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METOI0JIOT'IA HOBYAOBHU IHTEJEKTYAJBHUX MPOI'HO3YIOUYNX
CUCTEM ONTHMAJIBHOTI'O KEPYBAHHS HEJITHIMHUMU
TEXHOJOI'TYHUMHU TPONECAMUA

Beryn

Butpatm Ha TEeXHONOTIYHI TPOIECH JOMEHHOTO BHPOOHHITBA  Ta
PYAOMIATOTOBKH CKJIAJAI0Th 3HAYHY YaCTHHY COOIBAPTOCTI TIPHUYO-METATYPIriiHOTO
KOMIUTIEKCY. TOMYy akTyaJdbHUM € TABHIICHHA €()EKTHBHOCTI IUX MPOLECIB HIIAXOM
CTBOpEHHs cucteM aBToMatuuHoro KepyBaHHA (CAK) Humu. Pasom 3 mumM, 1ii mpore-
CH 3 TO3WIIH KEPYBAHHA ABIAIOTH COOOI0 CKIATHI TWHAMIYHI O00'€KTH KEepyBaHHSA
(OK) 3 HecramioHapHUMH TIApaMETPaMH, HETMIHIHHAMH 3aJIeKHOCTAMH 1 CTOXaCTHY-
HUMHU 3MiHHUMH [1, 2].

CraH nuTtaHHs
[TpoBigHa KOHIIEMIS CY4acHOT Teopii aBTOMATHYHOTO KepyBaHHsS mojsrae [3]

y IOCATHEHHI TOJIOBHOI METH Ha KOKHOMY eTari (JYyHKIIOHYBAHHA CHCTEMH, IO 3a-
oesneuyerbesa nurixoM ontuMmizaiii OK y peanmpHOMYy MacmTadi yacy 3 BUKOPHCTAH-
HSAM HasBHOI anpiopHoi iHGopManii Ha eTamax:

- ouiHrOBaHHA ((uTbTparii) guHaMivHEX npotecis B OK;

- imeHTH(IKAII] cTPYKTYpH 1 mapameTpiB Moaem OK;

- CHHTE3Y ONTUMAIBHOTO KEPYBAHHA HUKIAMH (PYHKIIIOHYBAHHSI CUCTEMH,

- aganTanii (HaCTPOIOBaHHI ONTHMAJIBHOTO KEPYBAaHHS 32 HEMMOBHO1 iHpOpMaIii).

Tpynuomi po3B’sA3aHHA 3a4a4 ONTHMI3AIIi KEPYBAHHA HENIHIWHUMH JHHAMIY-
HUMHU 00’ €KTAaMHU NUIIXOM MiHIMI3amli KIacHYHUX (PYHKIIOHATIB 3YMOBHIIH TIOSBY
(YHKIIOHATIIB HOBOTO THITY — ()YHKIIOHAMIB y3aranbHeHol podotu (OVP). [pukmna-
aoMm croxactuyHoro OVYP 3 agutuBHUME (YHKIISIMHA BHTpPAT HA KEPYBAHHA 1 AMC-
KPETHHM 4acoM € [3]:

kj+1'l kj+1'l kj+1'l
I=E{V.(X[kjaD)+ & QUIKLK)+ &U,(u[k]K)+ &U.* (ugulklk)}, (1)
k:kj k:kj k=k.

]

ae F —MaTeMaTH4HE O4iKyBaHHs, V,— TepMiHa/bHA (DYyHKLIA KIHIEBOTO CTAHY €TaIly
kepyBaHH: (1inpoBa QyHKIiA); Q,— mo3uTuBHO BH3HA4YeHa ¢ynkuia; U, U, * —mo-
3MTHBHO BU3HAUYCHI PYHKLII, (O MPHAMAIOTE MiHIMAIbHE 3HAYEHHA PH U = Ugpt ; X,
U — BEKTOPH CTaHy i KEPYBaHHS; Ugy — LIyKaHe ONTHMANbHE KEPYBaHHS, WO JO0CTaB-
nste MiHIMyM ¢yHKImioHamy; K i K j+1 — MOYAaTKOBI TAKTH MOCIIJOBHUX IHTCPBANIB

(umkmiB) KepyBaHHS; K — TOTOYHHI TaKT Yacy.
VYHiBepcalbHUM CTIOCOOOM CHHTE3Yy onTuManbHOro 3a ®YP kepysanus € [4]
BUKOPHUCTAHHA MPOorHo3yrouoi moaeni OK, mo Moxe OyTH mpeacTaBiIeHa y BUTIIAIL

75



Yiken] =PV k) U)Wk Gk -2k}, 2

ne { Y[ k] Wi k] Hox[K]; Y[ k+n] — MPOTHO30BAHHI HA N TaKTiB yNepes BEKTOP CTa-

ny Buxoay OK (anms koMmeHcanii YuCTOro 3ami3HEHHS 1 4aCcy Ha CHHTE3 1 peaisalito
ONTHMANILHOTO KEPYBaHHA B cHCTeMI); Y[ k7 ,U[k] W[ k] — BEKTOpH (MATpHLi) CTaHIB

BUXOJy, KEPYBaHb 1 30ypeHb;, a— BEKTOp MapaMeTpiB Mojeni; @ — y3aranbHeHa Qy-
HKIIS (METOJ, aITOPHUTM) CTPYKTYPH MOJETTI; @[ k] — BEKTOp MOMMIIOK BUMIpIB.

Hapasi gna cknmaganx, HeaiHIMHEEX OK CTPIMKO pO3BUBAIOTHCS 1HTEIEKTYATbHI
METOH KEPYBAHHS, IO PO3TISIAAIOTE 00’ €KT, HE K a0COIOTHO BIIOMY TOYKY B TIPO-
CTOP1 O3HAK, a AK AesaKy 1HpopMmariro mpo Hei. [Ipu TakoMy miaIX0/11 HAMArarThCS Bi-
ATBOPUTH TPUHIMITA PUPOTHUX CHCTEM KEPYBAHHA — HEPBOBHUX CHCTEM JKHBHX Op-
TaHi3MiB, IO Peami3yOTh YHIBEPCATbHI MPUHIUIH 00POOKH eMmipH4HOi 1HpOpMaIi
1 TIONIYKOBI aITOPUTMH aganTaimii [5)].

OTxke, aKTyaTbHUM HAMPSIMOM Y TOAATBIIOMY PO3BUTKY ILi€i TeOpii € po3poo-
Ka TIPUHLHAIIB TI00Y10BH €(peKTUBHUX CUCTEM KEPYBaHHSA, MO 0a3yOThCA HA TIPHPO-
THUX T1ICTaBaX, 30KPEMa, Ha THTENEKTYaTbHIX MTPOTHO3YIOUNX MOJCIIAX.

Merta cTaTTi

Po3poOka 1 oOTpyHTYBaHHS METOIOJIOTI] TTOOYAOBH ANTOPUTMIB OI[IHIOBAHHS,
1meHTHdIKaIli, CHHTE3y ONTHUMAIIFHOTO KEPYBAHHA M aganTamii A7 CTBOPEHHS BHUCO-
KOe()EKTUBHHX CHCTEM ABTOMATHYHOTO KEPYBAHHSA HENIHIMHUMH TEXHOJIOTTYHUMH
MPOLIECAMH 3 THTEIIEKTYaIbHUM TIPOTHO3YBAHHIM.

InTenexktyasbHa ouinka ctany OK
[TpoGaema omepaTHBHOCTI KOHTPOIO B PaMKaX CTBOPEHHS CUCTEM aBTOMATH-
3amii Moske OyTH BHpIlIeHA NIIIXOM MPOTHO3yBaHHS (Ha HEOOXITHWH THTEPBAN BHIIE-
PEIUKCHHS) 3HAYEHb TEXHOJIOTIYHHX 3MIHHUX 3a iX OTPUMAHHMH Y MHHYJIOMY 3Ha-
YEHHSIMH, 100 3AIMCHIOETHCS 33 JOMOMOTOI0 MPOTrHO3YyI0UHX QinbTpis (I1D).
Cdopmymroemo 3amady MPOTHO3YBAHHS 3HAYEHD TEXHOJIOTTYHOI 3MIHHOI y 3a-
TaJIbHOMY BHTJIA1 I JUCKPETHOTO Yacy:

Z (ktn] = P2 Z - m) H(Z k1 IV [k 2 K} ©)

ae {Y[ K] ,u[ K] ,W[ k] }i Z[ k] ; Z*[k+n] — BCKTOpP MPOTHO30BAHUX 3HAYCHb TECXHO-
JIOTTYHOT 3MIHHOI Ha IHTEPBAIl BUNICPEIKCHHS N; Z[ - m] — BEKTOP 3HAYCHb YacOBO-
ro psijly mapameTpa 3 IITHOHHOK naM'saTi M; Z[ | — BEKTOP 3HAYeHb NepeicTopii na-
pameTpa, Jd — MHIHHO He3aNekH1 QYHKIII, MO XapaKTEPH3YIOTh BIACTHBOCTI Yaco-

BOro psny; V[ — Oina rayccosa mocmigoBHicTs; @7 — ysaraapHeHa (yHKuUis nepe-

* .
TBOPEHHS (METOJ, aITOPUTM); & — BEKTOP MapaMeTpiB.
[IporHo3yBaHHA MOKE€ BUKOHYBATHCS, HAMPHUKIAM, 32 KPHTEPIEM MIHIMYMY
MOXHOKH TIPOTHO3Y:
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a :Z*[k+n] - Z[k+n]® min opu N =Ny, (4)

e Z[ k+n] — peanbHl 3HAYEHHS TEXHOJIOTTYHOI 3MIHHO1; N;p9 — 3a/1aHE 3HAYCHHS 1H-

TepBay BUIEPEIKECHH.
Po3B’ s13aHHs 3ama4i MPOrHO3yBaHHA (3HAXOKEHHS y3aranbHeHoi GyHKuIii D5

. . * - *ae

1 mapaMeTpiB @ ) MoNATae B IHTEPMOIALIi YacOBOTO pALy (3a JOMIOMOTOK0 ATPOKCH-
MYFOUUX (PYHKIIH) 1 eKCTPANOJSII] 3HAYEHb PAAY HA MaWOYTHE 3a HOTO MOTEPeTHIMA
3HAYCHHSMH BIAMOBIIHO 10 XapaKTepUCTHUHHX (PyHKIiH J( Z[k] ) 3 MeToro 3a6€3-

TIEYEeHHA BUHOPAHOTO KPUTEPIFO €PEeKTUBHOCTI.

Posrmsiremo mporiec cuaTedy [P 3 BUKOpHCTAHHAM METOIIB MITYYHOTO 1HTE-
nekty. OiTbTPH, CHHTE30BaHI 32 MPUHIIUIIOM CAMOOPTaHi3allii, BIATBOPIOIOTH CXEMY
MacoBOi ceNeKmli 1 peai3yloTh aITOPUTMH METOAY TPYIOBOTO YPaxXyBaHHS apTyMeH-
tis (MI'YA) [6]. Bonu maroTe reHepaTopu KOMOIHAIIH, IO YCKIATHIOKOTHCS BT ps-
Ay 10 pAXY, 1 TPAHUYHI MPUCTPOI BimOOpy Kpammux 3 HuX. [loBHUE omvic mogaeTses y
BUTJIAII PAIB YACTKOBUX OMHUCIB. YaCOBUH pAI anmpOKCUMYETHCS, HATIPHUKIA, TIOTI-
HOMIaJTbHUMHY YaCTKOBHMH OTTUCAMH, K1 TIPH MPEICTABICHH] 3HAYEHD YaCOBOTO PIAY
Z[] Y BUIJBLII OKPEMHX 3MIHHHX SBIIOTH COOO0 KIHLIEBO-PISHHULEBI PIBHSHHSL.

[HmuM migxogom s ctBopeHHs [1D € BUKOpUCTaHHS HEWPOHHHUX MEPEk, O1-
JBINICTD MOJIETIEH TKMX BUMArar0Th HABYAHHS, IO ABJIIE COOOK0 3a7ady OaraTOBHMI-
pHOi ontuMizanii. [y ii po3B’ i3aHHS BUKOPUCTOBYETHCS ACKITbKA aNrOPUTMIB [7].

Po3BuTKOM HEHPOMEPEIKEBUX TEXHOJOTIH € TiOpumHi Hehpomepexkesi 11D 3
HEYITKOIO JIOT1KO¥O, IO SBJISIOTh COO0I0 HEHUPOHHI MEPEK1 3 UITKUMHU CHTHAIAMH, Ba-
ramMu Ta aKTHBAIIWHOIO (PYHKITIEIO, alle 3 iX 00'€THAHHAM TIIIXOM BHKOPHCTAHHS He-
YITKUX MHOKCHB, TOJIaBaHb YH 1HIIKX onepariii [7].

3a mpuknaa, omiHUMO e(eKTHBHICTH [ID TakuX TEXHOJIOTIYHUX 3MIHHHX J0-
MEHHOTO BHPOOHHMIITBA, K PIBEHb PO3IIABY JOMHHU Ta BMICT KPEMHIIO Y YaBYHI 32 iX
YaCOBHMH peati3aliiMy, OTPUMAHUMHU B YMOBaX METAIYPrifHOTO KOMOIHATY «A30B-
CTAIb».

JUIt KO’KHO1 TEXHOIOTTYHOT 3MIHHOT 32 TOTTOMOTOI0 CTAHAAPTHUX MPOTPAMHHUX
3ac00iB Oynmm po3paxoBani HacTymHI [1D:

1) minifiHu# anantusHui [1®, peKypCUBHHUI 3 KOB3HHUM 3ITIaKyBaHHAM;

2) ueupomepexkepuii [1D Ha ocHOBI BeiiBeTy (HEHPOHHOI Mepexi 13 QyHKI-
€10 aKTHBAIIi y BUTTISI BEUBIIETY);

3) riopunauii [1D y BUrIsSII aJanTHBHOT HEMPOHHOI CHCTEMH HEYITKOTO BH-
CHOBKY CTPYKTypH CyreHO ¥ J3BIHOTOAIOHOIO (PYHKITIEIO HAJIC)KHOCTI.

PesynbpTat po3paxyHKy MOXHOOK MPOrHO3Y & (4), HOpMOBAHHUX 3a Jiana3oHa-
MU BIJMOBITHUAX 3MIHHHX, TMOKA3aJI, IO 1HTEJeKTyanbH1 [1D MaroTh MeHITy OXHO-
Ky nporrosyBanHsa (Ha 10 TaktiB Bnepea) texHojoriyaux sminaux (0,072...0,205
BiZ. 01.), Hik nmiHidHUEH [1® (0,075...0,344 Bix. oa.), 1 HE BUMArarOTh 3HAYHHX BUTPAT
Yacy Ha JAOCITIDKEHHS TPOTHO30BAHUX MPOLIECIB.
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InenTudgikauisa OK y knaci iHTenekTyalbHHX NPOrHO3YOUYHX MoAeei
Chopmymoemo 3amauy imeHTHikamii OK y Takmii cmoci6. Ha ocHOBI ekcrie-
PHMEHTANIBHO OTPHMAHMX MHOKMH (DYHKUIH (YacOBMX pA/iB) 30ypeHb W], Kepy-

BaHb U] 1 BHXOAIB Y[ ] B yMOBax 3aBaj @[ k] BU3HAYUTH CTPYKTYpY (y3arambHe-

Hy QyHKIif0 @) i BeKTOp mapameTpiB a mogeni (2), mo aocuTh T0uHO (Y CEHCI Je-
AKOTO KpUTEPiro) anpokcuMyioTh OK BITHOCHO BXITHHX 1 BHXITHHUX BEJIHYHH YCHOTO
(YHKIIIOHATTEHOTO TIPOCTOPY.

Sk Mmipy TOYHOCTI ineHTH(IKANIT (KPUTEPIIO0 ONTHMI3ALii OIIHIOBAHHS CTPYK-
TYPH 1 MTapaMeTPiB MOJEII) MOKHA TPUHHATH KPHTEPIH MIHIMyMY TIOXHOKH MIK €KC-
MEPUMEHTATIEHUMHU Y[* k+n] W PEaJbHUMH 3HAYCHHAMH BEKTOPA Y[ +n] BHXOAY MO-

nem (2)

a:‘

Y[*k+n] - Y[k+n] ® min ®)

P JOTPUMAHHI OOMEKEHD Ha 3HAYEHHS (PYHKIIIOHAIBHOTO TIPOCTOPY.

Bukonaemo imeHTH(IKAIIIO MPOTHO3YIOYHX MOJENEH TPOIECY KPYMHOKYCKO-
BOTO JPOOJICHHS 32 €KCIIEPUMEHTAJIBPHIUMH JTaHUMHU. 30yPEHHIMH TPOIIECY €. cepea-
HBO3BAXKEHA KPYMHICTH 1 MIIHICTh BUXITHOI PYAH, KEPYBAHHAM — IIHPHUHA PO3BAHTA-
’yBanbHOT mimuau Apodapku KKJI-1500/180, a Buxogom — BmicT kiacy +100 mm y
ApoOmeHiH pyl.

3a JOMOMOTOI0 CTAaHJAPTHHX MPOTPAMHHX 3ac001B Oyl PO3paxoBaHl Takl
MPOTHO3YIOY1 MOJICITI:

1) moxenms camoopranizaiiii 3a MI'YA 3 0araTopsiIHOKO CENEKITIE 1 KOMOiIHA-
TOPHHUM TIEPEOOPOM KOBAPHAIIIMHUX YACTKOBUX OIHCIB,

2) HEeUpOMepe:KeBY MOJENb Ha OCHOBI KACKaAHOT HEHPOHHOI Mepexi i3 CcHr-
MOIATBHOKO (PYHKIIEFO aKTHBALI,

3) ridpunHy Monenb cTpykTypu CyreHo i3 A3BIHOMOMIOHOK (PYHKIIIEIO Hale-
JKHOCTI.

OTtpuMaHi 3HaYECHHS BITHOCHOI TOXUOKH CKITANIK. IS MOAENI caMoopraHizamii 6,5
%, neripomepeskeBoi Moaem — 4,3 % 1 TiOpuaHOT MOJIEN! 3 HEUITKOKO JTOTiKOK0 — 4,1 %.

CuHTe3 ONMTUMAJILHOTO KePYyBaHHSI

OCHOBHOIO TEPEBAror METOMY CHUHTE3Y ONTHUMAIbHOTO KepyBaHHA 3a OVYP €
MOJKJIMBICTh HOTO €(PeKTUBHOTO BHUKOPHCTAaHHA 1A icToTHO HemiHiMHuUX OK. Ilpm
HBOMY aNTOPHTM CHHTE3Y ONTHMAIBHOTO KEPYBaHHS 3 MPOTHO3YIOUOK0 MOJIEIUTIO BK-
JFOYAE TaK1 OTepanii:

1) omiaky motoyHoro ctaHy OK y THCKpeTHI MOMEHTH 4acy, 0 BiANOBia-
I0Th TOYATKY YEProBoro inTepsany Gpopmysanns kepysannsa [ K;] ;

2) mporHo3yBaHHsA BibHOTO pyxy OK Ha iHTepBami onTumisanii KepyBaHHS
[Kj.Kjeals

3) oOuucnenns rpagienrta 3miau ninbosoi Gpyukuii V(X[ k],K) xns norouno-
ro ctany OK;
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4) dopmysanus curnany kepysanns Ugpt[ Kjiq]

KonkpeTHi MOKITHBOCTI i OOYHCITIOBAIBHI BHTPATH 3aJI€KaTh BiJ BUOPAHOTO
BapiaHTa aIrOpPUTMY 3 MPOTHO3YIOUOI0 MOJEIUT0. Tak, HAMPUKIaa, aqrOpUTM 13 YH-
celbHUM  AudepeHmitoBaHHAM mojsirae  [3] B OOYHCIIEHHI IiIOBOI  (YHKIT
V(X[ k],k) Ha mporHozoBanomy 3a momomoror moneni (2) pyci OK y mpuckopeHo-

My 4acl 3 HACTYIHHM YHCeIbHUM audepeHmiroBaHHsaM el ¢ynkmii. Ha ocHoBi
OTPUMAHHX MPOTHO31B O0UHCIIOIOTH (PYHKINIO BUTIISAY

kj+r—1

V(K )=V, (kD) * & QUIKIK): (Y Wi 3 Xkl (©)
k:kj

1 MIJIIXOM X YHCENBHOTO AU EPEHIIFOBAHHSA BU3HAYAIOTh OTITUMAJIbHE KEPYBAHH:
— — T
Uy, = Uopt(Kj+1)=- K{TV(Kk; )/ X[ k; T} (7)

ne K — Mo3uTHBHO BU3HAUEHA MATPHILI 3aTaHUX KOS(IIIEHTIB.

B anropurmi 13 CHHXPOHHUM AETEKTYBAHHSIM Baplalil0 MOYATKOBHX YMOB 1
MPOTHO3YBAHHA 32 MOJAEIUTIO (2) 3aMIHIOIOTh IIBUAKO3MIHHHMH BapialisMH OPTOTO-
HampHUX QyHKIIH Bomma °X[ K] B mporeci mporHo3yBaHHS 3 00pPOOKOK0 CHTHATIB
3a MIPHHIAIIOM CHHXPOHHOTO JETCKTYBaHHS [3], 1[0 3HAYHO CKOPOYYE KITBbKICTH 00-
YHUCIIEHb.

UucenbHe iHTCTpyBaHHS Momeni (2) 3mMIHCHIOETbCS TPH INTYYHO MaHX
30ypeHHAX KOKHOTO KOMIIOHEHTA CTaHY 3a JOMOMOTOK0 CBOIX KOAOBHUX rpyn Bomma.
MHOKEHHS Ha T1 caMi KOJOBI TPy KOMIIOHEHTIB MPOTHO30BAHOTO BITBHOTO PYXY
(du/dt=0) Tta ycepenHeHHs 3a0e3neuye BH3HAYCHHA TOJOBHOI YAaCTHHH

¢yHKkmioHana (6) Ha MPOTHO30BAaHOMY Pyci 1 GOpPMyBaHHS BEKTOpPAa ONTUMAIBHOTO
KepyBaHHs (7) HA YEPTOBHIA IHTEPBAJ ONTHMI3aLlii.

ApanTauisi B iHTe/IeKTyaJbHUX CUCTeMaX ONTHMAJIbHOI0 KepyBaHHS

HecramionapuicTs 1 croxactuuHicTh OK, a Takoxk BIACYTHICTH MOBHOI 1HGOP-
Malii o0 PEKUMIB HOTO POOOTH MOTPEOYIOTh BUKOPUCTAHHSA B CUCTEMAaX KEPyBaH-
HS CKJIATHAMH TEXHOJIOTTYHHUMH TIPOIECAMH AJITOPUTMIB aJanTaIlli MOJeNeH 1 3aK0-
HIiB KEPYBAaHHI 10 PeaJbHUX YyMOB (PYHKIIOHYBAHHS.

Crpykrypa amantusHux ontuManbHux CAK BH3HAYa€ThCS NMPUHIOUIOM (TEO-
pemoto) mominy [3, 4]. BinmoBigHo 10 HBOTO TaKi CHCTEMH CKIIaJAIOTHCA 3 ONTHMA-
JHHOI TICHCTEMH OIIIHIOBAHHS ¥ 1MeHTH(IKAIIT Ta TACUCTEMH ONITUMAIIEHOTO KEpPY-
BaHHSA, MOOYIOBAHOI 11 YMOB TOYHOTO BUMIPY BEKTOPa CTAHY 1 BEKTOPA MapaMeT-
piB, aje MPU BHKOPHCTAHHI OLIHKU WX BETWYUH (BUXITHUX CHTHAIIB MiICHCTEMH
OLIHIOBAHHS # iAeHTH(IKALIIT).

B amanTtuBHIN cucTeMi KepyBaHHS 3 MPOTHO3YIOUOK MOJEIUTI0O Ha KOKHOMY
UKl KEPYBaHHS TOCIIIOBHO BUPIMMYIOTHCS JBl ONITHMI3AIIHHI 3a1a4i:

1) Bu3HAYEHHS ONTHMAIBHHUX (Y CEHCI BUOPAHOTO KPUTEPIIO OLIHKA ¥ 1I€HTH-
¢ikarii) koedimieHTiB a 1 cTpykTypu @ moxaeni (2);
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2) CUHTE3 ONMTHUMAaJbHOrO KepyBaHHA (y ceHCl BHOpaHOTo (pyHKIiOHAIa Kepy-
BaHH#) 3a aJaNTOBAHOK MOJCIUTIO (2).

[Tpu bomy ontumanbhe B ceHci @YP (1) kepyBaHHA CTOXaCTHYHHM MPOIIE-
coM (2) B yMOBaxX HEKOPEIbOBAHOCTI WUTbOBOI (PYHKIT 1 MOXHOOK OINHKH
(&5 >@ 1 F» 0) moxe OyTu mpubAM3HO OTpUMaHe [3] AK ONTHMAbHE KEPYBAHHS
JACTEPMIHOBAHUM TMPOIIECOM 3 TOYHHM BHUMIpPOM BekTopa cTany X[ K] muisxom 3ami-
HM HOro AjicHOro 3HaueHHs Ha ouinky X[ K] = Ey{x[k]}. Orpumani Taxum mns-
XOM HAOJIKEH1 PIMICHHS TUM TOYHIINI, YMM BHIIE TOYHICTH OLIHIOBAHHS, TOOTO YHUM
menme X[ K] - E[ k]|

ApnanTamis € pi3HOBHIOM KEPYBAHHA 1 MOJIATAE Y HUIECHPAMOBAHIA 3MIHI Ke-
pyrounx (GakTopiB CHCTEMH AN MATPUMKH €KCTPEMYMY 3anaHoro (QyHKIIOHATA. Y
HAIOMY BHIAJKY 10 MHOKWHH Kepyrounx (akropis aganrarii 3rimao 3 (1) i (2) cnig
BIIHECTH.

1) npu napameTpUYHIN amanTaiii

Ap ={a,Ugpt }; (8)
2) TpH CTPYKTYPHO-TIAPAMETPHUYHIN amanTamii
As ={a,D,ugy } 9)

JIJi anropuTMiB TIapaMeTPUYHOI aJanTailii BEeKTopa mapamMeTpiB a mojuen (2)
(ouinka i ineHTH}IKALIL) | ONTUMANBEHOTO KEPYBAHHA Ugy 32 LIEI0 MOJEIIO B CEHCI

MIHIMyMY TIPUHHATOTO (PYHKIIIOHATA MIHPOKO BUKOPHUCTOBYIOTh TPATIEHTHI alTOpH-
™ [3]. Ix igzes nmondrae B ToMy, IO MIBUAKICTH 3MIHHM MAPAMETPIB, AKi aJaNTyIOTh,
MPONOPLIHHA TPAIIEHTA TOIOBHOI YACTHHH BUOPAHOTO (PYHKIIOHANIA Y TIPOCTOPI LIHX
napaMeTpis:

Akl =80k ] - Ky ®gQ{ Vi) Vi k), (10)

ne Al k j+1] — ouiHKa BekTOpa MapaMeTpiB, MO ATANTYIOTh, HA HOBUH iHTEPBAN Ke-

pyBaHHS, N g =(1/ ﬂgl )T — CUMBOJI IpajieHTa; Kq,—3amaHa MaTpuus KoegilieHTIB.
[pu peanizanii napameTpudHoi agantaiii moaeni (2) srigxo 3 (10), onTumanb-
He B 3MmicTi @Y P (1) kepyBaHHS 32 TPOrHO3YIOUOK MOS0 (2) BU3HAYAETHCS SIK

Ugpt [ Kje1] = - Ko >0/ KL K TV, (ALK 1] + %o, kLT, @

k=k,

ne {ﬁ k] ,\1{/[ K] 1 )([ kj ]; K,—3anana matpuns xoediuieHTis.
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Jltst yucenpHOTO AMEepEeHIIOBAHHS TOJIOBHOT YaCTHHH (PyHKIIOHANA y BUpPaA-
3ax (10), (11) naiiOinbin e()eKTUBHUMH € ANTOPUTMH CHHXPOHHOTO JETEKTYBAHHS U
0 -aITOPUTMH, IO BUKJIaICHI, HATIPUKIIA, Y poooTi [3].

Jlo mepeBar po3riasHyTHUX IPATIEHTHUX aJITOPHTMIB BITHOCATH MPOCTOTY 1 IIBH-
JKOJIIO0, & IO HEJIOMIKIB — BUCOKY HMOBIPHICTh 3aBUCAHHS B JIOKAJTBHUX €KCTPEMYMaxX
MIPH MOJIIMOAATBHUX (PYHKITIOHATAX.

HaedexTuBHIIMAM METOOM PO3B’ SA3aHHS ONTHMI3AMIHHUX 3a7a4 TIPH aJarnTa-
il CTPYKTYpPH 1 MapaMeTpPiB CHCTEMH KEPyBaHHA € MOonIykosi [5, 8]. ¥ Hux mpomec
MOIIYKY CKJIaJAETHCS 3 TIOBTOPIOBAHUX €TAIB, KOXKHUH 3 AKUX ABIIAE COOOFO TIEPEXINT
BiJl OTHOTO PIlIeHHs 10 1HIMOro (Kpamoro), Mo W yTBOPIOE TPH MiHIMi3amii §yHKI-
OHaJjia MPOoIeIyPy MOCTIIOBHOTO MOJIIIICHHS piieHb (9):

J[A(N+1)] <J[A(N)] . (12)

[Ipuknagamu peanizanii MOMIYKOBHX METOMIB € aJTOPUTMHU MPAMOTO BHIIAIKO-
BOTO MOINYKY, TEHETHYHI aJITOPHTMH Ta AITOPUTMH iMiTalii Bignamy [9].

SAx mpuknaa, po3TATHEMO MAPAMETPUYHY AJANTAII0 MPOTHO3YFOYOi MOJEN
MPOIIECY KPYMHOKYCKOBOTO APOOJICHHS, IO paHime iAeHTH(IKOBAHA HAMHU 3a TIPHH-
IATIOM CaMOOPTaHi3aIlii.

3a JOTIOMOTOI0 TIPOTPAMHUX 3aC001B OyjIa BUKOHAHA ajgamnTariis KoeiIleHTiB
miei Moen:

1) CUMIIIEKCHHUM METOJOM KOB3HOTO JIOMYCKY 3 OOMEKEHHIMH,

2) TCHETUYHUM QITOPUTMOM 3 OJHOTOYKOBHM CXPEHICHHSM, CEJIEKTHBHUM
BHOOPOM OaThKIB Ta ()OPMYBAHHAM HOBOI MOMYMALI 13 BATHCHEHHSM;

3) MeTOaOM IPSMOTO BHIAAKOBOTO MOINYKY 3 aJaNTallieio (MPUCKOPIOBAYEM)
KPOKY TIOIIYKY.

Kinekicts iTepamiii (s ['A — mokonine) oomexysanacs a0 150, a po3mip
mpocTopy momyky (monynsmii) — 70 20. Sk Mipy TOYHOCTI amanTailii BAKOPHUCTOBY-
BaJIM KPUTEPIH MIHIMYMY BIZHOCHOT TIOXHOKH.

OTpuMaHi 3HAYCHHS BITHOCHOT MOXHUOKH MOJIEI CKIIAIH. JIJIT METOIY KOB3HO-
ro gomycky 6,5 %, reHeTHaHOTO anroputMy — 5,4 % 1 METOAY MPSMOTO BUIIAJAKOBOTO
nmomyky — 5,2 %. CratucTudHa TIepeBipKa 3a HEMAPAMETPUYHHM KPHUTEPIEM 3HAKIB
mokasana, o s pisHsa 3HauymocTi 0,05 mporHo3yro4i Mojeni 3 koedilieHTaMHu, K1
aJanToOBaH1 TPhOMA HABEJACHUMH METOJAMH, aICKBATHI THHAMII PEaIbHOTO TMPOIIe-

cy.

BucHoBku

Bukonani nocmikeHHS 0OTPYHTOBYIOTH 3aMMPOTIOHOBAHHMM TIAX1 OO0 TMO0Y-
noeu CAK 31 CKIaTHAMH TEXHOJNOTTYHUMH TPOIECAMH HA 0asi 1HTEIEKTYyaTbHOTO
MPOTHO3yBaHHA. TakWi MiaXia J03BOJISIE 3HAYHO 3HU3UTH BapTICTh TOOYAOBH Ta MiJ-
BHIMUTH €()EKTHUBHICTh IIUX CHCTEM, OCKUTBKH HE MOTPeOye pO3pOOKH TOUHUX MO/IE-
neit OK Ha eram npoextyBanHs. CHHTE3 KEPYBaHHA 3J1MCHIOETHCS 33 THTENEKTyalb-
HUMH TPOTHO3YIOYHUMH MOJEIIIMH, K1 aJanTyoTh y poueci ¢pyakmionysanHs CAK.
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Pe3ynbpraté po3paxyHKiB, IO BHKOHAHI 13 3aCTOCYBAHHAM MAKETIB MPHUKIAI-
HUX TIPOTPAM CHHTE3Y IHTENEKTYaJbHUX MPOTHO3YIOUHUX CHCTEM KEPYBAaHHSA, MIATBE-
pArIH epEKTUBHICTH 3aMPOMTOHOBAHOTO T1AXOIY.

Pazom 3 muM, OCKITbKH BHOIP alrOPUTMIB aAaNTallli MOBUHEH 3IHCHIOBATHUCS
BHUXOJISTYH 3 BJIACTUBOCTEW BHOPAHOTO (PyHKINIOHANA, TO MOAANBINT JOCIIKEHHS Ma-
0Th OyTH CIIPIMOBaHI Ha BU3HAYEHHSA OCOOTMBOCTEH TIMEPMOBEPXHI (PYHKIIOHAIIB
KEePYBaHHA KOHKPETHUX TEXHOJOTTYHHUX MTPOLECIB.
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WIEHTUOUKAIIASA PEXKUMOB PABOTHI HEJTUHENHBIX
MPOIECCOB PYJIONOATOTOBKH

Beeaenue

OcOoOCHHOCTBIO HETMHEHHBIX MPOLIECCOB PYAOMOATOTOBKH (APOOICHUS H W3-
MENbYCHHSA) ABIAETCS HATHYUE B HUX PA3TUYHBIX TUHAMHYECKUX PEKHUMOB PAOOTHI.
310 00YCIOBIMBAET HEOOXOAUMOCTh PEIICHHS 33/aYd HACHTU(HUKALMHA YIPAaBIIsie-
MBIX MPOLIECCOB HE TOJNBKO Ha cTaauu npoekrupoBanus ux ACYTII, Ho u B mpouecce
(PYHKIIHOHHPOBAHUS 3THX CHCTEM.
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