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AKTyaJIbHOCTb pa60TbI. B HaCTOSlmee BpeMSI .IJ:eMOrpa<pl1qeCKl1e

rrpOrH03bI BOCTpe6oBaHbI B CaMbIX pa3HbIX OTpaCJISlX 3KOHOMI1KI1, B o6pa-

30BaHI1I1, 3.IJ:paBOOXpaHeHI1I1 11 T..IJ:.B CBSl311C 3Tl1M B03Hl1KaeT Heo6xo.IJ:l1-

MOCTb rrOCTpOeHI1S1 HayqHO 060CHOBaHHbIX .IJ:eMOrpa<pl1qeCKI1X rrpOrH030B,

KaK Ha 6JIH:>KaHllIee, TaK 11Ha 60JIee OT.IJ:aJIeHHOe 6Y.IJ:ymee.

Ilpl1 aHaJIl13e 11 rrpOrH03l1pOBaHl1l1 .IJ:eMOrpa<pl1qeCKI1X rrpOl(eCCOB

Hal160JIee 3<p<peKTI1BHbIM I1HCTPYMeHTOM SlBJISleTCSII1CrrOJIb30BaHl1e MeTO-

.IJ:OBMaTeMaTl1qeCKOrO MO.IJ:eJIl1pOBaHI1S1.

K rrepBbIM MaTeMaTI1QeCKI1M MO.IJ:eJISlM.IJ:eMOrpa<pI1QeCKI1X rrpOl(eCCOB

OTHOCSlTCSI.IJ:eTepMI1Hl1pOBaHHbIe MO.IJ:eJII1pOCTa QeJIOBeQeCTBa, a I1MeHHO

MO.IJ:eJII1 JII1HeHHOro 11 3KCrrOHeHl(l1aJIbHOrO pOCTa, Orrl1CaHl1e KOTOpbIX

BCTpeQaeTCSI B pa60Tax M.r. BeHel(KOrO, ,ll KeH.IJ:aJIJIa, X. KaCBeJIJIa 11

.IJ:pyrl1x aBTopOB.

Hal160JIee 113BeCTHaSI .IJ:eTepMI1Hl1pOBaHHaSI MO.IJ:eJIb - MO.IJ:eJIb CTa-

6l1JIbHOrO HaCeJIeHI1S1 (HerrpepblBHbIe 11.IJ:I1CKpeTHbIe MO.IJ:eJII1).Ee C03.IJ:aHl1e

CBSl3bIBaIOT C TaKI1MI1 I1MeHaMI1 KaK JI. 3HJIep, r. KHarrrr, B. JIeKCI1C, .n)K.

JIoTKa, B. EOpTKeBI1Q, Il. JIecJII1. EOJIbllIOH BKJIa.IJ:B pa3pa6oTKy MeTO.IJ:OB

rrpaKTI1QeCKOrO rrpl1MeHeHI1S1 cTa6l1JIbHOrO HaCeJIeHI1S1 BHeCJII1 COBeTCKl1e

.IJ:eMorpa<pbI C.A. HOBOCeJIbCKI1H, B.B. IlaeBCKI1H, A.51. EOSlPCKI1H, M.r.
BeHel(KI1H 11.IJ:p.

COBpeMeHHbIH 3Tarr pa3BI1TI1S1 TeOp1111 cTa6l1JIbHOrO HaCeJIeHI1S1 CBSI-

3bIBaIOT C o606meHl1eM OCHOBHbIX BblB0.IJ:0B Ha CJIyQaH .IJ:eMorpa<pI1QeCKI1X

rrpOl(eCCOB C rrepeMeHHbIMI1 I1HTeHCI1BHOCTSlMI1.B 3TOM HarrpaBJIeHl111 pa-

60TaJIl1 A. KOyJI 11 A. JIorrec. A TaK)Ke P. JII1I1, .n. AXJI6ypr, 3. CaHKec, M.

AJIxo, E. CrreHcep, ~. IloJIJIap.IJ:, .n)K. KoxeH, H. KeH<pI1l( 11.IJ:pyrl1e.

B KOHl(e XIX BeKa YQeHbIMI1 6bIJIa rrpe.IJ:rrpl1HSlTa rrorrbITKa I1CrrOJIb-

30BaTb B KaQeCTBe MO.IJ:eJII1,Orrl1CblBaIOmeH POCT QeJIOBeQeCTBa, JIOrI1CTI1-

QecKyIO KpI1BYIO. 3TOH MO.IJ:eJII1rrpl1.IJ:ep)KI1BaJII1Cb P. IlI1PJIb 11JI. PI1.IJ:.

Eme O.IJ:HOH.IJ:eTepMI1Hl1pOBaHHoH M0.IJ:eJIbIO BOCrrp0I13BO.IJ:CTBa Hace-

JIeHI1S1SlBJISleTCSIM0.IJ:eJIb rl1rrep60JIl1QeCKOrO 113MeHeHI1S1QI1CJIeHHOCTI1 Ha-

CeJIeHI1S1, rrpe.IJ:JIO)KeHHaSl B 1960 r. X. <I>epcTepoM, Il. MOPOM 11 JI. AMI10-

TOM. B HaCTOSlmee BpeMSI B 3TOM HarrpaBJIeHl111 pa60TaeT C.Il. Karrl1l(a.

3HaQl1TeJIbHbIH BKJIa.IJ:B MaTeMaTI1QeCKYIO .IJ:eMOrpa<pI1IO C.IJ:eJIaHa.B.
CTapOBepOBbIM, KOTOpbIH paCCMaTpl1BaJI .IJ:eMorpa<pI1QeCKl1e rrpOl(eCCbI B

BI1.IJ:eMapKOBCKI1X MO.IJ:eJIeHB <popMe l(erreH MapKOBa. CTapOBepOBbIM a.B.
rrpe.IJ:JIO)KeHa CTOXaCTI1QeCKaSl M0.IJ:eJIb pa3BI1TI1S1 HaCeJIeHI1S1 C .IJ:I1CKpeTHbIM

BpeMeHeM, YQI1TblBaIOmaSl CJIYQaHHOCTb B p0)K.IJ:aeMOCTI1 11CMepTHOCTI1.

MeTO.IJ: KOMrrOHeHT I1JII1 MeTO.IJ:rrepe.IJ:BI1)KKI1 pa3pa60TaH Il.K. Y3JI-

rrTOHOM. B POCCI1I1 rrepCrreKTI1BHbIMI1 I1CQI1CJIeHI1S1MI1QI1CJIeHHOCTI1 Hace-



JIeHH5I MeTO)l,OM B03paCTHbIX rrepe)l,BH)I(eK 3aHHMaJIHCb c.r. CTpyMHJIHH,

A.51. E05lpCKHM, Il.Il. lIlyllIepHH, M.C. Ee)l,HbIM, a B rrOCJIe)l,Hee BpeM5I ro-

cy)l,apCTBeHHbIM KOMHTeT POCCHMCKOM <1>e)l,epaUHH rro CTaTHCTHKe, U,eHTp

)l,eMOrpaqmH H 3KOJIOrHH "lJeJIOBeKa, OT)l,eJI HaCeJIeHH5I OOH.

IlpHBe)l,eHHbIM aHaJIH3 MHO)l(eCTBa MO)l,eJIeM, rrOKa3aJI, "lJTO B MO)l,e-

JIHpOBaHHH )l,eMOrpa<pH"lJeCKHX rrpoueCCOB HaH60JIee pacrrpOCTpaHeHbI )l,e-

TepMHHHpOBaHHbIe MO)l,eJIH ()l,HCKpeTHbIe H HerrpepbIBHbIe) H CTOXaCTH"lJe-

CKHe )l,HCKpeTHbIe. IlpeHMymecTBo CTOXaCTH"lJeCKHX MO)l,eJIeM rrepe)l, )l,e-

TepMHHHpOBaHHbIMH MO)l,eJI5IMH 3aKJIIO"lJaeTC5I B TOM, "lJTO OHH Y"lJHTbIBaIOT

OTKJIOHeHHe "lJaCTOT )l,eMorpa<pH"lJeCKHX C06bITHM OT HX Bep05lTHOCTeM.

O)l,HaKO )l,eMOrpa<pH"lJeCKHe rrpoueCCbI rrpOTeKalOT B HerrpepbIBHOM

BpeMeHH H 51BJI5IIOTC5ICTOXaCTH"lJeCKHMH. MeTO)l,bI HCCJIe)l,OBaHH5I TaKHX

rrpoueCCOB B MaTeMaTH"lJeCKOM )l,eMOrpa<pHH He)l,OCTaTO"lJHO pa3BHTbI.

I1MeHHo rr03TOMY aKTyaJIbHOM 51BJI5IeTC5I3a)l,a"lJa cymecTBeHHoro paCllIHpe-

HH5I MaTeMaTH"lJeCKHX MO)l,eJIeM rrpouecca H3MeHeHH5I )l,eMorpa<pH"lJeCKOM

CHTyaUHH, a TaK)I(e pa3BHTH5I MeTO)l,OB HX HCCJIe)l,OBaHH5I.

lI,eJlLIO pa60ThI 51BJI5IeTC5Ipa3pa60TKa H HCCJIe)l,OBaHHe MaTeMaTH-

"lJeCKOMMO)l,eJIH rrpouecca H3MeHeHH5I )l,eMOrpa<pH"lJeCKOM CHTyaUHH B BH)l,e

aBTOHOMHOM HeMapKOBCKOM CHCTeMbI MaCCOBoro 06CJIy)l(HBaHH5I C Heor-

paHH"lJeHHbIM "lJHCJIOM rrpH6opOB, KOTOpa51 COCTaBJI5IeT HOBbIM KJIaCC B Teo-

pHH MaCCOBoro 06CJIy)l(HBaHH5I H rr03BOJI5IeT MO)l,eJIHpOBaTb TeXHH"lJeCKHe,

6HOJIOrH"lJeCKHe H )l,pyrHe aBTOHOMHbIe CTOXaCTH"lJeCKHe CHcTeMbI, <PYHK-

UHOHHpylOmHe B HerrpepbIBHOM BpeMeHH.

B paMKax YKa3aHHOM ueJIH 6bIJIH rrOCTaBJIeHbI CJle,lJ;YIOUJ,He3a,lJ;aQH:

1. Pa3pa60TKa MaTeMaTH"lJeCKOrO MeTO)l,a HCCJIe)l,OBaHH5I aBTOHOM-

HbIX CTOXaCTH"lJeCKHX CHCTeM C HerrpepbIBHbIM H )l,HCKpeTHbIM BpeMeHeM.

2. Pa3pa60TKa CTOXaCTH"lJeCKHX MO)l,eJIeM )l,eMOrpa<pHH B BH)l,e yrrpo-

meHHbIX aBTOHOMHbIX CHCTeM MaCCOBoro 06CJIy)l(HBaHH5I C PH-

pacrrpe)l,eJIeHHeM BpeMeHH 06CJIy)l(HBaHH5I H pa3BHTHe MeTO)l,OB MOMeHTOB

H aCHMrrTOTH"lJeCKOrO aHaJIH3a )l,JI5IHX HCCJIe)l,OBaHH5I.

3. Pa3pa60TKa HOBOM MaTeMaTH"lJeCKOM MO)l,eJIH rrpouecca H3MeHe-

HH5I )l,eMorpa<pH"lJeCKOM CHTyaUHH B BH)l,e aBTOHOMHOM HeMapKoBcKOM CHC-

TeMbI MaCCOBoro 06CJIy)l(HBaHH5I C HeOrpaHH"lJeHHbIM "lJHCJIOM rrpH6opoB H

rrpOH3BOJIbHbIM BpeMeHeM 06CJIy)l(HBaHH5I.

4. Pa3pa60TKa MeTO)l,a BHpTyaJIbHbIX <pa3 H MO)l,H<pHKaUH5I MeTO)l,a

aCHMrrTOTH"lJeCKOrO aHaJIH3a )l,JI5I HCCJIe)l,OBaHH5I aBTOHOMHOM HeMapKoB-

CKOM CHCTeMbI MaCCOBoro 06CJIy)l(HBaHH5I C HeorpaHH"lJeHHbIM "lJHCJIOM

rrpH6opoB H rrpOH3BOJIbHbIM BpeMeHeM 06CJIy)l(HBaHH5I.

5. IlpHMeHeHHe pa3pa60TaHHbIx MaTeMaTH"lJeCKHX MO)l,eJIeM K HCCJIe-

)l,OBaHHIO rrpouecca H3MeHeHH5I )l,eMorpa<pH"lJeCKOM CHTyaUHH.

HayQHaH HOBH3Ha COCTOHT B CJIe)l,ylOmeM:



1. C<pOpMHpoBaH HOBbIH Knacc CHCTeM 06cny:>KHBaHH5I B BH)l,e aBTO-

HOMHOH HeMapKoBcKOH CHCTeMbI MaCCOBoro 06cny:>KHBaHH5I C HeorpaHH-

"lJeHHbIM "lJHCnOM npH60poB H ee ynpOII.J:eHHbIe BapHaHTbI, n03BOn5IIOII.J:HH

npHMeH5ITb HX K HCCne)l,OBaHHIO umpOKoro Knacca aBTOHOMHbIX CToxaCTH-

"lJeCKHX CHCTeM.

2. Pa3pa60TaH MeTO)l, BHpTyanbHblx <pa3 )l,n5I HCCne)l,OBaHH5I aBTO-

HOMHOH HeMapKoBcKOH CHCTeMbI MaCCOBoro 06cny:>KHBaHH5I C HeorpaHH-

"lJeHHbIM "lJHCnOM npH60poB, n03BOn5IIOII.J:HH HaXO)l,HTb MHorOMepHoe pac-

npe)l,eneHHe Bep05ITHOCTeH "lJHCneHHOCTeH 06cny:>KHBaeMbIx 3a5IBOK pa3-

nH"lJHbIX B03paCTOB H OCHOBHble xapaKTepHcTHKH, Onpe)l,en5IIOII.J:He 3TH

paCnpe)l,en eHH5I.

3. ,ll;n5I HCcne)l,OBaHH5I ynpOII.J:eHHbIX MO)l,eneH (Tpex<pa3HOH H n5ITH-

<pa3HOH aBTOHOMHbIX CHCTeM, aBTOHOMHOH CHCTeMbI C )l,ByM5I THnaMH 3a5I-

BOK, aBTOHOMHOH CHCTeMbI C PH-pacnpe)l,eneHHeM BpeMeHH 06cny:>KHBa-

HH5I) npe)l,nO:>KeHbI MO)l,H<pHKall,HH MeTO)l,a MOMeHTOB H MeTO)l,a aCHMnTO-

TH"lJeCKOrO aHanH3a. HaH)l,eHbI pacnpe)l,eneHH5I Bep05ITHOCTeH "lJHCna 06-

cny:>KHBaeMbIX 3a5IBOK B TaKHX CHCTeMax H HX OCHOBHble xapaKTepHcTHKH.

4. Ha OCHOBe MeTO)l,a np5IMOH nepe)l,BH:>KKH B03pacTHbIx rpynn

npe)l,nO:>KeH MeTO)l, 06paTHoH nepe)l,BH:>KKH, n03BOn5IIOII.J:HH BbIIlOnH5ITb HH-

TepnOn5Ill,HIO )l,eMorpa<pH"lJeCKHX )l,aHHbIX Me:>K)l,y )l,aTaMH nepenHceH Hace-

neHH5I, a TaK:>Ke BOCCTaHaBnHBaTb <PYHKll,HIO HHTeHCHBHOCTH np0ll,ecca po-

:>K)l,aeMOCTH. MeTO)l, np5IMOH H 06paTHoH nepe)l,BH:>KKH B03pacTHblx rpynn

npHMeHeHbI )l,n5I Oll,eHKH BenH"lJHHbI nIO)l,CKHX nOTepb P<1> B rO)l,bI BOB.
3Ha"lJeHHe Oll,eHKH COCTaBn5IeT 17 MnH. "lJenOBeK.

MeTO,lJ;hI HCCJle,lJ;OBaHHH. B XO)l,e HCCne)l,OBaHH5I aBTOHOMHbIX CHC-

TeM MaCCOBoro 06cny:>KHBaHH5I C HeOrpaHH"lJeHHbIM "lJHCnOM npH60poB

pa3HbIX THnOB npHMeH5InC5I annapaT TeopHH Bep05ITHOCTeH, cny"lJaHHbIX

npoll,eccOB, TeopHH MaCCOBoro 06cny:>KHBaHH5I, TeopHH B03MYII.J:eHHH, Ma-

TeMaTH"lJeCKOH )l,eMorpa<pHH. B pa60Te Hcnonb30BanHCb MeTO)l,bI MOMeHTOB

H aCHMnTOTH"lJeCKOrO aHanH3a.

TeOpeTHIJ:eCKaH u.eHHOCTb )l,n5I TeopHH MaCCOBoro 06cny:>KHBaHH5I

3aKnIO"lJaeTC5I B CYII.J:eCTBeHHOM cOBepllIeHcTBoBaHHH H pacllIHpeHHH Knac-

COB CHCTeM MaCCOBoro 06cny:>KHBaHH5I, a HMeHHO B C03)l,aHHH aBTOHOMHOH

HeMapKOBCKOH CHCTeMbI MaCCOBoro 06cny:>KHBaHH5I C HeorpaHH"lJeHHbIM

"lJHCnOM npH60pOB, <PYHKll,HOHHpYIOII.J:eH B HenpepbIBHOM BpeMeHH, a TaK-

:>Ke B pa3pa60TKe MeTO)l,a BHpTyanbHblx <pa3 H B MO)l,H<pHKall,HH MeTO)l,a

aCHMnTOTH"lJeCKOrO aHanH3a )l,n5I ee HCCne)l,OBaHH5I. KpOMe Toro, TeopeTH-

"lJeCKa5I ll,eHHOCTb pa60TbI OTpa:>KaeTC5I B )l,anbHeHllIeM pa3BHTHH MaTeMa-

TH"lJeCKOH )l,eMorpa<pHH, a HMeHHO B pa3pa60TKe HOBOH MaTeMaTH"lJeCKOH

MO)l,enH np0ll,ecca H3MeHeHH5I )l,eMorpa<pH"lJeCKOH cHTyall,HH H MeTO)l,OB ee

HCCne)l,OBaHH5I.



llpaKTHQeCKaH u;eHHOCTb rrpe)l}IO)I(eHHOH aBTOHOMHOH HeMapKOB-

CKOH CHCTeMbI MaCCOBOrO 06CJIy)l(HBaHH5I C HeOrpaHWleHHbIM qHCJIOM

rrpH6opOB, <pyHKll,HOHHpyIOrn;eH B HerrpepbIBHOM BpeMeHH, H MeTO):(OB ee

HCCJIe):(OBaHH5I 3aKJIIOqaeTC5I B B03MO)l(HOCTH HX rrpHMeHeHH5I ):(JI5IMO):(eJIH-

pOBaHH5I IllHpOKOrO KJIaCCa TeXHHqeCKHX CHCTeM H COll,HaJIbHO-

3KOHOMHqeCKHX 51BJIeHHH H HaXO)l():(eHH5I HX OCHOBHbIX Bep05lTHOCTHbIX

XapaKTepHCTHK. B qaCTHOCTH B ):(HCCepTall,HH paCCMOTpeHO rrpHMeHeHHe

):(JI5I ):(eMOrpa<pHqeCKOrO rrpOrH03HpOBaHH5I Ha Cpe):(HeCpOqHyIO H ):(OJIrO-

CPOqHyIO rrepCrreKTHBy.

,lI,ocToBepHOCTb U 060CHOBaHHOCTb BCeX rrOJIyqeHHbIX B ):(HCCepTa-

ll,HH pe3YJIbTaTOB rrO):(TBep)l():(aeTC5I CrpOrHM MaTeMaTHqeCKHM HCCJIe):(OBa-

HHeM C HCrrOJIb30BaHHeM MeTO):(OB TeOpHH Bep05lTHOCTeH, CJIyqaHHbIX

rrpOll,eCCOB, TeOpHH MaCCOBOrO 06CJIy)l(HBaHH5I, TeOpHH B03Myrn;eHHH,

):(H<p<pepeHll,HaJIbHOrO H HHTerpaJIbHOrO HCqHCJIeHH:H:.

Anpo6au;uH pa60TbI. OCHOBHbIe rrOJIO)l(eHH5I pa60TbI H OT):(eJIbHbIe

ee pe3YJIbTaTbI ):(OKJIa):(bIBaJIHCb H o6Cy)l():(aJIHCb:

1. III BcepoccHHcKa51 HayqHO-rrpaKTHqeCKa5I KOH<pepeHll,H5I «I1H-

<popMall,HOHHbIe TeXHOJIOrHH H MaTeMaTHqeCKOe Mo):(eJIHpOBaHHe (I1TMM-

2004)>>, r.AH)I(epo-CY):()I(eHCK, 2004 r.

2. Me)l():(yHapo):(Ha51 HayqHa51 KOH<pepeHll,H5I «MaTeMaTHqeCKHe Me-

TO):(bI rrOBbIIlleHH5I 3<p<peKTHBHoCTH <pyHKll,HOHHpOBaHH5I TeJIeKoMMyHHKa-

ll,HOHHbIX ceTeH», r.MHHCK, 2005 r.

3. IX BcepoccHHcKa51 HayqHO-rrpaKTHqeCKa51 KOH<pepeHll,H5I «Hayq-

Hoe TBOpqeCTBO MOJIo):(e)l(H», r.AH)I(epo-CY):()I(eHCK, 2005 r.

4. V Me)l():(yHapo):(Ha51 HayQHO-rrpaKTHqeCKa51 KOH<pepeHll,H5I «I1H-

<popMall,HOHHbIe TeXHOJIOrHH H MaTeMaTHQeCKOe Mo):(eJIHpOBaHHe»,

r.AH)I(epo-CY):()I(eHCK, 2006 r.

5. XI BcepoccHHcKa51 HayQHO-rrpaKTHQeCKa51 KOH<pepeHll,H5I «HaYQ-

Hoe TBOpQeCTBO MOJIo):(e)l(H», r.AH)I(epo-CY):()I(eHCK, 2007 r.

6. Me)l():(yHapo):(Ha51 HaYQHa51 KOH<pepeHll,H5I «MaTeMaTHQeCKHe Me-

TO):(bI rrOBbIIlleHH5I 3<p<peKTHBHoCTH <PYHKll,HOHHpOBaHH5I TeJIeKoMMyHHKa-

ll,HOHHbIX ceTeH», r.MHHcK, 2007 r.

7. VII POCCHHCKa51 KOHcPepeHll,H5I C Me)l():(yHapo):(HbIM YQaCTHeM

«HOBbIe HH<popMall,HOHHbIe TeXHOJIOrHH B HCCJIe):(OBaHHH CJIO)l(HbIX CTpyK-

TYP», r.TOMCK, 2008 r.

Pa60Ta BbIIIOJIHeHa rrpH rro):():(ep)l(Ke ABlUl «Pa3BHTHe HayQHOrO

rrOTeHll,HaJIa BbICIlleH IllKOJIbI (2009-2010 rr.)>> <I>e):(epaJIbHOrO areHTCTBa

rro o6paJoBaHHIO P<I> rro rrpoeKTy «Pa3pa6oTKa MeTO):(OB HCCJIe):(OBaHH5I

HeMapKOBCKHX CHCTeM MaCCOBoro 06CJIy)l(HBaHH5I H HX rrpHMeHeHH5I K

CJIO)l(HbIM 3KOHOMHQeCKHM CHCTeMaM H KOMrrbIOTepHbIM CeT5IM CB5I3H».



TIy6JIHKaU:HH. ITo pe3YJIbTaTaM BblIIOJIHeHHbIX HccJIe,ll,oBaHHM aBTO-

pOM orry6JIHKOBaHbI 13 rreqaTHbIX pa6oT, B TOM qHCJIe 6 cTaTeM, H3 HHX 3 B

H3,ll,aHH5IX, peKoMeH,ll,OBaHHbIx crrHCKOM BAK.
JIHqHOe yqaCTHe aBTopa B nOJIyqeHHH pe3yJILTaTOB, H3JIO~eH-

HbiX B .lJ.HCCepTaU:HH.

ITocTaHoBKa H3JIO:>KeHHbIX B ,ll,HCCepTaIIHH 3a,ll,aq 6bIJIa C,ll,eJIaHa Ha-

yqHbIM pyKoBO,ll,HTeJIeM acrrHpaHTa, ,ll,OKTOpOM TeXHHqeCKHX HayK, rrpo-

<peccopOM, Ha3apOBbIM A.A., KOTOpbIM YKa3aIT OCHOBHbIe HarrpaBJIeHH5I

HCCJIe,ll,OBaHH5I H rrpHHHMaIT yqaCTHe B o6cy:>K,ll,eHHH pe3YJIbTaToB. ,1l,oKa3a-

TeJIbCTBO H 06ocHoBaHHe rrOJIyqeHHbIX B ,ll,HCCepTaIIHH pe3yJIbTaTOB, Ma-

TeMaTHqeCKHe BbIKJIa,ll,KH H qHCJIeHHbIe paCqeTbI BblIIOJIHeHbI JIHqHO aBTO-

pOM pa60TbI. B COBMeCTHbIX rry6JIHKaIIH5IX HayqHoMy pyKoBO,ll,HTemO Ha-

3apoBy A.A. rrpHHa,ll,JIe:>KaT rrOCTaHOBKH 3a,ll,aq H YKa3aHH5I OCHOBHbIX Ha-

rrpaBJIeHHM HccJIe,ll,oBaHHM, a OCHOBHbIe pe3YJIbTaTbI, BbIKJIa,ll,KH H qHCJIeH-

HbIe paCqeTbI BblIIOJIHeHbI ,ll,HCCepTaHToM.

CTpyKTYpa H 06beM .lJ.HCCepTaU:HH. ~HccepTaIIH5I COCTOHT H3 BBe-

,ll,eHH5I, qeTbIpex rJIaB, 3aKJIIOqeHH5I, crrHCKa JIHTepaTypbI H3 158 HaHMeHO-

BaHHM H rrpHJIo:>KeHHM. 06I.l(HM 06'beM COCTaBJI5IeT 204 cTpaHHIIbI, B TOM

qHCJIe OCHOBHOM TeKCT 160 CTPaHHIIa.

Bo BBe.lJ.eHHH 060CHOBaHa Ba:>KHOCTb H aKTYaITbHOCTb pa6oTbI,

C<pOpMyJIHpOBaHa IIeJIb H 3a,ll,aqH ,ll,HCCepTaIIHOHHoro HCCJIe,ll,OBaHH5I, rrOKa-

3aHa ero HayqHa5I HOBH3Ha, BbI5IBJIeHa TeOpeTHqeCKa5I H rrpaKTHqeCKa5I

IIeHHOCTb rrOJIyqeHHbIX pe3yJIbTaTOB, KpaTKO H3JIaraeTC5I CO,ll,ep:>KaHHe,ll,HC-

cepTaIIHoHHoM pa60TbI.

B r JIaBe 1 rrpe,ll,JIaraIOTC5I pemeHH5I HeKOTopbIX 3a,ll,aq MaTeMaTHqe-

CKOM ,ll,eMorpa<pHH C rrOMOI.l(bIO MeTO,ll,a MaTeMaTHqeCKOrO MO,ll,eJIHpOBaHH5I.

B pa3,ll,eJIe 1.1 ,ll,aHO MaTeMaTHqeCKOe 06ocHoBaHHe MeTO,ll,a rrp5IMoM rrepe-

,ll,BH:>KKH B03paCTHbIX rpyrrrr. MeTo,ll, rrp5IMoM rrepe,ll,BH:>KKH rrpHMeH5IeTC5I

,ll,JI5Iorrpe,ll,eJIeHH5I OIIeHOK 3HaqeHHM qHCJIeHHOCTH N(x + 1:,t + 1:) rpyrrrrbI

JIHII B03paCTa x + 1: B ro,ll,y t + 1: rrpH yCJIOBHH, qTO H3BeCTHa qHCJIeHHOCTb

N(x,t), 1: -mar rrporH03HpOBaHH5I.

Ha OCHOBe MeTO,ll,a rrp5IMoM rrepe,ll,BH:>KKH B03pacTHbIx rpyrrrr rrpe,ll,-

JIO:>KeH MeTO,ll, o6paTHoM rrepe,ll,BH:>KKH, KOTOpbIM rr03BOJI5IeT HaXO,ll,HTb

oIIeHKy N(x - 1:,t - 1:) 3HaqeHH5I qHCJIeHHOCTH ,ll,eMorpa<pHqecKoM rpyrrrrbI

JIHII B03pacTa x - 1" B ro,ll,y t - 1" •



B pa3,ll;eJIe 1.2 HaH,ll;eHbI YCJIOBHble MaTeMaTHqeCKOe mKH,ll;aHHe H

,ll;HCrrepCH51 BeJIHqHHbI N(x - 't,t - 't) rrpH yCJIOBHH, qTO BbIIIOJIH5IeTC5I pa-

BeHCTBO N(x,t) = n.
B pa3,ll;eJIe 1.3 Ha OCHOBe rrOJIyqeHHbIX <pOpMyJI rrpHMeHeHbI MeTO,ll;bI

rrp5IMOH H o6paTHoH rrepe,ll;BH)I(KH B03paCTOB K perneHHIO 3a,ll;aqH OIJ,eHKH

BeJIHqHHbI JIIO,ll;CKHX rrOTepb P<l> B rO,ll;bI BOB. TIoKa3aHo, qTO cyMMapHble

3HaqeHH5I OIJ,eHKH JIIO,ll;CKHX rroTepb rrpH MeTO,ll;ax rrp5IMOH H o6paTHoH rre-

pe,ll;BH)I(KH B03pacTHblx rpyrrrr COBrra,ll;aIOT H COCTaBJI5IIOT S = 17 MJIH. qeJI.

B pa3,ll;eJIe 1.4 rrpe,ll;CTaBJIeHO MaTeMaTHqeCKOe 06ocHoBaHHe HeIJ,e-

JIeC006pa3HOCTH arrrrpOKCHMaIJ,HH B MaTeMaTHqeCKOH ,ll;eMorpa<pHH rrpo-

IJ,eCca pO)I(,ll;aeMOCTH rrOTOKOM TIyaccoHa rrpH ,ll;OJIrOCpOqHOM rrporHo3Hpo-

BaHHH. )J,JI5I :3Toro Ha rrepBOM :narre paccMaTpHBaeTC5I HaH60JIee rrpOCTa5I

,ll;JI5I HCCJIe,ll;OBaHH5I MaTeMaTHqeCKa5I MO,ll;eJIb CJIyqaHHOrO rrOTOKa, yrrpaB-

JI5IeMOrO IJ,errblO MapKoBa. TaKa5I MO,ll;eJIb orrpe,ll;eJI5IeTC5I KaK rrOTOK 3a5IBOK

B aBTOHOMHOH CHCTeMe MaCCOBoro 06CJIy)I(HBaHH5I C HeorpaHHqeHHbIM

qHCJIOM rrpH6opoB H Cpe,ll;HHM 3HaqeHHeM met) qHCJIa 3aH5ITbIX rrpH6opoB.

)J,JI5I CHCTeMbI orrpe,ll;eJIeHO pacrrpe,ll;eJIeHHe Bep05ITHOCTeH P(i,t) H COCTaB-

JIeHa CHCTeMa ,ll;H<p<pepeHIJ,HaJIbHbIX ypaBHeHHH KOJIMOrOpOBa, HaH,ll;eH

aHaJIHTHqeCKHH BH,ll; xapaKTepHCTHqeCKOH <PYHKIJ,HH H (u, t)
N

eJU _/-.l _/-.l (eJu -1)exp{(b -/-.l)t}
b b

. /-.l .
eJu - - - (eJu -1)exp{(b -/-.l)t}

b
)J,aJIee HCCJIe,ll;yeTC5I OTKpbITa5I CHCTeMa MaCCOBoro 06CJIy)I(HBaHH5I C

HeOrpaHHqeHHbIM qHCJIOM rrpH6opoB, Ha BXO,ll; KOTOpOH rrocTyrraeT HeCTa-

IJ,HOHapHbIH rryaccoHoBCKHH rrOTOK C HHTeHCHBHOCTblO A(t), BbI6HpaeMoH

H3 yCJIOBH5I COBrra,ll;eHH5I Cpe,ll;HHX 3HaqeHHH qHCJIa rrpH6opoB, 3aH5ITbIX B

aBTOHOMHOH CHCTeMe H B OTKpbITOH CHCTeMe C rryaccoHoBCKHM BXO,ll;5IlIJ}:lM

rrOTOKOM. )J,JI5I CHCTeMbI 3arrHcaHO H perneHO ,ll;H<p<pepeHIJ,HaJIbHOe ypaBHe-

HHe ,ll;JI5IxapaKTepHCTHqeCKHH <PYHKIJ,HH qHCJIa 3aH5ITbIX rrpH6opoB G(u,t).
XapaKTepHCTHqHa5I <PYHKIJ,H5I G(u,t) HMeeT BH,ll;

G(u, t) = ~ - e -I·lt + eJu e-J.ltr exp{(eJu -1)Ne -J.ll (ebt -I)}
Qepe3 o6paTHoe rrpe06pa30BaHHe <l>ypbe HaH,ll;eHbI pacrrpe,ll;eJIeHH5I Bepo-

5ITHOCTeH P(i,t) H PA(i,t), orrpe,ll;eJI5IeMble xapaKTepHCTHqeCKHMH <PYHK-

IJ,H5IMH G(u,t) H H(u,t).
TIOJIyqeHbI 3HaqeHH5I paCCT05IHH5I p(b,t) Me)I(,ll;y pacrrpe,ll;eJIeHH5IMH

Bep05ITHOCTeH P(i, t) H PA(i, t) ,ll;JI5Ipa3JIHqHbIX 3HaqeHHH rrapaMeTpoB b H



t, rrOKa3aHO, qTO paCCT05lHHe p(b,t) B03paCTaeT C pOCTOM 3HaqeHHM rrapa-

MeTpOB b H t. ITOCKOJIbKY, XapaKTepHCTHKH TaKHX CHCTeM MaCCOBoro 06-

CJIY)l(HBaHH5I cYI.U:eCTBeHHo pa3JIHqaIOTC5I, CJIe,n:OBaTeJIbHO, ,n:eJIaeTC5IBbIBO,n:

o Hell,eJIeco06pa3HOCTH arrrrpOKCHMall,HH rrpoll,eCca pO)l(,n:aeMocTH rrOTOKOM

ITyaccoHa rrpH ,n:OJIrOCpOqHOM rrporH03HpOBaHHH.

B rJIaBe 2 rrpe,n:JIaraeTC5I MaTeMaTHqeCKa51 Mo,n:eJIb )l(eHCKOro Hace-

JIeHH5I B BH,n:e aBTOHOMHOM CHCTeMbI MaCCOBoro 06CJIy)l(HBaHH5I C PH-
pacrrpe,n:eJIeHHeM BpeMeHH 06CJIy)l(HBaHH5I H HeOrpaHHqeHHbIM qHCJIOM

rrpH60poB. Oc06eHHocTblO TaKOM CHCTeMbI 51BJI5IeTC5IOTCyTcTBHe BHeUIHe-

ro HCTOqHHKa 3a5lBOK.

ITPO,n:OJI)I(HTeJIbHOCTb 06CJIy)l(HBaHH5I 'L Ka)l(,n:oM 3a5lBKH B TaKOM

CHCTeMe CKJIa,n:bIBaeTC5I H3 rrpo,n:OJI)I(HTeJIbHOCTeM CJIyqaMHOrO qHCJIa <pa3

'ti. BeJIHqHHbI 'Li 51BJI5IIOTC5IHe3aBHCHMbIMH 3KCrrOHeHll,HaJIbHO pacrrpe,n:e-

JIeHHbIMH CJIyqaMHbIMH BeJIHqHHaMH C rrapaMeTpaMH /-li' i = 1,v .

B TepMHHax ,n:eMorpa<pHH 06CJIy)l(HBaeMa5I 3a5lBKa HHTeprrpeTHpyeT-

C5I KaK )l(eHI.U:HHa, BpeM5I 06CJIy)l(HBaHH5I 3a5lBKH - rrpo,n:OJI)I(HTeJIbHOCTb

)l(H3HH 3TOM )l(eHI.U:HHbI, BeJIHqHHa bi (t) - HHTeHCHBHOCTb pO)l(,n:eHH5I ,n:e-

BOqeK y )l(eHI.U:HHbI i-M B03pacTHoM rpyrrrrbI B ro,n:y t. BXO,n:51I.U:HMrrOTOKOM

3a5lBOK 51BJI5IeTC5Irrp0ll,ecc pO)l(,n:eHH5I ,n:eBOqeK.

B 3TOM rJIaBe paccMaTpHBalOTC5I HeKoTopbIe yrrpOI.U:eHHbIe BapHaHTbI

aBToHoMHOM CHCTeMbI C PH-pacrrpe,n:eJIeHHeM BpeMeHH 06CJIy)l(HBaHH5I H

MeTo,n:bI HX HCCJIe,n:OBaHH5I, a HMeHHO, Tpex<pa3Ha51 CHCTeMa (pa3,n:eJI 2.2),
rr5lTH<pa3Ha51 CHCTeMa (pa3,n:eJI 2.3) H CHCTeMa C ,n:ByM5I THrraMH 3a5lBOK

(pa3,n:eJI 2.4).
COCT05lHHe yrrpOI.U:eHHOM aBTOHOMHOM CHCTeMbI B MOMeHT BpeMeHH t

orrpe,n:eJI5IeTC5I MHorOMepHbIM BeKTopOM n(t). ,ll,JI5I YKa3aHHbIX Mo,n:eJIeM

orrpe,n:eJIeHbI MHorOMepHbIe pacrrpe,n:eJIeHH5I Bep05lTHOCTeM P(n,t), r,n:e

n = {nb n2, n3 ,... }, ,n:JI5IKOTOpbIX COCTaBJIeHbI CHCTeMbI ,n:H<p<pepeHll,HaJIb-

HbIX ypaBHeHHM KOJIMOrOpOBa H 3arrHcaHbI ,n:H<p<pepeHll,HaJIbHbIe ypaBHe-

HH5I ,n:JI5IMHorOMepHbIX xapaKTepHCTHqeCKHX <PYHKll,HM H(u,t) qHCJIa 3a5l-

BOK, 06CJIy)l(HBaeMbIx B CHCTeMax, 3,n:eCb u = {ul,u2,u3, ... }.
,ll,JI5I HaXO)l(,n:eHH5I pacrrpe,n:eJIeHH5I Bep05lTHOCTeM, a TaK)I(e OCHOBHbIX

ero xapaKTepHCTHK rrpHMeHeHbI MeTo,n:bI MOMeHTOB H aCHMrrTOTHqeCKOrO

aHaJIH3a, MO,n:H<pHll,HpOBaHHbIe K paccMaTpHBaeMoM 3a,n:aqe.

B ,n:aHHOM CJIyqaeM rrpH MeTo,n:e aCHMrrTOTHqeCKOrO aHaJIH3a ypaB-

HeHHe ,n:JI5I xapaKTepHCTHqeCKOM <PYHKll,HH H(u,t) paCCMaTpHBaJIOCb B

aCHMrrTOTHqeCKOM yCJIOBHH 60JIbllIOM qHCJIeHHOCTH rpyrrrr, rrpOrrOpll,HO-

HaJIbHbIX HeKoTopoM 6eCKOHeqHO 60JIbllIOM BeJIHqHHe N, qTO BrrOJIHe



060CHOBaHO B )].eMOrpaqm:qeCKI1X I1CCJIe)].OBamUIX, r)].e ql1CJIeHHOCTI1 CTaH-

)].apTHbIX B03paCTHbIX rpyrrrr 113Mep.SlIOTC.SIMI1JIJII10HaMI1.

B rrepBOM aCI1MrrTOTI1Ke 6bIJIl1 rrpe)].JIO)l(eHbI 3aMeHbI

U = EW, H(u,t) = F1(W,t,E),
r)].e E = 1/ N , E - MaJIbIM rrOJIO)l(l1TeJIbHbIM rrapaMeTp.

I1oKa3aHo, qTO

lim F1(W,t,E) =F1(w,t) = exp{jm(t)w},
E~O

r)].e aHaJIl1Tl1qeCKOe cpe)].Hee Nm(t) .SIBJI.SIeTC.SIpeWeHl1eM CI1CTeMbI 06bIK-

HOBeHHblX )].l1cPcPepeHIJ,l1aJIbHbIX ypaBHeHI1M rrepBoro rrOp.Sl)].Ka.

)),ml HaXO)l()].eHI1.S1 aCI1MrrTOTI1KI1 BToporo rrOp.SI:)].Ka B 3a)].aqe )].JI.SI:

F1( w, t,E) BbIIIOJIHeHbI 3aMeHbI

H(u,t) = exp{jNm(t)u}H2(u,t),
TOr)].a )].JI.SI:cPYHKIJ,I1M H 2 (U, t) rrOJIyqeHbI 3a)].aql1, B KOTOpbIX, 0603HaQa.SI:

E2 = 1/ N , 3aMeH.SI:eM

U=Ew, H2(u,t)=F2(w,t,E).
I1oKa3aHO, QTO

lim F2(w,t,E) = F2(w,t) = eXP{-!WRWT},
E~O 2

r)].e 3JIeMeHTbI MaTpl1IJ,bI KOBapl1aIJ,I1M NR = [NRij] .SI:BJI.SI:IOTC.SI:peWeHl1eM

CI1CTeMbI 06bIKHoBeHHblx )].l1cPcPepeHIJ,l1aJIbHbIX ypaBHeHI1M rrepBoro rro-

p.SI:)].Ka.

Orrpe)].eJIeHO, QTO MHorOMepHa.SI: BeJII1QI1Ha net) I1MeeT aCI1MrrTOTI1-

QeCKI1 HOpMaJIbHOe pacrrpe)].eJIeHl1e C BeKTopOM MaTeMaTI1QeCKI1X O)l(I1)].a-

HI1M Nm(t) 11MaTpl1IJ,eM KOBapl1aIJ,I1M NR = [NRij ]. BeJII1QI1HbI i 11j orrpe-

)].emIIOTC.SI:Tl1rrOM CI1CTeMbI MaCCOBoro 06CJIy)l(I1BaHI1.SI:.

OTMeTI1M, QTO aCI1MrrTOTI1QeCKl1e cpe)].Hl1e 3HaQeHI1.SI: Nmi (t) QI1CJIa

06CJIy)l(I1BaeMblx 3a.SI:BOKB paCCMaTpl1BaeMbIX CI1CTeMaX B MOMeHT BpeMe-

HI1 t, HaM)].eHHble B rrpe)].eJIbHOM aCI1MrrTOTI1QeCKOM yCJIOBl111 N ~ 00, COB-

rra)].alOT C )].orrpe)].eJIbHbIMI1, rrOJIYQeHHbIMI1 MeTO)].OM MOMeHTOB. 3aMeTI1M,

QTO TaKoe COBrra)].eHl1e crrpaBe)].JII1BO 11 )].JI.SI:BTOpbIX MOMeHTOB B rrpe)].eJIb-

HOM 11)].orrpe)].eJIbHOM Mo)].emIX.

I1pe)].JIO)l(eHHa.SI: yrrpOIIJ,eHHa.SI: CTOXaCTI1QeCKa.SI:Mo)].eJIb B BI1)].e aBTO-

HOMHOM CI1CTeMbI MaCCOBoro 06CJIy)l(I1BaHI1.SI: C PH-pacrrpe)].eJIeHl1eM Bpe-

MeHI1 06CJIy)l(I1BaHI1.SI: 11 QaCTHble ee BI1)].bI MoryT rrpI1MeH.SI:TbC.SI:)].JI.SIMo)].e-

JIl1pOBaHI1.SI: Wl1pOKOrO KJIaCCa TeXHI1QeCKI1X CI1CTeM 11 COIJ,l1aJIbHO-

3KOHOMI1QeCKI1X .SI:BJIeHI1M.B QaCTHOCTI1 B )].l1ccepTaIJ,1111 rrpe)].JIO)l(eHO rrpl1-

MeHeHl1e )].JI.SIrrporH03l1pOBaHI1.SI: rrpOIJ,eCca 113MeHeHI1.SI:)].eMorpacPI1QeCKOM

CI1TyaIJ,l1l1, KaK 3TO rrpo)].eMoHCTpl1pOBaHO B pa3)].eJIaX 2.2.3, 2.3.3, 2.4.3.



B rJlaBe 3 rrpe,ll,JIO)KeHa CTOXaCTM"LIeCKa5I MO,ll,eJIb B BM,ll,e aBTOHOM-

HOH HeMapKoBcKOH CMCTeMbI MaCCOBoro 06CJIy)KMBaHM5I C HeorpaHM"LIeH-

HbIM "LIMCJIOMrrpM60poB M rrpOM3BOJIbHbIM BpeMeHeM 06CJIy)KMBaHM5I.

Orrpe,ll,eJIMM rrpolJ,eCC cPyHKlJ,MOHMpOBaHM5I ,ll,aHHOH CMCTeMbI Macco-

Boro 06CJIy)KMBaHM5I B TepMMHax TeopMM MaCCOBoro 06CJIy)KMBaHM5I.

Ka)K,ll,a5I 3a5IBKa BXO,ll,5IIIJ,ero rrOTOKa B MOMeHT CBoero rrocTyrrJIeHM5I

3aHMMaeT CB060,ll,HbIH rrpM60p M HaXO,ll,MTC5I Ha HeM B Te"LIeHMe Bcero Bpe-

MeHM 06CJIy)KMBaHM5I, rrp0,ll,OJI)KMTeJIbHOCTb KOToporo CJIy"LIaHHa. Ilp0,ll,OJI-

)KMTeJIbHOCTM 06CJIy)KMBaHM5I Pa3JIM"LIHbIX Tpe60BaHMH CTOXaCTM"LIeCKM He-

3aBMCMMbI, MMelOT O,ll,MHaKOBoe pacrrpe,ll,eJIeHMe, orrpe,ll,eJI5IeMOe cPYHKlJ,MeH

Sex) = 1-B(x), r,ll,e B(x) - cPYHKlJ,M5I pacrrpe,ll,eJIeHM5I BpeMeHM 06CJIy)KM-

BaHM5I 3a5IBKM. 3aBepwMB 06CJIy)KMBaHMe, 3a5IBKa rrOKM,ll,aeT cMcTeMy.

Ka)K,ll,a5I 3a5IBKa B03pacTa x B MOMeHT BpeMeHM t C MHTeHCMBHOCTblO

b(x,t) reHepMpyeT HOBoe Tpe60BaHMe. HOBa5I 3a5IBKa B MOMeHT CBoero rro-

5IBJIeHM5I 3aHMMaeT CB060,ll,HbIH rrpM60p M Ha"LIMHaeT rrp0lJ,ecc CBoero 06-

CJIy)KMBaHM5I, reHepMpy5I Tpe60BaHM5I HOBoro rrOKOJIeHM5I.

B TepMMHax ,ll,eMorpacPMM 06CJIy)KMBaeMa5I 3a5IBKa MHTeprrpeTMpyeT-

C5I KaK )KeHIIJ,MHa, BpeM5I 06CJIy)KMBaHM5I 3a5IBKM - rrp0,ll,OJI)KMTeJIbHOCTb

)KM3HM :nOH )KeHIIJ,MHbI, S(x) - cPYHKlJ,M5I,ll,O)KMTM5I,ll,JI5I)KeHIUMH, B03paCT x

3a5IBKM - B03paCT )KeHIIJ,MHbI B paccMaTpMBaeMbIH MOMeHT BpeMeHM,

cPYHKlJ,M5I b(x,t) - MHTeHCMBHOCTb pO)K,ll,eHM5I ,ll,eBO"LIeK y )KeHIIJ,MHbI B03-

paCTa x B ro,ll,y t (cPYHKlJ,M5I cPePTMJIbHOCTM).

IlpMHlJ,MrrMaJIbHoe OTJIM"LIMeOT MO,ll,eJIM rJIaBbI 2 3aKJIIO"LIaeTC5I B TOM,

"LITO 3,ll,eCb MCCJIe,ll,yeTC5I CTOXaCTM"LIeCKa5I rrJIOTHOCTb "LIMCJIeHHOCTM 3a5IBOK.

Ilpe,ll,JIo)KeH MeTO,ll, ee MCCJIe,ll,OBaHM5I, Ha3BaHHbIH MemodoM 6upmYaJlbHblX
ifJa3, 3aKJIIO"LIalOIIJ,MHC5I B arrrrpOKCMMalJ,MM BpeMeHM 06CJIy)KMBaHM5I CyM-

MOH CJIy"LIaHHoro "LIMCJIaHe3aBMCMMbIX O,ll,MHaKOBO 3KCrrOHeHlJ,MaJIbHO pac-

rrpe,ll,eJIeHHbIX CJIy"LIaHHbIX BeJIM"LIMH M rrpe,ll,eJIbHbIM rrepeXO,ll,OM rrpM Heor-

paHM"LIeHHOM B03paCTaHMM qMCJIa cPa3, a TaK)Ke rrpOrrOplJ,MOHaJIbHOM

YMeHbweHMM ,ll,JIMTeJIbHOCTM Ka)K,ll,OH cPa3bI.

B pa3,ll,eJIe 3.2 MCCJIe,ll,OBaHa 06IIJ,a5I CMCTeMa MaCCOBoro 06CJIy)KMBa-

HM5I C PH-pacrrpe,ll,eJIeHMeM BpeMeHM 06CJIy)KMBaHM5I. B 3TOH MO,ll,eJIM Bpe-

M5I 06CJIy)KMBaHM5I arrrrpOKCMMMpOBaHO CyMMOH CJIy"LIaHHoro qMCJIa He3a-

BMCMMbIX O,ll,MHaKOBO 3KCrrOHeHlJ,MaJIbHO pacrrpe,ll,eJIeHHbIX CJIyqaHHbIX Be-

JIMqMH. ,l],JI5I pacrrpe,ll,eJIeHM5I Bep05ITHOCTeH P(n!, n2 ,... ,t) qMCJIa 06CJIy)KM-

BaeMblX 3a5IBOK 3arrMcaHO ,ll,McPcPepeHlJ,MaJIbHOe ypaBHeHMe KOJIMOrOpoBa.

Hap5I,ll,y C MCCJIe,ll,OBaHMeM ,ll,orrpe,ll,eJIbHOH MO,ll,eJIM MeTO,ll,OM MOMeH-

TOB, rrpOBe,ll,eHO ee aCMMrrTOTMqeCKOe MCCJIe,ll,OBaHMe. ACMMrrTOTMqeCKOe

yCJIOBMe, a TaK)Ke 3aMeHbI aCMMrrTOTMK rrepBoro M BToporo rrOp5I,ll,KOB aHa-

JIOrMqHbI 3aMeHaM rJIaBbI 2.



IloKa3aHo, 1.fTO B yCJIOBHH rrpe)l,eJIbHOrO YMeHbllIeHH5I )l,JIHTeJIbHO-

CTeR <pa3, TO eCTb rrpH /-l ~ 00, paCCMarpHBaeMOe PH-paCrrpe)l,eJIeHHe CXO-

)l,HTC5I K pacrrpe)l,eJIeHHIO, Orrpe)l,eJI5IeMoMy <pyHKll,HeR S(X). Ilo3ToMy,

C)l,eJIaB 3aMeHbI

ui =U(i//-l), ni(t)= n(i//-l,t),

H(u,t) = H(U,ql) = M {eXP[<~lU(~ )~(~,t )~ ]},

H rrOJIara5l, 1.fTO rrpH /-l ~ 00, i ~ 00 OTHOllIeHHe i / /-l ~ X H CymecTBylOT

CJIe)l,ylOmHe rrpe)l,eJIbI

lim u(i//-l)=u(x),
i / f.l---7X

~li,~ H(U,l,ll) =M {eX{J }(X)S(x,t)dX )}= F(u,t),

1/ f.l---7X

a TaK)I(e cymeCTByeT rrpe)l,eJI rro pacrrpe)l,eJIeHHIO

lim /-In(i / /-l,t) = ~(x, t),
i / f.l---7X,
i ---700, f.l---7 00

B pa3)l,eJIe 3.4 rrepelliJIH K paCCMOTpeHHIO aBTOHOMHOR HeMapKoBcKOR CHC-

TeMbI MaCCOBoro 06CJIy)l(HBaHH5I C rrpOH3BOJIbHbIM BpeMeHeM 06CJIy)KHBa-

HH5I. CJIY1.faRHa51 <PYHKll,H5I ~(x,t) Ha30BeM CTOXaCTH1.feCKOR rrJIOTHOCTblO

1.fHCJIeHHOCTH3a5lBOK B03pacTa X B MOMeHT BpeMeHH t.
,l],JI5IxapaKTepHCTH1.feCKOrO <PYHKll,HOHaJIa

F(u,t) =M {ex{J JU(X)S(X,t)dX)}

3arrHcaHO OCHOBHoe ypaBHeHHe

dF(u,t) =JIdF(u,t) {(I-eJU(O))b(X,t)+(e-JU(X) _1)S'(x) _ JU'(X)}dX.(l)
dt 0 dU(x) Sex)

YpaBHeHHe (l) 6y)l,eT pellieHO MeTO)l,OM aCHMrrTOTH1.feCKOrO aHaJIH3a

B rrpe)l,rrOJIO)KeHHH, 1.fTOCJIY1.faRHa51<PYHKll,H5I ~(x, t) rrpHHHMaeT )l,OCTaT01.f-

HO 60JIbllIHe 3Ha1.feHH5I, rrpOrrOpll,HOHaJIbHble HeKoTopoR 6eCKOHe1.fHO

60JIbllIOR BeJIH1.fHHe N, TO eCTb N ~ 00. ,l],JI5I ypaBHeHH5I HaR)l,eHbI aCHM-

rrTOTHKH rrepBoro H BToporo rrOp5l)l,KOB ero pellIeHH5I.

,l],JI5I HaXO)K)l,eHH5I aCHMrrTOTHKH rrepBoro rrOp5l)l,Ka B ypaBHeHHH (I)
BbIIlOJIH5IIOTC5I 3aMeHbI

u = £w, F(u,t) = Fi (w,t,£).
r)l,e £ = 1/ N , a £ - MaJIbIR rrOJIO)KHTeJIbHbIR rrapaMeTp.

yh (1) rrOJIy1.fHM paBeHcTBo



£ aR (w,t,£) =jlaR (vv,t,£) {(l-e1rn(O))b(x,t)+(e -jrn(x) -1) S(x) - jew'(x) }dx(2)
at 0 aw S(x)

TeopeMa 3.3. ITPH £ ~ 0 perneHHe 3a.naqH (2) HMeeT BH.n

Fi (w,t) = eXP{i lw(x)m(x,t)dx},

r.ne m(x,t) 5IBJUleTC5I perneHHeM ypaBHeHH5I

am(x,t) am(x,t) ( ) S'(x)---+ -m x,t--
at ax S(x)

m(O,t) = fm(x,t)b(x,t)dx.
o

,l],JI5IToro QTo6bI HaHTH aCHMnToTHKy BToporo nop5I.nKa B ypaBHem'Uf

(1) BbITIOJIHHM 3aMeHy

F(u,t) = H 2 (u,t)exP{iN lu(x)m(X,t)dx l
a 3aTeM B nOJIyQeHHOM paBeHcTBe, 0603HaQHB £2 = 1/ N H BBe.n5I 3aMeHbI

u=£w, H2(u,t)=F2(w,t,£),
nOJIyQHM ypaBHeHHe

2 aF2(w,t,£) _ . OOfaF2(w,t,£){(I jE11{O))b( ) (-jE11{X) I)S'(x)£ -----J£ ---- -e x,t + e - ---
at 0 aw(x) S(x)

- j£w(x)}dx- F2 (W,t,£){j£ fw(x) am(x,t) dx+ (5)
o at

+ fm(x,t){(l-ejE11{O))b(x,t) + (e - jE11{X)-1) S'(x) - j£w(x) }dX}.o S(x)

TeopeMa 3.4. PerneHHe 3a.naQH (5) npH £ ~ 0 HMeeT BH.n

F2(w,t)= exp{_l TIW(Y)W(Z)R(y,z,t)dYdZ}, (6)
200

r.ne CJIaraeMble KpOcCKOppeJI5lIJ,HoHHOH cPYHKll,HH BH.na

R(y,z,t) = 0-2 (t)8(y)8(z) + r(y,t)8(z) + r(z,t)8(y) + 0-(y,t)cr(z,t)8(y - z)
onpe.neJI5IIOTC5I HaQarrbHbIMH H KpaeBbIMH YCJIOBH5IMH

2 2 2
0- (x,O) = 0, r(x,O) = 0, 0- (0) = 0, cr (O,t) = 0, r(O,t) = 0

H 5IBJI5IIOTC5IperneHHeM CHCTeMbI .nHcPcPepeHll,HarrbHblx ypaBHeHHH B QaCT-

HbIX npoH3Bo.nHbIX



_acr_
2

_(x_,_t)+ _acr_
2

_(x_,_t)= pa2 (x,t) _ m(x,t) }_S'_(x_),
at ax Sex)

ar(x,t) ar(x,t) __ ( ){S'(O) S'(X)} 2( )b( )---+ --- r x,t + +cr x,t x,t,at ax Sex)

dcr2 (t) 00

-- = 2S'(O)a2 (t) + 2 fr(x,t)b(x,t)dx + m(O,t).at 0

IlOJIyqeHHhle aHaJIMTMqeCKHe perneHM5I nOJIHOCThlO onpe,Il,eJI5IlOT na-

paMeTphI rayccoBcKoro pacnpe,Il,eJIeHM5I, KOTOpOMy y,Il,OBJIeTBOp5IeT pac-

npe,Il,eJIeHMe Bep05ITHOCTeM CTOXaCTMqeCKOM nJIOTHOCTM qMCJIeHHOCTM 3a5I-

BOK ~(x,t) B03paCTa x B ro,Il,y t.
B r J1aBe 4 npe,Il,JIO)KeHO npMMeHeHMe MCCJIe,Il,OBaHHOM B rJIaBe 3 aB-

TOHOMHOM HeMapKoBcKOM CMCTeMhI MaCCOBoro 06CJIy)KMBaHM5I C Heorpa-

HMqeHHhIM qMCJIOM npM60pOB M npOM3BOJIhHhIM BpeMeHeM 06CJIy)KMBaHM5I

K M3yqeHMIO npOIlecca M3MeHeHM5I ,Il,eMOrpaqmqeCKOM cMTyall,MM.

<l>YHKll,M5I ,Il,0)KMTM5I Sex) BhI6paHa B BM,Il,e MO,Il,eJIM rOMnepll,a-

MeMKeMa

S(x) = exp{ -l(A + BeCU)dU}= exp~ Ax - B(eCX -l)/c}

r,Il,e napaMeTp A yqMThIBaeT pMCKM, CB5I3aHHhle C HeCqaCTHhIMM CJIyqa5IMM,

a CJIaraeMOe Becx yqMThIBaeT BJIM5IHMe B03pacTa Ha cMepTHocTh.

I1HTeHcMBHoCTh np0ll,ecca pO)K,Il,aeMOCTM b(x,t) onpe,Il,eJIMM B BM,Il,e

b(x,t) = O,48811(t)\jI(x,t),
r,Il,e ll(t) - cyMMapHhIM K03cPcPMll,MeHT pO)K,Il,aeMOCTM B MOMeHT BpeMeHM t,
a cPYHKll,M5I \jI(x,t) MMeeT CMhICJI nJIOTHOCTM pacnpe,Il,eJIeHM5I Bep05ITHOCTeM

3HaqeHMM penpO,Il,yKTMBHoro B03pacTa )KeHIll,MHhI M 3a,Il,aHa KaK nJIOTHOCTh

CMeIll,eHHOrO ,Il,BynapaMepMqeCKOrO 'Y -pacnpe,Il,eJIeHM5I.

Ha OCHOBe C,Il,eJIaHHhIX npe,Il,nOJIO)KeHMM OTHOCMTeJIhHO ,Il,MHaMMKM

cyMMapHoro K03cPcPMll,MeHTa pO)K,Il,aeMOCTM ll(t) B pa3,Il,eJIe 4.3 nocTpoeHhI

neCCMMMCTMqeCKMM M onTMMMCTMqeCKMM Cll,eHapMM pa3BMTM5I ,Il,eMorpacPM-

qeCKOM cMTyall,MM B P<I> Ha ,Il,OJIrOCpOqHylO nepcneKTMBy. HaM,Il,eHhI ,Il,MC-

nepCM5I qMCJIeHHOCTM B03paCTHhIX rpynn, a TaK)Ke KOBapMall,M5I Me)K,Il,y

qMCJIeHHOCThlO B03pacTHoM rpynnhI HyJIeBOrO B03paCTa M qMCJIeHHOCThIO

B03pacTHoM rpynnhI B03paCTa x.
3aMeTMM, qTO aBTOHOMHa5I HeMapKOBCKa5I CMCTeMa MaCCOBoro 06-

CJIY)KMBaHM5I C HeorpaHMqeHHhIM qMCJIOM npM60poB M ee ynpoIll,eHHhle Ba-

pMaHThI, a TaK)Ke MeTO,Il,hI MX MCCJIe,Il,OBaHM5I,npe,Il,JIO)KeHHhle B ,Il,MCCepTa-



lJ,IUI, 51BJUIIOTC5IHHcTpyMeHTaMH aHaJIH3a CJIO)l(HBIIIHHC5I ,ll,eMOrpaqmqe-

CKOH cHTyalJ,HH, Ha6JIIO,ll,eHH5I 3a pe3YJIbTaTHBHOCTblO rrOJIHTHqeCKHX pe-

llIeHHH H rrpOrH03HpOBaHH5I 6Y,ll,ymHx ,ll,HHaMHK ,ll,eMOrpaqmqeCKHX rrpo-

lJ,eCCOB.

B 3aKJlIO ••eHHH ,ll,HCCepTalJ,HH rrpHBe,ll,eHbI OCHOBHbIe pe3YJIbTaTbI.
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