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BCTYN

CyyacHuin cUCTEMHUI aHani3 — NpuKnagHa Hayka, gka opieHToBaHa
Ha BUSACHEHHSA MNPUYMH peanbHUX CKNagHOCTEW, SKi BMHWUKAKOTb nepea
“BNacHMkKoM nNpobrnemun” (3BMYaKrHO - Lie KOHKPEeTHa OpraHisauisi, ycTtaHoBa,
NiZANPUEMCTBO, KOSTEKTMB) Ta Ha oOpMYyBaHHS BapiaHTIB IX YCYHEHHS.

CuctemMHMn aHania — CYKYMHICTb MeTOoLONoriYyHMx 3acobiB, sKki
BUKOPUCTOBYIOTLCA OS5 NIArOTOBKM Ta OOrpYyHTYBAHHS PilEHb i3 CKNagHuX
npobnem  MOMITUYHOrO, BINCbKOBOrO,  COLUianbHOro, E€KOHOMIYHOrO,
TEXHIYHOro Ta HaykoBOro xapaktepy. OCHOBOI € CUCTEMHUK Niaxig Ta pag,
MeToAiB, MaTeMaTUYHUX OUCUMNSIH | CydacHOl  Teopil ynpaBniHHA.
OcHoBHa npoueaypa — nobynoBa ysaranbHeHOI Mogeni, sika Bigobpaxae
B3aEMO3B’A3KM peanbHOl CcuTyauii, TexHidHa ocHoBa — EOM Ta
iHpbopmauinHi cuctemn. Yacom “cncteMHun aHanis” Ta “cucteMHMn nigxig”
BUKOPUCTOBYHOTHCS AK CUHOHIMM.

OO’ekTMBHA HEOOXiAHICTb BUHUKHEHHSI AUCUMNAIHW  “CUCTEMHUI
aHanis”, cam CUCTEMHUW aHania nondralTb Yy notpebi npoBedeHHs
AOCTigKeHb MbKOUCLUMNNIHAPHOro XapakTepy:

- CTBOPEHHS CKNagHUX TEXHOMOTYHMX Ta BUPOOHNYMX KOMMIEKCIB,;

- CTBOPEHHS CKNagHUX CUCTEM YyNnpaBniHHA HUMU;

- aHarni3a ekOHOMIYHOI cuTyaLUir;

- aHarni3 ckrnagHmx cydacHmMX eKOHOMIYHUX BIQHOCWUH;

- couianbHO-NONITUYHI acneKkTu;

- acnekTn MiXKHapoOHUX BIAHOCUH Ta NOMITUKK | iHLL.

[ns uboro noBuHHI Bynn cdopmyBaTUCb HETPaAULiHI MeETOaM

AOCTioKeHb, YHidikauil Ta y3rogpkeHHs iHdopmaLlii.



Lle — KOMnNnekcHi, a Kpawe — CUCTEMHI OOCHIOXKEHHS, SKi cTanu
MOXNuMBI i Habynn ocobnmeBoro po3suTky B enoxy EOM, Tomy B Hawomy
BUNAAKy TEPMIH “CMCTEMHMIA aHani3” Byae o3HavaTu CYKYMHICTb MEeToAiB,
3acHoBaHMX Ha BuKopucTaHHi EOM Ta opieHTOBaHMX Ha AOCNIIKEHHS
CKITagHNX CUCTEM — TEXHIYHUX, EKOHOMIYHMX, eKONOoriYHuX i iH. PesynbTaTr
CUCTEMHUX AOCNiAXKeHb — BUBIP LINKOM KOHKPETHOI anbTepHaTUBW: NNaH
PO3BUTKY, MapamMeTpu KOHCTPYKLUIT, CTPYKTypa i T.4.

CucteMHun aHania — gucuunniHa, sika 3ammaetbcsi npobnemamu
NPUMAHATTA pilleHb B YMOBaXx, KOnu BUbIip anbTepHatueu notpebye aHaniay
cKnagHoi iHdopmau,il pisHoT hisnyHoI Nnpupoau.

OcHoBHa 3ajaya  aucumniiHW: nokasaTh, $SK  pPisHi  3HAHHA

(MaTemaTuka, Teopis ynpasfiHHA, MeToaM onTuMmisdauii...), Ha4ebTo pi3Hi
Ta Ha nNepwur nornsgg Mano 3B’d3aHi, MOXYTb CIY>XUTU pPO3B’SI3aHHI0
CKNagHuX MpuKNagHuUx 3agad, a CUCTEMHWUW iHTerpaTop CTae OAHIE 3
FONIOBHUX LitoUYnX OCi6, apxiTekTopam, KOHCTPYKTOPOM CKNagHUX CUCTEM.
[N KOHCTpYyOBaHHA Ta OOCMIQKEHHS CKNagHUX cucteM Hemae Habopis
peuenTiB, € Jnvwe MeTohonoris, B KOXHOMY BWNAZKy MOTPIOHI
PIBHOCTOPOHHSA KyrnbTypa, BUHaXIANUBICTbL Ta TanaHT.

MeToan cCUCTEMHOro aHanisy pAgngd po3B’sA3aHHA  CKNagHuX
KOMMMEKCHMX nNpobremM 3acTOCOBYHTbCA 3 YypaxyBaHHAM TOro, WO B
npoueci NPUUHATTS pileHb BUOIp HeobXxigHO pobuTn B yMoBax
HeBM3Ha4eHocTi. [Mpouec CMCTEMHOro aHanisy 3 KOXHOi npobnemmn MoxHa
pO34iNUTN Ha YOoTUpU cTagil:

e ocTaHoBKa Npobriemu, BUSHAYEHHSI METU Ta KPUTEPIIB OLLIHKM;
e CTPYKTYPHWIW aHani3 gOCnigXXyBaHOI CUCTEMU;
e po3pobKa KoHUenuii pPo3BUTKY CUCTEMW Ta MNiAroToBKa MOXINUBUX

BapiaHTiB;



e Oe3nocepeaHin aHanis BigibpaHux BapiaHTIB pilleHb Ta IX HacnigkKis.

3a [Jornomorot OCHOBHOrO iHCTpyMeHTapito — [EOM Hanbinbw
BOANO TMOEOHYTLCA popmarnbHi M HedopmanbHi MeToau; ekcrnepu-
MeHTarnbHi, EBPUCTUYHI Ta CTPOri MaTeMaTU4Hi Havana.

CUCTEMHICTb — He [OCArHEHHA Hayku, He fesike HOBOBBELEHHS, a
3aranbHa BnNacTmMBiCTb MaTepii, doopma T iCHyBaHHs, TOBTO HeEBIg'€MHa
BNacTUBICTb MNPAKTUKK, BKNOYaun MucneHHs. OgHak byab-sika AisifibHICTb
MOXe OyTu B Pi3HIN cTeneHi cuctemHor. Tak nosiea npobnemu — o3Haka
HedOCTaTHbOI CUCTEMHOCTI; poO3B’d3aHHs npobnemn — pesynbrart
NiaBULLEHHA CUCTEMHOCTI.

HaykoBo-TexHiYHa peBonouis nNpuBena [0 BWHUKHEHHSI TaKuX
NOHATb K CKNafHi Ta BENUKi CUCTEMU, L0 MaloTb crneundidHi BNacTUBOCTI
Ta XxapakTepHi npobnemn. HeobxiaHICTb pO3B’A3aHHA CKNagHux npobnem,
NoLOSNTaHHA AKICHMX Ta KiNbKICHUX NepeLuKkos BU3Banun A0 XUTTS MHOXUHU
npumMomiB, MeToAiB, NiAXoAdiB, AKi NepeTBOPUNUCL B PeLlTi-peLlT y MeBHY
TEXHOSOrIi0, cepen SAKUX:

e MeTOAW NMPOEKTYBaAHHS;

e METOAN iHXEHEPHOI TBOPYOCTI;
® CUCTEMOTEXHIKa;

e [OCHIIKEHHS onepauiu;

e CUCTEeMHWUN Nigxia;

e rionitosioris;

e dyTyponoris;

e iMiTaALia MOAOENOBAHHS;

e METOOONOriA eKCnepuMeHTy i T.4.



CucteMHicTb CBITY Ta NIOACLKOrO Ni3HAHHA N NPaKTUKN — 06’EKTUBHO
ICHYtOYaA OINCHICTb, TOMY Ha 3arasibHOHayKOBOMY PiBHI i pO3BUBAETbLCS:

e CUCTEMOJSIOris;

e 3aranbHa Teopist CUCTEM;
e Teopis opraHisauir;

o KibepHeTuka;

e iHJOpMaTHKa;

e LUTYYHWUWN IHTENEKT.

OB6’eKTMBHOI peanbHICTI0 € TaKOoX BENWKi Ta CKNnagHi CUCTEMU, LLO
BUKNMKANoO HeoOXigHICTb po3pobkn MeTodiB Ansa  1X CTBOPEHHS W
pocnimkeHHs. NosmMHHa Byna BUHUMKHYTU NpUKIagHa Hayka — “MIicT’ — Mix
abCTpakTHMMKN TEOopiAMU CUCTEMHOCTI Ta HOBOK CUCTEMHOK MPAKTUKOK —
CUCTEMHUI aHani3 — i3 cBoiMM oO’ekTamn, apceHanom 3acobis Ta
NPaKTUYHMM OOCBIOOM.

[[onoBHa MeTa CUCTEMHOro aHanidy — nikeigauis npobnemu abo, Sk
MiHIMYM, BUSICHEHHSA 1T NMPUYMH. TOMY BUKOPUCTOBYETLCS LLUMPOKNUIN CNEKTP
3acobiB, MOXMMBOCTI pPIi3HMX HaAyK — MaTtemMaTukn, obuncnioBasibHOI
TEXHIKM, MOAENOBAHHS, EKCepUMEHTanbHMUX AOCMIOXKEHD Ta iHLLU.

Aknm  noBuMHeH ByTM  cneuianiCT-CUCTEMOTEXHIK?  3BUYanHO,
HEeMOXNMBO OyTM npodpecioHanom i3 KOXHOI Hayku, ane BiH MOBMHEH
po3nisHaBat Ta knacudikyBaTW KOHKPETHi npobremu, 3anyyaTtu iHWunX
chneuianicTiB Ans po3B’A3aHHA CKNagHMX 3adad, MaTu WUPOKY epyauuito,
OopraHi3oByBaTWN KONEKTUBW.

Ha cborogHi cuCTeMHi ysBNEHHS [OOCArfM Takoro piBHA, LWO
KOPUCHICTb Ta BaXXMNBICTb CUCTEMHOIO NigXoay ANns PO3B’si3aHHS CKNagHuX

npo6neM ctannm 3BUYHUMN, 3araﬂbHOHpMVIHHTMMM Ta BUMLWINKM 3a paMKn



cneuianbHUX gucumnnid. binble TOro, BiACYTHICTb CUCTEMHOCTI 4acTo €
NPUYNHOIO HEMNPaBUITbHUX PilLEHb.
Buuie BXe BKasyBarocb, WO CUCTEMHICTb iCHYe OO’€KTMBHO, ane
BOHa Ma€ pi3Hi piBHi, TOMY pO3B’A3aHHA npobriemMn 3aBXauM O3Hayae
nepexig Ha HOBMUM, Binbll BUCOKUA piBEHb CUCTEMHOCTI. CUCTEMHICTb Le
He CTiNbKM CTaH, CKiNbKM MpoLec. YXXe HaBiTb 3apa3 MOXHa ckasaTu, Lo
MU NiGIAWNAM 0O HTYITUBHONO PO3YMIHHS MOHATL “‘cuctema”, “CUCTEMHUMN
aHani3” i iH.. Y npoueci HaB4YaHHA CUCTEMHICTb 3aBXAW NIABULLYETLCSH, a
3apa3s Ha3BEeMO Kifibka HanbIiNbL MNOLWNPEHNX CUCTEM:
e CYCMiNbHO-MONITUYHA;
® COHSYHa;
e HEepBOBa;
e oOnanktBarnbHa;
® DIBHSHDb;
e 3HaHb;
e [EepeKOHaHb.
LLlo B uMx NOHATTAX CNinbHOro? B nepLuy Yepry — CUCTEMHICTb.
byab-sika OianbHICTb  NIOOAWMHWM  CUCTEMHA, a OYeBUOHMMM Ta
0060B’A3KOBMMUN O3HAKaMU CUCTEMHOCTI €:
e CTPYKTYpPOBaHICTb;
e B3aEMHUI 3B’A30K CKNagOBUX YaCTUH;
e nignernictb, NiANOPSAKOBAHICTbL OpraHisauil BCiEl CUCTEMM NEBHIN METI.
LlinecnpamoBaHa AisiNbHICTb NIOAWHM NPU  PO3B’SI3aHHI  MEBHUX
npobnem noe’A3aHa 3 anropuTMIYHICTIO, TOGTO MEBHOK MNOCNIAOB-HICTHO
Ain. AnroputMn MOXyTb BYTM He nuwe B MaTemMaTuui Yn ynpassiiHHI, a 1

NPW HaBYaHHI, rpi B LWIAxW, BUHAXIQHULUTBI, KOMNO3ULiT My3uku i T.4. lMpwn



LbOMY; [OOMyCKaw4yy MNPUMYCOBICTb NOMYHUX Ain, MW 3HAEMO, WO TaMm
MOXYTb OyTW npucyTHIMK Aii, ski He dopMa-ni3ylTbca — TBOpYa
DIANBHICTb, IHTYILISA, NOHATTS Kpacu Ta CMaky.

TyT OCHOBHUMW MOMEHTaMMU €:

e Oyab-sika AisanbHICTb anropuTMIYHa;

e He 3aBXOW anropuTtMu peasribHOlI AIMCHOCTI BUKOHYKOTLCHA CBIAOMO
(komno3nTop, wodep — "He gymaroun’);

e pWV HEe3aJoBINbHOMY pe3ynbTaTi MOXIMBa NPUYNHA HeBAAYi MOXe ByTn
B HegockoHanocTti anroputmy. Togi HeobxigHO  nigBuwlyBaTtu
CUCTEMHICTb AisANbHOCTI.

Ona cdepn [OianbHOCTI  TakMX crieuianicTiB  BaXnmBo, LWO
yOOCKOHaneHHsa BUpobHMLUTBA, CUCTEM YyNpaBniHHA HUM 3aBX4u NoB’A3aHe
3 NiABUWEHHSAM cucTeMHocTi. MoxHa BuginnTu Tpu pPiBHIi CUCTEMHOCTI
npaui:

e MexaHi3auis;

e aBTOMaTU3aUIS;

e KibepHeTusauis, B nepwy 4epry BUKOPUCTAHHA IHTENeKTyasrbHUX
cucTem.

OpaHieto 3 OB’EKTUBHUX MNPUYUH BUHUKHEHHSI CUCTEMHUX HayK €
CUCTEMHICTb MUCMEHHA (Y nepLly Yepry — CTPYKTYpPOBaHICTb, BUAINEHHS
nignpoueciB aHanidy Tta cuHTesdy). CUCTEMHICTb XapakTepHa TakoX Ond
pe3ynbTaTy MidHaHHSA, NpeaCcTaBNeHHs 3HaHb.

O6rosoptotoyn 06’ EKTUBHI NMPUYNHU PO3BUTKY CUCTEMHUX YSBMEHD,
BapTO BiA3HAYUTU, IO OO0 HaMBaXIIMBILLMX MPUYUH LbOrO BiAHOCATLCA
CUCTEMHICTb MPaKTUYHOI AiSASIbHOCTI NIOOWHM Ta BHYTPIWHA CUCTEMHICTb

MUCINEeHHA NMIOANHN.
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B Kypci nekuin ocHoBHa yBara npuainseTbCs BUKOPUCTAHHIO METOAIB
CUCTEMHOro aHarsnisy Ona CTBOPEHHSA CKNagHWX CUCTEeM YnpaBniHHA, B
nepwy 4epry KOMMKOTEPHO-IHTErpPOBaHUX, OO’€KTaMM SIKMX € TEXHiYHi
komnnekcu abo npomucrnosi nignpuemctea B uinomy. OCHOBHUMU
3agadYaMu TYT €. BU3HAYEHHSA 3ararnbHOI CTPYKTYPU CUCTEMM; OpraHizauis
HeobXigHOT B3aemoAil MK nigcucteMamun i enemeHTamu; ypaxyBaHHS
BNAIMBY 30BHILLHBOrO cepeoBuLlla; OMNTUMI3aLUiss CTPYKTYpU CUCTEMMU;
po3pobka onTUManbHUX anropuTMiB YHKLIOHYBaHHS.

[NpoekTyBaHHA CKNagHMX CUCTEM YrpaBniHHA MOAiNslTb Ha OBi
cTafil: MakponpoekTyBaHHS (30BHILUHE), KONMW MeTodamMu CUCTEMO-
TEXHIYHOIrO Ta apXiTEKTYPHOro0 CUHTE3y PO3B’A3Y0TbCA 3agadvi (pyHKLio-
HalbHO-CTPYKTYPHOIrO XapakTepy; MIKPOMNPOEKTyBaHHSA (BHYTPILLHE), KOMU
pO3poBNAITLCA TEXHIYHI PiLLEHHSI B paMKaX MPOEKTY CUCTEMM.

[1,c.5-15]
KOHTpOSbHI NUTaHHA
B yomy nonsirae HEOOXiAHICTb CUCTEMHUX AOCHIAXEHb?
Ha3BiTb OCHOBHI 3aga4i CUCTEMHUX OOCHIXKEHb.

B 4yomy nonsrae CUCTEMHICTb CBITY?

D~

[MOSICHITL piBHI CUCTEMHOCTI npaui: MexaHi3auid, aBTomMaTu3auis,
KibepHeTm3auis.

5. £Ki OCHOBHI eTann po3BUTKY CUCTEMHUX YSIBMEHb?

11



1. MeToponoria cucteMHoOro aHanisy
Y BIigNOBIAHOCTI i3 Cy4YaCHUMWU YSIBNEHHAMW MNPUKNagHUA CUCTEMHUN
aHania — HaykoBa gucuunniHa, fgka Ha OCHOBI CMCTEMHO OpraHi3oBaHMX,
CTPYKTYPHO  B3a€EMO3B’SI3aHMX Ta  (PyHKUiOHANbLHO  B3aEMOLiIHYMX
E€BPICTUYHUX  Npouenyp, MEeTOAOoSorNYHMX 3acobiB, MaTeMaTU4yHOro
anapaTta, nporpamHoro 3abesneyvyeHHst i 064YncnioBanNbHUX MOXITUBOCTEN
KOMM'IOTEPHUX CUCTEM Ta Mepex 3abesnevye B yMOBaX KOHLUENTyarbHOI
HEBM3HAYEHHOCTI OTPMMaHHA Ta  HakonuyeHHa  iHdopmauili  npo
AocnimiKyBaHUN npegmeT OS1s HACcTYNMHOro qoOpMyBaHHS 3HaHb MPO HbOrO
SIK €QMHOro, LinicHOro ob’ekra 3 No3unLin NocTaBNEeHUX Linen AoCniOKeHHS
| MPUUHATTA  pauioHanbHOro  pilleHHd B YMOBax  Pi3HOPOAHUX
BGaraToakToOpHUX PU3KKIB.
1.1.0CHOBHi TepMiHMN Ta BU3HAYEHHS
OCHOBHUMW MOHATTSAMW B CUCTEMHOMY aHanisi € cucrtema, Benuka
cuctema, cknagHa cuctema, nigcucrtema, efieMeHT i iHL.
Mig cucmemor po3ymiloTb CKNafHi CTPYKTYpPW, SIKi B3aEMOLIIOTb i3

HaBKOSULLUHIM CepefoBULLEM SIK €QMHE Line, a 8euki cucmemu Ta CKIaoHi

cucmeMu BKIMHOYaAlOTb 3HA4YHY KiNMbKICTb eneMeHTiB Ta nigcucrem. Yacrto
NOHATTS CUCTEMW BU3HAYalOTb Yepes IX O3HaKu Ta BnacTmBocTi. byaemo
KOPUCTYBATUCA TPbOMa BU3HAYEHHSMWN MOHATTA CUCTEMM:

Cucrema - Ue CyKyrnHiCTb B3aEMO3B’A3aHNX €NeMeHTIB, YocobneHa
BiZl 30BHILLHLOrO cepefoBuLla, ane sika die 3 UMM cepefoBuLLEM SK eanHe
uine.

Cucrtema — Ue 3acid JOCArHEHHA METH.

Lle Bu3HayeHHs 6asyeTbCss Ha TOMYy, WO Oyab-sika AisSbHICTb
NIOANHU MaE UinecnpsamMoBaHnM xapaktep. BignoBigHiCTb MeTU 1 CUCTEMMU

HEOOHO3Ha4YHEe, a CaMe. pi3Hi CUCTEMU MOXKYTb OpiCHTy-BaTI/ICb Ha OOHY
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MeTy, a OHa cucTema MOXe MaTtu pi3Hi uini. MNepwnx gBa BU3HAYEHHSA
o6’eQHYIOTbCS B TPETE.

Cuctema — Ue  QYHKUIOHANbHO  BM3HA4YeHa  CTPYKTYPHO
BNnopsigkoBaHa 3 ajanTUBHOK peopraHisauietd MHOXWMHA €eJleMEeHTIB.
30BHIlWHI Ta BHYTPIWHI (OYHKUiT cucTeM, IX iepapxiyHi abo OgHOpPIBHEBI
CTPYKTYPU  XapakTepu3ylTbCs BignoBigHMMU OOMIHHMMW  MOTOKaMW,
aganTuBHAa OpraHisauisa Ta gesopraHisauisg CUCTEM € BM3HaYanbHOK Ans ix
ICHYBaHHSA Bf1acTMBICTIO.

EnemeHm — ue HannpocTilla HenogifibHa YacTuHa cuctemu, a i
BNaCTUBOCTI BU3HAYalOTbCS KOHKPETHOIO 3aadvelo.

EnemeHT 3aBXaM 3B’3aHMM i3 caMol cuctemor. EnemeHTt
CKnagHoi cucTemm Moxe OyTh y CBOK Yepry CKnagHOK CUCTEMOIO B iHLLUIN
3ajaui.

[lidcucmema — KOMMNOHEHTa cUCTEMU, K 0O’eQHAHHA EereMeHTIB,
ane 3a MacwTaboMm MeHLLA HiXX cuctemMa B Lifiomy.

AKWwo po3rnagatu TEXHOMOMYHUIA KOMMSIEKC, TO €NeEMEHTOM MOXe
Oyt TexHOsoriYyHMin npouec, TEeXHONOMYHUN anapat YM  KOHKpeTHa
KOHCTPYKLUiS, nigcuctemMamu BUCTYNawTb OO'€QHAHHA TEXHOMOTYHUX
npoLeciB 4Yn anapaTiB Ha piBHI TEXHONOrYHUX BigaineHb yum uexis. Llykpose
BUPOOBHMUTBO: BypsikonepepobHe BiadiNneHHs, 04MCTKa COKY, BMMapoBaHHSA
i T.4.

3 TOYKM 30py 3agad ynpaeniHHA 3aBXOW iCHye onTumarnbHa
KinbkicTb nigcnctem N, gka NpuBogUTb 40 HANBULLNX TEXHIKO-EKOHOMIYHNX
nokasHukiB. KinbkicTb nigcucTteM 3anexuTb Bi4 CTPYKTYpu 3aranbHol
CcUcTeMn YynpasniHHA: AeueHTpani3oBaHi, LeHTpani3oBaHi, po3nogifieHi

cuctemun ynpasniHHS . KinbKiCTb NigcUC-TEM 3anexnTb TakoX Big TOro, siK
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opraHizoBaHa nepepobka peyoBMHW Ta eHeprii, TOOTO Big KiNbKOCTI
TEXHOMOTYHUX orepawin.

Cmpykmypa — ue 306paeHHs1 efleMEHTIB Ta 3B’A3KiB MK HUMW. TyT
po3rnagaeTbCa (PyHKUiOHanNbHa, anroputMmivyHa, TexHi4YHa, opraHisauinHa
cTpykTypa. [lepepbayaeTbcda, wWo cuctema Mae Apa i binblue piBHIB
yrnpaeniHHS.

38’930k — Hanbinbll BaXnMBUM € Te, WO TYT BMKOPUC-TOBYHOTLCS
y3arasnibHeHi OUiHKM (Hanpuknag, 3B’si3KW: HanpaBfieHWA 4Yn HeHanpas-
NEeHUNn, CUNbHMA YKn cnabkun, p[gogaTHIn uum  Big’eMHMn). 3B’A30K
O[HO3HA4YHO XapaKTepuaye CTPYKTYpy CUCTEMM.

CmaH — ue muTTeBa ouiHka abo pasa pos3suTKy cuctemun. [Ans
CUCTEMU ynpasniHHA BeKTOp CTaHy X BW3HA4YaeTbCA BeKTOpamMu
ynpaeniHHA U Ta 30ypeHHs Z i y CBOK Yepry BU3Ha4ae 3Ha4Ye€HHS BUXIQHOI
3MIHHOT Y .

PigsHosaza — Lie neBHUN ycTaneHun cTaH, a nepexig 3 ogHOro ctaHy

B iHWKMI Byae HasMBaTUCA NOBEAIHKOK CUCTEMM.

3anuc cuctemMu B CUMBOSIYHIN ¢popmi. B 3anexHOCTi Big KiflbKOCTI
dakTopiB, cTeneHi abCcTpakTHOCTIi MOXXHa HagaTU psia BU3HAYE€Hb CUCTEMMU
A (Big nat. definition).
4. Cuctema — gesike uine
S=H(1,0) (1.1)
Bu3HayaeTbcsa akT iCHyBaHHS Ta UiniCHICTb. [BiKoBe CyQKEeHHS
H(1,0) Binobpaxae HasaBHICTb abo BiACYTHICTb LIMX SAKOCTEN.
[>. Cucrtema — opraHisoBaHa MHOXMHa
S=(opr, M) (1.2)

opr — onepartop opraHisauii; M — MHOXWHa.
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[s. CuctemMa — MHOXMHa pedeit, BacTMBOCTEN Ta BiAHOLLEHb

S=Q@mj, iy, Wy )

peui  eracmusocmi 8i0HOUEHHS

(1.3)

4. Cuctema — MHOXMHaA eneMeHTIB, AKi YTBOPIOKOTb CTPYKTYPY i

3abe3neyvyoTb NeBHY NOBEAIHKY B YMOBaxX HaBKOMULIHLOIO CepeaoBmLLa:
S=(g, ST, BE, E) (1.4)
€ —enemeHTn; ST — cTpykTYypa; BE — noBegiHka; E — cepenosuLLe.

[s. Cncrtema — MHOXKWHa BXOAiB, BUXOAIB, CTaHIB, SKi
XapakTepuayrTbCa PYHKLIE NepexomiB i PyHKLUiE BUXOAiB

S=(X, G, s, 5, A) (1.5)
X —Bxoan; G — Buxoamn; S — ctaHu; A — pyHKUIA nepexonis;
A — pyHKUiA BUXOAIB.

He. Lle Bu3HayeHHA Baxko OpMyMETLCA. Bignosigae piBHIO
BiOHIYHUX cucTeM i BpaxoBye reHetTuyHe (pogose) Havano GN, ymoswu
icHyBaHHsA K[, obmiHHI sBuwa MB, po3sutok EV, dyHkuioHyBaHHsa FC Ta
penpoaykuito (BigTBopeHHs1) RP

S=( GN, K, MB, EV, FC, RP) (1.6)

7. Lle Bu3Ha4yeHHs1 onepye noHATTAMU moaeni F, 38’asky SC,
nepepaxyHky R, camoHaB4aHHs FL, camoopraHisauii FO, npoBigHoOCTI
3B’a3kiB CO Ta 36yaxkeHHs moaenen IN:

S=(F, SC, R, FL, FO, CO, IN) (1.7)

[s. BusHayeHHs [1s 4ONOBHIOETLCS (bakTopamu Yacy Ta
JYHKLIOHaNbHUMN 3B’A3KaMU:

S=(T, X, G, S,Q,V,n, o) (1.8)
T —vac; X — Bxogun; G — Buxogu; S — ctaHu; Q — knac yHKLUin Ha BUXOA;;

V — 3Ha4YeHHs QYHKLUIN Ha BUXOAi; N — OYHKUIOHaNbHUI 3B’S130K B PIiBHSIHHI.
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g(t2) = n(X(t1), s(t1), t2) (1.9)
@ - DYHKUIOHaNbHUI 3B’I30K B PiBHSIHHI,
s(t2) = @(X(t1), s(t1), t2) (1.10)
Ho. [Ang opraHi3auinHnX cUcTeM 3py4YHO BUKOPUCTOBYBATU LiNi i
nnaHu PL, 30BHiWwHI i BHYTpiWwHI pecypcn RO, RJ, BukoHaBuis EX, npouec
PR, nepewkoaun DT, koHTponb SV, ynpaeniHHa RD edekT EF:
S=( PL, RO, RJ, EX, PR, DT, SV, RD, EF) (1.11)
MoxxHa npogosxysaTu i gani o DN, ane BaxnvBo: cknagHo

KOMMAaKTHO BU3HAYUTU NOHATTSA ,cuctema’.

1.2. Knacudikauia cucrtem
B cuctemHomy aHanisi knacudikauia 3anmae ocobnuee Micue,

BPaxoBYOUYN MHOXWHY KpUTEPIIB, AKi XapakTepuayTb CTPYKTYPY CUCTEMM,

T Npn3Ha4YeHHs, 0coBNMBOCTI OYHKLIOHYBAHHSA i iHW. Hanbinblu BXMBaHW-

MW Npn Knacudpikauii CUCTEM € Taki KpUTepil.

3a cybcTauioHanbHOK 03HAKOK MOXHa BUAINTUTY TPU KIlacu CUCTEM:

- MPUPOAHI, AKi iCHYIOTb B 06’EKTUBHIN AINCHOCTI (HEXWBA i XXMBa Npupoaa,
cycninbcTo). lNpuknagn cuctem — atom, MOfeKyna, XuBa KNiTuHa,
opraHism, nonynsayia, cycninbCTBO;

- KOHUenTyanbHi, abo igeanbHi cuctemu, €Ki BigoOpaxalTb pearnbHy
AiNCcHiCTb, o0O0’ekTMBHMIA cBiT. Ciloan BIiOHOCATb HayKoBi  Teopil,
niTepaTtypHi TBOpW, TOBTO CUCTEMMU, SIKi 3 PI3HUM CTyrNEHEM MNOBHOTU
Bigo6paxkatoTb 06’ EKTUBHY pearnbHICTb;

- WTYYHi, SKi CTBOpPEHi NIOOMHOI ONSA [OOCATHEHHS KOHKPETHOI MeTu

(TEXHIYHI Y/ opraHi3auinHi).
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[Mpn BUKOPUCTaAHHI CUCTEMHOroO aHanidy Anga 3agady CMHTe3y Ta aHanisy
CKIlagHUX CUCTEM YyNpaBniHHS BUKOPUCTOBYIOTb TaKy Kriacudikauito CMcTem

3a.

BNOOM 06’eKTa — TEXHIYHI, BIONOriyHi, opraHisauinHi i iHL.;

- HaYKOBMM CMpAMYBaHHAM — MaTeMaTUYHI, OI3UYHI, XiMIYHI | iHLL.

- BMaom dopmanisauil — geTepMiHoBaHi, CTOXaCTUYHI;

- TUMOM ULiNnecnpaMoBaHOCTI — BIAKPUTI Ta 3aKpuTi;

- CKIagHICTIO CTPYKTYpPM i NOBEAIHKN — NMPOCTI | CKNagHi;

- CTYNEeHeM OpraHi3oBaHOCTI — gobpe opraHi3oBaHi, NoraHoO OpraHi3oBaHi
(AndoyaHi), i3 camoopraHisauieto.

[Jobpe opraHi3aoBaHi CUCTEMU — Lie TakKi, ANs SKNX MOXXHA BU3HAYUTU

OKpPEMi enemMeHTun, 3B’d3K1 MiXK HUMK, nNpaBuna ob’eaHaHHS B NiacucTeMm
Ta OUIHUTWU 3B’A3KM MDK KOMMOHeHTamMu cuctemu Ta ii uinamu. B uybomy
BUNAgKy npobrnemMHa cuTyauid MOXe onucyBatucb Yy  BUrnagi
MaTeMaTUYHUX 3aneXHOCTEN, SKi 3B’A3Y0Tb METY Ta 3acobu 1 4OCArHEHHS
— KpuTepiiB edeKTUBHOCTI 4M oOuiHKamu yHKUiOHyBaHHA. Po3B’a3aHHsA
3agad aHanizy Ta cuHTe3y B [Oobpe opraHisoBaHUX cuUcTeMax
30INCHIOETLCA aHaniTM4HUMK Metogamun. [lpuknagn: COHsYHa cuctema,
sika onucye Hambinbll CyTTEBI 3aKOHOMIPHOCTI pyxy MnaHeT; onnuc poboTu
€NeKTPOHHOro NPUCTPOID 3a AONOMOIOK CUCTEMU PIBHSHb, SIKI BPaxXoBYHOTb
0cob6nmMBOCTI poboTK; aHaNiITUYHI MoAerni 06’ ekTiB ynpaBiHHA i iHLU.

Onsa BigobpaxeHHss pocnigxyBaHoro ob’ekta y Burnagi gobpe
OpraHizoBaHoi cuctemMn BUAINATb HaWbinbw CcyTTeBI dakTtopn Ta
BiOKMAOAKTb OPYropsgHi .

B nobpe opraHizoBaHMX cucCTeMax BMKOPUCTOBYETLCS, B OCHOBHOMY,

KinbKicHa iHbopmau,iq.

17



[ToraHo opraHi3oBaHi _cucteMn. [ns TakMx CUCTEM XapaKTEPHUM €

BidoOpaXKeHHA Ta [OCnigKeHHs1 He BCiX KOMMOHEHTIB, a Nuwe AesiKux
HabopiB MakponapameTpiB Ta 3aKOHOMIPHOCTEW 3a OO0MOMOrol MNEBHUX
npasun  BubopkW. Hanpuknag, npu  OTPUMaHHI  CTaTUCTUYHUX
3aKOHOMIpPHOCTEN IX MNEPEHOCATb Ha MOBEAIHKY CUCTEM 3 [AesKUMMU
noKasHMKamMu MMOBIPHOCTI. XapakTepHUM OS5 LUUX CUCTEM € BUKOPUCTaAHHSA
GaratokputepianbHMX 3agady 3  YMCMEHHUMM  MPUNYLWEHHAMW  Ta
obmexeHHamu.  [puknagu: cUCTEMM  MACOBOro  OBCIyroByBaHHS,
€KOHOMIYHi Ta opraHi3auinHi cuctemu.

B noraHo opraHizoBaHMX cucteMax BUKOPUCTOBYETbLCS, B OCHOBHOMY,
SIKiCHa iHgbopMaUis, 30Kpema HeYiTKi MHOXUHN.

3 noHatTammu “gobpe opraHizoBaHa” Ta “noraHo opraHizoBaHa”
cuctemm TIiCHO 3B'd3aHi TepMiHM “gobpe BM3HadeHa” Ta “noraHo
BU3Ha4YeHa” CUCTEMW.

CucteMn i3 camoopraHisauieldo. Taki cuctemMm MarTb O03HaKu

ANPY3HUX: CTOXaCTUYHICTb NOBEAIHKN Ta HeCTauioHapHICTb napameTpis. B
TOW e 4YaCc BOHW MaloTb YiTKO BWM3HAYEHY MOXNMBICTb aganTauil go
3MiHIOBaHHS yMOB  poboTn. YacTMHHMM  BuNagkoM  cuUcteMn i3
camoopraHisauieto ans ynpaeniHHA TEeXHIYHUMKM OO’€eKTaMn € aganTUBHI
cuctemMum 3 eTanoHHUMW  MoAdensiMMu  4M  igeHTUdIKaTopoMm, Lo
po3rnagaeTbcd B gucumniiiHi “Teopis aBTOMaTUYHOro yrnpasniHHA".

B ocTaHHi pokM copmyBaBCA HOBUM HaMpsM  NPUKNagHOro
CUCTEMHOrO aHanisy — CuHepreTMka — Hayka Mpo 3araribHi npouecu
camoopraHisauil B CKNagHUX HepiBHOBaXXHUX CTPYKTypax, fKa BUCYBae
HayKOBi  MOSICHEHHS  MPOUECIB  HEPIBHOBaXHOI  BMNOPSAKO-BaHOCTI,

Hanpuknaz B eKOHOMIYHiN pearnbHOCTI.
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Benuki _cuctemn. IcHye psag nigxogiBe OO0 BWUAINIEHHA CUCTEM 3a

CKnagHicTio Ta macwtabamu. Hanpuknaa, anst CUCTemM ynpasriHHS 3py4YHO

KOpuCTyBaTUCh Knacudikauieto 3a Yncrom (KinbKicTio) eNeMeHTIB:

mani (10-10° enemeHTiB);

cknagHi (10%- 107 enemeHTiB);

ynbTpacknaaHi (108-10% enemenTis);

cynepcuctemu (103°-102° enemeHrTis).

YacTo po3ainaiTb NOHATTA “Benuki” Ta “cknagHi” cuctemun. Tak, aHr-
ninceknm kibepHeTtuk C.Bip BCi KIBEPHETUYHI CUCTEMM PO3AOiNsa€e Ha NPOCTI
Ta CKnagHi B 3anexHocTi Big cnocoby onucy: [eTepMiHOBAHOro 4w
TeopeTuKo-MmoBipHicHoro.  Pocincekun  kibepHetnk [.1.  Bepr BCi
KiGepHETUYHI cMcTeMm Knacudikye Ha NPOCTi Ta CKNagHi B 3aneXHOCTi Big
cnocoBby onucy: cknagHy CUCTEMY MOXHa OnMMcaTyM He MeHLle MiX ABoma
MaTtemMaTM4HMMU MOBaMK, Hanpukniag 3a OonoMorol audepeHuianbHuX
PiBHSIHb Ta MeTogamu anrebpu byns.

PaHiwe HaBoaAnNocCh Kinibka BU3HA4Y€Hb OCHOBHOIO MOHATTA “cuctema’.
Taknum e YMHOM MNOACHUMO MOHATTA “Benuka’ Ta “cknagHa” cuctema.
CknagHicTb nonisgrae B TOMYy, WO YiTKOI rpaHuui MK UMMU TepMiHamu
Hemae. Tak B Teopil cMCTeEM BeNUKOK (CKNagHOK, CUCTEMOK BENMKOro
mMacwrtaby, Large Scale Systems) HasuBaloTb Taky, sika CKnagaeTbcsa 3
BEJSIMKOI KifTbKOCTi B3aEMO3B’A3aHMX Ta B3aEMOLIOYNX €NEMEHTIB Ta MOXe
BUKOHyBaTW cKnagHi  yHkuii. OpgHielo 3 03HaK CcKnagHoi cuctemu
yNpaBfiiHHA € TMOKa3HWK J>KMBYYOCTi: TMpWU BIAMOBI NEBHOI KiNbKOCTI
eneMeHTIB cuctema npoAoBXYye BUKOHyBaTU CBOI (PYHKUil, xo4a i 3
MEHLLOK edEeKTUBHICTIO (MpocTa cuctema Moxe OyTM nuwe B [OBOX

CTaHax: npauesgaTHOCTi Ta BiAMOBWN).
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Benuka cuctema — ue 3aBXau CyKynHiCTb MaTtepianbHMUX Ta eHepreTuy-
HUX pecypciB, 3acobiB OTpMMaHHS, nepegadvi Ta o6pobku iHGopmaLil,
nogen, ki NPUMMaroTb PiLLEHHSA Ha PI3HUX PIBHSAX iepapxXil.

HapewwTi, 3py4HO KOPUCTYBaTUCb TAaKUMWN BU3HAYEHHSIMMU:

- CKnaaHa cucrtemMa — BhnopAaakoBaHa MHOXWMHa CTPYKTYPHO B3a€EMO-

3B’d3aHMX Ta (YHKUIOHANbHO B3aEMOAIYNX PI3HOTUMNHUX CUCTEM, SKi

ob’edHaHi CTPYKTYpHO B UiNiCHUM O6’€KT (PYyHKUIOHANbHO Pi3HOPOOHMMMU
B3aEMO3B’A3KaMn A9 JOCATHEHHS 3a4aHnX Linen B NEBHUX YMOBaX;

- BENukKa cnctema ob’egHye pPisHOTUNHI ckNagHi CUCTEMMW.

Toai MOXXHa NOBEPHYTUCH 0 BU3HAYEHHS CUCTEMU, a CaMe:
- cucTeMa — BMopsagKkoBaHa MHOXWHA CTPYKTYPHO B3aEMO3B’'SI3aHUX Ta

YHKLIOHanNbHO  B3aEMOAiII0UMX  OAHOTUMNHUX  EeNeMeHTIB  Byab-sikoi

npupoan, ob’egHaHuMX B UinicHMA OO’ekT, cknag Ta MeXi $Koro
BU3HAYaloTbCA UMMM CUCTEMHOIO AOCHiOXEHHS.

XapakTepHi 0cobOMMBOCTI BENTUKUX CUCTEM:

- 3Ha4yHa KiNbKICTb €MeMEHTIB;

- B3a€EMO3B’SI30K Ta B3aEMOisl MK efleMeHTaMu;

- iepapXiYHICTb CTPYKTYPW yNpaBniHHS;

- HasiBHICTb NOAMHW B KOHTYpPi YNpaBriHHA Ta HEOOXiAHICTb MPUNHATTS

pilleHb B yMOBaX HEBU3HAYEHOCTI.

1.3. 3aKOHOMIpHOCTi Benukux (CKrnagHux) cuctem
3aKOHOMIPHOCTi BENWKUX YM CKNagHUX CucteM [03BONSATb
PO3rNsiHYTU 1X OCHOBHI BracTMBOCTI He3arnexHo Big (isnyHoi npupoaun
(CTiMKICTb, PO3BUTOK, aganTauid, camoperynoBaHHs Ta iH.).

LlinicHicTb _cuctemn. TyT po3rnsgacTbCad  [OBi  B3aEMO3B'A3aHi

CTOPOHU:
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- BNacTUBOCTI CUCTEMW, HAK LIIOTO HE € CYMOK BacTUBOCTEN

efIeMEeHTIB YU NiACUCTEM;

- BJIAQCTUBOCTI CUCTEMWU, HAK LINOro 3anexmTb OAHO3HA4YHO BIA

BNAaCcTUBOCTEWN erieMeHTIB, NiacucTem.

B uboMy NposiIBASETLCA CKNAaHICTb CUCTEMM, 1T NOBEAIHKA BiAHOCHO
30BHILWHLOrO cepeaoBuLla Ta BHYTPIWHIA  po3BUTOK. [lpn  BuaineHi
OKPEMUX €MNEMEHTIB YN MNIACUCTEM BOHM TaKOX MOXYTb OyTW CKnagHUMU
cuctemamu, ane ans iHwmnx 3agad. lNpu ouiHui LinicHOCTI BUAINAETLCA OBa
doakTopu:

- nporpecytya pakrtopusauis, sK rnparHeHHs cUcTemMum OO Takoro

CTaHy, KOS OKpeMi YacTMHN HabyBaloTb HE3aNEXHOCTI;

- fporpecytyda cuctemaTtmsauid, $SK 3MEeHLWEHHA CUCTEMO

Ha3BaHOI aBTOHOMHOCTI €M1EMEHTIB Y/ CUCTEM.

IHmeepamueHicmb cucmemMu — USl 3aKOHOMIPHICTb 3’€QHaHa
OAHO3HAa4YHO 3 nonepefHbol  (LiNICHICTIO), ane iHTerpaTuMBHICTb
NiOKPECNOe BHYTPILWHI npouecu cuctemun, sK 36epexeHHs  uinoro.
[OnoBHMM B IHTErpaTMBHOCTI € CUCTEMOYTBOPKOKYI Ta CUCTEMO-
30epiratoyi pakTopu.

[na cknagHuMx cuctem  yrnpaeSiHHA Ta KOMM'OTEPHO-IHTErpoBaHUX
CTPYKTYp ummu chaktopamm € EOM i mikponpouecopHi 3acobu, o6’egHaHi y
BiANOBIAHI Mepexi. B TexHiYHMX cucTtemax, O0CoOnMBO KOMM KOTEPHO-
IHTErpoBaHMX CTPYKTypax, po3rnagatTbCs Taki BUaW iHTerpauii:

e riporpamHa iHTerpauis;

e TEeXHiYyHa iHTerpauis;

e anropuTMiyHa iHTerpauis;

e OpraHisauinHa iHTerpadisi.
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KomyHikamueHicmb cucmemu. Ll 3aKOHOMIPHICTb XapaKTe-pusye
0COONMBI 3B’SA3KM CUCTEMM i3 30BHILLUHIM CepeaoBULLEM, OAE MOXIUBICTb
BUOINMUTN  €NeMEHTN, €K cucteMmm Hmxkumx nopsakis. Ona  KICY
KOMYHIKaTUBHICTb MNPOSIBMSIETLCSA B MNOTOKaxX iHGopmauil, a Takox Y
CTPYKTypax, TOOTO B Mepexax Pi3HOro piBHSA 1M NPU3HAYEHHS, B TOMY YuMCHi
KOpnopaTUBHUX.

KopriopamueHa mepexa — ue obumcnioBanbHa Mepexa Ha pPiBHi
nignpuemctea, dipMm 4m ix ob’egHaHb Yy SKiM OQHOYACHO LMPKYNHOE
iHbopMauia pi3HOro npu3aHayeHHd, TOBTO TEexXHomnoriyHa W TEeXHiKo-
€KOHOMIYHa.

lepapxiyHicmb cucmemu — LUe 3aKOHOMIPHICTb, fKa MokKasye, Lo
XuBa npupoda Ta TEeXHIYHI CUCTeMM 3aBXOM MalTb KinbkKa piBHIB
opraHizadil, NPUMHATTA pieHb, 3agad i 1.4. [Ona aBTOMaTU30BaHUX
TEXHOMNOrYHNUX  KOMMSIEKCIB  BUAINAKTb  Pi3Hi  BUOM  yrpasIliHHSA:
TexHonoriyHun anapart (TA), BigaineHHs, nignpnemctso. TyT rofIOBHUMA €
TakKi CTOPOHMU:

- 32 JOMNOMOroH iEpapXxivyHMX yaBEeHb MOXHa BigobpaxaTtn cMctemu

3 Pi3HMMM HEBU3HAYEHOCTSAMM;

- BU3HAYEHHS KiNbKOCTI piBHIB, NoByaoBa BCI€l iepapXxidHOi cuctemum

3aBXau 3anexuTb Bif 3agadi Ta Big METU CUCTEMM.

B Teopii cuctem Bu3HaYanbHUM € MOHATTA PYHKUIT Y1 3agadi, ki
po3noAinsATe 3a PIiBHAMM Ha nig3agadi, YTBOPHETLCHA iepapxivyHa
CTPYKTypa nig3agad. lepapxiyHi CTpyKTypi nig3agady Bignosigae CcBOS
CTPYyKTYypa MatematuyHux Mmogenen Ta obmexeHb. Lli OBi CTpyKTypu
3HaxoOAaTb BIiOOOPaXeHHs B TEXHIYHIM CTPYKTypi, TOBTO B iepapxii

TEeXHIYHMX 3acoiB.
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IcmopuyHicmb cucmemu. CknagHi cuctemu QYHKUIOHYOTbL Ta
pPO3BMBAOTLCA 3 YpaxyBaHHAM 4acy.
3akoH HeobxiOHOI pi3HOMaHimHocmi. [Joka3aHo, Lo A9 CTBOPEHHS

CUCTEMN, SKa MOXe po3B’d3aTM CcKnagHy npobnemy, sKka Mae

Pi3HOMaHITHICTb, HeobxigHO, Wo6 cuctema ynpasriHHA Mana we 6inbLuy

Pi3HOMaHITHICTb. BaxknmBo, Wob Usa pi3HOMaHITHICTL MOrfa CTBOPHOBATUCH

B camin cuctemi. B TAY icHye npuHUMN CKNagHOCTI, 3rigHO 3 SIKMM Ond

ynpaBniHHA CcKnagHMM OO6’€KTOM MOBMHHA BUKOPUCTOBYBATUCb TaKOX

CKIlagHa cuctema yrnpasriHHA.

Uacto posrnagaoTbCsd TakoX npobnemu  34iMcCHEeHHOCTI  Ta
3aKOHOMIPHOCTI LifieyTBOPEHHS.
Y3aranbHeHHS NOHATb CKIlTaAHMUX CUCTEM

1. 3aranbHyMMKM O3HaKamMu CKrnagHux cuctem (B6ionoriYHUX, TEXHIYHUX,
coujianbHO-eKOHOMIYHMX) € Te, L0 KOXHa 3 HUX npeacTtasnse coboto
CTPYKTYPHO OpraHi3oBaHy CyKyMHiCTb Oifibll  MNPOCTUX  YacCTUH
(migcuctem), B3aEMO3B'A3aHMX Ta B3aeMoAilouMx Yy npouecax
LinecnpsaMoBaHOro yHKUiOHYBaHHA CUCTEMN.

2. KoxHa i3 cuctem BxoauTb SIK nigcuctema B cknag 6inblu KpynHOI
cuctemm (CTapLllioro padry); y CBOK 4epry nigcuctemm (Kpim
eneMeHTapHnX), MOXYTb NPeAcTaBfATUCH SK CUCTEMM MOSOALIOro
paHry.

3. Cuctemu B3aeMOAIOTb i3 30BHILLHIM cepegoBULLEM, LLIO pearni3yeTbcs
yepes 30BHiLLHI 3B’A3KWU: BXiAHI Ta BUXIAHI.

4. Tllpouec @yHKUIOHYBaHHA CUCTEMW Y BY3bKOMY CMUCIIi — MnpoLlec
NepeTBOPEHHS pecypciB Ha BXOAi B LiNbOBI KiHUEBI pe3ynbTatu

OCHOBHOI AiANbHOCTI Ha BUXOA,.

23



10.

11.

EdekTMBHICTb OCHOBHOI OiSANIbHOCTI  CUCTEMWU  XapaKTepU3yeTbCs
BiAHOLLEHHSM LiNbOBMX KIHLUEBUX pe3ynbTaTiB A0 3aTpaTt pecypciB Ha
AOCArHEHHA UMX pe3ynbTaTiB Ta Ha YCYHEHHs1 (abo oOMeXeHHs B
A0NYyCTUMOMY [ianasoHi) HeraTMBHUX HacsnigkiB OYHKUiIOHYBaHHS.
LlinecnpamoBaHicTb npoueciB  (PyHKUIOHYBaHHA MPOSABISAETLCA B
HamaraHHi nigTpyumyBaTM Ta nNigBULLYBaTU BUCOKY e(EeKTUBHICTb
cuctemMun, aganTyrouncb 40 3MiH 30BHILLHLOrO cepeaosuLLa.

Mpouecn yHKUiOHYBaHHSA cuctemn (y LIMPOKOMY CMMUCRi) —
CYKYMHICTb NMPOLECiB OCHOBHOI AisiNIbHOCTI B Pi3HMX 3a Maclutabamu
NpoLuecCiB PO3BUTKY Ta YAOCKOHANEHHS CUCTEM.

MaTtematnyHun onuc npoueciB  (PYHKUIOHYyBaHHA CUCTEMU  —
MaremaTuyHa Mofgernb, ane npu Ail HecTauioHapHUX BUNaOKOBUX
CUrHanis npouecn QYHKLIOHYBaHHA 4YaCTO He MOXHa onucaTu
MaTtemaTnyHo, To6To hopmanisysaTu.

Mpouecn yHKUiIOHYBaHHSA cucTemM noTpebyloTb YyNpaBniHHSA, sike
peanisyeTbCs 3a paxyHOK UinecnpsiMoBaHMX [Ain Ta 3BOPOTHUX
3B’A3KiB.

[Mpouec ynpaeniHHA: 36ip iHopmauii; 1I aHania Ta KOHTPOIb;
BUPOBMEHHA ynpasna4ol Aaii; Tl peanisauis.

CyKynHIiCTb opraHiB ynpasniHHA CUCTEMU Ta NIACUCTEM YCiX PIBHIB
pa3oM 3 iHopMauiiHUMK 3B’A3KaMn  (BHYTPILWHI Ta 30BHILHI) —

iepapxiyHa cuctema ynpasniHHA.

1.4.MeToaun Ta 06’€KTU CUCTEMHOIO aHani3y

Lli meToam 3acHOBaHi Ha TOMy, LLO pO3rnsgalnTbCs pis3Hi sBuwa 6e3

PO3KPUTTA npoueciB, ski Tam BigbyBalOTbCA, a BpPaxoBYKTbCA nuLIe

doopMarnbHi 3B’SI3KM MK Pi3HMMKU dhakTopamMu Ta XapakTep I1X 3MiHW nig
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BMAIMBOM 30BHIilIHIX yMOB. MeToau CUCTEMHOro adanisy o6’egHyloTb
MaTteMaTuUyHi MeToaW, KOMM'IOTEPHI TEexXHOsoril, Teopil aBTOMaTU4HOro
ynpaeniHHA, OOCiMKEeHHA onepauin, Wwo npuBoaAnTb OO0 OO’€KTUBHOI
HeOoOXiAHOCTI 3any4aTn 3HaHHS 3 PI3HUX HayK.

[Ansa meTtodiB cUCTEMHOro aHarnizy cucrtema — ue dopmanbHun
3B’A30K MK CroCcTepiraeMMMn O3Hakamu Ta BriactusocTsamu. [Ons onucy
noBediHKM CUCTEM BUKOPUCTOBYKOTbCA MeToan Teopil iHdopmauil Ta
NPUNHATTA piweHb. B Teopil cuctem TpaguuivHi matemaTudHi meTtoau
(AndoepeHuianbHi, pisHULEBI PIBHAHHSA | T.4.) He A03BONSKTb MOBHICTHO
onucatM pearnbHi nNpouecn B CKMagHMX cuUctemax, ToMy nopsig i3
KiNbKICHO iH(pOopMaLieo BUKOPUCTOBYETLCA AKICHA iHpopMmaLlis, 3o0Kpema,
TEOopi HEeYITKUX MHOXWH — UYiTKO CTPYKTypOBaHi 3agadi, B SAKUX
BUKOPUCTOBYETHLCH nuwe KinbKicHa iHbopmauiq, 3aMiHAIOTbCA
CNaboCTPYyKTypoBaHUMN abo HECTPYKTypoBaHUMW. BBOANTLCA MNOHATTSA
NIHrBICTUYHOT 3MIHHOI.

B noganblwiomy po3arnagaoTbCa MeToau, ki BAKOPUCTOBYOTLCA A4
TaKnUX CKMafHUX CUCTEM, SIK TEXHOJSIOMNYHUN KOMMIIEKC aBTOMAaTU30BaHUU
TEXHONOTMYHUN KOMMNeKCc, KOMM IOTEPHO-IHTErPO-BaHa cuctema
ynpasniHHs, kopnopaTtusHi mepexi (TK, ATK, KICY, KM).

MpuHUMNKM cucTtemMHoro nigxoay
e [MPUHUMN KIHUEBOT MeTU: abCONOTHMUI NPIOPUTET KiHUEBOI (rnobanbHol)
MeTu;
e TMPUHUMN €0HOCTI: CYMICHUM PO3rnsag CUCTEMM SK LIIOro i K CyKynHOCTI
cucTem (enemeHTiB);
e MNPUHUMN 3B’A3HOCTI: po3rnsag 0yab-sIKOi YaCTUHN CYMICHO 3 i1 3B’si3kaMu

3 OTOYEHHAM;
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e MPUHUMN MOAYIIbHOI NOBYAOBMW: KOPUCHO BUAINUTU MOAYMi B CUCTEMI i
po3rnsgaTt il K CyKYnHICTb MOA4YniB;

e NpuHUMN iepapxil: OOUINIbHO BBOOAUTU i€papxito 4acTuH (enieMeHTiB) Ta
(4n) X paHXXyBaHHS;

e NpUHUUN PYHKUIOHANBbHOCTI: CYMICHUW PO3rnsg CTPYKTYPU U OYHKLUIN 3
NpiopuTETOM (PYHKLIN HaL CTPYKTYPOIO;

e MPUHUMN PO3BUTKY: YpaxyBaHHA 3MiHIOBAHOCTI cuctemu, Il 34aTHOCTI A0
PO3BUTKY, PO3LLUNPEHHS, 3aMiHN YaCTUH, HAKOMUYyBaHHSA iHbopMau,l;

e MpUHUMN JeueHTpanisauil: NoegHaHHA B NPUAMAEMMUX PILLEHHSX Ta
ynpasIiHHI LeHTpani3auil Ta geyeHTpanisauil;

e TMPUHUMMN  HEBU3HAYEHOCTi: ypaxyBaHHA  HEBU3HA4YEeHOCTENW Ta
BMNagKoBacTEN B CUCTEMI.
Pucun cuctemHoro nigxony. CucmemHuu ridxio — KOHKPETHO-HayKOBUN

MeTo[, AKMN Ma€ 3arafnbHOHayKoBe 3HAYEeHHS.

CucteMHui nigxig xapakTepusyeTbCsi BUCOKMM PIBHEM CRIifIbHOCTI,
ane ogpasy BUHMKAE NUTAHHA: CUCTEMHUIN NigxXig Ao 4oro? Tomy crnoyaTtky
pPO3rNs4aeTbCA CYTHICTb CUCTEMHOINO Niaxo4y 0O BMBYEHHS, OOCIIOKEHHS
(aHanisy) cuctem, a noOTiM BCTAHOBMNEHHS OCOBGMMBOCTI BUKOPUCTAHHSA
CUCTEMHOrO Nigxoay A0 PO3B’si3aHHA KOHKPETHUX Npobnem.

MeTogonoris aHanidy cknagHux O6’eKTiB, BMBYEHHS Ta Mi3HAHHS
npouecis, SIKi NPOTIKAOTb B HMX, NOB’A3aHi 3 Teopieto nidHaHHA. igxig oo
BUBYEHHS1 cknagHoro ob’ekta nepeabavae poarnag Moro sk CKragHoi
CUCTEMMU.

BukopuctaHHa  cuctemHoro  nigxogy — 3py4yHo  dpopmyBaTtwy,

onnpar4yncb Ha O3HakKn CUCTEM.
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1. BusHayeHo O[JHO3HA4HO, Lo cuctema - CYKYMHICTb
B3aEMO3B’A3aHMX NMiCUCTEM, TOMY BUBYEHHSI CUCTEMW 3aBXOM NOYNHAKOTb
i3 BWU3HAYEHHA T1iI CTPYKTYpU — KiNbKOCTi nigcuctem, ix 3B’SA3HOCTI
(BigHOLWEHb), TOOTO BMBYEHHSA KOXHOI 3 nigcucrteMm BedeTbcs 3
ypaxyBaHHAM 3B’A3KIB MK HMMW, a He i30fboBaHO. Baxnneo BuMABUTU
HanGINbL CYTTEBI 3B’A3KN, TaK 3BaHi CUCMEMOYmMeEOopPIoroYi, SKi HanbinbLue
BNNMBAOTb Ha pe3ynbTaTh JOCILKEHb.

2. BnacTtuBocTi cuctemun 3aBXOuM € He MPOCTO CYKYMHICTIO (CymOto)
BflacTMBoCTeN nigcmuctemM. B npoueci aHanisy BCi BIaCTUBOCTI 1 MOKa3HMKN
CUCTEM B 3areXHOCTi Bi4 BMAMBY Ha HUX edekTy B3aemopnil nigcucrem
AinaTbCca Ha:

uinicHi (iHmezpamueHi, eMepOXXeHmHi) — Taki BNacTUBOCTI, YHKLil
Ta MOKa3HWKK, SIKi Mae nuwe cuctema, Hanpuknag, BUrOTOBJIEHHS
CKnagHol NpoOMMUCNOBOI NMPOAYKL,T;

adumueHi — BNacTUBOCTI Ta MOKa3HUKN CUCTEM, SIKi BU3HAYalOTbCS
nuwie MOXIMBOCTAMU NIACUCTEM Ta nNpeacTaBnslTb IX Cymy,
Hanpuknag: npubyTok, obcAr HOPMaTUBHO-YUCTOI NPOAYKUIT ranysi —
CymMa UMX MOKA3HMKIB OKpPeMUX NigMPUEMCTB, LLO He 3anexuTb Big
BHYTPILWHIX 3B’A3KIB CUCTEMW Ha BiOMIHY B4 BUNYCKYy TOBapHOI
NpoAyKLUil, L0 BU3HAYaAETLCA 3a 3aBOACbKMM METOA0M.

3. MNiapcucremun B3aEMOAII0Tb B npoueci LineHanpaBneHoro
YHKLIOHYBaHHA CUCTEMKM, TOMY OCOBAMBOrO 3HayeHHss HabyBae
BU3HAYEHHA Ta BMBYEHHS MeTU (OYHKUIOHYBaHHSA cuctemun. PakTuyHi uini
OYHKLIOHYBaHHSA NiACUCTEM MOBUWHHI BignosigaTy UinsgM cuctemu, Tob6To
iCHye npuHyun edOHocmi uined. FAKWO BiH NOPYLUYETLCA - NOro HeobXigHO
MOHOBUTW, WO [a€e CyTTEBUMA pecypc nNiaBULLEHHA edeKTUBHOCTI

OYHKLIOHYBaHHS CUCTEMW.
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4 .Cuctema 3aBXau 3B’A3aHa 3 iHWMMK cucTeMmamMm, TOOTO i3 30BHILLHIM
cepegoBuULLEM BXiAHMMU Ta BUXIOHUMW 3B’si3KamMu, TOMY HEODXiAHO:

BpaxyBaTM BMJIMB 30BHIWLHbOIO cepedoBulla Ha OOCNigKyBaHYy
CUCTEMY Ta pesynbTaTh LbOoro BAnuBYy;

OLiHIOBATM (PYHKLIOHYBaHHS CUCTEMM 3 ypaxyBaHHSAM ii BMAMBY Ha
iHWI (30BHILIHE CepenoBULLE) 3a paxyHOK BUXIOHUX 3B’SA3KiB, BpaxoByBaTu
Hacniaku unx BnfunBIB.

5.Cama pocnigkyBaHa cucTeMa Ta iHWIi, 3 SKMMKM BOHa 3B’si3aHa
(30BHILLHE cepenoBMLLE) — 4YacTO € AMHaMIYHMMU, SIKi PO3BMBAaOTbLCS,
TOBTO CYTTEBY POnb rpae ¢hakmop 4acy 3 ABOX TOHOK 30pY:

AOCHIIKYIOTb SK CTaTUYHI, TaK | AMHAMIYHI BSTACTUBOCTI CUCTEM;

AOCTIOKYETbCSA PO3BUTOK CUCTEMU 3 YAacOM Ta PYLUINHI  CUNKN LbOro

PO3BUTKY.

B pesynbTtaTi — BaXnMBO BM3HAYUTM MNPOrHO3 1 B3aemogii i3

30BHILLHIM cepeoBULLEM.

6. CucteMHuin nigxig €K CaMOCTIMHWUKA METOAOMOMYHUA  HanpPsIMOK
dopMyBaBCA Ta pPO3BMBABCA OOHOYACHO 3 PO3BUTKOM MPUKNagHOI
mMatemaTuku, TOMy rnubuHa Ta e@EKTUBHICTb [OOCIIIKEHHA CUCTEM
BU3HAYaETLCH | MOBHOTOK BUKOPUCTAHHA MaTeMaTUYHNUX METOAIB.

7. lepapxidyHa CTpyKTypa CKnagHMX CUCTEM BWU3HA4Ya€e [OUINbHICTb
iHOYKTUBHOro (Bi4 YaCTUMHHOrO [O 3aranbHoro) Ta AeaykTuBHoro (Big
3aranbHOro 40 YaCTUHHOro) METOAIB.

8. CniBcTaBneHHs cknagHUX cuctem pidHol npupoaun (BionoridHux,
TEXHIYHUX, couianbHO-EKOHOMIYHUX) MOKa3ye, Lo AedKi 1X O03HakM Ta
3aKOHOMIPHOCTI (PYHKUIOHYBaHHA CXOXi, TOOTO ONA HMX MNEBHOK MIpOI0

XapakTepHUi isoMopdiaM (He3anexHiCcTb Bid NpUpoau Ta CTPYKTYpK).

28



3BigcnM — BUKOPUCTaAHHSA MeTody aHanorin, ane noTpibHa
obepexHicTb, Wob He AOBECTU MOro 40 Bynbrapusauil.
B cucteMHnx OocnigXeHHsX LWMPOKO BUMKOPUCTOBYIOTLCS npoueaypu

OEeKOMNO3WLii Ta arperyBaHHs, AKi € pisHUMW acnekTaMn aHaniTU4HOro Ta

CUHTETMYHOro MeTomiB AaocnimkeHHss cucteMm. CknagHa cucTtema
PO3YNIEHOBYETBCA HA MeEHLW CKnagHi 4acTuHW, $Ki NOTIM  MOXYTb
ob’egHyBaTUCb B OAHE LUine, WO A€ MOXIUBICTb MOSICHUTU Uine 4vepes

MNOro YacTUHW Y BUMMAAI CTPYKTYPU LiNoro.

dekomMnosuuig — po3KfafaHHs LUifIoro Ha YacTuUHW: 3adadi — Ha
nig3agadi; cuctemm — Ha nigcuctemu. Lle gae MOXNUMBICTbL CAPOCTUTH
3aranbHy 3agadvy, CKOPOTUTU 11 pO3MIpHICTb Ta BUKOPUCTOBYBATU BifbLu
NpocCTi Moaeni.

ArperyBaHHa — o6’edHaHHA 4YacTMH B Uine, WO 4Yacto Aae

MOXNUBICTb OTPUMATM HOBI SIKICHI Ta KIifbKICHI MOKasHWKM cuctemn. B
LUbOMY MpPOSABNAIOTLCSA BNACTUBICTb €MEPEIKEHTHOCTI, KONMWU  HOBE
o6’egHaHHA (HOBa cucTemMa) Mae Taki BMaCcTUBOCTI, SIKUX HE Mae »XOAeH 3
enemeHTIB, sKi 06’eQHYI0TbCA. HaouHUM npuknag nposiBy Li€i BNacTUBOCTI

HaBegeHo Ha puc. 1.1
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Puc.1.1. Cxemun 3’egHaHb €NeMeHTiB

LindbpoBur aBTomat S nepeTBoptoe Byab-sike YNCIO Ha BXO4i B HOBE

YMCNO Ha BMXOAi, sike Ha oguHuul bBinbwe BXxigHoro (puc.1.1.a). MNMpwu
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3’egHaHHi oBox aBTomatiB S B kinbue (puc.1.1. ©) cucrtema reHepye
3pocTatody nocrnigoBHICTb Ha Buxogax A i B, ogHa 3 akux cknagaetbcs 3
napHUX 4ucen, gpyra — 3 HenapHux. [Npu napanenbHOMy 3’€dHaHHI

(pnc.1.1.8) peanisyeTbCs 3aada pe3epByBaHHHS.

1.5. CuctemHum nigxip npu aHanisi TK
O3HakKu TeXHOSOriYHMX KOMMJIEeKCIB SIK CKITagHUX CUCTEM
MoxHa BMAOINATKU pPi3HI O3HaKW, ane TrofoBHUMWU € Ti, SKi

XapakTepuayrTb HK OedKi SKICHI  CTOpPOHW, Hanpuknag, KinbKicTb

eneMeHTIB, Tak i skicHi. Bigomuin nigxia, konu cknagHoto cuctemotro (CC)

Ha3uBalTb Taky, MaTeMaTU4Hi MoAerni AKOI MOXHa onucaTu MpPUHANMHI

ABoma cnocobamu (oeTepMiHOBaHi Ta CTOXaCTUYHI, TEOPETUKONMOBIPHICHI

i T.4.). Ana TK npu xapakrepuctuui ix ak CC BuainsaTb Taki 03HaKW:

e KiNbKiCTb nigcnctem, ocobNMBO Lie Mae 3Ha4YeHHss anga HenepepBHMx TK.
Lli nigcuctemun, 3B'A3aHi Mk coBoOK CKNagHMMKU CTPYKTYPHUMKU Ta
OYHKLIOHANbHUMU BiOHOLLIEHHSMMU;

e MOXNMBICTb YMpaBSfiiHHA NiACMCTEMaMM Ha OCHOBI PI3HUX KpuTepiiB
onTUManbHOCTI;

e iCHyBaHHA [gna nigcucteMm 3agad ornepaTuMBHOI  ONTMMI3auil Ta
HeobXigHICTb KoopanHaLil poboTn NiacncTeEMMU;

e HaABHICTb i€papXiYHOT CTPYKTYPWU;

e HeoOXigHICTb ypaxyBaHHs aBTOHOMHOCTI MigcucTem.

AHaniza TK sak cknagHux cuctem nepeanbadae BU3HAYEHHA  Ta

OUIHKY 1X CTPYKTYpW, OUIHKY MaTtepianbHUX Ta €eHepreTUYHUX MnOoTOKiB,

dopMyBaHHs HEOBXiAHUX IHPOPMALIMHNX BU3HAYEHD, LLO AAE MOXMNUBICTb

BU3HAUNTN CTPYKTYpY ynpaeniHHA. [pyu nobynosi aBTomaTtm3oBaHmx TK
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BU3HAYaETLCA KiNbKICTb MiACUCTEM, po3TawlyBaHHA TOYOK OTPpUMaHHA

iHpbopmaUil, po3TallyBaHHA MYHKTIB YNpaBriHHA Ta TexHiYHa peanisauis

CUCTEMMWN.

Knacudpikauia TK. Lia knacudikauis Moxe BMKOHYBaTUCh 3a Pi3HK-

MW O3HaKamu, ane BoHa NOBWHHA OYTK Takoto, WOO BUAOINNTN OKpeMI rpynu

(knacu) i3 cninbHUMU XapakTepHNUMU O3HaKaMMU.

3a__NpPOAYKTUBHICTIO: BENWKO-, CepeaHbo- Ta ManonoTyXHi 4u

npoaykTneHi. B npomucnoBocTi Bce 6inble 3actocoByTbes (TA)
TEXHOSOrYHI anapatn BeSIMKOI OOMHWUYHOI MOTYXHOCTI, AKi MOXYTb
3aMmiHoBaTK rpyny anaparTiB, BULINSAETbCA cepefHs NPOAYKTUBHICTb, a
BENWNKO- Ta ManonpoayKTUBHI MatoTb BiApi3HATUCH Y ABa i GinbLue pasis.

3a_cnocoboM yHKLIIOHYBAHHSA: HEMEpPepBHi, HeENnepepBHO-NEPIOANYHI,

HernepepBHO-LMKIIYHI Ta NepioanyHi.

3a KIiNbKICTIO BUKOHYBaHWX (PYHKLIN: OOHO - Ta GaratoyHKLUioHarbHi

abo ogHo- Ta 6araTOHOMEHKNATYpHi (-aCOPTUMEHTHI).

3a KiNnbKiCTHO NaHOK: Masro - Ta baraTonaHKoBi.

3a 0HOPIOHICTIO: OANMHAKOBI abo Pi3Hi NaHKM YM NiACUCTEMM.

3a cnocobomMm 3'eAHaHHA TEeXHONOrYHUX JaHOK (TeXHOJNOoriYHOoK

TOMOMOri€):  OAHOHanpasrieHi  abo  3ycTpidHOHanpasneHi (i3

3BOPOTHMMMU 3B A3KaMM) i KOMOIHOBaHI.

3a_ LiNnboBOK _dYHKLUIEW (KpUTEpPIEM onTMMi3auil): ycCi nigcucremm

MOXYTb MaTh OMHAKOBI abo pi3Hi KpUTepiIi;

3a xapakTepucTMKamun cepeaoBulLia: piavHa, ras...
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Ons pospobkn KICY, a Takox cucTteM aBToMaTu3auil Ha pisHOMY
PiBHI BaXXNUBMMU € LWe TaKi o3Haku TK:

e iHdopmauiHa NOTYXHICTb, AKa Xapaktepuaye BENNYUHY

iHpOpMaLiHMX NOTOKIB, TOBTO BU3HAYaE XapakTEPUCTUKN HEOOXiaHMX
TeXHIYHUX 3acobiB Ta iX nporpamMHoro 3abes3nedeHHs And OTPUMAaHHS
iHpopmauii, T o06bpobkM Ta nogaHHA B HeobxigHoOMy BUrMsdi B
HeobOxigHe poboye Micue B nNeBHUM 4ac. |HdopmauinHa NOTYXHICTb
BU3HAYaETLCA KIMbKICTIO 3MIHHUMX, SIKi HEeoOXxigHi Anga ynpaeniHHA Ta
KoHTponto TK: mana noTyxHicTb Ao 40 3MmiHHMX, cepeaHa — go 160
3MiHHUMX, nigBuLieHa — go 650 3aMiHHUX, Benuka — binble 650 3MiHHUX .
TK uykpoBoro 3aBogy Mae 384 TOYKM KOHTponw Ta 217 TO4YOK
ynpasniHHg; cnuptoBur 3aBof: 501 Toyka KoHTposto i 132 Touku
ynpaBniHHS.

e 3a KiNbKICTHO NiacucTeM, AN SKux iCHye i HeobxigHa 3agadva onTuMmisauii

BUAINAKTLCA Nywe Ti nigcuctemMn, Ond SKMx € BignoBigHi pecypcu, a
JOCArHEHHA HaMBULLMX TEXHIKO-EKOHOMIYHMX NOKAa3HWUKIB AN NigcucTem
cniBnagae 3 kputepiem TK y winomy.

e 3a KiNbKiCTIO MiACUCTEM, SKi KoopaAuHYTbca (yaromxyrTtbes) € TK, ansa

SKux poboTta n-oi nigcnctemmn notpebye 3aMiHKM ymoB pobotn (n-1)-0i i
(n+1)-ol nigcucrewm;

e 3a TPYAOEMKICTIO 3a4ay ONTUMI3aLil Ta KoopauHaLii € KOMMMNEKCHU, B

SKMX 3ajadya OoONnTMMi3auil BMMarae 3HA4YHOrO 4acy poO3B’siI3aHHS |
3HaAYHUX obuuncnoBanbHUX NOTY>XXHOCTEWN, Taki nigcucremu
KOOPOMHYIOTbCS TPYLAHO.

CncreMHUM aHani3 TeXHONOriYHMX NpoueciB K 06’eKTiB

ynpaBniHHA.
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Mpn pocnigKeHHi TexXHOMOoriYHMX npoueciB i3 no3uuin  3agad
ynpaeSiiHHA BUKOPUCTOBYKOTLCA OCHOBHI MPUAOMW CUCTEMHOrO aHanisy
(cuctemHoro nigxoay):

- NOCTaHOBKa 3agadi AOCNIOKEHHS;

- BUOIp KpUTEPIIB AKOCTI;

- po3pobka nnaHy ekcnepuMeHTy 3 BUAINEHHSIM OCHOBHUX €TaniB;

- BUKOHaHHS NPUHUMNY iepapxii 3Bepxy BHU3 Mpu aHarnisi Ta 3HM3y BBEpPX
NPW CUHTE3I CKNagHUX CUCTEM i iH..

3 no3uuin  CUCTEMHOrO  aHanidy  po3B’aA3yloTbCs  3agadi
MOAESOBaHHSA, ONTUMI3aLil, ynpaBniHHA Ta ONTMMalibHOro NPOEKTYBaHHSA
XiMiko-TexHonoriyHux cuctem (XTC) B macwTtabax TK, BigaineHHs, uexy,
3asoay. [lnsa uboro BUKOPMUCTOBYHOTLCA BiAMNOBIAHI MaTeMaTUYHI Moaeni.

YMOBHO HenoginbHuMu oguHuuamm TK € TexHOnoriYyHMMm npouec
(TT1) — HWXHIK piBeHb iepapxii BUpOOHMUTBA. B TOM ke 4yac Moxnmea
noganblua getanisauis umx oguHuLb 00 PiBHS i3NKO-XIMIYHUX eekTiB Ta
SIBMLL, WO [J03BOJSISE, B CBOK Yepry, pPo3rfstHyTU OKPEMUN XiMiKO-
TEXHONOrYHUM Mnpouec 49K cKrnagHy cuctemy. Baxnueo posymiti, wo
OAVHUYHUIN XIMIKO-TEXHONMOrYHMUIA MpoLEeC i3 MOro CKNnagHUM KOMMSIEKCOM
eneMeHTapHnx @Ii3nKo-XiMiYHUX ABUW, — murioga eesiuka (CKriaoHa)
cucmema B CMMUCHI 1 KNACM4YHOrO KiGEpPHETUYHOro BU3HAYEHHS. PiBeHb
CKNMaaHOCTI L€l cMCTEMU BU3HAYAETHCS:

- BENUYE3HOI0 KifbKiCTIO (MHOroobpasnem) gisnko-xiMiyHMX edekTiB;

- HACUYEHHSIM B3aEMHUX 3B’S3KIB MK UMK edbeKkTamu;

- 04HOYaCHMM MpPOTIKAHHAM Ta B3aEMO3B’A3KaMW MiXK PiSHUMWN SiBULLLAMM
di3nko-xiMiYHOT NpMpOAN B NOKarnbHUX 06’emax;

- HENMIHINHUMW 3aNeXHOCTAMM MK 3MIHHMMW NapamMmeTpamu i T.4.
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Mpn cucteMHoMy aHanisi BUpobHMUTBa (MigNpMEMCTBA) SK BENUKOI
(cknagHoi) cucteMmn BUAINATb, SIK NPaBUIIo, TPU PiBHI:

- TWUMOBI TEXHOMOrYHI npouecn B anapaTtypHoOMy OJQOPMIIEHHI
(MexaHiyHi, rigpognHamivHi, Tenno-mMmacoobMiHHI, ANGY3iNHI, XiMiYHi...)
Ta NnokanbHi cucTeMn ynpasrniHHA HUMU;

- TK, Big4inieHHs, uexum 3 BignoBigHMMMU cucTeMamMn ynpasniHHS;

- BUMPOOHMUTBO, NIANPUEMCTBO Ta CUCTEMWU ONEpPaTMBHOIO YyNpaBniHHS,
opraHizauii  BMpPOOHMUTBA, NfaHyBaHHSA, MaTepianbHO-TEXHIYHOIo
nocTayaHHs, peanisauii npoaykuil.

[Mpn cuctemMHoOMy nigxo4i CTBOPKOOTLCA aBTOMAaTU30BaHi CUCTEMU
Ans onepaTMBHOrO OTPMMaHHA MaTteMaTUYHUX Mogenen, ineHTudikauil.

KoXeH TunoBMi npouec sK OAUMHMUSA NepLioro piBHA iepapxil
dopmanisyetbca AK  disnko-ximiyHa cuctema (OXC) — OGaratodasHe
GaraToOKOMNOHEHTHE CyUiNbHE NPUPOAHE cepenoBMLLE , PO3MNoAineHe B
NPOCTOpPiI Ta 3MIHHE B 4aci, B KOXHiN TO4Li rOMOreHHOCTI SIKoro Ta Ha
rpaHuui pos3aineHHsa a3 BiabyBaeTbCs NEPEHOC PEYOBUHU, €Hepril Ta
iMAynbCy NPU HAABHOCTI Jkepen (4M CTOKIB) OCTaHHIX.

Mpunmaroum po yeBarn, wo Ha Bxig ®XC noctynatTb MNOTOKU
CyUiNbHOro cepefoBulla, $Ki  XapakTepu3ylTbCA BEKTOPOM  BXiOHUX
3MiHHMX (cknag i TemnepaTypa a3, TUCK, WBUAKICTb, FyCTUHA i T.4.), SKi
npoxoaaTb  uiniecnpsiMoBaHi  oi3MKO-XIMIYHI  NEPEeTBOPEHHSA,  MOXHa
3anucartu:

Y=A(U), (1.12)

e A — onepatop (TexHiyHun), akmin doopmanisye BigobpakeHHs
NPOCTOPY 3MIiHHMX BXOA4Y B MNPOCTIp BMXOAY, BIANOBIOHO pearibHOMY
disnko-TexHiMyHOMY npouecy. OnepaTtop A € cknagHuM: y BianoOBIAHOCTI i3

cynepnosuuielo (HaknagaHHAM) psay  «enemMeHTapHUX»  TEXHOMOTYHUX
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ornepaTtopiB — XiMiYHOro Ta as30BOro nepeTBopeHb; ANQY3IMHOIO,
KOHBEKTMBHOIO Ta TypOyneHTOro nepenucy peyvyoBuMHW Ta Tenna;
3MillyBaHHSA Ta iH.. Takum YMHOM, LEen onepaTtop BigobpaXkye CYKYMnHIiCTb
NIHINHWX, HENIHIMHUX, PO3MOoAiNneHnxX B NPOCTOpI i 3MiIHHMX B Yaci npouecis
Ta Mae 3MillaHy eTepMiHOBaHO-CTOXaCTUYHY npupoay.

Konun moBa nge npo matemMaTuyHy Moenb, TO 3anncytoTb Ha OCHOBI
(1.12):

y=a(U,X), (1.13)

ne ;- NPOCTIP OUiIHOK 3MIHHUX BUXOAY.
3acTocyBaHHSAA MeTOAONOril CACTEMHOro niaxoay A0 CTBOPEHHS

CKNnagHuUX cuctem ynpasniHHA. Memodosiozgisi — CyKYnHIiCTb NPUNOMIB

OOCNIIKEHHS B HayLi.

CucteMHUM nigxig Npu CTBOPEHHI CKNagHUX CTPYKTYP ynpaBriHHSA

NPOSBAAETLCA B TaKMX nigxonax:

1. bygb-g9ka cuctema Ha nepliomy eTani po3rnagacTbCa 3 ypaxyBaHHAM
nuwe dopmanbHUX 3B’SA3KIB MK  PIBHUMK (pakTopamMum Ta OLIHKK
XapakTepy X 3MiHM Mig BMNAMBOM 30BHILLHIX YMOB. Teopid cMCTeM CBOIM
ob’ekTOM pJocnigXeHb Mae He @i3ndHy pearsnbHICTb, a 3arasbHi
BNacTUBOCTI Ta 3B'A3KM MiX pisHUMKU doakTtopamu. [lpyn 3pocTaHHI
cknagHocti CY ansa ix aHanidy ta cuHTe3dy HeobXigHO 3acTocoByBaTH
3HaHHSA 3 PiI3HMX HayK.

2. Cnctema 3aBxgu OOCHIOXKYETbCA B YMOBax HEBU3HAYEHOCTI (MeTw,
XapaKkTepuUCTUK 30BHILLHLOIO cepefoBMLLa Ta MNOBEAIHKM onepaTopa).

Baxnuso 3abe3neunTn B cMCcTeMi afanTtauito Ta MOXIIMBICTb PO3BUTKY.
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3. CknagHicTb cuctem ynpaeniHHS, iX iHopMauiiHa NOTYXHICTb BMMarae
3anydyeHHa OedKux creuianbHUX NpUMOMIB, Hanpukniag, AeKoMnoauuil
Ta arperyBaHHs.

4. Y cknagHux cuctemax ynpasniHHa (CCY) 3aBxgu BUKOPUCTOBYHOTLCS
CTPYKTYPHi NepeTBOPEHHS.

5. B 3aranbHin Teopil CUCTEM MNOBUHHI BUKOPUCTOBYBATUCbL TEPMIHN,
MeTOAMN, NOHATTS Ta NPUAOMU, AKi € 3PO3YMINTUMKN ONS IHWNX HAYKOBUX
ancumnnid (iHpopmMmaTuka Ta aBTOMaTMKa, BOHW MOBWHHI CRiflKyBaTUCh
CMifIlbHOK MOBOIO).

6. B Teopii cuctemM 3acTOCOBYIOTbLCA YHi(hikoBaHi NOHATTS, SAKi OaloTb
MOXINUBICTb OXapakTepusyBaTu Sk cuctemy Oyab-aKol CKNagHoCTI, Tak i
Byab-Ky 11 YacTuHY.

[1,c.16-34;5,c.10-29]

KOHTPOsbHI NUTaHHA
1.[lante Bn3Ha4YeHHs OCHOBHUX TEPMIHIB: CUCTEMA, ENEMEHT, nigcucTema.
Mpuknagwn.
2.3a sknmm 03Hakamu knacudikyroteca cuctemm? MNpuknagw.
3.HaBepnitb 0COBGNMBOCTI pi3HMX CUCTEM: BenuKa, cknagHa, i3 camo-
opraHisaujieto, 3i CTyneHem opraHi3oBaHOCTI i iHLU.
4.3aKOHOMIPHOCTI BENUKNX (CKNagHUX) CUCTEM.
5.B yomy nondrae CUCTEMHWUM NiAXi4 NP CTBOPEHHI Ta aHanidi cknagHux
CUCTEM yrnpaBniHHA?

6.Ha3BiTb OCHOBHI 03HAKM TEXHOSOMNYHMUX KOMIMIEKCIB K CKIagHUX CUCTEM.
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2.CTPYKTYPHUN aHanNi3 CKNnagHMX cMcTeM ynpaBriHHSA

Ina umMx cuctem aHanisyetbCs opradisauivHa, JgyHKUiO-HarnbHa,
TEXHIYHaA CTpyKTypa. Lli CTpykTypn MOXHa po3rnsgatu, sik nesBHi moaeni,
AKi BigoOpaxatoTb OYHKLUII Ta uini, ki CTOATb nepes cuctemoto. B nepuuy
Yyepry BpPaxoBYKTb IEPAPXiYHICTb CUCTEMWU, TOMY IX CTPYKTYpU 3aBxau
6ynyTb OGaratopiBHeBuMK. Lla GaraTtopiBHeBa CTpykTypa AonomMarae Ha
Pi3HNX PIBHAX pO3rnagaTtu 3 pisHOK AeTanisauieto BfacTMBOCTI CUCTEMU Ta
IX cknagoBux. Takum YMHOM, CTPYKTYpa — CYKYMHICTb €fIeMEHTIB | 3B’A3KiB
MK HUMW, SKi BU3HA4YaloTbCs BiANOBIAHO OO0 OYHKUIN i Linen cuctemm (puc
2.1).

i Cucrema
= i . ¢ \ 8
e CkiagoBi , . =
- eeMenTH 3B’A30K Crpykrypa piBenn ol
o | —mebr>—1 T =
= 2 e o
< . .-
e ITincucrema r:
il ©
= =
o . v (Y
CxiazmoBi ' =
= eNleMeHTH 3B’SI30K Ctpykrypa 1 piBens v

Puc. 2.1 baratopiBHeBe npeacTaBneHHa cTpykTypu CCY

[ns KOXHOI cMcTeMW MOXHa NOCTaBUTWU Y BIANOBIAHICTE MHOXWUHY
CTPYKTYp i3 PpIi3HOK KINbKICTIO pIiBHIB AeTanisauii, WO BWU3HA4YaeTbCA
NPU3HAYEHHAM CTPYKTYpWU, TaK i camoro cuctemoro. [pn nepemilieHHi Ha
HWXHI piBHI AeTanisauis 3aBxaun 36inbllyeTbCs, ane npMsHavYeHHsa cucteMum
CTa€ 3pOo3yMinMM MNpu nepemilleHi Ha BEepXHin piBeHb. ICHYIOTb cuUctemMmu
CTPYKTypOBaHi  (Oobpe CTpPyKTypoBaHi), cnabko CTPYKTypOBaHi i

HEeCTPYKTypOBaHi (Mano CTPYKTypOBaHi). Y BiAMOBIAHOCTI OO UbOro Angd
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KOXXHOrO Kracy cuctem po3pobnsatoTbea BignoBigHi matematuyHi mogeni. B
CTPYKTYPHOMY aHanidi BUAINAKTbL NPUAOMU OEKOMMNO3ULIT Ta arperyBaHHs.
[Mpuinom gekomnosuuii 4O3BOMAE LifieCnpsMOBaHO BUOINNTY NigCUCTEMU, a
APYrMin Npumom — arperyBaHHs — 403BoNsie ob’eaHaTn geski nigcuctemu,
Wwob yTBOPUTU  TEXHOMOrYHUW OB’eKT ynpaBniHHA i3 3agaHuMu
BnacTmBoctaMn. B pesynbTaTi CTPYKTypHOro aHanizy npummaeTbes
PiLLEHHSA BIOHOCHO apXiTEKTYPU CUCTEMHOro ynpasniHHA, po3TallyBaHHSA

TepPMiHanNbHUX TOYOK (4aTyMKK, PEryntowdi opraHn, poboudi micus).

2.1. dyHKUiOHanNbHa, opraHisayliHa Ta TexHi4Ha CTPYKTypa
OpranisauiniHa cTpykTypa (Ha npuknagi nignpuemcTsa)
Lia cTpykTypa npusHaveHa ons po3B’A3aHHSA Takux 3agav:
- ONUC cKknagy nigcucTem Ta 3B’A3KiB MiXK HAMMU;
- BM3HA4YeHHs QOYHKLiM nigcucteM Ta nNpu HeoOXiAHOCTI PO3KpUTTA 1X
BHYTPILLHbOI CTPYKTYpH;
- onnc MaTtepianbHUX Ta iHpopMaLiHUX NOTOKIB;
- nobygoBa 3aranbHOI iH(popMaUiMHOI CTPYKTYpu Ta BignoBigHMX
Moaenewn.
dyHKUiIOHanNbLHa CTpyKTypa
J[lae MOXNUBICTb:
- BU3HAYUTU (PYHKUIT yNpaBniHHA B CTPYKTYPHMUX Nigpo3ginax iCHyt4ol
cucTtemum;
- 0bpaTun byHKLUIT, SIKi aBTOMaTM3YOTbCS;
- BU3HAYEHHSA 3B’A3KIB MiXK aBTOMaTU30BaHUMN (PYHKLIAMMU;
- po3pobku iepapxii 3agay ynpasniHHA Ta BianoBigHMX Modenen.

TexHiyHa cTpyKTypa
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TexHiuHa CTpyKTypa BigoOpaXkae OCHOBHiI TexHi4Hi 3acobwu angd
OTPUMaHHS iHdopmauil Ta TI 06pobkM, a TakoX NPUCTPOI ANs 3B’A3KIB MiXK
enemMeHTamMmu B TOMY YUCITi Mepexi.

[Mpn aHani3i TEXHIYHOI CTPYKTYpWU:

- BU3HA4YalTbCA OCHOBHI eNeMeHTH, siki 3abeanevytoTb iHhopMaLinHi
npouecu: peecTpadito Ta NiarotoBKy, 30epiraHHs i Bugady iHdopmauii;

- CKnagaeTbcs popmaribHa CTPYKTYpHa MoAernb CUCTEMMU TEXHIYHUX
3acobiB 3 ypaxyBaHHsIM TOMOMOril pO3TallyBaHHA €fneMeHTIB, X
iHdbopMaUinHOI Ta eHepreTUYHoi B3aemodil MK cobo Ta 30BHILLHIM
cepegosuLe.

3aranbHa 3agaya CTPYKTYPHOro adanisy nonsirae y BW3HAYEHHI
CTPYK-TYPHUX BIIaCTUBOCTEW CUCTEMW Ta 1i MIACUCTEMM HA OCHOBI ONUCY
eNleMeHTIB Ta 3B’A3KiB MiXK HUMM.

Mpn po3B’A3aHHI NPaKTUYHMX 3a4ay CTPYKTYPHOro aHanisdy ckrnagHux
cUcTeM ynpasniHHA MPUAMaOTbCA TPWU  PIBHI  ONUCY 3B'AA3KIB  MIX
enemMeHTamu:

- HasiBHICTb 3B’A3KY;

- HarnpsiMoK 3B’A3KY;

- BMO Ta HanNpsMOK curHanie, s£Ki BM3HaA4yalTb B3aEMOAIt0

erNeMeHTIB.

Ha nepwomy piBHI [ocnigXyBaHin cuCcTeMi MOXe Bignosigatu
HEeopieHTOBaHM rpady), BepLUMHAMM SKOrO0 € €efleMeHTU Ccuctemu, a
pebpamn — 3B’A3KM MK HMMW. Ha uUbOMYy piBHI OCHOBHMMW 3agadamu
CTPYKTYPHOIo aHanisy €:

- BUBHAYEHHS 3B’A3HOCTI (LiNICHOCTI) CUCTEMU Ta BUAINEHHS 3B’A3HUX
NigcMUCTEM i3 CBOIMM efieMeHTaMu, SKLLO CUCTEMA B LiFIOMY HE € 3B’SI3HOI0;

-  BUAINEHHS UKMKNIB;
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BM3HAYEHHA MiHIManbHUX Ta MakKCUMaribHUX MOCHiAO0B-HOCTEN

eneMeHTIB (NaHUoriB), siKi po3ainsaoTb eNeMeHTN.

Ha gpyromy piBHi, KOnNn Hanpsim 3B’s13Ky 3agaHo, CUCTEMI BianoBsigae

OpiHTOBaHUW rpady, HaNPAMOK Oyr SIKOro criBnagae 3 HanpsMoMm 3B’A3KiB.

PesynbTat CTPYKTYpPHOro aHanidy Ha uUbOMYy piBHi Oinbll 3MICTOBHI, a

3ajayamMu CTPYKTYPHOro aHaniay e€:

- BW3HaA4YeHHS 3B’A3HOCTI CUCTEMM;

TONosmoriyHa [Jekomno3uvuis 3 BUAOINEHHAM CUMbHO 3B’A3HUX

nigcucrem;

BUAINEHHS BY3NiB NpMAMaHHSA Ta Buaadi iHopmauii;

BUAINEHHS PiBHIB B CTPYKTYPi Ta BUSHAYEHHS 1X B3aEMO3B’A3KY;
BU3HA4YEHHA MiHIManbHUX Ta MakCUManbHUX LUANAXIB;
BU3HAYEHHA XapaKTepUCTUK TOMNOMOriYHOI 3Ha4yyLwocCTi
eNleMeHTIB;

OTPMMaHHS iHpopMauii Npo cnabki micus CTPyKTypwu i T.A4.

Ha TpeTbOoMy piBHIi Oonucy 3B’A3KIB MK €fleMeHTamMu  Ccuctemmu

BPaxOBYETbCS HE NULLIE HANpaBneHICTb 3B’A3KY, a 1 PO3KPMBAKTLCS CKIag

| XapakTep curHasnis B3aeMogil enemeHTiB (BXigHi, BUXiOHI, KepyBaHHS).

Kpim Toro, npm cTpykTypHOMY aHanisi po3B’a3yt0TbCA Taki 3agavi:

BUAINEHHA MiCLEBMX Ta 3aranbHUX KOHTYpPIB KEPYyBaHHS;
BU3HAYEHHA HeobXigHMX KOoHdirypauin npu 6araTopexumM-Homy
xapakTepi poboTu;

OuiHKa WnaxiB 6e3nocepenHbOl nepenadi curHanie.

[Mpn He3Ha4yHin noYaTKoBIN iHGOPMaLUil NPO CTPYKTYpYy cuUcTemu,

KOS BPaxoBYKTbCA JULWIE HAasBHICTb | HanNpsIMOK 3B’SA3KY, 3pYy4HO

BUKOPUCTOBYBATK anapart Teopil rpadis.
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2.2. Popmanisauif onucy CTPYKTYpuU CUCTEMU HA OCHOBI
rpachoBux mopenen

Teopia rpagis — po3ain MaTemMaTuku, SKUM OOCNIAKYE BNacTUBOCTI
Pi3HMX reoMeTpu4HMx cxem (rpaduiB), SKi yTBOPEHi MHOXWMHOK TOYOK Ta
NiHin, Wo ix 3’€gHyoTb. [1pyM CTPYKTYpHOMY aHanisi cucteM enemMeHTam
CTaBnATb Yy BiAMNOBIOHICTL BepwuHM rpadpa, a 3B’\i3kaMm — pebpa
(BepwurHHMA rpad). IHoai 3py4HO BuMKOpuUcTOBYBaTU pebepHuin rpad
(enemeHTn — pebpa, 3B’A3kM — BepwuHM). B noganbwomy 6yaemo
BUKOPUCTOBYBATW BEPLUNHHI rpadou.

Budu epagpis. AKLLO BU3HA4YeHA MHOXWHa enemMeHTiB V, To rpad
G =G(V) BBaxaeTbCaA BU3HAYEHUM, KONWN OedAKe CIMENCTBO CMOJSTyYeHb
enemeHTiB abo nap sungy E=(a,b), ae a,b I V, BKasye, Aki eneMeHTn €
3B’A3aHi. Y BiANOBIAHOCTI 3 reOMEeTPUYHOLO iHTepnpeTauieto napa E=(a,b) —
pebpo, a enemeHTn a i b — kiHUEeBI Touykn pebpa, abo BepwKnHU. AKLLO
nopsgoK po3TalwyBaHHS BEPLUMHW He Mae 3HaveHHd, To E -
HeopieHmosgaHe pebpo, a AKWO Le BaxnuBo, To E — opienmosaHe pebpo,
dyaa, Npu4oMy a — noyaTkoBa BepLunHa, b — kiHLeBa.

B Teopil rpadiB BUKOPUCTOBYIOTb TAKOX TaKy TepMiHOMOrito: pebpo
E iHyudeHmHo BepliMHam a,b; BepwmHM a i b iHUMHAEHTHI pebpy E.

pad, cknageHWn BUKMNIOYHO 3  OpieHTOBaHMX pebep —
opieHmoeaHuu. BignoBigHO: HeopieHmoeaHi ma 3MmiwaHi rpadu.
HeopieHTOBaHMN rpad MOXHa NepeTBOPUTM B OPIEHTOBAHM 3aMIHOK
KOXXHOro pebpa E napoto pebep 3 TUMKM X KiHUAMW, ane npOTUIIEXHOI
opieHTauil (npouec NoABOEHHS)

Mpad kiHuesud, konn 4nucno pebep KiHUEBE, Ta HECKIHYEHHUU — Y

NpPoTUNEXHOMy B1Mnagky.
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pad, SkMn cknagaeTbCa nuwe 3  i3051bOBaHOI BEPLUWHU - HYJIb-
epadp, a rpady, pebpamm siKoro € pi3Hi napu ABOX pi3HMX BepwmH a , b i3V
— rosHuu rpad.

B opieHTOBaHOMYy noBHOMY rpadi € napu pebep no ogHOMY B

KOXXHOMY HanpsiMKy, ki 3’eaHy0Tb 6yab-ki ABi pi3Hi BepwunHu (a i b).

Cnocobu opmanizoBaHoro 3apaHHA rpadiB. [paghiyHe
rnpeodcmassieHHs1 - Hanbinbl HaoyHe, ane He AOCTaTHE, MOr0 He MOXHa
BUKopucToByBaTu npm poboti Ha EOM.

MampuuHe npedcmasrneHHss. MoxyTb 6yTu pi3Hi hopmu.
Mampuus cymixkHoCmi BEPLUNH ONA HEeOpPieHTOBAHOro rpada:
a=|a,], (2.1)

N — KiNbKICTb BEPLUMH.

EnemeHTn dij BUSHaA4YalOTbCA Tak:

a;

_|1_npu _nasenocmi _ 36’ 3Ky 2.2)
0 _npu _siocymnocmi _ 36" A3Ky '

MepenbavaeTbes, WO HyMepaLia BEpLUMH rpadha npoBeaeHa.
[na HeopieHTOBaHOro rpada MmaTpuua CyMKHOCTI € CUMEeMmpPUYHOKO.
B maTpuui CyMiKHOCTI BEPLUMH ONA OpiEHTOBAHOro rpada:
A=a,] (2.3)

EnemeHTn BM3Ha4aloTbCA Tak:

{1, AKWO 3 GepuiuHu I MOJICHA _nepetmu 6 Gepuiuny j}
a, =
q

0—6 _npomunexcromy 6unaoky.
Bua matpuui CyMiKHOCTI opieHTOBaHMX rpadiB CyTTEBO 3anexuTb
Bi NPUHUMNY HyMepauil BEPLUNH.

Mampuusi iHyuGeHmHocmi:
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B =||bi/'|| (24)
i=1,2...n; j=1,2...m,
N — KiNbKICTb BEPLUWH;
m — KifbKiCTb pebep

[lna HeopieHmMosaHo20 gpagha:.

_|Laxwo _i—a_eepuuna _inyudenmua _ j —my _ pebpy(e _ 36' A30K) (2.5)
710 - nemac _ 38' 3Ky '
[na opieHmoeaHo20 epacpa:
Lakwo i—a eepwuna € _novamxkom _j—eo _pebpa
b, =<—laKxwo _i—a_eepuuna _c _Kinyem _j— 20 _ pebpa (2.6)
0,axwo _i—a eepwuna He iHYUHOEeHMHA _j— My _ peOpy

YacTo B npakTMyHMX 3agadax 6inbliicTb enemeHTiB B maTpuusax A i B
€ HYNMbOBMM, WO MNPUBOANTL OO0 HeeMEeKTUBHOro BuKOpUcTaHHs EOM.

[ouinbHNM € MHOXWHHI cnocobu bopmanisauii CTPYKTypu.

MHoxuHHe npedcmasneHHA.[Jna opieHToBaHoro rpada G (V)
3a4a€eTbCs MHOXMHA BEPLUMH Ta BigMNoBigHICTb G, AKa nokasye, ik 3B’s3aHi
Mk coboto BeplumHK. BignosigHicTe G B LbOMYy BMNaaKy € BigobpaKeHHsIM
MHOXMHM V B V. [Ina KOXxHOI BepwwunHM i BignosigHicTb G BU3Ha4dae
MHOXWHY BepwnH G(i), B ski MOXXHa ©e3nocepeaHbO NonacTn 3 BEPLUNHMA
i.4acTto G(i) HasnBalOTb MHOXUHOO rpasux iHUUOEeHUiU.

MHoxunHa G'(i) BM3Hayae BCi BeplIMHW, 3 GKUX ___MOXHAa
B6e3nocepeaHbO0 nonactM B BepuwuHy | - 380pomHa 8i0rnoegidHicmb
(BinoGpaxeHHs)). o awHanoezii MHoxuHa G(i) HasnBaeTbCA MHOXWUHOIK
niBux iHUnaeHuin. MHOXuUHHMIA cnoci® BGinblu NpakTUYHUIA, 0COBNMBO AnNs

iEpapXiYHMX CUCTEM.
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YacmuHHul epag ma nidepagh. pach H HasmBaeTbCca YyacmuHHUM
epapom rpadha G, SKWO KMOro MHoXmMHa BepwunH V (H) € B MHOXMHI
BepwuH V rpada G i BCi pebpa rpacda H € pebpamu rpaca G.

Mpuknag puc.2.2 : 5

L, 1

\ 4
[E—
W
\ 4
N
W

\ 4
()]

B r

Puc. 2.2. CTpykTypa Ta opieHTOBaHUK rpad cuctemu
a — CTpyKTypa cuctemun; 6 — opieHToBaHun rpad;

B-nigrpad; r — YacTMHHUKM rpad
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pad G1(D) HasmBaeTbca nidepaghom rpadpa G(V), AKWO MHOXMHA
BepwuH D € B MHOXMHI BepwunH V i pebpa rpadpa G1 € Bcima pebpamu
rpada G, KiHUi 9knx nexatb B MHOXMHI D. Akwo D=V, To nigrpacdp G(D)
cnienagae 3 rpacgpom G(V).

[MoHATTS YyacTMHHOrO rpadpa Ta niarpada € OCHOBOK A1 BUAINEHHSA
nigcucTem npu aHanidi cknagHMx CUCTEM.
JlaHuyroz, wnsx, yukn, koHmyp. JlaHuytor — nocnidoeHicmb pebep Eo,
E1...Ek.1, Ek..., konlu KO)xHe pebpo Ex.1 domukaembcsi OOHUM 3 KiHUyie 3
pebpom Ei. JlaHyro2 MOXXHa No3Ha4Yumu rnocs1i0oeHicmro eepuwuH, siKi
80HU Mmicmsimb. Hanpuknad, nocnidoeHicmb eepwuH (1,4,3,5), (1,3,5)
— € naHyrocamu. Lle noHsmms 4Yacmiwe eukopucmosyembcsi OJisl
HeopieHTOBaHuUX rpadciB (puc.2.3).

LLinax — nocnigoBHICTb Oyr, KONW KiHeLb KOXHOI nonepeaHbol
cniBnagae 3 no4aTkoM HacTtynHoi, Hanpuknag: (1,3), (3,5), (5,1) ans
puc.2.3. Lle noHATTA TakoXX BUKOPUCTOBYETLCS A0S OPiEHTOBaHUX rpadois.

Llukn — KIHUEBWUM NaHUIOr, AKUMA PO3MNOYMHAETLCS | 3aKiHYYETbCA B
OfHIN BepwuHi, Hanpuknag: (1,4,3,1) ana puc.2.3. Lle noHATTs mae cmucn
TaKoOX AJ19 HEOPIEHTOBAHUX rpadis.

KoHmyp — KiHUeBUW WNAX, ONS SKOro noyatkoBa BepLUMHa nepLuol
ayrn cnienagae 3 KiHLEeBOK BEPLUMHOK OCTaHHbOI OYyrn LWnAaxy: nocnigos-

HicTb ayr (1,3), (3,5), (5,1) — koHTYp (puc.2.2).
2
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Puc.2.3. HeopieHTOBaHUM rpad

LoexuHa naHuytoea (wrisixy) — vuncno pedep (ayr), siki BXoaATb B faH-
yror (wnsax) rpada.

MaTpuusa cyMixkHOCTI BeplMH A € maTpuueto 6esnocepeqHix Wwnaxis
rpada, SKi MalTb [OBXWHY, LLO AOPIBHIOE OAMHMUI. 3aranbHe 4ucro
TPaH-3UTHUX LWNAXIB Bi4 BEPLUMHW | 0O BEPLUMHM | OOBXUHOK K MOXHa
oTpumMaTu B pesynbTaTi NigHeceHHs Ao K-Tol cteneHi maTtpuui A:

AR=AA . A=ACT-A

EnemeHT maTtpuui Ak a;¥) BU3Ha4ae KinbKicTb LUNAXIB AOBXMHOW K Bif,
BEPLUMHU | 0 BEPLUMHM j.

CmeniHb sepwuHuU. Yncno pebep, iHUMOEHTHUX BEPLUMHI HEOPIEHTO-
BaHoro rpadwa, - creniHb BepwunHu p(i). Ymucno ayr opieHToBaHOro rpaga,
SAKi MaltTb MOYaATKOBOK BEPLUMHOK BEPLUMHY | — HaniBCTEMNiHb BUTOKY
BepLmHN i p*(i). AHanNoriyHo, Y1Ccno Ayr, SKi MatTb KiHLEBOK BEPLUMHO
BepwuHy j p(j). Cyma HaniBCcTeneHiB 3axoaa BCiX BepLKUH rpada, a Takox
CymMa HaniBCTerneHiB BUTOKY BCiX BEPLUNH OOPIBHIOTL 3arafibHOMY 4ucry

Aayr opieHToBaHoro rpada G(V):
Yo=Y )=m, (2.7)

m — 4yncro ayr rpadpa; n — YMcro BepLUnH rpada.

[na HeopieHTOBaHOro rpada

;ip@:m (2.8)
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3’A3HicTb rpada. HeopienmoesaHut epagh G(V) HasnBaeTbCH
CcnabKo3B’sA3HNM (3B’A3-HUM), AKLLO ANst OyAb-sIKUX BEPLUWH j Ta j iCHYyE
NaHuor 3 BEPLUVHN | B BEPLUUHY j.
OpieHmosaHul epagh G(V) Ha3MBaETbCA CUTbHO38’I3HUM, AKLLO On4
Oyab-SIKMX BEPLUMH ICHYE WIMSX 3 BEPLWHU | B BepwuHy j. 'pad Ha

puc.2.3.— cnabko-3B’A3HUN.

2 3 1 2
1
3
4
5 5
4
7 6
Puc.2.4. a)cunbHo Puc.2.4. 6) He3B’si3HMIN rpadd 3 ABOX
3B’A3HUM rpadd CUIbHO 3B’A3HMX nigrpadis

byob-akun HeopieHmoegaHuU rpad MOXXHa PO3KNaCTU Ha CYKYMHICTb
3B’A3HMX nigrpadis; Oyab-KUA OpiEHMOBaHUU — Ha CYKYMHICTb CUMbHO

3B’s13aHMX nigrpaqis.

NMopspakoBa dyHKUiIA Ha rpadi, noHATTA piBHA.[lopsakoBa
dYHKLiS Ha rpadi 6e3 KOHTYypiB A403BOSISIE PO3OUTU MHOXWHY BEPLUMH Ha
NIOMHOXWHWN, SIKI HE NepecikalTbCs, Ha BMOPSAKOBaHI Tak, WO Komu

BEpLUMHA BXOAUTb B MIAMHOXWHY 3 HOMEPOM i, TO HacTynHa 3a Heto
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BEPLUMHA — B NIAMHOXWHY 3 HOMEPOM, BinbLlnm i. OTpuUMaHi NiGHOXUHU He
nepecikaTbCA - PigHI.

BuagineHHa komnnekciB rpacdax. OanH 3 nepumx anroputmis
3aCHOBaHMIN Ha onepauisx 3 MaTpuUelo 3B’A3HOCTI 3 METOK BUAINEHHA Ha
rpadpi cuctemu, WNSXiB PidHOT 4OBXUHM Ta NoByaoBU MaTpuULi KOMMMEKCIB.

BukopucmaHHs mampuui  wnsxie  Ha o epachi. Matpuus €
KBadpaTHO, KifbKiCTb CTOBMUIB BiAnoBiga€e KiNbKOCTI eneMeHTIiB B cknagi
TK. Akwo Ha rpadi € wnax 6yab-sikoi AOBXUHU 3 BEPLUNHU | Y BEPLLUMHY |,
TO Ha MepecCivyeHHi i-ro pagka Ta j-ro CToBNuUA CTaBUTbCA OAUHWUUSA, B

npoTunexHomy sunagky — 0.

\ 4

A 4

A 4

A

Puc.2.6. Ctpyktypa cucremm

BukopuctaHHa wmMatpuui wnaxie Ha rpadi. Matpuus €
KBaZpaTHO, KiSIbKiCTb CTOBMLUIB BiAMNOBIgA€E KiNIbKOCTI enemMeHTIiB B cKragi
TK. Akwo Ha rpadi € wnsx 0yab-aKkol JOBXUHU 3 BEPLUMHWN | Y BEPLUNHY J,
TO Ha MepecivyeHHi i-ro psigka Ta j-ro CToBMNUS CTaBUTbCA OLUHULUSA, B
npotunexxHomMy Bunagky — 0 (ame. Tabn. 2.1).

Ha ocHoBi matpuui P 6yayetbca pornomikHa matpuus S (aus.

Tabn.2.2)
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s ={1’—”’<”‘0—”ff =rp =l } (2.13)

)
0, 6 _npomunexcno my _6unaoxy

Tabnuusa 2.1.
MaTpuug wnaxie rpacga — P:

ot

— O OO = |

e e e e e el |

= = e e e e e = | 00

—_0 O O o = e =
—_O O = e = = e = N
—_O O O = = = = | \O

3
1
1
1
1
1
0
0
0
1

O 03NN W~
SO OO OO OO ==
—_—O O O = e = = =N

Tabnuus 2.2

[lonomixkHa maTpuusa S

ot

O 001N B W =
SO DO O —|—
— O OO~ == ON
— 0 OO0~ K~~~ OoOlw
— 0 OO0~~~ r—~Ols
—_0 OO = === O
SO o~ o oo
(= == R=ReN el BN
O, OO0 OO
— 0 OO0~~~ r—~ Ol

Ha ocHoBi matpuui S BM3HaA4YalOTbCA KOMMIEKCU, SAKi BXOAATb B
cknag rpadpa TK. AKwo B i-My psaky € nuule oguMH HEHYITbOBUN eNeMeHT
Si  (Ha ronosHih pgiaroHani), To enemeHT TK 3 HOMepoMm i MOXHa

po3paxyBaTh OKPEMO Bia peLwTn eniemeHTiB (ue — 1,6).
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Pagkun maTtpuui S, ski MaloTb KpiM enemeHTa Sii iHWI HEeHYNbOBI
enemMeHTn — Komrisiekcu. HeHynboBi enemMeHTU MOoKasylTb BeEPLUNHK
rpada, siki BXo4ATb B KOMISIEKC.

B npuknagi B cknag TK BxoaaTe ABa KOMMSIEKCK:
komnnekc 1: -2, 3,4,5,9
Komnnekc 2: - 7, 8.
HasepeHui anroputm notpebye 6arato py4Hoi npawi.
Llle oOuH anzopumm. Po3rnagatotbca 6yab-siki Tpu BepLINHKU rpada
TK — i, j, m. Akwo icHye wnax (6yab sikOl OOBXWHU!) 3 BEPLUMHKU | B
BEPLWUHY j i 3 ] B i, TO Ui BEPLIMHN Hamnexatb ogHoMYy Komnsiekcy k. Ons
NpUegHaHHSA BEPLUMHM M OO0 KOMMeKkca HeobXxigHO npoaHanidyBaTu: um €
Wnax 3 6yab-sikoi BEPLUMHK KOMMMeKca (Hanpuknag, i), y BepwmHy m Ta
3BOPOTHIN LWMASX 3 BepwuHM m B Oyab-AKy BepLunHy Komnnekca k
(Hanpuknag,i). Akwo ui ABa LWMAAXM iCHYKOTb, TO BEpLUMHA M HaNeXuTb
Komnnekcy K.
[ns HaBegeHoro BuLLe nNpuknagy BUOINATbLCSA KOMMNIIEKCH:
k1 (BUpO@XKEHUR): - enieMeHT 1
ko: 2,3,4,5,9
k3 (BMPOAXKEHUN): enemMeHT 6
Kg : 7,8

2.3. CTpyKTypHUM aHani3 ob’ekTa
[Ona cknagHoro o6’ekTa, 30Kpema npPOMMUCIIOBOro nianpueMcTaa
BUKOHYIOTLCA OBi OCHOBHI npouenypu:
- LUiNnboBa AEKOMMNO3ULLIA 3a BUSHAYEHUMN HanpsiMamu;

- (bopmyBaHHSA CTPYKTYpW (MOTPIOGHOT) 3 BUAINEHUX CTPYKTYPHUX €fIEMEHTIB
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YMOBHO CTPYKTypHa cxemMa ob’ekTa NnpeAcTaBnsieTbCs 9K pe3ynbTaT
AEeKoMMNo3unuil 3a TpboOMa HanpaMamu.

Pe3ynbTaTomMm eKoMno3unLil ckragHol CUCTEMMU €:
s =SI 1S, TS5 (2.14)
S;-  cykynHicTb enemeHTiB i-TOi  dpyHKUiOHanbHOI  cdepm
nignpuemcTea (cmpama);
S’m - CYKYMNHICTb €fIEMEHTIB KOHTYpa ynpaBniHHSA, AK1iA 3abesneyye
M-piBeHb (Wap — Cnown) cknagHoCTi NPUAMAEMUX PilLIEHD;
S j-k- CYKYMHICTb eSIeMeHTIB OopraHisauinHoi CTpyKTypun K-Toro
Nigpo3ainy j-Toro piBHA ynpaBniHHSA (eWwesioH).

[ns KOXHOro enemMeHTy TPbOXBUMIPHOrO MPOCTOPY AEKOMMNO3uLil

Npw BM3HAYEHIN METI ynpaBniHHA cripaBenfnneBa yMoBa:

y}(2.15

)

S sle , AKWO_ICHYE O15_eneMeHma 3a0aya_ynpasiinig AKd_peanizye YaCmunuHy mem
i7m’j’k

,_8_NPOMUNEIHCHAY BUNAOKY

Takun nigxig AO03BONSIE BUAINUTY BCi CTPYKTYPHI enemMeHTn 06’ekTa,
sKi 6epyTb y4acTb B peanisauil 3agaHol LinboBoi PyHKLUii, Ta pO3rnsHyTU
OOUINbHICTb OXOMNMEHHSA LMX CTPYKTYPHUX efleMeHTIB CTBOPHOBAHOK CUCTe-
MO0 ynpasniHHA (3 ypaxyBaHHAM MOXMNBOCTI popmanisadii 3agad
ynpasIiHHA, HAOYHOCTI 3acobiB CnNpskeHHs1 3 06’eKTOM i T.4.).

CtpaTtudpikauis o6’ekra ynpaniHHA.B cknaai nignpnemcrtea MoxHa

BUAOINUTK Taki OCHOBHI (pyHKUiOHanNbHI cdepn (cmpamu):

1. TexHiKo-eKOHOMIYHE NiaHyBaHHSA (S7)
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2. Kapgpu (S3)
3. Mpaug Ta 3apnnaTa (S3)
4. diHaHcw (S3)
5. MaTtepianbHO-TeXHIYHE NocTa4YaHHA (S5)
6. Peanisauis (36yT) npoaykuii (S¢)
7. PeKOHCTPYKLiS Ta peiHXUHIpiHT (S7)
8. BUpo6HULTBO (S%)

Topi 3aranbHa MeTa ynpasriHHS 3annucyeTbcs K 06’ egHaHHSA
8
0=YO0,, (2.16)
i=1

TOOTO peaniayeTbCsA KOXHO (OYHKLOHaNbHOK cepoto S .

Mpun Takin gekomMnoauuii MOXe BUSBUTUCH, WO psag CcTpaTt He Oepe
yyacTi y OOCArHEHHi nocTaBfieHoli MeTu, TOOTO He Mae 3HayeHHsa AN
ManbyTHBOI cucTteMn ynpaeniHHA. Ane Ons OOCArHEHHs Takol MeTu §iK
max npubytky (abo min cobiBapTocTi), HeOoOXiAHMM € OXONMEeHHs
CUCTEMOIO YMNpaBIriHHA BCIX CTPYKTYpPHUX enemMeHTiB o0’ekTa, 4Ki
npunMaoTb ydactb B oopmyBaHHi npubyTky (cobiBapTocTi) — HeobxigHa
IHmezpoeaHa cucmema.

A Taki noKasHuMKM K min BUTpaT, max BUMYCKY NPOAYKUii, 3HWKEHHS

BUTpaAT eHepril gocaraTbes  (PopmytoTbCd) came B pesynbTarTi

ynpasniHHA cdepoto S; .

Oekomno3uuia 3a piBHAMM CKNAgHOCTIi NPUAMAEMUX pilleHb.

["onoBHa TpyaHICTb Ta 0COBMAMBICTb TYT:
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- CKrnagHa cuctemMa BuMarae onepaTtMBHUX pilleHb B peanbHOMY
yaci;

- CKNapgHiCcTb cuTyauil notpebye 3Ha4yHOro 4acy Ans aHanisy Ta
dopMyBaHHs cTpaTeril NoBediHKN.

Buxig — 6araTowapoBa iepapxis CUCTEMU NPUMAHATTS pilleHb A1
ynpaeniHHA  cknagHum  oB’ektom. [lpobrnema  po3buBaeTbCs  Ha
nignpobnemun Tak, Wo6 po3B’si3aHHS CyKynHOCTI nignpobnem npvBOAMNO
A0 pOo3B’si3aHHA Npobremu B LifloMy.

MoxHa BMAOINUTM Taki wapu (c/ou) 3a CcKNagHicTio MpUAMaeMmx
piLLeHb:

S| - perynioBaHHs, KOHTPOMb A OKPEMUX TEXHOSMOrYHUX arperaTis
(HVXKHIN piBEHb);

S - KoopAVHALS NEPLLIOro PIBHS B MEXax TEXHOMOMYHOT nigcucTemMm
Ha piBHI S/ ;

S - KOOpAMHALLiA APYroro PiBHA: ynpasniHHSA BULLOT NigcucTeMn Ans
Y3roMKEHHA fnoKanbHUX Uiflen HWKHIX nigcucteMm B Mexax (uexy,
BiAOiNeHHA, inbHnL,...);

Sj- KOopAuHaUisi TPeTbOro PiBHA — Y3rogXeHHs uinen Mk uexamu,
AINbHUUAMWY, BiAOINEHHAMMU;

Si- KkoopamHaLifa 4eTBepTOro PIiBHSA ANS Y3roMKEHHS Linen Mix

okpemMumMmn BUpoBHMLTBaMKM (3aBodamMKn) B Mexax nignpuemcraa
dekomno3uuia 3a opraHisauinHo o3Hakow. OpraHisauiiHa

CTPyKTypa nignpuemctBa BigoOpaxae po3nofifieHHa npouecis Y

dyHKUiOHanNbHUX cdepax (cTpatax) MiX 11 enemMeHTamu. [ns KOXHOI
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CTpaTM MOXHa MOCTaBUTU Y BIANOBIOHICTb CBOE YUCNO PIBHIB NPUMHATTSA
PilLEHb | CBOE YMCMNO €NeMEHTIB, a YNCIIO NIACUCTEM B KOXXHOMY €IfleMEHTI

3anexmnTb Big 00paHOro KpUTepis AeKoOMMNo3nuuii.
Yucno nigcuctem B MEpLUOMY eLUEroHi S, BM3HAYaeTbCs pesyrb-

TaToOM AEeKOMMO3uLii npouecy Ha CaMOCTINHI eneMeHTapHi onepaTtopu Tuny
“Bxig—Buxig”. Lle npMBoauMTb OO0 BESMKOI KifIbKOCTI NiACUCTEM KOHTPOSIIO i

ynpasIiHHA Ha JIOKarnbHOMY PiBHI.

Ha nacTynHomy piBHi ynpaBniHHS S, YACMO MiACMCTEM 3anexuTb

Bi TOnonorii BUpoBGHMYOro Ta TEXHOSONYHOro KOMMJIEKCIB Ta NapameTpuy-
HOCTI 3B’A3KiB MiXX ornepaTopamu npoLeca.

AHanoriyHO MOXHa BWUOIMUTU YUCNO NIACUCTEM B TPEeTbOMy Ta
yeTBepTOMY elernioHax Si,; S, .

Uncno nigcucrtem K B ewernoHi j-ro piBHs BU3Ha4YaeTbCAa nuule peTe-
NbHUM OBCTEXEHHAM (QOCMIIKEHHAM) KOXHOro 06’ekTa.

dyHKUIOHaNbHa CTPYKTypa ONUCYETbCSA rpadooMm:

W(F,U) (2-17)

F — doyHKuiT ,

U — iHpopMaUinHi 3B’A3KN MiDXK HUMW.

3B’a30k Mk TOY Ta CY MOXHa BM3HAYUTM 3a LOMOMOIOK MEBHUX

npoLeayp:

T (I\_/I,TA)L) W(F,U)L) G(V,B) (2.18)

pe: (R/I, K) — KOoHAeHcauisa oprpada ctpyktypu TOY;

M — MHOXMHA TEXHONOTIYHUX ENTEMEHTIB,
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A — MHOXWHa 3B’A3KIB MiXK HUMU;
G(V,B) — oprpad TexHidHoi cTpykTypu CY;
V — doyHKUIOHanNbHI enemMeHTn (MHOXKHA);

B — MHOXWHa 3B’A3KiB MiXK HUMW.

2.4. MopentoBaHHA TeXHiYHOI cTpyKTypn CCY

Taky Mogenb MOXHa OTpumMaTtv, SKWO  BUKOPUCTOBYBATU
OopieHTOBaHi rpadu, TOA4I rpad TEexHIYHOI CTPYKTYpU 3arnucyeTbca SK
G(V,B), oe V — MHOXMHa pyHKUiOHanbHUX enemMenTiB ViV, B — MHOXMHa
3B’A3KiB MiXX HUMK, B icB. Toai anga KOXXHOI NiACUCTEMU MOXHa 3anucaTwu,
wo Gi(Vi,Bi) — oprpadmn TexHi4yHOI CTpyKkTYypu. [lpM nepeTBOpPEHHSIX
BUKOPUCTOBYIOTb TaKi onepadii Ha opieHToBaHUX rpadax:
AKLLO 3a4aHo

G1(V1,B1) i G2(V2,B2), (2.19)
TO ix 00'egHaHHAM Byae
G1(V1,B1) © G2(V2,B2) = G3(V3,B3)
(2.20)
Npu LbOMY:
V3=V10 V2,B3=B160 B>

(2.21)
onepauis nepeTunHy:
G1(V1,B1) I G2(V2,B2) = G3(V3,B3) (2.22)
V3=Vi11V2,B3=B11B:> (2.23)
Pi3HNLS OpieHTOBaHMX rpadois:
G1(V1,B1) \ G2(V2,B2) = Gs(V3,B3) (2.24)
V3=V1\V2,B3=B1\B2 (2.25)
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Ona astomaTtusoBaHux TK npu oOnMUCi TEXHIYHOI CTPYKTypu
HeoOXigHO BKIOYMTU TaAKOXK MHOXWHY TEXHOMOrYHUX erleMeHTIB, TOOTO
TeXHoNoriYHoro  obnagHaHHsA,.Toai  opieHToBaHMM  rpadd  TEXHIYHOI
cTpyktypn ATK 6yge nogasatucb

O(1,Q)=N(M,A) 6 G(V,B),
(2.26)
ae N(M,A) opieHToBaHuK rpac TexHonoriyHoro o6’ekta ynpasniHHA. [pu
uboMy M —MHOXMHa TexHoNoriyHMx o6’ekTiB, A — 3B8’a3kn Mixx HUMK G(V,B)
— oprrpad cuctemu ynpasniHHS. [1py LbOMY HeobXigHO BpaxoByBaTw, LUO
nepeTuH rpacdis
N[(M,A)n G(V,B) =0 (2.27)

He nyCcta MHOXHWHa.

pachoBi Mopeni TexXHIYHOI CTPYKTYpU CKNagHOI CUCTEMM
ynpasniHHA. AKWO cuctema pearnizye MHOXUHY oyHKuin F={f1,f2,...,fm}, TO
KOXHY 3 OYHKLIN MOXHa NpeacTtaBuTU SK BigobpaxeHHs B nigcucrtemi 3a h

Mapwpytamu {M : (x;y) |i =1,..h} (M — MHOXMHa TEXHOMOrYHNX ENEeMeH-TIB B
TK) nokasHukiB BXigHOI iHopMaLil B NokasHWkM BuxigHoi (x € Xj < X —
mMoayni —gxeperna iHpopmadii npo ob’ekT, yeY,cY — moayni npun-maui

iHpopmauil,
j=1, ...m. Togi mogenb oyHKUIOHaNbHOI NigCNCTEMN:

Gj (Vj, Bj)=Un M; (X,Y) (2.28)
Un Mi (X,)Y)=¢, i=1,...h; j=1,...m, xeX, yeY| (2.29)
CTpykTypa By3na  ynpasfiHHS  CUCTEMM  —  CYKYMHICTb

dyHKUiOHanNbHUX enemeHTiB V| Ta 3B’A3kiB MK HumMu Bj, a cnocib ix

opraHisauil ANKTYETbCA pearnisyeMnMMn nigCucteMoro PyHKUISMU i Linamu.
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Byson ynpaBniHHA peanidye q (qem, g=1) yHKUin i3 3agaHumu
NOKa3HUKaMM SIKOCTI.

Byab-sika cuctema um nigcuctemun dpopmanisopaHa Mogensammn “Bxig-
BUXin"~ — posB’AdyBasibHa cuctema. Toai 3aBXanm € po3B’A3yBasibHi
enemeHTU. B nepwomy HabnmXeHHi Yncno By3niB ynpasriHHA p BU3HA4Yae
cTeniHb poanoaineHocTi TC cuctemu.

Mogenb By3na ynpasniHHs (noro TC):

G,(V,,B)=YG,V;,B)=YYM,;(x.y)

q h

1 Gj(V,,B)=11M;(x,»)=¢,;]j=1,...q;i=1,...h (2.30)
p q h
gem; xeXj; yeYj; Vo=YVj;, By=YB,
Topi mogenb TC cuctemmn ynpaBniHHS:
G(V.B)=YG,(V,,B,)=YYG,(V,,,B,))=YYYM, (x,);

P P4 p g h

I Gp(VpaBp)ZI I I Mijp(xay)¢¢a VZYVp:YYVjp; BZYBp:YYB_/p;

p g h P
(2.31)
i=1,...h; j=1,...q; p=1,...p, qem
P- YNCNO BY3IiB YNPaBIliHHS,
g —KINbKICTb peaniayeMux nigcuctemMor oyHKUin i3 3agaHnmMmum
NOKa3HUKaMW AKOCTI;
h — MapLpyTH nepeTBOpeHHS BXigHOI iIHopMauil y BUXIAHY;
M — KiNbKICTb PYHKLIN CUCTEMMN.
HaBefeHi mogeni:
- Haou4Hi, fobpe BigoOpaxkalTb KOHirypauito cuctemm Ta 3B’SI3KM

MDK enemeHTamu i ix rpynamu;
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- NpV BIJOMIN BaXNMBOTI OKPEMUX €SIeMEHTIB MOXHa BWU3HAYUTU
3HAYEHHS NOKAa3HUKIB SIKOCTi CUCTEMM 3 ypaxXyBaHHsIM CnocobiB 3’€aHaHHS
€eneMeHTIB;

- [03BONAKTb MNepeTBopuTU rpadpoBi NpeacTaBfieHHA B MaTpUYHI
eKBiBaneHTn (MaTpuli CyMiKHOCTI, AUCTaHUINHI MaTpuLi...);

- B TOW Xe 4ac ui Mmogeni rpoMi3aKi i He 3aBXan 3pYyHi.

2.5. lekoMmno3uLisi TeXHIYHOI CTPYKTYPU CKNagHUX CUCTEM

ynpaBniHHA

Konu ctBoptoeTbea posnogineHa CY, To po3B’sa3yoTbCs 3agaui:

- BM3HA4Ya€eTbCA OMTMMaribHa KiNbKICTb BY3MiB YrpaBniHHA Ta IX
po3TallyBaHHS;

- posnoainatTbca YHKUIT ynpaBniHHA MK nigcuctemammn TK Ta
By3ramu ynpasJiiHHA Tak, Wo6 BapTiCTb TEXHIYHMX 3acOBiB, 3aBaHTaXXEHHS
BY3I1iB HE NnepeBuLLyBanu 3agaHnx 3Ha4YeHb;

- BCTaHOBIIOIOTLCSA 3B’A3KM MK By3ramMu ynpasriHHS, BUXOOAYN 3
NMOKa3HWKIB >XMBYYOCTI;

Oprpadd G(V,B) ans ueHtanizoBaHoi CY aHanisyetbCcsi 3 METOW0
BU3HAYeHHA [OO0UiNbHOCTI po3nodineHol cuctemu. KoxHin BeplunHi veV
NPUNNCYETLCA Bara, sika Bignosigae BapTOCTi (PYHKLIOHANIbHOIO NMPUCTPOLO

{ST]i=1,..w}, @ KOXHIN Oy3i B €B — Bara, dka OOpPIBHIOE OOBXWUHI
BiANOBIAHOI NiHIil 3B'A3KYy {A(j)|ij 1}, | Ta - MHOXMHW IHOEKCIB BEPLUMH Ta
ayr B oprpadi G(V,B), a A(ij) He NnepeBuLLYE OEAKOro 3HAYEHHS (i) A0nN.
Honyctmo, wo Ha o6'ekti BuaineHo [l={r,. .z }Mmicub, O€ MOXHa

PO3MICTUTM BY3NX YyNpaBniHHA cucteMun. Toai 3agada  OeKoMnoauuil

nondrae B po3butTi oprpacdpa G(V,B) Ha p nigrpacis {Gi(V,Bi)| i=1,...p}
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TakuMm 4uHOM, Wob cyma Bar BciX Ayr B HoBomy oprpadi d(v,B)6byna

MiHIManbHOIO, a cyma Bar BepwuH S’ <S!

don "

Mpy ubOoMy 3aBaHTaXXEHHS

(MponyckHa CrnpoOMOXHICTb) eniemeHTa qeV,B He noBMHHA NepeBuLLyBaTU

MakCcMManbHOro 3HavyeHHd Rg<Rgmax, @ NOKa3HUK XusByyocTi v=>v, . g

XWBYYICTIO PO3YMItOTb YYTNUBICTb CTPYKTYPU CUCTEMU OO0 MOLUKOAXKEHb. Lle
MOXHa OUIHUTM HAK MiHIManbHy KiNbKICTb vBEepLWH, BUOANEHHA SAKUX
pyrHye BCi wnsaxu B oprpacdi G(V,B) i pobutb cuctemy HenpauesgaTHOL.
Hekomnosunuis oprpacda G(V,B) 3soautbca [0 3agadi niHiMHOro
NPU3HAYEHHSA:
min L =min > L)), (2.32)

ijel

pzz; ST SS;;)H’ }\‘(U.)S}\‘(ij)don’ Vzvdon’ RqSquaX ’ q € V’ B'

S — BapTicTb YHKLIOHANbHOIro NPUCTPOID;
v - NMOKa3HWUK XXUBYYOCTI;
R — 3aBaHTaXXeHHs enemeHTamu;
P - YNCINO BY3niB ynpaBniHHS.
[1, c.35-52, 3, ¢.39-56]
KOHTpONbHIi NnUTaHHA

1. MNMpu3HaYeHHs CTPYKTYPHOro aHanidy ckrnagHuMx CUCTemM

N

[anTte BU3Ha4YeHHA PYHKLIOHaNbHOI, TEXHIYHOI Ta opraHi3auinHol
CTPYKTYpP CKIagHUX CUCTEM

OCHOBHI NOHATTA Teopil rpadis

MaTpu4yHe npeacraBneHHs rpadis

MHOXWHHe nNpeacTaBneHHs rpadis

HaBepfiTb npuknag opieHToBaHOro rpada cucteMm

N o o bk oW

B 4yomy nonsirae BnopsigkyBaHHs rpadpoBmx Mogernen?
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8. Lo Take uncnosi yHKUiT Ha rpadax?

9. Ak 30iNCHI0ETBLCSA BUAINEHHST KOMMIEKCIB Ha rpadoBmMX MoaenNsax?

10. HaBegiTb npuknag CTPYKTypHOro aHanisy ob’ekta Ha npuknagi
nignpuemMmcrea

11. HaBegiTb nNpuknag MOOENBaHHA  TEXHIYHOI  CTPYKTYpwU
CKINnagHoI CUCTeMMU ynpasIiiHHA

12. B 4yomy nondrae ekomnosunuia cknagHol CUCTEMU yrpaBiHHA?

3. CucteMHMn aHani3 npouecy ynpaBniHHA B CKNagHUX
cucrtemax
3.1. CucteMmHu aHani3 6araTtopiBHeBUX iepapXiYHUX CTPYKTYp
CyyacHumn eTan PO3BUTKY aBTomMaTtm3auil BUPOOHMLTBA

XapakTepusyeTbCA BNPOBaMXXEHHAM CKMNagHUX CUCTEM YNpPaBMiHHA, SKi
peani3yloTbCa 3a OONoMorol 6araTopiBHEBUX i€papXiYHUX CTPYKTYp Ha
OCHOBi KOMITIOTEPHUX MEPEX PI3HOro piBHA Ta Npu3HadYeHHA. B OCHOBI
PO3POBKN TaKMX CTPYKTYP NEXUTb NOHATTS iepapxii nig3agay (pyHKUin), sk
pPO3B’A3YI0TbCA CUCTEMOLD, i3 cBOIMM oOO’ekTamm Ta Kputepiamu. LS
iepapxis  BigobpaxaeTbca B iepapxii MaTtemMatuyHux mogenen 3
BiANOBIOHMMKN OBMEXEeHHsIMU Ta iepapXii TexHiYHMX 3acobiB. lepapxiyHi
CTPYKTYpWU (CUCTEMM) YNpaBNiHHA MaKOTb TaKi CYTTEBI XapakTepUCTUKU:
- MNOCnigoBHE BepTUKanbHEe po3TallyBaHHS MiOCUCTEM, SKi CKradalTb

cuctemy (BepTukanbHa AeKoMno3uuist);
- npioputeT Ain abo npaBa BTpyYaHHS MigCUCTEM BEPXHBOrO PiBHS;
- 3anexHicTb i NigcucTeM BepXHbOro pPiBHA Bi4 PAKTUYHOrO BUKOHAHHSA

HWXHIMW PIBHAMW CBOIX (PYHKLIN.
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HasBaHi ocobnmnBocTi noTpebytoTb cneuianbHUX NigXo4iB 40 MaTema-
TUYHOro onucy npouecy OYHKUIOHYBaAHHA CKMa4HOI CUCTEMU YnpaBIliHHS,
Ha OCHOBI dKOI MOXHa 6yno © BUABUTM 3aNeXHOCTI MOKa3HUKIB
e(EeKTUBHOCTI Big MapamMeTpiB CUCTEMW i 30BHILUHLOrO cepepoBuwia, i
CTPYKTYpW Ta anropuTMiB B3aemofil eniemeHTiB. Kpim Toro, mateMaTtuyHi
MoAeni AalTb MOXITMBICTb PO3B’si3aTh rONMOBHY CUCTEMOTEXHIYHY 3aady —
CUHTE3 onTumarnbHOl CTpykTypu. Lle M™MoxnuBo nuwe Ha OCHOBI
GaraTtopiBHEBOro iepapxiyHOro onucy i3  3acTOCYBaHHAM  Pi3HUX
doopManbHUX MOB, WO Aa€ MOXNUBICTb NodaTu OOCHILKYBaHYy CUCTEMY SIK
enemeHT (nigcmuctemy) Ginbll WKMPOKOT CUCTEMU: po3rnagaTth 1l SK eanHe
Uine; BU3HAYUTM CTPYKTYpY 3 HeobXxigHWM cTyneHem pgetanisauil. Ons
MOXINMBOCTI 3abe3neyeHHs1 NOTPIOHOT TOYHOCTI Ta 3PYYHOCTI, ypaxyBaHHS
GaraTbOX XapakTepuUCTUK CUCTEMM BUKOPUCTOBYIOTb Pi3HI PiBHI onucy.

[NepLunmn piBEHb Bianosigae iHbopMaLinHoOMy onucy, TOOTO

po3rnsgarTeca  iHpopMauinHi  3B’SI3KM CUCTEMM i3 30BHILLHIM
cepegoBulleM Ta i ponb B OTPUMaHHI Ta nepepodui iHbopmauii. Apyrun
piBeHb BUABMNAE MHOXWUHY (PYHKLUIOHANbHUX eneMeHTiB Ta BiOQHOCUHU MiX

HUMWN. TpeTin piBEHb — CUCTEMOTEXHIYHMX OMUC, WO AAa€e MOXIMBICTb

BM3HAYUTU TEXHIYHY CTPYKTYpPY CUCTEeMM i3 BignoBigHMMK 3acobamu.
BaraTopisHeEBUI ONUC CUCTEMWU Ma€E pAL 3arafbHUX BNacTUBOCTEMN:

- BUOIp piBHA onucy 3anexuTb Big MeTU [OCHigKEHHS, po3pobka
MOOEenen Ha Pi3HUX PIBHAX MOXe MNPOBOAUTUCH NapanesnbHo,
He3arnexHo;

- BMMOIMM OO0 yMOB poDOTU MiACUCTEM BEPXHbOrO PIiBHS BUCTYMNaKTb $K
oOMeXeHHS NiACUCTEM HMKHbOIO PIBHS;

- Ha HWXHIX pIiBHAX OMMUCY BUMKOHYETbCA Hanbinblua aeTanisauisa, ane

NPU3HAYEHHS | 3MICT CUCTEMU PO3KPMBAIOTLCS Ha BEPXHIX PIBHSIX.
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[Mpwn  pykUioHYBaHHI CKMagHOI CUCTEMW yMNpaBniHHA BUHUKAE paAg,

0cobnMBOCTEN, NOB’A3aHMX i3 B3AaEMOIE NiACUCTEM:

- Ha BEPXHbOMY piBHI OYHKUIOHYOTb Oinbll KPYMHI NigcMcTeMMU, LWLO
BU3Hayae OinblW LWMPOKI acnekTu noBediHKM CUCTEMU B LINOMY.
[lincuctema BEPXHBLOro PiBHS € “KOMaHAHOK” MO BiQHOLIEHHIO OO0 HWKUX Ta
KoopAMHye poboTy NiACUCTEM HUXHBOTO PiBHS;

- nepiog NPUNHATTA pilleHb Ha BEPXHLOMY PiBHI 3aBXaW OINbLUNIA, HiXX Ha
HWKHIX. [Mpn ubOMy HeObXigHO BpaxoByBaTK Taky 06CTaBMHY: CUrHanm 3
BEPXHbOro PiBHSA HE MOXYTb MOCTynaTu 4acTiwe, HiX iHpopmauia Big
HWXKHIX, TOMY LLO B iHLWIOMY BUNAAKy KOOpAMHALII HWXKHIX NigcucTeM He
Oyne;

- nigcmcrtemMa BEpPXHbOro PiBHA 3aBXAW Mae crnpaBy 3 Oifbl NOBINIbHUMMU
acnektamu nNoBeAiHKW yCiel CUCTeMU, BOHA 3aBXOM OYiKye pe3ynbTtaTu
peakuil NiacMCTEM HMXKHIX PIBHIB, Hanpuknag peakuito nigcucTtemM pisHMX
PiBHIB MOXXHa po36MTK 3a 4aCTOTO AiloUmx 30ypeHb;

- Ha BEpPXHiX piBHAX onuc Ta npobrnemMy MeHW CTPYKTYpOBaHi, MakTb
Ginbwe HeBM3Ha4vyeHocTen, Ginbll cknagHi ans dgopmanisadii. Takum
YUMHOM, NPOBNEMU MPUNHATTA pilleHb HA BEPXHIX PIBHSAX BiNbLU CKIaHi.
@DyHKUIOHANbHI CTPYKTYPWU CKIMagHUX CUCTEM YNpaBmiHHA BKNHOYalOTb

pag 3agad  (nigs3agad), pos3TalloBaHMX Ha  PI3HUX PIBHAX iepapxil:

ctabinizauis  TEXHOMOrYHMX  PEXMMIB  TEXHOMOr4YHMX  arperaris,
aBTOMaTU4YHEe pPerynioBaHHA TEXHOMOMYHUX 3MIHHUX, NPOrpamMHoO-noriyHe
ynpaeniHHA, OnoKyBaHHS, CWUrHanisauia; onTuMmizauia  TEeXHOMNOriYHNX

peXnmiB; KoopauHauisa (OyHKUIOHYBaHHSA MiCUCTEM; NPUAHATTA pilleHb B

yMOBaxX HEBU3HAYEHOCTI 3a [JOMOMOroK iHTenekTyasrbHUX NigcUCTeEM

NIATPUMKN MPUAHATTS pilleHb, B TOMY YUCITi eKCNEPTHMUX CUCTEM.
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OcCHOBHI 3agadi ynpaBniHHA po3rnsgalnTbCs Ta BUKOPUCTOBYHOTHCA
SIK Ha CcTagil NPOEKTYBaHHSA, TakK i B nepio ekcrnsyartauil.

Ha cmadii npoekmygaHHs p038’s3yrombcs 3adayi:

CUHTE3a CTPYKTYpW, BMOBOPY TEXHIYHMX 3acobiB, anropuT-mivyHOro,
iIHbopMaLiHOro, NPOrpamMHoOro i TeXHIYHOro 3abesneyeHHs1 Ha BCiX PiBHAX
iepapxil;

Aekomnosuuist 06’eKTiB Ta 3agay ynpaeriHHS;

OLiHKa EKOHOMIYHOT ePeKTUBHOCTI anropuTMIB YrNpaBIliHHS.

[o 3apay ynpaBniHHA Ha cmadii eKkcrilyamauii BigHOCATb B nepLuy
yepry aHania 30ypeHb: IX amnnityga, 4acTOTHUM ChNekTp, nepiog
BUHUKHEHHS CYTTEBO BMSIMBAOTb HA CYKYMHICTb 3aday yrnpaBIiHHS:

OTPMMaHHS Ta nepBMHHaA 06pobka iHgdopmaLii;

perysitoBaHHs Ta NporpamMHoO-foriyHe yrnpassiiHHS;

onTUMI3aLis PEXNMIB,

KoopAnHauis poboTu niacmcrem;

ornepaTtmBHe ynpaBniHHS.

3.2. Knacu 3apgay ta BuaM ynpaBniHHA

[Mpy BU3Ha4eHHI BUAIB Ta NPUHUMNMIB yrpaBniHHA BPaxoBYOTbCA AOBi
OCHOBHi BUMOTI:

MeTa yrnpasSfliiHHA Ta WOro BWA MOBMWHHI Y3roa)XyBaTuUCb 3 BWOOM
BaxxaHoro oyHKLUiOHyBaHHSA 06’ekTa (3 METOK (PYHKLiIOHYBaHHS);

APUHUMMIM YNpaBSiHHA Ta 3HA4YeHHs YNpPaBnsYMX AistHb MOBWUHHI
y3rog)KyBaTuCb 3 BlacTMBOCTAMM OB’eKTa.

He omBnaumcb Ha BeENMYE3HY PI3HOMAHITHICTb QIBUYHUX MPUHLMNIB

JYHKLIOHYBaHHA Ta NpuU3Ha4YeHHs TeXHIYHUX OO’eKTiB, Krnacu 3agay ynpas-

NiHHA OOMEXEeHi:
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1. Badaya 3abe3rneyeHHs1 3aJaHHOr0 XapakTepy 3MiHM KOOpAMHAT YK
aesiknx yHKUin Big HMX 06’ekTa ynpasniHHA — aBToMmaTtum3aauia TI1.

2.3adauyi kopekuii puHamivHuX Brnactmeocten QY, Hanpuknaa:

nepeBefeHHs 3 NPUPOAHBbOro HecCTinKoro npouecy B OY B CTiVKURA,

nepeBefeHHda KonuBasnbHMX NPOLECIB B anepiognyHi i T.4.

YacTo — ansa nepecyBaHHs 06’eKTiB, 30KpeMa nitanbHUX anaparTiB.

3. Sadauyi komneHcauii 36ypeHb (30BHILLHIX Ta BHYTPILLHIX) 3 METOO
30epexeHHs baxxaHoro xapaktepy yHKuUioHyBaHHsS OY:

nidsadadyi kKomreHcauyii 36ypeHb, sIKi BUKITMKAOTb BiOXUITEHHS
KoopaMHAaT CTaHy (KoopAuHaTHI). B piBHAHHAX OMHAMIKM — Ue 40OaTKOBI
YrieHu B NpaBin YacTuHi;

nid3adayi KomreHcauii 36ypeHb, siKi NpUBOAATb A0 HebaaHUX 3MiH
ANHaMIYHUX BRNacTMBOCTEN (napamempuyHi 30ypeHHs1) — napameTpiB
Tenno- Ta maconepegadi i T.0. B andepeHuUinHmx piBHAHHAX — 3MiHHI, abo
KoedilieHTn, aKi 3anexaTb Big Yacy abo KoopamHaT iHWKUX NPoLECiB;

nidsadayi komneHcauji 36ypeHb, AKi NPUBOAATL A0 HebaKaHUX 3MiH
CTPYKTYpu 06’ekTiB (cmpykmypHi).Lle moxe 6yTn:  3MmiHa npaue3gaTHOCTI
eneMeHTIB; NOpPYLUEHHS 3B’A3KIB MK erleMeHTamMu (NOPYLLUEHHS LiniCTHOCTI)
Lli cTpykTYpHi 36ypeHHsa MOXYTb OyTU eHympiwHimu (aedektn ob’ekta um
Noro enemMeHTiB; eBontouia Brnactusocten OY) Ta 308HIWHIMU (30YPEHHS,
SKi BUXOOATb 32 paMKWN TEXHIYHUX YMOB eKkcnnyaTadlil.

BHYTpiWHI 30ypeHHs Ta iX BNAMB — nNpegMeT AoChigXeHb Teopii
HaAINHOCTI, AN 30BHILWHIX — TEOopIl XXMBYYOCTi.

4. 3adayi koopduHauii e3aemMo0ii nigcucTem

[ns 4OoTUMPLOX OCHOBHUMX KIfaciB 3ajay OpraHi3yloTbCs Taki BUAN

ynpaBniHHG:
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KoopduHamHe, ynpaensodi Ail 9Koro - 3MiHW Qi3UYHUX MNOTOKIB,
obmexeHHa obnacTti gonyCcTMMUX 3HadeHb koopauHaT abo NoKa3HUKIB
sikocTi npouecis B OY;

napamMempuyHe, yrnpaeBnawdi Oil aKoro — 3MiHWM 3Ha4vyeHb (Pi3nYHUX
napamMeTpiB enemeHTiB 06’exTa;

CMpyKmypHe, ynpasrnstodi Oil AKoro — 3MiHM cKragy eneMeHTiB Ta
(4n) 3B’A3KIB MK HUMU Ta PEXUMIB (PYHKLIOHYBaHHS.

Ana TK C — komGiHauiT BuaiB ynpassiHHS.

3.3. TunoBi ¢pyHKLiOHaNbHI CTPYKTYPU CUCTEM yrnpaBniHHA

O6’em 3agad ynpaeniHHA Ta HeobxigHi WMoro BMAM OOHO3HAYHO
BM3HAYalOTbCA BHYTPILUHIMX BNIaCTUBOCTSIMU 00’€KTa, MOro CTPYKTYpOKo Ta
HeobXigHUMM nokasHukamn  yHKUiOHyBaHHA. Ona TK dopmyBaHHSA
YHKLOHaNbHOT CTPYKTYPY CUCTEMM YNPaBIiHHA Mae 0COONMBE 3HAYEHHS.

@yHKUioOHarilbHa cmpyKmypa — CYKYMNHICTb (YHKUiIN CUCTEMU, SK
CYKYMHIiCTb onepauin (gin), ski 3abe3nedvyoTb OOCATHEHHS YaCTUHHUX
uinen (pesynbtaTiB) PYHKUIOHYBAHHSA CUCTEMM.

[Ansa opraxisauil npouecy ynpasfiHHA Oyab-AKOro Buay peanisyeTbCs
AEsIKMn  yHiBepcanbHM  Habip  pyHKUin, WO cknagawTb  TUNOBY
dyHKUiOHanNbHy CTPYKTYpy. Lle Taki dpyHKLUil:

iHgbopmauitiHi — BUMIpIOBaHHS, 36ip, COpPTYBaHHSA, y3araribHEHHSA Ta
poanoain aaHux npo ctaH OY;

rnpozgpamyeaHHs pexumie yripaesiiHHg — MepeTBOPEHHS 30BHILLHIX
3aBAaHb, Hanpuknag Big CUCTEMW BULLOTO PiBHA, B CYKYMHICTb YCTaHOBOK
Ans nigcmctem, obmexxeHb 06nacTi CTaHiB, NOKA3HMKIB SIKOCTi yNpaBniHHS,

nporpam 3MmiHW ynpasniHb;
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8UpPObrieHHs ynpaensardux OisHb — CYKYMHICTb onepadin (gin), ski
BMU3HA4YalOTb 3HAYEHHA napameTpiB ynpaBnsymx Oi Ha OCHOBI BUXIOHUX
AaHuX peanisauii iHpopMauinHOT yHKUIT Ta PYHKUIT NporpamMmyBaHHA pe-
XUMIB ynpaBniHHS;

pearnizauii ynpaenswodux 0iti — peanisye pesynbTatv nonepenHbol
YHKUIT y di3nyHi ynpaBniHHA Ha 06’eKT.

Lns cmpykmypHO20 yrpassniHHS BUOINAITb CBOI (PYHKLIT:

mexHiYHo20 OiagHocmygsaHHs — Ue cneundidHa iHdopMmauinHa
dyHKUiNA, ska nepegbdadae KOHTPOSb 3MiHM TEXHIYHOIO CTaHy, NoLwyK Micus
3MiHN UbOro cTaHy, ouiHka rmubuHn (06’eMmy) 3MiHM cTaHy o6’ekTa
AiarHOCTYBaHHS.

[Mpn HakoMM4YeHHi BIOXWNeHb Bi4 HOPMU eKcnnyaTauinHux napa-
MeTpiB 06’eKkTa CTPYKTYPHOro ynpaBniHHA peani3ytoTbCsa CBOI OYHKLI:

PEeKoHiaypauii cmpykmypu ob6’ekma — ouiHKa cTaHy nonepenHbol
dYHKL€, NOLWYK AONYCTUMOI CTPYKTYpY 00’€KTa Ha BUAINEHNX BapiaHTax,
BU3HAYEHHA  Kpaworo BapiaHTy, 3MiHAQ 3B'A3KiB Ta  pexumis
PYHKLIOHYBAHHA erieMeHTIB CUCTeMMU, KOHTPOSb pe3yrnbTaTiB BNfMBY Ha
CTPYKTYpy 06’eKTa;

aeapiliHo2o 3axucmy: OUiHKa Tuny BiAMOBM B OO’ekTi (Npocta uu
aBapiiHa), a Konu aBapiiHa — nokanisauis obnacti i BNnMBY Ha
npaues3gaTHi eflieMeHTn cuctemu, nepesefeHHa ob’ekTa 3a AOMOMOroro
peKoHirypauii CTpykTypy B OAMH 3 Npaue3gaTHUX cTaHiB abo B Takun, WO
BignoBigae NpoCcTMM BigMoOBaM,;

yrpasesiHHs pe3epsamMu — BUSIBIIEHHA 32 AaHUMWN (DYHKUiT TEXHIYHOIo
AiarHocTyBaHHS  MOpyweHb  npauesgaTHOCTi  enemeHta  o6’ekTa,
BKINIOYEHHA pe3epBHUX €NEeMEHTIB, KOHTPOfb pe3ynbTaTiB  3aMiHu

€NeMEeHTIB;
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mexHIYHHO20 0b6cCrly208y8aHHS | peMOHMYy — BUSIBIIEHHS 3a AaHUMU
JYHKLUIT TEXHIYHOro AiarHocTyBaHHs 06’eMy Ta 3MICTy BiQHOBIOBAIbHUX
pobiT, pexumMmy dYHKUIOHYBaHHS 06’ekTa, nNpPoOBEAEHHs onepauin
obcnyroByBaHHA Ta PEMOHTY, KOHTPOSb AKOCTI BiAHOBMOBANbHUX PODIT.

Peanizauis yHKUii  cmMpykKmypHO20 yrpaesiHHa Ma€  CBOI
0cobnmnBOCTI:

peanisauisi (PyHKUiM pe3epByBaHHS, aBTOMaTUYHOI PeKoHdirypauil,
TEXHIYHOro [AiarHOCTYBaHHA BUWKOHYETbCA OeueHmparsizoeaHo, TOBTO LUj
QYHKUIT MNOEOQHYITbCA Ta 4acTO KOHCTPYKTMBHO 06’egHytoTbCA 3
TEXHIYHMMK 3acobamm (a YacoMm i NporpamMHUMN) (PYHKLIN KOOPANHATHOIO
Ta NapameTpUYHOro ynpasniHb;

B npoLueci po3pobku cuctemMn ynpaeniHHA QYHKUIT CTPYKTYPHOro
ynpaeniHHA MOBUHHI po3pobnaTuch Tak, wob 3abe3neuntn i po3B’sai3aHHs
CUCTEMHUX MNUTaHb: - FMMBUHA OXONMEHHA, edEeKTUBHICTb, YHidikauis
cnocobiB Ta 3acobiB peanisauii i iHL.

CaMi KOHTYypW CTPYKTYpPHOro YynpaBmiHHA MNOBWHHI MEBHUM YUHOM
B3aEMOLIATN MiXX cOBOIO: TaK KOHTYP pPeKOHirypauii CTpyKTypy OOUiNbHO
BKMOYATU Micnga Toro, 9K BuYepnani nepenbadveHi pes3epBu, a KOHTYypu
PEMOHTY i TEexXHi4HOro ob6cCnyroByBaHHs He nuwe 3a iHdopMauielo Bia
TEXHIYHOro AiarHoCTyBaHHA, a W Big KOHTYpIB YynpaBfiHHA pe3epBaMy,

peKkoHdirypauii, aBapiMHOro 3axucTy i T.4.

PyHKLUIOHaNbHI CTPYKTYPU KOOpAMHATHOro Ta napameT-puyHoOro
ynpaBniHb. Lli cTpykTypn po3rnagarTbCs pasom ToMy, LWO:
cnocobn komneHcauii 30ypeHb Ha KoopAuMHaTW MEBHOK  MipOKo

3abe3nevyloTb KOMMNEHcaLito i napameTpu4HmNX 30ypeHb;

67



Ui KOHTYpu pasom 3 OY BuctynawTb K OB’€KT ynpasfiHHA 45
KOHTYpa CTPYKTYPHOro ynpasniHHS.

BapiaHTn dyHKUIOHanNbHUX CTPYKTyp obupatoTbCs 3a ABoma
dhakTopamu:

- eudowm uini (3adayi) yripaeriHHs,

- crnocobom KomrneHcaujii 36ypeHb

A. Bud uini, Mvemu (3adau4i) ynpaesiHHs
A1. Cucmemu cmabinizauii. Mema
Xan- X(t)—0 ; Xsp=const (3.1)
BukopucToBYOTBECA Pi3Hi KpUTepil AKOCTI, a 3aranbHUM

1<1,,Vte(tt)

3a0
TyT Xe: 3MiHa 3aBOaHHA BiJ Xsa1 00 Xan2
Xsn, X(t) — BigNOBIAHO 3agaHe Ta MOTOYHE 3HAYEeHHSA peryriboBaHOl
KoopauHaTtu
A2. Cucmemu ripoepamHo20 3a euxo0amu yripaesliHHA
Xsp —Var Npu Hanepep 3agaHnx pyHKUisx Yacy
TyT € aBa nigknacwm:
A2.1. Cuctemm 4acoBoOro NporpaMmHoOro 3a BMxXodamMmu ynpasriHHS, KOS
Xaa(t) XKOPCTKO BU3HAYAETLCS 32 YaCoM;
A2.2. CucteMmn KOOpANHATHOIO NPOrpamMHOro 3a BMXog4amMu ynpasniHHSA,
KOS Xan(t) BM3HAYaOTLCA piBHEM 3HAYEHb AESKUX KoopauHaT CUCTEMM

BULLIOrO paHry, a 3Ha4yeHH MOMEHTIB 4acy 3MiHW OOBINbHI.
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A3. Cucmemu cridKyro4020 yripasriiHHS
X(t)> Xaa(t), V t e(to,t1), Xsu = var — yHKUiS OOBINbLHOrO BUIMAAY,
Hanepen He Bigoma. lMOKa3HWKM SKOCTI CRiAKyBaHHS BW3HaA4alTbCH, SK
NpaBuIio, 3Ha4YEHHSAMW He Tinbkn X(t), a 1 ix noxigHMx
[nsa nigBuLLEHHST TOYHOCTI CcnigKyBaHHA HeoOXigHO MaTu siIkomora
Ginbwy iHpopmauito CTOCOBHO OYHKUIT Xaa(t).
A4. Cucmemu ekcmpemMaribHO20 yrpassiiHHA
MeTa: nokasHuK AKOCTI PYHKLiIOHYBaHHSA
| (X(°),z), z -30ypeHHs
YTPUMYETBCA B 3adaHii obnacTti HabnmxeHHs 0O Hanepen HeBiAOMOrO i
3MiHIOBAHOro B 06NnacTi 3MiHHUX X, X3z €KCTpeManbHOMY 3HaYEHHHO.
| (...) > extr,
npun obmexeHHsX: X(t)eQx...

Kputepii | obupatoTbecs, 3BMYaNHO, iHOMBIAyanbHO ANt KOXHOro
o0’ekTa, ane 4acTo ue — empamu Ha repemiueHHsi B 0bnacTi ekcTpemyma
(“pbickanune”) Al=|l-lopt| Ta weudkodiss, TOBTO 4Yac nepeBoAy PEXUMY
YHKLIOHYBaHHSA B CTaH, 6113bkuii A0 lopt.

MNP ekcTtpemanbHOMYy ynpaBniHHi  BUKOPUCTOBYKTBCA  TaKOX
cuctemu knacis A2 ta A3 ans 3abes3neveHHst SKOCTi NepexigHux NpoLecis.

HacTo BMKOPUCTOBYETLCS extr CTaTUYHOI XapaKTEePUCTUKM.

AS5. Cucmemu onmumaribHO20 yrpaesliHHHS
MeTta: Ha npoTasi 4acy At=ti-t2 pyHKUiOHYyBaHHA o6’ckTa 3abesneynTn
eKCTpeMyM pyHKUioOHana:
I= TF(X, U,Z)dt — extr (3.2)
f

B MeXaXx AonyCTUMunx 3MiH napameTpiB Ta npu iCHyFO‘-IVIX mMoaensx.
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YacTto cTtaBuTbCA 3ajada: nepeBecTu KoopauHaTtu ob’ekTa 3i CTaHy
X(to) B cTaH x(t) npu | — extr, wo Bignosigae neBHin TpaekTopii Ta U.

A6. TepMiHarbHi cucmemu yrpaesiHHs
MeTa: nepesectn 06’ekT B 3agaHuMn KiHUeBMW cTaH X(i) 4M B 3agaHy
obnacTb B NpM3HadYeHuin Ym goBinbHUn Yac t=(1).

lMokasHMK AKOCTi (bopMyeTbCS B 3anexHoOCTi Big OOMeXeHb Ha
mpaekmopiro pyxy, 36ypeHb Ta nporHo3osaHux X(t), ue:

npomax 1=|x(tk) — Xaa;

pusuk I=M{¥'(1)}, M - maTematniHe cnogiBaHHA 3agaHoOl QyHKUiT ¥
BTpaT B KiHLEBOMY (TEpMiHanNbHOMY) CTaHi;

KBagpaTUYHUIA MOKA3HUK:

I=M{(X(t) — Xaa)%} (3.3)

Lli cuctemm MOXHa posragatM €K nigknac cuUcTem  ONTUMarbHOro
ynpaBniHHs, ane 3a NOCTaHOBKOK Ta cneuiarbHUMWU MeTodamMu CUHTE3Y

AOLINbHO BUAINATU TX B OKPEMUW Knac.

b. Cnocobu komneHcauii 36ypeHb
b1. Crniocobu KomneHcauii KoopOuHamHux 36ypeHb

61.1. Cucmemu ynpassniHHs 3a 36ypeHHsIM

AZ
A —— : Ko1
: v i Ko |AZ
| K. : NE .
Tl ,AX
Mo [ Lb— —F
T ; & oy

Punc.3.2. CTpykTypa cuctemn ynpasniHHs 3a 30ypeHHsM
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OpraHi3oByeTbCs WTYYHUN KaHan AZ—AX MO KOXHOMY 30YpeHHK Zi
Ans Moro  KomneHcauii. 3HayeHHA  napamMeTpiB  onepartopis

ynpasnstoyoro npuctpoo Ky, K, 3HaxoosTe 3 ymMoBM KOMMeHcauil,

TOOTO
AX =AXqp,
ToA:
AX= AXap Ky Kot+AZ- Kz Ko+ AZ- Ko,
(3.4)

pe:  Ke=1/Ko; Kz=- Kot/ Ko

MNigcTaBmBLLUM MAeEMO:

AX= AXsq1/ Ko-Ko+AZ- (- Ko1 / Ko ) Ko+ AZ* Ko,
(3.5)

TOOTO

AX =AXsz

B ubomy cnocobi:

B 3anexHocTi Big 3HayeHHA K; MOXHa oTpumaTtu pPi3HUMA CTyMiHb
KomMneHcauil AZ, abo HaBiTb NepekoMneHcaL,ito;

npn Byab-akmx 3HadeHHaX Kx , K; 30epiraetbcs CTiMKICTb cUCTEMM
(npw cTinkomy 06’exTi).

O6mexXeHHs: crnocib 3acTOCOBYETLCS NMPY NOBINIbHO 3MiHIOBaHUX Z;

Ans KoMneHcauil Z noro HeobxigHo BMMIpIOBaTY;

ana gocsarHeHHss  AX~AXs; HeobxigHo 3abe3nedynTn cTabinbHICTb

napameTpiB Kx , Kz, siki 3anexarb Big napameTpis o6’ekTa.
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B1.2. Cucmemu ynpasrsiHHs 3a 8i0XUNIeHHAM

AZ
- — - 7/ 7 7 7 - - T
| | | AX |
IAXs:  AXT | AU | kot | AX
—> 5 — K, > - —— >
L. oy —— |
cy

Puc.3.3.CtpykTypa cuctemu ynpasniHHs 3a BiAXUITEHHAM

3Ha4YeHHA AX Ta AXs; MOPIBHIOKTLCA HernepepBHO abo 3 AesKow
UMKNiYHicTio. MNpun ubomy:
AX=Ko AU — Ko1 AZ,
AU=Ky - AX (3.6)
AX'=AXqn - AX

abo:

K,K K
B ax o Ka g (3.7)
1+ KK, 1+ KK,

Moxmbka ynpaBniHHSA, BUKITMKaHa Aieto 30ypeHHs:

— KO]

—mAZ (3.8)

MoBHa komneHcauis moxnmea npu Ky —oo, abo KoMneHcauia Tum

NoBHiWa, YNM “CurbHiwa” HEPIBHICTb
1+ KoKx>Ko1 (3.9)

MeToaunyHa noxmbka BUKNNKaAHA TUM, LLIO
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KOKx
14+ K,K,

ml (3.10)
Npw KiHUEBMX 3Ha4YeHHAX Ko , Ky, TOBTO MeTa ynpaBniHHA OOCAraeTbCsa 3
TUM BiNbLLOK TOYHICTIO, YMM “CUINbHILLIA” HEPIBHICTb
KoKi>1,  KoKx>Ko1 (3.11)

[MepeBarun: Hemae NOTPeBU y BUMIPIHOBaHHI AZ;
4YaCTKOBO KOMMEHCYTbCA 30ypeHHA Ha napameTtpu cuctemn Ko, Ko1, Kj,
uen epekT TMM Binbwnin, Ynum BGinbLumin 4odyToK Ko - Ky

ObmMeXeHHS y 3aCmocCy8aHHI:

npu 36inblUeHHi 3Ha4yeHHa KoediuieHTa nigcuneHHs Kx npu HasiBHOCTI

andgepeHuinHmx onepaTopiB Ko, Ko1, Kx NigBULLEHHA CTYNEHIO KOMNeHcauii

30ypeHb OBOMeEXyeTbCs BMMOramm CTIMKOCTI, TOMY 3aBXau € npobnema:
cTaTU4Ha TOYHICTb — CTIMKICTb.

3ayBaXKeHHS:

1. BuknageHi cniBBiAHOLWIEHHSA BiAHOCATLCA A0 CTaTUYHUX CUCTEM.

[Mpy HasABHOCTI B KOHTYpi YMpaBniHHA IHTErpyt4yol faHKM roBHa

KoMmneHcauia 3abesneyyeTbcss Npu KiHUeBUX 3HadveHHs X Ko , Ky , ane

npobnema cTinkocTi ycyrybnsaetbcs.

1. TMpw GaratoemkicHMX 0B6’ekTax, KONM 30YPEHHN Ail0Tb Ha Pi3Hi EMKOCTI
(a Takox B TK) 3aTtocyBaHHS OOHOrO KOHTypa BUMMarae yckrnag-HeHHs
oneparopa Kx abo komneHcauis B3arani Hemoxnuea. YacTto
BUKOPUCTOBYIOTbCA KacKafHi CTPYKTYpW, SKi 34IMCHIOTbL PO34iNbHY
KOMMeHcau,ito.

Ccy LAZl AZ: OY
1 _—

N — . -
A'in AX AUz AU AX1 AX

Kx ' ' 1 2
| _’sz_’®_’ lj | _‘# g
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Puc.3.4. CTpykTypa CMCTEMU KackagHOro ynpasniHHSA

CTpykTypa kackagHoi cuctemmn binbll cknagHa, ane onepatopu Ky 6inbu
npocTi. [Nepwnn KOHTYp OCHOBHWUW, OPYrMn — MO X1 — OOMNOMDKHUMN, SKUN

HaCTpOKETbLCA Ha KOMMeHcauito AZ

B1.3. KombiHosaHi cucmemu

Cnocib komneHcauii — noegHaHHA knaciB b1.1 Ta b1.2.

e 1 i b 1

! ' ko ko1

| Kz -/ /

: 7= ) :.:/~ AX
|

Aj(m AX* /
1 —» K k

Puc.3.5. CTpykTypa cuctemmn KOMBiHOBaHOro yrnpasmiHHA

KOKx
1+ K,K,

_ KOI _KOKZ AZ
1+ K, K,

AX (3.12)

30

Topai ana komneHcaduii AZ HeobXxigHo:
Ko1 — KoKz=0, (3.13)
TO6TO NpU KiIHUEBUX 3HAYEHHAX KOediLieHTIB.
[lepesazu: npobriema cTaTMyHa TOYHICTb — CTIMKICTb PO3B’A3YETHCS

npocTiwe;
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4YaCTKOBO KOMMEHCYeTbCA apend 3HavyeHb koediuieHTiB Ky, Kz, Ko, Ko

3aysaxKeHHs: KOHTYp 3a 306ypeHHsAM AZ—>AX BUKOPUCTOBYETLCSA ONA

HanBiNbW cunbHO Aitoyoro 30ypeHHst AZi, a 3BOPOTHIN 3B’A30K — AN
pewTn 30ypeHb B cuctemi. KaHan AZi—AX 3Ha4yHo nigBuLLye LWIBMAKICTb Ta

TOYHICTb.

Bb2. Cucmemu 3 KoMrieHcauyiero KOopOUHamHUX ma rnapamMmempuyHuUXx
36ypeHb

Lli cuctemn — pana HectauioHapHux o6’ektiB, abo o0O0’ekTiB 3

HEeBIJOMUMW  XapakTepucTukamu. ToAi npuHUMNM  ynpasrfiHHA, SKi

BU3HA4alOTb (PYHKUIOHANbHY CTPYKTYpPYy CUCTEMU, MOXHa Kracu-gikyBaTu

Tak:
3a CTyNneHeM HecTaLuiOHapHOCTI AMHAMIYHNX BNAaCTMBOCTEN 00’'EKTa;
3a cnocobom 3aBaaHHA BaxxaHOoro OyHKLUIOHYBaHHS;
3a cnocobom KoMneHcauii BninBy HecTauioHapHOCTI 00’ekTa.
3azanbHUM 0511 Yux Kracie cucmem — eriacmusicme adanmadii 3a
paxyHoK:

- BMOOpPY BEMWYMHM | YACTOTU KOPEKLUiN ynpaBnsluux AOiSHb Ha
OCHOBi PEKYPEHTHUX anroputmis 0BpoOKM HasiBHOI iHopMauil npo xia
npoueciB B 00’eKTi;

-3MiHW AWHaMIYHUX BrlacTUBOCTEN (nNapameTpiB) cuctemMu 3agaHol
CTPYKTYpWU (CUCTEMM i3 CAMOHACTPOMKOLO);

- KOMYyTaUi€e CTPYKTYypU Ta pexmnmie pobotm cuctemm (cuctemu i3

3MIHHOIO CTPYKTYpPOIO).

b2.1. Cucmemu KoopOUHamHo-napamempu4yHo20 yrpasesiiHHs
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Cuctemu i3 CaMoOHaCTPONKOK BUKOPUCTOBYIOTb B TUX BUMNaAKax, Konum
cTeniHb HecTauioHapHOCTI AMHaMIYHUX xapaktepucTtuk QY € cyTTeBoto, i 11
He BOAETbCA KOMMEHCyBaTW Hi 3MIHOKW MapameTpiB, Hi Oo4aTKOBUMM
OISHHAMMW.

BukopuctoByeTbcs aBa cnocobu:

- OpraHizauis npsiMoro AistHHA Bi4 MPAMO YM HenpsIMO (KOCBEHHO)
BUMIPIOBAHUX HeCTauioOHapHUX MapamMeTpiB AWHaAMIYHUX XapaKTepUCTUK
QY Ha 3miHoBaHi koopauHatn QY;

- OpraHiszauisi KOHTypa KomMneHcauil i3 3BOPOTHMMU 3B’si3KamMu Mo

BUMIPIOBaNIbHUM HecCTauioOHapHUM  OUHaMIYHMM  BJ1IaCTUBOCTAM

ob’ekTa

SN v , AZ

| ! oy

| : s 2
AXs v |AUK | v | AX

I KoK, i > Ko, Ko | >
AX| —>  TKY | | |

l . ity Ayl I

| AUy AXax |

: A 4 |

| o TV |« i

|

| Ccy !

Puc.3.6. CTpyKkTypa cMctemm KoopamHaTHO-NapaMeTpuUYHOro yrnpassiiHHS

MY — npucTpin napaMmeTpPUYHOro yrnpasniHHS;
[MKY — npucTtpit KOOPANHATHOIO yrnpaBniHHS.
CY — cucrema ynpaBniHHS

OcHoBHa npobnema npwu CTBOPEHHI — ONTMMAaribHE CroSy4YeHHS

KOHTypiB KoopaAnMHaTHOro Ta napamMeTpnu4HOro yI'IpaBJ'IiHb.
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b2.2. besrnowykosi cucmemu i3 caMoHacmpoUKOH

Cnoci6 komneHcauil nonsrae y BUMIipOBaHHI Ta HENepepBHi KOM-
neHcauil BiaxXuneHb (PakTUYHOI TPaeKTopil 3MiHM KOOpAWHaT, SKi BU3Ha-
YaloTb piBEHb AKOCTI YHKLIOHYBaHHS 06’ekTa, Big GaXaHux TpaekTopiun,
SIKi BU3HAYaTb 3aaHN PiBEHb SIKOCTI.
[MKY — npucTpin KOOpANHATHOIO ynpaBniHHS

NMCH — npucTpin caMoHacTponKku

CY(BCCH) AZ
MKY
- C—— ) AU oy AX
| AX | 2 S
| » KoK. [ |- Ko, Ko
| |AXa| AUL-TT
I |
I p TICH |
| AXsn 4 AZ
: [ ax
|
|

Puc.3.7. CTpykTypa 6€3noLyKoBOi CUCTEMMU i3 CAMOHACTPOMN-KOLO

BaxaHuin pexum pobotn Moxe OyTU onmumasnbHuMm, Todi —
onTMMarnbHi cuUCTEMWU i3 camoHacTpounkol. MoxyTb Oyt 3 sBHMMMU

OUiHKaMM: 3a KOHTPOSieM YacCTOTHUX XapaKTepucTuK, abo KopenauinHUX

doyHKUIN BXiO-BUXia.
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MpucTtpin  camoHacTponkn (agantadii) MiHIMI3ye  BigXWIeHHs
dakTU4HOT TpaekTopii Big BakaHoi, opmytoun AU, Ha MKT. Yacom moxe

OyTK gogaTkoBe AisHHSA AUk.

b2.3. [lowykoei cucmemu i3 camMoHacmpoUKOoH
Cnocib6 komneHcauii — B aBTOMaTU4YHOMY BMOOpPiI 3a 4OMOMOroro
MOLLUYKOBOrO MPUCTPOKD CaMOHACTPOMKM TakKMX 3HaYeHb napameTpis
OCHOBHOIO KOHTYypa, Npu sKkux 3abesnedyeTbes extr pyHKuioHana sikocTi.

YacTo — npoueaypy YNCENBHOMO MOLLYKY.

T |
| || Az
| v |
| HKy AU : R v AX R
Ayl K, oy >
i AX ' Ko, Koi
| AUn |
| Mg | CDPﬂ |
| Q |
| AX |
[ [
_____ LCY(CCH)____________|

Puc.3.8. CTpyKTypa nowyKkoBOI CUCTEMM i3 CAMOHACTPOMKOK

MKY — npucTpin KOOpANHATHOIO YNpaBniHHS;
®IMA — dpopmyBay NOKaA3HUKIB SKOCTI yNpaBniHHS;
MME — npuctpin nowyKy ekcTpemMasibHOro 3HayeHHA MnoKasHuKa

AKOCTI.
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O6MEXEHHS: WBNOKICTb nNpouecy MOowWwyKy (LWBMAKICTb 36iXKHOCTI)
noBMHHa OyTM O6iNbWOK WBUAKOCTI 3MiHWM AWHaAMIYHUX BIIACTUBOCTEN
ob’ekta. lMpn ubomy — umm bBinblia us pisHUUS, TUM Kpalla SKiCTb

JPYHKLIOHYBaHHS.

Bb2.4. AemomamuyHi cucmemu 3 ideHmMugikamopom

Cnoci® komneHcauii CXOXWM Ha CUCTEMM 3 €TaroHHOK MOAEnNNto,
ane B UbOMY BMNAgKy BMKOPUCTOBYETbCS MOBHA abo 4acTKoBO
HacTpotoBaHa Moaenb 06’ekTa, sika aganTyeTbCsl B NpoLeci poboTu.

MKY — npucTtpin KoopanHaTHOrO ynpasniHHA

r—-r—————_ """ 1
: : AZ
| |
| |
AXsy 1 HI;'V AU v AX
A)d > ov >
L |
| ’ KXiKZ I Ko, Koi
| AU |
: Inentudi- [€— : I
WX arop | | AXe
= A AX - :
|
|

Puc.3.9. CTpykTypa aganTmBHOI CUCTEMU 3 iDEHTUGIKATOPOM

3a JonomMororo Uiel Moaeni BU3Ha4atTbCA CYyKYMHOCTI YNpaBrisoymx
AisiHb, SKi 3abe3nedvyloTb ekcTpemManbHe abo [onycTUMe B KOHKPETHMX

BUNagKax 3Ha4eHHs nokasHmKa sIKOCTi yl'lpaBJ'IiHHFI.
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Ana cknagHux O6’eKTiB, SIKi XapakTepu3yrTbCs Pi3HMMU MOOENSAMU
BUKOPUCTOBYKOTbCA  Kiflbka  i0eHmugbikamopig:.  onepaTtuBHi  (siKi
BiACNIAKOBYIOTb  KifIbKiCHI  3MiHM napameTpiB) Ta CTpaTeriyHi  (sKi
BiACNIQKOBYOTb 3MiHW BUOY AUHAMIYHUX onepaTopiB CTPYKTypu 06’ekTa).

B2.5. Cucmemu i3 3MiHHOIO CMPYKMyporo

B umx cuctemax B 3anexHOCTi Big GaxaHOT SIKOCTi peryntoBaHHA Ta
cTaHy oO0O’ekTa [ONCKPETHO 3MIHIETLCS 3aKOH peryrnoBaHHA, TOOTO
CTPyKTypa cucteMn (Habip (yHKUIOHaANbHUX €efeMEHTIB Ta 3B’sI3KIB MiXK
HUMK). KOHKPETHUI HabIip CTPYKTyp YnpaBnsatyoro NpUCTPO Ta JOriyHi
YMOBM 1X NEepPeKsIto4eHHs B NpoLeci 3MiHM BUXIOHMX KOOPAWHAT 3anexuTb
He nuwe Big BMAY MaTtemMaTM4YHOro onucy npouecis B 06’eKTi Ta xapakTepy
3MiHW MOro napameTpiB, a W Big TOro, $Ki KoOoOpAWHATM OOCTYMHI
BUMIPIOBAHHIO.

B ocHOBi cuctemu i3 3MIHHOKO CTPYKTYPOIO nexatb ABi iger:

- nepexigHi npouecn 3a 30YPEHHAM 4YM 3MIHOK 3aBAaHHSA
CKnagarTbCa 3 Bigpi3KiB (KyCKiB) TpaekTopii cuctemun, siki BignoBigalTb
Pi3HUM OMHAMIYHMM JNaHKaMm, WO aBTOMAaTUYHO KOMYTYHTbCA MpuU
BWUKOHAHHI Hanepes BCTAHOBJIEHMX ChiBBIOHOWEHb MK 3HAYeHHAMU
koopauHaTt ob6’ekTa, perynoyoro NpucTporo Ta 30ypeHb;

- CTBOPKETHLCS WTYYHUN KOB3HUW PYyX B CUCTEMI; XapaKTepHUN Ons
HENIHIMHUX CUCTEM, SIKUA TMPaKTUYHO He 3aneXuTb Big 3MIHIOBaHUX
napameTpiB ob’ekta. Llen pyx 3abesneyyetbcsi BMOOPOM BigNOBIAHUX
ornepaTtopiB B 3aKOHi yNpaBniHHA Ta NOPSAAKY IX NePEKNYEHHS.

Lli cuctemn BMKOPUCTOBYIOTBHCA SIK 3acib 6GopoTbOu i3 3MiHIOBaHUMU
napameTpamu ob’ekTa Ta ons 3abesneyeHHsi BUCOKOI SIKOCTi perynoBaHHS,
SKi € N9 CUCTEM 3 HE3MIHIOBAHOK CTPYKTYPOH YacTO NPOTUPIYHUMM.
[1,c.54-68, 2, c.125-142]
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KOHTpOnbHI NnUTaHHA
B YoMy nposiBnsitoTbCst 0COBMMBOCTI iEpapXiYHUX CUCTEM YynpaBniHHA?
OxapakTepun3ynTe OCHOBHI Knacu 3agad ynpasriiHHS
HasBsiTb TMNOBI (PyHKUIOHaNbHI CTPYKTYpPU CUCTEM YNpaBIliHHSA
B 4yomy ocobnuBOCTi KOOpAMHATHOro, NapamMeTpU4HOro Ta CTPYKTYp-

HOro ynpasniHHA?

5. HaBepnitb npuknagmn pisHUX Linen cuctem ynpassiHHSA

6. Axki cnocobwu kKomneHcauii 36ypeHb 3aCTOCOBYKTbCA B CKNagHUX

cuctemax ynpasniHHA?

B 4yomy nonsratoTb 0COBNMBOCTI CUCTEM i3 3MIHIOBAHOK CTPYKTYPOHO?

4. Po3B’si3aHHA CUCTEMHMX 3a4ay 3 BUKOPUCTAHHAM MeTOAONOr il
HEeYiTKUX MHOXWH
4.1. Popmanisauifa Ta nepepobneHHs sKkicHol iHdopmauii.HeuiTki
MHOXWUHU

AKiCHUA aHani3a — OoAWMH 3 BaXnNMBMX | BU3HAYarbHUX eTanis

CUCTEMHOro aHanisy, ue: 36upaHHs, cucTemaTusauia, dopmarnisauia Ta

nepepobka sikicHoi iHopmau,ii. Tunosi cuTyauir:

nonepegHe BMBYEHHSA CKagHOro npouecy Ta (OPMyBaHHA MeTU
JOCNiOXEHHS;

BUBIp Hambinbll BaXnMBUX eqekTiB Ta XapakTepuCTUK (MOKa3HUKIB)
npouecy;

aHania ekcrnepuvMeHTanbHMX [JaHuX 3 TOYKM 30pYy BIAMOBIAHOCTI
peanbHOMY MpoLecy;

OuiHKa (PyHKUIOHYBaHHS CKNagHUX CUCTEM;

NPUMHATTA pilleHb B YyMOBaX HEBU3HAYEHOCTI Ta B HEYITKO BU3HAYEHNX

cuTyauiax i .g.
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AkicHa iHbopMaList BUpaXkaeTbCsl 3a 4ONOMOro 3BUYanMHOI MOBU, ane
Ma€ HeJiTKUK, HabnmxeHun xapaktep. O0na BUKOPUCTAHHA KOMM KOTEPHUX

TEeXHOMNOorin HeobXigHO CNiBCTABUTU CIIOBECHMM TEPMIiHAM KifIbKiCHi OLLiHKW

ans  dopmanisauil gaHuMx Ta BUMKOPUCTAHHS MaTteMaTUyHUX MeToaiB
06pobkn.

AKicHUM eTan CUCTEMHOro aHanidy mMae gBa acrektM — CMUCIOBUM Ta
mMatrematuyHuin. CmucnoBun — 30UpaHHA, OuiHKA  [OOCTOBIPHOCTI,
cuctemaTtmaauia Ta dopmanisadisa iHgpopmaduii. Hacto sikicHa iHdhopmauis,
Il OOCTOBIPHICTb CYTTEBO 3anexuTb Bi4 MNCUXIYHMX Ta qoi3ionoriyHnX
MOXIMMBOCTEN  TOOVHW. B  ceigomocti  nioguHn  popmyeTbCH
KOHUenTyanbHa Mofenb 9K YSBIEHHA Npo CTaH Ta ocobnueocTi ob’ekTa
AOCTioXEHb.

dopmanisauia AkicHoI iHGopmauii 6a3yeTbCa Ha eKkcrnepu-mMeHTanbHUX
AaHuX, SKi  0O03BONSAKTb CMNIBCTAaBUTU  HEYiTKi  YSBNEHHA Ta YUCNOoBI
MHOXMHW. B 3aranbHOMy BMMagKy 3anyqaroTbCA eKcrnepTu, a B camomy
NPOCTOMY BBaXaltTb, WO MHOXMHA X CKNagaeTbCA 3 [OBOX €fleMeHTIB
{0,1}, Hanpuknag “xopowa” 4n “noraHa” nNpoaykuis. Tak e TEeXHOSOriYHi
napameTpu — “BUCOKUIN”, “HU3bKUW” | T.4., ane KOXHOMY 3 HWUX Bignosigae
CBOE YMCrioBe 3HAYEHHS.

MaTeMaTU4YHUIn acnekT $SKICHOro aHanisa nonsrae B BigoOpaXKeHHi
SAKICHMX ysIBfIEHb B MaTeMaTn4Hi 00’EKTMW.

Hanpuknag, konn oOG’eKT XxapakTepu3yeTbCsl [BOMa KoopauHaTtamu
CTaHy X1 i Xz, TO MOXHa MPOrHO3yBaTU BENMUYUHY Xo MpU (hikcoBaHMX
3Ha4yeHHsAx X1, a came: “AKWOo 3MiHA BENMUYMHM Xi Benuka, TO 3MiHa
BESIMYMHN X2 3HAYHA, B MPOTMBHOMY BMNAgKy Xo 3MIHKETLCA Mano”.
TepmiHn “Benuke”, “3HadHe”, “cnabke” noTpibHO dopmanisysaTu.

TexHonoriyHi napameTtpu TK Ta nigcmctem cknagatoTb rpynu:
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- BUMIplOBaHi aBTOMaTUYHO (Temnepartypa, TUCK, PiBEHb, iHLW.). JTloanHa-
orepaTtop MOX€ Ha OCHOBI UMX napamMeTpiB MporHo3yBaTu 3MiHU
napameTpiB B HEKOHTPOSIbOBAHMX TOYKaX, BUKOPUCTOBYHOUM HEYITKY
iHpbopMmaui,ito;

- napameTpu, SKi ONUCYITbCH CNOBECHUMU (HEYiTKMMU) TepMiHamu, a
Ans iX nepesoay B YNCNOBUW BUA NPUUMAE ydacTb foguHa — ekcnept
(Hanpuknag, AKicTb NPoAYyKUIT SIK iIHTerpanbHa OuiHKa).

[MepenbavaeTbes, WO dopmanisauia sikicHoT iHopMauii 6asyeTbca Ha
ICHYBaHHI BIigNOBIAHOCTI MK HEYITKO BM3HAYEHUMU XapaKTepUcTUKamu Ta
mMaTtemaTuyHuMn ob’ektTamun. [ns nepioi rpyny napameTpis Le o4eBUaHO,
BESIMYMHI NapameTpa CTaBUTLCH Yy BIOMOBIOHICTL YMCNOBa KOopAWHATa B
CTaHOBJIEHMM MOYaTKOM KOOpAWHAT Ta MIpol, a BenuyuHa napameTtpa
MOXe OnucyBaTUCh CITOBECHO.

[lna napameTpiB NepLioro TUNy enemMeHT XieX — KOHKPETHI BerMyuHU
(Hanpuknag Temnepatypa). KinbKiCHOIO XapakTepuctukow XieX €
eneMeHTn u; eU. MHoxuHa U — giana3oH 3MmiHKM napameTtpiB x;eX. [pu
CNoOBECHOMY OonmncyBaHHi napi (X;, Uj) CTaBUTbCA Y BiANOBIOHICTb HEYITKUN
TepMiH gk €Q (Q — MHOXWHA HEuITKUX TepMiHiB). HeuiTki TepmiHn, ue —
“BUCOKUIN”, Oyxe “BUCOKUN”, “HM3bKMIA”, “ganeko”, “6nmn3bko”... Ha BuOIp
LUMX TEPMIHIB 3HAYHMI BNNUB cnpasrisie BUOIp ONOpHOT (penepHoi) TOYKN —
SIK NPaBUIIo AN HOMIHANbLHOIO PEXNMy.

[Mpwn knacnyHoMy nigxoni 4O yrnpaeriHHA He NPUMMalOTLCA A0 yBaru Taki
daKkTopn AK HESICHICTb, HEBM3HAYEHICTb, HEUITKICTb Y/ HETOYHICTb, @ came
BOHM € TOMIOBHUMW B pearnibHOMY XWUTTi, ONa cknagHux cuctem. Teopid
HeJYiTKMX MHOXWH J1.3age gana cxemy po3B’sidaHHSA Npobrem, B SKUX

cy®’eKTMBHA AyMKa 4M OLUiHKa BigirpatoTb CYTTEBY pOSfib Mpu OUiHUi dakTiB
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HEesICHOCTI i HeBM3Ha4yeHocTi. B 1965 p. amepuKaHCbKMM MaTeMaTUKoM
J1.3ape byna 3anpornoHoBaHa Teopist HEYITKMX abo PO3MUTUX MHOXWH, siKa
oTpumMarna HasBy HeuiTKol norikn. Lla Teopis gana cxemy po3B’si3aHHS
npobnem, B Aknx CyO’eKTUBHI AyMKM abo OuiHKa BigirpatoTb CyTTEBY POSib
Npw ouiHUi bakTiB HeACHOCTi abo HEBM3HAYEHOCTI.

ABTOp Teopil HEYITKUX MHOXWH CTBEpaXyBaB: “...NPuU 3pOCTaHHI
CKNagHOCTI TOYHI TBEPKEHHS BTpayalTb 3HaAYyLWiCTb, a 3HayyLi
TBEPOXKEHHSI BTPA4YaloTb TOYHICTL .

B TexHi4Hin niTepaTtypi HeYiTKa forika oTpumana HasBy Big TEPMIHY
“Fuzzy-Logic” (Pyuui-norika).

Teopia HEeYITKUX MHOXMH NpouLna Wsx Big po3pobkn doopmanbHUX
3acobiB npeacTaBneHHs noraHo BU3HAYEHNX NOHATD, AKi
BUKOPUCTOBYIOTbCS  NIOAMHOK, Ta anapaty Aans ix obpobkn go
MOAESOBaHHA HaBNMKeHUX MipKyBaHb, SIKi BUKOPUCTOBYIOTBCA NHOOUHOMO
B MOBCSKOEHHIN OisiNbHOCTI, Ta 0O CTBOPEHHS KOMM'IOTEPIB 3 HEYITKOM
NOTIKOH0.

lMepeBara nigxoQy HeWITKOI NOriku nepen KnacudHMMm mMeTogamu,
NpW OMUCYBaHHI CUCTEM YNpaBIfiiHHA Monarae B TOMY, WO MNpU LbOMY
MOXHa He BWKOPUCTOBYBATM aHaniTMYHMX 3anexHocten. B Garatbox
BUNagkKax 4OCTaTHbO nuwe npodecinHOro onucy Toro, sk NpoLecoM Kepye
aoceigyeHunn onepatop (6e3 3anyyeHHs MaTtemMaTUyHUX, XIMIYHUX | T.4.
3anexHocTen). HeviTka norika — nepLia Teopisi, sika onepye HETOUYHUMM Ta
He 30BCiM SICHMMU NOHATTAMU. [NepeabayaeTbes, Wo B GiNbLWOCTI BUNagkKis

cuTyauia ouiHETbCA NPUBIM3HO, a8 HE TOYHO.

Llen nigxig nosiBuBCst 06’€KTMBHO TOMY, LLIO NPU YCKNAAHEHHI CUCTEM
3MEHLLYETBCA MOXIMBICTb POOUTU TOYHI Ta 3HAYYLLI TBEPAXKEHHS BiOHOCHO

NoBeAiHKN CUCTEMMU | HacTynae mMexa, 3a AKOH TOYHICTb Ta 3Ha‘-IyLlJ,iCTb
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CTaloTb B3AaEMHOBUKINIOYAKYMMN  XapakTepuctukamu. Toai BBOAATHCS
cneuianbHi NO3Ha4YeHHs1 (MITKK), SKi BU3Ha4alTb  OBiNbLI-MEHL HEeuiTKi
NOHATTS.

U - yHiBepcanbHa MHOXWHa (JOBINbHUAN Habip O0B’ekTiB  uyK
MaTeMaTUYHUX KOHCTPYKLiN);

A — kiHueBa nigMHOXuHa U 3 enemeHtamn U1, Uz, ... Uy
Topni: A= {ul,uz...un},

A={u,,u,(u)},u, €U, - KIHLEBA MHOXMHA BNOPSAKOBAHWNX Nap;
Ae u,(u,)- Mipa YneHcTBa, PYHKLiSA HanNexHoCTi, Aka nokasye cTeniHb

HanNeXHoCTI enieMeHTa Ui MHOXWUHI.

Axkwo BCi 1, (u,) €{0, 1}, To6TO gopiBHIOOTE O Yn 1, TO Ue 3BU4an-Ha
(YiTKA) MHOXMHA. AKWO x,(x,) MOXe NpurMaTn 3Ha4yeHHs B iHTepBani Big 0

no 1, Toai A — HediTKa (po3munTa) MHOXMHA. Toa;:

u,(u,)=0, enemMeHT u, He HaneXuTb MHOXWHI;
w,w)=1, u eU;
0(u ,(u,){1 - BA3HAYa€ CTeNiHb HANEXHOCTi u, MHOXWHI U ,

Toai A — po3aMnTa MHOXHUHA

B poamuTin noriyi 3HaA4YeHHs1 iCTUHHOCTI MOXe OyTu PO3MUTOHO
NiAMHOXMHOIK  Oyab-sIKOI  BMOPSIAKOBAHOI  MHOXMWMHW. [lpakTuyHO Ue
po3aMuTa NigMHOXWHa Ha iHTepsani [0,1], TO6TO Toyka UbLOro iHTepsany.
JTiHrBICTUYHI KpUTepii iICTUHHOCTI — “npaBurnbHO”, “He 30BCIM NpaBUbHO”
MOXHa iHTeprnpeTyBatTm 4K MITKM pO3MUTUX MHOXMH. Lle Bignosigae
NpuUpoaHin MOBI, B ki BinblUICTb NpeaukaTtiB po3MuUTi, a He JiTki. Toai
BUHUMKaOTb MoaudikaTopy npeaukaTiB (“‘ayxe”, “Ginbw-meHwWw”, “Uinkom” i
T.4.), SKi BigirpatoTb BaXnNuBY pOfib B FeHepyBaHHi 3HA4YeHb FOriYHNX

~ ) 13

3MIHHUX: “AyXXe BUCOKMI”, “BinblU-MEeHL BaXXnMBuin "i.T.4.
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B KknacuyHux rnoriyHMx cuctemax € [Ba KBaHTOpW: iCHyBaHHA Ta
3aranbHoCTi. B poamuTin noriyi 4ooaTtkoBO OO0 HUX BUKOPUCTOBYHOTHLCS
KBaAHTOpPM “Aekinbka”, “ronoBHMM 4YMHOM”, “Manxe 3aBxawn”, “dacto”... B
PO3MUTIN NOTiyi PO3MUTUN KBAHTOP IHTEPNPETYETLCA K PO3MUTE YUCNO YK
po3MuTa nponopuis

Mpuknag: pict noauHU. Ona NOHATTS “BUCOKMIA” BU3HAYEHO QOYHKLIT

3aneXHOoCTi:
(Ui
Pict, M u (Uj)
2,2 1,0 4
2,1 1,0 S
2,0 0,8 08 _|_
1,9 0,6 06 T
1,8 0,4 1
1,7 0,2 04 4
1,6 0,0 0.2 __| I I N A B .
v It I I O >
02 012 141617 1,8 1,922,122 M

Puc.4.1. Poamuta MHOXMHA Npu BU3HAYEHHI POCTY

JIIHrBicTMYHA 3MiHHA — L€ Taka 3MiHHA, iKa 3a0a€eTbCs Ha KiNbKICHIW LUKani

| NfpUUMae 3HaYeHHs y BUrMNAA4I CniB Ta CroBOYTBOPEHb MPUPOLHOI MOBW.
Okpeme 3Ha4yeHHs JIHrBICTUYHOI 3MiHHOI abo NIHrBICTUYHE 3HAYEeHHS
Ha3nMBaeTbCA TEPMOM | 3a4aeTbCHA 3a AO0MNOMOrow (YHKUIT HareXHOCTi
TOOTO KOXHOMY TepMy BIignoBigae HeYiTka MHOXWHA. 3HaYeHHs
NiHrBICTUYHOT 3MiHHOT (J13) onucyeTbCca HEYITKMMU 3MIHHUMW. JTIHMBICTUYHI
3MiHHi (J13) BUKOPUCTOBYIOTLCA AS1S1 SAIKICHOMO CNIOBECHOINO OMUCY KiNbKIiCHOI

BennuMHKN. byab-sika J1I3 Ta BCi 1 3Ha4YeHHs1 3B’A3aHi 3 KOHKPET-HOL
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KifibKiCHOI LWKanow (6asosoto wkanot). MNMpuknag 6asoBoi wkanu gng

OLiIHKM CTeneHi pyrnHyBaHHA 00’ekTa:

0 I(),1 9,2 (|),3 (|),4 Ol,5 0,6 0,7 I(),8 (|),9 1,0
! ! ! ! ! ! !

|
HEMae
HEe3Ha4He noMipHe CHJIBHO KaTacTpodiuHe

MacwwTtab wkanu moxe 0yTn OOBINbHUM.
[na Biky:

T(Bik)={monogun, ctapun, gyxe monoguu, GinbLU-MeHL MOnoaun...}
KoxHun enemeHT (TepMm) Ui€l MHOXWHM MOXe BUpaxaTucb 4epes

PO3MUTY MHOXWHY, HarNpuknaag:

wU)

MOJIOIMM  HE AYy’KE MOJOAHMI OUTBIII-MEHII CTapui

T Y .

TIyKe
MOJIO U cTapuit

0,5_

»
»

30 60 BiK

Puc.4.2. ®yHKUii HanexHoCTi

3Ha4YeHHs NIHrBICTUYHUX 3MiHHUX MOXYTb 3adaBaTUCb He Jnie

GasoBo wkanow, a n dyHKuieln. Hanpuknag, @YHKUIT HanexXHoCTi
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AONYCTUMUX  JIHMBICTUMHMX  TepMiB MOXHa  3agatu  (PYHKUIEH:

| exp _(ﬂJ | (4.1)

jor =

oL Ta KOHCTaHTa B YMCESIbHUKY 3aneXnTb Bif XapakTepy MiHrBiCTUYHOT

3MiHHOT. Tak ans 3Ha4YeHHs “BUCOKUN” OYHKLIA Mae BUMMSA;

2.5
l—exp| |~ | |, (4.2)
1=
0 2,5
a “[oCUTb BUCOKUIN™: 1-exp —(ﬁ} , (4.3)
JJ—X
O 2.5
“‘mamxe BUCOKUN™: 1—exp —(ﬁj , (4.4)
A4 —x
“cepenHin”: 1—exp(-5x]),
0.5 2.5
“0OCUTb HU3BKUN": 1—exp —(—| 04 J , (4.5)
“04—x

Ana ynpaeniHHA Ha 6as3i HeuyiTkol norikn  (dyuui-ynpaBniHHA)
XapakTepHum € 6e3nocepegHe 3aCTOCYBaHHSI €EKCNepTHUMX 3HaHb, SKi
dOpPMYIOTbCA SKICHO, ONS reHepyBaHHS HEOoOXigHMX BMNMBIB Ha OO’EKT.
3HaHHS Woao B3aeMofdil 3 NPoLecoM 3a Uield METOAMKOK noAdarTbes y
doopmi npasun BuAay:

AKLWO (noyaTkoBa cutyauiq), TO (BignosigHa peakLis)

Taka noriyHa KOHCTPYKLUis BianoBigae NpuMpoaHiv nosediHui NoanHu
B KOHKPETHIN cuTauil, Hanpuknaga;:

AKLO (TemnepaTtypa Bucoka), TO (3MeHWwnTH gewo nogady napu)

Abo:
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AKWO  (temnepatypa Bucoka) TA  (WBKMAOKICTb  3POCTaHHS
TemnepaTypu 3Ha4dHa), TO (NnpynnHUTM nogadvy napm).

BukopucToByoun oyHKLIT HANeXHOCTI, MOXHa 3anucaTti Taki Bupasu:

M=p1[x1+ pz[xa+..., (4.6)
ne M — cyKynHiCcTb 06’€KTiB, sIKi HanexaTb OCHOBHI MHOXWHI X;

X- 06’€KTN MHOXWUHK M.

Llen Bupas — He anrebpaiyHa cyma, a nuule BU3Ha4vae, Wo efleMeHTH
Xi BIgHOCATBCA A0 MHOXMHU M 3 QOyHKLIiSIMW HanexHocCTi wi. Lle moxe ByTtu
dopMOI0 3anncy maTemaTU4HOI Modesi B HeYiTKoMy cepefoBuLli. MoxHa
3anucaTtum Takox:

M=|( x1,u1), (X2,12)..., (Xi,pui) | 4.7)

Mo aHanorii i3 3BMYAMHMMW MHOXWHaAMKU B HeuiTKin  noriuyi
dOpMYHTbCA OCHOBHI onepauil Hag MHOXXMHamu A Ta B

- MHOXWHa noriyHoro ob’eaHaHHA

C=A U B (ABO):

He(x)=max (pa(x), (Ms(x)); (4.8)

- MHOXWHa noriyHoro nepetuny (TA)

C=ANB:

He(x)=min (Wa(X), (Ms(X)); (4.9)

- MHOXWHa noriyHoro gonoBHeHHs (HI)

C=A:

He(X)=1-HA(X); (4.10)

[(OnoBHOKW orepauield HediTKoI NOorikm € npoueaypa HeYiTKoro
BUCHOBKY, 3a [OMOMOrOK AKOI 3 HEYITKMX YMOB OTPUMYIOTb HabnuXkKeHi

pilueHHa (po3B’siskn). [lpouegypa HEWITKOro BMCHOBKY 3acHoOBaHa Ha

&9



onepadii noriyHoro cnigyBaHHs (iMnnikauii), sika BUKOPUCTOBYETbCSA B
TpaguuUivHin MaTeMaTUYHIN Noriui.

IMnnikauis go3sonde goopmanidyBatn 3HaHHA ekcriepTa 3a oopMoto
“‘akwo A, To B”, ge: A — nepegymoBa, B — BUCHOBOK. CTOCOBHO HEYITKOro
ynpasniHHA X —6a3oBa MHOXMHA 3Ha4YeHb X perynboBaHOl 3MiHHOI
(koopauHaTtu). Toai X- 6a3oBa MHOXMHA X, A — MHOXWHA 3Ha4veHb X; U —
6a3oBa MHOXMHA 3Ha4YeHb yNpaeriHb U, B —MHOXWHa 3Ha4eHb U.

B 3anexHocTi Big cnocoby oTpMMaHHS NOriYHUX BUCHOBKIB 3 HEYITKNX
npaBun MOXyTb BYTU pi3Hi perynatopu. [1na npoMMCIOBOro BUKOPUCTaHHSA
yacTiwe BUKOPUCTOBYETbLCA anroputM HediTkoro perynartopa MampaHi,
KONn peratop opMye 4iTKe OAHO3Ha4yHe yrpaeniHHA 3a [OOMNOMOrok
npouenypuv aedasndgikadlii.

[MovyaTKOBMMW OaHMMK OS5 TAKOro anroputmy €:

- aHTeuegeHTM n npaBun Ai1,12... A1, A22...A2n, An2...Am, SKi
BiANOBIAAKTb (PYHKLISIM HaneXHOCTi | i 3B’A3aHi noriyHnmMn onepauismm

KoH’tokuiT (N), ana’'tokuii (U) um inBepcii ( );

BUCHOBOK N npasus B4, Ba... Bn 3 BignoBigHUMN oyHKUIAMW HANEXHOCTI;

KOHKPETHI 3HaYeHHSA X}, X5 ... X: BXIOHUX 3MIHHUX X1, X2...Xm.

B pesynbTaTi He0obXigHO oTpumaTtn ynpasniHHa U*, onga 4oro:
- 3a [O0NOMOrol OCHOBHMX onepaui BM3HaA4yalTb 3HAYEHHS ICTUHHOCTI
nepegymoB n npasurn
Ma1(X5, X5 ... X2), Ma2(X], X5 ... X2 )...Mam(X], X5 .. Xm); (4.11)
- BpaxoBYETbCH, WO Y BIiAMOBIAHOCTI 3 OCHOBHUM NpPaBWNOM FIOr4YHOro
BMCHOBKY ICTUHHICTb BUCHOBKY B He Moxe nepeBuLLyBaTh iCTUHHICTb
nepegymoBu A, Tomy Ps(U) oBMmexyeTbCsa 3BepXy Ha piBHI PA(X®):

ue: (U)=min{pai(x;,... X;,), us1(U)}
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xeA

pes: (U)=min{pan(X;,... X3, ), Uen(U)} (4.12)
- 30INCHIETBCA arperyBaHHs Kinbkox npasun “AKLWO... TO...” wnsaxom
MakcuMmisauil yHKUiIn HanexHocTi Bcix o06’egHyBaHux npasun. B

pe3ynbTaTi PYHKUIA HAaNexXHOCTi ynpaBnsyoro aisHHs dyae:
Mep (y)=max{ps; (U)}, j € (1,n); (4.13)
- 30INCHIOITL Npouenypy aedasndikauil Ans 3HaXOMPKEHHA KOHKPETHOro
3HayeHHa  ynpaeniHHA. Cepen  pisHMX  MeToaiB HambinbL

po3noBClOOXXEHUM € METO LleHTpa Barun, Komnu

Vi, (U)dU
-=M, (4.14)
J 1, U
Takum 4nHOM pgedpag3uvdpikauia  — npouefypa reHepyBaHHA

ynpasniHb.
Lle ynpaBniHHA Ha Buxodi yuuUi-KOHTposiepa (HediTkoro perynsrtopa)
OTPUMYHKOTb K HEYITKY MHOXMHY B (POPMi (PYHKLIN HANEeXHOCTI.

MeTog ueHTpa Barn nepenbadae, WO yrnpasriHHA 0B6YMCNIOETLCS FK
3HadyeHHsa abcuucu ueHTpa Baru MNNOWWHKW, fKa YTBOpeHa MYHKLUIE

HaneXHoCTi Ta Biccto abuuc.

4.2. PyHKUiT HaNeXHOoCTi
Bubip Bnay dyHKUIN HaneXHOCTi Ta iIX napameTpiB 3HAa4YHOK MipOKo
BM3HAYa€ETbCA LOCBIAOM, iHTYILiEO Ta iIHWKUMK CyD’eKTUBHUMM haKTopaMu,
B TOMY 4ucrni ocoboto, dka npunmae piweHHs — (OlP). Tyt came i

BMHWKaOTb HOBi HEBM3HAYEHOCTI CYH’EKTUBHOMO XapakTepy.

MMpuknagw.
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1

1

- QYHKLUIT cTeNeHIB HAaNEeXHOCTI TBEPKEHHS

A I, 0<x<a
“‘BennymHa x mana” u(x) = )
0, xda
§ (4.15)
a X
0
A
nx)=e™; k>0 (4-16)

> X
1/x
A
I, 0<x<a
: a, — X
: n(x)=1—2 , a <x<a, (4.17)
| a, —a,
! X
' > 0, a,<x
ai az
JOYHKUIT cTEeNeHIB HAaNeXHOCTI TBEPPKEHHS “BeninvnHa X Benuka”
4 I, 0<x<a
1 u(x) = (4.18)
i 0, a<x
! > X
a
1)
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[, N ]

p(x) = ) (4.19)

l—e @ B<x, )0

o ot+l/kx

- OYHKLis CTENEHIB HANEXHOCTi TBEPAKEHHS “BennymHa |x| mana”

1)
A
0, —oo(x(—
! ! ux)=:1, -a<x<a (4.20)
i i 0, anxmow
1 1 : X
-0 a
Te x, “BennunHa |x| Benuvka’
1)
A
, —onx7m-—«a
! ! H(x)=4:0, —-a<x<a (4.21)
i i l, anxmowo
! ! > x
-

DyYHKUIA CTeneHiB HaneXxHoOCTi MOXe 3aaBaTUCh:
- CaMOCTIMHO OOCIigHUKOM, Ha OCHOBI BflaCHOro JOcCBigy; - B NPOCTOMY
BUNaAKY;
- i3 3any4eHHsM ekcnepTiB, 0B6pO6KOK (X OUIHOK — Ond cKrnagHux Ta
BigNoBiAanbHUX BUNAAKIB.
BaxnusicTb BUKOPUCTAHHSA NOTiKO-NIHrBICTUYHNX 3MIHHUX
obymMoBeHa npuynHamu:

- He BCI KpuTepii onTumisauil MOXyTb 3aaBaTUCh KiSTbKICHO;
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- MK pagoM napameTpiB, siKi BNAnBakTb Ha (pyHKUiOHyBaHHA ATK, He
BOAETbLCSA BCTAHOBUTU TOYHMX KiNbKICHUX 3aNeXHOCTEMN;

- npouec ontumisauii B ATK — 6araToKpoKOBUI, a 3MICT KOXHOIO KPOKY He
3aBXXAN MOXXHa BU3HAYNTM OAHO3HAYHO;

- icHytoui cnocobu onucy cammnx ATK (iX CTpyKTypu) Ta NpoueciB B HUX —
AalTb  FPOMI3OKI  3anexHOCTi, iX BaXko abo  HeMOXNuBO
BUKOPUCTOBYBATH;

- B 3MiHIOBAHUX YMOBax 30BHILLIHbOro cepegosuwa ta snactnsocten ATK
YyTPYAHIOITLCA Npouecu aganTadii, TUM BinbLue, WO OKpeMi nigcucteMm
MaloTb akTUBHY npupoay, Tob6To € NoANHO-MaLUNHHUMMU.

Mpouenypwy 3aBoaHHA OOCHIOHUKOM (DYHKLIT HANEXHOCTI B HEYITKUX

NiAMHOXWHAX:

- BW3HA4YaEeTbCA Aiana3oH 3MiHW Benu4MHU napameTpa X € X 3 MHOXMHM
Q;

- 3HaxopgsTb BigobpaxeHHs @: Q—U, ge U € [0,1]. B akocTi ¢ Mmoxe ByTu
BUKOpUCTaHe Byab-aKe NepeTBOPEHHS, 30KpeMa niHinHe;

- BenuynHa napametpa X € X ONUCYETLCA CNIOBECHO MHOXWUHOK TEPMIHIB

Q, Hanpuknag Q%= {BUCOKWI, OyKEe BUCOKUIN, HE BUCOKUIA, HU3LKUIA, OyXe

HU3bkM i.T7.4.}. MoTpibHO, Wo6 B Q 6ynn BIACYTHI TEPMIHW — CUHOHIMU, B

NPOTUBHOMY BWNAAKYy MNPOBOAATb IX Kracudikauito y BiaAnOBIgHOCTI 3

TepmiHonorieto, fka icHye B Ui ranysi (Temnepatypa 120° B UyKpOBIi

NPOMMUCIIOBOCTI — BUCOKA, B MeTanyprii — gyXe HU3bka);

- Ha MHOXMHi Q BBOOUTLCSA TepMiH Qo € Q — “Hopma”, a BIAHOCHO HbLOTO

CUMETPUYHO BU3HAYAETBECS TEPMIHOM Qw € Q, K=1,n Ta NPOTUNEXHI iM 3a

cMmcnom ge € Q, e=1,n;
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- QyHKUii HanexHocTi pi(U), j=1, (2n+1), BCTaHOBMOWTL BigMNOBIOHICTb
Q—U 3 TOuHiCTIO A0 4KICHMX BigAMIHHOCTEN MEPBUHHMUX TEPMIHIB Ta
NPUNHATUX onepauin Hag HEYITKUMU MHOXUHAMU;
- TepMiH “Hopma”, To6T0 Qo € Qi uo € U BU3Ha4vae i opmy pyHKLUiT pu(U),
a TaKoX BMMarae BUKOHaAHHS TakMX aCUMNTOTUYHUX BNACTUBOCTEMN:
lim p(U)=a; lim(U)=b (4.22)
U—-0 U—1
a, b — NOCTINHI ANs gaHoro TepmiHa.

w(@®) 1
S

I

Y

Ua

Puc.4.3. dyHkuis cteneHi HanexHocTi Y(U), ska doopmanisye TepmiH

«BUCOKUN»

Uo — onopHuin enemeHT Ug € U, skmMin Bignosigae noHATTIO “Hopma”. Ak
npasuno — ue 0,5 ( p(Uo)=0,5). 3BM4anHO, TyT € 3HA4YHUN CyB’ €KTUBI3M
BigHOCHO BMbopy Uo
YmoBa lim py(U)=0 o3Hauvae, wo enemeHTn U< Ug B MEHLUIN CTENneHi
U—0
MOXXHa BiQHECTN 4O TEPMIHY “BUCOKUI”, Yum Uo.

YmoBa lim p(U)=1 nokasye, wo ana U » Ug cTeniHb HanexHocCTi 4o
U—1
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~ 7

TepPMiHY “BMCOKMI” 3pOCTaE.
HeuiTka MHOXWHa, sika OPMYETLCH, BBAXKAETHCS HOPMarnbHOK Mpu
sup p(U)=1 (4.23)
uel
BpaxoBytoun acumnToTu4Hi BRactmBocTi doyHkuii p(U), gocnigHuk
MOXe BcTaHoBUTK iHTepBanu [0,Us] Ta [Up,1], Ha Akux pyHKUiS 3a0aeTbed

YiTKO Krnacudikauiero

0 mpu Ue [0U,]
H(U)= (4.24)
1 npu Ue [U,.l]

HancknagHiwe 3agatym p(U) npu U €[ Ua, Up]. Ha ubomy iHTepBani
ansa éygb-akoro U €[ Ua, Up] gocnigHnk 3agae p(U) B 3anexHoCTi Big
pisHuui (U-Uo) 3 ypaxyBaHHAM 3Haky. lNpuimaeTtbed, wo dyHkuia u(U) €
MOHOTOHHOIO, a pO3puBM MOXYTb OyTM 3a yMOBM, WO B npoLecax
TpannswTbcsa “katacTpodun”, TO6TO cucTtemMa cTae HECTINKOLO.

[Ons BM3HaAyYeHHA (YHKUIA CTeneHi HanexHocCTi eKkcneptamu
pekoMeHAyTbCA Taki npouenypu:

1.BuaineHHs Toykm u1 € U Ha yHiBepcanbHin Wwkani, ska, 3a AyMKOK
ekcnepTa, TOYHO BiAMNOBIAAE HEYITKIN MHOXWHI. B ubomy Bunagky p(U1)=1.
Lle posrnsggaetbca Ha BUNAgoK, Konu gnsa  dopmanisadii  TEpMIHIB
npunmatoTecs Tpu enemeHtTn Ui(i=1,3) yHiBepcanbHOI MHOXMHWM U. [Ong
3MEHLUEHHA TMCUXOMONYyHOro HaBaHTaXeHHs Ha eKcnepTta  KifbKiCTb
TepMiHiB HeobXxigHO 3meHwyBaTn. Ha puc. — cnocib 3aBaaHHS QYHKLN
HaneXHOCTi, 3a A0MOMOrol Aknx OpMarni3ytoTbCs MOHATTA “HU3bKUN,

~ 9

“cepenHin”, “ay»xxe BUCOKNIA™.
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u

»
»

U Us U U U;
M1 — “HU3bKMI” M2 — “cepeHin” M3 — “Oy»Xe BUCOKUIN”

2.3HaxOKeHHS1 Ha YyHiBepcarnbHin wWwkani 3nisa Ta cnpasa Big Us
TOYOK, SAKi, HA AYMKY eKcrnepTa, He MOXHa BiQHOCUTW OO0 LbOro TepmiHy. Lle
Toukn U2 1a Uz ang skmx pu(Uz2)= p(Us)=0.

3. MNpachiuHa nobygoBa yHKUIN 3a 0OpaHMMM TOYKaMu NpU YMOBI
NiHIMHOI anpokcumauil.

4. BngineHHsa nigMHoxuHn U1 < U, Ha aKin Bu3Ha4veHa popmanisauis
TepmiHy, Uq=[ U2 Us]. Yacom Toukm U, Uz MOXyTb BIiOHOCUTUCb B
HECKIHYEHHICTb.

Lle — oanH 3 Hanbinbw npocTnx cnocobis.

Mpn ynpaBniHHI TEXHOMOriYHMMKM YyCTaHOBKaMu [dianasoH 3MiHu
KOXXHOro napamMeTpa 3adaeTbCAa BiApi3KOM (TEXHOMOrYHI napameTpu —
HEeYiTKi NIGMHOXMHM OeSKUX YHIBEepCcanbHUX MHOXWH)

xi=[a™", a™]; y=[b™", d"]

KOXeH 3 Biapi3kiB po3buBatoTb Ha iHTepBanu, Hanpukniaa:

aim"=ai1 ¢ a i2 ¢...< ax= A"
3Ha4YeHHs1 BENUYMHN NapamMeTpa, sike 3HaxoaMTbCs B OAHOMY 3 iHTepBanis,

CINOBECHO XapaKTepusyrTb TepMiHaMK “Mannin”, “cepefHin”, “BenMKnn’,
Toai oyHKUIA HANEeXHOCTI B HEYITKUX NIAMHOXMHaX, AKi oopmMarnisyoTb

NPUAHATI TEPMiIHU, ONMUCYIOTb 3aIEeXHICTIO:
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p(x)=exp(-Qi| xi- aip'|) (4.25)
Q — nocTinHa Benu4YnHa, ka 3HaxoauTbca Npu igeHTudikauii dyHKUiT
HaIeXHOCTi:

aip1=(air+ air+1)/2

Mpuknag
MapameTp Hiana3oH | TepwmiH, iHTepBan dyHKUiNA
3MiHK avuckpeTuaauil

Butpata, m*c | 70-110 mana: 70 - 80 exp(-%ln% x,~751])

1.1
cepeaHsi: 80 - 90 exp(-glna | x, —851])

exp(-o,llnl | x, —1001])
Benuka: 90 - 110 2

Temnepatypa, | 480-490 | mana: 480 - 482,5

1.1
oc exp(- 3 1nE |y, —4815])
cepenHs: 482,5 - 485 .| y1- 483,75
BUcoka: 485 - 490 ...| y1-487,5]|

4.3. NMpuHUMNN | CTPYKTYpa CUCTEMMU YrpPaBMiHHA 3 HEYITKUM
perynsitopom
HagiTb HancknagHiwi o6’ekTn (HeniHinHi, baratonapaMmeTpUYHi,
HEeBW3HA4YeHi ) yCnilWHO ynpaBnsoTbCa JOCBIAYEHMM onepaTopaMn Ha
OCHOBI iHTyiTMBHMX npasun “AKLLO...TO”, ski He MaloTb YiTKOro
iHdbopMauinHoro 3abes3neveHHs.
CTtpaTerist ynpaBriHHS, SIKy BUKOPUCTOBYE onepartop, 4acTo MoXxe

dopmyntoBaTUCh SIK Habip NpaBun, AKi 4OCTAaTHLO NPOCTO BUKOHATU
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BPYYHY, ane BaXkko doopmanisyBaTtu 3a 4ONOMOro 3BUYanHUX anroputmis.
OcHOBHa npuyMHa LbOro — KOPUCTYBaHHS ONepaTopoM AKICHUMU, a He
KiNbKICHAMMW OUiHKaMK NMpy ONUCYBaHHI YMOB NPUAHATTSA pileHb. Came TyT
| BAKOPUCTOBYETLCA anapart HEYITKUX MHOXWH.

Ha punc.4.4 HaBepeHa cxema HeYiTKOro KoHTpornepa

baza mpasui(bII)
! o : U X
| OpMYBaHHs !
32 ! (1)}" Py - e : oy X
— := jagigl —p| JIOTYHOT'O PIIICHHA 4 q)y : > >
L o1 i i
' | Ka b1
L | s Ka
®ymi-koatporep | M

_____________________________________________________

Puc.4.4. CTpykTtypa CUCTEMU 3 HEYITKUM KOHTPONEepoM

Mpouenypa dyuuidikauii napameTpis — nepeBeeHHs MOTOYHNX 3HAYEHb

BXigHMX 3MIHHUX B NHMBICTUYHI BEMNYNHU (MOXNUBUNA YNCESTbHUI Aiana3oH
napamMeTpiB SIKICHO XapaKkTepuayTb NIHIBICTUMHMMK BENMYMHAMK “Mane”,
“‘cepenHe’, “Benunke”). KoxHa niHreicTM4Ha BennunHa iHTepnpeTyeTbCs SK
dyuuUi-MHOXMHA | ONNCYETLCA (PYHKLUIED HANEXHOCTI. AKICHI OLiHKA TUM
caMmnMm NepeBOAATLCA B KifIbKICHI B TOMY CMUCTI, WO A1 KOXKHOro
NOTOYHOIO YNCNOBOro 3HAa4YE€HHA 3MIHHOI NPOLIECY CTaBUTLCA Y
BiANOBIAHICTb CTEeNiHb HANEXHOCTI A0 TIEI HEYITKOI NIAMHOXWHU, SIKa
CUMBOSI3Y€E KOHKPETHY NIHIBICTUYHY 3MiHHY. PYHKLIT HANEXHOCTI, SK
npaBumno, NepekpuBaloTb ogHa ApPYry, TOMY A515 KOXHOI 3MiHHOI KinbKa
GYHKLIN HANEXHOCTI MOXYTb OLiHIOBATU Pi3Hi BEMNYUHU ICTUHHOCTI, SKi

BiAPI3HAIOTLCS Bif HYNS.
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dopMyBaHHS NOriYHOro PilleHHS 3AINCHIOETBLCA HA OCHOBI NIHIBIC-TUYHOIO
npasuna “AKLLIO A, TO B” — “poboyoro npasuna”. YactnHa “AKLLO”

(nepeoymoBa) MOXe 03Ha4aTu CrpsXKeHHA Byab-aKOT CKNagHOCTI NOrivYHNX

onepauin. HactnHa “TO” (pilLeHHs, BACHOBOK) siBNnsie cO600 NPOCTO
BM3HAYEHHSA NIHIBICTUYHOI BENUYUHKU ANSA BUXIQHOI Aii koHTponepa. [Mpu
LbOMY Tak pOpMyroTLCS NpaBuna, Wo AOCAraeTbCs pesynbTaT, Npu
KoMy A51s 6yab-SKOT NiHrBICTUYHOI BEMMYMHM YNPaBAiHHA 9K MiHIMYM OOHe
3 npaBun € NPUUHATUM.

[nsa npuknagy po3rnsHeEMO ynpaBniHHA 00’€KTOM BENMKOT NOTY>KHOCTI,
SIKICTb FOTOBOro NPoAYyKTa SIKOro 3anexuTb Big 6aratbox oakTopis,
rOfIOBHUMMU 3 SIKUX €: TemnepaTypa, TUCK Ta Maca CUPOBMHH
(HaBaHTaxeHHs1). TemnepaTypy Ta TUCK 3MiHIOBaTU OrnepaTMBHO B
NOTPIGHOMY HanNPsIMKY CKnagHo, TOMy 0bupaoTb 3MiHY CUPOBUHU SIK
edekTUBHE ynpaBniHHA: Macy cupoBuHM M NOTPiIOGHO 3MiHIOBaATK Ha
BenuunHy AM Tak, wob 3abesneynT NoOBHE CNiBBIAHOLLEHHSA MiXK
Temnepatypoto T, Tuckom P Ta macoto M (ue cniBBigHOLEHHS nonepeaHbo

BM3HAYaETbCS TEXHOSOTYHUM pPernameHTom).

A u A u
P, P> P3
10Ty T» Ts T4 _Ts 1,0
0,5 | 0,5|
T,’C P,atm
T T T > f Y Y >
0 50 100 150 a) 0 3 6 9 0)

Puc. 4 ®yHKUiT HaNeXHOCTi 3MiHHUX a)- TemnepaTtypu; 6)- TUCKY

100



S ¥ LA
1,0 1 2 M3 1,0 AM| AM> AM;
095 — 075__
M, kT AM, xr
0 | | | g | | | ! >
10 100 190 0 -10 —LS 0 5 10
a) 6)

Puc.4.5. OyHKUiTI HaNeXHOCTi 3MiHHUX:

a) — macu; 6) - 3MiHK macu

Ha puc.4.5 HaBegeHi ekcrnepTHi YABMEHHS NMiHMBICTUYHUX 3MIH-HUX T,

P, M i AM 3a 4onomoroto KinbKoX TEPMIHIB Yy BUrNa4i YHKLUIN HanNeXHOCTI,

a came.

- T={ “nyxe Huabka” (T1), “Hu3bka” (T2), “cepeaHs” (T3), “Bucoka’( Ts),

“nyxe Bucoka” (Ts)};

- P={ poctatHbo mane” (P1), “cepegHe”(P2), “noctaTHbo BUcoke” (P3)};

- M={ poctatHbo mane” (M), “cepenHe’(M2), “aoctatHbo Benuke” (Ms)};

- AM={"3meHwunTt” (AM1), “He 3miHOBaTN"(AM2), “36iNbLNTU"(AM3)}.

Basa npaBun (3HaHb) Mae oopmy

“AKWO M=...tTa P=... TA T=...,, TO AM=..7,

Hanpuknag “AKWO M="cepegHe”

T="Hnabka”, TO AM="3meHWwnTN”.

TA P="poctatHbo mane” TA

Lito 6a3y npaBun 3pyyHo 3BecTn B Tabnuuto (Tabn.4.1).
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basa npasun

Tabnuusa 4.1.

TakmMm 4MHOM, AnNs BCIX BXigHUX

M Mo M3
T T T
T To | T3 | Ta | Ts | Th | T2 | T3 | Ta | Ts | Th T | Ts Ty Ts
P, | AM, AM2 | AM2 | AM2 | AM2 | AMi | AMi | AMy | AM: | AM2 | AMI | AM; AM, AM; AM;
ﬂ P, | AM, | AM2 | AM2 | AM2 | AM3 | AMi1 | AM:2 | AM2 | AM2 | AMs | AM1 | AM, AM, AM, AM,
P; | AM, | AM:2 | AM;s | AM3 | AM3 | AM2 | AM:2 | AMs | AM; | AM3 | AM2 | AM, AM, AM, AM,

BUXIOHMX 3MiHHMX 3adaHi

NIHrBICTMYHI TepMU, SKi BigMNoOBiAalTb NEBHUM Adiana3oHamM YiTKUX 3HAYEHb

Ta Cd)OpMOBaHa Tabnmus Ha OCHOBI YMOBHUX BUCJTIOBJ1HOBaHDb.

Ha ocHoBI

OTPMMaHO:

- hbagndikoBaHi 3miHHI: T1(T")= T2(T")= T3(T")=0;

HaBeJeHNX BuUlle npouenyp HeYiTKoro yl'lpaBJ'IiHHFI

T4(T)=0,4; Ts(T")=0,6;
P1(P")=0, P»(P')=0,66, P3(P')=0,33
M1(M*)=0, M2(M")=0,78, Ms (M*)=0

- OYHKLUis HANEeXHOCTI Ans ynpasBniHHA Ma€e HacTynHuin Burnag (puc.4.6.):

“A

0,6

0,4

10

» AM, k1

Puc.4.6. dyHKUiS HanNexHOCTI Ans ynpasniHHA

B pesynbTtaTi geagudikauii otpumaHo: AM'=4,5 T, To6TO 3a AaHUX

YMOB A0UiNbHO 36inbLMTN Macy CUPOBMHKN Ha 4,5 T.

102



BaxnueicTb BUKOPUCTAHHA METOAOMNONT HEYITKUX MHOXWUH npu
aBToMaTtm3auii  BUPOOHMUTBA NIATBEPAXKYETHCS  3HAYHOK  KiNbKICTIO
ny6nikauil B HaykoBO-TEXHIYHI NiTepaTypi Ta cneuianisoBaHoOMy XypHarni
“Fuzzy sets and systems” (CLUA). TpaguuinHi meToam Teopil ynpasniHHA
MOANMIKYIOTLCA 3 ypaxXyBaHHAM  MOXIMBOCTEM  HEYiTKOI  JIOriKu,
Hanpuknaa: ouiHKa HagiMHOCTI cucTteMm; igeHTudikauia ctanis obnagHaHHA
(miarHocTmka); igeHTUMIKaLiss HeYiTKUX perpecivHnx Mogenen Ta  iHLL.
3HayHe Micue NpuaINAeTbCA 3acTOCYBaHHIO HEYITKMX peryndaropis ans
ynpaeniHHA CKNagHUMKU TEXHOSOrYHMMK 08’ekTamun, niptammn y BUCOTHUX
OyauHKax, pyxomM noTariB MeTponosiTeny i ap.

[1,c.69-84]

KOHTpOnbHI NUTaHHA
. Lo Take sakicHa iHdhopmaLis B cuctemax yrnpasniHHA?
. B yomy nonsratoTe 3agadvi skicHoOro aHanisy?
. HaBepnitb npuknagn HeYiTKUX TepMiHIB

. [ante BM3HAYEHHSI HEYITKUX MHOXWH

1

2

3

4

5. o Take pyHKLUiT HAaNexXHoCTi?
6. HaBepnitb npuknagu yHKUiN HaANeXHoCTI

7. HaBegnitb npuknag noridyHol KOHCTPYKLiT

8. B yomy nongdrae npouenypa HeYiTKOro BACHOBKY?

9. AK PYHKUIOHYE HEYITKMI perynaTop?

10. Haeepite npuknag CTPYKTYpU CUCTEMU YMPaBMiHHA 3 HEeYiTKM

pPerynsitopom
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5. KoopauHauia B cknagHMX cuctemax ynpasniHHA
5.1. NMocTaHoBKa 3apayvi KoopAauHauii B 4BOpPiBHEBINU CTPYKTYpI

Mpu aBTOMaTM3auil cknagHuUx O6’eKkTiB, HaNpuknag TEeXHOMOrYHMX
KOMMMeKCiB, 3agavya onTumMizauil BAPOOHULTBA DOPMYIIOETLCA SK 3adadva
BEPXHbOro piBHA ynpaeniHHA. LA 3agaya  po3B’si3yeTbCHA  BiAHOCHO
OOMEXEHOT KifIbKOCTi 3MiHHMX CTaHy, CMOCTEPEXEHHS Ta ynpasniHHS,
TO6TO nuwe Tux, $Ki CYTTEBO BMNMBAKOTb Ha Xig Ta MNOKA3HMKM
BUpOOHMUTBA. B ubOoMy BMMagky OinblicTe TEXHOMOMNYHUX 3MIHHUX
NIOTPUMYIOTBCA Ha 3aJaHOMy YW  ONTUManbHOMY pPiBHI  cUCTEMaMu
aBToMaTu3auil nigcuctem, BUOINEHUMX 3a MEeBHUMMW O3HaKaMum B
TeXHomnoriyHoMy  Komnnekci. [Ona nobygoBu  CTPYKTypu  CUCTEMMU
ynpasniHHA BUKOPUCTOBYKOTbCA METOAM [LEeKOMMOo3uLil, Lo [O03Bonde
pO3noAiNuUTM NpuUKNagHi yHkuii Mk piBHamu (‘o BepTukani’) Ta Mix
nigcuctemamu (“no ropnsoHTani”).

Mpouec yHKuioHyBaHHA TK Ta cuctemu ynpasfiHHA HUM [Ja€e
MOXIMBICTb CTBEpXXyBaTu, LLO B 3araribHOMY BUMAOKy BUHWKAE 3agadva
koopauHauii poboTn ynpaBngeMmnx nigcucTem, i TiNbKA B LLbOMY BUNAaOKy
MOXHa 3abeaneynTun HanKpaLyi TEXHIKO-€KOHOMIYHI NOKa3HUKN
JyHKLiOHYBaHHS aBToMaTM3oBaHux TK. Po3B’a3aHHsaM 3agadi KoopanHauil
€ BM3HAYeHHs B3aeMogil nigcuctem, npu 9Kknx ynpasniHHA, onTUMarbeHi 3a
KpuTepiaMmmn edpeKTUBHOCTI KOXKHOT 3 MiACUCTEM, € TaKOX ONTMMarbHUMK 3a
3aranbHum kputepiem ansa TK B uinomy. KoopauHauia € cneundivyHoro
3ajaveto iepapxiyHoi CcUCTeMM yrpasmiHHA Ta Ha CbOroAHI BUKOPUCTOBYE
pag  NpUMHUMNIB, Ha HKMX 3acCHOBaHi iTepaTuMBHi Ta 0asiTepaTuBH
npouenypu po3B’sa3aHHA nocTtaeneHol 3agadvi. OCHOBHUMW € NPUHUMNU

KoopAauHauii:
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- MPOrHO3yBaHHA B3aEMOLiN, KONMW KOOpAMHAUIA 34INCHIOETLCSA LUIISAXOM
3aaHHs 3MiHHMX B3aemogil koopaMHyeMmnx nigcmctem (ue Bignosigae
NPOMDKHUM 3aBOAHHSAM);

- Y3ropKeHHs B3aemogin, sikui nependadae moamdikaudito nokanb-HUX
YHKUIN MeTM 3a [JOMoMOrow  napamMmeTpiB, $Ki  3a4al0TbCH
KOOpAMHATOpPOM (Ue Bignosigae npoMiKHUM LiiHaM);

- OUiHKK B3aeMOJin, AKMN MOXHa po3rnsaaTu sk y3ararnbHeHHSA npuHumny
NPOrHO3yBaHHA B3aeMOiN Ha BMNAZOK, KONW B Mig3agadyax HUMXHbLOro
piBHA  KOOpAMHATOPOM 3ajarTbCs obnacTti OonyCTUMMX 3HaYeHb
3MIHHUX B3aEMOAII nigcucTem.

Nna edektnBHOro GVYHKUIOHYBAHHA cuctemMmun ynpasniHHa TK Bax-

NMMBUMU € YMOBU KOOPAMHYEMOCTI Ta CyMICHOCTI nig3agad ynpasniHHs. L
YMOBW rapaHTyloTb PO3B’si3aHHS 3aranbHOoi 3a4adi, SKLWO iCHYE pO3B’A30K
KOXXHOI 3 nig3agady. B 3aranbHOMy Bunagky nocTynat CyMIiCHOCTI Angd
ABOXPIBHEBOI CUCTEMM YrpaBIliHHA (POPMYETLCS TaK.

[Min3agayi cucteMm CyMICHI, SIKWO peanisauia piweHb nigsagad
HWXKHBbOrO pPIBHA 3aBxau 3abesnevye [OCATHEHHs 3aranbHoi  MeTu
PYHKLIOHYBAHHSA CUCTEMU.

[Mpobrnema CTBOPEHHS CUCTEM YNpPaBIiHHSA, SKi 3aBXOW 3a40BOSIbHSAOTD
NOCTYyNaTy CYMiCHOCTI, BKINOYAE HE TiflbKWU NUTaHHS po3pobKkn BignoBigHNX

MeTOoAIB Ta anropuTMiB, a W NUTAHHSA KOPEKTHOCTI Nig3agay ynpasniHHA,

CTIMKOCTi _anroputmis o obuucnioBanbHUX Noxubok Ta peanisauil

ynpasniHHA KOMMeKkcaMy CTOXaCTUYHUX MigCUCTEM.

MHoxunHa pocsbkHocTi ana TK cniBnagae 3 MHOXWHOK OOCSXHOCTI
CYKYMNHOCTI nigcucTtem, aki BxogaTtb 4o TK Ta KOOpAUHYIOTLCA B iepapXiyvHin
CUCTEMI YMpaBIiiHHA, SKWO Ail KoopAauHauii, Lo BW3HA4YalTb 3MiHHI

B3aemogii nigcncrem, 3HaxogsaTbCs B obnacTti AonyCTUMMX 3HA4YeHb LNX
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3MIHHUX. AKWO npunycTuTK, LWO ICHYEe pPO3B'A30K 3aranbHOl 3ajadi
ynpaeniHHa TK, To icHyloTb | poO3B’sA3kM nig3agady oOnTMManbHOro
YMOB CYMICHOTI nifg3agad iepapxidyHoi cCUCTeEMU yrnpaBniHHS.

LLle ogHieto yMOBOK € KOPEKTHICTb 3aranbHol 3ajadi Ta nigsagad
ynpasniHHA B iepapXxivyHi cCUCTEMI.

OcobnnBoro 3Ha4yeHHs HabyBae oOuiHka BNMBY HabBNMXeEHOro
Xapaktepy MaTteMaTUyHuUX Mofesfien, Lo MOXe NPUBEeCTU [0 HEeCTIMKNX
pilLEHb, @ TaKOX OO0 HeAonycTUMMX MNOXMOOK B PO3B’sAA3aHHI 3agadi Ha
OCHOBI LUMX Moaernen.

YMOBWM _CYMICHOCTI _nig3agay iepapxiyHol cuctemu ynpasriHHa TK

BKHOYAIOTb TaKi OCHOBHI NOMOXEHHS:

- nig3agadi HWKHLOrO pPiBHSA, TOOTO Mig3agadi ynpaeniHHA NigcucreMamu,
MNOBWHHI BYTN KOPEKTHUMMU;

- anropuTMm po3B’A3KY 3agadi koopauHauii 3abesnedvye MNOLWyK Taknx LOin
KoopauHalii, Npu 9KMX pilleHHA nig3agayvy HUXHbOro PIiBHSA Bignosigae
ekcTpemymy (B 3aranbHOMy BWNAAKy JiOKarbHOMY) 3arafibHoro
NnokasHuka eqpekTneBHoOCTI TK;

- anroputMn  pilleHHA  nig3agady  HWKHbOrO pPIiBHA Ta  nig3agadi
KoopaAuHauii  MOBWHHI  OyTM  CTIMKMMM  NO  BIOHOLWEHHK A0
ob4yncrnoBanbHUX NOXMOOK.

[ns npuknagy po3rnsgaeTbcsa OBOPIBHEBA CUCTEMA, a Afsi cUCTeMu 3
BiNbWKMM YUCNOM PIBHIB ABOPIBHEBI CTPYKTYPU MOXHA BUKOPUCTO-BYBATU
AK cknagosi mogyni (puc.5.1.). MNepenbavaetbes, WO B TEXHOMOMNYHOMY
komnnekci suginieHo N nigcuctem, npu YHKUIOHYBaHHI SIKUX MOXYTb
BUHUKHYTU KOHQOMIKTHI cuTyauii. Tak, npuv nocnigoBHOMY 3’€OHaHHI

NiACUCTEM €KOHOMIYHICTb E X pob0oTK B 3aneXHOCTi Big HaBaHTaXXeHHsA Q
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MOXYTb MaTtu Burnag kpueux 1 i 2, a poboya Touka A Moxe 3MiHOBaTU

CBOE MOSIOXXEHHSA B 3B’A3KY 3 AedhOpMYyBaHHAM Ta Apendom Kpusmx.

3amaya KoopaAuHaIlii
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Puc.5.1. CtpykTypa cuctemu ynpaeniHHs TK

o — BEKTOP arperoBaHnx 3MiHHMUX An§ i-0i NigCUCTEMU; M;i - BEKTOP

ynpaBniHHA (3aBAaHHS 3MIHHUX CTaHy),

BM3HA4YeHUN B i-W 3apadi

onTuMmi3auil; yi — napameTp KoopauHauil; Bi- BeKTop iHopmauil npo

onTuMmi3auito i-tol nigcuctemn; 30 - 3agada ontumisauii; CP- cuctema

peryrnoBaHHA,

M- nigcnctema TK; Xi — KOOpANHATY CTaHY; Ui — YrpaBIliHHS.

A

E
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Punc.5.2. 3anexHicTb ekoHOMIYHOCTI nigcuctem E

BiO, HaBaHTa)eHHs Q

[ns ymMoB LyKpOBOro BMpOOHMUTBA MOXHa po3rnsgatn nigcucremu
eKCcTparyBaHHd Ta BuUMNaploBaHHA OUPY3iIMHOTO COKYy. EKOHOMIYHICTb
ekcTparyBaHHs npu 36inblUeHHi BigKayku 30iNblyeTbCA (3MEHLUYOTLCS
BTpaTu UYKpy). EKOHOMIYHICTb BuNaptoBaHHA npu 30iNblUEHHI Bigkadku
3MEHLUYETLCSA, TOMY WO MpU LUbOMY BUTPavaeTbCsa Oinblua KinbKiCTb
nanuea. ICHye Taka Todka A, B OKONi AKOT HeoOXigHO niTpumMyBaTn poboymni
PEXMUM  KOOPAMHYEMMX nigcuctemMm, TOOGTO Audy3ii i BunNaproBaHHA.
[MonoxeHHss Toukm A npu pobOoTi 3MIHIETLCHA, TOMY LWO 3MIHIOETLCS
XapakTepucTnka CUPOBUHU KiSTbKiICTb Ta XapakTepuCTUKa €EHeproHociiB,
TOMY MOLWYK Ui€l TOYKM MOBWUHEH 3AINCHIOBATUCL MOCTINHO, B LbOMY
nonsarae 3agava KoopanHadii.

5.2. NMpoueaypu Ta anropuTtMmm KoopauHauii
AKWo AN KOOPANHYEMUX NIACUCTEM BILOMI KpUTEpii ONTU-ManbHOCTI i

BOHM MatOTb BUMSA iHTErpanbHoi OyHKLUiT

i3 =jF(X,U,Z,t)dt >0 (5.1)

TO cCamMuM NPOCTUM LWNAXoM ynpasniHHA TK € agutueBHa pyHKLUIS 3ropTku

I, =ili — max (5.2)

i=1
B ubomMy BMNaaKy NoOBUHHA BUKOHYBATUCb BUMOra, Wo6 kpuTepil li 6ynn
OAHIET PO3MIPHOCTI, ab0 AKLLO BOHM Pi3HOT PO3MIPHOCTI, TO IX MOXHa

LUTYYHO HOpManisyBaTu.
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BBaxaloTb, WO N9 KOXHOI NiACUCTEMM iICHYE KpUTEpIin yrnpaBsIiiHHSA,
AKUA Ma€ TEeXHIKO-eKOHOMIYHY npupody, ToAdi IX Cyma He BUKIIMKae
CyMHiBiB. HacTo kputepiu |« nogatoTb y Burnagi

I, =al +a,l,+.. (5.3)
ToOi Qi XxapakTtepuadye “Bary” KOHKPETHOro KpuTepito, ToOTO WMoro
3Ha4yLWiCcTb, i MOXe YMOBHO HagaBaTW MOXIMBICTb AodaBaTu KpuTepil
Pi3HOT PO3MIPHOCTI.

B 3apgadax koopguHauil nigcnctem TK BUKOPUCTOBYIOTBHCS iTepaLiviHi
anropuTMu.

[Mpwn TexHiYHIN peanisadil anropuTmis BUKOPUCTOBYKOTLCS Taki npoueaypu:

1. PiweHHs 3agadvi koopauHauil MOBMHHO rapaHTyBaTu pPO3B’SI30K
3aranbHoi 3agadi ynpaeniHHa TK B peaynbTaTi po3B’si3aHHA nig3agad
HWKHbOIO PIiBHA, TOMY Mpoueaypu KoopauHauili HeobxigHO Bu3HavaTtw,
BUXOAAYM i3 3aranbHOI MeTU Ta MOKasHWKIB edekTnBHoCTi pobotn TK B
Linomy.

2. [Ona dopmMyBaHHA npoueayp KoopAuHauii HeobxigHoO maTtu
afjekBaTHi MatemaTuyHi  mogeni nigcuctem, abo BUKOPUCTOBYBaTU
npouenypwm ix ineHTndikauii B ymoBax iCHYt0UMX 30ypeHb.

3. 3apayva ynpasniHHa TK B uinomy € cknagHow, i HaBiTb 3a YMOB
BMKOPUCTaHHA cydacHux EOM Ta oluucnioBanbHUX Mepex, 4acTo
AOUINbHO OTPUMYBATM YaCTKOBI PilLlEHHS B ymMoBax AediumMty MaluMHHOro
yacy. Lle moxe OyTn npomixHa iTepauisi, pilleHHs Ha sikin 3abesnedvye
CyTTEBE NiABULLIEHHA edrekTMBHOCTI poboTn TK. 3a umx ymoB B Oyab-AKin
ToYui gonycTtumMol obnacTi 3HayeHb 3MiHHMX HEODXiAHO BU3HAYUTU OLIHKK
3MiHHUX B3aemodil nNiaCUCTEM B HaMnpsiMKy HambINbLWoro 3poCTaHHS
nokasHuka egpektmBHocTi TK.

OCHOBHUMUK 0COBIMBOCTAMM TakMUX NpoLenyp KoopauHadii €:

109



. Ha koxHin iTepauii nepenbavaetbca Hanbinblie 3pOCTaHHA NMOKa3HUKa
edekTnBHOCTI TK B yMOBax ypaxyBaHHS 3B’s13KiB MiXK NigcCUCTEMaMM.

. INpoMmiHi pe3ynbTaTn Ha KOXHIN iTepauil 3a40BOSMbHAKTL ICHYHYUM
OOMEXEHHAM i MOXYTb OYTU OCHOBOK 1151 BU3HAYEHHSA ynpaBsSiHb, SAKi
BiANOBIigalTb Kpawmm 3HaYEHHAM 3aranbHoro NoKa3HuKa
edekTnBHOCTI TK B NOPIBHAHHI 3 nonepeaHiMun itepauisimu.

. 3agaya koopauHauii ansa TK po3B’dA3yeTbCA Ha OCHOBI MateMaTU4HUX
Moaenen nigcuctem, To6To He NoTpibHa cknagHa Ta rpomidgka moaenb
ana TK.

. HeobxigHoO BpaxoByBaTh, WO iTepauiHUA npouec KoopauHauil B
3aranbHOMy BWNagky 3abesnevye OOCArHEHHS nuwe NoKanbHUX
EKCTPEMYMIB 3arasibHOro rnokasHuka edqekTnBHoCTI. B Ton xe yac gn4g

cknagHux TK HaBiTb Len pexum gae 3HadYHUM epexT.

I1049aTOK

Bubip mouatkoBux
napameTpiB X € X;

yey

v <

Po3p’a3aHHs [Tomyxk
d
JOKaNbHUX 3aa4 [ EKCTPEMYMY

v

Po3paxyHok ri10-
0aIBHOTO KPUTEPIIO

v

3HaueHHS KPUTTEPiI0
TIOKpAIy€eThes ?

A 4

TakK Po3B’s13anHs 3ama-
4i KOOpAUHAIIi1

Hi

KIHELb
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Punc.5.3. brniok-cxema anroputmy ynpasniH-

HA TK 3 po3B’a3yBaHHAM 3ag4a4y onTuMisa-

Ha puc.5.3. nokasaHo 6rok-cxema iTepauinHoro anroputma

kKoopauHauii nigcnctem TK.

Llew anroputm BpaxoBye nonepegHi BuMMOrM [0 npouenyp

KoopAuHauil npautoe Takmm YMHOM:

1.

[nsa KoXHOI 3 nigcucteM BU3HaYaeTbCs Habip koopauHaAT CTaHy Ta
3MIHHUX B3aemofil AO0BiNbHO, BUXOAAYNM 3 OOMEXeHb B Mexax
TEXHONMOMYHOIo PEXnMYy.

HesanexHo ogHa Big Apyroi po3B’dA3yloTbCs  JOKanbHi - 3agadi
onTMMi3aUil NigCUCTEM 3 BUKOPUCTAHHAM OaHWX, AKi oTpumaHo B n.1.
[MepenbavaeTbcs, WO A9 KOXHOI 3 NigCUCTEM iCHye 3ajadva
onTMMi3aUil 3i CBOIMU KpUTEPIMKN, MOAENSIMU Ta OOMEXEHHAMMN.

[Mpn iCHYOUMX OBMEXEHHAX Ta MaTeEMaTUYHUX MOOENAX BU3HAYaAETbCA

JYHKLUIA edpeKTUBHOCTI Ansg Bcboro TK.

4. PopMyeTbCH BEKTOP 3MIHHUX B3aeMogii nigcucrem.

5. OuiHeTbCa yHKUIA edekTBHOCTI TK 3 OoTpuMaHMMK 3Ha4YeHHAMMU

3MiHHMX B3aemMogil NigcucTem.
[MepeBipAlTLCA YMOBM 3YMUHKN Npoueayp KoopanHauil.

Akwo k™ - ™ < g (n — Kpok iTepauii, € - KoHcTaHTa), poboTa

anropuTmMma npunnMHAETbCA.

7. lNpn HeBWKOHaHHI ymoBM .6. 30INCHIOETLCA HOBa iTepauid, B

NPOTUBHOMY BMNaAKy 3MiHHI B3aemMogii nigcncteMm BBaXalTbCA

onTnManbHUMW.
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BukopucTaHHA HaBedeHOro anroputMy Mae psig ocobnmesocten. [Ans
NPUCKOPEHHSA NpoLecy 30PKHOCTI AOUINbHO B KOXHIN HACTYMHIM iTepauil
KPOK 3MIHHMX B3aeMOfii 3MeHLlYyBaTH BABIMi.

Mpy nNpakTMyHin  peanisauii anroputMiB  KoopAauHauil  HeobXigHo
BpaxoByBaTW, WO MaTemMaTuyHi mMoZeni Ta (PyHKuil MeTu Ans KOXHOI 3
nigcuctem TK € yHKUiaMM BaraTbox 3MiHHMX, YacTO HEBUMYKIIMMMU, LLO
3aTpygHIOE MNOMNEpPeaHio OUiIHKY 30DKHOCTI umx anroputmiB. Ak 6yno
NnokasaHO paHiwe, rofIoBHOK YMOBOK BUKOPUCTaAHHA UMX anroputMmiB €
KOPEKTHICTb 3aranbHol 3agadi ynpasniHHs TK.

B nepwy u4epry HeobxigHO OUIHUTU iCHYBaHHA pO3B’A3KYy 3ajadi

KoopanHauiil. Akwo ana seix nigcmctem TK pyHKUiT meTn

oi=i (Ui, Yi), i=(1,N) (5.4)
Ta MaTeMaTu4Hi mogeni
yi=fi (Ui, Yi), i=(1,N) (5.5)

HenepepBHi Ha MHOXWHI 3HadeHb aprymeHTiB UixY; Ta B uin obnacTi
iCHye xo4a 6 ogHe piweHHs 3agadi ynpasniHHS MNiACUCTEM, TO B LbOMY
BUNaAKy iCHYeE i po3B’A30K 3aranbHOl 3agadi ynpasniHHa TK. Lle sunnueae
3 TeOpeMn Npo iCHYBaHHA ONTMMASIbHOrO AUCKPETHOro yrnpasniHHA. Kpim
TOro, KON npu peanisadii anroputMiB KoopanHauil 3Ha4YeHHs OOHOro 3
napamMmeTpiB BUXOAUTb 3a MeXi obMexeHb, (PopMYyHOTbLCS NOBIAOMIEHHS Ta
3yNUHSAETLCA poboTa anropuTma.

3Ha4yHO BMNNMBAE Ha peanisauito anropuTMiB KoopauHauil i HasBHICTb
obuuncnioBanbHNX Noxmbok. KpimM Toro, TOYHe pilleHHs 3agadvi MOXnuBe
nnwe npu HeckiHYeHHOMY ymncni iTepauin. OUiHIOKYKN CTIKKICTb anropmuTma,
BBaXalTb, WO ICHYe Take 4uCNo &, $SKOro He nepeBuLLyTb

obuncnioBanbHi NOXMBKK, WO He 3MiHIE 36iKHICTb anroputma.
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Mpwn peanisauii anroputMmiB koopauHauii obuncnioBanbHi  NOXMOKK

BUHUKAOTb NpW:

- 3HaXOMXeHHi ekcTpeMyMiB pyHKuUin MmeTn i (Ui, Yi);

- peanisauii MateMaTU4YHUX Moaenewn;

- BW3HA4YeHHi KOMMMEeKCY 3MiHHUX B3aemogil nigcucrem Yi.

Mpun po3pobui Ta peanisauii anropuTMmiB KoopanHaLil Ans
KOHKpeTHUX TK BUHWKae psia 4oaaTKoBUX 0CObBnmMBOCTEN Ta YMOB. Tak,
HaBegeHU anropuTm po3pobsieHo B NPUNYLLEHHI, WO AN KOXHOI 3
KOOPAUHYEMUX MiJCUCTEM BUKOHYETBCA YMOBA:

dim Ui > dimY; (5.6)

Ana pisHux TK us ymoBa B 3aranbHOMY BUNagKy He BUKOHYETbCSH
(KINbKICTb  yrnpaBnAwYNX AOigHb MeEHLWa KiNbKOCTi  BUXIAHUX  3MiHHUX
B3aemopii nigcuctem). Lle Moxe npusBecTM [0 TOro, WO nigsagadi
HWKHbOIMO pPIiBHA OyayTb HEKOOPAVMHYEMUMW BIAHOCHO KOOpAuHaTopa,
OCKiNMbkM B UMX nigcuctemax ynpaeniHHa U; Oyoe  0gHO3HA4YHO
BM3HA4YaTUCb BXIAHUMU Ta BUXIOHUMU 3MIHHUMMW.

[Mpwn ynpaeniHHi Takmmn TK MOXHa BUKOpUCTOBYBaTM MeTon UiH. B
LbOMY MeTOAiI KOOPAMHYHUYUMWU LISHHAMW € MHOXHUMKM JlarpaHxa, a
nig3agadi HWKHbOrO PIiBHA nonarawTe B ONTUMI3auil MogudikoBaHOl
dyHKUIT METU NIACUCTEMU SIK MO YNPAaBISAYUM OISSHHAM, TaK i N0 BXiAHUM
3MiHHUM nigcuctemun. B Ton e yac obnacTtb 3aCToCyBaHHSA Takoro nigxoay
CyTTEBO OobMexeHa KnacoM (pyHKUiN, sKi ONUCYOTb NIACUCTEMU, a TaKOX
YyMOBaMM iCHyBaHHS CiaSfioBOI TOYKM QOYHKLUil JlarpaHxa. Moxe BUHUKHYTU
TaKOX CUTyaLlisl, KOfM nNpu po3B’A3aHHi 3agay BesiMKol PO3MIpHOCTI B
peanbHOMY 4aci pesynbTatamyM Ha NPOMKHMX iTepauiax OyayTb
Hey3ropkeHi 3MiHHI B3aemMogii, WO He NPUBOAMTb 40 MOKpaLLEeHHS poboTn

KOOpAUNHYEMUX nigcucrem.
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[MocTaHoBKa 3ajadi koopAuHauil Ta Ti pearnisauis BUMKOHYETbLCHA MNpU
obMeXeHHAX Ha yrnpaBnstodi QisiHHS:

Uimin < Ui < Uimax i=(1,N) (5.7)

L0 BM3HA4Yae gonyctumui gianasoH 3MmiHM Ui 3@ KOHCTPYKTUBHUMMK Ta

TexHonoriyHumn  ymoBamu. [lpu  po3B’sisaHHi  3agadvi  KoopAauHauii

MOXIMBUW BUNAOOK, KOMW 3MiHHI OyayTb Ha Mexi obnacti. Ons uboro

BUNagKy HeobXigHO A04aTKoOBO AOCNiAWTM YMOBM KOOPAMHYEMOCTI Ta

CYMICHOCTI.

Takum 4YmMHOM, anropuTMu KoopAauHauil gna TK noBuHHI BpaxoByBaTu

Taki BUMOTH:

- PO3B’A30K 3aranbHoi 3agadi NOBMHEH BYTW pe3ynbTaToOM pilleHHs psiaa
BiAHOCHO MPOCTUX nig3agad, Wo Aae MOXIMBICTb NogonaTtyu TPYAHOLLI,
NoB’si3aHi 3 BENIMKOKO PO3MIPHICTIO 3aaadi;

- MpU BUKOPWUCTAHHI iTepaTMBHUX anroOpuTMIiB KOOpAMHAUIl KOXHa
HacTynHa iTepauis nokpatlye NOKa3HUKMK e(PEeKTUBHOCTI
dyHKUiOHYBaHHA TK, WO gae MOXNMBICTb YNpasniHHA B pearibHOMY
Yyaci Ta 3MeHLUye BUTpaTU MaLUMHHUX PeCypCiB;

- anroputMm KoopAauHauil NOBMHHI BMKOPUCTOBYBATU, MO MOXIMUBOCTI,
nuLie OONH HUXHIN piBEHb MaTeMaTUYHUX moaenen nigcuctem TK, wo
CyTTEBO crpowye npoueaypy igaeHTudikauii uux mogenen. [Ona
arperyBaHHHs Ta pgesarperyBaHHs 3MiHHMX B 3aranbHin  3agaudi
ynpasniHHA TK BUKOPUCTOBYHOTBLCS MPOCTI 4ONOMDKHI 3aneXHOCTi:

- npu peanisaudii anropuTMmiB KoopauHauii noBuHeH OyTM He3Ha4yHUM
BMNSINB €BPICTUYHNX NPUNOMIB.

CyTTeBO BNNMBae Ha ePEKTUBHICTb anropuTmy i Bubip metoay
onTumisauii. [Ans 3anobiraHHa “3aBUCaHHA” B YNCNEHHUX iTepauiax ans

MOLLYKY ONTUMAribHOrO PilleHHS NPy BUSHAYEHHI peXxnmis poboTu
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niacucTeM pekomMeHayrTbCca MoaudikosaHnn metoq bokca Ta

cumnnekcHun meto Henagepa-Miga, ona s3HaxomkeHHs rnobanbHoro

KpuUTepia - MeTo npuBeaeHoro rpagieHTa.

N o o bk e Db

[1,c. 86-97, 2, c.218-245]

KOHTpOnbHI NUTaHHA

. ChopmynionTe nocTaHOBKY 3afadi KoopauHauil NiagcMcTeM B CKNagHin

CUCTEMI yNpaBIliHHS

AKi iCHYOTb NPUHLKXNK KOOpAMHAaLiT?

B yomy nonsaratoTb yMOBM CYMICHOCTI Niag3agad B iepapxiyHin cuctemi?
Ak BinOyBaeTbCs KOOPANHALS B ABOXPIBHEBIN CUCTEMI

LLlo Take npouenypwv koopanHauii?

OxapaktepusyunTe iTepaLinH1uim anroputm KoopanHauil

HaBefitb  npuknag  KoopauHauili  (OyHKUIOHYBaHHS nigcucrem
TEXHOSNOrYHOro KOMIeKcy

AK BM3HA4YaETLCA KiNbKICTb MIACUCTEM TEXHOSOMNYHOro KOMIEKCY B

3afavi koopanHauii?

6. MogentoBaHHA npouecy (pyHKUiOHYBaHHA CKIIagHUX CUCTEM

ynpaBniHHSA

B TexHiyHin niTepaTypi cknanocb psg nigxoais Ao dopmanisauii

npouecy yHKUIOHYBaHHS iEpapXiYHMUX CUCTEM YNpaBIliHHA :

TEOPETUKO-MHOXUHHUIN, SIKUA BUKOPUCTOBYE BIOOOpaKeHHs MiXK

MHOXWHaMM BXigHMX Ta BUXigHMX BekTopiB oOb6'ekTa Ta cucTeMmn

ynpaBniHHS;
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TEOPETUKO-IrPOBUI, WO NOSiirae y BUKOPUCTAHHI irpoBMX npasun
nigcucTtemMamm ynpasniHHA Ha Pi3HUX PIBHSAX iepapxXil;

nigxig, 3aCHOBaHUM Ha OEKOMMNO3ULIMHUX MeTodgax MaTemMa-TUYHOro
nporpamMyBaHHsI.

Ansa onucy npouecy @yHKUIOHYBaHHA cuctemu ynpasniHHA TK
HenepepBHOro TUMY XOLEH 3 HaBedeHMX MigxXodiB MOBHOK MIpOK He
nigxoanTb, TaK €K pPIlLEHHS NpeacTaBnsloTbCA HaATO FPOMI3OKMMK Ta
He3py4YHMMKU. 3O0Kpema BUKOPUCTAHHSA OEKOMMO3ULUIMHMX MEeTOoAiB €
HanbBinbL yXXMBaHUM AN PO3B'A3aHHSA 3agad ynpaBniHHA cknagHumn TK,
OAHaK npeacTaBneHHs npouecy (pyHKUiOHYBaHHS CUCTEMUM B MPOCTOPOBO-
YacoBin obnacTi yaBnaeTbCA HaATO CKNagHUM, 0COBNUBO 3 ypaxyBaHHSAM
HenoBHOI anpiopHol iHdopmauii npo o06'ekT Ta AeueHTpanisauil
ynpasniHHA. OcobnmBoro 3HayeHHst HabyBaloTb NUTaAHHA NpPeaCTaBlEHHS
onucy npouecy (PyHKUIOHYBaHHA CUCTEM YynpaBniHHA Yy 3B'A3KYy 3 MOCTaB-
MOXHa B3ATU Migxig, KONy OCHOBHUM €flieMEHTOM ddOpMarbHOro Oornucy
npouecy PyHKUIOHY-BaHHSA CUCTEM  YyNpaBIiHHA TK € noHAaTTH

nig3agadvi.

6.1 ®dopmanbHUK onuc npouecy pyHKUioHyBaHHA CCY
TexHonoriyHMn KoMmnnekc, sBnde CoOOK CYKYMHICTb KepoBaHMX
nigcuctem {Pi}. KoxHa 3 siKMX XapakTepu3yeTbCA BeKTopamu cTaHny X,
BUXiOHUX 3MiHHUX VYi, 30ypeHb Z;, ynpaeniHb Ui. B cknagi Ui € sk
ynpasniHHA 3 60Ky "BnacHoi" cuctemun, Tak i 3 6oky koopamHatopa. B TK

MOXYTb B6yTV GannacHi Ta 3BOPOTHI 3B’S3KWU, SIKi BPAXOBYKOTbLCS 3MiHHUMMU
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B3aemoail Mmixk nigcnctemamun. KoxkHa 3 nigcucTtem OLiHIETLCS MOKa3HMKOM
e EKTUBHOCTI Oi.

Min3agadeto ynpaeniHHA nigcuctemoro Pi Ha YacoBoMy iHTepBani T <
t < 1+h € npouec nowyky ynpasniHHa Ui(t), ske 3abesnedye onTumym

dYHKLiOHYBaHHSA @i TOBTO:

T+h
Ji= [@.U,.Z,,Y, t)dt - opt
4 (6.1)
NP1 BUKOHAHHI 0OMeEXeHb, SIKi BPaxOBYHOTb B3aEMOAII0 NiACMCTEM Ta
ocobnmBIiCTb OYHKUIOHYBaHHA. Toai 3po3ymino, Wwo npu ynpasniHHi TK B
Linomy o60B'AI3kOBO NOBMHHA OyTK nig3agadya koopauHauil. Takmm YMHOM,

MO>Ha BM3HAYNTK CYKYMHICTb:

(1) — (=1 (n) ; =(n=1)
n3TK, _{” 31'19 n3Kr }9l€n J

(6.2)
(n)
ae: 3. 3agava ynpasniHHs TK Ha n-my piBHi;
(=113 . . . . (m3 .
i - nig3agadi  ynpasniHHA nigcucremamuy; ko - nig3agada
KoopauHauii.

Konu ynpasniHHg nigcuctemamu {Pi} goctaTtHbO cknagHi, TO KOXHY 3
HMX B CBOK 4Yepry MOXHa 300pasuTv O04aTKOBOK MHOXMHOK BinbLu

NPOCTMX NiACUCTEM:

_ (n—-2)
E—{Pﬂ- }, e T, (6.3)

(n-2) : : :
ge:  Ji - MHOXMHa NOPSIOKOBMX IHAEKCIB YNPaBAsSEMUX MiACUCTEM,

AKi BxogaTb B cknag {Pi}.

Topni:
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(n) __1(n=2) (n—=1) (n-2)
31'1 _ { 31}4" 3kzi }’ 7/1' € Ji

(6.4)
Takum 4YMHOM, MOXHa pos3KnagaTv | fgani 3aranbHy 3agady,

BMAiNso4YM Binbw Minki nigcuctemn. Bupas toai Habyeae Burnaay:

(n) _ J(n=2) (n=1) (n) (n=2)
! 3TK, o { ’ 31?4’ ' 3/(17" n3KT }’ ?/i € ! Ji (65)

[Npouec posknagaHHAa Ha MInki NigCUCTEMU MOXHa NPOoAOoBXYyBaTU 0
TOro 4acy, Konu 3 ofHiel CTOPOHU Lie 3PYyYHO, a 3 iHWOIl - 40 BM3HAYEHHS

enemMeHTapHoi nigcmctemn, ToOTO Takoi, ANs KOl iICHYe Ta BU3HAYeHa

)
nig3agada iz CTpyKTypa nig3agay Mae Taki BnacTMBOCTI:

3aranbHa 3ajaya ynpasniHHA po3kfageHa Ha pag nocnigoBHO
nianopsiAKkoBaHUX 3agad (BepTukanbHa AeKoMno3uuis);

B3aEMO3B'A3KM MiX Mig3agadYamMym HWXKXHBOIO pPiBHA o0buparoTbes
(BM3HaA4aTbCA), BUXOOASYM 3 YMOB PO3B'A3aHHA 3afadvi BEPXHbOro PiBHA
(npiopuTeT Ail nig3agadvi BEpXHbOro pPiBHA) ;

pO3B'A3aHHA Nig3agadi BEPXHLOro PiBHS B CBOK Yepry 3anexuTb Big
3a[a4 HWXHbOTO PiBHS.

HasBHICTb CyKynHOCTI nig3agad npuBoavTb A0 BaXXITMBOrO BUCHOBKY:
KOXHY i3 nig3agad ans ynpaeniHHA TK HeobXxigHO po3B'si3aTn Ha BU3Ha-
YEeHMM MOMEHT Yacy, wWob ynpasBfiHHA MOMMW peanisyBaTucb B
nigcucrtemax. Lle 3HauuTb, WO, Hanpuknag, B TPbOXPIBHEBIN CUCTEMI B

NPOCTOPOBO-4aCoBiN obnacTti HeobXiQHO BMKOpPMUCTATM MHOXWHY Nig3agad

1) . . .
nepworo 3, gpyroro”3, Ta Tpetboro ’3 piBHIB 3 ypaxyBaHHSIM iX

BGaraTtokpaTHOro po3B'sa3aHHs Ha NEBHOMY YacOBOMY iHTepBarli.
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Mpn  ynpaemniHHi  TEXHOMOMYHMMKW  KOMMIeKkcamMn  HeobxigHo
BpaxoByBaTW, LLO NiACUCTEMU 3B'sI3aHi MiXK COBOI0 HE TiflbKM B NPOCTOPI, a
M B Yaci, OCKINIbKM MOTOYHWUN CTaH KOXHOI 3 NiACUCTEM BM3HAYAETLCH
ynpasfsoyuMn JissHHAMU B ronepegHi MoMeHTU 4Yacy. Ockinbku Mix
nig3agadamMy Ha iHTepBani ynpasniHHA ICHYKOTb 4acoBi 3B'A3ku, TO
Y3ropKEeHHA UMX nig3agay MOXNMBe TaKoX Nnuile 3a YMOBU Y3roKEHHS
(koopAaunHauii) B yaci Ta (j+1)-my piBHi iepapxil. ,

TakMum 4YMHOM, KOXHa 3 nifg3agay ynpasniHHA BM3HAYaeTbCs TpboMa
KoopAnHaTamu: piBHEM iepapxil, NoOpsAKOBUM iHOeKcoM nigcuctemm (abo ix
MHOXWHW) Ta YacoM po3B'a3aHHs. Lle moxe ByTu npeacraBneHo rpadom B
TPbOXBMMIpHOMY npocTopi. BepwuHam rpadpa BignosigaloTb 3agadi, a
ayram - KOOPAMHYOYI OisIHHS.

Baxnuneo Big3HauuTK, WO Npyn TakoMy NpeacTaBrieHHi 3a4adi HOBOro
3MicTy HabyBae geleHTpani3auia ynpasniHHS, a came:

KOXXHa 3 nig3agay ynpasniHHA MOXe pOo3B'S3yBaTUCb He3anexHo Bif
iHWKX B Byab-sknin obpaHMin MOMEHT Yacy Ha iHTepBani, SKuKn Bianosigae
nepiogy po3B'dA3aHHS nig3agay BepXHbOro PiBHY;

Npu Po3B'A3aHHI NiA3agay MOXYTb BUKOPUCTOBYBATUCH Pi3Hi KpuTepil
ePeKTUBHOCTI, AKi HanKpaLle Bi4noBiAaloTb 3arasibHin MeTi yrnpaBniHHS;

nepiogn po3B'aA3aHHA nig3agady obupatoTbCs He3arnexHo, ToMy
MOXIMBa ONTUMI3auia IHOPMAaLIMHONO npouecy B iepapxiyHin cucTemi
ynpaBniHHA 3a paxyHOK po3nogifieHHs o64ncnoBanbHOT MNOTYXXHOCTI

TexHiYHuX 3acobis (EOM).
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6.2 Onuc npouecy PyHKLiOHYBaHHSA iepapXi4yHOil
cuctemm ynpasniHHAa TK
Byaemo BeaxaTtu, wo TK cknagatotbcsa 3 N nigcuctem. Cepepq BUXigHmMx
3MIHHUX NiACUCTEM € TaKi, Wo BigobpaxatoTb 3B'A3KN NiACUCTEM 3
HaBKOMULLHIM cepeoBULLEM Ta HE SBNAKTLCA 3MiIHHUMU B3aeMOoAi
nigcuctem. B 3aranbHOMYy Bunaaky kKoMnoHeHTu sektopis X, Y, Z,U maloTb

OOMEeXeHHSs y BUrna4i HepiBHOCTEN TUNY:

Xmin< X < Xmax,a6o X< Xdon,a6o X > Xoon
4yun piBHOCTeN. [Npu ynpasniHHi TK BpaxoByBaTbCA TaKOX MPOMDKHI EMHOCTI,
Mepexi TpybonpoBoais, TOLLO.

Ak 6yno nokasaHo BuULLE, 3ararbHU NOKa3HUK (pyHKUiOHYyBaHHS TK
Ha YacoBoMmy iHTepBani 0<#<7 konu BiH Ma€ 3MiCT TEXHONOrYHOI cKkna-
A0BOT NPUOYTKY, MOXHa NpeacTaBuTn y BUrNNA4I:

N

J:VT[ (01'(Yi(t)a Xi(t)a Ui(t)azi(t)a t)dt
0 i=l (6.6)

Taknm 4mHOM, KpuTepin edektTmBHOCTI TK - agutneHa dyHKUIA Kpu-
TepilB eeKkTMBHOCTI nigcuctem. [na KOXHOI 3 NiACUCTEM KPUTEPIN

e(peKTMBHOCTI MOXHa NnpeacTaBuUTy B BUMMSA,:

J= Y, ()= LU, (1) + LY, (1)) dr

ae: Y () - amimHi B3aemogil 3 nN-ol nigcucrtemu Ha i-Ty;

o, ly KoediliEHT BapTOCTI, AKi BpaxoBYlTb LjiHX rnoTokiB Y Ta U.
B npoueci poboTtu iepapxiyHOl cucTteMn ynpasniHHS BU3HAYEHHS

ynpaenawunx AdisHb 34IMCHIETECA B AUCKPETHI MOMEHTM 4Yacy npwu

0]
pPO3B'A3aHHI Mig3agad nepLioro piBHS T npu ubOMy B 3ararbHOMY
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M
. . , . . T .
BUNagKy nig3agadl po3B A3yBaTUCA 3 PISHAMKU nepliogamMmn L Aana pI3HUX

nigcuctem komnnekcy {Pi},i=(I,N). Togi nokasHWK e(eKTUBHOCTI MOXHa

3anucaTtu B opmi:

N mi=0-1tmi+7i
J=3 2 [e@, X, ().U, (1), Z,(0), 1) dr (6.8)

M3
ae: tmi - ANCKpeTHi MOMEHTU Yacy, B SAKi pOo3B'A3yl0TbCA nig3agadi "y

.
M

1

(I)T; = {tz }, m, = (0, 9,‘ _1)9 01' =

3 ypaxyBaHHAM gucKpeTuaauii Yyacy matemaTtnyHi mogeni TK yacTo -
3anncyoTb B BUMSAAi Pi3HULEBUX PIBHAHD:
Y(t,,) = y(t)+ f(0(t),, U,), Z(2,), X (t,),1,) A (6.9)

pe: f =58 s=123K |

A - [OCTaTHBO Manun KPoK ANCKpeTu3adii Jyacy;
y - BEKTOP, AKUN BKNtOYae BUXIOHI 3MiHHI nigcncrem:

Y =1

b =N

Onnc guHamivyHux oB'ekTiB B KiHLLEBO-Pi3HULEBIN (hOpMi Ha CbOrogHi
€ 3aranbHOMPUNHATUM, SIKWLO BEKTOPHa (yHKUis f HenepepBHa pa3om 3
YAaCTUHHMMM TMOXIOHMMUM nepLioro nopsaaky. BukopucTtaHHa  KiHUEBO-
Pi3HULEBOI anpokcumalil cuctem andepeHuinHnUX PiBHSAHb, SKi ONUCYIOTb
HenepepBHi npouecu, NPUBOANTL A0 3afadvi HESHIMHOro nporpamMyBaHHS,
PO3B'A30K AKOI B 3aranibHOMY BUNAAKy MOXe BiOpPI3HATUCL Big pO3B'S3KY
No4YaTKOBOI 3ajadi ONTUManbHOro YynpasfiHHA HenepepBHUM OO6'EKTOM.
BuHunkae npobnema pocnigkeHHs 36iKHOCTI KiHLEBOPI3HMLEBOI anpoKcu-

Mauii 4O pilleHHsa NoYaTKoBOI 3a4avi.
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[Moka3aHO, WO 306iKHICTb TPaeKTopii ANUCKPETHOI aI'IpOKCI/IMaI,iT Y(t) po
TpaeKTopii B CMUCHI Pi3HUL BEKTOPIB

maX|Y(t)—Y(t)| -0 npun A0 LM$1 BUNaZaKy, KOnm U(t), Z(t) -0<e<T

KyCOYHO-HenepepBHi dyHKUil, a BekTop-dyHKuia f(Y(t), U(t), X(t), Z(t), t)
3a40BoOSIbHAE yMOBi Jlinwnuss CTOCOBHO CBOIX apryMeHTiB (9K BigOMO,
ymoBa Jlinwuua BxoauTb Y hopMyIitoBaHHS TeopeMu NPo iCHYBaHHS

Ta €OHiCTb piweHb AundepeHuinHoro piBHsHHA). Mpu A—>0  pgokasaHa
30DKHICTE NO (PpyHKUiOHanNy, Konwu BIiOCYTHI OBMEXEeHHA Ha KoopauHaTu
CTaHy i onTMmanbHe YynpasriHHA B 3ajadi pi3HMUEBOI arnpokcumadii €

KyCOHHO-HOCTiVIHVIM B pe3yanaTi AJoBU3HAYEeHHA ONCKPETHUX 3Ha4YeHb

v, jm=0.0-1 Ha IHTepBani po3Bs'da3aHHA 3agadi [0, T].
B peanbHux cuctemax onepaTtMBHOI onTUMi3aLil HenepepBHUX 06'EKTIB Ha
OCHOBI KiHLIEBO-PI3HNLEBOI arnpokcumauii AndepeHUiHUX PiBHSAHb, SKi
po3B'asytoTbca 30 gonomorord EOM, BenuuuHa KpOKy AuckpeTtusauil A
3aBXaM Mae KiHueBe 3HadeHHsi (A#0), ToMy poO3B'A30K 3afadvi 3aBXau
HaBAKEHWUIA.
Bupas moxe Habytu Ginbli npocToi popmu B pesynbTaTi nepexoay Bid
IHTerpany Ao Cymu:
N mi=6i—1
JA=Y Z‘B J,.
mi=

i=1

(6.10)
ae:
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qEH

S =A Z:(pz(Yz @, 98,0, +8,.X ¢, +90), £, +GD),1,,+gD),
g0

M

]

A (6.11)

n;, =

3aranbHa 3agada onTMMaribHOro ynpasmiHHA Ha YacoBOMYy iHTepBani T=T

nonsirae B 3abe3nevYeHHi nokasHMka ePEeKTUBHOCTI B MPOCTOPI

ynpasniHe Uil +48) § m =(0.0,-1) ¢, =0.n,-1) i=(LN) ppy icylounx

0OMeXeHHs1, oOuiHKax 30ypeHb {Zf(tmiJ“qu)}, m; =(0,6,=1) = q; = (0., 1),

i=(LN) g Takox mapameTpax MaTemMaTU4HUX MoZenein MiAcucTeM, SiKi
BM3Ha4yalTb PO3B'A30K 3a4av.

Woao dyHkuin f, saki onucyloTb ynpaeniHHA nigcuctemm Ta
3arnexHOCTeEN - And BU3HAYEHHS NOKa3HUKIB e(PeKTUBHOCTEN, TO IX MOXHa
BBa)XaTW HenepepBHUMMU, HeEMiHINHMMKM B obnacTti AoONyCTUMUX 3HAYEHDb,
L0 BM3HAYalOTbCA OBMEXEHHAMU , Ta TakMMU, WO MalTb HEnepepBHi
YaCTUHHI NOXigHi.

Akwo npunyctuTK, WO 3MiHHI B3aeMofil niacuctemM 3afaHi, TO0 3a-

ranbHy 3agavy yl'lpaBJ'IiHHFI TK MoOXHa npeacraBuTn y BUrNAOI MHOXWHU

m; = (0391' -1

_ {03 ) T
He3anexHux nigsanay mi S i=(LN) onTumanbHoro

ynpasniHHA nigcuctemamu TK P }, G=LN) [Mpun uboMy KOXHa i3 nig3agav

MR J
mi Nonsrae B AOCArHEHHI NMOKa3HMKOM e(eKTMBHOCTI “ ™ eKCTpeMymy

t,, St<t, +mA

Ha 4acoBOMY iHTepBasni ‘»i NpU iCHYIUYNX OBMEXEHHAX Ta

3Ha4YeHHAX 3MiHHMX Y Ta X Ta ouiHkax 30ypeHb Z.
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(1)3
Taknm YnHoM, XapakTepHnMn o3Hakamu nig3agav mo g

nig3agadi po3noaineHi sik B NpOCTOpI, TaK i 3a Yacowm;
nig3agadi MOXyTb pO3B'A3yBaTUChb HE3aneXxHo odHa Big OOHOI, AKLWO
3a4aHO yMOBMW, BMKNAaAEHI BULLE;

(113
nocTtaHoBKa nig3agav mi - oTpUMaHa OpManbHUM LWISIXOM Ha

OCHOBI AeKOMMO3uLil 3aranbHOl 3aaaui 3k )

3

[Ansa posB'A3aHHA 3aranbHOI 3adadi ~7K Ha OCHOBI pPO3B'A3KiB

0]
nig3agav { mi } HeobXxigHO nonepeagHbO 3HANTM ONTUManbHi  3a
3aranbHUM KpUTEpPIEM 3HA4YeHHSs1 3MiHHMX B3aemoail nigcuctem, ToOTO

(2)3 M

po3B'd3aTu 3agady KoopanHauil K nig3agad mi

m; =(0,0, 1)

M —
TakMMm 4vMHOM nig3agavi {3, } i=(LN) 1a nigzagava

(2 2
3k CTBOPIOKOTL [BOXPIBHEBY I€papXidyHy CTPYKTYypy 3 nigsagav

ynpasniHHsa TK B cknagi nigcucrem { B } i=(,N)-.

@3={3, 3 | m =061, i=@LN) (6.12)

(M
Po3B'a30Kk KOXHOI 3 nig3agad mi - peani3yeTbCsa Y BUMMSAAl ynpasniHb

U.(t,, +qA),

mi

4:=(0.7:=1) g MmomeHTH yacy {tn+ad g, =00 -1 Min3apgava

2
3k po3B'a3yeTbcs npu t=0 Ha BeCcb YacoBun iHTepBan poboTn cnuctemm

) . . 3 . . . =(0.6. <1
T a nig3apaui Fui BiAMOBIOHO B MOMEHTU {t’m } m; =(0,0 1),

i=(LN)
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AHanoriyHy CTpPyKTYypy MOXHa oOTpuMatn Ans iepapxiyHol cuctemmn 3

YMCIIOM PIBHIB, BiNbWNMN OBOX.

6.3. ArperatuBHi moaeni PyHKLiOHYBaHHSA BEJIMKUX CUCTEM

ynpaBniHHA

OcHoBoto popmanisadii npouecy gyHkuioHyBaHHA CCY (8K i iHWKMX

CKnagHux CVICTeM) € MNMOJIOXKEeHHA:

- Byab-sika cuctema (pyHKLIOHYE B Yaci , B3aEMOAi0UM i3 30BHILLHIM

cepefoBULLIEM, i B KOXXHUIA MOMEHT Yacy MoXe 3HaxoAuTUCb B OQHOMY 3

MOXJTMBUX CTaHIB;

Ha BXig cuCTeMM MNOCTyNnawTb (MOXYTb MOCTynaTn) BXIigHi
curHanu;

cvcTemMa MoXe BuaaBsaTtu (bopmyBaTn) BUXIOHI CUrHanNu;

CTaH CUCTEMW B [aHUM MOMEHT BM3HAYaeTbCA nonepegHiMu
CTaHaMW Ta BXIOHMMM CUrHanamm, siKi NnocTynalTb B AaHuu
MOMEHT Yacy i paHille;

BUXIOHWU CUrHan B AaHWNW MOMEHT 4acy BM3HA4YaeTbCHA CTaHaMu
CUCTEMU Ta BXIQHUMW CUrHanNamu, Aki BignosigalTb JaHOMY Ta

nonepeaHiM ctaHawm.

HasBaHi nonioXkeHHs hopmarnisytoTbCa TakKMM YMHOM:

1. MHOXWHa eneMeHTIB Yacy, B SKi pO3rnsaaaeTbCs (PyHKUIOHYBaHHSA

cnucrtemMm

teT. MuHoxuHa T B 3aranbHOMy  BuUMNagky €

NIAMHOXWHOIO AINCHUX Yncen i Moxe ByTn HenepeBHUMU, ANCKPETHUM YK

[NCKPETHO-HENepepPBHNM.

B ouckpeTHOMY Yaci yHKLiOHYHOTb: KiHUeBi aBTomaTtn; EOM, MIIK.

B HenepepBHOMy: ACY TI1; enekTpuyHi cuctemum

B auckpeTHo-HenepepBHOMY:
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iepapxiyHi CY: Ha HWKHbOMY PpiBHIi — HenepepBHi, Ha
BEPXHbOMY — OUCKPETHI.

OyHKUIOHYBaHHA B 4aci - npouec nepexogdy CUCTEMU i3 CTaHy B
CTaH.

MHOXWHa cTaHiB Z:

- CYKYMHICTb CTaHIiB CUCTEMMU, AKa BM3HAYAETbCS MHOXMHOK CTaHIB
eneMeHTIB cucTteMn. AKLLO KOXEH 3 eNleMeHTIB MoXe ByTn B ABOX CTaHax,
TO CUCTEMA 3 N-ENIEMEHTIB MOXe 3HaxXoaAUTUCb B ogHOMY 3 2" cTaHiB (CTaH
AVNCKPEeTHMX aBTOMaTIiB, CTaH CTOCOBHO HaAiMHOCTI)

Z=(Z,2,..2.,Z ),z€eZ (6.13)

- [OUCKPETHI CTaHu.

CTaH cncteMmn xapaktepuayeTbCsi AESAKUM HEBIO EMHUM YMCITOM
Z(z=0,1,2,3...) (6.14)
Hanpuknag — aHania cknagHux iHGQOpMauiMHMX CUCTEM 3 OLHIELD

dasoo obcnyroByBaHHA. Todi Z — KinNbKicTb 3agad, 3anuTiB, SKi
HaxoaATbCA B cucTeMi (Ha obcrnyroByBaHHiI abo B Yepai).

CTaH cnctemmn onucyeTbCcst HAOOPOM ULINNX HEBIAQ EMHUX YMCEN.

Z=(2,,Z,..72,,Z,),Z, =0,1,2... (6.15)
Zi — 4ncrno BumMor B i-goasi; r - ymcro ¢as
Lle: auHamika 6aratodasHux, GaratoeTtanHWx cCUCTEM Tuny Tene-

aBTOMaTUYHUX CUCTEM MacoBOro ob6cnyroByBaHHS.

CTtaH cuctemmn onucyeTbcsd HaboOpoOM MAINCHUX 4YUCEN — BEKTOPOM
dbaszoBMx KoopAnHaT.

B 3aranbHOMy BMnNagky BBaXakTb, WO CTaH CUCTEMU Z OMUCYETbCSA
AesknmMm Habopom xapakTepucTuk Zi:

Zi € Zi (i=1,2 ...Kk), (6.16)
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Zi — 3apaHi MHOXWHWN, a MHOXWHa MOXINUBUX CTaHIB CKNagHOI CUCTEMMU
BU3HAYaETLCA AK NPAMUN AOOYTOK MHOXWUH Zi:
2=21x Ly x..x Zi ... x Zk (6.17)
MHOXWHa cTaHiB Z cucTeMu cniBnagae 3 nNpOCTOPOM KoopauHaT
ctanHy X. Todi B KOXHMA MOMEHT 4yacy cTaH Z(t) € Touka B €BKMigoBOMY
npocTopi 3 koopauHatamu Z1, Zo... Zx.
2. MHOXuHa BxigHux curHaniB ueUo ansa gaHoro momeHTy U(t) teT.
BxigHun curHan onncyetbcst HABOPOM XapakTEPUCTUK
UieUi (i=1,2...m), Ui — 3agaHi QUCKPETHI YN HenepepBHi MHOXNHU
Mpamnn gobyTok:
U=Ux Uz x...Uix....Um (6.18)
- MpocCTip BXigHWX cwurHanie, a curHan U — Touka npoctopy U 3
koopanHaTtamn Uq,U2 ...Ui...Un
BigobpaxeHHs u=L(t) — BxigH1n npouec
3. BuxigHi curHanu yeYo (Yo — MHOXMHA BUXIOHUX cUrHaniB). AKLLO
BUXiOHUM CUrHanN y onucaTtn Habopom xapakTepuCTUK
Y1, ¥Y2...Vi,-..Yn, yi €Yi(i=1,2...n),
Yi — 3a4aHi MHOXWHK, TO NpSAMUA OBYTOK
Y=Y15Y25...5Yi5...Yn
- NpocTip BUXigHMx curHanis (Yo < Y)/
MoxxHa BBOANTU B pO3rnsig BuxigHun npouec y=M(t).

B knaci Benukux CY posrangatoTbCs cuctemu 6e3 nicnagii —

cucTeMun, ManbyTHA MNoBediHKa SKUX BM3HAYAETbCA OAHWUM CTAHOM i He
3anexunTb Big nepeaicTopii, TO6TO TOro, AKMM YMHOM CUCTEMA MpUKLLNa B

Lien CTaH.
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[na neTepMiHICTCBKMX CUCTEM IX AMHaMIKa 3agaeTbCsl onepaTtopom
nepexogis H Ta onepatopom Buxogis G.

Onepatop nepexodiB H BM3Havae guvHamiky nepexoiB CUCTEMMU i3

CTaHy B CTaH:
Z(t)=H{to, t, z(to), (t,x]; } (6.19)

Z(to) — novaTkoBuK cTaH; z(to) €Z , to T, teT,;
{ (tx],} — MHOXMHa MOXNMBKUX AINAHOK BXiAHOro npouecy x=L(t) Ha
iHTepBani (to ]

MNpn dpikcoBaHmux to, z(to), (t,x]; onepaTop H peanisye BioobpaKeHHs
Z=H(t) abo Z=Z(t) — pyx cuctemn, a MHOXMHa pyxiB — {Z(1)}.

CykynHicTe BnopsigkoBaHmx nap (t,z) ana Bcix teT, pe z
BM3Ha4aeTbCs pyxom Z=Z(t) — pasoBa TpaeKkTopia cMctemMu.

CyKynHiCTb TOYOK npocTopy Z, siKi BignoBigaTb AK BigobpaxeHHs

Z=Z(t) BCim t € T — TpaeKkTOpis CUCTEMM B MPOCTOPi CTaHIB.

Takum 4mHOM, BXigHWn npouec X(t) MOXHa po3bUTM Ha OKpeMi
AINAHKM | aHanisyBaTtn NoBeAiHKY CUCTEMU Ha KOXHIN 3 HUX.

Onepatop BuxodiB _cuctemun G BuM3HA4Yae AWHAMIKY BUXiOHUX

curHanie:
Y(t)=G{t,to,z(to),(t,U]; }=G{t,z(t)} (6.20)
30BHiLWHA cxoxicTb onepaTtopiB H i G He NoBMHHA NpUxoByBaTU IX
BigMmiHHOCTi. Onepatop H koxHomy t > to 3 MHOXMHM T cTaBuTb Yy
BiANOBIAHICTL €neMeHT 3 MNPOoCTopy CTaHiB zeZ. Ane € cucrtemu, sKi
BNOATb BMXiOHI curHanm He obOB’SA3KOBO B KOXHMA MOMeHT t € T. o6
3MEHLLUNTM MiXK HUMU BIAMIHHOCTI, 4OMYCKalTb, LLO MHOXMHI Yo HANeXUTb |
nyctmn curHan Yo, 9KMA  Pi3UYHO IHTEpPNpeTyeTbCd $SK BiOCYTHICTb

BMXIAHOrO CUrHamny B MOMEHT t.

128



Y3aranbHeHa guHamika CCY onucyetbcs 06’egHaHM onepaTopom:
F=H x G
- onepaTtop YHKUIOHYBaHHS, a CyKynHicTb To4ok {z(t),y(t)} npocTtopy ZxY,
SKi BignosigatoTb BCiM t € T — TpaekTopia QYHKLIOHYBaHHS.

MNomidbHun nigxia — ANA CTOXacTUYHUX CUCTEM.

Ha BBeOeHux MOHATTAX 3aCHOBaHO arperaTtuBHU OMUC MpoLecy
JOYHKLIOHYBaHHS CKnagHuUx cuctemM. Arperat — yHibikoBaHa CTPYKTypa, sika
xapakTepusyetbca MHOXMHamun T, Z, U, Y Ta onepatopamu H Ta G. [ns
OUiHKN (OYHKUiIOHYBaHHSA arperaTta BBOoAUTbCSA cTaH z(1+0), B 9kuin BiH MOXe
nepenTn 3a Mmanun iHTepsan 4Yacy. Bug onepartopa H 3anexutb Big TOro,
4YM NOCTYyNaKTb Ha NMPOTA3i LbOro iHTepBarny 4Yacy BXiHi CUrHanu. AKwo B
MOMEHT ts B arperaT nocTynae curHar, To:

Z(ts+0)=Hi[ts, Z(ts), U(ts), ts € T (6.21)

Akwo HanisiHTepBan (s, ts+1] He BKMOYAE >XOOHOMO MOMEHTY
HaAXOMKEHHS BXiAHUX CUrHaniB, 3@ BUHATKOM ts+1, TO

Z(t)=Hz[t1, ts, z(ts+0)], t e (s, ts+1] (6.22)

3 MHOXWHM CcTaHiB Z arperata BuUaiNATb NigMHOXMHY ZY) ans
MOMEHTIB BMAaui BUXIQHOrO CUrHany:

y(t)=GIt’, z(t")] (6.23)

MoxnuBi TakoX 3MiHM CTaHy B MOMEHTW BuAadi BUXIOHUX CUrHanis
npu Buxodi Z(t) Ha Mexy NigMHOXMHM ZY), Ans 4oro BBOAMTLCSA onepaTtop
Has:

z(t'+0)=Ha[t’, z(t)] (6.24)

CykynHicTb onepatopiB H1, H2, Hs 3apae onepatop H, a oneparopu
H Tta G noBHIiCTIO BM3Ha4yalTb MoAesib (PyHKUiIOHYBaHHS arperata. Togai

npouec YHKUIOHYBaHHA arperata CKnagaeTtbCd, B OCHOBHOMY, 3
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CTpMBKONOAIGHMX 3MiH CTaHy B MOMEHTWU HaOXOPKEHHS BXIOQHMX CUrHanis
Ha BMAaadi BuxigHux curHanis (onepatopu H1, H2) Ta 3MiH CTaHy MiX LumMun
MoMeHTamu (onepatop Ha).

Mpuknagom Takoro onucy QYHKUIOHYBaHHA Moxe OyTn cknagHa
cucTema yrnpasniHHA WOAO0 HAOXOMKEHHHA BXIOHWUX CUrHaniB 1a 4eproBux
3agau.

[ns cknagHUX cucTem ynpasIiHHS BUKOPUCTOBYHOTbLCS:

- arperar sk BUNagkoBun npouec. B MOMeHTM HaaXOoKeHHS BXigHUX
curHanis BigbyBaeTbca “pereHepaudis” BXiAHOrO MNpoLecy, SIKUA OMnucye
dyHKLiOHYBaHHA arperata, TO6TO pO3BUTOK LbOro npoueca Ta nicns Takmx
MOMEHTIB He 3aneXxunTb Bif NOro nepenicropir;

- KYCKOBO-MapKiBCbKMM arperart, 3aCHOBaHWMW Ha 3aKOHOMIPHOCTAX
MapKiBCbKUX MPOLECIB;

- KYCKOBO-HeNepepBHi arperatn, sKi BUAINAITLCA KOHKpeTU3auiero
MHOXWH CTaHiB, BXOAIB Ta BUWXOAIB, a TaKOX orepaTtopiB nepexogis i
BUXOA|B;

- KyCKOBO-MiHIMHI arperaTun, 3aCHOBaHi Ha po3B’dA3kax AndepeHUinHnX
PIBHAHb.

3a JOMOMOroK KyCKOBO-HEMNepePBHNX Ta KYCKOBO-NIHIMHMUX arperaTis
MOXHa dopmanidyBaTy pi3Hi peanbHi npouecu: nepegadi tTa OOMiHy
AaHMMKU B Mepexax; pyx TpaHCnopTy; 3MiHM B CUCTeMax MacoBOro
obcnyroByBaHHs | T.4. B TOM e yac npeacraBneHHs peanbHUX CUCTEM Yy
BUrNa4i arperaTiB HEOQHO3HAYHO, LWO 3HAYHOK MIPOK 3anexuTb Big
BNBopy hasoBux 3aMiHHMX. B Byab-sikomy Bunagky HeobxigHo 3abe3neuntun
KOMMPOMIC MK TOYHICTHO OMMCY Ta MOBHOTOK OTPUMYBaHOI iHpopmauil i
NPOCTOTOK MOoAEI.

[1, c.98-108, 3, c.67-78, 5, c.94-108]
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KOHTpOnbHI NUTaHHA
1. B yomy nonsirae npouec oyHKUIOHYBaHHS CKIagHOI CUCTEMIU?
2. Ak icHyTb nigxogn po dopmanisauil npouecy QYHKUIOHYBaHHS
iepapXidYHNX cUCTeM ynpasiHHA?
3. Ak copmanbHO BigobpaxaeTbca npouec (YHKUIOHYBAHHA CKNagHol
cucTtemMu ynpasniHHA?
4. OxapakTepuaynTte CTPYKTypy niasagad ynpasniHHA B CKNagHiu cuctemi
5. Ak onucyetbca npouec YHKUIOHYBAHHS CUCTEMW  yrpaBSliHHA
TEXHOMOTNYHNUM KOMIMIEKCOM?
6. Ak dopmyoTbca arperatuBHi Mogeni (YHKUIOHYBaHHA CKIagHUX
cuctem?
7. [lanTe BU3HaAYeHHSA NOHATTIO “arperart’.

8. LLlo Take onepartopwu nepexoais i BUXoais?

7. IHpopmaLinHI XxapakTepucTnku ccy
7.1. IHpopmauis B 3agavax ynpaBniHHS
IcTOpMYHO NOHATTS iIHOpMaLil NoB’A3aHe 3 HABYTTSIM HOBUX 3HaHb B
ranysax Hayku: goisudi, ciniocodoii, 6ionorii, Teopii 38’A3Ky i iHW. Cnpobu
OTpPMMaHHS 006’€KTMBHOT iHpOpMaLii 3aBXAWN HALUTOBXYOTbCSA Ha
nepeLukony, NoB’dA3aHy 3 y4acTHo NI0OUHM B eKCnepuMeHTax, po3pobkax
Moaenen i T.a.

B 1877 p. Jl.bonbumaH cdopmynioBaB MNOHATTSA €HTpoNii K Mipy
HeBu3HadeHocTi. B 1946 p. K. lleHoH nobyayesaB Teopito iHopmauii i
BUSBUIIOCb, WO TepmoguHamivyHa eHTtponia Jl. bonbumaHa Ta iHGOp-
MauinHa eHTponis K. LLleHoHa onucyoTbCca ogHakoBUMKU popmynamu, e

NigKpecnie ToM akT, WO CUCTEMM PI3HOT NpUPOAN MakTb 3arasibHi
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BNacTMUBOCTI | 3aKOHOMIPHOCTI, i uUe npuBoAUTb A0 HeobxigHOCTI
BUKOPUCTAHHA CUCTEMHOIO aHarniay.

[lna cuctemHoro aHanidy B npoueci ynpaBniHHA NOHATTSA iHopMauil
PO3LUMPIOETHLCS | TPAKTYETLCHA TakKUM YMHOM: SK TiflbKM CTaH OgHOro ob’ekta
3HaxoauTbCA Y Bi4MOBIAHOCTI 40 CTaHy iHWOro, To oAMH 00’eKT Bigobpakae
apyrmn, To6To MICTUTL IHpopMaL,ito NPO HbOro. TakMM YMHOM, IHpopMaLis
B NMPUHLNNI BUHUKAE TOAI, KON 06’ EKT 3MIHIOE CBill CTaH.

3HayeHHa  iHpopmauii B BeENUKMX  cucTemax  ynpasniHHSA
nigKpecntoeTbca BM3Ha4YeHHAM Konromoposa A.H.: “kibepHeTuka — Hayka,
fika BMBYaE cuctemun Byab-aKol Npupoaun, ski 3gatHi cnpuimaTtu, 3bepiratu
Ta nepepobntoBaTu iHpopmaLito, Ta BAKOPUTOBYBATU 1i A4N1s ynpasBfiHHA.”

IHpopmauia Ha  BigMiIHY  Big4  IHWKWX  NPOAYKTIB  OiASIbHOCTI
XapaKkTepU3yeTbCA TUM, LUO Ti CMOXMBAHHSA HE NPMBOAUTL OO0 PYWMHYBAHHS,
a KoMMm'oTepHe BIOTBOPEHHSA Konil iHOPMAaUIMHOroO NPOAYKTY CYTTEBO
Aewesle Oyab-9KOro mMacoBoro BMpobHuuTBa Konii  Byab-IKOro iHLWOro
TOoBapy.

3Ha4vyeHHa iHdopmaLil B cuctemax ynpasriiHHA nonsirae B TOMY, LUO
3MEHLLUEHHA HEeBU3Ha4YeHOCTI 3aBXau noTpebye [oaaTkoBOl iHopmaLil.
Akagemik B.M.[MmyLwkoB cchopmyrtoBaB NOHATTS iHoOpMaLinHux 6ap’epis:

- NepWnn - Mexa CKNagHoCTi ynpasniHHA €KOHOMIYHOK CUCTEMOHD
nepeBuLLYE MOXITMBOCTI OAHIEl NoauHW. Toai B cknagi KomMnaHii noBUHEH
Byt cneuianict, skui Bonogie 3HaHHAMM i BisHecy, i iHbopmauinHMX
TexXHOnorin;

- OpYrMn - Mexa, KONMW CKnagHiCTb 3agay yrnpasfiiHHA CUCTEMOI
nepesuLLye MOXIMBOCTI BCIX ftogewn, ki NpurMmalroTb yd4acTb B LIbOMY

NpoLECi.
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B cuctemHomMy aHanisi BM3Ha4alTbCA Ta AOCNIOKYKOTbCA OCHOBHI
iHdbopmauinHi  xapaktepuctukn CCY: knacudikauia iHdopMauinHuX
NOTOKIB, KiNbKiCTb  iH(popmauii, €ka noTpibHa AN  3MeHLWEHHS
HEeBW3HAYEHOCTi; 3MiHa eHTponil i iHL.

B 3apayax ynpaBniHHS cknagHUMuM o0’eKTaMyn BaXNUBUMU € SIKICHI
(cemaHTU4HI | nparmaTuyHi) XapakTepucTukn iHdopmauil. [Ona  ix
OTPUMAaHHS BUKOPUCTOBYHOTHCS:

- CTATUCTU4YHI MeToau, sKi  BigobOpaxaloTb KiflbKiCHY CTOPOHY
iHdbopMauinHMX MacueiB (NOBIAOMIIEHb), ane HeaooCTaTHbO 3B’si3aHi 3
MeTo4amMu Ta YyMOBaMM JOCATHEHHA METU OYHKLIOHYBAHHSI CUCTEMU;

- MeTOOM KMacuyHol Teopil YynpaBniHHA, WO BUKOPUCTOBYIOTb
cneuianbHMn dopMarnbHO-MaTeEMaTUYHMN anapat. B Tom Xe 4ac B
CUCTEMHOMY aHanisi € pag 3agad, ski cknagHo abo  HEMOXNUBO
dopmanisyBaTtu, Hanpuknag, 6araTokpuTepianbHi 3agadi onTuMi-3auir;
NPUMHATTA pilleHb B YMOBaxX HEBU3HAYEHOCTI i iH.

IHpopmaUinHMA Nigxia B 3agavax CUCTEMHOro aHanidy npobnem
ynpasniHHA JAa€ MOXIUBICTb OUIHUTKU paa PakTopiB, AKi MaKTb
HEeBU3HAYEHUN, AKICHUI Ta po3muTui Bua. OgHa 3 rofloBHUX 3a4ay —
0OrpyHTYyBaHHSA Ta BUGIp MatemMaTU4YHUX 3anexXHOCTeN, AKi AaTb
MOXNUBICTb cdhopmyBaTh 6a3n gaHUX Ansi NeBHOI NpeaMeTHOT obnacri.

IHpopmauia B cknagHux cuctemMax yrnpasniHHA NMPOSABIISETLCA B TaKUX
dopmax:

- iHbopMaLisi NoBIJOMMNEHHSA

1, =1 (S)+1,(E)+1,(Q)+1,(U.Y) (7.1)
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Ae cKknagoBMMU BiaNoOBIAHO € iHopMmaLis Npo 06’eKTUBHI XapaKkTepuc-TUKn
S (cTpykTypa, BRacTuMBOCTi npoueca), Aectabinidytoumx dakTtopie E
30BHILLHBOrO cepenoBuLLa, ynpaBiHHA Ta BXOAIB | BUXOAIB CUCTEMU;

-iHpbopMmaLia nepeTBOpeHHS
I, = > I,.,i=1,6 (7.2)

Lla iHpopmauia 3ocepenkeHa B CTPYKTYpi cuctemu, i enemeHTax Ta
Byanax, 6asax gaHux Ta 3HaHb, a KiNbKICTb (PYHKUiIOHANbHUX NigcucTem
BiANoBigae TUNOBOMY npouecy nepepobkn iHdopmalil (BUMipHOBaHHS;
CMOCTEPEXEHHS; iAeHTU-ikauil; popMyBaHHA ynpaBniHb; KOOpAVHALT;
iHbopmaLinHOro 0BMiHy);

-nepeTBopeHa iHopMauiga

Ip =2 Quw . i=1,6 (7.3)

Cknag uiei iHopmauii Bignosigae Qn, ane ii dpopma 3abesnevye
BUKOPUCTaAHHA B KOHKPETHOMY MicCLi B NOTPIGHMI Yac;
- iHpopmauia npo ynpasniHHA Qy Wo[o peanisadii KOHTYpIB

KOOPAWHATHOro, NapameTPUYHOro Ta CTPYKTYPHOrO ynpaBmiHHS.

7.2.Knacudikauia Ta BU3HauyeHHsA BuaiB iHpopmauii B CCY
MoHaTTa “iHdbopmauia” mae pisHi acnekTu: Big HanWbinblU 3aranbHOro
ginocodcbkoro (iHpopmauia - BigobpaxkeHa pPi3HOMaHITHICTb 06’eKTUB-
HOro CBIiTY) OO YaCTUHHOro nNpuKagHoro (iHopmauis-BiAOMOCTI, K €
o6’ekToM nepepodbkn). B TOM e 4vac 3aKOHOMIPHOCTI  OTpUMaHHA Ta
nepeTBOpPEHHs iHopMaLil BUBYEHI HeQOCTaTHbO, BIACYTHIN YHiBepcasrib-
HUM MaTeMaTUYHUK anapaT Ass OnNucy Lnx NpoLeciB.

YTOYHEHHS 3MiCTy LUbOro NOHATTA NpmnBoaAnNTbCA TaKUM HNHOM:
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1.IHpopmaLisa B “lunpokomy” cMmucni — BNacTuBiCTb 06’eKTiB (NpPOLECIB)
HaBKOJIMLLUHLOrO MaTepiaribHOro CBITY MOPOAXKYyBaTU  PIZHOMAHITHICTb
CTaHiB, siki yepe3 BigobpaxeHHs1 nepefarwTbCs Big ogHoro ob’ekta Ao
apyroro (nacmBHa dpopma) Ta 3acid obMeXeHHA pPi3HOMaHITHOCTI, TOBTO
opraHisauil, ynpaBniHHs, Ae3opraHisauil i iH. (akTuBHa copma).

Llen nigxia, oossonse:

-BU3HAYMTWN H(popMaUinHi npouecn $SK OAHY i3 BNacTUBOCTEN
00’EKTMBHOrO CBITY;

-BU3HAYMTN HaSABHICTb Ta HeObXigHICTb ypaxyBaHHA B cknagHux CY
00’eKTMBHUX IH(popMaLIMHNX XapaKTepucTnk (obmexeHb) o6CnyroByHnx
Ta obcnyroByBaHux oO’ekTiB (npoueciB) Oyab-AKOl quis4HOI NpuUpoan sk
Pi3HUX CTaHIB OCTaHHIX Ta IX BMAMB Ta iHOpPMaUiMHI XapaKkTepUCTUKU
CyO’EKTMBHMX 3HaHb, SKi UMPKYMOWTb MK OO’ekTamu, WO MOXYTb iX
OCMMUCIINTN;

-BUKOpPUCTaATWN iHpopmalito 9K 3acid obmexeHHs1 pPi3HOMAaHIT-HOCTI
(ynpaBniHHA) cTaHiB 06’ekTiB (npouecis), BNAMBaTM Ha X iHopmMaLinHi
XapaKTEPUCTUKMN.

B CCY € gBa poau iHgopmaLii (06’ekTuBHa Ta cyb’ekTMBHA):

-BHYTPIWHA (MepeTBOpioloya), sika MIicTUTbCA B CTpykTypax CY, 1i
enemMmeHTax, anroputmax, nporpamax - disnyHa BenmnymHa,

-30BHILLHA BiAHOCHA 3MIiCTOBHa (BMMIptOBarnbHa, Yynpasnstoya), a
TaKOXX HaYKOBO-TEXHiYHA, TEXHOMOriYyHa, €KOHOMIYHA, siKka BUNYYaETbCs 3
iHdbopMaUinHMX NOTOKIB (NOBIAOMIIEHb, KOMaHA,)

2.CTpykTypHa iHopmauis Js(0) - BigobpakeHa B 3HaKoBi hopmi
OpraHi3oBaHiCTb (CKMagHiCTb, Pi3HOMAHITHICTb) MaTe-pianbHUX 0B6’eKTIB —
cucteMm O, 9Ka € YHiBepcanbHOK  (PISUYHOK  BESIMYMHOW,  LUO

BUKOPUCTOBYETLCSA AS151 ONMUCY NpoLueciB yHKLIOHYBaHHA 00’ EKTIB.
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Js - pi3nyHa BenNuyMHa, BOHa BMMIpIOBaHa, € anroputM OTPUMaHHS Ti
KinibkocTi Js, 08’ekTMBHa, TOBTO JS He 3anexuTb Big KOpucTyBada i He
3MEHLLYETLCS MPU HACTYMHUX OTPUMAHHSAX TI KOPUCTYyBaYaMu.

Js-BHYTpiWHA Bractusictb CY, WO Xxapaktepusye 1I CTPYKTYpHO-
iIHpbopMaLinHU pecypc.

3. 3mictoBHa iHdopmauia Jz (m, T) - CyKynHiCTb AaHWX (3HaHb) Mpo
KOHKPETHUIN MaTtepianbHUin O06’eKT - cCUCTEMY, AKa € B iHGOPMaLINHUX
mMacuBax m € M (MacuBax gaHux, nporpam, NnoBigoOMMEHHsAX, hakTax), aKi
cCnpuruMaloTbCsl  OTpUMyBayeM (NAUHOK-0NepaTopoM, iHhopMauinHUM
BY3fIlOM i iH.) i BMKOPUCTOBYETbCS Af1I1 BUPOBMEHHA Ta MPUAHATTH
YyNpaBns4yoro piwleHHs (NparMatM4yHUA  acnekT) 3  ypaxyBaHHSAM
3aranbHOCUCTEM-HOro Tesaypyca T.

TesaypyC — MOBHMMA cCUCTEMATM30BaHWW Habip AaHMX Npo MNEBHY
ranysb 3HaHb, WO A€ MOXINBICTb OPIEHTYBATUCH B Hil.

HaaBHicTb J, (M, T) B cuctemi 0o3Bonde 3MEHLWINTU HEBU3HAYEHICTb
(PIBHOMAHITHICTb) ICTUHHOT CUTYyaUil | Ha Ui OCHOBI 3pobuTn BUBIp ogHOro
YN  [OEKINbKOX BapiaHTiB 3 MHOXWMHM  pPiBHONPaBHUX (OAHOPOAHMX)
anbTepHaTuB.

BaxnmBoto pisHOBMAHICTIO 3MICTOBHOI iHopmMaLii J; € 3B’A3Ha Jzc, SKa
XxapakTepusye npouecu B3aemopfil (B3aeMO3B'A3KY) (YHKLiOHaNbHUX
nigcuctem (enemeHtiB) CCY.

4. 3B’a3Ha iHpopmaLuia Jzc (pm,TC) — CYKYNHICTb gaHMX (3HaHb) NpPO
KOHKPETHUI npouec B3aemodili B aHcambni maTepianbHux O0O0’eKTiB —
CUCTEM, SIKa MICTUTBCSA B CTATUCTUYHUX CTPYKTypax

Pmi, | =_1,n 3agjaHol MHOXMHM M  iHdOpMaUiMHMX MacuBiB

(noBigomMneHb), SKi  copurMmaloTbCsl  OoTpuMyBadeM  (FIOAUHOK  —
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onepaTtopoM YU TexHiYHMMKM 3acobamnm) Ta BMKOPUCTOBYBaHa AJis
BU3HAYeHH4A pKepena iHdopmadil.

HaaBHiCTb Jzc B CUCTEMI [O3BOSISE OTPUMYBaYy 3MEHLUUTU HasSABHY
HEeBW3HAYeHICTb (PiBHOMAaHITHICTb) ICTUHHOT cuTyauii (npynncaty in GinbLuy
IMOBIpHICTb, UMM BOHa Mana paHiwe) i Ha OCHOBI UbOro 3pobutn BMBIp
OAHOro iHopMaLiNHOrO MacuBy 3 MHOXWUHU MOXITUBUX.

IHopMaLia NOBIAOMIEHHS:

]0 :]Z(mﬂT)Y Izc(pan; CT) (7.4)

| - 3micTOBHa iHpopMaUis (CceMaHTUYHa Ta NnparMaTuyHa);
l2c - 3B’s13HA iIHGhopMaLia (CTPYKTYPHO-CTAaTUCTUYHA);

Topi iHbopMaLisa nepeTBoptoBasibHa:
I,=1,0)YI1.(T) (7.5)

ly- cTpykTYypHa iHopMauis;
|, - amicTOBHa iHGbopMmaLisi.

IHpopMaLis NPUNHATTS pilleHb:

I, =p(l,,1,) (7.6)
m-iHopMaLuinHNn Macus,
Pm- anpiopHa NMMOBIpHICTb OTPUMaHHS iHPOpMaLUiMHOIoO MacuBy;
T, Tc — 3aranbHOCUCUTEMHIN Te3aypyc | Tesaypyc nigcucremu
iHpopmaLinHol B3aemogii (0OMiHy);
0 — KopTex napameTpiB cMcTeMn (Moaenb).

B CCY iHdopmauist mae pisHi Buan Ta sikicHi opMu NPOSIBIIEHHS,
TOMY NS BUMipOBaHHSA iHbopMaLinHOro pecypcy (CTPYKTYpHOro Ta
3MICTOBHOr0) NOTPIOHO BUKOPUCTOBYBATU MHOXUHY (OBrpyHTOBaHY

CYKYMHICTb) Pi3HUX iHbOpMaLiNHUX Mip, 40 SKUX Npea ssBNaTbCA BUMOTU:
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- ajekBaTHICTb (BigNOBIAHICTb BUAY i SKICHIN OpMi NPOSIBIIEHHSA
iHdbopmauir);

- Y3romxeHicTb (BigobpaxkeHHs1 cneundikn npegmeTHOI obnacTi, To6To
dyHKuUioHanbHOI nigcnctemn CY Ta peani3yeMoro B Hii TEXHOJSIOMYHOro
npouecy nepepobkun iHpopmaLlii);

- e(peKkTUBHICTb (anropuTMidHa, perynsapHa o64ncnoBaHiCTb);

- aanTUBHICTb (3abesneyeHHs, BU3HAYEHHSA CYKYMHOro
iHbopmavuinHoro pecypcy CY gk cymu KinbkocTen iHpopmauii);

- 3pO3yMIiniCTb (MpUNYyLLEHHS pauioHanbHOI iIHOpMaLiNHOT IHTepnpeTadil).

BukopucTaHHs obrpyHTOBaHOI CYKYIMHOCTI (komnnekcy)
iIHpopMaLinHUX Mip 3 3agaHMMK BUMOramun o KOHKpeTHoi CY gosBonse
peanisdyBatn 3-X-eKCTpemaribHU/A NPUHUMMN pauioHanb-HOCTI nepepobku

iHdbopmauii B CVY:

x
[,= 1, > U;|I" (7.7)
- iHpopmauinHun  pecypc CY Qn HeobxigHO BuKOpUCTaTK
onTuManeHMM cnocobom (*) i nuwe ana npepobku HambinbL UiHHOI
(sKicHol) iHgopmauii Q.*, Ha OCHOBI sIKOI OINCHO MOXNuBE BUPOBIIEHHSA
onTUManbHUX ynpaniib Ug* npyu oBmexeHHi Ha KinbkicTb iHdopmauii JO.
Cnoci6 BukopucTaHHs iHpopmauinHoro pecypcy CY- cneuiansHa
iHpopmaUuinHa TexHONOris sIK CYKYMNHICTb iIHOOpMaLUinHUX npouenyp
dopmyBaHHs (peuendil), iHTepnpeTauil (TepeTBOPEHHS, MOLLYKY,
peopraHisauil) Ta KoMmyHikauii (nepeaaui, 36epexxeHHs) iHdopmau,i.
AxicTb iHopmauil B CY - CyKynHiCTb BNacTnBoCTen iHop-mMadii, aka
XapakTepu3ye CTeniHb il  BignosigHOCTi noTtpebam  KOpUCTyBauiB

(onepaTtopiB, nepcoHana). AKICTb MOXHa po3rnagatM [K  BHYTPILWHIO
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(Bnactuey BnacHe iHopmadii i 36epiraemy npu i nepeHoci B iHWy CVY,
NiACUCTEMY) Ta 30BHILLHIO:

-3MICTOBHICTb (3Ha4yLWicTb, IJEHTUYHICTD, roMmomopiam,
KYMYTSTUBHICTb, NOBHOTA, BUBIPKOBICTb);

-3axuMLLEHICTb (OOCTOBIPHICTb, ICTUHHICTb, 0e3noMUnKoBICTb,
3axMLLEHICTb, NEepPEeLUKOOOCTIMKICTb, MepeLllKoao3axmLLEHICTb, LiNICTHICTD,
onepaTmuBHICTb, CBOEYaCHICTb, FOTOBHICTb, KOHiAEeH-UINHICTb,

[OCTYMHICTb,...)"

7.3. EHTponia Ta ii 3MiHIOBaHHA B CKMagHUX cucremax

[Mpn BUBYEHHI CUrHanIB B kKaHanax cuctem (4vm NpocTo B CUCTEMAX)
npeLwwnm cneum@iyHMm NOHATTSAM € HEBM3HAYEHICTb BUMNAAKoOBOro curHany,
Ana siIKkol BBe4eHa KinbKicHa Mipa — eHTponisi.

Hanpuknaa: skwo geska nogis moxe Bigbytuch 3 BiporigHicTio 0,99
(To6T0 He BiabyTuch 3 BiporigHicTio 0,01), a ansa iHWoi noAii ui ouyiHkn 0,5
Ta 0,5, TO Ang gpyroro BUNagKy Kpawie yTpumaTuUChb Bif NPOrHo3iB- Benuvka
HEBM3HAYEHICTb.

Mipa HeBM3HaAYeHOCTi NoBMHHA OYyTW YUCIOBOK XapaKTEPUC-TUKOLO,
JOYHKLIOHaNoM Big po3nogineHHs.

[Ona ob6’ekta A 3 KIHUEBOK MHOXWHOK MOXNUBMX curHanie A1,...An 3
BiAMNOBIOHMMW MMOBIPHOCTAMU P1,...Pn MIPOKO HEBU3HAYEHOCTI NPUNMaTb

EHTpOonito.

H(4) =H({p, D?iﬂ- logp, (7.8)

! TlpumiTKa: KyMyJISTUBHICTb — HAKONMYYBaHICTh
I'omomopdi3m — 0JHO3HATHA BiAIOBIIHICTE CTPYKTYp 00’ €KTIB, SIKi IIOPIBHIOIOTHCS
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P-WiNbHICTb PO3NOAINeHHA ANs BUNagKkoBOl BENUYMHN.

BnactmnBocTi oyHKUiOHana (sIKk Mipy HEBM3HAYEHOCTI):

1.H(p1, ...pn)=0, nuwe TOOi, KONKN Byab-sike ogHe 3 {p.j=1 (pewTa
HY1I).

Lle BignoBigae BWNAAKOBI, KOMW pesynbTaT MOXHa nepenbayunTu
Hanepen 3 MOBHOK [OOCTOBIPHICTIO, TOOBTO KOMKM BiACYTHA 6yab-gKa
HEeBU3HAYEHICTb. Y BCIX iHWKMX BMMAgKax eHTponis nosntueHa (OoaaTtHs).

Lis BnactmBicTb nepesipsaeTbesa 6eanocepeHbo.

2. H(p1,....... Pn) CsArae HanBINbLLIOro 3HAaYEHHSA NPU P1 = P2 =...= Pn = !
n

- BUNagok HanbinbLwoi HeBn3Ha4veHoCTi. Bapiauia H no pi 3a ymosu > pi=1

pae pi= const = 1
n

3. Akwo A i B - He3anexHi BunagkoBi 06’ekTn, TO

(ANB) = H(A)+H(B) (7.9)
4. Axwo A i B - 3anexHi Bunaakosi curHanm To:
H(ANB)=H(A)+H(B|A)=H(B)+H(A|B), (7.10)

Ae ymoBHa eHTtponis H(B|A) BU3Ha4YaeTbCcsa K MaTeMaTUYHE CMOAiBaHHS
E€HTPONIT YMOBHOIO pO3roifieHHS.

5. ICHy€e HepiBHICTb:

H(A)>H(A|B), (7.11)
O Y3roAXKYETbCS 3 iHTYITUBHUM YSABMEHHAM MpPO Te, WO 3HAHHA CTaHy
ob6’ekTa B MoXxe nuile 3aMeHWnNT HEBU3HAYEHICTb 00’ekTa A, a AKLO BOHMU
He3anexHi, To 3anuwunTb It HE3MIHHOHO.

LlikaBa ocobnmBicTb: ans obepHeHol 3agadi, To6To npu BaxaHux

BNACTUBOCTAX Mipy HEBMU3HAYEHOCTI 3HaUTU yHKUiOHan 3 BKa3aHUMU
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BNacTUBOCTAMM — nuwie yMOBM 2 Ta 4 OO3BONSAOTb po3B’si3aTu 3agadvy
OAHO3HA4YHO (3 TOYHICTIO 4O NOCTIMHOIO MHOXHWUKA).

OudepeHuivHa __eHTponia: [[ae MOXMMBICTb  y3ararbHUTU  Mipy

HEeBW3HA4YeHOCTI Ha HernepepBHi BUNaaKoBI CUrHanM:

h(x) = —[ p(x)log p(x)dx (7.12)

Lle aHanor eHTponil AUCKPETHOT BENNMYNHU, ane YMOBHWUW, BiGHOCHUN.
Cmucn: Ha4yebTo MOPIBHIOETLCS HEBU3HAYEHICTb BUNAAKOBOI BEMUYMHU 3
LWINBHICTIO pO3noAineHHa p(X) 3 HEBM3HAYEHICTIO BMMAAKOBOI BENUYMHN,
PiIBHOMIPHO pO3noAineHol B 0AMHUYHOMY iHTepBani, Tomy h(x) Ha BigMiHY
Bia H(x) moxe OytTn He Tinbkn pogatHbow. MiHaeTbca TakoX h(x) vy
BUNagKax HEemMiHIMHUX NepeTBOPEHD LKA X, WO B OUCKPEHTHOMY BMNAOKY
3HAYEeHHS HE MaE€, peLuTa - aHanorivyHo.

[MpakTMYHE BUKOPUCTAHHS: SAKLLO npn aOedaknmx obMexeHHsaX Ha

BMMaAKOBY BeENUYMHY HEOOXiOHO 3agaTu KOHKPETHEe pOo3noaineHHs, To

BUKOPUCTOBYETHCA NMPUHLNIM MakCUMyMa eHTPOTil: i3 BCiX pO3noAifeHb, SKi

Bi4MOBIQAOTb iICHYIOYMM OOMEXEHHAM, peKkoMeHOYyeTbCcAa obupatu Ti, AKi
MalTb MakcumarnbHy AudepeHuinHy eHTponito. (TobTo Makcumym
EeHTpOoNil rapaHTye HanbinbLWy HEBU3HAYEHICTb, NOB'A3aHy 3 TUM, LLO MW
MaeMo cnpasy 3 HaWripLwWmM BUNALKOM 3a JaHUX YMOB).

[nsa BunagkoBoro npouecy 3 AUCKPETHUM YacoM Ta AUCKPETHOR
KIHUEBOIO MHOXMHOK MOXINUBUX CTaHIB €HTporniss noe’3aHa 3 WOoro
dyHOaMeHTanbHUMU BNacTUBOCTAMM.

Ha3BeMo KOoXeH CTaH npoueca CMMBOSIOM, MHOXUHY MOXITMBUX CTaHIB
- andasitoM, IX uyucno m-o6’emom andasita. 4Yucno MOXIMBUX

NOCNIAOBHOCTEN [OOBXMHW N OOPIBHIOE M ", a nosiBy KOHKPETHOI

141



NOCMiAOBHOCTI MOXHa po3rnagaTtu sk peanisauito ogHiel 3 m " nogin.
3HaluyM NMOBIPHOCTI CMMBOSIB Ta YMOBHI MMOBIPHOCTI MOSIBU HACTYMHOrO
CMMBOSa, SKWO BigoOMWI nonepeaHin (y BMNagky IX 3anexHoCTi) MOXHa
obumcnutn mosipHicTe P(c) ona koxHoi nocnigosHocTi C. EHTponis

MHOXWHWM {C} , 32 BUSHAYEHHSIM:
H, =~ p(c)log p(c) 713
cele} '

[lna cTauioHapHOro BUNagKkoBOro rnpoleca eHTponis

. H
H = lim (7.14)

n— ®© n
Ha MHOXMHI {C} MoxHa 3agaTh Oyab-sKy YncnoBy dyHKUitO £,(C), sika

€ BUNaakoBoOK. BusHaummo:
1, log p(C) (7.15)

a MatemaTudHe crofiBaHHA Uiel QyHKUil
1
M, (O]= 2 PO, (€)== p(C)log p(C) 7.16)
C c

Togni,

M [— L og p(C)} ", ,
n n

1 (7.17) (7.18)
lim M[— —log p(c)}zH
n

n— o

Lla 3anexHicTb uikaBa cama no cobi, ane BoHa € NposiBOM 6GinbL
3ararnbHOI BNacTUBOCTI ANCKPEHTHUX EPrognyHMX MNPOLECIB:

- He nuwe M[f,(C)] npn n -« Mae rpaHuueto H, a 1 cama BenuunHa

fn(C) >H npn n - . Opyrumn cnosamu - npu Bennknx » 6nuskictb fn(C)

0o H € mamxe oOCTOBIpHOK Nogi€to.
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[nsa eprognyHnx BUNagKkoBuX NpoLEeciB MOXHa cchopmMynioBaTt psag
HacnigKiB:

1. HesanexHo Big MMOBIPHOCTI CMMBONIB | CTATUCTUYHUX 3B’SI3KIB
MK HUMW, BCi peanisauii BUCOKOMMOBIPHOT rpynv Npubrn3Ho piBHOMMIpPHI.

Lito  dpyHOoameHTanbHy BracTUBICTb  Has3MBawTb  “BIAaCTUBICTIO
acuMNTOTMYHOI piBHOpO3MnoAineHocTi”. 3a BigoMoi nMmosipHocTi P(c) oaHiel

3 peanisauin rpynn MoxHa ouiHMTy ymicno N1 peanisauin B Wi rpyni:

1
1T 7.19
p(c) (7-19)
2. EHTponia Hn 3 BUCOKOIO TOYHICTIO JOPIBHIOE fiorapudmy 4Yucrna
pearni3ayin BUCOKOMMOBIPHIW rpyni:
H,=nH =log N, (7.20)

3. MNpu BenNuKMX n BUCOKOWMMOBIpHA rpyna 3BUYANHO OXOMS0E NULL
Many o5k BCiX X peanisauin (3a BUMHSATKOM BMMNAgKy PiIBHOWMOBIPHUX Ta
He3anexXHUX CMMBOIIB, KONW BCi peanidauii piBHOMMOBIpHi i H=log m ).
ICHYtOTb OO’EKTUBHI 3aKOHM 3MiHIOBAHHA E€HTpOMil B CKMNagHWX cuctemax
Oyab-aKol NpUpoan, OOHUM 3 SKUX € 3POCTaHHS Ta 3MEHLLUEHHSI eHTponil -
3MiHa HeBNOPSAKOBAHOCTI, Xaocy (CTaHy, Konu noBefiHka Oyab-AKoro
eneMeHTy CUCTEMW He 3arnexuTb Big MOBEeLiHKM peLuTn eneMeHTIB |
KOXXHOro 30Kpema). Llen 3akOH BM3Ha4ae cTaH OpraHi3oBaHOCTI CUCTEMU
Byab-sikoi NpUpoawn, WO OAHO3HAYHO MOB’A3a-HO i3 CTENEHEeM BiAKPUTOCTI
cuctemu o. B nosHicTio 3akpuTin cuctemi (o=0) Hemae B3aemMogii 3 iHWUMHK
cuctemMamMn Ta 30BHILWLHIM cepeaoBulleM Woao obminy iHdopmauii. Lle 3
yacom 000B’I3kOBO npu3Bede A0 36iNblUEHHA €eHTponii, 3POCTaHHS

6e3nopsiaKy, HEoOpraHisoBaHOCTI Ta xaocy.
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[MoBHiCTIO BIiOKPUTI cuUCTEMU (0=Omax) € JMLIE TEOPETUYHOI
ideanisauieto, peanbHi CUCTEMM MalOTb KiHLEBE 3HAYEHHS BIOKPUTOCTI
(O<o<amax). Konn 3pocTaHHs Ta 3MeHLWEeHHS eHTPonil KOMMNEHCY0Tb OAWH
OQHOrO, BUHMKAE KPUTUYHUI piBEHb opraHisadii Ex, aknin Tum 6inbunn, ymm
Ginbwa cTeniHb BIAKPUTOCTI CUCTEMU. AKWO ONS KOHKPETHOI CuUcTemMm
piBeHb opraHisauii E>Ex (Le Bignosigae GinbwoMy 3Ha4YeHHI0 eHTpOonil), TO
opraHizauia Hwk4a. B npoueci camoopraHisauii BigOyBalTbCsl CTPYKTYPHI
3MiHM B cucTeMi, 36inbLUYETbLCS OpraHi3o-BaHiCTb. Baxnunee micue 3anmae
CaMOY3ropKeHHa aii  enemeHTiB. Cuctemu i3 camoopraHisauieto €
npeamMeToM OocnigXeHb HayKoBOI AUCUMMSIHKN “CuHepreTmnka”.

PeanbHi cuctemmn B3aemopiloTb i3 30BHILIHIM cepefoBuleM Ta
IHWUMKN cuctemamu, TOMY iX eHTPOriA NOCTINHO 3MIHIOETLCS (EHTPONINHI
KONIMBAHHSA), WO 3anexaTtb Bif cTeneHi 1X BIOKPUTOCTI. |HTEHCUBHICTb
30BHIWHLOrO AisiHHA Ha CUCTEeMY He MNOBMHHA MNepeBuLLyBaTU LEAKOro
3Ha4yeHHs,, nicna  49KOro  cucTtemMa  pymHyeTbcs  (He  BCTurae
CaMOOpraHi3oByBaTUCb AOCTATHBLOK Mipoto). [Ansa TpuBanoro crtabinbHOro
JYHKLIOHYBaHHS Byab-AKOT cMcTeMn HeobxigHO 3abe3neunTn onTumarnbHe
CNiBBIAHOLUEHHS TaKUX MOKA3HUKIB: CTerneHi BiAKPUTOCTI; MOYaTKOBOro

piBHSA opraHisauil Eo; yncna enemeHTiB Ta NigcucTem.

7.4.EHTponinHo-iHdopmMauinHi cniBBiAHOLWEHHSA npoLlecy
ynpaBniHHA
IHpopmauis Ta Ti xapakTepuctnkn GesnocepeaHbO BNAMBaKOTb Ha
BMOPSIAKOBAHICTb CUCTEMU, OETEPMIHOBAHICTb MIXKENIEMEHTHUX 3B’A3KIB
CTPYKTYpU. Buxogsaum 3 doyHOameHTanbHUX 3anexHoCTen And eHTponil,

MOXHa BU3HAYUTM TaKi 3aKOHOMIPHOCTI:
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- npun B3aemogil aBox niacuctem A i B BigbyBaeTbca [OBiNbHE

HakonuyeHHs iHpopmauii (Hacnigok Teopemu K.LLeHHOHa), a eHTponia:
H(A;B) < H(A)+ E(B) (7.21)
BnopsagkyBaHHA  CTPYKTYpW,  3MEHLUEeHHS  CyMapHOl  eHTponii

CYNPOBOXKYETLCS 30iNbLUEHHAM CTPYKTYPHOI iHGhopmaLlii:

Als = H(A)+ H(B)- H(4;B) = AH >0 (7.22)
-AKWO  MiACMCTEMM HE  MOXYTb  B3aeEMOLiATM MK  cobolo,

BNOPSAAKYBaHHS CUCTEMW He BiabyBaeTbCs, a MnpUPICT CTPYKTYPHOI

iHpbopmauit:

Als = H(A)+ H(B)- H(4;B)=0 (7.23)

Kpim TOro, cnpaBseanvemnin Bupas:

Als=Hmax- Hpeaane=AH (724)
TOBTO, KiNbKiCTb iHdOpMaLii, sika 30epiraeTbCa B CTPYKTYpi CUCTEMU €
PI3HMLE MK 3HaA4YEeHHSIM MaKCMMasribHOI eHTpornil npu OAMHAKOBUX |
He3arneXHUX MMOBIPHOCTAX CTaHiB eneMeHTiB, NiAcCUCTeM p1, P2...pn i 1l
peanbHUM 3HaYEHHAM NPU HEOOMHAKOBUX 3HAYEHHSAX P1, P2...Pn.

[ns peanisauii npouecy ynpasniHHA cknagHMm o6’ekTom HeobXxigHo
3abe3neunTn Taki BUMOrH:

1. [nsa 3MmeHLweHHs eHTponii o6’ekTa 3 piBHA Ho A0 NOTpiOGHOro
Hnor HEOBXIQHO | [OCTATHBLO, WOG KiNbKiCTb iIHGPOpMaLil Ky OTpUMye
ob’ekT, byna

I, =H —H

nomp nomp

(7.25)

Akwo cuctema ynpaeniHHA 6yane nepegaBaTtM Ha OG’€KT MeHLWy
iHdopMaLito I'<lnorp, TO KiHUEBa eHTponia H¢ 6yae 6inbuio Huem, a npu

I'>lnorp  6yAe Hi<Hnorp | MOXNMBaA pisHOMaHITHICTL cTaHiB  06’ekTa

145



ynpaBniHHA 3HU3UTbCS, a CTeniHb MOro OpraHi3oBaHOCTI MiABULINTLCA 3a

paxyHOK rnokasHuka BrnopsiakoBaHocTi R.
[ns ineanbHoro ynpaeniHHa X = xga,H(x) -0,

Mpunyctumo, wo CY Moxe nepeaasaTtu noTik iHdpopmauii F '(t) 3a yac

Tv. TOAI 3@ OANH UMK B 06’€KT BHOCUTBLCA KinbKICTb iHdopmauii
TK
I° = j F(t)dt
( ) (7.26)
0

| X—>X3a.

Akwo pie nepewkoga f, TO eHTponis npuBedeHOI A0 Buxoay
nepewkoan — H,(x)

He= | Fy()dt (7.27)

Fs-IHTEHCMBHICTb NepeLukoan

Topni pns ob’ekTa

HX)=Ho(X)* # , (x) - 1~ (7.28)
Akwo H(x)=Hnorp, TO
Ho(X)-H(X)=lnorp (7.29)
TobTo:
lnorp=1*-Hs (X), (7.30)
a "> lhorp + Hr(X) (7.31)

a6o I 2F,+F,

-
F aFy - cepefHi NOTOKM iHdopMauil yrnpaeniHHA Ta eHTponil

nepeLwuxko.
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2. Axkwo 4yac ynpaBniHHA He 0OMexeHO i lporp < oo, TO AOnd
BCTAHOBMEHHA 3aJaHol BMNoOpSOKOBAHOCTI CTaHiB ob’ekta ynpasniHHA

HeoOXigHo i gocTaTHLO, WOO

—_k —_—
F —-Fy>2g>0 (7.33)
HINCHO lnorp OBMEXEHO, TOMY 3aBXAW MOXHA 3HAWTWU Takun 4ac

ynpasniHHA T, wob

I,>1,,, (7.34)

TOGTO  MOXNMBO  BCTAHOBIIEHHA  MOTPIOHOrO  piBHA  NOKa3HMKa
BNOPS4KOBAHOCTI.

Hacnigkw:

-aKkWwo H(x) — gudpepeHuioBaHa (yHKUIA Yacy, TO WBUOKICTb 3MiHW
eHTponii o6’ekTa ynpaBniHHA OOPIBHIOE PIi3HULI MNOTOKY eHTponii
npuBedeHnxX rnepeLlkos Ta NoToky iHpopMauil, sKi LMPKYNOKTb B KOHTYPI
ynpaBniHHS;

-opraHisauisi npouecy 306inblUyeTbCs ToAi | TiNbKM TOAi, KOMM MNOTIK
iHpopmaLil, dka Uuupkynoe B cuctemi, BinblinMiA 32 YTBOPEHUM MOTIK
eHTponil NpuBeAeHNX nepeLuKkoa. Toai eHTponis npouecy 3MeHLYETbCS.

3. Onsa Toro, wob yac ynpaeniHHA T O6yB He Oinbwnin 3agaHoro,

HeobXxigHo i JocTaTHLO, WOO

* T Inomp
F'=F, 2" =F, (7.35)

nomp

Trorp - 384aHUI YA€ BCTAHOBIEHHSA NOTPIGHOT CTATUCTUYHOI

BNOPSAKOBAHOCTI 00’ekTa ynpasIiiHHS.
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4. [Insa Toro, wob CY 3abesnevyBarna piBeHb BNOPSLKOBAHOCTI CTaHIB
(npoueciB) ob6’ekta He HUXYe Rporp, HEOBXIOHO | AOCTaTHLO, LWOO BOHA
Maria cepeHto NMoTYXXHICTb HE MEHLUY, HiXK

— 1 N

F=—(F +F

Lia piBHICTb OTpUMYy€ETBLCA 3

*

Fo>F + ﬁ (7.37)

BukoHaHHSA ymoBuM 7.36 3anexuTb Big 3HadeHHs p. [pu p=0.5 ymoBa
He MoXe BUKOHyBaTucb, a npu p<0.5 CY gesopraHisye npouec, OCKifbKn
I*(X,U)<0.

IHpopmMaUinHMin NigXia gae MOXIMBICTb OUIHUTU BIIACTUBOCTI CUCTEMMU
ynpassiHHA He3arnexHo Bif 11 CTPYKTYpMW.

3 UMX NO3MUIN LiKaBO PO3rNAHYTU KNacU4Hi NPUHUMNK perynoBaHHA
(ynpaBriiHHSA):

1. 3a BigxineHHaAM:

eHTponia perynboBaHMX 3MiHHUX HE MOXe OyTM MEHLUOK NpuBeaeHOT

eHTponii nepewkog H#(x).

Lle 6a3yeTbcs Ha TOMy, WO B CUCTEMI BUKOPUCTOBYETLCS iHbopMauia
nuLie Npo crnocTtepiraemMi 3MiHu.

2. 3a 30ypeHHaAM:

EHTpONIis ynpaBnseMol CUCTEMU HE MOXE BYTU 3MEHLLEHOIO.

Mpn uboMy ynpasfiHHI He BOAETbCA 36epertm CTaTUCTUYHY
opraHisauito CUCTeMM Ha NEeBHOMY PiBHi. HeaMiHHICTb eHTponii MoXnunea
nuuwe Toai, Konu BCi 36ypeHHs1 cnocTepiratoTbes, a hopMyeMi ynpaBniHHS
HacCTINbKM afekBaTHi M, WO BCi XapakTePUCTUKN CUCTEMU iHBApPIiaHTHI

BIOIHOCHO UMX (paKTopiB- Le HEeMOXISIMBO Ha npakTtuui. He guenaymncb Ha
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Yy4OBY BracTuBiCTb “He nponyckatn” 30ypeHHs, LUen npuHUMn He
3abeaneyye NOTPiGHOT BNOPSAKOBAHOCTI.

3. KombBiHoBaHWM:

cTaTMCTMYHa oOpraHisauis npouecisB B 00’ekTi ynpasriHHA OinbLu
BMCOKa, YMM npu 1 (3a BigXUIeHHAM)-3a paxyHOK BBeOEHHS 00O4aTKOBOI
iHpopmauii 3a 30ypeHHsM.

Mo>xHa 3MeHLWNTM BUMOrM Ao ob’emy iHdpopmauil, ane ycknagHeETbCS
CVv.

HopaTkoBi meToamn ynpaeniHHa B CCY:

-ynpasniHHS 3 MPOrHO30M. BUKopUCTaHHA NpOrHo3yto4ol iHpop-maLii 3
ypaxyBaHHAM MOTOYHOI Ta MUHYINOI (MpO noBefiHKy oO6’ekTa B Pi3HUX
cuTyauisix) [a€e  MOXNUMBICTb 3abe3neynTtyn Oinbll  BUCOKUW  pPiBEHb
BNOPSAAKOBAHOCTI NPU MMOBIPHOCTI NPOrHoaytoYyoi iHopmauil Pnp>0.5 . Tyt
rosioBHa npobnema — HaginHiCTb NPOrHo3y.

-yrpasfiHHA “3 nam’atTio”. BOHO MoOxnuBe nuuwe 3a ymoBM , O
cuTyauia ctabinbHa i Mano 3aMiHIETLCA 3a Yac poboTu ob’ekTa.

[Mpn ynpaBniHHI cneuudivyHOO ocobnueicTio  iHopmauil € i
30epexXeHiCTb Npu KOPUCTYBaHHI, WO A€ MOXMMBICTb GaratopasoBoro
BUKOPUCTaAHHA OZHIET | TiEl X iIHdhopMaLil 4na pisHUX winen i gin: Ha BigMiHy
BiZl pe4OBWHM Ta eHepril iHpopMmauia “He poswwenntoeTeca”. Npu nepenavi
mkepenom | iHopmMauil MHOXMHI KOPUCTYBaYIiB N KOXEH 3 HUX NMpunMae
TaKy XX KinbKiCTb iH(popMmauil, fka BuaaBanacb gkepenom. [lpn ubomy
KopucTyBadi (Nnpuimadi) MoXyTb popmyBaTH i BUAaBaTh pPidHy iHdopmaLito
3a 3MICTOM | KiNbKICTHO |1,...In.

[1, c.109-123, 3, c.174-245]
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KOHTpONbHI NnUTaHHA
1. [ante BM3Ha4yeHHs iHdopMauil Ta Ti 3HA4YeHHs1 B CKNagHuX

cuctemMax ynpasniHHA.

2. B yomy nonsratoTb iHdopmauinHi 6ap’epn?

3. HasBiTb oopmMun nposiBneHHst iHdhopmalli.

4. Knacudikauiss Ta BU3HadeHHsa BuAiB iHopmauil B CKnagHux
cucrtemax.

5. Bumorn go iHdopmaldii.

6. [laniTe BU3Ha4YEeHHA TEPMIiHY “eHTponisa”.

7. BriactusocTi eHTponil K Mipu HEBM3HAYEHOCTI.

8. AK 3MIHIOETLCA EHTPONIA B CKNagHUX CUCTEMaX.

9. [anTte eHTpoNiNHO-iIHOOPMAaUiHI OLIHKM Npouecy ynpasniHHA.

8. MPUUHATTA pilleHb B CKNagHMX cucTemMax
8.1. NMpobnema BMGOpPY Ta NPUUHATTA pilleHb

Bubip 3aBxan BxoauTb OOHMM 3 eTaniB B UinecnpsiMmoBaHy
AiANbHICTL  pa3oM 3 MoAentoBaHHAM, nepegadetd  iHdopmalii,
€KCNEePUMEHTOM i T.4.

Bubip — ue aia, sika npugae BCi OiANbHOCTI LiNnecnpsimo-BaHiIiCcTb i
came BMBIp peanisye nignopsakyBaHHSA BCI€l OIANbHOCTI MNEBHIN MeETi 4n
CYKYIMHOCTI Winemn.

CnpaBa B TOMYy, WO paHO 4YM Mi3HO HACTyNnae MOMEHT, KONw
noganbwi Al MOXYTb OyTW pisHMMK, 3 pisHUMU pesynbTaTamu, a
peanisyBaTM MOXHa nuwe OAHy Ao, NpMYoMy MOBEPHYTUCH [0

nonepenHbOI CUTYyaUii BXe (K NpaBuio) HEMOXIUBO.
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3pobunTtn npaBunbHUN BUBIP — HAA3BMYAMHO BaXXNMBa SKICTb: BENUKI
NonkKoBoALi, BUOATHI MOMITUKN, reHiarbHi iHXXEHepWU Ta BYEHi, TanaHOBUTI
agMiHicTpaTopy 3aBXOW BIOPIBHANUCb BMIHHAM NpUAMaTUM  HaMKpaLli
piLleHHs1, 3p0buTK HarKpaLLmn Bubip.

OcobnmnBoCTi UbOro poay AisfIbHOCTI:

- NoBHa popmanisauis, anropuTMmisauia Bnbopy MoXnuea nuwe Ans
nobpe BM3HaveHnx (4obpe CTpykTypoBaHMX) 3agavy;

- AN NoraHo BM3HAYeHuX, NoraHo CTPYKTYpOBaHUX 3aga4y hopmMarnbHUX
anropuTMIiB He iCHye (SIKWO He BpaxoByBaTW TpuMBIanbHOro i ganeko He
3aBXau MPURHATHOrO anroputmy nepebopy, To6TOo MeToay cnpod Ta
NOMMNOK);

- Ha CbOroAHi HanKpaLMm WNaxX — BUKOPUCTAHHA MOXITMBOCTEN NIOANHN
OpPIEHTYBATUCb B HEBU3HAYEHUX CUTyaUisX Ta creuiaribHUX Cy4YaCHUX
KOMMIOTEPHUX CUCTEM — [ianorosi CUCTEMU 3 IHTeNeKTyanbHUMU
nigcuctemMamu nigTPUMKMU NPUAHATTA  PilleHb, €KCNEepTHI cuctemu,
IHpopMaLiMHO-MOLLYKOBI Ta iHLUI.

Byoemo npencraBnATU NPURHATTA pilleHb AK Ail Hag MHOXWHORK
anbTepHaTMB, B peaynbTaTi 4Yoro BUAINAETHCA NIAMHOXWHA 0BpaHMx
anbTepHaTMB (44 OOHa anbTepHaTuBa). 3BYXXEHHS MHOXWHU anbTepHaTus
MOXINMBO TOAi, KONU € crnocid NOpiBHAHHSA X MiXX cOOOK Ta BMAOINEHHSA
KpaLwjmx.

Ona npobnemun BMOOpY XxapakTepHa MHOXWHHICTb 3agady. MoxyTb
OyTn BapiaHTu:

- MHOXWHa anbTepHaTUB KiHLEBa Y KOHTUHYanbHa;
- OUiHKa anbTepHaTUB 34IMCHIOETBCS 3a OOHUM YU KinbKOMa Kputepiamm

(KINBKICHAMM YU AKICHUMN);
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- pexum Bubopy MoOxe Oyt ofgHokpaTtHum (pasoBum) abo 3
NOBEPHEHHSAM Ta HaBYaHHAM Ha OOCBifi (Ha eKCnepuMeHTi);

- Hacnigkn BuMbBopy MOXyTb ByTM TOYHO BigomMumu (BUBIp B yMoBax

BU3HAYEHOCTI), MaTh iMOBIPHICHUI XapakTep (BUBip B yMOBax PO3BUTKY)

abo MaTM HeOAHO3HaYHWIA pe3ynbTaT, KU He AOMycKae BBEAEHHS

NMoBIpHOCTEN (BMBIp B YMOBax HEBU3HA-YEHOCTI);

- BignoBiganbHiCTb 3a BUbiIp Moxe ByTn oaHO — 4M 6araToCTOPOHHBLOLO:
iHAMBIQyanbHWI Ta rpynosui Bubopu;

- CTeniHb Y3roQXEeHOCTi uinien npu 6araToCTOPOHHLOMY BUOOpPI MOXe
3MiHIOBaTUCb BiZl MOBHOMO Y3roKeHHsa (CniBnagiHHSA) iHTepeciB CTOPIH
(koonepaTmBHU BUBIP) A0 X NPOTUNEXHOCTI (BMBIp B KOHAMIKTHIN
cutyadii). MoxnumBi i NPOMiKHI BUNagku — KOMNpomicHUM BuGip, Bnbip B
yMOBax 3pOCTaryoro KoHgnikta i 1.4.

KputepianbHa MoBa onucy BubBopy, HamyacTiwe BUKOPUCTO-BYETbLCS,

WO Oa€ MOXNUBICTb Npunucatn (YN BU3HAYUTK) ONS KPUTEpIiB vmicna i
NnopiBHIOBATH IX.

AKLWOo X — gedka anbTepHaTMBa 3 MHOXUMHU X, TO ANs X € X MOXHa
3agatm pyHKUito q(x) — KpuTepin (AKocTi, uinboBa QYHKUiSA, GYHKLINA
KOPUCHOCTI i T.4.), iIka Mae Ty BMacTUBICTb, LLO KONW anbTepHaTMBa Xi
Kpawa Xz (X1 > Xz), 10 q(X1) > q(X2).

Tenep, SKwWoO BBaxaTn, WO BUOIp Oyab-sIKOI anbTepHaTUBK
NpMBOAMTbL OAHO3HAYHO OO0 BiAOMMX Hacnigkis (B ymMoBax BWU3HAYe€HOCTI),
TO Haukpalloto anbTepHaTMeol X € Ta, AKka Mae Hanbinblle 3Ha4YeHHSs
KpUTepito:

X =arg max g(x) (8.1)
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Ane 3apgaya nowyky X € HaasBuyanHO cknagHow, 6ararto-
KpuTepianbHOW, 3anexuTb Big xapaktepy q(X) (pyHKuUis 4n doyHKUioHan),
HasIBHOCTI eKCTpeEMYMIB i T.4.

B cknagHmnx cmuctemax ynpaeniHHA po3rnagaeTtbCA CIMEenCcTBO Nia-
npobnem, po3B’A3aHHSA SKMX Ja€ PO3B’A30K 3ararnbHoi npobrnemu. B cBoto
Yyepry KoxHa 3 nignpobnem moxe 6yTn AOCTaTHBO CKNagHoo, Tak, LWo Ans
11 po3B’si3aHHA TeX AOouiNnbHO BMKOpUcTaTM OaraTowapoBun nigxia
(Hanpuknag, dyHKUioHanbHy iepapxito) abo cpopmyBaTn okpemy baraTo-
eLlenoHHy cucTemMy (SIKLLO OO3BONATb pecypceu i vac). MNpuknag — poboTa

KPYNHUX OpraHiB nnaHyBaHHA koprnopaduin (puc.8.1.).
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Puc. 8.1. CTpyKkTypa NPUNHATTA pilleHb
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3 ypaxyBaHHAM 0OCOONMBOCTEN Ta 3aKOHOMIPHOCTEN CKMagHUX
CUCTEM MOXHa BW3HA4YUTW 3ararnbHi pUCUM 3adad Ta ponb NigcucreMm B
pamkax iepapxi4Hoi cMcTemu:

1. EnemMeHT BepxHbOro piBHA 3aBXaW Mae crnpaBy 3 6inbll KpPYNnHUMM
nigcnctemamm abo 3 GinbLU LWMPOKMMUK acriekTaMmn NoBeaiHKN CUCTEMU B
Linomy.

Mpn 6GaraToelwenoHHih iepapxii enemMeHT BEPXHbOro piBHA €
‘kOMaHOHMM” NO BIOHOLWUEHH A0 [OBOX i Oinblue enemMeHTiB, a WNoro
PilLEHHA KOOpAMHYE POBOTY UMX €NEeMEHTIB Y BigNoBIiAHOCTI 4O MeTu Angd
CYKYMHOCTI BCIX NignopsiagkoBaHMX MOMYy enemMeHTiB. [ns KoHuenuil wapis
eneMeHTM BepXHbOro piBHA BigMoOBigawTb 3a MOBEdiHKY CUCTEMU Ha
npoTasi 6inbw TpmBanux Bigpi3kiB 4Yacy. LLo6 oTpumaTtn iHdopmauito,
NOTPIOHY ANA 3MEeHLWEeHHsT HEeBW3HA4YeHOCTi, Wap HaBYaHHA MOBMHEH
NPOBOANTU CMOCTEPEXEHHS Ha NPOTA3I pagy nepiofiB NPUNHATTS pillleHb
Ha nepwomy wapi. Ona 3MiHM CTPYKTypu cTpaTerii NPUAHATTS pilleHb
TpeTin wap (Wwap camoopraHisadii) TOBUHEH CriocTepirat 3a AisMU HUXKHIX
LWapiB Ha NpoT4asi We Binblworo nepiogy 4ac, ToMy WO OS5 OUiHKA AKOCTI
cTparTerii HaB4aHHs il HeobXxiaHO BUNPobOBYBaATN NPUHAWMHI Kinlbka pasis.

AHarnoriyHo — Ans KoHuenuii ctpaT: cuctema Ha Oyab-sIKOMy piBHi
YTBOPIOETHCA 3 NIACUCTEM HWXKHIX PiBHIB, i TOAi OiNbll BUCOKa cTpaTa Mae
cnpaBy 3 OifibL 3aranbHMM acneKkToM MOBEAIHKN BCIET CUCTEMMN.

2. lepiog NPUMHATTA pilLEHHS ONS efleMeHTa BEPXHbOro piBHA GinbLUMA,
HXK NS eNleMEeHTIB HUXKHIX piBHIB. NS KOHUenuil wapa Ta cTtpaTtu ue
OYeBMOHO, a Ans KOHUenuil ewenoHa ue o3Hadvae: ynpaeniHHA Big
BULLOro enemMeHTa He MOXYTb NOCTYNUTU YacTiwe AOisiHb, SKi BUAAKTb

HWXKHI  enemMeHTn, noBefiHKa SKUX KOOPAUHYETbCS BUWUM. Y
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NPOTUNEXHOMY BWUNAAKy HE MOXHa OuiHMTM  BaxaHun  edekT
(koopauHaui).

3. EnemeHT BEpXHLOro piBHA Mae cnpaBy 3 BinblU NOBINbHMMKM acnekTaMmu
noBefiHkM Bciel cuctemu. Lle 3HaunTb, WO BEPXHi PiBHI HE MOXYTb
pearyBaTu Ha Taki 3MiHM B HaBKOJIMLLHbOMY CepefoBULLi YM B CaMOMy
npoueci, ki BiaOyBalOTbCA LWBMALWIE 3MiHW, 3 SKUMW MalOTb CnpaBy
HWKHI piBHI, 60 OCTaHHI pearyloTb LWBMALWE, MaloTb cnpaBy 3 OinbLu
YacTUMW, NoKanbHUMN 3MiHAMM.

Hanpuknag, akwo Ha cMCTeMY AiloTb CUrHanNM pPisHoOIl YacToTu, TO BCHO
MHOXWHY F MOXHa po3buTtn Ha NigMHOXWHW F4, ... Fn, @ Ha KOXHOMY Luapi
(i-ToMy) enneMeHTU pearylTb nuwe Ha vYacTtoTy Fi.

4. Onucn Ta npobnemMn Ha BEPXHiX PIBHAX MEHLU CTPYKTYpPOBaHi, MalTb
Ginbwe HeBM3HayeHocTen Ta OGinbw TpyaHi (Baxki) ANS  KiNbKICHOI
dopmanisauii. Cama npobnema npUNHATTA pilleHb Ha BEPXHIX PIiBHSAX
MOXe po3rnggatucb K OGinbw  cknagHa. MoxHa 3actocoByBaTtu
HabNWXeHi MeToaun, ane ToAi TOYHICTb 3HMXKYETLCS | pe3ynbTaTtn 6yayTb
MaTW HU3bKY LiHHICTb.

[Ansa KOXHOro piBHA € CcBi chneundiyHmn Habip 3acobiB  Aans
pO3B’A3aHHS 3a4a4, MeToAiB Ta anroputMmiB. Hanpuknag Ha:

wapi eubopy — ynpaBniHHA i3 3BOPOTHUM 3B’A3KOM, YNCESTbHI MeTOAN
onTumisau,r;

wapi adanmauii — ctTaTUCTUYHI MeToam Ta po3ni3HaBaHHsS 06pasiB;

wapi camoopeaaHizauii — eBpiCTUYHI MeToaMN.

B 3agayax BepxHbOro Lwapy Baxko 3abe3neqnTy NnpocTUn YncenbHuUi
PO3B’A30K, TOMY TYT BWKOPUCTOBYETLCA “BTPYYaHHS B KPUTUYHUX

cuTyauisix”, TOOTO OUIHIOKTb 3aranbHy XapakTepuUCTUKYy Ta BHOCATb
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CTPYKTYPHi 3MiHW JiMWe Tohi, KOMW XapaKTepWUCTUKU NOrip-LyTbCS
HaCTINbKK, WO 3MiHX CTaloTb HEOOXiOHMMMW.

CknagHi B3aEMO3B’A3KM MiXK PIBHAMW BUKIIMKAHI TakoX OBMEXEHOH
“NPOOYKTUBHICTIO” efleMeHTIB, AKi NpunMaroTb pilleHHA. Toai 060B’A3K0BO
BUHMKAE OaraToellenoHHa CUCTeMa, a €EfIEMEHTU BEPXHIX eLlerioHiB

MOBWHHI BUTpa4yaTty BinbLue Yyacy Ha NOLUYK pilleHb CBOrO PiBHS.

8.2. Mogeni NPUMHATTA pilleHb B CKNagHUX cMcTemax
ynpaBniHHA
Mpobrnema NpUMHATTS pilleHb BUMHUKAE NPakTUYHO B YCiX cdepax
LinecnpsiMmoBaHol AisnbHOCTI | € NPUMHUMNOBO CKnagHow. pu CTBOpPEHHI
CKnagHuMxX CUCTEM ynpaBniHHA BMHUKAE HEOBXiOHICTb NPUIHATTS 6araTbox
pilleHb CTOCOBHO CMCTEMM B LiNIOMY, a TakoX I NigCUCTEM Ta efleMeHTIB.
Lli pileHHa MalTb TEexHIYHUMW, opraHisauinHMin Ta  ynpaBniHCbKUA
xapakTtep. [lpUAHATTA Henpa-BUMNbHUX, HEOBrpyHTOBAHWX pillEeHb B
Cy4aCHMX YyMoOBax MPOBOAUTbL A0 TsKKMX Hacnigkie (YopHobunb,
Aparnbcbke Mope...)
Takum ymHoM, npobriema NPUNHATTS PiLLEHHSA
- UeHTpanbHa npobnema ynpasniHHA 06’ekTamu Ta cuctemamm 6yab-
AKOI NpMpoau (CKnagHUMK Ta BENUKNMM).
Mpobnema NpUNHATTA pilleHb PO3rNA4aceTbCs B Cy4aCHUX HayKOBUX
ancuunniHax:
- MaTtemMaTudHe rnporpamyBaHHS;
- Teopid irop;
- Teopist CTaTUCTUYHUX PiLLEHb;
- Teopia oNTUManbHOro ynpasniHHS;

- JocnigXeHHa onepauin;
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- CUCTEMHUM aHani3 i iHLwW.
[ns BCiX uMx OMcumnniH icHye ogHa npobrnema — HaykOoBWI aHani3
MOXNMBUX cNOcoBiB Ail 3 METO BM3HAYEHHSI HaWKpaLLOro BapiaHTa B
AaHnX yMoBax.
[Mpuy NPUNHATTI pilleHb 3aBXau € Taki CKNnagosi:
1. HasiBHicTb MeTn (abo Kinbkox uinen), 6e3 akoi Hemae npobnemu;
2. MOXnuBICTb  anbTepHaTMBHUX  NiHIN  noBediHkW.  Pi3HUM
anbTepHaTMBaM BIgMOBIgAlOTb Pi3HI 3aTpaTU | PIi3HI  LUNSXU
AOCArHEHHA  MeTu. Ak  npaBurio, Ue  NoB’si3aHO 3
HEBU3HAYEHOCTAMMU;

3. HasaBHicTb obmexeHb. Lli daktopn i BM3Ha4alTb MOXIMBICTb
Bubopy ain (BapiaHTIB).

Knacudikauis 3agay npunHATTS pilleHb:

- KiNbKICTb Uineun, KputepiiB oNTUManbHOCTI;

- HasiBHICTb 3aneXHOCTi KpuTepiiB i 0bMexeHb Bif Yacy;

- HasiIBHICTb BWUMagKoBMX Ta HeBU3HAYeHUX akTopiB, SKi
BNMMBAOTbL Ha pe3ynbTaT onepauil (03Haka “BM3HAYEHICTb —

PU3NK-HEBN3HAYEHICTL")

MpuNHATTA pilleHb B yMOBaxX BU3HAYEHOCTI i pU3UKy

OpHokpuTepianbHi  cTaTUYHI  OeTepMiHOBaHi  3agadi  NPUAHATTA
piweHb (3M1P) matoTb CTpory MateMaTu4Hy NOCTaHOBKY.

[na onepauil, pesynbtaT SAKOI 3aneXuTb Bif OMNepyryol CTOPOHMU i
YiTKO BU3HAYeHUX (QaKTopiB, 3anuUCy0Tb N — BUMIPEHUIN BEKTOP CTpaTerin
X={xi}, i=1,n Ta o6MexeHb I-EVIOFO KOMMOHEHTMW.

9i=gi(Ai, X)<, =, 2, bj, j=1,m; m{<, =, >n (8.2)

Aj — macuB pikcoBaHMX HEBMNAOAKOBUX NapamMmeTpiB
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YmoBu (8.2) — Bu3HayatoTb obnactb 4ONYCTUMMX 3HAYEHb CTpaTerin

EdeKkTUBHICTL yrnpaBniHHA XapakTepu3yeTbCA YUCNOBUM KPUTEPIEM
ONTUManbHOCTI
F=F(X, C) (8.3)
C- macuB pikcoBaHMX HEBMMAKOBUX (DAKTOPIB;
Aj, C — npnnmaloTbca BigOMUMN.
MeTa onepyto4oi CTOPOHMU
F=F(X, C)—>max (8.4)
Mepen OIP cToiTb 3agava:
- sHantm X={X; }, i=T,n Bektopa X={XJ}, i=1,n 3 obnacrTi
AonyCcTUMMX 3HaveHb Qy, Wo6:
F=F(x,C)=max F(X,C) (8.5)
xeQy
Taka nocrtaHoBka 3[1P cniBnagae i3 3aranbHOK MNOCTAHOBKOMD
3agadi matematmnyHoro nporpamysaHHs (MI):

{F(X)—)max (8.6)

g,(X){<,=2b,, j=Ljn

X={Xi}, i=1,n — n — BUMIPHMI BEKTOP 3MiHHNX 3aaui.

Ona poss’a3aHHsa 3apgady MI1 He icHye eguHoro wmetopa. B
3anexHocTi Big Bnaa dyHkuin  F(X) i gj(x) 3acTocoBylOTbCS cnevianbHi
MeToAWn, B Mepuly 4vepry ue 3anexmTb Big AndepeHUEMOCTI yHKUIN
F(X) Ta obmexeHb gj(x) (andepeHUinoBHOCTI).

B ymoBax pu3nky BpaxoBYOTLCH OesKi OcepefHEHI XapaKkTepUCTUKU
BUNAgKoBUX akTopiB, TOMy caM No CcoOi pU3KMK 3aBXau MPUCYTHIN.
Hanpuknag: BWKOHaHHA nnaHy nignpMemMcTtBoM nNpu  BUMNagKoBOMY

NOCTayYaHHi KOMMJIEKTYIOUNX ernleMeHTIB i CUMPOBUHN. BukopucToByeTbCA
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TabnuyHum wmetTod: B Tabnuui 3anuCyloTbCA 3HAYEHHS1 MOKa3HMKIB
ePeKTUBHOCTI, cTpaTeril Ta pe3ynbTaTu 3 MOXIIMBUMU NMMOBIPHOCTSIMM.

OnTtumisauiss pilLEHHS B YMOBax pPuU3NKy 4YacTo BMKOPUCTOBYE
3BegeHHsa cToxactudHol 3P oo pgetepmiHOBaHOI Ta onTuMisauil B
cepeaHboMy.

BaratokputepianbHi 3IN1P
B zaranbHomy Bunapky ctpaTerisi onepyt4doi CTopoHu Xi, i=1,n
MOXe OyTu ckansipoMm, BEKTOPOM, maTpuueto abo we 6inbw cknagHum
YTBOPEHHSIM.

Mpunmemo: X=(X1,X2...Xn) — N — BUMIPHUN BeKTOp. KOMMoHeHTn X
3B'A3aHi 3 KOHKPETHUMU Qi3UYHMMU Ta EKOHOMIYHUMK MOKa3HUKaMm
3agadi, ToGTO 0O6MeEXeHi:

Gj= G(Cy,X) > b;, j=T,m (8.7)

G; — BekTOopHa doyHKUiNA; bj — dikcoBaHa ckandpHa BenununHa; C; — geska

CYKYMHICTb  (pikcoBaHMX BenuyumH (ckansap, BekTop...). Ui ymosu

BM3Ha4aloTb 0bnacTb gonycTumMmnx ctparterin Qy, To6T0 3 uiei obnacti OlP
obupae cTpaTerito B faHin cutyadir.

EdekTuBHICTL Ain  onepyroyol CTOPOHM  OUIHIOETLCHA CYKYMHICTb

nokanbHux kputepiiB E4, E2...E¢, 9Ki MalTb KOedquiUieHTU BIOHOCHOI
BaXXNUBOCTI A1, A2,... A«. TOAi € ABa BekTOpU: A=(Ae), €=1,k i E=(Ee), =1 k.
KoXHuWit KpUTepill xapaKkTepuaye nokarnbHy MeTy onepadii i 38’s3aHuil i3
cTpaTerieto BigobpaxXeHHsM.
Ee= Ee (Ae,X), €=1,K (8.8)
Ae — CYKYMNHICTb (hiKCOBaHUX (haKTopIB.
YacTuHHMM Bunagkom BigoOpaxeHHs X— Ee € @yHKUiOHanbHa

3anexHicTb MiX Kputepiem Ee i cTpaTerieto X;.
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OpHo4yacHe [OOCArHeHHs MeTu ornepaudii 3a BciMa nokKanbHUMK
KpUTe-pissMm Npu OOHiW cTpaTerii HEMOXINBO, TOMY pPILLEHHS MONisArae B
3HaXOKEHHI KOMNpoMica B AOCATHEHHi JflokanbHUX uinen. Togi BUHUKaE
3apava:

- cTpateria Xopt MOBUHHA Hanexatn MHOXWHI Qx 1I onyCTUMUX

3Ha4eHb;

- CTpaTeria noBuMHHa OyTWM HaMKpaLWO CTOCOBHO MPUNHATOrO
NPUHLMIY KOMMpoOMica 3 ypaxyBaHHAM BekTopa /A BaXIIMBOCTI
KpuTtepiis

Eopt=E(Xopt)=0pt [E(X), A] (8.9)

xeQx

Onepatop opt BuM3HaA4Yae npuHUMN  ONTUMAanbHOCTI, BUOIp

HaMKpalloro piweHHs. MNMpuHUMn onTUManbHOCTI — MateMaTudyHa Moaernb
npuHUMNa KoMnpomica.

O6nactb Qx MOXHa po34iNUTK:

- Q¢ — obnactb 3rogu, KONM PIlLEHHA MOXe OyTU MNOKpalleHo
OAHO4YaCHO 3a BCiMa NokasHukamu (abo npuHarnmi 6e3 3HMKEHHS
PiBHS Oyab-AKOro 3 Kputepiis);

- Q) — obnactb KOMMPOMICIB, B SIKii NOKpaLLEHHST SIKOCTi PilLEHHS
3a O4HUMM NOKaNbHUMWN KPpUTEPSMU MPUBOAUTL OO0 MNOTipLLUEHHS
SAKOCTI PiLUEHHSA MO iHLINM.

OnTumanbHe pilleHHa HaneXmntb obnacTi KoMnpomicis QK.

[na Bnbopy BapiaHTa pilleHHA HeobXigHO PO3KpUTKU onepaTop opt,
TO6TO 3HaANTM cxemy Komnpomica, wo 3gincHioe OlNP cy6’eKTUBHO.

Mpu aHanisi cxemn KOMMNPOMICY NPUUMAETLCA, WO FoKanbHI KpUTepil
HopMani3oBaHi (MatloTb OAHAKOBY PO3MIipHICTL abo € 6e3po3mipHUMK) Ta

MaloTb OHAKOBY BaXINNBICTb.
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BukopucToBytoun obnactb 4oNyCTUMUX KPUTEPIiB, MOXHA 3anucaTu:
Eopt=E(Xopt)=0pt[E(X), Al=0pt[E, A]
xe Qx Ee QX (8.10)
Cxemun Komnpomicy: (NpUHUMIM) PIBHOMIPHICTD;, cnpaBennnBoil
MNOCTYMKW; BUAINEHHS OOHOrO ONTUMI3YEMOro KpuUTEpis; NOCMigOBHUX
NOCTYMNOK i iHLL.

1.0ns 3abe3nedyeHHs opgHo4YacHo ekcTpemyma yHkuin - fi(x),

f2(x)...fa(X) BUKOPUCTOBYETLCA MiHIMHA 3ropTKa:

F()=Y.C.f, ) 8.11)

Ci — popatHi yicna, HOpMOBaHi Hanpuknaa Tak: » C, =1.

i=1
npl/l TakKoOMy cnocobi 3ropTKH BBOOUTbLCA BigHOLLEHHS

€KBIBaNEeHTHOCTI Pi3HUX KpuTepiiB, a BenuunHn C; nokasytoTb, HaCKIiNbKK

3MiHIOEeTbCA PYHKUis F(X) npu 3miHi kpuTepis fi(x) Ha oguHUuto: C, =27F'
3HayeHHa C; — pe3ynbTaT €eKCcrnepTu3u, BOHW [al0Tb YSBIEHHS

onepyt4dol CTOPOHM MpPO  3MICT  KOMMPOMICYy (BMMyLLEHOro). 3MmicT
KOMMpOMiCa — paHXyBaHHA Uifen, 9ke pasoM 3 Npu3HaAYeHHSIM BaroBUX
KoeilieHTIB € [0AAaTKOBOIO rinoTesoto ans 3BeOEeHHA
BaraTtokpuTepianbHOI 3agadi 4O OAHOKpUTEpianbHOI.
2. BuvKOpUCTaHHS KOHTPOMbHWUX MOKa3HuKiB.MacTto B 3agadax
NNaHyBaHHA Ta KOHCTPYHOBaHHA 3a4a€eTbCA cCuUCTeMa HOPMaTuBIB:
f1,f2,...,fn. Tooi HeoBxigHO MakcuMmisyBaTn dyHKUiT fi(x) 3a ymoB fi(x)

> i, i=1,n.

LlinboBy cpyHKUi0 nogaoTs y BUAi
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Fx) :mjn% (8.12)

1

i WyKaloTb BEKTOP X, kM 3abesnedyye MakcumanbHe 3HadeHHsa F(x).

Hanpwuknag;:
f1 (X)=2X f1*(x):4
fa(x)=x? f' (x)=2
f1(x)=6x f3'(x)=8
1. x=1 S0 2 1 g5 L0 _1 450 S _6_ s
fio 42 fro 2 /s
2. Xx=2 fl(x)ziz fz(x):izz. f3(x):2:§:§_15
. fl* 4 ’ f; 2 ) f;l 3 4 2 ,

B 4yomy cmucn? lNpu gaHomy 3HayeHHi BekTopa X BenuumHa F(x) pae
3Ha4YeHHs Hawuripworo nokasHuka fi(x). 3HaunTb ymoBa F(x) —-max o3Havae
BUBIP TaknMX KOHCTPYKTUBHUX NapaMeTpiB X, SIKi MakCMMIi3yoTb BigHOLEHHS
I-r0 peanbHO [OOCArHYTOro 3HAYeHHS KpuUTepia OO0 MOro KOHTPOSIbHOro
3HaYeHHs. SKWO 3HaYeHHs fi KOPCTKO He 3a4aloThCs, TO BOHU MOXYTb
BM3HA4YaTUCb B pe3ynbTaTi EKCNEePTHOro ONUTYBaHHS.

3. BugineHHa opHoro Kputepis. AKWO € KOHTPOSbHI nokasHuku fi
BiJHOCHO AKUX KpuTepii fi(X) NOBUHHI 3a40BOSBHATM YMOBaM:

fi(x)> fi, i=1,n,

TO cepef HUX MOXHa BU3HAYUTN OCHOBHUI

f1(x) >max

4. BeBegeHHa MeTpuKM B NPOCTOpi UinboBuX YHKUIKN. [inoTesa:

A0NYyCTUMO, LLIO PO3B'si3aHa cMcTeMa OQHOKpUTEpianbHMX 3agavy:
i(x) >max; i=1,n,

a B i-1 3agadi 3HangemMo BEKTOP X=Xi, AKMN JocTaBnsie max kputepito fi(x):

fix)= 7., i=Tn
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CyKynHIiCTb CKansapHUX BEMUYUH f, BM3HA4Ya€ B MPOCTOPI KpUTepiiB
Aesiky TOYKYy — TOYKy “abCcontoTHOro Makcmmyma”. AKWO BEKTOPU Xi Pi3Hi,
O He icHye BuGopa Takoi Touku: Touka (f,f,...f,) € HEOOCSHKHOW B

NpocTopi KpuTepiie. BBoanTbCcs AogaTHLO BU3HadeHa matpuus R=(rj). Toai

CKansgpHa BeJintd4nHa:

h= \/Z(fi(X)—ﬁ)r,j(f,»(X)—ﬁ (8.13)

BU3HaA4yae B NMPOCTOpPi KpUTepiiB AesKy BiACTaHb Big TOYKM, AKa Bignosigae
AaHOMY BEKTOPY X, OO TOYKM “abcontoTHOro makcumyma”. B yacTUHHOMY

BUNagkKy, Konu R — ogmMHu4Ha MaTpuuA

h= 2 (@7 (8.14)

- eBKNigoBa BiacTaHb Big ToukU (f1(X1), f2(X2)... fn(Xn)) 4O TOYKK (f,, fy)... f,) B
NPOCTOpPI KpUTEPIIB.

B ubomy Bunagky MiHiMi3auis h AK HOBOro Kputepis Oa€e KOPUCHY
iHpopMaLito — NOKa3ye rpaHUYHI MOXIMBOCTI OOCArHEHHS “abContTHOro
Makcumyma”.

5. Komnpowmicu NapeTto

CMucn 3ropTkM KpuTepiiB — ogHa 3agada 3aMiHIETbCS iHLWOM, ane
MOXHa NiginTn oo aHanisa 6araTokpuTepianbHUX 3agadv 3 iHWUX NO3ULIN:
cnpobyBaTn CKOPOTUTU MHOXMHY NOYaTKOBMX BapiaHTiB, TOGTO BUKITHOUNTH
3 aHanidy Ti BapiaHTu pilleHb, siki OyayTb Hanepepn He3agosinbHUMKU. OanH
3 wnaxis — ekoHomicT B.MNapeTto (1904, ITaniq).

JonycTtumo, wo 3pobneHo BuGip - X i icCHye We BUBIp X Takuii, Wo
Ans BCiX KpuTepis=fi(x) MaloTb Micue HEPIBHOCTI:

fi(z) > fi(x'), i=1,n,
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npuyoMy xoua 6 ofHa HepiBHICTb — cTpora. Todi 3po3ymino, wo Bubip X
Kpalumin X1 | MOXHa oapasy BCi BEKTOPU X, SKi 3a00BOMbHAIOTL YMOBI,

BUKNIOYNTK 3 po3rnagy. Mae cmucn cnisctaBnaTy i aHanidyBaty nuwe Ti

A

BEKTOPU X, ONA AKMX He iCHye X Takoro, oG AnA BCiX KpuTepiiB
BUKOHYBanacb yMoBa. MHOXMHY 3HayeHb X Ha3uWBalTb MHOXWUHOK
MapeTo, a BeKTOp X - He MOKpallyeEMWUiA BEKTOp pesynbTaTiB (BEeKTop
MapeTo), akwo 3 fi(z,) > fi(x') ana 6yab-akoro i Bunnueae fi(+) =fi(x).

Honyctnmo, wo uini ob’ekta BM3HaA4YalTbCsA OBOMA OAHO3HAYHUMM

doyHKLISAMMN
f1(x)—>max, f2(x)>max (puc.8.2)
LHh 4 ,a C
al q

Puc.8.2. MNnowmHa kputepiis

Toai KOXXHOMY [OMYyCTMMOMY 3HA4YeHHK 3MIHHOI X Bignosigae opaHa
Toyka Ha nnowwmHi, (f1, f2), a piBHocTi fi= fi(x), fo= fa(x) BM3HavawTb
napamMeTpuyHe 3aBOaHHSA OedAKOol KpnBoi abed Ha uin nnoLwuHi.

Ane 0o MHOXMHU [MapeTo MOXHa BIOHECTU Oareko He BCH KpUBY: Tak
AinbHUUA bc, o4eBUAHO, HE HaNeXuTb 40 MHOXWHU [MapeTo, 60 3 pocToM

f1 BinbyBaeTbCcs 3pocTaHHs i fo. Lle 3HaunTb, WO Ha Uin OiNbHULI 3MiHI X
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BignNoBigae ogHoYacHe 3pocTaHHA 060X LinbOBMX (PYHKUIR, i Ui BapiaHTu
Tpeba BUKIOYUTY 3 PO3rNsay.
3HanTM Ha cd TOYKy, B SKiM 3HaAYeHHS obox dyHKuUin fr i f2 BinbLwi, yum B
Toyui e. TakuMm YMHOM, Ha HanexXHiCTb A0 MHOXWHU [lapeTo MOXyTb
npeteHaysatym nuwe AinbHuui aa’ i cd , npudomy Touka a noBuHHA
BUKITHOYATUCD.

MpuHumn lMapeTo He BUAINSE €OUMHONO PIlLEHHS, BiH Nuue 3BYXYE
KiNbKICTb anbTepHaTmB.

[MpunNHATTSA pilleHb B YyMOBaxX HEBU3HAYEHOCTI.

3agaya npurHATTS piweHb (3M1P) B ymoBax HeBW3HayYeHOCTi — BUOIp
onTUManbHOI CTpaTerii B onepauil, pes3ynbTaT £KOI KpiM cTpaTerin
ornepy4ol CTOpPoHM | psgy dikcoBaHMx dhakTopiB (OeTepMiHOBaHMX,

CTOXaCTUYHMX abo i TUX, i IHWNX) 3aNexnTb Big HEBU3HAYEHNX (haKTopiIB,

HEeBIJOMUX B MOMEHT MPUUHATTA pilleHb, He 3anexHWX Bi4 onepyroyol
CTOPOHU. TOMYy KOXHiN cTpaTerili Oonepyr4ol CTOPOHM BIOMOBIAAaE He
eanHun (K B OeTepMiHOBAHOMY BUMNAOKy), a MHOXWHA MOXIUBUX
pesynbTaTiB.

HeobxigHO poO3pi3HATU CTOXaCTU4HI i HeBM3HadeHi caktopu. LLogo
CTOXaCTUYHUX (paKTopiB, TO ANA HUX ICHYE AOCTATHLO NMOBHA CTOXacTU4YHa
iHpopmauisas, a HeBU3HaYeHi (akTopu NPOABMATLCA  BHACIOOK
HedoCTaTHbOI  iHdopMauil woao  “npupogn”  onepadii:  HeBigowi
XapaKTEePUCTUKM NPOLECIB Ta BfIaCTUBOCTI 00’€KTIB, 30BHILLHI YMOBMW.

MoxxHa BuainuTn OBi rpynn oakTopiB, AKi BUKITMKAOTb HEBU3HAYEHOCTI

HEeCTOXaCTUYHOT NPUPOAN:

165



- cTpaTterivyHi _HeBWU3HAYeHOCTi, KoM B onepadii npunumarTb y4acTb

KiflbKa Onepyrymx CTOPIH, SKi MakTb Pi3HI Uini, i KOXXHa CTOpoHa npunMmae

PiLLEHHS B YMOBaX, KOnu Ail iHWNX Y4aCHUKIB HEBILOMI;

- KOHUeNnTyalnbHi HEBU3HAYEHOCTI — HEBU3HAYeHi hakTopu ona ocob-

NUBO CKMagHWX pilleHb 3 OOBrOCTPOKOBUMUM Hacnigkamy, HeYiTKUMU
YABNEHHAMW MpPO BracHi Uini iHWWX Yy4yacHUKIB. TyT 4acTo BWHUKaE

KOHONIKTHA cuUTyaLis, ANna aHanisy aKkol i NPUAHATTS pilleHHA B yMoBax

aKTMBHOT Al KiJIbKOX YYacHWKIB BUKOPUCTOBYKOTbLCA Teopis irop Ta
MiHiMakca (MakcuMiHa).

3 kKoHpnikTHMUMK 3P noB’sisaHi nepeaymoBu:

- KO)KHOMY YYaCHUKY BifOMiI Lini i cTpaTeril iHWuX;

- KOXEH yYacCHUK € pO3yMHUM Ta akTUBHMM, TOMY BU3HaAYarbHUMWU B
MOro noBeAiHUi BBaXaeTbCA MparHEeHHS MaKCUMaribHOro [OOCATHEHHS
BNACHUX Linemn.

Lle cnpowye nigxia 0o NPpUAHATTS pilleHb, Ha LbOMY 3acHOBaHi Teopid
irop i Teopia MiHimMakca. 3 ypaxyBaHHsaM “npypoan” cutyauii 3l1P
YCKNaOHIETLCA: 1M HE MOXHa NpunucaTyu CBIQOMO MOCTaBNEHUX Linen,
ane nAMHa MNOCTYNOBO BMBYAE 3aKOHM MNpUPOAU | 3HWXKYE, 3MEHLUYE
HEeBU3HAYEHOCTiI.

B 3P B TepmiHax “rpa 3 npupogow” npouenypu dopma-nidytoTbecd
Tak:

- OlNP moxe obpaTty 0aMH 3 N MOXIUBUX BapiaHTIB pileHb X; i=1,n;
- pe3ynbTar onepadii: s;, j=1 ,anmﬂmaroﬂ:: A — Burpaw Ol1P, A — BTpaTu.

Topgi B TabnnyHomy Burnagi abo matpuui BTpaT (BUrpaLlis) 3agaeTbCs:

A=|ai|, A=lai, (8.15)

ai=A(Xi, Sj) — BUrpaLl ans piLleHHs X; Npu S;.
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®yHKUil0O BTpaT HeobXigHO NepeTBOPUTM B (PYHKUIIO PUBKKIB, SKa
B3Ha4Yae moxnuei BTpatn OlNP B 3anexHOCTi Big OOHOrO aprymeHta —
NPUMAMAaEMOro pilleHHs Xi i=1,n;

Akwo 3adikcyBaTh Aesiky cTparteriio (pilleHHs) X'eX, T0 3 pBOX-
aprymeHTHoOl YyHKUiT A(Xi, Sj) OTPUMYIOTb HOBY, OOHOAPryMEHTHY (YHK-
Lito, sika BigoOpakae 3anexHiCTb BTpaT Big pes3ynbraTy onepaudii npu
dikcoBaHomy piweHHi X' - dyHkuia  A/(X, :j). ®yHKUis  BTpaT
NepeTBOPOETLCA B (PYHKLIIO pusmMka 3a AO0MoMOorow dyHkuioHana P.
PesynbTar:

r(x’)=PE (X/, sj) — uncno, pusuk, Nnos’sa3aHuit 3 cTparerieto x.

Topi: HaliKkpallo € cTpaTeria (AKWwo BoHa icHye) X eX, Aka MiHiMisye

PU3MK HA MHOXWHI X:
r(x")=min r(x;), i=1,n (8.16)
Xi eX

Kputepii ontumanbHocTi Bubopy piweHb OlP 3a ymoBM BiACYTHOCTI

anpiopHoT iHpopMauil oo pesynbTaTiB onepauil s;.

Kputepin Jlannaca. [NMpurMmaeTtbcs, WO WMOBIPHOCTI pe3ynbTaTiB S;

piBHI. Togi ANsa KOXHOro psgka maTpuui Burpawie A=|aj| nigpaxoByeTbcs
cepefHE 3HA4YeHHSA OLIHOK, a onTumaribHa cTpaTteria — MakCumarbHe

3HAa4Y€eHHA LbOro cepenHboro:

Fopt = F(Xopl’S) = max[liazj]
mia (8.17)

1<i<n

Kputepin Banbga. OnTumanbHOK BBaXaeTbCsl CTpaTerisl, Konm MiHi-

ManbHU BUrpawl € MakcuMarnbHUM, TOOTO rapaHTyeTbCsl BUrpall, He

MEHLLUUIN, HXX MaKCUMIH:
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E’Pt = F(Xopt 5 S) = max min aij

1<i<nl<j<m

Llen kputepin opieHtye OlP Ha Hawripwi ymoBu Ta pekomeHaye obupatu
cTpaTerito, Ans sKoi B riplwmMx yMOBax BUrpawl MakCUmManbHUA (MpUHUMN —
“3aBXaM HeobXxigHO po3paxoByBaTu Ha ripwe”). Lle — Kputepin KpanHbLoro
necumisamy.

Kputepin CeBigxa. MoxHa B KOXHOMY CTOBOUI MaTpuui Burpawlis

A=|a;j| obpaTn max aj i cKracTu HOBY MaTpPULLIO:
1<i<n
ri=max aj - aj (8.18)
1<i<n
MaTpuus pusukie R=| rj | [ae moxnmeicTb obpaTu cTpaTerito, 3a sIKO
BEfIMYMHA PU3MKY NPUMMAE HaNMeHLle 3Ha4YeHHA B caMi HECMNPUATIUBIN
cuTyauii:

FOPz:F(X S)= min maxr, =

opt >

1<i<nl<j<m
(8.19)

= min max (maxa;-—a,;

1<i<nl<j<m 1<i<n

CyTHICTb KpuTepia — 3a Byab-AKNX YMOB YHUKHYTU BENNKOIO PU3UKY Npu
NPUMHATTI pileHb. Lle TeX KpuTepin KpanHbOro necumiamy, ane ripwmm
TYT € He MiHIManbHUM BUrpall, a MakCUManbHUM PU3MK — MakKCcMmMmarbHa
BTpaTa BUrpaLly B MOPIBHSAHHI 3 TUM, LLO MOXHa Oyfio JOCArHYTM 3a AaHuX
YMOB.

Kputepin N'ypuusa. Mixk kparHiM necMmiamoM (po3paxyHoK Ha riplie) ta

NEerkoBaXXHUM ONTUMI3MOM (PO3paxyHOK Ha Kpalle) npu Bubopi cTpaTteril B
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YMOBax HEBU3HAYEHOCTI KpuTepin 'ypBuLUS peKOMeHAOyE pPO3paxoByBaTU
Ha OesikKnn cepeHin pesynbTar:
F,, =F(X

op»d) = max[amaxa,; +(1-a)mina,]

(8.20)

1<i<nl<j<m, 1£j<m

o - koediyieHT onTumismy, 0 < o < 1.

Mpn o=1 Kputepin 'ypBUUSA NEepeTBOPIOETLCA B KPUTEPIA KPpanHbLOro
necumiamy Banbga,

npu a=0 — KpuTepin KpanHbLOro ONTUMI3Ma, KON PeKOMeHAOYyETbCH
obupaTu cTparTerito, 3a AKOI B HANKpaLMx yMmoBax BUrpaLl MakCMmarnbHUM;

npu 0 < a < 1 — cepedHa oUiHKA MK KpanHiM NeCMMi3MOM Ta KpauHiM
ONTUMI3MOM, o - Mipa necumiamy OlMP. HYum Ginbw HebesneyHa cutyadis,
TMM Oinblle HaMmaralTbCcs “nigcTpaxyBaTuck’, a—1.

Kputepin baneca. B ubomMy BunNagKy Ha MHOXWHI BCiX cCUTyalin BBa-

KaeTbCA BiOMUM anpiopHe po3nogifieHHs nMoBipHocTen P(s;)).
Llem «kpuTepin MiHiMiI3ye cepegHi BTpatn, TOGTO puU3KK TyT -—

MaTemMaTuU4yHe CnoLiBaHHSA:
r(x;)=>.a,P(s,) (8.21)
Jj=1
Hankpalua ctpaTeria MiHiMi3ye pnauk:

r(f):minic_l,-jp(sj) (8.22)

1<i<n

8.3. Cuctemu nigTpUMMKu NpnMHATTA piweHb (CIMP)

B niTepaTypi € Kinbka BU3HAYEHD:
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1.CIMMP — noauHo-MaWwunHHI 00’eKTn, dAKi A03BONAKTb 0ocobam, SKi
npurmatoTb piweHHs (OlP), BukopnctoByBaTh AaHi, 3HaHHS, 006’ EKTUBHI Ta
cy®’eKTUBHI Mopeni ons aHanidy i po3B’si3aHHSA CrnabKOCTPYKTYpOBaHUX
npobnem.

CnabkoCTpyKTypOBaHi 3agadi — BKNOYaKTb K KifbKICHI, TaK i SIKICHI
3MiHHIi, NPU4YOMY OOMIHYIOTb AKICHI aCneKTu.

HecTpykTypoBaHi npobnemu matoTb NnLLe AKICHUA Onuc.

2. CINP - komn’totepHa cuctema, sika pgossonse OlMP noegHyBaTu
BNacHi cyb6"KTMBHI nepeBarn 3 KOMMIOTEPHMM aHani3aom cutyaudii npu
BUPOBOEHHI pekoMeHaauin B npoueci NPUNHATTS PillEeHb.

[[ONoBHe TYT — MO€AHAHHA CYO’€eKTUBHUX MepeBar 3 KOMM IOTEPHUMMU
MeToL4amu.

3. CIMMP — komm’ioTepHa iHGOpMauinHa cuctema, sika BUKOPUCTO-
BYETLCH ONA Pi3HUX BUAIB AiSNbHOCTI NMPU NPUAHATTI pilleHb B CUTYyaUisX,
KONMW HEMOXINBO YN HeEGaXKaHO MaTu aBTOMATUYHY CUCTEMY, siKa MOBHICTIO
BMKOHYE BECb NPOLEC PiLLIEHHS.

PoboTa KonektuBiB, TEXHIYHUX CUCTEM YynpaBiHHA Ba3yeTbCa 3aBXan
Ha oBbMiHi, obpobui iHdopMauil Ta NPUAHATTI pilleHb, AKi 3aCHOBaHi Ha
aHanisi uiei ingopmavii. [na cknagHnx cuctem 3poctae o6’em iHbopmalit,
NigBMLWLYIOTBCA BUMOMM A0 HAQIMHOCTI i onepaTMBHOCTI  0OpO6KM
iHpbopmMaUil Ta NPUNHATTS PiLLIEHb.

PoanogineHi _cuctemun  NigTPUMKU  MPUAHATTS  pilleHb BUKOHYIOTb
doyHKLUT

- TeHepyrTb BapiaHTU PilleHb;

- BUKOHYIOTb OLIHKY Ta MOLENoTb MOXIMMBI HACMigKU pilleHb, JaloTb
MOXINMBICTb 06paTh Kpawmn BapiaHT 3 iCHYHOUYMX HE Ha OCHOBI AOCBigY Ta

IHTYiLil, @ HA OCHOBI OpMani3oBaHMX OLIHOK Ta NPOrHo3y peaysnbTarTiB;
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- 0O3BONATb Y3roaAnTU rPynoBi PilLIEHHS.

[onoBHe: cucTeMu nNIATPUMKUM MNPUNHATTA pilleHb JonomararlTb
cneuianicty, sKAA nNpUAMaE pilleHHs, 6inbw 4iTKO cdopmyrnoBaTy,
AocnignTn Ta NPUUHATKM OOrpyHTOBaHY Aito (pileHHs), ake 6a3yeTbcs Ha
BinbL rMMOOKOMY PO3YyMiHHI cuTyauil.

KoHKkpeTHa cuctema MOXe BMKOHYBaTWM He BCi, @ YaCTUHY Ha3BaHUX
QYHKLIN.

Po3nodineHi _cuctemu nigTpumMKu NPUAHATTA pilleHb CKnagarTbCs 3

eKCMepTHNUX CUCTEM, PO3TallOBaHMX B 3B’si3aHUX MK coboto Byanax
obumcrnoBanbHOI Mepexi, KOXEeH 3 SKUX MOXe He3anexHo po3B’a3yBaTu
CBOI YaCTUHHI 3agadi, ane onga po3s’da3aHHs 3aranbHol NpobremMun Hi 0auH 3
HUX HE Mae OOCTaTHIX 3HaHb, iHopMaLil Ta pecypciB (Y4 OESKUX 3 HUX),
TO6TO 3aranbHy 3agady BOHW PO3B’A3YHOTb NULWIE ChifbHO, 00’€aHyuM
CBOI TOKasIbHi MOXIMBOCTI Ta Y3rog)XKyt4n YaCTUHHI PiLLEHHS.

NouinbHICTb 3acTOCYBaHHSA PO3N0OAiINIEHUX CUCTEM:

1. CknagHi 3agadi po3B’A3yl0TbCS 3 BUKOPUCTAHHAM  METOAIB
JeKoOMNo3uLiil, He MBNAYNCb Ha Benn4Ye3Hi MOXNMUBOCTI 004YMcnoBarnbHOI
TEXHIKWN.

2. Cy4yacHi KOMM'IOTEPHI TEXHOMOoril OPIEHTYITbLCA Ha BUKOPUCTAHHS
MEpPEXOBUX CTPYKTYp, Ae 3afadvi po3B’A3ylTbCA He LEeHTpanisoBaHo, a
po3noaineHo.

3. TexHonoriyHi Ta BMPOBHMYI npouecu €  pPOo3NOoLINTIEHNMU
(tbyHKUiOHaNbLHO, TepuUTOpianbHO, PyHKLIOHANBHO Ta TeEPUTOpPIanbHO) TOMY
N CUCTEMMU yrpasniHHA BIMOBIAHO PO3MOL4iNIeHI TAKOX.

4. Po3nogineHi B NpoCcTopi cMcTeMm nonerwyTb 06MiH iHdopmauieto

Ta NPUMHATTA Y3roAKeHUX pilleHb rpynamu cneuia-nicris.
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5.MpuHumMn MoaynbHOI NOOy[0BM HaKWKpalle peanisyeTbCa came B
po3nogineHnx cuctemMax NigTPUMKN NPUNHATTS PilleHb.

TaknM 4YMHOM pO3NoAineHi CUcTeMu NIATPUMKA MNPUNHATTA pilleHb
(PCIMNP) po3ssonatoTb 34iMCHIOBATH:

- NOCTINHUIM OBMIH iHGbOpMaLie NPO CUTYaLIID Ta MOXIUBUX PiLLEHHSX;

- 3HaxoAuTX noKamnbHI ONTUMAsibHi  PILIEHHS, OTPUMaHi LWSXOM
nepebopy MOXIMBMX BapiaHTIB;

- MoAentBaTW Hacnigky piweHb ANs OUiHKM X NpaBWUITbHOCTI Ta
e(PeKTUBHOCTI;

- Y3rogxyBsaTu rpyroBi pilUeHHS.

Bapiantu CI1I1P:

1. PiweHHs npuiMaeTbCca B aBTOMAaTU4YHOMY peXumi B OAHOMY BY3ni

(EOM, cuctema aBTOMATUYHOINO YW PYYHOro BBeAEHHs (iHdopmauil,
3acobu Bisyanisauii). EkcnepTHa cuctema BM3HA4yae  CUTyaUito
(ineHTUdikye), Nnpurnmae Ta/um peanisye yrnpasriHHS.

2. PiweHHsa npunmae cnedianict, B poanopsamkeHHi skoro € CIIMP, a
€eKCrnepTHi CUCTEMU NPOMOHYOTL BapiaHTH.

3. PileHHs nNpoOnoHyTLCA PISHUMKM eKCNepPTHUMU cucTteMammn, ki € B

O4HOMY BY3Mi, arne OUIHITb CUTyauito 3 pisHUX “TOYOK 30py”. BoHM

MOXYTb 3anpOnoOHyBaTW PI3HI PiLLEHHS, SKi KOPErylTbCs cnelianictam.
4. PiweHHA nNpornoHYKTbCA PI3HUMW eKCNePTHUMU cucTteMamun, SKi

3HaXoOATbCA B PIi3HUX BY3nax Mepexi, ane #n cneuianictm MOXYTb

3HaxXOAUTUCL B Pi3HUX BYy3nax.
B pi3HMX By3nax MOXyTb NPUAMATUCh Pi3HI PiLLIEHHS.
5. PilweHHs NponoHyOTh Pi3Hi cneuianicTh Ha pPidHMX By3nax Mepexi, i Ui

pilleHHs1 HeOBXiQHO y3romxyBaTMw.
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6. MoxnmBuin BapiaHT, KONW Pi3HI pilLUEHHS NPOMOHYKTHLCS | EKCNePTHUMN
cucTemamu, i crieyianictom - eKkcrepTom
BapiaHTn 3-6 — BigHOCATLCA A0 po3anoaineHux CrTP.

EKCNepTHi _cucrtemMn — Krac iHTenekTyanbHuUX iHgopMaLuiHO-

BUMIpIOBaAribHUX Ta YMpPaBliHCbKUX CUCTEM. |HTenekTyanbHi cuctemmu
3aBXOW ONepyrTb 3HAHHAMW, TOOTO 3aMiCTb TPaAMULIMHUX TEXHOSOrIN
HaKOMMYeHHA Ta o06pobOkM paHuX TYT BUKOPUCTOBYETLCHA TEXHOSOrid
HaKoMM4eHHA Ta 06pO6KN 3HaHb.

ExkcnepTtHi cuctemmn (EC) BigHOCATLCA OO0 iHTenekTyarnbHUX
KOMM'IOTEPHUX CUCTEM | MpuU3Ha4YeHi Ans  MogesntoBaHHA  (imiTauin)
noBediHKM OOCBIAYEHUX cneuianicTiB-eKkcnepTiB Npu po3B’d3aHHi 3agad 3
NeBHOI NpeamMeTHOT obnacri.

€ pi3Hi BU3HAYEHHS1 eKcnepTHUX cuctem, Hanpuknag Komitet Britich
Computer Societu:

“EC - BTineHi B EOM koMnoHeHTM OOCBigy ekcnepTta, 3aCHOBaHi Ha
3HaAHHAX, B Takin ¢opMi, WO KOMM'IOTEP MOXe OaTWu iHTEenekTyanbHy
nopagy Yv NPUWUHATK IHTEneKTyaribHe pilleHHA BiAHOCHO pPO3B’A3yBaHOI
dyHKuii. BaxxaHo Takox, Wob Oyna gogaTkoBa BNacTMBICTb (Hacom came i
BBaXKat0Tb rONTIOBHOK) — CMPOMOXHICTb CUCTEMW 3a BUMOIOK MOSICHUTU XiZ
CBOIX MipKyBaHb 3pO3yMiniMM Ans KopucTyBada cnocobom. Bce ue
3abe3ne-yyeTbCcsl B pe3ynbTaTi MNporpaMmyBaHHs, 3acHOBaHOIO Ha

dopmanbHUX npasunax.”
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Exkcnept \ / baza nanux

Monaynb 3ac-
BOCHIS SHALL Hapuannas mammHN
(cTpareris iHAYKIIIT)
Ba3a 3HaHb <« [IpencraBieHHs 3HaHb
SAnpo v
EC . .
Marnuna noriy- Metoau npaBaonoio-
HOT'O BUCHOBKY HOTO BI/ICHOBKy
IaTepdeiic,
L) ~ . .
OB’ A3aHUM 3 “BikHO B CBIT MOUHUA
MMOSICHEHHSIM
v
Kopucrysau

Punc.8.3. KoMnNoHeHTN ekcnepTHOT cuctemm

Pucu ekcnepTHUx cuctem

1. EC obmexeHa neBHO chepoto ekcrnepTuau.

2. BoHa 3pgaTtHa MipkyBaTu NpY CyMHIBHUX OaHUX.

3.EC 3gaTHa NOAACHUTUM NaHLUOXOK MipKyBaHb 3p03yMifiuM cnocobom.

4. ®aKkTn i MexaHi3amMun BUCHOBKIB YiTKO BigaineHi oauH Big ogHOro.

5.EC 6yayetbcs Tak, Wob 6yna MOXIMBICTb NOCTYNOBOro HapoLLyBaHHS Ti
MOXIMBOCTEN (PYHKLIN).

6. EC 3acHoBaHa Ha BUKOPUCTaHHI Npasur.

7. Ha Buxogi EC Bugae nopagy - He Tabnuuto 3 unp, He KapTUHKN Ha
eKpaHi - a JiTKy Bignosiab.

8. EC ekoHOMHO BurigHa (BumMora go ii pobotu!).
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OcHoBHi_ocobnueocTi_ekcnepTHux cuctem (EC). MNpu CTBOPEHHi Ta

po3suTky EC ponb nporpamicta 3MIiHIOETbCS: Big PO3POOKM AeTanbHUX
npouenyp 40 CKnagaHHs rnepersika — BAMOr 4O CUCTEMM.

CTtBOpEHHSs, 0Opobka Ta 36epiraHHA MacuBiB 3HaHb — BUKMHOYHO
TPYAOMICTKMIA Npouec, Ana peanidauii Skoro noTpibHi 3Ha4yHMn 06’em
nam’aTi Ta WBMAKoOis.

Onsa EC xapaktepHo:

- HasiBHICTb €BpPiCTMYHMX 3acobiB Ansa dopMyBaHHS Ta NEpPEBIPKU
rinoTes i 3aKOHOMIPHOCTEW;

- BUMKOPUCTaHHS ANs CrifikyBaHHS NPUPOAHLOT MOBU;

- MOXMNUBICTb aHani3yBaTu 3Ha4yHi MacuBu iHpopmMaLil 4na NoLyKy

erneMeHTIB, AKi BianoBigatoTb NEBHMM BXiAHMM CUTHanNam;

- B OCHOBIi (PYyHKUIOHYyBaHHA MOBWHEH nexatn dopmanbHUN
MaTtemMaTU4YHUI anapat — PI3HOBUAHICTb anapaTty AeOyKTUBHUX
cuctem (OenoykTMBHa cuctema 3acHOBYETbCS Ha 6asi akciom Ta
npaBuST BUCHOBKIB, @ MeXaHi3M il OyYHKLIOHYBaHHA - reHepauis
BMCHOBKIB B andasiTi obpaHoOro o64ncneHHs);

OcHoBHa TepmiHonoria EC:

- akciomu Ta pesynbTtaTin 06pobKkM AeayKTUBHOI cucTteMn - haktu,

AKi cCKknagalTb BMICT 6a3u gaHux;

- MNPOAYKUINHI npaBuna, OoTpMMyBaHi Big ekcnepTtiB — 3MicT 6asu
3HaHb;

- creuianicty Mo HadaHHI [aHuX Ta 3HaHb — I(HXeHepu Mo
3HAHHAM;

- nobyaoBa ooBeaeHb — MipKyBaHHS;

- O6prHTyBaHHFI LUNAXiB JOCATHEHHS piLlJeHb — NMNOACHEHHA,
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- anropuTtm ans nobynosu goBeaeHb — MalWMHHUIA BUCHOBOK.
[o dyHKuioHanbHOI cxemu (puc.8.4):

Br1oK _crifikyBaHHSA [0O3BOSMSE BBOAUTM Ta BMBOAUTU iHpOpMaLito Ha

NPUPOAHIN (ans gAaHol npodecinHoi obnacTi) MOBI, OpraHi3ye CnifikyBaHHA
3 KOpuCTyBayeM, TMpOMNoHye KMOMYy Habip ain i Jo3Bonsie 3po3ymiTu

npunyLLeHi NOMUNKN.

Bnok HaB4YyaHHA gornomarae HegoCBiAYEHOMY KOPUCTYyBady OCBOITU
poboTty 3 EOM B gianoroBomy pexumi, HaB4ae Ha NPOCTUX NpUKNagax.

B posp’sisyBayeBi 60K nonepeaHbOro BMCHOBKY MNEPEBIpsie

NPUHLXNOBY MOXINUBICTb OTPUMaHHA paKkTy, popmye pakTop BNEeBHEHOCTI
B OTpuMmyBaHuX daktax. Ha oCHOBi 3HaHb i3 6a3n 3HaHb 34INCHIOETHLCSA

NoLwyK NOoTpibHoro piweHHs. B EOM V nokoniHHA po3B’sa3yBay 3aMiHsie

nporpamicta i 6yaye nporpamuM 3a CNOBECHUM ONUCOM  3agadi
KOpUCTyBa4deM.
30BHIIIHS baza manux <
Imam’ITh 7Y A
A v
P03|B’$I3yBaq (MamHa BHCHOBKIB) brox
v ¢ MiATPUMKH
v B 0asm
JIOK JIOCTO-
[Mporecop [€ | BiprOTO biox nonepen- 3HaHb
pouecop HBOTO
BHCHOBKY
BHCHOBKY 3
A
v v
Bbrok brox HaByaHHS Bnok
> «— >

CHiJleBaHHSI TIOsACHCHHA

A

[aTenexkryansHMi iHTEpdEiic

KOPHUCTYBau

Puc.8.4. ®yHkuioHanbHa cxema EC
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B 6asi_3HaHb iH(opmauia 3a AonoMOrow crneuianbHMX 3acobis

KNacugIkyeTbCH, Yy3aranbHIOETbCH, OUIHIOETLCA 1I HENPOTUPIYHICTb,
ob’egHyl0oTbCA  IHOpPMAaUiMHI  oauvHUui. B pesynbTtaTi — BUHUKAE
CTPYKTypOBaHa Mogenb npobnemMHol obnacti, B $Kin BigoOpaeHi
0COONMBOCTI, 3aKOHOMIPHOCTI Ta cnocobu pileHHs 3agad. Lium Bcim kepye
6ok nigTpymkn 6a3n 3HaHb.

BNOK _NOACHEHHS — OAWMH 3 OCHOBHMX, WO Buainse EC B okpemun

knac. KopucTtyBay Moxe 3BepTaTuChb 4O LibOro 60Ky i3 3annTaHHSAM:

- “wo Take X7?”. Tomi EC nicna nowyky B 6asi 3aHb BMOAe BCHO
HasiBHY iHopmauito npo X. Yacto HeobxigHO OoTpMMAaTK NOMYHUM LUSISIXOM
Ha OCHOBI 3bepiraemMux (pakTiB HOBI (paKTy;

- “ak oTpumaHo Y?”. KopuctyBay 0Oaxae O3HaNOMUTUCL 3
MipPKYBaHHAMW CUCTEMU NPU OTPUMaHHI PaKTiB Y1 BUCHOBKIB;

- “gyomy oTpumaHo Y, a He Z?” — NOACHEHHS anbTepHaTmB;

- “HaBiwo noTpibeH X?". O6rpyHTyBaHHA 6epyTbCca 3 moaeni
npobnemHoi obnacrTi, sika 36epiracTbcs B 6a3i 3HaHb.

Lle dhaktnyHO po3nopineHHsa npaui MK KopuctyBavyem, CUCTEMHUM
aHaniTMKOM, CUCTEMHMM Ta npuknagHuMm nporpamictom i EOM B npoueci

NOCTAHOBKM Ta PO3B’A3aHHS Ha Hill pi3HUX 3agad.
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A . A
Kopucrtysaui
OyHKIIOHATBHI
. baza 3naHb
MEXaHI3MH
v v IaTepdeiicui 3HAaHHS
[aTeNnekTyansHul iHTEpPEiic O PN
1
I [TpoGyieMHi 3HaHHS @
[Tizcucrema JIOriYHOTO BUBOTY «
(BHCHOBKY) @
[TpouemypHi 3HAHHS
I'enepaTop po3B’gA3yBagbHUX «<—» @
nporpam
¢ T CTpyKTypHi 3HaHHS
IareprperaTop 3agay @ «—>]

Puc.8.5. ®dyHKuioHanbHa Mogenb iHTeneKkTyanbHoI CUCTeEMN

1.(/ ) — pnsa cninkyBaHHS CUCTEMM i3 30BHILWIHIM cepefoBuLLEM
(kopucTyBayeM) LIISIXOM NepeTBOPEHHA TEKCTOBOI, rpadiyHoi, obpasHoi
Y MOBHOI iHpOpMaLil y BHYTpPIWHIO popMy nopaHHs i Hasnaku. [ |/
cuHTesye nporpamy ans EOM i mae gBa 6noku: npouecop CniflkyBaHHS i
nnaHysay (NIaHNPOBLLKK).

2.30iMCHI0E NOCTAHOBKY 3agadvi Ta NPUUAHATTS pilleHb Ha OCHOBI
aHanisy TemaTuKM BXIiOHOro MOBiAOMJSIEHHSA Ta HaABHWUX 3HaHb. JloriyHun
BUCHOBOK BUKOPUCTOBYE Npasuna geaykuii i paktn 3 6a3m 3HaHb.

3. dopmye nporpamy po3B’sizaHHs 3agadvi 3 BUKOPUCTAHHAM 3HaHb
Npo MeToAM il piLEHHS.

4. BukoHye 3anporpamoBaHy o6po6ky iHbopmauii
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IHTEenekTyanbHi MOXNUBOCTI CUCTEMM BM3HaA4aloTbCs 6a30i0 3HaHb,
sIKa MICTUTb:

5. — iHdopmauis nNpo MNPUHUMNM  B3AEMOAII i3  3OBHILLHIM
cepefosuLiem (MOBM CRifIKyBaHHS, crnocobu KOMYyHikauil, jppopMn nogaHHs
iHbopmaLii;

6. — cbopmarnizoBaHa iHGOpMaUist NMPO HaBKOSMULLIHIA CBIT (CMUCNOBI
MUTaHHS, BIOHOLIEHHS, 3pas3ku MOBeAdiHKW, cnocobun (opMyBaHHS HOBMX
NOHATD);

7.- BigpobpaxkaloTb €BPICTUYHMI acNeKT PO3BUTKY OOCBIQY CUCTEMU B
pO3B’A3aHHi 3a4ad, BKNYalTb 6asy anroputmis y BUMMsAl npoueaypHo
3ajaHux mogenen TUMOBUX pilleHb, MeTOoAIB OoBedeHb, CTaHOapTHUX
dopM nepeTBOpPEHb i iHLL.

8.- BigobpaxaloTb TEXHOMOMYHUN acnekT po3BUTKY CUCTEMU i
MICTATb IHJOpMaLil0 NMpo came onepauiiHe cepefoBulle — Pecypcu,
cnocobu gocTtyny, NPUHLMNM B3aEMOLIT, anropnutMm ynpaeriHHSA, KOHTPOSO
Ta BiAHOBIEHHS. HasdABHICTb CTPYKTYPHUX 3HaHb 3ab6e3neyytoTb rHYYKIiCTb |
aJanTUBHICTb CUCTEMMW.

PisHoBMAHICTb iHTenekTyanbHux cuctem — EOM (cborogHi i
HaCTYMNHUX MOKONIiHb), SKi MOBUHHI:

- CnpuruMaTn yCHY MOBY;

- “po3ymiTn” rpadpivHNUN TEKCT, PUCYHKMU;

- ApyKyBaTu 3 ronoca;

- COpTyBaTW AaHHi i BMBMpatn 3 HUX HEOOXidHI Anst KOHKPETHOI
3agaui;

- ajanTtyeBaTuM | BAOCKOHanNtoBaTW BflaCHUMA [OCBi4, MNporpamHe

3abe3neYyeHHs;
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- obupaTtn anroputMmM pPoO3B’A3aHHA | CUHTe3yBaTM HeobXigHi

nporpamu 3a ymoBamu 3agaui.

[MobynoBa 6a3u 3HaHb

Basa 3HaHb (B3) crnoyaTtky nycTa, i iHXeHep MO 3HaHHSM BUSICHSIE
LUNSAXOM  OMUTYBAHHA  cneuianictiB —  ekcnepTiB  (popMyntoBaHHA
3aKOHOMipHOCTEN (NPOAYKUIMHUX npaBus) Ta akTiB, XapakTepHux Ons
AocnigkyBaHol npeameTHoi obnacti. Lle iHTepakTMBHMIA npouec |
30IMCHIOETBCA BIH WNsXom cnpob Ta nomunok. B3 cTBOploETLCS
HaKONMUYeHHAM oakTonoridHol iHdpopmaLii, TectyBaHHAM cTBOopeHol EC Ta

JodaBaHHAM HOBUX 3HaHb MO HEOOXiOHOCTI.

.I[OKVMGHT.aHBHa P> IH)KeHep o g basa 3Hanp
iHpopmais 3HaHHAM
4 [lepeBipka eneMeHTHOT
30upaHHs HOBUX 3HAHb v CUCTEMHU
Ta MATOTOBKA AmnapaTHo-IporpamHi ITepesipka
KOMEHTapIB 3acobu EC “ IPOJYKTUBHOCTI
< EC

Puc.8.6. Cxema nobynosu 6a3n 3HaHb

IH)XeHep No 3HaHHAM NOBUMHEH BMITHU:
- OoTpumyBaTWU NOTPiIOHI 3HAHHA, popmMyBaTU Moaernb NpeaMeTHOI
obnacrTi Ta nigTpumysaTu ii Npu oyHKUiOHYBaHHI EC;
- 3HaxoguTu B cneuianbHin nitepaTypi HEOOXiAHI 3HAHHS;
- 0b6pobnaTM OyMKM eKkcnepTiB, 3HaXOAWTU Y3rofmxeHi dopmy-
BaHHA, NpeaCTaBfATH iX B JIONYHOMY 3B’A3KY | NOCNIAOBHOCTI;

- obupatn metoan doopmanisauii 3HaHb;
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- opraHizosyBatm B b3 HeobxigHi mMogeni Ta nigTpumyBatu B

pobo4oMy CTaHi.

Mpu nobygosi EC copMyntoeTbCsl MHOXMHA MNpaBun, siKi MOXYTb
OyTM HEeNnoOBHMMM YU MPOTUPIYHMMKM, a TOYHO nepenbayunTn noBediHKY
CUCTEMUN HEMOXITMBO, TOBTO BMKOPUCTOBYIOTLCS MNPUAOMMU €BPICTUYHOIO
nporpamMyBaHHs.

EC 3a npusHavyeHHAM:

- KOHCynbTauinHi (IHopMaLinHi);

- JocniaHNLUbKI;

- ynpaBnsoui.

3a cknagHicTio Ta o6’emom B3:

- Hernuoboki;

- rMNBOKI.

Hernnboki EC cTBOplOlOTLCA 3a KOPOTKUIM Yac (2-3 micaui) i matoTb
BigHocHO mani b3 i B[l (kinbka coTeHb npaBun i akTiB, NnpuyoMy bakTiB
3HayHo Oinbwe). binbWiCTe BWUCHOBKIB  (3aKMOYEHb) € MNPSMUMMU
Hacnigkamu iHdgopmauii 3 B3. TyT, B OCHOBHOMY eMMipU4Hi 3HaHHA, He
3B’A3aHi 3 mogensamu npouecis Ta gasuw. Ui EC npusHadeHi ans
pO3B’A3aHHS MPOCTMX 3adad Tuny Bignosigi Ha 3anutu  (TexHivyHa
iHbopmau,is).

MmMunéoki EC dopmytoTb BUCHOBKM 3 Moaenen npouecis, ki € B b3, a
Moaenb — Habip npaBun, NpU3HaYeHNX ONSA MNOACHEHHS BENUKOI KiflbKOCTI
AaHumx. YacTto 3HaHHA, oTpumaHi 3 rnmnbokmx EC, BpaxaloTb CBOEW
HEOYEBUOHICTIO.

EC He o6oB’siskoBo noBuMHHa Oyt rnmbokow. Hanpuknag,
KOHCynbTaTuBHa MeguuuHcbka EC cniscTaBnge 3a OOMOMOrow npasun

cumnToMmn xBopobu 3 HakonuyeHnmn B B3. Lle Hernnboki EC, ane BOHM
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npautoTb WBMAKO, Binbll TOYHO, HIXX Ntogu, | MalTb nepesarn y Bubopi
anbTepHaTuB.
Bigpomi EC B Komm’toTepHux dipmax, Hanpuknag IBM: EC ans

KOHCynbTauin 3 BUNpoOyBaHb Ta PEMOHTY HakonuyysadiB iHoopmaLlil.

> TekcroBuit Cremiaiict 3 >
. > KoncynsratuBHa

KOMIIUIATOP BUIIPOOYBaHb | EC

Jani
3aIlIUT
BHUIPOOYBaHb
. ] Excneptu
ITincucremMu mam’ STl P
KOHCYJIbTaIIs
3HaHHA

Pnc.8.6. Ctpyktypa EC

MpencraBneHHs 3HaHb B EC. Mpwn po3pobui EC BUKOHYIOTLCS eTanu:

- ipeHTudikauisa (Bubip meTn, 3agad, pecypcis, KNOYOBUX MOHSATD);

- KoHUenTyanisauia (aHani3 npobnemMHoi obnacTi, TMniB gaHuX,
3B’A3KN MiDXK HUMKW, METOOM PO3B’sA3aHHA 3a4au);

- dopmanisauia (cnocobu npeactaBneHHs 3HaHb, hopMarnisauis
NOHATb, METOAIB PO3B’A3aHHA, MOAENOBaHHA pobOTH CUCTEMM,
OUiHKa agekBaTHOCTI MOHATb METI, CNOCOOM MaHinyftoBaHHS
AaHnuMn).

- HanoBHEHHA 0a3n 3HaHb;

- TecTtyBaHHA EC, nepesipka il KOMNETEHTHOCTI;

- gocrnigHa ecknnyarauis.

Cnocobu nogaHHA 3HaHb:
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- IOriYHi moaeni;

- MepeXxoBi moaeni;

- NpoAayKuinHi moaeni;
- (ppenmosi.

Ana EC ynpasniHHA TI HanbinbLw 3py4HUMn € ppenmoBi, SKi
BUKOPUCTOBYIOTb Kay3arbHi (NpUYMHHI) cueHapii. Lle iepapxidHa cTpykTypa
3HaHb, HAOYHUI onuc 06’eKkTa, AOCTYMHICTb, MOXMNBICTb BUKOPUCTAHHS
B3aEMO3B’AA3KIB MiXK XapakTepHMMK 06’ekTaMmn npegmeTHOI obnacrTi.

PpeniM — pparMeHT 3HaHb, SKUA aCOLIIETLCA i3 CTEepPeOoTUNHUMU
cuTyauissMn i Mae BUrNAL CTPYKTypoBaHuUX Habopis gaHux. KoxHui Habip
AaHux - “cnoT’, AKMA MOXe BKadyBaTWM Ha iHWuM dpenm, TOOTO
BCTAHOBMOBATU MK HUMWU 3B’A3kM. B dpermi MOXyTb OyTu oOudikyBaHi
napameTpu cuTyadii. lgesa dpenma cxoxa 3 igeeto 3anucy npu obpobui
AaHux: BCi aTpubytn ob’ekta 3ibpaHi pa3oM B €AWHIN KOMBIHALiNHIN
CTPYKTYpi. Takum 4ymHom, copenm — 3acid opraHisauii 3HaHb.

Onsa EC, ski BUKOPUCTOBYIHOTbCA MNPW YynpasmiHHI TEXHOMOrYHUMU
ob’ekTamun, BUKOPUCTOBYIOTb Kay3arbHi cueHapii y Burnsagi dpenmo-
noAibHUX cnucovHmx cTpykTyp. CueHapin — OCHOBHaA CTPYKTYpHa oguMHUUA
Ga3n 3HaHb, Ue dopmaniaoBaHUM OMUC CTaHOAPTHOI MNOCIiAOBHOCTI
B3aEMO3B’A3aHNX (PaKTIB, SIKi BM3HAYalOTb TUMOBY CUTYyaLUild npegmeTHOl

obnacti.

A

A
[TyneT

A 4

Cucrema
onokysans | Uj A
O06’ext X

oreparop ”| ynpaBiiHHA

A

A 4

|
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nyaet | ¢
MIICY
oTIepaTop B yIpaB- cucrtema 0JI0KyBaHb Ui
| ninms Koutypu >
yTpaBIiHHHS s | O6’exr
Uz
6)
orepaTop
< Ui
cuctema OJI0KyBaHb 06 exr
Kontypu Us
_| ynpaBiiHHs >
EC «—
B)

Puc.8.7. CTpykTypu aBTOMaTUYHUX CUCTEM
a) AucTtaHuinHe ynpaBsrniHHA onepaTopoM; 6) asBTomaTtnsoBaHe

ynpaBniHHS; B) BUKOpUCTaHHA EC

v

v
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Koncrpyxkiis 1

BJIaC-
TH-
BICTb

Curyaris 1

Curtyarnis R

\ /

Amnani3 curtyamii (po3mi3HaBaHHs)

A

dopMyBaHHS PEKOMEH/TAIIIIA

A

[TpuitasaTTs pimeHs

Puc 8.8. Cxema npeameTHO

i obnacri

KaysanbHicTb B cueHapii: Oyab-aka nonepegHs i CTBOPHOE YMOBMU

Anst HacTynHol. BUKOpPUCTOBYOTLCS BiHOLUEHHS:

N1 — HeoOXiaHa | AocTaTHA NPUYNHA;

N2 — OOCTAaTHA MNMPUYNHA,

ns — O6yMOBJ'IeHa npuynHa.
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[Ipouenypu po3

[Ipouenypu no-

> MMi3HABAHHS CH- »| TIYHOTO BUCHOB |¢
MIICY i i N
< MO- Tyanii Ky
Ty b 7y T
Momil A e T ¢
A\ 4
Prc.8.9. [arepdeiic kopuctyBaua
Ctpyktypa EC 7Y 7y ] )
v
A 4 eKCcIepT
oreparop . .
IHKeHep 31 3HaHb

3BOLI,F|TbCFI MHOXWHW:

- Oi Yn pekomeHaawin

D={d1,d2,...,dn};
- KOHCTPYKUin o6’ekTa
K={k1 ,kz, . ,k|};

- BI1TaCTMBOCTEN KOHCTPYKLIN

- cuTyauin

- ynpasniHb

E={li ...,

S
()

W={w1,W2,...,Wn};

U={u1,uz,...,Uq}.

Ha MHOXWHI A oonyckarTbCs BiAHOLWEHHS:

R+ - nia di BUKOHyeTbCA paHiwe d;;

R> - gis di € yactuHoto d;;

Rs3 - gis di npuBoanTb 40 d;;

R4 - pia di cynpoBogxyeTbces d;;

Ons B3 BUKOPUCTOBYETBLCSA CMUCOK CLEHapiiB y BUMMS4i gpenvis

O[HaKOBOI CTPYKTYpW.
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KCL iM’s (kay3anbHUM cueHapin)

BMKOHaBeELlb;

MeTa;

NopsiooK ain;

cuTyauil;

YMOBMU;

pesynbTaTu.

Moxnuei cxemu MipKyBaHb Ha cUeHapisx, SKi BUKOPUC-TOBYHOTbCA
NpWY BUCHOBKaX

1. B KCL, cnort “meTta” mae gjto d’eD, a cnot “nopsigok gin” - cnmcok
Ain (d1, d2...dn). Togi MmatoThb MicLe BigHOLWEHHS:

(diR1d')(di ns d)(di Rz d), i=1,n
2.[Ans koxHoI Ail di cnoTa “nopsagok Ain” BUKOHYOTLCS BiAHOLIEHHS
(diR1d),i<]j

3.0ns 3HayeHHa cnota «MmeTa» d eD i 3HayeHb croTa “pesynbtaTtn’

Ma€e MicLe BiOHOLLEHHS
(UiR1d"), i=1,q

4. Ona d'eD (cnot “nopsagok gin’) ta Ui €U (cnot “pesynbtatin’”)

cnpaBefMBe BigHOLLIEHHS
(diR1U))

5.0nsa koxHoro di B noni “nopsgok Ain” moxe icHysatn KCLL B noni
““meTta” akoro € di, a B noni “nopagok aii” (d+...dn) .

6. Ona koxHoi cutyauil w €W B cnoti “cutyauii” ta Aaii (ds...dn)
BUKOHYETbCS —

(Winz2dj), j=1,n
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7. Axkwo gna sukoHaHHa di KCLL 1 HeobxigHo BukoHaTu aii (d1...dn)
cnota “nopsigok ain” KCL, 2, Toai
(dk n3 di),(dk Rz di), k=1,n
B onucye Bci HeobxigHi KOHCTPYKUii oB’ekta i npeacrasBneHa

OOHOPAaHIOBOK Mepexeto PPenMiB, KOXHUN 3 AKUX Ma€E CTPYKTYpPY:

IM’S1 KOHCTPYKUIT (3HAYEHHS);

- iM’a BNacTUBOCTI (3HAYEHHS);

- MOTOYHE 3HA4YeHHs (Benn4nHa);

- HOMiHanbHe 3Ha4YeHHs (BENNYMHA);
- OAWHULI BUMIPIOBaHb (3HAYEHHS);

- gonycTtuma pisHuuS (BennymHa).

Mpuknagu cueHapiie b3

"CueHapin
KLJT MNyck cylwumnbHOT yCTaHOBKM
[BukoHaBeLb]
OnepaTtop
[MeTa]
[MoyaTtn npouec CyLiHHA
[Mopspok ain]
MogaTtu curHan npo nyck
BkrtounTty cuctemy BeHTUNALII
BigkpuTi KnanaH Tono4HoT Tpyou
Moyatn nogayvy nanusea B TOMNKY
Bkrtountn oBUryH KoHBerepa cyxoro Byrinsis

BKOUNTY XKUBUMNBHUK pO3BaHTaXyBasbHOI KaMepu
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[MpuunHa]

PoanopsamxkeHHs npo nyck CY
[YmoBH]

? Yn € [o3Bin Ha nyck
[PesynbTatu]
TOoMKa — KnanaH @ 3akpuTui
Tornka — wubep @ BIAKPUTUM

TOMKa — XMBUNbHUK @ BKITHOYEHUN

AanmMococ — TemnepaTtypa nepeg @ 100
AnMococ — TemnepaTtypa nigwmnHukie @ 40
- KCL, 3ynuHka CY

IMpouec dopmyBaHHS pileHHa. ETanu:

- po3ni3HaBaHHA cUTyauil;

- BUpOBNEeHHs pekoMeHaaui Ha OCHOBI JTOrNYHOIrO BUCHOBKY.

PosnisHaBaHHA cuTyauil — Ha OCHOBI Kfacu4yHOI Teopil po3ani3Ha-
BaHHA obpasiB. O6pas - CTPYKTypOBaHMN HABNMXEHUA ONUC AOCHigXKyBa-

Horo o6’ekTa (siBMLA), NPUYOMY iCHYE NMLLIE YacTKoBa BU3HAYEHICTb Onucy
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SK IQE€HTUYHOCTI, CXOXOCTIi, nogibHocTi. Mpun LbOMY chniBCTaBneHHs obpasis
— OCHOBHa 3aa4a po3ni3HaBaHHS Ta WTYYHOrO IHTENEKTY B LifIOMY.

[ns 3agay ynpaeniHHa TT po3nisHaBaHHA 06pasiB — Le BU3HAYEHHS
TEXHONOrIYHOT CUTYyaUil Ta BiAHECEHHS 11 40 NEeBHOro knacy. B unx sagadax
HemMae oopmMani3oBaHOro onvcy Ta BUKOPUCTOBYETLCS Pi3HOPOAHA, B TOMY
4Yucni gkicHa iHopmadisi.

MeToan po3ni3HaBaHHS:

- MoAerni 3 BUKOPUCTAHHAM npuHUuny posaineHHs (R — mogeni);

- CTAaTUCTUYHI Moaeni;

- Mogerni 3 BUKOPUCTAHHAM MeToay noTeHuianbHux gyHkuin (M mo-

aeni);

- Moaeni obuncneHHs ouiHok (I — moaeni);

- MeToau 3acHoBaHi Ha anredpi noriku (J1 — mogeni).

OcCHOBHI BMMOrK 4o BUBGOpYy MeToay — KifibKiCTb 064MCEeHb Ta vac.

PoarnsHemo mogenb obuncneHHs ouiHok (IT — mogens). MNoctaHoBka
3agavi:

- AaHO: MHOXMHA M 06’ekTiB ® i Ha Uil MHOXWHI iCHyE po30OMTTS Ha

KiHLEeBe YnCno NiaMHOXWH (knacise) Q;, i=1,m, M =§Qi;_
i=1

- po3dbUTTA BM3HAYEHO HE MOBHICTIO, 3adaHa nuwe aeska iHdop-
Mauis lo npo knacu Q.

- 00'ekTM ® 3a4alTbCsA 3HAYEHHSMM Oesikux o3Hak X, j=1,n.
CyKynHicTb 3Ha4eHb X; Bu3Ha4vae onuc I(m) ob’ekta o.

- KOXHa 3 O3HaK MOXe MNPUMAMaTM 3HAYEeHHS 3 PI3HUX MHOXWH
AONyCTUMUX 3HAYEHb, Hanpuknag

{0,1} — o3HaKa He BUKOHaHA YN BUKOHAHa;

{0, 1, d-1} — cTyniHb BU3HA4YE€HOCTI O3HaKN Mae pisHi rpagadii, d>2
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Onuc ob’ekta l(®)=(x1(w)...Xn(®)), Ha3MBaTb CTAHOAPTHUM, SKLLO
Xj(®) NpUAMaE 3HAYEHHSA 3 MHOXUHM AONYCTUMNX 3HAYEHD.

Topi 3agada i3 ctaHgapTHOW iHopMauielo nonsrae B Tomy, wWob
ana  ob’ekta o Ta HabopiB knacie Q1...Qm 32 HaB4al4oK iHopMaLieto
lo(Q21...Qm) Npo knacu Ta onucn l(w) obYMcnUTU 3HAYeHHs npeaukaTie
Pi(meQi), i=1,m. AnpiopHa iHpopMaLis B 3agadi poanizHaBaHHA 3 Krlacamu,
SAKi  He nepeTuMHalTbCs, MOXe 3ajaBaTuCb Yy Burnggi  tabnuui
Tnm(Tabn.8.1.)

B ocHoBI anropuTmiB po3ni3HaBaHHS NIEXUTb MPUPOOHIN €BPICTUYHUIA
nigaxig — NpyHUMN NpeueaeHTHOCTI, TOOTO NPUNHATTA PilLEHHSA NO aHanoril
— aHarnoriYyHnx cutyauisx QisTm oguHakoBo.

OauH 3 NpocTux anroputmie nepeabayvae obYNCNEHHS OLIHOK Ha OCHOBI
YaCTUHHOI NpeLefeHTHOCTI, a caMe: MOPIBHSHHA ONUCY po3ri3HaBae-Moro
o6’ekta |(w') 3 onMcom 06’ekTiB B Tnm | BU3HAYEHHS Knacy, A0 AKOro Liew
00’ekT BigHOCUTbLCS. PilleHHS BUHOCUTBCA Ha OCHOBI OOYMCNEHHST CTYMNEHIO
noAibHoCTI po3nisHaBaeMoro ob’ekta (psgka) 3 psakamun, HaneXxHiCTb SKNX

[0 3aJaHuX Knacis Bigoma.

Tabnuusa 8.1.
BuxigHi gaHi HaB4YaHHSA
Ob6’exT X1 X Xn Knac
1 a1 a1, ain (@F
Oi ai1 di,j ain Qi
®m am,1 am,j dm,n Qm
o b1 bj bn ’

[1, c.122-150, 5, ¢.180-200]
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KOHTpPOSbHI NUTaHHA
1. MNMpobnema BMGOPY B CKNagHUX cUcTeEMaXx, Ii pUCK.
2. B yomy nonsirae Bubip Ha OCHOBI KpUTEPIiB?
3. MOACHITE  CTPYKTYPY NPUMAHATTA pilleHb 3 ©GaraToellesioHHOK Ta
BaraToLapoBoto iepapxismu
Aki cknagoBi Mae npouec NPUAHATTSA PilLEHb?
Ocob6nMBOCTI NPUAHATTS pilleHb B YMOBaXx BU3HAYEHOCTI | pU3KKY.
[anTe xapakTepucTuky baratokputepianbHUX 3agay NPUAHATTS pPilleHb
AKi 3ropTkM KpUTEPIiB BUKOPUCTOBYHOTHCS NPU NPUAHATTI pilleHb?

B 4yomy 0cob6numBiCTb NPUNHATTS pilleHb B yMOBax HEBU3HAY€HOCTI?

© o N o a &

[ante Bu3HayeHHA Ta o6nacTb 3acCTOCYBaHHS CUCTEM NiATPUMKU
NPUMHATTA pilLiEeHb

10. TllpusHayeHHa Ta cknag eKCnepTHUX CUCTEM

11. Ak BigbyBaeTbcs nobyaoBa 6a3n 3HaHb EKCNEPTHUX CUCTEM?

12. Lo Take kay3anbHi cueHapii?

13.B uyomy mosnsrae npeneaeHTHe ynpaBIiHHs?

9. CuHTe3 cKNnagHUX cUcTeM yrnpaBniHHA
9.1. NMNocTtaHoBKa 3agadvi. Metoam apxiTeKTypHoOro ta
CUCTEMOTEXHIYHOIroO CUHTE3Yy
CknagHicTb 00’eKTiB ynpaBIiiHHA HEBMWHHO 3pocCTae, WO noTpe-6ye
Anst X CTiMkoro pyHKUiOHYBaHHS Bce Oinbll cknagHux cuctem. Tyt
AOoUiNbHO HaBecTU  BUCHOBOK Teopemu Y.Ewb6i “O6’egHaHa cuctema
enemMmeHTiB Mae 6inblw 6aratun Bmbip crnocobiB NOBeAiHKN, HXK cUCTeEMa,
sIKa CKNaJaeTbCs i3 CYKYMHOCTI i30N1bOBaHMX YacTuH”. B TexHiui 06’ekTUBHO

iCHy€e NnpuHUMN HeobXigHOT Ta AOCTATHLOI CKMAAHOCTI: CKNaaHIiCTb cucTteMm
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ynpaeniHHA NOBUHHA BYTW HE MEHLLOK CKnagHOCTI ob’ekta abo, TouHiwe
BignosigaTu n.

CknagHictb npobnemun CUHTE3y CcKnagHoOI CUCTEMM YNpPaBIliHHSA
nondrae B TOMY, WO BOHA MOXe pearnidyBaTUCb Ha Pi3HUX TEXHIYHUX
3acobax, 3 pisHUMM 3B’A3KaMM MK HUMW, B Pi3HUX CTPYKTypax. B 3B'3Ky 3
UMM npobnema CUHTE3y ONTUMAanbHOI CTPYKTYpPU CKMagHOI CuUCTeMm
ynpaBniHHA B YMOBaX iCHYHOUMX pecypciB Ta 06MeXeHb 3poCTae HaCTISbKY,
WO npoueaypu [OOCArHEHHS1 MNOCTaBfeHOlI MeTU He MOXyTb 6yTu
dopmani3oBaHi. 3agada CUHTE3y  OnTUMarnbHOI  CTPYKYyTpU €
BGaraTokpuTepianbHO, TOMY MOCTaBfieHa MeTa MOXe peanidyBaTuCb
Pi3HUMK 3B’A3KaMn MK eniemeHTaMmn. OCHOBHMMM 3aJadaMun Npu CUHTESI
CTPYKTYpPU CUCTEMW €. BU3HAYEHHS CKMagy cuctemu; Kracudikauis
AONyCTUMUX BapiaHTiB Ta IX ONWUC; aHani3 BIgHOWEHb MK MOXITMBAMMU
CMNONYYEHHSIMN ernleMeHTiB  (NigcucTteM) Ta BU3HAYEHHA MOXIUMBOCTI
3aCTOCYBaHHSA CUCTEMMU i3 3MIHIOBAHOK CTPYKTYPOIO.

[Ansa cknagHux cucteMm ynpaeniHHA TEeXHOSIOMNYHMMU KOMIMJSIeK-caMu
NPV CUHTE3I CTPYKTYPW BUAINATL TPU CKNagoBi:

- CUHTE3 CTPYKTYpu 06’eKTa, BUOINEHHS NiACUCTEM;

- CWHTE3 YacCTuHM CUCTEMW, B SKiK peanisyloTbCs anroputmu
ynpaeniHHA, a came: BUBIp KiNbKOCTI PiBHIB, OpMYyBaHHs iepapxii
CUCTEMU; PO3NOAINEHHS (OYHKUIN MDK PIBHAMW Ta efleMeHTamu;
po3nogineHHst yHKUin Mk onepaTtopamu Ta EOM;

- CUHTE3 CTPYKTYpMU cucTeMun nepegadi Ta obpobku iHpopmadii.

B npakTtuui CTBOpEHHSA CKrnagHUX CUCTEM YynpaBniHHA MOXHa BUOj-

NNTU CUCTEMOTEXHIYHUIW CUHTE3 — OOrpyHTOBaHMM BUBIp winen, pyHkuin Ta

CTPYKTYp 3a BuMAamMu 3abe3neyeHHsl Ta apxXiTeKTypHUM — BUBIp QoyHKLiO-

HanbHUX, NOrYHUX Ta QI3NYHMX NPUHUMNIB opraHidauii cuctemu. Obnasi

193



3agadi € cnabkogopmarnizoBaHMMK, a iX po3B’sa3aH-HA NOTpebye TBOPYOro
nigxoay.

3poCTaHHs KiNbKOCTI CUCTEM, SKi BNPOBaAKYKOTbCA Ta NpauiooTb B
NPOMWUCIOBOCTI, Ja€ MOXIMBICTb BMKOPUCTOBYBATU TUMOBI pPillEHHA, OO
AKMX BIOAHOCATbCA Ti BapiaHTW, sKi Haukpawe cebe 3apekomeHayBanu B
npoueci ekcnnyartauii. Bubip TuMnoBux piweHb 4acTo 34IACHIOTb Ha
SIKICHOMY pPiBHIi 3 NiHrBICTUMHUMW 3MIHHUMW. BnxigHMMu gaHumu gns uboro
€ MHOXWHa XxapakTepucTuk (ocobnueocten) ob’ekta F Ta BumoOr Ao
cuctemu ynpaeniHHA D, nepenik cknagoBmx SIKMX MOXe 3MiHHBaTUCh Ta
AOMOBHIOBATUCb B MPOLECi pO3B’A3aHHA 3agad cuHTedy. [Ona npuknagy
HaBegeMo nepersik ckrnagosnx MHOXWUH F ta D.
F1 — TononoriyHi ocobnueocTi (NpocTopoBe PO3MileHHsSI 06nagHaHHS);
F2 — CTPYKTYPHI XxapakTepucTukmn (0cobnmBocCTi 3B’s13KiB MiX arperatamm);
F3 — doyHKUiOHanNbHI BUMOrK (Cknag npuknagHux 3agad);
Fs — anropuTMidHi XapakTepucTuku 3agad ynpasfiHHA (PO3Mip-HiCTb,
NoBHOTa popmanisadii, obuymcnoBanbHa cKnagHicTb);
Fe — AMHaMiYHi xapakTepuCcTukn ob’ekTa, B TOMY YMCAi 3ani3HiO-BaHHS,
CTIMKICTb, KEPOBAHICTb, CMIOCTEPEXKHICTb;
F7 — pexumHi ocobnmBoCTi (CTaTUYHi YN  AUHAMIYHI  pEXnMM,
XapakTepuUCTUKN 36ypeHb);
Fs — NokasHMKN HaQIMHOCTI TEXHOMNOrYHOro obnagHaHHA, NPUYMHN BiAMOB
Ta IX Hacnigku;
D1 — TOMONOriyHi BNacTMBOCTI (NPOCTOPOBE PO3MILLEHHA [aTyMKIB,
cnoxusadiB iHpopmauii Ta 3acobis il nepepobkn);
D2 — cTpyKTypHi 0cOBNMBOCTI (BMMOrK OO CTPYKTYPU MPOrpamMHO-TEXHIYHNX

3acobis);
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D3 — dyHKUiOHanbHi BMMOrM (XapakTepUCTUKM KraciB 3agad Ta iX
NOBHOTA);
D4 — iHgbopMaLinHi xapakTepncTukn (popMn HagaHHA iHdop-Mauii, BUMOru
Ao mxkepen iHgopmauil Ta 3acobiB i 36epiraHHS);
Ds — anropuTMiyHi BUMOrK (MPUHLMNK, METOAWN, CXEeMMU KOHTponda Ta
ynpaeniHHS);
Ds — opraHizauinHo-gnHamiyHi BUMOrM (4ac pO3B’A3aHHA NpPUKNagHUX
3agad, obcnyroByBaHHSA Yepr 3asiBOK, NPiOPUTETHICTb 3a4ad);
D7 — BUMOrn 4o TOYHOCTI pO3B’A3KiB 3a4av;
Dg — NOKa3HWKN HALINHOCTI Ta TEXHIKO-eKOHOMIYHOT eDEKTUB-HOCTI.
Toai MHOXMHA CUCTEMOTEXHIYHUX XapaKTepPUCTUK CUCTEMMU 3HaxXoauUTbCS
SIK CUCTEMOTEXHIYHE BigobpaXKeHHA S

DxF—»S, D=Y D, F=YF (9.1)

Taknm YMHOM, BM3Ha4alOTbCA: NPOCTOPOBO-TOMNOJSIOrYHA,
doyHKUiOHanbHa, iHpopMaLliHa Ta anropuTMmidyHa CTPYKTYpU cucte-mu, i
MicLue B 3aranbHil cucTtemi ynpaeniHHA, iHopMaLinHa MNOTYXHICTb,
po3noaisl  YHKUiOHanNbHMX 3agady MK TexHiYyHuMuM  3acobamm i
nepcoHanoM, MK anapaTHMMKM Ta nporpamMHumMn 3acobamu, meToau
NiaBULLEHHA HAOIUHOCTI.

OcCHOBHI npoueaypy CUCTEMOTEXHIYHOIO CUHTE3a MOXHa copMynioBaTn
TakK: 3aranbHUW KpUTEPIN, Hanpuknag MiHIMyM CyMapHOI AOBXWHWU MiHIiN
3B’A3KYy B CUCTEMI, AONOBHIOETLCS OOMEXKEHHAMM:

min L=min ) L(i,j), (9.2)

ij el

P 2 2, STS STp'on; L(|,J) < L(i,j)p'on; V2 Vgon
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Rq=<Rqmax; q € V,B,
[e: p — KinbKicTb By3niB (cTaHuin); ST — BapTiCTb TEXHiYHMX 3ac006iB;
L(i,j) — moBXuHa niHil 3B’A3Ky MiX i-TUM Ta j-TUM eneMeHTaMu;
V — CTPYKTYPHa XMUBYHICTb; Ry — 3aBaHTaXeHHs1 g-ro efieMeHTa cuctemu;

V — doyHKUIOHanNbHi enemeHTn; B — 3B’3kM MK HUMW.

9.2. CuHTE3 oNTUMAaribHOI TEXHIYHOI CTPYKTYPU CUCTEMU YrpaBriHHA
[MNepenbavaeTbes, WO TexHivHa cTpykTypa (TC) onTumarnbHa, Konu:
- peanidye Habip dopmanizoBaHux dyHKUiM F, ki 3abeanedvyoTb
OOCArHEeHHA cuctemor 3agaHoi Metu Qr (T — Ang TexHOMoriYyHoro
ob’ekTa);
- CYKYMHICTb MOKa3HUKIB SIKOCTi E — Havkpawa 3 MOXIMBUX i 1T HE MOXHa
noKpaLunTw.
Apyrumn crnioBamu: NOBUHHI 3abe3nedyBaTUCb (PYHKLOHaNbHI MOXITMBOCTI
cuctemn Ta HeobxigHi nokasHukm qkocTi. Bmg TC (ueHTpanizoBaHa,
po3nogifieHa) BU3Ha4Ya€eTbCs OLIHKOK SIKOCTi MOXnnBMx BapiaHTis TC.
[onyctumo: B peaynbTtaTi CTPYKTYpHOro aHanizy TOY Bigomi:
- (byHKUioOHanbHa cTpykTypa CY

W (F, U) (9.3)

- CYKYMHICTb 3 € YaCTUHHUX KpUTEPIiB Ta 0651aCTb 1X BU3HAYEHHS Ko.

3agadva mae BervKy po3MipHICTb, Ky MOXHa AeLLO0 CKOPOTUTU 3a paxyHOK:
- 3BefleHHA 3afadi cuHTesa TC CY go m 3agad CUHTe3y CTPYKTypwu
JYHKLiOHaNbHUX MigCUCTEM Ta IX HAaCTYMNHOro arperyBaHHs B CUCTEMY;
- BUKOPMCTaHHSA novaTkoBoi 6a3n gaHux y Burnagi macuey (6aHka,
Tabnuui) Tnnosnx mapwpytis M(Xx,y).

TyT MOXyTb BYTU pi3Hi Nigxoaun, ane BUAOINATLCA TPU eTanu:
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BM3HAYEHHA TUNY MikpornpouecopHux 3acobis Ta EOM,;

BU3HAYEHHSA CTPYKTYpU (PYHKLIOHANbLHMUX NigCUCTEM;

BM3Ha4yeHHA TC cuctemm Ha OCHOBI BiJOMUX MiACUCTEM.
[onoBHe: BWBIp HaWkpaworo piweHHa (anbTepHatuBu) — ©GaraTto-
KpuTepianbHa 3afjadya 3 BUKOPUCTAHHAM CYKYMHOCTI YaCTUHHUX KpuUTepiiB
Ta NeBHOI Npoueaypu NPUNHATTS pilleHb
Ha puc.9.1 nokasaHa gekomnosunuia UinboBoi PyHKLUil:
0 piBeHb — BMAINEHHSA LinboBOT OYHKLUIT Ansa npouecy yHKUioHyBaHHA CY;
1 piBEHb — JEKOMNO3ULISA LiNboBOI PYHKLIT 3a CTagiiMU XXUTTEBOIO LUKNY:
1 - po3pobka T3; 2 — po3pobka QOKYMeHTaUil; 3 — BNPOBaKEHHS; 4 —
eKkcnyarauis.
2 piBEHb — AEKOMMO3ULIA OTPUMAHOI NiAMETM Ha eTani po3pobKN CTPYKTYp:
1 — dQyHKUioOHanbHOI; 2 — TexHi4yHol; 3 — iHdopmauinHol; 4 -
anropuTMIivyHoOI; 5 — NporpamHol; 6 — opraHizauinHol.
3 piBEHb — AOeKoMMo3uuid oTpumaHoi nigmeTn npu pos3pobui TC ana
3abe3neyeHHs:
1 — dyHKUIOHANbHUX MOXITMBOCTEN; 2 — SKOCTI (PYHKUIOHYBaHHA; 3 —
pecypciB.
4 piBeHb — POPMYBaHHSA UiNe HWXKHbOIO PIBHA | BUSBMEHHA CYKYMHOCTI
hakTopiB, HanbinNbL CyTTEBUX ANSA PyHKUiOHYBaHHSA CVY.
BukopucToByBaHi kputepii npy cuHTesi TC NOBUHHI:

- OyTM nNOBHMMM Ta OXONMBaTM BCi CYyTTEBI akTopn, SKi

BMANBaKOTb Ha NOBEAIHKY CUCTEMM;
- po3KnagaTtucb, AN CNPOLLEHHS npouecy NPUAHATTA pilleHb, Ha
eTanu,
- He O6ytM HagnuwkoBuMMK, WOO pPO3MIpPHICTL 3agadi He

30inbLyBanaceo;
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- He aybnioBaTK Pi3HUX acnekTiB NOBEAIHKN CUCTEMM.
YacTMHHUMK KPUTEPISIMU MOXYTb, Hanpuknag, oyTu:

cTafig po3poOKu OOKYMEHTaLLii:

1- SKICTb 3aranbHOCUCTEMHOIO MPOrpaMHoro 3abesneyveHHs; 2 — SKiCTb
MEeTOONYHOro 3abe3nedyeHHsl; 3 — 3PY4YHICTb 3aMOBMEHHA TEXHIYHUX
3acobiB; 4 — pi3HOMaHITHICTb HOMEHKIATypKu TEXHIYHMX 3acobiB; 5 — aoceig
npoekTyBaHHs CY Ha KOHKPETHIN TeXHiLli;

cTagisi BnpoBaLKEHHS:

6 — BapTiCTb TEXHIYHNX 3acobiB; 7 — 3aTpaTu Ha BNPOBaIKEHHS.

cTafis ekcnnyartauii:

8 —HapinHicte; 9 — BapTicTb ekcnnyaTadii; 10 — xuBydictb; 11 —
TPYOOEMKICTb yrpaBniHHSA; 12 — Hanpy»XeHIiCTb npaui onepaTopa; 13 — yac
peakuil; 14 — NepeLlKoaOoCTINKICTb; 15 — TOYHICTb ynpaBniHHA; 16 — AKICTb

cepsicy; 17 — 3pyyHicTb ekcrinyarauil.
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0 piBeHb

1 piBeHb

2 piBeHb

3 piBeHb

4 piBeHb

Puc.9.1. [lepeBo aekomnosuuii LiriboBOT OYHKLIT CUCTEMU 3 BULINEHHSM

niguinen HWXHLOro PiBHA

Mpobnema: 4acTMHa KpuTepiiB 3aga€eTbCsa KiNbKICHO (4ac peakuii,
BapTICTb CUCTEMMU, 3aTpaTU Ha BNPOBaMXKEHHS), iHLWI — SKICHO (JTIHMBICTUYHI
3MiHHI) — gKiCTb BuAIB 3abe3neyeHHsi, cepBicy, 3pydHicTb i T.4. B
nitepaTtypi HaBedeHO [daHi, WO npouec nNpUAHATTA pilleHb He
CYyNnpoOBODKYETLCA  MOMUMIKAMK, KONMW  ONS OUiHKM  anbTepHaTuB
BUKOPUCTOBYETLCHA He Binblie 7-mu KputepiiB. MNpu BinbLuin ix KinbKoOCTi
BOHW BMKOPUCTOBYIOTLCS Ha Pi3HUX CTagiax.

[Mpw ctBOopeHHi TC CY HeBU3HAYEHOCTI BUKINKaHI:

= nosefjiHKo cepenoBuLla, B skoMy Oyae dyHKLiOHyBaTU cucTeMa;

199



=0OMEXEHHAMN, MOB’A3aHNUMUN 3 TEXHIYHMMKM XapakTepuc-Tukammn T3 Ta
M3;
= HefoCTaTHIM OO0CBIAOM Ta 3HaA4YeHHsM pakTopiB, HAKi BANMBAKOTb Ha

akictb CY.

BukopuctoByoTbCa Taki npouenypu cuHtedy. [Npouenypa dopmyBaHHSA

BapiaHTIB BUKOPUCTaHHA obYyucnoBanbHOl TexHikm. OcHoBa — aHanis

dyHKUin f eF Ta MOXNMBOCTI IX peani3auii Ha OCHOBI Cy4aCHOI TEXHIKM.

Bubip Hawmkpalloi anbTepHaTuBuM — Ha OCHOBI KpuTepilB ki-k7 Ta

BUKOPUCTAHHSA 1X 3ropTOK.

CUHTE3 CTPYKTYPU DYHKLLIOHANBLHUX NiACUCTEM.

Ansa koxHol napn XY (x eX, y €VY), BUAINAETbCA TUMOBUIA MapLUPYT, KUK
3abesneyye nepetBopeHHa X B Y (m(x,y) € M(X)Y)). 3 ogHOTUNHMX
MapLIpyTiB  (POPMYETbCA o BapiaHTIB KOXHOI 3 M  YHKLiOHaNbHUX
nigcncrem

Gio(Vi, Bi) =Y mi(x , y) (9.4)

k=1,..k; j=1,...h; i=1,..m; o=1,... a
OcHoBa — kpuTepii ks-k11.

CuHTtes ctpykrypu cuctemm (CCC). 3 BuaineHmnx moaenemn nigcucTtem

LUAAXOM arperyBaHHsi CUHTE3YKOTbCA MOXMIMBI  BapiaHTU  CTPYKTypu
cuctemn  (UeHTpanizoBaHa, TepuTopianbHO  YM  QOYHKLIOHANbHO
poanojineHa, kombiHoBaHa...)

G, (Vy, By)= Y Gi (Vi, Bi) (9.5)

w=1,..m; j=1,...a; y=1,...y

OcHoBa — kpuTepii k12-k17.
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AKWOo Hi oguH 3 BapiaHTIB He BIigMOBigAae NOCTaBNEHUM BUMOram, To
30iNCHIETBCA Nepexig B noyaTok (npu ki ko).

OnTumizauia TexHidHoi cTpyktypu ATK Ha rpadoBux mMoaensx.

dopmanbHO onTuMi3auis — BUpOBNeHHs Ta peanisauiss MHOXWHU cTpaTerin
R (cnocobiB ain po3pobHukis ACYTII), ki BM3HA4YalOTbCSA MHOXMUHOK
anroputMiB Ra= {r1,r....} npoueayp nNpoekTyBaHHS ONA LOCAMHEHHS Linbo-
BOI (pyHKUil Q. Peanisauis unmx crtpaTerin npuBoanTb A0 gekomnosuuii TC
ob’ekta Ta ACYTI1 i yTBOPEHHS HOBUX CTPYKTYP 3 ypaxyBaHHAM MHOXWHU
dyHKUin F Ta ouiHOK E, aki nporpamytoTb XUTTEBUN LMK ATK.,

Ona TK:

r(MA) i) YF[(M[,Ai)i)I_“(M,Z),
R1: MxAxFxE1— Y i (Mi, A)

R2: Mix AixExo— I'(M, 4), (9.6)
R1, Ro < R; E1, EzCE, i=1, ...m,
ae: I'(M,A)- kKoHAeHcauis rpada; m — uncno yHKUin, siki peani-3yrTbes
CUCTEMOIO.
Ona ACYTIT:
G(V,B) |y YG,(,.8,) s (7, B). (9.7)
Rs: VxBxEsxF— Y Gi (Vi, Bi)

Rs: Vix BixEs— @V, B), (9.8)
Rs, Re cR; Es EscE, i=1,..m,
ae: oV ,B) - ykpynHeHun oprpad TC CY, koHgeHcauia oprpada G(V, B).
Ha ocHoBi BupasiB (9.6) i (9.8) 3agaya cuHTe3y ontumanbHoi TC CY

3BOANTbCA 0O BU3HAYEHHA CyKyI'IHOCTi MHOXWH:
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<M,AV,B,F, E> (9.9)
Ta MOLLYKY €QMHOrO pilleHHs B baratoBMMipHOMY NpoCcTopi BUBopy

M — MHOXWHa TEXHOMNOrYHUX E€NTEMEHTIB;

A — MHOXMHa 3B’AA3KIB MiXK HUMMU;

V — MHOXWHa byHKUiOHanNbHUX enemMenTiB CY;

B - MHOXMHA 3B’SA3KIB MiXK HUMU;

F — MHOXMHa pyHKUin CVY;

E — ouiHkm xuntTtesoro ymkny ATK

Topi oprpac TC ATK moxHa npmuBectn go Buay:

O, Q)= rwm.AHYoV,B), (9.10)

(M, 4)1 &V ,B)=¢

BigHocHo cTparterin R:

R1 noBnHHa 3abe3nevyBaTtu 3a JOMOMOIo MHOXMHU OUIHOK E1 BUAINEHHSA
B TK m TexHOsoriYHux nigcmcrem, 3a 4ONOMOro AKNX Yyepes MHOXUHY F
peanisyetbca yHKUis O ;

R2 noBuHHa 3abe3neynTtn 3a [OOMOMOrold MHOXWUHM OUiHOK E2
KOMMOHOBKY Takoi CTpykyTpu TOY 3 m TexHOonoriyHux nigcucrtem, sika 6
Halikpalle Bianosigana Q , Es, Es;

R3s — BubGip Hankpawioro Tuny enemMeHTiB gna m nigcuctem CY Ta ix
ONTUManbHY KOHCTPYKTMBHY | JIOFYHY KOMMOHOBKY 3 YypaxyBaHHSM
MHO>XWHW OLiHOK E3;

R4 — cuHTes ontumaneHol TC CY 3 ypaxyBaHHAM m nigcucrem Ta
MHO>MHU OLIHOK Ea.

MocTtaBneHa 3agjada Ma€e BeSIMKY PO3MIPHICTb, BIAHOCUTLCA OO

GaraTouinboBOI  (BEKTOPHOI) ONTUMI3aUil B YyMOBax HEeBWU3HAYEHOCTI

202



(HeuyiTkocTi) ouiHok E. Lla 3apgaya BigHOCUTBbCA OO0 KOMOIHATOPHUX 3
OVUCKPETHUMMN 3MIHHUMM.

OavH 3 WnaxiB po3B’si3aHHA — Ue MPUURHATTA psiay nNpunyweHb, a
came:
= peanisyemMi (oyHKUiT cknagarTbCs i3 3agay, WO po3B’A3YTbCA HAa OCHOBI
YHi(pikoBaHUX  anroputmiB, [OnNs  SKAX  BiQOMIi  OCHOBHi  TEeXHi4Hi
XapakTepucTnkn (4ac pobotn, ob’em nam’aTi, YMCNO BXiAHUX | BUXIAHUX
napameTpiB i T.4.);
= KOoXHa 3 nigcnctem TOY (TK) mae cBoi KpuTepii, Mogeni, a B CyKynHOCTI
nigcucrtemu peanisyloTb 3agaHy MeTy yrpasIiiHHS;
= 4acToO 3pYYHO MpUMUMaTH, O KOXHA 3 M (PYHKUIA peani3yeTbCHa CBOEKD

JOYHKLIOHaNbHOK MiACUCTEMOLO.

9.3. 3acTocyBaHHSA WITYYHUX HEUPOHHMUX MepeX B cuctemax
ynpaBniHHSA

LTy4yHi HenpoHHi mepexi (HM) novanu gocnigxkysatucb B 60-i pokn
B GioHiYHOMY Hanpsamy B KibepHeTuui. CborogHi BOHM 3aCTOCOBYIOTLCS B
Pi3HMX ranys3six NPOMMUCIIOBOCTI (eHepreTuka, XiMmis, aBsiauinHe npunago-
6yayBaHHs...). OcHOBa — BWCOKMA pPiBEHb PO3BUTKY EMEKTPOHIKM i
obumncnoBanbHOI TEXHIKN, CTBOPEHHA LMGpoBMX Henpomepexosux CBNC
3 YMCMOM HEWPOHHUX efieMeHTiB Ha ofHomy Kpuctani nopsagky 1000 i
Ginbwe. Kpim TOro, dyHaameHTanbHoO 6a300 € [JOCNiIIKEHHS B
Hewnpobionorii, B Henpodisionorii, 6iodi3nui, Gioximii, Wo gann maTepian
ANA BUBYEHHS AMHAMIKU HENIHIMHUX HEMPOHHUX MPOLLECIB.
WtyyHi HM - knac napameTpu3oBaHUX (QYHKUIOHANbHUX CTPYKTYP,
BNACTUBOCTI SIKMX BM3HA4YalOTbCA KoeduilieHTaMn 3B’3Ky MK HEMPOHHUMU

enemMeHTamu Ta napameTpamu IX xapakTepucTuk NnepeTBopeHHs. HenmpoHHi
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eneMeHTN OMUCYKTbCA  HENiHIMHUMKW  cTaTUYHUMKU  OYHKLiSMK - abo
AUpepeHUIMHUMN  PIBHAHHAMW  KOHKYPEHTHOro Tuny. [lonyckakTbcs
AOBINbHI 3B’A3KM MK HEMPOHaMW, ane Ha NpakTuLi 3acTOCOBYHTbCH , SK
npaBuro, perynspHi Garatowaposi HEMpPOCTPYKTYypu 3 MoBHUMU abo
YaCTUHHUMM  3B’A3KaMK MK WapaMy Ta MaTpuYHOIO  MOLLAPOBOD
opraHisauieto HEMNpPOHIB. XapakTepHa  O3Haka  (OYHKLiIOHYBaHHS
HEMPOMEPEXOBUX CTPYKTYP — HacCTporKa KoewiliEHTIB MPKHENPOHHNX
3B’s13KiB, HEOOXigHa ANsi OTPUMAaHHS 3aJaHuX ANHaAMIYHUX XapakKTepUCTUK
NnepeTBOPEHHS BXIOHMX AaHUX B YMOBaxX HEBU3HAYEHOCTI Y/ 3MIHIOBAHOIO
cepeaoBuLLa, WO BM3HAYaE IX 3aCTOCyBaHHS B afanTUBHUX CUCTEMAX.

Kpim TOro, ue:

aBTOMaTM3aLia NpoueciB po3nizHaBaHHA 06pasiB;

CTBOPEHHA eKCNepTHNX CUCTEM;

opraHisauisa acouiaTMBHOI NaM’aTi i iHW.;

NPOrHO3yBaHHS MOKa3HWUKIB Bip>KOBOro PUHKY.

Hanbinbw edekTMBHO HEWPOHHI MepeXi 3acTOCOBYHTbCA MNpu
nobynosi cucteM afanTMBHONO  yrnpaefiHHA B yMOBax anpiopHOl
HEBM3HAYE€HOCTI Ta 3MIHIOBaHMX XapaKkTepucTuk 30BHILLHBLOIO
cepeposuLla. Lle Bu3HavaeTbCs iX YHKLIOHANbHUMKN BACTUBOC-TSMM:

- MOXNMBICTIO NepebynoBu;

- HEeNiHIMHICTIO OWHaMIKW | KOOMNepaTUBHOCTI  MiKHEMPOHHOI
B3aeMogii, WO BU3HA4Yae CKnagHi onepatopu MNepeTBOPEHHS
BXiQHOT iIHGbopMalLlil;

- napanesibHIiCTI0O pob0TU HEMpPOHIB, WO BaXnMBO MpW anapaTHin

peanisauii HeMPOMEPEXOBUX PETYNATOPIB.

TepmiHn i NoHATTA.OCHOBa KOXHOI HEWPOHHOT Mepexi — OAHOTUIHI

enemMeHTH, AKi iMiTyIoTb poBoTy HEMPOHIB MO3KY (puc. 9.2).
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Bxogn cuHancu

X1 Wi
O Buxin
W> S AKCOH oY
KOMipKa A\_ HEHUpPOHU
o) HEWpOHa
Xn Wh
Punc.9.2. Cxema HenpoHa
S=S XW (9.11)
Y=F (S) (9.12)

KOXHNN HENMPOH XapaKkTepU3yeTbCHA NMOTOYHMM CTAHOM 3a aHarloriet
3 HEPBOBUMM KIiTUHAMM FOSIOBHOIO MO3KY:

- MOXYTb ByTun 30yIKeHi;

- MOXYTb ByTK 3aranbMOBaHi

HenpoH mae rpyny cuMHancie — ogHoHanpaBieHUX BXiOHUX 3B'353KiB,
3B'A3aHNUX 3 BUXO4AMW [HLUMX HEMPOHIB, TAa aKCOH — BUXIOHWW 3B'A30K
[aHOro HEWpOHa, 3 $KOro CcurHan

(36ympkeHHs1 abo ranbMyBaHHS)

HagXoOWTb Ha CUHANCUM  HaACTYMHUX  HEWpoHiB. KOXHUW  cuHarc

XapaKTepU3yeTbCs pO3MIipOM CUHANTMYHOIO 3B’A3Ky abo noro Baroto Wi,
Wo 3a @i3an4YHMM 3MICTOM €eKBIBANEHTHUN eNIeKTPUYHIN NpOBIOHOCTI
(pnc.9.2).
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Punc.9.3. Cxema 3B’a3KiB HEMpPOHa

Benuke 4nucno HenpoHiB 06’eAHYOTLCA B TaK 3BaHi Mpollapku i
3’eQHaHHA MEeBHMM YMHOM HEWPOHIB pPIi3HMX MPOLWAPKIB, a B AeAKUX
KOH(pirypauisix — HeupoHiB OOHOro npowapky Mk cobotw. OB6pobka
B3aeMO/il HEMPOHIB BeeTbCHA NoLapoBoO.

TeopeTUYHO KiNbKiCTb NPOLUAPKIB i YNCNO HEWPOHIB Yy KOXHOMY
NpowapKky Moxe OyTu [oBifbHUM, ane @akTUYHO BOHO OOMEXEHO
pecypcamMmn KoMmn'roTepa 4v crewianisaoBaHoi MIKPOCXeMW, Ha SKUX pearni-
sytotbes HM.

Bubip ctpyktypn HM 3aiicHI0ETLCA BIiANOBIAHO A0 OCOBGMMBOCTEN |
CKIlagHOCTI 3agadi, Ang cTaHgapTHUX 3afad ICHYKOTb OonTUMarbHI KOHQIry-
pauil.

Mpn po3pobui HOBUX KOHQirypauin HeobxigHO BpaxoByBaTU TakKi
NPUHLMMNMK:

- MOXITMBOCTI MepexXi 3pocTaloTh i3 36inbLUEHHSM YMcna ocepeakis,

LLINbHOCTI 3B’A3KIB MiXK HAMM | YNCNOM BUAINEHMX NPOLLApPKIB,;
- BBe[EeHHS 3BOPOTHIX 3B’A3KiB 36inbLUye MOXITMBOCTI CUCTEMU, ane

BUHMKAE nNpobnema gMHamMiuYHOI CTINKOCTI;
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- BOOCKOHameHHs anroputMmiB (oyHKUIOHYBaHHS Mepexi, Hanpuknag,
BBEAEHHSA KiNbKOX TWMIB cuHaMCciB (30ymKyounx, ranbMiBHUX)
Cnpusie 3pOCTaHHI0 NOTYXXHOCTI HM.

Mpouec dyHKuUioHYBaHHS HM, TO6TO CyKynHICTb BMKOHYBaHWX Ain,
3anexuTb Big pO3MipiB CMHANTUYHUX 3B’A3KIB. [NA KOHKPETHOI CTPYKTYpU
HM (nia kOHKpeTHy 3agady) HeOoOXigHO 3HaWTW ONTMMAasibHI 3HaYEeHHS
3MIHHUX BaromMux KoedqiuieHTiB (Oesiki CUMHANTU4YHI 3B’3KM MOXYTb OyTu
nocTinHummn). Llen etan — HaB4aHHA HM, Konu po3B’a3yeTbCst KOMNPOMICHa
3agada Bmbopy napameTpiB Bar Ta 4YacoM HaB4yaHHA. HaB4yaHHA MoOXe
npoBOAMTUCHL “3 BuMTenemMm” abo 6e3 Hboro. B nepwomy Bunagky mepexi
3aal0TbCa 3HaYeHHs BXigHUX | BaxaHnx BuXigHUX curHanis. B gpyromy —
Buxogn HM opmMyloTbC CcaMOCTIMHO, a Barnm 3MiHIOKTLCA 3a
anropuTMOM, SIKUA BPaxoBYE BXIi4HI CUrHanu i NoxigHi Big HUX.

AnropuTMn HaB4YaHHA NOAINATLCA Ha Krnacu:

- [AeTepMiHOBaHIi, KO MigCTPOOBaHHSA Bar NpoBOAMTLCS 3a XKOPCT-

KO MOCRIOOBHICTIO AiN;
- CTOXaCTW4HI, KON MiOCTPOKOBaHHA MiANOPALKOBYETLCHA OEAKOMY
BMMNagKOBOMY NpoLecy;
HM moxXyTb onepyBaTu ABinkoBuMM curHanamm (6iHapHi) abo
HenepepBHUMW (aHarorosi).

HM mMoxyTb 6yTn:

- CUHXPOHHWUMMW, KON CTaH 3MIHIOE NULLE OAUH HEVPOH;

- ACUHXPOHHUMMU, KOMKM 3MIHIOETLCA CTaH rPYnu HEWPOHIB y MNpo-

LLIAPKY.
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ApanTuBHa cuctema ynpasniHHA Ha 6a3i HM nepcenTpoHHoOro tuny

W1 A% &2
p X
» HP |e HI
uA Ay _®+
U
T
oy _, -
N

€1

Punc.9.4. Ctpyktypa cucremm

W1, W2 — BEKTOPHI KOeilieHTH 3B’A3KY;

T (target) — 3aBoaHHsS;

HP — HenpomepexoBuin perynaTtop;

HI — HenpomepexoBun ineHTudikaTop;

QY — 00’ekT;

P — naHi nporHoasis.

Cuctema BignpauboBye 3aBAaHHA T. HerpomepexoBun perynsitop
HP Ha ocHOBi KiHUEeBOI MOCNIAOBHOCTI nornepegHiX 3HadeHb CurHany
noxmbkn ynpaeniHHA g1=T-Y Ta [JaHux nporHosy p ¢opmMye u.
Henpomepexosuin ineHtngikatop HI obpobnse curHanm u i y Ta dopmye
BUXIOHWUM CUrHAr X, SSKUA MOPIBHIOETLCS 3 Y.

Ontumizatopu 01 i 02 B npoueci HaB4aHHS HM 0b6pobnsatoTe curHanm
noMuUnKkn g1=T=Y i &=Y-X (ynpaBniHHA Ta igeHTudikadii), BU3Ha4atoTb

BEKTOPHi KoedilieHTn 3B’A3Ky W1 i W2 HEeMpoHHux mepex HP i HI. B
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pes3ynbTaTti HaBYaHHA (OPMYIOTLCS CTPyKTypa Hewnpoperynatopa HP i
Moaenb ob’ekTa.
baratowaposa HM 3a Tononorieto - [OWCKpeTHa pewitka 3
BU3HAYEHNMU YUCNnamMu LiapiB i HEMPOHIB B KOXHOMY 3 HUX. KOoHQirypauid
Mepexi obupaeTbcs 3 ypaxyBaHHAM CKNagHOCTI po3B’a3yBaHol 3agadi. [nga
ONUCY HEMPOHIB BUKOPUCTOBYETLCA DYHKLIIOHanNbHa Moaersib:
Yim=f (Zim), i=1,...8; m=1,..n (9.13)

Lj=1,...,s; k=1,...n

Jk>

Zi m= Z VVijmk Y
k=1

Yim — BUXigHa BENMYMHA M-r0 HENPOHA B i-My LLapi;

Zi m — Benu4MHa BHYTPIWHLOrO CTaHy akTMBHOCTI Ha BXOA4i M-ro
HenpoHa B i-My LWapi;

Yik — BuxigHa BennynHa k-ro HempoHa nonepenHbLoro j-ro wapy;

Wiimk — KoediLieHT 3B’A3Ky MK m-M Ta K-M HepoHamu BignoBig-
HUX LapiB;

S — KiNbKICTb LWapis;

N — YMCIIO HEVPOHIB B LUAPI;

f (- ) — HeniHiMHa dyHKUIA NepeTBOpPeHHs (dYHKUiA akTuBauii),
Hanpwuknazg foriCTUYHOro Tuny:
y=p1| (1+exp (- p2 (z—ps3))l, p1>0, p2>0 (9.14)

p1 — NapamMeTp, SKUN BU3HAYAE MaKCUManbHUM piBEHb aKTUBHOCTI Ha
BUXOAi HEMPOHA;

p2 — NapamMmeTp KPYyTU3HW JOricTa;

p3 — NapamMeTp KPYTU3HU 3CyBY.

3anexHictb (9.13) B cnpoweHoMy BUIMSAi ONUCYE MeXaHi3m
CUHANTUYHOrO 3B’A3KY MiXX HerpoHamu. MM HeMpoOHHOI Mepexi B Uinomy

onn-cyeTbCa y BUMsSAl ysaranbHeHoro psgy Konmoropoa-labapa —
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OVUCKPETHU aHanor HeniHinHoro iHTerpanbHoro onepartopa BonbTeppa.

Ona HM (puc.9.4) mogenb mae Burnag;:

m m

U[t]=ia,g [(—i1+) D ae [t—ile [t—j]+

i=0 j=0

+iiiaukc€ [t—ile [t—jle [t—k]+

i=0

(9.15)

U[t] — sHa4eHHs Buxoagy HP B NOTOYHUI OUCKPETHMIN MOMEHT Yacy ti;

g[t-i] — 3HaYyeHHa NOMUITKM yrpaBiHHA B NonepeaHii MOMEHT Yvacy [t-

i]-n;

M — YUCIIO iHTepBaniB 4acy;

ai, aijj, aijk — KoeiuieHTn pagy, SKi 3anexaTb Big OUCKPETHUX napa-
MEeTpPIB KOHirypauil Mmepexi i KoeHILIEHTIB MDKHENPOHHOIO 3B’A3KY.

3 Bupasy (9.15) BMaHO, WO HEMPOHHA Mepexa 3a4aTHa BpaxoByBaTu
HeniHinHI edpekTn B iHbOpMaUiNHMX Npouecax, LWo nigBuLLye eeKTUBHICTb
006pobKkn gaHuXx.

OpHa 3 rofioBHUX Npobnem — HacTpolBaHHA KOedilieHTIB 3B’S3KY.
AOns uboro MOXyTb  BMKOPUCTOBYBATUCbL npouenypu  rnobanbHoi
ONTUMI3aLUil, 3 ypaxyBaHHAM CKNagHOro penbeda UuinboBol OYHKUil B
GaratoBMMipHOMY napameTpuUyYHOMY MPUCTPOI KoediuieHTiB 3B’A3Ky. B
camin HM gmHamiyHi npouecu npoTikaloTb NOPIBHAHO LWIBWAKO, @ Npouecu
ONTMMasibHOr0 HaCTPOKBAHHA MapameTpiB € 30DKHMMKW, ane MOpPIBHAHO
NOBINbHUMWU. B cUCTEMi MOXYTb BMHUKATM YMCIEHHI pyxu (“GnyxaoaHus”),
LLIO NPUBOAUTL A0 NepeperysitoBaHHS.

B 3B’A3Ky 3 UMM crioyaTky NpoOBOAATb HAaBYAHHSA HEMPOMEPENKOBOIO
peryndaropa:

- Ha mopaeni ob’ekTa;
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abo: - B Ailoyin cuctemi nNpu NigkNYeHOMy NPOMUCIIOBOMY PErynsitopi
(pnc.9.5).

Wi W2

UN‘ - |+

Y T
o(ov) .
Ur N -t

Punc.9.5. Cxema cncrtemu 3 gitounm perynaropom

v
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>
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P
»
>
»
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v
o

OnTtumizaTtop 01 otpumye curHan p= Ur — Un, 3a sSikuM NpoBOAUTb
HacTpPouKy KoediuieHTiB 3B'A3Ky HenpomepexoBoro perynatopa HP.
OpaHo4YacHO HacTpPOKETLCA Moaernb 00’ekTa B HEMPOMEPEXKOBOMY iAEHTU-
gikatopi HI. llicna 3akiH4eHHA npouecy nonepeHbOro HacTPOKBAHHSA
3amicTb perynaTtopa P nigkntoyaeTbcs Hempomepexesuin perynatop HP.

Moxe BMHUKHYTU cuTyaulisi, Konn B 06’ekTi BigbyBaloTbCsl CTPUOKO-
nodibHi 3MiHM CTPYKTYpW, ToAi HeobxigHO nepeabaynTn peanisaudito
crneujanbHUX PeXuUMIB NnepeHaBYaHHA HEMPOHHUX MepeX AN YHUKHEHHS
3Ha4yHMX noxmbok perynoBaHHsA. Lle mMoxe 6yTm gogatkoBa HEWMpPOHHA
Mepexa onga giarHoCTMKM Ta BignpautoBaHHA aBapinHUX cuTyauin.

B HM i3 camoopraHisauieto npobnema HacTpoWkM napameTpis
Mepexi pPOo3B’A3YETbCA MO-iHWOMY: 3aMiCTb npouegypu ontumisauil
BUKOPUCTOBYIOTbCS CTATUYHI Ta AMHAMIYHI MOOEnNi MexaHi3MiB KOHKYpeHLUil

MK HEMpPOHaMK, a KoemilieHTU MPKHEMPOHHNX 3B’SA3KIB BM3HAYalOTbCs 3a
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3HAYEHHAMW MOTOYHOrO CTaHy aKTMBHOCTI HeMpoHiB. [dnHamiyHa mopaesb

KOHKYPEHTHOIro TUMy OMUCYETLCA CUCTEMOKD HESIHINHNX AndoepeHuianbHNX

PIBHSAHb:
le-m - VVi'mk <
7 = Zim (Z C;’jkajk - Zim )’ C;’jmk = n - 5 Cijmk
k=1 W k=1
ijmk
k=l

dayY. L Y. U
— = Kiinm (Zim _zbikzik ), bik = & 5 Zbik =1 (916)

dt ] y =l

ik
k=1

Xim :g(Ylm)7 Z),]:17 S’ mzlj n

Zim — BeIiM4MHa BHYTPIWHLOrO CTaHy akKTUBHOCTI Ha BXxoAi M-ro
HeupoHa i-ro wapy;

Xk — BUXigHa BenuyuHa k-ro HempoHa nornepeaHboro j-ro wapy;

Yim — BenuyMHa akTUBHOCTI M-r0 HeWpoHa i-ro wapy B MpoLueci
KOHKYPEHTHOI B3aeMogil;

Xim — BUXiQHa BENUYMHA M-ro HENPOHY i-ro wapy;

Wimk, Cimk — BIiONOBIQHO BaroBMM Ta HOPMOBaHWA BaroBUN
KoeqiLieHTN 3B’3KYy MK M-HUM Ta K-TUM HEMPOHaMU B i-My Ta j-My LIapax;

bik — BaroBun KoemiUieHT BHYTPILLHBbOLIAPOBOro ranbMyBaHHA K-ro
HenpoHa i-ro wapy;

Kim — KIHETUYHUM KOeiUiEHT LWBUAOKOCTI 3MIHM aKTUBHOCTI M-ro
HenpoHa i-ro wapy;

g(-) — HeniHinHa dYHKLiIA OBMeXeHHS.

[Mpouecn HacTpoBaHHA KOeiliEHTIB MPDKHEMPOHHOIO 38’a3Ky B HM

I3 camoopraHi3auieto MOXYTb OMUCYBaTUCb PIBHAHHAMMW, AKi BU3HAYalOTb
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Pi3HI TUMX KPUBUX POCTY PIBHA MPOBIOHOCTI CUHAMTUYHUX KOHTAKTIB MiX
HenpoHaMu, siKi B3BaEMOAI0Thb:

dVVi‘mk
™ _ 7 Xjk —

" ihj=1,...s; mk=1,..n (9.17)

ijmk ?

abo:

dVVi’m'
T;A:VVi/’mk(Ziijk _VVijmk) (918)

Zim — BENNYNHA BHYTPILLHLOIO CTaHy akTUBHOCTI M-ro HeMpoHa B  i-
My Liapi;

Xk — BuxigHa Benu4ynHa k-ro HempoHa B j-My Luapi.

B pesynbTaTti KOHKYpPEeHTHOI B3aeMOoAil B npoueci camoopraHisauii B
HM BcTaHOBIOETLCA NEBHUI PO3MNOA4iN aKTUBHOCTI HEMPOHHUX €NEMEHTIB,
SKUN  XapaKTepusye peakuito Mepexi Ha BxigHe nAiaHHA. [OuHaMmidHi
PIBHAHHA, AKi onucyTb ctaH HM, MOXHa po3rnagaTtu SK PiBHAHHA PyXY,
AKi  BiANOBigalTb MOTEHUianbHin  yHKUIT, WO BM3Ha4Yae dyHKUioHan
GaxaHoi noBeaiHkM HenpomepexeBoi cuctemun. Lle moxe 0OyTw,
Hanpuknag, QyHKUioHan onNTUManbHOCTI ynpasniHHA abo MiHiMyMa
EeHTpoNIl B AesKIN “CUHepreTUyHin MawwmvHi’ ana ynpasniHHg HM B 3apgavax
po3ni3HaBaHHA obpasis.

Mpuknaa: gnsa cuctemu (prc.9.3), sSka BignpaLboBY€E 3a4aHU CUrHan
B YMOBaXx iMNyJIbCHOro AisHHA 30BHILLHLOrO cepenoBuLla, Lo NPUBOOAUTL
Ao 36inbleHHs iHepuinHocTi o6’ekta. HM HenpomepexoBoro perynatopa
CKnagaeTbCcs 3 NM'ATU LWapiB, B KOXHOMY 3 akux 8,5, 5,5 i 1 HenpoHu
BignosigHo. HenpoigeHTudikatop Mae Tpu wapu 3 YNCIIOM HENPOHIB 7,4,1.
[MoyaTkoBa Mopaenb o6’ekTa — NOCNiAOBHO 3’€AHaHi iHepuinHa Ta Konu-

BaJibHA NaHKW:
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Y,
L+aly1 =kx; a, =3, k =3

dt
4y,  dy? (9.19)
dtzz +by 7"'[72)’2 =k,y;; b =8 b,=400; k, =80

Ha Bxig nogaBaBca BXiOHWW cUrHan

T(t)=sin {[0,045+0,1sin (0,1t)]t} (9.20)

B anroputmax HaB4yaHHs HM BukopucTaHi GionoriyHi mexaHiamu tuny
dnykTyauis-myTauis-sigbip.

Akwo BigbyBalTbCs CTPYKTYPHi 3MiHi B 06’ekTi, TO cuctema 3 l11-
peryngaropoM CTae HecCTinKow. KnacuyHum perynatop 3agoBifibHO npautoe
B CTauioOHapHWX yMOBax, a HeMpoOMepeXxoBurM — B yMOBax aganTtauil.
LLiBnakicTb 36iKHOCTI aganTUBHUX NPOLIECIB HABYAHHSA 3aneXuTb Bif:

KOHQpirypauil mepexi;

anropuTMiB HaCTPOKOBAHHS;

BENIMYMHN BiAXUIEHDb Bif YMOB HOpManbHOI poboTy;

BucHoBok: HenpokoMM'IOTEPHI CUCTEMM MalOTb HanLIMpLle 3acTocy-
BaHHS NpW ynpaeniHHI CKNagHUMK HeniHiMHMMKn ob’ekTamm B yMoOBax
HEeBM3HA4YEeHOCTI | HECTaLiOHaPHOCTI.

AnapatHa peanizauia Henpoob4YucrroBanNbHUX KEePYKYUX CUCTEM.

[Ons pobotn B peanbHOMy MacwTtabi yacy B ymoBax 3HayHuUx ob’emiB
obpobntoBaHoi iHpopMaUil BUMHUKAE HeoOXigHICTb BMKOHAHHS BEKTOPHO-
MaTPUYHKUX onepauin BUCOKOI po3mipHocTi. Onsa uboro B PY HeobxigHo
BUKOPUCTOBYBATU OOYMCIIOBarnbHIi cUCTEMU 3 napanesibHow 06pobkoto
AaHUX, B NEpLUY Yepry HEMPOKOMIT IOTEPM.

Mpobnemn HerpokoMM'tOTEPIB NoYanu obrosoptoBaTtn NpudnusHo 50
pOKiB TOMY, ane npakTU4Ha peanisaudis Hanidye OykBanbHO oguHuui. B

OCTaHHIN Yac 3HOBY BMHUK MiABULLEHM MOMUT Ha U0 rany3b, B 1998p. B
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INY PAH Bigbynace IV KoOH(epeHuia “Henpokomm'ioTepy Ta ix

3acTtocyBaHHs”, 6barato maTepianie B Internet.

HenpoobyncnioBanbHU NpUCTpin — cucTtemMa, OpieHTOBaHa Ha pearni-
3auito HENPOMEPEXOBUX anropuTMmiB. lonoBHa 0COBNUBICTb
HenpokoMm’loTepiB — 3abe3neyeHHs1 BMCOKOro napanesismy ob4yuc-neHb
LUNISIXOM 3aCTOCYBaHHS crhevianisoBaHOro HeupoMepPEXOBOro JI0ryHoro
6asunca abo cneuianbHUX apXiTEKTYPHUX PILLEHb.

Peanisauia HenpomepexoBux anroputmie B LbOMy ©0asuci agae
MOXIMBICTb  Pi3KO  36iNblUMTKU  NPOAYKTUBHICTL (LUBMAKOLIKD) CUCTEM
ynpasfiHHA. € 6araTto BU3Ha4YeHb HEMPOKOMM'KOTEpPa, arne 3py4HO PO3yMiTH
nig uum obumucnioBanbHy cuctemy 3 MSIMD -  apxiTekTypoto
(obumcnoBanbHUM NPUCTPIN 3 OOHUM MOTOKOM KOMaHA4 Ta MHOXWHHUM
MOTOKOM AaHHUX).

LUndoposi Henpokomn'toTepr po3pobnsaoTbCA B TaKMX HanpsaMKax:

- rporpamMHa emynsuis HeupoMepEeXOBUX asirOpuTMIiB Ha OCHOBI

3BMYanHuX obuuncnoBanbHnx mepex Ta N3 mogentoBaHHa HM;

- rnporpamHo-anapatHa emyndauida HM Ha oOcHOBIi cTaHgapTHUX
obuucnioBanbHNX 3acobiB 3 MIgKIOYEHHSIM  BipTyarnbHOro
HenpomMepexxoBoro 6noka, KM BUKOHYE OCHOBHI Henpoonepauii
Ta BignosigHum [1I13;

- anapaTHa peanisauiga HM.

Hanbinbwunin edekt — npu peanisadii anapatHuMmn 3acobamu, ane ue
BWUCOKa BapPTICTb i CbOroAHi iCHYIOTb OAWMHWUYHI cneuianizoBaHi cucteMun gns
KOHKpeTHUX 3agad. Hanpuknag, Henpokomm’iotep “Synaps 17 -
NpeacTaBHUK  HEMPOKOMM'IOTEPIB  TPETbOro  HanpsiMKy —  Mae

MYNbTUMNPOLIECOPHY apXiTEKTypy, opuriHaneHy GyaoBa nigcuctem nam’siti,
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a Ans BUKOHAHHA obuucrnoBanbHMX oOnepauiin 3acTOCOBaHi CUrHanbHi
npouecopn MaTpPUYHOro TUMy.

MpoayKTMBHICTL (WBMAKOAIA) HEMpOKOMM'IOTEPA ASKYHOUM LbOMY —
Aekinbka miniapais onepad./cek. (MHOXEHHS Ta Ao4aBaHHS).

MporpamHe 3abesneyeHHs — onepaudivHa cuctema “ Synaps 17 3
GibnioTekoto anroputmie, a Takox [MIM13:

- ©asoBa 6ibnioteka HM;

- KOMMINSATOp MOBM nporpamMmyBaHHA HenpoanropuTtmis (NAPL);

- Habip 6ibnioTeuHnx yHkuin gna C* i T.4.

MpuknagHi AOCNiIgKEHHS Nokasanu, Wo HENPOKOMM'IOTEPU TPETbOro
HanNpPsIMKy  0O3BOMSATb  MIABUWMTM  MPOOYKTUBHICTL  (LUBMAOKOLI)
3BMYaNHUX OB0YMCNIOBANbHUX CUCTEM MiHIMYM Ha Tpu NOPSiAKWU i MOAento-
BatTu HM 3 wminioHamn 3’egHaHb. Heunpokomm’iotep “ Synaps 17 pae
MOXIMBICTb MOLENtoBaTH Herpomepexy 3 64 mnH 3'egHaHb (cMHancie) 3
BUKOPUCTaAHHAM Pi3HOMAHITHUX akTuBauinHUX doyHKUin. MoXHa odikyBaTu,
O B noganbliOMy 3 PO3BMTKOM TEXHOSOrT BMPOBHMUTBA HeMpouunis
BapTiCTb 064MCnioBanbHUX CUCTEM Dyae 3MEHLYBaTUCh, PO3LIMPOBATUCH
obnacTb ix 3actocyBaHHA. Hanbinblu nowmpeHnin 3apas HEMpPoOKoMn'toTep
“ Synaps 3”.

AnapaTtHa peanisauig Hempoob4yucrBaibLHOro anapaTHo-nporpam-

Horo  komnnekcy  (AlK). AlNK npusHadyeHun ana  peanisauil

HenpomepexoBnx anroputmie. [Ons obpobku curHanis AlK Bknwo4vae
KOMMNEKT pdaTtyumkiB i iHTepdencHy nnaty (nnatv), wo 3abesnevye
CcnpsbkeHHs OnokiB gatyukie 3 kepytodoro EOM Ta nepBuHHY 0Opo6Ky
iHbopMmauil. B 3aranbHOMy Bunagky Agng anapaTHO-BMMIpHOBanbHUX
3acobiB  3aCTOCO-BYIOTbCS  Creuiani3oBaHM  30BHILLHIA  KOHTponep,

3’egHaHnn 3 kepytodoo EOM uepes iHTepdenc IEEE-488, VXI bus, RS-
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485,-232 i T.4., @ TaKoX BipTyanbHUM anapaTHU BUMIpOBanbHUA 3acio,
SKAA  MOXe (PYHKUIOHYBaTW nuwe ToAi, KOMM TMpUESHYETbCA 0
MaTepuHcbkol nnatm EOM yepes cuctemHy winHy, Hanpuknag ISA, EISA,
PCI, Multibus, VMEbus i iHwe.

MonepegHsa o6pobka iHdopmauil Ta dOpMyBaHHS curHanis
ynpaseniHHA 3apa3 MOXe 3[iMCHIOBATUCh [HTepdEeNCHUMM nnaTtamu Ha
OCHOBI CUrHasIbHMX NpPoLecopiB.

OcHoBHa ymoBa edyekTmBHOI poboTn AlMK — 3abesneveHHa PMY,
KON CUCTeMa pearye Ha NnoAito paHille, HiXXK HaCTynuUTb YeproBo nogisi.

HenpoobuuncnioBanbHuin 610K MOXe pearni3yBaTUCb Ha OCHOBI:

- CTaHAapTHOro CISC MiKponpouecopa. Lle daKTUYHO

HenpoeMynaTop i napanensHi onepadii B PMY He BUKOHYIOTbCS;
- curHanbHuUxX npouecopiB abo cneuianisoBaHOro  Henpome-
peXXoBOro noriyHoro 6asuca.
B 3anexHoCTi Big 3acTocoBYBaHMX crneuianisoBaHnx 3acobis
Henpoobpobku BuainaTb AlK:

- 3 (pyHKUIIMU HENPOEMYNATOpPA;

- Ha 6asi kackagHoro 3’egHaHHSA CUrHanNbHUX NPOLIECOPIB,;

- HeWpokoMmn'rotepn (Ha OCHOBI HEWPOMEPEXOBOro NOriYHOro

6asucy).

9.4. MeToaun peiHXUHIPIHTY NMPU CTBOPEHHI CKNagHUX CUCTEM ynpasniHHA

Lle noHATTA 3B’si3aHe B neplwy 4Yepry 3 MNOSABOKO HOBUX
iHTenekTyanbHUX TEeXHONOrin, KOMM'IOTEPHMX Ta MNpPOrpamMHux
3acobiB.

PeiHXMHIpIHT - peopraHisauia rocnogapyumx ta iHXXeHepHUX CUCTEM 3

METO0 NiABULLEHHS X €PEKTUBHOCTI.
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PeiHXuHipiHr 6isHec-npoueciB NpoBOAUTLCS Yy BUNALKaXx:

- KOMMNaHIif 3HaxXoAuUTbCS Ha MeXi Kpaxy, Tl ToBapu OOPOXYi i ripLi, HiX Y

KOHKYPEHTIB, BUOOPY HE iCHYE — MOXE BYTN PO30PEHHS;

- KEPIBHULTBO KOMMaHil MPOrHO3ye PO3BUTOK CUTyauii, NOSABY MOXITMBUX

KOHKYpEeHTIB, 3aBOausiMBO NPOBOAUTbL PEIHXUHIPIHT;

- KOMNaHis-nigep He mae npobnem, NPOBOAUTL arpeCUBHY MONITUKY, ane

3a JONOMOroOK peiHXMHIpiHrYy 3abe3neyvye ManbyTHeE.

OCHOBHi NONOXEHHS peiHXUHipiHra GisHec-NpoLeciB:

HeoOXigHO 3HM3UTKM BapTiCTb  Bi3Hec-npouecis, CKOPOTUTU
HaONULLKOBI BHYTPIWHI BATPATK, NIABULWIUTUA eeKTUBHICTb npaui
CniBpOBITHUKIB;

AN BMXMBAHHA B HOBMX YyMoBax ipma MnoBWMHHA MOCTINHO
aganTyBaTMCb OO 3MiHIOBaHMX obcTaBuH. Came TyT noTpibeH
PEIHXUHIPIHT;

komnaHia (dipma) He Moxe OyTuM MOCTiIMHOKW, BOHAa MNOBWHHA
NOCTIMHO 3MIHIOBATUCb | BOOCKOHANOBATUCh;

peiHXUHIpiHr Bi3Hecy nepenbadae HOBWUW cnocib MUCNEHHA —
nornag Ha nobyaoBy KOMMaHil SIK Ha iHXEHepHY AisinbHICTb: cama
KomMnaHia i 1i 6i3Hec po3rnsgarTbCa 9K Aewo, WO MOoXHa
nobynysatu, CrpOeKTyBaTU abo nepenpoekTyBaTtu y

BiANOBIQHOCTI 3 IHXKEHEPHUMU NpUHUMNaMN.

Xammep (1993p.):

“PeinXnHipiHr — byHaaMeHTanbHe NepeocMUCIEHHS Ta pagukarnbHe

nepenpoekTyBaHHA AiNOBMX MNPOUECiB AN OOCAMHEHHS piskux (CTpubko-

noAaibHMX) nokpaweHb B BUPILIANbHUX, Cy4aCHUX HanpsiMKax OianbHOCTI

(BapTiCTb, AKICTb, CepBic, TemMnun)”.

Pi3HMUSA MK BOOCKOHANEHHSAM Ta PeiHXUHIPIHIOM:
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MapameTp

BoockoHaneHHsa

PeiHXUHnpIHr

PiBeHb 3MiH

NOCTYMNOBUNA

PagukanbHumn

[NoyaTkoBa TO4YKa

ICHYIOUMI nNpouec

"yncrta gowka"

YacToTa 3MmiH HenepepBHO OpHopasoBum
(oaHOpa3oBuK)
[MoTpibHMI vac KOPOTKUM TpuBanumn

Hanpsmok 3HM3y goropwm 3BEPXY — BHU3
OxonneHHsa By3bke, Ha piBHi LLinpoke,
doyHKLIN MDKGYHKLiOHanNbLHe
Pusnk NOMIPHUI Bucoknn
OcHoBHWI 3aci6 CTtaTnctnyHe IHpopmaUinHi
ynpasniHHA TexHornoril
Uacto 3ycTpiyaeTbCs MNOMUIKa — KOMMaHi HamMmaraeTbCs 3a

A0MOMOror iHhopMaLinHUX TEXHOMOrN aBTOMaTU3yBaTu ICHYHOYI Npouecu
Ta CcTpyktypu. Lle He Tinbkn He pgae GaxaHoro edekty, a h 6rokye

dipmu.
BUKOPUCTATU HOBI TEXHOMOrIT, Wo6 nokpawnTK Te, Wo €?” NOBUHHO OyTK:

nepebynosy, 3b6epirae 3acTapini 3amictb npasuna: “Ak

“Ak 3a gonomorok iHOpMaUiIMHUX TEXHOMOorin 3poduTn Te, WO We He
pobunn?”.

MogentoBaHHs Oi3Hec-npoueciB. Hanbinblw NOTY>XHUM iIHCTPYMEH-

TanbHUM 3acobom Ansa nobygoBu AMHAMIYHMX MOAENen opraHisauin €
Think,
nobygoBaHa Ha OCHOBI iHTenekTyanbHoi cuctemmn G2 dipmn Gensym
(USA). Ue

AOVHaMiyHa  iHTenekTyanbHa cucTemMa MogentoBaHHA Re

NpobremMHo-opieHTOBaHe NpUKageHHs  (3aCTOCyBaHHS)
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komnnekcy G2, sike O03BONsiE PO3pOOHMKAM BUKOPUCTOBYBATU He nuLle
cneuianizoBaHi 3acobu mogentoBaHHsA Bi3Hec-npouecis, a M yHiBepcanbHi
3acobn KOMMMEKCY i3 CTBOPEHHS iHTeNeKTyarnbHUX 06’€KTHO-OPIEHTOBAHMX
cucTteM ynpasSiHHA peanbHOro 4Yacy. [Ons nogaHHsa mopgenen OisHec-
NnpoLeciB BUKOPUCTOBYIOTbCA JiarpaMu, $Ki ckrnagarTbCss 3 OnokiB i
3’egHaHb. bnokn — ue 3agadi B 6isHec-npouecax, a 3’€gHaHHSA — NOTOKMU:
AOKYMEHTIB, iIHpopMaLii, a TakoX MaTepianis, 3anacHUX YacTuH i T.4.

OcHoBa peiHXMHIpiHra — CUCTEMHMI aHanis.

9.5. MeToau pgocnigxeHHA onepaudin B CACTEMHOMY aHanisi

[ocnimpkeHHs onepauin — oAuH 3 OCHOBHUX BUTOKIB, [Keper
CUCTEMHOro aHanisy. TepMiH “‘gocnimkeHHa onepauin” BUHUK HaA TOMY
dakTi, WO 3adadi LWMPOKOro Kracy, 4Ki BUHUKNM B PIisHUX cdhepax
DIANbHOCTI NIOAVMHN NMPU SKICHUX BIAMIHHOCTAX MaloTb OAHE CniflbHE: BOHU
3BoOATbCA A0 BMBOpPY cnocoby Ain, BapiaHTiB nnady, napamMmeTpiB
KOHCTPYKUIi i. T.O., TOBTO OO NPURHATTA piweHb. oTpibHa 6yna eguHa
Teopida Ta cuctema MeToAiB, a “onepauis’ — byab-gKa uiniecnpsimosaHa aisi.
B onepauii 3aBxaun € cyb’ekT (onepytoda CTopoHa), KM POpPMYIoeE MeETY
onepauil i B iHTepecax sikoro BoHa npoBoauTbcs. MeTa onepauil - ue
AEAKNA 30BHILLHIN (EK30MeHHUI) eneMeHT - BBaXXaeTbCH 3ajaHol. € e
AOCIMigHVK onepauin, 9KMn gie B iHTepecax onepyrtyol CTOPOHU, a Noro
rofloBHa 3ajada - 3HaAXOKEHHSA CrnocobiB BMKOPUCTAHHA pecypciB and
AocArHeHHa MeTu. B poboTax no gocnimKeHHo onepauinn € MaTeMaTUYHi,
METOLOMOrYHI, MPUCBAYEHI KOHKPETHUM ornepauigMm B  eKOHOMilj,

CiNlbCbKOMY rocrnofapcTBi, BiNCbKOBIM Cripasi, MPOEKTYBaHHI i T.A4.
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HocnigpkeHHs onepauin K HaykoBa gucuuvnniHa cgopmyBanachb B
NOBOEHHI POKM, are noymHanacb BOHa 3HA4YHO paHille, a 3agadi Hanexanm

caMmum Buaam AisnbHOCTI:

Teopia  eMEeKTUBHOCTI TeXHIYHMX CucTtem —  OonTuMmisauida
napameTpiB KOHCTpyKuin (BeHtuens [.A., lNyrades B.C.);
- 3ajay4ya npo onTuManbHUM po3nogin iHBecTuuin  (1927p.,
&.Pamcen);
- Teopia macoBoro obcnyroByBaHHs (XiH4iH A.M., HeaeHko B.B.,
30-i poku);

- BincbkoBi 3agavi (AHrnia, CLA, nig yac BinHN);

- doopmyBaHHs KoHUenTyanbHnx Havan (Fepmenep HO.B.);

B poocnigxeHHi onepauin MOXHa BMAOINNTUA TPU FONTOBHUX HaMNPsIMKK,
e Tpu eTanu, siki 3aBXXAu € B AOCHIOXKEHHI:

1. NMobynosa mogeni, dopmanisauis 4OCMigKyBaHOro npoleca 4u
aBuLLla.

(He onepauin!)

3a 4onNoMOoroto ogHiel i TiET )X Modeni MoXHa BMBYATKW Pi3Hi onepadil

2. Onuc onepadii — noctaHoBKka 3agadi. MeTy onepauii dopmyrntoe
onepyto4da cTopoHa (cy6’ekT, acouiioBaHUn 3 CUCTEMOLO).

MeTa onepauii 3aBXOguM € €eK30reHHUM (30BHiWHIM) ¢bakTopoM Mo
BiHOLLEHHI OO0 onepauin i noBMHHa OyTn bopmanizoBaHo. PopMyeTbCA
onTUMi3auirHa 3agada

f(x) »>max, x €G

X —eneMeHT HopMOBaHOro npoctopy E, skun Bu3Ha4vaeTbCs

npuUpoao Moaeni;

221



G c E — MHOXMWHa, sika MOXe MaTW SIK 3aBroAHO CKMagHy npupoay,
sika BU3HAYaETbCA CTPYKTYPOK MOAENi Ta 0COBNMBOCTAMU OOCAILKYyBaHOI
onepauil.

3. PosB’da3ok ontumizauinHol 3agadi. Posymitoum nig onepadieto

Oyab-aKy LinecnpsiMoBaHy Aito, “Mogennto onepauii” € CyKynHicTb:

cyb’ekta (onepyroyol CTOPOHM), siknin OpMYeE METY onepauir;

3anacy akTMBHMX 3acobiB (pecypciB) 4nsa NpoBeaeHHA onepauin;

Habopy cTparTerii, TO6TO cnocobiB BUKOPUCTAHHA pecypciB;

KpuTepito — cnocoba nopiBHSHHSA Pi3HMX cTpaTerin. BiH Yacto i €
METOLO onepadiii.

Tunosi 3agadvi gocnigkeHHsa onepauin:

1. TpaHcnopTHa 3agava

ai,az,...,an — CKnagu Tosapis,

X1,X2,...,Xn — KiNbKIiCTb TOBapiB,

b1,b2,...,bm— cnoxmeaui,

Y1,¥2,...,Ym — NOTPiIOHI CNoXMBayYam ToBapw,

[Mo3Ha4Mmo dij — BapTiCTb NEPEBE3EHHS OAMHUL BaHTaXy MiX aii bj;

Xij — KINbKICTb BAHTaXYy, SAKUA MepeBO3NTLCA 3 ai B MYHKT b;.

2 Xi2Yi, (9.21)
Ane Ha cknagi € nve rneBHa KifibKiCTb TOBapy, TOMY:
2 Xi<Xi, (9.22)

€ 6e3niy posp’siskiB 3agadvi 3a ymoB (1) i (2). Tomy dopmyeTbes
KpUTepin, ogHUM 3 BapiaHTIB SKOro € BapTiCTb NepeBe3€EHb:
I(x)=>>"d;x; > min (9.23)

Tenep HeobxigHo 3HanTK x;>0 ans [(x)—>min.
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2. 3agaya posnogineHHa OobpuB. Po3rnagaeTbcsa  pO3MNoAiNeHHS
obmexeHoI KinbkocTi 4obpuB MixX nociBamu N kynbTyp. MNpunyckaetbes,
WO BpoOXawnHicTb fi(xi) i-0i KynbTypu — HeniHinHa yHKUia Big Xi —
BHECEHUX A00pMB Ha oguHMLIo nnowi. Toai Bpoxaw i-oi KynbTypu byge

Si fi(xi), Si — nnowa. CymapHa nnotwia dikcoBaHa:

Zn“ Si < S — 3apgaHe 4ncno (9.24)

i=1

3agaeTbcs aCOPTUMEHT:

SAG) =T (9.25)
S, /1(x)

Ta OOMEXEeHHS:

znlsl.x,. < X, cyMapHa KinbkicTb 4obpus (9.26)

3MiHo4UKN X, Si 3a ymoB (9.24)-(9.26) mMoxHa OoTpUMatTn MHOXUHY
BapiaHTIB BUKOPUCTaHHA nnowi S. [ns Bubopy BapiaHTiB - KpuTepin,

Hanpuknag CyMapHVIIZ Joxo 3a Biﬂ,paxyBaHHﬂM BUTpPAT Ha ,D,O6pV|BO:
I(X’S)=Z(pisifi(xi) —gs;X;) (927)

X=X1,...Xn, S=81,... Sn

pi — LiHa NpoayKuii;

g — uiHa oanHuui godpms.

Topai HeobxigHo 3abe3neunTn I(x,s)—>max npu odbmexeHHAxX (4)+(6), B
TOMY YMCIli MOXHa LwyKaTtu X.

3. 3agava cknagaHHa posknagy. Lle uinuin Hanpsamok B OUCKPETHIN
maTtemaTumui. Cknactu posknag pobiT, ue: obpaTu ix 4YeprosicTb; BUAINNTH
pecypcu — CKknagHa TEeXHIKO-eKOHOMIYHa 3aJava.

4. 3agada po3MillleHHd cknagiB i iHLW.
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Bci ui 3apgavi — 3agadi matemaTuUyHOro nporpamyBaHHSA (NiHIMHOMO —
nepLua, Yn HeniHinHoro — gpyra). 3agada 3 — Uino4mMcneHoro nporpamy-
BaHHS.

OnyctMo MateMaTU4Hi acnekTn, a po3rnsgHeMo cKnagHicTb 3ajad,
NOB’A3aHMUX 3 MOXINUBICTIO MOPIBHAHHSA Pi3HMX BapiaHTiB HAa OCHOBI Pi3HUX
NOKasHMKIB — HeBM3HadeHiCTb Uuinen. [llogonatm ue opmanbHUMK
MeTogaMn HEMOXNUBO, TOMY MOTPIOHI Ago4aTKoBi  AOCHILXKEHHS Ta
rinotesu.

MoxyTb ByTn ycknagHeHHs i npu dopMyBaHHI KpuTepito. Hanpuknag,
KpuTepiu

I(x, €)=f(x,g) (9.28)
¢ — BMMNagKoBMM NapameTp 3 BiAOMUMW 3aKOHaAMW PO3MOaiNeHHs;

X — BEKTOP KOHCTPYKTUBHUX XapaKTEPUCTUK CTBOPIHOBAHOI CUCTEMM.

Ak npaBuno, HamararTbCS:

I (X, ¢ ) — max (9.29)
X

Ane ue MOXIMBO NuLle 3a YMOBW, KOMN (IKCYETbCA 3HAYEHHA € .
Todi KOXHOMY 3HaYeHHIO {  CMiBCTABNAETbCA 3HAYeHHA X=X (§) —
onTumaribHa cTpaTeria npu BiZoOMOMY &.

Moxnusei  nigxoan, KoM BUKOPUCTOBYETbCA  MaTeMaTU4vHe
CNoAiBaHHS KPUTEPIto

[1=M [f (X, )] > max (9.30)

X
abo aucnepcisa:
12=M [faan (X, §) = f (X, §)] (9.31)
[1,c.151-173; 2, c.170-181; 5, c. 134-139]
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KOHTpOnbHI NnUTaHHA

1. CdhopMyrntonTe NOCTAaHOBKY 3a4ayi CUHTe3y CKNnagHoI CUCTEMM YNPaBAliHHS.

2.

B yomy nondrae 3miCT apXiTeKTYpHOro tTa CUCTEMOTEXHIYHOIO CUHTE3y

CKnagHoi cucTemm ynpassiiHHA?

3.

Ak dpopmanisyeTbCcs 3agaya CUHTE3Yy CKNagHoI CUCTEMM YNpaBniHHA Ha
OCHOBI MiHiMi3auil cymapHOI JOBXWHWN NiHiN 3B’A3KYy?

Ak cknapgaetbca gepeBO Uinen Ansa 3agadi CMHTe3y onTumarnbHOI
TEXHIYHOI CTPYKTYpU CUCTEMU YNpaBIliHHA?

Aki  KpuTepili BUKOPUCTOBYKOTLCA B 3adadi CUHTE3y OnTUMarnbHOI
TEXHIYHOI CTPYKTYPU CUCTEMM YNPaBRiHHA?

AK BUKOPUCTOBYIOTBECA rpadoBi MoAeni B 3a4adi CUHTEe3y onTUMarsibHOI
TEXHIYHOI CTPYKTYpU CUCTEMU YNPaBIiHHA?

AK  BMKOPUCTOBYIOTLCS  LUTYYHI HEWPOHHI Mepexi B cuctemax
ynpasniHHA?

CTpykTypa cuctemu ynpaeniHHs Ha 6a3i HEMPOHHOI MepeXxi.

9. MeToawn peiHXuHipiHry B aBTOMaTm3auii BUpobHMLTBA.

10.

MeToan gocnigkeHHs onepadin B CUCTEMHOMY aHanisi.
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