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3ABE3NEYEHHSA ®YHKIIOHAJBHOT CTIFI_KOCTI IEPAPXIYHOTI' O THOOPMAIIMHOT O
IMPOLECY HA ETAIII KJTACU®IKALII OB’€EKTIB PAJIOMOHITOPHUHI'Y

Y cmammi pospobreno ma odocniodceno KoHyenmyanibHi OCHOBU 3a0e3neyenHs QyHKYIOHANbHOT
cmiukocmi (@C) bazamopisnesoeo iepapxiunozo ingopmayitinoeo npoyecy (II1) na emani kracugixayii
epynosux 06 ’exmig padiomonimopuney (OP). 3pobneno 6ucnosok npo 0oyinbHicme 3acmocy8anHsi OJis
ynpaeninus II1 Ha yvomy emani  meopii HeYimMKUX MHONCUH MA HAOIUUKOBOCMI 6 CUCMEML
paodiomonimopunzy (PM) ons 3abe3neuenns tioco @C.

IocranoBka mpodiaemu. Texniuni cuctemu PM OGaraTopiBHEBi, X NPUHHATO PO3TISLAATH yepe3 pi3Hi
iepapxiuHi Momewi, sKi BimoOpaxkaioTh ii iH(opmarmiiiHy, (yHKIIOHaTBHY Ta MOPQOJIOTIdHY CTPYKTYpY.
OcHOBHOIO cepex HHUX € iH(opMmariiiHa cTpyKTypa, sfika 3abesnedye peamizamiro iHGOPMALiHHOTO MpoIecy 3a
MICBHMMH €TallaMH Ha OCHOBI Bigomux meroais PM [1, 2].

HeoOxigHicTh 3a0e3neueHns OesmepepBHOCTI BemeHH: II1 y cucremi PM 3 meBHHMH MOKa3HUKAMHU SKOCTI
noTpeOye BU3HAYCHHS HOT0 XapaKTEPUCTHK y Yaci Ta yIpaBliHHS HUM Ha KOKHOMY piBHI Ta etami. Llle Bumarae
BpaxyBaHHs 3MiH pajgioenekTpoHHoi ooctaHoBku (PEO), HacniakiB aii pisHUX (akTopiB, aHAN3y CHUTYyaliil, sKi
HEMOXJIMBO TOYHO mepenbauntu [3, 4]. Lle y cBoro uepry, oOIpYHTOBYE MOIIYK HOBUX HAIPSMKIB ITiABUIICHHS
edexTuBHOCTI ynpaniiHHs 1[I Ha OCHOBI BUKOPHCTAHHS PI3HUX BUJIB HaJMIPHOCTI CHCTEMH: (DYyHKLIOHAIIBHOT,
CTPYKTYPHOI, IPOTrPaMHOI.

[TepepaxoBaHi (axkTopu 3yMOBIIOIOTH 3pocTaHHs nuHamiuHocTi PEO i, sk Hacmigok, 3MEHIIEHHs 4acy,
HEOOXITHOTO IS MIPUHHATTS pimeHHs moxo ynpasiminas [I1. V Takux ymoBax HaiOuUTeIn ckmagauM etanom 11
ctae xiracugikarnis OP, ska moTpedye momryky HOBUX METOIIB 0OpoOKH iH(popMmarrii.

AHani3 ocraHHiXx [gocaimkeHb Ta myOdikaunii. Ympasmimea II1 Ha erami kimacudikamii OP —
OaraTokpuTepiiiHe 3aBIaHHS, pPO3B’SI3aHHS SKOi YCKJIAQAHIOETHCS HEOOXIJHICTIO BpaxyBaHHS TIPYNOBUX
ynomo6aHs 0ci0, mo OepyTh y4acTh y IMpoIeci IPUHHATTS pillieHh Ha BCiX HOTo piBHAX. SIKICTH pO3B’sI3aHHS
3amadi ynpasminas [[1 Ha mboMy eTarni He MOKe OILIHIOBATHCS OTHI€I0 (PYHKINIEO 1 HABITh NEKITbKOMA IIKAJIAMH.
MexaHi3M palioHaJbHOTO BUOOPY Yy TaKUX BHIAJKaX BUMAarae A0/JaTKOBOi Henpsamoi iHdopmarii, 1o n03BoJse,
NpHHAWMHI, TOPIBHIOBATH albTePHATHBH CTpareriii ympaemninas [5—7]. OcHoBHOWO MeToro ympaminas 111 Ha
I[bOMY €Talli € 3a0e3eueHHs] BUKOHAHHS 3aBaaHHs kiacudikarii OP BIpo1oBK 3aaHOTO YaCOBOTO IHTEPBAILY Y
PI3HMX yMOBax OOCTaHOBKH, HaBiTh 3 IMOTIPIIEHUMH MOKa3HUKAaMH SKOCTi. TakuMm 4uMHOM, mpu ynpasminsi 1T
BUHHUKAE MPOTUPIYYUS MK BUMOTAMH JI0 TIOBHOTH i SIKOCTI BUKOHAHHS 3aBJaHHs Kiacudikallii B pi3HUX YMOBax
00CTaHOBKH 1 OpakoM iHdopMmariii, cuit Ta 3ac00iB, sIKi 00 3AIHCHIOIOTS.

[Ipy npOMy TNEpCHEKTHBHHM HANPSIMKOM JOCIHIIKEHHS OaraTOKpUTEpidHOI HEWiTKOI —omTuMi3armii
ynpaBimiHHsA OaratopiBHeBuM II1 Ha eram Kmacudikamii 3adWImIaeTbCs 3aCTOCYBAHHS IIOJIOKCHb Ta
iHcTpymenTapito teopii @C [8, 9].

Icayroui TeopermyHi migxomu no ympaBmiHHsA II1 y OaratopiBHeBili cucreMi PM cBimgate, mo BOHH
3BOJITHCS /10 ONTHMI3aIlil CHCTEM 33 OJHHUM Y3araJlLHeHUM KPHUTEpieM, KU OXOIUIIOE NEKiJIbKa YaCTKOBUX
[10]. TIpu bOoMy He BPaXxOBYETHCS KOMIUIEKCHICTH CHCTEMHOTO ypaBiiHHs OaratopiBaeBum II1, HeOOXiaHICTH
ypaxyBaHHsS HEBU3HAYE€HOCTI, TMHAMIYHOCTI 0OCTAHOBKH Ta IIAPUPYBAHHS HACIIJIKIB HEIITATHUX CUTyalil (Ipu
BIIMOBaX, MOIIKO/KCHHSIX) Ha KOXKHOMY HOro erari s 3a0e3neueHHs] Oe3MepepBHOCTI BUKOHAHHS 3aBJaHb,
xo4a 0 3 MiHIMaNbHO JONYCTHMMHMH MOKa3HHUKAMHU SKOCTI HIJISXOM yBEAEHHs Ta BUKOPHCTAHHS PI3HUX BUJIB
HajuHIkoBocTi [8, 9].

BiamoBigHo g0 Takoro migxony nocraHoBka 3aBnaHHs PC ympasninas II1 y OaraTopiBHeBi# iepapxiuHiii
cucremi PM y maremaruuniii ¢popmi Ha ocHOBI [1, 11, 12] nmomana TakuM YMHOM.

OcHoBHOW MeToro yrpasininas 11y cuctemi PM € 3HaxomkeHHs: Ha KO)KHOMY ii piBHi i, 1e i =1, N Bektopa

pimens x)(t), AKi 3a0e3medyrOTH MaKCMMyM CHCTEMHOTO BEKTOpa LIhoBHX ¢yHkmiii F(X.,...,Xn) mnpu
KoOpauMHaIiitHOMY 3aBaanHi X5, (t), (N+1) — pims. Yupapmiaus 3 ITT 31ifCHIOETbCS IMCKPETHO B MOMEHTH

yacy t=1T . YacruHa pimeHp Mae XapakTep YNpaBIsIOYUX Jid, a OiblIa YacTHHA JIMIIE KOOPAUHYE POOOTYy
mijcucTeM Ha pi3HUMX eramax mnporecy. IIpu3HadeHHS WITHOBUX (YHKLIH MOXXHA pO3MIAaTH SIK 3aci0
KOOpJMHAllii, MpoTe B Wil 3a1a4i nepeadadaeThes, 0 BOHU Bxke BUOpaHi.

. .. . . 2 .
3HaiineHi pimeHHs moAo yrpamiaag II1 ams meBHOTO piBHA CHUCTEMH )%U =1, N TOBUHHI HameKaTH

HiIMHOXHWHI TPUAHATHX pe3ynbTaTiB po3B’s3anHs 3amadi C c X, T06TO OyTH Y3rOPKEHUM 3 IOMYCTHMHMH
MOKAa3HUKAMH SIKOCTI ((PYHKITIOHANBHO CTIHKUMHU).
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BukJjageHHs: 0CHOBHOro Martepiaay. Cripoba BHKOPHCTaHHs €IMHOTrO riiodanbHOro kpurepito F(Xn) 3
MOAAJIBLIO HOTo AEKOMITO3HLIE0 JUIs pi3HUX piBHIB Ta eraniB II1 poduts 3amauy ontuMizanii BKpai CKiI1aaHOO
Ta ITHOpY€E HAsBHICTh BIACHUX IiMbOBUX (yHKIiH. ['MobanbHa 1inboBa GyHKIs F(XN) He 3anexuTh SBHUM
YMHOM Bij pillleHb, IO NMPUHAMAIOThCA Ha KOkHOMY erami II1 Ha pi3HMX pIBHAX, IO YCKJIaJHIOE BHOIp ix
pexuMiB QYHKIIOHYBaHHS i NUIAXiB Tokpamienss 111 [12]. ToMy IpHITyCKa€eThCS, MO ISt KOKHOTO | -TO €Tamy
ITl, Ha i-My piBHi cuctemu 3amani cBoi wimi F(ij)Ha MHOXUWHI pilliecHb, a CHCTEMHA WiNbOBAa (YHKILis
F(X1,.., X;,) € BEKTOPHOIO 1 3aJIC)KUTH SIK BiJ ro0ainbHOro Kputepito F(Xn), Tak i Bix HIIbOBHUX (DYHKIIIH BUKOHAHHS
eraris II1 Ha neBromy piBHi F (ij) .

3acTocoByrOUHM METO iHBapiaHTHOTO 3aHypeHHs [12] mia ynpasmiass, 11, po3rnsgaeTscs 3aMicTh 3amadi 3
giTkKuM po3B’s3koM, Xy, Ha (N +1)-My piBHi cuctemn i dikcosanmm ix umcnom N jeske cimeifcTBo 3amad 3

N=123.;x3,, = [,oo:. VY 1poMy BUMAAKY MakCUMyM (QYHKIIH F(;l,....)_(N)3aJ'Ie)KI/ITI> Bix Ni Xi. Takum

YMHOM, IOYAaTKOBAa YiTKa 3a/7ada (aKTUYHO PO3MHBAETHCS, L0 MPH3BOAUTH 1O HEOOXiJHOCTI HEYITKOTO
PO3B’SI3KY UIsl KOJKHOTO piBHs cucteMu Ta etamy II1. Lle mo3Bosie 3acTocyBatu aiisl po3B’si3aHHS 3aadl arnapat
Teopii HewiTkux MHOXuH (THM).

Jnst ynpasninnas 111 Ha okpeMuX eTanax, piBHSIX CUCTEMH Ta UL BCi€T CHCTEMH B I1JIOMY BUKOPHCTOBYEThCS

®H pimens, mo npuiiMaioTses, 10 miaMuoxkunu edpexrupanx G < X 3 ®H g4 (%;) » nomyctumux C < X 3

®H 5 (x;) i ckoopmunoBannx K < X 3 ®H g (Xij) pimens sy (Xn) , sKi xapaktepusytors OC ynpasmiHHs

1. JIns xoxHoro erany, piBHs 11 ¢yHKUii HaneXHOCTI BU3HAYAIOTHCSl HA MHOXHHI pilleHb X = )QJ- ,aei—

piBHI cuCTEMH | :].,_N ;j—eramu IIT j=1LM .
Heuitki G, C i K BusnauaroTh BuGip pimenns X; Ha etami sk ix nepetus G(1C(K . Toni ®H mosxua
3a7aTH CITiBBiJHOLICHHSM:
Hanenk (Xij) = Mg (Xij) A He (Xij) A Ly (Xij) =min ﬁs (Xij)uuc (Xij)uuK (Xij) ;j(ij e X. (%
Heuitka muo)kuaa D=G[C[1K € HewitkuM pimieHHsM mis j-ro etamy II1, mo mpuiiMaeTbest Ha i-My
piBHi cucTemu, npraomMy £, (X;) = Lgnenk (%) -
3a HasBHOCTI iH(GOPMAIIHHUX OTOKIB MiX PIBHAMM pimeHHs 1yt neBHoro erany ¢ II1 na piBHi (i+1)
MOe OyTH MMOB’s13aHe 3 PILIEHHSIM Ha Psifli €TAMIB Ha i-My PiBHI PIBHSIHHSIM:
Xiogyr = F (Kigsees Xim ) - 2

V pasi, Ko MHOKHHA pitiieHb X i etany I i+1-T0 piBHS 3aI€KUTh TIJIBKA Bil OMHOTO MapameTpa, 1o
BU3HAYAETHCS HA HIXKYOMY PiBHI PIBHSHHS (2), 3a[IUCY€ETHCS Y BULIISII:

M
Xisyr = Z;Xij . ?3)
J:

Pimennst Ha pisaux eramax II1 MoxyTh OyTH OUIBII CKIAMHIIIMMU 1 XapaKTEpPH3yBaTHCS BEKTOPOM
napaMeTpiB Xij. Y 3araJlbHOMY BUIIAJIKy PIilIEHHS MOXXYTh IPHUHMATHC 1 JUIs HECTallIOHAPHUX PEXHUMIB pOOOTH
CHCTEMH, TO1 3aMicCTh (2) 3aCTOCOBYEThCS Au(epeHIianbHI PIBHSIHHS B YACTKOBHX ITOXITHHX.

CucrteMHE CKOOpAWMHOBaHE pimeHHs 1mofgo ympaBimiHHA III Ha N -mMy piBHI cucTeMn BpaxoBye
KOOPJMHOBAHICTh mpouecy Mix piBHaMu cucteMd (N —1), monmycTUMICTh pileHHs Ta uiti cucteMu 1ias N -ro
piBHSI:

D(XN ) = D(Xll) D(XlM ) D(X21)---' D(sz ) D(X(N—l)l)' D(X(N—l)M )ﬂC(XN ) ﬂG(XN) . (4)

Ha ocHOBi (4) oOTpuMaHO pEKypeHTHY NpOUENYypy yXBaJIeHHS pimeHs aiusd ynopasmiaaa 11y
N -piBHEBi# iepapxiuHiit cuctemi PM.

Bracniok inBapianTHocTi onucy ynpasiinns 111 3 (4) BurumBae, mo:

D(Xn)=D(X1) - D(Xip1 ) D(Xp1) .- D(Xap )+ s DX 41) - DXy )N C (%) NG (%) - (5)

Toni anst eramy 111 Ha Oynb-IKOMY PiBHI CHCTEMH MOKHA 3aIIMCaTH:

D(X.yr) = D(X1) .- D(Xy ) - D(Xp0)-.- D(Xop) - .- D(X;) - D (¥ ) NC (X ) NG (Xiiye)- (6)

3 Bupa3sy (6) BumimBae, o pinieHHs woao ynpasiinus 11y cucremi PM Ha i-My piBHI CHCTEMH 3aJIKUTh
TITBKY BiJ] CTaHy CHCTEMH Ha I[bOMY PiBHI Ta pilieHs, 1o mnpuiiMaothes Ha (i+1) -my ta (i—1) -My piBHSIX
cucremu. Takum uuHOM, y pimienHi mozo ynpasiminus 111 na i-my pisni, j-my erani D(X;) BpaxoBytoThes Bei

pillIEHHS TOTIEpeHIX eTaIliB, HIKYMX PIBHIB CHCTEMH 3TigHO 3 BUpazoM (4). Toxi (6) MoxxHa 3amucaT 4yepes
HEYITKI PillIeHHs] HU)KYOTO PiBHS TAaKUM YHHOM:!
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D(X(i+1)r) = I)(Xil) Teeet D(XiM ) _ﬂ C(X(i+1)r) ﬂ G(X(i-¢-1)r ) (7)
Pipasans (7) mna @H manoi migMHOXUHEM €(EeKTHBHUX i NOMyCTUMHUX (DYHKIIOHAJIBHO-CTIHKHX pillIeHb
Ha0yBae BUTIISLY:

o (Xgayr) = o Kigsees Xina ) @ g (Xiayr ) @ e (Kiisape ) (8)

o (Kig ey Xin ) = i (Xi1) @... @ g1 (X ) - 9

DH  up (Xip,--- Xy ) XapakTepusye 3riguo 3 (8) mikpiBHeBy koopauHarito K IIT y cucremi, npudomy s
yxBaJleHHs pimeHHs Ha (i+1) -My piBHI HEOOXiIHO CHPOECKTYBATH KOOPAMHYIOUE pillleHHS 4y (Xij,..., X)) Ha

BULLMH PIBEHD X1y, 3 ypaxyBaHHAM piBHsHHA (8). Toai GpyHKuist £, (Xigsees Xipq ) MOKE OYTH MONAHA Y BUIIALI:

M
My (Xiagyr) = Hp inj s (10)

j=1
Pigustrns (10) moxasye, 1m0 KOOPAMHYIOYE PIlICHHS BULIOTO PIBHSA X,;, BHKOHYETHCA Yepe3 PILICHHS 3a

eranmamu 11 Ha i-My piBHI X;,...,X;, - 3 Bupa3zy (10) ta teopii ynpasnians 3 Bukopucranasm ®H Bumnusae, mo
Take pimieHHs Oyae HaHOLTbII e(hEKTHBHUM Y pa3i, KOJIM Ha KOKHOMY eTali | Ha i-My piBHI IpHAMAaTHMYThCS
ontuManbHi pimenHs (konu ®H HaOyBae MakcMMajabHOTO 3HAYEHHS) 1 NPU BH3HAUCHHI pillleHb HA HIDKYMX
PiBHAX HEOOXiHO MaKCHMi3yBaTH NMPOEKILO LUX PIllIEHb HA BiCh Xy, , TOOTO!

M
| 2% [=max Lo (X)) ®...® g5 (X)) (11)
« =L i

Maremarnuna moznens OC ynpapiinas II1 sBise co00r0 CYKYNHICTP MaTeMaTHYHHX CIiBBiJHOLICHb, IIO
BiOOpakaloTh i€papXiuyHW MpoIec 3HAXOHKEHHS ONTHMATBbHOI MOCTINOBHOCTI pilleHh y OaraTopiBHEBil
i€papXivHiil CHCTEMI.

BiamosigHo m0 Metomonoriunux ocHoB 3abesnedeHHs PC [8, 9] oCHOBHMMH HampsMKaMH peamizarii
ynpaiiHHs B cucteMi PM e po3poOka BigmoBimHux meronuk 3a eranamu II1. Oguum 3 eramiB II1 e ertan
kiacudikanii OP.

I3 myOmikamiit [13-15], sxi mpucesiueni knacudikauii OP, Bu3Haueno, mo nani monpo rpymnosoro OP
IOoOYBalOTECS PISHUMH BHIAMH TEXHIYHHX 3acobiB PM, depe3 ioro mxepena sumpomiHioBaHHS (IPBm)
XapaKTepU3YIOThCS HU3BKOIO JIHIMHOIO TOYHICTIO 1 (aKTHYHO BH3HAYAIOTh KOOPIMHATH pailoHy HMOBIpHOTO
nepeOyBaHHS PaIioeICKTPOHHUX 3aCO0IB IyHKTIB YIIPaBIiHHS.

3a TakMx yMOB Ta BiICYTHOCTi ampiopHoi BuOipku ympasisiti 111 Ha erami xiacudikamii OP icHyrounmu
METOAaMH JOCHTb Baxkko. OJHHM i3 BIIOMHUX HIiIXOIIB J0 PO3B’S3aHHS TAKOrO THIy 33/1a4 € BUKOPUCTAaHHS
ANTOPUTMIB HEYITKOI KIIaCTepH3aii, IKi J03BOJLIIOTH KiacupikyBaTu rpymosuii OP 3 BiIMOBIIHUM CTyIeHEM
HaJIeXKHOCTI £/ JIO TIEBHOTO KJIacTepa.

BukopucTaHHsIM anroputmiB 3a0e3nedyeThesi aproMarr3anis kiacudikamii muoxunu JPBmn, ski 3anarorees
BEKTOpPaMH B MPOCTOPi O3HAK, OTPHUMAHUX BiJl PI3HUX BHIIB TEXHIYHUX 3ac00iB PM, 1110 703BOJIsSE BU3HAYUTU
CKNIaaHI 00’eKkTH, siKi BXOJATh y rpymoBuid OP, i BiamoBimHO iX KiacTepu3yBaTh. AJTOPUTMHM HEYIiTKOT
KJactepu3anii mependavyarTh, mo ckiagHi OP HamexaTe BCiM KiacTepaM 3 MEBHOIO HalexHicTio. CTyImiHb
HanexxHocTi JIPBm mo meBHOTO KiacTepa BH3HA4YaeThCs BincTaHHIO Bin JIPBm 1m0 BIAMOBIMHUX KIIACTEPHHUX
nentpiB. Llenatpu kmacrepiB ckimagaux OP i, BIAOBIAHO, CTYIEHI HANEKHOCTI IO HUX 32 XapaKTePUCTUKaMHU
BXIIHUX JaHUX OOUHCIIOIOTHCA ITepalliiftHO.

OTxe, METOK CTaTTi € BAOCKOHaneHHs ympasiiHas [[1 OaratopiBHeBoi iepapxiunoi cuctemu PM Ha erami
kiacudikanii OP 3a paxynok mizsuineHus ioro ®C. IligsumenHs PC 00’ekra NOCHIIKEHHS! OUYIKYEThCS 3a
paxyHoK:

— BUKOPHUCTaHHsI (DYHKIIOHAJIbHOI HAJUIMIIKOBOCTI B cucTeMi PM 1yist 3a0e3neuenHs Horo Oe3nepepBHOCTI
IIITXOM BHKOPHCTAHHS JaHUX BiJl PI3HUX BU/IB TEXHIYHNX 3ac00iB IPH 3a/TaHUX MOKA3HUKAX SIKOCTI;

— 3acTocyBaHHs iHCTpyMeHTapito THM 1t npuiiHATTS pillieHb 3a piBHAMHU CHCTEMH B HEHWITKUX YMOBaX IS
knacudikamnii OP.

OCHOBHUM TOKa3HMKOM e¢eKkTuBHOCTI BeaeHHs II1 Ha 1boMy eTari BBaKaeTbCsl OUYiKyBaHa KUIBKICTb
wiacudikoBanux OP 3 HE0OXiHOIO BipOTiqHICTIO 32 3amaHwuii uac [14].

30KpeMa, SIK NMOKa3HUK e(hEeKTHBHOCTI BUKOPUCTOBY€EThCs KoedinienT knacudikanii OP — ¥ . Baxkaerscs,
10 TIapaMeTpH, 3a SKUMH 3IIHCHIOEThes Kiacudikaumis OP, Bu3HayaroThCs 3 MEBHUMH HMOBIPHOCTSIMH, TOMY
KoeilieHT Kiacudikalii moJarTh IK:
_N-P (\|j’

NO

ne N — kinbkicts kiacudixosanux OP; N, — saranbHa kinbkicts OP; P — iimoBipHicts knacudikawii OP.

N7 (12)
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Bigomuii miaxin g0 oriHoBaHHS epeKTUBHOCTI kiacudikamii rpymosoro OP [3, 10] 3 ormmsay Ha #oro
BUKOpHUCTaHHs Juist ynpasiinas 11 Ha npoMy eTami moa0 iHdopMariii BiJ pi3HUX BHIIB TEXHIYHUX 3ac00iB PM
nepexbadae po3paxyHOK KimbkocTi kiacudixoBanux OP, imoBipHOCTI iX Kkiacu@ikamii, a TakoX 3HAHHS
3aranbHOi KimbkocTi OP.

3po3ymino, mo B yMOBaX HEBU3HAYEHOCTI OOCTAHOBKM MIOAO KiTBKOCTI KiracugpikoBarux J[PBm, TouHOCTI
BHU3HAYCHHSI IX KOOpAWHAT, OIEPATHBHO-TAKTHYHMX HOpMatuBiB posMimenHs OP Big JIPBm, mo ix
00CIIyTOBYIOTH, Ta HEUITKIMH YMOBaMH BHOOpY Micid posramryBanHs OP Ha MicIIeBOCTI HOTO 3aCTOCYBaHHS
nocutb oomexene mis 111 Benenus PM.

BianoeinHo mo 3ampomonoBanoro miaxoxy [1, 12] (11) mo ympaeminus GaratopiBHeBum II1 Ha erami
kiacudikanii rpynosoro OP BHCYBa€eThCsl BUMOTa, SIKY MOYKHA OIHCATH BUPA30OM:

M = ,Uirjngn |té'é Leas, (13)

ne Mij— ©H, wo xapakrepusye NpoLeC yHpaslliHH Ha eTani Knacudikauii OP; tg, ; t,, — 4ac Ha mpoBesieHHs Ta

3aJaHuii yac Ha kiacrepusanito OP.

Ockinbku knacugikauis OP 31iHCHIOETBCS 3a JaHUMHM, IO A00YBAIOTHCS DPI3HUMH BUAAMH TEXHIYHHX
3ac06iB PM, T0 (13) n0mineHO MOJaTH BHPA30OM:

Hi = Haa N Higsee s N (14)
Ie A — 3arajpHa KUTBKICTh BHIIB TEeXHIYHUX 3aco0iB PM, iHdopmariis Bix SKHX BUKOPHUCTOBYETHCA IUIS
kinacudikamii OP.

Ymoga (13) e HeoOxinHOW0, ane He gocTatHboo Wi 3a0e3neuents OC 11T Ha erani knacudikamii OP. Moxusuii
Takuil crad cuctemu PM, 3a SKkuM BIKOHAHHS YMOBH Oyze Binmoimatu Bumoram 1o II1 momo xmacudikarmii OP,
ane nuime 1o nosBu HemraTHOi cutyanii (HC), ockinmbku He Oyae MOKIMBOCTI TapupyBaty ii Hacmigkd. ToOTo
cuctema PM Oyne npauesnaTHoto, ane He OC. [TokasHuk, mo Oyae BpaxoByBaTH BUKOHAHHS 3aBIaHHS B PiI3HHUX
yMOBax 00OCTaHOBKM Ha eTari kKiacudikanii, MOJKHA TOIaTH TAKHUM YHHOM:

Horij = Hij N Hiasij - (15)

Jis xinpKicHOTO oriHfoBaHHA edekTuBHOCTI BeneHHs II1 Ha etami knacudikamnii B ymoBax HC HeoOxigHuMHU
IIe € IOKAa3HUKH, SIKI XapaKTepU3ylTh 3IATHICTh IX MapupyBaTH | BH3HAUYAIOTHCS HASBHICTIO KEpPOBaHOI
HaJMIPHOCTI.

3riguo 3 [12], ®H napupysanns Hachiakis HC Biu3HauaeThCs SIK:

Hiasij = Hijiaa N Hijsis » (16)
RE Mias s Mijsis — PH, 10 XapaKTepU3yIOTh HAAMIPHICTH T4 MOXKIIMBICTb YNPABIIHHSA HEKO Ha eTani Knacubikanii
OP.
st 3a6e3neuenns poro nokazuuka OC II1 cucremu PM Ha etani kiacudikanii OP BucyBaeThcst BuMora
min
Hijiag = Hijias » an
ne ,u{;;;"a — MiHIMQJILHO JIONYCTHME 3Ha4€HHs IMOBipHOCTI mapupyBanHs HacuinkiB HC Ha eramni kiacugikarii
OP.
Kputepiem ympasninas Ha etari kiaacudikarii OP B ymoBax HC € BHUKOHaHHS HEpIBHOCTI:
[C] caa
VO eQ”, tjon > Hijon (18)

ne uisy — PH, mo xapakrepusye mexy PC IIT Ha erami knacudikauii OP; ©® - Bexrop nokasnukis cramy I

Ha erari knacudikariii OP; Q" —o6mnacts ®©C II1 Ha erami kinacugikamii OP.

Juist 3abe3neuenns (11) ta Bumor (13) mpomoHyeThCS 3aCTOCYBAaTH METOJI HEUITKOI KIIACTepU3allil TaHNX Ha
OCHOBI TpUHIHMITY camoopranizamii. Toai 3agady ympaBiiHHS HpomecoM Ha erami kiacrepmsanii OP moxkHa
chopmymroBati TakuM ynHOM. KinneBy muOoxuny JIPBm A= dl,.,.,an , 0 OTPUMaHa B PE3yNbTaTi BEACHHS

noiykoBoi po6oTu moao rpynosoro OP, ne N — 3aranbHa KijgbkicTs J|PBm, Bu3Havae P = ﬁ,...,p q MHOXHHA
O3HaK BiJl pI3HUX BHJIB TeXHIUYHUX 3ac00iB PM, (] — 3arajibpHa KilbKIiCTh O3HAK.
Hns xoxuHoro JIPBn BuMmipsHO o3Haku. TakuMm 4MHOM, KOXKHOMY 3 €JE€MEHTIB &; € A nocrapnenuit y
. . . o _ i i ) i . .
BIJNOBIHICTb J€AKUN BEKTOP X; = ﬁ Xy, Xq , 1€ X — KiIbKicHE 3HaueHHs o3Haku, P; € P —ns [IPBm a; € A.

3Ha4YeHHS O3HAK MAOTh JIIHCHI KUTBKICHI Ta JiHTBICTHYHI 3HAYCHHA. BekTopH 3HaUeHb O3HAK MOJAIOTHCS y
BUIIIA1 MaTpulli fanux D posmipHOCTI NXQ, KOXKHUH PSIOK SIKOT JOpiBHIOE 3HaueHHIO Bektopa O,. Ha ocHoBi

BUXifHUX naHuX D HeoOxifHO BusHaumTh Take HewiTke po3burrst R(A) = AK/AKC A MHOXHHE A Ha 3anaHe

uncno C meuitkux knactepie AKke ..,C, ske 3abe3neuye eKCTpeMyM Jeskoi UUIbOBOI (yHK]
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Cepis: Texuiuni nayxu

f (R(A)) cepen Bcix MOKJIMBHUX BapiaHTiB HEYITKOTO PO30OHTTS. 3aCTOCOBYIOUM aJITOPUTM CaMOOpraHizauii, Ha

OCHOBI KpHUTEpiI0 HENpPOTHPIUYs 37ificHIOEThCA Kiactepuzamis OP. BuxopucraHHS maHUX BiX pi3HHX BUJIB
TeXHIYHHUX 3ac00iB I KiacTepu3anii 3abe3neuye ii yTOYHEeHHs, Mo 103Bojsie Bu3HaunTH Makcumym OH (11),
BUKOHaHHSA BUMOTH (13) monxo ynpasminas 111 Ha erami kmacudikamii OP y cuctemi PM.

Ampobartisi 3aCTOCYBaHHS 3alpOIIOHOBaHOTO TMigxoxy no ympasminHa II1 Ha erami kmacudikamii OP
3milicHeHo B cepenoBuini Matlab [15] Ha OCHOBI JaHHMX, OTPUMAaHHKX ITiJT 9aC TIPOBEICHHS OTIEPATHBHOTO 3aXO0y
y BHU3HaueHoMy paiioHi PM. 3a pesynpraramu momyky JIPBn, pisHMMH BugamMu TexHIYHMX 3aco0iB PM
BU3HAYECHO KOOPJHMHATH N JpKepell BUIPOMiHIOBaHb rpynoBoro OP, siki 300paxeHo Ha pucyHky 1.

0+ . .

Puc. 1. Buxioni oani w000 micyenonooicenus J[PBn na micyesocmi

IcHyIOYI OTepaTHBHO-TAKTUYHI HOPMATHBU PO3MIillleHHs pi3HUX ckiaaHux OP, mo BXOJsTh 10 IpyrnoBOro
OP ta JIPBm, 110 iX 00CIyroBytoOTh, Ha MICIIEBOCTI BU3HAYAIOTh MEXKI HEYITKHX 1HTEPBAJIIB, Ki OyIH MOKIAICHI
B OCHOBY KJIacTepH3allii.

KinbkicTh Kiactepis, 1110 BXOAATh y rpynouii OP, BH3HaYeHO NUIIXOM 1OOYA0BH Nap OIM3bKO PO3MIILEHHUX
00’€KTIB 1 pO3/LIEHHsI JaHUX Ha TiIBUOIPKU 32 KPUTEPIEM HEPOTHPIYYSI.

Ha ix oCHOBI po3paxoBaHO HaJIEXHICTH KOxHOTO JIPBm 1o mesHoro kiacrepa (puc. 2), 3 sIKOro BUILIMBAE,
o 1o rpymnoBoro OP Bxonuts 4 cknagai OP abo knacrepwn.

) Forma_claster

MlQHATHORE POSEHTTA Kac.
Knacrepasatja
e A2 4
aF
B GasH AR
Data_1
BMBIp TAKTHAHOM HORATH B
a3 5L i
Clastering_tx_vk |10 —
Clastering Irtensyvrist
s i
0 | | ! | !
0 5 1 15 i) A 3
TIpHmITK: Nepsg NoUATKOM pofoTH BUBEpiT Ba0Y A3HAX T8 TaKTUHHAT HOprAETHE

Puc. 2. Pesynomamu posniznasanns OP
3a OONOMO2010 AN20PUMMIE HEUIMKO20 KIACMEPHO20 AHANIZY

BucHoBkH. Y cTaTTi po3po0JIeHO Ta JOCIIIPKEHO KOHLENTYalbHI OCHOBH 3aCTOCYBAaHHS Ha/UIMIIKOBOCTI B
cucreMi PM nmna 3abesmeuenns DPC indopmarmiitHoro mpomecy Ha etami kiacudikanii OP, muraxom
KOMIUIEKCHOTO 3aCTOCYBAaHHS alTOPUTMIB HEYITKOTO KJIACTEPHOTO aHANi3y IaHWX PI3HUX BUAIB TEXHIYHHX
3aco0iB, mpu kiacudikarii rpynosux OP. 3amponoHoBanuii migxin 3abe3neuye kinactepusaiito rpymnosux OP 3a
YMOB: MIBUJKOI 3MiHH paioeNeKTPOHHOI OOCTAaHOBKHM, HM3bKOI TOYHOCTI BH3Ha4eHHsA koopauHaT J[PBm. Ha
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OCHOBI TIPOBEJICHUX PO3PaXyHKIB MOXKHA CTBEPXKYBATH, 1[0 BUKOPHCTAHHS aATOPUTMIB HEUITKOI KilacTepH3amii
Ha erami knacudikamii OP npusBoauts o 3abe3neueHus OC II1 B yMoBaX HEBH3HAYCHOCTI.
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Ilypenox B.A. 3a0e3neuenns ¢(yHKIioHaNBHOI CTiIHKOCTI i€papxiuHoro iHdopmauiiiHOro Impoueca Ha erari
Kiacudikanii 00’€KTiB paioMOHITOPHHTY

Iypenok B.A. Ob6ecnieuenne (hyHKIMOHATBHONH CTOMKOCTH HEPapXHUECKOro MH(POPMAIIMOHHOTO TIpoliecca Ha
JTarne KiIaccupuKaIu 00bEKTOB PaIHOMOHUTOPHUHTA

Shurenok V.A. Providing functional stability of hierarchical information of stage of classification of
radiomonitorig objects

YK 623.618

O0ecnevyenne (pyHKIMOHAIBLHOM CTOMKOCTH HepapXuyecKoro HHGOpPManMoHHOIo Nponecca Ha Tane
KJIaccupukanuu 00bekToB paguoMonutopunra / B.A. Illypenok

B craree pa3zpaboTaHbl M HCCIEIOBaHBl KOHLENTYyalbHBIE OCHOBBI oOOecredyeHHs (QYHKIHOHAIBHOU
croiikoctu (®PC) MHOroypoBHEBOro uepapxuueckoro wuHpopmanuonnoro mponecca (MII) Ha orame
Ki1accuuKanuu TPYNIOBBIX 00BEKTOB panuomonuropunra (OP). Cpenan BbeIBOI 0 11e1ecO00pa3HOCTH
npuMeHeHust st ynpasienus: U1 Ha 3ToM 3Tane Teopuu HEYETKHMX MHOXKECTBEHHBIX YUCET U M30BITOYHOCTH B
cucreme paanomonuropunra (PM) s obeciedenns ero OC.

VK 623.618

Providing functional stability of hierarchical information of stage of classification of radiomonitorig
objects/ V.A. Shurenok
In the article conceptual basis of providing of the functional stability (FS) of multilevel hierarchical information
process (IP) on stage of group classification of radiomonitoring objects are developed and researched. The
conclusion about the feasibility of applying for IP management at this stage of the theory of fuzzy sets and radio
redundancy in the system of radiomonitoring for providing its FS.
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