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Anopeee O.B. 
Ha14io11a/lbHUU aeiaIJiUHuit yui6epcumem 

TPIIIlAP AMETPH1IHHH METO)l. OilTHMAJihHOI EKCTPATIOJUJTl,Il 
BHilA)J,KOBHX HECTAIJJOHAPHHX CHrHAJUB HA TJII 3ABA)J, 

Bcryn 
BnpimeHHfI 3a,r1,aq eKCTpanomn:d'i BHIIa,11,KOBHX npon:eciB 3aHMaIOTb Bam:JIHBe MiCI~e RK B Teopil 

mma.n;KOBHX npoueciB, TaK i B npaKTHqHoMy BllKOpHCTaHHIO u;id Teopii' B pirneumrx 

rrpaKTliftIHHX 3a.n:aq Ha,niHHOCTi, .n;iarHOCT11Ui, KOHTpOJIIO 5IKOCTi, o6po6u;i CHTH&l.iB Ha TJii 3aBa,11, 

Ta iHmHx 3a,naq B pbmrx rarry3.srx HayKH Ta TexHirm. Ha cr,oro,n:HimHiH .n;eHL He.n;ocrnTHhO 

mrnqemrMH 3&1.HIIIffiOTbC}{ 3a,naqi eKCTµaIIOJIHUi'i BHIIa,11,KOBHX HecrauioHapHHX CifrHaJiiB (BHC) 

Ha rni cmu;ioHapHHX Ta HecmuioHapHHX 3aBa,rJ,. 

B [1], [2] 6ym1 3arrponononaHi o.n;HonapaMeTpH'IHHH Ta .n;noxrrapaMeTptt'l!HHM MeTo.n;H 

CKCTparroruruii, He.n;orriKOM }{KHX c Te, rn.o BOHM .D;03BOJIHIOTb no }lBOM norrepe,Il.HiM 3HatJeHirnM 

npouecy, m;o CIIOCTepiracTbC.5!, eKC'rpaIIOJIIOBaTn JIHIIIe o.n;He, 'rpeTC 3HaIJeHH5I BlUia,11,KOBOro 

necrauioHapHoro rrpo1.1ecy. 

3arrpOIIOHOBaHHH TpHrrapaMeTpll'IHHH MeTO,:U, 5!KlfH BHKOpHCTOBYC HMOBipHOCHY BHXi.n;Hy 

imiJopMaui10, OTpHMaHy B )lBOXnapaMeTpll'IHOMY MeTOJli eKCTpanoJrnn;il, )l;03BOJUIC 
* * . eKCTpanoJU-OBaTH KpiM 'rpeTbOfO y 3 tieTBepTe y 4 3Ha1IeHmI Bima.n;KOBoro HCCTaillOHapHoro 

npouecy Ha TJii 3aBa.n;. 

B po6oTi rro.n;acTI>CH 3MicTOBHa TPaKTOBKa 3a,.uaqi Tp1mapaMeTpHtiHoi orrTHMaJihHOI 

eKc'rpanomuJ,il BHC Ha rrri 3aBa.n;, BBo.n;HTbC.9: Heo6xi.n;Hi uo3naqenHH i BHBO,Il.HTbcsr MaTeManiqHa 

HOCTaHOBKa 3a,r1,aqi, po3rJrn,n:aIOThCJI oco6JIHBOCTi mr6opy MO,n:eni .n;mI eKCTpaIIOJI:&OBaHoro 

3HaqeHH5I, a TaKO)I{: Kpinepii OIITHMi3aui'i. B poni KpinepiIO BHKOpHCTOBYCTbC5!: MiHiMaJihHa 

.n;wcnepci.sr rroxu6KH eKcTpanomi:ui'i. 3a,r1,aLia BHpimyeTI>CSI B npocnpocrimiil: nocTanonui: e ;:i:Ba 
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)],IICKpeTHl CIIOCTepe)KeHH5I, no i'x 3HaqeHH5IM Heo6xi)].HO nepe)].6aqIITII TpeTE: Ta qeTBepTe 

3HaqeHH5I. 

IlocTaHOBKa Ja)];aq:i 
PmnrnHeMo KJiacHqHy IIOCTaHOBKY 3a)],aqi TpIIrrapaMeTpuqHoro MeTO)],y OIITIIMaJibHOl 

eKcTparromndi' BHC Ha Trri 3aBa)],H, JIKa Mae HacTymrnli BIIrJIJI)],. OcHOBHi rro3HaqeHHJI 

BIIKOpIICTOBYIOTbC5I TaKi )£{, 5IK y )],BOIIapaMeTpIIqHOMY MeTo)],i [2]. 
3a)],aqa TpttrrapaMeTpHqHoro MeTo)],y OIITHMaJibHOl eKCTparromi:u:ii" p03B' 5I3Y€TbC5J y TaKiil 

3aranhHiH ITOCTaHoBLi;i. TipttliMafOTbC5I TaKi rrpttrryrn;eHH5J: 

1) Bi)].oMi pe3ynr,rnn1 N norrepe.ri;Hix crrocTepe)KeHh BHrra;r:i;KoBoro Hecrnu:ioHapHoro rrpou;ecy 

X(t) Ha rni 3aBaJJ:II ((t); 
2) 3aBa)],a BBa)Ka€TbC5I BIIITa)],KOBHM CTa:o;10HapHHM rrpou;ecoM 3 arrpiopHO Bi)],OMHMII 

MaTeMaTWIHHMII CIIO)],iBaHH5IMII i Kopemru;iliHOIO <l>YHKU:iE:IO: 

M[¢'(t)] = m;; (t); (1) 

K;;(&t) = a:p;;(f..t), (2) 

)],e: (5: -)],IICIIepciJI (rroTy)l<HiCTb) 3aBa)],II, 

p4(&) - HOpMoBaHa KopenJiu;iiiHa cpyHKU:iJI 3aBa)].H; M = t2 - t1 • 

1) MaTeMaTHqHe cno.ri;iBaHH5I BHC M[X(t)], mrcrrepci5I D[X(t)] i KopenHu;iliHa ~YHKU:iH 

K x (ti ; t;) BBa)l{filOThC>I arrpiopHo Bi)].OMIIMH; 

2) eKcTpanonhoBaHe 3HaqeHH5I BHTI y* (t3 ) p03rrr.sI)],aE:ThC5I JIK n- rrapaMeTpIIqHa cpyHKU:iJI N 

:ma'leHh Y (t1) , Y (t N) BHTI, rn;o crrocTepiraeThCJI ( N ;::: n) ; 

y* (t N+!) = YN+![Y(t,), Y(t2), Y(t N ), al' an]' (3) 

~e: al ' an - napa.MeTpH OilTHMi3au;ii' m16opy y• (t N+I) 3a IIeBHHM KpHTepieM. 

3) B poni Kp1nepi10 OIITIIMi3au,i'i BHCTyrrae IIOKa3HHK TOqffQCTi eKcrpaIIOJI5IIJ,ii', 5IKHH rrpH 

BHKOpHCTaHHi MCTO)],Y MaKCHMaJibHOl npaB,D,OITO)],i6HOCTi rrpHBO)],HTh )],O TaKOro OIITHMaJibHOro 

BH6opy napa,MeTpiB i KpHTepii"B OIITHMi3au;ii': 

Onepau:i1 rromyKy MaKCHMaJibHO rnqm1x eKCTparronooBamrx 3HaqeHn (4), (5) )],03BOJI>IIOTh 

3HallUI OITTHMaJihHi 3Ha'-JeHH5I napaMeTpiB a 1 , an : 

(6) 

a 20P1 = arg n~Jn D2 ( a 2 ) , 
2 

(7) 
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a nopi = arg ~in D n (an) . 
n 

(8) 

IlpH U:HX rrpHrrymeHH5IX 3ararrhHa IIOCTaIIOBKa 3a;a:a'-li OlITllMaJihHOl . eKCTparromn:i;ii Mae 
HacryIIHllH BiffJ15I)X. 

Bi;:i;oMi HacTyrrHi ;a:aIIi: 
1. AnpiopHa impopMau;fa mo.D:o H:MosipHOCHHX xapaKTepHCTHK X(t). 
2. Anpioptta impopMau:ia: mo.no liMosipHOCHHX xapaKTepHCTHK '(t). 
3. AHarrirn:<rna ¢opMa rrpou;ecy 

Y(t) = Y[X(t),~(t)]. (9) 

4. BHKOpHCTOBYIOTbC5l KpliTepil MaKCHM3.iihHOl TOl'.JHOCTi eKCTpano.1un~iY (4), (5). 
5. BHKOpHCTOBYCThC5I KJiac11qm1.H MeTO)l ITOillYKY KOOp,n:HHaT eKCT}JeMyMy ¢yuKui1 n . . . 

3MIHHHX, BHp1my1oq:rr CHCTeMy plBH5IHh n-ro rrop5I.n;Ky. 
Heo6xi.D:HO ;a:osmnaqnrn anpiopHy impopMauho i 3acrncyBarn: Knacwm11ti MeTo;:i; rromyKy 

KOOp,zumaT CKCTpeMyMiB (4), (5) i 3HaHTII: 
1. OrrTHMarr:&Hi 3Ha-qeHHH 

(3) (3) (3) 
alopl' a2opl ' ct )op! ' 

.ne (
3
) BKa3ye Ha Te, mo rd napaMeTpH BH3HaqaIOTl>C51 JJ}I>I MeTO).JY TpIIrrapa.'!\AeTpH'iHOl 

eKCTpanoJJ:Ha;iL 
2. MiHiMaJihHi 3HaqeHH5I rrapaMepa D<(a1opt, a2op1, °'3op1)min· 

3. BH6paTH KpHTepii' e<PeKTHBHOCTi OTpHMaHHX MeTO)liB anropHTMiB OIITHMi3anil 

eKCTpaIIOJThOBruIOro 3Hal:ICHH5I :r;,:1 (t4) . 

4. BHKOHaTH rropiBH5IJ1hHY 011,iHKY ecpeKTHBHOCTi MeTo,n:in OTITHMaJihHOl eKCTpfu10JUIIIil 
BHC. 

3po3YMiJio, mo 3a;a:aqa orrTHMaJI&HOI eKcTparromiuil BHC B YMOBax, KOJUI crrocTepiraroTb 
Ni 3HaXIeHh, nporHo3yroTI> N2 3HaqeHH5I, B TaKiH 3ararrI>Hiii nocTaHOBUi € .n:}')Ke CKJia,nHOIO, i 
rroBHHHa po3B'5I3yBaTHCb 3a MeTO;a:OM MaTeManrqHoi' iH;a:yK11,iY. BpaxoBymqi HecrnnioHapHiCTh 
mu1a,n:Kosoro rrpouecy Ramero 3a,n:aqe10 e po3B'.H3aHH5I 3a,z:i:aqi rpnrrapaMeTpIPrnoi' onTHMa.lThHo'i 
eKcTparroJrnII.il rrpH N1 :::: 2, N2 = 2. 

ToMy B crnTTi BHpimyeThC5I 3araJibHa 3a;:1.aqa onTHMaJihHoi' eKCTparromu.:i;il BHC, 
BHKOHYE'.ThC.H KOHKpeTH3auiJI BHXi.UHHX .naHHX .llllil Mern.ny TpHrrapaMeTpH~mo'i . OIITHMaJihHOl 
CKCT}Jarr01rnuil wrn BHilMKY n == 3, KOJIH BHKOpHCTOByIOTbC5I TPH rrapaMeTpH OilTIIMhaui'i alop/3), 

(3) (3) • • • 
a2opt , 0.Jopt I, Bl)lITOBl)lHO, 

v* _ v (Y. v "tr (3) (3) (3)) 
1 4opt - 1 4 1' 1 2' I 3opt' al ' a2 ' a3 · 

TpimapaMeTpH .. IHHH MeTOA OIITHMSJlbHOl eKCTpanom1uii1' 
Tp11rrapaMeTplFIHHH MeTO,n: OilTHMaJibHOl eKCTpaIIoJrnri;ff Bima,n;KOBHX HCCTal(ionapHHX 

CHrnarriB Ha TJii 3aBa,n; nepe,n,6aqae BHKOHaHH5I ,neKiJihKOX hepau:iif, B pe3yJibTaTi .HKHX 6y;:(yTb 
o6XIHcneui ,neKiJII>Ka 3Ha•IeHb aeJIHXIHHH Y1, .. . , Y4 , 1uo crrocTepiraIOThCH. 

Ilepma iTepan,iu:. D.e no cyTi ;:1.BonapaMeTp11qm:1H: MeTO.ll eKcTpanomn~ii'., .HKHH 6yB 
p03rJUHIYTHH B crnrri [2], ;a:e 3a,z:i:aqa eKcTparronanil rromrrae B TOMy, mo6 y HaliKparnuli crroci6 
rro 3HatfeHH5IM Y1 i Y2 , mo cnocrnpiraioTucz, OT}JHMarn ou:inKy Y3 * Maii6yTHhoro 3Ha'1CHHH Y3: 

y;* = a1f; + a 2Y2 (10) 

6e3 rrp01ie.nypH HOpMyBaHH.H a I +a2 * 1 . 
Jlpyra iTepa1:dn. Ila 3HaXIeHH5IM Y1 i Y2 , rrio cnocrepiraIOThCJI, Ta oTpHMaHili ou:imi:i Y3 • 

BmnaIJaerhc.SI ouiHKa Y4 * Mali6yTHhoro 3Ha~reHH5I Y4: 
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(11) 

,n,e o.P>, 0.2(3), o.P) - rrapaMeTpII TpHrrapaMeTpllqHOl OITTIIMi3au,u. 

OcHOBHi xapaKTepIICTHKII i rrapaMeTpH nmapaMeTpIIqHoro MeTo,n;y HaBe,n,eHi Ha pI:Ic 1. 

PI:IcyHoK 1 - ImocTpau;i.H yMoB eKcTpan01rnu:i'i 

3 neprno'i iTepa:u:i1 Mll BHKOpI:ICTOBY€MO eKCTparrOJibOBaHe 3HaqeHH51 BIIIIa.IJ.KOBOro cn:rmwy 

Y3*, :Horo ti:Hcnepciro D[Y/], Kopemru,iHHi cpyHKu,i'i ky(t1, t2), ky(t1, t3), ky(t2, t3). Penna 

rrapaMeTpiB, Heo6xi.D.HHX .D.JI.H TpHrrapaMeTpIIqrroro MeTo.D.y, 6y.IJ.e o6qIIcneHa HIDK'Ie. 

BBO.IJ.5!TbC5! ocHOBHi TI03HaqeHH5! BHIIa.IJ.KOBIIX BenHqIIH [2], m:o eKCTparronroIOThC5!, i'x 

liMoBipHicHi napaMeTpH Ta ua6ip arrpiopHo1 irrcpopMau;ii' rrpo BHIIa.IJ.KOBIIM uecrnu,iorrapHIIH 

CI:IrHan. Ha OCHOBi u;ici impopMan,i'i p03po6neHIIll MeTO.IJ. TpmrnpaMeTpHqHoi' OIITHMaJlhHOl 

eKCTpanomru,ii' BHIIa)J;KOBHX HecTau;ioHapHIIX CflTHfilliB Ha nri 3aBa,n:, OTpHMaHi MaTeMani:qni 

BMpam JJ,JHI OIITHMM1HOi' eKcTparromi:u,ii' HaCTYIIHOfO 3HaqeHH5I Y4 • Ta :Horo llMOBipHOCTHHX 

rrapaMeTpIB. 

,Z:Wyra iTepau;i51 MeTO.IJ.Y BHKOpHCTOBY€ rrpnrrym:errmr (1, 3, 4, 5), OIIIICaHi BIIIIJ:e. 

Ou,irmy Y4 * icnrnrroro 3rraqeHH5I Y4 B MOMeHT qacy t4 po3rn5!HeMo 5IK niHiliHy KOM6irrau,iro 

rrorrepe.IJ.Hix 3Haqerrh, m:o crrocTepiraroTsc.H (11 ). 
TaKIIM qIIHOM, .IJ.1151 OIITHMi3a:u:i'i OU:lHKH Y/ ofai:pa€MO KpIITepi:H OIITIIMi3au,i'i TaKHH )Ke 5IK 

B [2] i BHKOpIICTOBY€MO a/3>, aP>, aP) 5IK KepoBaHi 3MiHHi OIITHMi3au:ii'. 

B1mopHCTa€MO cepe.IJ.HhOKBa,ll;paTHqHHH KpnTepiH: MeTO.IJ.Y HaliMemrrnx KBa.IJ.paTiB y 

BHrJI51.IJ.i KBa.IJ.paTy Bi.IJ.CTaHi MhK Y4 Ta Y4 * y eBKJii.IJ.OBoMy rrpocrnpi: 

D(e) = M[(J'.; -r,;·)2]. (12) 

,[(1151 p03B '~naHmI 3a,1J,a'Ii OIITHMi3a:u:i'i 6y,1J,eMO BpaxoByBaTH crriBBi.IJ.HOilleHH51 .IJ.JUI 

xapaKTepHCTIIK BHITa.IJ.KOBHX CflTHaJiiB, m:o cnocTepirmOThC5£, 3i CTaTTi [2]. 
B 3a,1J,a'Ii OIITHMi3a1l,il BHKOpHCTOBY€MO KllaCH'IHHH MeT0,1J, 3HaX0,1J,)[{eHH51 MiHiMYMY 

cpyrrKrrii' TpbOx 3Mirrrrnx. EepeMo rroxi.D.Hi Biti: D8 no aP>, a}3>, a}
3l, rn rrpHpiBHJOE:Mo i'x .IJ.O rry1151 

(u:e € Heo6xi.IJ.HOIO yMOBOJO eKCTpeMyMy [4]): 
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BpaxOB)'KJIJH Te, rn;o .n;pyri noxi.n,Hi Maron, TaKHH mrrmr.n:: 

ciD 82D 8 2 D 
e e e 

8aPlaa<3) ' 
2 1 

8aC3)oa<3) ' 2 3 
a a (3 )2 

2 

82D EiD 8 2 D e e 
5 

aa(3)aa(3) aa(3)8a( 3) 
, 

aa<3J2' 3 I 3 2 3 

ll,e De= De(o_/3
), o}3

), aJ(3l) 3arm:caHo J(lliI CKopoqerrmr 3amicy, 
. . . (3) (3) (3) (3) 

BlipIIIIY€MO CHCTeMy pmmrn:r, TpeTboro rropH.n;Ky Bl)XHOCHO a, ' a2 ' a3 ' OTpHMa€MO alopt ' 
(3) (3) 

a2opt ' a3opt . 

Tii.n:crnm-i:Mo y BHpa3 (12) 3aMicTb Y4* ll:oro 3HaIJeHHH 3 (11). To.ai orpHMaeMo: 

D (a(3l a<3l a<3l)-M[(Y -aC3lv -a<3ly +a<3>:r,")2
] 

6' 1 ' 2 ' 3 - 4 I 1 1 2 2 3 3 • (13) 

an ( (3) (3) (3)) 
0 lXi ,a2 ,a3 - M{2(Y: -a(3)Y. -a(J)Y: -aC3).E")(-Y.)} = O· (14) 

OQ] - 4 l l 2 2 3 3 I ' 

BD ( (3) (3) (3J) 
0 a1 ,a2 ,a3 -M{2(Y: -a(3)Y. -aC3ly: -a<3ly:*)(-Y:)} =0· (15) 

a - 4 11 22 33 2 , 
a2 

oD ( (3) (3) (3)) 
€ a1 ,a2 ,a3 - M{2(Y: -a(3)Y. -aC3Jy: -aC3Jy*)(-Y:.)}-O (16) 

~ - 4 11 22 33 3 -. 
ua3 

BnKopHCTOB)'IDIJH BJiacTHBocTi MaTeMaTHIJHoro cno.n;iBaHmI .JJ:JUI BHpa3iB (14), (15), (16) 
Ta nepeMHO)KYJOIJH CKJia,nosi y <PirypHH:X .n:y)KKaX, OTpllMa€MO: 

M[ <1J(3)Y;2 + czj3lY;I; + ~3)¥;.r;° -Y;~] = O; 

M[ ,ryC3ly;y: +a(31Y:2 +n-(3lyr:• -YY]=O· 
1 12 l 2 ""] 23 24 ' 

M[Q](3)Yil;* +~3)1;1;* +aj3lJ;*2-J;'~]=0. 
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CHcTeMy piBHJIHh (20) MO)l(Ha 3arrncanr y MaTpH'IHiH cl>opMi: 

(21) 

.n:e: 

a31 ::::: my, mv. + ky (t1 ,t3 ); a32 ::::: my mv. + kr (t2 ,t3 ); a33 = m2• + D . ; 
I '3 2 l3 Y3 Y3 

b1 =mr1mY4 +kr(t1,t4); b2 =my2mY4 +kr(t2,t4); b3 =mr3·mr. +ky(f3,f4); 

m , = a1<;P>1mr, + a~~;,1 my = M[f:i•] - MaTeMaTII'IHe cno,IJ:iBaHH5I eKcTparrorrhoBaHoro 3Ha'IeHH5I 
Y3 1 ,, 2 

Y3 * Ta iforo ,n:IIcnepciJI D , , 5IKi 06qHcrrID10nc5I 3a MeTO.lJ:OM ,n:BorrnpaMeTpH'IHOI eKcTpanomi:uj'i 
Y, 

y CTaTTi [2]. 
BHpirnyIDqH CHCTeMy piBHJIHh (21) Bi,II:HOCHO a/3l, a/3>, a5(

3
) ITO rrpaBHJIY KpaMepa [4], 

OTpHMaCMO'. 

h1 a12 a13 

b2 G22 G23 

(3) _ b3 a32 a33 
alopt -

a11 a12 a13 

a 21 a22 a23 

a 31 a32 a33 

y qwpMyrri (22) 'IHCeJibHHK .n:opiBHIOC [ 4]: 

(22) 

b1a22a33 -b1a23a32 +a12a23b3 -a12h2a33 +a13b2a32 -a13a22b3 (23) 

3HaMeHHHK ,nopiBmoc: 

a11a22G33 -a11a23G32 +a12a23a31 -a12a21G33 +a13a21a32 -aua22a31 (24) 

CH:cTeMa piBH>IHh (22) 6y.ll:e Marn: pirneHH>I, >IKII(O .ll:eTepMiHaHT CHCTeMH He ,nopiBHIOE: 

HYJIIO [ 4]: D t- 0 . 
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a1 I bi a13 

a2I b2 a23 

a(3) _ G31 b3 G33 
2opt - a 11 a12 a13 

a21 a12 a23 

a 31 G32 G33 

Y cpopMyrri (25) 'rn:ceJihHHK ;:i:opinmoc: 

(25) 

a11b2a33 - a11a23b3 + b1a23a31 - h1a21a33 + a13a21b3 - G13b2a31 (26) 

3HaMeHHHK .n:oprnmoc: 

ana22a33 - ana23a32 + a12a23a31 - a12a21a33 + aua21a32 - a13a2zG31 (27) 

G11 a12 bi 

a21 a22 bz 

(3) - a31 aJ2 b3 
a3opt -

a11 a12 a13 
(28) 

a 21 a22 a23 

a 31 a32 a33 

Y cpopMyrri (28) "trn:cerrhHHK ,z:xopinmoc: 

a11az2b3 - a11h2a32 + a12hza31 - a12a21b3 + h1a21a32 - h1a22a31 (29) 

3HaMeHHHK ,n;opinmoe: 

a11azzG33 - auaz3G32 + a12a23a31 - a12a21a33 + a13a21a32 - a13a22a31 (30) 

P03rmmeMo .nocTaTHIO )TMOBY eKcTpeMyMy cpyHKrd'i Tphox 3MiHHH:X [4]. 
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hBaD,paTll:qHa cpopMa Bi.D: 3~~.JJ:iilcmix 3MiHHHX o.1 , o.2 , o. .n:e n = 3 ,n;1rn MaTprru:i .n:pyrnx 

qacTKOBHX IIOXi.LJ:HHX 6y.n:e lVIaTH TaKHM BHrmi:.n:: 

x'Ax = (mi
1 

+ Dy)a 1<
3

l
2 +(mi,+ DrJai 3

)
2 + (m:,. + Dr;)aj 3

)
2 + 

+2[mr my + ky (t1 ,t 2 )]a/ 3 laJ 3
) + 2[my m • + ky (t 1 ,t 3 )]a/ 3 lai 3

J + 
I 2 I Y3 

:i,e A -- MaTpHU:1l .n:pyqi:x "l:aCTKOBHX rrnxi.n:Hrrx (32); 

x' = [a k] - MaTpMU:5I - CTpoKa; 

x = { ai} - MaTpHU:5I - CTOBIIeU,h. 

(32) 

TipH OTITHMaJihHOMY 3HaqeHHi rrapaMeTpiB o./3>, o./3>, o.}3
) IIOXH6Ka eKCTparromi:u:ii' MiHiMarrbHa 

Ta npHliMae MlHlMaJibHe 3Ha"IeHH5I: 

(33) 

,Il;Hcnepcim ou:iHKM Y4 * oTpHMYIOTh 3a HacTynHOIO cpopMynmo: 

D[v•] _ D[ (3) v (3) v (3) v•] _ (3)2 2 ~ (3)2 2 (3)2 2 
1 4 - a!opt 1 ! + a2opt 1 2 + a3opt 1 3 - a!opt O"r; ' a2opt(JY

2 
+ a3opt(J13, + 

(34) 

EcjJeKTHBHiCTb TpIInapaMeTpH"IHOro Mern.n:y OIITHMaJihHOl eKCTpaIIOJI5IU:ll MO'/KHa 

ouimoBaTM 3a c]_iopMynaMH: 

h1 - Bl,ll;HOIIIeHHJl CTITHaJI/rnyM Ha BHXO,n;i OilTHMaJihHOro eKCTPaITOJIJlTOpa: 

D[Y4 ] 

'1i = D ( CJ 1 (3J (3 l ) , 
E: alopl, a2opl' a3opt min 

(35) 

.ue D[Y:iJ - .n:rrcnepcrn BHIIa.LJ:KOBoro cHrnany, ru:o 6y.n:e crrocTep1raTUC1l y MOMeHT "lacy t4, 

D ( (3) (3) (3) ) . . . 6 ... 
8 alopr, a2opt, a3opr min - MlHlMaJI.bHa ,UHCilepcrn IlOXH KM eKCTpanOJUIU:ll. 

h2 - Bi,LJ;HOIIIeHH5I .LJ:HCIIepcii' BHIIa,LJ;KOBOro CHrnany, IIIO 6y.n:e CITOCTepiraTHC5I y MOMeHT 

11acy t4 , .uo .n:rrcrrepcii' eKcTparronhonaHoro 3Ha"IeHH5I CiffHany D[ Y4 *] 

h = D[riJ . 
z D[ri*J 
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h3 - Bi,n:Homeumi: pi3HHU:i Mi)!( )lHCIIepckIO Bima;uKoBoro CH:rHany, mo 6y;ue CIIOCTepiraTHCSI y 
MOMCHT qacy f4' Ta )lHcrrepciero eKCTpanOJT&OBa:HOro CHfHaJIY D[Y4*] )lO MiHiMan&HOl )lHCnepcii 
IIOXH6KH eKCTpanomni:i1: 

i. = D[fi]- D[fi*] 
"3 D ( (3) (3l (3) ) 

e al opt' a2opl' a3opt min 

(37) 

IIpuK.llaO. ,n:mr TOTO, mo6 nepeBipFITH ;uie3,n;aTHiCTb Ta ecpeKTHBHiCTh MCTO)la 6yB rrpoBe,n:emiii 
CKCIIepHMeHT MCTO)lOM CTaTHCnrimoro iMiTar~iHHoro MO)lCJllOBaHHH (CIM). B eRcrrepHMeHTi 
6yna IIOCTaBJICHa 3a,naqa- MCTO)lOM CIM B CHCTeMi lvfathCAD [5] BCTaHOBHTll qacoBi 
3aJIC)KHOCTi HaCTYITHHX Bima,n:KOBHX BCnI:I'JHH: .x;, Yi (i = 1 ... 15), OIITHMaJI:&HOfO 
eKcTparroJI.boBaHoro 3Haqenmr Y4*, a TaKOiK 3HaqeHH5I a1op1, a2opt, a3op1, 
D&(a1, 0.2, a3 )min, D[y4 *], h1, h2, h3 )llliI iHTepBaJia KoperrHUil 3aBa,n;ir Llr.; = 0,25c. 

AnpiopHHMH .n:amIMH JI:IDI MCIM BR6paHi TaKi 3Haqemrn BeJIHl!HH: 
t1 = 6 c ; t2 = l 0 c qacoBi Bi;urriKH BMMipIDBaHmI rrapaMeTPiB x; i Yi ; (3 = 12 c - MOMCHT qacy 
.n:1rn eKcTparromu.:di' 3HaqeHH5I Y3 ; 

t4 = 14 c - MOMeHT qacy .umr eKcrpanoJu111fi 3Haqemrn: Y4 ; mo 1 B ; = 0,02 B I ];: 
MaTeMaTHqHi oqiKyBaHHH napaMeTpiB ao, a1 HC3aJieiKHHX mrna,n;KOBHX BeJni:qirn, mo MaIOTh 
raycoBchKHH p03no.n:in, a a0 = 0,3 B, a1 = 0,002 B - i'x cepe,uHhOKBa,n;paT:aqni niaxHJiefIHJI; tf~ = 
0,01 B - cepe~1nwKBa.n;parn:•me si,uxI-meHml 3aBa;uH; y = 0,5 -1weqiiu;ienT He niuiilttocTi. 

3a ,nonoMororo cTaH,uapTHoI cpym<u,il MathCAD rnorm { n, M, y}, .n.e -qncno peani3an:i.H 
BH6paHe n = 1; M - MaTeMaTHqHe oqiKyBaHmI ; y = u1 - cepe.n;HhOKBa,nparn:qHe Bi.UXHJICHH>I 
HBC, o6trHCJllOIOTbca 3Ha1-IeHH.H Koecpiu:ieHTiB a0 i a1 i rr'jJ:THaJJ:U.HTb 3Ha'1eHh 3aaa,nn i;. 

B rn6rr. noml3aHo pe3yrr.ornrn: eKcrrepHMeHTy. Ha pHc. 2 Bi;:i;o6pa)KeHi rpa¢iKH X(t), Y(t) Ta 

Yopt(t3) ra Yopt(t4), ,ue Yopt(t3) Bi,n;o6paiKae Ha rpacpiKyy;·, a Yopt(t4)- f 4• • 

Ha pHc 3, 4, 5 Bi,n:o6pa)KeHi rpa<PiKH 3aJIC)KHOCTi Df;=ft.a1), rrpn a2opt, 0.3op1=const; Dc=fi.a2), npH 
a1opi, IJ.3op1=const; Dc=fCa3), rrpn O.Jopt• 1J.2opr=const Bi,n:rroBi,n;Ho. 

Ta61lu1..f.Jl l. Pe3yrr.ornn1 eKcrrepHMeHTY 

X1 X2 X3 X4 Y1 
0,763763 0,778081 0,784143 0,789719 0,779228 

Y2 Y3 Y4 aioot a2oot 
0,782672 0,771722 0,770553 0,386778 0,593577 

a3ont Y3w Y/ ' DfY3"] nrY4#1 
0,03435 0,789453 0,793082 0,091996 0,131702 

h1 h2 Dc(a1a2a3)min 
511,76122 0,684547 0,000176 ! 
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X(t) ...... 

0. 

0.79 

0.78 

0.7 

0.77 

0.76 

0.7 

~ o.1s1---H--+-*'i-f-i-i---\ll---:. 

~(tJ)074 

~(t4) 0.7 ---ccF'-/-1~---+---· 

0.7U+-+--··+--->--t---c---~c---f-->--~-i--i----!-

0.7 l1+--f---"i--f--1·--l---:-l-·--l·--l·---r-r-r··--f·- · 

0 l 2 3 4 5 G 7 8 9 10 11 12 13 14 15 

0.0 -

DE( al) 

o·~--~---~-----~ 
0,2 0.3 0.4 0.5 

al 

PncyHoK 2 - fpacpiK pe3yJihTaTiB eKcrrepHMeHTY PHcyHoK 3 - fparpiK 3aJie)JrnocTi 

De(a1) Bi,n: napaMeTpy lq 

o.or-----,.---~---~~--~ 

o.or------.------,----,--,-----, 

D::(a2) 
Dc(a2) 

0.4 0.5 0.6 Q,7 0,8 0.4 0.5 0.6 0.7 0,8 

a2 a2 

Ta6!lulf5l l. Pe3yJihTaTH eKcrrepnMeHTY 

X1 X2 X3 X4 
0,763763 0,778081 0,784143 0,789719 

Y1 Y2 Y3 Y4 
0,779228 0,782672 0,771722 0,770553 

a1ont a2ovt a3ovt y3· 

0,386778 0,593577 0,03435 0,789453 
Y4. D[Y3'J D[Y4 "] h1 

0,793082 0,091996 0,131702 511,76122 
h2 D 8(a1a2a3)min 

0,684547 0,000176 

BHCHOBKH: 

AHani3 pe3yn:ornTiB eKcrrepnMeHTY rroKa3ye npa11,e3,n:aTHiCTh i e¢eKTHBHicT:o crroco6y 

HaBiTh npH HH3hKOMY Bi,n:Hornemuo cepe,n:HhOKBa,n:paTWIHHX 3HaqeH:o cnrmur / mJM. 
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3a pe3yJibTaTaMH eKcrrepHMeHTY !\fO)KHO 3po6HTR HaCTynHi BHCHOBKH: 
1. 3 rpacpiKa pHC. 2 BHJl,HO, m:o B MOMeHT eKcrpanomn.dI t=l2c eKCTpaIIOJibOBaHe 

3HalieHH.5I Y3*=Yopt p03TaIIIOBaHe 6mDKqe .z:i;o peMbHOro ClffHMY X(12) Hi)K Y(12), a 

pe3yJihTaT ,n:pyroi eKCTpanon.SIIi;i1 )];JI.SI MOMeHTY LJ:acy t = 14c Y4* = Yopt p03TaIIIOBaHMH 
6miDK'!e ,n:o peaJibHOro cHrmUiy X(l4) Hi)K Y(l4). 

2. MeTO,IJ, CIM ,l(03BOJ15I€ OTpHMaTH J~BOMipHi rpacpiKR D.(0.1), D8(a2), De(o.3) (pHc. 3, 4, 5), 
3 >IKHX HarJI5I,Il,HO BH,ll,HO, II{O AHCnepciH TIOXH6KH eKcTpanomruj'i € MiHiMMbHOID rrpH 

a=alopt, a=a2op1, a= a3opt· 
3. Koe¢iukHT h 1 511. 7 BeJIHKHH ( Ta6JI. 1. ), m:o CBi,I(IIHTb rrpo Te, mo Ha BliXO,IJ,i 

eKCTpanomnopa rapHe Bi,n:nomeHH.SI «CI!THM - myM», aJie siH Menme, Hi)K si,n:nosi,n;H.Hll: 

Koe¢iui£HT .n:mr MoMeHTY qacy t = 12c eKcrpanonhosaimro 3Ha11.eHH.sr Y3* Yopt rorn 
,l(BOIIapa.MeTpliqHOl eKCTpanomm;il. 

4. Koeq.ih~ieHT h1 = 0.685 (rn6JI. 1.). l(e CBiJ:i,tIIITb rrpo Te, m:o MeTo,n: ,n:03BOJUIC 
o6t:IHCJIIDBanr He TiJihKH orrTIIMMbHe rrponI030BaHe 3HaqeHH>I Y4 *, ane TaKoJK 
nporno3ysaTH ,JJ,Hcnepciro Mali6yTHhoro ( eKCTparronhOBaHoro) 3HaLJ:eHHH D[ Y4 *]. 

5. )J;ncrrepci>I rroxn6Kn ,n:pyro1 eKCTparrosun:i;ii De(ah a2, a3)min=0.000176 6inhme Hi)K 

.n;ucnepcfa nox116KH rreprno1 eKcTparron.sru.ii' Dr:(a1, a2,)mtn=0.000094 ,UJUI 

nBoxnapaMeTpnqHo1 eKcTpanomn.1,i'i. 

TaKHM 'ilIHOM, pe3yJihTaTH eKcrrepIIMeHTY BK3~1YIOTb Ha Te, m;o 1plinaparvrerpif!IHMM MeTOJJ 
OTITHMaJibHOI eKCTparromruii' HeCTardoHapHHX BHila;J;KOBH:X CiffHaJiiB Ha TJii JaBall rrpaUID€ 
e¢eKTHBHO. 
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