiillleM BO3PaCTaHUHM MPHCIOCOOIEHHOCTH XUIUHUKA COCYLIECT-
BOBAHUE CTAHOBHTCA BO3MOXHBIM JIMILb B aBTOKOJIEGATENIBHOM pexaiMe, NPHYEM
aMIIuTYna xosieGaHuii TeM OOoJIblle, YeM BbILIE MPHCTIOCOOTIEHHOCTD XMILHUKA.

4. HaxoHen, eciuM NPHUCIOCOONEHHOCTD XMIHMKA CTAHOBUTCA CIHIUKOM
Benuka (m <mgy, TOEe Mcy — 3HaYEHHE, COOTBETCTBYIOMmEE 0Gpa3oBaHMIO Ce-
NapaTpHCHOTO LMKIIA), XWIHHK “’HepenpucrocofiieH”, T.e. Mor 6bl IOBOJBCI-
BOBarbCA INIOTHOCTHI0 MONYNAUMM MMEPTBBI HMKe KpuTHueckoil. OGe momy-
JIANYH TIpH TTI06hIX HaYanbHbIX YCIIOBHAHX 0GpeueHb! Ha BhIMMPaHHE.

IMoguepxHeM B 3aKIIIOUEHME OOHO BaxcHoe obcrosrenbcTBo. CTpyKTypa na-
PAMETPHYECKOTO { M, [}-IOPTPeTa, B YaCTHOCTA B3AHMHOE PACTIONOKEHHUE JIHHUM
HEATPIbHOCTY M JIHHWM CENAPAaTPHCHOTO IMKJIA, & TAKXKe OTCYTCTBHE Ha MOPT-
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peTe JNIMHHKH KPAaTHBIX LMKIJIOB ONPENENAITCA KOHKDETHBIM BHOOM (yHKINM,
OIMCBHIBAKOIEH AMHAMMKY NONMYNAMH XEepPTB B OTCYTCTBHE XMUIHMKE, OIHaKO
OCHOBHbIE PE3YNbTAThi, 3 HMEHHO BHIMMPDAaHME XMILHUKA TP €ro HW3KOM IpH-
CNOCOGIIEHHOCTH, BO3MOXHOCTb COCYHICCTBOBAHHA XHMLHMKE M SKEPTBHI IIDH
HPOMEKYTOUHbIX NPHCIOCOGIEHHOCTAX W BbIMHpaHMe OOeHX MOMYNAIMiA, TIpK
M36BITOYHON NPUCTIOCOGIEHHOCTM XMILHKKA OCTAIOTCA B CHJIE 1A 3HAYMTETBHO
Gosiee UMpPOKOro Kilacca Mojene THIa

X = ax(x — D(1 — x)Ax) — bxy,
}.’ = -y +dxy’

roe flx) — nw06as momoxuTenbHaA GYHKIMA ¢ GHONOTMYECKH €CTeCTBEHHbIMK
OTPAHHYCHMAMHA Ha HENPEPHIBHOCTD M DIAAKOCTh. JIpyrMMHM CIOBaMH, OCHOB-
Hble pe3ysbTaTbl, MOTYYeHHbIC IIPH MCCIEAOBAHUM cucTemsr (3.5.12), cnpasep-
TMBDI, €CITM NONYNAUMA XEPTBHI B OTCYTCTBHE XMIIHMKA JIHMHTHPOBAaHA BHelll-
HUMH pecypcamu H 06nagaer HUKHEH KPHTHYeCKO ITOTHOCTBIO.

Pe3oMupy#, MOXKHO CKa3aTh, 4TO Haubolee HHTEPECHDbIH pe3yabTar pacCMOT-
peHHs TpexmapaMeTpudYecKHX Mopudbmiauuii cucremsr Bonbreppa ¢ yuerom
KOHKYPEHIMH KEPTB COCTOAT B MCCIENOBAHHM MOIENH, B PAMKaX KOTOpO#H
peasiu3yeTc MOJHbIH Habop IMHaAMMYECKHX PEXGMMOB, BO3HMKAIOUMX IpPH CY-
TNIeprIo3ULHHK TPUTTEPHOTO U KOeOATeNIbHOTO [OBEACHNSA CHCTEMBL.

B paMkax KOHKPETHOH CHCTEMBI HCCIEJOBAHA CTPYKTYpa NapaMeTpudeckoi
OKDECTHOCTH TOYKM MaKCHMAITbHOTO BBRIPOXKACHUA (KOpa3MepHOCTH Tpu),
B KOTOpO# peanH3yn1csa BCE yKa3aHHbIe pexxuMbi. OmicaHHasa CUTyaluus ABJsfer-
CA CTPYKTYDHO YCTOHUMBOM, MOITOMY CIIpaBeyIHBOR HE TOIBKO IUIA KOHKpET-
HOW MOJIEJIH, HO M il BCex GIU3KHX K Heil.

FITABA 4
KOHKYPEHLIMAA U CUMBHO3

M3 1pex OCHOBHBIX THIOB MEXIONYNAUMOHHBIX OTHOIIEHHN — KOHKY peHLHH,
CcHMOMO03a M OTHOLIECHUH TMIIA XHIHMK—KEepPTBa — PaCCMOTpeHHbIE B [I. 3 OTHO-
LIeHUA XMIHHK—XEPTBa 40T 3HaYMTeNbHOE Pa3HooGpasue NMHaAMHYECKHX pe-
»KHMOB TOBeACHUA B3aHMOACHCTBYIONMX monmyyisimii. KoHK ypeHTHBIE B CHMGHO-
THYECKHE OTHOLUEHMN, KOTOPbIE MBI PaCCMOTPDHM B HACTOAlEH IViaBe, C 3TOM
TOYKH 3peHHA 3aMeTHO OedHee, OMHAKO GHONIOIMYECKHE CIIENCTBHA TAKUX OT-
HOLICHHH MOTYT Wrparb BaXKHYI0 pojib B (PYyHKIMOHHDOBAHHH IKOCHCTEM.

4.1. KOHKYPEHII U

4.1.1. "Jloructiueckue’ nonynsuny

Jina omucaHMs MUHAMHKH WMCIEHHOCTH OBYX KOHKYPHPYOILMX TOMy 1AM
Bonbreppa [170], Jlorka [140] u 3arem I'®. Tayse [36] 6bura IPEIUTOKEHA
CHCTEMa Y paBHEHU I

X,= ayx(Ky — X1 —;x,)/K,y, (4.1.1)

X,= a3x(Ky — X2 — oy xy)/K,,
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npepcTaBnAwan coboit ecrectBeHHOe 060GLICHNE JIOTHCTHYECKOTO YPaBHEHH .
3mech a; M a; — K03 UUHEHTHI IKCIOHEHIMATIBHOTO poCcTa 06euX MONYIAIHA
IIpH MalbiX IWIOTHOCTAX (T.6. B OTCYTCTBHE BHYTDH- H MEXBHAOBOH KOHKYpEH-
mwm), K; 1 K, — eMKOCTH 3KOJIOTHYECKHMX HMII 1A OGeHX IOMyJIAUMA, oy U
@, — 103 dUUMEHTH MEXBHAOBOH KoHKypeHumu. Cucrema (4.1.1) mMoxer
ObITb MEpEMmicaHa B 3IKBUBANICHTHOM dopme:

- 2
X(T a1Xy — €11X1 —~ €12X1 X3, (4.1.2)
- 2

Xy = Xy — €22X) — €31X2Xy,

rae e; — x03bOHUUMEHThI BHYTPH- M MEXBHIOBOA XoHxypeHuuu. Cucrema
a,

) a
(4.1.2) 3ameHo# ¢ = 7/ay, x, = —I——ul,xz =
€11 €22

L‘ll =u1(] —Uuy — €1u2), (4.13)

Uy =yu(I —uy — €,uy),

U, TIPUBOIUTCA K BHAY

Ioe Uy M U, — MIOTHOCTU NMOMyNAUMHA, HOPMUPOBAHHBIE K €MKOCTH 3KOJIOTH-
YeCKHMX HMI oBouXx BHIIOB, €1 = 4d,€, 2/01323 H€2=(11€21/a2€11 - KO3(1)'
¢GbuuMeHTH MEXBHIOBOH KOHKYpDEHUMH B HOPMHMPOBAHHBIX [EPEMEHHBIX,
Y =a;/a,. Napamerpuueckuit u ¢a3oBpii MoprpeThl cucTemn! (4.1.3) umeloT
ouenb mpocToi BUA (puc. 4.1.1). IloBeneHue CHCTEMBI He 3aBHCHUT OT 3HaUeHUA
napamMerpa . Yo1oBHe €; > 1, €, <1 o3Hauaer, yTo BTOPOH BH/ BO BCEX OTHO-
HIEHHAX YCTyNIaeT NEpBOMY K NIOTOMY BCerfa BhITecHAETCA UM (CM. puc. 4.1.1,6,
pexum ). Ycnosue €; <1, €; > 1 IKBUBIEHTHO NpeAbIAYyLIEMY C TOYHOCTBIO
[0 H3MeHeHMA HyMmepauud BumoB (cM. puc. 4.1.1,6, pexwm 2). Ycnoeue
max{e;, €,}<1 o3Hayaer, YT0O HHTCHCHBHOCTh MEXBHIOBOH KOHKYDPEHIUUH
IUTA KaXXOOTrO H3 BHIOB MeHbllle HHTEHCHBHOCTH BHYTPHBHIOBOK KOHK YPEHIIMH.
910 OBecneunBaeT BO3MOXHOCTb COCYIUIECTBOBAaHHA KOHKYPHPYIOIIMX BHJIOB
(puc. 4.1.1.6, pexaim  3). IlpemenpHoit B 3TOM Cllyyae ABNIAETCA CUTYaUUA
€, = €, =0, T.e. MOXXBHIOBAA KOHKYPEHUMA OTCYTCTBYET H BHJbI ~"He 0Opanjalot
BHMMAaHMA Jpyr Ha apyra”. Hampotu, ycnoeme min { e, €,} > 1 o3Havaer, uro
MEXBHIOBafA KOHKYPEHUMA 1A KaXIOTro M3 BHIOB CHIbHEe BHYTPHBHOOBON.
B 3710M Cniyuae yCTOHUMBOE COCYLIECTBOBaHME BHUJIOB HEBO3MOXHO H B 3aBHCH-
MOCTH OT HaYaJIbHBIX YCJTOBHH O[fHa M3 NMOMYJIANMA BCErjia BbITECHAET KOHKY-
peura (puc. 4.1.1,6, pexwumM 4). Obnactu NpUTAKEHUA paBHOBECHH Ay H A,,
COOTBETICTBYIOUMX BBITECHEHHIO Kaxdoil M3 NONYNALMI CBOEro KOHKYpeHTra,
pasfeneHsl cemaparpucoit cegna C, OTBevalolero HeyCTOWYMBOMY COCYIECT-
BOBaHHI0 00euX MOMyJIAMH.

budypxaumu, npoucxojamme B CHCTeMe NPpY H3IMEHEHUH 3HaYeHMA lapamer-
POB, TakXe HONMYCKAIOT €CTECTBEHHYI0 GHOJIOrMYeCKVIo HHTeprperauuto. Hau-
GomnblIni MHTEpeC NpencTaBiger Gndypxauys, IPOUCXOHAMAA B ClyYae, KOrma
HCXOMHO 3HaueHUA MapameTpOB JieXart B oGnnact 4. [Ipegnmonoxmm, He orpaHu-
uYMBaA OOIIHOCTH, YTO CHCTEMa TPU 3TOM HAXONMICA B COCTOSHHM paBHOBECHS
A{u, =0, u, =1}. JonyctaM, YTO 3HaueHHMe MAPAMETPa €; B HaNbHeHuIEM
OCTaeTCA HEM3MEHHBIM, a 3HaueHHe NapaMerpa €, NOCTENeHHO YMeHbLIaeTCA.
YMeHbleHHe 3HaYeHHA NMapaMerpa €, He CKa3bIBaeTCA Ha YCTOHUMBOCTH COCTOA-
HHA PaBHOBECHA CHCTEMbI M NOTOMY OCTaeTCH He3aMETHBIM [UIA ~BHELIHero
Habmogarena”. Ecin nmpu atoMm CymectByer cnalblii nputox ocobedl BTOporo
BUAa B CHCTeMY H3BHE, TO HX PaBHOBECHas KOHUEHTpauma OydeT momiepxw-

100



1) ® ®
/7
6) @

J z 7 ¢,

%
@ @
g 4,
® % @
Ry
C
g 7 A«

Puc. 4.1.1. [Tapamerpuyeckuit (@) u dpasoBbie (6) mopTpers! cucrems: (4.1.3)

BaTbCA Ha HEKOTOPOM HM3KOM YpPOBHe, 00eceuMBaeMOM MHMIpalMedl H3BHe.
OnHako No Mepe YMEHbLIeHMS 3HAUCHUs NapaMeTpa €, yMeHbLiaeTcA o61acrb
NPUTAXEHUA paBHOBECHA A,, OTpaHHYeHHAsA OCbI0 abCUUCC M CerapaTpucoi
cemna C. HakoHen, B MOMEHT, KOT/la 3HaueHHe IapaMeTpa €, NepeceKaeT KpuTH-
yeckoe 3HaYeHWe, paBHOe e[MHHIe, 00/1acTh NPHTAKEHUSA CTATUBACTCA B eIMHHY-
Hblil OTpe30K W Hcuesaer. PaHoBecue A {u; =1, u, =0}, cooTBeTCTBYIOMmEE
BBITECHEHHIO BTOpPOTO BH[A IIEPBBIM, CTAHOBHTCA IJIOOGAIBHO YCTOHUMBBIM.
[IpH HAIHYMK CKOJIb YTOMHO C1abOTO MPHTOKA H3BHE B CHCTeMY 0cobeil BToporo
BH[la BHEIUHUK HaOomaTesnb OyleT pernCTpHpoBaTh CPbIB PABHOBECHA Y BHe3all-
HO€ BBITCCHCHME NEPBHIM BUIOM BTOPOTO.

4.1.2. Ogna w3 nomynsumii 06manaeT HuXHelH
KPHTHYECKOH YHCIIEHHOCTBIO

B 3T0M cnyyae ypaBHeHUA NUHAMMKH YMCIIEHHOCTH TONYIAUMH NPHHHMAIOT
BH/],
Xy =ax (%) — LXK — %) —e12%X1%,,

5(2 = aX2 —62 2x§ — ez 1X1x2, (4.1.4)
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Puc. 4.1.2. BoamoxHble BapHaHTbl B3aMMHOTO pacnoNoXeuusl HYNb-H30KJHMH (@) M Napa-
MeTpuyeCKk Uit moptpetT (6) cucremsl (4.1.5)

3amena = 7/a,K?, x; =Ku,, X, =(a*/e,)u, nepesoguT 3Ty cuCTEMy B
Uy =uy(uy = D1 —uy) — uyuy,

Uy = yup (1 —uy — uy), (4.1.5)

re /=L/K — HWKHAA KpWTHYeCKas UYHCIEHHOCTh NEPBOM MOMyJIAUMM; €, =
=a,e1,/a €5, € =e¢3,K/a, — kO3 OHUMEHTHI MeKBUAOBOH KOHKYPEHIMH; ¥ =
=q, 0, K?.

YpaBHEHUS HYNIb-H30KITHH CHCTEMbI HMEIOT BUA

Uy =0, uy =(1/er Yuy - 1)(A —u,y);
U, =0, u =1 - eu,.

HerpynHo BHAETh, YTO CymweCTBYIOT 4eThbIpe BapHaHIa B3aHMHOIO Pacloio-
XeHUA HyNMb-M30KIMH (puc. 4.1.2, @). Pa3nuuHbIM BapuaHTaM B3aUMHOTO pac-
MOJIOXKEHHA HyJIb-H30KJIMH OTBEYAlOT onpefeneHHble OOMacTH Ha NapaMerpH-
4ecKOM NOpTpeTe CHCTeMB! { €;,€,) (puc. 4.1.2, 6) M COOTBETCTBYIOLIHE da-
30Bbie nopTperst (puc. 4.1.3). OT 3HaueHwit 'y ¢pa3oBbie MOPTPETHI HE 3ABHCAT,
H B (a30BbIX NOPTPETOB MOJIHOCTBIO ONpeAeNAeTcA XapaKTepoM B3aUMHO-
FO pacmojioXKeH! HyJIb-H30KJIMH.

IMapameTpuyeckuit 1 ¢a3oBbie MOPTPETbl CHCTEMbI IONYCKAIOT €CTeCTBERHYIO
OHONIOrMUeCKyI0 HHTeplpeTanuio. B cucreMe BO3MOXHBI TpH YCTOHUMBBIX paB-
HOBecHAi: A, COOTBETCTBYeT YCTOHYMBOMY CYIIECTBOBAHHIO BTOPOro BHAa
(6e3 KpPUTHUECKON UHUCTIEHHOCTH) B OTCYTCTBME [IEPBOTO, A; — HAaNpOTHB, YC-
TOMUABOMY CyI{eCTBOBAHUI0 NEPBOTO0 BHIAa B OTCYTCTBHE BTOpPOrO H, HaKo-
Heu, paBHOBecHe B — ycroHuMBOMY COCymieCTBOBaHHIO OGeHX MOMyYIIANMIL.
PaBHOBecHe A, cymlecTByeT W JIOKAJbHO YCTOMMMBO INpH TI00bIX 3HaYeHUAX
napamMeTpoB, paBHOBecHf A; u B — muub npu Hexoropsix. To, 4To ofuHOUHOE
CyuIeCTBOBaHHE BTOPOro BHIa BCEIA JIOKAIBHO yCTOMYHBO, MOHATHO: B TAKOMH
CUTyallid MHIpallMs W3BHE MabIX KOJIMUECTB MpeICTaBHTENeHd 1MepBOro BuAa,
He TpPeBBILAOMKHX HIDKHEH KPUTHYECKOH YMCIEHHOCTH 3TOrO BHMa, €CTECT-
BEHHO, HE MOXET NMPUBECTH K €ro 3aKPEIUIEHHIO B IKOCHCTEME.

OCHOBHOE OTIMHYHE OT paHee PAacCMOTPEHHOrO Cllyuas KOHKYPeHUMH OBYX
"TIOruCTUYeCKUX’’ NONyNAUMH COCTOMT B TOM, UTO CywmiecTByeT oOnacTs 3Ha-
YeHUHd TapamMeTpoB 3, MPH KOTOPBIX JIOKAIBHO YCTOMUMBBI KaK OJMHOUHOE CY-
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Puc. 4.1.3. ®a3oBble nopTpeTh cucTeMsl (4.1.5)

LIeCTBOBaHMe MONYJIAUMH BTOPOro BHAA, TaK H COCYINECTBOBaHHe 0OeHX MOIMY-
nauui . IIpeanonoxuM, 4ro MCXOQHO 3uaqe1-um NapaMeTpoB Jiexar B oOmactu
3, mapamerp €, ue cmkom man €, > (1 —I)2/*u cuctema HaxomuTca B CocTo-
SIHMM pPaBHOBecHA B, OTBeuaiolleM yCTOHUMBOMY COCYIUECTBOBAHHIO MOMYIid-
it ofonx BMOOB. PaccMOTpHM, UTO MPOMCXOIMT B CHCTEME NMPH MOCTIEMEHHOM
H3MEHEHUH 3HayeHWs MapaMeTpa €;, XapaKTepH3YIOIEro KOHKYPeHTOCnocob-
HOCTb NEPBOrO BHAa MO OTHOILEHHMI0 kO BTOpoMy. ITo Mepe nocremeHHoro
yBEIMYEHHS €, OTPHIIATENIbHOe BO3MEHCTBHe NEpBOro BHIAa Ha BTOPOH ycu-
nuBaercA. COOTBETCTBEHHO pABHOBeCHas WACHCHHOCTh BTOpOro BHMAa MOCTe-
MEHHO YMEHbIUAeTCHA M, HAKOHel, oGpaiaerca B Hylb. Bropoii Bug BoiMMpaer.
PaBHOBeCHast WICIIEHHOCTb NEPBOrO BHA IOCTENEHHO pacTeT, JOCTHIas MPEaeb-
HOrO 3HAYeHHWA U; =1, OOYyCHOBJIEHHOTO €MKOCTBI0O 3KOJIOTHYeCKOH HHILNH.

Ilpu nocremeHHOM yMeHblLIeHHH NapaMeTpa €; COOBITHA pa3BHBATCA Ka-
YeCTBEHHO MHBIM 06Gpa3zom. Iloxa 3HaueHHs €, exaT Bblllle KPHBOl, pasfes-
ouedl MapamMerpuueckue obmact 3 ¥ 4 mMOCTelleHHOE YMEHBINCHHE €, MPUBO-
IMT, KaK M CIeqoBaJI0 OXHOATh, K IMOCTENEHHOMY YMEHbIUEHHI0O PaBHOBECHOH
YUCIIEHHOCTH TEPBOr0 BHIA M YBEJIHYEHHIO UMCIEHHOCTH BTOPOro Buia. Tak
[POMIONKAETCA, NMOKa 3HAUeHHE €, He [OCTHIraeT KPHTHUECKOIO 3HA¥eHWs, OT-
BEYAIOIIETo rpaHuie MapaMeTpHuyeckux oGnacreii 3 u 4. CyulecTBeHHO, 4TO
IpH 3TOM paBHOBecue B, oTBevalomee yCTOHYMBOMY COCYLIECTBOBAHHK MOINY-
JAUMIA, MOCTeMeHHO npHOTHXKAETCA K rpaHHuUE CBOel OGNIaCTH NMPHTKEHUS,
T.6. CUTyauHs mpuONMKAeTCA K ONacHOH, xoTa obmas riomans o61acTy Npu-
T/DKEHHA paBHOBecuA B npu 3TOM paxe ysennuuBaercA. Hakowenm, B HuYeM
He TNpHMeuaTellbHbIA JUIf BHELIHEro HaGmiomaTelfi MOMEHT, KOILa Mapamerp
€, OOCTHraecT KpPHTHYECKOrO 3HAYeHHM#A, OTBEYAIOUIEr0 rCpaHuie IapameTpu-
yeckuX obnacreir 3 u 4, paBHOBecue B BhIXOOMT Ha rparumy o6nacTu CBOEro
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TNPUTSDKEHUA, CTAHOBUTCA 'NONYYCTOHWMBBIM”. JIpyrnMH cnoBamu, 310 3Have-
Hue orBeuaer Oudypkauym obGpaszosamus cemioyana BC. Ilpu pansueiiiem
YMEHBINEHHH €, TIPOMCXOHMT CPbIB PaBHOBECHSA: MEpBbIH BHJ| BHIMHDAET, BTO-
pOil [HOCTHraeT pPaBHOBECHOH UMCIIEHHOCTH Y, =1, ompenensfeMofl eMKOCTbIo
ero 3KOJIOrHuecko¥ HMLIH. [TomuepkHeM eute pa3, ¥T0 B MOMEHRT, NpeallecTBy-
I 110 Mepe OBHXXEHMS MO NMapaMeTpy €, BBIMHMPAaHHIO NepBOro BHAOA, €ro
PAaBHOBECHAA UHCIIEHHOCTh B COCTOSIHUM COCYIeCTBOBAHUA CO BTOPbIM BHOOM
BECbMa 3HAuMTelIbHa: COCTaBJifeT 3aMeTHO Golee MOJOBHHBI paBHOBECHOM YMC-
JIEHHOCTH, OOy CIIOBJICHHOH €MKOCTBIO €ro 9KOJIOTHYeCKON HUIIM B OTCYTCTBHE
BTOPOrO BHfA.

4.1.3. O6e nonynsiuu oOnagaroT mkHeH
KPHTHYECKO#H YHCTIEHHOCTRIO

YpaBHemm, OMICHIBAKOINIHE B 3TOM ClIyYac NTUHAMHKY YHCIICHHOCTH, €CTECT-
BEHE") 3aliMCaTh B BUOE

Xy =ayx;(x; —Li MKy —x1) —e1x1 %3,

Xy Tay Xy (X — Ly }(Ky — x3) — 3% X, (4.1.6)
Bamena 7 =17/a;K3, xy =K u;, x, =K,u, NpUBOIMT 3Ty CHCIEMY K BHAY
Uy =uy (-1 (1 —ug) — €uguy,

g = yup [(Uy ~ L)1 —uy) —€uy ], 4.1.7)

roe y=a,K3/a,K3, € =e,K,/a,K%, €3 =e,K,/aK3. YpaBHenns Hyib-u30-
KIIMH CHCTEMBI HMEIOT BHI

1
Uy =0, u, =e—(u1 L) —uy);
1

1
L’l’z =0, U, =— (u2 —12)(1 —uz).
€2

Bo3MoXHbI TpH BapHaHTa B3aUMHOIO PAacHONIONKEHUA HyJIb-H30KJIMH CHCTEMBI
(puc. 4.1.4, a), orBevaiomive TpeM OOIacTAM NapaMeTpPHYECKOIO MOPTPETa
{€1,€2 cuctemsl (puc. 4.1.4, 6). B3aumuoe pacrnoiioXeHue HyNIb-H30KITHH
B HCCIEAYeMOM ciydae NOJIHOCTBIO ONpelelisieT xapakTep ¢a3oBBIX MOPTpe-
TOB cHcTembl (puc. 4.1.5). KauecTBeHHsli xapakrep { €;, €, f -Cpe30B  NOJIHOTO
YeTbIpEXMapaMeTPHUECKOrO NMOPTPETA CHCTEMBI COXPAHAETCA NpH TOOBIX 3Ha-
UeHHAX [; ¥ [, MEXIy HYJIEM H eIMHHIIEH.

Ha ¢a3oBbIX NOPTpeTax CHCTEMBI BHIHO, YTO JIOKAIHHO YCTOHUMBBIMH IMpPH
BceX 3HaUeHWAX NapaMeTpoB ABIAITCA TPUBHANBHOE COCTOSHHE, COOTBETCTBY-
omee HyJleBbIM YUCIIEHHOCTAM oOeuX MONYNANMA, U COCTOAHMA A; U A,, OT-
BevaoulHe U30THPOBAHHOMY CyUIECTBOBaHHI0 KaXIOW U3 NONYNALNWA B OTCYT-
CrBHe KOHKYpeHTa. JIokalbHasd yCTOMYMBOCTb 3THX COCTOSHHMIE GHOJIOTHYECKH
OUEBMIHO ClielyeT U3 CYmIeCTBOBAHWA y oGeuX NMOMYNANMMH HMXKHEH KpHTHuec-
Kol wicnenHoctd. KpoMe 10ro, mmeercs o0acTe 3HaueHwit NapameTpoB /,
NpH KOTOPBIX, ITOMHMO MEepPEeYHCIICHHBIX Bhlle cocTosumuit 0, A; u A,, nokans-
HO YCTOHYMBBIM SBJIAETCA TaKXe COCTosiHWe B, orBevarouliee cOCYIECTBOBaHHIO
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Pyc. 4.1.4. Bo3MOXHble BapHaHThHl B3aMMHOTO pacCTONOXKeHHS HYNb-M30KIHH (4) M mapa-

merpudeckut noptper (6) cucrems! (4.1.7)
”z? @
¢ g 7 4

Puc. 4.1.5. Ha6op ¢a3oBrix nOpTpeToB cuctemMul (4.1.7)

%
7

KOHKYpUpY®UWHX nonynaauuit. OGNacTe NMpUTAXEHHA 3TOrO COCTOAHMA OIpa-
HMUeHa BXogAmuMu cenaparpucamu cemen Cy u C,, uMeromuMu oGy TOU-
Ky — HeycToHuMBbIi y3en D.

CobbITis, NMPOHCXOAAUIME C COCTOAAHHEM paBHOBecHA B npu H3MeHeHMH
MapaMeTpoB, MONYCKAIOT €CTECTBEHHYI0 OHONIOrMYECKY!0 HHTEpIpeTalHIO.
Ilo Mepe yMeHbllleHHS KOHKYPEHTOCNOCOGHOCTH BMIA TpPOHCXOOAT MOCTENEH-
HOE CHIDKeHHe DAaBHOBECHOW IUIOTHOCTH MOMYNANMM 3TOTO BHAA B COCTOSHHH
COCYLIECTBOBAHHA M YBEJMYCHHE IUIOTHOCTH NMOMYNAUMH KOHKypeHra. Ciiemyer
3aMETHTh, YTO ITH W3MEHeHMA MOryT GbITb He OYEHb 3HAUMTEJIBHBIMH H MaJio-
3aMeTHbIMM 1A BHelllHero Habmiopmatens. Ilpu manbHefllleM NMOHM)KEHUH KOH-
KYPEHTOCIIOCOGHOCTH ~ 3HAaueHHe COOTBETCTBYIOLIErO HapaMeTpa MOCTHIAeT
KPHMTHYeCKOro, mpu KOTOpPOM YcTOHuMBOoe paBHOBecHe B, orBeuatomee cocy-
HIeCTBOBaHMI0 OGeux MOMYJIALMHA, BBIXOOWT Ha TpaHMlly o6NacTH CBOEro mpu-
1okenus. Ilpn nepexome 3HaueHMs NapaMeTpa uepe3s KPHTHYeCKOe Budypiany-
OHHOe 3HaueHHE COCTOAHME paBHOBeCHA B Hcue3aeT M MPOLCXOHMT BHE3ANHOE
BBIMHpaHKe BH/IA, OKA3aBIErocAd HeKOHKYPEHTOCTIOCOOHBIM.

Hrak, B coobmecTBe ABYX mOMyJAluil, CBA3aHHBIX KOHKYPEHTHHIMH OT-
HOIIIEHMAMH, BO3MOXHbI [1Ba THMa NPHTATHBAIOLIHX PE&KUMOB: a) CTAllHOHap-
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HOE COCYlIeCTBOBaHHe MONMyNnAUMiA; G) H30NMMPOBaHHOE CYLIECTBOBaHHE MOMYy-
JIALMI, YCTOHYABOE OTHOCHTEIBHO HHBAa3HH KOHKYPEHTa.

O6a 3tH pexuma MoryT ObiTh Kak INIOGAIbHO, TAK M JIOKQJIbHO YCTOHUH-
BMH. IIpH HaTHWMH y K@KAOH M3 momyJIAUMi HIDKHEH KPHTHUECKOH YHMCNIEH-
HOCTH JIOK&IBHO YCTOHUMBBIM MOXET OBITh KaK COCYIECTBOBaHHe MOMYyJIS-
1M, TaK M HM30JIMPOBAHHOE CymIECTBOBaHME KKmoi M3 HuX. Ilpu maMepeHun
YCJIOBHH CYIECTBOBaHMS BO3MOXEH JXECTKHA CPBIB Ka)KOOro M3 OBYX THIOB
PaBHOBECHH.

4.2. CAMBHO3

IlpunATO BHIAENATH CHMOHOTHYECKHME OTHOLLEHHA OBYX THIOB: 1) MPOTOKO-
onepanus, Mpd KOTOPOH MEXBHIOBOe B3aHMOACHCTBHE MNOJIE3HO MIA 06oHX
BH[IOB, HO He fABNsAeTcA OGNUratHoiM (00A3aTeNbHBIM), M KaXKOasd MOMYJIALUS
MOXET CYUIeCTBOBaTh B OTCYTCTBHE MapTHepa H 2) MyTYyaJlu3m, IPH KOTOPOM
MEXMOMYTALMOHHbIE B3aMMOJECHCTBUSA ABIIAIOTCA OGNMHraTHBIMM, T.e. HeobXo-
IAMBIM YCJIOBHEM CYI[eCTBOBAHMSA KaKAOTO0 M3 BUMIOB, H B OTCYTCTBME INaprT-
Hepa Kax[plit u3 BUNoB BoiMupaeT ( [69], c. 273).

PaccMOTpHM 3TH THNBI B3aMMOJEHCTBHA MOCNIEIOBATENMBHO.

4.2.1. IIporokoonepamis

Ipennonoxum, YT0 GMHAMHKA YHCIIEHHOCTH 00GeHX MOmyIIAlMi, HAXOAALMX-
CA B OTHOLIEHHH MpPOTOKOONEpanuu, B OTCYTCTBHE MapTHEpPa OIMMCbIBaeTcA JIO-
THCTHYECKHM ypaBHeHueM, K03¢duuHeHTb KOTOporo, Boobuwe rosops, pas-
Myl miA oGenx momynsumit. Uro KacaercA BIMAHHA Ha AMHAMHKY YHCIICH-
HOCTH CaMHX OTHOLICHWH MPOTOKOOMEpalHu, TO B NepBOM NPHOIIKEHHH TIpel-
CTaBJIACTCA €CTECTBEHHbIM MPENRTIONOXHNTh, YTO OHU MOTyT GBITh OMMUCAHLI aHa-
JIOTHYHO OTHOINEHUAM XHIUHHK—KepTBA,T.e. OWIMHEHHBIMH WIEHAMH, BXOMfA-
wMMK B 00a ypaBHEHHA C TONOXHTENbHbIMH 3Hakamu. COOTBETCTBYIOLIAS
cucreMa mid¢epeHLUMaIbHbIX YPAaBHEHHH WMeeT BUT

. K, —x,

Xy =Xy +Pixx,,

K,

Ky, —x,

.‘XQ FdyXg +P2x,x2. (42.1)

2
3amena 1= T/ay, x; =K u,, X, =K,u, nepeBOOMT 3Ty CHCTEMY B
u; =u (1 —uy +pyuy),

ity = yuy (1 —uz +pruy), (4.2.2)

roe y=as/a,, p1 =P1KK,lay, p» =P,K K, /a,.

Ha puc. 4.2.1 n306paxeHs! Ba BapuaHTa BO3MOXHOTO B3aMMHOrO PacIioioxe-

HUS HyJb-W3OKJIHH CHCTeMbl M COOTBETCTByIOmHE (pa30BBIE MOPTpeTHI.
EcrecTBeHHa cleaywowlas HHTepPIpeTaUMA MOMYYeHHBIX pe3ynsTaroB. Ilpu

Dip, <1 cCyliecTByeT emHHCTBEHHOE COCTOSHHE YCTOHUMBOIO DPaBHOBECHSA

CHCTeMbI, OTBEYAoLlee YCTOHUMBOMY COCYLIECTBOBaHMI0O OOEHX B3aMMOJICH-

106



N

|

'z P U, 0 7 4, 7 4 4,

Puc. 4.2.1. Bo3MOXKHble BapHaHThI B3aWMHOI'O PpACHONOXEHHUS HYIL-H30KAMH (@) IpH

pyp, < 1 (cowmmHbre mpsimble), p,p, > 1 (yHKTHp), u HaGop ¢a3oBbIX MOPTPETCB
(6,8) cucremnl (4.2.2)

CTByrOWMX Nomyisaumi. IIpy 3TOM paBHOBeCHad UHMCIEHHOCTh OOGEHX momy-
nAUMA 60JiblUe PaBHOBECHOH UACIEHHOCTH B OTCYTCTBME ITapTHepa. ITUM CMTY-
auy¥a OTAMYAeTCs OT COCYUIeCTBOBAHUA MNPH KOHKYPEHUHM H B 3TOM HPOABJIA-
eTCSA MOJIOXKHUTENIbHbIA A 0OeMx MOMynAUMA XapaKTep OTHOIUEHMH THIA TpoO-
TOKOOIIe paliuA.

[Ipu pyp, > 1 ycToliwiBOro paBHOBeCHf He CylleCTBYeT M 0Ge MOmynsAuyu
Npu Mo0biX HEHYJIEBBIX HAYAIBHLIX UHCIEHHOCTAX HEOTPaHWYEeHHO pacTyT,
HECMOTpA HAa CyllECTBOBaHWE BHYTPHBHOOBOW KOHKYDEHIMH B obeux momyid-
UMAX, OMNUCHIBAEMOi JIOTHCTHYECKHMMH YpaBHeHMAMM. HHTepnperauus mnomy-
YeHHOro pe3ysibTaTa COCTOMT B TOM, YTO NpH BbIGpaHHOH MaTeMaTHYeCKOi
¢dbopme omucaHuA BIMAHUA NPOTOKOONCPAUMH Ha JMHAMMKY MNOMyNAuMi OKa-
3pIBaeTCA, YTO MOJIOXKUTENbHbIA 3ddeKT NMpOTOKOONEepalHH MOXET IpH BCEX
YHCIIEHHOCTAX AOMHHMPOBATh HaJl OTPHUATENIBHBIM 3 PeKTOM BHYTPUBHAOBOMH
KOHKypeHIMH. JTO Ge3yClIOBHO CBHOETENbCTBYeT 06 orpanmueHHo# obGnacru
npuMeHHMocTH OunuueitHoro omicanusa 3¢dexra nportokoonepanuu. C aHa-
JIOTHYHBIM OGCTOATENIbCTBOM MbI BCTPETH/IMCh paHee NMpH OHIMHEHHOM OIHCa-
HM 3¢dexTa B3aUMonmeHCTBHA MeXHy XHIIHHKOM H XepTBOH. B cimyvae cuc-
TeMpl (4.2.1) GuuHeiiHOoe NpencTaBiieHue 3¢ddexTa MPOTOKOONEpAIUH O3Ha-
YaeT, YTO HEOTpAaHWYEHHOE yBelMYeHWe UHACIEHHOCTH MOMYNAIMM BHIA-MapTHe-
pa [OIDKHO NMpPHBOIMTb K HEOTPAHMYCHHOMY YBEJHUEHMIO YIICIBHOH CKOpPOCTH
Pa3MHOXEHMS paccMarpuBaeMoro Buaa, 4ro Ouonoruuecku abcypmHo. Beixon
M3 TIOJIOXKEHHA OYEBHIEH U aHATIOTHYEH MCIOIb3OBAHHOMY YXXe NpPH OMMCAHUM
CHCTEMBI XHMUIHHK — JKepTBa: MpH ommcahuH 3d¢eKTa mpoTOKOoONepauuu cie-
oyeT yuecth 3¢ dexT, aHATOrMUHbIH 3¢ deKkTy HacpimeHus xuwHuka. Cucre-
Ma, ONMCHIBALIAA TMHAMUKY B3aMMONEHCTBYIOLIMX NOMYNANMHA, NPUHUMAET
APH 3TOM BH,

. Ky —x, Pixyx;
+

Xy =ayx,
K1 1 +D1XQ

>

. Ky —x; Pyxix,

X2 TaX, T
K2 1 +D2X|

(4.2.3)

Koadpuuueutnr D u D, aHanornukpl K03bGHIMEHTY HACBIMIEHHA B CHCTEME
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(3.3.5). Takoii Bux 3amucu O3HAYAET, YTO NPH HEOTPAHHMUYEHHOM POCTE UHCIIeH-
HOCTH TOMyNANMM, HAnpuMep BTOPOTO BHIA, yIelibHad CKOPOCTh pOCTa YHcC-
JIeHHOCTH MEepBOrO BYa NPY MajoW IUVIOTHOCTH MONYJIALIMK pPAacTeT, aCHMITO-
THYECKH NpUOJIMKASACh K BEIIMYHHE dpy ax =&y + Py /D;.

3aMena = 7fa;, x; =K u;, X, =K,u, nepesomur cucremy (4.2.3) B

, DU U
“1="‘1(1*'41)+_“‘—l - )
1+6,u,
. Dauy
Uy =yup|l —uy + ——1, 424
2 =Y 2( 2 1+52u1\) ( )

roe &; =D1Ky, 8, =D,K,, y=az/a;.

B3aumnuoe pacloIOXKEHAE HYJIb-U30KIIHH CHCTEMbI Ka4eCTBEHHO OMHAKOBO
NpH BCeX 3HaYeHMAX IMApaMeTPOB H COOTBETCTBYET CywmIeCTBOBaHMI0 Ha ¢a3o-
BOM IOPTpeTe CHCTeMbl, COBMAQAWEM C H300paxeHHBIM Ha puc. 4.2.1, 0,
OHHOTO TIJ00AIBHO NPUTATHBAIOUIETO COCTOAHHUA DPABHOBECHS, OTBEYAIIEro
COCYIIeCTBOBaHHI0 00edX MonynAuui. PaBHOBeCHbIE YMCIIeHHOCTH 06eux nmomy-
NAUMA TPU COCYLIECTBOBAHMM BBILle, YEM PaBHOBECHBIE UMUCIEHHOCTH H30IH-
POBaHHBIX NMOMYJIALMA.

B 3aknioueHne pacCMOTpUM NPOTOKOOMNEPALMI0 MOMY IALMH, JMHAMHKA Kax-
OOH H3 KOTOpBIX NMPH H3ONHPOBAHHOM CYUIECTBOBAHHMH XapaKTepH3yeTcH Ha-
JTHYAEM HIDKHEH KPHTUYECKOH uMCneRHOCTH. JIMHamuka Takoi mapsl Mmomyns-
UM B NpeanoloXxeHun GHIMREHHOro XapaKrepa MpPOTOKOONEpalMy ONKChIBA-
eTCA CHCTEMOI

Xy =4y %1 (%) ~ L )(Ky — %) +PyX1x,,

*2 =a2x2(x2 *L;)(K;—X2)+P2X1X2. (425)
CrangapTHas 3aMeHa 1le peMEeHHbIX NPHBOAHT 3TH yPaBHEHUA K BULLY

Uy =uy(uy — L) —uy) +prugu,,

Uy =yuy [(uy — L)1 —uy) +pauy]. (4.2.6)

Hynb-M30KIIMHEI CHCTEMbI NpencTaBiifloT coOoi mapaGoibl C BepLIMHAMH,
PacrnoioXeRHBIMH B OTPHIATENBHBIX KBajpaHTaX, K C BeTBAMM, OPHEHTHPO-
BaHHBIMH B TIOJIOKHTETIbHBIX HanpaBjieHHAX. B nmepsoM xBajpante napaGoinbl
MOL'YT MMETh OT ABYX HO ueThlpex mepecevenuit. [lapameTpuueckuit ¥ nONHLIA
Habop ¢a30BbIX MOPTPEeTOB NpenCcTaBlieHs! Ha puc. 4.2.2 1 4.2.3.

Buonoruveckas HMHTEpHpeTalUA IIONYYEHHBIX DE3yJIbTaTOB BecbMa €CTecT-
BeHHa. [lpu n0GpIX 3HAUEHHAX NapaMeTpOB JIOKAJIBHO YCTOHUMBBIMU ABJIA-
I0TCA COCTOSIHME COCYLIECTBOBaHUA OOeMX MONyJANMA M TPUBHAIBHOE COCTO-
fIHUE PaBHOBECHA, COOTBETCTBYOlIEE BBIMHpaHu0 obeux nomynsauuii. 3aMeTuM,
YTO B peXHMe COCYyMIeCTBOBaHMS PaBHOBECHad IUIOTHOCTh KaXAOH 3 IONy-
NAIME  BbIlE €¢ yCTOHYMBOH paBHOBECHOH IUIOTHOCTH B OTCYTCTBHE [apTHepa.
B 3TOM npOMABNAETCA OMMH K3 MOJIOXKHTENBHBIX 30 EeKTOB NpPOTOKOONEPALUH.

OTHOCHTENBHO YCTOMYMBOCTH W30JMPOBAHHOIO CYNIeCTBOBAHMA NOMyMA-
UMY OQHOTO M3 BHMJIOB NMPH HHBa3HH MAJIOr0 KOJMHMYecTBa 0ocoBeil BTOPOro Buaa
MO>HO CKa3aTb Cliefywomee. B 3aBHCUMOCTH OT 3HaueHMH NapaMeTpoB YCTOIi-
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Puc. 4.2.2. lapaMeTpHueCK uii NopTPeT 5
cucTems! (4.2.6)

®
®
®

Puc. 4.2.3. ®asoBbie IOPTpeThl CH-
crembl (4.2.6). Ilpn 3ameHe U, Ha @ @ @
u, ¥ Ha0BOPOT IOPTPETHI C HHAEKCOM
“@” mepeXxopAT B MNOPTpETHl ¢ MH-

nekcoM 6" M HaoGopoT g Z Z //z Z
% © @ @
J
J o
4
® ® Z, ®
. J
S - ~— = ! Z

YMBBIM MOXET ObITh M3QMPOBAHHOE CYWIECTBOBAHME KaXOOH M3 MOMY/IALMH
(napaMerpuueckas o6nacts 1), ofHoOi u3 RuX (06nact 2a, 6 u 44, 6) H, Hako-
Hell, IpM 3HAYCHHAX TNapaMeTpoB, Jiexamux B obmactax 3, 5 U 6, H307MpO-
BaHHOE CyLWeCTBOBaHKEe HU OJHOMN U3 NMONYNALMI HE YCTOHUHBO. |

TaxuMm 06pa3om, OCHOBHO# pe3ysTbTaT MOXHO COPMYITHPOBATh Cile YIOWIUM
06pa3oM: B yCIOBHAX MPOTOKOOMEpalMH NMpUCYTCTBHe BHIa-MapTHEpa BCerpa
CHIDKAeT HIKHIO KPHTHYECKYIO YHCIIEHHOCTb, MPUYEM MPH [OCTATOUHO HHTEH-
CHBHO#H MPOTOKOOMEPALMH MOXKET CHHXATb ee [0 HyJs.
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4.2.2. Mytyanusm

IyHaMMKy Mapbl TONYNANHMA, CBA3aHHBIX MYTYaJTHCTHYECKMMHM OTHOILIEHHM-
AIMH, €CTECTBEHHO B [IepBOM npu G/ KeHMH ONHCATh CHCTEMOH

Xy = - Xy tPixx,,

.fz = —CyX, +P2X1X2, (42.7)

npeqfiosaras, 4r0 Kaxaas U3 MOMyNAUMHA B OTCYICTBME NapTHepa JIKCIOHEH-
UMaIBHO BhIMHpaeT (MOJO6HO TOMY, KaK 3TO NPOMCXOMMT C MOMyJIsuMen Xui-
HHKAa B OTCYTCTBHE >KEPTBBI), 3 MYTYQJIMCTUYECKHE BIAHMOOTHOLICHUS OIMMCHI-
BAIOTCA ITOJIOXKHTEJIbHBIMH GHIMHEHHBIMU WICHAMH.

Hynb-430KnuHbEI CHCTEMBI HpeACTaBlIflOT cOOOH MpAMble, NapaiielibHble
KOODIMHATHBLIM OCAM, ¥ pa30BbIH MOPTPET CHCTEMbl UMEET KAUECTBEHHO eOUHO-
oGpasublii B NpHu 06bIX 3HaueHMAX napamerpoB (puc. 4.2.4, a). ®a3oBoe
NpOCTPaHCTBO CHCIEMb! pachajaerc Ha OBe oO/IacTH, pa3jelieHHble cenapa-
Tpucoit cemyia C: MpH HayanbHBIX 3HAYCHMAX mMEPeMEHHbIX B obnactu, mpuie-
Xameld K KOOPAUHATHBIM OCAM, 00¢ MONyNALHM BBIMHMPAIOT; eCIIH XK€ Hauallb-
Hbl€ [UIOTHOCTH MOMYJIAUHH HOCTATOUHO BeNHKH, TO 06G€ MonyIAuMH HeorpaHu-
YeHHO pasMHOXawTcd. B 3TOoM nposBiAercA HealeKBaTHOCTb OMIIMHEHHOro
onucaHua 3bdexra MyTyanusma, yxe OTMEYeHHasd MpH MHCCIEeROBaHWUH Mpo-
ToKooNepauuu. Bocronb3yemcs omicanHbIM BbIlE IPHEMOM ¥ BBeIeM B pac-
CMOTPEHHbIE MNpH OIMCAHHH MYTyarTH3Ma ¢akTop, 3aHaIMOrUuHbIA akTOpy
HaCbleHus xumHuuka. Cucrema (4.2.7) npu 5TOM NPHHUMAET BUA,

. Pyxyx,
Xy =—cyx t ,
]+D1x2
PO £ L% (4.2.8)
2 2X2 1+ Dy, 2.

HetpymHo BHOers, YTO KayeCTBEHHO KapTWHa He MeHsercs. Hymb-H30oKmHbI
OCTAIOTCS TPAMBIMH, 11apaTIEIbHBIMH OCAM KOOPOMHAT, H. B 3aBHCHMOCTH OT
3HaueHU# NapameTpoB 06e NonmynaAuuM TGO BHIMUPAIOT MpU NOGBIX Hauamb-
HBIX yCIIOBHAX, TGO NPH HEKOTOPBIX HAYAIBHBIX YCJIOBHAX BBIMMpAIOT, a NPH
OPYTHX — HEOrpaHWYeHHO pa3MHOXAIoTCA, KaK 3TO H306pakeHO Ha puc. 4.2.4, a.

Bonee peanucTHUHOE OMMcaHWe AMHAMHKH OBYX MyTyaIHCTHUECKHMX [OMY-
NAUMA MOXHO MONYYATh, BBOIA JIOMOIHHTENILHO B pPaccMOTpeHHe (haKTOp
BHYTPHBHJIOBOH KOHKypeHuuu. Cuctema (4.2.8) nepexOomuT Mpy 3TOM B

. Pix1x; 2

X1 =—cx t —— —e1X1,
1+D,x,
Pyx,x,

x2 =—C2X2 + —e2x§. (4.2.9)
1+sz1

EciM WCKITIOWTh TPUBHANIBHBIH CTywait BbIMMpaHuMs 06enx monmymAnuit npu
moOBIX HauarbHBIX YCIOBHAX, TO (a30Bbifi MopTpeT cucTembl (4.2.9) Bcerma
BBITJIAAUT TaK, Kak 3TO H306pakeHO Ha puc. 4.2.4, 6. MHOXECTBO HaYabHbIX
- COCTOAIHMI CHCTEMB! PacnafaeTcsa Ha ABe OGNACTH, pasfesieHHbIE CeNapaTpHCOi
ceana C. IIpu ManbiX HavabHBIX HAYEHMAX IUIOTHOCTEH TIOMYJIALMH, PEICTaB-
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, 4,

7 z 4 7 o 4

Puc. 4.2.4. ®azosuie nopTpeTsi cucreM (4.2.7) n (4.2.9) , coorBeTCTBEeHHO @ M 6

TeHHBIX (a30BLIMH TOYKAMH, JIOKAUIMMHM JieBee M HHKe CcelapaTpuchl, obe
nonynsuuu obGpeueHs! Ha BeiMupanue. IIpy 3HAUMTENIBHBIX MCXOQHBIX IUIOT-
HOCTAX B CHCTeMe YCTAHABIIMBAETCA COCTOAHME YCTOHYMBOIO COCYIIECTBOBA-
HuUA 00euX NOMynAIMi.

CuMOHOTHYECKHEe OTHOIIEHMA — KaK THNA NPOTOKOOHEpalUMH, TaK H
MyTyaiu3mMa — BleKyT 3a coGOH YCTOMYMBOE COCYIIECTBOBaHME CBA3aH-
HBIX TAKMMHM OTHOWIeHHAMH nonyiasauui. IIpm CcHMGHOTHYEeCKHX OTHOMIe-
HUAX MeXOy Nonynauuamy, obmagaolMMH HWKHeH KPUTHUECKOH YHCTIeH-
HOCTbIO, BCEra YCTOWUMBO TPUBHAlIbHOE COCTOSIHME, COOTBETCTBYIOLIEE BBHIMH-
paHuio obeux nonynsumit. CocTosiHMe, COOTBETCTBYMOLIee H307HPOBAHHOMY
CYILIECTBOBaHMI0O OfHOK momynauuu (WiH 06erX) MoXeT GbITh B 3aBHCHMOCTH
OT WHTEHCHBHOCTH CHMMGHOTHUECKHX OTHOLIEHWH KaK YCTOMYHBO OTHOCHTENb-
HO MHBa3WM MapTHEPA, TaK W HeycTOH4MBO. JIpyrumu croBamu, mpH AOCTaTON-
HO MHTEHCHMBHbIX CHMOHOTHUECKHX OTHOLIEHMAX OHH MOrYT NONaBAATh 3¢-
$eKT HIKHe! KPUTHYECKOH YHCIICHHOCTH.

F1ABA S
JIOKAJIbHBIE CUCTEMbBl TPEX TOMYJISALIMA

B TpeTbeil 1 YeTBepTOil I'TaBax KHAIY GbUIO MOKA3aHO, YTO 1A Mapbl B3aHMO-
AERCTBYIOUMX MOMYJIALUMHA BO3MOXKHO NPOBECTH MOIHYI0 B PasyMHOM CMBbICIe
cioBa knaccudukaipo GakTopoB, KOTOpbie Clie[lyeT YyUYMTBIBATh IPH aHayIM3e
HX COBMECTHOM IMHAMMKM YMCTIEHHOCTH, W GBUI JaH 1O BO3MOXHOCTH IOJTHBIA
AQHAIU3 JMHAMHYECKHX CNEeJCTBHH, K KOTOPHIM NPHBOOAT OTACNIBHO B3ATbIE
daxTophl M HX pakmuHbie coueTaHus. ITocramoBka 3amauy 06 aHAOTHUHOM
HCCTIEOOBaHMM 1A MOJIETBHEIX IKOCHCTEM, COCTOAIMX M3 Tpex M Gonbllero
yMCNa TOMyMNALMHA, B HAcToAulee BpeMsA MpefCTaBIAeICA HEPEaTHCTHYHOH WM
10 MeHbllel Mepe IPeX/IeB PEMEHHON 10 LieJIoMy PANY NMPHYMH.

Bo-nepBhiX, MHOrooGpasyue BO3MOXHBIX MOJENBbHBIX CHCTEM, COCTOALLMX
U3 TpeX TOMYJALMHA, MPH ydyeTe XOT# Gbl UL PaxTOPOB, MPOAHAIH3NPOBAH-
HBIX BO BTOpO#H YacTH paGoThl, CTAHOBHTCSA IDIOXO 0003pHMBIM.

Bo-BTOpbIX, KaueCTBeHHas TeOpHA MddepeHIManbHbIX ypaBHEHHH, ABJISIO-
IIASCA OCHOBHBIM MAaTeéMaTHYeCKUM HHCTPYMEHTOM HACTOAILLEro HCCleHoBa-
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HHA, KOTOpYI0 MOXHO CUMIaTh B OMNpE/ENCHHOM CMBICIE 3aBeplUeHHOH A
CHCTEM BTOPOrO MOPAAKa, Jaleka OT TAKOro COCTOSHWA IJIA CHCTEM TPeThEro
u Gonee BHICOKOTO NMOPANKOB. B yacrHoCTH, B 3HAUMTESIBHOHN CTENEHN OTKPBITBIN
OCTaerca BOMPOC O CTPYKType H KJIaCCH(HMKAUMM NMPUTATHBAIOIMX 0OBEKTOB
B ¢a30BbIX IPOCTPAHCTBAX Pa3MEPHOCTH BbILIE JIBYX.

Tpetbe coobGpaxense TecHO CBA3aHO co BropbiM. CucreMsl middepeHUHATb-
HBIX ypaBHEHM#, OIMChIBalOLMe MMHAMHKY TpeX M DoJiee B3aMMODEH CTB yIoWMX
NOMyNALMH, [aXKe Nocie HOPMHPOBKH MePEMEHHBIX copep)xar Oombllioe 4HCIO
MapaMeTpoB. Beiule yxxe roBopunocs, yro Haubosee yIOGHBIM IPHEMOM IOTHO-
IO KauyeCTBEHHOrO MCCIEeIOBaHUA SABJIAETCA aHATN3 IAPAMETPUUECKOH OKpecT-
HocTH Oudypxaumii BRICOKMX, a B HJieaJle — MaKCHMANbHO BBICOKMX B JIAHHOH
cucreMe Kopa3mepHocreir [62]. Takum o6Gpasom, A HCCIeNOBAHUSA CHCTEM
TPeThero MOPANKaA, 3aBHCAWMX OT GONMBUIOro UMCIa MapameTpoB, TpeGyercs
3HaHUe HOpManbHOH (opMbl GMYpPKAlMit BHICOKMX KOpPa3MepHOCTeil B TpeX-
MepHoM ¢a3zoBoMm npocrpaHcrBe. Hna MHoOrux GHdypkauuii Kopa3MepHOCTH
BBILLE IePBOil HOpManbHble GopMbl G dypicanmil HeH3B €CTHBI.

[Tockonpky B Hacrosimee BpeMs DATb NOJIHYIO KJIacCH(PHKAUMIO JMHAMUYeC-
KMX Pe>XXMMOB M HX NepecTpoeK B MOJENBHBIX 3KOJIOTHYECKHX CHCTEMAX, BKITIO-
vamKx Gonee AByX MMONMYyJIALMHA, He IpeHCTAaBISETCA BO3MOXHBIM, TO B HACTOA-
el rmaBe Mbl CKOHUEHTPHPYeMCH Ha M3yueHMM TPOGdHUECKHX B3aHMOOTHOLLe-
HMl B CHCTEMAX TpeX B3aHMODEHCIBYIOLMX MOMYNSIMA B OTCYICTBHE M IpH
HATHUMH BHYTPH- H MEXBHIOBOH KOHKypeHuMH. HauGonsiimit HHTepec npH
3TOM MpeCTaBIACT aHANK3 JMHAMHYECKHMX DEeXMMOB, pealM3ylolMXxcda B JiO-
KAJTBHBIX CHCTEMAX TpeX B3aMMOJEHCTBYIOUMX MOMYIIALUHA, HO OTCYTCTBYIOLMX
B CHCTeéMax [ByX B3aMMOJeH CTBYIOIIHX MOMyJIALMA.

5.1. KITACCUOUKALIHA TPOOHYECKHUX CTPYKTYP

Bhinre yxa3bmBanocs, YT0 CyleCTBYIOT TPH OCHOBHBLIX THIIA MeXIOITY IALMOH-
HBIX OTHOUIEHMI: KOHKYPEHIMA, CHMGHO3 ¥ OTHOILUEHHS TUMA XHUHHK~XKepPTBa,
WM TpodHueckue oTHowenus [69]. B Hacrosmem paspgene OCTaHOBHMCA
HUCKITIOYMTENBHO Ha TPO(PHUECKMX OTHOLIEHHAX M JAMMM KilaccudHKaluio Tpodu-
YeCKMX CTPYKTYP, BO3MOXHBIX B CHCTeME TPeX B3aMMONCHCTBYIOLMX MOIMYy-
TSR,

0603HaWM MOMYIIALUMM TOYKAMH, a TPOPHUECKHE OTHOIUEHUA MEXTY HUMH —
CTpeniKaMM, YKa3bIBAlOIHMH HamnpaBjieHHs NOTOKOB BemlecTBa. OueBMIHO, 4TO
CYLIeCTBYIOT JIMIIb OBa THNA coGcTBeHHO TpodHyeckoro rpada cucremsl. I'pad,
U306paXkeHHbIH Ha puc. 5.1.1 cneBa, Ha30BeM LMKIIOM, a H30GpaXKeHHbIH Crpa-
Ba ~ AYeHKON CeTH.

Puc. §.1.1. [IBa THIA TpoHuECKKX CBA3eH B CuCTe-
Me Tpex Ionynauui

3 rpadsl 3apaor NULIb MEXIIONYJAUMOHHBIE OTHOWIEHAS B cucTeme. Jing
TOoro yroGbl NpeacTraBUTh Ccebe PYHKUMOHMPOBAHHE CHCTEMBI, MBI JOJIXKHBI,
KpOMe TOTO, 3HaTh, KaK Beder ceGf KaX/asa U3 TpeX BXOMAUMX B IKOCHCTEMY
nonynsuui, 6yoyw npegocraBneHHoi camoit cebe. Jpyrumu ciosamy, cemyer
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3HaTh, KAKHE NONYNALMH ABJAIOTICA aBTOTPODHBIMH, KaKHe — reTepoTpodHbi-
MH, T. €. KakHe NOMyINAunH, Gyoyun npegocraBneHbl caMu cebe, pasMHoKaoTCH,
a KaKMe — BBIMHMPAOT, ABTOTPOGHOCTh MOMYNAUMH €CTECTBEHHO H306pa3UTh
CTPE/IKOH, BXOJAIIEH B COOTBETCIBYIOIYI0 BeplinHy rpada, a retreporpod-
HOCTb COOTBETCTBEHHO — BBIXO/IALLEH CTPENKOM.

HerpynHo u3 cooGpaxeHuii KOMGUHATOPUKH BMIETh, YTO LMKIY NPH yuyeTe
BCEX BO3MOXHBIX KOMGHHAUMH aBTO- U reTepoTpodHOCTH MOMYNAUMHA COOTBET-
CTBYIOT YeThlpe THUMA TPOGDHYECKHX CTPYKTYp, a fAvelikeé — BOCEMb THIIOB
(puc. 5.1.2). Takum oGpa3oM, GopMabHO B CHCTEME TpeX B3aUMOPEHCTBYIO-
UMX MOMYIAUMA BO3MOXHBI [BEHAUATL THUIOB Pa3TMUHbIX TPOGUUECKHX
CIPYKTYD.

Kaxqoit tpodHueckoil cTpyKkType M3 wicia uM3o0pakeHHBIX Ha puc. 5.1.2
comnocTaBUM cucteMy Bonbreppa middepeHiManbHbIX ypaBHEHHH TpeTbero
NOpAIKa, CUMTasA, YTO BXOAAUME H BBIXOJMILHUE CTPENKH OTBEYRIOT JIMHEHHBIM
WIeHaM, a CTpelKH, CBA3BIBAIOIIME Maphl NOMyNAUMA — OGHITMHEHHBIM WICHaM,

Hanpumep, rpady @ oTBevaeT cucrema
.£=alx - b]gxy - bl 3XZ,

y=a,y +dy,xy +dysyz,

Z2=a3z — by3yztd;xz. (5.1.3)

Mpexxne uyem nepexofuTs K HCCIeOBaHMI0O CHCTeM mHdpdepeHIManbHbIX
YPaBHeHHi, COOTBETCTBYIOUMX TPOPUUECKUM CTPYKTYpam puc. 5.1.2, AamuM
HHTEepnpeTalMio ¥ Ha ee OCHOBE UCKIIOWM GONBLUIMHCTBO TPOOHUECKHX CTPYK-
TyP M3 JATbHEALIETO PacCMOTPEHHSL.

3ameqa!me 1. Ilpu namenermm HalpaB/ieHHA BCEX CTPENOK Ha PHC. 5.1.2
rpadsr ¢’ ¥ ¢’ mepexonAr B rpadbl 6 U 2’ COOTBETCTBEHHO H rpads! cpenHero

AANA
AN A

z 7

A AN

Puc. 5.1.2. Tpoduueckne CTPyKTYphl TMHA uKi” (Tpadbl a'—2') u “’suelixa’’ @—3)
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pAfia IepexoiAT B COOTBETCTBYIoIMe rpadb! HIKHero psApa, ¥ Haobopor. ITo
O3Hauaer, YT0 OTBEYALMEe 3THM rpadam cucremsl b depeHIHATILHbIX ypaB-
HeHMA MepeBOAATCA [PYr B DBpyra M3MeHEHHeM HanpaBiieHHs Bpemenu. O6pa-
IEHYie HANpaBIICHHsA BPeMEHH O3HA4aeT MePeXop, OT OJHON CXeMBI TPOPHUECKHX
OTHOIIEHVH K JPYTOH, B KOTOPOH HalpaBJIeHHs BCEX MOTOKOB BEILECTBAa—3HED-
THH 3aMeHeHb! Ha MPOTHBOMONOXHbIe. IIpH 3T0M aBTOTpOd b “npeBpamatorcsa”™
B rereporpooB, KEpTBH — B XMIHMKOB, ¥ HaoGopor. Hao MHNM, uTO BONbTED-
pPOBCKas CHCTeMa XMINHMK—kKeprBa (3.1.1) mepexomMr (C TOYHOCTBIO, KOHEU-
HO, [I0 UMCIICHHBIX 3HaueHWH Ko03¢¢HIMeHTOB) NpH 0GpaieHHH BpeMEHH Cama
B Ccebd.

3amemanne 2. B oTHoweHMM cucreMm, oTBevaroumx rpagam 4 M 4’ (cm.
puc. 5.1.2), cymecrByer o6was reopema Bonbreppa [171, 35]: ecrm Bce x03¢-
GUUMEHTHI IPH THHEAHBIX WIEHAX IOJIOXMTENbHB], TO TPAEK TOPHH CHCTEMBI IIPH
T106bIX HayalIbHBIX YCIOBHAX YXOAAT Ha 6ECKOHEUHOCTb.

AHanornyHas TeopeMa HMeeT MecTO H JIf CHCTeM, NIpeACTaBleHHbIX rpadamu
6'u 6: ecim Bee KOIDPUUHEHTBI P MHEHHBIX WIEHAX OTPHUATENBHDI, TO ITIO-
GanbHO MPUTATMBAIONMM PaBHOBECHEM ABIISETCA HAUATIO KOO PIMHAT.

HHrepniperaups 3X Teopem OueBHHa. ['padb1a’ ¥ @ OIHCHIBAIT MOJIENBHYIO
IKOCHCTEMY, COCTOAUIYI0 H3 TPEX aBTOTPO(OB, CBA3AHHBIX MEXZY coBOH Heko-
TOphLIMH TPOHUECKMMH B3aMMOOTHOWIEHHAMH. [Ipy 31OM KaXMOEI KOMMOHEHT
CHCTeMBl, TIpPeJOCTABJIEHHHI camMoMy ceGe, HEOTpaHHYEHHO pa3MHOXaeT-
ca. EcrecTBeHHO, B TaKoi CUTyauuy HEOTPaHHYEHHO DAa3MHOXKAETCA M CHCTeMA
B LIEJIOM.

Hanpotus, rpacdbl 6’ 4 6 OMACHIBAIOT MOJENBHYIO 3KONOTHUECKYIO CHCTEMY,
COCTOAIIYI0 M3 TpeX CBA3AHHBIX MeXOy coGoH HEKOTOPBIMH TpodHueCKHMHU
OTHOIIEHUAMM NOMynAmMiA rereporpodoB. Kaxmas momynaumsa, mpeJocTaBiieH-
Has camoil cebe, BhIMMpaeT. EcrecTBeHHO, YTO 3aT10XKEHHOE B MOIENb OTCYT-
CTBHe NPHTOKA M3BHE BellleCTBA M 3HEPTHH B TaKylo cCUCTeMy obpexaer ee Ha
BBIMUpaHHE.

3amemanue 3. B reopernueckoii 3KONOrMH CylleCTBYyeT HECKOIBKO HIEaTH-
3aUMi, CBA3aHHBIX C TPO(PHYeCKMMH OTHOLUEHHAMM

a) TpoduuecKas 1emnb: “MepeHOC SHEPTHH MAILH OT e€ HCTOYHUKA — PACTeHHH,
MpOMCXOMALIMIA MyTeM MOeSAHHA OIHMX OpraHM3MoB ppyrumu” [69, c. 85];

6) cmierenne TpoduueCKMX (IMINEBBIX) Ilemed YacTO HA3bIBAIOT IHMIUEBOM
cerbio [Tam xe];

B) OpraHH3mbl, MOJIyvalOIUMe CBOIO NMINY OT pacTeHMil Yepe3 OJMHAKOBOE
YKCIO 3TANOB, CYUMTAIOTCA MPHHAIIEKAIMMH K OJHOMY TpopHUeCKOMY YpPOBHIO.

M3 aroro criemyer, yto B pamMKax MareMaTHYeCKOH 3KOJIOTHH MMeeT CMbICI
PacCMaTpuBaTh He N100ble MBICAIMMbIE H3 KOMGHHATOPHHBIX COOGpaXKeHHH Tpo-
¢uueckue cetd, Ho B MepBYI0 Ouepelb OPHEHTHPOBaHHble TPO(DHUECKHE CeTH,
B KOTOPbIX MOXHO BbIJEIUTh ONHOHANPAB/IEHHBIA IOTOK BEMIECTBA — S3HEPrHH.
Ecim npupep»BarbCs 3T0il TOUKH 3PEHHUA, TO U3 PACCMOTPEHHUA ClleAyeT HCKITIO-
yiTh OBa THNA B MPHMHIMIE BO3MOXHBIX TpodHYecKHX ceredl. Bo-nmepshix, sro
CeTH, HEKOTOpble U3 BepIMH rpadoB KOTOPBIX HMEKOT JIMILIb BXOOAIIME WM
JIMINbL BBIXOAANME MOTOKHM BellleCTBA—3HEPrHH. JTO coobOpaXeHHe INpencTas-
NfeTcA OYCBHIHBIM. Bo-BTOphIX, Cileflyer HMCIIOWTH M3 PacCMOTPEHHA CETH,
rpadbl KOTOPHIX COAEPXKAT WMKIBL JTO cooOpaeHHe MOXeT BCTPETHTb JBa
BO3paxeHusA. Bo-nepBhIX, MOTOK BewieCcTBa B 3KOCHCTeMax He OJHOHAINPaBJIEH,
a o6pasyeT KpyroBOPOTHI. IT0O HECOMHEHHO TaK, HO B IMHaMMKe TaKOro poja
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Puc. 5.1.3. Tpodmueckue rpadsl (@) cxem “ABa aBtorpoda-rereporpod’ (i) u 'aBTo-
Tpoh—nBa rereporpoda” (3) M ux anbIcpHaTHBHoe NpeNCTaBlieHHe (6) NpH peayn3a-
MK HaKyNbTATHBHOTO XHIIHHYECTBA

KPYTOBOPOTOB C HeOGXOMMMOCTBbIO BaXKHylo pONb HIPaeT KOCHOE BEleCTBO.
CucTeMBl Takoro poja HaxoiATCA 3a paMKaMHM Haulero paccMorpenust, Onu
noapoGHO HCClIeNOBaHbl, B YAaCTHOCTH B pabGorax B.B. AnexceeBa u ero cor-
pymHuxoB [3, 4, 74]. Bo-BTOpbIX, B NPHPOJE BCE-TAKH, NMO-BUIMMOMY, CYMIECT-
BYWOT MpUMepbl NPOTHBOHANPABICHHBIX MM 3aMKHYTBIX UMKIMYECKHX MOTO-
KOB BeLJECTBa B TPodHUeCKHMX ceTAX (IIOTOANHBIE PACTEHMS TUMA POCAHKH
H T. m). OgHako TakMe fABIEHMA — CKOpee MCKIIIOUEHWe, YeM MPaBWIO, H HX
eCTeCTBEHHO OTHECTH K 3¢ dexTam BTOpOro nopsamka”.

PaccMoTpuM Temeph, Kakue M3 TPOQHYECKUX CTPYKTYp, MpelCTaBIeHHBIX
Ha puc. 5.1.2, ynosneTBopAioT AByM chOpMYIM pOBAaHHBIM Bhillle TpeGOBAHUAM
M TeM CaMbIM 3aCIIy>XHBAIOT JTbHEH1LIETo paccMoTpeHusa. QUeBHIHO, UTO CTPYK-
Typbl @'~2' MCKITIOUAIOTCA U3 PACCMOTPEHHMS KAK COMEPXKALME LMKIBI MO MO-
crpoennio. M3 wMcna CTPYKTYp CPEHETO M HH)KHEro psnoB rpadsl 4, 8 U 0
BKJIOYAIOT BEPUIMHBI C TpeMA BXONAIUHMH NOTOKaMH BElIECTBA—3HEpruH,
arpadbl 6, 2 H € — ¢ TpeMs HCXONAMMH MOTOKAaMU H IIOTOMY TaK e JOHbI
GbITh M CKITIOUEHBI H3 PACCMOTPEHH .

TakuM 06pa3oM, M3 BCEX BO3MOXHBIX M3 KOMOHHAaTOPHBIX COOOpakeHMit
TpodHyecKHX rpadoB cOOOWIECTBA TpeX MOMYIALMH K KaTeropHd OpPHEHTHPO-
BaHHBIX TPODHUECKNX CeTeH MOTYT GBITh OTHeCEHH! JIMILD Ipadbl i U 3, Mepexo-
JsALMe JpyT B ApyTa NpH 0 GpaineHUH HANIPaBJIeHUs B pEMEHU.

TepmuHonoruveckoe 3amewanne. IIpu ommcamy TpopHYeCKHX B3aMMOOT-
HOLLIEHHH B CHCTeME TPeX MOMyJISuMil €CTECTBEHHO MCIONb30BaTh TEPMHUH mpo-
OVUeHT” WIH COXPaHHTh TEPMHMH ~Ke€pTBa” NI BHMA, SABJIAIOIMIETOCH IILER
oA OBYX DPYTUX MONMYAAUMI coobuiecTBa, ¥ TepMHMH ~XHIUHMK ISt BHU7a,
noTpe®ismouiero o6oux maprHepoB No coobuiectsy. JUIA BUOa, ABNFIOILIEroCa
XMIIHUKOM [0 OTHOLUIEHHI0 K XKEPTBE H KEPTBOM M0 OTHOLUEHMIO K XWLUIHUKY,
MOJKHO K CTIONb30BaTh MOHATHE ~KOHCYMEHT”.

KakoBa BO3MOXHAaf 3KoNIOTHYecKas HWHTepnperauys rpapoB » M 3 Ha
puc. 5.1.27 OHa CTaHOBMTCA OYEBMJHOM, €C/IM BHIOM3MEHHTb DHCYHKH TakK,
yToGb! aBTO- M reTepoTpodh! GbUM PACHONOXKEHH! HAa PA3HbIX BEPTHKANBHBIX
ypoBHaX (pHc. 5.1.3, @). I'pad » oTBewaer cuTyauuu ABa aBTOTpoda—OmHH
reTepoTpod, npuueM OIMH U3 aBTOTPOGOB — PaKynIbTaTHTBHBIA XMIMHUK IO
OTHOUIeHHI0 K HOpyroMy. I'pad 3 oTBeuaer curyaumm omus aBTOTpod—/Ba re-
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?\ | v |
Puc.5.1.4.Tpu HauGollee HHTEPECHBIX Chlyyad BBIDOXKIECHUSA TpPOPHUECKUX CTPYKTYp,
peanu3youuxca B CHCTeMe TpexX nomyid umi

Teporpoda, npuueM onuH U3 rereporpodoB — (aKyNbTaTUBHBIA XMILIHKK MO
OTHOILEHHIO K APYroMy.

3aMeTHM, YTO TepPMHHOJIOTHA H CocoObl rpaduyeckoro NperacTaBlieHUs B
3TOH 06nacTM He BMOJIHE YCTOSUIMCh: C OMHOWM CTOPOHBI, XMIUHHKOB IPUHATO
CUMTATh BEPXHUM TPODHUECKHM YPOBHEM, C APYTOit CTOpOHBI, MOTOK BelieCT-
Ba—3HEPruH, NPOXONAIMA uepe3 3KOCHCTEMY, M300paXkaTb TeKYUMM CBEpXY
BHM3. EcM pasMecTHTh KOMMNOHEHTB! aHATH3MPYEMOH MONEMBHOM CHCTEMBI
Ha TpeX TPODHUECKHX YPOBHAX, CUMTad XHMIIHMKA BEepXHMM, To rpacdbl Ha
pHc. 5.1.3, @ mpurMMmaloT BUA puc. 5.1.3, 6,

Bolllle MBI HCIJTIOUWIM M3 PaCCMOTPEHHA CHTYallMM, B KOTOPBIX CHCTeMa
COCPXUT aBTOTPOGHOrO XMIUHMKA, KAK 3K30THYECKHe. TakuMm o6GpaszoMm,
tTpodHueckuit rpad x, H30GpaxeHHbIi Ha pHc. 5.1.3, 4, TakXe OKa3biBaeTcA
3a paMKaMH Halllero aHau3a. Hanpotus, tpoduueckuii rpad 3(cm. puc. 5.1.3,6),
OTBeyarumil GaKynbTaTHBHOM ~TPaBOAJHOCTH” XMILUHMKA, OIMCHIBAET OUEHb
PACIIPOCTPAHCHHYI0 3KOJIOTMYCCKYI0 CHTYyauHl0 H B HalbHeiieM Gymer Mpo-
aHAJIM3HPOBaH MOJPOGHO.

o cux mop Mbl pacCMAaTPUBAIH JMLIb MOHbIE TpodHuecKkHe rpadsl, B KOTO-
PhIX C TeM HITH HHBIM 3HAKOM PeaM30BbIBATUCh BCE BO3MOXHBIE TPOHHUECKHE
CBA3M MexAy nomynsmami. OfHaKo WHTepeC MpeCTaBNAT TAKXKe HEMOTHbIE
TpodHueckue rpadsl, B KOTOPBIX OTHENbHbIE BO3MOXHbIE TPOpHUeCKHE CBA3IH
oTCyTCTBY10T. OUeBHIHO, YTO B PEAIBHBIX 3KOJOTHUECKMX CHCTEMAX OCYLIECT-
BIAIOTCA JHIUD HEMHOTHE H3 NPHHIMIMATEHO BO3MOXHBIX TPODHUECKUX CBA3EH.
B cucreme TpeX B3aMMOJEHCTBYIOLMX MOMY/IAUMA HHTepeC NMpPeSCTaBIAIT TPH
THIIA BBIPOKIEHHBIX (HEMONHBIX) TPOGHUECKHUX CTPYKTYp, ABNIAIOIMXCH YaCT-
HBIMH CITyyasiMM MOJTHBIX TPOQHUECKHX CTPYKTYP, MPH OTCYTCTBMH OJHOH M3
TpOdHUECKHUX CBA3EH: NBE KEPTBHI—OMH XHIIHK K, JBA XUIUHUKA—O/IHA KEePTBa,
NpoAyUeHT—~KOHCYMEHT—XMINHHK Ge3 (akynbTaTHBHOH “TpaBOANHOCTH” Xuil-
Huka (puc. 5.1.4, rpadsia—e).

IlepBbie Ba K3 3THX CIyyaeB MepeXONAT APYT B Jpyra NpH oGpalueHHH Ha-
npasiessa BpemeHd. C aHanM3a 3THX YaCTHBIX CNTy4YaeB Mbl HAUHEM HCCIIE[OBa-
Hue cucreM IHddepeHUHANBHLIX YpaBHEHUi, OMMCHLIBAIOUMX CHCTEMBI Tpex
B3aVIMOBEHCTBYIOUWM X O AIMHA.
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5.2. COOBIIECTBA BE3 KOHKYPEHLHH

PaccMorpuM muddepeHManbible ypaBHeHUs, ONMMChIBAIOIME CHCTeMBI TPEX
MOMyNALMHA, CBA3aHHHIX Mexly coboii TpoduueCKHMH B3aMMOOTHOIUEHHAMH
B COOTBETCIBMH C rpad)aMi, MpOaHATM3UPOBAHHBIMHU B MpedbiIylleM pasfene.
Ilpennonaraercs, 4to TpoduYecKHe OTHOMICHHS MEXIY MOMYNALMAMM KOIH-
YeCTBEHHO OTBevalT cxeme Bonbreppa, T. e. oMMChBAIOTCA GHIMHERHBIMH Wie-
HAMH, M KaKHe-TMOO HHbIe, B YaCTHOCTH KOHKYPEHTHBIE, OTHOLUECHHA OTCYT-
CTBYIOT.

5.2.1. Cucrema OfMH XHUIHUK —IBE )KEPTBbI
H OJHA KepTBa—IBa XWIHHKA

Tpoduueckomy rpady a4 (cM. puc. 5.1.4) oTBeuaer ciegymwiias cCuUcTeMa
middepeHIManbHbIX YpaBHEHHH :

Xy =a1x; — byx,y,

X3 =8,y — byXpY,

y=—cytdiyx,y +dyx,, .21

KOTOpasA 3aMeHOH

a, a, a,
t=rlay, x, "71: Uy, X, =g;“z» J’=;1'v
NIEpEBOMTCA B
Uy =uy (1 -v),
Uy =y1u(n - v), (5.2.2)

0= —vv(1 —uy —u,),

e vy = b,y /by, 72 =clay, n=ab;[a\b,.

Koop/MHaTHEIE IUTOCKOCTH CHCTEMBI SIBJIAIOTCA HHTerpaisHeiMM. ITpu n # 1
CHCTeMa He MMeeT HEeTPMBHANBHBIX (JIEXKAMX He Ha KOOPIMHATHBIX IUIOCKOC-
TAX) paBHOBeCHi. PaBHOBECHbIE TOYKHM CHCTEMBI, KPOME Havajla KOOP[IHHAT,
creflyomme:

Ay =1,u;=0,v=1),

Ay(uy =0, uy=n, v=1).

Ha xoopauHaTHBIX IDI0CKOCTAX {u,, v}u {uz, v} TOUKH A; u A, coor-
BETCTBEHHO HBIIAKOTCH LEHTPaMH, a TPACKTOpPHH OOPa3yT OJHOMAapaMeTpPH-
yeCKHe CeMeICTBa 3aMKHYThIX TPaeKTOPHIA.

He orpanuwiBas o61IHOCTH, MOXKHO cuMTaTh 77 > 1. Torga u3 Touku A; Tpaex-
TOpHA BBIXOOMT BHYTPb IepBoro ¢as’oBOro OKTaHTa ¥, HallpOTHB, B TOUKY A,
TPaeKTOPUA BXOOMT M3 oKTamta (puc. 5.2.1). Npu n < 1 curyaumus oGpatnas.
IIpn n=1 Ha $a30BOM NOpPTPeTe HMEETCA NPAMAs HEH30JMPOBAHHBIX 0COGBIX
TOYEK Uy + Uy =1, 0=1. »

Ina toro 4roObl NMOHATH, KAK YCTPOEHHI TPAEKTOPHH CUCTEMBI ITIOOaBHO,
PaccMOTpPHUM Ciiyvait y; = 1 ¥ nepeiifieM B IMIHHAPUUECKYIO CHCTeMYy KOOpDH-
Har: U; =P COSyY, U, =p Sin .
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B HOBBIX KOOPAMHATAX NIPH Yy =1 cucrema (5.2.2) NpHUHMMAaET BHI
p=p [l —v+(n+1)sin2y],

1
¢’:=E(n — 1)sin 2¢,

v=—vyv [l —p(siny +cosy)]. (5.2.3)

U3 Bupa cucrembl (5.2.3) cmenyer, 4To MHTErpaibHaA IWIockocrb ¢ = 0
(B “crapblX” MepeMeHHBIX KOOPAMHATHAA IVIOCKOCTb {4y, U} ) B LEIOM OTTal-
KHBalollas, a IWIOCKOCTb ¢ = /2 (KoopoMHATHAas IWIockocts {u,, v}) npu-
TATMBAIOILIAA.

Tenepb MOXHO NpelcTaBUTb ceGe cTPykTypy (pa3oBoro mpocrpaHcTBa B
nenoM. TpaeKTOpHsi, BHIXOAMAIIAsA U3 TOUKHM A; BHYTpb EpBOro OKTAaHTa, IpH-
TATUBAETCA K HEKOEH 3aMKHYTOH TpaeKTOPHM Ha KOOPIMHATHOM IUIOCKOCTH

174

Puc. 5.2.1. ®azossilt MopTpeT cucremsl (5.2 2)

I/4 2

{uy, v} . COOTBETCTBEHHO TPacKTOpHsA, BXOIAUIAA B TOUKY A, M3 IEPBOTO
OKTaHTa, CMAaThIBaeTCA ¢ HEKOTOPOH 3aMKHYTON TPacKTOPHH Ha KOO POMHATHOM
WIOCKOCTH {4y, U} . JT0, B YACTHOCTH, O3HAYAET, YTO TPaCKTOPHH, CMaThIBAI0-
LIpeca BHYTPb OKTaHTa C [POH30IBHOH 3aMKHYTOH TPacKTODHHM Ha IUI0CKOCTH
{u,, v}, HamaTEIBalOTCA He HA KaKyIO-TO ONMPENETIEHHYI0 3aMKHYTYI0 TPaeKTo-
PMIO HA IUIOCKOCTH {U,, U}, @ H2 MHOXeCTBO TPaeKTOPHIA, 3aKITIOUeHHBIX BHYTPH
HEKOTOPOTO KOJNBIA Ha 3TOH IUIOCKOCTH. AHANOIMYHO TPAaeKTOpHH, NPHTATH-
BalollMecs K HEKOTOPOH MPOHU3BONILHOH 3aMKHYTOH TPaeKTOPHH Ha IUIOCKOCTH
{uy, v}, CMaTBIBAIOTCA C MHOXECTBA 3aAMKHYTHIX TPAaGKTOPHIl Ha IUIOCKOCTH
{u;, v}, 3aKnI0¥eHHBIX Ha ITOH IVIOCKOCTH BHYTPH HEKOTOPOro Kombua. Hpy-
TMMM CJIOBaMHM, BHYTPH OKTaHTa IPOMCXOIMT Kak Obl mepeMellMBaHie TpaeKTo-
puit. PaccMaTpuBaemas cHTyauus He rpy6a: yueT moGbix JONONHMTENbHBIX hak-
TOPOB OWHAMHKH UHMCIIEHHOCTH, OTPaXalOLWMACH B BBEJEHMH B IpaBble YaCTH
cucremb! (5.2.1) HOBBIX WIEHOB, KaueCTBEHHBIM 00pa30oM MeHseT ee NoBeNeHHe.
OnHako CBOMCTBO IMepeMELUMBAaHMs TPAaCKTOPHH, He HMeloniee aHalora B JMHa-
MHYECKHX CHCTEMax BTOPOrO NOPSAAKA, COXPaHmeTCH, KaK MbI YBHIMM HHXe,
B HEKOTOPBIX yXKe rpyosx Momudu kauusx cucremnl (5.2.1).

Buonoruueckas HHTEpIpeTaUMA Pe3yNbTaTOB UCCIIEIOBaHUA cucTemsl (5.2.1)
oueBH/iHA. B cyuae GWIMHEAHOTO XapakTepa B3aHMOIEHCTBHA KaXTO# U3 IBYX
MONMyMNAUMIA XePTB C NOMYNAIMEH XHIMHHKA H B OTCYTCIBHE KaKHUX-TMOO HMHBIX
($akTOpOB, BIUAMMX Ha JMHAMUKY YHCIIEHHOCTH, OZHa M3 IONYIIAIMHA XKepTBbI
BCETJa NOJIHOCThIO BhiTecHAeT Apyryio. [loGepurenem npH 3ToM OKa3bIBaeTCA
nomynsuua, obecrneunBaiomwas Gormee BBICOKYI0 CTAUMOHAPHYI0 IUIOTHOCTB
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MNOMyAAUMH XMIHMKA. 3TO MOKET NpPOMCXOOHMTh, HANpHMep, 3a cueT Gomee
BBICOKOTO OHOTHYECKOro TNOTEHIMaNa OJHON H3 MONYAUMH J>XKepTB INpH pa-
BEHCTBE UX MpOYMX XapaKTepUCTHK. AMIDIMTYJA KoneGaHuil B cHcTeMe B Ipo-
lecce BBITECHEHHWA ONHON H3 MOMyNsuMiA JXepTB MOXET KaK YMEHBINaThCH,
TaK M yBEJIHUMBATHCH.

CucreMa OBa XMIIHMKa—XXEpTBa3, OMmMcbiBacMas MiddepeHManibHbIMH ypaB-
HEHMAMH

k=ax - byxy, — byxy,,

Y1 =—C1yy +dyxyy,

Y2 = —C Yy tdyxy,, (52.4)
Beper ceGA CoBeplIeHHO AHATOTMYHBIM 0OpasoM. OnHa M3 MOMyJIAUMA XHIIHU-
Ka Bcerjga BBITECHAET APYTYIo, NpHYeM MobGeguTeneM B 3TOM CJIydYae OKa3bi-
BaeTCA XHIIMMK, obecrnieuMBaiomMii MHHMMAQIbHYI0 CTAlHOHAPHYI0 IDIOTHOCTD
HOMyMAMH KepTBbl. OueBHIHO, YTO MpPH 3TOM TAKXKE NPOMCXOOUT NepeMelln-

BaHWe TPAEKTOPHH, MOCKONBKY cHcreMa (5.2.4), KaK yxe YKa3pIBaIOCh, Nepe-
xomuT B cucremy (5.2.1) oGpauenrieM HallpaBJieHHA BPeMEHH.

5.2.2. Cucrema Tpex TpopHIeCKHX YpoBHeH

TpodmueckoMy rpady, Hzo6paxeHHOMY Ha pHc, 5.1.4, 6, oTBeuaer cHcIeMa
ypaBHEHMiH

x=ax-—byxy,
y=—c1y +dixy - byyz,
2=—c,z +d,yz, (5.2.5)

KOTOpas 3aMeHOH

t=1/a, x=f—1 u, y=f— v, z=ﬁw (5.2.5")
d] bl b2
TPUBOMTCA K
u=u(l —u),

b=—v0(1 —v+w),
w=—y,w(a - v), (5.2.6)
rae Yy =€y /a3, 72 =Cy/ay,a=cCyby jad,.

Oco6biMM TOYKAMM CHCTEMBI ABIIAIOTCH HAYalo KOOPIHHAT M Touka A(U =
=y =1, w=0). Hauano xoopaMHaT, OYEBHIHO, — TPEXMEPHBIH CEJIOy3€eN C BhI-
XOOAIIMM HalpaBjieHHeM, COBMANAlOIMM C OCbI0 aGUMCC, H C BXOOALMMH Ha-
NpaBNeHMAMH, COBIAJIAIONIMMHE C OCTAIBHBIMY KOOPIMHATHBIMH ocAMH. Touka
A B wiockoc {u, V} ABIAETCA LEHTPOM, OKPYXEHHBIM ONHONAapaMeTpHUec-
KM CeMEeHCTBOM 3aMKHYTHIX TpaeKTopuii. E¢ yCroduMBOCTb 0 HAIpaBIeHHIO
W OTIpeneNIAeTCS 3HAKOM BelMUMHBI W/w| o = —y, (@ — 1). ®a3zoBsle Moprperst
cucrems! (5.2.4) mpu a > 1 ¥ a < 1 uzo6paxenst Ha puc. 5.2.2. [Tpu 6udypka-
IMOHHOM 3HaueHMH MapaMmeTpa ¢ = 1 cucrema MMeeT IPAMYIO HEH30NIMPOBAH-
HBIX HETIOBHXHBIX TOYeK U =1 +w,v=1.

Buonoruueckas MHTepnperauus pe3ynbTaTa COCTOMT B alemyromem. Ilnor-
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b b

Puc. 5.2.2 da3oBrle nopTpersl cucreMsl (52.6) npua>1 (@ ua<1 (6)

HOCTb MOMYJIAIMK KOHCYMEHTa VU B CHCTéMe TpeXx TpPOo(dHUECKMX ypOBHeH pery-
mupyerca gByMsa (aKTopaMm: OrpaHWYeHHOCTbI0 JOOBIW — MPOMAYUEHTa H NaB-
JIEHHeM CO CTOPOHBI XUuHKKA. Ecnu paBHOBeCHasi IUIOTHOCTh MOMYNIALMM KOH-
CYMeHTa B OTCYTCTBHE XMILHHKA MeEHble IUIOTHOCTH MOMYINIALUH KOHCYMeHTa,
obecrreunBaloIeil CTAMOHAPHOE CYINECTBOBaHME XMINHMKA, T. ¢, o > 1, To
XHIIHWK OOpeueH Ha BhIMMpaHWe, a MOMYNALMH KOHCYMeHTa M IpOMylCHTa
B3aMMHO KOHTPOJIMPYIOT WICHEHHOCTH [pyT BpyTa.

B mpoTMBHOM Cilyyae XWIUHMK HAaCTONBKO MOMABJIAET UMCIEHHOCTh KOHCY-
MeHTa, YTO MOMYJALMA MPOAYUEHTa BBIXOOUT H3-MOJ KOHTPOIA MOCIEAHEro U
HeOrpaHHYEHHO pa3MHoO>Xaercs. HeorpaHMuedHo pa3sMHOXaeTcA TaKXKe H MOMy-
JIALAA XMILHAKA.

HexoppextHocte Monenu (5.2.5), nposABNsAWanca B BO3MOXKHOCTH Heorpa-
HHYeHHOrO POCTa YMCIIEHHOCTH MOMYNALUMH XHMIIHMKA, CBA3aHa C AByMA obcros-
TenbcTBaMH, [lepBoe oueBUOHO — 3TO MpeamnoyiokeHHe 06 3KCHOHEHUHATIBHOM
POCTe UMCIEHHOCTH MOIYJIALMA NPOAYUEHTa B OTICYTCTBME KOHCYyMEHTa, Bropoe
COCTOMT B  IpeAronoKeHHy GHIMHEAHOro XapaKTepa B3auMOaeCTBUA MeXIy
NpOAYUEeHTOM M KOHCYMEHTOM, C OfJHOH CTOPOHBbI, H KOHCYMEHTOM M XHIIHM-
KOM — cpapyroii. BeeicTBre 31010 NpemionoXke s OKa3bIBAETCH, YTO 02PAHU-
YeHHaA NOIYNALMA TPOXYUEHTa CIocOGHA C Heo2panuiennoli CKOPOCThIO NOIIO-
IaTh NMpOAYIeHTa, NepepabarbiBasg ero Guomaccy B COOCTBEHHYIO, H COOTBET-
CTBeHHO oOecreudBaTh HEeOrpaHMYEHHBIH POCT MOMYNAUMHM XHIWIHUKA. ficHo,
yro 062 3TH NpearnoIoKeH!sA MOryT ObiTh MPHHATDI THLIb AJIf HEKOTOPOro iNa-
1a30Ha IVIOTHOCTEH MOMyNALUA.

5.2.3. flueitka Tpouueckoit ceTH

B npesbiayumx nyHkTax Hacrosiero naparpacga Mbl pacCMAaTpHBATTH CHCTE-
Mb! T bepeHIMaNbHbIX ypaBHEHHH, OTBEYAIOUIME HENOTHBIM TPOPHUECKHUM rpa-
¢daM, B KOTOpPBIX OfHa U3 TpodHUUECKHX CBA3eH OTCYTCTBOBANA, PaccMoTpum Te-
nepb MoNHbiH Tpoduueckuit rpad 3 sAueitku TpodpUuecKoil ceTH, N306pKEHHDI
Ha puc. 5.1.3, 6. EMy cooTBeTCTBYeT CrieAyloman cucreMa nuddepeHIHanbHbIX
ypaBHeHWi :

x =ax — byxy — baxz,
y=—c1y +dixy - byyz,

z=—cz +dyyz +dsxz, (5.2.7)
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KOTOpasA 3aMEHOH

t=1/a, x=lL u, y=a— v, z=ﬂ—w (5.2.7)
d, b, by '
IPHUBOIHTCA K
=u(l —v— Bw),
v=—7 (1l —u+w),
W= —mw(a-v-5w), (5.2.8)

roe 71=c1/a, 72 =d2/b1,(¥=b1C2/ad2,ﬁ=Clb3/ab2,6 =h,c, d3/ad1d2.
Oco6ble TOYKH CHCTEMBI:

Ou=v=w=0), A,u=v=1, w=0);
Ay(u=0a/8, v=0, w=1/p),

’( 148 -« af-8@B+1) 1—-a+b )
AJuy=——— v= -_.
-8 -6 -8

3ameTnM, uto (5.2.8) — mepBas U3 pacCMATPHBAEMBIX B 3TOi IT1aBe “"HEeBOJIb-
TePPOBCKUX” cHCTEM. JIeHCTBUTENEHO, XOTA TePMHHONIOIHA B 3TOH 0B/MACTH He
BIIOJIHE YCTOSUIach, BOJIbTEPPOBCKMMH YacTO Ha3bIBalOT CHCTEMBI, YIOBIIeTBO-
pAlouMe clegyloumM TpeOoBaHMAM: TpO(HUeCKHE OTHOLLEHHSA OMMCHIBAIOTCA
OWIMHEMHbBIME WieHamH; MaTpuua KO3(QULUMEHTOB, ONMUCHIBalOUMX TpodH-
YeCKHe OTHOLIEHMA, 3HAKOCMMMETDUUHA; BBINOJIHACTCA “NPUHLUMIT. IKBHAJIEH-
TOB”, COCTOALMA B TOM,. UTO [JIA CHCTEM Bugax, =x, (a, + (1/b,) Ed,.sxs)
BHINOJIHAETCA YcnoBue dy = —dy,.

IIpumernTensHo k cucteme (5.2.8) 3to ycnoBHe o3HaveT f = 6. Hac unrepe-
cyer oOumH crnyuait, koraa Boobuue ropops § # 4.

PaccmoTpuMm Gudypkammu, npoucxofsume ¢ 0COOBIMM TOYKAMHM CHCTEMBI,
OrpaHMuMBAACh, KaK BCErfa NPH 3TOM, HOJIOXMTENBHBIM OKTaHTOM (a3oBoro
npocTpaHcTBa. Takux Gudypkammii ABe: CIHAHME HETPUBHATIBHOIO, JIEXKAILETO
BHYTPM OKTaHTa PaBHOBECHA Aj C paBHOBECHAMH A; H A; COOTBETCTBEHHO.
YpaBHeHusi, OmNpenensAoUMe COOTBETCTBYIomMe Oy pKamoHHbIe HOBEPXHOCTH
B MPOCTPAHCTBE NaPaMETPOB, MMEIOT BN @138 =a—1; az3:8 =0/(B+1).

ITotHoe npencraBiieHHE © CTIPYKTYPe mapaMeTPUYECKOro NPOCTPaHCTBA
{@,B,8} B orHOoweHuu Oudypkaumii, NMPOMCXOAAUMX B HePBOM OKTaHTe Oa-
30BOr0 MPOCTPAHCTBa, JaeT MPOM3BOJBHBIA {a, 8} cpe3 NpH m060M 3HaYeHUH 3
(puc. 5.2.3,a). llynxTupamu 0603HaueHb! MpAMBle, OTBevawwue GudypKaumsaM,
HPOUCXOAAIMM BHe IIEPBOr0 OKTaHTa (pa30BOro MpoCTpaHCTBa cucTeMnl. Paso-
Bble HOPTPETHl CHUCTEMbI [UIsi COOTBETCTBYIOWMX NapaMeTpUYECKUX o6IacTelt
[pefcTaBJIeHbI Ha puc. 5.2.3, 6.,

TaknM 06pa3oM, NpH 3HaYeHUAX MAPaMETpoB, JieXaumx B obnactax 2 u 4,
HeTpHBUAJIbHbIe PaBHOBECHA B CHCTeMe OTCyTCTBYIOT. IIpH 3HaueHMAX mapamer-
poB B obnacTAX / ¥ 3 HETpUBHAILHOE PABHOBECHE CYLECTBYET, HO HEYCTOHYU-
BO. XapaKTep HeyCTOHUMBOCTH DaBHOBECHA Aj; HpU 3HAYCHUAX IAPAMETPOB B
obnactax I u 3 pasnuyeH: B mepBoM ciydae A; < 0, Re A\, 3 > 0, Bo BTOpPOM,
HanpoTtuB, A; >0, Re A\, 3 < 0. 3ameTHM, 4TO HpH HePeceYeHHN HA IUIOCKOCTH
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Puc. 5.2.3. [Tapamerpryeckuit noprper u Ha6op $a3oBEIX HOPTPETOB cHCTeMbl (5.2.8)

napaMeTpoB {c, 8} 6uypKAUMOHHbIX JTHHHA @,3 U d,3 B Hynb obpauiaworca
OHHOBPEMEHHO M [EiiCTBUTENIHHOE COOCTBEHHOE 3HaueHue A, , M AeHCTBHTENbHAA
YacTh KOMIUIEKCHO# Nappl COGCTBEHHBIX 3HaueHMit Re A, 3. Ipyrumu cnopamu,
MOXHO CKa3aTh, YTO COOTBEICIBYIOLMe OUDYPKAIMM HMEIOT YCIIOBHYI0 KOpas-
MEPHOCTb OJMH B CHIY KOHKPETHOTO BHHA CHCTEMBI,

B ueMm cocToMT GHONOrHYeCKas MHTEPHPETAHAA . ONYUEHHBIX PE3YIIbTaTOB!
PaccMoTpuM cHauama YacTHBLA cydai cucreMs (5 .2.3?, KOr/a YOoBJIETBOpAET-
CA NpUHUMN 3KBUBaIeHTOB =3, Buonoruveckuit cMbICN NpPHHIMNA IKBHBA-
JIEHTOB COCTOHT B TOM, YTO IIPH NOCTPOCHWHE CHCTEMbI, OTMCHIBAICILEH OUHAMY-
Ky HEKOTOPOH TpodUyYecKoil ceTH, NPUHMMAETCA CYILECTBOBaHHE MOCTOAHHOIO
A kaxaoro Bupma KodbduiueHTa nepepaboTku nubo B ero cobcrBeHHylo
6uoMaccy Guomacchl 1000/ N3 NOTpebiIAEMBIX UM XXepTB, 60 ero GHOMacCh
B Ouomaccy mio6oro u3 morpeGuAionmx ero XuummkoB [79]. 3amerum, uro
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o6a 3TH [ONYIEeHHs BeCbMa MCKYCCTBeHHbI. M3BecTHas obmiast teopema [35]
OTHOCHTEJIBHO CHCTEM, YNOBJIETBOPAIOLWMX NPUHIUNY 3IKBUBAIEHTOB, COCTOMUT
B TOM, YTO NIPY HEYeTHOM UM CJie BUIOB OHOBPEMEHHOE COCYLeCTBOBaHHe (OaXxe
HEYCTOHYMBOE) BCeX BUIOB HEBO3MOXKHO.

B cucreme (5.2.8) mpH cobGnofeHMU MPHHIMIA 3KBUBAIEHTOB BO3MOXEH
omuH M3 gBYX McxomoB. IIpu a < 2 KOHCYMEHT BBIMUpaeT U OCTaeTCsA COOBIIECT-
BO [OBYX BHIOOB — IPOJAYLEHTa W XMIUIHMKA, NPUYCM XHUIHMK, eCTeCTBEHHO,
HONHOCTBIO HEPEXOAUT Ha “TPaBOARHOE™ NMUTaHHE, NPU & > 2 XUIMHHUK BbIMHU-
paeT M ocTaercAa coobiecTBO, COAEpKallee MOMyNAlMM NPOAYLEHTa W KOHCY-
MeHTa. TakuM 06pa3oM, IpY  coOMIONEHUH NPUHLMIA YKBUBAJICHTOB TOBENEHUE
onuceiBaeMoi cuctemn! (5.2.8) sueiiku TpouUeCKOi CETH He OTNUYAETCA OT
MOBeOEHUA CUCTEMBI [1BA XHIHUKAa—XKePTBa,

Ilpu oTka3e OT NPHHIMNA 3KBUBAJIEHTOB 004 OMMCAHHBIX TONBKO YTO PEXKU-
Ma NOBeleHHA NPU HEKOTOPhIX 3HAUCHMAX MAPaMeTPOB MO-NPEXHEMY peann3y-
10TCA NpH Job6oM 3Hake HepaBeHcTBa §# §. Ilpu mocraTouHo Gonbumx 3Haue-
HUAX & XULHHK, KaK 4 B Cllyyae cobMofeHNs IPUHIIKA 3KBUBAJIEHTOB, BbIMH-
paer (napameTpuyeckas obnacts u ¢asosbiit noprper 4). Omnako npu §+# 8
BO3HMKAIT HapaMeTpHYecKue O6JacTH, B KOTOPhIX OJJHOBPEMEHHOE COCYILIECT-
BOBaHMe BCeX TpeX BHIOB OKa3bIBAETCA BO3MOXHBIM, HO HEYCTOHUMBBIM.
XapakTep MOBEOEHHA CHCTEMbI B 1IEJIOM NIPH 3TOM ONpPEOEAETCA 3HAKOM He-
paBeHcTBa $#86.

IIpn f< 8 cpaBHMTENbHO BbICOKA 3P HEKTHBHOCTh NMOTPEONEHNA XUIHAKOM
MpofylieHTa M B Pe3ynbTaTe NIPX 3HAYEHMAX MAPaMETPOB, JIexXaluuX B 0O1acTH
3; xaxnoe U3 paBHOBecHi A; U A;, COOTBETCTBYIOLIMX COCYHIECTBOBAHHIO IPO-
AyleHTa C KOHCYMEHTOM M C XHIUHMKOM, OKa3bIBaeTCSH YCTOMUMBBIM OTHOCH-
TeNbHO WHBA3UK TPETHErO BHAA.

Ilpu B> & 3¢dekTUBHOCTL MOTPe6IeHHA XULUIHUKOM ITPOAYILEHTa HeBBICOKA,
U KaX[0e U3 PaBHOBECHH A, — NPOOYUEHT—KOHCYMeHT M A, —NPOMYLEeHT—
XHIJHUK OKa3bIBAaETCA HEYCTOMUMBBIM OTHOCHUTESIbHO MHBA3MM TPeThEro Bufa
IIpH 3HaYeHUAX NapaMeTpoB: B o6nactu /. CoCymiecTBOBaHMe BCeX TPEX BHIIOB,
OIHAaKO, 1O MNpeXXHeMY HeycToHuuBo. B cucreme peamusylorcs kosnebGaHus He-
OrpaHHYeHHO HapacTaloLieH aMITIMTY/IbI,

Opnoit U3 NpMYMH TaKOHW HEKOPPEKTHOCTH MOMENH ABJIACTCA, OYEBHUOHO,
MPENIIONOKEHHE O HEOTPAHHUEHHOM JKCIMOHEHUMANBHOM POCTE NMOMYSIAIMHA NpPO-
[ylEHTa B OTCYTCTBME KOHCYMEHTa, ' T.e.PETIONIOXeHHE O HEOTPaHHUEHHOCTH
pecypcoB MOMYJISUYH IPOMYLUEHTA. WIH, APYTHMH ClI0BaMHM, 06 OTCYTCIBHM BHYT-
PUBHIOBOM KOHKYPEHUMU B HOMY/SALHA NPOXYLEHTa.

HUccnenosanue cucrems! (5.2.8) mokasano, Kak 0TKa3 oT GUONOrMuecKH Ma-
110060CHOBAHHOTO MPHHLMITA IKBHUBAJIEHTOB NPUBOIMT K TOABIIEHHUIO KaY€CTBEH-
HO HOBBIX OCOOEHHOCTEH MOBelNeHHs NpoCTeillel AYeiKH TpodHuuecKoil CeTH,
B YaCTHOCTH K BO3MOXHOCTH COCYINECTBOBaHHS, XOTA U HeyCTOMUMBOIO, TPEX
COCTABJIAIOLIMX TPODHUUECKYIO AUeHKY BUIOB. ITO Ae/laeT COMHHTEIBHOMN ONpaB-
JAHHOCTh NPHMEHEHUA TIPUHIANA IKBHBAJICHTOB NIPH HCCIIEOOBaHUM Boriee CroXx-
HbBIX TPOHUECKUX CETeH.
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5.3, KOHKYPEHIIUAA NMPOAYUEHTOB
B COOBHWECTBE TPEX MONYyJIAIUAN,
CBA3AHHALIX TPOOUYECKHMH OTHOWEHHAMH

5.3.1. CoobmectBO Tpex TpodHuECKHX ypOoBHEH

ITpu nccnenoBaHuy Mopnenma. COOOLIECTBA TPeX MOMYJIALMIA, CBA3AHHBIX MEXIY
cofoii MO NPUHLIMIY NPOAYHEHT—KOHCYMeHT—XxuumuK {m. 5.2.2, cucrema
(5.2.5)], 6bUTO MOKAa3aHO, YTO NMPH HEKOTOPHIX 3HAYEHHAX MAPaMETPOB NOIMYINA-
WK MPOAYLEHTA ¥ XUIHKKA HeoTl paHHUeHHO PAa3MHOXKAKTCSA.

Momidpuumpyem cuctemy (5.2.5) cyueToM BHYTPUBHIOBOH KOHKYPEHUMH B
HomyJIALMA NTPONYLEHTA,;

2

>

Xx=ax — b;xy —ex

y=—ey tdixy - byyz,
z=—Cy tdyyz. (5.3.1)

Cucrema (5.3.1) mia TpodHUECKOH ENOYKH IPOU3BOBLHOIO WCNa BHAOB
¢ KOHKYPEHIMeH Ha HkHeM TpodudeckoM ypoBHe Obia HecnemoBaHa B paGote
[98]. U3 coobpaxkeHuil NMOMHOTHI MITOXKEHUSA MOCTPOUM NAPAMETPUUECKUH U
¢a3oBsliit mopTpeThl cHcTembr (5.3.1) ¥ JamMM UX 3KOJIOTHYECKYI0 HHTepNpeTa-
0. 3ameHoit(5.2.5"), ypasuenus (5.3.1) NPHBOAATCA K BHILY

u=u(l —v—eu),
b=—v0(1 —u+w),
w=—yw(a-v), (5.3.2)

IOe BCe HOPMHPOBaHHbIE MaPaMETPH! BHIPAKAIOTCA Yepe3 UCXOMHBIE TAK XKe, KaK
B cucteMe (5.2.6) ,u e =ec, [ad,.
OcoObIMM TOYKaMH CHCTEMBI ABJIAIOTCA

Ou=v=w=0)

Aju=1le, v=w=0);

Ayu=1, v=1—¢, w=0);

Azlu = (l-a), v=q, w=? (1-a)-1].

Ha mnockoctu mapamerpoB {, €} muHuM, 321aBaeMble YDaBHEHUAMH @) 5 € =
=1; az3: @=€— 1, orBevaoT OHYPKAUMAM  CIUAHHSA PaBHOBECHA A, A: 4
A; A; cootBerctBeHHO (puc. 5.3.1). HerpuBmanmbHOe  paBHOBecue Ajz, CO-
OTBETCTBYIOLIEE COCYINECTBOBAHHIO BCEX TPEX BHUIOB, JIEXHT BHYTPU NOJIONM-
TEIBHOIO OKTaHTa ()a30BOro MPOCTPAHCTBAa CHCTEMbI JIMILUb NPH 3HAYCHMAX Ma-
pameTpoB H3obnactu 3, T.e.ipu. « <1 — €. PaBHOBecue A3 B MEPBOM OKTaHTE
Bcerfga ycrodwiBo. IlapameTpuyeckue THHMK 4; 2 U @23 MCYEPIBIBAIGT MapaMeT-
pHueckmii mopTper cucteMpl. CooTBeTcTBYIomMe (a30Bble HMOPTPEThl H300pa-
JKeHw! Ha pHc. 5.3.1,6.

IJKOJIOTHYECKH ycloBue €>> 1 O3HayaeT MAJIyl0 €MKOCTh 3IKOJIOTHYeCKOH
HMIM npoayueHTa. CoOTBETCTBEHHO CTaLMOHAPHAA YMCIIEHHOCTh IOMYNSAIMH
IIpOAyleHTa, OmpefensieMas NOCTYNHbIMHA €l pecypcamMH, CTONb HHU3Ka, YTO
NOMYNALMA NPOAYLEHTA He B COCTOSAHMM ~HPOKOPMHTH” HOMYNAIKIO KOHCY-
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Puc. 5.3.1.Tlapamerpuuecknit noptper (4) H HaGop ¢a3oBbIX NOpTpeToB (6) CHCTeMEI
(5.3.2)

MeHTa. M3onupoBaHHAaA mHONMyJAUMA NPOOYLUEHTa YCTOWWMBA OTHOCHUTENBHO
UHBa3MU KOHCYMEHTa.

Ycnosue 1>€>1 — « O3HadYaer, YTO €MKOCTb HUUIM NONYIAUUH HpPOmY-
IEHTa JOCTaTOYHa MWIA TOro, YToObl momysismusa NpomyleHTa Morja obecrewiTs
CYLWIECTBOBAHME TIOMyNAUMK KOHCyMeHTa. OfHAKO CTalMOHAPHAA YMCIIEHHOCTH
nomy/AnIMM KOHCYMEHTa NIPM ITOM CTO/Ib HH3Ka, 4To obecrmewdTh CYILECTBOBA-
HHE XHIIHHMKA NOmyNAIMA KOHCYMCHTa HE MOXET. PasHOBECHE Ag, OTBEYAlIO-
1Iee COCYILECTBOBAHHI0 MPOMYNEHTA M KOHCYMEHTa; YCTOHYMBO OTHOCHUTENIBHO
WHBA3UM XUIHUKA.

HaxoHnen, ycnoBue € < 1-—-a 03HaYaeT, YTO eMKOCTb HUILUM IONMY/IALMA NPoy-
lIeHTa HACTOJIbKO BENMKaA, YTO YACIEHHOCTb HONMY/IALMM KOHCyMeHTa, morpe6-
JIAOIETO NPONyIeHTa, OKa3bIBAETCA NOCTATOYHOM MIA TOTo, YTOOB obecnewmTh
CYylIeCTBOBaHHe XHINHHUKA. Cocymecmona}me BCEX TPEX BHOB ABIACTCA NMPHU
TOM YCTOMYMBBIM.

5.3.2. CooluiecTBo mBa XMIIHHKA—KEPTBA

Kakx o1meuanocs, ¢opManbsHO CHCTeMB! OH(DGepeHIUanbHbIX YpPaBHEHHH,
OINMCHIBAIOWME IUHAMMKY COOOLIECTB NiBa XHIMHWKAa—)XepTBAa U JBE XXePTBBI—
XUIHKK, 3KBUBAJIEHTHI, MOCKOJILKY MEPEBOAATCA IPYT B Apyra oGpauieHdeM
HanpaBneHdst BpeMenu. IloroxeHwe MeHseTcA mpu ydyeTe KoHkypeHuuu. Cuc-
TéMa, ONUCHIBAIOLIAA JWHAMUKY COOOLIECTBA [ABa XHIUHHKA—XEPTBA C yYETOM
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Puc. 5.3.2. ITapameTpuuecKkuit NOpTpeT 1 Ha6op (a3oBKIX MOPTPETOB cHCTeMbl (5.3.4)

KOHKYPEHIINH XEPTB, UMeeT BUJI
X=ax — byxy, — byxy, - ex?;
Y1 =01y tdyxy;y,

y=—cy +dyxy,. (5.3.3)
a a

a
BameHoii t=7/a, X =— u, y, =7, B2 =-;- U, OHa CBOOHMTCA K
4 1 2

l; =u(1 -V —V, —u),

bl ==Y (0’ - u)s

U2 = =720, (8 — u), (534)
roe vy, =d,afe, v, = d,afe,a=c,efad,,B=c,elad,.

PaBHOBeCHSs CHCTEMBI:

O=vy=v,=0); A,u=1, v, =v; =0);

Az(ll:a, 121 =1-—(X, Uz'-'O); A3(“=B, v =0, l)2=1"*'{3).

Touku A, M A; HaxOOATCA B MEPBBIX KBAJPAHTaX ~CBOMX” KOOPIHHATHBIX
mwiockocreiimpu a<1. ® <1 COOTBETCTBEHHO M NpPH 3TOM B KOOPHMHATHBIX
TUIOCKOCTAX BCEIrNa sABJIAITCA YCTONWMBBIMHU y3/1aMK Uik GoKycamu.

Takum o6pazom, moseneHue cucTemMnl (5.3.4) He 3aBUCHT OT HAPaMETPOB 7;
U 7v,. IlapameTpuyecKuii MOPTPET Ha IUIOCKOCTH MapaMeTPos { a, § } ¥ cooTBeT-
cTBylomme ¢$a3oBbie MOPTPeThi W300paxKeHH! Ha puc. 5.3.2. ®a3oBbie MOPTPETHI
mis obnacteit I ¥ 2 COBHAfIAlOT C TAKOBBIMU s cucTeMbl (5.3.4), usobpaxen-
HoIMM Ha puc. 5.3.1. IIpu =<1 Ha $a30BOM mopTpeTe UMEETCA NPAMas
HEU30MM POBAHHBIX 0COOBIX TOUEK.

Ha puc. 5.3.2 BUIIHO, YTO B CHCTEME B ClTyuae oO1Lero mojoXeHus CYyLIeCTBYeT
OfHO rno6aJlbHO YCTOHUMBOE paBHOBecHe. B 3aBHCMMOCTM OT 3HaueHMi mapa-
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METPOB OHO OTBeuYaeT JMGO BHIMHPAHMIO ODOMX XHIIHHKOB, KOT[a €MKOCTh
HHUIA NPOAYleHTa He ofeCnewBaeT CTAlMOHAPHOH WHCIEHHOCTH NONYJISIHMU
[MpONyIEHTa, ZOCTATOYHOM 1A CYLIECTBOBAHMA XOTA Gbl OHOTO M3 XHMILHWKOB,
b0 BBITECHEHHIO OMIMM K3 XHIHUKOB APYroro, MeHee 3¢p¢peKTHBHO HUCIOND-
3YIOLIETO PeCypc XKePTBHI.

CucteMa [IBa XMIIHIKa—XEPTBa C YYeTOM KOHKYDPECHLMY B NOMYIALMH XepT-
BBl M HACBIIICHUs XHUIHMKOB McCiefoBanach B pabotax (134, 126, 128, 163].
Bpiio nokasaHo, 4To MpU HEKOTOPHIX 3HAYEHHSAX NMapaMeTPOB HAaCBIEHHE XHL-
HUKOB MOJXET NPUBOJKTh K BO3MOXHOCTH MX COCYIIECTBOBAHHs Ipu notpebite-
HUM OJTHOTO BUIa )XEPTB, HO JIHLIb B KoJiebaTesIbHOM peXxxuMe.

5.3.3. Slueiika Tpodpruecioit ceTn

PaccMoTpuM [UHaMuKky 3/1eMEHTapHOH fYeKH TpoUUECKOH ceTH, BBEMA B
paccMoTpeHHe ¢GaKTOp BHYTPUBHAOBOH KOHKYPEHUWM B NONY/SUMHE NPORYIEH-
1a. CooB1IeCTBO TPEX MOMYIIAILMIA IPU 3TOM OIMMCHBAETCS CIIENYOLIeR CHCTEMOl
¢ epeHIMaNIBHBIX YPaBHEHHIA |

x=ax — byxy — b3xz — ex?,

y=—c1ytdixy - byyz,

Z=—cyz+d,yz +dsxz, (5.3.5)
KoTOpas 3aMeHoit (5.2.7 ") mpuBomMTCH K

u=u(l—v-—pBw—eu),

l:,= - 711)(1 —ut W)’

W= —y,w(a—v —8u), (5.3.6)
roe € =ec;/ad,, a OCcTaJibHble MMaPaMETPhl TAK)KE BHIPAXAIOTCA Yepe3 UCXO/IHbIE,

KaK ¥ B Clly4ae cucteMs! (5.2.8).
CucTeMa UMeeT NATH 0COBBIX TOUEK:

Ou=v=w=0); Bu=1le, v=w=0)

o 1 €x
Aiu=1,v=1-¢, w=0); Az[u=—, v=0, w=? (l - — )]

) F ’

1--« ate)—8@+1) l—a+d—¢

Ajlu=——"——, v= , WE—m7—m
g-6+e f—-6+e -6 te

TlonHoe mpencraBiieHue o crpylcrype{ o, f,8,¢ } -napamerpuyeckoro noprpe-
Ta cMCTeMBbI faloT ero { «, }-cpe3sl mpH NMPOM3BONBHBIX 3HaYeHusx . Cpesbl
{a, 8 } monHOro MOpTpeTa BHIIMAAAT MO-PAa3HOMY B 3aBMCHMOCTH OT 3HAKa He-
paBeHCTRA € # 1.

PaccmoTpum cHavana { o, § } -mapamMeTpuyecKuii MOPTPET MPH MAJIbIX 3Hade-
Huax € <1 (puc. 5.3.3, a). Ha noprpere, Tak Xe KaK U Ha MOPTPETE CUCTEMBI
(5.2.8), onuchiBallell NHHAMUKY AYEHKH TpPOoPUUYEeCKOH CETU B OTCYTCTBHE
KOHKYPEHUMH HPONYIEHTOB, UMEIOTCA OudypKaumoHHbIe JIMHHY, OTBEYAIOLE
6udypkauusmM CIUAHUA PaBHOBecusi A3 C paBHOBeCcHAMH A; ¥ A,. Mx ypas-
HEHHA 3aflal0TCA YCIOBUAMH d13:8=a+e—1; az3:8=a (B+e)/(B+1).
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Puc. 5.3.3 Cpe3 { o, &) napamerpuyecKkoro nmoprpera cucTemsl (5.3.6) npu e <1 (@) u
e>1 (6)

Kpome Toro, nossisiercs euwie OHA JIMHUA, OTBevalomas Oudypkauun ClIUAHUA
paBHOBecHH A, u B, ypaBHeHHe KOTOPOH 3amaeTcsi YCIOBHEM a,b: & =€a.
JuruaMy 6udypKaumii, OTBEYAIOWMX CIMAHMAM PaBHOBECHH, ITapaMe TPUUECKHiR
IOPTPET CUCTEMBI He Mcyepmbipaetcsi. Ha Hem npucytcrByet yumua N (“HeiT-
PaILHOCTH™), TIpH IepeceuYeHMH KOTOPOil B NMPOCTPAHCTBe apaMeTpOB PABHO-
Becie Aj; TepAeT YCTOHUMBOCTb C POXICHHEM MaJIOr0 YCTOAUMBOIQO Npeqeinb-
HOro IMKJ1a. YpaBHEHHE JIHHUM HEHTPaIbHOCTH AOBOJIBHO POMO3IKO, OITHAKO
U3 CooOpaXKeHHil HEmpPepHIBHOCTH OYeBHAHO, uto mpu € =0 oHa “BiMnaer” B
yroj, o6pa3osaHHblil O1dypKaUMOHHBIMY JIMHAAMM @13 U 3. UKCTIEHHBIH pac-
4eT JIMHMM HeATpanbHOCTH, mposedeHHbt E.A. AnonuHo# mpu €=0,01 n €=
=(0,1; NOATBEPIII NPaBUIIBHOCTh CXEMaTH4YECKOTO U306 paXKeHHs mapaMeTpudec-
KOr0 MOPTPETa, NPeCTaBIeHHOTO Ha puc. 5.3.3, 4.

Ilpu € > 1 mapamMeTpuueCKHil MOPTPET CHCTEMBI UMEET BUI, H306paKeHHbIi
Ha puc. 5.3.3,6. HanomMHuM, 4TO NPH 3TOM HaHECEHbI JIMIUIb JTMHUH, OTBEYaloLHe
OudypKrauusmM, NPOUCXOAAIMM B MONOXHUTEIBHOM OKTaHTe (a3oBOro mpocrT-
paHCTBa.

IMonueit HaGop ¢a3oBbIX NOPTPETOB CHCTEMBI [UIA COOTBETCTRYIOWMX Mapa-
METpUUeCKUX obnacTeit H306paxeH Ha pUc. 5.3.4.

Taxum obpazom, cucrema (5.3.6) uMeeT NOBONBHO CIOXHYI0 CIPYKTYPY
IIapaMeTpUYEeCKOro mHopTpeTa U OGHAapYXMBaeT BecbMa Oorarthlii Habop pexuMoB
OMHAMHYECKOTO HoBefeHus. B 3aBucHMOCTH OT 3HAaueHHH MapameTpoB B (ha3o-
BOM IIPOCTPAHCTBE MOXeT ObITh 160 OIMH, MO0 MBA NPUTATUBALMX OObEKTa.
EnuHCTBEHHBIM MPUTATUBAIOWMM 0GBbEKTOM MOTYT ObITh: TOuka B — mpm 3Haue-
HUAX napaMeTpoB B obnactu 10; A; — mapamerpuyeckue obmact 4 U 6; A, —
obnactu 2 u 9; A; — obnacti I U 5 U TPEXMepPHBIH yCTOHWBBIA NpeRebHbI
UMKJ1 — mapaMeTpuyeckue obmacti 7 u 8.

IIpu 3HaYEeHHAX MapaMeTpoB, JieXaumx B obnactu 3, b cUCTeMe peasTH3yeTcs
TPUITEPHBIA PEXHM, U B 3aBUCHMOCTH OT HaYaJIbHBIX YCIIOBUiA yCTaHABJIHBAETCS
cocrostnMe A; WM A,. PacnonoXeHue cemapaTpMCHOM IOBEPXHOCTH, pa3le-
nAowei obaCTH NPUTAXKEHHA paBHOBECHH A; W A,, CHEIHMAIbHO HEe HCCNENmo-
BaJIOCh, HO ICHO, YTO OHa MPOXOJMT Yepe3 OChb W B TOUKY Aj.

UHTepripeTHpyeM HOJIyueHHBIE pe3yNIbTaThl dKOJIOrMYeCKH. CMBICT OrpaHu-
YeHWH, ONpENeNAOWKX I'PaHKLbI MapaMeTpuyeckoi obmactv 40, 1 noBefeHue
CHCTEMBI NPH 3HAYEHUsAX NAPaMeTPOB, JIEXKAIHMX B 3TOM 0O6nactu, oueBMOHBI:
ycnosde € > max {1, &/ } 03HauaeT CTONB MaNyoo eMKOCTh IKOMOTMYECKOl
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Puc. 5.3.4. HaGop ¢a3zoBrix NopTperoB L

cdcreMbl (5.3.6) / / "
(4

HHLM NPOOYUEHTa, YTO NONYJAUMA NMPOHYHEHTa He MOXET O0ecreyMTh HHM Cy-
LIECTBOBaHHE KOHCYMeHTa (€ >> 1), HI XMIUHMKA B OTCYTCTBME KOHCYMEHTa
(e > a/8).

CxomupiM 06pa3oM MOXHO MHTEPHPETHPOBATh YCIIOBUA, ONpeleNnsioume
rpaHdlly NapaMeTpudecKoi OONacTH 9 ¥ moBeleHWE CUCTEMbl NpH 3HAUEHMAX
NapaMeTpoB, NEXauMX B 3Tod obnactu. YcnoBue /8 > € > 1 o3HavaeT, UTO
9, 3ak. 75
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€MKOCTh IKOIIOTMYECKOH HHUM HpofdyneHTa H 3b(deKTHBHOCTH NOTpebIIeHHs
OpOJyLIEHTa KOHCYMEHTOM M XMIHMKOM TAaKOBbI, YTO MOMYJIALHSA MPONYLEHTA
He B COCTOAHMM NPOKOPMHUTb KOHCYMEHTa, HO MOXET IOJHEPKHUBATh CTAIMO-
HApHOE CYLIECTBOBaHHE IOIMYJIALMHM XHIIHUKA B OTCYTCTBHEe KOHCYMeHTa. ~Xuil-
HUK” NpH 3TOM (GOPMaJIbHO TepsieT NPaBoO Ha TAKOe HaAMMEHOBAaHHUE, TOCKOIbKY
MOJTHOCTBIO MEPEXOIUT Ha TPABOARHOE MU TAHHUE,

Ycnosue (1 > € > «/§), onpenensiolee IPaHHILy COBOKYITHOCTH MapaMeT-
puyeckux obsacteit 5, 6 M &8, OMMCHIBAaET CUTYaUWIo, MPH KOTOPOH €MKOCTh
HHMIM MPOMAYIEHTa NOCTATOYHA IS TOTO, YTOOBI MOMYJIAUXSA MPONYyUEHTa Oblia
B COCTOSIHWM NPOKOPMMTh KOHCYMEHTa, HO XMUIHMK B OTCYTCTBHE KOHCYMEHTa
CYIHECTBOBATh HE MOXET.

IIpn s3TomM BO3MOXHBI [JBa BapuaHTa. B nmepBoM, KOTOPOMY COOTBETICTBYIOT
3HAUEHHs NapaMeTpoB B oOGnacTM 6, CTaMOHAPHON YMCIEHHOCTH NOMYIISAIMH
KOHCYMEHTa HE[OCTaTOYHO IJIA TOro, YToObl obecrmedHTh CYIECTBOBAHHE XUIL-
HMKa, W NOCTeQHHii oOpeueH Ha BbIMMpaHMe. IIpM 3HAueHMAX NAapamMeTpOB,
nexaumx B obnactax 5 u 8, nomynAuMs NPOAYUEHTa B COCTOSIHMHM IIPOKOPMHUTH
NONYNAUMI0 XHIIHKKA, IIpu 3HAueHUAX mapaMeTpoB B 06nacTH 5 peanusyercs
YCTOHUMBOE COCYLECTBOBaHHE BCEX TPEX TIOMY/ALMA B CTalMOHAPHOM PEXHME,
aBobnacty 8 — aBTOKOJNIEOATENBHDIA PeXNUM.

PaccMoTpUM Temeph yCNOBHsA, MPU KOTOPHIX €MKOCTb HMILUM NMPOAyUEHTa U
3 ¢eKTUBHOCTh €ro NOTpeGeHNsA KOHCYMEHTOM M XHUIUHMKOM MO3BOIAIT
NONYNALUMK NpoAyleHTa 0OeCHEeUHTh CYIECTBOBAaHUE OTHENBHO B3SATHIX IOIMY-
NAIMA KaK KOHCYMEHTa, TaK M XHIIHHKA: € < min {1, a/8} . 3ameTum, uTO B
3TOM Cnyyae HONMYJIALMM KOHCYMEHTa M XMINHMKA MOXXHO pacCMaTpuBaTh He
TONBKO KakK paclONIOXeHHbIE Ha MOCJeOBAaTENbHBIX TPOPUUECKHX YDOBHAX,
HO M C TOYKM 3pEHMs MX B3aMMO/EeACTBUA npu noTpebrenun obuiero pecypca —
NPOAYILEHTA.

Ecnu paccMaTpuBaeMylo cCHUCTEMY peNyumMpOBaTh, UCKIIIOUUB TpodHUecKoe
B3aUMOJIEHCTBHE MeXDY KOHCYMEHTOM M XHIIHMKOM, TO OHa HEpPSXOmMT B
CUCTEMY [Ba XMINHHKA—XKEPTBAa, MCCIEHOBAHHYI0 B INpeOblAylleM pasgelle.
IIpy 3TOM B 33aBHCHMOCTH OT 3HaueHHMil MapameTpOB OOMH U3 OBYX BMMIOB,
NoTpebnAIMX MPOAYLUEHTA, MOMTHOCTbI0 BLITECHAET BTOPO# NMPH Jr0GbIX HaYamb-
HBIX YCIOBMAX.

Yro COXpaHSieTCA W 4YTO NMOSBIAETCA HOBOIO B MOBeeHHH CHCTEMbI JBa
KOHCYMEHTa—HpOAYLEeHT INpPH BBENEHHH TPODHUUECKUX OTHOLUECHHA MEXHy
KOHCYMEHTaMH, T.6. NPU NpPeBPalieHMH CHCTEMbl [Ba KOHCYMEHTa—IpOMy-
IEHT B CHCTEMy INPOAYLEHT—KOHCYMEHT—XMIUHUK C (aKynbTaTUBHON TPaBoO-
STHOCTBI0 XUINHUKA?

U3 puc. 5.3.4 cnenyer, 4To NMpH § > @ + € XHMIIHUK BCEr[ia BbITECHAET IPO-
Oyuenta. JIpyrumMu C10BaMH, €CITH XMIHUK MCTONb3yeT MPOMYLEHTa 3HAWATE b-
HO Gonee 3¢¢deKTUBHO, YeM KOHCYMEHT, TO KOHCYMEHT BBIMHPZET, a XHIIHHK
nepexonyT Ha TPaBOAJHOE MUTAHMUE.

IMpu 6§ < a(B +€)/(B+ 1) m a> 1 xumHuKk Bcerga BbIMUpaeT. ITu Hepa-
BEHCTBA OTBEYAIOT CUTYauuH, KOIJa, BO-NEPBbIX, KOHCYMEHT HCMONB3YET Mpo-
HOyueHTa MHoro 6osee 3 HeKTUBHO, YeM XHIIHUK, U, BO-BTOPbIX, CTAMOHAPHAS
IUIOTHOCTh MOMy/SALMK KOHCYMEHTa, ofecreudBaeMas NMPOMyLEHTOM, HEmOCTa-
TOYHA U1 MOJMEP)KAHUA CYLIECTBOBAHUSA MOUYJIALUMH XHIHMKA. ITH [Ba PeXu-
Ma aHAJIOTHYHBI pexaiMaM, HabNomaBUMMCA B CUCTEMeE HBa XHIHHKA—)XEPTBA.

KpoMe T1O0rO, CyllleCTByeT HEKOTOPBIA NPOMEXYTOYHBI [Mana3oH 3HaYeHUM
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8/a, oTBevanUMii Ha NapaMETPHYECKOM MOPTPETe KOHYCY, OOpa3oBaHHOMY
OM(pYpKaUMOHHBIMH NPAMBIMH d,;3 M d,3. XapakTep DUHAMMYECKOTrO TNOBeEMe-
HHsAA CHCTEMbl NPH 3HaYCHHAX [IApaMETPOB, JICKAIUMX BHYTPH 3TOTO KOHYCa,
Moxer Opith nBosK. IIpH 3HaueHMAX MapaMeTPOB, JIeXKAILMX B JIEBOM HIKHEM
YTy KOHyCa, B CHCTEME CYIIECTBYET €NUHCTBCHHOE HETPMBMAJIbHOE YCTOMYM-
Boe paBHoBecue (06mactb /) Wi TpeXMEpPHBI YCTOMUMBBINA MIPENEIbHbIA LUKIT
(oOnacte 7), oTBeyarolUMe YCTONMMBOMY COCYIIECTBOBAHMIO BCEX TpeX BHIOB
B CTALMOHapPHOM HJIM aBTOKOJIE0aTeIbHOM PEXUMME COOTBETCTBEHHO.

Ilpy 3HayeHMsAX NapamMeTpoB, JIeKAWMX B NPaBOM BEPXHEM YINy KOHYyca
(obnactp 3), B cCTEMe peanM3yeTcs TPHUITEPHBbIA PEXHMM, KOraa npu ¢uicu-
POBaHHBIX 3HAYCHHAX [APaMETPOB B 3aBUCMMOCTM OT MCXOOHBIX 3HaUCHWH
YKCITEHHOCTH BbIMHMpAeT JIHOo MOmynsAMMA XMIUIHKMKA, JIMOO MOMyNsAuMs KOH-
CyMeHTa.

Takum 06pa3oM, uccleoBaHHaA 3jeMeEHTapHas sueiiKka TpopUUeCcKo# ceTH
ABNAETCA, NO-BUIMMOMY, HamGoliee NPOCTHIM MOJENBHBIM 3KOIOTHYECKUM
06beKTOM, B KOTOPOM B 3aBHCHMMOCTH OT 3HAUCHHMH NapaMeTpPOB peaju3yercs
KaK TPUTTEPHBIA PEXHM, CONPSKEHHbIK C IOMHBIM BBIMMPDAHMEM TOTO WIH
HHOTO BH[1a B 3aBUCHMOCTH OT HaYaJIbHBIX YCIIOBHH, TaK K PEXHM CTalMOHAPHO-
ro UJIK aBTOKOJe0aTeIbHOTO COCYIIECTBOBAaHHA BCeX BXOIALMX B COOOWIECTBO
BumoB. PaHee BO3MOXHOCTb peanu3aHM¥ aBTOKOJIEOATENbHBIX DEXWMOB B
cucreMe Bonbreppa, ommMchbiBalolieii B3aMMOJEHCTBHE 1I€CTH BHIOB, pPAcnoio-
KEHHbIX Ha Tpex TpodHuUeCKHX YpOBHAX, Obma OGHapyxeHa B UMCIEHHBIX
sxcnepumentax [117, 148] u Gonee mompoGHO MCClemOBaHa IIA 3KOJIOTHYEC-
KHX MOJENel, ONMMCHIBAIOIMX 3aMKHYTBIA KDYTOBOPOT BEIECTB B CHCTEME
YeThipex U LiecTH BUOOB [14].

OTMETHM, YTO €CNK B cooOulecTBe XMIIHUK—)KEPTBA, OMMCHIBAEMOM CHCTE-
Mot auddepeHIUATPHBIX YPaBHEHHIT BTOPOTO MOpANKA, 1A BO3HMKHOBEHHA
YCTOHYMBBIX aBTOKONCGAHMA HeNOCTaToYHO OHNMHEHHOrO B3aMMOACHCTBUA
MeXAy XHITHHKOM H XepTBOH M HeOOXOMMMO HajHuMe TONONMHMTENbHBIX JIeC-
TaOUAM3KHPYIOUMX (aKTOPOB, TO B JI€MEHTAPHOH AueliKe TPOPUUECKOH CeTH
M, pasymeercs, B GoJee CIIOXHbBIX cOOOIIECTBaX aBTOKOJie0aHMA BO3HHUKAIOT
yXe Ipu GHIMHEHHOM XapakTepe B3aMMOMEHCTBMA MEXAY BMAAMH NPH HEKO-
TOPbIX 3HAYEHHUAX IAPAMETPOB.

5.3.4. CoobmecTBo ABE XKEPTBHI—XHIHHK

PaccMoTpuM KauecTBeHHO HoBbie 3¢QdexrTbl, K KOTOpPIM B coolliecTBe
XUIHUK—[BE KEPTBb! IPUBOAUT MEXBHAOBAS KOHKY PEHIIMSA XEPTB.
JMHaMMKa YMCIIEHHOCTM MNOIMYJNAUUHA OIMCHIBACTCA Clemylioueld cUCTeMOM
o depeHIUATBHBIX YPABHEHHI :
Y o= 2
Xy T @1Xy —byXy — ey 1X] — e12X1X2,
. _ 2
Xg =@3Xy — byXay —€31X1X2 — €32X3,
y=—cytdix,y +daxzy, (53.7)
c c
KOTOpas 3aMeHoll ¢ = T/¢c, Xy =— U3, X, =— Uy, Y =V NPUBOMUICA K
€11 €22

i =uy (a1 —B1v —uy —€12),
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iy = Uy (az — B2V —uy —€,1y),
b=v (1 -8,u —8,u,), (5.3.8)

e o 2 =al,2/0151,2 =by,2/c, €1 meya€feas, €4 Te€2:C/€1 1,
8y =dileyr, 8, =dafes,.

Hopmuposko#t no y MoXHo Gbulo Gb1 ’yGpars” ogMH M3 KO3(Q(UIUEHTOB
81, B2, HO MbI 3TOTO AENars He GyHeM, YToOBI COXPaHUTb CUMMeTpHI0 0603Ha-
YEHHIA.

Bnepssie cucrema (5.3.7) Gbua paccmotpeHa B paGore [153]. Bsuio nmoxa-
3aHO, YTO INPH HEKOTOPbIX 3HAYEHHAX [ApaMETPOB HPHCYTCIBUE XHIUHUKA B
coollLecTBe MOXET 0GECIIeUMTh COCYLIECTBOBAHNE KOHKYPHPYIOLIMX Oy AU
XEPTB, HEBO3MOXHOE B OTCYTCTBHE XMIUHMKA. MI3BeCTHBI IKCNEPUMEHTAIIbHbIE
paborbr (HanmpuMmep, [152]), vnnrocTpHpysoume 3T0 TEOPETHYECKOE 3aKIIIOUeHHE
H, 0O-BHAMMOMY, HoaTBepXnaioume afexsatHocts Momen# (5.3.7). Bmocnen-
CTBMM TOT K€ KaUECTBEHHBIH 3(pPeKT NPH HEKOTOPBIX CIELMATIBHBIX YCIOBUAX
TMNIA PAaBEHCTB, HAJIOXKEHHbIX Ha 3HAYEHMA MapaMeTPOB, MCCNEHOBANIM B Da-
Gorax [127, 108]. B paGote [116] Gbia ycTaHOBIIEHa BO3MOXHOCTb CYLUECTBO-
BaHHA M e[HHCTBEHHOCTb YCTOWYMBOTO MpENeNibHOTO LMKJIA B 3TOH CUcTeMe
B HEKOTOPO# 0071acTH 3HaYCHHI TapaMeTPOB.

Cucremy (5.3.7), [ONOJNHEHHYI0 WIEHOM, ONHCHIBAIOIIAM KOHKYPEHUHIO
XHLHUKOB, YMCJIEHHO HCC/ICHOBanM TIPH Pa3jIMuHbIX 3HAYEHMAX MapaMeTpoB.
Benc [168] oOGHapyXin cyulecTBOBaHME CIIOXHBIX [EPUONMYECKHX DPEXHUMOB
M HaHeC HexoTopbie OHGYPKamMOHHBIE JIMHUM Ha IUIOCKOCTb MapaMeTpoB
{ay,(€1 — €,)) (B Haumx 0GO3HAYEHMAX) INpH ONpEMIENEHHBIX PUKCHPOBaH-
HBIX 3HaUYeHMAX BCEX OCTaNbHbIX MapamerpoB. B paGore [120] npu duxcupo-
BaHHBIX 3HAYEHMAX BCEX MapaMeTPOB OBUI UMCIEHHO HcciemoBaH ¢a3oBbli
NOPTPeT, Ha KOTOpoM ObUI0 OOHapyX€HO KBa3HCTOXaCTHMYECKOE MOBEHEHUE,
HasBaHHOe TWINHHBIM, HCHOJIb30BABILIMM TepMHHonoruw Peccnepa [159],
VCHUpPATIBHLIM XaocoM”. ApeHmo W Ap. [103] m3yuanu noBefeHHe CHCTEMB!
(5.3.7) B 3aBHCHMMOCTH OT Mapamerpa &, (B Haumx 0GO3HaYeHUsAX) NMpH PHK-
CUPOBAHHBIX 3HAUEHHAX OCTANBHBIX NapamMerpoB. Bouno oGHapyxeHO cloXHOE
[OMHamMHYecKoe NOBEIEHHE M BBICKA3aHbI HEKOTOPbE COOOPAXKEHUA OTHOCHTENIb
HO OMypPKaUHMOHHOro MeéxaHH3Ma ero BO3HMKHOBEeHHs. K CoxaneHuio, BbiOpaH-
Hble aBTOpaMM 3HaKM Ko3()(HUUEHTOB He NOMyCKalT 3KOJIOTHMYECKOH HHTEp-
IpeTauuH.

Huxe mb1 npennpyMeM MONLITKY IO BO3MOXXHOCTH IOJIHOrO HCCIieOBAHUA
noBefieHusa cucreMs! (5.3.8) B 3aBUCHMOCTH OT 3HAueHMi BCEX BXOMALMX
B Hee napameTpoB. CucreMa (5.3.8) umeer cmech 0cobbIX TOUEK (puc. 5.3.5) :

O@w =u, =v =0);
Ay ( =ag,u; =v =0);
Az(ul =09u2 =az,V =O);

a18| -1
By =1/8,u, =0,0 = ——]; (5.39)
B18,
a8, — 1
B2 Uy =O,U2 =1/62,U =
3282
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Puc. 5.3.5. Pacnonoxenue u 0603HauyeHHA OCOGBIX TOYCK Ha (Pa30OBOM MOPTPETE CUCTEMEI
(5.3.8) u ero cxemaTuyecKoe NpencraBieHHe

Qy —02€ Ay — Q€3
Clu, = y Uy = w0 =0];
1 —€€, l—¢€,€,

D (KoopmuHathl onpenmensiorcs U3 COOTBETCIBYIOLIEH cHCTeMbl anre6Gpamuec-
KUX YpaBHEHHIA.)

Cucrema (5.3.8) 3aBHCHT OT BOCbMH MapaMeTpoB. MccrnenoBaHue mocTpoum
cremytolMM 06pa3oM: paccMOTPMM BMI HBYMepHbIX { a;, ;) -NOPTPETOB B
3aBHCUMOCTH OT yC/IOBHMil THIIa HEpaBeHCTB, HajlaraeéMbIX Ha OCTajbHbIE Iapa-
METpBI.

budypxaumamvm, 3apaommMH  Kapkac” NapaMeTpPHYECKOro IMOpTpera,
ABJIAOTCA OMPypKamuM CIMAHWA paBHOBECHH. PaccMOTpHM HX moOCHefoBa-
TenibHO. HauneM ¢ Gudypkaumii, IpoMcxonAwMX Ha wrockocty v = 0. Ux pse:
cnuaHue papHoBecuii A1 C M A, C cOOTBETCTBEHHO. YpaBHeHHs OudypKauyoH-
HbIX [IPAMBIX UMEIOT BUL

ACia; =€50y,
A2C:a] =€ 10y, (5.3.]0)

T.e. HA WIOCKOCTH { @y, @, ) GH(YPKAUUOHHBIE MPAMBIE TPOXONAT C MOJOKH-
TENbHBIM HAKIIOHOM 4Yepe3 Hauyajo KoopIMHaT. Bo3aMOXXHBI [Ba BapHaHTa MX
B3aUMHOTO PpacCIOJIOKEHUA B 3aBUCUMOCTH OT 3Haka HEpaBeHCTBA € ; € , + 1.
PaccMoTtpuM cHavana ciyvait € 1€ , < 1 (puc. 5.3.6)

3necy» ¥ B JanbHEHIEM B 3TOM pasfelie Mbl OyneM 0603HauaTh 6e3 MHAEKCOB
HOMepa (a3oBbIX MOPTPETOB, He M3MEHAIUIMXCA KaUeCTBEHHO IpU 3aMeHe
U, Ha Uy, 1 Ha0OOPOT, a HOMEpPAMH C MHOEKCAMH | M 2 — MOpPTpeTsI, iepexois-
1Me Y TaKOii 3aMeHe JIpyT B JpyTa.

PaccmotpuMm Oudypxanuu, IpouCXopsumye Ha KOOPAMHATHBIX INIOCKOCTAX
uy =0 u u; =0. 10 cooTBETCTBEHHO OMYypPKaLMK CIMAHNA paBHOBeCHH A, B,
u A, B, . CootBercrayrowme 6uypKkandoOHHbIE NpAMbIE 3aJAI0TCA YPABHEHUAMHM

ABy:o; =1/8,,
Ang:az = 1162 (5.3.11)

H NapansnenbHbl KOOPOIMHATHLIM OCAM.
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A, 8, A,8,C
7 z x 7 7 «® 7 Y] o,

Puc. 5.3.6. BlaumHoe pacnonoxedde OnypKaUHMOHHLIX IMHMH Ha napamMeTpHUECKOM

noprtpere cucreMbl (5.3.8) npH €;¢; < 1 u ¢azoBbie nOpTpeTHI Ha WIOCKOCTH v = 0 And
ofmcreit I, u2

Bo3aMo>Hb! TPH BapuaHTa B3aMMHOTO PacloNoXeHus npameix A; B, u A;B,
oTHOcHTeNbHO Jyueit A; Cu A,C (cM. puc. 5.3.6)

@) €16, <82,€,8,<8;,6)€,8, >82,€20, <81,
6) 6151 <62,6282 >81.

Toprpers! 6 u 8, NpencTaBiieHHbIE HA PUC. 5.3.6, SKBUBaNIEHTHDb! B TOM CMbIC-
Jie, YTO MepexXolAT ApyT B ApYra IpH CMEHE HHAEKCOB B CUCTEMe, u TOTOMY IS
TMOTHOTO UCCIIEAOBaHUA JOCTATOYHO PacCMOTPETH OMH U3 HUX.

Touxn nepeceuenus GudypxamMOHHBIX NpAMBIX A;B; u A;C, 4 npAMsIx
A,B, u A,C orBevaoT GHypKaUHAM YCIIOBHON KOpa3MepHOCTH [IBA OHOBpeE-
MEHHOTO CIIMAHMA Tpex pasHOBecHii: A B,Cu A,B, C, cooTBeTcIBEHHO.

ITepeuncieHHBIMHU BbiLE HCUEpIBIBalOTCA OudypKauMH CIUAHMA PABHOBECHH,
NeXauMX Ha KOOpAMHATHBIX IUIocKocTaAX. Kpome toro, B cucreme (5.3.8)
BO3MOXHBI TpH Oy pKaIMK THIA CIUAHKSA Iapbl PABHOBECHM, 8 MMEHUO Gudyp-
Kamuy cuAHuA Touku D ¢ Touxamu B, , B;, u C. YpaBHeHus cOOTBETCTBYOWMX
61y pKaUMOHHBIX IMHUI UMEIOT BH,

=52(a151 —1)telf,

BID: az B
6181
Bi(ay6, — 1) +€18,,
B,D: a, = (@202 — D+ ef , (5.3.12)
8262

CD:  o;(81 —8,6) (82 —84€1)=1 —€6,.
Hetpyaso Bupers, uro npamaa CD mpoxomut uepe3 obGe toukH AB,Cn
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Puc. 5.3.7. Napamerpuueckuit mopTper cdcTemnt (5.3.8) npu e,¢, < 1, ¢, <6,/6,, €, <
<5,/6,ma) e, > 8,18, > €,56) By /B8; <€,

A,B,C, a npamsie B; D u B,D — uepes touku A;B,C u A, B,C cootBercrBeHHO,
MpUYEM UMEIOT OIMHAKOBBIi MOJIOKUTENbHbIA HAKNOH ; /3, .

3amernm, uro Touku A;B,C u A, B,C, umetoume ycnoBHyio Kopa3MEpHOCTb
[iBa, T.€. OTBEYAIOLINE BHIMOJIHEHHIO ABYX YCNIOBHMIA THIIAa paBeHCTB, HaJIOXEHHBIX
Ha KO3¢(PHUIMEHTH! CUCTEMbI, COOTBETCIBYIOT OJHOBDEMEHHOMY CIMAHMIO Ha
$a30BOM MOPTpETE UETHIPEX paBHOBecuii: A, B,C,Du A,,B,,C,D.

Ha puc. 5.3.7 u 5.3.8 npencraBieHbt Bce BO3MOXHbIE BAPMAHTb! B3aHMHOTO
pacmonoxeHua OudypKaMOHHBIX JIMHMA [UIA  pacCMaTpUBAEMOTO CIIy4as
€€, <1.CoorBercrytoume ¢a3oBsle NOPTpeTs Ha puc. 5.3.9 M300paxkeHs!
CXeMaTHUecKH (CM. puc. 5.3.5).

3ametuM, uto Touku B; u B, Bcerma ycToiuMBb B “’CBOMX’ KOOPIMHATHBIX
IUDTOCKOCTAX, HO B 3aBHCMMOCTH OT 3HayeHMH NapaMeTpoB MOTYT GbITh Kak
y3namMH, 1ak U ¢oxycamu. Kax BbIACHUTCA B fmanbHeiileM, obuiee quHaMHUYec-
KOE MOBEHEHHE CHCTEMBI B J3THUX OBYX CIIY4YaAX MOXET ObITh CymIECTBEHHO pas-
mmyHbM. OTNIOXHUM paccMOTpeHue cliyyasi, Korfa ogHa u3 Touex B; wm B, wnu
oHM 0Ge ABnATICA GoKycamMu, Ha KOHel, HaCTOALIETO pa3fiena ¥ HayHeM ¢ pac-
CMOTpeHHA NapaMeTPUYECKOH OKpecTHOCTH OMeypKauMOHHBIX JiMHuMiA A B, u
A;B,, T.6. CO 3HaueHuMii NapaMeTpoB, NPpH KOTOpbIX Touku B, u B, aBnsiorca
yCTOHUMBBIMM y3l1aMH. B 3TOM cniyuae TpexmepHblie (a3oBbie TOPTPETbI CHCIEMBI
MOXHO aJIeKBAaTHO CXEMaTHYeCKM H300pa3suTb MX [ABYMEPHBIMH NpPOeKUMAMU
Ha IUIOCKOCTD Uy /o, + Uyfet, = 1. Ha mapamerpuueckux mopTperax H306paxkeHst
JHMIIb YYaCTKH OMypKalMOHHBIX NPAMBIX, OTBevaoume 6udyprauuaM, Ipouc-
XOHAUMM B IIepBOM OKTaHTe (ha30BOTO MPOCTPAHCTBA CHCTEMBI. 3aMETHM, YTO
IVIA pacCMaTPUBAEMOTO CIIyyas €;€, < | mapaMeTpHyecKui MOPTpeT CHCTEMBI
MCUepNbIBACTCA NPAMBIMHU, OTBEYAIOWMMH OMypKaUMAM CIUAHUA PABHOBECHUH.

Tlepen TeM Kak NEpeXOmMTb K PacCMOTpEHHUI0 Cllydas €,€, > 1, pagum
3KOJIOTHYECKYI0 MHICPIpETanMio TNOJNYuYeHHbIM pedyisraraMm. Ilpexie Bcero
3aMeTHM, YTO HEpaBEHCTBO €,€, < | 03HAYaeT, YTO0 MEXBHAOBASA KOHKYPEHLHUA
XepTB cnabee BHYTpUBUIOBOH, X IOTOMY BO3MOXHO yCTOHYHBOE COCYLIECTBO-
BaHHMe 00eHX MOMYJIALMIA XePTBbI B OTCY TCTBUE XHIHKUKa. [Ipy BBeeHHH B c006-
UIECTBO XMIIHUKA BO3MOXHDI, KAK CIIENYeT U3 PaCCMOTpeHus ¢pa30BbIX NOPTpe-
TOB, CIIEAYIOLIME PEXUMBI:

1. PaBHOBecHe r10GAIBHO YCTOHUYMBO:

a) MOIyNAUMA OJHOTO U3 BUOOB XXEPTBbI B OTCYTCTBHE XHIUHMKaA (I, [3);
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Puc. 7.3.8.ﬂapamerpmecxun noprpet cucrembl (5.3.8) mpu e;e; < 1,¢, >8,/8,, ¢ <
<8,/5, u:

§,—6;¢,
a) 1/e; >B,/8, > € 6) ﬁz/ﬁ; > 1/eys8) € >0, [8y > ————— 1) /8 <
8¢
8,=b,€,
L S
5,-8,¢,

6) cocyuiecTBYyIOUMe NOMYJIALMH XKepTBbI 0e3 xumHuka (2, 14);

B) MNONMyNAmMs OJHOTrO M3 BHAOB JKEPTBBI, COCYLIECTBYIOUIASl C XMIUHUKOM
3478 12);

r) COCYymeCTBOBAaHHE BCeX TpeX BumoB (J, 6, 9, 10, 11);

2. TpurrepHsie pexumbl:

a) 60 oHa U3 MOMYNALMH XKePTB COCYLIECTBYET C XHILHNUKOM, TH00 BTOpas
cywectByet Ge3 Hero (I6);

6) ¢ XHMIIHKHKOM COCYWIECTBYET JIMGO OHA ONMYNALMS JKePTBbI, TGO Apyras,
Ho He 06Ge ogHoB peMeHHo (17);

B) COCYIIECTBOBaHHe O[HOH M3 MOMYJIAUMA XEPTBBI C XHIHUKOM JIK60
ofenx MOMyNAUMIA )KEPTBBI B OTCYTCTBME XUUHMKa (15).

3aMeTHM, YTO €CIM Ha/IMyMe B CUCTEME YEeThIpEX TUIOB INI0GaIbHO MPUTATHBA-
OUMX PeXUMOB OYEBHIOHO, TO MOABJIEHME TPUTTEPHBIX PEXUMOB IpH BBeICHHH
XHIHMKA B COOOLIECTBO, IZIE B €ro OTCYTCTBUE JMGO OHHA U3 TIOMYJNAIMIA XePTB
BBITECHANIA KOHKYpeHTa, nub0o NOmyNAmMM YCTOMUMBO COCYINECTBOBAIIH, Ipel-
CTaBNACTCA BECbMa HHTEPECHBIM.

Ilepeligem x paccMOTpeHuIo ciyvad €, €; > 1 (puc. 5.3.10). OcHoBHOE OTNIH-
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Puc. 5.3.9. ®dazoBrie moprperni cucrems! (5.3.8) i
npu  e,¢, < 1. IlopTpets! 2, 6 u 9 oTBeyaloT mapa-
MeTpuieCKHM o6nacTAiM Ge3 MHIeKcd, Bce OCTAIb-
HbIe — 06/1aCTAM C HHAEXcoM 1. .

4de 3TOT0 ClyYyas OT paHee PacCMOTPEHHOrO COCTOMT B TOM, YTO €CJH IIpU
€16, > 1 papHoBecHe C ABNAEICA B IUIOCKOCTH U = 0 YCTOHUMBBIM Yy37OM, TO
npH €;€, > 1 rouka C — cemno (cM. puc. 5.3.10), ¥ coCyuecTBOBaHHE KEPTB B
OTCYTCTBME XMIIHMKA HEBO3MOXKHO.

BugypxanuoHHsie MpsMbie, OTBEYatoume OHdypKkauusaM CIMAHUA paBHOBe-
CHii, 3a0a10TCA TeMH e ypaBHeHusmu (5.3.10-5.3.12), uro u B npeapiaynieM
cnyvae. Bce BO3MoyHbIEC BapHaHThi MX B3aUMHOTO PacliONIOXKeHus NPeACTABJIeHbI
Ha puc. 5.3.11u5.3.12,a CooTBETCTBYr0uME (ha30BBIE NOPTPETHI — HA pUC. 5.3.13,
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Puc. 5.3.10. B3aumHoe paclionioxeHue Ha INIOCKOCTY TTapaMeTpoB {a,, a,} 6udpypKauuou-
HpIX Ml A, C n A,C IIpd ¢ ;6 , > 1 (a) u oTBeuaolmme emy (pa3oBble MOPTPeETH! Ua
mockocTd v = 0 (6, ). Homep 18 o3Hauaer, yTo npoposnkaercsi HyMepauus (a3oBbiX
nopTperos cucTemsl (3.5.8), Hauaras npu UCCeNOBaHHM Cnyvad € ;e , < 1.

Cy1iuecTBEHHO, YTO BO BCEX CIYYasAX, KPOMe PIHOTO, IapaMeTPHIECKHE IOPTPETD]
MCUEPIBIBANTCA COBOKYITHOCTBIO OMyPKAIMOHHBIX NHHKH, oTBeYaomx Gudyp-
KaMAM CIMAHMA paBHOBeCHMH. EOMHCTBEHHBIM MCKIIoueHHEM (M Haubonee
MHTEPECHBIM CliyyaeM) ABJIAETICA NOpPIPeT, NpescTaBileHHbIH Ha puc. 5.3.12 e,
IJIA KOTOPOTO BHITOIHAKTCA CIEIYIOLMe HepaBeHCTBa!

6y — 626,
By > - ————
BZ/ﬂl 52 —8161 )
82 >6161,
5, <8z, (53.13)

Curyanus oCTaeTCa TOM Xe, €CIM BCE TpU HEPABEHCTBA MMEIOT 0GpaTHbIA 3HAK,
MOCKONIbKY 3TO COOTBETCTBYT CMEHEe MHOEKCOB Y MapaMeTpoB. I'padmuecku
BbINOJIHEHHE HepaBeHCTB (5.3.13) o3HauaeT, YTO HAaKNOH Napbl GudYpKAUMOH-
Heix npaAMsIx By D u B, D Gonblue HaxnoHa npamoii CD,

B stom cnyyae (puc. 5.3.14) toukm A,;B;C u A,B,C mapamerpuuecKoro
NopTpera COeOUHAIOTICA NpAMOil, oTBevaomed Oudypkaumn CIMAHKA paBHOBe-
cuit C 1 D Ha da3oBoM NOPTpeTe, ¥ MO MEHbILEH Mepe eule AByM#A OudypKaioH-
HbIMM JIMHMAMH, a UMeHHO JiuuMell N HeliTpanbHOCTH paBHoBecHsa D u nuHMeR
3HaueHuii TMapaMeTpoB, P KOTOPBIX Ha ¢a30BOM MOPTpeTe TPaeKTOPUA, BBIXO-
IAmAs 13 Touku B, BHy Tpb IEpBOro OKTaHTa, COBMAIAET C TPaCKTOpUEH, BXOIA-
e M3 nepBoro okraHra B Touky C. 3Ty mapaMeTpuuecKylo JIMHUIO Ha30BEM
”nuHuel L cenapaTpicHOTO KOHTYpa”,

3amMetnMm, uto napamerpuieckue Touxu A, B, Cu A, B, C sBinatrca Toukamy,
OTBEYAIOIMMH CIIHAHMIO Ha (a30BOM MOPTPETE TPEX paBHOBECHH, T.€. TOUKAMH,
OTBEYAIMMH 3HAUYeHUAM [AapaMeTpOB, IPH KOTOPHIX B HyJIb 0Opamsaorca gsa
COGCTBEHHBIX 3HAYCHMA CUCTeMBb! (NIPH HaJIMYMKM, KPOME TOTO, JOMOTHUTENILHOTO
BBIPOX/IEHNA, 0GYCIOBIEHHOTO KOHKDeTHBIM BUIOM cucTeMst). TaxuMm obpa-
30M, BXOX/EHHE B 3TH TOUKHM NapaMeTPUUECKKX JIMHKI HEATPAIIBHOCTH PaBHOBE-
CHA ¥ CENapaTpuCHOTO KOHTypa — clyvait oOuiero nosnosxenus. [lpu 3HaueHuAX
NapaMeTpoB, OTIMYHBIX OT yHOBJIETBOpAOumMX ycioBuio (5.3.13), 5T nMHHM
OTBeYalT OudypKauuAM, NPOUCXOIALMM BHE NONIOXHMTEIIBHOTO OKTaHTa ¢a3o-
BOTO [IPOCTPAHCTBa CHCTEMBI, M Ha NPEIbILYIMX PUCYHKAX He H300paXeHbl.

138



@
@/@
®

4 'l 4 Va *

Puc. 5.3.11. TNapamerpuueckue noprpersl cuctemb! (5.3.8) npu e, e, > 1, ¢, > 6,/5,,
€,>8,/8,1a) €, >p,/8;, >1le ,,6) 6,/8, < le,

O @ @

4 2 %

V4

Puc. 5.3.12. TNapamerpuueckre noptperst cucremnt (5.3.8) mpu e,¢e, < 1, ¢, < 8,/5,,
€ >6,/6, m

6, —6,¢,
a) €q > B,/By > 1€y, 6) B,/8, < 1/e,, 8) ——;——6— > B8, > €,, 2) B/8, >
2 — 036y

8, —6,€,
> e . CTPYKTYpA 3alUTPUXOBAHHOI 06nacTH W306paXkeHa Ha pHc. 5.3.14
§, —6,¢
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Puc. 5.3.13. ®asoBnie noprperst cucrems! (5.3.8) npu e ¢, > 1. Hymepauus coorer-
CIByeT HyMepauu obnacTeit Ha napamerpuyecKHX noprperax puc. 5.3.11 u 5.3.12. Mlop1-

perbl 18, 20 v 22 oTBeyaloT mapamMeTpHyecKUM obnacram Ge3 MHOEKCa, BCe OCTaNIBHBIE — 06-
JIACTAM ¢ MHAEKCOM 1

HurepnpernpyeM 3KonormueckM MNos;IyueHHbie pe3ynbrarsl. HaroMuuM, yto
paccMaTpuBaeTcA CUTyaius (€, €; > 1), KOorga B OTCYICBHE XHIUHHKa COCYIIECT-
BOBaHHE IBYX KOHKYPHPYIOILMX NMOMYJIALKA XepTBBI HeBO3MOXHO. [Ipu BBede-
HHK B COOOIECTBO XHMLIHMKA MOTYT pEaNM30BLIBATHCA CEAYIOUME BO3MOXK-
HOCTH:

1. T106Q1bHO NPUTATUBAIOLIME PEXXUMDI:

a) OfiHa MOMYJIALUMA )epTBbl 6e3 XHUIHAKA;

G) oIHa NOMyNALMA KEPTBHI C XHIIHUKOM;

B) CTallMOHApHOE COCYMIECTBOBAHHE BCEX TPEX MOMyIIALMIA.

2. TpurrepHsie pe>kuMbI:

a) B OTCYTCTBME XMIUHUKA JIHGO OffHa, IHGO ApYTasd MOMyJALMS KepTBHI;

6) 1160 ogHa MOMYJANUA XKEPTBBI COCYINECTBYET C XHITHUKOM, JIK6O BTOpas
CyLIecTByeT 6e3 XUIHUKA,

B) C XMIJHMKOM COCYIIECTBYeT JIH6O omHa, 1nGo mpyras MOMyIAMA XepTBbi;

I) YCTOHUMBOE CTAMOHApHOE COCYMECTBOBAHME BCEX TPEX MOMYNALMi 6o
CyuIeCTBOBaHME OHOM M3 NOMYJIALMIA KEPTBH! B OTCYTCTBHE XHIIHAKA ¥ KOHKY-
peHTa;

[) TO e, HO COCYLIECTBOBaHHE BCEX TPEX BHIOB BO3MOXHO JIMIIb B aBTOKO-
neBaTeIbHOM peXxuMe.

Han6onee uHTepecHbIMY MPEACTABNAIOTCA CEIYUME Pe3YIIbTaTHl HCCTIEOOBa-
HUA U3 WHCNA TIEpEeurCIIEHHBIX BBIILE:
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Puc. 5.3.14. CrpyxTypa napaMerpuieckod o6rmacty, 3amiTpuxoBaMHo# Ha puc. 5.3.12, e

1. BeepeHue B COOOLIECTBO XMUHHKA MOXeT 00eclewTbh YCTOMYMBOE COCY-
IEeCTBOBAHHE KOHKYDHPYIOIUIMX BHOOB JKEPTBBI, HEBO3MOXHOE B OTCYTCTBHE
XHUTHHKA.

2. PexxiM coCyILieCTBOBaHMA BCEX TpeX MOMyNnAuHi Moxer 6piTh 1HBO Ino-
GanpbHO yCTOHMUMBBIM, MMGO MMETh B $pa30BOM NpOCTpaHCTBE I'paHully o6racTi
NpPUTAIKCHHUS .

3. CocyuiecTBoBaHHe BCEX TPeX BUAOB MOXET IPOMCXOOUTb B CTALHOHAPHOM
WIH B aBTOKoNeGaTenbHOM peuMe B OTCYTCTBHE KaKMX-NTMGO CHENMaIbHBIX
necTabunu3npyroumMx GaKTopoB.

Bpillte MbI YNIOMHHANM O TOM, YTO JUIA OGLIETO IMHAMHYECKOro NOBENECHHS
CHCTEMBI MOXeT BbITh CyleCTBEHHO, ABNAETCA I TouKa B, B mwiockoctu iy =0
yCTOMYMBBIM Y3710M I dokycom. JIns GonpumHcTBa NapaMeTpuyeckux obnac-
Tell 3TO pa3IMyMe He CKa3bIBACTCA KAYECTBEHHO HAa XapaKTepe MOBE/ICHHA CHCTe-
mbl. OJHAKO OHO OKAa3bIBAeTCA NMPUHUMNUATILHBIM MPH 3HAYCHUAX NAPaMeTpOB,
TieXalpX B OKPeCTHOCTH IpaHMIbI apaMeTpuiueckux obnacreit 26 u 27. PaceMor-
PHM CHTYalHIo IofipoGHee.

OcHOBHBIE pe3yNbTaThl OTHOCUTE/IBHO XapaKTepa JMHAMIYECKOTrO MOBENEeHUS

cucteMbl OubbepeHUHANBHBIX YpaBHEHHH TpeTbero MOPAMNKA MpH 3HAYCHHAX
napaMeTpoB, ONMM3KUX K TeM, MpH KOTOPIX Ha ()a30BOM MOPTPETE CHCTEMbI

CYWIECTBYeT 3aMKHYTas TpaeKTOpHA THNA NETNH CeIoy3na WiM CemIodoKyca,
npunamnexar B.JII. Humshuxopy [92-95]. Cyms HX COCTOHMT B CHEIyIOLICM.
B 33BHCHMOCTH OT TOFO, SABMNAETCA NI 0COGasA TOUKA Ce[yIoy3NOM WM Celnodo-
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KYCOM, BO-TEPBBIX, U OT 3HAKA CEMJIOBOH BENHYHHBI, BO-BTOPHIX, BO3MOMHBI
Tpd BAapUaHTa JMHAMHYECKOTO MOBENCHHA B OKPECTHOCTH NET/H, [ABA U3 KOTO-
PBIX @HAIOIMYHBI COOTBETCTBYIOMIEMY TOBENCHHI0 CHCTEM BTOPOro MOPAMAKaA, a
TPEeTHil ABMNACTCA KaYeCTBEHHO HOBBIM:

1. 0> 1. U3 netnu cemaparpucsl Mpy OBHXKEHWH N0 MApaMeTpy BHe 3aBUCHU-
MOCTH OT TOrO, ABNACTCA JIH ocoGaf TOYKA CEMIOY3NOM Wi Ced/IoPOKYyCOM,
POKIAETCA OHO NMEPHOAMUYECKOE ABIKEHHE — YCTOWUMBBIA MpeldebHbIA UMKII.
CooTBETCTBEHHO MPH IBHXKECHNH 10 IAPAMETPY B NPOTHBOIOJIOKHOM HanpaBlie-
HMH yCTOWYMBBIH TIpeenbHbIA UMK pa3pyLUaeTcs Ha NeTie CenapaTpHChl;

2. 0<1, ocobas Touxka — cemnoy3sen. U3 netnu cemaparpuchl poOXOaeTCH
TOJIBKO OIHO MEePHOAUYECKOE IBHXKEHHE H IPHTOM CEJIOBOrO TUIA;

3. 0<1, ocobas Touka — cegnodokyc. ITo Haubonee CNOXHBIA Cryyai,
Korga B /M0OOH MaJIoR OKPECTHOCTH MeTNIM CeNapaTpuchl CymectByer Gecko-
HeyHoe (CYETHOE) MHOXECTBO 3aMKHYTBIX TPAacKTOpHUH, He MCYephbIBaloee,
OBHAaKO, BCErO MHOXECTBA TpPAaeKTOPUH, JIEKAUWWMX B OKPECTHOCTH METIH
cenapaTpuchl. budypkaunoHHbie ABMEHMA, NMpPOUCXOAsALUME B ITOH obnacty,
MOryT ObITh BeCbMa CJIOKHbIMH M B OOLIEM Cllyude MO KOHIa He M3yueHbl. K
HEKOTOPBIM M3 HMX Mbl BepHeMCS MpH OIMCaHWM Ppe3y/bTATOB YMCIEHHOro
uccnenosanua. Ilapamerpuueckas cTpyKTypa OKPECTHOCTH TOYEK, OTBEYAIOUIMX
GubypkalMAM KOpPa3sMEPHOCTH [Ba H COOTBETICTBYIOLUMX IEpeceyeuuio napa-
METPUYECKOH JTMHMM METAM CenaparpHchl HeOUYpPKAIMOHHON NUHMEH Y3en-
¢dokyc npu 6< 1 ¥ nepexoxy 0 Uepe3 €NMHHYHOE 3HAUCHME NPH [MBUXEHHU IO
JIMHMM TIETNH CeNapaTpuc, uccieqoBana B pagote [30].

Hanosxennbie pe3ynprathl HIMnIpHKKOBA JIETKO NEPeHOCATCA HacHcTemy (5.3.8),
C TOR /MLUb Pa3sHULEH, YTO BMECTO NIET/IH CenapaTpuchl GUrypupyeT cernaparpuc-
Hpl KOHTYp A,B,CA,, a cennoBas BenuunHa OMpeleNnfeTcd BbIpAXEHHEM

5= A(Az)A(C) - max Re Ay »(B,) (5.3.12)

H(A2)u(Cu(B,) ’ -

rie A — OTpHLATEeNbHBIE, a (4 — NOJOXMTE/IbHbIE COGCTBEHHBIE 3HAYEHHA CHCTEMBI
B COOTBETCTBYIOLMX TOYKAX TO HANPAB/ICHUIO JIBWXKCHUA 1O CenapaTpucHOMY
KOHTYpY.

PaccMoTpuM OMdypKaUMOHHbIe ABJICHHA, MPOHCXONALME B OKDPECTHOCTH
CenepaTpUCcHOro KOHTYpa Ha KOHKpETHOM YHCIIEHHOM npuMepe. B coBMecTHOM
pabote aBtopa ¢ E.A. u H0.M. AnomunbiMu [8, 9] uccnemoBanacs crnenymouas
CHCTEMA XMIIHUK—/IBE XEePTBBI:

Uy =ug(e; —uy — 6uy — 4v),

Uy = U (0 — uy — uy — 10v),
D=—v(l-025u; —4u, —v). (5.3.15)

B aroit cucreme B orTnuuHe oT cucremsl (5.3.8) monosHuTenbHO y4YTeH ¢akTop
BHYTPHUBM/IOBO/ . KOHKYpPEHIMH B NonynAlUMM XHINHMKA. Bum napamerpuyecko-
ro NOpTpeTa NpH 3TOM MEHAETCA He3HAYHTENbHO: eMHCTBEHHOE OTIIHYME COCTO-
HT B TOM, 4T0 Guypkamionnsie npaMseie B, P u B,D B koopaunarax {ay, a, )
nepecraloT ObITh NapanienbHLIMKM M, KpOMme Toro, MHMA N HelTpanbHoCTH
paBHoBecHss D mepecexaer Gu¢ypxanvonnsie npamsie A;C u A B;, TaK urO
NapaMeTpMYeCKUii TIOPTPET INPHHMMAET BHM, H300pakeHHbIA Ha pHc. 5.3.15.
3navenns xkoddpduumenToB B cucteme (5.3.15) BoiGpanb! Tak, uro6b1 pacnono-
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Puc. 5.3.15. CxemaTmieckoe wu3o0pakeHHe OKpeCTHOCTH MapaMeTpHuecKod TTHMHMH cera-
PaTPHCHOTO KOHTYDa Ha MNOCKOCTH { &, , a,} s cucrems! (5.3.15). Hymepauus o6nacreit
COOTBETrCTBYeT puc. 5.3.10-5.3.14

Xenve OudYPKaUMOHHBLIX MPAMBIX B KOOPAMHATaX { &, Q,} KaueCTBEHHO
coBnagano ¢ u3oGpaxkenHsIM Ha puc. 5.3.12, 2 u 5.3.14. KoopnuHathl TOUEK,
oTBevawumx B cucteMe (5.3.15) GudypiauyaAM KopasmMepHOCTH 1Ba, UMEHT BUA,

A]Bzc: o =4, Q, =4;
AngCZ a, = 1,5, Uy =0,25.

PaccMOTpHM, Kak BBIIJIAAAT Ha TWUIC CKOCTH MapaMeTpoB | &, &) YCIOBUSA
llunpHukoBa, JlMHus A y3en-bokKyc misi Touku A, IpeAcTaeiser coboi
TOPU3OHTAJIbHYI0 NpAMYy0 0p = (0,265, NepeceKaouyio JIMHUIO CeNapaTpUcHOro
KOHTYpa B TouKe /(o = 1,509). Jlunus 0 =1 [cM. Bhipaxkenue (5.3.14)] nepe-
CEeKaeT IMHUIO CellapaTpHCHOro KOHTypa B TOUKAX §, (o ~ 3,67, a; & 3,65)u
sq(ep &~ 1,60, 0, = 127). Takum 006pa3om, JIMHUA CENapaTPUCHOTO KOHTYpa
pa3CGHBaeTCA Ha TPH PA3NMYHBIX yyacTKa, TAaK YTO IpH NEPECEYCHUH SIMHHMHM 110
Mepe OBH)KEHHS 10 NapaMeTpPy Ha KaXZOM H3 3THX YYacTKOB KayeCTBEHHO
PasMYHbI MPOUCXOAAIME NIPH 3TOM NepecTpoiiku (Ga30BOro NopTpera,

PaccMorpum GudypkauuoHHble fABJEHUA, MNPOUCXOOALME B CHCIEMe IO
Mepe YMeHbLUEHUA (; NIPH Pa3fNuHbIX GUKCHPOBAHHBIX 3HAYEHUAX Q; .

1.4>a, > Qs - CemioBad Be/MuMHa 0 > 1, CHTyauusi COOTBETCTBYET NEPBO-
MY M3 ONMCaHHbBIX BbIILE cnydyaeB. IIo mMepe YMeHbUIEHHA O, TIpU TEPECEUEHHUH
napameTpuyecKoi Toukoit nuHuM N HefiTpanbHOCTH papHoBecus D Ha dazosom
MOPTPeTe BOKPYT paBHOBeCHA D poOXgaeTcss Masblif, YCTOWUMBBIHA TIpelesbHbIR
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Puc. 5.3.16. CxemaTmieckoe u306GpakeHHe XapaKTepa INpelelbHOTO IHMKIa B CHCTEMe
(5.3.15) npu 3MayeHHAX NAPAMETPOB, JIEKAIMUX B OKPECTHOCTH TMHUM CeNapaTpHCHOTO

KOHTYpa

4,

(U

%4

Puc. 5.3.17. CxemaTuueckoe H306paxeHne CeNapaTpUCHOTO KOHTYpa B cucteMe ™ (5.3.15)

muxn. Ilpu nanmpHeiilieM yMeHbIGHMH O, NpelleNbHbIH LUK pacTeT, Ha HeM
NOABNAWICA Y4YaCTKM, Npoxoasume BOnNu3u pasHoBecuit By, A, u C, mpuuem
4acTb MNpeHeNbHOro UMKIA, Npoxonsiias BOMH3M cemnodokyca A,, HauHHaeT
CKPYYMBATbCA B CHHpanp (TOYHee, B HEKOTOPYI0 BHHTOBYI0 IJIHHHMIO —
puc. 5.3.16). Hakouen, npu manbHeilleM yMEHbIUEHHH O, TpeNeTbHBIA LMK
»prunaer” B cenapaTpHCHBIA KOHTYp (pHc. 5.3.17) npH 3HaueHMM (3, COOTBET-
CTBYIOILIEM TIepeceueHHI0 napaMeTpuyecKOl TOuKOW NMuHMH L cemaparpucnoro
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Puc. 5.3.18. Ilpoexuun TpexMepHoN NPUTATUBAKIIEHA TpaeKTOpHHM H& KOOPOMHATHYIO ILUIOC-
xoctb { 4, , v} pasosoro npocrpancTsa mst cucremnt (5.3.15) npu o, =2,4 Ha,:a) 1,7537,
6) 1,7533, ) 1,7532, 2) 1,7531 (pe3ynbraThi YHCIIEHHOTO 3KCNepHMeHTa). CumBONsl X1
1 X3 COOTBETCTBYIOT BEJIHYHHAM U, H v[9]

KOHTYpa, u pa3pyuaercs. Uto6p1 He 3arpomMoxnaTh $a30BbIi NOPTpeT, Ha HEM
He u306paxeHa CTPYKTYypPa HEeTpMBHMANIBHOTO paBHOBecufs D. PaBHoBecue A,
CTaHOBHMTCA rNOOAIbHO YCTOHYMBLIM.

2. g, >a, > R, . BudypxanmuoHHbIe AB/IEHUSA, IPOHCXOAAIME C NPEHeNb-
HbIM LMKJIOM [Ipd YMeHBIIEHWH O, B 3TOM HHTepBare 3HaueHHH ¢ty , MOTYT GBITh
BecbMa CJIOXHbIMH. PaccMOTpHM OffHy M3 NocilemoBaTenbHOCTel Gudypxaumit,
HabnofaBLIyocA B UMCIIEHHOM 3KClepuMeHTe NpH o, = 2.4 (puc. 5.3.18). ITo
Mepe YMeHbIIEHHsl NapaMeTpa @, B IpaHMmax obnacteit 26, 27 naGniopaercs
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CepHA NOCNeNoBaTeNbHbIX YIBOCHWA MepHoia IHMKNa. B HEKOTOpPOM auamas’oHe
3HAYEHHH (t, U3 Pe3yJIbTATOB YMCIIEHHOTO SKCIIEPHMEHTa CO3/1aeTCa BNeYaTieHue,
YTO TPAEeKTOPHH CHCTEMBI TIOJTHOCTbIO 3alOJIHAIOT HEKOTOpbIiH (pa30Bblii 0GbEM.
MoxHo cKa3arh, YTO TIpH 3THX 3HAUCHMAX NApPAMETPOB MOBe[leHME CHCTEMBI
HEOT/IMMMMO OT CITY4ailHOro, T.6. O MPHHATOH HbIHe TepMMHOJIOTHH SBNAETCH
KkBasucroxacruyecknm. IlputAruBalonmii 06beKT B $Ha30BOM NpOCTpaHCTBE NpH
3TOM MOXeT ObITh Ha3BaH >’CTPAHHBIM aTTpaKTopoM”, Bneuatnenue ot pesynbra-
TOB WICTIEHHOTO 3KCMEpPHMEHTa COBMAJaeT C M3BeCTHBIMM MaTeMaTHYeCKHMM
pe3y/bTaTaMi O BO3MOXHOCTH CYmIECTBOBaHMA B H3YYaeMOH cucTeMe Ipd
OAHHBIX 3HaYeHMAX MapaMeTpoB NPHTATHBAIOMETO IHNCPOOTHYECKOTO MHO-
XKECTBA.
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IIpn panbHeiilleM yMeHbIUeHHH O, cepus OGuypkauuy YIBOEHHA Nepuomda
UMKJIa oTceXuBaerca B oGparHoil MocnenoBaTensHocTd. Ilpouece 3aBepiaercs
6udypkauvel CcIUAHUA HOCTeqHEero” yCTOHUMBOTO MPENENbHOro HMKIa ¢
CeUTOBBIM LHMKIIOM (aHHWTWIANMA NApbl WMKJIOB) . PasHOBecHe A, CTaHOBHTCA
IN06aNbHO yCTORYUBBIM.

3 o, >y > 1,5. B 3atom cnyvae IoclelOBAaTeNbHOCTh CODBITHH 1O Mepe
[BHXEHHA TIO MapamMeTpy &, aHanory4Ha pacCMOTPEHHOH BbIlle A Clyvas
4>a; >a; ¢ onHum HeGonbumm yTouneHneM. Toukxa B, ABnderca dpokycom
npH o, /a, n y3noM npu ¢, < o;. l'opusontansHas npiman a, = o ~0,265
NepeceKaeT TMHUIO CENapaTpHCHOTO KOHTypa B Touke /(a) ~ 1,509). Cootsercr-
BEHHO NpH Q5 >y >oz{ MOCIIeNOBaTeNIBHOCTh 6u¢ypl<auuouﬂux cobbITHit
B TOYHOCTH aHATIOrHYHA TAKOBOI npu 4 >y > o , 2 NpH af >a> 1,5 ommmuaer-
CAl MU TeM, YTO NpefelbHbIA WHIUI, Mpexe em PaspylLMTbCA Ha cenmapaTpuc-
HOM KOHTYpe, COXpaHAET HOBONBHO NPOCTYI0 ¢opMy, a He NpETEpreBacT cIm-
PaJIbHOTO 3aKPYUMBAHHA B OKPECTHOCTH TOUKH B, .

JamyM  IKONOrHYECKYH0 HHTEPIPETalHIo PacCMOTPEHHBIM GH Y pKAIMOHHBIM
nocnenoBaTeNbHOCTAM. Bolle yxa3piBanoch, 4To OffMH U3 HaHGOTee HHTEPECHBIX
PeXHMOB  CHCTEMBl XHIHMK—[Be  JKEpTBBI OTBeuaeT CHMTYyalHH, KOTraa
TIPUCYTCTBHE XHMIIHKKa obecrieunBaeT cOCyLIeCTBOBaHHe OBYX KOHKYPHPYIOIUMX
TONMYIAUMA KepTBbI, HEBO3MOXHOe Oe3 Hero (mapamerpuueckas o6nacts M
¢dazoBpit moptper 25). PaccMOTpUM BO3MOXHBIE NMYTH 3BONMIOUMH pPEXHUMa
COCYIIECCTBOBAHHA TPEX BHOOB MO Mepe yMeHbIUEHHS O . 3aMeTHM, YTO YMEHb-
HieHye o, MOXXHO TPaKTOBATh KaK BO3HUKHOBEHUE U HAapacTaHWE Harpy3KHU Ha
coobuecTBo, MposBnAomieicds B ¢GopMe MPOMEICIa BTOPOTO BHAA XKEPIBHI.
Hcxon npu 310M Beerna (T.6. mpu JTI0GBIX 3HaUEHHAX & ) OOWHAKOB: yBeTHYCHHE
HArpY3KH CBepX HEKOTOPOH KpHTHYeCKOil MPUBOMMT K paspylleHuio coobuect-
Ba, 4 MMEHHO K BbIMHpPaHHIO NPOMBILUIAEMOIO BHMA XEPTBbI, a NMPH HU3KOM
GHOTHYECKOM TOTeHUMaNe NepBOro BuAa eprBbl (¢; <4) — K BBIMHpPAaHHIO
TaK)Ke ¥ XMUIHHKA. B NoCne[HeM cnydyae OfHOBPEMEHHOE BbIMMPaHHE TIPOMBILL-
TIAEMOTro BH/A >KepTBbl M XHIIHMKA NIPOMCXOOUT He B MpolLecce MNOCTeNneHHOro
yMEHBIUCHHA [0 HYJIA UX YHACIIEHHOCTEH MO Mepe pocTa HATpY3KW, a pes3Ko,
CKaYKOM, B pe3yjbTaTe TiepeceyeHMA OMACHON MapaMeTpUYECKOit TI'paHMIIbL.
Opxako npHpona 3TOH ONACHOM I'PaHHIbI H COOTBETCTBEHHO KPHTEpUH NpHGH-
EHHA K Hell MOryT ObITh pa3yMuHbl. BrpoueM, [y HMCCeNOBaHHOW CHCTEMBI
nepebil “HaMek™ Ha NpuONIIKeHHe K ONAcHOH IpaHWie HOCUT YHHBEpCaNbHBIHA
XapaKTep: 3T0 MArKoe BO3HHKHOBeHHE aBTOKONEGanmit. Boree Tonkue Kpure-
pPHH HpHOIMOKEHHS K OMaCHOW napaMeTpHuYecKol TrpaHuue MOTYT GbIThb pasfiny-
Hbl B 33aBMCHMOCTH OT 3HaueHuA GHOTHYECKOro MOTEHUMAla NepBOro BUOA .
Ilpu GompumMX M MIBIX 3HaYeHMAX OGHOTHYECKOTO NMOTEHLMANZ KpHTEpHeMm
npubmKeHHA K ONACHOH TIpaHMile ABNAETCA BO3HMKHOBEHHE XapaKTepHON
peaKcalMOHHOCTH H, BO3MOXHO, yCJloXHenHe ¢GopMel KoseGanuit. IIpu npome-
AYTOUHBIX 3HAYEHUAX OMOTHYECKOTO TIOTEHUMANa & KpUTepHeM NpUOIMKeHus
K ONAacHOil rpaHuIe ABNAETCA CepHS MOCHEOBATENbHBIX YABOECHHH NepHona
4BTOKONeOaHHA H BO3HHKHOBEHHE PeXHMa KBA3MCTOXaCTHYECKHX KoJebOaHuii,
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5.4. HHKHAA KPHTHYECKASA NIOTHOCTH
nonynauuy NPOOYIUEHTA B CHCTEME
TPEX TPOOHYECKHUX YPOBHEW

PaccMoTpuM, K KaKnM HOBbIM [MHAaMHMYECKHM 3¢d¢deKTaM npuBOAMT B
Mozens coobwecTBa NpORYNeHT—KOHCYMEHT—XMUIHKK Yy4eT CyulecTBOBaHUsA
HIDKHEA KPUTHYECKOH IUIOTHOCTH NOMyNAuMH NponyileHTa. Takas mOCTaHOBKa
NpUBOIMT K cucTeme [15].

x = ax(x — LK — x) — byxy,

y = —c1y + dixy — byyz,

2 = —Cyz + dyyz. (5.4.1)
3amena x = Ku, y =iKv, z= dle, t = r/aK nepesomut cucremy (5.4.1) B

1 2
=uw-0Q1—-u)—u,
b= =y u(my —u+w),
W = —yw(m, -v), (54.2)
e vy = dqyfa, v2 = dayfby, my =cyJd1K, my = c,by/adyK, | = L/K. Koopnu-

HaThl OCOGBIX TOYEK HAXOHATCA M3 COOTBETCTBYIOMMX anreGpaHyeCKMX ypas-
HEHMIA:

Ou=v=w=0);A@m=Lv=w=0)Au=1v=w=0);
Blu=m,v=m - DA - m), w=0];

up gl + 12V —17 —am,),
DaE .vD,E =m2’

wp, g = %[l +1-2m 2V (1 -1 ~4m,], (5.4.3)

” »

rfe 3HaK "+ COOTBETCTBYeT KOOpHMHaTaM TOUKH D, a 3Hak — Touke E.
Hoctpoenne napamMeTpHuecKoro Nnoprpera HaYHeM ¢ MCCIIENOBAHUA YCTOH-
YMBOCTH M OMYpPKalui paBHOBECHH HA KOOPAMHATHBIX IUIOCKOCTAX ¢a3oBoro
noprpera. ®a3oBbie MOPTPETbI HA KOOPOMHATHBIX IUIOCKOCTAX 4 = 0 MV = 0
MHBapHaHTHBI OTHOCHTENbHO 3HAYCHUHA Bcex mapamerpos (puc. 5.4.1).

Ha miockoctd ¥ = 0 HAYan0 KOOPOUHAT AB/IAETCA ITIOGANBHO NPATATUBAIOLUHM.
Ha xooppuuarHo#t mwiockoctH v = 0 CymecTByeT cemaparpuca u = I, pasgensio-
was o6nacTy NPUTAKEHHA Hauana KoopauHar W Touku (¥ = 1, w = 0). Ilose-
HOeHHe CHCTeMbl Ha KOOPOAMHATHOM IWIOCKOCTH W = 0 moapoGHO uccnenoBaHo
B pasn. 3.5.5. Ilapamerpuueckmit noprper {/, m, } u nonusiii HaGop asoBrIX
NopTperoB npuBeleH Ha puc. 3.5.8 u 3.5.9.

Hepefinem K HCCIenoBaHKI0 HeTpUBHANIbHBIX paBHOBecuit D u E. Onpenenum
rpaHMubl napaMeTpHdYecKMx obJyactedl, A KOTOPBIX B IEpBOM OKTaHTe (pa30o-
BOTO MNPOCTPaHCTBAa IPHCYICTBYIOT [BA HETPHBHANIbHbIX paBHoBecui D u E
WIM ORHO W3 HMX WIH HETPUBMaJbHBIC PaBHOBECHA OTCYTCTBYIOT. JTH IPaHMIIbI
33Ja0TCA TNapaMeTpudYeCKVMH YpaBHEHMAMH, OTBeHaloupMM Oudypxaluam
cnusHug pasHoBecuit D u E zmpyr ¢ nmpyrom, a Takoke CIMAHME KaxIOro us
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Puc, 5.4.1. ®a3oBsie MopTpersl cucreMs! (5.4.2) Ha KOOPAMHATHBIX NJIOCKOCTAX u = 0
Hyv=0

HUX C paBHOBecHeM B:
DE :4m, = (1 -1)?,
BD:my; = (my—=1)(1 —my), my > %(1 +1),
BE:m, = (m; -1)(1 —m,), my < % +1). (5.44)

Hccnenosanue ycroiuuBoctu todek D u E nokaseisaer, yto B neppoM OKTaHTe
¢$asoBoro mpocTpaHcTBa NpH /106BIX 3HayeHMAX NapamerpoB Touka D ycroit-
wBa (A\P < 0, ReAD:; <0), a rouka E neycroimpa (A\F> 0, ReAf ; >0). 310,
B UaCTHOCTH, O3Ha¥aeT, uto mpy 4m, = (1 — /)’ mpomcxomut Gudypkanus,
MMEOIIAA YCIOBHYI0 KOPasMepHOCTh OfMH, HO MCTHHHYIO KOpa3MepHOCTb
ABa, MOCKOMbKY MPH 3TOM B CWIY KOHKPETHOTO BHOA CHCTEMbI B HYnb obpa-
IAIOTCA OHOBPEMEHHO [1eACTBUTENIbHOE COGCTBEHHOE 3HAYCHHE U NEHCTBUTEND-
Hag YacThb Tapbl KOMIUIEKCHBIX COGCTBEHHbIX 3HayeHWit. COOTBETCTBEHHO NpH
nepeceueHHH B NMPOCTPAHCTBE MapamMerpoB 3TOro GHYPKaUMOHHOTO MHOrooG-
pasuf B ($a30BOM TPOCTPAHCTBE OMHOBPEMEHHO C POsKIEeHHeM Mapbl Touek D
1 E poxxgaercst mansiif runepGoTMuecKuil Tpene/bHbIi IHKIT.

OnHo3Ha4YHOe TPEICTaB/IeHHe O B3aMMHOM PACIONIOXKEHHH B TpeXMapameT-
pHeckoM mpoctpanctse { m,, m,, 1} Gudypxaumonnsix nosepxuocrei (5.4.4)
maer mpu mwo6oM 3uavenuu 1 > I > O gBymepHbii {m,, m,}-cpes. Budyp-
KauuaM, MpOUCXONAIIMM Ha KOOpAMHATHOM II0CKOCTH $a30BOTO NpOCTpaHCTBA
w = 0, oTBeyaloT BEpTHKANIbHbie OuYypKaUMOHHBIC NPAMBIE B KOOPAUHATAX
{my, my} (puc. 5.4.2). Yuacrox Gudypxamuonnoit mpamoit 4m, = (1 — I)?
HaHeCeH Ha NapameTPHYeCKOM MOpTpere JiMilb JieBee ToukdH my = (1 +/)/2
KaK COOTBETCTBYIomMH Oudypxauyu cnuanus pasHoBecuit D u E, npoucxo-
Asiued B MONOXHTENbHOM OKTaHTe Ja30BOro NMPOCTPAHCTBA.

OmucamnbiMu  Bhiie Gudypxammamu  (5.4.4) napameTpudecKuit mopTper
He MCUepMNBIBaeTCA. B cHCTeMe BO3MOXHA emie OfiHa, HelIOKabHAA GuypKauus,
a4 UMEHHO CNUAHME YCTOHYMBOro IUTockoro uukna Cg, Nexawero B KOOpau-
HaTHOH mnockocty w= 0, c rumepGommueckuM uvxnoM Cg. Ha mapamerpu-
YecKoM Toprtpere (CM. puc. 5.4.2) 3r1o#t GudypKauuu COOTBETCTBYET rpaHMua
napamMerpuieckux obnactedt 9 u 12, Iuxn Cg B pe3ynbrare 31o#t OHGypKaLuu
YXOOHUT M3 NONOXUTENBHOIO OKTaHTa, a NMKJ Cp CTaHOBHTCA rUunepOonuuecKuM,
T.€. OCTaeTCs YCTOHYMBHIM B KOOPHHHATHOM IIOCKOCTH W = 0, HO CTAHOBHICHA
OTTANIKMBAIOMMM B [ONEPEYHOM HANpABIIGHMH BHYTpb okTaHTa. Bubypxauus
CIMAHUA UHMKIIOB HENOKANbHA, W COOTBETCTBYIOWAS GH(YPKALUHOHHAA KPHBasdA
He HMMeeT aHANHTHYECKOIro Bhipakenus. M3 oOumx coobpakeHHMi ACHO, 4TO
OHa coenuHser TouKH (my =1, my = 0) n [m, = mey, my = %(1 — N?]. HOna
3naueHuit [ = 0, 1 sTa KpuBas GbUIa MpociexeHa uncrnenHo Ha 3BM E.A. Ano-
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HuHoit [16] ¢ momowpsio nporpammer CIRCLE [88] . Homuerit HaGop (a3oBsix
HOPTPETOB CHCTEMBI TAKke H30GpaKeH Ha puc. 5.4.2.

[lepeiimeM k HHTEpHpeTAUMH NONYYeHHBIX IApaMeTPHYECKOro M (ha3oBbIX
noprperoB. IIpy 3HaYeHMAX napaMeTpOB, JeXalMX B oGmactax /-5, B ¢a-
30BOM NpPOCTPAHCTBE KOOPAWHATHAA MIOCKOCT w = 0 ABJNACTCA NPUTATHBAIO-
meit. [IpyrHMH CIOBaMHM, B 3TOM CJIydae XMINHMK BCErja BBIMMpacT, ¥ HOBe-
neHue cucteMsl (5.4.2) He OTNIMUaeTCA OT MOBETEHHA cucTemsr 5.3.12. Xuuumux
CTOJTb IUIOXO NPHCNOCOBNeH K MONMyNAuME Koucymenta [m, < (1 —1)?/4], uto
NocNegHAA HU NMpH KaKUX OGCTOATENBCTBAX HE B COCTOSHHM ~NPOKOPMHID”’
XMIIHUKA, M OH BCeraa oOpeueH Ha BRIMHpaHKe.

B OICYTCTBHE XMIIHMKA HONYNAUMM MPOAYNEHTa M KOHCYMEHTa COCYLIECT-
BYIOT B cTauvoHapHoM (oGnacts /1) wiu aprokoineGarenmsHom ([2) pexume.
CuTyaumsi HeycTOHYMBA B OTHOLUEHWM MHTPOAYKUMM XumHuka. [Ipu nossneHnu
B cOOOIeCTBE XMIIHUKA OH Pa3MHOXAeTCH, M COOOWIECTBO BBIXONMT Ha CTa-
LMOHapHOe CcOCTOfIHME D, cOOTBeTCTBYIONIEE YCTOMYMBOMY COCY1IECTBOBAHHUIO
BCeX TpeX MOMyNnsAlMi. 3aMeTHM, YT0o NpH 3HAYEHUAX NApaMETPOB, JIEXAILUX
B obnmacti I2, mosBIEHME XHMIIHMKA CTaGWIM3MpYyeT KojleGaHus, NPOUCXOMAsA-
mwue B cooBlecTBe MPOAYNEHT—KOHCYMEHT B OTCYTCTBHE XMHHKA. OTMeTHM
TAaKXe, UTO IPH 3HAYEHMAX MapameTpoB, JIeXaux B obnacTu /1, paBHOBECHaA
IUIOTHOCTb MOMYNANHN KOHCYMEHTa B OTCYTCTBHE XHIIHHMKA 6OnblUIe, YeM NpH
COCYILIECTBOBAaHMH BCeX TpeX Homynsaumii (vg > Up), a MPOAYLEHTa, HAPOTHB,
MEHblLIe, YTO BIIOJIHE COOTBETCTBYET HHTYHTHBHBIM IpeNCTaB/IEHAAM.

KpoMe TOro, mpu 3HaueHMAX NApaMeTpoB, Jexawux B obGmactax [/ u 12,
KaK M HpH JIOOBIX APYTHMX 3HAUEHWUAX NAPAMETPOB, YCTOMYMBBIM ABNAETCHA
Hayano koopauHar ¢asoBoro mnoprTpera. OGNAacTH NPHUTAXKEHHA pABHOBECHit
O u D paspensorca cenapaTpuCcHOi MOBEPXHOCTBIO CEIOY3na A, .

[Ipu 3HaueHusAx mapaMeTpoB B obnactsax 7, 8 u 10, Tak xe Kak U B [/ 1
12, B $a30BOM npocTpaHCTBE CYUIECTBYIOT /IBa TMpPHTATHBAlOIUX oObeKTa:
HaYaJIo KOOpAMHAT (BBIMHpaHMe BCex TpeX Monynsuwmit) u Touka D (ux ycroii-
YMBoE COCYUIECTBOBaHMe). Pa3juuMe COCTOMT JMIIB B XapaKTepe Cemaparpuc-
HOMl MOBepXHOCTH, pasfielisfiomieii O6MacTH NPHUTKEHHA ITHX DPaBHOBecHil:
obnacTh NpuTsHkeHHs D orpaHuyeHa waireoGpa3sHoil NOBEPXHOCTHIO, THGO MENTH-
KOM Jlexaueii BHYTpH MepBOro OKTaHTa (a30BOTO NpOCTPAHCTBa (NapaMer-
prdeckue obnacty 7 u 8), NMuGo Kacajouleiict KOOPOWHATHOM MNOCKOCTH w = 0
B touke B (oGmacts /0) (cM.puc. 5.4.2).

HanGonee pasHooGpa3Ho mnoBefieHMe CHCTEMbI NP 3HAYEHHAX NApamMeTpoB
B o6nmactax 6 u 9. Ilpu 51om Ha (Ha3oBOM NOPTpeTe NPHUCYTCTBYIT OFHOBpE-
MEHHO TpH NPHTATMBAIOLIMX OOBEKTa: Hayalo KOOpHNHMHAT, paBHOBecue D u
YCTOHUMBLIA TpenenbHbii ki Cg B KOOpOMHATHOH itockoctd w = 0, O6nmacts
NPUTAXEHHS Hayala KOODONMHAT OrpaHMYeHa CeNapaTpPUCHOH TOBEPXHOCTHIO
cenmoyana A;. OGnacti nputsxenns Toukd D u npepensHoro uukna Cy pas-
HenfloTcs yvalleoOpa3HOX IOBEpXHOCTBIO, JIMDO Jexauiedl LeIHKOM BHYTpH
nepBoro okraHra (oGrmacTs 6), Mubo kacarowlefcs KOOPAUHATHON NMOBEPXHOCTH
w =0 B rouke B (o6macm 9).

—— et
Puc. 5.4.2. Ilapamerpuieckult mopTper H NonHpif Ha6op (a30BEIX MOPTPETOB CHCTEMBI
(5.4.2):

1—12 -- obnacTy NapamMeTpuU4YECKOro NpOCTPAHCTBA; Mgy — 3HAYEHHMA NapameTpa mg,

NpK KOTOPOM B IUIOCKOCTH w = 0 cenmapaTpMca, BBIXONSILIAH M3 celya A,, BXONUT B Cel-
no A,. IlyHxkTHpoM cXemaTuyecKu 0603HAYEHB TPAHUIA OGIACTH MPUTSKEHWA P3BHOBe-
cus D, 154



Urak, NONMHOCTBIO OMHCAHBI BCe BO3MOXHBIE (Da3oBble NMOPTPETHI, peani-
3ylOLIMec NpU pa3iMuHBIX 3HaYeHWAX NapamerpoB. IlepeuncnuM Temeph npu-
TATUBAIOILME PEXKIMBI, IOPO3HH WIM ONHOBPEMEHHO DEAIN3YIOMMECH B CHCTEME
Tp¥ PUKCHPOBAHHBIX 3HAYEHUAX NApAMETPOB.

1. TpuBuansHoe paBHOBeHMe 0 — Haualo KoopaMHAT (a30BOTO HOPTpETa.
CooTBerCTBYeT BBIMHUDAaHHIO BCeX TpeX HONMysAuuiA. YCTOHYMBO IIpH BCeX 3Ha-
YeHWsAX NApaMeTpOB.

2. PaBHOBecHe A; — OTBeYaeT H30MMPOBaHHOMY CYILECTBOBAHMIO NOMYSALINHA
IpPOMAYLEHTa B OTCYTCTBHE KOHCYMEHTa M COOTBETCTBEHHO XMILHUKA. YCTONUUBO
IIpH 3HAYEHUAX NapaMeTPOB, JIEKAILMX B 06IacTH I,

3, PaBHOBecHe B — oTBevaeT cTalMOHAPHOMY COCYIECTBOBAHHUIO NMOMYTIALAH
NpodyleHTa ¥ KOHCYMEHTa B OTCYTCTBHE XMIIHMKA. ¥ CTOAYMBO NpH NapaMerpax
B obmacru 2.

4, TlpenensHpiit uuky Cp — OTBeuaer COCYLIECTBOBAHMIO NMOMYNAUMH Hpo-
OyLeHTa W KOHCYMEHTa B aBTOKOJeBGaTelIbHOM DexHMe. YCTOWUMB IIpu Napa-
Merpax B ob6nactax 6 u 9.

5. PaBHoBecue D — oTBeyaeT CTalMOHAPHOMY COCYWIECTBOBAHHMIO BCEX TPeX
HONYJALMI. YCTONUMBO NPY 3HAUEHMAX N1APaMETPOB B 06IacTAX 6—12.

PaccMoTprM noppoGHee XapakTep obfIacTH NPUTDKEHUs paBHOBecust D mpu
3HaUEHUAX MApPaMeTpPOB, JIEKAUMX B Pa3IMUHbIX OGNAacCTAX M COOTBETCTBEHHO
XapaKTep BO3MYILCHHH, BbIBOAALIMX CHCTEMY 3a mpenensl o0acTd MpHTMKe-
Hus paBHOBecus D.

Kak yxe orMeuanoch Bbillle, XapakTep 00Gnacti npurspkeHus touku D ka-
YeCTBEHHO pa3jIMyeH NpH 3HaUeHUAX NMapaMeTpoB, Jiexammx B obGmactax 1112,
C OFHO# CTOpPOHBI, ¥ B oGnactax 6, /0 — ¢ npyroit. B nepsom cnyvae npu u >/
M CKOJIb YTOOHO MAIBIX HaualnbHBIX 3HAYEHMAX U M W CHCTeMa Bcerpa Npuxo-
mT B coctosiHie D. Bo BTopoMm ciydae, HampoTHB, M10G0€ NOCTATOYHO CHIIBHOE
BO3MYILLEHHE CHCTEMbI, HAXOAAWIEHCA B COCTOAHHU D, B CTOPOHY yMeHblLICHUSA
v ¥ (W) w BBIBOOMT ee 3a rpaHUny obnactd nputsxenus D. [Ipu aroM xuw-
HHK BBIMHpAeT BCerfa, a OCTABLIASACSA Napa HONMYNALMHA NPOAYLieHT —KOHCYMEHT
MOXeT JTUGO TepelTH B peXHM aBTOKOJIeGAaTeNBHOrO COCYIEeCTBOBaHUA (npH
3HAYEHHsSIX MapaMeTpoB B ob6nacTax 6 U 9), MAGO TakXke NONHOCTHIO BbIMEpPETS.

Mepeuncnum Gudypxauuy, 3aTparMBaloWIME pPEXHMM CTAMOHAPHOIO COCY-
IECTBOBAHUA BCEX TPEX NOMYJANMA ¥ MPOMUCXONALIME NPY W3MEHEHHWH 3Haue-
HU# NapameTpos.

1. Ilpu m; > —; (I + 1) B mpouecce yMeHbLICHUS NapaMeTpa M, CUCTeMa NIpH

my = (my —I)(1 — m;) nepexopuT M3 mapaMeTpuuecKoil oGnacrty 2 B 06-
nacts //. CrauMoHapHOe COCYIIeCTBOBaHME NpPONYLEHTa X KOHCYMEHTa CTaHO-
BUTCA HEYCTOMUMBHIM OTHOCHMTENIPHO MHBA3MH XMIIHMKA U MOMABIIAETCH paBHO-
Becue D, oTBevawee CTAMOHAPHOMY COCYILECTBOBAHUIO BCEX TpeX MOMNYJA-
umit. IIpn mBykeHMH no mapaMerpy B oGpaTHOM HalpaBJIEHHWH IUIOTHOCTb IO-
MYNAUMK XMIUHAKA TOCTENeHHO YMEHBILIAeTCA M NpH TOM XXe 3HaueHHuu m, =
= (m; —1)(1 — m;) o6Gpamaerca B Hynb — NPOUCXOMHT “MATKOE” BBHIMH-
paHMe XHUIHUKA.

2.0pu (1 +1)/2> m; > m, ¥ NpH KOCTATOYHO GONBIIMX 3HAUEHUAX My,
COOTBETCTBYIOLIMX MapaMeTpuieckoit 0GnacTH 3, eIMHCTBEHHBIM NpPHUTATHBAIO-
WM PEXHUMOM sBIseTcs npenenbHbi uukni Cg, nexamuii B KOOpPAMHATHOM

miockocTd w = 0 ¥ OTBeyaowuii COCYLECTBOBAHKIO NPONY1IEHTa U KOHCY MeH-
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Ta B aBTOKoNnebaTeNbHOM peXuMe B OTCyTCIBHe xuumHuka. Ilo mMepe ymeHslire-
HUA M, NPH KPHUTHYECKOM 3HAYEHWH, COOTBEICTBYIOIUEM I'paHMIE MeXIy Ia-
paMeTpHIeCKUMHU obnactTaMu 9 M 12, TPOMCXONMT KECTKAR MOTEpA YCTOHUH-
Bocty mukyoM Cp M cucTeMa “cphiBaeTcsi’ B paBHoBecHe D, orBeuawinee yc-
TOMYMBOMY COCYLIECTBOBAHHMIO BCEX TpeX MOMYJIALMI B CTAUHOHADHOM pe-
*uMe. B GuOnoOrmueckux TepMMHAX 3TO O3HaYaeT, YTO €CNH B CcOOGiIecTBE
MOCTOAHHO CYIIECTBYEeT HEKOTOPbIA HeOONblIOH NPHUTOK XHILHUKOB H3BHE,
TO Npd 3HAYeHMAX NapameTpa M,, GONBUMX KPUTHYECKOTO, IMOTHOCTh HX
nonynAuuM GyHdeT NOANEPXKUBATHCA Ha OUYCHb HHU3KOM YPOBHE, 00YCIOBIIEH-
HOM HCKJIIOUMTENBHO Smurpamueii. Korna ke 3Hauenue m, CTaHOBHTCA MEHb-
Ile KPMUTHYECKOrO, IIOTHOCTb MOMYJIALMM XHUIHUKOB Cpa3y pe3Ko BO3pac-
Taer ¥ BBIXOAMT Ha ypoBeHb Wy . OnHOBpeMenHO nmemmdupyloTcsi  KoneGa-
HUA YUCTIeHHOCTel NOoNynAumil NpoAyueHTa 1 KOHCYMeHTa.

IIpu o6paTHOM ABMXKEHHM TO -NApaMeTpy M, M TOM XK€ CaMOM 3HAYeHWH M1,
NPOUCXOHMT OGpaTHOE sIBJIEHHE: >KECTKH cpbIB paBHOBecus D (ero ucuesno-
BeHHe NpU CIAMAHMK ¢ paBHOBecueM E) ¢ BBIXONIOM CHCTeMbI Ha mpefieNnbHbIi
unkni Cg. [Ipu mepexopme mapamerpa m, yepe3 KpHUTHUECKOE 3HAUEHHME XHIL-
HAK BBIMHMpAeT, a B OCTAaBLIEMCHI Co0OiiecTBe NMPOAYNMEHT—KOHCYMEHT BO3HH-
KawT KojeGaHus cpady Gonsluoi amMmiMTynsi. BaxHo nonuepkHyTh, YTO 3TO
siBlleHMe TPOMCXOAMT NpH ApyroM, GolnbilieM 3HaYeHWH M,, a MMEHHO IpH
my = (1 — 1)?/4, oTBevaoweM rpaHume NapaMeTpU4eckuX obnacreit 6 u 3,
M TaKUM 0Gpa3oM HMeeT MECTO CBOeoOpa3HbIii THCTEpE3NC.

3. Mipu my; < mgy umy < (1 —1)%/4 B cucTeMe peanu3yercst ycroHun-
BB PEXMM CTaUMOHAPHOTO COCYLIECTBOBAaHMA BCEX TpeX KOMIOHEHTIOB CO-
obulecTBa, oTBevawwuii paBHoBecuio D. Ilo mepe pocra mapamerpa m, 06-
JIaCTh NMPUTSXEHUA paBHoBecust D cokpamaercsi, u npu m, = (1 — 1)*/4 npo-
HCXOOUT >KECTKHH CphIB DaBHOBECHS, NMpPHYEM eOUHCTBEHHBIM NPHUTATHBAIO-
w¥M o6bexToM B (a30BOM NPOCTPAaHCTBE OCTAETCA Hayallo KOOpOWHAT, T.e.
BC€ TPH NOHYNAUMH BHIMHPAIOT.

PesioMupyeM OCHOBHBIC Pe3yJIbTaThl HCCIENOBAHHA, NPOBEACHHOTO B HaCcTOSA-
weM pasfienie. YTo HOBOTO AaeT MOSBIEHHE B CHCTEME TPEThero TPOPUUECKOTO
YPOBHA — XHILHMK2 B COOOILECTBe MpOMYNEHT—KOHCYMEHT C y4eTOM KpHTH-
yecKoil uMcneHHocT# nponyueHra (cm. n. 3.5.5)? Ilpu Husko# npucnoco6-
JIEHHOCTH KOHCYMEHTa NMOfAIBJIEHME XHUMHHKA HE [aeT HHYero HOBOTO: MOCKO/Ib-
KY MpOAYLEHT He B COCTOSIHUM HMPOKOPMHTb KOHCYMEHTa, TO W XMIHHMK, €c-
TECTBEHHO, 0OpeueH Ha BhiMupanme. [Ipu cpemHeil nmpHUCIOCOGIEHHOCTH KOH-
CYMeHT2 FIOCTATOMHO MPHUCTIOCOONEHHbIH K KOHCYMEHTY XHLUHHK MOXET 3aKpe-
murbesi B cooburectBe. IIpu 3TOM nocreneHHoe yXxynilleHue YCIOBHMi ero cy-
1WIeCTBOBaHUA OyrneT NPMBOAMTh K HOCTENEHHOMY CHIDKEHWI0 YPOBHS €ro paB-
HOBeCHOM YHCJIEHHOCTH [0 HyneBoro. [Ipu Bbicokoif, HO He upe3MepHOH mMpH-
CNOCOONEHHOCTH KOHCYMEHTAa XMINHMK TaKd)Ke MOXET 3aKpenuThcs B c0006-
IeCTBe, MPHYEM 3TO TNPUBONMT K crabwimsaumu koneGaHWil IDIOTHOCTEH NO-
TNyIAUMAM NPOAYNEHTa M KOHCYMEHTa, NMPOMCXOOUBIUMX B OTCYTCTBHE XHLI-
HUKA.

HauGonbimii MHTepec npeAcTaBisieT CHy4Yad ype3MepHOH mnpHcmocobreH-
HOCTH KOHCYMeHTa K mponyueHTy. OKa3bIBaeTCs, YTO NPUCYTCTBHME XHIIHHKA
B TaKOW CHUTYauMH CO30aeT BO3MOXHOCTh YCTOHYMBOrO CTaHMOHAPHOTO COCY-
1L{ECTBOBAHUA MNOIYNAUMHA NPONYLEHTa, KOHCYMEHTa M XHUIHMKA, TOTHa KaK
COCYILCCTBOBaHME MNPOIYLIEHTa W KOHCYMEHTa B OTCYTCTBME XHIUHMKA HEBO3-
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moxHo. [loguepkHeM, uTO B 3TOM Cilydae Kak 3HAauuTeIIbHOE ONHOKPATHOE
CHH)KEHHE UYMCIEHHOCTH XMIUHMKE, TaK H TNOCTENE¢HHOe YXy/UIEHHe YCIOBMH
ero CymecTBOBaHWA TNpPHMBOIAT K MONHOMY BbiMHpaHHio cooOmectBa. Ilpu
3TOM MOCTeNeHHOe YXy/IICHHE YCIOBHH CYIIECTBOBAHHA XMIUHMKA HE BIie-
ueT 33 cOOOH B OTNMYME OT CIyuas cpeHel NMpHUCNOCOGIEHHOCTH KOHCYMEHTa
NOCTENEHHOTO CHIDKEHMSI YPOBHA PAaBHOBECHOW YMCIIEHHOCTH XMINHMKA [0 Hy-
7eBoro. PaBHOBecHas UKMCIIEHHOCTh MOMYNAUMM MO Mepe YXYAIIEHHS YCIOBHiA,
pasyMeeTcsi, CHWXaeTcd, HO JIHILb 10 HEKOTOPOTO KPUTHYECKOTO HEHYITEBOro
ypoBHsa. JlanbHefilllee ke CKONb YTOAHO Masioe YXyAllieHHe YCIIOBHA Bieder
3a co6oii nonHy ruGens coobwecTna.

IonyuenHpie pe3ynbraThl OTHOCHTENBHO AMHAMHKH coobuiecTBa mpoay-
LIEHT—KOHCYMEHT—XMUIHHK B CJIy4Yae Upe3MepHO#i MpUCNOCOOIEHHOCTH KOHCY-
MEHTA K TNpPONYLEHTY JierKO MpOWUIIOCTPMPOBATh Ha HAapOUMTIO CXeMaTH3HpO-
BaHHOM TpHMepe: '’TpaBa—oreHM—BONKK’’. HcTpebneHne BONKOB MNO3BOJNAET
OJIEHAIM Pa3MHOXAaThCS HACTONIBKO, YTO OHM BbIEMIAIOT NOYTH BCK TpaBy, Mon-
PHIBass OCHOBY COGCTBEHHOTO CYILECTBOBAHMA, 3aTeM BBIMUPAIOT, a TPaBa 3aMe-
ILAeTCH, HAMPUMEP KYCTaPHMKOM, U BO3HHKA€ET COBEPLUEHHO HOBAA 3KOCUCTEMA.

Euwe Gonee MHTepecHO, YTO K CTONb ke KAaTacTpoHUIeCKHM INOCIIEACTBUAM
MOXeT NMpPUBOIUTH ONHOKPAaTHOE pe3Koe CHM KeHHe YMCNEeHHOCTH KOHCYMeHTa.
B 3toM criyuae ymoGHBIM CXeMaTH3MPOBAaHHBIM HWITICTPaTUBHBIM NPHUMEPOM
MOXeT CIy>XHTh coo0lIecTBO “nec—BpemuTeny (HaceKoMble) —XUIUHUKH (TITH-
ubr) . TlocnenoBarenbHOCTs COGBITHI MOXeT GbITh B paMKaX paccMOTpeHHOMN
CXeMbI TaKOBa. 3HAaYMTENBHOE OJHOKPaTHOE MCKYCCTBEHHOE CHHXXCHUE YHCIIEH-
HOCTH KOHCYMeHTa (HaceKOMbIX-BpemuTeNneii) BeleT K YMeEHbLIEHHIO IUIOT-
HOCTH TNOMyNAUMK XHMWHUK2 (HacexoMoaAmHbiX num). OcrnabreHue npecca
XUIHAKOB BriedeT 3a coGo# BCMBILIKY YHCIICHHOCTH HaceKOMbIX, '’yCKOIib-
320LIMX " OT KOHTPOJIA CO CTOPOHBI XMINHMKA. Bembilka uucneHHocTH Hace-
KOMbIX BBI3bIBAET BbIe[laHMe MMM HX pecypca (XBOM WJIM JIMCTBBI) IO YpOBHA
HIKE KPHUTHYECKOrO, MOCNE Yero HCXOAHBIA Jiec rMOHeT M Hafonro 3ameina-
€TC KauecTBEHHO MHOM IKOCUCTEMON.

JuHaMuKa HPUPONHBIX IKOCHCTEM B JIEHCTBHTEIBHOCTH, pa3ymeeTcs, He-
CpaBHeHHO clioXHee. OnHAaKO NMpH BCeM NpeneNibHOM M YMBILDIEHHOM CXeMa-
TH3ME TaKOro poja NPHUMEPOB OHH, NMO-BHAMMOMY, MOTYT HaXOOMTH aHaJIOTHU
B PEAIbHOM JIeACTBUTENBHOCTH.
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TTABA 6

JUCCHUNATUBHBIE CTPYKTYFbl
B CUCTEME XHHHHUK-XKEPTBA

B HacTosuied rnaBe Mbl BOCHOJIb3yeMCSl aIlapaTOM KaveCTBEHHON TeOpHH
0BbIKHOBEHHBIX IMddepeHIManbHbIX ypaBHEHHH M Teopuu Oudypxauuit ms
HCCIIe[IOBAHMA TIPOCTPAHCTB €HHO-BPEMEHHOIO MOBE/IEHNA UHCIIEHHOCTel nomy-
JIAUMA B MOJMENBHBIX 3IKOCHCTEeMaX, HPEACTaBNANUIMX COO0N COBOKYMHOCTDH
MHUTPAlMOHHO CBS3aHHBIX JIOKaNbHbIX coobumiecTs. B mpocrteiiiieM cnywae —
9T0 OWiOKa/IbHAasE CHCTEMa, T.e. CHCTeMa [BYX JIOKaJIbHBIX COOOIIECTB, CBA-
3aHHBIX MeXOy coBoff NMOTOKAMM MUIPAHTOB M3 COCTAaBJISIOLIMX COOGiIeCcTBA
MONYJT AWM.

MoxHo cuutath [138], uro mpMMeHeHMe MAaTEMATHKH K 3KOJIOTHYECKHUM
3alayaM pasBHBAIOCh B [AByX HampaBneHMsX. Bo-mepBeIX, 3TO MccrienoBaHHMe
BpeMeHHOH NMHAMHMKY 3KOJOTHYECKHX COOGIIECTB — M K 3TOMY HanpaprieHHIo
OTHOCATCAL BCE HCCIIENOBaHMSA, pacCMaTpHBaBUmMecA B Hactoswues pabore. Bo-
BTOpBIX, 3TO HalpaBlieHMe, CBA3aHHOE C HCCIIENOBaHHEM MpPOCTPAHCTBEHHOM
CTPYKTYpPbI 3KOJIOTHYECKHX c000luecTB. I3TO HampaBlieHMe pasBUBAJIOCH CO-
BEpLIEHHO CaMOCTOATENbHO M HE3aBMCHMO B OCHOBHOM HOJ BIMAHHEM 3afipo-
coB reoGOTAHMKHM ¥ OO INOCIieJHEro BpeMEHH COCTOSNO TJIaBHBIM oO0pa3oM
JULIb B NPHUMEHEHUH CTATHCTHYECKMX METONOB K OMNMCAHMI0 CTPYKTYphbl pac-
TUTENILHOrO IIOKPOBa.

B nocnepHee mecsAiTWiieTHe cHeNaHBl mepBble 1ard B HanpaBiIeHWH CHHTe3a
3THX paHee H3ONMPOBAHHBIX HampaBJIeHMH M Mepexon oT He3aBHCHMBIX HCCIIENo-
BaHWH BpeMeHHOM NHHAMHUKH INpPOCTPAHCTBEHHO OMHOPONHLIX 3KONOTHYECKHX
cooG1ecTB, ¢ OOHOH CTOPOHBI, M CTAMOHAPHON MPOCTPAHCTBEHHOH CTPYKTYpbI
pacnpenenieHHbIX COOOIIECTB, ¢ Apyro CTOpPOHbI, K MX KOMIUIEKCHOMY aHa-
U3y U MOOEITHPOBAHHUIO.

CriuMynoM K TaKOMy CHHTe3y HOCIYXHUIIM B NEPBYIO ouepend NoTpeGHOCTH
NPaKTHKH B TeX 0ONacTAX IKONOTMM, B KOTOpBIX HH abcTpakuus ApocTpaH-
CTBEHHOH ONHOPONHOCTH COOOLIECTBA, HH €ro CTalMOHAPHOCTH He ABIANTCA
aNeKBaTHBIMH — B NEpPBYIO ouepellb 3TO OTHOCHTCA, NNO-BUIUMOMY, K Hccrieno-
BaHUAM NATHUCTOM M BBICOKO AMHAMMYHON CTPYKTYpbI PaCHipeNieN eHUA IaHKTo-
Ha B oxeade [139, 160, 161, 110, 164, 165, 143] . KpoMe Toro, Ha pacrywmi
MHTEPEC K MCCIIENIOBAHUAM B OGJIACTH NPOCTPAHCTBEHHO-BPeMEeHHOMH IMHAMUKH
IKOJIOTMYECKMX CHCTEM OKAa3aIM CIWIbHOE BIMAHME YCNEXH B HCCIIENOBAHUM
AHATIOTMUHBIX ABJIEHHH B XMMMHH, HeHpO(H3HUONOIHMM ¥ T.M., T.€. TOrO Kpyra fiB-
NeHud, KOTOpble SABIAITCA ceilyac 0OBEKTOM HOBOH HayuHOH OUCLUIUTHHBL,
NOJNyYHBILEi Ha3BaHWe cHHepreTrka [87].

MaTeMaTHYeCKMM annapaTtoM MCCIE[OBaHHA MPOCTPAHCTBEHHO-BPeMeHHGH
AMHAMHKKY B paclpeneleHHBIX ’aKkTHBHBIX® cpelax SBJIAETCA aNmapar Henu-
HelHbIX U epeHIManbHbIX YpaBHEHUH B YaCTHBIX NpPOM3BOJHBIX, KAaK Iipa-
BWIO, ypaBHeHus tumna muddysua—kuHernka [167). B Hacrosuueit paBore
He HCCredylTcsi cOOCTBEHHO pacIipe/iesieHHbIe CHCTEMBI, ONMCHIBacMble YpaB-
HeHUAMH JUGPy3uM ¢ HEMHHEHHBIMH KHHETMUECKMMM WieHamMu. Mpl OrpaHu-
uMMcA MCCIIEJOBAaHMEM B NEPBYIO ouepenb OWIIOKANBHOH CHCTEMBI, NOJIaras,
Y10, BO-NEPBBIX, HCCIIEAOBAHUA OWIOKANBHBIX CHCTEM TNPEACTaBJIAIOT CaAMOCTO-
ATENBHBIA 3KOJIOTHYECKUH WHTEpec M, BO-BTOPBIX, pe3yNbTaThl, NONy4YeHHbie
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NpY TaKOM HCCIENOBAaHMM, MOTYT ObITh MOJNE3HBI TSl NMOHMMAHMA OUHAMHKH
HCTHHHO PaclpeneNeHHbIX CHCTEM.

U3 Bcero pasHooGpasHOro Kpyra ABiieHHi, BO3MOXHBIX B INPOCTPAHCTBEHHO
PacTpeNeneHHbIX JKONIOrHUeCKUX CHCTeMaX, MBI OCTAHOBUMCH JMILIb Ha wcCre-
JOBAaHWM CTAaltMOHAPHBIX AMCCHIIATUBHBIX CTPYKTYp M HX CBS3M C BPeMEHHOM
OMHAMKMKON COOTBETCTBYIOMIMX JIOKAJIBHBIX CHCTEM. 3a TrpaHULAMHU Halllero
PacCMOTPEHHST OCTaeTcA OYeHb MHTepecHBI KDYT SBJIEHMiA, CBA3AaHHBIX C pac-
NPOCTPAHEHHEM B PACNpeNieNeHHBIX IKOJIOTHYECKHUX CHCTEMAX HEJIMHEHHbIX
BoiH (“BOJIH U3HK’ B ONHOM M3 BO3MOXHbIX NOHMMAaHHt 3TOTO Pacnpocrpa-
HEHHOTO TEpMHHA) .

3aKUTIOUMTeNbHbI pa3fie)l [J1aBbl MOCBALIEH MOMEIM BO3HHKHOBEHUA CTa-
LUMOHAPHOM [MCCHTIATHBHOA CTPYKTYpbl B OWIOKAIBHOH 3KOJIOTHYECKON CHCTe-
Mé€ B pe3yJIbTaTe JAPBUHOBCKOH IBOJIIOUMH OHHOTO U3 BXOMMMX B COOBHIECTBO
BHJIOB.

6.1. BHIIOKATIbHASI CHCTEMA

[enpio HacToswero pasnena ABNAETCA HCCIENOBAHME BO3MOXHBIX PeXHMOB
AMHAMHYECKOTO TNMOBEOCHHA B MOMEJIBHOM 3KOIOIMYECKOM cOOOLIeCTBe, mpen-
CTaB/ISIOLIEM COGOM OBe TOKANIbHBIE CHCTEMBI XHMILUHHK—XEpPTBAa, CBA3aHHBIE
Mexny coGoit HBYCTOPOHHUM MOTOKOM MMIPAHTOB. [IpH 3TOM OCHOBHOI MHTe-
pec I Hac NpefCcTaBlifieT COOTHOUIEHHE MEXIY aBTOKOJ1€6aTENIbHBIM PEXMMOM
(YHKIMOHYPOBAHUA COOTBETCTBYIOLIENH JTOKaNBHOMR CHCTEMbI XHLIHWK —XepTBa
M CTAHOHAPHBIMU HEONHOPOMHBIMM MO NMPOCTPAHCTBY peXMMaMK B GHIOKaIb-
Hoit cucreme. [To3Tomy McxomHast cucrema Au¢epeHIMANBHBIX YpaBHEHUH

u=f(u,v,a),
U=g(u,v,a) 6.1.1)

BbIGHpaeTcs TakuM 06pa3oM, UTo B HEKOTOpPOH obnacTH 3HaueHwi mapamerpa o
CHCTEMa MMeeT pellieHne THIIa YCTORYHMBOTIO NMPENENIbHOTO LKA,

Tockonbky, kak 6sUT0 chOpMYTHpOBaHO BO BBE[EHMM K HacToAmei ria-
Be, OWIOKanbHAs CHCTeMa WHTEpecyeT Hac B MePBYIO OUepefib KaK NpoCTeitumii
Crocob omMcaHus NPOCTPAHCTBEHHO Pacnpee/IeHHOro coobLIecTBa, TO 3aMMiIeM
HCXONHYI0 CUCTEMY B YaCTHBIX NPOX3BONHBIX, OIMMCHIBAIOIIHX NNPOCTPAHCTBEHHO-
BpPeMEHHYIO IMHAMMKY paciipefie/leHHoro Ha OfHOMEPHOM apealle 3KOJIOrHyec-
KOro coo6uiecTBa, B JIOKAIBHOM Cllyuaé OMMChIBacMOro cucreMoit (6.1.1):

ou/ot =f(u, v,a) + D, 3% u/or?,
dv/dt =g(u, v,a) + D, 0%v/dr?, (6.1.2)
rne Dy v D, — xo3¢duumenTsr mudpy3uu WISt KePTBHI M XHUUHAKA COOTBET-

CTBEHHO; NEpeMeHHan r u3MeHsercA Ha oTpeske [0, 1], Ha xoHUax KoToporo
3aN1aHbI YCIIOBHUA HENMPOHHMIAEMOCTH

ovfor| ., = Bu/ar, =
r=1

CoorBercrBylowan GuiokanbHas cucrema uMeer Bup, [27)
i‘l =f(ul >0 ya)_ mu(ul - u2)r

l"‘2 =f(u2’ v2’a)_ mu(u2 '_ul)’
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Uy =gy, vy,0) ~ my(vy —v2),
62 =g(u2,v2,a)— mv(v2 _vl)a

rme uHOeKchi 1 ¥ 2 OTHOCATCA K IUIOTHOCTAM MONYIAUMA B NEPBOH M BTOPOH
JIOKAJIbHBIX MOACHCTEMAX COOTBETCTBEHHO, a KO3 dummeHTH! My, U M, ONH-
CbIBaIOT MHTEHCHBHOCTh MHIPALMA MeXIy NOACHCTEMAaMH U1 XKEPTBBI M 1A
XHIIHUKA COOTBETCTBEHHO ¥ aHANOrMYHbI Kodpduuuenram nuddysum B cucTe-
Me (6.1.2).

HakomneHHbIH ONBIT UCCHENOBaHUA [IMCCHNATUBHBIX CIPYKTYp B NMpPOCTpaH-
CTBEHHO pacmpeleiieHHBIX CHCTeMaxX CBHMACTENbCTBYET O TOM, UTO HX CYLIECT-
BOBaHHe OOBIMHO CBA3aHO C CHIIbHBIM pa3nHuveM KodpduumeHToB muddysuu
Yy Pa3NMyHBIX KOMIIOHEHTOB cUcTeMsl. [loaroMy cocpenoTouMM BHHMaHHWe Ha
HCCTIENOBAaHUM NPENENbHOTO Cliydast oueHb GONBLIOro 3HaueHUus kKodpduimenta
MHTpAlNY OIHOTO M3 KOMHOHEHTOB cucTeMsl (6.1.3). U3 skonormueckux
cooOpaxeHMt B KauecTBE TAKOTrO KOMIIOHEHTa NMPHHUMaeM XMIUHMKA. Takum
o6pas3oM, paccMoTpuM ciryyait mz, > 1, KOrAa MOXHO CUMTATh, 4TO B OTHOLIe-
HHM XMIIHMKZ B CHCTEMe BCE BpeMSA DEallM3yercsl CUTyauust NMOJHOro nepeme-
urmsanust. Torpga cucremy (6.1.3) MOXHO pemyuMpoOBaTh K CHCTEME TPEThEro
nopsaaKa:

uy =f(uy,v,0) — m@u, —uy),
ty =f(uy,v,0) - m(uy —uy), (6.1.4)
{):[g(ulavva)+g(u2av)a)]/2:

rae v= (v, +v,)/2, m=m,.

B xauectBe xoHKperHoW cucTems! tHma (6.1.1) Hac ycrpamBaer noGas mo-
mubuKauusa Kraccuueckon Mopenu Bonbreppa—Jlotka, B KoTOpoH npH mo6bIx
3HAaYEHMAX BXOAMIUMX B Hee NApaMeTPOB CYllecTByeT He 6ojiee OMHOTO HeTpH-
BHMAJIBHOTO pelleHMs, NMPUYEM B ONHOH oOnacTd 3HaueHUH NapaMeTpoB 3TO pe-
llIeHHe YCTOHUMBO, a B NPYrod — HEYCTOMYMBO M IOTEPS YCTOHYMBOCTH MpO-
HCXOIUT MATKO, ¢ 06pa30oBaHHEM MAIOT0 YCTOMUMBOTO NpEHENbHOrO LUKIIA.

PaccMoTpuM cHcTeMy XHIIHUK —KepTBa:

2 K-x

L]
X =a — bxy,

y=—cy +dxy — hy?, (6.1.5)

B KOTODPOH y4TEeHbI HeTMHEHHOCTb Pa3MHOXEHHUSA MOMYIIALNN XKEePTBBI IPH MATIX
e¢ IUIOTHOCTAX M BHYTPMBHIIOBaf KOHKYpEHIMH B TONYNALUMAX XKEPTBHI M
XUILHUKA. BpiOMpas koHKpeTHbIi BUA cucreMsr (6.1.5), MbI pyKOBONCTBOBa-
JMCh YMCTO TEXHUYECKHMH COOOpaKeHUAMM, OOJervalompMiu KauecTBeHHOe
HccnenoBaHue cuctemsr (6.1.4).

3ametuM, 41O cucreMa (6.1.4) MO CMBICIY CBOEMY HMHBAPMAHTHA OTHOCH-
TENBHO 3aMeHbI HHMekcoB [/ u 2. ITo, B YaCTHOCTH, O3HAYAET, YTO IUIOCKOCTH
Uy = u, SABNACTCA IUTOCKOCTBIO CHMMeTpMHM ¢a3oBOro npocrpaHcrea. Hcko-
MBIM CTaUMOHAPHBIM [IMCCHIATHBHBIM CTPYKTYpPaM paclpenesieHHOH CHCTeMbI
(6.1.2) B GunoxansHoit Mopenu (6.1.4) ecTecTBEHHO COMOCTABMTH CTamMOHAp-
HbIe COCTOSTHUSA, JI€XKale BHe MHBADUAHTHOM INIOCKOCTA Uy = Uj.

3ameHa nepeMeHHbiX ¢ = 7/aK, x =Ku, y =lblf v mpuBoaMT cucTeMy (6.1.5)
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Puc. 6.1.1. ®a3zoBrie noprpersi cuctemsl (6.1.6) mpu 1 > a> (1 —8)?/(1 - 28) (cnesa)
a-28?

H -—————2——- > a > 0 (cnpaBa) ¥ cucTemp (6.3.2) mpu I < a < 1/2 (ciesa) u « < 1/2
1 - 2s)

(cnpaBa)

Puc. 6.1.2. [lapamerpudeckudt noprper cucremnl (6.1.7)

K BUOY
a=u*(l —u) —uv,
U= —yu(a - u +6v), (6.1.6)

e y=dfa, a=c/dK, 6 =ac/bd.

®a3oBble NMOPTPETH NMPH padIMYHBIX 3HAYEHUAX NMapamMeTpoB & ¥ & u3oGpa-
’eHbl Ha pHc. 6.1.1. Ot 3HayeHWUs MapaMeTpa 7y KaueCTBEHHOE MOBeENEHHe CHCTe-
Mbl (6.1.6) He 3aBHCHT. B panbHeiillleM Mbl OrpaHHYMMCA PaCCMOTPEHHEM NO-
Bepennst mpy ¥ = 1 ¥ 83 < 1 B 3aBucuMocTH oT 3HayeHus a. [Ipy a« > 1 nose-
DEHe CHCTeMbl HEMHTEPECHO — HETpUBHMANbHOE paBHOBecHe OTCYTCTIBYeT. Ilpu
1>a> (1 —8)%/(1 — 28) cywecTByeT U IPUTOM YCTOHUMBOE HETPUBHAJIB-
Hoe paBHoBecue. IIpy nepeceueHWH NapaMeTPOM @ KPUTHYECKOTO 3HAYeHHS & =
= (1 —8)% (1 — 28) paBHOBecHe TepsieT YCTOHUMBOCTD U Ha Ha30BOM NOpTpeTe
POXIaeTCA MaJIbl yCTOWUMBBINA IIpeNETIbHBIA LHKII.

Takum oGpasoM, uccienyem cucremy (6.1.4) B ciiemyoweii KOHKpeTHO#M
tbopme [26, 27, 106] :

iy =ui(l —uy) - ugv—muy - uy),

Uy =td(1 —uy) — ugu — m(uy, —uy),

’

. Uy tu,
v=u( — a-— 8. (6.1.7)

2

Ha napamerpudeckoM noprpere cucremst (puc. 6.1.2) KBappaHT NONOXH-
TENbHBIX 3HAUEHHH TapaMeTPOB pacmanaeTcs Ha OEBATh obJacTeli, OTBEYAOIMX
KayeCTBEHHO pa3IMUHOMY [AYHAMHYECKOMY MOBEMEHMIO CHCTeMbi. I'paHMmamm
ITUX oDnacTedt ABNAITCA JTMHHM, OTBevalowne OHdypkaunaM KopasMepHOCTH
onuH ¢dasoBoro noptpera cucremMsl. ®asoBble NOPTPETHI, OTBEYAIOLIHE OOIACTAM
(1--8), npencrapneHs! Ha puc. 6.1.3.

OnuureM nocnenoBarenbHO (a3oBeie NMOPTPEThI CHCTEMBI M OudypKaumu,
NPOMCXOMALIME C HMUMHM NpH W3MeHeHMH 3HaueHMi napametpoB. Ilpy a > 1
(o6nacts () emMHCTBEHHOE YCTOWYMBOE paBHoBecue (U; = up; = «; U = 0)
COOTBETCTBYET BBIMHMpPaHMIO XWIMHUKa. IIpu 3HaueHHUAX MapaMeTpoB, NEeNALMUX
B obracth I, B cHCTeMe HMeeTCsl eJWHCTBEHHOe HeTpMBHMANIbHOE TITI0BAIBLHO
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ycTOHuMBOoe paBHOBecHe A, COOIBETCTBYIOlIEE CTALUMOHAPHOMY COCYILECTBO-
BAHMI0 TIOMYIALUMA XHUIMHUKAa M XepTBbl. IIpu JoCTatouHO GONBLIOM 3HAYEHHH
xoohduumenTa MUTpalMK /M yMeHbUIEHWe NapaMeTpa & MPHUBONHT K NEPEeXony
cHcTeMsl B 00acTs 2; paBHOBecHe A MATKO TepsieT YCTOHYMBOCTh, M Ha ¢a3o-
BOM TOPTpeTe CHUCTeMbl POXKIAETCA YCTOMUMBBIN NpenenbHb LUK I'p. J1OT
LUMKJ OTBeYaeT aBTOKONeOaTeNbHOMY peXHMy, NPH KOTOPOM INIOTHOCTH TO-
nynAauuil KepTBhl B 00eMX NOANONYNALMAX COBEPIIAIT CHHXPOHHBIE M MOeH-
THYHBIe KoJeGanusa. OnncanHbie noka (a3oBbie MOPTPETHI GUIOKANBHON CHCTE-
Mbl (6.1.7) 1 uX GUPypKalUM MONHOCTBIO TOXECTBEHHBI TAKOBBIM B JIOKaJIb-
Hoi cucreMe (6.1.6).

Ilpy Manbix 3HaueHWAX NapamMeTpa m IMoBedcHNe GWIOKAIBHOH CHCTEMbI
3HAUMTENIbHO pa3sHoOOpa3HeH TMOBENeHHA IOKanbHOH. PaccMOTpuMM cHavana
MOCIIeNOBATEeNbHO (pa30Bble MOPTPETHI CHCTEMBbI M IIePeCTPORKH, MPOUCXONA-
LIMe ¢ HUMH, IO Mepe IMeHeHHsA 3HAYeHWil 11apaMeTpoB, oTBeyvalero o6xony
Ha napameTpuueckoM Hoprpere Toukd J (cm. puc. 6.1.2). Ilpu 3HaueHmAX
apaMeTpoB, COOTBETCTBYIOIMX Touke J , B Hy/nb OZHOBpeMeHHO oGpatuaercst
DeHcTBUTeNIbBHOe COGCTBEHHOE 3HaYeHMe CHCTeMbl W [IeHCTBHUTENbHAA YacTb
napb! coGCTBeHHBIX 3Havenuit (A =0, Re 7\?,3 =0). IpyraMu crioBaMu, To4Ka
J napamerpuueckoro mnoprpera oTBevaer GudypKauMM KOpPa3MEPHOCTH HBA
mina {0 % i} TpexmepHOro $asoBOro MOPTPETa CHCTEMbI ¢ AOTOTHHMTEIbHBIM
BBIPOXKIIEHAEM 32 CYeT CHMMETPHH CHCTEMBI.

IIpy mepexome 3HaueHuit mapameTpoB 2 — 3 3HaK AL MeHseTcA Ha MONOXH-
TeTbHbIA, B Ha ($a30BOM moOpTpere OT TOUKM A OTLIEIUIAETCA mapa CemIoBLIX
cocTofiHWH paBHOBecus B; ¥ B,, XapaxrepucTHyeckue NOKa3aTeld KOTOPBIX

AP < 0,Re ?\‘{3 > 0. EOuHCTBeHHBIM HpUTATHBaloUMM 06beKTOM B (ha30BOM
MPOCTPaHCTBe MO-TPEXHEMY, KaK M NPpH 3HaYeHHWAX NapaMeTpoB B ofnacTd 2,
OCTaeTCA YCTONUMBBIN NpenenbHbll KN Iy B IWIOCKOCTH Uy = U, .

Ilpn nepexone mnapaMeTpoB B 06GNMacTb 4 CTAHOBATCA OTPHIATENbHBIMHU
Rek?,g u paBHoBecus B, u B, npuoGperawor ycroiuusocts. IIpu aTom or kax-
noro u3 paBHosecuit By u B, ornensercsa cemjioBoit npenenbHbiit wuki I'y u Iy
COOTBETCTBEHHO, T.e. MPOMCXONMT “‘obparHas Gu¢ypkauusa AHnpoHosa--Xon-
¢da”. CemapaTpucHble NOBepXHOCTH uukioB I'; u I', orpensior oGmacru mpu-
TsXKEHUs paBHoBecud B, u B, or oGnacru npursxeHnsa ycroiuuBoro uukna Iy, .
Kax ynoMuHanoch Bbllle, YCTOHYMBBIE CTayMOHapHble coctosHuss B, u B,,
Jexaipe BHe IUIOCKOCTH ) = Up, fIBIAKICA B pPaMKax paccmaTpHUBaeMoil
TIOCTAaHOBKY 3afjauM aHaJIOrOM CTAlHOHAPHBIX NUCCHNIATUBHBIX CTPYKTYP.

Ipy nepexone 4 - 5 cemnoBsie mukisl I'; U T'y cMBawTCA ¢ yCTOHNUUBHIM
uyksiom I'p , B pesynsrare yero uuxn I'p cTaHOBMTCA ceyioBsIM. lIpuTsrusaio-
WMy 0o0bekTaMH B (pa30BOM NPOCTPAHCTBE OCTAITCA JIMIID PaBHOBECHS B,
n B, (”muMccunaTuBHBIe CTPyKTYpbl’”). CenapaTpHCHOM NOBEPXHOCTHIO, pas3-
nensmwiei 0651acTH UX NPHUTSDKEHNUA, CTAHOBUTCA IUIOCKOCTh Uy = U;.

Ilpy nepexone 5 — 6 npoucxomur obparHas Gudypkauus AHIpOHOBa-—
Xonda ¢ paBHoBecueM A: muxi I's “cxnonsmBaercs™ Ha paBHOBecHH A M pas-
HOBeCHE M3 HOITHOCTBIO HEyCTOMYMBOro” CTAHOBHUTCA CEMIOBBIM A‘f‘ > 0,
Re )\ﬁ‘, 3 < 0. HakoHeu, npu nepexone 6 - I nquknMyecKkas nociIeKOBaTeNbHOCTh
6udypraumii 3aBepiueHa: paBHoBecHa B, u B, cnuBawrcs ¢ paBHOBecueM A,
B pe3yJIbTaTe 4ero MnocijeqHee CTAaHOBUTCA IMOGAIBHO YCTONUMBBIM.

Kpome ofnacreii, HemoCpeACTBeHHO NPUMBIKAIMKX K Touke J , Ha na-
PaMeTPHYECKOM NOpPTpPeTe CHCTEMBI NIPUCYTCTBYIOT €llle ABE 06IacTH, 3 UMEHHO
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Puc. 6.1.3. Cxemarmyeckoe H30GpaxeHHe TpexMepHbIX (a30BHIX MOPTPETOB CMCTEMBI
(6.1.7) mna cooTBercTByloMIMX ofmnacrelf mapamerpudeckoro mopipera. Ocb v INepren-
NUKYNAPHA IUIOCKOCTH PHCYHKA. JKupHLIe JIWHMM COOTBETCTBYIOT “NMPOEKUMAM” fpedens-
HBIX [[MKIIOB, Iy HKTHPHbIE ~ HHTErPAIBHBLIM 10BEPXHOCTAM

7 1 8 (cM. puc. 6.1.3). [lpy 3HaueHMAX AApaMeTpoB, NEXKAIMX B obrHacTd 7,
Ha ($a30BOM MOpTpeTeé CHUCIEMBI OJHOBPEMEHHO CYHIECTBYIOT HSATH Hperend-
HBIX IWMKJIOB, W3 KOTOPBIX [Ba (Ty u I';) asnswores cemnossiMu, a Tpu (Fy,
I u ;) — ycroiumseivy. [ukn T’y OTBevaeT, KaK M NMpH 3HAYEHMSAX napa-
METPOB, JIeXANMX B APYTUX OONAacrsAx, CHHXPOHHBIM U TOXJIECTBEHHBIM KOJIe-
Oanuam TIIOTHOCTH NOMYJIAUMM KEPTBb! B oGenx mopncucreMax. YcroiuuBbie
mwiknst T3 # T} COOTBelCiLylT KOneGaHUAM MIOTHOCTH NOMYMALHi KEPTB
BOKPYr pasHbIX pPAaBHOBECHBIX 3HaueHWi. JTOT peXXMM Ha30BeM HecTalMoHap-
HOM JUCCHNATUBHOMN CTPYKTYpO#.

Mapamerpuueckas NuHMA, paspensomas obGnact 7 U 4, OTBEYaeT MPAMOK
6udypxaunn AuppoHoBa—Xonda pasnonecnﬁ B, u B,: npu nepexone 4 »> 7
paBHoBecuss B; u B, msArko TepAIT YCTOHYUBOCTD C POXOEHHEM MaJIbIX YCTOM-
YHBBIX NPeNebHbIX HUKIIOB I u I‘,

HNapaMerpuveckas nuHus%, pasfensiomas obnactd 7 U 3, orBevaer Oudyp-
KAUMK CIMSAHUS JBYX CUMMETPHUHbIX map muknos I'; ¢ T u T, ¢ T';. Iapa-
MeTpuueckas Touka Z orBevaeT GMpypKalMu KOpazMepHOCTH ABa oGpalueHus
B HyJb NIepBOH NIAMYHOBCKOM BENTMUMHB! L ; Ha JIMHUM HEHTPIbHOCTH PaBHOBeE-
cHii B, n B2 .
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3HaueHMAM mNapaMeTpoB oOyiacT § OTBeYaeT CylieCTBOBaHHe Ha ¢(a30BOM
NOpTpeTe CHCTEMbI MATH paBHOBecHit: IByX cemrossix (B) u B}) u Tpex ycToit-
wBbIX (A, B; u B,). llpyrumu cnoBamu, Tipu 3TMX 3HaUeHUAX [1aPaAMETPOB B
3aBUCHMOCTH OT HauallbHbIX YCNIOBMIl B CHCTEMe MOTYT peajli30BBIBaThCA KaK
paBHOBecHe A, aHAJIOTMYHOE YCTOHYHBOMY PaBHOBECHIO B JIOKAJIBHOHM CHCTEME,
TaK M OOHO U3 paBHOBecudl B, ,, OTBeYaolMX [MCCHNIaTHBHOH CTPYKTYpe.

IMapamerpudeckas nuHusA, pasfgensmoumas obmact I u 8, orBedaer Gudyp-
KaUWM CIMAHUA [(BYX CHMMETPHUHBIX Map paBHoBecwii: By ¢ By u B, ¢ B, u
HX HcuesHoBeHulo. IlapaMerpuueckas Touka M orBevaer GudypKaluH Kopas-
MepHOCTH [IBa OJTHOBPEMEHHOTI'O CIMAHUA BCEX AT PaBHOBECHIA.

3aBepuiasg oONKMcaHHe NapaMeTpuyeckoro u ¢a3oBOro MOPTPETOB CHCTEMBI
(6.1.7), MOXHO cKa3aTb, YTO B CHUCTEME B 3aBHCHMOCTM OT 3HaueHMi Mapa-
METPOB M HAYalIbHbIX YCIOBMH peanu3yloTca NPUTATHBAIOLIME PEXUMBI YETHI-
pex THHOB.

1. OpHopodHOe 1O MPOCTPAaHCTBY paBHOBECHe, aHAIOrMYHOE TaKOBOMY B
JIOKATBHOM CHCTEMe, — TOUKa A, TapameTpuyeckue obnacty / u 8.

2. OgHopo[Hbie 1O MPOCTPaHCTBY aBTOKOJNEOaHKsa, aHANOFW4YHble aBTOKOME-
GaHMAM B JIOKANbHON CHCTEMe -— YCTOHUMBBIH npeenbHbni ki I 4, o6nacmy 2,
3,4, 7.

3. CrausioHapHas OMCCHNATHBHAA CTPYKTypa — Touku B; u B,, obnactu 4,
5,6, 8.

4.Hecrauuonagﬁax OMCCHIIATHBHAA CIPYKTypa — YCTOHUMBBIE NpefesbHbIe
maknst [y u T3, obnacts 7. Ilo TepmuHOMOTHHM, NpemioxkeHHOH B paGore
B.A. Bacunbesa [34], — muHammyeckas UCCHNATHBHAA CTPYKTYPA.

Msarkue u KeCTKMe NepecTPOKN OPUTATHBAIOILMX PEXHMMOB, IIPOHCXOAA-
e NMpH U3MEHEHWAX 3HayeHWH MapaMeTpoB, OWEBMIHBI M3 puc. 6.1.2 u 6.1.3
M YacTHYHO onucane! Bbnue. B uactHocT, B cucreme (6.1.7) BO3MOXHO Kak
MACKOE, TaK M XKECTKOe BO3GYXNEHHE AUCCHMATHBHOM cTpyKTyphl. Ileppomy
CIIyval0 OTBEYAeT HENOCPelCTBEHHDbIH Mepexof W3 MapaMeTpHYECKOH 0GIacTH
1 B oGnmacts 6, BTOpoMy (XKeCTKOMY pexuMy BO3GYXXOEHHSA HUCCHIATUBHON
CTPYKTYpHI) OTBeuaeT nuGo mepexox I —> 6 depe3s o6nactb 8, ¥ mpy TOM AHUC-
CHNAaTHUBHAA CTPYKTYPa »KecTKO BO30yX[JaeTcAs W3 COCTOSHHA pPABHOBECHA,
nn6o mocnenoBarenbHoe NPOXOXKIeHHe yepes napamerpuvieckue oomactu I ~2 ~
3 -4 =5, v IpK 3TOM B CHCTEME CHayala M3 COCTOSIHMA DPaBHOBECHA MATKO
BO3HHKaeT PeXUM aBTOKOJ1eGaHuMi, a 3aTeM OH XeCTKO CpbIBaeTCA Ha CTalloHap-
HYI0 TMCCUIIATUBHYIO CTPYKTYypY.

MaremarnuecKyo OCHOBY NpOBEHEHHOTO MCCIENOBaHUA COCTAaBWIO M3Yde-
Hye OHQypKauHOHHBIX COGBITWH, MpOUCXOOAWMX B cucreMe Buma (6.1.4) B
OKpecTHOCTH Napamerpuyeckoit Touku tuma (0 * i), T.e. mapameTpuuecKoi
TOUKH, OTBEYAIOMEH NepeceueHHI0 Ha IUTOCKOCTH NMapaMeTpoB cHCTeMbl Gudyp-
KajHOHHBIX JNMHMM, OTBEYALMX OJHOMY HYJIEBOMY H Nape WHCTO MHHMBIX
cOGCTBEHHDBIX 3HaUeHui cucTemsl [23].

B cBfA3M ¢ 3TMM BO3HMKaeT ABa BOHpPOCAa: BO-NEPBHIX, B KAKOH Mepe BCE
M3JIOXKEHHOE OTHOCUTCA K cucremam thma (6.1.4), a B Kakoi Mepe Xapak-
TEPHO JIMWb [ KOHKPETHOH cuctems! (6.4.7)7

OrBer cocrour B ciegylomieM. B GWIOKaNbHOH CHCTeMe KHHETHKa—MMr-
pauudA, OMMCHIBaeMO# cucTeMoit nuddepenuuanbHbIx ypaBHeHun (6.1.4),
OAHOPOJHOE MO MpOCTPaHCTBY COCTOSTHMe DABHOBECHA INpU M3MEHEHHM 3Ha-
YeHMiI1 NTAPaMETPOB MOJXXET TEpPATh YCTOHUMBOCTb B Cllyyae OOLIEro MONOMKEHUA
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gByMs crocoGamu. B mepBoM cryuae mepecekaer HyneBoe 3HaueHHe M CTaHo-
BUTCA NONOXHTEIbHON [IeHCTBUTENbHAA 4acTb Maphl KOMIUIEKCHBIX cOGCTBEH-
HbIX 3HaueHwil cucremsl. IIpnm 3TOM B cuCTeMe MPOMCXOAMT KoJeGarenbHasd
noTeps YCTOHUYMBOCTH, aHAIOTMYHAsA TaKOBOH B COOTBETICTBYIOINEH JIOKAIbHOM
cucteme. KoneGarenbHas MOTEpA YCTOMYMBOCTH MOXET GBITH HEOGH3aTENBHO
MATKOH, KaK B pacCMOTpPEHHOM BBIIIE ciy4ae, HO, BOOOIIe roBops, ¥ eCTKOH.

Bropoit BO3MOXHBIH THN MNOTEPH YCTOHUMBOCTH OMHOPOLHBIM paBHOBE-
cHeM B cucreme Tuna (6.1.4) compskeH C TeM, UTO uepe3 HyNneBoe 3HayeHHe
NPOXOOUT M CTaHOBHTCA IOJIOXKUTENIBHBIM JIeHCTBHTENbHOE COGCTBEHHOE 3Ha-
yende cucremsl. Ilpu 3ToM mpoucxoput nudpdy3noHHAA NOTEPA yCTOHUHBOCTH,
H B CHCTeMe MOXeT BO3HMKaTh [IMCCHNATHBHaA CTPYKTypa. Bo3HukHOBeHue
OMCCUMATUBHOM CTPYKTYpBl MPH N3MeHEHHM 3HaueHWil mapamerpa MoxeT GbITh
KaK MATKHM, TaK H XECTKHUM.

B ciyuae, Korfa cucteMa 3aBHCHT OT ABYX WIN Gonee napaMeTpoB, ecrect-
BEHHO ONMCaTh CYTNepno3uumMio KojieGarensHoif M Auddy3HOHHOH OOTEPD
ycroiuuBocT. CHTyauua B LENOM ONMCBIBAETCH INpH 3TOM Gu}YypKaHOHHOH
CTPYKTYpPOH  MmapaMeTpHYecKOH OKpeCcTHOCTH TOYKH MepeceveHHs Ha IDIOC-
KOCTH NMapaMeTpoB ABYX JIUHMIA, O TBEUAIOMX KoJ1e6GaTebHON H Tuddy3HOHHOK
noTepe YCTOHUMBOCTH COOTBETCTBEHRHO.

B oGwemM cnyyae CTpyKTypa NapaMeTpHUeCKOH OKpPECTHOCTH 3TOH TOUKH
aBTOpY Hem3BecrHa. OnHAKO SICHO, YTO HAa IWIOCKOCTH MapaMeTpoB B 3Ty TOY-
Ky, KpoMe OIMCaHHbIX BbIILIE JIMHHUI, JOJDKHBI BXOIMTB eile Mo Kpaiineir Mepe
OBe NHMHUM, OTBEYAOIIMe [ABYM THHaM OudypKaumii XOpasMEepHOCTH OfMH,
a MMeHHO GubypKauMM KoneGaTenbHoOi INOTePH YCTOHYUBOCTH PABHOBECHAMH,
HeoJHOPOJHBIMH MO MPOCTPAHCTBY, B GH(pYpKaLMH CMeHbl YCTOHYHBOCTH OFHO-
POIHBIM  NpEAeNIbHBIM UUKIIOM. B3auMHoe pacnonoxkenue Bcex 6Gudypkanuon-
HbIX NMMHHIA B okpecTHocTd Touku (0% i} u 3amaer nonHbii HaGop pasoBbIX
NopTpeToB CHCTeMbl M MX OGudypkaumii. KomGuHaropuka BO3MOXHOFO pace
nojioxeHuA GuypKaUMOHHBIX JIMHHIA TOBOJIBHO Gorara.

Pestomupys, MOXHO CKa3arb, YTO pe3yJIbTaT MCCeHoBaHuA cuctemsl (6.1.7)
HaeT NpUMep OJHOrO W3 BO3MOXKHBIX PACHONOXEHHH GUdYpKaUHOHHBIX JIHHUIH
B okpecTHocTH Touxu na {0, * 7} . IIpn 3TOM OKa3bIBACTCH BO3MOXHBIM
BBIJIEJINTD GCe UeThIpe TUNA NPUTATHBAOIIMX PEX:IMOB, peaTH3yeMbIX B GWIO-
KabHbIX cucTeMax Buja (6.7.4) .

Bropoit Bomnpoc: Kakoe OTHOILEHME MMeeT HCCIeNOBaHHOe NOBEHNEHHE Ou-
JIOK@IbHOW CHCTEMBl K MCTMHHO pacHpeleNIeHHOH CHCTeMe, ONHMCBIBAeMOi CHC-
teMOit nudbepeHUMATbHBIX YpaBHeRWin Tuma Juddysus—kuHernka (6.1.1)?
HekoTopoit nmombiTKe MpelCTaBHTh ceGe BO3MOXHBIA OTBET MOCBALICH CIIe-

Oyloumit pasmen.

6.2. KOJIBLIEBOWA APEAII

T'unote3a cocToMT B TOM, UTO HCCIIEAOBaHHWE OWIOKaIbHOH MOOENH IM03-
BOMNAET MpecKa3arb 3HaueHHs NMapaMeTpoB, MpH KOTOPHIX T€ WIM HHbIE AHHa-
MUYECKHe PEXHMbl peaTU3yWTCA B cHCTeMe pacnpefdeneHHoi. OTHUM U3 Hau-
6o/1ee HHTEPECHBIX PEXMMOB B GHIIOKaNbHOM cucreMe (6.1.7) ABNASTCH pexuM
TPHITEpHOr'0 THMA, NPH KOTOPOM B 32BHCHMOCTH OT HauaJIbHBIX YCIOBHR B CHC-
TeMe YCTaHaBNMBAlOTCA JIUOO CTanuMOHApHasdA JHCCHNATMBHAaA CTpPYKTypa, ubo
CHHXpOHHBIE M TOXXIECTBEHHbIe aBTOKONeGaHHA B 00euX mopcucremax (mapa-
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MeTpuueckas o6nacts 4). [IpenMer HacTosIero paspmena COCTOSI B UHCIIEHHO#H
ApOBepKe INpeANoNIOXKEHUA O TOM, YTO 3HAHMe MapaMeTpuUecKoH obnactu 4
A GWIOKaIbHOM cucTeMbl (6.7.1) mO3BonsAer NmpencKasarsb 3HaueHHA Napamer-
POB, IIpH KOTOPBIX 3HAJOTHYHbIE PEXHMBI TPHITEpHOro TWINa, KOTOa NpH of-
HHX HaAYQIBHBIX YCIOBHAX YCTaHaBJIMBaeTCAd [MCCHIIATUBHAA CTPYKTypa, a
B OPYTMX — OIHOPOJHBIE NO IMPOCTPAHCTBY aBTOKONEOaHHA peau3yrT1csi B
HCTHHHO paclpe/lesieHHOH CHCTEME.
UpcreHHO HccreioBanach cucrema [22]

au/at =Du azu/az2+ u2(] — u) --uv,
dv/dt =D, 3%/dz* — y(a — u +8v) (6.2.1)

TIpH CreAyoIyX 3HaueHnAx napamerpos: D, = 0,01, p =100, y=1,6=0,a=
= 04. Kosdppuuuents nuddy3uu BbiGpaHsl MPOU3BOIIbHBIMM M CHIIBHO pas3iiny-
HBIMH, KO3Gh(UUMEHTb JIOKIbHON CHCTEMbl BbIGpalbl TakuM 06pa3oMm, yro
B AOKaNbHOH CHCTeMe peanu3yeTcss aBTOKOJI€GATENbHBIA PeXnM, a B GUIIOKAIb-
HOM - pPeXHM TPHITEpHOTrO THIA, OTBEYAILMII NMapaMeTpHyecKkoil 061acTH U
¢$asosomy noprpery 4 (cMm. puc. 6.1.21 6.1.3).

Berie oTMeuanoch, UTO €CTECTBEHHOH O0OJIacTbi0 OMpPEdENIEHUA CUCTEMBI
(6.1.2) sBnderca eIMHMYHBIA OTPE30K C YCIOBHAMH HENPOHHIAEMOCTH Ha
KOHiax. Bo3MoxeH U eme OAMH TMH 3KOJIOTHYECKH €CTECTBEHHOW olmacTu
ONpefeNleHUs M KpaeBblX YCIOBME mnA cuctembl (6.1.2) — 210 eqmmuyHOe
KOJIBIIO, T.€. YCIIOBHA THIa

ou ou
u@,n=u(l,t); — O0,0=— (1,1);
or ar

ov ov
w(0,0)=v(l,1); o o, t)=~; 1, 0. (6.2.2)

Ikonoruyecku ycnmoBua (6.2.2) OTBEYaT paclpeleneHHid CooliiecTBa Ha
KOJIBIIEBOM apeane. TakHe apeanbi caMOrO pa3fiMYHOTO MpPOCTPaHCTBEHHOTO
MaciiTaba ILIMPOKO  pacnpoCTpaHeHbl B IpHpOMde: IT0 OeperoBbie JIMHWUM
NpYAOB U 03ep, yPOBHU MOCTOAHHON BBICOTBI BOKPYT T'OPHBIX CHCTEM H OT/IeIb-
HBIX [Op, UNPKYMIIONAPHbIE OOMACTH U T 1.

3aMeTHM TaKXe, YTO NMPH aHAIM3e JUCCHNATUBHBIX CTPYKTYP YCIIOBUA HeEmpo-
HMLAEeMOCTH Ha KOHIAX eIUHHYHOIO OTpe3Ka W YCIOBMA HENpPEepbIBHOCTH H
CIIaIKOCTH Ha Konble (6.2.2) oueHb GIU3KH MO CMBICITY.

Peaynbratel pacuetoB Ha IBM, mposenmennvie I'.C. Mapkmanom [22}, mopn-
TBepawIM runoTedy. Ha puc. 6.2.1 mnpefcTaBieHbl HEKOTOPbIE U3 HAYATIBHBIX
pachpefieNeHuil, MPUBOAALMX K YCTAHOBJIEHHIO OLHOPOLHBIX IO MNPOCTPAHCTBY
KoneGaHWi IUTOTHOCTH NONYNALMA M K YCTOMYMBOM CTallMOHapHON aMCCHIIa-
THBHO#t cTpykType. HavansHoe pacnpepeneHue v(r, 0) BO Bcex ciy¥asx Io-
Naraty OOHOPOLHBIM v (7, 0) = v¢, NPHYEM Vo APUHUMANIOCH PABHBIM HEyCTOMH-
YHBOMY CTallMOHAPHOMY 3HAUeHWI0 WIS peilieHus JIOKAIBHON CHCTEMBI
(6.1.6) (w1a BBHIGpaHHBIX 3HauYeHMHd NapaMeTpoB vy = 0,6 N7IA BCeX peayu-
3a0uil MOJENH) .

HavanbHble pacnpepenesns u(r, 0) 3amaBanuch TakuM o6pa3oM, 4TO MUHH-
MyM KOHUEHTpalUMM u(r) B IHCCUNATHBHON CTpyKType (B cilyvyasdx, Korfa
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Puc. 6.2.1. HauanbHble pachpeneiieHus IUVIOTHOCTH HOMYJSIHK XKepTBBI, MPUBO,
CMHXPOHHLIM ONHOPOAHHIM KOJieGaHHsIM DO BCeMY KONbileBOMY apeany (@) ¥ K ycra-
HOBJIEHHIO CTal[HOHapHoM AuccHIaTuBHOM CTPYKTYpHI (6)



OHa ycTaHaBIIMBaTach) Npuxoawica Ha r = 0,5, a MAaKCHMYM — COOTBETCTBEH-
HoHar =0ur =1.

UccrienoBayiach nuiib nepsBasg rapMOHHKA JIMCCHUIATHBHOW CTPYKTYpHI, T.€.
nepHopMuecKoe peiueHue u(r), y KOToporo Ha KOJbUE YKJI[BIBAETCA TOILKO
ofluH nepuoz. BoaMoxHO CymiecTBoBaHHe K HEKOTOPbIX 3HAUEHUAX IMapaMer-
poB U 0OJIe€ BBHICOKMX TapMOHMK JIHCCHIIATHBHBIX CTPYKTYp, KOT/a Ha €IHHHY-
HOM KOJIbIle yKIJIa[[bIBAIOTCA [1Ba, TpH W Oollee mepHoda M3MEHEHUA KOHIEHT-
pauuk. B HacToAniei paGoTe TaKKe rapMOHHKHM He O ThBICKHBAITUCh.

Takum 06pa3oM, OCHOBHOH pe3yNbTaT COCTOMT B TOM, YT0 aBTOKOJ€EGaTeb-
Haf ¥ Ouddy3HoHHas HEYCTOHYMBOCTh MOTrYT GBITh CBSI3aHBI MEXOY coBoi
cnenyommuM 0o6pa3som: aBTokojeGaTenbHasd HEYCTOWYMBOCTD JIOKATBHOM CHC-
TeMbl (CylLIeCTBOBAaHME pEIIEHHS THIA YCTOMUMBOrO MNpeAesIbHOIO LMKIa)
MOXeET IpHBOAWTb B COOTBETCTBYIOLIEH PACIpENEIEHHOH CHCTEME C CWIBHO
pasnuuaoiuMuca KodbouuueHTaMu fuddy3un pasMUHBIX KOMIOHEHT KaK
K aBTOKOJie6aTes1bHON HeyCTOHUYMBOCTH, aHATIOTHYHOM JIOKaNbHOIM, TaK U K oud-
¢dy3noHHOH  HEYTOWYMBOCTH, BJIeKyiiell 32 COGOM yCTaHOBJIGHHE CTaLUMOHap-
HOM [MCCHNATHBHOM CTPYKTypbl. MoXHO cKa3aTh, YTO NEPHOHHUECKOMY
N0 BpEMeHH pEIUEHHI0 JIOKATbHOM CHCTeMbl OTBEYaeT NEePHONHYECKOE IO
IpOCTPaHCTBY pEIUEHHE, COOTBETCTBYIOLIEE CTAalMOHAPHON [AMCCHNATUBHOM
cTpyktype. Takas MHTeprnpeTauus NpeNcTaBifeTca TeM Goyee ONpaBOaHHOI,
YTO AMIUIMTYAbl KoneGaHMii BO BpeMeHH B NEpBOM Clyuae H B MpPOCTpaHCTBE
BOo BTOpoM (1f MemneHHo AuboyHOupyoOLIed KOMIOHEHThI) O0KAa3bIBAOTCA
oueHp Onuskumu. UYrto Kacaercs Osicrpo AudyHOHpYyIOLIeH KOMIOHEHThI
(XMIUHHK2), TO ee NpOCTPAHCTBEHHOe pacHpefeNieHHe B Ciy4Yae CTallHOHap-
HOMi [JMCCHIIATHBHON CTPYKTYpbl MOYTH OJHOPOAHO, T.e. MOYTH MOCTOAHHO MO
BceMy apeany. Ilpu 3T0M Takad ycToiuMBaf M MOUTH He 3aBHCALIAA OT NIPOCT-
PaHCTBEHHOH KOOPIAMHATHI IUIOTHOCTh MOMYJAUMH XUIUHWKA OKAa3bIBAETCA
GnM3Ka K HEYCTOWUMBOHM CTalMOHAPHOMH IUTOTHOCTH NONYNAUMU XHIUHHKA O7if
JIOK&TTbHOW cHucTeMbl. TakuM oGpa3oM, Hapany ¢ auddy3uoHHOH HecTabwiu-
3auued OIHOPOOHOTO NpPOCTPAHCTBEHHOTO paclpeleneHus [0 MeIVIeHHO aud-
dyHOUpYOIIEH KOMIOHEHTE MOXXHO TOBOPHTb O [uddy3HOHHOH crabwiu3a-
UMM JIOKanbHO HEYCTOHYMBOTO 3HAUeHWA KOHUEHTpauuu s GbicTpo AuddyH-
OUpYIOIIeH KOMIIOHEHTHI.

6.3. 3BOIIOIMOHHOE BO3HUKHOBEHHE
JHUCCHIIATUBHOM CTPYKTYPbl

Hacroawmmii pa3nen NOCBAIEH aHAIM3Y HEKOTOPBIX BO3MOXHBIX THIIOB
MEePECTPONKH IUHAMMYECKOTO pexuMa (GYHKIHMOHMPOBAHUA 3KONOTHYECKUX
coOOIeCTB B pe3yJibTaTeé eCTeCTBEHHOH NAPBMHOBCKOH 3BOJIIOUMH BXOOALIUX
B cooGmecTBo nonynsgumii. HauGonpiumii HHTepec MpH 3TOM NpPeACTABIIAET
IBOJIOIMOHHOE BO3HUKHOBEHHE [HMCCHINATUBHON CTPYKTypbl B OWIOKaIbHOlM
CHCTeMe XUIIHMK—KepTBa B pe3yNnbrare 3aKpemwieHHA B MOMYJISAUMH HOBOFO
NpeuMYyeCTBeHHOTo Tumna (’MyranTa’”).

IIpexxpe YeM OpPHCTYNHMTh K H3NIO0XEHHI0 OCHOBHOIO COAEepXaHHSA, HAOMHUM
cnenyiomee. [IpuMeHeHNE MaTeMaTUKH K HCCIIeOBaHUI0 GHONMOTUIecKUX 0 Obek-
TOB ¥ SBJIEHMI HA[0praHU3MEHHOr0 YPOBHS pa3BMBANOCh U Pa3BHBAETCA He-
33aBMCHMO B paMKaX [BYX CaMOCTOATENbHBIX HAYK: MOMyJALMOHHON reHe-
TAKH M TEOPeTHYeCKO#H 3KONOrMM. B pamKax monmynsuuoHHOH TeHETHKH Tpa-
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JMUHMOHHAA IIOCTaHOBK2 3aJayM TaKOBa: HCXOIHO CYIIECTBYyeT HEKOTOpoe re-
HeTHUecKOe M (peHOoTHImMUecKoe pasHooOpasue B momynasuud. MssHe a priori
3a7jaHb! HeKOTOpble (aKTOphbl IBoOMOIMHK: GOH MYTAIHUHA, YPOBCHb peKOMGMHA-
IMil, HanpaBJIeHHE M MHTEHCHBHOCTh OTOOpa M T.1. Bompoc cOCTOMT B TOM, B
KaKOM HalpaBlieH¥H, ¢ KaKOH CKOpPOCTbI0 GyIET MPOUCXOAMTb IPH 3TOM IBO-
MoUMH NONYNALUMH, W K ueMy oHa npusemeT. [lonynsuus paccmarpuBaercs
H3bATOU U3 IKONOTHYECKOIO COOGIIECTBA, YaCTh KOTOPOTO OHa IMpencTaBiifer.
Hanpotus, B NOCTaHOBKe, TPagHLUMOHHOW Jyisi MaTeMaTHYeCKOH JKOJIOTHH,
paccMaTpuBaeTCd COBOKYIHOCTh MNONYJIAUMH, COCTOSIMX M3 TeHETHIECKH H
(deHOTHIMYECKH TOXIECTBEHHBIX OcCODell, ¥ HCcCledyeTcs AMHAMUKA UMCHEH-
HOCTH COCTaBIIAIMMX COOOINECTBO MOMyNsuMA. IBOJIOUUA NOMYJIALUMA OCTaEeT-
CA TIPY ITOM 32 PaMKaMH PacCMOTpPEHHUA.

[lpu s10M enBa nu He OGIMM MECTOM COBpPEMEHHOI TEOPETHUECKOM OHO-
JIOTUH ABNIAETCA Mpe[CTABIIEHHE O TOM, YTO IBOJIOUMA NOMYJIALMHA ONpEAENALT-
cs B MepBylo ouepeab $HaKToOpaMu 0TGOpa, BOBHHKAIHMH B IpoLecce B3aUMO-
OEeHCTBUA C APYTUMH COCTABIAIOIUMHU COOGILECTBO MONYIAUMAMMU, 2 CaMK C006-
LIeCTBA MpEACTaBNIAT COBOH NPOMYKT KO3JBOJIOLMH BXOMAALUMX B HUX
MOITYJTAIMA .

[losToMy Ha COBpeMeHHOM 3Tale pa3BUTHA MaTeMaTHUCCKON M TeopeTHYeC-
KOl GHOJIOrMM aKTyaleH CHHTE3 MOMYIIALMOHHO-TEHeTHYECKOro M IKOJIOTHYec-
KOTo NoaxodoB, KOTOpbIi MOXET COCTOATb, B YaCTHOCTH, B ClledyroweM. Pac-
CMOTpHM COO0LECTBO NOMYNALMA, COCTOALIMX M3 TeHeTUUeCKH K GeHoTHNHYeC-
KH Pa3niyHbIX 0COGedt, B3aUMOIEHCTBYIOIMX MeXay coGOH Mo H3BECTHBIM 3a-
KoHam. Hccrmenmyem HampaBneHHs oTGOpa, CO30aBaeMble BHYTPH MMOMYJISLMHU
MEXTIONY/IAUMOHHBIMY B3aUMOEHCTBHUAMH, BO-TIEPBBIX, H MOCIEOCTBHA, K
KOTOPBIM NpPHBOAUT BHYTPHIONYNAIMOHHAA 3BOJIOUUA B OTHOILIEHUN QYHKI[HO-
HUPOBaHUA cooObwecTBa NomynAumil, Bo-BTOpbIX. ComepXaHHe HAcTOAILErO
pasgeria npefcTaBiAeT coboit OiHy U3 MOMBITOK C/IesIaTh NepBble ATk B yKa3aH-
HOoM HamnpagieHuu. [Ipu 3ToM MBI He ByieM cocpemoTauHBaTh BHUMaHHe Ha cOBCT-
BEHHO TeHeTHYECKHX acneKTax IBooyH. CocTaBnAoLye NOMyNAIHI0 pa3HOBUI-
HocTH OymyT paccMaTpHBaTbCA TIeHETHYeCKH M30JIMpOBaHHBIMH, aHATIOTHYHO
KIOHaM B Gecrojibix MOMyNAUMAX. YYET NMONMOBOTrO pPa3MHOXEHUS He MeHseT
KaYeCTBEHHO MOJIyYEHHBIX pe3yJIbTaTOB.

3amMeTMM, YTO B TepMMHaX OJBONIOUMH MONYJIALMIA M COOOLIECTB MOXHO
MHTEepHpeTHPOBaTh HEKOTOpble U3 pacCMOTPeHHbIX Bbille Mopened. Tak, cuc-
TeMy XHMIMHMK-—ABe XepTBbl (5.2.1) MOXMHO paccMaTpuBaTh Kak MoJleib coo6-
HIECTBA, COCTOAIErO M3 NOMYNAIMA XMIUHMKA M JKEPTBBI, MpHYEM IOMyNs-
UM KepTBbl BKIIOYaeT B ceGa nBe pasHoBHAHOCTH. Ecnu 3T pBe pasHoBMA-
HOCTH pa3jIM4aloTCH, HalpuUMep, JHMILb 3HAUeHHAMHM KoIhQHUMEHTa PasMHo-
KEHUs, TO B MNPOLECCE 3BOIOUMHA PA3HOBHIHOCTD ¢ GobiuM KodddHuMeHTOM
BBITECHSIET Pa3HOBMOHOCTb C MeHbINM Koddduuuentom. IIpu 3TOM Bo3HMKaET
HEKOTOpOEe CJIENCTBHE H IKOJIOTMYECKOro TOJIKA: CpelHAA IUIOTHOCTh IMOMy-
JAUMK XMIIHMK2 B YCTRHOBHMBLUEMCHA pexXuMe B pe3ysibTaTe JBONIOUMH HOMYy-
TAUMHA XKEPTBbI CTaHOBHTCA Hipke. Ewe moBonbITHEE TO, YTO CpeHAA IUIOTHOCTD
TONYJIAUMH XKePTBbl IO 3aBepILEHUH IMPOUecca IBOJIOIMM OCTaeTCA TaKOH Xxe,
KaK H 70 Hero.

AHanoruyHy HWHTeplpeTaudio JONyCKaeT, €CTECTBEHHO, CHCTeMa XepTBa—
pBa xummuka (5.2.4). O6WMM mIiAd 3THX [OpOCTEHIIMX MOJENeH 3BOIIOLMH
NOMmyJIANME B paMKax COOGHIECTB ABIAETCA TO, UTO KaUeCTBEHHBIA XapakTep
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OMHAMKKM COOOwIecTBa B Npolecce 3BONIOUMH He u3MeHsercs. OmHako BbI-
TeCHEHHe HMCXOOHOH DPasHOBMAHOCTH, HalNpMMep XHWIUHMKA, MYTAHTHOH MOXeT
NpUBOOMTh K H3MEHEHHI0 KaueCTBEHHOIO XapaKTepa JHHAMHKHM cOOOIecTBa,
B YaCTHOCTH CMEHE pPaBHOBECHOTO COCYLIECTBOBAHHA aBTOKOJIEGATeNnbHBIM
[157]. PaccmotpuM mpocreiiumii npuMep TOrO, KaK 3BOMIOIMA OfHOH H3
COCTaBNAWIMX coOOmEecTBO mnomynAuuii mNOM JelicTBHeM (akTOpPOB, Ompene-
NieMBIX €€ B3aMMOJeHCTBMeM C APYrUMM MOMYISIMAMH, IIPUBOAMT K Kauecr:
BEHHBIM H3MEHEHHAM B JHHAMHKE coobmecTBa.

PaccMOTpMM cHCTEMY XMUIIHMK—KEPTBA C YYeTOM HENHHEHHOCTH pPa3sMHO-
XKEHHA SKEPTBbI NpPH Maloi IUVTOTHOCTH NOHMYNIANMM M KOHKYPEHLUWH >XEpTB
(3.4.3), mna nmpocToThHl OrpaHMYMBLUMCh NpelensHeIM cinydaem N > K. Ilpu
310M cuctema (3.4.3) aCUMIITOTHYECKH alIpOKCUMUPYETCS CHCTEMOM

. 1. K-x

x=gx*—— —bxy,

K

y=—cy+dxy, (6.3.1)
KOTOpas 3aMeHOM nepemeHHbIX ¢ = 7/d, x = Ku, y = (a/b)v NpUBOIMTCA K BUIY

u=u*(1 —u) - uv,

v=y(a -u), (63.2)

rae y=dK/a', a=c/dK.

Xapaktep )a30BOro MOpTPeTa CHCTEMBI MOJIHOCTHIO OMpENENAETCH 3HAKOM
HepaBeHcTBa a ¥ 1/2 (cM. puc.6.1.1).

PaccMOTpUM Temneph CHCTEMY XXepTBa —[Ba XHLIHHKA, NPEINONOXUB, YTO
XHILHUKH OTIHYAI0TCA JIMIID 3HaYeHHEM NapameTpa o

u=u*(l —u)—uv +vy),

{)I =v1(u - al) s

gy =vn (U - anp) - (6.3.3)
3amena
w=vytoyg, Z=v1fvg (633"

nepeBOANT ypaBHeHus (6.33) B
u=u*(l —u) —uw,

.

w=wu — o) —

Aa,
z+1

Z=—ha, (6.3.4)
roe o« = ap, Aa=o; —ap.

W3 Buna ypaBneHwit (6.3.4) cnemyer, uTo NpH &y > apy B UcxogHoM  ¢aso-
BOM nipocTpaHcTBe {u, ul,vu} cucreMbl (63.3) wWHTerpanbHas KOOPAMHATHAM
mwiockocTs vy =0 oTTaNikMBalomas, a Wiockocts V1 =0 mpuraruBamowan. B
9IKOJIOTMUECKHX TEPMMHAX 3T0 O3HAYaeT, YTO XHUINHWK, XapaKTepH3YIOLMHACH
MEHbIUNUM 3HAaUeHMeM &, OKa3bIBaeTCA GoJiee MPUCIOCOGIIEHHBIM M IpH ¢ —>
TIONTHOCTBIO BhITECHseT KoHKypeHTa. Tak kak « =c/dK, Gonee npucnoco6iien-
HbIM OKa3bIBa€TCA XUIUHMK C MEHbllle CMepTHOCTbIo M (WIM) Gonee YCIemHo
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Puc. 6.3.1. YcraHoBieHue aBTOKoNeGaHult B pe3yiibTaTe 3BONIOUMH XMIUHMKA B CHCTeMe
(6.3.3) mpu o = 0,6, oy = 0,435. U3 HavansHoTO CocTosHMUA U = 0,5, v = 0,3, vy = 0 cuc-
TeMa TIpHXOMAT B paBHoBecue U = 0,6, v, = 0,24, v, = 0. B MOMEeHT ¢, B pe3yiLTate “’My-
TalMK’ CHCTeMa NMePeBOAMTCS B cocTosmue u = 0,6, vy = 0,23, vpp = 0 01. Bropas pasHo-
BHAHOCTP XMILHHKA BbITECHSET NIEPBYIO, H B CHCTEMe BO3HUMKAIOT aBTOKON e6aHus

NpecnenyolMi JXepTBY, MTO COOTBETCTBYeT WHTYMTHBHOMY MpEACTABIICHHIO
0 NpUCOcoGiIeHHOCTH. TakuM 0Gpa3’oM, ecTecTBeHHbIH OTGOp B MOMYNALUMH
XHIIHUKA, BXOAseH B COOGILECTBO XMIIHUK—IKEPTBA, BEMET K YMEHbIICHHIO
napamMerpa o.

K xakuM nocneAcTBHAM 3TO NPUBOOMT [if JHHAMHUKH CHCTEMBI XHUIHMK—
xeprBa? Ecnu 1 > a3 > gy > 1/2, 10 BbiTecHeHMe NepBOH Pa3HOBUAHOCTH XHU1Il-
HUKa NpHBOOMT JIMIIb K YMEHbILEHHI0 PABHOBECHOH IUIOTHOCTH MOMYIALUKH
xuuuKa. bonee HHTEpecHble COGBITHA MPOMCXOOAT B cnyyae 1 >ay>1/2>
> ayp. Ilycth MCXOOHO B NMONMYNALUMM XMIMHMKA [PHCYTICTBYET JIMIIb NepBas
Pa3HOBUAHOCTh, XapakTepusyiomaaca 1> ap> 1/2, u nonynsuuu XHULHEKA
M KepTBbl HAXOJATCA B COCTOMHMHM YCTOHUMBOIO COCYLIECTBOBAaHHA. 3aTeM
B pesynbTaTe “MyTauM”’ BO3HMKAaeT HEKOTOpaA MaTad KOHLUEHTPALMA XHIL-
HUKOB BTOPO# pa3sHOBMAHOCTH, XapaKTepuU3YIOWascsA 3HaYeHMeM Napamerpa
ayp < 1/2, Hanpumep MeHbILeH cMepTHOCTbIO. TOrIa XMILHUKH BTOPOit, MY TAHT-
HOH pa3sHOBM/IHOCTH CO BpPEMEHEM BBITECHAT CBOMX KOHKYpeHTOB. IIp stom
noGeuBILAA PasHOBUIHOCTh XMIUHHKOB YXK€ HE MOXET YCTOHUMBO COCYLIECT-
BOBaTh ¢ MONynAuMed JXEPTBBI NpH NOCTOAHHBIX PABHOBECHBIX IUTOTHOCTAX
NONYNAUMM M B COOGILECTBE BO3HMKAIOT YCTOHYMBBIE aBTOKOJIEGaHHA IUIOT-
HOCTEH MOMyNAUMM XMIUHMKA W xeprBpl (puc. 6.3.1). Eciu Bemuwumua 1/2 —
—oayp<1/2, T0 aMIUIATYa TAKMX 3JBONIONUOHHO BO3HMKAIILIMX aBTOKOJIE-
Ganuii Majia ¥ MOXHO TOBOPHTb O MATKOM 3BOJIIOLMOHHOM POXKIEHUH ABTO-
KoJ1eGanui.

Takum 06pa3som, NMOCTPOEH MOJENbHbIH NpHMEp CHTYallWH, KOrOa JapBH-
HOBCKas 3BONIIOUMA OOHOM M3 BXOOAWMX B COOGLIECTBO MOMYNAUMHA MPHBO-
OMT K HW3MEHEHHWI0 XapakTepa (YHKUHOHMPOBAHMA COODLIeCTBA, a UMEHHO
K NepexOfAy OT PaBHOBECHOTO COCTOSHMA K aBTOKOJEOATENILHOMY peXHMY.
He cnepmyer mymats, 4To HCClIeMOBaHHOE B PacCMOTPEHHOM NPHMEpE MATKOE
9BOJIIOMOHHOE BO3HMKHOBEHHWEe AaBTOKOJIEGAHMA B CHUCTeMe XMIIHHK—XKEpT-
Ba — E[MHCTBEHHO BO3MOXHBIH THI NEPECTPOHKH (DYHKUHOHUPOBAHMA COOG-
[eCTBa B IpoLEecce OapBUHOBCKOW 3BOJIIONMM ONHOM M3 NOMYJIAUMIt, COCTaB-
JAmux coobuiectBo. PaccMOTpUM IpuMep GoOJiee HHTEPECHOrO THIA Iepe-
CTpOiiKH QYHKUHOHHPOBAHUA COOGLIECTBA B IPOLECCE IBONIOIMUH.

PaccMoTpum cuTyamuio, KOrma B GWIOKaIbHOM COOGLIECTBE XMIMHUK—
KeprBa, OMHAMHKA KOTOPOTO OMNKChIBaeTca cucremoi (6.1.7), mpucyrcrBy-
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10T [Be Pa3sHOBHUOHOCTH XMIUHMKA, OTIHYAIOIUMeCcs 3HAYEHMEM NapaMerpa Q.
Torma cucrema nuddepeHIMaTbALIX YpaBHeHM#t, OIMCHIBAWIAA [AHHAMHKY
TAKOT0 cOO0LIECTBA, UMEET BH]L

iy =ul (1 —uy) —uy (v +og) —m@, - uz),

Uy =ui (1 —uy) —uy (v +og) —m@, —uy),

Y u, +u2

op=vy|——— —or =8 *vn)|,

. u, tu

Vi1 = gy [‘“‘3—2'—2 —ay —5(Ul+vu)]- (63.5)

Uccienyem ypaBHenus (6.3.5) npud < 1.

IomuepkHeM, uTO apaGCKHe W PUMCKHe MHIEKCHI B CHCTEME MMEIOT COBEp-
ILIEHHO PA3IMYHBIA CMBbICT. ApaGCKMMH HHIEKcaMH NPOHYMEpOBaHbl [Be IOM-
NOMYNALUMN JKepTBbI, MPOCTPAHCTBEHHO pPa30OIICHHbIE M TOXIECTBEHHBIE 3KO-
JIOTHYeCKH, a PUMCKHMH — [Beé S3KOJIOTMYECKN pa3iMiHble PA3sHOBHOHOCTH B
pPamMKax eIuHON MOMYJAUMH XUIHHKOB .

Bocnons3opaBumick 3aMeHoi (63 3"), npuxoaum K ciucTeMe

Uy =ui(l —uy)— uy vy tog) —mu, - uy),
g =uj (1 —uz) —uy (v +vp) — m@uy — uy),

. ug +u2 w
w=w[———-—— —a—6w|+ Ac,
z+1
z=-Aaz. (6.3.6)

OueBHAHO, UTO B 3TOH CUTyauMH, TaK XKe KaK U B CHUTYyauuH, OIMICBIBaeMO#H
cicremoit (6.33), noGexaer XMHUK, XapaKTEPU3YIOWMHACA MEHbLUIMM 3Ha-
yeHuem napamerpa @. JpyrHMH CIIOBaMH, eCTeCTBEHHbIH O0TGOp B MOMyJIALMH
XHUHHKOB BeleT K yMeHbilieHHI0 a. K Kaknm nocnescrsuaM mis DMHAMMKH
€OOBIIECTBA B 11€JIOM 3TO MOXKET HPHBOIMTH?

He craBsa mepen coGoil uenb MONHOTO MccliefoBaHMA cucremsr (6.3.5), or-
paHMMMMcA JIMIUb HauGoNee MHTEPECHbIM W NPMHUMITHAIBHBIM CITy4deM, KOFIa
HCXOMHbIE 3HAUEHHs MAapaMeTPOB & M & TaKOBHI, YTO B “*IKOJIOTMYECKH OIHO-
pomHOM™ cooGmecTBe, OMACHIBaeMOM cHcremoil (6.1.7), cymecrByer JHIIp
OHO YCTOHYHMBOE COCTOSTHHE PaBHOBeCHS, T.. 3HauUeHHA IapaMeTpOB Jexar
B 00nacTv / Ha mapaMeTpHUeCKOM Noprpere cucTems! (cM. puc. 6.1.2) . Hpyru-
MH CITOBAMM, HCXOIHOE 3HaueHHe NapaMeTpa & TAKOBO, YTO XHINHHK YCTOHUHMBO
COCYLIECTBYET C >XEepTBOH, MpHYeM paBHOBECHOE 3HAYEHHE TUIOTHOCTH NOMYy-
NAUMHA XKepTB OAWHAKOBO B OBeMX JIOKAIBHBIX MOANONYIALMAX. Bunokans-
Haf CHCTeMa NpU TAKMX 3HAYGHHAX MAapaMeTPOB HUYEM HE OTIIMYAEICH OT JIO-
KaJIbHOM.

Ipennonoxum Temepb, YTO B Pe3yibTaTe MYTAUMH B EQUHOH MONMYNAUMH
XUIIHUKA BO3HHMKaeT Malasd KOMUEHTpauMs HOBOH, BTOpPOH pa3sHOBHOMOCTH,
XapakTepH3ylolleHcs MEHbIIMM 3HaueHMeM o. OKaspIBaeTcst, YTO 3TO MOXeT
OpHBOIHTH K OGHOMY M3 IBYX KMOCTBEHHO Pa3HbIX Pe3yJIbTaToB.

Ecrm vnTeHCHBHOCTD MUTDAUAM MeXMOy MONIOMYNIALIMAMA XepTBBI BelUKa .
[m>my, (cm. puc. 6.1.2)], T0 NpH yMeHbIIeHHH 3HAYeHUA MapameTpa «
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Puc, 6.3.2. BO3HUKHOBEHHE OMCCHUIIATHBHOM CTPYKTYPpHI B PE3ynbTaTe 3BONIOUMHM XHIIHMKA
B cucreme (6.3.5) npu 8 = 0,1, m = 0,005, ay=0,6, ar; = 0,435. VI3 Hava/IBHOIO COCTOAHMA
u; =08, u, =0,3,v1=0,3, vy = 0 cHCTeMa nEPEXOAUT B COCTOSIHHE PaBHOB eCHS. B MOMeHT
fy B pesyirraTe “MYTaUHK’ CHCTeMa MepeBOAMICA B cocTosAHMe vy = 0,23, vy = 0,01, Bro-
pasg pasHOBHAHOCTH XMIIHHKA BBITECHSET NepBylo, 4 B CHCTeMe BO3HMKaeT OHCCHMAaTHBHAA
CTPYKTYpa "'no xepree”’

cucTeMa TONajaeT B napamMerpHiecKylo o6macts 2 CTPYKTYpHOrO TNOpTpeTa.
31a 06nacTh COOTBETCIBYeT INIOGaNbHO MNPHIATHBAIOIEMY aBTOKOMNeOarelip-
HOMY peXMMYy, NIPH KOTOPOM IIIOTHOCTH 0GeMX NOANOMYIISAIMIA KepTBbI NpeTep-
[IeBAI0T CHHXPOHHBIC M TOX/ECTBEHHble KoneGammsa. Hpyrumu cmopamu, npu
OOCTATOYHO MHTEHCMBHON MMTPAIMM MEXAy ROANONYIAIMAMHU KepTB 3BOIIO-
MA XMIHHKA NPHBOMAT K MATKOMY BO3HMKHOBEHHI0 aBTOKONeGaHMiH, B TO%
HOCTM AHATOTMYHBIX BO3SHMKAWOIUMM B JIOKANbHOH cHcreMe. MHTYHTHBHO 310
MNOHATHO: NpH OOCTATOYHO HHTEHCHBHOH MHIDAalMH INapa CUEIUIEHHBIX nomy-
JAumi Beger ce0s Kak eMHOe LeNoe.

KayectBeHHO MHOe NOBefeHHE y CHCTEMBI, €CJIM MHUrpamus JOCTATOUHO Cna-
Gan (m <myp). Ilycts mo-mpexHeMy 3HaueHHEe Napamerpa « IS NeEpBOH,
MCXONHOH PasHOBMIOHOCTH XHIUHHKA NEXMT B NapamerpHueckod obnactu I,
‘a mna BTOpOM, MyTaHTHOH — B o6mactn 6. Ilockonsky oGnacte 6 orBEYaeT
MEHBIIMM 3HAUEHUAM [apaMeTpa «, TO MYTaHTHafd Pa3HOBHUOHOCTb XHLIHMKA
Gyfer BbITECHATh McxomHyio. IIpn 3TOM, eciM Wi MCXOOHOH PajsHOBHIHOCTH
XMIIHMKA eQMHCTBEHHbIM [PHTATMBAIOIMM DEXHMOM MOBefeHHA coobme-
¢TBa GbUI0 YCTOHYHMBOE COCYIECTBOBAaHHMe, MPH KOTOPOM IUTIOTHOCTH 06eHx
MOAMNONYJIAUMA JKepTBH GbUM OJMHAKOBbI, TO IJIA MYTAHTHOH Pa3HOBHIHOCTH
XHIHUKOB  ( COOTBeTCTBYIOLIeH 06GnacTd 6) IPUTATHBAIOIUMM ABNAIOTCA
CTaUMOHAapHbIE COCTOAHHA, B KOTOPHIX IUIOTHOCTH HOJNONYNAUMHA XKEpTB pad
muyHel (puc. 6.3.2) .

310 O03HauaeT, UTO BbHITECHEHME XMIHHKAMH MYTAHTHBIMH XMUHHKOB HC-
XOOHBIX BIeYeT 33 coGOM YCTaHOBJICHWE HEOIHOPOJHOFO CTAalMOHAPHOIO CO-
CTOSiHUSA, T.6. MUCCHNATHBHOH CTPYKTYpbl. 3aMeTHM, YTO B CWIy CHMMETPHM
cHcTembl B Mpolecce 3BONIONMH OHAa “CBAIMBAETCHA’ B OJHO U3 [IBYX PaBHO-
IIpaBHBIX COCTOSTHUI PABHOBECHS, NPUYEM B KaKOe MMEHHO — [IEJIO CIIy4as,

OTMeTHM OIHY MHTEpEeCHYl0 OCOGEHHOCTb HCCIeOBaHHOW cucrembl. Ilpn
3HAYeHWAX MNapaMEeTpoOB, JIeXKAWMX B o6GNact 6 BGIM3N rpaHuubl ¢ 0GNAcTbio
1, t.e. ”Maneix, HO He OYEHb” 3HAUEHMAX KO3(DQUIMeHTa MHrpalMy 7, paB-
HOBECHbl€ IUTOTHOCTH B MepBOH M BTOPOH MOMMONYJNAIAAX JKEPTB MPU POX-
DeHUM OUMCCUNAaTHBHOM CIPYKTYPHl OTIMYaloTca Maio. B stom ciryusae mmeer
CMBICH [OBOPHUTB O MEXAHH3ME MATKOTO 3BONIOUMOHHOIO BO3HHKHOBEHWA
B OWIOKaIbHOH CHCTEME YCTOMUMBOH MOUCCHNATHBHON CIPYKTYpbl M3 OJHO-
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POIHOrO CTalMOHAPHOTO cocTOoAHMA. JIfA 3HaueHMA NapaMeTpoOB, JIEKALUUX
B obrnacti 6 BONH3M C rpaHuuell ob6nacTH 8, 3HaUCHHUA IUIOTHOCTH MOMYJIALMH
XKepTB B cocTosHMAX B, M B,, OTBevarolMX AMCCHIIATHBHOH CTPYKType, pa3-
JIMYAIOTCA CHWIBHO, H NO3TOMY 3Ha4eHWs MapaMeTpa o Ui HCXONHOH H MyTaHT-
HOH pa3HOBMIHOCTEH XHLUHMKA, JIEXALIHE MO Pa3sHble CTOPOHBI 3TOH IpaHMIIBI,
COOTBETCTBYIT COOBITHIO, KOTOPOE Ha30BeM JKECTKHM 3BOJIIOLHOHHBIM POX-
JIeHHEM MCCUNIAaTHBHOM CTPYKTYPHI.

TaxkuM o0pa3oM, MOCTpOEHB! MOJeEJNbHble HPHMEDPBI TOFO, KAaK ECTECTBEH-
Hbli OTGOp B OMHOM M3 MONYNALMHA, COCTABIMIIOLUHX COOOLIECTBO, TPHBOIMT
K KAayeCTBEHHOW IIepecTpodKe pexuMa (PyHKIHOHHMpPOBaHMA coobiiectBa. B
pe3ynibTaTe TaKOW [AapBUHOBCKOH 3BOJIIONMM COOBGILECTBO M3 CTalMOHApHOTO
BO BpeMEHM M OOHOPOJHOrO IO MpPOCTPAaHCIBY DeXHMa MOXET IepexonuTh
B PeXHM aBTOKONeOaTeNbHpli BO BpPEMEHH M OJHODPOJHBIA IO NpPOCTPAHCTBY
H B PEXHM CTalMOHApHBIA BO BPEMEHH, HO NPOCTPAHCTBEHHO HEOTHODOIHBIA.



BbIBOIbI

1. CdopmymiposaHO mpencTaBieHHe 00 ONMACHBIX rpaHULIAX OUHAMUYECKHUX
W TapaMeTpHYeCKMX BO3[EHCTBHHA Ha 3KoCHCTeMbl. BpiABNEHO cyluecTtBoBaHMe
OMacHBIX ¥ OE30MacHBIX CTPATETHMH NMPOMPBICIA HM3O0JIMPOBAHHDBIX MOMYIALMIA.
Yka3zaH Kpurepuit NpuOIMXKEHMSA K OMacHOH TIpaHulle HHTEHCHBHOIO
IPOMBICHIA.

2. IlpoBeneH MONHBIA aHANIM3 AMHAMHYECKMX PEXHMOB M MX COBOKYITHOCTEH,
peaTHIYOIMXCA B MOJENbHBIX ~ CHCTEMAX [BYX B3aWMOJEHCTBYOWMX IOMY-
nsumit, HcuepnbiBamige  pacCMOTpPeHB! MNepecTpOiKM MHAMHYECKHX DeXH-
MOB, IPOUCXOASAIUME INpPH M3MEHeHUH BHEIUHWX YCTIOBMH IS CHCTEM, 3aBH-
CALIMX OT ABYX U Tpex NapameTpos. TlomyyeHHsle pe3ynpTaThl IPHMEeHHMBI I1pH
KCCTIeIOBaHuM cHCTeM MU depeHIMaNIBHBIX YpaBHEHUH , BO3HUKAOUMX B pasimy-
HpIX OONacTaX MareMaTHueckoi Ouonorun: QepmMeHTaTHBHOM KHHETHKE,
HeHpoDU3UOJIOTHH, HMMYHCTIOTHM M T.I. BrifiBieHa KaHOHHYeCKas CTPYKTypa
MapaMeTpUYecKOro NMOpTpera Npy CyNepro3HHMM TPUITEPHOro M aBToKoONeGa-
TEJIBHOrO PeXXHMOB.

3. OmmcaH HOBBIH [UIA 3334 MaTeMaTH4eckoi Guodu3uku pexuM Gesrucre-
PE3UCHOTO JKeCTKOTO BO30YXOEHHA aBTOKONEOGAHWH [inNA CHCTEMBI XMUFHMK—
*eprea.

4. OmicaH MeXaHM3M BO3HMKHOBHeHMA CJIOXHOTO (“’KBa3MCTOXaCTHYEC-
KOro”) ImOBeOcHWs B CHUCTeMe TpeX NONMYJAWil, B3aWMOMEHCTBYIOLMX IO
NPUHIUIY XMIIHMK—[Be KOHKYPHpYIOIIHEe XePTIBbI, i NOKAa3aHO, YTO BO3HHKHO-
BeHME KBa3MCTOXAaCTHUECKOTO TNOBEACHHA MOJKET MHTepNpeTHPOBAThCH KaK
KpuTepHi NpuOIMKeHWs K ONAaCHOH MapaMeTPHuyeCKON TIpaHMLE CHCTEMBI.

5. YcraHoBneHa BO3MOXHOCTh YCTOHUMBOYO COCYINECTBOBAHHUA TpPEX BUMIOB
B CHCTEMe NpPOAYLEHT—KOHCYMEHT—XHIIHMK INpPH HEBO3MOXHOCTH COCYLIECT-
BOBaHHS NPOAYLEHTa i KOHCYMeHTa B OTCYTCTBHE XUIIHUKA.

6. YcraHoBneHa cBA3b MexMy KoineGaTenbHoi M nuddysroHHO noTepeit
YCTOHYMBOCTH OIHOPOAHBIM CTAMOHApHBIM COCTOAHUEM B GWIIOK alIBHOM 3KOJ10-
rHYecKoit cucreme. OmMcaH peXMM THIla HeCTALMOHAPHOW AHCCHIATHBHOM
CTPYKTYpPbl B TAKOH CUCTEME.

7. Omican MeXaHW3M 3BOJIIOIMOHHOTO BO3HMKHOBEHHWS IIPOCTPaHCTBEHHOM
CTPYKTY pHPOBaHHOCTH B MOJIEIbHON 3KOJIOTHYECKOH CHCTeMe.
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