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PaccmoTpeHa Moaens ¢ OfHVM BULOM PeCypca C OrpaHnYeHHbIM COOKOM MCTOMb30BaHVS, MOCTaBASEMOrO B Ha4asle Mpov3BOACTBEHHO-
ro yuksna. Cripoc Ha Pecypc B NMPOLIECCe MPOM3BOACTBA HOCUT CJly4auiHbIi XapakTep: NOTOK 3aMpocoB 0bpa3syeT CTamoHapHbIN MPOLECC,
00beMbI 3aMPOCOB ECTb He3aBUCMbIE OAVHAKOBO PACTPERENEHHBIE CITy4aiiHble BEMNYUHBI C 3aAaHHBIMY CPEAHUM 1 AUCTepcued. Hav-
ZeHbI ACUMITTOTUHECKME pacripeseneHns obLyero 06béma Crpoca Ha Cbipbe B TeeHIe MPOU3BOLACTBEHHOO LMKIA U [SINTENIbHOCTY MC-
nonb30BaHMs pecypca. [1ofyyeHbl ypaBHeHs ANIS CTaTUCTUYECKOTO OLEHMBAaHUS HEODXOAMMBIX MapaMeTpoB v MPUBIIMXEHHOE 3Haqe-
HUe OnTUManbHOro 06bemMa OnLUMOHHOO PECYPCa B CMbICIIE MaKCUMyMa CPEAHeN nprbbiiv NpeanpUsTUs.
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BsepeHue 1 noctaHOBKa 3ajaum

CucreMHoe McCleoBaHUEe MOJENel yrpaBaeHuUs
3amacaMi, OTPaXKalolUX HEOIpeeNeHHOCTh U JUHA-
MUKY, Hayajoch B Havane 50-x rr. XX B. ¢ pabor
K.J. Arrow, Th.E. Harris u J. Marschak [1], a Takxe
A. Dvoretzky, J. Kiefer u J. Wolfowitz [2]. Bonbiuoe
KOJIMYECTBO KJIACCUUECKUX MOJeJEH YIpaBleHUs 3a-
racaMu IpoaHanu3upoBaHo B [3]. B HacTosmee Bpe-
MS CYILIECTBYET PsiJl CTOXaCTUYECKMX MOJeNIel st pe-
LIeHUS TIPOOJIeMBI YIIPaBIeHHUS 3aTlacaMy ITPU pa3ind-
HBIX YCJIOBUSIX, BCTPEYAIOLIMXCS Ha MPAKTUKE, HAIlPpU-
Mmep padbotel Sh.M. Ross [4], S. Chopra u P. Meindl [5],
D. Beyer et al. [6]. OTnune paccMaTpuBaeMo 3a1a4n
OT TPaAMLIMOHHBIX 3a7ay YIpaBJeHUs 3amacaMu Co-
CTOUT B TOM, UTO MBI HE PacCMATPUBAeM CTOMMOCTb
XPAaHEHUS CHIPbS, W JOMOJHUTEIbHBIE TIOCTABKY OIl-
LIMOHHOTO ChIPbsSI HEBO3MOXHBI, T. €. €T0 MOXHO pac-
LIEHMBaTh KaK HEKOTOpHIii He BO30OHOBISIEMBIN
BO BpeMsI IIPOM3BOACTBEHHOTO IIMKJIA pecypc.

PaccMoTpuMm crenyomiylo Mofeidb MPOU3BOJ-
CTBEHHOTO MpOLIECCa, B KOTOPOM MOXET OBbITh HUC-
MOJIb30BAHO TaK Ha3bIBAEMOE OIIIMOHHOE ChIPhE,
T. €. €r0 IPUMEHEHME He SIBISeTCA 003aTeNbHBIM
B IIpOU3BOJICTBE. B ciiyuae ero otcyTcTBYS Npeanpusi-
THE pabOTaeT B OOBIYHOM PEXUME U BBIITyCKAET CTaH-
JapTHyIO mponykuuio. [ToTpedHOCTh B 3TOM pecypce
BO3HMKAET II0 3aMpoCy 3aKa34MKOB, HOCUT CiIydaii-

HBIN XapakTep 1 BHITOJHA MPOM3BOAMTENIO, TOCKOJb-
Ky B KOHEYHOM CYeTe OH MOJIy4yaeT AOMOJHUTENbHYIO
MPUOBLIb B pa3Mepe ¢ IEHEXHBIX eAMHUIL Ha KaXIylo
eIMHMILYy MCIIO0Nb30BaHHOTO Chipbs. IIpuoOpeTeHHOE
CBIpbE MMEET OTpaHMYCHHBI CPOK TOXHOCTH, IIO
UCTeYECHUN KOTOPOTO TOMIEXKUT yTWiamM3aimu. [lpu-
MEPOM MOXET CITYKUTh KPYITHOE TMPEITIPUSITHE, BBITY-
CKalollee HEKOTOPYI0 OJHOPOAHYI0 MPOAYKIIUIO,
UMEIOIIYI0 CTaOMJIbHBIM PBIHOK COBITa, MPU 3TOM
Ha MPeANpHUsATIE BPeMs OT BpEMEHU (HE PEryJsIpHO)
TIOCTYTIAIOT CIeIaNbHbIe 3aKa3bl. JIl06oe KoMMepye-
CKOE TPEANPUITHE CTPEMHUTCS MAKCUMM3UPOBAThH
CBOIO ITPUOBLIB, TIO3TOMY 3/IeCh BOZHMKAET ONTUMM3a-
LMOHHAs 3a/aya, PaCCMOTPEHUIO KOTOPOW U TIOCBSI-
IIeHa JaHHas padora.

BBenem HeoOxoauMMbIe IS MaTEMaTHYECKOTO MO-
JeMupoBaHuUs 3amaun obo3HaveHus. Ilycte & — 310
clyJaifHas BeJIWYMHA, paBHAS BEJIMYMHE OIHOTO 3a-
Mpoca Ha ChIPbe, 3aMTPOChI MPUXOASAT HE3ABUCUMO JPYT
ot apyra, E{&}=a,, u E{&}=a,, rne cumBon E{&} 0603-
HayaeT MaTeMaTUYeckoe OXUIAHUE BETMYUHBI &.

[Tpu ocyiecTBAEHUM NMPOMU3BOACTBEHHOTO LIMKIA
IUTMTENbHOCTH T TIPEONpUATHe TMOKYIIaeT HEKOTOPYIO
MapTHIO OMILIMOHHOIO ChIph 00BEMa (@ Io LieHe d
3a enuHuly. Ilo McreyeHun BpeMeHM T CBHIpbE MC-
MOJIb30BaThCS HE MOXET U YTUIN3UPYETCs Mo lieHe d,
3a eAUHUILY.
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06Lwmin 06bEM cnpoca Ha Cbipbe
B TeYeHue NPoM3BOACTBEHHOrO LMKNa

PaccMoTpuM ciyyaif, Korma 4Yuciio 3ampocoB Ha
ChIpbe #n>>1 1 00pa3yeT CTalMOHAPHBIA CIyYaiiHbII
npouiecc. [TycTb TakKe ATMTeTbHOCTb MPOU3BOACTBEH-
Horo nukia T >>1. Torga n MOXHO cyMTaTh IpUOJIM-
XE€HHO HOpPMaJbHOM CIYyYaliHOM BEJIMYMHOM C
E{n}=m;n nucnepcueit D{n}=0c}, Tc BeAUYUHBI M, U
o7 iponopiMoHansHbl T[7, 8].

O6ozHauuM uyepe3 X obIIuil 00BEM crpoca Ha
ChIpbE B TEUEHHE MPOM3BOACTBEHHOTO IIMKJA, 4epe3
p(+) — GYHKIIUIO IUIOTHOCTH BEPOSITHOCTEH CIIy4aiiHOM
BEJIMUMHBI X.

Teopema 1. IIpu cTalIiOHAPHOCTH MOTOKA 3aKA30B
1 OOJBINMX 3HAYEHUSIX # M T 00BEM CIIPOCa Ha ChIPhE B
TeYCHNWE MPOM3BOACTBEHHOTO LUKJIA MOXHO CUMTATh
HOPMAJIbHOM CJIy4yailHOW BEJIUYMHOM CO CPEIHUM
m,=a,m; u pucnepcueit o’=m{a,—a’)+oria’

Jokazamenscmeo. ITycTb 4MCII0 3aIIPOCOB Ha CHIPhE
n (puKcupoBaHO, Torma o0bEM X, cripoca Ha ChIpbe B
TeYEeHHE TTPOM3BOACTBEHHOTO IIMKJIa MOXKHO MpPEICTa-
BUTH B Busie X, =& +&,+...&,, tie & — BeMurHa, paBHas
o0beMy i-ro 3amnpoca. [110THOCTb BeposiTHOCTEN p(-)
MOXHO HalTU 1o (opMyJie MOJHOU BEPOSITHOCTU

p(x)=>p,(x)pr, e {p,n=0,1,...} — pacrpenese-

n=0

HUE BEPOSITHOCTEN 4MClia BO3MOXHBIX 3alpOCOB 3a
Bpems T, p,(-) — TUIOTHOCTb pacrpeaeaeHus X,.

O6o3HauuM yepe3 g(-) XapaKTepUCTUUECKYIO
(GyHKIMIO clyvyailHOM BenMyuHB &£, TO €CTb
g(w)=E{e“?}, uepe3 D{&}=a,—a> — Aucnepcuio BeIu-
yuHbI €. XapakrepucTuyeckast GYHKLUS BEJTUUYUHBI X,
ecTb g'(w), u xapakTepuctudeckast GpyHkuus G(-) Be-

muunnbl X papHa G (0) = ig "(@)p(n). ns Ing(-)

n=0

CIPaBEMLTUBO Pa3NIOKEHUE
2

0P 0w

In g(0) =ina,

YuutsiBas ACUMIITOTUYECKYIO HOPMAJIbHOCTL BC-
JIMYUHBI n, MOXHO HpI/IﬁJ'H/I)KCHHO 3alnmcarb

© _ (z—mg )2

1 o3
—— | g (0)e " dz=
Gmlg”

T

Gx(a)) =

_(z=mp )

zlng(o) 207 dz. (2)

e

HpI/IHI/lMaH BO BHUMaHMUE, YTO

2
J' —ax +bxdx exp(b ],
= a 4a

Y BBIUMCIISISL MHTETpall B (2), molydaeM
2
G.(0) ~ exp(mT In g(@)+ %Tlnz g(a))]. (3)

[Moncrasnss paznoxenue (1) B (3), umeem
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G (0)=

= exp[iwalmr - %(mTD{i}Jr alc})+ O 3)Tj.

[Tepeitném oT BeTMYMHBI X K BETMYMHE
x—a,m,

Jm D +dic?

Wcnonb3ys cBOiCTBa XapaKTepUCTHIECKUX (PYHK-
LI, TIOJYYUM, YTO

o’ o’
G.(w)=exp| —+0
(@)= T O e+ ol

2
. ©
Ilpu 7> umeeM lim G, (w)=exp| —— 1|, TO
T ¢ 2 i
€CTb ACUMITTOTUYECKU § ABJISETCS CTAHIAPTHOW HOP-
MaJIBHOH Cly4yailHOW BETMYMHOM.
[Toatomy npu Gosbux nu T
1

p(x)= x
\/2‘rt(mT(a2 —af) +672.6112)
% _ (x_a]’nT)2 4
exp{ 2(my (a - al>+cTa1)J‘ @

Z[OKZB&TCJH)CTBO 3aKOHYCHO.

OnTUManbHbI 06bEM NapTMM Cbipbs

ANs NPOU3BOACTBEHHOrO LMKNa

Haiinem cpenHioo IprOBLTH B TeUSHNE TIPOM3BOI-
cTBeHHOro Inkia. Ha mokymnky ceipbst 00beéMa Q Oyaer
notpayeHo Qd neHer. Eciu X> Q, To OyaeT UCIoJIb30-
BaHa BCs MAPTHS ChIPbs. DTO MPOU30MIET C BEPOSITHO-

CTBIO Jp(x)dx, U TIPEANIPUSITHE JOTOTHUTENIBHO T10-
0

nyuut Qc neHer. Eciu X<Q, To maptusi ceipbsl 00bEMa
0O—X ocTaHeTcsl HEUCIIOIb30BaHHOM, €€ IPUIETCS Ha-
MpaBUTh Ha YTUIM3ALUIO, OyIeT MOJyYyeHo cX, a 1mo-
TpaueHo d,(Q—X) neHer.

CpenHss TprOBLTh TPEITIPUATHS COCTABHUT BEITH-
YUHY

© 0
=cQ jp(x)dx +c pr(x)dx -
0 0

Qo
~d,, [(0-x)p(x)dx—0d.

OnTrMajbHbIA 00BEM MAPTUM CHIPbS IS TPOU3BOJI-
CTBEHHOTO 1IMKJIa HAlAEM U3 yClIoBKs S = max, T. €.
0

dQ—cé[p(x)dx dul.[p(x)dx d=0.

VuuThIBasI TOXIECTBO jp(x)dle— I p(x)dx, mo-
0 0

JIyIUM YpaBHEHHUE JUIS OMpefeSeHHs] ONTHMAIbHOTO
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00béMa maptuu Chipbs Q,, WA TPOM3BOACTBEHHOTO
LIMKJIa
“ d+d
j p(xX)dx = =
c+d

Oopt ut

Takum obpasom, Q,, ABIAETCA KBAHTUIEM pacIpe-
JeJIeHUs1 BeposATHOCTEH o0Iiiero obObéma crpoca
Ha ChIPbE B TEUEHUE MPOM3BOACTBEHHOIO IMKIA. DTy
BEIMYMHY MOXHO HAWTU pa3TMYHBIMM CTaTHUCTHYE-
CKMMM MeTodaMu, HaOiomasi 3a MpoLeccoM MOCTY-
TUIEHMsI CTIEN3aKa30B WM TMOJIb3YSICh MPUOIKEHHON
dopmynoii (4).

B nocnenHeM ciyyae onTMMalbHbIA 00BEM O,
ChIpbSI JIJI1 TIPOU3BOACTBEHHOTO LIMKJIA ONPEACIUTCS
ypaBHEHHEM

” —am
Ip(x)dx =1-® Oon — M _d+dy ,
0, Jm(a,-a)+oja; | c+d,
rne O(-) ectb ¢ynkums Jlamraca. O6o3Havas depes
Y(-) dyHKIIMIO, 06paTHYIO K GyHKINHI D(-), moTydaem
OKOHYATETHHO

O, =am, + \/mT (a,—a’)+o;al¥ (1— d+d”‘] (5)
c+d,
PaccMoTrpuM aBa yacTHBIX ciryvast opMyJIHl (5).
1. IToTok 3ampocoB SIBISIETCSI CTallMOHAPHBIM IIyac-
COHOBCKMM TOTOKOM MHTeHCUMBHOCTH A. Torna
m=AT, o/=ATu dhopmyna (5) npuodpeTaeT Bus

d+d,
O =aAT + azﬂ,T‘P[l— crd. j

2. TloToK 3ampocoB SIBISIETCS ABAXKIbI CTOXACTHUE-
CKMM TIyaCCOHOBCKHM ITOTOKOM, MHTEHCHBHOCTh
A(f) 3TOTO IIOTOKA fABJIAETCS CTALMOHAPHBIM CIIy-
YaitHeIM mporeccoM ¢ E{A(f)}=A u dyHKIMEN KO-
Bapuauuu cov (A(t),A(t,))=R(t,—1,).

Torma, mpu GpUKCHpoOBaHHON peanusanuu A(f),

En[A@)} = Tfi(t)dl,

E{n’ | ()} = Tj/l(t)dr + }}A(tl)l(tz)dtldt2.

VYepenusst no peanuzaiusm A(f), Moayuyum
E{n}=m, = AT,

E{ny= AT + [ [(A> + R(t, ~t,)) dt,dt, =

TT
= AT +m} + [ [Rt, 1) dtt,,
00
TaK, 4TO
_ TT
o; = AT+ [ [R(t, 1) dtdt,.
00

[Tocneanuit MHTErpaa MOXHO MpeoOpa3oBaTh K
BUIY

TT T
[[Rrat, -ty dnar, =27 | (1 —WJR(w)dw.
00 0 T
IMpu T—>w
TT ©
[[R@, ~t)dtat, ~ 2T [R(w)dw
00 0
1 IIO3TOMY
ol ~ IT+2TJR(w)dw =T| 1+ ZIR(w)dw .
0 0

TakuM 00pa3oM, B paCCMOTPEHHBIX CIy4yasiX Ofi-
HO3HAYHO OIPEENAeTCd ONTUMAIBHBIA 00bEM O,
NapTUX OMLUUOHHOTO ChIPbsl [JIsl MPOU3BOJICTBEHHOTO
LMKJIA.

[nuTenbHOCTbL UCNONb30BaHNA ONLMOHHOIO pecypca

[Tpouecc LIUTEILHOCTH MCTIONB30BaHUS OMIIMOH-
HOTO pecypca B TeUeHHME MPOU3BOACTBEHHOTO LIMKJIA
TaKxXe MpPeNCTaBIseT MHTEPeC, KaK JAjis MOTeHIUab-
HBIX 3aKa3YMKOB, TaK U JJIs TPOU3BOAUTENS.

Haiiném niaoTHOCTb BeposTHOCTEH ¢(-) JUIUTENbHO-
CTH UCIIOJb30BAHUS OMIMOHHOTO ChIPbsl 00bEMa O B
I OY3MOHHOM TIPUOIKEHUU.

bynem cuntath, 4TO 3ampockl 00pa3ylOT CTALUO-
HApHHI CIydaitHbIi ponecc. O003HAUNM

lim 9y i (9 =GO o
T T T T

Torma mpotiecc crpoca Ha chipbe X(-) YIOBIETBO-

psIeT YpaBHEHUIO

dX(t) =mdt +o,dw,,

[1€ W, — CTAaHIAPTHBI BUHEPOBCKMIA CITy4aiiHbIA Mpo-
ecc.

O0603HauMM uepe3 7(x) ClydaitHoe BpeMsl JOCTHXeE-
Hust TipoieccoM X(-) moporoBoro 3HayeHus: Q, eciu B
HayaJbHbII MOMEHT BpeMEHM ! 3HaueHMe Mpoliecca
X(-) ObLTIO paBHO X.

Teopema 2. B nud¢dy3MoHHOM NpUOIMKEHUH
TUIOTHOCTb BEPOATHOCTEN IJIUTEIBHOCTU MCIIONIB30Ba-
HUSI OILIMOHHOTO ChIphS 00bEMa Q

2
0 m (O
=——2 exp|- —= | |, t>0.
a0 \2rclt”? b 205t m,

Hokazamenscmeo. PaccMoTpuM IpeobOpa3oBaHue
Jlamnaca oT IJIOTHOCTU BEPOSITHOCTEN BEMYMHBI 7(X)

gls,x)=Ele ).
Bosbmem MomeHT BpeMenu +At. Toroa 3a nmpome-
KYTOK BpeMeHHu Af mpouece X(-) mpuoOpeTeT mpupa-
IeHKe AX U BpeMsl, OCTaBLIeecs 10 JOCTUXKEHUS MPo-

neccoM X(-) moporoBoro 3HayeHuss Q CTaHET paBHBIM
7(x+Ax). [Tonydaem cooTHOIIEHNE

g(s, x) = E{earr(x)} — E{e—x(AHr(,HA\:)} _
=eVE, {g(s,x+Ax)},

rae E,, 03HavyaeT ycpeaHeHUe M0 BeIMYUHE AX.
Pa3znoxum 3KCoHEeHTY ¥ (PYyHKLUIO g(S,-) B P
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73/\1‘

=1-sAt+o(A?),
g(s,x+Ax)=g(s,x)+—=—""— o8(s x)
ox
1 62g(s x)
2 ox’
VepenHsia mo Ax, moayuum
g(s,x) =
08(s,%) .

—Z 5 (AY) +o((AY)).

g(s,x)+
=(1-sA)E,, +l 62g(s, 9 +0o(At) =

R

g(s,x)+m,At 8(s,x) +

=(1-sA?) +o(Af) =

00 0°g(5,%)

2 ox* Al

0g(s,x) N

—sg(s,x)+m,

=g(s,x)+ At +0(AY).

o, 0°g(s,x)
2 ox?

[MomenuB Ha At 1 riepeiins X mpeneny npu At—0,
MOJyYuM, 4YTO g(s,X) YAOBIETBOpPSET CleayloLieMy
nddepeHIMantbHOMY YpaBHEHMIO:

0’g(s,x) . 2m0 dg(s,x) 2s

s,x)=0 6
ox’ c, o o, 8(5,%) = ©
¢ rpaHuyHbIM yeoBueM g(s, Q)=1 (tak kak 7((Q)=0).
2s
XapaKTepucTUIeCKOe YpaBHEHHE z° + 2—2 -—==0
0-0 0-0

HNMECT KOPHU

2s m
I(S) 4 2 7(2)>0

O, 0-0 O,

2
m, 2s m
e
0, O, O,

u z,(s)=-

Obuiee peeHre ypaBHeHUs (6) UMeeT BUI
g(s, x) = Cl (S)ezl(s)x + CZ (s)ezz(,g)x )

ITpu x—>—co byHKIINMS g(S,x) T0JKHA CTPEMMTHCS K
HYJII0, TIOCKOJIbKY T(X) JOJKHO OSCKOHEYHO BO3pa-
cratb. [lostomy ciemyer cuutath C,(s)=0 u paccma-
TpuBaTh pemieHue B BUAe g(s,x)=C(s)en*™. Tak kak
8(s,0)=1, 1o gs,x)=e1"*0

[Ipormecc mpoM3BOACTBA HAUYMHAETCS B MOMEHT
BpeMeHU =0 co 3HaueHus x=0. [ToaToMy Hac uHTEpE-

cyeT
2s ] (7)
00 GO

st HaxOXIeHUs TUIOTHOCTM BeposiTHocTed ¢(-)
IUTMTETLHOCTH WCIIOIb30BAaHUS OIMIIMOHHOTO CHIPBS
Hajo HaiiTu oOpaTHoe mpeoOpa3oBaHue Jlamiaca
ot g(s,0). st aToro 3amuiieM (7) B Buzie

g(S,0)=e'z‘(”Q=eXP( 0-0[™

26

_ a0 _ /
2(s,0)=¢ exp[ \/7 s+2 2]

ITonb3ysick cBolicTBaMU Mpeodpa3oBaHus Jlamaaca
1 popmynoii [9. @. 204], monydrM SBHBIM BUI TUIOT-
HOCTH ¢(+), YTO ¥ TpebOBAIOCH 10KA3aTh.

Haiiném cpennee E{7} u nucrnepcuto D{ 7. Umeem

2s
y(s)=Ing(s,0) = 0Q Q .
0 0
Otcroma
-1/2 0
m,
W'(s )—{0 } =
o o0 o
I03TOMY
Ery=—y'0) =2 =21
m, amy
Janee
. m 25|
W ( )_|:?;+2 s
GO 0 GO
M03TOMY
) o; m.(a,—a’)+oa’
Dir} =y (0)= 250~ r(4; a3}]nz o7,
0 1 T

Haiinem mpubmixeHHoe BbIpaxeHue mist q(-) B
cltydae, Korna

E{r}
Dfr}
Vcenosue (8) MOXHO paccMmaTpuBaTh KakK OIHO

13 YCJIOBHI CTA0MIbHOI paOOTHI TPOM3BOACTBA.
Paznaras g(s,0) B psia 1o MajioMy mapamMeTpy

omy . )

2
Oy

b
Om,

E =

TTOJYYNM
2
2(s,0) =exp (—s 2+ s’ GO?J,
m() mO

4YTO COOTBETCTBYET IrayCCOBCKOMY pacCIpeaCICHUIO

N[ or mT(az—alz)+GT2a]2 QTZJ-

> 3.3

almT al mT
0603HauMM
am, =m,, m,(a,—a})+o,a. =c.
Torna
QT ol
T~ [ o QT ©)

CTaTUCTMYECKOE OLLeHUBaAHME YNCIIOBbIX

XapaKTepUCTUK cucTembl

Kak BuaHO u3 (5) 1 (9), onTUMANbHBIN 00BEM OI-
IIIOHHOTO CHIPb ¥ pacIipeeNeHne ITUTETbHOCTH MC-
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TMOJIb30BaHMSI OMIIMIOHHOTO ChIPbS 3aBUCAT OT Mapame-
TPOB m, U &,). DTU TapaMeTpbl MOXHO OIpeneuTh
Ha OCHOBE OIBITHBIX JAHHBIX. PaccMOTpuM oOfuH
13 BO3MOXHBIX CIIOCOOOB TAKOTO OIpeIeICHHS.

B TeueHMe Kaxkmoro mpou3BOACTBEHHOTO LKA
BO3MOXHBI IBa BAPUAHTA:

1. Byner ucnonb3oBaHo X<(Q OMIMOHHOTO pecypca.
[TycTh TaKMX IUKIOB OBUTO N, 1 MBI TTOJTYYIIN BbI-
60pKy X15X2 X350 5 Xy

2. bymer ucnonb3oBaH Bech pecypc, IIUTETbHOCTb
ero ucrnojb3oBaHus 7< 7. ITycTb TaKuX IIUKIIOB ObI-
J10 M, 1 Mbl ©IM€EM BBIOODKY 1,,b,..., 1.

B o01ieM, Mbl omydmin BEIOOPKY oO0beMa N+M:
(21,0, X5 Byboye.nsty). OLGHUM TApAMETPHl M, U O,
METOIOM MOMEHTOB.

Haiiném E{XX<Q} — ycioBHOE MaTeMaTHYECKOe
OXUIaHWE BETUUMHBI X TIpY YCIOBUH, YTO B KOHIIE TIPO-
M3BOJCTBEHHOTO LIMKJIA ChIPbE OCTaHeTcs, T. €. X< Q.

BepOﬂTHOCTb yCJIOBMS paBHA

je xp| - F=m) ) g Qe ),
271 i 20! o,
)I[anee
(x-m,)?
I
- \/E J-xe dx =
_G=m)?
I(x me % dx+
(» m)?
1 Q
e 2
o N2z J;
o, Q-m)’
=m ® J exp| ————
¥ \/_ 20
O603HaYMM
722/2
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Pemenne cucrem (10) 1 (11) BO3MOXHO JIMIIb YK-
CJIEHHO.

3aknoyeHune

Wrak, BOnpoc yrpaBIeHUs 3ariacaMy OMIIMOHHOTO
CBIPbSl B paMKax paccMaTpUBaeMON MOJIENN TEOPEeTH-
YeCKM MCCIeN0BaH JOCTaTOYHO ITOMHO. [lonyuyeHHbIe
Pe3yNbTaThl HOCAT aCUMIITOTMYECKHUI XapakKTep, Mo3-
TOMY OBLIO OB MHTEPECHO TIOCMOTPETh Ha PE3YJIbTaThl
MMUTAIIMOHHOTO MOJEIMPOBAHUS, YTOOBI OLIEHUTh
MPAKTHIECKYI0 CKOPOCTh CXOAUMOCTH K HOPMaJTbHBIM
3aKOHAM pacIpeie/icHHU.

3aMeTUM TaKXe, YTO B MOJIEJIM €CTh €Ile OJMH Ya-
CTUYHO HACTpauBaeMBblii apaMeTp: BEIUUUHA ¢, CBSI-
3aHHAs C JOIOJTHUTENIbHON MPUOBUILIO TIPEIIIPUSITHS
IIPU MCIIOJB30BAHUY OIMLIMOHHOTO ChIpbs. Clemyer,
OJIHAKO, YUUTBIBATH, YTO, BOOOIIE TOBOPS, BETUMYMHBI
My ¥ G TaKXKe JOIKHBI 3aBUCETh OT C.

OnTuMmu3anusl cpeqHedl TPUOBIIN TIPEANPUSTHUS
Mo MapaMeTpy ¢ U MMUTALlMOHHOE MOJAEIUpPOBaHME
MOTYT COCTaBUTh JaJIbHElIIIee HAallpaBIeHUE PaOOTHI.
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PaccmaTpyBaeTcs mMeToavka peLleHns 3adaqy MHOMOKPUTEPUATIbHON ONTUMMU3ALMM C MATEMATUYECKUMM MOZENSMY, COAEPXalLymm
MHOXECTBO repeMeHHbIX, 3Ha4eHs KOTOPbIX HEe PEryImpyioTCs IMLOM, MPMHAMAIOLYMM peLLeHve. BBoanTca noHaTMe TonepaHTHOCTH
BapuaHTa peLLeHys, POACTBEHHOE MOHATUAM yCTONYMBOCTY, XMBYYECTA U T. 1.

Knro4eBble cnoBa:

MHorokpuTtepuanbHas ONTUMM3aLWS, KDUTEPMM OMTUManbHOCTY, OMTUMAbHOCTb Mo [1apeTo, Lo, MPUHUMAIOLLee peLIeHMe.
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JI1000#1 cUTyalMu TPUHSATYUS pEeLIeHMS IMPUCYIIN
ClIeIytoIe OOIINE BIEMEHTHI:

a) MHOXeCTBO MepeMeHHbIX, 3HAYEHUS] KOTOPHIX BbI-
OupaloTcsl JTULOM, PUHUMAIOIIUM pelleHue (1a-
nee — JITTP). bynem Ha3biBaTh Takue MepeMEHHbBIE
eapuanmamu peutenus Vi IpocTo BapuaHTaMMU.

0) MHOXeCTBO IEpPEMEHHBIX, 3HAYEHUST KOTOPBIX JIK-
00 110 XeJJaHu1o, MO0 0 HeOOXOAMMOCTH HE pe-
rynmupytotest JITIP. bynem Ha3biBaTh Takue mepe-
MEHHBIE YCA0GUAMU.

B) Croco0 olleHMBaHUSI KauecTBa BapUaHTOB pelie-
HUS TIpU KaXa0M U3 ycaoBuil. OOBIYHO 3TO OfHA
WIM HECKOJIbKO BELIECTBEHHO3HAYHBIX (DYHKIIMIA,
3aBUCALIMX OT BAPUAHTOB U YCIOBUI.

[Mepeiinem K MaTeMaTHyeckoil (opMyIMpPOBKeE 3a-
JIavH.

B naHHoit paboTe mpeanosaraeTcs, YTo BapuaHThl
pelIeHUSI ONTMChIBAIOTCS H-MEPHBIMU BEILIECTBEHHBIMU
BeKTOpaMu x=<Xx,,...,X,> € R", YCIOBUS — TaKXe BEK-
TOPHBIE BeIMYUHBI p=<p,,...,p,> € R". KOMIOHEHTHI
BEKTOPOB X HA30BEM KOHCMPYKMUGHbIMU napamempa-
Mu, 2 KOMIIOHEHTBI BEKTODOB ) — GHEWHUMU napame-
mpamu. [Tapy BekTopoB <x,p> OyneM Ha3blBaTh cumya-
yueii, T. €. CUTYallus — 3TO BapuUaHT PEIEHUs] X MPU
YCJIOBUSIX P.
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bynem mpeamnonarate Takxke, 4To 3aiaHbl napame-

mpuueckue 02panusenus

X/ <x<x" myis Bcex i ot 1 1o n,

pi<p<p; s Bcex i ot 1 1o m,
oTpefie/IsifolIMe B MPOCTPAHCTBE MapaMeTpoB R'x R"
MIPSIMOYTOJIbHBIN 010K B=Xx P, KOTOpHIi1 OyaeM Ha3bl-
BaTb ucxo0nvim 6.40K0M, a 010K X 1 P, COOTBETCTBEH-
HO, 0JIOKOM BapUaHTOB U OJIOKOM MapaMeTpoB.

KpomMe mapameTpuyecKux OrpaHUYEHUI paccMo-
TpuM (YHKUMOHAbHBIE orpaHuueHust 0<g(x,p)<g”,
1<i<r, BbIpe3alolIe B UCXOAHOM OJIOKE HEKOTOPYIO
KPUBOJIMHEIHYIO 00/1aCTh G, KOTOPYIO HAa30BEM 004a-
cmolo 603moxcHvlx cumyauuii. TIpoexuuio obnactu G
B TIPOCTPAHCTBO KOHCTPYKTMBHBIX MapaMeTpoB 0003-
HauynM yepe3 G|X. MHoxecTBO G|X — 9T0 MHOXeECTBO
aJIbTEPHATUBHBIX BAPUAHTOB pELIEHUsI, U3 KOTOPHIX
MIPUXOIUTCS JeNaTh BhIOOP.

@OyHKIMU g(X,p) TPENTIONaraoTcsl HepephIBHbI-
mu. OnpenensiemMass uMM obaacth G, BooOILE roBops,
MOXET OBbITh JIIOOBIM 3aMKHYTBIM MHOXECTBOM. ElMH-
CTBEHHOE OrpaHUYeHHe — ee 00beM He JOJKEH paB-
HATbCS HyJ0. C MaTeMaTU4YeCKON TOUKU 3peHUsl Tpe-
OoBaHMsI, IpeIbsIBIIEMbIE K 001acTH (G, JOJKHEI OBITh
Oosiee XeCTKMMU: 00J1acTh G OJMKHA COBMAIATh C 3a-
MBIKAHMEM MHOXECTBA CBOMX BHYTPEHHUX TOYEK.



