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Beryn

3apa3 po3BHBAETHCS OLTBIN YCKIIaTHEHA CTPYK-
Typa CHCTEMHU IHTENeKTyalisalii OyAiBeJIbHO-
nopoxHix MamuH (B/IM). OcHoBHUMHU TijicHC-
TEMaMH TIi€l CTPYKTYpH €: MiJCUCTEMA BHCOKO-
HIBUJKICHUX KOMIT IOTEpPHHUX MPUCTPOIB; MiICH-
cTeMa iHpOpMaLifHUX BUCOKOTOUHHUX CEHCOPIB;
miJcucTeMa MaTeMaTHYHUX MOAENeH onTumisza-
i mapaMeTpiB Ta peXUMIB pOOOTH MAITHH.
KoxkHa 3 1ux migcucteM xXapakTepH3yeTbcs Ha-
0OpOM TPOrpaMHO-TEXHIYHOTO 3a0e3MeveHHs 3i
CBOIMH BHMOTaMH IOAO0 (YHKIIIOHYBaHHS Ta
eKCIUTyaTarfii.

KonuenTparist OyniBensHO-A0pOKHIX poOiT BU-
Marae 3aCTOCYBaHHsS BHCOKOIIPOJYKTUBHOI TeX-
HIKH. 3 OTJISAIy HA BHUMOTH MO0 TabapuTIB ITHX
MaIlliH, eKCTEHCHUBHI NUISIXU IXHBOTO BIOCKOHA-
JIIOBaHHS TiNBKHM 32 PaxyHOK IiJBUILEHHS IO-
TYKHOCTI TIPUBOMIB Ta MIITHOCTI KOHCTPYKITiH
HE MOXYTh 320€3MEeYNTH 1CTOTHOI'O 3POCTaHHS
MOKa3HUKIB €(peKTHBHOCTI.

OmanM 3 eeKTUBHUX IUIAXIB yIOCKOHATIOBAH-
Hs bJIM € BIpOBaJKEHHS MEXATPOHHUX MPUH-
IIUTIIB TIPOEKTYBaHHA [2, 3], 10 BUMAarae pimreH-
HS aKTyaJbHOi HayKOBOI 3a71adi CTBOPEHHS TEO-
pii pobounx mponecie B/IM sk MexaTpoHHHX
CHUCTEM.
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Anauni3 myoJsikami

PosBuTok cucrem kepyBanHs bJIM oOymoBiieHO
301IBIIEHHSIM KUIBKOCTI JAaTUMKIB, MOJICPHI3AIIil
W yCKJaJHEHHS CTaHIAPTHHUX aJrOPUTMIB KEpy-
BaHHS CKJIATHAUMH pPoOounMu omnepaisiMma bJIM
[1]. Cnocrepiraerbcsi iHTErpaiis aJropuTMid-
HUX METOJIIB KEPYBaHHS CKIAJHUMU 00’ €EKTaMH
H# METOMIB IITYYHOTO IHTENEKTY JUIS 3aBJaHb 3
HEBH3HAYCHICTIO BUXimHOI iHpopmarmii [2]. o
TaKWX 3aBJIaHb MOXKHA BiJIHECTH: OI[IHKY CUTYya-
11ii; TPOTHO3 TOBEIIHKA 00’€KTa B INTATHOMY
peXHMMIi Ta PO3BUTKY aBapiMHUX CHUTYAIlild; CHH-
Te3 1 OLIHKY MOXJIMBHX Jiil omeparopa i BHOIp
Halikpamux [3]. BiAMiHHOIO pHCOIO iHTENEeKTYya-
JTHHUAX CHCTEM € 3JaTHICTH JIO0 TUIAaHYBaHHS I0-
BeIIHKM, ajganTaiii i HaB4yaHHs [4]. Po3BuBa-
I0THCSl Ta BIPOBAKYIOTHCS MEPEKOIECHTPUYHI
TEXHOJIOTii B €(EeKTUBHOMY CYIPOBOJI TOPOXK-
HBO-OyAiBeIbHOI TeXHIKH [5].

MeTta i nocTaHOBKA 3aBAaHHA

Meroro poboTH € TiABUINCHHS €(PEKTHBHOCTI
ynpaBiiHHs OyIiBEeNbHO-I0POKHIMH MalIHHAMU
3a paxyHOK MPOEKTYBaHHS Ta PO3pOOKHU iHTele-
KTyajabHOI cucTeMu ynpaBiiaas bJIM.

Jnst mocsrHEeHHsI IOCTaBIeHOT METH HEOOXiIHO
NPOaHaNi3yBaTH TUIIOBY CTPYKTYpPY iHTEJEKTya-
JIbHOT cucrteMu ynpamimiHHS BbJAM, BuzHauuTH
OCHOBHI MOJyYJI, MpoaHaji3yBaTH iCHYIOUi iH-
CTpYMEHTaJbHI 3aco0M peaii3amii Ta BUCYHYTH
BHMOTH, IITOJI0 X QYHKITIOHYBaHHS.

OcHoBHMIT MaTepian

CtpykTypa iHTenekryanbHol cucremu BJIM vy
HAMOUIBII KITACHYHOMY BUTJISIII Mae TPU PIBHI.
HwxHiil piBeHb BBE/ICHHS/BUBEACHS CKIIAA€Th-
¢S 3 IaTYMKIB, BUKOHABYMX MexaHi3MmiB. Cepe-
Hill piBeHb CKIaacTbcs 3 KOHTPONEpiB. IxHe
3aBlaHHS — OOpOOWTH OTPUMaHi JaHi, BUIATH
KepyBaJIbHHUI BIUTHB, TIEpeaTH aHI Ha BEPXHIii
piBeHb. Ha BepXxHBbOMY piBHI po3TamioBaHi cep-
Bepu 0a3 JAaHUX 1 OMEepaTOpChbKUX CTaHIIH, 3a-
BIAHHS SIKUX HaJaTH JIFOIWHO-MAIIMHHUHN 1HTe-
pdetic omepaTopoBi ¥ 3iHCHIOBaTH OOMIiH i3
CEPBEPOM 1 MPOrpaMyBaIILHUMU JIOTTYHUMH KO-
arponepamu (IJIK). Ctpykrypa iHTEeneKkTyasb-
Ho1 cucremu bJIM nipeacrapiena Ha puc. 1.

MexaTpoHHUH MiAXiA MPUIYCKAae BUCOKUM CTY-
MiHb IHTETparii MEXaHIYHOi, eIeKTPUYHOI, TiI-
PaBIIiYHOI, €NeKTPOHHOI ¥ iH(popManiiHOI mia-
cucteM y koHCcTpykiii BJIM [1]. Takum unHOM,

MallliHa TOBMHHA MNPEACTABIATUCS K CYKYyI-
HICTh B3a€MO3AJICKHIX BHKOHABYMX MEXaHI3MiB
Ta 0a30BUX KOPITYCHUX €JIEMEHTIB KOHCTPYKITii,
IO 3MIHIOIOTH CBOE IMOJIOKEHHS B IIPOCTOPI i
JIEI0 TIPUBOIIB 1i CHJIOBHX CHCTEM Y pE3yJIbTaTi
KOMIT'IOTEpHOTro KepyBaHHA. IlpuHumnu xepy-
BaHHS IMOBUHHI OyTH 3aKJiaJieHi B CUCTEMY iHTe-
nekry B/IM [2] — nporpamue 3a0e3neueHHs 60-
PTOBOIO KOMIT'IOTEpa sl PILIEHHS 3aBIAHHS
OaraTokpuTepiasbHOI  omTHMI3amii  poOoUoro
LUKy 332 KPUTEPisSMH MPOILYyKTHBHOCTI, EHEPro-
CIIOKUBAHHS W HAAIHHOCTI 3 ypaxyBaHHSIM 00-
MEXYBATHHUM (aKTOPiB, a TaKOX IIPOTHO3Y-
BaHHS BiIMOB €JIEMEHTIB HAa OCHOBI ITOTOYHUX
JaHUX TIpO TMapaMeTpH, IO XapaKTepUsyloTh
CTaH €JIEMEHTIB MAaIlWHKU ¥ BIACTUBOCTI 30BHi-
IIHBOTO CEPEAOBUINA, 3aBJaHb, OJEPKYBaHUX
BiJl omepaTopa i 30BHIIIHBOI KEPYBAJIBHOI CHC-
TEMH.
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Puc. 1. CtpykTypa IHTEIEKTYyalbHOI CHCTEMH
BIM

CencopHa
cHCTeMa

Cucrema intenektry BJIM BUKOHye HacTyIHI
3aBJIaHHS: aJlaNTHBHA ONTUMI3allisg pPoOOUUX
nporeciB migacuctem bJIM; omiHka mpamne3gat-
HOCTI BUKOHABYMX MEXaHI3MIB — aHali3 BiAIo-
BIZTHOCTI TEXHIYHIN XapaKTePUCTHUIll TTOKa3HUKIB
BUKOHYBAaHHX OIEpaliii 1 TEXHIYHOTO CTaHy
€JIEMEHTIB KOHCTPYKIIil MaIllMHM, MPOTHO3YBaH-
HS 3aJIMIIKOBOTO PECYPCY €JIEMEHTIB KOHCTPYK-
uii bJIM Ha miacraBi aHanilzy HaBaHTaXeHb 3a
BeCch Yac 11 (yHKIIOHYBaHHA W icTopii 3aMmiH
BIIMIOBIIHUX BY3IiB; 30ip JaHUX MPO apameTpu
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po0ouunx TMpOLECiB i BiAMOBU €JIEMEHTIB KOHC-
Tpykuii BJIM; y3romkeHHs pobodoro mporecy
MaIuHu 3 (QYHKIIIOHYBaHHSM iHITIOTO BCTaTKY-
BaHHS KOMIUJICKCY MalluH; 3a0e3nedeHHs 0e3-
MKW eKCIUTyaTallii MallnHy.

Ha ocHOBI chopmynboBaHUX 3aBIaHb i3 ypaxy-
BaHHSM OCOOJMBOCTEH pPOOOYOro  MpoLecy
BJIM, no cucteMu iHTEIEKTY MAIlluHU Ipe.’ sB-
JISTFOTHCSI HACTYITHI BUMOTH:

— BIIKPHUTICTh — MOXKIIUBICTH JOTTOBHEHHS K KO-
pPETTYBaHHS AJITOPUTMIB POOOTH CHCTEMH IHTE-
JICKTY BiJITIOBITHO JI0 PO3B’sSI3yBaHUX 3aB/aHb;

— OaraTo3ajayHicTh — mapajielibHe BUKOHAHHS
AJTOPHUTMIB PIlIEHHS AEKITHLKOX 3aBIaHb;

— CTIMKICTh 10 KOH(JIIKTIB 3aBAaHb — KOPEI'THE
BiZNIpanbOBYBaHHs CYNEPEWIMBHX pillleHb Pi3-
HHX 3aBJaHb CUCTEMH IHTEIIEKTY;

— CTIHKICTh 10 BIAIMOB JaTYMKiB — MaKCUMAaJIbHO
MOXIIMBE 30€pekeHHs Mpale3AaTHOCTI MalluHN
MIPH BUXOJIi 3 JIAAy IHTETPOBAaHUX EJIEMEHTIB;

— CAaMOHAaBYaHHS W aJalTHUBHICTH — KOPEKTY-
BaHHS [[il CHCTEMH IHTENEKTY 3 YypaxyBaHHSIM
ictopii podotu B/IM B ymMoBax MiHIMBOIO 30B-
HIITHBOTO CEePEIOBHIIA;

— MOJIyJIbHA CTPYKTypa — alroput™M (QyHKIiOHY-
BaHHS CHCTEMH IHTEJIEKTY MOBHHEH CKIaJaTHCs
3 MaKCUMaJbHO HE3AJISKHHUX (YHKIIOHAIBHO
3aBEPIICHUX MOJYJIB, KOXXHHUH 3 SKAX BiIITOBI-
Jla€ OKPEMOMY PO3B’sI3yBaHOMY 3aBJaHHIO;

— poboTa B pealbHOMY 4aci — B3a€EMOJIIA 3 Kepo-
BaHUMH CHJIOBUMH CHCTEMaMH MAaIIWHH, CBOE-
YacHa 1mojiaya KOMaH/ KepyBaHHS;

— MOXKJIMBICTh BHOOPY KpUTEpiiB 1 KOeQilieHTIB
iXHBOI BAroMoCTi TpHU oONTHMI3aIii pPoOOUMX
nporieciB bJIM.

Ha puc. 1 HaBeneHa CTpyKTypHa cxema iHTeJeK-
TyanpHOi cuctemu bJIM. Jlo ckianmy cucremMu
BXOJISITh HACTYITHI MOZYJIi: MOJYJIb Y3TOJKCHHS
— (opMy€e BEKTOp BaroMoCTi KpUTepiiB oNTHMi-
3arii poOOYMX TMPOIECiB; MOAYJIl ONTHMI3aIlii —
JUISE CAMOHABYaHHS 1 OLIHKH €(PeKTHBHOCTI Ke-
pyBaHHS POOOYMMH MPOIECAMH; MOJIYJIb KOHT-
POIIIO BIIMOB JaTYUKIB — JJIs Oe3nocepenHbol i
HETPSMOI OIIHKHU Tpare3aTHOTO CTaHy iHTer-
POBaHMX B €IEMEHTH KOHCTPYKIIii MallluHU JatT-
YHUKiB; MOAYJb OLIHKH MPaIe3/1aTHOCTI i Oe3re-
Ki — JUIs iKCyBaHHS BIIMOB €JIEMEHTIB KOHC-
TPYyKUil MamMHU W BUMKHEHHS MAaIIMHH B
HeOe3MeuyHNX 1 aBapiiHUX peXuMax poOOTH;
MOJyJIb TIPOTHO3YBaHHSI PECYPCY — UIS OLIHKH
3aJIMIIKOBOTO PECYPCY CJIEMEHTIB KOHCTPYKIIIT
MAaIIMHU 3 METOI MPOTHO3YBaHHS iXHIX IUIAHO-
BHX 3aMiH.

Cy4acHi 3aco0M TEXHIYHUX KOMYHIKAIlii TOB-
HOIO MipOIO JO3BOJITIOTH PEali3yBaTH MOIYJIb-
HUI MPUHLIUI CUCTEMH YNPAaBIiHHS, ale BUHU-
Kae 3ajada BHOOPY ONTHMAJbHOI KUTBKOCTI H
MIEPEITiKy AIarHOCTHYHHUX TIapaMeTpiB, HEOOXia-
HUX JJ11 00pOOKH 1 aHalli3y y BiJIaJICHOMY Te-
XHIYHOMY LEHTPI.

KpurepissMmu, 110 BHU3HAYAIOTh HEOOXITHICTH 1
MOMJIMBICTh BHKOPHCTaHHS TOTro a0o0 iHIIOrO
CTPYKTYPHOTO, PETyJIIOBAIbHOrO abo JiarHoc-
THYHOTO TIapaMeTpa Mpu Oe3rmepepBHOMY MOHI-
TOPUHTY  TEXHIYHOTO  CTaHy  BHJIYYEHOTO
00’€eKTa, MOXKYTh OyTH HAaCTYIHI (aKTOpH:

— IHTerpaJbHICTh MapaMeTpiB (MIPOAYKTHBHICTh
MAIllMHHU, TOTYXKHICTh JIBUTYHA, BUTpAaTa IMaju-
Ba) BUMAara€ HaCTYITHOTO MOTIMOJICHOTO MOIIY-
Ky HECHPaBHOCTEH, ajie J03BOJISIOTH OIEepaTHB-
HO pearyBaTd Ha MOXJIMBY 3MiHY TOKa3HHUKIB
Mpare3aTHOCTI MalllMH 1 3MEHIYIOTh KUTBKICTh
nepenanoi indopmarii;

— HasIBHICTh CHCTEM CaMOJIarHOCTUKH OyJiBe-
JHLHO-IOPOKHIX MAIllNH;

— BIUTHB KOHTPOJILOBAHUX MapaMeTpiB Ha IHTCH-
CUBHE 3HOIIYBaHHS CJICMEHTIB;

— MOXJIMBICTh MPOTHO3YBaHHS Ha OCHOBI OJiep-
JKyBaHO1 iH(pOpMaIlii;

— HEOOX1AHICTh BCTAHOBJICHHS JOJAaTKOBHMX J1aT-
YHKIB, 1[0 HE BXOASATEH 0 IITATHOI KOMILJIEKTA-
1ii;

— BapTICTh TEXHIYHOTO KOHTPOIIIO OOpaHWX Ta-
pamerpis.

Jlns BU3HAYEHHSI ONTUMATBHOTO CKIIAay AiarHo-
cTH9HOI iH(opMarlii Ha MiACTaBi MEBHUX MPio-
puTeTiB (TEXHIKO-CKOHOMIYHI MTOKa3HUKH, PECY-
PCHI TTOKa3HHMKH, MOKA3HUKH OE3MEeKH, MOXKITU-
BOCTI KOMYHIKaIlifHOI CcHCTEeMH ¥  T.aI.)
CTBOPIOETHCSI MATPHUIlSA JTIarHOCTHYHHUX Tapame-
TpiB.

JiarHocTHYHa MaTpHlls SBISE COOOIO JIOTIUHY
MOJIeNIb, IO OMHCYE 3B’S3KH MiX JiarHOCTHY-
HUMH TapaMeTpamMH i MOKJIMBHMH HECTIPaBHOC-
TamMu 00’ekta [5]. HaitOuIbImn BaXXJIMBOIO BEIH-
YHHOIO, 10 XapaKTEePHU3y€e MPOLEC TIarHOCTUKH
OyIb-siKoro 00°€KTa, € iH(pOPMATHBHICThH Jiar-
HOCTHYHHX IApaMETPiB, [0 BH3HAYAETHCS UyT-
JIMBICTIO IIMX MApaMeTpiB 0 CTPYKTYPHHUX 3MiH
B 00’€KTI ¥ OJTHO3HAYHICTIO B IIOCTAHOBII Jlar-
HO3y. [TocTaHOBKA AiarHO3y ICTOTHO YCKJIaHIO-
€THCSI, SKILIO JIOBOIUTHCS KOPUCTYBATHUCS JEKi-
JbKOMa JIarHOCTUYHHMHU mapamerpamu. Tomi
HEOOXiTHO 3 MHOXXWHHM BCIX MOYJIUBUX CTaHIB
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00’€KTa BHUIUIMTH OJHE, HAWOLIbII iMOBipHE.
Tomy 3aBIaHHSM JiarHo3y 3a OaraThma mnapame-
TpaMHU € PO3KPHUTTS MHOKHHHHX 3B’S3KIB MIXK
CTPYKTYpPHUMH ¥ BIIIOBITHAMH IM JiarHOCTHY-
HUMH Tapamerpamu. [Ipu CKJIaAaHHI MaTpHili
MparHyTh 3aCTOCOBYBAaTH MiHIMalIbHE YHCIIO
JMIarHOCTHYHHX TapameTpiB. s mbOTO BHKO-
PUCTOBYIOTH TiJIbKM HAHOiIbII YyTiHBi U iH)O-
pMaTUBHI mapameTpu. Y TOi ke Yac 4ucio mia-
THOCTHYHHUX ITapaMeTpPiB MOBUHHE OyTH JI0CTAT-
HIM  JUIs  OJepXaHHS  JIOCTOBIpHOTO i
OJTHO3HAYHOTO JiarHo3y. OCHOBHUM HEIOTIKOM
TaKUX MiaTHOCTHYHHUX MATPHIh € BiJACYTHICTH
€JIEMEHTa IPOTHO3YBaHHS TEXHIYHOIO CTaHy
00’eKTa JiarHOCTHKH B MpoLeci HOro exciurya-
tamii. Ile mosICHIOETBCS THM, IO JIOTiYHA JIBO3-
HayHa MOJIEJb JIO3BOJISIE JIMIIEC BU3HAYUTH CIIpa-
BHUII a0o HecmpaBHUH 00’ekT. DizuyHa CyT-
HICTH pIIIEHHS JaHOTO 3aBJaHHS TIONArae y
BHUKJIFOUCHHI HECIPAaBHOCTEH, HECYMICHHX 3 iC-
HYBaHHSIM TIeBHOI KOMOiHaLii BHUMIpIOBaHUX
JIarHOCTHYHMX TapameTpiB. [Iporiec BUSBICHHS
HECIPABHOCTI MOXHA PO3TISIATH SK 3HIKCHHS
CTYNeHsS HEBH3HAYCHOCTI TEXHIYHOTO CTaHy
00’€KTa, 10 AiarHOCTY€EThCS.

BucHoBku

JlocBin po3poOKHM TEOPETUYHUX OCHOB 1 IpaK-
TAYHOI peajizamii IHTEJICKTyalbHUX CHCTEM
BJIM cBimuuTh Npo iX 3HAYHY MEPCIEKTUBHICTh
JUTS 3aCTOCYBaHHS B TaTy3i JOPOXKHIX POOIT.

[IpoekTyBaHHS IHTEIEKTyaJIbHUX CHCTEM IIiJIT-
puMku omepatopa bJIM HocuTh iTepaTHBHUI
xapaktep i 0a3yeThCs Ha TMPOEKTYBaHHI OKpe-
MHX MOJYJIB, IMJICACTEM 1 iXHBOI iHTErpamii B
€IMHE IIiJIe Ha OCHOBI LITYYHOTO IHTENEKTYy U
BUKOPUCTAHHS CYYacCHHX IHCTPYMEHTAJIbHUX
3ac00iB CTBOPEHHS 1HTEIIEKTYaIbLHUX TOMATKIB.
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