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JOCIIIKEHHSA PE3YJIBTATUBHOCTI KJIACU®PIKATOPIB 306PA’KEHD
3A CTATUCTUYHUMHU PO3INNOAIVIAMMU JIs1 KOMIIOHEHTIB
CTPYKTYPHOI'O OITUCY

Anortanis. IlpenrveroM mocimipkeHb € Moneni Uil IMOOYIOBM KiIacH(ikaTopiB 300pa’keHb Yy MPOCTOpI OMHUCIB SIK
MHOKHHH JIECKPUITOPIB KIIFOYOBHX TOUOK ITIPH PO3IMi3HABaHHI Bi3yaJbHHX 00 €KTIB y CHCTEMaxX KOMIT IOTEPHOTO 30pY.
Metol0 € CTBOpEeHHS Ta BHBUYEHHS BIIACTHBOCTEH Kiachgikaropa 300pakeHb Ha MiIIPYHTI MOOYZOBH aHCaMOIIO
pO3MOIUIIB  JUIi KOMIIOHEHTIB CTPYKTYpHOTO OITMCY 13 BHKOPHCTaHHSIM pIi3HOMAaHITHHX Mozeleld NpHHHATTS
KacuikaiifHuX pilreHs, Mo 3ade3neduye pe3yabTaTHBHY Kiacugikamiro. 3aBaannsi: nodynoBa Mozaene Kiacugikamii y
CHHTE30BaHOMY TIPOCTOpi 0Opa3iB WMOBIpHICHHX PO3IOJiIIB, aHali3 MapaMerTpiB, IO BIUIMBAIOTH Ha iX €(EKTHBHICTS,
€KCIIepUMEHTAJIbHE OL[IHIOBaHHS Pe3yJIbTaTHBHOCTI KiIach]ikaTopiB 3ac00aMH NPOrpaMHOTO MOJETIOBAHHS 32 HAaCHiAKaMU
00poOJICHHsT eKCIIepUMEHTalbHOI 0a3u 300paxkeHb. 3acrocoBaHMMM Merogamu e€: aerekrop ORB s dopmyBanHS
JCCKPHUITOPIB KIFOYOBHX TOYOK, IHTENICKTYalbHUI aHali3 JaHHX, MareMaTHYHa CTaTUCTHKA, 3aCO0M BH3HAYCHHS
PEIIEBAHTHOCTI sl MHOXKHH BEKTOpIB JIAHUX, MPOrpamHe MojentoBanHs. OrpuMani pesyiabtaru: Po3pobieHuii Meron
kiacuikarii MmATBepUKYE CBOIO Tpare3laTHICTh Ta epeKTHBHICTH Ui Kiacugikamii 300paxkeHb. Pe3ynbTaTHBHICTH
MeTofy MoOXe OyTH IIOCHJIeHa BBEACHHSIM DI3HOMAHITTS BHIIB METPUK Ta Mip MOAIOHOCTI MDK LEHTpaMH Ta
JECKPUIITOpPaMK, BHOOPOM croco0y (pOpMyBaHHS LEHTPIB JUIS €TAJIOHHUX OIHUCIB, BBEICHHSIM JIOTTYHOrO OOpOOJIEHHS Ta
CTHCHEHHsI CTPYKTypHOro omucy. Haiikpamy pesynpraTn kiacudikamii mokasana MoIenb 3 BHKOPHCTaHHSM HaiOiibIn
BaroMoro Kjacy 3a BEKTOPOM PO3MOZLUIIB ISl KOXHOIO NEeCKPUITOpA, IO BiANOBiZae mapameTpy Moau. Bukopucranus
KOHLICHTPOBAHOI YaCTKH JAHUX OIHCY JIa€ MOMJIMBICTh HOKPAILUTH HOr0 PO3Pi3HEHHS 3 HIIMMH OIMCAMH. 3aCTOCYBAaHHS
MeJiaHu SK LIEHTPY ONHCY Mae IepeBary Haj cepelHiM 3HadeHHSAM. BucHoBkn. HaykoBa HOBH3HA — po3poOieHHs
e(eKTUBHOrO MeTOy Kiacudikamii 300pakeHb Ha OCHOBI BIPOBA/DKCHHS CHUCTEMH WMOBIPHICHHX PO3MOIUIIB IS
KOMIIOHEHTIB JIaHUX, IO CIIPHSIE MOrIMOIEHOMY aHajli3y y IpOCTOpi JaHKUX Ta IiABUINYE pe3yIbTaTHBHICTH Kiacudikaii.
Knacudikatop peanizoBaHO y BapiaHTax 3iCTaBJICHHS IHTErpaJbHOrO IMOJAHHS PO3MOAUIIB 3a KIacaMH 1 Ha TiJCTaBi
aHaJIi3y MOIM JJIsl pO3NOLTIB OKpeMuX KoMroHeHT. IlpakTHyHa 3HauymicTh podoTH — nodynoBa Mozenei kiacudikamii
y BUJIO3MIHEHOMY IPOCTOpI JaHMX, MiATBEpIKEHHs Ipale3JaTHOCTI 3alpoIOHOBAHMX MOAM(IKaLii aHamizy NaHUX Ha
MIPUKIIA/IaX 300paXKeHb, PO3POOIICHH IIPOrpaMHUX MOJIIICH /Il BIIPOBAPKEHHS 3alPOINIOHOBAaHNX METOIB Kiacudikarii y
cHCTeMaX KOMII'IOTEPHOrO 30py.

KawuoBi caoBa: koM’ oTepHuil 3ip; knacudikamis 300paxxeHb; KitouoBa Touka; aerekrop ORB; mpeckpurtop; ueHTp
OITUCY; CTATUCTHYHUI PO3IIOALT; PEJICBAHTHICTh OIKCIB; Pe3yAbTaTUBHICTh KiIacu(ikarii.

BUCOKY  pe3yJbTaTHBHICTH Yy  aCleKTI  SIKOCTI
Beryn Lo
Ki1acudikamnii Ta MBUAKOAIT 00pOOICHHS.
BrpoBamkeHHS ~— CTaTUCTHYHHX  METOMIB  SK Bunnkae HarambHa HEOOXIAHICTH BIPOBAIKCHHS

amapaTy IHTEIEeKTYaJbHOI'O0 aHaNi3y [IaHHX 3 METOI0
nobynoBu kinacudikaTopiB st 00pasiB  Bi3yaJbHUX
00’€KTiB y CUCTeMaX KOMII FOTEPHOTO 30py HAIllIeHe Ha
3a0e3meaeHHs Ppe3yIbTaTUBHOCTI BHpIIIICHHS
MPUKIagHUX 3a7ad Ha IIJACTaBi BHUBYCHHSI 3MICTY,
CTPYKTYPH €TAIOHHUX JaHHX Ta BIPOBADKEHHS LUX
3HaHb y Tpomec Kkiacudikamii [1-5]. Enementom
mpocTopy o00pa3iB TpHW BIPOBAPKEHHI CTPYKTYPHHUX
METOJIB PO3MI3HABAHHS y CEPEAOBHIII BEKTOPHUX JaHUX
€ CKiHYeHHa MHOXXHHA IECKPUIITOPIB KIIFOUYOBHUX TOYOK
(KT) 300pasxenns [4, 11].

CraTHCTHYHI PO3MOMAITN OCTaHHHOT'O HYaCy CTald
TIEPIIOPSITHAM 3aCO00M  aHami3y MaHMX Yy CHCTeMax
posmizHaBanHs ~ obpasis  [1, 2]. Skmo ommc
PO3ITi3HAaBaHOTO 00’ €KTY MOAAHO MHOKHHOIO BEKTOPIB,
CTaTUCTUYHWHA amapaT CTa€ KIIOYOBHM CIIOCOOOM
MPUAHATTA pIMIEHHS PO KJIAC Bi3yaJIbHOTO 00 €KTY.
ﬁMOBipHiCHi pO3TONINM JaHWX ONHUCIB Yy CKJIai
cucremu O70KiB s aeckpunropiB KT mokazamm cBoro

amapaTy pO3MOILTIB y 3aralbHOMY BHUL IUIS CHCTEMH
OaraToBUMipHUX JECKPHUIITOPIB OITUCY 3a
BCTAQHOBJICHUMH KJIacaMH JaHUX, IO BHU3HAYAIOTHCH
3a1aHo0 0a3010 eTajoHiB [3, 6, 8].

HaBwanns wimacudikatopa B Mexax (ikcoBaHOT
0a3m 300paXeHb ETAIOHIB BHCTYIae Yy IpoIeci
kiacudikarii sik croci6 nepenadi iHdopMarii Bil HIKHIX
piBHIB iepapxii MaHWX (ONMHCH ETANIOHIB SIK MHOXKHHA
nmeckpunropie KT) mo BepxHix (wracudikaris), o
3MIaTHI y3araJsHIOBATH 3HAHHS HIDKHIX piBHIB [3, 9, 19-
21].

MeTo0 CTATTi € CTBOpEHHS Ta BHBUYCHHA
BJIACTUBOCTEH KiTacudikaTopa 300pakeHp HA MiATPYHTI
MoOyZIOBHA aHCAMOIIO PO3IMONUTIB JUII KOMITOHEHTIB
CTPYKTYPHOT'O ONHCY 3 BUKOPHUCTAHHSIM Pi3HOMaHITHHX
MoJenell TPUIHATTA Kiacu(iKamiiHUX pilieHb, 10
3abe3rmedye  pe3yNbTaTUBHY  Kiacudikamiio  3a
MHOKHHOIO JIECKPHIITOPIB KIFOUOBHUX TOYOK.

© Topoxosarcekuii B. O., ['anenrka C. B., XKagan O. B., XBocrenko O. B., 2021
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3aBmanHs pobdotm — moOynoBa — Mozenei
Kiacudikamii y HOBOCTBOPEHOMY NIPOCTOpi 00pa3siB,
aHaJIi3 mapaMeTpiB, 10 BILIMBAIOTH Ha 1X e()eKTHBHICTS,
eKCIIEpUMEHTAJIbHE  OILIHIOBAaHHSA  Pe3yJbTaTUBHOCTI
KJacugikaTopiB 3acodbamMy IpOrpaMHOTO MOJIETTIOBaHHSI.

dopmadnizanis 3axadi kaacudgikamii

PosrisiHeMo Garatosumipamit mpoctip B yesxux
OiHapHMX BEKTOPIB pPO3MIpHICTIO N, 1e Oynemo
KOHCTPYIOBAaTH 00pa3u 00’€KTy i eTaJoHiB. 3adikcyeMo
Ei < B" SIK

Bi3yaJIbHOTO 00’€KTy (300paXKeHHsI) y IPOCTOPI MHOXHH

MYIBTUMHOXXHHY — BEKTOpiB oIHC
neckpurropis KT, E; ={e,(i)}_;, s=card E;— uncno
JecKpunTopiB y MHOXuHi [1, 4]. O3Haku — Lie BEKTOpH
e € B", ckiHueHHa MHOKMHA SKHX CTBODIOE OIHUC
00’€eKTy.

BiJCTaHb

3anamo V(g .e.), e €B", e . eB"

. N
p:B"xB" »[0,0] y BexropHoMy mpoctopi B
[Mpuknagom € XemiHroBa MeTpHKa, Juiss OiHapHUX
JIAHUX Jllara30H 3HAa4YeHb 1€l MeTpuKkH (ikcoBaHMU —
[0,n]. Biacranes € ¢QyHnaMeHTaTBHUM KpHUTEpiEM

eKkBiBalleHTHOCTI Ha MHOXuHI {6}, Tak K

BiJI3EPKAJIIOE Bi3yaJbHY CXOXICTh IMIKCEIBHUX OKOIIIB
KT s ¢yHknii  sickpaBocTi  300pakeHHs,  SIKY
BimoOpaxae neckpunrop. ExsiBaneHtHicts € U €, mms
JECKPUNTOPiB €, €, BU3HAYAEMO HA MiJACTaBi MOPOTY
8, /ISl BETMMHM METPUKH: € L € 1 p(ey,€;) <5, .
Knacuikauis nependadae HasiBHICTb Jesikol 0a3u
E omnuciB eranoHHUX 300pakeHb  PO3MIPHICTIO
N :E={E,E,,...EN}. Koxen eranonnuii omuc E;
peripe3eHTye aisl kiacudikaTopa OKpeMUi Kilac Ta Mae

. . . . n
BHUJI CKiHUEHHOT MHOKHHH neckpuntopis KT i3 B™ .
3amauero qoCIiKEeHHs € mo0ya0Ba KiacudikaTopa

K:B" >[L2..,N] =Ha
HWMOBIPHICHOT CUCTEMH O3HAaK 32 Pe3yJIbTaTOM HaBYaHHSI
Ha Marepiaii 6a3u eranouniB E ={E,E,,...,Ey}[1, 21].

OCHOBI  KOHCTPYIOBaHHs

[poBimHa imes mnoOymoBu KiacudikaTopa: s
KOKHOTO  JIECKpHUIITOpa  O0’€KTYy UM  €TaJIOHIB
BCTAHOBUTH CTYIIHb HAJIEKHOCTI 0 BCTaHOBJICHHX
KJIACiB y BATJISIAI CTATHCTUYHOTO PO3MIOALTY, a IMOTIM Ha
migcTaBi  cOPMOBAHOI  CHUCTEMH  KOMIOHEHTHHX
po3moniiB NOOyAyBaTH IHTETPOBAaHY aHCAMOIIEBY Mipy
PEJIeBaHTHOCTI IIOIO OMHKCY aHAJi30BaHOTO 00’€KTy, a
Jaim  3acTtocyBaTH i1y Kiacu(pikatopi IIIIXOM
onTUMi3alii 3Ha4eHHs PEIEBAHTHOCTI y CHCTEMi KIIaciB.

Ha migcraBi HagBHOi 0a3sW ONMCIB €TAJIOHIB
[UITXOM HAaBYaHHS CTBOPIOEMO HOBHHU TPOCTip 00pasiB
KOMIIOHCHTHUX JaHuX Kiacuikamii y ckiani 3HaueHb
iX HMOBIpHICHOI MipH HAJEXHOCTI JO KIACIB.
BrpoBapkeHHS Takoro MmigXxomy i3 BHUKOPHCTaHHIM

pitneHs aHCaMOITo KOMIIOHEHTIB 3abe3neuye
YHIBEpCAIBHICTh i BaroMy  pe3yJbTaTHBHICTh
kmacuikarii.

IloO0ynoBa ancam0J110 po3noaiiiB
JJIs1 KOMIIOHEHTIB

Tpanchopmyemo onuc eranony E; ={e, () }_; i3
6asu E y Nn-MmMipHOMY BEKTOPHOMY MPOCTOpPi y NESKHUit
«UEHTP OMUCY» — arperopaHuii Bektop (i— HoMep
eraony) [4, 11] o(i) = (o (i), a(i),...,0n (1)) , sxumit
o04ucIoeMo Ha mijcTaBi MHOXMHK E;j . LleHtp ommcy
O  MOXHa  BHU3HAYUTH, HANPUKIAQMA,  LUISIXOM
OOYHCIICHHSI CepeTHbOr0 3HAYEHHS YH METiaHu s
(hikcoBaHOT MHOXXHMHH BeKTOPIB [3, 18].

O6uncnumo Bektopu  oi) SIK  CTATHCTHYHI
XapaKTePUCTUKH TSI KOKHOTO 13 €TaNOHIB i MOKJIAJIEeMO
X B miArpyHTs Kiacudikarii.

Oxkpemuit Bexrop €, (i) € Ej eranony, sk i Oynb-
SKHA ~ JICCKPUIITOp  00’€KTy, MOXHa (hopMaIbHO
pO3MIIAMATH SK EIeMEHT aHCaMOl0 N -KOMIOHEHTHHX
BEKTOpIB

ey (i) = (&1 (i).&,2(1). -8 n (1) - )

PosriisiHeMO creKTp aHani30BaHHMX JAaHHWX y acIeKTi
BIJIHECEHHS CKJIAZIOBOIO EIIEMEHTY OIKCY JI0 CHUCTEMH
€TaJIOHHMX KJIACIB Ha ITi/ICTABl BU3HAYCHHSI ESKOI (DYHKILT
HAJI©KHOCTI 31 3HAYeHHsMH 13 miamasony 0...1 [5, 6, 10]:

p:B" >[0,1], u(e, (i) €[0.4], @
aprymMeHTaMu (QyHKIIT |L € AECKpUITOp OIMKCY 1 HOMEp
KJacy.

OyHKILII0 HaJeXKHOCTI | BHU3HAYMMO Ha IIiJICTaBl

OCHOBOIOJIOKHOI Xapakrtepuctuku y data science —
CIIBBIIHOILICHHSI 3HAY€Hb MIp, 110 BHPAXKAIOTh YHCIIO
CIPHUATIIMBUX BUNAJKIB (MOAIOHICTH IO KOHKPETHOTO
Kilacy) Ta 3aranpHoro uucia N BumaikiB (cyma
nomibHOCTe# 110 ycix kmacis) [3, 6, 7]:

N
ey (i) =ney. i)/ Donley.i). ®)

i=1
3arajgbHe YMCII0 BUNIAIKIB 3a1a€Thes KinbKicTio N
KiaciB. Mipa nozpiOxocti m(ey,i) enemeHTa 10 Kiacy

Mo)ke OyTH 3aJjaHa 4epe3 BiJICTaHb P y BEKTOPHOMY

OpocTOpi 0 UEHTpa Kiacy, HalpuKian, dYepes
MaHXETEHCBKY METPHUKY
n
peyi) =Dl ey (i) — oy ()] 4)
k=1
Jns  BUOAAKy, SIKIIO a(i)eB", e, (i) e B"

3amicth (4) MoxHa 3acTocyBaTH BinctaHb ¥ (€y,i)
XewmiHra (4MCIO HE CHIBHNAJAlOYMX OITiB) y MPOCTOpI
B", tomi moxniGHicTh n(e,.i) Oyme Bu3HaueHa sk
n(ey.i) =n-x(ey.i).

s xoxHoro ememeHta €,(i) 3a Bupasom (3)

00YHCIMMO 3HauYeHHA BekTopa d HOro CTaTHCTHYHOTO
po3noniny 3a MHOXHHOIO N KiraciB

d=(d(1),d(2),...d(N)),

N
d(i) =n(e,®). X d@M=1. ©)
i=1
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3i cratucTmyHOI TOYKM 30py Bekrop d s
JIOBLIBHOTO JIECKPUNTOPY €TajoHy (00’€KTYy) BHpakae
CTYTIiHb OMM3BKOCTI IECKPUTITOPA JIO KIIACy.

Bynemo po3risaata MaTpHUIO

D ={{d, (N1},

IO aHAJIOTIYHO HEYITKOMY ITOJIaHHIO 3a/la€ 3HAYECHHS
Mipu HamexHocti (3) Ig  BCIX  KOMIIOHEHTIB
aHaiizoBaHoro omucy. @aktmuyHo D Bu3Hauae
PO3TONIT CYKYITHOCTEH MaHWX 32 BUSHAYCHUMH arpiopi
KJIacaMH.

3HavyeHHs Matpuni D nmaloTh  MOXIIMBICTB
3arpoBaJUTH JIOTiYHEe OOpOOJIEHHsS BXIAHUX IaHUX Ha
Mpe/IMET BHIAJICHHS MOMJIMBUX 3aBajl (TOOTO XMOHMX
JIECKPHUINTOPIB) IUISIXOM aHaNi3y 3HaueHb BijcTaHeil (4)
4y 3Ha4eHb (5) 3 BUKOPUCTAHHIM MOPOTry. Y TOH Ke 4yac
el aHai3 Moke OyTH Oe3mocepeIHLO BIIPOBAHKEHO Ha
erani kiacugikarii.

MogpeJi kaacugikaropa

Ha ocnosi marpuni D noGyayemo knacudixatop
K , sIKMii 17151 CTPYKTYpPHOT'O OMHKCY JAOBLIBHOTO 00’ €KTa
peaii3ye BiioOpaKeHHs

K:D—[L2,..N]

i3 MHOXHMHHM PO3IOAUIIB  KOMIIOHEHTIB
MHOXHHY KJIaciB.

Ha nepmomy erami 30yayemo posmnoainau (5) 3a
KJacaMH JaHUX M9 MHOXHHM €TaJoHIB  0a3m.

3po3yMino, mo s KOXHOro mpencraBHuka Ej € E

JaHuX y

knacudpikatop K TOBHHEH ~ oTpUMatd  HOMeEp
BiJITIOBITHOTO €TaJIOHY, OMHKC SIKOTO MOCTYNAE Ha BXiJ
knacudikaropa. lle € mnepiIoYeproBUM MPUHIUIIOM
aJICKBATHOCTI (DYHKILIOHYBaHHs Kiacu]ikaropa, sKuii
MOBUHEH BIICBHEHO PO3PI3HATH ONUCH 13 MHOXHUHH
eranoHiB. Hanpuknaa, y posnomim AaHux Juisi 1-To

eranony (1-i croBmeup Matpuui D) mepria
KOMITOHEHTa TOBHHHA JOMIHYBaTH HaJ I1HIIMMHU.
AHanoriyHo  aiast  2-TO0 €TajJoHy  JIOMIHYIOUUM

€JIEMEHTOM PO3MOALTY MTOBUHEH OyTH 2-H 1 T.JI.
Posrisinemo criocobu mo0yqoBu KiacugpikaTopa.
1. BwusnHawenns cropmmg Matpuai D 3
MaKCHMAaJIBHOIO CYMOIO €IEMEHTIB

K j=arg max idv(i), (6)

v=l
[0 BCTaHOBIIOE Kiac | 0O0’eKkTy depe3 arperaiiro

PO3TOALTIB KOXKHOTO 13 KJIAciB (OKpEMH CTOBIICIh) 3a
BCi€I0 MHOXKMHOIO CKIafoBux omucy. Kmacudikarmis (6)
BiMOBia€ HAMOLIBII MPaBAOMONIOHOMY PIIICHHIO, TaK
SK ToOymoBaHAa Ha JONABaHHI 3HAYCHb ONHOTHUITHHX
posmominis [1, 2, 8, 9].

2. OOumncieHHsT MaKCHUMAaJIILHOTO 3HAYEHHS JUIS
KOXKHOTO psika MaTpuri D

¢, =arg max {dy (i)}, ()
i=1,...,N
TOOTO IIISIXOM BU3HAYCHHS IS KOXKHOT'O JIECKPHUIITOpa

OIMMCY HAHOLIBPII BAaroMoro Kiaacy 3a BEKTOPOM
po3moaitiB, 1m0 BianoBimae mapamerpy momu [2, 10,

12]. 3a pesympbrarom (7) i BCiEl MHOXHHH
JIECKPHIITOPIB OITKCY OTPUMYEMO BEKTOP I'OJIOCIB

h=(h, byl =Y e, b=1N,  (8)

v=1l
Ha TIiJICTaBi SKOTO BU3HAYMMO HOMEp KJIACy

r=arg max hy, C)]
b

o HaOpaB MaKCHMallbHe 3HAUCHHS Cepel TONOCiB
JecKpunTopiB  00’ekTy. lle Merom rojocyBaHHS Ha
MHOXHHI [IECKPUNTOPIB, J¢ KJIAaC BU3HAYAETHCS Ha
miarpyHti Moau posmoainy [8, 17].

PosrasHyTi BapiaHTH (6)-(9) oOYIOBU
Kiacudikaropa MPUPOIHO MOXKHA TPAKTYyBaTH B PaMKax
Teopii ancamOneBux Mozenei [8-14], me 3a paxyHOK
CTBOPEHHSI Ta arperyBaHHs BiJTYKiB KOMIOHEHTHHX
ki1acudikaropiB (JIOKaJbHUX PIIIEHb) CHHTE3YETHCS
«CWIIBHHH»  KJTacu(ikaTop 13 TapaHTOBAaHO BUIIOIO
PE3YJIbTATUBHICTIO TNPUHHSATTS pimeHs. Haiibinpme
PO3TIISTHYTI MiXOIM BiAMOBINAIOTH MOJIETI OycTiHry [7,
13].

3a  pesyabraTaMuM  JOCHI[DKEHb  aHCaMmOlb
KiIacudikatopiB y OUIBIIOCTI BUMAJIKIB 3abe3mneuye
Kpally TOYHICTh aHaji3y JaHMX YU HaBYaHHsI, OJHAK,
BUKJIMKAE HEOOXIIHICTh BUPILIyBaHHS psay HpoOiieM,
TaKMX K CyITeBe 30IJbLIGHHS YacOBUX Ta
OOYMCIIOBANILHUX BHUTPAT, CKJIAJHICTh IHTEpIpeTanii
pe3ysibTatriB, OOIpyHTYBaHHA Ta BHOIp CIIOCOOIB
KOMOIHYBaHHs JIOKalbHUX pimens [1, 7, 11, 13]. V
HAIIOMY BUIMAJKy TYPT JIOKAJIbHHUX KIAacH(IKATOPIB
CKJIAZIA€ThCS 13 0a30BUX MOJIENIE OHOIO THITY, TOOTO €
OJHOpiHUM. 3arajioM aHcamOlyieBe KiacudikaiiiiHe
pimieHHs © MOXHA MOXATH y BUAI KOMOiIHYBaHHA

CKiHUEHHOI MHOJKHHH JIOKAJIbHHX PillleHb O,

K: j=arg opt ® [{6, (dy (i)}l (10)
1

3a3Ha4KMMO, 110 Y aHCAMOJIEBUX MOJAENSAX aHATI3y
300pakéHb 3 METOI0 BpaxyBaHHS TIIbKH 3HAYUMUX
JOKaJbHUX PIMIEHh YacTO 3aCTOCOBYIOTb CHCTEMY
napameTpiB  moporiB  [1-4, 8], ska 3a0e3neuye
BIJUIIICHHS 3aBaj] i 3arajloM IIiJBUINYyE€ HaNiHHICTB.
Hanpuknan, y momudikamii knacugikaropa (7)-(9) kirac

dy = max {d, (i)}
i=1,...,N

JUIL JIOKAaJBbHOTO PIIIEHHS BU3HAYA€ThCA TUIBKH Y
BUIAJKY, SKIIO BHKOHYETHCS YMOBA, IIO IIOPiBHIOE
3Ha4yeHHs ontumymy d, 3 moporom Jyq abo 3

HAWOIIKIMM 10 HBOTO JIOKaJBHUM OmTEMyMoM dp_g
(A — umcnoBwmii KoedirtienT):

dy >08yq,abo dg > Ady_4. (11)

3ayBaxXUMO, IO MOPIir 84 MOXHA BCTAHOBUTH 32

pe3ynpTaTaMyd HaBYAHHS 13 BYHTEIIEM HAa MHOXHHI
JIECKPHUIITOPIB ISl €TaJOHiB, TOOTO pe3ylbTaTUBHE
3HAYEHHS MOAM Mae OyTM He MEHIIMM BiJ Horo
3HAYEHHS U «CBOTO» erayoHy. Lleil aHami3 Ha erami
HaBUaHHS KiacudikaTopa Tpeda MpopoOHUTH A yCixX
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€TaJioHIB 1 y AKOCTi mopory 8y oOpaTu cepen ycix
OTpUMaHHX MoJ Haiibinbime [18, 21].

OnmuH i3 3aco0iB MiJBUIIEHHS PE3yITbTATUBHOCTI
aHcaMOJIeBUX METOJIB Kiacu(ikarii MIIIXoM afanTariii
JI0 HasIBHUX JAHHUX IOJsra€ B TOMY, OO Ha MiJICTaBi
BBCIICHHSA JIOTIYHMX TMPOIEAYyp BimiOpath AesKy
KOHLIEHTpoBaHy (abo  HaiiOimpmr  iHpopMaTHBHY)
MiIMHO)KUHY €JIEMEHTIB, SKi CTaHyTh MIAIPYHTSIM IS
knacudikamiiHoro pimenns [11, 18]. CtocoBHo onmcy
sk MHOXKMHHU aeckpunrtopiB KT Taka mpouenypa Moxe
MoJNATaTd  y BimOOpi IMIAMHOXKWHM €JIEMEHTIB, IO
3HAXOIITHCSA B MEXaX 3aJaHOi BiJICTaHI BiJl ICHTPY, a00
(biKCOBaHOTO YHCIIa EJIEMEHTIB, HAHOIMKIHX JI0 IIEHTPY
omucy. Hexait ZcB" — ommc, s=cardZ — iioro
MOTYXKHICTb, TOZI BBEIEMO NPOLICAYPY

LZz)—>Zz2", 2" <B",

* * * (12)
cardZ =s,s <s.

3acrocyBanHs (12) He TINBKM 3HAYHO CKOPOYYE
yac OOYMCIIEHb ajle i YacTo CIpUsE MOKpPAaIICHHIO
nokazHukiB  knacudikamii  [18]. Ilpomenypa L
peani3yeTbcsi Ha €Talli  [oNepeJHbOro O0OpOOIEeHHS,
TOMY Ha 4ac 3/liiCHeHHs Kinacudikallii He BIIMBAE.

Pe3y.]'II)TaTI/l KOMII ’lOTepHOFO MOAC/TIOBAHHA

MojiesroBaHHST BUKOHAaHO y cepemouini PyCharm
2020 i3 BukopucTaHHsIM 3aco0iB Oibiiorekn Open CV
Ta MOBM mporpamyBauus Python [5, 11, 15]. [Jns
Bu3HauyeHHs AeckpuntopiB KT 3acrocoBaHo neTekrop
kiarouoBux Touok ORB [4, 15] poswmiphictio n =256.
Po3pobneni Mozeni kiacudikaTopa BXKUTO Ha MPUKIAI

300pakeHb MeTenuKiB i3 6a3m manumx Leeds Butterfly
[16, 17]. Po3mip 300paxens ckimaB 600x600 mikcernis.
ImocTpamiss  kimaciB  eTallOHHMX ~ 300pakeHb  Ta
chopmoBani koopmuHath KT mokasani Ha puc. 1.
KinmpKicTh 00UHCIIEHNX JAECKPHUITOPIB Y OIMKCI KOXKHOTO
13 eranoHiB ckiaagae s =500.

[InsxoM mizpaxyHKy 4YHCIIa OXUHWYHUX OITIB y
KOXXKHOMY PO3pSiJi ONMHUCY €TaJIOHIB OTPHMAaHO BEKTOPH
a(i), i=1,2,3, aki moriuauM O0OPOOIEHHAM PHUBEICHO
0 OiHapHOTO BUIY 3aJUIs IOJAJIBIIOrO 3aCTOCYBaHHS
MeTpukd Xeminra. Y npomy Bumaaky ueHtpu o(i)

(hakTHYHO BW3HAYAINCH 32 YCEPEIHEHHSIM 3HAYEHb
JeckpunTopiB ornmcy. OOuKciIeH] 3HauYeHHsS BijcTaHeH
MDK I[EHTpaMH €TajoHIB cKiamu 56, 72, 72, uo
TOBOPHUTH TIPO CYTTEBY IX OJIM3BKICTH Y JAHOMY aCHeKTi
(28% Bim MakcHMaJbHOI BiJCTaHi), TaK SK 3arajoM
3Ha4YeHHs BiJcTaHi XeMiHra /sl aHalli30BaHUX JaHHX
HaJIeXkaTh Aianasony 0,...,256.

Puc. 1. Etanoni 300pakeHHs metenukiB Xumepa, Maxaon, Jlasiciii Ta BuzineHi koopaunatu KT
(Fig. 1. Reference images of butterflies Chimera, Mahaon, Davisi and selected key points coordinates)

VY BignoBigHOCTI 10 Momem kiacudikamii (6)
OTPHIMAHO 3HAYEHHS BEKTOPIB cyM y BHpasi (0), sKi
CKJTAJTK BiamoBigHO: st 1-ro ertanony (173,01; 165,44;
161,51), mas 2-ro eramony (165,45; 170,94; 163,65),
st 3-ro eranony (164, 97; 163,69; 171,18). baumnmo,
o0 eTajoHu 3a MerofoM (6) KIacuQpikyroThCS BipHO
(MakcuMyMm CIOCTEPITa€ETHCS y BIJITOB1THIH
KOMITOHEHTi), aje pI3HUOI MDK  MaKCHMYMOM
IHTErpOBAaHOTO PO3MOAUTY 1 HAWOMMKYMM OO0 HBOTO
3HAYEHHSM JOCHTH He3HauHa (y mexax 3,5-4,5%). Ile

BKa3y€ Ha CYTTEBY CXOXICTh 00pa3iB y copMOBaHOMY
MIPOCTOpPi O3HAK 13 BUKOPHUCTAHHSIM Mojedi (6).

3a gpyroro Momewto kinacudikatopa (7)-(9)
OTpUMaHO Tpiliku HakomudeHux ronocis  (hy,hy,hg)

JICCKPUIITOPIB JUIsl KOXKHOTO 13 eranoniB: (281, 111,
108), (144, 249, 107), (140, 86, 274). I3 orpumaHux
YHCIOBHX 3HA4eHb 0adnMo, MmO el Kiacudikatop
BIICBHCHO 3JIMCHIOE pO3Mi3HABaHHSI 300pakeHb 3a
MHOXHHOIO KT, Tak SK pi3HHIA MiX MaKCHMyMOM
TOJNOCIB  Ta  HOrOo  HAWOMKYNM  KOHKYPEHTOM
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nepeBuinye 42%, a s okpemux eranoHiB (1 ta 2)
nocsrae 60%. Ile Bkazye Ha BaroMy IEpPCIEKTUBY

3aCTOCYBaHHS ~Takux Mojened  kmacudikamii  y
MOPIBHSAHHI 3 MOJEILIIO IHTErpaJIbHOTO aHai3y (6).
Hami EKCIIEpUMEHTH TTOKAa3aJIH, o

3aMpOIOHOBaHA TPOIEAYpPa AaHaNi3y JaHWUX IIJTKOM
3aJIOKUTh BiA croco0y ¢opmyBanHs neHTpiB ofi).
OkpeMe JIOCTI/DKEHHST TPOBEJACHO JUI BH3HAUYCHHS
LHCHTPiB 32 3HAYCHHAM MEMiaHW I MHOXKHHH
nerekropiB ommcy [11, 12]. Orpumano, mo BijacTaHb
MDK MeliaHaMH pPI3HUX €TaJIOHIB KOJHUBAETHCS B
OUTBIIIOMY Jliama3oHi, HDXK BIJICTaHb MiX IICHTpaMU-
Cepe/iHiMH 3HAYCHHAMH. Y HAIIOMy CKCIEPHMEHTI
CIIOCTEPITaioCh BiAXWICHHS BiJl MAKCUMAJILHOI BiJCTaHi
s Memian etanoHiB 16%...46%. Mengianu BHSIBUIHCS
OB YYTIMBUMH 0 3MICTY OIHUCY, IIO CIPHSE SKOCTI
knacudikarrii.

[IpoBeneHi exkcnepuMEHTH 3 METOI BigOOpy
aHCAaMOJII0O JICCKPUNITOPIB OIMHUCY, HAWOIMKYUX [0
chopMOBaHOr0 IEHTPY (MemiaHWM Y CEepPeIHbOro) 3
BUKOPUCTAHHSIM MOJIENi JIOriyHoro o0pobieHHs (12)
[11]. Takmii croci® cyrTeBO CKOpoOuye 4Yac
00pobaeHns. OTpuMaHi MOTU(IKOBaHI OIMMUCH €TAJIOHIB
uwsixoM Bigoopy 100 ta 200 neckpunTopis i3 3arajibHOI
Kizpkocti 500.

JocnimkeHHs mokasano, o s 3aIpONOHOBaHOT
Moaudikalii yci eTaJoHHI ONUCH KIACU]IKYIOThCS
BIpHO, a BaroBi IIOKAa3HUKH KJIACIB sl 300pa)keHb
€TaJIOHIB IEBHOIO MIPOIO TOKPAIYIOTHCS 31 3HIKEHHIM
YKCIIa KOMIOHEHTIB.

31 3MEHIICHHSIM 4YHWCIa JECKPUITOPIB B OMHUCI
CIIOCTEpIraeThCsi BIANOBIJHA KOHIGHTpAllisl 3HAYEHb
PO3IIOAUIIB  HABKOJO LEHTPIB, IO BHJIMBAETHCS Y
301JIbIIEHHS [TOKa3HUKIB, 110 BiAIIOBIIAIOTH
«TpaBWJIBHOMY» KJacy. A 1ie, B CBOIO 4Yepry, CIpusie
IiIBUIICHHIO Pe3yIbTaTHBHOCTI Kiacudikaiii, Tak sk
Kjac 00’€KTa BU3HAYAETHCSA OLIBII BIEBHEHO. Pi3HMIIA
MK MaKCHMAaJbHMM  3HAYEHHSIM  PO3MOJITY  Ta
HAHOIMKYUM 10 HBOI'O 33 BEIWYMHOK 301JIBIIMIACH
JUIsl Pi3HUX eTanoHiB Bix 3% Ui MOBHOTO OMHCY [0
15% (200 meckpunropiB) i 21% (100 meckpunropis)
st MmoaugikoBanoro. Ilomaneliie CTUCHEHHS OMUCY 3a
Mozentio (12) mpu3BOIUTH 10 BTPaTH 1H(POPMATHBHOCTI
CKJaly AaHaNi30BaHMX JaHUX. 3ayBaXUMO, IO

PO3TIIHYTHUIA crocio CTHCHCHHS MHOXXUHU
JICCKPUTITOPIiB HE 3MIHIOE 3HAYCHHS MEJiaHU SIK ICHTPY
OIIUCYy.

BucHoBxku

Po3pobnennit Meron kimacugikamii miATBEpIKYE
CBOIO  Mpane3NaTHICTh Ta  eEeKTHBHICTb  IpH
xnacudikalii 306paxens. Moro pe3ynbTaTHBHICTH st
00’emHHMX 0a3 300pakeHb MOXKe OyTH IOCHIIEHA
BBE/ICHHSAM IHINMX BHIIB METPUK Ta Mip HOIIOHOCTI,
BHOOPOM crtoco0y (GopMyBaHHS IICHTPIB JIJIS €TAJIOHHUX
OIMMCIB, BBEICHHSAM JIOTIYHOTO OOpOOJICHHS  Ta
CTHUCHCHHS CTPYKTYpPHOTO OITHCY. Haiikpari
pesyabTatd  Kiacu(ikamii Mmokazajga  MomeNnb i3
BUKOPHUCTaHHSIM  HaWOIIbII ~ BaroMoro Kiacy 3a
BEKTOPOM PO3MOALTIB sl KOXKHOTO JECKPHIITOpa, IO
BIAMOBia€ ~ mapameTpy  MoAuM.  BHUKOpHCTaHHS
KOHIIEHTPOBAHOI YaCTKH JAHUX OMHUCY A€ MOKIJIUBICTH
MOKPAIMTH HOTro PO3Pi3HEHHS 3 iHITUMH OMHCAMHU.

HaykoBy  HOBU3HY  JOCHI/DKCHHS  CKJajgae
po3pobiieHHss  eekTHBHOrO MeTody  Kiacudikaiii
300paK€Hb Ha OCHOBI  BIPOBQ/DKCHHS CHUCTEMH

HMOBIPHICHHX PO3MOILTIB [T KOMIIOHEHTIB JaHUX, 110
CTIpHsE TIOTIHOJIICHOMY aHalli3y y MpOCTOpi JaHHWX Ta
Ti/IBUIILYE Pe3yJIbTATUBHICTh kiaacugikarii.
Knacudikarop peanizoBaHo y BapiaHTax 3iCTaBICHHs
IHTErpaJbHOTO TO/IaHHS PO3MOJAUTIB 3a KilacaMu 1 Ha
MiICTaBl aHamizy MOIOM JJsl PO3MOALTIB  OKpEMHX
KOMITOHEHT. 3aCTOCYBaHHS MeJiaHH sIK LIEHTPY OIHUCY
Mae nepeBary HaJl Cepe/IHiM 3HAUCHHSIM.

[MpakTyHa 3HAYyIICTh pPOOOTH MOJSIrac y
noOynoBi Mopzeneit kinacudikamii 'y CHHTE30BaHOMY
NpOCTOpl  JaHUX, TIATBEP/PKEHHI — Mpalne3JaTHOCTI
3aMporoHOBaHUX MoauQikalii aHamily JaHUX Ha
NpUKIaAax 300paxkeHb, PO3POOJICHHI  MPOrpamMHUX
Mojienel Jyis BOPOBaKEHHS 3alpPOMIOHOBAHUX METO/IIB
ki1acudikanii y cucremax KOMI FOTEPHOTO 30py.

[NepcriekTrBa AOCHIKEHHST MOXKe OYTH TIOB’si3aHa
i3 BUBYEHHSM 3aBaJIOCTIHKOCTI PO3POOJIICHHX METO/IIB
Ta OLIHIOBAHHS IX TMPHKIATHOI Pe3yabTaTHBHOCTI
CTOCOBHO 00’€MHHMX  KOJEKILid  300pakeHb, Je
KOe(DIIIEHTH PO3MOJUIIB MOXYTh NMPUIMATH HEBENHKI
3HAYCHHS.
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HcciienoBanue-pe3yJibTATHBHOCTH KJaccH(pUKATOPOB H300paskeHMii
HA OCHOBE CTATHCTHYECKHX pacnpe/esIeHHii 111 KOMIIOHEHTOB CTPYKTYPHOI'O OMHCAHUS

B. A. I'opoxoBarckuii, C. B. I'anenkas, A. B. XKanan, A. A. XBocTeHKO

AnHotanus. IlpeamMerom wuccrienoBaHMS SBISIIOTCS MOIENM JUIS IOCTPOCHMS KIIACCU(HUKATOPOB H300paKeHUH B
IPOCTPAHCTBE ONMCAHUH KaK MHOXECTBA JECKPUITOPOB KIIOYEBBIX TOYEK IPHU DPACIO3HABAHUM BU3YAIbHBIX OOBEKTOB B
CHCTeMaX KOMIIbIOTEpHOro 3peHus. Lleblo sBisieTcs co3qaHue U M3y4eHUE CBOKMCTB Kiaccu(MKaTopa M300paKEHUH HAa OCHOBE
MOCTPOCHMS aHCaMOJIs paclpeeneHni Uil KOMIOHEHTOB CTPYKTYPHOTO OIMCAHMS C HCHOJIb30BAaHMEM Pa3JIMYHBIX Mojenel
NPUHATUA KIIAaCCU(HUKALMOHHBIX PEILIEHHH, YTO 00eclieYrBaeT Pe3yJIbTaTUBHYIO KIacCH(HUKauuio. 3agaqa; IOCTpOeHUe Mojieel
K1accu(UKAIMK B CHHTE3MPOBAaHHOM IIPOCTPAHCTBE OOPA30B BEPOSTHOCTHBIX DACHpENENCHUH, aHaIW3 [apaMeTpoB, 4YTO
BO3ICHCTBYIOT Ha MX 3((EKTUBHOCTb, 3KCIEPUMEHTAILHOE OLICHMBAHHE PE3yJIbTaTHMBHOCTU KIACCH(UKATOPOB CPEICTBAMU
MPOrPaMMHOTO MOJICIMPOBAHUSI IO pe3yibTataM O0pabOTKU SKCIEepPUMEHTAIbHOW 0a3bl H300pakeHuil. I[IpumeHseMbIMu
Metogamu sBisitorcs: perekrop ORB minst GopMupoBaHMS JECKPUNTOPOB KIIOUEBBIX TOYEK, MHTEIUICKTYaJbHBIH aHAIN3
JIaHHBIX, MATEMaTHYeCKasi CTATUCTHKA, CPEJCTBA OIPEEICHUS PEICBAHTHOCTHU Il MHOXKECTB BEKTOPOB JIAHHBIX, IPOIPAMMHOE
MozenupoBanue. [lonyueHHslie pe3yJabTarsl: PazpaboTaHHbIi MeTO KiIacCH(UKALUK OATBEPXKIAET CBOIO PabOTOCIOCOOHOCTH
u sddekruBHOCT s Kiaccuukauuy u300pakeHHH. Pe3ynbTaTHBHOCTH MeETOAa MOXET OBITh YCHIICHA BBEACHHUEM
MHOr0o0o0pa3us BUI0B METPHK U MEp CXOZCTBA MEX/Y LIEHTPAaMH U JIECKPHIITOPaMHU, BEIOOPOM criocoda (OpMHUPOBAHUS LIEHTPOB
JUIS 3TAJIOHHBIX OINMMCAHHW, BBEICHHUEM JIOTMYECKOH OOpaOOTKM M CXKAaTHUs CTPYKTYpHOro omnucaHus. Hawmmydime pesynbTaThl
Ki1accu(UKaIMK 10Ka3ajda MOJEb C MCHOJIb30BAaHUEM HauOoJee BECOMOro Kiacca 10 BEKTOPY PaclpeAesIeHUH I KaXaoro
JeCKPUITOPA, YTO COOTBETCTBYET Mapamerpy Mojpl. Vcronab3oBaHHE KOHLEHTPUPOBAHHOM JOJNM JIAHHBIX OINMCAHHS JAeT
BO3MOJKHOCTh YJIYYILIUTh €ro OTJIMYMMOCTb OT JPYrux onucaHuil. [IpuMeHeHHe MeIuaHbl KaK LEHTpAa ONHUCAHHMSA HMEeT
MPEUMYIIECTBO Haj CPeAHUM 3HayeHHeM. BriBoabl. Hayunasi HoBM3HA - pa3paborka s¢ddekTuBHOro Merona knaccudukanum
n300paKeHUH Ha OCHOBE BHEJPEHHS CUCTEMBbI BEPOSITHOCTHBIX PacHpeneseHMl 11 KOMIIOHEHTOB TaHHBIX, YTO CIIOCOOCTBYET
yri1yOJICHHOMY aHalu3y B IIPOCTPAHCTBE JIAHHBIX U MOBBIIIACT Pe3yIbTaTHBHOCTH Kiaccudukauuu. Kinaccudukarop peanusoBan
B BAPHUAHTaX COINOCTABJICHMS MHTEIPAIBHOIO MPEJICTABICHHUS PAaCIpeieNIieHHi M0 KjaccaM M Ha OCHOBAaHMH aHAJIM3a MOJBI JUIS
pacnpeesieHuii OTAENbHBIX KOMIOHEHTOB. IIpakTHuyeckasi 3HAYMMOCTh palbOThl - MOCTPOEHHE Mojesiel KiacCH(DUKAIMU B
BUJIOM3MEHEHHOM IIPOCTPAHCTBE JIAHHBIX, MTOATBEPXKICHHE PabOTOCIIOCOOHOCTH NMPEIOKEHHBIX MOIU(BUKALNIT aHaIM3a JaHHBIX
Ha MpUMepax M300paXkeHHil, pa3paboTka MPOrpaMMHBIX MOJENeH Uil BHEIPEHHS NPEIOKEHHBIX METOA0B KiIacCH(UKALUKU B
CHCTEeMaX KOMITbIOTEPHOT'O 3pEHHSI.

KaoudeBble ciaoBa: KOMIBIOTEPHOE 3peHHUE; Kiaccu(pUKalusa M300paKeHHUH; KiIroueBas Touka, aerekrop ORB; nec-
KPHIITOP; LEHTP OMHCAHUS,; CTATUCTUYECKOE PACIIPEAEICHNE; PeJIeBAaHTHOCTD OIHCAHMUI; Pe3yNbTaTUBHOCTD KIACCH(HKAIHN.

Study of the effectiveness of image classifiers by statistical distributions for components of structural description
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Abstract. The subject of research is models for constructing image classifiers in the description space as a set of de-
scriptors of key points in the recognition of visual objects in computer vision systems. The goal is to create and study the proper-
ties of the image classifier based on the construction of an ensemble of distributions for the components of the structural descrip-
tion using various models of classification decisions, which provides effective classification. Tasks: construction of classification
models in the synthesized space of images of probability distributions, analysis of parameters influencing their efficiency, exper-
imental evaluation of the effectiveness of classifiers by means of software modeling based on the results of processing the exper-
imental image base. The applied methods are: ORB detector for formation of keypoint descriptors, data mining, mathematical
statistics, means of determining relevance for sets of data vectors, software modeling. The obtained results: The developed
method of classification confirms its efficiency and effectiveness for image classification. The effectiveness of the method can be
enhanced by the introduction of a variety of types of metrics and measures of similarity between centers and descriptors, by the
choice of method of forming centers for reference etalon descriptions, by the introduction of logical processing and compression
of the structural description. The best results of the classification were shown by the model using the most important class by the
distribution vector for each descriptor corresponding to the mode parameter. The use of a concentrated part of the description
data makes it possible to improve its distinction from other descriptions. The use of the median as the center of description has an
advantage over the mean. Conclusions. Scientific novelty is the development of an effective method of image classification
based on the introduction of a system of probability distributions for data components, which contributes to in-depth analysis in
the data space and increases in classification effectiveness. The classifier is implemented in the variants of comparing the inte-
grated representation of distributions by classes and on the basis of mode analysis for the distributions of individual components.
The practical importance of the work is the construction of classification models in the modified data space, confirmation of
the efficiency of the proposed modifications of data analysis on examples of images, development of software models for imple-
mentation of the proposed classification methods in computer vision systems.

Keywords: computer vision; image classification; key point; ORB detector; descriptor; description center; statistical dis-
tribution; description relevance; classification effectiveness.
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METHOD OF MODELING OF A SOCIAL PROFILE
USING BIG DATA STRUCTURE TRANSFORMATION OPTIMIZATION

Abstract. The object of the research are methods and algorithms of optimizing of the Big Data transformation to
build a social profile model, the subject of the research are methods of constructing of a social profile. For decision-
making person, the problem of scientific methodological and instrumental re-equipment is relevant for the effective
fulfillment of a set of managerial tasks and confronting of fundamentally new challenges and threats in society. This
task is directly related to the problem of building of a model of the social profile of both the individual and the social
group as a whole. Therefore, the problem of optimizing of methods of constructing of a mathematical model of a social
profile is certainly relevant. During the research, methods of the mathematical apparatus of graph theory, database
theory and the concept of non-relational data stores, Big Data technology, text analytics technologies, parallel data
processing methods, methods of neural networks' using, methods of multimedia data analyzing were used. These
methods were integrated into the general method, called the method of increasing of the efficiency of constructing of a
mathematical model of a social profile. The proposed method improves the adequacy of the social profile model, which
will significantly improve and simplify the functioning of information systems for decision-making based on knowledge
of the social advantages of certain social groups, which will allow dynamic correction of their behavior. The obtained
results of testing the method make it possible to consider it as an effective tool for obtaining of an objective information
model of a social portrait of a social group. This is because the correctness of setting and solving of the problem ensured
that adequate results were obtained. Unlike the existing ones, the proposed modeling method, which uses an oriented
graph, allows to improve significantly the quality and adequacy of this process. Further research should be directed
towards the implementation of proposed theoretical developments in real decision-making systems. This will increase
the weight of automated decision-making systems for social climate analysis.

Keywords: social profile model; information decision-making systems; graph theory; Big Data technologies; social portrait

of a social group.

Introduction

In the context of development of digital economy
and informatization of most social processes, the tasks
of managing of social and economic systems acquire a
new specificity, both in terms of goals and in terms of
methods and tools used. For the decision-making
person, the problem of scientific, methodological and
instrumental re-equipment is relevant for the effective
fulfillment of a set of managerial tasks and confronting
fundamentally new challenges and threats in society.
Mathematical, informational and technical support is
needed to enable collection, storage, monitoring, and
analysis of large amounts of heterogeneous data
generated by all available Internet resources and
services (information and news portals, personal blogs,
thematic forums, etc.) with the possibility of social
profiling  (individuals,  various  groups, social
phenomena, events, processes), establishing explicit and
hidden relationships between personal and group
profiles, as well as identifying causal dependencies in
the information field of the society.

Accordingly, new opportunities open for solving
very complex and ambiguous problems related to
assessment of social tension in the context of individual
focus groups, forecasting the consequences of
introduction of certain innovations in the life of society,
identification and verification of the digital personality
(to prevent compromising people by attackers using

unauthorized access to personal accounts, counterfeiting
accounts using technical means and artificial
intelligence methods), developing service-oriented
intelligent Internet technologies, and so on.

A special promise is integration of the latest
information technologies related to collection and
processing of large unstructured data (Big Data),
intelligent data analysis (Data Mining) and distributed
databases.

1. Research object and its technological audit

Big Data [1], a modern IT industry, includes a
range of methods, tools, and technologies for collecting
and analyzing of large amounts of different structured
and unstructured data in order to achieve efficient
results in the context of information distribution across
multiple nodes of a computing network and its
continuous updating. It is also permissible to apply the
said period to the data itself, which are processed using
this technology. Initially, the term Big Data was used in
the academic environment to solve problems related to
growth and diversity of data.

The first Big Data-based solutions appeared in the
second half of the zero years and were considered as
alternative ones to the classic relational DBMS in
Business Intelligence [2].

The technology in question can be applied in cases
where there is too much data to be processed by
conventional means, in particular a server with a

12

© Mozhaiev M., Buslov P., 2021



ISSN 2522-9052

CyuacHi indopmariitai cucremu. 2021, T. 5, No 1

relational DBMS. However, the exact quantitative
values of information at which data becomes "great™ are
not determined. The application of the technology
depends on the computing hardware power and the
number of records in the database, that is, in some
cases, gigabytes of data can already be considered as
Big Data, since the computer system does not cope with
their timely processing, and in others, petabytes of
information are acceptable processed using classical
methods and, therefore, are not "large” ones. Big Data is
often associated with the Hadoop framework [3, 4],
although this technology is also based on the concept of
NoSQL data stores [5, 6].

The main sources of big data are sensors,
measuring devices, cellular network equipment, audio-
video recording devices, message streams inside social
networks, blogs and news feeds, satellites. According to
Cisco [7], mobile traffic in 2014 amounted to 2.5
Exabyte’s per month, and it increased by more than 9.5
times in 2019. The development and widespread
dissemination of electronic sources of information has
led to introduction of BD technologies in various areas
of activity. This is due, among other things, to an
increase in accumulation of information in the Internet,
which has become especially noticeable with an
increase in the popularity of social networks. In the
early 2010s, many developers of the IT product market
began to use the technology in question directly in the
context of big data processing and to produce their own
analytical solutions.

Despite the seeming advantage over classic tools,
social media analytics of the Internet has a number of
problems. The main disadvantages of existing methods
of social analytics are the following [8-12]:

- Low prevalence of technologies to handle large
amounts of data, resulting in inefficient use of
computing resources and additional economic costs;

- Focus of existing solutions on a narrow range of
tasks related largely to statistical social research and
marketing;

- Difficulties in dealing with information structures
that are highly unstructured and heterogeneous;

- Presence in social data of such properties as
inconsistency, insufficiency, linguistic inaccuracy,
emotional coloring, which interfere with their objective
assessment and interpretation;

- Question of legality of use of obtained
information by third persons;

- Lack of integration of various information
technologies for analysis of text and multimedia data
within a single system;

- Complexity of
protection.

To eliminate the above drawbacks, it is necessary
to create new and refine existing methods for processing
personalized social data, compile algorithms for
analyzing heterogeneous text and multimedia
information, storage and presentation models of initial,
intermediate analyzed and resulting data.

As a tool to increase the efficiency of methods for
processing personalized social data, graph theory and an
algorithm for enumerating of sections were chosen.

information storage and

2. The purposes and tasks of the research

Within the framework of this research, the need to
study and use a number of technological and theoretical
tools is revealed: the mathematical apparatus of graph
theory, database theory and the concept of non-
relational data stores, Big Data technology, text
analytics technologies, parallel data processing
methods, and methods of neural networks' using,
methods for analyzing multimedia data.

The purpose of this article is to improve the
methods of automated transformation of unstructured
social data from public sources into a structured picture
of a person or group of persons by developing
algorithms for enumerating of sections, which contain
methods of formation of new sections, method of
formation of new sections from already built ones, a
procedure for eliminating excess elements and a search
order.

To achieve this purpose, the research needs to
solve the following private tasks:

1. To investigate methods and tools used in
automated transformation of unstructured social data.

2. To develop algorithms of sections’ enumeration
that improve Big Data conversion efficiency.

3. Research of existing solutions of the problem

Social profiling results based on analysis of public
sources of information should have a number of
properties, such as explicit structuring, scalability,
presentation both in the form of tables and images
(graphs, diagrams) [13-18]. This is necessary to enable
them to be used in social research applications.
Currently, the most relevant areas of application of
social profiles are marketing and law enforcement [9-
12]. The first group includes collaborative filtering
tasks, the solution of which allows improving the
quality of advertising campaigns by taking into account
the interests of the target audience and predicting its
reaction. As a result, it allows us to optimize the costs of
marketing research (surveys' conducting, target groups'
forming, etc.) and to promote goods and services
purposefully, as well as to increase customer loyalty. In
the field of law enforcement, the task of building of
social profiles intersects with open source intelligence
(OSINT). Law enforcement agencies use personal and
group profiles to assess the level of social tension and
possible reactions of society to provocative actions, to
create the "risk groups,” and to collect the files for
investigative and judicial measures.

4. Research methods

Within the framework of this research, the need to
study and use of the following number of technological
and theoretical tools is revealed: the mathematical
apparatus of graph theory, database theory and the
concept of non-relational data stores, Big Data
technology, text analytics technologies, parallel data
processing methods, methods of neural networks' using,
methods of multimedia data analyzing. Modern
developments in the developed countries of the world in
the field of information, processing and transmission

13



Advanced Information Systems. 2021. Vol. 5, No. 1

ISSN 2522-9052

have led to study of oriented information networks,
which have wide practical applications.

These networks can often be mathematically
described as an oriented graph. We call (s, t) a network
when it is necessary to distinguish it from a network
with another source and drain. Let us denote it by G(X,
G). In this case

N
X =sutu{x |, -
is a set of vertices of the network, G — the reflection of
X in X, which generates the arcs of the network.

The vertex of the orgraph will be called as terminal
in one of two cases:

— No arc enters it;

— Not a single arc comes out of it. In the sense of
this definition, the network vertices s and t are terminal.

The arcs and vertices of network G are called
network elements; we denote their set as E.

For network G, we introduce the ratio of the
continuity of elements in this way, if i is the vertex of
the network, than o(i) is the set of arcs & from it, and if
i is an arc, than o(i) is the vertex into which this arc
enters.

Let it be iec’l(j), if jeo(i). In other words,

c‘l(j) it is a plurality of elements, for which element j

is a successor. Let us note that the continuity ratio of ¢
elements can be entered on any oriented graph without
loops. A network G with a plurality of elements E, for
which the ratio o is given, is denoted through G(E, o).

Let us consider that the network elements are set
by numbers.

We call the correct numbering of elements (by
analogy with the correct numbering of vertices) such
one that if jeo(i), than i<j, where i, j are the

numbers of the network elements.

Let’s note that the elements of the finite orgraph G
G(E, o) without loops can always be correctly
numbered. Indeed, it is possible to construct a one-to-
one mapping (of graph G(E, o) to graph F(X, G)), in
which the set of vertices X corresponds to the set E of
elements of graph G, and the relation of the contiguity
of vertices G is the ratio of the continuity of elements o
on graph G. It is known that on graphs of the form (X,
G), for vertices it is always possible to set the correct
numeration [13-20]. Therefore, it can be set on the set E
of elements of the graph G(E, &), which follows from
the mutual uniqueness of the mapping . Let us call
with a mixed (s, t) section or a mixed terminal section
such a set of P-elements of the network that if they are
removed from it, then there will be no terminal path.

The element | is called as redundant in section P if
the set of elements {P\I} is also a section [21].

A section that does not contain redundant features
is minimal, and a section that contains redundant
features is redundant. In an excess section view, there is
always a feature that can be deleted without violating a
specific section property. Let us note that from one
excess section we can sometimes form several minimal
sections, except various excess vertices.

As a source section, we take a set of elements
PO = G(S) .

Clearly, there can be no redundant elements in it.
In the original section, the elements are arranged in
ascending order.

From each section P={l;, |5, ..., 15}, which was

formed, we can create | <n new sections.
If t€o(l;), than

R =((P\l)uo())\1;, @)

where |; —is the set of redundant elements in P, .

In each newly constructed section, we will tidy up
the elements by number growth, and replace the
elements with the same numbers with others. All
formed sections are entered in the general list of
sections in lexicographic order by growth of numbers of
composite elements. Let us note that when creating cuts
with P, replacing various elements I; with o(l;) the

same minimum section can be formed several times,
which should be listed only for the first time.

Due to the correct numbering of the network
elements, each newly constructed section is placed in a
lexicographically ordered list after the section on which
it is built.

Let us consider a way to exclude redundant
elements from each P-built section

P some element r; be

i
redundant if all (s, rj) paths or all (rj, t) paths pass

In the section, will

through some element r, € P. But for the accepted
method of sections’ creating on (s, rj) paths of similar

elements there can not be r, in section P . Therefore,
the search for redundant elements should be done,
considering only segments of (r;, t) paths.

We will put in order the elements by number
growth in the generated section P . Then, to check for
redundancy r; concerning overshoot we can take into
account the pieces of ( i, t) paths, on which the number

of the last element is no more than the number of the

last element in the section P .
Let us denote as

P={r, 1 .., m}
a section, that is formed from a section
P={ I, ... 1)}

by replacing I; with o(l;) . The procedure of excluding

of redundant elements is the following.

The viewed sections are selected from the list of
constructed sections in lexicographic order by their
component numbers. When we view a section from it,
new sections are generated by replacing those elements
I; for which o(l;) donot have at drain.

14



ISSN 2522-9052

CyuacHi indopmariitai cucremu. 2021, T. 5, No 1

Let us consider how to convert a section list to a
network. In a formalized form, this task can be
formulated as follows.

There is a list p, consisting of M
Si, ..., Sy, which has the following features.

1. The row S; =(&y, ..., &y,) contains m; non-

rows

repeating alphabet characters A ={a; }i'il .

2. Any character permutation in a row is allowed.

3. Thereareno S;, S; ep, such, that §; <S;.

4. There is at least one character pair a;, a;, for
which no row Sy ep exists, such that a €Sy,
aj €Sy . In this case, we will say that the symbols a; i

a.

j are incompatible.

We need to build the minimum orgraph R (Y, F) by
the number of vertices, which has such properties.

In fact, this means that we need to define the order
of characters in the list rows in order to combine the
maximum number of matching characters in the rows
and the incompatible characters would be in one row.

Let’s select the three characters a;, a; i g such,

that symbol a; belongs to two rows at the same time
SpiSq-

Let us introduce such concepts of form as direct
form:

f=g(aj, a), @)
and inverse form
f_=(aj, ak)ai. (4)

The forms f; i f, we call as equivalent if
fi=a(aj, a).a f, =g(a, a;). Theforms f, i f,
we call as alternative to each other if f;=1f, or
f, = f. Let’s talk that f; contradicts f j - if the general
system of inequalities formed by forms f; i fj , IS non-
essential. It is obviously, that the form f =a;(a;, a)
can only conflict with the following forms:

fi=aj(a, q); f=a(, a);
fa=(a;, a)a; f4=(a, &), (5)

where €e(1,_N).

Let's compose the initial system of forms X =%,
that contains straight forms for all such triples of
characters. Let us number the forms of this system (let
them be Q pieces) and compose a matrix of
contradictions of forms.

5. Research results

We will change the system of forms X, replacing,
where it is necessary, the forms that contain it, with

. . * ..
alternative ones to receive a system £ =3 containing a
minimum number of conflicting forms.

The value &; >0 is the indicator of the need to
replace the form f; with f; .

We introduce auxiliary vectors D™, D™ i A into
consideration, in which, when replacing the form f;

with f; i-row i and i-column of matrix V, is changed, as

well as some components of the vectors D*, D™ i A
according to the following rule:
1. Wereplace v;j with —v; in the i-column of V

matrix, j=1, ..., Q, atthe same time

di* (new) =d;"(old),  d: (new) = d" (old),

6
8j (new) = —-g; (old). ©

2. We replace vy; with —v; in the i-column of V
matrix, k=1, ..., Q.
Doing the same for those f;, in which §; >0, we

gradually reduce the total number of contradictions in
the system X, until it turns out that all §; <0,

i=1 .., Q,iand get a system of forms X =" with a

minimum number of contradictions. It will give a partial
(or complete) order on the set of characters A, which
will allow combining the maximum number of
characters in rows to construct a graph of the necessary
form.

6. SWOT analysis of research results

Strengths. The strengths of this research are that a
comparative analysis of methods of personalized social
data processing was carried out. Besides, the
compilation of algorithms of analyzing of
heterogeneous text and multimedia information, storage
and presentation models of initial, intermediate
analyzed and resulting data were made. It was
established that the most promising is the use of the
mathematical apparatus of graph theory, database theory
and the concept of non-relational data stores, Big Data
technology, text analytics technologies, parallel data
processing methods, methods of neural networks' using,
methods of multimedia data analyzing.

As a result, an oriented orthograph was built,
which is a mathematical model of an oriented
information system.

Weaknesses. The weaknesses of this research are
related to the fact that the result is only a model of an
oriented information system, which does not fully
reflect the entire variety of existing and promising
systems of processing of personal data and building of a
social profile of both individuals and social groups of
various differentiations.

Opportunities. The additional possibilities when
using the above results in systems, as well as
identification and verification of a digital image of a
person are to optimize the required time and to improve
the quality of such systems.

Threats. The options proposed in this paper are
theoretical. Practical processing and justification prior
to possible implementation solutions are required.
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Conclusions

1. To improve the efficiency of automated
conversion of unstructured social data, it is desirable to
use OSINT technologies and supplement them using
methods and algorithms to optimize Big Data
transformation by building oriented graphs.

The rationale for using such an apparatus is the
correct application of the theory of processing of large
amounts of data and the theory of oriented graphs. The
result of implementation of the algorithm is the ability
to build an oriented graph, which is a mathematical

model of oriented information networks that are quite
often used in practice.

2. Thus, we have gained a new opportunity to
further improve the functioning of computer
information networks by optimizing of data structures
by converting the information list into a corresponding
oriented graph.

3. Further research should be directed towards the
implementation of proposed theoretical developments in
real decision-making systems. This will increase the
weight of automated decision-making systems for
analyzing of the social climate of society.
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MeTon MogeTIOBaHHS COMIATBLHOTO Mpogiao
3 BUKOPUCTAHHSIM oNTUMi3auii nepersopenHs crpykryp Big Data

M. O. Moxaes, I1. B. bycnos

AHoTanisi. O0'eKTOM JOCHIPKEHHS € METOJM Ta aJrOPUTMH ONTHMIi3amii meperBopeHHs Big Data mus moOynoBu
MOJIET COUiaNbHOr0 MPOQUII0, MPEAMETOM IOCIHIIKEHHS — METOIM MOOYZOBHM comiasibHOro mpodimto. s ocobm, ska
npuiiMae pilieHHsl, aKTyanbHa NpobieMa HAyKOBO METOAOIOTIYHOrO i iHCTPYMEHTAJIBHOIO MEPEOCHAIICHHS 1711 €)EKTHBHOT O
BHUKOHAHHSI KOMILJICKCY yIPaBIiHCHKHX 3aBAaHb i MPOTHCTOSHHS MPUHIUIIOBO HOBUM BHKIIMKAaM i 3arpo3aM y cycminbcrsi. Le
3aBllaHHs Oe3locepeHbO MOB'3aHa 3 NPoOJIIEeMO0 MOOYJOBM MOZENI COLiaJIbHOrO NpodiIo [K iHIUBIAyyMa, TaK i
coliaJibHOI Tpyny B IiyioMy. ToMy 3ajmada ontuMmiszamnii METOiB MOOYIOBH MaTeMaTHYHOI MOJENI COMialbHOrO Mpodimto €
06e3yMOBHO aKTyaJbHOI. B X0zl DOCHIIPKeHHSI BUKOPUCTOBYBAJIMCS METOIM MaTeMaTHYHOro amapary Teopii rpadis, Teopil
0a3 JaHMX 1 KOHIeNUii HepelsUiiHUX CXOBHII NaHMX, TexHonorii Big Data, TexHomoriii TeKCTOBOi aHaNiTUKH, METOIiB
napasnenbHoi 00pOOKH TaHWUX, METO/IIB 3aCTOCYBaHHs HEHPOHHHX MEpPEK, METO/IIB aHai3y MyJlbTuMeaia AaHux. Jani Mmeroan
Oynu IHTErpoBaHI B 3arajibHUIl METOJ, HAa3BaHUH METOAOM IOKpalleHHs e(EeKTHBHOCTI MOOYIOBH MaTeMaTW4HOI MOJeli
couiayibHOrO Mpodinaro. 3anmporoHOBaHMIT METOJ JT03BOJISIE IMOKpAIAaTH aJeKBAaTHICTh MOJENI COIIabHOrO HpoQiiro, 1o
JO3BOJINTh CYTTEBO IIOKpallaTH Ta CHPOCTUTH (YHKIiOHYBaHHA 1HGOPMALIHUX CHUCTEM TPUHHATTA pillleHb, SKi
IPYHTYIOTHCSI HA 3HAHHSIX TIPO COIaNbHI MEepeBark TUX YM IHIINX CYCHiJIbHUX TPYII, 10 JO3BOJHUTH 3/1iHCHIOBATH AUHAMIYHY
KOpEKIifo 1X moBemiHku. OTpUMaHi pe3yNpTaTH anpobaiii MeToay IO3BONSIOTh BBaXKATH HOro e()eKTHBHUM iHCTPYMEHTOM
oTpuMaHHs 00'eKTHBHOI iH(pOpPMaLiifHOI MOJENi CcoLialbHOrO MHOPTPEeTy comianbHoi rpymu. Lle moB'si3aHO 3 TUM, IO
KOPEKTHICTh MIOCTAaHOBKH 1 PILICHHs 3ajadi 3a0e3lmevmia OTPUMAaHHs aJeKBaTHUX pe3yibraTiB. Ha BiaMiHY Bin icHylOYHX,
3aIPONOHOBAHUH METOJ, MOJEIIOBAHHS, SIKHH BUKOPHCTOBYE Opi€HTOBaHWI rpad) 103BOJS€ CYTTEBO MOKPAIIATH SKIiCTh Ta
aZIeKBaTHICTh 1IbOro mpouecy. [loganpii gociikeHHsS HEOOXiTHO CIPsIMYBAaTH HAa peali3alilo MPOMOHOBAHUX TEOPETHYHUX
PO3po0OK B peasibHi CHCTEMH NPUHHATTA piieHs. Lle 103BOMUTH 30LIBIIMTH Bary aBTOMAaTH30BAHUX CHCTEM NPHHHATTS
PpilIeHb IS aHAJi3Y COLIaNbHOIrO KIIIMATy CyCIiIbCTBA.

KawuoBi caoBa: wmonenb comianbHoro mpodinio; iHdopmariiiHi cHCTEeMH NPUIHATTS pillleHb;, Teopis rpadis;
texHonorii Big Data; corianabHuii HOPTPET COLliaabHOI TPYIIH.

Mertoa MoeJMPOBAHUS COLUATBLHOTO MPOQUIIst
C HCIOJIL30BaHNEM ONITHMU3AIMH NPpeodpa3oBanus CTPYKTYpsI Big Data

M. A. Moxaes, I1. B. Bycios

AnHoTtanus. OOBEKTOM HCCICIOBAHUS SBIISIOTCS METOIbI M alrOPUTMBI ONTHUMHU3AaLUK mpeodpa3oBanus Big Data
JUIsL IOCTPOEHHS. MOJIEIN COLMAJIBHOTO NPOQUIIS, IPEAMETOM HCCIEA0BAHUS - METO/IbI IOCTPOSHHUS COLUAIBHOro npoduist. s
JIMLA, IPUHUMAIOLIETO PELICHNUS, aKTyalbHa NpobJieMa Hay4HO METOA0JIOrMYECKOr0 1 HHCTPYMEHTAILHOTO EPEOCHAIICHUE IS
3¢ (eKTUBHOr0 BBHINOIHEHHS KOMIUIEKCA YIPABJICHYECKHX 3aJad M IPOTHBOCTOSHHS IPUHIMIMAIBHO HOBBIM BBI30OBAM M
yrpo3aM B oOmiectBe. OJTa 3aj]aya HEHOCPEJICTBEHHO CBS3aHA C MPOOJIEMON MOCTPOSHUS MOJEIH COLMAIBHOIO HMPOGHIsS Kak
MHIMBHUIYYMa, TaK U COLMAIBHON Ipynnbl B nenoM. [1o3ToMy 3agaya ONTUMHU3ALMM METOJOB HOCTPOEHMS MaTeMaTHYeCKOH
MOZIEIM  COLMAIBHOr0 npoduis sBiseTcss Oe3yCIOBHO akTyalbHOHM. B Xome wHccienoBaHHMS HCIOIb30BAIMCh METOIbI
MaTeMaTHYecKoro ammnapara Teopud TIpadoB, Teopuu 0a3 JAHHBIX M KOHLENIMH HEPETALMOHHBIX XPAaHWIHIL JaHHbIX,
texHonorun Big Data, TeXHOJOTHiT TEKCTOBOW aHATMTHKH, METOJOB MapauIe/IbHOW 00paOOTKU JaHHBIX, METOMOB MPHUMEHEHHS
HEHPOHHBIX CeTel, METOOB aHalW3a MyJIbTUMEIHa NaHHbIX. J[aHHbIE MeTOAbl ObUIM HHTEPUPOBAHBI B OOLIMH METO[,
Ha3BaHHBI METOAOM TOBBIICHUS S(G(EKTUBHOCTH IOCTPOCHHMS MATeMaTHYeCKOM MOJENIH COLMAJIBHOTO HpOQHUIs.
IpeniokeHHBI METOA TO3BOJSACT YNYYIIHTh AJE€KBATHOCTh MOJIENH COLMAIBHOrO HPOQMIS, YTO MO3BOJHT CYIIECTBEHHO
YIY4IINTh ¥ YHOPOCTHTh (DYHKIMOHMPOBAHUS MH(POPMAIMOHHBIX CHUCTEM IPUHATUS DPEIICHHWH, OCHOBAHHBIC HAa 3HAHMAX O
COLMAJIBHBIX MPEUMYIIECTBAX TE€X WJIM UHBIX OOLIECTBEHHBIX TPYII, YTO MO3BOJIHUT OCYIIECTBIATh AUHAMUYECKYIO KOPPEKLIHIO
ux nosenenus. [TomydeHHbIe pe3yNnbTaThl apodaIMy METO/a HO3BOJISIOT CUUTATh €ro 3(G(GEeKTUBHBIM HHCTPYMEHTOM IIOTY4YEHHUS
00BEKTHUBHOM MH()OPMAIMOHHONW MO COLMAIBLHOrO MOPTPETa COLMAIBHOM TPYIIIBL. DTO CBSI3aHO € TEM, YTO KOPPEKTHOCTb
MOCTAHOBKM M pELICHUs 3aaud o0ecrieymna IOTy4eHHE aJeKBAaTHBIX pe3YJbTaTOB. B OTIMYHME OT CyIIECTBYIOLIUX,
NPEIUIOKEHHBIH METOJ MOJIEIMPOBAHUs, KOTOPHIH HCIIONB3YeT OPHEHTHPOBAHHBIH Tpad) MO3BOJSET CYLIECTBEHHO YIYYLIHUTh
KauecTBO U aJIeKBaTHOCTh 3TOTO Tporiecca. JlanbpHenIe ueelieJoBaHus He0OXOAMMO HAPaBUTh Ha PEalM3alliio MPeaiaraeMbix
TEOPETHIECKUX Pa3pabOTOK B peanbHbIE CHCTEMBI MPUHATHS pPEHIeHHH. JTO MO3BOIHUT YBENIWYUTH BEC aBTOMATH3MPOBAHHBIX
CHCTEM HPHHSTHS PEIICHUH IS aHalIM3a COLMAIBHOI0 KJIMMaTa O0IeCTBa.

KiaoueBble ca0Ba: MOIEIb CONUAILHOTO MPOGUIIs; HHYOPMALMOHHBIE CHCTEMBI IPUHSTHUS pEIICHUH; Teopus rpados;
TexHonoruu Big Data; conuanbHbIi TOPTPET COLUATBHON TPYIIIIHL.
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CTOXACTHYHA MOJIEJIb ®YHKIIOHAJIBHOI IIOBEIITHKH
OXOPOHHOI CUCTEMH OB’€EKTA KPUTUYHOI IHOPACTPYKTYPH

AHoTanisi. AkTyanbHicTe. O0’€KTH KpUTHYHOI 1HPPACTPYKTYpPH HMOTPEOYIOTh HaIiHHOI OXOpOHH. J[0 OXOPOHHHX CHCTEM
TaKuxX O00’€KTIB BHCYBA€ThCS DS Criel(piyHMX BUMOr. BHKOHAHHS 9YacTHMHM LMX BHMOI MOXe 3a0e3nedyBaTH KOMILIEKC
OXOPOHHOI CHTHAJI3alil, B SKOMY BHKOPHCTOBYIOTHCSI CHUTHAJI3aliiHI CHCTEMH i3 CEHCMIYHUMH JaTdvkaMH. J{pyry dacTuHy
BUMOI' MOXC BHUKOHATH OC3IUIOTHUI aBialliiHUi KOMIUIEKC. TOMYy MpakThYHA JOIUIBHICTh OAuHThCS B TIOEMHAHHI IUX JIBOX
KOMIUIEKCIB B OZIHY OXOPOHHY CHCTEMY 3 TphOMa 30HaMH KOHTpoio. [lepmry (manbHIO) Ta apyry (OMVDKHIO) 30HH KOHTPOJIIO
00CITyroBye KOMIUTEKC OXOPOHHOI cHrHasTi3amiil. TpeTst 30Ha KOHTPOITIO (30Ha CYMPOBO/Y MOPYIIHHUKA) TIPU3HAYAETHCS HA OCHOBI
JIAaHMX BIJI KOMIUIEKCA OXOpPOHHOI CHIHATi3amii Mpo THI TOpPYIIHHMKA, HOro MIBHAKICTE Ta HANpsSMOK pyXy. besmimorHmit
aBialliifHNil KOMIUIEKC 3aCTOCOBYIOTH IO BUKOHAHHS 3aBIaHHS OXOPOHHOI CHCTEMH B 30HI CYIPOBOMY ITOPYIIHHKA TT0 KOMaHIi
Bi/I KOMIUIEKCY OXOpOHHOI curHajmizamii. [l peaizamii Takoi OXOpPOHHOI CHCTeMH Tpeba 3HaTH BiJMIOBiAI Ha /iBa MHUTAHHS.
[eprme, sike 3HaueHHS MOKAa3HWKA e(pEeKTHMBHOCTI OXOPOHHOI CHCTEMH 3a0e3MeYHTh IMOETHAHHS ICHYIOUMX KOMIUIEKCIB 3 I1X
TIOKa3HUKaMH (DYHKITIOHAJIBHOCTI. | pyre, SIKNMM MaroTh OYTH BUMOTH JI0 TIOKa3HHUKIB (DyHKITiOHAIBHOCTI X KOMIUTEKCIB, 00
OXOpOHHA cHcTeMa 3abe3redyBajia HeoOXiJHe 3HaUeHHS ITOKa3HIKa e()eKTHBHOCTI. VeTa HOCiKeHHsI — TTOKa3aTH MOTEHIIHHEe
3HAYCHHS TIOKa3HHUKa e()EKTUBHOCTI OXOPOHHOI CHCTeMH, chOpMOBAHOI 3 ICHYIOUMX KOMIUIEKCIB, @ TAKOX OLIHHTH MOXJIABOCTI
migsumieHHs i edexruBHOCcTi. Metoa. JloCATHYTH TOCTaBiIeHOI METH Ja€ 3MOrY CTOXacTMYHA MOJieib (DYHKIIOHAIBHOL
TIOBEJIIHKH, SIKa Ma€ BiITBOPIOBATH BCl BapiaHTH PeaKIlii CKIIaJIOBIX OXOPOHHOI CHCTEMH Ha MEPETHH HOPYIITHUKAMU TPHOX 30H
koHTpoIo. Pe3yabTaTn. OCHOBHUM pe3ysIbTaToOM € JIMCKPETHO-HellepepBHa CTOXaCTHYHA MOZENb (PYHKIIOHATBEHOI TTOBEHIHKI
OXOpPOHHOI CHCTeMH 00’€KTa KPUTHYHOI iH(pacTpyKTypH y BUIIIAL cucteMu 76 mudepeHuianbHUX piBHAHb Konmvoroposa —
Yenvena. CryniHp aJeKBaTHOCTI CTOXACTHYHOI MOJIENI JIa€ 3MOTY, KpiM 3ajaui aHaiizy e(eKTHBHOCTI OXOPOHHOI CHCTEMH,
BUPILIYBATH 3aJa4y CHHTE3y ITOKa3HUKIB (DYHKILIOHAJIBHOCTI CKJIAJIOBUX KOMIUIEKCIB, SIKi IO€HAHI B OXOPOHHY CHCTEMY.
BucnoBku. [IpoBeseHi qociikeHHs TOKa3alH, MO JUIT 00 €KTiB KPUTUYHOI iHYPacTpyKTypH CTBOPIOBATH OXOPOHHY CHCTEMY 3
ICHYFOUMX KOMIUIEKCIB OXOPOHHOI CHTHaTI3alii Ta Oe3MiOTHHX aBialliiHUX KOMIUIEKCIB HEIOLIPHO Yepes3 Te, IO BoHa Oyne
MaTH HEJOMyCTUMO HI3bKY edekTuBHiCTb. Ha OCHOBI pO3B’s3aHHs 3amavi CHHTE3y, HaJaHi 3HAYCHHS IIOKAa3HUKIB
(DYHKIIOHATIBHOCTI CKJIAZIOBUX KOXKHOI'O KOMIUIEKCY 30KpeMa, siki 3abe3reuaTh HeoOXiJHe 3HAUCHHS MOKa3HUKA e()eKTUBHOCTI
oxopoHHOI cucremu. CroxacTWyHa Mozenb (DYHKIIOHAJIBHOI MOBEIHKHA OXOPOHHOI CHCTEMH MOXE OyTM BHKOPHMCTaHa B

Ta (PyHKI[ OHATBHOI TTOBEIIHKH OXOPOHHOI CHCTEMH.

KawuoBi cioBa: croxacTuyHa Mojieib, €(EKTHUBHICTh CHUCTEMM; (DYHKIiOHAIbHA ITOBEHIHKA CHUCTEMH; CUTHAJi3amiiHa
cHCcTeMa 3 CeHCMIYHIM JIaTYMKOM; KOMIUIEKC OXOPOHHOI CUTHATi3awil; Ge3MiIOTHHI aBialliiHIil KOMILIEKC; OXOPOHHA CHCTEMA.

Pjet uay — HMOBIpHICTb BUSIBIICHHS HOPYILIHHUKA;

AoOpeBiaTypa

B3K — GiikHs 30Ha KOHTPOITIO;

BII — 6a30Ba nopmis;

BnAK — Ge3miioTHH aBialiiiHAN KOMILIEKC;

BrJIA — Ge3ninoTHuUil JTiTanbHUIL anapar;

3K — nanbHs 30Ha KOHTPOJIIO;

30Ha CII — 30Ha CyIpOBOIKEHHS OPYILIHHKA;

KOC — xoMIuiekc 0XOpOHHOI CHUTHAi3aLLT;

OKI — 00’ €KT KpUTHYHOT iHPPACTPYKTYPH;

OC — 0XOpOHHA CHUCTEMA;

IIIT — myHKT AUCTAHIIHOrO MiIIOTYBAHHS;

CIIBI — cucrema npuiiManHst i BioOpaskeHHs iHpopMaril;
CCC]J] — curHamizariiiHa CHCTEMa i3 CCHCMIYHUM JaTIHKOM;
OPIIT — dpopmyna po3paxyHKy iIHTEHCHBHOCTI IEPEXO/y.

Homenkuarypa

Rex — moxasHuK edekTuBHOCTI «}VIMOBipHICTH TOTrO, IO

3apganHasg OC BUKOHAHOY,
P,c — moxasmuk edexTuBHOCTI «MMOBipHiCT 0OMaHy

kopuctyBada OCy;

Rexp — MOKasHUK epexTHBHOCTI «/IMOBIpHICTB TOrO, IO
3aBaaHHs OC BUKOHAHO YaCTKOBOY,
R nex — MokasHUK edeKTHBHOCTI «MIMOBIpHICTH TOrO, ILO

3aBaaHHg OC He BUKOHAHOY;

Pyet ugs — HMOBIpHICTB BUSIBIICHHS MOPYIIHUKA

curHamizamiino cucremor KOC;

Ry uGgs — AMOBIPHICTh NPABUILHOIO PO3Mi3HABAHHS TUILY

MOPYIIHUKA CUTHATI3AIIHOI0 CHCTEMOI0 KOMILICK-
ca OXOPOHHOI CHI'Hai3allii;

Piuss —  /MOBIpHICT  YCHIIIHOTO  JIOCTaBJICHHA
NoBiToMIIeHHs 1ipo nopyiuHuka Ha CIIBI;
Taet1 (Taet2) CepesHE 3HAUYCHHS IHTEpBaly 4dacy BiX

MomeHTty nosBu nopymHuka B /13K (8 B3K)
JO MOMEHTY 3aBeplleHHS (hOpMyBaHHS
CHUTHAJy JUIsl NIPOLEAYPU PO3Mi3HaBaHHS HOro
THILY,

R4uay — IMOBIpHICT IPAaBHIBHOTO PpO3IMi3HABAHHS THUILY

OPYIIHUKA;
Piesuay  —  HMOBIpHICTB

HOPYIIHUKA,
Pycuay — HMOBIpHICTh BU3HAYEHHS KOOPIMHAT MOPYLIHHMKA

MpaBHJIbHOI  iZeHTHdiKaLil

3 HEOOX1JHOK TOYHICTIO;
Py uay — FIMOBIpHICTH YCIIIHOrO JAOCTaBIeHHS iH(OpMari

npo mopytuauka Big ITIT 1o cayx6u oxoponun OKI;
tiy — TpPUBANiCTH MPOLETYPH PO3Mi3HABAHHS TUITY TOPYIIHHKA;
Tdet3 — CEpEIHE 3HAYEHHS IHTEPBAILy Yacy BiJl MOMEHTY IOSIBU

nopymmHuKa B 30H1 CIT 10 MOMeHTY HOT0 BHSBIICHHS,
tges — TPMBAIICTh MPOLIEAYPH IEHTH(IKALT MOPYIIHHUKA;
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tyc — TPUBAICTh NpPOLEAYPH BH3HAYEHHS KOOPIAMHAT
TIOPYIIHAKA,;
ty — TPHMBaJiCTh IPOLEAYPH JOCTABIECHHS TOBiJIOMIEHHS NPO

NOpYyIIHUKaA 10 CHy)K6I/I OXOpOHH.
Beryn

B ymoBax choronieHHs 3aXHUCT 00’€KTIB KPUTHIHOI
inppactpykrypu  (OKI) Bim TEpoOpHUCTHYHHMX Ta
KpUMIHAIPHUX aTaKk CTa€ BCe OUIBII aKTyaJbHUM.
[MpoBinHi (axiBui KpaiH CBITY PO3IIISIAIOTE MOXKIHUBICT
BiIMOBM Yy  HalOmmK4oMy  MaiOyTHOMY  Bif
TpaJMIIHHUX TEXHIYHHX 3ac00iB OXOPOHHM Ha KOPHCTH
pPOOOTH30BAHUX KOMILIEKCIB HA3EMHOTO Ta MOBITPSHOTO
0a3zyBaHHs. Benuke pi3HOMaHITTSl TAKUX KOMILIEKCIB, 1110
Oymu po3poOJicHI B OCTAHHI JECATHIITTA, A€ 3MOry
cTBOpIoBaTH 0XopoHHi cucteMu it OKI 3 ypaxyBaHHAM
0COOJMBOCTEH Ta YMOB BUKOHAHHS HUMHU 3aBJaHb [1-3].

B crarmix noBeneHa HEOOXiOHICTH Ta JOLUIBHICTH
ocHameHHs cimyx0n  oxoponun OKI kommiekcamu
oxoponHoi curHamzanii (KOC) [4-6] Ta Oe3mijoTHUMHU
apiamiitaumu komruiekcamu (BiAK) [7-9]. Omnak, kpim
YUCCIIBHUX CYTTEBUX II€pEBAr’ 3a3HAYCHUX KOMHHCKCiB,
ICHYIOTh TI€BHI OOMEXEHHS MO0 iX 3aCTOCYBaHHSI.
Hanpuknan, 3actocyBanus Tinmbkn KOC ocHarieHHX
CUTHAMI3AIIHHUMK ~ CHCTeMaMH 3 CEHCMIYHUMH
JaTINKaMU OOMEXKYETHCSI HEIOCTATHBOIO JIOCTOBIPHICTIO
BIJIOMUX METOMIB pO3Mi3HABAHHS THIY IOPYIIHUKA.
VIMOBIpHICTh BU3HAYEHHS THITy MOPYIIHHKA [UIS TAKHX
meroxiB He mepesuirye 0,85 [10]. Kpim toro, taki KOC
He 3a0e3MeYyloTh OTPUMAHHSA KOOPIMHAT MOPYIIHHKA B
Macmtabl pealbHOro 4Yacy (KpiM THX BHIIaJKIB, KOJIU
CTBOPIOETHCSl PO3TANIy’)KEHa Mepeka CHUTHAI3AIIHHIX
cucreM). 3acrocyBanHs Tisibku biAK Bupitye 3a3naueHi
npobnemu. Opnak, 3actocyBaHHs bnAK yckiagneHo
HEHAIIHHICTIO MOro CKJIAJOBHX, a caMe Oe3IUIOTHHX
mitanbHUX amapaTiB (Oumeime 50% 3araJpHHX BTpar),
OOMEXEHHM pecypcoM Ta HEOOXIJHICTIO TPHUBAIIOTO
nenpyBaHHsT 3HIMKIB MiCIIEBOCTI (0COOIMBO y pasi
KOJI O0’€KT, 1110 OXOPOHSIETHCS, 3HAYHUI 32 pO3MipaMu
abo posHecenwit Ha MicmeBocti). Tomy  crimbHe
3acrocyBanHss KOC ta BnAK y enuHiii oxopoHHIiN
cuctemi (OC) MOXe maTH CHHEPTeTHYHHHA e(dekT
T BUIICHHAS 11 €()eKTHBHOCTI.

1. ®opmyaoBaHHS MPOOIEeMH
Ta aHaJi3 JiTepaTypu

Hoemnannss y OC icuyrounx BnAK ta KOC
YCKIagHEHE BiJCYTHICTIO iX KOMIUIEKCYBaHHSA Ha
TEeXHIYHOMY Ta 1H(OPMAIIIHOMY PIBHSX, CYTTEBUMH
BiIMIHHOCTSMA B TIPUHIMIAX 3aCTOCYBaHHSI Ta
oOciyropyBaHHs, iHmMHWX. Bigomo, MmO 3a3HadYeHi
poOJIeMu IpUTaMaHHi Ul BCIX CKIATHUX CHCTEM Ta iX
BHPIIIEHHS 3IiHCHIOEThCSA Ha €Talll CHCTEMOTEXHIYHOTO
TIPOEKTYBAHHS TEPCITeKTUBHOI crctemu [11-13].

Jns po3p’s3aHHS  3amavi  CHCTEMOTEXHIYHOTO
mpoekTyBaHHS OC BHUKOpPHCTa€EMO 3alpOIOHOBaHI B
crarti  [14] dYoTmpM TOKa3HWKH  e(PEKTHUBHOCTI:

HWMOBipHICTE Toro, mo 3aBgaHHi OC BHKOHAHO;
HWMOBipHICTE TOro, mo 3aBAaHHs OC BHKOHAHO
YacTKOBO; MMOBipHiCTH TOro, mo 3aBmaHHs OC He
BHKOHAHO; HMOBIpHICTh «oOMaHy kopucryBada» OC.

BuznaueHHs1 3HaUCHb IMX MMOKA3HUKIB MOXKIIMBE JIBOMA
IUIXaMH: TP —  TPOBEAEHHS  HATYypHOTO
eKCIIEPUMEHTY, JPYTMil — TIPOBEIEHHS HAayKOBOT'O
EKCTIEPUMEHTY 3 BUKOPUCTAHHSM CTOXaCTHYHOI MOJENi
[11].

Sx BkazaHo B MoHorpadii [12] psm cyrreBuX
mepeBar Mae JApYrHd HUIIX OTPUMaHHS ITOKa3HHKIB
epektuBHOCTI.  OCKUIBKM ~ CTOXacTMYHa  MOJENb
NpeiCTaBisie  co0OI0  CHCTEMY  IU(EepeHIaTbHIX
PiBHSIHB, TO 3 X JIONOMOrOK MOXKHA JUI KOXKHOTO
BapiaHTy yYMOB 1 JUI1 3aJlaHUX 3HAYEHb IOKA3HHUKIB
¢ynkuionanpHocTi  ckimagoBux  OC  oOpaxoByBaTH
3Ha4YEeHHS MOKa3HHKIB i1 e)eKTUBHOCTI.

Hdus  peamizaiii HayKoOBOTO €KCHEPHMEHTY 3
BUKOPHUCTaHHSIM  CTOXacTHYHOI ~ Mozeni  00’ekTa
JIOCITi JPKEHHSI JUTSt BU3HAUCHHS MOKA3HHUKIB
edexkruBHocTi OC icHye TexHoNOrisi 11 po3poOiIeHHs,
sKa 3a0e3reyye BHCOKHI CTYMiHb ajnekBaTHocTi [14].
3ayBaxxuMo, 110 00 €KTOM JOCIIDKCHHS € BCl MOXKJIMBI
Bapiantu peakuii OC Ha NepeTuH MOPYIIHUKAMH 30H
KOHTPOJIIO.

ToMmy MeTor0 cTaTTi € po3pOOICHHS CTOXaCTUYHOT
Mozeni  (PyHKLIOHANBHOI  TMOBEMIHKM  OXOpPOHHOI
CHCTeMHU 00’ €KTY KPUTHYHOI 1H(PACTPYKTYpH, sIKa IS
BUKOHAHHS TOCTaBJICHUX 3aBJaHb (YHKI[IOHAIBHO
MOETHYE KOMIUIEKC OXOpPOHHOI — CHTrHami3amii  Ta
0Oe3MUIOTHUI aBlaliiiHuil KOMIUIEKC, MOJENIb ITOBHHHA
OyTM 37aTHOK BiJTBOPIOBAaTH peakiii CKIaJ0BUX
OXOPOHHOI CHCTEeMH Ha IEPeTUH MOPYIIHHKaMH TPhOX
30H KOHTPOJIO.

2. EBpUCTHYHU CHUHTE3
CTPYKTYPHO-(PYHKIIOHAJIBLHOI cXeMH
NnepcrneKTUBHOI 0XOPOHHOI CHCTEMHU

s mpoextyBanHs OC posrissHeMo ii K CKIIaIHy
cucremy [12], ToOTO, SIK CyKyIMHICTh KOMIUIEKCIB, IO €
CKIIaJIOBHMHU CHCTEMH, sIKa MPH3HAYeHA 111 BUKOHAHHS
3aBgaHb 3 oxopoHun OKI Big TepopucTHUHHX Ta
KpUMIHAJIBHUX aTtak. binbinocti 3aBnane 3 oxoponu OKI
NpUTaMaHHI JiBa eTanmu iX BHKOHaHHA. Ha mepmiomy
eTami, 3JIHCHIOEThCS BUSBICHHSA Ta PO3MI3HABAHHSI
MOpPYIIHMKA HAa JaJbHIX MiJACTYNaxX 13 BU3HAYECHHSM
HaTpsIMKY Horo pyxy. Ha npyromy erarmi, BU3Ha4arOTbCs
KOOPJHMHATH TIOPYLIHHUKA JUIs 3a0€3eUeHHS TOJaIbIINX
3ax0fiB i3 3amobiraHHA MOTPAIUIIHHS IOPYIIHUKA [0
OKI. Jlns BUKOHAHHS IMX €TaIiB THITOBOTO 3aBJaHHS 3
OXOpOHH, TEXHIUHI 3aCO0M OXOpPOHH, SIKi BXOIATH IO
cwrany OC, TOBHHHI yTBOPUTH TPH 30HU KOHTPOIIO
(BK). 3aBmaHHSAM  CHUTHAM3aMIMHUX  CHCTEM i3
ceficmiuammu mataukamu (CCCJI), o BXOOATh B CKIIaL
KOC, BcranoBnenux B nanpHii 308 KoHTpoo ([3K), €
3aBYacHe BHSBJICHHS MOpYIIHKKA, M0 nepernHae 3K, Ta
BU3HaUeHHs Horo Tumy. CuHrHami3amiiHI CHCTEMH B
ommwkHiM 30HI KoHTpomo (B3K) BcTaHOBMIOIOTHCS Ha
NUIAXy IMOBIPHOTO BHCYBaHHS TOPYIITHWKA, HA TaKid
BizcTani Bix JI3K, sika 103BOIISIE 3 TOCTATHHOIO TOUHICTIO
BU3HAYHUTH HANPSAMOK Ta MIBUJIKICTb HOTO PyXYy.

Hampsimok  pyxy, KiIBKICTh Ta THI TOPYIIHHKIB
BU3HAYEHI 3a MOBIIOMJICHHSAMH, OTPUMAHUMH CHCTEMOIO
npuitManHs 1 BimoOpaskenHs iHdopmamii (CIIBI), Big
curHamizamiianx cucteM BctaHoBieHHX B JISK i B3K
JIAf0Th 3MOTY pO3paxyBaTH PO3MIIIEHHS TPEThOi 30HU
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KOHTpoio. B miii  30Hi Oyme  3ailicHroBaTHCS
CYMPOBO/IXKEHHSI TMOpYyIIHUKa 3a jgonomMoror BbnAK.
Tperst 30Ha KOHTPOIIO, Ky OyJeMO Ha3MBaTH 30HOIO
cynpoBomkeHHs mopymHuka (3oHa CII), me paiioH, B
SKOMY Yy TIeBHHH dYac IIPOTHO30BAHO II€pECyBaHHS
TIOpYIIHUKa BUsiBIeHOro 1 po3mizHanoro B JI3K ta B3K.
Edexrusnicts OC, B skiit moeqnani KOC ta BiAK,
3aJIEKUTh BiJ] 3HAYCHb MOKA3HUKIB (DYHKIIOHAJBHOCTI 1X
CKJIaoBUX. Hampukian, UIs CUTHATI3AMidHUX CHCTEM
KOC takumy moka3HHKaMH € iIMOBIpHICTh BUSIBJIICHHS Ta
MPaBWJIBHOTO  pO3ITi3HABaHHSA  TUIy  IOPYIIHHKA,
IMOBIPHICTh JIOCTAaBJISIHHS TOBIJJOMJICHHSI TIPO HBOTO JI0
CIIBI Ta cepenHi 3Ha4eHHs IHTEPBAIIB Yacy BiJ MOSBH
MOpYIIHUKA B 30HI KOHTPOJIO JI0O  3aKiHYEHHS
(OopMyBaHHS CUTHAITY VISl TIPOLIEAYPH PO3ITI3HABAHHSL.
Ho ckmany KOC, crpykTtypHa cxema SIKOrO
TpezicTaBiieHa B crarTi [15], BXoaTh: cuctemMa NpHHAHSTTS
Ta BifoOpakeHHs iH(poOpMAIli Ta JBI CHUTHATI3AIINHHI
CHCTEMH 13 CECMIYHMMHM JIaTYMKaMH, SKi PO3TallOBYIOThH

Bbawxas 3oua kourpoinro KOC

B 30Hax KoHTpow. [o cknagy koxHoi CCCJl BXOISTS:
CEHCMIYHMH [1aT4MK, TIPUCTPIH PpO3Mi3HABAHHSA THUILY
MOpYIIHUKAa Ta pamionepenaBad. o ckiany BnAK,
CTPYKTYpHA CXeMa SKOro MpeicTaBieHa B cratti [16],
BXxomsaTh BrJIA Ta IMyHKT AMCTAaHIIMHOrO MiJIOTYyBaHHS
(TIALD).

OO’ekT  JOCHIPKEHHS, TOOTO  (YHKI[IOHATBHY
noeninky OC y ckiagi KOC ta BnAK, mpeacraBumo
BepOaNbHOI0 MOJEIUTI0. Y BepOasbHIi MozelNi oKa3aHa
TIOCJIiIOBHICTh BUKOHAHHS TIporieyp ckiagoBuMu OC.

3. BepbaabHa Mozeb QPyHKIIOHAIBHOT

NMOBeJIHKH NMepCcneKTUBHOI 0XOPOHH 01
cuctemu y ckiani KOC ra bnAK

PosrastHemo moknanHo mporeaypu (puc. 1), ski

dopmyroth peakirii OC Ha TEPETHH MOPYITHHKOM 30H
KOHTPOITIO.

TOpyIIHUK  Jlansus 302 kouTpoo KOC

Mpoueaypn OC

Iponenypa 1 mna 3K
[ponenypa 2 ans 3K
[ponenypa 3 g JI3K
[ponenypa 4 nnsa b3K
Iponenypa 5 ansa b3K
[ponenypa 6 xnsg b3K
[ponemypa 7 mist KOC
Iponenypa 8 mns buAK
[ponenypa 9 xns BuAK  |--+--
[ponemypa 10 qs bniAK
[ponemypa 11 qms bniAK
[ponenypa 12 mna OC

30Ha CyNnpOBOIKEHHS

nopymHuka bnAK
_____ " OO0’ exT
Fl | . I\ KPUTUYHOI
\ I 0 ' | .
~ | ¥ _ - iHdpacTpyKTypH

CIIBI
KOC

TIITT
BbnAK

- TpUBanicTb CNOCTEPEXEHHSI

0

Puc. 1. Ipouec, mio Bianosigae peakuii OC Ha mepeTHH NOPYIUIHUKOM TPhOX 30H KOHTPOJIIO
(Fig. 1. The process that corresponds to reaction of the security system to intersection of the violator of the three control zones)

VY BepxwHiii wactuHi puc. 1 mpencraBieHa cxema
TIOCITIIOBHOTO TNEPETHHY MOPYLIIHUKOM 30H KOHTPOJIIO
mig gac oro pyxy B Hampsamky OKI. Ha imoBipHOMY
HamnpsSIMKY pyXy IOpPYIIHWKA BCTAHOBJCHI ABI 30HH
KOHTPOJIO 1 ITOKAa3aHO BHW3HAYCHE DPO3MIIICHHS 30HH
CIL. Ilimgyac mepeTWHy MOPYIIHUKOM 30H KOHTPOIO
TIOCTIIOBHO BHKOHYIOTBCSI OIMCAHI HIDKYE TPOIETyPH,
CIIBI npuiimae moigomiuenss cdopmosani B CCCl,
na [IIJII mpuiimaetses iHopMmamis Big cHcTeM
criocTepexeHHA 1 mepenaBaHHs iH(Gopmanii BriJIA. ¥V
HIDKHIH yacTuHI puc. 1 moka3aHuii MOPsIIOK BUKOHAHHS
MpoLeAyp  3TiAHO  aNropuTMy  (PYHKIIOHYBAaHHS

3anporonoBanoi OC, siki BimoOpaxaroTh hopMyBaHHS 11
peaxuii Ha TEpeTHH MOPYIIHUKOM 30H KOHTPONIO. 3
puc. 1 BuaHO, IO peakiiss OXOPOHHOI CHCTEMH Ha
MEpeTHH TOPYITHAUKAMH 30H KOHTPOIO BiJIOBigae
JMCKPETHO-HEIIEPEPBHOMY ~ BHIIAIKOBOMY  IIPOLECY.
PosrnssHeMO ~ 0cOONMBOCTI  BHKOHAHHS — IPOLEAYD
TpeACTaBIeHNX Ha puc. 1.

Ilpoyeoypu 1 ma 4. BUABISHHS MOPYIIHUKIB, IO
MepeTUHAIOTh  30HY  KOHTPOJS,  CHUTHAali3aliiHO0
cucremoro KOC.

[opymHuk wMoxe OyTn BusABIEHHMH abo He
BusBnernii CCCJ. Ilpm mpomy CCCJl TexHIUHO
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crpaBHa 1 TOTOBa A0 POOOTH. JIOCKOHATICTh POLETypH
XapaKTePHU3yEThCS TOKA3HHMKOM (DYHKI[IOHANBHOCTI —
«MIMOBipHICTh ~ BHSIBIGHHS  IOPYIIHAKA B  30HI
KOHTPOIIO». VI0ro 3HAYEHHS 3aleXUTh Bil: BijCTaHi Ha
SIKIH TOPYIIHUK HPOXOAWTH BiJ MICISI pO3TaIlyBaHHS
CCC/l; BHKOpPHCTaHHS TIOPYIIHHKOM  CIICIiaJIbHOI'O
o0lafiHaHHS, IO YCKIJIAJHIOE HOTO BHSBICHHS; THITY
rpyaty, B skuii BcranoBiena CCCJl. Tpusamicts
BHKOHAHHS ITPOLIEAYPH BU3HAYAETHCS 3 MOMEHTY TOSIBH
MOPYIIHAKA B 30HI KOHTPOJIO Ta 3aBEPIIYETHCS
repeauero CHrHANY JUIS TIPOLEAYpU pO3Mi3HaBaHHS
TuIty nopyurauka. CKiaJoBUMH TPUBAJIOCTI MPOLELypH
€ IHTepBaJ Yacy BiJl MOMEHTY IOSIBU HOPYLIHHUKA B 30Hi
KOHTPOJIIO JIO MOMEHTY Horo dikcarii ceficMiuHUM
JaTYNKOM Ta TPUBAIOCTI TNEPETBOPEHHS CEHCMIYHOro
CHTHAJY B €IEKTPUYHHH.

Ilpouyedypu 2 ma 5. Po3mi3HaBaHHA TUIY
MOPYIIHHUKIB BHSIBICHHX CHTHATI3alifHOI CHCTEMOIO
KOC B 30HiI KOHTPOJTIO.

B pesynbrari BUKOHaHHSI 3a3Ha4€HOI MPOLENypH
TUII TIOPYUIHUKA MOXe OyTH pO3Ii3HAHWH NpPaBUIBLHO
ab0 He mpaBwiIbHO. JlOCKOHANICTh  MpOLEAYpH
XapaKTepPU3yeETbCsl TOKA3HUKOM (DYHKIIOHAIBHOCTI —
«MIMOBIpHICTh  TIPAaBUIBHOTO  PO3I3HABAHHS  THITY
MOpyIIHEKaY). MOro 3HAuYeHHS 3aIeXHTh BiJ 0AaraThox
YMHHMKIB, B IIepIIy 4epry BiJ 0OpaHOro MeTomxy
pO3TMi3HABAHHS.

PesynpTaT = BU3HAYEHHSA  THUIY  IOpYIIHHKA
nepenaerbest y nosimomiienHi Big CCCJ] mo CIIBI 3a
JOTIOMOT 010 pajioliepeaBaya.

Ilpoyedypu 3 ma 6. JloctaBisiHHS TIOBIIOMJICHb 3
iHpopmaiiero npo Tun mnopymHukiB Bix CCCJI
BCTaHOBJICHUX B 30HI KoHTpoIto 1o CIIBI.

Bin mnepemaBaua koxuoi CCCJl mnoBimoMieHHs
PO THII OpYILIHKUKA MOXKe OyTH nocrasieHo no CIIBI 3
MEBHOK  HMOBIpHICTIO.  J[OCKOHANICTh  Tpolenypu
XapaKTepu3yeThcsi  TOKAa3HMKOM —  «lIMOBipHicTb
YCHIIIHOTO  JOCTaBJICHHS TTOBiJOMJICHHS npo
nopymHuka 1o CIIBI». HemocraBisiHHS MOBIIOMIICHHS
mpo mopymHHKa 1o CIIBI moxe Oyru crpuduHEHO
YMOBaMH  TOIIUPEHHS  PaliOXBHIb,  HASIBHICTIO
panio3aBajl MpUPOJHOro 200 TEXHOTEHHOI'O XapaKTepy.

Ilpouedypa 7. Nlpuitmannas pimenas CIIBI mpo
TUN TIOPYITHUKIB Ta Bu3HadeHHA 30H CII Ha ocHOBi
noBigomisieds cpopmoBanux CCCJIl B KoxHiil 30HI
KOHTPOJIO Ta MOCTABISHHA MOBIIOMJICHHS 3 II€IO

indopmartieto go ITJIT.

Iopsimok BHUKOHAHHS CbOMOI MIpOLEAYpHU
peanizoBaHO B METOIi MPUIHATTS PillleHb, OMHCAHOTO B
crarri [15].

IlIpoyedypa 8. BusBisHHS MOPYUIHUKIB, IO
nepernHaoTe 30HY CII, Ha WyHKTI OUCTaHIIHOTO
minoryBanas BmAK. s mpomexypa Bkimowae B cebe
30upanns iHGopmamii mpo 30HY CII cucremoro
crioctepexxeHHs brnJIA, mepemaBanns ii po IIIAIT st
aHaJi3y Ta BUABJICHHS MOPYIIHHKA.

B pesynprati BukoHaHHA i€l npouexaypu Ha [1/IIT
MIPUIMAETHCS PILIEHHS TPO HAsBHICTH IMOPYIIHWKA B
3oi CII 3a iHdopmamiero 3 BrmJIA. JlockoHamiCTh
TIPOLIEAYPH XapaKTePU3Y€EThCS TTOKa3HUKOM
¢yHKIIOHATBHOCTI po3MimeHnx Ha brJIA  cucrem
CIIOCTEPEXKEHHA Ta mepegaBaHHS  iHpopmamii i

poamimieHoi Ha [1/]I1 cucremu BUSIBIISTHHS TTOPYIITHUKA —
«MMoBipHicTs BusBIEHHS mopymHHKa BHAK». Horo
3Ha4YEHHS 3aJIeXHUTh BiJ. po3MipiB 300U CII; ckimamy Ta
MOJKJIMBOCTEH cucTeM crocTtepeskeHHs brJIA, a Taxox
MeToy 00pobieHHs npuitHsToi iHpopmarii B TT/II1.

Ilpoyedypa 9. Po3nizHaBaHHS THUITY MTOPYIIHHKIB,
BusBiacHnX B 30HI CII, Ha TyHKTI JUCTaHIIHHOTO
nioryBanus briAK.

B pesynpTaTi BUKOHaHHS 3a3HaueHOi MPOLETYpH,
o iH(opMaIlii OTpUMaHOl BiJl CHCTEMH CIIOCTEPEIKCHHS
BrJIA, Tun mopymHHKa MOXKe OYyTH pO3Mi3HaHWM

npaBwibHO ab0 He TpaBWIbHO.  J{OCKOHAIICTP
IpOLEeAYPH XapaKTepHU3yeThCs TTOKa3HUKOM
¢yHkioHagbHOCTI — «VIMOBIpHICTH pO3Mi3HABaHHS

Tuny nopymnnka BrnAK». Moro 3mauenHs 3anexuth
BiJl MOXKJIMBOCTEH 0OpaHOro MeTomy po3mizHaBaHHs. L[i
MOXIIMBOCTi, B CBOIO 4epry, 3aJie)KaTh BiJl SIKOCTI
cucTeMu croctepexxeHHs: briJIA, Bijx BUKOpUCTaHHS
MOPYIIHUKOM  3aco0iB, M0 YCKJIAJHIOIOTH  HOro
po3Mi3HaBaHHs, BiJl MOrOJHMX YMOB Ta iHImKX. Ha
3aBepieHHs niel npouenypu Ha [T miaTBepmKyeThes
abo0 He MiITBEePIDKYETHCS MPABWIBHICTD PO3MI3HABAHHS
TUITY TIOPYIIHMKA BUSBIEHOTO B 30HAX, SIKI KOHTPOIIOE
KOC.

Ilpoyedypa 10. Inentudikailiss NOPYUIHHKIB,
Busieiennx B 30HI CII, Ha MyHKTI IUCTaHIIHHOrO
ninoryBaHHs biAK.

B pesynbTaTi BUKOHaHHSI 3a3Ha4€HOI MPOLENYpH
Ha [IAI1 orpumyerbcs iHdoOpMamiss mpo craH
MOpPYIIHKMKA, HOro MNpPUHAJEXKHICTh  (CBIH-4yXHH),
IHIIUX XapaKTePUCTUK Ta MOPYIIHUKA BIIHOCSITH [0
neBHoi  kareropii 3arposu  OKI.  JlockoHaiicTb
HPOLEAYPH XapaKTePU3YETHCS HOKa3HUKOM
dyskmionansrocti  —  «VIMOBipHiCTE  TIPaBHITBHOI
inenTdikanii mopymmuka». Horo 3HadeHHs 3an1eKHTH
BiJl MOXJIMBOCTEH oOpaHoro merony inentudikarii. Lli

MOXITMBOCTI B CBOIO 4Yepry 3ajexarb, BiJ SKOCTI
CHUTHay cHcTeMH croctepexenHs brJIA, Bix
BUKOPUCTAHHS MOPYIITHUKOM 3aco0iB, 110

YCKJIATHIOIOTh Horo ineHTudikaliro, Bijx oOMexeHHs Ha
Yyac BUKOHAHHSI MPOLIEAYPH Ta 1HIIHUX (HaKTOPIB.

IIpoyedypa 11. BusHauaHHS MOTOYHUX KOOPIMHAT
nopyImHuKiB, BusBileHnx B 30HI CII, Ha myHKTI
TUCTaHIHHOTO mioTyBaHHsI bnAK.

B pesymerari BuKOHaHHS mnpouexypu Ha II/I1
OTpUMYETHCS 1HQOpPMAIiA 32 SAKO BH3HAYAIOTHCS
NOTOYHI KOOPIMHATH IOPYIIHHKA Ta HapaMeTpH HOro
pyxy (HampsaMok pyxy mo BigHomeHHIO mo0 OKI Tta
MIBUAKICTB). JlockoHamiCTh poreypu
XapaKTEePU3YEThCS TOKa3HUKOM (DYHKIIIOHABHOCTI —
«IMOBIpHICTh BU3HAYEHHS KOOPJAMHAT MOPYIIHHKA 3
HEOOXiIHOK TOYHICTION. MOro 3HAYEHHS 3aJIEKHTh Bill
MOXJIMBOCTEH ~ OOpaHOr0  METOAy  BH3HAYCHHS
KoopauHat. L{i MOXIIMBOCTI, B CBOIO Yepry 3alieKaTh,
Big sKocTi HaBiramiiiHoi cuctemu bnJIA, Bifg
BHKOPHUCTAHHS TMOPYITHUKOM 3aC00iB pajlioeneKTpOHHOI
00poTEOM, M0 YCKIAOHIOITH BU3HAYEHHS HOTO
KOOpAWHAT.

Ilpoyeoypa 12. ]JlocTaBiSAHHS TIOBIIOMJICHb 3
iHpopmariieto mpo nopymaUKiB y 30H1 CII Big ITAIT mo
cryx6u oxoporn OKI mst mpoBeneHHS 3aTpUMaHHS
(3HEUIKO/KEHHST) TIOPYIIHUKIB.
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[lix wac CympoBOmKEHHS MOpPYIIHUKA i1H(OpMAITis
nipo Heoro Bix I1/I[1, 3 meBHOIO WMOBIpHICTIO, MOXE OyTH
noctaBieHa a0 crmyxou oxoporn OKI. JlockoHamicTh
TIpOLIEypH XapaKTepU3yEThCS TTOKa3HUKOM
dymkmionamsHocTi —  «MMoBipHicTs  ycmimmHoro
JIOCTABJICHHS 1H(OpMAIii MpO IMOpYIIHUKA A0 CIYXOH
oxopoHm». HemoctaBnsiHHA iH(pOpMaIli Npo MOpYITHHKA
Moxe OyTW  CIPUYMHEHO, HANpUKIaJ, YMOBaMH
TOIMPEHHSI  paJiOXBWiIb,  HAsBHICTIO  pajio3aBal
TIPHPOJHOr0 200 TEXHOr€HHOTO XapaKTepy.

4. O0rpyHTYBaHHSA NMOKA3HUKIB e)eKTUBHOCTI
OXOPOHHOI CHCTEMH Ta KOMIIOHYBAHHSI
AHATITMYHUX BUPA3IB /141 iX BU3HAYEHHS

B crartax [14, 15] moka3aHo, IO B SIKOCTI
TTOKA3HUKIB e(peKTUBHOCTI oC JIOILTEHO
BUKOPUCTOBYBAaTH «MMOBIpHICTb TOro, IO 3aBIAHHS
OC BuKOHaHO», «VIMOBipHiCTh 0OMaHy KOpHCTYBaua
OC», <<I71MOBipHiCTL Toro, 110 3aBaanHsa OC BHUKOHAHO
qacTkoBOY, «MMOBipHicTh Toro, mo 3ananns OC He
BUKOHAHO».

[Tin yac koMnoHyBaHHsI (GOPMYJ AJIsI BU3HAYCHHS
3Ha4eHb MOKA3HHWKIB e(EeKTUBHOCTI 3arpoIOHOBAHOI
OC HeoOXxigHO BpaxyBaTH BCi MOXJIMBI BapiaHTh ii
peakiii Ha MepeTuH IOPYINIHUKOM 30H KOHTpOJo. Sk
MoKa3aHo Ha puc. 1, peakiist OC Ma€ MmoYaToK B MOMEHT
NOSIBY TOPYIIHMKA B JANBHIH 30HI KOHTPONIO 1
3aBEpIIYEThCS B MOMEHT 3aKiHYeHHs Iporenypu 12,

Toenuii nepenix eapianmie cknadosux peaxyii KOC.

Peakuis Ay mnonmsrac B Tomy, mo CCCJ]
BcraHoBieHa B J[3K BusBMiIa MOpyIIHMKA, WOTO THI
pO3ITi3HAHUN TMPAaBWJIBHO Ta TMOBIIOMIICHHSI PO THI
nopymHuka gocrasieno no0 CIIBI. B 3amporonoBaHii
CTOXACTU4HIN MoIeNi Taka peakiis Oyae npejcraBiieHa
MOAISIMU 3aKiHueHHs rpoueayp 1, 2 ta 3 mis JI3K.

Peakuis By, momsrac B Tomy, mo CCCJ]
BcraHoBieHa B J[3K BusiBuia mopymrHuka, ajne Horo THI
pO3Mi3HAHUN HE NPABUIBHO, MOBIJOMIICHHS MPO THII
nopymHuka jgocraBieHo po CIIBI. B croxacruuniii
MOJIeTI Taka peakilisi Oyme TNpelncTaBieHa IMOMIsMH
3akindeHHs npouenyp 1, 2 ta 3 ams A3K.

Peakuis Cy, mnomsrae B Tomy, mo CCCJ]
BcraHoBineHa B JI3K ©He BusaBwia mnopymrHuka. B
CTOXAaCTUYHIN MOJIENi Taka peakiis Oye mpeacTaBiIeHa
nofiero 3akinueHHs nporenypu 1 mms JI3K.

Taxi x peakuii Bmactusi mst CCC/l BctaHOBIIEHi I
B B3K. Jlngs HHX BHUKOPHCTAEMO  aHAJOTIYHI
no3HaueHHs: Ag, Bg, Cs.

OynkmionansHa noBeaiaka OC mpu po3TanryBaHHi
curHamizarnianx cucteM KOC B 1BOX 30HaX KOHTPOIIO
mepexbadae, IO pIIEHHS TMPO THII TOPYITHUKA
MPUAMAETBCSA TCHg OOpOOJIEHHS TIOBiIOMJICHB BiJ
curnamizamniianx cucrem 13K ta B3K 3a po3pobierrM
ABTOPAMH METOIOM TIPUAHATTS pimenns [15].

3apmanas KOC BBakaeThCs BHKOHAHHUM, SIKILO
MOPYIIHAK ~ BUSBJICHWH, HMOro THO  PO3Ii3HAHUA
MIPAaBIIIFHO B KOXKHIN 3 NBOX 30H KOHTpoiro, Ha [1JIIT
TepeaHo MoBigoMIIeHHs 3 koopauHatamu 30HU CII Ta
YacoM IMOYATKY IOLIYKY TOpYIIHHKA B Hid. SKIIO THI
nopymHrka Bu3HaueHnit B b3K Binpizuserscs Bix 3K,
T0 B Takomy Bumanky, Big CIIBI ma IIAIT mns
MIATBEP/PKEHHS TIepelatoThCsl OOUABA ITOBIIOMIICHHS.

Tlosnuii nepenix eapianmis peaxyii bnAK.

Peakniist Ac, momsarae B Tomy, mo BnAK Bussur
MOPYIIHKMKA, WOro THIl pPO3Mi3HAHWH TPaBUIBHO,
ineHTn(iKOBaHUM, KOOpJIUHATU BU3HAYCHI 3
HEeoOXiTHOIO TOYHICTIO. B croxactmuHiii Mozeni Taka
peakuiss Oyzme TpejacTaBieHa TONISIMH 3aKiHYCHHS
npouenyp 7, 8,9, 10 ta 11 mns 30uu CII.

Peaxuist Bc, momsrae B tomy, mo bnAK BusBuB
MOpYIIHMKA, HWOro THI PO3MI3HAHUHA  TPaBHIIBHO,
iIeHTH(IKOBaHUH, ane KOOpAWMHATH HE BU3HAYCHI 3
HEeoOXiZIHOI TO4YHICTIO. B croxacTwuHiii Mozneni Taka
peakiiss Oyae TpencTaBlieHa TIOMISIMH  3aKiHUCHHS
nporeayp 7-11.

Peakuisi C¢, monsarae B tomy, mo BbnAK BusBuB
MOpYIIHUKA, HOro THUN pO3Mi3HAHWH NpPaBWIBHO, HE
ineHTH(IKOBaHUH, ajle KOOpAMHATH BH3HA4YeHI 3
HEeoOXiZIHOK TO4YHICTIO. B croxacTwuHiii Mozneni Taka
peakiis Oyae TpencTaBlieHa TOMISIMH  3aKiHUCHHS
nporeayp 7-11.

Peakuisi D¢, nonsirae B tomy, mo BnAK BusiBuB
MOpYIIHMKA, HOro TUI PO3Mi3HAHWH MPaBIIBHO, ajie He
ineHTU(iKOBaHMHA Ta KOOPAWHATH HE BH3HAYeHI 3
HEOOXIAHOK TOYHICTIO. B croxacTWyHili Mozel Taka
peakuis Oyzme TpencrapieHa MOSIMH  3aKiHUEHHS
npouenyp 7-11.

Peakuisi Ec, nonsirac B Tomy, mo BnAK BusiBuB
MOPYIIHKKA, HOro THI PO3Mi3HAHUK HE MPaBUIbHO, aje
KOOPIMHATH BH3HAUCHI 3 HEOOXIOHOK TOYHICTIO. B
CTOXACTUYHIM Mogelni Taka peakiisi Oyze npezicraBieHa
MOJIisSIMU 3aKiHYeHHs npouenyp 7, 8,9, 10 ta 11.

Peakuisi F¢, nonsirae B Tomy, mo bnAK BusiBuB
MOPYIIHKKA, alle HOro TUI PO3ITi3HAHUI HE MPAaBUIBHO
Ta KOOPJUHATH HE BU3HAUCHI 3 HEOOXIJHOI TOYHICTIO.
B croxactmuniii Momeni Taka peakiuis Oyxe
MpeJCTaBlIeHa MOMIsIMH 3aKiHueHHs mpoueayp 7, 8, 9,
10Tall.

Peakuis Hc , nomsrae B Tomy, mo bnAK He
BUSIBMB TOpYIIHMKA. B croxactuuHiii monmeni Taka
peakiliss Oyzme TpeACTaBlIeHA TMOAIE€I0  3aKIHYCHHS
npouexypu 7.

3aBganHsg BmAK BBakaeTbCsi BHKOHAHHUM, SKIIIO
micnst orpumanns Ha [1/IIT moBinomnenns Bin KOC B
3oHi CIl mopymHuk Oyne BHSBICHHH, WHOro T
pO3Mi3HAHKI MPABHIBHO, MPABUILHO 1eHTH(IKOBAHHH,
KOOpPIMHATH BHW3HAYCHI 3 HEOOXITHOIO TOYHICTIO Ta
MOBIMOMJICHHS 3 1H(GOpPMAIEI0 TPO MOPYIIHHUKA
JocTaBieHo ciyx0i oxoporu OKI.

[IpwitmMaroun [0 yBarm ONHCaHi BHINE BapiaHTH
peakmii s koxkHOi ckiamoBoi OC, MOXUIIMBI Taki pe-
syaprat podotn OC B mimomy: 1) «3apmanms OC
BHKOHaHO»; 2) «O0Mman kopuctyBada OC»; 3) «3aBaanHs
OC BukoHano 4uactkoBo»; 4)«3aBmamusi OC He
BUKOHAHO.

Ha puc. 2 y c¢opmi rpada mpencraBieHo BCi
MOXKIIMBI BapiaHTH peakiii 3anporoHoBaHoi OC y ckiami
KOC ta BnAK Ha mepervH TOpPYIIHUKOM TpPHOX 30H
KOHTpOIto. 3a rpad)oM, TPEACTAaBICHAM Ha pHC. 2,
CKOMITOHOBaHI (OpPMynM Ui BHU3HAYCHHS 3HAYCHBb
MOKa3HHUKIB €(QEeKTHBHOCTI y BHINIANI CyM YMOBHHX
imoBipaocTel peaknii OC. I[Tokaznuk edexruBHOCcTI OC
«MmoBipHicTs TOro, mo 3aBaanHs OC BHKOHAHO» — Ii€
IMOBIpHiCTB TOTO, 10 ciryx6a oxoporn OKI orpumac Bif
ITAIT moBimoOMIEHHS NPO MPaBWIBHO PO3MI3HAHOTO Ta
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iIeHTU(]IKOBAaHOrO TMOpYIMIHMKA 1 HOro MOTOYHI
KOOPJIMHATH BU3HAYCHI 3 HEOOXITHOI TOYHICTIO, 3a
ymoBwH, mo B [T orpumano mosinomienHs Big CIIBI
PO TOpYHIHUKa Bif 000X 30H KoHTpoimo KOC. ILlei
MOKa3HUK OylIeMO TPEICTaBIATH CyMOIO YMOBHHX
anpiopHHUX MMOBIPHOCTEH:

Rex = Zi piAa 1)

ne piA — YMOBHa MOBipHiCTh BUKOHaHHA 3aBaaHHs OC
mpu i-My BapiaHTi ii peakuii, s skoi B 30Hi CII mae
OyTH mpejcTaBlieHa peakilis Ac, 3a ymow, 1o y JI3K ta
B3K Oynu taki Bapiantu peakuii KOC: Ay 1 A5 abo By i
AE abo Ag i BE abo Bg i BE.

Iepma ckmamosa ¢opmynu (1) — piA Ma€ Take

oborpynryBanHs: «3aBmanHs OC BHKOHAHO», KOJH

ciyx6a oxoporu OKI Bix IT/IIT orpuMae moBiqoMITeHHS
1

0OYaTKOBHH
CTaH

PO TPaBWIGHO PO3IMI3HAHOTO, iJEHTH(]IKOBAHOTO
MOPYIIHAKA Ta HOro KOOpAWHATaMHM, 10 BWU3HAYCHI 3
HeoOXiTHOI0 TOYHICTIO, 3a yMoBH, 1o B I1/II1 Bix CIIBI
OTpUMaHI TIOBIIOMJIEHHSI 3 TPaBWIBHO pO3Ii3HAHHM
TUIIOM TIOpYIIHMKa B 000X 30Hax koHTpomo KOC. 3
BUKOPHCTAHHSM 3a3HAUCHUX BHILE MMO3HAYEHb PEaKIlii
cmagoux OC mepmry cknanoBy ¢opmynn (1)
MPEICTABUMO YMOBHOIO IMOBIPHICTIO Y BHTJISI:

p* = P(Ac | Az Ag). @)

Pemra ymoBHEX iiMoBipHOCTE# mist popmynn (1)
HaBe/IeHO B Tabm. 1.

4 v3
B

2 Peaxuii KOC 1 1ansHb01 30HH

11 {79

Peaxuii KOC s 611KHBOT 30HH
KOHTPOJIS

{3}\

CYMPOBOJKEHHSI OPYIITHUKA|
75 73 71 70 17 15

Peaxuii BnAK myist 300

Puc. 2. Bci MOXJIIHBI BapiaHTH peakiii OXOPOHHOI CHCTEMH Ha IIEPETHH MOPYIIHUKOM TPhOX 30H KOHTPOJIO
(Fig. 2. All possible options for the response of the security system to the intersection of the violator of the three control zones)

Tabnuys 1 — CkiaanoBi noka3HUKIB eeKTHBHOCTI 0XOPOHHOI cucTeMH, 10 ckiaany sikoi Bxoasitb KOC ta BnAK

Ioxa3zuuku edexrusnocti OC
«MmoBipuicts Toro, | «MMoBipHicTh 06Many «@iMoBipHicTS TOro, 1o 3aBKAHHS «mosipuics Toro,
AR ropuetyBata OC», OC BHKOHAHO YaCTKOBO», R.ex.p 1o 3aBaHHa OC He BUKOHAHO», B oy
BHKOHAHO», R gy Ric
P(Ac | Ag,Ap), P(Ec | Ag,Ap), P(Bc | Az, As), P(CclAg Ag), P(Hc | Ag,Ag), P(Hc|Ag Bg), P(Hc By Ag),
P(Ac | Ag.Bg). P(Fc | Az, Ag), P(Dc | Ag,Ap), P(Bc|Az,Bs) P(Hc IBg,Bg). P(Ac|Ag,Cg), P(Bc|AyCp),
P(Ac |B Ag), P(Ec | Az.Bg), P(Cc | Ag.Bg). P(Dc| Ay Bg), P(Cc Az .Cr). P(Dc|AgCp). P(Ec|AyCp),
P(Ac |B7 Bp) P(Fc | Az,Bs), P(Bc IBy,A5), P(CcIByAz), | P(FelAzCr). P(HclAzCr). P(AcIBr Cp).
P(Ec |B,A5). P(Dc |B7,As). P(Bc 1B Bg), P(Bc |By,.Cs). P(CclBy,Cr), P(Dc|ByCp).
P(Fc |By. As). P(Cc |By7.Bg). P(Dc |By Bg) P(Ec1By.Cr). P(Fc By Cp). P(Hc By Cp),
P(Ec By Bg). P(Ac IC 7, Ag), P(Bc ICy,Ar), P(Cc|Cy Ag)
P(Fc 1By Bg) P(Dc IC7,Ap). P(Ec|Cy Ag), P(Fc|Cy Ag)
P(Hc IC,A5), P(Ac1C7,Bg), P(Bc|Cy Bp)
P(Cc ICy,Bp). P(Dc ICy Bg), P(Ec|Cy Bp),
P(Ec ICj7,Bg). P(HcICy Bg), P(AcICy Cp)
P(Bc1Cy.Cr). P(CcICyCh). P(Dc|CyCp)
P(Ec1CCh). P(Fc1Cy Cp). P(HcICy Cp)
3a aHANOTIYHIMHU MIPKyBaHHSAMH CKOMITOHOBaHi Puc =Zj ij’ 3)

(opMynH pO3paxyHKy IHIIMX TOKa3HMKIB e(EeKTHBHOCTI
OC. Ioka3znuk «/MoBipHicTE 00MaHy KoprcTyBada OC»:

23



Advanced Information Systems. 2021. Vol. 5, No. 1

ISSN 2522-9052

ae p? — YMOBHa HMOBIpHICTh «00OMaHy» KOpHCTyBaua

OC B j-my BapiaHTi 11 peakuii, 4715 sikoi B 30Hi CIT mMae
Oytu mpencraBieHa peakiis Ec abo Fc, 3a ymoBH, 1m0
y A3K Ta B3K 6ynu taki Bapiantu peakuii KOC: A1 A
a60 Bg iAE 360 Agi BE 360 Bg 1 BE .

Iepma cxmamoBa ¢opmynu (3) — plB Ma€ Take
oborpynryBanHs: «OOMaH kopuctyBaua OC», Komu
ciryx6a oxoporu OKI orpumae Bin IT/IIT noinomiteHHs
PO TOPYUTHHKA THII SKOTO PO3IMI3HAHWI HETPaBUIIEHO,
aJyie KOOPIWHATU BH3HAYCHI 3 HEOOXITHOK TOYHICTIO, 3a
ymoBwH, 1o B [T/II1 Bix CIIBI orpumani moBinoMIiIeHHS 3
HENPaBWIGHO PO3ITI3HAHUM THIIOM TOPYIIHHKA B 000X
300 koHTpomo KOC. Takuii Bapiant peakuii,
MIPE/ICTABUMO YMOBHOIO IMOBIPHICTIO Y BUTJISIII:

pt =P(Ec | By Bp). 4

Pemira ymoBHEX HiMoBipHOCTEH s hopmynu (3)
HaBeJIeHO B TalI. 1.

Ioxasuuk «MmMoBipricTs Toro, mo 3aBaanHs OC
BUKOHAHO YaCTKOBOY:

F)t.ex.p = Zk pkca ®)

ne pf — YMOBHa IMOBIpHICTh TOro, 1o 3aBaaHHs OC

BHKOHAHO YaCTKOBO B K-My BapiaHTi peaxiiii, JJIs sKOi B
3oni CII mae Oyt mpexcraBneHa peakuis Be abo Cc
a060 Dc, 3a ymoBuy, mo y JI3K ta B3K Gynu taki Bapiantu
peakuii KOC: A1 A5 a60 Byi Agabo A1 Bsabo ByiBg.
[epma ckmagoBa dopmymu (5) — plc Ma€ Take
obrpyntyBanHs: «3aBnanHs OC BHKOHAHO YacTKOBOY,
ko cnyx0a oxoponun OKI Big IIJAIl orpumae
MOBIZIOMJICHHSI PO IMPaBWJIBHO PO3II3HAHOTO  Ta
iIeHTU(IKOBAHOTO TMOPYIIHHMKA, ane MWOoro IOTO4HI
KOOpJIMHATH HE BH3HA4YEHI 3 HEOOXiTHOI TOYHICTIO, 3a
ymoBwH, 110 B [T/IIT Bix CIIBI orpumani moBitoMIIeHHS 3
NPaBWIBHO PO3MI3HAHUM THUIIOM IOPYIIHHKAa B 000X
3onax koHTpoino KOC. Takuit Bapiant peakuil,
MPE/ICTABUMO YMOBHOIO IMOBIPHICTIO y BUIJISII:

pr =P(Bc | Az Ag). (6)

Pemrra ymoBHEX iMOBipHOCTEH mnst dopmynu (5)
HaBeACHO B TaOI. 1.

TToka3zuux <<I71MOBipHiCTL Toro, 10 3aBganag OC
HE BUKOHAHO»:

Ronex =Zk pIDv ()

e p|D — YMOBHA IMOBIpHICTh HE BUKOHAHHS 3aBIaHHS
OC B |-my BapianTti ii peakmii, mis skoi Mae OyTH
mpecTaBieHa peakiis «IlopylmHUK He BUSABICHUN» B
onHi# a00 B IBOX a00 TPHOX 30HAX KOHTPOIIO.

[epma cxmamoBa opmymm (7) — plD Ma€e Take
obrpyaryBanHsa: «3aBmanHs OC He BHUKOHAHO», KOJH

ciykO6a oxoporn OKI Big IIAII He otpumae
TIOBIIOMJICHHS TIPO BUSIBJICHHS TopymrHuKa B 30H1 CI,
3a ymoBu, mo B I[IJIT Big CIIBI orpumani
MOBIZIOMJICHHSI 3 TPaBWJIFHO pPO3II3HAHAM  THUIIOM
nmopymmHnka B 000X 30H koHTpomo KOC. Taxkuit
BapiaHT peakllii, MpeacTaBuMO YMOBHOIO IMOBIpHICTIO Y
BUTJISI:

pC =P(Hc | Az Ag). ®)

Pemra ymoBHUX iMoBipHOCTEH 1t dopmyan (7)
HaBeJIeHO B Taou. 1.

3ayBakuMo, 10 cpopMOBaHi YMOBHI iMOBIpHOCTI
s popmyi (1), (3), (5), (7) npencraBneni B Tadmn. 1 €
anpiopHUMH HMOBIPHOCTSIMH, Ha 110 TpeOa 3BEpHYTH
yBary mix 4ac BUOOpY THUIYy MaTeMaTW4HOi MOJei
peakuii cucTeMH Ha TMEpeTHH MOPYIIHHKOM 30H
KOHTPOJIIO Ta 11 po3po0IIeHH.

3a dopmynamu (1), (3), (5), (7) 3 BUKOPHCTaHHSIM
JaHuX 3 Tabmumi | CKOMIIOHOBaHI (OpMyIH s
BU3HAUCHHS ITOKa3HUKIB €(pEeKTHBHOCTI:

Rex =P(Ac | Az, As)+P(Ac | Ay Bg) +P(Ac | By As) +P(Ac | B Bg), 9)

Ric =P(Ec | Az As)+P(Fc | Az As)+P(Ec | Az Bg)+P(Fc | Ay Bp) +P(Ec | By Ag) +

(10)

+P(F¢ | By Ag)+P(Ec | By By) + P(Fe | By Bg);
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Pt.ex.p =P(B¢ | Aﬂ,AB) +P(C¢ | Aﬂ,AE)+ P(Dc | Aﬂ,AB) +P (B¢ | Aﬂ,BE)"‘ P(Cc | Aﬂ,BE)+ P(D¢ | Aﬂ,BE) +
+P(Bc | By, As)+P(Cc [ By Ag)+P(Dc | By Ag) +P(Bc | B Bg) +P(Ce | By Bg)+P(Dc | B Bg);

Rnex =P(Hc |Aﬂ,AE)+ P(H¢ | A,Z],BB)"' P(H¢ | Bﬂ,AE)"' P(H¢ | B,ZZ,BB)"' P(Ac | A,ZZ,CE)+

+P(Bc | Ay C5)+P(Cc | Ay Cy)+P(De | Ay Cp)+...+ P(Be | C 1y By) +P(Ce | Cp By) +

+P(Dc |C1,B5)+P(Ec |C 1 Bs)+P(Fc |C 1 Bg) +P(He |Cyp Bp) +...4 P(He | C 7 Cp).

Posrnsin aHamiTHYHMX BUpA3iB A BH3HAYCHHS
noka3HukiB epekruBHocTi (9) — (12) nae 3mory 3pobutH
BHUCHOBOK, IO JUISi BH3HAYEHHS IX CKIAIOBHX €
JIOLTEHUM ~ BUKOPHUCTaHHS  JIMCKPETHO-HETePEepPBHOI
croxactmuHoi Mojeni peakuii OC Ha mepeTuH
MOPYUIHUKOM TPHOX 30H KOHTPOITIO.

5. lloka3Huky GyHKIiOHATBHOCTI
CKJIAIOBUX OXOPOHHOI CHCTEMH

B nmaHoMy po3risAdi  CKIaJOBUMH  OXOPOHHOI
CHCTEMH BBaXKAEMO KOMIUIEKC OXOPOHHOI CHIHAIi3arii
Ta OE3MIOTHMH aBialliiHui Komrutekc. Jlami momaHo
Hepeltik MOoKa3HUKIB (yHKIioHambHOCTI ckiazoBux OC
Ta CepelHi 3HAYeHHs IHTEpBaJiB  yacy, IO
XapaKTepU3ylOTh TPUBATICTh BHUKOHAHHSA ONHCAHHUX B
poznini 3 npouenyp. Kommieke oxopoHHOT curaamizarii
B pO3poOJIeHIH CTOXacTUuHIM Mopjeni (YHKIiOHAIbHOI
HIOBEAIHKH oC NPEACTaBIEHO HACTYITHUMU
HOKa3HUKaMH ()yHKIiOHaJIbHOCTI HOTO CKJIaJ0BHX:

* IMOBIPHICTb BUSIBJICHHS HOpYIIHUKA
curHanizauiinoro cucremoro KOC —Pygtugs s

* IMOBIPHICTb NPAaBWJIBHOIO PO3Ii3HABAHHS THITY
MOpYIIHUKA CHrHami3auiiHoio cucremoro KOC —

Rducs:

* IMOBIPHICTb YCHILTHOTO JIOCTABIICHHSI
noBifiomMyeHHs npo nopymnuka Ha CIIBI — Py gs

* cepellHE 3HAYCHHS IHTEepPBaJy Yacy BiJi MOMEHTY
moseu mnopymnuka B JI3K (8 B3K) mo momenty
3aBepIIeHHS (OPMYBaHHS CHUTHATY [UIl TNPOLEAYPH
po3mi3HaBaHHA HOTO THITY, 3aBEpLIEHHS Ipoueaypu 1
st 13K (mpouenypu 4 st B3K) — Tgers (Tget2) -

besmninoruuii aBiariiHui KOMILIEKC B
pO3po0IIeHiit croxacTHuHii Mojeni (YHKI[IOHATBHOT
MOBEIHKHA OoC TIPECTABICHO HACTYITHUMU
MOKa3HUKAMU ()YHKIIIOHABHOCTI MO0 CKJIaJOBUX:

(11)
(12)

nopymnuka bnAK —Ry yay
* HMOBIpHICTB MIPaBUIIBHOI ineHTudikarii

NOPYIIHUKA — Fyesyay »

* IMOBIPHICTh BU3HA4EHHS KOOPAMHAT IOPYIIHNKA
3 He0OXiZHOI TOUHICTIO — Py - Ay »

. HMOBIpHICTB YCHIIIHOTO ~ JTOCTAaBIICHHS
inpopmanii npo mnopymHuka Big IIJII1 no cioyxowu
oxoponu OKI — Py yay ;

* cepellHE 3HAUEHHS IHTEpBaJly 4acy BiJl MOMEHTY
nosiBn mopymHuka B 30HI CII 1o MomeHTy #oro
BHABJICHHS (3aBepIeHHs npouenypu 8) — Tyers -

6. CroxacTnuHa Mo/ieJib PYHKIIOHATBHOT
NMOBeIIHKH OXOPOHHOI CHCTeMH

ABTOpaMH CTaTTi 3ampOINOHOBAHA CTOXACTHYHA
mozenb  (QyHkuioHanmeHOi  moBeninku  OC,  sika
BIATBOpIOE 11 peakilii Ha MEPEeTUH TOPYLUIHUKOM TPhOX
30H KOHTPOJIO 3  BHUKOPDHCTAHHSIM  TEXHOJOTIi
MOJICITIOBaHHS allTOPUTMIB TMOBEIiHKH 1H(OpMaLiiHuX
cucreM [12]. Po3poOieHHS CTOXaCTHYHOI MOZIEINi
BUKOHAHO B TaKiM MOCIiJOBHOCTI.

Eman 1. Buznayenns 6a3oBux nopiit peakuii OC.

Hdus  po3pobnenHs  moxeni  (pyHKIiOHABHOT
noeeninku OC y Burisnl rpada craHiB i HepexojiB
HeoOXimHO BM3HAumTH ©OasoBi momii  (BID), sxi
NPEJCTaBISIFOT,  yCI  MpOIeCH i Mpouexypu, 1o
¢dopmyroTe Bapianti peakuii OC. A Takox MOKa3aTu
30BHIIIIHI TPOLIECH, 3 SIKUMH B3a€MOJIOThH ckiasoBi OC
MPOTSrOM BUKOHAHHS 3aBJIaHHS Ta c(OPMYBATH BEKTOD
CTaHIB, SIKMI TPEJICTABISITUME 3MIiHYy CTaHIB 3TiIHO
peaxiii 3a3HaueHol CHCTEMH.

3rizHO 3 mpouenypamu, ski - nepenbadeHi
anroputMmoMm  QyskmionyBanHs OC  (pucynok 1),
craneHo mepenik momii. Lli momii mpencTaBISAIOTH

« IMOBipHiCTb BHSBIEHHS mopymHMKa BOAK —  TOYATOK 1 3aKIHYEHHA KOXKHOI TpPOUEAypH, TOMY
=) . MpeAcTaBIeHi B TabJ. 2 MOmapHo.
detUAV »
* IMOBIPHICTh TPAaBWIHHOTO PO3Mi3HABAHHSA THUITY
Tabnuys 2 — Tapn nofiii, fki pikcy0Th MOYATOK i 3aKiHYeHHs Mpoueayp, o ¢popMywTh peaknilo OC
Ha NepeTuH NOPYIMIHUKOM 30H KOHTPOJIIO
Cepenne InTeHcuBHicT
Ne . Monisn-3akinyeHHs 3HAYEHHS b NOSIBU
Moaisi-moyatox . . .
3/m (6a3oBa mosis) TpUBaJiocTi  |0a30BOI mozii
Npoueaypu
BIIl: 3aKiHueHHs TIpoLeTypH BUSBIISTHHS T by
=1/T,
1 |ITouarok nmepeOyBaHHs nopyuHuka B J[3K nopytmuKa B JI3K detl 1=1Tget1
TlouyaToxk mpouenypu posmizHaBaHHSA Tumy | BI12: 3akiHYeHHS mpoLeaypy pO3Mi3HABaHHS THIT
2 POCAYPR P Y POUEAYDT P Y| tigr <<Tgetr Nid1 =1/t
nopymHuka, usisiieHoro B JI3K nopyuHuka BusiBieHoro B JI3K
TTouaTok TIpOLeypr nocraisiHHs | BI13:  3akiHYeHHS  Tpouleaypd  JOCTaBIISHHS
3 | noBimoMIieHHS mpo MOpYHIHHKA BiJI | HOBITOMIICHHS mmpo MOpyHIHHKA sin| 41 <<Tdet1 g1 =1/tq1
curnamzariitaoi cucremu JI3K mo CIIBI curnamizaniitaoi cuctemu J[3K no CITBI
BI14: 3aKiHueHHs TIpoLeTypH BUSIBJISSHHS T ho =T,
4 | ITouaTok nepeOyBaHHs nopymHuka B b3K nopymmika 5 B3K det2 2 =1 Tget2
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ITouatox mpouenypu posmizHaBaHHS THIy | BIIS: 3akiHueHHs mponenypy po3mizHaBaHHS THILY <<T PE—
5 1o 5 tigo = Tdet2 id2 =Vtia2
pYIIHHKa, BUsiBiIeHOro B B3K NOpYIIHUKA, BUsiBiieHOro B b3K
IouaTox npouesypu nocraBisHHS | BI16:  3akiH4eHHS HpoLenypH — JOCTaBILSIHHS
6 | moBigOMIIEHHS mnpo MOPYIIHUKA BiJl | HOBIIOMIICHHS mnpo MOpYIIHHKA Bin | tyo <<Tget2 Ad2 =Ytgo
curnamzaniiinoi cucremu B3K go CITBI curnaizaniinnoi cucremu b3K o CITBI
ITouatok mpouexypu NpUHHATTS pimeHHs npo | BI17: 3akiHueHHs npomenypu IPHAHATTS pillleHHS
7 | tun mopymmuuka B CIIBI 3a mosinomnennsmu | npo tun nopymnunka B CIIBI 3a nosinomnenusmu | {p <<Tget2 Ap =Ytp
curnaiizaniinux cucreM JI3K i B3K curnamizaniiaux cucrem 3 13K i B3K
. BII8:  3akiHueHHs  NpPOLEAYPH  BUSBILSIHHSA
11 ! : T g =T,
8 04aTOK HepedyBaHHs IOpyIIHNUKa B 30HI C nopymika BiAK 5 30mi CIT det3 3=1/Tget3
ITouatox mpouenypu posmisHaBanHs THIy | BI19: 3akiHueHHs npouenypy po3mizHaBaHHS THILY <<T Nita =1/t
9 110 iCI i CIT t|d:<’, det3 id3 _1/ id3
PYLIHHKA BUSBIICHOIO B 30Hi HOPYIIHNUKA BUSIBJICHOTO B 30HI
IMouaTox MPOLIEAYPH inentu¢ikanii | BI110: 3axinuenHs npouexypu ineHTH(IiKanil <«<T 2
=1/t,
10 NopyLHuKa BusiBiieHoro bnAK nopyuHuka BusisiieHoro bnAK tdes det3 des =1/es
IlouaTok mpoueaypy Bu3HayanHs koopauHar |BIT11: 3akiH4yeHHs [Opoueaypd  BH3HAYaHHSI <<T
11 : : ~ ; g c =% Tdet3 Ade=tyc
IIOPYIIHUKA 3 HEOOXIIHOI TOYHICTIO KOOPAMHAT HOPYIIHUKA 3 HEOOXIIHOK TOYHICTIO !
IouaTok npoLeaypu nocraBisiHHs | BIT12:  3akiHYeHHS [pOLEAypH  OCTAaBISTHHS
12 | moBimomienus mnpo mopymHuka Bix ITJIT mo | noBimomsienHnss npo mnopymnuka Bix I[TIT mo td3 << Tget3 g3 =1/t43
CITyKOU OXOpPOHH CIIy>KOH OXOPOHU
IIpoBenemo anami3 mnpencraBieHux B TaOn. 2 CTymiHb aJeKBATHOCTI MOIENI, IO PO3POONISETHCS,

0a30BUX IOAIH 3 METOIO BiJJHECEHHS YACTHUHU 3 HUX JIO
kareropii 3BeaeHux 0OazoBux momii (3BBII). Ockinbku
TPUBAJIOCTI TPOLIEAYpP: PO3Mi3HABAHHS THITYy TOPYIIHHKA
tig , inenTHGiKalil tyeq, BUSHAUEHHS KOOPAUHAT ty . Ta

JOCTaBJISHHS TIOBIZIOMJICHHS TPO TOpYIIHMKA ty €

3HQYHO MEHIIMMH Bl TPUBAIOCTEH  NpOLEIYpH
BUSABJISTHHS MOpYIITHHKA B 30HAX KOHTPOJIIO
Tyet1s Tdet2 Tdetz» TO B Momeml iX  3HAYEHHA

npuiiMaroThesl piBHUMH Hymo. Tomy manmi nomii 1, 4, 8
BBa)XaTUMYThCs 0a3oBuUMH, a noxii 2, 3, 5 — 7, 9 — 12
3BEICHUMH [0 HMX BianoBimHO. Buxomsum 3 mporo, B
po3pobueniii  mozpeni  peakuii OC  Ha  mepeTHH
MOPYLIHUKOM 30H KOHTPOJTIO BUKOpUCTaHO HacTymHi BIT.
bazosa nodis 1 “3akiHueHHs NPOLEAYPU BHUSIBIISTHHSI
nopymHukiB B JI3K”. 3 Heto 3BeneHi: nofist “3aKiHUeHHs
TPOLIE/IyPY PO3IMI3HABAHHS TUITY HOPYILIHHUKIB BUSBICHUX
B JI3K” Ta momist “3akiHYeHHS MPOLEAYPU JOCTABIISTHHS
nioBiziomiieds Tipo nopymHukiB Bin JI3K mo CIIBI”. [lns
LMX TOiH BUKOpHcTaHo ro3HavdenHs 38BI12 ta 38bI13.
bazosa nodis 4 “3akiHueHHs NPOUEAYPU BUSIBIISTHHS
nopymrHukiB B b3K”. 3 Heto 3BezeHi: mofis “3akiHUCHHS
TPOLIETYPU PO3MMI3HABAHHS TUITY TOPYILHHUKIB BHSBICHHX
B B3K”, nomis ‘“3akiHYeHHs MPOLEAYPH JOCTABIISHHS
noBiziomiieds npo nopymnukiB Bin B3K mo CIIBI” Ta
moxisi “3akiHIeHHA MPOLEAYyPH HPUHHATTS PIMICHHA IIPO
T mopymrHUKiB BusBieHNx KOC”. g mix momii
BuKopuctano no3nadeHns 3sbI15, 38BI16 Ta 3BbI17.
bazosa nooia 8 “ 3akiHueHHS TpoUELypH
BUABJIAHHS mopymHUKiB B 30HI CII”. 3 Hero 3BeneHi:
mofis “3akiHUeHHS TPOUEAYPH PO3Mi3HABAHHS THUILY
MopyIIHUKIB BuUsiBIeHnXx bnAK”, momis “3akiHueHHS

mpornenypyd  igeHTH(iKamii — MOpYITHHKIB”, OISt
“3akiHYeHHS  TPOLEAYPH BHU3HAYAHHA  KOOPAWHAT
MOPYIIHUKIB 13 HEOOXiAHOK TOYHICTIO” Ta TOMIA

“3akiHYeHHS TPOIEAYPH JIOCTABISHHA ITOBiIOMIICHHS
mpo mopymrHukiB Big III1 no cmyx6m oxoponu OKI”.
Hdnsa mux moxpii BUKOpHWCTaHO Tmo3Ha4deHHs 3BBIIO,
3BBII110, 38BI111 Ta 38BI112.

Eman 2. Tlpu3HaveHHs: KOMIIOHEHT BEKTOpa CTaHy
CTOXaCTHYHOI Mojeni  (YHKIIOHAJIbHOI ITOBEIHKH
OXOPOHHOI CHCTEMH TIPH MEPETHHI NOPYITHUKOM TPHOX
30H KOHTPOJIIO.

st mobynou Mozeni (popMyeTbCsl BEKTOp CTaHiB,
SIKMH CKJIAQJAEThCS 3 TIEBHOI KITBKOCTI KOMITOHEHT.

BHU3HAYa€, pa3oM 3 0a30BUMHU TOMISMH, KiJIbKICTh
NPU3HAYEHUX KOMIIOHEHT. 3alpONOHOBAaHO KOKEH CTaH
OC ommcyBaTH BEKTOPOM, KU CKIIANAETHCS 3 IICTHOX
KOMITOHEHT:

V1 — noka3zye Bapiantu peakuii KOC B JI3K micns
6azoBoi momii BIIl, sxi QopMmyroTecs ypaxyBaHHAM
3BeIEeHNX 3 Hero OaszoBux momiii 3BBII2 Ta 3BBII3;
NOYaTKOBI 3HAYEHHs, AKi NpUHMae I 1 BCl HACTYIHI
KOMIIOHEHTH IMOJaH]1 HIKYE;

V2 — nokazye Bapiantu peakuii KOC B B3K micns
bII4, sxi ¢opMyroTbCsl ypaxyBaHHSM 3BEICHUX 3 HEIO
6asoBux nomiii 38BI15, 386116 1a 38BI17;

V3 — mnoka3ye BapiaHTH pe3y/IbTaTiB BHKOHAHHS
3anands KOC no npwuitnstomy B CIIBI piensaio npo
THIT BUSIBJIGHOrO MopyIiHuKa 3a nosigomiienussmu CCCJI
BcranoieHux B J[3K ta B3K (momomirkHa KOMITOHEHTA),

V4 — nokasye BapianTtu peakuii biAK micns BITS,
Ki (opMyIOThCS ypaxyBaHHsIM 3BelieHnX 3 Hero 3BBI19,
38BII10, 38BI111 1a 38BI112;

V5 — moka3ye BapiaHTH pe3yJbTaTiB BUKOHAHHS
3apranHs biAK 3a npuiinsitoro Ha T1/IT1 indopmariiero
(momomi>kHa KOMITOHEHTA);

V6 — moka3ye BapiaHTH pe3yJbTaTiB BUKOHAHHS
3amanHs OC 3a pesyapTaTaMH BUKOHAHHA 3aBJaHb
tioro cknagoBuMmu. KOC B panpHIM 1 OMMKHIN 30HAX
korTpOoro Ta biAK B 30mHi1 CIL

Bapiantu peakuii KOC Ha mepeTnH HOPYITHUKOM
J3K Ta b3K € omHOTHIIHUME, TOMY KOMIIOHEeHTH V1 Ta
V2 MOXyTh IpUIIMATH TaKi 3HAYCHHS:

«1» — xonmu mopyrmrauK y 3K BHsABNIEHHUH, HOTO THIT
po3mizHaHMi mTpaBmWIBHO, moBimomienHs npo CIIBI
JOCTaBJICHO;

«2» — konu nopyiHuk y 3K BusiBneHuit, ane iforo
TN PO3MI3HAHUN HE MPaBWIBHO, IIOBIAOMIICHHA 0
CIIBI nocraBieHO;

«3» — xomnu nopymauk y 3K He BusiBeHui.

Komnonenra V4 mpencrasnse peakuii bnAK na
niepeTrH nopymHuKoM 30HU CI1, i MoKHBi 3HAYEHHS:

«1» — xomm mopymHUK B 30HI CII 32 momomororo
BnAK BusBneHWit; HOro THI PO3Mi3HAHUN TIPABUIBHO,
MPaBWIBHO 1IeHTH()IKOBaHMI; KOOPAMHATH BH3HAYEHI 13
HEOOXITHOIO TOYHICTIO; TIOBIJIOMJICHHS 3 iH(OpMAIIi€eo
PO MOPYIIHKKA 110 ciyk6u oxoponu OKI nocrasneHo;

«2» — xomu nopymHUK B 30H1 CII 3a monomororo
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BAK BusiBieHMH; THII TIOpYIIHHKAa PO3Mi3HAHUH
NPaBWIBGHO,  TNPaBWJIBHO  iNeHTH(IKOBaHWH,  ane
KOOpJIMHATH TIOpPYIIHUKA HEe BU3HAUYCHI 13 HEOOXiIHOO
TOYHICTIO; TIOBiIOMJIGHHS 3  iH(OpMAI€l0  Tpo
nopymHuka 1o cryxou oxoponu OKI nocrasieHo;

«3» — xonmu nopymHUK B 30H1 CII 3a monomororo
BAK BusiBNeHMH; THI TOpYIIHUKA PO3Mi3HAHUHA
MPaBWIIFHO; ajieé He NpaBWIbHO iAEHTHU(IKOBAHHA,
KOOpJIMHATH TOPYIIHWKA BH3HA4YeHI 13 HEOOXiIHOO
TOYHICTIO; TIOBIIOMJICHHS 3  iH(pOpMAI€l0  Tpo
nopymHuka ao cryxou oxoponu OKI nocrasieHo;

«4» — xomu nopymHUK B 30H1 CII 3a monomororo
BAK BusiBNeHMH; THI TOpYIIHUKA PO3Mi3HAHUHA
MPaBWIILHO; ajieé He NpaBWIbHO iEHTHU(IKOBAHH;
KOOpJIMHATH HE BU3HAuUeHI 3 HEOOXiTHOI TOYHICTIO;
MOBIIOMJICHHA 3 1H(GOPMAIIIE€I0 TPO TMOPYIIHUKA JI0
ciryx6u oxoponu OKI nocrasieHo;

«5» — xonu nopymHUK B 30H1 CII 3a monomororo
BrAK BusiBieHMH; aje TUI TOpYIIHWUKA PO3Mi3HAHUI
HENpaBUIIbHO; KOOPAWHATH BU3HAuUeHI 13 HEOOXiJAHO
TOYHICTIO; TOBIZOMJICHHS 3  iH(OpPMAIli€l0 PO
nopyuHuka o ciyxou oxoponu OKI nocrasieHo;

«6» — xonmu nopymHUK B 30H1 CII 3a monomororo
bnAK BusiBieHM#; ane TUN TOpYIIHUKA PO3Mi3HAHUI
HENpaBWJIbHO,  KOOPAMHATH  HE  BH3HA4YeHi i3
HEOOXIHOI TOYHICTIO; TOBIJOMJICHHS 3 iH(OpMaIliero
npo nopyurHuka 1o ciyxou oxoponu OKI nocrasneHo;

«7» — xonu nopymHUK B 30H1 CII 3a monomororo
BrAK He BusBreHHI.

3Hauenns komnoneurt V3, V5 ta V6:

«1» — gxkmo 3aBgands KOC, zasmanus bnAK i
BignosigHo 3aBnanas OC BUKOHAHO;

«2» — ko pesynbraroM pobdoru KOC, BnAK i
BianoBinHo OC € «oOMaH KOpUCTyBaday;

«3» — gxmo 3asgands KOC, zasmanus bnAK i
BinnosigHo 3aBaanHs OC BUKOHAHO YaCTKOBO,

«4» — gxkmo 3asgands KOC, sasmanus bnAK i
BiAnoBiaHO 3aBraHHs OC He BUKOHAHO.

3ayBakUMO, IO y ITOYaTKOBOMY CTaHi 3HauCHHS
kommioneHT V1, V2, V3, V4, V5, V6 nopiBHio0TH 0.

Eran 3. PozpoGiennss mojeni ¢QyHKIioHaTBHOT
noseninku OC y Burisii rpada craHiB 1 mepexofiB 3
BHUKOPHCTAHHSAM 0a30BUX MOiH Ta BEKTOpa CTaHIB.

VY BIAMOBIAHOCTI IO TpenCTaBIeHOro Ha puc. 1
mporecy, mo BiaTBoproe peakuii OC Ha mepeTHH
MOPYIIHAKOM TPBOX 30H KOHTPOITIO, Ta
MpeACTaBICHNMH B Tabm. 2 aKTyadlbHUMH  JUISA
MIPEJCTABIICHHSA B MOJEII IMapaMu TMOMiH, sKi (PiKCyrOTh

MOYaTOK 1 3aKiHYEHHS Mpoueayp, wmo (opMyoTh
peakuii OC Ha mepeTuH MOopyIMIHUKaMH 30H KOHTPOITIO,
po3po0IIseThCS Tpad) CTaHIB Ta MEPEXOJIIB.

Po3pobnerHss Tpada craHiB Ta
BUKOHYETHCS B TakKid TOCIIiJOBHOCTI
BUKOHAHHS KPOKIB 3aHeceHi B Talu. 3):

Kpox 1. BcraHOBIIOEMO TOYATKOBHH (TIEpIIMii)
cran rpada (IIC). Ilefi cTaH BH3HAYAIOTH MOYATKOBI
3HAYCHHS KOMIIOHEHT BekTopa craHiB: V1:=0, V2:=0,
V3:=0, V4:=0, V5:=0, V6:=0.

Kpox 2. Posrmsmaemo cran 1, and skoro €
akTyanpHUMH 0Oa3oBa moxis BII1 Tta 3Beneni 3 Hero
3BBI12 i 3BBII3, i ski naroTh TpU ajlbTEpHATHBHI
MIPOJIOBKEHHSI BUIIAIKOBOTO TIPOIIECY.

[Tepie anbTepHATHBHE MPOJOBXKEHHS € HACIIIKOM
VCIIIIHMX ~ 3aBeplieHb  NpOUEAYPU  BHSBISHHS
nopytaukie B JI3K (BII1) i mpomenypu po3mi3HaBaHHS
ix tumy (3BBII2), sike B rpadi craHiB mpencraBieHe
MEepexooM B HACTYMHUH crTaH 3 HMOBIpPHICTIO:
L1 anprepHaTHBa CHPUYMHIE  3MiHY

komroHeHTH V1 Bekropa craHiB: V1:=1. Orpumano
HoBHH cTaH 2. ®ikcyeMo mepexin 3 cTaHy 1 B cTaH 2;
(hopMyna po3paxyHKy iHTEHCHBHOCTI Takoro mepexoiy
(®PIIT) mae Burmsan: Aq - Pyet - By -

Jpyre anbrepHaTHBHE NPOIOBKEHHS € HACIIJIKOM
yCl'Ii]_HHI/IX 3aBCPIICHDb Tnpoueaypu BUSBIIAHHS
nopymaukiB y JI3K (BII1) i He yCmilHOTO 3aBepIieHHS
npoleaypH po3mizHaBauHs ix Tumy (3BBI12), sike B rpadi
CTaHiB NPEACTaBJCHE NEPEXOAOM B HACTYMHHMH CTaH 3
HMOBIpHICTIO: Piet@—Rg). s  ampreprHatuBa
CIPUYMHSIE 3MIHY KOMIIOHEHTH V1 BeKTopa CTaHiB:
V1:=2. Orpumano HoBwuii cran 3. Dikcyemo mepexin 3
crany 1 B cran 3; ©PIII mae Burnan: Aq - Py 1—Ry) -

TIepeXOIiB
(pe3ynbratn

Poet - Fd -

Tpere anpTepHATHBHE MPOMOBKCHHS € HACIiIKOM
HEYCIIIIHUX  3aBEpIICHb  MPOLEAYPH  BHSBILSTHHSI
nopymaukis 'y JI3K (BIIl), sike B rpadi cranis
OPEACTABICHE IIEPEXOIOM B HACTYIIHHH CTaH 3
iimoBipHicTIO: (1— Py ) . LI anpTepHaTHBa CIpUUIHHSE

3MiHy KoMmMmnoHeHTH V1 Bekropa craHiB: V1:=3.
OtpumaHo HOBHH cTaH 4. DikcyemMo rmepexif 3 crany 1
B ctad 4; OPIII mae Burisan: Aq - (1—Pyet) -

Kpoxu 3 — 5. AHamoriyHO BHKOHYETBHCS PO3TILSL
HacTymHUX 2, 3 1 4 craHiB, SIKi BU3HAYAIOTHCS IICIS
po3risiny cTany 1, a came KpOKiB 3 TPEThOro MO IT SITHHL.
BukonaHHS IMX KPOKIB Ja€ HOBi cTaHu rpada 3 5 mo 13.

Tabnuys 3 — Monenb pyHKIiOHAILHOI MOBEeXiHKH 0XOpOoHHOI cucTemu, y ckiaaai KOC ra BnAK,
HA MepeTHH MOPYIIHUKAMH TPbOX 30H KOHTPOJIIO Y BUTJIsIAI rpada cTaHiB Ta nepexonis

Cran i . . Ne |Iepexin
B
K%:K aKTyaJlbH IMOf[lp:()Oc;(aeJ;iT:p:aengﬂuX CKTop eraty CTaH | 3 CTaHy @PIII
* | aBn pox pou vi[v2]va]vavs|ve| y | Beran
1 2 3 4| s5]6[7[8]9]10] 11 12
1 i - oloflofofofof 1 - -
2 1BI11 Pyett - Rd1 1j{ojojofloflo| 2 | 12 A1 - Feetr -Rd1
(38BI12,
3BBI13) Poet1 @—Ra1) 2/oloflofjo|o| 3 | 13 A1 Pyets 1—Ra1)
(- Pyet1) 3lolojo|o|o| 4 | 154 M (1—Pyet1)
3 2bI14 Piet2 -Rd2 1|1 1{0fl0|l0| 5 | 25 A2 Foet2 -Rd2
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1 2 3 4/5/6[7[8|9]10]| 11 12
(38BI15, Pyet2 A—PRg2) 1/ 2|3|ofjo|o| 6 | 2-6 A2 -Fiet2 1= Rd2)
3BBII6,
38BI17) (1-Pyet2) 1|3 4|0|lo0]|0]| 7 | 27 Ao (1— Pyet 2)

4 (;}f}g‘i Piet2 - Pld2 2|1/ 3]0f0f0| 8 | 3-8 %2 Pet2 -Rd2
3BBII6, Poet2 1—PRg2) 2| 2(2|0[0[0] 9 | 359 X2 Pyet2 @-Rqg2)
3sBI17) (1-Pyet2) 213/4]l0|0]|0]| 10 |3-10 22— PFyet 2)

5 (34331_1[_?5, Rdet2 -Rd2 3/ 1/4|0|0|0] 11 | 411 A2 - Riet2 -Rd2
38BI16, Piet2 - Rd2) 3| 24]l0]|0]|0] 12412 A2 Pget2 @—Rg2)
3sBI17) (1 Piet2) 3/3|4{0[0|0| 13 | 413 A2 (1—Pyet 2)

6 (;}331-1[_?9, Paet3 -Rd3 -Pdec “Fuc 101(1]1|1]1]| 14| 5—14 A3-Fyet3 -Rd3 -Faec -Fac
38BI110, Riet3 - Rd3 - Fiec @—FRic) 111111 2]3|3]| 15| 515 A3 Piet3 -Rd3 - Paec 1—Fic)
g:gg};) Piet3 - Ra3 (1—Paec )Puc 1] 1| 1|3|3]|3] 16 | 5-16 A3 - Poets - Rds (1—Piec JFu.c

Riet - Rd3 (1~ Fiec JA-Fuc) 11| 1|4]3]|3|17 | 5-17 23 - Pget3 - Rd3 (1= Poec JA—Fic)
Piet3 1—Ra3)Puc 1/ 1| 1|5|2|3| 18 | 518 23 Piets 1—Ra3 )Puc
Fiets (1—Rd3 )L —Pyc) 1|1 1]6|2|3]| 19| 5-19 A3 - Pyetz - Rd3 )A-Fyc)
(1 Pyet3) 101|1|7]4]4] 20 |5-20 231~ Fet3 )

14 éiggg’ Poet3 Rd3 -Foec “Fic 3[3|4|1]1]|4| 70 [13-70 A3 Piet3 *Fd3 “Piec "Pic
38BI110) Piet3 -Rd3 - Paec 1 PRyc) 313 4]|2]3|4]| 71 |13571 23 Pyet3 “Ra3 - Paec 1—Pyc)

Piet3 - Rd3 (1—Piec )Pic 3[34[3[3]4] 7213572 A3 - Pyet3 - Rds (1—Paec )Puc
Poet3 -Rd3 (1~ Paec JA—Pac) 3(3|4(4|3|4]| 73 |13-573 13- Fyet3 - Fd3 (1—Pgec JL—Pyc)
Poets A—Rd3 )Fyc 3[3|4|5]2|4| 74 1374 A3 Poetz 1—Ra3)Puc
Piets —Ra3 )1—Ryc) 3[3|4|6|2]|4| 75 13575 A3 Pyet3 1—Ra3 )A—Pyc)
(- Pet3) 3/34|7]4|4| 76 13576 A3(1—Pyet3 )

Kpox 6. Posrmsmaemo craH 5, g SKOTO €
akTyaspHUMH 0a3oBa moxis BII8 Ta 3BexeHi 3 Hero
3BBI19, 38BI110, 38bII11 i 38BII12, i axi garTh CiM
AIBTEPHATHUBHUX TPOJIOBKEHb BUITAIKOBOTO MPOIIECY.

Ilepwe  anomepnamueHne — NPOOOGICEHHS €
HACTIIKOM  YCHIIIHUX  3aBepIICHb  MPOIEIypH
BUSIBIISIHHA ~ nopymHukiB B 3omi  CIT  (BIIS),

posmizHaBaHHS (MIATBEPXKECHHS) THITY MOPYIIHHUKIB
BusiBnieHnx bnAK (3BBI19), ix inenrudikanii (38BI110)
1 BH3HAYCHHS KOOPIUHAT 3 HEOOXiTHOI TOUYHICTIO
(38bIIl1), sxke B TrTpadi craHiB mnpencraBieHe
MepexoAOoM B HACTYIIHHH CTaH 3 WMOBIPHICTIO:
Poets -Rd3 - Fiec *Fic -

Ll anprepHaTHBAa CHPHYMHSE 3MiHY KOMIIOHEHT
BekTopa ctaniB: V4:=1, V5:=1, V6:=1. Otpumano
HoBHuii cTaH 14. Dikcyemo mepexin 3 crany 5 B ctaH 14;
@PIII mae Burnsn: Az - Pyers - By Poec " Pac -

pyze anvmepnamuene npoooeicents € HACTIIKOM
YCIIITHAX ~3aBEpIICHb Tpolenypu BusBISIHHS bBmAK
nmopymauKiB B 30HI CIT (BII8), posmizHaBaHHS THITY
nopymavKiB BusiBneHnX bnAK (3BBID9), ix ineHTH(iKami
(38BII10) i He yCHIOIHWMX 3aBEPIICHh IPOIEHAYPH
BU3HAYCHHS KOOPAWHAT 13 HEOOXIMHOIO TOYHICTIO
(3BBII11), sixe B Tpadi cTaHiB MpenCTaBICHE TIEPEXOIOM B
HACTYITHUA CTaH 3 WMOBIPHICTIO:
Fiet3 - Rd3 - Paec 1= Fuc) -

s anmpTepHaTHBa CHPHYHMHSE 3MiHY KOMIIOHEHT
BekTopa craHiB: V4:=2, V5:=3, V6:=3. Orpumano
HOBUH craH 15. dikcyemo nepexin 3 crany 5 B cTaH 15;

@PIIT mae BUrnan: Az-Pyerz-Byz - Piec(1-Pyc)-

Tpeme  anvmepnamusne  HPOOOBHCEHHA €
HACJIJIKOM  YCHIIIHMX  3aBeplieHb  HPOLEIypH
BusiBiisiHHsE bnAK  mopymnukie B 3omi CIT (BIIR),
posmizHaBanHs ix tumy (3BBI19), Bu3HaueHHs iX
KOOpAMHAT 3 HeoOxigHowo TouHicTio (3BBII11) i He
VCIIIIHMX ~ 3aBepIlieHb TNpOLeaypH  iaeHThdikarii
nopymnaukie  (3BBI110), sxe B rpadi craniB
IpeAcTaBlIeHe IepexoloM B HACTYIHHH CTaH 3
HMOBIpHICTIO: Pygrz - By3(1—Pyec )Py -

s anprepHaTHBA CHPHYHMHSE 3MiHY KOMIIOHEHT
BekTopa craHiB: V4:=3, V5:=3, V6:=3. Otpumano
HOBHUH cTaH 16. Dikcyemo mepexin 3 crany 5 B cTaH 16;
@PIIT mae BUrIAn: Az - Pyers - Rga(1—Pyec Pyc -

Yemeepme anvmepHamuene NPOOOBXHCEHHA €
HACJIIIKOM YCITIIHUX 3aBepLICHb MPOLEAYp BUSBIISAHHS
BnAK nopymmukis B 301 CIT (BIIS) Ta posmizHaBaHHS
ix tumy (3BBI19) i He ycmimHUX 3aBepIIeHs TPOLEAYD
inerTudikamnii nopymaukis (38bI110) Ta BU3HAYEHHS 1X
KoopauHaT 3 HeoOximHoro TounicTio (3BBIIl1), sike B
rpadi cTaHIB TpENCTaBIIEHE MEPEXOIOM B HACTYITHHI
CTaH 3 UMOBIPHICTIO: Pyet3 - Rga(1—Pyec J(1—Py¢)-

s anprepHaTHBA CHPHYHMHSE 3MiHY KOMITOHEHT
BekTopa craHiB: V4:=4, V5:=3, V6:=3. Otpumano
HOBUH ctaH 17. DikcyeMo mepexin 3 ctany 5 B cTaH 17
OPIII mae BUrisaa: Ag - Pyetz - Bgz(1—Pyec J(1—Pyc ).

IT’'asme  anemepuamusne  NPOOOBICEHHS €
HACJIJIKOM YCIIIIHUX 3aBEpIICHb NPOLETyp BUSBIISTHHS
BnAK mnopymnukis B 3omi CII (BII8) Ta mpomemyp
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BH3HAYEHHS iX KOOPAMHAT i3 HEOOXiTHOI TOYHICTIO
(3BBII11) i He ycmimHUX 3aBEepUICHb MPOLEIYPH
posrmizHaBaHHs Ty nopyuraukiB (3BBI19), sike B rpagi
CTaHIB IIpEJCTaBIIEHE IEPEXOOM B HACTYITHUH CTaH 3
HAMOBIpHICTIO  Pyet3(1—Ry3 )Py . 1ld ambrepHaruBa

CHPUYHHSE 3Mi-

Hy KOMITOHEHT BekTopa craHiB: V4:=5, V5:=2, V6:=3.
OtpumaHo HoBHH cTaH 18. Dikcyemo mepexin 3 cTaHy 5
B craH 18; ®PIII mae Burnan: Ag - Pyet3(1— By )Pyc-

Llocme  anemepnamusHe  NPOOOGICEHHA €
HACIIKOM  YCHINIHMX  3aBEpIICHb  MPOLESypH
BusiBisiHESL BAK mopymaukiB B 30Hi CIIT (BII8) i He
VCIIIIHUX 3aBEpIIeHb IMPOLEAYp PO3Ii3HABAHHS THUITY
nopymHrkiB BusBieHux briAK (38BI19) ta Bu3HaueHHs
ix mudepeHT i3 HeoOXigHO0 TouHicTiO (3BBII11), sike B
rpadi cTaHIB TpEACTaBIICHE MEPEXOIOM B HACTYITHHIMA
cTaH 3 MMOBIpHICTIO: Pyer3(1—RBg3 )(1- Py ) -

s anpTepHaTHBa CHPUYUHSE 3MiHY KOMIIOHEHT
BekTopa craHiB: V4:=6, V5:=2, V6:=3. Otpumano
HOBUIA cTaH 19. DikcyeMo mepexif 3 ctaHy 5 B craH 19;
@PIII mae BUrnsan: Az - Pyer3(1-Rgz )(1-Pyc)-

Cvome  anvmepnamuehe  NPOOOGIHCEHHA €
HACJIJIKOM HE YCHIIIHUX 3aBeplieHb MPOLEIypH
BUsIBJIsIHHSL TopyrHUKiB B 30H1 CIT (BII8), sike B rpadi
CTaHIB INpEeJCTaBIICHE MEPEeXo/IoM B HACTYITHHH CTaH 3
HMOBIpHICTIO: (1—Pyetz) - L ajbTepHATHBA

CIIPUYMHSAE 3MiHY KOMIIOHEHT BEKTOopa cTaHiB: V4:=7,
V5:=4, V6:=4. Otpumano HoBuil cTaH 20. Dikcyemo
nepexin 3 crany 5 B cran 20; OPIIl mae Bursa:
A3(1—Fyet3) -

AHaNOriYyHO PO3IIISTHYTO CTaHu 3 6-ro mo 13-i i
BUKOHaHI KpPOKH 3 7-ro mo 14-i. Orpumanuii rpad
CTaHiB 1 epexo/iB Mae 76 CTaHiB.

Eman 4. ®opmyBaHHA AHUCKPETHO-HEMEPEPBHOL
croxactuuHoi Mozeni OC y BuUIsimi  CHCTEMH
mdepeHnianpHuX piBHsHb Koamoroposa — UenmeHa.

CroxacTr4Ha MoJiellb (PYHKIIIOHAJIBHOI MOBEIIHKH
OC Ha mepeTHH MOPYUIHHKAMH TPHOX 30H KOHTPOIIO,
npu BeranoieHHi KOC y panbHiil Ta OnmkHINA 30HAX
KOHTpOJIO Ta BUKopucTaHHi BnAK ans 3a0e3nedeHHs
¢yukiionyBanns 3oHu  CII, 300paxenHa y BUIIIsLAL
CHCTeMHU JIHIMHUX OJHOPIAHUX JudepeHIiaIbHuX
PIBHSHB IIEPILIOTO MOPAAKY:
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=M1 Paet1 - R Qu(t) = (A2 - Pet2 - Ra2 + A2 - Paet2(1=Ra2 ) + A2 (1— Fyer2))- Qa(t);
=M Paet1(1—Ra1)Qu(t) = (A2 - Pyet2 - Bd2 + A2 - Paet2(1— P2 ) + A2(1— Pyer2 )) - Qa(t);

=M (1—Pyer1 JQuU(t) (A2 - Poet2 “RBa2 +22 - Pret2 (1=Rg2 )+2A2(1—Pyer2 ))-Qa(t);

(13)

d
Qét(t) = —(Aq - Pyett - Bz + 21 - Paern (1= Pg1 ) + 21 (1— Pyet ))- Qu(t);
dQy(t)
dt
dQs(t)
dt
dQ4(t)
; dt
th(t)ZXZ'Pdetz Ra2 -Qa(t)—X3-Qs(t);
d
Qgt(t):kz'Pdetz (1-Rg2 )Qa(t)—X3-Qg(t);
d
Q;t(t):kz(l— Paet2 )Q2(t)—X3-Qy(t);
d
Q?[(t):xz(l— Paet2 )Qa(t)— X3 -Qua(t);
th;::(t):7\43'Pdet3'Pld3'PdeC.Pd'C.QS(t);
d
Q?t(t):7‘3'Pdet3'P|d3'Pdec(1_ Pac )Qs(t);
stt(t) =23 Paets (1~ Ra3 )(1- Py ¢ )Qua(t);
%:M@_ Pet3 )Qu3(t),

ne Q; (t) —imoBipHicTh nepeGyBaHHS B i-My cTaHi rpada Ha iHTepBai Jacy t;
X3 =13 Pyets “Rds *Fiec “Pac +43- Fiets -Rds - Fiec (1-Fic )+ 43 Riets - Ras (1—Fyec JRac +

+23 - Pyeta *Rd3 (1—Paec )(1-PRyc )+ 43 Piet3 (1-Raz Puc + 43 Puetz (1—Raz )(1-Ryc )+ 43(1—PFyetz ) -

Po3B’s3anHs cucTeMu AUQEpeHIiaIbHUX PIBHIHB
(13) mae 3Mmory po3paxyBaTd 3HAYEHHS MOKA3HUKIB

R ex = Qua(t)+Qoq(t)+Qs5(t) +Qaa(t);
Ric =Qug(t)+Qug(t)+Qu5(t)+Que(t)+Qs9(t)+Qgo(t) +Que(t) +Qq7(t);

17 24 38 45
Rexp =2 Q)+ X Q(t)+ D Q(t)+ D Q(t);

i=15 i=22

34 76
Pnex = Qao(t)+ D Qi(t)+Qqu(t)+ D Q(t).

i=27

Eman 5. CkimagaHHS TepeniKy aKTyaJbHHX
eKCIepUMEHTIB Ta iX NPOBEOCHHS UL Baigamii
pO3pOOIIEHOI  TUCKPETHO-HETIePEepBHOI  CTOXaCTUYHOI

MOJETI.
7. EkciepuMeHTH

Jnsa Bamimarii po3po0iaeHoi TUCKpeTHO-HemepepB-

HOI CTOXaCTUYHOI Mozeni MIPOBEJICHO
eKCTIepUMEHTAITbHI TIOCITKEHHSA o0paHuX
3aJICKHOCTEH, xapakTep 3MiH SIKUX MOJKHA

mepenbaunTi. TakuMu 3aJIeKHOCTIMH € 3aJIeKHOCTI
moka3HuKiB edekruBHOCTI OC BiJ 3HAYCHb MOKA3HUKIB
(YHKITIOHATTBHOCTI HOTO CKJIa/IOBHX.

Haragaemo, mo mokasHWKaMu (YHKITIOHAIBHOCTI
ckmazoBux KOC €: IMOBIpHICTD BHUSBJIEHHS MOPYIIHHUKA
(Pget1) Ta IMOBIpHICTH NpPaBWJIBHOIO PO3Ii3HABAHHS

edekruBHocTi 3anpornoHoBanoi OC (puc. 1) 3rigHo
Bupasis (9)-(12) 3a Takumu hopmysnamu:

(14)
(15)

(16)

i=36 i=43

17
=48

fioro timy (Bgq). A Hoka3HHKaMu (YHKIIOHATBHOCTI
cxranoBux bmAK: iMOBIpHICTD BHSABIICHHS MOPYIITHUKA

(Pyet2 ), IMOBIpHICTH IPaBHJIBHOIO pO3IMi3HABAHHSA
fioro  THITy (Rg2), IMOBipHiCTH  ycHiMIHOI
inentudikamii (Pye. ) Ta IMOBIPHICTb BHU3HAUCHHA

KOOpPIMHAT TOPYITHWKA 3 HEOOXiTHO TOYHICTIO

(Fyc) -

VY BamigamiiHUX eKCHEepHUMEHTaX, 3HAYEeHHS BCIX
MOKa3HWKIB  (yHKIiOHANBHOCTI ckinamoBux KOC i
BrnAK npuitasari onHakoBuMu. ToMy Ha pHCyHKax 3, 4,
51 6 moka3HUKYN (YHKITIOHATBHOCTI BCIX CKJIAJJOBHX
KOC orpumanu mnosHaueHHi R,gg, @ HOKa3HUKH

(byHKIOHaNBHOCTI BCiX cknagoBux bnAK — Ry -
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Excnepumenm Nel. JlocmipKeHHS —3aJIeXKHOCTI
3HaueHb TOKa3HMKa edexruBHOCTI OC «MMOBipHICTH
toro, mo 3apgaHHs OC BHKOHaHO» — B, Bil
3pOCTaHHs 3HAa4YeHb ITOKa3HWKIB (PYHKIIOHAIBHOCTI ii
CKJIaJIOBHX.

IlepenbawaemMo, 10 TpPH 3POCTaHHI 3HAYCHB
imoBipHOcTEl R)gs 1 Rjay , 3HAUEHHS MOKa3HMKA

«MmoBipricTs TOro, mo 3aBgaHHs OC BHKOHAHOM
(Rex) Takox Oyme 3pocratn. Ha puc. 3, a
MIPE/ICTaBJIeHa 3aJIeKHICTh, OTPUMaHa Ha PO3poOIeHii
MOJETi.

Excnepumenm Ne2. JIOCHiIDKEHHS — 3aJISKHOCTI
3HauYeHb MoKa3HHKa edexruHOCTI OC «MMOBipHICTH
obmany xopuctyBada OC» (R,.) Bix 3pocTaHHsA

3Ha4eHb  TIOKa3HHWKIB  (YHKIIOHAJIBLHOCTI
cknagosux: KOC (R,gs ) Ta BnAK (Rjay )-

Iepenbauaemo, mo TnoKkasHHK «VIMOBipHicTH
obmaHy kopuctyBaua OC» Oyne MaTH MaKCHMaJlbHE
3HAYCHHS, KOJIH 3HAYCHHSI MOKa3HUKIB
(bYHKIIOHATBHOCTI CKIamoBUX cucTeMu Rycs 1 Rjay »

Horo

3HaxoAiAThess Ha iHTepBam 0,5-0,7. Ha puc. 3, ©
Npe/ICTaBIeHa 3aJIeKHICTh, OTPUMaHa Ha PO3poOIIeHii
MOJET.

Excnepumenm Ne3. JIOCHiIDKEHHS —3aJI€KHOCTI
3HaYeHb MoKa3HHKa edexrtuHOCTI OC «MMOBipHICTH
Toro, mo 3asaanHs OC BUKOHAHO YacTKOBO» (R ey )

BiJl 3pOCTaHHSI 3HAY€Hb MMOKA3HUKIB (PYHKI[IOHAIBLHOCTI
#oro cknagoBux: KOC (R,)gs ) ta bnAK (Rjay )-

Iepenbauaemo, o MokasHUK «MMOBipHiCTH TOrO,
mo 3apaaHHd OC BHUKOHAaHO YacTKOBO» Oyne MaTH
MaKCHUMajbHE 3HAUCHHs, KOJU 3HA4YEHHS IIOKA3HUKIB
(byHKIIOHATIBHOCTI CKIANOBHX cHCTeMH R cs 1 Rjay »

3Haxo#AThcss Ha iHtepBami 0,6-0,8. Ha puc. 3, B
1

MIpe/CTaBICHa 3aJIeKHICTh, OTpUMaHa Ha PpO3pOOIEHin
MOJIETI.

Excnepumenm Ned.  JlocmiIDKCHHS —3alleKHOCTI
3HaueHb NOKa3HHKa edekruBHOCTI OC «MMOBipHiCTH
toro, mo 3aBfaHHs OC He BUKOHAHO» (Pi,ex ) Bl

3pOCTaHHs 3HAa4YeHb TOKa3HWKIB (YHKIiOHAJIBHOCTI
oro cknagosux: KOC (Rygs ) ta BuAK (Rjay )-

[epenbavaemo,
iiMoBipHOCTEH R)5g

o0 TpUd 3POCTaHHI 3HAYCHB
i Rjay , 3HAYEHHs IOKa3HUKA

«VIMoBipHicTh TOTO, 110 3aBaanHsd OC He BUKOHAHO» —

P hex  Oyre 3menmyBatuce. Ha pumc. 3, T

IpeCTaBlIeHa 3aJeXKHICTh, OTPUMaHa Ha PO3pOOJeHiit
Mozei.

3ayBaKMMO, IO 3 MPAKTUYHOI TOYKH 30Dy
pO3riIsIaTH 3aJISKHOCTI MMOKa3HUKIB edektuBHOCcTi OC
Ins 3HaYeHb R gg 1 Rjay Menme 0,5 He IomineHo,

ane € HeoOXiHMM JUIs BUCHOBKIB 3a pe3ylIbTaTaMH
BaJTiTa1lii MOJedi.

Pe3ynbTaTé BCiX BaNiJalliflHUX eKCIIEPUMEHTIB,
MOKa3aHi Ha puc. 3, AlOTh MPaBO 3pOOUTH BHCHOBOK,
M0 XapakTep 3MiHM pO3pPaxOBaHUX  KUIbKICHUX
3aJIOKHOCTEH mokasHUKIB  edektuBHOCTI OC  Bif
MOKa3HUKIB  (DYHKIIIOHAJBHOCTI  HWOTO  CKJIaJOBUX
BIINOBiTae TmepenadavyeHHUM SIKICHAM 3MIHAM  [HX
3aJeKIPFOCTEH.

Hpgggeneﬂi eKCIIEPUMEHTH 3 BHKOPHCTAHHAM
PO3pOOSIEHOI  TUCKPETHO-HENEPEPBHOI  CTOXACTUYHOL
mozeni  QyHkuioHaneHOl moBeninku  OC  naroTh
MiJICTABM  BB&KaTH, WIO pe3yJabTaTH, sKi OyayTh
OTpUMaHI MiJi 4Yac TONAIBIINX EKCIIEPUMEHTAIbHUX
JIOCITI/PKEHb € JOCTOBIPHUMH.
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8. PesyabTaTn

Jdnst  mocnmipkeHHsT TMOTeHHIHHOT  e(heKTHBHOCTI
peainizamii  3ampOMOHOBAHOI  OXOPOHHOI  CHCTEMH
NpOBe/ieH] BIpTyaJibHI €KCHEpUMEHTH 3a 1 TphoMa
BapiaHtamu.  Bapianm  MNel: OC y  ckiazi
po3BimyBanbHO-cHrHAMI3aliiHoro komiuiekcy (PCK)
1K18 «Peamis» [10] ta BnAK tuny RQ-11 «Raven»
[17]. Bapianm Ne2: OC y cknaai cyqacaoro PCK tumy
«Classic 2000» [10] ta BunAK mons 6oto [17]. Bapianm
MNe3: OC 'y ckmami PCK, 3HayeHHs TOKa3HHKIB
(YHKI[IOHAJIBHOCTI SIKOT'0 OOIPYHTOBaHI 3 ypaxyBaHHSIM
HOro CHuILHOrO 3aCTOCYBaHHSA 3 nepcrnekTuBHIM BriAK
ta came briAK mosst 6oro [18].

Otpumani pe3yJbTaTH BipTyaJbHUX
eKCIIEPUMEHTIB Ha PO3poO0JIeHIH CTOXacTU4HIN Momerni
quist Tppox BapiantiB OC npencrasieHi B Tabn. 4 ta Ha
puc. 4. AHami3 TpeNCcTaBICHUX HA pUC. { PE3YJbTATIB

BIpTyaJlbHUX  E€KCIIEPUMEHTIB Ui  TOPIBHSHHS
epexkruBHocti OC TphOX BapiaHTiB 11 CTBOPEHHS
MOKa3ye:

1. CTBOpeHHSsI OXOPOHHOI CUCTEMH Yy CKJIaIi ICHYFOUHX
(3acrapinmnx) komruiekciB (BapianT Nel) He JOIWIBHO,
OCKUJTbKH TIEPCIIEKTHBHI 3HAYEHHST [TOKA3HNKA e(DEKTUBHOCTI
«ﬁMOBipHiCI‘L Toro, mo 3aBaaHHd OC BUKOHAHO» HE

p (B) & B e (r) fromthe values of indicators Rygs & Rjay )

nepeBuIyloTh 0,2, 110 YHEMOXJIMBIIOE —MPAKTUYHE
3actocyBaHHsi OC i OXOpOHM OO’€KTIB KPHUTHYHOI
iHdpacTpyKTypH.

2. CrTBOpEeHHS OXOPOHHOI CHCTEMH Yy CKIaJi
ICHYIOUMX Cy4acHHMX KOMIUIEKCIB, SIKI € Ha 030pO€HHI
IPOBIAHUX Y TEXHIYHOMY BIJHOIIEHHI KpaiH CBITY
(Bapiant No2), € NpuIHATHUM, OCKIJIbKH CyMa 3HaueHb
MOKa3HUKIB €()EeKTHBHOCTI «ﬁMOBipHiCTL TOro, IO
3aganHg OC BUKOHAHO» Ta «ﬁMOBipHiCTL TOro, IO
3aBganHg OC BUKOHaHO YacTKoBO» jocsarae 0,6. Pazom
3 TUM, Ha MPAKTHYHE 3aCTOCYBaHHS TaKOI CHUCTeMH Oye
CYTTEBO BILIMBATH 3HAYCHHS MOKa3HMKa «MMOBipHiCTH
Toro, 10 3aBaaHHsa OC He BHKOHAHO», IO CTAHOBUTH
1o 0,4.

3. IIpoexTyBaHHS TEPCIEKTUBHOI OXOPOHHOI
cucteMd (BapianT 3) 13 3HAYCHHSIMH IIOKa3HUKIB
(yHKIIOHATBHOCTI 11 CKJIAJOBHX, NPEICTABICHHUMH B
Tabn. 4, [O3BOISE MOCAITH 3HAaueHb IIOKA3HHUKIB
e()eKTUBHOCTI CHUCTEMH B LIIOMY MPUAHATHUX IS ii
MPAKTHYHOTO 3aCTOCYBAaHHsS SK OXOPOHHOI CHCTEMH
00’€KTiB KpUTHYHOI iH(ppacTpykTypu. Po3paxoBaHe
3HA4YEeHHS TIOKa3HHKa e(EeKTHMBHOCTI TaKoi CHUCTEMH
«ﬁMOBipHiCTb Toro, 1o 3apaaHas OC He BUKOHAHO» HE
nepesumtye 0,2.

Tabnuys 4 — Bxigni 1ani Ta pe3yJbTaTi BipTyaJbHHX eKCIIEPUMEHTIB Ha Po3po0JieHiii croxacTHYHIN Moxeni
(yHKIiOHAJIBHOI MOBeJiHKH 0XOPOHHHUX CHCTEM IIi/l Yac IepeTHHY HOPYIIHHKOM TPbOX 30H KOHTPOJIIO

3HavyeHHs1 MOKA3HUKIB pyHKIiOHATbHOCTI cKkiIaxoBux OC 3HayeHHsI MOKA3HUKIB
Bapiant OC KOC BnAK edexrusrocti OC
Pet1 Rd1 Pet2 Rd2 Pdec Pac Rex Ric Fl.ex.p Ronex
Bapiant Nel 0,7 0,6 0,7 0,8 0,7 0,9 0,173 0,044 0,126 0,657
Bapiant Ne2 0,85 0,75 0,8 0,9 0,8 0,95 0,395 0,025 0,157 0,422
BapianT Ne3 0,95 0,9 0,9 0,9 0,8 0,95 0,556 0,022 0,234 0,188

32



ISSN 2522-9052

CyuacHi indopmariitai cucremu. 2021, T. 5, No 1

0.7
0,6

7 BapiaHT 1
0.5

= papianT 2
04 -

M EapianT 3

0.3

0.2 -

-

0.1 -

Pt.ex Pu.c

Ptex.p Ptn.ex

Puc. 4. 3HaueHHs MOKa3HHKIB e€()eKTHBHOCTI OXOPOHHOI CHCTEMH JUTsl BU3HAUYSHUX BapiaHTIB 1i pearizamil
(Fig. 4. The value of indicators of the effectiveness of the security system for certain options for its implementation)

BucHoBku

[IpencraBnena B CTaTTi CTOXacTHYHA MOJIEIb
(yHKI[IOHAJBHOI TIOBEJIHKM, W10 TIpU3HA4YeHa IS
po3B’si3aHHA  337a4  (YHKIIOHAIBHOI'O  CHHTE3Y
OXOPOHHOI CHUCTEMH Y CKJIaJli KOMIUIEKCY OXOPOHHOI
cUrHajizanii Ta Oe3miJIOTHOro aBialliiHOro KOMILIEKCY,
€ 4acTHHOW 1H(opMamiiHOI TEXHONIOril MPOEKTyBaHHS

OXOPOHHHUX CHCTEMHU 00’€KTiB KPUTUYHOL
IHQpacTPyKTypH. Monens  BiATBOpIOE  peakiii
CKJIaIOBUX OXOPOHHOI CHCTEMH Ha TMOCIIIOBHHIMA

HEPETHH TOPYIIHUKAMH TPHOX 30H KOHTPOJIO TiJ| Yac
BUKOHAHHSI 3aBJaHb 3 OXOPOHM OO0 €KTIB KPUTHYHOI
iHppacTpykTypu. Peakiii KOMIUIEKCY  OXOpPOHHOI
CUrHaji3alii BIATBOPIOIOTH TEPETHUH IOPYLUIHUKAMH
BCTAHOBJICHUX JAJIbHBOI Ta OJIMKHBOI 30H KOHTPOJIIO.

NPOJOBXKEHHSIM  peaklid  KOMIUIEKCY  OXOpPOHHOI
CUTHaji3alii  Ta  BIATBOPIOIOTH  BHSBJIEHHSI 1
CYNPOBOIDKEHHS TOPYIIHHUKIB y pPO3paxoBaHill TpeTii
30H1 KOHTPOITIO.

OcHalleHHs CITy’0 OXOpOHHOIO CHCTEMOI0 HOBOT'O
3pa3ka 3a0e3MeYnuTh CEKOHOMIK CHJI 1 3aco0iB, IO
HEOOXIIHI MPY BUKOHAHHI 3aBJaHb 3 OXOPOHH 00’ €KTIiB
KpUTHYHOI iH(ppacTpykTypu. Taka oxopoHHa cucTeMa
MOX€ OyTH BHMKOpHCTaHa JUIs IL(JIEBKA3aHHS 1HIIUM
cuiaM i 3acobaM OXOpOHHM, SIKI MalOTh OUIBII IIHUPOKI
MOJKJIMBOCTI; JUIs 3a0e3MCUCHHsT OXOPOHHU BIHCHKOBHX 1
BXKJIMBHX IMBUILHUX 00’€KTIB BiJl TEPOPUCTUYHUX Ta
KpPUMiHAIIBHUX aTaK, IPOBENICHHS TUBEPCIH.

Hanpsmxom HOJJIBIIHX JOCIiPKEHb €
YIIOCKOHAJICHHSI Ha/liiHICHMX Mojenel aBioHikn biAK
Ta HOro CKIAJOBHX 3 YpPaxyBaHHAM 3aCTOCYBAaHHS

Peakiii 0e3mimOTHOrO  aBiamiHOrO KOMIUIEKCY €  KOMIUIEKCY B CKIadi IEpPCIEKTHBHOI  OXOPOHHOI
CHCTEMH.
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o0ecreqnBaTh KOMIUIEKC OXPAaHHOH CHTHAJIHM3AIMH, B KOTOPOM HCIIONB3YIOTCS CHTHAIN3AIMOHHBIE CUCTEMBI C CEHCMUYECKUMHU
JnarTdukamMH. Bropyro dacte TpeOGoBaHHMIT MOXKET BBIIOIHHTH OSCIMJIOTHBIM aBHAIMOHHBIN KoMmIniekc. IlosTomy mpakTndeckas
1[eNIecO00Pa3sHOCTh BHIWTCS B COYETAHWM 3THX JABYX KOMIUIEKCOB B OJHOM OXPAHHOH CHCTEME C TpeMsi 30HAMH KOHTPOJIL.
[lepByro (nampHIO) M BTOPYIO (OIIDKHIO) 30HBI KOHTPOJISL OOCITY)XKHMBAeT KOMIUIEKC OXPAHHOW CHUTHaiIM3aliu. TpeTbs 30Ha
KOHTPOJIS (30HA CONPOBOXKICHHUS HApYIIUTEN) HA3HAYAETCsl HA OCHOBE JAHHBIX OT KOMIUIEKCAa OXPAaHHOH CHTHAIIM3ALNHN O TUITE
HapYIIUTEIs, €r0 CKOPOCTH W HAIPABICHUH JBIKEHHS. BeCIoTHEIN aBHAMOHHBINA KOMIUIEKC NMPUMEHSIOT JJISI BHITIOMHEHHS
3aJaHus OXPAHHOH CHCTEMOH B 30HE COIPOBOKICHMS HAPYIINTENS [0 KOMaH/AE OT KOMIUIEKCa OXPaHHOW CHrHanmm3amwu. s
peann3anuy TakoH OXpAaHHOM CHCTeMBl HAJO 3HATh OTBETHl Ha JaBa Bompoca. [lepBhIi, Kakoe 3HaUeHHE MOKa3aTelst
9QPEKTUBHOCTH OXPAaHHOW CHCTEMBI OOECIIEYUT COYETaHHE CYIIECTBYIOIIMX KOMIUIEKCOB C HX IIOKa3aTelsiMU
¢yHKIMOHANEHOCTH. M BTOpOH, KakMMH JOJDKHBI OBITH TpeOOBaHMS K IOKa3aTeNsM (YHKIMOHATHHOCTH 3THUX KOMILIEKCOB,
9TOOBl OXpaHHasl CHCTeMa oOOecrieunBalia HEoOXOAMMOe 3HadeHHe IoKaszaTelst I()QEeKTUBHOCTH. [l03TOMy LeNbIo CTAaThH
SIBISIETCS 110Ka3aTh MOTEHIMAIBHOE 3HAaUYeHHEe TIOoKa3aTelns dS(PQEeKTUBHOCTH OXPAaHHOM CHCTEMBI, C(HOPMHPOBAHHOH W3
CYIIECTBYIOIIMX KOMIUIEKCOB, a TAK)Ke OLIEHUTh BOBMOKHOCTH HOBHIIIEHNUS ee dpdekrrnBHOCTH. MeToa. locTHdb NOCTaBIeHHOI
LIeTM TO3BOJISICT CTOXAcCTHUYECKass MOAENb (DYHKIMOHAIBHOTO ITOBEIEHHS, KOTOpas IOJDKHA BOCIIPOM3BOIHUTH BCE BapHAHTHI
pEaKIMN COCTAaBIIIONINX OXPAaHHOW CHCTEMBI Ha IepecedeHNe HapyIIMTEIsIMH TpeX 30H KOHTpousl. Pe3yabrarsl. OCHOBHBIM
PE3YABTATOM SIBIISIETCSI AUCKPETHO-HETPEphIBHAS CTOXACTHYECKas MOJeNb (YHKIHOHAILHOTO ITOBEAEHHS OXPAaHHOH CHCTEMBI
00BbeKTa KPUTHIECKOW MHQPACTPYKTYpHI B BHIE cHUcTeMbl U3 76 muddepeHnmanbupx ypaBHeHnit KonmMoropoBa — YernmeHa.
CreneHp a/leKBaTHOCTH CTOXAaCTHYECKOH MOJENHW II03BOJISIET, KpoMe 3aJadd aHaun3a 3(QEKTUBHOCTH OXPAHHOW CHCTEMEI,
pemaTh 3ajady CHHTE3a IoKaszaTelaeld (YHKIMOHAIFHOCTH COCTABISIOMNX KOMIUIEKCOB, KOTOpBIE OOBEIUHEHBI B OXPAaHHYIO
cuctemy. BeiBoawl. [IpoBesneHHBIE HccleOBaHUS TMOKa3aiy, YTO JUI OOBEKTOB KPUTHUYECKONH WH(PacTpyKTyphl cO37aBaTh
OXpaHHYI0 CHCTEMY HAa OCHOBE CYIIECTBYIOIINX KOMIUIEKCOB OXPAaHHOW CHTHANM3alMHM W OECHMIOTHBIX aBHAIlMOHHBIX
KOMIUIEKCOB HEIIeNIeCO00pa3Ho M3-3a TOT0, UYTO OHA Oy/leT MMEeTh HEeAOIyCTHMO HH3KyIo 3¢d¢exTnBHOCTS. Ha ocHOBe pemeHus
3aJ]a4y CHHTE3a MPEACTABICHbI 3HAUSHHUS IToKasaTeneil (yHKIMOHAIBHOCTH COCTABIISIFOIIMX KAKIOI0 KOMIUIEKCA, B YaCTHOCTH
Te, KOTOpble ofecreyaT HeoOXOIMMOe 3HaueHWe Iokasarens 3((PEeKTHBHOCTH OXpaHHOH cucreMbl. CToxacTHueckash MOIeib
(YHKIMOHAIBHOTO TIOBEJICHUSI OXPAHHOM CHCTEMBI MOXET OBITh HCIONb30BaHA B HH(OPMALMOHHON TEXHOJOTUH ee
MIPOEKTHPOBAHUSL JUISl TIOMCKa KOMIPOMHCCHBIX pEUICHHH MeXIy pa3IMYHBIMH BapHaHTaMH COCTaBa, CTPYKTYpPBl |
(DYHKIMOHAIBHOTO ITOBE/ICHNST OXPAHHON CHCTEMBI.

KaoueBble cJoBa: CToXacTHUYECKas MOJICJIb, 3(1)(1)6KTI/IBHOCTL CHUCTEMBI, (1)yHKL[I/IOHaJ'[BHOG MOBEJACHHUE CHUCTEMBI,
CUTrHaJIn3allMOHHass CHUCTEMa C CEeCMUYECKUM JaTYUKOM, KOMIIJIEKC OXpaHHOﬁ CHUTHaJIM3aIlluu, OECITUIIOTHBIH aBI/IaHI/IOHHHﬁ
KOMIUICKC, OXpaHHas CUCTEMA.

A stochastic model of the security system's functional behavior for a critical infrastructure object
Yurii Salnyk, Bohdan Volochiy

Abstract. Context. Objects of critical infrastructure require adequate security. The security systems for such objects have
a specific requirements. Fulfilment of part of these requirements can provide by an unattended ground sensor complex which
uses seismic sensors. The second part of the requirements can be performed by an unmanned aircraft complex. Therefore, it is
seen as practical feasibility to combine these two complexes in one security system with three control zones. The first (Further)
and second (Hither) control zones are served by an unattended ground sensor complex. The third control zone (intruder escort
zone) is assigned on the data from the unattended ground sensor complex: the type of intruder, his speed and direction of move-
ment. The unmanned aircraft complex is used to perform a security system task in the intruder's tracking area on command from
the unattended ground sensor complex. You need to know two question answers to implement such a security system. First, what
is the efficiency indicator value of the security system will ensure the combination of the existing complexes with their function-
ality indicators. And the second, what should be the functionality indicators requirements of these complexes in order for the
security system to provide the required performance indicator value. Objective. Therefore, the goal of the article is to show the
potential value of the efficiency index of the security system formed from the existing complexes, as well as to assess the p ossi-
bility of increasing its efficiency. Methods. This goal is achieved by the stochastic model of functional behavior, which should
reproduce all variants of the security system components reaction to the crossing of three control zones by intruders. Results. The
main result is a discrete-continuous stochastic model of the functional behavior of the critical infrastructure object security sys-
tem in the form of 76 Kolmogorov-Chapman differential equations system. The grade of the stochastic model adequacy makes it
possible, in addition to the analysis tasks of the security system effectiveness, to solve the synthesis tasks of functionality indica-
tors of the complex components that are integrated into the security system. Conclusions. Research was conducted have shown
that it is impractical to create a security system based on existing unattended ground sensor complexes and unmanned aircraft
systems for critical infrastructure objects because of the unacceptably low system efficiency. Based on the synthesis task solu-
tion, the functionality indicators values of the each complex components, in particular those that will provide the required value
of the security system efficiency indicator, are presented. The stochastic model of the functional behavior of the security system
can be used in the information technology of its design to find compromise solutions between different variants of composition,
structure and functional behavior of the security system.

Keywords: stochastic model; system efficiency; system functional behavior; unattended ground sensor complex with
seismic sensor; unmanned aircraft complex; security system.
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HamionansHuii TeXxHIYHUN yHiBEpcUTET Y KpaiHu
«KuiBcpkuit monitTexHiuyHuii iHCTUTYT iMeHi [ropst Cikopebkoroy», Kuis, Ykpaina

TPUYHHUX,
EJIEKTPUYHOTO Ta

PO3PAXYHKOBHUM AITAPAT MOJIEJTIOBAHHS NOIIIMPEHHS
EJIEKTPOMATI'HITHUX ITOJIIB PI3BHOPIITHUX JKEPEJI

AHoTanisi. 3anpONOHOBAaHO NPUHHATHHI 3a MPUIYIIEHHSIMH Ta CHPOIISHHSIMH 1 JOCTATHIH 3a MOXWOKaMM KiHIIEBHX
pe3yabTaTiB pO3paxyHKOBHH amapar IJIs MOJEIIOBAHHS IOIIMPEHHS Ha BU3HAYEHIH IIIONI eJIeKTPUYHHMX, MarHiTHHX Ta
eJIeKTpoMarHiTHUX noiiB. [loka3aHo, 10 TS MOZIENIOBAHHS MOIIMPEHHS €IEKTPHYHNX Ta MArHITHUX ITOJTIB HAaHU3BKUX
4acToT (MOHITOpH, JpKepena Oe3nepeGiifHOro >KMBIICHHS, TpaHC(OPMATOpPH, ENEeKTPOABUTYHH Ta TeHeparopu) Tpeba
PO3TISIIATH i JPKepena K JDKepela IUIONFHOTo Ta JUMOJIBHO-KBAIPYIONBEHOro THITy. ToOTO, MoJIe JIOKaIbHOro JDKepea
MOXKHAa PO3TIISIIATH SIK KOMOIHAIIIO ENEeKTPUYHMX Ta MarHiTHUX aumoniB. lle Hagae 3Mory 3 JOCTaTHBOIO TOYHICTIO
OKPECIIUTH 30HW TIEPEBUIIECHHS TPaHUYHO-IONMYCTHMHX HaNpyKeHocTed momiB. J[Is MOIeNmoBaHHS MOIIMPEHHS
€JIEKTPOMArHiTHAX TIOJNIB Jy)X€ BHCOKMX Ta YIBTPAaBHCOKMX YacTOT aJalTOBaHO pPO3paxyHKOBHI amapar, IIo
BHKOPUCTOBYBABCSI JUIS BU3HAYECHHS IHTEHCHBHOCTEH BUIPOMIHIOBAHHS pajlioJIOKaIifHOro o0JialHaHHs [UBIIBHOI aBiamii.
Hanmano pospaxyHku KoedimieHTIB, sIKi BpaxoBYIOTh IIapaMeTpH JiarpaM CHpSIMOBAHOCTI BHIIPOMIHIOBaHb Yy
TOPH3OHTAIBHIA Ta BEPTHKAIBHINA IUIOMMHAX JUIS HAaWOIMBII PO3MOBCIOKCHUX JDKEpENT BUIPOMiHIOBaHb. HaBemeHi
CITiBBiTHOIIEHHS 1 BIATIOBiAHI KOe(II[ieHTH MOXXYTh OYyTH 3aCTOCOBaHi JJIsl BU3HAUCHHS €JIEKTPOMArHiTHOI OOCTaHOBKH 3a
HasiBHOCTI 0araThOX BHMCOKOYACTOTHHX JDKepen (0a30BUX CTaHII MOOUTBHOrO 3B’s3Ky, HaBiralliifHOro oOiaJxHaHHS,
paniopeneifHuX cTaHMiil TOmo). 3arponOHOBaHUH MiJX1/T TO3BOJISIE aBTOMATH3YBAaTH IPOLIECH ITPOSKTYBAHHS PO3MIIICHHS
€JIEKTPOMAarHiTHOTO, €JIEKTPOHHOTO Ta PaJiOTEeXHIYHOro OOJNaJHaHHS Ha BUPOOHMYMX IUIOMIAX Ta TEPUTOPISX, a TAKOX
3[1MCHIOBATH OLIIHIOBAHHS BIUIMBY Ha JIOBKULIA Ha CTajisfX MpOeKTHUX poOir. Lle HamacTh 3MOry OKpeciIuTH i30IiHIT Mex
TIEPEBHIICHHS] TPAaHUYHOIONYCTUMHUX DPIBHIB €JEKTPUYHUX MArHITHUX Ta €EKTPOMAarHiTHUX MOJIB JUISl Pi3HUX 4aCTOTHHX
Jliana3oHIB Ta KaTeropiil oOylaHaHHs 1| BU3HAYUTH y aBTOMATHYHOMY PEXHMI €IeKTPOMArHiTHE HaBAHTa)KEHHS y KOXKHIH
TOYII KOHTPOJIILOBAHOT'O TIPOCTOPY.

Kaw4doBi caoBa: eﬂeKTpOMal"HiTHe 10JI€; MOJICJIIOBAHH:, Ha,Z[HI/IBBKi Y4acTOoTH, yJ'ILTpaBI/ICOKi Y4acToTH, Hapr)KeHiCTL
T10J14.

00’€KTI 3a HASBHOCTI  PI3HOPITHHMX  JpKepen 3
ypaxyBaHHSM IX TpaHUYHO JOMycTHMUX piBHiB. lle
CIPOCTHTh ~ MPOLEAYPY  CTBOPSHHS  HPHUKIAAHOIO
OpPOTPaMHOro  3a0e3leyeHHs, sSKe  JO3BOJUTH Y
ABTOMAaTH30BAaHOMY PEXKHMI BU3HAYaTH 1 MPOrHO3YBATH

Beryn

MoyieltoBaHHIO  [TPOCTOPOBUX  PO3MOALTIB  eJeK-
MarHiTHUX Ta €JIEKTPOMArHITHUX TOJIB
€JIEKTPOHHOT'O o0JatHaHHS

NpUALIeThCs 6araTo yBark. Taki poOOTH 3/iHCHIOIOTHCS
y JBOX HAmpsMKax: BU3HAYEHHS PO3MOIUIB MONIB Y
CepelrHl  MPUCTPOIB-TpaHC(HOPMATOPIB,  ENEKTPUIHHX
MAIllMH TOIIO 3 METOI BJIOCKOHAJIECHHS TX KOHCTPYKIIH
Ta MOJEIIOBAHHA 30BHILIHIX NOJIIB 00JIaJHaHHS 3 METO0
MIBUILICHHS] PIBHIB €JIEKTPOMArHITHOI CyMICHOCTI Ta
€NIEKTPOMATHITHOT Oe3MeKH MEepPCOHANy Ta HACEICHHS.
3a3Buuail po3MIISIAEThCS OAWMH TPHCTpii abo rpyma
OJHOTHIIHUX  TPHCTPOiB,  EJNEKTPHYHE,  MAarHiTHE,
€JIEKTPOMATHITHE TI0JIe O/THI€T YacTOTH (CIIEKTPH YaCTOT).
AJle y peapbHHX BHPOOHHUYMX yMOBaX €KCIUTyaTYETHCS

oOmagHaHHS, SK€ TeHepye eNeKTPOMArHiTHI IO
IIMPOKOTO CIEKTPY 3 PI3HUMH 3aKOHOMIPHOCTSIMH
NPOCTOPOBUX  KOJIWBAHb. PosmimienHs ~ Takoro

oOagHaHHS HAa BUPOOHWYMX IUIOMIAX ab0 TEPUTOPIAX 3
METOIO 320e3TeUYeHHs] MiHIMAIIFHOTO B3a€MHOTO BILUIHBY
Ta EJIEKTPOMATrHITHOI OE€3MEKH IEePCOHAIy € CKIIaJHOIO
3ajauero. i pO3B’si3aHHA Ha CTajdili BUKOHAHHS
MPOEKTHUX pOOIT abo TMpOBEIeHHS OIIHKH BIUIMBY HA
JOBKIJUIS, 00’€kTa OyHiBHWIITBA, MOXIIMBI TUIBKH 3a
PO3paxyHOK MOJIEITIOBaHHS MOIHMPEHHS MOJIB, BUXOITIH
3 TEXHIYHUX JaHUX oOmagHaHHA a00 BHUKOPHCTAHHS
BHXITHUX eKCIIepIMEHTAIbHIX JTAHUX 1010
aHaJorivHOro oOjamHaHHA. Mg 1Oro moTpideH
KOMIUIEKC MaTEMaTHYHUX CITiBBIIHOIIEHb, MPUIHHATHIX
3a TIPUMIYLOIEHHSAMH Ta CHPOIIEHHSIMH, SIKi JTO3BOJIIOTH
OLIIHUTH PiBHI €JIEKTPOMArHITHUX TIOJIiB HA BU3HAYEHOMY

ENIEKTPOMATHITHE HABAHTAKEHHS B YCIX KPUTHYHHX
TOUYKAX KOHTPOJIbOBAHOI 30HU.
AHaJi3 ocTaHHIX AochaikeHb 1 myOmikaumii. Y

OimpIIOCTI  pOOIT 3  MOJEJTIOBAHHS  PO3IOMILIIB
ENIEKTPOMATHITHUX TIONIB  PO3MVISANAIOThCS ~MArHITHI
OJIA, 1110 MOLIAPIOIOTHCSI y cepeauHi

EIIEKTPOTEXHIYHOr0 O0JIaIHAHHS 1 BIUIMBAIOTh HA HOTO
poboTOCIIPOMOXKHICTE Ta eHeproedekTuBHicTh [1, 2].
MopemtoBaHHS 30BHIIIHIX €JIEKTPOMATHITHUX IONIB
CIIEKTPOTEXHIYHOr0  OONamHAHHSA  peami3yeTbes 3
BUKOPUCTAHHSIM TapMOHIYHOTO aHalli3y Ha OCHOBI
pO3B’s3aHHA  piBHAHHA layca mnsd  CKaJIApHOTO
noteHniany [3, 4]. Jasg BHYTpIiIIHIX MarfHiTHHX IOJIB
3a3BUYail 3aCTOCOBYIOTH makeT Comsol, sSIKuif 103BOIISIE
OTpHUMATH MOZETI 3 MiHIMAJIbHUMHE MOXUOKamu [S5]. Ane
y 0araThOX BHIIQJIKAX BEJMKA TOYHICTh HE MOTpiOHAa,
TOMY 3aCTOCOBYEThCS CTaHAapTHWi maker Matlab Tta
odimiiHMA  po3paxyHKoBui  amapar. lLle  mae
TMPUAHATHAN pe3ynbTaT Ui JiHIA exekTpornepenadi [6].
AHami3 JOOCHIDKEHb 3O0BHIIIHIX MATHITHHX IIOJIB
SNEKTPUYHOTO Ta EJIIEKTPOHHOTO OOJIaIHAHHS J03BOJIIE
IIATH BUCHOBKY, IO OUIBIIICTE TEXHIYHMX 3ac00iB
TeHepyIOTh ~ MarHiTHI Ta  €JIEeKTPOMArHiTHI  IOJIA
JUIIOIBHOTO, JTUIOJIBHO-KBAJIPYIOIbHOTO THITY [7].
Tomy po3paxyHKOBHII amapaTr Uil MOJENIOBAHHS
SJIEKTPHYHHUX Ta MarHiTHUX IOMNIB MOXXe Oa3yBaTHCs Ha
po3paxyHKax IoiiB y (OopMi JUITONIB Ta X KOMOIHALIIH.
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[Ipy mpoMy mONSA PO30OCEPEINKCHUX JKepen (JiHii
TiepesiaBaHHsl €Heprii Ta eJeKTPOXKUBIICHHS OyIiBesib)
PO3paxoOBYIOThCS, Y pa3i MmoTpeOHW, 3a BiJIOMHMH
CITiBBiTHOIIICHHSIMH.

om0  mxepen €JIEKTPOMArHiTHUX  IIOJIB
pamioyacTtor, TO MAXOAM 1O iX pPO3PaXyHKIB Ta
BH3HAYEHHS 3arajbHOro €JIEKTPOMarHiTHOTO
HaBaHTAKEHHS Ha TEpPUTOpil 3aHaATO CKIAgHi 1
HeOe33amnepeyHi [8, 9]. B Toli sxe yac iCHYFOTh METOIUYHI
Marepiaji Ul pO3paxyHKYy eJIeKTPOMAarHiTHHX IIOJB
3ac00iB KepyBaHHS MMOBITPSHUM PYXOM IIMBUIBHOI aBiawiii

[10], sKi MoOXHAa ajanTyBaTH JUIl PO3PaxyHKIB
MOIIMPEHHSI  EJIEKTPOMArHiTHUX  IIOJiB  CYYacHOTO
HaBiraliifHOro, 3B’s13KOBOT0 00JIaIHAHHS 3 ypaxyBaHHIM
Jiarpam CIIPSIMOBAHOCTI Ta YUHHUX

TPaHUYHOMIONYCTUMUX PiBHIB. Ha choromHimHiil 1eHp €
JOIIbHUM ~ PO3POOJICHHS TMPOCTOrO Y  3aCTOCYBaHHI
PO3paxXyHKOBOrO amapaTy, SIKHiA JTO3BOJUTH 3IIHCHUTH
MOJICTIOBAHHSI HU3bKOYACTOTHUX Ta BHCOKOYACTOTHHX
€JIEKTPOMATHITHHUX TIONIB 3 HAJ@HHAM JIAHUX PO MEXi
30H MIEPEBUILEHHS TPAaHUYHO JIOMYCTUMUX PiBHIB.

ITocTanoBka 3aBaaHHs. Merta cratTi — HaJaHHI
KOMIUIEKCY CHiBBIIHOIICHB, PUIATHUX 10 aBTOMaTH3allii
NPOLIECIB  PO3PaxyHKIB 1 MOJEINIOBaHHS IOLIMPEHHS
€JIeKTPOMArHiTHUX ~ TIOJIB  IIMPOKOrO  YacTOTHOT'O
Jliara3oHy.

BuxJjaa ocHOBHOTO MaTepiajny

HusbkouacToTHi €JIEKTPOMArHiTHI noJIst
OLIIHIOIOTHCS OKPEMO 3a EJIEKTPUYHOI0 Ta MArHITHOO
CKJIAZJOBUMHU. PO3paxyHKH HalpyXeHOCTEH €JIEKTPUYHUX
nomie E  0Oasylothcs  Ha  (yHIaMEHTaNIbHOMY
CIiBBiJHOIICHHI:

E=-grad o,
Je (¢ — TOTeHIian enekTpuaHoro momst; grad ¢ =Vo —
mudepeHnilinuii oneparop ['aMinbToHa,

Vo= |—¢+ J—¢+k %
ox ~oy oz’

Jns BifcraHe#, ski 3Ha4HO OUIBIII 332 PO3MIipU
IDKepesa OJI, JOLIITBHO BHKOPHCTOBYBATH
BU3HAYCHHSA  OapaMerpiB momst y  chepuanux
KOOpMHATAX:

1 8¢
Rsme oo,

LIUPOKO BUKOPUCTOBYBAaHOT'O
(BimeOMOHITOpH,  CHUCTEMHI  OJIOKH,
JoKeperna  OesmepeOiifHOrO — JKUBJICHHSA,  APYKYIOUi
MPUCTPOI  TOM[O0) MAIOTh MPOCTOPOBI  CTPYKTYpH
CIIEKTPUYHUX Ta MATHITHHX TIOJNiB, TpPUTaMaHHi
SNIEKTPUYHUM Ta MArHITHHM JHIONSAM (TEOPETHYHO Ta
eKCIepIMeHTaNbHO MokazaHo y [11]). Tak, Hanpukan,
yCi PpIOKOKPUCTATIYHI MOHITOPH MAIOTh EIEKTPHYHI
moJIsl AWIIONBHOTO THUIMY, JDKepena Oe3mepebiifHoro
JKUBIIEHHS — MATHITHI TIONS JWNONBHOTO — THILY.
Po3paxyHok  enekTpudHOro Tmoms  Oa3yeTeCsl  Ha
BH3HAYEHHI () — CKAISPHOTO MOTEHIiaNly eJIeKTPHIHOTO
MoJsA, PO3PAaxXyHOK MAarHiTHOrO mons 0Oa3yeThcsl Ha
BH3HAY€HHI A - BEKTOPHOTO ITOTEHIiaTy MarHiTHOTO
TIOJIS.

V=R L g

Binpricts
o0J1aJHAHHSA

Po3risiHeMo eneKTpuYHMI AWIIONG 3 3apsiioM =+
Ta BiAcTaHHIO |, TOOTO 3 ENEKTPUYHHUM JHIOIBHUM
momentoM P=q | (puc. 1). CkanspHuii moreHmiam
CJIEKTPUYHOTO TONS y TOYII CHOCTEPEKECHHS a Mae
BUTIISL:

qg (1 1 q RZ_RJ.

8 4n-c-eg\ R, Ry ) dmeey Ry-Ry |

Jie € — BIJIHOCHA €NEKTPUYHA TIPOHUKHICTH CepeIOBHIIA
(s moBitTpst  €~1), & — mienekTpuuHa ctana (g =
= 8,85 x 102 ®/m).

VY peansaux ymoBax R>>1 , 106TO CKamstpHmit
MOTEHI1aJl eJIEKTPUIHOTO TIOJISl TOPIBHIOE:

R
q’ > (1

R
I

R
Puc. 1. Cxema 110 po3paxyHKy HalpyKEHOCTi
€JICKTPUYHOTO MOJISI eJICKTPHYHOTO JAUIIOIS

(Fig. 1. Scheme for calculating the tension
electric field of an electric dipole)

o= P-cos0/(4n-5-59-R?).

Y  TOMSIpHHUX ~ KOOpAMHATAX  HAIMPYKEHICTh
EJIEKTPUYHOTO MOJISI HA TUIOLIHHI IOPIBHIOE:

_ 0 P-cos6 .
Er = =—————; pajlajbpHa CKJIaJl0Ba,
OR  2m-g-g5-R
ob P-sin®
EQ =— = ; KyTOBa CKJ1a/10Ba,

R0 4m.g-gy- R3
EL = 0; xyroBa ckiamoBa i1 KOOpAUHATH Z.

ToOTo € MOXIUBICTD PO3MIISAATH IPOCTOPOBI
3MiHH €JIEKTPUYHOrO MOJIsl Y OJHIM NOTPiOHIH ILIOIHHI:

E-JEZ+E2-— " _i+3.cos?0,

47:-8-80-R3

P =2negq Erd

E BH3HAuaeThCS eKCIIEpUMEHTAIbHO Ha Oyab-sKiit
Bincrani I. CymapHe moie y Oymp-sSKid TOdIl Bif
0araTbox JpKeper BU3HAYA€ThCs SK:

E=\E?+E5+...E2

HaBenene Hamae 3Mmory parmioHamizyBaTau abo
HaBITh ONTHMI3YBaTH 3 TOYKH 30py €IEKTPOMATHITHOI
Oe3mekn po3MilIeHHsT 0araThoX PKEped eIeKTPHUIHOrO
TIOJISL AUTIOJIBHOTO THITY.

Po3paxyHkn HampyXeHOCTEH MAarHiTHHUX TIONIB €
AHAJIOTIYHAMU (CTIeKTPUYHUN NUTONBHUNA MOMEHT P
3aMIHIOETBCS HA MAarHiTHUH MOMEHT M), BiJMOBIJHO &,
€0 3aMIHIOETHCS Ha [, [o:

m=i-S§,
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JIe i — CTpyM y KOHTypi; S — Tutoma KOHTYpY; [ —
BIIHOCHA MAaTHITHa TPOHHUKHICTh CEPEOBUINA (IS
noBiTpst W = 1); o — marniTHa ctana (1,26:10° 'n/m);
m-coso m-sin®
o3 Ho=—— 3
2n-R 47t-R
ne H BU3HAYAETHCSI EKCTIEPUMEHTAIIBHO.

3a3BuYaii, HOpPMYETHCS 1HIYKIisi MArHITHOTO 110JIs B:

Hi = ; m=2nuu0Hl’3,

BinbIIicTh €1eKTpUYHUX MAIlUH YOTHUPHIIOIIOCHI,
a 1X MarHiTHe I10JIe — JUITOIBHO-KBAAPYIIOJIBHE.

HaBenene  ngae  3Mory — po3paxyBaTd  Ta
aBTOMATU3yBaTH IIPOLIEC BH3HAYEHHS CYMapHOTrO
€JIEKTPOMArHiTHOTO HaBAaHTAXKEHHs Y OyIb-SKil TOYI
oOpaHoi TIUION[i 3a HAABHOCTI 0aratbox JpKEpen
HU3BKOYACTOTHUX EJIEKTPUIHHUX TIOJIB.
EnexTpomarHiTHI mNoJsi BHCOKOYACTOTHHX Jlialla30HiB
HOPMYIOTBCS SIK 32 HAIPY)KEHOCTSMH CKJIaJIOBHUX, TaK i
3a MiTBHOCTAMM MOTOKIB eHeprii (B/mM2, MkBT/cm?).

P0o3paxoByeThCsl TOIIUPEHHS E€IEKTPOMAarHiTHUX
BUIIPOMIHIOBaHb Jiana3oHiB 8 (Iy)ke BHCOKI YacTOTH,
30-300 MI'y, [IP—6 B/m) Ta 9 (ynbTpaBUCOKI 4acTOTH,
0,3-9 I'Tu, TJIP-10, 15, 20 mxBt/cm?2). Jlns mianasony
8 po3paxyHOK 3[1CHIOETHCS 31 CITiBBiTHOIICHHS:

—V?’OFTG” KF(O)F (¢)

ne E — HampyxeHicte enekrpudHoro nons (B/m) Ha
Biacrani R (M), P — HampyXeHiCTh BHUIPOMiHIOBaya
(Br), G- koediumieHT TiACHICHHS aHTEHH, 1 —
koe(illieHT Tepenavi aHTEHHO-(inepHOro Tpakty, K —
MHOXKHUK BIUIMBY 3emiti, F(0) — koedinieHT BpaxyBaHHs
Jiarpamy CIIPSIMOBAHOCTI Yy BEpPTHUKANbHIN IUIOMIKHI,
F(p) —  koedilieHT  BpaxyBaHHS  Jiarpamu
CHPSIMOBAHOCTI Y TOPU30HTANBHIH TUIOIIHHI.

Po3paxoByeTbcsi pO3MOMIN  HAMPYKEHOCTI OIS
JUIs.  HakOlmemn mommpeHux Jpkepen: P =25, 100,
300 Br; G=8, 31, 31; n=0,1; K=1,4.

3nauenns F(0) orpumyroThcs 3 Takux miarpam
CHPSIMOBAHOCTI:

1) ms F(0)= F(p)=1 — st 360°;

2) nna F(0)= F(¢)=1 — nnsa cexropa £30° (tabmn. 1).

E

Tabnuys 1 — 3navenns F(0)

F(o) 0, rpaj
1,00 0
0,95 5
0,90 10
0,80 15
0,30 20
0,05 25
0,01 30

Cexmop eunpomimioeanus 60° no 2opusonmani i
eéepmuxani. J{nst niana3oHy 9 po3paxyHOK 31HICHIOETBCS
31 CMiBBIIHOIICHHS:

_ 8PGKF?(0)n

W 2

ne W — minbHICT TOTOKY eHeprii BUIPOMiHIOBaHHS
MkBr/cM? ma Bimctami R (M), P — HamlpyxkeHicTh
BunpominioBada (Bt), G — xoedimieHT miacuiIeHHS
aHTEHH, T — KoeilieHT mepenadi aHTEHHO-(igepHOro
TpakTy, K — MHOYKHHUK BILTMBY 3eMi, F2(0) — MHOKHHUK
HOPMOBAHOI JliarpaMy CHPSIMOBAHOCTI Yy HAIPSIMKY
o0’ekta ompoMiHeHHs. HaBeneHe CHiBBIIHONICHHS
aJanToBaHe JUIs OTPUMAHHs pe3yIbTaTy y MKBT/cM?,
o Qirypye y HopMaTuBax.

Po3paxoByeThcss  pO3MOMT  IILIBHOCTI  TOTOKIB
eneprii msa: P=8, 32, 100, 1000 Bt; G =32, 32, §, 8§;
K=14,n=1

[Ba BapiaHTH:

1) nns F2(0)=1 na 360° (eHepris BUNPOMiHIOBAaHHS
PO3MOAISAETHCS MO KOIY;

2) nns cextopa £5° (10°) F?(0) (Tabmn. 2)

Tabauys 2 — Koedinienrn F2(0)

F2(0)
1,00
0,95
0,90
0,75
0,55
0,45
0,25
0,15
0,05

0, rpag

o

(N[O DW[(N|F-

Jns OTpHMAaHHSI €NeKTPOMArHiTHOTO
HABaHTKEHHS y OyAb-sKiil TO4Ll PO3MIISAAAIOTHCS
YMOBH, KOJI 30HU TTEPETHHAIOTHCSL:

Wes =W W5 +. 4+ W,

2 2 2
Erg =\EZ+E2+.+E

[IporHo3yBaHHsS e€JIEKTPOMArHITHOI OOCTaHOBKH,
BUXOIAYM 3 HABEIACHUX CIIBBIIHONIECHb € OLIHOYHUM
Yyepe3 MOXIIMBI 3MIHHM TOTY)KHOCTI BHIIPOMIHIOBAUYiB,
Koe(IIieHTIB  BIUIMBY 3eMJIi  Tomlo. BusHaueHHs
MOXIUBHX 3MiH €JIEKTPOMarHiTHOrO HaBaHTAXKEHHS Yy
OKpEeMHUX 30HAaX BHACIIJIOK BINOWUTTS XBWIb BiJ CTIH
OynmiBenb Ta IHIIMX TIOBEpXOHb 3MAIHCHIOETHCS HA
KOHKPETHHX O00’€KTax 3 YypaxyBaHHSM B3a€EMHOTO
pO3TalIyBaHHs CIIOPYA Ta MaTepialliB MOBEpXOHb. AJe
32 YMOBM aBTOMATH3allil pPO3paXxyHKIB OTPHUMaHHA
130MiHIA 30H NEPEeBHUIIEHHS TPAHINYHO IOIMYCTUMHUX
PIBHIB €IEKTPOMATHITHHUX TIOJIiB 3a Pi3HMX MOYaTKOBHX
YMOB HE CKJIaJIa€ MPOOIEMH.

BucHoBku

1. OOrpyHTOBaHO, MO PO3PaXyHKOBUH amapar

Ul MOIEJTIOBaHHSA  NOMIMPEHHA  CICKTPHYHHX,
CIICKTPOMATHITHMX  Ta  MAarHITHUX  TONiB 31
CIIPOLICHHAMK, NPUHHATHAMH  JUIA  OL{HIOBaHHS

€IIEKTPOMAaTHITHOI 00CTaHOBKH Ha BH3HAYCHUX IUIOIMIAX
Ta TEPUTOPiAX, TOBHHEH OYTH 3pY4HUM  JUIA
aBTOMarH3allii OO4YMCIIEHh Ta 3IIMCHEHHS OITHMI3aril
PO3MIIIEHHS E€TEKTPUYHOTO, EJIEKTPOTEXHIYHOTO Ta
EIIEKTPOHHOTO 00JIaTHAHHS.

2. Tloka3zaHo, MmO OUTBIIICT JIOKATBHUX JDKEPET
€JIEKTPOMATHITHHX TIOJIB € JDKEPEaMU 3 JUITOIBHOIO Ta
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JIUITOJTEHO-KBAIPYIIONEHOI CTPYKTYpPaMH €ICKTPUIHUX
Ta MAarHIiTHUX TmomiB. [[g OIiHIOBaHHSA iX pIBHIB

CITiBBITHOIIICHHSI, SIKi 3aCTOCOBYIOTBCS JUISl PO3PaXyHKIB
piBHIB BUIIPOMIHIOBaHHS panionokaniiHOro

3aCTOCOBYIOTHCSI  CITIBBIJIHOIICHHS, TOMIOHI IS OOJNagHAHHS IMBUIRHOI aBiallii. 3a HASBHOCTI TaHUX TIPO
PO3paxyHKy €JICKTPUYHUX Ta MATHITHHX IWIONIB a00  TOTYXHICTh Koe(illieHTa MiACHICHHS Ta KoedillieHTa
piBHsiHHS [ayca s CKaNsipHOrO  MOTEHHialy  Mepedadi y aHTEeHHO-(iIepHOMY TpakTi, Jiarpam
(IMTONBEHO-KBAIPYIOIBHUX JHKEPET). CIPSIMOBAHOCTI BHIIPOMIHIOBAaYiB MOKHA 3 IPUHHATHOIO

3. Hdusa BU3HAYEHHS MIOMIMPEHHST  TTOXHOKOFO po3paxyBaTu posmozin piBHIB
CIICKTPOMATHITHUX  TIONIB  JY)KE€  BHCOKMX Ta  CJIEKTPOMATHITHHX TOJIB YCiX MOIMUPEHUX JHKEPEI.
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PacuerHblii annapaTt MoAeJHPOBAaHUs PACIIPOCTPAHEHHUS
3JIeKTPOMATHUTHBIX NOJIel Pa3HOPOJHBIX HCTOYHHKOB

A. B. Xonakockuid, JI. A. Jlepuenko, B. I1. Konmym6er, A. 1. Kozauyk, /1. C. KyxaBckuii

AHHoTtanus. [IpemioxeH npuemiaeMblii MO NPEANOIOKEHUSIM U YIPOUICHUAM U JIOCTaTOYHBIA MO MOTPEUIHOCTSIM
KOHEYHBIX pE3yJbTaTOB pACUYETHBIH ammapar Uil MOJEJIMPOBAHHMS pPACIPOCTPAHEHHsS Ha ONpPENEeNCHHOH IUIoann
JNMEKTPUYECKUX, MATHUTHBIX M OJIEKTPOMAarHUTHbIX noneil. IlokazaHo, 4YTO I MOAEIMPOBAHUS PACIPOCTPAaHEHHS
JNEKTPUYECKMX M MArHUTHBIX II0J€H CBEPXHHU3KMX 4YacTOT (MOHHUTOPbI, MCTOYHHUKH OecriepeOOHHOro HHUTaHus,
TpaHc(hOpPMATOpPbI, NEKTPOABUIATENIN U T€HEPATOPhl) HAJ0 PACCMATPUBATH 3T MCTOYHUKU KaK MCTOYHUKH JUIIOIBHOIO U
JIMIIOJIHO-KBA/IPYIIOJABHOrO THIA. TO €cTh, IIOJNE JIOKaJbHOI'O MCTOYHMKA MOXHO paccMarpuBaTh KaK KOMOMHAIIMIO
MEKTPUYECKUX M MAarHUTHBIX JUNONEH. DTO JaeT BO3MOXHOCTb C JOCTATOYHON TOYHOCTHIO ONPENEIUTh 30HBI IPEBBILICHUS
NpeNeTIbHO JOMYCTUMBIX HAaNpsDKEHHOCTEH nonei. st MoIeaMpoBaHus pacpOCTPAHEHUS SIEKTPOMAarHUTHBIX IIOJEeH OYeHb
BBICOKMX M YJIBTPAaBBICOKHX 4YacTOT aJalTHPOBAaH pPACUETHbIH anmapar, KOTOPBIH MCIOIb30BAJICS JUIS ONpEETICHUs
WHTCHCHUBHOCTEH U3IY4YeHUS pPaAUOIOKAIIMOHHOIO 000pyHOBaHMUS TpakJaHCKOW aBuaiuu. IIpenocTaBieHbl pacdeTbl
KO3 QUIMEHTOB, YYUTHIBAIOLIMX NAapaMETPhl JHarpaMM HAIpaBJICHHOCTH M3JIy4EHHs B FOPU3OHTAIBHON M BEpPTUKAaJIbHOU
IUIOCKOCTSAX ISl HauOoJiee paclpOCTPAaHEHHBIX MCTOYHHMKOB M3JydeHHH. [IpuBeCeHHbIE COOTHOLIEHHS U COOTBETCTBYIOLIHE
Ko3(puIMeHTsl MOryT OBITh HPUMEHEHbl I8 OIPENCICHHS 3JICKTPOMATHHUTHOH OOCTAHOBKM NHPH HAJIWYUKM MHOIMX
BBICOKOYACTOTHBIX HMCTOYHHKOB (0a30BBIX CTAHIHMI MOOWILHOM CBSI3M, HABUTALIMOHHOIO OOOPYHOBAHUS, PaIHOPENICHHBIX
craHmMid W T..). IlpeanokeHHBI MOOXOA MO3BOJSET AaBTOMATU3UPOBATH TMPOLECCHl MPOSKTHUPOBAHUA PAa3MELICHUS
3JIEKTPOMArHUTHOTO, 3JIEKTPOHHOT'O U PaJIMOTEXHUYECKOro 000py10BaHUs Ha 1P OW3BOJICTBEHHBIX IUIOWIASIX U TEPPUTOPHUIX,
a TaKXKe OCYLIECTBIAThH OLECHKY BIMSHHS Ha OKPYXKAIOLIYIO Cpeay Ha CTaMsAX MPOEKTHBIX paboT. DTO MO3BOJIHUT ONpPEAEIUTD
W30JIMHAM TPaHUIl MPEBBILICHUE MPEACIBEHO YPOBHEH JJIEKTPUYECKMX MArHUTHBIX M 3JEKTPOMAarHUTHBIX IOJEH IS
pPasNMYHBIX YaCTOTHBIX JMANa30HOB M Kareropuid oOOpyIOBaHMS UM  ONpPEACNIUTH B ABTOMAaTHYECKOM pEXHUMeE
9NIEKTPOMATHUTHYIO Harpy3Ky B KaXI0H TOYKE KOHTPOJIMPYEMOr0 P OCTPAHCTBA.

KiawueBbie cJjioBa: 3JCKTPOMArHuTHOE II0JIC, MOACIHPOBAHUEC; CBCPXHU3KME YaCTOTHI, yJIBTp&BBICOKOfI YacCTOThlI,
HaMpsDKCHHOCTD MOJIA.

Calculation apparatus for modeling the distribution
of electromagnetic fields of different sources

Oleksii Khodakovskyi, Larysa Levchenko, Vadym Kolumbet, Anna Kozachuk, Dmytro Kuzhavskyi

Abstract. The calculation apparatus acceptable for assumptions and simplifications and sufficient for errors of final
results for modeling the propagation of electric, magnetic and electromagnetic fields spread over a certain area was proposed.
It is shown that to model the propagation of ultra-low frequency electric and magnetic fields (monitors, uninterruptible power
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supplies, transformers, electric motors and generators) it is possible to consider these sources as dipole and dipole -quadrupole
type sources. That is, the field of the local source can be considered as a combination of electric and magnetic dipoles. This
makes it possible to delineate with sufficient accuracy the zones of exceeding the maximum allowable field strengths. The
calculation apparatus used to determine the radiation intensities of civil aviation radar equipment was adapted to model the
propagation of electromagnetic fields of very high and ultra-high frequencies. The calculations of coefficients that take into
account the parameters of radiation patterns in the horizontal and vertical planes for the most common radiation sources are
given. These ratios and corresponding coefficients can be used to determine the electromagnetic environment in the presence
of many high-frequency sources (mobile communication base stations, navigation equipment, radio relay stations, etc.). The
proposed approach allows to automate processes of designing the placement of electromagnetic, electronic and radio equip-
ment in production areas and territories, as well as to assess the environmental impact at the stages of design work. This will
make it possible to delineate the isolines of the limits of exceeding the maximum permissible levels of electric magnetic and
electromagnetic fields for different frequency ranges and categories of equipment and to automatically determine the electro-
magnetic load at each point of the controlled space.

Keywords: electromagnetic field, simulation, ultra-low frequencies, ultra-high frequencies, field strength.
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THE USE OF GEOSPATIAL INFORMATION BY PUBLIC AUTHORITIES
TO SUPPORT THE DECISION MAKING OF MANAGEMENT

Abstract. The article proposes the use of geospatial information to support managerial decision-making by public
authorities in the field of reintegration of temporarily occupied territories in Donetsk, Luhansk regions and Crimea.
Variants of application of decision support systems in the management of immovable military property of the Armed
Forces of Ukraine, the existing algorithms and methods of the decision support system in land relations are analyzed.
Proposals are presented to support the adoption of managerial decisions by public authorities on the basis of Earth
remote sensing data. The algorithm for the functioning of the decision support system in solving the problems of
reintegration of temporarily occupied territories has been improved. The proposed sequence of actions of the method of
the process of supporting the adoption of administrative decisions by public authorities in the field of reintegration of
temporarily occupied territories using geospatial information, mathematical constructions of category theory and
predicate logic. The order of implementation of the sequence of actions of this method is given. By improving and
detailing the proposed method, it is possible to form a more effective system for supporting the adoption of managerial
decisions by public authorities using geospatial information.

Keywords: geospatial information; Earth remote sensing; public authority; decision support system; DSS; category

theory; predicate logic; formalization.

Introduction

Formulation of the problem and research tasks.
Unimpeded obtaining of species information on areas
and objects of interest and the fact that the necessary
information is obtained remotely are arguments for
using Earth remote sensing data to solve such a problem
as supporting management decisions by public
authorities using geospatial information [1, 2]. Earth
remote sensing data is practically the only source of
objective and operational information due to the
impossibility of a direct assessment of the state and
development of events and objects in the temporarily
occupied territories [2, 3]. Therefore, the most popular
information about the current, objective and visual
assessment of the area of temporarily occupied
territories in the Donetsk and Luhansk regions and in
the Crimea is information from remote sensing of the
Earth [1-3].

Today, based on Earth remote sensing data, the
following activities can be started [1, 2]:

—to generate catalogues and databases about the
territory and the enterprise (especially with potentially
hazardous production);

—to monitor the current state of territories and
facilities;

— to analyze and predict the possible consequences
of "management" in the territories;

—to develop comprehensive reintegration plans
and solutions in advance;

— etc.

The results of the analysis of economic activities
in the temporarily occupied territories can be used in
some directions. This is both an analysis of the use of
land, industrial and infrastructural facilities, as well as
forecasting the necessary measures to be taken for

restoration. Lands where military operations took place,
or where fortifications were built, require special
attention. In this case, it is especially important to assess
the safety of the further use of these territories.

Today, during the reintegration of the temporarily
occupied territories, it is important to solve many
pressing technical problems with the help of
information from remote sensing of the Earth. For
example, the construction of TV towers for broadcasting
Ukrainian broadcasting in uncontrolled territories and
the installation of digital repeaters, control of illegal
constructions and the like.

Species information (both basic and current) can
be simultaneously used in the interests of various
ministries and departments. And since at present
Ukraine does not have its own spacecraft for remote
sensing of the Earth, such a multipurpose use will
significantly save both resources for acquiring actual
species images and computing resources for their
thematic interpretation. It is advisable to oppose the
consolidation of the results obtained in the Ministry for
the Reintegration of the Temporarily Occupied
Territories.

In general, the use of geospatial information
should be divided into four areas [2]:

— inventory;

— monitoring;

— operational;

— research.

It is clear that for each type of problem it is
necessary to use its own set of input data, which is
different in its spatial, temporal and spectral
characteristics.

To solve problems, for example, in agriculture, it
is quite possible to limit the use of information of
medium resolution. However, in the interests of land

© Butko 1., 2021
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inventory, monitoring of industrial, energy, and military
facilities, it is advisable to use aerial photography

information, which has a high (5cm) resolution, as
reference information (Fig. 1) [4].

Fig. 1. Fragment of the results of aerial photography of the territory of Donetsk region [4]

It should be borne in mind that it is necessary to
use not "one-time" shooting of objects and areas of
interest, but to analyze the ensemble of images. This
group of snapshots will then fill the corresponding
catalogs or databases and will allow you to evaluate
events in dynamics [5].

Today, to solve the problems of reintegration of
temporarily occupied territories, modern information
technologies can be used, which are a necessary tool in
the development of decision support systems (DSS).
DSS use equipment, software, databases, knowledge
base and operator's work in order to support all stages of
decision-making in the process of analytical modelling
[6, 7].

Automation and informatization are the basis for
systematizing and bringing relations in the field of
reintegration of temporarily occupied territories to
European standards. Therefore, the creation of high-
performance automation and informatization systems
should be based on intelligent information technologies.
These information technologies are based on decision
support systems. These information systems must have
powerful software in the form of appropriate methods,
algorithms and models.

Analysis of recent research and publications.
When solving the problem of providing proposals for
supporting the adoption of managerial decisions by
public authorities using geospatial information of
temporarily occupied territories, it is advisable to use a
DSS. This DSS provides a thorough and objective
analysis of a given subject area when making decisions
in these difficult conditions [6, 7]. Thus, the DSS by
collecting and analyzing a large amount of information
from Donetsk, Lugansk regions and Crimea can
influence the process of making managerial decisions
by public authorities.

Modern decision support systems have emerged as
a result of the merger of management information
systems and database management systems [8]. As a
result, systems have emerged that are maximally
adapted to solving the problems of daily management
activities. They are a tool to help those who decide. It is

important to emphasize that the role of the person who
makes decisions remains a priority. And the DSS allows
you to replace human resources at the stage of
processing and structuring the initial data of geospatial
information [2, 9].

With the help of DSS, the choice of solutions can
be carried out in certain unstructured and poorly
structured tasks. Also in tasks that have many criteria.

DSS can be developed only if there is a database
and a knowledge base. Databases are a collection of
geospatial data, defined calculations and studies.
Knowledge bases contain inference rules, information
about human experience and knowledge in a given
subject area, which allow you to perform operations on
these databases [10].

The paper [11] analyzes the problematic issues of
the decision-making process in managing only
immovable military property of the Armed Forces of
Ukraine. The above classification of DSSs is based on
considering their features. This allows you to determine
the basic requirements for the functioning of the DSS in
the management of real estate military property.

The Unified management system of administrative
and economic processes of the Armed Forces of
Ukraine is considered. It ensures openness and
transparency of the administrative and economic
activities of the Armed Forces of Ukraine, optimization
of the planning processes, distribution and use of
financial, material and other resources to ensure the life
of the troops. It is believed that the Unified
Administrative Processes Management System of the
Armed Forces of Ukraine provides reliable information.
This information is necessary for making management
decisions by the leadership of the Armed Forces of
Ukraine. However, the basis of this system is the
information base of only those real estate objects that
are on the balance sheet of the Armed Forces of
Ukraine. And it is implemented in the real estate
military property management subsystem, which has
been accepted for permanent operation.

In [12], an algorithm for the functioning of the
decision support system in land relations is proposed.
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The problem of using only ontological engineering of
land relations is considered. Improving this algorithm
can also be used to solve the problem of supporting the
adoption of managerial decisions by public authorities
in the field of reintegration of temporarily occupied
territories in Donetsk, Luhansk regions and in Crimea
using Earth remote sensing data.

The goal of the article is to develop proposals to
support the decision making of management by public
authorities using geospatial information.

Main material

The decision support system uses information from
remote sensing of the Earth to develop solutions and
recommendations for the task in the field of
reintegration of temporarily occupied territories. This
information comes from spacecraft, industrial aerial
vehicles (aircraft, helicopters, unmanned aerial
vehicles), non-industrial media (aerostats, paragliders,
radio-controlled  aircraft  models), ground-based
instruments (ground laser scanners), etc. [2]. This data
is received and stored in the central data warehouse,
which is part of the hierarchical structure of the DSS.
The central data warehouse includes a database and a
knowledge base [8].

The knowledge base should contain attributive
information about the temporarily occupied territories,
objects, owners and reintegration tasks. Knowledge base
should consist of models of formalization of law, which
can be constructed either by logical or approximate
methods, or by their combinations.

For the formal presentation of data in the knowledge
base in the decision support system in the development
of decisions and recommendations for the task in the
field of reintegration of temporarily occupied territories,
we will use the approach proposed in the paper [12].
Namely, we will choose the methods of category theory.
This is due to the fact that when developing a decision
support system, it is necessary to take into account the
representation of knowledge in the knowledge base by
ontological models.

These methods allow using such mathematical
constructions as statements, predicates, etc. in the form
of category objects [13]. This feature of category theory,
if necessary, allows you to combine mathematical
models that describe the subject area, that is,
reintegration relations.

In [12] it is proposed to designate the content of
knowledge base in the form of a multilevel model —
categories of small categories — Cat which are
connected by functors — F.

We use the results of paper [12] to develop a
sequence of actions for the method of supporting the
adoption of administrative decisions by public
authorities in the field of reintegration of temporarily
occupied territories using geospatial information.

The peculiarity of this category is that its objects

{Oblcat,Obgat}cCat are small categories. The

highlighted category Cat consists of two small
categories, which are interpreted as follows:

~Obf® =K, — a set of laws in the area of
reintegration of temporarily occupied territories;

— Ob§® =K, — a set of schemes for solving tasks
in the area of reintegration of temporarily occupied
territories, which can be selected in accordance with the
specified criteria (rules).

The objects of categories K; and K, presented in
the knowledge base allow for a sequential selection of
the law and model, and then put them in compliance
G c Ob(K,)xOb(K,) (Fig. 2) [12].

The interaction between the objects of the
categories K; and K, is a representation of real tasks in
the area of reintegration of temporarily occupied
territories, in which:

_{oblll,...,{Obllz,...,{Obll“,...,Obﬁ;‘}}}cKl s
the boundary of the sets of the categorical model K,

where Obi!,0b{?,0b{%,00* are laws, sections,
chapters and articles of legislation in the area of
reintegration of temporarily occupied territories,
respectively;

- ZMor(Kl, K,) — a set of morphisms between

small categories;
-M ={ml,m2,---mg}, £=1h — a set of schemes

for solving problems in the area of reintegration of
temporarily occupied territories;

-D= {dj } , j=1y —aset of public authorities;

—-S={sj}, i =1,t —a set participants in the tasks
of reintegration of the temporarily occupied territories;
- 7= {zp} . P =Jj — a set of reintegration tasks;

— Gg(DXSXZ)={(dj,Si,Zp)‘dj ED,Si eSS,

zpeZ} — relations between public authorities,

participants in the tasks of reintegration of the
temporarily occupied territories and reintegration tasks;

-G ={gq}, g=15 — a lot of relations between

public authorities, participants in the tasks of
reintegration of the temporarily occupied territories and
reintegration tasks;

—m, = <sh,dq,zh,gh> — scheme of solving in the

reintegration tasks.

Based on the knowledge models of objects and
subjects of land relations proposed in [12], a decision
support process can be carried out, which is presented in
the form of a sequence of actions of the method of
supporting the adoption of managerial decisions by
public authorities using geospatial information. This
sequence of actions is shown in Fig. 3.

The sequence of actions for the implementation of
the method of supporting the adoption of managerial
decisions by public authorities using geospatial
information is as follows:
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Cat

F: Cat>K; F: Cat>K,

e Y

Mor: K,>K;

Obyky

Fig. 2. Multilevel commutative diagram of relations between categories and objects
of small categories when solving problems in a decision support system [12]
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Fig. 3. The sequence of actions of the method of the process of supporting the adoption of
managerial decisions by public authorities in the field of reintegration of temporarily
occupied territories using geospatial information
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—start of the sequence of actions of the method. It
determines the need and feasibility of using a decision
support system to solve the problem. If they are
available, the process proceeds to the next stage of the
method;

— formulation of the problem. Formation of a user
request in accordance with the attribute data available in
the database. At this stage, there is a definition of
constraints that allow you to separate acceptable options
from unacceptable, and criteria that contribute to the
selection of the best of the suitable solutions;

— checking the compliance of the request data
with the criteria for their processing. Checking the
possibility of using one or another model of the
knowledge base. If a discrepancy is detected, a message
is generated and the transition to stage of formulation of
the problem is carried out to correct the original request;

— preliminary decision making: search for a module
or configuration of modules of the decision support
system, which is received for servicing the task and the
administrator's choice of modules or their configuration
for solving the task. This is provided based on
ontological models that are presented in the knowledge
base;

— processing of data that comes with the help of
auxiliary software. It is represented by a module or
configuration of modules in the decision support
system, which is provided by the administrator. The
input data is information from geographic information
systems;

— monitoring the proposed solution to the problem
of reintegration of the temporarily occupied territories.
The decision is corrected if necessary;

— final decision making. The final decision is made
with the Earth remote sensing information by the
decision maker. And presentation of results in a form
and format that is convenient for their analysis by the
user;

—the end of the sequence of actions of the method.
The final set of resulting data is formed for solving the
task that is specified by the user.

The decision support system, which implements
the proposed sequence of actions, issues a finite set of

recommendations for solving the problem, constraints
and criteria for its solution. In turn, the user can use
such a system as a means of automating the complex
process of organizing reintegration tasks. This will
allow:

—to relieve and streamline the work of public
services related to issues of reintegration tasks;

—to weaken and, in the long term, eliminate the
complete dependence of the solution of reintegration
problems on the human factor;

—to increase the degree of objectivity of decisions
made in the field of reintegration of temporarily
occupied territories.

A decision is considered to be a reasonable set of
actions on the part of a decision-maker aimed at an
object of interest or a control system, which makes it
possible to bring this object or system to the desired
state or achieve a set goal.

Conclusion and further research

Thus, the obtained sequence of actions of the
method of the process of supporting the adoption of
managerial decisions by public authorities in the area of
reintegration of temporarily occupied territories using
geospatial information.

In future, by improving and detailing the proposed
sequence of actions of the method, it is possible to form
a more effective decision support system in the field of
reintegration of the temporarily occupied territories.

The decision support system, which implements
the proposed sequence of actions, issues a finite set of
recommendations for solving the problem, constraints
and criteria for its solution.

In turn, the user can use such a system as a means
of automating the complex process of organizing
reintegration tasks.

This will allow: to relieve and streamline the work
of public services related to issues of reintegration tasks;
to weaken and, in the long term, eliminate the complete
dependence of the solution of reintegration problems on
the human factor; to increase the degree of objectivity
of decisions made in the field of reintegration of
temporarily occupied territories.
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BuxopucranHsi reonpocToposoi iHgopmauii opranaMu Aep;KaBHOI BJIagu
JJISl MiATPUMKH NPUIHATTA YIPaBJIiHCHKUX pillleHb

I. M. Byrko

AHoTamisi. Y crarti 3amporoOHOBaHO BHKOPUCTAHHS T€OIPOCTOPOBOi iH(OpMALii IOA0 MiATPUMKH NPUAHATTS
YIIPaBIiHCBKUX PIllICHb OpraHaMy Jep)KaBHOI Biaagu y cdepi peiHTerpauii THMYAacoBO OKYIIOBAaHHMX TepHTOpiH y JloHEeIbKiH,
Jlyrancekiit obnactsix ta B Kpumy. IlpoaHamizoBaHi BapiaHTHM 3aCTOCYBaHHS CHUCTEM MiITPUMKH TPUUAHATTS pilleHb B
YIIPaBIIiHHI HEPYXOMHUM BiHCbKOBUM MaiHOM 30poitHux Cun YKpaiHH, iCHYIOWi aJTOPHUTMH Ta METOJU CHUCTEMH IiJTPUMKH
MPUIHATTS pillleHb B 3eMENbHHUX BigHOCMHAaX. Hanani mponosuuii M0N0 MiATPUMKH NPHUHSTTS YIPaBIiHCHKUX pIIICHb
OpraHamy Jep)KaBHOI BIaJy Ha OCHOBI JaHMX AMCTaHLiMHOro 30HAYBaHHS 3eMii. Y IOCKOHAJICHHH anroput™ (YHKIIOHYBaHHS
CHCTEMHU IMiATPUMKH IPUAHATTS PIllICHb IPY BUPILIEHHI 3a/1a4 PeiHTerpaLii THMYacOBO OKYIIOBAHHX TEPUTOPIii. 3amporoHoBaHa
MOCJIIIOBHICTh il METOAY MpoLecy MiATPUMKH NPUHHATTS YNpPaBIiHCHKUX DILIGHHS OpraHaMH Iep)kaBHOI Biaau y cdepi
peinTerpanii TUM4acoBO OKYNOBaHHMX TEPUTOpPiil 3 BHKOPHCTAHHSM T€OMPOCTOPOBOI iH(pOpMaLil, MaTeMaTHYHi KOHCTPYKLIi
Teopii KaTeropiii i Joriku npeaukaris. HaBeneHuit mopsaok peaizarii mociioBHOCTI i JaHOro MeToxny. Y IOCKOHAIOIOUYH Ta
JeTATi3yloud  3alpolOHOBAHUIA METOJ, MOXJIHMBO cdopMmyBaTH OuUIbIl e(pEeKTHBHY CHUCTEMY IMIATPUMKH HPHUHSITTS
YIIPaBIIiHCHKUX PIllICHb OpraHaMu JAepKaBHOI BJay 3 BUKOPUCTAHHIM I'€OIPOCTOPOBOI iH(popMaIiii.

KawuoBi cioBa: reompocropoBa iHpopmalis; IUCTaHLIHHE 30HAYBaHHS 3eMIli; opraH AepXKaBHOI BJIaJH; CHCTeMa
MiATPUMKHU MPUAHATTS PILLICHHS; TEOPisl KATEropiii; JIorika npeuKaris; popmMaizaris.

Hcnonb3oBaHue reonpocTPaHCTBEHHOIH HH(OPMAIIMU OPraHaMH rocy1apCcTBeHHOM BJIACTH
JUIS1 IOAEPKKH MPUHSITHS YIPABJIEHYEeCKUX PereHuii

. H. Bytko

AHHOTanus. B crarbe NnpeuIoKeHO HCIONB30BAHME TEONPOCTPAHCTBEHHOW MH(POPMALMH HO IMOICPXKKE HNPHHITHS
YIPaBICHYECKUX PELICHWH OpraHaMH TOCYyJIAapCTBEHHOW BilacTd B cepe PEUHTErpalud BPEMEHHO OKKYNHPOBaHHBIX
teppuropuii B Jonenxoii, Jlyranckoit obnactsax u B Kpeimy. IIpoananuszupoBansl BapuaHThl IPUMEHEHUSI CUCTEM MOIIEPKKHI
MIPUHATHA PEIICHUIl B YNPaBICHUH HEJBIKMMBIM BOEHHBIM HMMyIIecTBOM BoopyxeHHbIX Cui YKpauHbI, CyIIECTBYIOIINE
ITOPUTMBI 1 METO/IbI CUCTEMBI MOAJEPKKH MPUHATHS PEeLICHUH B 3eMeNbHBIX OTHOLIeHHsAX. [IpencraBieHs! npemioxKeHus Mo
MOAJEPKKE TPUHSITHUS YHPaBIEHYECKUX pEIIeHUH OpraHaMM ToCyJapCTBEHHON BJIACTH HAa OCHOBE JAHHBIX AUCTAHIIMOHHOI'O
30H/IMPOBaHMS 3eMJIM. Y COBEPILICHCTBOBAH alrOpUTM (YHKIMOHHPOBAHUS CHCTEMBbI MOIJEPKKH NPHUHATHSA PELICHUH NpH
pELIeHNH 3aa4 PeHHTErpallii BPEMEHHO OKKYITHPOBaHHBIX TeppuTopuii. IIpemoxkeHa mocne1oBaTeIbHOCTh JEHCTBUI MeToqa
npolecca TMOANEPKKA NPHUHATHS YIPABICHYECKUX DPEIICHUs OpraHaMM T'OCYJapCTBEHHOM BJIacTH B cdepe penHTerparuu
BPEMEHHO OKKYITMPOBAHHBIX TEPPUTOPHH C HCIIONB30BAHHEM T'€ONPOCTPAHCTBEHHOW MH(OpMalUK, MaTreMaTHYecKue
KOHCTPYKIIMM TEOPUU KATETOPUI M JIOTMKM NMpeaukaroB. IIpuBeneHHBIN MOPSAAOK peanu3aluu MOcie10BaTeNIbHOCTH ASUCTBUI
naHHoro Metoza. COBEpIICHCTBYS M JETANU3HPYS NPEIOKEHHBIH METOZ, BO3MOXKHO c(hopMmupoBaTh Oonee 3¢ QeKTHBHYIO
CHCTEMY MOANEPKKH TPUHATHS YIPABICHYECKUX pEIIEHWH OpraHaMM TOCYJapCTBEHHON BIIACTH C  HCIIOIBb30BAHHEM
TeONPOCTPAHCTBEHHON HH(OPMALIUHL.

KiawueBble cJa0Ba: TeONPOCTPAHCTBEHHAs HH(MOpPMAIMs, IUCTAHIMOHHOE 3OHAWUPOBAHME 3EeMIIM; OpraH
TOCYIapCTBEHHOH BIIACTH; CHCTEMA TOICPKKY IMPHUHSITHUSI PEIICHNS; TEOPHsI KaTerOpHi; JIOTHKA IIPeANKaToB; (hopmanm3arms.
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MANAGEMENT SYSTEM OF OCCUPATIONAL SAFETY AT UKRAINIAN
ENTERPRISES: INTERNATIONAL AND EUROPEAN DIMENSION

Abstract. The international and European experience in creating and improving integrated systems in the field of
occupational safety and health on the basis of research regulatory documents of the International Organization for
Standardization, European standards, national standards of Ukraine, industry and methodical documents on management
of occupational safety and health of oil and gas complex enterprises is overviewed. The implementation features of
OHSAS 18001 and ISO 45001 international standards to create an integrated safety management system of professional
activity have been studied. The ways of implementing the analyzed requirements in the industry safety standards of
occupational activity of oil and gas complex enterprises of Ukraine are considered. A number of hazardous events
related to occupational activity at the enterprises: industrial safety, technogenic safety, labour hygiene and safety,
ecological safety, psychophysiological safety has been considered and a generalizing scheme of dangers and hazardous
events has been created. A model of an integrated management system for occupational safety activities for oil and gas
enterprises is proposed based on the involvement of scientific literature, regulatory documents using the structural-
logical method, systematization and generalization, and methods of meaningful and comparative analysis. It is proved
that the management system, based on the principles of the cyclical model of quality management by E. Deming should
include such aspects as: quality and risk management, environmental management, occupational safety management,
social responsibility and power management.

Keywords: occupational safety; oil and gas complex; integrated management system; occupational safety management

and international standards.

Introduction

The European integration processes of the
economic policy of modern Ukraine, as a result,
reaching the international level, mastering competitive
products, the spread of foreign economic relations with
the countries of Europe and the world, undoubtedly
influenced the creation of new approaches to the
organization of professional activities in production,
occupational safety and the integration of regulatory
documents of Ukraine to the international and European
level. All the above requires industrial enterprises to
take into account all aspects that affect their success and
to pursue policies in the field of quality management,
ecology, aimed at harmonizing the relationship between
producers, consumers, staff and society. The
introduction of modern integrated management systems
to increase competitiveness is gradually becoming an
integral part of the functioning of Ukrainian enterprises.
However, while quality management systems in
accordance with the requirements of ISO 9001
international standard and environmental management
in accordance with the requirements of 1ISO 14001 have
become traditional, international standards for
occupational safety are given less attention.
Nevertheless, the issue of occupational safety is very
urgent at industrial enterprises, and it concerns oil and
gas enterprises. Undoubtedly, the oil and gas complex is
the leading industry in Ukraine and has social,
economic, commercial and political functions. Its
prospects depend on the modernization of not only the
material and technical base, but also the introduction of
an effective management system based on the
requirements of international standards. A key role in
the creation of integrated management systems for
enterprises of the oil and gas complex of Ukraine
belongs to the problems of occupational safety.

Many publications are devoted to the peculiarities
of creating integrated management systems. The direct
model, allows the development and implementation of
occupational safety management systems is proposed in
[1]. The authors have proved that a system based on the
method of strategic planning is more effective. The
experience of optimizing and updating the management
system of occupational safety and health of an industrial
enterprise is reflected in [2]. In the publication it is
proved that the developed system of occupational safety
management makes it possible to reduce the number of
emergencies and accidents. Publications allow tracing
the peculiarities of the implementation of international
and European standards [3]. The works [4-5] are
devoted directly to the creation of integrated
management systems for oil and gas enterprises. The
greatest extent of the trend of the implementation of
management systems is considered in [6], which
outlines occupational safety and health at oil and gas
enterprises and focuses on the creation of the safety
management system of the operator of the gas
transportation system. Peculiarities of implementation
of new generation international standards are
considered.

The analysis of the scientific literature on the
identified problem allows us to state that there is no
separate study on the need to implement a system of
occupational safety management for oil and gas
complexes.

The objective of the article is to study modern
management systems of occupational activity and to
develop a model of this system as an effective
component of the integrated management system of oil
and gas complex enterprise on the basis of scientific
literature, regulatory documents using structural-logical
method, systematization and generalization and methods
of meaningful and comparative analysis.

© Tverytnykova E., Demidova Yu., Drozdova T., 2021
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Presentation of the main material

The creation and implementation of integrated
management systems (IMS) began in the second half of
the 1990s. International standards for quality
management systems and environmental management
systems became the organizational and methodological
basis for the creation of such systems. Thus, at the first
stage of IMS development, they were based on the
documents of two management systems: quality and
environment. And often the basis was the 1SO 9000
quality management system.

For each particular enterprise the components of
the IMS are determined taking into account the
peculiarities of functioning, markets, consumer needs,
etc. It is clear that in the conditions of European
integration the quality management systems have gained
special importance. In particular, almost all enterprises
in Europe use quality management systems. In addition,
most enterprises in Europe, both large and medium-
sized, followed an environmental policy. Environmental
management is actively being implemented in
enterprises in the United States and the Asia-Pacific
region.

To have their own environmental management
system in accordance with the requirements of ISO
14001 international standards, the relevant documentary
base, to conduct environmental audits has already
become obligatory for industrial enterprises in most
countries [7, p. 8-9].

In the late 1990s, there was a need to develop
uniform requirements for management systems of
occupational activities of industrial enterprises at the
international level, which made it possible to certify
management systems. However, the implementation of
such systems was quite slow due to the lack of
international regulatory documents. The availability of a
sufficient number of national standards did not solve the
problems with the certification procedure. The
conducted analysis of regulatory base of documents on
safety systems of occupational activities, including
various regulations, recommendations, requirements,
and specifications allows drawing some conclusions
about the necessity of such a document (Table 1).

The OHSAS 18001 specification «Occupational
Health and Safety Management Systems -
Specifications» was proposed by the British Standards
Institution and became the basis for the development of
occupational safety management systems. Further
refinements to the standard led to the creation of a new
version of the standard — BS 18001: 2007, as a national
standard in the UK. Japan, Ireland and South Africa also
participated in the development of the document. The
document defined the basic terms and concepts in
occupational safety. European enterprises pay a great
deal of attention to occupational health and safety issues
and risk assessment. In addition, the following issues
are necessarily considered: the effect of special hazards
on occupational safety, salary, information about the
terms of the employment contract, vacation, working
hours, workspace requirements, and workplace safety
regulations. Various special aspects related to the

occupational activity of disabled individuals have also
been considered. The regulatory framework of the
European Union in the field of occupational safety also
includes a number of directives aimed at implementing
measures to ensure a higher level of protection [8; 9;
10].

The standard developed by the American National
Institute for Standardization (ANSI) — ANSI Z210-2012
Occupational Safety and Health Management Systems -
is useful for analyzing the effectiveness of occupational
safety management systems implementation. This
regulatory document accumulates the current world
trends of occupational safety and health policy. First of
all, it focuses the attention of enterprises on such aspects
that occur after the event, i.e. constant statistics of the
number of accidents and of fatal accidents, missing
work time due to injuries, work restrictions or working
transfers and, as a result, the loss of working time. And
then, secondly, the so-called «advanced» aspects, to
include various activities aimed at preventing accidents.
Despite the fact that this regulatory document has the
status of a wvoluntary one, the United States
entrepreneurs consider occupational safety issues to be
an integral part of their activities [11].

Further activities of the international standardization
organizations aimed at improving occupational safety
issues led to the creation of the 1SO 45001-2018
international standard «Occupational health and safety
management systems - Requirements with guidance for
use» in 2018 [12].

This document has a completely new structure,
although some statements coincide with OHSAS 18001-
2007. Gradually it will become a complete replacement
of the former. The similarity in its structure with 1SO
9001, ISO 14001, ISO 50001 basic standards, etc.
makes it possible to integrate the new standard with
other management systems [13; 14].

The standard is focused not only on eliminating
hazards and minimizing risks, but also on the
development and adoption of effective preventive
measures. ISO organization has set a deadline of three
years for the reorientation of enterprises with the
requirements of the new regulatory document. The key
provisions of 1SO 45001, which are fundamentally
different, are aimed at the process approach to incident
and non-conformance management, identification of
stakeholders, their needs and requirements, developing a
plan for handling risks and opportunities, continual
improvement of processes, verification of the system
efficiency, taking measures, implementation of the
concept of «Documented Information», which provides
an electronic processing of information. Therefore, the
policy of occupational safety has been formed by the
countries of Europe and the world's leading concerns for
decades and today is already a compulsory factor of
occupational activity.

The standard is focused not only on eliminating
hazards and minimizing risks, but also on the
development and adoption of effective preventive
measures. I1SO organization has set a deadline of three
years for the reorientation of enterprises with the
requirements of the new regulatory document.
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The key provisions of ISO 45001, which are
fundamentally different, are aimed at the process
approach to incident and  non-conformance
management, identification of stakeholders, their needs
and requirements, developing a plan for handling risks
and opportunities, continual improvement of processes,
verification of the system efficiency, taking measures,
implementation of the concept of «Documented
Information», which provides an electronic processing
of information.

Therefore, the policy of occupational safety has
been formed by the countries of Europe and the world's
leading concerns for decades and today is already a
compulsory factor of occupational activity.

In Ukraine, occupational safety was regulated by
DSTU OHSAS 18001: 2006 and DSTU OHSAS 18002:
2006 documents, which are respectively identical
translations of OHSAS 18001: 1999 specification. In

«Occupational health and safety management systems —
Specification (OHSAS 18001: 2007, IDT)» was
adopted, based on the new version of
OHSAS 18001:2007.

The main provisions reflect aspects such as the
implementation of the occupational safety and health
policy and verification and control actions, risk
assessment and its management, definition of the
structure, duties and responsibilities, analysis by the
administration and improvement and maintenance of the
occupational safety and health management system. It
should be emphasized that the recent document is valid
until 2022. Considering the international
recommendations, the DSTU ISO 45001: 2019 was
created, which is an identical translation of 1SO 45001:
2018 (IDT) international standard [15].

In addition, a number of documents, summarized
in the Table 2, were introduced directly for oil and gas

2010, JICTY

(DSTU)

OHSAS 18001: 2010

enterprise complexes.

Table 1 — The regulatory base of the documents of occupational safety management of the oil-and-gas complex enterprises
(the table is developed by the authors on the basis of [7-20])

International
standards

European
standards

National standards
of Ukraine

Normative documents
of enterprises

OHSAS 18001:2007
Occupational Health and
Safety Management
Systems. Requirements

Directive 89/391/€EC On the
implementation of measures to
encourage improvements in the safety
and health of workers at work

DSTU GOST 12.0.230:2008
System of labor safety standards.
Occupational safety management

systems. general requirements

OST 22-1612-84.
Occupational safety
management system. General
Provisions

1SO 45001:2018
Occupational health and
safety management systems

Directive 89/654/€EC Regarding the
minimum requirements for safety and
health in work areas

DSTU 2293-99 Occupational
Health. Terms and definitions of
basic concepts

SSBT OCT 5.0384-84. SSBT.
Determining the level of
occupational safety.
Substantive provisions

ISO/TS 29001:2010 Quality
Management Systems.
Requirements for
organizations supplying
products and services in the
oil, petrochemical and gas
industries

Directive 89/655/€EC About the
minimum requirements for safety and
health protection of workers at the
workplace when using work equipment

DSTU 2156-93
Safety of industrial enterprises.
Terms and definitions

OST 39-022-85 System of
labor safety standards of the
oil industry. Dangerous and
harmful production factors at

oil industry facilities.
Classification

ISO/AWI 7101 Health Care
Quality Management
System Standard [under
development]

Directive 89/656/€EC On the minimum
requirements for health and safety when
employees use personal protective
equipment

DSTU 3273-95Safety of
industrial enterprises

OST 39-136-82. System of
labor safety standards of the
oil industry order of
implementation of standards

1SO 26000:2010
Guidance on social
responsibility

Directive 90/270/€EC About the
minimum requirements of safety and
health when working with screen
devices

DSTU EN 1SO 12100:2016
Safety of machines. General
principles of design. Risk
assessment and risk reduction

SOU 49.5-30019801-
115:2014 Rules of technical
operation of main gas
pipelines

1SO 19011:2018 Guidelines
for auditing management
systems

Directive 90/394/€EC Regarding the
protection of workers from the risks
associated with exposure to carcinogens
at work

DSTU EN 954-1:2003 Safety of
machines. Security elements of
control systems. 1. General
principles of design

SOU 49.5-30019801-
117:2014 The procedure for
developing labor standards in

PAT Ukrtransgaz

ILO-OSH 2001 Guidelines
on occupational safety and
health management systems

Directive 92/58/€EC About the
minimum requirements for ensuring
safety and / or hygiene signs in the
workplace

DSTU EN 614-1:2018 Safety of
machines. Ergonomic design
principles. 1. Terminology and
general principles

SOU 49.5-30019801-
116:2014 Labor rationing
system PAT Ukrtransgaz

Directive 2000/43/€C Regarding the
implementation of the principle of
equality of persons regardless of racial
or ethnic affiliation

DSTU EN 529:2006. Respiratory
protection. Recommendations for
selection, use, care and
maintenance

SOU 49.5-30019801-
121:2014 Occupational
Health. The procedure for
admitting employees of third-
party organizations to perform
work on sites PAT
Ukrtransgaz

Directive 92/104/€EC On minimum
requirements for improving the safety
and health of workers of mining
enterprises with underground and open
pit mining

DSTU EN ISO 10075-2:2004.
Ergonomic principles for
determining mental workload.

2. Principles of design
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International
standards

European
standards

National standards
of Ukraine

Normative documents
of enterprises

Directive 1999/92/€C On minimum
requirements for improving the safety
and health of workers exposed to
potential hazards in explosive
atmospheres

DSTU GOST 12.4.041:2006
Means of individual respiratory
protection are filtering. General

technical requirements

Directive 92/91/€EC Regarding the
minimum requirements for improving
the level of safety and health of workers
at mining enterprises, where raw
materials are extracted through wells

DSTU 4462.0.02:2005.
Conservation. A set of standards

in the field of waste management.

general requirements

Directive 2000/78/€C Which
establishes a general framework for
equal treatment in the field of
employment and professional activity

DSTU 4312:2012. Conservation.

A set of standards in the field of
waste management. general
requirements

Directive 2003/88/€C About some
aspects of the organization of working
time

DSTU 4933:2008. Conservation.

A set of standards in the field of
waste management. general
requirements

BS EN 16348:2013 Gas infrastructure.
Safety Management System (SMS) for
gas transmission infrastructure and
Pipeline Integrity Management System
(PIMS) for gas transmission pipelines

DSTU OHSAS 18001:2010
«Occupational health and safety
management systems —
Specification (OHSAS
18001:2007, IDT)

BS 18004:2008 Guide to achieving
effective occupational health and safety
performance

DSTU 7238:2011. System of
labor safety standards. Means of
collective protection of workers.

General requirements and
classification .

DSTU 7239:2011 System of
labor safety standards. Personal
protective equipment. General
requirements and classification

Table 2 — The Normative and methodological documents of Ukrainian oil and gas enterprises complex in the field of
occupational safety

Legal acts of labor protection

Methodical documents

NPAOP 11.1-1.01-08
Safety rules in the oil and gas industry of Ukraine

Labor protection at the enterprise.
A practical guide to the investigation and registration of
accidents and occupational diseases

NPAOP 11.1-1.07-90.5Safety rules for the operation of automation
tools and systems
in the gas industry

Methodical instructions on sanitary protection
of reservoirs from oil pollution 23.04.1976

NPAOP 11.1-1.11-86
Safety rules for the operation of gas processing plants

MOT-SUOT 2001 Guidelines for occupational
safety management systems (ILO-OSH 2001)

NPAOP 11.1-5.02-86
Instruction on safety of loading works during exploration and
development of oil and gas fields on the continental shelf 51-01-22-86

NPAOP 11.1-1.15-13 Safety rules for oil and gas exploration and
development in the Black and Azov Seas

NPAOP 23.2-1.01-76 Safety rules during operation of oil treatment
plants at oil industry enterprises

NPAOP 23.2-1.10-73
Safety rules for the operation of oil and gas refineries

NPAOP 23.2-3.26-13 Norms of free distribution of special clothes,
special footwear and other means of individual protection to workers of
the oil refining industry

Based on the normative documents, integrated

management

systems

have been developed and

implemented at some enterprises in Ukraine. In

particular, at Zaporizhstal enterprise the OHSAS 18001:
2007 policy and ILO OHSAS 2001 (the requirements of

the International Labour Organization on arrangement
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of working places and working conditions) are
implemented simultaneously. The integrated
management systems are implemented at such
enterprises as JSC «AZOT» of chemical profile, PJSC
«Odeskabel», etc. [16; 17]

The implementation of integrated management
systems at oil and gas enterprises began in the early
2000s. Along with the traditional quality and
environmental management systems in 2012. JSC
«UKrtransgas» introduced a certified safety management
system (OHSAS 18001: 2007).

Public joint-stock company «Ukrnafta» introduced
a certified integrated management system based on
subsystems designed in accordance with the
requirements of 1SO 9001, ISO 14001. The policy in the
field of occupational safety is pursued in accordance
with the Law of Ukraine «On labour protection» and
OHSAS 18001: 2007 international standards in the
field of occupational safety and health [18].

The modern integrated quality management
system, occupational safety and health in accordance
with the requirements of ISO 9001: 2015 and ISO
45001: 2018 standards is developed, documented and
implemented in the joint-stock company Ukrainian
Institute For Design of Refining And Petrochemical
Plants «UKRNAFTOKHIMPROECT» (shortly — JSC
«UKRNAFTOKHIMPROECT»). Continuous
improvement of the system makes it possible for the
enterprise to identify and review risks, improve working
conditions, increase the level of occupational safety,
reduce the risks of industrial injuries and professional
diseases [19].

The enterprises of the oil and gas sector are
represented by a rather complex set of technical
facilities. It is necessary to take into account various
objects of major hazard. There is a real danger of
technogenic emergencies, which is a threat to
occupational activity and human health (Fig. 1).

The process of occupational activity is carried out in
certain conditions of the production environment, which
are characterized by a set of elements affecting the ability
to work and the state of human health. Abnormal
situations are associated with a particular type of human
activity, and each of them is necessarily accompanied by
human exposure to hazardous and harmful factors of
production. It is necessary to take into account that
working capacity is also influenced by technological
processes, equipment that determines sanitary and
hygienic characteristics of working environment. The
reasons for dangerous situations may be technical. These
include - structural deficiencies, insufficient reliability of
production facilities, wehicles, lack of design
documentation, incompliance with safety requirements of
the technological process, adverse weather conditions,
increased concentration of harmful substances in the air
of the working area; the existence of harmful radiation,
unsatisfactory lighting, increased noise and vibration
levels, etc. It is important to consider organizational
causes: unsatisfactory functioning, imperfect or lack of
safety management system of occupational activity, the
absence or low-quality medical examination, violations of
safety requirements when operating vehicles, failure to

use collective or individual protection means. Psycho-
physiological reasons connected with the unfavourable
feature of the human factor, incompliance of anatomical
and physiological and psychological features of the
human organism with working conditions are obligatory
[20].

In addition, attention should be paid to new disease
tendencies related to these modern strenuous work
schedules. The research has been carried out in
European countries on new occupational diseases to
which attention should be drawn. The spread of
sedentary work or long periods of standing (the
automation of work and the use of computers leads to
muscle-skeleton disorders and puts new demands on
ergonomic conditions in the workplace. Mental health
disorders are widespread today and are a consequence
of stress and overwork related to flexible working
hours. We should consider that both stress and
musculoskeletal disorders lead to diseases such as
hypertension, peptic ulcer disease and cardiovascular
disease, among others.

Thus, taking into account the previous analysis of
international and European experience in the creation
and implementation of integrated management systems
it is necessary to conclude that to achieve the required
level in the field of occupational safety and health in
Ukraine it is essential to take into account current global
developments. This allows Ukrainian enterprises to
secure both a competitive edge and sustainable
development of enterprises and improve their
occupational safety. It is necessary to focus on the more
worthy of integration 1SO 45001 international standard,
adopted in Ukraine as identical. However, when
creating an integrated safety management system of
professional activities of oil and gas complex
enterprises, given the list of hazardous situations all
aspects should be taken into account.

Basing on the recommendations of 1SO 72 Guide
on the development of standards for management
systems and methodology for creating integrated
systems, a structural logical scheme of the integrated
management system model for the safety of
occupational activities for oil-and- gas enterprises is
proposed. It is a combination of PDCA (PLAN- DO-
CHECK-ACT) cyclic quality management model by E.
Deming and various adapted subsystems. The organic
interconnection of all the components of the integrated
management system is supported by the involvement of
the process and system approaches to management [5]
(Fig. 2).

The subsystems of quality management on the
basis of DSTU ISO 9001: 2015, quality management at
the enterprises of oil, petrochemical and gas industry of
the region in accordance with the requirements of
DSTU ISO/TS 29001: 2010 «Quality Management
Systems. Requirements for organizations supplying
products and services in the oil, petrochemical and gas
industries (ISO / TS 29001: 2010, IDT)» and
environmental management based on DSTU ISO 14001:
2015 have become the organizational and
methodological basis of the integrated management
system [21].
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Fig. 1. The structural-logical scheme of dangerous situations of oil and gas complex enterprises

risk-based thinking.

An industrial safety subsystem based on DSTU
OHSAS 18001: 2010 as well as ISO 45001: 2018,
which are necessary to support directly the occupational
health and safety management system and are based on

The national standard of Ukraine DSTU ISO
31000: 2018 «Risk Management. Principles and
settings» (1SO 31000: 2018, IDT) became the basis for
the organization of the risk management system. The
involvement of these documents contributes to the
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modern risk management concept. This normative
document is not specific to a particular industry and is

recommended for use in the creation of integrated
management systems [22].
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logical scheme of the integrated management system model

of occupational activity safety for oil and gas complex enterprises

The social responsibility subsystem is based on the
regulatory requirements of 1SO SA 8001: 2008 «Social
Accountability 8000» and ISO SR 26000 «Social
responsibility of organizations», which reflect the
provisions of the International Labour Organization
Convention and the Universal Declaration of Human
Rights and the United Nations Convention on the Rights
of the Child. Their involvement reduces the risks of
violating social regulations, promotes the development
and implementation of social security and is an effective
means for the practical realisation of moral and ethical
standards. In addition, the interests of environmental
protection and economical use of resources are taken
into account [23].

Some differences in energy efficiency policies in
Ukraine and European countries, the United States of
America cause the attraction of 1SO 50001 «Energy
Management System. Application requirements and
guidelines», the integrated management system
standard. Advanced countries are focused on an
integrated approach, which considers energy efficiency
in a complex with ecology and competitiveness aspects
[24].

Conclusions

To sum up, the study of international and
European experience of creating and improving

occupational safety management systems leads to the
conclusion about the necessity and possibility of
developing such systems for Ukrainian enterprises. The
analysis of initiatives to implement such systems at the
enterprises of oil and gas complex of Ukraine shows
that this process is proceeding rather slowly. The
adoption of national standard based on the requirements
of I1SO 45001 international standard is important for
modern policy of safety of occupational activity and
human health protection of the national industrial
complexes.

The analysis of hazards and dangerous situations,
connected with oil and gas industry, reinforces these
conclusions.

The formation of an integrated occupational safety
management system takes place in four main stages,
such as planning, implementation, verification and
adjustment.

An indispensable component of the process of
formation of an integrated management system is
the use of the process and system approach in a
complex.

The proposed model of integrated occupational
safety management system includes such subsystems as:
quality and risk management, environmental
management, social responsibility, occupational safety,
continuous improvement and enhancement.
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Cucrema MeHe)KMeHTY Oe3nekn mpodeciiiHoi AiSILHOCTI Ha mMiANpPHEMcTBax YKpainmu:
MiZKHAPOJHMIA Ta €BpONEHCEKHIT BUMIp

O. €. TBepurHukoBa, 0. €. leminosa, T. B. /Ipo3nosa

AHoTanisi. Y3arajabHeHO MiKHAPOIHHU#H Ta €BPOIICHCHKHUIT JOCBI/ 31 CTBOPEHHSI Ta YJOCKOHAJICHHS IHTErPOBAHUX CHCTEM
B Tayry3i Oe3leky mpalli Ta OXOPOHH 3[0pOB’S Ha OCHOBI JIOCII/DKEHHS HOPMAaTHUBHUX JOKYMEHTIB MiKHapomHOI oprasizarii
CTaHJapTH3allii, €BPONEHCHKUX CTAaHAAPTIB, HALIOHAIBHUX CTAHIAPTIB YKpalHW, Tally3eBHX Ta METOJUYHHX IOKYMEHTIB 3
YIIPaBIiHHS OXOpPOHOIO Mpalli Ta BHUPOOHMYOI OE3NMeKH WiANPHEMCTB Ha(TOra3oBOro KOMILIEKCY. BHBUEHO 0coOIMBOCTI
BIIPOBaDKeHH MixkHapoauux cranaaptiB cepii OHSAS 18001 Tta ISO 45001 mono CTBOpeHHsI IHTErpOBaHOI CHCTEMH
MEHE/DKMEHTY Oe3neku mnpodeciiiHoi MisUTbHOCTI. PO3IVISIHYTO NLISXM BHPOBA/DKSHHS MPOAHAIII30BAaHUX BUMOI Y Taily3eBi
cTaHiapTi Oe3neku mpodeciiHol MisUTBHOCTI  MiANPUEMCTB Ha(TOra3oBoro KOMIUIEKCY YKpaiHu. Po3risiHyro HH3KY
HeOe3MeYHUX TO/iH, NOoB’A3aHKUX 3 MPodeciiiHOI MisUTHHICTIO Ha MiIIPHEMCTBAX: MPOMUCIOBA Oe3leKka, TeXHOreHHa Oe3meka,
ririeHa Ta Ge3reka mpari, ekoioriyHa Oesreka, ncuxodizionoriyna Ge3neka Ta CTBOPEHO Y3arajibHIOIUY CXeMy HeOe3lek Ta
HeOe3MeYHNX MOAil. 3ampornoHOBAHO MOJENb IHTETPOBAHOI CHCTEMH MEHEDKMEHTY Oesneku NpoQeciiiHoi MisuTbHOCTI IUist
MiANPUEMCTB Ha()TOra30BOro KOMIUIEKCY Ha OCHOBI 3allydeHHS HayKOBOI JIiTepaTypH, HOPMATHBHO-TIPAaBOBUX JOKYMEHTIB 3
3aCTOCYBaHHSIM CTPYKTYPHO-JIOT1YHOTO METOJy, CHCTEMAaTH3alil Ta y3arajJbHEHHs Ta METOZIB 3MiCTOBHOIO Ta MOPiBHSUIBHOIO
aHamizy. [loBeneHo, IO CHCTEMa MEHEIKMEHTY, 3aCHOBYIOUMCh HAa MPHUHIMIAX LUKIYHOI MOJEJi YIPAaBIiHHS SIKICTIO
E. leminra noBMHHa BKJIOYATH TaKi acleKTH, sSK: YIPABIIHHS SIKICTIO Ta PHU3MKaMH, €KOJOTIYHE YIPAaBIiHHSI, MEHEKMEHT
6e3nexu mpogeciiHoOl AisTBHOCTI, COLiabHA BiANOBIAANBHICTh, CHEPrOMEHEIXKMEHT.

KawuoBi caoBa: npommucioBa Oe3neka; HaQTOra3oBUI KOMIUIEKC; IHTErpoOBaHAa CHUCTEMa YIPaBIiHHS, MEHEIHKMEHT
6e3neku mpodeciiHol qisTbHOCTI ; MDXKHAPOIHI CTaHIAPTH.

CucTeMa MeHeIKMEeHTa §6e30I1aCHOCTH NPOogeCCHOHAILHOI 1eATETLHOCTH HA NPeINPHATHAX YKPauHbI:
MEKIYHAPOIHbII M eBponelicKkuii onbIT

E. E. Teeputnukosa, 1O. E. [lemunosa, T. B. [Ipoznosa

AHHoTanus. O030p MEeXIYHAPOIHBIA M €BPONEUCKHHA OMBIT MO CO3JaHUIO M COBEPIICHCTBOBAHUIO MHTETPHUPOBAHHBIX
cucTeM B 001acT 6e30IaCHOCTH TPYAA U OXPaHbI 310POBbsI HA OCHOBE UCCIIE0BAHNS HOPMATUBHBIX JOKYMEHTOB MexayHapotHON
OpraHu3allMy CTaHAAPTU3ALUY, EBPONEHCKNX CTAHIAPTOB, HAIMOHAIBHBIX CTAHIAPTOB YKPAWHBI, OTPACIEBBIX U METOAUYECKHX
JOKyMEHTOB IO YIPABJICHUIO OXPAHOW TPyJa M INPOM3BOJACTBEHHOW O€30MACHOCTH HPEANPHSATHH He(TerasoBoro KOMILIEKCA.
U3ydeHsl 0COOCHHOCTM BHENpPEHUsT MEXAyHapoAHbix craHgaptoB cepun OHSAS 18001 u ISO 45001 mno co3manuto
WHTErPUPOBAHHON CHCTEMBbl MEHE/DKMEHTa Oe30IaCHOCTH IMPO(ECCHOHATIBHOW JEeATebHOCTH. PaccMOTpeHs! MyTH BHEAPEHHS
MPOAHAIM3UPOBAHHBIX TPeOOBAaHMI B OTpacieBble CTaHIAPTBHI OE30MacHOCTH HPO(ECCHOHATIHLHON IESTENBHOCTH MNpPEANPHUATHI
HeTerazoBoro KomIuiekca YKpauHbl. PaccMOTpeH psi OmacHBIX COOBITHH, CBS3aHHBIX C MPO(ECCHOHANBHOMN NEATENbHOCTHIO Ha
NPENPUATHAX: MPOMBIIUICHHAs 0E30MacHOCTh, TEXHOTCHHAsi OEe3011aCHOCTb, I'MTHMEHA M 0e30MacHOCTh TpyHa, SKOJOTHYecKas
0€30MacHOCTh, MCHXOpH3UONIOruiecKkass 0e30MacHOCTh W CO34aH OOOOMIAIONIYI0 CXEMYy OMACHOCTeW M OMACHBIX COOBITHIL
IIpemioxkeHa MoIeNb WHTETPUPOBAHHOW CHCTEMbl MEHEKMEHTa Oe30MacHOCTH INPOQECCHOHANBHON AESTENBHOCTH IS
MIpeINpUSTHI HeTera3oBoro KOMIUIEKCa Ha OCHOBE MPHBIICUCHHS HAYYHON JUTEpaTyphl, HOPMATUBHO-TIPABOBBIX JOKYMEHTOB IO
MIPUMEHEHUIO CTPYKTYPHO-JIOTHYECKOr0 METO/[a, CUCTEMAaTH3aIMU U 000OIIEHNST U METO/IOB COACPKATEIbHOTO M CPABHUTEIBHOTO
aHanm3a. Jloka3aHo, YTO CHCTeMa MEHEIKMEHTA, OCHOBBIBASICH Ha IPHUHIMMAX IUKINYECKOH MOJIENM YIPABICHUS KaueCTBOM
3. JleMuHra TO/HKHA BKITIOYATh TAKKUE aCHIEKTHI, KaK: YIPABJICHUE KaueCTBOM M PUCKAMH, SKOJIOTMIECKOe YIIPaBJIeHHUE, MEHEDKMEHT
6€30MacHOCTH MPO(ECCHOHATFHON AESITEIIBHOCTH, COIMAIbHAS OTBETCTBEHHOCTD, SHEPIOMEHEKMEHT.

KaoudeBble cioBa: MPOMBINUICHHAs O€30MaCHOCTh, He(Tera3oBblii KOMIUIEKC; WHTETPHPOBAaHHAs CHCTEMa
YIIPaBIICHHS; MCHE/DKMEHT OE30IIaCHOCTH MPO(ECCHOHATIBHOI ACSATENBHOCTH; MEKIYyHAPOIHBIE CTAaHAAPTHL
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3ACTOCYBAHHSA OHTOJIOI'T] 3AJIAYI BUBOPY
JIJIS1 OMUCY MPOIIECIB B3AEMO/III CYB’EKTIB YIIPABJIIHH S

AHoTanisi. Y cTarTi 10BeneHo, mo noTpedye BHUPIMIEHHS MpoOiieMa HasBHOCTI MPOTHPITUS MDK 30UTBIICHHSAM 00CsTY
iHdopmarii, HeoOXiTHOI /IS MPUUHATTSA pilieHb y cdepi ynpaBlmiHHS CHIaMH OXOPOHHM HPABOMOPSAKY, i MOCTiifHOIO
BHMOTOI0 MIOJ0 CKOPOYEHHs 4Yacy Ha ii oOpoOKy B iH(opmariiiHO-aHANITHYHUX cucTeMax. MeTa CTATTI TMOJATaE y
HiABHIIEHHI e(EeKTHBHOCTI NPUHUHATTSA pIlleHb B CHCTEMi YINpaBIiHHSI BiiCBKOBOTO KOMaHAYBaHHI B yMOBax
Ha/I3BUYaliHOTO CTaHy IUIIXOM 3aCTOCYBaHHs OHTOJIOTII 3aja4i BMOOPY Ha OCHOBI CYKYNHOCTI CEMaHTH4HO 3HAYYIIHX
pesyibTatiB. PesyasTtaTHm fgocaimxennsi. IlpoaHamizoBaHI IUIIXM YJOCKOHAJIEHHS MeXaHi3MiB iH(popMariiHO-
AHAJTITMYHOTO 3a0e3IEYeHHs CHUCTEMH YINpPaBJiHHA BiCHKOBOrO KOMAaHIYBaHHA B YMOBaX HAaJ3BHYalHOTO CTaHYy.
Buxopucranuii minxig mo 3acTocyBaHHS OHTOJIOTII 3a/adi BUOOPY UL NPHHHATTS pillleHb y cepi yHpaBIiHHS CHIAMU
OXOPOHM MPABOHOPSAKY i3 3aCTOCYBAaHHSAM MpOIERypH iHTerpamii iH(OpMaIiHHUX pecypciB Ha OCHOBI OiHapHOTO
BiIHOIICHHSI Y4aCTKOBOTO MOPSIAKY. OHTOJIOTIUHI CUCTEMH, 5K PE3yJIbTaT 3BOPOTHOTO BiIOOpaKEHHs HATYPAIbHUX CHUCTEM,
3a0e3MeYyI0Th KOPEKTHE arperyBaHHs Pi3HUX TEMAaTHIHUX IPOIECIB 32 paXyHOK ()OPMYyBaHHS CTPYKTYpPOBAHOI CyKyITHOCTI
iHopMamiifHUX 00'€KTIB-KOHIENTIB MPEeIMeTHOI 00JacTi, SKi BU3HAYAIOTECS SIK €JUHHH THI JaHUX. 3a paxyHOK I[bOTO
BHU3HAYAETHCS OHTOJIOTIYHUI XapaKTep iHTEepIpeTarii CeMaHTUKU KOHTEKCTIB 00'€KTiB-KOHIIENTIB, SIKi BUKOPHCTOBYIOTHCS
B TIPOIIECi pO3B'sI3aHHS 3a/1a4d B CHCTEMI YIIPaBIiHHS BIHCEKOBOTO KOMaHyBaHHS B yMOBAaX HA/(3BUYAfHOTO CTaHy.

KawyoBi ciaoBa: iHpopMaIiiiHO-aHATITUYHA CHCTEMa; OHTOJIOTIS; TAaKCOHOMIs; MHOXXWHA TaBTOJIOTIH; OiHapHE
BiIHOIICHHSI YaCTKOBOTO MOPSIIKY.

B YHEMOXJIMBIIIOE — peanmizalilo  iHpopmariitHoi  Ta

cryn TEpMIHOJIOTIYHOI CyMiCHOCTI 0a3 JaHuX;
IlocranoBka mnpoGjeMu. AHaNI3 BOEHHO-TIONI- - HasgBHICTP  BENMKOI  KUIBKOCTI  JKEpen
THYHOI O0OCTaHOBKH, piBeHb BOEHHOI Hebesnexku Ta  iHQOpManii, iX pPI3HOMaHITHICTL 1 TepUTOpiabHA

CTYIICHh BOEHHOI 3arpo3dW HaIliOHAIBHIN Oe3meri
Ykpainu BUMarae yIocKOHAJICHHS] CHCTEMH YIPaBIiHHS
CHJIaMH  OXOPOHM  MpPAaBONOPAAKY Yy  HampsaMi
BIIPOBA/DKCHHS MEXaHI3MIB TIiJBWIICHHS CTIHKOCTI
VIOpaBIiHHA Ta  OOTPYHTOBAHOCTI  pillleHb,  MIO
NpUAMalOThCI B YMOBax iH(OPMAIIIHOTO BIUIMBY

NPOTHBHHKA.

OnmHuM 13 HampsMiB  BHPIIIEHHS 3a3HAYEHOTO
3aB/IaHHS € YIOCKOHAJICHHS CTPYKTYpH
(hyHKIIIOHYBaHHS OpraHiB iHpopmariitHoro

3a0e3neueHHss y cdepl ynpaBiiHHS CHIAMHU OXOPOHHU
MPaBOMOPSIIKY 1 KOOPIUHALIT 1X B3aeMOJii. Y KOHTEKCTi
3a3HAUYEHOr0 BHMHHUKAe morpeda y 3abe3neueHHi
CIPOMOXKHOCTI T ITPUMKH indopmariitHo-
PO3paxyHKOBOI 1 aHANITHYHOI MiSUBHOCTI TIOCAJI0BUX
oci0 B yMOBax IiJIBHIICHHS CKJIQJHOCTI 3aBJaHb, IO
BUPIIIYIOTBCS ~ OpraHaMH  YIPAaBIiHHSA  BIHCHKOBOTO
KOMaHIyBaHHS B YMOBaX HaJ3BHYalHOIO CTaHy Pi3HHX
PIBHIB Ta PI3HOMaHITHOCTI i HECTaHAAPTHOCTI CHUTYaIlii,
3a pe3yJabTaTaMH aHaJli3y SKUX IPUAMAIOTHCS PIllICHHS.

Po3p’s3aHHs  mMX ~ 3aga4  CTHKAeTbCAd 3
HEOOXIMHICTIO BHPINIEHHS HU3KA MpodieM, sKi
OB ’s13aH1 3 iH(OpPMAiHHNM 3a0€3MEeYeHHSIM CyJacHUX
CHCTEM YIpaBJIiHHSI, OCHOBHUMH 3 SIKUX € TaKi [1]:

- PI3HOMAHITTS ¥ HE3B'I3aHICTh POPM TOKYMEHTIB,
BeJIMKa KUIBbKICTh HedopmarnizoBaHoi iH(opmarii, 110
IUPKYIIoE B iH(OpMaliiiHO-aHATITHYHUX CUCTEMaX
(IAC);

- BIJICYTHICTh €IUHHX KJIacCU(iKaTOPiB, CIOBHHUKIB
i yHi(ikoBaHOT CHUCTEMU JIOKYMEHTIB, 110

PO3MOIIIEHICTD.

Oco06mmBoi aKTyamsHOCTI Il TpobIeMu HaOyBalOTh
B KOHTEKCTI PO3IIISAY pi3HOMAHITHOCTI iH(popMaIifHIX
MAHUX, M0 IMPKYIIOITh B CHCTEMi YIPAaBIiHHI
BIICHKOBOTO KOMAHJyBaHHS B YMOBaX HaJ[3BUYAIHOTO

CTaHy.
Tak, 3a3HaveHi pecypcu TIPEe/CTaBIIeHI
AITOPUTMAMM,  MaTeMaTHYHHMH  MOJENSIMH  Ta

JOKyMEHTaMH (MacWBaMH JIOKYMEHTIB), SIKI MOXYTb
BKJIIOYATH JOKYMEHTH OoioBOro ympasiiHHA (0oiHOBi
HaKasW, pO3MOPS/KCHHS, JOHECEHHS, 3BEACHHS),
HOpPMAaTHBHI JOKYMEHTH (HaKa3W, HOPMH, IITATH),
JOBiKOBY iH(opMario (ki1acudikaropy, CIOBHUKH
TepMiHiB), 00iKOBY iH(OpMamito (aHKETH, KapTOTEKH),
HAyKOBO-TEXHIUHY iH(OpMaIilo (IpyKOBaHI BWIAHHS,
3BiTH mpo HAYKOBO-ZIOCII/THI i JIOCIIITHO-
KOHCTPYKTOPCBKiI po00TH), iH(pOpMAaIIit0, SIKa IIUPKYIIIOE
B aBTOMAaTHM30BaHUX cHcTeMax (0a3u maHuX, (aiinm,
MOBIIOMJICHHSI) Ta iHIII MacuBH iH(opMmarii (kapTy,
(donmHM, cxemu, IIaKaTH, okpemi Qaimm Ta in.) [2].

Takum umHOM, TOTpeOye BHpIIIeHHS mpobiema
HasBHOCTI TPOTHUPIYYS MK 30UTBIIEHHSM 00CATY
iHpopMaIIil, HeoOXiHOT IUIs TPUUHSATTS pilieHb y cdepi
VIIPaBIiHHSA CHJIAMH OXOPOHH  IPABOMOPSAKY, 1
MTOCTIHHOIO BHMOTOI0 MO0 CKOpPOYSHHS dYacy Ha i
00pobky B IAC.

AHaJi3 ocTaHHIX JOCaiIKeHb Ta MyOJikamii.
OmHM i3 pimeHs  3a3HA4eHOI mpodmeMu €
BIIPOBA/KCHHST | T-TeXHONOTIH, IHCTPYMEHTH SKHUX
3a0e3MmeuyloTh MATPUMKY TNPHHHATTA pilleHb Ha
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OCHOBI JIHTBICTUYHO-CEMaHTUIHOTO aHaizy
inpopmanii  mpo  obmacti, TpeaMeT, Hpolec
«bopmMabHUX» 3HAHb 1 3JAIHCHEHHS iX iHTerparmii 3
HeopManbHUMH 3HAHHSAMHU TPYNH OCiO (KEepiBHHKIB,
(axiBUiB, eKCHepTiB), sKi NPUHAMAIOTh PpIlICHHS.
3a3HaueHI TEXHOJIOTIi MOBHUHHI 3a0e3meynTH [3]:

- KOHIICHTpAIIFO BCi€l HEOOXiMHOT IS MPUHHSATTS
pimens iHdopmanii B eauHOMYy iH(OpManiHHOMY
CCpPE/IOBMINI, MIiABHIICHHS ii sKOCTI (IIOBHOTH Ta
JIOCTOBIPHOCTI), MIBUIKHUH 1 €PEeKTUBHUN AOCTYN 10O Hel
oci0, siki npuiiMaroTh pitneHHs (OI1P);

- aBTOMaTWU4YHE BHJUICHHS KPUTUYHO BaXKIHBOI
iH(opMalii, sKa XapakTepu3ye sKiCHy 3MiHy CUTyauii B
MPeaMETHIH 00J1acTi;

- o0'eHAaHHA aHAIITHYHUX 3aco0iB CHUCTEMHU 1
IHTEJIeKTyalIbHUX MOXJIMBOCTEH 0ci0, SKi MpUHMaloTh
pilieHHs, i ekcreprtiB, mo BXxoaath y IAC y sikocti ii
AKTHBHUX €JIEMEHTIB;

- HaKOTIMYEHHSI KOJIEKTUBHOTO JIOCBily BUPIIICHHS
npo0ieM, BUKOPUCTAHHS HOTO Ul BUPIIIEHHS HOBHX
npo0Oiem, 3a0e3MeUeHHs] HaCTYITHOCTI B YIPaBJIiHHI;

- HaganHsa OIIP i excnepTaM 3aco0iB IMiITPUMKH
MpoLeayp KOJIEKTHBHOTO BHPOOJICHHS 1 TPUHHSTTS
pilleHb, a TaKOXX LIMPOKOTO CIIEKTpa IHCTPYMEHTIB,
HEOOXiHUX JUIS CTBOPEHHS MOJeJied pPO3B'I3yBaHUX
npo0iem;

- HajaHHs oco0aMm, AKi MPUHMAIOTh pilleHHs, 1
eKcriepraM iHpopMaIlii Ta pe3ynbTaTiB MOJICIIOBAHHS Y
BUIJIAI  IHTEPaKTUBHUX  Bi3yaJbHO-OPI€HTOBAHMX
JMHAMIYHUX MOAeNei (CHCTeMH Bi3yallbHHX 00pa3iB)
BUPILTYBaHUX HPOOIIEM.

Bucoka edektuBHicTs (yHKIioHYBaHHs [AC
Moxke OyTn 3ale3rnedeHa 3a paxyHOK 3iHCHEHHS
iHpopmariitHoro 3a0e3rnedyeHHss B paMKax €IUHOTO
iH(opMaIIiitHOTO TPOCTOPY, a TAKOXK 1HTErpamii y Hboro
yCiX MporpaMHO-arapaTHIX 3aco0iB.

3a3HaueHe CepeloBHINE Mae Cco0OI0  SIBIATH
TimepruiomuHy, B MeXax SKoi 3midcHIoeTbes 30ip,
(hopMyBaHHS, PpO3MOBCIOKCHHS 1  BHKOPHUCTAHHA
iHpopmMarii B iHTepecax BIAMOBIIHUX KOPHCTYBadiB
(;roriuamx 00'ekTiB iH(OpMAariitHOi B3aeMoii) 3rigHO 13
3aCTOCOBAHOIO METOIOJIOTIE0 0OPOOKH iHpOpMaLiHHIX
noTokiB [1].

Ilpn 1pOMy MaeThCsi Ha YyBa3l BHUKOPHCTaHHS

3araJIbHONIPUHHATHX ~ cUcTeM  (opMyBaHHS  Ta
3acTocyBaHHS ~ IHQOpMAIifHUX  pecypciB,  MOB
CNIJIKyBaHHS, TEXHOJNOTIH  JoCTymy, OOMiHy i

nepepoOku iHdopMarii, KOMyHIKalii, a TAKOX €TMHAX
CTPYKTYp iHGOpMAIIHHAX pecypciB, OaHKIB IMaHHUX i
3HaHb, CHCTEM YIPaBIiHHI HUMU [4].

@dopMyBaHHSI CYKYIMHOCTI CEMAaHTHYHO 3HAYYIINX
pe3ybTaTIB y MPOLECi AisTBHOCTI 0Ci0, sIKi MpUItMAarOTh
pillIeHHs, Ha OCHOBI aHamizy 1 OOpoOKM MacHuBiB
iH(opMariii, o MoB'I3aHi 3 00'€KTaMH YIIPaBIiHHSA, B
paMKax €JMHOTO 1H(POPMALIHHOTO MPOCTOPY A03BOIIUTH
CYTT€BO IiIBUIIUTH €PEKTHBHICT YIPABITiHHS.

Takum umHOM, MeTa cTaTTi ToOmArae y
MiIBUINEHHI e(QEeKTHBHOCTI TPUHHATTA pIilIeHbh B
CHCTEMi YIpaBIiHHA BIHCHKOBOTO KOMaHIyBaHHSI B
YMOBaxX HaJ3BHYAHOTO CTaHy MUIIXOM 3aCTOCYBaHHS
OHTOJNOTIi 3amayi BHUOOPY Ha OCHOBI CYKYIHOCTI
CEeMaHTHUYHO 3HAUYIINX PE3yIbTaTiB.

OcHoBHUIT MaTepiaj

Bupimenns Oymp-skoi mpobiemMu y 3amadax
AHATIITHYHOTO OI[IHIOBAaHHS TOJATae y BHOOPI MEBHHUX
pilleHs 3 BpaxyBaHHSAM CHUTYyamii, IO CKjIajacs, 3
JIeSIKOTO HAbOpy MOMyCTUMUX (THIIOBUX, CTAHJAPTHHX )
KepyI4nX BIUIHBIB.

CTBOpEHHSI  PO3MOJLICHOT0  MPOrpamMHO-iH(pOp-
MaliiHOTO CepeloBuINa, 0 3a0e3redye B pealbHOMY
Yyaci KOMIUIEKCHY OaratopiBHEBY OOpOOKY TOTOKIB
MaoiHQOPMATHBHUX 1 YacoMm CyIepeuwINBUX
MEpBHUHHUX BIJIOMOCTEW MPO MPOSIBH 00'€KTIB JOIIIEHO
3OIMCHATH Ha OCHOBI 3aCTOCYBaHHS OHTOJOTIYHMX
cucteM [5-7]. lle m03BONMTH peani3oByBaTH JOCHTH
MMOBHUH OIIMC MHOXXWHHU CTaHiB KOXXHOI'o €Taiy
BUPINICHHS 3aJa4 B TepPMiHaX MpeIMeTHOi obsacti Ta
3a0e3MeuuTh MPOBEJCHHS  KOHTEKCTHOTO  aHaNi3y
npoOiemMH,  OLIHKKM  cTaHy, (opmyBaHHS  iz;el
pO3B’si3aHHST 1 Ha KIHIEBIH cramii BiZOKpEeMJICHHS 1
(opMyNIOBaHHS  CKIQMHHMKIB  MPUKIAJHUX 33134
CUTYaI[IfHOTO YNpaBIiHHA y TEPMiHAX MPHKIATHUX
obuacTeif iX MOCTaHOBKH.

Ha  migcraBi  3a3HadyeHOro,  yrmopsaKOBaHy
MHOKHHY TaTonorii 7 [8], mo mpeacTaBIsioTh
MpOoIleC BHPINICHHS MPUKIATHOI 3a7adi y BHIIISAMIIL
B3aemoxii  HarypagbHHX cucteM NS,  MoxHa
MIPECTaBUTH OpieHTOBaHUM Tpadom G 6Ge3 rukiis [9].

To6To, SKIIO eleMEHTaMH MHOXKHHHU TaBTOJOTIi
T, Mo TpeacTaBise TPOIEC BHPIMIEHHS NPUKIATHON
3amadi 'y BUIJLIAI B3a€MOJii HATypaJbHUX CHCTEM €
MHOXHHA TABTOJNOTiH 7', TO KOXHA BepiIMHA Tpada
G moxe OyTH IpeAcTaBieHa y BUIJISIIII OPIEHTOBAHOTO
rpada G’ 6e3 nuKiB.

Byap-siKy  TakCOHOMIKO  MOXKHa
HaBaHTAKEHUM JBOIOJBHUM Tpadom [9]

G=MWUV, E), @

ne ViV, = (epmmun 3 V; po3mideHi iMeHamu

npeacCTaBuUTU

NpeauKaTiB, a BepUIMHH 3 V, — iIMEHaMH apryMEHTIB);

E — mHOXUMHa ayT (pedep).

Jyrn rpada 3’€IHYIOTH BEpIIMHH, IO NOMIidYeHi
iMEHaMH TpeJUKariB, 3 BepIIMHAMH, SKI MOMIYeHi
iMEHaMH apryMeHTiB. BHUCIIOBIIOBaHHS X (OPMYIOTHCS
Ha OCHOBI KOMITO3HMIIIT BEPILIUH, SKi € IHIIMJCHTHUMH JI0
OJTHOTO pedpa. Anroput™ (HOpPMYBaHHs TaBTOJOTIH Mae
HACTYIHUW BUTJIAL

1. Busnawaerbcs mnepmia BeprmimHa (JiBa abo

IpaBa) 3a HaNpsSIMKOM BiZHOIIEGHHS, SIKIIO BOHO
HEKOMYTaTHUBHE.

2. OOwupaerbcs  JiBa/mpaBa  BeplIMHA  Ta
IHITUACHTHE pedpo.

3. OOupaerbcsi  mpaBa/miBa  BepUIMHA 3

IHITACHTHUM PeOpOM, SIKE Ma€ JIiBY/TIpaBy BEPIIIHHY.

4. JlBomonmpHui  rpad  BHU3HAUAEThCA K
BHUCJIOBJIIOBaHHS.

5. OOuMcnroeTbCs 3HAYEHHS BHCIOBIIOBAHHS:
ICTHHHICTP — BEpIIMHHA BKIIOYAIOTHCS [0 MHOXKHHHU
TaBTOJIOTiH, XHOHICTh — BEPIINHHU HE BXOIATH MO ITiEl
MHOKUHH.
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Bizyamizauis iHpopmanii y BUTIISIAI iepapXidHOTO
rpady gomoMara€ IIBHAKO 3HAXOAWUTH IOTPIOHHMH
CIeMEHT B Iepapxii, PO3YMITH 3B’S30K CIIEMCHTA 3
KOHTEKCTOM Ta 3a0e3NedyBaTH MOXIIMBICTH IPSIMOTO
jpoctyny g0 iHdopmarii. MepexxHuii rpad Moxe
BUCTYIIATH HE JIMINE 3ac000M oprasizamii iHdopMmarii.
Posmmproroun #oro TpamumiiiHi QYHKII] 3aBISKH
BiZIOOpaXXEHHIO y BUIVIAII ITPOCTOPOBO YHOPSIKOBAHOT
MHOXXHMHHU TaBTOJIOTiH, rpad) MO)KHa IEpEeTBOPUTH Ha
cepeloBHIIE, B IKOMY 3a0€3MeuyeThCsl akTHBHA poOoTa
3 po3nojiieHMMHu iHpopMalidiHUMK pecypcamMu  Ha
OCHOBI BUKOPHCTaHHS METO/IiB HATYPaIbHUX CHCTEM.

3agaBiM  Ha MHOXHMHI  KOHIENTIB  OiHapHe
BIIHOIIICHHST 4acTKOBOI yrmopsiakoBadocti — f [9, 10],

OTPHMaEMO TEBHY TAaKCOHOMil0 [, AKa MOke OyTH
NIPE/CTaBIE€Ha y BHIJIIII OPIEHTOBHOTO OiHAapHOTO
nepeBa. TakiMM YMHOM yCi KOHLETITH Ta 1X BJIACTHBOCTI
MOXYTb OyTH TIPEICTAaBIICHI Yy BHUINIAAl TEBHHUX
TBEPIDKCHb, HaJl SKAMH MOXJIMBO BHKOHATH OIlepaii:
00'eIHAHHS, IEPETHUH, JIOTIYHE BiJIHIMAHHS, JIEKAPTOBUI
n00yTOK, BHOIpKa, TMPOEKIisl, 3'€IHAHHS, JIJICHHS.
binbm Toro, 3aBkmuM MOXHa c(OpPMYBATH TIEBHY
MHOXHHY BiZIOOpaKeHb I[IMX TBEpIDKeHb, sika Oyre
BOJIOJIITH BIIACTHBICTIO OE3MIEPEPBHOCTI.

OnHe 3 TakuxX BiZOOpa)keHb 3aJa€ MEePETBOPEHHS
JIAHIIOTIB 3 TBEp/PKEHb y BKa3aHl BHIE JIAHIIOTH
OiHapHUX JIepeB.

3rigHo [5] icHye BimoOpakeHHS KOXKHOI OHTOJIOTI,
dKa BH3HA4Ya€ KOHIENTH, IO YTBOPIOIOTH JEsKi
TaBTOJNOTIi y BUDIsLAlI OiHapHOTO nepea. Hanm Takumu
JlepeBaMH MO>XKIIBO 3aIaTH Taki )X caMi omeparii, gK i
HAJ TBEPKCHHAMH, a came: O0'€THAaHHS, IEPETHH,
BiTHIMaHHA, JEKAPTOBUIl MOOYTOK, BHOiIpKa, MPOEKIIis,
3'€IHAHHS, TUIEHHS.

Takoxx mo mepemiky ¢yHKOIM 1 omepamint F
MOXJIMBO BKJIIOUATH OMeparii, $Ki 3aJaloThCs Ha
MHOXMHI KoHuentiB X . Tomy y Burianl GiHapHOTO
JiepeBa MOXKe OyTH TpeICTaBIcHa 1 TAKCOHOMIS T, mwo
BiZIOOpaXka€ KOHLIENTH, 3 SIKUX (OPMYJIIOIOTHCS YMOBHU
3amaui BubOpy. Taka TakcoHoMis 7  (paKTHUHO

BiZjoOpaxkae y BHUINIAAI OiHAPHOTO JepeBa MHOXHHY
IbTEPHATHB, SKi BH3HAYaIOTh IIEBHI YMOBH BHOOpPY

HaAWOUIBII  ONTUMAaJBbHOrO 1H(OpPMAIIHOTO  CcTaHy
pilIeHHS.
Ha migcraBi 3a3HaueHOro MOXKHA  3pOOUTH

BHUCHOBOK IIPO T€, IO BiAHOIICHHS OiHAPHOTO JepeBa
MOXYTb OyTH 3aJaHi HaJ MHOXHHOIO TaKCOHOMIiH Ha
mijicTaBi BU3Ha4YeHOi akciomu BuOopy Buay (1), ska
Oe3mocepenHbO BU3HAYAETHCS akciomaTrukoro Llepmerno-
Openkens [11-13].

Toni cripaBeanBUM Oyzie BHpas:

3f:7T—F,3g:R—>F, (2)
ne f,g — Bimmosimmi BimoOpaxenHs; F —MHOXHHA
omepariii Ta GpyHKIiif Ha TakcoHoMii 7 ; R — MHOHHA
BiJIHOLIIEHb HA TAKCOHOMIT 7 .

BinmnosinHo, onronorito 3amaui BuGopy Orpch

MOXKHA TIPEACTAaBUTH y BHUINIAAI OiHApHOTO JepeBa
roMoromigHoro Tuiy [13]:

Orpcp O T =(X,R,X), ©)]

Je X — MHOXHHA KOHIEMHTIB MEBHOI OHTOJIOTI, SIKi
*

BU3HAYAIOTh BEPIIMHM OiHapHOTO JepeBa; X  —
HaliMeHIIa 3a YMOBOIO BHOOpPY BepIIMHA OiHAPHOTO
Jepesa.

Bupasu (1)-(3) Bu3Hauar0Th, IO ICHYE IIEBHE

BIMOOpa)keHHS MK KOHIICNITAMH  OHTOJIOTIi, iX
OiHapHUMHU  JlepeBaMH Ta  BIJHOLICHHSMH  MIiX
koHrentamu. CliJl TakoXX BpaxOBYBaTH, MO YcCi

BITHOIICHHSI MIiX KOHIICNITAMH, IO YTBOPIOIOTH TaKi
TaKCOHOMIi, ~MOXYTh yTBOPIOBATH NpEIUKATHBHI
BHpa3W, sIKi BH3HAYAIOTH ICTUHHI TBEpPKCHHSI 3
BepIIWH OiHAPHOTO JepeBa, IO YTBOPEHI KOHI[ENTaMH
oHrojorii Ta 3B’s3aHi MDK CO0OI0 BIAIIOBIAHUM
BiJIHOIIIEHHAM YacTKOBOI YIOPSAAKOBAaHOCTI — P .

OHTONOTIF0 BHOOPY TaKOX MOXHA TIPEACTABUTH Y
BUTIISAIL

Orpen =(T.(PVRY). £(T)). @

Tyr  f(T) dyHKLiO
3HAXOJDKEHHSI MiHIMAIBHOTO By3lla OiHApHOTO JepeBa

BU3HAYa€  I[JIOBY

T,a RY — MHOXuHY BracTMBOCTell GiHapHMX By3iB

SIK YHApPHUX BiI00OpakeHb KOHIIENTIB TAKCOHOMIT 7T .
Orxe, 00'ekTHI Ta (PYHKIIOHANbHI KOMIIOHEHTH,

[0 BW3HAYAIOTH OHTOJIOTIIO 3a1adi BHOOPY, MOXKYThH

YTBOPIOBAaTH (PYHKITIOHAIBbHI OHTOJIOTIT, KOHIENTH SKUX

MOB'A3aHI  MEBHUMH  OIHapHUMH  BiJHOIICHHSAMU
YaCTKOBOTO TMOPAOKY 1 MOXYTh MaTH  VHapHi
BIACTHBOCTI, II0 XapaKTEepU3ylOTh iX Yy TIEBHOMY

SIKICHOMY BHTJISIII.

Jocuts eheKTUBHUM METOJOM IPEACTABICHHS
(yHKIIOHAEHUX OHTOJIOTIH, A SKUX 3aBXKAW ICHYE
3BOPOTHE TEPETBOPEHHS Yy BUDNSAJ HATypPalbHOL
cucremu [14], € 6e3THIIOBE MPEACTABICHHS Y BUIJISII
asmOaa-Bupasis Buay (4) [15, 16]:

f, = (xt(x)a=t(a), ()

e A — Teopis IIMOa-IUCIICHHS;, 3aIAC AX 03HAYA€E A -
TepM; X — 3MiHHA, IO NpHUIMae 3HAYSHHS] 3 MHOXHHHU
KOHIIeNTiB; { — BHUpas3, KUl MOXE MICTUTH 3MIHHY X ;
a — aprymeHT (yHKUii, [I0 BHU3HAYaEe MOMKIIUBI
3Ha4YeHHS 3MiHHOI (MOXYTh OyTH TEBHI TBEp/KEHHS);
f, — dyHKIIis, siKa 3aCTOCOBYETBCS 10 apryMeHTy a .

Toni Ko)KHE ICTHHHE TBEpKEHHS MOXe OyTH
MIPEJICTABJICHO Y BUTIISAI MOCTITOBHOCTI JIAIMOIa-TEPMiB
BUJY

[Axg.. XX Lyl ]

Ilpy 1pOMy KOXEH JOAATKOBHH TEpPM I[OTO
BUpa3y NPHUIHUCYETHCS Ha OCHOBI ITPaBUIIA 3aCTOCYBAHHS
MHOXXHMHHOTO  BIJJHOLIEHHS  OIHAQpHOi  YacTKOBOI
ymopsinkoBaHocTi. Lle no3Bossie OyayBaTH JIAHIIOKKH
TBEp/PKEHb Ha OCHOBI omepauii NpUIHCYBaHHS
NpaBOpyY HOBOTO TEPMY, SIKUM MOKe OyTH SK (YHKIIis,
TaK i apryMeHT.

3 HaBeICHOT'O MOYKHA 3pOOHTH III€ OJTUH BUCHOBOK:
SIKIIIO KOHIIENTH OHTOJOTII BOJIOMIFOTH X04Ya O OMHIEIO
3aralbHOI0 BJACTHBICTIO abo xoya Oum OiHapHUM
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BiJIHOIIICHHSIM YacTKOBOTO TOPSIKY, TO 3 HUX MOJXKHA
noOynyBaTH PO3B'si3yBaHEe TBEP/PKEHHS B TEpMiHAX A —
YHCIICHHS.

BitactuBicTs 3BOPOTHOCTI BUpPazy

AXge. XX Ly Lg

BU3HAYa€  MOXJIMBICTH  OyayBaTm  po3B'si3yBaHi
TBEp/DKCHHsI i3 3alepedeHHs ICHYIOYMX TEpMiB Ha
OCHOBI 3MIiHH MHOXHHHOTO OIHAPHOTO BiTHOIICHHS
YAaCTKOBOI YMOPSAIKOBAHOCTI SIK HA MHOXWHHI OIepariii
HaJ BIIaCTUBOCTAMH R , Tak i Ha MHOXHHI TaKCOHOMI

T.
ToOTo0, cripaBeanIMBHMHU IS BIACTHBOCTEH 1 IS
KOHIIENTIB € BimoOpakeHns Bumy [15]:

AKX Xy Xi Ly oo Ly — P> Ao X X Lponly (B)

i BIAMOBIMHO BHpa3, IO TOB’SA3Y€ KOMITO3UIIIT

BiZIHOIICHD (DYHKIiH 1 TAKCOHOMIM:
MoK =KoM =2AxX, @)

ge M i K — A-TepMmu, a KOXEH JOJATKOBUI TepM
NPUIIICYEThCS. HA OCHOBI IIpaBWIa BUKOPUCTAHHS
MHOXHWHHUX BiTHOCHH GinapHO1 4aCTKOBOL
BIIOPSIZIKOBAHOCTI.

Posrmssnm  mporecy  B3aeMopii  OHTOJNIOTIH — SIK
(yHKIIIOHATBPHOTO ~ BigoOpakeHHS  iH(opMaliiHUX
pecypciB Ta y3aranbHeHoi (opMmu iHTerpamii dYepes
B33a€EMOJIII0 HATypaJIbHUX CHCTEM MOXKe OyTH 3BEIEHO
IO BHJIUICHHS JIHIHHO-YIIOPS/IKOBAaHOT ~ MHOKHHU
MIPOCTOPY PIllIeHb 3a/adui BHOOPY, SIKE MPEACTaBUMO Y
BUIIIAAI OIHApHOTO JiepeBa Ta BU3HAYEHO Haj yciMa
3araJlbHUMH KOHIENITaMU B3a€MOJI0uMX cucteM. Toi
OHTOJIOTiST 3ajadi BUOOpPY BH3HAYae€ JUIsl KOXKHOI
HaTypalbHOI CHUCTEMHM TOCTIp BimoOpaxeHHS  ii
iH(pOpMaliifHUX CTaHIB, SKI MOMIJIMBO TPEINCTABUTH Y
Bursaai neBHoro OLAP-kyOy (anri. Online analytical
processing, aHaniTH4YHa 00poOKa y peaIbHOMY Yaci).

3rifHO 3 TOJOXKEHHAMH Teopii  pensiiiHOl
anredpu, Oy/b-sike OiHapHE JAEPEeBO 3 KIHIEBUM YHCIOM
BEpIIMH MOXe OYyTH NpENCTaBICHO Yy BHIVIALL 00'€KTa
persiniiiHoi anredpu.

BiamoBigHO, BHXOISYM 3 TIOJOXCHb TeOpil
TOMOTOIIYHUX THMIB [17] Ta BUKOPHUCTOBYIOUH ITOHSTTS
yHiBasleHTHOCTI [13], MOXXHa CTBEpIUKYBaTH IIpo yHiBa-
JICHTHICTh OHTOJOTIi 3amadi BHOOpPY BHIY Oynb-sKii
orepariii pessimiiHol anreOpu:

Orpcn [ R=f(Ry, Ry, Ry). ®)

[pu 11pOMyY, KOXKHA OTiepallis peNsIiiiHol anredpu
Moske OyTH MpencTaBieHa Y BUTIISII

F =RxR— (X x X)x..x (X xX) [17].

s Takux OO'€KTIB OHTOJIOTISA 3amadi BHOOPY
yHiBaJleHTHa Oynp-sikomy o00'ekty OLAP-kyOy sx
3ac00y AMHAMIYHOTO BiZOOpaKEHHS B3a€EMOJIN TIEBHUX
aTpuOyTiB iH(pOpMaIiitHOI cucTeMu:

Orpch U W:(X,Y,Z) >W. )

Onuc OLAP-xy0y Bugy

W:(X,Y,Z) W

MOXe OyTH TIPEACTaBICHUN y BHUDSIAI IPOEKIIT
BiJIHOIIICHD 3TiJIHO MOJOKEHb persiiiHol anreopu [17].
Mix MMM TPOCKINSIMH iCHYe OiHApHE BiTHOIICHHS
JMHIAHOI  yHOPSAKOBAHOCTI p, 1O  JO3BOJIE
BIJTHOIIEGHHSA P BUBECTH 3 BIJHOIIEHHS P .

Skmo 3acTocyBaTHM METOJ KOHBepcil 1 uis

€IIEMEHTIB, SIKi OTPUMAaHO IIISTXOM MOOYIOBH MPOEKIIiN
(X,Y,Z) ichopmyBaru Ha X OCHOBI BUpa3 abCTpaKiii
A [17], moxHa mepeiTH OO BHU3HAYCHHS MEBHUX
OiHapHUX CTPYKTYp, TOOTO cGOpPMYBaTH OHTOJIOTIIO
3agaqi BuOopy. HaBenmena oHTtomoris 3amadi BHOOpY
BUAY YHIBIEHTHa OyAb-SIKOMY OO'€KTYy BEKTOPHOTO
TIpocTOpy OyAb-sKOI PO3MIpHOCTI:

Orpcn 0 V(F)=(V,F.4%),

ne V. — wMHOXMHAa BektopiB; F — MHOxHHa
¢dyHKIIOHATBHUX BioOpaxeHb V camoro Ha cebe; “+”
Ta “x ” — BIJIOBIAHO JIiHIMHI onepauii “noxaBaHHs” Ta
“MHOMXCHHS .

3a3HaueHWH BEKTOPHHH MPOCTIp BKIOYAa€E B cebe
BIJJHOILICHHS JIIHIHHOT YHOPSJKOBAHOCTI P, 3 SKOIO

(10)

MOJJINBO BHIUIMTH OiHapHEe BIiJHOIIEHHS YacTKOBOI
VIIOPSTKOBAHOCTI. Tomy 3 CJICMEHTIB, K1
OesrocepenHbO  CKIIAJal0Th  BEKTOPHHH  INPOCTIp,
MO>KJINBO ChOpMYBaTH OHTOJIOTIIO 3a/a4i BUOODY.
[pencraBnenns indopmarniitnoi cucremu y
BUTJISINI ~ HATypalbHOI ~ CHUCTEMH  KOHCTPYKTHBHO
3abe3neuye 11 peamizamito sk oHToJOTirO. OTXe,
MHOXUHHM TaKCOHOMIiif, IO BH3HAYalOTh B3AEMOJIIO
HaTypaJbHUX CHCTEM, MOKYTh MaTH CIUIbHI BEpPIINHH i
HEMOpOXKHI TIEPEeTHHW MHOXHH OIHApHUX BiJHOIIEHD
VHapHUAX BJIACTUBOCTEH KOHIIENTIB TakcoHoMii. Ilpu
IIbOMY CaMi KOHIENTH MOXYTb YTBOPIOBATH pi3HI 3a
TematukamMu  kinacu. lle  mopomkye  mpobiemy
(opMyBaHHS Ha OCHOBI BCIX MHOXHH TEMaTHYHHX
KJaciB  (yHKIIH-TIpaBMJ iHTeprperaiii MOB'I3aHUX
JAHIIOKKIB 3 TABTOJIOTiM KOHIIETITIB, IO CKIIQAal0Th
TEpMIHOIOJS B3aEMOJIIIOUMX HATYPAIBHUX CHCTEM.
Omxe 3amava, B TMPOIECi BHUPIMIEHHS SKOI
3JIy4aloThCsl  BHKOPUCTOBYIOTHCS Pi3HI 32 TEMATHKOIO
iHpopMariiftHi pecypcH, MOXXe OyTH TpEACTaBIECHA 5K
CKJIaJiHA KOMIIO3MIISI MeTa3ajad, B KaTeropiro SKuX
BXOAATH TIPOIECH aHANi3y, BHAUICHHS CTPYKTYpPH,
BU3HAUCHHS TMOPSIKY, CHHTE3y 1 BHOOpY CTaHIB

BUpilIeHHS. 3acTOCyBaHHS OIHAPHOTO  BiJHOIICHHS
YaCTKOBOTO TIOPSAKY HaJla€ MOXKIIMBICTD 3a/1aBaTH HOTo
HE TUIBKM  HaX  KOHIENTaMH  B3aEMOIIOYMX
HaTypaJbHUX CHCTeM, a W Hajg iX YHapHUMH
BJIACTHBOCTSIMH. To0To, npu YaCTKOBOMY
BIIOPSIIKYBaHHI MHOXKMHHM ~ YHapHHX  BJIaCTUBOCTEH

KOHIIENTIB, 1[0 BU3HAYalOTh MPOCTIp CTaHIB pilIeHHS
MPUKIAMHOI  3ajadvi, 1[I  BJIaCTUBOCTI  MOXKHA
NpPEe/ACTaBUTH Yy BUDIANl OiHapHUX BigHomieHb. Lle
JO3BOJISIE BKIFOYATH MHOXKHHH TaKHX BJIaCTHBOCTEH B
OHTOJIOTIIO 3a1a4i BHOOpPY, SKAa BHU3HAYAETHCA IS
KOKHOI B3a€EMOJIIFOY0T CUCTEMH.

VHIBaJEHTHICTh 3a1avi BHOOpPY 3TiIHO BHUPA3iB
(8)~(10) y Oymp-sikOMy HEHNOPOXKHBOMY PEIAIIHHOMY
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MIPOCTOPi  /I03BOJISIE  CTBEP/DKYBAaTH, IO KOHTEKCTH
KOHIIENTIB, SKi Yy TpoIeci po3B's3aHHI HaBEICHOI
NpPUKJIagHOT 3a7adi MOXYTh OyTW iHTErpoBaHi JUIst
BU3HAYECHHS MHOXXWHH TaBTOJIOTIH, OIMCYIOTh KOXKEH
eran ii BUpineHHs.

Takox  cmiy  BiAMITUTH  KOHCTPYKTHBHICTh
OHTOJOTii 3amaui BHOOpY, IO ToJsiTae B 11
YHIBAJIEHTHOCTI OY/Ib-SIKOMY TOMOTOIIIYHOMY THITY.

st BnacTuBiCTH J03BOJISIE 3aCTOCOBYBATH JIO
KOHIIENTIB TEeMaTHYHUX OHTOJIOTIH HIMPOKUH CHEKTp
oriepariiii i mpaBuII.

BBenennss  kareropii = ymopsaKoBaHOCTI IO
OHTOJIOTIH 1 HaTypaJIbHUX CUCTEM OYyZyeThCSl Ha OCHOBI
BU3HA4YeHHs Kareropii TakcoHowmii. [lpu upomy mix
TaKCOHOMIEK Y KOHTEKCTI JESKHX OHTOJIOTIH, sIK
HarypanbHuX cucteM NS, po3ymieThcs meBHa
MHO)XHHA KOHIIENITIB OHTOJIOri, $IKi MaioTh OiHapHY
BJIACTUBICTh YIOPSJKOBAHOCTI.

B3aemonito sk Taky BH3HA4Ya€ MHOXKMHA 3a/ad,
pO3B'si3aHHST SKUX 3a0e3redyye JOCSITHEHHS  IIJIeH.
MHOXUMHY CTaHIB BUpIIIeHHS 337aui | mpencraBumo y
BUIVISAL:

NSp, NSy, F xR, X, Ry,
| = , (11)
F,A,(XxRths,R+xRt)

ge NSg NS, — BiANOBIIHO NOYATKOBMI Ta KiHIEBUH
CTaHM HATYPaJIbHOI CHCTEMH; A — MHOXHHA aKcioMm;
R,=R"xR; R*

Ry — MHokHMHa OOMEXeHb

PO3IIISIAEThCA K 3aMHKaHHA BiJHOIIEHb Ry ; Rt —

MHOXKHHA  BJIACTUBOCTeH,  SKI  XapaKTepH3YIOTh
KOHIENTH IiIMHOKMHM TAKCOHOMiii 7', Haj SKHMH
3az1aHi OiHapHi BiTHOEHHS Ry .

MHoXnHa CTaHiB BUpilmleHHS 3amadi | Moxe
BKJIOYATH 70 ce0e MOCIIAOBHICTh CTaHIB BUPIIICHHS
3a7adi OHTOJIOTIH BHOOpY, fKa YHIBaJICHTHA MHOXKHHI

YIOPSIKOBAaHUX TaBTOJIOTIH:
(1) = (Orpen) L
O =(Vx) Pr(x) <> (3x)—=Pr(x),

(12)

ne  Pr(x)
KOHLIENTY *“ X ” SIK IEBHOTO TBEPKCHHS.

3rimHo BmacTHBOCTEH Karteropii TakcoHomil [8]
ICHYIOTh TaKCOHOMIi, 3a JIOTIOMOTOK SIKMX MOXITHBE
YTBOPEHHS TaBTOJIOTiH, SIKI BKJIIOYAIOTh yCI KOHIICITH,
110 MaIOTh OiHAPHY BIACTHBICTh YIIOPSIKOBAHOCTI.

Toni meBHa TakCOHOMis MOXKe OYTH CTBOpeHa
HEMyCTOI0 MHOXXHHOIO BiTHOIIEHH YIHOPSIAKOBAHOCTI

R, e Ry R|R =, acame:

— HpeZ[I/IKaTHI/Iﬁ BUpa3 HaJA 3HAa4YCHHIM

Rt:
xe X,k=m, (13)

=1t e[ttt =TT o xm k<nms<n

ne k,n,m — marypanbHi unca.
Ipu 1IbOMY MHOXHMHA

Hf Xy X X

Ma€ BJIaCTUBICTB acomiaTuBHocTi [11, 12].

Tomi mix TAKCOHOMi€I0 Y KOHTEKCTI 3aCTOCYBaHHS
MHOXKHH OHTOJIOTIH y IpoIieci CTBOPEHHS OHTOJIOTIIHOT
CHCTEMH, MOXHA pO3[JSNATH [EBHY MHOXHHY
KOHIIENTIB OHTOJIOTII, SIKi 3aBXIW MarTh OiHApHE
HEKOMYTAaTHBHE BIJHOIIGHHS Ta SKE& MOXJIHBO
IHTEpIIpEeTYBaTH SIK BJIACTUBICTb OYTH €IEMEHTOM
neBHOro kiacy. IIpum mpomy 3i 3a3Hau€HHUX OHTOJOTIH
TaKOX MOXKJIMBE YTBOPEHHSI YIIOPSAKOBAHOT MHOXKHHH,
eNIeMEHTH SKOi MaloTh OiHapHy HEKOMYTAaTHBHY
BJIACTHBICTH OyTH €JIEMEHTOM HEBHOI OHTOJOTII.

VY ¢opmanizoBaHOMY BHUIUISL 1ie Oyae BUIIISIATH
TaKUM YHHOM:

(3% xX; =tk)‘wH eX >3t eR) =

:>(301CHI1(01|0i xOj =1t).

HaBesieHe TBepKEHHST MOXKHA MOPEACTABUTH Y
HACTYIHIH iHTepIpeTarii.

MHOXHHHM TaBTOJIOTiH 1 TBEP/PKEHb CTBOPIOIOTH
meBHi kareropii [8]. BmactuBocTi KOHIIENTIB, HA OCHOBI
SIKUX TOOYZ0BaHI IIi TaBTOJIOTIT 1 TBEP/UKEHHS, TaKOX
CTBOPIOIOTH Kareropito. [leBHy KaTeropiro MarwTh i
OHTOJIOTii, $SKi CTBOpPEHI IIMMH KOHIENTAaMH Ta ix
BIIACTUBOCTSIMH.

(14)

BigmoBigHO, MK HaBeIEHHMH  KaTETOPisIMHU
3apxau icHye Mopdizm [8] (puc. 1).
X t R,
R F
0,

Puc. 1. KomyTaruBHa fiarpama TakcOHOMii
(Fig. 1. Commutative diagram of taxonomy)

KomyrarnBHa pniarpama, HaBeieHa Ha puc. 1,
JEMOHCTPY€, 110 Y€l KOHLENTH CTBOPIOIOTH 32 CBOIMHU
BIIACTUBOCTSMU ~ MHOXXMHY TEBHHX KiaciB. Yci
TBEP/KCHHsI, SKI MOXYTb OyTH cdopMoBaHi 3
KOHIIENTIB, 10 YTBOPIOIOTh KJIAC HA OCHOBI MNEBHOT
O3HA4Y€HOI BJIACTUBOCTI, MOBUHHI OyTH TaBTOJOTiSIMH.
Ha 1X OCHOBI CTBOPIOETHCS MEBHA MHOXKHHA OHTOJIOTIH,
yci eneMeHTH SKOI MalTh BIACTUBICTh — OyTH
€IIeMEHTOM IIE€BHOI OHTOJIOT1].

Ha ocHOBI TaBTOJOTIH SIK MPEACTABHUKIB KJIACIB,
K1 CTBOPIOIOTHCS KOHILIEITAMHA OTIepalliiftHoro
cepemopuma (OmnC), moxe OyTH CTBOpEHa CHCTEMa
kinacudikaiii, ska, sk i OyJb-fKa CHCTeMa, MOBHHHA
MIPEJCTAaBISITA TEBHY i€papxXifo, KOXKEH 3 eJIIEMEHTIB
SKOI, Y CBOIO Yepry, Mae BHYTPIMIHIO CTPYKTYPY
(emeMeHTH BHYTPIIIHBOI CTPYKTYpH Ta iX 3B'I3KH) 1
B3aEMOJII€ 13 30BHILTHIM CEPEIOBHIIEM.

SIKio mepeknacTu 1e MOBOK Kiacudikamiid, To
BHYTPIIIIHA CTPYKTypa Lie:

- yIpymoBaHHs 00'€KTiB Kiacuikarii;
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- 3B'I3KM BHYTPIIIHBOI CTPYKTYpH (B3a€MHe
CIIBBITHOIIEHHSI YIPyIIOBaHb 00'eKTiB Kiacupikarii);

- B3aEMOJiS 13 30BHINIHIM  CEpEeNOBUIIEM
(B32€MO3B'I3KH MiX KJacugikaiftHuMu
YIPYIOBAHHIMH Pi3HUX KOHIIETTIB).

V B3aeMO03B'I3Kax € 1B aCMEKTH yTPYIOBaHb:

- CIPYKTYpHHH —  BXOIDKCHHA  OO'€KTiB
knacudikarrii JI0 OTIePaIiifHOTO cepeoBHIIa
OHTOJIOTIYHOT CHCTEMHU Ha OCHOBI OIHAPHUX BiTHOIICHb
Ta BJIACTUBOCTEH;

- JIEKCUKO-CEMaHTUYHUH — (DOpMYBaHHS TNEBHHX
MHOXHH TBEPXKEHb-BUCIIOBIIIOBAHb, K1 €
TaBTOJOTISIMU BiJTHOCHO IpO0OJeM, SIKi BUPILIYIOThCA Y
oreparifHoOMy CepeOBHIIL.

[lpakTuHO  3amaya  CTBOPEHHS CHCTEMU
knacugikaiii iHhpopMaliiHHUX MPOIECIB y CepeNoBHILi

OHTOJIOTIYHOT ~CHUCTEMH 3BOJMUTHCS JO TIOE€THAHHS
Kimacudikamii  Ha  CTPYKTypHOMY Ta  JIEKCHKO-
CEeMaHTUYHOMY DPiBHSX:

- To-Tiepuie, TPH B3aEMOJIl 3 OIHOPIIHUMH
kiacudikarisasmm Haiyacrime npocra BHUX1IHA
knacugikamist OnC  po3mmproeTscs, a came —

JIOJTAFOTBCST HOB1 ITOKA3HWKWM Y BHIJISAII TaBTOJOTIH B
ICHYIOUl PO3UIH, MiJPO3MTM 3 MPUCBOEHHSAM HOBHX
KOJIB 3TiJHO CHUCTEMH KOJyBaHHS, MPHUUAHATOI B
OTepaniifHOMY CEpPEIOBHIII, a TaKOX JIOJAIOTHCS HOBI
PO3MLITH, TiAPO3AUTH Y BUTIISII TABTOJIOTIHN;

- TO-Ipyre, MPU B3aEMOJII 3 PI3HOPITHUMHU
kimacudikatopamu, sAKi  0a3yrOTbCS ~ Ha  IHIIHMX
CIIOBHUKaX, Ji¢ TOKa3HUKM MAroTh IHIIMH CEHC, IO
BUMarae po3nisily KOKHOTO —OKPEMOTO  €JIEMEHTY
KJ1acuQikariu.

ToOTo Taki KiIacudikaTopy MOXKHA PO3IIISIATH K
YIIOPSITKOBaHI MHOXKUHHM TaBTOJIOTiH, HA OCHOBI SIKUX
MOXYTh OyTH CTBOpEHI TaKCOHOMIi OIepamiifHOTo
cepenosuma OnC.

t(l) 4

3a3Haquy MHOXHWHY MOXHa po3MIAgatu 4K

MOCTIOBHICTh  YIOPSAJKOBAHUX  TaBTOJIOTIH,  sIKi
BH3HAYAIOTh MHOXHHY MOXJIMBAX TaKCOHOMIH SIK
(YHKIIOHATTBHUX KOMITOHEHTIB oTepariifHoTo
CepEIOBHIIA.

ToOTO nOBiNBHE oOmepaniiiHe CcepeNoBHINE, SKa
ONHCAHa IIEBHOK MHOXHHOI0 OHTOINOTiH {O} MOXUIHBO

MPEICTaBUTH Y BUTJSAI  TOCIIJOBHOCTI  CTaHIB
JOBUTbHOT HAaTypanbHOi cucremMd SN, sKki MawoTh
BUTJIS TOCIIZOBHOCTEH YIOPSIIKOBAHMX TaBTOJIOTIH,
KOXKHA 3 SIKUX HACHTiTy€e YCi BIaCTUBOCTI KOHIIETITIB, SKi
CTBOPIOIOTH I{i OHTOJIOTTI.

TurmoBe ormepariifHe CepenoBHINE MOXE OyTH
CTBOpEHa  IEBHMM  HabOpOM  TaBTOJIOTiH,  sKi
(dopMyrOTbCST Ha OCHOBI  KJaciB, 10 CTBOpEHI
IEpapXivyHOIO CTPYKTYPOIO KOHIIETITIB-00 €K TIB.

Toni mociIoBHICTH MpOLIECY BUpilIeHHs 3a1a4i |
MOe OyTH INpeNCcTaBiIeHa NEBHUM OIHAPHUM JIEPEBOM,

K€  YTBODIOETHCS  BINIOOPOKEHHSM  MHOXHUHH
TaKCOHOMIi Ta JIEMOHCTpYE CTPYKTYPY
B3a€MOBIIHOILLIEHb TABTOJIOTIHN.

[MocnimoBHICTh TaBTOJOTIH, SIKi yTBOPIOKOTHCS

TaKCOHOMISIMA HATypallbHOI CHUCTEMH, I BH3HA4ae

MpoIriec  B3aeMOAIl CYO’€KTIB  yNpPaBIiHHS CHJIAMH
OXOPOHH IIPABOIIOPSAKY.
B cBowo depry OWIHUTH  e(EKTUBHICTH

3aMpOMOHOBAHOTO MeToay (3M) IpUHHATTA pIilieHb Ui
CHCTEMi YHOpaBIiHHS MDKBIIOMYMMH KPUTHIHUMHU
CHCTEMaMH CTBOPEHUMH NP BUPIIICHHS HAI3BHYaHHUX
CUTyaIliii MOXXHA Ha OCHOBI TOpPIBHSIHHS Yacy, IO
BHUTPAYAETHCSA Ha TIpollec BUpimeHHs 3agaui t(l) mpu

30iNBIICHHI  CKJIQMHOCTI HaTypaJbHUX CHCTEM N
icHytounMu rpadoananitTiuHuMu  Metogamu  (TAM)

(puc. 2).

/

/

/

/

— ]

Puc. 2. 3aeXHICTh 3HaUCHHS MOKAa3HUKA e()EeKTHBHOCTI Bi/l CKJIaAHOCTI HATYPaJbHUX CHCTEM
(Fig. 2. Dependence of the value of the efficiency indicator on the complexity of natural systems)

Takum uuHOM, e(EeKTHBHICTH IH(OPMAIIHHOTO
3a0e3MeUYeHHsT TPOIIECiB YIPABIIHAA 3allPOIIOHOBAHOTO
METOAy  Hax  ICHyIOUMMH  TpadoaHaTiTHIHIMH
METOZaMH TIOKa3ye HOro mepeBary Oislb YnM y 2 pasw.

BucHoBkn

Anaii3 i 00po0OKy BelIMKHX MacuBiB iH(opmarii y
chepi ympaBIiHHS BIIICBKOBOTO KOMAaHIYBaHHS B
YMOBaX Ha[[3BHYANHOTO CTaHy JOIIHHO 31 ICHIOBATH B
ABTOMATH30BaHOMY PEXHMi Ha OCHOBiI PO3MOJIIIEHOTO
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MPOTPAMHOTO CEepEIOBHINA, o0 yIOBaHOTO
TMPUHIIUTIAX OHTOJIOTIH.

OHTOJIOTIYHI CHCTEMH, SK PE3yJIbTaT 3BOPOTHOTO
BiTOOpaXCHHSI HATypaJlbHUX CHCTEM, 3a0e3IeUyIoTh
KOPEKTHE arperyBaHHs pi3HUX TEMAaTHYHUX MPOIIECIB 3a
paxyHOK (OpMyBaHHS CTPYKTYPOBAHOI CYKYITHOCTI
iHQopMaITiTHIX 00'€KTIB-KOHIIEITIB MpEeAMETHOT
o0Oyacti, SKi BU3HAYAIOTHCH K €IUHMH THII JTaHHX.
TexHonoris  iX  BHUKOPHCTaHHS B  MEPEKHOMY
CEPEIOBHIIL, B SKOMY aKTHBYIOTHCS TIPOIICCH B3a€MOJIIT
CKIagHUX  IHQOpMAIifHUX  CHUCTEM,  JO3BOJIIE
BU3HAYMTH  HAJ  AKTUBHO  BUKOPHUCTOBYBaHUMH
iHpOpMaIITHUIMK pecypcaMy BiJJHOILIEHHS YaCTKOBOTO
nopsinky. Posrisin  iHpopMmailiifHuX — pecypciB - SIK
TEMATHYHUX CHUCTEM 3HAHL JO03BOJISIE BHU3HAYWUTH iX
CEMaHTHYHI XapaKTePUCTHKH Ha OCHOBI BHAUICHHS
iH(pOpPMAIIITHUX OJIMHUIIb Y BUTJIS/II KOHIIENTIB.

Ha

Onronoriyne TIPEACTaBICHHS KOHTEKCTIB
3a3HAaYCHNX  OJWHUIb-KOHHENTIB  3abe3medye  iX
IHTETpOBaHE BHWKOPUCTAHHA B TIPOIECi BHPINICHHS

CKJIaAHUX 3aJia4 OpraHaMu praBHiHHS[ BiliCEKOBOTO

KOMaHIyBaHHs B YMOBax HaJ3BHYAiHOIO CTaHy.
OmHUM 3 KOHCTPYKTUBHHMX CIOCOOIB  iHTerpamii
iH(pOpMAaIITHIX pecypciB K MAaCUBHHUX CHCTEM 3HaHb €
aKTHUBI3aIlil X KOHIENTIB Ha OCHOBI MPOIECY
dbopMyBaHHS 3 HHX TCMATUYHUX OHTOJNOTIA 1
0o0'€eTHAHHSA IMX OHTOJIOTIH NUIAXOM MOOYIOBH HaJ
HUMU OHTOJIOTIi 337a4i BHOODY.

VYHIBaJEHTHICTh OHTOJOTIi 3a1aui BHOOPY Oynb-
SKOMY TOMOTOINIYHOMY THITy JIO3BOJIIE OynyBaTu
npoueaypy iHTerpauii iHpopMamiifiHuX pecypciB Ha
OCHOBI OIHApHOTO BiJJHOIIIEHHS YaCTKOBOTO MOPSIIIKY.

BinHONIEHHS YacTKOBOTO TMOPSIKY  JTO3BOJISE
IHTETPOBAHO  BIOOpa3sUTH  B3a€EMOJII0  KOHTEKCTIB
MOHATH-KOHIICNTIB, 1[0  BH3HAYAIOTh  TEMAaTHKY

iHpOpMaIiiTHIX pecypciB.

3a paxyHOK IIbOr0 BU3HAYA€THCS OHTOJOTTYHHNA
XapakTep  IHTepmperaiii  CeMaHTHKH  KOHTEKCTIB
00'€KTiB-KOHIICNITIB, SIKIi BUKOPUCTOBYIOTHCSI B TpOLECi
PO3B'I3aHHSA 3a7ad B CHCTEMi YIpaBIiHHSA BilCBKOBOTO
KOMaH/yBaHHs B yMOBaX HaJ3BHYaiiHOTO CTaHYy.
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IIpumeHeHne OHTOJIOIMH 3a1a4H BbIOOpa
AJI51 ONUCAHUSA MPOLECCOB B3aNMO/IeliCTBHS Cy0beKTOB YNpaBJieHHs] BOCHHOI CBA3bIO

A. 10. Hoxos, B.I'. Mamok, A. M. Cansankos, E. A. HoBukosa

AHHOTanusi. B crathe nokazaHo, 4to TpeOyeT peleHus: npodiemMa HaTUYHs MPOTUBOPEUHUS MEXAY yBEIMYCHHEM
obbeMa WHpOpMAIMK, HEOOXOAMMOM Ui NMPUHATHS peIIeHHH B cdepe yNpaBlIeHHS CHJIAMH OXpaHBl NPaBONOPSAKA U
MIOCTOSIHHBIM TpeOOBaHMEM O COKpAalleHHHM BPEMEHHU Ha ee 00paboTKy B MH(OpMalMOHHO-aHamuTH4Yeckol cucreme. Lleab
CTATBHU 3aKJII0YACTCS B MOBBIICHNN 3P (PEKTUBHOCTH MPUHATHS PELICHUH B CHCTEME YIIPaBJIeHHs BOGHHOTO KOMaHAOBaHUs B
YCIOBUAX YPE3BEYAWHOTO IIOJIOKEHMS ITyTeM NPHUMEHEHHS OHTOJIOTHHM 3aJadd BBIOOpa Ha OCHOBE COBOKYITHOCTH
CEeMAaHTHYECKH 3HAYMMBIX pe3yibTaToB. Pe3yiabraThl ucciaenoBaHusi. [IpoaHanu3upoBaHbl IIyTH COBEPLIEHCTBOBAHUS
MEXaHU3MOB MH()OPMAIMOHHO-aHATUTHIECKOTO O0ecIIedeH!s CUCTEMbl YIPaBJICHHMS BOEGHHOTO KOMAHIOBAHUS B YCIIOBHSX
YpEe3BBIYafHOTO MOJIOXKEHMS. VICIoIp30BaHHBIN ITOIX0X K IPUMEHEHHIO OHTOIOTUY 33aadyl BEIOOpA JJIsl IPUHATHUS PEIICHHUIT B
cdepe ynpaBieHus CHIaMHU OXPaHbl MPABOIIOPS/IKA ¢ NPUMEHEHHEM MPOLEAYpPbl HHTErpaliy HHYOPMALMOHHBIX PECYPCOB Ha
OCHOBE OMHApHOTO OTHOIIECHHS YaCTUYHOTO nopsiika. OHTOJIOTMYECKHE CHCTEMBI, KaK pe3ylbTaT 0OpaTHOrO OTOOpa)KEeHUS
HATypaJlbHBIX CHCTEM, OO0ECHEUMBAIONINX KOPPEKTHOE arperupoBaHUE PA3IMYHBIX TEMATHUECKHX IPOIECCOB 3a CYET
(hopMHpOBaHYs CTPYKTYPUPOBAHHOI COBOKYITHOCTH MH(POPMALMOHHBIX 00BEKTOB-KOHIIENTOB IIPEAMETHOH 00J1aCTH, KOTOPbIE
ONpelessIoTCd KaK €JMHBIA TUI JaHHBIX. 3a CYET 3TOr0 OIPEAENIAETCS OHTOJIOTMYECKHH XapakTep MHTEpIIpeTaluu
CEMaHTHUKH KOHTEKCTOB 00BEKTOB-KOHIIENITOB, KOTOPhIE HCIIOJIB3YIOTCS B MPOIECCE pa3 BsI3aHUE 3a/a4 B CHCTEME yIpaBIEHHs
BOCHHOTO KOMaHJOBaHUs B YCIOBUIX YPE3BBIYAHHOTO MOJIOKEHHUS.

KawueBble ciaoBa: MHOOPMAIMOHHO-aHAJIUTHYECKAsT CHUCTEMa; OHTOJIOTHS; TaKCOHOMMS; MHOXKECTBO TaBTOJIOTHI,
OGMHApPHOE OTHOLIEHHUE YACTUYHOTO MOPSIIKA.

Application of the ontology of the choice of selection
to describe the processes of interaction of subjects of military communication management

Olexandr lohov, Victor Maliuk, Olexandr Salnikov, Olena Novykova

Annotation. The ways of improving the mechanisms of information and analytical support of the command control
system in the state of emergency are analyzed. The approach to the application of the ontology of the choice problem for de-
cision-making in the field of law enforcement management using the procedure of integration of information resources based
on the binary partial order relation is used. The purpose of the article is to increase the efficiency of decision-making in the
management system of the military command in a state of emergency by applying the ontology of the choice problem based
on a set of semantically significant results. Results of the research. Analysis and processing of large arrays of information in
the field of military command management in a state of emergency should be carried out in an automated mode on the basis
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of a distributed software environment based on the principles of ontologies. Ontological systems, as a result of the inverse
mapping of natural systems, provide the correct aggregation of various thematic processes through the formation of a struc-
tured set of information objects-concepts of the subject area, which are defined as a single type of data. The ontological repre-
sentation of the contexts of units-concepts provides their integrated use in the process of solving complex tasks by the govern-
ing bodies of the command in a state of emergency. One of the constructive ways to integrate information resources as pas-
sive knowledge systems is to activate their concepts based on the process of forming thematic ontologies and combining these
ontologies by building an ontology of the choice problem over them. The uniqueness of the ontology of the choice problem to
any homotopy type allows to build the procedure of integration of information resources on the basis of a binary partial order
relation. The partial order relation allows to reflect in an integrated way interaction of contexts of the notion-concepts defin-
ing subjects of information resources. The contradiction between the increase in the amount of information needed for deci-
sion-making in the field of management of interdepartmental critical systems and the constant requirement to reduce the time
for its processing in the information-analytical systems has been resolved.

Keywords: information-analytical system; ontology; taxonomy; many tautologies; partial order binary relation.
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SELECTION OF THE OPTIMUM ROUTE IN AN EXTENDED
TRANSPORTATION NETWORK UNDER UNCERTAINTY

Abstract. Relevance. For a given values set of extensive transport network sections lengths an exact method has been
developed for finding optimal routes. The method provides an approximate solution when the initial data - are random
variables with known distribution laws, as well as if these data are not clearly specified. Fora special case with a normal
distribution of the numerical characteristics of the network, solution is brought to the final results. Method. An exact
method of deterministic routing is proposed, which gives an approximate solution in case of random initial data. The
method is extended to the case when the initial data are described in theory of fuzzy sets terms. The problem of stability
assessing of solutions to problems of control the theory under conditions of uncertainty of initial data is considered.
Results. A method of optimal routes finding is proposed when the initial data are deterministic or random variables with
known distribution densities. A particular case of a probabilistic - theoretical description of the initial data is considered
when can be obtained a simple solution of problem. Proposed method for obtaining an approximate solution in the general
case for arbitrary distribution densities of random initial data. The situation is common when the initial data are not clearly
defined. A simple computational procedure proposed for obtaining a solution. A method for stability assessing of solutions
to control problems adopted under conditions of uncertainty in the initial data, is considered.

Keywords: transport network; optimal route; initial data - random or fuzzy numbers; stability of solutions to control

problems.

Introduction

The problem of optimal route finding represents an
integral part of a more general, so-called, transport
problem of linear programming [1].

Formulation of the problem. The problem
statement is as follows: there are some given points of a
certain product manufacturing A, A, ..., 4, and points

of this product consumption B;,B,,...,B,. For each
manufacturing point A there it is given a; volume of

manufacturing, i=1,2,...m and for each point B; of

consumption b; — the amount of consumption is also
expected. So it is supposed to be known of product
transportation routes from producers to consumers and
there it must be set the appropriate matrix of values for
the average cost of a product unit transportation
i=12,...m, j=12,..,n.Itisrequired to find a matrix

X =(x;) of values for planned transportation volumes
that minimizes

L<x>=§icu-xu

i=1 j=1

and satisfies the next constraints:

n _ m _
inj=ai, i=l,m, injzbj’ j=1,n,
j=1 i=1

m
2.8 =
i=L ]

Materials and methods. It is clear that the total
average cost of transportation, which determines
efficiency of plan X, depends upon a set of values (Cjj),
that are determined by routes connecting the points of
manufacturing and consumption. The problem of
forming a route for any pair of manufacturers -

n

b.
=1

consumer is one of the variants in general problem of
the scheduling theory and for the particular case under
consideration was mentioned in [2-4].

However, in the general case for distributed
transport systems of high dimension, it was not
considered. In this regard, the task of constructing
optimal routes is urgent. The position of manufacturing
points and product consumption is given. Each pair of
these points is connected by a route made up of a set of
sections specified by the points of their start and end.

Formally, it is natural to describe the problem
model using a directed graph, the vertices of which
correspond to route intermediate points, and to the arcs -
the sections between these points. The length of each
arc determines a quantitative measure efficiency of the
corresponding section using in the desired route
connecting manufacturing point and point of
consumption.

The task is to find sequence of passage the selected
sections set, total measure efficiency of which
determines the best (in the chosen sense) route. If all the
points are numbered, then it is convenient to specify
each of the sections set with the numbers (i, j) points at
beginning and at the end of this section. In this case, the
triple of numbers (i, k, j) defines a pair of sequentially
connected sections (i, k) and (k, j). If the intermediate
point k between points i, j is not the only possible one,
then the problem of its best choice arises.

Supposed that as a measure of the usage
efficiency in the route is selected by average value of a
cargo unit transportation through this section and the
predetermined values set of that measure in a matrix
C = Cj;. This value Cj; is defined by following rule: the
number gives a measure of section efficiency with a
starting point i and endpoint j, C;; =0 and Cj;; =M

(M - large number), if items i and j belong to different
areas. Then the best intermediate point k* between
points i and j can be chosen using the relation
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Cyr +Cyr; = min {Cik+Cyj} + 1)
where K — quantity of intermediate points between
iand j.

Operation (1) introduced for two separated
adjacent segments can be summarized as a sequence of
portions of arbitrary length. For this purpose, we use the
matrix commutation operation [5]. For two arbitrary
matrices A and B of dimension nxn, we introduce the
matrix commutation operation ® by the formula
C=A®B,

Cij :mkin(Cik +ij), i=Lm, j=Ln k=Ln (2)
For an arbitrary system of n points, we define

ij
above. Then we calculate

c@-cWgc® 3)

matrix C(l) :(C-(-l)) according to the rule formulated

The elements of C(Z) matrix, calculated by the
formula (2) define length of the most effective in
accordance with the selected measure for Two-step
paths between all pairs of points (i, ).

Let us look at a simple example. Let the route
between point of manufacturing and consumption point
pass through one of three intermediate points (Fig. 1).

Fig. 1. Route system from point 1 to point 5

The values of average transportation cost for
transport network segments, shown in Fig. 1, will be
introduced into C® matrix:

1

2
c® _ 3
4

5

HEHEIESE

NEYEY RS
ZIZo|Z|w|w
oo~
o|~N|m|o|Z|o

M

Let us perform operation (3) taking into account
(2). Wherein:

(el clct) (el
(e cl)(cc) |
:min{(ow), (4+M), (3+M)}

(5+M), (M+M)

Cl(f): min

’

(Cl(i) + Cl(i) ) ' (cl(;) + cglz) )(Cl(? N Cg) )
e+, (c +ctd)
ol ]
[ (el ) e )|
e+ cd). e+t
:min{<0+3>, (4+M), (3+0), }:3;

(5+M), (M +M)

Cl(zz)z min

o et et cc)
Ci4/=min (Cl(}l) +C£1)), (C:g) +CE()}1)) =
R
o (e el (e +el) (el +cky)
Cyg’=min (Cl(}l) +C£1)), (Cl(é) +Cé?) =

:min{(0+M), (4+6), (3+8), }:10;

(5+7), (M +0)
8-l -l -, k2=

(2) _ A2) _ ~(2) _ (2) _q.
Gy =Gy =C3y' =M, G5’ =8,
(2) _ A2) _ ~(2) _ (2) _ 4.
C41)—C4(12 =Ci3 =M, Cg =T,
Let us summarize the results obtained in a matrix C®:

5
10

c@_

O s N e
Z=ZZ|Z| o=
ZZ =0~
ZZ|o|lo|w|lw
ZolZ|Z|u|s
o|~|o|lo

Thus, the optimal route from point 1 to the point 5
passes through an intermediate point 2 and has a
measure of effectiveness - 10.

The introduced commutation operation can be used
to find optimal route of arbitrary length by recurrent
calculating in sequence of matrices:

c® _c@gcl ck)_ck) gc (@)

The formulated problem of optimal route finding
becomes much more complicated if the initial data has
uncertainty. The solution of problem under these
conditions is important for theoretical and practical
interest.

The aim of work is to construct a computational
procedure for solving the problem of finding optimal
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routes under conditions when the initial data have
random variables with known distribution laws. In
accordance to this, we will assume that the cost of
transportation for each section Cj; is a random variable
with a known distribution density ¢;; (Cj;) -

Main results

Let us give some simplest example of possible
solving problem technology for finding optimal route
for a transport network, shown in Fig. 1. In this task let
us assume to be known the densities of distribution
% (Gj), 1=1234; j=2,34,5 Then with basics on

well-known rules of probability theory, we find the

density distribution  ¢y5(Cis) . Ciks = Cik +Cis:

k =2,3,4. As the optimal criterion of route using some
probability that is a random value of passing on this
route exceeds the threshold, the allowable value, we will
calculate

P[(Cs =Ci +Cxs)>Cpy | =
T ()
= [ bus(Cis)dCys, K =234,
Cr
The best route will be that one for which
probability of exceeding the threshold will be the least.
This technology can be difficult to implement even

in this simplest particular case by the need to find an
analytical expression for the density i (C ) by taking

integral
Pikj (Cikj ) = f dik (Cik )+ b (Ciki ~Ci )dcik
0

with subsequent use in (5). In this case, analytical
expression for the compositional distribution density
ikj (Cikj) Wwill be more complicated than expressions

for the composition elements ¢; (Cik) and ¢y (Cyy) -

This means that the recurrent solution of a more general
problem in accordance with technology (4) at each
subsequent step will be more difficult than at previous
one.

Note, however, that in some special cases a simple
solution to the problem is possible if, for example, the
random variables are distributed according to normal
distribution law. Suppose that in the example considered
above, random values of transportation costs are
distributed normally and the corresponding densities
have the form:

b1z (Coz) = o0 {~(Cor4) o]
b13(Cus) - J2—13 |- (C1s-3)" 8],
d14 (Cra) = { (Cua-5) /2],
b25 (Cos) = = exp{~(C o5-6)" /18]

$35(Cs5) =

. 4exp{—(C 35—8)2/32},
¢45(Cys) = %EXD{—(C 5T) /2}

Let define expression for density distribution of
composite random variables Ci .

0125 (C125) = P125 (C12 +Cps5) =

- mem{—[%s —(4+6)]2/(2(4+9))} =

- ﬁexp{—(q% ~10)? /26};

135 (Crzs) = 9(Ci3 +Cs5) =
1 2
_ Wexp{—[QgS ~(3+8)] /(2(9+16))} -
1
~ x5
0145 (Cras ) = 9145 (Cra +Cys) =

= ;ﬂzexp{—[q% —(5+7)]2/(2(1+1))} =

V2r (1+1)
=ﬁexp{—(q45 —12)2/4}-

Let us now calculate values of optimality criterion
for routes using (5). Let us choose the threshold value
for cost of transportation equal to maximum of the
average values of composite costs with a certain weight
coefficient o . Then

exp{—(C135 ~11)? /50} :

Cip =a-max(10;1112) =a-12 = 13.8;

=115
I:’(Cikj > CIY) = I ity (Cikj )dCikj =
Cn

— \2
(cig=Cig)
1 265
= e lej
CH 27'E(Sikj

[o'e]

dC|k (6)
]( ij ij )/lej

7LI /2d Of 7u2/2du-
I

0

(CH _Ci/g' )/sz]
The best route corresponds to minimum value of

probability of exceeding the critical value, that is,
maximum of lower limit values a;; in integral (6) for

different routes. Thus, the value a :max{aik-}
ikj K J

becomes a criterion for route choosing. Let us calculate
aikj value:

138-10_38 _, o)
1305 61

~Ciss _
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an - Co . P _138-11 28 _ ..
135 G135 5 5 '

Cp-Cis _138-12_18 ...
205 141

8, = max {1.052; 0.56; 1.277} = ayys.

Thus, the route through intermediate point 4,
which has worst value of average transportation cost,
turned out to be the best due to minimum level of
uncertainty in estimating transportation cost.

It is clear that in the particular case considered, the
execution of procedure (2) - (3) for choosing best route
does not cause any difficulties. An approximate
(empirical) solution to problem in the general case can be
obtained if in some natural way the method for

calculating criterion for choosing a route 2, is simplified.

The value of this criterion is maximum if the values of
transportation average cost and variance of this value are
minimal. In this regard, let us choose m = Ciy; - Ojyj

value. The best route (ikj) corresponds to minimum
value n . In the considered example, we have

Ni25 = C125 * 0125 =10-3.61= 361,
M35 = C35 - 0135 =11-5=155;
Mas = Ciy5 -O1a5 =12-1.41=16.2.

Thus, the route (1-4-5) is the best again. The
possibility of practical use of this criterion is determined
by the simplicity of calculating the mean values and
variances of random variables for any density of their
distribution. Finally, note that introduction of a new
criterion m expands the possibilities of using proposed

technology for optimal route choosing, to the case when
uncertainty of initial data is described in terms of the
fuzzy sets theory [5-8]. Indeed, let the membership

function p(C) be used to describe the fuzzy value of
transportation cost C Let us introduce the function [9]

f(c)=n(C)/["u(C)dc.

This function has all the properties distribution
density of random variable: it is not negative and

J; f(c)dc=1.

This function now calculates the expected value in
usual way (mathematical expectation analogue) and
variation (analogue of the standard deviation) which is
used to calculate n criterion, after which described
technology of finding optimal route is implemented.

Let us consider another important problem that
usually arises when solving control problems. The
modern theory of management traditionally assumptions
that there is an uncertainty in the description of control
system u environment in which the system operates.

Taking this uncertainty into account is necessary
when solving the problem of optimal control itself and

when assessing its quality. In this case, question of how
initial uncertainty affects on solution correctness of
control problem and on possibility of retaining this
solution in the presence of uncertainty, i.e on solution
stability.

Various definitions of stochastic stability concept
are well-known. A solution is called stable by
probability if it is possible to find such a level of initial
uncertainty at which the probability of deviation from
decision does not exceed the given one [10] A solution
is called stable in terms mathematical expectation of a
norm if it is possible to find such a level of perturbation
at which the probability of deviations of the norm from
the adopted decision does not exceed a given value [11].
In accordance with this, property of control system to
develop correct solution and keep it in a certain range of
random distortions of input information is called the
stochastic stability of the system [12].

The problem of assessing stochastic stability has
principal importance when solving optimal control
problems under conditions of uncertainty in initial data.
The criteria and method for solving this problem
essentially depends on whether the set of solutions Q is
continuous or discrete. In cases where this set is
continuous, then the following criteria is usually used to
assess stochastic stability [13 — 15]:

a) probability that the deviation from norm of
objective function from its optimal value does not
exceed the given one;

b) distortion degree of optimal solution;

c) deviation variance of objective function
numerical value from the optimal value obtained in
absence of uncertainty.

If the set of solutions is discrete, then natural
criterion for assessing stability is probability of optimal
solution distortion in the presence of uncertainty.
Considering a method for solving the problem in this
case. let us introduce the necessary notation.

Let a discrete set Q consist of n elements, that is

Q={01,0p,....0n}. Let Q be a multidimensional

continuous factorial space, each point of which
corresponds to a vector w.

The numerical values of vector component is
determined and the state of environment in system at a
given time.

The decision-making algorithm is a certain
operator A that maps points in the space Q to the
elements of decisions Q set. Thus, a specific vector of
environment states and system w; corresponds to the

decision g; determined by rule:

G=A(W), WeQ qgeQ Qi=12..,n

In accordance with this, space Q is divided into n
domains €,Q5,...,Q, SO

O ={w:weQ, A(W)=gq} i=12..,n,

UQi ZQ, ﬁQi =J.
Let Gj, be the optimal solution corresponding to
current situation. Then probability of this optimal
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decision will be made in ¢, 2) %)
presence of initial information
uncertainty B = is equal to 8 va,
hitting  in  vector w oo /! g
probability, determining state T4 / o7
of the environment and system, c —a,
in this situation, into range
quo.
In this case, if f(w) -
multidimensional distribution
density of w vector, then ¢'-a G G -a ¢'-q G Gea
Pqio _ _[ f (W) dw. Fig. 2. Graphical displays of the route selection problem
quo (O
_ C2 —ap 1
It follows that problem of assessing stability is P(C1<C2)_IC1(0)_al 23 G+
reduced to solving the following two problems: finding
an analytical description of range Q; boundaries and min[cg(’)ﬁzycl(o)ﬁl) N
probability calculating of vector w hit probabilities 1 2 "2
inside each of the ranges. + I P! I - —dC; =
The first of these problems solution in the general Cgo)_az 1 C
case is hardly feasible, but in specific special cases it 1 0
can be obtained. = —(Cé ) -ay —Cl( )4 al)+
Consider, for example, the simplest problem of 28y
optimal royte ch003|_ng out of two pos_5|ble ones. In th|§ min(c§°)+a2,cl(°)+a1]
case, possible solutions set Q contains two elements: 1 (0)
q: — first route is selected, g2 — second route is selected. + 2 (Cz +a,-C; )dCl = ©)
Let us set a one-coordinate phase space whose points C(0)_az & 82
represent to cost of transporting a unit of cargo from a 2
supplier to a consumer. Let the random values of —L(C(O) _a _C(o) ta )+ 1 (C(O) ta )X
transportation costs for first and second routes be evenly 25, | 2 27" Y7 4aa, | 72 2
distributed: ) ) )
1 (0) (0) ><Kmin(c2 +ay,C; +a1))—(C2 —az)}—
2—, C_]_E Cl —al,Cl +& |,
a
f(C)=1"" @ (. (~(0) (0) 2 (0
0 C e[Cl(o) _a, Cl(o) +a1} ; -5 (mm(c2 +ay,Cp +a1)j —(02 —az) .
1 The analysis of the obtained expression shows that
S P ) () o The
22, 2€|Ly 7 —ag, Ly T +ay |, its maximum value equal to 1 (corresponds to the
f, (Cz) = 2 o ) (8) absolute solution stability) is achieved when (Fig. 3, a):
0 0
0 G g[CZ —3, G 4 } ' Cgo) ~ay =Cl(o)+a1,that is Cgo) —Cl(o) =a +ay.
Suppose that Cl(o) < Cgo) 6
and therefore first route is chosen c: ? C:1
as optimal one. Let us estimate -
the stability of this solution. €' +a, /
Possible options for cO_a
graphical display of the task are P
shown in Fig. 2. The shaded areas
in Fig. 2 contain sets of points c® /
(Cl ,Cz), for which C1 <C2.
Probabilities of getting into these /
areas determine the consideration
degree of choice ;. These o . e
C{'D:' -a Ci:ol' +ay ! Ci_D" 1

probabilities are calculated by the
formula

Fig. 3. Graphical display of options for route selection tasks
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Wherein P(Cl sCZ):P(Cl >c2).

The proposed method for solutions stability
calculating of control problems, adopted under
conditions of uncertainty in initial data, can be used
when choosing for optimal option from a discrete set of
possible ones. Let us determine, for example, stability
of made decision in problem of optimal route choosing
considered above. Let us simplify it as much as possible
by reducing it to a two-alternative one. Let there are two
competing routes for which random cost of
transportation distribution densities are given (7), (8)
with specific values

c? 211 a =5 c =12, a, =2.

Let the first route be chosen as optimal one. Let us
determine solution stability. Specifying the general
relation (9) for this case, we have

C(O)+a C
2 2 2 1
P <Cy)= —dC, —dC, =
(C1<Cy) § 2 (oJ). 28, 01
C2 —ay Cl -
1 C(0)+a2 (0)
Cy—C7 +a JdC, =
4a1a2-[ cl0)_a, (2~ o= qo

_ (2a2c§ ) _(cl(O) _al)zazj /(4a1a2):

:(cgo +a1)/2a1 _1/2+( )/Zal

Wherein P(C; <C,)=1/2+1/10=06.
The obtained value of stability in this particular case

is not large, due to small difference between Cio) u C(ZO)

and large value of a; parameter. The proposed method for

assessing solution stability of the problem can be
generalized in case when the cost requirement for the
selected route is formed more stringently, particularly:
kC; <C,, k>1. In this case, the calculation formula (10)

for assessing stability will take the form:

- (2 azcgo)/k —(Cl(o) —31)232 )/(43132) =
0),

0 0
c{® fk-c! a1:3+cg>/k_cl<>
2a 2l 2 23.1
Moreover, for the
(Cl(o) =11, Cgo) =12, g =5) and k=109 the value

of stability level, the solution will be equal to

1 12/1.09-11 1
P(kCy <Cy) =3+ EET S

same initial data

that is, the choice

of first route is unstable.

Directions for further research may be related to
consideration of problems in cases where similar ones
are inaccurate in the sense of Pavlak [16=19].

A possible approach to solving the problems
arising in this case was proposed in [20, 21].

Conclusions

Proposed method for finding optimal routes when
the initial data are deterministic or random variables
with known distribution densities.

A particular case of a probabilistic-theoretical
description of the initial data is considered, when a
simple solution to the problem can be obtained.

The given method provides an approximate
solution in the general case for arbitrary distribution
densities of random initial data.

Considered situation when initial data are not
clearly defined. A simple computational procedure for
obtaining a solution is gained.

A method for assessing the solutions stability to
control problems adopted under conditions of
uncertainty in initial data is considered.
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Bubip onTuMaabHOro MappyTy y po3nofijieHiil TpaHCHOpPTHIil Mepeski B yMOBaX HeBH3HA4EHOCTI
JI. T'. Packin, O. B. Cipa, 0. JI. [Tapdpeniok

AHoTanisi. AxkryanbHicTh. [l 3amaHoro Habopy 3Ha4YeHb JOBXKHH [IISHOK PO3Taly)KEHOI TPAHCIOPTHOI Mepexi
PO3po06iIeHMi TOYHMI METOA BiAIIYKaHHS ONTUMAIbHHX MapupyTiB. Meron 3abesmedye OTpUMAaHHS HAOIMKCHOTO PIiILCHHS,
KOJIM BUXIJHI JaHi - BUIAJKOBI BEIWYMHM 3 BiJOMHMH 3aKOHAMH PO3MOALTY, a TAKOX, SKIIO Ii JaHi 3afaHi HewiTko. J{is
OKPEMOT0 BHIIAJKY 3 HOPMAJIBHUM PO3IOALIOM YHUCIOBHX XaPAKTEPHCTHK MEPEXKi PIlIeHHs TOBEACHO [0 KiHIIEBHX PE3yJIbTATIB.
Mertoa. 3anpornoHOBaHO TOYHHH METOJ JETSPMiHOBAHOI MapLIpyTH3auii, 0 Ja€ HAOIDKCHe DillleHHs, SKIIO BHUXIiJHI JaHi
BUIAJKOBI. MeTon mommMpeHuii Ha BUINAJAOK, KOJMHM BUXIJHI JiaHI ONHMCaHi B TEPMiHAX Teopil HEUITKMX MHOXHH. Po3risHyTo
mpobiieMy OL[HKM CTIHKOCTI pillleHb 3aj1a4 Teopii yHpaBiiHHA B yMOBaxX HEBH3HAYCHOCTI BHXITHHUX IaHHX. Pe3yabTarm.
3ampornoHOBaHO METOJ BiJIIyKaHHS ONTHMAaJbHUX MapIIpPYTiB, KOJIM BUXIJHI JaHi - AeTepMiHOBaHi a00 BHIIAIKOBI BEJIMYUHU 3
BiJJOMMMH MIUIBHOCTSIMU PO3MOALTY. PO3IIIsIHYTO OKpeMuil BHUIIAJOK TEOPETHKO-IMOBIPHICHOTO OMUCY BHXiJHUX JAHUX, KOJH
MOke OyTH OTPUMAaHO MpPOCTE pIllIeHHs 3aiadvi. 3alpoNOHOBAHO METOJ OTPUMAaHHs HAOIIKEHOro PIllIeHHS B 3arajibHOMY
BUMAJKY JUIA JOBUIBHUX INUIBHOCTI PO3MOAIMY BHMIIAJKOBHX BHXIJHHX NaHUX. PO3IJISHYTO CHTYalilo, KOJMM BHXIiJHI JaHi
BH3HAYCHI HEUITKO. 3alpONOHOBAHO IMPOCTa OOYHMCIIOBANbHA MPOLEAYpa OTPUMAHHS pilleHHs. PO3MIISTHYTO METOA OLHKU
CTIMKOCTI pillleHb 33/1a4 YIIPaBJIiHH, IPUHHATHX B YMOBaX HEBH3HAUCHOCTI BUXIJAHHUX JAHUX.

Kaw4yoBi caoBa: TpaHCIOpTHa Mepexa; ONTHUMAIbHUI MapIIpyT; MOXiHI JaHi — BUMAnAKoBI ab0 HEUiTKi 4HCIa;
CTIHKICTB PillleHb 3124 yIPaBIIiHHSL.

Bp160op onTHMAJIBLHOr0 MaPLIPYTa B Pa3BeTBJICHHO! TPAHCIOPTHOI CeTH B YCJIOBHSIX HEONPeIeTeHHOCTH
JI. T. Packus, O. B. Cepasi, 1O. JI. [Tapdeniok

AHHOTanusi. AKTyanbHOCTb. J[jisi 3amaHHOro HaOOpa 3HAYCHHH [UTMH YYacTKOB Pa3BETBIICHHON TPaHCIOPTHOW CETH
pa3paboTaH TOYHBIH METOJ OThICKaHMs ONTHUMAIbHBIX MapIIpyToB. Meros obecrneyrBaeT nojiyyeHne NpUOIMKEHHOIO PEIIeHHS,
KOT'/Ia UCXOJHbIE JaHHbIE — CIydalfHble BETMYMHbI C U3BECTHBIMU 3aKOHAMU PACIIPEAEICHHs, a TAKKe, €CIIM ITU JAHHBIE 3aJaHbI
HeueTko. I JacTHOro ciydast ¢ HOPMANBHBIM DAaclpefielieHHeM YHCIOBBIX XapaKTePUCTHUK CETH pEIIeHHe AOBEAEHO JI0
KOHEUYHBIX pe3ynbTaroB. Meton. [IpeaoxkeH TOYHBIH METOA NETEPMUHHPOBAHHOW MApIIPyTH3AIMH, JAIOIIHNA MPHOIMKESHHOE
pellleHne, eclu HCXOJHBIE JaHHbIe ClydaifHel. MeTon paclpocTpaHeH Ha Ciydail, Korja HCXOIHbI€ IAaHHBIE OIMCAHBI B
TepPMHUHAX TEOPHH HEUETKHX MHOXeCTB. PaccMoTpeHa mpobieMa OLEHKH yCTOMYMBOCTH PELISHUH 3aad TEOPUU YIpPaBICHUS B
YCIIOBUSIX HEOMPEIEIEHHOCTH UCXOIHBIX JaHHBIX. PesynbraThl. IIpennoxkeH MeTo ] OTBICKaHHS ONTUMAIbHBIX MapIIPyTOB, KOTAa
HCXOMHbIE [aHHBblE — JACTePMHHUPOBAHHbIE WIN CIydailHble BENMYMHBI C W3BECTHBIMHM IUIOTHOCTSMH pacHpe/eNeHus..
PaccmotpeH dacTHbIH cirydail TeopeTHKO-BEPOSTHOCTHOI'O OMMCAHUS HCXOAHBIX JJAHHBIX, KOT/Ia MOXET OBITh MOITYdIEHO MPOCTOE
peurenue 3ana4u. IIpeyioxkeH METON MONMy4eHUs MPUOIMKEHHOTO PEelIeHUs B 00IIeM cilydae I MPOU3BOJIBHBIX IUIOTHOCTEH
pacmpenieNieHnsl CIy4aifHbIX HMCXOAHBIX JAaHHBIX. PaccMOTpeHa cHTyanus, KOr/la MCXOAHBIE JAHHBIC ONpPEIETeHbl HEUEeTKO.
[Ipeanoxkena mpocTas BEIYUCINTENbHAS TPOLEAYPa MOTYICHUS PelIeHus. PaccMOTpeH MeTos OIeHKH yCTONYMBOCTH PEHICHHI
3aja4 yIpaBJIeHUs], IPHHATHIX B YCIOBHSAX HEONPEIETICHHOCTH UCXOJHBIX JTaHHBIX.

KiawueBble ca0Ba: TPaHCIOPTHAS CETh, ONTHUMAIBHBIM MapIIpyT, UCXOAHBIC JAHHBIE — CIy4ailHbIC WM HEYCTKHE
YHUCIa; YCTOMYMBOCTh PELICHUN 3a]ja4 yIpaBIeHUsl.
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INTERNATIONAL SYSTEM OF KNOWLEDGE EXCHANGE
FOR YOUNG SCIENTISTS

Abstract. The paper proposes a system which is electronic data storage (of qualification works of students from
different countries) and provides the capability to identify and connect young scientists conducting research on a
related problem area. The purpose of developing this system is to provide opportunities for knowledge exchange,
research in a team on a common problem, as well as to identify scientific trends in different countries. In this paper,
the preprocessing methods influence on the work of classifiers such as Logistic Regression, LSTM, BERT,
LightGBM was researched. A study was conducted on the speed of classification and F1 assessment. Conclusions.
Lemmatization showed to require a shorter operating time compared to steaming by almost twice and a better score
by an average of 5 percent, so it was decided to use the Logistic Regression classifier with lemmatization at the stage
of text preparation in the subsequent operation of the proposed ISKE.

Keywords: system; NLP; text, processing; acceleration; shingles; proximity; likeness; classification; preprocessing;

lemmatization; stemming.

Introduction

It is known that the accumulation of information
has been going on since ancient times. From the first
years of its existence, mankind has used such a natural
information technology as language.

Later, along with language, people began to use
imagery and writing to store and transmit information.
With the development of language and general culture
of peoples, different types of writing began to appear as

a co called "hard copy". The main purpose of writing is
storing information. Thus, the main task of writing is to
record information on media and transmit it to other
people. The phenomenon of the global information
revolution of the late XX century led to the introduction
of information technology using computers, data
servers, computer servers, various types of digital media
for information storage. Stages of information
technology development depending on the types of tools
are shown in Fig. 1.

="Manual” technologies: pen, inkwell, book.
1 stage

*The purpose of the stage is to present and transmit information in the right form.

vy

*"Mechanical” technologies: typewriter, arithmometer, telegraph, telephone, tape recorder.
*The purpose of the stage is to present information in the right form by more convenient means, to reduce the cost of making changes.

~

vy

recorders.

~
*"Electric” technologies: the first tube computers and related software, electric typewriters, teletypes (telexes), copiers, portable

*The purpose of the stage is to shift the emphasis from the form of information presentation to the formation of its content.

/

*"Electronic” technologies, the main tools - large computers and automated control systems (ACS) and information retrieval systems
created on their basis, equipped with a wide range of basic and specialized software packages.

*The purpose of the stage - the formation of the content of information, the organization of analytical work.

™

0 = By ]
= = = =
& = = =
s =] ] m
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*"Computer” ("new") technologies, personal computer with a wide range of general-purpose software products.
*The purpose of the stage is the development of analysis and artificial intelligence, the use of network technologies.

vy

*"Internet / Intranet” ("latest™) technologies.

6 stage algorithms and effective work with Big Data.

*The purpose of the stage is the use of distributed systems, global, regional and local computer networks, development of Data Mining

~

S

Fig. 1. Stages of information technology development

The importance of storing and accumulating
information in a structured form is also evidenced by
the fact that for the first time in library practice to

classify hundreds of thousands of books by field of
knowledge and compile catalogs with the author and the
name of each book began as early as in the Library of
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Alexandria. Today, the development of the information
society has changed the library world in the direction of
remote access to libraries through the creation of
electronic catalogs. The main type of storage media is
electronic media, which has advantages such as small
size, large storage capacity, easy mobility and access to
the library collection from different corners of the
world. Additional features include the relative ease of
structuring information as well as searching [1-4].

The problem is the continuous increase in the
amount of information, which leads to such
requirements as increasing the speed of search engines
and systems for categorizing information.

Among the types of libraries that can be
distinguished (as shown in Fig. 2) there are thematic
libraries (juridical, medical, military, musical, transport,
art libraries, philosophical) and specialized-corporate,
i.e. those that are relevant and in demand by a group of
readers with a certain status, for example — student, PhD
student, researcher, young scientist. In the XXI century,
a prominent feature of library development is the work
of international library associations in the direction of:

— Integration;

— Development of electronic library science;

— The establishment and strengthening of
international ties between libraries;

— Conducting research in the field of library
science and bibliography.

Library types

Thematic libraries

Specialized corporate libraries

Fig. 2. Typing of libraries

The following typing is also relevant for electronic
repositories, as it provides easy access to targeted data —
namely, scientific and research works of young
scientists for specialized corporate libraries.

Research task rationale

Libraries of educational institutions have
undergone the greatest reform in recent years due to the
introduction of quarantine conditions and modernization
of the educational process. [4, 6]. They are actively
implementing the latest technologies, increasing the
volume of storage and server capacity, which provide
storage and access to electronic versions of qualification
works of said educational institutions' graduates. This,
in turn, leads to improved search algorithms and
classification of textual information [5].

The aforementioned proves the relevance of the
proposed project to create an electronic library of young
scientists' works with the capability for them to
communicate and exchange knowledge, to perform
further joint research and analyze the state of the most
relevant scientific fields as well as to attract young
professionals directly to industrial and practical
experience corresponding to the fields their of
knowledge and interests, providing the possibility of
implementing the obtained results into the practice.

Aims and tasks of the work

The aim of the study is to develop a project of an
International System of Knowledge Exchange of young
scientists (ISKE) through the organization of a
community of people with certain scientific interests,
their further communication and integration into
international research projects.

To achieve this goal, the system must provide the
following functionality:

- scalability of the data storage solution;

- guarantee of the integrity, reliability,
confidentiality and fault tolerance of the system;

- implementation of processing of various types
of search queries (voice, text, scanned and photo
media);

- implementation of accelerated data search in
the system, based on the specified area of user interest;

- ahigh degree of accuracy and completeness of
the division of records into classes with determining the
most pressing tasks and problems;

- in-depth analysis of uploaded work to group
possible research teams;

- creation of a virtual room for research teams,
sharing results, discussing research prospects with
anticipation of the possibility of communication of
different languages native speakers.

ISKE provides the opportunity to scale and
internationalize the research.

Task fulfillment

Schematic conceptual representation of the
proposed ISKE is shown in Fig. 3. The system is able to
operate in two main modes — the data accumulation and
processing mode and access mode. The constituent
elements of the system are:

- scalable cloud storage;

— high-performance computing module for text
documents vectorization;

— high-performance computing module for
determining the text proximity of documents;

— graphical user web-interface;

— additional utility services.

The data collection and processing mode provides
the formation of a repository of qualification and
research papers in a structured form. The operation of
this mode is to perform the following steps:

- uploading qualification works in docx or pdf
formats to the cloud storage, namely to the buffer that
stores unprocessed works;

- allocation in the main repository a separate
cell-record for each of them containing the document
itself, its author, as well as its metadata — frequency
dictionary, etc.;

- text preprocessing (tokenization, removal of
punctuation and stop words, lemmatization of text, etc.);

- creation of the frequency dictionary of the
sample using the basis of the processed texts (Radix
sorting is chosen as sorting method for terms) and
finally placement of the received data in the main
storage; moreover, if the system had already processed
documents, the frequency dictionary gets rebuilt again
from the start.
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Fig. 3. The general scheme of proposed ISKE

- comparative analysis of the frequency educational institution). Therefore, the solution to the

dictionary of a sample;

- clustering of documents, i.e. assigning to all of
them a specific value of proximity to other documents,
on the basis of which clusters of semantically similar
texts are formed, which are combined into groups.

Meanwhile, the second mode (access) consists of
setting up and applying an authentication system and
access rights, which affects the ability to view and
search texts, as the system is designed for several
groups of users depending on their status (student,
teacher or employer). The system also takes into
account the boundaries of different educational
institutions to ensure the integrity and confidentiality of
information, i.e. a user from one institution will not
have access to non-public documents of another
institution. The access itself is available through a web
interface and has the search by keywords functionality,
using the formed text relations when determining the
relevant results for the query. The available query
formats range from both text and voice to image format
(scan), as all formats are converted to text using
appropriate detection and data processing methods.

The functioning of the proposed ISKE is
impossible without the accumulation of data and
cataloging of new works that come regularly several
times a year in large quantities (depending on the

problem of documents classification is one of the main
tasks that affects the efficiency and speed of ISKE.

Research of influence of datasets statistical
properties on classification result

The methods of pre-processing and text
preparation have a great influence on the results of
classification, which necessitates the study of source
data pre-processing methods such as stop words
removal, stemming and lemmatization. A training
dataset of 4,725,865 sentences was prepared for the
study. Of these, 153254 sentences describe the problem
of natural language processing with the most commonly
used words shown in Figure 4.

The rest (4572611 sentences) do not relate to
the given problem; The most commonly used words are
the words in Figure 5. The sample shows that there are a
large number of noise words (get, one, can’t, still),
which can worsen the learning outcomes of classifiers.
The validation date set is 92,000 sentences.

The paper investigates the influence of
preprocessing methods (cleaning the text from words
and symbols based on established rules; lemmatization
and stemming) on the work of text classification
methods such as Logistic Regression, LSTM, BERT,
LightGBM.
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Fig. 4. The number of occurrences of words
in the dataset from the problem area
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A study was conducted on the speed of
classification and F1 assessment. All the above
classifiers worked on a validation sample of 92,000
sentences; the average number of characters in a
sentence was 54.

The results of deleting stop words and symbols,
frequently or little used punctuation words, and deleting
POS tagging based on rule-based algorithms are shown
in Table 1.

The efficiency of Logistic Regression, LSTM,
BERT, LightGBM classifiers after text cleaning is set
on the basis of Fl-score, which allows to combine
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Fig. 5. The number of occurrences of words
in the dataset from the non-problem area

accuracy and completeness estimates and is given in
table 2. Based on the experiments using different
methods of clearing the text from the characters, the
drawn conclusions is shown in table 3.

Table 1 — Research of the text clearing runtime

Method name Exgcution speed
in seconds
Stop words removal 1.17
Frequently or little used words deletion 1.62
Punctuation deletion 2.87
POS tagging deletion 4.70

Table 2 — Study of F1-assessment of classification based on Logistic Regression, LSTM, BERT, LightGBM

classifiers after performing data cleaning in the text

Preprocessing stage Classification method F1 assessment
Baseline Logistic Regression 0.71
LightGBM 0.63
LSTM 0.73
BERT 0.9
Stop words removal Logistic Regression 0.63
LightGBM 0.50
LSTM 0.65
BERT 0.75
Frequently or little used Logistic Regression 0.65
words deletion LightGBM 0.55
LSTM 0.7
BERT 0.73
Punctuation deletion Logistic Regression 0.72
LightGBM 0.71
LSTM 0.75
BERT 0.8
POS tagging deletion Logistic Regression 0.75
LightGBM 0.7
LSTM 0.73
BERT 0.74

Table 3 — Conclusions on the influence of the stages of text cleaning on the result of the classifier

Classification method

Conslucion

Logistic Regression

Removing the POS tagging is the most influential and effective step in clearing
text for this classification method.

LightGBM Removing punctuation has the best effect on the performance of this classification
method.

LSTM Removing POS tagging is the most influential and effective method of clearing
text for this classification method.

BERT Cleaning the text negatively affects the quality of the classification. To improve

the result of the model, it was decided not to perform text clearing of the dataset
for this classification method.
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The results of the experiments on the runtime of
lemmatization and stemming for the validation date set
of 92,000 sentences with an average number of words in
a sentence of 54, are shown in table 4.

Table 4 — Research of runtime of lemmatization
and stemming

Method name Execution time in seconds

Stemming 9.8
Lemmatization 4.46

The obtained results showed that the speed of the
lemmatization operation is twice as high as the time of
the stemming.

Based on the experiments, the F1-assesement was
measured on the basis of a validation dataset to
determine the effectiveness of the Logistic Regression,
LSTM, BERT, LightGBM classifiers after performing

lemmatization and stemming operations. The results are
shown in table 5.

Lematization and steaming improved the
evaluation of Logistic Regression, LSTM and
LightGBM classification methods on the validation
dataset. For BERT, the score deteriorated slightly after
performing lemmatization, which confirms the absence
of the need to process the text when submitting it to the
BERT classifier. Taking into account the results of
table 4, the execution of lemmatization at the stage of
preprocessing gives the result with high speed and
efficiency for all these classifiers, except BERT.

Lemmatization showed a shorter execution time
compared to stemming by almost twice and a better
score by an average of 5 percent, so it was decided to
use the Logistic Regression classifier  with
lemmatization at the stage of text preparation in the
subsequent operation of the proposed ISKE.

Table 5 — Study of F1-assessment of classification based on classifiers Logistic Regression, LSTM, BERT, LightGBM

after lemmatization and text stemming

Method name Model name F1 assessment
Baseline Logistic Regression 0.71
LightGBM 0.63
LSTM 0.73
BERT 0.9
Stemming Logistic Regression 0.8
LightGBM 0.75
LSTM 0.8
BERT -
Lemmatization Logistic Regression 0.81
LightGBM 0.75
LSTM 0.8
BERT 0.72

Conclusion

The paper proposes a system which is electronic data
storage (of qualification works of students from
different countries) and provides the capability to
identify and connect young scientists conducting
research on arelated problem area.

The purpose of developing this system is to provide
opportunities for knowledge exchange, research in a
team on a common problem, as well as to identify
scientific trends in different countries. The system is
able to operate in two main modes - the data
accumulation and processing mode and access mode.
During access mode available query formats range from
both text and voice to image format (scans or photo), as

well as the possibility of accelerated data search
throughout the system.

The paper investigates the influence of preprocessing
methods (cleaning the text from words and symbols
based on established rules; lemmatization and
stemming) on the work of text classification methods
such as Logistic Regression, LSTM, BERT and
LightGBM. A study was conducted on the speed of
classification and F1 assessment. Lemmatization
showed a shorter execution time compared to stemming
by almost twice and a better score by an average of 5
percent, so it was decided to use the Logistic Regression
classifier with lemmatization at the stage of text
preparation in the subsequent operation of the proposed
ISKE.
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CucreMa 00MiHY 3HAHHSIMM MOJIOAMX HAYKOBUIB i3 pi3HMX KpaiH
O. 10. bapkoscrka, B. O. Xones, 1. I. [TuBoBaposa, I'. C. Isamenko, /I. M. Pocincbkuit

AHoTanisi. Y poOOTI 3amporoHOBaHa CHCTEMa, SIKa SBJISE €JICKTPOHHE CXOBHINE AaHHMX (KBasi(ikaliiHUX pooiT
CTYIEHTIB 13 pi3HHX KpaiH) Ta 3a0e3ledye MOXIIMBICTh BHSBUTH Ta 3B’s3aTH MK COOOH MOJOIMX BYEHHX, IO BEIYTh
JOCII/DKEHHST HaJl €AMHOI0 MpobiieMHO0 obsacTio. MeTor po3poOKu TaHOi CUCTEMH € 3a0e3NedYeHHs MOXIIMBOCTI OOMiHY
3HAHHSIMU, BUKOHAHHS TOCJI/DKEHb Y KOMaHi HaJl CILUIFHOK MPOOJIEeMOI0, a TAKOXK BH3HAUYEHHS HAYKOBUX TEHACHLIH y pi3HUX
KpaiHax cBiTy. Y poOOTi JOCHIPKEHO BIUIMB METOIIB MPEMPOIIECIHTY Ha poboTy Takux Kiacudikaropis, sk Logistic Regression,
LSTM, BERT, LightGBM. TIpoBeneHo AOCITIKEHHS MO0 MIBUAKOCTI Kiacudikamii ta F1 ouinku. BucHoBku. Jlemaruzaris
MoKa3aia KOPOTIIHA 4ac poOOTH y TOPIBHSHHI 31 CTEeMiHrOM Maiike B JIBa pa3H Ta Kpally OLIHKY B CEPeJHBOMY Ha 5 BIJICOTKIB,
ToMy OyJi0 NPHHAHATO pillleHHs BHKOPUCTOBYBaTH Kiacu(ikarop Logistic Regression i3 yemaru3ani€ro Ha eTami MiArOTOBKH
TEKCTY y MOJaJIbLii poOOTi 3alPOMIOHOBAHOI CUCTEMHU OOMiHY 3HAHHSIMH MOJIOJMX HAYKOBIIiB.

KawuoBi ciaoBa: cucrema; NLP; Tekcr; 00poOka; MPUCKOPEHHS; WIMHIIM; ONMU3bKICTh; MOAIOHICTh; Kiacudikais;
norepe/Hst 00poOKa; JTeMaTn3allis; CTeMiHT.

Cucrema o0MeHa 3HAHUSIMM MOJIOABIX YYEHBIX U3 Pa3HBIX CTPaH
O. IO. bapkosckas, B. A. Xones, JI. U. [luBoBaposa, I'. C. NBamenko, /. M. Pocunrckuii

AHHoTamusi. B pabore mnpemtoxkeHa cucrema, KOTopas MpPEACTaBIAeT SIEKTPOHHOE XPaHWIUILE JAaHHBIX
(kBaNM(UKAIMOHHBIX PabOT CTYJIEHTOB M3 Pa3HBIX CTpaH) U OOECHeYMBAET BO3MOXKHOCTb BBISIBUTb M CBSI3aTh MEXAY cOOOH
MOJIOZIBIX YYEHBIX, BEIYIIIMX MCCIIEA0BaHUS HaJl €qUHON pobiaeMHoi obnacthio. Ilesiblo pa3paboTKu JaHHOH CHCTEMBI SBIISETCS
obecrieyeHre BO3MOXXHOCTH OOMEHa 3HAHMSMH, NPOBEICHMS HCCIENOBaHMM B KOMaHIe HaJ oOweld mpoOsieMoil, a Tarke
OlpeieNiecHHe Hay4HBIX TEHICHIMI B Pa3HbIX CTpaHax Mupa. B pabore uccne0BaHO BIMSHUE METOIOB IPEMPOLIECHHTa Ha paboTy
Takux KinaccudukaropoB, kak Logistic Regression, LSTM, BERT, LightGBM. IIpoBeneno wuccrienoBaHue CKOPOCTH
knaccuukamy 1 F1 oreHkn. BeiBoabl. JleMmaTu3anust mokasana MeHbIIee BpeMst paboTHI 1I0 CPABHEHHUIO CO CTEMMHHIOM TIOUYTH
B /IBa pa3za W JY4IIyIO0 OeHKY Ha 5%, mosToMy ObLIO MPHUHATO PEIICHHWE MCIONB30BaTh Kiaccupukarop Logistic Regression c
JIeMMaTHU3alUel Ha dTare OATOTOBKY TEKCTa B TAbHEHIIIEH padoTe MpeyiokeHHON CHCTEMBI 0OOMEHA 3HAHUSIMHU YICHBIX.

KuawueBbie ciaoBa: cucrema; NLP; Tekcr; 0O6paboTka; yCKOpeHHE, IIMHTIIBI, ONM30CTh; CXOACTBO; KIacCHPHUKAILNS,
MpeaBapuTenbHas 00padoTKa; IeMMaTH3aIUs; CTEMMUHT.
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XapkiBcbkuii HatioHanbHuil yHiBepcutet [loBitpsuux Cun imeHi IBana Koxkeny6a, XapkiB, Ykpaina

INOKA3HUKHN TOYHOCTI BUSHAYEHHSI KOOPIUHAT JZKEPE.T
PAJIOBUIIPOMIHIOBAHHSA Y HIEJIEHI'ATOPHIU MEPEXI HF JIAITA3OHY

AHoTamis.

HpOBOE[I/ITI)CSI OI_[iHKa TpaHUYHUX MOXJIMBOCTEH 10 TOYHOCTI

BHU3HAQYCHHA KOOpAWHAT KEPEIT

paIioBUIIPOMIHIOBAaHHS y TeeHraTopHid Mepexi HF miamazony npu posmimenHi ii Ha Tepuropii Ykpainn. Busomsrscs
PO3paxyHKOBI CITiBBIIHOIICHHS JUIS OOYHCIICHHS! pOOOYMX 30H BHU3HAUEHHS KOOPAMHAT JDKEPENl paiOBHIIPOMIHIOBAHHS 1
OOTOBOPIOIOTECS  PE3YAbTATH PO3PAaXyHKIB HPH MIHIMAIGHO MOXKIMBOMY YHCII IeleHraTopiB Mmepexi (3, 4), mo
3a0€3MeUyloTh KPYrOBH KOHTpPOJb MPOCTOPY. Pe3ymbTaTH po3paxyHKiB pOOOYMX 30H BiZOOpaarOTh T'paHUYHI
MOYKJIMBOCTI ITO TOYHOCTI BU3HAYEHHS KOOPIMHAT, OCKLUIBKH XapaKTEPUCTHKH Mepexi (IIPOCTOPOBUI pO3HOC IENIEHIaTopiB
1 peaJyibHa TOUHICTH IeJIeHTalii) oOpaHi rpaHIYHO MOXKJIMBUMH.

Knw4doBi caoBa: rmeneHraTopHa Mepexa,

TpaHHUYHI

MOXJIMBOCTI TIO TOYHOCTi; KOOPIWHATH JDKepela

PaIiOBUITPOMIHIOBAHHS, PO3MIIIIEHHSI TIEJIEHTaToOPiB; KOHTPOIIb PaJliOBUIIPOMiHIOBAHb.

Beryn

[lenenratopua wmepexxa (IIM) sBiase coboro
CHCTEMY 3 KINbKOX (7Ba 1 Olnblie) pO3HECEHUX Yy
OpoCTOpl  CTaHIii (TMEIeHraTopiB), KOXKHA 3 SKHX
3IIMCHIOE TOIIYK PAaJiOBUIPOMIHIOBaHb y 3aJaHOMY
Jmiama3’oHl  YacToOT, aHajgi3 BUSABIECHUX CHTHAIIB 1
BUMIPIOBaHHS KYTOBUX KOOpAMHAT  (TIEJNEHrallio)
Joxepen pagioBunpomintoBanus ([JPB). Orpumani nani
IepefaloThCs  Ha  3aralbHAM  IYHKT  00poOku
iHpopmallii, Je BHUPIMIYEThCS 3aBlIAHHS BU3HAYCHHS
npocropoBux koopauHat JIPB. Ilenenratophi mepexi
3HAMNIIUIN 3aCTOCYBaHHS B CHCTEMaX PajlilOMOHITOPHHTY,
pamiopo3Biaku i macuBHOI paaionokariii [1-8].

OynkuionyBanus I[IM y KOpOTKOXBHIBOBOMY
(HF) miamasoni (3 - 30MI'm) Mae psim OCOGIHBOCTEH,
00yMOBJIGHUX CHEHU(IYHUMU YMOBAMH TOUIMPEHHS
panmioxBwib. TyT, mepur 3a Bce, CJIiJl BiJ3HAYUTH BEJIHKI
JIATIBHOCTI J1iT TIeJIeHraTopiB (10 JEKUIbKOX THCSY KM) 32
paxyHOK 10HOC(EPHOr0 MOMIMPEHHS PaJdiOXBUIb 1
BHUCOKOI YYTJMBOCTI NpHUIMaviB  BY3bKOCMYTOBHX
curHaiiB. Kpim Toro, BiicTaHi MK TeJeHraTopamu
MOXYTh CTaHOBUTH COTHI 1 THcA4l KinometpiB. [lpu

po3po0Ili  pO3paxyHKOBHX  CHIBBIJIHOIIEHb ISt
MOKa3HUKIB TOYHOCTI KoopauHaTHOi iH(opmamii [TM
HaBelEHI  OCOOJHMBOCTI  3MYIIYIOTH  BpPaXOBYBaTH
kpuBM3Hy 3emim. Tomy po3paxyHKH HEOOXiTHO

MPOBOJIMTA 3 YpaxyBaHHAM C(EepUYHOCTI TMOBEPXHI
po3TanTyBaHHA TIEJIEHTaTOPiB i JPB, Ta
BUKOPHUCTOBYBATH TEOLEHTPHUUHY abo reorpadiuny
cucreMy koopauHat. [logaTkoBi maHi Ipo KOOPAMHATH
JAPB mpuitHATO mpencTaBiiaTé B reorpadiuHiil cucremi
(mmpora, TOBTOTA).

VY Bigomux poOOTax, e PO3TIIIAIOTHCS MUTAHHSI
aHaJI3y MOKA3HWKIB TOYHOCTI IENICHTALlifHOTO METOIY
BH3HAYEHHS MICIS PO3TAIyBaHHS 3aBXKIU PO3TIIAAIOTH
po3ramryBaHHs TenenratopiB i JIPB Ha mmiockiit
noBepxHi [1-3, 5, 6]. TIpu 1bOMY YacTO OOMEKYIOTHCS
BapiaHTOM CHCTEMH 3 JBOX ImeneHratopi [1, 5]. V¥
BIIOMHX  MyONiKamisx  BIACYTHI  pO3paxyHKOBI
CHIBBiTHOIICHHS, IO € TPHUIATHAMU [UIA aHAIi3y
TOYHOCTI BH3HA4YEHHS Micls po3TtamryBanHs [IPB
TIEJICHTAIlIfHIM MeTOIOM B TeorpadivHiii  cucTeMi
KOOpPAWHAT 1 JIO3BOJSIOTH  OIIHIOBATH  TPaHWYHI

moxauBocti [IM 32 mOKa3HMKaMH TOYHOCTI
pO3MillleHHi X Ha TepuTopii YKpaiHu.

BimomMa  3arajpHa = METOAMKA  PO3paxyHKy
MOKa3HUKIB TOYHOCTI BH3HA4YE€HHS KOOPJIWHAT B
palioTeXHIYHUX CHCTeMax Pi3HOro NMpu3HavyeHHs. Bona
BUKJIaJICHA B Pl poOIT, cepen SIKMX CIiA BiI3HAYUTH
[2-4]. Lz meromwka mpumaTHa Ui aHANi3y SKOCTI
KoOpIuHATHOI iH(opMaIli B CHCTeMax 3 aKTHBHUM i
MACUBHHUM CIIOCOOAMH CIIOCTEPEKEHHS MPU OYIb-SIKOMY
METOJi BHM3HAYEHHS KOOPIMHAT (IaJICKOMipHOMY,
KyTOMIpHO-/1aJIEKOMipHOMY, Ppi3HUILIEBO-
JIANIEKOMIPHOMY, TIeNeHraliiiHomy i iH.). Po3paxyHku
MOXHA TPOBOJMTH B OYAb-sIKiii CHCTEMi KOOpAHMHAT
(mexapToBiii, chepuuHiii, reollEHTPUYHIN, TeorpadiuHii
Ta iH.). Meroauka He Mae OOMEXEHb HA MaKCUMaJIbHY
KIJIBKICTh  BHMIPIOBaHMX [IEPBUHHUX MapaMeTpiB i

npu

JIO3BOJISIE  OLIIHIOBATH  TOYHICTh IIPU  HAsBHOCTI
HAIUIMIIKOBUX ~ BUMIpiB. OCHOBOIO  METOJWKH €
BCTAQHOBJICHHS  aHAJITHYHOIO 3B'A3Ky  MEPBUHHUX

napameTpiB 3 KoopIuHaTamu 00'ekta B 00paHiii cucremi
KOOpAMHAT 1 JiHeapu3amii M€l 3aJeXHOCTI NUIIXOM
po3kiananHs B psx Teitmopa B ToYli JiCHOTO MiCIs
po3TamryBaHHsl 00'€KTa 3 OOMEXKEHHSM MEpIIUX JBOX
YJICHIB PsLy.

Brepme Takmit minxim Oyiio 3ampomOHOBAaHO B
pobori [1] mis pi3sHEX METOAIB BU3HAYCHHS KOOPIUHAT
OpH  MiHIMAJbHO  JONYCTHMOMY YHCHi  3aco0iB
cnocrepekeHus.  [lisHime  Takwmid  migxig — Oyio
TIOIIMPEHO Ha OUTBIN 3araibHU BUOAIOK [2-4]. 3MmicT
3araibHOi METONWKA B KOHKPETHOMY BHIIIALI Oyme
Ha/ajJl PO3KPUTO HA MPHUKIALII MEIEHraTOPHUX Mepexi
HF miamazony.

Meta crTaTTi — OTpPUMaHHS  AHATITHIHHUX
CHIBBiTHOIIEHD ISl PO3PaxXyHKY IMOKA3HHUKIB TOYHOCTI
KoopnuHaTHOI iHpopmamii Ha Buxomi IIM B mocuthb
3aralbHOMY  BUIJISII Ta OILlIHKA TPaHUIHUX
MOXXJIUBOCTEH MO TOYHOCTI BU3HAUCHHS KOOPAWHAT TIPH
pO3MiIlIEHHI TIEJICHTaToOpiB Ha TepuTopii YKpaiHu.
3aBmaHHS BHpIMIyeThCSI B reorpadiuHiii  cucTeMi
KOOpIMHAT JUIS JOBUTHHOTO YHCIA TIETICHraTopiB (1Ba i
OimpIme) 1 mHpWM  AOBUTPHOMY 1X pO3TalIyBaHHI Ha
TOBEpXHi 3emii.

ITocTranoBka 3agaui

© Ko03eB A. B., Myp3in M. B, 2021
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[ToyaTkoBUMH IaHUMU JUIsl OL[IHIOBAHHS TOYHOCTI
BU3HAYEHHS [IPOCTOPOBUX KOOPAMHAT €:

- KUTBKICTB TeneHraTopiB M Ta iX KOOpJUHATH Ha
MOBEpXHi 3eMJi - IIHPOTa Qn Ta JOBrOTa Am M-TO IIe-
nenraropa (m=1.M >2);

- 3HAQUEHHSA TIENEHTiB Pp,, BHUMIPAHI KOXHHUM

mejieHraTopoM Ha oxHe 1 Tex x JIPB BimHOcHO
HamnpsIMKY Ha TiBHIY 32 MEPHiaHOM 3 JIOBTOTOK Ay, 3a

9acoBOIO CTPIJIKOIO;
- (@, A — MICHENOJIOKEeHHS (IIMpoTa 1 JOBroTa)

JPB, nns AKOro  OINHIOETHCS  TOYHICTH  MicCIe
pO3TalryBaHHsI.

Bigomumu Takok OyneMO BBaKaTH ITOKa3HUKH
TOYHOCTI TIeJIeHramnii y BHUIJISI KOPENSIiiHHOI MaTpuIi
noxubok menenranii K (posmiphictio M x M).
OcCkinbKM TOXHMOKM y pI3HHX NeEJeHraTopax He

OB’ s13aHi MiX 00010, To MaTpuIld K € niaroHaasHOIO 3

JUCTICPCISIMU 62[3 m-

[ToTpiOHO  BU3HAYMTH  IOKA3HUKH  TOYHOCTI
oliHIOBaHHA 1mmpotd 1 jgorotd JIPB. Ilumu
NOKa3HUKaMH € €JIEMEHTH KOpENsIiHOI MaTpuIli

MOXHOOK OIIHIOBaHHS KoopauHaT @ PO3MIPHICTIO
2 x 2. JliaroHajbHi ejleMeHTH Mmarpuli @ SBISIOTH
coboro jaucriepcii  MOXMOOK  OI[IHIOBAHHS  IHUPOTH

Ollzcgp ta gosrotu Oy :0%. HeniaronanbHi

€JIEMEHTH Opp =0, =0403p XapaKTepPU3yIOTh
KOpEISI[IMHUIA ~ 3B’SI30K  TOXMOOK  OI[IHIOBaHHS
KOOp/IMHAT.

Po3B'sizanus 3agaqi

[MocnigoBHICTh BUPILICHHS 33adi € HACTYITHOIO.
Bcranosiroerbest ¢byHKIIIOHATbHA 3aJIeKHICTh
(m=1.M)(m=1.M) nepBuHHUX napamerpiB B, Bix
KOOpJIMHAT Y JiHiiiHOMY HaOmwkenHi. J{ns 1poro
BU3HAYAIOTHCS KOSQIIIEHTH pPO3KIAIaHHs]  (QYHKIIT
Bm(d,A) mpu apyrux uieHax psagy Teiinopa y BUriszi
TOX1THUX

_Bm(02). _Bm($2)
Yom = o Uwm = : 1)
0 O\

CyKyIHICTh WX TOXITHUX HABOAUTHCS Y BUTILAII
mpsiIMOKYTHOI MaTpuili G po3mipom 2 x M:
9g1---GpMm

G' = @)

On1---9am

Iamexc 7 mo3Hadae orIepaiir0 TPAaHCIIOHYBAHHS
BeKTOpiB 1 Matpuub. KopemnsmiliHa MaTpuIlsl TOXHOOK
BHU3HAYCHHSA KOOPAWHAT 3HAXOMUTHCA 32 (HOpPMYIOm0 [2-
4]:

D= (GTK_lG)_l . 3)

[Ipn piBHOTOYHMX TeENEHraniiHUX BHUMIPIOBaHHIX

: 2
3 JUCIICPCIETO ITOXHUOOK GB OTpuMaEMO

-1
Z G¢mrm

m
> ot
m

TouHiCTh BH3HAYEHHS JBOMIPHHX MPOCTOPOBUX
KOOpAMHAT  YacTO  XapaKTepu3yloTb  JIHIHHOIO
cepenHbpOKBaApaTiHaHor0 oxuokoro (JICKII) [1, 4], sxa
JUISL PO3IIIAAAEMOrO BUMAJKY € PIBHOIO

oL IJG(ZP-I—G;% . (5)

Bci xyTOBI BenM4MHH Y pO3paxyHKOBHX (hOpMYIIax
MOBUHHI TPEACTaBISATHCS y paaiaHHid Mipi. Tomy
JICKII (5) Takox Oyme MaTH pO3MIPHICTh Y pamiaHax (y
rpajycax), 10 HE3PYYHO Ui PO3YMIHHS Pe3yJIbTATiB
PO3paxyHKY.

Bimpmr  HarmSgHEM  CHOCOOOM  BiZOOpaskeHHS
po3paxyHkoBux nanux € mnpenactaBienHs JICKIT y
BUTJISI BIJICTAaHEW MK CIpaBkHIM mojioxkeHHsM J[PB
Ta BUMIpSHEM. [l 1[OrO0 HEOOXIZHO MPOBECTH
HepepaxyHoK KyTOBOi BEIMYHMHH G| Y BiJICTaHb IO

> G4m
D= 24GTG) =4 _"
g(bmg)m

m

-(4)

MOBEpXHI  3emiti.
HaBCACHO HUXXYEC.

HaBenemMo MOPSOK BHUBEACHHS PO3PAXyHKOBHX
dopmyn y BimmoBimHocti 3 piBHsHHIMH (1)-(3).
BcraHoBuMO  crioyatky 3aiexHicts P (9,A). s
[[bOr0 BHUKOPUCTAEMO pUC. 1, e BiIOOpaKEHO B3a€MHE
MmoiokeHHs m-ro menexraropa (A) ta JIPB (e) Ha
MoBepXHi 3emill y BHIJISIII TONSIPHOTO C(HEpPUHOro
TPUKYTHHKA.

ANTOpUTM  TIepepaxyHKy Oyxe

Puc. 1. B3aemue nonoskensst M-ro nenexraropa (A) u JIPB (e)
(Fig. 1. Mutual position of the m-th direction finder (A)
and the radio emission source (e))

BykBamu A, B, C mo3Ha4ueHO KyTH TPHKYTHHKA,
TPOTHIISKHI BiAMOBiMHUM cTOpoHaM a, b, c¢. Bepumna
Kyra B crmiBmamae 3 MONOKEHHAM MiBHIYHOTO TMOJIOCA.
CropoHu TpUKyTHHKA @, D, ¢ € AyramMu BEITUKOro Kpyry
1 XapaKTepu3yIOThCI KYTOBUMH po3Mipamu ayr. [yra b
3’€¢MHye M- TeIeHratop 3  TOYKOI  MICHA
posramryBanas JIPB. Ilpu BimomoMy KyTi b BincraHb
MDK HAMH TI0 TIOBEpXHi 3eMili MO)KHA BH3HAYHUTH TaK
(Rg=6731km — cepemmiii pamiyc 3emm, b

BUMIPIOETBCSL Y pafiaHax). Bupasumo Kyt A:Bm
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4epe3 BiZJOMI BEIUYUHY, L0 MICTATh KOOPAUHATU @A ,

0  OWHIOMOThCS.  Jmg  mboro  CKOpPHCTaeEMOCH
CMIBBiJIHOWIEHHIMH 13 chepruHol Tpuronomerpii [9]. 3
dbopMynHu A7 KOTAaHTCHCIB KYTiB 3HAWIAEMO TaHTEHC

KyTa
_ sin(a)sin(B) .
sin(c)cos(a)—cos(c)sin(a)cos(B)

tg(A) (6)

Bci KyToBi BenmMYMHH, IO BXOMSITH 0 TMPaBOi
gactuHu (6), BiOMiI 3 TOYATKOBUX JaHHMX 1 piBHI
a=n/2-¢, fi=n/2-¢,, B=L-L,. IixcraBasroun ix
10 (6), OTprIMaeMo BUpPA3 VIS KyTa:

u A
Bm (@A) =arctg Un (@1) | _
tn{®:3) @
cos(¢)sin(h—Apy)
cos(@m ) SiN(®) —sin(@m ) cos(9) cos(A—Apy) |

Tyr nans ckopodeHHs 3amuMCy YHCENbHHK Ta
3HAMEHHHK y  KBaJpaTHUX [Iy)KKax MO3HAYeHi
GyHKUIAMH Vi (1), Vi (9,1) .

[Ticnst audepenuiroBannst (7) 3a KOOpAMHATAMU @

=arctg

Ta A 3HaAXOAMMO eneMeHTH Marpuui G

_ —sin(@)SinCL— hn Vi (0,1)

2R
 c05(9ry) COS() +5iN(0p,)SiN() COS ~D) . )
(68 @2+ @1 (um (0. 2))
_ COS(() COS(A — Ay Vi ()
M R e+ (o) o

sin(py) OS()SIN(: —Agy) Uy (9,1)
Uz (@, 1) + V2 (¢, 1) '

VY nojanbuioMy BUKOPUCTOBYIOThCS (popmynu (3),
(4), (5). Orpumanwuii pe3yspTar Oyae XapaKTepu3yBaTH
TOYHICTh BU3HAYEHHS Miclisl po3rainyBanss J[PB Tinbku
B OfIHIHM Toulll HA moBepxHi 3emii. [likaBoro € 3aranbHa
MPOCTOpOBAa KapTWHA ISl MOKa3HWKIB TodHOCTI [IM.
IcHye kinbka crmocoOIB rpadivyHOro MpenCcTaBICHHS
MOKAa3HUKIB TOYHOCTI B 3aJ€KHOCTI Bl MicHd
postramyBanas JIPB. Hanpukman, y meskmx pobGorax
[1,3,5] mma miel MeTH BHKOPHUCTOBYIOTH EIITICH
noxu6ok abo rpagiku 3anexunocti JICKII Bix gansHOCTI
no JAPB misa pizaux HanpsmkiB. [Ipun moOymoBi emincis
NOXUOOK VISl ABOKOOPAWHATHOTO BUIAJIKY BHXOIATH 3
TOr0, IO JBOBHMIpHa  IIUIBHICTE  PO3IOALTY
WMOBIpHOCTE  MOXMOOK  BH3HAYCHHS  KOOPIWHAT
Ap: g, M ITOPSAAKOBaHA HOPMANBHOMY 3aKoHy. [lpu

OBOMY €JIC TOXHOOK BiAMOBigae o0JacTi MPOCTOpy
[4], B sAKy mOTpammsioTh MOXHUOKH 3 IMOBIpHICTIO HE
MEHIIIe BETMYHHH

P, (K) =1—exp(—|<2/2) .

Tyr BemuumHa K BH3Hauae pO3MIpH MiBOCEH
eninca, siki I0piBHIOWOTE Ko, Koy . s nepepaxyHKy

(10)

PO3MIpiB efrinica, BUPAKEHNX Y KyTOBHUX BEIMYHMHAX, Y

BiJICTAaHh TI0 TIOBEPXHI 3eMJIi CJiJ BHUKOPHUCTOBYBATH
bopmyny chepuanoi TpuroHometpii [9] mns Biacrani
MDK ~ TOYKAMH 3 KOOpIMHATaMH @, A Ta

¢+ko,, L+Ko; . B pesynpTati oTpMaeMo BUpa3 UL

JICKII B oquHHAILAX BigcTaHER

sin(p)sin(e+ kc5¢) + 1)

=R, arccos .
or =" +¢05(() cos(e+Ka,) cos(koy )

HaoynmM crmocoOoM TipejicTaBiIeHHsS TTOKA3HUKIB
TOYHOCTI € BimoOpaxkeHHs podounx 30H [1, 5]. Pobouoro
30HOI0 HA3MBAIOTh 00JACTh IMPOCTOPY, B MEXax SKOL
JICKII or He mepeBHIIlye AESIKOTO 33JaHOT0 3HAYEHHS
Go. IHmmMMM cnoBaMM Ha KOpAOHI poOOOYOi 30HM
BUKOHYETBCSI  PIBHICTb G, =0g.  BifgoOpaxeHHs

MOKA3HHUKIB TOYHOCTI 3a JIOTIOMOI'OI0 POOOYHMX 30H Ja€
MOXIIMBICTh TIPOBOAMTH TOPIBHSIBHUE — aHamiz i
OL[IHIOBATH SIKICTh KOOPAMHATHOI iH(popMamii s
PI3HUX BapiaHTIB PO3MIIEHHSI NEJIEHTaTOPIiB NpH Oyb-
SKOMY HampsIMKy CIOCTEPEeXEHHS (Hampukiaji, vy
KpYroBy).

Hdus  po3paxyHKy  poOOYMX  30H  MOXKHA
PEKOMEH/IyBaTH HACTYIHUM miaxia. Bubupaerbes Touka
Ha MOBepXHI 3eMili 3 KOOpAMHATAMH @, Aq, SKa Oyne

CITY)KHMTH T10YaTKOM BiJUTIKy NapameTpiB poOo4oi 30HH.
Jus uporo MokHa BHOpaTH TOYKY, IO BiJIOBiIAE
HeHTpy po3mimieHHss [IM abo koopauHaTam OIHOTO 3
neneHratopi. Jlam BUKOPUCTOBYEThCS KOOpAMHATHA
cucTeMa asuMyT-fanbHicTh [, D, B sKiii mpocTip

op mHa N
Bnh(n=1.N), Bimiik sKMX BemeTbCcs 3 TOYKH Qg,Aq

PO3OMBAETBEC 3  KPOKOM a3UMYyTiB

[IOJI0 HAMpaBJICHHS Ha TMIBHIY 32 MEpHIiaHOM 3
JOBroTolo Aqg. IloTiM B KOXHOMY HampsaMKy [,

3HaXOOWUThCA BiAcTaHb D, mo moBepxHi 3emii, Hpu
SIKOMY BUKOHY€TBCSI TaKa PiBHICTb:

f(Dy,/Bn)=0,(D,/By)—0p=0.

[lar S MokHa BHOMpaTH, BUXOAAYM 3 OarkaHOL

(12)

TOYHOCTI TpeJCTaBJIeHHsT poOouoi 30HU. JlOCTATHHOO
MOKHa BBaKaTH BesmauHy O =4"..6". Koopmunatn S,

D, i€ Mexero po6odoi 30HMH.
IIpn KOMIT'TOTepHUX po3paxyHKax 3HalTé D), mpu
3a7aHOMY a3UMYTi [, IO 3aJ0BONBHSAE piBHOCTI (12),

MOXJIMBO PI3HHUMH LUIIXaMH. Hampuknaz, MoXInBO
3HAWTH pilleHHs HemiHiiHOro piBHAHHA (12), 3amaBmm
noyatkoBe HaOmmwkeHHs Dy, unm nomixom 3mimm D

touky mnepexony ¢yukuii  f(D/B,)
yepe3 (. 3a3Bu4ail poOOYi 30HH PO3PAXOBYIOTHCS LIS
JEKINbKOX 3HaueHb Gg. [ mpoBeneHHs OOUYHCIEHb

3HAXOIUTH

JIOIUTBHO BHUKOPWUCTOBYBATH HACTYIHI MOOATKOBI IO
orrepamninHoi CUCTEMH Windows MaTeMaTH4H1
nporpaMHi mpoxayktd, a came Mathcad un Matlab. B
nomatky Matlab y Ourbnr mi3HIX Bepcisix peayizoBaHO
MOXJIMBICTh HAKJIQJCHHS pE3yNbTaTiB  pPO3paxyHKy
pobounx 30H Ha reorpadidHy KapTy 3a JOMOMOTO0

KoMaHu geoplot ([(p],[?x,] ), MO MiJBHUIIYE HAOYHICTH
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BimoOpaxxeHHs. [Ipu IbOMY HEOOXITHO TIEPEHTH Bif
koopauHat Dy, B, 1o xoopamHaT @,, Ap,
BHKOPHCTOBYIOUU chepraHOi
Tpuronomerpii [9].

CIIIBBIJHOIIEHHS 31

Ouinka rpaHUYHOI TOYHOCTi BUSHAYEHHS
KOOPAMHAT NPH PO3MillleHHI MeJIeHraTopiB
HA TepuTOpii YKpainu

[pu crBopenni [IM mparHyTh BUKOHATH HAaCTYITHI
cynepewnBi Bumoru [11, 12]:

1. Tounicts Bu3HaueHHs1 koopanHat J[PB noBuHHA
OyTH MaKCHMaJbHO MOKJIMBOIO B IIMPOKOMY CEKTOpi
CIIOCTEPEKEHHS (HATIPUKIIAJ, Y KPYrOBii 30Hi).

2. 3 TOYKM 30py MarepiaibHUX BHTpAT YHUCIO
MIEJICHTaTOPiB  MEPEXi TMOBHHHO OYTH HAaWMEHIINM,.
HaiiMeHIIMM MOXKHa BBa)KaTH TaKe YHCIO, TIPH SIKOMY
MojIajIbllle HApOIyBaHHS KUIBKOCTI IEJIEHraTopiB CTae
HEMOIUILHUM  BHACHIJOK HE3HAYHOTO  IiJBUILCHHS
TOYHOCTI.

Bim3HaunMo Ti OOCTaBMHH, $Ki OOMEXKYIOTh
MO)KJ'II/IBOCTi IoaA0 BHKOHAHHS 3a3HAYCHUX BHUMOI.
Bizomo, 1110 TOYHICTh BU3HAYCHHS KOOPAMHAT 3aJICKHUTh
BiJl TOYHOCTI TMEJIEHTAMI 1 BiACTaHI MK MEJIeHTaTOpaMu
(6asm) [1,2,5,6]. MinimManeri CKII — menenramii
oOMeKeHi MOXKJIMBOCTSIMHU TEXHIKH, sKa
BUKOpHCTOBYeThbcd y [IM. Uum Oinblie po3HEceHi
MEJICHraTOPX HAa MICIEBOCTI, THM BHIIE TOYHICTS.
OOMeXeHHSI Ha TPOCTOPOBUI PO3HOC IIEJIEHTaTOpIB
HazemHoi [IM oOyMmoOBJEHI KIHIEBUMH pO3MipamH
TEPUTOPIi, A€ AOMYCKAETHCSI PO3MIILICHHS TIEJIEHTaTOPiB.
[HIIMMU CcI0BaMM PO3HOC IIENEHIaTOPiB HE MOXKe OyTH
Oinbllie po3MipiB TepuTopii Kpainu, skuio y [IM He
BUKOPHCTOBYIOThCS KopaOebHi TIeJICHTaTOPH.
BukonaHHs qpyroi BUMOTH IOB'S3aHO TaKOX 3 BUMOTaMHU
J0 30HU KOHTpomo mpocropy. Sk Bigomo, [IM 3
MiHIMaQJIbHO HEOOXIJJHOI KUIBKICTIO IEJIeHraTopiB (1Ba)
J03BOJISIE  BU3HAYATH KOOPAMHATH 3  JIOIMYCTHUMOIO
TOYHICTIO TIJIBKA B JBOX MPOTHJISKHUX CEKTOpax
IIMPHHOK IPUOIM3HO *+ 60° BiIHOCHO MeEpHEHAMKYJIApa
no cepeamnu minil 6asm [1, 2, 7]. L[o6 noxuOku
BU3HAYCHHS KOOpJAWHAT Oynu HaWMEHIIMMH 1 poboua
30Ha OXOIUTIOBalla BCi HampsaMKH, B ckmami [IM
HEOOXi/THO MaTH JEKiJIbKa IeIeHTaTopiB (He MeHIIe 3-X)
3 MAaKCUM&JIBHAMH BIJICTAaHSAMH MDK HHMH SK 3a
IIMPOTOIO, TAK 132 TOBIOTOIO.

PosrnsHeMO MOXJIMBOCTI BUKOHAHHS 3a3HaYEHHX
BHIIIE BUMOI' BiJHOCHO TEPHUTOpii YKpaiHU 1 OMIHAMO
TpaHUYHI MOXKJIMBOCTI 3 BU3HaYeHHs koopawHat /IPB B
HazemHit I[IM. Sxkmo enementn IIM posmictuTh
moONIM3y MepKaBHOTO KOPJOHY Ha 3axofi, MiBHOYI,
cxofi i Ha y30epexKi, TO MOJKHA pealri3yBaTy HalKparii
MMOKAa3HUKH TOYHOCTI KOOPAWHATHOI iH(popMamii mpu
Oymp-skomy Hampsmky Ha JIPB. Bimsnaummo, mo
MPOTSDKHICTh ~ TepUTOpii  YKpaiHM Big  3aXigHOTO
KOPJIOHY JIO CXIJHOTO CTQHOBHTH BEIHUYHHY OJHM3BKO
1200 kM, a Big MIBHIYHOTO KOPIOHY OO Yy30epercks
YopHoro Mmops Maibke B 2 pasu MmeHmre (6mmspko 670
kM). Came 11i BETMYMHH BHW3HAYAIOTH MAaKCHMAaJbHO
MOXIIUBHI B3a€MHHI PO3HOC MENEHraTopiB. SKmo yci
MIEJICHraTOpH  PO3TALIYBaTH  MOOJIN3Y  AEp>KaBHUX
KOpJOHIB YKpaiHH, TO OUTBII BHUCOKY TOYHICTb

BHU3HAYCHHS KOOPAHMHAT Ciia ouikyBatu s [IPB, mro
3HaXOTHCS B MMIBHIYHOMY 1 MIBJCHHOMY HalpsIMKax.
Posrnsremo 3 BapiaHTH PpO3MilIeHHS
MEJICHraToOpiB 3 MAaKCUMaIbHHUM PO3HECEHHSM Ha
TepuTopii YKpaiHM 1 OIIHMMO TPaHWYHI MOKJIHMBOCTI
[IM mo ToYHOCTI BHM3HA4YeHHs KoopAWHAT. bynemo
BBa)YKaTH IIPU IIbOMY, 110 peajbHA TOYHICTH ITEJICHTalii
BCIX TIEJNIEHraToOpiB OJIHAKOBa 1 XapaKTepPH3YETHCS
BenmmuuHoro CKIT op =1,5". Taka TOYHICTH BimIOBiTa€E

HaWKpammM 3pa3KaM CydacHOI TEXHIKM MeJIeHTalii y
HF niamazoni. 3okpema, 0 TakOi TEXHIKH BiJHOCATHCS

nenenratopu  DDFIGTX  ¢ipmu  Rohde&Shwarz
(Tepmaniss) [13] 1 mnenenratop «BocTok-OITK»,
PO3pOOIICHHIA HaykoBo-TexHIYHUM LEHTPOM

pamioTexHiYHUX cucTeM AKajeMii HayK NpHKIaJHOI
pamioenektponiku (M. XapkiB) [14]. Ha TounicTh
TMeJICHTallil ICTOTHO BIUIMBA€E CEPEOBUILE ITOIIUPEHHS
pamioxBwib (ioHOc(epa), mapaMeTpu SKOI MOXKYTh
3MIHIOBaTHCSl TIPOTATOM KOPOTKOTO Bijpi3ka wyacy
(HampukTaa, WBHAKI 3aBMHpaHHs curHamiB) [7, 10].
OnHuM 3 epeKTUBHUX CITOCOOIB IMiABHIICHHS TOYHOCTI
MeNIeHraIll € BHUKOPUCTAHHS CHCTEM 3 KUIBLIEBUMH
AQHTEHHUMH DEIIiTKaMH BEJIMKUX PO3MIpiB (AiaMeTpom
o 150 M) 1 KkopensuidHO-1HTEPHEPOMETPHIHOTO
crioco0y BuMiproBaHHs menenriB [8, 13, 14], a Takox
Oararopa3oBe BUMIipIOBaHHS 3 HACTYITHUM
ycepesHeHHsIM pe3ynbTatiB [5]. B sikocTi moyaTkoBHX
JaHUX TIpU pO3paxyHKax poOounx 30H BubepeMo

k2 = 2, wo BIiANOBiAae ¥MOBIPHOCTI TOMAJaHHS
noxubok P, =0,63 y eininc 3 HanisBicamu ko, ko .

Ha puc. 2 BigoOpaxkeHi TiNoTeTHYHI BapiaHTH
PO3TAIIyBaHHS MEJICHTATOPIB ¥ MPUKOPIAOHHUX paioHax
Ykpainu y BUMIIsII] crieniaibHIX CUMBOJIIB.

¢ L
TRCT

)
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50°N - *Knig

YKPATHA
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L v
4

VA

Latitude

25°E 30°E 35°E
Longitude
Puc. 2. BapianTtu po3MiliieHHs MeJIeHraTopiB
Ha TepHUTOpii YKpaiHu
(Fig. 2. Location variants of direction finders
on the territory of Ukraine)

Bapiaat Nel Biamosimae IIM 3 3-X meneHraropis,
PO3TAIlIOBAHKX Y BEPIIMHAX TPUKYTHHUKA 1 MMO3HAYCHUX
cuMBOJIOM V. OMH 3 TeJIeHraTopiB BCTAHOBJICHUH O11s
MiBHIYHO-3aX1THOTO KOPAOHY, IHIIUI - HAa MiBHIYHOMY-
CXOIli, a TPeTii - Ha MiBIECHHOMY cxoji. Bapiant No2
MO3HAYCHWH KBajpaTamMu [ 1 BiApI3HAETBCS Bifg
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Bapianty Nel TumMm, mo momanumii 4-wii meneHraTop 3
MICIIEM pO3TallyBaHHsS Ha IMiBJEHHOMY cxoni. BapiaHt
Ne3
(cumBon +) BigHOCHTBCS A0 IIM 3 4-X meleHraTopiB,
MO3UINT SIKMX 3HAXOJAThCA IOOJNM3Y KOPJOHIB Ha
3aX0/li, CXOJi, MBHOYI 1 MBIHI KpaiHU.

PesynpraT po3paxyHKiB pOOOYMX 30H HAHECEHO
Ha reorpadiyHy KapTy i HaBeneHo Ha puc. 3 — 5. Ha mux
pUCYHKaX BimoOpaxkeHi poOodi 30HH JUIS  TPHOX
BapiaHTiB nodynosu IIM s 3Hauens oy = 50, 100 Ta

200 xm. Homepa kpuBHX BKa3zylOTh Ha HOMepa
BapiaHTIB. 3 PUCYHKIB BUJHO, 1[0 BiIMIHHOCTI po0OOYHX
30H 32 po3MipaMu HecyTTeBi. TyT HaWOUIBbIINI BHECOK B
TOYHICTh JAIOTh JBa ICJICHTaTOpa, PO3TAIlOBaHi OIS
3axiJTHOT'O Ta CXiJTHOTO KOPJIOHIB.

HaBeneni nani imoctpytors MoxiuBocti [IM 3a
TOYHICTIO BHM3HAYEHHs KOOPAWHAT NPH 3HAXOMKEHHI
JIPB B pisHux perionax €Bpornu. Tak, 30kpema,
KoOpJuHaTH  KopabmiB y YopHomy Mopi 3
BUIIPOMiHIOIOYMMHU  pagioctanuismu  HF  niamazony
MoxxyTh BuzHavatucs 3 JICKII menre 50 kM.

@
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Puc. 3. Po6oui 3011
Jutst Tpbox BapianTiB [IM npu 60=50 km
(Fig. 3. Working areas for three variants
of direction finding networks at co=50 km)
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Puc. 4. Po6oui 30HK1
Juist Tphox BapiantiB [TM npu 60=100 km
(Fig. 4. Working areas for three variants
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of direction finding networks at co=100 km)
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Puc. 5. Po6oui 3051
Jutst Tprox Bapiantis [IM npu 60=200 kM
(Fig. 5. Working areas for three variants
of direction finding networks at co=200 km)

st kopabui B CepeizeMHOMY MOpi 1Sl BETMYHHA
MoOyke MaTH 3HaueHHs 10 200 kM.

o6  owiHMTH  pO3MIpUM  TEpUTOpPiH,  sKi
MOKPUBAIOTh po00Yi 30HH, Ha pHC. 6 HaBEJIeHI Ti XK JaHi,
0 1 Ha MOMepeIHbOMY PUCYHKY, ajie B KOOpIMHATAX
Bigcraneit mno moBepxHi 3emii. Todkor BiITiKY
Bijcraneil oOpanuit uentp Ykpainu (Uepkacbka 00i1.;
dg =49°, Ao =31°).
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Puc. 6. Po6oui 30uu
IIM npu 60=200 kM y KoopauHaTax Bigcraneit no J[PB
(Fig. 6. Working areas of direction finding networks
at 60=200 km in coordinates distance to radio sources)

Sk 1 cmig Oyno O4iKyBaTH, HaWOiIbIIA TOYHICTH
KoOpaWHATHOI  iH(popMamii A BCiX  BapiaHTIB
JIOCSITAa€ThCA Y MIBHIYHOMY 1 TMIBAEHHOMY HaIpsMKax.
Pesynapratn po3paxyskis mia [IM 3 5 menenraropamuy,
MMOKasajad, MI0 JOJAaTKOBE BUKOPUCTAHHS  5-TO
TIeNIeHraTopa HE3HAYHO TIOKpAIITye TOYHICTb
BHM3HAYEHHS MiCIIS pO3TaIlyBaHHSI.

Jii  KiIIBKICHOTO — TIOpIBHSHHS — BapiaHTIB
Tabmmmi 1 HaBeJIeHI TUTOMI pobounx

B
30H,
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MIPE/ICTaBJICHNX Ha puc. 3-5.

3 HaBe/IEHNX JaHWX BUAHO, 10 HAHOLIBITY IOy
Mae poboua 30HA TIICJICHTAaTOPHOI Mepexi, 1o
nobynoBaHa 3a BapiaHTOM Ne2.

OnHak 11 IepeBUIIEHHs HaJl IHIIMMH HE HACTUIBKU
icTOTHE, 100 BIOKMHYTH MOXJIMBICTH BHKOPHUCTaHHS
BapianTiB Nel, 3.

Tabnuysa 1 — T1nomii po6oYnx 30H 47151 TPHOX BapiaHTiB
MeJIEHATOPHOI Mepe:Ki IPH TPboxX
3HAYEHHSX O

G0, KM Bapiant Nel BapianT Ne2 | BapianT Ne3
c0=50 2,52*10° xm? 3,1*106 km? 2,95*10° xm?
00=100 | 5,44*10°km? | 6,37*10° km? | 6*10° km?
60=200 | 11,3*106 xm? 13*10% xm? 12,1*108 xm?
Hameneni  pe3yibpTaTH  JO3BOJIIOTH  3POOUTH

BHUCHOBOK IPO Te, 110 BapianT Nel (Tpu meneHratopa B
CKJaJi TENICHraTOPHOI MEepeXi) MOXKe BHUSBUTHUCS
KpalluM, OCKITbKM BiH  3a0e3medye  HaiiMeHIi
MarepiaNbHi BUTpPaTH TpU HE3HAYHUX BTpaTtax B
TOYHOCTI B TODPIBHSHHI 3  BHUKOpPHCTaHHsIM 4
HIEJICHTaTOPIB.

BucHoBku

Po3paxyHku poOOYMX 30H IMENEHraTOPHOI Mepexi
HF niana3zony npu po3mimieHHi ii Ha TepuTopii Ykpainu
NPOBENCHO I BHUIAAKY HAMMEHIIMX peanbHHX
MOXMUOOK TeJIeHrallii, a B3aEMHHUI MIPOCTOPOBHI PO3HOC
TIeJICHraTopiB 0OpaHuid TPAHUYHO JIOMYCTHMHUM.

Tomy MOXKHa  BBaXaTd, [0  pe3yIbTaTH
PO3paxyHKIB BiI0OpakatOTh I'PAHUYHI MOXJIMBOCTI IO
TOYHOCTI BH3HaueHHs koopauHat JIPB s Takoi
MEJICHraTOPHUX Mepexi MpH MIHIMAIBHOMY YHCII
nenenrartopie (3 a6o 4). HaBenena Buie merojuka
0OYHUCIICHHS pobounx

30H JIO3BONIsiE Uil 3a0e3MedeHHs]  HalKparmx
MOKa3HHUKIB TOYHOCTI BHOMpAaTH KOHKPETHHH BapiaHT
PO3MIIIEHHS TIENEHraTopiB Ha TEpPHUTOpii KpaiHn 3
ypaxyBaHHAM BIUIMBY BCiX (hakTopiB (IPUIATHOCTI
MO3UIH, HasBHOCTI  MA'I3HMX  NIUIIXiB,  yMOB
PO3MIIIEHHS 00CITYTOBYIOUOro HepcoHany i iH.). BoHa
MOXe OyTH TaKOXX BHUKOPHCTaHA JUIsl IHIIUX CHCTEM
MacuBHOI pajioyoKamii 3 NeJeHTallifHUM MEeTOIOM
BU3HAUCHHS KOOP/AMHAT, KOJIM HEOOXiTHO BPaxOBYBaTH
cepuyHuil Xapakrep 3emi.

30KpeMa, 10 TaKoi CHCTEMH MO)KHA BiTHECTH JIBa i
OinpIne JIiTaka TOBITPSIHOI PO3BIAKH 3 TEJIEHTaTOpaMH
Ha OOpTY, a TAKOXK OJMH JIITaK a00 OC3MJIOTHHI amapar,
IO 3AIHCHIOIOTh BH3HAYEHHS KOOPAWHAT METOIOM
OaraTopa3oBol MeNeHrallii Ha MapuIpyTi monboty [6, 7].
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IToka3aTes TOUYHOCTH ONpe/iesIeHUs1 KOOPIMHAT HCTOYHUKOB PAIMON3JIyYeHHUs
B NeJleHraTopHoii ceru HF quanasona

A. B. Ko63eB, M. B. Myp3un

AHHoTanus. IIpoBoMTCS OLCHKA MNpeNeTbHBIX BO3MOXXKHOCTEH 10 TOYHOCTH OINpENENCHHs KOOPIHHAT MCTOYHHKOB
pamuousnydenus (UPU) B menenratoproii cetu HF nuamazona mpu pa3MerieHHH ee Ha TEPPUTOpPHU Y KpawHBL BrIBomsTCS
pacueTHbIe COOTHOLICHHMS JUIsl BBIYMCIICHUS pabounx 30H onpeneieHus koopanHat MPU u oGcyxnaroTcs pe3ynbTaThl pacyeToB
MpM MHUHAMAJIBGHO BO3MOXKHOM 4dHCJe TeneHratopoB cetu (3,4), obecneduBaromMXx KPYroBOW KOHTPOJIb IMPOCTPAHCTBA.
PesynbraThl pacueToB pabOYMX 30H OTPAXKAIOT NpE/ebHbIE BO3MOXHOCTH 10 TOYHOCTH OINpPE/CNCHHs KOOPIHHAT, TOCKOIBbKY
XapaKTEePUCTHKH ceTH (MPOCTPAHCTBEHHBIA Pa3HOC IEJNEHraTOpOB M peajibHas TOYHOCTH IIEJICHralluH) BBIOPAHBI MpeeIbHO
BO3MOKHBIMH.

KiawueBble ci0Ba: TIeIeHraTopHas CeTh, TI'PaHHYHbIE BO3MOXKHOCTH IO TOYHOCTH, KOOPAWHATHI HCTOYHHKOB
PpaIuoN3IydeHNUs; pa3MeIleHUe NeIeHraTOpPOB; KOHTPOJIb paHON3IydeHHUI.

Indicators of accuracy for determining the coordinates of radio emission sources
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in the short wave direction finding network
Anatolij Kobziev, Mykhailo Murzin

Abstract. Direction finding networks have found application in radio monitoring, radio intelligence and passive radar
systems. The operation of the direction-finding network in the short-wave range has a number of distinctive features, namely,
long range of direction finders (up to several thousand km) due to ionospheric propagation of radio waves and high sensitivity of
narrow-band signal receivers. In addition, the distance between direction finders can be hundreds or thousands of kilometers.
Therefore the calculations should be carried out due to the location of the direction finders and radio sources on a spherical sur-
face. In this work, analytical relationships are obtained for calculating the accuracy indicators of the estimation of coordinate
information (latitude and longitude) at the output of the direction finding network in a rather general form in relation to the fea-
tures of the short-wave range. The problem is solved in a geographic coordinate system for an arbitrary number of direction find-
ers (two at least) and with their arbitrary location on the surface of Earth. To carry out a comparative analysis and assess the qual-
ity of coordinate information for various options for placing direction finders, it is proposed to display accuracy indicators using
working zones (for example, round). The use of working areas allows a visual assessment on the map overall spatial pattern for
accuracy indicators direction-finding network. The results of the calculation of working areas direction-finding network
shortwave when placing it on the territory of Ukraine in the case of the smallest real errors direction-finding, and a mutual sepa-
ration distance finders maximum permissible selected. The calculation results reflect the limiting possibilities for the accuracy of
determining the coordinates of radio emission sources for such a direction finding network with a minimum number of direction
finders (3 or 4). The given method of calculating working zones allows for the implementation of the best accuracy indicators to
choose a specific option for placing direction finders on the territory of the country, taking into account the influence of all fac-
tors (approach of positions, availability of access roads, conditions for accommodating service personnel, etc.). As an example,
the work considers 3 options for the location of direction finders with the maximum separation on the territory of Ukraine. The
developed technique can also be used for other passive radar systems with direction finding coordinates, when it is necessary to
take into account the spherical form of the Earth. Such a system can include two or more aerial reconnaissance aircraft with di-
rection finders on board, as well as one aircraft or unmanned vehicle that determines coordinates by the method of multiple direc-
tion finding on the flight route.

Keywords: direction finding network; boundary possible accuracy; coordinates of radio emission sources; placement of
direction finders; radio emission control.
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ANALYSIS OF SENSITIVITY OF TARGET TRACKING SYSTEMS TO EXTERNAL

INTERFERENCE IN MULTICHANNEL RADARS WITH FIXED PARAMETERS

Abstract. The multichannel and fixed parameters radars for tracking targets with the phased array antennas are widely
used in modern military surveillance systems. The modular integration of a phased antenna array with digital processors
allows to realize the command and control functions of antenna patterns for tracking multiple targets in the time resolution
modes. Tracking of the air targets in range, radial speed and angular coordinates of evaluations and azimuth is provided by
means of the multichannel radars without adaptation modes to the characteristics of external influences. Thus, adjusting the
algorithms of tracking systems to the maximum maneuverability of the air targets can lead to a significant reduction in the
accuracy of surveillance in comparison with the potentially achievable accuracy for such radars of tracking the linear flight
targets in the long duration of time. In the case of adjusting the algorithms of tracking systems to either low intensity of
flying targets, or lack of the aircraft maneuvering, it is possible to significantly increase the error of the aircraft flying
information, and as a result to have a disruption of tracking the air targets. The increase in the parameters of the tracking
error in relation to the influence of external interference were obtained as a result of the study. As a result of research, it is
possible to assess the feasibility of adapting to certain characteristics of external influences, and provide recommendations
for selecting and fixing the parameters of algorithms of tracking systems to ensure their versatility to surveillance targets

with both high maneuverability, and implementing the stealth technology.

Keywords: automatic tracking system; extrapolation error variance; range; radar with fixed parameters.

Introduction

The problem of achieving sustainable tracking of
maneuverable targets is a tackle in complex and
expensive adaptive radar systems for tracking the air
targets. Analysis of possible errors in tracking accuracy
under the influence of external interference in radars
with fixed parameters is presented in the article. In
practice, it often happens that the regulation of the
parameters of the tracking system does not meet the
requirement of stable tracking of targets when exposed
to external interference, which is considered in the
article.

This publication analyzes possible losses in

tracking accuracy in systems with fixed parameters, if
the settings of the algorithms of tracking systems do not
match the characteristics of external interference.
The influence of parameters of the target movement
stochastic models with both exponentially correlated
values of targets acceleration, and observations on
potential accuracy of radio tracking system by range is
investigated. and also in case of fixing of parameters
dependences of relative increase of tracking error are
received.

It is known that the synthesis of the tracking
systems is based on the model of both target movement
characteristics, and the measurements of corresponding
flight coordinates.

Therefore, it is quite natural that the closer these
models are to real practical conditions, the higher the
accuracy of the tracking systems.

However, the characteristics of external influences
change in the real condition, and therefore it is
necessary to find out, the change in characteristics
affects the potential accuracy of the optimal system. If
the system parameters of radars do not meet the

characteristics of the external influences, the radars will
determine the decrease in the accuracy of tracking the
air targets.

The obtained results make it possible to evaluate
the feasibility of designing the tracking systems that are
adaptable to certain characteristics of external
influences.

If adaptation is impractical, it allows you to select
fixed values of the parameters of the radar at which the
system best meets its purpose.

Thus, the analysis of the sensitivity of the targets
tracking systems under the influence of external
interference in the multichannel radars with fixed
parameters is presented in the article.

Research and publications analysis. The
potential effectiveness of the airspace surveillance
depends on the accuracy of tracking air targets by
means of radars. The main parameters of the radar
include sensitivity of the receiver devices, the signal-to-
noise ratio and the discriminator characteristics [1-3].

Adjusting the parameters of the tracking algorithm
to the worst conditions, for example, the signal-to-noise
ratio is minimal, maneuverability is maximum, leads to
a relative deterioration in the accuracy of tracking the
air targets to compare with the optimal setting of the
characteristics to the best conditions of surveillance, for
example, when the signal-to-noise ratio is very high and
the targets fly at the strait path without maneuvering.

The choice of parameters of the air targets tracking
algorithm for the radars with fixed parameters design
for the best conditions.

If the influence of external interference increases,
it will lead to a deterioration in the accuracy of tracking
targets by a radar with fixed parameters.

Thus, the correct choice of characteristics of the
target's maneuverable flight model and the tracking
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model matched with it, is essential for choosing the
parameters of the radar operation algorithm [3-6].

The purpose of the article is to analyze the
sensitivity of the receiving module of the tracking system
to the choice of the parameters of the model of the
target’s maneuverable flight of the to the surveillance
modes of the multichannel radars with fixed parameters
under the influence of the external interference. The
estimation of possible decrease in sensitivity in case of
mismatch of the radar parameters with the characteristics
of external interference is carried out.

Research results

Let us consider a model in which the
maneuverable flight of aircraft is described by a
stochastic mathematical model with exponentially
correlated components of the target acceleration vectors.
The target acceleration vectors are used to describe the
motion of a maneuvering target along the tracked
coordinates [1].

X(tn +Ty) = (Tp)X(ty) + BE(t,) 1)

where X(t,) =(X(ty ), X(tn ), X(ty ))T — the state vector,

the components of which are the coordinate of the
target, its first and second derivatives;

10, T2/2
o)={0 1 O |- 2)
0 o p

the transition state matrix;
B=(0 0 1)'- €)
the excitation matrix;
T, —the observation time interval;

&(t,) — discrete sequence of white excitation noise
with variance, which is described by the expression:

Ve (o) =of 1-p%) @
p=e /T - (5)

parameters describing the correlation of the components
of the target acceleration vector in the observation
interval;

T, — the time constant of the correlation of the

components of the targets acceleration vector;

o; - the standard deviation of the values of the
components of the targets acceleration vector.

As shown in [1], with the small interval of
observations (T, < 1s) the matrix element @3 of the

matrix @(T,) can be taken equal to zero:

10, O
O(Tn)z 01 On : (6)
0 0 p

In the synthesis of linear systems, the model of
observations is represented by the following equation

y(tn)=HX(t,)+ f (t,) (7

where H =(100) — matrix of observations; f(t,) -
discrete white sequence of observation noise with zero
mean and variance vi (t,) -

In these models, the parameters to be fixed are: €
.03 ,T; , v; . There are two parameters determined by

the maneuverability of the monitored targets, and the
latter is determined by the value of the signal-to-noise
ratio and the characteristics of the discriminator.

In addition, when the target’s observation is
organized within the criterion of the sufficient
accuracy [8], the variable parameter may be the interval
of observations T,, . As you known [2], the automated

tracking system should be optimized by the criterion of
the standard error minimum. The automated tracking
system may be described by the recurrent relations:

X(tn) = iy (th) + K(ty)[y(ty) - Hiy (tn)1; ©)
i)’/ (th +Tp) = D(T)X(ty) ©)
where K(t,) — the matrix of gain factors which is
caused by expressions:
K(t) =Ve(t)H[ By t)HT +v, )] (10)
V(th) =Ve (tn ) Ve t,)H T x
x| HVa(tn)H " vy () | HVe (),

Ve(ty +Ty) = (T V (t,)@" (T,) + Bve (T,)BT, (12)
in which V (t,), Ve(t, +T,) — matrices of the central

moments of errors estimation and extrapolation
accordingly. Let the proposed flight models of targets
and models of the tracking radars are reflected the real
conditions of the air observation. Then the variance of

2 is equal to the element Vypp of

1)

the tracking error og
the matrix Vg (t,) .

With  constant  characteristics of external
influences, calculations of the variance of the tracking
error in the steady modes can be performed by multiple
solutions of recurrent equations (11), (12).

The results of the solution for the range of the
automated tracking system are shown in Fig. 1. As can be
seen from the obtained graphs, the variance of the
extrapolation error of the range depends significantly on
the variance of the observation noise, weaker than the
variance of the values of the acceleration of the target,
and slightly depends from the constant maneuvering T, .

Therefore, to ensure stable and stable tracking of the
maneuvering target, it is necessary to ensure the
maximum value of the signal-to-noise ratio and the
sensitivity of the receiving path and the discriminator [7-
12]. In the case when for the synthesis of the surveillance
system the parameters of models (1), (7) are fixed and

equal respectively to o3 ,T;",v}, its accuracy may be

below the potentially achievable: c% 2 Vyqq
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Fig. 1. Dependence of the variance:
a — of the distance extrapolation error on the variance of the observation noise;
b — of the error on the variance of the values of the acceleration of the target;
¢ — of the distance extrapolation error on the time correlation constant of the target acceleration values
It can be calculated in the general case only by 2 2
N . A?,%= (o2 -V, )/v 100% , 12
statistical tests. For the steady mode there is an e e Yell][Tell (12)

analytical solution, which is found by the spectral
method [2, 3].

The expressions obtained with the help of this
technique for variances of dynamic and fluctuation
tracking errors are rather cumbersome and therefore are
not given here.

In Fig. 2 graphs of the relative deterioration of the
target tracking error of the radar with fixed parameters,
which are relative to the optimal, are given:

In the Fig. 2 the solid lines are corresponding to
the parameters recorded for the maximum, the dashed
lines are corresponding to the parameters, recorded for
the minimum, of the relative deterioration of the
variance functions.

The choice of target tracking parameters in the
middle of the range of the proposed parameters allows
to achieve stable target tracking by radars in the
conditions of interference.

Ac 2 %A Ac2 %A A2 % A
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Fig. 2. Relative deterioration:
a — of the variance of the extrapolation error of the distance from the variance of the observation noise;
b — of variance extrapolation error of range from the variance of values of targets acceleration;
c — of variance of extrapolation error of distance from the time of the values of the targets acceleration
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Also, fixing the value of the variance of the noise
of the target tracking v , and the variance of the values

of the maneuvering acceleration of the targets Giz in the

area of the average values: up to 7% — according to the
parameter T, allows to achieve stable target tracking.

Thus, stable tracking of maneuvering targets is achieved
either by selecting the parameters defined in the article
in the middle of the dispersion area or by using adaptive
target tracking radars [4, 6].

Conclusions

1. As follows from the analysis of the results, the
choice of parameters of the target tracking radars based
on the criterion of achieving a minimum error in the
most difficult conditions, leads to losses of achievable
accuracy in unfavorable tracking conditions (Fig. 2):

up to 2.5 times are according to the parameter of
the dispersion of the tracking noise;

up to 60% are according by parameter the
2

M

dispersion value of acceleration rate c

2. The parameters variance in the most friendly
conditions of surveillance (vi and 2* — minimum,

T — maximum), lead to the fact that in unfriendly

M
condition of surveillance, the error may be worse than
the potentially achievable (Fig. 2) up to 80% — by the

parameter v¢ ; up to 120% - by parameter cjzn; up to

25% — according to the parameter T, , which can

increase the probability of failure of the maneuvering
target by radars with fixed parameters in conditions of
external interference.

3. Based on practical experience, it is shown, that
the sensitivity of the targets range tracking module of
the radar weakly depends on the targets acceleration
parameter T; . Therefore, the regulation in the area of

characteristics of the receiving system proposed in the
article, which increasing the sensitivity and the signal-
to-noise ratio of receiving module, allows to develop
effective radars with fixed parameters for stable targets
tracking in external interference.
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AHani3 YyTIMBOCTi cHCTeM CYyNPOBO/KeHHS Lijeii 3 (pikcoBanumMu napamerpamu 6ararokanajibnoi PJIC
J10 XapaKTePUCTUK 30BHIlIHIX BIUIMBIB

A. O. Kopanbuyk, M. M. Oneuyk, B. JI. Kapnos, O. B. Kapnenko, O. B. becosa, O. B. Jlykamryk

AHoTanisi. Y cydacHuX paJiOTeXHIYHHX CHCTEMax BifiChKOBOI'O IPU3HAUCHHS ILIMPOKO 3aCTOCOBYIOThCS OaraToKaHalbHi
pamionokamiiHi crannii (PJIC) cynmpoBomxkenHs Iminei 3 ¢asoBaHoro aHTeHHOIO pemritkolo (DAP). Buxopucranus ®AP y
koMOiHaii 3 nu(POBOI 0OYMCITIOBAIBHOK TEXHIKOIO JI03BOJISIE KepyBaTH aiarpamoro crpsmosanocti PJIC i cynpoBomkyBaTu
JeKibKa Iined B pexxuMi posnoainy uacy. CynpoBODKEHHS NOBITpSHMX Liield B OararokaHanbHiH PJIC 3abe3neuyerbcst
IiICKCTeMaMH 3a JANBHICTIO, PadiaIbHO0 MIBHIKICTIO Ta KyTOBHMH KOOpJAMHATaMH, B OUTBIIOCTI BUMAJKIB 0e3 ajamrarii 10
XapaKTepUCTHK 30BHIMIHIX BIUIMBIB. Tak, HalalITyBaHHS aJTOPUTMIB CIIJKYIOUMX CHCTEM Ha MaKCHMallbHi MaHEBpEeHi
MOXKJTHBOCTI TIOBITPSIHUX IJIEH MOXYTh MPU3BOJHUTH JIO0 CYTTEBOrO 3HW)KCHHSI TOYHOCTI CYMPOBOXKEHHS BiJIHOCHO TOTCHIIIHHO
JOCSDKHOTO HAa JUISHII BiZCYTHOCTI MaHEBPYBaHHs, ska OyBa€ IOCHTb TPUBAIOK. Y pa3i HaJaIUTyBaHHS aJTOPUTMIB
CITI/IKYFOUMX CHCTEM Ha HU3bKY IHTEHCHBHICTbh, 00 BiJICYTHICTh MaHEBPYBAaHHS, MOXKJIMBE HA/ITO CYTTEBE 3pOCTAHHS MOMUJIKH Ha
JUISTHIN 3/ifICHEHHSI MaHEBpY 3 MaKCHMAaJbHHMH MOXIJIHBOCTSMH JITAIBHOrO amapary. JlaHe MUTaHHS JOCHTh €(EKTHBHO
BUDILIYETBCS B QJANTHBHUX CHIAKYIOYMX CHCTeMax. Y naHii myOunikaiii mpoBefeHO aHaii3 MOXJIMBHX BTpaT B TOYHOCTI
CIIZIKYBaHHA B cHCTeMax 3 (DIKCOBaHUMHU MapaMerpaMy, y pa3i KOJIHM HaNAIITyBaHHS MapaMeTpiB aJrOPUTMIB CIiJKYIOUHX
CHCTEM HE CIIBMAJAalOTh 3 XapaKTePUCTHKAMU 30BHILIHIX BIUIMBIB BiJHOCHO NOTEHLIHHO MOXIMBHX. JIOCIiIPKEHO BILIMB
rapaMeTpiB CTOXAaCTUYHOI MOJETi pyXy Lidi 3 €KCIOHCHLIWHO KOpeIbOBaHMMH 3HAUCHHSIMHU MPUCKOPEHHS Wi Ta MOAENi
CIIOCTEPEIKEHB Ha MOTCHIIIFHY TOYHICTh PaJiOTEXHIYHOI CIIiIKYI0UOi CHCTEMH 3a JaJIbHICTIO, a TAKOX Yy pa3i dikcanii mapameTpiB
OTpPUMaHi 3aJIeHOCTI BiJHOCHOTO 30UIBIICHHS. TTOMMIIKH CYNPOBODKEHHS. Y pe3ynbTaTi MPOBENCHUX JOCIiKEHb, 3 IBIISEThCS
MOXKJIMBICTh OLIHKH JIOIIJIBHOCTI aJanTalii J0 MeBHUX XapaKTepPUCTHK 30BHIIIHIX BIUIMBIB, Ta HaJaHHS PEKOMEHMALIN II0I0
BHOOPY 1 (ikcauil mapaMeTpiB ajiropuTMIB CIIJKYIOUMX CHCTEM /Ui 3a0e3redeHHs1 iX YHIBepCaJbHOCTI 3aCTOCYBAaHHS [0
CYIPOBOMKEHHS IIIJICH 3 MOCTIMHO 3pOCTAal0UUMU MAHEBPEHUMH MOMJIUBOCTSIMU Ta MAJIOIO IIOMITHICTIO.

Kaw4oBi ciioBa: cucremMa aBTOMaTHYHOrO CYIPOBODKEHHS; JUCIIEPCisi MOXUOKU eKCTPAIOJISILIT; AabHICTh; (ikCcoBaH1
apamMeTpH.

AHaJIN3 YYBCTBUTEJIbHOCTH CUCTEM CONPOBOsKIEHHeE LeJiell ¢ PUKCMPOBAHHBIMM NapaMeTPpaMu MHOToKaHaabHbIH PJIC
K XapaKTepuCTHKaM BHEIHUX BO3/1eiiCTBHIA

A. A. Koanbuyk, H. H. Onemyk, B. /1. Kapinos, O. B. Kapnenxo, O. B. becoga, E. B. Jlykamyk

AHHoOTanmusi. B COBpeMEHHBIX pPAJMOTEXHHUECKMX CHCTEMAaX BOCHHOI'O HA3HA4YEHUS IIMPOKO IPUMEHSIOTCS
MHOroKaHaibHble paauonokannonusie craniuu (PJIC) compoBokaeHus neneil ¢ (asupoBaHHON aHTeHHOU pererkoi (DAP).
Ucnonb3oBanne @OAP B coueranuu ¢ UUQPOBOA BBIYUCIUTEIBHOW TEXHHKOW MO3BOJNSET YIPABIATH JAWArPAMMOit
HanpasieHHocTd PJIC 1 conpoBOXXAaTh HECKOIBKO LIEIel B pekuMe paszeneHus BpeMeHH. ConpoBOXKICHUE BO3AYIIHBIX IeTei
B MHorokanansHoil PJIC obecnieurBaeTcsi MOACKCTEMAMH IO JajdbHOCTH, PaJHaibHON CKOPOCTH M YIJIOBBIM KOOpAMHATAaM, B
OOJBIIMHCTBE CllydaeB Oe3 ajanTalid K XapaKTepUCTHKAM BHEIIHHUX BO3JeWcTBHil. Tak, HACTPOMKU aarOpUTMOB CIEISILIMX
CHCTEeM Ha MAaKCHMaJIbHble MAaHEBPEHHbIE BO3MOXXHOCTH BO3/YIIHBIX LEJICH MOTYT NPHUBOAUTH K CYLIECTBEHHOMY CHU)KEHHIO
TOYHOCTH COIPOBOXIECHHSI OTHOCHTEIBHO MOTEHIMAJIBHO JIOCTIDKMMOIO Ha y4acTKe OTCYTCTBMM MaHEBPHPOBAHUS, KOTOpas
OBbIBAaeT JIOCTATOYHO JUIMTENBHOW. B cilyyae HACTPOWKM aJrOpUTMOB CIIEJUIIIMX CHUCTEM HAa HHM3KYI0 HWHTEHCHBHOCTb, WIIH
OTCYTCTBHE MaHEBPHUPOBAaHHS, BO3MOXKHO CIIMIIKOM CYIIECTBEHHBIH POCT OIIMOKM Ha Y4YacTKE OCYIIECTBICHHS MaHEeBpa C
MaKCHMaJIbHBIMH BO3MOXKHOCTSIMHU JICTATENIBHOTO ammnapata. JlaHHbIil BOIpoc 10cTaTouHO 3 (HEKTHBHO pentaeTcs B aJanTHBHBIX
CHeIIIMX CHCTeMaX. B jaHHOM myOiMKaluy NMpOBENEH aHalu3 BO3MOXKHBIX IOTEPh B TOYHOCTH CIICKEHHS B CHCTEMax C
(UKCHPOBaHHBIMU NapaMeTpaMH, B CIIydyae €CIIM HACTPOMKH MapaMeTpPOB aJIrOPUTMOB CIEJLIMX CHCTEM HE COBIAJAIOT C
XapaKTePUCTUKAMH BHEIIHUX BO3ACHCTBUH OTHOCHTENIBHO BOSMOXKHBIX. llccienoBaHO BIMSHHE MapaMeTPOB CTOXACTHYECKOH
MOJZIENIM JBMJKEHHS LIEJHM C SKCIOHEHLHAIBHO KOPPEJIHUPOBAHHBIMU 3HAUCHUSAMH YCKOPEHHs LEJIM M MOJENH HaOMIoIeHUI
MOTEHLHAIBHYI0 TOYHOCTh PaJJMOTEXHHYECKON Ciesliell CUCTEMBI 10 JaIbHOCTH, a TakkKe B ciiyyae (UKCALMU TapaMeTpoB,
TOJTy4eHHbIE 3aBUCHMOCTH OTHOCUTEJILHOTO YBEJIMYEHHS OIIMOKH COMPOBOXKIICHHS. B pesysbrare MpoBeCHHBIX UCCIEI0BAHUM,
TOSIBJISICTCSL BOSMOXKHOCTD OLICHKH 1e1eCO00Pa3HOCTH aJaNnTalli K OIpE/IeICHHBIM XapaKTepPUCTHK BHEIIHUX BO3JICHCTBHH, U
PEKOMEH/IAlIMK 10 BBIOOPY M (DMKCAIMH TTapaMEeTPOB AITOPUTMOB CIEASIIMX CHCTEM Ul 00ECHEeYEHHS MX YHHBEPCAIbHOCTH
MPUMEHEHHS K CONPOBOXKICHHIO LieJIeH ¢ MOCTOSHHO PACTYIMMH MaHEBPEHHBIMH BO3MOKHOCTSIMH M MaJIOi 3aMETHOCTBIO.

KiawueBble cJioBa: cHCTeMa aBTOMAaTHYECKOTO COMNPOBOXKACHMS, JUCIEPCHS IOTPEIIHOCTH SKCTPANOIISINY;
JIBbHOCTh; (PUKCHPOBAHHBIEC [TAPAMETPBI.
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RESEARCH OF THE SOFTWARE
SECURITY MODEL AND REQUIREMENTS

Abstract. The subject of research in the article is a software security model. The aim of the work is to research the
quality characteristics of the software and requirements for the software security in order to improve their safety. The
article solves the following tasks: researching the shortcomings of the existing security model in order to identify its
main shortcomings; study of the quality characteristics of software that affect its security in order to identify the
possibility of improving the quality of software. The following results were obtained: on the basis of the analysis of the
existing model of software security, the main features of the attributes of this model were identified, their advantages
and disadvantages were given. On the basis of the conducted analytical study, the necessity of improving the existing
model of ensuring the security of software has been proved. Existing requirements for software and characteristics that
affect its quality are considered. The characteristics of software security are highlighted, the indicators of which should
be improved. Conclusions: a software security model has been studied. The need to develop this model is shown by
introducing the possibility of adapting the existing requirements for the security of software tools throughout the entire
life cycle of software development; the study of the quality characteristics of software showed that to ensure its security,
it is necessary to improve the following characteristics: integrity, authentication, confidentiality, access control.
However, it was shown that an increase in these characteristics can lead to a deterioration in other indicators of software
quality: portability, maintainability, performance.

Keywords: software security; software lifecycle; cybercrime.

Introduction

In today’s world of ubiquitous computerization,
the creation of secure computer systems is getting an
increasing role. This is due to the fact that with the
development of information technology, the qualitative
and quantitative characteristics of malicious influences
associated with information technology and computer
systems, in particular, cyberattacks, are increasing.
Losses from cybercrime reach 100 billion dollars a year
worldwide, and millions of dollars a year in Ukraine.
Thus, cybercrime was among the five most widespread
economic crimes in the world, and in Ukraine, in
particular [1, 2]. Comparison of losses from cybercrime
on the same resource for previous years [2, 3] showed a
tendency for its increase.

Analysis of recent research and publications.
An integral part of existing computer systems is
software. Studies [4-9] have shown that in terms of
security, software is one of the most vulnerable
components of computer systems. This is due to a
number of factors of an objective and subjective nature
(high cost of losses and, as a consequence, increased
interest of attackers, shortcomings of modern tools and
software development  platforms, insufficient
competence of user personnel, etc.).

However, in accordance with international and
Ukrainian legislation, the requirements for the security
of software are among the highest priority in the system
of their qualitative assessment. For example, according
to the Law of Ukraine "About Copyright" [10], software
is intellectual property and requires protection from
piracy, plagiarism, counterfeiting of various kinds,
illegal distribution and other illegal actions and
interventions.

The aim of the article. Thus, the problem of
increasing the security of software becomes urgent. The
purpose of the work is:

— study of the software security model in order to
identify the main shortcomings of the model, as well as
identify ways to eliminate them;

— study of the quality characteristics of software
that affect its security in order to identify opportunities
to improve the quality of software.

Materials and methods

A generalized model of
assurance is shown in Fig. 1.

The main components of this model include:

— regulatory documents (e.g. 1SO standards)
regulating the process of ensuring safety. These safety
requirements are strict and mandatory. This, in turn,
imposes restrictions related to the relevance of these
documents. So, many regulatory documents, in
particular the Law "On Copyright", have the latest
amendments dated 2016.

— Thus, these documents lose their relevance and
require correction.

- the software itself;

— methods and means of ensuring safety;

— threats to security services - a potential event,
action, process or phenomenon that can harm the
software product and the company that produces the
software product. They affect the software lifecycle;

- software life cycle - a set of requirements,
software development and testing methodologies that
define the processes, activities and tasks that are used in

software security

the delivery, development, testing, application,
maintenance and termination of the use of software
products.

As it shown at Fig. 1, one of the important attributes
of the presented model is safety requirements. They are
regulated by standards and development lifecycle. The
development of technologies, development
methodologies requires adjustment (adaptation) of the
existing requirements for the security of software tools
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throughout the life cycle of software development.
Unfortunately, the developers of standards and
specifications do not pay enough attention to this issue at
the moment.

This is largely due to the lack of access to the
confidential information required for this by private
companies (the number of companies that release
software products is too large for all their
recommendations to be taken into account; a number
of requirements of some companies may contradict the
requirements of other companies, which may be due to
the difference financial support and target audience;
etc.), and possible dynamic changes in the software
life cycle.

In Fig. 2 describes the life cycle of the software
product. It should be noted that the main results of the
software requirements analysis process are:

— determination of requirements for software
elements of the system and their interfaces;

— analysis of requirements for software for
correctness and testability;

— analysis of the impact of software requirements
on the operating environment;

— identifying compatibility and traceability
between  software  requirements and  system
requirements;

— determination of priorities for the implementation
of requirements for software;

— assessing changes in software requirements in
terms of cost, work schedules and technical impacts.

Fig. 2 shows that the results of the analysis of
software requirements significantly affect decision
making, design architecture, software development and
testing. At the same time, the requirements at each stage
are adapted taking into account the identification of the
specifics of the software, development methodologies,
development tools (e.g., frameworks, design patterns,
development environment) and other factors.

adaptation of safety requirements

Security service threats [--------=---=-=---=----------o----n

methods and means of tl

reats to security services

= = = = = - - - - - -—-—--a

software

= senamannsnananssnananannnnanannnnn

normative documents »
(e.g. IS0 standards) SECUTIlY requirements -

Security assurance
SVStem

Y

SECUTItY requirements software lifecycle

methods and means of|
ensuring security

Fig. 1. Generalized software security model

software architecture
design process

software requirements
analysis process

requirements adoption

software installation
process

software maintenance
process

software detailed design)

software qualification
testing process

toftware engineerin,
process

(implementation
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component

packaged software part
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Fig. 2. Schematic description of the software lifecycle
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It should also be noted that it is in the testing and
maintenance processes of software that requirements
adaptation should take place. Analysis of the standards
ISO 29148 [11], 1SO 9126 [12], ISO/IEC 25010 ([13],
Fig. 3) and others [14-16] made it possible to classify
the requirements for a software product. Schematically,
these requirements can be presented in the form of
Fig. 4. So, there are 3 main groups of requirements:

— system requirements determine the external
conditions for the implementation of system functions
and restrictions on the creation of a product, as well as
requirements for the description of software and
hardware subsystems. System requirements impose
restrictions on the architecture of the system, the means
of its visual presentation and functioning;

- functional requirements are a list of functions
or services that the system must provide, as well as
restrictions on data and behavior of the system during
its execution;

- non-functional requirements determine the
conditions for performing functions (for example,
protecting information in a database, authenticating
access to software, etc.) in an environment that are not

directly related to functions, but reflect the needs of
users to perform them. These requirements characterize
the principles of interaction with environments or other
systems, and also determine the indicators of uptime,
data protection and quality achievement, taking into
account the recommendations of the standard used.

At the same time, the studies carried out have
shown that the practical implementation of the assigned
tasks of increasing security can lead to a deterioration in
other indicators of software quality, for example, such as:

— portability. The introduction of additional
means of protection may entail the use of architecture-
specific structures, the analogues of which may not be
found for the rest;

— productivity. Protection mechanisms of a
software product, such as obfuscation and encryption,
affect performance and require additional processor
resources to perform operations;

— maintainability. For example, turning off the
debug information necessary to increase software
confidentiality leads to a deterioration in analyzability, in
particular, when the stack is received, a call in case of
errors occurs.

—® potential opportunities

coexistence

| nature of time change

interoperability || nature of resource —® functional suitability
change ;
adaptability -
| functional correctness /
accurac
installability - v
portability compatibility Ferformance - functional
interchangeability [ completeness
—»  interoperability
Software
ualit
quatity | completeness
analyzability M
! willingness
variability o’ ]
A . ! fault tolerance
security ¢ czr;:]esl:ance Reliability
sustainability b ]
— recoverability
testability R
—»  confidentiality —» studyability
modularity o
— integrity — intelligibility
reusable ]
authenticity — ease of use
—» traceability controllability
—» error-proof

Fig. 3. ISO / IEC 25010 software quality classification
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Fig. 4. Software components classification

The 1SO 9126 defines the following security
metrics covering the characteristics under study:

— ability to track access: X = A/ B, where, A is
the number of “user accesses to the system and data”
registered in the access history database, B is the
number of “user accesses to the system and data”
performed during the assessment process;

— access control: X = A/ B, where, A is the
number of detected prohibited operations of various
types, B is the number of prohibited operations of
various types specified in the specification;

— prevention of data corruption: X =1 - A/ N,
where, A is the number of occurrences of the main cases
of data corruption, N is the number of test data that tried
to cause data corruption;

Also, the standard defines the metrics of software
quality characteristics that have a negative impact on
security metrics:

— analyzability characteristic: a metric of
analyzability (Can the user accurately identify the action
that led to the failure? Can the maintainer easily
pinpoint the action that led to the failure?): X = A/ B,
where, A - Number data actually recorded during
operation, B - The amount of data that was planned to

be recorded and sufficient to observe the state of the
software during operation;

— performance characteristic: performance metric
(How many tasks can be successfully completed in a
given period of time?): X = A/ T, where A is the
number of completed tasks, T is the observation time.

— mutability characteristic.: metric of the
complexity of the modification (Can the maintainer
easily change the software to solve the problem?): T =
Sum (A /B) /' N, A - Work time spent on the change, B
- The amount of software change, N - Number of
changes;

— consistency and maintainability characteristic:
a metric of the degree of consistency in maintainability
(How well maintainability of products complies with
applicable regulations, standards and conventions?): X
=1- A/ B, where, A —number of points of consistency
in maintainability that were not met during testing, B -
total number of specified maintainability consistency
points. Based on the research carried out, a matrix of the
influence of models and methods that increase software
security on the metrics of other characteristics of
software quality has been formed. These matrices are
presented in Table 1.

Table 1 — Influence of basic characteristics of software quality on characteristics of its security

Ability to track access Controlled access Data corruption prevention
Analyze ability + — —
Modification difficulty + +/- +
Consistency and maintainability + +/- —
Performance + + +

90



ISSN 2522-9052

CyuacHi indopmariitai cucremu. 2021, T. 5, No 1

For example:

— to increase the value of the metric of the ability
to track access, mechanisms such as obfuscation,
encryption, access control lists (ACL), etc. are used.
These mechanisms introduce additional non-functional
(redundant) actions, which leads to a decrease in
performance, the ability to analyze, and increases the
complexity of the modification and decreases the
maintainability;

— to increase the value of the access control
metric, authorization mechanisms, digital signatures,
access control lists (ACL) are used. Additional checks
lead to performance degradation. If it is possible to
grant access rights to authorized representatives of the
company, these mechanisms do not affect other studied
metrics;

— to increase the value of the metric for
preventing data corruption, digital signature and
checksum methods are used, which increases the
complexity of the modification, and also affects
performance due to the redundancy of the code. Thus,
the need to solve the problem of increasing software
security  while  simultaneously = meeting  the

requirements for the main indicators of its quality is
actualized.

Conclusions and prospects
for further development

1. A software security model has been
investigated. The necessarily to develop this model is
shown by introducing the possibility of adapting
existing requirements for the security of software tools
throughout the entire life cycle of software
development.

2. Research of the quality characteristics of
software showed that to ensure its security, it is
necessary to improve the following characteristics:
integrity, authentication, confidentiality, access control.
However, it was shown that an increase in these
characteristics can lead to a deterioration in other
indicators  of  software  quality: portability,
maintainability, performance.

The findings showed the feasibility of developing
research in the direction of improving software quality
indicators while minimizing their influence on each
other.
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JocaigxeHHs1 MoaesIi Ta BUMOT
110 6e31eKH MPOrpaMHoro 3ade3neyeHHst

C.T. Cemenos, B. B. lasunos, /1. C. I'pebentok

AnoTtanis. [IpenMeTom 0CiiDKEHHS B CTATTi € MOJIeN b 3a0e3nedeHHs Oe3lekn IporpaMHoro 3adesneueHHs. MeToro
po6OTH € OCIiPKEHHS XapaKTEPUCTUK SKOCTI MPOrpaMHOro 3a0e3neyeHHs 1 BUMOT 10 O€3MeKH MPOorpaMHHX 3aco0iB 3 METOIO
MiABUIIEHHS iX Oe3nmeku. Y CTarTi BHPINIYIOTHCSA HACTYMHI 3aBJAHHS: JOCTIDKEHHS HEMOJNIKIB iCHYIHOYOI Mopedi
3a0e3nedyeHHs Oe3MeKH 3 METOH BHSBICHHS OCHOBHHX ii HEHOMIKIB; JMOCHTIUKCHHS XapaKTEPUCTHK SKOCTI MPOrpamMHOr0
3a0e3MeyeHHs, 0 BIUIMBAIOTh HA ii 3aXHIICHICTh 3 METOK BHSBJICHHS MOMIHBOCTI MiJBUIIEHHS SKICTh MPOrPAMHOIO
3abe3neueHHs. OTprMaHi HACTYIIHI Pe3yJbTATH: HA OCHOBI IPOBEACHOIO aHANI3y iCHYIOUYOI MoJeii 3a0e3neueH s Oe3neKu
MpOrpaMHOro 3abe3rneyeHHs OyIi BUSBICHI OCHOBHI OCOOJIMBOCTI aTpHOYTH AaHOI MOZAEINI, HABEICHO 1X IepeBary i HelOMiKH.
Ha ocHOBI NpOBENEHOr0 aHANITHYHOIO JOCIHI/UKEHHS JOBEICHO HEOOXiJHICTh BJOCKOHAJIEHHSA ICHYIO4WOI Mozeni
3a0e3meueHHsT Oe3lekd NporpaMHHUX 3aco0iB. Po3risHyro icHyroui BUMOTM 10 MpPOrpaMHOro 3a0e3ledyeHHs Ta
XapaKTEPUCTUKH, 110 BIUIMBAIOTh Ha HOro SAKiCTh. BHIiIEHO XapaKTepUCTHKH 3aXHIICHOCTI MPOrpaMHOro 3a0e3NedeHH,
MOKa3HUKM SKUX IOBMHHI OyTH mnominmeHi. BucHOBKHM: [ociijpkeHa Monenb 3a0e3rnedeHHs Oe3MeKH HporpaMHOro
3abe3neueHHs. [TokazaHa HEOOXiMHICTH PO3BUTKY JaHOI MOJEJi HUISXOM BBEJCHHS MOXJIMBOCTI aganTaiii iCHyFOUnX BUMOT
10 Ge3NeKH MPOrpaMHUX 3aco0iB MPOTATOM YChOT'O XXKHUTTEBOTO LUKIY PO3POOKH NPOrpaMHOro 3a0e3NeueHHs; JOCHiPKeHHS
XapaKTEPUCTUK AKOCTI MPOrpaMHOro 3a0e3neueHHs MoKa3ao, o i 3a0e3neueHHs i1 3aXUILeHOCTI HeOOXiAHO MiBUILUTH
HACTYIHI XapaKTepUCTUK: LiNiCHICTh, ayreHTUdiKauisi, KoH}igeHiitHicTb, ynpaBiiHHs xoctynoM. OfHAK, MOKa3aHo, L0
MiJBUIIEHHS [aHUX IIOKa3HHWKIB MOXXE CIPHYMHUTH 33 COOOI0 MOTIPUICHHS IHIIMX ITOKa3HHKIB SKOCTI HpPOrpamMHOro
3a0e3MeueHHs: IEPEHOCHUMOCTI, COITPOBOXKIAEMOCTb, IPOAYKTUBHICTb.

KawuoBi ciroBa: Ge3neka mporpaMHOro 3a0e3MneyYeHHsT; XKUTTEBUH LUK POrPAMHOrO MPOIYKTY; KiOep3IOUNHHICTD.

HcciienoBanue Mmogesn 1 TpedoBaHMIA
0€30MacCHOCTH MPOrPAMMHOI0 0fecTedeHust

C.T. Ceménos, B. B. laBbii08, /1. C. I'pebeHrok

AnHortauus. Ilpeqverom uccienoBaHus B CTaTbe SBISETCA MOJENb oOecreueHus: Oe30IacHOCTH IMPOrpaMMHOIO
obecneueHust. Llesbio paGoThI sIBIsiETCS UCCIEI0BAaHUE XapAKTEPHUCTHK KadecTBa IMPOrpaMMHOro obecreueHus U TpeOoBaHuit
K 0€30I1aCHOCTH MPOrpaMMHBIX CPEACTB C LIEJIbIO MOBBILICHUS UX 0€30HacHOCTH. B craThe perarorcs cienyomue 3agauu:
HCCIIEI0OBaHUsl HEJOCTATKOB CYLIECTBYIOIIEH Mozenn ofecriedeHust 0E30IaCHOCTH C LEJbI0 BBIABJICHUS OCHOBHBIX €&
HEJOCTaTKOB; MCCIEJOBaHUE XapAaKTEPUCTHK KauecTBa MPOrpaMMHOr0 oOecHedeHHs, BIUAIOIIMX Ha ee 3allUIICHHOCTh C
LIETIbIO BBISBIICHUSI BOSMOXKHOCTH IOBBIIICHUS KAU4ECTBO POrpaMMHOro obdecnedeHus. IlonydeHsl clienylonme pe3yibTaThl:
Ha OCHOBE IPOBEACHHOI0 aHAlW3a CYyLIeCTBYIOIIEH Moaenu obecredeHusi 6e30MacHOCTH POrpaMMHOr0 oOecreyeHus: ObuTH
BBISIBJICHBl OCHOBHbBIE OCOOCHHOCTH aTpUOYTHI JaHHOH MOJENH, NPUBEIEHBI MX JOCTOMHCTBA M HenocraTku. Ha ocHoBe
MPOBE/ICHHOI'0 aHAJIMTUYECKOI'0 HCCIIEJ0BAHMS I0Ka3aHa HEeOOXOAMMOCTh COBEPLICHCTBOBAHMS CYIIECTBYIOLIEH MOJETH
obecriedeHuss 0O€30MACHOCTH NPOrPAMMHBIX  CPEeJCTB. PaccMOTpeHBl cyliecTByolue TpeOOBaHUS K HPOrPaMMHOMY
00ecIeYeHHIO U XapaKTePUCTHKH, BIUSIOIIME HA €ro KauecTBO. BbIaeneHbl XapaKTepUCTHKH 3alUIIEHHOCTH IPOrPaMMHOT 0
obecriedeHus1, MOKa3aTeay KOTOPHIX AOJDKHBI OBITH yIydllleHbl. BBIBOABI: HCCIe0BaHa MOJieNb oOecnedeHns 6e30MacHOCTH
nporpaMMHOro otecneueHus. IlokasaHa HEOOXOIMMOCTh pPa3BUTHS JaHHOW MOJENHM IyTeM BBEJICHHS BO3MOXHOCTH
aJlanTaluy CYLIECTBYIOIINX TpeOOBaHHH K 0€30MaCHOCTH MPOrpaMMHBIX CPEJICTB Ha MPOTSDKEHUH BCETO KM3HEHHOIO LUKIA
pa3paboTKK MPOrpaMMHOI0 00ECIIeUeHHMs; UCCIIeI0BAaHUE XapaKTEPUCTHK KayecTBa MPOrpaMMHOr0O OOECIIeueHus MoKa3aio,
4yro s o0ecreueHHss €€ 3alMIICHHOCTH HEOOXOAMMO TIOBBICHTH CIICAYIOIIME XapaKTePUCTHUK: LEIOCTHOCTD,
ayTeHTH(UKAIMs, KOHQUICHIMAIBHOCTD, YyIpaBieHHe noctynoM. OJHaKo, MOKa3aHO, 4YTO IIOBBIMICHHE JAHHBIX
XapaKTepPUCTUK MOXXET TMOBJIeYb 3a co0Oil yXy/lIeHHe APYrHX IOKasaTelied KadecTBa HPOrpaMMHOr0 00eCIedeHHUs:
MIEPEHOCHMOCTH, CONPOBOXK/AEMOCTh, IPOU3BOANUTEIEHOCTb.

Kao4deBbie cjoBa: 0€30macHOCTb MPOrPaMMHOTO OOCCHCYEHHMS;, JKU3HEHHBIH MK NPOrpaMMHOIO IPOIYKTa;
KHOEPIPECTYITHOCTD.
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RESEARCH OF IMAGES FILTRATION METHODS IN COMPUTER SYSTEMS

Abstract. It is known that human eyes are less sensitive to color, than to their brightness. In the RGB color space, all
three components are considered equally important, and they are usually stored with the same resolution. However, you can
display a color image more efficiently, separating the brightness from color information and presenting it with a higher
resolution than color. RGB space is well suited for computer graphics, because it uses these three components for color
formation. However, RGB space is not very effective when it comes to real images. The fact is that to save the color of an
image, you need to know and store all three components of the RGB, and if one of them is missing, it will greatly distort
the visual image representation. Also, when processing images in RGB space, it is not always convenient to perform any
pixel conversion, because, in this case, it will be necessary to list all three values of the RGB component and write back.
This greatly reduces the performance of various image processing algorithms. For these and other reasons, many video
standards use brightness and two signals that carry information about the red and blue components of the signal, as a color
model other than RGB. The most famous among such spaces is YCbCr.

Keywords: image; component; algorithm; standard; computer systems.

Introduction

Problem statement. The rapid development of
information technologies led to the use of unidirectional
specific images transmission in computer systems.
According to that, in order to improve the quality of
computer systems in public institutions, active
implementation of such systems is taking place [1-3].
The main difficulty in working with video are large
volumes of transmitted information and sensitivity to
delays in the video information transmission. Therefore,
in order to eliminate the maximum redundancy amount
in the formation of the video sequence, 3 types of
frames are used: I, P and B which form a frame group
[4-7]. For a typical low complexity video sequence, the
weight of each P-frame in the stream is approximately
three times smaller than the I-frame weight. However,
taking into account the number of P-frames in the
group, they make the main contribution to the total
video data amount. Therefore, the possibility of
upgrading coding methods for P-frames is considered
on preliminary blocks' type identification with the
subsequent formation of block code structures.

It has been analysed the images filtration
methods in the computer systems and its drawbacks has
found during processing video data.

Research publications. A lot of researchers have
investigated the images filtration methods. A
comparison of international standards for lossless still
image compression was made in [8-11] and in this case
they have thoroughly investigated the compression ratio
of all the well-known compression methods available at
that time. However, the comparison in [12-14] does not
deal with analysis of the latest computer systems
standard. Another issue is that consideration is only
given to still images.

In [15], the compression ratio and execution time
of the compression methods was investigated. In addition,
they investigated the efficiency of compression methods

based only on textual data and still images. Unmoving
images are very different from the dynamic images in a
differential-represented frame scenario.

Another study on the comparison of compression
methods was conducted in [16]. They applied many
compression standards and some compression programs
to different dynamic images. They have compared both
the compression ratio and the execution time of the
compression techniques. They have pointed out that the
compression performance depends on the type of
images and the implication of this is that these results
cannot be directly applied to dynamic images in a
differential-represented frame scenario because of the
different types of obstacles.

To ensure the timely delivery of video information
resources, it is necessary to take into account the high-
speed capabilities of communication channels. To do
this, data compression algorithms are used.

The research aims and objectives. The aim of the
study is to investigate of images filtration methods in
computer systems for reducing time of information
processing taking into account the limitations of data
processing.

Research bases

Previous Images Filtration. Selection of the bright
component. It is known that a color image requires at
least three numbers per pixel to accurately convey its
color. The method chosen to represent the brightness
and color is called the color space [17].

There are three most common color models:

- RGB (used in computer graphics);

- YCDBCr (used in video systems);

- CMYK (used in the color press).

All color spaces can be listed from the RGB space
that can be obtained from the camera or scanner. The
red, green, and blueare the main components of the
colors represent three dimensions of this space, as
shown in Fig. 1.
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Fig. 1. RGB-colored model presented as a cube

RGB space is well suited for computer graphics,
because it uses these three components for color
formation [18]. However, RGB space is not very
effective when it comes to real images. The fact is that
to save the color of an image, you need to know and
store all three components of the RGB, and if one of
them is missing, it will greatly distort the visual image
representation. Also, when processing images in RGB
space, it is not always convenient to perform any pixel
conversion, because, in this case, it will be necessary to
list all three values of the RGB component and write
back. This greatly reduces the performance of various
image processing algorithms. For these and other reasons,
many video standards use brightness and two signals that
carry information about the red and blue components of
the signal, as a color model other than RGB. The most
famous among such spaces is YCbCr [19].

It is known that human eyes are less sensitive to
color, than to their brightness. In the RGB color space,
all three components are considered equally important,
and they are usually stored with the same resolution.
However, you can display a color image more
efficiently, separating the brightness from color
information and presenting it with a higher resolution
than color.

The letter Y in such a color space denotes the
component of brightness, which is calculated, as a
weighted averaging of components R, G and B under
the following formula:

Y =k R+kqG+kyB, (1)

here is k - denotes the corresponding weight factor.
According to the recommendation of the ITU R
BT.601 [20] the following ratios are proposed
kp =0,229: and ky =0,114. The multiplier kg is
derived from the relation kp +kg +kq =1. Using these

values, it is obtained a wide spread formula:

Y =0,299-R+0,587-G +0,144-B. (2)
In order to process images in this work, the bright

component of the YCbCr color space is used.
Accordingly, in order to reach this, by using the formula

2 in the software Mathcad 15. Noises in images no
system provides the perfect image quality for the object
sunder research. Images during the process of forming
their systems (photographic, holographic, and television)
are usually exposed to various occasional interference or
noise. A fundamental problem in the field of image
processing is the effective noise removal, while
preserving the image's parts which are important for
further recognition [21, 22]. The complexity of the
solution to this problem depends much on the noise's
nature. In contrast to the deterministic distortions
described by the functional transformations of the
original image, additive models, pulse and multiplicative
noise are used to describer and influences.

The most common type of interference is the
random additive noise, which is independent from the
signal. The additive noise model is used when the signal
at the system's output or at some transformation stage. It
can be considered as the sum of the useful signal and
some random signal. The additive noise model describes
well the effect of the film graininess. The fluctuation
noise in the radioengineering systems, quantization
noise in analog-to-digital converters, and the like.

Aditive Gaussian noise is characterized by adding
to each pixel images of values with normal distribution
and with zero mean values. Such noise, usually, occurs
during the digital image formation. Basic images
information is contours of objects.

Classic linear filterscan effectively eliminate, but
the degree of small parts blurriness the image may
exceed the permissible values.

Pulsed noise is characterized by the replacement of
pixels' part in the image, with the values of a fixed or
random variable. The automated digital image quality
assessment carried out using the metric of objective
image quality — Peak Signal to Noise Ratio (PSNR):

N
PSNR =10-log 255/ Z(Xi—Yi)z/N . ()
i=1

here are: Xj — pixel of the image with which it is
compared; Yj — pixel of the image being compared;
N —the number of image pixels.

In the image, such interferences look like isolated
contrast points, an example of output and distorted
impulse noise of an image with a density of 5% is
shown in Fig. 2 and 3 respectively. Peak signal to noise
ratio in this case: PSNR =9, 213 . Pulse noise is typical
of devices for inputting images from a television
camera, image transfer systems via radio channels, as
well as for digital imaging and transfer systems.

The use of linear filtration in this case is
ineffective - each of the input pulses gives feedback in
the form of a pulse filter's characteristic, and their
aggregate contributes to the noise spread in the entire
area of the image. To remove impulse noise, a special
class of nonlinear filters based on rank statistics is used.
The common idea of such filters is to detect the position
of the pulse and replace it with the estimated value,
while maintaining other pixels of the image unchanged.

94



ISSN 2522-9052

CyuacHi indopmariitai cucremu. 2021. T. 5, Ne 1

Fig. 3. Image distorted by impulse noise

Median image filtering. A successful solution to
solve an impulse noise is to use median filtration
proposed by John Tuke [23] for the analysis of
economic processes. It should be noticed that median
filtration is a heuristic processing method, its algorithm
is not a mathematical solution to a strictly formulated
problem. Therefore, the researchers pay much attention
to the analysis of the image effectiveness processing on
its basis and comparison with other methods.

When applying a median filter, each image pixel is
sequentially processed. For median filtration, a two-
dimensional window (filter aperture) is used, usually
has a central symmetry, with its center located at the
current filtration point. The dimensions of the aperture
are among the parameters that are optimized in the
process of analyzing the algorithm efficiency. Image
pixels, that appear within the window, form a working
sample of the current step.

However, as discussed above, median filtering
smoothens the image borders to a lesser degree than any
linear filtering. The mechanism of this phenomenon is
very simple and is as follows. Assume that the filter
aperture is near the boundary separating the light and
image's dark areas, with its center located in the dark
area. Then, most likely, the work sample will contain
more elements with small brightness values, and,
consequently, the median will be among those elements
of the work sample that match this area of the image.
The situation changes to the opposite, if the aperture
center is shifted to the region of higher brightness. But
this means the presence of sensitivity in the median
filter to brightness variations.

Filling the values operation of the median filter for
the pixel value of the elementary object will correspond
to the following expression:

i=k—|k/m]|-m, j=|k/m],
Yk =% j { 2 } (4)
k=0..(2m+1)% -1

here are: Xi,j - the value of the pixel of the original

image with coordinates i and j; yj - a set of pixels'

values included in the function's structure of the median
filter; k - pixel values' index of the median filter; m -
the radius of the median filter.

Fig. 3 gives an explanation of the performed medial
filtering operations, and shows the location of the median
filter elements’ values for radius values. In this case, the
final, resulting value of the median filter will be obtained
after sorting the found items by their value.

(2m+1)2—1};

{y|'<}={ybﬁyiﬁylgs...3y

{ylk}z{Y‘o >y 2yp2.2y
®)

(2m+1)2—1}’
here are: {yk} a declinely sorted collection of the

values of the median filter's function; yb- the pixel's
first value in the sorted set structure of all values of the

median filter's function; yi- the pixel's second value in
the sorted set structure of all values of the median filter's

function; (2m+1)2—1 - the maximum number of

median filter's elements for a rectangular window; m -
the median filter's radius.

The value y( /2 will be the median value

(2m+1)2—1)
of the median filter. Therefore, it will be the solution of
processing one pixel. In order to find the following
values, the window function shifts to the right and when
the image border reaches down one pixel down and
moves from the original zero position on the horizontal
axis until the image boundary is reached. In the end, an
array containing the found values of the median filter will
be formed. In this work, the median filtering is
implemented using the software package Mathcad 15, the
functional diagram of the algorithm is shown in Fig. 4.

The example below describes the use of a
rectangular median filter matrix, but applying a
rectangular window has errors in finding the correct mean
value. To minimize this error, use the window in the form
of a "snowflake", which is given by the formula:

il =/ [, i < m;
Yk =% j ij<m, j=0; ¢, (6)
[il<m,i=0.
here is
il =1 [, il < m;
lij<m, j=0; { -
[il<m,i=0.

the condition for selecting the elements of the median
filter for the window in the "snowflakes" form;
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Fig. 4. Median filtering rectangular window

The explanation for median filtering for windows
in the "snow flakes" for mand in the form of a circle are
shown in Fig. 5 and Fig 6 respectively.

2m+1
X

—m —m » r’{EI:EI Em —m

A
/
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Fig. 5. Median filtering in the form of a "snow flake"
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Fig. 6. Median filtering in a circle-shaped window

Each of these windows gives good results in
analyzing individual image, so in order to a verify the
result site suggested to use the average value obtained a
result of separate three operations.

Examples of this algorithm's work for an image
having an average saturation with small details given in
Fig. 7, at various values of the size and type of filter
aperture.

Fig. 7. Image distorted by impulse noise

Gauss filter. Often, all images have a lot of small
details that greatly impede image processing, and may
also result in some algorithms that are not working
correctly, such as contour selection. Therefore, there is a
need for pre-processing images that reduces the amount
of small parts. Usually Gauss filter [18] is used to solve
such problems. The Gauss filter is based on the
Gaussian functions of one and two variables:

G(x)= ! =@ 20°
2
S (7)
X4y
G(x,y)=1——-e 20°
2162
Here are: o — standard deviation of normal

distribution, which specifies the "blurring degree" of the
processed image; X, y — distance from the starting point
(pixel) to the point for which the value of the function is
calculated vertically and horizontally, respectively. In the
general case, Gauss distribution has the form (Fig. 8).

0,<0,<0;

Fig. 8. The Gaussian distribution for different values

Thus, based on the Gauss function, a convolution
matrix is constructed, for which the average weighted
value of the neighboring pixels is calculated for each
pixel of the image:
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k
Z msinejC (0. 1) (8)

II
||| M"_

here is k — the dimension of the matrix of convolution.

As a result of applying the Gaussian filter, all
distorted pixels (pixels, which brightness is very
different from the brightness of the neighboring pixels)
take an average value, noise is suppressed, and the
contours of the objects are emphasized, which is very
useful in recognizing images on digital images.

In this work, the Gauss filter is implemented by
using the software package Mathcad 15. The value of
the parameters is selected under condition [24-26]: the
range of observation should be chosen to be the least.
For each case, the execution time is calculated.

Binaryization of the image. Important stage of
image processing and analysis is segmentation. In other
words, this is the division of an image into an area for
which a certain homogeneity criterion is performed. For
example, the allocation of regions, which has
approximately the same brightness. The concept of an
image area is used to define a coherent group of image
elements that have a certain common feature (property).

One of the basic and easy ways is segmentation
using the threshold. The threshold is a feature (property)
that helps to divide the desired signal into classes. The
operation of the threshold division is to match the
brightness value of each image 's pixel with a given
threshold value.

Operation of the threshold division, which
eventually gives a binary image, is called binary
operation. The purpose of the binarization operation is
to drastically reduce the amount of information
contained in the image. In the binarization process, the
original halftone image having a certain number of
brightness levels is converted into a black and white
image whose pixels have only two values - 0 and 255.

The need of elimination a large number of errors in
the binarization process, led to a large number of binary
methods. They are divided into two groups, which are
based on the construction of the threshold surface:

- global binarization methods;

- local binarization methods.

The threshold surface is a dimension matrix M x N
corresponding to the size of the original image. Each
matrix cell defines the threshold of binary brightness for
the corresponding pixel in the original image. In the
global binarization methods, the threshold surface is a
plane with a constant threshold brightness value. In case
of local binaryization methods, threshold brightness
values change from point to image point, and is
calculated based on some local features in the pixel
vicinity or group of pixels.

The global binarization methods:

- binarization with the wupper threshold: the
simplest method. In this case, if the pixel's brightness,
below the given threshold, is converted to black (0), the
rest is white (255):

f,(m,n)_{o,f(m,n)sP;

~ | 255, f (m,n) > P. ®)

- binarization with two thresholds: if the pixel's
value is above the upper limit - it takes the maximum
value (255), if the pixel is lowered (0), the pixels with
values falling within the range of the thresholds take the
fixed mean (127), which, usually, specified at the
following stages [27-29]:

0,f(mn)<A;
f'(m,n)=1127,B < f (m,n) > P;
255, f (m,n) > P,.

(10)

- Berns' binarization method. A simple square
aperture with an odd number of pixels runs in a loop
over all pixels of the original image. At each step are
Min and Max for this aperture. The average value is

found P =(Min+Max)/2. If the current pixel is larger

than P- it becomes white (255), otherwise black (0).

Local binarization methods.

- Otts'binaryization method. This method uses a
distribution histogram of the pixels' brightness values of
the of the image. A histogram is constructed and based
on values hj =nj /N, here is N - the total number of

pixels in the image, n is the number of pixels with and
brightness level. The brightness range is divided into
two classes using the threshold brightness value k - the
integer value from 0 to L. Each class corresponds to the
relative frequencies w, w; :

(11)

The method, which is proposed in this work, is an
improved Burns' method. Burns' method has a great
time to perform, so the following algorithm is proposed
for improvement:

- the image is divided into blocks of some size
(optional);

- for each block the threshold is determined;

- comparing the pixel value of the corresponding block
with - the threshold value corresponding to this block.

Conclusions

1. For best results it is expedient to use for each
image type your template size, as well as its type.

2. For the first type of image, it is better to choose a
filter size of 5 pixels.

3. For all image types, regardless of the filter's size, the
best result can be obtained by using a "snowflake" pattern.

4. An increase in the size of the filter is not feasible
because it leads to an increase in the algorithm's running
time and a "tampering" of the image.
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Hocaix:xenns meronis ¢iabTpauii 300pajkeHb B KOMI'IOTEPHUX CHCTEMAX
0. I. Tumouxko, B. B. Jlapin, M. M. Konmuxkos, O. O. Timouko, B. M. IlaBnenko

AHoTanisi. YV craTTi BKa3yeThcs, IO JIFOJCHKI 04i MEHII YyTJIMBI JI0 KOJBOPY, HIXK JIO 1X SICKPaBOCTi. Y KOJIBOPOBOMY
npocropi RGB yci Tpu KOMIIOHEHTH BBaXalOThCS OFHAKOBO BaXKJIMBUMH, 1 3a3BHYail BOHM 30€piraloTbCs 3 OJHAKOBOIO
po3ainbHOIO 3naTHicTIo. OHAK MOXIIMBO e(peKTUBHIIIIE BiZOOpakaTH KOILOPOBE 300pakeHHs, BiIOKPEMITIOIOUH SICKPABICTh Bif
KOJIbOpOBOi iH(opMarii Ta mpencTaBisouYM HOro 3 BHLIOK po3aiuibHOI 3xaTtHicTio. [Ipoctip RGB nobpe migxomurts st
KOMI'IOTepHOI rpadiku, OCKINBKU BiH BUKOPHCTOBYE IIi TPU KOMIIOHEHTH IUisi hopmyBaHHs KonmbopiB. Onnak npoctip RGB ne
nyxe eeKTHBHHUI, KOJNU CIIpaBa CTOCYEThCS pealbHUX 300paxeHb. CrpaBa B TOMY, 110 Ul 30epeKEHHS KOJIBOPY 300paKEHHS
MOTpiOHO 3HATH Ta 30epiraTu Bci Tpu KommoHeHTH RGB, i sKII0 oAuH i3 HUX BIACYTHIH, Lie CHJIBHO CIIOTBOPHUTH Bi3yallbHE
300pakenHs. Kpim Toro, mpu o0podui 300paxkens y npocropi RGB He 3aBxan 3pydHO BHKOHYBaTH OYIb-sIKE MEPETBOPESHHS
IKCEeNiB, OCKIIBKY B IbOMY BUIAJAKY OyJe MOTpiOHO mepepaxyBaTu BCi TpW 3Ha4deHHs kKoMroHeHTa RGB i 3pobutu 3BopoTHMIA
3amuc. e 3HauHO 3HMKYE NPOAYKTUBHICTh Pi3HUX aJIrOPUTMIB 0OpOOKH 300pakeHb. 3 IUX Ta IHIIKX MPUYKUH 0araTo CTaHAapTIiB
BiJICO BUKOPHUCTOBYIOThH SICKPABICTh Ta JIBa CHTHAJIH, IO MEPeIaloTh iHPOPMALIiI0 PO YSPBOHMUI Ta CHHIH KOMIIOHEHTH CUTHAIY,
SIK KOIIbOPOBY Mojeinb, Biaminny Binm RGB. Haiisimominmii cepen takux mpocropiB — YCDbCr. Bymo BusiBiieHo, 1o s
JOCSTHEHHs] HaWKpaIUX pe3yJabTaTiB JOLIJIbHO BUKOPHCTOBYBATU UISl KOXKHOTO THITYy 300paKeHHsI pO3Mip MIAOIOHY, a TaKOX
Horo tur. J{yist 300pakeHHs MepIIoro TUITY Kpaille BUOpaTH GiibTp po3MipoM S mikceniB. J{ist BCiX TUIIB 300paKeHb, HE3AJICKHO
BiJ po3Mmipy ¢inbTpa, HalWKpaluid pe3yabTaT MOXKHA OTPUMATH, BUKOPHUCTOBYIOUYH LIa0NOH "cHiKMHKA". 30UIBIICHHS PO3MIpY
(buIbTpa HEMOXKIIMBO, OCKIJIBKY 1I€ IPU3BOIMUTH A0 301IbIICHHS Yacy po0oTu anroputMy Ta "danscudikamii" 300paeHHs.

KawuoBi ciroBa: 300pakeHHs; KOMIIOHCHT; alTOPUTM; CTAHAAPT; KOMII IOTEPHI CUCTEMH.

HccnenoBanne MeToA0B pUIbTPALNHU M300paKeHHIl B KOMIIBIOTEPHBIX CHCTEMAaX
A. U. Tumouko, B. B. Jlapun, M. M. Konmbikos, A. A. Tumouko, B. M. [1aBnenko

AHHOTauusA. B crarbe yKkas3pIBaeTCs, YTO YEIOBEYECKHE IJa3a MEHEe YyBCTBHTENIbHBI K LIBETY, YeM K MX ApKOCTH. B
1BETOBOM IpocTpancTBe RGB Bce Tpu KOMIOHEHTa CUMTAIOTCS OAMHAKOBO BAKHBIMU, M OOBIYHO OHM XPAHATCS C OAMHAKOBOH
pasperaroiei cnocobHocTh0. OHAKO BO3MOXKHO 3(PEKTUBHO OTPaXKaTh [BETHOE U300paXKeHHE, OTIENsIS IPKOCTh OT [[BETOBOM
uHMOPMALIUK U MPECTABISSL €ro ¢ Oonee BHICOKMM paspelneHueM. [IpoctpanctBo RGB xoporno moaxoaurt [uisi KOMOBIOTEPHON
rpaduKd, TOCKOJIBKY OH HCIONB3YeT 3TH TPU KOMIIOHEeHTa s (opMupoBanus 1BeroB. OmHako npocrpancrBo RGB e o4eHb
a¢dexTrBeH, KOraa Ieno KacaeTcs: peallbHbIX H300paxkeHnit. JIeso B ToM, UTO Ul COXpaHSHMsI [BETa H300paKEHHUs HY)KHO 3HATh U
XpaHUTh Bce TpH KommoHeHTa RGB, 1 eciii ojMH M3 HUX OTCYTCTBYET, 3TO CHIIBHO MCKa3UT BU3yallbHOE M300paxkenue. Kpome toro,
mpu 00paboTke n300pakenuii B mpoctpanctBe RGB He Bcerma yno0HO BBITONHATE JT1000€ MpeoOpa3oBaHUe TOUEK, OCKOIBKY B
9TOM Cilydae moTpeOyeTcsi MepevrcliuTh BCe TP 3HaueHus komrnoHeHTa RGB u cnenars 0OpaTHyrO 3amuch. OTO 3HAUMTENBHO
CHWKAEeT MPOM3BOJMTEIBHOCTD DPA3IMYHBIX AITOPUTMOB 00pabOTKM n300paxkeHHd. [Io 3TMM M JpyruM NpUYMHAM MHOTHE
CTaHZAAPThI BUJEO UCIOJB3YIOT PKOCTD M [Ba CUTHAJIA, TIEPEAAOIIe MH(OPMALIMIO O KpaCHOM U CHHEM KOMIIOHEHTAX CHIHANa, KakK
LBETHYIO MOJENb, oTin4dHyI0 oT RGB. CaMbIM HM3BECTHBIM Cpeiu Takux mpocTpaHcTB ecTh YCbCr. Bouto oOHapykeHo, uTo mist
JOCTH)KEHHMS JIYHIINX PE3yJIbTaToB LeIecO00pPa3HO UCHIONB30BATh IS KOKIOro THIA M300paKeHHs pa3Mep IIa0IoHa, a TaKKe ero
Trn. J{71st n300paXKeHus epBOro THIA Jy4IIe BRIOpaTh GUIBTP pasMepoM S mukceneil. J{iist Bcex THIIOB N300paKeHHid, HE3aBUCHMO
OT paszmepa GWIbTpa, JY4LINA pe3ylbTaT MOXKHO MOJTY4HThb, HCIONB3Ys IIAOIOH "CHe)XMHKA'. YBennueHue pasmepa (mibTpa
HEBO3MOXKHO, TIOCKOJIBKY 3TO MPUBOIUT K YBEJIMYCHHIO BpeMeHH paboThl ainroputMa u "dhanbcudukarmi’ n300pakeHus.

KawueBble cioBa: 1/1306pa)1<eH1/1$1 KOMITOHEHT; aJITOPUTM; CTaHAAPT, KOMIIBIOTCPHBIC CUCTCMBI.
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HarmionaneHuii TeXHIYHUN yHIBEpCUTET Y KpaiHu
«KuiBcpkuit moniTexHiuHmii iHCTUTYT iMeHi [ropst Cikopcebkoro», Kuis, Ykpaina

PO3B’SI3AHHSI BATATOKPUTEPIAJIBHOI 3AJTAYI CKJIAJTAHHS PO3KJIALY

3 BUKOPUCTAHHSAM 'rEHETUYHOI'O AJITOPUTMY

AnoTtanisi. Pobora npucBsueHa OaraToKkpuTepialbHIH 3ajadi CKIAJaHHA PO3KIamy, B SIKii 3amaHa MHOXHHA pPOOIT
TOBMHHAa OYTM BHKOHAaHAa JEKIJIbKOMa BHWKOHABISIMH DI3HOI IPOXYKTHBHOCTI. 3a BHUKOHAHHS POOOTH BiJITIOBiTHOMY
BHUKOHABIIO HapaxXOBYEThCS TI€BHA KUIBKICTh OOHYCIB, sIKa 3aJIeKHWTH BiJ yacy BHKOHaHHS poOoTH. Kpurepismu omiHkw
PO3KJIAATy € 3arajJbHUI Yac BUKOHAHHS YCiX pOOIT Ta KiJIbKiCTh BUTpadeHNX OOHYCIiB. B X0zl nmpoBeneHux qociipKeHs Oyimn
MTPOaHaTI30BaHI OCHOBHI ITiJTXOIM IO PO3B’sA3aHHS 3314 0araTOKPUTEPiaTbHOI ONTHMI3allil, Ha OCHOBI SKUX 00OpaHO MiaXig
[Mapero. B sxocti anroputMmy Oyino oOpaHO reHeTHYHWH anroput™M. MeTor AaHoi poGOTH € IiIBHIICHHS e(eKTHBHOCTI
PO3B’s3aHHSA 3a7a4 OaraTOKpPHUTEpiaTbHOI ONTHMIzamil IUIIXOM peali3allii eBpHCTUYHOr0 aJrOpHTMY Ta ITiABUIIEHHS HOro
mBUKOAIl. 3aBAaHHSIMH POGOTH € BHU3HAUCHHS IIepeBar Ta HEIOJIKIB IMiJXOJIB, 10 BUKOPHCTOBYIOTHCS I PO3B’S3aHHS
3a1a4 GaraTOKpHUTEPiaIBbHOI ONTHUMI3allii, po3po0ka FeHETUYHOrO aJIrOpHTMY Ul PO3B’s3aHHs OaraToKpUTepiaabHOI 3a]aui
CKIIaJIaHHs PO3KJIaTy Ta JOCHiPKeHHs oro edekruBHOCTI. Po3poliieHi onepaTopy reHeTHYHOTO alIFOPUTMY, SIKi BPaXOBYIOTh
0COOJIMBOCTI  ZIOCIIJDKYBaHOI 3ajadi, Ta JO3BOJAIOTH OTPUMYBAaTH B mpoleci poborn pos3s’s3ku Ilapero. 3aBasku
BIPOBA/UKEHHIO MapalelIbHUX OOYMCIEHb B peati3allil FeHeTUYHOro alropuTMy BJAJOCS MiJABHILUTH HOro IIBHAKOAII0 B
TIOPIBHSIHHI 13 3BUYaiiHOIO Bepciero. Po3pobiennii anropurm Moxke OyTH BUKOPHUCTAHO NPH BUPIIICHHI 3a/1a4i ONTUMAaJIbHOrO
PO3MOLTY pecypciB, IO € YACTHHOIO CHCTEMH HapaxyBaHHs OOHYCIB CITiBPOOITHUKAM.

KawuoBi caoBa: 3agaya ckiagaHHs po3KIIaay; OaraToKpuTepialbHa ONTHMI3allis; eBPUCTHKA; TCHETUUHHUHN allrOpUTM;

¢pont Ilapero.

Beryn

ChoroiHi mpolecu onTuMisailii Ta aBToMaTH3alii €
HEBI €EMHOIO CKJIa0BOIO HAIIOro XUTTA. KoxkHOro aus
MU 3aliMaeMocs IUIaHYBaHHSAM HAIIUX PECYPCiB TaKUM
YHHOM, 11100 32 ONTHMAJILHUX BUTPAT OTpUMATH Oa)kaHi
pesynpratd.  TakuMM ~ OCHOBHUMH  PeCypcami,
HAIpUKJIaJ, BUCTYHAIOTh Yac Ta Ipoui. Y peaJbHOMY
JKHUTTI MM CTHKAa€EMOCS 13 CHUTYallisIMH, KOJU HEOOXiTHO
OINTUMI3YBaTH JEKIJIbKa PECYPCIB OJHOYACHO, IO BXKE €
CKJIAMHINIOK  3ajadero. Tak, Hampuknag, IpH
IUIaHYBaHHI pOOIT HA MIANPUEMCTBI HEOOXIAHO TOCSATTH
MaKCHMAaJIbHOI e()eKTUBHOCTI POOOTH TPH MiHIMaIbHUX
BHUTpaTax pecypciB. Taki 3amadi BiTHOCHTRCS A0 Kacy
3a/1a4 OaraToKpuTepiaTbHOI ONTUMI3alIii.

JaHa 3amaya axkTUBHO JOCHIDKYETHCS BYECHHMH
BChOro CBITi. ¥ po06oTi [1] HaBemeHO KOPOTKUH OIJIS[
OaraTokpuTepiadbHOi ONTHUMIi3alii 3 BHUKOPUCTAHHIM
METaeBPHUCTUKH. [pencrasneno omuc BCIX
BUKOPUCTaHUX QJITOPUTMiB. He muBis4mMCcCh Ha Te, IO
OCHOBHHM{ HAroioc B MJaHIH poOoTi poOUTBCS Ha
€BOJIOIIfHI ~aJTOPUTMH, TaKi METACBPUCTUKU SIK
ONTUMI3alisl POI0 YaCTHHOK, IITydHAa IMyHHa CHCTEMa
Ta  ONTHMI3allii  MYypPalIMHUX  KOJOH  TaKOX
JMOCTIDKYIOThCS. Y CTarTi [2] aHAmi3ylOThCI METOIH
0araToKpuTepiaNbHOI  ONTHMI3allii, —HABOAWUTHCA  1X
(hopMyITIOBaHHS, TIEpEBard Ta HEAONIKH. E(eKTHBHICTH
00paHUX METOMIB IS IiIeH IHKEHePHOTO MIPOSKTyBaHHS
BU3HAYAEThCS  LULIXOM  TIOPIBHSHHA  PE3YJbTATIB,
OTPUMaHMX TPH DIlICHHI TECTOBUX 3a/ad Ta peajibHOl
KOHCTPYKTOPCHKOI IHXKEHEPHOI 3a/1adi.

PobGora [3] nmemoHCTpye pimeHHS — 3amadqi
OaratokpuTepiaJibHOI  ONTHMi3amii 3a  JOMOMOTOIO

po3pobiieHoi  Momuikaiii eBOJIOLIHHOTO aJrOpUTMY
SPEA2.

SIK BUOHO 3 MPaKTUKHM, EBPUCTHYHI METOOH
IIUPOKO 3aCTOCOBYIOTHCA Ta MAlOTh IIepeBard Haj
TouHUMH. OJHUM 13 HAWNOMYJSPHIIINX NPEICTABHUKIB
€BPHCTUYHHUX METOMIB € TCHETHYHUH aJITOPUTM.

Meta Ta 3aBaaHHs podoTu. Meroo gaHOi
poboTH € mifBuILeHHS e)eKTUBHOCTI PO3B’sI3aHHS 3a/1a4
OaraTokpuTepiaJibHOI ONTHMI3alil LUIIXOM peaji3amii
€BPUCTUYHOTO aITOPUTMY Ta IJBHINEHHS HOro
MIBUAKO/IT. 3aBIaHHAMH pOOOTH € BU3HAYCHHSI TIepeBar
Ta HENONIKIB MIiAXOMAIB, 10 BHUKOPUCTOBYIOTBCS IS
pO3B’si3aHHs 3aj7a4 OaraToKpuTepialbHOI ONTHUMI3allii,
po3po0ka TEHETUYHOTO AalTOPUTMY [UIS PO3B’S3aHHS
OaraTokpuTepiadbHOI 3a4aui CKIaJaHHS PO3KIAAy Ta
JOCIIIKeHHS 10ro epeKTUBHOCTI.

ITocTtanoBka 3agaui
Hexait 3amano muoxuny pooir J ={L,2,..., j,...,n}
i MHOXHHY BukoHaBliB M ={L2,...,i,..,m}. Koxna

pobora MOXX€ BHUKOHYBATHCS OYyIb-SIKHM BHUKOHABIIEM.
IlepenbavaeThcst, 10 BHUKOHABIII  MAalOTh  Pi3HY

IIBHAKICTE BMKOHAaHHS poOiT Vi, V;>0,i=1m. Qus

j -oi poboTH 3a7aHO Yac BUKOHAHHSI [ j Ta KUIBKiCTh
GoHyciB bj >0, j=1n. fxmo v; >0 — mBUIKICTS i -

r0 BUKOHABIIS, TO TPUBAJIICTh BUKOHAHHS | -01 poO0TH
i -M BUKOHABIIEM CTaHOBHUTB:

pj = Pj/vi» i=1m, j=1n.
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Kimbkicts OoHyciB, HapaxOBaHUX i -My
BHKOHABIIO 3a | -Ty poOOTy, 3aJ€XHUTh BiJ IIBUIKOCTI

poOOTH [HOTO BHKOHABII 1 OOYHCIIOETBCS 32
bopmynoro:

bij ij/Vi , i:1,m , J=:L_n

3arajgpHy CyMy HapaxOBaHHUX OOHYCIB 3a YyBECh
o0cAT podIT OTPUMYEMO 3:

m n m 1 n
B= 2. 2.3 =2 2.3
i=l j=1 i=1" j=1

ne a; €{0,1} , a; =1, sxmwo j-ta pobora npusHaUeHa

i -My BUKOHAaBIIIO.
Hexaif MaeMo nesikuil po3kiiaj BUKOHaHHS POOIT.
[To3Haunmo 4yepes Cij MOMEHT 3aBepIleHHS | -i

poOOTH | -M BHKOHABIIEM. 3arajJbHUI Yac BUKOHAHHS
POOIT BU3HAYAETHCS TAKMM YHHOM

Crax = mi?x{cij} .

HeoOxigHO cKkiacTd pO3KJIaJ BHUKOHAHHS POOIT,
NIpH SIKOMY 3arajibHUi 4ac 3aBepIleHHs POOIT MHOXHHU
J Oyne MiHIMaJIbHUM, 1 IPH L[bOMY 3aranbHa KUIBKICTh
HapaxoBaHUX OOHYCIB TaKOX OyIe MiHIMAJILHOIO:

Cinax — min , (1)
B — min . 2

Metoau po3B’sizaHHs 3a1a4
O0araTokpuTepiaJbHOI onmTHMI3aILii

[omyk omHOro 4u Oijble ONTHMAIBHUX PO3B’S3-
KiB Ha3UBAEThCSl OAraTOKPUTEPIaIbHOI ONTHUMI3ALIET0,
a 3a/aya HA3MBAETHCS 3ajaueio GaraTOKpUTEpialbHOL
onrumizarii [4-6]. Omuc miaxomiB 10 BUPIIICHHS 3a1a4
OaratokpuTepialbHOI onTUMi3allii HaBeaeHo nai [7].

Minxix 3 Bukopucranusam 3roprkm. Lleid migxin

0azyeTbcst Ha MepeTBOPEHHI 3agaui
GaratokpurepiaibHOT onTuMizarii B 3a7a4y
OHOKpUTEpiaibHOT ~ ONTUMI3allii 3a  JOMOMOTOI0
CKaJsIpu3allii ~ BEKTOPHOTO  KPHUTEPil0 B  OJWH

y3araJbHEHUH, NMPU LBOMY Bark KOXKHOTO KPUTEPIiIO
BU3HAYAIOTHCS KopHcTyBaueM. Lle cBoro pomy mpouec
0araToKpuTepiaNbHOI ONTHMi3amii, Mo O0a3yeTbcd Ha
BriofiobanHsX. Sk Tijdbku HUTBOBI (yHKINT (KpUTepil)
Oymu BHU3HAYEHI, Ile METO[ TMpPHU3HAYAE YHCIIOBE
3HAUEHHS Bar KOXHIM MHMbOBIH (QyHKOIT Ta MOTIM
KOMOiIHy€e 3HaYSHHS 3BaKEHUX KPUTEPIiB B OTHY IITHOBY
(YHKIIO NDIIXOM  JOoJaBaHHS a00 MHOXKEHHS BCiX
3BOXCHUX KpPUTEpIiiB, IEPETBOPIOIOYM TaKHMM YHHOM

OaraTokpuTepialbHy 3amaqy onrTUMi3arii B
OTHOKPHTEPIabHY.
IlepeBaru:
- TIPOCTHUH AJIS1 PO3YMIHHS Ta BUKOPHCTAHHS.
Henomikn:
- BUOIp 3HauYeHb Bar € CyO’€KTUBHMM Ta

1HINBITyaTbHUAM;
- BTpAYaeThcss MOKIMBICTh 3HAMTH IHIII KOPHCHI
PO3B’SI3KH, MarOYH KA KOMIIPOMIC MiXK KPHTEPIsIMU;

- pi3HI KpuTepil 3 pI3HUMH OJWHHISMH BUMIpY
BAMAraroTh BiJIMOBITHOTO TPOIIECY HOpMai3allii, SKui
4acTo € Cy0’ €KTHBHHM;

- Mae IpoOIeMy MoeTHaHHS HECYMIpHIX KPHUTEPIiB;

- HEOOXI/HICTh B JIEKUIPKOX 3aIyCKiB aJITOPUTMY,
3aCHOBAaHOTO HAa JaHOMY MiAXOMi, M TOro, Imo0
OTpUMATH  JIeKUIbKa  KOMIIPOMICHHUX  pO3B’sI3KiB
OaraTokpuTepiaabHOI 3a1a4i.

Jlekcukorpagiynauii migxin. B iloro ocHoBy
MOKJIAZIEHO pO3TALIYBaHHS KPHUTEpiiB B  IOPSAIKY
npiopureTiB. L{e 3HOBY 3k Taku miaxin, mo 6a3yeTbest Ha
BriopoOanHsx. Llei miaxin mpairoe HaCcTyITHUM YHHOM.
Pi3HI npiopuTeTH NMPU3HAYAIOTHCS PI3HUM KpHUTEPisM, a
MOTIM ~ KpUTepil ONTHMI3YIOTbCS B  MOPAAKY iX
npiopureTiB. TakuM YWMHOM, KOJIM J[Ba YH OlNIble
PO3B’SI3KiB TIOPIBHIOIOTHCS OJTUH 3 OJJHUM JUISI TOTO, 11100
o0paTu HaWkpamuid, TO X TOKa3HUKUA e(EKTHBHOCTI
MOpPIBHIOIOTBCSL 32 KPUTEpieEM, 10 Mae HaWBHIIMN
npiopureT. SIKIIO ONMH PO3B’SI30K-KaHIMIAT Kpalle
IHIIIOTO BiJIOBIHO JIO IIbOTO KPUTEPiI0, TO OOMPAETHCS
camMe BiH. IHakime, TOKa3HUKHA €()EKTUBHOCTI TBOX
MOXIIUBHX  pO3B’SI3KiB  TIOPIBHIOIOTHCS  BIJIHOCHO
JIpyroro kputepito. I 3HOBY X, SIKIIO PO3B’SI30K €
KpaluM 3a JIPYTHM KpHUTEpieM, TO BiH 1 OOMpaeThCH.
Lle#i mporec NOBTOPIOETHCS JIOTH, TOKH He Oyre
3HAJIEHO ABHOTO HepeMOXId abo X IOKU He OyIyTh
pO3risiHYTI Bel KpuTepii. B ocTaHHROMY BHINAJIKY, SIKIIO
HEMae SBHOTO PO3B’A3KY-TIEPEMOXKIIS, TO MOXKHA 00paTu
pO3B’SI30K, IO ONTHMI3ye HAHOLIbII NPIOPUTETHUH
KpHTEpiil.

IlepeBaru:

- YHHKAae NpoONEeMH TIOEIHAHHA HECyMipHHX
KpUTEpIiB B OAHIN GopMyIi, po3risigae KOXKeH KpUTepiit
OKPEMO;

- BOJOII€ KOHLENTYaJBHOIO IIPOCTOTOI0  Ta
3pY4HICTIO BUKOPUCTAHHSL.

Henomiku:

- BHU3HAYeHHs MOPOTY JOMYCKY Ta BiAMOBIAHOTO
CTyNEHS  BXKJIMBOCTI Ui  KOXKHOTO  KPUTEPIO
Cy0’€KTHBHE Ta JIOBLIbHE;

- IOCIIIOBHHH 3a CBOEIO IPUPOAOIO.

inxin Iapero. 3aMicTh TOrO, 1100
TIEPETBOPIOBATH OaraTokpuTepiaIbHY 3amaqy

onTuMi3anii B OJHOKPHUTEPiabHY 1 MOTIM BHPIIITYBATH il
3a JONOMOTOI0 ONHOKPHUTEPialbHOTO OINTHUMIi3aTopa,
BUKOPUCTOBYETHCSI ~ aJlTOPUTM  OaraTOKpPHUTEPiaIbHOL
onTuMizamlii s BHPINIEHHS OpUTiHANBHOI 3a/adi.
3aMicTh OJJHOTO ONTHMAIBFHOTO PO3B’S3KY, SIK B 3aqadaxX

OMHOKPUTEPIaNIbHOI ~ ONTHMIi3allii, JaHWA  IOXix
3HaXOOWTh BCI MOXJIHMBI ONTHMAaNbHI PO3B’S3KH i
moBeprae  Hallp  HEMOMIHYIOUMX  ONTHMAaJbHHUX
PO3B’sI3KiB, 110 HA3UBAIOThCS ONTHMAaIbHUMHU
po3B’s3kamu 1o [lapero, abo pponT ITapero.

IlepeBaru:

- HIKONM HEe KOMOiIHye pi3HI KpUTepil B OIHIHN
(hopmymi, BCi KpUTEPii pO3TIIAIAIOTECS OKPEMO;

- CHpaBISIETHCS 13 HECYMipHUMH KPUTEPiSIMHU;

- pe3ynbTaT y BHITAI HaOOpy IOMiHYIOYHX
po3B’si3KiB mpexcTaBieHuid y ¢opmi ¢ponry Ilapero,
M0 3aIMIIA€ MOXJIMBICTH BHOOpDY KOPHCTYBady
MiIXO/IAIIIOT0 ONTHMAJIEHOTO PO3B’SI3KY;

- yHHKae 0araTopa3zoBOTO 3aIyCKy aITOPUTMY.

101



Advanced Information Systems. 2021. Vol. 5, No. 1

ISSN 2522-9052

Henomiku:
- Habarato CKJIaIHIIINN, HIXK 1HII ABa I X0IH.
BpaxoByroun TmepeBarm Ta  HEHONIKH  BCIX

BUITNICHABEACHUX IMiJXOMIB, OyIeMO BHUKOPHUCTOBYBATH
miaxin [Tapero.

Onuc reHeTHYHOT 0 AJIropuTmy

B sxocti anroputmy s GaraToKpHTepianbHOL
onTuMizamii Oya0 00paHO TEHETHYHHH alTOpUTM.
BaxnBoro mepeBaror0 reHeTHYHUX aJrOPHTMIB € Te,
0 BOHM 3 CAaMOr0 IIOYATKy IPALIOIOTh 3 BEJHKOO
TIOMYJIAIIEI0 KAaHMUAATIB Ha PO3B’S3KH, 1, BiAIMOBITHO,
onTUMaibHi 1o IlapeTro po3B’sI3KH TeHEPYIOTHCS BXKE B
MepIIoMy MOKOJNiHHI. TakuM 4YMHOM, He 3Ba)Kalo4u Ha
CKJIJIHICTh IIOCTaBJIEHOI 3aj[adyi, MOXXHa OTpPHUMAaTH
JOCTaTHHO MOBHY MHOXXMHY onTuManbHuX 1o [lapero
PO3B’SI3KIB yXKe Tmicis Tmepiioi itepamii mnpouenypu
TEHETUYHOr0 aJrOPUTMY TMpPH BIJHOCHO HEBEIMKHX
3aTparax 4acy Ha oOuucieHHs [8].

Moaudikaiiisi TE€HETHYHOTO  aNTOPUTMY  JUIS
BUpINIEHHs OaraToKpuTepiasbHOI 3ajgadi  onTuMizarii
BIPI3HAETHCS B 3BHYAMHOI CXEMH OIEpPaTOpOM
ceneKxilii, BHU3HAYEHHSIM Kpalux OCOOWH MOMYJISIIil,
OOYHMCIICHHSIM 3HAY€HHSl IMTPUCTOCOBAHOCTI OCOOMH Ta
3actocyBaHHsAM migxony Ilapero. Otxe, st KOXKHOL
OCOOMHHM  TOMYJISLT (po3kiamy) OOYHMCIIOIOTHCS
OKpEMO 3HaYEeHHS KOXKHOTO 3 IBOX KPHUTEPIIB.

MOMYJISAil  BHU3HAdaeThcs paHr rpanumi Ilapero.
OcobuHn (po3KIaan), MO 3HAXOMATECS Oe3MocepeTHBO
Ha TpaHHIi MaioTh panr 1. Skmo Mum Bumanmmmo i
OCOOMHH 13 MOMYJIALil Ta BU3SHAYMMO HOBY I'DaHHIIIO, TO
O0COOMHHM HOBOI T'paHMIII MAaTUMYTh PaHr 2 i Tak Jaii.
OTxe, paHTW BHU3HAYAIOTHCS TaKUM YMHOM: JIOAAEMO
0COOMHY JO TpaHWIli, SKII0 BOHA HE JOMIHYETHCS
IHITUMK OCOOMHAMHU, IO BXKe IepedyBaloTh Ha TPaHUIIi
Ta BHIJAIEMO 13 TpaHHWIi BCi OCOOHMHH, IO
JIOMIHYIOTBCSL HOBOIO OCOOMHOIO. TakoK I BCiX
0COOMH KOXHOTO PaHTy OOYHUCIIOETBCS BIJICTaHb [0
CyCIZIHIX 0COOWH (HAWONMKYMX 3JiBa Ta CIOpaBa 3a
3HadeHHsM kpurepito (1)). Tomi mis cenekiii ocoOuH
MOTOYHOI MOMYJIsLii Ta IX Ham@aIKiB AJs CTBOPEHHS
HOBOI'O TIOKOJIIHHS HEOOXiTHO BIIOPSIKYBAaTH BCIX
0COOMH TIO0 3POCTAaHHIO PAHTy 1, MICAS IBOro, IO
CMaJiaHHIO BiJICTaHi /10 CYCiJHiX 0COOMH. TakuM 4MHOM
JI0 HOBOT'O TIOKOJIHHS MOTPAruisiioTh meprr N ocoOuH.
Bincranb 10 cyciqHIX OCOOMH OJHOTO PaHTy HEOOXiTHO
OOYMCITIOBATH JUIS TOTO, 100 YHUKHYTH 301KHOCTI 10
JIOKaJbHOTO MiHIMyMy Ta 30€perTd pi3HOMAaHITHICTh
oci6 nonmynsinii. Tak, Hanpukian, no3HadeHi Ha puc. 1
ocoOMHM MaloTh B 2 pa3u Oulblle INAHCIB OyTH
00paHUMH B SIKOCTI OAThKIB JJIsi CTBOPEHHS HAIAIKIB,
1110 MOKE PU3BECTH 110 XUOHHUX PE3YINIbTATIB.

ToMy aisi HaCTYMHOrO TOKOJIHHS OOHPArOTHCS
JUIIEe OCOOMHM 3 BEJIMKOK BIJICTAHHIO JO CYCIJHIX

Ticst 00YHCITEHHS 3HAYCHb KPUTEPIIB  0COOUH.
3acrocoByeThes minxia [Mapero. Jlnst koxHOT ocoOMHU
9
| \ | |
8 —_— i — "20% { I | 1
|
7 ! } ! | I {
| |
6 1 1 .l —220% _I 1 I
T 5 ] ! ! | ! |
= - |
[=]
= 4 1 : @ —~40% —
|
3 1 ! | 4 I {
| |
2 1 4 1 ! ! ®—~20% —
| |
1 | 1 ! 1 I 1
I | |
0
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Time

Puc. 1. Inroctparist iMOBIpHOCTI ceneKiii 0COOUH AJIsl CTBOPSHHSI HAIIAKIB
(Fig. 1. lllustration of the probability of selection of individuals to create offspring)

Cxema poOOTH TEHETHYHOTO aITOPUTMY IS
pO3B’s3aHHA 3ajadi OaraToKpuTepiadbHOI ONTHMi3arlii
HaBeICHO HIDKYE.

Kpok 1. 3rerepyBaTu IOYaTKOBY MOITYJISIIIIO.

Kpoxk 2. O6poOuTH MOMyISAIIIIO.

Kpoxk 2.1. CTtBOpUTH HAIAAKIB, BUKOPHCTOBYIOUYH
TYpPHIpHUH MeTO[ TSl BHOOPY OaThKiB.

Kpok 2.2. logati 10 MOTOYHOrO TOKOJIHHS BCIX
HAIl[a/IKiB Ta HOPMAi3yBaTH 3HA4YEHHS (iTHEeC-PYHKIIN
— 3araJbHUM Yac 3aBEepIICHHS poOIT Ta 3aranbHa cyma
OOHYCIB.

Kpok 2.3. BusHauuTH paHTd OCOOMH BiAITOBiIHO
JI0 PiBHIB IOMiHYBaHHSI.

Kpox 2.3.1. 3amatm movaTkoBe 3HAYEHHS PaHTy
=-1i=1N
MHOXHWHHU TIEPEBIpKM HAa JOMIHAHTHICTH BCIX OCOOWH
TIOITYJISIITI.

Kpox 2.3.2. BcTaHOBHTHM TIOYaTKOBE 3HAYCHHS
paury R=1.

Kpox 2.33. Jnsg KOXHOI OCOOMHH MHOXHHH
TIEPEBipKN Ha IOMIHAHTHICTH TEPEBIPSIEMO YU € BOHA
HEIOMIHYIOUOI0, TOOTO Kpamor Xo4a O Mo OmHOMY
KpHUTEpil0 Ta HE TIPIIOID 32 IHIIUMH KpUTEPisIMU
BIJTHOCHO IHIIMX OCOOMH i3 MHOXXHMHH TIEpeBipKH Ha
JIOMIHAHTHICTb.

IUII  BCIX OCOOMH Ta JONATH IO
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Kpox 23.4. Jlna Bcix ocobuH, MmO €
HEJIOMiHYIOUHMH, NPHUCBOITH I} =R Ta BUAamuTH iX i3
MHOXKUHH JJIsI [IEpEBIpKU HA JTIOMiHAHTHICTB.

Kpox 2.3.5. 30inbmmtn 3HaueHHs panry R+=1.

Kpox 2.3.5. SIKmo MHOXHH TIepeBipKH Ha
JOMIHAaHTHICTb He TNOpokHs, To mepedtn Ha KPOK
2.3.3, inaxme nepeiiti Ha KPOK 2.4.

Kpox 2.4. JInst 0coOMH KOXKHOTO paHry OOUUCIUTH
BiJICTaHb JI0 CYCiIHIX OCOOHH.

Kpox 2.4.1. BincraHp OOYHMCIIOETBCS SIK CyMma
BiJICTaHEH /10 JBOI Ta MpaBoi CyciHbOI ocoduHu. s
Mepiroi Ta OCTaHHBOI OCOOMHM PaHTy BiACTaHb piBHA
HECKiHYE€HHOCT!I.

Kpox 2.5. BriopsiaxyBaTi BCiX OCOOMH MOITYJISIIIT
CHOYaTKy 110 paHry, a IOTIM 10 CHaJaHHIO BiJcTaHen
MiX 0CO0aMH B M&KaX KOXXHOTO paHTy.

Kpox 2.6. CTBOpUTH HOBY MONYJSIi0, IO
ckmagaeTbess 3 mepumx N 0COOMH BHOPSKOBAHOI
MHOXKHHH.

Kpox 2.7. SIxmio He HNOCATHYTO MAaKCHMaJbHOL
KUIBKOCTI Homysaniil, To nepeiitu Ha KPOK 2, inakiue
nepeiitu Ha KPOK 3.

Kpox 3. Bu3HauuTH MHOXHHY DIillleHb SIK
MHOXKHHY OCOOMH mepiuoro paHry mnomyisimii — [Tapero
(bpOHT.

Ha puc. 2 npountocTpoBaHO MPHKIa] BU3HAYEHHS
BiZIcTaHell MiX OCOOMHAMM TOMYJSIII OIHOTO paHry.
Tyt nosHayeHo:

li,....ls —BigcTani Mix 1BOMa 0cOOMHAMH,

dy,....ds — cyma BifcraHe#d Bim ocobuHH 10
CYCiIHIX OCOOWH 31iBa Ta cHpaBa, HPH LBOMY IS
KpalHIX TOYOK (OCOOMH) BiICTaHb IO CYCIIHIX OCOOMH
BU3HAYa€ThCA K INT (Iy)xe BeUKe YUCI0).

Ha puc. 3 HaBenmeHo mpWKIIaa BU3HAYCHHS PAaHTIB
JUTS TBOKPHUTEPialibHOI 3aaadi MiHimizari. Touku A, B,
C i3 obnacti I He nominytotbcs Toukamu i3 1 Ta II
obnacreii, TOOTO BOHM € KpaluMH Xo4a O 110 OIHOMY i3
KpHUTEpiiB Ta HE TipIHMMH IO IHIIMX KPHUTEpisX.
Amnanoriuydo, Touku D, F, K i3 obmacti II He
JIOMiHYIOTBCST TOUkor0 M i3 obnacti III. Takum ymHOM,
toukn A, B, C Hanexares 10 panry | i ckiajgaroTh
MHOXKMHY ONTUMaJIbHUX po3B’s3kiB 1o [lapero. Touku
D, F, K nanexate 1o panry 2. Touka M Hanexwuts a0
panry 3.

e 2 T Y 1
. _}1\91""f_} | ) '
: d2=12+13 ; \
i i |
. o d3=13+14 | |
w5 T 1
5, | BN/ ___—d4=14+15
= ) \ |
3 4 = | ,d5=inf
, | ~7 |
g i i |
i » i |
0 1 2 3 4 S 6 7
Time

Puc. 2. Bigcrani Mixk 0COOMHAMU OHOTO PAHTy
(Fig. 2. Distances between individuals of the same rank)
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Puc. 3. Panru BiINOBIHO IO PiBHIB TOMIHAHTHOCTI JUIsl TBOKPUTEPIaTbHOI 3a1a4i MiHiMi3aril
(Fig. 3. Ranks according to the levels of dominance for the two-criteria minimization problem)

Hdnst nmocmimkeHHsT — €EeKTUBHOCTI  poOOTH
anroputMy Oyno  po3poOiieHo Horo mporpamuy
peanizamnito. Tak, Ha puc. 4-6 BigOOpa)keHO MpoIEC
poOOTH TEHETUYHOTO aNrOpUTMY, 30KpeMa MHOXHHY
OCOOMH-KaHIUIATIB Ha PpIIIeHHS 3a7a4i
JBOKpHTepianbHOI onTuMizanii y 1-my, 100-my ta 200-
My HOKOJIHHSX.

SIk  BHAHO 3  BHIICHABENCHHX  PHUCYHKIB,
TEHETUYHUI alrOpPUTM 3 KOXKHOIO ITEPALli€r0 MOKPAILye

MICTHTh MHOXXHHY ONTUMaNbHUX 10 [Tapeto po3s’s3kiB
(dponr ITapeTto).

Taxox po3podeHuit ANTOPUTM Oyrno
ONTHMI30BaHO IIUIIXOM 3aCTOCYBaHHS MapajelbHUX
OOuYMCIeHp B TIPOrpaMHiil peaiizaiii T'€HETHYHOTO
anroputMmy. OCKIJIbKM  OOYUCIEHHS Uil KOXHOL
OCOOMHM TIOMyJIALii BiACTaHI A0 CyCiHIX OCOOMH B
MEXaX paHry € He3aJeXHHMH olepaiisMu, To Oyio
3aCTOCOBAHO  PO3MAapajeNioBaHHs  OOYMCICHb ISt

MHOXKUHY KaHIUJIaTiB-PO3B’ SI3KIB. [TocTymoBO  JaHOTO KPOKY aJITOPUTMY.
PO3B’SI3KU TTOKPAILYIOThCS Ta TPYNYIOThCS B JIHIIO, IO Pe3ynbTaTi eKcieprMeHTIB HaBeJIeHO Ha puUC. 7.
300
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Puc. 4. MHOXXHHA pillleHb-KaHAUAATIB B 1-My ITOKOIIHHI
(Fig. 4. A quantity of candidate solutions in the 1st generation)
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Puc. 5. MuoxxuHa pinieHb-kanauaatis B 100-My mokomiHHI
(Fig. 5. A quantity of candidate solutions in the 100 generation)
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Puc. 6. MHOXXHHA pimieHb-KaHAUIATIB B 200-My MOKOIiHHI
(Fig. 6. A guantity of candidate solutions in the 200 generation)
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Puc. 7. Pe3ynbraTti eKcriepuMeHTAIBbHUX JOCIIIKEHb
(Fig. 7. The results of experimental studies)

ExcriepuMeHTH  OPOBOMMJINCH UL 3ajad
HACTYITHOI PO3MIPHOCTI: KUIBKICTh BUKOHaBIIB M = 20,
KUIbKiCTh poOIT N 3MiHOBanack Big 40 mo 490 3
kpokoM 40 pooir.

SIk  BuUAHO I3 pe3y’bTaTIB  JOCIIJDKEHHS,
3aCTOCYBaHHs MapajelbHUX OOYUCICHb B TCHETUYHOMY
aJITOPUTMI J]a€ BUTpAll y MIBUAKOMIT Maibke Ha 16% B
MIOPiBHSIHHI 13 HOT0 3BHYAIHOIO BEPCI€IO0.

TUMajbHI 1o ITapero po3B’si3KM TEHEPYIOTBCS BKE B
MEepIIOMY TOKOJIHHI, IO J03BOJISE TPH HEBEIUKUX
3aTpaTax dYacy Ha OOYMCICHHSI 3HAWTH MHOXHHY
ONTHUMAJIbHUX PO3B’SI3KiB.

Po3pobieno orepaTopu TeHETHYHOrO
ajaroputMy (CeNlekIlis, BH3HAYeHHS KpaIluX OCOOHH
MOMYJISAIT, OOYMCIIEHHS 3HAYEHHS MPHUCTOCOBAHOCTI
0COOMH), SIKI BPaXOBYIOTh OCOOJIMBOCTI PO3B’s3yBaHOI

OaraTokpuTepiaJibHOT 3aJavi  CKJIAJaHHS PO3KIAY.

BucHoBku : :

Byno mpoBemeHo psAx  mocnimKeHb  e(EKTUBHOCTI

B nawniii po6oTi Oy/0 HaBEJCHO OINISI OCHOBHUX  POOOTH po3pobaeHoro aNTOPUTMY. 3aBasaku

MiAXO/IB JJIsl PO3B’sI3aHHs 3aa4 0araToOKpUTepiaabHOI
omTuMizamii, 30KpeMma, MiaXii 3 BHUKOPHUCTAHHIM
3TOPTKH, Jiekcukorpadiuaui miaxia Ta miaxig I[lapero,
omucaHi iX mepeBaru Ta HeIOiKH.

Ha ocHoBI mpoBeneHoro aHaiizy 0yJio BU3HA4YEHO,
mo migxin [lapero Mae 3HauHI mMepeBarw HaJ IHIIAMHA
MIX0JaMH, TOMY IS pPO3POOKH ajaroputMy Oyio
BUKOPHUCTAHO CaMe HOoro.

Taxox TUTS PO3B’sI3aHHSA 3amaul
OaraTokpuTepiadbHOI  omTuMizamii  Oymo  oOpaHO
TeHEeTUYHHUH aJTOPUTM, OCKUTBKH BiH 3 CAMOTO ITOYATKY
MpaIioe 3 BEIWKOK TIOMYIAIEI0 KAaHOWOATIB Ha
PO3B’SI3KH, 1, BIIIIOBITHO, OII-

BIIPOBQ/DKCHHIO TapajielbHIX OOYMCIICHb IIiIBUIICHO
MIBUIKOMIII0 PO3POOICHOTO TEHETHYHOr'O AalfOPUTMY
npubmm3Ho Ha 16%.

IIpakTryHa WIHHICTE OTPUMAaHWUX pPE3YJIbTATIB
HoJnsira€ B TOMY, LIO PO3POOJICHUH auropuT™M MOXe
OyTM  BHKOpHUCTaHO  TpH  BHUpIOIEHHI  3a;adi
ONTUMAJIEHOTO PO3MOIUTY PecypciB, IO € YaCTHHOIO
CHCTEMH HapaxyBaHHS OOHYCIB CIIIBpOOITHHKAM.

TakuM YMHOM, BIACTBCS OTPUMATH ONTHMAIIBHI
pO3TOAiNN 3aBJaHbh MiX MpaIliBHUKAMH, IO JO3BOJISATH
IpH MiHIMATHHAX BUTpaTax Ha OOHYCHI BHUILIATH
MIiHIMI3yBaTH 3arajbHAN Yac 3aBEpIICHHS BUKOHAHHS
3aB-JIaHb.
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Pemenne MHOFOKpHTepHaJIbHOﬁ 3aJa44 COCTaBJICHUSA PaCIUCAHUA
¢ UCIOJIB30BAHUEM I'€CHETHYECKOI'0 AJITOPUTMA

A. B. Kasmupuyk, E. I'. XKnanoga, B. /1. [Tonerko, M. O. Criepkau

AHHoTanusa. Pabora mocBsImeHa MHOTOKPHUTEPHATBHOM 3afade COCTABIEHMS PACIHCAHHSA, B KOTOPOH ONpenereHHoe
MHOKECTBO Pa0OT OIKHO OBITH BHIMIOJHEHO HECKOJIBKUMH HCTIOIHUTESIMU Pa3sHON MPOAYKTUBHOCTH. 3a BBIIOIHEHUE PaOOTHI
COOTBETCTBYIOIIEMY HCIHOJIHHUTEN0 HAYNCISIETCS KOJIMYECTBO OOHYCOB, KOTOPOE 3aBHCHUT OT BPEMEHH BBIITOIHEHUS pabOTHL
KpurepusiMu OneHKH pacricaHus SBIIOTCS oOIee BpeMs BBHIIIONHEHWSI BCeX pabor M obmiee KonmdecTBO OoHycoB. B xome
MIPOBEACHHBIX HCCIEAOBaHUK OBLIM TPOAHAIM3HPOBAHBEI OCHOBHBIE IIOJAXOABI K pEIICHUIO 3agad MHOTOKPHUTEPHAIBHON
ONTHMU3ALMH, HAa OCHOBAaHWH KOTOPBHIX ObLI BeIOpaH moxxon [lapero. B kauecTBe anroputMa ObIT BBIOpaH I'€HETHYECKHUMA
anroput™. Llep0 faHHOoii padoThI SBISETCS NOBBIICHNE Y()(EKTUBHOCTH PEIICHNUS 331a4 MHOTOKPUTEPHAIBHON ONTHMHI3ALAN
C THOMOIIBIO0 pean3aliyl 3BPUCTHYECKOTO AJTOPUTMA W TIOBBIMIEHHS €ro OBICTpOAeHCTBUS. 3agaHHSMHU PabOTHI SBIISIOTCS
OIpe/ieIeHNe MPEUMYIIECTB M HEIOCTaTKOB ITOAXOMO0B, KOTOPHIE HCIONB3YIOTCS IS PEIICHHUs 3aJad MHOTOKPHUTEPHAIBHON
ONITHMU3ALNH, Pa3paboTKa TEeHETHYECKOro arOpUTMa JUIS PEIIeHNs 3ajadll MHOTOKPHTEPHAIEHOTO COCTABIICHHS PACIIUCAHHS 1
uccieoBanue ero 3dgexrnBHOcTH. PazpaboraHsl omepaTopsl TEHETHUECKOrO aNrOpUTMa, KOTOPHIE YIHTHIBAIOT OCOOCHHOCTH
HCCIIelyeMol 3afaqy ¥ MO3BOJIIOT MONyJaTh B Tporecce paboTsl pemreHws [lapero. Braromaps BHenpeHHIO MapaulelbHBIX
BEIUHCIIEHHH B pealn3aliyl T€HETHYEeCKOro ajrOpHTMa YIajJoch IOBBICHTH €ro OBICTPOJNEHWCTBHE B CPAaBHEHHH C OOBITHOI
Bepcueil. Pa3paboTaHHBIN alrOpUTM MOKET HCIIONB30BAaThCS NP PEIISHHUH 3a/iaud ONTHMAaIbHOIO PaclpelielieHHs] pecypcoB, UTo
SIBIISIETCS] YACTHIO CHCTEMBI HAUHCIIEHHSI OOHYCOB COTPYIHUKAM.

KaueBbie coBa: 3a1ada COCTaBICHUS PacIMCaHNs; MHOTOKPHTEpHAIbHAsT ONTHMI3AINS, IBPUCTHKA,; TeHETHIECKUI
anroputy™; ¢pporT [lapero.

Solving a multicriteria scheduling problem
using a genetic algorithm

Alina Kazmirchuk, Olena Zhdanova, VVolodymyr Popenko, Maiia Sperkach

Abstract. The work is devoted to the multiobjective task of scheduling, in which a given set of works must be performed
by several performers of different productivity. A certain number of bonuses is accrued for the work performed by the respective
executor, which depends on the time of work performance. The criteria for evaluating the schedule are the total time of all jobs
and the amount of bonuses spent. In the research the main approaches to solving multiobjective optimization problems were
analyzed, based on which the Pareto approach was chosen. The genetic algorithm was chosen as the algorithm. The purpose of
this work is to increase the efficiency of solving multicriteria optimization problems by implementing a heuristic algorithm and
increase its speed. The tasks of the work are to determine the advantages and disadvantages of the approaches used to solve
multicriteria optimization problems, to develop a genetic algorithm for solving the multicriteria scheduling problem and to study
its efficiency. Operators of the genetic algorithm have been developed, which take into account the peculiarities of the researched
problem and allow to obtain Pareto solutions in the process of work. Due to the introduction of parallel calculations in the imple-
mentation of the genetic algorithm, it was possible to increase its speed compared to the conventional version. The developed
algorithm can be used in solving the problem of optimal allocation of resources, which is part of the system of accrual of bonuses
to employees.

Keywords: schedule problem; multiobjective optimization; heuristics; genetic algorithm; Pareto front.
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CONSTRUCTION OF PATTERNS
OF USER PREFERENCES DYNAMICS
FOR EXPLANATIONS IN THE RECOMMENDER SYSTEM

Abstract. The subject of study in the article is the processes of constructing explanations in recommendation
systems. Objectives. The goal is to develop a method of constructing patterns that reflect the dynamics of user
preferences and provide an opportunity to form an explanation of the recommended list of items, taking into account
changes in the user’s requirements of the recommendation system. Construction of explanations taking into account the
dynamics of changes in consumer preferences makes it possible to increase user confidence in the results of the
intelligent system. Tasks: structuring models of temporal patterns of parallel-alternative and sequential-alternative
users’ choice of the recommendation system; development of a method for constructing patterns of changing user
preferences using process mining technology; experimental verification of the method for constructing patterns of
changing consumer preferences. The approaches used are: temporal logics, which determine the approaches to the
description of the temporal ordering of a set of events. The following results are obtained. The structuring of models of
temporal patterns of parallel-alternative and sequential-alternative users’ choice of the recommendation system is
performed; developed and performed an experimental test of the method of constructing patterns of user preferences
dynamics. Conclusions. The scientific novelty of the results is as follows. The method of dynamics patterns
construction of users’ preferences for the formation of explanations concerning the recommended list of subjects is
offered. The method sequentially generates a set of ordered events, each of which reflects the choice of the subject by a
group of users at a certain time interval, and also builds a graph representation of the patterns of user preferences
through intellectual analysis of processes. The patterns obtained as a result of the method consist of time -ordered pairs
of events that reflect the knowledge of changing user preferences over time. Further use of such dependencies as
elements of the knowledge base makes it possible based on probabilistic inference to build a set of alternative
explanations for the received recommendation, and then arrange these explanations according to the probability of their
implementation for the recommended list of subjects.

Keywords: recommendation system; recommendation; explanations; the process of explanations formation; temporal

dependence.

Introduction

Recommendation systems offer consumers a list of
items that may interest them, i.e. correspond to their
preferences.

Such systems [1 - 3] are commonly used in
conjunction with e-commerce systems. Thanks to the
received recommendation, the consumer has the
opportunity to choose from a limited list of items of
interest to him, which greatly simplifies the purchase of
goods and services in e-commerce systems.

Recommendations for target users are formed
based on information about the choice of goods and
services by similar users, as well as information about
product ratings. Ratings reflect the degree of popularity
of users, but they can be falsified as a result of attacks
[4, 5] by virtual users, or shilling attacks.

The post-shilling recommendation is distorted
because it reflects the requirements of both the target
and attacking users. The user does not know how the
recommendation construction algorithm works, has no
information about the shilling attack, and therefore
distorted recommendations ultimately force the user to
abandon the use of the recommendation system.

In order for the user to trust the received
recommendations and be able to take them into account
even in the case of shilling attacks, the recommendation
is combined with an explanation [6-8].

The explanation reveals the reasons and methods
of obtaining a recommendation and sets the associative

links between the recommendation and knowledge of
the subject area. Combining a recommendation with an
explanation increases the chances [7, 9-10] that the user
will purchase the recommended product or service.

However, both recommendations and explanations
must be relevant as the user's preferences change [11-
15].

Such changes can occur cyclically or
evolutionarily. Therefore, when constructing
explanations to the recommendations, it is important to
take into account the dynamics of changes in user
requirements over time, i.e. to describe the process of
user selection using temporal knowledge.

The latter set the order in time for each pair of
events [16, 18], when the user selects items, puts
ratings, etc. The set of this knowledge forms the
patterns of the dynamics of user preferences at the
selected time interval. Automated formation of patterns
based on temporal knowledge is performed by the
method presented in [17].

Thus, the problem of constructing explanations to
the recommendations using temporal knowledge of user
preferences is relevant.

The solution to this problem requires the selection
of typical elements of temporal knowledge, the
construction of patterns from such elements based on
the analysis of the sequence of user actions. The rules
set the order in time for a pair of events. The probability
of implementation of the rule is determined by its
weight [18, 19].

© Chalyi S., Leshchynskyi V., 2021
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To date, methods have been developed to construct
explanations using temporal rules [20, 21].

The first method uses a set of temporal rules that
determine changes in user preferences at a given time
interval, such as a month, year. Explanations in the form
of a numerical indicator are calculated using the weights
of these rules.

Method [21] forms a description of the process of
choosing a particular product by consumers in the form
of a sequence of temporal rules. The explanation is
formed as a numerical assessment of the user selection
process. A common feature of these methods is that they
explain to the user of the recommendation system the
reason for the recommendation using the sign and the
value of the numerical indicator of the explanation. The
sign indicates an increase (+) or decreases (-) in demand
for this item. The value of the explanation indicator
reflects the rate of increase or decrease in sales for a
certain period of time. The disadvantage of these
methods is their dependence on the choice of basic
temporal rules, as well as the time interval used in the
construction of the indicator of explanation. To make an
informed choice of the latter, it is necessary to identify
typical patterns of user group behavior. These patterns
are limited to a certain time interval and consist of
sequences of temporal dependencies.

The definition of such patterns will allow, first, to
select the basic temporal dependencies for the
construction of explanations by methods [22-24].
Secondly, the information about the duration of the
pattern makes it possible to determine the intervals of
detailing the time for constructing explanations.

Thus, the solution to the problem of constructing
patterns of the dynamics of changing consumer
interests creates the conditions for constructing
explanations for recommendations for users whose
interests change over time.

The article aims to develop a method of
constructing patterns that reflect the dynamics of user
preferences and provide an opportunity to form an
explanation of the recommended list of items, taking
into account changes in the requirements of the user of
the recommendation system.

Construction of explanations taking into account
the dynamics of changes in consumer preferences
makes it possible to increase user confidence in the
results of the intelligent system.

To achieve this goal the following tasks are
solved:

—experimental verification of the method of
constructing patterns of changing consumer preferences.

—structuring of temporal patterns of parallel-
alternative and sequential-alternative choice of users of
the recommendation system;

— development of a method for constructing
patterns of changing user preferences using process
mining technology.

The method of constructing patterns

The pattern of consumer choice dynamics reflects
the typical changes in the preferences of the group of
users of the recommendation system over time. It
combines several sequences of selection by different
users of the same subset of items.

The pattern is determined by the events set of

selection E ={g;}.

Such events are recorded by the recommendation
system or e-commerce system in the form of a sales log,
user action log, etc.

For each event in the log, the time of its
occurrence t;, the code of the selected item, the user

code up, , as well as the number of selected items w; are

set.

Events are ordered in time.

This ordering according to the approach
proposed in [19] can be described by temporal rules
of two types.

Rules of the Next type, or X-rules, determine the

temporal order for pairs of events (e, ej,;) when the

second event occurs immediately after the first.

That is, there are no intermediate events between
two choices of a referral system or e-commerce system
that record other purchases of goods or services.

Rules such as Future, or F-rules, determine the

temporal order for pairs of events (ej,e) between

which other events occur.
This rule specifies that an event e must occur

after a future event g .

Sequential selection by users of several items is
represented by a sequence of X-rules. If one of the users
selects the first item, and then skips the selection of
several items and selects the final item, its actions are
described by the F-rule.

Because users can either sequentially select the
same items at a given time interval, or select different
items, their behavior is described by patterns of
parallel-alternative N1 and sequential-alternative
choices N2.

The structure of such patterns is shown in Table 1.

Table 1 — The structure of the patterns of the dynamics of user preferences

Pattern Alternatives

Representation by temporal rules

N1 — parallel-alternative
choice

Consistent selection of a set of several subjects or
select the first and last items from the set

An F-type rule or a sequence
of X-type rules

N2 — consistently -
alternative choice

Consecutive selection of several subjects, for which a
parallel-alternative choice is implemented

A sequence of X-type rules followed by
several alternatives between an F-type
rule or a sequence of X-type rules
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The parallel-alternative choice pattern N1
describes a local situation where users implement only
alternative behaviors.

If the behavior of users of the recommendation
system partially coincides, it is advisable to use a
pattern N2 of a sequential -alternative choice.

The combination of these patterns makes it
possible to describe the choice of several alternatives
within one period of time.

The developed method of constructing patterns
uses the event log of the recommendation system or e-
commerce system as input data.

The method of constructing patterns consists of the
following phases and stages.

Phase 1. Construction of an ordered events set for
the purchase of an items subset for a given level of time
granulation.

Stage 1.1. Select and organize a subset of shopping
events for a given product group.

At this stage, events that reflect the work with a
given group of objects A are selected from the input
dataset.

The resulting dataset has the following form

E={g :Vida, € A}. 1)

Each event ¢; in this dataset a,, is associated with

the selection of an object from a given set A.
The dataset is ordered in time, i.e. the condition is
fulfilled:

V(& 6i41)t <tis, (2

where t;, tj,; — moments of events occurrence €;, €4 -

Stage 1.2. Forming a set of events for a given level
of time granulation.
At this stage, events that occur € at a specified

time interval Atg are combined into one event y;. The
resulting dataset Y is:

Y ={y]-:
{VigEx = {&i.ea, 2 (Vi) €A}, (3)
Uy eU},

where At — time detail interval, for instance a week.
The number of purchases q; of a new event y; is

the sum of the number of purchases w; for the
incoming events e that generated it:
gj= > W (4)

i:eiEEk

Stage 1.3. Preparation of input data for intellectual
analysis.

At this stage, a new ordered sequence of events is
formed, which reflects X and F - the temporal
relationship between the consumer's choice for a given
level of time granulation.

Phase 2. Construction of patterns.

Stage 2.1. Forming a graph of changing user
preferences for a given level of time detail.

At this stage, using the fuzzy miner, a graph is
formed containing the patterns of the dynamics of user
selection.

The task of this stage is to determine the duration
of the patterns T on the basis of visual analysis of the
obtained graph.

Stage 2.2. Construction of sets of temporal rules of
X and F —types for a pattern N1.

At this stage, the rules that are part of the pattern
are selected in the dataset Y using a sliding window for
a duration T .

Step 2.2.1. Selection of events for the pattern N1.

In this step, a subset of events Yk(ll) on the time

interval T is selected, for the elements of which the
condition is fulfilled:

Yk(i) ={yk!ij---vYI :
(Vkvl)3ay, A3ay, ®)

(Vi)Jap v3a,},

where a,, a, —items from the set A.

Each of the events y, and vy, is associated with
the choice of different subjects ay, a,, and

intermediate events y; — with the choice of only one of

these subjects. Therefore, condition (5) specifies the
temporal relation F — type for extreme events y, and

y; .and the relation X — type for intermediate events y i-

The set of such relations corresponds to the pattern N1.

Step 2.2.2. Formation of a set of temporal rules
using the approaches presented in [20, 21].

Steps 2.2.1 and 2.2.2 repeated for all patterns in
the dataset.

Stage 2.3. Construction of sets of temporal rules of
X and F — types for a pattern N2.

At this stage, on the initial dataset Y , events and
rules are selected from the pattern N2 using the sliding
window for the duration T using the sliding window.

Step 2.3.1. Selection of events for the pattern N2.

2)

In this step, a subset of events Yk(I is selected, for

the elements of which the condition is fulfilled:

Yk(’zl) ={yk,...,yk+0,...,y]-,...,y| :
(Vkvl:k+o< j)3an A3a,, (6)
(Vi)3ap v 3ap|.

where ay,, a, —items from the set A.

Each of the events y,, Yx,o IS associated with
the choice of different subjects ay, a,, and
intermediate events y; — with the choice of only one of

these subjects.
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Therefore, the set vyy,.., Y., Specifies the
sequential, and yj,...,y; — the alternative parts of the

pattern N2.

Step 2.3.2. Formation of a set of temporal rules F —
type and X — type.

Steps 2.3.1 and 2.3.2. repeated for all detected
patterns N2.

The result of this method is a set of rules that
reflect the knowledge of changes in consumer
requirements for recommended goods and services over
time. The received rules are intended for construction of
explanations concerning recommendations.

Experimental verification of this method was
performed using a set of data on wholesale sales of gifts
in a supermarket chain. The choice of data set is due to
the significant number of sales over short periods of
time, which makes it possible to identify patterns for
different levels of time detail.

The 1-day interval was selected as the base level of
time detail in step 1.2.

Identifying the values of the duration of patterns
and temporal rules are presented in Table 2.

Table 2 — Temporal patterns characteristics

Type of Duration, Percentage
dependence time intervals in the dataset
X 1-2 69
F 4-5 37
N1 5 -
N2 5-6 -

According to the results of the experiment, it was
found that the duration of both patterns is about 5-time
intervals. X-type temporal rules in both patterns last 1-2
intervals.

F - the rules for the pattern of parallel selection are 5
intervals, and sequential-alternative - 4 intervals. The
patterns have common X-type rule rules. This indicates
that the duration of the pattern in 5 intervals is typical
for different groups of buyers and does not depend on
calendar dates.

Also from Table 2, it is seen that only 69% of X-
dependencies and 37% of F-dependencies can be used
to construct explanations because they are part of the
obtained patterns and reflect changes in user
preferences.

The percentage of patterns in the sample was not
calculated because they have common rules, and the
number of common rules differs for different pairs of
patterns.

The conducted experimental check showed that the
results of the formation of patterns can determine the
duration of intervals of change of interests of
consumers, and also a subset of rules which will be used
for the construction of explanations.

Conclusions

The problem of constructing patterns of user's
preferences dynamics the recommendation system for
formation of explanations concerning the offered list of
subjects is considered.

This problem arises in the case of periodic and
evolutionary changes in user requirements. A method
for identifying patterns of alternative and sequential-
alternative choices that reflect cyclical changes in
consumer preferences due to changes in the seasons of
the year, in fashion trends, etc. is proposed. Patterns are
based on the temporal ordering of events pairs of the
type "current event - next event", "current event - next
event sometime in the future". Patterns describe a
parallel alternative or sequential alternative consumer
choice.

Each pattern consists of many pairs of events, and
each pair is ordered in time.

The parallel selection pattern contains an alternative
between a sequential selection of several products or a
selection of only the first and last item in the pattern.
The pattern  of  sequential-alternative  choice
complements the sequence of choices of goods with the
pattern of an alternative choice.

The proposed method of constructing patterns of
user preferences dynamics to form explanations for the
recommended list of items includes phases of
constructing a set of ordered events for purchasing a
selected item for a given level of time granulation, as
well as constructing patterns by process mining.

The implementation of the method of constructing
patterns based on the analysis of the sequence of data on
the choice of items by the consumer makes it possible to
form sets of time-ordered pairs of events that are part of
the explanations.

Such explanations take into account the temporal
dynamics of consumer preferences. Experimental
verification of the method showed that the method
distinguishes patterns for popular items in wholesale
sales, even in the case of short datasets. The results of
the method largely depend on the number of consumers
who chose the target items. The sets of temporal
dependences obtained as a result of the method are
elements of knowledge and therefore can be used to
construct explanations by probabilistic inference in the
knowledge base.

Further improvement of the developed method will
involve determining the weights of temporal
dependences in the composition of patterns. Such
weights should correspond to the probability of
realization of dependence in known patterns. The
conclusion on the weighted rules will allow to arrange
some possible alternatives of explanations on the value
of the probability of their realization and then to offer to
the user of the recommendation system the most
probable explanation.
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IloGynoBa natepHiB AMHAMIKH BIIOA00aHb KOPHCTYBAYiB /ISl MMOSICHEHb B PeKOMeHIaiiiHil cucTemi
C. @©. Yammii, B. A. Jlenuuchkuit

Anotanisi. Ilpegmerom BUBUEHHS B CTAaTTi € NpOIECH MOOYIOBU MOSICHEHb B PEKOMEHAALIHHNUX chcTeMax. MeToro €
po3poOka MeToxy MOOYAOBH MATEpHIB, IO BiZoOpaXkaloTh AWHAMIKY BIIOI00aHb KOPHCTYBadiB i JAarOTh MOXKIIHBICTD
chopMyBaTH TOSCHEHHS IIOAO PEKOMEHAOBAHOTO IIEPEeNiKy MpeIMeTiB 3 YypaXyBaHHSAM 3MiH BHUMOI KOpHCTyBaua
pekoMmeHpaniitHoi cucremu. [ToOymoBa MOsSICHEHb 3 ypaXyBaHHSM JUHAMIKH 3MiH BIOAO00aHb CIIOKMBAYIB A€ MOXJIMBICTDH
MiJBUIIMTA JAOBIpY KOPHUCTYBauiB JI0 pe3yNbTaTiB pPOOOTH IHTENEKTYaJdbHOI CHCTEMH. 3aBAAHHA. CTPYKTYypHU3alis
TEMIIOPAJIbHUX ~ TaTepHIB  MapajesibHO-aIbTEePHATUBHOIO Ta  IOCIIJOBHO-aJIbTEPHATHBHOIO BHOOpY  KOpPHCTYyBauiB
pPEKOMEHMAIITHOI CcHUCTeMH; pO3poOKa MeToxy MOOYHOBHM IAaTEepHIB 3MiHM BIOJO00AaHb KOPHUCTyBada 3 BHKOPHUCTAHHSIM
TeXHOJOrii process mining; eKClepUMEHTAJIbHA IEpeBipKa METOAY MOOYNOBM MNATEPHIB 3MiHH BIOJO0AHb CIIOXHMBAUiB.
BukopucroByBaHMMHM MigXOAaMHM €. TEMIOPaJbHI JIOTIKM, IO BHU3HAYalOTh MiAXOAW [0 OMHCYy TEMIOPAJIbHOI
YHOPSIKOBAHOCTI MHOXKHHU TOAiH. OTpUMaHi HaCTyNHI pe3yJbTaTH. BUKOHAHO CTPYKTYpH3allii0 TEMIIOPaJIbHUX MaTePHIB
MapajienbHO-aIBTEPHATUBHOIO Ta  I0CHIJJOBHO-QJIbTEPHATUBHOTO BUOOPY KOPUCTYBadiB pPEKOMEHAALIHHOI cHCTeMH;
PO3pOOJICHO Ta BUKOHAHO EKCIICPHMEHTAIbHY IEPeBipKy METORy IOOYHOBH MaTEpHIB JUHAMIKH BIOZ00aHb KOPHCTYBaua.
BucHoBku. HaykoBa HOBH3HA OTPHUMaHMX PE3YJIbTATIB MOIAra€ B HACTYITHOMY. 3alpOIIOHOBaHO METOJ MOOYIOBU MaTepHiB
JIMHAMIKH BIOf00aHb KOPUCTYyBauiB Ui (OPMYBAaHHsS MOSCHEHb IOAO PEKOMEHJOBAHOIO Iepeliky mnpenmeriB. Merox
MOCIiI0BHO ()OPMYE MHOXKHMHY YIOPSIKOBAaHUX MOAIN, KOXKHA 3 SKMX BigoOpakae BUOIp mpeaMeTy Ipynorw KOpUCTYBadiB Ha
BHU3HAUCHOMY iHTEpBalli 4acy, a TaKoX Hependadae moOyqoBy rpadoBOro NpeACTaBICHHS MAaTCPHIB THUHAMIKH BIOJOOAHb
KOpHUCTYBa4iB 3aco0amMM IHTENIEKTyaJllbHOrO aHajizy mnpoueciB. [laTtepHu, oTpuMaHi B pe3yiabraTi pobOTH MeTony,
CKJIAZIAIOTHC 13 YIOPSAKOBAHUX Yy Yaci map mofiil, mo BioOpakatoTh 3HAHHS IIOA0 3MiHU BIOA00AHh KOPHUCTYBAUiB 3 4acOM.
IMopanbiie BUKOPHCTaHHSA TAKUX 3aJIC)KHOCTEH SK €JICMEHTIB 0a3M 3HaHb JJa€ MOXJIMBICTh HAa OCHOBI HMOBIpHICHOTO BUBOIY
noOynyBaTti Halip aJbTEPHATUBHUX IOSCHEHb LIO0 OTPUMAHOI PeKOMEHJalii, a MOTIM YHOpAIKYBAaTH Li MOSCHEHHS 3a
HWMOBIpHICTIO X peanizauii 15 peKOMEH0OBAHOTO IEPENiKy MPEIMETIB.

Karo4doBi caoBa: pexkoMeHnaliiiHa cucTeMa, pPEKOMEHJIALlisd, IOSACHEHHsA, mpouec (OpMyBaHHA IOSCHEHb,
TEMITIOpalIbHA 3aJI€XKHICTb.

IMocTpoeHue NaTTepHOB AMHAMUKH MPeANOYTEHHI M0Jb30BaTeell 11l 00bICHEHHI B peKOMeHIaTeIbHOI cucTeMe
C. ®@. Yanmrit, B. A. JlemuHckuii

AnnHotanusa. IlpenmMeroM M3ydeHHsl B CTaThe SIBISIIOTCS MPOLECCHl MOCTPOEHUS MOSACHEHHH B PEKOMEHIALIMOHHBIX
cucremax. Ileablo sBisercs pa3paboTka MeToJa MOCTPOCHHS NATTEPHOB, KOTOPbIE OTOOPAXAIOT IMHAMUKY IPEAIOCIIEIHUIT
MOJIb30BaTEIel M AT BO3MOXHOCTb C(OPMHUPOBATH OOBSCHEHHE KACATENbHO PEKOMEHIOBAHHOTO MEpeyHs IPEAMETOB C
y4eTOM W3MEHEeHHWil TpeOOBaHMi MOJIb30BATENsl PEKOMEHIALMOHHOM cucteMbl. [locTpoeHne OOBSICHEHHI C y4eTOM JUHAMHKU
M3MEHEHHUH MpeInouTeHUH MONb30BaTeNedl 1aeT BO3MOXKHOCTH MOBBICUTH JIOBEpPHE IOJIb30BAaTENie K pe3yiabTaraM paboThl
HHTEJIEKTYadbHOH CHUCTEMBI. 3aJa4M: CTPYKTypH3allMs TEMIOpPAIbHBIX MATTEPHOM MapalIeIbHO-aNbTEPHATUBHOIO U
T10CJIE/I0BATENIbHO-AIBTEPHATHBHOIO BbIOOpa IOJIB30BATENEH PEKOMEHJALMOHHOW CHCTEMBI; pa3paboTKa MEeToAa HOCTPOCHMS
MATTEPHOB M3MEHEHHMs MPEAMOYTCHHI MONB30BATENsI C HMCHOJB30BAHMEM TEXHOJIOIHH Process Mining; skcrnepuMeHTaabHas
NPOBEPKa METO/a IOCTPOCHHUS NIATTEPHOB W3MEHEHUs NPEANoYTeHni norpedureneil. Mcnonp3yeMbIMU MOAXOAAMH SIBIISIOTCS:
TEMIIOpaJIbHBIE JIOTHKH, ONPEIEISIOMNX TOAXOAbI K ONHCAHUIO TEMIIOPAIbHOW YIOPSIOYEHHOCTH MHOXKECTBA COOBITHH.
[lonydens! cnegyromue  pe3yJbTaTbl. BBINOTHEHO  CTPYKTYPHPOBaHME TEMIOPAIBHBIX MAaTTEPHOB  IMapaliesbHO-
IBTEPHATUBHOTO U MOCIIEI0BATEIbHO-AIBTEPHATUBHOIO BbIOOpA MOJIb30BaTENE PEKOMEHAATENILHON CHCTEMBI; pa3paboTaHo U
BBINOTHEHO SKCIIEPUMEHTAIBHYIO POBEPKY METOIa MOCTPOEHHs TATTEPHOB JUHAMMKY MPEANOUYTEHUH Monb30BaTens. BoIBOABI.
Hayunast HoBH3Ha MOTy4EHHBIX Pe3yIbTAaTOB 3aKII0UaeTCs B cemyromeM. [IpeanoxkeH MeToa NoCTpOoeHHUs TATTEPHOB TUHAMUKU
MPEANOYTeHUI monp3oBaTeneil s (HopMUpOBaHUS OOBSICHEHUH PEKOMEHIOBAHHOIO TIepedHs mpeaMmeroB. Meron
TOCJIE/IOBATENIBHO (OPMUPYET MHOXKECTBO YIOPSJOUSHHBIX COOBITHH, KaXJO€ M3 KOTOPBIX OTOOpakaeT BHIOOp MpeaMera
IPYNION TIONb30BaTeNel Ha ONpPENeNICHHOM HMHTEpBajle BPEMEHH, a TaKKe IpeIycMaTPHBAET IIOCTPOCHUE TIpadhoBOro
MIPE/CTaBIEHNsI MATTEPHOB JHHAMUKHU IPEIIMOYTEHHH MOJIb30BaTeNell CpeCcTBAMU HHTEIUICKTYaJbHOIO aHali3a IIPOLECCOB.
[TaTTepHsl, MOMydeHHBIE B pe3ynbTaTe pabOThl METOMA, COCTOST U3 YIOPSIOYEHHBIX BO BPEMEHM Map COOBITHH, OTpa)aroIluxX
3HAaHUA [0 U3MEHEHHIO MPEAIOYTEHUI IOIb30BaTeNel co BpeMeHeM. JlanpHellnee UCIOIb30BAHUE TaKUX 3aBUCHMOCTEH Kak
9JIEMEHTOB 0a3pl 3HAHMII JaeT BO3MOXKHOCTH Ha OCHOBE BEPOSTHOCTHOI'O BBHIBOJIA IOCTPOUTH HAOOp anbTepHATHBHBIX
OOBSICHEHNH 10 TOTYYCHHON DPEKOMEHMAAIMH, a 3aTe€M YIOPSJIOYHUTHh 3TH OOBSCHEHHUS 10 BEPOSTHOCTH WX pPeaTH3aluH st
PEKOMEHTyeMOr0 IepevHs! IIPeIMETOB.

KiawueBble CJI0BAa: PEKOMCHIAMOHHAS CHCTEMa; PEKOMEHAAIMS; 00bsICHEHHE; POoLiece POPMHUPOBAHUSI OO0 BICHCHHIA;
TEeMIIOpasbHas 3aBUCHMOCTb.
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DIGITAL IMAGE AUTHENTICATION MODEL

Abstract. The development of new technologies, the growing volume of data and the total consumption of content in the
digital environment are changing the ecosystem of modern media. Data can be easily and completely duplicated. It brings
great convenience to life, work, scientific research and other areas of human activity. However, information security issues
have appeared that have attracted a lot of attention. The purpose of this article is to present a model for digital image
authentication. This article proposes a model for reliable verification of digital image authenticity with a high degree of
protection and parameters for assessing the effectiveness of such systems. Reliability is achieved because the watermark is
hidden not in the whole image, but in its fragment, which is most suitable for hiding the image, as well as for using anti-
noise codes as a watermark. Based on the current state of watermarking methods, it is recommended to use modern
algorithms and architectures of convolutional neural networks to ensure a high degree of security.

Keywords: digital watermark; authentication; copyright; digital image authentication model; steganographic; cyber-

security.

Introduction

The development of new technologies, the growing
volume of data and the total consumption of content in the
digital environment are changing the ecosystem of modern
media. Data can be easily and completely duplicated. It
brings great convenience to life, work, scientific research
and other areas of human activity. However, information
security issues have appeared that have attracted a lot of
attention. Copyright ownership is an important aspect of
information security, and the use of digital watermarks is
an effective way to protect copyrights [1]. Copyright pro-
tection is achieved by embedding author information into
the digital content. In recent years, many watermarking
algorithms have been proposed [1-10].

The Internet is a free zone, where almost everything
is open and everything is allowed. The Internet makes it
easy to copy and replicate any pictures, texts, video and
audio product, without thinking about the fact that these
pictures, articles, songs have authors who have certain
rights to this multimedia data.

Almost every site in the Internet contains photos
and illustrations. At the same time, most of the images
posted on the Internet are used without a valid license —
unfortunately to authors.

To raise awareness of the extent of image copyright
infringement, Copytrack regularly investigates how,
where and to what extent images are used illegally. Copy-
track's 2019 Global Infringement Report consists of a
statistical analysis of more than 12,000 Copytrack user
profiles. Investigation of lllegal image using was based
on all searches deemed illegal by individual account
holders, and on website owner data based on information
gathered by internal search robots. The percentages men-
tioned in this report refer to the number of potential copy-
right infringements handled by Copytrack between De-
cember 2017 and December 2018. Geographic locations
were used for the analysis.

According to the 2019 Copytrack Global Infringe-
ment Report [11], Fig. 1 shows the percentage of copy-
right infringement in the use of images on the global In-

ternet.

According to the report [11], more than 2.5 billion
images are stolen every day. These license violations can
lead to daily damages of up to 532.5 billion euros.

The purpose of this article is to present a model for
digital image authentication.

Europe 31.40%
Asia 29.38%
Africa 1.48%
South America 2.57% m

Fig. 1. Copyright Infringement Statistics by Continent [11]

Analysis of publications

A digital watermark is a special mark embedded in
digital content (called a container) to protect copyrights
and confirm the integrity of the document itself. A wa-
termark can be embedded in any type of electronic doc-
ument. Along with various images (photos, drawings,
scanned paper documents, etc.) there are audio recordings
that contain a watermark, and video (e.g., DVDs). Wa-
termarks is actively used for placement of unigue photos,
videos, audio tracks in electronic form on the global In-
ternet.

There are different methods of classification of wa-
termarks algorithms creation. If we divide them by char-
acteristics, there are three types of digital watermarks:

- stable (robust), such watermarks should be re-
sistant to any influences on them [12];

- fragile, changing or collapsing with minor modifi-
cation of the container [13];

- semi-fragile, resistant to some influences and un-
stable to others [13].

Resistant watermarks are used when it is necessary
to remain the identification code, company logo and other
identifiers intact with maximum distortion of the contain-
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er. Fragile watermarks and electronic digital signatures
are used to verify the integrity of electronic documents.
Algorithms of embedding fragile watermarks are espe-
cially sensitive to any distortion and effective for integrity
control and forgery protection. In the case of semi-fragile
TLDs, an image, for example, can be converted to anoth-
er format or compressed, but you cannot cut or paste a
fragment into it; for an audio track, the sound frequencies
can be changed, but the performer's voice cannot be re-
moved.

Most of the current research focuses on a robust wa-
termarking algorithm for copyright protection, such an
algorithm usually embeds the watermark in the transform
region of the image to improve reliability. Discrete Fouri-
er transform (DFT), discrete wavelet transform (DWT)
and discrete cosine transform (DCT) are the most com-
monly used basic transformation methods [1-3, 6].

The article [4] proposes a new method for water-
marking a color image in the spatial domain for fast and
efficient color image copyright protection. It discusses the
direct propagation coefficient (DC) 2D-DFT, obtained in
the spatial domain. Also it proves connection between the
change of each pixel in the spatial domain and in the DC
coefficient in the Fourier transform.

The article [5] proposes a new technique for water-
marking medical images to detect damaged areas in med-
ical images with greater accuracy by authenticating 4x4
blocks and without limiting the region of interest (ROI)
size. The proposed method can label a 4 x 4 pixel block if
it has at least one distorted pixel, while similar methods
(which have no region of interest size limitation) label 8
x 8, 16 x 16, and 40 x 40 pixel blocks.

The article [7] proposed a reliable method for wa-
termarking an image in a merged wavelet transform
(LWT) domain. The neural network is included in the
watermark extraction process to increase resistance to
various attacks. The integration of the neural network
with LWT makes the system resistant to various attacks,
while maintaining an adequate level of stealth.

Since a reliable watermarking algorithm also has
high security requirements, the article proposes a general
model for image copyright protection based on LWT.

Digital Image Authentication Model

Model of digital image authentication can be con-
sidered as steganographic system that transmits an en-
crypted identifier, which is a digital watermark.

CODER

Determining the
optimal area for
embedding a
watermark

. Area coordinates
Picture

Image fragment

Extracting the
4 embedding area

Copyright label Generating a >
watermark

Watermark

Embedding a
watermark in a
fragment of
image

Fragment of the image
with a watermark

After analyzing of the current state of research on
methods of superimposition of watermark and significant
parameters of watermark, we can form the following as-
sessment of the system of digital image authentication
effectiveness:

EF =R-oa,; +SR-og + ER-0lgp +

@
‘I‘SC -OLSC + DT * adt,

where R,Re[0,1] - is an estimate of the reliability of

the method of embedding a watermark;

RS,RS €[0,1] — is an estimate of the watermark
invisibility in the image;

ER, ER €[0,1] —is the probability of an error of the
first and second kind;

SC,SC €[0,1] - is an estimate of the fragility of
the watermark;

DT — is the number of embedded watermarks;

Oy, Ogr, Olgr, Oge, Ogy  — are significance coeffi-
cients of the corresponding parameters of the watermark
method. Such coefficients are necessary because there is
no universal watermark embedding method, so thanks to
such coefficients you can adjust the significance of each
parameter and thus influence the final effectiveness of the
method for a particular watermarking task.

The process of digital image authentication with
watermark is shown in Fig. 2 and consists of the follow-
ing main steps:

1) defining the area for embedding;

2) generating a watermark;

3) embedding the watermark in an image fragment;

4) image preprocessing after embedding the water-
marked fragment in the original image;

5) detecting the watermarked fragment;

6) extraction of the watermark from the fragment;

7) correcting errors in the watermark during extrac-
tion;

8) obtaining the label of the right holder.

Consider these steps.

Step 1 - Definition of the area for embedding.
Suppose there is an image Im [N, M] in which you
want to embed a watermark WKk, 1] .

Then, in the simplest case, the procedure for deter-
mining the optimal area for embedding a watermark can
be represented using the sliding window method.

DECODER

Watermark with
distortion

Restoration of
Extrating the damaged areas
watermark of the
watermark

Preprocessing } Watermark .
and embedding } Copyright label
fragments into Embedding area | Getting the
the original A copyright label
image !
|

[
!

Image with watermark .
Fragment of an image

with a watermark

I I
I I
I I
I I
I I
|
I il
I I
I I
I I

Fig. 2. Digital Image Authentication Model
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The scheme of the algorithm for determining the ar-
ea for embedding is shown in Fig. 3. Analytically, the
sliding window processing can be represented as follows:

E(Im; j) =Q|a(im; ), a(im; j,1),aim; j 1),..| = -
= Q|q(|mi+k ) ImJ+|)| <k, |> €S,

where E(Imiij) — the optimality value of the embedding

area; Q — function describing the rules for evaluating the
pixels in the vicinity S; S — point vicinity, the set of
points (pixels) surrounding the working point (usually the
center pixel); k, I — the size of the sliding window, given
by the S set of coordinate offsets on the abscissa axis and
the ordinate axis, respectively.

1m [N, M] - image,

ik, I - window size,

| E — optimality coefficient
of an image fragment

i X,y —fragment
coordinates

i=0+k/2;i<N-k/2;i++
J=0+1/2;j<N-1/2;j++

E(Im;j), opmyna
(1)

Fig. 3. Diagram of the algorithm
for determining the area for embedding

Stage 2 - Generation of the watermark.
Let W', 1',K’,B’ be the set of possible watermarks,

containers (the form of watermark representation) of keys
and hidden identifiers of right holders, respectively. Then
the generation of the watermark can be represented as:

F: I'xK'xB'>W,W=F(I,K,B), (2

where W, 1,K,B — are elements of the corresponding

sets. Generally speaking, the function can be arbitrary,
but in practice, the robustness requirements of the water-
mark impose certain restrictions on it. Thus, in most cas-

es, F(1,K,B)~F(I+¢K,B), ie, a slight change in

the container does not change the hidden IDs of the rights
holders. The function is usually composite:

F=ToG, whereG:K'xB'"—>C' and 3
T:C'xl' >W' '

that is, the watermark depends on the properties of
the container. The function G can be implemented using
a cryptographically secure pseudorandom number gen-
erator with K as the initial value.

To improve the robustness of the watermark, au-
thors use interference-resistant codes such as BCH codes,
convolutional codes. [14, 15].

The operator T modifies the code words C', re-
sulting in a watermark W'. It is possible not to impose
irreversibility constraints on this function since the ap-
propriate choice G already guarantees irreversibility F .
The function T must be chosen such that an unfilled
container |y , a filled container I, and a slightly mod-
ified filled container Iy, would produce the same water-
mark:

T(C,I0)=T(C,IW)=T(C,I\}'\,), 4

Step 3 - Generation of the watermark.
The process of embedding the watermark W (i, j)

in the original image 14 (i, j) can generally be described
as a superposition of two signals:

el I'sW'xL' > Iy, (i, )
=lo(i, i)@oL(i, phw (i, j)p(i.j)’
where L(i,j) - watermark-embedding mask, which

takes into account the characteristics of the human visual
system, serves to reduce the visibility of the watermark;

p(i, j) - projecting function;

Sign @ denotes the superposition operator, includ-
ing, addition, truncation, and quantization.

The projecting function carries out the "distribution”
of the watermark over the image area. Using of it can be
considered as an implementation of parallel channel in-
formation spacing. In addition, this function has a certain
spatial structure and correlation properties used to coun-
teract geometric attacks.

Step 4 - Image preprocessing after embedding the
watermarked fragment in the original image.

At this stage, the image fragment Iy, is inserted in-

to the original image Im. Since Iy, is a modification of
the original fragment 1, which serves as a container for
the watermark. When embedding it into the original im-
age Im, the watermarked fragment will differ from the
general distribution of the image brightness 14 (i, j)+a.,

where o is a modification factor that occurs during the
embedding process. To eliminate this drawback, after
embedding a fragment with a watermark in the original
image, anti-aliasing is applied along the edges of the em-
bedded fragment to eliminate the visibility of the pres-
ence of a watermark in the image.

®)

Step 5 - Detect the watermarked fragment.
The task of detection is to find objects (watermark)
with certain properties on the image, and if the objects are
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detected, to determine their coordinates on the image
plane. The basic principle of object detection on the im-
age is to compare the brightness function of the image
with some "reference” - a fragment of the brightness field
containing the desired object. When implementing the
detection procedure, the standard is sequentially moved
along the image field, and at each position, its similarity
to the real brightness function on the fragment is investi-
gated. Complete coincidence of the standard and the im-
age, as a rule, does not happen due to noise and distor-
tion, as well as because usually there is no complete in-
formation about the shape and structure of the object, (we
have to use the standard, only approximately describing
the object).

Since watermarks are hidden and different in struc-
ture in the image in such a way that they are less visible,
it is best to use neural networks for detection and locali-
zation.

Step 6 - Extracting the watermark from the frag-
ment. The extraction uses the inverse of the operation in
step 3 and depends on the embedding method.

Step 7 - Correcting errors in the watermark during
extraction. Since it is recommended to use interference-
resistant codes, such as BCH codes, convolutional codes,
to improve robustness, this step is the correction of distor-
tions in the watermark.

Step 8 - Obtaining the label of the copyright holder.
This step is the reverse of step 2 and depends on the
method used to generate the watermark.

There is a probability that the decoder will not de-
tect an existing watermark and a probability of falsely
finding a watermark in an empty container (false alarm
probability). Decreasing one probability leads to increas-
ing the other probability.

Reliability of the decoder is characterized by the
probability of false detection. This model for verifying
the authenticity of a digital image is designed to minimize
the likelihood of both errors, since each of them can lead
to denial of service.

Conclusion

This article proposes a model for reliable verifica-
tion of digital image authenticity with a high degree of
protection and parameters for assessing the effectiveness
of such systems. Reliability is achieved because the wa-
termark is hidden not in the whole image, but in its frag-
ment, which is most suitable for hiding the image, as well
as for using anti-noise codes as a watermark. Based on
the current state of watermarking methods, it is recom-
mended to use modern algorithms and architectures of
convolutional neural networks to ensure a high degree of
security.
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Mopneans ayrenTudikanii ungpoBux 306pakenn
1. B. Py6an, H. M. Bonoroga, B. O. MaptoBumskuit, O. O. KornieB

AHoTanisi. PO3BUTOK HOBHX TEXHOJOTiH, 3pOCTaHHs OOCSTIB BENHMKHX IAHHX I TOTAIBHE CIIOKHBAHHSI KOHTCHTY B
(POBOMY CEpPEIOBHILI 3MIHIOIOTh €KOCHCTEMY Cyd4acHHX Mefia. JlaHi MOXHa JIETKO i IOBHICTIO AyOJIIOBaTH, LIO IPUHOCHTH
BEJIMKY 3pYYHICTB B JKHUTTS, pOoOOTi, HAYKOBUX JIOCII/PKEHHSX Ta iHIIMX cdepax AisuTbHOCTI toanHN. OIHAK BHHUKIHM MUTAHHS
iHpopmaniiiHoi Oe3mexu, ski NPUBEPHYNIM BelIMKy yBary. [IpaBo BmacHOCTI Ha aBTOPCBKI IpaBa - BaXJIMBUH acHeKT
iH}opmaniiiHoi Oe3nexn, a BUKOPUCTaHHS HU(POBUX BOASHUX 3HAKIB - €(hEeKTUBHHI CIIOCIO 3aXUCTY aBTOPCHKHX NpaB. MeToro
JAHOI CTATTi € NPEACTaBICHHSA MOJENI MEePEeBIPKH CIIPaBXKHOCTI NPaBO BJIACHOCTI Ha aBTOPCHKI IpaBa 300paxxeHHs. Llndposi
BoasHi 3Haku (LIB3) axkTHBHO BHMKOPHCTOBYIOTbCS TNPHM pPO3MIILECHHI yHIKaNbHUX (Qororpadiil, Bineo, aymioTpekiB B
€JICKTPOHHOMY BUIJIAZI B rio0ainbHIH Mepexi IHrepHeT. OCKIIBKM HaJiHHWI alrOpUTM BOASHUX 3HAKIB TaKOX Ma€ BUCOKI
BHUMOTH J10 Oe3neky, B po0OTi 3alipONOHOBAHA 3arajbHa MOJIEIb TIePeBIpKH aBTEHTUYHOCTI 300paxkeHHs Ha ocHoBi L[B3. Monens
MePEBIPKH CIPABXXHOCTI HU(PPOBOro 300paXKeHHs MOXKe OYTH pO3IIISIHYyTa SIK cTeraHorpadiyHa CHCTeMa, B sIKil MepenaeThest
iHTerpoBaHuii 3amudpoBanuii i1eHTH(IKaTOp B 001aCTh 300paXkeHHs € HU(POBUM BOJSIHUM 3HAKOM. ICHye MOBIpHICTB TOTO,
o JeKozep He BusBUTH HasBHHM [[B3 i HMOBipHiCTH mOMMIKOBOro 3HaxomkeHHs [[B3 B mopoxHbOMY KOHTEHHEpi
(MMOBIpHICTh MMOMHJIKOBOI TPUBOTH). 3HM)KEHHS OIHi€l MMOBIpPHOCTI NMPU3BOAMTH A0 30iiblieHHs iHmmoi. HaniitHicte poboTn
JIeKOZiepa  XapaKTepHU3YIOTh IMOBIPHICTIO IMOMMJIKOBOTO BHSBIEHHS. JlaHa Mozenb NEPEeBIpKU CIPaBXHOCTI LU(POBOToO
300pakeHHs T00y/I0BaHa TAaKMM YHHOM, 00 MiHIMi3yBaTH HMOBIPHICTh BUHUKHEHHS 000X HOMMJIOK, TaK SIK KOKHA 3 HUX MOXe
MIPUBECTH JI0 BiIMOBH BiJl 00CIYroByBaHHs. Y Ll CTAaTTi MPOMOHYETHCS MOAENb Ha(i{HOI MepeBipKH aBTEHTUYHOCTI IIU(PPOBOr0
300pakeHHs1 3 BHCOKMM CTYIEHEM 3aXHCTy 1 MapameTpd OLIHKM edekTHBHOCTI poboTH mnomiOHux cucteM. HapiitnicTb
JOCSATaTUCs 32 PaxXyHOK Toro, 110 [{B3 xoBaerbcs He B yChOMY 300paxkeHHi, a B HOro (parMeHTi, sIkuii HaiOUTbII MiAXOMUTh IS
npuxoByBaHHs L[B3, a Takox 3acrocyBanHs B sikocti [[B3 nmepemkonocriiikux kozaiB. Crimparoduch Ha MOTOYHHN CTaH METOIIB
[IB3 s 3a0e3nedeHHs] BUCOKOIO CTYIEHs 3aXMIICHOCTI PEKOMEHAYEThCSl 3aCTOCOBYBATH CY4acHi alrOPHUTMH 1 apXiTeKTypu
3ropTaIbHUX HEUPOHHUX MEPEXK.

KawuoBi caoBa: mudposuil BomsiHMI 3HAK; aBTeHTH(IKALlis; aBTOPChKE MPaBO; MOJENb ayTeHTH(ikawil udppoBux
300pakeHb; creranorpadis; kidbepoesmneka.

Moaesib NpoBepKH MOATMHHOCTH HU(POBOro H300paKeHHst
. B. Py6an, H. H. bonorosa, B. A. Maprosukwuii, O. O. Komes

AHHOTaumus. Pa3BuTHe HOBBIX TEXHOJOIHH, PacTylHe 00bEMbI OONBIIMX JAHHBIX U TOTAIBHOE MOTPEOJICHHe KOHTEHTa
B LIM(POBOH cpejie MEHSIOT IKOCHCTEMY COBPEMEHHBIX Meiua. JlaHHbIe MOXKHO JIErKO M HOJIHOCTBIO YOJIMPOBaTh, YTO IIPUHOCHT
Oonbiioe ynoOCTBO B KH3Hb, pabOTy, HaydHbIE UCCICIOBaHUS U Apyrue chepbl OesaTeabHOCTH 4enaoBeka. OIHAKO BO3HHKIH
BOIPOCHl MH(OPMALMOHHOH OE30MacHOCTH, KOTOpbIe MNPUBICKIM Oobiioe BHUMaHHE. Lleablo MaHHOW CTATBU SBISETCS
MPE/CTaBICHHE MOJENM IPOBEPKH MOMTHHHOCTH IdpoBoro m3o0paxenus. Lludposbie BomsHbie 3Haku (LI[B3) akrtuBHO
UCHOJIB3YIOTCS TPU pa3MELIeHUH YHUKaIbHbIX (oTorpaduii, BUieo, aylMOTPEKOB B JJIEKTPOHHOM BHIE B IJ00aJIbHOW CeTH
Wnreprer. ITockonbKy Ha/JEKHBIH alrOpUTM BOJASHBIX 3HAKOB TAKKE INMPEIbABISCT BBICOKHE TpeOOBaHHMS K O€30MacHOCTH, B
pabote mpeuIoKeHa 0o0LIas MOAEIb NMPOBEPKU MOTMHHOCTH M300paskeHus: Ha ocHoBe [[B3. Mozens npoBepKy MOIJIMHHOCTH
mudpoBoro u300paXKeHUs: MOXKET OBITh pacCMOTpeHa Kak creraHorpaduueckas cucremMa, B KOTOPOM Iepemaercs
HMHTErPUPOBaHHBIN 3aIH(pPOBAHHbII HACHTUPHUKATOP B 00JaCTh M300paskeHus! IU(GPOBBIM BOASHBIM 3HAKOM. CHIKEHHE OIHON
BEPOSITHOCTH TPHMBOAUT K YBEIWYEHUIO Npyroi. HazmesxHocTh paboThl AeKozepa XapaKTepH3YIOT BEPOSTHOCTBIO JIOXKHOTO
obHapykeHus. JlaHHas MoJenb HPOBEPKU MOMIMHHOCTH IHMGPOBOrO H300pa’KeHHs MOCTPOSHA TAaKUM 00pa3oM, YTOOBI
MHHHMH3UPOBATh BEPOSITHOCTh BO3HMKHOBEHHS OOOMX OMIMOOK, TaK Kak KaKIas M3 HHUX MOXKET NPUBECTH K OTKa3zy OT
obciyxuBaHus. B 3T0it craTbe mpemiaraeTcst MOJAEIb HaIEKHON MPOBEPKH MOTUHHOCTH HU(PPOBOro U300pa)KeHUsI C BHICOKOM
CTEIEHBIO 3aIllUThl U MapaMeTpbl OLEHKH 3()(EKTHBHOCTH pabOThl MONOOHBIX CHCTEM. Hale)HOCTh JOCTHUraerTcs 3a cuer TOoro,
uro [[B3 ckprIiBaeTcst HE BO BCeM M300pa)KeHNUH, a B €ro (hparMeHTe, KOTOPhIH Hanbosee MOIXOAUT IS CKPBITUS H300paXkKeHus,
a Takke IMpuUMeHeHHs B KadecTBe [[B3 momexoycroiumBbix komoB. Ommpasch Ha TeKyliee cocTosHue MeTtonoB LIB3 ms
obecrieyeHHsi BBICOKOM CTEICHH 3alllMIICHHOCTH PEKOMEHIYeTCS NPUMEHATh COBPEMCHHBIC AJITOPUTMbI U apXHUTEKTYpBI
CBEPTOYHBIX HEHPOHHBIX CETEM.
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MUTATION TESTING OF ACCESS CONTROL POLICIES

Abstract. One of the most important and integral components of modern computer security are access control systems.
The objective of an access control system (ACS) is often described in terms of protecting system resources against
inappropriate or unwanted user access. However, a large degree of sharing can interfere with the protection of resources, so
a sufficiently detailed AC policy should allow selective exchange of information when, in its absence, sharing can be
considered too risky in general. Erroneous configurations, faulty policies, as well as flaws in the implementation of
software can lead to global insecurity. Identifying the differences between policy specifications and their intended functions
is crucial because the correct implementation and enforcement of the policies of a particular application is based on the
premise that the specifications of this policy are correct. As a result of the policy, the specifications presented by the
models must undergo rigorous validation and legalization through systematic checks and tests to ensure that the
specifications of the policies really correspond to the wishes of the creators. Verifying that access control policies and
models are consistent is not a trivial and critical task. And one of the important aspects of such a check is a formal check
for inconsistency and incompleteness of the model, and the security requirements of the policy, because the access control
model and its implementation do not necessarily express policies that can also be hidden, embedded by mixing with direct

access restrictions or another access control model.

Keywords: access control; access control system; mutation testing; access control testing; policy.

Introduction

The main purpose of an access control system is
often described as: protecting system resources against
inappropriate or unwanted user access. From a business
point of view, the goal can also be described by the
optimal exchange of information for users and the
program. However, much of the sharing can interfere
with resource protection. Thus, detailed access control
policy should allow for the selective exchange of
information when, in its absence, sharing may be
considered excessively dangerous.

Proper implementation and usage of access control
policies are based on the premise that policies and
specifications are true without hidden or conflicting
rules that cause leakage or block access to information
objects. Access control policy specifications should be
thoroughly reviewed and legalized through continuous
testing to ensure that policy specifications do reflect
policy maker trends. Verification and testing of access
control policies are similar to general testing of
application software in many respects, but there are also
differences. to nominally and accurately capture the
security requirements that an access control system
must adhere to, in this case models should be created in
order to bridge a large gap in the abstraction between
policy and mechanism.

Thus, information for development and
implementation, as well as unambiguous and exact
expression are provided by the access control model.

1. Access Control Policies

Access Control Policies — are high-level
requirements that define how and by whom access is
managed, under what circumstances they can access
specific information. While access control policies may
be program-oriented and thus taken to attention by the
program provider, policies may relate to user actions

within an organizational unit or across organizational
boundaries. For example, policies may relate to the use
of resources within or between organizational units or
may be based on factors requiring knowledge,
competence, authority, commitment or conflict of
interest. Such policies may cover several computing
platforms and programs. It is impractical to create a list
of common access management policies, as business
objectives, risk tolerance, corporate culture and
regulatory responsibilities that affect policy vary from
enterprise to enterprise and even from one
organizational unit to another.

There are several well-known access control
policies that can be categorized: discretionary or non-
discretionary. Typically, discretionary access control
policies are associated with identifier-based access
control, and non-discretionary access control policies
are associated with rule-based controls (e.g., a
Mandatory access control).[1].

2. Discretionary access control

Discretionary access control delegates a certain
part of access control at the discretion of the owner of
the object, or any other person authorized to control
access to the object. For example, it is typically used to
restrict another user's access to a file (it is the file owner
that controls other users' access to this file). Only those
users specified by the owner can have some
combination of read, write, execute, and other file
permissions. Policy of discretionary access control,
usually very flexible and widely used in the commercial
and public sectors. However, discretionary access
control is known to be considered vulnerable for two
reasons: First, granting read access is transient. For
example, when user "A" gives user "B" read access to a
file, nothing stops user "B" from copying the contents of
user "A's" file. Copying performs to the object
controlled by user "B". User "B" can now grant any
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other user access to a copy of user file "A" behind the
back of user "A". Also, discretionary access control
policies are wulnerable to various Trojan attacks.
Because programs inherit the identity of the user who
calls them, for example user "B" can write a program
for user "A" which at first look performs some useful
functions and at the same time can destroy the contents
of files which belongs to user "A". During investigation
of a problem, the audit files will indicate that user "A"
has destroyed his own files [2]. Thus, formally, the
disadvantages of discretionary access control are as
follows:

o Information can be copied from one object to
another; so there is no real guarantee in the flow of
information in the system.

e There are no restrictions on the use of
information when the user receives it.

e Access rights to objects are determined by the
owner of the object, not through a system-wide policy
that reflects the security requirements of the
organization.

3. Testing of discretionary access control

For now, there are several basic methods of testing
for accessibility to architecture: black box testing, white
box testing, and gray box testing. Black box testing —
this testing evaluates the functionality of the model
without knowledge of its internal work. Testing by the
white box method, is opposite of the black box testing
and tests the internal functionality [3]. Gray box testing
is a test that is performed with general knowledge of the
model, usually performed by the user or the entity that
simulates the user. Black box testing methods (or
behavioral testing) may not be sufficient to protect
against some spontaneous actions that are built into the
access control model.

The methods of white box testing include the
following testing tools:

o Error guessing;

o Error seeding;

o Exhaustive testing.

Error guessing - is a testing method where tests are
developed based on the experience of previous testing
or on the knowledge and experience of the tester, which
defects are typical for certain components of the model
or for functional areas. This method can also be applied
to black box testing. Often the method is used in
conjunction with other testing tools. The main
advantage of this method is that this method reveals the
cons of the system or model that cannot be detected by
formal testing tools, but the effectiveness of the method
is directly proportional to the experience of the tester or
the experience of past testing, and does not guarantee
high coverage.

Error seeding - is the process of deliberately
entering errors into a program to test whether test cases
are able to record added errors. This technique aims to
detect errors in order to determine the relationship
between actual and artificial errors. Artificial errors are
unknown errors, and actual errors are injection errors, so
test cases are used to check for such faults. This is
basically an evaluation technique that helps to

determine the presence of real errors based on the
number of sown errors found. The main disadvantage of
this method is the need to remove errors from the model
after testing, which in turn complicates the automation
of model testing.

Exhaustive testing, also known as complete
testing, it is the complete testing of all system
components with all possible combinations of input and
output data. This method has a high code coverage ratio,
but requires significant computing resources and time.
The more complex the system, the more resources are
required. In practice, it is used to test simple
components of the model [4]. To solve the problem of
automation, resources, and high coverage, consider
mutation testing of the white box method, which
generates additional test inputs to cover policy-related
objects. The following example shows a mutation check
for safety requirements. This policy formalizes the
university's access control model for assigning and
obtaining grades. It has two subjects: faculty and
student, as well as two resources: credit scores and
exam grades, and three actions: assign, review, and
obtain. For this example, we expect the following
requirements:

S1 — There are no students who have the rights to
assign exam grades.

S2 — All faculty members have rights to assign
credit and exam grades.

S3 — There is no such combination of subjects
that the user with these subjects has the right to obtain
and assign a resource examination marks.

The first security requirement S1 is intuitive, as we
certainly don't want students to assign grades. The
second safety requirement S2 is to ensure that teachers
can actually assign grades. S3 is an example of
segregation of duties, as we do not want anyone to
assign their grades. There is an obvious conflict of
interest. The following is an example of an access
control policy model. To make the example readable
and concise, the Model is written as simple statements.
Are there requirements that do not immediately meet
these three requirements. Requirements are, in essence,
a constraint on the division of responsibilities that
controls any request from both teaching and student
subjects. All three safety requirements are met in the
model. The first step in validating a mutation is to create
mutation models using a mutation operator that simply
inverts the effect of each rule by changing the
permission to prohibit or the permission to allow. The
number of mutant models created by this operator is
equal to the number of rules in the model. The example
model has only two rules [5] (Fig. 1 — Fig. 3).

The second step of verification is to determine
what safety requirements are contained in the original
model and each model of the mutant. The mutation
model is excluded at the safety requirement if the safety
requirement is maintained for the original model, but
not for the mutant model. In other words, the safety
requirement reveals a defect inherent in the mutation
model. The greater the number of mutant models
excluded, the more the original model meets safety
requirements.
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1. if object = faculty

2. and resource = (credits or exam grades)
3. and action = (view abo assign)

4. then

5. allow

6. if object = student

7. and resource = or exam grades

8. and action = obtain

9. then

10. allow

Fig. 1. Requirements of access control

model
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. if object = faculty
. and resource = (credits or exam grades)
. and action = (view abo assign)

then
prohibit

. if object = student

. and resource = or exam grades
. and action = obtain

. then

10. allow

Fig. 2. First mutant of model
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. if object = faculty
. and resource = (credits or exam grades)
. and action = (view abo assign)

then
allow

. if object = student

. and resource = or exam grades
. and action = obtain

. then

10. prohibit

An important step in mutation testing is to

Fig. 3. Second mutant of model
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The first mutation model in Figure 2 does not meet
the requirement of S2, and thus the first model is
excluded. Requirement S2 seeks to provide a policy
under which all teachers can assign grades. Because the
error in the model is the rule that provides such access,
the security requirement is violated. The second model
of the mutant in Figure 3 is not excluded by any of the
three safety requirements, showing that the original
model is not comprehensive and does not fully meet the
safety requirements. Mutation testing serves a safety
requirement for two purposes: to determine whether the
model fully covers the safety requirements to facilitate
changes to the model so that it covers all safety
requirements or vice versa. In some cases, instead of
correcting the model, mutation testing serves to correct
the security requirement by correcting the policy:

S4 — All students can obtain exam grades.

4. Discussion of results

Summarizing, Fig. 4 illustrates the required inputs
and outputs of the mutation test. The input data is a
tested model and, in this case, one mutation operator.
The mutator then generates a set of mutant models, each
of which has one error. The mutation operator generates
a mutant for each rule, denying the decision of this rule.
Although black box testing is relatively quick for
mutants, large models can use thousands of mutant
models to easily generate them. An equivalent mutant is
a mutant that is syntactically different from the original
model, being semantically equivalent.

In other words, an equivalent mutant will give the
same result as the original model for all input data and
thus does not give any benefit and result in artificially
reducing the killing rate of mutants, which gives low
quality and inaccurate measurement quality. It is also
possible to determine which safety requirements are met
and which do not correspond to both the original model
and each model of the mutant [6].

Violated
Safety
requirements

Model
checker
(black box)

Violated
Safety
requirements

Safety

requirements Violated

Safety
requirements

Fig. 4. Mutant models generation

calculate the exclusion factor for mutation models.

The model exclusion factor is the ratio of the
number of excluded models to the total number of
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mutation models. This ratio serves as a metric to
quantify the coverage of the safety requirements of the
model. The high exclusion factor indicates that the
original model covers a large number of safety
requirements. For example, the coverage of the models
(i.e. the model exclusion factor) for the security
requirements S1, S2 and S3 in the above example is
50%, because only one of the two models is excluded. If

Safety requirements

you add S4, then the exclusion factor will increase to
100%.

There are trace files, which were previously
generated by security requirements verification, are
analyzed in order to divide the security requirement into
four subsets for each mutant. The Venn diagram is
illustrated in Fig. 5, which describes the relationship of
these four sets for one mutant model.

Original True,
Mutant True

Original False,
Mutant True

Original True,
Mutant False

Mutant Killed!

Original False,
Mutant False

Fig. 5. Venn diagram illustrating the four safety requirement states

The area inside the box presents a set of all safety
requirements. The area inside the left circle is a set of
safety requirements that are true for the original model.

Thus, the area outside the smallest left circle and
inside the field is a set of security requirements that do
not correspond to the reality for the original model (i.e.
these security requirements do not meet the
requirements of the original model).

The area inside and the right circle represent a
mutant model that is considered erroneous for safety
requirements. Therefore, the area outside the right side
of the circle and inside the box is a set of safety
requirements that are true for the mutant model. An
interesting area is the intersection between the two
circles. If at least one safety requirement adheres to the
original model, but it is not met fairly for the mutant
model, then the mutant is Killed. If two circles do not
intersect, the mutant is not killed [7].

A safety requirement that is true for both the
original model and the mutant model is irrelevant to the
detection of a fault in the mutant model because the
safety requirement does not apply to the part of the

model that contains the defect. The security requirement
that is considered erroneous for the original model does
not matter, as it is unclear whether this erroneous
security requirement is caused by an error in the model
or the security requirement itself.

More specifically, before performing a mutation
testing, these safety requirements must be checked
manually to determine whether they are erroneous due
to a model error, a safety requirement error, or an error
in environmental constraints.

Conclusion
Therefore, mutation testing, in contrast to
exhaustive testing, can be implemented for any

complexity with a sufficiently high code coverage ratio.

Since additional mutant models are created
based on the base model, and all tests are performed
on the mutants, this guarantees the integrity of the
base model, and also provides an opportunity to
automate testing.

Thus, the mutation testing method can be used to
test access control policies.
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MyTrauiiiHe TecTyBaHHs NOJiTHK KepyBaHHS 10CTYIOM
I'. II. Yepnesa, I1. B. XanimoB

Anoranisi: OmHUMH 3 HAWCKIAJHININX, BOKJIMBUX Ta HEBII'€MHUX CKIAJOBHX CYyYacHOI KOMITIOTEPHOI Oe3MEeKH €
CHCTEMH KepyBaHHS AOCTYIy. 3aBJaHHA CHCTEMH KEPYBaHHS JOCTYIOM YacCTO ONHUCYEThCSA 3 TOUKH 30pY 3aXHCTy pecypciB
CHCTEMH HPOTH HEBIiANMOBiTZHOTO abo HeOaXKaHOTO JOCTYIy KOpHCTyBada. I[IpoTe, Benwka CTyNiHb CHUIBHOTO BHKOPHCTAaHHS
MOX€ IMEePElKOUTH 3aXUCTY PeCypciB, TAKMM YMHOM, JOCHTBH JieTajlbHA IMOJITHKAa KepyBaHHS JOCTYNOM HOBHHHA JO3BOJIITH
BuOOpuHii 0OMiH iH(OpPMAIi€r0, KO B HOTO BiICYTHICTH, CIIIJIbHE BUKOPUCTAHHS MOKE BBaKATHCS 3aHAATO PU3HKOBAHHM B
uinomy. [TomnikoBi KoHirypamii, HecrpaBHi IOJIITHKY, a TaK CaMO HEIOJIKH B peaii3alii IporpaMHOro 3abe3nedeHHs] MOXKyTh
MPU3BECTH 0 TIIOOANBHOI HE3aXHMIICHOCTi. BHABIEHHS BiIMIiHHOCTEH MK crierudikamisMu MOJITHK 1 iX mepeabadyBaHUMH
(yHKIIIMI Mae BUpIMIATbHE 3HAYEHHS, TOMY IO MpPaBWIIbHA peaii3amis i 3a0e3neyeHHs TOTPUMAHHS IIOJITHK KOHKPETHOTO
JOJIaTKa 3aCHOBaHI Ha MEPeayMOBI, 10 crenudikarii JaHoT MOMITUKH € MPaBUIbHUMU. B pe3ynbTari Motk crerumdikaiiii,
MPECTaBICHI MOJIEJIIMH, TIOBUHHI MPOUTH CYBOPY HEPEBIPKY 1 JIerajizamilo MIIIXOM CHCTEMAaTHYHUX MEPEBIPOK 1 TECTyBaHsb,
o6 rapaHTyBaTH, IO cHenu@ikamii MONITHK JificHO BinMmoBimaroTh OakaHHAM TBOpUIB. [lepeBipka BiAMOBITHOCTI MOJITHUK i
MOJIeNeil KOHTPOJIIO OCTYITy HeTpUBiaJIbHA i KPUTHYHA 3aBJaHHs. | OTHMM 3 BaXKJIMBUX aCIEKTiB TaKoi mepeBipku € popmaibHa
nepeBipka Ha HEMOCIIIOBHICTE 1 HEMIOBHOTY y MOJIENI, 1 BUMOTH O€3MEKH TOJITHKH, TOMY IO MOJEIb KOHTPOJIIO TOCTYIy Ta il
peaytizauis He 000B'SI3KOBO SIBHO BUPAXKAIOTh MOJITUKH, SIKi TAKOXX MOXYTb OyTH NPHXOBaHi, BOYZ0OBaHI IIJIAXOM 3MilllyBaHHS 3
0OMEXEHHSMHU NPSIMOTO JOCTYIy a00 IHIIOTO JOCTYITy MO/ YIpPaBIIiHHS.

Kaw4yoBi cioBa: KepyBaHHS JOCTYIIOM; CUCTEMH KOHTPOJIO JOCTYITy; MyTallifHe TeCTyBaHHS, TECTyBaHHS CHCTEM
KepYBaHHS JIOCTYIOM; TOJITHKH.

MyTanuoHHOE TeCTHPOBAHME MOJUTHK YIIPABJIEHUS A0CTYIIOM
I'. II. Yepnesa, I1. B. Xanumos

AHHoTanus: OJHUMH U3 CaMBIX CIIOXKHBIX, B&XKHBIX U HEOTHEMIIEMBIX COCTABIIIOIINX COBPEMEHHOW KOMIBIOTEPHON
6€30MaCHOCTH SABIAIOTCS CUCTEMBI YIIPABJICHHUS JOCTyMa. 3a7ada CUCTEMBI YIPABICHUS JOCTYIIOM YacTO OMMCHIBAETCS C TOUKH
3pEHMsl 3aIlUThl PECYpCOB CUCTEMBI IIPOTHB HECOOTBETCTBYIOIIETO WIM HEXKEJIaTeIbHOIo AOCTyNa moJb3oBarens. OpHako,
GosbllIasi CTENEHh COBMECTHOTO HCIONB30BAaHUSI MOXKET MOMEIIATh 3alIUThl PECYpCOB, TAKUM 00pa3oM, JOBOJIBHO MOIPOOHAs
MOJIUTUKA YTIPaBJIEHMS JOCTYIIOM JIOJDKHA IIO3BOJIITH HM30HMpaTeNnbHBI OOMEH HHQpOpMamued, Korja B €ro OTCYTCTBHE,
COBMECTHOE HCIOJIF30BAaHHE MOXET CUHTAThCS CIHIIKOM PHCKOBAaHHBIM B IiefoM. JIoKHBIE KOH(HIypamuy, HEHCIpaBHBIC
MOJIUTHKY, a TaK kK€ HETOCTAaTKH B Peall3al[ii IPOrPaMMHOTO 00eCcTIeueHUsI MOTYT MPUBECTH K TI00aIbHON HE3aIUIEHHOCTH.
BrIsiBiIeHME pa3nnuunii Mex Iy crienipUKaysIMy MOJTUTHK U UX MPEATNoIaraeMbIMU QYHKIMSIMU UMEET peliaroniee 3HaueHue, Tak
Kak TIpaBUIIbHAS peann3anys 1 obecredeHne coOMoaeHNs OJINTUK KOHKPETHOTO NPHUIIOKEHHUS OCHOBAHBI Ha MPEANOCHUIKE, YTO
crenMHUKAMM JaHHOW TIOJUTHKHU SBIAIOTCS MPAaBUIBHBIMU. B pe3ynbrare MONUTHKH CHENHU(UKAIWH, HPEICTABICHBI
MOJIEIISIMH, JIOJDKHBI IPOUTH CTPOTYIO NMPOBEPKY U JICTAIU3ALMH IyTeM CHCTEMaTHYECKHX MPOBEPOK M TECTUPOBAHMIL, YTOOBI
TapaHTHUPOBATh, YTO CNENHU(HUKAIMH MOJUTHK JEHCTBUTEILHO COOTBETCTBYIOT XKENMaHUIO cosfareneil. [IpoBepka cooTBeTCTBHSA
MOJIMTHK U MOJIeJIeH KOHTPOJIS AOCTyINa HeTpUBUAIbHAS M KpUTHYecKas 3ajaua. M olHUM U3 Ba)XKHBIX aCIEKTOB TaKOI MpoBepKu
sBisieTcs (hopManbHasi MPOBEPKa Ha HEIOCIEAOBATEIILHOCTh U HEIOJHOTY B MOJIEINH, U TpeOOBaHUsI 0€30MacHOCTH MOJUTHKHY,
TaK KaK MOZETh KOHTPOJS JOCTYIIa U €€ pealn3alys He 00s13aTeNIbHO SIBHO BBIPAXKAIOT MOJUTUKH, KOTOPBIE TAKXKe MOTYT OBITh
CKPBITHI, BCTPOCHHBIC ITyTEM CMEIIMBaHUS C OTPAHUYCHUSMH NIPSIMOTO JIOCTYIIA WM MHOTO JOCTYIA MOJENU yIPaBJICHHUS.

KiawueBble cj0Ba: ynpaBiIeHNe JOCTYIIOM; CHCTEMBI KOHTPOIIS JOCTYTa; MyTallMOHHOE TECTUPOBAHNE; TECTUPOBAHHE
CHCTEM YTPAaBICHUS JOCTYNIOM; HOJIUTHKH.
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THE DATA DIAGNOSTIC METHOD
OF IN THE SYSTEM OF RESIDUE CLASSES

Abstract. The subject of the article is the development of a method for diagnosing data that are presented in the system
of residual classes (SRC). The purpose of the article is to develop a method for fast diagnostics of data in the SRC when
entering the minimum information redundancy. Tasks: to analyze and identify possible shortcomings of existing methods
for diagnosing data in the SRC, to explore possible ways to eliminate the identified shortcomings, to develop a method for
prompt diagnosis of data in SRC. Research methods: methods of analysis and synthesis of computer systems, number
theory, coding theory in SRC. The following results were obtained. It is shown that the main disadvantage of the existing
methods is the significant time of data diagnostics when it is necessary to introduce significant information redundancy into
the non-positional code structure (NCS). The method considered in the article makes it possible to increase the efficiency
of the diagnostic procedure when introducing minimal information redundancy into the NCS. The data diagnostics time, in
comparison with the known methods, is reduced primarily due to the elimination of the procedure for converting numbers
from the NCS to the positional code, as well as the elimination of the positional operation of comparing numbers.
Secondly, the data diagnostics time is reduced by reducing the number of SRC bases in which errors can occur. Third, the
data diagnostics time is reduced due to the presentation of the set of values of the alternative set of numbers in a tabular
form and the possibility of sampling them in one machine cycle. The amount of additionally introduced information
redundancy is reduced due to the effective use of the internal information redundancy that exists in the SRC. An example
of using the proposed method for diagnosing data in SRC is given. Conclusions. Thus, the proposed method makes it
possible to reduce the time for diagnosing data errors that are presented in the SRC, which increases the efficiency of
diagnostics with the introduction of minimal information redundancy.

Keywords: number system; system of residue classes; operational data diagnostics; non-positional code structure;

computer system; computer component.

Introduction

A foundation of some modern specialized
informational and telecommunication systems is based
on computer systems (CS) of handling of integer data,
represented in non-positional notation in residue classes
(SRC). In this case, one of the main ways of achieving
high effectiveness of functioning of telecommunication
systems while handling integer data in real-time is an
improvement, firstly, such features of CS in SRC as
reliability and performance of data handling.

It is known, that usage of such features of SRC as
independence, rights equality, and low-discharge of
residues {a} defining non-positional code structure

(NCS) of data Aspc =(ayllaz |- 11a ll & [l @ |l
~|lan Il.--llap+k) provides high user performance of

implementing in CS calculation algorithms, which
consist of a set of integer arithmetical operations. The
largest effectiveness of SRC usage can be achieved in
case if implemented algorithms consist of a set of such
arithmetical operations as addition, multiplication, and
subtraction [1, 2]. On the other hand, a necessity of
providing fault-tolerant functioning of CS in SRC
requires the development and deployment of methods of
quick control, diagnostic, and data error correction,
which are different from methods, used in regular
binary positional notations (PN) [3-5]. Thus, researches,
devoted to the development and improvement of quick

(operative) methods of diagnostic of errors of data in
CS, functioning in SRC, are important and relevant.

The aim of the article is the development of the
method of quick diagnostic of data in SRC while
entering minimal informational redundancy.

Main part

In the general case, the diagnosis of data in SRC is
being understood as a process of defining distorted
residues in NCS as Agpc =(allay]l..-llai_gllall

O&q [l llan Il.--I[aq4k) » Where nand k are quantity

of informational and control bases m; (i=Ln+Kk) in
ordered (m; <mj,4) SRC, correspondingly. The

diagnostic of NCS is being performed after the data
control for further probable error correction. In the
article, the method of data diagnostic in the case of
entering minimal (k =1) informational redundancy is
considered. The minimal code distance equals two. The
method is based on the concept of an alternative number
set and on the usage of features of NCS in SRC [5]. Due
to those the procedure of increasing informativeness of
AS in SRC is developed.

1. The method of diagnostic of non-positional
code structures in the system of residue classes
Consider the method of NCS diagnostic, based on
obtaining additional information about probably

distorted residues of incorrect number A. This
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information is contained in all possible AS of

number A. Let SRC is specified by ordered
(m; <m;,q) bases my,...my,. And let an incorrect

number A is defined in the process of calculations.
For increasing informativeness about placement and
error measure, it is suggested to additionally define
AS of number as

Wkpi (A)Z{mkl,mkz, ,mkpi } ,

i.e. set AS:
Wi, (A):{mlllrnHv :mlpl}i
W2, (A):{m21,m22, 'mzpz} ;

aa ] @

Tentatively calculate the value of the interval
(j+1) of the number A occurrence in order to
define the set of values (1)

jk =My -y, (modmy ), (2)

Wn+1pn+1 (A) = {mnllv mnlz, mn

for k=1,n+1. Also, due to value k=n+1 the

WrHan-*—l (A) Wn+1pn+l (A) =W (A) '

According to (2) the formation of k tables is
performed, where values vy, are matched against

Agj. After defining AS W _ (A) which called
1

equals

primary ASs, the secondary ASs is defined as
vectors, components of which are possible values of
errors Ag; as:

(), ). ]

n+1

W(\Vl)( ) {Aaj(-\lfl) Aa(\vl) Aa(Wl)}

W) (3) o), ... 2.

n+1

WZ(WZ) ( ) {Aa{‘”) Aa(‘VZ) Aa(‘VZ)} :

n+1

and so on to value of vectors in the form of:

W(Wn)( ) {Aaj(-‘lfn) Aa(‘l’n) Aa(‘Vn)}’

n+1

and completely to value of vector as: Wh(A) =
= {Aal, Aaz, cees Aan+1}.
Components of the vector W,,,;(A) are compared

to according components of all vectors Wi(“’i) (A) for

i=1n. The matching the measure components of

vectors are chosen and the bases of SRC are defined,
and their set defines resulted AS in the form of

w’(A) ={mzl,m22, ,mzp} :

Indeed, among AS Wkp (A) there is always a

basis m;, which gives an error Aa;, and that basis

can be only among bases, which are common for the
set (1)

W (A)=w'(A). (3)

When an Aa; has such value, that number A

starts to belong to the interval, then an equation is
fulfilled

W (A)=w'(A). (4)

n
where M =[[m; and My =M -my,;.
i=1
Thus, the idea of suggested method lays in the
following: all possible ASs are defined on each of
the intervals of number A occurrence. After this,
the common for these intervals bases m,, ... My

which possibly give errors, are defined. That set of
bases define sought AS. The reduction of the
number of bases in AS increases informativeness of

AS W(A) about place and measure of error. It

decreases the time of reducing AS to incorrect basis
(the number of steps of tentatively AS defining is
decreasing) and increases operability of diagnostic
of data in SRC. The structure scheme of the process
of AS reduction is presented on fig.1.

2. Geometrical model of the procedure of the
increasing as informativeness. The geometrical model
of the suggested method should be considered. The
defining of number (j+1) of the interval of distorted

number A occurrence, which is influenced by error Aa;,
is equivalent to the shift of this number in the interval

{jﬂ(m)m
m; my

] to the left to value jm.
my

Decompose numerical sequence to corresponding
. . My M M
intervals with length: —% , —% , ..., —%.

my Mn41

Define the numbers of intervals (j+1), in

which there is an operand A on each of numerical
segments as

M,
e

My . M,
Tiu = {Jnﬂ M (Jn+1+1)m ]

n+1

(%)

Defining the primary ASs (1) corresponds to
defining the intervals numbers (5).
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Initial number A

Defining of primary AS (j1)

Defining of primary AS (jn)

!

¢

l

Defining of primary AS (jn+1)

!

Defining of secondary AS

Defining of secondary AS

Defining of secondary AS

W% and W, ,

W1(¢1) Wn(¢n) Wn +1
Comparing
W, and W, ,
Comparing

l

Choice of the common bases of SRC

Defining of W'(A)

Fig. 1. Scheme of choice of bases in the alternative set of numbers in SRC

Defining  the

geometrically correspond to defining the interval

[21,2,], where

M,
q=maxe Jj—;
m

i.e. sought interval is being defined as intersecting

of intervals sets (5)

w

It is obvious, that

M,

Ip—4 =

n+1

Condition (6) is equivalent to condition (3). If

error  moves  operand
[(Mn41—1),M, My ], then

My
Mpy1

-4 =

Condition (7) is equivalent to condition (4).
The suggested geometrical model confirms the

correctness of the

secondary

T '(A) =le /\Tj2 AN

method’s

w'(A)

Consider an example of defining AS of number

A according to developed method. There is SRC
with bases my =2, m, =3, my =5.

The code words of this SRC are presented in

zp=mine(j+1)—,

description, and also more clearly demonstrates the
idea of the procedure of
increasing or the reduction of the numerical interval

of distorted number A occurrence.

M, the table 1.
m; Table 1. The set of code words
AnPN [Mg | My | Mg | AinPN |[M | M| Mg
0 0 0 0 15 1 0 0
1 1 1 1 16 0 1 1
2 0 2 2 17 1 2 2
(6) 3 1103 18 0|lo |3
4 0 1 4 19 1 1 4
5 1 2 0 20 0 2 0
interval 6 0 0 1 21 1 0 1
7 1 1 2 22 0 1 2
(7 8 0 2 3 23 1 2 3
9 1 0 4 24 0 0 4
10 0 1 0 25 1 1 0
mathematical 11 1 2 1 26 0 2 1
12 0 0 2 27 1 0 2
informativeness AS 13 BERE ” o 11 3
14 0 2 4 29 1 2 4
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Thus,
M=2.3=6, M;=M-5=30,

(0,2,0).

Assume, that after the influence of a single error

=(0,0,..., Ag;,...,0)

by i-th basis ( Aa, = 2) there is a number

My =My =5, A=(0,2,2), AA=

A=A+AA=(0,2,2).

In order to define the set of primary ASs it is
needed to tentatively define values j, . For this the

nuvelization of a number A accordingly to the
tables of nuvelization constants (table 2-4) is
performed.

After this there are y; =1, v, =1, y3=2.
The set of primary ASs is defined as

Wlpl(A)z{mz,mg},
WZPz( ) {ml m3}

Wap, (A)=W (A) {my,mp,mg}.

Table 2 — Nuvelization constants (m1 —my)

=(0,0,..., Ag;,...,0),

ms ms
(1,1,1) 0,1,4)
0,2,2)

Table 3 — Nuvelization constants (m; — msg)

ms ms
(1,11 0,0,1)
0,2,2)
0,0,3)
0,1, 4)

Table 4 — Nuvelization constants (m; — ma)

my ms
0,1,0) (1,0,3)
(1,2,0) 0,2,2)
1,1,

The set of secondary ASs is defined by the
tables 5-7, which are formed by values jj, :

for y3=2, W3(A)={1,1,2};

A)=1{10,2};

fory2:1 ()
( ) {0,0,3};
0,2,3};

for y; =1 (>
( ): {0,0,4}.

Table 5 — Secondary Ass (y3)

vs | Possible values of errors Wi
0 none -
1 Aa2=1, Aaz=1 WsO(A) = {0, 1, 1}
Aai=1, Aar=1, -
2 = h o Ws®(A) = {1, 1, 2}
Aaz=2
Aai=1, Aar=2, -
3 = h o WsO(A) = {1, 2, 3}
Aaz=3
4 Aaz=2, Aaz=4 W5O(A) = {0, 2, 4}

Table 6 — Secondary Ass (y2)

Possible values of

r2 errors Wit

0 Aaz=1 W-O(A) = {0, 0, 1}

L Aai=1, Aas=1, W-O(A) = {1, 0, 2},
Aaz=1, W2d(A) = {0, 0, 3}

2 Aaz=4 W-O(A) = {0, 0, 4}

Table 7 — Secondary Ass (y1)

71 Errors Wi

0 Aaz=1, Aaz=2, WiO(A) = {0, 1, 1},
Aaz=1 W1@(A) = {0, 0, 2}

1 Aax=2, Aaz= 3, Wl(l)(/a:) ={0, 2, 3},
Aaz=3 WiA(A) = {0, 0, 4}

Implementation of choice of common SRC
bases is suitable in the form of tables (tables 8),
where sign “+” means match of the components of
secondary ASs, and sign “-“ means mismatch. Those
tables show, that vectors components match in the
bases my, mjs, i.e. the sought AS is as

Ws(A)= {my,mg} (table 8, a).

Therefore, W(A)>W( ) Thus, the increase

of the informativeness about error placement in the

distorted number A is guaranteed by the described
method.

Table 8 — Choice of common SRC

a b
mi mz ms ma mz ms
1 1
1 0
+ - + - - -
c d
mi mz ms ma mz ms
1 1
0 2 0 0
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In the geometrical interpretation example for Define numbers of intervals, in which an
given SRC is represented in the following way operand A:(1,2,2) placed:
(Fig. 2).
The segment [0,30) is decomposed to le:[15,3o), T, =[10,20),
according numerical intervals [15,30), [10,15) and
[12,18). Tj, = [12,18).
— —"= ™
0 6 15 T 30
' —~ Y
0 6 10 Ti2 20 30
—
: : : : i I
0 6 12 Tis 18 24 30
Tw'(A)
[ : | | : : I i I
0 6 10 12 15 18 20 24 30

Fig. 2. Scheme of the defining a sought interval

A sought interval is defined by expression

Ty (A) =[15,18). It is obvious, that interval T, (A)

is being reduced, compared to TJ's' by three units

(by 50%), and that leads to a decrease of the
quantity of options of possible errors. Geometrical
interpretation confirms the effectiveness of the
considered method of data in SRC diagnostic.

Conclusion

Thus, the suggested method allows decreasing the
time of diagnostic of errors of data, represented in SRC,
which increases diagnostic operability. A reduction of
the quantity of bases in AS increases informativeness
AS about error placement and measure. It decreases the
time of AS reduction to incorrect bases (the number of
steps of tentatively AS defining is decreasing). The
usage of the suggested method of operative diagnostic
of data increases the total effectiveness and feasibility of

The time of data diagnostic, compared to known
methods, is decreasing firstly due to excluding the
procedure of transforming numbers in SRC to positional
notation as in known methods, i. e. eliminating a
positional operation of numbers comparing. Secondly,
the time of data diagnostic is decreased by reducing the
quantity of SRC bases, which are giving the possibility
of mistake. Thirdly, the time of data diagnostic is
decreased due to the usage of tabular sample value of an
alternative set (AS) of numbers in SRC in one beat.

Therefore, the suggested method allows reducing
the time of diagnosis of data errors in NCS, represented
in SRC, which is increasing the diagnostic operability
while entering minimal informational redundancy.
Geometrical model of the procedure of AS
informativeness increasing and specific example of
usage of the suggested method of diagnostic of data in
SRC confirms its practical feasibility.

The most effective way of the method usage is in
the computational chain, which does not allow perform

using non-positional code structures in SRC in all planned procedures to AS reduction to the incorrect
computing systems. basis, i.e. in a quite long chain of calculations of CS.
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Mertoa AiarHOCTHKH IaHUX Y CUCTEMi 3aJIMIIKOBUX KJIaciB
B. A. KpacHobGaes, C. O. Komman, /1. M. KoBansuyk

Anortanis. IIpeamerom crarri € po3poOka METONy HiarHOCTHKHM NaHUX, SIKI TMPEACTaBIEHI B CHUCTEMIi 3aJMIIKOBUX
kiaciB (C3K). Meroro crarti € po3poOka Merony IuBHakoi aiarHocthk nanux y C3K mpu BBejeHHI MiHIMaIbHOL
iHdopmaniiiHol HaxmipHOCTI. 3agadi: MPOBECTH aHAII3 1 BUSIBUTH MOXJIMBI HEJOTIKM ICHYFOUMX METOJIB JAIarHOCTHUKH JaHHUX Y
C3K, nocmiquTy MOXKIIMBI IUTIXH YCYHEHHS BHSBICHHX HENOJIKIB, PO3POOUTH METOA ONepaTHBHOI miarHocthky manux y C3K.
Metoau J0CIiKEHHS: METOAN aHAJl3y 1 CHHTE3y KOMITIOTEPHHUX CHUCTeM, Teopis uucel, Teopist kogysanns y C3K. OTpumani
HacTynHi pe3yabraT. IToka3aHo, 10 OCHOBHUM HEIONIKOM ICHYIOYHMX METONIB € 3HAUHMH dYac AIarHOCTHKM IAHUX IIpU
HEoOXiTHOCTI BBe/ICHHs 3Ha4YHOI iH(popMariiHoi HagMipHOCT] Y Heno3uuiiiHy konoBy crpykrypy (HKC). Posmisanyrtuii y crarri
METOJ J03BOJISIE MI/IBUIIUTH ONEPAaTUBHICTh IMpoLeaypu aiarHocTuku npu BBeneHHi y HKC wminiManeHOi iHpOpMamiitHOl
HagMipHocTi. Yac aiarHOCTHMKM JaHUX, B HOPIBHAHHI 3 BIIOMHMH METOZAaMH, CKOPOYYETHCS B IEpILY YEpry 3a paxyHOK
yCyHeHHs npouenypu neperBopenns yucen 3 HKC y nosuuniiiHuii kox, a TakoX yCYHCHHs NMO3HMLIHHOI oneparii MopiBHAHHS
yucesn. [lo-npyre, 4ac INiarHOCTMKH JaHUX CKOPOYYEThCS 3a PAaXyHOK 3MEHIICHHS KiibkocTi 0OasuciB C3K, B SKHMX MOXYTb
BUHUKHYTH NOMWIKH. Ilo-Tpere, 4ac [MiarHOCTHKM JaHHMX CKOPOUYYEThCS 3@ PaxyHOK IPE/ACTaBICHHA HAaOOpy 3HAYCHb
anpTepHaTuBHOI cyKymHocTi (AC) ymcen y TaOIMYHOMY BHTIISII Ta MOMIIMBOCTI BHOIPKH iX 32 OIMH MamMHHUHN TakT. KimbkicTh
iH(popMaliiiHOi HAJMIPHOCTI, IO JTOAATKOBO BBOIMTHCS, 3MEHILYETHCS 33 PaXyHOK €(EKTHBHOTO BUKOPHUCTAHHS BHYTPiLIHBOT
iHpopMauiiinoi HanMmipHocTi, ska icHye y C3K. HaBeneHo mpuKian BHKOPUCTaHHS 3alPONIOHOBAHOIO METONY AiarHOCTHUKH
nanux y C3K. BucHoBku. Takum 4MHOM, 3alpOIIOHOBAHHUI METOJ JJO3BOJISIE CKOPOTUTH Yac J[IarHOCTUKU MOMMJIOK JaHHX, IO
npeacrasieHi y C3K, Ta miBHIIye onepaTHBHICTh [IiarHOCTUKY [P BBE/ICHHI MiHIMaJIbHOT iHQOpMaLiiHOT HaIMIpPHOCTI.

KawuoBi ciioBa: cucreMa 4HCIEHHs; CHCTeMa 3aJIMIIKOBUX KJIAciB; OINEpaTHBHA JAIarHOCTHKA JAHUX; HEMO3MLiiiHa
KOJIOBa CTPYKTYpa; KOMITTOTEpHA CHCTEMA.

MeTox IMArHOCTHKH JAHHBIX B CHCTEMe OCTATOYHBIX KJIACCOB
B. A. Kpacnobaes, C. A. Komman, /[. H. KoBanpuyk

AnHorauus. Ilpenmerom crarbu sBiseTCs pa3paboTKa METOJA JMArHOCTHKH JAHHBIX, KOTOpbIE NPEICTABICHBI B
cucreme ocratoutbix kiaccoB (COK). Lleblo cratbu siBisiercst pa3paboTka Metona ObicTpoil auarnoctuky nanusix B COK npu
BBOJIC MHHHMAIBHOH HH(OPMALMOHHON H30BITOYHOCTH. 3aJayM: IPOBECTH AHAIM3 M BBIABUTH BO3MOMKHBIE HEIOCTATKH
CYILIECTBYIOLIMX METO/IOB trarHocTuky naHHblX B COK, uccnenoBaTh BO3SMOXKHbIE IyTH YCTPAHEHUS BBISBICHHBIX HEIOCTATKOB,
paspaborate Meroa onepaTuBHOW auarHocTukd AaHHbix B COK. Meroasl Hcc/IeIOBaHMs: METOIbl aHaIM3a U CHHTE3a
KOMITBIOTEPHBIX CHUCTEM, Teopus uucen, Teopus koaupoBanus B COK. Ilosydensl cienyromme pe3yibTathl. [lokazano, uro
OCHOBHBIM HEJOCTATKOM CYILIECTBYIOIMX METO/OB SBJIACTCS 3HAYMTEIBHOE BPEMs IMAarHOCTUKM JAHHBIX MPU HEOOXOIUMOCTH
BBEICHHS 3HAUUTENBHON MH(POPMAMOHHON N30BITOYHOCTH B HEMO3UIMOHHYI0 KomoBoto cTpykTypy (HKC). PaccmorpeHnHslii B
CTaTbe METOJ II03BOJIAET IIOBBICHTH OINEPAaTUBHOCTH MPOLEAYpPbl AuMarHocTMKM 1npu BBeneHnn B HKC MmuHMManbHON
MH(POPMALMOHHON M30BITOYHOCTH. Bpems IHMAarHOCTHKU JAHHBIX, 10 CPAaBHEHHIO C W3BECTHBIMH METO/IaMH, COKpallaeTcsi B
MIEPBYIO OYepe/Ib 3a CUET UCKIIIOUEHHs MpoLeypsl peodpazoBanust yncen 3 HKC B MO3MIMOHHBIH KO, a TakkKe UCKIIFOYESHHs
MO3UI[MOHHOW OINepaly CPaBHEHUsS 4Hcel. Bo-BTOPBIX, BpeMs AMATHOCTHKU JAaHHBIX COKpAIIAaeTCs 3a CYET YMEHBLICHHUS
konuuectBa 0asucoB COK, B KOTOPBIX MOI'YT BOSHHKHYTH OIIMOKH. B-TpeThuX, BpeMsi THAarHOCTUKM JAHHBIX COKpAIlaeTcs 3a
CUeT MpeACTaBieHHs Habopa 3HAYeHWI anmbTepHaTHBHOM coBOKymHOCTH (AC) uncen B TaONMYHOM BHAE W BO3MOXKHOCTH
BBIOOPKHM HX 32 OJJMH MAlIMHHBIHA TakT. KoInuecTBO IOMOTHUTENFHO BBOAUMOI HH(OPMAIIOHHON M30BITOYHOCTH YMEHBIIACTCS
3a cueT 3(hPEeKTHBHOrO HCHOIb30BAHUS BHYTpeHHeH HH(opMmaloHHOM u30bITouHOCTH, cymiectByoieii B COK. Ipusenen
MIpUMEpP HCIIONB30BAaHMS TPeUIoKEHHOro Merona auarHocTuky maHHbIX B COK. BeiBoabl. TakuM o0pa3om, mpeiaraeMblif
METOJl TO3BOJISET COKPAaTUTh BpPEMs AMArHOCTHKM OHIMOOK JaHHBIX, KoTopele mpexacraBieHsl B COK, uro moBbmmaer
OIEePaTUBHOCTD THarHOCTHUKH IPH BBEACHUH MUHUMAIIbHOH MH(OPMAIMOHHON H30BITOYHOCTH.

KawueBble cJioBa:. cHcTeMa CUHUCJICHHUSA; CHCTEMa OCTAaTOYHBIX KJIACCOB; OIICpAaTHBHAs JHMArHOCTHMKA HJAaHHBIX,
HEIIO3UIMOHHA KOAOBAs CTPYKTYpPA,; KOMIIBIOTCPHAsI CUCTEMA.
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APPLICATION OF THE CORRELATION ANALYSIS MATHEMATICAL
APPARATUS FOR DETERMINATION THE LEAD-ACID BATTERIES
MANAGEMENT AND STATUS CONTROL MINIMUM DIAGNOSIS

Abstract. The subject matter of the article is the lead-acid batteries carrier and management. The goal of the study
is the development of a methodology for assessing the lead—acid batteries’ parameters and to provide
recommendations for their long—term management and carrier in the army operation. The tasks to be solved are: on
the basis of the lead—acid batteries operation experience to define a set of diagnostic parameters on which it is
possible to draw a conclusion about the technical state of a battery and change of its electric, operational and design
properties; to determine the correlations between the properties of the battery and make their assessment based on
the established criteria; to build a diagnostic graph—model of causal relationships of a battery’s parameters in the
form of a correlation galaxy; to justify the lead—acid batteries carrier and management minimum diagnosis which can
be carried out during their life cycle management Ta status control under the lack of time. General scientific and
special methods of scientific knowledge are used. The following results were obtained: The set of diagnostic
parameters to assess the battery technical state was determinated. Statistical data processing using the mathematical
apparatus of correlation analysis was done. The diagnostic graph model of a lead—acid battery in the form of a correlation
galaxy was constructed. The lead-acid batteries carrier and management minimum diagnosis during the life cycle was
determined. Conclusions. Analysis of the experience of the lead-acid batteries operation determines a set of diagnostic
parameters, which can be used to draw a conclusion about the technical state of a battery and change of its electric,
operational and design properties. As generalized diagnostic parameters of the battery technical state can be considered the
State of Health and the State of charge. Statistical data processing using the mathematical apparatus of correlation analysis
allows to determine the causal and dependencies between the battery’s parameters and make their assessment based on the
established criteria. Presentation of generalized results in the form of a correlation galaxy makes it possible to build a
diagnostic graph-model of battery in the form of a correlation galaxy. Control of the SoC and SoH of the lead—acid battery
will ensure the monitoring of the remaining charge, as well as the issuance of a warning about the need to replace the
battery. A promising direction in the development of battery operation can be considered the development of battery—

powered trackers — software and hardware devices capable of caring for battery care and battery management.
Keywords: lead-acid batteries; battery care and battery management; state of charge; state of health.

Formulation of the problem
and research tasks

Ensuring the proper level of readiness of
equipment for use largely depends on the state of the
GB. During operation, the battery may have such faults
as suffixation of the plates, accelerated self-discharge,
short circuit, electrolyte leakage, oxidation of the pole
pins, which usually leads to deterioration of its electrical
characteristics. The main means of the battery
maintaining in a technically sound condition during the
operation of combat vehicles is timely and high—quality
maintenance. Based on the list and frequency of their
work are included in the first or second maintenance.

The Armed Forces has a planned and preventive
system of maintenance and repair of armored weapons
and military equipment (AWME) based on the
mandatory performance of work on the care of AMWE
and lead—acid batteries, in particular, both in the process
of their use and during storage.

However, the analysis of the existing maintenance
system showed its low efficiency in modern conditions
and revealed a number of shortcomings that do not
allow to fully ensure the required level of reliability of
equipment.

The relevance of the study is due to the fact that
the existing system of AWME maintenance according

to the authors, is obsolete and has shortcomings that
lead to excessive expenditure of human and material
resources and significant underutilization of battery
resources. Establishing the optimal frequency of battery
maintenance will reduce the complexity of current
repairs, the number of operations and downtime AWME
in general.

More progressive can be considered a maintenance
system, which includes elements of maintenance by
condition (“with parameter control” or “with control of
the level of reliability””) and elements of the planned and
preventive maintenance system by operation (by
resource). Such a “mixed” battery maintenance can be
implemented as part of long—term planning of battery
care and battery management in the army.

In this regard, there is a need to obtain prompt and
reliable information about the current state of the battery
to determine its timely replacement.

Analysis of recent research and publications of
recent research and publications on the above issues
shows that the known methods of battery rapid
assessment are based on the characteristics obtained by
indirect measurements. The basis of such methods are
special devices — GB analyzers (trackers). The principle
of their operation is based on measuring the battery’s
parameters of the (usually internal resistance) on
alternating current for 10-20 seconds.
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The values of the measured parameters allow to
estimate the degree of the battery degradation and to
predict the value of the reserve and nominal capacity,
the current of the starter discharge of the battery.

Known today methods of battery’s technical state
monitoring are characterized by long duration, the
negative impact of deep discharge, as well as significant
energy and human costs [1-3].

Express—diagnosis allows to reduce these
shortcomings to a minimum and is based on the
mathematical description of a battery means of
parameters, proceeding from their properties [4, 5].

The goal of the study is the development of a
methodology for assessing the lead—acid batteries’
parameters and to provide recommendations for their
long—-term management and carrier in the army.

This goal defined the following research tasks:

— on the basis of the lead—acid batteries operation
experience to define a set of diagnostic parameters on
which it is possible to draw a conclusion about the
technical state of a battery and change of its electric,
operational and design properties;

— to determine the correlations between the
properties of the battery and make their assessment
based on the established criteria;

— to build a diagnostic graph—model of a battery in
the form of a correlation galaxy;

— to justify the lead-acid batteries carrier and
management minimum diagnosis which can be carried
out during their life cycle management ra status control
under the lack of time.

General scientific and
scientific knowledge are used.

special methods of

Main material

1. Determining the set of diagnostic parameters
to assess the battery technical state and change its
electrical characteristics.

Analysis of the technical literature [4, 6] allowed
us to identify parameters by which we can assess the
battery technical state.

Conventionally, they can be
structural, electrical and operational.

To further formalize the problem of determining
the correlations between the battery’s parameters, each
of the parameters corresponds to the symbol. Summary
data are presented in tables 1, 2 and 3.

Note that the term “available capacity” is defined
as the capacity that the battery has in the current
conditions. The actual capacity is determined on a fully
charged battery at a constant temperature T= 25 + 2°C.
Under such conditions, the ratio C=FCC. In other
conditions, the actual capacity will be the calculated
value of k C, (k is a coefficient takes into account the
change in the capacity of the battery depending on the
temperature [6-9].

According to the world experience of battery
operation, the assessment of their technical state is
similar to the Battery Management and Battery Status
Control procedures, so the authors have invited to
introduce such generalized parameters that characterize
the technical state of battery operated in the military.

divided into

Table 1 — List of the main design battery’s parameters
to determine the technical condition

Ne Name Unit Sym- | Nota
bol | —tion
1 | Overall dimensions of plates m3 D X1
2 |Weight of plates (with active| kg Mpl x2
substance)
3 | Porosity of plates % Y X3
4 | Chemical composition of plates — A X4
5 | Separator type - — X5
6 | Battery connection method — — X6
7 | Number of batteries piece | - X7
8 | Active mass utilization factor % Nac X8

Table 2 — List of the main operating parameters of the
battery to determine the technical condition

- | Sym-| Nota
Ne Name Unit bol | —tion
1 | Electrolyte volume | Ver X9
2 | Electrolyte density g/lsm¥| »p X10
3 | Starting current A | CCA| xu
4 | Discharge time hour | td X12
5 | Charge time hour te X13
6 | Self-discharge A C X14
7 | Service life cycle n X15
8 | Service life piK | X16
9 | Number of faulty batteries piece | Ns x17
10 | Condition of leads — — X18
11 | Condition of the body — - X19
12 | Condition of the plug — — X20
13 | Condition of cover — - X21
14 | Temperature °C T X22

Table 3 — List of basic electrical parameters of the battery
to determine the technical condition

No Name Unit Sym-| Nota
bol | —tion
1 |Internal Resistance Ohm R X23
2 | Design Capacity: Ah | DC | xz3
3 | Full-Charge Capacity Ah | FCC| xa
4 | Available Capacity Ah C X25
5 |Voltage V U X26
6 | Open—Circuit Voltage V | OCV| xu
7 | Terminate Voltage B TU | x28
8 | Discharge Current A la X29
9 | Charge Current A Ich X30

SoH (State of Health) is defined as the degree of
performance of the battery, which reflects the current
state of the battery compared to ideal. In accordance
with the parameter SoH set the notation xa;.

SoC (State of Charge) is defined as the degree of
charge of the battery, which shows how much of the full
charge is still accumulated in the battery. In accordance
with the parameter SoC we set the symbol Xs».

The SoC will determine how much battery power
is left to maintain and charge, while the SoH will
indicate when the battery needs to be replaced [4, 7, 8].
Thus, the technical condition of the battery will be
determined by the parameter vector

X = (X, Xp,en Xg) T, i=10, 1)

here n is number of parameters that determine the
technical condition of the GB.
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2. Statistical data processing using the
mathematical apparatus of correlation analysis.
Rechargeable batteries can operate within the
specified service life in compliance with the rules of
operation and storage. As noted, the greatest impact on
the performance and service life of batteries are
operating conditions, such as ambient temperature,

depth of discharge, discharge and charging currents, and

In order to define the relationship between the
parameters that determine the technical condition of the
battery and to make their assessment, it is proposed to
use a mathematical apparatus of correlation analysis,
namely multiple correlation. The results of monitoring n
batteries can be presented as a matrix.

The results of monitoring n batteries can be

presented as a matrix

so on. Note that based on the results of the study, we X1 X2 X Xk |

can conclude that the increase in internal resistance

reduces the power characteristics of the battery, but to a X1 X22 X2 X2k

greater extent there is a degradation of capacity. At the

same time, the battery maintains a normal value of the X = % - " @
starting current almost until the very end of the service, i1 iz ij oo Tk

and their capacity is constantly reduced. Fig. 1 shows

the ratio of capacitance and starting current 20 of the X1 Xn2 X Xk

studied 12ST—85R batteries depending on the power.

The main reason for the failure of the battery can
be considered to be the loss of battery capacity, as
illustrated in Fig. 2. The values of the capacitance are
marked on the abscissa axis, and the values of the
starting current are marked on the ordinate axis.

As one can see from the figure, most batteries have
maintained the allowable values of the starting current
when the capacity drops below 40%.

For further research, an assumption was made
about the normal nature of the distribution of the
batteries” parameters to assess its technical state. The
study was based on information and analytical materials
on the impact of operating conditions on performance
and service life of batteries.

where the values of the type “Battery — parameter”
characterize the state of the i—th battery on the j—th
parameter.

We assume that, X1, ..., Xn
population with a distribution density:

fy(xl, Xy X ) =

..., form a general

- e (- -, O

NN
here |2| is the determinant of the covariance matrix of

dimension kxk; p is the k—dimensional vector of
mathematical expectations.

120%
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80% |
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20%
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Fig. 1. The ratio of capacitance and starting current of the 20 studied batteries depending on the power
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Fig. 2. Indicators of capacity and starting current of 20 age batteries
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Using the well-known apparatus of mathematical
statistics and probability theories, it is proposed to
estimate the numerical characteristics of the vector of

parameters X = (%, X,... X;)", partial and multiple

correlation coefficients [10, 11].

The authors performed statistical processing of the
results of observations of n = 20 batteries at different
terms of their operation for k = 31 parameters.

Data sampling can be considered representative
and sufficient for statistical processing. Using the
Statistica application package, the numerical values of
the matrix X were estimated and, based on the
assumption of the normal nature of the distribution of a
certain k—dimensional general population, partial and
multiple correlation coefficients were obtained.

Fig. 3 shows a fragment of the dialog box during
operation of the application package Statistica [12].

To perform calculations, the threshold level of
significance of the null hypothesis about the value of
even correlation coefficients was set o =0,05.

39,000 122,000
53,000 138,000

| | Pearson Product-Moment Correlation

Car;cel:

For other corre-

First list: none
i oo Second list: none

i Conelations | Save matrix |

Dptions
[ Casewise deletion of MD

I” Display long variable names

Display

% Con. matrix [highlight p)
" Con. matiix [display p & N)
" Detailed table of results

lation o disgtance
measures use Non-
parametrics or Clu-
ster analysis; use
Regression for
mult. /partial corrs,

™ Extended precision calculations

2s

20 scatterp. | /v names | B2 Matie | BB Categorized scaterglot |

L/ 3 scallelp.l Iw name=| @; Surface | @9 3D bivariate distribution hislnglaml

Fig. 3. Carrying out calculations
in the Statistica application package

1 062 012 01
1 -039 -0,2
1 0,04

1

sl =

As an example, the results indicate a low correlation
between the discharge current and the capacitance of the
battery, namely rzg = 0,55. The authors note the possibility
of establishing causal relationships between the battery’s
parameters.

For example, the internal resistance is influenced by
other parameters, such as electrolyte density (positive
correlation), and the full-charge capacity FCC depends on
the internal resistance (negative correlation). It is proposed

As a result, the number of parameters for assessment
the battery technical state was reduced to m=10:

y1 — electrolyte density p;

Y2 — internal resistance R;

ys — design capacity DC;

ys — temperature T;

ys — full-charge capacity FCC;

Ys — discharge time tg;

y7 — SoC;

ys — discharge current Ig;

Yo — SOH,;

Y10 — Open—circuit voltage OCV.

The results of correlation and factor analysis
showed that the effects of four electrical, four
operational and two generalized battery parameters are
well correlated.

Thus, the relationship between the battery
parameters assesses its technical state, is illustrated by a
correlation matrix of the form:

Kit Koo Kim
K K
Kmm

In order to clarify the statements about the
correlations of the elements of the battery’s parameters

vi T
vector Y = (31,2, ¥m)
correlation matrix

let’s use a normalized

1 np, n3 Am
1 13 2m
”rij " - LR (4)
1 ..
1

According to the results of the calculations, the
following values of the matrix (4) were obtained:

0,49 1038 04 038 048 0,29

-0,33 0,78 -0,4 -0,78 -0,49 -0,44

0,45 01 0,13 01 0,73 0,2

0,61 0,49 1043 0,49 036 0,39

1 05 05 05 05 0,66
1 -0,42 -0,8 -0,43 -0,33 ©)

1 0,46 0,4 0,53

1 0,45 0,43

1 0,29

1

to use the identified dependences to build a diagnostic
graph model of the lead—acid battery.

3. Diagnostic graph—-model of GB in the form of
a correlation galaxy.

The presentation of generalized results in the form
of a correlation galaxy makes it possible to build a
diagnostic graph—-model of battery in the form of a
correlation galaxy. The vertices of the graph will be the
battery’s parameters, and the arcs will indicate the
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relationship of the parameters. Arcs from the cause to
the effect are drawn between the interconnected
vertices, which in this case will take into account the
correlation sign.

Fig. 4 shows a fragment of the graph model of the
lead—acid battery. The vertices of the graph
corresponding to the operating parameters of the battery
(electrolyte density, temperature, time and discharge
current) are marked in green.

The vertices of the graph corresponding to the
battery’s electrical parameters (internal resistance,
design capacity, full-charge capacity and discharge
current) are marked in orange, and SoH and SoC are
marked in pink.

Parameters the correlation between which more
than 0,5 is proposed to be used for the battery minimum
diagnosis in the course of their life cycle, taking into
account the existing lack of time.

Fig. 4. Fragment of the diagnostic graph—model
of GB in the form of a correlation galaxy

In the process of discharge or discharge AB is
"pass" of capacity. Given the close correlation between
the parameters ys — discharge time tq and ys — discharge
current lg, it is proposed to introduce the concept of
passed charge Cpass, i.€. the capacity given or received
by the battery during discharge / charge, respectively.

Cpass =1q 14 (6)

Practical calculation of Cpass, can be performed by
an integrated Coulomb counter during battery charge or
dischargei or by direct measurement of current and
time.

4. Battery minimum diagnosis for dynamic
monitoring of its technical state during the life cycle.

It should be noted that battery diagnosing in the
process of their life cycle will allow to effectively
calculate the time of replacement and to carry out long—
term planning of their maintenance.

Of course, the effectiveness of such measures will
increase significantly with the use of modern
information technology, electronic measuring devices,
development of dynamic interfaces, creation of
interactive databases, etc. First of all, it should be noted
that some measurements are indirect to determine the
SoC and SoH of the battery.

Therefore, to implement the GB diagnostic model,
for example, to develop a dynamic interface for long-
term maintenance planning, we will determine the
amount of the battery minimum diagnosis to monitor its
SoC and SoH.

On the analysis of the correlation analysis results,
the set of the minimum diagnostic parameters to assess
the battery technical state is based on the possibility of

their dynamic monitoring and analytical calculations.
Namely, the 12ST—-85R battery minimum diagnosis will
be to monitor its Open—circuit voltage, temperature and
passed charge capacity.

According to the authors, a promising direction in
the development of battery operation can be considered
the development of Battery Tracks — software and
hardware devices for Battery care and battery
management [9].

By monitoring SoC and SoH of the lead-acid
battery using such a device, it is possible to provide a
better user experience by continuously and accurately
reporting the remaining charge, and also by cautioning
when a battery needs to be replaced.

In the future, the authors plan to explore the
possibility of monitoring such important battery’s
parameters impedance, depth of discharge, residual
capacity, etc.

Conclusions

1. Analysis of the experience of the lead-acid
batteries operation determines a set of diagnostic
parameters, which can be used to draw a conclusion
about the technical state of a battery and change of its
electric, operational and design properties.

As generalized diagnostic parameters of the
battery technical state can be considered the State of
Health and the state of charge SoC.

2. Statistical  data  processing using  the
mathematical apparatus of correlation analysis allows to
determine the causal and dependencies between the
battery’s parameters and make their assessment based
on the established criteria.
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3. Presentation of generalized results in the form of
a correlation galaxy makes it possible to build a
diagnostic graph—-model of causal relationships of
battery’s parameters in the form of a correlation
galaxy.

4. Control of the SoC and SoH of the lead—acid
battery will ensure the monitoring of the remaining

charge, as well as the issuance of a warning about the
need to replace the battery.

A promising direction in the development of
battery operation can be considered the development of
battery—powered trackers — software and hardware
devices capable of caring for battery care and battery
management.
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3acTocyBaHHSI MATEMATHYHOI0 ANIAPaTy KOPEJISANiiiHOro aHAi3y AJIsl BU3HAYEHHS 00CATY MiHiMAJILHOTO 1iarHOCTYBaHHS
NpPH IUHAMIYHOMY MOHITOPHHTY TEXHiYHOI0 CTAHY CBHHIIEBO—KHCJIOTHHX aKyMYJIATOPHUX GaTapeii

0. A. Makoron, P. I. Cyuko, B. I. Mockanenko, 1. B. Kaninin, C. B. Bypain, B. B. Ikcapuns

AnoTtanis. [IpexMeroM BHBYEHHSI B CTaTTi € OLIHKA TEPMIiHIB CIy)OH Ta IUIAHYBaHHS TEXHIYHOTO OOCITYTrOBYBaHHS
IIPU eKCIUTyaTallii CBUHIIEBO—KHCIOTHHX aKyMyIsTOpHUX Oarapeil (AB). MeTroro mociifzkeHHs1 € po3poOka METOIUKH OLiHKH
mapameTpiB Ab Ta TepMiHIB iX ChmykOum Ui HamgaHHA peKOMEHIamii 0 JOBIOCTPOKOBOMY IUIAHYBAaHHIO TEXHIYHOTO
00CITyroByBaHHS Ta 3aMiHM OaTapeil pu eKCIuTyaTallii y Bilicbkax. 3aBAaHHS JOCJiIKeHHsI: Ha OCHOBI JIOCBIIy €KCILTyaTarii
ADB BU3HAYNTH MHOXKHHY JIarHOCTHYHUX ITapaMeTpiB, 3a SIKMMH MOXKHA 3pOOMTH BHCHOBOK IIPO TeXHIUHMH cTaH Ab Ta 3MmiHy ii
€JIEKTPUYHMX, EKCIUTyaTallifHUX Ta KOHCTPYKIIIHUX XapaKTepUCTHK; BH3HAUYUTH KOPEJALIIHI 3aJIeKHOCTI MK IapaMeTpamMu
AB 1 3poOuTH X OIIHKY, BHXOISMYM 3 BCTAHOBJICHMX KpHUTEpiiB; MOOYIyBaTH AiarHOCTHUHY rpad—momens AB y Burismi
KOpeJLILifHOI TuTesiin; oOTpyHTYBAaTH MiHIMaJIbHE JliarHOCTyBaHHS AB, 10 MO)ke IPOBOANTHCS B TPOLECI TX JKUTTEBOTO IIUKITY 3
ypaxyBaHHAM HasBHOro aediumuty 4acy. MeTONONOriYHOK OCHOBOI JOCHTIPKEHHS CTalM 3arajJlbHOHAYKOBI Ta CIelianbHi
MEeTOAM HayKoBOro Mi3HaHHsA. OTpuMaHi HacTynHi pe3yabTaTH: Bu3HaueHo Habip AiarHOCTHYHMX TapaMeTpiB Ui OLIHKH
TEXHIYHOT0 CTaHy akyMyisiTopHOI Oatapei. [IpoBeneHa craTucTniHa 00poOKa JaHWX 3 BUKOPHUCTAHHSAM MaTeMaTHYHOTO arapary
KopeJsniiiHoro ananizy. [lodynoBana miarHocTHYHa rpad)—MOJIENb CBUHIIEBO—KHCIOTHOTO aKyMYJISITOpa Y BUTIISAI KOPEJISIiHOT
wresiii. BusHaueHO oOcAT MiHIMaNBHOTO JiarHOCTYBaHHS Oarapei Ul OMIHKM TEXHIYHOIO CTaHy Ta TEPMiHY CBHHIIEBO—
KHCJIOTHUX aKyMYJISITOPIB MPOTATOM IX XXHTTEBOrO IUKIy. BucHOBKH. AHami3 mocBiny excruryatanii Ab BU3Hauae MHOXKXHHY
JIarHOCTHYHUX IapaMeTpiB, 3a SKAMH MOXKHAa 3pOOHMTH BHCHOBOK IPO TEXHIYHMI craH Oarapei Ta 3MiHYy il eNEKTpUYHUX,
eKCIUTyaTalliiHAX Ta KOHCTPYKUIIHHHMX XapaKTEepUCTHK. Y3araJbHEeHUMH AIarHOCTUYHHMH NapaMeTpaMy TeXHIYHOro crany Ab
MOJKHa BBa)XKaTH CTYIHb ‘310poB’s” akymynsTopa SOH Ta crymine 3apsypkeHocti SOC. CraructmyHa oOpoOka JaHUX 3
BHUKOPUCTAHHSIM MaTeMaTHYHOTO anapary KOpeJsLiiHOro aHajli3y A03BOJISIE BU3HAUYMTH MPUYHMHHO—HACIIIKOBI 3aJ€KHOCTI MiX
napameTpaMu AB 1 3poOHTH iX OLIHKY, BUXOISYHM 3 BCTAHOBJIEHHX KpuTepiiB. [lofaHHs y3araJbHEHHX Pe3yNlbTaTiB y BHUIJISL
KOpEJISILIHHOT TUIes TN A€ MOXIIMBICTB MOOYIyBaTH JiarHocTHuHy rpadg—moznens AB y Burisni kopensuiiinoi miesau. Konrpons
SoC Ta SOH cBHHIEBO—KHMCIOTHOI GaTapel 3a0e3NeunTh MOHITOPUHI 3aJIMIIKY 3apsjly, a TaKoX BHIady IOIEPEeKEHHs Ipo
HEeoOXiHiCTh 3aMmiHM Oarapei. IlepCrieKTMBHMM HampsMOM y pPO3BHUTKY eKciuryatanii AB MoxHa BBaxaTn po3poOKy
AKyMYJIATOPHUX TPEKKEpIB —alapaTHUX NPWIAJiB, 3/aTHUX aHATi3yBaTH JUHAMIKY 3MiH IX €JEKTPUYHMX XapaKTEPUCTHK Ta
OLIIHKY TEPMIiHY CITyXOH.

Knaro4oBi cioBa: CBUHIEBO—KHUCIOTHUH aKyMyNATOp; AOTJIAM 38 aKyMY/IATOPaMH; OLIHKA TEPMIHIB CIyKOU; TeXHIUHE
00CITyrOBYBaHHs; €KCILTyaTallis.

HPHMCHEHHE MaTeMaTH4Y€eCKOro anmapata KOppeJallMOHHOI0 aHa/Iu3a
AJIs1 onpeae/IeHus 00beMa MUHMMAJIbHOTO AUArHOCTUPOBAHMSA NIPU JTHHAMHYHOM
MOHHUTOPHHIC TEXHUYECKOI'0 COCTOSIHUA CBHHIOBO—KHCJIOTHBIX AKKYMYJISATOPHBIX 6aTapeI71

E. A. Makoros, P. 1. Cyuko, B. 1. Mockanenko, U. B. Kanunun, C. B. bypnun, B. B. Ukcapuna

AnHoTanus. IIpenMeromM M3yueHHs] B CTaThe SIBJSIETCH OLICHKA CPOKOB CIIY)XObl M IUIAHUPOBAHHE TEXHHYECKOTO
00CITY)KUBaHUsI TPH JKCIUTYaTallil CBUHIIOBO—KHCIOTHBIX aKKyMylsTOpHbIX Oarapeii (AB). Lleabio mcciegoBaHus sBIISETCS
pa3paboTka METOAMKM OLEHKHM napamerpoB AB M CpOKOB MX CiyxObl Ul BbIPAOOTKH PEKOMEHAALMH IO JOIrOCPOYHOMY
IUIAHUPOBAHUIO TEXHUYECKOTrO OOCIY)XMBAHMSA M 3aMEHbl Oarapell Ipu 3KCIUTyaTallMd B BOKMCKaxX. 3ajauM MCC/IeI0BAHUA: HA
OCHOBE OIIbITa AKCILTyaTanuu Ab onpenennurs MHOXECTBO IMarHOCTUYECKUX NapaMETPOB, [0 KOTOPHIM MOXKHO CIEJIaTh BHIBOJ O
TEXHUYECKOM COCTOSIHMM AB ¥ H3MeHeHue ee 3JIEKTPUYECKHUX, SKCIUIYaTAlMOHHBIX M KOHCTPYKLMOHHBIX XapaKTEPUCTHK;
OIPEJICIIUTh KOPPEISLMOHHBIE 3aBUCUMOCTH MeXay napaMerpamu Ab U chenatb MX OLEHKY, MCXOAS M3 YCTaHOBJICHHBIX
KPUTEPUEB; IOCTPOMTH [MArHOCTUYECKYI0 TIpad—Monenb AB B BHIE KOPPEIALMOHHOH IUIesA/bl; OOOCHOBAaTH 00BEM
MHHHMAaJbHOTO JMarHocTupoBanus Ab, KOTOpoe MOXeT NpPOBOAMTBCA B IPOLECCe HMX JKU3HCHHOIO LHKIA C y4eTOM
uUMerolIerocst qeduuura BpeMeHH. MeTOIONOrYHOI OCHOBOIO JIOCIIKEHHSI CTald 3arajbHOHAYKOBI Ta CIelialibHi MeTOXH
HaykoBoro mizHaHHs. IlosrydeHsl cienyromue pe3yiabTarbl. OnpezenieH HAOOp IMArHOCTUYECKHX IApaMeTpPOB VIS OLEHKH
TEXHUYECKOrO COCTOSHHA aKKyMyJsTopHoW Oatapeu. [lpomsBenena craructudeckas oOpaboTKa NAHHBIX C HCIIOIb30BaHHEM
MaTeMaTHYeCKOro anmnapara KOppesslMOHHOro aHanusa. IlocTpoeHa nuarHocTuueckas rpad— Mozenb CBHHIIOBO—KHCIOTHOIO
AKKYMYJIITOPa B BHJE KOPPEJISILMOHHON IuIesibl. OnpenesieH 00beM MHHMMAJIbHOTO JAMArHOCTHPOBAHUS OaTaped Ul OLEHKU
TEXHUYECKOTO COCTOSIHUSA U CPOKA CBHHIIOBO—KHCJIOTHBIX aKKyMYJISTOPOB B TEUCHHE MX JKM3HEHHOIO LIMKIA. BhIBOABI. AHanu3
ombITa dKcIyarauun AB onpezenser MHOXECTBO JMArHOCTUYECKMX MApaMETPOB, MO KOTOPBIM MOMKHO CHENaTh BBIBOX O
TEXHUYECKOM COCTOSIHMM OaTaped M M3MEHEHHMH €€ SJIEKTPHYECKHX, KCIUTyaTAllHOHHBIX M KOHCTPYKILMOHHBIX XapaKTepPHCTHK.
O000IIEHHPIMH THATHOCTUYECKUMH TIapaMeTpaMHi TEXHUYECKOTO COCTOSHHA AbB MOXHO CUHMTaTh CTENEHb ‘‘30POBBS’
akkymynsitopa SOH u crenens 3apspkenHoctH SOC. CraTicTHdeckas 00paboTKa JaHHBIX C MCIOIb30BAHUEM MaTeMaTHYeCKOro
anmnapara KOppeJsMOHHOTO aHAIIM3a MO3BOJISET ONPEAENUTh IPUYMHHO—CIIE/ICTBEHHbIE 3aBUCMMOCTH MeX 1y napaMerpamu Ab
W cIenaTh HX OLEHKY, HCXOAsS M3 YCTaHOBJICHHBIX KpuTepueB. IIpescraBieHue 0OOOLICHHBIX pE3YJAbTaTOB B BHIE
KOPPEJISLMOHHOM IIes/Ibl 1aeT BO3MOXKHOCTB IMOCTPOUTD JTHarHOCTHYECKYIO rpad—mozens Ab B BH/e KOPPEISIIMOHHOM TUIESIbL.
Koutpons SoC u SOH CBHUHIIOBO—KHCIOTHOW Oaraper OOECEYUT MOHHWTOPUHT YpPOBHsS 3apsiia, a Takke BbLady
NPEYNPEKICHUS 0 HEOOXOAUMOCTH 3aMeHbl OaTaper. [IepCreKTHBHBIM HalpaBlICHHEM B Pa3BUTHHU SKCIUTyaTauuu Ab MOxHO
CUMTaTh pPa3pabOTKy aKKyMYISTOPHBIX TPEKKEpOB — IPOrpaMMHO—ANIApaTHBIX YCTPOKMCTB, CHOCOOHBIX aHaIW3HMPOBATh
JMHAMHKY U3MEHEHHH UX SJIEKTPHYECKUX XapaKTEPUCTHK M OLIEHKY CPOKOB CITYKOBI.

KiawueBble €J10Ba: CBUHIIOBO—KHCIOTHBIN aKKyMyNISITOp, yXOJ 3a AaKKyMYJISTOPaMH, OLIEHKAa CPOKOB CIY>KOBI;
TEXHUUYECKOE O0CITYKHBAHHE; SKCILTyaTaIysI.

135


mailto:vik05.69@ukr.net
http://orcid.org/0000-0001-7288-0885

Advanced Information Systems. 2021. VVol. 5, No. 1

ISSN 2522-9052

UDC 004.942

Elkhan Sabziev

doi: 10.20998/2522-9052.2021.1.20

Institute of Control Systems of ANAS, Baku, Azerbaijan

DETERMINING THE LOCATION OF AN UNMANNED AERIAL VEHICLE
BASED ON VIDEO CAMERA IMAGES

Abstract. The paper deals with the problem of determining the location of an unmanned aerial vehicle from video and
photo images taken by surveillance cameras. As the observation area is considered to be sufficiently limited, the area under
consideration can be taken as part of a plane. The solution to the problem is based on the construction of a bijective
mapping between the known geographic coordinates of three different objects recognized in the images and their
coordinates relative to the monitor plane. To this end, the geographical coordinates of the objects (latitude and longitude)
are first converted to the Mercator projection, and a bijective mapping is built between the coordinates of the objects
calculated in the Mercator projection and the coordinates relative to the camera monitor plane. Then, based on the current
orientation angles of the unmanned aerial vehicle, the coordinates of the projection of its position on the monitor plane are
calculated, and the geographical coordinates are found by applying the inverse of the constructed bijective mapping.

Keywords:

geographical coordinates; Mercator projection; unmanned aerial vehicle; bijective mapping; linear

functional mapping; orientation angles; identification problem.

Introduction

As we know, the location of an unmanned aerial
vehicle can be determined by processing data received
from navigation devices (e.g. [1, 2]). However, due to
the complex nature of the processing results, the
accuracy of calculation of the aircraft’s current location
decreases due to measurement errors. It is considered
advisable to regularly adjust the current coordinates of
the aircraft, using alternative information sources in
order to reduce errors accumulated during flight control.

At present, satellite-referenced aids are used at
everyday level to obtain sufficiently accurate
geographical coordinates of an object. However, due to
irregular access to GPS data and its errors, the use of
this information is unacceptable. In this regard, images
made by video cameras installed on the aircraft can be
an alternative source of information.

An aircraft can determine its location by image
processing on the basis of different principles [3-5].
Different approaches are used depending on the nature
of the problem being solved, the characteristics of the
cameras taking pictures, as well as the number of
pictures taken, the accuracy of object identification, and
other criteria.

This paper considers the problem of calculating the
location of an unmanned aerial vehicle based on video
and photo images, taking the following principles as a
basis for its solution:

e Since the areas shown in the images are quite
small, they can be considered as part of a plane.

e It is possible to construct a bijective mapping
of a regular nature between the coordinates calculated
relative to the image for three real objects recognized in
the images and their geographic coordinates.

e The constructed bijective mapping can be used
to determine the position of the unmanned aerial vehicle
relative to the observed objects in accordance with the
orientation determined from navigation data.

Since the problem of identifying (recognizing)
objects in video and photo images has been interpreted
in various studies (e.g. [6, 7]), we will assume that the

problem of identifying objects in video and photo
images has been solved and their geographic
coordinates are known.

In view of the above, this study considers the
problem of calculating the geographic coordinates of the
projection of an aircraft on the earth’s surface, on the
basis of three objects recognized in images taken by the
unmanned aerial vehicle, using the known orientation
data of its camera.

Identification problem statement

For clarity, assume that the images from the video
camera of an unmanned aerial vehicle are displayed on
a rectangular monitor of a known size. To determine the
position of the objects observed in the images relative to
the monitor, we introduce the following @&n{
coordinate system, which coincides with the center of
the central monitor, i.e. the point of intersection of the
rectangle diagonals.

Suppose the @f and O% axes, which are
perpendicular to each other, go through the center of the
monitor and are parallel to both its sides, and the 0f
axis is perpendicular to the @&n plane and directed so
that the @fn{ coordinate system is a right-handed
coordinate system (Fig. 1).

Fig. 1. 0&n{ local coordinate system relative to the monitor

In principle, the monitor can be positioned in space
in such a way that the continuation of the straight lines
connecting the monitor map of real points observed by
the video camera intersect at the same point called the

136

© Sabziev E. N., 2021



ISSN 2522-9052

CyuacHi inpopmaniiini cucremu. 2021. T. 5, Ne 1

point of view or observation. Let us denote the point of
observation by F. It is clear from the design of the

optical system of video cameras that point F will be
located on the Oz axis.

In cartography, when transferring the earth’s
surface to 2D paper maps, the geographical coordinates
of objects are reflected in a rectangular coordinate
system called the Mercator projection [8, 9, 10]. Given
the limited field of view of video cameras, the earth’s
surface in circles of medium length can be fairly
accurately equated to the Mercator projection. This
allows using the Mercator projection as an interval set
and constructing a bijective mapping between the
monitor coordinates of the objects and their geographic
coordinates.

On the other hand, because of the fixed attachment
of the video camera to the unmanned aerial vehicle, it is
possible to determine the spatial position of the device
relative to the earth, using the information from its
navigation devices (gyroscopes). In other words, we can
calculate how, relative to the earth, and, consequently,
where the video camera aimed at the objects of
observation is positioned.

The mathematical formalization of this approach is
given in the following paragraphs.

Mathematical model
of the identification problem

To this end, let us consider two tasks. The first
task involves constructing a bijective mapping between
the geographical coordinates of three points, which are
recognized on the earth’s surface and not located on a
straight line, and the coordinates of the points reflected
on the video camera monitor.

Suppose that an unmanned aerial vehicle through
its video camera observes three points A;. A;.A; on the
earth's surface, and the geographical coordinates
(latitude and longitude) of these points are known.
Denote the geographical coordinates of the points 4; by
(. u;), respectively, (j = 1,2,3).

Suppose that the points A4;. 4;. 43 are mapped onto
some points By, E;, E; on the video camera monitor. Let
the coordinates of these points in the &7 rectangular
coordinate system introduced relative to the monitor be
(1.0, (F5m2.0), (£3,m4. 0, respectively.

The bijective mapping ¥: (v, )} — (£,7) can be
constructed as follows.

Denote the coordinates of the object’s Mercator
projection by (x,¥). According to [10, P.44], the
transformation Wy,: (v, u) — (x,¥) can be defined by

x=R" v

formula (1).
T Uy fl—zrsinu
L — . - el e — ' 1
y Rln(tg(‘l--l_E)(l-l-E-sinu]) @

r .
Here, & = ﬂll - R and = are the equatorial and

Eilfa

polar radii of the Earth, respectively.

Formulas (1) are given in analytical form, and using
them, we can calculate the coordinates {.rj-,yj-},
(j = 1.2,3) of the points 4; in the Mercator projection
and thus consider them known.

Let us write the formulas for the connection
between the coordinates of points in the Mercator
projection and the known coordinates of their mapping
on the monitor plane OFn. Essentially, these formulas
can be written as an affine transformation
W, : (£, n) = (x.y) in the following form:

Iﬂnf togpnth=x )
Oy & +8pn+ by =y ©

To calculate the coefficients of transformations
(2), we need to solve the equations simultaneously
‘PA{EJ-,?;IJ-} = {xj-,y_i-}, j=1.23, The unknowns in the
first and second equations of system (2) are inherently
independent of each other and can be calculated
separately.

Consider the following system of equations for the
unknowns ey, Gyg. By,

@38y + oy + by = xy,
g éy t o by =x
gy fx taany + by =x

®)

61 k3

Let us denote the main determinant of system of
equations (3) by 4, then from the explicit form of the
main determinant

A=

Ly — Xy }’:_.‘}’1|
Xz— X3 ¥a— Wl

it is easy to see that if the points B; are not located on a

straight line, 4 # 0 and the unknowns a;.a42. b4 can
be unambiguously calculated from system (3).

By writing a similar system of equations, we can
also calculate the coefficients @y . 822,84, Thus, we have
constructed the mapping ¥;. The mapping ¥, has the
form of a linear functional dependence and it has the
inverse Wt

Consequently, the mapping ¥ is constructed as a
superposition of the operators ¥, and ¥;*:

W=t s,

Obviously, the inverse of the operator ¥ can be
specified in iterative form, thus the bijective mapping ¥
is constructed.

Now let us proceed to the second task. It consists
in calculating the coordinates of the point of the
unmanned aerial vehicle’s projection on the earth’s
surface, which will be observed on the video camera
monitor, using the angles of the aircraft’s spatial
orientation.

As a rule, the field of view of the video camera is
directed perpendicularly downward relative to the
unmanned aerial vehicle that carries it. Therefore, based
on the orientation angle of the vehicle, we can
determine the direction of view of the video camera
relative to the earth.
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The orientation angles are yaw @, pitch & and roll
¥ angles, which determine the position of the unmanned

aerial vehicle relative to the earth. Let us briefly explain
the definition of these angles in accordance with [11].
To do this, we introduce the 0,X ¥,Z. earth-fixed

coordinate system so that the ;X ¥, plane coincides
with the Mercator projection, and the OgZ; axis is
directed perpendicularly upward relative to the 0%, ¥,

plane.

Let us define two specific directions related to
unmanned aerial vehicles. In fixed-wing drones, we can
distinguish a vector N directed along its longitudinal
axis and a vector E perpendicular to the symmetry plane
of the drone. In rotary-wing drones, vectors N and E are
determined by selecting a direction defined as “forward-
backward”.

Yaw angle @ is the angle between the projection of
the vector W on the 0,X; ¥, plane and the specific
selected direction. As a rule, the north direction of the
meridian is chosen as this direction.

Pitch angle & is the angle between the vector W
and the 0, X, ¥, plane.

Roll angle ¥ is the angle between the vector N and
the 0¥, axis of the 0,X; ¥, Z, coordinate system, when
the yaw angle is zero.

The coordinates of any vector fixed to an
unmanned aerial vehicle during flight can be calculated
by applying a vector transformation depending on the
current orientation angles of the aerial vehicle as
follows [11]. For the considered argument T in formula
(4), cost and s=int are denoted by C; and 5
respectively, T = ¢. &, ¥.

J.'E. Xp
» |=4 (i-‘n ) (4)
2 0

*p
where (}’n) is the coordinates of the vector under
Ip

consideration  relative to the earth, when
xp

p=8=y=20|w |isthe coordinates of that vector
Iy

for the current (@. 8. %), calculated relative to the earth,

CaCy —Cg5, —5g
A=|C,5,—5,55C, C,C,+5,55, —5.0g.
5,5+ C,SgCy  §,Cp—C,5a5, +C,Cq

Take point M(0,0,1) on the line of sight of the
video camera. In principle, the location of the point M
in space can be equated to the location of the aircraft.
Let the point of projection of this point on the video
camera monitor be E;(Zp 107, and the point of
projection on the earth’s surface — Ay{x .3, ). Then we
can calculate the coordinates of the point By by
applying transformation (4):

I £, = —sind,
7]

p = —sinycosd.

Here we can calculate the geographic coordinates
of the point Ay corresponding to the point Ey on the
earth’s surface by applying the inverse transformation
w-i = wet LW (Fig. 2).

Fig. 2. Schematic representation of the points
on the earth’s surface mapped on the monitor plane

To this end, we first calculate the coordinates of
the point A in the Mercator projection, using the
mapping ¥, according to formulas (2):

[ﬂ-nfn + e + by = xp,
Bz &p + B2 + B2 = ¥y

Now we can calculate the coordinates of the
geographic latitude and longitude of the point A; by
applying the inverse transformation Wy;*. As can be
seen from (1), the geographic latitude of the point will
be calculated using a simple formula:

Xp
Ty = R
W, is a nonlinear mapping, therefore, to construct its
inverse, we need to apply an iterative calculation
procedure.
For the value of geographical longitude, we

construct successive approximations u“* (k = 0,1,2,...)
as follows. As the initial iteration u‘™, we can take the
geographic longitude of one of the base points or of the
location of the unmanned aerial vehicle determined
during the previous measurements. Then iterations (5)
can be applied until the required accuracy is achieved
[10, P.44]:

e+ _ T
o T2
s - £
l—E-sinulr'_,"' : —¥
—2arctg — = | expl— | 5
(1+E-s[nu[';'j) {Rj ®)
k=01.2,...
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Conclusions

Thus, in order to solve the problem of determining
the location of an unmanned aerial vehicle from the video
and photo images taken by it, we propose constructing a
bijective mapping between the geographical coordinates
and the images on the camera monitor. The construction

of this mapping is based on the recognition of three
different objects, which are shown in the images and
whose geographic coordinates are known. To solve the
problem, it is necessary that the recognized points should
not be located on a straight line. The solution algorithm is
simple and easily implementable by the processor of the
unmanned aerial vehicle.
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Buznauyennst Micusi po3rauryBaHHsi 0e3niJIOTHOIO JIITAJIBLHOr0 aNapaTy Ha OCHOBI 300pakeHb Bileokamep
E. H. Ca63ieB

AHoTaunisi. Y cTaTTi pO3rNsSAacThCs MUTAaHHS BU3HAYCHHS MICI PO3TAIlyBaHHs OE3MUJIOTHOTO JITAIBHOTO amapary Ha
OCHOBI ()OTO, 3pOOJCHUX BiJeOKaMepaMu CIOCTEPEKECHHS. BBakaeTbCs, IO 30HA CIIOCTEPEKEHHS JOCHTh OOMEXeHa i
PO3TIIIHYTY TEPHUTOPiI0 MOKHA CIPUIMATH SIK YacTUHY IUIOMMHU. PilleHHs mpoOiiemMu 3acHOBaHE Ha MOOYIOBI Oi€EKTUBHOTO
BiZOOpakeHHs1 MDK BIJIOMHUMH reorpaiuHMMH KOOpPAMHATaMH TPbOX PIi3HHX O00'e€KTiB, po3mizHaHMX Ha ¢ororpadisx, i ix
KOOpJMHATAMH BiTHOCHO IUIOLIIMHM MOHiTOpa. [Isl IBOTO CIIOYaTKy MEepexoAnMO Bii reorpadiyHuX KOOpIAMHAT OO0'€KTiB
(mMpoTH 1 JOBrOoTH) 10 KOOpPAMHAT B Ipoekuisx Mepkaropy i1 Oyayemo JiHIHHO-(yHKIIOHANIbHE BiJOOpaXKEHHS MK
KOOpJMHaTaMu 00'€KTiB, po3paxoBaHMMH B Mpoekuii Mepkatopy i KoopJArHAaTaMH BiTHOCHO IUIOLIMHHM MOHITOPa BiJEOKaMEpPH.
[otiM, BUXOIS9M 3 MOTOYHHUX KYTiB Opi€HTAILii OE3MIOTHOTO JITATBHOTO amapary, O0YHCITIOIOTECS KOOPIMHATH MPOEKIii HOTo
po3TalryBaHHS Ha IUIOIIMHI MOHITOpa 1 3HaXOJAThCs reorpadiuyHi KOOPAMHATH i3 3aCTOCYBaHHSIM 3BOPOTHOTO MOOYIOBAaHOTO
OlEKTUBHOTO BiOOpaKEeHHS.

Kaw4doBi cioBa: reorpadiudi KOOpIWHATH; MpPOEKIis Mepkaropy; Oe3minoTHHI JiTalbHUI amapaT; Oi€KTHBHE
BiJJOOpakeHHS; JTiHIHO-QYyHKIIOHATBHE BiIOOpaKEHHS; KYTH Opi€HTAIlil; 3a/1a4a i1eHTugIKaIIii.

OmnpenesieHHe MeCTa PacHoJI0KeHHs 0eCIIOTHOIO JIETATEIbHOI0 alllapaTa Ha 0CHOBE H300pa)keHUIl BUAeoOKaMep
3. H. Cab3ues

AHHoTanmmusi. B crathe paccMaTpuBaeTCsi BOIPOC ONpPEICTICHHS MECTOMONOXKECHHUsS OECHHIOTHOTO JIETAaTeIbHOTO
anmapata Ha OCHOBe (OTO, CHIeNaHHBIX BHIcOKaMepaMu HaOmrofeHus. CuuTaercsi, 4YTO 30HAa HAOJIOJCHUsS JIOCTaTOYHO
OTpaHUuYEHa M PACCMATPUBAEMYI0 TEPPUTOPHIO MOXHO IMPUHMMATh KaK 4acTh IUIOCKOCTH. PemieHue mpobieMbl OCHOBAaHO Ha
HOCTPOCHHH OUEKTHBHOI'O OTOOPaKEHUS] MEXKAY W3BECTHBIMH reorpapMyecKMMH KOOPAWHATAMH TPEX Pa3IMuHbIX OOBEKTOB,
pacno3HaHHBIX Ha (GOTOTpadHIX U UX KOOPAUHATAMH OTHOCHTEIBHO IUNIOCKOCTH MOHHTOpA. JIJIs 3TOTO CHavana MepexoJuTcs OT
reorpaIecKUX KOOPJAWHAT OOBEKTOB (IIMPOTHI U JOITOTH) K KOOpAWHATAM B NPOEKIUSIX MepKkaTopa U CTPOHUTCS JIHHEHHO-
(YHKIMOHATBHOE O0TOOpaXKeHHe MeXIy KOOpAMHATaMH OOBEKTOB, PACCUMTAHHBIMH B MPOEKIMH MepkaTopa W KOOpAWHATAMHI
OTHOCHTENBHO IUIOCKOCTH MOHHTOpA BHJIEOKaMephl. 3aTeM, HCXOAS M3 TEKYIIUX YIJOB OPHUEHTAIMH OEeCIMIOTHOTO
JIeTaTeIbHOTO amlmapara, BBIYHMCIAIOTCS KOOPIMHATBHI NMPOEKIHH €ro paclojioKeHHWE Ha IUIOCKOCTH MOHMTOpPa M HaXOIsT
reorpaduueckrue KOOpAUHATHI, IPUMEHEHHEM 00PaTHOTO NOCTPOSHHOTO OMEKTUBHOTO OTPAXKESHHS.

Knwuepble ciaoBa: reorpaduueckne KOOpAMHATHI; MpoeKuus MepkaTropa; OeCHUIOTHBINA JieTaTeIbHBIH ammapar;
OMEKTHBHOE OTOOpaKEHHE; IMHEHHO-(DYHKIIMOHAIBHOE OTPAKEHHUE; YIIIbl OPUSHTALNY; 33124 HICHTU(HKALIH.
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' TacTuTyT cremianbHOro 383Ky Ta 3aXUCTy iHpopManii HalioHanbHOrO TeXHIYHOTO YHIiBEPCUTETY
Vxpainn “KuiBcbkuii monitexniuHuii iHcTuTyT iMeHi Irops Cikopceskoro”, Kuis, Ykpaina
2 JlepskaBHUIA yHiBEpCUTET TenekoMyHikariit, Kuis, Ykpaina

JIATHOCTYBAHHSA BTOPUHHUX JIZKEPEJI EJIEKTPOXUBJIEHHSA
3ACOBIB 3B’A3KY

AHoTaunif. Y cTaTTi pO3NIIAETHCS TIXIT IO TEXHIYHOrO AiarHOCTYBaHHS BTOPHHHHX JDKEPET EJICKT POXKHUBIICHHS 3aCO0IB
3B’s3Ky. JliarHOCTYBaHHS 3IIMCHIOETHCS TiJ[ Yac MOTOYHOrO PEeMOHTY. [IpH IbOMY BPaXOBYIOTHCS OCOOJHMBOCTI 00’ €KTY
JarHOCTYBAHHS, 110 BIUIMBAIOTH Ha mporec Tmomyky aedexris. Mera crarTi—aHal3 MOXJIMBHX BapiaHTIB PO3pOOKU
JIarHOCTUYHOro 3a0e3IeUeHHs] BTOPUHHUX JDKEpell eeKTpOKUBIeHHS. [Ipu 1boMy BpaxoOBYETbCSI METPOJOTiUHA Ha/liHHICTH
3ac00iB BUMIpPIOBAIBHOI TeXHIKH. TaKoX pO3paxoBYeTbCsS HMOBIPHICTH HMPaBHIBHOI MOCTAHOBKM JiarHO3y INJ| 4ac IOLIYKY
Je(eKTiB MPH MTOTOYHOMY peMOHTi. OOTPYHTOBYIOTHCS MPAKTUYHO pealti3yeMi peKoMeHMaMil Mmoo 3abe3nedeH s HeoOXiTHIX
3HAaYeHb MOKA3HUKIB PEMOHTOIPHIATHOCTI 3ac0o0iB 3B’s3Ky. [loKazaHa MOMKIIMBICTE 1 JOIIGHICTH BUKOPUCTAHHS e(DEeKTHBHUX
METO[iB JIIarHOCTYBaHHs BTOPHHHUX JDKEPEIT JIEKTPOXXUBIICHHS 3aC00iB 3B’sI3KY, SIKI PO3IIINAIOTH JpKepesa K OaraToBHXi/HI
00’exty. Lle mo3BOIISIE i1 Yac MPOEKTYBaHHS BpaXxyBaTH BUMOTH IIOZ0 PEMOHTONPHUAATHOCTI BUpoOy. [Ipy moTtouyHOMy peMoHTI
MiHiMi3yeThest yac mouryKy nedexris. Lle 3milicHIOETbCA 32 paXyHOK palliOHaJIBbHOIO BHOOPY AIarHOCTHYHHUX mpouenyp. Ilpu
BHOOpI BPaXOBYIOTHCS KOHCTPYKTHMBHI OCOOJIMBOCTI i yMOBM BIJTHOBJIEHHS Npalle3aTHOCTI. 3anporoHOBaHa OJIOK-cXxema
aropuTMy BHOOPY BapiaHTy AiarHOCTYBAHHS, IIO MiHIMI3ye cepesiHii Jac BiHOBIICHHs 00 ekty. [IpuBeneHuii KOHKpeTHHI
NPUKJIAJ] BHUKOPHCTAHHS OTPUMAHMX pE3yNbTaTiB MpPH  Po3poOlli YMOBHOTO aIrOPUTMY JUarHOCTYBaHHS —ONOKY
€JIEKTPOXXUBIICHHsT 30y/DKyBada i pajionpuiiMada paaioCTaHI[i cepeqHbOl MOTY)KHOCTi. OTpHMaHi pe3yJabTaTH JIOLIEHO
BHUKOPUCTOBYBaTH MPH PO3pOOIi TiarHOCTHYHOrO 3a0e3MeUeHHs NEepCIIeKTHBHUX 3aco0iB 3B’S3Ky a00 YIOCKOHAJIEeHHS

ICHYIOUHX 3aC00iB 3B’53Ky 0€3 JJOIaTKOBHX BHTPAT.

Kaw4yoBi ciroBa: BTOpHHHI DKepea eleKTPOXKUBIICHHS; IIarHOCTYBaHHS; 3aCO0H 3B SI3KY.

Beryn

CyyacHa enemeHTHa 0Oa3a 3aco0iB 3B’s3ky (33)
Oe3repepBHO  YIIOCKOHAIIOETBCS, ayne  30UIbIICHHS
KUIBKOCTI ~ €JIEMEHTIB ~ BHACHIJOK  aBTOMaTH3alil
TEXHOJIOTIYHUX Omepaiiid 1 BIPOBa/PKEHHS U(PPOBUX
MeToiB 00poOKku iH(popMalil He Belie A0 BiIMOBITHOTO
30LIbIICHHS  3HAYEHHS [OKAa3HUKIB  HaIiHHOCTI.
Oco0JIUBO 1€ CYTTEBO BIUTUBAE HA PEMOHTOIPHUIATHICTD
BUpOOIB TOMY, IO BHMOTM JIO CEPEIHBOrO0 4acy
BiJIHOBJIEHHs 33 HE 3MiHIOIOThCS. AHami3 HajiiHoCTI 33
nokasye, 1mo Bix 20 no 30 % BiAMOB 00yMOBJIEHO
HEOCTATHHOIO ~ HAMIHHICTIO  BTOPUHHUX  JDKEpen
enektpoxkuBienHs (BIAE) [1—-3]. Ll ob6craBuna
norpedye  yIOCKOHAJIIGHHS  iX  JIarHOCTHYHOTO
3abesmeuenas  (3) 3 BpaxyBaHHAM  Cy9acHHX
JNOCSTHEHh B Taly3l MeTpolorii Ta  TeXHIYHOL
TIarHOCTHKH, YOrO HE BPAaXOBYIOTH BiOMiI METOIMKH
[4-8].

Mera  crTarTi —aHaNi3 MOXJIMBHX  BapiaHTIB
po3pookn 13 BJIE 3 BpaxyBaHHAM METPOJIOTTIHOI
HamiHOCTI 3ac00iB BuMiproBasmbHOI TexHikH (3BT) Tta
HWMOBIPHOCTI TIPaBWIIBHOI TOCTAHOBKM [iarHO3Y TiJ Yac
MOIIyKy  JMedekTiB MpH  IMOTOYHOMY pPEMOHTI 3
OOTPYHTYBaHHSAM TIPAKTHYHO pPeati3yeMHX peKOMEHIamii
moao 3a0e3nedyeHHsT HEOOXIAHMX 3HAYEHb ITOKA3HUKIB
PEMOHTOIPUAATHOCTI 33.

MareMaTH4Ha NOCTAHOBKA 3aBAaHHs. Bimomo,
mo g0 80% cepemHROro dYacy BiIHOBIICHHS
mpanesgataocTi 33 (Ts) ckiamae gac MiarHOCTYBaHHS
(To) [1,2,6]. Tomy mnst 3abe3redeHHs] HEOOXiTHOTO
3Ha4YeHHA |, MOTPiOHO MiHiMi3yBaTh Ty, TOOTO miTHOBA
(GYHKIIS JOCIIPKEHh Ma€ BUTIIST

Ty(x)=minT,y (x");x'eA; T, <T,,,

ne Ten — mpunycTuMe 3HadeHHs T, 33 3riJHO KepiBHHUX
JOKYMEHTIB; x — mapamerpu JI3; x” —iX 3HaueHHs Ipu
pilieHHi  3aBHaHHs; A —o0jacTe  NPUITYCTHMHUX
3Ha4YeHb 3MiHU MapaMeTpiB.

[MapameTpu miApO3AUISIOTh HA TaKi IPYITH:

- KOHCTpYKTUBHI (L —3arampHa KiNbKiCTh eJe-
MeHTiB, M — gwmcito 6110KiB, 110 1X 06’ €THYIOTH);

- Metposoriuni  (t; — cepenHiii 4Yac BUKOHaHHS
BUMIPIOBaHHS, p — UMOBIPHICTh TPaBUIIBHOI OI[IHKH
pe3yJibTaTy BUKOHAHHS IMEpeBipkH, P — MeTpoloriyHa
HamiiHicTs 3BT);

- TexHosoriuHi  (cepemni wacu: ty — yCyHeHHs
HECTIPaBHOCTI, 1y — BiIK/IIOUeHHS po3’eMy, t, —ImigKiTio-

yeHHst BOymoBaHoro 3BT, t;—cepemHiii vac OLHKH
CTaHy IHOWKATOpIiB, i, — cepenHiil yac 3amMiHH OJIOKY).

AropdT™  pilleHHsi 3aBaaHHs: 1)  aHami3
ocobmmBoctert BJIE, sk 00’ €kTy AiarHOCTYBaHHS,

2) y3arajpHeHHs (OPMYIT OIlIHKK 3HAYCHB T4, TIPH
peatizamnii MOXIIMBUX BapiaHTIB AiarHOCTYBAaHHS;

3) npukia focimKeHHs 3anexHoctelt T, (M ,t,);

4) popmaizariist mporecy po3podku /13 BJIE;

5) mpuknax pozpodku /13 BJIE 33.

Pe3yabTaTtn gociuimkeHHst

1. AnaJi3 ocoduBOCTEl 00’€eKTy
JaiarHocTyBaHHs. Po3risan cxeMHOI Ta KOHCTPYKTHBHOI
nooynosu BJIIE [2,3,5] nmo3Bonsie BU3HAYUTH Psijl
0CcOGIMBOCTE}, 1110 3BefieHo B Ta0l. 1. Ix BpaxyBaHHS Ha
MOYaTKOBOMY  Tmiepiomi  po3pobOku I3 mo3Bose
MaKCHMaJIbHO BHKOPHCTOBYBAaTH HaiOLmbII edeKTHBHI
METO/IY AiarHOCTYBaHHS 3 MiHIMATBHUMH BUTPATAMHU.

Hanpukmnan, zamexHo Big xoHcTtpykmii BJIE i
cxiany 3II1 nOmimbHO BHKOPHUCTOBYBATH MPOLETYPY
NpoOHMX 3aMillleHb, sika moTpedye 3acrocyBaHHA 3BT
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Ta 3HIDKYE BapTicTh momryky naedektiB. Tak came
MaKCHMaJbHE BHKOPHCTaHHS BOYIOBaHOI CHCTEMH
KOHTpOJIIO JIO3BOJISIE 32 MIHIMAJIBHUHA Yac BU3HAYHUTH
HecripaBHUI ~ THmoBuid  enemeHT 3amiaun  (TE3).
AHanoriyanii  epeKkT OCATAEThCSI BUKOPUCTAHHIM
Metoxy BimkiroueHb TE3, mo Takokx He TOTpeOye
3acrocyBanHs 3BT Ha nepmomy erari JiarHOCTyBaHHS.
BpaxyBaHHs 0araTOpeXHMMHOCTI 1 HasBHOCTI KIJTBKOX

BuxofiB BJ/IE Takox M03BOJISE CKOPOTHTH MPOCTIp
MOITYKY 1 3MeHmwmTH 3HadeHHA Ty. Mg QaxiBIiB
peMoHTHHX opraHiB 33 mo3uTtHBHE i Te, o0 B/IE maroth
THUITOBI CXeMH Ta KOHCTPYKTHBHI pimeHHs. [IpuBeneni B
Tabin. 1 ocoommBocti B/IE M03BONSAIOTH BIIOKPEMUTH iX,
K OO0 €KT MiarHOCTYBaHHS 1 BHKOPHCTOBYBaTH Ha
nepioMy erami TMOMIyKy JAedexkTy — BH3HAa4YeHHI
HecrnipaBHoro TE3 a6o Oioky.

Tabnuys 1 — BpaxyBaHHsI 0C00JHBOCTEIli TKepeJT eJ1eKTPOKUBJIEHHS i/l Yac BiTHOBJIEHHS iX Mpane3aaTHOCTI

Oco0auBOCTi 06’€KTY AiarHOCTYBAHHS

BB Ha npouec nomyky nedekTiB

3axucT amapaTHOI 3B’ 3Ky BiJ HONAJaHHS HA KOPITYC 3MIHHOI HAPYTH

CyBope IOTpHMaHHS IIpaBIIT Oe3IeKH. 3aMiHa

HasBHicTb 6J'IOKyBaHH$I BHCOKOBOJIBTHHUX BI/IHpHMJISI‘{iB

OesrocepeTHHOr0 BUMIPIOBAHHS HATIPYTH MEPEBIPKOIO
oropy i30JIsIil

3axwuCT B/ HEPEBAHTKEHHS B JIAHIIOTaX 3MIHHOI 1 ITOCTIHHOI HAIPyTrH

CKOpOUYeHHS IIPOCTOPY MOMIYKY 32 pe3yJabTaTaMt
OIIIHKH CTaHy 3aco0iB 3B’s3Ky

3MiHa 3HaUeHb CTPYMY i Hanpyru B Mexkax Big 10 no 104

HeoOxigHicTh BUKOPHCTaHHS Pi3HOMaHITHUX 3ac00iB

HasiBHICTh 3MiHHUX, NIOCTi{HHUX, IMITyJIbCHUX CTPYMIB i Hampyr

BUMIPIOBaHb CTPYMY i HaNpyru

3ac00iB

O6’€Z[H3HH$I eJTeKTpOMCXaHi‘-IHHX, CJIICKTPUYHUX Ta CJICKTPOHHUX

BukoprcraHHs BiIIOBITHEX NPOLEYp i PHIaiB
JIlarHOCTYBaHHS

KoHcTpyKis y BUTTIsIII OKpeMuX OJIOKIB i TUITOBUX €JIEMEHTIB 3aMiHI

PesepByBaHHs HailMEHII HaHiHHKUX OJIOKIB i IIaT

BuxopucranHs npoueypu NpoOHUX 3aMillleHb 0e3

HasBrictb B ckiani 3ITT okpeMux By3iiB i miar

JIOATKOBHX 3aC00IB BUMIPIOBAJIBHOT TEXHIKH

HasiBHicTb 3ac00iB BOY/I0BAaHOIO KOHTPOJIIO 3HAUEHb NapaMeTpiB

CKOpOYeHHS MPOCTOPY MOLIYKY 33 pe3y/ibTaTaMH
OIIIHKHU CTaHy 3aco0iB BOY/I0BAHOTO KOHTPOIIIO

HasiBHicTb ieekTiB THITY “00pHB” i “IIepeBaHTaKEHHS

HeoOxiTHicTh BUKOPHCTaHHS CIIeNiaIbHHIX TIPOLETYP

BaraTope)xuMHi Ta 6araToBHXiJiHI 00’ €KTH

NOIIYKY Ne(eKTiB, X 3aMiHM B NPOIEC] JiarHOCTYBaHHS

BI/IKOPI/ICTB.HHH THIIOBUX CXEMHUX 1 KOHCTPYKTHBHUX piHJeHL

3acTocyBaHHs THIIOBUX METOJMK i POLIEIYP
JIiarHOCTYBaHHsI, CIIPOLICHHS i IrOTOBKH (axXiBIIiB

2. KinbkicHa omiHKa 3HAYeHb CePEeAHBLOr0 4acy
AiarHOCTYBaHHsA BTOPHHHHUX JuKepet
€JIEKTPOKUBJIEHHS] 3aCc00iB 3B’SI3KY. Y3arajJbHCHHS
MareMaTHyHOro amapary, npusenene B [1-3,9], 3
BpaxyBaHHSIM JIOCSATHEHb TEXHIYHOI J[arHOCTUKH 1
merpostorii [6, 8], 1ae MOXJIMBICTD POIIISTHYTH BapiaHTH
TOIITYKY JNe(eKTiB:

1. ITo6ynoBa YMOBHOT'O aJITOPUTMY
niarHoctyBanHs (YAJl) 3a BIIOMHMH METOAWKAMH
[1, 2, 6, 8] 6e3 Bpaxysauust ctpykrypu BJIE.

2. PosrisimaeTbes  IBOXETANHHMIA TPOLIEC  TOLIYKY
nedekTy: mo-mepiie, Bu3HaueHHs1 HecrnpaBHoro TE3 abo
OJIOKy, a TOTIM eJieMeHTy, 1o BiamoBuB. Ha 1 erami 3a
pe3yabTaTaMH aHaNi3y BUMIPIOBAaHb BUXITHHUX CHTHAJIIB
(3MiHHMX a00 TOCTIHHMX HAmpyr) 3a JIOIOMOTrOO
3oBHiHIX 3BT Bu3Hauarots HectipaBHuit TE3 abo G0k,
notim 3a Y AJ] MiHiManbHOT pOpMH 3 BUKOPUCTAHHSM ITHX
xe 3BT JIOKami3yroTh HECHpaBHUI €IEeMEHT. 2 eTamn
MarHOCTYBAaHHS B HACTYIIHHUX BapiaHTaX peajli3yeThCs
AHAJIOTIYHO.

3.Ha nepmomy erami NOIIYKY — BAKOHAHHS
npouenypu npooHux 3amimieHp 6e3 3BT.

4. Ipwu BiJTHOBIICHHI MiZICUCTEM EJIEKTPOKHUBJICHHS
B 33 BENMKOI PO3MIPHOCTI 3 PO3HECEHHMHU B MPOCTOPI

elleMeHTaMu  (HalpHKiIaa, amapaTtHi 3B°s3Ky abo
pamionepeaBaibHi  CTaHIi BEJIMKOI  IMOTY)XHOCTI)
npamTe  Opuraad  (axiBuiB, fKI  peali3yrloTh

rpymnoBuii momryk aedexriB. Ha 00ox eramax MoOIIyKYy
BUKOPUCTOBYIOTH oiHOTHIHI 3BT.

5.Ha mepmomy erami mMOUIyKY — peai3aiis
METOJy MEePeKITIOYeHb, IO He MOTpedye 3aCTOCYBaHHS
3BT.

6. Ipu HasiBHOCTI BOynoBanux 3BT abo iHaukaTopis,
3a IX JOIIOMOTOF0 BU3HAYArOTh Hectpasauii TE3 abo 61ok.

Cepemniit uwac  pgiarHoctyBanas BJIE, sk
0araToBUXigHUX OO0 €KTIB, KIJBbKICHO OIIHIOIOTh 3a
BUpasamMu Tabm. 2, ne N =L/M - cepemHs KigbKicTh
eIIeMeHTiB B OJomi, |\ —3araibHa KUTBKICTH (PaxiBIiB
MIPU TPYIIOBOMY TIOIIYKY Ae(EeKTiB.

Tabnuys 2 — Cepenniii yac JiarHOCTYBaHHsSI 0araToOBUXiTHUX 00’ €KTiB

N Bapiaut CepenHne uncjio nepeBipok CepenHiii yac
" | nmomyk 61oxy | momyx ety nouryk 0Jioky, Ks [momryk enementy, Ke piarnoctyBanus, T;
1 3aranbuuii yMOBHMA anroputy :(n+l)(1+logz(n +1))+n((M -1)(L+logzn)+05(M ~1)M -1) Ty =Ktg/(pkP)
JIlarHOCTYBaHHS 1+nM
. VAL M —-1)(M +2 K K t
2 i i | (02 osl) | e[ g
A dopmu 2M P P™ /) p
[Ipouenypa YA
3 poGHUX MiHIMaJIBHOT (M —1)( M + 2)/(2M ) log, ( L/M ) Ty= Katg + KatB/ pKéa
3aMillieHb dbopmu
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. VAL _ _ K K, ) t
4 rﬂyﬁmnn MiHIMAaIIbHOI H[M l}(HM lﬂ +1J/(2M ) log, (L/M) Ty = [Tﬁé + —K‘;J B
OLIyK dopmu n n P P p
. VAT K t
5 Blﬂmfoq?HHﬂ MiHIMaTBHOT M (1— 2™ )'092 M log, (L/M) Ts = Koty +—¢ l;
po3’emiB pke
¢dopmu
[lepesipka Y
g | iHauKatopis aGo MiHiMI:HIiHOI " log, (L/M) T Ks (t ot t,) K.tp
TTOKa3HHKIB 2 6~ Ksp1 Kepo
BOynoBanux 3BT dopmu o] )

3. JocaixkeHHsi BIVIMBY KiIbKOCTI 0J10KiB Ha Yac
aiarnoctyBanns. [lopiBHSEMO BapiaHTH [1arHOCTYBaHHS
BIAE npu omHakoBux ymoBax: L =256; p=0,9997,

P=098;, t=3 x5 tL=t=t+ti=1 x [1,27]
Pe3ynbratit po3paxyHKiB puBeneHo Ha puc. 1.
3 ix anamizy cmigye, 1o BuOIip BapiaHTy

JiarHOCTYBaHHS CYTTEBO BIUIMBA€ Ha Yac BiJHOBJICHHS.
Hampukinan, sxkmo npu M =15 3amicTe Bapianty 3
BHUKOPHCTOBYBAaTH BapiaHT 5, TO 4Yac JiarHOCTyBaHHS
30imbmmThCs B 1,5 pasu. Skmo 3meHmmTH t, g0 2
XBWJIMH, TO OTPUMYEMO IHIIY KapTUHY pPO3IOAITY
BapiaHTiB 1 npu M =5 Haiikpamum Oyne Bapiant 4
(puc. 2). Bzarani Ha 4ac HMiarHOCTYBaHHS BIUIMBAIOThH
BCl aprymeHTH: U, tq, G, tp, th ti, p, P, L. Tomy He icHye
HalKpaloro BapiaHTy MAiaTHOCTYBaHHSA A  ycix
BUIAJKIB 1 3aJIeXKHO Bif ocodmuBocteit BJIE 1 yMmoB ix
BIJTHOBJICHHSI HEOOXiHO OOMpaTH TOH, IO BiANOBiga€e
BUMOraM 10  peMoHTonpuuatHocti.  [IpuBeneHi
3aJeKHOCTI MaroTh (I3WYHMHA CEHC TUIBKH TIpH

LIJIOYMCIICHUX 3HAYCHHSIX apryMeHTy M.

01 2 3 4 5 6 7 8
Puc. 1. 3anexHOCTI CepeHbOro 4acy BiJHOBJICHHS
BiJl KiJibKOCTI 6710KiB (ts = 3 x6)
30

25 A

20 -

01 2 3 4 5 6 7 8
Puc. 2. 3anexKHOCTI CepeHbOr0 Yacy BiJHOBICHHS
BiJ KiJTbKOCTI OJI0KIB (ts = 2 X6)
4. Anroputmizanis BHOOpPY BapiaHTy

aiarHoCTyBaHHA. 3aJISKHO BiJl OCOOTUBOCTEH CXEMHOI
1 xoHCcTpykTHBHOI moOymoBn BJIE, a Takox ymoB

BIJTHOBJICHHS TIPalle3/JaTHOCTI KiJBKICHO OIIIHIOETHCS
Yac JIarHOCTYBaHHS 3 BUKOPHUCTAHHSIM BCIX MOITBHX
BapiaHTiB, TIOTIM BHOHMpaeTbcs  HaWKpamui 1o
KpHUTEpil0o  MiHIMymMa dYacy JiarHOCTYBaHHS. 3
BpaxyBaHHSIM CEPEIHbOr0 3HAa4YEeHHS Yacy YyCyHEHHs
HECIPABHOCTI {, KiNBbKICHO OLIHIOETHCA UI OOPaHOro
BapiaHTy MIarHOCTYBAaHHS CEPEOHIN Yac BiIHOBIICHHS.
[Mpn Buxopucranui ymoBu 713 < Ty PpO3pOOISETHCS
VA, sxmo Ty > Tsr, TO HeoOXigHA 3aMiHA BHXITHUX
JaHux: BHUKopucTaHHsA iHmux 3BT, minBuiieHHs
KiJbKocTi abo KBaidikaiii BHKOHaBIIB. bBiiok-cxema
anroputMy BHOOpY BapiaHTy aiarHoctyBanHs BJIE
NpUBeJIeHa Ha puc. 3.

5. KiabkicHa oniHka BiIxujeHHs1 AiarHosy npu
noMuiIli ¢axiBusg B oUiHIi pe3yabTaTy BUKOHAHHSA
nepeBipku. B po6orax [10, 11] npuBeneHi pe3yabraTu
JIOCII/DKEHb  TIarHOCTUYHHUX TOMMJIOK TPH TOLIYKY
JIeeKTiB B OMHOBHXIIHUX 00 €KTaX. ix BUKOPHUCTAHHS
11 BBO  HeMoxnuBe: BiAMOBa  €JIEMEHTIB, IO
BIUIMBAIOTh Ha BHXIJHI MapamMeTpud OJHOTO BUXOIY HE
BE/IyTh JI0 3MiHHM BHUXIJTHHX MapaMeTpiB iHIINX, 00 BOHU
HPaLIOIOTh HE3AJICHKHO.

[lpu nBoXeTanmHOMY MOIIYKY Ae(EKTIB CIOYATKY
BU3HAYAIOTh HECIPAaBHUI OJIOK, BUXIJHI MapaMeTpu
SKOTO BHXOISTh 3a IPHUIyCTHMI Mexi. B upomy
BUIAJKy BUKOPUCTOBYIOTh Y AJl MakcumanbHOI (opmu
— MepeBIPKU YCIX BUXIJHUX CUTHAIIB 3 BpaxyBaHHSIM
iMoBipHOCTI mepeBaxkHoro BubOopy [1]. Hmst YA
HEJIOCKOHANIOi (popMH cepellHE 3HAYCHHS BiIXUICHHS
JqiarHo3y mpH OfHIM mommini QaxiBusg B OILIHIN
pe3ylibTaTy  BHMIPIOBaHHS  IapaMeTpy JOpIBHIOE
[10, 11]

1-poKmax, (L i1
p:TZi:l €|(2 —l)p <05,
Je ¢; —KUIbKICTb Jialia30HiB MicJs1 BUKOHAHHS i TIEPEBIPOK.

Le#t Bumpa3 [mOUITHPHO BHUKOPHUCTOBYBATH IIPU
OLIHII SKOCTi MIarHOCTUYHOTO 3a0e3MedeHHs APYroro
eTaIry MomryKy neeKTiB.

Ha nepmomy etari giarHOCTyBaHHS Py MOOIOYHIN

nepesipui BBO li=1 i 3anexno Bix HOMepy moMmiKn
TIPY BAMipIOBaHHI TTApaMeTpy Ha BUXOI1 OTPUMYEMO:

p=(1-p)p% p2=(1-p)ph
_ 2. . _ M-2
p3=(1-p)p%..ipm-1=(1-p)p" %,

TOOTO cepeqHe 3HA4YEeHHS MATEeMATHYHOTO CIOJIBAaHHS
BiJIXIJICHHS J1IarHO3Y JOPiBHIOE:

p=((1-p)/M)- 5% = (1M ) /m.

6. Ilpuxnag
3a0e3MmeyeHHs.

JiarHOCTHYHOI 0
BUKOPHCTAaHHS

po3pooxu
Posrasaemo
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OTPUMaHUX pE3YyNbTaTIB Ha TPHKIALl PpPO3pOOKH
nmiarHocTHYHOTO 3abe3meueHHs BJIE 30ymkyBaua i
panionpuiiMaya pamioCTaHIil CepeaHbOi MOTYKHOCTI.
o cxnagy 6moxy b3-28 Bxonats: 6 Tpanchopmaropis,
17 3anmo0ixHUKIB, 2 mepeMukada, 10 Bumpsmisadis, 10
¢inpTpiB, 5 crabimizaTopiB Hanmpyru Ta BOYHOBaHHWN
BoneT™MeTp (P =0,971). brok wmae 14 Buxomuis,
BOymoBaHHMI 3aci0 JiarHOCTYBaHHs, OaraTOBUXiJHI
eneMeHTH (TpaHC(hOpPMATOpH), OJHOTHUIIHI BY3IIH,
Bcboro L =52, B TakomMmy pasi  JOUUIBHO
BHUKOPHUCTOBYBAaTH BapiaHT 6 niarHocryBanHs BJIE 3
MEPEBIPKOI0  BCIX BUXITHUX HAmnpyr BOYIOBaHUM

BOJIETMETPOM i IPOOHNUMHU 3aMilICHHAMHU
3a1mo01KHHKIB.

Ha pwc.4 npuseneno Oimapumii YA/l 3
CepeHbOI0  KUIbKICTIO  mepeBipok K =8. VYAl

1oOyI0BaHO 3 BpPaxyBaHHIM MMOBIPHOCTI EPEBAYKHOTO
BHOOPY — B TEpIIY Yepry MepeBipsIOTh BUXOIH, Ha sIKi
BIUIMBa€ OuLTbIIE €JEeMEeHTIB 1 4Yac IepeBipKH
MiHIManpHu# [1].

OninnMo moka3HUKU sikocTi YAJ] 3a yMOBH, IO
Ten=30 x6, t,=5 x6, tn=0,5 x6, =3 x6, t; =1 x6 —
TepeBipKa 3amo0iXKHIUKa OMMETPOM.

ITouaTok

D

/

3MiHATH

\

BUXIJHI 1aHi

/

Buxinui nani

Po3paxyHoxk T4

Hi

v

PospaxyHok 7

PospaxyHok T,

Hi

v

TakK
PozpaxyHok T
3BT?

TaK
PospaxyHok T,

BUXOLIB?

€ 3an001KHUKH?

€ BOyznoBaHi

€ nigKIroYeHHs 10

Pozpaxynok T,

Bubip min T;

T,=T +t,

Hi

min T;, T

Kinens

143



Advanced Information Systems. 2021. Vol. 5, No. 1

ISSN 2522-9052

Puc. 3. bnok-cxema anropuTMy BHOOpY BapiaHTy diarHOCTYBAHHS

B Takomy pasi cepemHiii dYac BUKOHAHHS
TIEPEBiPKU CKIIAAE :
5.14+12-1+37-
t=05 A +3 3=2.5(X6.).

52
INpu Buxopucransi ommerpa 11-4340 p1 = 0,971, a

mappoBoro  BompIMeTpa  B7-27A  p,=0,9993.
Merponoriuna Hagiiinicts 3BT mopisioe P = 0,978,
Cepenniii yac BiJTHOBJICHHS Osoky
€JIEKTPOKUBJICHHS
t-K+t
. = —7y = 27(x6.) <T,, = 30(x6.) ,
PL-P2-P
110 33JI0BOJIBHSIE BUMOTaM.
B VAL 00OMOTKH 0araToBUXigHUX
TpaHchOpMaTOpiB  PO3MIIANAIOTBCA,  SIK  OKpeMi
enemeHTd.  OIliHKA  MaTeMaTU4HOTO  CIIOJiBaHHS

BIIXWJICHHS JiarHO3y TIPpH TMOMUIIIII
NEPEBHUIIYE TPUITYCTUMI MEXi:
ool 0.9711
14

(daxiBist  He

~0.071<<05,

Wy

K .n=2;[<max=14;l<:8;

mi

© — nepeBipka Harpyru Ha Buxoxai Wi
BOYZIOBaHUM BOJIBTMETPOM;

@ — niepeBipka 3aro0iKHIKa OMMETPOM.

Puc. 4. YMOBHHIT aNrOpUTM AiarHOCTYBaHHS
610Ky enexrpokuBieHHs b3-28

Tobro VYAJl 3amoBOJbHSE yciM BHMOraM i
MOXJIMBE MOro TEpeTBOPEHHA B  JIarHOCTUYHY
nporpamy.

BucHoBku

[TpoanamnizoBaHi BTOPWHHI JoKepena
CNeKTPOXKMUBICHHA 3aco0iB  3B’S3Ky, SK 00 €KTH
JiarHOCTyBaHHS. BCTaHOBIEHO BIUIMB OCOOIMBOCTEH
CXeMHOI 1 KOHCTPYKTMBHOI 1OOyZOBM Ha BHOIp

BapiaHTy BiJHOBJICHHSI ITpale3/1aTHOCTI.

[MpuBeneni aHamiTH4YHI BHUpa3d ISl KUIBKICHOT
OL[IHKH Yacy JiarHOCTYBaHHS MOXKJIIMBUMH BapiaHTaAMH.

JocmimxeHno BIUIUB HOALTY JDKepe
EJIEKTPOXKMBJICHHS Ha KOHCTPYKTHBHI OJIOKHM IIifi 4ac
MOIIYKY Jie-(DeKTiB.

[Toka3zaHO BIACYTHICTh YHIBEPCAILHOTO BapiaHTy

JarHocTyBaHHS 1 HEOOXIIHICTh Horo BHOOPY B
KO)KHOMY  KOHKpPETHOMY BHHaiky. Jlmga  mworo
3aIIpoIlIOHOBaHAa  OJIOK-CXeMa  alroputMy  BHOOpY

BapiaHTy JIarHOCTYBaHHS, IO MiHIMI3ye cepeaHiil 4yac
BIJTHOBJICHHSI 00’ €KTY.

IIpuBeneHnii KOHKPETHUN NPUKJIAJ BUKOPUCTAHHS
OTPUMAHUX pE3YyNbTATIB MPH PO3pOOLI YMOBHOI'O
QITOPUTMY [iarHOCTYBaHHSA OJIOKY €NeKTPOXKHBICHHS
30ymKyBada i pamionpuiiMada pagioCTaHINl CepenHbOi
MOTYXHOCTI.

[Momampmi mociimKeHHS AOIUIFHO HAIPaBUTH Ha
METOANYHE 3a0e3MedYeHHs] PO3POOKH JiarHOCTHYHOTO
3a0e3MeyeHHs] BTOPHHHHX [DKEPeN eeKTPOXKUBIICHHS 3
KpaTHUMHU JepeKTaMH, OTPUMAHHNMH B pPe3yIbTaTi
aBapifHNX a00 OOMOBHX MOIIKOMIKEHb.
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JlnarHocTupoBaHue BTOPUYHBIX HCTOYHUKOB 3JIEKTPONUTAHUSI CPEICTB CBSA3H
JI. H. CakoBuy, I'. 5. Kpuxoseuxkuii, FO. B. Mupomaunyenko, U. I'. Urnarenko

AHHOoTanus. B craree paccmaTpuBaeTcs IOIXOJ K TEXHHYECKOMY JUArHOCTUPOBAHWIO BTOPHYHBIX HMCTOYHHMKOB
SNIEKTPONMTAHUS CPEICTB CBA3H. J{MArHOCTHPOBAHHME OCYLIECTBIISETCA IIPU TEKyIIeM peMoHTe. IIpu 3TOM y4UTBHIBaIOTCA
0COOCHHOCTH 00BEKTa IMArHOCTHPOBAHMS, BIMSIOIIME Ha mporecc rmoucka nedexros. Ilejab cTraTbu — aHaIM3 BO3MOXHBIX
BapHaHTOB Pa3pabOTKH JHAarHOCTHYECKOro O0ECIeYeHHs BTOPUYHBIX HCTOYHHKOB JJeKTponuTaHus. [Ipu 3TOM yuuThIBaeTcs
METPOJIOTMYECKasi HaJEeKHOCTh CPEJICTB HM3MEPUTENIBHOH TEeXHMKH. Takke pacCUMTHIBACTCS BEPOATHOCTh IPABHUIIBHON
MOCTAHOBKM JIMarHo3a IpU TOMCKe Ae(GEeKTOB MpH TekymeM pemoHTe. OOOCHOBBIBAIOTCS INPAKTHYECKH pPeai3yeMble
peKOMeH/aMKu 10 obecredyeHnto TpeOyeMbIX 3HAa4YeHMil MoKasarelell PEMOHTONPHUIOIHOCTH cpencTB cBsi3u. IlokaszaHa
BO3MOJKHOCTb M L1€JIeCOO0Pa3HOCTh  HMCIOJIb30BaHUA A(P(EKTHBHBIX METOJOB MArHOCTUKM BTOPHYHBIX HMCTOYHHMKOB
9NIEKTPONMUTAHUS CPEJICTB CBSA3H, KOTOPBIE PACCMATPHUBAIOT UCTOYHUKH KaK OOBEKTHI ¢ MHOTMMH BXOJaMH. JTO MO3BOJSET HPH
MPOEKTUPOBAHUH Y4YECTh TPEOOBaHHA MO PEMOHTONPUIOAHOCTH W3zenus. IIpH TekylmieM PeMOHTE MHHMMH3UPYETCS BpeMs
moucka nae(eKkToB. DTO OCYMIECTBISIETCS 3a CUYET pAaIMOHATIBHOrO BhIOOpa AuarHoctHdeckux mponexyp. Ilpum BbIGOpe
YUHUTHIBAIOTCSI KOHCTPYKTHUBHBIE OCOOCHHOCTH M YCJIOBMSI BOCCTaHOBJICHHs pabortocrocoOHocTH. IIpemsioxkeHHast OlOK-cxema
aNropuTMa BBIOOpAa BapHaHTa JHATHOCTHPOBAHMS MHUHHMHU3MPYET CpelHee BpeMsl BOCCTAaHOBJICHHs oObekTa. I[IpuBeneH
KOHKPETHBI MPHMEP HCIONB30BAHMS IMONYYCHHBIX PE3yJIbTAaTOB NPU Pa3pabOTKE YCIOBHOIO AJTOPUTMa JHArHOCTHKH OJoka
9NIEKTPONUTAHHUS BO30YAMTENS W PAJMONPHEMHHKA pPAJIMOCTAHIMM CpeAHEH MOMIHOCTH. IloNydyeHHbIE —pe3ynbTaThl
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uenecooGpa3H0 UCIOJb30BaTh IIpHU pa3pa60TKe JUAarHOCTUYCCKOT' O obecrieueHus NEPCHCKTUBHBIX CPEACTB CBA3U WIIN
YCOBCPHICHCTBOBAHUU CYIIECTBYIONIUX CPEACTB CBA3U 0e3 JOIIOJIHUTCIIbHBIX 3aTpar.

KawueBbie ciioBa: BTOPUYHBIC MCTOYHHUKH 3JICKTPOIIMTAHNS, IMAaTHOCTUPOBAHUEC,; CPEACTBA CBA3U.

Diagnostics of secondary power supplies means of communication
Lev Sakovych, Heorhii Krykhovetskyi, lurii Myroshnychenko, Ivan lhnatenko

Abstract. The article discusses an approach to technical diagnostics of secondary power supplies for communication fa-
cilities. Diagnostics is carried out during the current repair. This takes into account the features of the object being diagnosed,
which affect the process of searching for defects. The purpose of the article is to analyze possible options for the development of
diagnostic support for secondary power supplies. This takes into account the metrological reliability of measuring equipment.
The probability of correct diagnosis is also calculated when searching for defects during routine repairs. Practically implemented
recommendations for ensuring the required values of the indicators of the maintainability of communication facilities are sub-
stantiated. The possibility and expediency of using effective methods for diagnostics of secondary power supplies of communica-
tion facilities, which consider the sources as objects with many inputs, are shown. This allows the design to take into account the
requirements for the maintainability of the product. During routine repairs, the time needed to search for defects is minimized.
This is done through a rational choice of diagnostic procedures. When choosing, design features and conditions for restoring
performance are taken into account. The proposed block diagram of the algorithm for choosing a diagnostic option minimizes the
average recovery time of an object. A specific example of using the results obtained in the development of a conditional diagnos-
tic algorithm for the power supply unit of the exciter and the radio receiver of an average power radio station is given. It is advis-
able to use the results obtained in the development of diagnostic support for promising communication facilities or in the im-
provement of existing communication facilities without additional costs.

Keywords: secondary power supplies; diagnosing; means of communication.
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