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B HaCT0SIIUee BpeMSI B !fiH3HKe :aneMeHTapHblX qacTim OTCyTCTByeT -

. :a¢!fieKTIIBHbitt crroco6 poab1rpb1I1Ia cnyqaiiHhIX aBeaa /1/ , ecnH HX Beca 

¢ ( p) BHyTpII ¢aaoBoro rrpocTpaHCTBa CIInbH0 MeHSIIOTCSI. B fI0JICKaX 

TaKoro. crroco6a Mbl peumnH JICflbITaTb CT0XaCTJiqecKHH MeT0Jl, IIIIIp0K0 rrpII

MeHSI eMI:11- npII peIIIeHHJI aaaaq CTaTCHTHqeCK0tt ¢H31IKJI - 12-41• HJI)Ke rrpu- . 

B0)lSITCSI peaynhTaThl TaKoro HCflhlTaHHSI. 

1. O6bJqHb!e MeT0ijbl 

EyaeM uao6pa,KaTh cnyqaiiay10 aBeaay ToqKott P rurrepKy6a. O6me

rrpHHSITb1e B cpH3HKe :aneMeHTapHblX qacTHU crroco6bI MoaenHpoBaHIISI C0CT0SIT 

nH6o B paB110Mep110M p03b1rpb1I1Ie ToqeK P; JI rrpHCB0eHHH HM Beca ¢ ( P; l 
nn6o B p03blrpb!Ille ToqeK P; C rrnoTH0CTbIO ¢ ( P; 

HM Beca 1. 

H rrpHCB0eHJIJI 

B rrepBoM cnyqae cpeaHee 3HaqeHHe KaKoii-nH60 !fiyHKUHH f ( P; 

ecTb 

< f > 

""' 
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BO BTOpOM ._ 

< f >> ·= 1 
'N 

N 
:£ t (P

1 
J 

1 
( 2) 

B ooonx cnyqa.Hx oqepeaHa.H ToqKa P;+l pa3bII'pbIBaeTC.II H038BHCHMO OT 

Toro, rae obma pacnono:lKeHa npeahiayma.H ToqKa P1 • TaKHM o6pa3oM, 

ecnn ToqKa P1 nonana B oonacTh, rae ¢ ( P1 ) BennKa, HH$opMaunefi 

06 9TOM npeHe6pera10T: TOqKa p i+l MO:lK0T OK838TbC.II B oonacTH HH3-

KHX 3HaqeHnfi ¢ ( P ) • 

2. CToxacTnqecKHfi MeTOA 

8 CTOXBCTnqecKOM M0Toae H3 ToqeK P; BbICTpaHBaeTC.II uenb Map

KOBa, cTpeM.IIIUB.IIC.II Bepo.lITHOCTHbIM o6pa30M B oonaCTb MBKCHMyMa ¢ ( p ) • 

ToqKa P;+l BbIOHpaeTC.II TaK: oaHa nnn H0CKOnhKO KoopaHHaT 

P, H3M0H.IIIOTC.II He 6onee qeM Ha ~ 

➔ 

xi+l 
➔ 

Xi +1 ~ 

➔ 

x 1 ToqKn 

( 3) 

r - cnyqafiHblll B0KTOp C KOMilOH0HT8MH, pacnpeaeneHHbIMH B (-1,+ l)) • 

0cTanbHbI0 KOMilOHeHTbl He M0H.IIIOTC.II. Ecnn ¢ (P;+l )'>cf,(P i ) ' TD p/+1 

6epeTc.lI B KaqecTBe oqe·peaHofi ToqKn. TaK :lKe nocTyna10T n B TOM cnyqae, 

ec~H <p ( P;+1) < <p ( P1), HO BCe )1{0 OTHOIII0HH0 <p ( It+1 )/ <p ( P,) 

6onh1Ile HeKoToporo HoBoro cnyqafiHoro qncna r , paBHopacnpeaeneHHoro 

B (0, 1). Ho ecnn 

¢ (P ;+1) / ¢ (P; ) < r (4) 

TO ToqK(>H pi+l npeHeoperaIOT n B KaqecTBe HOBOH ToqKn pi+l 6epyT 

npe:lKHIOIO ToqKy P ; ( TaKOe srnneHne Mb! 6yaeM H83b!B8Tb OCTaHOBKOfi) • 

BceM ToqK aM P I npncBaHBaeT~.II Bee 1. 
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lloKa3aHo 121 , qTo B npeaene :i ➔ .oo ToqKII paenpeaenHroTeH no 

Ky6y e HY)KHOH nnoTHOeTbIO cf, ( P ) • 

Hamefi uenhIO 61,mo yeTaHOBIITh eKopoeTb exoAIIMOeTII epeAHIIX, B3H-

Tb!X no T8KIIM KOppenIIpoBaHHbIM noeneaoBaTenhHOeTHM ToqeK K eBO8MY 

npeaeny. Hae IIHTepeeoBana 3aBIIeIIMOeTb 9TOfi eKopoeTII OT .BIIAa nnoT-

HOeTII <p p ) , OT lllara Ll I KOnIIqeeTBa M8HH8MbIX 38 OAIIH pa3 KOOpAII-

HaT TOqKII P 1 , BbI6opa HaqanhHOfi TOqKII noeneaoBaTenhHOeTII II T,A, 

3. IT po6HaH Monenh II npo6Hbl8 cbyHKUIIII 

B KaqeeTBe MoaenII, Ha KOTopofi npoBepHneH eToxaeTIIqeeKrrfi MeToa, 

61,ma Bbi6paHa MOA8nh <pa30BOI'O 06'beMa, B KOTOpofi MaTp!Iqffbifi aneM8HT 

pO)KA8HIIH qaeTIIU eqrrTaeTeH KOHeTaHTofi. CymeeTByIOT pa3Hbl8 enoeo61,1 

Bb16opa rrrnepKy6a AnH TaKofi MOAenII. HeKOTOpb!8 II3 HIIX npIIBOAHT K oqeHb 

ena61,1M BaprraurrHM Beea cf, ( p ) 151 , Ho aae IIHTepeeoBan 3Aeeh 

npoTIIBOnonO)KHbIH enyqafi 6onhlllIIX BaprrauIIfi. C 9TOfi uenhIO AnH pO3b!I'pbl

llla 61,mo Bb16paao omrn II3 o6o6meHIIfi enoeo6a Baa XoBa 161 , KOTopoMy 

eBofieTBeHHbI 6onhmrre BaprrauIIH Beea 17 /. MoaemrpoBanaeh peaKuIIH 

NN ➔ NN TTTT npn 7,5 fsB/e. 

B KaqeeTBe npo6Hb!X <pyHKUIIfi f , qbe eTpeMneHne K epeaHeMy 

n3yqanoeh, 6panoch qncno eo61,1THfi c TeM IInII HHbIM 3HaqeHIIeM IIMnynhca, 

yrna Bbin8Ta, a<p<peKTIIBHO:a MaeebI II T.n. OAHOH HnII H8CKOnhKHX qaCTIIU, 

KpoMe Toro n3yqanoch eTpeMneHIIe K npeaeny BennqIIHbI eeqeHHH peaKunn. 

ITpn Haane*ameil: HopMnpoBKe ceqeane a = J cf, ( P) dP. 

CymeeTByeT MH8HII8, qTo eenII Bee cnyqail:Hbl8 co6bITIIH HMeIOT Bee 1, 

Bennqn:Ha a 

peHHfi /g/ 

He B1,1qn:enHeTeH /8/ HnH· BbJqnenHeTeH nyTeM oeo61,1x YXHIU-
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OTO MHeHne 0Cl1£>B8HO H8 HenopaayMeHnn. llenCTBMTenbHO, cpeJlHllll 

Bee TaKnx co5hITnn ecTb TomnecTBeHHag ennHnua, a He ceqeHne peaKunn. 
• 

HO HllqTO' He MelllaeT HaM BbJqncnMTb nng Kamnoro co5hITllR Beca 1 <pyHKUll!O 

<p ( p ) , KOTOpag naeT rrnoTHOCTb 3Bean B OKpeCTHOCTll Jl8HHOH 3Be3)lhl. 

3Hag me cf, ( p ) • MOmHO BOCCT8HOBllTb a6con10THYIO BennqnHy ceqeHng 

peaKUllll~ 
ff(P)cf,(P)dP 

B caMoM nene, B MHTerpane < / •> n (P) dP MO)KHO 

I ( p ) B3RTb 
1 

B KaqecTBe ¢ ( p) , n Torna rronyqnM 

< _1 __ ·> f dP 1 
= = 

cf, (P) fcf,(P)dP fcf, (P) dP 

0TKyna ncKOMoe ceqeHne 

a =fcf,(P)dP 
1 

< 1/ ¢ (P) ·> 
(5) 

rne cpenHee Bh1qncnReTcg 110 <popMyne ( 2). KoHeqHo, rrpII 5onblllOM paa-

5poce BeCOB OHO rronyqaeTCg C rrnoxofi ToqHOCTb!O. 

JierKo TaKme y5eJlIITbCR B crrpaBennnBOCTH <popMynhI 

J [ cf, ( p) -a ] 
2 

dP = a 
2 (<cf, ( P) > < 1 / cf, ( P) ·> - 1 ) , ( 6) 

KOTOpag naeT oueHKy 9TOI'O paa5poca BecoB. 

4. Xon pacqeTa 

Bee cf, ( P ) __ B cnyqae peaKunn NN ➔ 'N N "" aaBHCHT oT, 8 . 11e_peMeu

Hh1x: JlBYX 9<p<peKTllBHbIX Mace ( TpOHKH H rrapbl qacTHU, H811pHMep, N 1T 1T 

H 17 17 ) 1 Tpex aanMyTanbHhIX ll Tpex rronRpHbIX yrnoB ( yrnoB BbineTa 
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'lfaCTHU 1,2,3). ITpenBapH_Tenblro 6b1,na HarrncaHa rrporpaMMa MaKCHMyMa 

Beca ¢, ( p ). TaK - 'lfTO rrpu menaHirn uerrb MapKOBa MomHo_ 6f>In0 TSIHYTb, 

Ha'lfHHaSI C MaKCHMyMa ¢, ( p ) • ITpenenbHOe 3Ha'lfeHne Ce'lfeHHSI a 6bmO 

paCC'lfHTaHo 3apaHee aHanHTH'lfeCKH. MaKCHManhHbIH mar ~ ( CM. cpopM yny 

( 3)) MO)KHO 6bmO 6paTb CBOH nmI K8)1{)l0H nepeMeHHOH. Korna KDDPJlHHaTa_ 

x ;+t _oKa3bIBane.cb 3a rrpenenaMH enHHH'lfHoro rnrrepKy6a ,< x ;+t'> 1 nnn 

x ;+t < 0 ) , TD H3 Hee BhI'lfHTanacb nnn K Hew _rrpn6aBnrrnacb eanHnua, 

'lfT06bI OIIS!Tb BepHyTb TO'IKY P;+t BHyTpb rnrrepKy6a. CKopoCTb CXD)lH

MOCTH cpaBHHBanacb c TaKOH me CKDpOCTbro IIpH o6merrpHHSITOM, HeCTO

xacTH'lfeCKDM MeToae. 

5. 3aBHCHMOCTh OT mara 4 
' ·.I ' 

Han6onee 6hlcTpoe CTpeMneHne cpeaHero Beca K rrpeneny HacTyrrano, 

Korna mar ~ 6hin MaKCHManeH: ~ = 1 ( pnc. 1). B sToM cny'lfae 

Tpe6oBanocb OKDno 30 Tb!CSl'I 3Be3)l, 'IT06b1 OTKnoHeHHSI OT rrpeaena 6hmH 

IIOPS!JlKa 5%. B o6hl'IHOM, aecToxacTH'leCKOM MeTO)le Ta me TO'IHOCTb 

JlOCTHranacb rrpn CTaTHCTHKe "' 10 Tb!CSl'I 3Be3)l. YMeHbmeHHe mara no 

0,3 - 0,5 Tpe6oBano nnsi JlOCTnmeHHSI TOH me TO'lliOCTH B Ce'lfeHHH 3Ha

'IHTenhHO 6onbmero 'IHcna 3Be3n. 

·Ka3anocb 6bI, H8Jl0 CTapaThCSI 'pa6oTaTb C 6onbmHM maroM. Ho 'lfeM 

6onbme 6bin mar~ TeM 6onbme OK83hIBanOCb 'lfHCnO "OCT8HOBOK" 1 T.e. 

noBTopsiromnxcsi 3Be3Jl B uerm MapKoBa, ( ITpn mare 1 Kax<nasi aBeGna 

1ioBTopsinach B cpenaeM 4 pa3a, rrpn 0,5 - 2,5 pa3a, rrpn 0,3 ·.:. 1,9 'pa3a). 

3To rrpHBOJlHno K 6onbmHM cpnyKTyauHSIM B rncTorpaMMaX HMIIynbCOB nnn 
' ' -

yrnoB; pa3 Bo3HHKHYB, cpnyKTyaunsi He ncqe3ana O'lfeHh nonro. ITpn HeKop-

pennpoBaHHOM p03birpbime 3Be3)l cpnyKTyaunn B rHCTorpaMMax pa3MbIBaroTCSI 

HaMHoro 6bICTpew. Mb! IIOIIblTanncb B616npaTb mar H3MeHeHirn pa3nH'IHhlX 

nepeMeHHhIX paBHbIM nonymnpnHe pacnpeaeneHHSI ".Beca 110 sTofi nepeMeHHoJ'.\ 
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( KaK rrpaBnno, sTa rronyumpnHa paBHsmach 0, 1 .. 0,3). 3To He rrpnBeno 

K 3aMeTHOMY ynyqll!eHMIO CXOLillMOCTll. Bonee Toro, B p.11ne nporoHOB cpen
• 

Hee ceqeHne cTpeMnnocb He K cBoeMy npeneny a , a K 1/ 2 a • 3To 

o6'b.llCHSieTC.II TeM; qTo Bee cf, ( P ) . B Hall!eM cnyqae nMeeT ABa CHM

MeTpllqHbIX M8KCHMyMa, CBH3aHHblX C HannqueM B CllC:TeMe NN TT1T ABYX 

TO)KiteCTBeHHb!X qacTllll (LIBYX, a He LIBYX nap, IlOTOMy qTo llMIIynhC qeT

BepTOfi · qacTMUhI He pasb1rpb1BaeTc.11 , a Bb1qncn.11e-rc.11 TaK, q T06b1 co6nio

Liannch ·saKOHhI coxpaHeHn.11 sHeprnn-nMrrynhca). Me)KLIY MaKCnMyMaMH 

aaMeTHbifi npoBan: npn Heoonhll!OM lllare I:!,. uenb MapKoBa He ycneBaeT 

qepes Hero npofiTH sa oTBeneHHb1e efi 30 ThIC. lllaroB. 

8. 3aBnCHM0CTb OT HaqanhHOfi TQ~Kll 

CTporo roBop.11, nepBbJe ToqKn·uenu MapKoBa pacnpeneneHbI He c 

rrnoTHOCTbIO cf, ( p ) ' a C HeKOTopofi nepexoLIHOfi rrnoTHOCThIO, IIOSTOMY 

CKOnhKO-TO nepBb!X 3Be3LI cnenyeT He BKnroqaTb B o6ll!yIO CTaTHCTHKy. On

H8KO npaKTnqecKn HX OT6p8Cb!BaHne He MeH.11no pesynhT8TOB 3aMeTHbJM 

o6pasoM (pnc. 1). 

M bl IIOIIb!TBnncb TaK)Ke HaquHaTb uenb MapKOBa ll3 o6naCTH M8l.Cll

MyMa cf, ( P ) • CKopocTh cxonnMocTn B sToM cnyqae rrpn 3HaqeHHH 

I:!,. = 1 noKasaHa Ha pnc. 2. O6pamaeT Ha ce6.11 BHnMaHHe oqeHh 6onhll!Oe 

qucno ,, IIOBTOpHb!X a Bean" npu I:!,. = 1: qncno II0BT0pOB AOCTHraeT B 

cpenHeM 8 npn 30 Tb1c.11qax sBesn. 3To .11sneHne nerKo 06'b.11CHHTh: Korna 

ToqKa p HBXOAHTC.11 B o6nacTH MaKCHMyMa, a ll!ar BennK, ycnosue ( 4) 

BbJIIOnHHeTC.11 noqTn BCerna. Pa6oTa B T8KOM pe)KllMe npaKTnqecKll He-

B03MO)KH8. 
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HO~ 2·1a4 3-10"" 11-10"- N 

Prrc. 1. 3aarrcHMOCTb a ( ycnoBHbie e)lHHHUbi) OT qncna 3BEl3Jl "N .nnSI 
pa3HhIX rnaroa; a - S = 1; b - 11 = 0,5; c - i = 0,3, BepXHSIH KpHBaSI 

COOTBeTCTByeT cny'IaIO /1 = 1, HO nepBbie 3. 10 3Be3.ll OT6polileHbl, Toq

aoe 3Ha'IeHne a = 10,8. 

Pnc. 2. 3aBHCHMOCTb a OT "N a - npn /1 = 1, Kor.na C'IeT Ha'IHHa

eTCSI C TO'IKH C M8KCHManbHbIM BeCoM; b - B o6bI'IHOM MeTo.ne M OHTe

Kapno. 
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... 7. Bb!BDb(bl 

CToxacT11qecKoe Monen11poBaH11e, npl!HHTDe B CT8TRCTRqecKDH cpl!31!Ke, 
• 

BD3MDmHD II _B cp1!3RKe Bb!CDKIIX aaeprl!H. OnaaKD DHD ae naeT Bbmrpb!Uia 

no cpaBHeHIIIO C yme pa3Bl!Tb!MII B HeH MeTonaMII Monen11poB8HIIH. BosMom

HD, aymHbl npyr11e npl!HUl!Ilb! opraHR38UIIII ueneH MapKOBa, B KDTDpb!X ae 

6bmD 6b! IlDBTDpH!Ollll!XCH CD6b!TIIH ( CM. B 3TDH CBH311 pa6oTy /g/) • Bos

MDmHD, CTDX8CTl!qecKRH MeTon DKameTCH BbironHbIM_ npll p03b!rpb!Uie MHD

roqacTnqHblX peaKUIIH ( C 20-30 qacTnuaMn)' T8K K8K DH IlD3BDnHeT Me

HHTh l!MllynhCbl nllUih / HeK0TDpb!X 113 3TIIX qacTIIU, DCTaBngg npoq11e 

ae11sMeHHblMII, II STD MomeT naTh 3KDHDMIIIO BpeMeHII cqeTa. 

Ynyq11Iea11e acpcpeKTIIBHOCTI! p03blrpb!III8 nepmpepllHHb!X MHoroqacT11qHb!X 

npoueccoB aano ncKaTh aa npyr11x nyTHx. 

Mb1 rny6oKo 6naronapaL1 r.3. HopMaay, B.M. 3aMan11ay, B.B. 3ene

aepy sa ueHHbJe 06cymne1111g II coBeTbI • 
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