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IIPEIUCJIOBHE K PYCCROMY U3JAHUIO

Fme aer 20—30 Hazam cI0BO «IKOMOTHA» GHIIO U3BECTHO
Jpmb 6HoJoTaM, fa HEeMHOTHM apyguTaM. HiHe moJokenue
B KopHe m3MeHmIoch. [locBsimiemHEIe HKOIOTHYECKUM TpOG-
JeMaM CTAaThH He CXOJAT CO CTPAHWI[ HONYJIADPHBIX ;RYpPHAIOB
¥ raser. Bo MHOTHX cTpaHaX DHOAB@WINCH 3aHWMaloluecs
«IROJOTUISCKUM KPU3UCOM» IPABUTEJLCTBEHHEIE BeJOMCTBA
B paHre mumuucrepcTs. M3 cmenmalbHoll HAYKH 0 «IOMALTHEM
oniTe ;uMBHX opraHmsmony (I'exkenn, 1869) sxkosorua nmpespa-
THIach B KpaiiHe IONYJISPHYI H BeChbMa DAaCILIBIBUATYIO 00-
JacTh 3HAHHA ¥ JeATeJbHOCTH, T'PDAHUIBI KOTOpOH IJI0XO0
OUePICHEI.

B gem KopHE Tako#l BCUBIUKH MHTEpPeCa K DKOJOTHIECKON
npo6remarure? Bmewarisiomue ycmexu B pa3sBHTHH HayKU U
TeXHUKHM Ha KaKoe-To BpeMs €03[all WIJI3UI MOJHOI me-
338BHCHMOCTH 4eJIOBEKA OT NPUPOIEl, IOABIACTHOCTH BCETO
OKDPY;RaI0Mmero 9e1oBeKky. B mociaenHee BpeMs Ha CMeHY TaKHAM
IIPeACTaBIOHUAM NPHXO0UT 06MecTBeHHOe 0CO3HAHNEe KPOBHOM
3aMHTEePECOBAHHOCTH JeI0BeUeCTBa BO BCEM, ITO MPUMCXOAUT
B OKPY/KAOMeM ero Mupe ;KUBOTO, HO3HAHHE HEOOXOAMMOCTH
0 (IMOKOPeHUA NPUPOAE», a PasyMHOH ee HKCILTyaTalUH.
X #pakTepHO#l 4epToil HOBOH CHCTEMBI B3MJIAAO0B Ha B3AHMO-
OTHONIEHUS UeJIOBeKa ¢ HPUPOJOH sABIsercs NOHMMAaHIe BO3-~
MOKHOETH HeoOpaTWMBIX HOCIHEACTBHE Hamell AeATeIbHOCTH
7 BHTEKAaWIad OTCI0HA OCTpas MOTPeGHOCTH B IPOrHO3UPO-
BAHWH, IPeCKa3alny HeMOCPeACTBeHHbX 1 6oJee 0TJadeHHDI X
Pe3y;IhTaTOB HANIETO BMEINATeIhLCTBA B «eCTECTBEHHHIH Io-
PANOK Belmeiy.

CymecTByer HECKOIBKO TMOLXOJ0OB K TPEICKA3AHUI IOBE-
HeUHsl CIO'KHBIX CHCTeM; HCUOJb30BaHMe MHIYyMNuW #H Gora-
TOTO ONBITA HcelefoBaTeld, cpaBHeHHe ¢ JAHNILIMHI dKCIEPH-
MEHTOB, IPOAieAaHHLIX Ha TORIECTBEHHHX HIKX HOXOAMUX CHC-
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TeMax, M, HAKOHEeI, MaTeMaTHuecKoe MojenupoBaHme. DB
9KOJOTHYIeCKUX HCCICHAOBAHUAX HOJIHH UCIONH30BATHCH —
U MCHOAb3YIOTCA — BCE BO3MOKHBIE II0AXombl. Onmako B Ha-
e BpeMsa MacmTabhl M XapaKTep BMCUIATeNLeTBa uTeJoBeKa
B HIPHPOJIEIE YKOCHCTEMBI CTOIb GECLpere/eHTHb, 4To MHTY-
HIHA HCCIeOBATENA CIIOMb U PAJOM OTKaskBaeT. Bo3MOM-
HOCTH K€ YKCHePMMEHTHDOBAHHA ¢ ODHPONHLIME 3KOCHCTE-
MaMH II0 OOHATHEIM IpHYMHAM 0oJiee uUeM OrpaHWYEHHHL.
OTcroga ACHHMY CTAHOBATCA BAKHOCTH H AKTYAJIBHOCTL MaTe-
MATHYECKOTO MOJEIHPOBAHAA B 9KOJOIHH.

0630py # CHCTEMATHIECKOMY H3MOKEHMI0 OCHOBHHIX IP0G-
JeM W PesyJbTaTOB B COBPEMEHHON MaTeMaTHIeCKOH SKOJIOTHN
IOCBAMEHA HAcToAImasa paboTa OJHOr0 W3 KPYUHHX CITeI[H-
aNMCTOB B BTOH obaactu, mpodeccopa CycceKCKOro yHHBEPCH-
rera Jl:x. Moitmapga Cmura, y:Ee 3HAKOMOTO YHTATEIIO
IIo IepeBedeHHON y Hac kHure «MarTemMarHuecKHe HIEH B
Suonoruuy («Mup», 1970).

Ananusnpys MaTeMaTHIeCKHe MOZEIH B YKOJOTHH, aBTOP
npuberaer K He BHOTIHE NPUBHYHON, HO, I0~-MOEMY, HOBOJBHO
VAQ9HO OoTPa/KAIOMmell ¢yTh mgeda TepMmmHodormd. OH mpemia-
raer HCIOJb30BATH TEPMUH «MOAEAbY JHUIMb MJSA MarTeMaTH-
9eCKUX ONUCAHWI, BHABIAKWIHUX o0MHe HKOJOTHIECKHE 3a-
KOHOMCPHOCTH, OCTABIAS IS MATEeMATHYECKOTO OIMCAHHST
KOHRPCTHEX CHUTyanmu#l TepMuH «mMHTausa» (simulation).
Taroe pasmeseHune MaTeMaTHUECKHX ONHMCAHHA He HABISA-
eTcss BHOJHE CTPOTHUM, U II0TOMY €ro He Be3je YIaercs IIo-
Clle0BaTeNbHO IPOBECTH A0 KOHIA, OAHAKO OHO IPABHILHO
OTPasKaeT CyIecTBOBaHHe JABYX IOJXO0ZOB B MaTeMaTHIecC-
KOM MOJEeJIHPOBAHUIL: «eCIM XOPOMIas MMHTAIIMA AOTHHA yIU-
TEIBATh KaK MOKHO 60JbIoe meraiei, To Xopoimasa Mojeab, Ha-
TIPOTIE, TOMRHA COIEPRATh UX KAK MO;KHO MeHblre» (ctp. 12).
fleno, 910 cmopHTH 0 TOM, KaKOH mOAXO[ JAy4lle, 6ECCMBICTCH-
HO0: 1eoOXo UMbl 002, TOCKOJAbKY OHU ZOMOJHAIOT APYT APYTa.
UnmnranumonHoe MojiedpoBaHHe B HACTOAIIEe BpEMA TPC/-
crapaser co6o# caMOCTOATENbHOE, BECEMA PA3BUTOE HallPABIe-
HUC HCCIefoBaHuil, MOITH He 3aTPaTHBaeMoe aBTODOM B 3ToH
xiure. Ero mHTEpECH KOHIIGHTPUPYIOTCA B OCHOBHOM BORPYT
RavTecTBeHHHX, aHATUTHIECKHX MojeNeif, a K HMUTAIMAM
(4UCIEHHBIM TIpHMEpaM) aBTOp o0pauiaerca JUmb JIIf WI-
JNIOCTPAIlMH HeKOTOPHIX HIell u I'UIOoTe3.

TTenmocTh OT,ICABHLX Pa3/led0B KHUTK HeoquHakosa. Ilep-
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Bble OATH IVIAB NOCBAMEHH B OCHOBHOM PACCMOTPEHHIO [0-
BOJBHO M3BECTHEIX MOfieJiell KOHKY PeHIHY U CUCTeM XHIMHUK—
skeprBa. HamGonpumii maTepec mpejcTraBasioT riasbl 7—11.
B Hux uwmtareir Haiizer cucTeMaTMuecKoe WM3JO0KCHHUE COB-
peMeHHHX -— BeChbMa JajJeKMX OT 3aBEPIICHHOCTH — IpPei-
CTaBJeHUN 0 B3AMMOCBAZH MERIY CJORHOCTBIO DKOCUCTEM M
HX YCTOWIMBOCTHLIO M 0 MeXaHU3MaX BHBOJIOHUH MeskBHIO-
BHiX oTHomeHui. HeckonbKko 0COBHAKOM CTOMT HOCHeNHAA
IJaBa, mocBAmenHad Gojee 4aCTHOMY BOMPOCY.

OtcyTcrBue B pAjle CAyYaeB YCTOABUIEHCS TePMUHOJIO0THH
(m pyccxoit, m amramiicko#t) cospaBajlo HeMaJjble TPYAHOCTH
npu nepesoje. HKoe-Tne B TeKcTe MOKa3aloCh PasyMHBIM
PSAJIOM ¢ PYCCK¥M 0CTaBUTh B CKoOKax opurmHaabHBIH aHTIMii-
CEKUH TepMHH.

C cokalenmerM LPHXOLUTCA OTMETHTH NOJHOE He3HAHNe
aABTODOM I0BOJIBHO MHOTOUMCIEHHEIX PaboT COBETCKUX UCCIeI0-
BaTeJell (3a.MCKIOYeHNEM KIaccudeckoil pabors: I'. @. I'ayae,
onyOIMKOBaHHON Ha aHTIWHCKOM A3biKe). [omonHATH aBTOP-
CKHIl cmmcoK Jmreparypl paboTamu, onyOJIMKOBAHHBIMU
Ha DPYCCKOM s3bIKe, MHl COYJH HeleJecoofpasHEIM — HX
CIARMKOM MHoTo. MHTepecyoImuiica YnTaTeNh MOYKET BOCIOMb-
30BaThHCA I0BOIBIO HOTHKM « Bufnuorpaguueckum yrasaTeaeM
OTeYeCTBEHHON JUTEPATYPH MO MATeMaTHUYECKOH HKOJIOTHM»
(ITymuno, 1975).

A. JJ. Baswrun



IIPEAUCJIOBHUE ABTOPA

OKONIOI'Us BCe ele 0CcTaeTCHA OJ[HOM U3 Tex obaacrel HayKu,
B KOTOPHIX 00KYHO HaJIe/KHee MOJIaTaThCsa Ha MHEHHE ONLITHOTO
NPAKTHKA, YeM Ha NMpejcKasaHusa TeopeTuka. Teopus HmKor-
Ja He MIPajla B HKOJOTHH CTOMb BAyKHOH POJM, KAaK B IreHe-
THKe TONYJIAINHH; OHTH MOKeT, 3T0 00bACHAETCHA TeM, ITO
B DKOJIOTHUH HOT HUYEr0 TAKOTO, 9TO MOKHO GBLIO OH CPaBHUTH
¢ sarkomam:a MeHjeasn. W Bce ke 3a mocTeHHe TOAH B 3KO-
Jorum HAGMIOJAeTCS 3aMeTHOE yBedWIeHHWe KakK dHcja Teo-
PeTHYECKUX HCCIEIOBaHMWA, TAK W HX 3HAYEHHS; CYMECTBEH-
HOoe BIMAHMe HA TaKoe Pa3BHTHE DKOJOIMA OKaszal FPobGepr
Mar-Apryp. A mucan sty KuuMTY, OyIydd OMHHAKOBO TBEPIIO
y0es;ieH, BO-IEPBHIX, B TOM, YTO DKOJNOTHS He HOCTUTHET
3peI0CTH J0 TeX IO, HoKa oHa He Oymer MeTh 31PaBoi Teope-
THYeCKOM OCHOBHI, a BO-BTOPHX, B TOM, YTO JI0 TAKOTO GIATO-
MoIyIHsA HaM ellle o9eHb M OUeHb Jafdexo.

dT1a KHmMra OBJa 3amyMaHa BO BPeMsa IIECTHMECSIHOTO
npe6riBaHuA B Moelt maGopatopuu pa-pa Homa JlamgemGep-
mrepa U3 Rammdoprmitckoro yumsepcurera. Mel Hamepesa-
nuch pasobparh B Nelf MoJedu NBYX THIOB: MareMaTHYeCKHE
MOJe TN «CTPATerdIecKoro» XapaKTepa, KOTOPHle TOMOTJIA
On MOHATH o0ImHe CBOMCTBA 9KOCHCTEM, M DKCIEPHMeH-
TaJblble MOJeNH, CO3jaBaeMble ¢ TOH ke Meabio. ME Haje-
ANNCH, 9TO MATEMATHYCCKME M 9KCIePUMEHTAJIBHBIE MOeJ’
Oy/vT B3aMMHO pPasbACHATE JAPYr npyra. K cosramenmuio,
nocae Toro kKak [lon Jlaumenbepmikep Bepuyacs B Ramndop-
HUIO, BCE €T0 BPeMA HOrJIOTHIHU APYrHe fela u 00a3aTedneTBa,
H OH He ¢cMOT OBITH MomM coaBTopoM. Humra ot atoro, 6es-
VCI0BHO, WocTpagaia, OCODEHNIO B CBOGH SKCIepPHMCH-
TanbHOH vwactm. fl pemmiIca B OOWHOYKY OCYIIECTBUTH
Hally TIaHB, B TWOJAHOHM Mepe oTHaBag ceGe 0TIET B TOM, 4ITO
HHKOTId He CMOT OBl cpelarh 3ToTo 6e3 CTUMYIHPYIOMEro
BO3jeiicTBUA Hamux Oecef W o0CY:KIeHMI.
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dra KHUFa OpejHA3SHAYEHA IS BCeX, KOTO Cephbe3Ho HH-
TepecyeT 9K0I0TusA. XOTA B HEH JJ0BOJIBHO MHOTO MaTEMATHR,
£ TOCTapaicsd KaK MOKHO SiCHee cOpMyJIMpPOBATH MCXOITEE
OPeANOCHIIKN ¥ Te BBHIBOIBI, KOTOPLIE NOJ/KHEL CJefoBaTh U3
HHX, OIyCKas IO BO3MOKHOCTH MaTeMaTHdeckue NoKa3aTellb-
crsa u Bokiaagku. IlostoMy A Hazemoch, 9To Kuura Oygmer
noHsTHa M060OMYy 9BTaTedI0, AMEIIMEMY CaM0Oe MAHMMAaJAbHO®
npeicTaBleHne o MaTeMaTHiecknmx obosmauenmax. Pap pac-
CMOTDEHHEIX 3716CH MaTeMaTHIecKHX Mopelell mybimKyercs
BIePBHIE; TJIaBHBE W3 HAX: AHAJHM3 3alas[siBaHUil, CBA3aH-
BEIX ¢ pasputheM (rd. 3, pasy. B), mopenm murpauuu (run.6),
BOTIPOC 0 BJIHSAHUY, 0KA3BIBAEMOM HA YCTOUIMBOCTh IKOCHCTEM
KOHKypeHIuedl Ha PasTuIHHX Tpodmueckux yposuax (ra. 10,
pasn. B), amanms guBepreHnUm OPHU3HAKOB, IBOJIONHA CIe-
NUANM3UPOBAHHEIX W HeCHENHAIX3APOBAHHKX BUHOB (1. 11,
pasx. B) u Mojenu TeppuropmanpHOTO moBemeHHA (ria. 12).

Hax g yse crasan, B nepByw odependb f JO/DKEH BHIPa-
3UTh rayforyio Grarogaprocts a-py Hony Jlangeubepmepy.
Ilpod. [I:x. H. Yopn mayIun MeHs o6pamarses ¢ guddepen-
[UAJbHBIMKM yPaBHEHUAMU ¢ 3aMa3IeIBAIONIAAL APTYMEHTOM.
J-p II. Crpofex nmpouuTal pyRONMCH W YKAasaJ HA PAJ OIIM-
O0ok. fl u3BIeKR TaK;ke MHOIO HOJEe3HOTO u3 Oecel ¢ O-poM
P. K. Jlesortunom, g-pos P. M. Maem, g-post M. Cnarxunom,
n-pom 1. T. Crpurepom, p-pom II. Crpoberom u p-pom k. L.
Tomacom. fl mamcerga coxpaHid 6JarofapHoCTs K HUM,
a8 TAKJKe KO MIOTUM JPYTHM KOJJIeraM, KOTOPHE TepIelrBO
BHCJIYIIUBANHA BCe MOW PACCY/KIEHUS B TeueHHe BCETo IIPOII-
J0ro ropa.

Hac. Mainapd Cmum






Taasa 1

BBEJIEHUE

A. Mogeinu B 3xo0a0rHH

MareMaTudgeckue onmcaHuA DKOJOTMIECCKUX CHCTEM MO~
HO Pa3jgenuTh Ha JBe COBEPIIEHHO PAa3AnIHble PYNNLI: ONH-
CaHHS, KOTOPHIe [ENAXOTCH MJAA HPAKTUIECKAX Iiejieli, U Oxu-
caHud, WMeI[He YUCTO TeopeTHIecKoe 3HadeHue.

OmucaRusi J7isi TpPaKTHIECKUX ILeliell s Oynry HA3mBarTh
HMHUTAUMOHHHIMY MOREIAMHA WIN uMumayusmu. Ecau, Hanpu-
Mep, ME XOTHM Y3HATB, CKOIBKO KOTHKOBHIX IIKYDP MOKHO
€/Kero{HO NOOHBATh M3 HAHHON HONYJANMH, He YIPOskas ee
HadpHeilimeMy CYmEecTBOBAHUIO, TO HeOOXOHUMO PACHOJAraTh
BO3MOKHO 00Jiee HOXPOOHEM ONMCAHMEM DTOR IOIyIAIUK
B €6 KOHKpeTHOM MecTooburarmu. Kak MUHUMYM, may Io-
Hamo6ATCA CBEJOHUSA O POANAEMOCTH M CMEPTHOCTH JIsi pas-
HHX BO3PACTHLIX KJIACCOB, A TaKske 0 3aBUCUMOCTH 3HTUX
moKasaTelel OT NIOTHOCTU NOOYIANMM M OT PA3IMYHBIX yC-
JMoBWI cpeppl, M3MEHEHHMS KOTOPHX MO/KHO O/RMAATh B Oy-
oymeyM. Beegs mosgyuenHble ¢Bejells B MMHUTAIUIO, MEl CMO-
JKeM IIPeJCKAa3LBaTh Pe3yABTATH TeX WIHN HHHIX BO3JeiicTBU
deloBeka Ha JAHHYIO IOMYJIAIHIO,

enmocts uMHUTAUUE OUYEGBHAHA, OAHAKO WX MOSRIO HC-
HOJIb30BAThH TIABHHIM 00pPa30M JJIA aHAIW3A YaCTHHIX CIy-
7aeB. Meainy TeM BeAKasg BROJOTHIECKAs TEOPHUA MOMKHA
coflep;kaTh MOJO;KEeHMA, 3aTPATHBAIOIAC KaK SKOCHCTEME B
exoM, Tax M OTAedbHHE BUIH B OmpefeleHHbBe OTPe3KH
BPeMeHH, TPUICM ATH NOJOLEHUS HOMKHBL OBITH IIPHMCHEMBL
He TONBKO K KAKOMY-TO OAHOMY, & KO MIIOTUM DPa3IMTIHBIM
Bupam. Jlo6as pealbHas DKOCHCTEMA COMEPKHUT TaKoe MHO-
'KECTBO BHIOB M OHHM B3aUMONEHCTBYIOT HPYT C APYTOM CTOIDL
Pa3ituanbM 06pasoM, 9TO CO3mAlide MMUTAIMN BPSAX JU MOYK-
HO cuuTaTh peaJuCcTHIeCKUM mopxomoM. Yem aydmre Kakas-
60 wMHATAOUA YAOBIAETBOPAET TeM KOHKDPETHRIM I[eJIsM,
Pagm woropeix oma Oplia codgaga (MUBIME CJOBAMM, HUeM
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Gonplile meTallel OHA COAEPKUT), TeM TpynHee oGOGMUTHL
C/IeJIaHHBIE ¢ ee TOMOIIBIO BHIBOJBI IPHMEHUTENBHO K JPYIHM
pugas. Ilosromy mis BeABIeHWA 06IIUX DKOJTOIMIECKUX 34-
KOHOMepHoCTell mpuxogurca npuberath K gpyroro poga Ma-
TeMATHIeCKUM OMHCAHUAM, KOTOPLIE MOKHO HA3BaTh Kadect-
BEHHBIMU MOJeNAMHU WJIN IIPOCTO Modeaamu. Ecam xopormras
UMUTAMAA J0/LRHA VYATHBATH KaK MOMHO 6o0Jbllie neraneit,
TO XOPOILas MOJiedb, HAIPOTHUB, JOJLRHA COJep;KarTh UX KAK
MoHO MeHbine, G mOMOINBIO MOAENH HEJIb3fA NPeiCcKa3arh,
KAk NoBefeT ceos B OyAyimeM Ta MJIH HHAA DKOCHCTEMAa B
IeJoM WIM OJUH W3 COCTaBIAIIMX ee BHI0OB. llowanyih,
Jerye BCeTo OyeT HMOHATH, B KAKUX MMEHHO CJAYydasX CAELYeT
npuberarts K MOMOIMYU MOJesieil, ecly NePeINUCANTh HEKOTOPHIE
BOIIPOCHI, HA KOTOPHIe A MHTAICh AaTh OTBET B 3TOH KHHTeE.
Taxr, manpuMep, B T. 6 g IHTAOCh BRIACHUTH CACXYIOMIER:
eclInm B KaKo#-1u00 MECTHOCTM B3aMMOJMeHCTBHE XMIMHHK—
JKepPTBA MPUBOJNUT K 09€Hb 3HATUTENBHBIM KOJeCAHHAM dYHC-
JICHHOCTU W K BHIMHDPAHUIO, TO BO3MOHO JH COCYIECTBOBA-
HHe 3TUX JBYX BUAOB Ha OOMHUPHEIX TePPUTOPHUAX? A 3T0 Bie-
yer 3a co0o JajJbHeRNIne BOIPOCH: KAKOTO POja B3auMoedi-
CTBUA W KaKad OTHOCHUTEJIbHAA MOJBWAKHOCTH CKOpee Brero
MOTYT IPHBeCTH K ycroiigmBoctu? [lamee, B mociaeqyomux
rjaBax A MBITAOCh BHACHUTH, B KAKOM CJyYae BEPOATHOCTH
COXPAHEHUS DKOCUCTEMB! BHIIIE: €CTU Ka/RABIH BHJZ Hemocpen-
CTBEHHO B3aMMOJEUCTBYeT ¢ GOJBLINM YHCIOM IPYTHX BUIOB
WIM ecIM KasKIbli BUJ B3auMomeHACTBYeT JIMIb ¢ HeCKOIBKU-
MHI IPYTUMH BUpaMu?

ITn mpuMepsl MOKA3BIBAIOT, [UIA pPelleHHA KaKoro poja
wpobaeM MOmerus MOIYT, IO-MOeMy MHEHUIO, OKa3aThed Mo-
mespeimu. Croexyer cgeliaTh Oj(HO o0mee 3aMedaHUe OTHOCH-
TeABHO TAKMX IpoblieM — UINM, CKOpee, OTHOCHUTEIBHO OT-
BETOB, KOTODble MEl HajeeMcA MNOJYIUTh. Hak yKaswiBald
Jlepnuc [43], npu u3ydeHWW CIORHBIX CHCTEM CJIEAYyeT He
CTOJIBKO CTPEMUTBLCA HAWTH 4epTH, OOIMUe ANA BCeX CUCTEM
MIA 1A BceX BUAOB, CKOMBKO WMCKATh HPUYAHH Pa3TUIHR
B NOBEJEHUW PA3HBIX BUAOB HIH CHCTEM.

Hasa Toro 4TOGH OTBETHTH 1A TAKOTO POJAa BOIPOCH, HAM
HY;RHE HaumpocTedlnme MomeldHW. Bo BceX pealbHHX DKO-
cucTeMax GoJBOIYI0 PONb UTPAIOT MUIPALHU, TepPHUTOPHUALE-
HOe IOBeJleHHe, KINMaTHUecKye KoJIeOaHua, BHYTPHBHAO Bas
reHoTHOAYECKas uaMeHunBocTh. OnHAKO 3TO He 03HAYaeT, YTO
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B HAIlUX MOJEJAX CJejJyeT YYHTHIBATH Bce BTH cjaraemile.
Mu usbepeM TOT NOAXO0M, K KOTOPoMY OOHYHO npuHOerarT
3KCIIePUMEHTATOPBI: CO3JaAMM Kak MO:HO Gollee WIpPOCTYIO
cucreMy U OyAeM BapbUpPOBATh B Hell BCAKWIA pa3 AWML ORHUH
darrop. Tax, Hampumep, cOBepIIEHHO O0YEBHAHO, YTO €CIH
paccMaTpUBATL BINAHUE HA YCTOWYIMBOCTL DKOCHCTEMBI B3a-
uMojelicTBUI MHOTHX, a He HeCKOJIBKUX BHUI0B, TO HEOGXO0IIMO
DOCTPOUTh MOZETBHYIO DKOCHCTEMY, B KOTOPYI0 BXOAMJIO GBI
mHOTO BEAOB. OfHAKO BO BCEM OCTAJIBHOM MOAEIb JIOJKHA
6HITH KaKk MOJKHO HPOIle, TaK KakK, BO-IIEPBHX, €CIAH MOTEJb
CAMIIKOM CJIOKHA, TO M3YyYaTh ee IOBeJeHUe TPYAHO, a BO-
BTOPBIX, CDaBHUBAs lIOBEeHUE [BYX MOJACILHBIX IKOCUCTEM,
BOKHO OBITH YBePEHHEIM B TOM, YTO HHTEPECYIOIIee HAC pas-
Iuane MeARIy HUMHU 00YCIOBIEHO UMEHHO MHOTOYHCIEHHOCTHEO
B3aUMOJEHCTBANA MeAy BHAAMEU, a HE KaKUM-IHOO MHLIM
$aKTOpPOM. i,

o cux mop A paccMaTpMBAaJ TOJILKO MaTeMaTH4eCKHe
Moenan, MHorfa IoBejeHHMe TAKHX MOjelell MOKHO M3y9aTh
AHAJUTHIECKUMHE METOJaMHU; OJHAKO Yaie IPUXOJHUTCA IMpPHU-
feraThb K IOMOIOM BHYUCIAHTEIRHOM Mamuubl. Heobxomumo
HOJICPKHYTH, 9YTO €CJIHU MBI II0Jb3YeMCH BHIYUCIUTEIHLHOM Ma-
LIMHOI, TO 3TO BOBCE He IIPeBpaIaeT HAIIY MOIENHh B MMUTAIAIO
B YKa3aHHOM BEIIIE CMBICIE,

9K0/I0TH, KPOMe TOTO, MIHPOKO MPHMEHAT «buojormgec-
KHe MOJean», T. €. CO3faBaeMble B JabOopPaTOPUU SKOCHCTEMBbI
W3 HacToAMHUX OopraHusmMoB (Haupumep, Paramecium, Tribo-
lium, Daphnia u Drosophila). Taxue GuolorHd9ecKde MOmeNH
BeChbMa IOJIE3HH, IPeicTaBAAs CO60H 00BEKT, IPOMEKYTOY-
HbH MEEY MATeMAaTHYECKAMU MOJeIAMY U IIOJIMHHBIMU DKO-
cucremamu. OHU cIIy:KaT IJIaBHEIM 00pasoM He JJIA IPOBEPKHU
BHIBOJOB, C/AEMAHHLIX Ha OCHOBE MAaTeMaTHMYECKUX Mojeleil,
a miaA Toro, 4ToOBl HAMETHTH T€ SBJIEHHS, KOTOpPble MOT Obl
00bAcHUTE MaTeMaTHK. Hak cMosker y6GeguTbCs 9YuTaTexb
aTo#t Kumru, srcmepmmentht Xaddoifirepa (1958) Ha kiemax
OOCJIY;KUIM, HAOPUMEDP, OCHOBOH A CO3HAHHA MaTeMaTH-
4ecKmx Mojelieil Murpamuu, a He HaoGopoT. MareMaTudeckue
u GuoJlorgIecKUue MOe]’ JOMOJHAIT APYT APYra; B OTCYT-
CTBHe OHMOJOTHYECKUX Mojesell MareMarHIecKUH mOAXON cTa-
HOBUTCA BCe 6GoJee OTBIGUEHHHIM M OOGINEM, a TEeM CAMBIM
3aTpyaHAeTCH ero npuMmeHeHue. llpu orcyTerBuu e Marema-
TAYeCKOTO MOAXOfA TPYAHO YCMOTpPEeTh OGIIME CMBICI TOM
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MIN MHOI KOHKDeTHo# Omolormueckoil mMomemu. Beumy mo-
MOOHOH B3aUMMOOMOJIHAEMOCTH OHMOJOTHIGCKHX U MaTeMaTH-
YecKHX MOJieliell MaTepmal B 3TOH KHUTEe CrPYIIHPOBAH He
II0 TAIIAM MoOJelel, a Mo OTHeIBHEIM mpobieMaM, AJIa KOTOPHIX
OPUBOIATCA COOTBETCTBYIOMMe MOTeINM KaK OJHOTO, TaK H
IPYroro THOa.

B. Hexoropble BO3MO:KHbIE MOIXO0/BI K TEOPeTHYCCKOM
SKOJIOr AU

'‘I'naBuas mpofiaema, KOTODPYI0O HPHUXOAUTCA peUIaTb IMIPH
amanuse 11000f CIOKHOU CHCTEMEI, — 9TO BHIGOD CYyIecTBEeH-
HHX DepPeMeHHHX; B jaHHO# KHHTe A PENINI CKOHIECHTPUPO-
BaTh BHUMAHWE HA THCIEHHOCTH 0CO0el PasIMIHBIX BUIOB
M HA 9ToH OCHOBe paspaboTaTh COOTBETCTBYMINYIO JMHAMU-
JecKYI0 Teopuio. BrepBre Takoil mojXo[ MCO0Ib30BaX Bolab-
reppa (1926), u ¢ Tex mop ero mpumepKUBaeTcA GOIBIIUHCTBO
9K0J0T0B. BakHO TOMHHATH, 9T0 5TO He eAUHCTBEHHNH TOIX0X.
Jlotka (1925), momMmmo gHcIeHHOCTH ocoDell pPasHBIX BH/OB,
paccMarpuBal B Ka4eCTBe BO3MOKHEIX IIePEMEHHHEX JHEPIHIO
JAHHOH DKocHCTeMH Ha pas3HEX TpoQuYecKHX YpPOBHAX, a
TaK:Ke pacupejeleHHe TeX INIM HHHX XHMHYECKHUX BeIleCTB
(Hanpumep, GUKCHPOBAHHOTO a30Ta). ¥ 3TOTO IIOAX0A TAK:Ke
HaOUIMCh [OCTe0BATENM; B WAaCTHOCTH, MBl paclojara-
€M [OBOJBHO OCHOBATENHHHMHU CBEleHHAMH I10 «DKOJIOTH-
9ecKOH pHepreTHKe», KOTOPHE RAIOT IpecTaBlIeHue He TOXb-
KO 0 KOJWYecTBAX DHEPTUU, 3aKIIOUEHHEIX B KayKABI JaHHBIH
MOMEHT B PACTeHHAX, PACTUTEILHOAMHBIX KUBOTHBIX, opra-
HU3MaX-IeCTPYKTOPax W TaK jallee, Ho U o0 WHATEHCHUBHOC-
TAX MOTOKOB DHEPIMM MeRIY YKasaHHRIMU yposHsamu. Ilora
ellle 9TH MaHHbe He BHIIMINACH B CTPOHHYIO NHHAMHYIECKYIO
TEOPHIO; AJIA TOTO 9TOOLI CO3TATH TAKYI0 TEOPUID, HY:KHEI
ypaBHEHUA, BHPA/KAIOUNE HHTEHCUBHOCTS MOTOKOB KaK QYyHK-
A Apyrux mepeMeHHHX. OfHAKO MEL SIBHO HaXo[uMCA Ha
mopoTe CO3MAHUA IUHAMHUKH DHEPTEeTHYeCKOTO HOTOKAa B 3KO-
cUcTeMax M APYTHX XHMHYECKHX «KPYyroBopoTax», M aTo Oy-
deT BaKHEIM BHJIQJOM B TEOPETHIECKYI0 3KOJOTHIO.

Tpernit Bo3sMoRHHN IOIX0[ 3aKI0YAETCA B TOM, ITOGHI
HPHHATH 3a CYM[eCTBEHHYI0 [IepeMeHHYI0 YacTOTH TeHOB B
‘mpefeNax BHHA, T. €. BHIOPATH Te ke IeDeMeHHbIe, KOTODHIe
JEKAT B OCHOBE DBOJIOIHOHHON Teopuu. Ha mepBmid Barisapg
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TaKOM IOAXO MOKEeT MOKAa3aThCs MOBOIBHO HEJICNEIM, TaK
KaK IIPM 9TOM cHcTeMa, u 0e3 Toro wepecuyyp CHAOMHAs HJIA
aHalu3za, eule Ooaee ycaoskusercsi, OgHako mojob6Hoe Bie-
gaTiaenne omubouHO. BBejeHne B 3KOJIOTMIO TeHETHIOCKUX
IepeMeHHEX ITOoTUYecKH oupasjgaHHo. Te uim mike cBoHcTBa
BUJOB (HAmpumep, TAN Pa3MHOKeHMs MM MATDAIAA) He cIy-
galilbl, 8 OPeJCTaBIAAIOT cob0 Pe3yIABTAT IBOJIIOIUM O/ BO3-
meficTBHeM ecTecTBeHHOTO 0TGopa. Tem caMEIM 5BoIOIMOHHA A
geopus HaKJa[HBAET M3BECTHHE OTPaHMUYCHHA HA Te CBOIi-
CTBa, KOTOPHIE 110 MEHbINeH Mepe YMecTHo, a HHOT/a ¥ HeobXo-
IEMO PacCMaTPUBATh B DKOJIOTAYECKOH TEOPHUH.

Ha mpakTmre mpegcTaBiserca BOSMOMKHKM BBECTH B 3KO-
JOTMYECKYI0 Teopuio mogo0Hbe 9BOTONUONHEE OrPaHAICHHA,
He faBag HM CTPOTHX (OPMYIUPOBOK, B TePMHHAX dYacToT
reHoB ¥ KodQPuUIMEeHTOB 0T60Pa, MOCKOIBKY BO MHOTHX CIY-
9asgx MBI BIpaBe JOOYCTUTH, 9T0 €Ciu 0TGOp GrarompHATCT-
ByeT KaKoMy-Ia6o QeHOTHMHY, TO HTOT (EHOTHI B KOHETHOM
cuere 3akpenurcsa. Hampmmep, Jlor [34] yreepmpaer, dto
napa ITAI TPOM3BOLUT TAKOE WHCIO SAMI[, TPH KOTOPOM UHCIO
BBUKUBIIIAX MOTOMKOB 0Ka3HIBACTCA MaKCHMAIBHEIM; 6OJBIIIH-
CTBO TEHOTHKOB COTVIACHTCA C 9THM YTBeD;KIeHHEM, He Tpe-
6yd [0Ka3aTelbCTB CYMECTBOBAHWSA TeHHEBIX Pa3iiuduii, BIH-
AMMUEX Ha 9HCA0 AWl  DBolee  ClHoKHBIE  IpHMEpPH
TAKOTO ;K€ Poja KacalTCs pacopedejdeHds 1[0 HHDIAM
[52; cTp. 167 n caen.] u OTHOCHTENTLHLIX IPEUMYINECTB TeHe-
TAYECKHX W (U3HOAOTMIECKHX CHoCo00B ajanTanud K Qayk-
TyanusaM yeaosmii cpenn [43, 46]. B sroii kemre s npuberaio
K TeHeTHIeCKOMY HOAXOAY LIPH PACCMOTPEHUH TepPUTOpPHU-
anpHoTo mosefenud (ri1. 12) m spomionmm orocmcreM (ra.11).

B. BzammopeiicTBaa ABYX BHAOB HIH CIOKHOCTD KaK TAKOBAaA?

Ilocne Toro kax B KadecTBe CYINeCTBeHHOH HepeMeHHO
IpUHATA YHACIEHHOCTH (Mau, cCKopee, IAIOTHOCTH) BHAa, HAM
Heo6XOnMMO CHeTaTh BHGOD MY IBYMSI BO3MOKHEIMH CTpa-
rerusamu. OpgHA cTPAaTerus COCTOMT B TOM, 9UTOOH chexarh
YIOp ma B3auMOJEACTBUS MELIY ABYMA (MIUM HECKOIHLRUMH)
BHiamMu, Upejfmoliarasg, 9TO BCe OCTAIBHBIe (QAKTOpH (T. e.
WIOTHOCTH APYTUX BHMIOB, KIMMaTtHiecKue GaKTOPH M T. 1.)
1ubo mocTosAHHB, Au00 MOABED:KEHHB CIAy4aWHHIM (GIAYKTya-
nuam. Taxkue nBa BHpa HA3HBAKT «M30JIMPOBAHHBINMMY U M3Y-
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93107 BJIMAHAE HA IIOBENEHUE ITHX (M30IMPOBAHHLIXY BUIOB
pasiImYHEX (GAKTOpPOB, HAIPUMED BO3DACTHOM CTPYKTYDHI,
TePPHTOPUAIBHOTO MOBEjeHUA, MMIpanuum u 1. m. Jpyras
¢TpaTerusd — C CAaMOT0 Hadajia paccMaTPHUBAaTh JKOCHCTEMY,
COCTOAMIIYI0 M3 MHO;KECTBA B3aMMOJeHCTBYIOMHUX BUHOB.

B ra. 2—6 mMu 6ymeM DpHAEPEUBATHCA MEPBOH U3 OTHX
cTpareruit, a B ri. 7—10 — Bropoit. Karoit mogxop oraskercs
follee ajeKBaTHLIM, MMpeJCcKas3aTh HeNIb3s, IHOCKOJIBKY 3TO 3a-
BHCHT OT OTBETa HA CJIEAYIOmuil BOIPOC: CBA3AHA JIH CTEHEHD
OPOSBISHNSA YCTORIUBOCTH MIM CTaOUIBHOCTH pealdbHEIX 9KO-~
CHCTEM C TeM, YTO B3aMMOJEHCTBHSI BHYTPH KayKIOM HapH
«M30JMPOBAHHBIXY» BHIOB TaKke BeNyT K CTabWIBHOCTH u
yeroitamsocT? IIpoTuBOmONoMKHAA TOYKA 3PEHUsI, BEIPaKeH-
Has, Hampumep, Jaromom [11], cocrout B TOM, UTO MO-
BeJeHHAe CHCTEMHl B T[EJIOM 3aBUCHT TIJIABHBEIM 06pasoM oT ee
CIOKHOCTH, a TOBefeHUe OTAENBHEIX BHUI0B OIpefedseTcs
moBejeHueM chcreMel. Ha 3Tor Bompoc mORa elme HeNIb3s
Iarb OKOHYATEJILHOTO OTBETa, XOTA B HACTOAMee BpeMA s
c4MTa, YTO TepBaA albTepHATHBA OAMW/Ke K HCTHHE, IeM

BTOpAS.

. Kaacenduranusa B3auMonedicTBHE MeXAY BUIaAMH

HenocpepcrBennnie BaauMomeicTBUsA Me/KAy OBYMSA BUa-
Mn yunoOHO pa3buTh HAa TPH KATeTOPHUH:

1. Kouxyperuus (—, —): Ka/KAe# H3 BHUL0B OKAa3bl-
BaeT mojaBiAlomee [eiicTBMe HA POCT APYToro BHAA.

2. Kommencaamsm (-4, +): Kamgeli U3 BUAOB YCKO-
psAeT pocT napyroro eumal.

3. Xummngecrso (-, —): opmE BuJ ((XUIMIHUK») IIo-
maBjifAeT POCT APYroro Buja (RepPTBA»); JREPTBA YCKODseT
POCT XMIIHUKA.

B cooTBeTCTBHM ¢ STUMH ONPEAEJEHUAMY B3aUMOOTHOLIR-
HAA XO3AMH--TAPa3UT WU DacTeHHe— PACTUTEILHOATHOS SKU-
BOTHOE CIeIyeT oTHeCTH K Tperbeit mareropumum. JdocrowHCTBa
5To# KIaccuUKAIUM — ee HPOCTOTa M JOrMdHocTh. OpHAKO

1 BaammopeiicTera tana (4-, +) 6oee OpHOATO HABKBATL CHMOKO-
30M, OCTaBJAA TePMAH «KoMMemcasimsmy miaf (-, O)-BsamMopeiicTBmH,
M3 KOTODHX OfWH M3 BUJOB W3BJIeKAeT BHIOAY, HE IPHHOCA ADPYTOMY
HE Bpefa, HHE NOab3u.— Ilpusm. ped.
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oHa WMeeT HEeJO0CTAaTOK, KOTOPOTO MHe He YHaloch usbe:rarh:
pasMHILIAA Haj OpEMepamMu (-, —)-B3aUMOJeHcTBHIf, M5
HEBOJBHO IpejcTaBisgeM cefe OpUMEpPH HCTHHHOIO XUIHM-
gecTBa, 4 He IapasuTu3Ma WIN B3aUMOLEeNCTBUI THIIA pac-
TeHHe-—PACTUTEILHOAHOe JKABOTHOE. IJTO 0COOEHHO Orop-
gUTeMBHO elme M HOTOMY, 9TO [0 CaMOTO HeTaBHEro BPeMeHU
OpHE DOATOTOBIE 6u0JOroB HX B 0OJBIIAHCTBE ClIydaeB ofyda-
au aubo GoraHuKe, 1EOO 300JI0TUHW; B pe3yibrTaTe HHA Te, HU
Apyrme o6RYHO He HOPOABIANH JIOMKHOTO BHUMAHMA K B3a-
EMOJIeHICTBHAM ME:KIY PACTEHHAMH M PACTUTEIbHOATHBIMY KU~
BOTHBIMH.

«llopmaBusaiomee» BO3mefCTBUE NOGKHO BHIPasKaTLCA IGO0
B OOBHINEHAW CMEDPTHOCTH, AHO0 B CHIIKEHHH POKIAEMOCTH;
TaKuUM ke 00pasoM, TOIBKO ¢ IepeMeHOH BSHaKa, MOMKHO
OPOABIATHCA «YCKOPAIOIee» BO3HeHCTBHE.

B osro#i KEuMTe s ypmeasio Topasmo Goiblie BHUMAHHUSA
XAOAAYECTBY, 96M KOHKYPEHUHN HJIN KOMMEHCAIH3MY, 0CO-
0eHHO ODHU PACCMOTPEHUM B3aUMOIeHCTBIA MEKY OTHEIbHEIME
pagaMu. IJT0 OODBACHAETCA BOBCE HE TeM, 9TO XHIHUIIECTBO
mMeeT Dojlee BaKHOE 3HaYeHHE, 9eM KOHKYpPEHNHUsA, a TOJABKO
TEM, 9TO ANHAMUKY SHCICHHOCTH XMIMHWKA ¥ KEPTBH HOHATH
TPynHEe, ueM IWHAMHKY [BYX KOHKYDHPYIOIIUX BHIOB.

Jd. Tunni yeroitunsocru

Jlargag KEWra moocBsmeHa TIaBHEM o06pasoM ycrofwm-
BOCTH CJI0KHEIX 9KOCHCTeM. B 9ToM paspee s BBey HeKOTO PEIe
TeDMUHE, KOTOPHE MNCHOAL3YIOTCA B JHaJNpHeHuIeM, W HaM
uM onpefexenud. Boaee monHo mpobiema ycrofiamBocTH pac-
emorpera Jlesoutmuom [47].

OcHoBHas MaTeMATHYECKasA HUIeA, KOTOPYI0 s 3mech HC-
NOJH3YI0, COCTOMT B TOM, 4UTO IOBeeHWE CHCTEMBI MOJKHO
OPeACTaBUTL C MOMOMIBI0 MHOKECTBA TPAGKTOPHIL B -MEPHOM
npocrpancrse. Tem, KTo He 3HAKOM C 9TOH ujeeH, OHITH MO-
JKeT, Jerde NPOYHMTATh cHadaka pasf. b ri. 2, rme oHa uc-
NONB3yeTcA MPAMEHHTEILHO K OHON KOHKpeTHOH sagave. llo
CYIMEecTBY COCTOAHME KaKoW-Inbo cucTeMBl B JA1000# MOMEHT
BDeMEHH onpefeNnsercs 3HAYCHUAME HEKOTOPOTO dHCIa Iepe-
MeHHHX Z, Y, Z,... OTHM TI@PEMEHHEIM 0OHTHO COOTBETCTBYIOT
WIOTHOCTH BHIOB, BXOAAMMX B cmcTeMy. Torma cocrosHme
CUCTEMEI MOKEeT OHITH HPEICTABICHO B BUNE TORKH B R-MEPHOM
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$a30BOM IPOCTPAHCTBE, TAE 7N — 4ACIO NepemedHbIx. Hawk-
M0l TOYKe TAaKOIL0 IIPOCTPAHCTBA MBI MOKEM COIOCTABUTH
BEKTOD, WK CTPEIRY, YKA3EIBAIOUIYIO HAPABJIEHHE [IBIKEHUS
cuctembl, CoefUHUB DT BEKTOPH APYT C APYLOM, MBI HOJYIAM
TPaeKTopuK, KOTOPHE AAI0T IpelcTaBlenue 0 MOBeIeHHH CHC-
TeMbl B TeYeHMEe JJINTeJIHHOTO BPEMEHH.

Taxas cxema npurojHa JHAIE B TOM CJIydae, eClIHl ¢ Kaji-
IO TOUKOH TPOCTPAHCTBA CBA3AH TOIBKO OJMH BEKTOD. A aTo
03HAYaeT, UTO MLl [OJ/KHH BHOUDPATH MePeMeHHbe, HOCTa-
TOYHHE JUIA ONN03HATHOTO ONpefeleHus moBefeHus. [lomyc-
THM, 9TO HaC WHTEepecyeT IepeMelleHHe HEKOTOPOTO Ipy3a,
KOTOPHIH  MOsKeT JBHIaThCA TOJABKO NG HPAMOH JHENH
1 KOTOpHIA mpuBasan K npyskude. Ilomomkenme storo rpysa
B KaKAEIA JAaHHHE MOMEHT ONpeJeNsaerca ¢ IOMOHIBI0
OJHOW mepeMeHHOW 1, YKa3bBaoIledl paccToOAHHE OT Ipyaa
40 HEKOTOpo# HenoxBM:KHOW Touru. OpHako 3maHHS OfHOH
IUIMb T HeJoCTAaTOTHO IS TOoTo, 9ToOB IpemcKasaTh, Kak
fymer maMeHATHECA x B Ouammaiimiem Gymymesm; 9To0B MMeTH
BO3MOHOCTh IPEJCKAa3aTh 3TO, Mbl JO/DKHB TaKke 3HATH
CKOPOCTE V. 3HAHKMA I U U JOCTATOTHO A TOTO, YTOOH OIpe-
TeJUTh  mocieqyoImue  3HAaYeHHA KaKk z, Tak # U;
BeMIMIHNHY YCKOPEHHWA HAM B3HaTh He HYJKHO, IOCKOJBRY,
3HAA Z, a TakKe CBOMCTBA NPY:REAH U I'Py3a, MH MOKeM ee
BRITACANTE. 'Torjga mociefyolfee IoBeldeHHe HaIIero Tpysa
MOMKHO IIPe[CTABHTH B BHE TPACKTOPWH B JBYMEDHOM (Z, V)
npocrparcTBe. TakaM 06pasoM, COBOKYIHOCTH BeJIWUYHH I
U v [0CTATOYHO, YTOOK OIPEeNNTh ITOBENeHHWE, TOTJa Kak
3HAHHA OHOH JWMb BEIMYHHH z AJf 3Toro Majio. Hak 6y-
JeT MOKAa3aHo B IJ. 3, 3HAHUA ILIOTHOCTe#R Z, U,... BHJOB,
06pasyoIMux HeKYH DKOCHCTEMY, OORIIHO HEJOCTAaTOUHO IJA
ONpeNlelIeHHA € IMOBEIeHAA, XOTA OHE MO3BOJAIOT ONIPeeTUTh
ToBefeHHe MPOCTHIX MOfeNell, paccMaTPUBaeMblX B I, 2.

T'duka nokos (WM nOAONCEHUE pagHosecus) — DTO TOUKA, C
KOTOpoil CBA3aH BEKTOp, HMEMHN HydeByw jinHy. HEMA
CI0BAMH, €CIIH CHCTEMA B JAHHHIH MOMEHT BpeMeHU HAXOMHTCH
B TOYKe IOKOMA, TO OHA OCTAHETCS B dTOHM ToUKe U B CJIEAYIO~-
HHA MOMEHT.

Toura moroa MoKeT OGHTh yemoliuugol WM HeYcmouuueoi.
Eciu cmcrema, Gynydm BhiBefeHa M3 MOJOKeHNA PaBHOBECHSA
MOKUM MaJIHIM BO3MYIIEHMEM, BHOBH BO3BPAIIAeTCA B BTO MO-
N0sKeHnre, TO TaKoe MOJOKeHUe PaBHOBECHS Ha3BIBaeTCA ye-
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TORYMBEIM, HIH, TOYHee, JOKAAbHO Ycmotuuswim. KEcium e
cueTeMa, OyAyun BEIBefeHA M3 IOJO;KEHHA PABHOBECHH, LIPO-
NOIKAeT YRATATHCA OT Hero, TO TaKoe I0J0;KeHue Ha3hBa-
eTCA HeyCrolYmBBIM.

Pme. 1. Cucrema ¢ ycroitamsoit (4) m meycroitgmsoit (B) ToYKamu
pasHOBecusn [58].

JlaHHafA muUarpaMMa OINCHIBAET IWHAMUKY 9aCTOT P, P’ OAHOrO T€HA B ABYX HaMAX,
Haxopgsmerocd non peficTeumeM orfopa Ha MecToobuTanue,

llpenmonossum, urto cmeremMa W3 M0HOro HAYANBHOTO IIO-
JokeHUA (OpU YCIOBHM, 9TO HM oOjHA M3 I[IePEMEHHLIX e
PaBHa HyIo') aBmeTcA K omHOH ompepeleHmoll Touke 1o-
KOA; B TaKOM CIy9ae TOBOPAT, YTO TOYKA I[OKOA 2400aAbHO
yemotinusa. Ha puc. 1 mzoGpamerna meycrofiuuBast TogKa mo-
kog L u touka mokos A, ofnagmammias omupenedenunoit o6-
TacThi0 YCTOMIMBOCTH, HO He TaobaabuHo ycroiiumbaa. 06-
TacTh $asoBoTo mpocTpaHcTBa, U3 KOTOPOH cucTema Oyuer

1 9ra oroBopKa cupapelJadBa 1e NS JMIOGHX JUHAMHAYECKAX CHC-
TeM, a JUIUb IJIA H30JAPOBAHHHX DKOCHCTEM, IIOCKOIBRY, €CIH TUCIeH~
HOCTH HEKOro BHJA B TAKOH cHcTeMe DABHA HYJI B HCXONHHI MOMEHT,
TO OHA OcTaHeTCA TaKoBOl M B pannHelmeM. — ITpum. ped.
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BO3BPAIaThCA B TOUKY A, HaskBaeTCa 004aCMbl0 RPUMAHCE-
Hus TOYKH A; 3Aech HeBOJIbHO HAUPAIINBAETCA AHANOTHA
¢ JamamadToM, Ha KOTODPOM BIAJWHEL COOTBETCTBYIOT YCTOI-
YUBHIM TOYKAM, & BOBBHIIEHUS — HEYCTOMYUBHIM, W IOBEIe-
HEEe CHUCTEMBI MOREeT OHITH I PEJICTABIeHO KaTAMUMCH IaPAKOM.

Bpemst : Bpems
Puc. 2. YeTHpe BO3MOMHEIX THIA IOBeAeHAA BOMU3M TOIKH PaBHOBECUA.

A. Pacxopaimmeca kodebannsa. B. 3aryxawmue konebanua. B, JKcHoHEHOHWANLHOE

npubnuKenne K paBHoBecuio. I'. OKCIOHEHNUANlbHOE YAajieHMe oT paBHoBecmA. Ha

BCEX YeThIpeX TrpadHKax CHJIOIIHOH NuHEEeH mMoKasaHA MepeMEHHAA, a NPEPRIBHCTOU
JIMHNEt — ee paBHOBECHOE 3HAYEHUE.

C MaTeMaTH9eCKOH TOYKH 3DPEHHMsA Jerde BCero HM3y7aTh
JIOKAJIBHYIO YCTOWIHBOCTD TOUKHM HOKos., PaccMaTpuBas Todb-
KO HeGoJNpllIne CMEIIeHWs OT HOJOKeHNsT PABHOBECHA, MOKHO
JVHEaPU3UPOBATh YPABHEHWS H TeM CAMHM ONPEleIHTh HX
moBejeHne. ITO IOBEEHHE OTHOCAT K OJHOMY M3 YeThIpex
TUIIOB: PacXofsmuecsa KolebaHuaA, saryxaomue KodebaHus,
OKCIOHEeHI[MAJIbHOE NPUOIMKEeHNe K DPaBHOBECHIO H HKCIO-
HeHIUaJbHOE YIaleHHe OoT paBHoBecHsa (pmc. 2). Pacemorpum
IPOCToe PEKYPPEHTHOE COOTHOIIEHHE:

Xn+1:XE+k<Xn_XE)‘ (1)

Ono gaer Ham 3HadeHme X,,, nepemeHHod B (n 4+ 1)-m
TIOKOIEHNH, BHIPAKeHHOEe depes ee 3Hauendme X, B N-M mo-
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KOJIGHHH, & TaKsie depe3d mocTosArHble X u k. flcHo, uto pas-
moBecuoe 3Hadenme X, = Xp . Ecam sanmcate 310 cooTHO-
menune no-uHOMYy, X, = Xg -+ z,, To ypasuetue (1) mpm-
MeT BHT

Ty =k, (2)

rie I, CAYKUT Mepoll pasaudust MesKAy ACTHHHLIM 3HAUSHU-
emM X U ero paBHOBeCHHM 3HadenmeM. B TakoM cayuae,

ecin k << —1, TO HNPOUCXONAT pacxopAamueca Koseba-
mus (PR);

ecan —1 <k < 0, TO OPOMCXOJAT 3aTyXalolue Kole-
Oauun (3RK);

ecim 0 <<k << 41, T0 TPOUCXOOUT BKCIOHEHIIMAILHOE
opunbamskeHne ¥ paBHoBecuio (III);

ecan k > -F1, To OpOMCXOAMT 3KCIOHEHIMATLHOE yia-
JeHue 0T paBHOBecus (IY).

WNusivu cioBaMu, ecid 3HadeHne k MOHOTOHHO M3MEHseT-
€f, TO TOBefeHNWe CUCTEMHl IIpeTepueBaeT npeobpasoBaHue:
PH — 3K — 311l — 3¥Y. Ecau ucxojgmoe 3HadyeHme %k co-
OTBETCTBYeT ycroiiuuBoil obmactu 3H mam 311, To nsmene-
HUA k, HeoOXomMMBle M BOSHMKHOBEHWS PACXOJAMUXCH
KoJebaHU, TPOTUBOMOIOSKHEI 10 3HAKY TeM, KOTOPHIe BHI3H-
BAaIOT 9KCHOHEHIMAIbHOE yHaJdeHUe OT paBHOBeCHs. ITO 3a-
KI04YeHHe CHPABEIJINBO I PeRYPPeHTHOrO COOTHOUIEHUA
< ONHOU TWepeMeHHO#, a He OIS CHCTeMH ¢ 74 IePeMeHHBIMHU,
OnuCHBaeMol n muddepeHMHATbHEMEA ypaBHeHmAME. W Tem
He MeHee CIeJaHHEIE TARKUM 06pa3oM B3aKIOUEHUs IPHIO-
AUMH 10 HEKOTOPO# CTelmeHU M K CIOKHRIM cucteMam. Boanm-
3H TOYKM TMOKOA BO3MO;KHHI T€ ;Ke CaMble YeThipe THIIA TOBe-
nerma. I coskanemmio, eciam M3MEHATH KO3(PPMIIMEeHTH B
ypaBEeHUAX (T. €. MBMEHATH OTHOCHTENbHbE 3HAYeHHs pas-
JIMIHEIX B3aWMO/eficTBHIA), TO HOCIEMOBATEIBHOCTH HPeol-
pasopamnit PH — 3H — 3II — 3Y wue coxpamaerca. Op-
HaKo B ¢Jydae CHCTeMHl ¢ YCTONYMBHIM IONOKEHUEM pPaBHO-
Becua HepefKO OKa3pBaeTcs, UTo M3MEHEHMs, KOTOpHeE He-
00X0MM0 IIPOU3BECTH B TOM CUCTEME [IIA TOTO, YTOOBI BEI3-
BaTh pacXofgamuecs: KoaeGaHus, NPOTHBOLOJG/KHEL TeM,
KOTOpble HEOBXOQUMH JIJIA TOTO, YTOOH BLI3BATH BRCIIOHEH-
OuanbHOE yaaleHne ot pasHoBecusa. Oamd u3 mogo0HBIX IPH-
MepoB nmpuBeleH Ha puc. 24. Ba:kHoe 3HaueHme B3TOTO
o6cToATeNBCTBA cTaleT ocobeno scueM B 1. 10. 3ech cie-
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AyeT, OfHAKO, YKA3aTh Ha ofuH oOIuUI MOMEHT: Kak Mbl y6e-
TUMCs, KOHKYDeHTHbIe B3aUMOJIeiCTBHA BHI3BIBAIOT HeYCTOH-
TABOCTH, COOTBETCTBYIONIYIO DKCIOHEHIMAIBIIOMY YaleHHio

«

x

Puc. 3. Iloenenme, cofepskamee DPeNelbHLIT IHKI.

OT paBIOBECUS, a B3AUMOJEUCTBMA  XUIMHUK—KePTBa
TMPUBOAAT K IEYCTOHYMBOCTH KoJe6aTeJbHOro THIIA.
ITHMH UYETHIPHMS KATETOPHAMH KCUSPTILIBAIOTCS THIIBI
IOBeJleHNsA, BO3MOKHbIE /I JIRHeHHEX cucreM. OpHAKO Ju-
HeliHEEe ypaBHeHHA aNeKBATHO ONMMCHBAIT IOBEHeHHME CHC-
TeM JIUIIh NPA MaJHX OTKIOCHEHHAX OT IOJOKCHHI pPaBHO-
Becusn. Has ommcanumsa 6Godee CIHOKHLIX THIOB IIOBEICHUSA
npuXxomurca mpuberath K HeluHelHRIM cucTeMaM. HauGomee
HHTepecHOe W3 HUX -— IHOBefeHHUe, cojiepsramee npedeibHblii
yuka. Ha puc. 3 morxazano mopo6roe mopegenue B GBYMePHOM
dasoBoM mnpocTpaucTtBe. BmecTo TouKm paBHOBECHA B3eCh
nMeeTcsaA YCTOWYMBHIE LUKI, T. e. KolefaHuAa ¢ IOCTOAHHOM
aMILIUTYA0H, TaK 9YTO €CJAM B HAYAJBHLI MOMEHT CHCTeMa
HAXOJIUIach B TOYKe, Jejkamiedl BHE IpPeJIeJbHOTO IMKIA, TO
aMIOMUTYa ee KoleGaHuil yMelrbmIaeTcs, a ecju olla IIaxo-
auIach B TOUKe, Je;kamell BHYTPH IHUKIA, TO AMIIUTYXA
ee KojefaHuil yBelmuumBaeTcA [0 TeX HOP, MOKa He 6ymer
JOCTATIIYT yeToiumsmit tura. Taxmm o6pasod, cucrema
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MOJKET MMeTh HeKHMH YCTOHYHMBLIH THI NIOBEAEHHsA, M TeM He
MeHee HU 0/IHA 13 IeDeMeHHHIX, OXPe/IeJAIIHKY ee COCTOAHNE,
e Oyjer UMeTh IOCTOSIHHOE 4HMCJeHHOe 3HAYeHNe,

Bropas npuumHa, 10 KOoTOPOHl XapAKTEePACTUKH JAMHAMHU-
9eCKM YCTOMUMBOM CHCTeMEl He BCerga OCTAIOTCA ITOCTOAHHE-
MU, BAKITI09AeTCA B TOM, 9TO TaKas CHCTeMa HeXPepHIBHO HC-
IOLITHIBaeT BO3MYIIeHusI N3BHe. B aTom cirynae BepoaTHnI He-
peryispHsle KoleGaHHA (AKTHYeCKUX BEIMYUH BOKDPYT HUX
PaBHOBECHBIX 3HAYEHMIT.

Bce TepMuUHE, ymOMUHABIIFECS A0 CUX IIOD B 9TOM pas-
mexe, MMeIOT CKODee MATeMATHIeCKHE, TeM DKOIOTHICCKHT
CMHICT; OHH OTHOCATCSA K CBolicTBam Mopeiel, a He K CBOH-
CTBaM peaJbHHX 9KOCHCTeM. B 3aKiIioueHHe BBeleM [Ba
TePpMNUHA, OTHOCAMHMecA K HabaiomgaeMbniM CBOMCTBAM peajib-
HHX BKOCHCTeM. JKOCHCTeMA MAKCOHOMUUECKU CMAGUIbHA
(taxonomically persistent), ecau coctaB BxoAsmux B Hee
BUIOB OCTaerCs HEHM3MEHHHIM B TeUCHHE [JIATEIBHOTO me-
puoga BpeMeHH (HAupUMep, AJIUTEIBHOrO IO CPABHEHUIO C
BPeMeHeM JRU3HH OJHOTO HOKOJIEHMA [JaHHOTO BHHA); 9KO-
cucreMa dJuHnamuuecku cmabusbre (numerically persistent)?,
eCJIW OTHOCHTeNIbHAas YHUCJIEeHHOCTH MpeACTaBUTeNed pa3imi-
HHIX BHOB B Te9eHHE AJUTEIBHOTO BpeMeHHM JImbo OCTAeTes
HeM3MeHHOH, JuGo peryisipHO Bo3Bpamaercsi K OJHOMY X
TOMY ke cooTHomenuo. CoBePINIEHHO 09eBH/HO, 9TO cTAOUIb-
HOCTbH B BTOM CMEICIE — CBOHCTBO OTHOCHTENLHOe, a He ab-
CONMIOTHOE; HH ONHA DKOCHCTEMA He MOsKeT COXDAHAThH CTa-
6HIbHOCTH B Teuenue GECKOHETHO JOJIrOro BPEMEHH, OXHAKO
HeKoTopele M3 Hux 6ojee crabMIBHLI, 9eM JPYTHE.

f1 uwmgero He ckrazad 006 OJHOM BO3MOKHOM THIE IOBe-
JeHUWsI — 0 TAaK HA3KBAEGMEIX KOHCEDEAMUBHBLT KOLEOAHUAT,
T. €. KoJAe0aHUAX C MOCTOAHHON aMIUIATYX0M, 3aBUCAIIEH OT
HavYaJdbHLIX ycaosuit (pmc. 4). HecMmorpsa ma cyniecrBoBamme
nupdepeHIUATHINX yPaBHeHn (Hanpamep, d?z/dt? + ar =
= (), omHCHBAWINHX TaKoe NOBEfeHHWEe, IO PAXY HPHUAH
HeIb3sl OKUIATh, IYTO MLI BCTPDETHMCH C TAKHM HOBefeHHeM
B peaxbuoM Mupe. Eciu H3MeHHUTH COOTBeTCTBYIOINee ypaB-
HeHme, npubaBUB K HeMy IPOM3BOALHYID OyHEIUIO ¢(X),

1 3xech ¥ Be3fe B nanbHeiimeM stable mepesogurcsa Kak ycTOHIABHM
B CTPOTO MaTeMaTHIeCKOM CMEICJIe, persistent — xak cTabmILHHE B
PacmiInBIaTO SKOJIOTMIeCKOM CMEICHe. — Ifpum. ped.
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YMHOMKEHHYI0 Ha He0OMBIIY0 KOHCTAHTY €, TO OHO HNpPHUMeT
Bug d3z/d¢? + az+-ep(z) = 0. I10 HOBoe ypaBHeHue yae
He CHYMRHUT oHucaHmeM Kolebaumuii ¢ mocToAHHON aMmIATy-
noi#; 0HO cooTBercTByeT aubo zaryxaiommM, amubo pacxops-
muMes KoldebamusaM. [[mHaMu"eckas cHCTeMa, OMUCHIBaeMAas

y

Puc. 4. Komcepsatuenoe KoneGanme,

ncxomHeM  ypaBueHuenm, d2x/d¢? - axr =, HasmBaerca
CMPYKMYPHO HeYycmolnugont, MoToMy dUTO CHKOIb YTOMHO
Majloe IIPOHU3BOJbHOE H3MeHeHme ypaBHeHHWI TOBJiedeT 3a
cofoli umaMeHeHHe Bcell TomoNoruum TpaeKTopud B (aszoBoM
npoctpancTBe. CoBepmeHHO ACHO, 9T0 HAaM BpPAA Ju HpH-
JieTcA BCTPETUTDh TaKWe CUCTEMH B MPHpoOTe.

E. Croxactrueckne u JAeTePMHUHHCTCKHE MOelIn

BoapmmuacTBo paccMaTpuBaeMBiX B KHHUTe MOofiedell fAB-
AA0TCA TeTePMUHUCTCKUMU. ITO AOJMHO MMETh KaKkHe-To
OCHOBaHMSA, KOTOPHIE MBI M IOIIBLITAEMCA cefigac U3I0;RUTh.

1 B oTedecTBemHOM AnTepaType IS TAKAX AWHAMHIECKHX CHCTEM
MPUEAT TePMUH «HeI'pyOnle cucteMbly, — Ilpust. ped.
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YgraTeldaM, He3HAKOMEM ¢ MAaTeMAaTUYOCKON dKOJormel, MbI
HACTOATEIBHO peROMEHAyeM IPOINYCTHTh 3TOT pasfesa =n
BEPHYTBHCA K HeMy JWIIL HOCJAe OPOYTEeHMsI BCell KHATH; TOTa
ero MOKHO GyHer OPUHATHL B KAadecTBE PeTPOCHEeKTUBHOTO
060CHOBAHHAA.

CymecTByOT [ABa aCIeKTa, IO KOTOPHM [IeTeDMHHHCT-
CcKas MOJelb He MOKeT CIY;KATh TOYHRIM OTPaKeHAeM peasb-
HHIX SKOJOTHMIECKHX CHCTEM: BO-UEePBHIX, OHA [ONMYyCKaeT
fecKoHEeTHO GONBINYI0 IACIeHHOCTEh MONMYJAIIAHA; BO-BTOPHIX,
OHA He YIUTHIBAGT CIAydallHhX KoJdeGaHmil, TPOHECXOIAMBX
B cpege Bo Bpemenn. Ceiiuac M o6cynum ofa sTH MOMEHTA.

B =xawecrBe mnpummepa JeTePMHHHCTCKON dKoJOrmYec-
KOU MoJelm pacCMOTPHM ypaBHEHHE

dN/dt=aN, 3)

rge N — uwuciao ocobeli B MOMEHT BpeMeHHd f, a & — HWCTHE-
Has CKopocTh pocta (intrinsic rate). Pemennem aToro ypas-
HeHws cay:mut gysxuma N == Ne?. VYpasserme (3) oc-
HOBAHO Ha JONYIEHHH, 9TO 32 KOPOTKHH IPOMEAKYTOK Bpe-
MeRm A! Rampjas oco0b moposkjgaer aAf HOBHX ocobeidl. B
COOTBETCTBYIOMEH CTOXACTHIeCKOW MofieJu NPHHHMAETCH
6osee mpaBgonogobHoe AomyIleHHe, COTIACHO KOTOPOMY 3a
nepuox Af omHa ocobb ¢ BepoATHOCTHIO aA! DPOW3BOIHT
OJHOTO IIOTOMKA W ¢ BepPOATHOCTHI 1—aAl He HPOU3BOJHT
HI oxuoro. [IpuHsAB aTH momymieHmsi, mpeACTaBIAETCA BO3-
MOKHEIM [5] BHUMCIUTH BEPOATHOCTHOE PpacHpefeleHme
9ACIeHHOCTH IOTOMCTBA B MOMEHT BpeMeHH !, a cClIeIoBa-
TEIbHO, W CPEIHION YHCIEHHOCTh MONYJIAIHUN

N = Njed
U Tak;ke JUCOePCHI BeJIWIHHE N
__ N a2 -
var (V) = N e? (1 —e9).

Hducnepcust peamumuel N cIy:utr mepoit pasindus duc-
JeHHoCTeH MAEHTHIHBIX MOIYIAIKH ¢ OqHHAKOBOH HCXOMHOHT
qnciaeHnoctbio Ny, O0paTure BHUMAHHMe Ha TO, 4TO CpejHee
8HageHue [N COOTBETCTBYeT BeJUYINHEe, KOTOPYIO JaeT neTep-
MEHUCTCKAA MOjeldb, U 9T0, MOCKOJbKY [ —> oo, Koadpduun-

1 ~
eHT Bapuanuu Beamumue N, papupid [var(V)]* /N, crpe-

:‘
Murca k N, *
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Cremosarensno, ecim N, BeIHKO, TO JeTePMHUHHCTCHAsA
MOIeNb JaeT ajeKBAaTHYI0 KAPTHHY IOBejeldA MOmYJIANuu.

HpeumyimecTrentoe MCIOIb30BAHAE [GeTePMUHHCTCRUX,
a He CTOXAaCTUIeCKMX Mojeliefl ompaBAaHO JUIIh TeM, YTO B
MareMaTHiecKoM oTHomreHuEm oum ymobuee. Ciaegyer Bceria
TOMHHTH, 9YTO €CJH JeTePMHHHCTCKAsA Mojelb IpPefCcKasbl-
BaeT MePHOJUIECKHe CHUKOHNA YHCIEHHOCTH OJHOTO WIH
HECKOIBKHX BH0B, TO COOTBETCTBYIOIAasg CTOXaCTHIECKAas
MoJlellb TPe/ICKajkeT HEKOTOPYIO UOJORUTEIBHYI0 BEpOAT-
HOCTH BHIMHDaHUsA o9Tux Bupos. OO6IMee gomyinenue, OPUHHU-
MaeMoe B 3TO# KHUTe, COCTOUT B TOM, YTO €CJIH JieTepMAHUCT-
CKasg MoJellb CBUAETeJHCTBYeT 00 YCTOHYWBOM DaBHOBECHH,
TO COOTBETCTBYIOINAA CTOXACTHYECKAs MOJelb TpejcKaskeT
JIUTeNbHOe BBLKMBAHHIE; €CIH K€ J[eTePMHHUCTCKAs MOJelb
He BHABIsEeT PABHOBECUS MJH IIPe/CKA3bIBaeT JUITH HOYCTOMH-
9uBOe PaBHOBECHE, TO CTOXACTHYECKAs MOJEABb HPeJCRasKeT
BHICOKYI0 BEPOATHOCTH BHIMHPAHUS.

Hpyroil HeOCTATOK [ETePMUHUCTCKUX Mojeleill COCTOUT
B TOM, 9TO OHH IpeHe6GperaioT CIydaHbIMU U3MeHeHMAMU
cpeppt. OpgHaKo HMCOOIB30BAHME MOjeNeH, IOCTPOEHHHEIX C
y4eToM 9THX CIHYYIafHBIX HM3MEHOHHH, ¢ MaTeMaTHIeCKOM
TOUKHU 3PeHUsA dYPe3BHUANHO BaTPYAHHTEIbHo. YHTraTensaM,
CepPbe3HO UHTePeCYIMHUMCs 3Toi npobieMoil, A peKOMEHAYIO
obpaturhbesa K pabore Maa [53], rae oma mogpobHO paccMoT-
peHa. 37echk sKe A OrPAaHHYYCh JUIIL KPATKUM U3IOKeHUeM
ero paboTH.

pocreitmas Mofeasb, cooTBeTCTBYIOMAS ypaBHeHAO (3),
UMeeT BIUJ

dN/dt =[a + y ()N, (4)

rae y(f) — cayvafiHas BeJHMYMHA CO CPeJIHUM 3HAUEHHEM,
pasubM HyI10. Byges caurars, ato y(¢) — 910 «Oedblit TyMY,
T. €. 9TO UPU KaRmOM ¢ ciaydaiimbie Beauauubl y(f) HUMeIOT
OJTO0 U TO jKe paciupefe’eHne H Me;RAY QIYKTYanHAMH B
[OCIe/0BATEIHHBIC MOMEHTH BpeMeHH HeT Koppexsanun. [o-
nyizenue 06 0TCYTCTBUA CepraibHOR KOPPEIANUA IPecTaB-
asercs HePeaJuCTUYHBIM, HO B CYIIHOCTH OHO JHIIb 03Ha-
4aeT, 9T0 GIAYKTyanuu KOPpeampyoT Me:KIy cofo#l TOIbKO
Ha IPOTAKeHUH MePUo0B, KOTOPhle HeBEJINKH 110 CPaBHeHUID
C JPYTUMH CVIHeCTBEHHBIMH BPOMEHHLIMH IapayeTpamu
cucremsl (Hampmmep, 1/a).
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BepoATHOCTHOe pacmpejieleHne BeJIWIMHEL N UMeeT cpeji-
fee 3HAUYEHHE

A

N = N, exp (at),

paBHOE COOTBETCTBYWOMEMY 3HAYeHMIO B OTCYTCTBHe (IyK-
Tyauue QaxTopoBn cpegw. Ilmcmepcms N 3agaerca ypaBHe-
HEEM '

var (N) = Njexp (2at) [exp (%) — 1],

rae 62 — pucuepcus y(f). Orcoma
1 1

fvar (N)]2 N = [exp (o%) — 1] ?

Taxum o6pasoM, ¢ TedeHEeM BPEMEHH KOIe6aHUsA THCIIeH-
HOCTH HONYJISIIUA CTAHOBATCA GoJee PeSKUMME; BTO OTpaykaer
T0 00CTOATENILCTBO, UTO HeTePMUHUCTCKAs cucTema (3) He
HMeeT CTAIMOHAPDHOTO COCTOSHUS.

Haxonen, Mo:kHO IOKa3ark, 4To ecjad o2 > 2a, TO Be-
POATHOCTS BHIMUDAHUA CHCTEMH OPHOIMKAETCA K eIUHHIE
npu ¢t — o. B pesynpraTe MH IPHXOAAM K CTPAHHOMY BHI-
BOJYy, Y4TO IPH [OCTATOYHO CHMILHBIX KoieDamusx PaxTopoB
cpeasl HOUYIANNA, MUCIEHHOCTH KOTOpoil, Kazamgoch OH,
JOIKHA BO3PAcTaTh, TeM He MeHee B KOHI[e KOHITOB oOpedeHa
Ha BoiMmpanme.  TaKoMy ke BHBOAY upmniid JIeBoHTHH u
Roou [48] pus cmcremsr, ommcrBaeMoil ypaBHeHUEM B KOHEY-
HEIX DPasHOCTAX.

O6partmmces Temeph K OZHOBHJOBHM CECTEMaM, I KOTO-
PHIX [eTePMUHACTCKHUI BapHAHT MOAENH JeACTBUTONBHO HMEET
yeTofiduBoe mosio;keHme paBHoBecusi. G ydueTom (ayKrya-
THI cpefsl TaKasd CHCTEMa ONKCHBAETCS YpPABHEHHWEM, HMel0-
muM B o0meil ¢opye BHE

AN/At = g N, yi(t), Yo (®)sors Yp(®)ron],

e y(t), ..., yp(t), ... — mapaseTps cpempl, BO3MO;KHO CO-
Jdepskamue Gednit mym. [laa Takoro ypaBHeHHs Hepelko
B KOHEYHOM CYET€ MO;KET OBITH JOCTUIHYTO YCTOHYHBG-paB-
HOBecHO€ BEPOATHOCTHOE pacIpejellcHHe, He3aBHCHMOe OT
t. 9To ycroHUMBO-paBHOBeCHO€ pacmpefelleHHe B CJIydae
CTOXACTHIECKOE CpeJLl COOTBETCTBYET YCTOMUMBOE TOUKE
WOKoA [JIa JAeTePMHUHHCTCKOK Cpepm.
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Meto;; BrYUCIeHUsI PABHOBECHOT'0 BePOSATHOCTHOLO pac-
mpeelienns, ecld TaKkeBoe cymmecTsyer, maer Humypa [29].
Kax morasan JleBunc {44, 45], o6muit sddekt Payrryanmit
$aKTOPOB cpeAb TPHBOAUT K eme 6olpuieMy CHH;KEHHUIO
MIOTHOCTH TOOYIANNE, 9eM 9T0 Obil0 6Bl B XeTePMHHHUCI-
CKO#l cpenie, a ecium 3TH QIYKTyallMd MOCTATOYHO pPE3KHU, TG
H K BEIMHDAaHUKN.

Moait [63] paccmMaTpuBaer 3aTeM BIHMAHHUE CIYYaiiHLIX
BO3MYIIEHHUE B OKPY/KaOMeH cpeie HA BKOCUCTEMY, B COCTAB
KOTOPOH BXOXHT m BUAOB € IJIOTHOCTAMH Ny, ..., Nn.
B pgerepmunucrcroi gopme monobuas curyarnus Mo3keT OHTH
onmmcaHa CHUCTeMOR ypaBHeHUIi BHUia

AN /dt = F;(Ny, Ny, ..o, N,

rme ] =1,2, ..., m.

B rxn. 10 6ymer mokasamo, 9To .moBegeHNE TAKOW CHUCTe-
MBI 3aBHCHT OT MAaTpuusl A, pasMepHOCTH m X M, COCTOs-
med 13 2JeMEeHTOB ¢ j;, ONNCHBAIOMIX B3aUMOTEHCTBUS Merk-
oy BHjpamMu. Ecau Bce coOCTBeHHBIe 3HAYEHHA MaTpHip A
UMEIT OTPHUIATeNbHLEe NeHCTBUTENbHEE YacTH, TO CHCTeMa
ycTod4uBa.

B croxactuueckom BapmaHTe 3TOH MOJENM TPEATIOAArAET-
cd, 9T0 Ko03QPUUMeHTH B3aUMOLEHACTBUSA MEKAY BHUIAMH
mojBepseHsl  CAYIaiHBIM QAYKTYanuaM, Noao6HO BexH-
4iHe ¢ B ypaBHeHnH (4). CymecTByer am fis TaKoW Mojeal
YCTOMYMBO-PABHOBECHOE BEPOATHOCTHOE pacumpeje’eHue?
OxaseiBaercs, eciu QIYKTyaluu He OYeHb BEJHKH (B KaKOM
AMEHHO CMBICIe — 6yjer yKasado 4yTh HILUKE), TO YCI0BHA
HIA YCTOHYMBO-PABHOBECHOTO pAaCHpeereHNs WIEHTIYHBE
YCIOBHAM JIJIs YCTOHYHUBOrO paBHOBEeCHs B cjydae JeTepwu-
HHCTCKOH MoOJeJad; WHHIMH cioBaMmu, Marpura A pmomdwmHa
6uTh ycTofiumsa. I'py6o roBops, sTH OrpaHumyeHus COCTOAT
B TOM, 9TO

2 > 1

* L a, (©)

rie 0 ecTh Hexas OleHKA [Jsi AMCIEePCHUd M KOBapHAlnjl

QAyKTyanui KoaPUUUEHTOB B3AaUMOLEHCTBUA, a @ — TH-
NU9HAA BEJMIMHA MATPUYHBIX BIE€MEHTOB d jy.

Jra Ba:KHag TeopeMa, Ho cJIoBaM Mpas, DpeicTaBiser

co0oil CymecTBeHHEI apryMeHT B MO.Ib3y NPUMEHEHUA Je-
TePMUHHUCTCKHUX Mojesel.
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CACTEMBI XMIHIK—KEPTBA BE3 YYETA BO3PACTHOH
CTPYKTY PbI

A. IKCHOHEHITHAJNBHBIA ¥ JOrMCTHYECKHH pocT

B »To#t r1aBe s paccMaTpuBal0 MaTeMaTHYECKUE MOMOENIH
pocTa NOUYIANMHE ¥ B3aUMOAEHCTBHA XUIMHUK-—;KEPTBA,
OpH MOCTPOEHHH KOTOPHX OB OPHHAT DAN YOPOIMAIIHX
AONYIIEeHuH, a HMMEeHHO:

1) maorHOCTH fAaHHOTO BUAA, T. €. YHCI0 ocobedl Ha emnm-
HANY DIOMAAHW, MOMKET OBITH HOJHOCTBIO OMHUCAHA ¢ HOMOWIBIO
OfHOU IepeMeHHOH; DTO O3HAYAeT, YTO MK HpeHebperaem
BO3PACTHRIMH, a TaKjke IOJNOBHIMHE M TIeHeTHYeCKHMM pAas-
TAIAAMY;

2) W3MEHEeHHA IIOTHOCTH MOTYT OBITH afeKBATHO OmMHCA-
HE JeTePMUHUCTCKUMH yDPaBHOHUAMI,

3) pesyIbTaTH B3AaUMOMAEHCTBUA B mpefelaX BHAA U MER-
Ay BHIAMHU CUMTANTCA MTHOBEHHHMH. B ciydae Baammojei-
CTBHA XWIMHAK—KePTBA HTO 03HadaeT, 4TO MBI IpeHeOperaem
3aePKKOM MEKIY TeM MOMEHTOM, KoIJla XHINHUK moegaeT
HEPTBY, W TeM MOMEHTOM, Korjla IepeBapeHHEIe BemecTBa
CTaHOBATCA TACTHI0 HOBOH oc06u XUMHAKA.

Cnemap »TH [OUYINEHWA, MORHO OIMCHBATE B3amMOeli-
€TBUA XWIIHWK-—;KePTBA € MOMOLIBK OOHIKHOBEHHHX mud-
depennuanbHEIX ypaBHOHWIt, TEOPHA KOTOPHIX XOPOUIO pas-
paboraHa. PesyxpTaTE, KOTOPHE MBI IOIYYHM, €clu oT6po-
cnM monmymennsa 1 w 3, mogpo6HO paccMaTPHBAIOTCA B Ti. 3
M 4, a pomymenne 2 obcy:xganocs B Komue ra. 1. I'mapmmit
A0BOL B mOJB3Y NPUMEHEHWA NeTePMUHUCTCKAX ypaBHeHUU
8aKJI09aeTCA B TOM, UTO ¢ HUMH yroOHee MMeTh Niejio, deM CO
CToxactnuecknmu ypaBHeuuamu. OnHaK0 HEOOXOAMMO YUHUTH-
BaTh ofHO 00CTOATEILCTBO: €CIAM HETEPMUWHUCTCKHE YpPaB-
HEHNA I pejCKa3nBAT, YTO NJOTHOCTH NONYJIAIMHU ;TOCTHUL-
HET yeTOHUMBOTO 3HAYEHHA, TO MJAOTIOCTH peaNbHOIl KoHed-
HO#t cucrembl, o Beel BepoATHOCTH, OyaeT Koae6aThesi BOK-
PYT aTOTO 3HAYEHNA; €CAH [eTEPMUHHUCTCKIE YPABHEHUH Mpe/-
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CKA3HBAWT KoleGaHHA YHCIEHHOCTH, TO BIIOJHE BO3MOSKHO,
970 B CaydYae PealbpHOH KoHEYHOH WMONYJIAIUK 9TO IPUBEHET
K BHMUPaHHUI.

Ilpocreiinmee guddepennnanbHoe ypaBHEHHE, OMHCLIBAI)-
mee pocT NMOIYJANNH, HMEeT BHJ

dz/dt = ra, (®)

I7le ¥ — INIOTHOCTH MONYAALNY B MOMEHT f, a r — IOCTOSH-
Hafg. PemenmeM 3Toro ypaBHEHHA ABIfAeTcA (YHKIAA T =
= z,et, THe &, — IJIOTHOCTE B MOMeHT Bpemenum ¢ = (.
Ira QyHKIUA XOPOIIO OLMCHBAET POCT KOJOHUE Dakrepuil Ko
HCTOMIeHNA KyJIbTYypPaJgbHOH cpeas (pme. D).

N &
w =1

3]
[=]

lg mymHocmu

-
w

1,0
| oL I |
0 60 120 180 240 300
Bpemsi, mun

Puc. 5. Kpusble pocTa ABYX XOpPOWIO aopupyeMbix Kyasryp Escherichia
coli.

I — ya nurateabHoM Oyaeone; II — Ha cunTeTHyeckoli cpege. MyTHOCTE KYJIBTYDL

MPONOPIMOHAJIbIIa YHCIIY KJIETOK HA eJUHANY miaomanu. MyrHocTh B 100 emmril

(1 MYTHOCTH == 2) COOTBETCTBYCT TaKOW IJIOTHOCTH OaKTepHalnHMbIX KJIETOK, IIpY
KOTOPO# ra 1 Ma cpeasl OPHXOIUTCA HpUMepHo 10° KIerok.

U3 ypasmemusa (6) cieayer, 4ro ecim B JOOOH MOMEHT
BpeMeHH HauaTh Hal.mjeHue 3a 6o.bioil BHGopKOE ocobeil
¥ NPOI0KATh ero B TeueHHe KOPOTKOTo nepuofa At, To Zos
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ocobell, PAa3MHORMBUIMXCA B TeUeHWE HTOTO IepHoja, Oyser
papHa rAf, Te r — TOCTOAHHAA. A 3To B CBOIO 0YepPeis 03Ha-
gaer, 9TO «pacipefejeHHe [0 BoapacTaMm» (IPAMEHHTEIHHO
K GarTepusM -— 10JA ocobeil, HaXoxAmMuUXCA Ha PA3HBIX Cra-
AAAX LUKJIA JelleHus) He HaMeHserca Bo Bpemeru. Ilogo6-
Hoe yTBED;K/IeHNe CpaBejIuBO He Bo BceX cayuasax. Hampu-
Mep, ypaBHeHHe (6) He MOKeT CIY/KATh aJeKBATHEIM ONHCA-
gHeM JMJS CHHXDOHH3HPOBaHHOM KyaepTypel.. OpHako, Kak
noxasan Jlotka [49], BoapacTHam CTPYKTypa PasMHORAI0O-
meiica momyasuuMu Oyper mpubammarbes R ycroWumBoil mpu
yenoBuu, ITO cnengduIHas piif Kakoil Bo3pacTHON rpynn
PORAAEMOCTD U CMEPTHOCTH OCTAIOTCH NOCTOAHHHMH. A 5TO
B CBOI0 ouepenh TpebyeT IOCTOAHCTBA YCJIOBHH Cpeas,
HanpumA HM30BITKA HEeoOXOIMMEIX PecypcoB M OTCYTCTBHA
3BOJIOIUOHBEIX H3MEeHCHHIA.

Ypasueune (6) cnpaBemimBO NHIIL AJSd OTPAHUIEHHOTO
nepHoja BPeMeHHW; B KOHEWHOM CYUeTe PACTyIasg IONyIAiudg
HCUePnaeT HAJTHYHBIe pecypchl. UMCAEHHOCTh IONYIANUU
MOKeT CTafHIM3MPOBATLCA HA HEKOTOPOM YCTOMUMBOM 3HA-
9eHuM; OHA MOJKeT WCOHITHBATH PeryJApHble MW Hepery-
AApEHE QAYKRTyanuM winm Mo;ReT cokpautarhes. lloBejenue
TONYJNANMH, YHCIEHHOCTH KOTOPOH CcTaGHIM3HpyeTcs Ha
HEKOTOPOM yCTOMYMBOM YPOBHE, WACTO ONHCHBAIT ¢ HOMO-
MBI JOTHCTHYECKOTO ypaBHEHHUA

dz/dt = axr — ba?, (7a)
BIK
dz/dt = rz (1 — z/k). (7h)

IIpumenenne 3Toro ypaBHeHHS MOMKHO OOBACHUTL TeM,
9T0 OHO ABIAeTcHA HpocTeHmAM AuddepeHNHANBLHBIM ypaB-
Hemmem, obaapaomiuM pAByMs TpebyeMHIMH CBoHCTBaMu;

1) npu ManeIx 3HAaYeHMAX T ypaBHEHHe CBOAMTCA K yDPaB-
HEeHHI0 (6) M poCT HOCHT HKCHOHEHIEAJILHEN XapaKrTep;

€ BO3paCTAHMEM ! BEJIMIMHA & MOHOTOHHO npHOIM:RaeT-
01 K mocToamnHOMY 3HAYEHUIO.

Ha pnc. 6 noxasama xpmBas pocra 1posksKeBHX KIETOK B
KYIbType m pocT, nmpenckasniBaeMuil JIOTECTAIECKMM ypab-
HeHueMm,

B ypaBuennu (7b) r ozHagaeT HCTHHHYIO CKOPOCTH POCTA,

ak — emrocTs cpepit. B aToil rzaBe TepMIH ¢eMKOCTD CPEIB
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HCTIONb3yeTcA TIAaBHEIM 06pasoM s 0603HAYeHUA paBHOBEC~
HOH TIOTHOCTH, MOCTHraeMON BHIOM JHKEPTBH B OTCYTCTBIHE
XUIIHAKA; [pefCcTaBlIAeT OYEBHAHHINA WMHTEPEC COOTHOITCHHUe

+ 7580

[=)]
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(=]

Buomacca dposcced
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o
[en]

300
150
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Bpemst U

Puc. 6. CpaBHenHe KDHBOH pocTa IDOMGKEBHX KIETOK B KyJbType
C POCTOM, IpeJCKA3EIBAEMEBIM JOTHCTHYECKHM ypasHeHmem [1].

Me;RAY OompeneNeHHON TakumM 00pasoM eMKOCTBI) Cpeisl u
PaBHOBECHOH HIOTHOCTHIO ;KePTBH NPU HAJINYMHA XHI[HUKOB.

Jlornerageckoe ypaBHeHWE Jywme paccMaTPHBATE Kak
9ACTO ONmMCaTedbHOE ypaBHeHMe. [[pyrumm cjoBamMm, Vpas-
Henne (6) Lig sKCOOHEHIMANBHOIO POCTa, XOTA OHO U aJ|eKBaT-
HO OIHCHBAeT POCT HEKOTOPEIX MONYJIAIuUM, MOKET ObITE BEI-
BeJEeHO IIPOCTO Ha OCHOBAHWUM CBeleHHN o moBemeHnu ocubeit,
U3 KOTODPHIX CJAaraercs NONyJIAUusA, XOTd s 5TOr0 IPHII-
Joch Bbl JomycTHTD (MTH OKa3aTh) HAMHIHE CTAGUIBHON BO3-
pacTHoOil cTpyKTypH. B oramume or aroro ypasuemme (7) me
6bL710 BBIBEIEHO HA OCHOBe KAKWX-IU0O0 CBEHHIA UM HOMY-
NeHR OTHOCHTENBHO TOr0, KAKOe WUMEHIO BIHAHNE OKASH-
BaeT ILTOTHOCTH IONYJNANHM Ha PA3MHO;KEHHE OTACAbBHBIX
ocobelt; OHo JmuIbL TpepcTaBiser co0ol HpocTeifulee Mare-
MaTHYeCKOe OIHMCAHWEe OmpejlelleHHoro THmA pocra. B sko-
JOTHH, KaK ¥ B IPYTUX HaYKax, Ba;kKHO YMETh OTIMYATH yPaB-
HeHUA, UIH «3AKOHEY, CMBICT KOTOPHIX COCTOUT B TOM, 9TO OHH
ONMCHIBAIOT 3aBUCHMOCTH, HabliogaeMule MeXJy JBYMA IR
0OJIBIIAM WHCIOM IIePEeMEHHBIX, OT YPABHEHHH, HMCIOIINX,
KpoMe TOro, HeKHUH [ONOJHUTENLHBIH «MUKPOCKOMHYECKHIAY
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CMBICI, COCTOSAIIM B TOM, 9T0 OHH OIMCLIBAIOT U3BCCTIOE HIH
[OCTYJINPOBAHICE IOBEJellle KOMIIOHEHTOB M3yYaeMoll CHC-
TEMBI.

B. Ypasuenusa Boasreppa

Boawreppa [77] pacemarpusan ciaejgyoomiue ypaBIeHHs,
OUWCHIBAIOIINE B3aMMOTEHCTBMS Me;KAY BHIOM ;RCPTBHL C
IAOTHOCTHIO 7 M UCTPeOIAIONMM ee NUIHAKOM C IIOTHOCTRIO ¥:

7= az— ba?— cry,
. (8)
y = —ey+c'ay.

B ocroBe ypaBuenuii (8) Je:kaT, TOMIMO PACCMOTPEHIIHIX B
Ha4galde aToil IJIaBH, CIETYIONUe TONMYIeHus:

1) B oTCyTCTBHE XHIIHETIECTBA POCT THCJIEHHOCTH REePTBLI
GyleT TPOUCXOAMTHL B COOTBETCTBHU C JOTHCTUYECKHUM YyPaB-
HEHHIEM, ¢ UCTHHHOH CKOPOCTBIO POCTA @ M €MKOCTBIO CPebl
alb;

2) CKOpOCTH BHIEIAHMs REPTBLI TPOMOPIHOHAJibHA IPO-
M3BeJeHMI0 ILTOTHOCTEH XWIIHWKA U KEePTBEL.

Husxe B aToif raBe GyAyT paccMOTPeNHl ajibTepPHATHBHEIE
JOLYHIeHWSA OTHOCHTEIbHO MHTEHCHBHOCTH XWIIHWYECTBA U
HEeKoTopsle pe3yabTaTul Habawuenuni. Jonymenns Boasreppa
CUPaBeTUuBH B ToM clydae, ecju ocobu ofHOT0 Uiaum ofomX
BHUJ0OB ImepeMemanTea CAygaiiHmM o6pasoM, eCAN WMeeTCH
HeKasd nocTOANHAS BepOATHOCTL, YTO MpH BETpeue XHOHUK
yOBeT ;xepTBY, W €CITH BPCMEHEM, 3aTPAYMBACMBIM XUIEHUKOM
HA noejjanue ;KePTBBI, MO;KHO TpeHeOpeuh. JTH AOUYINeHHs
CXONHH ¢ JOOYIEHWAMH, IIPAHUMAENBINT B XUMAIECKOH RH-
HeTHAKe juA CKOPOCTH peakiuu, B Xoj¢ KOTOPOi JiBe pas-
IUYHEEe MOJeKYJH 00pasymT OaHy.

Kax 6yaer BecTn cesa cuctema, onuchiBaeMasg dTHME YPaB-
HeHuamu? B 10600 MoMeHT BpeMeln ! COCTOAHNE CHCTEeMbI
OONHOCTHI0 OTUCHBAETCA 3HAUEHHMAMH X W J; RaRIOMY Coc-
TOAHHIO CUCTEMH COOTBETCTBYeT HEKOTOPas TOYKA Ha IJOC-
Kocrm (z, y), KoTopasi HABEIBAETCA «PazoBOH HITOCKOCTHIO»
(W «hazoBELM TPOCTPATCTBOMY, HOCKOILKY LA ONHCAHIA
CHCTeMbI MoxieT mOTPeboBaTLCS 0ojiee 4eM [Be IEePeMeHILIX).

CIM Ka;rjo# TOYKe (a30BOHM ILTOCKOCTH MBI MOYKEM COIOC-
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TABUTH CTPeJKy, YKAa3HBAWIIYI HANDPABIEHHE [BILRKOHHA
CHCTeMHl B 3TOM TOYKe, TO, COeJUMHHE HTH CTPeIKH APYL ©
APYroM, MONYINM TPAeKTOPHU, KOTOPHE YKaKYT HaM, Kar
fyger UPOMCXOXUTH ABHIKEHHE CHCTOMEI.

ITepsoiit mar cocTouT B TOM, ‘IT06I:-I HMOCTPOUTH B (pa3oBoH

MIOCKOCTH JWHUHU, JJIA KOTOPHIX z =0 (1, csemoBaTeIbHO,

CTPEJKHM TapajiedbHbl ocum opauHar) um y =0 (crpeaxu
mapajielbHE ocu abcmucee):

.1.2—'—-0, rorpa @ — bxr —cy =0,
y=0, Korpga —e + ¢’z = 0.

IMepsuiit Bompoc, KoTopwil clegyer 3ajarb, COCTOHT B

TOM, CYIECTBYET JU COCTOAHUE MOKOS, KOTJA Z U Y OJTHOBpe-
MeHII0 paBHB Hya0. [[as aTor0 HE0OGX0aUMO, YTOOH

r=elc’; y= .a__.b_e,

(44

Ilpu oToM x HempeMeHHO MOJOKHTENEH, HO [ UMeeT IIO0J0KU-
TeJILHOe 3HAYEHMO TOJIBKO B TOM ciyiae, ecau a/c > be/cc’,
uin a/b > e/c’; 370 HEPABEHCTBO MOKA3BIBAET, 9TO COCTOSHUE
MOKOM, COOTBETCTBYIOIIEE COCYIECTBOBAHHWIO XHIIHWKA N
MEPTBHI, MOJKeT OBITH JMOCTUTHYTO JHUHIL B TOM CIydae, KOTA
eMKOCTh CPEIHl JJIA KePTBhI, a/b, 10CTaTouYHO BEIHKA, 4TO0H
MOIYJIANHUA FKePTBE MOTIIA (IPOKOPMUTH)Y XUITHUKA.

s ToTo 4To6B OUPEHENUTH AUHAMHKY CHCTeMbI, Heol-
XOJMMO PacCIlOIOKUTE CTPEJIKH TaK, KaK IOKazaHo Ha pmc. 7.

Ilma »TOTO 3aMeTHM, 9TO IpHW Z > e/c¢’ 3Ha4YeHHEe Y IOM0IRE-
TEJBHO, a JUIA z << e/¢’ oHo oTpuiaTexsHo. Hpome ToTo, nis
TOYeK, PACHOJaraioi[UXCA Ha IJIOCKOCTH  BHINE JIMHUN

a — br — cy =0, sHaweHue z OTPUHATEILHO, & AIA TOUYCK,
Je;RAMUX HUKe 5TOM JMMHMH, TONOMKHUTEIBHO. JTO JACT HAM
BO3MOKHOCTL HAWUTH PACHOJOKeHHe CTpeIoK, HOKasaHHOe
ma puc. 7, A. Ha puc. 7, 5 3T cTpenKu coefHHeHB MeRIY
c000fl W 06pasyioT TPAeKTOPHMIO, MMEIOMIYI0 BHJ CHMPAJIH,
HaMaTHBAWMeRcA HA TOUKY HoKos. CKOPOCTH UPHGIIReHus
CHMpAIH K TOUKE MOKOA OIPeJIe AT BeJMYUHOHN yIiIa, ¢Opa-

zopamnoro JuauaMi z = 0 my = O (puc. 8). ITH T0BOIBHO
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gecTporme JOBOAH, OCHOBAHHLIE HA TIeOMETPHIECKON UHTYU-
nEH, LA PaccMaTpuBaeMBIX B 9Toif KHHIe ypaBHeHHH MOTYT

y
y=0
A
ajc D
—
12:\0
e/c' a b\ T
y
b
N
F
-
\ T

Puc. 7. T'padugeckoe pemenne ypaBHCHHI Dolbsreppa.

COBACHEHNA B TEKCTE,

OuTE momTBepaens: amammTHIecky. CMEICH CIHpATH, 3aKpPY-
9eHHOH NOPOTHB TACOBOH CIPENKH, MIIIOCTPHpyeT puc. 9;
NCHEHAOCTE M KEPTBH, M XHUIIHMKA KONeGJIeTCA ¢ yMeHB-
Mamomeiicss amMmiInTygofl, npuueM KolXeGaHMs UYNCIOHHOCTH
XumuuKa oTeTAOT TI0 (aze oT KoNeGaHMA UMCIeHHOCTH AePTBH.

Homycrum Temeps, uTo egnHCTBeHHEM (GaKTOPOM, OTPAHH-
MBaOmMMM YHCNEHHOCTDL REPTBH, ABIAETCA XUHIHUK; NpPU
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atoM b =0 @ B oTCYyTCTBHE XWILTHHKA YHCICHHOCTH ;REPTBhH
VBEIWYINBACTCS dKcmoMennuaabuo. IloBerexme Takoll cmcre-
Mol mpezeraBieno #a puc. 10. RoaeGamus yucseniocta apo-

y=20

z z
Pue. 8. 3aBucHMocTh MEKIY YCTOHYHBOCTBLIO TIOJNOKCHIS PaBHOBECIL

B HARIOHOM JHium z = 0.

Bpemg
Puc. 9. Peutenne ypasdeunsi BoanTeppa TpH caMoOoTpPaHITeHHH MHC
JCHHOCTI FKePTBEL.
I — IIOTHOCTD MOMyIAUNE KePTBLL; I] — IJ0TIOCTL HOMyTAME XM LHIKA.
3 M

HCXOMIAT ¢ HEKOTOPOH IOCTOAHHOH AaMIIHTY;10#, 3aBuCAmell
OT HAYaJIBHLIX YCJIOBMH; y cUCTeMbl, HaxojsAllelica B 1ayalh
HLIE MOMEHT 6.IM3K0 K COCTOAHHIO PABHOBECH, AMILIHTY/L
KRoJcOaHnii HeBeJNMKa, a y CHCTCMEI, HCXO0JHO JAJeKOH of
TOURH IOKOA, KodebaHus GyayT HMETh GOIBIIYIO aMILIUTY LY .
Ilogob1tan cucrema HA3LIBAGTCA «KOHCEPBATUBHOMWY, moToMY
qT0 IS Hee CYIecTBYeT BCAWUUNA, He H3MeHAIIAscsa mp
DBOJIOIAM CHCTeMbl, HOJ00HO TOMY KaK OCTAeTCHA IOCTOAHHOM
DHEPIUA UPU TIPOCTOM T'apPMOTMHYLCKOM KOIeGaHUMU.
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Unen —bx® B ypasuennu (8), BHpaKawmuil mojaBiaio-
miee feficTBHE, KOTOPOE jIAaHHBI BHI OKA3WBALT A CBOIH Co0-
¢TBEHHDIH POCT!, mazmBaeTcs «1eMudupyomusy (10 aHa 0T

y=0

AhRWE
o \j

e/c’ 2

Puc. 10. Pemwenane ypapuermii Bodbhreppa B OTCYTCTBHE CaMOOTPaHU-
YeHIHA THCTCHHOCTH KePTBL.

¢ WCNOJb30BAIIAEM DTOTO TEPMUHA B TeXHHKe, Te AeMIfeport
HA3BIBAIOT YCTPOMCTRO, CAY:RALIee JiIsT YMCHBIICHHS] aMOANTY=
AbL Kouebanuii, HanpuMmep I8 aMopTusanuu yzapa). B aro-
JOTHH IIaBHBIH ¢arTop, yMeHBIIAOIMII aMIIUTYAY Kole-
Gannmii, — pTo HaaMune TOROBHLIX CAMOIO;laBIAIOIIMX Bo3jeii-
crBuit. B ypassenuce (8) mas sRepTBH BKIIOUEIl AeMIIPHpPYIO-
WA yaenm, MO ypaBHeHHE A XNIMHWKA TAKOLO YjieHa He
COJGPIRUT, TOCKOJIBRY NPEATIoJaTaercs, 4UTO YHCICHHOCTH
XAIMHUKA OTPAHMUUBACTCSA TOJBKO KOJHUYECTBOM IIUIMH, T. €.
YUCIEHHOCTRIO eTo ;RePTBH. [ pyrue BosmMo:RIble HaKTOPHI, Or-
PaHEUuBapINUe UNCACHHOCTh XHIMHMKOB, PACCMATPUBATCH
B ra, 12.

B. Ypapuenus .lecan

Hpyryo Bos3MOKHYI0 MOJICITH BBAUMOOTHOIICIIHE X MIL{HH-
Ka u sxeprBw npe)aosxut Jlecau [41]:
—_—

! Hanpumep, B pesy.nTaTe KOHRypemuuu. — ITpust. ped.
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z = az — ba® — cay,
, )
—_ 2
y = ey —fy*lz.
VpaBHeHme 1A 3KePTBH WIEHTHYHO ypaBHeHU0 Boasreppa
¢ neMu@upYOMUM WIEHOM. Y PaBHEHME s XHIHOKA TaKKe

N
Y

t?§0

a/b T

Pnc. 11. Pemenue ypanmenuil Jlecam.

¢XO0JHO0 ¢ JOTHCTHYECKMM ypaBHeHHUeM, HO BTOPOH 4IeH He-
CKOJIBKO BAI0U3MEHEH, YTOOK YIUTHBATH IIOTHOCTD SKEPTBAL
Taxk, ecIu oTHomenue z/y BeJURo (MHOro ocobeil :KepTBL Ha
OJTHOT0 XMI[HUKA), TO YHUCIEHHOCTh XWIHUKA BO3pacTaer IO
DKCIOOHEHTe; eCan z/y == f/e, T0 UNCIEHHOCTh XUIHUKA TOCTA-
raeT paBHOBeCHs; eclin e z/y << fle, To oHa cumiaercs. Ilaw
moxasaHo.-Ha puc. 11, M3 d2TUX ypaBHeHHil cJexyerT HaIuIne
B cucreme OBICTpPO 3aTyxanmiux KojixeGaHMil.

Puc. 11, Kpome Toro, mo3BoIAeT BHIABUTL Caejlylollee Cy-
HlecTBEHHOe pa3imdue Me;KAY mogxogamu Bonbreppa u Jlecan:
no BoaeTeppa yBeanmYeHHE HIH YMCHbIIeHUE YHCICHHOCTH
XHIMHUKA 3aBACUT TONLKO OT TJIOTHOCTH MOIYJIANNE ;KePTBHI,
TOrja Kar II0 JlecaIM OHO 3aBHCHT OT 4mUcIa 0coOel sKepTBHI,
OPUXOJIAMAXCA Ha OTHOCO XWIOIHUKA. INCOH MBI BCIOMHHIM,
gro ypaBHeHus (8) # (9) OTHOCATCA K MrHOBEHHGLIM H3MeHe-
HHAM, a He K JOJAFOBPEMEHHHIM IOCHEICTBUAM, TO CTaHeT
ACHO, 9TO OOLYHO CJAEAYeT OTIaBaTh MpEANOYTEHHEe MOLEIU
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Boabreppa. [[pyras npuuwma, 3acTaBIAKIMNAT HPEIIOYecTb
ypasHeHns Boabreppa, coctomt B TOM, YTO OHH yCTaHaBJIH~
BaloT 3aBUCHUMOCTH My CKODOCTBIO YBEJMUYEHHA YUCIEH-
HOCTH XWINHUKA U CKOPOCTBIO (cxy) BHIETAHHA FKEPTBLI, TOT-
ga Kak B ypaBHeHHAX Jlecim Her cBs3H MemJy TOH CKOpO-
cThI0, ¢ KOTODPOM XWIODHHK YHHWITO;KAaeT ;RepTBY, W CKope-
¢TBI0 er0 DasMHOMKEeHWA.

I'. HexoTopbie ocoGble cayyanm

1. Haauuue ybexcuwa dan xcepmewi. Jouyctum, 4to HEeKo-
TOpOe UNCA0 0CoOeR sKePTBH (x,) MOKeT HAfTH TO WIH HHOE
ybemuIle WIM YKPHTHE, KOTOPOE [AelaeT UX HeJ0CATaeMBIMH
aasa xmmeuKa. 1Ipu stoM ypasaenus Bonbreppa bes genndn-
POBAHHMA HPHHAMAIOT BUT

z=azr— ey (x—z,),

) (10)
y=—ey+cylx—z,).

- 3jech ciaeayer paccMoTperh fBa cayuas. B ojHoM ciydae
YACITeHHOCTH SKePTBH, HaXoJAmeil yOe/RHme, MOKeT COCTaB-
JATH HEKOTOPYIC HOCTOAHHYIO HOJI0 ee 00meil 4MCIeHHOCTH,;
HHBLIMHE CIOBaMH, Z, = kx. JTO PaBHOIEHHO 3aMeHe LOCTOSH-
meix ¢ u ¢’ B ypapuenuax (9)ua ¢ (1 — k) u ¢’(1 — k). Comep-
HICHHO OYeBMAHO, UTO XapPaxKTep DABHOBECHS HpPH HTOM He
H3MEHACTCH.
Bonee wunrepecHme BHIBOABI MOJKHO CAeJIaTh B JAPYroM
CIydae: ecam YHUCAEHHOCTH JKePTBH, HaxojAmeil ybesurme,

HOCTOAHHA, T. €. Z, = k. lIpm srom xpummas z = 0 B mioc-
Koerm (x, y) sajaercs ypasHenuweM y — ax/c{x — k), a Kpu-

Basg y = (0 — ypapHenmeM x = k -I- e¢/¢’. 9T KpuBHEe Tpei-~
CTaBiieHH HA puc. 12, W3 KOTOPOTO BHUAHO, YTO HaJIUYHe
VOe:xum okasbiBaeT cTafMIMBMpYIOMee BosjelicTBHE, IIO-
CKOIBKY 1PN 9TOM KOHCePBATMBHLIE KOJIeGaHWA CTAHOBATCH
3aTyXajoMmUMM.

I1. Xuwhur, ynuwmoscawowuli sxepmey ¢ nNocmMoAHHOU
Ckopocmuw. ;HeckoIbKo WMHOe IpefcTaBlienme 0 B3aHMOOTHO-
meHuax XUIOOHHUK -— JKepPTBa MBI MOJYYHM, CJleJaB jpyroe
Aomymenne, Kacaomieecd CROPOCTH, € KOTOPoll XHIMHHK
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vunarossaet skeprsy. o Bcell BepostmoeTtn, MoOKHO JlOTyC-
THTB, 4TO A JAHHOTO TCUIOKPOBHOTO XHIHHRA CROPOCT
YHUUTORCTIS AREePTBL IIOCTOAHHA U OTHPE; e TACTCS TTHIMEBRIMIL

1i—o

|
|
|
I
!
|
|
!
|
!
i
afc—4————— —TI ————————————————
|
|
I
|
|
!
]
i

Kk k+efc x

Puc. 12. Ypapuenua Boxpreppa mpu Hamrmig yOesmUIl jiiis ePTBHL.

HOTpe(’)HOCTHI\IH NXHUIIINRA, a He IITOTHOCThI) HOHy[If[IJ,I/IH ep-
TBLBI. B TaKOM C:[yqae. ypaBH(‘HH(‘ AT HCCpTBLI III)I/II{II}IH(}T
BIL

pa. (¢ — bx) x —cy, (11)

a COOTBSTCTBYIOHIee ypaBHeHUC TIfA XWIUHHUKA —

o= —ey ey ey (12)

Jro ypaBueHHe HKCIOUCILHAILHOIO POCTA, CCIH ¢ = e.
NI yOLBAHHA B NPOTHBUOM caydae. Tawma obpasom, ecian
HCXOJUTH U3 OPEIIONO;KEHIS, 9TO XHI{HUR YHHYTORAeT IIe-
KOTOPOC TOCTOAHIIOE RNIHYCCTRO MHUIIM HC3aBUCHMO OT IIJIOT-
HOCTH TOUYASIUNA FKePTBHl, TO HHCHACUIOCTH ;REPTBLI IIC MO-
sRET Outh (AKRTOPOM, OTPAHUUMBAIOIIUM YMCIEHITOCTD XMIO-
HUKa (eCad TOJABKO He MPUHATH BO BHUMANNE H3MCIICHHE -
$ERTHBHOCTH TIPEBPAICIHAA GHOMACCHl eDPTBH B OHoMacey
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XUIMHULKA IV TOBLIHeHUE CMCPTHOCTH O Mepe YMCHBINCHIA
MTAOTHOCTH IMONYJANWN k€[ TBR, YCTO AMDbI HEe (‘.'l(‘.‘“l[lll). Cire-
;(0B&’1'e:11,m), JUHT O CYHLeCTBOBAHWA PaBHOBCCHH HeODNO TAMO

¥

Pre, 13. Tpaduveckoe mnpeacTandeRHe cLCTeMB  XIINHHK-—EepTEA

HPH yCAOBIIT, YTO ROAHYECTRO TIHIYI, VATUTGKACMOI XITHIKOM, J10C-

TOAHHO H PO WiCTEHHOCTL UONYIAANII KaK XHUUIIHIA, TAK 1 HRepPTRLL
OTPAIIITIIBARETCH MMIT CaOMIMIT,

BOOYCTHTEL, YT0 XHUOHUHK RAKMM-TO 00Pa30M cayM OTpPaNHYH-
BReT CBO WHCICINHOCTL!, T. €. WIo B ypaBIelMH AJf Y €O-
gep:ruates geMugupyomui wicil. OTcoxa

y= (' —ey—dy. (13)
X
- Hosegenmer cuctennr, onuchiBaemcit ypasHesmsvm (11)
1 (13), npoanaamsuposarno rpaduuecku ma puc. 13. Ha sron
rpagure ecTh /jiBe TOYKYW PABHOBECHS MPH MelYHeBBIX 3[1ave-
max z u y. Tourka A — 370 mososreHue yerofiunBoro papuo-
BeCHA, JOCTUTAEMOT0 NCIIOTOHHO, Ge3 KojleGanui THCIeHHcC-
M, a b — noaoikenue veyceroiuuporo pasnosecusi. Jlocrur-
HET Jim cmcrema ycTolluuBoTro paBHOoBecHs 4, 3aBUCHUT OT Ha-
- TaTBHEIX yCI0BUH.

JTa Mojleab Ji¢pealncTHUlia, TOCKOJALKY JONYILCHEE O
TOM, 4T0o KaiABH XUIMUUK YHHITORAET ;KePTBY C IMOCTOSH-
HOM CKOPOCTLIO 1C3ABHCHMO OT ILIOTIOCTH ee TONY.IsIHY,
———————

! Hanpumep, B pesyabTaTe KOUKYDeHIMII 34 KaRHe-TO WHEE, He
IMeommue oTHOMeRI K e PTBe, HeoOxomiynie pecypest. — I pus. ped.
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mepecTaer OLITh CHPABEIIUBBIM, KAK TOIBKO 0COBH KePTBEH
CTAHOBATCA J0CTaTo9HO pemkumul. Tem me MeHee Mojern
JlaeT ajeKBATHYK KapPTHHY MOBEIEHUA CHCTEMBl B OKpecT-
HOCTAX TOYKM YCTOHYMBOro paBHOBecusa A.

Posernnpeiir 1 Max-Aptyp [71] u Posenuseiir [70] pas-
paboTaium MeroJ AaHAIW3a B3AMMOOTHOIMEHHN XWITHUKA ¢
FKEPTBEL MpuU Gojiee PEANUCTHIHBIX THOAX TOBEJSHAA XWHII-
HHRAQ; B CJAeJVIOIEM pasfielie A BRPATIe OOMIIY 3Ty MOJIeNb,
HECKOJIBKO MOJMPUIUPOBAB eé.

. Boaee obmuii cayuaii — moaens Posenuseiira —
Max-Aprypa

Pacemorpum  ypaBHeHUA
x:f(x)—¢(x, y)’

y=—ey+ ko (z,y),

riae f(a) — CROPOCTH H3MEHEHMS Z B OTCYTCTBHE XUIIHUKOB,
@(z, y) — MHTEHCHMBHOCTD XUITHUIECTBA, k — 3hPeKTHBHOCTE
NPeBPAIleHHA HEePTBEL B XMIODHUKA, a € — CMEPTHOCTb
xumuuka. Ipeqnonokus, 94To YMCIEHHOCTH XHIMHAKA Orpa-
HUYABAETCA TOABKO TUCIGHHOCTBI) KePTBHI, & B OCTANBHOM
ypaBIleHHA UMEKT XOBOJBHO obmuil Bmpy. Ecam momycruts,
9T0 CROPOCTh, ¢ KOTOopo#l mamHas ocobb XWOIHUKA Ioemaer
/KePTBY, BAaBUCHUT TOJBKO OT IJIOTHOCTH IOMYJIANMH }KePTBH
W He 3aBUCHT OT MIOTHOCTH XUI[HHKOB, TO ¥PABHEHES MOKHO
HECKOJLKO YIPOCTHTh M IPU 3TOM 00paImarsCa C HUMH CTa-
mer derue. Torga ypasmenus (14) npmHUMAIOT BHI

2= f(2)— yo (2),

y = — ey + kye (2).

B aTom cayuae y =0, ecau kp(x) = e, T. e. ecanm x uMe-
eT HeKOe IOCTOsSHHOE 3Haduenue, Kak ma puc. 14. Ilpm karnx

(14)

(15)

1 HepeaJRCTHIHOCTh MOReIN NPOABIAETCA, B YACTHOCTH, B CYINe-
CTBOBAHAM YCTOHYABOrO DABHOBECHA ¢ HYJAeBOH UHCAEHHOCTBIO JKePTBHI:
z=10, y= (' — e)fd.— Hpum. ped.
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0GeTOATENBCTBAX ypaseHus (15) NPHBOAAT K PACXOJAMAMCS
gonebapuam? Hax moxasmiBaer pue. 14, pacxoasinumecs Kojie-
Gampsl BOSHUKHYT TPH yCAOBHU, WYTO:

y §=0

V o

&>

8]
P

8

Pme. 14. Pacxepsiminecs ronefanus B cHcTeMe XHOIHNK—KePTBa.

1) XMIHEMK ABIseTcA odeHb dPOEKTHBHHEIM OXOTHAKOM H
MO3TOMY MOKET BBI/KMTH IIPH IJIOTHOCTH HONYJIAINH 7Rep-

TBBI, PABHOIl z U COCTABJIAIONMICH JHMINEL HeGOJBITYIO MO0 eM-
KOCTH Cpefisl &,;

2) vpusas z =0 B maoCKocTH (T, ) UMEeT MAKCHMYM
uim «ropb», Kar ero massajg Posenipeir.

Yro6s monyunts kpusylo z = 0, MBI JOJKHBI JeHCTBO-
BaTh, Kak mokasamo ua puc. 15. CHavana Mpl CTPOMM KPHBYIO
f{x) 1 wEOkecTBO RKPUBHX y@(z) TP PA3HHIX 3HAYEHHAX Y
Kak ¢ymrmum or z. Ilepeceuenume mpumemx f(z) ¢ KpupeIMH

Yid(x) maer smauemus gz, pJaA KoTopux zr= 0 mpm y= y;.

Taxmyv o6pason, Msr moxygaem kpusyio z = 0 B mmocroc-
™ (z,y).

+ OueBnpuo, aro KpuBasi x=0 AMEET MAKCUMYM B TOM # TOJIb-
KO B ToM cay1ae, ecau ojjHa U3 KPUBLIX y¢(x) mepeceraer KPH-
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BYIO f(z) aBayigbl. ITO MORET Opou3oHTH 110 OAMOH H3 ABYY

TPHUAH:
1. Kpusas f(x) naeer opry, npe/jlcraBaelnylo Ha puc. 11,

@)

——3¢(z)
\——2¢(I)
SRR V¥ WY
()
I
HA

Prc. 15. NHoetpoenite Kpupoit z == 0.
CHrAcCEenna B TCROTC.

Urob1l IOHATH CMBICA DTOLQ, BCIOMIIHAM, YTO Y PaBITeIHe
2 == f(x) Jaer HaM CKOPOCTL YBeIHUeHHA YHCICHITOCTI BIIA
B OTCYTCTBIE XHOIIIHYecTBA. JTO YPABHCHIC MO;RIO 3ani-

cath B Buje & = Rux, rjie R == f(x)/x — cRopocTh pasMmiosie-
HuA sxeprBbl. OOparuTe BHIMAaIlme, 9TO KPHBAA THIA Tpe.-
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crapiaennoil Ha puc. 16 osnadaer, uro R yOpiaeT Kak IpH Ma-
JIBIX, TAK ¥ IPH GOJIBITHX 3HATEHHAX &; DTO MOKET OBITH CBjI-
3aHO € TPYAHOCTBHIO HaXOkIeHHs OpaunplX HAPTHEPOB UDH

f(z)

Puc. 16. HpuBasd UPOAYKTHUBHOCTH BHAA REPTRH IpH YCIOBHMIL, UTO
IA0OBUTOCTD CHIKAETCH KAK TPH HA3KMYK, TAK W HPHW BLICOKHX IUIOT-
HOCTAX TONYIAMuUil.

HEBKOW TIAOTHOCTH NOMYJANNN WJIN ¢ KaKUMU-IAM00 NpPYyIruMA
npumaunamMu. Tarkuym o0paszoM, eciau CKOPOCTh Pa3MHOMeHUA
JRePTBH MPH HUBKHUX OJOTHOCTAX IOUYIMAIHUH CIHARAeTCS M
ecau ee INIOTHOCTH TO/ICP;RUBaeTCA HA HH3KOM YPOBHC
BCIeJCTBHE BO3/efiCTBUs XUOIHMKA, 70 B3aWMOJeHCTBHUE
XHIMHUK —KePTBa TPHUBLILT K PACXOdAN{UMCA KoleGaHmsn.
IT0 BPA JH ICJIHO BLIBLIBATE YANBJICIIHC.

$(@)

T
Puc. 17. BosMmoskdple THION KDPHBOH A XMIOIHIKA.
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2. Ha wpupoit = = 0 wmosxer GwITh Topl, Aawe ecam R
HempepHBHO yOBBAEGT C yBeIUYEHHEM z, NMPH YCJIOBHH YT
KpHuBad [JIA XUIMHUKa orHocurca K tuny A (puc. 17), a He 1
tuny B (Kak 8To OpHHMMaercsa B ypaBHeHuax Bouabreppa)
min B. Kark M y6egumca B ciegyiomieM paspeie, KpuUBas
tuna 4 BIOJHe BeposTHA.

BriBogsl, KoTOphe MOKHO CHeNaTh U3 9TOTO aHAIH3A He-
OPEePHBHO BOCHOPOU3BOAAMUXCA CHCTEM, BKDATIE CBOJAATCS
K caegylomeMy: '

1) B3ammogeHCTBHME XWOIHHK — KepTBA, HOPH KOTOPOM
YUCIEHHOCTH XHWIMHOKA OTPAHHIWBAETCS HAIWUMEM ;KepTBEHI,
MO;KET IPUBOGATL K PeTYIAPHEIM KodeGaHumaAM YHCIeHHOCTH,;

2) ecAd UHUCIEHHOCTh JKEPTBB. OTPAHMIUBAETCA KOJH-
1ecTBOM He0OXoAUMBIX eff pecypcoB, a He BO3XEHCTBHEM XHIHI-
HHKAa, TO 9T0 OPHBOJHT K 3aryXaHUI KojebaHMIA,

3) eciM YHUCIEeHHOCTh XWIMHAKA OTPAHMIABAETCA He KOJIH-
9eCTBOM JKEPTBH, 4 KAKHAM-TO APYTHAM (AKTOPOM, TO 3TO IPH-
BOJTHT K 3aTYXaHH KoJeGaHuUi;

4) ecam mmeloTca ybesrmma, Gmarojapsa WeMy HEKOTOpoe
IDOCTOAHHOE TUCI0 0coDell ;KepPTBH OKA3LIBAETCA Hejocarae-
MBIM Jds1 XUIOIHWKOB, TO 3TO HPUBOGUT K 3aTyXaHMI0 Koaeba-
HI;

D) amoauryza KoidebaHuil, mo Bceill BeposATHOCTH, Oymer
BO3DAcCTaTh, U ATH KOJeGaHUA MOTYT MPHBECTH K BEIMHDAHUIO
OFHOTO WA 000UX BUIOB, €CJIM XUH[HAK MOKET IPOKOPMHTH-
¢A TpH TAKOW NIOTHOCTH WONYJNARHMHM ;KEPTBEH, KoTopas
ropasso HUe JOMycKaeMoU eMKOCTHIO CpPejsl, A eCIH KPHBas
WHTEHCUBHOCTH XUIHHYecTBA oTHocuTcA K tuiry A (pue. 17),
a "He L umm B.

E. MOyarouoHaasHAaA peakinua XHIIHHKOB

AHanus, UPOBeNeHHHI B mpeAbaylmieM pa3spgere, moKasal,
4TO YCTOHIMBOCTH CHCTEMBI XHOTHUK—}KePTBA MOReT 3a-
BHCETH OT TOTO, 370 Xosiuur [22] Hassan «pyHKIMOHAIBHOMN
peakmueil» XUITHMKOB HA INIOTHOCTH JKEPTBH, T. €. OT BHAA
KPHBO# (i), 0NNCHBAIOMEN CKOPOCTD BHIETAHAA JKEPTBH X AT~
HAKOM B 3aBHCHMOCTM 0T LJIOTHOCTA ;KEPTBHL Z. XOMIJIUHT
pas3bun QyHKROWOHAAbHEE DeaKIUM XWIMHAKA HA TPH THIA
(puc. 18). Ilo ero muenuro, peawmunm tuma [ HeOGHTHEL, ecau
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ge CIATATh TAKOTO 0C060TO CIydYasa, KaK pakooOpasHbie-HHIb-
TpaTOphl, NUTAIIIHECS OAHOKIETOYHBIMH BOJOPOCISAMU. Pe-
axnuy THIA /] XapakTepHH pAJs XWIMHHKOB, OTHOCAINUXCA

) $() ¢(x)

T T ) T
Tun I Tun It Tun i

Puc. 18. Tpu Tiuna ¢yAKUHOHAIHPHON peaKHWH XWIMHAKA HA IJOT-
HOCTh HONYJANWH KePTBH [22].

K GecrmozBoHOoTHBIM. OYeBHaHOe 00DBACHEHHME TOJ00HONH pear-
AN COCTOMT B TOM, 9TO Ha yOHMBaHHe M CheaHHE Ka:kmoil
ocobu ;KepTBH XHIMHHKY Tpebyerca meroropoe spemsa. C
yIeToM HEeKOTOPOTO IIOCTOAHHOIO «BpemMenH obpaborkm», 3a-
TPAINBAEMOTO Ha RQKIYI0 TMOMMAaHHYI0 0C06h ;KEPTBHI, MOJY-
JaeM BBIpasKkeHue

@ (z) = azx/(1 + ba), (16)

X0POIIO COOTBETCTBYIONEe OKCIIEPUMEHTAJILHEIM IaHHBIM.

Xoanuur obHapy:&Ua pearnuio Tuma /] y MO3BOHOYHOTO
EUBOTHOro — OelmoHororo xomsuka (Peromyscus leucopus),
KOTOPOTo KopMmiAu B Ja60paTopum KYROJKAMHA ITHJIUJIBIIH-
Ka (pumc. 19). Baskno umers B BUAY, U4TO B DPaCHOPsKeHHH
XOMSYKOB BCerjla B M30BITRe ObLIa W [ Pyras «KeprBay — CO-
6agpn raxersr. O6mee moTpebieHne OHIMHU AEPAAN0CH Ha O
HOM ypOBHE, HO CKOPOCTb BbleJaHHA KYROJIOK H3MEHsIaCh B
COOTBeTCTBHU ¢ KpuBoil tuma [//. S-obpasHas dopma KpH-
Boll ofbaAcHAETCA TeM, UYTO IMOKA KYKOJOK Mallo, XOMAUKA
He MOI'yT HaydYAThCHA HX OTHICKHBATH M YCTANaBAWBATL WX
cbegobuocTh, [lAs1 TOTo 9TOGH MOCTPOHMTL MOJENh, IIpeicKa-
SBIBAIOMLYIO ATOT THUI PEARMHH, XOJIHHTY OPHIIJIOCH CeJaTh
49eTHIpe [ONYMIEHHS:

1) xumHURY CBOHMCTBEHHA reHepaTHU30BaHHAA peaKkIuA Ha
He3HAKOMEE PasipakuTelln;

2) wacrora HamajeHuU# Bospacraer, ecam pasiparKUTEIDb
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ACCOTUUPYETCS CO CBCLOOITON sKePTBOH, M YMEHDIILAGTC, eCii
OIT ACCOIUHMPYETCs € HOChe100HOA ePTBROIT;

3) obydenne HocuT M30MpATEIBIBIH XapaKrep M XHIHE:
paszIudaer pasHLle CTHAMYIbI;

120~
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Hucjlo KYKOJoK Ha 1m?

Prnc. 19. Bauamue {IKIOTHOCTH KYKOMOK INLNLIRIIMKA HA UHCIHO RYKO-
JOK, chegaeMuX Oelomorumm XoMauxoMm Peromyscus leucopus [22].

HepHbIe KPVIRKH — CHECHHEIEe KYKOIREA, OeNue KPYIKKE — ITOUCHEMCHIIOE loeHane
KYROJIOK 1 COJAUhIIX rafjer.

4) B oTcyrcTBHE TOZKpeIUICHES BHPAGOTAaHHEIE CBA3N
paspyuiaiores.

Ho-BuamytoMy, yHRIMOHASBHAS Peakins, OUMCHBaeMasd
S-ofpaswoll KpuBoH, THUMYHA 1A 1T03BOHOUHMX XHUIIIHKOE,
vV KOTOPBIX MMEETCH BO3MORIOCTE BHIGOPA MELIY Pa3InaubIMK
smeprBaMu; X OJIRHD IPUBOANT Pe3YABTATHL HEKOTOPLIX HoJje-
BpiX Hab:mogenmil, ImoATBepP:KJAIIHE TAKOC 3aKIIOUellHe,

duavenne HTUX PE3YABTATOB IIA YCTOHYMBOCTH CHCTCM
YHITHUK —;KePTBA COCTOUT B cJeyIolies. I3 moBoawHo pac-
NPOCTPAHEHHUHIX CATyaluUAx, RoTja o0HADY/RUBAITCA pean-
wuu tuna /7, Heycroliaupocrs, momobHas H300pasKeHHOW HA
puc. 14, AfoykeT BOSHUKHYTH B pe3yabTate TOTO, YTO XADITHK
CHU/KAaeT YMCJIEHHOCTh ;KePTBHL {0 YPOBHMA, 3HAYUTENBHO
HIKe MAKCHMAIbHO JOTIYCRAEMOTO eMKOCTLI0 cpeasl. Bangime
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pa ycroflumBoCTh cmcTeMnl peawnuu Tuma I/] yemee scto.
Jlasi TaKkHX peariuil meobxo0uM0 HATUIUe aJ bTCPHATUBIOH
;kePTBLI, H TIOITOMY OHH UTPAIOT POJIb JHUMIL B TeX CIYUasX,
KQrAa XMIIHHMK 3aBHCUT OT 0o/ee UM OIOT0 BIIA skepPTBLL.
AHAIE3MPOBATH IPOOIEMY YCTONTHBOCTY TP XBUIOBEIX CUCTEM,
COCTOAMIAX M3 BHIPABATHIBAIOLET0 ONPEACTEHIILIe IIPUBLITKIL
LHOHAKA W HBYX BHIOB yKePTBLI, JOBOJABHO CIOLKHO Vike IO
OHOMY TOMY, ITO IIDH BTOM TPY/HO BEIODATh IPABIONO100TIbE
NODYMEHHs; TAKUX CHCTEM MBI 37ech KacarpCs He Oyie.
B ra. 4 (pasg. B), paccmarpmBas cHCTeMy, COCTOAMIVIO M3
TeNIOKPOBHOTO XUIMHWKA W OHOTO BUIA sKEPTBLI, A NPUHH-
Maln [ONYINeHWe, YTO0 XUIMHUK YHHUTO/RAeT ;REPTBY € HOC-
TOAHHOW WHATEHCHBHOCTBIO, He 3aBACAICH 0T TIAOTHOCTH
FKEPTBEI, & €CJIH OH He MOKeT HAWUTH J[0CTATOYHOE KOTUIECTBO
;KePTBH, To morubaer orT rooja; aTo goiryIjelue 70 HEKOTO-
poil cTelleHH NOATBEP:;KAAETCA IOCTOAHCTBOM OOMEr0 LKOJH-
dectBa norpebasemoil nmumu (puc. 19) u Bo BCAROM caytae
OPeAICTABIACTCA DPA3YMIBIM AJSA TEMIOKPOBHOTO KHBOTHOTO.

M. Ixcnepumentnl ¢ cucremoii Paramecium—Didinium

BaskHOCTD COOTHOIIEHHS MEEAY PpABHOBECHON TIOTHO-

CTbI0 ¥ B TPHMCYTLCTBUM XHUIMHWKOB ¥ eMKOCTBIO CPeiul I,
X0POIno WJIIOCTPUPYIOT sKcTIepuMenthl Jlagunbuaaa [50]
Ha PDeCHUYHEIX IpocTedmux; xumunre Didinium, moegamouien
CBo10 ;KepTBY Paramecium. Herorophie pesyibTarsl 3THX K-
cnepuMeHTOB npeicraBiaenn ma puc. 20. Har npasuno, cra-
qana wHabawgaercs OLICTPHE POCT YHCACHIOCTHA KePTBH,
88 KOTOPBIM CJIeTyeT POCT UHCICHHOCTH XUIMITAKOB, BBIJIABIH-
BAalIINX BCIO ;KePTBY, 4 3aTeM mormbamoimyx oT roloja. Co-
CylllecTBROBaHIe YAaBAaNoCh MPOIJIHTH, CCHH K Ccpele [00aB-
Jaau MermanellTionody (puc. 20, 4), mpm aTOM cpexa craio-
BIachk BA3KOM u 00a PeCHUIHEIX HARUMHAJIM ILIABATE MeIell-
nee. Tea me MeHee B CHCTEME NPOHCXOIUIH KoleGANHA THC-
TeHHOCTH C BO3PACTAONEN aMUNUTY/0H, TPHBOAMBIIME B
KOHUe KOHNOB K BHIMEPAHUIO XHIIHAKA. [lauTespuoro cocyme-
¢rBoBanua (puc. 20, B) yuaBagoch HoOHTHCH, CCIM, MOMUMO
Ro6aBaeHNUs 1EIII0I03H, COgepHANNe B Ry ILTYPe KOPMA JIst
HEPTBEI YMEHBIIAAN BBOE.

Upndmirer  roaebarenbHoit IpHpPogsI 9TOro paBHOBECHA
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HeIb3s TMOHATEL, €CIH HC YIUTHBATH 3amasgsiBaromue sdder-
THI, KOTOPEIE 6YAYT paccMoTpeHsl B I, 3. B wacTHoCcTH, IOCTe
roro Kak Didinium, 1mporojofaB B TeYeHWe HECKOIBKIUX
qacoB, CyMeeT IOIMAaTh ;KEPTBY, POCT U JeJeHHE BTOTO XUUI-
HUKa BO30GHOBIAIOTCA He cpasy. TeM He Memee MOMHO Io-
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Pumc. 20. CocyuecTBopamue mpocrefimmx Paramecium  aurelia (!
u Didinium nasutum (II) [50].

TIJ0THOCTE MONYNANUHA OLEHMBAJACh N0 YACAY KAeToK Ha | MJ cpensr. A, Hpn 10

GaBICHUH B CPeay METWILENAno3sl. 5. 1Ipu pofaBnennl B cpeny MeTHIIesIt

35 ¥ CHIDKEHHRHU BIBOE KOHIEHTDALKMH KopMa niA epTrBbl. Kpusaa III wma ofl
Tpagurax — pocT P, aurelic B M30JMPOBANHOR KYJILTYDE.
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gATb, T0YeMy Jo0aBJeHMe MeTHIIeNTI0I03H H obeiHCHHE
cperibl NUTATeTbHHIMU BEIeCTBAMU CHHKACT aMILIATYLY KO-
pebanmit gnciaenHoctn. O6cyouM cHadajia BIMAHME METHI-
nesii003bl. B ypasmemmm (15) Mb1 paccmaTpuBaem y He
gag gncaennocts Didinium, a ®ar ux GuomMacey, a e — Kak
CKOPOCTh IoTepn 61oMaccH o[HOMH 0C06BI0 B OTCYTCTBHE SKEPT-
pri. Jlo6aBieHHe MeTHINEJIION03E IOBHCHT BeJIMIHHY €
OTHOCUTEJIBHO MHTeHCHBHOCTY XHITHEIECTBA ().

PaBnoBecHOe B3HaueHHe BeJWUYUHE £ MOJKHIO NOJYYHTH,
pem#B ypaBHeEme ko(r) = e. Bospacramme BeinmumHLL €
OpEBeieT K BU3PACTAHMIO BEeTMYMHE! T M, CIEXOBATEeIbHO, K

yMeHbIIeHHI0 oTHOmIeHMA z,/z. TouHo Tak iKe yMeHbIIeHHe
KOBIEHTPAIIMH KOpMa [JIA RePTBH BEI3HIBAET yMEHbIIEHUE
BEAMIUHE Z, (9TO MOATBEPSHICHO SKCIHEPHMEHTAJIBHO; COOT-
BeTCTBYIOINME YPOBHH mOKasadH Ha puc. 20) u, cliemoBaTeinb-

Ho, yMeHbINeHHWe OTHomenms z,/z. Har Obilo mokazano B
pasa. I, »To mpuBeger K cTabMiiu3aliud PABHOBECHS.

Ofpature BHEMaHWe HA TO, 9TO [JiA NpUMeHeHWA 9HTOH
(a Tarsxe B cymHocTH M NOGOH Apyrofl) MareMaTHIecKOH MO-
TedH Her HeoGXOMWUMOCTH, dYTOGBL MOJedh COBEPUIEHHO TOY-
HO OmUCHBAJa H3ydaeMyl Omoiormueckywo curyamuwo. lloc-
TaTOYHO 3a7aTh BONPOC 6 TOM, KAKOIe DOfla  UIMEHEHue
B IIOBeJeHNH MOJEIW MOKHO BHI3BATH ¢ IIOMOMIBI0 OIpeje-
JEeHHOrO U3MeHeHMSI [IapaMeTPOB, M MPeJCKasarh, Uro aHa-
JOTMYHOE N3MEHEHHe NPOM30H{eT B [OBeJeHAN H3yIaeMoll
fmoxormueckoit cucreMsl.
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CE30HBI PASMHOKEHHNA B BO3PACTHAA CTPYKTYPA

A. O6parnad ¢BA3b ¢ 3anasJpIBaHIeM

W kemepan X0oPoIlo u3BECTHO, UYTO €CIU CHCTeMa Peryii-
pyerest meraeil o6partnoii ¢BsisW, B KOTOPOH MPOMCXOMUT CY-
HiecTBeHHAS 3ajeP:RKa, TO BechMa BEPOSTHO BO3HUKHOBEHI:
Roste0anuil ¢ Goawiroi ammaurygoit. Ilojgobmas ke  cBA3L
MekIy KodefalMsMU M pery.asiued ¢ 3aua3fabBaHdeM Ha-
O0imwTaercss B WOBCEIHEBHOW KU3HHU. UeToBeK, KOTOPHII
VUHTCA e3JUTh Ha BeJOCHIejle, IPOXOJUT dYepe3 TaKYI0 CTa-
M, KOTA O BCe BPEMA BUIAET U3 CTOPOHB B CTOPOHY, Io-
TOMY 9TO, XOTSA OH ¥ LILITAeTCA BHIMPABUTH MOJMO0KEHUE, M-
HEBPUPYS PYyJIeM, HO BCSIKUN pas HaduHAeT [eJaTh 9TO CJUIN-
KOM TO37HO W R TOMY yKe Ile yMeeT BOBPEMS OCTAHOBHTHCH.
Wrnor;ja, npuHuMas AyOI, Mbsl TO 00KUTAEMCs, TO 3aMep3aae,
IOTOMY UTO MY HOBOPOTOM KPAaHa M TeM MOMEHTOM, KOT;Ia
BOjla JOCTHTaer KO/kd, Maeercs 3ajeprka. B wagectBe Goave
CePBO3IIOro MPUMEePa HATOMHAUM, YTO dKOHOMHTIecKHe OyMb I
CIL;/ (Bl B YWKCIE MPOYMX IPHYHH BO3UMKAIOT B peayJabraTe 3
JACPARI MEYKIY TeM MOMEHTOM, KOTAa CIPOC Ha Karoii-10
TOBAD MPEBLIIIAET IPE/INIosReNe, U MOMEHTOM, KOTAa MPOlis
BOHTCIH DTOTO TOBAPA MORCT 06ECHEUATEH TPOU3BOACTBEHIIY i
A0 1 o0opyIoBaliue, 11eo0X0,THMIe [T VIOBIETBO |-
HHUS CIpoca.

Bansinme 3amasfblBAlEA HA JTHAAMHRY CHCTeMBI MOy M0
chopyyiampoBarth ¥ HEeCKOJABKO TouHee. B obiesm, ecaum npo
J0GRATETBHOCTD 3a/[eP/iKU B HeT.ie o6paTHold CBA3W mpeBi
HIAeT COOCTBEITHoe XAPAKTePioe BPEMS CHCTeMBl, TO BO3MI
raipr Komebauus ¢ Godpmoil aymauryaoil. Tepywwun «xapaw
TePHOEe BpPeray A0 MOHMAMATH CITYIOIUM oOpasom: ocil
YBTWUCIIAE YHCICIHOCTH KAKOTO-Tn00 BUIa B OTCYTCTRI
POrYJAATIANA  ITO/('TAHACTCA  yPaBICHUIO da/dt =rz, 1o npt
3TOM Xapakrepioe Bpesms pasuo 1.7.
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Cezonvl pasmnodeHus w 603PACTHAR CTDYKTYpd

B srocucrevax 3amasaeiBaHue peryIAnuM OBIBAeT BHI3-
paHO ONHOM M3 TPeX LPUIHH:

1. Bpema passumus. Haroe-ambo H3MeHeHHE B OKDY-
sralolell cpele, HATPUMeDP yBCIHUUYeHNe PECYPCOB, MOMKET BHI3-
BaTh BHE3aOHOE MOBBHIIIEHME IMPOIYKTHBHOCTH B3POCHBIX 0CO-
gefi. O/1axo COOTBETCTBYIONIEE UM3MEHEHHC YHCIEHIIOCTH
B3POCIbIX 0cobell mpousofijier ANIIL 110 HPOIISCTBHE HEKOTO-
poro BpeycHu I', paBHOTO TOMY BpeMeHH, KoTopoe Heobxo-
JEMO A PasBuTHA U3 sfina B3pocaodr ocobu. Ecanm x —
gHCAEHHOCTH B3POCHBIX ocobeil, To ypaBllenue

da/dt = | (2)
CleflyeT 3aMCHHTD YPaBIENnenM

dz/dt = f(z,_,),

re Z; _7 — YUCACHHOCTH IOJA0BO3PEILX o0cobeil B MoMeIT
spemetin t— T,

2. JTuckpemuocmov cez3onoe pasmroscenus. MuoOrue BHAB
pasMHO;:al0TCA JUIIL B ONMpejedeHHoe Bpema rojga. [lawe B
TAKAX TMONYAAUNAX, 0COOHM ROTOPHIX CIIOCOOHET PABMHORATHCS
HECKOJIBKO JIT IOAPs, 4T0 OOBIUHO A MIEROIHTAIOIMUY H
OTHI[, a TaRdie 110 OTPENeNCHHI0 — /A MIOTOJeTHHX pac-
TeUdil, HaJIudHe ce3010B PA3MHOREHHA BHOCHT HEKOTOPOe
3amna3LBaHNe B TMPOMecChl PEryJfAnuu 9YucieHHocTH. Ecau
HUBHETHB MUK J@HHOTO BHIA TPOIOIKAETCH HECROIBRO
JIET B ero 0COOU €::er0j(HO MPOU3BOIAT OTHOCUTEIBII0 HEDO0 N b~
IIoe YuCcJa0 peTeHblnedl, To 3anas;ipiBaiiue Ha ofuH Toj1, 00yc-
JIOBJCHIIOE JUCKPETHOCTBIO CE30II0B PA3MHOKEHHA, HeJIL3sI
CUATATHL JOJTHM 0 CPABIEHIIO ¢ XaPaKTePHLIM BpCMeIeM Jiu-
HaMUKX 3TOT0 B, U, TaRkuM o06pasod, aiobwe Romdedarrus,
BEI3BaHHbIe 3aTas3;[pblBAaHUeM, OYAYyT 3aTyxatonumu. Kciam sue
B3pocasie ocobm, pasMHO:RAIONIMECS B JIAITHOM TOy, PeEj(Ro
WM HUROTHA He JO/RUBATOT [10 TOTO, YTOOLI PA3MIIO/KATHCA B
CIeNyoneM rojy, Kag, TAIPIMCD, V o HOJCTHUX pacTeHHUH,
Y MHOTHUX HAaCCKOMbIX, ¥ HEROTOPHIX METKIX MICKOIMHTAIIUX
B OTmiy, T0 9T0 0OKA3LIBACT CYI[CCTBRIIAOC BAMANNE HA JIIIAME-
RY ux uyucaenmoern. Tawrms ofpaszoy, ypapuenme

de/dt = f(x)

Clenyer saMenuth ypaBHEHHOM
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Tret = @ (xn)7

rje &, — YUCJAEHHOCTL HMONyJANMH B roxy n. Odens gacro,
HECMOTPA HA TO 4TO ANA AuddepPeHINaTIHHOTO YPABHEHHA Cy-
MIECTBYET IIOJIOKEHWE YCTOMYHMBOTO PABHOBECHSA, COOTBET-
CTBYIOIIee KOHEUHO-PA3HOCTHOE yPABHEHME UPHBOAUT K pac-
XOIAMUMCS KOJeOaHUsIM.,

3. 3anasdusarwee delicmeue Garmopos, 0zpaHULUEAIOW UL
yucaennocme. Jlayse ecau JAHHHEN BHJ MTHOBEHHO peaTHpyer
Ha BCe HEIOCPEeICTBEHHO BoajeficTByoONMume Ha HEro ycJI0BHUA,
ero YMCJAEHHOCTD TeM He MeHee MOKeT KolebaThCA IPHU HATII-
YU 3aMAa3MBBAHNSA B TeHCTBUN OrPAHMIUBAIIUX 9TY YHUCICH-
HOCTH (parkTopoB. IT0 00hTHO HabJalojaeTcs B TeX CIYTAAN,
KOTZa CaMHMM OrPAaHUYABAIOMEM (GAKTOPOM TaKkyKe SBIAETCH
RaKo#-T0 BUJ ;RKUBOTHOTO WM pacTeHUs, A KOTOPOTO Xa-
pPaKTepHO 3ama3gHBaHUe pPeaKkiud, 00VCIOBICHHOE JIHTEdb-
HEIM BpeMeHeM UHIHBUIYAJbHOTO PA3BUTHUA WMIM JUCKPETHO-
CTHIO CE30HOB pasMHO:keHHA. llpmuem HeBasiHO, KaRyIo podb
BEIIIOJIHSCT OTPAHUYUBAIOIAI YHCIEHHOCTD BU: OH MOKET
OHTh W XWIOTHHKOM, ¥ MCTOYHHKOM ITHTAHUA.

B oroit ritaBe MBI paccMOTpUM BCE TPH THUITA 3aTA3/ B BAIHA.

Cpean HKoJoTOB TMEPBHIM 00paTHII BHUMAHNE HA Ba/RHYIO
PONb 3aNasibBaHMAI JIA AUHAMAKHE dKocucrTers XaTYHHCOH
[25]. O pacemoTrpen ypaBHeHHe

dz/dt = z (a— bx,_,). (17)

dTo ypaBnennme 0CHOBAHO HA CIEAYIOMUX COO0paKeHuAX:
110 Mepe yBeXNYeHusI IIOTHOCTH KAKOT0-I1r00 BHJA TOCTYIHEE
eMy pecypchl COXKPaIaloTCs; 9Ta CUTYAIHs ONUCHIBAETCA JOTH-
cTyecKkuM ypapienueMm (7). OgHako B peadproil sxrocucTe-
Me pecypchl cHoCOGHBI K CaMOB0O300OHOBJIEHUIO; TO3TOMY Heii-
CTBUTEJBHbIA YPOBEHb PECYPCOB, MOCTYIHHIX B J000% MOMEHT
BpeMeHH, OyueT 3aBUCETh OT IJIOTHOCTH PErYIMPYeMOro BUIA
B Hekmil MomeHT BpeMenu f(—7 B mponuioM, rme 1 —
«BpeMsl Pa3BHTHA» BHAA, CIys;Ramero pecypcom., Tarm o6-
pasod, obwuHoe (Ge3 3amaz/plBaHAA) JOTHCTHIECKOe YDPaB-
Henme ciaenyer 3aMeHuTh ypasuenueMm (17). Ecau 7 Beamro
orrocurensHo 1/a, To ypaBuenue (17) mpHBOgUT K pacxojs-
muMes  KoJefadMaM, XOTA JOTHCTHIeCKoe ypaBHeHHe ¢
T =0 Bcerga gaer ycroifumsoe HekodeGaTelipHOe PaBHO-
Becue.



Cesonsl pasmmodcenus u 603PAcTHAR CTPYKTYpa 59
p——

B oToil TiIaBe, 0JJHAKO, MBI CHauala PaccMOTPUM Koleba-
pgas, 00YyCIOBIeHHEE Deryialuedl ¢ 3ama3jHBaHUEM B IPOC-
foli cHCTeMe, I KOTOPOH HMeEITCSI KAaK MaTeMaTHYecKasd,
74K 1 OMOIOTUIECKAS MOIENH.

B. 3anmasapiBaHUA, 00YCIOBICHHBIEC BPpeMEHEM PA3BUTHA

Huroancon [61] moxasan, 4ro wmciaenmocTs dabopaTop-
Hol mONyJaANWY 3eJeHoH najganbHoit Myxu Lucilia cuprina,
KOTODPYIO TOCTOSHHO 00ecImeduBal0T KOPMOM, TeM He MeHee
mogBepP;ReHa KoJieGaHuAM ¢ GoAbIIoN aMIIATYAOH U HOCTOSH-
auM nepuogoM. Ha pue. 21 mzobpasxens KonebaHuda IHCIEH-
HOCTH B3POCHLIX MYX U JUYHHOK B MOOYIAMHOHHOM AMIUKE;
JNYUHOR cHAGMANH KOPMOM B HEOTPAHMYCHHOM KONHIECTBE,
a B3POCJHBIM 0COGAM e/ReHeBHO [aBadd ONMHAKOBOE, HO
orpaHuYeHHoe KoamdecTBo Kopma. llocrpoenme mpocroit ma-
TEeMAaTHIeCKON MOJeJM DTOTO DKCIePUMEHTA JaJ0 HHTeDeCcHbIe
pe3yIbTaTH.

IIyers X — umciieHHOCTH B3POCIABX  ocobeit  Lucilia
B MOMEHT BpeMmeHu f, a wAf{ — KopM, BHIABAEMEIH 3TAM 0CO-
6aM 3a BpeMsi Af, T7e BeAWIUHA W MOCTOsAHHAsI. B mHTepBae
At RoJuuecTBO KOpMa, NPHXOo/sOieecs HA ONRY 0Co0b, PaBHO
wAt/X. Jlonyctam, 9To [JIA OOAAEDP;KAHUA JKUBHH KasKgo#
B3pocaoil 0cobu meobXoaquM0, YTOOK KOPM HMOCTYHIaJ ¢ HeKo-
TOPOH MOCTOAHHOH CKOPOCTHIO, KOTOPYIO MBI 0003HAYUM dHe-
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Pac. 21, Yncmenmoers Myx Lucilia B nonynaumonnmoMm sammxe [61].

gﬂﬂﬂﬂxn OOJTY4aJIH HEOrPAaHUYEIIHOEe KOJIMYECTBO KOPMAa, a B3DOCJible ocofM MoJyya-
A TONMbKo Ho 0,5 I medeHy B fleHb. [ — ulCJ0 B3POCHBIX ocobeii; II — 4hcJo Aum,
OTKJAObIRAEMBIX 33 OIWH [I€Hb.
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pe3 m. Lcau IpeariosoiuTh, YTO HOJ0BO3PEILIE CAMKH, Hpe-
BpainaloT m30BITOR KOpMa B sAla ¢ HERKOTOPOH HOCTOAHHGH
2 QeRTUBHOCTBIO, TO UYNCHAO OTIOMREIHLX AU, IPUXOHIIe-
ecq Ha 0jHY caMRy, cocraBut k(iw/X — m)Af, a obmee wucao
AWL, OTJIOMKEINILX B IONYIANWH (IPH YCIOBHH, YTO YUCIO
CAMIIOB H CaMOK O/|UHAKOBO), OVieT OMHCHLIBATBCA BRIPayLCe-
HHeM
| 7 A (I
— kX (~ —m) At == — k(w —mX) At.

P -

\

O6patuTe BHUMAIHE, UTO ecCJAH NPeHeOpeuh BeIHMYHHOI
m, T. . KOANIeCTBOM MU, HeoO X0 MMBIM J{7I TOANe DI A s
JRU3HH, TO o0Mlafd UHTEHCHUBHOCTL OTKIAJRH SIAI OKAKETCs
He3aBUCHMOIT 0T 4mCIeHHNoCTH momyianud X.

HJomyctum Temepn, UTO CMEPTIOCTL B3POCABIX 0c00ei coc-
TaBIsieT HEKOTOPY0 MOCTOANNYIO BeAMYHHY C; IIPU STOM MBI
e YUIUTLIBAEM CTAPeNusi, & TAKKe BO3MOWHOCTH IOBLINCHUA
CMEPTIIOCTH B3POCILIX 0cobell mpu yBelIWUeNHH YHCIeHHOCTH
X 7 coRpallleHIH KoJIHYecTBa KopMa 112 0AILY B3POCAYIO ¢CoOD.
Torga umel1o B3pocarx ocobeil, norubaoinuy 34 eJUHHILY Bpe-
yveru, Oyier pasHo CX At

Jouycrusm, HaKomer, CynlecTBOBaHMe IeKOTOPOil moctosH-
1ol BepPOsITHOCTH (8) TOT0, YTO Kasknoe Aamioe filio BulkLHBeT
U 13 HeTo IO0JAYyTATCs B3POCJIass ocobb; IIPH HATHUNH Heol Dalin-
YelllIoTo KOJAWYecTBA KOPMa JUJA JINMUAHOK Takoe I0HYyLIeHHe
BIIOJIIIe OLPaBIAHO,

Tor1a, ecau = — Bpems, meodxoguMoe ;Isi TOTO, UT0OH
n3 #giliia passmiach Bapocaas o0cobb, TO

AX = — CXAL+ % ks (W —mX ) A,
ISAIREE

AN/t = L fsiw — CX — % mksX, -, (18)

ITvers X — pasuceBecHas miaoTHocTh X ; RIILIMU CIOBAMIH,
ecat X B TEYCHUC HEKOTOPOTO ICPHOLA BPEMCHIT T HMECT BC-

aumunHy X, To oma BHocaegcTBuM He mamenmntes. Tor7a.

X = —L/fsw/(C - 4 mks).
2 2 /
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Oyctn X = 5((1 - r); Torga
Fde/dt = L pso—CX (1 -+ 2) — L mhsX (1 +2,),

AR
daldt = — Cr — = mksz,_. (19)

flewo, uro ecaum = 0, to da/dt = —Cr, ciaexoBaTeasmo,
mo6oe OTKIOHCHHE 0T PABIIOBECHA JECIOHEIHAIBHO 3aTy-
Xaet.

B ypapmennu (19) ¢ mw m 06030a9aK0T COOTBETCTBEHI(
€MEPTHOCTh W KOJHUTIECTBO KOoPMa, HCOOXOMMMOe IIf HOMuCcp-
JRAHUS SRUBHU oAHO#W oco0u, HAIpHMCED, B TedeHHe OFHOTO
JHsT, 910 ypaBHEHHE MOJKHO TMePerucarh, IPUHAB 38 IHIUIY
BpeMeHH BpeMd PA3BUTHA T

dx/dt = — C=z —— —})— mks=x,_y, (z0)

THe 1 — BpeMs pa3BuTHsA B JHAX; C — CMEPTHOCTL 34 0jMH
1
HEHb; —-mks — ROIUYECTBO KOPMa, HeoOXoAmMoe s 1101~

Oep:;RaiuAa KRu3Hu OI[HOfI MYXH B TeucHue OJHOTO AHA, HM3Me-
pednoe B «Hﬁ].{a?(, He OTJOREeHHBIX BbBLAWUBIINMII CaMKaMMI».

1
Ecan BBecru obozmavenus (= ==a m —ymhkst == b, To

Ypasirenue IpUMeT BH
dz/dt == — ax — bx,_y, 21

e @ u b — I0J0/KUTCILHLIC TTOCTOANHEIE. JT0 YPaBHEHHC
AHAIUTHUECRH MCCIACAYCTCHA B IPHIO;KeHUH, TMOMEIMIEHHOM B
KOHIIe T.TaBhl. XapaKrTep pelreHusa KaR GYHRIHUA MapaMeTpoB
a u b mowasan Ha puc. 22. IlocKodXbry BeIHIWHEL @ W b He-
IpeMelHO MOJOKATCIABHE, HAC HHTePecyeT TOJIBKO IIOT0/RH-
TeIBbHLIH KBajpaHT. YBeJWUCHMC 3ama3biBAaHUA < BJedeT
3a co6ofl IpoNOPIUOHAABHOE YBEIWUCIINE ¢ U b, TAK 4TO OHO
9KBHBATCIITIIO YAaJelui0 OT HAavaJa KOOPAUHAT, RAK BHUIHO
Ha pucynwe. Tawum obpaszoM, Ipu yBelIWICHUHM < MOBeEHHC
CHCTeMDBI HBMEITACTCHA, Hepexofid 0T 9KCIOHEeHIIHMATILHOTO 3a-
TYXaHus Bo3MYUeHHNA K 3aTyXaOMUM KoJeGaHUAM, a 3aTeM
(ecart roupro ormomenme m/C We CIAMIMKOM Mago) — K pac-
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XOHAMUMCA KoaebanuaMm. OTCOAA cIegyer, 9To AJdA pPacxojs-
muxcd KodgeGaHuil HeoOXommMo:

1) morpe6aenne 3HAYATEIBHOrO KOJUYECTBA NHIH Ts
HONCP/RAHMA JRUBHE KaKA0A 0c0o0M, ¢ TeM YTo6H mo Mepe

—1 1
=2 =1 1 a 2
Pue. 22. Tpannns yerofiumsocta pua ypapuenns dz/di = —az— bx, ;.

TobnsonransHad WIPHXOBHA — SKCIIGHERNUATIBHOE yIAJCHAE OT PaBHOBECUA; koCafd

HMTPAXOBKA — DKCIIOHEHNNAJILHOE PUOIHEHAe K DABHOBECHI); HE3AUTPHXOBAHHAA

ODJACTE — 3aTyXalompe KonefaHnA; BCPTHKANLHAA MTPHXOBKA — PACK OIMILAECH K
aedamms,

YBEIUYCHUA TUCIAEHHOCTH B3POCINX ocobell o6mias uuTeHcHs
HOCTh OTKJANKH SN CHUALANACD; :
2) samasughriBaHWe, CBF3AHHOE ¢ Pa3BRTHEM OT afiga @
B3POCTIOR 0COOH.
O0parute BHEMaHHmE, 9YTO HEYCTOHYIMBOCTD BOZHMKACT
TONBKO B TOM ciy4ae, ecaium a = Ct > =/2 wam, rpyGo ro-
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pop#, ecan © > 1/C. 9ro caymut mumocrpanuei 06o6menus,
¢AellaHHOTO HA CTP. 52, COTIacEo KOTOPOMY HEYCTOWIMBOCTH
BO3HUKAIOT TOT/IA, KOTHA BPeMs 3alas3[kBaHnsA B meTiIe o6par-
goil cBsA3u DoJbIille, 9eM XapaKTepHoe BPeMA CHCTEMEL.

Huronbcon Habxoman HesaTyxamoliie KolefaHusa M B
9KCIEPHUMEHTaX, B KOTOPHX B3POCTHE 0COCH NOAydaaH He-
oTpaHHIEHHOE KOJIMIeCTBO KOPMA, 8 TNINHKN— OTPAaHWIeHHOE.
AHaXu3 5Toro IpuUMepa, IIPOU3BENEOHHLIN aHAJOTHYHLIM 00-
pasoM, DOKa3klBaeT, UTo KOJMeOAHUA HIPOUCXOAAT B TOM CIY-
gae, KOIJa yBeIMJeHMe UUCIa HAHUI, OTKIAJTBIBAGMHX IpH
KaKOM-TO ONpefielleHHOM KOAMIECTBE KOpPMa, CBEPX HEKOTO-
poro ONTUMAJILHOTO YPOBHA CONPOBOKJAAETCA CHUKEHHEM
y@Aclia DOJYy4dalIUXCcad M3 PTHX AHUI B3POCABIX ocobeir. Hn-
KOJBCOH TI0OKa3aJ, 9T0 TaAK W 06CTOMT Jeno B AeACTBHTENBHOC-
ta. Horja oTKIajgmBaercA CIMIIKOM MHOTO AMI, KOPM pac-
XOIYeTCA IOHANPACHY, MOTOMY dTO ero ChefalT JMIRHKH,
KoTOpHe IOTMOHYT M0 OKYKIMBAHNA; HTOT HANPACHO Pacxo-
[yeMEIH KOPM BHITOJHSAET TY 'K POJIb, UTO U KOPM m, PacXony-
eMHIIT Ha IUTaHNe B3POCILIX 0cofell B mepBOM OIEITE.

Ha ocuoBanmu ntux nabawonennti Hukoabcon npegiaraer
pasimE9aTh JBA THIA KOHKYPEHITHHM 34 PeCYPChl, KOJIUTECTBO
KOTODBIX Ol paHMYEHO:

1. «¥Ypasamiaoskay tuna Habmwojaemoit v Lucilia, Korga
KaykAaA ocobb modyuaeT KaKYo-TO M0N0 AaHHOTO pecypcea;
OPHU 9TOM, ecad ocobeli 0oablie, 4eM ModeT OHTH ofecuegero
HaJIWIHBIM KOJNHMYIEGCTBOM BTOTO pecypca, To OOJbIIas 4acThb
€T0 HDpomafaeT 3pd W dUCI0 0cobell, MOUYIMUX BHLIRUTH HA
HaHHOM KOIWYecTBe pecypca, YMeHLIIaeTcA MHOIHA 10 HYJIA.

2. «CocTaszanue», B pe3yibTaTe KOTOPOTO HEKOTOPHIE 0COGH
HONYyYaI0T JOCTATOUHOE KOJUYECTBO pecypca € TeM, UTOOH
BLIKHTE M OCTABUTH ITOTOMCTBO, a JIPYyTHe He HOJAYdYarT HUJIe-
ro. Ilo106mpit dhderT BO3ZMOKEH IPH HePAPXUIECKON CTPYK-
Type HONyJAAMMY M IIPA TEPPUTOPHANBHOM IIOBCIEHUM.

Hpegmecryromuit aHanua MoATBep:RAaeT TOYKY 3PEHUSA
Hukoancoma o ToM, Wr0 «ypaBHHIOBKA» IPHBOJET K KoTe-
Gammsam amermennocTu, a cocrAzanme — K yCTOHUMBOMY Pas-
HOBecnio.
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B. Matpuuiioe npejgcrasiesie pocTa MOy JAINHH IPH
3ABUCAINNX OT BO3PACTA POKAEMOCTH H CMEPTHOCTIL

Ilonyaanusa Mos;ker ecTeCTBERHbIA 06pasoM pacmazarTbes
Ha PA;{ AMCRPETHLIX BO3PACTHRIX KIACCOB; TAR 00CTOHT €0,
HANPHMEP, ¥ BUXOB € O;HHM CE30IHO0M PA3MHC;KCHUA B IO
Haske ecanm B nONyaAnmE HEAB3A OOHAPYRUTH YETKO BLIPa-
JKEHHOTO [e;IeHHA 1a Bo3pacTHRE RJIACCH, Yi06H0 mpom3Bec-
TH Takoe pasje’leHne OPOoU3BOJILIIO; AeMoTpaduIeckue | Crii-
THCTHUOCKHE pacdersl ;1A dedoBeKa o0bUNo HAYBHAOT ¢
pasgelenHs DONYJANMM Na TOJUTIRE KAacCH. B Tarux cay-
9aAx yAo0HO BOCHOIB30BATHCA MATPUYHBIM TIPEICTARBIEHITCM
JAaBHBIX, npedaosnennsn Jlecam [40, 41]. B soment Bpesen
t =0 NOWyJANMIO MOJKIO IipejICTABUTL B BHJE BERTOD:-
croadna

Nyo
Lam
Ny

_nmo__

Taxmir o0pasoM, Rn;, — IUCI0 CAMOK (-0 BO3PaCTa E
someHT 0. Torga crpykrypa momyJdsuuy B MOMEHT BpedMelil
t =1 3anaercs ypaBHEHHEM

Moy FO ﬁi Fm—l Fm Mo
n, | P, 0..0 0 Ny
ny |={0 P,.O 0 Ty (z-1
._nmi_ _O O Pm—i O — _nm()_
B oroy ypaBuewnu Fy, Fy, ..., F\y— DI0J0BATOCTE caMok

Pa3HoTo BO3pacTa; TaKWM ofpason, F; — 3710 gGHca0o ceobul
JREHCKOrO I0JIa, POskAEeHHBIX caMKoB i-ro Bodpacra, KoTophl
JAOKUBYT 70 CHEAVIOMETO BPeMENHOro HWHTepBala u mpmnT’
yuacTme B CO3JaHUKM gmeixa Ry, Cxoansiy obpasom P; — uio
BCPOATHOCTE TOTO, UTO AAHHAA CAMKA i-TO BO3PACTa LO;LHB
70 Bo3pacTa i -+ 1, Tar uro

—p
Ry = Pin;,.
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Jra MATPUYHASA CHUCTema yjxo0Ha Kawk ST DPAKTHUeCKHX
pHAMCIACNNI, TaKk W s aHAIUTHYECKUX HCCaeyoBanmit. Mot
ge OyeM 3]ech paccMaTpuBaTh ee folee TOXPOOHO, TOCRONK-
Ky 970 yike caenano B kuurax Iumeny [63]n Vransaycona [83].

[Ipnroskenne

@opMa u ycTONYHBOCTH peuleHHH ypaBHEHUA
2 (t) = ax (t) + bz (t — 1),

e ¢ U b — jeilicTBUTeNBHEIE TIOCTOATABE, a x(f) = 0 ;04
[pusennB K obend TacTAM PaccMaTPUBAEMOTO Y PABHCHHISA
npeoGpadoBaine Jlamaaca, moaydaeMm

sX —1=aX + beX,

Otciojla caeayer, 4To €ro pelleHUe MPU 3a;TaHIIbIX HagaTb-
HHEIX YCIOBUSX HUMEET BUJ
ctico ;
1 2 o w
z () = — —_— ds. (1
2%=i s~—a—be”S
c—ico
CHHTYISPHOCTH MOJABIATEr PATBHOTO  BBIPQKEHHA — 3710
TOYKH, Tjie S—a—>be™ obpamaercss B HYJIb; I0JTOMY pelie-
HU® DABHO CYMMC BHEIYETOB IOIBHTErPAJIbHOIO BLIPAsKeHHSA
B 3Tux noaiocax. YroOp mnaifiTy 3TH HYIH, HOIOMKUM § =
=a -+ if, rme o u P JAelicTBUTEIBLHB; 0TCIOLA IOIYUYAEN

a+if=a-4 b~ T

B, IpupaBHUBAA OT[€JIbHO JAeHCTBUTEILHLIE H MHUMBIE 9aCTH,
Dorygaem cuereMy JBYX aarefpaMdecKuy YpaBHeHHil

a=a - be" cos b, (2%)

9= -—besin 3. (3%)

U3 ypasuemus (3*) caenyer, uto p == 0, u Torja ypas-
Hemme (2*) mpmaer Buy

a=qa-- be " (4*)
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IIpu b > 0 oro ypaBmenmme mMeeT TOJIBKO OOWH HelicTBH-
TeJIBHBIH KOpeHb, KOTODHI IONOKUTEIeH, ecam a4 |+ b > U,
a B IIPOTHBHOM CIydae OTpUIlaTeNeH.

1lpu b << 0 ypaBremue (4*) moxer mmerd ambo xBa jpefcr-
BHTEJILHEIX KODHsA, ANG0 He MMeTh HH 0JHOTO. [l1s1 ToTo 9T06LI
ypaeHenue (4%) mMMeN0 KpaTHEIA KOPeHB, be~% N0M:KHO OHTL
paBHo —1; B aroM caygae a = a—1 u, ciegoBareIbHO,

1= -— bel™ (5%

losromy mpum b <C 0 ypasHenme (4*) umeer jBa peii-
CTBUTEILHBIX KOPHA, ecan b > —es—!, Jlag toro 410o6Ll 06a
9TH KOPHA ORJIH OTPUIATEIBHEME, Heo0XomuMo, dYTOOL
a—-b<<0u a<<1; B apyrux cJaydaAX ONWH H3 KODHeN
modosxuresien. Eeam b <C —e%!, To ypaBHenwme mHe HMeer
IeHCTRUTEILHEIX KODHEIl.

Eean a, — jieficTBuresnbHblil KopeHb ypaBHeHUsa (4*), To
BKJIAj] B BeJTHYHHY z(l) OT COOTBETCTBYIOIETO BHYETa HMeer

3t f

sin f3 exp(Bctg f3)

Pnc. 23. I'padux sin Pexp(fctgf) xax dymrmmm f
Pemenns ypaBHeHMA 5 ==—b exp (—a) sin 3 exp (3ctgf) npemcraBaAoT cofofi
nepecevyenHua 9TOro rpadgura ¢ rpadukrom niA — 3/b exp (—a).
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snp A exp(a,t). CieoBaTenbHO, BKCIOHEHIMAIBLHOE Y{ATeHHe
oT paBeHCTBa OyIeT HPOMCYXOANTH B TeX clydasXx, KOTJa
g-+Fb>0mwma>1ub>—eii

b
5 =

A
A —
o
N
AN
N\
™~
\ AN
\ NG
-5 ly N
0 \ N
| \\\
N
QX
d\\
e L N2
BN
NG
N
| \1\
~10 |- 1
i b=-eat i

Pme. 24. Tpammmm ycrofwmsoctn s ypaeHemus x(f) = ax(f) +
Lbx(t — 1).

FODHBOHTaHbHaH IITPAXO0BKA — OKCIOHCHUMNAIIBHOC YOAJEHHC OT DpPABHOBECHA,; KocaA

WTPUXOBKA — BKCIIOHCHIIMAJIbHOE HDH()J'IPIH‘(EHMQ K PABHOBECHID; He3aMTPHXOBAHHAA

OGHHCTB—aaTyXalOH.lHe KOJNeO0aHNA ; BEDTHRAJIBHAA NTPHXOBKA -— PACXO2f I HeCA
KOJIEOaHNA.

Paceamorpum temeps cayuait, korpa P 5= 0. Wckawuenne

be—* nz ypasuenmit (2%) m (3*), maer
a=a-—3ctg3; (6%)

HogcraBuB 3TO BHIpajkeHWe B ypaBHeHHe (3%), moiaydum pa-
BeHCTBO
5= —be?sin3exp (Jctg3), (7

b
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npe/cTaBiasgionice coboil ypaBHeHHe oTHocuTeabno f. LKcim
B viosaersopster ypasmenuio (7%), To eMy y/IOBJICTBODSeT
u —f; nooroMmy 6e3 orpaHmueHNs OOIHOCTH MOGKHO CIUTATI,
qro f > 0. Onpegeus P, naxosum u3 ypaBHeHus (6*) smna-
YeHne @; BRJIAT B BCIWYUHY 2(f), BHOCHMLII TOMOCAMH

o — if, mmeer Bug e (Acosft 4 Bsin Pf), u rasrpodt mape
HOJIOCOB BUja o - iff oTBewaer YKa3aHHHIN BEIIIE BRJIAT.

Pemenns ypasuenuns (7*) MOTYT 6LITH HalleHbl KAK I1€pe-
ceueHnsa rpaguroB « = sin P exp (PetgP) ¥ o = — P/be—2. 113
puc. 23 Buamo, uto npu b >> 0 3TH pemieNuaA Je;RaT B 06Jac-
TAX, OTBCYAIONINX 3HAUEHHAM [ Mesiay 1t u 25w, 350 1 4% U 1. L.
Ilpr b << 0 pemrenust Je:xar B oBJACTAX MeEAY 20 U o,
4w HX m T. O., W, HaKomer(, ecam b < —e—l To mMeerca
Taisie pernenne B ob0xactu me:kay 0 u .

Tpamuuer  yeroituuBoctu o6pasyior wpuBbie o« =0 B
mIocRocTH a, b, mpmueMm [AIA BeeX IyJdell BHIPaReH!A
s—a—be—% uMeeT MecTo yeroidmBoCcTh, ecau z <0, n
HEYCTONYHUBOCTD — B IIPOTHUBOIOIO:RHOM cayvae. [ pammini
yeroiluuBoceTH 15 xosebartenabmsix petnenuin (B == 0) saia-
I0TCS B IapaMerpudeckoil Qopie BEIPa/KEHHAMH

a=3etgd, b= — —-, B>0.

¢in 3

padunm yeroiiuunocru mokasanu Ha puc. 24.
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CHCTEMEI XNINIHUK—&AEPTBA C YUETOM
BOBPACTHOI CTPYKRTYPBI

A. YpapHeHHs XMIHUK—KEPTBA € 3ama3]plBaHHeM

I. Henepexpwsawwuecs nokoseHus. PaccMOTpUM cHagasa
cay4aif, Korja HOCJIeH0BATENbHbE IOKOJEeHUT He IIePeKphI-
BAIOTCA HYU Y XUIIHUKA, HR Y ;RepTBE. Ecaun X,nY, — nuor-
HOCTH NONYJIANMA COOTBETCTBEHHO KEPTBH U XUIIHUKA B
n-M rogy, TO TOTAa '

v (23)
rge R w r, Boofme romopsi, QYHKNWHA mepeMeHHHX X, H
Y .. Paccmorpnm cHagasa cayuail, Korjga 4ucJAeHHOCTH XUII-
HAKAa OrpaHydguBaerci TOJBKO KepTBOH, a UYHCIEHHOCTh
HEPTBEl — TOJABKO XHIIHUKOM. PaccMoTpmM, HampuMep,
YpaBHEHHSA

Xn+1 = RXn}

nel = rYn

Xn+1 =aX,—CXY,,
Yn+1 = e— eYn + C,X,IY”.

9TA ypaBHEHHUSA COOTBETCTBYIOT (IPHMEHUTEIBHO K AUC-
KDeTHRIM mOKOJeHUuAM) ypapHeHuAaM Boarreppa Ge3 camoorpa-
HHguBatomero posgeiictsua. OgHaxko BMecTO TOT0, YTOOH
pemwrars mxX 15 TOTO YACTHOTO CJaydas, DPAcCMOTPUM ofmimi

Cryqai
Xn+1 - Xn -G (Yn)’}
Yn+1 = Yn : H(Xn)’

Tne G mw H moryT 66iTh m066IME auddepeHnupyeMbyu GyIK-
, MasAME,

(24)

~ ~

Paprosecusie sHauwenuss gus X m Y Mok¥o HaflTu m3
YDaBuenwuit

¢(¥) =1 m(x)=1.
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Myers X, = X(1 +2.); ¥, = Y + yy). Torna man
HeOOJBIINX OTKJIOHEHUH OT PaBHOBECUA

5 [0G (Y
xn+1:xn+Y[ 0)(’ )] Ynus
<[ ol (X (29)
yn+1:yn+X[ 6( ) ]xm
z

«
Tae YACTHHE NPON3BONHEIE BHUUCAAIOTCH UOpH Y =Y,
X = X. Ilycrs

Y[6G(Y)oY|=g u XI[0H (X)/6X]=h.

Torpa, ncrawuasn ¥, uW3 ypaBHeawmil (25), moxydaeMm

Tne2 — 2xn+1 + (1 - gh) Lp = 0. (26)
ATo ypaBHEeHHE HMeeT peTleHUe
z, = AN} - Bif, ©7)

Tae Ay W Ay — DENIEHHA XaPAKTEPHCTAUECKOI's YDPaBHEHIs
M —2r-+1—gh) =0, 1.6.

W=14+V(gh); = 1—1V{gh). (28)

[TockoapKy 9TH ypaBHEHHUS OIMCHBAIOT B3aMMOTCHCTBUS
B cHCTeMe XHOHUK—;KepTBa, BeNUYHHA /i TONOMUTEIbHA,
a g — oTpHIOaTeNbHa; OTCIOA MpoW3BedeHHe gh TakKe oTpil-
marelbHO, W, CIENOBATEIHHO, ypaBHeHme (27) ONHCHERAET
pacxogsmueca KoJebaHus. A 9T0 3HAYUT, 9TO CHCTEMa XUIL-
HUK—;KepPTBA, B KOTOPON YHCIEHHOCTh KaKIOTO U3 BUI0B
OTPAHUYIUBAETCA TONBKO APYTUM BHIOM, NpHIeM JIa 00omnX
BUI0B XapaKTepHK IUCKPETHHE Ce30HE PAa3MIOKEHN, BCer;[a
HeyCToHUMBa, HE3aBUCHMO OT QYHKIMOHANBHOK (GopPMBI B3a- -
uMoJeficTBUA. JTOT BHIBOL HPAMO IPOTHBOIOJOKEH TOMY,
KOTODPHIl OB IOMYy9eH [ CUCTEMEI C HEIPEPHBHBIM Dad-
MHO;KeHHeM, rie HabJoIalTca KOHCepBATHBHbIE KoMebamusl
(ctp. 36). ‘

Ha npakruke ycroiiuuBocts miam KomeGaTeJbHBIT Xapak-
Tep CHCTeMbl XWUIHAK—;KePTBA B3aBUCHUT OT TOr0, Kawkoi 13
$aKTOpoB ABIAETCA HOMHUHUDYIOIMUM: jeMOpHpoBanme, Co3
JaBaeMoe CaMoOTPDAHHIUBAIOMIMM BO3JEHCTBHEM sREPTBHI .11
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JUOHMKA, MIH 3ala3ieBaHHe, O0GYCIOBIEHHOE JUCKDETHO-
¢TI0 CE30HOB DABMHOREHHUsI WIN BpPeMeHeM DAa3BUTHUA.

II. 3anasdwsanus, o6ycroeienHbie 6pemeHeM pPA3gUMUS.
Bamrepcrku u Haunuurom [78] pacemorpenm ypaBHeHuUs

dz/dt = ax — cay — ba?,

2
dy/dt = —ey -+ c'24_ys - (29)

IJru ypaBleHUsA SHATOTMUHL yPaBHeHHAM (8) ¢ To#l pasuu-
neif, 9T0 B JAHHOM Caydae Ipeimoiaraercsd CYIecTBOBAHME
BPeMEHHOT0 MHTePBANa T MEKIY TeM MOMEHTOM, Rorjga yOuTa
oAHa 0Co0b ;KePTBEHI, M TEM MOMEHTOM, KOTJa MPOUCXOAUT COOT-
BETCTBYIOICE YBEMUTICHUE YACIACHIOCTH B3POCALIX XHIIHUKOB.
JdTM ypaBHeHUS M3YY9aJIHCh THCIEHHLIMH MeTomamu. Har u
clIefioBaNo oskujath, npu b = 0 (B orcyrcTeme camoorpamu-
YABAIONIETO BO3[EHCTBHA) MMEIOT MecTo KolefaTelbEEE pe-
JKAMBL ¢ TIMPOKOH ammiurynoit. Keau & He paBHO HYydI0, TO
mOBeIEHUe CHCTEMBI 3aBHCUT OT OTHOCHTEIBHLIX BEeNUIHH b
(nemmdpupoBanme) u < (LoTepsA ycTofumBOCTH).

Boaee pasnoobpasunie unciaeHiibie NCCACIOBAINA CUCTEMLE
XHIHAK —;KEePTBA C PasIUAUILIMU  THIAME  3a0a37BBAHUSNA
nporopua Kecyoax [9].

B. Mopean p3anMooTHomIeHnii MapasHTOMA—XO3AHH

Onua 13 HePBHX MOJENe CHCTeMBl ¢ AMCKPeTIBIMU IIOKO-
AEHAAMH — 9TO MOJJ]b, ONMCHBAIOIIAA B3aMMOOTHOIIEHNA T1a-
PasmTOomMAEOTO HaceKomoro u ero xosauHa [62]. ITapasutommon
HA3HBAIOT TAKOT'0 MApasuTa, B3POCHabie 0CO0M KOTOPOTO BENYT
CBOGOAHEIN 06 pas sRU3HN (HAIPUMED, UXTIeBMOHUAH HJIM Xallb-
TQUAE), HO OTKJIAMLIBAIOT AHIla B IMIMHOK BHaa-xosamma. Hu-
Koawcon m Beitim [62] pasobpanm caydait, Korga B KasRAyio
JTAYAEKY OTKIAABIBACTCA TOJBKO II0 OJHOMY AHIlYy UIW ke,
€CIM OTKJIAJBIBAETCA HECKOIBKO AUI[, TO BHKUBAET JHIIE
ORHO.

IIpunas nIoTHOCTS MOMYJIANNUN TOJTOBO3PEABIX CAMOK IIa-
Pagmrompa pasHoit Y, Mul xoruM Halkta Bexmauny p(Y) —
BePoATHOCTH TOIO, 9TO OAIA ONPEAeICHHAA NHIMHKA XO3AU-
Ha m36emur sapaxenmda. Ilpegmonaraercs, 4ro KamaA cam-
Ka mapasmromna obcienyer meryio mimomanb ka(k > 1) m
Haxomur meroropyio om0 1/k Xo3feB; 5TO PABHOLEHHO J0-
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OyIeHno, 410 oHA ofbcieqyer HEKY0 «3QPeKTUBHYI Iio-
agb» @, HA KOTOPON 06HADY;KHBaeT BCeX 0CoOeH X03AuHa,
Ha mexoropom ygactre A, rme A > a, uMeercss AY cadog
mapasuronma. BepoATHOCTh HAXOMKIEHWS IAHHON JTHIMHLY-
X03AMHA JaHHol caMKoil mapasuTouipa paBHa a/A, a Beposr-
HOCTH TOTO, YTO OHA u3be;kuT 00HAPY:KEHUA HaHHBIM Hapasy-
rougoM, cocrasaser 1 —a/A. llpn ycaoBun, 910 mapasuTomiL
HINyT JHYAHOK He3aBHCUMO JAPYT OT Apyra (T. e. TepPHTODuU-
aJbHOE HOBejeHHe OTCYTCTBYET W BCEOX JIHYAHOK-XO0357€B IHa-
XOAUTH OAWHAKOBO Jerko), Mbl LOJyddM

p¥)=(1—a/a)i= — " (30)

Ecnu wucio caMoK BUja-X03SMHA PaBHO X, a 4HCIO IPH-
XOAAMAXCSA HA OXHY CAMRY AU, KOTOPHle MJOCTHIAIT CTAJIn
KYROJIKH, paBHO B cpepHeMm 2R, To mociie sapajkeHUs NJIoT-
HOCTb He3aPa;KeHHHIX KYKOJIOK cocraBur 2RXe™Y, a mior-
HOCTh 3apaseHHnx — 2RX(1 — eaY).

JonycTue HEKYIO NOCTOSHHYIO BEPOATHOCTL S TOTO, YTO
KYKoJKa (3apaskeHHAas WIN He3apa:KeHHAs) IepesuMyeT o
UPEeBPATUTCA BO B3POCAYIH 0co0b (X03AMHA WM WAPABUTA),
a Ta¥yKe 4r0 COOTHOIIeHHe IMOJOB y 060uX BHAOB paBHO 1,
MOJNYIAM

Y/2+1 = RSXn [1— €Xp (_ aYn)]r
X = RSX exp(—aY ).
Pasnosecunie smavenus miua Y m X paBHE

InRS
a(RS—1)~

(31)

1
YE=—;—1nRS; Xp=

PacemoTpes HeGonbIne 0TKIOHEHHAS 0T BTOTO PABHOBOCIIS.
MOSKHO IOKA3arh, UYTO OHO HEYCTOMYMBO M OTHOCHTCH K KOl€
faTenbHOMY THIY, IpH ycioBud uro RS > 1, r. e. B cayuac,
eCJIHM YHNCJICHHOCTh BHIA-X03AMHA B OTCYTCTBHE mapasurd
BO3pacraer.

XoTs1 B3aMMOOTHONIEHUA XO3AMH—IAPa3’UTOMIl MOI'YT
UPEBOAATE K KoJdeGaHusAM ¢ GOoAbIIOH aMIIUTyRoH, Tarol
pesyJabTaT He SBJISAETCA HeH3OeKHKIM HMIH nazke oObIHLIM:
B wactmocrn, 6no mokasamo (19, 201, uro oGenenyeman mie
mwajb ¢ He BCErja MOCTOSIHAA, KAk upexmoidaraird Huroancod
u Beitnu, Ho MOKeT yMOHBINIATHCA TPH YBeawdenum 10T
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gOCTH HOOYIAIMHM mapaswroufaa. Ecam oro Tak, To cucTeMma
moskeT crabmnmsmpoBartees. Tarum obpasom, mexoisa U3
ypasaenus (30), momydaem aas sddertuHOl ocmemyemoit
mIOMANN CHEAYIONee BHIPAKCHIE:

a=-— % In p(Y). (32)

Xaccena mamepsan nono 1 — p(Y) ocoGeii ornesrn Ephe-
stia cantella, 3apaykeHHHX HxHeBMoHHUpmoun Nemeritis canes-
cens, B TONYJIATUOHHOM smukKe. BrrumcauB sddexTHBHYIO
obcienyeMyo miolanb mo ypaBHemmio (32), OH ycTaHOBHI,
4T0 5Ta NNOMAAb HEIOCTOAHHA, HO OUWCHBAGTCA COOTHO-
menmeM

Ina=1nag,—mlInY. (33)
Ws ypasuennit (32) u (33) caemyer, dTo
p(Y) = exp (—a,Y™).
Ecan MomuduimpoBaTh COOTBETCTBYIOIMAM 06Pa3sOM ypaB-
menms (31) m 3aTeM BHOBEL PacCMOTpPeTh HeGOJbBIINE OTKJIOHE-

HHSI OT PAaBHOBECHs, MBI O0HAPYKHM, 9TO YCTONIMBOCTH 3a-
BHCHT 0T BeJUIMHEI

_ —Z;’f 11“ RS (34)

(4

Ecou ¢ > 1, 1o cucrema Oyner nmopsep:;eHa Pacxous-
Imumea KoneGaHumaM, a ecnm ¢ <1, 10 KonebaHus 6ynyT Ba-
TYXaI0MyUMH,

Ecim m =0 (r. e. mapasuromgsl He B3a@MOjeHCTBYIOT
Mesxny coboit m obcaenyeMasa NIomianb WOCTOAHHA), TO JETRO
DoKagars, uro ¢ > 1 m, cIemoBaTedbHO, KaK YKa3HBAIOCh
Bhle, cmcrema HeycroiiumBa. KpuTmueckme 3HaueHHUS m
saBmcAT ot RS caegyiomuM obpaszom:

RS 1A 2 4 8 16

Kputnuecioe smaseune m 0 0,28 0,53 0,58 0,66
Ecam m npessmaer kpurmdeckoe sHadenme, To KoxcHanus

YEYT saryxaomumu. VamepeHHBe B Ja6opaTopuM 3HaTeHUS

™ Bapeuposaam or 0,4 xo 0,8, Wro ¢ 0UEBMAHOCTBIO CBHUJC-
TebeTBYeT 0 BAYKHOCTH TOTO BddeKTa.
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Io-sunuMoMy, @ ABIAercs YyOHBaomed QyHRnumeir Y
[0 TOI MpUYMIe, YTO UPU CTOTKHOBEHHH MEAy CaAMKaMH 1ia-
PA3UTOHMIA MECTO IOWCKOB XO3AMHA MOYKET M3MEHUTHCA ILIy
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Puc. 25. Konebauusas umclIeHEAEOCTH NONYNANMNR XO03AMHA M Iapasura
B naboparopuux yerosasx [76].

B ofoux cIyyadx BHIOM-XO3AHHOM CIOYKHJI coeBhii ponromocHx Callosobruchus

chinensis. A. Ilapasuroni — HaesnHuUR Heterospilus prosopidis, cozpalommuii KO-

nefarud IIIOTHOCTH ¢ GoNbIION aMnanTypoi. B. ITapasuToni — APyroe Iepemon‘ia-

ToKpBlIoe, Neocatolaccus mamezophagus, cosfaroniec KojefaHus IVIOTHOCTY ¢

Madoii amMInTymolt. UepHEE KPYHKKH — ILIOTHOCTD MOMVIAIIMA XO3AHHA; Geruc
KPYIHKH — IIJI0THOCTD TONYIANNH ;HEePTBHL.

;R TIOMCKM Ha BpeMsi IPEKPAllaioTcA BOBCe; B pea3yaprare
BpeMsd, 3aTpauydBaeMoe HEMOCPEICTBeHHO Ha TOHWCKH, C YBC-
JMYeHeM IIOTHOCTH TONYIANMHA Iapasuronga Corpaliaerc:.
HescHo ToabKO, MOYeMy Mbl JOIRIIB 0FKKAATh 3ABUCHMOCT L
B TOUHOCTH COOTBETCTBYIOMECH ypaBHCHHIO (33).

Momeas XaccellIa MoieT 1IOMOTb O0ODBACHUTL Pe3ylbrathl

srcmepuMenros, mposenenusx I0tunoit [76] ¢ maespHERaMil
[APASUTUPYIOMIMI Ha COeBOM jHoiroHocuxe Callosobruchis
chinensis (puc. 23). Emy yaazoch BrIpamuBarh JOJITOHOCUERHB
B HOIYIALMOIIOM SO(AKe BMecTe ¢ Hae3THHKAMH HA TPOTH
swenpn 100 mowomemmit,  UmcdenHocrth TOMyMANME  ofoid
BUIOB HCIBITHIBA A KoXebamms ¢ NMPOKOH aMOIHTYLO0H, oV
HAKO 1M OJMH M3 HUX He BoMep. Eme Golee HeoRupammb
OKA3aINCh Pe3YALTATH Apyroro srcrmepuventa HOTuan (s
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pampBaHie B IOMY/IALNOHHOM SIMKKE J0JATOHOCHKOB C ABYMSI
pEAAMHA TADA3HTHPYOINX HA HUX HAE3JHHKOB HA IPOTSEe-
gue 70 moroaenwnii). Mojgens Hukonncoma—bBeiinu He npepacka-
3HIBAET COCYIECTBOBAHUA ABYX TIaPa3UTOHUOB C OMHUM BHIOM-
X03AMHOM, OJHAKO TAaR0€ COCYIeCTBOBAHWE YKJIABIBAETCHA
p Mojesib Xaccelra—Bapau, eciau gouycrTuTh, 9T0 BHYTpPU-
BEJOBOE B3aUMOJleficTBHE MERAY LapasHTOM]aMH, 3QHATHIMU
mOMCKAMM X03AWHA, CHJIBHee, 4eM Me;KBHIoBoe. BosHuraer
eCTeCTBEHHEIE BOIPOC: KAaKOe CeIeKTHBHOE IIPEUMYIIECTBO
MOJKET [aBaTh TaKoe BHYTPHBHI0oBOe BiamMmopeiicreme? Enun-
CTBEHHOE BO3MOKHOE 00DbsCHeHNE COCTOMT B TOM, 4TO IAPA3UT,
He HBITAIIHACA YIAIUTHCA C YYacTKa, Ha KOTOPOM BEHYT
HOMCKM MHOTrme Jpyrue ocobH ero Buma, PACKYeT OTIORUTH
Afna B AMIUHKY, KOTOpPas YKe zapajieHa.

B. TemoxpoBHBIE XHITHUKH

Ocofble TPYZHOCTH BO3HHKAKT, KOTMA MBI OBITAGMCS TI0-
HATH CAMY BO3MORHOCTH YCTOHUHMBOTO COCYHIECTBOBAHUS
MEKIY TeILIOKPOBHBIM XHUIMHAKOM M ero ;xeprBoii. OOH4YHO
Ce30HEI PA3MHOKEHNA U y XHUIMHUKA, U Y yKePTBH JUCKPETHEI;
3TO BJeueT 3a coboll 3amas3gbIBAHUA, KOTOPHE, IO BCeH Be-
POATHOCTH, MPUBOJAT K KoJe6aHUAM YUCICHHOCTH, 0COGEHHO
B Tex cJaydasX, Korja ofIasg OpofoJUTeIbHOCTh RUBHHE
OflHOTo miaum 0GOMX BH0B HeBelWKa. B oTaMgHe 0T CHCTEM
X03fMH — IaPasHTOM], HAGAIORaeMblX y HACEKOMEIX, TEII0-
KPOBHBEIE XMIMHAKYE OCOGEHHO HHTEHCHBHO YHHYTORAOT JKep-
TBY B TIePUOJEl ME/RAY Ce30HAMYU Pa3MHOKEeHUs, KOTga Io-
HONHEHKC TONYJIAINNA $KePTBH HE MO/KeT YPaBHOBECHTh IIO-
TepU; 5T0 TaK;ke CHOCOBCTBYET COBJAHUI0 HEYyCTOHIHBOCTH.
Msitnapy Cyur u Crnatemn [59] usyvanm ma mMopenabHoil cmc-
TeMe HeKOTOpble (AaKTOPH, CHocobunle CTA0MIN3HPOBATE
CHCTEMY TOMIOKPOBHBIH XWIIHUHK—;KePTBA; IIMKe HOPUBO-
RETCA KparTKoe oNHcamme 3TOH MOIeNdH.

1. Bud-mcepmea. PaceMorpusm Bnji-yRepPTBY, 0c00H KOTO-
Poil pouxgaloTCA JETOM, UEPEKHBAT 3HMY, AORHBAIOT IO
CIeAVIOMCTO JTeTa, MPOU3BOAT IIOTOMCTBO, & 3aTeM yMIIpaloT.

AKOH ;RUBHEHHHIH THUKI TPHMEepPHO COOTBETCTBYyeT LHURIY,
HabsromaeMoMy ¥ MHOTEX MEIKHX TPBI3YHOB. B n-fi cesom
nonynanus, cocToAmiasg B Hadajde Ce30HA U3 ., B3POCIHHX
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ocobeii, mpoussoguT X, MOIOZHX 0co0ei, KOTOPEIE COCTAR-
AAOT HOUYIALUI0 B KoHie cesoHa. Torpa

X,= Rx,,
A B OTCYTCTBHEC CMEPTHOCTH
Tt = Xn‘

st TpoCTOTH CMEPTHOCTH OT JHOGHX APYTEX TPHIHIL,
Kpove XHMIQHAIecTBAa, BO BHUMaHHWe HE TPUHUMAETCA.
Cropocts pasmHO;KeHEA R OpHHATA paBHOHR

R,
14 (Ry—1) (zalz,)°

JT0 o03HagaeT, 4TO MAKCHMalbHAafA CKOPOCTH YBENUTCHHS
YHCIEHHOCTH ;KepTBBl paBHa R,; z, — paBHOBeCHaA ILIOT-
HOCTD JKEePTBH B OTCYTCTBHE XHUITHMIECTBA, XapaKTep paBHO-
BeCHs B DTOM CJydae 3aBUCUT OT 3HAUEHHS UOCTOAHHON c.
Taxr, ecta F == ¢(R, — 1) /R,;, To MOKHO I0Ka3aTh, 970 Npu
HeGOIBIINX OTKJIAOHEHAAX OT PABHOBECUA:

npu F << 1 wonebanmit He HabIromaercd;
opr 1 << F <C 2 1npomcXopAT saTyxamoime KoJeGamus:

npd 2 << F mpomcXopuAT pacxopgsmuecsd KoaeGaHus.

AMnanrtyna wojebaHuit, npefcrasuBaeMHX mia F > 2,
He BoapacraeT o 0eCKOHEUHOCTH, HO CTa0WImsmpyerca Ha
HEKOTOPOM IpPeebHOM IMKJe.

II. Bud-zuwhukr. MH MCXOQWIN U3 HONYHIEHUS, 9TO THUC-
JEeHHOCTh XUIMHUKA OTPAHUIHBAETCA TOJIBKO HAJTUTHEM
sREPTBHI; 9TOT OTPAHWIMBAINAE ¢aKTOp AeHCTBYeT B npome-
JRYTKE MEKIY NaHHBM Ce30HOM Pa3sMHO/KEHHA M CIAEeYIOI[HM,
T. €. B T€UCHUE BUMEL.

Ecam B magane n-To cesoHa pasMHOMEHUA UHCIO B3poC-
AHX XWITHWUKOB PAaBLHO Y, U ecau Y, U Z, — THCACHHOCTI!
COOTBETCTBEHHO B3POCIBIX M MOJOABX XMMHAUKOB K KOHIY
9TOTO Ce30Ha, TO

Y/z = Yn
le = royn’

rier, — CKOPOCTH Pa3MHOMEHUA XHNIMHUKa — INPHUHATA IOC-
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roarHoH. COOTHOIMEHWe MOJOJHX W B3POCIHBIX 0co0eill XuI-
HAXA, HePE;RUBAIIUX BUMY, 3aBUCHT OT THCISHHOCTH {6 PTBEI
(xapaxTep 5TO¥ 3aBHCEMOCTH PacCMaTPMBAECTCA B CIEIYIOMEM
pyukre). [Ipexmonaraercsa, 4To K KOHILY 3HMH HEKOTOpad
MOCTOANHAA 0AA M BBLRUBIIVX B3POCHHX XWIMHHKOB BBHIMU-
paer, a BLIKUBIINE MOJOfble XHIHUKHN JOCTHFAIOT IIOJOBO-
3PEJOCTH, TaK 9TO

y/1+1?_: (1 - M) f (le) + ¢ (Zn)’

e f(Y,) u ¢(Z,) — B3pocine U MOToLbe XUNHHKU, Tepe-
JKABIIHE 3UMY.

II1. Bszaunmodeticmeue Mexcdy IUWHUKAMU U HKEPIMEOL.
3uma paspeleHa Ha PAX BPEMEHHBIX MHTEPBAJIOB, TUCI0 KOTO-
pux pasHo W. B TeueHHNe KaiKIoT0 TAKOTO HHTEPBATA KA (BIH
XHOENK [J0:KeH HAHUTH U CHecTh 0gHy 0co6b sKepTBH. Kcam
XEOENKY He YOaloch HAafTH RepTBY, OH rmOHET; eCim ke
HOMCKM OKA3AJIHCh YCHEITHHIME, TO OH IPeKPAMIAeT 0XO0TY [0
Hagaja CJeqyiOmero WHTepBaJja.

OGosnaums wepes X,, Y, m Z, 4HCIEHEHOCTH JKEPTBHI,
B3POCJABIX XMITHHKOB M MOJIOJAEX XAINTHIKOB B Hadale JaH-
HOro WHTepPBAala, MH MOJKHH HalTH BHpaKeHmAs aaa X,
Y., w® Z, — wux uucieHHocTeil B Hagale CIeXyIOMEro
uaTepBana. IIpouecc mowcka, BHpasKeHHBIEI B TOYHOM COOT-
BercTBUM ¢ Mojenn0 Huwoabcoma—belnum pasa  B3aumMoorT-
HomeHWHd X03FMH-—1IAPAsUTOWT, HPHBOIUT K yPaBHEHUAM

Y=Y, [1—exp(—aX)] ]
Zi =2, —exp(—3X)], J (39)

X = X, —Yu—Zu

Tme & u P — sdhderTuBnHbe obcaenyeMble IIIOMAIN COOTBET-

CTBEHHO B3POCIBIX K MOJIOTEX 0co0eil. UHCAeHHOCTH #epPTBLl 1

XHMHEWKA K KOHIY 3HMBI MOMKHO OJyInTh nyTeM W-kpatHOH

Areparuu  9TUX ypaBHEHHH.

Hagouern, HeobxoquMo ydIecTb dYHCIO 0COGell RepTBHL,
HoenaeMBIx B TedeHHe ce3oHa pasmioxkeHwus. llpegmomaraer-
1, 9T0 3710 gucao pasuo S{(Y, +- Z,), rae S — wucao ocobeil
HePTBEI, Heo6X0jUMOe OFHOMY XHIHHUKY [AAA TOT0, 9ToOLI
ToxgepsxaTh CBOe CYIMECTBOBAHNE B TEUCHHE JETA WU MTPOU3-
BecTm ma cBET 0jHOrO IOTOMKA.
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IV, Hosedernue modeau. Ilpu mocrpoeHun Mojeldd He CTa-
BHJIOCH B3ajlauil TOYHO OTPA3UTH IOBEIEHMHE OMPEIelleHHO! o
XUIMHUKA 0 eTo ;kePTBH. Mojie:Ts 65l1a yopomesa HacToAbR .,
HACKOJBKO 9TO JIONYCKAAW TeIH ee COo3jaHug — Hccielo-

5000 100
4000 80
I
3000 / 60
X 4 Y
2000t Il 440
!
10008/ 4 20
\ 8
%
] J 1 R
5 10 15 20
Bpemst, 200

5000,

4000

3000

X
2000
1000
L
1 i i I | 1
5 16 15 20 25 30
Bpemsi, 20d

Puc. 26. [sa mpivepa giuTeIbHOC0 COCYIECTBOBAHHA TEIIOKPOBH:TY
XHIHIIKA If €O JNeDTBBI B MOAENLHBIX JKCIepIIMeHTaX.
B ofoux caydamax Roz 10, X, = 5000, ¢ =1, ry =2, M =04, S=10 u W= "0
Cridomnan KpUsad (opauHaTa X) — MIIOTHOCTD JKEPTBB K KoHIY CE30HA pasMil.!
HuA. IlpepeiBacTas KPIBAA (OPIMHATA Y) — NJIOTUOCThL NHAIHMEA K KOHIY ce:ild
pasMUoEeHA. A, JherTuByan ofcJenyeMan Taomaib = = 0,001, B. IhertIE
HaA ofCienyeMad mAowains « == (,0015. OfpaTuTe BHUMAHNE Ha TO, UTO HeHosIH!HUC
IOBLIMNEHAE OXOTHUYLUX CIIOCOSHOCTEH DeieT I8 BO3HHKHIOBCHWIO kojdedarmii, a e’
00JbINOE UX CUMKEHNE — K BLIMHDAHWIO XHIIHIIKA,
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paAre (PAKTOPOB, KOTOPLIe MOTYT BO3JelCTBOBATL Ha YCTOIi-
4ABOCTH B3aMMOJEHCTBHA HTOTO THIA.

Paccyorpum cravada cayuam, Korjla o = fi, T. e. Korga
B3POCIEIE M MoIOABEe 0CO0M XHUIMHUKA ie Pas3dudYaiTCa II0
CBOMM OXOTHHYLHM cmocobuocTaAM. llpencraBagerca Bo3-
MOMKHBIM HallTH 3HaYelnsd mapaMeTpoB, IPH KOTOPHIX XHITHUK
O JKePTBA MOT'YT COCYIECTBOBATD; [BA TAKUX IIPHMEpa IOKa-
sadk Ha puc. 26. Ha puc. 26, 4 usobpasreno mexoxebarenn-
Hoe paBmoBecme!. O6paTnTe BHEMaHHWe Ha TO, YTO ILIOTHOCTH
AePTBEL OIMBKA K I,; MHA4Ye IOBOPH, YNCIAEHHOCTH JKEPTBHI
OrPAHNINUBACTCA HeOOXOAUMHIME €l pecypcaMu, a He XUIIHM-
koM. B cayuae mexonefarelnHoro pPaBHOBECHA dTa MOIEIb
BCOI/Ia 7aeT TaKyld KapTHHY; €CJAM IO BAHAHUEM XHITHHKA
YACIAEHHOCTh JKEPTBH CTAHOBUTCS SHAMHTENLHO HIDKE 2,
TO BO3HUKAIOT KoxebaHHA ¢ (oJbirofl amMmaurygoit. Jro 3a-
KJI0UeHHe COOTBETCTBYET BHIBOAM, CHEMAHHBIM TIPH ITOMOIMM
momean Posennpefira—Max-Aprypa (ra. 2, pasg. ) u
u3 pKcnepumentos Jlakumbmamaa (ra. 2, pasg. ), HO oHO
apnsgerca 0olee yOeaUTENBHBIM.

XO0TH NOCTHTHYTH COCYMECTBOBAHMA IPH & = f U BO3-
MOKHO, OJHAKO LIPH HTOM BeJIMYUMHA 00CIEeIYyeMOro ydJacrKa
o AOJ:KHA JeKaTh B JMOBOIBHO y3KUX mpedenax. Heau 3Ha-
deHUe ¢ CTAHOBUTCA UePeCUyp MAaJbiM, TO XHUIIHUK BLIMHDAET;
eCIN ;Ke 3HAYCHHE 0. CJAMIIKOM BEIUKO, TO BOSHHRAIT KoIe-
famma, aMIIUTyJa KOTOPHIX CROPO CTAHOBHTCSI TOPAsfo
foaplie, yeM y moKasaHHbx Ha puc. 26, 5. B peanpnoil cue-
TeMe Tarue KoJjefaHusi IpUBean bl K BEIMHPAHHIO OJHOIQ HIN
o6oux BunoB. Bpemenme B cmereMy XHIMHHKA MO;LeT BH3BATH
Koxe0aHMs YUCASHIIOCTH BUIa-/KEPTBbI, KOTOPOMY Takue Kojxe-
Ganua Buyrpenne we npucymn (F << 1), Ho umKoria He oka-
JKeT IIPOTHBOIIOJIORIOT0 BoajeficTBus.

Hocxoanky masienue ecrecTBeHHOTO 0T6ODA HA XHIHUKA
OPUBOINT K VBEAWYEHHIO o, a AaBJIeHHEe HA REePTBY — K ee
VMEHBINeHNIO, IPEICTARIACTCS Mal0 BePOSATIEM, YTo0H BeIH-

——

1 TepMuH «HeKOJEGATCABHOR DABHODECHE» aBTOD B JAHHOM CIYUAe
HCOOJIb3yeT HPOCTO B KAYECTBe CHHOHIMA (YCTOHYMBOLO DPaBHOBECHS»
KaK aJIpTepHATHBHL yCTOHUNBOMY HpeelbHOMY I{HKIY, He MMefl B BIIY
HARAKIX 0CO0EHHOCTEH HCePEeXOQHOIO HPOIecca HPHGIMAKEeHHS CHCTeMU
K pasrosecnio. CucreMa MOKeT IPHOIMIKATECA K PABHOBECHIO KAK MOHO-
TOHHO, Tak M B pesyAbTaTe 3aTyXalommuxX kKojeGaumumit,— IIpust. ped.
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quna o B TedeHHe AJINTEIBHOTO BPEMEHH 0CTaBajach B Tex
70BOJLHO Y3KHUX Tpefesax, Kakme HeoOXONUMEI JIA coXpa-
IIeHHs CTA0MIBHOCTH cucrTeMil. [lopTOMYy HaM ciexyeT Ipe-
OPUHATHL MOUCKH JPYTUX CTabWIM3UPYIOMUX BO3JENCTBUIN,
Oguny u3 GaKkTOpoB, OKA3HBAIOMUX CHIBHOE BINWAHUE Ha
CcTa0MIBHOCTE MOJIETH, ABIAETCA Pa3iInuue MeKIYy OXOTHHYL-

Y+Z

Bpemst, 209

Puc. 27. ,[[Be UMHTAIIH, aHaJorMYHbie TWPe/ICTaBIeHHBIM Ha Dpuc. 26.
¢ Toll pasmumell, 4to ¢ = 3 (9TO O03HAYAET, UTO YNCICHHOCTH BH/A-
sKepTBH KoNelsierca caMa Mo cede).

B ofonx cayJagx BeJHEHHA O0OC/EIYEMOro Vy9YacTKa [AJIA B3POCJBIX XHUHUK(T
« == 0,005, 4 BENIMYHHA ero jJIA MONOTRX XHUIHUKOB 3 = 0,0005. 3To pasmudme Mei:-
1V MOTOABIMM ¥ B3POCILIMHI XMIIHHKAMH AeJaeT BOSMO/KIBIM COCYLleCTBoBaHuE (A).
neemorpd Ha Qayrryanuu. B cayuae B umeiorca ySeisuima NIA yRECPTBH (xr = 250);

o0paTHTC BHUMAHUE HA TO, YTO BTO HE cocoGCTBYET CTA0RISHOCTH CHCTEMEL.



CucreMur XUWHUK — HePTEA C YHeTOM 603pacTHOL CTPYyrTypwr 17

HMY CIIOCOOIIOCTAMEI B3POCABIX M MOJOABX XHUMHUKOB, Kak
@3BECTHO, TaKOe PAa3au4ue CYMECTBYeT ¥ XUOHUKOB, IIPAHAT-
JISKAMUX K TTO3BOHOYHBIM, TOCKOJBKY MOJIOIBIE 0COOH 0IACHEL
yaUTBCA OXOTHTHCA (cM. Hampumep, [73]).

Fcau e B EMUTAIMOHHEIX MOAedaX JOOYCKaercs, dTO
o> B, To 1A ux crabuABHOCTH yike He Tpedyercs, UTOGHI
o uiIm P ocraBasuch B CTOJb Y3KMX mpemerax. B cucreme
MOTYT IIPOHUCXOAMUTH (MYKTYAIMH, He IPUBOJAIMME, OTHAKO,
K BeiMupaHHio. COOTBeTCTBYIOHIME mpuMep LPEeICTABIEH Ha
puc. 27, A. B cymHOCTH IPOMCXOJUT CAENYIOIEe: B Te TO/H,
KOTJZIa YUCJAGHHOCTHh UONYJASAINA KePTBEH B HAYAJIe 3UMBI He-
BEJIMKA, MOJOJble XMAIHUKYA GRICTPO YMUPAKT OT TOJIOfAA, TAK
9T0 B3POCIHIM XUIIHUKAM OCTAETCA J0CTATOYHO WA W OHU
MOIYT IEPEKUTH 3UMY. 9TO CJIYRHAT IPHMEPOM pasiuymit
MexAy curyana@samu, Kortopsie Huronscom [61] masmiBaer
«yPAaBHAIOBKOMY U «cocTazanueMy. Hak oH ykassiBaer, «ypaB-
HUJIOBKA» JIEI'KO MO;KeT TPHUBECTH K HEYCTOMIMBON DKOCHC-
TeMe.

Met y:xe rosopunm (ria. 2, pasx. I') o ToM, 9To Hammume
yOemum, Q1A #ePTBHl MO/KET OKa3aThCA CTAOHIU3MPYHOLINM
darropom. Bomperu oiugaHUAM B panHoll Mopeln yOesxkuimia
Tako#l poxm He mrparoT. lomycruM, 9To B TeUeHHUe 3UMEL He-
KOTOpOe oIpeieeHHoe YMCH0 ocobedt ;keprBH, X,., OKAa3H-
BaeTCA OrPAKIEHHHM OT HAIAMOHHN XUMHUKOB, Torga B ypas-
HeHuu (35) aAA Yy ¥ Zpy cuemyer 3ameHumTh X, Ha
(X, — X,).

Nmuramuonusie MofieTd ITOKA3LIBAIOT, 4TO HaXuque ybe-
UM, He IOBHIIAET BEPOATHOCTH IJIHTEIBHOTO COCYIHECTBO-
BaHUA U MOKeT Jaske moHu3uTh ee. Hanpumep, ma puc. 27, B
HMATUDYETCA CUTYaIludA, HIeHTHIHAA TO#, KOTOPAas IPefCTaB-
Jena Ha pmc. 27, A, ¢ Toit pasumieit, uyto 3necs X, = 250;
TOCKOJBKY eMKOCTh CPeIH 715 KepTBH &, = 0000, a1o o31a-
gaer, 970 D% o0co0eH KePTBH MOTYT HAXONUTHCA B YO RNIIAX.
B pesyanraTe cmcrema, KoTopas XoTs 1 Oblia KosdeGarelb-
HOH, Ho coXpaHANIach ANUTEIbHOE BPeMA, OpeBpaimaeTcs B
CHCTeMy, B KOTOPOU XWIMHHKN BHIMHUPAIOT.

Ecre u apyrue Qaxrops, KoTopble MOTYT CTaGMIN3UPO-
BaTb TAKoOro poja cucreMy. 37ech, BEPOATHO, BA;RHOE 3HA-
YeHUE HMeeT TePpPUTOPHAIbHOE IMOBeeHHMe WIN mepapxHuuec-
Kag cTpykrypa mounyismuu. Hanpusmep, Mépron, ¥Yacrya n
Afizaxcon [60] morasaau, uro momyaaiuu Baxupsa (Columba
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palumbus) cTrabuIusupyIoTcs 3uMoit 6Iarogaps mepapxmuecc-
RoOil cTpyKType. JI1060# mpowece, HpUBOAAILIMA K 3 IHMIHAINI
HEROTOPHIX WIEHOB IONYJAIMM B HAYAJE 3MMBI, B TOIbI, Xa-
PARTEPUBYIONHECST BHICOKON YMCIEHHOCTHIO, MO3BOIUT H30C-
Aarh Karactpodpi, ITO NOJAYEPKUBAET BA;KHOCTH PAa3AMUHIT
ME/KIY WIeHAMH HONYJISIHN, CPeJu KOTOPHIX CAMBIMH CYIle-
CTBEHHBIMU SIBJATOTCH, OHTH MOJLET, BO3PACTHBIC Pasiddands.
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ROHRYPEHIIUA

B sT0if TTaBe MBI PACCMOTPUM YCJIOBHA, 1He00X0uMELe [T
TOro, UTOOH JBa KOHKYPHUPYIOIMX BHJA MOTJIH COCYIIECT-
BOBATh B ofiHoM Mectooburaumu. B o0mem B Hell maaaraorcs
XOPOUIO W3BECTHHE CBEIEHMH, IOCKOJIBKY MH He coGupaemcs
npeAzararh Xaxkme-Iubo HOBBIE DOJXONHN K 3TOH mpobieme, a
XOTHM JHIb CO3JaTh OCHOBY, 9TOOB B MOCJHE[YIOIUX INaBax
0bcynuTh Goiiee CIOKHLIE CHCTEMbI, B KOTOPLIX MMEIOTCSI KaK
HOHKYPEHTHHIE B3auMOJ[ACTBHA, TaK MW B3aWMOZEHCTBUA
XUIOHAK—HRePTBa.

A. Anann3, OCHOBAHHBI HA JOrHCTHYECKOM YPABHEHHI

O6bannii anaaua KOHRYDEHIMU My JBYMS BIIAMIH,
npoBopmBmmiics eme B paGorax Boasreppa [77], Jlorku [49],
I'. @. Tayse [15], nauunaercs ¢ ypapuenuii

i:x(a—bx-—cy), ]
] (36)
y=yle—fr—egy), [

e a, b, ¢, ¢, f 1 g — TONOKATEIbHEE [OCTOSHIIBIE. JTU
YPaBHeHUsT BLIB[eHH U3 JOTHCTUYECKOr0 YDPaBHEHU

T = z{a — bz},

B KOoTopoe BKIIOYAIOT JOUONHUTEIbHbIE WIEHH ~—cy U -—fI,
9TO0K ommCcaTh LOJIABJAIONEE BO3JleiCTBUE, OKA3LIBAEMOE
KajRusIM BUIOM Ha CBoero KoHKypeHra. Boime yire ormeua-
#0Ch, 9T¢ JNOTUCTHYECKOE yPaBHEHHWe Jyulie BCero paccMart-
PuBaTe Kar UNCTO onMCATENbHOE ypaBHeHuWe, BEHODaHHOe B
KagecTse Haufolee mpocToro cmocofa m3obpaskeAWs JWHAMH-
Kd nonynAnum, IECIAEHHEOCTH KOTOPOH HKCMIOHEHINATBHO YBe-
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JANIABALTCS DU HASKOM IIIOTHOCTH ¥l MOHOTOHHO IPHUOAMKaeT-
cs1 k pasuoBecHoit. [losromy ananus ypasmenwit (36) He mos-
BOJHUT PENINTH, MOKHO JIX ORUIATH, 9T0 KOHKYDOHTHEIE B3aMMO-
AeHCTBUA TPHBEAYT K KoJAeGaHUAM TUCIEHHOCTH, IOCKOJBKY

¥
a /cJ

a/b\ eff T

e/f \ a/o
Puc. 28, KoHKypeHIHA MeKIy OBYMA BHIAMHO, DPHUBONAIMAA K yCTOl-
anBoMy (A) B HeycToiiamBoMy (5) paBHOBECHIO.

3Ta BO3MOKHOCTH ObLIa HCRKIOYEHA camMuM BeiGopom Qopmit
ypaBHenmit. B pasn. ' sroif raaBhl BRICKA3BIBACTCH MHENTC,
9T0 KOHRYDEHLOMSA He BHIBLIBaeT KoJgebaHmil TUCIeHHOCTH ¥
BHIa, He TIOJBEDIKEHHOr0 TaxmM KoXebaHusgM B OTCYTCTBUC
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ROHKYDPeHUMH. [|pyrue orpaHuveHNsA, BOBHUKAWIAE B CBA3Y
¢ JaHHOI KoWKpeTHo# ¢opmoil ypaBHeuwii (36), paccmarpu-
palorcsa B pasil. b.

IToBegerne cuereMn, ofmMCHBaeMoll ypaBHeHuamu (36),

Jerde BCEro MOHATH, MOCTPOUB TPadUKM miIa NpAMEX x =0

g y = 0 B mrockoctu (z, y), Kax 970 OLLIO CAeIano B . 2 MPH
AHAJM3E CHCTeMBl XUIMHHK—j KePTBAa ¢ HeNPePHIBHLIM pa3-
MHOkeHWeM. [/|Ba WMHTepecHHX IpHMepa, B KOTOPHX Ha0II0-
JaeTcs HeTPUBHANLHOE paBHOBeCHE, MOKasaHH Ha puc. 28.
B cayuae A, xorna a/b < e/f u e/lg << alc, paBHOBecHe ycroii-
guBo. B cnygae 5, korja o6a HepaBeHCTBa 3aMEeHEHBI Ha MPO-
TABOTIOJIO/KHEIE, PAaBHOBeCHE HEYCTOWYMBO; KaKoH m3 JBYX
BHIOB BELKHBET, 3aBHCHUT NPY 3TOM 0T HAYaJBHEX YCJIOBHIL.

Cymecrsyior pBa cxocoba GHoIOrnueckoil WHTEPIIpeTani
oTHX HepaBeHCTB. [lepBHt ocHOBAH Ha JOMyHIEHWH, 9TO HC-
THHHBIE CKOPOCTH POCTA OBYX PACCMATPUBACGMBIX BHIOB, AU €,
ofuHAKOBHL. ToTHa HeOOXOMUMEIMU [JIA YCTOMIUBOCTH YCI0-
BUAMHE OyayT b > f u g > ¢. ITH HepaBeHCTBA MOKA3KBAIOT,
9T0 yBeJMYEHHe THCICHHOCTH ONHOIrO M3 KOHKYPEHTOB CHUIb-
Hee HOAaBIACT ©T0 COOCTBEHHLI POCT, YeM POCT JPYTOTo
rKoukypenra. Hemm, mampumep, dmcleHHocTh 000HX BHJOB
OIPAHHYUBAETCA, TACTUYHO MIU MOJIHOCTHIO, PA3IUIHBIMA pe-
cypcamMm, TO OPHUBEIEHHbIE BLIIE HEPABEHCTBA, BEPOSTHO,
COPaBeINUBEL; €Clu jKe 008 BUIA UMEHT COBEPINEeHHO OfWHa-
KOBEIe TTOTPe6HOCTH, TO OUH W3 HUX, MO BCeH BEPOSATHOCTH,
oRaxercsa Ooliee RMHECTTOCOOHBINM W BHITECHUT CBOEr0 KOH-
RypeHTa.

Ha s1oM ocHoBam Taw HaswBaemsrii npmHimun ayse, uin
3aKOH KOHKYPEHTHOTO HCKIMYEHUsA, KOTOPHH uMeeT Hec-
KONbKO (poPMYJIMPOBOK; OfHA M3 HHX COCTOMT B TOM, UTO JBa
BUJa ¢ OAMHAKOBHIMU DKOJOTUICCKUMM IOTPebHOCTAMHA He
MOTYT COCYINEecTBOBATHL B OflHOM MecToobmranun. Xapau [18]
YRaznBaeT, uto caMm I'ayse me cumraia ceba cosgaTeleM 3TOTO
3aKoHa, IPUNOHCHBAsA ero uneno Jlotke [49] u Boabreppa [77].
Ommaro Jlsx [33] B cBoel wumre ornaer fgomxHoe Iayae;
B 9T0i1 jKe KHUTe JIPK 09eHH ACHO M3Jaraer MPUHINI KOHKY-
PEHTHOr0 HCKIIOYENHNA W HCIOJb3yeT ero AlA 00bACHEHUA
0cobeHHOCTOM pacHpOCTPANenHa JapPBHHOBEX BBIODKOB HA

adamaroCCKUX OCTPOBAX.

Bropoll HecKoIbRO OTAMYHEIN CH0CO6 HWHTEPIPETAIHH
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KPHTEDHEB YCTOMYMBOCTH WJLIIOCTPHPYyeT puc. 29, coorser-
cTByromui caygao A na pmc. 28. Touxnm (a/b, 0) n (0, e/g) —
TOYKH PaBHOBECHA JUIA Ka;KIOr0 BH/JA IPH PasieNbHOM 00n-
trangd. Heo6xopmmoe 1is MOCTHKEHAA YCTOHUMBOIO COCYIIe-
CTBOBAHHA YCJOBHE COCTOHT B TOM, YTOOH TOYKA DABHORECUsR

AN
afb\ E

Puc. 29. HomkypeHUAA MeKIy ABYMS BHIAMH.
TIpepbIBUCTAA JIMHHA ONHMCHBACTCH yDaBHEHHEM x/x +y/y =1, rpex, =a/b u

yp = e/g -— PaBHOBECHBIE WJIOTHOCTH IBYX paccma'rpnnaeuux BHJIOB ROI‘I[a OHH KM-

BYT HOPO3Hb. J[lmA Toro 4YToOH DAaBHOBECHE IIPH COBMECTHOM OOMTAHMM OBIIC
YCTORYHBHIM B COOTBETCTBMH C DPHC. 28, A, TOYKA DABHOBECHMA NOJLKHA JEMATh HAal
OTOR nmpAMONH.

IJAA JBYX KORKYPUPYWIIUX BHIOB TPM COBMECTHOM OOMTaHUMU
lIejKana Haj npAMoH, coeauHsOmMed 3TH ABe ToYKH. CMEIC.H
3T OT0 YCIOBUA cTaHeT Golee HOHATHEIM, €CIH MBI BHIPA3HM
YUCAEHHOCTH 000OMX BH/IOB KAK «(YKBHBAJIEHTHEIE THCIEHHOCTIY ,
T. €. KaK J0JHM ¥MX PaBHOBECHLIX UUCJIEHHOCTEH, a/b u ey
COOTBETCTBeHHO. ECaH paBHOBecue yCTOHUHBO, TO CyMMapHas
HSKBUBANCHTHAs YMCIEHHOCTH B COCTOSIHMN PABHOBECHUS JOJI-
jKHA OBITEH GoNbIe eNMHUALEL, T. €. 6oNblle, 9eM DKBHBAJIEHTHAN
9UCJIEHHOCTH B TOYKAX paBHOBECHA [JId KasKIoro BUJA B OT-
DeJBHOCTH. JTO NMOHATHO B TOM cjydae, KOT[A ABA BHUJA MC-
IOJBL3YHT pasnnudnble pecypcehl. BaKio MOMHHTH, OgHAKO.
YTO TaKag HHTepIpeTalHs KpUTepHEeB YCTOMYHMBOCTH B3aBI-
¢euT, Kak OyJer mOKaszaHo B CheAyoOIeM pasfene, OT TOWHOII
OopMBL ypaBHeHUil (36).
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b. KoHKypeHIjA NpH HeNpepbIBHOM pa3MHOMKEHIM —
gonee o0 Mi1 caydai

B caryamun, naobpaxkennoit ma puc. 28, A, aunun x =0

g y = 0 ve o6A3aTe1pHO NOJIKHE GBITH MPAMBIMHE IJIA TOTO,
10651 paBHOBecHe OBIO ycTodauBbM, OHRM MOIYT, HampH-
Mep, HMeTh BHJ, H300parkeHHNH Ha puc. 30; OIpU ITOM TOUKa
PaBHOBECHA, COOTBEICTBYWOINAA COCYMECTBOBAHMIO JBYX BU-
AOB, JEKUT HIDKe OPAMOM, COEMHAMINEA TOUKH, COOTBET-
CTBYOIIYEe PABHOBECIIHIM THCJIEHHOCTAM HTHX JBYX BHIOB IO
OTAENBHOCTH. PeasibHyI0 BO3MOKHOCTE TAKOH CHTYaIHH IIOJ-
TBEPOMJIM Pe3yAbTAaThl DKCIePUMeHTOB AMausl [4], mposenen-
HEX B HONYJAIUOHHBIX AIUKAX, B KOTOPHIX coOJeprHaiu
Drosophila pseudoobscura u D. serrata. llomamany Aitana
HCTOJKOBAJI CBOM Pe3VJbTATH KaK OmpOBepraollie IPHHIUI
B3aMMHOTO HMCHI0Yenud. Opiiako, Kak yKasbBAlOT B 9UCJe
apyrux asropor Auromosud u Qopx (2] u [LEnamus u [xac-
tuc [16}, ropasmo mpaBumiabHee paccMaTpPHBATH STH Pe3yJb-
TAaTHl KAK HMJIIOCTPALHI0O HECOCTOATEIHHOCTH INOAX0ja, OCHO-

*
T

Puc. 30. HomxypeRuusa MeKAy ABYMS BHIAMH.

Yerotiqusoe paBIoBecHe, HE MogHajalpmee oA HpaBWIO, KOTOPOe HIIICTPUDYET
pHc. 29.
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BaHHOTO Ha JOTHCTUIECKOM YpaBHEHHH, MJIA AHAAN3A HEKOTo-
PHIX CJIy1aeB KOHKYpEHIUH.

JlomycTtaM, 9TO KOHKYpPeHIUA MeKY NABYMA BHJaMH OIN-
CHIBAeTCS ypaBHEHHAME

.%:xf(z, y),

. 37
y=yp(z, y). 0

JomycraM TakiKe, 4r0 CYmeECTBYeT HeTpUBHAJIBHOE HOJO0-
JKeHUe paBHoBecus ¢ f(z, y) = @(z, y) = 0, m DmomeITaeMcs
BHSICHWTH, SBIMETCS JH OHO YCTOHIABBIM.

Haxmon xpmpofi f(z, y) = 0 maercs BHIpamKeHHEM

B __[ae],
dz aftoy |’

CXORHOE BHIpAKEHMe maeT HAKIOH KpuBoil ¢@(z, y) = 0.
Heobxogmumoe ycaosme ycro#iamBocTH, BHTEKAaiolee 13

pac. 28, cocToMT B TOM, 9TO HaKJOH KpuBo# r = 0 moiaiken

OHTH Kpyde, YeM HAKJIOH KpHBOil y = ( B TOUKe X Iepece-
9eHUA, T. €.

~|a7m <[l

af/oy /oy
nin
of 0o 9 | 8 38
oz dy = 8y oz ’ ( )

rfe TpPOW3BOXHEE BHYMCIEHH B ToYKe paBHOBecmsa. I[lpo-
H3BONHEIE B JIEBOH dacTWm mOCIemHETO0 HepaBeHCTBAa Xapak-
TePH3YIOT MHOAaBAAKINTE BO3TEeHCTBHA, OKa3HBaeMble Kaik-
IOBIM W3 BUAOB Ha caMoro cefst, a OpoM3BOAHEIE B IpaBoil
9aCTH — BO3JeHCTBHA KamKgoTO BUIa Ha CBOETO KOHKYDEHTA.
Cremyer or™MeTuTh, 9T0 (IO CAMOMY ONpEeIeHHI0 KOHKypell-
IUH) BCe 9TH BO3MefCTBHS HOCAT OTPHIATEIBUBIN XapakTep

|, CIeT0BaTeNbHO, HaKIOHH TUHEH £ =0 u y=0 oTpuitaressHL.

Joramome m mactuc [16] chopMymupoBaan 3TOT BHBO!
6es mokasareabcTBa B caenylomeit gopme: «Heobxommmoe U
DOCTATOYHOE YCIOBUE IJIA yCTOWIMBOCTH KOHKYDEHTHOIO pas-
HOBECHA COCTOWT B TOM, 9TOGH MPOU3BEIOHNEe BEIWYMH, Xapak-
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TepU3yIOMUX BHYTPHBUOBHE B3aWMONEHCTBHA, Peryimpyo-
mue POCT MOMYIANNM, 65110 60IbINe TPON3BENEHUA AHAIOTAY-
HHX BEJIWYWH IIA MEKBHUIOBEIX B3aUMOMEHCTBHIL.

YMecTHO CIPOCHTL: KAKOBH (JAKTOPH, OTBETCTBEHHLIE 3a

gpuBM3HY JuHnit » = 0 u y = (, mogpasymeBaeMyo pesyib-
TaTaMl TaKHX mccaegoBammil, Kak pabora Afiaxn? OrBerursh
Ha 5TOT BOIPOC MHE He MoskeM. OIMH W3 BO3MOKHBIX HOJXO-
OB K €ro pelIeHHI0 COCTOMT B CIEJYIONleM. ¥ paBHEHHA, CO-
OTBETCTByIOIINE ($a3oBOMy HOPTpPETy, H300PAKEHHOMY Ha
puc. 30, MOTYT mMerh BHJ

i:x(a-——bx——cy—kwy),

) (39)
y=yle—fr—gx—Ilay).

Unenw, comepskamue ty, 3acTaBIA0T L0JAraTh, 410 POCT
o0omx BUMOB HCHOHTHIBAET HEOKOe IOMABIAIOINEE BO3JeiCcTBHE,
paBsHOE HYJII0 IPH OTCYTCTBHM TOTO WJIHM APYTOro BHAA U J0-
CTHTAIOIee MAKCHMyMa, Korpa ofa BHAA HOCTATOYHO MHOTO-
gncieHHb, OgHA M3 BOBMOMKHOCTEH, 3aciy;KHBAIOMAA H3Y-
9eHKA, 3aRIIOYACTCA B TOM, UT0 KajKABI BHI TPOAYIUDYeET
KaKoe-TO BellecTBO, TOKCHIHOE IS APYFOoTO BHAA, HO AeIAET
8TO JIHINE B TOM cJydae, KOTHA 9TOT APYTro¥ BHI HPUCYTCTBYET
B JaHHOM MecToOOMTanmuM. AJbTepPHATHBHAH BO3MOMKIIOCTD
COCTOMT B TOM, YTO OJAMH U3 BUAOB OPOAYIHPYET BELIECTBO,
TOKCHYHOE 1A 000UX BHIOB, HO [AeNaeT 3TO JHNIb B IIPH-
CYyTCTBHE npyroro sumaa. HURaxUX JaHHBX, YRa3bHBAKOOUX
Ha Cy[MeCTBOBAHME TAKWX BEIIGCTB, yV HAC HET, ONHAKO WX
TOMCKAMHI CTOMJIO OBl BaHATHCA,

3aMeTuM, YT0 €CJIH KajKmbiii BU IPOAYIHPYET Bem[CCTBO,
TOKCHYIHOE JJIA APYToTo, ¢ HEKOTOPOH MOCTOAHHOH CKOPOCTBIO
He3aBHCHMO OT IJIOTHOCTH HTOTO APYTOTO BHAA, TO 9T0 PaBHO-
IEeHHO BBEIEHUIO WieHa —/Kky B mepBoe ypaBHEHHe H — [T —
Bo Bropoe. Ilpu arom cayuait A (ycroilamBoe cocymecTBoBa-
Hume) npeBpamiaercd B caydait 5 (mobema TOro Buua, WiCICH-
HOCTL KOTOPOT'0 € CaMOro Hadaja OBLia BEIIIE).

Homneuno, cymectByoT u Apyrue QyHKmum, rpaguKi Koto-
PHX HMEIOT TOT ;K€ BHJ, 9T0 I H300paskeHHsle Ha puc. 30, IT0
YpaBeerHna (39) HaubGoJee XOpPOIIO HOAAIOTCA GMOIOTHIEC-
KOi mATepIpeTali,
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B. IlepexpsiBasie HHII U Bapna0eIbHOCTH cpeabl

Moyedb KONKYPEHIIH MeKAY ABYMS BUAAMU, TPEATOKE)-
naa Jlorkoil—Boasreppa, mumeer ofmo ciaaboe MecTo: ona
3acTaBIAET CAeIAaTh 3aKJITEeHHe, 9YTO COCYIIeCTBOBAHUE [ABY X
BHIOB BO3MOKLO JHIIb B TOM CJy4ae, €CIH MX YHCIEHHOCTL
OTpAaUNYUBAETCHA Pa3NbIMH AKTOPAMM, OHAKO 3TA MOJENDb he
COAPIKHUT HHKAKHX yKasanuil Ha TO, CKONb BEJMKH JOJKHLI
ObITh 3TH PasHIuInsg 1751 obecledernst ANUTEALHOTO COCYImECT-
BoBanusa. bomee rtoro, Mojenb moppasymesaer, uro noboro
pasIUIUA B COOTBETCTBYIOHINX 3KOJOIHUECKNX TOTpeOHOCTAX,
CKOJDb OBl OHO HH OBLIO Masio, JOCTATOYHO [(JA ofecledeHms
cocymecTBoBanusA. OHAKO 3ApPaBHH CMBICA TORCKa3bIBaeT,
9T0 IS UIMTEIBIIOT0 COCYIECTBOBAHES, BO BCAKOM CaOyYac
B H3MEHYHBO# cpefe, HeoGXO[MMO pas3jHdme, JOCTHTAIMee
HEKOTOpO#l ompepiesteHHON BeJudnHbl. BajKublii mepBENA Inar
HA OYTH K BHISICHEHWI0 BEJIHMIHHHE pPas3Induil, HeoG X0 MMHBIX 1151
ofecrieaeHnsi COCYIIECTBOBAHMA [BYX BHUNOB B H3MEHIHBOI
cpege, cuenanu Mait m Max-Apryp [56]. Mbl omumem mx Mmo-
Jenh, He BAABasich B MaTeMarmdecKume mopobHocTH.

Homycrny, 4ro B HEKOTOPOM MeCTOOGHTAHMM #KHBET Pl
BHJI0OB, KOHKYPHPYIOIIUX 3a KaKOH-TO pecypc, M3MeHUHBLII
IO OJHOMY TapaMerpy; IPHMePOM MOL'YT CAYRHUTH 3ePHOSTHbIC
BHBl, IUTAIHECS CeMEeHAMH pa3Horo pasmepa. s Kammoro
BUJA CylecTByeT «DYHKIMA HCOOJNB30BAHHA pecypcar
(puec. 31), xoropasg B caydae CeMsH ONpepedsercs jJoJded B
mume ceMsH pasHoro pasmepa. Ecou popma yREumEEM Hemoan-
30BaHHS pecypca OIUHAKOBA JJIA BCeX BHJOB, TO YpPOBEHbL
MEKBHIOBOT KONKYPEHIIHU MOKHO 3afaBaTh sHadenmeM w/d.
rie w — cpejHee KBATPATHUHOE OTKIOHEeNWe QYIIKIHH HC-
HONB30BaHUSA pecypea, a d — pPACCTOAHHE MEAY MAKCIM)-
MAMH COOTBETCTBYIOIIMX QYHKIHH.

Ilpn Haguumm n BHOAOB ¢ miIotuHoctamu N, ..., NV;, ...
..., N, ypaBuenuaM# KOHKYDEHIHH, COOTBETCTBYIOIMIHMI!
ypasuennio (36), 6yayr

le/dt = Z\Yi ki b ' aijNi . (4())
A

B stux ypaBHemusx mnocrosHmas k; BBIpayKaeT COOTBet-
¢TBHe cpefan noTpebHOCTsAM i-ro Buaa (B mpuMepe C 3epHOIL-
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BHMH — Oo0MJiHe CceMAH COOTBEICTBYWINEH BeJMUHMHE), a
K09QPUIUEHT o;; CHYyKUT Mepoil HepeKphHBaHUA QYHKIMI
ECIOTb30BAHMA pecypca i-ro M j-ro BugoB. Taxmm obpa3zom

Prc. 3. Tpadmxm ¢yEKuERE mCIONB30BARHA pecypca.

I — Bech 3amac JAaHHOTO pecypca MCROJIb3YETCA ONHMM BHaoM; II — QYHKOEM HC-

HOJIb30BAHHMA pecypca IUIA pa3HWX BHAOB. OTOT rpadBr (M OCHOBAHHHU Ha HeMm

AHAJIM3 «YOAKOBKA BHMIOB») HMCXONHT H3 MONYIIEHHEA, YTO PACCMATPUBAEMBIE BH/bI
KOHKYDHDYIT 34 KaKOH-TO PeCyPC, M3MEHYHBHIN IO OMHOMY mapaMeTpy.

@;; — 9JeH ypaBHeHHUsd, ONUCHBAKIIMEA caMOOTPaHHYeHHe, —
paBeH 1 niA BcexX BHIOB, a a;; aekHT Mexay 0 u1 B 3aBucH-
MOCTH OT CTelleHH NepeK PHBAaHMA 3KOJOTHIeCKHX moTpebHOC-
Ted BHJIOB.

Ecau cauarars Bce £ B Bce & MOCTOAHHKME, COOTBETCTBYO-
IEMM HEKOTOPOHR oXHOPOAHOH cpefle, TO OKa3biBaercdA, 4TO
paccMaTpMBaeMbie BHJH MOKHO pacmojiarath CKOIb YIoOMHO
IUIOTHO, TOYTH 10 IOJHOTO COBIAJeHMA, U OPHM DTOM BCe sKe
coxpaHaerca ycroiduuBoe paBHoBecue. Bapmaberpnocts cpe-
IXEL BBOJAT B MOJedAh, NPUHAB

ki =k +v; (),

IRe k& — mocrosiHHOe cpejHee 3HadeHue, a 7y;{f) — rayccos
«Genpiit mym» ¢ pucnepcuedt 02, B mpumepe ¢ BeIHINHOR ceMAH
3T0 03Ha%aeT CIYyIafiHYI0 MBMEHYHUBOCTh B OOMINU ceMAH pas-
HOro pasmepa.

Torma moayuaercd, 9T0 JJIS YCTOMIHBOCTH coobmecTBa
Heo6xoqumo, 9100b d/w 6bIT0 BRINE HEKOTOPOIO cruenuduiec-
KOro B3HAa4YeHHMs, KOTOpPOe 3aBUCHT 0T YpPOBHA INyMa 02, a
TakyKe OT YACJIA BHIOB M OT APYIUX MapaMeTpoB Momenu. Hau-
Gonee mHTepeCHHH BHIBOJ, KOTOPHI MOKHO c/eJaTh W3 dTOTO
4HaJM3a, COCTOMT B TOM, 4TO BeJqwumHa d/w, Heobxomumasi
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Iaf YCTONYMBOGTH, HE OCOOGHHO UYYBCTBHTOIBHA K YPOBIID
IryMa Opn KoJgefammax ero B JOBOJBHO IIHPOKHUX IIPEIENax.
Ilana suavenuit 0%k mempay 0,01 u 0,3 Bechbma HPHOIUBUTE:I1,-
0 MOJKHO CKasaTh, YT0 YCTOWYHMBOCTE MOCTHUTACTCS, ecC.iy
d/w GOJBITC eNIIIHIH,

opma rpadura, XapaKTepusyoIero Bech ANANA30H Boj3-
MOJKHEIX pecypcoB, miu rpaduroB QyUKOMA HCIOIb30BAHIA
pecypcoB He HMEeT PEIaloIero 3HAYeHUA AJNH BTOTO BBIBOJA.
OpHaKo BHIBOJ 3aBHCUT OT TOTO, KAKOBa (opMa HOMYIEHHoi:
HAMM KOHKypeHnmuu. B CymHOCTH BajKmoe 3HAYCHIE HMEIT
IBa AONMYMCHUSM:

1) KOHKYPCHIIMA HPONCXOMAMT 33 HEKMH «PeCcypey, m3MCkLi-
IUBBIE II0 ONIIOMY ITapPAMETPY;

2) ecau omua 0co0b 3aBIajfela ONUAM DKIEMILIAPOM Jali-
HOTO pecypca, OH CTAHOBHTCA HEAOCTYIIHBIM [IIA OCTAJNBHLIX
ocobeil.

JTa Mopesb, IO-BUAHMOMY, TOBOJBHO XOPOINO IIPHJIOKM-
Ma K CJAy9asM KOHKYPOHIHE 33 THIEBBIe 00HEKRTH PA3IATHBIX
pasMepoB; MeHee SICHO, TOJHTCA W OHA HJIS TeX CIy9aes,
KOTJ[a O/(HH BHJ 3aMemaer APYroil ¢ U3MeHCHHEM BBICOTHI HA
VpoBHEM MODS, 30HH IM00epe;KbA HIHU APYruX (UBHIeCKIIN
YCJIO0BMII.

Heunocrp ommcarHofl 316ch MONEAH COCTOMT B TOM, UTO
OHa JaeT HaM IePBHIH KI09 K IOHHMAHHIO BIIOBOIO PazHoob-
pasus.

I'. OtcyrcrBue KomeGanuii, oGyciaoBleHHOe KOHRYpeHnueii

B ra. 2 6w110 mokasamno, 970 B3aUMOOTHOIICHUA XUINHIK—
JepTBa MOTYT BBI3BATH KOJEGAaHIA, MIOTAa PACXOIAMIHEcH.
YHCJIEHHOCTH BUIa-}RKePTBHI, Y KOTOPOTO B OTCYTCTBHE XMHIIi-
Hmka He Habmogaercs wodebanmil upcaennoctn. KHoHrypent-
Hble B3aHMOOTHOINeHHA KOJe0aHMi IIeé BBI3LIBAIOT. ITO Jeruc
Bcero yBuzerb Ha puc. 28, Mrtax, He3aBHCHMO OT XaparTep:
ROHKYPEHTHBIX B3aHMOOTHOWICHHH MEMRAY [NBYMA BHIAMII
[MOBBIMIeHNE YHACIEHHOCTH ONHOTO BHAa Beerga (mo ormpepe-
JMeUHUI0) IPHBOMUT K CHIDKEHMIO YHCICHHOCTH APYTOT0 BHMIA.
T, 0.

8 (dr) o, 2 (4 0
Ay (dt)<0’ 6z(dt)<0' (4 ’
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Orcroga caexyer, uto m KpuBag z = O, mw kpuBag y = 0
MOHOTOHIIO yOBIBAIOT, KaK 9T0 HmoKasaHo Ha puc. 28. llodto-
My TOJOKeHHEe PaBIOBeCHA, eCIN OHO CylecTByer, Janbo
yerofiuuso (cayuaii A), aubo neycroiianso (cxywait 5), mo B
a000M caydae KodebaHUA OTCYTCTBYIOT.

K cxopnoMy BarII0OUEHUIO LPIBOJUT PACCMOTPEHHE YPaB-
HeHuR

Xn+1 = Xn¢(X,l, Yn)’ } (42)
Yn+1 = Yn"p (Xm Yn)v
ONHCHBAIIIMX KOHKYPEHIMI MeMKIy BUJAMH ¢ HemepeKpHI-
BAIOLINMUCA IIOKOIEHUSAMII,
PaproBecne X, Y faereA pellenneM ypaBHeHHIt
oX, V) =1; uX, ¥) =1.
Janucap X, = }2'(1 +z,) n Y, = ?(1 -y, rme z,
H I, MAajpl, MOKHO IOKa3ath, UTO
Tny = (1 _b) Ty —CYp } (43)
Ynir = — 2, + (1 —8) Y,

The B ROd(PPUIMENTaX
b= —X 0ploX, ¢=—7Y /oY,
f= —X00/0X, g=—Y 8y/6Y,

OPOU3BOIIEE BHYHCICHE B TOUKe paBHOBecHA. Ecam paccMaT-
PUBaembic BUIH KOHKYPHUDYIOT MeXAy coboii, 10 b, ¢, f n
§ — MOJNOKUTEJDbHBlEe HNOCTOAHHEIE.

Ucrnwwas z nz ypasuenuil (43), momxyumm

Ynr2 '”‘(Z_S) Ynit + (1 —S + R) Yn = 0, (44)

tne § =b + gu R = bg — fc. 910 ypaBHeHme mMeeT pele-
Hue Yn = Kl?\lll _1[— K27\,r21, rpe

Aoy 7V2=1——;—Si%V(S2—4_R). (45)

Ecmu R < 0, To ; >1 u y, Bo3pacraer Ges mepeMeHbl
3maka. CuaenoBaTeabHo, AIA TOro 4Yro0bl paBHoBecue OBLIO
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ycrodamBeM, HeobxoguMo, 91006 bg > fc; 9T0 cooTBeTCTRY-
eT KpETepuio [Runnmwaa— [[)KacTuca Ol coCyImecTBOBAaHLA
HenpephBHO pPa3MHOMKAKIIUXCA BHIOB.

Ho S? — 4R = (b — g)? + 4fc, T.e. Bcerma moJO:KuU-
TenxpHO. ClrieloBaTeIbHO, HUKAKUX Kolebanuil ¢ JIHTENbLHDIM
HEepHOAOM HPOHCXOTUTH He MoKeT. HoseGaHma ¢ mepmopowm,
COOTBETCTBYIOIINM HO IPONOJIKATEIBHOCTH IBYM IOKOe-
HEAM, BO3MOKHBL B TOM Cllydae, eClIH Ay MU A, DelcTBUTEb-
oe u MeHbmre —1. Taxne xKone6anusa ¢ KOPOTKEM IMEPHOLOM
IPONCXOJAT B OTCYTICTBAE KOHKypeHIHH (ecam aubo b =2,
aubo g >2), W HaINTMe KOHKYPEHIIUH He MOBHINAET uXx
BEPOATHOCTH.



Laasa 0

MHTPALINA

JTa TiaBa TOCBANCHA BIUAHHUIO MHTPAIMH 1A YCTOMMII-
BOCTH CHCTGMBL XHINIHK—RepTBa. Pacemarpupaiorcs cmry-
aniny IByX THIIOB. B mepBoM cayyae mectoobutamue Golee
MM MeHee HEIPEPHIBHO, TaK YTO MUTpalud LpeacTaBisier
c000ii o0BYHOE fBIETHE; BO BTOPOM MeCTOOOHTaHme HOCHT
OATHHCTHHA XapaxTep, TaK UTO YCHCITHAS MHUIPAIUA OT Ol
HOTO UsiTHA K JAPYTOMY IPOHMCXOMMT CPAaBHIITEIBIIO pejKo.

A. Murpanuss B HenpepbIBHOM MeCTOOOHTAHHH

PaccMorpuM Moaesdb, OCIIOBANHYI Ha CIeAVIOMUX JOMY-
IMEeHUAN:

1. Mectooburanmue pasjiejgeHo Ia MEKOTOPOE UYHCIAO KJe-
TOK». B mpepjerax Kajknoll KIeTKM JAUOBIH BHj MOMKHO pac-
CMAaTPUBATh KaR €IHHYI0 MONYIAINI0, npeHedperas npocTpan-
CTBEHHBIM pasjedenneM. Murpamus Messjy COCeQHUMI KIeT-
KaMu — sBIeHye OOHYHOE, TaK UT0 BIHANNE HMMUIPAHun I
BMUTpAI[HH T1a YHCIEITHOCTh IONYJAANNM B JaHHOH KJIETKe
IO MOPAAKY BEANUHI He OTJAHYAETCA OT BJANAHUA PasMHOFKe-
uuA u rubenn. Tarum obpazoM, MoJedb MOReT IIPEACTABIATH
aubo mempepsiBHOE MectooBHTANNE, NPOM3BOIBHO pasener-
HOe Ha KJETKH Ajs yaobcTBa MaTeMaTH4ecKOro OHMHCAHIIA,
6o narnucToe Mecrooburanue B ciaydyae, KOTJa paspHIBLI
MEKOy TATHAMH He CO3/]al0T Cephe3HBX IIPeNATCTBHN 1A
mepemerneHns ocobei.

2. Baugaaus wMMurpanmn W OMUTPAIHH CKa3BBAIOTCSL
HeMexIeItHo; T. €. Bpems, 3aTpaudBaemoe I1a MHUTpamuio, Ie-
BEeIMKO IO CPABHEHH € IPOJOJIRUTCABHOCTHIO JKU3HEHHOTO
nukaa.

3. Murpamns «koucepBaTuBHa», T. €. B IpoIlecce MHUTpa-
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I[N He IPOUCXOMUT HOTePh, U 0C06b, HOKHHYBINASA OIHY RiIeT-
Ky, HEIIPEMeHII0 HPHUXOMHUT B APYTYIo.

4, Cpema oggopomua, T. €. YCIOBHA B COCEIHNUX KJIETKax
HJIeHTHIHE,

B caemymomem paspele paccMarpHBAeTCS MOJENb, B KO-
TOPO# ImepBhle /BA W3 3THX JZoOymeHWwiH msmMeHeHbl. B Komue
HaCTOAMEro pasfesa BKparile 00CY;RHAITCA pesyIbraThl, K
KOTOPHIM OPHUBOMUT OTKA3 OT JIBYX NOCHEIHEX MOMYINCHHUI.

NomyctuM, 4TO B3amMOTEHCTBHA MeKAy XUMHHKOM If
JKEePTBO TAKOBbI, 4TO B OTJEJIBHO B3ATOM KIIeTKE B OTCYTCTBIE
MUTPAIUH CYMecTBYeT HpefleJbHBN MUKJI, COOTBETCTBYIOMIIIR
KoJebanusaM ¢ OoapImoit aMOauTymoil.

B oToM cay"ae Ham HeoGXOIUMO BHISICHUTH, He IPHBENET
AN MUTPAOHA K YMEHBIIEHWIO AMIIHTYIH HPefelbHOr0 I[UK-
ada. CoBeplIOHHO SICHO, 9TO eCJu KoJeGaHUA 4HCIeHHOCTH B
ABYX COCETHHX KJGTKaX B TOYHOCTH COBHAfAlT mo (ase, To
us gomymeHwuit 2 m 3 ciexyer, 9TO MHTpalus He OKa3blBaeT
BIMAHUS Ha YUCJIEHHOCTH oco0efl B TOW mMau APYTOR U3 BTUX
KIETOR W HOITOMY He M3MEeHseT aMILINTYAb mukiaa. Mrark,
[JIaBHEIH BOMPOC, KOTOPHIHA MBI JIOJKHBEl PEINUTH, COCTOHUT B
ClenyIOMeM: MPUBOOUT JIM MUTPAIUs K TOMY, 9T0 KoleGamis
JHCJIEGHHOCTH B COCEIHHX KJeTKax Oymyr coBmajiaTh mo ¢a-
3¢ MJM JKe OHA BHI3HBAaeT HAPYIICHHE CUHXPOHHOCTH KOJe-
Gamuii? Jlasa Toro 4rTo6H OTBETMTH HA 3TOT BOIPOC, MOMKHO
nprGerHyTsh K METONY, CXOJHOMY C TeM, KOTOPEIH HCImoJb30-
Ban Ymadpu [85] mpu uccmegoBammu GHOJIOrMIECKUX JacoR.

Pacemorpum cxemsl, msobpaskemnwble Ha puc. 32. Ilose-
JeHIe CHCTeMH B OJHOU KieTKe ITPEACTABICHO B BHUe 3aM-
KHYTOH DeTiu, NpPOXOMUMOH HPOTHB YaCOBOH CTpEIRI
B IJIOCKOCTH (Z, §), THe £ M § — 9HCIEHHOCTH REPTBHl H XIILI-
HuKa cooTBercTBenno. Tourn I, &, 3 u 4 mpedacTaBIA0T mMO-
ClleOBATEABHEIE COCTOAHHA HEKOTOPOH KJIeTKM @, a TOYRM
1, 2’, 83 m 4 — coOTBETCTBYWIIME COCTOSHUS Cocemtcit
KJIeTKH b, IPOIEcC B KOTOPOH IO IPEMOI0MKEHHI0 IeCKOIb-
Ko omepeykaer mo (aze mpoiecc B KIeTKe @.

CTpenxy mOKa3HBalOT BIHAHHE, 0KAa3bIBACMOE Ha COCTOM-
HHE JTHX JABYX KIeTOK MEUTpalnedl MesRny HUMH, KOTOpAST
MOYKET OTHOCMTBCA K OJHOMY U3 9YeTHpeX THOOB:

A. JKeprBa yXOQUT U3 KIETOK, TAe MHOTO ocobelt meprBLI.

B. jHepTBa yXojuT U3 RJIETOK, THe MIIOTO XHI[HAKOB.

B. XumHnky yXO#gAT U3 KIETOK, Iie¢ MHOTO XWIMHHKOB.



Muzpayus 93

. XUoiHHKHA YXOIAT W3 KJIeTOK, TAe Mallo HKepPTBEHL.

TaKoBH HeThIpe TUCTHIX TAIA MHTPALHH MEKIY COCELBHMHE
gIeTkamMn. B cayuasx A u B, Korga mepeMelleHWe BHJa 3a-
BHCHT OT ero co0CTBeHHOM MJI0THOCTH, AJA MOJeNH He HMeeT
3HAYeHNA, 00YCJAOBIeHA JH MUTpanua Ipocto «aupdysmei»

¥ A
17 1
2 4
o 4
3 3’
I x
y
B Y
r 1 1 r
2 4’
l L 2 4
2 T T 4 2' 4’
3 3 3
z xZ

Puc. 32. Biusmue MErpamum MeKIY COCEIHAME KJIETKAME HA COCTOAHAO
CHCTEMEI B 9THX KJETKaX.

(npn xkoropofi ommesmpHEIE 0cOGHM ¢ paBHON BEPOATHOCTHIO
Oyayr mepememarncs B moGoM HampaBIeHME IpH 0G0l
WIoTHOCTH, YTO NPHBORHMT B KOHEYHOM cueTe K YOBIBAHMIO
0Cobell M3 KIETOK ¢ BHICOKOW ITOTHOCTHIO) HJIT ;Re HATIpaB-
JIenme mepememeHnsa ocobGeft ABHLIM 06pasom 3aBHCHT OT
LroTHocTell mMOMyJNAIMU B COCeTHUX LJIeTKax. fIcHO, d9To B
KasKmom u3 9THX JeTHpeX CJaydYaeB MUTPAIHA MOJKET 1TMEeTh
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K HOpOTHBOMOMOMKHOE HAIlpaBieHle, XOTf, KaK LpaBHT0,
olla TIPH 9TOM OKaKerTcsi, BePOATHO, HeafalTHBHOM.

Kax mowraseiBaer puc. 32, murpamuu tuna b u I', mpu
KOTOPHIX HepeMenieHue OJHOro BHAA BBLI3HBAETCHA BHICOKOIL
YICAEHIIOCTHIO JAPYIOr0, 1€ OKAa3BIBAIOT peaibHOro agderta
Ha pasiudue MesK)y ABYMA Kierkamu 1o ¢azse. Murpamun
tuna A w B npuBojsAT KoJebaHHA B COCeHHUX KJIETKAX K
ojHO#E W Tol ke dase.

Bee ato mosBoasier c¢gesaTh BHBOJ, YTO MHTPAIUA, HOCIT
au oHa xaparrep nuddysuu HIN 3aBUCANIETO OT ILIOTIOCTI!
MONYAANHHT PACCEIeHHA, MPUBOXNAT K CHIIXPOIK3ALHE KOJIC-
faumil 9ucIenHoCTH B cocefinuXx RiaeTkax, OgHaKO, Kak yike
OBIJI0 MOKa3aHo, B CJIyYae CHHXPOHHOCTH HPOIECCOB B COCEl-
HUX KJeTKaX MHTPAIAA IIe OKA3bIBAET BIMAHIA Ha YCTONTII-
BOCTh cucTeMbl, Hoebasus 9HcIeHIOCTH B COCEMHIX KIETKAX
CTAIIOBATCH ACHHXPOIHBIMH JUIIb HPH TAKHX THOAX MHIpa-
nuu, Korga Jmbo XWMIMNK, aubo rKeprsa MepeMemiawTed w
ILIOTHBIM CKOILIEHHAM ocobell CBoero coOGCTBEHHOTO BIjA.

Ecam arurpaigig HeKoHcepBATHBHA, T. €. CONMPOBOIKIAET-
cf moTepell 3MAUHTENBIOTO 4m@caa ocobeil, TO IPH 3TOM 3a-
KJIYeHHe 0 CHNXPONU3alun KoaefaHnd B COCOTHUX KJIETKAN
ocTaercs B cuie. BozjelicTBHe ITeKOHCEPBATUBHON MUTparii
PABHOCHIBHO CIHMKEHHI) CKOPOCTH Pas3MHOMKEHUHA COOTBeT-
CTBYIONETO BH7A B OT/edbHO# KiIeTke. Ilpu srom ammiuryia
RoaebaHU# dYHcJAeHHOCTH yMmenblraercsa. Ommako ¢ 3BOJIO-
OUOHHOH TOYKH 3PeHMA MITPALII H0106HOTO pojga 06 bACHIITE
TPYALIO, eCJaH TOJBKO [le OPUHATH JONYOleMHe, ITO MUTPAHTDI,
Jajke OCTaBasich Ha MeCTe, B JIOOOM CJaydae He ydacTBOBal
OBl B pPa3MHOMKOHHU,

Ecan coceqmite RIETRA pasandaioTCsa M0 YCIOBHAM CPejibi.
TO eCTeCTBEIHEBIe MePHOALI HX IIPEIeNbIBIX [IIKAOB Pa3JlHdHD .
Ecaun stu pasanuua He ovenb BeJUKU, TO KoJebanmsa B coce -
HHX KJeTKaxX Ioj jeHCTBHEM MHTPAIINE OPHAYTB ofHy (asy.
Opuyes HepHoN 3THX Kodebanuit 6yaeT mpoMesyTOTIbIM Mesk-
]Iy €CTeCTBEHHBIMI MEePHUOaMH DTHX [BYX Kjaerok. Iloctpoenn
THCJIEHIBIe MOIEJH IBYKRIETOUHEIX CHCTEM TaKOTo poja. Bams-
HHe MHUTPAINM BEIPAYKAETCA B YMEHBIIEHHHI aMILIMTYIB KO-
faumit THCACHHOCTH, OJHAKO BAMAHUE DTO HEBEJHKO M BPA.L
IH MOJKeT IMeTh BasKHOe 3Hauernnde wa (oue Takmx crabi-
JU3UDYIOIKUX BO3gefCTBUH, KaK Oorpanpuyerine YMCIAeHHOCTH
OllpeJIe/IeHHBIM DPECYpPCoM U Hajudue YOeuly fias sKepTBHL.
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B. Murpanus n rokanrHOe BRIMHpAHHE

CrenansoMy B IpefbiiylleM pasjese 3aKJINTEHHI0 0 TOM,
910 MHTrpafus He MojKeT CTabmiIH3HpOBATH BHYTDeHHE HeyC-
TORYABYI CHCTEMY XANOIHAK—KePTBA, Ka3aJIoch OB, TPOTHRBO-
pedar pesyJabTaTH dkcmepEMeRTOB Xaddaiirepa [24]. Otm

w
(=]

[
SRS
T. occidentalis

E. sexmaculatus
™)
S

—
[=]

Puc. 33. Tpm nocienopaTedbHEX KOJIeGanMA HUKOB 1M CIeHEOCTH Jao-
PaTOpHOM NOIYJAUAA DAcTHTeIbHOARHHX (KpuBag ) M  XAmMEHX
(kpupas I]) kiemeit [24].

SKCHepuUMeHTH NMPOBORMJANCH Ha ABYX BHaX Kiellei: XWMI-
mure Typhlodromus occidentalis U ero skepTBe, PaCTUTENbLHO-
angmom Bupne Eotetranychus sexmaculatus. Cpepy cocTaBianm
HECKOJDLKO ANeJbCHHOB, CAYKABUIMX Inojefl JAIA HepPTBH;
BpeMs OT BPEMeHH aleJbCHHBI 3aMeHANH cBemEuMu. dmcao
aleJabCUHOB M JETKOCTh, ¢ KOTOPO# KJeIym MoTIJIH MHUIPHPO-
BaTh OT OJHOTG M3 HHX K EPYyroMy, BappupoBanu. B 6oub-
IMMHCTBE cJydaes Habaopaloch cHadaja NOBHIIeHMe, a 3a-
TeM Chaj YHCIEHHOCTY $KePTBH, COHPOBOIKIABUIMECST COOT-
BETCTBYIOMHM HOBBHINIEHHEM H CHATOM IHCJIEHHOCTH XHIMHIKA,
33 KOTOPHMH CJIe/[0BaJI0 BBIMHDaHHe XWIIHHKA. [aa Toro
9706l COCYIMECTBOBAHIE ITUX ABYX BHIOB MOTJIO IIPOMOJ-
aThbCA NHa UPOTAMKEHHH TpeX IMKIOB IOBHIIICHHA YHCJeH-
Hoctw (pme. 33), UPUOIJIOCH YBEJWYHTh UYHCJIO ANeJILCUHOB
o 120, zameninTh METPAIHI0 XHIIHHKOB, IIOMECTHB MEEIY
amespCcHHAMHU IIPErpajgbl H3 BadedmEa, H B TO jKe BpeMA yCH-
IATEL METPAINI0 JKEPTB, YCTaHOBUB AePEBAHHBIC CTOAOHKMH,
K KOTOPHM CHM MOTJIN NOJBELINBATBCA Ha INeTKOBHHKAaX. Be-
TEPOK, ¢TWeIHATBHO CO3/aBAEMBIl ¢ IIOMOINBIO dIEKTPHYEC-
Koro dera. packagypBay METKOBHHKN, ITOMOTAas KIeINaM mnepe-
CKaXiraTh € 2UENbCHHA HA ATIRIBCHN.
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PaccymarpuBaessie 3gech Mojieiu GBI CO3MaHbl IO, BJILI -
HIeM sKcmepuMeHToB Xaddaiinepa. B ocHoBe atmx Mope:icii
JAEMHUT cjaemyiomee cooOpaskeHue: Ji000e JOKAIbBHOE IATIG
Kaxoi-mubo cpesibl (HampuMep, alelbCUH), KOTOPOE MBI [la-
Jdee OyeM Ha3bIBATH «KJETKOM», cogepsRallee M XMIIHIKA, II
KEePTBY, B KAKOU-TO MOMEHT B GYAVIIEM OKaMKeTCH IIYCTBIAL;
HHBIME CJI0BAMI, KAK XHOIHUK, TAK U jRepTBa BEIMpPYT. Ilocae
3TOro TaKas KJIETKA MOKeT GHITH 3aceleHa BHOBB.

B npocreiimeii sogean mogodHoil cucTeMbl 0TAEABHAS KIeT-
Ka MOKET HAXOJUTHCSI B OJHOM U3 TpPeX COCTOSHEL:

E — nycrag, me comep:sUT HE XUIHWKOB, HYU HKEPTBH;

H — couepXuUT TOJBKO KEPTBY («PACTUTETHHOSAMHEBIXY);

M — cmemaHHas, COEEP!RUT M XIIMHOKOB, W KEPTBY.

f1 cmagana mpumy ympoulaiouiee (H, KaR OKajKeTCA BIO-
CHe/ICTBHM, YBOAAMmMEe ¢ NPABHILHOTO INYTH) goNyIleHHe,
9T0 IePeXo 13 OJJHOTO COCTOAHUSM B APYroe MPOUCXOIUT OIHO-
BPeMeHHO BO BCeX RJIeTKAaX jaHuHoii cucrembl, Tarum obpa-
30M, MBI IIDHHKMAeM 3a eIWHUNY BpeMmeHm I mepuoj OT Io-
najaHuAa XHHIHUKA B RJIAETKY, HaXOAANIYIOCS B COCTOSHINI
H, mo mMomenTa, KoTja »Ta RIETKa OKA3BIBAETCA HYCTOM. 3a
OpoMeXyToK Bpemenu T Bce KIETKH B JAHHON cucTeMe MO-
TyT IIpeTepmeBATh IlepeX0]i M3 OMHOTO COCTOAHUA B IPyroe
CO CIEeIYIOIUMH BepOATHOCTAMU:

E " M
E 1—PH PH 0
" 0 1— PP pp
M 1 0 0

Homymennasa 3mech HEBO3MORHOCTH Tmepexoma £ — M
TpeGyer HEKOTODHIX moscHenuil, Ml mcxoquM u3 Dpeamosao
JKOHMA, 9TO XHLU[HHK, MONanalmuil B pe3yibTate MHTparjuil
B HEKYI0 KJIETKY, MOTHOHET 0T T0JI0jia, €CIOH 3Ta KIeTHa He
COEPJKUT MOMYJIANUY pacTuTeIbHosaausx. Taxum oGpasom.
RIeTKA, HaXOOAMAsicsa B cOCTOSHWH £, Momer mepefitm »
cocrossane M TOJIBKO TOCHe HEKOTOPOTO IIPOMEHYTOTHOTO
Imepuoga, B TeUeHHE KOTOPOTO OHA HAXOMUTCS B COCTOAIIHU
H m B He#t BO3HEKAET NOMYJIANUA PACTUTEIBHOSIHEIX.

B upusegennoii tabaure PP — BepoATIOCTH TOrO, 4lv
3a Bpemsa 7 B KIETKY OPOHAKHET XOTS O OAMH XUNIHHE.
a PH — BepoATHOCTH TOTO, 910 B Hee IPOHAKHET XOTA OBl 0/1HA
oco6b sKepTBH. Boo6me roBops, PH u PP — mepeMeHHbl¢
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BeNMUNHEl, TAK KAR OHH 3aBHCAT OT TOTO, CKOJLKO COCEQHHIX
KIETOK COAeP:HAT HePTBY, & CKOJILKO — XUIIHHKOR,

Har Oymer Bectu ce6s rakasa cmerema? Mul pacemorpum
JUIIB [Ba HPOCTHIX CJYyYasdA, MOCKOJBKY JOBOABHO OBICTPO
CTAHOBHTCHA OUYEeBWIHBIM, YTO JONYIIEHHE 4CHHXPOHITOCTIN
TOCTATOYHO HEIPABROLOAOGHO I HPOBOAUTH Golee MOApPOGHBII
aHaJU3 He HMeeT CMDICJA.

PacemorpuM crmawaza MopeNib, COCTOAIY M3 MHOTHX
KJIETOK, MERIY KOTOPHIMI IPOMCXOMUT TaKkad MUTPalHsA, 9TO
B3 KaKmo# wiIeTkm MosKHO gobparbes go d06oit apyroi;
B HOOYNANUOHHON TeHCTHKe IOJ00HbIE MOJENH Ha3BBAIOT
«oCTpOBHEIMIY, JlomycTuM TalKe TaKyl WHTEHCHBHOCTD
murpanuu, npH wotopoit PH = PP = 1. B artom cnyuae
KayK7asa oTjgelbHasg RJeTKA IperepmeBaer PAL IepexoioB
E -~ H — M — E u rak 1o 6ecroneunoctd. lToatomy obiuime
KoJm4yecTBa KJIETOK B cocrossHuAXx £, H u M, ycpeanennsie
00 BpeMeHM, PaBHLI MeXIY coboii, (OgHako YHCIEHHOCTD
KJETOK KajkIoTo THIIAa TpeTeprmeBaer KouaeGaHMsA, aMIIHTYHA
KOTOPHIX 3aBHCHT OT NaYaJbHHX YCJIOBUU, a HMepHol paBeH
3T. Obosmauynm uwepes K, H u M qucieHmoCTH KIETOK, Ha-
XOMAMUXCA B COOTBETCTBYIOMHUX COCTOAHHAX B JH000H MO-
MEHT BpEeMeHH, W JOLYCTHM, 4TO B CICTeMe, COCTOAMmel u3
o0 Kaerok, wexommble smadeHuA paBHb: £ = 25, H = 20,
M =5, Torma nocmegyiomee mnoBeeHHe CHCTEMBI MOAKHO
OpejcTaBUTh B BUge TabamIlH:

Bpemenro#t wmmtepsanr 0 1 2 3 4 5
E 25 5 20 25 5 20

H 20 25 5 20 25 5

M 5 20 25 5 20 25

Ecam BeposaTtnocts Murpamum maja, Tag 910 auto PH,
6o PP cymecTBeHHO MEHbBIIE eJNINIL, TO B 3TOM CJaydae
yepenaeHHbIe MO BPEMEHM KOJWYECTBA KACTOK, HAXOAMIXCS
B KajK[0oM H3 TpeX COCTOAHMWII, yiKe He paBHB MRy coboii.

CIM YuciIo ocobeil KomeuHo, TO B CHCTEME TAKOTO POJA OFMH
Wiy 06a cOCTABIAIOMINX €€ BHIA B KOHI[e KOHI[OB BEIMHPAIOT,
30T MaTeMaTHYECKOe OKHUIAHNE TIPONOJIKATEeIbHOCTH AKHIHU
Cucremrr (kotopoe sasucuT ot PH, PP u or 4ucia KIeTok)
MOzkeT GBHITH 0OYeHDb BEIMKO.

Ha mepssiii Baraapm ata MOmedh NPUBOLUT K BBIBOLY, 9TO
Upn pocraTouHoit cmocofHOCTH 060MX BMIOB K MUTpAIEH
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Takaa cmcTema Gymer cymecrBoBaTh GeckoHewHO [0iro. (.
HaKo HeTpyAHO yOemHThCA, 9T0 HO0GHHI BHIBOZ He MOer
6BITh IpaBAJIBALIM, TOTOMY 9YTO €CJH HHTeHCHBHOCTH MHTpa-
nun 060EX BHAOB HOCTATOYHO BEJINKH, TO BCE KIETKH, BXOTg-
mue B COCTaB CHCTEMB, MOMKHO pacCMaTpPHBaTh KaKk ojmy

E H M E
M H-+E Mo H E-M o

Puc. 34. Cpena, cocroamans M3 Tpex KIeTOK.

GOJIBIIYIO KJIETKY, B KOTOPo# HemaGemHo npousoiger 6ucTpoe
BeiMupanue. CraGoe mMecTo sToE MoOfeaH CBA3aHO ¢ JOMYILe-
HHEeM CHHXDOHHOCTH, B YeM MOKHO yOeruThCsA, €CJIHU paccMart-
PHBaTh CHCTEMY, KOTOpas COCTOHT BCero JHMIIb U3 TpexX Kie-
ToK (puc. 34).

B cooTBeTCTBEM ¢ MPHHATHIMH HAMH JONYIUIEHHAMH, ec.il
PH = PP =1, rTo »3ra TpexkiIeToyHasa cHcrema Oyjer
OCCKOHEYHO [OJIT0 HpOAeTEBATh H300pakeHHBIH Ha cxeue
TpexTaKTublil MuUKX. Ho ecoym oTKasaTeeA oT JOMYLIeHUS CHIl-
XPOHHOCTH, TO TaKOe IOBeJeHHe 0Ka3bIBAeTCH HeBO3MOMKHBIM.
Taxr, momycrmm, 4ro B MoMmentT Bpemenu ¢ == 0 cucrema Ha-
xourca B coctoanun MEH, mpudeM B KIeTKY, HaXOMAMYI0-
¢s1 B cocrossaun M, TOTBKO YTO mepeMecTwicsad XUMHMK. Ecal
JIONYCTHThL CHHXPOHHOCTB, TO KjieTKa E poJiskHa Temepp 0C-
TaBaThCA NYycTOH B TeweHwme HexoToporo Bpemenu I'. OpHaro
Ha CaMOM jiesie B MOMeHT Bpemenn Af B xieTky £ Moer mepe-
MeCTHTBCH PpacTUTeIbHOSAgHOe m3 kxetwn H. B peayaprate
9eTo cHCTe " a oRaykercs B cocrosanun MHAH. B taxkom cayvae
B JaJbHedHteM GYAyT TPOHCXOINTH CHeAVICHIHe Iepexo;ihb
MHH -~ EMM — EEE.

Boaee peasucmuurnas modeasb, JInsa cea3pavnsa coBepmenio
PeanHcTHYHON MOJeN! CaeoBao OB OTKa3ATBCA OT OMICL”
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gaA KJIETKH, HaXojsmelica B ojHoOM n3 neGoabuioro wuc.aa
JQACKPETHHIX COCTOSHUE, I BMECTO 3TOTO XapaKTepH30BATh
¢e TNCJIEHHOCTBI), BO3DACTHHIM COCTABOM U T. . cojepiKa-
mEXCA B Hell MonyasAnui skepTBH U XUIMHEUKOB. OnHako, 0y-
Ay9H DeajIMCTAYHOM, TakKas MOAENb TPYHHa [/ aHaluza o

e MB
o M4
Ee > o >0 —) OO
- THA HB HC

Pue. 35. T'pad, norasuBamwuit nepexo sl B CHCTEMe ¢ 8 COCTOSHHAMM.

Tpad opueHTHPOBAN TakuM 06Pa3oM, YToObl LK1 XHUTHMK—KEDTBA B HPOCTPAHCTBE
COCTOAHUI OBIT CPABHUM C IMKIAMH, HM306pAKENHBIMHM Ha pHC. 32

mia monumanna. Iostoamy s mpennovesn coXpaHUTh MOJelb C
AUCKPETHBIMHE COCTOSHUAMH, XapaKTepH3yIOmYIcA CHEXPOH-
HEIME TIepeXoaMU OTAeJbHLIX KIEeTOK H3 OJHOTO COCTOAHUIA
B Ipyroe, HO YBEIHINHJ YHCJIO BOBMOJKHBIX COCTOSHHIL OTHeNb-
HOA KJETKH C TeM, 94To0Bl yMenbIUNTh HCKasKalolmue Bo3eii-
CTBHsI, IIOPOKaeMble JONYIMEHHEeM CHHXPOHNIOCTH. ITO aHa-
tormgno 3amene JudepeHITHATBEHOIO YPAaBHEHNUA ypaBHENH-
€M B KONEYHBIX PAa3HOCTAX, B KOTOPOM BBIOpPAHH JOCTATOYHO
KOpoTKIe BpeMeHHble HHTePBAJbl, ¢ TeM YTOOHI ero moBeeHe
6r0 cx0HO © TOBeeHMEM HCXOTHOTO ypaBHeHusaA, MosxHo
HameaTbCst, YTO 3Ta MOJedb JOCTATOYHO XOPOUIO OTpayKaer
B3auMOJeHCTBUA B peaJbHO CYIIECTBYOIOUX CHCTEMax I
U03BOJIMT MONYYHUTH HEKOTOpOe IIpecTaBienne O BIUAHIM,
OKaspBaeMOM Ha Cra0MJIBHOCTD CHUCTEMBI TAKUMH IIapaMetr-
PaMu, Kak oTHOCATEIbHAs CHOCOOIOCTH K MUTpAllUH jKePTBEHI
B XumHWKa, ganudne yOesRull AIs KEPTBH, a TaAKMKe TUCTO
KIeTrox U cTeneHb HX CBA3HOCTH.
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T'zrasa 6

ITpexmaraemyo HaMH MoAedb HIMOCTPEPYIOT Taba. 1 g
purc. 35. 1A Rammoll KIeTKE BO3MOKHE CJIETYIOIMMHME BOCEMb
COCTOAHUI:

mycTas;

HUBKAafA YNCIEHHOCTH }{EPTBHI

IOBHIIIENNEe YUCIAEHHOCTH KePTBEI;

BHICOKAsA YHCIEHHOCTH JKEPTBH;

BBHICOKAs YHUCJIEHHOCTH FKEPTBHI, HWBKAA UUCIEN-
HOCTh XHITHUKA;

BHICOKAS YHCJIEHHOCTH KEPTRBI, IOBHINEHHE 9YIic-
JeHHOCTH XWIIHUKA;

BBRICOKAas THCJEHHOCTHh MEePTBH M XHIIHUKA;
HU3Kafg YHCICHHOCTH MREPTBE, BHCOKAg YHCIOU-
HOCTDH XHUIMHHKA.

TaGamima 1

BepoATHOCTH TMEPEXO[0B MERLY COCTOHHHAMH B MOJEIH CHCTEMDI
XHIIHHK — jKePTBA, B KOTOPOii DPOHCXONAT HMMATpPALHA

H JIOKalbHO€ BBIMHpDAHUE

E HA HB HC MA MB MC MD
E  (1—PH) PH 0 0 0 0 0 0
HA 0 0 1—PP 0 PP 0 0 0
HB 0 0 0 {t—pPP PP 0 0 0
HC 0 0 0 {t—pPP PP 0 0 0
MA 0 0 0 0 0 1 0 0
MB 0 0 0 0 0 0 1 0
MC 0 0 0 0 0 0 0 1
MD 1 0 0 0 0 0 0 0

ITpegmomaraercs, 9To 9ucio MUrpupylomux ocobeil Beer-
na ueseanko. [Hoaromy Murpupyromue ocobu obycroBaupar
mepexonsl £ — HA uw H — MA, Ho He BHBHBAIOT CyINeCTBeIl-
HOTO U3MeHeHUs cKopocrelt mepexogoB HA — HB — HC 1.
MA—>MB —-~MC —~MD.

Murpupyomuii XHmuuK, Opuimegmuil B KiIeTky E, uu-
rubaeT or rodoma, Ho momas B Kiaetky HA, HB nau HC, od
npeBpamaer ee B Kirerry MA. Murpamusa pacTuTeIbHOSAII0
ro mpespamaer KIerky £ B wumerry HA.
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Bepoartuocts PH upeBpamenust kierkd K B wietry HA
cocraBasiter 1 — (1 — ph)”, rme ph — BEpPOATHOCTH TOTO,
qT0 3a eAUHHIY BpeMeNN OZHO DACTHTEALHOAIHOE MpHAET
B KIeTRYy £ u3 Kakoii-tu6o cocegHeil KiIeTKH, comepsRaiiei
MHOTO DACTHTeJIbHOAAHEIX, & r — THCJ0 COCEIHHUX KJETOK,
coflepKallnXx MHOTO PACTUTENBHOANHBIX, T. €. HaXOMAIIHXCH
8 cocroauuu HC, MA, MB unu MC. B ramjoit orgenpnoi
AMHTAHEA ph — TOOCTOAHHAA, & r — IepeMeHHasd.

AuanoruyasiM o6pasom PP — BepOATHOCTH MpeBpamenus
gaetkn HA, HB wum HC B wierky MA — pasra
4 — (1 — pp)s. 3meck pp — MOCTOAHHAA BepPOATHOCTH TOTO,
910 OfHAa 0c0o0b XUIIHUKA NPHEET B JaHHY0 KIETKY H3 Ka-
roli-nubo cocefHeH KIETKHU, COmep/KAMEd MMTPUPYIOIHHX
XUIIHUKOB, DBHUIM paccMoTpeHB! [Ba BapHAHTA 3TOH MOJEIH.
B oxgsom BapHaHTe HPHHHMAJIOCH, UYTO XHUIMHHKHN MHTPHPYIOT
JHNIb B TOM CJIyYae, €CJIM OHH TOJIOAHBL, T. €. § — 9HCJIO CO-
cemHuX KiIeTor B cocrosmmm MD. B agpyrom sapmaure s —
qgciao Kiaerox MB, MC u MD.

IToBemenne MomenH MMUTHPOBAIOCH Ha BHIHCIUTENBHHBIX
MaIlWHAX [ PA3IWIHLIX 3HAUECHHH pA 1 pp, A «OCTPOBHBIX)
M «ImaXMaTHHEX» (stepping stone) momenell u nJasA pasHoOro
ancia KIeroX. B pesyiabprare IpPOBeeHHOr0 aHAIu3a OBLI
cesias 00Ul BEIBOM, 9TO NJIA TAKOH MOJEIN XOBOJBLHO Jer-
KO MOJKHO JOCTUTHYTH CTAOHMIBLHOT0 COCYM[EeCTBOBAHUA XMHII-
HHKA ¥ JKePTBH, HHBEIMHU CJIOBaMU, AOCTHKeHHe CTalHIb-
HoctH He TpebyeT ocobeHHo THIaTeNbHOTo mozbopa sHadvenmil
MapaMeTpoB.

Ouwmmenm cnadana caydail, KOTJa HY OQUH M3 BAIOB He BH-
Mupan. Mosiens COCTOUT U3 2D KJIETOK, PACHONOKEHHHX B BHE
XBagpara o X O. 9T0 MAXMaTHag MOgedb, B KOTOpoill mH3
KaKIol KIeTKH BO3MOMKHA MUTPAIUA TOIBKO B UETHIPE HEIO-
CPeXCTBeHHO MPUEMBIKAIOMue K Hell kaeTku. PaccMarpusaercs
«BTOPOW BapHUaHT», T. €. MUTPAINA XHIOTHAKOB U3 KieTok MEB,
MC u MD. Bepoatnoctu murpanum ph = pp = 0,438.

Jdra MOfesb HPOCYUTHBANACH HATH pa3, ¢ PA3HEIMH Ha-
TATBHBIME yCI0BIAME, Kamnbil pas wa mporsmennn 100 Bpe-
MEHHEIX MHTEPBAJIOB; P 3TOM HM OJUH U3 JBYX BHIOB He BH-
Mupana. Ynexo kietor £, H u M ocraBazochk R0OBOJIbHO I0-
CTOAHHBIM, HECKOJIbKO OTRJOUAACH B 006 CTOPOHBI OT BRHITIC-
JeHHBIX HIGKe TEOPeTHUECKHX paBHOBeCHHIX 3uavennii, Ha
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puc. 36 moxasair 1ebOJBIIOH YIACTOK ONIIOM M3 MalUHIHLIN
pealM3amui.

Ha ocmoBanmm psiga IpoBegeHHBIX HA BEUHCIUTEIBI0
Marmmie uMuranuid GBLI cpeilam BEIBOJ[, UTO MAJHUTEIBHOMY

12

Puc. 36. Ummramust cmcTeMHl, TpepcTapBieHHOM ma pme. 35, B cpejle.
COCTOAINEH 13 25 KIETOK.

TTokasansl IEPBBHIC ABEHANNATH TAKTOB., YePHbIC KBAMPATHI — KJIETKH, CONCDMKALUIIC
¥ XMIIHUKA, ¥ HEPTBY; HOKDEITHIC TOYKAMM — COJIEpKAIINe TOJBKO HEePTBY; Hesnie—
HyCTHIE.

COCYIIeCTBOBAHUI OJaroMpUATCTRYIOT CJOeqyIoImue YCIOBHA:

1) BrIcOKasg CMOCOOHOCTH MEPTBEL K MUTPATUH (BHICORAS
PH);

2) Haawuwme yOe;KuUOI JUJIA JKEPTBBL; €CJH IIpeimoJaract-
€51, UTO HECKONBKO 0c0o6ell KePTBLH OCTAETCS B JRMBEIX HOC.IC
BEIMUDAHIA XUIHUKA, TO ATO PABHOMEHHO HOMYyUIEHUI), UTO
KaeTkH £ Beerpa mpespamarorced B kietku HA, 1. e. PH = |1;

J) orpaHmYeHHe BpeMeHH, B TeYeHHe KOTOPOTO XUIIHII-
KJ MUTPHUPYIOT; TakuM o6pasoM IepBHI BapuaHT Moxelw, B
KOTOPOM MHUTPAINUA MTPOUCXOAUT TOABKO u3 wietok MD.
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obecnequBaer 6oJee JINTENBHOE COCYMECTBOBAHHE, 9€M BTO-
poiit;

4) 6GoxaplIoe 9MCIO0 KJIETOK; SICHO, 9TO, UM MEHBIIe THCIO
KJETOK, TeM BHIIIe BEPOATHOCThL BHIMHAPAHUI.

Kax Mul yBUZUM, OpHMEp, UCOONB3YEMBIH 3/|eCh B KA4eCTBE
mwLocTpainn, o6Jagaer e BCeMH STHMU UepTaMH.

Cnoco6HOCTh XWIMHMKOB K MHUTPAllMd He poJKima OHTH
CIHMIIKOM HH3KOH, TaK KaK 3TO NpHUBeJ0 OB K X BHIMHPAHHIO;
BEICOKasA CIIOCOOHOCTH XWMIMHUKOB K MUTpAnud GIarompHAT-
CTBYeT HEeNpepHBHOMY COCYIIeCTBOBAHMIO 70 TeX MoOp, MOKA
jkepTBa Takie ofmajaer BeICOROH mopBmikHOoCTRIO. He cie-
ayeT, ojHaxo, 3a6HBAThH IPUHATOE IIPH HOCTPOSHUH MOIENTH
JOIyIeHHe 0 TOM, 9TO 3pPeKT HMMUTPALMN B JAHHYIO KIETKY
Bcerja mpeHe6peKEMO MaJl IO CPABHEHUIO ¢ HPOUCXOMAMEM
B Hell pasMHOKeHHeM (OPH YCJIOBHH, YTO pa3MHOMKeHHE
DEeHCTBUTENBHO IPOUCXOMHT).

Tpyauno dopmynupoBaTh 0600IMEHNA OTHOCHTEJABHO -
PexroB, 00yCIOBIEHHBIX CBA3SHOCTBIO KJIETOK, T. €. CPaBHH-
BaTh cTabUABHOCTH OCTPOBHOH H IIaxmaTHo# mojened. Taxk,

PH—=1—(1—phy,
PP=1—(1—ppy,

N N ~ ~
rqe PH, PP, r u s — paBHOBeCHBle 3Ha4YeHHA. [[aAg maxmar-

HOU Mofe/n 3HAYeHUs r U § aexKaT Mesxay 0 1 4, Torga Kak qis
OCTPOBHON MOMIeJH OHH MOTYT OBITH BEJIUKH H 3aBHCAT OT
obmero uucia wiaerokx. Iloaromy mpemcraBasiercsa mambosee
mengecoobpasHbIM CpaBHIBATH CTabUIBHOCTH OCTPOBHOU N

N )
maxmaTinod momenefi, sadurcupoBaB 3sHadeuus PH u PP
H BapbHpyA 3HadeHus ph u pp, coorBercTBernto. WneMu cio-
BamMu, MH CpaBHUBaeM cTAa0WIBHOCTHL MOJelel STHX ABYX
THIIOB B cJydYae, KOT/la MOJIHBIE BEePOATHOCTH IPUXO0Ja MHT-
PaHTa B JAHHYIO KJIETKY H3 J1000# PYyroil KIETKH 0JHHAKOBLL
B o6emx MojenAx (B paBHOBECHM), UTO HpEMNOJaraeT ropasio
Gosee Hu3KMe 3HaUeHMA ph U pp JJAA OCTPOBHBIX MOJEJEN.

1 Bpemsi, B TedeHHe KOTOPOTO XHOIHAKHE CIOCOOHH MHI'DHDOBATH, B
Monenu murae He ¢urypupyer. Peub Huer, mo-smaamMomy, 06 orpaEmde-
Hun Habopa COCTOSAHNH, H3 KOTOPHIX BO3MOKHA MUTDanua.— [T puxm. ped.
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Ecau upunsarh 1o HOUVIIEHHE, TO OCTPOBHAA MOAECIE
Gojee cTabuabHA, 9CM MIAXMATHAS, OJHAKO PA3TUIHE MOy
HUEMH e CIUTTKOM BCJARKO, JTO HABOJUT Ma MBICJB, UTO B IIPII-
pojte ciaydaiiiisie MUTpPANHH OTHEJNbHBIX ocobeidl Ha 6obliice
pAcCTOAHUA CmOCOBCTBYIOT CTAOHIBHOCTH CHCTEMEL.

301

20

E]

) L ! ! !
20 40 60 80 100

Bpems

Puc. 37. HuskowacToTHHI NHKJI B HMATAOHOHHOA MOMEIH CHCTEME,
TmoKa3aHHON Ha pmc. 35,

N N
3To ocTPOBHAA MOLENb, coeteamad u3 100 kaerok; PH = PP = 0,1 {onpenesnenus
cM. Ha cTp. 98). M — ofiiee HUCIO KIETOK, COogepiialliuX XMUIHHKOB.

muranum Ha BHYHCAUTEJILHBIX MATIXHAX ILO3BOJUIMN
cjle1aTh elle OfMH BHEBOJ, KOTODHI MBI IpHBeAeM, IPEKIe T6M
000CHOBATE €0 AHAJNUTHYCCKH, JTOT BEIBOJ, Kacaercs Koieda-
TeJHHOTO IOBEeJdeHHA Mojeldu. Y OCTpOBHOI Mopmenu Habio-
JAIOTCA BBHICOKOYACTOTHBIC J[BYX-, UeTBIpPeX- MJIM BOCHMHTAR-
tEpre Kodebammsa, OHH CXOAHEI ¢ TPEXTAKTHBIMH IHKJIaMH,
OUMCATHBIMHU BHIE JJIA HOPOCTOH Mopmenr TpexX COCTOAHHIA;
OBITL MOKET, HTH KoJeGaHHA IIPOCTO OTPAKAIOT HecoBepUIen-
CTBO MOJEN, a HE COOTBETCTBYIOT HHYEMY TAKOMY, YTO IPOHC-
XOJNUT B peadbHHX drocucTeMax. Ho, kak morasmBaet puc. 37,
BO3MOKHEI I HE3KOY9AacTOTHEE KoseOanusa. OHE, HO-BUANMOMY .
He 00yCAOBIEHH MOIYMEHUEM O DHAje JUCKPETHBHIX COCTOS-
Huil ¢ cIIHXpOHM3OBAaHHEIME Hepexogamu. Hak sTo xapakTep-
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HO I JI0OHX KoJdebammit B 9KOJOTUUECKIX CHCTEMAaX, BO3-
HUKHOBEHIIE TAKUX TH3KOIACTOTIHYX KoIeGaHHl Jerde BCEro
00BACHUTD 3afCPIKKAMI B PETYJANNM, CBA3AHIBIME C TeM,
qr0 MEEITY MOMEHTOM, KOTJa gauMas KIETRA 3acelsieTcsd
pACTHTEJBIOSIHEIMI I XHIOIHIKAMI, I MOMEHTOM, KOTAA
oHA CaMa CTAHOBHUTCH ICTOYHHKOM pacceasouunxca ocobeil,
OpoXOAmMT u3BecTHOe Bpems. HomdeGaumsi, MOKa3aHNLE Ha
puc. 37, caegyeT CpaBHHTL ¢ TeMH, Koropble obmapymm Xad-
doiirep (puc. 33).

ITu BHBOALI cramyT Ooliee TOHATHBIMHU, €C.TH IIPOBECTH
caepylomuit ananus. llyers E, HA, HB, HC, MA, MB, MC,
MD — noiam RIETOK, HAXOIAWUXCA B COOTBETCTBYIOUIUX COC-

N N
TOTHUAX B WOJOKEHUH paBHOBecus, u nyers PH u PP —
suadenna PH u PP B pasuosecumn. llycers, mamee, HA --
+ HB + HC =H, a MA -+ MB -+ MC + MD =M.
Msr xorum naittu snavenns £, H u M (1. e. 10aun mycTuix Kie-
TOK, KJETOK, BAHATHX PACTUTENBIOAIHLIMH, H KIETOK, CO-
Hep/RAIlNX KaK pAcTHTEILHOSMHHX, TaK M XHIIHHKOB) Kak

GyHRIIt PH w PP. U3 a6, 1 HaXxoamd, 910
MA = MB = MC =MD,
E(1 —PH)+MD =E, wuix E = MD/PH,
HA =E . PH — MD,

HB = HA(1 —PP)=MD(1 —PP),
HC(1_p7J)+HB(1—p75):Hc, w HC=MD(1—-PP)2 PP
Orcioma

E— MD/PIH,

M = 4MD,

H = MD/PP,
n mocxomsky E + M A M =1, MD =1/(4 + 1/PH +
+ 1/bp).
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~~ N
Caeposatenbno, uif nobex sHavenuil PH u PP Mmoo
Hailtm paBHoBecubie dpaxuuu K, H u M. Herkoroprie 3maue-
HHA npuBefenn B taba. 2,

Tabnuma 2

Pasnosecnvie wacroTel Kaerok E, f/ 1 M kak Qpysknuu P/I\{ u PP
BEPOATHOCTEH TOro, YTO B JAHHYI0 KAETKY B €AMHHILY BpeMeH:
HOCTYNMT 1O Kpaiineli Mepe OfHH MMMHIpaHT
(pacTHTENbHOAAHOE MM XUIIHHK)

A A
PP =0,1 PP=10,9
A A A A
E H M| B [ B
Py 1
PH=0,1 0,417 0,417  0,166]/0,662 0,073 0,265
PH =0,9 0,073 0,662 0,265/0,178 0,178 0,644

B rakoi cucreMe BHIMUpPaHHE MOMKeT ORITH BHI3BAHO OTHOH
M3 Tpex IpHIMII,

1. Bo Bce riaerkn H MOryT ODDOHMKHYTh XMOIHHMKH M Bbi-
€CTh DaCTHUTEJNbHOMHBIX mpeskae, 9eM Kakue-nubo KieTku £
6ynyT sacemenn pacruTexbHOAnHEIMH. O6a BHJIa BRIMHDAIOT.

2. Bce xnerku M moryr mepeiité B wieTkn E mpesae,
9eM Kakue-an00 XUIHUKKE METPUPOBAJIH M3 HHX B KiaeTku /7,
BriMupaloT TOIbKO XMIHMKH,

3. Pasnosecue MoKer ObITh HEeyCTOMIMBEIM, M MOTYT Ipu-
HCXOAUTH Kodebauma ¢ Gonpuioit ammamrtypoi. Ilpm srom
KaK IepBHIHA, TaK ¥ BTOPOH THUNL BHIMHDAHUA CTAaHOBATCA
JOCTATOYIO BePOSATHBIMH,

Nayuenne mmMurammii Ha BRIYHCIHTEIbHHX MAalIMHAX, &
TaK;Ke HEKOTOpPhle BechbMa HpubiusKenHble pacueTH, OCHOBall
HEle HA PaBHOBECHBIX 3HaveHuax u3 tabi. 2, npuBeTu Ik cie-
AVIOIMM BBIBOJAM.

Bemmupanus tuma 1 cienyer OMKHAATh B TeX caydasiy,

o~ i
Korja spagenue PP senuwo, a PH mano. [Ipu srom, mocko:ts-

~
Ky 4ucio Kietok H mamo, a suavesue PP Benuro, Hu 07144
H3 KJETOK, COUepP:KANlMX TOJNBKO PACTHTEINBHOAMHBIX, Iie MO~
Mer uabesKaTh 3aceNeHNA XUIHUKAME B TedeHHe NINTeIbI0r0
BpeMeHH. A clefoBaTeNbHO, Aa/ke eCaH UHCIO KIeTok L
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BelINKO, HU3Koe 3HaueHue P’H o3Havaer, 4YTO CYI[ECTBYeT
0IACHOCTH BHIMMPAHHSA.
Brizvupanna tama 2 coaeinyer o;kujaTh TPH MaJBX 3Hade-

s s
muAx Kak PP, raxk u PH. B stom caydae HuH3Koe 3HaueHHe

o~

PP coszaer BHCOKYI0 BepOATHOCTH TOTO, YTO HH 0O4HA U3 KJe-

rok H ne Oyfer 3acesena xumymukamu. BeiMHpaHua ciegyer

OWUIaTh CKOpee TPH MA3KHX, YeM OPHM BLICOKMX 3HAYCHHAX
I~

PH, moToMy 4TO HpPH 3TOM UHCJIO0 KIeTOK [, KOTOPHM yrpo-
JKaeT IMIPOHHKHOBEHNWE XHIMHUKOB, HHUKe.

Ilust npobiaesm, cBA3AHIAX ¢ OMOJOTHIECKHMH METOAMH
Pery.IsAIAN YACHEHHOCTH, 0COBEIIHO BajKHOE 3ladeHHe MMeeT
PABHOBECHAA IUIOTHOCTH HONYJIAIMA PACTHTENBHOSIHBIX I10
CPaBHEHHUIO C €@ ILIOTHOCTBIO B OTCYTCTBHE XHIMHUKOB, KOTO-
pyio mbl npumem pasHoi 1,0. Kax moxassiBaer Tabania, pas-
HOBECHEe BO3MORHO MPHU TAKOH TIOTHOCTH PAaCTHTEAbHOATHEIX,
KOTOpasdg Topasgo HUe eMKOCTH cpeibl. [lasa aToro sHageHme
PH joxxuo 6otk Mado, a PP — peanko. MMmuranuu mna Bei-
QACAUTETHHON MalUIMHe MOKA3aJMH, YTO IPHU HEGONBUIOM THCITE
kneror (20—25) m npm rakux ssadenusx PH u PP 6Gvictpo
HACTYHAeT BBIMHPaH@E OJHOTO miam ofoux BuaoB. Jlerepmu-
HHCTCKAasl «OCTPOBHAA» MOJeJdb, B KOTOPOH Mpeamoaaraioch
cyllecTBOBaHMe 00.IbNIOrO YHCAA KJIETOK, JefiCTBHTEIbHO
OpUBOIMIA K CTabmIAbHOMY DaBHOBECHIO, TPAYEM TIOTHOCTH
PACTUTEIBHOAMHMX 6blIa HU3KOH, a OGOJBINHICTBO KIETOK
Obtn mycThIME,

Haxoner, cieqoBaio 00BACHATH, MOYEMY X0 pacCysii-
NeHH#, MCHOJb30BAHHLIA B HpegbAyilleM pasiene, IHeHpH-
JA03KUM K paccMaTpHBaeMbiM 31ech Mojensam. Ha puc. 35 pas-
AU9Hple COCTOSAHUA HKIETKHM HpeICTaBiensi B Bujie (a3oBoH
mmarpammbll. Basrupiii MoMeHT, Ha KOTopBIE ciexyer obpa-
THTh BHHMMAHHE, COCTOMT B TOM, UTO Ta WM HHASA KIETKA caMa
o ceGe He OyJeT HPOXOAUTH HUKJI, a JOCTUCHYB COCTOAHHA
E win HC (B 3aBUCHMOCTH OT CBOEro MCXOMHOTO COCTOSIHA),
Oymer octaBathca B mem. Tarum 06pasoM, KIeTha Kak Obl

1 B meiicTBUTeIbHOCTH HTO He daszoBad qHarpaMma, a, KAk yKa3zaHo
B mogmnucn k puc. 35, rpad mepexogos. Ha dasopoir gmarpaMde 10J0-
MeHMe TOYKH OMHO3HAYHO OIpeHelNdeT ee NajibHeillllee HOBejeHUe, H
T03ToMy BeTBJIeHHE TPAGKTOPHI, HogoGHOE N300 paskeRHOMY Ha pHC. 393,
B roukax E, HA, HB, HC megonyctamo., — II pum . ped.
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CcTpeMHUTCS He COBHOAZAaTh WO ¢ase ¢ cocefHeH KIETKOH, 3a-
nep:ruBagAch B cocrosnnu K mnmw HC, po Tex mop, moKa co-
cefHAA KIETKA He pasoiinercd ¢ Hel mo ¢aze. IleiicTBuTenBH O,
JamHas KJIeTKa OypeT ocraBarhbeA B CocToAHuWHM E, moKa co-
celHAA KIeTKa He gocturaeTr cocroanma HA, MA, MB umu
MC, n B cocroauauu HC, noka cocefHss KIeTKa He TOCTHTHET
cocrosiaua MD (umepswiil BapuanT) mam cocroaaus MB, MC
mia MD (sropoii Bapmant). IloaToMy apryMeHTH B IOJB3y
TOTO, 9TO COCEJHHE KIETKH IPHUAYT K 0jHOH ¢ase, B JIAHHOM
caydae HerpUMEHIMHI.

B. 9Bomonma Murpanun

ITepexon B mpomecce 3BONIOLIUY OT 0CEMIOr0 06pasa U3HN
K MErpauuam o0bIYHO Beerma ObIBaeT BLI3BAH TeM, 4TO B Cpe;l-
H6M MUTPHPYIOIHHE O0CO0HM TOJAYIaloT HEKOoe CeJeKTHUBHOe
HpeuMyIllecTBO Hag oceaaniMu. [|pyroe BosMo;kHOe 06bACHEe-
HWe COCTOHNT B TOM, UTO MHTpPaudd BO3HUKJIA B pe3yibrare
«POICTBEHHOTO 0TOOPA»: XOTA MUTPAllWs HPABOJUT K CHILAC-
HUI0 cpejHedl YWCJIEGHHOCTH IOTOMCTBA y MHTPaHTOB, OHA
MOBHIMAET CPEHION TNCIEHHOCTH MOTOMCTBA Yy HX OAW3RUX
pommdeit. B mocaemymomemM H3JI0KEHHH BO3MOKHOCTEH «PO;T-
CTBEHHOI'0 0T6Opa» He YIUTHIBAETCH, XOTHA WCKJIIOUUTH €€
Helb3A.

CelleKTHBHO® NPEHMYIIECTBO, CO3/aBaeMoe MHIpalueif,
3aBHCHAT OT XapaKTepa MecTOOOUTaHUA.

1. Ipepusucmoe u epemenmoe mecmoobumarue. Ilpumepa-
MH CIY:RaT HeJlaBHO pPacHaXxaHHEE 3eMIHU (1A KOJOHU3HDPYIO-
MUX PacTeHmil), OPraHU3MEI-X035€Ba (LIA COOTBETCTBYIOLINY
I1apPasuTOB), PKCKPEMEHTH ¥ TPYOHl 0PTaHU3MOB (/I 0praHu’-
MOB-jtecTpyKTOpOB). B mogobHbIXx MecrooOUTaHUAX A TOTO,
9T00B BHIKWTH, COBEPIIEHHO HeoOXOMUM KaKo#-To MexaHUM
pacceeHns.

2. Ipepuwisucmoe u OaumeavHo CcOTPAHSIOULEECT MECTNO-
o6umanue. B n1000f NATHUCTOH cpefie HIUTEABHOCTH CYINC-
CTBOBAHUA 06Jacrel, Cojep/KAIIAX XOTA OBl HECKONBKO IO/
XOAAMAX JIA o0MTAHHUA ISATEH, OO BCeill BepoATHoCTH, OV.(CT
3HAYUTENbHO GOJBINE NAUTOIBHOCTH CYINEeCTBOBAHUA 106010
otpeabHoro matHa. Iloaromy, majke €CaIH JINTEABHOCTE €3~
MeCTBOBAHUA NATEH M BEJIUKA 110 CPABHEHUK ¢ NPOLOILH
TeIHHOCTHIO JKU3HU OTAENILHOTO opraHmaMa, orbop Oyier
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61arompUATCTBOBATE HEKOTOPOMY CTPeMJEHHIO K MU DAInu.
CTeleHb MHUTPAIMM 3aBHUCHT OT AHHAMHKY YHUCIEHHOCTH IIO-
OyAA0UN B Npefelax xapHoro msartHa. lIpm aToM Bo3MOmHE
xse KpaliHme cuTyamum: 1) ecim 9YHCIEHHOCTL MONYIALNM
B IpefiellaX HATHA MOCTOSAHHA, TO MUTPANUA JUIIb B PEIKHX
cIyJasX MOKeT CO3[AaBaTh CEJEeKTHUBHOC IIPEUMYIECTBO;
2) ecam JToKaJIbHHE HOLOYJIAUMHA HEPEJKo BREIMHPAIOT, KaK B
MOZIeIIAX, PACCMOTPEHHHIX B HOPENHIYINEM pasfelde, TO MUr-
panusa gacro OyIer Co3aBaTh CeJEeKTHBHOE NPENMYHECTRBO.

3. Henpepusnoe mecmoobumarnue. B sToMm ciyduae mepeme-
IMeHns MPOUCXOAAT Jame BCero Ha HeGoabline pPacCTOAHAA X
gocAT pnuddysHEi Xapaktep. Eciam 4YHCIEHHOCTH ZaHHON
moNyJAANMEA MoJBep/KeHa KolebarEuAM GoJBIIOA aMIIHUTYIH,
TO KoNe0aHUA IUCIEHHOCTH COCENHMX MOUYIANMEA GymayT coB-
magath ¢ HEME 110 ¢ase, Torga Kaxk KoxeOaHHA oTHaleHHBIX
HONYJIATWE MOTYT U He coBmagathb. [losTomy B nepuopntt mepe-
HACEJIeHHOCTH MUTpanud Ha HeGoJbIIWe PAacCTOAHWA HE CO3-
Jal0T CeJeKTHBHOTO NMPEMMYMEeCTBA — MPH 9TOM HMMHUTPAHT
OpocTo IMomafaer B APYrym IepeHaceleHHYI0 o6aacTs. Onaako
0T60p MOKeT 6IarompUATCTBOBATE TAKONH MET PAIUA, HPA KOTO-
poit wacTh ocobell M3 MONYJANHNA ¢ MUKOBOA YHUCIEHHOCTHIO
MUTPHpYeT Ha GoAbIline PacCTOAHMA, IPeoolieBasd nMperpajsl,
KOTODHIe OHM HHKOTIa HE HepecTynamwT HpH oOwdHoM mmd-
dysroM mepememeHun. Bo3MOKHBIM IPUMEPOM TAKOTO Pofa
MUTparuy CIY:KaT MUTPANUU JTeMMHHTOB.
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YCTOMYNBOCTh M CJOKHOCTL (BBOIHBIE 3AMEYAHNH )

Kar ormermian Ywuiacon m Boccepr [84] B cBoelt kmmre 1o
6uojgorun MonyJdANMEA, oxma W3 TpadapeTHRIX CeHTe i
3KOJOTHH COCTOUT B TOM, YTO YCTOMYHBOCTD €CTECTBEHHBIX D10~
CUCTEM, KOTOPYI0 MBI HabJioaeM, clIefyeT OTHOCUTEL 3a CHOeT
UX CJOYKHOCTH, T. e. OOJBIOT0 IHCJIA BXOJANIMX B HX COC-
TAaB BUJ0OB M B3aMMOJEHCTBHE ME;KAY OTUMHM BHAAMH, JATOH
[11] yeTKo M3Ji0KHA BCe apryMEHTH B MOJIB3Y TOTO, UTO BO3-
pacTapilag CIO:RHOCTh BegeT K ycrtoiguBoctm. [Ipoctme .a-
6opaTopHLIe MOJEJIH CHCTEM XHUIIHHK—;KepPTBa, COCTOAIUX
BCEro U3 jiBYX HJIH HECKOJBKUX BUAOB, 00bYHO GHIBAIOT HEyC-
roiauBst. Ha BosjensiBaeMbIX OI0OH[AJAX BCHLIIIKMA Pa3MIio-
AeHHA BO3HHKAIOT Yalle, 4eM B €CTeCTBEHHHX coobImecTBay,
npuveM OHH GHIBAOT 0COGEHHO PE3KO BHIPASKEHBI, €CJIY IMOCERH
MPeJCTABAAIOT C000H MOHOKYNBTYPY. IlpoTmBomosoamnas
KpaliHagA CHTyallMsl — TPONHYIECKHUeE Jeca, rae BCUBIINeK wHe-
TeHHOCTH BoOONIe He MPOMCXOUT; B OTHX GoraThiX IIo BH0-
BOMY COCTaBY Jecax KoJieGaHHsA YHCIEHHOCTH Topasjo cla-
Gee, ueM B Jecax cybapKTHUECKON 30HMI, J(JIST KOTOPHIX Xapali-
Tepilo OTIOCHUTENbHO Hefosbhice pasHooOpasue BHIOB IPH
BLICOKOM YHCICHHOCTH KayKA0T0 U3 HUX. AHAJOFHYHBIX B3T.14-
0B HpHuepauBaeTcs XartamHcoH [26].

OTH HaGNIOJeHHA IOATBEP/RIAKT IOJOMKEeHHe O TOM, 4TO
CJI0;KHOCTh BeAeT K YCTOMYHMBOCTH, XOTA BO3MOSKHBI M 1Py~
rue obbacHenuss. Hampumep, pas3imuusa Me:kay ecrecTBell
HLIMU cOo00ImecTBAMU H COODMIECTBAMHE, CKIAIbIBAIOIIUMICA
Ha BO3JEIHIBAEMBIX 3€MJISIX, MOTYT OBbITH 00YyCIOBIEHBI TCM:
vTo BUmBl, obpasyomiye ecTecTBeHHYI0 dKocucTemy, mpoil !
yepe3 JTUTENBIbIH e PUO KOIBOJTIONHA, a Pasaudaus ey
9KOCHCTEMAMH TPOIMYECKOR M CyGapKTHUUECKOH 30HBI — PE3”
'KUMH KoJefaHMAMH KIMMATHIECKUX YCI0BHA B mocsenueil
OoKasbBAalOMUMK JecTabuiusupywmee Bozgeicteue. Ocrab”
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mEecA TIABH dTOH KHHIW IOCBAHIEHH TEOPETHYECKOMY aHa-
113y COOTHONIEHHMS MEKIY YCTOHYMBOCTBIO W CIOMKHOCTBIO.
Yro Helderxad mpobiema, W BHBOJH, KOTOpHE MHL [ejiaeM,
BOCAT IpPeiBapHTEIbHHHE xapakrep. Hike KpaTKo M3I0MKEHR
oCHOBHEIE IOJIOKeHHA HAIIHX PacCy:kIeHHH.

A. Merox cratcTHYECKOH MEXAHHKH

3TOT WOAX0M, KOTopHil BuepBhie npuMenunn HKepmep [27,
28] = Jleit [38, 39], 6ymer paccmorpen B ri. 8. HecMorpa na
E3AIIECTBO METOla W €ro aHAJUTAYECKHE BO3MOKHOCTH, MHE
KaKeTcA COMHHTENBHEIM, 4TO €ro YHacTCA HCIOJb30BATH B
gosorau. QCHOBHAA TPYJHOCTH COCTOHT B ciepyiomem. [las
Tor0 4ro6n OpUMEHATH 9TOT MeTojn, HEeOOXoauMO Hpexkiae
BCEr0 HMETh CHMCTeMY yDaBHeHWH [IBW/KeHHsA, IJIA KOTOPHIX
MOYKHO HAWTH HEKOTOPYI «COXPaHAKINYIOCA BeIBIAHYY,
mofgoGHy0 o6meld KAHeTHYeCKOH JHepTHHM MOJEKYJI Hjealb-
Bororasa. [[ss 60IBIIEHCTBA ACIOIb3YEMBIX B 9KOJIOTHY ypaB-
HeHHH (HampuMep, A JOTHCTHYECKOrO0 YDPaBHEHHA) TaKOW
coXpaHAKIeACA BeJlWuyuusu He cymectByeT. Ilostomy Kep-
Hep ¥ Jleil moMosKEUIM B OCHOBY CBOEro aHANHW3a ypaBHEHU:A
XHIHAK —keprBa Boapreppa 6Ges memndumposanusi. O6 umc-
KyCCTBEHHOM XapaKTepe HOAOOHHX ypaBHEHHH MBI yike To-
Bopmau (crp. 23). OHM NpUBOAAT K CTPYKTYpPHO HEyCTOHYH-
BOH mumaMm49ecKoOd cucTeme, T. €. JOoe HeGoOJBINOE H3Me-
Renue ¢gopMe ypasHenma (uyreM mnpubaBienus €¢(x), rie
@(r) — mpousBodbHAA QYHKIMA, a € Malo) MoKeT IOJHO-
CTHI0 U3MEHHTh IOBEJIEHHE CHCTEMEL.

B. Cxosuocts npn omrom Tpodmueckom yposne

Jdroii Teme mocBamena ri1. 9, Xopouio u3BecTHo (CM. II. D,
Pasg. A), uro CoCymeCTBOBaHHE ABYX KOHKYPHPYIOIAX BHI0B
BO3MOJKHO JIMING IIPH BHINOJHEHAN ABYX HepapeHCTB. G yBe-
ARYeHHeM n — YHUCJIAa KOHKYPHDPYIOIIMX BHI0B — Bo3pacraer
| 9BCI0 HepaBEeHCTR, KOTODHIM JIORHE YAOBIETBOPATE Tapa-
MeTpni, onmcuBawmue KoHKYpenmuio. Crpobex [75] mokasax,
9T0 uneio TakMX HepaBeHCTB cocramisier 2(n — 1). fleHo,
9T0 npu GonbIIMX 3HAYEHHAX N WAHCH HA COCYIIeCTBOBAHUE
0YeHEL HeBeJMKHM, 33 MCKIYEHHEM TeX CJydaeB, KoIja 3Ha-
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9eHUS CAMUX [apaMeTpoB BHIOPAHB B BHICHIEH CTENEHH He-
cIy9ailHpM  00pasoM.

3arem g mepeliay K BOIPOCY 0 TOM, KaKuUM o6pa3oM Iuc.io
COCYHIECTBYIOIUX B YCIOBUAX KOUKY PEHITMY BUOB 3aBUCHT OT
qUCTa MOCTYIHLIX UM pecypcoB. OCHOBHOHR BRIBOJ, CAeTaHHNLLI
Max-Aprypom u Jlesuncov [51], a rawke Pecruaso u Pu-
qaprconoM [69], cocTout B TOM, UTO UHCIO BUAOB B TAHHOM
MEeCTOOOUTAHMH HC MOYRET MPEBHIIIATH OMPEeJeIeHI0T0 KOIne-
CTBA PECypCcoB, OT KOTODBHIX 9TH BHH 3aBHCAT. B cBsAsm ¢
5ToH TeopeMoil BO3HUKAIOT J{Ba 3aTPYMHEHHA. Bo-TIepBEHX, ona
yTBeP:KIaeT AMAINL TO, YTO OPH THUCIe HATUIHLIX PECYPCOB,
pPaBHOM R, TUCJI0 3aBUCAIUX 0T DTUX PECYPCOB BUOB HE Mo-
ser OHITEH Gosapine n. Byser Iu mpu 5TOM UHCI0 BHOB JOCTI-
ratb n 1 OymeT AU OHO XOTsI OBl BbITIE eTMHUIEI, 3ABUCUT OT
SBOJIOIMOHHEIX KPHUTEPHMEB, paccMaTpmBaeMulx B Ta. 11,
Bo-BToprIX, BO3HEKAIOT 3aTPYIHEHHAS B CBASH C olIpe/ieIeHuet
€caMoTo IOHATHA «pecypen. HecKoNbKo HMKE A IMOOEITAIOCh
PA3bBACHATH BTO.

f paccmarpmBako Tarke HeKoTopoe o6obmenne Teopein
Jlepuna [42], BROfAIIEe qBa HOBHIX MOMEHTA, Bo-IepBuIx, 0HO
34CTABIACT YYMTHIBATH KIHMATHUYECKWEe W JPYIHe He 3aBH-
cAmme 0T IJIOTHOCTH YCJIOBUA B KadecTBe ¢akToOpOB, OT paHM-
IUBAONIMX YNCIEHHOCTh. IlpuBogmmMbie MIIOH OCHOBAHASM II03-
BOJAKT CYMUTATH, YTO NOZOGHHIA IIOAXOJ HeBepeH M 4T0 OH
cO3/laeT HEHYMKHBIG OCHOKHeHNs. Bo-BTopweix, m »sro Gosee
Ba)KHO, 0000HIeHNe OTHOCHTCS e TOMBKO K KOHKYPEHTHBIM
B3aMMOOTHOIICHNAM, M0 M K B3aWMMOOTHOIIEHHMAM XUIIHITK—
;KePTBa W BejeT K CpaBHUTEIBHO o0miel (opMyIupOBEE yCiI0-
BUA (11e00XOMMMHIX, HO, K CORAJEHHI, HEeJ0CTATOYIIbIY),
KOTOPHI® MOMMKHB OBITH BHIMOJTHEHBI A TOTO, HYTOOBI 11d
BHJA MOTJIH COCYI[eCTBOBATH B ONHOM MECTOOOMTAIKIN.

B. CaoskHOCTH B 9ROCHCTEMAX € HECKOIABKIMH TPOPHUECKIMI
YPOBHAMU

B ypaBuenusax Boapreppa, ONONCHBAIONIX B3aIMO0T
HIeHUA XHIMHAR—&epTBa [ypasrenna (8)] mpu orpamme
HOI YHCHeHHOCTH KCPTBLL HAJUYIHLIMI pecypeadm, 114
COCYIIECTBOBAHUA  JOCTATOUNO, WTOOH BRIDOAHAJOCL 0L
HO Hepameucrtso. Herpygmo mowasarh, uro Tpm  yiIIF
HeHWH THIeBoil Ienn 10 #R 3BeHLeB A obGecmeden il
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COCYIMCCTBOBALISL 1 ~- | BHJOB BCe CUle 0CTATOYLO BBIIOJI-
HeHTA OJHOTO HepapencrBa. Tarmy 006pasoM, B galmoM ciy-
gae HeT HHKARRHIX JIOBOJ0B, CPABHHEMLIX € OPYBEAEHHBIMII BHI-
me T ClhyvTad 7 ROURYPHPYIOLUX BHAOB, KOTopkie Obl mM03-
BOJISIIM OOLACHNITD, 0UeMy yBelmdeHne 9HCaA TPOPHULCKIIX
YPOBHCH B CLICTEME HOIKHO caMo 110 cebe BecTH K Heyeroi-
THBOCTH.

Mot paceMoTPEM ABa Iopxoia K npobiaere ycrolfimBocTif
MIIOTOBHIOBLX aKocueTes. OJVH T3 HOX, BUCPBHE ICHOMH-
sopanmbiil  Moem [53 —35] w wesem Ba mum  ppyrmamn
HCCJIC;CBATCISAMI,  COCTOHT B 70M, UToOH  paceMarpit-
BaTh  YCTOiTIIBOCTE  9KOCHCTEM, OTMHMCLIBAGMBIX  CHCTCMA-
Mu  au@QepcHIaibInx  ypaBlenud, B ROTOPLIX BHAKI 1
BEJIWYNEH  KOs(MOUUIEHTOB B3auMOgeIlCTBHA  BLIGHMPATOTCS
cxyyaitaniar obpason. s jiosoabiio o01Iero THIA ypaBHeil
Mbii cyMex 10Ka3aTh, Ur0 BO2PacTalime CAORHOCTIL CUCTEME!,
6yx® To 3a cUET YBEJMUCHUA YHCJIa BIAOB IJIM YUCITA BRALMO-
geficTBIi Memy numMu, o0Laro Baeuer 3a coDOM HeyCTOMTI-
BOCTDL CHCTEMBL B 1eA0M. JTO BACTABIACT CHENATH BHBOJ, 410
EQUHCTBENINA NDHYIHA VeTOHYHBOCTH CIHOAIIBIX GCTECTREIN-
HHX OKOCLUCTEM — BBICHIad CTEMEHL HecayaailrrocT 1pore
XO/IIUIX B NEX BzannojelcTsuil.

Jpyrod BOZMOYKHBI JIOJXO OCIORAIT ¥Ia PACCMOTPOIIL
HEKOI MOJeIbII0il 9KOCIICTEMDI, B KOTOPOMW BONTUHIBL B3AIMO-
FeUCTBMA BLIGHPANTCS CHCTEMATHYECRI, & I cayTaiino. JTo
Jelaercsl IPIIMENNTeAbI0 1 AKOCHCTeMe, ONICLBacMOoil Rolteu-
HO-PasnocTHRIMN, 4 He AUGQepernigmaabIpRGl  ypaRHennami
RIS TOTO, UTOOR MOMKIO OLITIO yIects ACCTabuiusmpylomme
BO3JIEHCTBIIA  BREMCIHBIN  3aJePfReR, UTPAIOIIIX  BaRITYIO
pour. Hojobubiil anaaus IPHBOAIT R BLIBOXY. UTO KONKYHL-
@A 3a HeOOXOAIIMBIE DecYpChl, TPOHCXOXALAA Ha HHAIIIN
TPpoQUUYECKIIX YPOBHAX KAROI-ANHO HROCHCTCME, BOJCT K
BEYCTOUYMBOCTI, TOTJA KAK KOHRYPCNTINS MERAY XUDUILRRE
MH B KONCUTILIX 2BCMBLAN NMenofi wen ogaztsaer crafuin
BUPYVIOILCe  BOBPTICTRIC,

P. 3B()JHO]UHI' IRCAOTLHHCCRINX HAPAMCrpoB

Har meorasano upeginectsyloniee obeysenmie, yeToii-
BOCTH CHORTINX DROCHCTON TPEOYeT. wrolh TapadeTpsl, onii-
CHIBaoN e Ra2uMOACTHeTRIS  MOIRAY Buaasi,  pafnpaanes
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CHEIHAJIBUBIM 00pasoM, JTH TapaMerphl, LI CROPEE BIATMO-
feffcrBrs, KOTOpbie OUH OMICEIBAIOT, IPEJCTABIAIOT COGOI}
npoiyKT ecrecrsennoro orbopa. Maewuo ato ofcroareanctno
M CIY:KUT OCHOBIILIM OUDPABJALNHEM CYIGeCTBOBAHHWS IOy -
JIAMUOHTION GHONOTHIY — HAYRH, 00be uuaiomel s cebe sio-
JOTU B DONYAAINOHHYI I'CHETHRY.

Brrro 66 cepbeanoil ommbRo#E camrarh, ato 0160 MOMKE,
OLITH BPPCRTHBHBM B CUHIY TOrO, 4T0 OH GJIarompUsTCIBYC;
COXPAlleHII0 YCTOMYUBHIX DKOCHCTEM B yHiepd HeYCTOMTu DB,
O100p cnocoGerByer coXpaleHnlo U AATHHCHIIEMY PA3SBHTHIG
OPH2LAKOB, 00CCHeYIBAIOUILX BEUKUBANIC I PA3MHOMKEnU:
TeX 0co0eil, KoTopble pTHMIU HpUBHAKaMu 00Jafalor; WHOT;Ia
B pe3yabTare POACTBEIHOTO o0T00pa, MOTYT COXPAHATHCS:)
IpUSHAKI, Oo0ecHeuNBAIONilie BOIURIBANUKE OJIU3KHX pORUHUe]
TakHX ocolell, Wi gajKe -— B PeaylbraTe TPYIIOBOTO 016G~
pa — UPH3HAKIU, o6ecrednBaOLMe BLKIGAHHEC OOXBIINY KO-
crrenudranix monyasnui, He cuepyer, opmaxo, npegeran-
AATh cebe DKOCHCTEMY B IETOM RAK HORYIO CjIDINILY, Ifa KOTO
pyIo MoOmer meiicrBoBath 0TOOp.

CyimecTBy 0T ABA ITIABHLIX CHOCOGA, P MOMOUT KOTOPHIL
0TOOP MOT O CO3TABATH CAORIBIC H YCTOITIBLIC JKOCKHCTCMNL:
IIa30BeM HX «rererTiveckoil ofpatooil ¢BAZLION I «ICKII0T:
TIeM  BHTOBY.

JlomyeTing, qtro sBa BOJA B OLCTCHIIE BEROTOPOTH BPCMET !
COCYIECTBYIOT B KAKO0I-10 9KOCHCTEME, B3ALMOCIICTRY |
ADYT C OPYTOM; TP HTOM Y HUX, IO BCCil BOPOATHOCTH, BOD
AHRAYT RAKUE-TO TeteTiidCeliie I3MeHeHTIA, BHI3BATIIBIe D111y
BRAULMOEHCTBICM; WIiLIAL CTORAMM, 9T A BHIA HPeTeprs
«kopBOIOIIOY.  Orewpa  ¢Ieayer, UTO  COOTBETCTBYIOLLH
TMapaMeTphl, BXONANUIE B HAU 3KOJOTIUCCKIe Y PaBIIeN: .
OYAYyT H3MEITATHLCA o HeHCTRIIeM ecTecTReHITOT0 oTdopa. Ot
BOBCG 1Ie 00AZATeABIT0 JOLKITI dROMOTIHOFHPOBATE B HAPAi-
JCHHMI  YBeANTelwiss  yorouiBoern  cueremst, Jlocrmmentic
VCrOHIHBOCTIT 3aRHCAT TIAABHRINM 06PA30M OT TOTO, HOJYUakil
JHTE TIPH BTOM 0T iBULIC 0CoHIT RARCE-AI00 CeJCKTABHOE Tr{)1-
HMYIIECTRO., B MeROTOPHX CHTYaIAX MOKIIO ¢ JOCTATONI
BCCKUMM OCHOBANHAMIL HOJaraTh, 4ro orbop oberamo Gy
oRrasLIBaThL cTabuiausupyoniee posmeitctsne, Ilpmmepom so-
SKeT CAYKHATH DBOJTOIUS DAPARHTOB OT GOPM, ORALIBATOULY Y
JeTanbHoe Bo3felicTBIe HA XO3ANWIA, K opMaM, BCTyIAaIom iy
¢ HOM B OTHOMCIILT  wkodmenearmama. CIeayeT oTMeTHTD.
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ITO HTOT IPOLECC MOKCT COMCPHIATH JICMEHTH DPOJCTBECHIOTO
W TPYLIIOBOTO 0T60Pa; BOIAEPMRIBASACH OT HALURCCHITH ¢,
HOTO BPOIA OPTaHIBMY-XO3SIHILY, HapaslT reM canniz ofoec-
meunBaet GoJee AAMTONBIOC IDUCTAHANIC HC TOJLRO JIAH -
MOTO celst, HO U BIsA ApyIUX MapasuToOB 9T0T0 BIA-X 03U,
KOTOpHie TEpefKko OHBAKT CBABaHH OANBKOM poncTroal. 11n-
smenTeab [64] cumraer, 4To cymmiecTBylOT HmpHYHHLI Golee of-
mero xapaxTepa, Mo KOTOPTIM KO3 BOJIONIS 00BIMHO IPITBOJIIT
K 9KOJOTHTCCKOTT YCTOHTHBOCTH; COOTBETCTBYIONIMI TPOICCE
Ol ma3BaJ «TemorunyecKoil obparuoil csasnion. Cocrosresin-
HOCTH eT0 PACCYIKIEeHHE paccMaTpmBaeTca B ra. 11.

IIpomece «wcrmOUenmsa BUIOBY MOMKHO Jerue Beero cofe
OpeRCTABUTE, paccMarpuBas Qayuy U (UIOPY IIGKOETO 0CT]PO-
Ba. Bpema or ppesenn 1a octpos mpHORBAKT BHFIBI-HMMILL-
pauthl. Heroropmy n3 sTHX BUAOBHE yaacTca oGOCHOBATLCS
Ha ocTpone. Cpeu tex BUIOB, KOTOPHIM YIAeTesI 3aKPeIuThLCS,
ONIHY TPOCTO BRIMYAIOTCS R CYMECTBYIOMEe HA OCTPOBE CO-
ofmiecTso, a Apyrye B Pe3yIbTare XWIMHMYECTBA WM KOHIY-
PEHIIMN TPHBOIAT NPT HDTOM K SJMMITHALNE ONHOI'0 MM HeC-
KOJBKRHX HCKOHHBIX obmrarcmeil ocrposa. Mwuorpa, Bhispas
IIMMUHANUIO NPYFUX BHJOB, OHI 3aTE€M BHIMIPAIOT CaMH.
Bupw, wacensiiomne octpos B wmoGoft MoMenT BpemenH, ofpa-
BYIOT MOCTATOYHO VCTOHYURYIO 3KocucTemy, OngHako WX Hn
B Koeif aepe HeIb3s paccMaTPHBATE KAK cAyIalinyio BRHOOPKY
U3 BIOB, UPUOHBABIIAX Ia OCTPOB B Pa3HoOC BPEMsl; OHH
mpencTaniAnT cofoif B CymHocTn BHOOPRY, COXpPaHeHRYIo
0t6opoM B CILTY CIOCOOHOCTIT K COCYHIECTBOBAHMWIO. I3 €COOT-
BETCTBIIM ¢ TAKHM XOJOM DPACCYRICHHH DPEaNbHHC HKOCHCTE-
MBI, KaK CNOROBE, Tak # 100Be APYIUe, COXPAHAIOTCA b
TeICHTE MANTEIBHOI0 BPEMEUH, IOTOMY 9T0 T¢ BUREI, HPHCYT-
CTBMe KOTOPHIX OBLIO 6B HECOBMECTIMO € VCTOHIHBOCTLIO
cmcTemn, nexIoganTesa us nee, Iogobusie paceysgenng ger-
KO IpmjioKUMBI K OCTPOBHEIM COOOTIECTBAM; UTO KaCaeTcs
BOBMOMKHOCTH UX HCHOIb30BAHMA IPIMEITHTEIBHO K CO0BIIecT-
BaM, 06 HTATONINM Ha OBIIIPHLIX MATCPUKOBHIX IPOCTPATICTBAX,
TO oma 11e CTOJDL SCHA.

B ra. 11 paccmarpmsaorest darrtopui orbopa. nefier-
ByloIme B TeX CIYyIasX, KOIVIAa JBa BHUIA COCYMECTBYIOT b
OMHOM T ToM ke Mectoobwranmn. CHAadgala MLT KocHeMes BOTI-
poca ¢ Tom, CYIIECTBYIOT JH Kakme-muGo obmime OPMUNIH,
0 RoTOPHIM KOABOJNIONHA HEMIMOHIO JOJIRKHA NPHABOJIATE
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K 9ROJIOTHYECKON yerofumBocTi. 3aTeM ML ovuIien Gantopi
or6opa, TMoJ BIUAAMEM KOTODPHX TOT IJIH WHOH BUJ CTANOBH T~
e Y3KOCHeIMANU3MPOBAHNBIM HAH HOCIENHaIH3EPORAMIILIA:,
JTo HMeeT OIeBNIHOE OTHONMIEHHE K YCTOHIABOCTH 9KOCHCTEM.
II0CKONBKY ABA BHA, CHENMRIH3UPYIOMUCCd K PAIMURLiy
pecypeaM, cmoco0HW K COCYILeCTBOBAHUIY, TOTAA Kak i
KOHKYPUPYIOWUX HecHellanaupoBaHbiX BHUAA MOLYT ORa
sarpes WecHocoOHEIMU X osromy. B ra. 12 pacemarpusacres
HBOJIONHA TEPPHTOPUANBIOr0 HOBCICIIH, KOTOPAA MOjIiei
BeCTH K HeNOCPeNCTBeHHON caMOpCeLVINHHA YULIMHIKOR M TeM
CaMBIM OKa3biBaTh BARKHOC CTAbBIN3MDYOLiee BO3JICHCTRIIC.
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CTATHCTUYECRAN MEXAHHIA HOUYAaiu

O:m1 3 BOBMOGKHEIX II0JXO00B K &HIUSY CHOMILIY HItg-
CHCTEM COCTOHT B HCIOIBBOBAHUMM MET040B CTATHCTHUCCKOI
MexXaHHKM, pa3paboTaHHNX (QUIHKAMH i1 aHAIN3a TAKUY
CHCTEM, KOTOPLIE CHHMKOM CIJOKIBI, YTOOL: 1 HHM MOGHO
OBUIO UPHMEHATH GojeC CTAILTAPTHLIE METOMLI, CBABAHHBLIC C
HAXOAJIeHNEM DeLIeHU eTePMUHNCTCRUX ypasHenuit. Ilear
mop00HOTO II0X0/1a K BKOJOTHH T ero BO3MOMRHLE MePCHeK-
THBE Jierye UpefcraBuThb cebe B cBereé TeX HOCTH:ReHHi, K
KOTOPHIM OH HpHBed B pusure. 1o cymeerBy cratucruyeckas
MEXAHHUIKA HbITAETCH OO0BACIHTD H3BCCTHHIE 33KOHLI, CBH3LI-
BaoOlHe MeTy cob0f Takme «MAKPOCKOIIMUYBCKIHEY MePOMCI-
HEle, KaK TeMmMIepaTypa WIH AaBieHue (HAIDHUMEp, «ra3oLblit
sakon», PV = M RT), B TepMAHAX J(BH/HCHUA (MUKPOCKOILH-
YOCKUX» UACTHH, MOTIHHATONIMXCS H3BECTHBLIM MEXAHHUECKIM
3aKonam jaBmReHua (wanpuyiep, Cita = Macca X VYero-
peHne).

Hocroaory upu obsraunx yeaosusax B 1 ea® rasza cogep-
®urea nopsaara 100 wacTut, cOBePIEHHO SICHO, YTO 0 POLISHHI
3THX YPaBHCHHUII B sSTBHOM BHJe He MosieT OwTh n peun. Opna-
KO 0Ka3aj0Ch BO3MOKHLIM YCTAHOBUTD 3aKOHOMODIOCTY,
OTHOCALINECS K CTaTHCTHYECKHM CBORCTBAM MONYAANMIA Ta-
KEX wacTul(; IpIMepaMu nogoOHEIX 3aKOHOMEpHOCTeH caysrar
TeopeMa PABHOPACTPENEIEHNA, COTJTACHO KoToDPoil B rase,
cofiep-RalieN 4acTHI(bl PAsHON Macch, KUHETHYECKAs DHCPIHS,
YepenHeHHAs 10 BPEMOHH, OjMHAKOBA JJisi BCEX 9YACTMIL, IIH
8akon MarcBeaaa—DBoasnmana,  Buipaskalomumil  pacnpe-
RexeHune CKOpOCTeM 51 4acTW(, MMCIOMUX OTUHAKOBYIO Mac-
cy. Hu:iie 6ynyr paccMoTpentl dROJOTHICCKAE aHAMOTT aTHX
AByx yrmep:;aenuil. B cratwermueckoil Mexanmre mmeeTcH
TAK e psifl IMOMOMCHHT, Kacaonmuxes nabaopaesnx naxpo-
CRommuecKkuX mapaserpoB. llanpmaep, maBaenne  papio
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2 onme, vAC 1o-- CPEAILGE UMCIO YACTHU MACCH 72, OTPakal:-
HEHXCH OT CAMIANG NAOWAH CTeEKH 38 CAHIUIY BPEMeIy, o
6~ Cpeilssl  IePHCIIUKYNADHAS — CICHKE  COCTABIIO-
iast ¢ropoctu jo (WAH Jroeae) oTpPAKeNny. JTH NOJOKeHD
viaioch chOPMVANPOBATL MoCHe TOTe, Kak Obnuia Hadncu:
JCRAS COXPULTIONAACT BOAHUANA, OCTAIOINASCH 11OCTOSHIGT
B TOHGHIIC BCOTO ABILECHUA; JAA TOTO UTOOH £TAT0 ROBMOSKIINM
HNCTOIB30BATL CTATHCTIIUCCRYIO MEXAIHURY B DROMOCHH, HC-
(")6\'(),'[[11\1() lI.‘llnl'l'H ('/()()"l‘BO'J'()'I'BfJIOU[yI() C()Xl){l”ﬂ]()]llyl()cﬂ BCJIH-
Y,

B 9KoJO0THU 32 MHRPOCKONHMCCKIC 1TEDEMEHITEIC, COO0T-
BETCTBYIOMAC MACCC HAT CHROPOCTH TACTHULI, OLUIMA ITPHHATL
IAOTHOCTH MOMYASIONT oTieabunx Bunos. Cosepuicnio ouc-
BUILO, UTO «3AMRIIYTASY AKOTOLUTECKAST CHCTEMa, COOTBET-
CTBYIOIIA 3aMKIYTON (usmuecKoil cietTeMe, RoTopas Xapak-
TEPHU3YOETCsI TEM, UTO OHA Je TMOJIy4aeT M3BIe W He OTHaeT Bl
BOINECTBO, AU HHEPTIN0, II¢ MoskeT OHTh 3aMIHVTOH B (H3H-
YOCKOM CMBICTC; B DHOJOIMM 3AMKIVTOH CUMTAETCs CHCTeMa.
8 HOTODOH He HPOWCXONUT HH HMUTDAIEN, HH HMARCPALMH,
To ofcroarenscTBo, WTO B PeajbHOM MAPE He CYNIeCTBYET
AINKAYTHX sKocHeTeM {33 HeKItogenneM, GHThL Mosker, Hamel
NAAHETH B T(EJNOM), JC JOMAFO Hac 0CoDerno GecmOKOHTD,
MOCKONBKY BAMKHVTHY (U3WYECKHX CHCTeM TaK:Kke He Cy-
LIECTBYET.

Boupoc o ToM, ITO CIeAYET CIATATH ¢MAKPOCKOIITYCCK MM
TICPOMEeIUULIMI B 9KOJIOCAI, MeHee fACEH. 303MO;KHBIMH Mak-
POCKOTHIECKINY IICPOMEHANHMU SBIITCA HePBHYHAA TPO-
JAVKTHBHOCTE, OUOMACCA, TUCHO BHJI0B, CPCAHEE W AMCIEPCHs!
ariea ocofell, UPHUXOAAIMXCA HA KGTAIL BHX, a Takme
cporaas avnanryra rodebanumilt amcereuwnoctu ocofeil. Ilpn
AMCDPOM  3AKOHA, CBARLBAIOMETro MEKTY co60il marpocKom-
TOCKHE TePEMEHHHe U COOTBETCTBYIOMEro Ta3oBOMY 3aKOMY,
cayviat «agoy N = AS* rge N — wHcelI0 BHROB, KOTOPLIM
npeicTABACH JANIKIH TarcoH ma ocrpoBe, a S — maon(ajw
a1oro ocrpopa. OQHAKRO D DHOJOTHH TET TAKOTO OOMEIPHA:
TOTO T owHCAmusa dRocucTeM abopa MAKPOCKONHYECKHY
TePEMCHINY [OTOOHLIX JIABMCHUTO H TeMIEPATYDE, KOTOPLK:
DHLIT TPHHATHL A OMTCATHS COCTOSTNA TA30B CIC 710 TOTO
KAK OHU TOTVIHIN OGTACHEARC WA MUKPOCKONUTRCKOM YPOL-
ue. ﬂ():-)'rml,\' BCEM TeM, RWTO ONTACTCH TIDUMCHATEL MOTOMLI CTA-
THCTUICCKOIT MeNallK B DROIOTHIT, OCTEeTCT YTUTL, 18JIesfTl.-
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CA, 4TO0 TAKME MGKPOCKOUHUCCKIC IICPCMCHIBIC YAACTCA 0T~
RPHTDh 1dm nzobpecr.

Hpyras Tpyauocrb 3anioUaerca B OTCYTCTBHN UETG-
nuGo COOTBETCTBYIOWEI0 saxoHaM Apisnenua Hiotowa. o
OpHYMHAM, KOTODEIE ML PA3DACHUM 9yTh HUME, B KAa9eCTBE
($OPMYJIIPOBKA 3aKOHOB JBUJRCHIA HA MHKPOYPOBHe OGLLII
poibpansl ypapueunsa BoabTeppa Ges pemudupopamus. Cie-
ILyeT, OMHAKO, CKAa3aTh, IT0 9TU yPABHCUNS IIe MOTYT DpeTeH-
I0BaTh Ha Croib OJIM3LOE COOTBETCTBME PeaNBHOMY II0JO-
JReHMI0 BeiUeH, Kak sakouwbl Iiniotoma mwiau sawonsr Men-
IeJISL, HOCIY/RMBILHAE OCIOBGIT JiiT MATEMATIIYECKOTO PABBATUN
MOMYAATMOHHOH I'eHeTHR.

Wenoaszopaniie yeToloB CTATHCTAYECKGH MeXallHKY B 910~
JIOTUY IO CPABHCHHUIO ¢ IPUMEHCHUEM KX B TeOpPUH Tazop ob-
JerdaercA TeM, UTO B TIEKOTOPHX CAYYIasgX Y Hac cCTh BO3MOji-
HOCTh UEHMOCPEeACTBeHHO IIPOCICANTD 30 HMBMEICHHEM MIKPO-
CKONMYCCKOU 1repeMentiol, HampuMe) MWIOTHOCTH OTHEALHOTO
Bupta. Jlus roro, wroGe 9To cTaso Golec NOHATHRIM, [IOIYCTHM,
9T0 (UBUEK, He pMes IPCLCTaBIenns o TeMOepaTrype u He pac-
moJarag HHKaKUM TCPMOMETPOM, TeM He Mellee HhiTaacs 65
BLIPABoTaTh HERY OCMLICACHUYIO KOMI[ENIHI0 TeMIEpaTypH,
HabIogan 38 MBMEHeHHEAMI CROPOCTH ABIGKEHWUS OTHENBHDLIX
gacrun B rasge. Creayer oTMeTHTh, 916 ecau OB Yadoch Hallth
cmocof, IO3BOMLAIOLLMIT TPOCTCUTL TakuM 00pazosM 3a IBU-
FKOIMIEM OTHEABILX YACTHIl, TO 37¥0, BIOJI1e BO3MOMKHO, I0O3-
BOAWI0 OBl cHOPMYAUPOBATH NPCACTARIEHHC O TeMuepaType
u npugeso Oni K cospanu npnéopa miIs ee M3MCPCHHA.

Boepsuie meTop cratRermaecKoll MeXamHKN HCIONB30BAIL
B osxoxoram ILepiep [27]; B pandpllefitmeM nX NpPUMEHEHHO
pazpabareia/ur Kepiep (28] n Jleii 138, $9). ke mur pac-
CMOTPHM FONYINENU:, L PUIATHC DTHMI aBTOPAMU, U HeKOoTo-
pote 113 nanfo.Iec HITEPECNBX CNEMAMIBIX IMU 3aKIT09cHNH,
OIIyCKasl COOTBOTCTBYIOIIKE MATCMATHICCKHAE BHKIALKH. Oa-
Ter MLl oGy UM IparoMepncets TpnuATHx Hepiepon o Jle-
eM FOIYMCIuil, A Tarhke PasHiuiLie BO3MONTLC ermocabn
TPOBCPRU HX BLIBOLGSB IO JANIILIM a0 ey,

Pacemorpuat 3aMBHVTYIO 9KOCHCTEMY, B KOTODPYIO BXORLT
k BupoB, ¢ umcrenmoctamu Ny, N, ..., N,. IIpepuonaraer-
¢S, UTO M3MENUCHUC HTHX MHCHCMHoCTell BO BPEMERM HONHO-
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CTHIO OIUCHLIBACTCA YPaBHEHHEM

Z o, NgiV,. (44,
s

dro ypassierme Boasreppa, B KOTODPHIX He YIHTHBAIVY-
¢si BpeMeHHEIe BajleD:RKM, CBABAHHBIE ¢ CE30HAMH DPABMHOKC-
HUA WIH Bo3pacTHoll crpyrrypo#. Hpemumomaraercs, wro
«CaMOOT PAHMTHBAIONHAECH) YIIH «1eMIPHUDyoInes WICHK KBAJI-
parmuHoit Qopmbl a,.N.% oTCyTCTBYIOT, T. €. UTO &, = {
aaa Beex r. [lamree npmamMaerces, 9To o, == —a,, A BCeX
map BHjoB. Takmm o6pasom, Bce B3aMMONIEHCTBHES MEHIY
BHIaMA OTHOCATCA K THOY XHUUIHHK—;KePTBAa, a4 KOHKypeH-
A WA KOMMEHCAIW3M oTcyrcTByoT. Bee camoorpamwym-
Baonigecss W KOHKYDEHTHHE BO3fcHCTBUA HIHOPHEPYIOTCS
1o TOH IIpUIUHE, ITO JTHINE TAKEM 00Pa30M MOMIHO IOIXYYdTH
CHCTEeMY € COXPAHAIMEHCS BeINIMHON; a Kak TOBOPHIOCT
BEINe, [I7s TOr'0 9TOON MOIRIO 6LUI0 NPAMEHATH METONLI CTA-
THCTHIECKOH MeXammkn, mneodXol@Mo HMCTL KaKol-mubo 3a-
KO COXpaHeHusd.

Ilpunnman a, = —a,,, MB IOJ{PA3yMeBaeM, 970 Kamjas
CLCJICHHAN 0C00h JREPTBH LPEBpaniaeTcs B ouiy 0co0b X7
HOKA, 9610 00bivHO He OnBaer. 9Ty TPYAHOCTH MO;KHO oﬁowrn
cresyiouiny o6pasor. Bo-meprpix, Mir mpmmem, wro N,
frmoMacea Jamitoro BHJA, a e ero YHCJIeHHOCTL. Bo- BTopm_\...
cclu A ejEHml, OHOMACCHL ;kePTBH HEOOXOUMO ST CORTAMS
onmod e mHMIAI GHOMaceH XMITHEEA, To B ypasmenmm (40)
peapumpa N, A Biija XMOTHARA JOTM/KHA OHTL B A pas 6oah
we (akTuIecKoi OuoMaccH. 13 sKocmereMe ¢ IecKOJBKHEM
TpodHUeCKUME YPOBHAMHE BmnI, obpasyloiue Tpetmii ypoe-
BeHB, CJAEAYCT PacCMaTPMBATh ¢ BecaMM Ak, Tjie A, — o
QeRTHBHOCTH IPEBPAIICHNA Me;RIY IEDPBHIM W BTODHIM Ypob-
TAMH, Ay — MEA/IY BTODHM ¥ TPETHLHM M TaK jalee.

Fean pasnonecioe amaueHAe BeTUIBHAM IV, paBio g, 10

e 3, -k E Qgr G5 == 0. (/' ‘)

B nanbheliureM H3I0/ReHAH ME JIODYCKAEM, UTO YPABHEHI!
(47) mMeeT eMHCTBEHHOE PEUIEHHE, IO BCE ¢ MOJO;KATENBHH
[ 9TOTO meofxoxuMo (Ho HCMOCTATOUHO), urobm wmemo K
OFT0 4eTOMM H 9TOOM He BCE ¢ MMENIHW OJMHAKOBEIA 3HAN.
Boavreppa worazai, wro Beawauns: N, MaMeHgworTes U
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koHEUHBIX IIpeJenax, OCTABAACh IOJO;KUTEIBHEIMH; HEKOTO-
pee M3 HHX, a HEPeIKo M BCE, IOBEP/KEHbI HE3aTyXAIOIUM
gone0aHHMsIM, ¥ UX YCPEJHEHHHBIE 110 BPeMeHM 3HAUeHHsi COOT-
BeTCTBYIOT DABHOBECHBINM 3HAUEHUAM ¢,.

Jlaa Toro 4To6E HAUTH MCKOMYH COXPAHAIOMYIOCH BeIn-
qgHY, yA00HO M3MeHUTE 0003HaYeHHs, noaokus N, /q, = n,
g U, = logn,. llpu 3aToM oCHOBHOe ypaBHCHHe IPHHHMAaeT
)0

do,
Brde

= 2 Usr 4 (exp Up— 1) (48)

B TakoM cIygae MOMKHO HOKa3aTh, 4TO
G = 2 &, q,(expv, —v,) = const. (49)
r

Tarum oOpasoM, BeauduHa G — HWHTETPAJ JBUKEHHA.
OfpatuTte BHUMaHme Ha To, 4To G mpepucraBiser co0o0i CyMMy
pana wienoB G, = P,g.(expv, — v,), IO OHHOMY Ha Rar/bli
#3 BUgoB. Harppiit wien G, umeer MHHHMYM f,q,, Korja
v, =0, u, cregosarenpHo, N, paBHa ¢,, T. €. CBOEMY paBHO-
BeCHOMY sHadenuio. HaswBaa Benwauny G MHTErpPayoM JBU-
KEHMA, MBI IIOJ[PasyMeBaeM, 9T0 €CIH B HCXOTHOM COCTOSHHIH
cacTeMsl GG 6710 paBHO Gy, 10 G, 6yIer CoXpPaHATH CBoe 3HA-
ieHne OecKoHewYHo MoJro. HoHedHo, oAHa u Ta sKe CHCTeMa
(1. e. cucTeMa ¢ OEMHAKOBHIMU 3HAUECHUAMHE ., B,y Ol ,) MOHET
HMeTh B MCXOJHOM COCTOSHHH BHICOKME MIHW HU3KUE 3HATCHUS
G. BooGine roBops, 9eM cHIbHEe OTIMIAIOTCA HCXOLHLE 3Ha-
9eHnA N, OT CBOMX PABHOBOCHHX 3HadeHWil ¢,, TeM Goablie
Bermanna G.

Mcemoapsys 1oT ¢akrt, uro BeamumHa G COXPAHAET CBOE
SHauenme, HepHep ompeneaua Monylisb 0, KOTOPHIL oH Ha3bl-
Baer «TemMueparypoil» CHCTeMbI, M IIOKAa3ald, 4T0 IJIA JH00ro
T-ro Buja cnpaBesInBo

4] ——
~L (N, —q,)* =0, (50)
qr
e gepra osHauaeT yCpejHeHWe MO BPeMEHU BeNWIHIEI
r — ;)% Tarxum obpasom, remmeparypa § CIAYRHT MepOi
‘Penmero KBagpaTHYHOrO OTKIOHEHHA THCICHHOCTH KamKIOTO
BI1a or ero paBHOBecHoH uwmcTemmHocTH. CHpaBeIIMBOCTD
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ypaBHenus (50) A1A BCex BHIOB HO3BOJAET CYATATH, UTO K-
nefaHuA 4MCICHHOCTH Y BCEX BH/OB IIPOMCXOMAT € OUMHAKR(-
Boil Heprueiy; Takum obpaszom, ypaBuernue (50) aHaTOrM Yy,
3aKOHY CTATHCTHYECKOM MEXAHHKHM, COTIACHO KOTOPOMY Beg
gacTHIbl 00,1a/1a10T O UHAKOBOI cpe/Hell KAHeTHIeCKoil SHep-
ruei.

3arem HepHep HaxoauT BEPOATHOCTH TOTO, 4TO WHC.1eH-
HOCTH JAHHOTO BH/A B J1060i MOMEHT BpeMeHH JesKUT B HHTep-
Bale ot n, Ao n, + dn,, a AMEHHO

P (n,)dn, = const - nf’ﬁl exp (—z,n,)dn,, (o1

rae x, = p,¢, /0. 9To pacumpegeleHHe AHAJIOTUIHO PACIHpe-
aexennmio MarcBemwna—bBonbsimana. HepHep ykaseiBaer, urg
npu ovyeHb GOJBIINX 3HadeHHAX § ypaBHeHHe (1) coautica
K pacmpenenenuio, Kotopoe Mumep (cm. [12]) BBexm mus uuc
JeHHOCTeH 1, PA3HHX BHAOB B ONHOH BdKocmcTeMe ¢ Tey,
9100 O0OBACHHUTL COOTHOIIeHUE UHCIeHHocTel ocobeit pas-
HBIX BUAOB Tpomudecknx Gabodger, Habai07aerMoe B BEIOO|Re.
3HadeHHe HTOTO COOTBETCTBHS ME:RIY Teopuedl W peay.ipta-
TaMu HabaogeHns obcysiiaeTcs HUKe.

Hanpreitmue caepcrsus us mogenn Hepunepa Brisojut . lei
[38, 39]. Om paccmarpuBaer, B TACTHOCTH, «YCTOHIMBOCIDH
CHCTEMDI; I0J YCTONIMBOCTHIO OH MMEET B BHUJIY IPUMEPIIO TO.
9T0 1 B BTOH KHHIe HA3BIBAI0 «CTAOHIBHOCTBION, IMOCKO:IDKY
ero MHTepecyer dacToTa pe3KuX KoiaedaHUH dHCIeHHOCTH.
OperepueBaecMuX JAHHEIM BHAOM, KOTODble B KOHEWHOH CIICTE
M€ MOTYT MPHWBECTH K BrMmpaHH. OH HOIb3yeTcsa mepeiel
HOWt x; = (N; — ¢;)/q;; Ttakum o6GpasoM, BeJWYMHA 2; —
5T0 HOPMAJN30BAHHOE OTKJI0HEHHMe oT paBHoBecua. Cpriee
3HAUeHNe r; PaBHO Hyx. Jleil Xxouer BHACHUTH, ¢ KaKoli yaC
TOTOH OTKIIOHEHHE BEJIHMYUHLI £; OT ee HyJIeBOro paBHOBe(LOT0
3HAYCHHUA OLIBAET B TOYHOCTH PAaBHO HEKOTOPOMY mamliody
paccroanuw a. O4eBUaHO, YTO JJIA TAHHOTO O Takoe OTKIY
Henme OygeT BCTPEIaThCA TeM PeKe, 4eM 6oJblie paccrosiit
a. Jleit mokasal, 9o MCKOMAas 9acToTa paBHA

1

. g: a* 2 57
”n—eXP<“——29—>]/L Q,4q:4q,. (52

Taxuy 00paszoM, eciu Mbl MUHUMH3HDYeM cpexHee 3nalt
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k
gee (1714 BceX k BUJOB) BeAMIHHEL Eairzqiq,, TO MBI TE€M Ca-
r=1
MBIM MHIUMHI3EPYeM YacTOTy Pe3KMX KoJeGaHMH YHCIeHHOCTH
OTIEADIEIX MONYIATMH, KoTopble MOTIM OH NPABECTH K BEIMHU-
pAHNIO, OJITHOBPEMCHHO MAKCHMHBUDPYS TO, 4YTO 5 HAsHBAK
cTabIIBHOCTDIO.

HeoGxoqumMo HATOMHUTH HEKOTOPHE OPPAHMYEHMS HA Mac-
mrabhl M XapaKkTep dKOCUCTEeMEl, AJ1A KOTopoil HyAHO MUHAMU-
3gpoBaTh vactoTy (92); WHAaYe MLL MOTJIH 651 MUHIMU3UPOBATD
oy ¥acTOTy, HOJOKHB Bee o;, = 0. Jlefi MmHUMu3Mpyer
peauuuHy Xa’;,q;q, UPU OTPaHWSUBATONEM YCAOBUHU, COCTO-
meM B TOM, 9TO CyMMapHAas MPOIYKTUBHOCTH P DKOCHCTEMEI
HoMHA OHTH HOCTOSAHHOR. Hak clegyer maMepsiTh BeJIWdIuHy
P? Ecau paccMaTpuBaTh 59KOCUCTEMY, Pasielnds ee Ha IepBUY-
HEe TPOAYIIEHTH ¥ BCe LIPOYMe, TO K IIePBUYHLIM HPOIYIIEHTAM
cAeTyeT OTHeCTH TeX, NJA KOTOPHX BeJMdYnHa ¢, B YpaB-
geHuM (40) monokmrenpHA, a CpejHee 3MaYeHHe CyMMapHON
IePBUYHON MPOAYKIMHU GymneT paBHO g .4, TJe cyMMa Geper-
(8 Mo BCEM HeDPBUYHHIM mpojayieHTaMm. [[as sKocucremsi, B
KOTOPOIl MMeeTcA BCero ABa TPOPUYECKHX YPOBHI, 3TA CyMMa
paBHa

1
"2—2 I Qrs l 4,45,
rs
KOTa sKocucTeMa HAXO[WTCSA B COCTOAHMH paBHoBecus. [lis
3KocmcTeM, B KOTOPBIX YHMCI0 TpodmyeckuX YpoBHeidl Ooab-
e nByx, 9Ta cyMMa Tpebyer HeCKOIBKO §oJice CNO/RHOTO BBI-
PaskeHms, mo 1A upoctoThl Jlell mpuHMMaer

A
2

P = 2 [a‘/slqrqs'

rs

Herpynmo Bujers, 4To nmpu ImocToAHHOM 3Hadenuu P Be-
Tyyna Y a?; ,.q,q, 6yJeT MEHUMABUPOBAHA IIPH YCJIOBUHM, ITO
BCe @;, paBHH Me;kay coboit. CiemoBaTeabHo, cTabUIBHOCTD
SRocHCTeMBl BO3PACTAET NP HAJWYHH 6OJBIIOTO UUCJIA Cia-

HX cBasell MessIy BXOJANIMME B e COCTAB BH/JAMHU, 3 He OpH
BaNuany HeGOMBINOTO uUMCIAa CHIABHBIX CBsI3ed.
Ecau npuuars, uto Bce a;, paBHH Mexay coboit, To mpu
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YCIOBHM, 9TO THCIO BAAOB He CIMIOIKOM MAJIO, MOKHO MORa-
3aTh, 970 dacToTa (H2) ITPONOPIHOHATILHA

p q .
- I/[T exp (— ¢; a2/26)] , (53)

rie B — cymmapHan Gmomacca cHCTeME 2NV;.
i

Takum o6pasoM, eciaHm CTeOeHb CBA3HOCTH IHINCBoi
CeTH JOCTaTOYHO BEICOKA, CTAOMIBHOCTH CUCTEMEl BO3pacTaer
OpPH YCIOBAA CHHYKEHUA IMPONYKTHBHOCTH OTHOCHTEIBHO Ouo-
Maccht.

Ha sToM MEI 3aKkoHYNM ouepPK Teopuu. K coskanernumw, coi-
HHUTEJILHO, 9TOOB 9Ta TEOPHA MOTIA MOMOYEL HAM MOHATH IIPH-
quAB CTa0MIBHOCTH DKOCHCTEeM. Y paBHenme (40), aemaimce
B OCHOBE BCEH TeOPHMH, OMHCHIBAET KOHCEPBATHBHYIO CHCTEMY,
B KOTOPO# Pe3KoCTh KojdeOaHUH TUCIEHHOCTH BHAOB I[IHKOM
7 TOJHOCTBI0 3ABUCHT OT HAYATIBHHX YCI0BHH. ITO Heuasek-
HO, IIOCKOJBbKY K HEKOHCEPBATHBHBIM CHCTEMAaM METOH CTATHC-
THYECKOH MexaHHKH HempuMeHWME. OHAKO B TO ;Ke BpeMA
3T0 03HAYAET, YTO LOXXOJ € HMO3UINUN CTATHCTHUECKOH MeXar
HUKHM He MO3BOJAET HAM LOHATH, 9eM B JeHCTBHTEILHOCTH
OLPEeeIdAeTCA PEe3KOCTh KoJleDaHMH YNCIeHHOCTH.

dTa TPYAHOCTE BHPHCOBHIBaeTCA GoJiee YETKO, ecam M
paccMoTpHM ABa mpejacKasanumsa Teopuu. Ofparumes cmauala
K BHBefeHHoMy HKeprepom pacopepeienmio o0mImsa BUTA.
KOTOpoe Kak 6yaTo M0 HEeKOTOPOH CTeleHH HOATBep;k1acTcs
pesynbratamu Habmopenmit. Ha camom sxe pmeme Ilpecro
168] morasam, uro morapupMUIECKH HODMATIbHOE pacmpeler
jdenre obOWIMA BHLOB Jydlle COOTBETCTBYET Deay.aprarTad
mabuomennii, WeM pacnpegerneHne, Bubpanxoe Qumrepoy I
npegckasannoe Kepuepom. IT0, 0JHAKO, BCEro JMIIb BTOPO
cTelleHHOe BoapaskeHHMe. IJlapHoe ke Bo3pakeHme npoTHE.
pacnpenenenusa (51) sawmogaercs B TOM, 9TO 3TO pacrpe
nelleHMe He BeauduHH N, — HOZJMHHOTO o6mmus BI10P

1 ABTOp He Ompefeidger TOYHO yYHOTpebiaAeMoe HM HOHATHC “CTE“_
IeHb CBA3HOCTU» (connectedness). ogHaKo HOAPasyMeBaeTcs, 4Tv L‘T‘l
IIeHB CBSA3HOCTH BeIHKA, eC/IH BCE O ;, GIM3KM APYT APYry, H Mama. oC1F
HEKOTODHE U3 ¢ ;, BEJIAKA, a IPyrde MaJsl MK BOBCE DABHLL HYJIH) - e
CTBHTENBHO, IeM (oJIblilee IHCIIO O ;, PABHO HYJI, TeM MeHblIe 1] i

9eCKUX censell B cEcTeMe.— Ilpum. ped.
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(amm cropee MX Oumomacc), a BeaWuMHH n, = NV,./q.. Taxum
o6pasoM, mpeiio:renHas HepHepoM Teopusi IpPe/CKA3IBIBAET
COOTBETCTBYIOLlee pacmpefieieHue JHINL NI TOTO ciaydasd,
KOTIA HONYCKAeTcsi, 970 BCe BUABI MMEIOT ONUHAKOBYIO PaBHO-
BeCHYI0 IIOTHOCTH ¢, U MCOHITHBAIOT KOJMe0aHUA IUCIEHHOCTH
¢ Gonblol aMnanTyno# (Gonsmue sHavennsa § ). Ciaeqosarens-
Ho, IIPeJICKa3aHHOe pacmpefeseHe OTpas;iaeT OTKIoHEeHHe
06U BHAOB OT UX cpenHux sHaveHmit. Orciojla BBEITERAeT,
qT0 €CAU M3 ONHOHN M TOH ke dKOCHCTeMELl B3sITh iBé BelOOPKHU
¢ [OCTATOYHO GOJBIIMM PadpHIBOM BO BpeMeHH, B TeucHHE
KOTOPOTO MOTJIO0 OB NPOM30MTH HECKOJBKO IMKIOB H3Me-
HeHUH YHCIEHHOCTH, TO paclpeielennme mo OOMIWI0 BUIOB
B o0eux BBIOODKAX 6yeT OJWHAKOBLIM, OXHAKRO BUMBI, 0OBIY-
HHE B IepBoH BHOODKE, OKa/RYTCH PEIKMMH BO BTOpOH, U
maoGopor. Ecaum, 4ero ckopee BCero MoskHO O/KHIATH Ha Ipa-
KTHKE, OKa;KeTCA, 9TO OHU U Te 7K€ BUALL OCTAIOTCs 0OBIHBIMHA
B IOCJIe0OBATEIBHEIX BRIGOPKAX, TO 3T0 Gymer 03HadaTh, UTO
pacmpenelenne He HMeET OTHOIICHNUA K KoJae0aHUAM, a 0Tpa-
HMaeT Pas3IMIMA MEERIY pPABHOBECHHIMH  SHAYEHHAME (¢,
0 KOTOpHIX Teopusi HepHepa HMYEro CKasaTh HE MOJRET.
Cxopubie 3aTpyIHEHMS BOSHMKAIOT HPU IOUETKAX HHTEP-
OPeTHPOBATH TPOM3BENOHHHM Jleem aHasm3 CcTAOUIBIIOCTH
3KOCHCTEM M NOKA3aHHYI MM MaKCHMH3AHUI0 3TOH CTAGHIb-
HOCTH B CHCTEMe C IOCTOSIHHOW IPOAYKTHBHOCTHIO IDH pa-
BeHCTBE BCeX B3amMojeiicTBuil o;,. [lockoabRYy pasmax Komie-

-~

: ol /AVAV/\T AL

Bpemsi
A b B

Prc. 38, Vamenenme wumcrmenmoctst N , BEUOAZ BO BPEMeHH B MOJeJI
Keprepa—Jles.
4, Ilnmepas ceThb ¢ HeGOJABLUIMM YHCIOM CHJBHEIX BaamMopelcTBuit. B. TTumesas
b ¢ GONIbINMM YHCAOM ¢JIaGhIX B3amMojelcTBuii. B. ITuineBad CeTb ¢ HEGOJBINNM
X CIIOM CHJILHBIX B3aUMONEHCTBMI, HO HDPU HAYAJBLHBIX YCIOBUAX, ONUBKMX K paB-
OBECHEIM. STH KPWBBIE HE ABJAIOTCA DPE3yJIbTATOM TOYHBIX PACUeToB, a AalOT JHlb
KadecTBEHHOE MPERCTABJIEHNe O PABIMYMAX, KOTODHE CIENYET OXHIATH.
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Gauuil YHCIEHHOCTH 3ABUCUT JIAMDb OT HAYaILHHX YCIOBHiL
TO eJIMHCTBEHHOC, K YeMY MOKeT MPHUBECTH W3MeHEeHUe CTelie-
HH CBf3HOCTH IHINEBOH ceTH, Tak 3TO0 K HW3MeHeHHio Qo
KoTebaHuil uncnenHocTH. Hak mokasamo Ha puc. 38, rpaduy
3aBHCUMOCTH BEJIWYMHHN /N, 0T BPeMeHH iisa JNI00ro Biiia
Oyier c¢xojled ¢ KPUBOH A, eciu YMCIO CHIBHBIX CBA3CIl 3
OUOEBOM ceTH HeBeJWKO, U ¢ KpHBOH b5, ecau B HHIICBOI
ceTu mMMeeTcsT CPaBHRTENHHO O0ABNIOe YUCTO cTAbHX Cpd-
seit. Teopua He maeT HUKAKUX yKa3aHWI HAa To, 9T0 ¢ Boapac-
TAHMeM CTeIleHN CBABHOCTH KpHMBasg A IpuMeT BUJ KpuBoil B,
MOCKOJBKY 9TO pasiWdue 3aBUCHT UCKIIOYHUTENBHO OT ia-
gaabLHuX yeaosuit. Taxkum o6pasoMm, KpuBhe A u 5 cooTner-
CTBYIOT OHOH W TOHU ;Ke «TeMmeparype» § U HMeIOT oHIako-
BOE cpejHee KBaj[PATHYHOE B3HAUEHHEe AaAMOJHTYABR Koicha-
HUit; ofHaKo kKpuBafA A mepeceraer nwmHWIO N = (¢ - )
gamnie, MOTOMY 970 ee aMIIUTyAa BaphbUpyer cHIbHee. )10
pasianyme MOJKET CYIeCTBOBATH KaK MEEIY ABYMA BUIAME,
BXONALIAMHI B COCTAB OMHOH M To# ke »sKocmereMmul (ecnir A4
COOTBETCTBYeT /[HIaMUKe BUIa, HUMEIONero MEeHbIe B3auMo; 1 il-
CTBHI TWePBOTO MOPANKA, UeM BHI D5), TaK M MEKRIY BCCMH
BHIAMH OJIOH DKOCHCTEMbI W BCEMH BHAAMH JIPyroi, ciado
COTIPA/KOHHOR ¢ IePBOil W moTOMY HaXojAmMelca IPH TO ne
TeMmepaType, TOT[a KaK pasindme MeswAy cucreMamu - 1
B — 510 pasaudme B TeMmeparype, 3aBHUCAINee HE OT CBI3-
HOCTH, HO OT HAUAJbHHEX YCI0BUE UIAK 0T QIAYRTYALHRA cPC.LBL
Tax uiu umave pasaudde Me;rgy tHnamu A4 w b mpepcras-
JIAETCsT MOAMHITHAIM HPeICKasanimeM TeOPHU, W BIIOJHE Mosiel
OKAB3aThCA, YTO OHO COXpaHAeT CHIY U [Jif HeKOHCcepBalWh-
FRIX  CHCTEM.
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CIORHOCTD HPH OJHOM TPOPHYECKOM YPOBHE

A, YcaoBust DA COCYLECTBOBAHHA KOHKYPHPYIOLIX BHJOB

X0pomo u3BECTHOE B3AKIIOUEHHEe, KOTOpPO€ BHITEKACT U3
mozienn Jlotku—Boabreppa s KOHKYPEHIHHE MELAY HBYMSA
BHJAMH, COCTOMT B TOM, 4TO JUISI YCTOMYMBOIO COCYIIECTBOBA-
HEA 9TUX BH0B HapaMeTphl KOHKYPENUMH TORHBLL yI0BIeT-
BOPATH IBYM HepaBeHcrBam (cuM. Ti. 5). Crpober [75] moxa-
8aJI, 9YT0 eCIH DACCMATPHUBATEH COOTBETCTBYIOUINE yPaBHEHUS,
ONHCHIBAIOINNE KOHKYPEHIUIO ME/KAY 7 BHJAMH, TO JJIA yC-
TOHIHBOIO COCYIMECTBOBAHHUS BCEX N BUJOB HCOOXOIMAO BLI-
monuenue 2(rn — 1) HepaBencrB. O6 3TOM cleyer NOMHHUTH,
paccMaTpuBas yCTOHYHBOCTH N-BHOBLIX DKOCHCTEM CO B3aW-
MOOTHOIIEHWAME XHITHUK— KePTBA, KOMMEHCAJIU3MOM U KOH-
KypeHnueii. BuiBom Crpofeka cnymur eme OgHHM apry-
MEHTOM B OJB3Y MIPeiCcTaBJeHHsI 0 TOM, 4TO GOJNbIIHE IKO-
CECTEMEL ¢ TPOM3BOIBHLIMA B3aUMONEHCTBUAME BPS JIM MOTYT
6MTE ycTOWUMBLIMAL.

B. Croxsro orpanmunsaromux pecypcos?

Maxr-Apryp u Jlesume [51] u mezaBmemmo or mmx Pec-
BuELo u Pmuapycon [69] mokasanm, uro 4mcJ0 BUAOB B jJaH-
HoM MecTooOHMTAHMM He MOKOT TIPEBBLILIATH YHCJIO HE3ABUCH-
MHX pecypcoB, oTpaHMIMBAIIMUX 3TH BHAL. PaHee mo;i00HEIC
Barianer BeicKaswBad Yumabamcon [82]. Tpyamocrs mpwmio-
HeHNsr 3Toll TEOPEMH CBA3aHa ¢ HEOOXOTHMOCTBHE) PEIINTD,
KaKOBO meTHHHOE YMCJa0 He3aBHCHMLIX pecypcoB. S cuawama
B30y papuant Mak-Aprypa u JleBunca, KoTophii, X0Ts o1
B fABiserca MeHee cTPOTWM, JieTrde MHTePIPETHPOBATL € DLO-
Jormueckux moauIHii. 3aTeM s IPUBLAY HECKOABKO KasyIuX-
4 npormBopevamMuMy IPEMEPOB, HOCTC TEro IOMEITANCh B
BeTe srix mpPUMEPOB CHOPMYIHPOBATH Golee TOTHO, UTO 7o
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C16/1yeT MOHKMMATH 10/ CJIOBAMH «/(BA HEBABHCHMEIX PECYPCay.
W mawroneir, s omuuty ofHo oGo0ulenue sTHX pacCy/RIelmii,
mpuHagae;kamee Jlesuny [42].

Paceaorpuny cHauana caydail, Korga mMeeTcs ABa Pecypca
¢ maoTHocTaAME R, m R,. TpebGyerca nqokasars, 4TO OJHU JNHINp

NN A~

Puc. 39, Tpu BUAa NpPH HAAMIMA [BYX OIDAHHIUBAIOIUX PpecypcoB.

9T PECYPCH MOLYT OTPAHUYUTH YHUCIACHHOCTH He Goiee e
1Byx BuaoB. Ecau Bug A ¢ IIOTHOCTHIO Y4 OTPAHMYHUBACTCA
TOJIBKO 3THMH pPecypcasu, To B mirocKoctH (R R,) ecTs nuHMA,

ATA RoTopolt Yy, == O (pmc. 39). AmamormumeiM obpason ;A
BujoB B, C W T. . J0OJUKHL CYIIecTBOBATL JIHHUA Yy ==,

Yo—=0m 1. 1.
Has roro urobst Bugsl A u B Moram cocymecTBOBATD,

T0-LKHA OLITL IIeKasd TOIKA HA IWIOCKOCTH, Tje ya — U I

yp="0; HMBIMM CJ0BaMH, 9TU jiBe JUHUU HOIKHLI Iepcce”
KaTbhest B HeRoropoil Toure., Ogmako «fecKoHedHo iermpaBnlo”
moxodIo» (1Mo repymHodToruun Maw-Aprypa m  Jlemmiicd)
uroObl TPU JIHHHT TiepeceKIuch B OJHOH Touke, U, cjaeloBd”
TeJIbHO, TPU BHAA 1Te MOTYT COCYIICCTBOBATH, €CJIH UX e et
HOCTh OrpPAHHYHBAETCH TO.IBKO HBYMA pecypcamm. I1eo0X0”
JIMO CHA3aTh JICCKOMBKO CJIOB B OIPABLAHNE ATOTO HOI0HE
ims. C MareMarinuecroil TOURY 3PeHIA HIUTO He TIpersTeTByeT
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pepeceueHrI0 TPeX JUHUK B ofHO# Touxe. OfHAKO B 9KOJIOTH-
geCKOMl CHTYyanuWu, BOCIPOW3BOAUMMOI 5TO# Mojedblo, gJob6oe
p3MEeHeHHe OHOTO W3 BHUIOB (HAUPUMep, U3MEHEHUE YacTOTHL
reHOB) TIOBJeUeT 3a co00H HM3MeHeHWe IOJ0:REeHHS COOTBET-
crylomelt aunnn. Cire1oBaTedbHo, I0I0eHEe 0 GecKomeTHoH
HeIPaBION0106HOCTH TOr0, 9TO TPH JMHHHM HEPEceKyTcs B
ofHOH ToYKe, mpescTaBifer coboll BIoNHC BecKHil apryMenr,
€CIM TOJNBKO He JONYCTHTh HAIHYHA KaKOT0-T0 CTabUIuaupyIo-
Mero Impoilecca, BEIHY/KIAIEr0 MX K TAKOMY IepPecedeHuio.
OnHaKo Takoe JOIYIeHWe PABHOCHIBHO [NOLYIIEHHUI IIPAMOLO
crabuansupymomnero jgeficrsud o16opa HAa DKOCHCTEMDI, KOTO-
poro Ha caMoM fele HeT.

Ecau caurath, 9T0 HAIIH PACCY:RIeHUA COPABeIJIUBEL IIPU-
MEHUTEIBbHO K BYM pecypcaM, TO MX MoykHo 0es Tpyna pac-
IPOCTPAHUTh W Ha CJyUam, KOTAA WMEeTCs h PecypecosB, T. e.
MOJKHO VTBEP;KIATh, YTO B MECTOOOUTAHHHU, B KOTOPOM HMe-
eTcsl 7 OTPAHUIUBAIONMINX YHUCACHHOCTH PECYPCOB, BO3MOKIO
cocymiecTBoBanme He Oonee uem n Bugos. OOparmre BHHMAa-
HHAEe, 9TO IIpa 9TOM YCTaHaBJII/IBaGTCH JAUIH BerHI/IfI npenet
A 9mcda BUA0B; HHKAKUX TOKA3aTeIbCTB TOTO, UTO IIPH
HAJIUIAYU 7 PECYPCOB MHCIO COCYMECTBYIOMNX BUIOB J0JKHO
OhTh paBHO 7, e TPHBOXUTCA.

Pacemorpus remeps gBa npuMepa, Kasamoch 65l IPOTUBOPeE-
Yam@AX HTOMY HOJIOKENHIo:

1) umciIeHHOCTL ABYX BHJOB XHUI[HAKOB OrPAHHIUBACTCH
OTHAM BH/IOM $KEPTBH, IPUYEM OUH XUIMMHUK NMHTAETCS JTUIAH-
KaMp, a Jpyrof — B3pOCABIMEU 0COOSIMH;

2) 9HCIeHHOCTL ABYX PACTHTENLHOATHHX BHUROB OTPAHU-
YMBaeTCA OFHWM BHUIOM pacTeHuil, mpuIeM OJHO DACTHTE/b-
HoATHOEe TUTAETCSI KOPHAMH DTOTO pacTeHHWsA, a [pyroe —
MHCTHAMM.

B ofoux ptux cayuasx HeTpygHO MOCTPOUTH IPABROMOR00-
Hue Momenn, MPHBOJAMME K YCTOMUYMBOMY COCYI[eCTBOBAHUIO
Takmx apyx BuAoB (moxpolbuee cm. [17]). Taxum o6pasonm,
MiA toro urofbl TeopeMa OCTABAIACH CIPaBeAIuBOH, Heol-
XopuMo paccMaTPHBATDL JIMYMHOK U B3POCARX ocofeli onHOTO
¥ Toro ;e BHuAa HACeKOMBIX MIH sKé KODHH H JHCThA OFHOLO
¥ Toro ;xe BHja pacreHHmil xak HezaBucuMble pecypenl. Comep-
WeRno sicHo, WTO He3aBHCHMOCTH [BYX PeCypPCoB, IojpasyMe-
Baemass B oToii Teopeme, BoBce He Tpebyer WX CTATHCTH-
YecKolt He3aBHCUMOCTH.
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IlomycTmM, ofHAaKO, YTO TIIIOTHOCTH JBYX PECYPCOB Chs-
3aHH QYHRNHOHATBHON 3aBHCHMOCTBIO, Tar uTo Ry = (1)),
B Taxos cayduae, Kak mokasmBaer puc. 40, mias Toro 4Tofy

R,

\ N R

Prc. 40. [{Ba BHpa, 3aBHCAIIC OT ABYX PECYPCOB, IJIOTHOCTH KOTOPLX
(PYHRITHOHAJIBIIO CBA3AHLL J[PYT ¢ IPYTOM.

Me:ay BugaMu A u B Morio cymecTBoBaTh paBHOBECHe, TPH
KPHUBbIe JOJKIL IePeceKaThesA B OJ{HOM TOYKe, a 3TO, KAk Mbl
yike ybenmauch, GECROHEYHO MAJXOBEPOATHO.

IIpocreitmas npuunna, obycrosiuBaiomas naiuune Gyiin-
NUOHATBHON 3aBUCHMOCTH ME/KAY IIOTHOCTAMH ABYX pecy]-
COB, MOJKET 3aKJIIYATECA B MX (MEIKO3ePHUCTOCTHY B TOM
eMBIcJe, KaKkoil B 310 BRaagmBaer Jesunc [43]. Ecau raroii-
aufo BII Beerja morpediasier ABa JlaHHBIX pecypca B TOI 1jn-
MOPIMH, B KaKOI OHU BCTPEYAOTCS B JAHIOM MeCcToOGHTanIi
(kak, mampumep, KaroH-Hubyap QUILTPaTOp, HECHOCOOIHIT
OTANYATH OfWH BHUJ OPraHU3MOB, CAY;KAIUX eMy Iumei, oT
APYTOT0), TO BTH PECYPCH HEIb3sl CYUTATH HEe3ABHCHMEIMIL I
cIeyeT paccMaTpUBATL Kank ejuHHI pecype. HeobGxomgmyo
ofparuTh BHMMaHMe HA TO, UTO [iBA HUIEBLIX 00beKRTa MOIYT
npeacTaBAATE co0ofl JBA HE3aBUCHUMBIX pecypca Hiau o,1HH
pecypc B 3aBHCHMOCTH OT IpPHpos Xmmmumka. Taw, meducHp
U KUIEYHHUK MBIIMH IPECTaBISIOT OAUH DPecype Ada cOBh,
110 JBa He3aBUCHMEIX Pecypca IJIs MaPasUTHYCCKUX opraHus”
MOB.
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B 1972 r. JleBun ofob6mua s1y teopemy. OH pacciyarpu-
paeT cyasby n BUIOB € MIOTHOCTAMH X4, L3, ..., L, KOTO-
pHe TOIUUIAITCA yPaBHeHUsIM

H=z; fi (‘117 ey Ty Y15 oo s ym)' (54)

B orux ypaBHEHHAX Vy, ..., Y, — TakHe IepeMeHHHEe (Ha-
gprEMeD, KIUMATHIeCKHEe YCJIOBUA MM MUIPUPYIONINE W3BHE
BHJEI), KOTOPHIC HE ABIAITCA QYHRLHAME Z-0B, HO MOTYT
65ITh GYHRNUAMHA t. [loMmEMO HTUX mePEeMEHHLIX, eAMHCTBeHHER
«pecypcenly, ToABIAINIMEC B KA9ecTBC OTPAHUINBAIOMINX (aK-
TOpOB B IpPaBof dacTH YpAaBHEHWHA,— BTO CaMU IIOTHOCTH
paccMaTpHBaeMHX BHIOB. JTo He 031adacT, 49T0 KaKoi-1ubo
«pEKCUPOBaHHHIlY pecypc, Kak, HampHMeD, HPOCTPAHCTBO,
HE MO;ReT efCTBOBATH B KAaUecTBe OIPAaHUYIMBAWINEr0 (aK-
Topa, MOTOMY UTO BeJIMYWHA IIPOCTPAHCTBA, TPHXOAAMEIOCH
HA oaHY 0c00b BUAA i,— 3T0 QYHKNIMA MIOTHOCTH X; U JONK-
Ha 6pia OKT BOUTH B TakoM BHJAE B YDPaBHEHWA IJIA Z;.

3arem JleBUH BBOJMT HOBLIE NEPeMEHHLIC Zj, ..., Z,, [Hl€
p <<n -- m. Rasrgoe z ects GYHRIMA I-0B U J-0B, U 3Hade-
BUs z-0B BEIOWpPAIoTCA TaR, 4ToOH OHM 06pPa3oBHBaNM «MWHU-
MaJbIioe He3aBUCUMOE MHO;KECTBO» TEePEeMeHHLIX, TaK YTO
Kasrpaa f; Mosker OBITh IpeicTaBieHa KaK QYHKIUA Z-OB.
Haxee Jlesun jokraspiBaer, 9to ycTONYMBOE PaBHOBECHE MU
HeNPePHBHEH LOHMKJI BO3MOIRHBL JAHIUL IODU YCIOBHE P > 7.
Taxkum oGpasor, mepeMenmLe z TPEACTABIAIT coGOl «orpa-
HUYuBafomue (QAKTOPB) WIH «PECYPCHY M YUCHO0 HATUIHEIX
He3aBHCHMBIX PECYPCOB JIOAHO IO MEHBITEH Mepe GLTh paBHO
YHCYy BHOB, YUCIEHHOCTH KOTOPHIX IMOJJAEHKUT Peryisijdu.

Ilepementnie z BBOAATCA € TeM, YTOOHI IPeIyCMOTPETH 06-
CyswjaBOieecs BHILe IIOJNIO;KEHHWE 0 TOM, 4UTO JBa paccMatpil-
BaeMBIX pecypca He JOUKHB QYHRUMOHANBHO 3aBUCETH JPYT
oT gpyra. Tax, momycTmm, 970, Korga OB BeIHUMHES 7, IIIH X
HHU mogBJANNACHL B NPABOM YACTU yPaBHENUA, OHU MOABIAIOTCA
B gopme (xy -+ 4x,); B TAKOM cJydae BIOIHE yMeCTHO 3ame-
BETL (x4 -+ 4%,) HA 2y — eMHBIA OrPAHHYUBATOMUA QAKTOP.

JTy TeopeMy MO0 YIPOCTHTH B TeX CAyuasX, KOTAA
Yraercs yCTAHOBUTH, UTO IEePCMEHHEIE Y, ..., YJ,, HECYIIeCT-
BenHel. Tak, paccMOTPHM ypaBHEHUS

Iy ='T1f1 (xl’y)’ (5:)
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5}'2 = I, f» (21 9), {56)

rae y He ABiasgerca ¢yHKUUMeRx, UIH T,, HO MOsKeT BapbHpo-
Bathb Bo Bpemenu. DopMyImpoBKa TEOPEMEI, MPENA0:KeHHAs
JleBuHOM, He COMEP/RUT HAYETO, YTO YKA3BBAJIO OB HA HEBO3-
MO/KHOCTh CYM[ECTBOBAHWA PaBHOBECHA, IOCKOIBKY 37€Ch
HMEeTCS IBA OrpaHHIMBanmuX GaKkIopa z; U y.

YpapHeHne (dD) MOKHO TepemmMcarbh B BuUie

zy = Fy(zy, t),
pelieHre KOTOPOro IpM BEIOPAHHBIX HAYAJBHEIX YCJIOBUAX

ry =g (f).

Taxum oGpasom, ypasHeHne (56) mpumer BuU[

. ‘:;/‘2 = "I:?.FZ [g (t)’ ”v
T. e. Iy = Xsh(f).

Pacemorpun ypasmenme x, = Zolh(f) - ¢l, rme Bexmumua
¢ Maja, Ho He paBHA HyJi0. JTO ypaBHEHNEe MMeeT pelleHne

x, = K exp (zt)exp[ | k() d¢]. (d7)

B mamem ciryuae = =0, mosToMy Js paBHOBECHS BEIpaike-
une Kexpl[h(t)dt] morsxuo 66T cTporo Goibiie HYJIA W MEHb-
me GeCKOHEYHOCTH. JHAYUT, BBeAeHHE HeGOJBIIOTO HeHyIe-
BOTO &, KOTOPBHIA MOKET BOSHHKHYTH B DPe3yibTaTe He3HaTN-
TeIbHOTO M3MeHeHWsA B OHOJOrHM OJHOTO HJIW APYTOTO BHIA,
npuBeer K TOMY, 9TO IIpaBas 49acth paBeHcTBa (07) Oyaer
crpeMuthea anb6o K OecKoHeYHoCTH, THOO0 K HYIO B 3aBHCH-
MOCTH OT TOTO, Oyier Ju & Goidbile mium MeHbIe Byad. Cireso-
BAaTeJIbHO, MCXOXHAA cHcTeMa ypaBHeHuit (55), (H6) meycroil-
YHBA.

[Tpusegennrie BLIIe PacCCY:RAGHHS MOKHO 063 TPyJaa mepe-
mecTH Ha caydait » BujoB {7]. TIpu arom morasatenncrsa Jle-
BHHA TIOHOCTHIO OCTAlOTCA B cmie. Taw, AdA n ypaBHeHnH
BHfA

.xi: z, fi(xyy ooy 2,E) (58)

JleBuH ToOKasali, 4To HaJIHWYHe YCTOHYMBOIO PaBHOBECHS BO3-
MOMKHO TOJNBKO B TOM clydae, Korja: 1) He cymecTByer TakoIo
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3aMKHYTOTO IOAMHOKeCTBA U3 I YPaBHEHHH, B KOTOPOM
MeHee 4eM I IIOTHOCTeH MTPAT POJb OT PAHWIHBAIOIHUX (aK-
TOPOB. B HEKOTOPOM TACTHOM CIIyHae BCE 12 WIOTHOCTEH J0I;K HEL
BOHTU 10 KpaliHell Mepe B OJHY OTPaHMWIMBAMYIO (YHK-
muio f;; 2) HeBO3MOMHO 3aMEHHTH WEPeMEeHHBIE Iy, ..., &p
Ha IEPeMeHHBe 2y, ..., Z,, TOAe p < n, Tak 4T00H Bce fi,
wry fn MOKHO OBIO BHPA3UTh KAaK (YHRIMH IepeMeHHbIX
Zyy vees By L

ITepBoe ycaoBue TORBODPHAT HAM KO€-9T0 OTHOCATEIBHO MUHM-
MAJbHOH CIOYRHOCTH YCTOWYMBON HKOCUCTEMbi, B TOM UUCIE
® 0 TOM, 9TO B J1000H 3K0oCHCTEME, coep:amel 7 BULOR, ILIOT-
HOCTh KayKI0T0 BHU/A JONKHA OKA3HBATH BIAAHEE HA CKOPOCTh
pocta Jrb0 ero co0cTBeEHON YHCICHEOCTH, JIK00 YHCIEHHOCTH
RKaKoTo-HOOYIb APYToTO BUJA B JaHHOH 3KOCHCTEME.

Bropoe ycioBme BRIpaskaeT, IO-BHAWMOMY, B O9YeHb 006-
meit dopme «saxoH I'ayser. IToT 3aK0H POPMYIUPYIOT LIoO-
pasHoMY!; Haubosee oObTHAA HOPMYMUPOBKA CBOLUTCA K Clle-
AyIOMeMy: HHKaKue IBa BHLA, HMEIOMue CX0AHble »KOJI0THIe-
cKHe MOTPeGHOCTH, He MOTYT B TeUeHHE JJIATeIBHOTO BPEMeHH
COCYIMEeCcTBOBATh B OJHOM W TOM j;Ke MecToobGmTammum. Bropoe
yclIoBHE YTBeRIAET, YTO €CIM IBa BWOA HMISHTHYHH (KU
€CIY OfMH UPEICTABUTENE OHOTO BAMA MOCHTHICH r HpecTa-
BUTEIAM [DYToro BUjA) B KaUeCTBe OoIPAHMIMBAKRIIAX HAKTO-
poB, TO HA OJHA BKOCHCTEMA, B KOTOPYIO BXOiAT 06a aTH BHAA,
He MO:;KeT ORTH yCTOHIMBOiA.

1 Cam T'ayse mm pasy ero ze chopmynmponan. IIpoHCXoxIeHAe 3a-
komga T'ayse m ero smavemme moxpoOHO m3moxkemsl Xapawmmom [18].
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CJIOKHOCTh TP HECKOJBKHUX TPOOUYECKHX YPOBHAX

A. Ilnumessie uemn, B KOTOPHIX YHCJIO 3BEHbEB OOJbINE
€ THHMILIBI

B magaie ri. 9 661710 MOKAa3aHO, 9TO ¢ BO3PACTAHMEM TIC.1a
KOHKYPUPYIOMMX BHI0B, HAXOIAMUXCH HA OJHOM TpOoduuc-
CKOM YPOBHE, COOTBETCTBEHHO BO3PACTACT U 9HCI0 HePaBEICTH,
KOTOPbIe [OMKHBI BHIOIHATLCA [/ TOTO, TTOGHL CTANO BO3-
MOJKHHIM JOCTH;KEHHe YCTOMYMBOTO PAaBHOBECHS. ¥ BelWdeHIIC
JJIAHb THIEBON LM He COMPOBOKIACTCS COOTBETCTBYIOMI
YBeIMYeHNeM THUCIA YCIAOoBUH, HEOOXOMUMBIX JiIA TOCTHKCHIUA
yerofunBocTu. PaccMoTpuy HUMEBYO NEOb, COCTOAIIYIO T3
OHOTO PACTHUTEJIBHOATHOTO BHIA C IIOTHOCTHIO £ M Tpex
BU/0B XUIOHAKOB C ILIOTHOCTAMH J, Z W W, KORIBH U3 KoTo-
PHIX IIUTAEeTCSA BHUIOM, HAXOIAIMMUMCA HA OMHY CTYIEeHb HHKe B
nuIeBoi menu. B3 TakoM ciydae, eciau AOIYCTHTH, 9TO WMC-
JeHHOCTH PACTUTEIBHOAIHOTO BHAA OTPAHWYeHA HAIWIHCM
B CPeAe OIPe/leNeHHOr0 Pecypea, a THCIeHHOCTh XHIMHAKOB —
TOJIBKO UX FREPTBAMH, MOJIYTUM

é:x'(a—bz~ciy),
Z'/:y(“e + ¢, 2 —cy2),

2= a(—f+cyy—cyw),

w:w(__gf.{_ C:; Z)y

rae Bce KodddurimenTs monosnuTenbunl. Herpynso mokazars.

9TO HMeEeTCs HOJIO'HeHHe paBHOBeCHA, AJAA KOTOporo z, Y, -
A W TMOTOMKUTEJAbHBI IIPA YCJAOBUU, YTO

a e fer geo

cl b02 ¢y Cq

((j())

9T0 COOTBETCTBYET yCIoBHIO a/b = e/c, KoTopoe MOILKIO
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BHIOOTHATECSA JIA TOTO, 9T00HI BBIJI0 PO3MOKHO COCYILECTBO-
paHHE OJTHOTO BHJIa XMIIHHKA U €ro ;KePTBH. XO0TA pPaBHOBEC-
gad TUJIOTHOCTH a/b pacTUTeIbHOAAHOTO BHEA cama To cefe
goEHA OLITH GoJbIle, eCM OH JOMKeH I0//IeP/RIBATh Cyme-
¢TBOBAHUE TPeX XHIIHMKOB, 9YeM eCau 6Ll oH IOIAepAuUBAIL
TOIBKO XUITHUKA MePBOI0 NMOPANKA, IIPH DTOM BCe elne Heol-
XO[MMO BEIIOJHEHNE JINIIb 0HOTO HepaBeHcTBa. TaKoe 3aRJiio-
YeHHE CIPAaBeIIMBO s OUINEBHX Memcll aw6God pavner. fl me
gcclefloBall 9TH MOJOMEHUA PaBHOBeCHA Ha YCTOMYMBOCTE,
OFHAKO, 10 BCeW BEPOATHOCTU, OHU OYAVT YCTOHYHBEL

CiefoBaTeibHO, YBeJWYEHNE JUIHHL TUIIeBLIX Ienei canMo
oo cebe He CO3/aeT HEYCTOMYUBOCTH.

B. 9KocHCTeMBI €O CayuaiiHBIMH B3aMMOeHCTEHAMEI

Ilpu maydennnm ca0;SHOCTH B dKOCHCTEMAX, JAJH KOTOPHIX
XapaKTePHB KaK B3aUMONEHCTBUA XMIIHHUK— KePTBA, Tak U
KOHRYDEHIIAS, HCI0Jb30BAJNCH NBa Meroja. llepBuiii meron,
paccMaTpHUBaeMHI B DTOM pasgende, CBOJUTCA K aHAJIN3Y
BIUAHHUI, OKa35IBAEMEX Ha YCTOHRIMBOCT JAHHON 9KOCHCTEMEL
CIyYaHHBMN H3MeHEHUsMN 3HAKA U BeJHUYWHBI B3auMojeii-
CTBMH MeRIy BHZAMH. OTOT Mero] ONMCAIl B HHTEDPECHoi
pabore Mos [54].

Mbit crawana pasdmpaer HeKoTopoe 0006meHNe ypaBHennit
BosnTteppa mas caydas, KOrja 3anachkl pecypca He Or PAHUYEHE]
(ra. 2, pasg. B). Om paccMaTpuBaer 3KOCHCTEMY, B KOTOPYIO
BXOJAT R BHAOB XMIDHUKOB ¢ miotmoctamu Py, Py, ..., P;, ...

, P, u n BupoB ;kepTBH ¢ miaorHocTAME 4, H,, ..., Hj, ...
we., H,; smecs H momnHo cunTaTh 0603BadeHHEM IId IIAOT-
HOCTeHl PAacTUTETbHOAHBIX BUAOB. COOTBETCTBYION[ME ypPAaB-
HEHUsd, aHaJornuHbie ypaBHeHWaAM BoabTeppa, nMeioT BHJ

n
dH /dt = H; 2 aj, P ]
= (61)
n

dP;/dt = P;| —b; + 2 Sl |,
The ] = 11 27

ATy ypaBHEHUs OTIAUYANTCH OT yPaBHeBHA, KOTOPCE pac-
cmarpusax Heprep (crp. 120), tem, yro naa HUX He IPHHE-
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Maercsi aj, = Ppj; GIMHCTBEHHOE OTPAHMAYONHE, HAKIAlhi-
BaeMOe Ha KOI(PUIMEHTH, COCTOMT B TOM, UTO OHH TO L/
1aBaTh MOJO/KATEIbHbIE KOHEUHbIe 3HAUYEHUA I BCEX PAaBHo-
BeCHHIX IIoTHocTeid. Mbit [54] mokasau, 9To .ubo m3MeleHus
TUCIEHHOCTH HOCAT IMCTO KoIefaTedbHLH XapaxkTep, Kak avo
Bcerga GhIBaeT MpU B3aUMOJIeCTBHY [iBYX BUI0B, 1100 CHCTC-
Ma HeycToilumBa. BBIBoJi, TakuUM o0pasoM, siCeH: Boapacraillie
CIORHOCTH dKOCHCTEMEl He 006f3aTeIBHO MOJAHO MPHBOIUTH
K YBEIHIEHHUIO ee YCTORINBOCTY ¥ BO BCAKOM CIy9ae He HCE.11-
qaeT BO3MOKHOCTH TOTQ, 9TO OHA CTaleT MEHee YCTOHUmBoii.

3arem Maii mepexo/uT K aHAJIHA3Y IKOCHCTEME, COCTOALILCH

13 BumoB ¢ maotHocTaMu Ny, No, ..., Ny, TOTIUHAOMITMIC T
JOCTAaTOYHO OOMHM YPABHEHUAM

dN;/dt = F;(Ny, N,, ..., N, (62)
roe j =1, 2,

IToasuBmnecs 3meck m ¢yHKumd F; — DpousBOIbHKIC
HeJauHeHHe GYHERIEA 0T nIoTHOCTeR monyiasanui. Touku pas-
HOBECHS IPECTABIAT co00i pemleHNd CHCTeMEl M3 m ypan-
HeHU

F;(N, Ny ...,N,)=0. (63)

HesBroe orpanmuenne Ha (pyHRImI/I F; cocrour B rowm, aro
5TH yPABHEHHA HMEIOT IO RpaI/IHeI/I Mepe O,ELHO pemexne,

KOTOpPOTO 3HAYEHUA Ni, ]\2, . Nm TOJO/RNTENbHE. Y CTOII~
YMBOCTL DPABHOBECUA HJIA MAJHX OTKIOHEHUWA MOJMKHO ITpoa-
HATU3UPOBaTh, Noao;KuB N ; pasusiMm N (1 +- n;), rae magwie
B HAUAJIBHEIH MOMEHT 72 CIYKaT MepPoil OTKIOHEeHHUSA 0T PaBHO-
BecHo# momyiasanud. ¥ pasHenus (62) cBOAAT 3aTeM K JIHHEI-
HeM U@ PepeHIUATBHBIM Y PaBHOHUAM

m
dn;/dt = 2 jp Ny s (64)

N, oF;
N, 0Ny
a YacTHHE MPOU3BONHBIE GEPYTCA B MONOKEHUN PABHOBECHH.
CrhemoBaTe bHO, YCTOWIHBOCTH CHUCTEMBl 3aBHCHT OT MaT-
PHIH ¢ 9JIeMeHTaMH a ;.
HonycTuM Temeph, 4ro KayKiplid Buf cam mo cebe mmecT
YCTOMYMBYI0 PABHOBECHYI0 IIOTHOCTB, K KOTOPOH OH HpI-

rme aj fAaerca (QopMynoll a;, =

?
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famRaeTca ¢ HeKOoTOPOH IOCTOAHIION CKOPOCTBIO. JTO paBlo-
CHIBHO JOMYIIEeHNIOo, 9To

a;; = —1 pna Bcex j. (65)

3darem jneaaercsd jOTMyLieHHe, 9TO Bce ADPYrue a;, (mpm
j = k) TojuMBeHH pacmpejeNeH0 BEPOATHOCTEH ¢ HYJICBLIM
cpenHuM u pucnepcueil S2. Ms1 moskeM mpefcraBuTh cede, uTO
pelMIMHA S XapaxTepuayer CPefHI0 MHTeHCUBHOCTL B3au-
MOAEHCTBHA MeXIy BumamMu. ITH B3AHMOJEHCTBHA MOTYT
AMeTh Ti000¥ 3HaK; eciyM TOBOPUTH O MapHLIX B3amMojieicr-
BAAX BUAOB, To Hallle TMPENNOJO/KeHAe 03HaYaer, 470 KOHKY-
peHIHS W KOMMEHCAJIM3M BCTPEYaTCA OJMHAKOBO 9acTo, W
B CyMMe HX 9acToTa COOTBETCTBYeT 4acToTe BaamMmojieilcTBHi
xumHEBE—;ReprBa. [lamee Mboit morasmiBaer, 9ro ecau m > 1,
T0 B cJAydae

7

S < (2m) (66)
CHCTeMa IIoYTH HaBepHOoe yCTOI‘Z[‘]I/IB&l7 a B clay4ae
1
S> (2m) * (67)

cucTeMa HeyCTOHYHBA.

Jarem Mbil nepexoanT K IPeAmOIOMEHNI0, COTJIACHO KO-
TOPOMY @, C BepOATHocThbI0O C TOJUAHEHE TPHBEHCHHOMY
BBIIle CTATUCTHYECKOMY paciipejielleHHI0, 2 ¢ BEPOSATHOCTHIO
1 — C paBHH HY&I0, M TOKa3sIBAET, UTO KPUTEpWi yCToRTn-
BOCTH, COOTBETCTBYIOIIUA HepaBeHcTBY (66), mpumer B 2TOM

cIydae BUJ
1

S<(2mC) *. (68)

Benuwunna C unpencraBiasger coboit BEPOATHOCTH TOTO, 4TO
ar06u1e JlBa Bl HEIOCPEJCTBEHHO B3aMMOJeHCTBYIOT APYT C
APyToM, M ee HA3HBAWT «CBA3HBAEMOCTBIO» (,,connectance’’)
OHIIEeBOI ceTu. ITOT AaHANUTHISCKAUH Pe3yIAbTAT XOPOLIO COOT-
BeTcTBYer pe3yabrTaTaM, HoXyueHHeM l'appgmepom u IJmbu
4] pas mMuTAnMM ¢ MOMOMBIO BHIYACAUTEILHON MAIIHHEL
Ipw m, pasaEwXx 4,7 u 10.

Rax caemyer mHTepumperupoBaTh 3TH pesyiabrarm? OHE
CBUETENBCTBYIOT O TOM, UTO CCAM Ka/KIHil W3 HEKOTOPOrs
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9rc1a BAJOB, OyIyYl M30JIMPOBAHHLIM, HMeeT HEKOTODOE yc-
r0iiunBoe paBHOBECWE, TO IIPH BO3PDACTAHHM UHCIIa BHIOB m
wian cBsasviBaemoctd C cpefHsis MHTEHCHBHOCTH B3aUMOeii-
cTBUA S MEKAY BHIAMH, COBMECTHMAS € YCTOHIUBOCTDHIO,
yMeHbinaercss, A »To cHoBa IPHBOSUT K BHIBOAY, 4TO YCTOli-
YPBOCTH GOJBIMUX U DOTATHIX CBABAME IPUDOMHBIX DROCHCTEN
o6yC10BAeHA TOJBKO BHCOKOH CTENMEHBI0 HECJAYydalHOCTH uX
cpsisetl.

Ecnu mexoguTh U3 IPEANOTOIRCHUSA, 9T0 B OCHOBE YCTOII-
YMBOCTH PEANTbHBIX DKOCHCTEM JEHUT (UCKIIOUCHUE BHUIOB)
(rz. 7, pasa. I'), To momens Mast BRI3LIBAET ellle PAZ BOIPOCOS,
Mbit moxasal, 94To KOCHCTEMAa, B KOTODYI BXOJUT M BUOB,
B3aUMOIEHCTRYIOIUX JAPYT € APYyLoM caydaiHmMm obpasow,
B IH ORaykeTCA YCTOHIMBOH, ecam m Berumro. OgHano
MO;KII0 3a/1aTh CACAYIOIHA BOIPOC: ecid B Kakoe-aubo coof-
IMecTBO BBECTU M BHUIOB, TO KAKOBO O/KHUaeM0e HHCJIO 7
(rge r < m) BHIOB, KOTOPHE OCTAHYTCA B YCTOHYMBOH CHCT(-
Me IoC.Ie 3aBepleHus Ipolfecca NCKIIIeHnA BugoB? OTBer iia
3TOT BOLPOC 3ABHCHUT OT TOTO, BBOAWINUCH JIH BUIbI MO OJHOMY
HJIH BCe Pa3oM, a Takke oT APYTHX gonymenui. Ho ecian ona-
SEETCHA, 9T0 MpH OOJBIUX M OTHOUIGHWE 7/m HeMHOTAM MeHh-
nie egHHANE ¥ 9TO MOJelb, OCHOBAHHAA HA (HCKJIIOUEHIII
BHOBY, MPAIOKUMA KAK K MATEPHKOBLIM, TAK U K OCTPOBHEIM
DKOCHCTEMAM, TO CYIIECTBOBAHNE CJOMHBIX IROCHCTEM MOJKIIO
Oyner o6bACHHTE, He Npuberasg K «TeHETHIECKoH obpariioii
cpasmy, OgHAKO BCe HTH «eClIU» BeChbMa BEIHKI,

B. YnopagoueHHO CBA3aHHBIE CETH

I pyroit Merom cocrouT B TOoM, 9T0OLI paccMaTpUBaTh DL~
cucTeMy, HM3MEHASA KaRuM-Iu6o YIOPANOIeHHHM 06paso
CBA3HOCTH (conmnectivity), Ho He 3arparmBad TIpodHe YcepTH
cuerembl. B kadecrBe mTpHMepa PAaCcCMOTPHUM  DKOCHCTEMY
(na pmc. 41), cocToAmMyw u3 [BYX BHJOB KEPTBEL, JBYX
BUI0B XHMHUKOB, 00DPasyoIinX ITPOMEKYTOUHEH yPOBEUh.
M JIBYX BUJOB XWIHUKOB, COCTABJISIOMAX TOCJeAHEe 3BeHO
nen. [Ipegmosaraercs, 970 IUCTEHHOCTD ABYX BUIOB MepTHY!
OTPAHHYABAETCA HaJ WIdeM pecypcoB. CBSIBHOCTD CHCTEMb
MOYKHO H3MeHATh, YBeIMINBAA MIK YMEHBITAA PoJab crpeaok
(BHIPA:KAIOMUX KOHKYDEHIHIO Me/KIy BHIAMH KepTBH), 1)
(BEIpARAOOINX KOHKYPEHINI MEXKIY TPOMEKYTOTHLIMI
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XWIHUKaMH) win E (BeIpaKaoNUX KOHKYDEHIHK MeLIY
XUIMHAKAME IOCIEIHUX 3BEHBEB).

« ‘ Pecypcbi

>
>
RV

)

Puc. 41. DxrocueTeMa, B KOTOPYHIO BXOMWT IIECTH BHIOB.
CTpEJ’I}{H IIOKA3BIBAIOT HANPABICHIIE IIOTOKOB BCUIECTBA.

l
() o
|
()
|

XuuLHuKu nocaednezo
36eHa NuUWesoU yenu

XuuHUKU GpecHezo
38eHd nuuw,esol yenu

BTy CHACTeMY MOKHO OIIMCATH IIPH IIOMOIOH ypaBHeHHfI

X; =X(ay—ay X;—apX—a ;X 3—a, X, ),
Xé = Xp(@gg— o X 1—3p Xy —a53X 3—05, X, ),
X;:Xz(aso+a31X1+032X2 —a3;X 506X g), (69)
X;‘:X,‘(al‘o—kaqu“Lasz — X 5—a,5X ),
X, =Xs(as FagXgtas X, ),
Xo=Xe(ag “FagsXstagX, ).

B stux ypaBHenusx Bce a;; mogomureiabubl. Hosddnmu-
@HTBl @1y U Qy GOJLINE CNUHUNLL, & dsy, g, Q505 (go MEHBIIE
eIMHUIIH.

Caesyer OTMETHTB JBA IOUYNIeHUA, JEKAIIUX B OCHOBE
Hamrero aHaM3a.

1. O ypaBHeHHMA 3almECaHBl B pasHocTHONl @opme, 4TO
DPaBHOCHJIBHO MOUYIEHHI) HeIMepeKpPHBAIUXCA IOKOJIe-
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uuil, Oug, OFHAKO, MOTYT CAYVRHTH TAKMKe I OMACAHH 210~
CHCTEMBI ¢ HEMPEPHIBHEIM PAa3MHOMKEHHEM, HO ¢ 3ala3ibIBal-
miefl peryasimuei.

2. ToabKo ypaBHEHHS JJIA ABYX BHJIOB JKEPTBH COOEpPKAT
YJIeHkl, COOTBETCTBYIOMUE caMoorpanmieHuo. Taxkum o0 pa-
30M JOIYCKAeTCsA, UT0 BHAH KEPTBH OTPAHUYUBAKTCA pe-
CYpCaMH! CpefBl, TOTHAa KAaK 9YUCJACHHOCTh OCTANBHHIX BHUI0L
OTPAHUYUBAETCA TOJBKO HX NHIe!,

IToBesenne orolt cumereMBl 3aBHCHT OT OTHOCHTEJbBIO
POIHN 3amaspIlBAHME, IIOPOKIAEMEIX THCKPETHOCTHIO CEe30HORB
PA3MHOMKEHNA, U [eMIQHPOBATIMA, 00YCIOBIEHHOTO CAMOOT Pa-
HUINBAIONIMMUACS TIeHaAMH.

B ypaBuenusax (69) mmeerca 26 mpoW3BONBHBEIX IOCTOHH-
HEIX, Tpebyercsa cBecTm MX K TpeMm mapaMerpaMm — ¢, d 1
€, CIYMAImEM Mepoll CBA3HOCTH CeTH Ha Tpex TPOoPUIecKiy
VPOBHAX. OTOr0 MOMKHO FOCTUTHYTH CAEAYIOIUM 0Gpa3zol.

1. Ilycts a;; = a;; paA BceX KOI(QPHIMEHTOB, KPOMC
@y, W ay. IT0 03HaUaerT, 9T0 X, ..., Xy BEHIPAKAIOT «IKBI-
BaseHTHyI0 Omomaccy», a He duciao ocoberr. Taw, ecam, ma-
TIpHMep, K TPAMMOB RePTBE IpeBpamaiorces B 1 T mpomesxyTou-
HOro xmmuuka U eciu X; U X, COOTBETCTBYIOT ParTHIECKOI!
f6moMacce KepPTBH, TO B KaKOM ciydae X; H X, BEIpasHawT
darrmyeckyio 6moMaccy XHIIHWKOB, YMHO;KEHHYIO Ha 1.

2. 3uavennma X,, ..., Xy AaIAa RaKmoro BHUAA B TOURe
PABHOBECHA CYATAIOTCA IOCTOAHHHIMHA U PABHEIMH eIHHHUILE.
Ilockoabky oHEM BHpasKalOT SKBEBAJEHTHHIE, a4 He (aKTHIeC-
Kue GHOMACCH, JOMYI[eHHe O TOM, ITO KOIHIecTBa GHOMACCH
Ha BCeX TpeX YPOBHAX OAWHAKOBEL, HeJlb3sd CIATATH Hepeasnc-
THIHEM, Bofop euHHIb B JaHAOM CJyd4ae MOKHO paccMart-
pUBaThL IIPOCTO KAaK HOPMHADOBRY.

3. NcTuHHBIE CKODOCTH POCTA Gqg, ..., Uy BHIOpAHEL Cie-
AyIONiEM 00pa3oM: IpH OTCYTCTBAH B3aWMOXEHCTBHA Me1Y
nBymMs numesbiMu memamu, X,—X;—X; u X,—X,—X,.
3MA9EHAA @y, ..., dg TAKOBBL, YTOGH ofecmegmBaThL KOI€0A-
HUA KayKJIOH Iemd BOKPYI' COOTBETCTBYIOMETO PaBHOBECHOLO

1 B [elicTBATEILHOCTH Pas3imime MeRAY JKePTBAMA M XHIIHEAKAMH
B TOM, 9TO YHCIeHHOCTD KePTBH OIPAHHICHA HEKAM NOCMOAHHbIM KOOI
9ecTBOM pecypcoB, & UHCIEHHOCTh XHW(HAKA — UZMEHTOUWUMCR BO
BPeMeHH KOJAYecTBOM KepTBH. — ITpus. ped.
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3Ha9eHAA ¢ MOCTOAHHON ammiauTynod. Bo mabesanme peso-
HAHCHEIX 5(QQeKTOBR mepmodsl KoIeOaHWil RKJOW Iemu IO
OTAEABHOCTH pPAa3;JIHdHbl, COOTBETCTBYs 6 OOROMeHmAM A
OfHON Tlenu 1 8 TOKOJIEHMAM AJIA ApYTrom.

W3 gomymenna 1 cuegmyer BoceMb ypaBHEHHH, H3 JOILY-
menna 2 — ulecTh ypaBHeHHA ¥ W3 JONYIIEEHA IS—eIe
WeCTh, CBA3MBAIMUEX aTH 26 Koadduumentor. B pesyanrate
JJA OUNCAHMA UHTEHCHBHOCTE CBA3EH MEMHAY ABYMs HHINEBHI-
MU I[eHAMH OCTAETCA IecTh ypaBHeHuil. ITH ypapHeHHsA 3a-
BHCSIT OT TPeX IapaMeTpoB M MMeIOT CHeNyoIuid Bu:

Qyp = CAyy, Ay = Cdgy,
ay = dayg, g = dag, (70)
Qus = €dgs,  Qgq == €lyg.

IIpu sToM clegyeT cY4mTaTh, 4T0 ecau ¢ = 0, TO MeHIY
BHAME JKeDPTBH KOHKYDPEHIHSA OTCYTCTBYeT; ecianm ¢ = 1,
TO KOHKYPEHIWSA MeKIY BUIAMHE JKEDTBH JOCTUIaeT MaKCH-
MaJbHOH CTEMeHW W KayKABIH BUJl SKePTBHI MOJABIsET B paB-
HOHl Mepe KaK CBOEro KOHKYDeHTA, TaK # camoro cebs; ecau
e ¢ >1, To paBHOBECHE MERIY BUTAMI KePTBH U PH II0JHOM
OTCYTCTBHN XHOIHHLKOB Oyaer HeycrodamseiM. I[lapamerps
d U e MMEIOT CXONHEIC BHATCHUA JUIS KONKYPEHIHH MeRKY
XAMHAKAMH TPOMERYTOUHBIX ¥ KOHIEBHIX 3BEHBEB IEIH.

Ncnoavaya gonymenuss 1—3 m ypasrenma (70), mokHO
BEIIHCIATE KOBQPUUMEHTH a;; Kag tbyHmmn mapaMerpoB

¢, d m e. Ecau Temeps sanucath X; = X, (1 -+ z;) pas Beex i
W PaccMaTpUBATH TONBKO HeGOJLIINEe OTKJIOHEHHS OT pPaBIo-
Becud, To ypaBHernus (69) npumyT Bug

" I] (1—ay) —ap —ay —ay O 0 Ty
x, —ay; (t—ap) —ay; —ay, O 0 T

: z, _ +ay Hay +1 0 —ag—agel |2, (1)
73; +ayy A ay 0 41 —a—a |2’

: ‘Is 0 0 + as3 +az 41 0 s

A 0 0 +ap taw 0 +1 )iz

" 9tr ypasHenna pemaiporcs Ha DBM MeromoM mrepalmmm i
JOCTAaTOYHOr0 WHCIA DOKOJeHmH, 4To0b MOMKHO OBLIO H3Y-
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YHTH HX YCTOHIHBOCTH. ITO OLLIO CHAETANO IS PABITIYilhx
3HAUeHHI IapamMeTpoB ¢, d W e; PE3YIBTATH IIPEICTABICH L
una puc, 42, Ilpu uarepuperammu oroft GUrypsr ciegyer moy-

Puc. 42, TloBefienuie meCTHBIIOBOH SKOCHCTEMSI IPH DPa3HLIX 3HATC-
HOAX ¢, d | e.

Bo Bcex cnywaAax mph ¢ -» co Mpeofnanaer koneGaTenbHoe moBeneHme., UUucia it

eTPEJIKAMIL YKABKEIBAIOT OTHOUIEHNE aMIUIMTYIBI IPON3BOIBLHOr0 Kole0aHUA K aMiL -

TYHE MPEeNUecTBYIOUEero; MJUHA CTPEJIOK IPOMOPHUMOHAJIbHA JorapudmamM storo 0T~

HOIDEHUA. Tawum o0pa3oM, CTPENKH, HANIPABJICHHEIE BBEPX, COOTBETCTBYIOT pacyi”
OAMUIMCA KoJeCaHuAM.

HUTH, 9T0 B U30JUPOBATHHIX Temax (Korja ¢ = d =e - ()
HpouCXoAAT Koxebanua ¢ mocrosHuoil ammamrypoit. Taum
obpasoM, crpeira, HalpaBleHHas BBepX, HOKazwBaer, 470
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¢BABHOCTH BHIBBAJIAa HeyCTOHUMBOCTH, a CTPeNRa, HAIpaB-
JICHHAS BHU3, — ycToHunBoCcTh. flcHO, 4TO CBA3BHOCTH MOKCT
KaRk CTadu/IM3UPOBATEH, TAK M JeCTabHIMBUPOBATH CUCTEMY B
3aBUCHMOCTH OT TOTO, 114 KAaKOM YpPOBHE OHA IIPOABIAETCH.
Boodnie KOHKRYDEHIINA MeMKIY BHIAMH ;KEPTBEL OKa3kIBaer
pectabuiIn3Npyomee Bo3geHcTBUe, TOTA KaK KOHKYDEHIUA
MERIY XUIHTKAMU, COCTABJIAIIINMHA KOHIIeBBIE 3BEHLA I[CMN
(r. e. HeCTIENHAJINBHPOBAHHBIMEH, & He Y3KO CICIHAJIH3HPO-
BaHHBIMO XNHIHMKAMH), UpHUBOAMT K crabuamsanuu., Homry-
PeHIHA Ha IIPOMEKYTOUNLIX YPOBHAX JeHCTBYeT B pa3Ibix
cIyIasix IO-PABHOMY.

B moBepennm paccMarpuBaeMoil cHeTeMBI eCTh OIHA 0CO-
fennocThb, He BLHABIAeMaA Ha pHUC. 42. B Tex caywasx, rorma
CBASIIOCTh Cra0uamsupyer cumcreMy, wRogebamums B obemx
MUICBHIX LemAX COBIANAIT IO ¢asde, a UX MePHOT MPUMEPHO
COOTBETCTBYET CEMIH TOKOJEHUAM, OYAYIN IPOMEHYTOYHBIM
MEKAYy NepHogaMu AJd KaERJoM u3 Iemned 1mo OTIeJbHOCTH.
Ecnim ;xe CBA3HOCTH OKAa3BIBaeT MecTa0HIMBIpPYIONee BO3-
neficTBme, TO KoJieGamis B 9THX [BYX MelAX He COBIATAIGT 10
dasc (mpn BO3PACTAHNE UMCIEHHOCTH OHOTO BHTA JKEPTBA
FUCHEHHOCTD PYTOT0 COKPALLAeTCs), a WX HePHO COCTABIsET
or 10 mo 20 moroxenmit,

I3 proll Momenn ciejyer TpW OCHOBHBIX BHIBOJA:

1) ROHKypennus HAa YpPOBHE KePTBLH OKa3BIBaeT gecTabi-
JU3UpyooNiee BO3TeHCTBHE HA HKOCHCTEMY;

2) KOHMKYDeHIHA MeRAY XUIMIHWKAMHU (T. e. Me:RIYy Heclle-
IUAJN3HPOBAHHLIMU, a He MeKIY Y3RO CHelUaJu3NpPOBAHH-

L 1 I L | L Jrepn
? Q ' Q JHCepmaa
TSN

Pue. 43. pyroil mpmmep mIcCTUBHAOBOI BROCHCTEMII
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MM XUI({HHKAaMH) OKa3biBaeT cTabunamsupyoniee peficTsc:
5) Korfa IIojf JelicTBHeM CBABHOCTH cHcTeMa jecrabiri.
supyercsa, KoiaeGanua BXOAAMUX B I1€€ KOMIIOHUEHTOB He COB-
Iiajiator mo gase, IpudeM IepHoj 9TuX roJjebamuii 6oabme,
qeM B TOM CAyYae, KOIja dTH KOMIOHEITHl H30IHPOBAHDL.
Baskno yeramornthb, 1e ORasBEBAET JH BIHANNA Ha Iepe-
IUCJICHHBIE HAMH BEIBOIBI CTPYRTYPA HMEIITO TON DKOCIICTEML,
KoTopad maobpaskena wa puc. 41, niw Ke pasauUTHble LPUIIA-
Thie HAME JOIOJHUTE;IbHEE fonmyirenmsa. llo-BEmuMoMy, 210
BJAMAHME OTCYTCTBYET, HOCKOIBKY B TOYHOCTH TaKWe Ke 3a-
KTIOUCNHMs BHITEKAOT W3 AHAJOIMIHOTO AaHANW3a CHCTEMLI,
npeacraBiaesnodl Ha pume. 43. Ilokasamo Taxske, 4rT0o Ha 9711
3aKIIOUEHHA He BIAUAIT H3MEHEHUA COOCTBEHHOTO MepHO1a
KoJe0aHWil M30JIMPOBAHHBX MEIIEBHX IeMeH MW H3MEHeHNd
PABHOBECHBIX 3HadeHHW GmoMacchl pasHHX BHUIOB.

I'. CootBercTBHE MOjeTell pesyIbTaTaM mMOAEBHIX HAOGMIOTeHHii

B raxoii mepe Monenn, onucagHEHe B 9TOH M B OpeAnAyINei
I1aBaX, COOTBETCTBYIOT OpPEACTABIEHUI0 006 YCTOMUIMBOCTH
Kag o ciaemcTeum cioskuocTu? OO6cyspenme sroit mpob6aeni
Tmode3no HaYATh ¢ uaokenna pabor Yarra [79, 801, B xotoprix
01l OHITAeTCSA BEIACIWTH, IPHBOAUT N B OPHAPOSHEIX YCIOBHAX
CIOMHOCTh IMILEBHX ceTell K yCTOMYMBOCTH MR K HEYCTOMY1I-
BOCTH, YarT mpoaHaausmpoBaia obmmpHble gaHHBIE, cobpar-
mple Canadian Forest Insect Survey, OTHOCHTENIBHO BIAWAHN
[a 9UCTEHHOCTH HONYJANMH pa3imaabiX Bu0B 6aboder Tex
KOPMOBEIX pacTellNii, KOTOPHIMY OHIU MUTAIOTCS, H TAKCOHOMII-
YOCKIX B3aWMOOTHOLICHHE MeKAy HuMuE., OH OpHIIer K B
BOJy, ¥YTO YCTOHIMBOCTH Ha JIOOOM TPOPHUECKOM YPOBIIC.
Kak PacTUTENBHOANHOM, TaK H IJIOTOSTHOM:

1) BozpacTaer ¢ yBeAMTOHUEM YUCIA KOHKYPHDPYIOMUY BIl-
OB HA 3TOM YPOBHE;

2) yMeHBIIAETCA ¢ YMeHBbIIeHHeM TNCJA KOHKYPHDPYIOMIIX
BHJIOB, LUTAMI[HXCA BUJAMH, COCTABIAIOIIMMHA 3TOT YpO-
BEHB;

3) yMeHmbIIaeTcsa ¢ yMeHbITeNHEeM [0 CPebl, cofepsKamteil
moTpebHyI0 HUITY.

TepMun «ycToWInBOCTHY HCIOJIb3YeTCA 3[eCh IIPHMEHH-
TEIBHO K OJHOMY BHIY; YCTOMYHBOCTH CIMTAETCA MaKCHMAIh-
10H, KOT/la TOAWIIIbIE KoebanusA TUCIeHIIOCTH (0 JorapadmMI-
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geckoil MIKaIe) Jannoro Buja MAHEManbue, CBoe mepBoe 3a-
KIIOUeHNIe YaTT BHBeJ Ha 0CHOBAHHM HaOJOIendil, moKasas-
MUX, 9T0 YHCICHHOCTE BHOB,KOTOPEIE INTAIOTCA HA KOPMOBBIX
pacTeHyMAX, CIYKAllAX Tak:ke IIMIed U J18 MHOTHX ApPYIMX
BHOB, KoJebileTcA Merblile, 1eM THCICHIOCTE BHAOB, KOTOPbIe
PasAeNAIOT CBO HHILY ¢ HeOOJNBITHM THCJIOM JPYIHX BHIOB.
Tperbe 3akm0UeHMe Yarra OCHOBAHO Ha AIBYX TpyDlax Jad-
HHX: BO-IIEDPBBIX, YHCIEHHOCTH BUJIOB, KOTODblE THTATCA Ha
60JBIT0M IHCTE KOPMOBBIX pacTeHuH, mojBep:Rera Goxaee pes-
KHM KOJIe0aHusaM, 1eM IUCIeHHOCTD BI/0B, TUTAIONIMXCH JIMIIb
Ha HeCROJIBKMX DACTEHHAX; BO-BTOPHIX, B ciaydae, naubolee
ABHO TPOTHBOPEYAIEM 3TOMY HpaBuny (eloBasg JTHCTOBCPTKA,
KOTOpas IHTAETCH BCEero JuIlb Ha ABYX KODPMOBHX pacTeHH-
AX, HO YHCIEHHOCTH KOTODOH TeM He Meliee BechMa HEyCTOil-
9uBa), 3Ta HEYCTOHINBOCTE HabJalOaeTcd TOJIBKO B TeX pailo-
HaX, I;le KOPMOBLIE PACTEHHA 3TOH JIMCTOBEPTKU COCTABIAIOT
OCHOBHYIO 4acTh cpensl. Bropoe 3axkimouenme ¥YaTra He BHITC-
KaeT U3 INPOBefeHHOTO MM aHaaM3a, a cPOpMYJIHpPOBAHO A
Toro, 4To0Bl ydecth jgamubie l[Béandepa [87], woropuii 06-
HAPYJRHJ, 9T0 FeIIYyEeKPBLUIHIM, IOJBEPTANIIMCA HalageHRo
HECKOJIBKAX IIapasuToOB, CKOpee yjAaercAd (yBHIBHYTbY H Y
HEX 9Yame BO3HUKAOT HeperyJImpyeMbie KoJdeOaHHA dmcJel-
HOCTH, YeM Y TeX, Ha KOTOPHIX NAapPA3HTHPYET TOJABKO OIUH
BUjI.

Kax wmomuO 06bacHuTh Bce dtH  3ariaodenus? Tperwe
3aKJA0UEHHEe YaTTa HOHATH AOBOJBHO Jerko. YmeaemmocTn
IOy TAIMA PACTHTEIBHOSAIHOIO BHAA, HO Bcell BepOATHOCTH,
6yner nopBep:eHa KodeGaHuAM ¢ OGOJBIION aMILIMTYLOM,
ecii ee HCTHHHAA CKOPOCTh pPOCTA BeJInKa, a CKOPOCTh 3Ta
BeJMKA B TeX CIy9asAx, KOrja MHIIA JeTKO AOCTYIIHA H pac-
fipejeeHa TOCTATOYHO IIOTHO, TAR 9TO IOTEpH ocobeill npu
paccelerunl He3HAYATETBHB. J[Ba ApPYTUX B3aKIOTEHHA IO-
HaTh Tpyauee. Ha mepBerit B3rasx oM, Kazaxoch 651, IPOTHBO-
pedar TOMY, UTO BHITEKAET W3 TOJIBKO ITO ITPOBEIEHHOIO pac-
CMOTPEHHSA NIeCTHBHOBHIX sKocucTeM. OAuaKo 1moxobHoe cpas-
HeHme fABII0 HelpaBoMepHo., 3aKIIUCHHA YaTra RacalTcA
OTHOCHTEIBHEIX AMIUIATY] KoaebanusA pasHHX BUIOB B IIpe-
Jexax OfHOH HKOCHCTEMEI; B HAUIHX Ke MOJAENAX CPAaBHHBACT-
€A ycTOHIMBOCTH PAa3HBIX 3KOCHCTEM. B wactHocTH, BrOopoOe
BaRJOUEHNE YAaTTa 34CTABJIAET JYMATh, UTO €CIH BHILI, Ha-
XogAmiecsad Ha OJHOM TPOPHUUECKOM YPOBHE, MCCHOCOOHHI K
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GHCTPOMY POCTY YHCIEHHOCTH M, CJIE0BATEJALHO, YCTOHUNBI,
TO BMjBI, o0pasyolue TOT TPOPUIECKHE YPOBEHB, KOTODLIi
TeKUT 11eI0CPEICTBEHIO MO/ IIEPBHIM, MOT'YT OKA3aThCA Ie-
yCTONIUBHIMU,

Orciojia caejpyer, 9To TPOBEJEHHBIM Y aTTOM aHalu3 HMeer
BajKHOe 3HadeHWe AJIA NOHWMAHUA OTHOCUTENBHOHW YCTOIyIr-
BOCTH BHUJIOB B IIpeJeiax MaHHmoW orocucTembl. OB6CVIRTas-
IIuecsA B 9TOQ I'AaBe MOJIENH, B KOTODHIX CPABHUBAEICS YVc-
TOHIHBOCTD PA3AUTHHX HKOCHCTEM, THHIb KOCBEIIHEM 00 pasa
MOMOTAT IOHATH BAKJIOTEHUA ¥ aTTa.

Cymecrsyer ellle ojla HECKOJABKO ocolasg IpuWIHHa, i
ROTOpO#l paccMaTpHBaeMble 3[eChb MOJe]d, W B HacTloCty
mopeab Mos, MOTYT He BIOMHE COOTBETCTBOBATH HROJOTIIUCC-
KUM BHIBOJ{aM, OCHOBAHHDLIM HA JaHHBIX NOJEBHIX Halm101e1i1il.
Bee aprymentst, npuBogumsie daronoM [11] u BRparite mus:io-
JKeHHble B HadaJe IW. 7, OTHOCATCA K OJHOI KaTeropHI: OMH
CBUIETEIBCTBYIOT O TOM, UTO pacXojsliuecs KoJXe0aumsa IIpu
B3aUMOJEACTBUAX XUIMHUK—KePTBA (HOX 9THM TEPMITHOM
MBl O0BefuHsIeM BCe IUTIOC—MUHYC-B3aUMOMeHCTBHA) wvalue
pabaoanTcA B PKOCHCTeMaX € HeGOJABHIMM YHCIOM BIL{OR.
Mesgay tem momesb Mos mm B KoeM ciydae He JOIVCRACT
pacxoaamuxcs Kojdebanuil OPH B3aMMOMEHCTBHM XHILHIIK -—
sweprBa. Tak, ecau N; u N, — GUCACHHOCTH COOTBETCTBEIIO
JKePTBH M XHMIOIHUKA, TO OTKJIOHEHHWS HTUX THCIACHIIOCTOH OF
PAaBHOBECHEIX - ONHUCHIBAIOTCA Y PaBHEHUAMMI

Nj=—n;—aj Ny,

Np= Qpj Mty — Ty,

rjae o a;., U @;; IOJOKHTEIBIIDI, Jlerko HOKa3aTh, 4r0 ?I‘H
ypaBHEHUS He MOIYT IIPHBECTH K PacXOAAIMMMCA ROI1eDI-
nuaM. llo cymecTBy B oTuX ypaBHeHUAX IpeAmoaracrcst.
UTO0 YUCIAEHHOCTH BCEX BUIOB, B TOM 4UHCIe U XHIMHUROB. (a-
MOOTPaHHYHBAETCA; KPOME TOTO, B ITMX HE YYUTBIBAIOTCA 3alid3-
ILIBAHUA II0 BPEMEHH. A cJiejl0BaTeIbHO, BO3HMKAOLIIle B 1S
HeycrofunBocTH B OONBIIMHACTBE CIyIaeB OTHOCATCA R THITY
«KOHKYPEHTHOTO HCKIIOYEHHA», Tak 9T0 JI0OLIe HeycToiit
BOCTH OCILIIMPYIONlero xapakrepa Oyayr Bo3unkarh B
pe3ynbraTe B3aHMOJEUCTBUY My MHOTMMHK BHAaMIL. & !¢
B peaynbrare IPOCTHX B3aMMOAEHCTBHN XHIMHHK—Repini.

Taxun oGpasonm, mogens Maa me mopTepskmaer, HO 11 1
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—

QHpPOBEPraer HPeiIod0eHUA 0 TOM, 4T0 MIOTOBUXOBEIE JLKO-
cucTeMp 60ee yeroHYMBEL, HOTOMY 9T0 OHH YMEHBINAIOT BEpO-
ATHOCTH KoJefaHuil IpH B3auMoeicTBHsAX XUIIIIHK— KePTHA.
OpHaKo B HOJb3y IMOJ00HOT0 IIPENNOJOKEeNNusa CBUALTENDb-
crBylor nHabaiogenus Yarra |80], cormacHo KoTopniM Koue-
faHUA UHCAENHOCTH PACTHTEIABHOMINBIX HACEKOMBIX 6Goxee
BEPOSATIIEL B TeX CAYYAX, KOTHA KOPMOBOe pacTeHue (HIM pac-
TeHH) COCTABIAET 3HAYMTEIPHYIO 9aCTh CPeALl; AHAIOTHIHKE
OpUMepBl IPHBOAT I JpyrHe aBTopel (Hanpumep, Caruex [72]
o medoamnaruu gy6oB auctoBepTRo@ Tortriz). OTHM HaHULIM
COOTBETCTBYET TAKiKe HIITEPECIIoe HPEANIOJ0KEeHHe, BhICKA-
sannoe Iowneaaoy [10], oTHOCHTEABIIO BHICOKOH YHCICHHOCTIH
KOIKY PUpPYIIEX BHjIOB B TPONNYecKnX drocucremax. Hou-
HEJILT CYHTAeT, 4TO B JOKIEBOM TDPOHUYECKOM JECY I ONHH
BUJl XEePEBLEB HE MOJKET CTATh Uepecuyyp MIIOrOUHCICHHBIM,
TAK KaK B 5TOM CJydYae HA HCIO HAKHHYTCA CICIHAIN3UPO-
BaHHLIe XUIIHUKH 1T UTOMATOTENE. JTO PABHOCHIIBHO YTBePK-
JEHIIO, 9T0 ILIOTHOCTh KayRIOTO BHJA [ PEBECIBIX pacTeIni
HOJ[eP/KMBACTCS 11a HEKOTOPOM IIEBBHICOKOM PABIIOBECHOM 31ia-

YeHHH &; 3HAYEHHME HTO TOPA3AO HIKE BHAYCHUA CMROCTH
epeanl x,, KOTOPOro OHA MOIJa OB JIOCTHTHYTH B OTCYTCTBHE
XAOnnRok wan 6osesHeil. Ha mepBLIi B3TAAN CO3TASTCH BIIC-
qarrene, YTO MPH 3TOM JIOJKHLI BOBHHKATH 00 bIYHbIe HEYCTOM-
YHBOCTH OCHHINHPYIOIero Xapakrepa. Tak, BECKasbBaloCh
MEenie (cTp. 43), UTO KojebaHuss B cuCTeMe XHIOIIMUK—

mepTBa mamboaee BEPOATHEI B TOM cJyuae, KoOra & & ..
Onnaro mpu 2TOM BBHAY KOHKYPCRIMH € APYTHME BHIAMU
JlepeBLeB HH OJUH BHUJ He cHocoferr 3a KOPOTKOe BpeMdA
YBETHIITH CBOK IJAOTHOCTH TaK, UTOOH OHA IIPeBBICHIA PaB-

HOBECHYIO ILIOTHOCTH ¥, & CIeJOBATENABHO, KOJNeDaIsa dTHc-
JIeHHOCTH BO3HHKHYTH Ire MoTyT. Mosker OLITh, B KOHEYHOM
cyere, ecau 6Ll BCe XMINHKRH OBLIM YCTpAHEHbl, OANH WJH
HECKOIBKO BUJ0B ACPEBHEDB IyTeM KOHKYPEHTHOrO ICKIIOUE-
HUA BLITCCHILTH OBl BCE JPYTHE BILI, 110 HTOT IPOLECC OTKCI
ObiTh OweHB JAMTEABHBIM IO CPABICHINO C KH3HEITHBIM L(HL-
JOM XHIIMHHKA.

Tarny o6pasom MOKIIO mpexcraBurh cebe menywo yeroii-
YUBYIO 2KOCHCTEMY,B KOTOPOH Kask[nil BU7 jcpeBBEB BCTPC-
"Maercs oTHOCHTEJIBIIO PEIRO U HAXONIITCA B COCTOSIIIHHE PaBHO-
Becns co CBOMMM XHIINUKAMH H IIATOTENAMU. ITH PABHOBECHH
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YCTOHYUBEL, DOTOMY 9TO KOHKYPEHIHA OPenATCTBYeT 6bcTpo-
My pocry dmciaeHHOCTH Jo6oro Buja jepeBbeB. B To e npe-
MA KOHKYPeHTHOe HCKJIKUeHHe CPefii BM/IOB NePEBBEB IIje-
JOTBpamiaeTcsa cueluguaHoCThI0 XHMOIHUKOB. IlomobGras cuc-
TeMa MO3KeT OHTH yCTOHIMBOM, TOTma KaK CHCTEMAa, COCTOf-
mas JUIIb U3 HEeCKOJLKUX BHJOB [[EPEBHEB W MX XHUIHUKOR,
MOKeT OKa3aThCs HeyCTOWIuBOM.

ITpuauubl OTCYTCTBHA AHAJOTHYHBIX CIOKHBIX DKOCHCTey
B YMEPEHHHIX W apKTHYecKux o0JacTaAx Hescubl. Hommer:
NMpepuoNaraer, 4To «XUOIHUKHY 0ojJee TyBCTBHTEABHH K e3-
KUM KoJie6anmuAM KIHMATHYECKUX YCIOBHH, 9eM X GRepT-
BBI», M, CJIeJ0BATeIbHO, CmOoCOGHH DPEmATCTBOBATL BII1aM
AEPTBBL JIOCTUTATh BHICOKUX MJOTHOCTEH JUITB B yCIOBIAX
TPOOMKOB. B03MOKHO, UTO 3TO IMPEATIOI0KEHTe W CIPaBe/1i-
BO, OZHAKO MPHIUHK TOXOOHHIX PasTHYMil B IyBCTBUTEIBHOC-
TH HEIMOHATHH.

HNrar, marematugeckme mopenau, mogodusie mMomesasm Mos
[51] m Crpobera [75], sicHo mOKA3BIBAIOT, 4TO YCTOMIUBOCTE
He ABJIAeTcH HeoOXOOWMBIM MW Jajke IMPOCTO IIPABAOIMO00-
HEIM CIJIEICTBHMEM BO3POCIIeH CIOKHOCTH. TemM He MeHee Buj-
MOKHH OCO0hEe CIydad, ROTJa B pe3yabraTe yBeINYeHIs
qHCJIa BUIOB B DKOCHCTEME €e yCTOMYMBOCTH MOKET BO3PAaCTIL.
Cyna mo pammmM Habmonenwil, pacxopsamuecs KoJedamis
XMIIHAK—JKEePTBA CKOpEe MOKHO ORHIATH B 9KOCHCTEMAX,
COCTOAMMUX M3 HEeOOJIBIOIOT0 9IMCIa BHIOB; TEOPETHIECKI HET
HUKAKUX NPHIAE COMHEBATHCA B CIOPABENJIMBOCTH TAKOI0
BBIBOJIA.
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KO9BOJIOII A

A. Tecueruueckass odparHaA CBA3b

ITockoanky BospacTanme uuUCIa BULOB K MEKBHJIOBEIX B3a-
uMopeiicTeil camMmo 1mo cebe He BegeT K YCTOWIUBOCTH,
peallbHyl0 CTaOUILHOCTE SKOCHCTEM MOMKHO 00BACHUTEL JHIIb
TEM, ¥TO HTH B3amMojieficTBUA B BHICIICH CTEIEHH HECIy-
9afiHel, T. €. 4T0O OHH CIOKHINCH TmOJ HeiicTBHeM oTGopa TOTO
WY mHOTO THIA. MoyRHO TTpejicTaBUTh cebe aBa crocofa Takoro
peficrBusa 0T60pa. Bo-mepBHX, IpemoNoMHUM, 9TO TeHETHIEC-
KHe CBOMCTBA BUAOB 3aKPEINIeHB! (MITH JKe WX 9BOJIOIHI He 0051-
3aTelbHO BefleT K ycToiiunBocT). Ta rpynma BAAOB, KOTOPYIO
MBI HaXOjEM B M060# jmanHO#t obaactu, mpencTaBiser coboi
MOJIMHOKECTBO BHIOB, IPUIIENITHX B 3Ty 061aCTh B IPOILIOM.
OHH HeTpeMEHHO NPEJCTaBAAKT c000H cTabUIbHOE IOIMHO-
FKEeCTBO, MOTOMY YTO B IIPOTHBHOM CJyYe Mbl IPOCTO HE MOTJIH
Obf 3acraTh X B 310 oO0mactu. Kpome Toro, aTo mommHOMKe-
CTBO JOTKHO GLITH CHOCOOHO BHTECHATEH O0JBITHIICTBO HOBBIX
HIpUIIeabIEeB, WHAUe BAB, 3aHUMA0Ie Kaky0-1100 061acTh,
uaMenaauch OBl TOpasjlo Yamle W ropasgo CHiablee, geM 3To,
OYeBHMIHO, IPOMCXOIUT Ha caMoOM [eae. B coorBercTBHU ¢
mono0HEM O00BACHeHMEM CTAa6HMILHOCTH HeoOXomuMmoe IisA
Hee yCJIOBHE COCTOMT B TOM, 4TOOH m3 obmero umeiaa /N BH-
JOB, WpHINeIINX B TAaHHYIO 06JacTh, HEKOTOPOE MOXMHOKe-
CTBO M3 r BuIOB 00pasoBajio CTabmMiabLHYI0 DKOCHCTEMY, CIO-
COOHYI0 HPOTHBOCTOATH BTOPJKEHMI0 OONBITHHCTBA OCTaIb-
HEX (N — r) BU0B. JT0 ropasio Gojaee BEPOATHO, 9eM J(OIY-
meHme O BO3MOKHOCTH COCYHIECTBOBaHHS Bcex /N BHIOB;
MMEHHO IPOTHB 3TOr0 MOCJIETHETO MOMYIMeHns TPUMEeHHTe.Th-
HO x GoapmaM NV CBAETEIHCTBYIOT JOBOAL, MOJO0HBIE JOBOTAM
Crpobexa 1751 u Maa [54].

Bo-gropux, 0160p Mor 65 HPHBOTUTH K CTAOWJABHOCTH B
TOM ciay1ae, ecim 6b B pesyiabraTe COCYMECTBOBAHUA [BYX
BUJIOB B TE€YeHHE HEKOTOPOTO BPEMEHM B HHX IIOJ JeHCTBHEM
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oTfopa BO3HHKAIH OF H3MEHCHUA, CIOCOGCTBYIONIHE Nacll-
HeiiteMy yeToHYHBOMY COCYINECTBOBAHHIO. 1uIaBHBIM IIpuBe|:-
JREHIIeM TOYKM 3PEHHA, COTJIACHO KOTOPOH Tarasa dopma or-
dopa, n3BecTHas IOH HasBanHeM «reHeTHIecKoid obparioii
cBsa3uy, cymectsyer, 6o1a [lamenrens [64) (em. Tarme Iumen-
teap u Coamnc [67]). Ilpegmonaranoch aBa BO3MOMKHBIX MeXa-
H3Ma TeHerndecKOM 06paritofl CBA3W; MBI CHAYAJA OIMIMICM
ST MEXAHHU3MEBI, a 3aTeM pACCMOTPHAM OTHOCAMIMECST K HILM
darTiTIecKue JaHHLIE,

IMepsutit Mexaumay cocrout B ciaepylomeM. 1o Mepe uame-
HEHU OTHOCHTEIBHOTO OBHIHA JBYX BHIOB MHTEHCHBHOCTL
JeficTByIOmero na mnx otrbéopa M3MEHAETCA TaKHM 00pasoM.
uro cuocobersyer yerodusoctn. PaceMoTpuM, Haupumep, IBa
ROIRYpupyomux Buna, A u B. Ecaiu Bup A Berpevaercs gac-
10, a Bug B — penow, To Bum B Oyumer B3auMoedcTBOBATI
riaasubM oOpasonm ¢ Bugom A m or6op Oymer peiicTBoBATH B
cropoiury noBhinenus >QPekTuBHOCTH BUAa B B MeKBU/OBOIT
ROURYPeUInd; To ToM Re camol mpuaure orGop Oymer mOBLI-
1urarh 3QQeRTABHOCT Buja A BO BHYTPHBHIOBOUM KOHKYpeI-
mi. B peayabrare 9THX M3MEHEHWH OTHOCHTeJbHOE OOUIMC
Buy1a B mo cpaBuenuio ¢ BujgoM A Boapacrer. Tarum o6pason.
mo;1 neficTBreM otfopa UHCIEHHOCTh 060UX BHA0B Oymer ma-
MEHATHECH TaK, 9TO CPABHUTEJBHO DeIKHHE Buj cramer Hoiec
06 THHBIM.

AUAIOTUYHEE PACCYKICHUA UPHIOKUMBI, XOTA U B MEHb-
mieil cTeleHHM, K CJAYY9ai0 COCYUIECTBOBAHHMSA XHIHHKA H €ro
sepTBbl, PaceMoTpuM MOJesIh TEILIOKPOBHOTO XHU[HHKA H er0
swepTeel (ra. 4, pasg. B); sra mojmenas BLIGpana moTOMY, UTO
VCIexX TOUCKOB XHWIHHKA BXOJUT B MOAeNb B HABHOM BHJIC.
OJIAK0 TWO/OGHBLIT X0 PACCYIRAEHIH LpHMeHuM K 0603\
B3aUMOIeHCTBHIO XUUHUK—KepTBa. Jlasa aroit mopean Onl-
M0 IMOKRA3AHO, 4TO HEOOXOMUMBIM YCIOBHEM CTabUIBHOCTH B~
JACTCA MaNH9INe H3BeCTHLIX IpeaedoB, 38 KOTophie sdderTun-
HasA obclIegyeMas 06IJacTh o BHIXOAHTH He JOJMKHA; eclOul
CAMINKOM Maja, TO XUIIHHK BHIMIPAET, a ecjam o CJIMITKOM
Beanka, To BhiMupaior ofa suga. Orbop, meiicrBylouuil na
XUIHTKA, IPUBOAT K VBEITHIEHHI0 o, 4 0T00p, MeHCcTBY M
1a ;RePTBY,— K ee ysmeubmieHnio. Ecln XHOIHIK BCTpeIaercs!
PEKO U TeM CaMbh ero POJb B TMOETH REPTBLT OTHOCHTEILITO
HeBeINKA, AaBideHne orbopa, HAIpaBleHHOe HA COBepPITEHCT-
BOBaMUe y jKePTBLI MPHCIOCOOJeHNH, CBABAUHBIX ¢ BAMHTONH
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niau GerctBoym, Oyier muskuM. Ilockombry 3amiurTHbIE neicT-
BUs OOHYHO TPeOyIoT 3aTpPAarhl 3HEPIUM, €CTECTBEHHO O/RU-
JaTh, YTO B OTCYTCTBUE MHTEHCHBHOTO oT6OpPa ¥X sdderTUB-
HOCTH TIOHUBHUTCA, a B TAKOM CJyYde BO3PACTET BeJHUHUHA o
¥ BCJIeJ 33 3THM — YHCIEHHOCTh XMIMHUKOB. I coskanenuio,
BO3MOKHOCTE 06DATHOrO HPOIECCA LIPEICTABIACTCA MEHee sic-
Ho#i. YacTo Berpevamwmuiicas XWIINHK, UTPAIOMUA 3HAYUTCIb-
HYI0 DOJb Kak (gakrop rubeiu sKePTBLI, TeM He MeHee iIoiBep-
raercA WHTEHCHBHOMY oTO60DPY, HAmpaBIeHHOMY Ha YBeln-
YeHHe O

Bropoii mexanusm renermuecKoii obOparHoil ¢BA3HM JHUIIb
mogpasymeBaercsa IlumenrexeM, Ho He GBI OIMCAH UM B SIB-
voM bupme. CyTh 9TOro MexaHH3Ma COCTOMT B TOM, 410 oTbop,
6IaroIpUATCTBYOIMA BhI/KHBAHHUIO LeJLIX HOUYJIANMA (T. e.
rpynnoBoii or6op), GIaronpUATCTBYeET 9KOJOTHIECKOH YCTOM-
9HBOCTH. B TaKUX yTBep:KEHUAX, KaK «eCJaN ;UBOTHOE mpoe-
JaeT «KamuTady (3Heprmio, HeoOXOMUMYIO A pocTa, mMojep-
JRAHUA JRUSHEA U PA3MHONeHHA), TO OHO B KOHIE KOHI[OB YHUY-
TORMT KAK CBOM NHINEBbie PECYPCHI, TaK M CaMOro cebsy»
[67], cnoBO WKHBOTHOE» MO;KET 03HAYATH TOJBKO MOMYJIAIUIO
JKUBOTHHIX. Ta yke MBIC.IB, MO-BUIUMOMY, KPOETCA B YTBEPIK-
ACHUH, YTO DBOJIOIHA XUIIHUKA MONARHA HPOUCXOTUTE TAKHM
0o6paszoM, 4ToBLl OH MOT CYIIECTBOBATH Ha <IPOIEHTED, He
TpoTasg «KamHTalay. JTO NPEICTABICHHE KajRCTCA JOBOJLHO
fecmolie3ibiM, TaK Kak B cJiy4yae ycroHYHBOTO PABHOBECHST
Me:RAY XUINIAKOM M ero ;RepPTBOH o OnpeelJeluio BepHo,
9T0 XUINIUK CYIIeCTBYeT «HA NPOLEHTH OT Kamurajiay; Ta-
KuMm o6pasoM, mepej HaMW BHOBh BCTaeT MCXOjHAasg mpobie-
Ma — jaTh 00BscHeHHe CYMIeCTBOBAHWIO YCTOHYMBOTO pPAaB-
HopecuAa. Takasa KoHIemmusa resernueckoil obparmoil c¢BA3W,
3aBHCAINEH 0T MEXaHU3MOB I'PYIIIIoBoro otbopa, He OTIHIAETCH
OT KOHICOTMA, odensb moApobio paspaboranunXx Bumm-91-
Bapucom [86].

Haubonee yGenurenbHble jaHHbIe 0 [HeHCTBUU TEeHETHUEC-
Koif o6parTHO# CBA3M HA KOHKYPHPYIOIHE BB TOJYUCIIH
OpH H3yYeHUM ROHKYDPOHIIMH M1y KOMHATHON AMyxoll
(Musca domestica) m cuue#r wnapaapHoll Myxoit (Phaenicia
sericata) [66]. Horna KoMHATHBIX W CHIHX MyX, B3ATLIX H3
JVKUX HDOLYJIANMEA, MOMEIIAJAX BMECTe B MAJCHLKUH LIOmy.IH
IHONHHIK AIMUK, MEKAY HHUMHE BO3HUHKAJa ROHKYDeHIUsd C
HEOmpef(eIeHHbBIMA Pe3yAbTATAMU — HHOTJA BELRHBAJ O UH
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BUJ, a mHOrJa npyroi. Korna sne sKcOepUMEHT TPOBOJMUIcH
8 GOJXBIIOM SIMUEKE, TO TUCICHHOCTH KOMHATHON MYXH BHaua-
Jle MOBLICUIACh, & YHCICHHOCTh CHHEH MYXH 0CTaBalach HU3-
Kolf, e1Ba IpeBplIasd MUHUMAILHBIH IJA cOXPAHEHHS MONMV-
asnuu yposerb. llo mpourectBum 55 Hemenn (mpumepHo o
JIBe HelelMH HA TeHePAI[Hi0) y CHHeil MyXU BO3HMKJIA BCIHIIKA
YUCICHHOCTH, a4 MONYJSIUA KOMHATHOR Myxm cOoycrs 65 He-
fleIb IPOCTO BRIMEPJa. JTo I03BOJSAET IIPediodararb, 9T
PasBUTHE ePBOHAYATLHO HEMHOTOYHCIEHHOTO BHA HAIPAB-
JIeHo Ha IOBHINIEHUE ero CHoCoOHOCTH K KOHKYPEHIHH, T. o,
TPOUCXONUT TaK, KAK 9TO HPEICKA3HBAET TEOPH.

1151 IDOBEPKM STHX JAHHEX SKCHePUMEHTH [0 KOHKY pert-
WU B MaleHbKUX AIHKAX CTABHNHCH € «IKCHEPHMEHTATL-
HEIME» MyXaMmu, KOTOPhIe y;Kke OBLIH M3MEeHEeHH B pesyJbrare
ROMKYPEHIUN B 6OIbINUX AMHEaX (OTKyfga mx Opaim CIycTs
38 Hemedb), a TAKIKE ¢ «IAKUMHY MYXaMH, He H3MCHCHHEBIMU
ROHRYDeHI[HeH; pe3ynbTaTH 9YKCHEPAMEHTOB IIPEACTABIEHN
B raba. 3. B o6meMm srm pesyabTaTH COOTBETCTBYIOT IIPC/I-
crasagnaM Teopud. OUeBHAHO, V CHHHAX MyX CHOCOOHOCTH
K KOHKYPeHIHH HOBHICHIACH, YTO jKe RacaerTcd KOMHATHEIX
MyX, TO AJA HHX COOTBETCTBYOIHHMX JAHHBX IOJYydIeHOo Ie
61O,

Tabaama 3

Ho3BOIONNA KOMHATHBIX M CHHHX Myx [66)]
PE‘SY.UBTHTH HOHKYpeHHINN B MAaJdcHBKAX MOMYJAUMOBHEIX AMAKAX
MeEy MyXaMH, N3MeHURIMHEMHACA (KO3BO.TIIOIIHOHI/IPOB3B]]1HMI/I) B pe3yiah-
TAaTe COCYI(ECTBOBAHAA HAa NpPOTHKeHEMM NpuMepHo 20 moKoJeHHH, 1

Hey3MeHeHHHMHI MyXaMu. B TeueHMe NepHOZa KOPBOMIONUH CHHH(
MYXI GHIIH OTHOCHTENbHO PejiKHMH, 8 KOMHATHEIE MYXH TIpeodiagann.

IIpoucxoxaeHUe Myx = IToGepman B KOHKYpeH -
p A ¥ Obmee LAY, YHCIO AN[MIOB
ypCaIo mno-
NyJFALAOH -
HbIX KOMHATHEI®] CHMHUE
CHHHE KOMH&aTHbBIe SIWNKOB MyXHx My X1
HensMeHeHHBIC Hensmeneunue 9 6 3
HeusmeneHmHERIC Kospoawnuonn- 5 0 5
poBapine
Rossomonnonupo- | HeusmeReHEHC 5 3 2
BaBUIC
Hospogwonroanpo- | Rospoaonuonn- 5 0 5
BaBITIAE poBaBinne
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Muvenrens n dan-Xaduy [65] npopeau mogoGHoe mccie-
NOBaHNE TeHeTHIeCKoi o0pATHOH CBA3M HA CUCTEME U3 HAce-
KOMOT0-X0351HiIa, KOTOPHIM CIyEHiIa omaATh-Takum Musca
domestica, w mapasmtuaecKoil ocwl Nasonia vilripennis, Ko-
TOpass OTKIAIbIBaeT gAia B KYKONKM xo3saumua. llomydeHs:
JIGHHEIe, TO03BOJSIIOMME CYUTATH, YTO YCTOHYMBOCTD MYyX K
OapasuTy HOBHINAETCHA, ONHAKO AaHHbE 00 M3MEHEHHAX Ma-
pasura MeHee yOeaurenpuri. CoBeplmeHHO WMHOU OpuMep Te-
HOTHYeCKOX 0o0paTHOM CBASH B CHUCTeMe XWIMHUK—KepTBa,
monydeHHus Ha Escherichia coli m T-yetHmx Gaxrepuodarax
OpH KYJbTHBHDPOBAHUH B XeMocraTe, mpuBomuT Xopm [23].
B aToil cucTeMe BHadaje Habilojaduch KojebaHua ¢ oveHb
60abmol aMINIATYA0R, HO XOPH o0HapPY;KHI, YTO KaK y XO-
3AUHA, TaK U Y IapasdTa MHOTOKPATHO IIPOHMCXOMNAT U3MEHe-
HUA, TPUBOAAMNE K OTHOCUTEIHHO YCTOMUMBOMY PaBHOBECHUIO
OpH OYeHbL HHU3KOU dacToTe HMHpeKnmoHHoro ¢ara. Llpmpoma
OTUX I'eHeTHYeCKUX M3MEHEeHHWH HeM3BeCTHA. DEHIIO BHCKA3aHO
IoBa mpenmnosiokeHus: 1) y Gaxrtepuil BepaboTalachk yCTOR-
YMBOCTH, a (arM BELRUBAIOT JUIIBL B TeX KJIETKaX, KOTOpHe
‘BHOBb CTAJIHM YYBCTBUTEJIHHHIMH B pe3yibrate oOpaTHON MyTa-
muu; 2) $arm CTAHOBSTCA YMeDEeHHLIMHU.

Taxum 06pasoM, KOHUEIIUA TeHeTHYECKol o0paTHO# ¢BA-
8W IOJTBEP;KIaeTCH HeKOTOPHIMU HKCITePHMEHTAIBHEIMU JaH-
HaMu. [lpusegennnie sgeck upuMepHI, mO-BUAUMOMY, o0yc-
JOBJIEHH MOPBHM U3 YKA3AHHEIX BHIIIe MEXAaHU3MOB, T. €. H3-
MeHeHMeM WHTEHCHBHOCTM o0T0OpA HpH HW3MEHEHUH OTHOCH-
TeIHHOTO O0UInA.

B. CoenuarnsupoBaHHAs! MO HeCHELUATN3HPOBaHHan gopma?

Craner au JaHEHHE BAJ y3KOCUEIHAIR3UPOBAHHON dopMoii,
CBA3AHHOH ¢ HATHTMEM OJHOTO WIM HECKOJBKHX DeCcypCoB,
WK 3:e IMPeBPATHTCA B HeCMeNUaTH3UpPOBaHHYI0 GopMmy, HO-
TPeGAAOMYI0 MHOTO PasHEIX PecypCcoB, 3aBUCHUT OT AelicTBHA
ecrecrsenHoro oTGopa. OmuceBaemasx B JaHHOM paspgele
MOJeib CO3MAHA 1A TOro, YTOOK BHIACHUTH, Kakue o00CTOA-
TeJILCTBA TPHBOAAT K PA3BHUTHIO CIENUAIM3APOBAHHBIX HIN
HecrmenmnaJmsupoBagasXx ¢opm. PacemorpuM cHagakxa moBe-
JZeHHe OTIeNBHO B3ATOTO BHMA, & 3aTeM MPOAHANASEPYEM BO3-
‘BeficTBHA, OKasHBaeMble KOHKYPEHUMedl co CTOPOHBI JPYruX
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sujioB. llycts

£ — IJIOTHOCTh BHAA-XHIHHKA;

R — mnotHOCTE j-ro pecypca, HOpPHHATAA HOCTOAHHOI;

Dj — BEPOATHOCTH TOTO, YTO NPH BCTPede C PeCypcom

j mpoH3oijieT «HaNameHHEey;

D; — Bpems, s3aTpaudBaemMoe Ha «HamajeHHe» Ha pecypc j
BILIOTH [0 TOT0 MOMEHTR, KOT/{a XHIJHAK I'0TOB BHOBL
Ha49aTh OXOTHTBCH;

W; — upapoct (B eZWHANAX IIOTHOCTH X), OKHAeMbil
OT HAUaJeHAA HA PeCypc j € YIETOM BO3MOMKHOCTH
HEyMa4h UPH NOOHTKEe 3aXBaTHTH Pecypc;

n; — 9YHCI0 HamajfleHW# Ha pecypc j B pacyeTre Ha OLHOTO
XAMHENKA B eJHHUIY BPEMEHH.

EcrectBernnii o1Gop MoOKeT H3MEHATH BEIWYHHE D j,
D; m W; OrGop CKIOHEH MaKCHMH3HPOBAaTh OTHONIEHHE
W/D nna ao6oro pecypca, IJA KOTOPOTo p He PAaBHO HYJII,
ogHako o0HYHO yBeamdeHme oTHOWmemmA — W/D pus
OJHOTO pecypca BiIedeT 3a co6Goll ero yMeHBUIEHHE 1714
IPYTEX pecypcoB. 3HaYeHHA p MOTYT OHTH H3MeHEHHl 1101
neiicTaeM oTGopa HIM e MOTYT M3MEHATHCH B Pe3yabTare
o0yuenns, 6es COOTBETCTBYIOIMUX TeHETHUCCKUX H3MEHeHuUI:
BooOme roBopsA, HeT HAKAKAX IPHUYMH, KOTOpPHE IPensATCTBO-
BaJd Obl TOMY, 9T00H 3HAYEHHA P [JIA OTHOI'O Pecypca uamMe-
HAJNACH HE3aBHCHMO OT 3HAUeHHMI p A NPYTEX PeCYpPCOB.

Haw6onee upaspomomobHasg Momeldb SBOJIOLUUE COCTOHT
B CIeqyiomeM: NpH QUKCHPOBAHHBIX 3HAYCHHSX IepeMeHHbIX
W n D or6op 6yner msMeHATh 3HA4YeHHA p TAaKHM o0pasod.
9T06H MaKCHMH3UPOBATH CKOPOCTh YBEJINUEHHS THCIEHHOCTH
Buna xumanka. JelictBre orGopa OyjeT HampaBlIeHO Taw:ke
Ha TO, 4ToOH MAKCHMH3UPOBaTh oTHoutemme W/D pns ey
pPecypcos, [JIA KOTOPHIX P He PABHO HYJIO, IIOCKONBKY 0THOP
GnaronpuUATCTBYeT pasBHTHIO GoJiee OBHWIBHEIX  PeCypcoB.

Bpemsa, sarpaumsaemoe ofHo# 0co0bI0 XUIIHAWKA HA HOMC-
Ku pecypca, pasHo 1 — XZn;D;. CnemoBarenbHo,

n,-:Hijj(i-—-Enij), (7—)-)

rie K — mocrosunag Bermuuna. Ilpu sToM mpenmosnaraercH,
9T0 9UACI0 YPPEeRTUBHBIX BCTPEY € pPecypcoM j mpomop-
UUOHAIBHO ILIOTHOCTH »TOTO pecypca. A 5To B CBOIO odepetb
PaBHOCHIBHO JONMYHIeHnI0 06 OTCYTCTBHM TaKkoi guddepemnti-
POBKH MeCTOOGHTAHMH, MPU KOTOPON pasHbie MecroobmTanps
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pa3MyanTcd MO OOMIUI0 TeX WIM HHHKX pDecypcoB; NpPH
9TOM MBI IIpeHeOperaeM Takske BHIPaGOTKOM y XWUITHHKA
(«mOMCKOBOro 06pasay, KoTopad MoTHa OK IPUBECTH K TOMY,
qr0 9acToTa 9GGEeRTUBHEIX BCTPeY ¢ PasHBIMU pecypcaMu He
Opia OB IPOIOPIMOHATBHA WX IUIOTHOCTAM. Bimsume
puddhepeHUHPOBKE MecTOODUTAHUNE W BHPAGOTKE TOMCKOBHIX
o6pasoB 6ymeT paccMorpeno Io3jHEe.

CKOpPOCTh yBEeIWYEHHA UUCHCHHOCTH XHWIMHMKA 3a7aercs
ypaBHeHHEeM

de/dt = z (S n;W; —T), (73)

raie 7 — mocTosiHHAsA, a NpPaBasg YacTh YPaBHEHHA oOnpe-
JeJsieTcsl KOJANYeCTBOM IUINHU, HeoBX0AMMEIM JUIA IO/ifiepiKa-
HUA CYIIeCTBOBAHMA 0XHI0H 0cobu.

Pan npeobpasoBaumili mHan ypaBHeHueM (72) mpuBofur K
PaBEHCTBY

n; Dj = =
1——{—-K2ijij 1+a
rne a = KXp;R;D;.
Hckaouus npu MOMOIMM 3TOr0 BHPAMKEHHA hj; U3 yDaB-
HeHuA (73), MOJIYIUM

K ‘R W;
dz/dt = z xuBW ) (75)

Fcrecreenustit orGop 6ymeT oOKa3pBATH HA 3HAYCHUA P
TaKoe BoagedcTBHE, YTOOH MAaKCHMU3HPOBATH DTO BhIPajke-
Hre. PaccmorpuM cHavana JBa IPOCTHX CIYYasf:

Caywaii I: a>» 1. B orom caygae 2n;D; ~ 1, Xumumg
3aTpauuBaerT OOJBIIYI0 YacTh BPEMEHW Ha TPecIef0oBAHUE,
HanaJleHue M MO;KUPaHme ;KePTBH W 096Hb HeMHOTO BPEMEeHH
Ha ee TOUCKH.

B sroM cayuae otGop 6yner MaKCUMUBUPOBATH Bl paskeHHe

2P W

Xp B D
ITOTO MOKHO JNOCTHIIIYTH, HOMOMUB pP; = 1 gns toro pe-
typca, 1A KoToporo oTHouenne W ;/D; mveer HamGoJIBUIYIO
Benuauny, u p; = O gusg Beex Apyrux pecypcos. Wmwinmu cito-

BamMu, B TexX CIy4asX, KOoT[a pecypcsl 0OMIBHE, HO UX TPYAILO
TolimaTe MJIM ChecTh, 0TOOD OyAeT BecTH K CHeI[HaTH3aliuH.

K> pj R D; a
D= = (74)
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Hpaitanit crywait Zn;D; = 1 BpAL K MOMKeT BCTPETHThCS
B JIefICTBUTEILHOCTHA, TAK KAK IPH 3TOM HOLPasyMeBaeTcs,
9TO0 YHCIEHHOCTh XHWITHAKA He OIPAHWYUBAETCA HATHUMeMr
pecypcos. Taxkum oGpasom, ypasHeHme (70) HPHHHEMAET BRIl

W
dz/dt = 2| ———T1,
D:
7
q9T0 MOZpPa3yMeBaeT HeperyJIMpyeMoe  YBeJIWIeHHe Kl
yMeHBbIeHHe BEeIMYMHH X BO BPEMeHH.

Cayuwati II:a € 1. B atoMm caygae 2n;D; =~ 0 n xumaux
3aTpaduBaeT GOMBINYI0 IaCTh BPpeMeHM Ha MOMCKH CBheHX0OHEIX
06beKTOB, a UX MOMMKA W [oejaHue 3aHMMAIOT MAJ0 BPeMeH:,

B atom cayuae or6op Gyser MAaKCHMHBNPOBATh BLIPAKEHIE

S piRW;.

ITOTO0 MO;KHO JOCTHTHYTD, MOJOKEB p; = 1 jjIa Beex Tex
pecypcoB, A1 KOTOPHX Beamdmsa W ; modoskureiabna. Vmbi-
MH CIOBAMH, KOTHA PeCYypPCH HaXoamTh TpPyIHo, oTOop Oymer
BECTH K BO3HMKHOBEHWIO HeCHeI[HAJIU3APOBAHHHX (OPM.

[IpuBeneHntie BbIME 3AKIIOUEHHA TJOCTATOYHO OYCBUTHbI
n 6e3 MmatemMaTnuecKnx BeIKIamok. Omu scHo m3mao;xens Mak-
Aprypom m Vmiacomom [52]. 3Tm aBTOpH paccMaTpEBAIOT
TaKie BO3MeACTBHUS, OKa3nlBaeMEe KOHKYpPeHImed, n B 4act-
HOCTH B3BOJIONNIO «IHBePreHNUH IPH3HAKOB», UPUBOIALLYID
K TOMY, 9T0 IBA KOHKYPAPYWINAX BAIA, TeoTPafaIeckue apea-
JIKL KOTOPHX 9ACTHYHO OEPEKPHIBAIOTCH, CHIbHEee pasingamt-
CA O CBOEM OPH3HAKAM B 30He HepexkpriBanug. Ha sro sBie-
Hue BHepBHe ofparmim BHEMamme bpayun m Ymicom [8).
BHIBUHYBIIHE TAK)Ke JBA HE3aBHCHMEIX MeXaHHM3Ma 0T6Opa.
KOTOPEe MOTJIX OBl IPABECTA K HEMY, a AMEHHo: 0TOOP Ha pac
NMO3HABAHWE BHOOB H 0TOODP, OCIABIHIOMUHA MEKBUIOBYIO
KOHKY PEHIIHIO.

Max-Apryp u Yuiacon [52] mpoussenn jaabHedmnit ana-
JU3 PONM KOHKYpPeHIHA Kak daxropa, o00yCIoBIMBAMOIIEr0
JNUBEPreHAI0 NPH3HAKOB. K CORAIEHHI0, [0 3TOMY HOBOIY
Heo0X0luMO CHelaTh PAN KPHTHIeCKUX 3aMedaHmid. B oco-
Be DTOTO aHAJIM3a Ie:HT MOJEeNh, CXOMHAA ¢ MpPefIokeHHoil
MHOIO, HO C ABYMSH MONOJIHATENILHHIME YIPOLIATOI[UMHA TOIY-
meHuAMA: 1) pecypcrl «MelKO3€ePHUCTEIE», A ITORTOMY HX IOT-
pebienne Mo HeoOGXOOAMOCTH MPOIOPIUUOHATEHO HX BCTpedac-
MOCTH B Cpejie; 2) Ha MOMMKY 1 OOUPaHHe pecypca HUKaKOT O
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BPeMeHE He 3aTpaumsaercs. HemocTaTok mofgoGHOTO aHajIm3a
COCTOHUT B TOM, 4T0, KaK II0Ka3a/d CaMU aBTOPH, 3TH ABa [OIY-
MeHNsA /1e1alT HEeBO3MOMKHLEIM COCYIIECTBOBAHNE ABYX XHII-
HUKOB B 0JJHOM MeCTOOOMTaHHIA.

BHTE MoskeT, 5T0 BO3paskeHNE HE CIYKHAT A0CTATOYHBIM 0C-
HOBAHHEM JJI TOT0, YTo0B COBEPIIEHHO OTBEPTHYTDL IIPEIIO-
aeHHENE Mak-AprypoM m YMICOHOM MeToj aHaxm3a. Lcan
Jaske TBa BUAA M He MOTYT COCYIIECTBOBATL B JAHHOM MECTO-
O00OMTAaHNH B YCIOBHAX M30JAINMHM, OHH MOTYT TeM He MeHee
BCTPEIAThCA COBMECTHO B 3TOM MeCTOOOMTAHHH HEoIrPaHW4eH-
HO moiro 6iarosapAa MMMEIpalHH M3 JPYTHX MECT, Kak 3TO
BIONHE MOXeT NPousoitu B 06NaCTH NEePEeKPHBAHEASA apeasioB
ABYX BHA0B. Il Bce-TaKm mMeer CMEICI eme pPas PaccMOTpETh
npoGireMy [WBePreHOMH NPH3HAKOB B paMKax OOHCAHHOM
BHIIE Goiee oOLIEH Moneaw.

HoHKYypeHIIMA €O CTOPOHME KakKoTO-I@G0 BTOPOTO BHJA
cKayKeTcd HA MEPBOM BHUJE, MOCKOJLKY OHA IPHBENET K CHH-
JHEHNI0 IIOTHOCTH HEKOTOPHIX WM BCeX PECYPCOB, OT KOTO-

" PHIX 9TOT BHJ 3aBHcHT. Hak mph 5TOM M3MEHATCA OUTHMAalb-
HHe 3HA49eHAA p;’

3uauenns p 6yayT TakoBH, 9T00K MAKCUMHUSHPOBATH BHI-

pasrenue
K 3 p R W;
1 + K 2 p]‘ B/‘ Dj

ITpumernmTensso kK Kakomy-1uGo ONPENEIEHHOMY p; BTO
BHpa;keHuWe uMeer Buf (¢ + fp;)/(g -~ hp;), Tne e, f, gu h —
TONORUTENbHEE NoCTOAHHEe. HerpynHo moKasaTh, 4TO 3TO
BEIpayKeHIe MAaKCUMHUSHPYeTcs, €ecJH UHpuHATE p; =1 B
ciydae fg — eh >0 unam npueATH p; = 0 BO BCeX APYIrHUX
crygasx. CMBICI 3TOTO HepaBeHCTBA Jerde Bcero HOHATH,
PaccMaTpmBasA TOJLKO fABa pecypea, 1 m 2.
Ilpu sTom wpurepuit fh — eh > 0 npmaUMaer BUL

W,  KRW,
D, 1-1-KR,D,

’

€CJIH OKassIBaeTcsa IellecoolpasHEIM MOTpeGileHMe HE TOIBKO
pecypca 1 Ho W pecypca 2, u
W,  KRyW,
i t+-KR,D

I
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eclid ORa3LIBAETCSA IeMec0o00pasHBIM ToTpebaeHne He TOJbK(
pecypca 2, Ho u pecypca 1.

CAMBICT 9THX HEPABEHCTB COCTOUT B TOM, WTO €CJIH B Pe3yih-
TaTe KOHKYpPEHIMH ILIOTHOCTh pecypea R, maum R, yrmens-
MUTCA, TO MORET OKa3aThCA uedecoobpasumM morpebienue
BTOpOTO Pecypea, KoTOPHI Ipeskjie He IPejiCcTaBIAT OeHHoC-
td. Ho mpu 5T0M ROHRYypeHIUA HUROTHA He IPHBEIET K Ipe-
KPAIIeHHIO MOTPedJeHHs pecypca, UCHOMB30BABIIETOCS OPe;i-
ne. Tarum o6pasoy, npu oTcyrcTBHH gupdepeHIUPOBER
MecTOOOHNTAHUA TBA HeCUe{NAIU3UPOBAHIIEIX B B 30HE Hepe-
KPLIBAHUS He CTAHYT CUeNHAIM3HPOBAHHBIME K PAsHLIM pe-
cypcam. OpHaxo ecam y ABYX BUAOB, CHEIHAIUSHPOBAHHEIX
R OJHOMY U TOMY 7Keé pecypcy, MMeeTcs 00JacTh nepeKphiBa-
HHA, TO OJHH M3 HAX MO:KET CTaTh B 3TOM 30He HeCUelHaln3u-
POBAHHLIM.

ITOT mpollece MOT CKa3aThCAd HA XapaRTepPe JUBePreHITHH,
HO MAaJ0BEPOATIO, YTOOK OH OLLI ee OCHOBHOU IIPHIHHOIN.
Boaee npsvoe BosjeiicTsue Haba0IAeTCA B TOM CAy4ae, €CIH
B 30He TePeKPHIBAHMSA apea’doB MecTooOuTaHHA HuddepeHnu-
poBaunl. Torga Buibl, KOTOPHE B OTCYTCTBHE KOIIKYPEHIMH
3aHAJH OBl 00a MecToOGUTAHUA, 6YAYT MUMETh BO3MOKHOCTD
3aHSTH B TOH 30HE TOJLKO OZIIO.

R cjemamuniM B 3TOM pasjene 3aRIIOYCHHAM MOMKHO OLLTO
Obl npuiiTu w 0e3 MareMaTHUECKMX BEIRJIAQLOK; IPUBJIeYeHHE
MATeMaTURK IIPOCTO MO3BOAALT JIYUILIe BLIABATE Jde;KalHe B HX
ocHOBe gonyimenuda. llogpexem wparTkue uTorn. Mul cumraen,
970 BHIBL, 3arpaduBaiouine OCJBIIYI0O 9aCTh CBOETO BPEMEHH
Ha TOMCKH THOMA, HAa HOMMKY U IOefaHme KOTOPOH, MociIe
TOTO KAK oOHa O0HAapy:keHa, Tpe0yeTcsi HeMHOI0 BpPeMeEHH,
OyoyT HeclelHATH3UPOBAHIIGIMHA, & BHB, S3aBUCAIIHE OT
00UABUBIX W JerRo O6HAPY/RUMBIX PECYPCOB, Ha HOHMKY If
Toe/[aHMe KOTOPLIX MPUXOAUTCSI 3aTPAYUBATE MHOTO BpPEeMeHN
¥ yewauH, OyayT CHOHHATH3HPOBAHHBIMMW. HOHKYpPEHIHT
MeyY CHMIIATPHIECKHUMU BRIAMH MOSKET IIPUBECTH K pasi-
YUAM B MECTOOGUTAHUAX M Kak CIe(CTBUE HTOTO — K JUBEP-
reniuy npusHakos. B orcyrersue quddepeHnupoBry mo Mec-
TOOOUTAHUANM ROURYDPEHIMA He MO:KET HPEeBPATHTH HeCHenua-
JU3UPOBAHHEIE BUAN B CHEUUAJU3UPOBAHHLIE, HO MOKET IIPH-
BECTH K TOMY, YTO CHENUaTU3HMPOBAHHEIA BUi HAYHET MUTATDL-
cf TaKUMHU 06BEKTaMM, KOTOPHIME OH IpeHeOper 65 B OTCYT-
CTBHE KOHKYPCHIIUH.



Taaea 12

TEPPUTOPHAJIBHOE IIOBENEHHE

A. IocranoBka npoGaemnt

Buoxne Bo3Mo:kHO, 970 ¥ BCEX BHAOB ;RMBOTHHX, ¥ KOTO-
pHX Ha0IIORAeTCA TEePPUTOPHATBHOE MOBEIEHHe, OHO Ipeji-
cTaBiaser coboil BakHeHmMUA GaKTOD, CTAOHIM3H PYOMMAA UnC-
JeHHOCTh momydammu. H coxanenmio, 910 sABIeHwe TPYIHO
m3yuaTth Ha gaboparopHHX Mogeasax. [losTomy B Hacrosamei
I1aBe S NONHITAIOCH CBSI3aTH 0o0Jee HEHMOCPENCTBOHHO MaTe-
MaTHIecKHe PACCY/RAEHUA ¢ HaHHHIMHU HOJIeBHIX HaOGIIOLeHHUI,
B 9YaCTHOCTH, TO TePPHTOPHAILHOMY MNOBeIeHUI0 O00JBIION
cununn (Parus major). B Mon Hamepenns He BXOAHT, OJHAKO,
HcUYepIBIBalollee W3M0KeHHe PaloT, MPoBeeHHBIX HAa BTOM
Buge mrun. fl mpocro mcmons3yio 9TH paborHl IS TOTO,
9TO6H HAMETHTh HPOOIEME, 3aCIYKUBAIHE TEOPETUIECKOTO
amanmaa.

HNecnenoBanue TeppaTOPHATBHOTO NOBEIEHHAA 3aTPYAHACT-
¢A TeM, YTO IPH BTOM IPHXOAHTCA OJIHOBPEMEHHO M3ydaTh
Je;Kal(He B €T0 OCHOBE 9TOJOTHICCKHE MEXAaHM3MBI, HKOJIO-
IrU9ecKue IOCHeACTBUS HTOTO IOBEICHNA U HBOMIONUOHHBIE
opoliecch, B pe3y.apTaTe KOTOPHIX OHO CHORUI0CH. OcobeHHO
BaKHO YMeTh pasrpaHuIMTh (QYHKIUH TePPUTOPHAIHHOTO
noBefeHUA U ero nocreacrBus. Iloy pynrnueit reppuropuaib-
HOTO HOBeJeHHUA s MMEIOT B BHIY TaKoe ero CBOMCTBO, KOTO-
pomMy O6JarompHATCTBOBAJ ecTeCTBEHHbIH orGop u KoTopoe,
CleJoBaTeIbHO, OOYCIOBHIO PpA3BHUTHE JTOTO IIOBEJeHH.
Ecau perynamnuio aucieHHOCTH TONYIANNHA CIeyeT paccMar-
PUBATE KaK (YHRIUIO TePPUTOPHAILHOTO HOBEJEHHUSI, TO B
TaROM ciaydae 0T6OP moiiieH ObLT melicTBOBATH KAR «TPYIIO-
Boil 0160pP», 6IATONPHUATCTBYA BH;KHBAHUI0 HOKOTOPHIX IONY~
AANUA 3a cUeT APYTUX. JTOT MOMEHT fICHO mommmaer Buui-
Insapac [86], Bmerymaomuii B KagecTBe TIABHOIO CTOPOIH-
HOKA TOYKU 3PEHHUsI, COTIACHO KOTOPOil PyURNuUA TePPHUTO-
PHATBHOTO MOBeAEHUA B3aKIIOYACTCA B DPeryIallUd HUUCIEeH-
HOCTHU Oomy AN,
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Homsrrku 00bACHATH pasBUTHe DpucmocobieHwd meficy-
BHeM TPYNIOBOTO 0T60pA CTATKUBAKTCA € CEPHE3HBIMHU 3i-
rpymiennavu [36, 57, 81], ecam He cumraTh Tex ciydaes,
KOT/Ia BHUJBl PasfelieHbl HA MeJIKUe TPYIIL, PeHPOAYKTHBII)
H30JHPOBAHHLIC IPYT oT apyra. Jlsk [36] u Bpaywm [6] mpn-
BOIAT NPAYMHHL, HO3BOJAKNIME CINTATH, ITO TEPPUTOPUAIL-
HOe mOBejeHue He 00f83aTelIbHO ¢caegyer 00bACHATE ¢ MOMOIbLG
rpyanosoro orbopa. IlosTomy Met Bfiece mpmHEMaeM, 9T0 pc-
TYAANUA YUCIEHHOCTH NOUYIAINNMH He ABIseTcA QYRKIHeil
TePPUTOPHAJIBHOTO IOBEAGHHA M YUTO WOCHEeqHee BOSHUKIO
MOTOMY, 9TO OHO MOBHIMIAET UTAHCH 0COOHM BLKUTH M OCTABHThH
IIOTOMCTBO.

Jor [37] (cm. Taxike Gosee paumme paboTH) BBICKa3a.l
MHEHHE, YT0 Y MHOTMX OJMHOYHO ;KEBYIIUX BHIOB LTHI| TCD-
PHTOPUATBHOCTE MOYKET UTPATh BAKHYK POJB B 3AMUTE OT
xumuukos. Kpebe [31] mokaszan, uro xorga reesga 6oabmoil
CHHUIIE PACHONOKEHLI B HENOCPeNCTBeHHOM GIM30CTH HPYT
OT Apyra, WX game pasopsaT Meiaxkue Kydabu. OH cuutaer
TAaK)Ke, UTO TEePPHUTOPHANLHOCTH MAET BO3MOKHOCTH COXpa-
HATH 3amachl UMWIH AJA MOJIOAU; TMO-BUAUMOMY, 3TO BTOPOC
ob0bsAcHeHHme mmeer Gosee ob6muit cmoica. Ilaske ecaum moc:e
BEULYLMIEHUS NTEHIIOB TEPPUTOPHUA 3aIMUIMACTCA He CIAUIMKOM
DHEPIMYHO, mapa OTHUI], KOTOpPAas He JONyCTHAa MOCTPOMKII
BOJIMBY CBOETO THe3ja APYTHX THe3 [, oGecnednaa TeM CaMBIM
HEKOTODHIH 3a0aC UUMK BHIYIHBIIAMCSH OTEHIIAM; IIPU 3TOM
yiKe HeT Heo6XOquMoCTH IPONOJKATh jajlee 3alATy CBOeil
TepPPUTO PUU.

Byner nmu TeppuropualbHOe MoBeIeHMe KAK-TO BAMATH HA
PeryIfAnui0 YNCIEeHHOCTH TOMYJANHHA HIH HET, 3aBACAT OT
COOTHOIIEHMA MeEJK]y YHCIOM B3POCIAHX ocobedl B mamHOI
061aCTH HEMOCPEeACTBOHHO Iepeq B3aHATHeM TEePPHTOPHi I
gucIoM ocobeif, ROTODEIM B caMOM Jele yAaJoch 3aHATH
TeppETOPHI0. JlBa BO3MOMHBIX THOA TAKHX COOTHOIIEHIUI
[peJCTaBIeHH Ha puc. 44.

CootHomenme Tuna A ODOAydaeTcs B TeX CAydasx, KoL
Tmapsl ITHUI] paciipefeleHbl PaBHOMEDHO IIo BCEMY MecTooO0I-
TAaHWI0 M KOIJla He CyMecTBYeT HE/KHEro upeneia AIs BeTi-
YUHEL TEPPUTOPUN, TPUEMIEeMON 1A OTAeIAbHOH ocobm (Ul
eCI’ 9TOT HWKHWE mpefesa CTOAbh MAaJ, 9T0 HPARTHYECKM HII-
Korma He gocruraercs). Ilo mmeHuio Jlaka [35], Teppuropii-
aJpHOe moBesieHre 6o b ol cuuus ( Parus major) otHocwTes B
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pTOMY THIY. B Takux c1ywasx teppmTopHalbHOCTH He OKAa3hi-
BaeT HHKAKOTO BIMAHNA HA DeryJAlHi0 9HCIeHHOCTH IIO-
TYIAAIRA.

X X

Prc. 44. JIa BO3MOKHBIX THIA COOTHOLIEHAA Mexay N — umcioM 3a-
HATHX TePPHATOPHIT B mamHO@ ofsacTm — m X — YHCIOM DAp, OEITAK-
IMUXCA 3aHATh TePPHTOPHA B 3Tod ofmacTtu.

Coorromenne tyna B mojiydaercs B TeX CJaydasX, KOTHa
JJs1 IPueMJeMOil BeJIMYAHE TeDPUTOPUI CYIECTBYET HUMKHUH
mpenea U mapH, KOTOPHM He yJaJdoch 3aHATH TaKyl MUHA-
MQJIBPHYI TePPHTOPUIO, BHHY;RAEHH HOKHHYTH TAUHYI0 06-
aacth. B Tarkux caydagx TeppPHUTOPHANBHOCTH OKa3kBaer
BJIUSIHUE HA YMCAEHHOCTH IIOIYIAIKMA.

B. IMozejxenueckas mogean

Haugem ¢ TOro, 4ro ommimem mpocrylo Moxedb TeppPHTO-
prasnbHOTO moBemenms. OT aToll Momenu Tpebyercs, ITOOHI
OHA OpeAmnucHBajIa ocobam (mam mapaM ocobelt) Tawkodl THO
HoBefleHds, B peayabraTe KOTOPOr0 IOMYJIANNA pacIupeseIH-
fack Gbi B IPOCTPANCTBe HOKHM ONPeAedeHnnM 00pasoM. 3a-
TeM Mbl OyAeM HCHOJB30BATH OLMCAHHYIO HAMH MOAENh IT0
AByM JuHusIM. Bo-mepBrIX, 0HA HO3BOJHAT CJEJATH BLIBORLL
OTHOCHTEJIBHO (PIYKTyanuil BeIWIWHEI TePPUTODPHHE, KOTODLIE
MOTYT GLITH BBI3BAHHI PA3JMYUAME B CTEHEHH CHHXPOHHOCTH
Ha9a)Ia PAsMHOKeHHA Y PasHLIX OTHI. Bo-BTopeix, Mojelb
Aaer OCHOBY s 00CY/KIEHUA TEPPUTOPHUAIBHOTO IOBEIEHUA
H ero pROJOTHICCKHX IIOCIE/CTBOI,

f1 mozaraio, 9To B HepuOJ BaHATHA TePPUTOPUIA RKaxkjaas
TepprTopuA MMeeT B M0G0 MOMEHT BpeMeHU HeRUU «IeHTDY,
BO Bce CTOPOHEI OT KOTOPOTO X03fWH LIPOARIAET CBOe TePPH-
TopuajpHoe IOBefeHMe, OKAa3bBasa Ha cocefell HB3BECTHOE
laBnemume», ocaabesaiomee 1o Mepe Bo3pacTaHusa | — pac-
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CTOAHOA OT NeHTpa. i mpocToTs OpuMeM, 9T0 BCE ITHIIH
HAeHTHIHBI, T. €. OKA3BIBaeMoe MMM JaBJeHHEe OJUHAKOBEIM
o0OpasoM 3aBHCHT OT [. B pesyibrare Takoro moBegeHUsi rpa-
HAUA MeKAY ABYMA TEPDHTODHAMH NepPeMemiaeTcsi 10 Tex
op, DOKa jaBlieHne ¢ o0emX CTOPOH He BHIPABHUBAETCH,
WMHLIME CTOBAaMH, TOKA OHA He OKA/KeTCs HA DPABHOM PaCCTOA-
np 0T 000UX ITeHTPOB.

[Tpenmonaraercs, uTo moBejierue Ka;kAOH 0COOM MIN Ta DL
ocobeil geauTca Ha gBe dassl, HpudeM HoBefeHHe PAa3HBIX IIap
He 0053aTeJIbHO [JOJKRHO OBITH CHHXPOHHBIM.

@asa 1. UeHTp TeppuTOpPHE He 3aUKCHPOBAaH B Ipo-
crpancrBe. llocre ommcamHol BhIme «mOATOHKA» TPAIHIL
NEHTP Kasikgofl TeppETOPUM yCTAaHABIMBAETCA HA MOJIYTH OT
ee rpaHuil. 3aTeM NPOUCXOJUT HOBAA HOATOHKA TDAHUI[, U
nporecc HPOJOTKRAETCA X0 TeX DoP, HOKA TPAHUILI He 3ail-
MYT HEKOTODOe CTanMoOHAPHOe MOJOKeHHe.

@aza 2. UenTp Teppuropuu 3aQUKCHPOBAH, UTO MOKET
COBIACTE II0 BPEMEHH C BRIGOPOM MeCTa JJisi THE3[A W HAaTaloM
ruesiocrpoenns. Hauunast ¢ aToT0 MOMEHTA, mepeMeIaTCA
TOJBKO TPAHUIHI TEPPUTOPHUN.

Har psis mepBoii, Tak u Jad BTopoil ¢das3sl TPUHATO KOILY-
mieHUe, 9T0 eCJIH Hoche YCTAHOBIeHUA CTAINOHADHON TDAHMRIbI
PAaCCTOSHAUE MEHJy HeHTPaMn Kakux-1ubo ABYyX TeppPATOPHH
MEHBIIE, M 2r, TO OJHA W3 ITHUX [ABYX TeppPHTODHIT Gymer
sabpolIeHa, mOCIe 9ero I'PANHIIB OCTATBHLEIX TePPRTOPHIH co-
OTBETCTBYIOIUM 00pasoM IepeMecTsTCsi. IJTO PaBHOCHIABHO
MOMYOIEHUIO O CYIIECTBOBAHUN HERMX MUHMMAJIBLHO IIpHeMe-
MBIX PasMepoB Teppuropuu. Eeau MUHEMAIBHOTO PACCTOARMA
I e CYMECTBYCT, TO BO3HUKAeT COOTHOMeRne Tuua A (puc. 44).

Taxas Momexb COZep:KHT IpocTeitliime npaBUiIa TOBeC-
HUs, IPUBOJALHE K PasfeleHW0 TaHHOA 00XacTH Ha Teppn-
TOPMM HPHUMEPHO OfMHAKOBOTO Pa3Mepa, UTO COIPOBORAAETCA
BHITECHEHHEM HEKOTOPHX ocofedl ma aroil obmactm. Otcrona
BHITEKAeT PAJ UITePecHHX ciaexcTsuil. Pacemorpmm ciadana
auHefinoe Mecrooburanume (HaupmMmep, OeperoByl JIMHHIO,
PeKy, KUBYI0 H3ropoib). JLlomycTEM, 9ro HMeercs HeKast
obuacty pamuoil d, rme d 2> r. Mol XoTHM y3HATH, KaKHM
00pa3oM 9UCHO BAHATHIX TEPPUTOPUI BaBHCHAT OT cTemend
CHHXDOHHOCTH 3acelieHust MeCTOOOWTAHWA DPA3IWYHBIMH Ifd-
pamu. CremgyeT paccMoTperhb TPH CAydas:

1. HomycTuyM, d9To HEKOTOPoe WGHCJIO Iap, pasHoe N
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rae N > d/2r, ojiHOBpeMEHHO NPUOLIBAIOT B TaHHYI0 06JIacTh
1 9TO HU oxHa mapa me mepexomur us dasst 1 B dasy 2 mo tex
op, IOKa He JOCTHTAETCA HEKOTOPOEe CTATIHOHAPHOE COCTOMA-
une. Herpyauo BHgeTs, 910 UPH 9TOM YHCIO 3aHATLIX TePpHU-
Topuil Gymer paBHo d/2r miau, Toumee, OamaialimieMy IeToMy

L =an |
-

-y

]

. +
B
%1'4—

Puc. 45. Teppuropuy B JuHENHOM MecTOOOHTAHHM.

JIpe mapel y)Ke 3aHAJH TEPPUTODHH ¢ LEHTpaMi B Toukax A U 5. BHOBb IDHOHIB-
mafA oco0b MBITAETCA 3RHATH TEPDPUTOPHIO ¢ TEHTPOM B TOUKE B, HA IPAHUIE MEXTY

ST )

|
|

L 1
A u B. Jina toro 94To0H BTa MOIBITKA OKA3ANIach YCICITHO, —4—1 OOIMKHA  OBITH
Gomniue r,

qneay, Membinemy d/2r. OcralbHbie Imapsl MOKUIAIOT TAHHYIO
oBIacTh.

2. Homycerum Tellepb, 4TO HeKOoTopoe Tucilo N map, Tie
N << d/2r, npuGrB OfHOBPEMEHHO B HEKOTOPYIO 00HACTh, 3a-
HEMAIOT TePPUTOPHK M mepexonaT B ¢asy 2. Paccrosnume
Mexay nentpamu [ 6ymer npu atom pasuo d/N. CupainnBaer-
cd, PN KakoM sHavenmm N pnawHad o6jacTh 3anOJHUTCH
70 Takoifl cTemeHm, WTO HU oNuH (ojiee IO3NHUIE TpMimerer
He cMO;keT 3aHATH ceGe Teppuropuio? Puc. 45 scmo morasu-
BaeT, To ecau | << 4r, TO HA OJWH HOBHII pulieiern He CMO-
seT 3aHATh jiA ceba teppmropuio. ([lomycraercs, uto maH-
Hylo obiacTh TMoKugaeT MMEHIO BHOBL mpubmBimias ocolb, a
He Ta, KOTOPAfA yike 3aHANA TePPUTOPHUId, HOTOMY UTO HOBHII
IpHIeNael], THTARIIUACA 3aHATH TEPPHUTOPUI0, TOXBEPraeTc
9HEPIUUHOMY HAUAJEHHI0 cocellell co Bcex CropoH.) Ecam
I << 4r, 1o Torna N > d/4r; uabiMu caoBamm, A10060€ YKCIO,
Gonpmee bey d/4r, MCRIIOTACT BO3MOKHOCTH HOBRIX HMMH-
ITPaHTOB. JTO COOTBETCTBYET LOJOBUHE TOIl MIOTHOCTH, IIPHA
KoTopoil 3aHATHE TePPUTOPHI MOKeT NPOMCXOAUTEH BIOJIIE
CHHXDOHHO.



164 Traea 12

3. JouyctmM, HaKoHel, W4ro Kajkjas mapa upuOmBaer,
3aMEMaeT TePPUTODPHIO W WePeXONHT B (azy 2, mpeae dem
npubymer ciaepyomas mapa. B atoMm caygae umcio ocobeit,
KOTODHe B KOHEIHOM cdYeTe CyMeNH 3aHATH Ajs celsa Teppu-

8 e/

Beoe—» -

£ 5B

1

f Puc. 46. PacupefeneHHe TeppUTODHEHA B ABYMepHOM MeCTOOOHTaEHH.

I. OaHOBpPEMEHHO 3aHATLIE TEPPETOPUE ¢ MEHHMANDHEIM DPACCTOAHHEM MEXIY OEHT-

pamu, paBHsIM 2r. JI. 3aHATEHE TEPPUTOPWH C HEHTPAMH B Todkax A, B, B pomy-

CKAlOT 3aHATHE HOBOA TEPPUTOPHMM (FPAHANLI YKAa3aHbl OPepLIBUCTON JuHZEH) C
IeHTpoM B TOUKe X,

TODHH, 3aBACHAT OT PACHOJIO/KEHUA, TO-BAJAMOMY I POHM3BOJIb-
HOTO, TeppuTopuil, 3aHATHX HECKOJbKUMH DapaMu, MPHOEIB-
muyMA nepsiiMa. OgHAKO 3TO0 YUCI0 6yaeT HAXOOUTHCS MEeKIY
9HCIO0M, TOCTHTAeMHIM B ciaydae 1, T. e. IpH HoJHOR CHHXDOH-
HOCTU, W IONOBHHOH sToro umcia. B HeGoapmmx obiacrax
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ancio ocobell B pasHEHEe T'ofsl MOKET GIYKTYHPOBATh Helpej-
CKa3yeMEIM 00Da30M MEKIY 9THMH INIOTHOCTAMH.

91U BEIBOJBL MO;KHO 0e3 TPYAa pacupocTPaHMTL Ha JBY-
MepHOe MecTroofuTaHue. B ciyzae nonHo# cumxpoHEOCTH TEP-
puropud GYAyT mMeTh JOPMY NIECTHYTOMLHUKOB CO CTOPOHOH,

pasmroit 2r/}/ 3. Kak moxasano Ha puc. 46, paBHOMepHO pac-
npejleleHHEAA TOOYJIANAA, IUIOTHOCTH KOTOpPOH CcocTaBiIsaeT
OfHY Tperb 3T0¥ IIOTHOCTH, He JONYCTHT NPHOLITHA HOBHX
ocobeii.

JTa MojeNh CIUIIKOM WMCKYCCTBeHHA M He 3aCIy/KHBACT
maxsHelmeil paspaborku, WMetores, ofHAKO, HEKOTOPHE DKC-
HepUMeHTAJbHbBE JIAHHbIE, CBUJCTEILCTBYIOINNE B e M0Ab3Y.
Har moxasan Bau gep Accem [3], mpu ogHOBpEMeHHOM BHECE-
HHHW B pesepByap C BOI0M HECKOJBKAX CAMIIOB KOJIOLIKH MO~
HO JOCTHTHYTH BBOE GOILINeH INIOTHOCTH, 9eM HIPH II0CJIeMC-
BaTelIbHOM BHECEHHH.

Mogeap MO3BOJAET CAEIaTh OJHO BaykHOe 3aKINUEHHE:
pas3InunA B CTEIeHH CHHXPOHHOCTH 3aCeIeHHs MecToobuTa-
HNA PasHEIMH IAPaME B pasHble TOMBl MOTYT BEHI3BATL CYHIe-
CTBeHHbIe K0JIe6aHUA MIOTHOCTH IIONYJIANMHA IPH OTCYTCTBUU
Raxux-1060 m3MeHeHUl B MeCTOOOUTAHUH WM B 9mcie Iap,
MeJAnIUX TONETKE K pasMHOKeHmI0. Baskmeiii moBop B
DoJib3y cooTHouieHus Tuna A (pmc. 44) coCTOWT B TOM, UTO
9UCa0 GOABIIMX CHHALl, PASMHOKAKMIUXCA B JAHHOM IIeCy,
MOJReT pasiIudarbCs OT roga K rogy BpBoe. Hama momenxb
BEIIBIIaeT ajlbTeDHATHBHOe OO0BACHEHWE [Jf TAKAX Kole-
GaHmit.

Haubonee yoenuTeIbHEIM CBUIETEILCTROM B II0Jb3Y COOT-
HolleHMA THHA 5 y 60dbII0o# CHHHUNBI CIY/RUT TOT (aKT, 4TO
KOTJla M3 YCTONYuBO# BeceHHedl IONYIALMH B CMEIIaHHOM
Tecy GLLTO yAANeHO HECKONBKO Hap, 3aHABIIAX TePPATOPHH,
ux Mecra 651cTPO 3aHANHN pyTHe napsl [32]. Hopryn npumens-
mamu 6LIM TaaBHBIM o0paszoM rogoBanbie mruubl. OHM mpH-
IITW U3 KUBEIX H3TOPOjell, HaxXOAWBIDUXCSA HEHONANEKYy OT
nmeca. Bpolrenntie TePPUTOPUE B KUBHX H3TOPOMSAX BTOPHIHO
He gagmMainck. ClIefoBaTeabHO, ¢ TOYKA 3PENNA YCIEITHOIO
PA3MHO;KEHASA MKUBAA H3TOPOIb TpenicTaBIseT coGoit cyGon-
THMaJbHOe MecroobuTrannme,
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B. EctecTBeHHBIH 0TGOpP M TEPPUTOPHAILHOCTH

Hax moKaasBAIOT DKCIEPUMEHTH, mpoBefeHHble Hpebcoar
[32], u gpyrume pamusie (cm., Hanpumep, pabory XalHza
[21]), mTHIBI HEPEKO OKA3BIBAITCH BHITECHEHUBIMH M3 OIITH-
MAJIbHHX MECTOOOUTAHUA M WM HPHXOAUTCHA PA3MHOKATHCSA
B cy6onTHMAIBHHX MecTroobuTanuAax. Haxosbl cWIB oTGopa,
npuBogAmue K sToMy? Ilpunnmas mMogenn, onHCAHHYIO B Ipe-
OEIYIeM pasjelne, MOKHO HasBaTh 1o Kpaiimeil Mepe jiBa
ACHEKTa HOBEJeHUs, KOTOpPble MOTYT M3MEHATHCA TION feii-
cTBHeM oTGopa:

1) MEHUMaNbHAS LpHeMIeMas BeJWYMHA Teppuropmu (r
B ONMCAHHO® BHIIIE MOJEIH) B ONTUMANBHOM MeCTOOGHTAHUI;

2) cremeHb YIOPCTBA, ¢ KOTOPHM HaHHas 0COGb IBITAETCs
3aHATH TEPPUTOPHUIO B 06KacTH ¢ 6IaTOIPUATHBIMA YCIOBUAMMU
BMECTO TOr'0, YToObI mepeitT B MeHee 61aroupUATHYIO 061aCTh.

Bricokast cTemeHb YIIOPCTBA MORET OBITh OTPAsKeHA B MO-
Jean OoXbIION pa3HANEH MeKAY BeJIUYUHOW TEePPHTOPHUI
r, IpHeMJIeMBIX B ONTHMAJBHOM K CyOONTUMAJIBHOM MeCT000H-
TaHUAX. YTOPCTBO J0JHHO HMETh M KaKhe-To OTPHUIIATeIbHEIC
4CHEeKThI, KOTODHIE YPaBHOBOIIMBAAH OH IIPEHMYUIECTBA,
OpPHACYIIMe TEPPUTOPHM B ONTHMAJbHOM MeCTOOOUTAHUU.
ITH OTPUIUATEIbHbE ACIeKTH [eJAATCA Ha B TDYIIIH:

1) cBsi3aHHEIE ¢ YIOOPCTBOM, KAaK TAaKOBBIM, T. €. 3aTpata
GOJBIIOT0 KOAMIECTBA BPEMEHH W DHEPTMM Ha 3AMUTY Teppu-
TOPHM M OIIACHOCTH WOJYYUTH TENECHHIE IIOBPEerKICHUH;

2) cBsA3aHHHe ¢ TeM, 4To HeGoabllad TePPUTOPUA B ONTH-
MaJBbHOM MECTOOOUTAHUE MOKET OKA3aTbCH MeHee HIPOIYE-
THBHOM, 4YeM oOmupHas TePPUTOPUA B CYHOUTHMATBHOM,
aub0 mo NPUIMHEe OrpPaHUYEHHOCTH pecypcoB, Jubo Beied-
cTBue (osee BHICOKOr0 YDPOBHA XUIHUYECTBA.

Bpsg jd Bce He6GAaTONPUATHEE ACHERTHL OTHOCATCH TOAb-
KO K IIePBOH I'PYIIE, TOCKOABKY B 9TOM CIydYae Y BHja BHpa-
foranach Gbl TOJEPAHTHOCTD K MEHbUIEH BeJIHYHHE TeppPUTO-
puu. CKopee cIenyeT O:kHgaTh, 4TO Ioj jgeficTBHeM oTOopa
BelIMYMHA 7 PEryJIHpyercss TakmM ofpasom, 9T0GBI pasieps
TEPPHTOPUH CTANH HOCTATOYHO BEAMKH W MOLIH 06ecrmeduThb
OTEHII0B COOTBETCTBYIOMIMMHU PecypcaMu, a CTelleHb YIop-
CTBA PETYIHDYOTCA 10 TeX II0P, IoKA yCmeX pa3MHO;KeHUS
B ONTUMAJBHOM H CyOONTHMAaAbIOM MecTOOOUTAHUU He oKa-
3HIBACTCA IPHMEPHO ONHHAKOBHIM.
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BecbMa 9yBCTBUTENBHBIE MeTOH, NO3BOJIAIOMUE olpeme-
IUTh, AeHCTBUTENbHO M PA3MHOMKEHHe B JBYX MeCTooOHTa-
HHUAX IPOTEKAeT OJMHAKOBO YCIEIIHO, NpemIoxieH BpayHoMm
{7]; om sakmOUaeTcs B CpAaBHEHHMM YHCJIA NTHI, BHIPOCIIUX B
ONTHMAJBHOM MeCTOOOMTAHHM, HO Pa3MHOKAIIMMUXCA B CyO-
ONTHMAIBHOM, ¥ Haobopor. HumwitBep [30] ycramoBma, wro
YHCa0 GONBUIAX CUHHUI[, BHPOCIIMX B JHCTBEHHOM Jecy (oI-
THMAJIbHOE MeCTOO0OMTAHNe) U HEePEeCeTUBIINXCA B GAH3IeKA~
ot cocHoBbIl Jsec, OBIO B TOYHOCTM PaBHO YHCIY ITHIL,
[epeceanuBIIMXCA M3 COCHOBOTO Jeca B JHCTBEHHBIHA. 9TO
3acTaBIACT NPEIN0JaraThb OJMHAKOBO YCIEIIHOe PasMHO-
sReHme B 00OMX MecTOOOMTAHMAX.

Opnaro, mo pmamamM HKpebca [31], B amcrsermom Jsecy
60IbiNMe CUHUIB PasMHO;KAMUCH YCIENHee, 4eM B jRUBOH
H3TOPOJiM, M 9TO pasziauyune Gbhi0 CIAUIIKOM BEIMKO, YTO0bI €ro
MOKHO OBLIIO OTHECTH 33 CYeT 60Jee BRICOKOM 0MH TOM0BANLIX
ocolell cpeau OTHI[, MOCEIUBUIMXCSA B ;REBOH maropoxu. Ha
NMePBLI B3TAAJ TaKoil pesyabrar oszapaumsaer. OmHAKO MO-
Jelb TepPPUTOPUATBLHOTO HOBEACGHUA JaeT OJHO BOBMOKEOE
ob6bacuenune. Ocobu, BHITECHEHHBE M3 ONTHUMAIBHOLO MECTO-
o0UTaHUA M PasSMHOKAKIIKECT B CyGONTHMAJIBLHOM, 3T0, L0
BCeH BEPOATHOCTH, T¢ 0COGH, KOTOPBIM, eclIn Obi OHH 0CTABAIUCE
B OOTHMAJBHOM MeCToOOUTATHM, MPUIIIOCH OLI JOBOJILCTBO-
BaThCA TEPPHUTOPHed MeHee 4eM CPeJHHX pasMepoB, Jau6o
[OTOMY, 4TO OHM ABWIMNCH II03IHEEe APYTHX, JU00 MO KaKHM-
TO UHHIM OpuunHaM. Ha ocHOBaHWU TeopeTHYeCKUX coobpa-
JREHMM MEL TOJKHBI 0KUIATh He PABCHCTBA B CPEIHEM MELIY
YCIIeXOM PasMHOKEHHA B OUTHMAJLHOM M CYOOUTHMAIbHOM
MeCToOOUTAHUAX, a PABEHCTBA MKy NPOJYKTHBHOCTBRIO IIap
B cy0ONTUMAIBHOM MECTOOOHUTAHME M NPOJYKTHBHOCTHIO Hap,
3aNMMAlOMUX CAMEE MAdbleé TOPPUTOPHH B ONTHMAJIbHOM
MecTooOHMTAaHHU. AbTepHATEBHOE 00bacHenre naHHmx Hpeb-
ca 1o 60JbBINOMH CHHUIE COCTOMT B TOM, Y4TO 9Ta ITHIA eme He
ycmema [0CTATOYHO XOPOIIO NPHCIOCOOUTHCH K YCIOBHAM
cpeisl COBPEMEHHOM AHIJIUU.

T'. I xoxornyeckne mocaeCTBAA TePPHTOPHATLHOCTH

B mpemminymem pasgmene MbL HCXOIWIH W3 JONYINEHHA,
9T0 TEeppUTOPHATBHOE IOBEEHNE BO3HUKIC Kak ¢akTop,
MAKCHMUBUPYIOMUN ycmexX pasMHOyxenwss ocobeii. Tem He
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MeHee OHO MOJKET MMETh H3BECTHbLIE LOCIE[CTBHS JJIsA pery-
AN 9UCIeHHOCTH TONYISuH, KOTOpPble MBL cedwac pac-
CMOTPHM.

IlpegmomoskxAM AJA OPOCTOTH, UTO HMEIOTCH [BA MECTO-
obmraEuAa — ourmmaxbHoe W cyGonrtumainbuoe. Jlomycrmm,

| | !
Iiomyocmo nonyasyuu

Puc. 47. Vcuex paamuoxenua R Kax QYHKINS IUIOTHOCTH B GAaronpn-
aTeEoM ([) m mebxarompuaramoM (I1) mecroobmraEnA.

IIpnanMasd B pacyeT, YTo He BCE B3pOCyIble 0Cco0H OOKUBAICT OT ORHOTO ¢E30HA [0
ClleNymoulero, mpeaiojaraercd, 910 R = 0,6 0CTATOIHO TONbLKO A TOT'0, HYTOOH
NOJAEePKUBATE YHCICHHOCT: MOMYJIAOWH HA IIOCTOAHHOM YPOBHE.

4970 B 060X 9THX MeCTOOOMTAHUAX yCOeX Pa3MHOKEHHS JaH-
HOHM maphl 3aBHCHT OT IIOINAJW 33aHMMAaeMO#l €l0 TepPUTODPHI
(pme. 47). CymecTByer HECKOMBKO BOSMOKIEIX THIIOB TePPH-
TOPHAJNBHOTO UOBEIEHNA, KOTOphle MOTYT HabiomarbCs y
JIaHHOTO Buma. Hiyke HDpuBoaurca EKgaccmdmramus HTHX TI-
HOOR TOBeICHEA.

Tun 1 — «pasmewjernble meppumopuuy. MUHAMATIBHOTO
OpHEMJIEMOT0 3HAYEHMSA 7 He CYIMIECTBYET, I BCEe HOTHUIIhI PAas-
MHOKAIOTCA B OINTHMAJIBHOM MeCTOOGHTaHMH. JTO eUHCTBEH-
HEI{ THO TOBEEHHS, OPH KOTOPOM BO3MOJKHO COOTHOIIEHIe
tiana A (puc. 44). On COOTBETCTBYET «THUOTE3E PA3MEIeHHA»
Oporysiaa u Jloraca [13]. Takoro mopemenus ciegyer omii-
AaTh, €CIH yCIeX pasMHOKeHHsI B cyBomTAMATBRHOM MECTO-
obmTaHAN 09eHb HEBEJMK HIH jKe yCIeX PasMHOKEHHS B OI-
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TEMaAbHOM MecToOOHTAHHH MAaJ0 3aBHCNT OT IIOTHOCTH IIO-
OYAANHA.

Tun 2 — «fukcuposannas, MUHUMALLHAS MEPPUMOPUSILY).
CyImecTByer HeKoe MOCTOSHHOe MUHUMAJbHOe 3HadeHme r,
He 3aBHCANIee 0T MecTOOOMTAaNUA, TAK YTO TOCJE 3aHOJHEeHUA
ONTHMAJIBHOTO MeCTOOOUTAHNA yeHeX PasMHOKEeHNSI HAXOUT-
cA Ha TAKOM YpOBHe, 4TO ejpa 06ecmeymBaeT MOIJep/KAHUE
uMerouieiica ancaernocT monyaAanun. Ilapsl mo BO3MOKHOCTH
3aHIMAIOT TePPHTOPHI B ONTHMAJBHOM Mecrooburtanmu. Ecau
se o0a MecTooOUTANMA 3aTOJHEHH, TO Tapbl, He CYMeBIINE
3aHATh cebe TeppPUTOPHHA, COBepIIEHNO He YIacIBYIOT B pas-
MHOKEHUH,

B arom ciyuae guciaeHHOCT: DHoRyIdAnnn Oyaer BO3-
pacraTh 0 TeX IOP, HOKA BEJNYHHA TePPHTOPHY B CyOOUTH-
MaJabHOM MECTOOOHUTAHKU 11e 06eCHeUNT YCrexa pasMHOKEHUS,
IOCTATOUYHOTO IJf TONIep:KaHHs NMelomeilcs YHCIeHHOCTH
ODOOyJANUKE M TeM CaMBEIM PaBHOTO YCHeXY pa3MHOKEHHSI B
OOTUMATIBHOM MecTooOmramud, ClemoBaTeNbHo, KOIa MOIY-
JAAIASA HAXOMUTCA B paBHOBecuH, orbopa, 6JaronpuATCTBYIO-
mero Jubo0 YBEJIMYeHHIO, JHGO0 YMeHbIIEHNIO 7', He TPORCXOJIT.

IIpu noaebaHuAX YHCAEHHOCTH, HPOMCXONAMHUX MO MpH-
YHHaM, He 3aBHCAIINM OT IIOTHOCTH, PIYKTYAINMH IIOTHOCTH
MOTYJAIMHE B cybonTHMaZbHOM MecToOOMTAanmu OyIyT BhI-
pasKedbl CHJIbHee, 9eM B ONTHMAJILHOM, TaK 94TO 37eCh BO3MO-
sren «Oydepuntity spdexrt [7], ommano cpepHas WpomyKTHB-
HocTh B 06omx mecroobmrannax Gyaer oguHakoBa.

Tun 3 — MUHUMAALHASL MEPPUIMOPUSL BABUCUM TMOALKO
om mecmoobumanus, MunumarbHas TpHeMIEMas BeIHUMHA
TePPHTOPHU 7' U3MEHATCHA B 3aBUCHMOCTH OT XapaKTepa Mec-
ToobuTanuA, OyayIn MeHbIle B ONTHMAXBHHOM, 4eM B CyGom-
THMAJbHOM MecToobuTanmi., XoTd 3TY MoOfeJb HeJb3A CYu-
TaTh HempaBRoHomo6HOH, OHa jalblie He paspabarkBalach,
TaK KaK OIJA TOTo, 9TO6GH MOKIO OBLIO YCTAHOBHTD, K KAKHM
OHa HpUBEAeT MOCTe[CTBUAM, HPHUIIOCH OBl CIIeNHAILHO BBEC-
TH PAJ  AONOIHHTEJLHLHIX HOMYIIEHUI,

Tun 4 — meppumopus, onmMUMUSUDYOWAR Ycnexr pas-
MmuoxceHus. MuauManbHasg mprHeMmIeMas BeINYMHA TepPPHUTO-
puu r He QEKCHpoBaHA, a UBMEHETCSA B 3aBHCHMOCTH KakK OT
XapaKkTepa MeCTOOOHTANMA, TaK M OT IJIOTHOCTEH MOITYJISTIHN
B aJbTePHATHBHHX MecTooburanmax. JHamee pomyckaercs,
9T0 Kajkgas Iapa B KOHEYHOM cueTe Bribupaer cebe Takyio
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TEPPUTOPHIO, UTOOH MAKCHMHUBHPOBATH CBOK IIPOAYKTHE-
HOCTh. 3716Ch MMEITCS [[Bé BOBMOMKHOCTH,

Tun 44. Bce meppumopuu 3anumaromcs 00HO08DeMEHNO,
TaK 9T0 BCE TEPPHTOPHH B JaHHOM MECTOOOMTAHHHM HMEOT
O/IMHAKOBBIE PA3MEPH, a4 MPOIYKTHBHOCTH B 060HX MeCToo6H-
TAHHAX PaABHHB, JTO COOTBETCTBYeT BHIABUHYTOH DpaTysmom
7 JTroracom [13] runorese «omenkn mrotnoctny. Kak u B cay-
Jae THma 2, cpeJHHe MPOAYKTHBHOCTH B 0fomx MecTooOmTa-
HUAX OyayT paBHB MEKY co00M, ogHako KonefaHua TUCTen-
HOCTH IPOMCXOAAT HEe TOJBKO B CyOONTHMAJBHOM MeECTO00u-
TaHHH,

Tun 45. Teppumopui 3anumaromcsi He O00HOEPEMEHHO.
Ecru, ®ark MOMHO OMHUIATH, ONTHMAJIBHOE MECTOoOOHTaHme
3amMoJIHAeTCA B EPBYIO 0O4epelb, TO TOra B pesynbTarte OUTH-
MHSUPYOIET0 HOBEJEeHUA CPeHAA MPOLYyKTHBHOCTE CyGoI-
TUMAJIbHOTO MeCTOOOUNTAHUS CTAHET PABHOM HPOIYKTHBHOCTH
caMBIX MEJIKHX TePPHTOPUH B OUTHMAJBHOM (T. €. TOMY, 4TO
HKOHOMHUCT HAa3Bajx Ob TPEIeNbHO HH3KOM TPONYKTHUBHO-
CTPI0 B OUTHMAJIBHOM MecTo0OUTAHWH). ITO COOTBETCTBYET
ToMy, 910 DpaTyaina u JIIoKac Ha3RIBAOT THIOTE30H «ITUMHTH-
pOBaHuA ILIOTHOCTHY — TEPMHI, KOTOPHH MHE He XOTelIoCh
6K TpHHUMATH, NOCKOABKRY (Kak Oymer IOKAa3aHoO YYTh
HU/KE) TePPUTOPUAJIBHOE TOBEAeHNEe B CAMOM Cepbe3HOM
CMBICAe CJ0BAa OTpPAHMYHBAET ILIOTHOCTH BO BCEX MOJENAX,
3a Heknwdennem Ttuna . B mpornBomodOsRHOCTH TOMY, 9TO
Habmogaercs A THuoB & u 44, mpogyKTUBHOCTE B cyfol-
THMAJALHOM MeCTOOOGHTAHHW CYMIECTBOHIO HHEKEe, 9eM B OLTH-
MaabHOM.

IIpu pasrpaHUYeHEH OTUX TUIOOB ToBemenus THO 1, Io-
BHIMMOMY, MOMKHO OTGpOCHTB, €CIH, KaKk B 3KCHePHMENTe
Kpe6ca [32], mapsr mrur, u3barsie Bo BpeMsa Ce30Ha Pa3MHO-
siennst, GpicTpo 3aMensiorcd HOBuMU. [laa TumoB 2, 44 1
45 xapaktepHbl caegywoliie o0co0eHHOCTH.

Tun 2. Komebammsa THCIEHHOCTH NPOUCXOJAT TIABHBIM
o6pazom B cybomTnMaIbHOM MECTOOOHTAHNM;
OMHAKOBHHN CPeNHUN ycleX pPa3MHOMEHHA.

Tun 44. Konebauua guciennoctn B 060X MecTooOHTa-
HHAX; ONHHAKOBBIE cpequmil ycuex pa3MHOKe-
HHA.

Tun 45. Konebaung wucieHnocTn B oboux Aecroodu-
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TAHUAX; CPEANUN yCIeX PA3MHOKEHHSA  BBIIIE

B OITHMAJLIIOM MeCcTOOOHTANH.
PaccMoTpuy Temeph IOCHENCTBUSA STUX THIIOB  HOBe-
OeHUA AJ8 JUHANMUKH 9UCIeHNocTn mouyianmit. s Bcex

PagHosecue

O6uyas YUCAEHHOGMb NONYASILUY, NbIMEAOWelics pasmHoBcamecs

Puc. 48. Cpenmumil ycnex pasMmO/KeRHsA HOMYIAGNHM B cpefe, B KOTOPYIO

BXOQAT ABA MeCTOOGHTAHHS, 3aHMMAINUE ORMAAKOBYH INIOMAXR H

00ecIeTHBAIONINe JTOKAIBHHIT yclleX pa3MHOMEHHsA, [MOKA3aHHEI Ha
puc. 47.

. IITums paBHOMEDHO pacIpenesIeHpl TOJIbKO B Hambosnee §IarolpUATHOM MECTO-

obutanuu. 2. lITHHOH BaMOJHAIOT CHAYala OINTUMAJIBHOC MecTOOOHTaHME, a 3areM

cy0onTHMAABHOE NPH HAJIAYKN GUKCUPOBAHHON MWHUMAJBHON DENWYHHBEL TCPPUTO-

pumM, TaK 49TO IITHOEI, OCTaBIIMecA 6€3 cOOCTBEHWBIX TEPPUTOPHIf, COBEPIIEHIIO

HCKIWYA0TCA W3 Pa3MHOKEHMA. 4A, MUHAMAIbHOM BEIUUMHLI TEPPHTOPUH HE ¢V -

[IECTBYET; BCE MTHILI PA3MHOMKANTCA, BBIOMpAA TaKoe MECTOOGHTAHME, B KOTOPOM
ycnex pasMHOKenna 0yner MaKCUMAaJIbHEIN .

THHOB NOBEJEHUA AONYCKRATCA YCIEX PABMHOMEHHS, COOTBET-
eTBYIOMN H306 parKenioMy Ha puc. 47. Ecin npn sTom uasect-
HBl TaK:Ke OTHOCHTCAbHEIEe IIomajn 060nX MecTooOHTaHMIL,
TO MOKHO PACCYMTATh CYMMapHYI0 NPOAYKTHBHOCTL MOy~
A Kak QYHRIMIO 9HCIA map, jeJaiiX TOTHTKE K Pa3MIo-
JHeHHo, JTo CAeNaHo Ha PHC. 48 gaa mopemenua THOOB I, 2
n 44; OpU 3TOM IpeAIoIaraercs, YTO ONTHMAJAbHOE U cy6oIl-
THMAJIbIIOE MECTOOOHMTANNA HMEIOT OfHHAKOBYIO ILIOMIAIb.
Tounas gopma KPHBHX Ha pHc. 48 3aBUCUT 0T JOPMBI K PHBEIX
Ha puc. 47 U 0T COOTHOIIEHIS MIOmMAmeil ABYX paccMaTpHBae-
MLIX MecTooOmTaHmil, HO KaYeCTBeHHBIE Da3IUYHA He3aBHCI-
MBI OT BTHX YCIOBUII.

Uem MeHee pe3Ko BBRIDAyKEI HAKJIOH KPUBOI, 0MNCHEBAI0 el
3aBUCUMOCTE R OT UHCIEHHOCTH IOMYJANHU, TeM 0oiee yc-



172 Laasa 12

TOHYHBA TONYJIANAS, T. €. T€M MeHEe BEPOATHO BO3HEIKHO-
BeHWe B Hell KoxefaHWH YmCIeHHOCTH OOJBIION AaMILIATYHILL.

Puc. 48 sicno moraseIBaeT, 110 XOTA TeP PATOPHAILHOE OBE-
JIeHEe MOJKET NOBEICHTH YCIeX DPA3MHOMKEHUA NOMyJTAINH,
OHO OpHBEJET TakKe K CTa0UIMBANHA e€e UHCICHHOCTH.
Crabunusmpyomee nedcrBme Hambolee CHIBHO BHIPAKEHO
B TeX CJAy9adx, KOIJ[a CYMIeCTBYIOT oOHpeJeleHHbe MHAHH-
MaJIbHO mpWeMjeMbie pasMepsl Teppumropumm. I[Ipmummsi, mo
KOTODHIM TEPPUTOPHANBHOE HOBEfeHHEe OKAa3HBaeT CTabmiu-
3APYIOee BO3NEHCTBHE, MOMKHO CHOPMYIMPOBATH W MO-HHO-
My, CKa3aB, 94TO OHO JeHCTBYeT HemOCPefCTBEHHO, OTPAHHIH-
Basi QUCIO PasMHOKAKIIAXCA Nap,T0rfja KaKk B €r0 0TCYTCTBA G
peryisamua Gymer OpPOUCXOAUTH € 3aNa3ALIBARMEM, Tepes
BEKHBAHME IIOTOMCTBA.
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Nourypesuus 16, 79—90

-— 3a pecypchl, THObH 59

— MeskBHAOBasi S6—88

— MY CHMITATHUECKHMII BH-
mamu 158

INOHKYpeHUHSA ITPH IlenpepLIBIOM
pasMHOEeHIH 83—83

Lopm 56—58

— H30RTOK 56

Rospomonusa 110, 113—116, 149 —
158

Kpusere pocra 30

Rputepwu ycroigusoctir 82

Rpurepnit  Iirumnana— [Ixac-
tca 84—90

Rysurypn Escherichia coli 30, 31,
153

-— CHHXPOHM3HDOBaHHGC 31

Jlemyurrm 109

.lorcTHueckoe ypapHenme 31—
33, 54, 79—82, 84

JlokanpHOe BRMUpanume 95—108

JJoraaprECe nonymsanun 109

Marematndeckne mMogean 11—13,
5560

— — pocra momyaanmu 29—51

Mecrooburanns mpemennnie 108

— JATETBHO COXPAHAWIHECH
108

— ouTtuMajbHbe 166—168

— upepuiBucTeie 108

— cydontamMaananie 166-—169

Metogn aHasnTuygeckne 13

Murpanun 12, 90—109

-— BIMAHIE HA YCTOHTHBOCTh 90—

— B HeIpepsIBHOM MecTo00HTa-
mr 91—93

— ¥ JOKAaJILHOe BEIMHpaHHe 95—
108

-- KOHCepBaTmBHEE 91

— Tunoer 92, 93

Murpamuu stemmunrons 109

— HeKOHCEepBaTUBHHBE 94

— CeJeKTHBHOE IIPeHMYINEecTBO
108, 109

— opoaonua 108, 109

Mopera 11—14

— oOnosxornueckne 13, 55

—- HeTepMHHUCTCKHe 24-——28

— nMuTanuoHuste 11, 12

— wmarematnueckue 11—13, 55—
60

-~ Murpaguy 14

— CHCTEMBI 11apasuTon] — XO-
3au 67—71

— COOTBETCTBIE Pe3yabTaTaM Ha-
Omromenuit 144—148

— cToxacTuueckme 24—26

— wicnenusie 94

— orojormgeckne 11—14
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Mogeas Jlorkm — BouasTeppa
127

— Mbsa 135—138

— Mpsa — Max-Aprypa 86—88

— Huxoascona — boaiimm 71

— ocrpopHasi 97, 101—105, 107

-— Posenanpeiira — Maxr-ApTypa
75

— Tpex coctoaHmit 96—98, 106

— Xaccera 69—71

— maxmargag 101—105

Monoxryasrypa 110

Myxa xommatHasa {(Musca domes-
tica) 151—153

— cuHAA namanbeas {Phaenicia
sericata) 151, 152

Haesgamr Heterospilus prosopidis
70

Hennnehare cucTembr 22

Hernepex phlBaromuecs HOKOJe-

mua 65—67, 89
HenpepriBEOE PasMHOKEHUE
83—85

Heycroitampoe pasHOBecme 81
Humu, nmeperpriBanne 86—88

O0uwre BUOOB,
124, 125
O6paraas cBA3B C 3aIa3[EIBANIEM

52—55
Ormeska Ephestia cantella 69
OpraamaMu-fecTpyKTOpE 14, 108
Oca napasutndeckaa Nasonia vit-
ripennis 153
OcrpoBHoe coobmecTso 115
Or6 op 14, 15, 75—77, 150—155,
159—161, 166, 167
— rpymmosoit 114—116,
159 — 161
— Koa(pdunumentsr 15
— popctBennb 114—118
OrcyreTBre KoIebanuil qHcIeHEOC-
™ 88—90
OXOTHHIBH CHOCOGHOCTH

pacipepenenue

151,

517

Hapanbenaa Myxa Phaenicia se-
ricata 55—60
ITapazuroug 67—71

TTapasuts 145

— sBomrorEa 114, 115

IlepBndHas NpPORYKUHA, CyMMap-
mag 123

Ilepuuntie mpogymeATs 123

IlepexpriBanme unm 86—88

IlepemenHnle TemeTmdeckue 15

— CymecTBeHHLe 14

Ileperacemenrocts 109

Ilepemoruarokprinoe Neocatola-
cus mamezophagus 70

IinmeBre ceTn, caoKHOCTL 144 —
148

Ilameprie merm 134, 135

— — pgnuea 134, 135

HJIO'ZHOCTI, momyasuun 11, 30—
3

-~ — paBHOBecHasa 32

IloBegenme Mogmemm 73—75

— — mna3MeHeHme 51

— Teppmropuaasuoe 12, 15

HOJISEISBJIHIOIIIGG Bo3peiicTeue 84,

ITonckm xo03simma 69--71

— JKepTBH 73—75

Ilomesne nabmomenusa 144—148

Ionynanuonnasa 6Gumomorua 114

Ilotokm BemectBa 138—140

— pHeprum 14

Tpegenpasn pmran 22, 92—94

TIpHHIAD B3aWMHOTO HCKIIOYEHHST
81, 83

— Tayse 81

IIpopykTnBHOCTS 53

— JKepTBH 45

— mepsuusad 118

— cymMaprasa 120

PasroBecue woiebarenpHOe 49—

— HexoxebareanHOe 74, 75

— mpeycroiamBoe 80, 81

— crabmamzamua 51

— yeroiigmBoe 80, 81

PaBHOBeCcHaA YHCIEGHHOCTH 83

PeakumA XHNHHKA, lIeHEepaNIH3o-
BamHasa 47

— — (QyHRUUOHATRHAA 46—49

Perynanus c 3amasgeiBanneM 52—
55
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Perynamna ¢ 3amasIeBAHOEM,
OpEYEEH 53—55

Pecuanmunmte Didinium 49—>51

— Paramecium 49—51

Pecypcm 53, 54, 81—84, 138 —144
— 3aBHCHAMOCTb MEKAY ILIOTHOC-
Tamu 129—133

— KOHRYpeHOHA 59

— mH23asacuMue 130, 131

— OrpaHmYeHHHE 59

— OTpaHAYMBAIOIIHE,
127—133

— caMoB0300HOBICHAE D4

— ¢urcupoBaraue 131

Poxpaemocts 11

— BaBHCHMOCTH OT BoO3pacra 60,
61

Pocr  momyaAamum, MATPHYHOE
npencrasixenne 60, 61

IHuCI0

CaMoorpaauuesne 87

— UHCJIeHHOCTH KepTBH 36

CamoorpaHmdmBaiomee BO3/ei-
creue 66, 67

Ceasmocts 99

— wmepa 140

— mumeBo#l cetm 124—126

— cucTeMnr 138

CBA3BIBAEMOCTh NIMMEBOIT Ierm
137

Ce30HH pasMHOMKeHEA D2—64

— — MHUCKPETHOCTH 53, 54

CenerrHBAOE NpeuMyimecTBo 114,
115

Cepuanbpaasg Koppeaanums 26

Cmruna OGoxsman (Parus major)
159—167

CucTeMBl KOHCepBaTUBHEIE 36, 124

— HeKoHCepBaTUBHEE 124

— caoKREHe 12

— XHmHEK—KepTBa 29 — 51,
65—78, 127, 135—138, 146—
148

— — — C HeUpPepHBHHM
mEOmenneM 81, 140

— — — ycroiigmprie 66, 42—46

CropocTh BelemaEMA 33

— pasMHOKeHHA 72

— pocra momyaAmmm 25,
51,

— — mcTmHEAA 25, 31, 33, 81

pas-

29—

Cnosxanre sKocmcreMsr 117
CmeprrOCTE 11, 56—59
— %?B]Z[CHIQBH oT Bospacta 60—

— XHOOHAKOB 42
CoeBLIl MOJITOHOCHK
chus chinensis) 70
Cocroaaue mMOKoA 34
«Cocrasaguey 77
CocymecTBoBanue 86—89, 95
— naaTensHOe 86, 87
— ici)m(ypnpymnmx punos 111—
6

(Colosobru-

— HempepuiBroe 103

— ycaosus 127

— ycroiuuBocTs 127

— XHmMHEHK—xkeptBa 49, 50,
150, 151

Coxparfomadcs Bexmampa 111,
118, 120—122

Cpema, BapmabeabHOCTH 87

— cJaydJadHbe m3MeHeHHA 26

— ¢aykryanza ¢axropos 27

CpenEAA YMCIEHHOCTH IIOTOMCT-
Ba, CHIJKGHMe NpPH MHATDAIUN
108

CradmabHEOCTE BRocucTeM 122, 124,
149, 150

— MmakcuMmsamma 125, 126

CratucTudeckas Mexammka 111

— — monyaaummu 116—126

Croxacrtuieckoe ypapHeHmne 29, 30

Crpyxrypa momynammm 60

Temmeparypa cuctemsr 121—126

Teopnsa skoxormueckas 11, 12

— guHEAMAYecKas 14

TeppuTopHalbHoe HoBemeHue 12,
68, 159—172

— — Mopeias 161—165

— — o¢yEroEa 159—161

Teppuropua 159—172

— MUHHMQJIDHasg BeawguHa 166,
168, 169

ToxkcugHHE BelmecTBa 85

Toura mokosa 18—22

TpexBUfoBaA cucreMa 49

Tpojngeckme ypoBanm 111—116

— — ¥ cIoKEoCTh 127—148

— — HeCKoIbRO 134—148
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Tpobuveckne  ypoBHi [o}inan ;1
127—-133

— — unoroagune 144—148

— — pacTHTeALHOsiAHbIe 144—
148

— — uncao 123

Yowxruma 39, 46, 77, 99, 102

YOOpALOUeHHO CRAJAHALE CeTH
138—144

Vpasuense(s) Boanreppa 3337

— — 6e3 pemmgupoBanus 111

~— — — caMoorpaHudeHHA 65 —
— 67

— — rpaduveckoe pelleHie 35

— Jlecau 37—39

— aoructaueckne 31, 30

— XHIWHHK — JRepTBAa ¢
meiBagneM 65—67

— JHRCIIOHEHIHAJLHOTO pocTa 40,
41

«Y'paBHHJOBKAY 77

Veroftunsas sxocucrema 114—116
127

Veroiussoe pasHopecue 41, 134,
135

— cocymecrtBoBamne 71, 82—85

YeToldBo-paBEOBECHOE  paclpe-
menenme 27, 28

Yeroituupocts 17—24

— raoGaapHas 19

— u ciaosxpocTs 110116, 144—
148

— goxkambaag 19, 20

— cucremsl 122

VerollanRed puwa 22

®asoBasg IWIOCKOCTH 33

Gaszopoe mpocTpaucTeo 33

MaKTOPE!, OTPAHWYHBATOIINE YIC-
JIEHAOCTDL 94, 55

— -— 3anasjgplBamoniee AciHcTBHe
115, 116

OmanTpaTtopnr 130

Guronatoresmr 147, 148

QopMII HecMenUaJN3HPOBAHHDIE
153—158

- CHCOHANN3NPOBAHNLIC
158

— y3KochenuaJ nsupoBanHbie 153

DYHKIMOHAIBHASL DEARII XM~
HHEa 46—49

3aras-

153—

QYHRIUS HCIOAB30BAHAA pecypca
86—88

Xanpruaer 67—71

XuMHuecKue pemectsa 14

N HIEUKH IepBoro mopsAgka 135

-— mnociengee 3sero 139

— cpegmee 3BeHo 139

— TellIOKpoBHHIE 7178

Xumuangectso 16

Xomsruor Gexomormit (Peromyscus
leucopus) 47—49

Hemn wusonupopammrie 142, 143
Ilura npeneasubrit 22
— YCTOHYUBEHI 22

Yacrora remon 14, 15

— HamajgeHwi 47

YncneHnocTh koJeGamma 12, 14
YUnciieAHble Mojean 94

Uncno pecypcos 112

— Aun 56—58

dpoaronust 113—116

— muarpaupu 108, 109

Jaumubanmg 115

JKBUBAJICHTHAA YHCJICHHOCTH 82

DKOJIOTHYECKAA YCTOHYMBOCTE 11

IKONOTHYECKHE IapaMeTphl, 3BO-
Joona 113—116

— morpebroctn 81

— — nepexprisanne 36-—88

Jrocucrema 11-—14

~— DWAAMHYeCKH cTa0uapHas 23

— MopenbHag 13

— peanpHana 11

— TaKCOHOMHYECKH
23

— ycToHunBocth 13

— uodouusa 15

OJKOCHCTeMBI ¢ OHMM Tpodidec-
KoM ypomHem 111, 112

— -— HECKOJILKHMH TpPOQHIeCKH-
My ypoBHaAmm 112, 113

— CO CJYYAHHBIMHM B3amMOJei-
crBusvMuy 135—138

Inmrpanua 91

JHneprug sKocucTeMbl 14

IpdexTupnas obciepyemas mwiao-
mags 68—71

cradHIsHAag
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