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W3secTHbie pesynbTaTtel

Tematuka, TexHnka, nuTepaTtypa. 3agayu.

TEMATUKA: BepoaTHocTHOe pelleHne ypaBHeHMii 6anaHca B NpoCTpaHCTBe Mep.
TEXHUKA: (n, k)-4acTudHble MapKOBCKME CKAa4KoOBpasHble NPOLECCh.

NMNTEPATVYPA: N. Golyandina and V. Nekrutkin, 1999.

@ AHa/iin3 CMEWEHNSA 1 GUCNEPCN OLEHOK npu 6onblimx n;

o llpes BBEAEHUS NCKYCCTBEHHOrO B3aWMOAENCTBISA.

JBE 3AJAYU OWMIOMA:

o VTOo4HeHue BUAa cmelleHna npu k > 2;

o l13yyeHne TpymoeMKOCTM afirOPUTMOB C NCKYCCTBEHHBLIM B3aWMOAENCTBNEM B
NHEHBbIX 3aga4ax.
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WN3secTHbie pe3ynbTaTthl
N. Golyandina and V. Nekrutkin

o YPABHEHVE BAJTAHCA:

dpe/dt = B(ue) — pe,  ptle=o = p € H.

H — pacnpegenevns 8 (D,B), B(v) € Hnpnv € H.
Ectb ycnoeunsa Ha D, B.

o ®VHKUMOHAI: ¥(u), ¥ € C2(H).

o MPOLIECC: MapkoBCKuii ckaykoobpasHblid, n HacTul ABUXYTCA B D.
o HauanbHoe nonoxexue:
7 HE3aBUCMMBbIX C. B., IMEWOLUNX pacnpeaeneHne u;
o Bpemsa mexpay ckadukamu:
nokasatensHoe ¢ A = n/k;

o Cka4ok:
a) sbibop k wactuy n3s n;
b) 3Tn HacTuubl coBeplIaOT CKa4OK COrNAcHO nepexoaHoi dyHkuum By

PE3VJIbTAT:

a) cMelleHne 1 gucnepcus nMetoT nopsgok 1/n (ewibop By),
b) koadbcpuLmeHTEI CnoxXHble (SBHBIA BUA).
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3apaua 1: Cmewenue
YTo4yHeHne Buga cMeLleHns
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Bbl10:
[naeHbIli Ynen cmewennsi:  kei/n.

NMPEOJTOXKEHUE:
Ha camom gene:  2c1/n+ (k—2)ca/n npn k > 2.

3amevaHue

o KoaghcpuimenToi cnoxHble (ABHbIA BAZ);
o [lpu k =2 — 10 e camoe;
o [lpu k > 2 ecTb npumepsi, KOrga c1 = ¢ 1 KOrga ci # ca;

o Ha CPEQHEKBAAPATUHECKOM OTK/IOHEHUN MONPABKa HE CKAa3blBAETCH.
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3apaqa 2: WckyccrseHHoe B3ammopeiicTsme
JlnneitHas 3apava

JIVHEMHAS 3AJAYA:

o JluHeiiHoe ypaBHeHue
dut/dt = / T(-;u)pe(du) — pe = B(pe) — pe,  pele—o = p € H,
D

rae T(-;u) € H pns Bcex u € D;
o Nuueiinbiii byukymnonan J(t) = ¥(ut) = [, gdpt, g € C(D).

N3BECTHO: Ecan
o ((t) — cka4koobpasHblli MapkoBckuii npouecc B D;
@ HaYasNbHOEe pacnpepeneHne w;
@ nHpUHUTE3NMaNbHble xapaktepuctukn A =1 un T'( -, u),

TO
Eg(¢(1)) = J (D).

ObpatHoe ypaBHeHne Konmoroposa.
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3apaqa 2: WckyccrseHHoe B3ammopeiicTsme
S-npouecc
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ONMPEAENEHWE: n HesaBucumbix konuii npouecca ¢(t). ObosHaqeHne — S.
OLIEHKA: w® = wn (g,t) — BbIBOPOUHOE CpefHee (HECMELLEeHHAs).
CraHpapTHas npouegypa.

ANCMEPCHS:  D(wS)) = o2 /n.

APYITOE ONWNCAHWE: coBmecTHOE ABUMXXEHNE T HE3ABUCUMbIX KONMiA npouecca ¢(t).
TPYOOEMKOCTb mogenupoBaHusi Ha OgHy HacTuuy:
Lg = (tSs + So) U?g.

Qs — 3aTpaThl HAa OAUVH CKAYOK MPOLIECCa;

Qo — 3aTpaTbl HAa HAaYaJ/IbHOE pacrnpegesneHme.
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3apaqa 2: WckyccrseHHoe s3ammopeiicTsme

AnbTepHaTmBa: npouecc

ONMNCAHMWE:
Cnyvaiinas Benudmna w n dyHkums o(w, u) Takne, 410 L(p(w,u)) = T(-;u).
NMPOLECC:
@ Yacrora ckaukos: n/k;
o Ckauok:
o (U1, ...,Un) — NONOXKEHNE NEPEH CKAYKOM;
o Bbibupaerca k vactuy;
0 X KOOPAMHATBI Uiy , . - ., Ui, WIMEHSIOTCA NO npasuny uéj — p(w, Ui ).

BAXHO: w ogHO n TO e ans Bcex Hactuu!

MpegnoxxexHne

1. HecmeteHHas oLeHKa.
2. Aucnepcus: nD(wifp)) =03+ (k—1)VB, (¥,t, 1) +o(1).

V="Vg, /(Té — OCHOBHas ANCNEPCUOHHAs XapaKTepucTuka.
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3apaqa 2: WckyccrseHHoe s3ammopeiicTsme

Mpouecc Bg‘"’): obcyxaeHue

CPABHEHWE:
@ ancnepcum: D(wgs)) < D(wﬁfp)) < kD(wS)); (0<V<).

k
@ YNCNO CKAYKOB: Y pr) B k pas MeHbLuE;

k
@ MOAE/NNPOBAHNE CKaYkKa: y pr) — OONOJIHNTEJIbHbBIE Oonepaunn.

Npes: ecnn 3T onepauun 6bICTpbIE, TO TPYAOEMKOCTb Bg,k) M. 6. MeHbLUe, Yem S.
OTHOLLIEHVE TPYAOEMKOCTEWR:

t%B/k) + So
Lp,(k)/Ls = “iSs 1 S0 (1 + (k- 1)V) ;

o I n Jg — 3aTpaThl HA OQHO CTONKHOBEHUE ANA MPOLLECCOB.

o g — 3aTpaTbl HAa HaYasIbHOE pacnpefeneHue.
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3apaqa 2: WckyccrseHHoe s3ammopeiicTsme

k
Mpouecc pr : onTumasnbHoe k
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3ATPATHI (BeiuncnsitoTes TalimMnpoBaHnem):

o c(w) = ¢(T) — mopenuposanue w; c(\) — MOAENMPOBaHNE MOMEHTA CKauKa;

o ¢(p) — BbluncneHue p; ke(p) — Boibop k koopguHaTt Uz n.

3ATPATBI HA CKAYOK Ha ogHy 4acTuuy:
S-npouecc: g = ¢(T) + ¢(N);
B _npouecc: Sp = o(T) + ¢(A) + k(c() + c(p)).

OMNTUMAJBHOE k ana BY)-npouecca.

g DA (1))
P ) +elp) + S0/t \V )
MAKCNMAJIbHOE oTHoweHne Tpygoemkocteii: npu t — oo V — 0

Lg oo c(T) + c(N)
L, (kopt) c(p) +clp)
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3apaqa 2: WckyccrseHHoe s3ammopeiicTsme

Mpouecc Bg‘"’): npuMepbl

VPABHEHUWE: D =R; T(-;u) = N(u,1), po = N(0,4); pr = N(0,t+ 4).
B3AMMOJENCTBVE: w e N(0,1), ¢(w,u) = w + u.
3ATPATHI (mogenuposatue): c¢(p) =1, ¢(T) =18, ¢(p) = 10 n ¢(A) = 16.
MPUMEPHI.

o ®yukuuonan: ¥y (ue(p)) = [pu? pe(du) =t +4;

o Dynkunonan: s (ue()) = [ cosu pe(du) = e~ (171/VE) =2

10000

1000

——kfpsit)
—o—kfpsi2)
100

Puc.: OntumanbHble k B 3aBucuMoCTn ot ¢ (norapndpmMnyeckas wkana).
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3apaqa 2: WckyccrseHHoe B3ammopeiicTsme

CpaBHeHue BSf) n S-anroputmoB: Teopus

—_—C
—o—LS/LBphi (psi1)
—&— LS/ LBphi (psi2)

Puc.: OTHoweHuns LS/LBw (Eopt) Anst pyHKLNOHANOB 1 1 2.

O6e dyHkunm cTpemsTes k C = 34/11 ~ 3.1.
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3apaqa 2: WckyccrseHHoe B3ammopeiicTsme

k,
CpaBHeHue BSQ) n S-anroputmor: MogenupogaHue

NMPNHUWMNBI CPABHEHUA.

Onsa cdukcnposanubix k n t :

o EcTb aHannTuyeckne dpopmynbl gna obeux gucnepcuii aQB n o‘% (npoeepka
@
MOAEINPOBaHNEM).

o Togbop uncna vactuy np, n ng — 06PaTHO NPONOPLNOHANLHO ANCMEPCUAM.
®dopmyna:
np, = (1 + (k‘ — 1)V)n5.

o N pa3 mogenupytotcst oba npouecca.

o CpaBHMBAIOTCS CpPefHME BPEMEHA MOAENNPOBAHUS.

B akcnepumenTax: ng ot 102 go 10* (& 3aBucumoctu o1 k), N — ot 10% go 2 - 10%.
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3apaqa 2: WckyccrseHHoe B3ammopeiicTsme

k) -
Cpasrenne B, n S-anroputmos: Teopus n TaiimmposaHue

BOMPOC: Hackonbko TEOpETMYECKasi TPYAOEMKOCTb COOTBETCTBYET TaliMUPOBaHMIO?

Tabnunua: ®yHkumoHan 1. OTHOLWEHNE TPYJOEMKOCTEN N CPeAHUX BPEMEH TaliMUpOBaAHUS.

I t [ 5 [ 10 [ 15 )
_Fope | 5 | 6 [ 7 |
[ Ls/Le, [ 131 | 1.43 [ 153 ||
“ 7s/TBy [141[145[151 ”

I ¢ [ 3 1 7 ]
[__Fope [ 23 | 82 |
“ Ls/LB, [ 2.00 [ 2.54 ”
“ Ts/TBy [ 2.23 [ 2.70 ”

BbIBO/I: xopollee cooTBeTCTBUE.
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3apaqa 2: WckyccrseHHoe B3ammopeiicTsme

k,
CpaBHeHue BSQ) n S-anropuTMOB: ONTUMasbHOE k.

BOMPOC: cooTseTcTBME ONTUMANBHBLIX k

t{S)tBphi)
1,60
150 —t=s
1401 —o—t=10
120
120 —o—t=15

140 4
1,00 4
0,80 4

Puc.: ®ynkuymnonan ;. OTHOWweEHNE frs/‘rmJ npu pasHoix k.

Ansi 12 aHanorny4Ho (HEMHOro noxyxe).
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Bropasi anbtepHaTmBa: npouecc Sg"‘ . CpaBHeHmne c S n prk
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3apaqa 2: WckyccrseHHoe B3ammopeiicTsme

)

OMPEAENEHNE:

@ m HesaBucumbix peanusaunii (k, k)-4acTuyHoro npouecca;
° i B(k)—
y Kaxpgoi ckauok kak y By ’-npouecca.
OLIEHKA : BbibopouHoe cpepiHee (HecMelleHHas).

MpenmyLiecTBo Hag Bg,k): JosepuTensHble nHTepBans
NPUHUKMBI CPABHEHWA (tonbko TaiimuposaHue).

o Bhibop 4ncna 4acTuy aHaNOrM4YHO NpeAblayLiemMy;

e [ns Sgak) 3amMeHa gucnepcum BolOOPOHHOIA.

PE3V/IbTATbI: dyHkunoHan .
@ kopt(5) = 5, TpyaoemkocTb B 1.3 pasa meHblwe S, coBnagaer ¢ prk);

o kopt(15) = 3, Tpynoemkocts B 1.1 pasa menbwe S, B 1.5 pasa Gosblue prk).
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3apaua 2: llckyccrsenHoe s3aumopeiicTave

CpaBHeHue anroputmos S, Bg“) " Sg“). ["pacbukn

PE3VNIBTATbI: ®yHkumoHan .
@ kopt(3) = 20, TpynoemkocTb B 3.8 pa3 meHblue S, B 1.7 pasa meHblue prk);

@ kopt(7) = 30, TpynoemkocTb B 5 pas menblwe S, B 1.5 pasa meHbLue Bgc).

Puc.: ®yHkuuonan 2. OTHowekns 75 /75, (ceepxy) u T, /Ts,, (cHnay) npu ¢t = 3.
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Bbigogbl

3apaqa 2: WckyccrseHHoe B3ammopeiicTsme

OBLLINIA BbIBOA: n3ydannce 2 npouecca ¢ NCKYCCTBEHHBIM B3aMMOAENRCTBNEM
[MepcnekTMBHOCTL mpouecca Bg,k> Anst 6onbWINX BPEMEH, KOrAa

o MopgenupoBaHue npouecca S CTOMT AOPOro, a B3auMOAENCTBAS — AELUERO.
PopmarsibHO,

(T) + c(N)
(o) tel)

o [uncnepcnsi HOBOW OUEHKMN He CAnWKOM bonbas. PopmasnbHO,

1 o2
V=—— —]23 — Mano.
k—1\og

k
Mpouecc S& ).
o BOSMO)KHOCTI: NOCTPOEHNSA OOBEPUTENBHbLIX NHTEPBANOB.
o Hepocratok Teopun.

k
o KauecTBeHHO noxoxe Ha pr) (axcnepumenTsl).
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Ose 3apgaun Teopun metopga Monte-Kapno...
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