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AHomayin

B cratTi npuginaetbcs ocobnmsa ysara nNigBULIEHHIO BUMOr A0 6e3nekn 06'ekTiB 0cobmBoi
BAXK/IMBOCTIi, AEPKABHOTO KOPAOHY, BOAHOIO i MOBITPAHOrO TPAHCMOPTY B YMOBAaX HAPOCTAKUMX
BMCOKOTEXHO/IOMYHUX TEPOPUCTUYHMX 3arpo3. [JOCATHEHHA LMX BUMOF HEPO3PMBHO MOB'A3AHO i3
3a6e3neyeHHsAM AKICHMX MOKa3HMKIB TeXHIYHMX 3acobiB AMCTAHLIMHOMO CrocTepeKeHHs 3a
HebesneyHMMM O6'€EKTAMM, YCKNIOHEHHAM i iHTENEeKTyanisali€lo JIOKaUiAHMX CUCTEM, MeperK
JATUMKIB 3 PYHKLIAMM MeperKeLeHTPUYHOI B3aeMOZii. 3acTocyBaHHA MNPOTUMBHUKOM 3acobis
pagioenekTpoHHOI NpoTMAil, WBMAKA 3MiHa CLeHapiiB MNOCTaHOBKM KOMOIHOBaHMX 3aBaj,
BM3HA4aloTb TEHAEHLIi, AKi CNpAMOBaHI Ha MiABULLEHHA BiPOriAHOCTI OTPUMAHHA iHPopMaLii B
NIOKALINHUX cucTemax, aganTtauii A0 3aBaf, Pi3HOrO MOXOAMKEHHA Ha KOPOTKMX TMMYACOBUX
iHTepBanax. BiacyTHicTb BiporigHoi iHpopmaLii NMpo HaABHICTL 06'eKTa MOXKe npuBecT Ao
HENpUNYCTUMUX EKONOTYHUX i MaTepiaNbHUX BTPAT, @ MOMW/IKOBI TPMBOMM — A0 HEBUMNPABAAHMX
AOLATKOBMX BUTPAT. Y 3B'A3KY 3 UMM, BAXK/JIMBMM HamnpsAMKOM € 3abesneyeHHA MAKCMMANbHO
BiporigHoi iHbopmaLii B ymoBax 3aBaj, Pi3HOrO NOXOAXKEHHA. AKTyanbHiCTb Npobiemm nos'asaHa 3
MOLLYKOM KOMMPOMICY MiXK BUTpaTaMm (BapTiCTb i Yac po3pobaeHHa) Ha NobyaoBy aganTUBHUX
CUCTEM BUAB/IEHHA i pO3Mi3HaBaHHS, i 3 iHWOro 60Ky, epeKTUBHICTIO (BiporiAHICTE MOAENOBAHHSA,
CKNagHiCcTb peanisauii), Wo A0CAraeTbca B pesybTaTi Po3pobieHHA KpuTepiiB onTumisauii. Mpu
LboMy, ocobamnBa yBara NPUAINAETbCA 3a0e3NeYeHHI0 BUCOKMX AKICHUX NMOKa3HWKIB BUABMEHHS i
pO3ni3HaBaHHA B yMOBax MiH/IMBOI Ta anpiopHO HEBiAOMOI 3aBaL0BOI 06CTaHOBKM.

Po3pobneHuit nigxin i Kputepii AnA cuHTE3y Ta aHanisy umMdpoBMX afanTUBHUX CUCTEM
BUABNEHHA Ta pO3Mi3HaBaHHA. KpuTepii CTBOpeHi Ha AeKOMMO3ULii cepefHbOro pPU3MKY i
MMOBIpPHOCTE MOMMIOK MPUIAHATUX pilleHb, 0BYMOBAEHUX: KiHLEBUM PO3MIPOM CUCTEMM,
obcArom HaBYanbHOI BUBIPKK | po3psagHicTio obuncneHb. Takuit nigxig, £03BOAAE NOCAIAOBHO
BMPILLYBATM 3aBAAHHA CUHTE3Y Ta aHai3y ONTUMaJIbHUX CUCTEM.

Knrouosi cnoea: apanTtauin, aHTeHHa peLwiTka, HaBYyasibHA BUBiIpKa, BUAB/IEHHA, PO3Ni3HaBaHHA,
3aBaga.

NocraHoBKa npobaemu

B ymoBax HapoCTaluMx BUCOKOTEXHOMO- o0cobnvBa yBara nNiABULWEHHIO BMMOr A0
MYHUX TEPOPUCTUYHUX 3arpo3 MNpUAInAeTbca 6e3nekn 06'eKTiB  0cobanBOi  BaXK/AMBOCTI,
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AeprKaBHOro KOpAOHY, BOAHOMo i NOBITPAHOrO
TpaHcnopTy [1, 2]. Ue Hepo3puBHO NoB'A3aHo i3
3ab6e3neyeHHAM AKICHUX MOKA3HUKIB TEXHIYHUX
3ac06iB  AMCTAHLIMHOrO CnocCTepesKeHHsa 3a
Hebe3neyHMMM 06'eKTaMK, YCKNALHEHHAM i
iHTeIeKTyanisaljieto IoKaLiMHNX CUCTEM, MepeXx
OATYMKIB 3 OYHKLIAMM  MeperKeLeHTPUYHOI
B3aeEmMOZ,ii. 3acToCyBaHHA NPOTUBHMKOM 3acobiB
pafioeneKTPOHHOI NpOTUAil, WBMAKA 3MiHa
cueHapiiB MOCTaHOBKM KombiHOBaHMX 3aBaj,
BU3HA4YalOTb  TEHAEHLUil, cnpAMOBaHi  Ha
nigBuWeHHA  BiporigHocTi  iHbopmauji B
NloKauinHmMx cucrtemax [3], aganTtauii Ao 3aBag
Pi3HOTrO NOXOAXKEHHA HA KOPOTKUX TUMYACOBUX
iHTepBanax [4, 5]. BiacyTHicTb BiporigHoi
iHpopmauii npo HasBHiCTb 06'ekTa  MoKe
npMBeCcTM 40 HenpUNyCTUMWUX EKOOTIYHUX i

MmaTepianbHUX BTPAT, @ MOMUAKOBI TPUBOTM — A0
HeBMMNpPaBAAHWNX A0LATKOBMX BUTPAT. Y 3B'A3KY 3
UMM, BaXKIMBUM HanpsAMKOM € 3abe3neyeHHs
MaKCMManbHO BiporigHoi iHpopmalii B ymoBax
3aBaj, Ppi3HOro NOXOAXKeHHA. AKTyanbHIiCTb
npobnemn nos'A3aHa 3 MOLWYKOM KOMMPOMICY
MiXX BUTpaTamu (BapTiCTb i Yac po3pobeHHs) Ha
nobyaoBy aganTUBHUX CUCTEM BUABNEHHA i
po3nisHaBaHHA (ACB i ACP), i 3 iHWoro 60Ky,
epeKTUBHICTIO  (BiporigHicTb  MoOAentoBaHHs,
CKNagHicTb peanisauii), WO [AOCATAaETbCA B
pe3ynbTaTi po3pobieHHA KpuTepiis onTumisau,i
[3]. Npu ubomy, ocobsmBa yBara NpUAINAETbLCS
3abe3neyeHH0 BWUCOKMX SAKICHUX MOKA3HUKIB
BMABJIEHHA | PO3Mi3HABAaHHA B YMOBAX MiHAINBOI
Ta anpiopHO HEBIAOMOT 3aBa40BOi 06CTAaHOBKM.

AHani3 ocTaHHiIX gocniaxkeHb Ta nybaikauin

P0O3BUTOK TEPOPUCTUYHMX 3arpO3 NOB'A3aHNIN
3 BUKOPUCTAHHAM Cy4aCHOro i MepCcneKkTUBHOIo
36poi i npotuaii omy [6]. 3HayHa posb B
3abe3neyeHHi MaKCUMa/IbHO BiporigHoi
iHbOpMaLLii NpU ANUCTAHLiINHOMY CNOCTEPENKEHHI
3a 06'ekTamu nigsuuieHoi  Hebesneku
BiABOAMTLCA  peecTpauii  pisHUX  i3UYHMX
npouecis, 30Kpema, PpilWeHHAM  3aBAaHb
BUABJIEHHA | poO3ni3HaBaHHA BigaaneHux abo
BaXKKOAOCTYMHUX 06'eKTiB MeToAaMM
pagionokKaliii, 3BYKOJIOKaLii, ceMcmonoKauji i
rigponoKauii.

B [7, 8] npoBoauTbcA O6GFPYHTYBaHHSA
CUCTEMM MOKA3HUKIB i KpuTepiiB ePeKTUBHOCTI
MMNO ocob6anBO BaxkAMBUX 06’€KTIB KpaiHM Ha
nigcTaBi MaTeMaTUYHOIO OYiKYBaHHA BEANYUHMU
BiZIHOCHMX BTPaAT OO'EKTiB, WO 3axMLAOTbCA,
BiZIHOCHMX BE/NIMYMH 3aranbHUX BTpaAT 601M0BOro
NoTeHLiaNy BilACbK, Ta iIMOBIPHICTb 36epeXKeHHs
KOXKHOro ob6’ekta Big yaapis. [Ans AOCATHEHHSA
po3pobaeHNX MNOKa3HUKIB HeobxigHO Tenep
BU3HAYUTU BUMMOIM A0 XapaKtepuctuk ACB i
ACP.

IMoBipHicHi  KpuTepii edeKTMBHOCTI B
pagionoKauii po3rnagarTbCca 4N8 NPoCTOPOBOI
0bpo6KN curHaniB: afdanTUBHUX aHTEHHUX
pewitok [9], Ans aganTMBHMX 6GaraTonosu-
LinHMX pagionokauinHmx cuctem [10]. Ha ocHoBI

iIMOBIPHICHMX ~ XapaKTepUCTUK  aZ4anTMBHUX
CUCTEM YacoBOi 06PO6KM CUTHaNiB NPOBOANUTLCA
aHani3 BTpaT Yepes KiHueBUI 06CAT HaBYaNbHOI
BMbipkn [11]. ImoBipHicHi Kputepii edeKTus-
HOCTi  3aCTOCOBYIOTbCA  ANA  BWABJIEHHA
TEPOPUCTUYHMX aTaK i3 3acTocyBaHHAM 6e3ni-
JNIOTHUX AiTanbHUX anapaTie. 3anponoHOBaHO
nigxig baleca ans BUABNEHHA | po3ni3HaBaHHA
MannX JNiTaNbHMX anapaTiB HeaganTUBHUMMU
cuctemamm [12], Ta OCHOBIi HEMPOHHUX MEPEXK 3
BMKOPUCTAHHAM  aZanTmBHux cuctem  [13].
IMOBipHiCHIi meToAM OUIHKM  edeKTUBHOCTI
3aCTOCOBYIOTbCA ANA TiAPOaKyCTUYHUX 3acobiB
OXOPOHW  MOPCbKMX  pybexis  [14], B
celicmoJIoKaUii AnsA BUABJIEHHS | pO3Mi3HaBaHHA
KPOKIiB  MOpPYWHKWKA |  KAacy  pyxomoro
TpaHcnopTy [15].

Y BiZOMUX niTepaTypHUX AxKepenax aHanisy
e(deKTUBHOCTI aganTtauii HeA0CTaTHbO
OOCNniaXeHi  MMOBIPHICHI  XapaKTepPUCTUKMK
BUABJIEHHA | PO3Ni3HABaHHA B yMOBax aganTau,i,
30Kpema, npu  BUKOPUCTAHHI  aganTauii
aHTEHHMX PEeLiToOK i cuctem 4acoBoi 0H6pobKM.
Le npu3BoguTb [0 BiacyTHOCTI IMmoOBIpHOro
KOHTPO/IIO BipOrigHOCTI NPUUHATUX pPilLEHb,
HenepeabayyBaHMM pU3MKaM MNpPU  YCYHEHHI
norpos Big HebesneyHUx o6'eKkTiB. Mpyn Ubomy,
BiporigHocTi NOMMIOK BUABJIEHHA
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BM3HAYalOTbCA Ha eTanax po3pobneHHA i
BMnpobyBaHb P/IC wnaxom matemMaTU4YHOrO i

06UYMCNIOIOTBCA PUSUKM  Ha OCHOBI
36MTKIB i aBapii.

nocsiay

HaTypHOro MOAENOBaHHA, a noTim
MNocTraHOBKa 3aBAAHHA
ICHytO4i  MEeTOAMKM  CKNagHi, OTPMMAHI  KOHTPOJIO.

CTAaTUCTMYHUM ab0 HATYPHUM MOAENIOBAHHAM
nwe ana obmerkeHoi obnacti napameTtpis. Mpu
KOMMNeKcyBaHHi  6aratokaHaNbHUX  CUCTEM
BMAB/IEHHA | pO3Mni3HaBaHHA NOTPi6EeH PO3BUTOK
MEeTOAMK ANA AaHANITUYHOrO CUHTE3y i aHanisy
ACB i ACP, 3meHLLeHHs obcsary 064ncntoBaibHUX
BUTPAT, PO3pPaxyHKy MOPOrosBux piBHIB Ta
BU3HAYeHHA BipOrigHOCTI pilleHb Ha MeXi 30HMU

BuKnaa OCHOBHOro marepiany

MeToto cTaTTi € po3pobaeHHsA KpuTepiis gnsa
CMHTe3y, ONTUMI3auii Ta aHanisy aganTUBHUX
LMPPOBUX CUCTEM BUABJIEHHS | PO3Mi3HABAHHA
ansa 06iky MMmoBipHOCTEM NMOMWOK,
obymoBneHux: po3mipom cucremun, obcAarom
HaBYa/NbHOI BUBIPKM | PO3pPAAHICTIO aHanoro-
undposoro nepersoptosaya (ALM).

Ha ocHoBi ornsgy ocobamBocten pisHUX
iCHYIOUMX  CUCTeM  JIoKauji  MPOMOHYETbCA
npoBOAUTU  aHanNi3 MpoLeciB Ha OCHOBI
y3aranbHeHoi Moaeni  Komn'toTepmM3oBaHoi
cuctemum  nokauii (puc. 1), 3 ypaxyBaHHAM
BN/MBY 3aBaj, MOMMUNOK 0b6YMCNeHb i MOXMBOK
OUiHIOBaHHA NapameTpis curHanis B ACB i ACP.
TyT 3aCTOCOBYETbCA PO3MNOAiNEHa MepeKa
OATYMKIB  Ana  npuiiomy curHanis S Big
AOCNigKyBaHUX 06'€KTIB B yMOBaX 3aBayKatoumx
BiaA3epKaneHb i BUNpomiHoBaHb X. AnpiopHa
HEBM3HAYEHICTb WOAO NapameTpiB curHanis S
BM3HAYAETbCA ocobnmsocTaAMM 0b6'ekTa
BUMNPOMIiHIOBAHHA.

[CTOTHMI BNAMB Ha AKICTb BUABNEHHA |
pO3ni3HaBaHHA BHOCUTb cepenoBuLLe
MOLWMPEHHA, WO CNOTBOPHE GOpPMYy CUrHaNy
f(S), a TakoXk HasABHICTb 30BHIilLHIX 3aBag X.
[JopaTkoBi MOMWAKM  BUHMKAOTL B 6oL
agantuBHoro umdposoro o6pobaeHHA curHanis
(LLOC) uepes KiHUEBY PO3PAAHICTE B AAHUX i
npu aganTtauii  4yepe3s MNOXMOKM  OULHOK
napameTpiB mogenen cMrHanis S, KoBapiaujinHoi
MaTpuui 3aBag, R, eTanoHis Knacis craHiB
06'eKTiB, OTpMMaHUXx Mo obmerkeHomMy obcary
KHaByanbHOi BMbBipkn [4, 5]. BigcyTHicTb
iHbopmauii npo BnNAMB  umx  daKTopis
npuM3BoAuTbL A0 HenepeabavyyBaHOi 3MiHU
BiporigHocTi  piweHb ACB i ACP, ska
BM3HAYAETbCA MOX/IMBOCTAMM NOMMWIOK.
OnepaTopHi pilleHHA 34iMCHIOETLCA Ha OCHOBI

iHbopmalii, wo Hagiwna 3 ACB i ACP, B aKnx
npuitHato opgHe (i-e ) 3 0,..,M piweHb npo
BiACYTHiCTb BiaganeHoro o6'ekra (i = 0) abo npo
MOro HanABHICTb Ta BiAHECEHHA A0 OAHOro 3
KnaciB (i > 1). BiporigHicTb NpUIHATMX pilleHb
KOHTPO/IIOETbCA  OUiHKAMM  MOK/IMBOCTAMM
NOMUNOK pij, AKI OBYMCNIOIOTBCA Ha OCHOBI
napametpis ACB i ACP (nopir BMWABNEHHS,
BiAHOWEHHA curHan/3aBaga Ta iH.), WO
po3pobnAlTbCA  PO3PaxyHKOBMM  CMiBBiAHO-
WEHHAM. 33 NPUAHATUMM  pPilIEHHAMK i
BiAMOBIAHMX M  MOX/IMBOCTAM  MOMMOK
BM3HAYAETbCA PilLEHHA, 3 YpaxyBaHHAM NAaTu
[T 32 NTOMWUAKN NPUNHATTA i-Or0 PileHHA Npwu j-
OM Knaci 06'eKTa, O AOCTaBAAE MiHIMaNbHUN
pu3unK onepartopa [3]

— . M
A = ilq,l,_?_lMZFO I1;;pi;. (1)

Mnatn [l 3a NOMWAKM MOXKYTb OyTM
onocepeaKoBaHi y BUrAa4i NnocagoBmX iHCTPYK-
Wi i cTaTyTHMX peKomeHAaalili onepaTtopy,
BUpOBNEHNX Ha OCHOBI €KOHOMIYHOro
MOHITOPUHIY 3a pe3y/abTaTaMu aBapili i 36UTKiB
BiJ, HEeBipHMX pilleHb, OTPMMAHMX 3a nepios
eKcn/yaTauii aHanoriyHmnx ob'ekKTis.

Ona onepatMBHOroO OLIHIOBAHHA PU3UKY
BaK/IMBO BM3HAYEHHA BipOrigHOCTI NPUNHATUX
pilleHb 33 NPUAHATUMN MOAENAM MMOBIPHICHMX
XapaKTePUCTMK  OOCANIgKYBaHUX  MpPOLECIB.
BiacyTHicTb iHpopmauii npo Bnane umx pakTopis
npu3BoAsTb A0 HenepeabayyBaHoi 3MiHU
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BiporigHocTi  piweHb ACB i ACP, sAka
BM3HAYaAETbCA MOMKAMBOCTAMM MOMMUNOK [3].
[nAa KOHTPOALO BipOrigHOCTI NPUAHATUX PilleHb

pO3ni3HaBaHHA HeobxigHO obumncneHHn
nepenbayvyBaHUX MMOBIPHOCTEN NOMUNOK Pjj Ta
BCTAHOBNIEHHA BMMOr A0 06cAry HaB4YaNbHOI

i 3abe3neyeHHs 3a4aHoi NOMWAKK  BUBIPKM i po3pagHocTi ALM BXigHUX AaHKX.

] 00'eKT [T . \ . |

i nocnlz[@(eﬂﬂﬂ | MPOTrPaMHO - arapaTHI 3aC00M KOMIT FOTCPHU30BaHOI CHCTEMH I

CHUTHAT S |

| [cepemopume | | |

| | mommpens | | obesar |

| TTOMIUTKH . |

| {9 ) I KBaHTyBaHHA ITOXHUOKH OIIHOK 00T CTIOBATIHLHIX BUTPAT |

(- | . TIPOLCCOp = : oleparop !

| | Mepeska [|| BBOA CHrHAMIE L, AN THRHO \ Hp;dl;[{g;ll%}(l) Eéllge}m N i

| JIATYUKIB . : AL | 00poOKH cUTHATIB JTOCTOBIpHOCT] |

| - — T . |

I 3aBaqH ﬁ I BXTHU YCYHCHHA 3aBal | PO3MI3HABAHHS | |

- | Tpomec Kracudikanis | BUABICHHS | |

| 1] mexanizmu | — I
| JOCTOBIPDHICTH |

OTOUEeHHS || '

| ! pHCK | |

L=—/————— o ___ .

PucyHoOK 1 — Cxema npouecy 06pobaeHHs iHpopmaLii
Ona BAOCKOHANEHHA KpuTepiis ANA  NOMWAKOBOI TpuBOrn F) miHimym imosipHoCTi B

obrpyHToBaHoro Bnmbopy napametpis ACB i ACP
NPOBOAMTLCA aHaNi3 ICHYHOYMX pilleHb npwu
NapamMeTpUYHOI HEBM3HAYEHOCTi LWoAO0 moaenen
3aBaf, Ta curHanis. ®opmyntoBaHHA 3aBOAHHA
BMAB/MIEHHA CUrHany Ha GOHi 3aBaj, B TepMiHax
Teopii nepeBipKn CTaTUCTUYHUX FiNoTe3 3B0ANTLCA
[0 MNOWyKy npasuna BWOOPY pilleHHA no
CNoCTepeXyBaHUM AAaHUMKU HA KOPUCTb OAHI€El 3
rinotes BigcyTHOCTi Ho abo HasBHOCTI curHany Hi
[4]. Mpu ybOMY B AKOCTI POBOYMX XaPaAKTEPUCTUK
aNropuTMy BUABNEHHA (B 3aN1eXKHOCTI Big BMOOPY
KpuTepito ONTUMANbHOCTI) MOYTb
BMKOPWUCTOBYBATMUCA  3a/IEXKHOCTI  cepeHboro
PU3NKy abo MMOBIPHOCTE MOMUIOK (MOMMJIKOBOI
TPUBOTN | MPOMNYCKY CUrHaNy) 3 ypaxyBaHHAM
BMXiAHUX MapameTpis CUrHany i 3asaa.

Mpwn HaABHOCTI NOBHOI anpiopHoi iHGopMaLii
Npo curHan i 3aBagy 3actocoByeTbcA balecose
NpaBuWno BUABNEHHA [3], WO CKNagaeTbca B
po36uTtti  n-mipHoro BWMGIPKOBOro  MpoOCTOpy
BXiZHMX BMBIpOK Y Ha aBi obnacti (Y0 i Y1), wo He
nepexpeLyoTbca Ta  AOCTaBAATb  MiHIMyM
cepeaHboro pusunky 4. Y BiacyTHocTi iHpopmaLii
npo anpiopHi MMOBIPHOCTI i mMaTpuui naaTexis
HabyB LUMPOKOrO MOLWMPEHHA CTaTUCTUYHUI
CUHTEe3 3a KpuTepiem HelimaHa-MipcoHa [3, 4], wo
3abe3neyye (Npyu  ¢ikcoBaHin  MOBIpHOCTI

MPOMYCKY CUrHany abo MaKCMMyM WMMOBIPHOCTI
NpaBUAbHOIO BUABNEHHSA D

F = le o)(Y, Ho)dY,
B=1-D=[, w(, H)dY, (2

ne w(Y,H;) — yMOBHa LWiNbHICTb WMOBIPHOCTI
(dyHKuUia npaBaonoaibHocTi) BMbIpKM Y B
NPUNYLWEHHI, WO BipHa rinotesa Hi.

3acTtocyBaHHA KpuTepiie (1), (2) Bumarae
HafABHOCTI anpPiOpPHMX AaHMX, WO [03BONAKTb
nobyayeatu byHKU;i npasgonoaibHocTi
w(Y,Hy) i w(Y,Hy), a anroputm BUABNEHHA
3BOAWUTLCA [0 MNOPiBHAHHA 3 noporom C
BiA4HOCMHM npasgonoaibHocTi [3]

d¥) = o, H)/w(,Hy) >¢c, (3)

npnyomy 3Ha4eHHA Nopora BWU3HAYAETbLCA

BignoBigHO 0o obpaHoro Kputepito
ONTUMANbHOCTI.
Ona mopeni HopmanbHO PO3MNOAINEHUX

3aBag, AKi nogatoTbea N Bignikamu BMOIpKM X 3
00BiNIbHOIO GOpPMOIO CreKTpa i KoBapiauioHoi
MaTpuLi Rn, WinbHICTb po3noainy MMoBipHOCTEN
(LLPW) mae Burnag,
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w(Y|S) = 2n/
a)~N2|R;|7%? exp{—0.5a(Y — S)TR; (Y —
)} (4)

Aae Y =X+ S—BeKrop po3mipy N B1bipKM BXigHOro
npouecy, Wo MiCTUTb aAUTUBHY CyMill 3aBaaM i
CUrHany;

a — napameTp MpeacTaBNeHHA npouecis y
dopmi gjricHux (a = 1) abo KomnnekcHux (a = 2)

BEKTOpIB;
T — 3HaK TPAHCMOHYBAHHA i KOMM/IEKCHOro
CNONYYEHHA  (AKWO  curHanuM i 3aBaau

npeacTaBieHi B KOMMNEKCHIM Gpopmi).

JocTaTHA cTaTUCTMKa A1 NOBHICTIO BiAOMOrO
curHany S nogaHa B BUraaai  norapudma
BigHOWeEHHA npaBaonoaibHocTi [4] i 3 ToYHicTio A0
NOCTIMHOrO MHOXHWKA BM3HAYAETbCSA BUPA3OM

d(¥) = In[w|S)/w(Y|S = 0)] =
0.5YTR;'S + 055" Rz'Y — 0.5ST RS =
Re{STR;'Y} — 0.58" R'S. (5)

Cratuctuky z = ST R7Y moxHa dpopmysaTh
3a AOMOMOrol TpaHceepcanbHoro ¢inbTpa [4],
BaroBuit Bektop W sAKoro mae Burnag

W =R;'S, z=STR;'Y =WTY, (6)

i € ONTMMaNbHUM, 3 TOYHICTIO A0 NOCTIMHOrO
MHOHMKa A, TaKOX 3 EHEPreTUYHOro KpUTepito
MaKCMMi3aLlii BigHOCMHM curHan/3asaaa.

Y  3agayax  YCyHeHHA napameTpUYHOI
HeBW3HAYeHOCTi peanbHOI 3aBa0BOi 06CTAaHOBKM
HabyB LMPOKOro MNOLWMPEHHA adanTUBHUMN
Baeca niaxia [3], 3acHOBaHWIA Ha 3aMiHi
HeBigOMMX  nNapameTpiB X  MAKCMMaAJIbHO
npaBaonogibHMMn BMUBIPKOBUMKU OUHKaMK. Y
pa3i 3aBag, WO MiAKOPAOTLCA HOPMaNbHOMY
3aKOHY pOo3M0oAajiNy MMOBIPHOCTENM, A0CUTb OLIHUTH
napameTpu KoBapiauinHoi maTtpuui. Onepauijn
OLHIOBaHHA KoOBapialilHOI maTpuui R i ii
ob6epHeHHs € OAHIE 3i CKnagoBux GopMyBaHHA
BMpilIaNbHUX  cTtatuctuk  (1.5) — (1.9) i
peanisyeTbcA 3a AOMNOMOrol iTepaTMBHUX abo
npamux metoais [4]. MNepeBaroto iTepaTUBHUX
METOZ,iB aganTaLlii Ha OCHOBI 3aMKHYTOrO KOHTYPY
3i 3BOPOTHMM 3B'A3KOM € MPOCTOTa peanisalii.
BoHWM peani3ytoTbCA NPOrpaMHO Ha HEMPOHHMUX
MepeXKax ANA MNOTOYHOTO MOMEHTY 4vacy t vy
BUrNAL] 3aN1eXHOCTi Wt = Wt—l +

AW{X;_1,d(X)¢—q —do}, Be AW — BekTtop
Hey3roa*KeHoCTi, WO 3a/eXuTb Big, BXigHOI
BUbipKK X '3aBaam, pisHuL d (X) 1 MiK BUXiGHUM
npouecom i 6axaHum Bigrykom do [4]. BoHu
BOJIOAitOTb HEAONMIKAMW iTEePAaTUBHUX aNrOPUTMIB
rPagiEHTHOrO TUMY: MOBIABHOI CXOAMMICTIO 40
ONTUMA/IbHUX PpilleHb, a TaKOX 3aNEeXKHICTIO
edeKTMBHOCTI  Bif, CNEKTPA/IbHO-KOPENALINHMX
XapakTepucTuk 3aBag, [4]. Ui Hegonikn BigcyTHI y
npaMnx metogax agantauji sar W (1.8), aki

BMMaratoTb nigsuLLEeHol obuncoBaibHOI
MOTYKHOCTI, TakK AK BMKOPUCTOBYIOTb
b6esnocepedHE OLUHIOBAaHHA Ta  3BEPHEHHSA
MaKcMmanbHO  npasgonogibHoi  BMbipKOBOI
MaTpuLj 3arasbHoro surasaay [4, 5]

5 _ p—-1vK T

Ry = K™~ Mi—1 XiX;,

17 — p—1 Tp-1

W =R;*S/S" RS, (7)

OTpUMaHOi 32 K He3aneXHumm BeKTopamu
BMOipKM 3aBaaMm.

HacnigKom icTOTHOI anpiopHOi HEBU3HAYEHOCTI
npv NpoBeAeHHi CMHTE3Y | ONTMMI3aL,i cuctem 6e3
NPUB'A3KM A0 KOHKPETHOro ob'eKTa € BiACyTHICTb
iHpopmaLii NPo MOMNMBOCTI HacTaHHA MNoAin i
BAPTOCTi MOMWNOK NPUNHATTA pileHb. Mae micue
KpuTepianbHa HEBW3HAYEHICTb, KA MNONArAE B
TOMY, WO He BOAETbCA BUCIOBUTU eDEKTUBHICTD
OAHMM MOKA3HMKOM, HAMpuKnag, cepeaHim
pusnkom [3]. Y 3B'A3Ky 3 UMM, Ha OCHOBI
AeKkomno3sunuii cepegHboro pPU3UKY
po3pobnarTbea KpuTepii ebeKTMBHOCTI,
HeobXxigHi AnAa cuHTe3y, onNTMMI3aLii Ta aHanisy
cuctem.

Mpun MNOBHICTIO  BiAOMMX  MapameTpax
CUrHa/NIbHO-3aBa0BOI OBOCTAHOBKM MoOe 6yTn
CUMHTE3  ONTUMANbHOI  cUCTeMu, ANAa  AKOI
[OCAraeTbCA  NOTeHUjiiHa  edeKTMBHICTb (v
BiACYTHOCTI NMOMMWIOK adanTauii i KBaHTyBaHHS).
Mpu UbOMY MOTEHLIMHO AO0CAXHA MMOBIPHICTb
nommnku p;j(N, M) 3anexuTb Bia: M — KinbKocTi
nepesipeHnx rinotes (wo BM3HAYaloTb
baraTokaHanbHy CTPYKTYpYy CUCTEMW) i po3mipy
cuctemm N (YMCN0 AATYMKIB MPU MPOCTOPOBOIT
0bpobui abo posmip oinbTpa NpU TUMYaCOBIM
06p06Lj), CYyKYNHICTb AKMX BU3HAYAE TAaKOXK 0bcar
obuncnoBanbHux  sutpat  f(N,M)  abo
CKNaAHicTb UMPOBOI CUCTEMMU.
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Mpy ubOMYy MOXKYTb 3pPOCTAaTU MMOBIPHOCTI
nomunok p;;(N, M, K) apantvsHoi cuctemu npu
3miHi K i p;j(N,M, K, B) undposoi agantmsHoi
cuctemu (npm 3miHi B i pikcoBaHmx N, M), a TakoXK
BapTiCTb 064MCIOBaANIbHUX PECYPCiB.

Y 3B'A3Ky 3 UMM, NPOMOHYETbCA MPOBOAUTU
OMNTMMI3aLLII0 aAaNTUBHMX CUCTEM BUABNEHHA i
pO3ni3HaBaHHA 32 KpUTEPIEM cepeHbOro PU3MKY
npu obmexeHomy 06cA3i  064YMCNOBANIBHUX
BuTpat f (N, M) Ha ocHOBi BUGOPY ONTUMANBHUX
napametpis N,K,B cuctemn pgnsa MmiHimisau,ji
PU3MKY

A= min M A, npu f(N,M) = const, (8)

M

Ael; = 29”:0 I1;jp;j — PU3KK i -0ro pilieHHs;

f(N,M) =ayNy +a,N, + appNen +
ao3yNozy + aannNann - obcar
064ncNoBanbHUX BUTPAT, WO BK/KOYAE YMUCIO
onepauin mHoxeHHA N,, cknagaHHa N,
bYHKUiOHaNbHUX NepeTBoptoBaYiB Ngp | po3mip
nam'ati No3zy, AUn Napn3 Baramm
Ay, Ay, Ao, A3y, QAL wo BM3HAYaKOTb
BapTiCTb anapaTHOi peanisauii abo weuaKoaii
npu NPOrpamHoi peanisau,i.

TaK AK NpU CUHTE3i CUCTEM HEe 3aBXAM BiAOMI
nnaatv 3a NOMWIKWU, TO MPOMOHOBAHWUI niaxis
NoNArae B [AEKOMMNO3ULUiT PU3UKY  LIAAXOM
MiHIMi3aLiT KOXKHOi 3 MMOBIPHOCTEN MOMMJIOK.
Toai cMHTE3 | oNnTUMI3aLia cuctem NPoOBOANTLCA
AN1A BCiX MMOBIPHOCTEN MOMUNOK DP;j, KOXKHA 3
AKMX  NpPEeACTaB/ieHa CYMOK  MapuianbHUX
36iNblUeHb MMOBIPHOCTI

bij = ,f,n,%pij(N'M) + 6p;j(N,M,K) +
8pij(N,M,K,B), i,j = 0,...M (©)

23
&

!MI

0.03
M=2

0,02

0,01}

5 10 15 N

a)

Ae p;j(N, M) — noTeHuiMHa iMOBIpHICTb NOMW/IKM
ONTMMa/IbHOI cucTemMm 3aaaHoi cknagHocti N, M,
[OCAXHA B pasi BiOMUX NapameTpiB CUrHaANbHO-
3aBaf0BOi 06CTaHOBKM, NPW BiACYTHOCTI aganTauii
Ta anapaTypHUX NOMUIOK UMEPPOBUX CUCTEM;

8pij(N,M,K) = p;;j(N,M,K) — p;;j(N, M)(10)

- npupicT MMOBIpHOCTI NMOMMUJIKM,
obymoBsnieHnit  npouecamu  agantauii  3a
HaB4Ya/ibHO BMbipKoto obcsary K;

8p;;(N,M,K,B) = p; ;(N,M,K,B) — p; ;(N,M,K) (11)

- npupicT MMOBIpHOCTI NMOMMWJIKM,
obymoBneHnn obmexxeHow po3pagHicTio B
undpoBOi cUCTEMMU.

Ha puc. 2 npeAacraBneHi  3aneXKHOCTI
MMOBIPHOCTE NOMMUNKM BUABAEHHA p;; (N, M) i
pocTy obcary obuncntoBanbHux Butpat f (N, M)
ana cuctemun 6araToKaHanbHOTO BUABNIEHHA.
Cuctema 3acHOBaHA Ha NiHIMHIA ONTUMaNbHIN
o6pobui curHany ST =(1,-1,1,—-1...) =B
KaHanax (7) npu BiaoMnx napameTpax 3aBaA0Boi
ob6CcTaHOBKM (3aBaga 3 [laycosoiwo dopmoto
KopenAauinHoi  QyHKUii 3  BiAHOWEHHAM
noTy»HocTel 3aBaga/wym 30 ab).

Y BigcyTHocCTi iHpopmauii npo napameTpu
CUTHa/NIbHO-3aBaA0BOI 06CTaHOBKM
NPOBOAMTLCA afaNTaLIA CUCTEMU HA KiHLEBOMY
iHTepBani K wnaxom OUiHIOBAaHHA HeBiAOMMX
napameTpis, WO NpPM3BOAUTL A0 36iNblUEHHSA

MMOBIPHOCTI NOMWAKN [o BEJINYNHMN
pij(N,M,K). Tpn undposoi peanisauii
afanTUBHOI CUCTEMU BWUHWUKAKOTb A043TKOBI

NOXMOKM i 3poCTaHHA BipOriAHOCTI NOMUAOK 40
pij(N, M,K,B) nos'asaHe 3 KiHLLeBOIO
pO3pAAHICTIO 06YMcatoBanbHMX 3acobiB.

lgf

6)
PUCYHOK 2 — 3aneKHOCTI Bif, pO3Mipy CUCTEMM 3 YpaxyBaHHAM:
a) MMOBIPHOCTI NOMUNKM BUABNEHHS; 6) pocTy ob6cary obuncntoBanbHUX BUTPAT
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Ha pvc. 3 npeacTaBneHi  3aNeXHOCTi
MMOBIpHOCTEN NOMUKM BiANOBIAHO 3 YpaxyBaHHAM
aganTtauii Ki po3pagHocTi B afanTUBHUX CUCTEM,
O 3aCTOCOBYHOTbCA MPWU OUiIHIOBAaHHI MapameTpiB
3aBag, Ae Op;j — napuianbHWI NPUPICT MMOBIPHOCTI
no napametpy K abo B, wo BM3Ha4aloTb NOXMOKM,

M=1

5 10 s N

BiANOBIAHO, OUjiHIOBaHHA abo KBaHTyBaHHA. 3
aHanisy 3anerkHocTen, npeacTaBleHUX Ha pwuc.2
BMN/IMBAE, WO 36iNblieHHA cknagHocTi cuctemun N,

Mnpu3soanutb A0  3MEHLUEHHS  MOTEeHLiMHO
AOCAXKHOW  WmoBipHOCTI  nomunkn  p;;i(N, M)
ONTUMANBLHOI CUCTEMMU.
1 M=1
B8
0,03} , —
B=12
0.02
B=1o°
0,01} :
\\\\“__ 6%
]
5 10 15 N

PucyHoK 3 — 3aneKHOCTi UMOBIPHOCTI MOMUJIKM BUSIBAEHHSA Big, po3mipy cuctemu 3
YpPaxyBaHHAM:
a) apganTadii; 6) po3psagHocTi

TakKMM YMHOM, 3anpPOMNOHOBaHMN B POOOTI
niaxia, Kputepin ontMmisauii (8) i MOKA3HMKM
BiporigHocTi (9)-(11) y Burnaai MimosipHoCTeM
NOMWAOK, [03BONAIOTb BU3HAYUTU MNPUMAHATHI
3HaYeHHA 36inblieHb MMOoBiIpHOCTeN BMBOPOM
obcAary HaB4yanbHOI BMOIPKM | pPO3pPALHOCTI.
MeToanKa onTUMmi3aulii nonsarae B NnocnigoBHOMY
BM3Ha4yeHHi napameTpis (cnoyatky K, notim B

npuM 3agaHin  cknagHocti cuctem N,  aki
3abe3neuytoTb AONYCTUMI MeXi BiporigHoCTi
NPUMHATUX pilleHb (MPUNHATHI 36iNblUeHHA

BiporigHOCTi nomunok). Mpu UbOMY CUHTE3 i
aHanis cuctem nNpPoOBOAUTLCA B NOPALKY
YCKNagHeHHs 3aBgaHb: M =1 (6iHapHe
BMABNEHHA), po3ni3HaBaHHA M > 2 KnaciB i
crninbHe BWABNEHHA — po3ni3HaBaHHA. [nA
KOYXHOTO 3aBAaHHA NPOMNOHYETLCA
O0CNioXKYyBaTU CUCTEMM B MOPAAKY NiABULLEHHA
anpiopHOi HEBM3HAYEHOCTI LWOAO0 MapameTpis
curHanie i 3asag. Mpu upbomy HeobxigHo
BCTAHOBUTM BUMOTW 4,0 NAapamMeTpiB afanTUBHUX
CUCTEM BUABJIEHHA i pO3Mi3HaBaHHA, NPOBECTH
Knacmikauilo BMMIiptoBaHb CUrHaniB i 3aBag,

A= mdinA(d) =2%(d) +AP(d) = XM _ 1 A0 + XM _ AP,

CTBOPUTU pPO3PaxyHKOBI CMiBBiAHOWEHHA ANA

KOHTPOJIO BipOrigHOCTi NPUMHATUX PilleHb.
CyTHiCTb meToAy CUHTE3Y CUCTEMMU CRiNIbHOIO

BUABJIEHHA | PO3Mi3HAaBaHHA CUTHANIB NONIATAE B

onTMMI3auii 332  CYKYMHICTIO  iMOBIpHICHMX
NMOKA3HMKIB  AKOCTI LWAAXOM BBEAEHHA
obmerKeHb Ha oKpemi NOKA3HMKMW.

BcTaHOBAOIOTHCA YMOBM ANA  3aCTOCYBAHHA
nomuaok nepworo abo apyroro poagy Ao
H6araTokaHaNbHUX CUCTEM CNiZILHOFO BUABNEHHSA
i po3ni3HaBaHHA CUTHaNIB.

Hexan Ha guMcKpeTHoMy iHTepBani 4acy 3a
BnbipKoto po3mipy N crnoctepiraetbca npouec
Y =X+3¥"_A,Sn B£e S, - Bektopu
MOXAMBUX cUTHaniB, X — BEKTOp 3aBaaw,
Bunagkosi BeanumHn A, = {0,1} 3 AT =
{ALA,,..., Ay} — Bektopa iHAMKaTOpiB
HAABHOCTI OAHOI0 3 MOMAUBUX HE3ANEKHUX
HECYMICHUX CMTHaniB (04MH 3 AKMX MOXKe 6yTu
[OPIBHIOE O0AMHMLI, a pewTa Hynw). MoTpibHO
BU3HauntM anroputm d(Y) cdopmyBaHHA
BUPILWANbHOK  CTAaTUCTUKU  BigNoOBIAHO A0
KpuTepito cepeaHboro pusmnky [3]

(12)
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ae A%, AP — yMOBHI PU3UKM MPUNHATTA pilleHb BUABJEHHA | Po3ni3HaBaHHA curHany. BoHu nos'AsaHi 3

MMOBIpHICTIO NOMW/IOK BMpPa3amu

Ame = AmnT + Amnc = nlr_,nTFm + nan,iFm,i + nrnnc(l - Dm):

neF,; =p(dy > c|Y =S; + X) — imosipHicTb
nomunkosoi Tpusorn (MT) B m-om KaHani
(piwweHHA npo BMABNEHHA B M-OM KaHani
CUIHaNY NpM HAABHOCTI CyMili [—oro curHany i
3aBagn X);

Fno = p(dy > clY = X) — imosipHicts NT
Yy M-OM KaHani (pilleHHs Npo BUABNAEHHA M-0ro
CUTHaNy Npw HasiBHOCTI TiIbKK 3aBaan X);

1—D,, — W/MOBipHiCTb NponNycky m-oro
curHany (NC) BussnoBaya;

Dy, =pldp>clY =X+S,) -
MMOBIPHICTb NPABUNbHOTO BWABMEHHA M-0Oro
CUrHany;

pgu. — MMOBIPHICTb NOMWAKM PO3Ni3HaBaHHA

NPV NPUAHATTI PilLEHHA NPO M-WUIA CUTHAN NpU

48.(Y) = T po(Sp|Y) + MEpsi(01Y), 4b, =¥ T iDsm (Si1Y),

Ae po(SilY) = p(S) - p(XIS)/p(Y = X) = p(S)) -
p(X]0) —anoctepiopHa MMOBIPHICTb HAABHOCTI i-
Oro CUrHanNy, KoM NPUCYTHA TiNIbKM 3aBaAa;
psi(0Y) = p(0) - p(Y|S)/ps(Y) =
p(O)p Y15/ Zm=1PEm)P(¥ISm) -
anocTepiopHa MMOBIPHICTb BiACYTHOCTI [-0ro
CUFHaNy, KoK BiH NPUCYTHIN;
psi(SiIY) = p(Sp Y15/ Lim=1PEmIP(¥ISm)
— anocTtepiopHa MMOBIPHiICTb HAABHOCTI j-0ro
CUTHANY KOAW NPUCYTHIN [-UIA CUTHAnN;

p(Y|S;) — o¢yHKuia npasaonoAibHOCTI
curHany S; 3a subipkor V;

p(S;) — anpiopHi MMOBIPHOCTI HAABHOCTI
CUTHaniB;

ps(Y) — MmosipHoCTi BUBIpKM Npu HAABHOCTI
6yAb-AKOro curHany;

By = X Mo D i (13)
HaABHOCTI i-0ro curHany (i # m);
oy, nic m,,; - nnatw, signosigHo, 3a
NMOMMWUNKOBY TPWUBOrY, MPOMYCK CUrHany i
NOMMW/KY PO3Mni3HaBaHHA.
BBarkatouu, WO  CTAaTUCTUYHMI  onwUC

cnoctepexyBaHux gaHux Y i napametpis A €
noBHMM, TOBTO BIAOMI LWiNbHOCTI po3noainy
w(,S51),.., 0, Sp),w(X) i anpiopHi
MMOBIPHOCTI  HAABHOCTI  CUTHANIB Py, =
p(S,), m =1...M, 3aBaaHHA 3BOAWUTBCA A0
6aliecoBOro pusmKy, WO A03BOJAE NEPENTU A0
anoctepiopHux pusukis AP(Y) i A®(Y) uepes
anocrtepiopHi mosipHocTi p(S,,|Y) HassHoCTI
m-0ro cMrHany B Bubipui vV’

(14)
MponoHyeTbeA meToz, 3HaXOAKEHHA
npasuna d(y) H6araToanbTEPHATUBHOTO

po3ni3HaBaHHA NpM obMeXKeHHi Ha dikcoBaHW
PU3MK BUABNEHHA Y BUMNALI NAATK 32 NOMUAKY
npo HaABHICTb 6yab-aKkoro CUrHany
(nomunkosoi Tpusoru).

mdinAp{d(Y)} npu A'T{d(Y)} = const . (15)

baraTtoanbTepHaTMBHE BUpilLasbHE NPaBUIO
6yayeTbcs Ha OCHOBI onepalin MOpPIBHAHHA
BiAHOCMH  npasgonoaibHocti  d; (V) i,j =
1,..,M 3  rpaHMYyHMMH piBHAMM v ;
po3ni3HaBaHHA abo c¢; BuABneHHA. Hanbinb
npasaonoAibHUM BM3HAETLCA KNac, AN AKOro
BCe BiAHOLWEHHA NpaBAonoAibHOCTi

p(Y,S), p(Y|0) — winbHocTi posnoainy dij(Y) = p(Y1S)/p(Y|S) (16)
BeKTOpa Y 3 mapameTpamu BEKTOPIB CepeaHix NiIKOPAIOTBCA CHCTEMI HEpIBHOCTEN:
BignosigHo curHany S;i3asag Sy = 0.

{dij(y) =pY1S)/p(Y|S}) > vy Lj=LM 1] (17)
a;(Y) =p|S)/p(Y0) > ¢ i—LM.
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ne vi; =1 pi/pj, ¢ = (po/p) (T /TTC) -
NOpoOroBi piBHi, AKi BM3HAYalOTbCA CYKYMHICTIO
anpiopHMX MMOBIPHOCTEN | NAAT 332 NOMUMKK. 3
BEPXHbOI  rpynu  piBHAHb  (17)  d;; > vy
BUHOCUTBLCA pilleHHA MNPO HAABHICTb i-0ro
Knacy, fAKWO Ana BCiX [ #j BUKOHYETbCA
nepesBuLLEHHA NoOpora, a piWeHHA npo
BUABNEHHA CUTHANYy MPUMNMAETLCA 3 HUMKHbLOI
rpyni piBHAHbL d; > ¢;.

MpaBuNO NPUMHATTA pilleHHA 3rigHoO 3
ymoBamn (17) Mae oguH CyTTEBUI HepoNiK.
Moxnmsi  cuTyauii, KoaAum  uya  cuctema

HepiBHOCTEM MOXKe OyTM HecymicHow i no

HiAKOro piweHHsA, TobTo po36uTTA npocTopy
BMOIPOK po3A4inaoWwmMmmM NOBEPXHAMU MOXKE He
OXOMNNoBaTM NeBHi obnacti BMBIpOK. €EAMHOMO
MOX/IMBICTIO YCYHEHHA LbOro HeJoNiky €
YCTAaHOBKa OAHAKOBMX MOPOriB ANA PiBHAHDb
nepwoi rpynn (17) v;;=1, wo pisHOCU/IbHE
NPUAHATTIO OAHAKOBMMMU anpiopHmXx
“mosipHocTel nosasu curHanis p(S;) = const i
NPU3HAYEHHAM PIBHUMM NNAT 3@ MNOMWAKK
I;;=1. Toai Ana HOPManbHO PO3NOAINEHUX
npoLeciB 34iMCHIOETbCA Mepexia Bif, BiAHOCKMH
npasaonoAibHoOCTi A0 NPUBATHMUX BUPILLAbHUX
CTaTUCTUK d,;, @ NPaBUNO MPUMHATTA pilleHb

Bubipui, B3arani He moxe 6ytm npuitHato  z(d,,..,dy,Y) mae sug
i=maxd,(Y), d;Y)>c
z(dy,..,dpy,Y) ={ meim M i i (18)
O, dl(Y) < Cci, ME 1,M
3rigHO 3 sKkmm  BMBIp  MaKCMMyMy  BUIAAAI BMMNAAKOBMX MPOLECIB 3 HY/IbOBUM

34iACcHIOETbC 338 M — 1 nopiBHAHb, a NOTIM
BUbpaHe BigHOLWEHHA npasgonoaibHocTi
NOpPiBHIOETbCA 3 noporom. [lpm HesigomMmux
napameTpax Ry, S;, 33CTOCOBYETbCA afAanTUBHUIM
nigxig bareca [3] wnaxom MigcTaHOBKW OLHOK
I?n,.S:i y BigHOLWWEeHHs npasgonoaibHocTi.
MpeacrtaBnaoTb iHTepec peanizauii
BUPILLANbHUX CTAaTUCTUK d;, O 3aCTOCOBYOTHCA
B (18) ana TtunoBux mopaenen BiAOMMUX i
BMNAZAKOBMX CUTHaNIB. Y pasi NOBHICTIO BiOMMX
napameTpiB CUTHa/bHO-3aBaA0BOI 0OCTAaHOBKMU

cUrHanm npeacTaBAATbLCA BEKTOpamm
cepegHix S; posmipy N, npuAHATAMM B
O HAaKOBMX 3aBagoBUX YMOBaX, o

BM3HA4aloTbCA KoBapiauiliHOO maTpuueto Rn
HOPMa/ZIbHO pPO3MoAiNeHnx 3asad. Togi AanA
LLiPIA w(YS) = 2m) ™V |Ry| ™" exp{ —
0.5(Y — S)HTR7Y(Y — S;)} aHcambnio curHanis
OOCTaTHI CTAaTUCTUKM norapudma BigHOLWEHHA
npasaonoAibHOCTI MatoTb BUTNAL,

din(Y) = In|w(Y[Sm) /w(Y|So)]| =
0.5YTR7'S,, + 0.5SL R7'Y — 0.5ST R71S,, =
Re{STR7'Y} — 0.551 R1S,,. (19)

Mopaeni BUNaaKoBUX CUTHaNIB, NOAAOTLCA Y

cepegHim S, =0, KoBapiauitHUMK maTpMLAMMK

S;ST = R; i onucytoTbeA WiNbHICTbIO

w(¥|Sy) = 2m)~N|Ry +
Ry, | Y exp{—0.5YT(R; +
R~}
[OCTaTHi CTaTUCTUKM MatoTb BUMNAL,

dp(Y) =YTR7Y —YT(Ry + R,,) 'Y =
YT[Ry* — (Ry + Rp) MY (21)

(20)

i € KBagpaTMYHMMKM OYHKUIAMM Bif BXigHOro
npouecy.

B ymoBax anpiopHOi HEBM3HAYEHOCTI WOAO0
napameTpis Ry, S CMIHaNbHO-3aBaA0BOI
06CTaHOBKM NPOBOAMTBLCA afanTalif LUAAXOM
NigCTaHOBKM MaKCMMasibHO npaBaonoaioHmx
OLHOK KOBapiaLUiMHOT MaTpuLi 3aBag, i BEKTOpa
curHany no K BeKTopax HaB4Ya/ibHOT BUBIpKK (7).

BignosiaHo go (18)-(21) nobyaoBaHa
CTPYKTYPHaA cXema Ha puc. 4, Ha AKili gocTaTHI
ctatuctnkm d;(Y), AKi nepesunLmMamn noporu c; B
npucTpoax  ynpasniHHA  noporom  (MY),
npoxoaatb 4vepes Kadi K i Homep
MaKCUMMaIbHOI 3 HUX € MPUNHATUM PilLEHHAM.
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PucyHoK 4 — AganTnBHa cMcTema CniibHOro BUABAEHHA | po3ni3HaBaHHA CUIHaNIB

BM3HAYeHHA aHaNiTM4HMX BWUpasiB  gAad
MMOBIpPHOCTEN MOMU/IOK BUABMEHHA 3aCHOBAHE
Ha BMOOPiI TakKMX BiAOMMX Mogenen BXigHUX
npouecis i OUIHOK iX napameTtpis, AKi
[,03B0ONAI0Tb NPOBECTM MATEMATUYHI onepauii
ycepegHeHHs  MMOBIPHOCTEM  NpPaBUAbHOIO
BUABNEHHA | MNOMMWAKOBOI  TpUBOrM  NO
NAOTHOCTAM PO3MOAiNY OLiHOK. 3aNpOonNoOHOBaHa
MeTOoAMKa aHanizy baraTtokaHa/ibHOi cucTeEMMU
CNiNbHOro  BUABMEHHA | pPO3Ni3HaBaHHA

[03BONAE B 3ara/bHOMY BUIAsA4i po3paxyBaTu
MMOBIPHOCTI NOMWAOK  AnAa [OBINIbHUX
BMPIiLLANbHUX CTAaTUCTUK | Mogenein curHanie. Lle
CTBOPIOE NepeaymMoBu ANA CUCTEMHOTO aHanisy
MOMMWIOK B MNOPAAKY YCKNAQHEHHA CUCTEM, a
TAaKOX  ANA  KOHTPOAK  BiporigHocTi Ta
BM3HAYEHHA pPU3MKY OCTATOYHOIo pilleHHs,
NPUMHATOrO OMepaTopomM B MNOCANIAOBHOCTI,
HaBeZeHin Ha puc. 5.
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AHHOMayus

B cTatbe yaennetca ocobeHHoe BHMMaHME NOBbILLEHUIO TPeboBaHWI K 6e30nacHOCTN 06beKToB
0COBEHHOIM Ba*KHOCTWU, rOCYAaPCTBEHHOW rPaHuULbl, BOAHOrO M BO3AYLIHOrO TpaHcnopTa B
YC/IOBUSIX HAPACTaIOLWMX BbICOKOTEXHO/IOTMYHBIX TEPPOPUCTUYECKMX Yrpo3. [OCTUNKEHNE 3TUX
TpeboBaHMIN Hepa3pbIBHO CBA3AHO C obecneyeHMemM KauyecTBEHHbIX MOKa3aTenel TeXHUYECKUX
CpeacTB  AMCTAHUMOHHOIO HabnoaeHMA 33 ONacHbIMU  OObEKTAMW, YCNOXKHEHUEM U
WMHTENNEeKTyanmM3aumen  NIOKaUMOHHbIX  CUCTeM, CeTell  AaTYUMKOB C  PyHKUMUAMMU
MeperKeLeHTPUYHOI B3aMMOOENCTBUS. MNpumeHeHne NPOTUBHUKOM cpeacTs
PaAnNO3NEeKTPOHHOIO NPOTUBOAENCTBMA, ObICTPOE WM3MEHEHME CLEeHapueB MNOCTAaHOBKM
KOMBMHMPOBAHHbIX MOMEX OnpeaensoT TEHAEHUMM, KOTOPble HamnpaB/ieHbl Ha MOBbIWEHMWE
OOCTOBEPHOCTU MOJy4eHUss MHOOPMALUM B NIOKALMOHHbIX CUCTEMaX, adanTauum K nomexam
Pa3HOro MPOUCXOXKAEHUA Ha KOPOTKMUX BPEMEHHbIX MHTepBanax. OTCyTCTBME AOCTOBEPHOWM
MHbOpMaLUMM O HaNMYMM OOBbEKTa MOMKET MPUBECTU K HEeAOMNYCTUMbIM 3KONOTMYECKUM WU
MaTepunanbHbiM NOTEPAM, a OLWNBOYHbIE TPEBOTM — K HeonpaBAaHHbIM AOMONHUTENbHbIM
pacxoaam. MNpu sTom, ocobeHHoe BHUMaHUe yaenserca obecrnevyeHmIo BbICOKMX Ka4eCTBEHHbIX
noKkasaTenei BbiABNEHUA W PACnoO3HaBaHUA B YCAOBUAX MNEpPeMeHYMBON W  anpUOPHO
HEeM3BECTHON NMOMEXOBON 0OCTaHOBKM.

Pa3paboTaHHbIA NoAxoa U KpUTEPUN ANA CUHTE3a U aHanu3a UMPPOBbIX aAanTUBHbIX CUCTEM
BbISIBIEHNS W pacrno3HaBaHUA. KpuTepuit OoCHOBaH Ha [AEKOMMO3ULUK CPefiHero pucka M
BEPOATHOCTEN OLUIMOOK NMPUHATBIX peLleHni, 0O6YCN0BAEHHbIX: KOHEYHbIM Pa3MepoM CUCTEMbI,
obbeMom y4yebHOM BbIOOPKU U Pa3pPSOHOCTbIO BblYUCAEHUI. Takol noaxond nNo3BOAsET
nocsenoBaTesibHO pellaTh 3aJ4aHue CUHTe3Yy M aHaINU3y ONTUMaJIbHbIX CUCTEM.

Knioyesble cnoea: apantauma, aHTEHHaA pelleTka, 06yqarou1,aﬂ BbI60pKa, BblABNEHWNE,
pacno3HaBaHne, Nomexa.
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Abstract
The article pays special attention to increasing the requirements for the security of objects of
special importance, the state border, water and air transport in the face of growing high-tech
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terrorist threats. The achievement of these requirements is inextricably linked with the provision
of quality indicators of technical means of remote monitoring of dangerous objects, the
complexity and intellectualization of location systems, sensor networks with the functions of
network-centric interaction. The use of electronic countermeasures by the enemy, the rapid
change of scenarios of combined interference determine trends that are aimed at increasing the
probability of obtaining information in location systems, adaptation to interference of various
origins at short intervals. Lack of reliable information about the presence of the object can lead
to unacceptable environmental and material losses, and false alarms — to unjustified additional
costs. In this regard, an important area is to provide the most reliable information in the face of
interference of various origins. The urgency of the problem is related to the search for a
compromise between costs (cost and time of development) to build adaptive detection and
recognition systems, and on the other hand, efficiency (simulation probability, implementation
complexity), which is achieved by developing optimization criteria. At the same time, special
attention is paid to ensuring high quality indicators of detection and recognition in the
conditions of changing and a priori unknown noise situation.

An approach and criteria for the synthesis and analysis of digital adaptive detection and
recognition systems have been developed. The criteria are based on the decomposition of the
average risk and the probability of errors in the decisions made, due to: the final size of the
system, the size of the training sample and the bit count. This approach allows you to
consistently solve the problem of synthesis and analysis of optimal systems.

Keywords: adaptation, antenna array, training sample, detection, recognition, interference.
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