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B.I'. Penpko, FO.P. Ioit
O EHKA D®PEKTUBHOCTH 3BOJIIOLIMOHHBIX AJITOPUTMOB

AHHoTanusi. lccrnenoBana  MoAens  9BOJIOUUMU  HONYISNUM  MH(OPMAIIMOHHBIX
nocinenoBatenbHocTeil.  Cnenana rpy0Oas — aHainuTHueckas oOLEeHKa  3ddexTuBHOCTH
OBOJJIOINMMOHHBIX AJII'OPHUTMOB; OLICHKA IPOBEPCHA NMYTEM KOMIBLIOTCPHOTO MOJACIHMPOBAHUA.
[TokazaHo, 4To I cilyyash MOUCKa SKCTpeMyMa YHUMOJAAIbHOU (yHKuMu N OUHApPHBIX
IMEPEMEHHBIX 3BOJ'IIOIII/IOHHI)II71 AJITOPUTM oOecrieunBaeT HaxX0XIACHUEC OINITUMYMa IIpU aHAJIN3€
nopsiaka N > BApHaHTOB.

B pabGore wuccnemyercs mpocTtas  MOJAEAb  3BOJIOUMU  MONYISUUUM  HUHMOPMALMOHHBIX
IIOCJIE0BATEIBHOCTEM.

Onucanue moaean. OCHOBHBIC TIPEIITOJIOKCHHS MOJICITH COCTOST B CIICAYIOIICM.

1. PaccmarpuBaeTcsi SBOJIONMS TOMYJIANMH «ocoOei» {S;}, Kaxmas ocoOb S; ompenensiercs
MOCJICIOBATEIILHOCTBIO CHMBOJIOB Sy; , CHMBOJIBI IPHHUMAIOT JBa 3HadeHHs: Sy = +1 mmbo —1; i =
,2,...,N; k = 12,....0n; N — uMHa TIOCIE€IOBATEIbHOCTEH; 7 — YHUCICHHOCTh MOMYJISAIINUH.
[TocnenoBaTenbHOCTH Sy MOXKHO paccMaTpuBaTh kak MoaenbpHyto JJHK £ -if oco6m.

2. Ha w™HOXecTBe mocneAoBaTebHOCTE S ompenenena ¢GyHKIUA mnpucrnocodnenHocta f(S)
cienyronmM  obpazom. I[lpenmmosraraeTcsi, 9T0 MMeEeTCS ONTHUMAJIbHAS TIOCIEAO0BATEIBHOCTE S, , a
MIPUCIIOCOOJIEHHOCTh TMTPOU3BOJIBHOM 0COOM S 3KCIIOHEHIIMATBHO YMEHBIIACTCS ¢ POCTOM PACCTOSHUS TI0
Xemmunry oS, S,) mexay S u S,, (4rciia HECOBNAAAONINX CUMBOJIOB B COOTBETCTBYIOIINX MO3UIUAX
ATUX MOCIEA0BATEIHLHOCTEH):

S(S) = exp[-pp(S, Sw)], (1)

rae [f— mapaMeTp UHTEHCUBHOCTH O0TOOpA.
3. DBOJIIOLIMOHHBIN MPOIECC COCTOUT U3 Psijia MOKOJEHUH, B KaKJIOM MOKOJEHUH MPOUCXOJAT a) 0TOOP
oco0eil B cienyroliee MOKOJEHUE B COOTBETCTBUU C UX NMpuUcCHOcOONeHHOCTAMU f(S) u 6) myranuu —
cllyyaiiHble 3aMEHbI CUMBOJIOB Sy; .
4. JnvHa mnocnenoBareiabHOCTed N M YHMCIEHHOCTh NOMYNISLMU A B OTACIBHOM 3BOJIOIMOHHOM
MPOLIECCE HE MEHSIOTCS U BeJMKU: N, n >> 1.

dopManbHOE ONMCAaHUE CXEMBI SBOJIIOLMY IpeacTaBieHo B Tabmuue 1.

Tabnuna 1. Cxema 3BoJIIOLINHA

[ar 0. @opmuposanue nauarvrou nonyaayuu {Sy (0)}. Hdnsg kaxmoro k = 1,...,n 1 KaXA0ro i =
1,...,N BbIOMpaeM cirydailHO CUMBOJI Sy; , TIoJIaras ero paBHeIM +1 6o -1.

[ar 1. Ombop

[Momgmar 1.1. Pacuem npucnocoodrennocmeri. Ins nomynsmuu {Sy(¢)} ansa kaxaoro k = 1,...,n
BBIYMCIISiEM BETUYUHY f(Sk), t — HOMEp MOKOJICHHUS.

[Mogmar 1.2. @opmuposanue nosoii nonyasayuu {S; (t+1)}. OrObupaem n ocobeil B HOBYIO
nonyisiiuio {Sy(t+1)} ¢ BepoSITHOCTAMHU, TPONOPIUOHAIBHBIMHU f(Sy).

[Mar 2. Mymayuu. Ina xkaxmoro k = 1,..,n wu kaxmoro i = 1,...,N MeHsem 3HaK Sy(t+1)
Ha [IPOTUBOIIOJIOKHBIN C BEPOSITHOCTBIO P; P — NHTEHCUBHOCTh MYTAallUil.

Opeanuzayus nociedosamenvrocmu noxonenuil. llopropsem maru 1,2 mnsat =1, 2,...

[Mommar 1.2 tpebyer mnosicHeHus. @opMUpOBaHUE HOBOW MOMYISLIUU HPOUCXOIUT CIIEAYIOIIUM
oOpaszoM. IIpencraBuM, 4ro y Hac ecTb pynerka. I KakJ0oro MOKOJEHUs pa3MedyaeM PYJIETKY Ha n



CEKTOPOB, JIOJNIO k-TO ceKTopa (OTHECEHHYIO KO BCE IUIOIAaM Kpyra) rmojaraeM paBHOH qx = fi [Zifi 17
fe = f(Sy) . Hanee n pa3 kpyTuTcs pyjierka, KaXIblii pa3 ONpeAessieTcsi HOMep CEeKTopa, Ha KOTOpOM
OCTAHABIIMBACTCSA CTpPEJKa PYJICTKA, W COOTBETCTBYIOIIAs 3TOMY HOMEpYy OCOOb BEIOMpacTCs B
MOMYJISIUIO  CIEMYIOMIET0 TOKoJeHus. Takum oOpa3oM, B cleayloomiee IOKOJCHHE OyayT
oToOpaHbl poBHO 7 ocoOeit. Ilpm sTOM ms KaxXJ0TO BpalIeHUS PYJIETKH BEPOATHOCTHh k-i 0coOu
MOMAacTh B CJIECAYIONIEE MOKOJEHUE MPOIMOPIMOHANIBHA €€ MPHUCTOCO0IeHHOCTH f;. HekoTtopeie ocobu
MOT'YyT OBITH OTO6paHBI B HOBOC ITOKOJICHHEC HCCKOJIBKO pa3, — 3TO 03HA4YacT, 4YTO B HOBOHU momyJsiuuu
Oy/leT HECKOJIPKO TOTOMKOB JaHHOU 0COOMU.

N3noxeHHass MOJENb COOTBETCTBYET CXEME MOJIEIN KBa3UBUIOB, NpemiokeHHou B 1970-x rogax M.
OiirenoM [1,2] B kauecTBe OJHOM M3 MOJIETEH MPeIONOJIOTHIECKON IBOJIIOIIUHN, U CXEME T€HETHIECKOTO
anroputMa 6e3 ckpemuBaHus [3].

CroxacTHYecKHil XapaKTep 3BOJIONMHOHHOrO npouecca. lanee npeamosaraercs, uro 2 >> n, 1.€.
npenmnoaraercs, yro mnHa N nocneposarenbHocTed S (MonenbHbix JIHK) nocrarouno Benuka. [Ipu
9TOM YHCJIO TMOCIEA0BATEIHLHOCTEN OTIACIBHBIX BUIOB B MOMYJSIIIUU OyIeT HEBEIUKO, & MHOTHUE BHUIBI
BOOOIIEe OyAyT OTCYTCTBOBATh B MOMYJSLUU. B CHIly 3TOr0 CyIeCTBEHHBI (UIYKTyallMd YUCJa BUJIOB, U
paccMaTpuBaeMble HBOJIIOLIMOHHBIE IPOLIECCHI HMMEIT CTOXacTHMYecKuid xapakrep. B wactHOCTH,
HEOOXOIUMO YyYUTHIBATh HEUTpAIbHBI OTOOp, T.e. (QUKcanmuio o0coOel, HEe3aBUCAIIYID OT UX
npucnoco6sennocren [4,5].

Ponp HeliTpansHOTO 0TOOPA OXapaKTEPU3YEM CIICTYIOMICH SBOJIIOIIMOHHON UTPOM:

1. ImeeTcst momy siusi Y€PHBIX U OENBIX IMIapOB, 00IIee KOJTMYECTBO IAPOB B OMYJISIIUNA PABHO 7.

2. DBOJIIONHS COCTOUT M3 IMOCIEAOBATEIHLHOCTH MOKOJeHUH. Kakaoe MOKOJICHHE COCTOMT U3 JIBYX
maroB. Ha mepBomM miare Bce mapbl AyOIHMpYIOTCS C COXpaHEHHEM LIBETa: YEpHBIM IIap MMeEeT JBa
YEpHBIX MOTOMKA, OENbIM Imap WMeeT naBa Oenbix moTomka. Ha BTOpoM miare cimydailHbIM oOpazom
ylansieTcs U3 MOoMyasiluy POBHO MOJOBHHA IIAPOB HE3aBUCUMO OT UX IIBETA.

Ota wrpa mpeAcTaBiaseT coO0W MapKOBCKHMM Mpolecc, Uisi KOTOporo mokazaHo [4], dyto: 1)
paccMaTpuBaeMblid MPOIECC CXOAMUTCS K OJHOMY W3 JIBYX MOTJIOHIAIONIUX COCTOSHHM (B TOMYJISIIMH
OCTa0TCs MO0 TOJNBKO O€mble MIapbl, JIUOO TOJBKO YEpHBIE LIapbl); 2) MpU OONBIIUX 7 XapaKTepHOE
YKCII0 OKOJIeHU! 7, , TpedyemMoe /ISl CXOAUMOCTH K KaKOMY-JTMOO0 U3 MOIJIOUIA0IINX COCTOSHUN, PaBHO
2n. Jlns nanpHEMILEro CylmecTBEHHO, YTO XapaKTEpHOE BpeMsl HeWTpasbHOro ortdopa 7, mopsjaka
YHUCJIEHHOCTH MOMYJISLUY A.

KayecTBeHHasi  KapTHMHAa  3BOJIONMH.  Pe3ynpraThl  KOMITBIOTEPHOTO  MOJICIHUPOBAHUS
JEMOHCTPUPYIOT, YTO MpPH AOCTATOUYHO Majol MHTeHcUBHOCTU MyTauuil (1 > PN, 8 > PN) 3BoJIOLHUIO
MOYKHO 0XapaKTepHU30BaTh CIACAYIONIUM 00pa3oM (IIpuMep pacueTa IpeacTaBlieH Ha puc. 1):

- HAYaJIbHOE paclpeiesieHne 1mo p B nonyiasanud (mpu ¢ =0) 6J1U3K0 K HOPMAJTIBHOMY PacTpeIeTICHUIO
co cpemauM <p> = N/2 u mucnepcuert N/4 [4,6] (<p> - cpeaHee MO TOMYJSIUU PACCTOSHHUE I10
XEeMMUHTY 10 ONTUMAJIbHON MOCIIEJOBATENLHOCTH S,,);

- MPOILECC ABOJIIOIMM MOXHO XapaKT€pU30BaTh JIBYMs CTaIUsIMHU: MEPBOM — OBICTPOW M BTOPOU —
MEJUIEHHOM; Ha MEpBOM CTaguu MPOUCXOAUT OTOOpP 0CO0EH, pacloJOKEHHbIX Ha JIEBOM KpbLie
HAYaJIbHOTO pACHpENeNeHHs, W paclpeieieHne CKUMAeTcs; Ha BTOPOM CTaJuu pacrpeieieHne
CMeIaeTcss K MaJbIM 3HAYCHUSIM p

- OKOHYATENIFHOE pacrpeneneHue GOpMHUPYETCs] B OKPECTHOCTH ONTHMAJIBHON TOCIEIOBATEIHLHOCTH
Sm
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Puc. 1. DBomrouust pacnpenenenus ocooeit, N = 500, n = N, g =1, P = 0, 002. [Io ocu opaunar
OTJIOKEHA JIOJIT 0CO0eH, UMEIONTUX PacCMAaTPUBAEMOE 3HAUCHHE O . [ — HOMEP ITOKOJICHUS.

AHanuTudeckasi oneHka. OueHnM 3((QEKTUBHOCTh pacCMATPUBAEMOTO JITOPUTMA, MpeAroJiaras,
YTO YHUCIEHHOCTD MOMYJISINH 7 TOCTATOYHO BEJIMKA!

T,>T, [1-(1-P)V]" << 1, 2)

rae T, — xapakTepHoe Bpems HeliTpanbHoro otoopa (7, ~ n), T — xapakTepHO€ BpeMsi CXOJUMOCTH BCETO
ABOJIIOLIIMOHHOTO Tporiecca. [lepBoe HepaBeHCTBO B (2) 03HAYaET, YTO BIUSHUE HEUTPATHLHOTO OTOOpA HE
BEIUKO. BTOpoe HepaBEeHCTBO COOTBETCTBYET IPEHEOPEKEHUI0 MYTALMOHHBIMU MOTEPAMU YXKe
HaWJIEHHBIX yIaYHBIX 0CO0EH B TIOMYJISAIUU.

Onenum BenuuuHy 7, KOTOpas omnpesensercs BTopoi (MemieHHoM) craaueil. Ha aToil ctanuu HOBBIE
0CcOOM C MEHBUIMMH 3HAYEHUSIMU O MOSBISAIOTCS B pe3ysibTaTe MyTalui U (PUKCUPYIOTCS B MOMYJISLUU 32
cuetr otbopa. OLEHNM XapaKTepHOE BpeMs £, 3a KoTopoe <p> ymeHbmaercsa Ha 1. OHO cocTaBiser:
ti ~ty +t,, THE 1, ~ (NP)' — XapakTepHOE BpeMs, 3a KOTOPOE 0COOHM MOMYNISIMK TIPOMYTHPYIOT,
t,~ ' — xapakTepHOE BpeMs:, 3a KOTOpOe 0cobm, M KOTOPHIX p = <p>-1, B pe3ympTaTe 0T6Opa
BBITECHAT U3 MOMYJSAUHA 0CO0eH, A KoTophiX p = <p>. [lonmaras T~ ¢, N, umeem:

T ~(P)" +Ng™. (3)

OO6miee yncio ocobeid, yJaCTBYIOIIMX B DBOJIIOIUHU, COCTABISIET My = 1. OLICHUM BEIMYUHY Moyl
UIsi 3amaHHoro N, BwIOMpasi ocrajmbHble mapameTpsl [ , P, m  Tak, 4TOOBl MO BO3MO>XHOCTH
MHUHUMU3HUPOBATH BEIUYUHY My VIHTEHCUBHOCTH OTOOpA CUMTAEM JIOCTATOYHO Oombinoit: [ > PN,
TOrJ]a MOKHO TIpeHeOpedh BTOPHIM ciaraeMsiM B (3). ITomaraem P ~ N ™', mpu Takoif HHTEHCHBHOCTH
MyTalui, C OJHOM CTOpPOHBI, IOSBJIEHHWE HOBBIX OCOOEHl B MNOMYJSIIMM B pe3yjbTaTe MyTalMi
MIPOUCXOJIUT JIOCTATOYHO OBICTPO U, C APYrON CTOPOHBI, MOXKHO MpEeHeOpeUb MyTallMOHHBIMU MTOTEPIMHU
(BpImOJIHSIETCST BTOpOo€e HepaBeHCTBO B (2)). Torma umeem 7' ~ N . Takke moJsiaraem, 4To MEpBOE U3
HepaBeHCTB (2) BbIMoJHseTcs Ha mpexene: n ~ 1, ~ T ~ N, T.e. mpeanonaraéM MHHUMAaJbHYIO



JOTTYCTUMYIO YHMCJIEHHOCTD TOMYJISAINH, TTPU KOTOPOU eIlle HEe CYIIECTBEHHBI MTOTEPH YIauyHbIX ocoOel B
pe3yapTaTe HeUTpabHOro 0T60pa. C yd4eToM ceslaHHbIX IPEANO0JI0NKEHUN HMeeM:

T ~N, tow ~ N? . 4)

Pe3yabTaThl KOMIBLIOTEPHOTO MoAedupoBaHusi. J[ns mnpoBepku o1eHOK (4) TpOBEHCHBI
KOMIIBIOTEPHBIE PacyeThl JJIs COOTHONIEHWH MEXAy IapaMeTpamMu, COOTBETCTBYIOIIUX YCIOBHUSM
TIOJTyYeHHUs] aHATUTHYECKUX ONEHOK: 7 = N, P=N"', = 1. Pacuer BHITIONHANCS CIEIYIOIAM 00pa3OM.
beimn  monyd4eHsl 3aBUCHMMOCTH CPEIHEro IO TOMYJSIIUM PACCTOSIHUS 1O ONTHMYyMa OT BPEMEHHU
<p>(f) nns pa3ubix 3HadyeHud N (puc. 2), ¥ MO 3TUM 3aBUCUMOCTSM OIIEHHUBAJIOCH XapaKTEPHOE BpeMs
CXOAMMOCTH 3BoJIIOLMH 1" [ByMs crioco0amu: 1) paccuuThIBAIOCh XapaKTepHOE BpeMsl penakcaluu 7z B
3aBUCUMOCTSX <0>(f) MO HayaJIbHOMY HAKIJIOHY STHUX KPHBBIX, 2) ONpPENesiIoch BpeMs Bbixona Ts Ha
CTallMOHApHOE 3HaueHue <p>, KOTopoe IMoiydaercs npu Oonbmux ¢ (cM. puc. 2). [lomydeHnsie B
pesynbrare 3aBucumoctu Ix (N) m Ts (N) mpencraBieHsl Ha puc. 3. Kpome Toro, ompenensmch
3HAYCHHS BpPEMEHU [ TMEPBOTO TOSBICHUS ONTUMAIBHOM MOCIEAOBATEIHLHOCTH S, B MOMYJSALUH.
CooTBeTcTByIOMmast 3aBUCUMOCTh 1o(N) Takxke mpenacraBiieHa Ha puc. 3. BuaHo, 4TO mpH IT0CTATOYHO
6ospmux N Bce TpU 3aBUCUMOCTH JTUHEUHBL: Tk (N) = kgN + Tro, Ts (N)=ksN + Tso, To(N) =koN + Tey,
rae kg = 0,1772, ks = 0,3903, ko = 0,3685, Tro = 8,2709, Tso = 38,7356, Too = 2,1288, uTO BHOIHE
corJyiacyercs ¢ OleHKamu (4).
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Puc. 2. 3aBucumoctu <p>(f) nis pasHeix 3HaueHuid N . [lokazana cxema oneHku 3HaueHut Tz u T's aiis
ciydast N = 600. 3aBucumoctr ycpentnensl mo 50 pacueram.
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Puc. 3. 3aBucumocTu BpeMeHu penakcauuu Ik , BPEMEHHM BbIXOJAa Ha cTaluoHap Is U BpPEMEHHU
HAX0XJACHUS ONTHUMAJIBHOTO pelieHus 1o OT AJIMHBI OCleAoBaTeNbHOCTeN N. 3aBUCUMOCTH yCpEIHEHBI
o 50 pacueram.

OOcy:xxnenne. CpaBHUM DSBOJIOUMOHHBIA METOJ ONTUMHU3ALMU paccMaTpuBaeMoOl (QyHKUIUU
npucnocobseHHoct (1) ¢ AByMs IpOCTEHIIMMH METOJAMM: MOCJIEI0BAaTENbHBIA MOUCK U CITydalHBIH
nepedop.

[TocnenoBaTenbHBI TMOWCK OpPraHM3yeM CcleayromuM oOpa3oM. Mcexonaum w©3  TpOU3BOJIBHOU
MOCJIEIOBATEIBHOCTH S , CUMBOJIBI KOTOpOW paBHbl S; = 1 mmbo -1. [Jlamee mocrnemoBarenbHO A
kaxnaoro i (i =1,2,...,N) MmeHseM 3HaK cuMBoJia (S; — - S;) ¥ IpH yBEIMYCHUH TPUCTIOCOOTIEHHOCTH f(S)
MIPUHAMAEeM HOBOE 3HAYCHHE CUMBOJIA, IPH YMEHbIIIEHHUH f(S) — Bo3BpaiiaeMcs K ctrapomy. B pesynbrare
nocie N UCTIBITaHUA HalJeM ONTHUMAaJbHYIO MOCIIENOBATENbHOCTD S, . MTak, s mocienoBaTeaIbHOTO
IIOMCKA UMEEM: Mypy = N.

[Ipu cayyaitHom mnepebope Uil HAxXOXKIEHHUS ONTUMAIbHOM IOCIEOBATEIILHOCTH HEOOXOAUMO
UCIBITATh TOpsaKka 2" Mocne0BaTenbHOCTER: Ny ~ 2.

[TonyueHHbIe OLIEHKU MTPUBEACHBI B Tabaue 2.

Tabnuna 2. Onenku 3¢p(eKTUBHOCTU METOJIOB MTOUCKA.

Merto1 moucka Niotal Mo Tip N = 1000
IlocnegoBaTenbHbBII N 1000
DBOJIIOIIMOHHBIN ~N? ~10°
CiryyailHblii ~ 2N ~10°"

OTmeTruM, 4dYTO XOTA 37€Ch OLEHKM TIONy4eHBl [UIA ClOydas YHUMOJAIBHON  (yHKIUHU
npucnoco6sieHHoctu (1), aHaTOTUYHBIE OIIEHKHA MOTYT OBITh CIIETaHbI U ISl CIIUH-CTEKOJIBLHON MOICIH
SBOJIIOIMH, KOTJa YHUCIO JIOKAJBbHBIX MAaKCUMYMOB IMPHUCHOCOOJIEHHOCTH 3KCIIOHEHIUAIbHO PAacTET C
pasMmepHocThio 3anauu N [4,7].

[TomydeHHBIE OLIEHKH NEMOHCTPHUPYIOT, YTO SBOJIIOMUOHHBIN MPOIECC, KaK alrOPUTM ONTHMH3AIHA
«cybonTUMaleH»: OH He 00ecleyrMBaeT MaKCUMAJIbHYI0 CKOPOCTh IMOHWCKa (A1 KOHKPETHOW 3a/lauu
BO3MOXHBI  Ooyiee  d((EeKTUBHBIC aNTOPUTMBI, TaKWe KaK IIOCJIEJOBATENbHBIM MOWCK IS
paccMaTpuBaeMoro citydasi), TEM HE MEHee, OH HaMHOT0 3 dexTuBHee ciryyaiiHoro nepedopa. A Tak Kak



3BOJ'IIOIII/IOHHBII\/’I MCTOJ IMOMCKa IMPOCT WU YHUBCPCAJICH, TO OH MOXKCT pacCMaTpuBaTbCA KakK XOpOIHI/Iﬁ
3BpI/ICTI/I‘~IeCKI/Iﬁ MCTO/J OIITUMHU3AIMU I HIMPOKOTO KiIacca 3aaay.

Pabora BeimonHeHna mnpu ¢uHaHcoBod mnoxanepxkke PODU (mpoekr Ne 04-01-00179) u PAH
(ITlporpamma "VIHTemIEKTyalIbHbIE KOMIIBIOTEPHBIE CUCTEMBI'", TPOEKT 2-45).
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