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JIMHEMHOE ITPO'HO3MPOBAHUE
CTALIMOHAPHBIX CIIYHANHBIX ITPOLIECCOB
I[NPU N3BECTHOM U HEM3BECTHOM TPEH/IE

[TonydeHo perieHue 3a1a4ud ONTUMAIBHOTO JMHEIHOTO IPOrHO3UPOBAHUS CTALUO-
HapHOI'0 CIy4ailHOro Ipolecca Ipu U3BecTHOM Tpere. Ilokaszano, 4To U3 3Toro pe-
HICHHS CIIeAyeT PEIICHNE 3aa9l JMHEHHOTO MPOTHO3a P HEU3BECTHOM TPEHJIE,
€CJIM JIMHEWHBIH MPOTHO3 TPEHJa 3aMEHSETCS €ro ONTUMAalbHON JIHMHEHHON
OLICHKOH. YCTaHOBIIEHA CBA3b MEXKIY OIIHOKaMU TPOTHO30B IIPH H3BECTHOM U HEU3-
BeCTHOM TpeHJie. Ha mpumepe nokasaHo cuiibHOE BiausHUE dQHEKTa 1eKoppesauu
Ha omMOKy 1porHo3a. [loyueHsl peKkOMEHIaluH ISl TIOCTPOSHUS! IPAKTHYECKUX
aJITOPUTMOB IIPOrHO34.

Beenenue. Ilyctb x,, r=...,t —2,¢ —1,¢,— cTalluOHapHBII B IMUPOKOM CMBbIC-
JIe CIy4aiHBII IPOLIECC ¢ JUCKPETHBIM BPEMEHEM 7, HaOJII01aeMblii 1O HAaCTOsIIEe-
r0 MOMEHTa BPEMEHH f, C KOPPEIIIUOHHOH (yHKIHeH B _ ;=Mxx;, M -

oTIepaTop MaTeMaTHIEeCcKOTO OXKHIaHus). PaccMoTpuM 3a/iady JTHHEHHOTO Mpor-
HO3a CIIy4aliHOro Ipolecca X, B Cllefayrouen nocranoske. ITycts

k
=) a;x,_ ;. 2]
yt+l Z‘; vt +1 (1)

— OLICHKAa CIIy4yailiHOM BENIMYMHBI X,,,, IpHYeM KO3 UIMEHTHl IPOrHO3a
Oy, ..., 0L, HAXOIATCS U3 YCIOBUS MUHMMYMa CPEIHEKBAIPATHUECKON OMNOKH

Si:M(yt+l_xt+l)2_) min. (2)

Oy s ey O

Taxum 06pa3zom, cootnomenus (1), (2) onpenensior 3ajja4dy JUHEHHOTO MPOTHO3a
C MUHHMMAaJIbHOM CpelHeKBapaTHUeCKOl OMMOKO ciaydaifHOro mpolecca x, Ha
| maroB Brepe]| MO OTHONICHUIO K HACTOSIIEMY MOMEHTY BpeMeHH f. J{is BbI-
YHCIICHUS POrHo3a 1o dopmyie (1) ucronssyrores k 3HaueHuid HabII01aEMOT0
mporiecca B MOMEHTHI t —k +1, t —k +2,...,¢.

[ToncranoBka Beipaxenus (1) B (2) 1 pelieHre CUCTEMbI YpaBHEHUN

882

L =0, j=1,..,k,
o, / (3)
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IMPUBOAUT K U3BECTHOMY PC3YJIbTATY:

k
Z(XiB;r_jZB;jc+l_l, j=17-~'7k9 (4)

i=1

— cHCcTeMe JTMHEHHBIX aNreOpandecknx YpaBHEHUH OTHOCHTEIHHO KOA(PHUITHCH-
2
TOB L4, ..., 0 , 00ECIICUMBAIOIIINX MUHUMAIBHOE 3HAYEHHE €] CPEIHEKBaAPaTH-

YeCcKoH ommnOKH (2), KOTOpOE ONPEAENIeTCs] COOTHOILICHUEM

2 x d x x J d x (5)
g1 =B _Z a,B,,_, =B _Z Z a0, B/ .

i=1 i=1 j=1

B ominuue ot 3amaun mpoOrHO3UPOBAHMS CTALIMOHAPHOIO CIY4YalHOrO Mpo-
recca B mocranoBke (1), (2), o0cykaaeMoii B JIMTepaType, B JaHHOU paboTe pac-
CcMaTpHBaeTCs 3ajjadya IPOrHO3UPOBAHUS MPU U3BECTHOM TpeHze. [laH cpaBHu-
TeJIbHBIN aHaJIu3 uX peteHnil. [lokazano, 4To alropuT™ ONTUMAJIBHOTO IPOrHO3a
IIPU U3BECTHOM TPEHJIE IEPEXOAUT B AIITOPUTM ONTUMAIBHOIO IPOTHO3a IIPH He-
M3BECTHOM TPEHJIE, €CJIM JIMHEHHBINA IPOTHO3 TpeH a (¢ koddduimentamu, pas-
HBIMH Pa3HOCTH KOA(PPHUIIMEHTOB ONTHMAIBLHOTO JINHEHHOTO MPOTHO3a TPEH A ’
k03(p(PHUIIMEHTOB ONTUMAILHOTO JIMHEHHOTO MPOTHO3a MOMEXH) 3aMEHSICTCS €To
ONTUMATLHON JTUHEWHOW OICHKOW. YCTAaHOBJICHA CBS3b MEXKIY OIIMOKaMHU
MIPOrHO30B MPH U3BECTHOM M HEM3BECTHOM TPEH/JIE HccienyeMoro npouecca. Ha
MpUMepe MO0Ka3aHo CUIIbHOE BiMsHUE d((eKTa JISKOPPESIIUY Ha OIIUOKY TpO-
rHo3a. [lomydeHbl pekoMeHAAMH ISl HOCTPOEHUSI MIPAKTUUECKUX AITOPUTMOB
MIPOTHO3A.

OnTuMansHBINA THHEWHBIHA TPOTHO3 PU U3BeCTHOM TpeHe. [lycts Habnrona-
€MbIH [pouece

x,=s5.+§&,, r=..,t-2,t-11, (6)

IPEACTABIIET CyMMY OTHOCHTEJIBHO HU3KOYAaCTOTHOW KOMIIOHEHTHI S, (TpeHa)
U BBICOKOUaCTOTHOM KOMIOHEHTHI &, (momexu). Bynem nonarars taxoke, 4To s, U
§, — He3aBUCHMbIE CTALIOHAPHBIE B IIUPOKOM CMBICIIE CIIy4alHbIE IIPOLIECCHI C
s £ _
KOPPEISIHOHHBIME QyHKIWMsME B;_ ; =Ms;s; u B ;= ME £ cooTBeTcTBEHHO
u ME, =0. IIpu 5ToM B3auMHasi KOPpPEJIAMOHHAs (DYHKIMS IPOIECCOB s, U §,
paBaa Ms,&, =Ms;M¢E; =0 n npouecc x, uMeeT KOPPEISLHOHHYIO (PYHKLHIO
B} = B} + B;. PaccmoTpuM 3aj1ady JTMHEHHOTO MPOTHO3a TIPOLECCa X, TIPH YCIIo-
BHH, YTO B MOMEHTHI BpEMEHH # =...,[ —2,¢ — 1, N3BECTHBI HE TOJHKO 3HAYCHUS
mpoliecca X, , HO ¥ €ro KOMIIOHEHT s, U & . [1o3ToMy JIMHEeHHBIH POrHO3 Cilydaii-
HOT'O IpoLEecca X, MOXKHO paccMarpuBaTh kak B ¢popme (1), Tak U B BUIIE CyMMBI
IIPOTHO3a Ipoliecca s, U nporHo3a npouecca &, [lycts

-3 , ™
Zi v —Z Bix, i1 +Z YiSi—i+1
i=1 i=1
— OLEHKA CIIly4aHOW BENUYMHEL X , , ;. [IoCKONBKY
k k
®)
Zi v :Z (Bl +yi)st—i+1 +Z Biét—wlﬂ

i=1 i=1
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TO BEIMYMHBI 3; + ¥; U 3; €CTb K03(h(HULUEHTHI IMHEHHOrO IPOrHO3a MPOLECCOB
s, ¥ &, COOTBETCTBEHHO. Onpe;[eJmM BEJIMUUHEI 3, Y, U3 YCIOBUS MUHUMYyMa

CpeTHEeKBaIPaTHIECKOi OMMOKH] £ TIPOTHO3A Z, , ;-

2 .
=M(z,,, —x,,,) = min. )
Brs s B Yio oo Vi
Pemenne 3Toit 3a1a4n CBOIUTCS K TOMCKY MUHUMYyMa (DyHKITHH ai 1o 2k te-

peMeHHBIM: Bi,...,B,, V5 ..., V. JocTarounsie ycioBus MHUHUMyMa (DyHKIHH
HECKOJIbKMX MEPEMEHHBIX [1] B JaHHOM ciyyae UMEIOT BUJ

2 2 10
% —0, o0, j=lk, (10)
o8, o,

o

B an

i=1 j=1

eV, =0, Vi, =Y i=L,...,k; Ay,..., A, —mr00ble uncna. [logcTaBum BeIpa-
xkenue (7) B (9), Torna

k k
Si =M ZBixt—i+l+ZYist—i+l_xt+l . (12)
i=1 i=1
Orcroma
2 k
op —=M z t—:+1+zyst—:+1_ Xt | Xi—jn =
j = i=1
-2 ZBB Z B, =Bl | (13)

i=1

W3 ypaBuenwuii (10) u (13) cnenyer

k k
S BB, +> VB =B, . j=l..k (14)

i=1 i=1

Ananmornyano u3 (12)

2 k
6y ==2M Z t—1+1+ZYz St—iv1 T Xipy Sl‘*.f*l:
j = i=1

k k
=2 Z; BiB;‘vfj—FE VB, =B | (15)
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U3 paBeHcTBa HYIIO pou3BOAHOM (15) monydynm

Z(B +y)B. ;=B ., ., j=l..k (16)

i=1

CootrHomenus (14), (16) obpazyrot cucremy 2k IMHEHHBIX YPAaBHCHUHA OTHOCH-
TENBHO HEHM3BECTHBIX ,...,B;, V»-.-» Y » PCIICHHE KOTOPOH MHHUMH3UPYET

CPCAHCKBAAPATUYICCKY IO OI.LII/I6Ky Si IIporuosa z, , ;, €CJI1 Ipu 3TOM BbIIIOJIHACT-

cs ycnosue O >0 (11).
Cucreme ypaHenuii (14), (16) MOXHO 1aTh BTOpyIO UHTEpIpeTanuio. AHa-
JoruyHo cootHomeHusM (1)—(4), pemenue 3, +v,, i=1,..., k, cucrtemst (16) mu-
2

k
HUMH3HPYET CpEeIHEKBaIpaTHUECKylo ommoKy M z B; +7;)s
i=1

r—itl " Sr4l

k

JIMHEWHOTO MPOTHO3a Z (B; +v,;)s,_,,, Tpenna. [lanee, u3 ypapHeHus (14) BbI-
i=1

gTeM ypaBHeHne (16) u moayunm

. 17
S pBE =B, . j=l..k a7
i=1
CnenosarenbHo, pemenue B, i=1,..., k, cucreMsl (17) MHUHHUMU3UPYET CpEJHE-
k
KBaJIpaTHYECKYI0 OIIHOKY Z BE, ;i1 —&,., | nMHEHHOTO HMpOrHo3a

k
Y B, . novexn
i=1

Taxum 06pazom, 3a1a4a ONITUMATBHOTO JIMHEHHOTO porHo3a (7), (9) ceoaut-
Cs1 K IByM 3aJlayaM: IIPOTHO3Y TpeHaa (pelieHue onpeensercs cucteMoi (16)) u
MIPOTHO3Y MOMEXH (€€ pelIcHUEe HAXOMUTCS U3 CUCTEMBI JTMHEHHBIX yPaBHCHHIMA
(17)); 3aTemM poTHO3 z, , ; HAOIIOAAEMOTO ITPOLIECCa ONPEAETACTCS CyMMOH ITpo-
THO30B TpeHa u noMmexu (popmyna (8)).

KBanparnunas ¢popma. [Tokaxxem, uro kBaaparmynas popma Q yIoBieTBOpsi-
et ycnosuio (11) u, cnenoBarensbHo, penieHre cucteMsl ypasHenuit (14), (16) mu-
HUMHU3UPYET CpEeTHEKBaApaTnidecKyro omuoKy (9). s storo npeacraBum Q ye-

pes B;,v;:

k22 2
0=> Z m + Z Z kA, +
i=1j=1 z—k+11_18‘l’ 5\11/
k2% 2% 6282
+D) A+ Z > kA
i=l j=k+1 OV, 5\01, i—k+1 j=k+1 OV,;0y; ’
kb 22 koK 22
D I e ) ) e TS
i:lj:la‘l/ja\lfj p:1/:15\vk+p5\l/
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ko k peye) ko k 52
+zz - U‘mﬁzz - xkﬂ?)‘kw:
i=1q=10V;0Wy .4 p=1g=1 0V 00y
ka2 kooko 522
ZZZ ; 7”1}‘/4_22 - 7Lk+1v7‘1+
i=1j=1 aﬁzaﬁj p=1j=1 8yp8[3]
ko gk A2.2 ko k 22
07 ¢ 07 g,
+> Mg g+ M bk g (18)
i=1q=10B;0v, p=14=1 97,01,
U3 (13) cnenyer
22 22
07 ¢ 07¢;
=281 3 =28, (19)
6l3,‘aﬁj 6yi6Bj
Amnanornuno u3 (15) momydnm
22 2 2
0 07 ¢
“_=2B =2B; , (20)
BBiayj 0v; 6yj

[ToncraBum ypasuenus (19) u (20) B (18), Toraa

k
DB AN B Ny A B M B A )=

k+i"vj k+j
Jj=1

Mw-

0=2

1]
—_

i

d 21
Z vy +ZZZBS_ O th DO+, ). @D

i=1j=1

N M»

Orcrona crenyer Q >0, HOCKONbKY KOppe/siHoHHbIe GyHKImn B B® sBusorcs

MTOJIOKHUTEITLHO-OIIPEIETICHHBIMH [2].

CpenHekBagpaTuieckie omMOKH Mporuo3oB. Cucrema ypaBHeHui (16)
ompenenser ko3dunnents! B; +v;, i=1,..., k, IuHeNHOTO MpOrHO3a TpeHHa C
MUHUMAIIEHOW CpeTHEKBapaTHIECKON OIMOKOM

k 2
:M(Z(Bi+Yi)St—i+l_St+l}’ (22)
i=1

KOTOPYI0, aHAJIOTHUYHO COOTHOILICHUTO (5), MOXHO IPCACTAaBUTL B BUIC

K ) CE ) (23)
_Z(Bf +v:)Bi. -1 =B, _z Z(Bz +v) (B, +7,)B;_ ;-
i=1j=1

i=1
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Tax xe pemenue cuctemsl (17) onpenenser ko3hPUIUEHTHI 3, IMHEHHOTO IPO-
THO32a IIOMEXH ¢ MUHUMAaJIbHOHM CpeJHEKBaPaTUICCKOM OIIHMOKON

2
k k k k
‘C’g:M ZBiét—i+l_E.~t+l ng_ZBiBi],l:Bé_z BiBjB,;,j'
i=1 i=1 i=1j=1
(24)

Hcnone3ys cootHomeHue (8), momydum

2
k k
2 2
€, :M(Zt+l _xt+l) =M Z(Bi+Yi)St—i+l +Z Biat—nl =Sy _th+l
i=1 i=1

(25)

[lockonbKy cirydaiiHble BenuunHbl 5; 1 § ; HesaBucumbl 1 ME; =0, 1o

k k
M Z(Bi+Yi)st—i+l_st+l Zﬁiél—”l_&”’ =0. (26)

i=1 i=1

C ygetom 3T0TO0 13 (25) CIEemyeT, 4TO OmnoKa si [IOJIHOTO IIPOTHO3A Z, , , paBHA

CyMMe OIIMOOK MPOTHO3a TPEHJA M MPOrHO3a MoMexw. Eciu KoapUIMeHThI
B;, v, ABIAIOTCA pelieHneM cucteMsl 2k ypasHenuil (14), (16), To ommbka ai To-

CTHUI'a€T CBOCTO MMHHUMAJIbHOI'O 3HAYCHUA
2 2 2
€, =¢,+ej5. (27)

CoOoTHOIIEHHS MEX Iy ITPOTHO3aMHU IIPU U3BECTHOM U HEM3BECTHOM TPEHIE.
[MpeacraBum opmyiy (1) mporaosa npu HEM3BECTHOM TPEH/IE B BUJIC

k k
yt+l:ZBi'xt—i+l+Z(a’i_Bi)xt—i+l‘ (28)

i=1 i=1

k
31ech BhIpaKEeHHE Z (o, —B;)x,_,,, BINONHAET (PyHKIMIO BTOPOTO Cllarae-
i=1
k
MOTO Z Y;S,_;+1 B dopmyne (7) mporHosa mpu usBecTHOM TpeHze. Eciu
i=1
O y,..., 0, — PEIIeHHEe cucTeMsl ypaBHeHui (4) u B,..., B, ¥y» ---» ¥; — PCILICHUE
k
cucremsr (14), (16), 10 D" y;s,
i=1
IpPOrHO3 TpeHja ¢ Kodpduuuenrtamu vy, =(B; +7v,)—P;, paBHBIMH pPa3HOCTH
ko3 duruentos B, +y, (ONTUMAIBHOIO MPOTHO3a TPEHJA) U KOIPPUIHEHTOB
k

;.1 MOXHO paccMaTpuBaTh KaK JIMHEWHBIN

[, (onTHManbHOIO MPOrHo3a nomexu). Beeaem nuHelHy0 OLEHKY Z S,x, iy

i=1
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CIIy4allHOM BEJIMYUHBI z Y;S
i=1

i —i+1> 1 KOOPQUIHMEHTHI O, ..., 0, ONpPEAeIUM U3

YCIIOBUS
2

i i I .
:M{Z&xt_m—zwr—wlj _>5H}.1%' 9)

i=1 i=1

Brrunciaum MMPOU3BOAHYIO

k k
ZSixt—i+l_ZYiSt—i+l Xi—j+1o (30)
=

i=1
3aTeM U3 yCIoBus O¢ /88 ; =0 nomy4nm
k
> 8,B; Zy, L =k, G
i=1 i=1

— CHCTEMY JIMHEHHBIX ypaBHEHUI OTHOCHUTEJBHO O, ...,0,. Pemenue cucremsl
(31) MuHUMH3HPYET OLIHOKY € f , TIOCKOJIbKY, Kak cienyet u3 (30), kBagpaTuynas

dhopma

=§f 3u 23 S B i, 0 G2
i=1j= i=1j-1
PaznocTs BeIpaxkenwuii (4) u (14) umeet BU
i(ai— DB Zy, o J=Lek, (33)
i=1 i-1
no3tomy u3 (31) u (33) cnenyer
§,=o,—PB; i=L...k (34)

Takum 00pazoM, onTUMaIIbHBIN IPOrHO3 Z, , ; IpU U3BecTHOM TpeHne (7) u
HPOTHO3 ), , , IPH HEU3BECTHOM TpeH e (28) pa3audaroTcs CBOUMU BTOPBIMU CIa-
k

raeMbiMU. [Ipuuem ecnu BeJIMUUHA Z Y;8,_;+1 B (7) 3aMeHseTCs €€ ONTUMab-
i=1
k
HOM JIMHEHHOM OLIeHKOH Z O;x, ;4 = Z (o, —B;)x,_;,,,TONPOTHO3 z, , ; IPH
i=1 i=1
M3BECTHOM TPEHE NEPEXOAUT B IIPOTHO3 ), , ; IIPU HEU3BECTHOM TPEHIIE.
JomonauTenbHas omuOKka Mporao3a. Haiinem MuUHMMAabHOE 3HAUYCHUE 8%

CpeHeKBaIPATHIECKOH OIHOKH €. ONEHKH Z 0;x,_;, Clly4aiiHOH! BEJIMYUHBI
i=1

k
s, _ ... Jlanee OyaeT Moka3aHoO, YTO g2 =¢? —¢? — npupamenue omMUOKH
ivt—i+1 5 1 4

i=1
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MPOTHO3a, 00YCIIOBIEHHOE HEM3BeCTHRIM TpeH oM. CooTHomeHue (29) MOXKHO
MIPEICTaBUTh B BUIE

2 d d X d d s d d s (35)
&s ZZ ZaiSjBi—j_ZZ ZSinBi—j +Z ZYinBi—j-

i=1j=1

1
—_
~
I
—_
1
—_
~
1
—_

EcnnzKoad)(bnuHeHTm d,,...,0, ABIIIOTCSA pemezHI/IeM cucteMsl ypaBHenui (31),
TO €, JOCTHraeT MHHUMAJIBHOIO 3Ha4YeHUs €. PaccMOTpUM Tpu BO3MOXKHBIX

[IPEACTABIICHUS IS 82. [ToncraBum paBenctBo (31) B mepBoe ciaraemoe (35),
TOTJIa C y4ETOM YETHOCTU B _ ;= B; _; KoppeIsioHHOH QyHKIMK OyeM UMEThb

k

k k k
2Bl =23 > 8B+
: i=1j=1

i=1j=1

ko k k& (36)
+Z Z Y,»Y./-B,-s,j :Z Z (v _Si)'YjBf—j'
i=1 /=1

i=1j=1

2
€s

k
BTOpOC IpeaACTaBJICHUEC HAXOAUM 3aMEHOM BBIPAKCHUS Z '\{j B]S
j=1

BO BTOpOM

k
ciaraeMoM (35) eBoit 4acThio Z 5B
=1
, i k
65=-2 Z 8,8,B1;+2, Z 1Y Bio; =

i=1j=1 i=1j=1
ZM{i Y"sf“rlT_M{i SiszlT- (37)

i=1 i=1

N

., pasenctsa (31):

Pg{aKOHeu, TpEThe MPEACTABICHUE MUHUMAIBHON OIMIMOKH MOy MM, 3aMEHHB
X

s .
Z Y;B;_; BO BTOPOM U TpeTheM ciaraeMbix (35) BbIpaxkeHHEM Z d,B;

Jj=1 Jj=1

k k

x 38

=Y X 6 -8)5,B7 . ey
i=1j=1

CootHomenue Mexy ommoOkamu. Vcnons3ys Beipakenus (27), (23), (24),
MOJIy4UM

2 2 2 _ px L& s SR 13 (39)
ei=es+e3=B5 -2 > (B +v)B; +v,)B, =D D BB B,
i=1 j=1

i=1 j=1
Terieps u3 (5), (39) cenyer

ko k
sf—siz—z ZOLiochf_j +

i=1j=1
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FSS BBy 1B S S BB BE (40)
Cornacto (34) o, = B, +8,. [ToxicTaBiM 5T0 BEIpakenHe B (40), Torma
P gl = ZZ[ (B, +8,)(B, +8,)B_, +
F(B, +1) (B, +7))BL, +B.B,BE 1=

ko k
:Z Z [_(BiSj +8iBj +8i8j)Bz)'c—j +(Bi'Yj +'YfBj +'Yin)B'S_j]=

i=1j=1

k k (4 1)
:Z Z [_(2B18] +818 )Bz—] +(2B Y/ +Y 'Y/)Blfl]

i=1j=1

B cootserctBuHm ¢ popmymnoii (37)
k
8%—82282 +2ZB 28 B Z’YJ-B;_J- . (42)
i=1 Jj=1 j=1
Bripakenne B KBaIpaTHBIX CKOOKaX paBHO HYIIO IS TF000T0 [ =1, ..., k, TOCKOITb-
KyO,,...,0, YIOBIECTBOPSIOT cucreMe ypasHeHuii (31). [Tostomy (42) MIPUHUMACT
BHJ
el =gl +el. (43)

2 o
Taxum o6pasom, ommnbKka €; ONTUMAJIBHOTO JUHEHHOIO NPOrHO3a NPH HEU3-
2.2 2
BECTHOM TPEH/IC paBHA CyMMe OIIHOOK & ;] U €5, TIe €, — OMMNOKa ONTUMAIIBHOTO
nporHo3a IpH HM3BECTHOM TPEHIE I/I €3 — MUHUManbHas OUIMOKA OLEHKH
Z 8;X,_;,, CilydaliHOI BEIUYUHBI Z Y,S
i=1 i=1

MuHuManbHas cpegHEKBaaApaTUyecKasi omnOKa — HeBO3pacTarolas
¢bynkuus aprymesnrta k. PaccMoTpum mporsHos y,,; M €ro OIHUOKY si 2).

t—i+1°

[TycTn sz(k):si — ¢yHkuus k aprymeHros o, ...,0, Buza (2) u e?(k+1) —

¢byHkuusa k +1 aprymMeHToB o.,,...,0, ., aHagoruyHas (2). Takum obGpazom,
g2(k +1) — cpennekBaapaTuyeckass omuOKa MPOruHo3a mo k +1 3HaueHUsIM

X, 4»...,X, HaOTIOMAEMOTO Tpollecca. 3ajada HaXoKIeHHs MUHEMyMa € (k)

dynximu £ (k) O apryMeHTam o, ..., 0., COBMAMAET C 3ajaueil HaXOXKIEHHs
ycnoBHOro MuHEMyMa QyHKIHE & (k +1) pu ycnosun o « +1 = 0. be3ycnoBHbII

MuEEMYM & (k +1) dynkuuu £ (k +1) He Gonble, 4eM ee yCIOBHBI MUHMMYM
npu o, , , = 0,K0Topblii coBIagaeT ¢ 6e3yClI0BHBIM MUHUMYMOM 812 (k) bysaxmm

&’ (k). Takum obpasom, € (k +1) < &7 (k) — MUHUMaNbHAS OMMOKA TIPOTHO3A —
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SIBIIIETCSI HEBO3pacTaromel GpyHknuen aprymenTa k. O4eBUAHO, aHATOTHIHBIMHA
CBOWCTBaMH 00JaJar0T U Ipyrue OMNOKH JMHEHHOTO IPOTHO3A.

[Ipumep 1. PaccMoTpuM momy4eHHBIE COOTHOIIEHHS B YaCTHOM CIIydae
s, = a=const. [Ipn sTom Mx, = a, KoppensunonHas GyHkuus Tpewjaa B; ; =

2
=Ms;s; = a” u ypaBHenue (16) npuBoaUTCS K BULY

i%‘:l_ZBi- “44)

i=1

Teneps u3 cootnornenus (7) cneayer

k
Ziy :z Bixt—i+1 +1-

i=1 i

B: |a (45)

k
=1

Paccmotpum cuctemy ypaaenuii (31), kotopast onpezaesnsiet KodhGUIHEeHTHI

8, ...,0,. B nannom ciydae (31) npuHUMaeT BUI
k
X _ 2 . (46)
ZhiBi_j—a, Jj=L...k,
i=1
k
rae h, =9, z v;. Hecnoxxno nokasars, uTo 3asaua
i-1
2 : ’
er=M| > hx,_,,,—a|—> min (47)

= Ty Iy

CBOAMTCS K cUcTeMe ypaBHeHUH (46) oTHOcUTENbHO /1, ClieoBaTeIbHO, pelle-

k
Hue cuctemsl (46) h, ..., h, onpenenseT TMHEHHYO OLICHKY d , = Z hx,_,, Ma-

i=1
TEMaTHYECKOTO OKUJIAHUSI & C MUHUMAJIbHOHN CpeHEKBaAPaTUIeCKON OITHOKOH.
Teneps nporuos (28) npeacraBum B BUIE

k k
Vivi 22 Bix,_ i1 "'Z 8 X, _ i1 =
=1 i1
k

k k k
:Zﬁixtfzﬁrl—i_avzyj:Zletft'Jrl-i— 1_ZB[ as. (48)
i=1

i=1 i=1 i=1

CpaBuuM Beipakenus (45) u (48). [Iporuos (45) ¢ ©3BeCTHBIM MaTeMaTuye-

k
CKMM OXXHIQHHEM COJCPIKHT CllaraeMoe 1—2 B; |a, xoTopoe 3ameHsieTcst ero

i=1

k
ouenkoit |1-> B, |a, B bopmyne (48) nporuo3a npu HEM3BECTHOM MaTEMAaTH-
=1

i
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YCCKOM OKXHUJaHHUHU. Cpe/:[HeKBaz[paTquCKaa OIIMOKA TOM OLICHKHU

2

2
g3 = 1—f B, | M(a, —a)’ = l—f Bi| &% (49)
i=1

i=1

yi(§ si =M(a, - a)> CootHomenue (49) COBMAIACT C PE3y/ILTATOM, TOTyUCH-

HBIM B [3] pu BCCIIeOBaHUH THHEHHOTO MPOTHO3a CTAIIMOHAPHOTO MPOIIecca ¢

U3BECTHBIM M HEM3BECTHBIM MaTeMaTH4eCKUM OXHUIaHWeM. B coorBercTBHHU C

(49) pasHOCTb ONIMGOK €5 = €] — €, MOKET ObITh 3HAYMTEBHOH, €CIIN BeMKa

ommbKka £ ONTHMATLHON ONEHKH CPEHEro WM GOJBITHM ABIAETCS BECOBOI
k

MHOXUTEINb | — Z B, cpennero B popmyite npornosa. CootHomenue (45) MOKHO
i=1

HPEJCTaBUTh B BUJIE

Zt+l:a+i Bi(x,_ ;i1 —a). (50)

i=1

CrenoBarenbHO, IPOTHO3 IPU M3BECTHOM CPEIHEM OINpPEeIseTCs TONBKO Hpo-
THO30M IoMexH ¢ Koddduruenrom f3;. IIpu 3Tom MokHO (hOpMaIbHO paccMaTpu-
BaThb [IPOTHO3 TPEH/IA KaK POTHO3 TOCTOSIHHOW BEJINYMHBI & C HYJICBOH OLIMOKOH,
qTo cienyet u3 (22) npu s, = a:

2

k
S Z(Bi"'yz‘)_l a’=0, (51)

i=1

MOCKOJIbKY CIPaBEJINBO PaBEHCTBO (44).
[Tyctp nonosHUTENBHO &, — Oenblii ciy4aliHbIi [IPOLECC C KOPPEIIALUOHHOMN
dbyHaKIIICH Bg’ =c? mec’=M E_,f — mucniepenst npouecca §,; B =0, ecin i # 0.
k
Torma z B, Bt

7.1 = 0,uB cooTBeTcTBUH € hOpMYJIOH (24) O1IMOKa MPOTHO3A 110~

i=1
2_ 2 .
MEXU €3 =G~ U He 3aBUCUT OT uncia k. Ilpu sToMm cuctema ypasaenuii (17) umeer
pewenue B, =0, i=1,..., k. IloaTroMmy B onTuManbHOM IIporsose (50) He ucHoNb-
3yeTcs HM OZIUH OTCUET MPOLECcca X, — ITO IIPOTHO3 110 CpefHeMY z, , , = a.Ilpo-
1IeCC, OTINYHBIN OT 0ernoro, UMeeT HEeKOTOpble 3HaueHHs B f #0, i>0, m 310
HO3BOJIAET yMEHBIIUTh OMOKY (24), ecn 3, B, , ,_, # 0 nnsaHekoTopbIx i€ [1, k].
[Ipuwmep 2. PaccMoTpuM mpocTelInnii BapuaHT 3a/1a41 JJMHEHHOTO TPO-
THO3a, TTO3BOJIAIONIMH BEYMCIHTH ONIHOKH €7, €, €2 B aHATHTHYECKOH (hopMe 1

2
nozno0parh Takue napaMeTpsl IPOLECCOB S, , &, , IPU KOTOPBIX OIIMOKa €; IpO-
THO3a TPH HEM3BECTHOM TPEH/IE 3HAYUTEIHHO IIPEBOCXOIAHT OITHOKY ai [IPOrHO3a
pu m3BecTHOM TpeHae. [Iycts [ =1, k =2, Torma cucTeMa TMHEHHBIX YpaBHEHUI
(17), onpenensromas kKo3pGUIUSHTH ONTHMAaIBHOTO IMPOTHO3a MOMEXH, UMEET
peuieHue

€ nt g € pt €2
_Bl(Bo_Bz). _3032_(31)

27 _(Bé)zf(Bf)z' (52)

LB - (Y
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Boipaxkenus (52) mopcraBum B (24) u OyzneM UMeTh

- £ ot g2
¢ BI(Bg—B;) . ByB; —(B))

e =B; —B,

BE -5 P BEH -85 (33)

®dopmyia, ananoruyHas (53), MOXKeT ObITh ITOTYYCHA U JIJIsl OIMOKH sg IIPOrHO3a

tpenna. st atoro npu [ =1, k =2 pemaercs cucrema ypaBHenuit (16).

ITycts s, =A,cos(w, 7T +¢, ), TAe aMILIUTYa 4, 4acToTa (M, LIar JUCKPETU-
3allM 110 BPEMEHH T — JeTEPMUHUPOBAHHBIE BEJIMYMHBI 1 HadalabHas paza ¢, —
HETpephIBHAs CTydYaiiHas BETHMUMHA C TIIOTHOCTBIO BeposTHOCTH f(x)=(21m) ™",
ecmux € [0,2n],u f(x) =0,eciux ¢ [0,2n]. Toraa s, — cTalMOHAPHBIN B IIUPOKOM
CMBICJIE CIIy4YaiHbIN IpoLIecC C MaTeMaTnyeckuM oxuganueM Ms, = 0u koppelsi-
[IMOHHOM (yHKIMelH B = (A12 /2) cos®, it. IlycTs momexa &, 3agaercst aHaJlOrMy-
HOM MoJIeIIbIO &, = A,cos(m,7T + ¢, ) ¢ MaTeMaTudeckuM oxxufganueM M§, =0u

o St 2 / . o
KOPPENSMOHHOM QyHKIMER B = (A4, /2)C0S®,iT ¥ Clly4alHbIE BENUYMHBL () U
(¢, HezaBucuMbl. Ha pucyHke npexncraBieHbl rpaduky KOPPEIILUOHHBIX (QyHK-
wmii B, B},

3aganuM  clenyole IapameTpsl mpoueccos s, &,. Ilycts mepuoabl

T, =2n/w, uT, =21 /®, cBs3aHbl cooTHOLIeHHeM T, = 37, a [1ar AUCKPETU3ALHH

_ s _ 42 & _ 42 S 42 & _
no spemenn t =7, /8. lpn otom By =A? 2, BE =422, B} =A% /22, B:=
=—A; / 242 , B5=0, Bzé =0. IlogcranoBka 3TUX pe3ynbTaToB B (53) IPUBOIUT K
s% = (0. AHaJIOTMYHO OIMOKA MPOTHO3a TPEeHIa s% = 0. ITomyueHHbIE pe3yabTaThl
BIIOJIHE O’KH/1a€Mbl, IIOCKOJIbKY JI00ast peaiamu3anus mpoiecca s, (Kak 1 nmpouecca
§,) — rapMoHMYecKasl (PyHKIUS U €€ ONTUMAJbHBIN IPOrHO3 10 JBYM OTCUETaM
BBIUMCIISIETCS TOYHO, C HYJIEeBOH ommuOkoi. OmHaKo 3ajada MPOTHO3HMPOBAHUS
npoluecca x, Ipy HEM3BECTHOM TPEHJIE B IAaHHOM IIPHMEPE CYILIECTBEHHO CIIOX-
nee. Hanpumep, Beibupas 4, =4, = A, nonyuum B =A", B =0, B, =0, B; =0
U Tosbko B, # 0 (cM. pucyHok). [ToaToMy pOTrHO3 X, 1O OJHOMY, JIBYM, TPEM
OoTcYeTaM »JKBUBAJIEHTEH IIPOrHO3y Oe€oro mporecca, Ipd 3TOM OHIMOKa
£l =B} = A’ n ommbKa CyMMbI IPOTHO30B JBYX TAPMOHHK s, U & s k =1,2,3
paBHa si =0,54%; 0; 0 COOTBETCTBEHHO.

Takum 0Opasom, B 3ToM mipumMepe (k =2,3) mogodpaHbl mapaMeTpbl IpoIiec-
COB S,, §,,00ecreunBalOIINe CUIbHbIN BEIMIPHILI B TOUHOCTH IIPOrHO3a C H3BECT-
HBIM TPEH/IOM 110 CPAaBHEHUIO C IPOTHO30M TP HEU3BECTHOM Tpene. [Ipuunnoit

s 3
Koppensiunonnble pyHKuun Tpenaa B; 1 nomexu B;
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CHIKEHHS TOYHOCTH ITPOTHO3a SIBISIETCS 3P eKT JeKoppersnny mpouecca x, mpu
CJI0’KEHHMU €T0 KOMIIOHEHT S, U &, (CM. PUCYHOK).

3axmouenne. CpenHeKkBagpaTHUECKass OMMOKAa ONTUMAIBLHOTO JHHEHHOTO
MPOTHO3a SBJSIETCS HeBO3pacTaromieH GpyHkiueit unucna k, mo3TOMy B aITOPUTMAX
poruo3a k HeoOX0MMO BEIOUPATh JOCTATOYHO OOJIBIIMM. DTO MO3BOJIUT UCIIO-
Jb30BaTh BCE HEHYJICBbIC 3HAYCHUS KOPPEISIIMOHHON QyHKIMH B, U, cliejoBaTe-

JIbHO, MUHMMH3HPOBaTh oinOKy. [lomxomsiei omeHkoi yucia k 31eCh MOKET
OBITH OLIEHKA MHTEPBaJIa KOPPESILMU UCClelyeMoro npouecca x,. I1pu stom uuc-
10 k MokeT okazaTbcst BecbMa 0oJbIiM (pumMep 2). OfHaKo B 3a7ja4ax IpOTHO-
3UPOBAHUS TPEH U KOPPEAHOHHAs QYHKIUS B, KaK MPaBHIO, HCM3BECTHBI.

[Toatomy 3a1a4a IMHEHHOTO MPOTHO3a POPMYIUPYETCS B BIJIE COOTHOIICHUH (1),
(2), bopmanbpHO He TpeOyIONUX 3HAHUS TPEH/A, a PEIICHHUE 3a/1a91 CBOIUTCS K pe-
LIEHUIO CUCTEMBI JINHEHHBIX YpaBHEHUH (4), B KOTOPOI HEN3BECTHAs! KOPPEALH-
OHHAs (PYHKITUS 3aMEHSETCS €€ OIEHKOH. DTOT MOAXO OCTIOKHSIETCS TEM, UTO pe-
LIEHUE CHCTeMbI YpaBHEHUH (4) sIBISIETCS HEKOPPEKTHO MOCTaBICHHOM 3a1aueit
[4] 1 ¢ pocToM k MposIBIISIETCSI HEYCTOWYHUBOCTh YHCIICHHOTO PEIICHUS, TIPH-
BOJSILAS K HEOOXOIMMOCTH BEIOOpa Majioro k. Ho mpu 5ToM BO3MOXKHO MOSIBIICHUE
s dexTa NeKOppeNsi |, CIeJ0BaTeIbHO, 3HAYUTEILHON OIMUOKH IPOTHO3a.
[ToaTomy, ecnu AOMyCcKaeT MOCTaHOBKA 3a/1a4H, TI0JIE3HONW MOXKET OKa3aThCst IPo-
Hexypa JEKOMIIO3HLIMU UCCIIEAYyEMOro IpoLecca X, Ha KBa3UIapMOHMKH, I
KaXX/I0H M3 KOTOPBIX 3a/iada IMPOTHO3HPOBAHUS YIOBICTBOPUTEIEHO PEIIACTCS
MIpU MaJIOM k, 3aT€M NPOTHO3 HCCIEAYEMOro IMpolecca HaXOAUTCS Kak cymMma
MIPOTHO30B BCEX €r0 KOMITOHEHT.
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