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I. 8BBllBHl1B 

CymecTBYDT pa3n11qHbre nOllXOllbl .K 06b/lCHBHl1D np11pOllbl 

063op 

nonyq11n 
611onor11qecKoro 

/1/).6onee 

3BOnDU110HHoro nporpecca 

TOrO,B nocnel1H11e rOllbl 

CM .• Hanpl1MBP, 

llalKe 

pacnpocTpaHeH11e B3rn11l1, cornacHO KOTOPOMY 611onor11qecK11A 

nporpecc KaK IIBnBHl1B Boo6me He nollnBlKl1T 06bBKTl1BHOA OUBHKB 

/2/.DllHaKo HBCOMHBHHO TO, qTo npouecc 3BOnDUHl1 xapaKTBPl13YBTCII 

nocTeneHHbIM ycnoll<HBHHBM 611onor11qecKoA opraHH3aUHH, XOTII 

onpelleneHHB cnOll<HOCTl1 611onor11qecKOA opraHH3aUHH npellCTaBnlleT 

cepbB3HYD caMOCTOIITBnbHYD npo6neMy· /3/. 
8 MOllBnH 3B0nKlU110HHblX UHKnOB /4-8/, 113 KOTOPOA Mb! 

11CXOllHM B llaHHOA pa6oTe, paccMaTpl1B~BTCII 

611onor11qecKoro nporpecca, KOTOPLIA xapaKTep113yeTc11 

611onor11qecKOA opraHH3aUH11, BBllYml1M K pacmHpBHHD 

HHmH BHlla. np11 3TOM Ball<HO yq11TbmaTb, qTo noll 

Hl1meA nollpa3yMeBaeTCII llOCTYnHLIA n11meeoA pecypc 

TOT MOllYC 

ycnoll<HBHHBM 

3Konor11qec:KoA 

3Konor11qecKoA 

BHlla, n1160 

KaKl1B-TO oco6bIB, CBOACTBBHH!.re llaHHOMY BHllY nyT11 K 

11cnonb30BaHHD HMeDmeroc11 n11meeoro pecypca. CoOTBBTCTBBHHO, B 

HameA MOllBnH, onHCLmaDmeA CBOACTBa H llHHaMHKY BHllOB B 

COOTBBTCTBl111 C HX . TP0~11qecKHMH xapaKTBPHCTHKaMl1, noll 

3KOnor11qecKHM noTeHu11anoM BHlla 6YllBM noHHMaTb ero cnoco6HOCTb K 

3aXBaTy H YTl1nH3aU11H pa3H006pa3HblX n11meBblX HCTOqffHKOB, qTo 

onpel1en11eT cnoco6HOCTb BHlla K cymecTBOBaHHD B pa3Hoo6pa3HblX 

ycnoBHIIX BHBmHeA cpellhl. 

CyTb MOllBnH 3BOnDU110HHblX UHKnOB MOll<BT 6bITb KpaTKO 

H3noll<eHa cnBllYDmHM o6pa30M. npouBeTaDmHA BHll, yeen11q11aa11 CBOD 

q11cneHHOCTb co BPBMBHBM, B 'HeKOTOPblA MOMBHT npeBbllllaBT 

noTeHu11anbHO llOnYCTHMYD BMKOCTb CBOBA 3Konor11qecKOA HHmH, 

TaK qTo Haq11HaeT HCnbITbmaTb HBllOCTaTOK B p_ecypcax, qTo npHBOlll1T K 

KPH311CHoA c11Tyau1111. Ecn11 pacnpel1eneH11e n11mee.oro pecypca · no 

npocTpaHCTBY HBOllHOPOllHO, TO B COOTBBTCTBHl1 C 

pecypca B nep11~ep11AHLIX o6naCTIIX B11llOBOro 
llOCTYnHbIM Tl1nOM 

apeana o6pa3YDTCII 

nonyn11u1111 cneu11an11311poeaHHLIX eap11aHTOB llaHHoro B11lla, KOTOpbre 

OKa3LffiaDTCII 6onee npncnoco6neHHb!Mll K cpene 06HTaHHR,qeM 11CXOllijblA 

Hecneu11an11311poeaHHLIA eapHaHT. PacnpocTpaH1111cb no apeany K ero 

UBHTPY, no-pa3HOMY cneu11an11311poBaHHbre nonyn11u1111 BCTynaDT BO 

B3aHMOllBACTBHB llPYi C llPYrOM, B pe3ynbTaTe qero o6pa3YBTCR 

r116p11l1Ha11 nonyn11u1111, np1106peTaDma11 pacm11peHHblA 3Konor11qecK11A 

noTBHUHan. 06bBlll1HBHl1B 3KOnor11qecKoro noTBHUHana 
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cneuHanHJHpoBaHHblX ponHTenbCKHX pac a rH6pHnHOM opraHHJMe MO*eT 
6hITb. cnencTBHeM o6cenHHeHHH reHOB, npeTepneamHX nHaepreHUHD, 

nyTeM HepaBHOro KpOCCHHroaepa. B o6pa3oBaBmeACH rH6pHnHoA 

nonynHUHH nocTeneHHO, B peJYflbTaTe cTa6HnHJHpyvmero oT6opa, 
ycTpaHHDTCH He6naronpHHTH_bie nocnenCTBHH OTnaneHHOA 

rH6pHnH3aUHH. (nenpeCCHH ayT6pHnHHra) - 3Ta nonYnHUHH 
nepexonHT K 

CTaHOBHTCH nOMHHHPYDmeA, a BHn B uenoM 
3BOflDUHOHHblA noaTopeHHD onHcaHHblX Bblllle C06bITHA, COCTaBnHDmHX 

UHKfl. 
TaKHM o6pa30M, MHKp03BOflDUHOHHbie co6hITHH, COCTaanHDmHe 

3BOflDUHOHHbllilA UHKn, BKnvqaDT B ce6H nocTeneHHOe nOBblllleHHe 

nnonoBHTOCTH H EH3Hecnoco6HOCTH, T.e. npHcnoco6neHHOCTH B 

o6meM CMbicne, HCXOnHoA (rH6pHnHoA) \IIOPMbl BHna H JaTeM 

o6paJoaaHHe cneuHanHJHpOBaHHblX pac C 

3KonorHqeCKHM noTeHUHanoM. 3TH co6bITHH JaaepmaDTCH 

HHHUHHPYDmeA 

HJMeHeHHblM 
noHaneHHeM 

oqepenHoA nepcneKTHBHOA rH6pHnHoA \IIOpMb~ 
380flDUHOHHblA UHKn, qTQ noTeHuHanbHO HMeeT yEe 

MaKp03BOnDUHOHHOe JHaqeHHe, nocKO~bKY rH6pHnHaH 111opMa MOEeT 
nonyqHTb npHHUHnHanbHO HOBbie qepn, opraHHJaUHH (CM. pHC. 1 l. 

' . 
IlpencTaaneHHaH TaKHM o6pa30M KaPTHHa- paJBHTHH KaEeTCH 

norHqeCKH JaaepmeHHOA H BHYTpeHHe HenpoTHBopeqHBOA, onHaKO no CHX 
nop Monenb CTPOHnacb Ha norHqecKHX H ceMaHTHqeCKHX KOHCTPYKUHHX. 

~ Bi_ C 

V _pHC 1. nHaepreHUHH H o6pa30BaHHe 

rH6pHAHblX IIIOPM a x one , 
3B0flDUHOHHOro UHKna. 
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Me*nY. TeM noaeneHHe 6HonorHq~cKHX _nonynHUHA RBnReTCR 
TpanHUHOHHOA o6nacTbD npHnOEeHHH MaTeMaTHqecKHX MOneneA 

/9-10/. TaK, a HaCTORmee apeMH cymecTBYeT MHOEeCTBO 

MaTeMaTHqecKHX MoneneA B 3BOflDUHOHHOA 3KonorHH, cna6o 

KoppenHPYDmHx npyr c .npyroM ( CM.,HanpHMep,/11/). B HaCTOHmeA 

pa6oTe nenaeTCH nonhITKa npHMeHHTb 

C\IIOPMYnHPOBaHHOA a pa6oTaX /4-8/ 
MaTeMaTHqecKHe 

KOHUenTyanbHOA 

6HonorHqecKoro pa3BHTHH. Pa3pa6oTaHa npocTeAmaH 

MeTOnhI K 

cxeMe 

6aJoeaH 

Monenb, KOTopaH cnoco6Ha _ onHCbIBaTb CYTb HBneH~H H OCHOBHbie 
KaqecTBeHHble 3aKOHOMepHOCTH, Bb!TeKaDmtte H3 npeljCTaaneHHH 06 

3B0flDUHOHHblX UHKnax. B MonenH B KaqecTae o6ceKTa. paccMaTpHBaeTCH 

nonynHUHR noTpe6HTeneA N, oco6H KOTOPOA. xapaKTePH3YDTCH HX 

cnoco6HOCTbD K YTHflH3aUHH pecypca s. 3necb _He KOHKpeTHJHp~eTCH 

B03MOEHaH reHeTHqecKaH npHpona o6ceKTOB. 83aHMoneACTBHe oco6eA 

orpaHHqHeaeTCH TPOIIIHqecKHMH OTHomeHHHMH. CymecTBeHHblM B MonenH 

HBnHeTCH cnoco6HOCTb noTpe6HTeneA peKoM6HHHpoaaTb, o6pa3YH oco6H 

ycnoEHeHHOA opraHH3aUHH. 6yneM paccMaTpHBaTb CHTYaUHH, Karna 

peKoM6HHaUH11 npHBOnHT K noBhlllleHHD 3KonorHqecKoro noTeHUHana no 

cpaBHeHHD C npeEHHMH \IIOpMaMH, npHqeM 3TO noBblllleHHe CYMMapHoro 

3KonorHqecKoro noTeHUHana He-OJHaqaeT noBblllleHHH npHcnoco6neHHOCTH 
oco6eA. _/-

Pa3BHTHe nonynHUHH noTpe6HTenH 6yneT onpenenRTbCH neACTBHeM 

TaKHX MeXaHH3MOB MHKP03B0flDUHH, KaK POCT qHcneHHOCTH nonynHUHH, 

KOHKypeHUHH BHYTPH nonynHUHH 3a HMeDmHeCH nHmeBble pecypCbl, 

MYTaUHOHHbie nepexonu H peKOM6HHaUHH, _npHBOnHmHe K 

o6cenHHeHHll TPOIIIHqecKHX cnoco6HOCTeA oco6eA noTpe6HTenH. 

II. DcHOBHble Mex aHH3Mbl MHKP03B0flDUHH B MonenH 
3B0flllUHOHHblX UHKflOB 

II-A.OnHcaHHe 

IlYCTb HeKHA BHn N pa3BHBaeTCH B npocTpaHCTBeHHOM apeane, 

xapaKTepH3YDmeMcH HanHqHeM pecypca s. B KaqecTee nepeMeHHbIX 

B03bMeM nnOTHOCTb noTpe6HTenH B MOMeHT epeMeHH t B TQqKe x, a 

TaKEe nnoTHOCTb nHmH OT BpeMeHH B KaEnoA TQqKe 

paccMaTpHeaeMoro apeana. WccnenyeMaH 3KonorHqecKaR HHma conepEHT 

s THnOB pecypca C nnOTHOCTHMH Ss(t,x) COOTBeTCTBeHHO. BHn 
noTpe6HTenH HacqHTbmaeT I aapHaHTOB (KOTOPble 6ynyT a nanbHeAmeM 

HMeHoBaTbCH pacaMH), OTnHqaDmHXCH no ceoeMy OTHOmeHHll K nHmeBblM 

pecypcaM, Ni(x,t) - nnOTHOCTb i-Toro eapHaHTa B MOMeHT apeMeHH t 
a ToqKe x. 6yneM paccMaTpHBaTb TOflbKO BHYTPHBHAOBOe 
B3aHMoneACTBHe noTpe6HTBnH - B OTCYTCTBHB npyrHX BHAOB, 
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KOHKYPl1PYllIIU1X Ja naHHblB . pecypcbl, B OTCYTCTBl1e XHmHl1KOB, 

HallCTPOBHHba Hall B11llOM N B 3Konor11qecKOA n11paMl1lle. HcXOllR 113 

onpeneneHl1R 3KOnor11qecKoro noTeHu11ana KaK cnoco6HOCTl1 opraHl1JMOB 

cymecTeoBaTb B onpeneneHHOA 06nacT11 ycnoe11A cpenb1, 6yneM 

xapaKTepl1JOBaTb B11ll ero cnoco6HOCTbll YTl1fl11Jl1pOBaTb pecypcbL 

CeoAcTBa KalKllOA paCbl noTpe611TenR 6YllYT onpenenRTbCR ee 

"Tpo~11qecKl1M cneKTpoM" - Ha6opOM KO3~~11U11BHTOB P si , 

on11cb1Bal>IIU1X cnoco6HOCTb i-TOA pacbl YTl1fll1311POBaTb s pecypc. 

PaCCMOTP11M, KaKl1e pacbl Ni MOfYT cymecTBOBaTb B llaHHOA 

3KOnor11qecKoA Hl1me. nor11qHblM KalKeTCR BBBllBHl1B lll1CKPBTHOCTl1 no 

Tpo~11qecKl1M KO3~~11U11BHTaM. IlYCTb 1/K - 11X Ml1Hl1ManbHOB 

BOJMOlKHOB 11JMBHBHl1B, Olll1HaKOBoe llflR Bcex B11llOB pecypca. KalKllblA 113 

P si MOlKBT np11H11MaTb (K+1) BOJMOlKHba JHaqeH11A: o, 1/K, 

2/K, .. ,.1. B KaqecTBe CYMMapHoro .3KOnor11qecKoro noTeHu11ana KaK 

cnoco6HOCTl1 K YTl1fll1Jau1111 pecypca 6yneM paccMaTpl1BaTb llflR KalKllOA 

paCbl Ben11q11Hy Ili= I:s psi• KOTopaR 11 onpenenReT cnoco6HOCTb B11lla K 

cymecTBOBaHl1D a paJHOo6paJHm ycnOBl1RX BHemHeA cpenbl. nnR s T11nOB 

pecypcoe 11 Blll1H11Ubl 113MBHBHl1R TPO~11qeCKOro KO3~~11U11BHTa AP=l/k np11 

ycnoe1111, qTo Ha naHHOM 3Tane 3BOflllU11OHHOro paJBl1Tl1R cnoco6HOCTb 

noTpe611TenR K YT11fll13aU1111 pecypca orpaH11qeHa 11 HOPMl1pOBaHa Ha 

Blll1H11UY ( I:s psi=l), MOlKHO BbN11Cfll1Tb q11cno eap11aHTOB B11lla 

noTpe611TenR.3To 6yneT q11cno coqeTaHl1A C noBTOPBHl1RMl1 113 s no 
k· I = ck = 1~:!:~:!l.L HeKoTopbre np11Mepb1 Tpo~11qecK11x • s, nOBT k! (s-1) !· 
cneKTpOB llflR paJnl1qHba s npl1BBllBHbl Ha p11c. 3. 

Ha HaqanbHOM 3Tane ,3BOflllU110HHOro pa3B11Tl1R B 3KOnor11qecKoA 

Hl1me npl1CYTCTBYllT oco611 n0Tpe611Teni nepeoro YPOBHR opraH11Jau1111, 

06nanaDm11e CYMMapHbIM 3Konor11qecKOM noTeHu11anoM n i =1. 

IlpennonaraeTCR, qTo B npouecce 1paJBl1Tl1R c11cTeMbl 3KOnor11qecK11A 

noTeHu11an MOlKBT BOJpacTaTb B peJYflbTaTe peKOM611HaUl1A. 

IlepeAneM Tenepb K on11caHl1D MexaHl13MOB Ml1KPO3BOfll>Ul111, nelKam11x 

B OCHOBB Monen11 3B0flllUl10HHba U11KflOB. 8 npouecce MHKPO3BOfll>Ul111 

11JMBHBHl1e nnOTHOCTH pecypca s~_onpenenReTCR pOCTOM pecypca 11 

noenaH11eM ero DOTpe611TenRMl1. Ha 11JMBHBHl1B Ni Bfll1Rl>T: 
1.yCBOBHl1B pecypca, 

2.BHYTPl1B11llOBaR KOHKYPBHUl1R MBlKllY pa3n11qHblMl1 pacaM11 11 
Ca Moor paH11qeH11e BHYTPl1 'oTllBflbHOA paCbl, 

3. MYTl1POBaH11e, nOHl1MaeMoe KaK cnyqaAHbie nepex Ollbl MBlKllY pacaMl1, 

4.nH~~YJl1R, T.e. cnyqaAHoe pacnpocTpaHBHHe oco6eA noTpe611TenR no 
npocTpaHCTBBHHOMY apeany, 

5.KoM611HaT11BHaR peKOM611Hau11R, noH11MaeMaR KaK cynepnoJl1Ul1R 
TPO~11qecKl1X cneKTPOB B peJYflbTaTe HepaBHoro KPOCCl1Hroeepa np11 
BJa11MOllBACTBl111 oco6eA noTpe611TenR. 
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p11c 2. ~aBHCHMOCTb nonolKBHl1R YCTOAq11eoro CTaUHOHapHoro COCTORHl1R 

B ~aJOBOM npocTpaHCTBe OT OTHOmeHHR TPO~11qecK~X KO3~~11UHeHTOB 
a=2. 0, Pl =1. 0, 

N' ! 1 ! 2 ! 3 ! 4 ! 5 ! 6 ! 7 ! 8 ! 9 ! 10 ! 11 

- -----------------------------------------------
P2 ! o.~ o.5~ o.m o.7! o.~ 1.rn 1.~ 1.~ 1.7! 1.ffi 2.b 

ToqK11 HYMBPYDTCR cneea Hanpaeo. B cnyqae P2/P
1
=1/2 YCTOAqHBOe 

CTaU11OHapHoe COCTORHl1e nelKHT B nnocKOCTl1 N2=O, C yeen11qeH11eM 

P2 KOHeqHoe COCTORH11e xapaKTep11JyeTCR Han11q11eM KaK nepeoA, TaK 11 

BTOPOA pacbl (c N1=N2 np11 P1=P2l, np11 nanbHeAmeM yeen11qeHHH P2 llO 

JHaqeHnR P2>2P1 CTaUHOHapHoe COCTORHHe nonanaeT Ha nnoCKOCTb Nl=O. 

PaccMOTPHM Tenepb nonpo6Hee KamllblA HJ 3THX MeXaHHJMOB. 

Haq11HaR c npocTeAmHx CHTYaUHA, 6yneM nocTeneHHO YCflOlKHRTb Janaqy, 
llOBOllR ee no 6aJOBOA MOl1en11. 

II-B. HJMBHBHHe nnoTHOCTH pecypca: POCT, noenaHHe. YCBOBHHe 

IlYCTb KaJKllblA pecypc xapaKTBPHJYBTCR ero KOHCTaHTOA 
BOcnpoHJBOllCTBa as· TaK KaK llflR pacbl noTpe6HTenR, Ni onpeneneHbl 

ero Tpo~11qecK11e K
0

O3~~HUHBHTbl P si , ypaBHBHHR llnR 11JMeHBHHR 
KOn11qeCTBa pecypca BO BpeMeHH MOll(HO 3an11caTb: 

. 5 s = as5 s -ss l PsiNi • . (l) 
IlepBblA qneH OUHCbIBaeT POCT pecypca, ·eTopoA - noenaHHe ero 

DOTpe6HTeneM. OnHCbIBaeMaR 
np116nHlKBHHOA. OHa He BKnllqaeT .. 

CHTYaUHR 

HanpHMep, 
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o6paTHOA 
BCTBCTBBHHO, 
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pecypcOM H noTpe6HTeneM (YBBnHqeHHB CKOPOCTH pocTa pecypca npH 

6onbmHX JHa<reHHRX N, CBRJaHHOB c HCllOflbJOBaHHBM pecypcoM OTXOllOB 

lKHJHBllBRTBflbHOCTH noTpe6HTenR), He BKnDqeH TaKlKB "KoonepaTHBHhIA 

3~~BKT" ~YHKUHOHHpOBaHHR noTpe6HTBflR (cnoco6HOCTb oco6eA 

noTpe6HTBnR 06bBllHHRTbCR B uenRX ysenHqHTb YTHflHJaUHD pecypca), a 

TaKlKB llPYrHe HBflHHBAHhie ~aKTOPhl, neACTBYDmHe B peanbHOM MHpe. YlKe 

3flBMBHTapHOe nHHBAHoe ypaBHBHHe (1) cnoco6Ho B nepBOM npH6nHlKBHHk 

onHChIBaTb cymecTBO nena, fiO3TOMY cnenyeT OCTaHOBHTbCR Ha HeM 6eJ 

nanbHBAmero YCflOlKHBHHR MOllBflH, KOTOpOe MOlKBT nHmb JanyTaTb H 6eJ 

Toro HenpocTYD o6mYD KapTHHY. 
OnHmeM Tenepb JaKOHOMBPHOOTH, onpenenRDmHB HJMBHBHHB Ni(t). 

-EcnH noenaHHe s-Toro pecypca onpenenReTcR BhIJ)alKeHHeM 

ss 1PsiNi, TO YCBOBHHe pecypcOB i-TOA pacoA cnenyeT 

Bh!paJHTb s BHllB Ni ~ ksi Psiss, (2) 

rne ksi - K03~~HUHBHT YCBOBHHR, KOTOphIA HMBBT paJMBpHOCTb N/S H 

onpenenReT Knn nepexona 6HoMacchl pecypca s 6HoMaccy noTpe6HTenR. 

npHMeM llflR npocTOThl, qTo ksi = 1 llflR scex s H i. 

II-C.KoHKYPBHUHR 

CnenyDmHM ~aKTOPOM RBflRBTCR KOHKYPBHUHR oco6eA noTpe6HTenR 

Ja nHmBBhIB pecypchl. O60JHaqHM qneH,, onpenenRDmHA KOHKYPBHUHD, 

qepeJ f10HK * Ni. B npocTpaHCTBB pelKHMOB, _onpenenRBMOM 

noTpe6rieHHBM nHmBBhlX pecypcoB, KOHKYpBHUHR 6yneT onpenenRTbCR 

COOTHomeHHBM K03~~HUHBHTOB socnpoHJBOllCTBa pecypca H 

TpO~HqecKHX cneKTPOB noTpe6HTBnR. HanHqHe paChl, YTHflHJHPYDmeA 

onpeneneHHhIA pecypc, orpaHHqHsaeT qHcneHHOCTb npyroA 

paChl, noTpe6nRDmeA TOT lKB pecypc. Ko3~~HUHBHThl KOHKYPBHUHH 

JaBHCRT OT scex as, pi H, TOflbKO OT HHX. Bhi6HpaeM 

-KOHKYPBHUHD B BHllB ( dN/dt)KOHK =cN2N/k, r ne C - CKOPOCTb pocTa, 

k=!!~
00
N(tl cornacHo /9/. B HameM cnyqae c=P, f!~00N(tl=/P H 

KOHKYPBHUHR Bh!palKaBTCR B BHllB p 2
N

3/a HflH f10H ~ p
2

N
2

/a.KOHKPBTHOB 

Bh!palKeHHB MOlKHO nonyqHTb HJ crienyDmHX coo6palKBHHA. KoHKYPBHUHR Ja 

paJnHqHhIB pecypChl npOHCX OllHT HBJaBHCHMO: f10HK~ :i: 
5

( p 2N2 /a 5 ). npH 

yqeTe £3aHMOllBACTBHR i pachl co BCBMH'npyrHMH, HYlKHO paccMaTpHBaTb 

see BOJMOlKHhlB naphl pac (l,m): ~<1~mPs1P2mNlNm/as) H yqecTb 

caMoorpaHHqeHHB (i,i) B BHllB :rs(psipsiNi/asl. OKoHqaTBflbHO 

nonyqaeM qneH, onpenenRDmHA KOHKYPBHUHD nnR i paChl B BHllB: 
N, :i: ( :r -~sl~-~sm N N + -~si~-~si'N,N,) (3) 1 s l<m a l m a 1 1 s s 

MonenHposaHHe noseneHHR CHCTBMhI, BKnDqaDmeA 1 THn pecypca H 

1 sapHaHT noTpe6HT8flR, onpenenRBMOA Bh!palKBHHRMH (1-3) nano 

cnenyDm11e peJYflbTaTht BllHHCTBBHHOB CTaUHOHapHoe COCTORHHB CHCTBMhl 
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xapaKTBPHJYBTCR nnoTHOCTbD pecypca S=2 fi- H 

noTpe6HT8flR N= -~- H RBnReTCR YCToAqHBhIM YJflOM. B KalKllOM cnyqae 

nonOlKBHHe paBHOBBCHR HaxonHnH KaK pemeHHR CHCTBM~ ypaBHBHHA 
dS/dt=o, dN/dt=O. nonyqeHHhIB COCTORHHR 

nnOTHOCTbD 

HccnenosanH Ha 
YCTOAqHBOCTb, onpenenRR KOPHH xapaKTBPHCTHqecKoro ypaBHBHHR. nnR 

CHCTBMhl, BKnDqaDmeA 1 THn pecypca H 2 eapHaHTa noTpe6HTBnR, 
OnHChIBaBMOA ypaBHBHHRMH 

s = as - S( P1N1 + P2N
2

) 
1 

N 2 2 2 2 N1= p 1sN1 - al( 2 P1N 1 + p 1µ
2

N
1

N
2 

+ P
2 

N
2

) 
1 

N 2 2 · 2 2 
N2= P2SN2 - a2( pl Nl + P1P2N1N2 + 2µ2 N2)' 
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.i. 
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I [-p P/.z ol 
p ·Pp 

0 Pl., -p 

-p Ph. o 0) 
p -p Pho 

o P,lz -P P 

o o Ph-P 

·P PJ, OOOPJ, 

p1;_-pP/2,P/4O~ 

0 P!t,-pPu,O0 

O f/4 Ph ·P"hf/4 
I 

o oo f/4-PP/4 

P!i Pft,OP!t,P;,_-~ 

(4) 

PHC 3. CosoKynHOCTb Tpo~HqecKHX cneKTPOB paJnHqHhIX pac 

noTpe6HT8flR. 3amTpHx OBaHHhIMH ~HrypaMH i1Jo6palKBHhl TPO~HqecKHB 

K03~~HUHBHThl llflR pac fiOTpe6HTBflR Ni, YKaJil.HHhIX B UBHTpe pHCYHKa. 

A. nsa THna pecypca - s=2, BllHHH U a HJMBHBHHR TPO~HqecKHX 
K03~~HUHBHTOB dP=l/2. 6. s=2, dP=l/3. 8. s=3, dP=l/2. 

Cnpaea npHBBllBHhl Ta6nHUbl BBpORTHOCTBA MelKpaCOBhIX 

nepeXOllOB. 80JMOlKHhl8 nepex Oll~I HJO6palKBHhl CTpenKaMH. 

7 
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MOlKHO Bbll1Bnl1Tb cne,11yJJIJll1B oco6BHHOCTl1 nOBB,1IBHl1R: cTau110HapHoe 

Ilp11 P1=P 2 
nepaoA 11 

COCTORHl1B YCT0Aq11ao 11 onpe,11enReTCR OTHOmBHl1BM P1IP2-
S=-~-~--- N = N = --~-- - 0,1111HaKoaaR nnoTHOCTb P1+P 2 • 1 2 P1+P 2 
BTopoA pacbl, np11 yaen11qeH1111 P2 Hall P1 npo11cxo.1111T CMemeHHB 

COCTORHl1R paBHOBBCl1R B CTOPOHY yaen11qeHl1R N2 Han N111 np11 p2-
2 (ll (ll 

2 P1 YCTQAql1Bbn.l CTaHOBl1TCR COCTORHl1B S = -µ--, N1 = O, N2 = -p-
2 2 

- a pe3ynbTaTe KOHKYPBHU1111 3a n11meaoA pecypc aap11aHT, 

11MBllllll1A 3Haq11TenbHOB YT11n113au110HHOB npe11MymecTBO, nonHOCTbll 

nonaanReT MBHee np11cnoco6neHHblA (p~c.21. 

II-D. MelKpacoBLIB MyTaU110HHLIB nepex Ollbl 

nnR 113yqeH11R noae.11eH11R 6onee 

BKnJJql1Tb B paCCMOTpeH11e cne,11yJJm11A 

cnolKHOA Cl1CTBMbl Heo6x 0,1111MO 

~aKTOP - MYTau1111. Eiy,11eM 

noH11MaTb MYTau1111 KaK cnyqaAHblA npouecc 113MBHBHl1R reHBT11qecKoro 

MaTep11ana, B pe3ynbTaT1~ KOTOporo MOryT MBHRTbCR Tpo~11qecK11e 

cnBKTPLI. nnR TaK11X MyTaUl10HHLIX nepexonoa cne,11yeT npl1HRTb, qTQ 

B03MOlKHO np11pameHl1B onpe,11eneHHOA KOMnOHBHTbl Tpo~11qecKoro cneKTpa, 

np11 Q,11HOBPBMBHHOM COKpameH1111 npoq11x Tpo~11qecKl1X K03~~11U11BHTOB. 

BepoRTHO, MYTaU110HHLIA nepexon RBnRBTCR llBYCTYneHqann.1: Ha 

nepaoM JTane npo11cxo.1111T 

noTeHu11ana np11 HB6onbmOM 

K03~~11U11BHTOB, Terna KaK 

coKpameH11e cy_MMapHoro JKonor11qecKoro 

yaen11qeH1111 onHoro 113 Tpo~11qeCKl1X 

Ha BTOpOM 3Tane npo11cxon11T 

BOCCTaH0BneH11e CYMMapHoro JKonor11qecKoro noTeHu11ana B 

OCHOBHOM 3a cqeT ,11anbHBAmero yc11neH11R 

Tpo~11qecKoro cneKTpa. 0,11HaKo a· HameA 
onpe,11eneHHoA 

Mo.11en11 Mbl 

30Hbl 

6yneM 
yq11TLIBaTb TOnbKO pe3YnbTaT TaKoro MYTaU110HHoro nepexona, 

T. e. Mbl 6Y.11BM paccMaTp11aaTb MyTau1111 KaK nepexo,11 MB)l(,lly 

6nl13Kl1M11 pacaMl1, r,11e 6nl13Kl1Ml1 6y.11eM Ha3LIBaTb TaKl1B pacbl Ni 11 

Nj , ace TP0~11qecKl1B K03~~11U11BHTLI KOTOPLIX, KPOMB llBYX, 
coana.11aJJT, a 

p • = p • + 11p ;p i = p . - 11p_ 
s1, l. s1' J s2, s2, J 

IlyCTb aepoRTHOCTb MYTl1POBaHl1R Mana (p<<1) 11 ~epexon K nJJ60A 

113 pac, 6nl13Kl1X ,11aHHOA, paBHOBBPORTBH. Hcxo,11R 113 3Toro 

onpe,11eneH11R, MOlKHO Han11caTb MaTP11Ubl MYTl1POBaHl1R .nm1 pa3nlf'IHblX S 11 

11p (CM. p11c.2.) 11 TaKl1M nyTeM npocne,1111Tb pacnpe,11eneH11e a11,11a no 

pacaM, onpe,11enReMoe TOnbKO MYTaUl1RMl1. Ha p11c. 4 noKa3aHbl 
pacnpeneneHl1R llnR S=2,I=J; S=3,I=6; ,s=2,I=11. B11nHo, qTo nnR 

-nJJ6oro HaqanbHOro COCTORHl1R pacoaoro cneKTpa KOHeqHoe COCTORHl1B 
xapaKTBPl13YBTCR, 

pecypcoa 1 Psi 
1 

ao-nepam, 

l. PS i 
2 

paaHLn.1 noe.11aH11eM pa3n11qHLIX 'r11noa 
11, B0-BTOpblX, Hecneu11an11311poaaHHLIB 

8 

) 

) 
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"t JLJL.~.o,DJ.l[L,Il,Lh,6°' 

,J 

1 L ~,IJ=.~:~. 
1 L.~~;~.~; 

T 

l'7 .lL~, 

26 

lA 

~ 

p11c ~ Bn11RH11e MYTau11A Ha pacnpeneneH11e a11na noTpe611TenR no 

pacaM. Bb1q11cneH11R 6bmtt npoaeneHbl B cnyqae BBPORTHOCTl1 MYTHPOBaHHR 
p=0.2. 

1.s=2, l'iP=l/2. 2. s=J, l'iP=l/2. 

8 HaqanbHhlA MOMBHT B11,11 npencTaaneH a) Hecneu11an11311poBaHHOA, 

6 l cneu11an11311poaaHHOA pacoA. YIHneKcau11R pac coananaeT c 

o6o3HaqeHl1RMl1 ~11c 3. nocnenoaaTenbHO 11306paJKeHbl pacnpeneneH11R 
np11 T= o, _1, 5, 10, JO. 

3. s~2, 11p=1;10._Ha r11cTorpaMMe cneaa Hanpaao 

pac Ni C Tpo~11qeCKl1Ml1 K03~~11U11BHTaMH p1i = 1.0 
(i-1)*0.1 B MOMBHTbl BPBMBHl1 T=O, 1, 5, 40. 

OTnOlKBHbl nnoTHOCTl1 

- ( i-1)*0.1, p 2i= 

paCLI 11MBllT npe11MymecTBO Han cneu11an11311poaaHHLIM11 B ycnoa11Rx 
HeorpaH11qeHHoro Kon11qecTaa pecypca. 

PaccMOTPl1M Tenepb an11RH11e KOHKYPBHUl111 11 MYTau11A 
Ha pa3BHTHe nonym11,HH noTpe611TenR N. Ml1H11ManbHaR Monenb conepllCl1T 

Terna 2 T11na_pecypca s 1 11 s 2 c KOJ~~11u11eHTaM11 aocnpo113aoncTaa a
1 

11 "'2 COOTBBTCTBBHHO 11 3. pacu noTpe611TenR: Nl- cneu11an11311poaaHHHYll 

no nepao~y THny pecypca (P 1, 1=1,P 2, 1=o), N2- Hecneu11an11311poBaHHYll 

(Pl 2=0.5, P2 2=0.5) 11 NJ- cneu11an11311poaaHHYll no BTOpOMY Tl1ny 

pecypca CP1 J~o. P2 3=1). C11cTeMa ypaaHBHl1A npl1H11MaeT a11n 
81= a~S1 - 81'< P1 1N1 + P1 2N2 + P1 3N3) t . . . 
8 2= "'28 2 - 8 2< P2, 1N1+ P 2, 2N2 + P2,JNJ) 1 (5) 

N 2 2 N 
N1= Nl( pl 1S1 + p2 1N2)- -1(Pl 1 NI +L1)- -1 L2-pN1+0.5pN2, 

' ' al ' o:2 

N 2 2 N 2 2 
N2=N2( P1 2s1 + P2 2S2)- -2(Pl 2 N2 +½_) - -2(P2 2 N2 +L2)+ 

, ' ocl , a2 ' 

+ pN1-pN2+ pNJ I 

9 

il:,I, 

l1i

1
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N N 2 2 
N3= N3( Pl, 38 1 + P2,3S2)- ai Ll- a~(P2, JNJ +L2)+0. 5pN2-PN3, 

rne Lie 
3 
l: 

i,j=l 
i<j 

pki pkjNiNj' k=l,2 

floHCK pemeHHfl H onpeneneHHe HX xapaKrepa 
cornacHO /12/. nonyqeHHaR CHCTeMa nOJBOnRer HRflTH 
aHanHrHqecKH, HO nOHCK rpaeKTOPHfl ocymecrBnReTCR 
npHMeHeHHeM BbNHCnHrenbHOfl TeXHHKH. 

npoeonHTCR 
pemeHHR 

yl!Ce C 

HccnenyR 3TH ypaBHeHHR B cnyqae OTCYTCTBHR MYTRUHfl ( p=O) 
nonyqaeM HeCKOnbKO CTRUHOHRPHLIX COCTORHHfl, HJ KOTOPbIX ycroflqHBblM 
RBnRercR QnHo, (HMeDruee JHaqeHHe npH a 1 = a 2 : s 1 = s 2 = 
a-HL:!:r:!.Ll N = N = a---Lr-- , N = ~ 2 N = a-r-L___ H 3 +21 2 ' 1 3 2 + 1 2 ' 2 1 1 2 + 1 
npHHHMaDmee 6onee cnOJICHLIA BHn npH a 1# a 2 , r.q. nnR a 1<a 2 : s 1<s2 , 
Nl <NJ), a TRKl!Ce pRn ff Bb!pOl!CneHHblX ff CTRUHOHRPHbIX COCTORHHfl (HMeDIIIHX 
Ss=O HnH Ni=O) 

1. s1 = o s 2 = o N1 = 0 N2 = 0 N3 = 0. 
2. s 1=2a1+a 2 S2=al+2a2 Nl = al N2 = 0 N3 = a 2 . 
3. s 1=0 s 2=2 a 2 N1 = 0 N2 = 0 N3 = a 2 • 
4. S1=2a1 s 2 = o Nl= ,al N2 = 0 N3 ,= 0. 

s. s 1 = o s =-H!:!1:!:!:!2la2 2 a 1 
N1=0 N2=2 a 2 N3 = 0. 

4fa +a \a 
6. S1=--~-la-2L 1 s 2=0 N1=0 

CHCTeMa craeMHTCR K · OnHOMY HJ ,3THX 

HaqanbHblA MOMeHT epeMeHH COOTBeTCTBYDlllee ss 

N2=2 a 1 NJ = O. 

HY nil. 

COCTORHHfl, ecnH B 

HnH Ni 6btn0 paBHO 

EcnH MYTRUHH npoHcxonRT (p - Mano, He paBHO HYnD), nonol!CeHHe 
CTRUHOHRPHLIX COCTORHHfl cnerKa cnBHraeTCR, a xapaKrep HX 
ycroAqHBOCTH He MeHReTCR ( ecnenCTBHe ManOCTH p). 

8 3TOM cnyqae HJ. nD6oro HaqanbHoro nonoJ1CeHHR cHcreMa 
crpeMHTCR B ceoe enHHCTBeHHOe CTRUHOHRpHoe COCTORHHe, 

ynoenereopRDlllee npH al=a2 COOTHOmeHHJl N1=N3=-/2N2 H npH a1<"2* 
5+H3 -3(l+llJ) coorHomeHHD N1<N2<N3, r.e. npH 6onbmeM 

eocnpoHJBoncree KaKoro-ro pecypca npeHMYmecreo HMeer 

cneuHanHJHpoBaHHRR no HeMY paca norpe6HrenR. HeKorop1,re 
npHMepu nHHRMHqecKoro noeeneHHR cHcreMLI, conepJ1CameA 2 rHna 
pecypca H 3 pacu norpe6HrenR, npHeeneHbl Ha pHc 5: a) cnyqafl 
paBHbIX 
epeMeHH 

KOHCTRHT eocnpoHJBoncrea pecypca: B HaqanbHblA MOMeHT 
oco6efl BHn npencraeneH He6onbmHM 

HecneuHanHJHpoeaHHofl pac~ ee 
yeenHqHeaeTCR B ycnoBHRX HJ6b1TKa 

IO 

KOflHqeCTBOM 
qHcneHHOCTb 

nH!llH, nanee 
• 6ucrpo 

Hacrynaer 

j 
j 

1 
>, 

ti A. 

I.O 

,½ 

M,,½ 

' 
L 

T 10 0 
tJ 

{O 

I /1\ 
,½ 

& 
0 - ~() r 

pHC 5. HJMeHeHHe nnOTHOCTH norpe6HrenR OT epeMeHH nnR paJnHqHI,JX 
rpo111HqecKHX ycnoeHfl. CHcre·Ma eKnJJqaer 2 rHna pecypca H 3 eapHaHra 
norpe6HrenR: N1 - cneuHanHJHpoeaHHLIA no nepeoMY rHnY pecypca, N2 -

HecneuHanHJHpOBRHHblA, NJ - cneuHanHJHPOBRHHLIA no BTOpOMY THny 

pecypca (cM.pHc 31. 
A. floKaJaHLI nnoTHOCTH paJnHqHLIX pac norpe6HrenR B cnyqae 
onHHaKoeoro eocnpoHJeoncrea pecypcoe ( a 1=a2=o.5) c nocraroqHLIM 
KOnHqeCTBOM pecypcoB B HaqanbHblA MOMeHT epeMeHl1 (_S1=S2=4 • 0) • flpH 
_t=O norpe6Hrenb npencraeneH· HecneuHanHJHpoeaHHOfl pacoA (N1=o.o, 

N2=0.l, N3=o.O) 
6.Cnyqafl HepaBHOrO eocnpoHJBOACTBR pecypCOB (a1=0.5 >> a 2=0.0l). 
8 HaqanbHLIA MOMeHT epeMeHH norpe6Hrenb npencraeneH 
cneuHanHJHPOBRHHOfl no BTOPOMY pecypcy pacoA (Nl=O.O, N2=0.0, 
N

3
=o.l) B ycnoBHRX • nocraroqHoro Kon11qecrea eroporo pecypca 

(S1=0.1, S2=4.0). C reqeHHeM epeMeHl1 CHCTeMa npHXOnHT B 
ycroflqHeoe CTRUHOHRpHoe COCTORHHe, cooreercTBYDmee cneKtpy 

eocnpoHJBOACTBR pecypcoB. 

KPHJHC, ecnencreHe Koroporo qHcneHHOCTb cnanaer no onpeneneHHOfl 
eenHqHHl,L HJ-3a MYT8U11fl BOJHHKRl>T cneUHRflHJHpOBRHHLre pac1,1, 
HeKoropoe BpeMR HYllCHO nnR HRKonneHHR MYTRHTHLIX BRPHRHTOB, H, 
nocne· He6onbmoro nHKa, qHcneHHOCTb cneu11anHJHpoeaHHLIX pac raKJ1Ce 

II 



CTa6HnH3HpyeTCR Ha YPOBHe 1/V2 'IHCneHHOCTH HecneuHanH3HPOBaHHOA 

pachl - B ycnoBHRX paBHorb BOcnpOH3B0DCTBa pecypca HeKOTOpoe 

npeHMYmecTBO HMeBT HecneuHanH3HPOBaHHaR paca noTpe6HTenR. B 
COOTBBTCTBHH c /13/, onpenenRDmHM npHcnoco6neHHOCTb KaK 

OTHOCHTenbHYD 3~~eKTHBHOCTb pa3MHOEeHHR, T.e. nnR naHHOA pachl 

OTHomeHHe senH'IHHhl cp.enttero 'IHCna nOTOMKOB, npHX oni1merocR Ha 

ODHY oco6b :3TOA pachl, K eenH'IHHe, MaKCHManbHOA H3 nono6HhlX nm1 

pa3nH'IHhlX . pac, MOEHO paCC'HITaTb npHcnoco6neHHOCTb, HCXODR H3 

CHCTeMhl ( 5) H BhJPaEeHHR Ni (t+At) /Ni (t) nnR •cpenttero 'IHcna 

nOTOMKOB Ha ODHY oco6b i pach!. nony'IHM nnR HCX ODHOA 

HBcneuHanH3HpoeaHHOA pacu HenpephIBHOe 

npHcnoco6neHHocTH 

Ha'!anbHOro 3Ha'leHHR 

COCTORHHH. Ha 

(OTHOCHTenbHO cneuHanH3HpoBaHHhlX 

OKono 0.1 DO 1.0 e KOHe'IHOM 

PHC.56 HJ06pageHO noeeneHHe 

B03pacTaHHe 

pac) OT 

YCTOA'IHBOM 

CHCTeMhl B 

cneuHanbHOM cnyqae al » a2. 8 HaqanbHhlA MOMeHT epeMeHH s2 » sl' 

BHD noTpe6HTenR npencTaBneH cneuHanH3HPOBaHHOA no BTOPOMY pecypcy 

pacoA. CKOpOCTH eocnpoH3BODCTBa pecypca TaKOBh~ '!TO 3Ta paca 

HaXODHTCR B ycnoBHRX KPH3HCC,, ee 'IHcneHHOCTb Henpeph!BHO 

YMeHbmaeTCR. 6naronapR MyTaUHRM 3apognaeTCR Hecneu~anH3HPOBaHHaR, 

H H3 Hee cneuHanH3HPOBaHHaR no nepBOMY pecypcy paChl, KOTOphIM 

6onee COOTBeTCTBYeT naHHaR cpena o6HTaHHR. KoHe'IHOe COCTORHHe 

N1>N2>>N3 OTpagaeT pa3HHUY B CKOpOCTRX socnpOH3B0DCTBa pecypcos. 

HTaK, 6naronapR KOHKYpeHUHH pacoeaR nponopUHR BHDa noTpe6HTenR 

npHXODHT B COOTBBTCTBHe TPO~H'leCKHM B03MOEHOCTRM cpenhl (Nl:N2:N3 

OT 0: 0: 0.1 K 0.46: Q.09:-0.0). npHcnoco6neHHOCTb 3DBCb H3MeHReTCR 

HeCKOnbKO 6onee cnoEHhIM o6pa30M. 

II-E.llH~~Y3HR 

non DH~~Y3HeA noHHMaeTCR pacnpocTpatteHHe noTpe6HTenR B 

CMeEHhIB o6naCTH npoCTpaHCTBeHHoro apeana. EcnH -~i- = F( N,S, 

a, p ,Pl eCTb ypaeHeHHe noKanbHOr~ pa3BHTHR BHDa, TO DH~~Y3HR 

naeT no6aBO'IHhlA qneH BHDa D* -~~Jx2-. Ko3~~HUHeHT DH~~Y3HH D 

npHHHMaeTCR nocTORHHhIM H ODHHaKOBhIM DnR scex pac. 3To TaKEe 

ynpomeHHaR cHTYaUHR, onpenenRDmaR "cnyqaAHoe 6ny•naHHe" oco6eA 

noTpe6HTenR. Otta He BKnD'laeT B ce6R, HanpHMep, B03MOEHOCTb 

o6yqeHHR nnR nepeMemeHHR no apeany s HanpasneHHH yeenH'leHHR 

KOHUBHTpauHH nHmH, CB30HHhlX MHr:paUHOHHhlX npoueccos H npo'lee. 8 
Ka'IBCTBB npocTpaHCTBeHHoro apeana MOEHO Bh!6paTb ODHOMepHhlA 

ape an DHCKpeTHOA CTPYKTYPhl, Tor na DH~~Y3HR B TO'IKB "c 11 

onHChIB~BTCR pa3HOCTHhIM c BhlllaEeHHeM: D*Nc-l - 2*D*Nc + D*Nc+l, • r ne 
CHMBOnaMH CBepxy o603Ha'leHhl: (c-1) neBhlA yqacToK no otHOmBHHD K 
paccMaTpHeaeMOMY, a (c+l) - npaehIA. 

12 

" 

II-F .KoM6HHaTHBHaR peKoM6HHau·HR 

non PBKOM6HHaUHeA 6yneM noHHMaTb B3aHMoneACTBHe oco6eA 

noTpe6HTenR, npHBODRmee K o6pa30BaHHD • HOBOA pachl, T. e. B 

pe3ynbTaTe peKOM6HHaUHH H TOnbKO ee H3MeHReTCR CYMMapHhlA 

3KOnorH'leCKHA noTeHUHan, TaK '!TO nnR oco6H peKOM6HHaHTHOA 

pachl: t Psr = 1 +AP ,a ee TpO~H'leCKHA cneKTP onpenenReTCR 

KOHKpeTHhlMH TpO~H'leCKHMH cneKTpaMH B3aHMODeACTBYDmHx oco6eA. 

non KOM6HHaTHBHOA peKoM6HHaUHeA HnH rH6pHDH3aUHeA 

nonpa3yMesaeTCR o6beDHHeHHe B ODHOM opraHH3Me reHeTH'leCKHX 

neTepMHHaHT, onpenenRDmHX B OTDenbHOCTH DOCTaTO'IHO pa3BHThle 

cnoco6ttocTH K noTpe6neHHD Toro HnH HHoro pecypca y 

cneuHanH3HpoeaHHhlX pac. llpyrHMH cnoeaMH, npennonaraeTcR, '!TO 

~eHOMeH KoM6HHaTHBHOA peKOM6HHaUHH (rH6pHDH3aUHH) B03MOEBH nHmb. 

npH DOCTaTO'IHO rny60KOA DHBBpreHUHH HCXODHhlX ~OPM, npH'leM 
06beDHHeHHe reHOB, npeTepneemHX DHBepreHUHD, ocymecTBnReTCR nyTeM 

HepaeHoro KPOCCHHroeepa /5,6/. 

PeKOM6HHHpOBaHHe, HMeDmee cnencnrneM yeenH'leHHe 

3KOnOrH'lecKoro noTeHUHana, RBnReTCR sepoRTHOCTHhlM npoueccOM 

(eepORTHOCTb, '!TO npoH30ADeT peKOM6HHaUHR B 3TOM CMhlCne - r<<l ). 

.B cnyqae HeCKOnbKHX THnoe pecypca cnoco6HOCTbD pBKOM6HHHPOBaTb 

o6nanaDT oco6H pac, cneuHanH3HpoeaHHhIX no pa3nH'IHLIM 

pecypcaM. npH 3TOM npennonaraeTCR, '!TO H3 B3aHMODeACTBHR OC06H, 

H~eDmeA MaKCHManbHYD cnoco6HocTb yceaHeaTh i pecypc, H oco6H, 

HMeDmeA MaKCHManbHYD cnoco6HOCTb yceaHeaTb j pecypc, B03HHKaBT 

oco6b C MaKCHManbHhIM TPO~H'leCKHM K03~~HUHeHTOM no ODHOMY H3 

pecypcoe H HeHyneehIM, paBHhlM AP, K03~~HUHeHTOM no npyroMy 

pecy~cy. B cnyqae s=2, LIP=½, ( tP sr = ~ ) 'IHCno 

peKOM6HHaUHOHHhlX pac 6yneT paBHO 4: (N1r=P1 1=3/2, P2 1 =O; 

N2r:P 1, ;/"l,P2, 2 =1/2; ~r =/\, 3 =1/2, ~. 3 =l;,& :£ 4 =O',J? 4 =J/2), a 
HX o6pa3oBaHHe 3anaeTCR BhJPaEeHHRMH: 

?:2r = 0.5rN1N3 
NJr = 0.5rN1N3 

K 

(6) 

'!eMy npHBODHT PacCMOTpHM B Ka'IBCTBe HnnDcTpauHH, 

B03MOEHOCTb o6pa30BaHHR peKOM6HHaHTHOA pachl B MaKCHManbHO 

ynpomeHHOA CHTYaUHH, T.e. nnR CHCTeMhl, CODBPEameA ODHH THn 

pecypc~ s H ODHH eapHaHT noTpe6HTenR N c TPO~H'leCKHM 

K03~~HUHeHTOM P=l. PeKOM6HHaHTHaR paca 6yneT HMeTb TPO~H'IBCKHA 

K03~~HUHeHT Pr 

ypaBHeHHRMH 

s 
N 

Nr 

2*P H noeeneHHB CHCTeMhl onpenenRBTCR 

aS - PS ( N + 2Nr) • 

PSN - ~( 2 p2N2 + 2 P 2NN + 4 p 2N 2 ) 
a r r 

rN2 + 2 PSN - ~r( p2N2 + 2 p2NN + 8 p2N 
2

) r a r r 

(7) 
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pHC 6. Pa3BHTHe BHna noTpe6HTenH B npOCTpaHCTBeHHO HeODHOPODHOM 

apeane: B nesoM ceKTope a 1>>_ a 2 , B ueHTpe a 1=2, B npasoM ceKTope 

"'1<< "'2· 
noKa3aHLI nnoTHocTH pa3nwrnux pac noTpe6HT_enH HatJanbHoro ypoBHH 

opraHH3HUHH (HeJamTpHX OB a HO) H peKOM6HHaHTHLIX pac (JamTpHX OB a HO). 

HttneKCaUHH pac cosnanaeT c .o603Ha'leHHHMH PHC 3. CTpenKaMH 

cxeMaTH'leCKH OTMe'leHO BflHHHHe pa3flH'lHblX MexaHH3MOB MHKPOJBOflDUHH: 

> pocT, -> MYTaUHH, => DH~~Y3HH, ~> KOHKypeHUHH: >< peKOM6HHaUHH. 

EcnH s HatJaflbHLIA MOMeHT peKOM6HHaHTHaH paca OTCYTCTBYeT 
. 2a Cl 

H r=O, TO CHCTeMa IlPHXODHT B COCTOHHHe s = -p-• N = -p, Nr 

0. HanH'lHe peKOM6HHaUHA (r-'0) npHBODHT K TOMY, 'lTO 3aponHBmaHCH 

peKoM6HHaHTHaH paca nonHoCTbD nonasnHeT 
Cl Cl 

cocTOHHHH s = -p, N = o, Nr = 2µ-
6HonorH'lecKoA opraHH3aUHH sttna 

nepsy~ B CTaUHOHapHOM 

npoHJomno ycno•tteHHe 

noTpe6HTenH, IlOHBHnaCb 

peKOM6HHaHTHaH paca c ynsoeHHblM TPO~H'leCKHM KOJ~~HUHeHTOM, 

KoTopaH oKaJanacb nytJme npHcnoco6neHHOA K naHHOA cpene o6HTaHHH, 

'leM Ha'lanbHaH paca. B OTCYTCTBHe peKOM6HH6HTHOA pacu COCTOHHHe 
~ Cl s = -p-• N = -p 6LIJ10 YCTOA'lHBLIM, C ee IlOHBfleHHeM OHO CTaHOBHTCH 

HeYCTOA'lHBLIM, H CHCTeMa CTpeMHTCH K HOBOMY CTaUHOHapHOMY 
Cl Cl H . 

COCTOHHHD s = -p-• Nr = 2µ-• N = 0. a HameM npocTeAmeM npHMepe 

OKa3aflOCb B03MO•HLIM npoMonenHpOB6Tb HeKHA acneKT JBOflDUHOHHOro 
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npouecca, KOTOpbll'I OilHCbIBaeTCH B /14/ KaK 6ecKoHe'lHaH cMeHa onHHX 

YCTOA'lHBLa COCTOHHHA ~pyrHMH tJepe3 HeYCTOA'lHBOCTH. OnHaKO, B 

HOBOM COCTOHHHH KOflH'leCTBO pecypca ". KOflH'leCTBO noTpe6HTeneA 

BDBOe MeHbme, 'leM s HCXOnHOM COCTOHHH~- - ecnH 6u npouecc 

JBOflDUHH 36KflD'lancH nHmb B ysenH'leHHH HMeD11111XCH TPO~H'leCKHX 

KOJ~~HUHeHTOB, TO HMeno 6u MeCTO CTpeMneHHe s H N K HYflD. 

CnenosaTeflbHO, Heo6xonHMO OCBaHB6Tb HOBLre THilhl pecypca, 36 

'lTO B naHHOA MonenH OTBeTCTBeHHhl MYT6UHH. 

111.CxeMa pa3BHTHH nonynHUHH 

HcxonH H3 OilHCaHHblX BLIDle MeXaHH3MOB 

npencTaBHM Tenepb 6aJOBYD Monenb pa3BHTH~ BHDa 

N s TetJeHHe 6onbmoro npoMe•YTKa speMBHH. 

MHKp03B0flDUHH 

noTpe6HTenH 

HTaK, B JKOflOfH'leCKOA HHme npHCYT~TBYDT 2 THila pecypca 

sl H s2. noTpe6HTeflb npencTasneH B Ha'laflbHLll'I MOMeHT oco6HMH 

nepsoro ypoBHH cni=l): N1<P1 1=1,/12 1=0), N2<P1 2=0.5, /12 2=0.5), 
N3( /11 3=0, /12 3=1), • KOTOpbre o6nana~T cnoco6HOCTbD 

peKOM6HHHposaTb, 'lTO, npHBODHT K nOHBneHHD pac HOBO~O YPOBHH 
(ni=l.5): N

4
(P

1 4
=1.5,/1

2 4
=0), N5 (p 1 5=1,/1 2 5=0.5),. N6 (p1 6=o.5, 

/12 6=l)' N7( /1~ 1=0, p2' 7=1. 5 ) 0 • -· • • 

• CTPYKTYP6 • apeana' flHHeAHa H nHCKpeTHa, yqacTKH 

pa3flH'l6DTCH KOJ~~HUHeHTOM eocnpoHJBOnCTBa pecypca: B neBOM 

"'1» "'2 ,B ueHTpe "'1 = "'2, B npaeoM "'1« "'2. HJMeHeHHH 

'lHcneHHOCTH Ka•noro eapHaHTa noTpe6HTenH H pecypca 

OilHCbIBaDTCH ypaBHBHHHMH 
0 k k k k k k · k k k 
sl = "'1 sl - _sl (Nl + 0.5N2 + l.5N4 + N5 +0.5N6), 

'k k k k k · k · k k k . 
s2 = "'2 s2 ~ s2 (0.5N2 +NJ_+ 0.5N5 + N6 + 1.5N7l 

"k k k Nk k k k Nk k k k * k N
1 

= N
1 

s
1 

- --lk(N
1 

N1 + L1) - --lkL2 - pN1 +0.5pN2 +D f(N1) 7 

"'1 "'2 
"k k k k k N k k k N

2
=0.5N

2
s

1 
+ 0.5N2 s 2 - -2k(0.25N2 + L1) 

N·k k k 
-2k(0.25N2 + L2)+ 

"'1 "'2 

k k k. * k +pN
1 

- pN2 +pNJ + D f(N2), 

"k k k Nk k Nk k k k k k _NJ= NJ s
2 

- --3kL
1 

- --Jk(N3 N3 + L2) + 0.5pN2 -pNJ +D*f(N3), 

"k 
N4 

"'1 "'2 
k k Nk · k_.k k 

l.5N
4 

s 1 - --4k (2.25N4"N4 +L1) -
"'1 

+ D*f(N!), 
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Nk = 
5 . 

k .. k k k k k Nk k..k k 
0.5rNill'J + N5 sl + 0.5N5 s2 -;i'k5-(N51l'5 + Ll) -

-_. . 4 

Nk k..k k k k . k k 
-k5-(0.25N5ll'5 + L2 ) + pN4 -- pN5 + 0.5pN6 + D*f(N6), 
"'2 

Nk = 
6 

k..k k k k k Nk k .. k k 
0.5rNill'J + 0.5N6 sl + N6 s2 - -k6-(0.25N6ll'6 + Ll) -

"' . 1 
N k .. k k k 

-k6-(N6ll'6 + L2) + 0.5pN5 pN: + pN~ +D*f(N:), 
"'2 

"k k k N k · N ~k k k k N7 = 1.sN7 s 2 - k7 t 1 - -k7 c2.2sN7 7+t2 ) + o.spN6 - pN7 + 
~ ct;_ 

+ D*f(N~) 

7 
Lk - :r k k rZie 1 - i,j=l (JliNi * (J ljNj 

i<j 
1 1 . 2 

f(Ni) = - Ni+ Ni 
2 1 · 2 

f(Ni) = Ni - 2Ni + N~ 
1 

3 2 3 
f(Ni) = Ni - Ni, .k=l,3 1=1,2 i=l,7. 

3ZieCb p - BepollTHOCTb MYTl1pOBaHl1ll, D - KOJll!li!11U11eHT 

·Z111!J!ll!Y31111, r .- BepO/ITHOCTb peKOM611H11pOBaHl1ll, . k - HOMep Y"laCTKa 

apeana. 

CMblCn ecex '!neHOB ypaBHeH11fl fain noZ1po6Ho on11caH Bblllle. 

B CB/1311 C npeZICTaBneHHOfl MOZienbJl, COZiepll(emefl 27 
Zll1i)!!J!epeHu11anbHblX · ypaB·HeH11fl, pemeHl1ll KOTopofl 3aBl1CllT OT 

cpOTHomeHl1fl KOJll!li!11U11eHTOB "'s,(Jsi'p,r,D, B03H11KaeT 
npoeecT11 ee napaMeTp11'1ecK11fl aHan113. 0ZIHaKo Ha 

11ccneZ10BaHHblX .paHee '!aCTHblX 

Ka'leCTBBHHOe noBeZIBHl1B Cl1CTBMhl 

cny'!aeB MOll(HO 

6YZIBT cneZIYJlmHM. 

He06XOZll1MOCTb 

OCHOBaHl111 yll(e 

rOBOPl1Tb, '!TO 

B Ha'lanbHblA 

MOMBHT B UBHTpe apeana C ZIOCTaTO'IHblM KOnl1'1BCTBOM pecypca 

HaXOZ111TCll He6onbmoe Kon11'leCTBO oco6efl n0Tpe611Tenll. C TB'IBHl1BM 

BPBMBHl1 npo11CXOZll1T YBBnl1'1BHl1B '111CneHHOCTl1 n0Tpe611Tenl1 3a C'IBT 

YCBOBHl1ll pecypca. BcneZ1CTB11e MYTau11fl paCOBblA cneKTP noTpe611TBnll 

pa3MbraaeTCll - ecn11 B Ha'!anbHblA MOMBHT B11ZI 6blJI npeZICTaBneH 

Hecneu11an11311poBaHHOfl _pacofl, co BPBMBHBM HaKann11BaJlTCll paCbl, 

cneu11an11311poeaHHbte no pa3nl1'1HblM T11naM pecypca. Kor Zia Konl1'1BCTBO 

n0Tpe611Tenll CTaHOBl1TCll -ZIOCTaTO'IHO 6onbml1M, B Zieno BCTynaeT 
KOHKypeHU11ll, HacTynaeT KPl1311C, KOTOpblA 
pacnpeZ1eneH11e B11Zia no pacaM 

npl1BOZll1T K 

CTaHOBl1TCll 
TOMY, '!TO 

nonH9CTbJl 
COOTBBTCTBYJlllll1M pacnpeZ1eneHl1Jl no T11naM pecypca B ZiaHHOfl TO'IKB 

apeana. Pac1,1, Y KOTOpblX TPO!J!l1'1BCKl1fl cneKTP He COOTBBTCTBYBT 
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cneKTPY Bocnpol13BOZICTBa pecypca, CYlllBCTBYJlT IlOCTOnbKY, nocKOnbKY 

cymecTBYJlT MYTau1111. Ponb MYTaU11fl 3aKnJJ'laBTCR B o6pa30BaHl111 

3anaca B03MOJKHblX sap11aHTOB n0Tpe611Tenll, TaK 'IT06bl 

npocTpaHCTBBHHOB 11n11 BPBMBHHOB 113MBHBHl1e,cneKTpa BOCilPOl13BOZICTBa 

pecypca He np11seno 6u K nonHOMY 11C'IB3HOBBHl1Jl s11Z1a - scerZia 6YZIYT 

cymeCTBOBaTb, IlYCTb 11 B He6onbml1x Kon11'1eCTBaX, eap11aHTbl 

n0Tpe611Tenll, COOTBBTCTBYJlllll1B mi60MY 113 HeHyneBblX pacn~eZieneHl1fl 

pecypca. A ponb KOIIKYpeHU1111 3aKnJJ'!aeTCll B BblllBneHl111 pacbl, 

Ha116onee np11cnoco6neHHOfl K ZiaHHofl cpeZie 0611TaH11ll. 
8 paccMaTpl1BaeMOM npocTpaHCTBBHHOM . ; _apeane ZI11(i)ll!Y311R 

HanpaeneHa Ha Ha'lanbHOM JTane K rpaH11uaM ~peana. TaK KaK 

pacnpeZieneHl1e pecypcoB HBOZIHOPOZIHO no npOCTpaHCTBY, TO Ha rpau11ue 

apeana 3aKpenllTCll paCbl, cneu11anl1311PYJJllll1BCll Ha COOTBBTCTBYl:llllBM 

T11ne pecypca. B pe3YnbTaTe peKOM611HaUl111 o6pa3yJJTCll paCbl HOBoro 

YPOBH/1 opraHl13aU1111, KOTOpbre Ha'll1HaJJT KOHKYPl1POBaTb 3a pecypc C 

Ha'lanbHblM Hecneu11an11311posaHHblM Bap11aHTOM. TaK KaK CYMMapHaR 

cnoco6HOCTb K YCBOBHl11:l pecypca peKOM611HaHTHoro Bap11aHTa npeBLimaeT 

cnoco6HOCTb Ha'lanbHoro sap11aHTa, TO B pe3YnbTaTe KOHKYPBHU1111 

Ha'lanbHbre pacbl 11C'le3HYT 

He3Ha '111TenbHblX KOnl1'1eCTBaX ) , 

peKOM611HaHTHbre pacbl. 

YcTaHOBneH11e paBHOBecHoro 

3aeepmaeT 3BOnJlUl10HHblA U11Kn. 

a 
(B03MOJKHO, 

X 03lleBaMl1 

coxpaHRRCb 

apeana 

B 

CTaHYT 

COCTO/IHl1ll peKoM611HaHTHblX pac 

IV. 3aKn1>'!eH11e 

MaTeMaTl1'1BCKall MOZIBnb 3BOnl:lU110HHblX HTaK, Cli!OpMyn11poBaHa 

u11KnOB, KOTopall 0Ill1CbraaeT 

ycnOBl1/IX KOHKpeTHOfl JKonor11'IBCKOfl 

pa3B11Tl1e nonynllU1111 IlOTpe611Tenll B 

Hl1llll1, onpeZienReMoe YCBOeHl1BM 

Ill1lllBBblX pecypCOB, KOHKYPeHU11efl, MyTaUl10HHblMl1 .nepexoZ1aM11 11 

peKOM611uau11efl. PacnpeZ1eneH11e nonynRu1111 no npOCTpaHCTBeHHOMY. 

apeany onpeZienReTcll ZI1111!(i)YJl1efl. MyTau1111 MoryT 

pacnpocTpaHBHl1Jl TPOlll11'1eCK11X cnoco6HOCTefl Ha 

pecypca. KoHKYPeHU11ll 03Ha'!aeT cpaBHl1TenbHYl:l 

Opl1BOZ111Tb 

HOBblB 

oueHKY 

K 

Tl1Ilbl 

pac 

A IlOTpe611TBnll 

peKOM6l1Hau1111 

np11MeH11TenbHO K 

IlPl1B0ZlllT 

ZiaHHOfl JKonor11'!ecKofl H11me. 

K 

cnoco6HocTefl, T.e. K o6pa30BaHl11l 

yeen11'leH11JJ 

HOBOfl 

YT11nl1JaU110HHblX 

pacLI c 6onee 

cnoJKHOfl 611onor11'!eCKOfl opraH11Jau11efl, KOTOPall Zianee B 

pe3ynbTaTe KOHKYPBHU1111 3a n11mee1,re pecypCbl BbITBCHReT MeHee 

cnOJKHO opraHl130BaHHbie p'aCbl n0Tpe611Tenll. 8 pe3YnbTaTe 

peKoM611uau1111 11 TOnbKO ee YBenl1'111BaeTCll CYMMapHblA 

JKonor11'!eCK11fl noTeHu11an B11Zia. 
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B MonenH npennonaraeTcR, qTo B xone opraHHqecKoA Jsonr:>UHH 
o6pa3YDTCR see 6onee cnOlKHO YCTpoeHHhlB opraHHJMhl, H onHcblBaeTCR 
pa3BHTHe TaKoro pona CHCTBMhl BO BpeMBHH H B npocTpaHCTBe apeana. 

OcTaDTCR HBHJyqeHHhlMH pa3nHqHhE sapHaHThl 

CHCTBMhl B 3aBHCHMOCTH 
MyTaUHOHHhlX nepexonos, 

OT napaMeTPOB, onpenenRr:>mHx 
peKOM6HHaUHA, DH~~Y3HH. B 

noseneHHR 
sepoRTHOCTb 

qaCTHOCTH, 

Tpe6yeT neTanbttoro HJyqeHHR sonpoc o ponH nH~~Y3HH B o6pa3o~aH~H 
cneuHanH3HPOBaHHhlX pac noTpe6HTenR, T.e. Heo6xonHMOCTH 
H3onRUHH, npH KoTopoA'. oco6H noTpe6HTenR cnoco6Hhl nepeceKaTb 
rpaHHUhl ceKTOPOB npoCTpaHCTBBHHOro apeana TOnbKO B 
onpeneneHHhre MOMBHThl, HanpHMep BO speMll MaKCHManbHOA 
3aceneHHOCTH. 3TOT H npyrHe sapHaHThl DHHaMHqecKoro noseneHHR 
CHCTBMhl, onpenenReMOA onHcaHHOA Bhlllle 6a30BOA MonenbD JBOnDUHOHHhlX 
UHKnos, Tpe6yeT nanbHeAmero HccnenosaHHR. 

B 3aKnr:>qeHHe aBTOphl x OTenH 6hl 
6naronapHOCTb B.H.KoporODHHY 3a HHTepec K 
JaMeqaHHR. 
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