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‘OpaBieHus B KOHTpoinepe npenebpexumo mana. Pacnonoxus Momyn#  npeoGpazoparencit
HETIOCPEACTBEHHO OKOJIO AATYMKOB H HCIIONMHHTENBHBIX YCTPOMACTB, CBA3b JATUMKOB ¢ KOHTPOREPOM
OCYLIECTBHM IO CETEBOMY MHTEpEHCY U, MOITOMY, HABOAKH B JIMHHAN CBAZK TAKKE OTCYTCTBYOT, [lna
peanM3allii ynparieHs BoiDepeM COBPEMEHHBIE EKTPHUYECKHE CePBRONPUBO/LI, KOTOPLIE NOAKIOUAKITCS
wenocpeacreenHo kK IJAIL Ocrarorcs TpH OCHOBHBIE NOTPEeLIHOCTH — TNOTPEUIHOCTb AATYHKA,
NOFPELIHOCTh  YCTaHOBKHM  WITOKAa PeryJHpYIOIero OpraHa H  MOrpelSHocTh, CBA3aHHas ¢
HECOOTBETCTBUEM OTKDBHITHA PErYAMPYIOLIETO OPraHa U pacxoxa Cpelibl, KOTopas NPOXOAHMT YEPE3 Hero,
OOYCNOBJICHHBIM  HETIOCTOAHCTBOM JABACHHA B JNHHHM H  U3MEHEHMEM €€ IHAPaBMUYECKUX
xapakrepucTHK. BbiOpas naT#MKH M cepBONPMBOABI, TI0 HACMOPTHEIM A3HHBIM OMPEHCITHM HX
aDCOMOTHBIE NOTPEWHOCTH A, (A, k=1,...,m Hccmenya runpapinyeckue XapakKTepuCTHKH y4acTKa

TpySonpososa, Ha KOTOPOM YCTAHOBIEH CEPBONIPHBOL, OIIPENLIHM 26COMOTHYIO 1TOrpeHOCTD pacxoaa
Cpenbl, ¢ TMOMOILBIO KOTOPOH BONIOIRAGTCA YIIPABJICHHE, BBI3BAHHVIO HECTAOMIBHOCTHIO AABICHHA M
IPHBEACHHYIO K XO0A4y wiToka. Bce norpewrHoctd OyneM cudTaTh HOPMAIBHO pachpelcieHHBIMY
COVHAHHBIMY BENWYHHAMA. [IOCKONBKY NPUHHHB! MOTPEIHOCTER BCEX IMEMEHTOB CUCTEMb] YOPABICHUA
HE3ABHCHUMBE, TO CjydaliHbie BEJWYWHB! CYUTAEM  HEKOPPEIMPOBaHHKWMH. H3BECTHO, uTO
SPENHEKBAAPATHYHOE OTKIOHEHHE HOPMAIBHO PACIPEAENCHHOH Cly4qaiiHOM BeJUUMHBl CBA3AHO C
abcoMOTHON  NOTPEUIHOCTHIO  3ABUCHMOCTBIO A, = y#+0,, TAE BeIMYHHA 4  OApelenseTcs

JOCTOBEPBOCTLIC  NOMANaHMA  caydaiiHoB  BeNMUMHEL B HMHTEpBal, 3ajaHuHbii  abCoMOTHOM
NOrpeltHOCTLIO. [IpHRAB, 4TO NOCTATOYHOW ABJsSIETCH A0CTOBEpHOCTL 98%, nonyuum, 4ro g =23 M,

SOOTBCTCTBEHHO o, = A, /2.3. CpenHEKBAAPaTHUHOS OTIJIOHEHHE YIPABASIOUIEro BO3ACHCTBAA PaBHO

e =\/ﬁorf +,.00 -

WnTencyuBHOCT, UMPPOBOro 6eore uivMa DABHASTCS CPEAHEMY 3HAYEHHIO TPOM3BEdEHHS
KBaapaTa niaowajv UMIyJbsCOB, W3 KOTOpOﬁ COCTOMT 1IYM, Ha CpeHHES BPEMs TIOSABJICHUA HMIOYNBCOB.
anHﬂB, YTO UMNYALCHI CICAYXOT € arom JUCKPETHOCTH Af, MHTCHCHBHOCTH LIYMA H3MEPCHUSA H
WYMa yNpaBACHAS OMPEaENHM MO 3aBUCUMOCTSM:

. 2 2 3 _3s 2 2 3

S, =diag(,0...., ,0, ) A", 8, =diag( 0, ,..., ;0,) A",

[fockonbKy luyM yOpaBiIeHHS M llyM COCTOAHMSA CBA3aHBl MATpHUEH B, UIYM COCTOAHWR
onpesenum no 3asucumocti S = B-S, - B’ .

YK 681.51
Tumuenxo A.A,, Iizropauii M.B., Teopso O.B., Boiiko B.B.
YATY (YkpaiHa)

ONTHAMIBANLI HPOHECIB @YHKIUOHYBAHHS ATII B YMOBAX KOMJILIEKCHOI
ABTOMATH3AILIL

PO3ITIANACTRCA TIXDT 1O ONTHUMI3AL JBOPIBHEBOI OPTAHI3ALI CUCTEMYU
VIIPABJ/JIIHHA ATH 3 HO3HUI] OECAYIOBYBAHHA ABTOMOBIIRHOIO TAKCOITAPKY,
POIITIAJACTOCH 34J0AYA OHTHMIZALI TPOLECIB ®VHKI[IOHYBAHHA ATII AK
CHCTEMHM, 1O OBCAYIOBYVE, TA ABTOMOBIJIbBHHUX 34COFIB AK OB'CKTIB, IO
OBCAVI'OBYETRCH, 13 O3 KOMIITIEKCHOI ABTOMATH3ALIL

Beryn. Bukaanelii pe3yAbTATH BUKOPHCTAHHA APUHLUMITIE KOOPAMHOBAHOCTI MO HOPMYBaHHIO
YNIPaBTiHCHKUX pillleHb ANA SKICHOTO OOCIYTOBYBAHHS TAKCOMAPKY T2 METORY OOGepHeHMX onepaTopiB
1A CUHTE3Y CUCTEMH KEPYBAHHA AKTHBHOIO 0e3neKor0 aBToMObGIns.

3 no3unid KiGepHEeTHKM BCI NMPOLecU B CKIAJHUX CHCTEMAaX € KEPOBAHWMH MPOLECAMH; 3 TOUKH
30py Teopil obciiyroByBaHHs — HaratopisHesi {iepapxiuHi) NMpouecy NPUEHATTA pillieHs; 2 TOUKM 0Py
AITOPUTMIHHOT TEOPiT — 6araTOMIaHOB! NPOLECH AKTHBHOT RIAILHOCTI MOAEH.

Y camomy zaranbHOMY BATSIAAI BAockoHaneHHs ynpasiinHs ATII noeuuHo O6yTH Hanpamiiexe, 3
ORHOTO BOKY, Ha MI/IBWILEHHS ONIEPATHBHOCTI NPUMHATTS Ta OPraHiaaliio peanizalii yNparitHCKHX PIlUCHb,
a3 IHHIOrO ~ HAOMWKEHHS pillieh, N0 NMPUIMAOTHCH, A0 OIITUMAIBHUX 3HAYEHS IX Nokashukie [1].
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Axmyanenicme oociiodicensy TlpoBeaeHnmu mocnimxenssMH |2]) BCTAHOBAEGHO, IO MarTh Micue
CYTTEBI Henoniku B cdepi ynpasninug BupobHuuumu npouecamn ATIL [lo cknany Takux Hezomikie
MOX(HA BIIHECTH: BIACYTHICTE CAKHONO CHCTEMHOYO flinxony A0 GopMyBatHs ta peanizauii yrpaBniHCbKKX
pilueHb B PHHKOBHX YMOBaX OYHKLIORYBAaHHS MIJUIPUEMCTBA; 3HAYHI BIPAaTH 4Yepe3 BIiACYTHICTH
CBOEYAcHOT Ta JOCTOBIpHOT iHdopMauii npo craH 06’ekris Ta npouecis ATII; HezocTaTHii piBedb AKOCTI
OyHKUiOHYBaHHA oOKpemux mnpouecis ATII; HegoCTATHIO KUIBKICTb BNPOBAIDKEHHMX iHPOpMaUifHO-
TEXHOJNOTYHBX CHCTEM KepyBaHHA BHPOOuuuTBOM. 1li HEAONIKH MOXAMBO YCYHYTH 3& HOINIOMOIOK
MOJepHIzaili] icHyIouol cuctemu ynpasnidig ATII i3 3acTOCYBaHHIM KOOPIHHOBAHOCTI MO QOPMYBAHHIG
YNPaBRHCLKHX PilleHDb Ta NIABHILEKHA ¢heKTUBHOCT! GYHKUIOHYBaHHA [IAPKY aBTOMOOINIB.

Tocranobka 3a5a4t. A8momobine Ak 06 'exm xepysanns — GaraTo3r’s3aHa AMHAMIMHA CUCTEMA, PYX AKOT
MoXe OyTH ONHCAHMH CHCTEMOIO AM(EPEHLANLHAX PIBHAHL, fAKI XaPAKTEPU3YIOTL 3MIHY CTaHy pyXy
(ueuoKicmy, NPUCKOPERKA, HANPAM TA TH.);, KEPYIOUL BIUTMBH HA FAJILMIBHY CHCTEMY {(MiOGUIgeHHA/IMEHIUEHHA
MUCKY 6 2IsMIBHTI cucTnemi), Ha JIBUFYH (8i0xpumma/3akpumms Opoceavhol IGCAIHKU), PYLOBE YTIPABIHHA,
30VPIOIOUT BILTHBH (GKIMUGHI Ma NACUSHE NepewKooy, GHYmpiwHi abo 306riwmi aminki) Towmo [3].

HAns onrsMizanii npouecie oGcayrosysanHs cnin posrmsaata ATII gk cucreMy, Ska CKIAAACTLCA 13
obeayeogyionol cucmemu Ta cucmemu, wo otcayeosye. Ilpy BUKOHaHHI yMOBM MOCTIBHOCTI UinbOBOI
(QYHKLIT YMpasiiHAS MOMUIWBI JBA NPMHUWMORO PI3HHUX METOQM KOOPAHHAUIL, IO BHKOPUCTOBYKOTBCK
BEPXHLOIO OAMHHMLEKO | BIAPIZHAIOTHECH THCTPYMEHTOM KOOPAMHALIL: KOOpAWHALIA NPIMHM METOAOM |
xkoopannauis meroaom uin. LIl MeToau mMoxyTs GyTi peanisoBani K B CHOTEM 6IOKPUMOI nemai, Taxk 1y
BUTAIAA] 3aKpUIMUX nemaeeux imepayitinux cxemM i3 MEXaHI3MOM 3BOPOTHONO 3R'A3KY. [IpHtoMYy 3BOPOTHUH
38'R30K MOXKe 3AIHCHIOBATHCS B HaNpsimi a0 10 MOKAIbHUX OJUHALL 200 40 koopaunatopal[l].

3anaui Ta meToaM iX po3B’s3aHHA. 3adaua KxoopouHosaHocmi. POTASHYTO METORM KOOPAMHALIN, ki
MOHA BUKOPHCTOBYBATH BEPXHBOIO ONMAHLEIO (BHILE KepiBHYUTBO ATIT) npH y3romkeHOCT] METH BEpXHBOT
OIHHMLI 3 HUIAMM JOKATBHHX OAXHUIIL {hyHkuionansHi nigpozaine ATTI). IcHye ABa MeToaM KOOpIMHALIT, W0
POBPI3HAIOTLCA BUKOPHCTOBYBAHHM IHCTPYMEHTOM KOOpAMHAHIl. [lepinunii 3 BKa3aHWX METOIB HA3UBACTHCA
KOOPOMHALIEID NPIMUM Memooom, a NPyrai — KOOpAKRHALIEKD Memodom yin (urrpadis).

CyTh KOOPAMHALIT APAMUM METOAOM N[ONArAE€ B TOMY, MO KOOPAHWHATOP, BHPILIYIOYH BNACHY

3a/auy ONTUMI3aNi, Hafac NEBHI 3HAYEHHA ), > U,y » ¥y BCIM B3A€MO3B'A3aHUM 3MiHHUM V) U, 1, s

i=1,...,N. Ilpy ubomy 3anaua, 110 BUPIlIyETLCA HA BEPXHLOMY DiBHI, IPEACTaBIEHA Yy BUITAAI:

O=Y(Q (Vss71,2)s0. Oy (yd,rdw,z,)), i=hL.,N.

IHuwmi niaxia nonsrac B opraizauil iTepaTMBHOT OPOUSTYPY MDK OZMHUAUSAME BEPXHLOTO (BHile
kepisruuTEe ATIT) 1 HusKHboOro (dyHkuionansHi nigposainuy ATII) ynpaenincbkux piBniB. Ilpy Heoms

KOOPAKHATOP GOpMYE AesKi 3HaueHHs (yd,rd) { OTpHUMYE BIAryKM NIACUCTEM HWKHHOTO PIBHA 3

dopmi 3Hauens X dyHkutid xopuchocti Q (v,,r,,z,) we 3vaoun ®i BUay ¢yskuid O, (y,,r,,2,), Hi

3Ha4€Hb Z;. B upoMy BMNAAKY NOKaIbHI 3a[1a41 HHOKHBOTO PiBHA [IPUIEMAIOTE BUISA:

Q}p:Q (c,u,2)~-K _y(g.), i=1,.,N.

3adana onmumarbrozo kepysannn. Cmagumucs 3a0aNa nOULYKy 3aKORI8 Kepy8anHs aBToMobinesm.
AK 6araTo3B’A3HOX CHCTEMOIO Y BUTAAI NuGEPEHLIHHOro PiBHAHHA, apryMEHTAMM AKHX € IpOoTpamil
3MiHHI GaXaHOTO PYXy (Hampavox, weudxicmp, npuckopenns Ta in.). [Ipu ¢opMyBaHHI nporpamHin
3MIHHHMX BUKOPHCTOBYIOTECH iffel YHKUIOHATEHOrO KepysauHs (4],

Ana BupimeHns W€l 331a%1 BAKOPHCTOBYEMO MEMOQ) o0epHenux onepamopis, AKAK po3riIsaacTacs
Ha TIpUKJIAAl YNPaBIiHHA B OJHOMY 3 KaHaniB 6araTto3s’s3HOI0 cHeTeMow X, Bymemo sBaxarw, wc
337a4a KepyBaHHR PO3B’g3aHa, SKUIO 3MiHHI pyXy OyAyTh BIAMOBIAATH NPOrpaMHUM (3aflaHuM), TOOTC
BUKOHYEThCA BMMOTA BiATIOBIAHOCTI NapaMeTpiB pyXy A0 X IPOrPaMHUX 3aBIAHb.

[Topanbiuuit CTPYKTYPHUR ONMWMC (YHKIIOHYBAHHS CHCTEMH KePYBAHHA Tpd HOro peanisauii »
3arUILHOMY BUNAAKY noTpebye onucy GasHCHUX €NEMEHTIB, BU3HAYEHHS BEKTOPIB BXIZHMX | BUXITHK
IMIHHMX A% KOKHOFO EIEMEHTIB, TX CYKYNHOCTI Ta JUI% CUCTEMM B LinoMy, 4K iX 3’cananns, [ToBuxuz
MICTATUCH TakoX iHdopMania npo cnociG 3’ epHaHng enemeHTis [6].

Taxka cucTemMa XapaKTepH3YETbCS HACTYNHHMH €IEMEHTAMH: €JEMEHTAMH BXOAY CHCTEMH V).V,
(CTPYKTYpa nepeRadi BXiIHWX BIUTMBIB CUCTEMH Ha CYKYNHOCTE ENEMEHTIB), €neMEHTaMH KepPyBAHHS
FHACHCTEMAME ¥;... U, (BacHE CTPYKTYpa CUCTEMM); eleMeHTamM 30YpeHHS Ay... A, €NEMEHTAMH
BUXO/Y CHCTEMH X;... X,, AKi PEali3yOTb 32aKOH KepyBarHA.
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OcHoOBHI BHCHOBKW. B J0MOBiAl po3riAHYTa 3aJavya KOMIUIEKCHOT aBTOMaTH3allii MpoueciB
PpyuxuionyeaHHs ATII 3 TOukH 30py 06CIYroByrOuOi CHCTEMH Ta CUCTEMH, 110 obcayroBye. Po3s’asana
3a0a4a CHHTE3Y CHCTEMH KepyBaHHS aBToMoGineM (06cayrosyloua ciHcTeMa) Ta posrisHyTO ABa METOAH
KOOpaUHaLIT no GOPMYBAHHIO YIIPABIIHCHKUX PillieHb — KOOPAUHALIA fIPAMMM METOOM Ta KOODAWHARIS
meToaoM LiM (wrpadie). Jasi Meronn koopanHauil GOpMyBaHHS YNpPaBMHCHKHX pilleHb B NBOPIBHEBIH
cucTemi opraunizauii yopaeniHas ATII o3BonswTe CTBOPHTH palliOHANbHY TEXHOIOI MOHITOPHHIY
opraxisauii nepeseseHs abo 00CIyroByIOUHa CHCTEMA.
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. ITOBBIIHEHUE KAYECTBA IIN-ITH-YIIPABJIEHUA
HE/MHEWHBIMHN OFBEKTAMH C 3AITA3/IBIBAHUEM B KAHAJIE YIIPABJIEHHSA

PACCMATPHBAETCA CHHTE3 KOPPEKTHPYIOUEIO YCTPOHCTBA CHCTEMAI
VIIPABJIEHHSA HEJIHHEHHBIMH OBBEKTAMHU C 3ANA3JbIBAHUEM ITPH HATHYHH
HHOOPMALIHH TOJIBKO O BbIXOLHOH KOOPOHHATE. IPHBOJATCA BRIPAXEHHA,
OFECITEYHBAIOUHE PACYET ITAPAMETPOB KOPPEKTOPA HA BA3E HHTETPHPYVIOIHX
QH/ILTPOB ITO 3A/TAHHBIM [T1OKA3ATE/IAM KAYECTBA.

[lpobneMa ¥ ee ¢BA3b ¢ HAYHHBIMM W [PaKTHUYSCKMMU 3aaadamu. KauectBeHnoe Benenue
TEXHOIOTHUYECKHX NPOULCCOB CYLUIECTBEHHO 33aBHCUT OT YPOBHS aBTOMATUMECKOrO YNPABACHUS WUMH.
[MocTpoenne cucrem ynpasieHus, obecneunparouix TpebyeMble NMokazaTey kadecTsa (ABHKEHUE MO
3a0aHHOR  JKCTpEManH ¢ TpeOyeMbIM BpeMEHEM perynHpoBaHus), OOBIMHO oOCyllecTBIsETC ¢
“cnoab3oBanuem MHGoOpmaunu 060 BcexX (asoBeix KoopauHatax obbekta [1]. B HacTosuiee Bpems
HoMunupyloweli GopMoil peryastopos sapngerca IIM- uw [MTHW/-ynpaenenue, mons kotopelx (B
PasWYHBIX anmapaTHbX W NPOrpaMMHbix GopMax) B NPOMBULNEHROCTH NpesbimaeT 90%. Opnako B
pAne TpoLEcCOB ¢ OOJBLIMM TPAHCIOPTHBIM 3afa3fAbiBAHMEM NPHMEHEHHE 3THX PervisTopoB He B
TIONHON MEpEe COOTBETCTBYIOT TPeOOBAHHAM BEACHUA TEXHOIIOTMYMECKHX TpOLecCOB (B CMBICHe
CTAaTHYECKMX M AHHAMHRUYECKUX Noxaszarened kadecTBa). KpoMe 3TOro cneayer yunThiBaTh B TOT dakT
4To Hactpoixa TpaguuuoHumx [IHM- w ITHM-perynstopos NpousBOaMTCS UPEHMYIICCTBEHHO Ha
JMHEAPH3IOBAHHBIE MOJETY PeasibHbIX O0BEKTOB, KOTOPbIC ABIRIOTCA, KaK NPAaBUNO, HENUHeHbIMMU [2].

AxHanuz ucchegoBaunf M myOamkaumit. OnHHM W3 HanOotee U3BeCTHBIX CniocoboB KOMOEHCALMH
ABAAIOTCA perynaTopel Peceuka u Cmura [3.4]. Tlpamerenne Takoil KoMreHcaUdy MO3BOIAET "BBIHOCHTL"
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