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OIITHKA MOXXJIMBOCTE BUKOPUCTAHHS TEXHOJIOT'TA MLAT
TA IPUMMAYIB ADS-B JIJISI NIABAIIEHHS TOYHOCTI
BU3HAYEHHS KOOPAUHAT INTOBITPAHUX OB’EKTIB

Anotanis. IlpeameTom cTarTi € BUBUCHHS MOXIIMBOCTEH BUKOpUCTaHHS TexHonoriiit MLAT Ta npuiimauis ADS-B juis
ITiIBUILEHHS] TOYHOCTI BH3HAYCHHSI KOOPJWHAT TOBITPSIHUX 00’ €KTiB. MeTOI0 € IiBUIIEHHS TOYHOCTI BH3HAUYCHHS KOOP-
JIMHAT TOBITPAHUX 00’€KTIB 3a paXyHOK BUKopHucTaHHS TexHonorii MLAT Tta cucremu npuiimauis ADS-B. 3aBaanns:
aHaJi3 Pi3HUIEBO-TAJIEKOMIPHOTO aJrOPUTMY, IIPOIIO3HUIIiT IOJI0 pealtizallii TEXHOIOr il MyIbTHIaTepanii 3 BAKOPHCTaHHIM
npuiivauiB ADS-B B iHTepecax paJioTeXHIYHHX BIHCbK, CTHUCIUN aHaii3 MOXJIMBocTel TexHonorii ADS-B, aHaniz Mox-
JIMBOCTEH BHKOpPHCTaHHA HpuiiMadiB ADS-B st mifBUIEHHS TOYHOCTI BH3HAYCHHsSI KOOPIMHAT MOBITPSHOIO 00’€KTa.
BuxopucroByBaHUMH METOAAMM €: METOIM PaioJIOKallil, METOAH Teopii npuiioMy Ta 00pOOKH CUTHANIB, BU3HAYCHHS KO-
OpIMHAT NOBITPSHUX 00’ ekTiB. OTpUMaHi Taki pe3yabTaTH. BusHaueHo ¢akropy, 1110 BIUIMBAIOTh HA TOYHICTh BU3HAUCHHS
KOOPJMHAT HOBITPSHUX 00’€KTiB. BCTAaHOBJICHO MOJMJIMBICTH 3aCTOCYBAHHS TEXHOJIOIi] aBTOMaTHYHOIO 3aJIEKHOrO CIIO-
CTEPEXEHHS Ta TEXHOJIOT1] My/IbTHIATepallii ISl IiABUILEHHS TOYHOCTI BU3HAYEHHSI KOOPUHAT HNOBITPSIHMX 00’ €KTiB. Bu-
3HAUEHO HTEpPBAJIM BiJXWJICHHS YaCOBUX 3aTPUMOK B 3aJIEXKHOCTI BiJl PO3TAIlyBaHHS ITOBITPSIHOrO 00’ €KTa BiJHOCHO CHC-
TEeMH NpUMadiB JU1s 3a0e3MeueH s MOXUOKM BU3HAUYSHHS KOOpAMHAT, 10 He nepeBunryBatume 300 M. BusHauena 3amex-
HiCTh NMOXUOKM BU3HAYCHHS IOJIOKCHHS INOBITPSAHOro 00’€KTa BiJ KUIBKOCTI mpuiiMauiB. BucHoBku. HaykoBa HOBU3HA
OTPHMAaHUX Pe3yNbTaTiB MOJIArae B HACTYITHOMY. BeraHoBieHo, 110 nepeBaramu Bukopucranss texHonorii MLAT ra cuc-
Temu npuiiMadiB ADS-B 1714 BU3HaueHHs KOOPAMHAT MOBITPSHOr0 00’€KTa € 3MEHIIEHHS TOXUOKH BU3HAUCHHS MOJIOXKEH-
Hsl IOBITpstHOrO 00’€ekTa. Bukopucranns rexsonorii MLAT Tta cucremu npuiimauiB ADS-B He norpe0ye BHeceHHs 3Ha4-
HHX 3MiH 10 iCHyrouMX 3aco0iB paznionokauii. B coto uepry, Bukopucranns texnonorii MLAT Tta cucremu npuiimMadis
ADS-B € 1101aTKOBUM pKEpesIoM OTpUMaHHS iH(pOpMallii po HOBITPsSHY 00CTaHOBKY. B mojanbImx HOCIiKEeHHX Ipo-
ToOHyeThCsl BUKopuctanus Texuonorii MLAT Ta cucremn npuiiMauiB ADS-B Ha mo3umisix pamioTeXHIYHHX ITiJpO3IiIB

IIpY BEJICHHI PaJiioNoKalifHOro KOHTPOIIO MOBITPSIHOT 00CTaHOBKH.

Knao4osi caosa:
HOBITPSHOrO MpocTopy, koopauHaty, GPS.

Beryn

IHocTanoBKa Mpo0iaeMH y 3araJibHOMY BHIVIAI.
3 PO3BUTKOM Ta MOJEPHI3AIEI0 3aCO0IB IOBITPSIHOTO
Harajy, a TaKoX 31 3pOCTaHHSM IHTEHCHBHOCTI TOBIT-
PSHOTO PYXY B 30HI BiJIIOBIANBHOCTI PaaiOTEXHIYHUX
MiAPO3ALTIB 3HAXOAUTHCS BEJIMKA KiIJIBKICTh MOBITPSHUX
00’ektiB (I1O) sk NMUBIIBHOTO TaK i BiCHKOBOTO MPH3-
HaueHHs, MO0 Oe3yMOBHO, YCKJIAIHIOE BHUKOHAHHS 3a-
BJIaHb 3 BEJCHHS SKICHOTO Ta €()EeKTUBHOIO PaJlioioKa-
uiitnoro konrpomto (PJIK) moBiTpsiHOI 0OcTaHOBKH B
30HI oy pazmionokariiinux cranmii (PJIC) pamiore-
xHiyHuX Bificbk (PTB).

MOXIJIMBOCTI iICHYFOUHX PaJioJIOKAIIMHUX 3aC00iB
(PJIC pisnux miama3oniB) moxo 3mikicienns PJIK Ta
Buaavi pamionokaniinoi indopmanii (PJII) 3 migsue-
HUM{ BUMOTaMH 10 TOYHOCTI BHU3HAUEHHS KOOpAMHAT
I1O nerro oomexeni [1-3].

VY meit wac B yHIpaBiiHHI TOBITPSHAM PYyXOM
(YIIP) mmpoKo 3aCTOCOBYETHCS TEXHOJOTISI MYJIbTHIIA-
tepanii (MLAT). Cyrnicts TexHonorii MLAT nonsirae
B TOMY, IIIO CUCTEMA 3 JIEKIJIbKOX MpHiMadiB (MiHIMyM
TPbOX) 37aTHa BHMIPIOBATH KOOPIWHATH TOBITPSHOTO
00’€eKTy, HaBiTh 32 yMOB, Koiu [1O He mepemae B mpoc-
Tip iH(pOpMaIIiIo PO CBOE MiClie3HaXOMKEHHs. B sikocTi

ADS-B, MLAT, anroput™, NOBITpsSHa OOCTaHOBKA, 3aJie)KHE CIIOCTEPENKEHHS, KOHTPOJIb

npuiiMadiB cucremu MLAT BUKOPHUCTOBYIOTHCS TPUH-
Mmaui ADS-B [4].

Cyrricte ADS-B momsrae B tomy, mo I1O, mo
o0niajiHaHi BiJNOBIIHMMHU TPaHCIIOHJEPAMHU, CaMOCTiH-
HO TMEpiOJUYHO BHUIPOMIHIOIOTH PaiONOBIIOMIICHHS,
SIKI BMILIYIOTh TIOTOYHI mapamerpu nonbotry. Jns mpu-
romy manux ADS-B Bix IO BHKOpHCTOBYIOTHCS HO-
CHUTPH JICIIIEBI Ta MajorabapuTHi pamionpuiiMadi. 3acTo-
CyBaHHS Takux NpuiiMadiB B minposaizax PTB mosso-
JIl€ 3HAYHO IiIBUINUTH SKICTh BEIACHHS PaJliojoOKaIliii-
HOT'O KOHTPOJIO IPOCTOPY. 30KpeMa 3’ SIBISIETHCSI MOXK-
JIUBICTh MiJBUIIEHHS TOYHOCTI BU3HAYEHHS KOOpPIMHAT
Ta OTPUMaHHS A01aTKoBoi iHpopmarii mpo I10.

AHani3 ocTaHHIX pociailxkeHb i myGaikamiii. Ha
tenepimHii yac maibke 99% I1O, ski 3HaxomsAThCSA Y
MOBITPSHOMY TIPOCTOpi, OOJaJAHAHI TPAHCIOHIACPAMHU
ADS-B Ta mpallforoTh B CHCTEMi BTOPHHHOI OTJISAOBOL
pamionokamii Ui YOpaBliHHA TOBITPSHUM PYyXOM
(Radar Beacon System (RBS)) [4]. Texuonoris ADS-B
(akTHYHO € eneMeHTOM pexkumMy “S” cucremu RBS.

ABTOMaTHYHE 3alie)kHE crocTepekeHHs (ADS-
B) — 11e TexHoOIOTIs KOONEpauiiHOTO CIIOCTEPEKEHHS, B
ki [10 Bu3HAUa€e CBOE MICLETIONIOKEHHS Yepe3 CyIyT-
HUKOBY CHCTEMY HaBiraiii Ta IOIIMPIOE HOro y mpoc-
tip. Lo indopmalito MOXXyTh OTPUMYBATH SIK Ha3eMHi

© ®denopos A. B, Xynos I'. B., Kosanescekuii C. M., 3o ®@. @., TaxesH K. A., 2019 3
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cranuii opraniB YIIP, Tak i iHII MOBITpsHI CyqHA, IO
Jla€ 3MOr'y eKinakaM OyTH OifbIll CHUTYyaliliHO 00i3Ha-
HumH [3].

Texnomnorist ADS-B Moke (yHKIIIOHYBaTH B IBOX
pexumax: “ADS-B Out” ta “ADS-B In” [5].

B pexumi "ADS-B Out” uepe3 6oproBuii nepena-
Bay MOIIUPIOETHCS iHPOpMAIlis IPO TOYHE MicCle3HAXO0-
JDKCHHS, BUCOTY Ta mBUAKICTh [10, a Takox iHIII JaHHI
3 bopToBux cucteMm I10.

B pexumi “ADS-B In” npuiimaerbes iHdopmaris
3 kaHaniB FIS-B (monboTHO-iH(OpMAIIHOTO cepBicy)
ta TIS-B (indopmaniro npo iHmMA pyx), a TAKOX 1HII
nanHi ADS-B, taki sx mpsme crninkyBanus 3 [10, ski
nepe0yBaroTh MOOIH3Y.

B nopiBHSHHI 3 Cy4acHHMU pa/iioJOKaIifHUMH 3a-
cobaMu AaHHi po notoyHe nonokeHHs [10, mo Bu3Ha-
yaroTbes cucreMoro ADS-B, MaroTh cyTTeBO BHIIY TOY-
HIiCTB Yepe3 Te, mo koopauHaTu [10 Bu3HauaroThes 60-
proBuM GPS HaBiraTopom.

JlvckpeTHicT, mepenadi KOOPAMHATHHUX JaHUX
(2 pa3u 3a cCeKyHJy) TaKOXK CYTTEBO MEHIIIE TUCKPETHO-
CTI JaHUX BiJ pagioioKallifHUX 3aco0iB. 3HAYCHHS
HIBHIKOCTI Ta Kypcy B OLIBIIOCTI BHIAJAKIB TaKoxk Oe-
pyrbest 3 boproBux GPS HaBiraropis, aje MOXyTh Opa-
THCA 1 3 iHIIOro OopToBOro obmagHaHHsA. B OinbimocTi
BHUIIAJIKIB 3HAYEHHSI BUCOTU OepeThcsi 3 GapOMEeTpHYHO-
ro sucotoMipy I10 [5].

Jlns BuzHauenHs koopaunat 10, skuit He epenae
CBOIX KOOpJWHAT, JOLIIHHO BHKOPHUCTOBYBATH TEXHO-
nmorito MLAT. Ilo cyri me Bigomuidi pi3HHILEBO-
JAJIEKOMIpHUM 0araTONMO3MIIIHHUNA CHOCIO BU3HAYCHHS
KoopauHaT. J[ns #oro BUKOpPHCTaHHS MOTPIOHO 00pOO-
JISITW CUTHAJIM IIOHAHMEHIIe BiJ] TPhOX NpUiiMadviB, Ma-
I0YMX TPOCTOPOBUI PO3HOC Ta TOYHY CHHXPOHI3AIIio
yacy. TouHa npuB’s3ka dacy (10 50 HC) Moxe 3IHCHIO-
BaTHcs 3a qonomoroto GPS npuiimayis.

BimoMo, 1110 OCHOBHUMH (PaKTOpaMHU, SIKi BILIHBA-
I0Th Ha TOYHICTh BU3HAUeHHs koopauHart 10, € [2]:

TaKTHKO-TEXHIYHI XapaKTepPUCTUKH ITPpUHMaYiB;

BiJICTaHb MK pHMadaMH CHCTEMH;

reoMeTpHYHa Mo0YI0Ba CUCTEMH IPUIIMAaUiB 3 BH-
KOpUCTaHHAM TexHonorii MLAT;

CHHXPOHI3aIlisl TPUIIMaviB B CUCTEMI.

SIkicTh poOOTH CHUCTEMH 3 BUKOPUCTAHHSM TEXHO-
gorii MLAT, B OCHOBHOMY, 3aJIGKHTh BiJl TOYHOCTI
CHHXpOHI3alii MpuiiMaviB CHCTEMHU.

Texnonorito MLAT BUKOpHUCTOBYE IIMPOKO BiJO-
muii [HrepHer pecypc “FlightRadar” [6], me 3ailicHio-
€Tbcsi 00poOKka curHamiB Bix Tucssy ADS-B npuiimauis.

MeTo10 cTaTTi € MiABUIIEHHS TOYHOCTI BU3HA-
yeHHs koopauHat [1O 3a paxyHOK BUKOPHCTaHHS TeX-
Honorii MLAT Ta cucremu npuiimagiz ADS-B.

ITocranoBka 3amaui
Ta BUKJIAJIEHHSI MaTepiajiiB 10CaiTzKeHHs

Ha rtenepimniii yac po3poOIi Ta BHPOBAIKEHHIO
PI3HHUICBO-TATIEKOMIPHOTO aJTOPUTMY TMPHIIJICHO IO-
cuth Oarato yBaru [7]. [IpaBunbHa poboTa anropurmy €
nyke 3Hauyoro i Benenns: PJIK nositpsitHoro mpoc-
TOpY, TaK SK BiJl HOr0 SKICHOTO Ta TOYHOIO ()yHKIIIOHY-
BaHHS B JIOCTATHIM Mipi 3aJICKHUTh TOYHICTh BU3HAUCHHS
koopauHatu I1O, a, OTXKe, 3’SBISETHCA MOMKIIUBICTH

OTPUMYBATH OUIBII JAETAJbHY 1 TOUHY 1H(pOPMAIIiI0 TIPO
1O, sxi 3HAXOIATHCA B 30HI BiIIOBITAILHOCTI PaIioso-
KaliiHUX iAPO3IiTIB.

CyTHicTh pi3HMIEBO-1AJTEKOMIPHOTO AJTOPUT-
My. Y TOBITPSHOMY MPOCTOpi € 00'€KT. 3aBHaHHAM €
BHU3HAYCHHS HOro Micls po3rainyBaHHs (puc. 1).
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Puc. 1. Cxema po3mimmenns [10 B cepenuti cucremu

Ha puc. 1 toukoro M mo3HayeHU# 00'€KT, TOUKH
A, B, C, D - nazemni npuiimaui. [IpoBegemo pospaxy-
HOK Bincraned Bif I1O 10 KOXKHOIO 3 paaioiOKaTOPiB.
Pi3HuIIEBO-/1aIEKOMIPHUI METOJl BUMArae OILiHKH B3ae-
MHHX YaCOBUX 3aTPUMOK ITOIIUPEHHS! CUTHAITY 1 TIepe-
0ayae CHHXpOHI30BaHMU y 4Yaci NMPHUHOM B JEKIIBKOX
pO3HECEHHX B MPOCTOpi Toukax (mpuiimayax). J{ist Bu-
3HAQYEHHs PI3HUII JAIbHOCTEH HEOOXiTHO BUMIPATH
YacoBi 3aTPUMKH M)XK MOMEHTaMH MIPUXOy CUTHAIIIB:

AR = Ry — Ry =c- (T —TjM) =c Aty
R; =\/(xl-—xj)2+(yl-—yj)2+(zl-—Zj)z; (1)

N N R E) Y F

e ARI-I- - pi3Huii Bigcraneit Mk I1O 1 mexigbkoma

npuiiMayaMy, BU3HAYalOThCS Yepe3 BHMipIOBAaHHs B3a-
€MHUX YaCOBUX 3aTPUMOK IOIIUPEHHSI CUTHAIB.

Jlaii 3HaX0IMMO Yac MPUXOJy CUTHAITY BiJl JIiTaka
JI0 TpriiMaya 3a BUpazoM (2):

t=Rjc, 2

ne C - MIBUIKICTE

(c= 3'108M/C).
Po3paxyemo 4acoBi 3aTpHUMKH IPUXOAY CHUTHAILY
Ha npuiimMay A 3a BupazoM (3):

TOHIMPECHHA CUruaisy

At=t—ty,, 3)

Jie ¢ —Jac PUXO/y CUrHaNy Ha npuiimaui B, C, D.
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[Mpunycrumo, mo € erajoHHe Miclle po3TallyBaH-
Hs 00'ekTa, TOOTO 00JNIaCTh, B MEKax SAKOI BiH 3HAXO-
nuthkest. [IpoBoauThes po30MBKa 00JacTi 3 IESIKMM KpO-
KOM, MPOBOANTHCS PO3PaxXyHOK HaDOpPy YaCOBUX 3aTpH-
MOK Uil KOXKHOI MOXJIMBOI TOYKH PpO3TAlIyBaHHS
o0'exta [7].

Konmm Bci wacoBi 3aTpuMKu OOYMCIIEHI, IPOBO-
JIUTHCSI OOYUCIICHHS! CYMHU KBaJIpaTiB Pi3HUI YaCOBHX
3aTPUMOK: 3 KO)KHOTO €JeMEHTa MaTpHUlll 4acoBUX 3a-
TPUMOK BiTHIMA€ThCS 3aJlaHa 4acoBa 3aTPUMKA, PE3yiib-
TaT 3BOAUTHCS B KBajpar. [loTiM oOYuCIIOEThCS cyma
MaTpHIb KBaJpaTiB Pi3HHUIL YACOBHX 3aTPUMOK 32 BH-
pasom (4):

2
dty; = Aty i v ~Ama-mc)™ +
2
(Al ivir vie ~ Amp-mc)” + “4)
2
(Al iy g vie ~DtvB-mc)™

i (] AtMA—MC , AtMD—MC . AtMB—MC — '-IaCOBi 3aTpuM-
KU 1IIOO0 IPpUXO0AYy CUTHAJIY Ha pa}liOHOKaTOp A,

At Aty ivp e — PO3PaxoBai

MyiMA-MC Atm,iMuch ’
MaTpHIli YaCOBHX 3aTPUMOK.

MiniManbHi# cyMi KBagpaTiB pi3HHUIE Oy/e Biamo-
BiJIaTH HAHOLIBII TOYHE MiCIle PO3TALTyBaHHs 00'€KTa.

BomHouac He cmijg 3a0yBaTé MpO MPUCYTHICTH B
peabHOMY CEPEIOBHII Pi3HHMX NIYMIB Ta iX BIUIUB Ha
TOYHICTH BU3HaueHHs koopauHat [1O. PosrisHeMo
BIUIMB aJIUTHBHOTO LIYMY, TIPH SIKOMY YacOBi 3aTPUMKH
OynyTh BIAPI3HATHCS HA BUIAJKOBI BEIMYUHHU, 3aTaHi
HOPMaJIbHUM PO3IIOAIIOM. 3MiHIOIOUM CEpeIHbOKBA/I-
paTuvHe BiIXWJIEHHS BHIQJKOBOi BEIMYMHUA HOPMAallb-
HOTO PO3IOITY, PO3MIISAAAEMO TMOXHUOKH BH3HAYEHHS
KOOpJIMHAT.

Posrisinemo Tpu BapianTu po3mimenss [10 BinHO-
CHO TpUAMAJIbHUX CTaHIlA. [ BUMaaKy, Ko 00'€KT
3HAXOIMUTKLCS BCEpeauHi cucteMu (puc. 1), modymyemMo
rpagik 3aJeKHOCTI TOXUOKH KOOPAWHAT Bij CepeHbO-
KBaJPaTHYHOTO BiJXWJICHHS BUIAJKOBOI IIyMOBHUI ITO-
npaBku. ['padik HaBeneHO HaA pHC. 2.

b D, kM

bed
in
.

= Oqm - MKC
0 >
0 0.1 02 0.3 0.4 0.5

Puc. 2. I'padik 3anexHOCTI TOXUOKU KOOPAUHAT
BiJl CepeIHbOKBAPATHYHOTO BiIXHIICHHS
BHIIa/IKOBOI 1LIyMOBOI ITOITPAaBKK

3 puc. 2 poOUMO BUCHOBOK, IIIO BIAXHJIEHHS 4aco-
BHX 3aTpuMOK Ha (.14 MKC 3IaTHE BUKJIUKATH HOXUOKY

y BH3HAY€HHI KOOpJHMHAT NPakTU4HO Ha 1 kM. SKimo
NPUAHATH 32 JOIMYCTHMY ITOXHOKY BH3HAa4YE€HHS KOOp-
nquHat 300 M, TO pOOMMO BHCHOBOK, IT[0 B CHTYaIlii, KO-
s 10 3HaX0AMTHCS BCEPEANHI CUCTEMH, TOMYCKAETHCS
BIIXWJICHHS 4YacOBUX 3aTPUMOK NpPUOIM3HO Ha
0.04 Mmxkec.

Posrnsinemo iHmi Bumagku poszrtanryBanHs 10
LIOJI0 Pi3HUIEBO-AJIEKOMIpHOI cucreMu. Jljist BUNagKy
3HAaXOJPKEHHS 00'€KTa Ha Kparw cuctemu (puc. 3) mooy-
JIOBAaHWH aHAJIOTIYHHMK Tpadik, BiH IpeICTaBICHUNA Ha
puc. 4.

N~Y, kM
Puc. 3. Cxema posmituenns 10 Ha kpato cucremu

MD. kM

& O7pyr7 - MEC
0 >
0 0.1 0.2 0.3 0.4 05

Puc. 4. I'padik 3anexHOCTI TOXUOKU KOOPAUHAT
BiJl CEpeIHbOKBAPATHYHOTO Bl IXMIICHHS
BHIIa/IKOBOI 1IyMOBOI ITOITPAaBKK

V pasi, konu [10 3HaX0AUTHCS HAa Kparo CHUCTEMH,
JIOIYCKA€EThCS MOMPaBKa B YaCOBUX 3aTPUMKaX MOPSIKY
0.05 mkc, mo BixnoBigae 300 M MOXMOKH y BU3HAYEHHI
KOOpJIMHAT.

[IpoBeneMo qOCHTIKSHHS /I 3HAXOKCHHS MICIIS
postanryBanss I10 3a MexaMu CHCTEMHU PajioNoKaTo-
piB. Taka cxema po3MilieHHs 1oka3aHa Ha puc. 5. ['pa-
(i 3aJIeKHOCTI TOXUOKKA KOOP/AMHAT BiJI CEpeIHbOKBA-
JPaTHYHOTO BIJIXWICHHS BHUNAAKOBOI IIYMOBHH TO-
IIpaBKU HaBEJEHO Ha puc. 6.
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Puc. 5. Cxema po3minienns [10 nHa kpato cucremMu

b D, kM
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Puc. 6. I'padik 3anexHOCTI TOXUOKU KOOPAUHAT
BiJl CEpeIHbOKBAPATHYHOTO Bl IXMICHHS
BHIIa/IKOBOI 1IyMOBOI ITOITPaBKH

Crij 3ayBakKHUTH, 110 MOXUOKM BH3HAYEHHS KOOp-
JIMHAT HaBITH NPU HEBEJIUKUX CEPETHbOKBAIPATHYHHUX
BiJIXWJICHHSX BHUIIaJKOBUX IONPABOK JOCHTh BHCOKI.
Jus Toro, mo0 moxuOka BHU3HAUEHHS KOOPAWHAT He
nepesumia 300 M, He0OXiTHO, MO0 BIAXHIEHHS Yaco-
BUX 3aTpuMOK He Oyna Ourbrie 0.02 MKC y BHIAIKY 3
1O, 110 3HaXOATHCS HA MEKAMHU JAHOI CHCTEMHU.

TakuM 4MHOM, B peabHIX YMOBax Ha BU3HAYCHHS
KOOpJIMHAT 3 JIOCTATHHOIO TOYHICTIO BIUIMBAE HE TUIBKH
IIYMOBHH KOMIIOHEHT, ajie¢ 1 pO3TallyBaHHs O00'€KTa
IIOJI0 CUCTEMH PaioIOKaTOPiB. AJITOPUTM PO3PaXyHKY
koopauHat I10 HaBeneHo Ha puc. 7.

PosrisiHeMo kokeH 3 eramiB 0OpOOKM CHIHAIB
noknanuime: Ha mepmiomy erami BHUSIBICHHS CHIHAIB
noysArae y BHSBIEHHI npeamOymu. [yt 3HaXOMKEHHS
npeamMOyJii BHKOPUCTOBYEThCS (YHKINSI B3AEMHOI KO-
pernsii Mi>K IPUHHATUM 1 OOPHUM curHasioMm. Ha apy-
romy erami (posmizHaBanHs [10) npoBogUTECS NeKOay-
BaHHs iH(popmanii. BusHagaetscst Homep 6opTy 1O Ta
iHmi ngani. Ha Tperbomy erami BH3HA4alOThCS 4acoBi
3aTpUMKH. BU3HA4YeHHSI 4aCOBHX 3aTPUMOK IPOBOIHTH-
csl BUMIPOM MOMEHTY IIPUXOJIY CHTHAIY Ha MpHiAMadi.
BumipioBaHHS MOMEHTIB MPHUXOLY MOXXHa 3pOOUTH 3a
JIOTIOMOT'OF0 AJITOPUTMY B3a€MHOI KOpeJsIiiHoT 00po0-
K{ MPUAHSITHX CUTHAIB.

IMoyatox

>

BusiBnieHHs curHaiis

Po3nizHaBaHHA NOBITPAHOTO 00’ €EKTY

BVISHanHHH YaCcOBHX 3aTPUMOK
At =t—ty,

OOuHCIeHHs CyMH KBaJIPaTiB Pi3HHIIb YaCOBHX 3aTPHMOK
2 2 2
i = (B iygrge = Atara-sic) + Btmiyp e = Mup-mc)” + (Mmiyy e = Atp-nic)

POSanyHOK KOOpAMHAT TOYKH 3HAXO/DKCHHSA 110 1o yacoBum
3aTpUMKaM (rpy6o)

Ha mesxi
CHCTEMH

B cepennni
CUCTEMH

TlonoskerHs po3paxoBaHol
TOYKH

Hogi mMexi po3paxyHKy B

PospaxyHOK KoopuHaT K
0iK TOUKH

(T04HO)

[

¥

3amic koopamHaT B a3y JaHMX

Kinemp

- >

Puc. 7. Anroputm po3paxyHky koopauHat 110

Peamizariiss  pi3HUIICBO-TAJIEKOMIPHOIO  METOMY
BHMara€ TOYHOI CHHXpPOHi3auii 4acy y BCIX IyHKTax
cuctemd [8].

Ha yerBepTOoMy erami IpOBOAWTHCS PO3PaXYHOK
koopauHaT 110 3 rpyOUM KPOKOM 3 METOI0 BHU3HAYEHHS
nonoxxerHss [10 BiAHOCHO po3TamIyBaHHS HPHIMadiB
cucremu. [1oJoKeHHsT po3paxoBaHOi TOYKH (MicIis 3Ha-
xomkerHs [10) B pe3ynabpTati Ipyod0Oro po3paxyHKy 3Ha-
XOIUTHCsl 00 BCepe/IMHI CHCTEMH, a0 Ha Kparo CUCTe-
mu. Toxmi mpuilMaeTbcsi pilIeHHS: TPH 3HAXOIHKEHHI
BCEpPENMHI CUCTEMH BHKOHYETHCS PO3paxyHOK 3 JIpiO-
HUM KPOKOM, SIKIIIO PO3paxoBaHa TOYKa Ha Kparo - Ipo-
BECTH 1TEpAIlil0 B CTOPOHY 3HAXO/KEHHS TOYKH.

Ha m’sitomy erani BinOyBaeThes 3ammuc iHpopmMarii
B 0a3y JaHMX — KOOPJMHATH 3aIHCYIOThCS B 0a3y TaHUX
3 BiJIIOBITHUMU ITOTOYHUMH MOMEHTaMHM Yacy. 3ammca-
Hi KOOpJIWHATH 3TOJIOM MOXYTh BHKOPHCTOBYBATHUCS
JUTs iepeadadeHHs MaOyTHIX KOOpAWHAT.

[pencraBnenuii anroput™ omiHku koopauHat 110
nependavae MOMIYK MiHIMyMY PO301XKHOCTEH po3paxyH-
KOBHX 1 E€KCHEPHMEHTAIILHO OTPUMAaHUX B3a€EMHHUX 3a-
TPUMOK CHTHAIIIB.

Po3pobiieHa Momenb MpoIeCcy OLIHKH KOOPAWHAT
I1O mo vacoBuX 3aTpUMKax IOKa3ala Mpale3iaTHICTh
3alpOIIOHOBAHOTO AITOPUTMY 1 [O3BOJIMJIA TPOBECTH
JIOCITI/DKEHHST BIUIMBY LIYMOBOi KOMIIOHEHTH Ha TOY-
HICTh BU3HAUEHHS KOOPAWHAT. AJIMTUBHUHI IIyM BIUIH-
Ba€ Ha BEJMYMHY YACOBHX 3aTPUMOK, a, OT)KE, Ha TOU-
HicTh BH3HaueHHs1 koopauHat 1O pi3HHMIIEBO-AaIEeKO-
MipHUM MeTooM. JIJ1sl BU3HAYEHHSI KOOPJMHAT 3 TOYHI-
ctio He ripme 300 MeTpiB cepeaHbOKBaJIPATUYHOI T10-
XHOKM MaKCUMaJIbHO JIOITYCTHME BiJXWIJICHHS BUMIpS-
HUX YaCOBHX 3aTPUMOK BiJ[ 1€aJIbHUX (TCOPETHYHHX )
Mae craHoButy He Oinbie 0.03 Mkc.
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Buxopucrannsi npuiimadis ADS-B nas miaBu-
IIeHHS] TOYHOCTi BH3HAYeHHSI KOOPAMHAT MOBIiTps-
HOro o0’exra. /Ing BuzHaueHHs koopauHat I1O ske He
nepeae CBOIX KOOPAMHAT MOXHA BHUKOPHCTOBYBATH
texHonorito MLAT (Multilateration). B sikocti npwuid-
MadiB, JUIsl MiJBUIIEHHS TOYHOCTI BU3HAUEHHS KOOPIH-
Hat [1O 3ampormoHOBaHO BUKOPHCTOBYBAaTH MpuiiMadi
ADS-B. Texuomnoris MLAT BHUKOPHUCTOBYETHCS 3 YyKE
icayrouum obnamnanasM PJIC 1 He motpeOye momaTko-
BOI OOpTOBOI amapaTypu. BoHa He TiJIbKU rapaHTye BU-
COKY TOYHICTh BU3HAYECHHSI MICIIsl pO3TAIlyBaHHS 1 Tpa-
€KTOpii, Ky MOXXHA IOPIBHATH 3 MOHOIMITYJBCHUMH
BTOPMHHMMH OIVISIJIOBUMHU PaJioJIOKaTOpaMu, aie i
MIPE/ICTABIISIE TaKi HOBI XapaKTEPUCTHKH, SK OLIBII BU-
COKa TOYHICTh, IIBUAKICTh OHOBJIEHHS 1 3D cTeKeHHS.
B ocHoBy pobory texHonorii MLAT noknazseHo Bigo-
MUH PI3HHULEBO-IaJIEKOMIPHIIA METO]] BHU3HAYEHHS KO-
opaunat I10. Touna npuB’sizka yacy (10 50 HC) Moxe
3nilicHioBarucs 3a gornoMoroto GPS npuiimauis.

Ha puc. 8 cxemarnuHo 300pakeHO peaizalifo pi-
3HHUIIEBO-/IAJIEKOMIPHOTO METOAY JJIsi BU3HAYECHHS I10-
XHOKHU Micre3HaxomkeHHs [10 BiqHOCHO HOro peaabHO-
T'O pO3TalllyBaHHSI.

15_1 Z,xkm

Puc. 8. Peanizawis pi3HUIIEBO-aJIEKOMiIPHOI'O METOY

[Mpu peanizawii pi3HUIEBO-AATIEKOMIPHOTO METOAY
BUMIPIOBAaHMMHU TapaMeTpaMH € 4YacoBI 3aTPUMKH
Aty (c),Aty(c), At5(c) mommpenHs curHany Bin I1O ne
MEHIIIC HiXK J0 TPhOX 0a30BUX CTaHII CHCTEMH, a Ia-
pamMeTpaMu, IO PO3PaXOBYIOTHCS, — JAJbHOCTI Bif

npuiiMauiB 1o Micis 3HaxomkeHHA 110 Dy =3-10°
Dy =3-10° - At (km), Dy =3-10° - Aty (rm), xAts(kn)
Ta 6a30Bi KyTu P; Ta B, .

IIpu BigcTaHsx MbKk 0a30BUMHU  CTaHISIMU
Dy, (KM),DGZ (KM),D63 (xm) BigOMIM MOXHOIl BHMi-

PIOBAaHHs 4acOBMX iHTEpBaNiB o (c), (PIBHOI I KOXK-

HOro IpuiiMaya B IIyHKTIB IPHUHOMY), PO3paxOBaHHX
nansHOCTAX Dy, D, Ta D; 0a30Bi KyTU € TAKUMM:

B, = arccos ((Dl ) +(Dy)* (D, )zj /(2D1D2) £ (5)

B, = arccos ((Dl )’+(Ds)*~(Ds, )2) /(21)11)2) - (6)

JlanpHOCTi Bijg MyHKTY npuiiomy curHaity no 1O
PO3PaxoOBYIOThCS TAKMM YHHOM:

D; 2\/(x0‘xM)2 (o) +Hzo-zm ) . (D

I€ Xy, )0:Z) — KOOPAUHATH i-I'O IPUIUMAYa, Xy, Vys,Zas —

koopauHatu I10.
TToxubOxa Bu3HaueHHsa MnonoxkeHds 11O BigHOCHO

Horo pCajIbHOTO MiCHe 3HAaXOPKCHHA O, BU3HAYAETHCA K

o 1,510 -oy/sin® (0,5-B) +sin’(0,5-By) ®)
" sin[0,5(B; —By) | +sin(0,5-y)-sin(0,5-B,)

BuxinHi gaHi 11 po3paxyHkiB (puc. 9):

6, =0,07 1070 yke - mMOXHUOKa BHMIPIOBAaHHS 4aco-
BHUX IHTEpPBAIIB JJIsI KOXXHOTO TNpHUiiMaua (3yMOBJIICHA
tounicTh cucteMu GPS); M (30; 30; 10) — koopauHaTH
I10; A(5; 45; 0), B(5; 5; 0), C(50; 10; 0), D(50; 45; 0) —
KOOpAWHATH MPUHMAaYiB; Dy, =40km, Doy = 45cm — BijC-
TaHi Mi>k 0a30BUMH CTaHIIISIMU.

O .M
rF S
150)

135
120]

0 >

2 3 4 5 6 N

Puc. 9. 3anexHicTb NOXUOKM BU3HAYCHHS
nonoxkeHHs 10 Big KibKOCTI puiiMauyiB

BucHoBku
i HANPAMKH NOJATBLIINX J0CTiITKEHb

PesynpraTn po3paxyHKiB (puc. 9) 3acBiIUyIOTH,
10 MOXMOKAa BUMIPIOBAHHSI KOOPJUHAT 3MEHIIYETHCS 31
301IBIIEHHSIM KUIBKOCTI TIpUiiMadiB B cucremi. Pasom 3
TUM BUKOPUCTaHHS OULTBII HIXK YOTUPHOX IPUHMAaUiB HE
JIOLiJIbHE.

IIpoBeneHi po3paxyHKH IOKa3auu, L0 3acTOCY-
BaHHs TexHoiorii MLAT Ta BHKOpUCTaHHSI B CHUCTEMI
npuiiMadie ADS-B Moxe 3MeHIIUTH TOXHOKY BUMIpIO-
BaHHS KOOPAMHAT NpakTH4YHO 110 75 metpis. [IpoTe nani
PO3paxyHKH MPOBOJMIKMCH 3 ypaxyBaHHS NepeOyBaHHS
IO B cepenuni cucremu Ta 0e3 BpaxyBaHHSI BIUIUBY
mIymiB, atmocepu, Ta iHImUX (akTopiB, MO0 MOXKYTh
3IIHCHIOBATH BIUIMB HA TOYHICTh BH3HAYEHHS KOODPIH-
Hat [1O. Kpim Toro, Benuke 3Ha4eHHs PU BU3HAYEHHI
ToyHOCTI KoopauHat [10 Mae cMHXpoHi3alis npuiMadiB
Ha KO)KHOMY ITYHKTI IPUAOMY.

Tounicte Bu3HaueHHs KoopauHat [10 3amexuTsb
BiJ HU3KHU QakTopis [9-12]:
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- TaKTHKO-TexHiuHi xapakrepuctuku PJIC (m-
pHHA JiarpaMy CIPSIMOBAHOCTi, BiJHOLICHHS CUTHAJI-
LIYM Ta iH.);

- TOrOjHI YMOBH;

- penbed MICIIEBOCTI;

- iHctpymeHTanbHi noMuiku PJIC (HeTo4HICTH
OpIiEHTYBaHHS aHTEHH, TIOMUJIKAMHU OIepaTopa IpH Bi-
3yaJbHOMY 3HIMaHHI a3UMyTa LiJeH;

- sIKICHE MPOBEJCHHS PETrYISPHOrO 1 CBOEYACHO-
ro tocryBaHHs PJIC;

- TOYHA CHHXPOHi3allis NpUiMaviB CHCTEMH;

- reomerpuuHe posrtamyBaHHs [IO BigHOCHO
npuiiMaviB CUCTEMHU.

Bukopucranns texnonorii MLAT Ta npuiimaui
cucremu ADS-B Ha mo3umisix pafioTeXHIYHHUX MiJIpo3-
IIUTIB ]aCTh 3MOTY 3MEHIIMTH JIOMYCTHME BiIXHICHHS
BUMIpPSHUX 4YacoBUX 3aTpuMOK. lle 3ymoBIeHO Hacam-
nepes THUM, IO TOYHICTH mpuiiMadiB ADS-B Bu3Haua-
€TbCS TOYHICTIO BH3HAYEHHS KOOPAWMHAT B CHUCTEMI
GPS.
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Evaluation of the possibilities of using MLAT technology and ADS-B receivers
to increase the accuracy of determining the coordinates of air objects

A. Fedorov, H. Khudov, S. Kovalevskyi, F. Zots, K. Tahyan

Abstract. The subject of study is the possibilities of MLAT technologies and ADS-B receivers usage to increase the
accuracy of determining the coordinates of air objects. The aim is to increase the accuracy of determining the coordinates of air
objects through the MLAT technology and the ADS-B receiver system usage. The purposes: analysis of the variate-difference
method, proposals for the implementation of multilateration technology using ADS-B receivers in the interests of radar troops, a
brief analysis of the capabilities of ADS-B technology, analysis of the possibilities of using ADS-B receivers to improve the
accuracy of determining the coordinates of an air object. The used methods are: radar methods, methods of the theory of recep-
tion and processing of signals, determining the coordinates of air objects. The following results are obtained. The factors affect-
ing the accuracy of determining the coordinates of air objects are determined. The possibility of using the technology of auto-
matic dependent observation and multilateration technology to improve the accuracy of determining the coordinates of air objects
is established. The intervals of deviation of time delays are determined depending on the location of the air object relative to the
receiver system to ensure that the positioning error will not exceed 300 m. The dependence of the determining the position error
of an air object on the number of receivers is determined. Conclusions. The scientific novelty of the results is as follows. It was
estimated that the advantages of using MLAT technology and the ADS-B receiver system to determine the coordinates of an air
object is to reduce the positioning error of an air object. The use of MLAT technology and the ADS-B receiver system does not
require significant changes to existing radar systems. In turn, the use of MLAT technology and the ADS-B receiver system is an
additional source of information about the air situation. Further studies suggest the use of MLAT technology and the ADS-B
receiver system at the positions of the radioelectronic units in the course of conducting radar control of the air situation.

Keywords: ADS-B, MLAT, algorithm, air environment, dependent surveillance, airspace control, coordinates, GPS.
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PO3POBKA MOJIEJII BAKOPUCTAHHS PECYPCIB Y BIIKPUTIN
EKCHEPTHIW CUCTEMI ITYHKTY YIIPABJIIHHSA MMOBITPSIHUX CHJI

AHoTanisi. Y cTarTi 3apoNOHOBAaHO B PaMKaX BHUKOPHUCTOBYBAHOrO ()OPMabHO-JIOTIYHOIO anapary CTpyKTYpH LijIbo-
BUX YCTaHOBOK PO3p0o0Ka MOZEJi BUKOPUCTAHHS PECYPCIB Y BIIKPHTIH €KCHepTHIN cucTeMi IMyHKTY ynpasiiHHA [ToBiTps-
HUX Cuit. Po3risiHyTHii NOpsiiok Ta OCHOBHI NpaBMila BUKOPHCTAHHS MHOXKMHM PECypciB KepoBaHOI cucTeMu. BuzHaueHo,
110 BUKOPHCTAHHS PECYPCIB KEPOBAHOI CHCTEMH 3/iHCHIOETHCS Ha OCHOBI CYKYIHOCTI IpaBwJI, SKi C(OpMYIbOBaHi B HOP-
MAaTHBHHX JIOKyMEHTaxX Ta sIKi MO)KHA PO3/IIMTH HA HACTYIHI IPYNU: HOPMAaTUBHI IIpaBula BUKOPUCTAHHS pecypcy, HOp-
MAaTHUBHI IpaBUja BUTPATH Ta MOINOBHEHHS 3aIacy BIUIMBIB peCypCy i MpaBmiIa CHiILHOIO BUKOPUCTaHHs pecypciB. OOrpyH-
TOBaHi Ta c(h)OpMyJILOBaHI HA 3MICTOBHOMY PiBHI OCHOBHI TilIOT€3H MOZEI PECypCiB, SKi MOXKYTh OYTH BUKOpHCTaHi 1pH ¢o-
pMaitizanii 3a1a4 ynpasiiHHs, 10 BUPILIYIOTbCA Ha IyHKTI ynpasninHs [TosiTpsaaux Cuit. ChopMyiiboBaHi pecypcHO-4acoBi
00MEXEHHS, IKUM TTIOBUHEH 33I0BOJILHSATH BapiaHT PIillIEHHS, [0 CHHTE3YeThCsl. HanpsiMKoM HoJaiblInX JIOCHiIKEHb € PO3-
poOka BinnoBizHOro Meroxy QGopmarisarii Ta MaHIIyIIIOBaHHS 3HAHHAMH IIPO IOPSIOK 1 IPpaBMIa BUKOPUCTaHHS PECYPCIB.

Karo4doBi cioBa: MyHKT ylpaBiliHHS, EKCIEPTHA CUCTEMa, PECYPCH, 3HaHH, (opMaiizauis, CTPYKTypa LiNbOBHX yCTa-

HOBOK.

Beryn

IMocTaHoBKA TPoOIeMH. Y TPOIECI CHHTE3Y MO-
JKIIUBHUX BapiaHTiB PO3MOILTY MiJIETJINX 3aC00iB BOTHE-
BOro Ta iH(pOpMAaIiHHOrO NMpUIyIIeHHS i iHpopMariii-
Hux 3aco06iB I1Y Ha mynkTi ynpasiiaas (ITY) [ositps-
Hux Cun (IIC) HeoOXimHWit OONIK B SIBHOMY BHIVISII
MaTepiaJbHO-CHEPreTHYHOTO acleKTy 3HaHb, KU Bi-
noOpaxkae 3HAHHSA PO BIIIOBIIHI YacOBi CITiBBIIHO-
LIEHHs 1 HEeoOXimHI pecypcu, 1O 3a0e3Me4yroTh BHKO-
HAHHS [TOCTaBJICHOr0 OOHOBOro 3aBAaHHs [1].

dopmartizyBaTH MpOIEC YNPaBIiHHA CHJIAMH Ta
3acobamu I1Y TIC y moBHOMY 00cCs31 He INpeACTaBIIsi-
eTbest MOXITUBHUM [2, 3]. Tomy min ynpasminasim [TY TIC
OyneMo pPO3YMITH TIJIbKH TPOIEC, SIKUIA OB’ SI3aHUHA 3
BHUPOOJICHHSM pIIICHHS Ta peati3alli€l0 pO3MOALTY CHII
Ta 3aco0iB I1Y y xomi Ge3mocepeaHbOi MiIrOTOBKH Ta
BE/ICHHS OOMOBHX [iil.

ToMmy B paMKkax BHKOPHCTOBYBAHOT'O (hOpMajbHO-
JIOTIYHOTO amapaTy CTPYKTYpH IJIOBUX YCTaHOBOK
(CL1Y) [4] HeoOxigHa po3pobOKa MOJEN BUKOPHCTAHHS
pecypciB y BimkpuTiii ekcriepTHii cucremi ITY TIC.

AHaJti3 ocTaHHiX Aocimkensb i myoaikanii. On-
HUM 3 OCHOBHHMX MOHSTH IIPH pillIEHHI 33/a4 JaHOTO
KJIacy € MOHSATTS Pecypcy, TOOTO TOro, mio OyneMo pos-
MOAINATH. Y 3araJbHOMY BUIAIKY ITiJl pecypcaMu po-
3YMIIOTBCS JIEIKI MaTepiajibHi 3acO0M HaJaHHS ILiJecH-
PSIMOBAHOTO BIUIMBY Ha 00’€KTH 30BHIIIHHOTO CEpeo-
Buia abo (Ta) OTpUMaHHS JaHWX Ipo HuX. [Ipore Ha-
Jai y SKOCTI pecypcy MM OyaeMo pO3INIAIaTd TiTbKU
3aco0M BOrHEBOrO Ta iH(OPMaIiHOrO MPHUIYIIEHHS Ta
inpopmaniiai 3acodu ITY TIC, siki MOXKXYTH OyTH BHKO-
pucTaHi iX Ui HaJaHHS BIUIMBY Ha TOBITPSHOrO IPO-
TUBHHKA Ta OTPUMAaHHS JIAaHUX.

Oco6nuBocti ynpapmiaasa 1Y TIC Bu3HavaroThCS
OCOOJIMBOCTSIMU BEJCHHS OOHOBMX [ili B Cy4acHHX

ymoBax [S5]. AHaii3 xapaktepy OOWOBHX [iif B JIOKaJIb-
HUX KOH(JIIKTaX OCTaHHIX POKIB ITOKa3ye, IO y Tere-
piHii yac € psa ocodmuBoctelt [1, 6-7], sKi BuMBa-
10Th Ha yrpasiinas [1Y TIC B3aradi.

[epira 0coONMBICTH MONATAE Y TOMY, IO OOHOBI
Iii OyyTh BUKOHYBATHCSI B yMOBaxX TOCTPOro Aeiury
gacy. JIpyra ocoOJMBICTh — 3HAYHA KUIBKICTh iH(OpMa-
Iii, sKa HAJa€ThCI KOMAHIWPY W Ha OCHOBI SIKOi BiH
MOBUHEH IpuiiMatu pimeHHs. HactymHa ocoOimBicTh
yrpasiiaas 6ovoBumu xpismu ITY TIC momsirae y Tomy,
IO TMPUUHSTTS SKICHOTO PillIeHHS, TOOTO pilIeHHS sKe
HaHOIIbIE BIiAMOBIMAa€ CHUTYaIii, IO CKJIajacs, Ba)KKe
Yyepe3 HeBU3HAUYEHY iH(opMallii.

Hapeumrri, cig MaTtu Ha yBasi, 110 11l BAPOOJIEHHS
pimennst Ha ynpasininag 110 TIC komaHaup NMOBUHEH,
IIpY HaiiMi, Xo4a O OJMH BapiaHT Miil MiUIErIuX CHJI Ta
3aco0iB, 110 BU3HAYAE PO3MOJLI iX MO MOBITPSHUM IIi-
nsM. [lpore B cyyacHUX yMOBaX KUTBKICTh MOMKIIHMBHX
BapiaHTIB il 3HAYHO 301IBIIMIIOCS 3a PAXyHOK MOXKIIU-
BOCTI, IO 3’SIBIJIACS, BUOOPY PI3HHUX CHCTEM BpaKkaro-
YHUX 3ac00iB, BUKOPHCTAHHs 3aC001B HEBPAKAIOUHUX [
ta iHme. lle NpU3BOAMTH A0 TOrO, MO BHUPOOJIEHHS
OLIbII OOTPYHTOBAHOTO PIILIEHHS HEOOXiJHO CHUHTE3Y-
BaTH MHOXKMHY BapiaHTiB po3noniny pecypcis [1Y TIC B
KOHKPETHIM cUTyalii 3 ypaxyBaHHsSM 3aJaHUX oOMe-
KEHb Ha KUTBKICTh PECYpCiB, 10 BUKOPUCTOBYIOThCS, Ta
Ha Yac BUKOHAaHHA 00ioBoi 3amayi [8].

Meta crarti — po3poOKa Monesi BUKOPUCTAHHS
pecypciB 'y BIIKPHTIH €KCHEepTHiH cucTeMi MyHKTY
yrpasiians [ToBitpsaux Cui.

BuKkJ1aJ] 0CHOBHOTO MaTepiajy

Monennb pecypciB kepoBaHOI cucTeMHu. Yci Ke-
pyIoUi BIUIMBHU Ha MOBITPsIHI 00'€KTH (TIOBITPSHOTO MPO-
TUBHHKA) 3HIHCHIOIOThCs cuiamu Ta 3acobamu I1C 3a
JIOTIOMOT'OF0 BUKOPUCTAaHHS MHOXKHHH pecypciB. Y 3ara-

© Bacrora K. C., Yonenxo /I, A., 2019
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JIBHOMY BHIIQJIKy CHCTEMa MOXKE BOJIOJITH DPI3HUMHU
tunamu pecypciB. Tak, Hanpuknaz, g [1Y TIC B skoc-
Ti PeCypciB MOXKYTh PO3TJISLIATHCS MiJUIETII 3'€JHAHHS,
YaCTHHY 1 Miapo3ainu poxiB Bidicek [1C.

MosknuBicTe BUKOpHUCTaHHs R; pecypcy ITY TIC

(i — T pecypcy), AK 3aco0y HagaHHS LiJeCIPIMOBa-
Horo BruuBy Ha 1O, MoxxHa BimoOpasuTu 3a JOMOMO-
TOI0 HACTYITHUX HOT'0 XapaKTEePUCTHK:

— 3a1ac pecypcy B MOMeHT uacy ¢ — Z(R;,t) ;

—3amac BIUIMBY pecypcy B MOMEHT 4acy ! —
3(R;, 1) .

[Ipu nboMy OyZIeMO PO3YMITH IIiJT 3aIIaCOM PECyp-
Cy KIJIBKICTh OIMHHIL PECYPCY AAHOTO THUIY, a Mix 3a-
MacoM BIUIMBIB — KUIBKICTh 3ac00iB peaizamii BIUIMBIB,
3a JIOIIOMOTOI0 SIKMX 3JIHCHIOETBhCS Oe3nmocepenHii
BIUIMB Ha OO'€KTH 30BHIIIHBOTO CEpEIOBHINA. TOMY
BEIMYMHA 3aracy pecypcy XapakTepusye HOTEHIHHY
MOXIIUBICTh HOrO BUKOPHCTAHHS, a BEJIMYHMHA 3ariacy
BIUIMBY — pPEaJbHY.

CTocoBHO 10 3ajadui, sKa BUPIUIYETHCS, B SKOCTI
pecypcy Moke BHCTyHatu 3pop. Y 1bOMy BUNAJKY 3a-
rac pecypcy MOXKHAa BH3HAYHMTH SIK KiJIBKICTH 3pOp y
18K, a 3amac BIUIMBY pecypcy JaHOTO THITY SIK CyMapHa
KIJIBKICTh BOTHEBHX KaHAIIiB.

MaremaTtuuHa MOJIENb JAESKOi CHCTEMH, 30Kpema
MOJIENTb PeCypCiB, MMOBHHHA BKJIIOYATH B ceOe TiloTesw,
obMexxeHHs 1 npunymienns [9]. i Toro, mobd chop-
MYJIIOBATH OCHOBHI TiIOT€3U, OOMEXEHHS 1 MPUITYIIEH-
HA MOJENI PEeCypCiB B IEpIIy Yepry MpoaHaIi3yeMo
TIOPSJZIOK 1 TIpaBHjIa BUKOPHCTAHHS PECYpPCiB, 3yMOBIICHI
cnenudikoro yrpaBIiHHSI 3ac00aMH BOTHEBOTO Ta iH(O-
pManiifHOro npuAymeHHs 1 iHpopMaIifHUMU 3aco0aMu
Iy 11C.

IMopsinox Ta OCHOBHI MpaBWJIa BHKOPHCTAHHS
MHOKHHHM pecypciB cuctemMu. Buxonsuu 3 aHamizy
0COOJIMBOCTEH JaHOI TNpeaMeTHOI 00JacTi, MOopsIoK
BUKODHCTaHHS PECypCy KOHKPETHOTO THIY MOXHa
MIPE/ICTABUTH y BUIIISAL Tpada CTaHiB, sIKMH HaBEICHUH
Ha puc. 1 [10-12].

Ha rpadi BBeneHi Taki CTaHu:

A0 —pecypc R; He TOTOBMI B MOMEHT 4Yacy ! JI0
BUKOPHCTAaHHS BHACJI/IOK BiJICYTHOCTI 3amacy BILIHBIB
3(R;,t) =0 abo 3HaXOOUTHCS B TPAaHUYHOMY (B CEHCI
MOXITUBOCTI (DYHKI[IOHYBaHHS) CTaHi;

Al — pecypc 3HaxXOAMThbCS B CTaHi ITOIIOBHEHHS
3aracy BIUIHBIB,

A2 — pecypc BOJIOIIE 3amacoM BIUIMBIB
3(R;,t) >0, ane He NpUBEAEHUN B TOTOBHICTh 0 BILIH-

BY Ha 00'€KTH 30BHIIIHHOTO CEPEOBHUINA;

A3 — pecypc BOJOII€ 3amacoM  BIUIMBIB
3(R;,t) >0, rotoBuil 10 HaJaHHA BIUIMBiB Ha 00'€KTU
30BHIIIHBOI'O CEPEJIOBUIIA, aJIe HE BUKOPUCTOBYETHCS;

A4 — pecypc 3aJdy4eHUN YaCTHHO 3aracy BIUIH-

By 3"(R;,f) s Ha/jaHHs BIUIMBIB Ha 00'€KTH 30BHILU-
HbOro cepenosuia, 3(R;,1)—3"(R;,1)>0;

A5 — pecypc 3alydeHHI U HaJaHHS BIUTUBIB Ha
00'€KTH 30BHIIIHLOIO CEPEIOBHIIA BCIM 3alacoM BILIU-

BiB 3" (R;,1) =3(R;,1).

Puc. 1. I'pa¢ craniB pecypcy

Ilepexin A0 — Al BigNOBiZa€ MOYATKY ITOMOB-
HEHHS 3amacy BIUIMBIB peCypcCy MicClsi Oro MoBHOI BU-
TpaTu abo MpoIecy BiJHOBIICHHS IIPale3/1aTHOCTI pecy-
pcy. Ilepexin B ctaH MOMOBHEHHS 3aI1acy BILIMBIB MOX-
JUBUH U 13 cTtaHiB A2, A3, A4 (nmepexomu A2 — Al,
A3 — Al, A4 — Al). Y 1upoMy BUIAAKY ITOBEPHCHHS
3IIHCHIOETBCS B CTaH, B SIKOMY 3/ CHIOETHCS HAKOITH-
YeHHS 3amacy BIUIMBIB pecypey (Al — A2, Al — A3,
Al — A4).

Cripx Bi3HaunTH TOW (akT, 10 B 3arajlbHOMY BH-
MaJIKy BCi 4YaCOBi XapaKTEPUCTHUKH, 110 BU3HAYAIOTh Yac
nepeOyBaHHsI pecypcy B SIKOMYCh cTaHi abo yac mepe-
X0y HOro 3 ONHOrO CTaHy B IHIIMHA € OOMEXEHUMH
BHITQJKOBUMH BEIMYUHAMH. [Ipu 1bOMY B OLIBIIOCTI
BUIIAJIKIB BU3HAYUTH 3aKOHH PO3IOJTY UX BHIIAIKO-
BUX BEJIMYHMH NMPAKTUYHO HEMOXJHMBO. OmHAaK B Teopii
HWMOBIPHOCTI JTOBEIICHO, IO HE3AJEKHO BiJ IILJILHOCTI
PO3IIOALTY BHIAJKOBOI BEIWYMHU 3aBXKIAM MOXKHA BH-
3HAYWUTH 1HTEpBal, B SKHH JaHa BHIIAJKOBA BEINYMHA
MOTpaIvIsie i3 3aJaHor HMOBIpHICTIO (Teopema YeOu-
mea) [13].

ToMmy B mopmanplIOMy yci BUMAJIKOBI BEIWYWHH,
IO BH3HAYaIOTh 4YacOBI XapaKTEPUCTUKU pecypcy (B
TOMY YHCII i Yac HOro BUKOPUCTaHHS) MU OyaeMo po3-
[JISIaTH SIK HECTOXACTHYHI BUIAKOBI BEJUYUHH, SIKi
3aJ1aHi 3a JIOIMOMOI0I0 1HTE€PBaJIy MOMKIJIMBUX 3HAUEHb. Y
3araJbHOMY BHIAJIKy TaKi BUIIAJKOBI BEIMYHHH € Oe3-
MepepBHUMHU, IIPOTE HPHUITYCTUMO, IO MH 3pOOWIH X
JIMCKPETHU3allifo, 3 ypaxyBaHHSAM 3aJaHOi TOYHOCTI pi-
nIeHHs 3a1adi. ToMy B HojajibpIioMy OylIeMo BBaXKaTH,
10 BOHH MOXYTh NPUHMATH TiNBKA OOMEXeHHH Halip
3HAYCHb 13 33JITAHOTO IHTEPBAY.

Cran Al xapakTepu3yeTbCsi IHTEPBAJIOM Yacy

* o
T3, TPOTATOM SKOTO 3[ifCHIOETHCSI TOMOBHEHHS
3aracy BIUIUBIB PECypCy, Ta IHTCHCHBHICTIO TIOITOBHEH-

w17 (Rl-,T 7733). V 3aragbHOMY BHMAJKY iHTEHCHB-
HICTb TOMOBHEHHS 3aMmacy BILUIHBIB PECYpPCY i -TO THUILY
Ha yacoBoMy iHTepBami Tj3p = [1}733,1127%} BU3HAYa-
€TBCS TAKUM CITiBBiHOIIEHHSM:

4 112733
2 2 Hi(Rv),
n * v=li=tl135
1 (RiaTIYS’B)z 3 i
Ur3B — 3B

Q)

ne Hp(R;,t),— v-Ta HOpMa MOMOBHEHHs 3aMacy BILTH-
BiB /[ -I'O PECYpCY B MOMEHT 4acy f ;
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V' — KiJBbKICTh PI3HMX HOPM IIONIOBHEHHS 3amacy
BIUIMBiB R; pecypcy.

[Ticnst mormoBHeHHs 3amacy BIUTUBIB 31 crany Al
pecypc nepexoauTh B CTaH A2 .

[epeBin pecypcy B TOTOBHICTH /10 BUKOPHUCTAHHS
A2 — A3 snilicHioeTses 3a vac fypp (R;) . Moxinsuii
i 3BOpOTHIH mepexin 43 — A2 npu BiICYTHOCTI HEOO-
X1JIHOCTI y BUKOPUCTAHHI pecypcy.

Iepexin A3 — A4 BU3HAYAETHCS 3ATYYCHHSAM pe-
CypCy s HagaHHSA BIUIMBIB Ha O0'€KTH 30BHIITHBOTO
CepelIoBHUINA 1 XapaKTepPHU3YEThCS HacoM IEpeBOIY pe-

CYpCy B CTaH HaJaHHA BIUIUBIB {;7pp (Rl- ) .
Yac t;pr (Rl-) Ta trpp (Rl- ) BHU3HAYAIOThCSl TAKTH-

KO-TEXHIYHUMH XapaKTCpUCTUKaMH BUKOPUCTOBYBAHO-

To pecypcy.
Cran A4 xapakTepu3yeTbCs IHTEpBAJIOM Yacy

T 7333 MPOTATOM SKOTO BHKOPHCTOBYETHCS JaHUM pe-
CypC Ta IHTCHCHUBHICTIO BWTPAaTH 3alacy BIUIUBIB
UP(R;,Th3p) manoro pecypey.

VY 3araJibHOMY BHIIQIKy KOXEH 3 PECypcCiB CHCTe-

MU MOXKE€ 3aTy4aTuCsl Ul HaJlaHHS BIUIMBIB Ha KiJbKa
00'€KTiB 30BHIIIHBOTO CEPEIOBHINA OJHOYACHO. Tomy

IHTEHCHBHICTh BHTpATH 3alacy BIUIMBIB [ P(Rl-,T ;33)
pecypey
T;;B = |:t}333,t12333:| BH3HAYA€ETLCSI HACTYITHUM CITiB-

[-T0O THINY Ha 4YacoBOMY IHTepBai

BIIHOIIICHHSM:
0 112333
Z Z Hp (Rl > t)q
P * 9= 1=tps3p
[ (Rl,Tpr)z ) 1 N (2)
p3p —1p3p

ne Hp (Ri,t)q — ¢ -Ta HOpPMa BMTpATHU 3amacy BIUIUBiB

[ -TO pecypcy B MOMEHT 4acy f ;

O — KIIBKICTh PI3HUX HOPM BHUTpPATH 3aIlacy BILIH-
BiB R; pecypcy.

Yac BUKOpHCTaHHS pecypcy HOCHTD SIBHO BHpaXKe-
Hy (DYHKLIOHAJIBHY 3aJIXKHICTh BiJ HAOOpY BHXiTHHX
mapaMeTpiB (XapaKTEPUCTHK IIiTi, TaKTUKO-TEXHIYHUX
XapaKTEepUCTHUK 1 reorpadivyHOro po3TallyBaHHS pecyp-
cy i T.L).

VY crani A4 moxnuBuil nepexin A4 — A4, sxuit
BH3HAYa€ HAPOIyBaHHS BUTPATH 3aracy BIUIMBIB pecy-
pCy B paMKax HOro 3amacy — MOCIHiZOBHE 3aJIydeHHS
pecypcy I HaJlaHHS BIUIMBIB HA 00'€KTH 30BHIITHHOTO
cepenoBuina. IIpu AOCATHEHHI TPAHUYHOTO 3HAYCHHS

3"(R;,t)=3(R;,t) (3amydeHHs BCbOTo 3amacy BIUIUBIB

pecypcy) 3mificHIoeThes mepexia B ctan A5 . Ilicis 3a-
KIHYCHHS BIUIMBIB B CcTaHi A4 Ta HasBHOCTI IEIKOTO
3aJIMIIKOBOTO 3aIacy BIUIMBIB MOXKIUBUHA IIepeXil B
ctan A3 abo A2 (B 3aJeXHOCTI BiJ 0OCTaHOBKH, IIIO
CKJIaJIA€THCA).

I3 crany A5 moxuuBHi nepexia B ctan A4 (mpu
HAsSBHOCTI HEBUKOPUCTAHOTO 3 SKHX-HEOYIb MPUYMH
3amacy BIUIMBiB) a00 B ctaH A0 (micis 3aKiHUYCHHS

BILMBY). [lepexin B 40 MOXIHBHIL 3 OyIb-IKOTO CTaHy
y pasi npunuHeHHs QyHKLIIOHYBaHHS Pecypcy.

BukopucraHHs pecypciB 31HCHIOEThCS Ha OCHOBI
MpaBul, SIKi cOPMYIbOBaHI B HOPMATHBHUX TOKYMEH-
tax. Bei 1i mpaBuiia MOXHa PO3JUTUTH Ha TaKi JBi rpy-
TTH:

1. HopmaTuBHI IpaBuiia BUKOPHCTaHHS R; pecyp-
cy— Ni(R;) .

Jlani mpaBwia XapakTepHU3YIOTh MOMJIUBICTH BH-
KOPHMCTaHHS TaHOTO THUITY PECYpPCY B KOHKPETHIH CUTY-
arii, To0TO (aKTUYHO BOHM BHU3HAYAIOTH UM MOXKHA
MPU3HAYUTH pECYpC Ha BUKOHAHHS POOOTH 3a MEBHUX
novyatkoBux ymoB. Lli mpaBmia GopMyrOThCS Ha OCHOBI
HOPMAaTHBHUX JJOKYMEHTIB 1 JUPEKTHUB, SIKi BU3HAYAIOTh
YMOBH BUKOPHCT@HHSI TOI'O YH IHIIOT'O TUITY PECYPCY.

2. HopmaTuBHI mpaBmia BUTpaTH Fp(Rl-)Ta To-

noBHeHHs Nn(R;) 3amacy BIUIMBiB R; pecypcy.

Li npaBmina BU3HAYAIOTH MOPSIIOK BUKOPHUCTAHHS
BinoBimHUX HOpM. [Ipy IbOMY IHTEHCHBHICTD BUTPATH
a0o IOMOBHEHHSI 3amacy BIUTHBIB pecypcy IEBHOI'O TH-
Iy Ha KOXXHOMY OJMHHYHOMY YacOBOMY IHTepBalli €
BEJMYMHA TOCTiHHA, TaK SK BOHA BHU3HAYAETHCS TUIBKH
HOpPMaMHU BUTpaTd ab0 TOTMOBHEHHs 3amacy BILIHMBIB
pecypcy, SKi B CBOIO 4Yepry 3aJatoThCsl HOpPMATHUBHUMH
JIOKYyMEHTaMH Yy BUTJIsIII KoHCTaHT (Bupasu (1)—(2)).

OpHak HaBEJECHUX BUILE TPaBHI HEJOCTATHHO JIJIS
TIOBHOT'O OITHCY PECYPCIB CHCTEMH, TaK SIK NEsIKi 3 pecy-
PCiB MOXXYTh BUKOPUCTOBYBATHUCS Y B3a€MOIi 3 1HIIH-
MU BHIaMu pecypci [9]. Tomy He0OXiTHO 1€ BU3HAYH-

. . p—
TH MIpaBWJIa CIIJIBHOI'O BUKOPHUCTAHHS PECYPCIB Hp .

[IpaBuia cHiIbHOTO BUKOPHCTaHHS PECYpCiB BH-
3HAYalOTh MOXIIMBICTh OJHOYACHOTO BUKOPHUCTAHHS
pecypciB pi3HOTO THITY, HOPMHU BUTPATH 3aIlacy BILIHBIB
pecypciB mpH iX B3aeMOIii, a TAKOXK MPIOPUTET CIILIb-
HOT'O BHUKOPHCTaHHSI pecypciB. 3a3HaueHi mpasuiia Oy-
JIyIOThCSI HA OCHOBI HOPMATHBHHX JIOKYMEHTIB, a TAKOXK
PO3TOPSAIKEHh KOMAHIUPIB 1 HAYAJIbHUKIB, 1[0 BU3HA-
YalOTh CIOCOOM B3a€MOIIT MiIENNINX 3'€HAHb, YACTHH 1
i PO3LIIB POJIIB BIACHK.

OcHoBHi rinore3nm monesi pecypciB. O0rpyHTO-
BaHi Ta c()OpMyJIbOBaHI Ha 3MICTOBHOMY DiBHI TaKi OcC-
HOBHI TiIOTE3U MOJIENi PeCcypCiB, SIKi MOXYTh OYTH BU-
KopucTaHi npu Qopmarizalii 3agad yIpaBJIiHHA, IO
Bupinrytotecst Ha [TV TIC.

1. VYeci nminecnpsmoBani BruBy Ha 1O 3miiicHro-
I0ThCSL 32 JIONIOMOT'OF0 BUKOPUCTaHHS MHOXXHUHH pecyp-
CiB;

2. Pecypcu MaroTh 3aco0H HalaHHsS BIUIMBIB Ha
00'€KTH 30BHIIIHBOTO CEPEAOBUINA;

3. Pecypcu BHKOpUCTOBYIOTBCSI Ha MiJICTaBi IEB-

HUX HOPMAaTHBHUX IIPABUII E(Rl-) ;

4. KepoBaHa cucreMa B KOXXEH MOMEHT dHacy ¢
Mae MEeBHUM 3amac KO)KHOro 3 pecypciB Z(Rl-,t) ;

5. KoxeH 3 pecypciB KepOBaHOI CHCTEMHU Ma€ Tie-
BHUI 3a11ac BIUIMBIB §(Rl-,t) ;

6. Pecypcu MaroTh HOpMaTHBHI TpaBHWJa BHTpa-

yanHid Np(R;) Ta nonoBHeHHA Nn(R;) 3amacy BIUIM-
BiB;
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7. Pecypcu MOXYTh BUTpadaTd Ta TMOIOBHIOBATH
3arac BIUTMBIB 3a IEBHUI MPOMIXKOK 4acy, SKHH BH3HA-
YAaETHCS TEXHIYHUMU MOXKIIMBOCTSMH 3aCO0IB peai3arrii
BILIUBIB,

8. Pecypcu cuctemMu XapakTepH3yIOThCS MPOCTO-
POBUMH TapaMeTpaMu — TeorpadiyHuM IOJIOKEHHSM,
JTANTBHICTIO peajti3allii BIUTMBIB 1 T.I1.;

9. Pecypcu MOXyTh BUKOPHUCTOBYBATHCS TOCITi-
JIOBHO 200 CITUIBHO y BiAMOBIIHOCTI JI0 TPaBHII CIILIb-

HOTI'O BUKOPHUCTAHHSA Hp .

Takum yrHOM, TIpH opmatizalii 3amayd yrpasiiH-
Hs, 1[0 BUPINIYIOTHCS HA MyHKTI yrpasiiHHs [loBiTps-
Hux Cunm 3 BUKOpPHCTaHHSAM amapaty (opmaizamii
CTPYKTYPH IJILOBUX YCTaHOBOK [3] MHOKMHA HEJOTiY-
HHUX aKCioM, SIKI XapaKTepH3YIOTh OCOOJIMBOCTI IIpeaMe-
THOI 00JacTi, HeOOXiHO JOMOBHHUTH CYKYITHICTIO aKCi-
OM, SIKi ONUCYIOTH PO3MIISIHYTY MoAedb pecypciB. Jani
HEJIOTIYHI aKCIOMH MOXKYTh OYTH TpEJCTaBJIeH] y TaKo-
MY BHUIJISII:

VR; VIEZR;, 1) > 0){[3R;,1) > 0] AGR;, )} =M T D(R,-,o__,., t), (3)

2 1 A ]
VRIVT;B)B {(tPS)B —tpr > O)AD(RZ’O]’tP3B)} =

3(R;,t335)— 3(R., 1} ; ; v
|: (R; tp233) 1( j tP3B):[P(Ri,TP3B):|/\([P(RisTPS’B)>0) )
Ip3g —tp3B
VRN Typ3p {(f12733 ~t3p > O)AﬁD(Ri’O_j’t}BB)} =
3(R;, 2 - 3(R;, 1 * *
|: (R; 117233) ]( j tH3B):[H(Rl_’TngB):|/\([H(Rl'sTHBB)ZO) ,
'3 ~ 3B
(%)
Vivt[3R | Ni(R), =(30,[ VO, € 0, (Pi; =¥i(0),) | = R/ ). ©)
wvr[ﬂRi]{Np(Ri)e =(30,[v0, <0y (Pp; = 10()) | Hp(Rf’t)q)}’ @
wvr[ﬂRi]{Nn(Ri)e =(30:[ 70, € 0c(Pn; =¥n(0),)) | = Hn(R;.0), )} ®
viw[aRl-]{lef zUﬂ([Nic(R,-)s},[Npc(RikHHpc(Ri”) D / V_p}’ ®
im ! "
VRV (3KxIKyIKz {[3Kx(R;,1) = 0] A[IKy(R;, 1) = O] A[3Kz(R;,1) 2 0]}, (10)
VR, V3 30 {4 R) < H2R)]AM T (R;,0,,0 1 A=M T (R;1,0;.0 1, ), (o

ge G(R;,t) — mpenukar, 10 MO3HAYA€ CTaH TOTOBHOCTI
i -T0 pecypcey 10 HaJlaHHS BILIMBIB B MOMEHT 4acy 1 ;
DR;, O is t) — IpeauKaT, o MO3HAYAE JESIKY 0,

BUpOOJIEHY 3a JOMOMOrow BIUIMBiB R; pecypcy Ha

MHOXHUHI O J

MOMEHT 4acy ¢ ;

00'€KTiB 30BHILIHBOTO CEPE/IOBHIIA B

M T — mpenmkat, 1m0 MO3HAYAE MOXIHBICTH BH-
HUKHEHHS IeSKOT 1ofii y MailOyTHEOMY;

0,,0;,,0, —MHOXHUHHU 00'€KTIB aHAaJIi3y MOCHJIKY;
Oy,Pi;,Yi(t),, — BimnmoBigHo oO6'ekT aHamisy,
O3HaKa, IO XapaKTepPHU3ye NEsIKY BIACTUBICTh 00'€KTa Ta
HOro 3HAYEHHS, 1[0 BU3HAYAE ICTHHHICTH ITOCHIIKH IS
HOPMATHUBHUX MPABHJ BUKOPUCTAHHS PECYPCy
4 .
Op,ij,Yp(t)m,On, Pnj,Yn(t)m — 00'eKT aHai-

3y, O3HaKa Ta WOro 3HAUCHHS BiAMOBIIHO JUIsI HOPMATHU-

BHUX TpaBWJ BHUTPATH i NONOBHEHHS 3aracy BILUIMBIB
peeypey;
¢ .

Ilp, — u - IpaBMIIO CIUILHOTO BMKOPHCTAaHHS
pecypcis;

Ni(R;)y — s -Te HODMATHBHE IIPABUIIO CIIJILHOTO
BUKOPHUCTAHHSI i -TO PECypcy;

Np°(R;), — e-Te HOpDMATHBHE NPABHIO BHUTpa-
YaHHS 3aIlacy BIUIMBIB { -TO PECypCy NpPH CIUIEHOMY
BUKOPHCTaHHI peCypCiB;

c .

Hp“(R;,t), — ¢-Ta HOpMa CHiITBHOrO BHKOpHC-
TaHHS 3amacy BIUIMBIB [ -T'O pecypcy;

Vp — MHOXHHA YMOB 3aCTOCYBaHHS HOPMAaTUBHUX

MpaBWII MpH X 00'€qHaHHI B CKJIaJ MPaBHJI CIIJIBHOTO
BUKOPHCTaHHS PECYPCIB;

Kx(R;,1),Ky(R;,1),Kz(R;,t) — koopauHaTH pO3-
TalryBaHHA R; pecypcy B mpocTopi B MOMEHT 4acy f ;
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Konmponb kocmiunozo ma nosimpanozo npocmopy

J(R;) — nanbHICTs HaJaHHA BIUTHBIB pecypcy i -
TO THUITY.

AXCiOMH BU3HAUYaAIOTh HACTYITHE!

(2)~(5) MOXIMBICTh HaJlaHHS BIUIMBIB, BUKOPHC-
TaHHS Ta NOMOBHEHHS 3aIlacy BIUIMBIB PECypCy;

(6) — mopsimok GpopMyBaHHS HOPMATUBHHUX TPABHII
BUKOPHCTaHHSI PECypCy;

(7), (8) — mopsimok (opMyBaHHS HOPMATHBHHUX
MIPaBWJI BUTPATH 1 TIOIIOBHEHHSI 3aIlacy BIUIMBIB pecyp-
cy;

(9) — mopsmok (hopMyBaHHS NPABUII CIIJIBHOTO BU-
KOPHCTaHHS PECYPCIB MPH iX B3aEMOI;

(10), (11) — onucyOTh MPOCTOPOBI XapaKTEPUCTH-
KU pecypcy.

Bukopucranus CIY mua  ¢opmanizamii  3amay
yIIpaBJIiHHS rependavae, M0 BCl CHHTE30BaHI BapiaHTH
JIOCSITHEHHSI MHOJKUHHU IUJILOBUX CTaHIB ITOBHHHI 3a]10-
BOJIBHATH JIEIKOI CYKYIHOCTI PEeCypCHO-4aCOBHX OOMe-
xeHb. Tomy mpu gopmanizanii 3HaHb PO MpaBUiIa BH-
KOpPHCTaHHSl PecypciB HEOOXiIHO BpaxyBaTu IIi oOMe-
HKECHHSL.

PecypcHo-4yacoBi o0Me:keHHsI, IKMM NOBHHEH
32/I0BOJIHATH BapiaHT pillleHHs, 0 CHHTE3Y€ThCS.
CdopMynr0BaHi HACTYIHI 3arajibHi pPeCypCHO-4acoBi
BuMoru (OOMEXeHHs) 10 BapiaHTIB pilleHb, 1o Qop-
MYIOTBCS.

1. Yac pmocsraenHst Oesnmivi 1iboBUX craHiB Yac
AOCSATHEHHs. MHOXKMHH UIIbOBUX CTaHIB ¢y HE IOBH-

HEH TNEPEeBUIIYBAaTH NCSIKOro Haepea 3aJaHoro 3Ha-
YEHHSA I7p

(12)

2. Ha Oynp-sikoMy yacoBoMy iHTepBai
* 1.2 1 2
T =|:t,t :|,,(t <t Sl‘ﬂu)

MPOTATOM SIKOTO iIHTEHCHUBHICTh BUTPATH 3aracy BILIH-
BIB PO3MLIHYTOIO pPecypcy 3ajMIIA€ThCS HE3MIHHOIO
MOBMHHO BUKOHYBATHCS HACTYITHA HEPIBHICTD:

VR, ([P(Rl-,T*)x(ﬂ_fl))grlrglllS’(Ri,t) . (13)

3. 3aranpHa BUTpaTa 3amacy BIUIMBIB KOXXKHOTO TH-

Iy pecypcy B IPOILECi JOCSITHEHHS MHOXHHH LLTbOBUX
CTaHIB He TIOBHHHA [IEPEBUIIYBATH BEITHYHHU 3 (Rl-) :

oy Q

VR4 2 > Hp(R;.t), <3(R;)

t=0 g=1

(14)

4. OmHOYacHO pOOOTH, IO BHKOHYIOTHCS, HE €
B3a€EMOBHKITIOUYHHMU.

Awnani3 3aBnaHp, 1o Bupinrytotbes Ha ITY TIC 3
VIPaBIiHHA MIICTIMMHU 3'€JHAHHAMH, YaCTHHAMH Ta
MiPO3aiJIaMH POJIiB BIHCHK MOKA3ye, 110 BUIIICHABEICHI
BHMOTH ITOBHHHI OyTH JOITOBHEHI HACTYITHUMHU.

5. HepospuBHicTh po0OTH, TOOTO HEMOXXJIHMBICTH
mepepBaTu XiJ ii BUKOHAHHS 110 ITOBHOTO 3aKiHYCHHS.
[lepepuBanHs POOOTH O3HAYA€ HEMOXKIIUBICTH JOCST-
HEHHS SKOT'OCh CTaHy, 1[0 € 3aKiHYCHHSAM JaHOi poOOTH.

A 1e, B CBOIO 4epry, BeJle J0 HEeIOCATHEHHs ITOCTaBIIe-
HOI METH YIIpaBJIiHHS.

6. OOMeXeHHS 110 TepMiHy BUKOPUCTAHHS pecyp-
cy. Jlo MoMeHTy BUKOHaHHSI pOOOTH 3amac BIUIMBY pe-
cypcy Moke OyTH piBHUM HYJIIO a0O BUSIBUTHCS HENO-
CTaTHIM JIJIsI BAKOHAHHS TOCTaBJICHOI 3a/1adi 3 3a/IaHO0
KUIBKICTIO B 3a3HAYCHI TEPMiHU.

Jlns BimHOBIEHHs 3amacy BIUIHBIB R; pecypcy

HeoOXigHUM nedkuit dac t,,.,(R;), sgxkuil nae MoxH-

BICTh JIOBECTH 3amac Pecypcy BiAMOBIIHOTO THITY [0
piBHs, 1m0 3a0e3reyye BHUKOHAHHS IOCTABJIEHOIO 3a-
BaaHHs. [Ipy bOMY IHTEHCHBHICTB TIONIOBHEHHS 3amacy

. sk .
srmsis /17 (R;,T 13 ) pecypcy i -ro TUILy Ha 4acOBO-

My inrepsam 7735 =[t}733,t1273BJ BU3HAYAETHCSA BUPA-

3oM (1).

7. 3MeHIIeHHs pecypcy B 4Yaci.

3amacu pecypcy BBaXKAIOThCSA IMOCTIHHUMH. AJie
cnemudika maHOI TpemMeTHOi o0nacTi He JO03BOJISIE
NPUAHATH Take NpUIynieHHs. Tak, Ipu BigoOpakeHHi
MacOBAaHOI0 yAapy MOBITPSHOTO NPOTUBHHUKA €PEKTUB-
HicTh 3acTocyBaHHs cui i 3aco0iB ITY IIC Oyne 3men-
LIYBAaTUCS K 32 PAXyHOK IX MOXIIMBOTO HEpallioHaJIb-
HOT'O BHUKOPHCTaHHS, TaK 1 32 paxyHOK Oe3MOBOPOTHHX
BTpaT 0CcO0OBOroO CKJIady i OOWOBOI TEXHIKH Ha BCIX
eramax BeleHHS OoioBux aii. Takum YuHOM, 3amac
BIUIMBIB pECypCy KOHKPETHOT'O THIY € HE3POCTaouoro
¢yHkuieto yacy. Tak sik owmiHUTH Bci Qakropw, MO
BIUIMBAIOTh Ha 3MEHIIEHHS pecypcy, HEMOXJIHMBO, TO
JUISL TIOCSTHEHHS TIOCTABJICHUX IIiJIeH OTPIOHO BXKHUBATH
yci 3axo/u JJIsl 3MEHIICHHS ClialaHHs pecypey y vaci. |
KpiM TOro HEOOXiIHO BUMaratu o0 Pi3HUI MK TO-
YaTKOBMM Ta MOTOYHUM 3HAUEHHSMH 3amacy BILUIMBIB
R; pecypcy ans BCbOrO MPOMIXKKY 4Yacy BUKOHAHHS
poboTH mepeBuIyBaia O JCIKUH BCTAHOBJICHUIA MiHi-
ManbHui nopir AR;):

fan
max 3(R;,1)—3(R; ) = L(R; ).
t=0

(15)

8. MoxIUBICTh Tepenpr3HaYeHHsS Pecypcy B XOIi
BUKOHAHHSI OOHOBOTO 3aBJaHHSL.

VY mportieci TOCATHEHHsI MITFOBUX CTAHIB 4acTo ic-
HY€ MOXKJIIUBICTB MEPEPO3MOIUTY pecypcy 3 OIHiel po-
00TH Ha iHIIY, a TAaKOX IPH3HAYEHHs KUJIbKa PecypciB
JUTsi BUKOHAHHSI OJTHI€T poOOTH.

Bukopucranns amapaty dopmanizanii CHY mis
¢dopmMaizanii 3a1a4y yrnpaBIiHHS, 10 BHPIIIYIOThCS HA
ITY TIC, nependavyae HEOOXiAHICTH 3/1IHCHEHHSI KOHTPO-
JII0 KOPEKTHOCTI BCIX TI CTPYKTYpHHX €JIEMEHTIB Ha
eranax po3poOKH Ta MOMOBHEHHS 0a3u 3HaHb BIJAKPHUTOI
eKCIepTHOI cucteMu [2-3, 8]. 3HaHHA Npo NpaBuia BU-
KOpPHCTaHHSI pecypciB 1 3amacy iX BIUIMBIB € OJHHUM 3
OCHOBHHX CTPYKTYPHHX €JIEMEHTIB BUKOPHCTOBYBAHOT'O
anmapary ¢opmaiizanii, i ToMy HeoOximHa po3poOka
BiJITIOB1THOT MPOIIEYPU KOHTPOIIO iX KOPEKTHOCTI.

BucHoBku

Takum unHoM, Bukopuctanus CLIY B skocri ama-
pary ¢dopmaizauii 3a1a4 ynpaBIiHHs, IO BUPILIIYIOTh-
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ca Ha ITY IIC, nepenbauae, 1Mo OCOOIUBOCTI MPEIMET-
HOI 00iacTi, 30KpeMa, 3HaHHS MPO pecypcax, OIMHUCY-
I0ThCSL 32 JIOTIOMOTOI0 JIesIKOi JIoriyHoi Mozemi. OjHak
YKOPCTKI OOMEKEHHS, IO MPEI'IBISIOTHCS JI0 4acy BH-
pobuienns pimenns Ha ITY TIC HemoximBo 6e3mocepe-
JTHO BUKOPHCTOBYBATH CHCTEMY HEJIOTIYHHUX aKCiOM
JUIL OIMCY 3HaHb Hpo pecypcu. IlpoBenenmii aHaii3
MOKa3y€e Ha HEOOXIIHICTh B PO3POOKH MeTony (dhopMa-
mizanmii, skuii OM /M03BONMB CHOPMYBATH CTPYKTYPY
3HaHb, IO 3a0e3leuye X MPUAATHICTH Ul BUPILICHHS
3aBlaHb yrpasiinHs pecypcamu [1Y IIC B peasbHOMY
Macmitadi yacy.

BukopucTraHHs pecypciB KepOBaHOI CUCTEMH 3MiM-
CHIOETBCS HA OCHOBI CYKYITHOCTI NpaBHI, Ki chopMy-
JbOBaHI B HOPMAaTUBHHX JIOKyMeHTax (OOHOBUX craTy-

TaX, AUPEKTHBAX 1 PO3NOPSIKEHHSIX KOMaHIUPIB 1 T.I1.).
Jlani mpaBua MOXKHA PO3IUIATH HA HACTYIHI TPYITH:
HOpPMaTHBHI NpaBWJIa BUKOPUCTAHHS pecypcy, HOpMa-
TUBHI NpaBHIa BUTPATH 1 NOMOBHEHHS 3aIacy BILIMBIB
pecypcy i npaBuiia CIiJILHOrO BUKOPHCTaHHS PECYPCIB.

OOrpyHTroBaHi Ta c(hOpMYIbOBaHI HA 3MiCTOBHOMY
PiBHI Taki OCHOBHI TiIOTE€3M MOJEII PECypcCiB, sIKi MO-
KyTb OyTH BuKopucTaHi mnpu Qopmamizamii 3agay
yIIpaBJIiHHS, 010 BUpimyroThes Ha [TY TIC.

CdopMynboBaHi  peCypCHO-4acoBi  OOMEKEHHS,
SIKMM TIOBHHEH 33JI0BOJIHATH BapiaHT pIllIeHHS, IO
CHHTE3YETHCS.

HanpsiMxoM momaibIux TOCTIIKEHb € po3poOKa
MeToay (Gopmaiizamii Ta MaHIIYTIOBaHHSA 3HAHHIMH
PO MOPSIIOK 1 IpaBHiIa BUKOPUCTAHHS PECYPCIB.
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Development of a model of use of resources in an open experts system of air control point
K. Vasiuta, D. Chophenko

Abstract. It is established that the use of the structure of target installations as an apparatus for formalizing control tasks
solved at the control point of the Air Force provides that the features of the subject area, in particular, knowledge about re-
sources, are described using some logical model. The article proposes, within the framework of the formal-logical apparatus of
the structure of target installations, the development of a model for the use of resources in an open expert system of an Air Force
control center. It is established that the mathematical model of some system, in particular, the resource model, must include hy-
potheses, limitations, and assumptions. In order to formulate the main hypotheses, limitations and assumptions of the resource
model, the order and rules of resource use are analyzed. The order and basic rules for using multiple resources of a managed sys-
tem are considered. It is determined that the use of resources of a managed system is carried out on the basis of a set of rules
formulated in regulatory documents and which can be divided into the following groups: regulatory rules for the use of a re-
source, regulatory rules for consumption and replenishment of the effects of a resource, and rules for sharing resources. The main
hypotheses of the resource model are substantiated and formulated at a substantive level, which can be used to formalize the con-
trol tasks to be solved at the control point of the Air Force. A lot of illogical axioms that characterize the features of the subject
area, a set of axioms that describe the considered resource model are supplemented. Resource-time restrictions are formulated,
which must be satisfied by the solution that is synthesized. The direction of further research is the development of an appropriate
method of formalizing and manipulating knowledge about the procedure and rules for using resources.

Keywords: control point, expert system, resources, knowledge, formalization and manipulation of knowledge, structure
of target settings.
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MOJEJIIOBAHHS ITPOIIECIB PO3BUTKY CUTYAIII
ITPU BIZIMOBI IBUT'YHA HA NIOBITPAHOMY CY/JHI B ITIOJIBOTI

AnoTtanis. [IpetMeToM BUBYCHHS B CTAaTTi € MPOLIECH PO3BUTKY CUTYAIl] IPH BIIMOBI JJBUT'YHA HA IOBITPSHOMY
cynHi B nonboti. MeTor € mo0OyaoBa MOJeNi MOXKIMBOTO ITOJANBIIOr0 PO3BUTKY CHTYalii y BHITAJKY BiIMOBH
JIBUTYHA Ha MOBITPSHOMY CYZHI B NOJIBOTi. 3aBAAaHHSI: CTAaTUCTHYHUH aHaJi3 aBiallilHUX MOIH, IO CTAJIUCS 3 -
BIJIbHUMH TIOBITPSIHUMH CyJHAMHU Y KpaiHH, IPUYMHOIO SIKUX CTalla BiZIMOBA JBUI'YHA B IOJILOTI, aHAJI3 HEOOXIIHi-
CT1 TOCIIKEHHS il aBlaliifHUX CIIeIiaiiCTiB B OCOOJIMBUX BUITAAKaX 3 TOUKH 30py NPUHHSATTS HUIMH CBOEYaCHHX
MPaBWIBHUX PIIIEHb B yMOBaX 3pOCTAl0YOro IICHXOEMOLIITHOr0 HaBaHTa)KeHHs. BUKOpPHCTOBYBaHNMH MeTOTAMH
€: METOM aHaji3y i CHHTe3y CKIaJHUX iH(OPMAIiHUX CHCTEM, METOIH IMITaIliHHO-CTATHCTUYHOTO MOJICIIIOBaH-
Hs. OTpuMaHi Taki pe3yabTaTH. BeTaHOBIIEHO, O KUIBKICTH aBiallilHKUX MOAIH, OB’ I3aHKX 3 BiMOBOIO JBHT'YHa
HE Mae TeHJEHIIl 0 3HIDKeHHsS. BCTaHOBIIEHO, IO T0AaTKOBE HEPBOBO-EMOILIiHE HABAHTAXXEHHS CTA€ Ha 3aBajll
BHUKOHAHHS IUJIOTOM Ta aBiaJIMCIIETYepPOM IX OCHOBHHX IpodeciiiHux ¢yHkiii. [ToOynoBaHa Momenb MOKIUBOTO
PO3BUTKY CHTYALi1 TP BUHUKHEHHI 0COOJIMBOI0O BUIA/IKY B IIOJILOTI - BiZIMOBI JIBUI'YHA HA IOBITPSHOMY CYZAHI JUIs
11 MOAANBIIOr0 BUKOPUCTAHHS NPH MPAKTUYHIN IiJIrOTOBII aBiaJycIiedyepiB 10 A B 0COONMBHX BHUIaakax. Bue-
HOBKH. HampsMkoM momanbmmx JOCHiKEHb € po3podKa Ta MoOynoBa CHCTEMH MiATPUMKH NPHHHATTS PillleHb

JUISL yZIOCKOHAJICHHS TEXHOJIOTiT poOOTH aBiajcrieryepa ynpasiliHH HOBITPSHUM PyXOM

KawuyoBi ciroBa: BiIMOBa IBHTYHA, OCOOJIMBI BUITAJIKH, 3JIIT, II0CAJIKA, [IUIOT, aBiaucrieTyep.

Beryn

IlocTanoBKa Mpo0iaeMH y 3araJibHOMY BHIVISAI.
JlocsirHeHHsT  e(beKTHBHOCTI aBialliiHMX mepeBe3eHb
MOXITUBO JIMIIIE TIPU 3a0e3IIeueHHi BUCOKOTI0 PiBHS 0e3-
MeKH TONILOTIB. B Haml yac ayke rocTpo mocrae Ipo-
OneMa 3a0e3reveHHs] OE3MEKH IMOJBbOTIB B OCOOIMBUX
BHITAJKaX, IPUYMHAMU SKHX € BIJIMOBH aBiaIliifHOT Tex-
Hiku. B 3Ha4Hil Mipi bOMY CIIpHsi€ eKCIUTyaTalis JiTa-
JIBHUX arapaTiB, JBUTYHIB Ta KOMIUIEKTYBaJILHUX BHPO-
0iB, II0 MalOTh TOJOBXKEHHUI pecypc abo THX, 3HAXO-
ISTBCS Ha TPaHWUYHIM MeXi TEepMiHIB eKCIUTyaTarii.
Kpim Toro, BaxxiarBuM (haKTOpOM TaKOX € OPHITOJIOT Y-
Ha 00CTaHOBKA B PaiiOHi aepoIpoMy.

[Ipu BUHUKHEHHI 0COOJIMBOTO BUIIAKY il aBiau-
crieTyepa MOXKYTh BIAPI3HATUCS BiJi BCTAHOBJIEHOTO
anroputMy podotu. IIpu 11bOMy BUHUKA€E HEOOXiTHICTH
BUKOHYBaTH HECTaHIAPTHI Iii, MPOSBISATH CaMOCTiH-
HICTB Ta iHIIIATHBY B yMOBaX 3pOCTaHHS IICUXOEM OLliHi-
HOT'O HaBaHTA)KEHHSI.

[Ipn BUHUKHEHHI TaKOro OCOOJHMBOTO BUIIAJIKY,
TAKOro SIK BiIMOBA JIBUTYHA (JIBUTYHIB) Ha NOBITPSTHOMY
cymHi (I1C) mix yac BUKOHAHHS MOJIBOTY VIS IPUAHATTS
CBOEYACHUX MPABUIILHUX PillIeHb MIJIOT 1 aBiagucnerdep
MOBUHHI BOJIONITH HAaJEXKHUM pIBHEM CHELabHAX
3HaHb Ta NMPAKTUYHUX HAaBUKIB ynpammiHHs. [Ipodecio-
HaJli3M JucrieTdepa, JOCTOBIPHICTH Ta CBOEYACHICTH
HajaHol HUM iH(opMalii B 3Ha4YHIH Mipi MOXYTh BU-
3HAYUTU HACTIIOK TaKOl CUTYAIIil.

Bunukae morpeda po3poOKH MpOrpaMHOro Mmpoay-
KTy, SIKUi OW JIO3BOJIMB TiJBUIIUTHA PIiBEHb OE€3IMEKH
MOJIBOTIB 1 €(PEKTUBHOCTI POOOTH JAHUCIETYEPIB IIOIO 1X
niit npu BunukHeHHI OBII (ocoOnmBHi BHIIANOK B
TOJBOTI), TAKOTO SIK, BiMoBa JuryHa Ha [1C (moBiTpsi-
He cyznHo). Ha mowaTkoBoMy erari BUpILIEHHS AHOTO
3aBJIaHHS HEOOX1THO 3AIMCHUTH MOJICTIOBAHHS MOXKIIU-

BOTO PO3BHUTKY CHTYyallil MpH BHHUKHEHHI OCOOIHBOTO
BUIIAJIKY B ITOJIBOTI.

MeTta ctarTi — Mo0yz0Ba MOJIETi MOXITUBOTO TO-
JTANIBIIOTO PO3BUTKY CHTYAIil Y BUIIAJIKy BiIMOBH JBH-
I'YHa Ha MOBITPSHOMY CY/IHI B MOJBOTI

AHaJni3 ocTaHHIX AocaigkeHsb i mydaikaniii. Bu-
BUCHHS JIITEPaTypHUX JKEpeN MMOoKa3ajo, 10 aHaji3 aii
aBiajucrieTdyepa B HECTaHIAPTHUX CHUTYAIlisX, MOB's3a-
nux 3 OBII — BigmoBa asuryna Ha IIC B moiboti € B
nparpix gesikux aBropis (F0.Cikipaa, C. MenbHUYEHKO,
T.IlImenroBa Ta iH). AJle BOHU MarOTh JHiIe iH(GopMa-
LifiHWI XapakTep 1 He BKa3YIOTh IUIAXH HPaKTHYHOTO
BHUKOPHCTaHHS MaTepialiB B HABYAJIHHOMY Ta POOOUOMY
po1Lecax.

Takoxk iCHye psJ HAyKOBHX POOIT, IPHUCBSYECHUX
MiJrOTOBIN MUIOTIB MIOAO iX Milf B TOMY YH 1HIIOMY
OBII. Hanpukmnan B po6ori [1] mocmimkeno pyx Oara-
ToMoTopHoro [1C 3 HEMOBHOO TATOIO B pe3yNbTaTi Bij-
MOBH OJTHOTO YH O1JIbIIIC TBUTYHIB, & TAKOXK PO3paxoBa-
HO WMOBIpPHICHI XapaKTEPUCTUKH IOJIBOTY JIiTaKa 3 JBH-
T'YHOM, 110 BigMoBHUB. OmHak Oijibla 4acThHa poOOTH
MIPUCBSTYEHA aHAJII3Y il Ta peKOMEHAAIsIM eKilaxy Ta
MJIOTY TIPY BUHUKHEHHI BigMoBH nuryHa Ha [1C. Ilu-
TaHHs, IPUCBSUEHI NpoOJieMaM, SIKi BUHUKAIOTh B aBia-
JUCHETYEPIB B TAaKMX CHUTYaIlisIX HE PO3IJISAAIOTHCS.
Indopmanii Ta niTepaTypu CTOCOBHO pPEKOMEHAAIIH
JUCIIeTYEPY MO0 WOro Jiil Mpu BHHUKHEHHI BiIMOBHU
neuryHa Ha [1C B monboTi HEJOCTATHHO, TOMY JIOLIIBHO
PO3TIISTHYTH ¥ OLITBII A€TaTbHO BUBYHTH IIPOLIEC pOOOTH
JIUCTIETYEPIB Y TAKUX BHUIMAJKAX.

[Ipn HammcaHHi AaHOI CTAaTTI KOPHCHOIO Oyna iH-
¢dopMariiss 3 TakMX OCHOBHHMX JDKEPEN CTaTUCTUYHOI
inpopmanii sk [2], caiit Aviation Safety Network [3]
(6a3a maHMX 3 aBialiiHOI OE3MEKH: CTATUCTUYHI JaHi 3a
pizaumu tunamu [1C nouwmnatoun 3 1943 poky), callt
European Aviation Safety Agency (BemeTbcs 30ip na-

© Konecnuk A. B. , 3axapuenxo 1. B. , bepanix I1. T'., 2019
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HuX, mociimkenns mo BIT B €Bpomi Ta cBiTi) [4], ICAO
Accident Indent Data Reporting system (ba3a manmx
MixxHaponHoi opraHizauii IMBLIBHOI aBiamii); CalT
Airdisaster.com (He3ayie)xHe [HTepHET BUJaHHS: JIaHi MO
aBiallifHUM TIONIsIM, JeTajli30BaHa CTaTHUCTHKA IO PO-
KaM, perioHaMm, amiakommanism, tumam I1C) [5], Basza
nanux NTSB [6] (neTanbpHUI CTAaTUCTUYHUMA aHAII3 aBi-
allifHUX TIOMIH, IO CTAJUCS 10 MPUYKHI BIAMOBH JIBU-
ryna Ha [1C).

OCHOBHA YaCcTHHA

CTaTUCTUYHUHN aHaJi3 aBiallifHAX MOMIIN IOKa3ye,
10 BiIMOBA aBiaI[ifHOTO NBUTYHA 3aiiMa€ 3HAYHE MICIIe
cepel IHIMX MPUYUH aBiamiiaux nomin (7,5%) [6].

B Hamr yac icHye JOCTaTHBO BEJIHMKA KiJBKICTH PO-
6ir (Jlroneka A.M., KyszuenoB H.J., Mikynin A.A.,

[30otoB C.II., Knumos B.SI. Ta iH.), B IKUX pO3IIIsi-
HYTO NPUYUHU BiJMOBU NIBUTYHIB, a TaKOX, HacamIie-
pen, MOBOKEHHS MPY IIOMY JHCIIETYEpa i eKina)xka Ha
eTamax 3jeTy Ta mocaiku. 1li aBa eramu MonbOTy BBa-
KAIOThCS HAWOUTBII KPUTHYHUMM B  aBiamii, mI0
OB’ 13aHO 3 THM, III0 BOHU BUKOHYIOTHCS MOOJIN3Y 3eM-
Ji i Ha MajuX IIBHIKOCTSX, KOJH €()EeKTUBHICTH aepo-
JMHAMIYHUX OPraHiB yHpaBJiHHS 1 HECYYHX MOBEPXOHb
Mana. OTKke pe3epBy 4Hacy Ta IPOCTOPY Ul BHIIPaB-
JICHHSI HaBiTh HE3HAYHHMX TOMMIIOK IpocTto Hemae. On-
HAK HE MCHII Ba)XJIHBHM €TallOM IOJBOTY € TOPH30H-
TaIbHUHN TOMIT, M Yac SIKOTO0 TaKO)K MaloTh MICIE Ka-
TacTpodiuHi cuTyarii.

Ha oCHOBI CTaTUCTHKH BiIMOB aBiallifHUX JBUTY-
HiB [3] Ha pi3HUX eTamnax MOJbOTY 32 OCTAHHE JIECSATH-
JTTS MO0y I0BaHO Jiarpamy (puc. 1).
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Puc. 1. Po3moain KitbKOCTI BUIIAJKIB BiZIMOB IBUT'YHIB 32 eTarnamy nossoty [1C

3 HaBeIEHOI JiarpaMu BHIHO, IO €Tar T'OpU30H-
TaJbHOTO TONBOTY (KpPEeHCEepChKHU IMOJIT) € HE MEHII
BKJIMBUM €TAllOM IPU aHaJi3i BUIAIKIB BiMOB IIBHU-
T'yHa.

Jlami HaBeneHO aHaIi3 CTaHy OC3MEKH MONBOTIB 3a
pe3yapTaTaMu PO3CIiTyBaHHS IOIM 1 IHIMICHTIB 3a
OCTaHHI POKH, IO CTAJTUCS 3 IMBUILHUMH TTOBITPSHUMHU
cymHaMu Y KpaiHu, sKi BHeCeHi 10 Jlep)KaBHOTO PeecTpy
muBUIbHUX T1C.

B Tabn. 1 HaBeneHO BiZIOMOCTI IIO/I0 KUTBKOCTI Bi-
JIMOB JIBUT'YHIB, III0 MaJid Micle 3 modatky 2016 poky
o nepie miBpivust 2019 poxy 3 MOBITPSIHUMYU CYIHAMH
VYkpainu [7-10].

Tabnuys 1 — Po3nonia KiTbKoCTi BiTMOB ABUTYHIB

3a poKamMu
Poxn 2016 | 2017 | 2018 |1 mi. 2019
KinbkicTs BiiMOB 3 9 7 7
JIBUTYHA

Cepen BUIIB BiZIMOB, IO TPAaIUIsUTHCh 3 aBialliiiHU-
MU JIBUTYHAMH CITiJi 3a3HaYUTH HACTYITHI: TTOBHA BiZIMOBa
JIBUTYHA, TAJIHHS [TOTY)KHOCTI, CaMOBLUJIbHE BUMKHEHHS,
3HWKEHHSI TUCKY Macja B JIBUTYHI, TIOIIKOPKEHHS JBU-
T'yHa BHACJIJIOK TIOMAaJ@aHHs NTaxiB, MEPEBHUIICHHS eKc-
IUTyaTalifHIX 0OMeXeHb MapaMeTpiB JBUTYHA.

Jlyist OinbIn KOPEKTHOI OIIHKH pe3yJbTaTiB MpOBe-
JIEHOTO aHaNi3y BUIAJKU BiIMOB JIBUTYHA CJIiJ PO3IJIsi-

JIATH Y BITHOIICHHI IO 3arajibHOI KiJBKOCTI aBialliiHUX
MOAIN Ta IHIMACHTIB, SIKi CTAJHCS 3a Mepio, 10 aHai-
3yethes (puc. 2). [IpoananizyBaBium KitbKicTh N 3apee-
cTpoBaHuX BiaMoB 3 2016 mo 2019 poku [7-10] (puc.2)
0auyuMo, 10 TEHIEHINT 10 3MEHIIEHHs KiJIbKOCTI BHIIa-
JIKiB, TIOB’s13a-HUX 3 BiIMOBOIO JBUTYHA HE CIIOCTEpira-
eTbcsl. Alle 3a TOi camuii mepiox B YkpaiHi 30inbin-
JIach KiIBKICTh TO/IMH 3arajibHOrO HANBOTY (pHC. 3).

OTKe CTaTHCTUKY BHUIIAJAKIB BIiJIMOB aBialliiHHX
JIBUTYHIB B TIOJBOTI CINiJl aHANI3YBaTH 3 YpaxXyBaHHS
3arajbHOi KiJIbKOCTI JILOTHUX TOJIMH Ha PiK.

3 BigHOmeHHs N BiJMOB aBiallifHUX JBUTYHIB Ha
IIC nmo xingpkocTi M TouH HaJBOTY 3a KOXKCH piK, Ma€e-
MO CEepEIHIO KiJIBKICTh BiIMOB aBiaIlifHUX NBUTYHIB Ha
100 tuc. rogun Hanmsoty (K) (Tadm. 2).

Tabnuys 2 — Cepennsi KUIbKiCTH BiAMOB aBiamiiiHnx
aBuryHis 100 Tuc. roguH HaJIBLOTY

Poxu 2016 | 2017 | 2018 |1 mis. 2019
K L1 | 3,1 2,3 4,7

[MoOynyemo niHito TpeHny, sika rpadidHo Bimo-
Opakae TEHACHIIi JaHUX 1 MPOTHO3Y€E iXHI MOJaNbIIi
3minu. JliHis TpeHay mMae HacTynmHuW BUrsn (puc. 4).
Baunmo, 1m0 He3BakarO4YM Ha Te, IO KOHCTPYKTOPH
MOCTIHHO YIAOCKOHAJIOIOTh HAMIWHICTE 1 TPUBANICTH
eKCIUTyaTallii aBiallifHUX JBUTYHIB, KUJIBKICTh BiJIMOB
Ma€ TEHAEHIIIO 10 3POCTAaHHSL.
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Puc. 3. Kinpkicts rogus 3aransHoro Hanpoty [1C
LMBUIBHOI aBiawii Ykpainu ( 1o pokax)
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Puc. 4. lunamiynuii aHai3 piBHs O€3I1E€KH IOIBOTIB
10 ¥IMOBIpHOCTI aBiawniiHol nmoxii «Bigmosa neuryna Ha I1C»

3 HaBeJEHUX BHWIIE DPE3YJIbTATIB aHaIi3y MOXKHA
3pOOUTH BUCHOBOK, IO TPOOJeMa BiMOBH aBialiiHUX
JIBUTYHIB Ha CYYaCHOMY eTall SIBJISIETbCS JOCTATHHO
aKTyaJIbHOIO.

OcraTouHe pillleHHS BiHOCHO MOJAJIBIIOTO IIPO-
JIOBXKEHHSI TIOJILOTY TIPH TOSIBI OCOOJIUBOTO BUIMAAKY Y
MOJNBOTI HOPMATUBHUMHU JOKYMEHTAMH MOKJIAJEHO Ha
komanmupa [1C, ane aBiaaucrnerdep Mae MOCTIHHO OyTH
TOTOBHMM JI0 BU/Iaui Bi/IMOBIAHOI PEKOMEHAALIT HE JIHIIIe
OO il eKiMaky B JaHHH MOMEHT, aji¢ W IIOA0 Ipo-
THO3YBaHHS TOAAIBLIOr0 PO3BUTKY CHUTYyalii, MIOI0
Tepexoy 3 aBapiiiHOI B KaTtacTpodiyHy.

3rigHo i3 cratuctukoro [11], B mogiOHUX cutyarti-
ax y 30-45% BumazakiB miJIOTH HE MOXYTb HPUHHATH
JKOJIHOTO pillIeHHsI Yepe3 MCUXONOTiYHui cTpec, B 25-
35% BUMaaKiB BOHU NPUIMAIOTh HEaeKBaTHI PIllICHHS.

Aute He MOXKHa 3a0yBaTH, 10 B KPUTUYHUX CHUTYa-
LisiX, HEPBOBO-EMOILIiiHA HAIlpyra aBialliiHUX IWCIIET-
YepiB TAaKOXK Pi3KO 3POCTAE:

- 20% 3 HUX HE MOXYTh OLIIHUTH CUTYaIlil0, 1 TOMY
HE MPUIMalOTh JKOJHOTO PillleHHH,

- 10% — npuiiMaroTh HENpaBUJIbHI PilICHHS,

- 22% — BHAAaloTh B «CTYIIOPO3HUIN» CTaH 1 HE
TIOTh,
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- 34% — BUKOHYIOTH HENOTPIOHi Xii 1 JuIe mmori-
puIytoTh curyanito [11].

HeoOXigHiCTh IpH OMY HAaJATH BiAMOBIAHY IO-
TIOMOT'Y BHUKJIMKA€ JIOJaTKOBY HEPBOBO-EMOIIIHHY Ha-
Npyry 1 CTae Ha TEPEelIKOAlI BUKOHAHHS JIHCIIETYEPOM
HOro OCHOBHUX NPO(eCiiHUX QYHKIIIH.

[Ipobnema mpodeciiHol MiArOTOBKH aBiaUCIICT-
YepiB B €KCTPEMAaJIbHUX MOJBOTHUX CHUTYaIisIX B Hall
Yac npuadana ocoOJIMBOroO 3HAYEHHs y BCIX KpaiHax, y
TOMY 4HCIi 1 B YKpaiHi.

VY I0CKOHaJIEHHSI OLIHKU CHTYyaIlii, METO/IiB Ta al-
TOPUTMIB ITPUHHATTS pillleHb B YMOBaX BiMOBH JIBUTY-
Ha € aKTyaJIbHOIO Ta CY4aCHOIO 3aJIauero JIOCIIKEHHSL.

Tomy moriibHO OyJ10 MOOYIyBaTH MOJEIH MOX-
JIUBOTO TOAAJBIIOr0 PO3BUTKY CHUTYallili y BUIAIKy
BimMoBH JBuryHa Ha [1C B monborti (puc.5).

Jis moOynoBu naHoi Mopzelni OyJo BUKOPHCTaHO
iH(opMaIlifo i3 TOCTYIMHUX 0a3 JaHWX IO MOJIsM, iHITU-
JIEHTaM Ta aBialiiHUX KaTtacTpodam, IO TPAIUIUCS
paHilie 3 IOBITPSIHUMH CYTHAMHU.

Jana ingopmariist 30MpaeTbes i aHATI3YETHCS, Mi-
JKHapOIHUMH ¥ HAIlOHAJHHUMH OpraHi3alisiMu, a Ta-
KOXX OKPEMHUMH aBlaKOMITaHIsIMU.

Byno npoanainizoBano 100 BumaakiB BiIMOBHU aBi-
allifHUX JBUTYHIB ¥ Ha Wi OCHOBI B MPOIEHTHOMY

CHiBBI/IHOIIIEHHI BUCBITJIEHO MOXJIMBICTh PO3BHUTKY Ti€l
4y iHIOI curyarii. OTKe y NPOLEHTHOMY CITiBBiJHO-
LIEHHI KIJIbKICTh KaTacTpO(iuHUX CUTYalil 1 KUIBKICTh
BUIIAJIKIB BJIAJIOTO 3aBEPLICHHS MOJILOTY CKIaaae 25-
30%, ToOTO Maibke piBHI. Bunanku, Konu MOJIBOTH IO-
BITPSIHOTO CyZIHa 3 BiZIMOBOIO JIBUTYHA 3aBEPUIYIOTHCS 3
pI3HOTO pOJy MOMIKO/KEHHSIMUA KOHCTPYKIIH JiTaka,
YH, HABITh, HASBHOCTI MOCTPaXIANINX, JOCATAIOTh Maii-
e nostoBuHH (50%) Bumankis. Ile, B cBOtO uepry, 3Ha-
YHO MOTIpIIYyE piBEeHb O€3IeKH UBIJILHOT aBiarlii.
Tomy mopanblie BUBUYEHHSI TAKOTO OCOOJIMBOTO BUTIA[-
Ky B IOJNBOTI, SIK BiZIMOBa aBialliifHOro JIBUT'yHa 1 Ha-
camriepe/i MPOrHO3YBaHHS ITOJANIBIIOT0 PO3BUTKY 0CO0-
JIMBOI CUTYalii B OJIBOTI, SIKIIIO BOHA CTaJacs, sIBJISETh-
Cs IOCTaTHHO aKTyaJbHUM HE TUIBKH JUISl eKiMaxy MOBi-
TPSIHOTO Cy/IHA, aje ¥ Juid MaiOyTHIX Ta JAil0YHMX aBia-
mucnerdepiB. CaMe CBO€4acHi Ta NpaBHJIbHI PEKOMEH-
Jarii eKimax<y, HaJaHi aBialliiHUM TUCIICTYEPOM, 3HAY-
HO CIIPUSIIOTH BIAJIOMY BUPIIIEHHIO POOJIEMHU.
3anpornoHoBany MoJenb (pUC. 5) MOXIHMBOIO MO-
JTANIBIIOTO PO3BUTKY CUTYalill y BUIIAJIKy BiIMOBH JBH-
I'yHa Ha IOBITPSHOMY CYIHI B TNOJBOTI B IOAAJBIIIH
poboTi Oyne BHKOPUCTAHO NpH po3poOli Ta MoOYAOBi
CHCTEMH MIiATPUMKH MPUHHATTS pillleHb aBiajucIieTye-
pa «<HELP».

MeTH3aIli €10
I1C

qu/a60 B cajioni IIC

A 4

A 4

CHCTEM Ta TPyAHOUII
3 kepyBanHsam I1C

3irknenns | | Tpodmemn 3 | | 3ynunka | | Ioxexa || Hecridika || pop opo o Husbxmid
3mraxom | | cucremoro || auryma || mBuryna podora Y]:Bz:m Hpobaemu 3| | rycx mac-
€JIEKTPO ABUTYHA HATHBOM THIA
MoCTAYaHHS
\ 4 A 4 A 4 A 4 \ 4 \ 4 \ 4
BIIMOBA JIBUT'YHA HA IIOBITPSAHOMY CY/JHI

\ 4 A 4 A4

Mpobaemu 3 rep-| | [Tomkesxa B Kabini exinaxy Brpara GoproBux Monanbma

Jexommpecis

A 4

A 4

BiAMOBa IBHIY-
HiB

A 4

ABAPIVHE 3HUKEHHSA MTOBITPSIHOT'O CYJIHA (ITEPEXI]I B PEXKUM «(IIJTAHYBAHHS T1C»)

l

A 4

4 A 4

A 4

3MiHa emiesIonHYy]|
MOJILOTY

Brpara pagio- 3
i i JINBAHHSA . .
Te1e)OHHOro Binxunenns Bin Map- Ta wieniB ekinaxa yepes
3B 3Ky wpyTy No.ILOTY famea HeCTauy KHCHIO

Brpara cBigomocri nacamnpin'

A 4

4

A 4

AEPOJIPOMI U MAHJJAHUYUKY

BUMYIIEHA ITOCAJIKA JIITAKA HA HAUBJIWXYOMY, IPUJATHOMY JIJIS1 IOCAJIKHA

Puc. 5. Mozenb MOXIIMBOrO IOAANIBIIOTO PO3BUTKY CUTYaLIil
nipu BuHEKHeHHI OBII — BimoBa nsuryHa Ha [1C B monmboTi
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Konmponb kocmiunozo ma nogsimpanozo npocmopy

Taka cuctema J03BOJHMTH 3HAYHO 3MEHIIUTU 4Yac,
HEOOXIMHMI eKiMaxKy Ta aBiaJucreT4epy Ha BHU3HAYCH-
HS ONITUMAJILHOT'O BapiaHTy 3aBEpIICHHS MOJILOTY B pasi
BUHUKHEHHS T03aIITATHOI CUTYaIlii — BIIMOBa JABUTYHA
Ha [IC B nonboTi 3 ypaxyBaHHSM MOKa3HUKa HMOBIpHO-
CTI BIAJIOTO 3aBEPILICHHS IOJBOTY MPH OIiHII BHOOPY
MOTEHIIIHOT'0 MiCLISl TOCAIKH.

BucHoBKH i HANPAMKH
NOJANBIINX JOCTIIKEHb

Pe3ysnbraTn aHami3y aBialliiHUX MMOMIH Ay 3MOTy
3a3HAYUTH TOJIOBHE MPOTHPIYYS: MK 3pOCTAOUOI0 PO-
JUII0 JIUCTIETYEPIB YIPABIiHHS IIOBITPSHUM DPYXOM B
IiJIBUILCHHI O€3TEeKH MOJIBOTIB i BiICYTHICTIO HAYKOBO
00IpYHTOBAHOI METOIMKY HABYAHHS 1X HA OCHOBI aHAJi-
3y aBialliiHUX MOiH, OB’ SI3aHUX 3 OCOOJMBUMH BHIIA-
JIKaMU B IIOJIBOTI.

[IpoBeneHO CTAaTUCTUYHUI aHAIII3 aBiaIliiiHUX TO-
IiHi, 110 CTajucs 3 UMBUIBHUMHU TOBITPSIHUMH CYIHAMH

VYkpainu, NPUYMHOIO SIKMX CTajla BiJ]MOBa JBUTYHA B
nonboTi. B pe3ynbpraTi maHoro aHamizy BCTaHOBIIEHO,
IO KIJILKICTh aBilal(ifHUX MO, ITOB’SA3aHUX 3 BiIMO-
BOIO JIBUTYHA HE Ma€ TEHJEHIIIi 1O 3HWKEHHS, 1110 CBif-
YHUTH MPO aKTYAIBHICTh TAaHOI MPOOIEMH.

[IpoBeneHo aHaii3 MPUHAHATTS pillleHb KOMaHIH-
paMu HOBITPSIHUX CYy/EH Ta aBiaJucreryepaMu y ocoo-
JUBHUX BUIAIKaxX B MoiboTi. BeranosieHo, mo nonat-
KOBE HEPBOBO-EMOIIifiHE HaBaHTa)XEHHS CTa€ Ha 3aBaji
BHUKOHAHHIO ITIJIOTOM Ta aBiaJMCIIETYEPOM IX OCHOBHHX
nipoeciftHuX (YHKITIH.

Y pob6oTi mo0ym0BaHO MOJETh MOXKIMBOI'O IT0JIa-
JIBILIOTO PO3BUTKY CUTYallill y BUNIAJIKy BiJIMOBU JIBHUTY-
Ha Ha MOBITPSHOMY Cy/HI B oyboTi. OTpUMaHi pe3yiib-
TaTH JI03BOJISIIOTH PO3POOHTH PEKOMEHIAIT 10 BJJOCKO-
HAJICHHIO TEXHOJIOTl poOOTH aBiaJucIeTdepa yIpaB-
JIHHS TIOBITPSIHUM PYXOM IPH BUHHKHEHHI OCOOJIMBOTO
BHUIIAJIKy B MOJIOTI — BigMoBa aBuryHa Ha [IC, a takox
CTBOPUTH CHCTEMY IiITPUMKH IPUHHSTTS PillIeHb.
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Modeling of the processes of developing situations for aircraft engine failure in flight
A. Kolesnik, I. Zakharchenko, P. Berdnik

Abstract. The subject matter of the article is the development of the situation when the engine fails in an aircraft.
The goal is to build a model of the possible further development of the situation in case of engine failure in an aircraft in
flight. The tasks are: a statistical analysis of aviation events that occurred with civil aircraft of Ukraine, the cause of
which was the engine failure in flight; analysis the need to study the actions of aviation specialists in special cases from
the point of view of making timely, correct decisions in the face of a growing psychoemotional load. The methods used
are: methods of analysis and synthesis of complex information systems, methods of simulation and statistical modeling.
The following results were obtained. It has been established that the number of accidents related to engine failure does not
tend to decrease. It has been established that the additional neuro-emotional load impedes the fulfillment by the pilot and
air traffic controller of their basic professional functions. Model of possible situation development in case of a special case
in flight - engine failure on an aircraft is built for its further use in practical training of air traffic controllers for action in
special cases. Conclusions. The results obtained allow us to develop recommendations for improving the technology of
operation of the air traffic controller air traffic control in case of a special case in flight - engine failure on the aircraft, as
well as to create a decision support system. The direction of further research is development and construction of a decision
support system to improve the operation of the air traffic controller.

Keywords: engine failure, special cases, takeoff, landing, pilot, air traffic controller.
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IMITAIIMHE MOJEJIIOBAHHS ITPOLIECIB YIIPABJITHHSI
EHEPTOPECYPCAMMU METAJTYPTTHHOI'O IIIIPUEMCTBA

AHoTanisi. Po3pobneHo arenTHy imitauiiiHy Mozenps aHali3y HPOLECIB YIPaBIiHHI €HEpPropecypcaMu MeTalypriiHoro
MATIPUEMCTBA TIPY peatizamii nmoprdens npoekTiB eHeprozoepexenHs. Po3kpuro ocodnmBocti iHpopMmaniiHol B3aeMoii
areHTiB B MYJIBTHArGHTHIH CHCTEMi, 32 PaXyHOK MEXaHi3MiB, IOB'S3aHUX 3 JELEHTPalli30BaHUM MYJIBTUIPOSKTHUM
IUIAHYBAHHSAM, 110 BKJIIOYAE BUPIIICHHA PECYPCHUX KOH(JIIIKTIB NPY BUKOHAHHI 3aBJaHb, MOIIYK HAHOLIbII ONTUMAJIBHUX
pecypciB, IIpU BUKOPHCTAHHI SIKMX BHKOHAHHS poOiT Oyzne BinOyBaTHcs Ha HaWOLIbII BUTiAHMX yMOBaxX. BukopucraHHs
JIaHOI MOJeNi JI03BOJISIE MOCHTIJOBHO HMPOBOAUTH aHAJi3 IPOEKTIB 3 METOH BUSBJICHHS MOXJIMBOCTI iX peanisawii Ha
MANPUEMCTBI, Y3rODKYBATH IUIaHM peaii3alii MpOeKTiB 1 IUIaHM MANPUEMCTBA HA PI3HUX DIBHAX IUIAHYBAaHHS.
3anpornoHoBaHU MiAXiJ Ma€ BiAMIHHI PUCH: IHTErpawis CTPATEriyHUX pilleHb (IPUHHATH a00 BIAXMWIMTH HOBI IIPOEKTH) i
OIEepPaTHBHUX ACIEKTIiB (PO3MOJILI PECYPCiB); MOXKIMBICTD THYYKOI'O YIIPaBIIiHHS PECypCaMH.

KawuyoBi cioBa: nmoprgens MpoekTiB eHepro30epekeH s, peasli3yeMiCTh IIPOEKTY, PU3UK, PO3IIOILI peCypciB, areHTHA

MOJielIb, METaTypriiiHe HiJIPUEMCTBO.

Beryn

IMocTtanoBka npodiaemu. GopMyBaHHS HayKOBO-
OOTpYHTOBAHOI CTpaTerii eHepro30epekeHHsT Mae JIyxKe
BaXXJIUBE 3HAYEHHS ISl METAJTYPriHHHUX IiJIIPHUEMCTB
IIpH peaizaliii mijiel mo eKOHOMIii CHePreTHYHHUX pPecy-
PCiB, CKOpOUYCHHS BUKHUJIIB, MiHIMI3aIlil BUTPAT 1 ITiJBH-
IICHHSA e(EKTUBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI.
3araspHa MeTa IiJBHUIICHHS €HEproeeKTUBHOCTI Ha
MANPUEMCTB]  peaji3yeTbCsl Ha OCHOBI  YIpaBIiHHS
nopTdeneM eHepro30epirarounx MPOCKTIB, SKI CIPSIMO-
BaHI Ha BUKOHAHHS TaKHWX 3aBJIaHb: ONTHMI3allisi eHep-
TeTUYHOrO OajlaHCy;, MiHIMi3allis CHOKUBAaHHS E€HEpPro-
pecypciB (majMBa — MPUPOJHOrO Ta JOMEHHOTO Tasy,
eJIEKTPOEHEPril, TEIJIOBOI eHeprii); onTuMi3alis eHep-
roeeKTUBHOCTI Ta iH. OWiHUTH 1 BigiOpaTu Iy pearti-
3allii MPOEKTH eHepro30epirarounx 3axoiB, 00'€KTUBHO
OLIIHUTH YaCTKY KOXXHOT'O EHEPropecypcy B 3arajJbHOMY
TIOTOL, BU3HAYUTH €HEPrOEMHICTh OKPEMOT'0 BUPOOHHU-
UTBa, II€XY, BCHOTO MiANPUEMCTBA, CKOPEryBaTH CTpa-
TEriYHUI HANpsIMOK B YIPaBIliHHI €HEpPropecypcamu
JIO3BOJIUTH HASBHICT MOJIENII E€HEPrOCIIOKHMBAaHHS Ha
mignpueMcTBi. [y peanizaliii ONTHMAaJbHOIO VIIpaB-
JIHHSL €HEPreTHYHUMH ITOTOKaMHU MPOIOHYETHCSI METO],
SIKMH BUKOPUCTOBYE MYJIbTHAT€HTHUH MMiJIXiJ], 0 TOJIs-
ra€ B (OPMyBaHHI CHIJIbHOTH arcHTIB CHEPrOCIIOXKHU-
BaHHS, EHEPrOIIEPETBOPEHHs, €HEepProBUpOOHHUITBA i
TIOKYTIKK €JIEKTPOEHEPTii Ha 30BHIIIHBOMY PHHKY.

AHaJti3 ocTaHHIX HocaigxeHsb i myosaikamii. Jle-
SIKI OCOOJIMBOCTI MOJIETIOBAHHS €HEPrOCIIOKUBAHHS Ha
BEPXHBOMY DIBHI YIIPaBIiHHS PO3IIISAAIOTHCS B pO0O-
Ti [1]. ABTOpamMH BH3HA4€HO OCHOBHI 3aKOHOMipHOCTI
(OpMyBaHHS EHEpProCIIOKMBAaHHS Ha METATYPriHHUX
i IPHUEMCTBAX.

B poborti [2] BUKOPHCTOBYIOTHCS TIOPHIHI MEpExi
[erpi mns MonenroBaHHS Ta aHaJi3y MeETANypriiiHHUX
nporieciB. /lHaMiuyHHH TOTIK MaTepiaiiB i 3MiHK B pea-

JIBHOMY 4Yaci KO)KHOI'O TEXHOJIOTIYHOTO CTaHy B MeTa-
JTyprifHOMY MpoIeci HA0YHO MOJENIOITHCS 3a JOMOo-
MOTOI0 I1i€1 MOJEI.

B poboti [3] posrmispaeTbest mpobiema MOJENo-
BaHHJ BUPOOHHUIITBA 1 CIIOKMBAHHS CJICKTPOCHEPTIl B Ti0-
pUAHHX eHeprocucteMax. MoenoBaHHs JTO3BOIIIIIO PO3-
paxyBaTH ONTUMAIBHY KiJIbKICTh 1 MapaMeTpu KOMIIO-
HEHT OTPUMAaHHS BiJIHOBIIIOBAHOI €IEKTPOCHEPTii B 3a1e-
YKHOCTI BIJI IPOrHO30BaHOI OTPEOH B 11 CIIO’KUBaHHI.

VY poborti [4], BuxoasIuu 3 3a0e3MeueHHs CTa0iIb-
HOCTiI €HEeprornocTadyaHHs Ta HOPMaJbHOI Oe3NeKu BU-
POOHUIITBA, BUKOPHCTOBYBAJICS METOJ MaTeMaTHYHOTO
MporpamMyBaHHSI Ta MOJIENb JUHAMIYHOI MaTeMaTU4HOI
OINTHMi3amii Uil BCTAHOBJICHHS HaJUTUIIKIB ra3zy B OI-
TUMaJIbHOMY PO3MOALT cepell OydepHUX CIOXKHMBAYiB
Ta AucIieTYepr3anii BApOOHUIITBA Mapy.

Oco0aMBOCTI HOPMYBaHHS CIIOXKMBaHHS EJIEKTPO-
eHeprii y BUPOOHHUITBI Ha MiANPUEMCTBAX YOpHOI Me-
Tanyprii HaBeneHo y poOori [5]. ABropamu onmcaHo
0araTopiBHEBY CTPYKTYpy HOPMYBaHHS CIOXKHBaHHS
€JIEKTPOEHEPTil 3a pe3yJIbTaTaMH A0CITiHKEHHSI.

Y poOoti [6] HaBeACHO METOJ OIIHKH CTaHy
YIIpaBJIiHHS €HepropecypcaMy B TipHUYOPYAHIH Ta Me-
TANYprifiHiA rany3six 3a JOIMOMOrOI0 MYJIBTHILTIKATHB-
HOI MOJIeNi BIUIMBY TEXHOJIOTIYHHMX Ta YHPaBIIiHCHKUX
(bakTOpiB Ta 3aCTOCYBaHHS TEOPil AUCKPUMIiHAIIIT.

VY pobori [7] npencraBieHi pe3yJabTaTH ONTHMi3a-
il BUTPAT Ha EJIEKTPOSHEPTil0 Ha NMPHKJIAIl OTHOTO 3
METaJIypriiHUX MiIIPUEMCTB, HABEIEHO OCHOBHI BiJO-
MOCTiI NP0 pO3pOOJIEHHSI IMITAI[IfHOI MOIeNi Ta erar
ornTUMi3arii.

B pob6oti [8] chopMynboBaHi OCHOBHI MPOOIEMH
YIIPaBJIiHHS €JIEKTPOCIIOKUBAHHIM 1 €HEpro3oepekeH-
HSM B METaIypriiHOMY BHUpPOOHMITBI, PO3IIISHYTI 3a-
BJaHHS HOPMYBaHHs, IUIAaHYBaHHS EHEPrOBHTpaT 3a
PIBHSIMU yIpaBJIiHHSA. ABTOpaMH 3alpoOIIOHOBAHUH Me-
TOJ| TIPOTHO3YBAaHHSI BUTPAT EHEPropecypciB, 3acCHOBA-
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Ynpaeninnn ¢ cknaonux cucmemax

HUI Ha MOOYIOBI perpeciiHuX Mojenel 3 BKIIOYEHHIM
(dakrTopy yacy.

PineHHs 3aBmaHHS TPOTHO3YBaHHS EJIEKTPOCHO-
JKUBaHHSA Ha OCHOBI 0araTo()akTOPHOI'O perpeciiHoro i
KOpENAIIHHOrO aHaNi3iB HaBeaeHo B podoTax [9; 10].

B po6ori [11] nana maTeMaTH4YHA TOCTAHOBKA 3a-
Jladi ONTUMAJILHOTO TPOTHO3Y CIIOKMBAHHS Tra3zy Ha
METaJypridHOMY MiANPUEMCTBI MO TEXHIKO-E€KOHOMiY-
HIM KpHTEpIsX, sKa 3BEJCHA JIO CIICIiali30BaHOI 3a1a4i
HEJHIHHOTO MaTeMaTHYHOTO IPOrpaMyBaHHSI.

MynpTHareHTHUN MiAXiA 10 YHpaeiiHHS mopTde-
JIeM TPOEKTIB posrsiiaeThess B [12]. ABTOp HaBOIUTH
CHCTEMHY apXiTeKTypy areHTHOI MOJeNi, I (yHKIio-
HYBaHHS i OCOOJIMBOCTI IpOrpaMHOI peaiizamii pi3HHX
areHtiB. OTHaK 32 MEXaMU BUKJIa Ty 3aJIHIIAINCS MOJIEN
TIOBE/IIHKM areHTIiB MPU BUPIIIEHHI 33/1a4 MOPTHETHHOr0
VIIPaBJIiHHA. MyJbTHATCHTHI TEXHOJOTIT MaroTh 3HAYHI
repeBary 3 TOYKH 30py MOOY/I0BH aBTOHOMHUX, aJlalTH-
BHUX, 3 MOKJIMBOCTSIMH ayKI[IOHHOI i CKOOpPAWHOBAHOI
B3a€EMOIii CBOiX €JIEMEHTIB CHCTEM MOJIEIIIOBAHHS, IO
POOHTH iX KpallliM MiIX0[0M JjIs BHPIIICHHS 3aBIaHHS
JIEIIEHTPAII30BAHOTO MYJIbTUITPOEKTHOTO IJIaHYBaHHSL.

Meta crtarTi — pO3pOOJEHHS areHTHOi Mozedwi
YIIPaBJIiHHSA PO3IOIIIOM EHEPropecypciB, Mo 0a3yeThes
Ha B3a€MOJIIi areHTIB MOCTAYaJIbHUKIB, areHTIB CIIOXKH-
BaHHS, areHTiB BUPOOHMITBA 1 areHTIB NEPETBOPEHHS
€HEepPropecypciB, IO BUKOHYIOTH IMOMIYK BiAMOBIIHOCTI
Ha BHYTPIIIHBOMY «PHHKY» HasBHHX E€HEPropecypciB
200 30BHIITHBOMY €HEPTrOPHHKY.

ImiTaniiina Moaes b eHeprocnoKUBaHHSA
HA MeTATYPriliHOMY MiMpUEMCTBI

ATeHTHEe MOJENIOBaHHS Mependavae, o MOJEIb
BKIIIOYA€ MHOKMHY B3a€EMOJIIIOYMX MK COOOIO 1 3 30B-
HIITHIM CEPEIOBHINEM arcHTiB — iHpopMamiiHux (mpo-
IpaMHUX) €JIEMEHTIB, SIKI MalOTh CBOI ITiJIi 1 3aBIaHHS,
BHYTPIIIHIH CTaH 1 MpaBuiIa MOBEIHKH.

BigMiHHOIO OCOOIMBICTIO ar€HTHHUX MOJIETIEH € Te,
1110, BOHU JIEIIEHTPaIIi30BaHi i B HUX BiJCYTHS LIEHTpaJIi-
30BaHa IIOBEJiHKa cucTeMH B 1ijomy. Lli mMoximBocTi
PaaMKaIbHO BiIPi3HSAIOTH ar¢HTHI CUCTEMH Bij ICHYIO-
YHUX (OGKOPCTKO» OPraHi30BaHHX MOJENIOIOYHX Mporpa-
MHHX CHUCTEM, 3a0€3IeuyloUH iM TaKy NPUHIMIOBO Ba-
JKIJIUBY HOBY BJIACTUBICTB, SIK 3/IaTHICTH JI0 CAMOOPTaHi-
3anii. [Ipn npoMy OKpeMi aBTOHOMHI «4aCTHHU» MOJIe-
JIIOIOYO] MPOrpaMyu — areHTH — OTPUMYIOTh MOXKJIMBICTh
CaMOCTIHHO TpUMAaTH PIllIeHHS 1 JOMOBJIATHUCS TIPO TE,
SIK TIOBUHHI BHUPIIITYBaTHCS 3aBJaHHs], BOHH HAO0YBaIOTh
BJIACHY aKTHBHICTb 1 MOXXYTb BCTYNAaTH B Di3HI BiJTHO-
CHHH MiX COOOF0, THII[IFOBATH Jialor 3 KOPUCTYBA4eM B
3a3Janeriib He BU3Ha4eHI MOMEHTH 4acy Tomo. Takum
YMHOM, BH3HAYAE€THCS IMOBEAIHKA HA IHAWBIAyalIbHOMY
piBHI, a TyIo0aJibHA TMOBEIIHKA BUHHKAE SIK PE3yJIbTAT
MIsUTBHOCTI 0araThoX areHTiB, KOKEH 3 SKUX Ma€ CBOI
BJIACHI TpaBwia, (YHKI[IOHYE B 3arajJbHOMY CEpEIOBHU-
I1i 1 B3aEMOJII€ 13 CEPEOBHUIIIEM 1 3 IHITUMH arcHTaMH.

Posrismatoun OCHOBHI MepeBard areHTHOI'O ITiJi-
X0y TpH iMiTalifHOMY MOJIENTIOBaHHI ITPOIIECIB yIpas-
JIHHS €HEPrOCIIOKMBAHHIM Ha MeTalyprilHOMY ITiAr-
PHEMCTBI, CJIi/1 3a3HAYUTH HACTYITHE:

- NPUHIUI aBTOHOMHOCTI DPi3HMX YacTHH MOjie-
JIIOIOYOI TPOrpaMH (areHTiB), CHUIBHO (DYHKI[IOHYIOUHX

B PO3IOALIEHOI CUCTEMI, Jie OJIHOYACHO MPOTIKaE MHO-
)KMHA B3a€MOIIOB'SI3aHUX MPOLIECIB;

- HasABHICTH €JICMEHTIB IHAMBITyaIbHOI MOBEIIHKA
(Bix mpocTUX YMOB i 0OMEXEHb, JI0 CKJIJHUX, SIKI Bpa-
XOBYIOTB IIiJIi Ta CTparerii);

- areHTH MaroTh MOXIIMBICTh HABYATHUCS, aJalTy-
BaTHUCS 1 3MIHIOBaTH CBOIO ITOBEIIHKY, MaTH JHHAMIYHI
3B"SI3KM 3 IHIIMMH areHTaMH, siKi MOXKYTh (hOpMYBaTHUCS
1 3HUKATH B ITporeci (yHKI[IOHYBaHHS 1 1H.

3acTocyBaHHSI MYJIBTHAT€HTHOTO MiJIXOMy B 3aja-
Yax IMITaliifHOrO MOJIENIOBaHHS BUPOOHHYHMX CHCTEM
BUMarae BHpIIMICHHS B Till YW iHIIIHA Mipi HaCTYIMHHX
OCHOBHMX 3aBJaHb. BU3HAYCHHs CKJIaay I PO3IOILT Po-
JICH areHTIB cepeJl OCHOBHUX KOMIIOHEHT CHUCTEMH iMi-
TAI[ifHOrO MOJENIOBaHHS; (OpMyBaHHS PO3MOALIEHOL
0a3u 3HaHb areHTiB i MOOyHAOBa 3arajbHOI OHTOJOTII,
IO PO3JUIAETHCS BCiMa areHTaMH; CTBOPEHHSI 1HTEJIEeK-
TyaJbHUX areHTiB 3 MEeXaHi3MaMH JIOTiYHOTO BHCHOBKY
pillleHb; opraHi3amis i IUTaHyBaHHS il 1HTENEKTyallb-
HUX areHTiB; po3po0OKa MeXaHI3MIB B3a€MOJii arcHTIB,
BKJTIOYAIOYM TakKi SK, KOOMepallis, KOHKYpEHIIisl, KOMII-
poMic, KOH(OPMIi3M, YXWJICHHS BiJl B3a€MOIii, BUPOO-
JICHHSI CTPATETiil areHTIB MPU KOJCKTHBHOI MTOBEIIHIII.

OpHUM 3 LEHTPaJIbHUX 3aBJaHb IPH AreHTHOMY
MOJICTTIOBaHHI MOTOKOBUX IIPOLECIB €HEPTOCIIOKHBAHHS
B JaHiil cucteMi € (OpMyBaHHS MHOXXHHU ajbTepHATH-
BHUX BapiaHTiB CIIO)KMBaHHS 1 BUPOOHUIITBA EHEprope-
cypciB. Taka Mozmenb HeoOXigHa IJIsi ONEPATUBHOTO
YIIPaBJIiHHS TPOLECaMU PO3MOJIITY 1 CIIOKHBaHHS €Hep-
TOpECYPCIB Y BHYTPIIIHbO3aBOACHKUX Ta BHYTPIIIHBO-
LIEXOBUX MEpEeXax, a TAKOXK JJIsI KOHTPOJIIO 33 PeKUMa-
MH POOOTH OCHOBHOI'O €HEPrOEMHOI'O TEXHOJIOTIYHOTO
obnagHaHHA. B 1bOMy BHIaIKy HaHPOCTIIIMI BapiaHT
oprasizaljii MyJbTHAr€HTHOI CIUTBHOTH NPU BUpIIIEHHI
3aBIaHb 3 YIPaBJIiHHs PO3MOLIOM E€HEepropecypciB Mo-
ke OyTH 3aCHOBaHMI Ha B3a€MOJii areHTIB IOCTaYajb-
HUKIB, aTCHTIB CIIO)KUBAHHS, aTCHTIB BUPOOHMIITBA 1 are-
HTIB TIEPETBOPEHHSI, IO BUKOHYIOTh MOUIYK BiAIOBIIHO-
CTi Ha BHYTPIITHH03aBOJICEKOMY «PUHKY» HasBHUX €HEp-
ropecypciB ab0 30BHIIIHLOMY €HEprOpHHKY (pHc. 1).

KoHKkypyloun i KOOMEpPYIOUUCh MiX COOOI0 TpH
YKIIalaHHI «yro» JUIs CHiJIBHOTO BUPILIEHHS BUHUKA-
I0YHX 3aBJIaHb (JJIs1 YOTO areHTH MOXYTh BUKOPHUCTOBY-
BaTH PO3BHHEHI EKOHOMIYHI MeXaHi3MH, BKJIIOYAIOYH
MaifoBy yd4acTh, ayKLiOHM TOILO), areHTH MOXYTh 3a-
0e3MeYnTH CUCTEMI HOBI MOKIIUBOCTI B CaMOOpraHizarii
JUTSL TIOCTIHOTO MIPUCTOCYBAHHS 0 CHTYaIlil, 10 MIBU-
JIKO 3MIHIOIOTECH.

BukopucTaHHS TOHSTTS ayKIiOHY B IEPEroBOpax
areHTiB 3a0e3medyye MOXIIMBICTH SIBHOI Hepenadi «Ko-
pucHOCTI» (y BUIVIAI IiHK) BiJ OJHOTO areHTa 0 IH-
1I0r0. AYKIIIOH BUCTYIIAE B SIKOCTI PUHKOBOT'O MEXaHi3-
My caMOOpraHi3amii KOJEKTHBHOI MOBEMIHKU, 1 3 HOro
JIOTIOMOT'OF0 MO>KHa CKOHCTPYIOBATH TaKy CXeMY TOPTiB,
sika 3a0e31eYnTh HeOOXiHI XapaKTePUCTUKU MYIIbTHA-
reHTHOi cucteMu. Ha aykiioHi geski pecypcw, siki He-
00XiZHI Uil JOCATHEHHS METH AEKUJIbKOMa areHTaMHu,
BHCTaBJISIIOTBCA Ha «Ipojax». Pecypcu 1i oOMexeH,
TOMY areHTH 3MararoThCsl Mi>K COOOFO B IPOIIECI TOPTIB.
MOXJIMBOCTI «IIOKYIIKW» PECYpCiB areHTaMu TaKoX
00MEeXeHi, a JOUUIBHICTh MOKYIKH OLIHIOETHCS (YHK-
LI€F0 KOPHCHOCTI pecypcey, sKa, SIK MPaBHiIo, 00OUUCIIO-
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€THCS y BUIIISAJI PI3HULI MIXK JIOXO/IOM BiJl BUKOPHUCTaH-
HS pecypcy i BUTpaTaMu Ha HOro MOKYIIKY.

Iepapxiyna apxiTekTypa areHTHOI MOJEINi TpHITycC-
Ka€ HasBHICTh OIHOTO a00 NEKIIBKOX areHTIB «MeTapi-
BHs», SKi 3IIHCHIOIOTH KOOPIWHAII0 PO3MOMIJICHOTO
BUpILIIEHHS 3aJa4 iHIUMH areHtamu. Kpim Toro, Mox-
JIMB1 CHTYyallii KOJW areHTH MOXYTh YTBOPIOBATH KOaJli-
L0 3 METOIO OINITHMIi3allil CBOIX BUTpPAT, HAPUKIIAM, HA
3a;mydeHHs1 pecypciB. IIpy 1IbOMy BHKOpPUCTaHHS i1ei
KOJIEKTHBHOI TIOBEIIHKM MPHU3BOAUTH JI0 HEOOXiIHOCTI

Coordination agents for groups

BHpileHHS OaraThox mpodneM. Cepea HUX CIiJ BHII-
JIUTH TaKi IpoOJsieMH, ik popMyBaHHS CITUIBHUX IUIAHIB
IIil, MOXJIMBICTh BPaxyBaHHsS 1HTEPECiB KOMIAHBHOHIB
areHTy, CHHXPOHI3aIlis CIIIBHUX Nil, HASBHICTH KOH(-
JIKTYIOUUX MiJeH, HasBHICTh KOHKYPEHIIi 3a CHiJIbHI
pecypcu, oprasizaiisi NEperoBOpiB MPO CHUIBHI [ii,
po3ITizHaBaHHS HEOOXIIHOCTI Kooreparii, Bubip miaxo-
JIIOT0 TapTHEpPY, HABYaHHS ITOBEMIHINI B KOJICKTHRI,
JICKOMITO3MINISI 3aJa4 1 PO3MOJII OOOB'S3KIB, IpaBHIIa
MMOBOKEHHS B KOJIEKTHBI, CITIJILHI 3000B'13aHHS TOILIO.
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Puc. 1. ArenTHa MOJIeNb €HEProOCHOXKUBAHHS Ha METAIypriiiHOMY i JIIPUEMCTBI

PosrisiHeMo, SIK PO3TJISIHYTI OCOOJIMBOCTI 3HAXO-
JISITh CBOE BiZIOOpa)XeHHsS B pO3pOOJIEHIl areHTHOI iMi-
TaIliiHOT MOJIEITI aHaJIi3y MPOLIECIB YIPABITIHHSA SHEPro-
pecypcaMu METaTypriifHOrO IiIPUEMCTRA.

IIpu ¢dopMyBaHHI areHTHOro YsIBJICHHS iMiTaIii-
HOI MOJIeNi HEeOOXiTHO BUXOJHUTH 3 BHIIJICHHS eJIeMEH-
TiB 3 1HIMBIXyaJIbHOIO TOBeNiHKOW. Bci kymieHi abo
BUpPOOJIEHI EHEPropecypcH MPOJArOThCS MO TpaHchepT-
Hill CTaBIi areHTy eHepropo3moAily, BCi CHOXXHBaHi
€Hepropecypcu KyIylTbCsl Y areHra €Hepropo3oaiy
no TpaHcgepTHii craBmi. [Ipu umpoMy areHTH eHepro-
CHOXKMBAHHS BHUJIAIOTh areHTy EHEepropo3Noiily Ipo-
THO3 CIIOKUBAHHS Ha MEBHY nepcrektuBy. [Ipu Hectaui
pecypciB y HUX BOHH KYITYIOTh iX Y areHTa €Hepropos-
MOAITY. ATEHTH €HEepProCIIOKHBAHHS ITiIPO3IUISIOTHCS
3a BHJAMH CIIO)KMBAaHOTO €HEPropecypcy: akTHBHOI Ta
pPEaKkTUBHOI eNeKTPOEHEeprii, TEIUIOBOI eHeprii, majuBsa.
Hamnpukian, 71t KOKHOTO areHTa CIIOKUBAaHHS €JIEKT-
poeHeprii 3aJalOThCs HACTYIHI MapaMeTpu: MOTYX-
HICTh, pO3paxXyHKOBUI CTpyM IiHii, MapKa, MepeTuH i
JIOBXKHMHA KaOelTto JIiHi1, TUTOMHI Omip APOTY, KUIBKICTh
aBTOMATIB NMPUHAMAaYiB eEKTPOCHEPTii, KUIbKICTh MarHi-
THHUX ITyCKauiB MpUIMadviB eleKTpoeHeprii, KoeillieHT
3aBaHTa)xxeHH JiHil. Tak PopMyIOTECS XapaKTEpUCTHKH
€JIEKTPOOOIIaJHAHHS KOXKHOI JIUISTHKH.

AreHT eHepropo3noainy (ikcye 3asBKH B CBOIH
0a3i, KOHTPOJIIOE JIMITHU 1 aKIENTYe iX, Y3romKy4H 3i

CTaHOM PECypcCiB, MOTOYHOTO €HEprodasaHcy i JOmyc-
TUMHMH pU3UKaMu. TyT BU3HAYa€ThCS MOTOYHUMA CTaH,
B paMKax SIKOTO BHSBJISIEThCS HecTaya ab0 HaJJTHINOK
E€HEepPropecypciB Ha BHU3HAYCHUH TepMiH. BiamoBimHo
Hiae a0 BUKOPUCTAHHS HAsABHUX CHEPropecypcis ado
MpOJaK eHepropecypciB abo MOKyIKa eHepropecypeis.

TakuM YMHOM BHUXOIUTH PHHOK "Ha 100y Brepen"
— BiH TIpalloe 3a NPUHIUIOM OipKi, Ha SIKii BH3Ha4a-
€ThCS IHIUKATHBHA IiHA HA SHEPTOpeCcypc, Ha Ky opie-
HTYIOTBCSl BCI YUYaCHHUKHU TIPU YKJIaJaHHI «JOTrOBOPIiB» i
MOAI0Th CBOT 3as1BKU CHOI'O/IHI Ha 3aBTpa.

[lepenaua pecypciB areHTaM eHEpProCrOKUBaHHS
3MIACHIOETBCSA  BIAMOBITHO BHU3HAYCHUX IIPIOPHUTETIB,
MIPU3HAYCHHS SKUX — II¢ BUPINICHHS HpoOiieMu 00'el-
HaHHS JOCSATHEHHS IIUThOBUX YCTAHOBOK 33 IOKa3HUKAMHU
e(peKTUBHOCTI Ta MPUOYTKOBOCTI. ATEHT €HEepropo3Iozi-
JIy MOJKE iM 1 BiIMOBUTHU Yy BUAUICHHI PECypciB, SKIIO €
PO30ODKHICTD 3 CYMOIO 3asIBKH, Ma€ThCS HA TAHUH MOMEHT
nedinut abo mepeBuIlneHI BCTaHOBJCHI JimMiTh. [lepesi-
PEHi 3asBKM aKLENTYIOThCS. AKLENTOBaHI TpaHC(hepTHI
orepaiiii 6epyTh y4acTh B HONAJIBIINX PO3pPaXyHKax MpU
MOJICITIOBAHHI, BIIXWICHI YrOJ¥ MOXYTh OyTH I0OIpa-
IILOBaHI areHTaMu (3MiHa 00CSITy €Hepropecypcis, Tep-
MiHy Ta iHIIMX aTpuOyTiB yroau) abo BupaneHHs. OTpu-
MARBIIIY BiJMOBI b Bi areHTIB MPO 3AiHCHEHHS OIepartii,
areHT CHEPrOpPO3MOALTY TaKOXK 3IIHCHIOE PEECTPALIiio
(baKTUYHHUX BUTPAT EHEPrOPECYPCIB.
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VY pa3i nepeBuIleHHS JIiMITY BUHUKAE KOH(IIKTHA
CUTYaIlisl, Ky HEOOXiTHO BHPIMIMTH: a00 30UIBIIMTH
JIMIT, a00 BIIXWINTU 3asBKY, a00 MEPErITHYTH cHep-
robanaHc i, BiAMOBIIHO, MIEPEPO3NONIIUTH CHEPropecy-
pcH, B3SBILM iX 3 iHIIUX areHTiB (Tpym).

ATEHT eHepropo3nofily BHKOHYE DEryJIOdy
(YHKIIIO ITpY BCTAHOBJIEHHI TpaHC(EpTHHUX ILiH Ha Ta-
JIMBO, €JIEKTPO- Ta TEIUIOSHEprito, HOro OCHOBHUM 3a-
BIAHHSAM € BPErYJIOBaHHS CTPYKTYpH €HeproOaiaHcy.
Cucrema 1iH i TapudiB Ha €HEPropecypcH IMOBHHHA
CTHMYJTIOBATH 3HIDKEHHSI BUTPAT BUPOOHHKIB i €KOHOM-
He BUTpayaHHs €Heprii CIO)KMUBayiB. ATEHT €HEpropos-
MOALTY TaKOX 3/IMCHIOE B3aEMOJIIO 3 ar€HTOM 3aKyIIiB-
JIi 3 METOIO MTOKPUTTS Je(ilUTIB EHePropecypcis.

@dopMyBaHHSI TAaKOrO BHYTPIIIHBOIO PUHKY €HEp-
TOpecypCiB CTBOPIOE YMOBH AJsl ()OPMYBaHHS Pi3HHX
Tapu(HUX MPOMO3HUIIIH TS CITOKUBAYIB, B TOMY YHCIIi B
3aJIeKHOCTI BiJl XapaKTEpPHOI'O Ul HUX rpadika HaBaH-
Ta)XeHHs1 (HANpPHKIAd, B 3aJI€KHOCTI BiJ 4acy no0WM).
OCHOBHUM MEXaHiI3MOM B3a€MOJIil areHTiB CTaloTh Iie-
peroBopu Ha YKJIaJIeHHS BHYTPIMIHIX TpaHCc(epTHHUX
Yrofl TIO 3aJTy4EHHIO / CIIOKMBAHHS PECYpCiB MIX areH-
TaMH EHEPrOCIOKUBAHHS, ITOCTaBKHM, BHPOOHHUITBA 1
areHTOM €HepropO3MOALTY.

BaxTMBOIO OCOOJIMBICTIO MPOMOHOBAHOI MOJEINI €
TaKoX 00'€ZIHAHHS PO3IIISIHYTUX areHTIB B TPYITH 33 Ha-
npsiMKaMu. KpurtepisMu BUIIIEHHSI OKPEMUX TPYII areH-
TiB B MOJIEJIi € BUKOHAHHSI KOMILIEKCY B3a€MOIIOB'I3aHUX
1 ONMM3BKHX MOCIYT i Omepallii, sSKi CTAHOBJIATH €IWHHMA
TEXHOJIOTIYHUH JIAHIIOKOK; HAsBHICTH BIIACHOTO PUHKY
JUSUTBHOCTI; HAsIBHICTH OpraHy, LIO0 YIPaBIs€ i KOOPIH-
Hye AisbHiCTh. [TependayaeTbest BUALIEHHS PI3HUX TPYII
arcHTIB BUXOJSIYM 3 BHUKOHYBaHHX OIEpamiil (eIeKTpoc-
Tallb, TIPOKAT, BUIAJ, OYMIICHHS, TepMiuHa oOpoOka i
iHI), eeKTHBHOrO OOCIYroBYBaHHs 32 BUJIAMH KITi€H-
TiB (KOpIIOpaTHBHE 3aMOBJICHHS, JIep)KaBHE 3aMOBJICHHSI,
IHBECTHIIIiiHE 3aMOBJICHHS), 32 TEPUTOPIAILHUM MpHH-
UIoM. Y 3arajbHOMY BHIAJKy areHT MOXKE HaJIeKaTh
JekibkoM rpynaM. Jms KokHOi cdopMoBaHOI Tpymu
3IIMCHIOETHCS TeHepallisi areHTa-koopauHaropa (Electri-
cal steel, Rolling, Heating i in.). bararoBumiphuii i geta-
JIBHUH PO3IIO/IUT TIOKa3HUKIB €HEPrOCIIOKHUBAHHS B paM-
Kax TOAIOHOI CTPYKTYpH Ja€ MOJKIIMBICTH OIIIHIOBATH
e(EeKTHBHICTh 1 BIUTMBATH HA OKPEMi CTPYKTYPHi MiJpo3-
JIITH, HATIPSIMKHU Oi13HECY 1 MPOIYKTH.

KokHOMY areHTy B MO€I IPU3HAYAETHCS CBIi ITe-
peJiK MOKa3HUKIB-1HIUKATOPIB, MOHITOPHHT SKHX MOXE
BKa3zyBaTH Ha HAONIDKEHHS a00 HAacTaHHS HeOaKaHHX
(pm3ukoBuX) curyamiil. [lepeBuIieHHs 3HAYECHHSMH iH-
JIMKATOpPiB BCTAHOBJICHUX MEXK € ITiICTABOIO JUISl aKTHBA-
i1 pi3HUX MEXaHi3MIB i CHTYaTHBHUX clieHapiiB. Tak mpu
3HWKEHHI HAlpyrd HIKYE BCTAHOBJICHOI'O 3HAYEHHS
aBTOMAaTHYHO BKJIIOYAETHCSI MEXaHI3M OajlaHCyBaHHS [UIs
Horo miarpuMku. Tak camo SKIIO MaroTh MiCIle BTPAaTH.
B mpoMmy BHIagKy B CHUCTEMI T'eHEPYIOTHCSI areHTH
IndicatorAgents — iX 4HCIIO BiJIIOBiZa€ MOKJIMBUM Bapi-
aHTaM BUPIIICHHS CUTYaIlii, KO)KEH 3 SIKUX HaMaraeTbCs
3MIHCHUTH CBOE 3aBJAHHS MapayelIbHO, peati3yodn cho-
PMOBaHUI CIieHapili He3aJIe)KHO BiJ IHIIMX 1 HE Malo4H
ySIBJIEHHSI TIpO iXHe icHyBaHHS. ToOTO po3paxyHKH Be-
JyThCS OMHOYACHO TS BCIX aJIbTCPHATHBHUX CTPATETi 1
creHapiiB. [Tpu upomy crparerii MOXXyTb OyTH CKOPHUIo-

BaHi M0 XO/y IPOBEIEHHS po3paxyHKiB. KoxkeH areHT
MOCTAYAJILHHUK, areHT BUPOOHHUITBA a00 CHOXXHBAY I10-
BHHEH BIJIIOBIAAaTH 3a CBiil HebalaHC, TOOTO BiIXHIEHHS
BiJl rpadika BUpOOHUIITBA a00 CIIOXKUBAHHs. Y KJIa1ai0un
JIBOCTOPOHHI KOHTpPakTH abo KyIMyIOud €HEepropecypcu
Ha BHYTPIIIHAOMY a00 30BHIIIHBOMY PHHKY Ha 00y
BIIEpE]], EHEPronoCTauYabHUKN 1 €HeprocrnoXuBadi 30-
OOB'SI3yIOThCsl 32a0€3MIEUNTH CBOE CIIOKUBAHHS 1 BUPOO-
HUIITBO B IEBHI TOAWHM Ha BiANOBiAHOMY piBHI. [Ipu
LIOMY BOHH € CTOPOHaMH, BiJIIOBiJaJbHUMU 3a OajiaHc
ocobucTo (abo BXOIATH Ha JOTOBIPHI OCHOBI B IIEBHY
0aJlaHCYIOUy TPYIy areHTiB). 3a0e3MeUYUTH CTOBIICOTKO-
BY BiJITIOBIJIHICT KOHTPAaKTaM Ha MpPAKTHI] HE TaK BXKe U
npocto. Hampukman, MoOXyTh TOTIPIIMTHCS TOTOMHI
YMOBH, 110 CHPUYMHHUTH OUTBIIUHA MOMUT HA €JIEKTPO- Y1
TEIJIOEHEPTII0 y CIIOXKMBAYiB B PeaslbHOMY uaci abo Mo-
JKe CTaTHCs HerepeadaueHud BUXi 3 poOOTH TpaHChOp-
MaTOpHOTro O0JaIHAHHS Ta iH.

B pamkax po3po0iieHOi areHTHOI Mojeni () yHKIIiS
MeTapiBHs YIPAaBIiHHSA €Heproe()eKTHBHICTIO BUpaKa-
€THCSl B KOPUT'YBaHHI KepYyIHOUHX MapameTpiB, IO BIUIH-
BalOTh Ha TOBEIHKY areHTiB B Mpolieci iHpopMaIiiHol
B3aeMoii (ITiABUIICHHS / 3HHKCHHS BUPOOHHUIITBA, CKO-
poueHHs BUTparT i iH.). Bekrop Kepyloodux BILIHMBIB
BKJIIOYa€ B ceOe KOPUTYBAHHS: JIIMITIB €HEPTrOCIIOKHU-
BaHHS; YCYHEHHsI BTPAT €HEPropeCypCiB; BUKOPUCTAHHS
abo mpojaxk eHeprii, 1o BHPOOJISETHCS B OCHOBHOMY
BUPOOHHMITBI Ta iH.

Onuc MexaHi3MiB B3aeMoii areHTiB
imiTanifinoi Mmoaesi

PosrisiHeMO MexaHi3M B3a€MOJIi areHTIB €Hepro-
CIIOXKMBAHHS 1 areHTa eHePropo3MOALTY JOKIaIHIIIIe.

Ha xoxHOMY KpOIli, B3SIBIIK 10 yBaru BUTPATu Ha
€HEepri0 3a IoNepenHi Mepioan, areHT EHEeproCIIOKH-
BaHHS BHPIIIY€E, YA BAPTO POOUTH Taki Aii, K MPUHHST-
TS 3aXOJIB 1O IiJBHIIEHHIO eHeproeeKTUBHOCTI, Ha-
MIPUKIIAJ], 3HWKEHHS CIOKUBAHHS 3 METOI0 3HIKEHHS
BapTOCTi. ATEHT €HEepropo3noAiy B CBOIO Yepry BHpi-
LIy€e, Y CIIiJl IPOBOJUTH OYIb-sIKi 3aXOIM JUIS KOPUTY-
BaHHS IIOBEJIHKH arcHTIB €HEpProCHOXKMBaHHS, 3aCHO-
BaHE Ha JIJAHUX CIIO)KMBAHHS 32 IONepeIHi mepio/.

ATEHT eHepropo3Io/Iily MOXe HaJaBaTH ITLJIbIH»
(pemii) areHTaM EHeproCIIOKUBAHHS ISl BXKHTTS 3a-
XOJIIB MO0 iABUIICHHS CHEPTOe(PEKTHUBHOCTI, K 3aci0
3HW)KEHHS 3arajbHOTO CIIOXKMBAaHHS €Heprii Ayl Iifr-
puemcTBa. EHeprocrniokuBaHHs areHra Oyjie BH3Haya-
THCS 3a HOPMYJIIOFO:

T
PU;r = PUY T PUE,; PUJT =M4; K x
t=1

n—l1
xexp(oy + 0y In(IT7) + 03 In(PCip) + Y B TA;),
J=1
ne PU;r — lLie eHepris, CMOXUBaHA [ -M areHTOM TIiJ
qac T'; PUE; — eeKT eHeprocrnoXuBaHHs BiJl 3aXOfiB
3 ITiIBUILIEHHSI eHeproedeKTUBHOCTI mij yac ¢ ; PU, %P —

3MiHHA, IO MPEJCTABIAE CHEPTil0, SKa CIOKUBAETHCS
i -M areHToM g yac 7 0e3 ypaxyBaHHS BIUIMBY 3aX0-
IiB 1O TMiABUIICHHIO eHeproedekTtuBHOCTi; PCir — 1€
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BapTICTh €Heprii, Ky IIaTuTh i -i areHT minx 4yac T ;
IT7 — ue obopor i -ro arenta migvac 7 ; MA; - oui-
HKa WMOBIPHOCTI TOTO, IIO i -i areHT MaTHMe HYJIbOBE
CIIO)KMBAHHS CHEpriil; T4; — THII areHTa CHEproCIoXu-

anns; K4 — ouinka PO3MUTTSI TIONPABOYHOT'O Koedi-
LIEHTY 3MILIEHHS JIOTapUPMIYHOTO EPETBOPEHHS; O 1
B € kxoedinieHTaMu perpecii.

TakuM 4YMHOM, €Hepris, CIIOKUBaHa areHTOM B TIe-
BHUI TepioJ], 3aJISKUTh BiJl THIY JI0 SKOTO BiH BiJHO-
CHUTBCSI, 000pOTY 3a TEpiojl, a TAKOXK CYKYITHOI €Hepro-
e(peKTHUBHOCTI 1HBECTHUIIIH.

[pemii Bix areHTy eHeproposojiny i BIpOBa-
JOKEHHSI areHTOM €HEPrOCIIOKMBAHHS 3aXOJiB ILOAO
iIBUIIEHHST €Heproe()eKTUBHOCTI BU3HAYAIOTHCS Ta-
KuMH (opMyaaMu:

1, Ao ZPUit/Z PU;_>PU; ona tx1;

El = .
0, iHaKIIe;
ER. . = U(a,b), sxmo E i f+ =1;
it+l — .
0, iHakIe,

ne EI e O6iHapHOIO 3MIHHOI, IO BKa3ye Yd CyOCHUIYE
areHT SHEePropo3MOJiTy 3aXOAU arcHTa SHEeProCIOKHU-
BaHHSA IOAO  IMIJABHIICHHA  €HEproe)eKTUBHOCTI,

ZPUI-, — IIe 3arajbHe CIIOXKHBAHHSA E€HEPropecypciB

JUTSL TIPEICTABHUKIB IILOTO TUMY; FR — FOTOBHICTH are-
HTa CHEPrOCIIOKMBAHHS NMPHUUHATH PU3MKOBaHI iHBEC-
TUIIT B CKOPOYCHHS €HEPrOCIOKUBAHHS. YUM BHIIE IIe
CIIIBBITHOIIICHHS, TUM BHIIC TTOBUHHA OyTH YacTKa BU-
TpaT Ha SHEPril0 10 TOro, K areHT €HePrOCIOKUBAHHS
IHBECTYE B 3aXOJH 3 MiJABHIICHHSA eHEProe(h)eKTUBHOCTI,
noB'si3aHi 3 pusukoM. OTxe, BUCOKHI Koe(illieHT 03Ha-
yae, [0 areHT HE CXWIBHHM 10 PU3MKY 1 HaBIAKW,
PU;; — KOHCTaHTa, IO ONHCYE MOpir, BUIIE SKOTO

areHT CHEPropo3MOMiTy 3a0e3MeYuTh CTUMYIH JUIS
BXKHTTSI 3aXOJ(iB 10O ITiBHIIEHHS eHeproeeKTUBHO-
cti; U mo3Havyae piBHOMipHUI po3noain. PiBHSHHS ajist
EIl Bka3zye, uu 30iJbIIYETHCS 3arajibHe CIIOKHBaHHS
eHeprii OUTBII HiIXK HAa NEBHE 3HAYECHHS B IPOLEHTHOMY
CIIIBBITHOIIICHHI KOJIM arceHT €HEpropo3IOIiTy HalacTh
cyOcuii Ha 3aX0/¥ 3 MiJBUINCHHsS eHeproe()eKTHBHOC-
Ti. PiBHAHHS it ER BKa3ye, IO areHT SHEPropo3Io-
JITy TIOBUHEH CYOCH/IIIOBATH areHTiB €HEeprocroXHu-
BaHHS, 1€ BIUIUB HA NMPOQiNli pU3UKIB OKPEMHX arcHTIB
€HEPTOCIIOKMUBAHHS UISl BXKUTTS 3aXOMIB IIONO ITiJBH-
LIEHHSI eHeproe()eKTUBHOCTI € CTOXaCTHYHHUM 1 OITUCY-
€THCS1 pPIBHOMIPHHM PO3IIOIIIIOM.

[Mapamerpu 3akOoHY PO3MOALTY 3aJAOTHCSI TAaKUM
YHUHOM, II00 CYOCHil CIIOHYKaJM arcHTIB €HEepProcro-
JKMBaHHS 1HBECTYBAaTH B 3aXONH 3 Ii/IBUILEHHS €HEPro-
e(peKTHBHOCTI. B)KMBaHHS 3aXOMiB IIOJO ITiBUIICHHS
€Heproe)eKTUBHOCTI JUII OKPEMOTO areHTa eHeprocro-
YKMBaHHS BU3HAYAETHCS HACTYITHUM CITiBB1THOILIEHHSIM:

EE. | =
i+l 0, iHaKiie;
U(a,b),sxmo EE; =1;
PUEi = 1, iHakiie l

ne EE — OiHapHa 3MiHHa, sIKa IOKa3ye 4YH POOUTH
areHT EHEeprocIiOKMBaHHS Oy/b-sKi 3aXOAM 3 E€HEepro-
etdexruBHocTi; PUE; — € eeKTHBHICTh 3aXOiB i -TO

areHTa IO CIOXMBAHHIO eHeprii; SR; — mepBicHa (3a

BUpaxyBaHHsIM e(eKTy BTpYYaHHS areHTa EHepropos-
TIO/IJTy) TOTOBHICTh areHTa €HeprocroXKUBaHHS MPOBO-
IUTH 3aXOJH 3 EHeproe(eKTHBHOCTI (MOJEIIOETHCS
HOPMaJIbHUM PO3IO/IITIOM).

VY mpencraBiieHOMY PiBHSIHHI i1 EFE BUIHO, IO
KOJIM BUTpaTa €Heprii y BiICOTKax Bix 00OpOTY B mepi-
o 4acy ¢ Bwuuie nopora (To0To npodijgro pU3UKY areH-
Ta CHEProCIOKUBAHHA B Il MOJIENi), areHT EHepro-
CHOXKMBAHHSI pOOUTHME JIESIKI 3aX0AU MO0 ITiABHIIICH-
Hs eHeproedeKTUBHOCTI. PiBHAHHS anst PUE moKasye,
IO XapakTep BIUTMBY 3aXOJiB 10 Mi/JBUIIEHHIO €HEPro-
€(EeKTUBHOCTI N0 CIIOKMBAHHIO €HEprii iMOBIpHICHHUH i
MOJIEITIOETHCSI PIBHOMIPHUM po3moniioM. Jliama3oH ma-
pametpiB a i b € HactynauM 0 < a < b <1. lle o3Hayae,
IO 3aXOAM WIONO TMiJBHMIICHHS eHeproe()eKTUBHOCTI
CKOPOUYIOTH CIIOXXMBaHHSI €HEpTil B MOPIBHIHHI 3 MOIe-
pensim niepiogoM. Cuiji BpaxyBaTH, IO CIIOYATKy MOJIE-
JIIOBaHHS Tepea0avyacThes, L0 HISKUX 3aXO[IB IION0
IiIBUILICHHS eHeproeeKTUBHOCTI HiSIKUM areHTOM eHe-
ProCHOXUBaHHS He POOUTHCA 1 BiZICyTHI cyOCHIl 1 BTpY-
YaHHS B €HEPreTUYHUI PUHOK 3 OOKY areHTa eHepropos-
noxiny. Hajani npu 3BepHEHHI 0 areHTa eHeproposo-
JITy areHT EHEepProcroXKMBAaHHS MOXKE BUPIIIUTH 3allH-
LIMTHCS HA CBOEMY NOTOYHOMY piBHI e)eKTHBHOCTI a0
IHTH MKaTy epeKTHBHOCTI Ha OLIbII BUCOKHH PiBEHB.

TakuM uyuHOM, 30UTBIIEHHS €Heproe(eKTHBHOCTI
areHTiB €HEeproCIOXMBAHHS 3aCHOBAaHE HAa aHai3i rep-
BIiCHOI CHCTEMH MapaMeTpiB i sBJISE COOOI0 OaraTokpo-
KOBHI MpoIlec MOCiIOBHOI 3MIiHH CTaHIB 4epe3 peali-
3aIlif0 MMPOEKTIB MOPTQEI CHEPro30epeKCHHS.

Mopenb MpUHHATTS pillIeHHS BCTAHOBIIOE KiJbKi-
CHI BIJIHOCHHHU M) TIOKa3HHKaM¥ CTaHy TEXHIYHOI ChC-
TEMH MiJIPUEMCTBA, EKCILTyaTalliiHUMU BHTpPaTaMH,
eHeprodasaHcoM, OMepalifHUMH 1 KOHCTPYKTHBHUMH
XapaKTepPUCTUKAMH ITiAPO3IUIIB MiAPUEMCTBA JIO 1 Tic-
7S peattizallii eHeproz0epiralounx MpOeKTiB, 30BHIIIHI-
MU BIUIMBAaMH, KaIliTAJJbHUMH BUTpAaTaMy, IO TIOHECEeHi
B XOJIi peastizalii IpOeKTiB, MepioJoM MOJCITIOBAHHS Ta
KpHUTEPisIMHI BUOOPY TPOEKTIB.

Jam posristHeMo OiIbII JOKITAMHIIIE MEXaHi3MU
Bi0OpyY eHeproeeKTHBHUX MPOEKTIB JUIs HAIIO areH-
THOT Mozei. [Ipy boMy MOXITUBE BUKOPUCTaHHS JBOX
THUITIB €HEPrOCKOHOMIUYHHMX MOJeNeil — eleMeHTapHa i
KoMIUIeKcHa. EslemMeHTapHa BinoOpakae TexHIUHI Ta
€KOHOMIYHI OCOOJMBOCTI OJHOI'O €HEpPro30epirarouoro
MIPOIIECY, KU HAJICKUTH OJHIH 3 MiICHCTEM ITiIIPHEM-
cTBa. IHTerpoBaHa 03BOJISIE KOOPIWUHYBATH OCHOBHI
XapaKTepPUCTUKH €JIEMEHTAPHUX NPOEKTIB, SIKi Haie-
KaTh PI3HUM ITiICKCTEMaM ITiANPUEMCTBA (HANPHKIAL,
JUI TEIUIOCHCTEMHU II¢ ONajioBajibHa Ta EIEeKTpUYHA
MOTY)XHICTh MaIllMH 1 YCTaTKYBaHHs, JiaMeTpH TpyO
LEHTPAIFHOTO ONaJeHHs Tomo). Tak s Teriocucre-
MU BapTiCTh EKOHOMIi NMAJIMBHOTO €KBiBaJIEHTa € OJIHUM
3 aCMHeKTIB eHeproeeKTUBHOCTI — 1€ JTOCATAETHCS TPH
TepeMUKaHHI BiJl OAHIE] cXeMHu peaiizamii g0 iHIIoi 3a
YMOBH, 1110, HANPUKJIAJ, TOTY)KHICTh 1 TEMJIOBa IOTYX-
HOCTI JUIsl CIIO)KMBA4a PiBHi.
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Jlst Toro, mo0 OIIHUTH B3a€MO3B'S30K MK CTa-
HOM MiJNPHUEMCTBA, PEHTAOENBHICTIO T'eHepallii Teria
R 11iHaMH¥ Ha MANKBO 1 EHEPTOPECYPCH, MTPOTIOHYETHCS
HACTYIIHE CIiBBITHOIICHHS:

T+ R =7 = dytoss) | (k- (147 (45 + ),
i r=c/cf, r=c/cf (¢ — BapricTh Tema, cr -

BapTICTh MAJIMBA, C, — BAPTICTh €JIEKTPOECHEPTii); nZV -
eHeproe()eKTHBHICTh ONMAFOBAIIBHOTO aTPETATY; ¢y jpss

— BTpaTH TeIJa, ¢, — BTPATH eJIEeKTPOEHeprii i ¢,

BUTpaTH Ha TPAHCIOPTYBAaHHsS €HEProOHOCIiB; k — Koe-
(IIiEHT JONATKOBUX BUTpPAT, IOB'SI3aHUX 3 BUPOOJICH-
HSM TEIUIOBOI €HEpTii.

Buxojstum 3 bOro, MOJIENOETHCS MOXKIIUBICTD i
KJIFOYEHHsI areHTiB €HEeProCIIOXKHMBAHHS JI0 IIEHTpaIi30-
BaHOT'O TEIUIONOCTaYaHHs areHTa eHepropo3noiy. 3Ha-
YeHHs PIYHOI €KOHOMIT IMaJMBHOTO eKBiBaJieHTa AB 3a-
CTOCOBYETHCS B SIKOCTI KPUTEPit0 eHeproeeKTUBHOCTI:

AB:AbE_(bellr'be+b_}%h)'Q>0a

ne Abp — muToMa €KOHOMis NAJIMBHOTO €KBiBaJIEHTA;

b

e
TyBaHHI €HEproHociiB; b, — MUTOMi BTPATH MAaJMBHOTO

Ji — TINTOMI BTpaTH €NEKTPOEHeprii IpH TPaHCIOp-

€KBIBAJIEHTY TPH BUPOOJICHHI eNeKTPOeHepril micis
M AKITIOYEHHS CIIOKHUBAYa; bfch — BIJHOCUTBCSA IO M-

TOMHUX BTpaT IAJIWBHOTO EKBIBaJIEHTa, IOB'S3aHUX 3
KOMIIEHCAIII€I0 TEIUIOBUX BTpaT; () — BHPOOHHITBO
TeIUia Ha pik.

BcraHoBneHHs €éMHOCTI 6aszoBoro (J;, i MiKOBOTro
O, HaBaHTAXCHHs JUKEPEN TEIIa Peali3yloThCsl 3 BH-

KOPHMCTaHHSIM KPHUTEPi0 MiHIMI3alli CyKyITHIX BUTpPAT:

Epcpap

Np

E,cra .
b= — min,

7z = kab +kPQP +n

ae ki kp — IUTOMI KamiTaJibHI BUTpaTH 0a30BOrO Ta
MiKOBOTO HABAHTAXXEHHs JKepen Temna; £y, 1 E » KiJIb-

KiCTh TEIJIOBOI €HEPril B PIK; ¢, 1 ¢, MO3HAYAIOTH IiHY

p
MIEpBUHHOTO JDKepena eHeprii B craHi 6a30BOro HaBaH-

TaXeHHs 1 MKy; 1 1 M p € Koe(iljieHTaMu TIepEeTBOPEH-

HS TIEPBUHHOTO JKEepesia SHepril, 10 BUKOPUCTOBYETHCS
JUIsl BAPOOHHUIITBA TEMNa; ap 1 a p JIOJIATKOBI Koediri-

€HTH BUTPAT B CTaHaX 0a30BOr0 HABAHTAXKCHHSA 1 IIKY,
sIKI TIOKA3yIOTh CITIBBITHOIICHHS MDK 3araJlbHUMH €KC-
IUTyaTalliiHUMK BUTPATaMU 1 EHEPTETUIHUMH 3aTPaTaMH,
MOHECEHUMH TIPH BUPOOHUILTBI TEIUIOBOi EHeprii; n —
TIepioJT peatizaiil MPOeKTy eHePro30eperKeHHS.
ChiBBifHOLIEHHs MOTYXHOCTeH O, i Qp BU3Ha-

YaeThCsl TPAHUYHOIO TEMIepaTypor armochepHoro
noitpss °Ct; . SIkwo TemmepaTypa BHIE LBOTO PiBHS,

JDKepero Teria 3 0a30BUM HaBaHTAKEHHSAM HeCe Tell-
JIOBE HABAHTAXXCHHS; SIKIO HIDKYE TPAHUYHOI'O PiBHA —
sIk 0a30Be HABAHTAYKCHHS, TaK 1 MIKOBI JpKepena Teria
HECYTh TCIUIOBE HAaBAHTA)KCHHS.

Mojens 0OOIpYHTOBYE 3aCTOCYBaHHSI KOMOiHOBa-
HUX JDKeper Teruia 3 0a30BUM Ta IIKOBUM HaBaHTa)KEeH-
HsaM. JDkepeno Teruia 0a30BOro HaBaHTAKEHHS Xapak-
TEPU3YETHCSI BUCOKOIO EHEProe)eKTUBHICTIO 1 BEIHKH-
MU TIOYaTKOBHMH BUTpAaTaMH KalliTally, B TOH 4ac sIK
JDKEPEIIOo MKy TeIula MOKa3ye BiIIHOCHO HU3bKY €Hepro-
e(EeKTUBHICTb i MOMipHI TOYATKOBI KamiTalbHI BUTPATH.
MaremaTH4YHO 3a/1a4a eHepro30epeKeHHs € TaKOIO:

EP = e x; +eyxy +...+ex; +e,x, — max,

ne EP —3arajgbHa eKOHOMIs, OTpHMaHa 3a PaxyHOK pea-
Tizanii eHeproeeKTHBHUX MPOEKTiB; X; Ii¢ €KOHOMis Bifl
i -T0 TIPOEKTy TMOPTdeNs; e; Iie KOHKPETHA PiuyHa eKOHO-
Misi, OTpHMaHa 3a PaxyHOK BiZIITOBIZTHOTO MPOEKTY.

MHoxuHa JOMYCTUMHUX AJIBTCPHATUBHUX piIJ_IeHL
MOPOIKYETHCA TaAKOIO CUCTEMOIO 0OMEKEHb :

by + kyxy +. 4 kyx; + kpx, <K

X1 SX],XZ SXz,...,.Xl- SXl-,xn SX}’!’
x20,x20,.,x;20,x, 20,

e k; KOHKpETHI BMTpaTH, MOHECEHI MpH peamizamii
HPOEKTY; X; MO3HAYa€ MAKCHMAaIbHO MOMKIIUBUH e(peKT
BiJ mpoekty; K — KIIBKICTh AOCTYNHHUX pEecypciB s
BHUKOPHCTaHHS, MI00 peani3yBaTh BECh KOMIUIEKC PO3T-
JISTHYTUX MpoekTiB. DopMyna onucye HiNboBY QYHKIIiO
sIK 3araJibHy €KOHOMI0, OTpUMaHy BiJa peaiizarii mpoe-
KTiB. 3a3Ha4yeHi HEPIBHOCTI € OUEBUIHUMH HEBII €MHHU-
MH yMOBaMH, SKi MOB'si3aHi 3 (QiHAHCOBUMH OOMeEKEeH-
HAMH 1 OOMEXECHHAMH Ha €(PEKT KOXKHOTO IPOCKTY.
PosrnsinyTa 3aaua Ma€e ceHe, SKIIO:

ko) + kyxy + .+ kyx; + kyx, > K

Jlaumii BHpa3 o3HAyYa€, MO0 KUIBKICTh JOCTYITHHX
pecypciB MeHIe, HiXK KiJIbKICTh pecypciB, HEOOXiTHUX
JUTSL peati3allii BCiX IMPOEKTIB B MOBHIH Mipi.

3 METOr pO3IIMPECHHS Jiana3oHy KpUTEpiiB BigOo-
py eHeproeeKTUBHHX IPOEKTIB 3a3HAa4eHy BHIIE
UTBOBY (DYHKIIIO MOXKHA TIPEJICTABUTH Y BHUTJISII KOM-
TUIEKCHOTO KPHUTEPIiI0 KOPUCHOCTI:

P =€1k] /Tiav +€2k2 /T2av +...+€nkn /T

nav — max,

ne T,

iqv — CEPEIHIN paHT i-ro NPOEKTY HA OCHOBI KpHTE-

pito p, T;

wav

=(Th+Tp+.. 4Ty +..+T,)/ p, T,

L
paHr i-ro IPOEKTY Ha OCHOBI KPUTEPIIO 0.

IMopsn 3 mepionoM OKYITHOCTI, KOMIUIEKCHUH KpH-
Tepiii KOPUCHOCTI JO3BOJISIE BpaxyBaTH iHII edexTH
MPOEKTY MOpTQens, BUKOPUCTOBYIOUM €KCIIEPTHI METO-
TV, HATIPUKJIAJ, TTiBUIICHHS €HePreTHYHOI O0e3NeKH TOo-
mo. TakuM uuHOM Oynu PO3IIISIHYTI JEsIKi 3 MEXaHi3MiB
arcHTHOI IMITAIlIHHOI MOJENI aHalli3y MPOIIECIB YIIPaB-
JIHHS €HePropecypcaMu MeTaJypriiHOro MiJnpHeMCTBa
pu peatizanii mopTgess NPOeKTiB eHepro30epekeHHL.

Pe3ynbTaTn excnepuMeHTiB

MyJbTHATeHTHY MOZEIh PO3POOJCHO B 1HCTpPY-
MEHTAJILHOMY CEPEIOBHIII IMITAIIHHOIO MOICTIOBAHHS
Anylogic. Po3po0ieHa MoOIenb J03BOJISE BUSBIIATH,
aHaJi3yBaTH Ta BUOMpATH MEPCIEKTHBHI IMPOEKTH 3
eHeproz0epexeHHs, o0 BUOpaTH cepesi HUX HaWOIbII

25



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2019, eunyck 6(58)

ISSN 2073-7394

KUTTE3NATHUHA. B pe3ynbpTari eKCliepuMeHTIB BIaocs
OINITHMI3YBaTH MOPTQENs eHepro3oepiralounx MpPOeKTiB
1 Ile JO3BOJMIO 30CEPEAUTUCh HAa HANOLIBIN OarkaHUX
nisIX. Ampobarrist po3poOJieHHX Moeeii Ta KOMIT I0-
Tepaux 3aco0iB y [TAT «/[ninpocrerncraiby 3acBindau-

Ja, 10 MOXJIMBE eEeKTUBHE YIPaBIiHHS eHeproedek-
TUBHICTIO HA OCHOBI YIpaBJIiHHS IpOrpaMaMu Ta IMopT-
¢ensimu npoekriB. Tax B nmepion 3 2017 mo 2019 pik Ha
MAIPUEMCTBI OYII0 3aIpOBaPKEHO 3aXOIH MIOA0 eHep-
ro30epexxeHHs, SKi pejcTaBiieHi B Ta0u. 1.

Tabnuya 1 —TlepeJtik eHepro3oepirarouux npoexTis noprdeis

BapricTs 3exo-
. Bcenoro 3exo- HOM-JICHHX
. " Bapricrs,
Eneproséepiraroumii npoexr THC. TDH HOMJIEHO, THC. eHeprope-
- TpH. T. yM. HaauBa |  cypcis, THC.
TPH.
BnpoBapKkeHHs PUCTPOIO Ul pellyKyBaHHs Ha BBOAI napa Ne3 350 0,1845 1225
ITpoBeieHHS TEIUIOTEXHIYHOI HAJIAJIKM TePMI4HO] I1edi IPOKAaTHOr0 LeXy 440 0,0360 220
ITpoBeneHHs TEIIOTEXHIYHOI H KU HarpiBabHUX K A31B IPOKAT-
poseze €II0Te oi Hanasn arpisai 0JI0JA31B IPOKA 270 0.0220 135
HOT'O LIeXy
IpoBenenns TemorexHiyHol Hanaaky ycraHoBok «HELIOS» kaniGposa- 290 0,0244 145
HOT'O LIeXy
ITpoBeieHHS TEIUIOTEXHIYHOI HAJIAIKM KaMEPHHX Ieuel 315 0,028 1575
BnpoBakeHHs iHHOBaLIHHUX BOJIOKHUCTHX MarepianiB Juist (yrepyBaH- 560 0.097 1225
Hsl TJIiCAXHUX TPYO Iedi ApiGHOCOPTHOrO MPOKATHOIO CTaHy >
BrpoBakeHHS IepeTBOPIOBANIBHOI TEXHIKH B 3aJISKHOCTI BiJl PEXXUMIB
40 0.36 1745
poOOTH ycTaTKyBaHHS
PerymtoBaHHS THPUCTOPHUX HEPETBOPIOBAYiB HaMarHi4yBaHHS MAallMH
. . 50 0,216 1045
I'TTA cTaHy NpOKaTHOro LIEXy B pexuMi poOOTH Ha XOJIOCTOMY XOJi

VY cymi 3a JI0IIOMOrOI0 AaHUX 3aXO0JiB OyJ0 3aria-
HOBAHO 1 (h)aKTUYHO JOCATHYTO CKOPOUEHHS CIIOXKHBaH-
Hs IpuponHoro ra3y Ha 1,5%, temnoeneprii Ha 2%. 3a
JIOTTOMOT'OF0 MOJIeNi OyJIo MPOBEICHO OI[iHIOBAHHS BU-
KOHAHHSI I[iJTbOBOTO BUKOPUCTAHHS CHEPreTHYHHX pe-
CypCIB TCIIA peaii3aiii MPOeKTIB 1 3aXOMiB 3 €HEPros-
OepexeHHs. Bynmo po3paxoBaHO 3MiHY e(EeKTHBHOCTI
CHOKMBAHHS €JIEKTPUYHOI €Heprii B pe3yabTaTi BIIPO-
BaJKEHHS 3aXO/IiB 3 EHEPro30epeKeHHsL.

VY skocTi (parMeHTy Ha pHC. 2 HaBeleHO rpadik
HAKOIMYEHUX CYM (PaKTUYHOTO CHOKMBAHHS €Heprope-
CypCiB 3a OIUH 3 MICAIIB 1 I[ILOBOTO E€HEPTOCIIOKH-
BaHHS, OTPUMAHOTO B pE3yJIbTaTi MOJENOBaHHA. SIK
BUIHO 3 PHUCYHKY, MiAMPHEMCTBO 3MCHIIHIO CIIOXH-
BaHHS aJIMBa B PE3yNbTATi MPOBEJICHNUX 3aXO/iB 3 €He-
pro30epekeHHsI.

HesBaxkarouu Ha Te, IO MiANPUEMCTBO HE JOCSTIIO
LIBOBOTO PIBHS €HEPreTHYHOi e(h)eKTMBHOCTI MOXHOKa
MPOTHO3y TPU MOJENIOBAHHI €HEPrOCHOKUBAHHS IS
METaJIypriiHOro MiJINPHUEMCTBA 3HAXOIUTHCS HA 3aJ0-
BIJILHOMY DiBHI.
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[opiBusiHO 3 2011 p. cioXHBaHHS €JIEKTPOSHEPTil
Ha BUPOOHHUIITBO CTai IS IUTABKU 3MEHIIMIOCH OUIBIII
Hix Ha 30%.

Takok YacTKa BHUTPAT €IEKTPOCHEPTii Ha BHPOO-
HUITBO CTajl I IUIaBKM 3MeHmmwiace 3 71% vy
2011 pomui 1o 66% y 2019 pori.

BucHoBku

TakuM YMHOM, pO3pPOOJIEHO areHTHy iMiTaliidHy
MOJIENTb aHaJi3y MPOLECIB YIpaBIiHHI SHepropecypca-
MU METaIyprilHOro MiANPUEMCTBA TIPH  peasizarii
mopTdesst MPOEKTIB EHEPTro30ePeIKECHHS.

[lepeBarst MyJIBTHAr€HTHOTO IAXOLY — MOXKIIH-
BICTh TOOYZOBH ABTOHOMHHUX, aIaNTHBHHUX, 3 MOXJIH-

BOCTSIMU ayKI[IOHHOI i CKOOPAWHOBAHOI B3a€EMOIIT CBOIX
€JIEMEHTIB CHCTEM MOJIEJIIOBaHHS, 10 pOOUTH iX Kpa-
IIMM IAXO0I0M JUIs BHPILIEHHs 3aBIaHHs JEIeHTpaTi-
30BaHOT0 MYJIBTUIIPOEKTHOTO IUIaHYBaHHS MOPTdes
MIPOEKTIB €Hepro30epeKeHHsL.

BukopucranHs 1aHOT Mozeni J03BOJISE MOCIHIOB-
HO TIPOBOJIUTU aHali3 IPOEKTIB 3 METOK BHSBJICHHS
MOXIIMBOCTI IX peajtizallii Ha MiAIPUEMCTBI, Y3rOIDKY-
BaTH IUIAHW peatizamii MPOeKTIB i IUIaHU IiIIPUEMCTBA
Ha Pi3HMX PIBHAX IUTAHYBaHHS. 3alpOITOHOBAHHN ITiIX i1
Ma€ BiIMIHHI PUCH: IHTETpallisl CTPAaTEriYHUX pilleHb
(npuiiHATH 200 BIAXWIMTH HOBI MPOEKTH) 1 ONEpaTHB-
HHUX acIeKTiB (PO3IOMiT pecypciB); MOXKIHMBICTh THYY-
KOT'0 YIIPaBJIiHHS peCypcaMHu.
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Imitation modeling of energy resources management processes of metallurgical enterprises
S. Kiyko, E. Druzhinin, O. Prokhorov

Abstract. As a result of the analysis of the energy saving program structure at the metallurgical enterprises, it was found
the problems that are solved by the energy saving projects are inefficient consumption (significant losses) of energy resources
(gas, thermal energy, electricity), control over the costs formation and the results of improvements in energy consumption. The
overall goal of improving energy efficiency at the enterprise is realized through the management of a energy-saving projects port-
folio, which are aimed at fulfilling the following tasks: optimization of energy balance; minimization of natural gas consumption;
optimization of energy efficiency, etc. Success criteria for an energy-saving project include: efficiency; operating costs, losses,
etc. It should be noted that it is difficult to objectively estimate the share of each energy resource in the total flow, to determine
the energy intensity of individual production, departments and the whole enterprise, etc. To implement optimal management of
energy flows at a metallurgical enterprise we proposed the method based on a multi-agent approach, which consists in forming a
community of agents for energy consumption, energy conversion, energy production and the purchase of energy resources on the
external market. An agent-based simulation model has been developed for analyzing the energy management processes of a met-
allurgical enterprise when implementing a portfolio of energy-saving projects. The article described the features of the informa-
tion interaction of agents in a multi-agent system, due to mechanisms associated with decentralized multi-project planning, in-
cluding the resolution of resource conflicts when performing tasks, the search for the most optimal resources, during which the
work will be performed on the most favorable conditions.

Keywords: portfolio of energy saving projects, project feasibility, risk, resource allocation, agent model, metallurgical
enterprise.
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DESIGNING THE PRINCIPAL TRANSMISSION SCHEME FIBER OPTIC DEVICE

FIBER OPTICAL GYROSCOPE

Abstract. The subject of the article is the fiber-optic fiber-optic gyro system used in inertial navigation, control and
stabilization systems. The purpose of the article is to study the design of the schematic diagram of the transmitting device
of the optical fiber system and to make the necessary calculations for the transmitting device of the optical fiber system.
Problem to be solved is the justification of technical solutions, the implementation of which in the practice of measure-
ment will allow to substantiate the process of designing the schematic diagram of the transmission device of the fiber-optic
system of the fiber-optic gyroscope used in inertial navigation, control and stabilization systems. The article deals with:
stages of designing the schematic diagram of the transmitting device of the fiber optical system; certain calculations have
been made regarding the damping of the site in relation to the designed single-fiber communication system; diagram of the
optical transmission device under development. Conclusions: It is advisable to use the proposed technical solutions both in
the modernization of existing fiber-optic gyroscopes and in the creation of perspective samples intended for use in inertial

navigation, control and stabilization systems.

Keywords: optical transmitter, inertial navigation, control and stabilization systems.

Introduction

Formulation of the problem. Potential opportuni-
ties for the use of fiber optic gyro(FOG) are based on its
potential applications as a sensitive element of rotation
in inertial navigation, control and stabilization systems.
Industrial development of single-mode low-attenuation
dielectric fiber has allowed to create highly sensi-
tive(FOG) used as a rigidly fixed on the body of the
carrier of the sensitive element (sensor) rotation in iner-
tial control and stabilization systems. But, when design-
ing FOG, there is a number of problems, namely, the
technology of producing elements FOG; extreme sensi-
tivity to very small external and internal disturbances
and instability. The solution to these problems is by
improving the technology of element production in
(FOG), one of which is the development of a transmis-
sion device for a fiber optic system, which is not possi-
ble without the designing of its schematic diagram,
which confirms the relevance of the proposed article.

Literature analysis. The principles and organiza-
tional foundations of metrological support, as well as
the role and place of metrological support in Ukraine,
are set out in the Law of Ukraine “On metrology and
metrological activity” [1], State standard of Ukraine
2681-94. Metrology: terms and definitions [2], in ISO
[3, 4], in articles [5-8], in literature [9 - 14]. Mathemati-
cal models for determining the number of orders for
guaranteed metrological servicing of weapons and mili-
tary equipment samples, taking into account their im-
portance, are set out in [5]. The technique of forecasting
the capabilities of metro-technical units for the repair of
damaged military measuring equipment is described in
the article [6]. Theoretical models of heavy objects are
described in [7].

The issues of compensation for excess noise in a
fiber-optic gyroscope are thoroughly discussed in [8].
General theoretical information about fiber-optic gyro-
scope has been thoroughly considered in the literature
[9]. At the same time, issues related to dynamic pressure
measurement remain open.

The purpose of the article is to study the design
scheme of the transmitting device of the optical fiber
system and to make the necessary calculations for the
transmitting device of the optical fiber system.

Basic material

The first step in the design of the principle scheme
of the transmitting device of the fiber optic system is to
select the type and brand of optical emitter based on the
requirements to its technical characteristics, namely:
radiation power; wavelength of radiation; the width of
the radiation spectrum; modulation frequency; pumping
current; threshold current. For the correct selection of
the optical emitter in the first stage, you must specify
the determination of the radiation power. To do this,
determine the required optical power at the output of the
optical transmitter. The final decision on the choice of a
brand of emitter is made on the basis of compliance
with the technical characteristics of the device, the re-
quired radiation wavelength, the width of the radiation
spectrum and the time of increase of the optical signal
power.

In the second step, the transistor V2 is selected in
the direct modulator circuit (DMC) and the modulator is
calculated. The transistor is selected based on the char-
acteristics of the previously determined optical emitter,
namely the pumping current and the threshold current. It
is necessary to take into account the maximum allow-
able power of the transistor and its limiting frequency.
Next, the operating point is specified and the elements
of the modulator circuit are calculated. In the third
stage, the power amplifier should be calculated (IIIT)
through the use of a high-speed operational amplifier,
which is included in the circuit voltage-to-current con-
verter. It is necessary to correctly select the type of op-
erational amplifier according to the required upper fre-
quency and power, which is the scattering, and and-each
to calculate the elements of the circuit voltage - current
converter.

In the fourth stage, the device of automatic control
of the optical signal level at the output of the trans-
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mitting device is organized (APII). his will use a
VD3 photodiode connected to one of the poles
of the directed optical coupler(OC) and detector
APII, made on the integrated circuit K175/1A1
(Fig. 1). Let’s consider the more carefully pro- |Exit
posed steps. When calculating the transmitter
power output and selecting the type of radiation
emitter, it should be taken into account that the
value of the power difference at the output of the
optical emitter and at the input of the optical
receiver should exceed maximum attenuation
made by station and line structures on the trans-
mitter-receiver section. Currently available opti-
cal modules provide a sufficiently low level of
reception. Reception devices of some systems
provide a level of reception of 0.01 mkV
(-50 dB), which when performing the calcula-

PP

X
10~
Optical
Rp
ADP | — | KI7
1 —
T cf

tions, we will assume the default.

We propose the damping of the plot on the
designed single-fiber communication system:
oa=1 ((X,OB + (X’[H’))

o3

J+2a3 +2(X,PZCLK +20L1, (l)

where is [ =8km - length of the plot; apg =2DB -
attenuation of one kilometer of optical fiber; oy =2DB -

attenuation of the signal in the device combining and
branching signals; opy-;x =1DB - attenuation of the
signal in the device PZCLK; o3 =1,4DB - attenuation of
the signal in the plug connectors (the norm
op3 =1,5DB); opyz =0,2DB - signal attenuation in
non-detachable connectors (by norms, ayz =0,2DB);
15 =2km - the optical fiber cable length.

Let's make some calculations.

We calculate the damping of the plot for the de-
signed single-fiber communication system:

a:8(2+0’—22j+2-1,4+2-1+2-2=25,6dB.

Calculate the minimum power level:
B =Ppp +0=-50+25,6=-24,4dB., or

P, =10% 244 1w = 1,585 mw.

where is Ppp =-50 dB - optical signal level at reception.

Thus, the output power of the transmitter module
must be at least 1.5 MW.

In addition, the radiation source must operate at a
wavelength of 1550 um and provide a modulation fre-
quency of at least 8.5 MHz. The ILPN-1500 semicon-
ductor laser best meets the following requirements and
has the following characteristics:

1) radiation power: Pz =15 MW;

2) radiation wavelength: A =1 310 um;

3) the width of the radiation spectrum: A=3 nm;

4) modulation frequency: F,, = 250 MHz;

5) pumping current: /,=50 mA;

6) threshold current: Inop=30 mA;

7) operating voltage: 1,5 V;

8) operating temperature range: —40° £60° .

Fig. 1. Schematic of the optical transmission device

The next step is to calculate the output stage. First
of all, let's choose a transistor, where we will be guided
by the following requirements to its technical character-
istics, namely: DC collector current of at least 120 mA;
Frequency gain greater than 8.5 MHz. The following
requirements are satisfied by the silicon n-p-n transistor
KT660B. Which is intended for use in switching and
switching devices, in circuits of computers, in genera-
tors of electrical oscillations, and having the following
electrical parameters:

- static coefficient h21e current in scheme 3E at
Uy=101in I.= 2 mA: hy; = 450;

- saturation voltage of the collector - emitter Uy
mpu 1,=500 mA 1450 mA, not more than 0.5 V;

- saturation voltage base - emitter U, at
1=500 mA, not more than 1.2 V;

- the capacity of the collector junction C; at
U= 10 V, not more than 10 pF;

- the reverse current of the collector U, at
U, =10 V, not more than 1 p4;

- the reverse current of the emitter U, at
Up.=4 V, not more than 0,5 uA;

Limiting operational data:

- constant voltage collector - base Uxkomax 30 V;

- constant voltage collector - emitter Uxkamax
pu Ry < 1 kQ30 V;

- constant voltage collector - emitter Uxamax
npu [, <10mA 25V,

- constant voltage base - emitter Udosmax 5 V;

- constant power collector Ikmax 800 mA4;

- constant power dissipation of the Pmax 0.5 W.

Next, determine the mode of operation of the tran-
sistor (operating point). To select the mode, we use the
family of the output characteristics of the transistor for
the scheme with a common emitter whick parameter is
the base current (Fig. 2).

It is necessary to fulfill the condition regarding

the collector rest voltage: U, <0.45E ., (taking
into account the given condition) U, =6V. Consid-
ering that a threshold current of 40 MA, is required to
modulate a semiconductor laser, then /,,, =40 mA4 . In
this current of the base

case, the rest
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1, =0.135E mA. . Since the maximum pumping cur-
rent of the laser is 120 mA, the maximum collector
current will be, [ . =120mA4, in this case
Uemax =1.7V and 1[5, =047 mA.  According to
the input characteristics of the transistor (Fig. 3) we
determine the voltage of the rest base and the ampli-
tude value Ugy =0.71V and she amplitude charac-

teristics U, =0.74V.

G max

[ §
Fpah

[
ik

En=135B

Lcae=613

Fig. 2. Family of the output characteristics
of the transistor for the circuit with the common emitter

U=sB

0,47

0,13 4

Uss

071 0,4

Fig. 3. Family of input characteristics
of a transistor for a circuit with a common emitter

Thus, the mode of operation of the transistor is
determined by the following parameters:

- collector rest voltage: U, =6V

- collector rest current: [, =40 m4;

- base rest current: [, = 0.135 m4;

- base rest voltage: Uy, =0.71V;

- base current amplitude: /4, =0.47 m4;

- collector voltage amplitude: U, .x =1.7V;
=120 m4;
- voltage amplitude at the base: Uy, =0.74 V.

- collector current amplitude: 7, .«

The transistor is included in the scheme with a
common emitter, and the semiconductor laser is in the
collector circuit. In this case, the voltage drop in the
emitter circuit must satisfy the following condition:

UR=015E,, )

where is E, - where is the supply voltage of the

modulator.
Define the supply voltage £, =15V, in this

case: Up, =0.1515=1.8V, where the resistance Rp

will be calculated by the formula:
Ur, 1.8

= = 3 =44.85Q).
Iko+1go  (40+0.135)-10~

Rp

The current /p of the divider should be at least
5 - 10 times lower than the rest current of the base
Iyo:
Ip =10-1y9 =10-0.135=1.35 mA.
In order to stabilize the mode of operation of the
circuit between the voltage at the emitter resistance

and the filter resistance, we define that the filter resis-
tance voltage is equal Up, =1B. In this case, the

filter resistance is determined as follows:

U
" Ixo+1go+p
1

(40+0.135+1.35)-107°

=24.11Q.

The voltage drop at the divider support is
R, equal to the sum of the voltage drop at the support
in the emitter circuit and the shear voltage at the base of
the transistor at the emitter resistance and the filter re-
sistance, we define that the filter resistance voltage is
equal. In this case, the filter resistance is determined as
follows:

Ug, =Ug, +Up, =1.8+0.71=2.51V..
In this case, the resistance of the divider is Ry, :

Ur, 251

= 3 =1.86 kOwm.
Ip  1.35-10"

Ry, =

Find the resistance in the emitter circuit R, :

o EnUn, ~Us,
E:—:
_ 1222511 o

(1.35+0.135)-107

For a circuit with emitter stabilization, the supply
voltage is distributed between the three resistors of the

output circuit (Rg, Rg, R ), by a laser emitter and a

transistor:
EP =UKE0 +URE +URK +URF+UD' (3)
whereis Up =2V - voltage drop on a semiconductor

laser; Upp - voltage drop at the support in the collec-
tor circuit.
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From here:

Upy =En=Ugkpp ~Urg —URf -Up=12B

In this case the resistance in the collector circuit is:
_Upy 1.2

Ry = =
Ixo 40-107°

=30Q.

The next step is to calculate the matching ampli-
fier. For what, as a reinforcing element, it is intended to
use a high-speed operational amplifier included in the
scheme of the Converter voltage - current (also known
as an amplifier with complex steepness). The scheme of
the matching amplifier is presented in Fig. 1 (functional
group PP). A resistor that selects a current that is de-
signed to provide feedback to a positive input clamp.
The resistance value Rs, is determined based on the

following condition:
Ry
R, =—H 4
5570 “4)
where is Ry — the load resistance of the amplifier,

which is the input resistance of the direct modulator
and exactly parallel connection of the resistor divider
Rp (of two in parallel connected resistors in the base

circuit Rp) and the input resistance of the transistor

Ry, » equal to:

_ RogRp
Ry, +Rp

The input resistance of the transistor is calculated
according to the following relation:

0.74-0.71
(0.47-0.135)-107°

)

Ry

_Upm =Upo _ ~900
Rop = —1 = IR
vm —Ivo

The resistance of the divider is calculated accord-
ing to the following relation:

Ry -R)5.72:10°-1.86-10°
b= -
Ry +R)  (5.72+1.86)-10°

=1.40 kQ.

In this case, the load resistance of the amplifier is
equal to:

_ Ro,-Rp  90-1.4-10°
Ry, +Rp  90+1.4-10°

Ry ~84Q,

and the resistance Rs is equal to:

R .
__H_Mzg,sg,

710 10

The amplitude value of the voltage drop at the re-
sistance Rs is equal to:

Ay = Iy -Rs =(0.47-0.135)-107 -8.42 = 0.003 /

Required from the scheme, the gain is equal to
the ratio of the amplitude of the output voltage to the

amplitude of the input voltage. Since the input of the
coordinating amplifier is signal from the code con-
verter, the amplitude of the input signal is

Ay, =5-07=43V.
In this case, the gain of the scheme is:
Aygs  0.003

AUO

K= =0.000653.

Let’s resistors denominations Ry, R,, Rz

and R, are chosen to be the same, each of which

must exceed the resistance Rs at least 20 times.

Consider the following resistance values under this
condition:

Ry =Ry =R, =2000-Ry; =2000-84.18 =168 kQ.
The resistance R, sets the gain of the circuit
and is defined as follows:

Ry =R, -K =168.36-10-6.56-10™* =110 Q.

Next, we calculate the device automatically ad-
justs the level of the optical signal at the output of the
transmitting device, which provides stabilization of the
average power of the laser radiation.

The device ARP includes the following basic
elements (functional group ARP in Fig. 1): a photodi-
ode for converting the optical radiation emitted from
the output of the laser into an electric current; an
automatic level control detector and a DC amplifier
made on an integrated circuit.

It should be noted that the sensitivity of the pho-
todiode does not play a role in this case, therefore,
when choosing the type of photodiode, we will be
guided by such parameters as reliability and low cost.
In our case, when using a semiconductor laser ILPN-
1550, the manufacturer of this laser predicted that
when using semiconductor lasers in different devices,
the developers would use a radiation-based stabiliza-
tion method based on feedback.

And according to this, the design of a semiconduc-
tor laser ILPN-1550 already contains a photo sensor
with an optical splitter.

Conclusions

1. The article proposes a schematic diagram of the
transmission device of a fiber-optic system of a fiber-
optic gyroscop.

2. The proposed scheme (Fig. 1) used a laser emit-
ter ILPN-1550 operating at a wavelength of 1550 nm
and 5 mW, which has an output optical power of radia-
tion. In the scheme of the direct modulator used silicon
n-p-n transistor KT660B which is intended for use in
switching and pulse devices. To match the output of the
code converter and the input of the modulator, a match-
ing amplifier is introduced on a high-speed operational
amplifier KP140YDI11. To stabilize the average laser
power, a device for automatic control of the optical sig-
nal level, including the integrated circuit K175DA1 used
as an ADC detector and DC amplifier.
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3. The proposed transmission device is designed to  solutions both in the modernization of existing fiber-
work in the composition of digital optical gyroscopes optic gyroscopes and in the creation of perspective

operating at a speed 8 Mbits/s. samples intended for use in inertial navigation, control
4. It is advisable to use the proposed technical and stabilization systems.
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IIpoexTyBaHHs NPHHIMIIOBOI CXeMH MepeJaBaJTbHOI0 NPUCTPOIO BOJOKOHHO-ONTHYHOI CHCTEMH
BOJIOKOHHO-ONITHYHOI0 TipOCKOIMy

B. b. Kononog, O. A. Kononoga, 1. I'. OnuHOKHMIA

AHoTanisi. VY crarTi 3alporNOHOBAaHO NMPHHIMUIIOBY CXEMY IPUCTPOIO Iepejiadi BOJIOKOHHO-ONTHYHOI CHCTEMH BOJIO-
KOHHO-ONTHYHOro ripockona .IIpegMeroM BUBYEHHS B CTAaTTi € BOJIOKOHHO-ONTHYHA CHCTEMa BOJOKOHHO-ONTHYHOIO ripoc-
KOITy, III0 BUKOPHUCTOBYIOTHCS B iHEPIiaIbHIX CHCTEMax HaBirarii, kepyBaHHs i crabimizamii. MeTOI cTaTTi € 1OCIiKEeHHS
1010 TPOEKTYBAHHS IPUHLMIIOBOI CXEMH I1€PEaBaIbHOIO MPUCTPOIO BOJOKOHHOI ONTHYHOI CUCTEMH Ta HPOBEJEHHS HeoO-
XiJJHUX PO3PaxyHKiB ILI0J0 NI€PeIaBaIbHOTO IPUCTPOIO BOJIOKOHHOT ONTHYHOI cHcTeMH. 3aaaya, 10 BUPiIyeTbes, — 00IpyH-
TYBaHHS TEXHIYHHX PillleHb, BIPOBA/LKCHHA SKUX B IPAKTHKY BUMIPIOBaHHS JO3BOJIATH OOIPYHTYBATH IPOLIEC IPOESKTYBAHHS
MPUHIIUIIOBOI CXEMH IE€PelaBaJIbHOTO IIPUCTPOIO BOJIOKOHHO-ONTHYHOI CHCTEMHU BOJIOKOHHO-ONITHYHOI'O TipOCKOIa, 110 BUKO-
PHUCTOBYIOTBCS B IHEpLIiaJIbHUX CHCTEMax HaBirauii, kepyBaHHsS i crabinizauii. B eraTTi po3risgaersesi: eTany NpoeKTyBaHHI
MPHUHIIUIIOBOI CXEMH I1€peaBalIbHOrO MPUCTPOIO0 BOJIOKOHHOI ONTHYHOI CUCTEMH; MPOBEJCHI MEBHI PO3PaxyHKH,IION0 3ara-
CaHHA JIISAHKM IIOJO0 HMPOSKTOBAHOI OJHOBOJIOKOHHOI CHCTEMH 3B'SI3KY; CXeMa ONTHYHOI'O IepPelaBaJIbHOrO IPUCTPOIO, L0
PO3po0IIETECs. 3alPOIIOHOBaHa CXeMa BUKOPHCTOBYBaIa Jia3epHui BunpominioBad ILPN-1550, mo npamtoe Ha JOBXUHI XBHII
1550 1M 1 5 MBT, 110 Ma€ BUXiJHY ONTHYHY IOTY)XHICTb BUIIPOMIHIOBAaHHS. Y CXeMi IPAMOro MOIYJISTOpa BUKOPHCTOBYETHCS
KpeMHieBuii n-p-n Tpansucrop KT660B, sxuii npusHaueHUid U BUKOPUCTAHHS B KOMYTALIMHUX Ta IMITyJIbCHUX IPUCTPOSX.
Jlnst BiNOBIAHOCTI BHMXOAY HEPETBOpIOBaua KOAY Ta BXOAY MOAYIATOpa Ha IIBHUAKICHMN oOmepaliiHui mizcumioBaq
KP140YD11 BBoguThCs BiAnoBiaHMH migcroBad. [{iis crabimizanii cepeaHbol MOTYKHOCTI Jia3epa BCTAHOBIICHO IIPUCTPIH st
aBTOMATHYHOT'O YNPABJIiHHSA ONTHYHUM CUT'HAJIbHUM PiBHEM, BKIIIOYaOuH iHTerpaipHy cxemy K175DA1, 1110 BUKOPHUCTOBYETD-
cst sk perexrop ALIII ta mixcumoBad nocriiiHoro crpymy. BucHoBku. IlpornioHoBaHuil npUCTpiii epenadi npu3HAYEHUH 11
pobotH y ckinani MUQPOBUX ONTHYHMX T'1POCKOIIB, IO MPAIFOIOTh 31 MBUAKICTIO 8 MOiT / ¢. 3anponoHoBaHi TEXHIUHI pillIeHHS
JIOLIIBHO BUKOPHCTOBYBATH SIK IIPU MOJEpPHi3alil iCHYIOUHX BOJIOKOHHO-ONITHYHUX TiPOCKOIIIB, TaK i IPU CTBOPEHHI HepCIIeK-
TUBHUX 3pa3KiB, 0 IPHU3HAUCHI JUIs pOOOTH B iHEpLIiaIbHUX CHCTEMAaX HaBiraii, kepyBaHHs i crabimi3aryi.

Kar4dosi ciaoBa: onTuuHumii nepeaBaabHUN NPUCTPIH, iHEpLianbHI CUCTEMH HaBirauii, KepyBaHHs i crabiizarmi.
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NEW MATRIX BASED ALGORITHM FOR CALCULATION
OF IMPORTANCE MEASURES

Abstract. The system reliability/availability is complex term that is evaluated based on numerous indices and measures.
There are different methods for the calculation of these indices and measures. Some of the most used are importance measures.
These measures allow to evaluate the influence of fixed system components or set of components to the system
reliability/availability. Importance measures are used to allow for various aspects of the impact of system elements on its
failure or operability. Analysis of element importance is used in the system design, diagnosis, and optimization. In this paper
new algorithm for the calculation some of importance measures is developed based on the matrix procedures. This paper goal
is development of new algorithm to calculate importance measures of the system based on the matrix procedures that can be
transformed in the parallel procedures/algorithm. This algorithm is developed based on the application of Logical Differential
Calculus of Boolean logic for importance analysis of system. The application of parallel algorithm in importance analysis
allows the evaluation of system of large dimension. Importance specific of the proposed matrix procedures for calculation of
importance measures is the application of structure function for the mathematical representation of investigated system. This
function defined the correlation of the system components states and system reliability/ availability. The structure function in
this case is defined as truth vector to be used in the matrix transformation. The truth vector of Boolean function is column of

the truth table of function if the values of the variables are lexicographically ordered.

Keywords: Structure function; Importance measures; Logical Differential Calculus; Direct Partial Boolean Derivatives.

Introduction

One of parts of the reliability analysis is
importance analysis [1, 2]. The importance analysis
allows evaluation of influence of every system
component to the system reliability or availability. This
evaluation is implemented based the special indices that
are named Importance Measures (IMs). IMs are used
today to allow for various aspects of the impact of
system elements on its failure or operability. Analysis of
element importance is used in the system design,
diagnosis, and optimization. There are different
algorithms to compute these measures that are caused
by the mathematical representation of investigated
system [3]. The structure function has been introduced
for system representation as one the first mathematical
model and in case of the system analysis in stationary
state can be interpreted as Boolean function [4]. This
function maps the system components states and system
state.

Authors of studies [2, 5, 6] shown that the
reliability analysis of system can be implemented by
application of Logical Differential Calculus. The
algorithms for calculation of frequency indices have
been studied in [6]. The definition and computation of
IMs based on Logical Differential Calculus, in
particular Direct Partial Boolean Derivatives (DPBD),
have been proposed and investigated in [2, 5]. These
derivatives allow investigating of the function value
change depending on the change of the value of the
function variable. The interpretation of the structure
function in term of the Boolean function permits to
study the system state change depending on the change
of the failure or repairing of the component.

The computational complexity of the calculation of
IMs based on the system structure function depends on
the system dimension (number of system components).
Authors of papers [5, 7] propose to use the Binary

Decision Diagram (BDD) for the structure function
representation to decrease the computational complexity
of algorithms for reliability analysis. The application of
BDD in importance analysis of system and IMs
calculation have been considered in [5, 8]. Other
approach of this computational complexity decreasing is
the use of parallel procedure [9, 10]. The correlation of
the parallel algorithms and matrix procedures has been
studied in [11]. The transformation of traditional
computational procedures for the calculation of indices
and measures in matrix form is important step in the
design of parallel algorithms. In this paper we consider
and propose new definition of IMs based on the matrix
procedure and algorithm for their calculation based on
new definitions. This transformation of traditional
definition of IMs into matrix form needs the special
representation of structure function by matrix or vector.
For this representation is used the truth vector of
structure function introduced in [11] for definition of
Boolean and Multiple-Valued functions. Some aspects
of the matrix algorithms for calculation of DPBD have
been investigated in [12]. In particular, the matrices to
transform of truth vector of logical function into truth
vector of logical derivative have been proposed. But
author of [12] studied the Logical Differential Calculus
for Multiple-valued logic and didn’t considered
specifics of Boolean logic, that is used in reliability
analysis. The application of parallel algorithm in
importance analysis allows the evaluation of system of
large dimension.

1. The structure function

Let’s a system consist of n components. The
system can have two possible state in point of view of
its availability: working and failure. Every component
state is designated as x; (i = 1,..,n) where the i-th
component working state is interpreted as x; = 1 and
x; =0 indicates the component failure. The set of

© Sedlacek P., Forgac A., Zaitseva E., 2019
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components states (xi, ..., x,,) is named the state vector.
The system availability depends on components states.
Every system component is characterized by the
probability of its state. The probability of the i-th
component failure is g; = Pr{x; = 0}. The probability of
the i-th component working is p; = Pr{x;= 1} =1 — g..
These initial data allow analysis in stationary state that
doesn’t take into account the changes of the system and
its components depending the time [1, 5, 6].

The evaluation of the investigated system needs
forming its mathematical representation. One of
possible mathematical representation is the structure
function, which maps the sets of components states
system state. Taking into account the notations of
components states the structure function ¢(x) of the
system of n components is defined as [5]:

o(x) = o(xy, ..., x,): {0, 1}" — {0, 1}.

The system analysis takes into account next
assumption [13]:

a) the system and its components have two states:
up (working) and down (failed);

b) all system components are relevant to system;

¢) the failure and repair rate of the components are
constant;

d) repaired components are as good as new;

e) the system structure function is monotone non-
decreasing that mean any component failure can not
cause improve of the system working (reliability) [4, 6].

The equation of the structure function agrees with
the Boolean function. It allows us to use mathematical
approach of Boolean algebra for the structure function
investigation. In particular, in papers [2, 5] the approach
of Logical Differential Calculus has been used for
importance analysis of the system represented by the
structure function. In paper the analytical representation
of the structure function in form of formula has been
used. Such representation causes the specific of
algorithms for calculation of importance measures. In
this paper we propose to develop algorithms for
calculation of importance measures based on the matrix
procedures that can be transform into parallel regular
algorithms. The application of parallel algorithms
allows using proposed procedures for calculation of
importance measures for system with large dimension.

The development of matrix procedures assumes
the representation of initial data by matrix or vector.
Therefore, the structure function should be defined by
vector or matrix. In Boolean algebra there is the
representation of Boolean function by truth vector [11].
The truth vector of Boolean function is column of the
truth table of function if the values of the variables are
lexicographically ordered [11, 12].

Therefore, the structure function of any system can
be represented by truth vector of 2" elements un-
ambiguously:

©O) (D (@) @miyT

x=[x"x"x

For example, consider the trivial system of three
components (z = 3) in Fig. 1, a.

The structure function of this system is shown as
truth table is shown in Fig. 1, b.

According to this truth table the truth vector of the
structure function of the considered system

x=[00000111]"

Let us mention the useful property of the truth
vector. The number of the truth vector element in binary
representation corresponds to values of function
variables for this function value if components of the
truth vector is number from 0 to 2"-1 [11]. For example,
consider the truth vector element x*® = 1 of the structure
function of the system in Fig.1. The state vector for this
function value is defined by the transformation of the
parameter { = 5 into binary representation:

i]()z 5= (i], iz, i3)2 = (1, O, 1)

Therefore, the state vector for the 5-th element of
truth vector x of the considered structure function in
Fig. 1 is (x; x, x3) = (1 0 1). It allows us to declare that
the element x*’ = 1 agrees with the structure function
value ¢(1,0,1)=1.

Values of | Function
variables, values,
X1, X2, X3 o(x)
000 0
0 01 0
010 0
X 011 0
P 1 00 0
— * 101 1
X, 110 1
1 11 1
a 0

Fig. 1. Example of system (a)
and its structure function’s truth table (0)

2. Logical Differential Calculus

A Logical Differential Calculus is part of algebra
logic for investigation of dynamic properties of logical
function by logical derivatives. There are different types
of logical derivatives [14, 15]. One of them is logical
derivatives that is often interpreted as logical difference
and defined by equation:

agg_)gx)z go(Ol-,x)@QD(li’x)’

1

where symbol @ is operation XOR and the operand ¢(0;,
x) is the structure function value when the i-th
component is in state 0 (x; = 0), and the second operand
o(1;, x) is the structure function value when the i-th
component is in state 1 (x; = 1).

This type of derivatives allows us to investigate the
result of the system component state change, but this
derivative is not fixed the direction of the state change.
This flaw can be leveled by the use of other type of
logical derivatives that is named Direct Partial Boolean
Derivatives (DPBD) [14].

In analysis of Boolean functions, a DPBD allows
identifying situations in which the change of a Boolean
variable results the change of the value of Boolean
function. In case of reliability analysis, DPBD allows
investigation the influence of a structure function variable
(=component state) change on a function value change
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(=system state). Therefore, a DPBD of the structure
function permits indicating components states (state
vectors) for which the change of one component state
causes a change of the system state (availability) [2].
DPBD can be used to analyze how a specific
change of component state (from 0 to 1 or from 1 to 0)
affects the system functionality (from 0 to 1 or from 1
to 0). This derivative for the system structure function
change from j to ; with respect to variable x; change

from a to a is defined as:

op(j—7)

Ox; (a —>57) ={§D(al-,x) H]}/\{go(ﬁl-,x)ej} ,

where @(a;, X) = @(x1, X25. .., Xi1, Ay Xit1y- -5 Xn),

a,j € {0, 1};

<> is the symbol of equivalence operator (logical bi-
conditional);

A denotes Boolean operation AND,;

a is a negation of the argument a.

The matrix interpretation of DPBD can be
introduced for the truth vector of DPBD that is
calculated based on the truth vector of the structure
function. According to the definition of the DPBD

op(j—Jj)/ox;(a—a) the truth vector of this
derivative is calculated as [12]:

ox(j—7J : -
(J J_) _ (P(z,a) 2 (X)),(P(z,a) - (x)),
0ox; (a - a) : /
where x is the truth vector of the structure function;
2s(x) is the vector literal calculated according to:
Agx0) = A, ([ x V. x0Ty =
= [sex@ sex s(—)x(zn'l))]T, forse{j, j};
P(”)
2"1%2" of the variable x; for [ € {a, a } that is formed as:

PY'=M,, ®[l<0 [o1eM

is differentiation matrix of the dimension

n—i 2

matrices M,, and M
dimension 2”'x2"" and 2"'x2"" accordantly.
The vector literals A(x) and /l;(x) indicate the

are diagonal matrices of the

n—i

variables values (state vectors) for which the structure
function has value j and j (the system state j and ;)
accordantly. The matrices P““ and P“” indicate the
variables values (state vectors) for which value x; is a
and a .

For example, compute the truth vector of the

DPBD  with  respect to the variable x;
ox(1 - 0)/éx,(1—>0) for the structure function of the

system shown in Fig.1. The truth vector of this system
structure function is x=[00000 1 1 1]". According to
the equation for the calculation of truth vector of DPBD
we obtain:

ox(1—0)

or,(1>0) (P 2,00)- (P2 2,(x),

where vector literals are 4;(x) =[0 0000 1 1 1]" and
J(X)=[11111000]",

P =M, ®[0 1]®M, =
[0 01 0 0 0 0 0]
10 1000010000
£ e o 3 |
0 1 01/]10 00 000T10
0000000 1]

P =M, ®[ 0]®M, =
(1 00 00 0 0 0]
10 1 0//01 000000

= 1 o]® =

0 1 01/]/0 0001000
0000010 0
011 0
ox(1—0) o/ |1| [0
L= (P A,(0)- (P02, 0)=| | (=] -
6x2(1—>0)( ‘())( °()) 1 |1] |1
1110 0

The truth vector of DPBD ox(1 — 0)/dx,(1— 0)

doesn’t depend on the variable x, and has only one non-
zero value that agree with the variables values: x; = 1
and x3 = 0. The state vector (x; x3) = (1 0) allows us to
declare only one situation of the system failure
depending the fault of the second component. It is
possible if the first component is in the working state
and the third component was fault before the breakdown
of the second component.

The truth vectors of other DPBDs of this system
for analysis of its failure can be calculated similar.
According to these derivatives, the considered system
fails depending the fault of the second component in
case if the third component was not functioning and the
first component has been working. The fault of the third
component cause the system failure in two situations:
the first component should be in the working state and
the second component can be fault or working.

Table I — The truth vectors of DPBDs for the system
failure analysis (the system is shown in Fig. 1)

Vj;‘ﬁ‘e’les ox(1-0) ox(1-0) ox(1-0)
e o0 | a0 | an(150)
000 - - -
001 — — 0
010 — 0 —
011 — 0 0
100 0 — —
101 0 — 1
110 0 1 —
111 1 0 1

3. Importance Measures

One of the first of Importance Measures (IMs) has
been introduced by Birnbaum [16]. These measures allow
evaluating the influence of the fixed system component
changes (failure or restore) to the system failure or
working. In paper [2] new DPBDs-based method for
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calculation of IMs has been developed. The well-known
IM as Birnbaum Importance (Bl), Structure Importance
(SI) and Criticality Importance (CI) have been defined in
terms of DPBD. Let us summarize these definitions of IMs
(Table 2) for the system failure based on DPBDs.
According to the definition of SI in Table 2 this
measure can be considered as relative number of
situations in which a given component is critical for the
system activity. It can be defined as proportion of
system state for which the fault of the fixed component
causes the system failure in space of possible system
states. The number of such caused system state can be
defined by DPBD 0 ¢(1—0)/0x;(1—0) and nominated

as p”". The SI of the i-th component is defined as [2]:
SI; = pl(_1—>0)/2n—1 ’
where 2"-1 is a size of the DPBD.

Table 2 — Importance Measures Definitions

Importance

Meanin
Measure &

The SI concentrates only on the topological
structure of the system. It is defined as the
probability of the system failure depending
on the failure of the component breakdown
based on the topological specific of the
system

The BI of a given component is defined as
BI the probability that the component is
critical for the system work.

The CI of a given component is calculated
as the probability that the system failure has
been caused by the component failure,
given that the system is failed.

SI

CI

The BI of component i defines as the probability
that the i-th system component is critical for system
failure. It is probability of the system failure if the i-th
system component was fault. This probability can be
defined as the probability of all critical states. These
states is computed by the DPBD 0¢(1—0)/0x,(1—0) [2]:

BI; = Pr{dp(1—0)/x;(150) & 1}

One very often used IM is CI. This measure is
defined similar to the BI, but take into account of the
probability of the i-th component fault [1]. Therefore,
this measure can be calculated based on DPBD to:

Cl; = Bl;(q;/U).

where ¢; is the probability of the i-th component fault
and U is the system unavailability that is calculated
based on the structure function as:

U=Pr{p(x)=0}.

The considered IMs are computed based on the
DPBD. The definition of the structure function by truth
vector allows us to compute these measures based on
the matrix procedures.

4. Matrix procedures for Importance
Measures calculation

The SI of the i-th component can be computed by
the matrix procedure as:

SI; = 0.9 (0x(j > 7)/ox; (a > @)) /2"
where O is number of non-zero values of the truth
vector of DPBD 6x( j— ]_)/ ox(a—a).

The BI of the i-th component is defined as the

probability of all critical states that are indicated by
non-zero values of the truth vector of DPBD:

BI, = Pr{ox(1 - 0)/x,(1— 0) <> 1}.

The CI of the i-th component is calculated based
on BI. A matrix procedure can be transform in parallel
procedure according to [12].

To illustrate the analysis of system based on SI, BI
and CI using DPBDs consider the system in Fig. 1 and
compute these measures for all system components.
Values of IMs for this system are computed in Table 3.
According to these IMs, the first component has the most
influence on the system failure from point of view of the
system structure, because the values of the SI, BI are
greatest for this component. The CI is maximal for the
second and third components and, therefore, it indicates
the first component as non-important taking into account
the probability of failure of this component (it is minimal
for this component, i.e. g; = (1 —p;) = 0.10).

Table 3 — IMs for the system in Fig.1

Component X X X3

Probability of component state, p; | 0.90 | 0.70 | 0.65
SI; 0.75 1 0.25 ] 0.25
BI, 0.90 | 0.32 | 0.27
CI, 0.46 | 0.49 | 0.49

So, DPBDs are one of possible mathematical
approaches that can be used in importance analysis, and
they allow us to calculate all often used IMs (Table 2).
Mathematical background of its application for the
definition of IM has been considered in papers [2, 5]. In
this paper new algorithm for the calculation of DPBD
based on a parallel procedure is developed.

Conclusion

In this paper the new algorithm misr proposed for
the calculation of IMs based on the matrix procedures.
This algorithm is based on the use of the DPBDs. The
computational complexity of the proposed algorithm is
less in comparison with algorithm based on the typical
analytical calculation (Fig. 2).

1200

1000 — Analitical
800
£ Parallel
600
Ua00
g
200

04 ==
! 2 > Nufuber osfcomgonen&, n ® ’ 10

Fig. 2. Computation time for calculation of DPBDs
based on analytical and parallel procedures

The proposed algorithm for the calculation of IMs
based on the parallel procedures can be used in many
practical applications.
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Martpuysi npouexypu
JUIsE 00YHCJICHHS BAsKIHBICHIX OIHOK KOMIIOHEHTIB CHCTEMH

I1. Cemauek, A. ®opray, O. 3aiinesa

AHoTanisi. HaxiiiHICTE/HOCTYIHICTS CHCTEMH € CKJIQJHUM OaraTOrpaHHUM HOHSTTSM, SKa OLIHIOETHCS Ha OCHOBI
YUCICHHUX IIOKa3HUKIB 1 iHAeKciB. ICHYIOTb pi3HI MeTOAM PO3paxyHKy LMX IOKAa3HHMKIB B aHali3i HagiiHocti. OnHuMu 3
HaHOLIBII YaCTO BUKOPUCTOBYBAHUX NMOKA3HUKIB € MOKA3HUKAMU OLIHKH Ba)KJIMBOCTI KOMIIOHEHTIB CHUCTEMH, SIKi JI03BOJIAIOTH
OLLIHUTH BIUIUB OJHOr0 a0 JIEKIJIbKOX KOMIIOHEHTIB CHUCTeMH Ha ii HaailHiCTh/HocTynHicTh. ChOroJiHi BUKOPUCTOBYIOTBCS Mipu
Ba)KJIMBOCTI, 1100 BpaxyBaTH Pi3HI aClEKTH BIUIMBY €JIE€MEHTIB CUCTeMH Ha ii BiMOBY ab0 npane3aTHicTb. AHaIII3 BaXJIMBOCTI
€JIEMEHTIB BUKOPHCTOBYETBCS IIPH INPOEKTYBaHHI, MIarHOCTHII Ta ONTHMIi3amii cucreMu. Y HaHii crarTi po3poOieHi HOBI
ITOPUTMH PO3PaxXyHKY JESIKHUX OLIHOK BaXXJIMBOCTI KOMIIOHEHTIB CHCTEMH Ha OCHOBI MAaTPMYHHX Hpoueayp. Meroro naHoi
pobOTH € po3poOKa HOBOrO AJITOPUTMY UL PO3PaxXyHKY IOKa3HUKIB BaXKIIMBOCTI CHCTEMH HAa OCHOBI MaTPUYHHUX NPOLENYD, AKi
MOXXYTb OyTH HEpPETBOPEHI B MapaJielibHi Mporeaypu/anroputmu. Lli anroputmu po3poOiieHi Ha OCHOBI 3aCTOCYBaHHS JIOT4HOTO
i epeHnianbHOro 00uUCIIeHHs OyIeBol JIOTIKYU U1 aHaJli3y BaXKIIMBOCTI CUCTEMH. 3aCTOCYBAHHS NapajlelbHUX AITOPUTMIB B
aHaji3l Ba)KIMBOCTI JIO3BOJSIE OIUHIOBATH HAaJiMHICTH CHCTEMH BelUKoi po3MipHocTi. CrenudigyHolo 0CcOONUBICTIO
3aIPONIOHOBAHUX MATPUYHMX IPOLEIYp Ul PO3PaXyHKY IOKa3HHMKIB BajKJIMBOCTI € BUKOPHCTAHHS CTPYKTYPHOI GYHKIIT Juis
MaTeMaTHYHOrO IMOZaHHA JociiKyBaHOi cucreMu. Ll QyHKuis BU3Hauae OfHO3HAUHE CIIIBBIJHOIICHHS UL BCIX MOMUIMBHUX
MOEJHAHb CTaHIB KOMIIOHEHTIB CHCTEMH 1 HajiiHicTio/mocTynHicTio cucreMu. CTpyKTypHa (YHKIIS B L[bOMY BHIAIKY
BU3HAUYAETHCA SIK BEKTOP ICTMHHOCTI, SIKMH BHUKOPHCTOBYETbCS B MATPHYHUX HEPeTBOPEHHsX. Bekrop icruHHOCTI Oynesoi
GbyHKUii sBise coOO0 CTOBIELb TAONUI ICTUHHOCTI Ul 3HAa4€Hb 3MIHHMX YIOPSIKOBAHHUX B JICKCHUKOIpahiuHOMY HOPSIKY.
Bynp-sika crpykTypHa (QyHKIISI CHCTeMH MOXKe OyTH OJHO3HAYHO IIPEJCTaBJICHAa BEKTOPOM iCTHHHOCTI, SIKM CKiIaaeTsest 3 2"
€JIEMEHTIB.

Karo4doBi cioBa: OLIHKM BajJIMBOCTI KOMIIOHEHTIB; CTPYKTypHa (yHKLif; joriude audepeHiianbHe YUCICHHS;
JIOT14HI CIIPSIMOBAHI IOXiHI.
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BU3HAYEHHS OITUMAJIBHOI'O YACY ITPOBEJEHHSA CIIEHIAJIBHOI'O
AYJAUTY 3A YMOBU EJIACTUYHOCTI TA UHYTJIMBOCTI
®YHKIII IHTEHCUBHOCTI KIBEPATAK

AHoTanisi. B crarti npezacraBieHo NOCIHiIKEHHS, 110 HANpPaBlIeHI Ha BCTAHOBJICHHS ONTUMAJILHOTO 4acy IIPOBEIEHHS
CIeLiaJIBHOTO ayAUTY JUIS OKPAILIEHHS PiBHA KiOep3aXHCTy i HaJlaHHs IIPIOPUTETHHUX Ta MEPEeBIPEHHX 3aXOMiB Ul 3MEH-
IICHHS PU3MKY BUHUKHEHHs KiOep-iHumzaeHty. [IpoaHaizoBaHO 4acoBi psiiM iHTEHCHBHOCTI KiOepaTak IMiANpHEMCTBA 3
MPOBEJCHHAM aHaIITHYHOIO BUPIBHIOBAaHHS 4acOBOro psAny (yHKUIT iIHTEHCHBHOCTI KibepaTak 3a JOMOMOIO0 JOriCTHIHOL
KpuBOi. 3a 3HaliIeCHUM iHTEepBaJIOM eJIACTMYHOCT] aHAJITHYHOI yHKLIT IHTeHCUBHOCTI KibepaTak Ha MiANPUEMCTBO, 11O 3a-
JIOBOJIbHSIE HENiHIHOMY IudepeHuialbHOMY piBHAHHIO BepHyIi, MpoBeieHo aHalli3 4acoBUX psA/IB KibepaTak Ha cuUcTe-
MY MiZIPUEMCTBA 3@ OJJHAKOBI YacOBi NEpiozy, 110 NOMAaJal0Th Y YaCOBUM MPOMIXKOK BiJ] KiHIIA INIAHOBOI'O ayJIHUTY 10 HO-
4aTKy HaCTYITHOro. 3a JAOHNOMOIO0 p—IIePeTBOPEHHS 0 (YHKLIT iHTEHCUBHOCTI KibepaTak Ha ITiINPUEMCTBO Ta, BPAXOBY-
104d 0e3 pO3MipHICTh 3MIHHHX, OOUHMCICHO YyTIUBiCTh Oe3po3MipHOi (yHKIIT iHTeHCHBHOCTI KibepaTak Biji mapamerpa p
3a BCTAHOBJICHHMH 4acoBMIl epio]] 32 yMOBH IPOBEJICHHS NOIIepeIHbOl (iIbTpallii 4acoBOro psLy 3a TpbOMa ToUKaMu. Bu-
3HAYEHO ONTUMAJIbHUI Yac IPOBEJICHHS CIELiIbHOTIO ayIUTY Mic/Is IPOBEACHHS IUIAHOBOT'O ay/IUTY.

Karo4dosi cioBa: yacoBuii psiJi, iIHTEHCHBHICTb KiOepaTak, elnacTH4HICTb, piBHAHHA bepHyii, p—nieperBopeHHs, GpiibT-

pauisi, CrieriaJbHUIA ayauT.

Beryn

Ha ceoroaninmHiii neHp iH(opManiiHO-TeIeKOMY-
HIKaIliiHI CHCTEMH PO3TIBIIAIOTHCS K MEPEeKi 13 3Mi-
HIOBaHOI0 CTPYKTYpOIO, MEpexKi, sIKi MOXXYTh CaMOHa-
JIAIITOBYBaTUCh, PECTPYKTYPYBAaTHCh Ta CaMOCTIHHO
BiJTHOBJIIOBaTH (DYHKIIIOHYBaHHS INPH BIUIMBI BHYTpIIl-
HiX 1 30BHIIIHIX JAecTaOiTi3ytounx QakTopiB. 3MiHa
CTPYKTYPH 3JIHCHIOETHCS TIPU MiAKITIOYCHHI (200 BiK-
JIIOYCHHI) KOXHOTO a0OHEHTCHKOTO MPHCTPOIO 10 Me-
pexi. KoxxHoro pa3y, KoJu HOBUH HPUCTPIH ITiAKITIOYA-
€TBCS 10 Mepexi i BUXOMUTh B [HTEpHET ab0 3'€THY€ETh-
csl 3 IHIIUMH NPUCTPOSIMH, 3POCTAE IHTEHCHBHICTD KiOe-
parak. IlIBujke 3pocTaHHsI 32 OCTAaHHE NECSATUIITTS [H-
TEpHETy pedel, XMapHUX TEXHOJIOTiH, BEIUKUX JTaHUX
Ta ouu(ppyBaHHS IMPOMHUCIOBOCTI CYHPOBOIDKYETHCS
3pOCTaHHSIM IHTEHCHBHOCTI KiOepartak. PI3HOMaHITHICTh
KibepaTak yCKIIaJHIOE 3aXUCT MANIPUEMCTBA Y KOHTEKC-
Ti Horo iHpopmaniiiHoi Oe3neku. HeGezneune mporpa-
MHe 3a0e3leueHHs, 10 MPU3HAYEHO [UIsi HAHECEHHS
LIKOJIU TPUCTPOSIM a00 MepexaM BKIIIOYA€E BipycH, TPO-
SIHU, Y€pB'SKM, pEKJIaMHE Ta UITUTYHCHKE IPOrpaMHe
3abe3neueHHs. HalOinabll pO3MOBCIOIKEHUMH  CTalH
Ppo3IIoAIiJie i aTaky BitMoBHU B o0ciayroByBanHi (DDoS),
SIKi pOOJIATH PEeCcCypcH HEJAOCTYITHHMH, MEPEOBHIOIOYH
X OLTBIIOK KUTBKICTIO 3aITUTIB, Hi’)K BOHA MOXXYTh BIIO-
parucs. TakoX y KOHTEKCTI COILaJbHOI 1H)KeHepii Ko-
puctyBaui (¢pisaHcepr) MHUMOBOJI PO3TOJIOIIYIOTh
koH(pimeHIHy iHpopMamito. Haibinem HeOe3meuHi
TUIIH 3arpo3 — IIe BIOCKOHAJICHI MOCTiiHI 3arpo3u (A-
PTO, mo 3aiiMarOThCs TPUBAJIUM MOHITOPHHTOM Ta
pYHHIBHUMH IUISIMH. 32 YMOBH 3pOCTaHHs (JiHAHCOBOTO
BIUIMBY KiOepaTak Ha (DYHKLIOHYBaHHsS MiANPUEMCTB,
3aroCTPIOETHCS HEBIIMOBIMHICT, MK BHTpaTaMd Ha
KibepHamnaza Ta BUTpaTaMHU Ha IMONEPEIDKEHHS, ayIuT Ta
BimmkoayBanHsi. Hampukmnan, DDoS-araka Moxke Kom-

TyBaTH HE3HAUHYy BapTiCTh. AJie BTpaTH, IO HOHECEHi
LIBOBUM Oi13HECOM, Y TOMY YHCII MOMIKOKEHHS peIry-
Tallii, 3HA4YHO BHUIII. YTIPABIiHHA KiOepOEe3MEeKO MOXK-
Ha MOKPALIHUTH, SKIIO MiIBUIIUTH 3JaTHICTh ITiIIPUEM-
CTBa pearyBaTH Ha KiOepaTaku Ta iHIUACHTH. B Tol xke
yac 3ano0irTH BCIM aTakaM HEMOXIIMBO. ToMmy miBHake
BUSIBJICHHSI 1 pearyBaHHs Ta 3aXHCT KPUTHUYHOI iH(pa-
CTPYKTYpH 1 QYHKII# pa3oM 3 HOTY)XKHAM OOMIHOM iH-
(dopMariiero € KIFYOBUMH NPOOIeMaMH, sIKi MOTPiOHO
BupinryBatd. OHAM i3 acleKTiB BHUPIIIEHHS 1€l mpo-
0JIeMHU € BUacHE MPOBEJCHHS ayAuTiB, sIKi HE OOMEXY-
I0ThCSl JIMIIE TUIAHOBOIO TEPEBIPKOI0, a 1 Jal0Th PO3y-
MiHHS ¥ IPUAHITTS BiAMOBITHHUX 3aXOiB MIOAO 3armo0i-
raHHs kioeparakam. [licis 3aBepilicHHsS ayAWTIB HaJla-
€TbCSl BUYEPITHHUN 3BIT NPO PE3YJIbTaTH JOCIIKEHb,
SKMH BH3HA4ae cdepH, sIKi MOTPIOHO BHUIPABUTH IS
IiJIBUILICHHS PiBHA Oe3MeKu. 3BIiT ayauTy HiAPHUEMCTBA
BHUKOPHCTOBYETBCS JUIsl BUSIBJIEHHS OONacTell y KOpIo-
PATHBHOMY CEPEIOBHII, SKi MOXYTh OYTH MOJIMIICHI
IUIAXOM 3JiHCHEHHS KOHTPOJIIO KibepOesmeku. Pe3yib-
TaTH LBOTO 3BiTY MICTSITh KOPHUCHI NPHKJIAIU, PEKOMEH-
Jauii Ta I0AaTOK IMOCWIIaHb. 3arajoM Y 3BiTi € 0a30BUii
piBEHb, 3a JIONIOMOTOI0 SIKOTO MOXKHAa TOKPAILIUTH Pi-
BEeHb OE€3IeKW, BUKOPUCTOBYIOUM BIIYYTHI KpPOKH Ta
YHEMOXKJIMBJIIOIOUH MTOAATBIIHN PU3UK.

ITocTtanoBka 3aBaaHHsA. 31 30LIbIICHHAM IIBHI-
KOCTi Ta TOYHOCTI 0OpOOKHU JaHUX, OaraTopa3oBUM IIij-
KJIFOUSHHSIM, IIBHIKOIO TIepelayero NaHuX Ha BEJHKi
BiJICTaHi, pO3poOKa Ta Yy3araJbHEHHs aBTOMATUYHOI
00poOKM TpuHECHa 0araTo HOBUX BPAa3IHBOCTEH, IO
00yMOBJIIOE HOBI Kareropii pH3HKIB iH(pOpMAIiHHOT
Oesrieku mignpueMcTBa. Pusmku kibepaTtak mpu ayauTi
TIOB's13aH1 3 YNpPaBJIiHHAM pU3UKaMu HeOe3neku iHpop-
MAaI[iifHUX CHCTEM. AyIUT Ta KOHTPOJIb iH(opManiiHIX
CHCTEM IIiAMPUEMCTBA Ma€ Ha METi IMOBITOMIIATH, SKi Tii
MOTPIOHO BXKUTH, 100 MOKPAIIUTH PiBEHb Kibep3axuc-
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Ingpopmauiiini mexnonozii

Ty, @ TAKOXX HAJA€ MPIOPUTETHI Ta MepeBipeHi 3aXoiH,
o0 3MEHIIUTH PU3UK BHHUKHEHHS KiOep-iHIUIEHTY.
ToMy HeoOXiTHO TpOaHATI3yBadl OCHOBHI THUIH KiOe-
paTak Ta MPOBECTH IOCITIKCHHS YaCOBUX PAMIB iX 1H-
TEHCUBHOCTI IS BCT@HOBJICHHSI ONTHMAJBHOIO 4Yacy
MPOBEACHHS CIHENialbHOrO ayIuTy MK ILTaHOBUMH
ayauToM i KoHTposeM. [lnaHoBuil ayauT Oe3nexku mian-
puemctBa — e aynut IT-onepariit 3 Touku 30py Kidep-
oesmexu. OmHak, iHpopMalliifiHa cucTeMa IiAMPUEMCTBA
MOJKE BIJIOBITaTH BCIM BHMOraM HOPMATHBHHUX JIOKY-
MEHTIB 1 BCe-TaKu He OYTH 3aXHUIIECHOIO.

BaraTo miAnpueMcTB 30CepeKYIOTHCSI HA TEXHid-
HHUX acreKTax KibepOe3leKd Ta irHOPYIOTh MOJITHKY,
MPOIIECH Ta MPOILEAYPH. 3ayBa)KUMO, IO CIIEIialbHi
ayJUTH TaKOX € BOXIUBUMH €JIEeMEHTaMH KiOepHaBUYaH-
H#, SIKi TIPOITOHYIOYH MOYITUBOCTI i IBHUIIUTH TOTOBHICTh
IIUIIXOM TECTYBAaHHSA, JAlOTh BIAMOBIII HA peayibHI CIie-
Hapii Ta MOOYIOBY BIMHOCHH CyO’ekTiB. OTXe, IiJBH-
IICHHS O0I3HAHOCTI Ma€ BaKIMBE 3HAYCHHS IS CTBO-
peHHs eeKTHBHOI KibepcTikocTi. TakuM YHUHOM, KOM-
IUICKCHUI ayauT KiOepOe3reKky, Mo BKIOYAE HE TUTBKH
TUIAHOBI, @ 1 ClieliaibHi ayIUTH, TONOMOXE MiIPUEMCT-
BY 3a3/aJIeTi/Ib IIYKATH MOTCHIINHHI HEOMIKA Oe3MeKH Y
CHCTEMI Ta YHUKHYTH BEJIHMKUX Oi3Hec-30MTKiB, IO 3a-
0e3IeYnTh MaKCUMallbHE 3HIDKEHHS PH3HKY Ta JI03BO-
JIUTH CBOEYACHO pearyBaTy Ha 3arpo3u Oe3melli.

AHaJi3 ocTaHHix myo0Jikamii i ocainkeHn

[pouec ayauty Ta nepeBipku KibepOe3eKu cripusie mij-
BUIIIEHHIO piBHS KibepOe3neku [1]. BHyrpiurHi aynuropu
Ta (axiBui yNpaBJiHHS PUIUKAMU BiJITPAIOTh KIIOYOBY
pOJNb B YNpaBIiHHI MiANPUEMCTBOM. MeEHEIDKMEHT 3a-
Oesrieyye icHyBaHHS Ta e(eKkTHBHE (YHKI[IOHYBaHHS
CHCTEMH KOHTPOJIIO 32 piBHEM KibepOesneku [2]. Ouinku
pm3uKy Ta ix ckinanosi (IT-iHppacTpykTypa, BKIHOYA0YH
amapaTtHe IporpamMHe 3a0e3ICUeHHs, ICHTPH OOpPOOKH
JIAaHUX, MEPEeXi, CepBepH) IMOCTIHHO 3MIHIOIOTHCS, IO
BUMarae BIPOBaPKEHHs e(EeKTHBHHMX 3axofiB 3abe3rme-
YeHHs piBHS KiOepOesnekn. AyauT JoIoMarae IiJpHu-
€MCTBaM BUpILIyBaTH MPOOJIEMH YIIpaBIiHHS Kibep3ar-
po3amu, 3a0e31euyroun 00'€KTUBHY OLIIHKY KOHTPOIIO Ta
HaJIaHHs PEeKOMEHAIiH M0N0 X BIOCKOHAJEHHS, a Ta-
KOXX HaJaHHs JOMIOMOTH BHIIIOMY KEPIBHHITBY 3 TOYKH
30py PO3YMIiHHS Ta pearyBaHHs Ha Kibeppusuku [3]. Ay-
T THpOpMaIiifHOI Oe3MeKH — Iie IOBHA OLliHKa Oe3neKu
KOMIIaHii, sIKa € HEeBi€MHOI YaCTHHOIO IMOCIYT 1H(Op-
MargiiHoi Oesmekn. Ayaur iH(OpMamiiHOI Oe3mexu
BKJTIIOYAE: ayauT Oi3HEC-CTPYKTYPH, IPOLECIB, ayIaUT
TeXHIYHOI Oe3nekyu (OIliHKa BPA3NIMBOCTI Ta TECTyBaHHS

Tpailisi TMPOrHO3YBaHHSA KiOepaTak IpeJCTaBlIcHa Ha
puc. 1 [8]. TyT npumyckaeThcs, 10 OCHOBHI JaHi eMITi-
pUuHHX KiOepaTak, IMOAAIOTHCS Ul HaJAro/pKyBaHHS
MoJieNieii TPOTHO3YBaHHS Pa3oM i3 30BHIIIHIMU CHUTHA-
namu. [IporHo3u poOssIThes Ui OAIH, MO BiAOYIYThCS
MPOTATroM MaiiOyTHBOTO Mepiory Jacy.

Mertoa OLiHIOBaHHS MPOTHO3YBaHHS YaCOBUX psi-
IIiB, IO 3aCHOBAHO Ha HEHPOHHUX Mepexax, MpejacTa-
BJIEHO y po0oTi [9].

Meroa, mo ineHrudikye curHanu 3 IHTEepHeT-
JDKEpeN JTaHWX, sIKi ITOCIITOBHO MOKPAIIYIOTh MPOrHO-
3 Kibepatak, po3risiHyTo y [10]. Orasa xiacHuHUX
MiAXO/IB, 3aCHOBAHMX HAa aBTOPETPECHBHHUX MOJEISIX
Ta HOBITHI MiAXOIY, SIKI BUKOPUCTOBYIOTH HEWUPOHHI
Mepexi JUIsl IPOrHO3YBaHHs, OEPYTh 32 OCHOBY JIOCIi-
IHUKH B poOorTi [11] 3 MeToro porHo3yBaHHs KiGepa-
TaK 3a JOIOMOIOI0 MAallMHHOTO HaBYaHHS. TakuM 4u-
HOM JOCJIPKEHHS YaCOBUX PSJIB IHTEHCHUBHOCTI KiOe-
patak 3 METOI0 aHalli3y Ta BH3HAYeHHS €(QEKTHBHOTO
YacOBOTrO 1HTEpBAY NPOBEIEHHS CIEIaJbHUX ayIu-
TiB MOTPEOYIOTh HOBUX METOAWYHUX ITiXOIIB.

OCHOBHA YacTHHA

AwnanitTnyHa (QYHKIIS 1HTEHCUBHICTH KiOepaTtak
Iy (f) Ha HiANPUEMCTBO 3aJ0BOJIBHAE HENMIHIHHOMY
nudepeHIiaabHOMY piBHAHHIO bepHyii:

I (-G I ()=~ (I Opar )
I (0)= I,

IO )

ae Ix () — MAKCUMAJBHO MOXKIUBUH PiBeHb (YHK-
1ii iHTeHcUBHOCTI Kibepartak; [ (0)=1 K, — TModYaTKo-

BUil piBeHb (yHKIIT IHTEHCHBHOCTI KiOepaTak Micis
MIPOBEACHHS IIAHOBOTO aynury; { — piBeHb KOpery-

BaHHJ 3arpo3 Ki6epaTaI< 3aBJAKH 3BUYAHOIO ayauTy.

T (D)
& —
1+(([K(t)Max_[K0)/[KO)'e
InrepBan enacruunocTi (yHKUIT iHTEHCHBHOCTI
t-1g (1)

Tx ()
BUTJISIIII HEPIBHOCTI, IO PO3B’SI3YETHCS YHCEIBHO!

Ig (1) =

Kibepartak 3Haxoaumo 3a dopmynoro El, =

Tk (O pax =1k, L Lt

Q~[K(t)Max_[KO~t— (3)

[Ko [Ko

Ha NPOHUKHEHHS) [2, 3].

[Ipouecy mporHo3yBaHHsI 4yaco-
BUX DPSIIIB MPHUCBSYEHI HaYKOBI mpari
[4, 5, 6, 7]. [Ipu nbOMy, 3aCTOBYIOTh-
csl METOIM, 3aCHOBaHI Ha aBTOperpe-

External
Signals

.Y, N

NS f\[\i\ WJ\MANMM

|nput

input Predlcllon output

] Model

Observed GT

CHUBHHMX MOJEJAX, II0 BHKOPHCTOBY- |
IOTh 30BHIIIHI YacOBi psay B 3amadyi
nporuo3yBaHHs [6, 8]. AHaimi3 aBTO-
PErpeCUBHUX MOJIEICH Iepes 3acTo-
CYBaHHAM MOJIATA€ y MEPEryisiai Cro-
CTepe)KEHb 33 YACOBUMH PsIaMH,
0CcO0NIMBO 3a X BIACTHMBOCTSAMHU CTa-

Ground
Truth

I
m Jh‘.ﬂw’ r M‘M Jﬁl

| Forecasting Span

| h '

"‘ i |
I M\’ i iy

LiOHapHOCTI Ta nepioguyHocTi. Limtoc-

Puc. 1. Inrocrparis nporuo3yBanHs kiGepartak
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JI71st 3py9IHOCTI BUKJIAZO0K BBEAEMO 3aMiHU:
I () =y(@), TxO)pae =k,

—C=a, ([K(f)Max — Ik, )/IKO =b.

Toni dyHKIiro (2) mepenuiemMo y BUTIISII:
k k

— = ———1=b-¢", (5)

1+b-e" y(t)

[ponorapupmyemo (5), Maemo:

In(k/y(t)-1)=Inb+at.

(4)

y(@®)=

BBenemo HOBe MO3HAUYEHHS:
B(t)=In(k/y(1)-1).
Topni 3anumeMo cUCTEMY HOPMaJIbHUX PIBHSHB!
ZB(t) = nlnb+a2t;

{ZB(r)-t =InbY t+ay i

Hexaii cratuctuuHa perpeciiiHa anpokcumartisi, siK
PO3B’sI30K CUCTEMHU (5) Ma€ BUIIIS;

Y p—— ™

1+b-e"

(6)

3HaX0IUMO PI3HUIII0 00EPHEHNX CYCiHIX 3HAUYEHb
1 4 -
— = (e—l) —+ ea . AL ,
e+l Ok (1)

Ouinumo napamerpu (e —1)/k ta €. 3Haxomu-
MO MiHIMYM (YHKIIIi:

min {Z(l/ w01/ }(r))2 } (8)

3anuieMo CHCTEMY HOPMaJbHUX PiBHSIHB Y TaKo-
MY BHUIJISIAL:

’f L n 1-(1_ea)+e“~n_l—1 ;
l=1 y(t+1) l=1 y(t)

n—1 1 1
- 9
Z‘y(Hl) (1) ©

(1 ey = g
; IR T
PO3B’HSOK Ili€.1. CUCTECMU Ma€ BUTJIAL.
a (n-2)
¢ - n—1 1 2’
(n=1) —
;y(t) (é Y(’)J
-1 n—1
,;y(Hl) - 1y(f)
n—1 1 n—1 1
S Y T0)
(I-¢") 50 ,ly(t+1) y(t) B
k n—1 1 2
(n=1)- —
;y(t) (Z‘ Y(’)J

3B1OKU

kz(l—e”)/A. (10)

TakuM yMHOM, TiCJIS OLIHKY MapaMeTpiB k 1 a piB-
usHHs (7), mepeineMo no OMiHKK mapamerpa b. Jlis
LOT'O IIEPETBOPUMO piBHSHHS (7):

k() -1=b-

miciist jorapuMyBaHHs, TiCTaHEMO:

b a3 1D 1[ J
; ; 2 +; GRS

n n n

3po0UMO IPUIYIICHHS, IO
ln l D
Z ( J 121: [y(t) J
Toxi maeMo:

i=1
[— . n
1nbzm+l.zln[L
2 no \@)

(11)
()

—1} (12)

Takum unHOM, Kepyrounch hopmynamu (8) — (12)
MOXKHa IMPOBECTH aHAJIITHYHE BUPIBHIOBAHHS 4acOBOTO
psny st GyHKIIT iHTEHCHBHOCTI Kibeparak 3a JIonoMo-
TOI0 JIOTICTUYHOI KpuBOi. Po3risiHeMo wYacoBi psiau
KibepaTak Ha CUCTEMY IiJIIPUEMCTBA 33 OJTHAKOBI Yaco-
Bi mepiogu 3 jwumHsA o Juctoman (1.07-30.09) 2017-
2019 pokiB, 110 MONAJA€ y YACOBUI MPOMIXKOK BiJ| KiH-
LS TPETHOTO ayJHTy JIO ITOYaTKy 4eTBepToro (puc. 2).
[IpoBeneMo GiNbTpallifo YaCOBUX PSIIiB 32 TPHOMa TOY-
KaMu (IIyHKTUPHI JIiHIT Ha puC. 2).

Omxe, as cucremu (9) 3HaXOMUMO 3HAYECHHS T1a-
paMmeTpiB 3a HACTYITHUM aJITOPUTMOM:

1. OOuucneHHs:

n—1 1 n—1 1 n—1 1 n—1 1 1

Z DRwpckP) SO0 @)

_ .V(t) =1 y(t)2 =1 y(E+1)

2. 3HaxomKeHHS 3HAUEHHS:
7
’g 1
l=1 y(t)

>

a (n-2)

e =
w-n S

1=l y(t)
3. JlorapudmyBaHHs:

A=

Sy

1 0(0) ,ly(t) 1y +1) y(t)
n—1 1 2
,1y(r) (;MJ

4. 3HaxomKeHHS 3HAUCHHS:

=(1—e”)/A.

5. 3HaxXOmKEHHS 3HAUCHHS:

[— . n
lnbszfl'zln[i—l}

n l=l y(t)

n—l1 1

2 Z

= y(t+1)

w-n S
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Puc. 2. Yacosi psau kibepaTtak Ha cucteMy mignpuemctia 1.07-30.09 2017-2019 poky
3 MPOBEACHO0 (DITBTPAIIIEIO 32 TPhOMA TOYKAMHU

6. IlimHeceHHs 1O CTENEHS YHCIIA e

7. AHaNITUYHE BUPIBHIOBaHHS YacOBOTO PSIIY JIO-
TICTUYHOI perpecii:

b=Exp —-a- (n+1)
n

}(r):k/(nb.e“’).

VY Tabn. 1 npexacraBieHo aHAJTITHYHE BUPIBHIOBAH-
HS YaCOBHUX PsAIB KibepaTak Ha CUCTEMY IIiAIPHUEMCTBA
y mepion 1.07-30.09 2017-2019 poky 3a yMOBH IioITe-
penHpoi GibTpamnii 3a TpboMa TOYKaAMH.

Tabnuya 1. AnajiTHyHe BUPIBHIOBAHHS YacOBUX NepiofiB kidepaTak Ha cucTeMy miANpHEMCTBA

y nepiox 1.07-30.09 2017-2019 poky

YacoBuil nepion JloricTuuHa MozIeNb l"padnk AHANIITHYHOrO BUDIBHIOBAHHS iHTEHCHBHOCTI Kibeparak
253,47
1.07-30.09 2017 p. e -— 220
19,41-¢ -
o
1.07-30.09 2018 I (6) = — 2313 -
.U /=50, . K R
P 1+8,07-¢ 131
50 ,"///
1.07-30.09 2019 I (t) = — 26123 —
: B : : K T o e 1197 150
p 1+8’77e—1,19t o /

3acTocoByOUH p—TIepeTBOpeHHs 10 (QyHKuii iHTe-
HCUBHOCTI Kibepatak [ (f) Ha HiIIPUEMCTBO, LA
PO3B’s13Ky piBHsHHSA (1) y BUIIIsLI:

Ig () > ig ()P, pe(0,1)u(1,0),

pO3B’s130K piBHAHHA (1) MEepeTBOPIOEThCS 10 Oe3p0o3Mi-
PHOTO BUIJISY:

o (liwoio) <]

cow o g (D) *
()= ix (D par

(13)

ac T- r[epioz[ MIX IUIAHOBUMH ayauramMu.

Ile m1ae MOXKIIMBICTh 3HAXOAUTH YYTIHMBICTH OE3pO-
3MipHOi (DyHKIIT IHTEeHCUBHOCTI Kibeparak Bij mapame-
Tpa p.

Ha puc. 3 npexncraBneHo 4yTinuBicTh (YHKIIT iH-
TEHCHBHOCTI KiOepaTak Bij mapamerpa p €[1,9;2,15] 3a
nepion 1.07-30.09 2019 poky 3a yMOBH NPOBEICHHS
¢inpTpanii yacoBoro psiay 3a TppboMa TodukaMu. MiTka-
MU Ha KpUBUX (ITYHKTHpHI JIiHiT) MO3HAYE€HO TOYKH I1e-
peruHy.

Ha rpadiky BepTHKaIbHUMH IIiHISIMH OKpPECIEHO
4acoBUI iHTEpBaJl €1acTHYHOCTI PyHKIIi IHTEHCHBHOC-
Ti KiOeparak, 110 Bu3Hava€e e()eKTUBHHUI Yac MPOBEICH-
H# crienianbaoro ayaury (0,64; 0,93) abo, moynHaAOYH 3
57-ro jgHS Ticas MPOBENEHHS IUIAHOBOTO AayAWTy IO
83-ii 1eHp HeoOXiAHO MPOBOAUTH CIICIIAIbHUN Ay IHT.
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06 ¢ BucHoBkH

o5 3a 3HalCHUM IHTEPBAJIOM EJIACTHYHOCTI aHATITH-

pEj‘gg ,,,,,,, 9yHOT (DYHKIIT IHTCHCUBHOCTI KiOepaTak Ha ITiIIPHEMCT-
05k - BO, IIIO0 33/I0BOJIbHSE HENIHIHHOMY Ju(epeHianbHOMY
p?g%; T piBHsAHHIO BepHyITi, 1 IPOBEICHUM aHATITHYHUM BUPI-

BHIOBaHHSM YacoBOro psiay (QYyHKILIi IHTEHCHBHOCTI
kibepaTak 3a JOMOMOIOO JIOTICTUYHOI KpUBOI (3a yMO-
BU TIONEPEAHBOI (iNbTpalii 4acoBUX psIiB 3a TPhOMa
TOYKaMH), MPOBEJCHO aHaJli3 YacOBUX PsIiB Kibeparak
Ha CHCTEMY MiANPUEMCTBA 32 OJHAKOBI YacoBi Mepioau
2017-2019 pokiB, 10 MONANAIOTh Y YaCOBUU MPOMIXKOK
BiJl KiHIIS TUIAHOBOTO ayAWTY A0 IOYATKy HACTYITHOTO.
3acTOCOBYIOYH p—TIEPETBOPEHHS 10 (QYHKINT IHTEHCHB-
HOCTI KiOepaTak Ha MiIMPUEMCTBO, BPaxoBYrOUU Oe3po-

045

04 r

035

0.3

025

02 F 3MIpHICTh 3MIHHHUX, MPEICTAaBICHO YYTJIUBICTH 0€3p03-
MipHOi (hyHKIIT IHTEHCHMBHOCTI KibepaTak BiJl mapamer-
083 ” 0 s P 08 s . pa p 3a BCTAHOBJIEHHIl YacCOBMii MEPIOJ POKY 3a yMOBH
Puc. 3. Uyrnusictb 6e3po3mipHoi GyHKI{T iHTEHCUBHOCTI TPOBE/ICHHSI MONEPE/IHBOI PLIBTPALi YacoBOro psify 3a
kibeparak Bz mapamerpa 3a nepioxa 1.07-30.09 2019 poky TPbOMa TOYKAMH. BU3HAYEHO ONTUMAIBHUN Yac MpoBe-
3a YMOBH TPOBeJIeHH (hiIbTpanii 4acoBoro psy JIEHHS CIELIaJbHOIO ayAuTy, NOYMHAIOUM 3 57-ro IHA

3a TPHOMA TOYKAMHU ITiCIIs IPOBEICHHS IUTAHOBOTO AyIUTY.
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Attitude optimal hours performed by the special audit for the mind of elasticity and flexibility function intensity cyberattacks
O. Barabash, Ye. Halakhov

Abstract. Cybersecurity management can be improved by enhancing the enterprise's ability to respond to cyberattacks
and incidents. At the same time, it is impossible to prevent all attacks. Therefore, the rapid identification and response and pro-
tection of critical infrastructure and functions together with powerful information sharing are key issues that need to be ad-
dressed. One aspect of addressing this is to conduct timely audits, which are not only limited to scheduled scrutiny, but also pro-
vide insight into and take appropriate steps to prevent cyberattacks. The article presents studies aimed at determining the optimal
time for conducting a special audit to improve the level of cyber defense and providing priority verified measures to reduce the
risk of a cyber-incident. The time series of the cyber-attack intensity of the enterprise are analyzed with analytical alignment of
the time series of the cyber-attack intensity function using a logistic curve. Based on the found elasticity intervals of the analytic
function of the intensity of cyber-attacks on the enterprise that satisfy the non-linear Bernoulli differential equation, the analysis
of the time series of cyber-attacks on the enterprise system for the same time periods that fall in the time period from the end of
the planned audit to the beginning of the next. Using the p-transformation to the function of the intensity of cyber-attacks at the
enterprise, and taking into account the dimensionlessness of the variables, the sensitivity of the dimensionless function of the
intensity of cyber-attacks from the parameter p for a specified time period is calculated under the condition of preliminary filter-
ing of the time series by three points. The optimal time for a special audit after a scheduled audit has been determined.

Keywords: time series, cyber-attack intensity, elasticity, Bernoulli equation, p-transformation, filtering, special audit.
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} MATEMATHYHA MOJEJIb _
TEXHOJIOI'II TECTYBAHHS BPA3JIMBOCTI 10 SQL IH’EKIIN

AHoTanisi. B poGori npencrasieHi pe3ynbTaTH JOCHIIKEHHS Ta aJl’'OPUTMH TECTYBaHHSA Ha BPa3JUBICTb O OIHIET 3
HaiOUIBII TOMMpeHNX BUAIB aTak Ha Web-3actocynku SQL in'exnii. Ha ocHOBI aHamizy MeToq0m0ril TeCTyBaHHS ypasiiu-
Bocti Web-3actocynkiB 1o DOM XSS i marepianis Open Web Application Security Project, po3po0nenuii anropurm ana-
ni3y ypasnuBocti Web-3acrocyskiB 1o SQL iH'exiiif. BinMiHHOIO 0COONMBICTIO IaHOTO aIrOpPUTMY € OOJMIK TUIBKH ypas-
nmBocri, gka € B GET napamerpax URL i Bukopucroye Tibku ciinuit Meton iH'ekiii SQL koxy, 1110 BUKOPHCTOBYE 0C00-
JIMBICTh BUKOpUCTaHHA OyneBux onepatopiB B SQL 3anurax (Boolean blind SQL injection). Ha migcrasi noganoro airo-
purmy pospobnena GERT-mozens Texnonorii tecryBanHs ypasnusocTi 10 SQL in'exuiil. B po3pobneniit Moneni By3nu
rpada iHTepHpeTyIOThCSI CTaHAMU KOMITIOTEPHOI CHCTEMH B TpOIeci TecTyBaHHs ypa3nuBocTi 10 SQL iH'eknil, a rinku
rpada — iIMOBIPHOCHO-TUMYAaCOBUMH XapaKTEPUCTUKAMU NEPeXOAiB MK CTaHaMH. TakiM YMHOM, Ha OCHOBI €KCIIOHEH-
uiiHol GERT-Mepexi po3pobi1eHo MaTeMaTHuHy MOJENIb TEXHOJOTIT TecTyBaHHs ypasnuBocTi 10 SQL in'ekiid, ska Binpi-
3HSIETBCS BiJl BIZIOMHUX, BJOCKOHAJICHUM CIIOCOOOM BHM3HA4YECHHS BIJCTAHI MiX pe3ylnbTaTtamy iH'ekmii. Bukopucranss B 3a-
MPOIOHOBAHOMY cr1oco0i kpurepito Jxapo-Binkiepa, Juis opiBHAHHSA pe3ynbraTiB in'eknii SQL xony 1 BBeIeHHS MOpo-
rOBOI'0 3HAUCHHS JI03BOJIMTH ITiIBUIIUTH TOYHICTh PE3Y/IbTATIB TECTYBaHH: Oe3IeKu nporpamMHoro 3abesneueHns. Posris-
HyTo npukiaj araku SQL iH'ekiiid, cyTs sIkux — BripoBapKeHHs B JaHi (nepenani yepe3 GET, POST 3anuTu abo 3HaueHHs
Cookie ) nosineroro SQL kony. IToOynoBano rpadiky, 30BHILIHII BUMIIA KPUBUX SKHX JA€ IiJICTABU IIPUITYCTUTH, IO HE
BCI 3Hal/IeH] pillIeHHS 3aCTOCOBHI IIPU MaTeMaTUYHOMY Ta IMiTAl[iIHOMY MOJIE/IIOBAHHI B IKOCTI BX1JIHUX JIaHUX. Y TOH ke
4ac 30BHIIIHIN BUMIIAA TpadikiB, OTPUMAHUX JUIS 1HIINX 3HAYEHb JA€ IiJICTaBM IIPUITYCTUTH, 110 BUIIA/IKOBA BEJIMYMHA Ya-
Cy BUKOHaHHSI TEXHOJIOTIi TecTyBaHHs ypa3nuBocTi 1o SQL iH'ekuiii BiqmoBigae raMMa-po3noziny (Oau3bpKe 0 eKCIIOHEH-
uiansHoro). IlepeBipka wiei rimoresu mposeieHa 3a kputepiem x* Iipcona.

Karw4dosi caoBa: Bpasmusocti 10 SQL in’exuiit, GERT-mMepesxi, Bpa3nmuBocTi 0e3eKH, alropuT™MH TECTYBaHHS, MaTe-

MaTh4Ha MOJCJIb TECTYBaHHI.

Beryn

B nanwmii yac Benukuii monut Ha Web-3acTocyHKH
i Web-mociiyru 0OyMOBJIIOE BEJIUKUH iHTEpEC 3JI0BMHC-
HUKIB JI0 X MOXJIMBHX BpaszmuBocTel. [Ipu mpomy oc-
HOBHI 3arpo3u B HalpsIMKy CEPBEPHUX KOMIIOHEHTIB
TpaHC(OPMYETHCS B aTaku, CIPSIMOBAHI NPOTH 3BUYAM-
HUX KopHcTyBauiB. [IpoBenenuii aHaimi3 MaTepiauiB
Open Web Application Security Project (OWASP TOP-
10) [1] mokasaB, IO OMHUM 3 HAWOLTBIT HEOE3MECUHUX
BUIB aTak (Bpa3IMBOCTEW) € MIKCAHTOBUH CKpHUII-
tuHr — XSS (Cross Site Scripting).

Amnari3 nmitepatypu [ 1-8] mokasas, 1110 MibkcaiToBUIH
CKPUNTHHT — Il MOMIIKA Balijalii NpH3HAYSHUX [UIS
KOpHCTyBaua JIaHHX, sKa JI03BoJIsie mepenary JavaScript
KOJl Ha BUKOHAHHS B Opay3ep KOopucTyBada. ATaku Tako-
ro poAy dYacto Takox HazuBaroTh HTML-iH'ekitisamu,
aJpKe MeXaHi3M iX BIPOBaPKEHHs Ayxe cxoxuit 3 SQL-
1H'€KIIISIMY, ajic Ha BiJMIHY BiJl OCTaHHIX, BIIPOBa/DKyBa-
HU KOJ| BUTIOBHIOETHCS B Opay3epi KopuctyBaya. Y psii
[HTepHET-CTATEl NOKIIAJHO OMKCaHI OCHOBHI MEXaHi3MHU
BUHUKHCHHS TOAIOHOTO POMy 3arpo3, a TaKOX IULIXU
MOXJIMBOIO OJOKyBaHHs. OpHak, 100 ineHTH(IKYBaTH
IIi 3arpO3H 1 MOXKITMBI HACITIIKH 1X TIOIIMPEHHS B IIPOIIEC]
6e3neynoro ynpaemninHs [T-npoekraMu, a Takox 3ampo-
MOHYBAaTH ONTHMaJIbHI LULIXM BHUpPILIEHHS wHi€i mpobiie-
MH, ICHye HEOOXiIHICTh MaTeMaTWyHOl (opMalizawii
npoliecy IX iHiIjanizanii i HOIUPEeHHsL.

Oco0MBO aKTyaJlbHAM 3aBJaHHSIM B LbOMY Ha-
npssMky € MozemoBanH DOM (Document Object
Model) XSS ypaznauBocri. s marematuuHoi popmaiti-
3amii anropurMmy ananizy DOM XSS ypasiauBocTi cko-
pHUCTaEMOCSI OCHOBHHUMH ITOJIOXKEHHSIMU MEPEKEBOTO

GERT-MonentoBaHHs, JOKJIATHO OMUCAHUMHU B poOOTaX
[2-5]. TIpoBeneni mocmimkenns [3, 5] mokaszanu, MO HA
OCHOBI aHaNi3y METOAOJIOrii TeCTyBaHHS ypa3JIMBOCTI
Web-3acrocynkiB 1o DOM XSS i marepianis Open
Web Application Security Project [6, 7], MoxkHa po3po-
OWUTH aJTOPUTM aHaJi3y ypa3auBocTi Web-3acTOCYHKIB
o SQL in'exmiii. BiqMiHHOIO OCOOIUBICTIO TAHOTO ajl-
TOPUTMY € OOJIIK TUIBKH ypa3nuBocTi, ska € B GET ma-
pamerpax HTTP 3amuty T00TO niepenaeThes ceprepy 3a
nonomororo mocwianHs Uniform Resource Locator i
BHUKOPHCTOBYE TUIBKH cininuii MeTos in'exuii SQL kony,
110 BUKOPUCTOBYE OCOOJIMBICTH BUKOPUCTAHHS OYyJIeBUX
omeparopiB B SQL 3amumrax (Boolean blind SQL
injection) [7].

Meta po6oTu: poO3poOHTH MaTeMaTU4HYy MOJIENb
TEXHOJIOTii TecTyBaHHS BpasnuBocTi g0 SQL iH’ekmiii,
sIKa BIIPI3HAETHCS BiJl BIJOMHX, YIOCKOHAJIEHUM CIIOCO-
OOM BH3HAUEHHS BiJICTaHI MIXK pe3yJbTaTaMu iH’ €KIIii.

AJITOPUTM aHAJIi3y ypa3JIMBOCTi
Ja0 SQL in'exmii

BiamoBimHO 10 anropuTMy aHalizy ypasiuBOCTI
Web-3acrocynku mo SQL iH'ekiiii, fioro eTanu MoxHa
OITUCATH TAaKUM YHHOM:

1. 3 BBenmenoro URL nocuiaHHs BUXOAUTH CIIUCOK
GET mapamerpis.

2. Bukonyetbcsi mepeBipka crabinbHocTi Web-
CTOpiHKH. J[JIS1 1bOrO BHKOHYETHCS JABa IOCIITOBHUX
3amuTH B Web-CTOpIHKY 1 00YUCTIOETHCS BiZICTAaHb MiXK
BMictom HTML koaxy CTOpiHKH 3a JIOITOMOTOI0 KpHTe-
pito [[xapo-Binkiepa [8]. SIkmio 3Ha4YCHHS KPUTEPIrO
MEHIIe TEeBHOTO MOPOrOBOrO 3HAYEHHS, BUKOHYBATH
MOAAJIBIINN aHANi3 HEMOKIIUBO.

© Kosanenko O. B., 2019

43



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2019, eunyck 6(58)

ISSN 2073-7394

3.V napamerp GET 3anuty BUKOHYETHCS 1H'€KIIis
SQL kony, sikuii He 3MIHIOE pe3YNIbTAT 3amuTy 10 0a3u
JaHuX i 30epiraerbes pesynbrytounii HTML kon.

4. Y napamerpi GET 3anurty BUKOHYEThCS 1H'€KIIis
SQL kony, sikuii 3MiHIOE pe3yNbTaT 3alHUTy 10 Oa3u
JIaHUX, TIPU3BOANUTH 200 10 OTPUMAHHSI ITOBHOI'O HA0OPY
JaHKMX 3 TaOJwuIll, a00 IO BIICYTHOCTI Pe3YIIbTATy, MiCisd
yoro 30epiraerbes pesynabryrounii HTML xon.

5. 3a momomororw kputepiro Jxapo-Binkiepa Bu-
KOHY€ThCS TIOPIBHSHHS pe3ynbTatiB iH'ekuii SQL xoxy.
SIKI10 3HAYEHHST KPUTEPI0 MEHIIIe TIEBHOIO TOPOTrOBOT0
3HaveHHs, To B naHoMy GET mapamerpi e moxiuBa
BpaznuBicTs 10 SQL iH'ekii.

6. Kpoku 2-5 MoBTOPIOIOTHCS LIS BCIX MTapaMeTpiB
GET 3anuty Haganoro URL.

Ha mizcraBi MmomaHOrO ajropurMy po3poouMo
GERT-Monenb TeXHONOTIT TeCTYBaHHS ypa3JIUBOCTI IO
SQL iH'exmii.

GERT-Mmoaenb TexXHo0J10rii TeCTyBaHHS
ypa3auBocTi 10 SQL in'exuiii

[To6yayemo, BIAMOBIIHO A0 MPEACTABICHOIO OITHU-
com MepexxeBy GERT-Momenb TeXHONOTIi TeCcTyBaHHS
ypazmuBocti 10 SQL in'ekuiit. I'padiune 300pakeHHs
GERT-mopneni npencrasieHo Ha puc. 1.

VY npencrasneHiit Mepexi By3nu rpada iHTeprpe-
TYIOThCS CTaHAMH KOMIT'IOTEPHOI CHUCTEMH B MpOIECi
TecTyBaHHs ypasnuBocTi 10 SQL iH'ekiit, a rinku rpa-
(a — IMOBIPHOCHO-TUMYACOBHUMH  XapaKTEPUCTUKAMHU
MepexofliB MiXK CTaHAMU.

3okpema rinka (1,2) xapakTepu3ye 4ac OTpUMaHHS
i ananizy GET-nmapamertpiB 3 Beenenoro URL mocuitan-
Ha. ['inka (2,3) BimoOpakae yac BiJmpaBJICHHS IEPBHH-

HUX 1 BTOpUHHHX 3amuTiB B Web-cropinku. I'inka (3,4)
3aJla€ BUMAAKOBE Yac MOPIBHAHHS CTOPIHOK (4ac 00uu-
cieHHs Bifgcrani Mix BMictom HTML kony cropinku 3a
nmoroMororo  kputepiro Ixapo-Binkiepa). Tinka (4,5)
XapaKTepu3ye Yac, 3a sAKEe BUKOHYEThCs iH'ekitiss SQL
KOy, SIKHH He 3MIHIOE pe3yNbTaT 3amuTy 10 0a3u ja-
HUX, a TAKOXK SKUH 3MIHIOE Pe3yJabTaT 3amuTy 10 0a3u
nmaHux BimnoBigHo. Jlami rinka (5,6) XxapakTepusye yac
MOpPiBHSHHS pe3ynbTatiB in'ekuii SQL kony. 'inka (4,2)
XapaKkTepu3ye THMYaCOBI XapaKTEPUCTUKH ITOBEPHEHHS
CHCTEMH B TIOYATKOBUH CTaH, KOJIM 3HAYEHHS KPUTEPIO
Jxapo-Binkiepa MeHIIIe IEBHOTO MOPOrOBOr0 3HAYCH-
HS, B TOH ke 4yac riika (6,2) BimoOpakac TUMYACOBi
XapaKTEepPUCTUKH TEPEXOAY A0 HOBOI MEpEeBipKH B pasi
SKIIO 3HaueHHs Kpurepito [Ixapo-BiHkiepa Oinbiie
MIEBHOTO MOPOr'OBOTO 3HAUEHHS. XapaKTepPUCTUKH T1JIOK
MOJIeJ HaBeieHi B Taou. 1.

Tabnuys 1. XapaKTepHCTHKH TiJ10K MoJeJIi TeXHOJIO0ril
TecTyBaHHs Bpa3uBocTi 10 SQL in’exuiit

1']1\;911 Iinka |W-dyHKuis ﬁ:ﬁ?}iibp_ iﬁ;ﬁi?&
MOMEHTIB
3.2 Wi P A /(A =)
2| 23) W23 D2 Ao/ (hy =)
3 (34 Wi 2z A3/ (kg =)
4| (45 Wis P4 Ayl (kg —9)
51 (56) Wse Ds Ay /(A3 —s)
6 | (42) Wiz I—p, As/ (ks —s)
7| (6,2) Ws Ds e/ (hg —5)

Waz

Wiz

<O

Was W36

We2

Puc. 1. GERT-Mozenb TexHouorii TecryBanHs BpasnuBocti 10 SQL in’exuiit

ExBiBasnenTHa W-QyHKIIis yacy BUKOHAHHS TEXHOJIOTI] TECTyBaHHsI Bpa3MUBOCTi 10 SQL iH €Ki JOpiBHIOE:

Wi (s) = WiaWaysWsaWasWse [ (1= WiaWosWsaWay = Wi WosWayWasWseWey ) =

P1P2P3P4P57v17h27h§7h4 (7% —S)(ks —s)(ké _s)

(kl —s)(kz —s)(k3 —s)2 (k4 —s)(k5 —s)(ké —s)—

—(P1P2P37h17v27v3 X (Cllks (%M ~hgs—hys—s° )(7% —5) = P4Ps Peh3hake (Ms —S)))

ne 1= py=q.

Amnanoriyno anroput™my ananizy DOM XSS Bpas-
JUBOCTI [2, 5] BUKOHYIOUM KOMILIEKCHE IT€pPETBOPEHHS
z =-S5, OTPUMaEMO

2
vz +bz+k
) = 4 3.2 > @)
(Z +rz°+ez+dz + gz + hz +wz+m)
2
ne V=—p1P2P3P4PshMA A3y,

b= pipap3papstidatidg (hs+1e),
k ==p1p2p3PapshMar3hahsh
r 27\,] +7\,2 +7\44 +}\45 —2}\43 _}\‘6’
)\41}\44 +}\42}\44 +}\,1}\,5 +}\/2}\,5 +}\,§ +

#2003k — hahg —hshg — kg —hahs — |,
“2h3hy = 2h3hs —Ahg — 2h A5 — 2hsh5

[
|
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d

1

1

1

= —}\41}\,2}\/3}\/4}\,5}\,6 X

1

hphoghs
A3

+
Mihshs

1

+
hyhihg

1

+ +
Mgy

1

+
AAghghs
2

+
Aohzheg
2

+
Mirshe
1

+ +
A3hshg
2

+
Aodshe
2

+
Mikshe

1

+
Ayhahg

2

+ +
hyhghg
2 ~ b

+
Ahghe
1

Mhaohs

2

Mhohs

2

Mol

A3

dghghs
A3

 Ayhghs

2

Mok

A3

Mhohshe

A3

g

CMhshg Aghghshg  Ahghshe

[ 7\‘]}\‘2}\‘3}\‘4}\‘5}\‘6 X
2 A

N I 2
My Ahohs

+ + +
MAohy  Aghs
+ A3 + A + A
hohghs  Ahghs  Ajhokg
1 1 1 2
T Mohy AAy Aghs Aghs
2 1 2 2 -
ks Ashg Aghg Mg
1 2 2 2
kg hohg Mg Ashg
. . 2
Cdohshg MAshg  Aghg
. . .
Cdoghghs Mhahg  Aghshe
+P1P2 P31 M Ao A3 s

i )\417\42}\43}\,4}\/5}\,6 X 1
MM 12 2 2
My Aahs A Ay Ay s

WM Ay 2 A3 Ay |F
dohs Mhs ha dohs Ak
A T R N
s Ahg Ak Ashg Aahe

P12 D31 MM s hshe X
+H (1 s 1
x + -~
doshg  Aghshg  Aghs
)\‘]}\‘2}\‘3}\‘4}\'5}\’6 X 1
RS P1PaP3diM A A3 )sX
}\‘ _
e a Xk‘"("b_k_ﬂ )
L T I Y hy e
hs Ay g

+p4pspehihade

2 P4PsPe

=—MAA3hshg| Mg+ pioy D3y ———— |-
}\‘17‘2

Amnanoriyno anaropurmy anaiizy DOM XSS Bpa-

37UBOCTI [2, 5] HIIBHICTH PO3MOIIIEHHS HMOBIPHOCTEH

Yacy BUKOHAHHS TEXHOJIOTil TECTyBaHHS BPa3JIMBOCTI

110 SQL iH’eKINi# TOPiBHIOE:
o(x) =1/(2mi)x

ve2 i bz +k

€)

><J‘ezx

—io

dz,
(z7+ 120+ e+ dzt+ gz3+ h22+wz+m)
Jie omnepatlisi iIHTErpyBaHHS BUKOHYETBCSI 32 JOTIOMOT OO
inTerpany bpomBuua-Baruepa [7]. Toni

e D(z) =

ez’c(vz2 +bz+k) 4

_n(2)
242 e +dt +g23 +h? +wz+m \V(Z).

Toxmi IINBHICTE PO3MOAUIEHHS Yacy BHUKOHAHHS
aJITOPUTMY TECTYBaHHS BPa3JIMBOCTI 0 SQL 1H’ EKITIH

o(x) = ZRes[ ZX(D J 3

k=1V

e” (vz +bz+k ) )

Zk + 6rzk + SCZk + 4dz + 3gzk +2hz; +w

Bararounen nopopkye ciM HOJIOCIB

6

128+ e+ dzt+ gz3+ hz*+wz+m.

Pitenss piBHSHHS

6

rz +czs+dz4+gz3+h22+wz+m=0.

(6)

Moxe OyTH 3HAWIEHO OyAb-SIKUM METO/IOM, Ha-
npukiaia, mo ¢popmynam Biera [7]. B pesynbrati 064n-
CITIOIOTHCST OCOOJIMBI TOUKH Z\,Zy 73 Z4, Zs5, Zg, Z7.

TakuM 4yuHOM, Ha OCHOBI ekcroHeHmiiHoi GERT-
Mepexi po3po0JIeHO MaTeMaTHYHY MOJEIh TEXHOJOTIT
TecTyBaHHs ypasiauBocTi 10 SQL iH'exmii, sika Binpi3-
HSETBCSA BiJ BIJIOMUX, BJIOCKOHQJIEHHM CIOCOOOM BH-
3HAYEHHs BiZICTaHI MK pe3yibTaramu iH'ekuii. Buko-
pHCTaHHS B 3alPOITOHOBAHOMY cHOCO0i kpuTepito [xa-
po-BiHkiepa, s TOpIBHSHHS pe3yNbTaTiB 1H'€KIil
SQL xoxy i BBeIeHHS IIOPOTrOBOr0 3HAUYEHHS JO3BOJIUTH
MiBUIIUTA TOYHICTh PE3yJIbTATIB TECTYBaHHS ypa3Jiu-
Bocti o SQL in'ekmiii. [docmimxenns GERT-mopeni
TEXHOJIOTIT TeCTyBaHHs ypa3nuBocTi 10 SQL iH'exIii.

Posrmsinemo mpuknan araku SQL in'exuiid. CyTb
TaKWX 1H'€KIi{ — BIPOBaKEHHS B JaHi (Tepenani uepes
GET, POST 3anutu abo 3HauenHs Cookie) 1OBUTBHOTO
SQL xoxy. 3HaiiieMo WIIEHOCTI po3mofiieHHs ¢(x)
HWMOBIpHOCTEH Yacy BHKOHAHHS aJrOPUTMY TPH YMOBI,
IO z OOUPAETHCS K KOPEHI PiBHSHHS

(2 +12%+c2’+dz gz’ +hZ*+wz+m) = 0,
YMOBHI WMOBIPHOCTI Ta iIHTEHCHBHOCTI y Tinkax GERT-
Mepexax MaroTh 3HAYCHHSI:

P1=p=ps=ps=ps=0,999999,
p6:Oa9a )\'1:)\12:)\:3:0,9999, )\,420,8, )\,520’1’ )\6:(),999999
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BpaxoByroun npuBenieHi o3Haku GERT-mepexi, y
BiJIMOBiMHOCTI 3 (2), @ TAKO)XX BUKOPUCTOBYIOUH CIelia-
JIi30BaHMIA MaTeMaTHUHHI makeT Mathcad, orpumaemo,
10 B 3HAMEHHHKY Bupasy (3) chopMoBaHUiA ONTIHOM

x =0.1x° —4.174x’ +2.471x* —4.509x” + .
4.128x* +2.014x — 0.169 = 0. M

KopeHi nporo mosgiHoma (Ta BiJIOBiTHO (YHKIIiS
®(z)) DOpIBHIOIOTE:
x1 =-2.11254039866286, (P(x1) = 0; iter = 1);
x2 =—0.561885634027132, (P(x2) = 0; iter = 4);
x3 =—0.208185977139001 — i 0.60944124336833,

(P(x3) = 0; iter = 5);
x4 =—0.208185883644938 +1- 0.609441306673327,

(P(x4) = 0; iter = 4);
x5 =—0.103581224605665, (P(x5) = 0; iter = 3);
x6 = 1.64718955898524 —1 - 0.775107663208,

(P(x6) = 0; iter = 1);
x7 = 1.64718955909435 +1 0.775107667929698,

(P(x7) = 0; iter = 4).

Hocmimkyemo 3anexHicts Gynkmii O(z) Bix iHTEH-
cuBHOCTI z. Ha puc. 2 mpezncraBneHa kpuBa rpadiky

3anexHocti QyHkuil ®(z) Big z y pO3IVISIHYTHX BHUIIE
yMoOBax. SIKk BUIHO 3 PHCYHKY BHIIQJIKOBA BEJIMYHMHA Z
po3ToniieHa Yy BIAMOBITHOCTI O ITOKA30BOIO 3aKOHY.
AHAJIOTIYHO aNropuTMy PO3paxyHKy ¢(x), BUKOPUCTO-
ByBaHomy B GERT-mozeni Texnomnorii TecryBanas DOM
XSS ypazmuBocti [3, 5] 3HaimeMo 1110 (HYHKITIO 1 TOCIi-

IUMO 11 3 BHUKOPUCTaHHSIM MAaTEMaTH4YHOIO IIaKeTa
Mathcad.

D(z)

0.8

0.

0.4 \

0.2 R e e—

0.1 0.2 0.3 04z

Puc. 2. I'padix 3anexHocti Gpyrkuii O(z)
BiJ| IHTEHCHBHOCTI Z

BignosimHo 10 popmynu (5) ¢(x) AOpiBHIOE:

e(a+5i)x (v(a + 81’)2 +b(a + 81’) + k)

d(x) =i Res [ezxd) (z)}:

k=1 Z=Zk

(7u(a+8i)6+ 6r(a+8i)5+ 5c(a+8i)4+ 4d(a+8i)3+3g(a+6i)2+ 2h(a+8i)+w)

®)

e(a_bi)x (v(a —81’)2 +b(a —81’) + k)

(7= +6r(a=5i)’ +5c(a—i)" +4d (a=5i)’ +3g (a5 +2h(a—8i) +w)

Amnanoriyno nigxoxay, BukopucroByBanomy mainsi GERT-mopeni Texnonorii tecryBanus DOM XSS ypaznu-

BOCTI BUKOPUCTOBYIOUH BUpasu Eiinepa [2], otpumaemo:

yY+i6

y—i0

2eax

6 . .
EEDY Res(ezxd)(z)) = ela+di)x ﬂ+e(“_5i)x =B ((TY+ BO)cos(8x)+(ty —Be)sin(éix)), )
k

=1%=%k

ne t=a’v—8*v+ab+k , B=2adv-6b,

Y= Tua® —10ua*s? +105ua’8* - 7u8® + 6ra° —
—60ra>5% +30rad* +5ca* —30ca’s? +5¢8* +

+4da® —12dad? +3ga® —3g8% +2ha +w,

0 = 49ua’ 8 —140ua 5>+ 49uad® +30ra*s — 60ra>8>+
+618°+20ca’8 — 20cad’+12da’s — 4d 8>+ 6gad + 2h8.

Ha puc. 3 npesacraBneHi KpuBi HIUIBHOCTI pO3IIO-
Ity IMOBIpPHOCTEH Yacy BUKOHAHHS TEXHOJIOTII TecTy-
BaHHS ypasnuBocTi 1o SQL iH'ekmiil Iy HaBEICHUX
BHUIIIE YMOB (B SIKOCTI BXiJHUX NAaHUX BHUKOPHUCTOBYBa-
nicst KopeHi nosinoma (7)).

[Ipu upomy puc. 3 @ BiINOBiAE BUMAAKY KOJIH B
SIKOCTI BXIJHHMX JaHUX BUKOPHUCTOBYBAJIOCS 3HAYCHHS
x1,06-x2,B—x3, r—x4, 1—x5, e—x6, x—x7. Sk iy
PO3TISIHYTOMY BHIIC TIPUKIIA i, 30BHIIIHINA BUTIAL KPH-
BUX rpadikiB puc. 3 nae miJCTaBU NPUITYCTHTH, IO HE
BCl 3HaijieHi BUIIe pinieHHs (KOpiHHA moiiHoMa (7))
3aCTOCOBHI NPH MaTeMaTUYHOMY Ta iMiTaliiHOMY MO-
JIEJIFOBAHHI B KOCTI BX1JHUX JaHUX.

Y2 +92

Tax 3HaueHHA x3, x4, x6 i X7 HEMOXJIMBO Hajami
BUKOPHCTOBYBATH TPU aHaIi3l i MOJENIOBaHHI. Y TOH
)K€ Yac 30BHIMHIA BHUIIISA TpadikiB, OTPUMAaHUX IS
3Ha4eHb X/, x2 i X5 Ja€ MiACTaBU MPHUITYCTUTH, 110 BU-
Ma/IKOBa BEIMYMHA Yacy BUKOHAHHS TEXHOJOTI TeCTy-
BaHHA ypa3nuBocTi 10 SQL iH'exIi# BignoBinae ramMmma-
posnoniny (0HU3bKe 0 EKCIIOHEHINATBLHOTO).

Pe3ysnbraTn nepeBipky L€l TIiOTE3H 32 KPUTEPiEM
y* Mipcona [8] mixTBepammy i mpasromomiGHicTs. Tak
MIPU TOCUTH BEJIMKOMY 3Ha4€HHi JOBIpUOi HMOBIpHOCTI
Q=0,95 mns BCiX po3risHyTHX X/, x2 i X5 BiIIOBIIHI
3HAYCHHS ) :

%P =193, x3 =151, x2 =25,6)<< x> =101,9.

BucHoBku

Y pobGoTi po3pobiieHa MaTeMaTHYHAa MOJCIb TEX-
HoJjoril TecTtyBanHI Web-3acTocyHKIB. B ocHOBY marte-
MaTUYHOIO MojeiroBaHHsa noknazeHo maxig GERT-
MEpEKEeBOro CHHTe3y. B pe3ynmbpTati po3pobiieHo mare-
MAaTUYHY MOJEIb TEXHOJOTIi TECTYBaHHS Ypa3JIUBOCTI
1o SQL in'exiii, sika BiAPI3HAETHCA BiJl BiIOMHUX, BIOC-
KOHQJIEHMM CIOCOOOM BHM3HAa4YeHHs BIJICTaHI MiX pe-
3yJAbTaTaMU 1H'€KIIii.

46



Ingpopmauiiini mexnonozii
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Puc. 3. I'padiky mineHOCTI po3noaity ¢(x)
HMOBIPHOCT] Yacy BUKOHAHHS TE€XHOJIOri1 TecTyBaHHs Bpa3iauBocTi 10 SQL in’ekmiii

BukopucraHHs B 3anpONOHOBaHIM MaTeMaTH4HIiN B xoni mocmipkeHHS TPEICTaBICHOI MaTeMaTH-
Mozmeni kpurepito Jlkapo-BiHkiepa, JUis TOpIBHAHHSA ~ HOi MOJAENi Oyja0 BH3HAUCHO, IO BHUITAJKOBA BEIUYMHA
pe3ynbrariB iH'eknii SQL Koy i BBEIEHHS MOPOrOBOr0  4acy BUKOHAHHS JaHOTO MPOLECY TECTYBAHHS B IIIJIOMY
3HAYEHHs JI03BOJIWIIO MiIBUIINTH TOYHICTH pe3yNbTaTiB  BiANOBiAae ramma-posmnoniny. IlepeBipka 1i€i rimoresu
TECTYBaHHS OC3IEKH IIPOrPaMHOr0 3a0e3MeUeHHS. 6yita mpoBe/ieHa 3a kputepieM ¥ [TlipcoHa.
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Mathematical model for testing sql injection vulnerability technology
0. Kovalenko

Abstract. The paper presents the results of the study and testing algorithms for vulnerability to SQL injection, one of the
most common types of attacks against Web-based applications. Based on the analysis of the methodology for testing the vulner-
ability of Web applications to the DOM XSS and the materials of the Open Web Application Security Project, an algorithm of
analysis of the vulnerability of Web applications to SQL injections has been developed . A distinctive feature of this algorithm is
consideration of only the vulnerability that is present in the GET URL parameters and uses only the blind SQL injection of code
that uses the feature of using Boolean operators in SQL queries (Boolean blind SQL injection). Based on the presented algorithm,
a GERT-model of a technology for testing vulnerabilities to SQL injections was developed, in which the nodes of the graph are
interpreted by the states of the computer system in the process of testing the vulnerability to SQL injections, and the branches of
the graph are interpreted as probabilistic-temporal characteristics of transitions between states. Thus, on the basis of the exponen-
tial GERT network, a mathematical model was developed for testing SQL injection vulnerability technology, which differs from
the known technologies by improved method for determining the distance between injection results. The use of the Jaro—
Winkler criterion in the proposed method for comparing the results of an injection of SQL code and introducing a threshold
value will improve the accuracy of the results of software security testing. An example of an SQL injection attack, the essence of
which is the introduction of arbitrary SQL code into data (transmitted via GET, POST or Cookie values), is considered. Graphs
were constructed, the curves of which suggest that not all of the found solutions are applicable in mathematical and simulation
modeling as input data. At the same time, the appearance of the graphs obtained for other values suggests that the random value
of the execution time of the technology for testing the vulnerability to SQL injection corresponds to the gamma distribution
(close to exponential). Testing of this hypothesis is made by the x* Pearson criterion.

Keywords: SQL Injection Vulnerability, GERT-networks, security vulnerabilities, testing algorithms, mathematical test-
ing model.
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CUHXPOHIBALISI IHOOPMALIMHOI CTPYKTYPHU
MEPEXKI HA I'IIEPKOHBEPTEHTHIN ILJIAT®OPMI
3 OBUNCJIOBAJILHUMHU PECYPCAMM ii BY3JIIB

AKTyanbHicTh focaiqkeHHs. B nporeci (yHKIIOHYBaHHS KOMIT'IOTEPHOI MepeXi IilepKOHBEPreHTHOI apXiTeKTypH 3a
PaxyHOK IIEHTPaJIi30BaHOI'0 YIPaBIIiHHS 30UTBIIYETHCS Yac 0OpPOOKHM CUCTEMHHUX TPaH3aKLii. AJe Il NeSIKHUX ITiJICUCTEM,
0CcOOJIMBO [UIsl THX, 110 MOBUHHI (DYHKIIOHYBATH Y PEXKUMI, HAOIIDKEHOMY /10 PEXXUMY PEaIbHOr0 Yacy, JaHi MOKa3HUKH €
Iyxke cyrreBUMU. MeToro cTaTTi € pOopMyBaHHS TAKOro PO3MOJUTY 3aBJIaHb 10 BY3/1aX MEPEeXi, 171 SIKOI'0 Cepe/iHs 3aTpu-
MKa IaKeTy npuiiMatuMme MiHiMasibHe 3HadeHHs. lle 3abe3neunTh MakcMMaibHY CHHXPOHI3amilo MK iH(opMaIiiHO
CTPYKTYpPOIO Mepexi Ta 0OUMCIIIOBaIbHUMU pecypcamu ii By3iiB. PesyabTaTn gociimxenns. Po3pobiiena maremaTnyna
MOJIelTb PO3MOIITY 3aBJaHb MK By3JIaMH KOMII'IOTEpHOI Mepexi Ha rilepKOHBEPreHTHiN miardgopmi. Y Mozeni MiHiMi30-
BaHa IHTEHCUBHICTb OOMiHY MiX By3J1aMu Mepexi. JIJist 1boro BBOAMTHCS HOHATTS WTpady npu po3noili 3aBJaHb Ha BY3-
1 Mepesxi. Po3pobnenuii MeTon po3nofiiy 3aBlaHb MK By3JaMU Mepexi Ha IilepKOHBEPreHTHiN mardopmi. Pimenns
3a/1a4i MOIIYKY palliOHaJIbHOI0 PO3IO/LTY 3aBJjaHb MHOXKHHH 110 By3JIaX MHOXKMHM Mae iTepauiifHuii xapakrep. JlaHuii Me-
TOJI PO3BUHEHUH 3a PaxyHOK MiHiMi3alil cepelHbOl 3aTPHUMKH MaKeTy JIAHMX B Mepexi IpH pO3HofiIeHiil oOpolui 3aB-
JlaHb. 3alporIOHOBaHA MaTEMaTHYHA MOJIEJIb YIPABIIiHHS PO3IOIJIEHOK 00pOOKOI0 3aB/IaHb B MEPEXi Ha TilepPKOHBEPIeH-
THIH Tuatdopmi 03BOJISIE OIMCATH 3aBAAHHS NOIIYKY PALiOHAIBHOIO PO3OUTTS MHOMKHHH 3aBJaHb, 110 00pOOIIAIOTHCS B
Mepexi, Ha MiIMHOKHHY 1 IX PO3MOAITICHHS 10 BY3JIaX MEpeXi, 0 MiHIMI3ye CepeIHIO 3aTPUMKY IaKeTy aHuX. TP PO3-
poO11i Mozienti PUIHATO, 10 3araiNbHUi CyMapHUIl JOCTYIMHUN OOYMCIIIOBAIBHUN PECype By3JliB MEPEXi € PiBHUM 3arajib-
HOMY CyMapHOMY HEOOXiTHOMY OOUYHCITIOBAIEHOMY PECYpCy TPAHCAKLIN CHCTEMH. 3 I[I€I0 METOI BBOJAUTHCS (DiKTHBHMI
BY30JI 3 JOCTYITHUM OOYMCIIIOBAIIBHUM PecypcoM Ta (hiKTHUBHE 3aBaHHA 3 BiNoBinHUM mrpad oM. BucnoBok. ChopmoBanuii
PO3IIOALI 3aB/IaHb MO BY3JIaX MEPExki, U SIKOro cepeiHs 3aTpUMKa IakeTy NpuiiMaTiMe MiHIMallbHe 3HaueHHs, 110 3a0e311e-

YUTh MaKCUMAaJIbHY CHHXPOHI3aLlit0 MK iHOpMALIIHHOO CTPYKTYPOIO Mepexi Ta il 00UNCIIIOBAIbHUMHU PECYpCaMu.

Karo4doBi cioBa: rinepkoHBEepreHTHa apXiTeKTypa; CHHXPOHI3allisd, 4ac BUKOHAHHS 3aIUTy, ITpad.

Beryn

AKTyaabHicTh 3aB1anHs1. KoHBeprenTHi ta rime-
PKOHBEPTeHTHI pillleHHs s 0a30BHX KOMIT'IOTEPHUX
MEpexX 3a PaxyHOK IEHTpalizalii ynpaBIiHHS CYTTEBO
3MEHIIYIOTh BUTpaTH Ha obOciyroByBanHs [1]. Ilpu Tta-
KOMY TEXHOJIOTIYHOMY pillleHH] nepeadadaeTsest 00'e-
HAHHS MaM'sATi, 00YHMCITIOBAILHUX, POrPaMHUX 1 Mepe-
JKEBUX PECYPCIB B Iy, 3a3Jajeriib 00 €IHAHUX It
poborn B nmata-ueHTpi [2]. YmpaBiiHHS BiAOyBaeThCs
yepe3 3arajbHy KOHCONb aaMinicTpyBaHHs [3]. Ilepesa-
raMu TiepKOHBEPreHTHOI iH(pacTpyKTypH € Taki [4]:

1) cipomieHHst  iHQPACTPYKTYypH YIPaBIiHHSA —
LEHTpali3alis YIpaBIiHHSI CEPBEPOM, MEPEKEBHX pe-
CypCiB 1 CXOBHIIAMU JIAaHUX, IO JI03BOJISIE ONTHUMIi3yBa-
TH TOBCSIKJICHHE 00CITyrOBYBaHHS;

2) MacmtabHa €MHICTh CXOBHII JaHUX — ycCi MO-
LIMpEH] KOMYTaliiHi Mepexi i IpOTOKoIM BOYIOBaHi B
TiEpKOHBEPreHTHY 1H(PACTPYKTYpy, IO JO3BOJISE
JIOJIATH B Hel TOJATKOBI TirabaiTH MPOCTIIIE 1 IIBUIIIIE;

3) mBUIKA MATOTOBKA 1 BHIUIEHHS pECypCiB —
CKOPOYEHHsI Yacy IMiJArOTOBKH 1 BUJIIEHHS PECYPCIB;

4) 6inbI WIBW/KE pearyBaHHs iH(opMmaiiHOI Te-
XHOJIOTii 3a0e3nmedyye THYUYKICTh Ul pearyBaHHs Ha
3MiHU Ha PUHKY 1 3MiHH TIpiOpUTETIB Yy Oi3Hec;

5) cIipomieHuii epexij B XMapy CIIpOIIye BIPOBa-
JUKCHHS MIPUBATHUX a00 TIOpUIHUX XMap;

6) miABHIIEHUH KOHTPOJIb 3a0e3Meuye OJHOYACHE
KepyBaHHsI KiJIbKOMa (DYyHKIISIMH 1 IPHCTPOSIMHL.

IMocTaHoBKA 3aBOaHHSA. 3BiCHO, KpIM BHUIIIETICpE-
paxoBaHMX TIepeBar TEXHOJOTis, IO PO3TIAAAETHCH,
Mae 1 psin HenouikiB. HaliGinbIn cyTTeBUM 3 HHX € TIOC-
na0eHHs XapaKTepUCTUK Jeskux mnapamerpis QoS,

30KpeMa, YaCOBUX XapaKTEpUCTHK. TakuM 4YUHOM, 3a-
BIaHHS 3a0e3reueHHs] HeoOXiTHUX YaCOBUX XapaKTepH-
CTHK MOXe OyTH c(OpMYIbOBAaHMM TaKUM YWHOM: He-
00XiZIHO 3aIPONOHYBATH METOJ| PO3IOALTY 3aBaHb MiXkK
BY3JIaMH KOMIT FOTEPHOI MEPEXi Ha TiNepKOHBEPTeHTHIH
aTgopmi, KOTpuil MiHIMI3ye Yac BUKOHAHHS TPaH3aK-
il Ta BpaxoBye 11 0COOIUBOCTI.

Amnaui3 jgireparypu. /s BupimeHHS moOcTaBie-
HOT'O 3aBIaHHs IPOIOHYETHCS 0araTto pi3HUX METOIB
[5-22]. Onmnak, Bci mepepaxoBaHi METOIU HE B MOBHIN
Mipi BpaxoBYIOTb OCOOJHMBOCTI TiNEPKOHBEPTEHTHOI
IATOPMHU Ta MAIOTh MOPIBHSHO HEBHCOKY OOUYHUCITIO-
BaJbHY €(DEeKTHBHICTb, IO OOMEXYE PIllIEHHS ITOCTaB-
JICHOT'O 3aBJIaHHS Y TiIEPKOHBEPI€HTHOMY CEPEOBHIII.
VY 3BSI3Ky 3 UMM, BUHUKAE HEOOXiJHICTH B po3poOIi
BIJIMIOBiTHOI'O METOY.

MeTta cratTi. 3ayBaxxumo, 110 MaKCUMaJbHO MO-
JKIIUBA CHHXPOHi3alis iHpopMamiiHOI CTPYKTYpU Me-
peXi Ha TiNepKOHBEPreHTHIN MmI1aTdopMi 3 00UYHCITIOBa-
JBHAMH pecypcaMH i1 BY3IiB 3a0€3Me4nTh MiHIMi3alio
Yyacy BUKOHAHHS CUCTEMHHUX TpaHcakuiil. Tomy mMeroro
cTaTTi € (OpMYyBaHHS TAKOTO PO3MOJLTY Y 3aBIaHb IO
BY3JIaX MEpexi, JUIsi SIKOrO CEepeiHs 3aTpPUMKa IaKeTy
npuiiMaTiMe MiHIMaJbHE 3HAYEHHs, 10 3a0e3NeYuTh
MaKCHMaJlbHy CHHXpPOHi3allif0o MiX iH(OpMaLiiHOO
CTPYKTYPOIO MEpEKi Ta OOUHCITIOBAILHUMH PECYpCaMu
i1 By3JiB.

1. MaremaTn4yHa Mo/1eJIb PO3NIOIiTY 3aBIaHb
MIK BY3J1aMH KOMIT’IOTEPHOI Mepexki
HA rinepKoOHBEPreHTHIN muardopmi

Po3riisiHeEMO Mepexy, IO CKIAAa€ThCsA 3 MHOKHHH
BY3JIiB Y, B sAKii HEOOXimMHO 3MIHCHUTH OOpOOKY i3
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MHOXHHU Z 3aBIaHb. [IJIs KOXKHOTO BYy3Jia MEpexKi y; &
1<i< hy , e hy — KUIBKICTh BY3J1iB MEPEXi, 10 MPHUii-

MaloTh y4acTb y 00poOui iH(popMaIiifHUX MOTOKIB, 3a-
JIaMO TIPOAYKTHBHICTH BY3JTIiB ¢ 3, - BixgmosigHo 1o
1

MHOXXHHH BY3JTiB Y Ma€MO BEKTOP JOCTYIHHX OOYHC-
JIIOBAIILHUX PECYPCIB Mepexi ¢, = (d)y] y s ¢yh ). Hus
y

CIpOIIEHHS OyaAeMO BBaXkaTH, IO BAPTICTh OIMHUII
00YHMCITIOBAIFHOTO PECYpCY OJHAKOBA IO BCiX BYy3JaxX
MHOXHHH Y 1 0 KOYKHA Mapa BY3JIB y, U J; MOXKe 00Mi-
HIOBATHUCS JaHUMH MK COO0I0 HAHKOPOTIIIMM MapIipy-

TOM 3aBJIOBXKKU /i IIPU I[bOMY JTOBKHHA MapIIPYTy

wa,i’
BH3HAYAETHCS KUIBKICTIO KaHAJIB Tepenavi JaHHuX, IO
BXO/ISITh B MapuIpyT MiX BY3JIaMH# y, U V;. BimnosigHo
0 MHO)XMHU Y MaeMoO KBaJpaTHY MATpPHIO JOBXUH

HalKOPOTIINX MapuipyTis H, =“hw “ MIX KOXXHOIO
a,i

Maporo BY3JIiB Mepexi y, Tay, ne 1<a<h,, 1<i< hy.

Koxne 3aBnanns z, € Z, 1<b< h,, ne h, — xinb-
KIiCTh HE3aJIOKHUX 3aBJaHb, 10 0OPOOJIAIOTECI B Mepe-
Ki, XapaKTepH3YeTbCs HEOOXIJHUM OOYHMCITIOBAIHHUM

pecypcom ¢Zb Ut Hioro o0poOku. TakuM YUHOM, Mae-

MO BEKTOp ¢, = (4)2], ’¢Zh ) HEOOXIIHUX 00YHCITIO-
4

BaJILHUX PECYPCIB MEPEKi IO BCiX 3aBAHHAX MHOKUHH
Z. JIns KOXXHOTO 3aBIOAHHIO 7, € Z 3aJaHuil BEKTOp

U, =|U, ,..,uU , II0 BHU3HAYA€ IHTEHCUBHICTH

zZp Zpy 2 > 7 Zp
by hy,
OOMiHY 3aBIIaHHS z, 3 KOXKHHM 3 BY3JIiB MHOKUHHU Y.
Jlnst Bciei CyKymHOCTI 3aBIaHb, IO OOPOOJIAIOTHCS B
Mepexi, MaeMo MPSIMOKYTHY Matpuio U, po3mipom
h. xh, , ckianeHy 3 BEKTOpiB U, - [Tpu upomy KoxHE

3aBJIaHHS MHOXXHHU Z MOXe 00poOnsTucs Oyab-sSKHUM
OJTHMM BY3JIOM MHOXUHH Y.

3 ypaxyBaHHSIM BHKJIaJEHUX OMYIIEHb 3aBIaHHS
pO3IIoALTYy 3aBJaHb MK By3JaMH KOMII IOTEPHOI Mepe-
K1 Ha TINEepKOHBEPreHTHIH m1aThopMi 3 METOIO MiHIMi-
3amii IHTEHCHBHOCTI OOMiHY MiX By3JaMu (hOpMyJIto-
€THCSl TAKUM YHHOM.

€ MHOXUHU Y 1 Z, mpencraBiieHi BiJIIOBITHO KOp-
TeXKaMU (Y,d)y,HW) i (Z,$,,U,). IlorpiObHO 3HalTH

TaKui po3MmoAil y:Z — Y, Ipu SAKOMY IJIbOBa (hYHK-

mis F (y), 0 3aJa€ CEPEIHI0 IHTEHCHBHICTH OOMIiHY
MiX By3JIaMH IIpUHMae MiHIMaJbHe 3HAYECHHSL:

h}’ hy
D) Upa,i 'hwa,i
F) ==l lZ n — min (1)
> Uzpi
b=1i=1
h}’
pu Vz, €Z Z kpa =1 2)
a=1
h,
vya eY Zkb,a '¢zb Sd)yaa (3)
b=1

Zkb,a Uy, o SKIO 4 # 0

Ac u’a,i =\ b=l ’ (4)
0, SKIIO a =i
1, sxuo zb(Y) = Vs

kb,a = (5)

0, y iHIIOMY BHIAQJKY .

CyMapHa IHTEHCHBHICTh OOMiHY 3aBJaHb, pO3IIO-
JIUIEHHX TI0 By3JIaX Mepexi 3 iXx aboHeHTamMu, BU3HAYa-
€THCSl BUPA30M

. hy by hy hy b
u,V = ZZM,W, = ZZZkb’a L (6)
a=1i=1 a=li=1b=1
MakcumaipHa cyMapHa iHTEHCHBHICTh OOMiHY 3a-
BIIaHb, 110 OOPOOJAIOTHCS B MEpPEKi, MOXKHA IpejcTa-
BUTH TaKHM YHHOM:

=
N
=
<

= uzb,i > (7)
b=1

Zmax

Il
—_

TIPH [IbOMY uZ(Y) Sug -

Toni winboBa (yHKIis MiHiMi3amii iHTEHCHBHOCTI
00MiHYy MiX BY3JIaMH Ma€ TaKUH BUIIIS;

F(Y)z zzhwal zkba'uzb,iz
uzmax a=l1i=1 g
1 . ®)
Z Z kb a Uzpi- wa,i'
uzmax a= 1b 1 i—

BBenemo moHATTs mTpady Npu po3moIiTi 3aBIaH-
HA z, € Z Ha BY30J Mepexi y, € V-

h)/
Z Uzp,i~ wa,i' (9)
h}’ hy
Toxi FO = S S kg Sapa - (10)
Uz e a=1b=1 |

TakuM 4nrHOM, 3aBIaHHS MiHIMi3alii iIHTEHCHBHO-
cTi 00OMiHY MK By3JIaMH MEpEXi 3BeJieHe 10 MiHiMmi3a-
i JiHIAHOT (yHKIIT, Bu3HauyBaHoi Bupa3oM (10), mpu
BHUKOHAHHI YMOBH

hZ
D kpabs, <y, ¥V 1<as<h, (11)
b=1
2. MeToa po3noainy 3aBaaHb Mix By3J1aMu
Mepe:xki Ha rinepKOHBEPreHTHIN miaarTdopmi

Ha ocHOBi cykymHOCTeil 3Ha4eHb s cKJana-

Zb,a
€THCSl MATPULIS WTPaQiB PO3NOALTY Y MHOXKHHU 3aB/IaHb

Z 1o By3lIax MHOXUHH Y S,

Sz a “ IIpu upomy, y

pa3i HeNpPUITYCTUMOCTI PO3MO/ALTY 3aBAAaHHS Z;, Ha BY30I

V4, HaIIPUKJIAJ, SKIIO0 ¢Zb >¢Ya , 3HAUEHHS § pu-

Zb,a
HMaeThCsl PIBHUM HECKIHUEHHOCTI.

st MHOXHMHY 3aBIaHb Z (OPMYETbCS BEKTOP Mi-
HiMalbHUX mTpadiB
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=S, T
Zmin ( Zming >""7 mehz

=mins BU3HAYac MIHIMaJb-

KOMITIOHCHT
A€ KOMIIOHE sZminb Zb,a

HUH wTpad Npu Po3MOALT 3aBIaHHS z, HA BY30J MHO-
KUHU Y.

Ha ©6a3i marpumi S, QopMmyeTbess Marpuns

’
=S
Zb,a Zb,a

S, =

2 -5 +1. Sk 6a3o0Bi

Zminy,

s%a“, y SIKOT s

CJIICMCHTHU BHU3HAYAKOTHCA BCi CJICMCHTHU ManI/IL[i S;,
! =oo-—g§ +1

OKpIM THX, 3HAUEHH AKUX PiBHI 52, o
,a miny,

Hexaii MakcuManbHe 3Ha4eHHs1 0a30BOTO €IEeMEeH-
. ’ !
Ty MaTpPHIl
y Matpuui S, € 82 o
Ha ocnoBi Matpuii S, GopMyeTbest MaTpuis

N

. ’
L= nza’j “ , e 1<j< 8z may * PH LBOMY BEIMIHHA

!

2 OKPYTJISIETHCS 0 HAHOMMKYIOrO IIJIOro 3HAYCH-

N
max

Hi. KoxeH BeKkTop-psiiok

=|n .
a Za > Zag
Zmax

MaTpuli N, BiAmnoBinae By3dy y, &, a 1i KOMIOHEHTH

n MICTATE HOMCPU 3aBAaHb Zp GZ, pOSHOI[iJ'IEHI/IX Ha

Z,.
aj

BY30JI y,,, IJISl IKMX 3HAYEHHs ITpady IpH PO3IOIiITi Ha
BY30J]1 ), OLJbIlle BiINOBIIHUX HUM 3HAYEHb MiHIMab-

HUX mTpadiB, BU3HAYYBAHUX BEKTOPOM S, . Ha BEIH-

=5z, —1), IIpU LIbLOMY

’
YUHY § -1, (s -5 =
y Zb,a ’ ( Zb,a Zming, Zp,

!

1H/IEKC ] KOMITOHEHTY S, BU3HAYAETHCA AK [ =5, .

J

Pinrenns 3aa4i Mouryky parioHajJbHOTO PO3IOJi-

Jy 3aBlIaHb MHOXHHHU Z TO BY3JIaX MHOXKHHH )Y Mae

iTepauiiHuii xapakrtep. Ha koxHid k-if itepaumii, ne
' k

k<s; o PO3TIANAEThCS MaTpuis N , CKiajeHa 3 k

HepLIoYepProBUX CTOBIIIB MaTpuli NV, . BiamosinHo 1o

oTpuMaHOi MaTpuii N f MIPOBOIUTHCS Ccripoda chopMy-
BaTH JOMYCTHMMHUM PO3MOMALT 3aBJaHb MHOXHHH Z IO
BY3J1aX Mepexi. SIKIo Takuil posmomin Oyae oTpuma-

HUH U1 MaTpHili NF

, Tpu k=1, TO OYEBHIHO, ILO
BOHO € ONTHMaJbHUM. B 1IbOMy BUNAAKy KOXHE 3a-
BIAHHS z, € Z PO3MOJIISAETbCA HAa TON BY30]1 MHOXKHHH

Y, ans sikouj BenmuuuHA mTpady 52 4 npuiiMae MiHi-

MaJibHe 3HAYEHHSI.

Jlaini po3riisiHeMO 3aB/IaHHS TOIIYKY pallioHaIbHO-
ro po30UTTS MHOXXHHHU 3aBAaHb, 110 OOpOOJISIOTHCS B
Mepexi, Ha MAMHOXXUHH 1 iX PO3NOALIH 10 By3JlaX Me-
Pexi, 3 METOI0 MiHIMi3allil cepeJHbOI 3aTPUMKH MAKETy
JIAaHUX B MEPEXKi.

3. Minimizanisi cepeAHbOI 3aTPUMKH MaKeTy
JAaHUX B Mepeski npu po3noaijienii
00po6ui 3aBAaHb

Koken By3onm y; € Y XapakTepu3yeTbCs IOCTYII-
HUM OOYHCITIOBAIEHUM PECYPCOM ¢y-' BimnosigHo 10
1

MHOKHHA Y MaemMo BEKTop ¢, =(¢YI""’¢Yhy) Joc-

TYITHUX OOYHCITIOBAIBHUX PECYPCIB BY3JIiB MEPEKI.
Koxne 3aBnanus z;, € Z, 1< b < h; , xapakrepusy-

€ThCS HEOOXITHUM OOYHCITIOBAILHUM PECYPCOM ¢Zb

s i1 BukoHaHHs. [1o BCiX 3aBIaHHAX MHOXKUHA Z Mae-
MO BEKTOp ¢, = (4)2] yees ¢Zh ) HEOOXITHUX OOYHCITIO-
4

BaJIbHUX PECYPCIB.
ITo K0:KHOMY 3aBJAHHIO Zj JAHO 1BA BEKTOH U,

i ul, , ne BeKTOp u,, = uz, | BU3HAUAC iH-

Zp, 2 > Z/)
b y
TEHCHBHICTH OOMIHY 3aBIaHHS z, 3 KOXXHUM BY3JIOM

MHOXHHHU Y, BEKTOp 1. =(u;b],...,u'

BU3HAY
% 2y, ) 3HaYae

IHTEHCHBHICTh OOMiHY 3aBJIaHHS Z, 3 IHIIMMHU 3aBJaH-
HAMU MHOXHHU Z. TyT de =0. Ilo Bci#t cykymHOCTI
b
3aBJllaHb, 10 OOPOOJISIOTECS B MEpPEXi, MAEMO MPSMO-
KyTHy Matpuio U, po3mipy A, x hy 1 KBaJpaTHy Mart-
puito U, posmipy, CKiIaneHi 3 BEKTOPiB w, i, u;b BiJI-
moBimHO. MHOXHHU Y 1 Z TpeACTaBUMO BIAMOBIIHO

KOpTeXaMu

(Vabyo Hy) 1(Z,0,.U, UL

o
MapuIpyTiB MiXK KOXKHOIO Mapor0 BY3IIB MeEpexi Y, 1 V;
I<a<hy, 1<i<hy

ne H, = MaTpHUL JOBXUH HANWKOPOTIINX

PosrisiHeMo 1inbOBY (YHKIIIO, SIKA BU3HAYAETHCS
BHPa30M

=

<
=

<
<

ra,i 'hwa,i

Il
—_
Il
—_

F ¢ (12)

=
<

M
=

ra,i

IS
Il

—_
Il

—_

=

Z Z

!
kb,a kj,i “zb,j >

Mx‘

b=l
= SIKILIO a # I

hz
ne bzi Kbatizy;

Il
—_
Il
—_

0, SIKILO a = I

1, saxwo zb(y) = Vs
kp, =

“ o, y iHUWOMY 6UNAOKY.

Toni HeoOXimgHO 3HAWTH  TaKWUH  PO3MOMLT
vy:Z — Y, mo6 Bupa3 (12) npuiiMaB MiHiManbHe 3Ha-
YEeHHSI IPY BUKOHAHHI YMOBH

hy
Vya €Y (D kpg 0z, <6y (13)
b=1

Posmonin y 3aBmaHp z, € Z mo By3max y, € Y
MOXKHa MPEACTaBUTH XapaKTEPUCTUUHOIO MAaTPHUIIEIO

KD =gy |, 1< <h;.
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Jlobyrok BexTop-cToBIIA k, i Matpuni U, € Be-
KTOPOM-CTOBIILIEM

u, = |, (14)

j-1 KOMIIOHEHT SIKOTO PIBHUH CyMapHill iHTEHCHBHOCTI
o0MiHy 3aBHaHHs z;, 1< j <hy,, i3 3aBAaHHAMH, PO3IO-
JIIEHUMU Ha BY30I] J,. 3HAUEHHS 3arajibHUX CyMapHHX
IHTEHCHBHOCTEW OOMiHY 3aBJlJaHb MHOKUHH Z 3 BY3JIOM
V4 € Y 3 ypaxyBaHHSIM 3Ha4€Hb CyMapHHUX IHTEHCHUBHO-
cTell 0OMiHYy IMX 3aBJaHb 13 3aBJaHHSIMH, PO3IOJilie-
HUMU Ha BY30]1 ),, BU3HAYAIOTHCS SIK

up =up Fu (15)
J€ u, ~— BEKTOP-CTOBIIEIb Matpuit U,.
CkansipHuii 10OYTOK BEKTOPIB u}'a uk:
hy
uy ki =bzlu;% iy =y, (16)

e a#i, JIOPIBHIOE CyMapHid IHTEHCHBHOCTI OOMiHY
BY3JIB y, 1 y;. CYyKyIHICTh 3HA4YCHb U, . € KBaJPATHOIO

marpuueto U, (hy xhy) s yaKoi u, =0 mpu a=i.

CyMapHa iHTEHCHBHICTh OOMIiHY MK By3JIaMH Me-
PEeXi IIpH PO3MOMIT Y 3aBIaHb z, € Z IO BY3JIax y, € Y
BU3HAYAETHCSI BUPA3OM

hy, h

0P 3
”
c, =ZZM,W, =Z Uy ki . (17)
a=1i=1 a=li=1
hy hy
% u”a .hwa ) u”a Wa
Toni ~ FO) == = 4=l . (18)
hy hy ) c (v)
z U, -k; "
a=1i=l1
ne u, -hwa — CKaJIsIpHUH JAOOYTOK BEKTOp-psKa MaT-

putti U, i BekTOp-psiaka Matpuii H , .

TakuM YMHOM, 3aBJAaHHS MOIIYKY PalliOHAIEHOTO
pO30OHUTTSI MHOXKMHH 3aBAaHb Z, 10 OOpOOJISIOTHCS B
Mepexi mepeaadi JaHuX, Ha MiAMHOKUHHM 1 1X PO3MOIi-
JIK TI0 BY3JIaX Y, € Y 3BeleHa o MiHiMizalil OiTiHIHHOT

uinboBoi QyHkmii (y), 110 BU3HAYAETHCS BHPA3OM

(4.31) Ha WiTOYMCENBHUX BEKTOpax IpH JIiHIHHUX 00-
ko< <a<

MEXeHHAX ¢, -k, —¢ya it 1<a< hy.

Ha npakTuii yacto MarooTh Micle cUTyalii, KOJIU
KO)KHE 3aBJIaHHS z, € Z TpeacTaBieHe HabopoM mij3a-
Jlad, sIKi MOXYTh BUKOHYBATUCS Ha Pi3HUX BYy3JIaX MHO-
JKUHHM Y, 1 mia3amavi 3aBAaHHS z, HE OOMIHIOIOTHCS iH-
¢dopmariiero Hi MiX €000, HI 3 Mig3amadyaMH IHIIHAX
3aBllaHb MHOXXMHMA Z. B 1poMy BUIAaIKy IpuBencHE
3aBJaHHs JCKUIbKA CIIPOIIYETHCSA 1 MOXKE OYTH 3BEICHE
JIO TAKOTO BUTJISY.

Xaif 3amaHi MHOXKMHU Y 1 Z, [0 MalOTh paHile
BKa3aHUH CEHC Ta NPENCTABISIOTECS KOPTEXKaAMH

(Y,d)y,HW) ta (Z,0,,U,). Ilepenbayaerscs, mo BCi

mia3ajgayi 3aBJaHHs z, € Z MaloTh OJHAKOBI 1HTEHCHB-
HicTi u;'bi 0o0OMiHYy 3 BY3JIOM ); € Y, TOOTO

Vz, eZ,y; €Y (19)

" j—
Uz, =z, /qu .

[MoTpiOHO 3HaWTH palioHATBFHUN PO3MOALT Mij3a-
Jla4 3aBJaHb MHOXKUHM Z T10 By3Jax MHOXHHH Y. B pe-
3yAbTATI pO3MOITY Mijf3anay 3aBJaHb MHOXUHU Z (o-
pMyeTbest Matpuusl M,, B SKiH KOXKHOMY 3aBJaHHIO
z, € Z NIOBUHEH OYTH 31CTaBIICHUI BEKTOP-PSI0K

mzb = mZb] yeees mzbhy 5

0 € PO3MOAUIOM IiJi3amay 3aBIaHHA z, 10 BYy3JIax

MHOXXHWHHU Y, TOOTO KOMITOHEHT mZb' BEKTOpa mZb €
(

HEOOXiTHMM OOYHUCITIOBAILHUM PECYpCcoOM BY3na V;, He-
00XiZHMM JUIsI BUKOHAHHS MiA3ajayl 3aBIaHHd  Zzj.
SkicTe po3moxiny Yy mig3anad 3aBoaHb Zp € Z 10 BY3-

nax y; € Y OIiHIOBaTUMEMO 3HaYEeHHSIM I[JTLOBOI (hyHK-

uii F (y) OCHOBOIO BU3HAa4YeHHS F (v) CITYXHTB mTpad
TS TiA3anadi 3aBJaHHs z, € Z, PO3MOALJICHOrO Ha BY-
301y, € Y.

Skmio mig3angava 3aBAaHHA z, € Z PO3MOALICHA Ha
BY30I1 y, € Y, To ili BinnoBinae mrpad

hy hy

szb,a = .zlu;,b,i 'hwa,i =2 (uzb’l- 'hwa,i /¢Zb )
i=

i=1

Taxum YUHOM, IJIA KOXXHOTI'O 3aBJaHHA Zp € Z Ma-

EMO BEKTOP S, =| 58z, 5., 8z,

y
SIKOTO BU3HA4ae mTpad mpu po3noAiiai Ha By3on y, € ¥
mig3anayi 3aBaaHus z,. 1linboBa (QyHKIIiS, 110 XapakTe-

pHU3yE OTPUMaHHU PO3NONLNT Y 3aBIaHb z, € Z MO BY3-

KOMITIOHCHT st
a

nax y, € Y, Mae BUTIIAL

1 hz h}’
FO=—— % Sm, s, (20)
Zmax D=la=l ’

II€ Uspmay — HE3AIEKHA BIJ PO3MOAUTY Y BEIMYHHA, IO

BH3HAYa€ MAaKCUMaJbHY CYMapHy iHTEHCHUBHICTH OOMi-
HY 3aBJIaHb 3 BY3JIaMH MEPEKi BiIIIOBITHO IO BUPA3y

hz h}’
uzmax = ZZuzbi (21)
b=li=l
h,
pu Vy,eY ZmZb’a < ¢Ya ; (22)
b=1
hy
Vz, €Z Z my, < ¢Zb ; (23)
a=1 ’
h}’ hz
PR IED N (24)
a=1 b=l
b ,mZb’aZO,lSaShy,leShZ (25)
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OTmxe, 3aBJaHHs € TakUM. Xal 3aJaHa MHOXHHA
3aBliaHb Z 1 BY3JIiB Mepexi Y, BU3HaUyBaHi KOPTEKaMH
(Z,0,,U,) 1 (Y,d)y,HW). [ToTpiOHO 3HaWTH TaKui

pO3TONLT Y IO 3aI0BOJIBHSIE yMOBaM 22 — 25, 100 BH-

pa3 (21) npuiiMaB MiHIMaJIbHE 3HAYCHHS.

[Tpu moOymoBi anroputMy pimieHHsT chOpMYIbO-
BaHOI 3a7a4i MpUHMaEMo, MO 3arajlbHUH CyMapHUI
JIOCTYITHUI OOYHCIIOBANIBHUHA PECypC BY3JIIB MHOXXHHH
Y piBHMI 3arajbHOMY CyMapHOMY HEOOXiJHOMY 004u-
CIIIOBAJIBHOMY PecypcCy 3aBAaHb MHOXXHHH Z, TOOTO

h h
Zayzl by, = szzl ¢z, -

3 mi€ro MeToro HeoOXiJHO BBECTH (IKTHBHUIMA
(hy+1)-# By301 3 DOCTYMHHM OOYMCIIOBAIBHHM DPECyp-
COM Qyhy+, Ta ¢ixkrtusHe (h,t1)-1me 3apnaHas 3 HEOOXiI-

HHAM OOYMCITIOBAJILHAM pecypcomMm ¢Zh RE IIpu AKUX
z

hy+1

hy,+1
v —
DS IED D
Ta NPUAHATH mTpad:

= <a<
Sz, 10 0, l_a_hy+1,

max

L 1<b<h, +1.
1<b<h,,1<a<h,,

S = S
Z, 4
b,hy+l b,a

3Bigcu mozmensb (20) — (25) Habepe TaKOro BUNIISLY:

h+1hy+1
) 1 z Y .
F = - ¥ X omg s, —>min, (26)
b=l a=l 4T
hy+1
pu ZmZba=¢ya,1£a£hy+l,
b=1
My, =0 by, = 2, 0z
b, 2 Yy Zp
a=1 ‘ , 1<bh< hz +1 s oa=l ‘ b=1
52 q ZO,mZb’a 20 g 1<a<hy, 1<b<hz;
Sz, 10 0wt 1<a<h,+1;
s = max s mig 1<b<h, +1.
iyt 1<hsh,, 1sash, 0 ‘

3anpornoHoBaHa MaTeMaTHYHa MOJAENb YIIPaBIiHHS
po3IoAieHor0 00pOOKOI0 3aBaHb B MEpEXi Ha Trinep-
KOHBEPTeHTHIH m1aTdopMmi J03BOJISE OMUCATH 3aBIAHHS
MONIYKY PamiOHaJbHOrO PO3OHUTTS MHOKHHHU 3aBJaHb,

o 00pOOIISIOThCSL B MEpeXi, Ha MIAMHOXHHHE 1 1X po3-
MOAIJIEHHS] IO BY3JIaX MEpexi, 110 MiHIMI3ye CEepeIHIo
3aTPUMKY TTaKeTy JaHuX.

BucHoBku

Takum yrHOM, pO3pO0OJIeHA MaTeMaTUYHa MOJIENb
PpO3IIoALTy 3aBJaHb MiXK By3JaMH KOMII IOTEPHOI Mepe-
1 Ha TiEepKOHBEpreHTHIN iardopmi. Y Momemni MiHi-
Mi30BaHa IHTEHCHUBHICTh OOMIHY MiX BYy3JIJaMH MEPEiKI.
JI1s 11bOro BBOAMTHCS MOHATTS WTpady MpH po3MOALT
3aBJlaHb Ha BY3JIM Mepexi. Po3pobieHuii meTox po3mo-
Iy 3aB/IaHb MiX BY3JIaMU MEPEXi Ha T'ilIepKOHBEPTeH-
THiH miatdopMi. PinreHHs 3amadvi MOIIYKY parlioHalb-
HOT'O PO3IOJTY 3aB/IaHb MHOKUHH TIO BY3JIaX MHOXH-
HU Mae€ iTepaliiifiHuii Xxapakrep. 3anporoHOBaHa MaTe-
MaTHYHA MOJIENb YIIPABIIHHS PO3MOIIIEHOI0 00pPOOKOI0
3aBJlaHb B MEPEXi Ha TiNepKOHBEPreHTHIN mardopmi
JIO3BOJISIE ONKCATH 3aBIAHHs IOLIYKY pPalliOHAJIBHOTO
PO3OHUTTS MHOXKHMHH 3aBJiaHb, 10 OOpOOISIOTHCS B Me-
pexi, HAa MIAMHOKMHM 1 iX PO3MOAIIEHHS MO BY3JIax
Mepexi, 10 MiHIMI3Ye CEpeIHIO 3aTPUMKY MaKeTy Ja-
Hux. [Ipu po3poOui Mozeni MpUIHATO, IO 3arajbHUM
CyMapHHH JTIOCTYIHUN OOYHCIIOBaJIBHUI PECypc BY3IiB
Mepexi € pIBHAM 3aralbHOMY CyMapHOMY HEOOX1JTHOMY
O0YHMCITIOBAIFHOMY pPECypCy TpaHCaKLild CHUCTEMH. 3
LI€F0 METOIO BBOJMUTHCS (DIKTUBHHH BY30J 3 JOCTYITHHUM
O0YHCITIOBAIBHUM pecypcoM Ta (hiKTHBHE 3aBIaHHSA 3
BIIMIOBiTHUM IITpadhoM.

OTxe, chOpMOBaHUHA PO3IOJIII 3aBJaHb MO BYy3Jax
Mepexi, JUIsl SIKOTO CepelHs 3aTpuMKa IMaKeTy IpuiMa-
TUME MiHIMaJIbHE 3HaUSHHS, 10 3a0e3MeYUTh MaKCHMa-
JIbHY CHUHXPOHI3ali0 MK iHPOpMAaIiHHOIO CTPYKTYPOIO
Mepexi Ta OOUHCITIOBAIBHUMU pecypcaMu 11 BY3JIiB.

Hanpsmok mogajbImmx AOCTiZKeHb: PO3IIISIHY-
TUHN MIXiI OpeAcTaBise Oe3MepedHuid iHTepec s Mo-
JIANIBIIOTO BUBUYEHHS, TaK SIK JIO3BOJISIE 1CTOTHO 3MEH-
LIMTH Yac Tepeadi JaHuX.

BasianicTh

Iro poboty Oyso yacTkoBO MpogiHAaHCOBAHO €B-
poneiicbkum CorozoM y koHTekcTi npoekty «dComkFra
— Digital competence framework for Ukrainian teachers
and other citizens» (Project Number: 598236-EPP-1-
2018-1-LT-EPPKA2-CBHE-SP) 3a nporpamoro ERAS-
MUSH. ITiarpumka €Bponelickkoro Komiciero cTBopeH-
Hs i€ poOOTH HE O3HAaYa€ IMOBHOI'O CXBaJICHHS 11 3Mic-
Ty, SIKHHA BiIJ3EPKAIIOE JIAIIC MOMISIIA aBTopiB. Komi-
cisl He MOXKE HECTH BiAINOBINALHOCTI 3a Oyab-siKe BU-
KopHCTaHHs 1H(opMallii, Ky po3MillIeHO B Iiii poOoTi.
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Synchronization of information structure networks on the hyperconvergent platform with the computing resources of its nodes
N. Kuchuk

Abstract. The relevance of research. In the process of functioning of the computer network of the hyperconverged ar-
chitecture due to the centralized management, system transaction processing time is increased. But for some subsystems, espe-
cially those that are supposed to function in real-time mode, these figures are very significant. The purpose of the article is to
formulate the distribution of tasks among network nodes. For which the average packet delay takes a minimum value. This will
ensure maximum synchronization between the information structure of the network and the computing resources of its nodes.
Research results. A mathematical model for the distribution of tasks between nodes of a computer network on a hyperconverged
platform is developed. The exchange rate between network nodes are minimizes in the model For this, the concept of a penalty is
introduced when distributing tasks between network nodes. A method for distributing tasks between network nodes on a hyper-
converged platform has been developed. The solution to the problem of finding a rational distribution of tasks is iterative. This
method is developed by minimizing the average delay of a data packet in the network. This happens during distributed processing
of tasks. A mathematical model for managing distributed processing of tasks on the network on a hyperconvergent platform is
proposed. It allows you to describe the search for a rational breakdown of tasks that are processed on the network. Subdivision
into subsets and their distribution over network nodes minimizes the average data packet delay. When developing a model, the
following condition is defined. The summed available computing resource of the network nodes is equal to the total. It is neces-
sary for the computing resource of the transaction system. To this end, a fictitious node with an available computing resource and
a fictitious task with an appropriate penalty are introduced. Conclusion. Formed distribution of tasks on the network nodes. For
which the average packet delay takes a minimum value. This ensures maximum synchronization between the information struc-
ture of the network and its computing resources.

Keywords: hyperconvergent architecture, synchronization, query time, fine.
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METOA JEKOAYBAHHA MO3Ai‘II—!.Ol“O CTOXACTHUYHOI'O MAPKEPA
JOINOBHEHOI PEAJIBHOCTI

Anortanisi. IIpeaMeToM BHUBYECHHS B CTAaITi € MapKepu JIOHNOBHEHOI pealbHOCTi. MeTol0 € po3podka METORy NEeKOIy-
BaHHS MO3aiYHOIO CTOXaCTHYHOIO MapKepa JONOBHEHOI peabHOCTI. 3aBAAHHSI: aHaJI3 OCHOBHUX OIepaliil y MapKepHUX
CHCTeMax JIOIOBHEHOI peabHOCTI, aHali3 OCHOBHUX iCHYIOUMX THIIB AR-MapkepiB, po3pobka METOy IeKOIyBaHHI MO3a-
TYHOTO CTOXAaCTHYHOI'0 MapKepa JOIOBHEHO! pealbHOCTi. BUKOPUCTOBYBAaHMMH MeTOAAMH €: MEeTOIU LU(PoBOi 00poOKH
300pakeHb, Teopii KMOBIPHOCTI, MaTEeMaTHYHOI CTATHUCTHKH, KpHIITOrpadii Ta 3axucTy iHpopMmarii, MaTeMaTHIHHHN anapar
Teopii Marpuip. OTpUMaHi Taki pe3yaIbTaTH. BusHadueHo, 10 OHi€I0 3 OCHOBHHX ONepalliil y MapKepHHUX CHCTeMax JOIO-
BHEHOI PEaJIbHOCTI € IEKOTyBaHH MapKepiB y BiZ€0-ITOTOL 3 METOIO BHPi3HEHHS BIPTyaJIbHUX 00'€KTIB 3 PEaJIbHOIO CBITY.
Po3pobneHnii METOx IEeKOAyBaHHSI MO3ai4HOrO CTOXACTHYHOIO MapKepa JOMOBHEHOI pealbHOCTi. BucHoBKH. Brepie
OTPHMaHO METOJ] IeKOMYBAaHH MO3ai4HOTO CTOXaCTHYHOI0 MapKepa JOIMOBHEHOI PeaIbHOCTI, SIKHil Ha MiCTaBi 3aIporio-
HOBaHOI CHUCTEMH IIOKa3HHKIB BU3HA4Ya€ PO3MipH MaTphI OiTiB Mapkepa, i3 TpaHC()OPMOBAHOrO 300pa>keHHs OiT-
KOHTeliHepa Oy/iye MaTpHuIio OiTiB Mapkepa, BU3HAUa€ 3CyB Y IOBHil MaTpHIl OiTiB, HA OCHOBI 3aCTOCYBaHHSI 3BOPOTHBOL
TIepECTAaHOBKY JI0 MTOBHOI MaTpuli OiTiB peaii3ye (iapTparito nepMyToBaHOro 300pakeHHs. HarpsmkaMu nonansmmx J1o-
CIII/DKEHB € pO3po0Ka METOY IPOEKTYBAaHHS BipTYalIbHUX 00’ €KTIB Ha IUIOLIMHY MapKepy JOIOBHEHOI PealbHOCTI; pO3po-
Oxa iH(popMaLiifHOT TeXHOJIOT1] BUKOPUCTAHHS MO3aTYHIX CTOXaCTHYHUX MapKEepiB y CHCTEMax JIOIOBHEHOI peabHOCTI.

Kaw4yoBi ciaoBa: mapkep, KO, JOTOBHEHA PEaIbHICTh, BIpTyallbHa peajbHICTh, MO, METOAN, BUMOT'H, 30BHIIIHII

BILUIMB, p06aCTHiCTI>, BUSBJICHHS, ACKOAYBaHHS.

Beryn

IlocTanoBKa Mpo0/aeMH y 3araJibHOMY BHIVISAI.
Bigomo [1, 2], o monoBHeHa peanbHICTh 0a3yeThes Ha
Bi3yaJIbHUX MapKepax Ta Ilepefdadyac BHUKOPUCTAHHS
KaMepH Ta CIelialbHUX Bi3yaJIbHUX MapKepiB, HAIpH-
knan QR-kon (quick response code — Koa MIBHIKOTO
BiAryky). B [3] 3amponoHOBaHO HOBH THI MapKepiB
JIONIOBHEHOI peanbHOCTi. OJHIEI0 3 OCHOBHHX OIepalii
Yy MapKepHHUX CHCTeMax JIOIIOBHEHOI PeasbHOCTI € fe-
KOJyBaHHS MapKepiB y BiJIEO-IIOTOLI 3 METOI0 BHPi3-
HEHHS! BipTyalbHUX OO'€KTIB 3 peasbHOro CBiTy. [lpu
I[bOMY CYTTE€BUM € BU3HAYEHHS IIOJIOXKEHHS Ta Opi€HTa-
il kaMmepH, K€ BU3HAYAEThCSA 3aco0aMu KOMIT IOTep-
Horo 0aueHHs [3, 4].

Meta craTTi — po3poOKa MeTony AEKOAYBAHHA
MO3ai4HOTO CTOXAaCTUYHOTO MapKepa MONOBHEHOI pe-
AJIBHOCTI.

AHani3 ocTaHHIX gocaimxeHb i myOmikanii. Oc-
HOBHI icHytoui Tumm AR-mapkepiB HaBeneHi B [1, 2, 5,
6, 7]

— mabnonHi (template markers) — wopHo-0iii Map-
KepH, fAKi MalOTh MpocTe 300pakeHHs BCEpeIUHI YOPHOI
paMKku;

— 2D mrpux-konosi (barcode markers) — mapkepu,
IO CKJIAJar0ThCsl 3 YOPHO-OLIMX KIIITHHOK, SIKi TIO-
0ITOBO KOIYIOTH JaHi, 1, iHOIi, paMKku abo 00iacTi CHH-
xpoHizanii. Halfuacrinie B sikocTi mrpux-koqoBux AR-
MapKepiB BUKOPUCTOBYIOTh QR-kou;

— xoJ1o0Bi (circular markers) — aHaJIOTiYHO 10 IITPUX-
KOJIOBUX MapKepiB, TIIbKU OITH KOAYIOTHCS HE TPSMO-
KyTHUMH KJIITHHKAMM, a YOPHO-OUIUMHU KpPYrOBUMH
CEKTOpaMH;

—300paxkeHHs (image markers) — B SIKOCTI MapKepiB
BUKOPHCTOBYIOTBCSI 3BHYalHI KONBOPOBI 300paKEHHSL.
MoXyTh MICTUTH pamMKy a0o iHIII OPIEHTHUPH /IS BHSIB-
JICHHA Ta 3HAXOUKEHHA MONOXeHHI. Mapkepu-300pa-
JKEHHsI 3a3BHYail iMEHTU(IKYIOTHCS 3a JIONOMOIOI0 TI0-

LIYKY 110 1a0iIoHy 200 1Mo 0COOIMBOCTSIX 300paKEHHSI.

B [3] 3anporioHoBaHMHA HOBHI THUII MO3ai4HUX CTO-
XaCTUYHHUX MapKepiB JOMOBHEHOI peanbHOCTi, BU SIKO-
ro HaBeJeHUH Ha puc. 1.

Puc. 1. Mo3zaiunuii cToxacTHYHUI MapKep
JIOTIOBHEHOI pealbHOCTi

OT)KC, pO3pO6I/IMO MCTOA ACKOAYBaHHA MO3ai9HOT O
CTOXaCTUIHOI'O MapKepa JIOTIOBHEHO1 peaJ'IBHOCTi.

OcHoBHA YacTHHA
Jns mexopyBaHHS Mapkepa HEOOXIJIHO BHPIIIUTH
3a/auy BU3HAYCHHS KUIBKOCTI PSAKIB 1 CTOBIIIB y poO-
Oouiii obacTi, 10 3pY4HO 3pOOUTH O TpaHCc(opMoOBa-
HOMY 300pakeHHI0 Macku AR-koxy (puc. 1) [8].
J1s 11boro BU3HAYMMO (DYHKIIIT:

50 =73 ey (1,a)

1
SZ(y):;szx,y’ (1, 6)

nie w,h — NOBKHMHA 1 IIMPHUHA 300paKEHHS p BIATIOBIIHO.
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Tak, o0 BU3HAYMTH KUJIBKICTH CTOBIIIB W/ , He-
00XiZIHO TOpaxyBaTh KUIBKICTh TIEPETUHIB 3HU3Y Bropy

dynkuiero S;(x) niuii mopora O (x); ananoriuno s
BU3HAYEHHS KIJTBKOCTI pAAKiB H MOpPaxyeMo KUIbKIiCTh
TIepeTeHiB 3HU3Y Bropy QyHKLi€w S, ( y) JiHi1 mopora

0, (y) (puc. 2):
sz)C%sign(S1 (x)-0 (x)). (2,a)

d .
H=Zy581gn(5’z (»)-0 (y)), 2,0

ne sign(x)— dyHKILs, 110 TOBEPTAE 3HAK YHCIIA X.

2500 T T T T T T T

5,(x)
5,(0)
siix)|
H1(x)

2000 -

1500 1 1
®
U;- L
1000 | ]
500
N T |b}
0 500 1000 1500 2000 2500 3000 3500 4000
X
3000 : ; : ; ; :
s,(¥)
2500 - T FW q i =01
sy(y)
6,%)
2000 - ]
=2, 1500 - il 1
(] L L
J_.l.t.“ ‘TJ‘,‘L fettygtt AT T e
1000 - hid |_ ]
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y
Puc. 2. I'padixu dyHKiH ), 3 OTHHAIOYUMH 1 TOPOraMu

INpononyetbest ¢yHKIii moporiB O, BU3HAYaTH
SK CEepeIHE MK BEPXHBOIO | HIKHBOIO OTHMHAIOUYUMH
BiAMOBIAHUX GYHKIIN S 5 :

O = (Sffz +812 )/2 ) 3)

Jle BepXHi OruHarodi Sj, 3HAXOMATHCA 3a JONOMOTOH
orepanii MOpQOIOTiYHOr0 pPO3IMIUPEHHST 1O BiAPI3KY
JOBXXHMHOI0 @ (L0 €KBIBaJECHTHO JIOKAJILHOMY MAaKCH-
MyMY 110 IbOMY BiIpi3Ky):

(4)

Sﬂ—z = max S1,2
[a]

AHaJIOriuHO, HIKHI OTMHAIOUi Sj, 3HAXOIAThCSA

3a JIOIIOMOTOI0 omepatii MOp(OJIOTiYHOrO 3BY)KESHHS 10
BiJIPI3Ky JIOBKMHOIO @ (III0 €KBiBAJIEHTHO JIOKATEHOMY
MIiHIMyMY IO I[bOMY BiJpi3KYy):

Sip2 =minS )
> [a] >
VY nawiii poboti npuitHATO @ =63 . 3poduBLIM Te-
oMeTpHuHy TpaHcdopmamito OiT-KOHTelHepa i BH3HA-
yuBum H,W , MH MOXXeMO 3alOBHHTH MATpHULIO OiT-

KOHTelHepa 7, , 3HAYEHHSIMH OiTiB:

!

Ym(y)an(x) = & (¥:%) (6)
ne g'( ¥, x) — TpaHc(opMoOBaHe 300pakeHHS OiT-
KOHTeifHepa, a iHfeKcH p,p € QYHKIIAMY BiNOBITHUX
KOOPJIMHAT Y,y i PO3PaXOBYIOTHCS SK:

y—miny

m(y ={ - (H—l)J+l, (7, a)
max y —min y

X—minx

n(x) =L (W—l)J+l, (7, 6)

max x —min x

e | x | — QyHKiis OKpYIIICHHS 3HU3Y.

3arnoBHeHa MaTpHIs OiT-KOHTeiHepa Ioka3aHa Ha
puc. 3, pu bOMY 3Ha4YeHHs OiTiB 1 KomyeTbcs OlLIUM
KOIIbOopoM, OiTiB 0 — cipuM KOJBOpOM, a HEBHU3HAUEHI
3HA4YeHHs (B1ICYTHI KIIITUHKN) — YOPHUM.

Puc. 3. 3anoBHeHa marpuils OiT-KOHTEHHEepa

Ha nanomy erami MM MaeMoO BKe 3aIIOBHEHY MaT-
puLio OiT-KOHTEWHepa Y, ajne, OCKUIBKU Uit 0OpOOKH
Mir OyTH NpeJCTaBIEHUH TUTBKH (QparMeHT 300pa)keH-
Hs, MaTpHI OiT-KOHTEHHEpa MOXKE BU3HAUUTHCS MCH-
1IOr0 po3Mipy i MM TNOBHHHI BU3HAYUTH IIOJIOKEHHS
3aIl0BHEHOI MATPHUIli Y MaTpuLi HOBHOro po3Mipy I (B
HaloMy BHIIAJKy 11 po3mip 63 x 63 ). Henocraroui 3Ha-
YeHHS, 5K 1 paHire, 3aoBHUMO 0.

Jlis BupinieHHs 1i€i 3a/1a4ui OCHOBHA ifiesl € Taka:
nepeGepeMo MOCIiIOBHO BCl MOXKIIMBI CIIOCOOH BITHCATH
iCHyIouMii ()parMeHT y MAaTpHIIO0 HOBHOTO pO3MIipy,
HiCNIsT YOro TPOBEAEMO JCKONyBaHHs (iHBEPCHY Iepec-
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TAHOBKY) 1 JJIsl IEKOJOBAHOI MAaTPHIl TIOPaXyeEMO AESKY
(YHKIIO, IO Ma€ PI3KUH EKTPEeMYM UIsl MPaBUIBHO
nemudpoBaHUX 300pakeHb (@HAJIOTIYHO IO ToIepe-
HBOT'O PO3ILITY).

OCKIJIBKY y TIPaBHIIBHO JIEKOJIOBAHOMY 300parKeH-
Hi #oro mikceni OyayTh CYTTEBO KOpPEIbOBAHHUMH, TO
Hama (YHKINS ITOBHHHA NPUHAMATH €KCTPeMasbHiI 3Ha-
YEHHS ISl IHOTO BUITQJIKY.

[TonoxxeHHs MaTpHIll OiT-KOHTEHHEpa 3HAXOIUTh-
cs1 3 YMOBH MiHIMYMY LJIbOBOT (DYHKIIIT:

~—1
{mo,no}zargminS(P F). ®)
m,n
B sikocTi Takoi (QyHKINT MOXXEMO B3SITH:
1 1/~ P
S|P = {[vP 1), )

Al

ne P
IY)KKHU () [MO3HAYAIOTh OIMEpallil0 YCepenHCHHS, a

O3Ha4yae I1HBEPCHY IE€PECTaHOBKY, TPUKYTHI

koediieHT 1/4 BBeneHO 3 MipKyBaHb 3pyYHOCTI.

B nanomy BUNaJKy MiHIMyM 3HaXOAUTHCS B TOULI
(7, 6), mo BiAmOBiZaE iHAEKCAM PO3TALIYBaHHS BeEpX-
HBOTO JIIBOTO MaTpHIi KyTa OiT-KOHTEHepa y IOBHIMH
MAaTpHIIL.

Toni nmoBHa MaTpuis OIT-KOHTCHHEpa 3arOBHIO-
€TBCS SIK:

r

mmg—l,ntng—1 = Ym,n>

(10)

Ha puc. 4 nokazano rpa¢ik miapoBoi QpyHKIii s
BCIX MOXXJIMBUX IOJIOXKEHb, HA PHC. 5 — TIOBHA MATPUIIS
OiT-KOHTElHEpa.

0.69

0.68

0.67

© 0 N O g A~ W N =
T

N
o
T

N
I
T T
L L
o
=2}
[§)

N
w
T
L

N
S
T
L

Puc. 4. I'padix 1inpoBoi GyHKIil
JUISL BCIX MOJMJIMBUX IOJIOXKEHB

JlexomyBaHHSI TOBHOI MaTpHii OiT-KoHTeiiHepa [
MIPOBOJIUTHLCS 32 JIOTIOMOTOO 1HBEPCHOI TICEBIOBHIIA KO-

Al

BoOi epecTaHoBKH P (BBa)aeMo, 1[0 BOHA BiZioMa):

(11)

HactynHuMm ertarnoM npoBOJMTHCS 3aTIOBHEHHS He-
BU3HAueHMX mikceniB. Lls omeparist mpoBOOUTHCS ISt
KOXKHOTO OJIOKY po3MipoM 3x3 mikceli, 3Ha4eHHs OJI0KY
MIPUCBOIOETBCS  OITy, IO 3yCTpiYaeThcs HaldacTimie
(0 ememMeHTH 10 PO3MIIALY HE OCPYTHCS).

~-1
G=pP (I,

Ile BUKOHYETBCS 3a JOMOMOrOK A-QYHKIIT (y
MATLAB-HoTamii):

fun=@(x) mode(x(x>0)), (12)

ne mode(x) — dyHKIis, MO TOBEPTAE MOJY ITOCIIZOB-

HOCTI X (€JIEMEHT MOCHiJOBHOCTI, IO 3YCTPIYaETHCS
HaHJacTiIe).

Puc. 5. IToBHa mMaTpuis OiT-KOHTEHHEpa

Pe3ysbraT 3acTocyBaHHS iHBEPCHOI TICEB/IOBHIIAI-
KOBOI IEPEeCTaHOBKM JI0 TIOBHOI MaTpuii Oir-
KOHTeliHepa Ipe/ICTaBIeHO Ha puc. O.

Puc. 6. Pe3ynbrar 3acTOCYBaHHS iHBEPCHOI
TICEBJIOBUIIAIKOBOI IIEPECTAHOBKH
JI0 TIOBHOI MaTpHLl OiT-KOHTeHHepa

KinreBuii pe3ynbTar JeKoyBaHHS Mapkepa mpe-
CTaBJICHO Ha pPUC. 7, BCi OITH, HE 3Ba)KAIOUH HA JTOCHTH
3HAYHY YaCTUHY INPOMYCKIB (IMB. pHC. 5), BiJHOBJIEHO
MPaBHIIBHO.

TakuM YMHOM, BIIEpIIEC OTPUMAHO METOJ JEKOMY-
BaHHS M03ai4YHOI'0 CTOXaCTHYHOTO MapKepa JAOTIOBHEHOI
PpeaNbHOCTI, IKMIA Ha TMiJICTaBi 3aMPOMIOHOBAHOI CHCTEMH
MMOKA3HHKIB BH3HAYAE PO3MIPIB MATPHIl OITIB Mapkepa,
i3 TpaHCOpPMOBAHOrO 300paKeHHs! OiT-KOHTEHHepa
Oyaye MaTpHIlo OiTiB MapKepa, BU3HAYA€ 3CYB Y ITOBHIM
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MaTpuii OiTiB, Ha OCHOBI 3aCTOCYBaHHsSI 3BOPOTHBOI
MIepECTaHOBKH 10 MOBHOI MaTpHi OiTiB peaiizye ¢isb-

BucHoBkH i HanpsIMKH
NOJAJIBIINX JOCTiIZKEHD

TPALi0 IEPMYTOBAHOTO 300paXKEHHSL. ) .
BcraHOBIIEHO, 10 OZTHI€IO 3 OCHOBHHUX OIepauiil y

MapKepHUX CHCTEMaX JOIMOBHEHOI PeaJbHOCTI € JIEKO-
JTyBaHHSI MapKepiB Yy BiZI€O-TIOTOI 3 METOIO BUPi3HEHHS
BipTyaJIbHUX O0'€KTIB 3 PEaIBHOTO CBITY.

Bnepuie oTpuMaHO METOX JEKOIyBaHHS Mo3aid-
HOT'O CTOXaCTMYHOI'0 MapKepa JOHOBHEHOI peanbHOCTI,
AKUH Ha MiJICTaBi 3alIPOIIOHOBAHOI CUCTEMH IOKA3HUKIB
BH3HA4Ya€ po3MipHu Marpuli OiTiB Mapkepa, i3 TpaHC)O-
pMoBaHoOro 300pakeHHs1 OiT-KOHTEHHepa Oymye MaTpu-
o OiTiB Mapkepa, BU3HA4ya€ 3CyB y IOBHIH MaTpuIl
0iTiB, Ha OCHOBI 3aCTOCYBaHHS 3BOPOTHBOI MIEPECTAHOB-
KU JI0 TIOBHOI MaTpulli 0iTiB peaii3ye ¢inbTpaliro nep-
MYTOBAHOI'0 300paKEHHS.

Hanpsamkamu noganbmmx A0CTiIKEHb €:

po3poOka METONy IPOEKTyBaHHS BipTYaJbHHX
00’€KTIB Ha IUIOIIMHY MapKepy AOMOBHEHOI pealbHOC-
Ti;

po3poOka iHpOpMaliiHOT TexHOMOTii BHKOpHC-
TaHHJ MO3aiYHUX CTOXAaCTHYHHMX MapKepiB y cHcTeMax
JIOIIOBHEHOI PeabHOCTI.

Puc. 7. Kinnesuii pe3ynpTat IeKOIyBaHHS MapKepa
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Decoding Method for Mosaic Stochastic Augmented Reality Marker
O. Makoveychuk

Abstract. The subject matter of the article is the augmented reality markers. The goal is to develop a method for
decoding a mosaic stochastic augmented reality marker. The tasks are: analysis of basic operations in marker systems of
augmented reality, analysis of the main existing types of AR-markers, development of a method for decoding a mosaic
stochastic marker of augmented reality. The methods used are: methods of digital image processing, probability theory,
mathematical statistics, cryptography and information protection, the mathematical apparatus of matrix theory. The
following results are obtained. It is determined that one of the main operations in marker systems of augmented reality is
the decoding of markers in a video stream in order to extract virtual objects from the real world. A method for decoding a
mosaic stochastic augmented reality marker has been developed. Conclusions. For the first time, a decoding method for a
mosaic stochastic augmented reality marker has been obtained. In which on the basis of the proposed system of indicators
determines the size of the matrix of bits of the marker. From a transformed image of a bit container, it builds a matrix of
marker bits. Defines the offset in the full matrix of bits. Based on the application of reverse permutation in the full matrix
of bits, it implements filtering of a permuted image. The directions of further research are the development of a method for
designing virtual objects on the plane of the augmented reality marker; development of information technology for using
mosaic stochastic markers in augmented reality systems.

Keywords: marker, code, augmented reality, virtual reality, models, methods, requirements, external influence,
robustness, identification, decoding.
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JOCIIKEHHA MATPUYHUX dlAKTOPPI?.AHIﬁHPIX MOJEJIENA
PEKOMEHJAIOIMHUX CUCTEM

AnoTtanisi. O0’€KTOM JOCII/DKEHHS € TPOIEC CTBOPEHHSI CIIMCKIB PEKOMEHIAIlH BiJBifyBadyaM BeO-caiiTiB. MeToro ja-
HOI po0OTHU € IOCIIKEHHs ICHYFOUMX MAaTPUYHHUX (aKTOpH3alidHUX MojeNel peKOMEHIaliHHUX cucTeM. Y peKOMeH/a-
LiMHUX cucTeMax (aKkTOpH3allis 3aCTOCOBYETHCS IO MAaTPHULIl PEHTHHIIB 3 METOIO BUSBIISHHS IIPUXOBAHUX (haKTOpiB, Biac-
THUBUX 00’€KTaM CHCTEMH, IO BIUIMBAIOTH HA BIIOJOOAHHS KOpUCTYBadiB. MarpuyHi (akTopu3aliifHi Mozeli peKkoMeHIa-
LIMHUX CHCTEM JIOCUTb IOIYJISAPHI Cepesl PO3pOOHUKIB Ta MatoTh Gararo Moxudikawii. Y naniit podOTi po3risHYTO HacTYy-
mHi Mogeni: FunkSVD, SVD++, Asymmetric SVD Ta timeSVD. ®dakropu3aniifai Moaeni peKOMEHIAIIfHUX CUCTEM BH-
KOPHCTOBYIOTBCSI Y METOAax KoinabopaTHUBHOI (uIbTpalii Ha piBHI 3 MOAENSIMH Ha OCHOBI cycincrBa. Ha BiaMmiHy Bin
MoOJIeJIei Ha OCHOBI CYCIJICTBa, SIKi BUKOPHUCTOBYIOTh Koe(ili€HTH 1OJ00M JUIsl CTBOPEHHS CIIMCKIB peKOMEHIalii, JaHi
MOJIeJli BUKOPHCTOBYIOTh He 1000y, a mpuxoBasi ¢akropu. IlepeBaraMu Takux Mozelell € IiJBUIIEHA, IOPIBHIHO 3
IHIIUMH MOZIENIIMHU, POOACTHICTH JI0 aTakK iH’ €KLi€ro NpodiliB Ta BUCOKA TOYHICTh IPOrHO3YBaHHS BIOA00aHb KOPUCTY-
BayiB. /[0 HEJOIIKIB JOCIIPKYBAaHUX MOZENIEH CIIiJI BITHECTH ITOraHy MacIITabOBaHICTh, JIOBI'MH Yac HABYaHHS, a TAKOX
HEOOXiIHICTh ITOBHOT'O NEPEHABYAHHS CHCTEMH IPH MOSBI HOBUX JAaHUX, 1[0 YaCTKOBO BUPILICHO JIUIIE y aCUMETPHY-
Homy SVD. IlpoBenene nociiUKeHHS MOKa3alo, 0 iCHY0Ul MoJeNi MaTpu4HOiI (akTopu3sauii 1al0Th MOXKIUBICTh BH-
KOPHUCTOBYBATH SK SIBHI 3BOPOTHI 3B’A3KH Bijl KOPUCTYBauiB (peHTHHIH 00’ €KTiB, BUCTABIIEHI KOPHCTYBauaMH), TaK i HesIB-
Hi 3BOpOTHI 3B’3KM (TIeperisian o0’ €KTiB, HAIMCaHi KOMEHTapi, TOMO), IO J03BOJISIE i IBUITYBATH TOUYHICTH POOOTH pe-
KOMEH/IallifiHOT cucTeMH Ha BeO-pecypcax, e KOpUCTYBadi 3alMIIAIOTh 0araTo HESBHOrO 3BOPOTHOrO 3B’s3Ky. Takuii
NpHUHLUI Briepiue OyB peaizoBanuil y SVD++. daxropusauiiini Mozeni 103BOJIAIOTh TAKOXK BPaxOBYBaTU HEINEPiOJUYHI
Ta MepioANyHI 3MiHH BII000aHb KOPUCTYBAUiB y yaci, 1110, 30KpeMa, peaiizoBaHo y timeSVD.

Karw4dosi ciaoBa: pexomenaauiiini cucremu, Marpuuna daxropusauis, SVD, npuxoBaHi gakropu, rpafieHTHUH CIIYCK,

MIPOrHO3YBaHHI.

Beryn

Ha cporonHimHiii aeHb, npu mMoOyaoBi peKOMeH-
nauiiaux cucreM (PC) Ha ocHOBi komaGopaTuBHOI (i-
JIBTpAIlii, 4acTO 3aCTOCOBYIOThH MAaTPUYHI (PaKTOpU3a-
uitini moxem (M®M) Bomobanb kKopucTyBadis [1].

Ha Bigminy Big Moxeneit PC Ha ocHOBI cycincT-
Ba, SKi BHKOPHCTOBYIOTH KOe(iLli€HTH MOAOOW s
CTBOpPEHHS CIIMCKIB peKOMEHJIAlil, (akropusamiiini
MoJieJl BUSBISIOTh T4 BHKOPHCTOBYIOTH NPUXOBaHI
¢akropu (I1d), mo BIUIMBaIOTh Ha BIOAOOAaHHS KO-
puctysauis [1-3].

dakTopu3alis — Ie IPoIec ACKOMITO3HIIIT 00’ €KTY
(30kpema, Matpuili) B HaOip iHmMX 00’ ekTiB (akTopiB),
JOOYTOK SIKMX Ja€ 1movyatkoBuil o0’ ekt [4]. dakropusa-
Iisl TO3BOJISIE BUILIMTH KIIOYOBI KOMITIOHEHTH 00’€KTY
(axTopuzarrii.

VY PC ¢axropusariis 3aCTOCOBYETHCSI IO MaTpPUII
PEUTHHTIB 3 METOI0 BUSBIISIHHS MPUXOBAaHUX (haKTOpIB,
BJIACTHBHX 00’€KTaM CHCTEMH, IO BIUIMBAIOTH HA BIIO-
J00aHHS KOPHCTYBAUiB.

MeTo10 1aHOi po0OTH € JOCITIDKEHHSI 1CHYIOUHX
MaTpuUuHHX (hakTopu3auiiHux Moaenei s PC.

Haii6inem BigoMmumu M®M e FunkSVD, SVD++,
Asymmetric SVD, timeSVD [1, 5-10]. Veci ni moxemi
OllepKaIM Ha3By Big MeToay (akTopusallii MaTpHUIlh
(®M) Singular value decomposition (CHHTYIApHUN PO-
3KJIaJl MaTpUIlb), Xo4a Oe3rocepesHb0 HOro BOHH He
BHUKOPHCTOBYIOTB, a JIUIIIE 3aCHOBAHI Ha CHUIbHINA 3 HUM
imel — omeprkaTH Ui TIEBHOI MATPUIl JEAKI MAaTpPHII,
JOOYTOK SIKUX JAaCTh MaTpPUIIO HAOIMKEHY 0 MOYaTKO-
BOI.

VY Bumaaky 3 MaTpUISIMH PEUTHHTIB, 11 OJlepKaHa
HaOJOKEeHa MAaTpUIl Oyle MICTHTH HAOJMWKEHI maHi y

BIJOMHX pEHTHHraxX, a B KOMipKax, J€ B IOYaTKOBIi
MaTpHIli PEHTUHTH OYJIH HEBiJOMi, 3’SIBISTHCSI POTHO-
30BaHi PEUTHHTH.

[epma M®M PC Oyna 3anpononoBana CiMOHOM
dankom mix yac koukypey Big Netflix y 2006. ¥V coiit
myosikauii y BaacHoMy 611031 [5], @aHk BU3HAUMB MaTt-
PHILIIO pEHTHHTY KOPUCTyBa4ya-00’€KTa SIK JOOYTOK JBOX
MAaTpHIIb [TOHIKEHOI'0 PaHTy, Mepiia — PSIKA IPUXOoBa-
HUX (pakTOpiB I KOPUCTYBAiB, a APYra — CTOBITYMKH
NpuXxoBaHUX (pakTopiB st 00’ ekTiB. MHOXKEHHS psijiKa
KOpHCTyBa4a Ha CTOBIUUK 00’€KTa Ja€ MpOTrHO30BaHMUM
PEUTHHT IS BiNOBIAHOI MApU KOPUCTYBAY-00 €KT.

VYci HacTynHI MaTpu4Hi (haKTopH3auiiHi MO €
MOKpaieHuMu MoaudikamismMu Moaeni FunkSVD.

OcHoBHUi MaTepian

Martpuuni ¢akropuzamiini mozaenai PC 3acHoBaHi
Ha ifei akropuzanii MaTpuIi peHTUTIB IS BUSBICHHS
Ta BUKOPUCTaHHS NMPUXOBAHUX (aKTOpIB, sIKi BIUIMBA-
I0Th Ha BIIOZI00aHHs KopucryBadyiB. [IpuxoBani ¢akro-
PH JO3BOJISIIOTH 3alIOBHUTH BiJICYTHI Y MaTpUIll peUTHH-
TiB KOMipKH, TOOTO IIPOrHO3YBaTH PEHTUHTH.

OcHoBHa ifes Qakropu3amnii MaTpUIlb PEUTHHIIB
pEeKOMEHAANIHHOI CHCTEMH 300pakeHa Ha puc. 1.

R Fu F

Puc. 1. [Tpunnun dakropuzanii MaTpuii pedTHHTIB
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Martpuis pedTuHTiB R pO3MIpHOCTI nXm , A€ n
— KUJIBKICTh KOPUCTYBAYiB, 71 — KUIBKICTb 00 €KTIB, (a-
KTOpU3Y€EThCS Ha JBi Marpuui: Matpuio [1d kopucry-
BauiB F,, , po3MipHOCTI nxk, ae k — kinpkicts 1D, Ta
matpuio [1D 06’exTiB F; , po3MipHOCTI kX m .

3aranpHuit anroput™ @M peiTHHTIB:

1. Ininiamizyemo Matpuii F, Ta F; BUMaJKOBUMHU
3HAYEHHSMHU.

2. IlepemHoXkyeMo MaTpuli F,, Ta F; i nopiBHo-
€MO pe3ynbTar 3 R, 004HCITII0EMO TOMUITKH.

3. MiHiMi3yeMO MOMUJIKH 32 JOIIOMOT'OO JIESTKOTO
aITOPUTMY MAIIMHHOI'O HABYAaHHS (HAIIp., TPaiEHTHOTO
CIYCKY, METO/ly HAiMEHIIIMX KBaJPaTiB, TOILIO).

Po3risiHeMO KOHKpETHI pealtizaliii JaHoro 3arajib-
HOT'O MPUHIMITY (aKTOpH3allii MaTpHIll peUTHHTIB.

FunkSVD. Haiinepiia Monenb pexoMeHqaniiHux
CHCTEM, III0 3aCTOCOBYE MAaTpHuHy (pakTopu3sarito [5].

Jlana MoJienb MoJIsirae y HACTYITHOMY.

Crioyatky Tpeba BU3HAYMTH 0a30Bi NMPETUKTOPH
(3miLeHHs) b, ;, SKi CKIafaroThes 3 6a30BUX MPEAHK-
TOpiB OKPEMHUX KOPUCTYBadiB b, i 0a30BUX MPEIUKTO-
piB OKpeMux 00’€KTiB b;, a TaKOX HPOCTO 3arajJbHOI0

CepeTHbOr0 PEUTHHTY 00’ €KTIB Y CUCTEMI
bu,i=}’t+bu+bi' (l)

Jlisi IporHO3yBaHHS OLIHKK YISl MApU KOPHUCTY-
Ba4y-00’€KT BUKOPHCTOBYETHCS Taka (hopMysia:

;M,i=“+bu+bi+qi'pu' (2)

Ie g; — BekTop (akTopiB 06’ekTy i, a p, — BeKTOp (a-
KTOpPiB KOPUCTYBaya il.

Ha nouatky poGotu anroputMmy Tpeda 00YHCINUTH
III00AIbHY CEPEIHIO OIIHKY Ta YCi MPEIUKTOPH.

IToriMm Tpeba 3HAWTH HaWKpallli MPEIUKTOPH Ta
(axTOpH, 1O O3BOJISIOTH MPOTHO3YBAaTH PEHTHHTH 3
HaNMEHIIOK TOMUIIKOIO.

Jlyis1 BU3HAYECHHSI TIOMWJIKH BUKOPUCTOBYETHCS CY-
Ma KBaJ[paTiB BiIXMICHb:

2 (g )2’ (3)

(u,i)eD

E =

2
E = Z (ru,i_u_bu_bi_qi'pu) B (4)
(u,i)eD

wi — CUPABXKHIA PEHTHHT 00’€KTY i y KOpHCTyBaa

u; ;u,l' — MPOrHO30BAHUN PEUTHHT.

JlaHa QyHKIISI ONTHMI3YEThCS TPAJIEHTHUM CITyC-
KOM, OepyThCsl YaCTKOBI MOXifHI 110 KOXXHOMY apTryMeH-
Ty, a PyX IIiJ Yac TPaJicHTHOTO CITYCKYy BiJOyBaeThcs y
CTOpPOHY 3BOPOTHIO HAINPSIMKY IUX ToximHuX. s oxep-
YKaHHS aJIeKBaTHUX Pe3yJIbTATIB PH POOOTi 3 peabHUMHU
JTAHUMU HEOOXiTHO BPaxoBYBaTH HMOBIpHICTH oBepiTi-
ury [11, 12] (mepeHaB4aHHS CHCTEMH) Ta BUKOHYBAaTH
peryisipusarito [11, 13], o6 mojonaty gaHy IpoodieMy.

Perynspusanis — momaBaHHS JESKOi JJOAaTKOBOL
iHpopMarii, Mmoo 3HAWTH pillleHHS HEKOPEKTHO ITOCTaB-
JIeHOI 3aj1a4i, a00 1100 YHUKHYTH MepeHaBYaHHsL.

3aranom perynsipusyrounii Bupas R(f) nomaets-

CA 10 3HAYCHHA ITOMUWJIKU, IEPCa TUM SAK BU3HAYaTHU ap-
TYMCHT, 11O Aa€ HaliMeHIlle 3HAUEHHS IIOMHUJIKH:

n
f*=argminZE(f(xi),yl-)+7vR(f), 5)
Sl
ne E — GyHKis, 10 BU3HAYA€E TOXUOKY nependadeHHs!
f(x) nns 3HaYeHb y, a mapaMeTp /A BH3HAYAE BaXKIH-
BICTh JIOJaHKa IS perynspusaiii. 3a3puuaii R(f) Bu-
3HAYAETHCA K mTpad 3a CKIamHICTh QYHKINT f. 30Kkpe-
Ma, TIOHATTSI CKJIQJIHOCTI BKJIIOYa€ OOMEXEHHS Ha Tiaj-
KiCTh Ta Ha HOPMY BEKTOPHOT'O IIPOCTOPY.
B FunkSVD onrtumizaniiinuii Bupa3 Mo)KHa 3aru-
caTu TaKuM YHHOM:

b*,q*,p* =

n
=argmin )" (r,;—M=b,~b—q¢;-p, ) +  (6)
b’q’p(u,l)

A 25+ 07 +alf +lel” |
u 1

Jie A — ImapaMeTp peryssipu3arii.

SIkmro B3gTH Bif (6) 4acTKOBI MOXIAHI MO KOXHIiH
i3 3MIHHHX, IIO ONTHMI3YIOThCS, OTPUMAEMO IIPOCTi
TIpaBUIIa JUIs TPAJIEHTHOTO CITYCKY.

[Tix wac rpaxgientHoro crnycky y FunkSVD Buko-
PHUCTOBYIOTHCS HACTYMHI TpaBWia [UIS ONTHMI3amii
3MiHHHX, IO BIUINBAIOTh Ha PE3yNIbTAT:

by = by +v(eni b, ). (7

b =b;+v(e; = b;), ®)

dik =ik + Y(eu,i “Puk —Mij ) ©)

Puj =Puk + Y(eu,i “Gik —MPuj ) (10)

ne e, ; =", ;~ ;u,i — TNOMMJIKa Ha HaOOpi NaHWUX IS

HaBYaHHS; Y - NIBUKICTh HABUYAHHSI.

MoskHa O4YiKyBaTH OUIBIIOI TOYHOCTI, BHIIIMBIIN
OKpEeMi IIBHIKOCTI HaBYAHHS ), 1 PEryIsIpHU3alii A, s
KOYXHOT'O THITY JTOCITI/PKyBaHOTO napamerpa. Tak, Hamp.,
PEKOMEHAYETHCS BUKOPUCTOBYBATH PIi3HI IIBHIKOCTI
HaBUYaHHS JUIsl 3CYBIB KOPHCTYBadiB, 3CyBiB 00 €KTiB i
camux (pakTopis.

BaxxuBo, 110 Tipy TAKOMY ITiIXOMA1 HEBIIOMO, SKi
caMe XapaKTEePUCTUKU OO0’ €KTIB BiJMOBIAAIOTH (PaKTO-
pam. Tomy naHi MOzieli € HEIHTEPIIPETYEMHUMHU.

SVD++. Bimpisuserscs Bin FunkSVD tum, mo
KpiM PEHTHHTIB (SIBHOT'O 3BOPOTHOTO 3B’SI3KY BiJ| KOpH-
CTyBaya) BHMKOPHCTOBYE TaKOX HesBHY iH(opmaliro
npo BIOXOOAHHS KOPUCTYBadiB, Hamp., IEPerisiau
00’€KTIB, HANMCaHHS KOMEHTapiB, ToIo [6, 7].

Tounicte nporHozyBanHs y SVD++ mominmryers-
csl 32 PaxyHOK BpaxyBaHHs HESBHOTO 3BOPOTHOIO 3B'SI3-
Ky, KW 3a0e3Meuye J0JaTKOBY IHAMKAIIIO BIIOJ00AHb
KopucTyBadiB. I{e 0COOIMBO KOPUCHO I THX KOpHC-
TyBadyiB, sIKi Hajajgu OuIbIIE HEIBHOTO 3BOPOTHOTO
3B’SI3KY, HI)K SIBHOTO.
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Jlns BpaxyBaHHSI HESIBHOTO 3BOPOTHOI'O 3B’SI3KY
(omHOrO THIY) Bil KOPHCTYBadiB BHKOPHCTOBYETHCS
npyruii HaOip (GakTopiB 00’€KTIB, MO IMOB’3YE KOKEH
00’exT 13 BekTopoM dakropiB y; € R(u). Lli HOBI (akTO-
pU 00’€KTIB BUKOPHCTOBYIOTHCS ISl XapaKTEPUCTHKH
KOpPHCTYBa4iB Ha OCHOBI Ha0Opy 00’€KTiB, SIKi BOHH He-
SIBHO OIMHWIM. Y TakKiii Mojeni pEeHTHHTU HpPOTHO3Y-
I0ThCSl HACTYITHUM YHHOM:

rui =W+b, +b; +g; x

< R Y

jeRw)

(11)

HaGip R(u) mictuth yci 00’€kTH, 10 OYIId HESIBHO
OIIIHEHI KOPUCTYBAYEM U.
XapaKTepUCTHKN KOPUCTYBaya U MOJIEIIOIOTHCS SIK

1
putR) 2 2 vy

JER(u)

OCKiNIbKH y; — IEHTPOBaHi HABKONO HYyJs (perys-
1

pHU3alli€ro), cyMa HOPMATI3YEThCA Ha |R(u)| 2, 1o
cTabinizyBaT i AWCIEpCiI0 B MeXax iara3oHy CIIo-
CTEpEeXyBaHUX 3HAYEHD |R (u)| .

[NapaMeTpu Mopeni BH3HAYAIOTHCS IIIAXOM MiHi-
Mi3allii BIAMOBIAHOI PEryIspU30BaHOI KBaJIPaTUIHOL
(G yHKIIIT TOMHJIOK 3a JOIIOMOTOI0 CTOXaCTUYHOTO Ipali-

€HTHOTO cITycKy. OnTuMi3ailis 3MiHHUX, 110 BIUIUBAIOTh
Ha Pe3yJbTaT MPOTHO3Y, O0YHCITIOETHCS TAKUM YUHOM:

b, =b, +y(eu,i_xlbu)’ (12)

by =b+v(e —Mb;), (13)
dij =qij TVX

_ (14)

| €| Puk +|R(u)| 2 Z Y; —kqu.’k ,

JER(u)

Puk = Pui +¥(€wi ik —*2Pui ) (15)

VieRu):y; < y; +
1 (16)

+y(ey -|R (u)|_E 9ik— Xzyj‘ ),

MoxHa BpaxOBYBaTH 1 JCKIJIbKa THIIB HESIBHOTO
3BOPOTHOrO 3B’sA3Ky. Hamp., sikmo xopucryBau u Mae
JIBA TUIH HEIBHOTO OLIHIOBAHHS O0’€KTIB: JOJaBaHHSI
B 0o0Opane N;(u) Ta meperisig cTopiHku N,(u), Tomi pei-
THUHTM MOYKHA TIPOTHO3YBATH TAKUM YHHOM:

rui =W+b, +b; +g; x

pot M) 2 X g
JeNi(w)

1
+|N2 (“)|_E >

JEN (u)

(17)

BigHOCHa Ba)KJIMBICTH KOXKHOTO JDKEpena HesBHO-
rO 3BOPOTHOrO 3B’SI3Ky Oy/ie aBTOMaTHYHO BH3HAY€Ha
aJITOPUTMOM IIUISIXOM BCTAQHOBJICHHS BiJTIOBIJHUX 3HA-
YeHb apaMeTpiB MOJAEI.

Asymmetric SVD. Acumerpuunnii SVD no3Bo-
JIS€ TOMABATH 10 MOJICIi HOBUX KOPHUCTYBAYiB 3 JCKiJIb-
KOMa peHTHHraMu, 0e3 HeOOXiIHOCTI IIepeHaBYaTH BCIO
mozenb [8, 9]. Ilpu momaBaHHI HOBOrO KOpHCTyBaua,
Horo mpuxoBaHi (pakTopu OOYHCIIOIOTHCS HACTYITHUM
YHHOM:

pu’k =oc| b+ Z W”ujsj , (18)

JER(u)

Jie 0 — CUTMOIHa (QYHKIIS:

6(x) = ——;
l+e "

7, PEHTHHT, KMl KOpUCTYyBad u MOCTaBHB 00’ €KTY j;
R(u) — MHOXMHA 00’ €KTIB, OL[IHEHHX KOPUCTYBAayeM i, 3
BIIOMUMHU PEUTHHramMu;, w, b, s — MapamMeTpH, Mo MIy-
KalOThCsl TPAJIEHTHUM CITYCKOM.

Sxmo HeoOXiTHO BUKOPUCTOBYBATH HESIBHI 3BOPO-
THI 3B’s13KH, Tofl ;s Asymmetric SVD moxHa 3acro-
CyBaTH HACTYIHY (HOPMYITY:

1
Puk =|R(u)|_5 Z ré’j S, (19)
JERu)
ne T =Vi,_j—(M+bu+bi)§

7, PEHTHHT, sIKMil KOpUCTYyBad u MOCTaBHB 00’ €KTY j;
R(u) — MHOXMHA 00’ €KTIB, OL[IHEHHX KOPUCTYBAayeM i, 3
BIIOMUMHU PEHTUHTaMH; 4, b, s mapaMeTpu, IO IIyKa-
I0ThCSI TPAJIIEHTHUM CITYCKOM.

TimeSVD++. Ile dakropusariiina Momenp 3 Bpa-
xyBaHHsM 4yacy [10]. BnomoGaHHs kopucTyBadiB Mo-
XKYTb 3aJIe)KaTu BiJ| yacy, caMe i€ BpaxoBye JaHa MO-
JeTIb.

[MonynspHicTh TOBapy MOXe 3MIiHIOBATHUCS 3 4Ya-
com. lle MoxHa BpaxyBaTH, TPaKTYIOUH 3MilICHHS
00’exty b; sk ¢yHkuito vacy. KopucryBaui 3 yacom
MOXYTb 3MIHIOBAaTH CBOi BIlogo0aHHs. Lle MoxxHa Takox
BpaxyBaTy, MPUHHSABIIN 3MIIEHHS KOpUCTyBaya b, sK
¢yHkiro yacy. Toxi 6a30Bi mpeauKTOpH OyIyTH PO3pa-
XOBYBATHCS HACTYITHUM YHHOM:

b,; =n+b, (fu,i)+bi (fu,i)~ (20)

Tyr, b, (tu’l-) Ta b (tu’l-) — peanbHi (QyHKIII, sIKi

3MIHIOIOTBCS 3 4acoM. TouHMi criocid moOyqoBU IHX
(GYHKIIH TOBHHEH BiZoOpaXkaTh pO3yMHHH cIocio ma-
pamerpu3aii 3aiTHUX YacoBHX 3MiH. Hamp., y Bunan-
Ky peHTHHTY (iIbMY OYiKYETHCS, IO MPUXUIBHICTD 110
(GiIBMY IIOTHS TPOXH KOJNUBATUMETHCS, @ CHIBHO 3Mi-
HIOBaTUMETHCS MPOTATOM OiJIbII TPUBAJIKMX MEPioAiB. 3
iHIIOro OOKy BIOMOOAHHSI KOPHCTYBAaudiB MOXYTh 3Mi-
HIOBAaTUCS LIOJHS, BiJOOpaKarouu MPHUPOIHIO VIS TI0-
BEIIHKHU KJIIEHTIB MIHJIUBICTbD.

Ile BuMarae oOpaHHS MEHIIMX HPOMIXKKIB 4acy
IIPY MOJIETIOBAaHHI TIOBEIHKM KOPHUCTYBaya Ta OLIBIINX
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MPOMIKKIB Yacy IS MOJICITIOBaHHS YaCOBUX E(EKTIB,
TOB's13aHKX 3 00’ €KTAMH.

bazoBi npeaukTopu okpeMux 00’€KTiB MOXKHA BH-
3HAYHTH 32 TAKOI0 (POPMYJIOLO:

bi (1) =b; +b; ginry » 1)

Je b;— He3MiHHA y yaci yacTWHA NPETUKTOpY 00’ €KTa;

b; Bin(r) — 4ACTHHA MPEIUKTOPY 00’€KTa, 10 3MiHIOETh-

cs y "aci, bin(t) — HOMEp 4acOBOro NPOMIKKY, Ha SIKi

MOJIIIEH] yCl HasIBHI [T HABYAHHS CUCTEMH JIaHi.

Jlst mapameTpu3aliii 4acoBoi MOBEIIHKH KOPUCTY-
Baya 3 Pi3HOIO CKJIAIHICTIO Ta TOYHICTIO MOXKHA PO3TJIs-
JIaTy pi3Hi QYHKIIT.

[Ipoctuii croci®d MoaeNIOBaHHS BUKOPHUCTOBYE JIi-
HiliHy QyHKIiIO Ju1s ikcalii MOXKIMBOTO IMOCTYIIOBOTO
3MileHHsI BIOI00aHb KOPUCTYBaiB. J{JIs1 KO)KHOTO KO-
pHUCTyBaua u MO3HAYAEMO CEPENHIO NaTy PEUTHHTY 3a
JIOTIOMOT OO 1,,.

Tenep, K10 KOPUCTYBaY OLIHUB (iIbM Y MOMEHT
yacy ¢, TO MOB'sI3aHE 3 I[MM BiAXHJICHHs 4acy BH3Haya-
€TBCS SIK:

dev, (t) = sign(t -1, )|t —tu|B ) (22)

nie |t—tu| BUMIPIOE KUTBKICTh YMOBHHX YaCOBHX OJIH-
HUIB (HAMp., AHIB) MK JaTaMu ¢ 1 ¢,

3HavyeHHs 3 BCTaHOBJIOETHCS HUISIXOM IIepexpec-
HOI TIEPEBIPKH.

bazoBi  mpeauMKTOpM  OKpeMHX  KOPHCTYBa-
YiB MO)KHA BH3HAYMTH 3a JOMOMOrow ¢opmynu (23)
abo (24).
b (t)=b, +o, -dev, (1),

1

(23)

Je o, — HapaMeTp alropuTMmy, SKHH CIiJ BH3HA4aTH
i1 9ac TpaJieHTHOTO CIYCKY.

L nmpocra mniHiliHa MOJENb AJIsl HAOIVKEHHS TO-
BE/IHKM KOPUCTYyBaya BUMarae BH3HA4YE€HHS JIBOX Iapa-
METpIB b, Ta 0, U1 KOKHOT'O KOPHCTYyBaya.

Binpm rHy4YKy mapamMerpu3alilo IpPONOHYIOTH
crutaitiu. Hexall u € xopucTyBauem, IOB’A3aHUM 3 7,
pelituaramu. YacoBi TOUKH k, PO3NOJALTIEHI PIBHOMIPHO
TI0 JIaTax PEHTHHIIB KOPUCTYBaya u sK sApa, SIKi Kepy-
FOTh TaKOI0 ()yHKIII€IO:

, 24)

Jie TTapaMeTpH b, Ta f; acOLIIOIOTHCSA 3 KOHTPOJIBHUMU
TOYKaMH (SapamMu) i aBTOMAaTHYHO JI3HAIOTHCS 3 TAHUX.

Takum ynHOM, BHOMOOAHHS KOpUCTyBada (opMmy-
€ThCS SIK 3BaKCHA B 4Yaci KOMOIHAIlS IUMX MapaMeTpiB.
Kinbkicts siep k,, BpIBHOBaXY€E THYUKICTh Ta €EKTUB-
HicTh oOumcneHb. [locriliHa ¢ BU3HAyYae IUIABHICTH
CIUTalHY.

IIpu Bukopucranni ¢opmyn (21-23) mns BU3HA-
YeHHs 0a30BUX IPEIUKTOPIB, OEPKEMO HAacTynHy (o-
PMyITy JJIsI 3aITUCY ONTUMI3alliHOTO BUpa3y:

bu* > bu,l* s bl* s bi,Bin(l)* s 6%* =

ru’l- - M—bu -

n
=argmin Z -0, dev, (tu’l- ) - |+
(4 —by —bi = bi,Bin(l)

(25)

+Jz(b,f +63 +bi, +bl-2 +be1_”([)),

MokHa BHKOPHCTOBYBATH Ty Camy METOOJIOTIO
JUTsE OTPUMAaHHS OUTBIIOI KIJTBKOCTI YacOBUX €(EKTIB.
Hanp., mis odikcarii mnepiomuunux edekris. Jleski
00’€KTH MOXKYTh OyTH OUIBII TOMYJISIPHUMH B KOHKPET-
Hi TIOpU POKY a00 BIIPOAOBK MEBHUX CBAT. IlepioamuHi
eeKkTH MOXKHa 3HaWTH 1 U1 KopucryBada. Hamp., ko-
pHUCTYBad MOXKE MaTh Pi3HI CXEMH KYMIBJI MPOTATOM
BUXIJTHUX Yy TIOpIBHSAHHI 3 poOouuM TibkHeM. Criocio
MOJICTTIOBaHHS TAKUX NEPIOANYHUX €(EKTIB — BUIUIUTH
mapaMmeTp Juis KOMOiHaIii MmepiodiB 9acy 3 00’ €KTaMu
a00 KOpUCTyBa4aMHu.

B Takomy pa3si 06a30Bi NpeauKTOpH MOXKHA po3pa-
XOBYBAaTH 32 HACTYITHUMH (HOPMYIaMH:

b; (l) =b; + bi,Bin(l) + bi,period(l) > (26)

b (1)=

=b, +a, -dev, (t) +bu,t +bu,period(l)'

27)

[MpuxoBani ¢akropu xopucrypayiB s timeSVD
0e3 BpaxyBaHH II€PiOIUYHOCTI, a JIUIIE 3 BpaXyBaHHSIM
3MilIeHb Y Yaci, MO)KHAa BU3HAYHUTH TaK:

Puk (t) =DPuj t 0y 'devu (t)+ Pu,fs>
k=1,.,f.

Petitunarn y TimeSVD++ Mo)xHa POTHO3YBaTH 3a
HACTYIHOIO (POPMYIIOF0:

(28)

Fui = H+b, (1)+b; (¢)+

1
+q;| P (1) +[R() 2 Y v,
JeR(w)

(29)

Omxke, iCHye 0arato pi3HHX MOJEJICH MOBEIIHKH
kopuctyBada PC, 3acHoBanux Ha ®M a1 BU3HAUYEHHS
MpUXoBaHUX (pakTopiB. Yci BOHM YCIIIIIHO 3aCTOCOBY-
I0ThCSI Ha PI3HUX ICHYIOYHX BeO-pecypcax.

[lepeBaramu Takux Mojelneil € BUCOKa pobact-
HICTB JIO aTaK Ta BUCOKA TOYHICTh MPOTHO3YBaHHS BIIO-
nobanb. J[o HEHOMIKIB CIii BIIHECTH IOraHy MacuiTa-
OoBaHICTL, JOBI'MIl 4Yac HaBYaHHS, a TaKoX HEOOXin-
HicTh nepeHaByanHs PC mpu mosiBi HOBUX JaHMX, LEH
OCTaHHIM HEMOJIK YacTKOBO BHIIICHO y Asymmetric
SVD.

BucHoBxku

Byno npoBeneHo 10CiiDKEHHST ICHYIOUHX MaTpHUy-
HUX (haKTOpH3ALINHUX MOJeNell peKOMeHAaliHHNX CH-
creM. A came Oynu pO3INISAHYTI HACTYIHI MOJENi:
FunkSVD, SVD++, Asymmetric SVD Tta timeSVD.

M®M n03BONSAIOTH BUSIBIISITH IPUXOBaHi pakTopy,
110 BIUTMBAIOTH HA BIIOAO0AHHS KOPUCTYBAUiB.
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JHani mozaeni PC Oinbin CTifiKi 10 aTak iH’ €KIIE0
npoidiB, HiXK, Hamp., MOAENI Ha OCHOBI CYCIACTBa 3
BUKOPHUCTAaHHIM KOe(Ili€HTIB IT0A00H.

Kpim siBHOTO 3BOPOTHOT'O 3B’SI3KY BiJl KOPHUCTYBaua
(peiiTuHTIB), (aKTOpU3ALidHI MOIENI MOXYTh TaKOX
BpaxoBYBaTH HESBHI 3BOPOTHI 3B’SI3KU (MEpervIsiin, KO-
MEHTapi, JOJaBaHHs y BHOpaHe, TOIIO), IO TO3BOJISIE
MiJIBUIIYBATH TOYHICTH pOOOTH cUCTeMH. Takuii puH-
1M Briepiie OyB peanizoBanuil y SVD++.

[NepeBakHa OiIBLIICTE MATPUYHHX (hAKTOPU3IAIIIH-
HHUX MoJeJiell moTpeOye Mpu 10JjaBaHHI HOBUX KOpPHUC-
TyBadyiB IOBHOI'O IlepeHaBYaHHs yciel Moneni. besymo-
BHO II€ € HEJIONIKOM Ta BUMarae 3aTpar BEJIMKOI KiJIbKO-

Tum He MeHIIe, LIel HEMOMIK MOXKHA YCYHYTH, IO
peanizoBano y Asymmetric SVD — nana Mozens 103BO-
JISi€ JI0aBaTH HOBUX KOPUCTYBauiB 0e3 IepeHaBYaHHS
yciel Mozieni, a Jinie BU3HA4YaTH IX MPUXoBaHi (hakTopu
JUTSL IHTEeTpaii iX 10 MOJeIi.

daxkTopu3aniiiHi Moaei JT03BOJAIOTh BPaxOBYBa-
TH HETIepiOJYHI Ta IepioANYHI 3MiHM BHOAOOAHb KO-
pUCTyBadiB y daci, IO, 30KpeMa, peaji30BaHo Yy
timeSVD.

JHani momenmi miaxonsate gt PC, y skux icHye 0a-
raTo napamerpiB y 00’ €KTiB, BAXKJIMBUI 3aXKCT BiJ aTak
iH’ekuiero nmpodijgiB 1 HEeMae BHCOKUX BUMOT JI0 Macil-
TaOyBaHHsS CHCTEMH, a TAaKOX YK€ HaKOIHMYeHa Jesika

CcTi pecypciB Ta 4acy. CTaTUCTHKA JIA MONCPEAHBOI0 HaBUaHHA CUCTEMU.
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The research of matrix factorization models of recommendation systems
Ye. Meleshko, V. Khokh, V. Bosko

Abstract. The subject matter of the article is the process of creating recommendation lists for website users. The goal is
to research the existing matrix factorization models of recommendation systems. In recommendation systems, factorization is
applied to a rating matrix in order to identify latent factors inherent in system objects that affect user preferences. Matrix factori-
zation models of recommendation systems are very popular among developers and have many modifications. In this paper, the
following models are considered: FunkSVD, SVD++, Asymmetric SVD, and timeSVD. Factorization models of recommender
systems along with neighborhood models are used in collaborative filtering methods. Unlike neighborhood models, which use
similarity coefficients for create lists of recommendations, factorization models do not use similarity, but latent factors. The ad-
vantages of such models are: increased robustness to attacks of profile-injection, in comparison with other models, and high ac-
curacy in predicting user preferences. The disadvantages of the researched models include poor scalability, a long training time,
and the need for a complete retraining of the system when new data appears, which is partially eliminated only in asymmetric
SVD. The research showed that the existing matrix factorization models make it possible to use both explicit feedbacks from us-
ers (item ratings put up by users) and implicit feedbacks (views of items, comments, etc.), which allows to increase the accuracy
of a recommendation system on web-resources where users give a lot of implicit feedback. This principle was first implemented
in SVD++. Factorization models also allow taking into account non-periodic and periodic changes in user preferences over time,
which, in particular, is implemented in timeSVD.

Keywords: recommendation systems, matrix factorization, SVD, latent factors, gradient descent, forecasting.
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3ACOBYA MOJE/IIOBAHHSI IIOBEATHKYU ATEHTIB
B IHOOPMAHIMHO-KOMYHIKAINIMHUX CUCTEMAX

AHoTanisi. AHANI3YIOThCS HaHOLIBII HOMMpPEH] 3aco0M Ta MiIXOIM 10 MOJIETIOBaHHS IIOBE/IHKY areHTiB B iH(opmarii-
HO-KOMYHIKallilHUX cucTeMax. 30KpeMa pO3IJISHYTi Takd 3aco0M SIK areHTHe MOJEIIOBAHHSA, ITYYHI HEHPOHHI Mepexi,
HEUiTKa JIOTiKa, TeHeTUYHI arOPUTMH, ITiIXO[H, 3aCHOBAHI Ha 3HAHHSX, JIaHIIOrM Mapkosa i iH. Kpim xiacnunux 3aco6iB
Ta MiAXO/IB PO3MIIIHYTO TaKOXK HOBI IPUKJIAJHI METOAH, a CaMe: JIIIMHO-IIEHTPOBaHa CHCTEMa, aHall3 BiJeo, HaKOIM4y-
Bay JJAHUX, [0 KEPYEThCS JaHUMH, TUHAMIYHI YMHHUKH. B pe3ynbrari mpoBeaeHoro aHaiizy OTpMMaHi BUCHOBKH IIPO TO-
TOYHHUII CTaH IMUTaHb MOJICTIOBAHHS TIOBEIHKY JIFOMMHN. Br3Ha4ueHo, 110 icCHye 3HaYHa KUTBKICTB MiJIXOIB, i BCI BOHU Ma-
I0Th CBOI IIepeBary i HeJoNiKK. TOMY HEMOXKIIMBO BU3HAYUTH ONTHMAJIBHUH ITiIXi]] 1O MOJICJIIOBAHHS TIOBEAIHKH JIIO/INHY,
ajyle MOYKHa BH3HAYUTH METY, JUIS SIKOT 3aCTOCYBAaHHS TOTO UM 1HIIOrO MiAXoxy Moxe OyTH pexkomeHnoBaHo. B pobori Ha-
BezleHa cxeMa 3 iHdopMmalliero, i3 3a3HaYeHHAM MOXKJIMBUX PIIlIeHb JUIS ITOJ0JIAHHSI 0OMEXXEHb Pi3HUX IiIXOMiB. AHAJI3 IUX
JIAHKX TI0Ka3aB, 10 ar€HTHO-OPIEHTOBAHMII Mi/IXifl BUpIilIye OUIBIICTD MMPOOIeM i 3HIMae OOMEKEHHS, XapaKTepHi IJIs iH-
mmx Meronoinoriid. [le miarBepmkyerbest THM GakToM, IO areHTHEe MOJIEIIOBAHHS € THYYKHM IiIX00M, KU IIHPOKO BH-
KOPHCTOBYETHCSI B 0ararbox KOHTEKCTAaX MOJICIIIOBAHHSI OBE [IHKH JFOJHHH.

Kar4dosi ciaoBa: 3acodu MozetOBaHHS, OBEIIHKA JIIOANHY, areHTHE MOJICIIIOBAHHS, INTY4HI HEHPOHHI Mepexi, Heui-

TKa J'lOFiKa, reHETHYHI aAJIrOprUTMHU, l'IiZ[XOI[I/I, 3aCHOBaHI Ha 3HaHHAX, JJAHIIOI'1 MapKOBa.

Beryn

B ocranHI poky BHBYEHHS MOJIEIIOBAHHS TOBEi-
HKU JIIOJAMHA OyJ0 O3HAMEHOBAaHO BEIMYE3HUM 3pOC-
TaHHSM iHTEepecy 3 OOKY BUEHHX B JIEKLIBKOX O0JIACTSIX
3aCTOCYBaHHS. 3 OISy Ha BEJUKY KiJIBKICTh CydacHHX
METO/IIB MOJIETIOBaHHS NoBeNiHKY roquuu (MIL), ski
MOXKHa 3aCTOCYBATH JUISI MOJEJIOBAHHS PI3HUX JIIOJCh-
KHX aCMeKTiB, HEOOXIHUI OriIsi] 1 MOPIBHSIHHS Pi3HUX
METO/IIB, 110 32CTOCOBYIOTHCS B JAHUH Yac.

OCHOBHOIO METOI0 TTOJANBIIOTO aHaNi3y € JOCHi-
JUKCHHS HANOIJIBII MOIMUPEHUX IiIXOMIB - areHTHOI'O
MOJICTTFOBaHHSI, IITyYHUX HEHPOHHUX MEPEXK, HEHiTKOI
JIOTiKH, TEHETUYHUX aJTOPUTMIB, ITiXO/(iB, 3aCHOBAaHHUX
Ha 3HAHHSX, JIAHIIOTiB MapkoBa i T. JI., @ TAKOXX HOBHX
NpUKITaIHUX MeToAiB. KpiM Toro, OCHOBHI mepeBaru Ta
0oOMEeXeHHsI, TIOB'sI3aHi 3 peaji3alielo KOXKHOI aHaji30-
BaHOI METOJIOJIOTIi, MOBHHHI OyTH COpMYIILOBaHI Ta-
KHM YHHOM, 100 3a0e3MEYHTH YiTKE PO3YMIHHS TOTO,
SIKI TAXOMU € HAHOIBII MEPCICKTUBHUMHU B MOJCITIO-
BaHHS MOBEIHKH JIFOJIMHU B PI3HUX KOHTEKCTaX.

3aco0u MoeII0BAHHSA MOBEXIHKH JIOUHUA

MopentoBaHHsS MOBEIIHKH JIOJUHA Ma€ BEIHYe3-
Huil moreHmian. ®daktuynHo, MITJI 3HaxoauTH 3acTOCY-
BaHHS B 0aratbox o0JNAacTsX, TaKuX K OOpoThOa 31 CTH-
xifiHumu uxamu [ 1, 2], BificbkoBi Hayku [3, 4] 1 Bupo-
OHuNTBO [5, 6]. OcTaHHI NOCATHEHHS (3 TOYKH 30pYy
JIOCITI/PKEHb 1 TEXHOJIOT1H) J03BOJISIIOTh BUSHUM ITyOJIi-
KyBaTH 1HHOBaIliliHi Ta HOBI poOOTH Ha II0 TeMy. SICHO,
mo MmoxenmoBaHHsA noBeainku soauHu (ITJI) myxe
CKJIaJIHEe, HE TUIBKU 3 TOYKH 30pY HEBU3HAUEHOCTI, sIKa
BIUIMBA€E Ha JIii JIFOJMHH, aje TaKOX 1 Ui Horo cyBopoi
3aJICKHOCTI BiJ 30BHIIIHIX 3MiHHHX (IIOr0fa, B3aeMOZIl
3 IHIIIMMH JIFOJIBMH 1 T. 11.).

OcHoBHOW TiepeBaroro MITJI € MOXIHBICTB TIO-
M'SIKITyBaTH MOMUIIKH JIIOZIEH, 3a/I0BOJIBHATH 1 Tepen-
0avaTH 1X MOTpeOH, MOIOMAararodyu iM B IX MOBCSKIICH-

HUX Aisax [7]. Xoya Takuii crieHapiii Moxke 3aaTHcs (haH-
TacTUYHUM, mnpakTuka MIIYU Bke BHUKOPHCTOBYETHCA
cporonHi it mporHodyBanHs I1Y mix wac eBakyarii,
KOHTPOJIIO JIFOJICBKHUX PeaKiliid i yac BOAiIHHS, BiATBO-
PEHHsI CoIlabHUX B3aeMOfii soxelt i tak nmami. Kpim
toro, MIIU Moke BHKOPHCTOBYBATHCS 1 NPUHOCHUTH
3HAYHUI e()eKT I IPOrHO3YBaHHS TTOBEIHKH B3a€EMO-
JII0YMX CTOPIH Mij yac KiOepkoH(IIiKTOB [8].

3 cepenunu 50-x 10 cepeauHu 90-X pOKiB BUEHI
PpO3po0HITH KiJbKa migxoniB go moxaeni I1J1, sxi € Bkpai
NMpUBaOJIMBUMH TIPU MOJENIOBAHHI MOBEIIHKH B3a€MO-
JIIOYMX areHTiB B yMOBax KiOepKOH(QIIIKTIB.

Hinxin, 3acHoBanuii Ha 3HaHHAX (knowledge-
based approach - KBA). Baxusum migxomom MITIT e
miaxin, 3acHoBanuii Ha 3HaHHAX (KBA). 3actocyBaHHS
KBA cknamaeTbcs He OUIBIIE HIXK 3 «IIPOCTOr0» ajro-
purmy IF-THEN. 3acrocyBanns wmiei imei mo MILJI
o3Havyae, mo KBA Momentoe MOBENiHKY JIONEH, sKi
CTHKAIOTHCS 3 0OMEKEHUM YHCIIOM CHTYaIliH, 1 mopasy,
KOJIM BiZI0YBAa€ThCS IIOCH 3 LBOr0 (MOJEIbh 3 BUKOPHC-
TaHHAM «yMoBHU [F»), BOHM 3aBxaM BiANOBIAAIOTH 3a-
31ajeriap 3aganuM aisMm (Bkaxits B « TO/II omepariso»).

IneanpHa obnacth 3acrocyBannss KBA xapakrepu-
3Y€ThCS BUCOKUM CTYIIEHEM CTaHAAPTHU3allii; Je orepa-
TOp BUKOHYE il 32 3aMOBYYBaHHAM [9].

UucneHHI MOXJIMBOCTI BHHUKAIOTH IPU BUKOPHC-
TaHHI IAXO0AY, 3aCHOBAaHOIO Ha 3HAHHAX: 1) MOXHa
BUKOPHCTOBYBAaTH SIK HaBYaJbHUIM MOCIOHMK sl Min-
BHIIICHHS KBajiQikallii mepcoHay; 2) npeacTaBisie co-
0010 e(eKTUBHMI CIOCIO OTPUMAHHS BiAIOBiNEH, Tak
SIK HEe BUMarae J0JaTKOBOTO JIOMOMIXKHOTO TIEPCOHAIY;
3) Mopzenb, 3aCHOBaHa Ha 3HAHHSX, MOXKE OYTH JIETKO
OHOBJIEHA 1 po3iupena. 3 iHmoro 6oxy, KBA mae icto-
THI HeJONiKK. BOHU 3ayexath Bil CTATUYHOCTI CHUCTE-
MH, 3acHOBaHOI Ha 3HaHHAX (KBS).

1. KBS He BUaThCs Ha MOMMIKAX, SKIIO TIIHKH
JUIs. KOPUCTYBada 3BOPOTHHUH 3B'S30K 1 MiATpUMKA Iep-
COHaJTy HE € YaCTHHOIO HOro MOCTIHHOI'O PO3BUTKY;
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2. KBS He BpaxoBye eMOIIiliHI aCIICKTH MOBE/IH-
KU JIIOAVHH;

3. KBS He MOJENOI0Th 3aJIeKHICTh BiJl HUIIXY
JIOCSITHEHHS METH;

4. VYxpanenns pimenss moauHoro (HDM) myxe
CKJIaJIHe, 1, OTKE, HEMOXKJIMBO TOYHO OITUCATH HOTO 3a
JIONIOMOTOI0  TIPOCTHX 1 cTaTMYHUX anroputmiB [F-
THEN.

I xoua nesiki aBTOpHM BBaXaloTh, B 1ijomMy, KBA He
MAXOAUTH Uit AOJAATKIB, TOB'SI3aHUX 3 MOEITIOBAHHS
TIOBE/IIHKY JIIOJIMHU Yepe3 YHCIICHHI OOMEXEHHs, BBa-
’Karo, 1110 Ha BKa3aHMM MiAXix HEOOX1QHO JUBUTHCS IIIH-
puie i po3mIggaTé WOro ajamnTalilo Uil pi3HUX KOH-
TEKCTIB, 1 B MEPIIy YepTry Ul MOJEIIOBAHHS MOBEIIHKH
areHTiB B CHCTEMax Oe3MeKH.

AreHTHO-Opi€eHTOBaHe MonemoBaHHs. [linxinx Ha
OCHOBI areHTHOro MozenoBanHs (ABM) MoxkHa omicatu
OIHUM CJIOBOM: B3aeMo[id. B3aeMmomis 3 IHIIUMU JIOIb-
MU - IIe KOPiHHSI JroAChKOoro uTTa. ABM crae HeoOXia-
HUM, KOJI CHCTEMa, Ky MM TIOBHHHI BHBYATH, € CKIIaJI-
HOIO 3 TOYKH 30py B3aEMO3AJICIKHOCTI il KOMIIOHEHTIB.
[Minxin ABM 3acHoBanuii Ha KoHIemniii areara. B [10]
3a3HAYa€THCS, M0 HE ICHYE YHIBEPCATBHOIO BU3HAUCHHS
TEpMiHa «areHT», Xoua psill XapaKTepUCTHK € 000B'I3KO0-
BUM I 3arajbHOrO BU3HAuUEHHs, HaBeneHoro B [11].
BoHu mpe/icTaBIsSIOTE OCHOBHI XapaKTEPUCTHKH areHTa:

1. ABTOHOMIS: areHTH € aBTOHOMHUMH OZMHUIISI-
MH, 1 BOHH HE 3aJI€KaTh BiJl iHIINX 00'€KTIB;

2. HeonHOpiAHICTh: areHTU BiIpPi3HSIIOTHCSA OJUH
BiJ OJIHOIO;

3. AKTHUBHICTB:
BIUIMB Ha MOJIEINb;

4. llineopieHTOBaHICTh: y arcHTIB € MeTa , SIKY
BOHH TIEPECITiAYIOTh;

5. PeakTuBHiCTB/ CIIPUIHATINBICTH: areHTH YCBi-
JIOMJIIOIOTh ICHYBaHHS IHIIMX areHTiB, MEpenKoj 1 Ha-
BKOJIMIITHBOTO CEPEIOBUIIA;

6. OOMeXeHa paIlioHAJNBHICTh: arcHTU JiI0Th BU-
KJIIOYHO Ha OCHOBI iH(OpMaIlil, SKOK BOHU BOJOJIIOTh;

7. IHTepakTHMBHICTH / KOMYHIKATHBHICTH: areHTH
MalOTh MOXIIUBICTh CIIJIKYBATHCS 3 IHIIUMH arcHTaMH 1
/ abo cepeOBUILEM, B SIKOMY BOHH ()yHKI[IOHYIOTb;

8. MoOiNBHICTE: areHTH MOXYThb MepeMillyBa-
TUCh B HABKOJIUIITHBOMY CEPEIOBHIIII;

9. Apanranist / HaBYaHHS. ATE€HTH MOXYTh OYyTH
CIPOCKTOBAHI Tak, 1100 3MIHIOBATH CBill CTAaH B 3aJICK-
HOCTI BiJ] IX ITIOTOYHOTO CTaHy, O3BOJISIIOUM iM aJamnTy-
BaTHCs. AJANTAllil0 MOXHA PO3IJIIIATH SIK TPOIeC Ha-
BYaHHSI.

ABM € HaiOUIBII NPUPOIHUM METOJOM OITHCY
CHCTEMHM, IO CKJIAJA€ThCSI 3 ITOBEAIHKOBHUX 00'€KTIB
[12]. Sk Oyso Bim3HaueHo [13], areHTHE MOMECTIOBaHHS
€ TPAaHUYHO THYYKUM 1 MOXK€ BHCTYIIATH B SIKOCTi OCHO-
BHOTO IHCTPYMEHTY MOJIETIOBAHHS PIi3HUX HaJA3BHYaii-
HUX CHTyaliil (Bi kibepaTtak IO CTHXiHHOro jimxa). Y
LIOMY KOHTEKCTi B po0oTi [14] NOSCHIOIOTCS MOXITUBI
3actocyBanHs ABM st yrpaBiiHHS HaJ3BUYaHHUMU
curyauismu. B [11] mpornoHnyeTbest Monens Ui Mojie-
JIIOBaHHS JIIOJICKKOI ITOBEIIHKH, KOJIH JIOJISIM JIOBOJUTh-
Cs ISATH B YMOBaX HaJI3BHYAMHUX CHUTYaIlill . 3a3BUyait
B I[bOMY JIOJaTKy 3MOJIEJIbOBaHI areHTH NOBUHHI 3aXHU-
LIAaTHCS 1 3aXMIIATH HAsBHI Y HUX PECypcd BiJ 3Mojie-

arcHTu HaJarTb He3aJIeKHUI

JIbOBAaHMX HEOE3IIEeUHUX MOIii.

OueBuaHo, mo ABM Mmae nesiki oomexenns. Jlii i
BUOIp Jtozielt 9acTo 00yMOBJICHI ippalliOHaIBHICTIO, SKa
YCKIIAJHIOE peaTizailiio i po3po0Ky MOIeNi MOBEIiHKH.
Kpim Toro, 3a mgormomororo ABM HEMOXIIMBO MOJIEIIO-
BaTH CMOIIiiHI aCIEKTH JIIOAWHY, SKi HA JyMKY IEIKUX
aBtopiB [15], € pynaameHTanbHi.

Psin mpukinaniB 3acTocyBaHHS, B SIKMX JIesIKi 3 00-
MEXEHb OYJIM BUPIIICHI BHIIEC 3 TOYKH 30py MaTeMaTH-
YHOr0 BHU3HAuYeHHSA 1 MonenroBaHHa ABM emoriiHUX
aCIIEKTIB JIFOJMHU (HAPUKIIAJ, CTPaxy, BTOMH, CTpecy i
T. 1.), MOKHa 3HaWTH B [16-18]. [Ipukian 3acrocyBaHHS
B HECTaHJIApTHUX KoHTekcTax ansi ABM (kynbTypHOL
CHaJIIMHN) MOXKHA 3HaiTh B [13-20].

ATeHTHE MOJIEITIOBaHHS - IIe METO/I, IKHH BUMipIO€E
BIUIMB OXHOTrO a00 JEKUIbKOX aBTOHOMHHMX arcHTIB Ha
KOHKPETHY CHCTEMY. ATEHTHE MOJIEIIOBAaHHSI BUKOPHUC-
TOBYETBCS JJISl BIITBOPEHHS 1 MPOTHO3YBAaHHSI ITOBEiH-
KU Jy)Ke€ CKJIaJJHUX aJTOPUTMIB 3 BUKOPHCTAHHSIM JIyXKe
IIPOCTOi CHUCTEMH, 3aCHOBAHOI Ha MpaBHiIaX. ATEHTHeE
MOJICTTFOBaHHSI IOIYJISIPHE B JONATKaX, SKi JEMOHCTpPY-
I0Th Pil-TIOiOHY MOBEAIHKY, TaKy sIK IOUIMPEHHS eri-
nmemii [21] abo B3aeMOjIiF0 HATOBIIIB JIFOJICH B 00MacTi
[22]. Hampukian, oA B HATOBIN € areHTaMH, i BOHU
CTEeXAaTh 3a CBOEIO IIBWJKICTIO, TMOJOKEHHSM IHIIHX
JIIO/IeH, 1 HaMararoThCsl JOCSATTH CBOET METH, sIKa € CTa-
HOBUILEM B cucteMi. KokeH areHT nmpocTo HamaraeTbes
MIiHIMI3yBaTH Yac, HEOOXIAHUH IJI JOCSITHEHHS CBOET
METH, OJIHAK IHII areHTH MOXYTh 3aBa)KaTW OJHUH O[-
HoMy. IloTiM B cHCTeMi MOYKHAa 3HAWTH BY3bKi MiCIf,
BHBUYMBIIHN 00JIaCTi, B SIKHX CITOBIIBHIOETHCS OiIBINICTH
areHTiB [23]. HemomagHO 1110 % METOIOJIOTIIO 1 TEXHIKY
3aCTOCYBAJIM 10 O0JIacTi KiOepOe3meKky, 3aCTOCOBYIOUH
Pi3HI MiAXOIM JO BU3HAYCHHS arcHTIB.

VY [24] nmokazaHO 3aCTOCYBaHHS areHTHOI MOJENI
JUTSL OTUACY B3a€MOIIT OOT-MEpEeX MPH aTaili Po3IoIiie-
HOi BigMoBH B obciyroByBanHi (DDoS). Korenko 3mo-
JIEJTFOBAB KPOKH 1 Ail JJIs yCminHoro BukoHanus DDoS-
aTaky, BKJIIOYAIOYM pI3HMX IHILiaJli30BaHUX AareHTIB,
HEOOXITHHUX JUIS BUKOHAHHS MOJICIIOBAaHHA. Y Wil po-
00Ti BUKOPHCTOBYBAJIWCSI [[Ba PI3HUX THUIH AareHTIB:
cHCTeMa aTak 3JI0BMHCHUKA, IO MPEACTaBIsiE COOO0
aBTOMaTHU30BaHi OOTHETH, aTakyl4di CHCTEMY, a IOTIM
cHCTEMa 3aXHUCTy, sIKa TPENCTaBiIse€ COOOI CHUCTEMH
BusiBiieHHs1 BToprHeHb (IDS) i 6pangmayepu. st Kox-
HOTO TUIy areHTa OyB CTBOpPEHWI KiHLIEBHH aBTOMAT,
o0 omucatd (PyHKI[IOHAJNBHICT 1 MOBEOIHKY arcHTa.
Jlyis areHTa 37I0BMHCHHKA KiHLIEBHI aBTOMAT CKJIaJaBCs
3 KPOKIB 1 pe3yJIbTaTiB CEMH PI3HUX METOMIB BUKOHAHHS
DDoS. 3 6oky 3axucty areHTH Oy/iu HaBYEHI BHUKOHY-
BaTH II€BHI TEPEBIPKM HA PI3HUX PIBHAX MEPEKEBOI
MoJieni (cucTeMu, Mepexi Ta ri100aIbHOi Mepexi) 1 mo-
BiJIOMJISITH TIPO CBOI BUCHOBKH, HE3aJEXKHO BiJl TOTO, UM
Oyna BHSIBIEHA INKiJUIMBAa aKkTUBHiCTh. [lizHime [25]
OyJI0 3aCTOCOBAHO IO METOAOJIOTII0 J0 CHMYJSITOpa 3
BukopuctanHsiM NS2 i cepenoBuma INET OMNeT++,
Jle 3BHYAHI KOPHCTYBadyi, 3JIOBMUCHHKH 1 3aXUCHUKHU
Oyny 3MOJENBOBaHI CIHiJIbHO, 1 BIUTMB OOTHETY Oyio
MepeBipeHO B Mepeki. Byio mokasaHo, 10 KOJEKTHBHI
aTaky Ha OCHOBI KOMaHIM Oynu Habarato OLTbII ycri-
IIHUMH TIPU TpOBe/ieHHI KoMIutekcHoi DDoS-araku Ha
Mepexy, SIK MOJKHa Oyio 0 nependaunTy.
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VY [26] onucaHO IHCTPYMEHT BUSBIICHHS 1 Moje-
JIIOBaHHS 3JJOBMHCHHKIB Ha OCHOBI areHTa IIiJ| Ha3BOIO
NeSSi2. Meromororist mojsiraja B TOMY, I[00 MOJEITIO-
BaTH BCIO MEPEXY 1 3JIOBMUCHHUKIB SIK areHTiB, 00
YHUKHYTH CKJIaJIHUX MaTeMaTudHux mogxenei. Ilepen-
0ayeHO MOJEINIOBaHHS, SIKE MOXKe 00poOJsITH Oe3iniu
PI3HUX THIIIB CIEHApiiB, sIKi HEJIETKO BHKOHATH B pea-
JBHUX yMoOBax. Ko)kHa MarimHa, MapIipyTusaTop i opa-
H/IMayep CTBOPIOIOTHCS SIK areHTH B CHPOOi BHUSBUTH i
inentudikyBatn DoS-araku B mepexi. NeSSi2 miarpu-
My€e [IBa TUIM aTak: CleHapii MommpeHHs: Xpobaka, sKi
aHaJIOT1YHI NPOoOJIeMU TOIIMPEHHS emiieMii, i aTaku Ha
OCHOBiI OOTHETIB, sIK 1ie Oy;10 paninie. KoxxeH 3moBMucC-
HHUK TaKOXX MOJIEIIOETHCS SIK areHT, 110 BUOMpae OfHY 3
LIUX aTak i BUKOHYeE 11 B Mepexi. NeSSi2 iMiTye ocHOB-
Huii BeO-Tpadik, Takuit sk HTTP-3anuTu 1 inmi mgoxat-
K{, B Ha/ii, IO MOBEIHKA 3JIOBMHCHHUKA MOXeE OyTH
iIeHTU(IKOBaHA B X0/ IMITAIIIHOTO MOZCITIOBAHHS.

IITy4yni HeiipoHHi mepexi. ['apHe BU3HaueHHA
mTydHuX HeHpoHHHX Mepex (ANN) maHo B [27]. ¥V wmiit
poborti aBTopu BuzHauyaoth ANN sik «opmy mTydHOro
IHTENIEKTY, sIKa HaMaraeThCs iMITyBaTH ()YHKIIIO JIFOJI-
CBKOT'O MO3KY 1 HEPBOBOI CHCTEMUY.

ANN MaroTh YiTKO BH3HA4YCHY CTPYKTYpy. [28]
omnucye ii sk HaOIp eIEMCHTApHUX CIEMEHTIB, 3BaAHHUX
HEHpOHAMU, OJMHUIIAMH, KIiTHHAMH abo By3inamu. Ko-
JKEH HEMpOH NOB'S3aHUN 3 IHIIMMK HEHpOHaMU 3a J0-
MOMOT'OI0  CIIPSIMOBAaHMX KOMYHIKAIIHHUX 3Ba)KEHHX
3BSBKIB. Barm (ckajsipHe YHCIIO) BHU3HAYAIOTh CHITY
3B"SI3KIB Mi>K B3a€MOIIOB'sI3aHUMH HEHPOHAMU 1 HAJAIOTh
iHpopMariiro, sika BUKOpucToByeTbesi ANN i po3B's-
3aHHA JOCTiKyBaHoi mpooOiaemu. ANN CHIBHO TOB'S-
3aHi 3 MPOOJIEMATHKOI0 MOJENIOBAHHS MOBEAIHKHU JIIO-
muHU. DakTHYHO, BOHM IMITYIOTH (DYHKIIIOHYBaHHS
JIIOJICBKOTO MO3KY: BiJ| CHPUHHATTS HaBKOJHWIIHHOTO
CepeIOBUINA HA BXOAl 1 CTBOpeHHs nii Ha Buxomi [29].
Le myxe Ba)IIMBO, TOMY III0 MO3OK SIBIISIE IBUTYH JIFO[I-
CBKUX [IiHi, 1 3HAHHSA HOr0 MPUXOBAHHUX IPOIECIB MOXKE
OyTH KOPHCHUM JUIsl PO3YMiHHSI IIPHHIIMITIB, LIO JIEKATh
B OCHOBI IIOBEIIHKH JtoAWHU. Ha ’kanb, BiATBOpEHHS
HEpPBOBUX IPOLIECIB Y JIIOAEH JyXKe CKIaaHe: BOHO SB-
JIs€ co00I0 MPOoOJIeMy HEeHpOOIoJIOorTii - CyJacHOI TUCIIU-
TUTIHY, Jie BYEHUM Ile 0araTo M0 HAJISKUTh BiIKPUTH.

[MopiBatotoun ANN 3 areHTHO-OpiEHTOBAaHHM MO-
JIEIIIOBAaHHSIM, MH MOXXEMO IIOMITHTH, IO peaizamis
ANN cknajHima i BUMarae OiIbIll TPHBAJIOTO Yacy po-
6otu (ABM omnwmcyerbes niHifiHUME 3akoHamu, ANN
OITUCYIOTHCS TPUHIUIIOBO HEJNIHIHHIUMHU 3aKOHAMH).
Heniniiinocti ANN  103BOJNSIFOTE  BUKOPHCTOBYBATH
ANN B pi3HHX JOAaTKax JjIs MPOrHO3yBaHHs Oe3moce-
pennix aiit moaunu [30], abo B iHTENEKTya IbHUX cepe-
oBHIIAX (HaOIp MPOrpaMHUX 1 amapaTHUX EJIEMEHTIB,
SIKI MIATPUMYIOTH 1HTEJEKTyalbHy B3aEMOJII0 MIX JO-
BKUIJISIM 1 KOpUCTYBauaMHu), sk B [31].

Ha 3akinuenns ananisy migxoay ANN ciig nopis-
HSTHU TIepeBaru i oOMexxeHHs 1poro miaxoxny. [lepearu
Bukopuctanasg ANN [32]:

1. ANN Moxe BUKOHYBATH 3aBJIaHHs, SIKi JIiHiIHA
mporpama He MOJKe: JIiHIHHI IporpaMu MeHII HafiiiHi,
HiK HemniHiKHI (Taki sk ANN).

2. ANNSs 4acTo JEMOHCTPYIOTh MaTepHH, MOi0HI
IO THX, SIKi JIEMOHCTPYIOTb JIFO/IH.

3. Komnu enemeHT HEHpOHHOI Mepexi BUXOAUTD 3
nmamy, Mepeka MOXe IPOIOBXKYBAaTH IpalioBaTu 0Oe3
Oynb-sKUX MPOOJIEM 13-3a CBOET apasieIbHOT PUPOIH.

4. ANN BuuThCS i He HOTpeOye Mepenporpamy-
BaHHS.

3 inmoro 6oky, HegomikamMu ANN e:

1. O6pobka nanux gacoBux psaiB B ANN - mqyxe
CKJIaJIHE ITUTAHHS.

2. Sk TimpKH Mepeka Oyia CTPYKTypOBaHa s
KOHKPETHOT'O JIOJIaTKa, Il Mepeka roToBa IO HABYaHHSI.
MosxiuBuil crocid 3poOuTH 1ie - BAATHCS 0 BUKOPHUC-
TaHHS TeHeTHYHUX anroput™Mis (I'A);

3. ANN nepenbavarote CkiaaHi oreparii i s
LLOrO BUKOPUCTAHHS IX JJISl BITHOCHO MPOCTHUX BUIA[-
KiB JTy’K€ JOPOT'O 3 TOUKH 30pY Yacy oOpoOKH.

HeuiTka Jsiorika. HeuiTka j10rika BUKOPHCTOBYBA-
yacs Juisi 0OpOOKM KOHIIEMNIii YacTKOBOI MpaBIoIoio-
HOCTI, Jie 3HaYEeHHsI ICTUHN MOYKE BapilOBaTUCS BiJl MOB-
HICTIO ICTHHHOTO /IO TIOBHICTIO TIOMHJIKOBOTO 3 BUKOPH-
CTaHHSM JIECATKOBUX uHcell. HewiTky Joriky MoxHa
pO3IIISIaTH SIK €BOJIOLII0 TPaJHIiHOrO OiHApHOTO
MiaX0ay (TaKoXX 3BaHOIO YITKHM ITiTXOIOM), KOJIH KOH-
KpEeTHHI CTaH MOJIElNi TOB'sI3aHUH 31 3MIHHUMH, SIKI MO-
XKYTb NpUAMAaTy Tijbku aBa 3HaueHHs (0 abo 1). Buxo-
pHUCTaHHS HEYITKOI JIOTIKM PEKOMEHIYETHCS ISl MOjie-
JIIOBaHHS SIBUIL 3 BHCOKUM CTYIIEHEM HEBH3HA4YEHOCTI:
XapaKTepU3yeThCsl HETOYHOIO 1H(OpMaIli€l0 1 HEBU3HA-
yeHuMu cutyauismMu [33]. MopentoBaHHS JIIOACHKOI
MOBE/IIHKM € TPUKIAJAOM IOr0 KOHTEKCTY, OCKUIBKH
BOHO Maiike 3aBXKIH BiIPI3HAETHCS BETUKOIO KUIBKICTIO
MOXIIUBHX BUKOHYBaHUX Jill. Y 3a3HaYEHOMY KOHTEKC-
Ti HEYiTKa JIOriKa BUKOPUCTOBYETBHCS SIK IHCTPYMEHT
JUISL TIPOLECIiB MPUHHSATTS pillleHb: BOHA Ja€ HaM 3Ha-
YyIe 1 MOTY)KHE YSBJICHHS HEBH3HAYEHOCTEH BUMIpIO-
BaHb, & TAKOXX 3HAUyIle YsBJICHHS HEBH3HAYEHUX IO-
HSTh, BUPRKEHUX MPUPOIHOIO MOBOIO.

Jleski 3 HAMOLIBII Ba)XTUBUX MOXKJIMBOCTEH, IO
BHUHMKAIOTh IPH BUKOPHUCTAaHHI HEYITKOI JIOTiKH, Taki: 1)
JUI BHPILIEHHS CKJIQJHUX MNpoOiieM B HeHpoHayKax,
OCKIJIbKM BOHA Harajiye JIOJICbKE MHUCIEHHS 1 MPUHHSAT-
T pitieHs [34]; 2) 3acTocyBaHHs HEHIiTKOI JIOTIKH JTyXKe
JIETKE B TOPIBHIHHI 3 00YMCIIOBAIILHO TOYHUMH CHCTE-
Mamu [35]; 3) mo Mojeni HEYiTKoi JIOTIKM He HaJATo
YYTJIUBI O YMOB, IO 3MIHIOKOTHCA [35]; 4) HewiTka
JIOTiKa BHSBHJIACS BIiAMOBITHUM (hopMaizaMoOM Uit 00-
pOOKM HETOYHHX / PpO3IUIMBYACTHX 1 HEBH3HAYEHHX
3HaHb [36]. ¥V [36] TakoX BH3HAYAIOTHCS JEAKI HEIOJi-
KH, TaKi sK:

1. HeuiTki pe3yabTaTH MOXKHA I1HTEPIIPETYBATH
JIeKITbKOMa CII0c00aMu, M0 YCKIIaTHIOE aHai3:

2. HeuiTke ysIBIICHHS 3HaHb 1 JaHUX BUMarae Be-
JIUKOT KIBKOCTI JIaHUX 1 JOCBiAy Ui po3poOKH HEWiT-
Koi cuctemu [37];

3. BukopucraHHS HEYITKOI JIOTIKM 4YacTO MOXe
OyTH JOIIIGHUM, KOJIH OOYHUCIIOBATIbHI OOMEKEHHS
MTOTY>KHOCTI 3aHAJITO CYBOPI.

Kpim TOro, nmesiki iHIIi aBTOpH BU3HAYMIM iHIII
Ba)XJIUBI OOMEXEHHS, Taki sK:

1. HewiTkuil miaxim 3acHOBaHWHA Ha CTOXacCTHY-
HUX IpunymeHHsax [38]:

2. Bigpi3Hs€TbCS BiJl areHTHOrO MOJIENIOBAHHSI.
Bkasyerbcs, 110 BUKOPUCTAHHS HEYITKOI JIOTIKM 1 He
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JIOIyCKa€e B3aEMOJIIT MK pi3HUMHU 00'€eKTamH, SIKi npes-
craBiieHi B mozeni [39].

Heiipo-neuiTka gorika. Ilizxin Helpo-HewiTKOI
JIOTIKH € «MeXa B3a€EMOPO3YMIHHS» MK LITYYHUMH
HEHPOHHUMU MEPEKaMHM 1 HEUITKO JIOriKoro. Llei mij-
XiJl OXOIUTIOE OCHOBHI acleKTH JBOX MeromiB. Helipo-
HEYiTKa JIOTiKa BUKOPHCTOBYE TEOPII0 HEUITKOI JIOTIKH
JUIsl ONIUCY HEBU3HAYEHOCTEH, MOB'I3aHUX 3 MTOBEAIHKOO
JIIOAWHYU, B TOM yac sk BUKopucTaHHi ANN no3Bossie
MOJICTTIOBATH BaXIIUBI XapaKTEPUCTHKH JIIOAWHH, TaKi
SIK HABYAHHS, BIIMOBOCTIHMKICTD aJamnTariii, mapaieii3M i
y3araibHeHHs. Helpo-HeuiTka JIorika BAKOPUCTOBYETh-
cs1 B HBM ju1s1 mojonanHs oOMeXeHb HediTKOI JIOTIKH i
ANN. B [40] ommcyeTbesi BUKOpUCTaHHS 11 11t oOMe-
JKEHHsI HeBU3HAUEHOCTI, ITPOMOHYIOYH MOJIEINb, SIKa Bij-
TBOPIOE 3AIEKHICTh TOBEAIHKU JIFOIUHM Bill MoauQika-
1iT 30BHIIIHBOTO KOHTEKCTY (B TOMY YMCIII HaBYaJIbHOL
cnpomokaocTi ANN). Helipo-HeuiTka Jiorika Mae JesKi
LiKaBi XapaKTePUCTHUKH:

1. Ipocrora peamizamii HEYITKHX PUPOTHUX
MOB, TaK IIO CTPYKTYpa 3HaHb AyXe YiTKa 1 e()eKTUBHA;

2. Bynp-ski 3MiHM B 33a4i 1 cepeioBUILI MOXKYTh
OyTH JIETKO YCYHEHI IIUIAXOM aJanTallii Baru HeWPOHiB;

3. OcCkUIbKM HedYiTKa CHUCTEMA € OIHHUM 3 BHIIB
anpoKCUMaIlii, MOXKe OYTH TOCSTHYTO Pi3Ke CKOPOUEHHS
BUTpAT Ha J[aHi 1 mporpamMHe / anapatHe 3a0e3NeueHHs..

BaxknuBo ckazaTH, 110 HEWPO-HEWITKHUH JIOTIYHUM
X1 € ITUPOKO OOrOBOPIOBAHUM METOIOM B aKaieMi-
yHill cdepi. Hacnpasni, Aeski BYEHI CYMHIBAaIOThCS B
sikocTi moxioHoro migxoxy [41]. 3okpema, BYeHi ocCITi-
JOKYIOTH cyMicHICTh Mi>k ANN i HEUiTKOIO JIOTiKOH0.

I'enernuni anaropurmu. Yacro moau TOBHHHI
OTHOYACHO JOCATAaTH pisHUX Iijied. Ilg curyariis He €
TPaIUI[HOI JUIA PaHIIIe OMMCAHUX IMiAXOMIB 1 II00
MOZONIATH [0 MEXY, MO)KHa BHKOPHUCTOBYBATH IiJIXi,
TIOB'si3aHMIA 3 TeHeTHYHUMHE anroputMamu (FA).

I'A HaTXHEHHI EBOJIOIIIHOK Teopiero Yapin3a
JHapsina. OcHoBHI MeToau ['A npu3HaveHi I iMiTamii
€BOJIIOIIHUX IpoLeciB B peasibHOMY cBiTi. B 'A 0es-
JiY BapiaHTiB BUpIIIEHHS NPOOJEMH ONTUMI3allii po3-
pobnsieThest B OiKk Kpalmux pimeHb. KoxkeH BapiaHT pi-
IICHHS Ma€ Habip BIACTUBOCTEH (3BaHUX XPOMOCOMa-
MH), sIKi MOXYTh OyTH 3MiHeHi. ['A e xopomuii MeTox
JUIE MOJENIOBaHHS TOBENIHKH JIOAWHU. J[ificHO, BOHM
JIO3BOJISIIOTH MOJIENIOBATH CHUTYallii, B SKUX YYaCHHKH,
pearizoBaHi B JOCIIKyBaHid Moesi, TOBHHHI Hepec-
JayBaTH Pi3HI LT OAHOYAcCHO (0araTouiinboBi MpO-
6nemu). 3 1i€i npuunHu ['’A Mornm 6 craTh XOpOoUIUM
Croco0OM MOJENIOBaHHS TPOLECIB NPUHHATTS pillleHb
moaunoro (HDM) anst ix OunbInoi MpUXHIBHOCTI pea-
JbHOCTI. YMCIIEHHI MOXIIMBOCTI BUHHUKAIOTh IIPH BUKO-
pucranni migxony ['A. Hwkde mpencraBieHi HaiBax-
JIUBIII OCOOIMBOCTI MiTXOMY :

1. TA MaroTp 3HaTHICTH 3amobiraTv MOTPAILISH-
HIO B JIOKaJbHI ONTUMAJIbHI DIllICHHSA, HAa BiIMIHY Bin
TPaIUIiIHAX METOMIB, SIKi 3MIHCHIOIOTh MOMIYK 3 OHIET
Touku [43];

2. T'A n03BONAIOTH BHUPINIYBaTH 3aBIaHHS OITH-
Mi3allii, KOJI HaM JTIOBOJUTHCSI MaKCUMi3yBaTH / MiHIMi-
3yBaTH OliblIe ofiHOTO MapamMerpa [42];

3. Jobpe oOpoOJISAIOTECS 3alIyMIIeHI / CTOXacTH-
YHI [IIbOBI (PYHKIIT;

4. Benuka KUIbKICTh TapaMeTpiB MOXke OyTH Tpo-
0JIEMOIO JIJIs1 METO/IIB 3 BUKOPUCTAHHAM MOXiTHUX [43].

3 inmoro 6oky, 'A Takox MalOTh JiesKi 0OMeKeH-
HS:

1. TA Bupimyrore OaraTtoninpoBi mnpodimemu. B
Horo THIi Mojeiel iHOJI JOCATHEHHS ONTUMAaJIbHOTO
pIlIEHHS HEMOXKJIMBE: ONTUMi3allis 3HAYEeHHsI 3MiHHOI
MOXE CIOTBOPUTH IHIIWH MapaMerp, iHIIUMHU CIIOBaMH
BKpaii Ba)KKO pillIeHHs OaraToOKpUTepialbHUX 3a/1a4;

2. TA, sx npaBuio, NOTPEOYIOTh NPEICTABHUIIb-
KOI CTaTHCTUKH, 1 TIOTPIOHO OOYMCIIIOBAIbHA TeHEepaIlis
0e3Jiui MOKOJiHb, MepHl HiX OyJe OTPUMaHO TapHHH
pe3yJnbTar.

3. Pimennss 'A crporo 3anmexaTb Bing QiTHec-
(GyHKIIT: moraHo crpoekroBaHa (iTHEC-QYHKINSI MOXe
MIPUBECTH JI0 HEOJTHO3HAYHUX PE3YJIbTATIB.

MosxiuBe 3actocyBaHHs ['A B ramysi yrpaBiiHHS
3HAHHSAMH IIpeCTaBieHo B [44], ne MpomoHyeTbcs 3a-
crocoByBaTH I'A s 1ie€i Metu. 3acHOBaHUWI Ha TeHe-
TUIl JIIOJUHU TEHETUYHUH allTOPUTM IIPOIOHYETHCS
BHUKOPHCTOBYBATH B PI3HUX KOHTEKCTaX, TAKHX SK MO3-
KOBHH INTYPM 1 yNpaBIliHHSA iHHOBAIisSIMH, 100 3HAWTH
Kpallle pillleHHs MiJ 4ac 0OroBOpeHHsS abo Kpalry map-
KETHHTOBY CTPATETiI0 HOBOTO MPOYKTY.

MapkoBcbki JaHIIOTH. MOXIINBE 3aCTOCYBaHHS
JIQHITFOTiB MapkoBa B 00J1aCTAX MOJICITIOBAHHS ITOBEIi-
HKH JIFOJIMHY, 30KpeMa, JUIsl IIPOrHO3yBaHHS HOro peax-
1iil 3 BUCOKOIO TOYHicTIO. DopManbHe BU3HAYEHHS Jia-
Hirora MapkoBa naetecsi 'y [45]: "Ipouec nanirora
MapkoBa n-ro nopsiIKy BU3HA4a€ThCsl HAOOPOM 3 n CTa-
HIB {X |, X 2, ..., X , } 1 HAOOPOM HMOBipHOCTE#1 Iepexo-
IiB p,i=1,2,.,n,j=12,..,n npouec Moxe OyTH TiNbKH B
OTHOMY CTaHi B Oy/b-sIKMIA MOMEHT 4Yacy. SIkmo B Mo-
MeHT k mporiec 3HaXOOUTHCS B CTaHI X;, TO B MOMEHT
qacy k+1 Bin Oyze B 3M03i X, 3 HIMOBIpHIcTIO pj".

[ToBeniHka JIOAUHE MOXE OyTH MPEACTaBICHA Ma-
PKIBCHKMMH JIAHIFOTAaMU B MPUIYIIEHHI, 110 B NEBHUM
MOMEHT iHAUBIAYYM (1) 3HaXOIUTHCS B TOYATKOBOMY
CTaHi X( , IOB'SI3aHOMY 3 TCBHOIO MOBEMIHKOIO. Y Il
CHUTYaIlil 0. MOXKE BUKOHYBATH OOME)KEHHI Miama3oH ik
{X1, X2, ..., Xy }. Iligxi; manirora MapkoBa nonsrae B
NpU3HAYeHH] HMOBIPHOCTI, $IKa KIJIBKICHO BH3HAYa€e
HWMOBIPHICTH TOTO, IO 0. IOBMHEH MEPEMICTUTHCS 3 X B
3araJIbHUM CTaH X;, BUKOHYIOUH IIEBHY oImeparlito [46].
Taxka x cTpykTypa HaBeneHa y [47]. AHai3 myOmiKarii
[0 BUKOPHUCTAHHIO JIAHIIOTIB MapkoBa 103BOJISIE BH-
3HAYUTH OCHOBHI II€peBary, siki BOHM MPHHOCATH B JIO-
JIaTKax MOJICTFOBAHHSI ITOBE/IIHKH JIIOANHH:

1. MapkoBchKi MOIEIi BITHOCHO JIETKO BUBECTH 3
MOCTIOBHUX JAaHUX;

2. Iiaxix nanimoriB MapkoBa Mae BUCOKY Haiid-
HICTb;

3. Pesynbratu aHamizy MapKiBCHbKHX MOjeIei
JIETKO aIalTyEThCs It TpadiuHOro NMpeICTaBIeHHS;

3 iHmroro 00Ky, y miaxoi MapKiBChbKHX JIAHITIOTIB
TaKoXK € Jeski oOMexeHHs. Hampukian, JaHIFOKKA
MapkoBa 3aCHOBaHI Ha HEBH3HAYCHOCTI 1 HAOIMKCHUX
JIAaHUX; BOHU HE 3aBXIH MOXYTh BHKOPHUCTOBYBATHCS
JUIE MOJIETIIOBAHHS JIFOJICBKUX B3a€MOJii, 1 BOHHU He
IHTErpyIOTh HaBuaHHs. KpiM TOro, 3 BpaxOBYIOUH, IO
JIAHIIOKKK MapkoBa MaroTh 0OMEXKEHHH iHTepBaj Ipo-
rHO3yBaHHs [48], ToMy minxig Moxe OyTH BHKOpHCTa-
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HUH Ui BU3HAYEHHs il OKPEMOI JIIOJMHU TPOTITOM
KOPOTKOT'O TIepiofy.

Omnrontorii  kiGep-arak. Omnrtonorii kibeparak
OITUCYIOTH BiJHOCUHU MK KOXKHUM 3 (hakTopiB Kibepa-
Tak 1 X 3aJIeKHOCTAMHU ONUH Bin omHoro. Hampukian,
MOJKHA OITUCATH BCI JeTaji BPa3IUBOCTI, 100 1ie OyiI0
MOJKJIMBO, Hampukiag, ciayxou i OC, mpusHayeHi I
KOpHCTyBaya JI03BOJIY, aX O BUMOTI 3JJOBMHCHHKA, Ta-
KUX SIK 3HaHHS KOHKpEeTHOi oOiyacti. OHTONOTIS MOXe
OyTH OxapaKTepu30BaHa Ha HU3BKOMY PIiBHI, SK KOHK-
PETHI BPa3IUBOCTI a00 IHAMBIMYaJIbHY IOBEIIHKY 3JI0-
BMHUCHHKA, & JIO JY’K€ BUCOKOI'O PiBHS, HAPUKIAM 10
HamipiB HalBHIIOrO piBHS 370BMHCHHKA. Y [49] 3acTo-
COBaHO METOOJIOTIIO 0 Kibep-001acTi 1 omucaHi BUMO-
T'M OHTOJIOTii BEPXHBOT'O PiBHS KiOEp-aTaKkyrouoro B TpH
eranu. [o-mepiie, BCi aTaky 3aCHOBaHI Ha HaMipH, IO
O3HayYae, 1110 JUIs aTaky IIOBUHHA OyTH BiANMOBiqHA MPH-
yuHa. [lo-mpyre, aTaku BiJIOBIIAIOThH BiAMOBIAL JOMEHY
npotuBHHKA. lle O3Hauae, 10 KOXKHA aTaka 3aJIEKUThH
BiJl pe3yJbTaTy aTakH IiiboBoi Mepexi. Hapemri, Ha-
Mip aTaku MoOXe OYTH TpENCTaBIEHO SK CYKYIHICTbh
migaaMipis. Ile omuc 6araTocTyneHEBHUX aTak, e MOXKe
MPOUTH KiJbKa KPOKIB, MEpII HiX 3JOBMHCHHK 3MOXKE
JIOCSITTH CBOET CITUTBHOT METH.

VY [50] ommcaHe BHUKOPUCTaHHS, 3aCHOBaHE Ha
3HAHHSAX CHCTEMH JIOTIYHOTO aHaNi3y ITYYHOro iHTele-
kty CycSecure, o0 po3podutu 6a3y 3HaHb PO Mepe-
Ky Ul aHaiizy Oe3neku. 3amycTHBIIM HaOip JEMOHIB
Cyc Ha XOCT-KOMITIOTEpax B MeEpexi, cucrema
CycSecure Moxe po3poOHMTH 0a30BY KapTy MEpexi, a
IOTIM OHTOJIOTIT, PO3POOJICHI eKcIepTaMu 3 Oe3MeKH, i
00poOKy TPUPOHOT MOBHU 3 Pi3HUX HAOOPIB JAaHHX MO-
KYTb BHKOPHUCTOBYBATUCS JJIsI aHaJi3y Mepexi.
CycSecure 3abe3mneuye miarpuMky Oinmeire 12 000 cep-
BiciB, 683 TumiB BpaznuBocTed, 354 THIB MpOrpaMHUX
300iB ofHO4YacHO. O HAK IIi OHTONOTIT BCE Ilie MOBHHHI
OyTH pO3TJISIHYTI €KCIIepTOM 3 Oe3IeKH, 1 aBTOpU BU-
3HAIOTh, 110 KOYKHA 3 OHTOJION M BuMarae 10-20 XBuauH
ommsany. Y [51] mpoaHanmizoBaHa 3py4HICTH BHKOpHC-
TaHHs OUTBII yHiBepcaJbHOW 1 3aranbHOi Bepcii Cyc-
Secure, na3panoi ResearchCyc, i BHSBIEHO, IO BOHA
HEOpraHi3oBaHa, CKJaJHA B BUKOPUCTAHHI 1 HETHYY-
KicTh 0€3 eKCIIEpTHHUX 3HaHb, 10 YCKJIAIHIOE 11 BUKOPH-
CTaHHS B JNOCHIIHWUIBKHX HIsIX. Tam He Oyno HisKoi
BIJMOBI/Ii HA IIeH JOKYMEHT 1 HisIKOTO MOIAJIBIIOrO MPo-
rpecy Ha CycSecure, sik Oy0 3p0o0JIEHO 3 THX TIip.

Bupa3 iHdopMmaliii mpo CTPyKTypOBaHY 3arpo3y
(STIX) - me cxema, po3pobcHA IS KpAIOro OMUCY
inpopmanii npo kidepszarpozu. Cxema STIX oxoruttoe
KOHIICTIIIiT BUCOKOT'O PiBHS, TaKi SK CIHOCTEPESIKYBaHHS /
iHauKaropy, iHmaeHT, TMII (TakTuka, METOIH i mMpo-
LeAypH), I, HANPSIMKH Aid 1 cy0'ektu 3arpo3. Lls
CTPYKTypa TaKOX BH3HAYA€ TaK 3BaHy «IAHIIOT KiOep-
BOUBCTBY, siKa OMUCYe (a3u a00 KPOKH, AKi 3TOBMUCHHUK
3a3BHYail pOOUTH MTPOTATOM BCi€l KaMMaHil.

BaknuBi pi3HI «CTOPOHM» aTak, OCKIJIbKH B 3ajie-
YKHOCTI BiJl TOrO, Ha sIKii CTOPOHI 3HAXOAUTHCS aTaKy-
104HH, HeOOX1THO IpUHMAaTH pi3Hi 3axucHi 3axoau. JliBa
CTOpOHa JIAHIIOTa BOMBCTB SBJSIE COOOO MiJIrOTOBUY
(a3y aTaku, e MOXXYTh BUKOPUCTOBYBATHCS IPEBEHTH-
BHI 3aXHCHI NPUHAOMH, MO0 TEPEIIKOAUTH MPOrpecy
aTaKyro4yoro. AHAaJOTiYHO, SKIIO 3JOBMHCHHK 3HaXo-

JIUTHCSI Ha MPaBii CTOPOHI aTaku, 3JI0BMUCHUK SKUMOCH
YHMHOM CKOMIIPOMETYBaB METY, 1 CTpaTerito 3aXucry
MepeMUKAEThCS Ha (POKYC yNpaBIIiHHS BTPATOO 3aMiCTh
npeBeHTHBHUX MeTomiB. STIX dokycyeTbcs Ha Okpe-
MHUX KaMIIaHisIX aTakl 1 OpraHi3oBye HOro JUisi TOAaHHs
aTakd 1 MO3UIi JIaHIFO)KKa 3HHIIEHHS 33 JOMOMOTO0
IHCTPYMEHTIB, SKi BUKOPHUCTOBYBaB CYO'€KT 3arposw,
METO/IB / MOBEIIHKH, SIKi BOHU IEMOHCTPYIOTh, B3a€MO-
IiT MXK Cy0'€KTaMH1 3arpO3H 1 CIIOCTEPEIKYyBAHHX.

CyuacHi migxoam 10 MOJeJIOBAHHS MOBeIIHKH
groguau. 3 2013 poky pi3Hi BUCHI PO3POOIIAIOTH HOBI 1
IiKaBl METOAOJIOTIi. B SKOCTI OCHOBHHX CYyYacHHX ITiJI-
XOJ1iB MOYKHA BHJIUTUTH HACTYITHI I'SITh:

1. Ambient Intelligence (Ami) [52]: Ambient
Intelligence (Ami) - 11¢ HOBa TUCHHMIUTIHA B 00JIACTi 1H-
(opMaIiifHUX TEXHOJIOTiIH, B SIKIH JIIOMM OTPUMYIOTH
MOXITUBICTB TIPAIIOBATH B U(PPOBOMY CEPENOBUILL, 1110
CKJIaZIA€ThCsl B OCHOBHOMY 31 CKJIQJIHOT'O MPOIPaMHOTO
3a0e3reueHHs] i MPUCTPOIB (JATYMKIB 1 BHKOHABYMX
MeXaHi3MiB), 3'€ZJHAHUX Yepe3 MEPEKY;

2. HaxonuuyBau gaHHX, IIO KEPYETHCS TAHUMH
[53]: migxin mossirae B MOAETIOBaHHI TMOBEAIHKH JIFOTU-
HU 3 BUKOPUCTaHHSM JaHUX, 310paHuUX 3 MOOUTBHHX
TenedoHiB. BukopucTraHHS MiAXOMy, 3aCHOBAaHOTO Ha
JIAaHUX, JOCITIJDKYE OCOOMCTICTB JIIO/ICH, 4Oro HeMae y
IHIIUX METOAAX MOJEJIIOBAHHS ITOBEIIHKY JIFONHH;

3. Junamivyni ynHHEMKK [54]. Lledt miaxin npomno-
Hye Kpally MOJIENb MOBEIIHKN eBaKyHOBaHHX, HIXK Tpa-
TUINIAHI METOH, sIKi HE BPaxOBYIOTh B JIOCTATHIH Mipi
YHCIIEHHI JUHAMIiuHi (akropu, sKi MOrIM O CyTTEBO
BIUIMHYTH Ha PIllIEHHS MPO €Bakyallito Jrojaei. Baxnu-
BO MIJAKPECTUTH, MO0 MaXix «/uHaMiuHI YHHHHUKI
3aCTOCOBYBABCSI TUIBKU JUIS €Bakyallii i motpe0ye mo-
JITIIEHHs, MO J03BOJIUTh 3pOOMTH HOro NPUIATHUM B
IHIINX KOHTEKCTAaX;

4. Jwoauno-nienrpoBana cuctema (HCS) [15]: ro-
noBHa nepeBara HCS monsirae B ToMy, 110 BiHa Bpaxo-
BY€E IICHXOJIOTIYHI, iHAWBIIyanbHI Ta comiaibHi (akTo-
pH, Ha BiOMiHY BiJ| IHIIUX TpaJWIIHHUX MiIXOJIB, ale
METO/I 1ie He HaOyB JOCTAaTHBOIO ITiATBEPKEHHS;

5. Amnani3 Bigeo [55]: miaxin aBTOMaTHYHOrO Bi-
3yaJbHOTO BUSIBIICHHS, € aHANI3 3 BUKOPUCTAHHSM CHC-
TEM 3aXOIUICHHsI BiJIeO, TAKUX SIK BiJIEOCIIOCTEPEIKEHHSI.
MOXJIMBO BHMKOPHCTOBYBATH BijJeoaHami3 SK I1HCTPY-
MeHT i1 300py iHpopMarii 1uist Mo0yI0BH MOJIEIEH.

B pe3ynbrati npoBeJieHOro aHali3y MOXHA 3pO0H-
TH BUCHOBKH ITPO ITOTOYHHH CTaH MUTaHb MOZEITIOBAHHS
MOBEIIHKY JIFOJIMHU: IO-TIepIIe, ICHYE 3HaYHa KiIbKiCTh
MiXO/IB, 1 BC1 BOHM MalOTh CBOI IIEpeBard i HEJOMIKH. 3
LBOTO SICHO, IO HEMOXXJIMBO BH3HAYHUTH ONTUMAJIbHUM
MiAXiA 10 MOJENIOBaHHS MOBeAIHKM Jromunu. [Ipore,
MOXXHa BU3HAYUTH METY, JJIsI SIKOi 3aCTOCYBaHHS KOHK-
PETHOrO MiAXOAy MOXe OYTH peKOoMeHJoBaHO. Y Tal-
qauii 1 mpencraBiieHa cxema 3 M€l iHpopMaliero, i3
3a3HAYEHHSM MOMIJIMBUX DIilleHb Ul TOJOJIAHHSA 00-
MEXEHb PI3HUX MiAXOMAIB. AHaJi3 IMX JAaHUX IOKa3ye,
L0 areHTHO-OpPIEHTOBaHMH IMiJXiJ| BHUpIlIye OLTBIIICTH
npoOJieM 1 3HIMae OOMEXEHHS, XapaKTepHi IS 1HIINX
Mmeronoiorid. Ile miaTBepmKyeThest TUM (DakToM, MIO
areHTHEe MOJICNIIOBAHHS € THYYKUM ITiXOJOM, SIKMI IIH-
POKO BUKOPHUCTOBYETHCSI B 0araThboX pi3HMX KOHTEKC-
Tax.
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Tabnuys 1-Tpagnuiiiai migxoan MoaeTI0BAHHS NMOBeiHKHA JIOAMHY - CHHTeTHIHUI omuc

. KonTrexcr . - . - Pimenns n1s1 mozo-
ITipxix Binnosigni nepesarn Bignosigni o0MekeHHsI
BHKOPHCTAHHSA JIAHHS 00MEeKeHb
AreHTHO- Konrekcru, nie € monu | [IpencraBinenns Bunuka- | yxe  ckiagHo — 3mozentoBard | CydacHi mizxonn
Opi€HTOBaHE 3 BHCOKMM DpiBHEM |IOYMX SBHII, 33Ja€ThCA | ICHXOJOTII0 JIFOJMHM, KOJM BOHA
MOJICIIIOBaHHS | B3aeMoxii 1 TeTepo- | IPUPOAHMI OIUC CHCTE- | TPEHYEThCS HA  IppalliOHAJIbHUX
T'€HHOCTI. MH. MPUKJIaaX. AreHTHE MOJENIOBaH-
I'nyukicTb. HS BHUKOPDUCTOBYE MaTe€MaTH4Hi
BiJJTHOCHHH, PIKO BHKOPHCTOBY-
I0THCSI B PEAJIbHOMY CBITI.
Juckyciiini Konrekcru, B skux | IlITyuni HeliponHi Mepe- | HenminiliHa skicTh ITY4HUX Hel- | [enermuni anro-
HEHpPOHHI HEMOXUIMBO BM3HAYM- |JKI  IPALIOIOTH  Kpallle, | POHHUX MEPEeX YCKIAJHIOE 3aCTO- | PUTMU
Mepexi TH JedKi BIJHOCHHH |JiHIWHI [POrpamMu, € 4op- | CyBaHHS LbOr0 MiAXOLY, Hetlipo-HeuiTka
MDK BXOJIOM 1 BHXO- |HUH SIIMK SK MO3OK Jito- | [ IITYyYHMX HEHPOHHUX Mepex |Jorika
noM. KonTekcr, ne Mu | iuHM, HaBYalOTbCA 1 He- | MOTpiOHE TPeHYBaHHS CydacHi Imiaxoau
MOBHHHI iMiTyBaTH | Ma€ HeOOXiZHOCTI B nepe- | MoxiinBa opraHisatlis 3B0pOTHOTO
IpoLeC  NPUHHATTS | IpOrpaMyBaHHI 3B'I3KY
PpillIeHb JIFOJIMHOIO.
RISP mmigxiz Konrexctu, ne mroxnu | Ilpocruit nonarox MOXIIMBICTE MOJEIIOBATH TUIBKHM | HEUITKA JIOTiKa
MOBHHHI BUOHMpaTH 1Bl aJITEpHATUBU Hetlipo-HeuiTka
MDK ZBOMa albTepHa- JIorika
THBaMHU CydJacHi HiIX0aH
Heuitka Konrekcru, B skux | Heuirka norika Bupimrye | YTOMINBO pO3pOOIATH HEUiTKi | ATEHTHE — Moje-
JIorika JIOJAM  JOBOAMTHCA | ckianHi npobuemu. Ipoc- | npaBuna i ¢yHKUIT MpHHANEKHOC- | TFOBAHHS
BUOWpaTH MK OunbmI | THH  momarok. HewiTki | Ti. XapaKTepuCTUKM HEWIiTKOI MO- | IMHAMIYHI  YHH-
HDK JBOMa ajbTepHa- | ATOPUTMH HaJUHHI neni Oe3nocepeHbO TIOB'I3aHi 3 | HUKH
tuBamu. Curyamii obuncroBaIbHUME  ocobuuBocTs- | Helipo-HeuiTka
AKIXapaKTepU3yeThCst mu. HediTka siorika 3acHoBaHa Ha | Jiorika
HEBU3HAUCHICTIO. CTOXaCTHYHUX IPUITYIIECHHSX. CydacHi miaxoau
I'enernuni an- | Konrekern, B skux | MoxuimBe BuKopucTaHHs | UM He rapanTye 3HaxomkeHHs | Heiipo-HeuiTka
TOPUTMHU HepeciifyeTbcss Ollb- | TEHETMYHUX — ITOPUTMIB | IJI00AJIBHOTO MakcuMyMy. PimieH- |orika
me oxHiel MeTu. KoH- |1 MoIeNoBaHHS Myllb- | Hi I€HETHYHOIO alrOpUTMY 3alie- | CydacHi IiJXO01u
TEKCTH, B SKHUX MH | THOO'€KTHHUX npobuieM. | KUTh Bi iTHEC-QYHKII.
MOBHHHI HaBuaty | Benuke umciio mapamerpis
IITY4HI HEHPOHHI Me- |MOXe OyTH NpoOIeMOro
pexi. IS TIOX1IHUX METOJIIB
3acHoBaHi  Ha |[KoHTekcTH, B AkuX MH | Moxe Oyru nerko mepe- | Un He BUMTBCS Ha NOMMIIKAX, SK- | ATGHTHE — Moje-
3HAHHAX MOJKEMO JIETKO KOAY- | BeZeHa Ha KOMIT'IOTEpHI |10 3BOPOTHHUM 3B'I30K 3 KOPHUCTY- | JIFOBAaHHS
BaTu (pakTy i mpaBmia. |MoBu. baza 3HaHb Moe | BaueM i1 oOciyroByBaHHs srozau- | lIITydni HelipoHHI
KoHTeKcTH OHMCYIOTB- | OYTH JIETKO 3MiHEHA 1 pO- | HOIO HE € YaCTHHOK HOro MOCTii- | Mepesxi
Csl  CTaHAAPTH30BAHOI | 3LIMpPEHa. HOro po3BuTKy. HaBpsiz 4m Bapro | HewiTka Jiorika
[TPOLIETYPOIO. Kon- NPUIYMYBaTH KpeaTuBHi pimeHHs. | Helipo-HeuiTka
TeKCT JTOCHTH OOMexe- JIorika.
Huii. KoHTekcr, B sKo- CydJacHi MiIX0Iu
My MH HE 3HaXOIMMO
TOCTaTHIO  KiJNBKICTb
BUHSTKIB
MapKOBCBKi Konrekcru, ne npucy- | Bucoka naniiiHicts (95%) | HemoxnuBo MopnemtoBaté B3ae- | ATeHTHE — Moje-
JIAHLIIOTH THI rereporeHHi areH- | Pesynpratu aHamizy map- |Monii. 3acHOBaHI Ha CTOXacTH4Y- | JIFOBAHHS
Tu. KoHTekcTH, Jle MU | KIBCBKHX MOJIeNied TOTOBI | HUX 3aKOHaX. MapKiBCBKi JIaHIIO- | AWHAMIYHI  YHH-
MOBMHHI MOJIENIOBATH | Ul  BHUKOPHCTaHi  JUIS | T MAalOTh IHTEpPBAJI IPOTHO3Y, 00- | HUKK
IIPUXOBaHI  aCNeKTH, | rpadivHOl Npe3eHTallii. MEXEHHH KUIbKOMa CEeKyHJaMH. | Cy4acHi MiaXoau
AKI MH HE MOXEMO MapKOBCbKi JIAHIIOTU HE BKIIIO-
criocrepirat  6e3ro- YaloTh 310HOCTI 10 HABYAHHS
CepeHbO.
Heiipo-neuitka | Kontekcrn, B sxux | Bucoko macmraboBaHi. OOMeXeHICTh IMAXONiB HEYiTKOl | AreHTHE  Moje-
JIorika HEJJOCTaTHBO HEYITKOi | BUABICHHS JIFOACHKOI 1O- | JIOTIKH 1 IITY4HUX HEHPOHHMX Me- | JIIOBaHHS
JOriku 1 HEHPOHHOI | BeliHKU B CKJIa/HIH cueHi, | pexx, CyMHIBU B SIKOCTI ITixomy. TeHETHYHI  airo-
Mepexi Ui omucy | Moxe Oyru JocsArHyro pa- | CyMicHICTh MK HEUiTKOIO JIOTi- | pUTMU
cuTyarii JIMKAJIbHE CKOPOYEHHS Jla- | KOO Ta INTYYHUMU HEHPOHHMMH | Cy4acHi MiaXomy
HHX 1 IIPOrpaMHOro / ama- | Mepexamu
paTHOro 3a0e3MeyUeHHs.
I, JIe areHTHE MOJISNIOBaHHS, MaOyTh, MPEICTaBIISIE
BucHoBku

OCHOBHI IIepEBar, TOMY II0:
1) me mO3BOJISIE MONEIOBATH B3a€MOIIT MDK pi3-

[licnsg omisany HAWOUIBII BIAOMHX TPaJIUINIHHUX

METO/IIB 3pOOMMO KOPOTKE pe3loMe IPO CydacHi Miaxo-

HUMU 00'€KTaMH, SIKi CTAHOBIISATH MOJIEIb,
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2) areHTH MaloTh 3[aTHICTh BUUTHUCS; JIABHO PO3pOOJIEHUX METOAIB, ajie BOHM BCe ILe 3HAXO-
3) Bci Aii areHTiB CripsIMOBaHi Ha KOHKPETHY METy.  IThCs Ha paHHid craiii. Tomy HeoOXimHi momaibii
OueBUHO, 110 HE MOXKHA 3allepevuyBaTH HAsBHICTh  JIOCIIDKEHHS JUIsl IPOBEIEHHS Bepudikamii Ta Bajigamii

HEJIOJNIKIB 1 B areHTHOMY MopnentoBaHHi. OHak oOMe- 3 METOI0 YCYHEHHS iCHYIOUMX HENOJIKIB Ta MiIBUIIEHHS
KEHHSI MOXKYThb OyTH 3MEHILIEHI 3a JOMOMOrOl0 HEUIO-  HaiHHOCTI MPOITOHOBAHUX ITiXOIIB.
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Methods for modeling agent behavior in information and communication systems
0. Milov, M. Kostyak, S. Milevsky, S. Pogasiy

Abstract. The most common tools and approaches to modeling agent behavior in information and communication sys-
tems are analyzed. In particular, such tools as agent modeling, artificial neural networks, fuzzy logic, genetic algorithms, knowl-
edge-based approaches, Markov chains, etc. are considered. In addition to classical tools and approaches, new applied methods
are also considered, namely, a person-centered system, analysis video, data-driven data storage, dynamic factors. As a result of
the analysis, conclusions are drawn about the current state of issues of modeling human behavior. It is determined that there are a
significant number of approaches, and all of them have their advantages and disadvantages. Therefore, it is impossible to deter-
mine the optimal approach to modeling human behavior, but it is possible to determine the purpose for which the application of a
particular approach can be recommended. The paper presents a scheme indicating possible solutions to overcome the limitations
of different approaches. An analysis of these data showed that the agent-based approach solves most problems and removes the
limitations typical of other methodologies. This is confirmed by the fact that agent modeling is a flexible approach that is widely
used in many contexts of modeling human behavior. further research is needed to carry out verification and validation to address
existing weaknesses and improve the reliability of the approaches proposed.

Keywords: modeling tools, human behavior, agent-based modeling, artificial neural networks, fuzzy logic, genetic algo-
rithms, knowledge-based approaches, Markov chains.
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Harionansamii yHiBepcuTeT 000poHn YKpainu iMeHi IBana UepHsaxoBcbkoro, Kuis, Ykpaina

THTETPAJIbHUM MTOKA3HUK OIIHKA E®GEKTUBHOCTI
CUCTEMMU JIOT'ICTUYHOTI' O 3ABE3IIEYEHHSA CUJI OBOPOHU JEPKABU

AHoTanisi. JocBix icTopii BiliH 1 BOEHHUX KOH(IIIKTIB IOKa3ye, 10 Y KOXHIH YCHIIIHO IPOBE/CHINH BOEHHIH KOMMaHii,
oneparii, 60to, K 1 y KOxHil 1opasii, HeoOXiHO, IOpsJ 3 IHIIUMH IPUYMHAMY, IIYKAaTH MO3UTUBHI T4 HETaTUBHI CTOPOHHU Y
poboTi opraHiB MaTepiabHO-TEXHIYHOrO 3a0e3IeUeHHs], iX OopraHizallii, MOYKIMBOCTSIX 1 crioco0ax 3abesmnedeHHs. Po3suTok
CHCTEMH JIOTICTHYHOTrO 3a0e3NeUeHHs 3aBKAU 3/iHCHIOBABCS MapalelbHO 3 PO3BUTKOM 30pOMHMX CHI 1 CrOCOOIB BEICHHS
BiliHM, onepari i 6oro. HoBi Bumm 030poeHHs, 60HOBOI TEXHIKH, CIOCOOW BeleHHs OOMOBMX il BUCYBalM CBOI BUMOTH 10
CHCTEMH JIOTICTUYHOr0 3a0e3MeUeHHs], 3MYIIyBaJIM BUPOOIATH OijIblll cydacHi GopMHM opraHizauii CHCTEMH JIOTICTHYHOrO 3a-
6e3neueHHs. CucreMa JIOTiCTHYHOro 3a0e3IeUeHHs! CUI 0OOPOHH JIePKaBH € CKJIaJHO0, OaraTopiBHEBOIO CTPYKTYpoto. B xoxi
IIPOBEZICHOr0 aBTOPOM CTaTTi JIOCIIiVKEHHS PO3POOICHO IHTErPAIIbHUI MOKA3HUK OLIHKY e(peKTUBHOCTI CUCTEMH JIOTiCTHYHO-
ro 3a0e3Ie4YeHHs CHJI 000POHHU JeprKaBH. 3a3HAUCHMII TOKA3HUK JI03BOJISIE IIPOBECTH OLIHKY €(EeKTUBHOCTI (DYHKIIOHYBaHHS
CHCTEMH JIONiCTHYHOIO 3a0€3I1eYeHHsI CHII 0OOPOHHM JePrKaBH, NIPH LbOMY SK CUCTEMHM B IJIOMY TaK i OKpeMHX Ii €JIeMEHTIB.
3a3HavyeHMil IOKA3HUK J03BOJISIE OLIHUTH KUTbKICHO-SIKICHHIM CKJIaf CHJI 1 3aC0O0IB JIOTICTHYHOrO 3a0e3MedeHHs CHIT 000pOHN
JIeprKaBy; CTPYKTYPY CHII 1 3aCOOIB JIOTiCTHYHOrO 3a0e3IeueHHs CHI 000pOHM JePKABH; TAKTHKO-TEXHIYHI XapaKTePUCTUKH
3pa3KiB 030pOEHHS Ta BIMCHKOBOI TEXHIKH, IO BXOISATH JI0 CKJIAIy CHJI i 3aCO0IB JIOTiCTHYHOrO 3a0e3MeueH s CIil 000pOHU
JieprKkaBy; MOXKIIMBOCTI 3 BITHOBJIEHHS 3pa3KiB 030pO€HHS Ta BiiCBKOBOI TEXHIKH TOIIO B mporieci mpoBeaeHoro JoCiiPKEHHS
BUKOPHCTaHi K 3arajIbHOHAYKOBI, TaK i CIeIiajibHI METOJH JOCIIHDKSHHS: CEMAHTUYHUI — JUISl PO3BUTKY CYTHICHOI YaCTHHH
nediHilii KaTeropiiHoOro anapary BiiCbKOBOI JIOTICTHKH; METOIM €KOHOMIYHOI O aHaJIi3y — JUIS OL[IHIOBAHHS TEHJEHIIH Y Bili-
cbKOBOMY 3abe3neuerHi 30poinux Cui YKpaiHu; MeToM CUCTEMHOrO aHasli3y — JUIsl OLUHIOBAHHS IEpEeIyMOB Ta iHTErpawil
Liel y npoueci GpopMyBaHHS BifiCEKOBOI JIOMICTUYIHOI CHCTEMH; METOM €KOHOMiKO-MaTEMaTHYHOr0 MOJIETIOBAHHS — IS OIl-
THMI3alil CTPYKTYpPH Ta BHYTPIIIHIX IPOLECIB BiHCHKOBOI JIONICTHYHOI CHCTEMH. 3a pe3yJbTaTaMy IPOBECHOr0 aHalli3y aB-
TOpOM OyJ10 BU3Ha4Y€HI OCHOBHI HEZIOCKOHAJIOCTI CHCTEMH JIOriCTHYHOro 3a0e3neueHHs 30poitnux Cuit YKpaiHu Ta pOBEICHO
OOTPYHTYBaHH IIUISIXIB YOCKOHAJIEHHS CHCTEMH JIONi CTUIHOr0 3abe3neueHHs 30poitaux Crun YKpaiHu.

KawuoBi ciroBa: cucrema JIoricTHHOro 3a0e3nedeHH s, CHiI 000POHU Jiep)KaBH, €()eKTHBHICTh, (OPMH Ta CIIOCOOH.

Beryn

BpaxoByloun HasBHICTH 00 €KTHMBHOI'O YHHHHKA
cTpuMyBaHHs pedopmyBanHs 30poiHux Cuin Ykpainu
(3C VYkpainu), TUIIOBOTO B KOHTEKCTI TeOpil MCHEIK-
MEHTY 3MiH (KOHCEpPBAaTHUBHICTh, OIIp 3MiHaM), HE0O-
XiIHO BH3HATH HEIOCTATHICTh TEOPETUYHUX PO3POOOK
oo ontuMiszanii nuisixis peopmysanns 3C Ykpainu,
MEPEAYCIM X JIOTICTHYHOIO 3a0e3MeYCHHS.

SKmo i MiANMPUEMHHUIIBKOTO CEpeOBHIa KOH-
LTS JIOTICTUKY BCe B OUTBILIHN Mipi CIpUAMAEThCS K
ONMH 3 HaMOULIbII e(eKTHBHUX IHCTPYMEHTIB IIiIBH-
IIEHHs KOHKYPEHTOCIPOMOXKHOCTI 32 PaxyHOK IiepeBar
y BHUTpaTax, y SIKOCTi, B €JIaCTUYHOCTI, HAAIWHOCTI, TO
JUTsl BIHCBKOBOI c(epH Lie He 3aBXKAN € XapaKTEePHHUM.

JloricTuka — 1ie TIaHYBaHHS Ta 37IHCHEHHS Iepe-
MIIIICHHs Ta 3a0e3IeueHHs BifiChK (CHIT), sSKa 3aCTOCOBY-
€TBCS JI0 ACIIEKTIB BIMICBKOBUX ONEpalliid, OB s3aHUX 13
HACTYITHUMH BHAMH JiSUTBHOCTI: IPOEKTYBaHHS, PO3PO-
Oka (MojepHi3alis Ta MomUdiKalys), 3aKymiBis, 30epi-
TaHHS, TPaHCIIOPTYBaHHsI, PO3IOILJ, TEXHIYHE 00CIyro-
BYBaHHS Ta PEMOHT, €BaKyallis Ta YTHIIi3allis MaTepiaib-
HHUX 3ac00iB; TPAaHCIIOPTYBaHHSA OCOOOBOTO CKIIAay; 3a-
KymiBis (OyJiBHUITBO), TEXHIYHE 0OCIYrOBYBaHHS, €KC-
IUTyaTarlis Ta peasisallis BIiChbKOBUX 00’ €KTIB; 3aKyIiBIIS
a00 HaJaHHs IOCIHYT 3 Xap4yBaHHs, Ja3He-NPajJbHOTrO
00CITyroByBaHHS; MeIMYHE 3a0e31edeHHs, Tomo [1-5].

Opranizanis cucremu Jorictukn 3C Ykpainu me-
pendavae MUpPOKe BUKOPUCTaHHS MPOIYKIii BUPOOHHII-
TBa MiIIPUEMCTB TIPOMHCIIOBOCTI JE€PIKaBH.

Boxe 3rajaHa cucremMa He € aBTOHOMHOIO 1 CaMOJIO-
CTaTHHOIO, BOHA BOyIOBaHAa B 3aralbHi CKOHOMIYHI

MIPOIICCH JCP>KABH 1 CXUIIbHA J0 BIUTMBY HE TUTBKH KpHU-
30BUX SIBHI B €KOHOMIIIi, aJi¢ 1 MEepPEeTBOPEHb, IO BiJ-
OyBaIOThCS B CHCTEMI JIEPXKABHOTO YIIPABIIiHHSI.

Krnacudikariist cucreM JIOTICTUYHHX CHUCTEM HaBe-
JieHa Ha puc. 1.

JIOTICTHYHI CHCTEMH

/‘\‘L

MakponorictHyHi

Me3sonorictHusi

MixponoricTuyHi |

v v ¥

Buan

— v

3 NPAMMMHY 3B’A3KAMH EweaoHoBaHi

Iuyuki ’

Puc. 1. Knacudixaris JoricTH4HIX CHCTEM

CucreMa JIOTICTUYHOTO 3a0e3TeUeHHS CHII 000POHU
JIep’KaBH € CKIAJHOI, 0araTopiBHEBOK CTPYKTYPOIO.
3a3HadyeHe BUMArae BpaXyBaHHs Pi3HHX 32 TIOXODKECHHIM
MOKA3HUKIB OI[HKK e(EeKTUBHOCTI il (PYyHKI[IOHYBaHHSL.
BpaxoByroun 3a3HaueHe, aKTyaIbHHIM HayKOBHMM 3aBJIaH-
HAM € BPaxyBaHHSI MaKCHMAJIbHOI KiJIbKOCTI ITOKa3HHUKIB,
3a JIOMIOMOTOIO SIKMX BiZIOYBAETHCS OIIHFOBAHHS CHCTEMU
JIOTICTUYHOTO 3a0€3TIeUCHHSI CHIT OOOPOHU JICPIKABH.

Memoto 3a3Ha4YeHOI CTATTi € PO3poOKa iHTErpab-
HOT'O TIOKa3HUKA OIIHKH €()eKTUBHOCTI CHCTEMH JIOTiCTH-
YHOTO 3a0e3MeUeHHS CHI 00OPOHH JCPKaBH.

© Haxkoneunuii O. B., 2019
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BuKkJ1aJ 0CHOBHOT0 MaTepiajy A0CHiKeHHs

VY crarTi HaBeAEHO pO3pOOKY IHTErpajIbHOrO MOKa-
3HUKA 3 OIIIHKH €(EKTUBHOCTI CHUCTEMH JIOTICTHYHOTO
3a0e3MeueHHs] CUII 00OPOHU JEpKaBH, B TOMY Ipe/cTa-
BJICHHI 100 X MOTEHIliHHA 37aTHICTh 3a/J0BOJILHUTH
MOTpedu CKIIAZIOBUX CHJI OOOPOHU B 030pOEHHI, BiHiCh-
KOBI# Ta criemiajbHil TEeXHill, MaTepialbHO-TEXHIYHUX
3aco00ax, MOCIHyrax Ta CTBOPEHHS CHPHUSITIMBHX YMOB
JUIsi BAKOHAHHSI HUIMU 3aB/IaHb 3 000OPOHU JIep)KaBH.

V3aranbHeHUH TOKa3HUK OLIHKK e(eKTHBHOCTI
CHCTEMH JIOTICTHYHOr'O 3a0e3IeueHHs CHI O0OpOHH
Jiep>)KaBu MOXKe OYyTH pO3paxOBaHUH HUISIXOM 3TOPTKH
YaCTKOBUX ITOKa3HHKIB, IO BiZ0OpaxaroTh:

KUJIBKICHO-SIKICHU# CKJIa] CHII 1 3ac00iB JIOTiCTHY-
HOro 3a0e31eYeHHsI CHII 000pOHH JIepKaBH;

CTPYKTYpa CWJI 1 3ac00iB JIOTICTHYHOTrO 3abe3Ie-
YEeHHS CHJI 000POHH JIepIKaBH;

TaKTHKO-TEXHIYHI XapaKTEpPUCTHKH 3pa3KiB 030po-
€HHSl Ta BIHCHKOBOI TEXHIKH, IO BXOISTH IO CKJIany
CHJI 1 32C00iB JIOTICTUYHOTO 320e3NeYeHHs CUJI 000POHH
JiepIKaBy;

MOJKJIMBOCTI 3 BITTHOBJICHHS 3pa3KiB 030pOEHHS Ta
BIfiCbKOBOI TeXHIKHU ToIIO [6—10].

JIOTpUMYrOUYHCh NPUHIINIIB CHCTEMHOT0 aHAI3Y B
iHTepecax BHOOpY aJeKBaTHOI CHCTEMH IIOKa3HHKIB,
JIOLTBHO TIPEJICTABUTH CYKYITHICTh CKJIQJIOBUX CUCTEMH
JIOTiCTHYHOTO 3a0e3MeueHHs Y BUIIIAAL i€papXii cHCTeM.
Taxwuii mixix 3aCTOCOBYETHCS B IPAKTHUI JOCIIIHKEHHS
iepapxiyHUX 0araTopiBHEBUX CHUCTEM BiHCHKOBOTO MpH-
3naveHHs [11-13]. Cucrema sorictuaHoro 3abe3mneveH-
Hs1 30poitHux CHil — CYKYITHICTh B3a€MOIIOB’I3aHUX a00
B3aEMOJIIFOYMX OPTaHiB YIPaBIiHHA, CHJI 1 3aCO0IB JIOTi-
cTH4HOro 3a0e3neueHHs 30poitHnx Cuil.

CucreMa JIOTiCTUYHOrO 3a0e3MeueHHs CHil 000po-
HHU JIEpKaBU BKIIIOYAE B ceOe CYKYIHICTH 00’ €IHAHMX
CHUTBHOIO MeTOr0 (pyHKIIOHYBaHHS i1 (DyHKIIOHAIBHUX
CKJaZoBUX (OpraHi3alifHO-IITATHUX MiJAPO3IiIiB) 1
MOXe OyTH omrcaHa BEKTOPOM IOKa3HUKIB, IO Xapak-
TEpU3YIOTh BHECOK OCTaHHIX y piBeHb (DYHKIIIOHyBaHHS
CKJIaJIOBHX OIIEPATUBHOTO yIPYITOBaHHS BIHCHK (CHII):

E®C =(EdiC] ’EdﬁCz’“.’E@CnW’E‘DCN), (1)

nie E,(lJb ¢ — piBeHb 1-01 OpraHi3aliifHO-IITATHOI CTPYK-
TYpH, IO BXOAWTH JI0 CUCTEMH JIOTiCTHYHOrO 3abe3re-
4yeHHs; N — KUIBKICTh (DYHKIIOHAJbHUX CKJIQJIOBHX.
[Mix pyHKIIOHANEHUMH CKIIAIOBUMH CHUCTEMH JIO-
TICTUYHOrO 3a0E3MEUYCHHS CHJI OOOPOHH JIEp)KaBH Ma-
€THCSl Ha yBa3i: OPraHM ynpasJiHHSA JOTICTHYHUM 3a-
0e3mevyeHHsIM - OpraHd BIMICBKOBOTO  YIpaBIiHHS
(opranm ympaiiaasa) 30poitHux Cui, iHIIMX BifiCHKO-
BUX (OpMyBaHb, PABOOXOPOHHHUX Ta PO3BiTyBaJIbHUX
opraHiB, Jlepxcrenss’s3ky, [epxaBHOI ciay:xOu 3 Ha-
3BHYAWHUX CHUTYalliif, Ha SIKi JO HaJaHUX 3aKOHOJaB-
CTBOM ITOBHOBa)XEHb IOKJIa/ICHI 3aBJaHHS 3 JIOTiCTHY-
HOro 3a0e3IeYeHHs; CUJIM i 3aco0u JioricTHYHOrO 3a-
Oe3meveHHs1 - apceHanyu, 0a3u, LEHTpHU 3a0e3neyYeHHs,
CKJIaJ¥, aBTOMOOUIBbHI Ta PEMOHTHO-BIJHOBIIOBAIIBHI
BilicbKOBI "yacTuHH (miapo3ainan) 30poiaux Cuil, iHIIHX
CKJIaJIOBUX CWJI OOOpOHHM, SIKi NpPH3HAYEHI Uil yTpH-
MaHHS 3amaciB 030pOEHHs, BiMICHKOBOI Ta CIIeIliabHOL

TEXHIKH, MaTepialbHO-TEXHIYHUX 3aco0iB, iX IiaBe-
3€HHS, TEXHIYHOr0 OOCIyroByBaHHS i pemoHTty. Tomi
KO)KHa CKJagoBa (OpraHi3allifHO-IIITaTHA CTPYKTYpa)
MOXe OyTH omrcaHa BEKTOPOM IOKa3HUKIB, IO Xapak-
TEpU3yIOTh BHECOK II €IEMEHTIB y piBHI HaJIEXKHOCTI
¢dyHKioHanpHOl migcuctemu: s peamizamii GyHKIiN
Ta BHpINICHHS 3aBAaHb JIOTICTUYHOTO 3a0e3NedYeHHs
BIJICHK (CHJI) CTBOPIOETHCS CHUCTEMa JIOTiICTUYHOrO 3a-
Oe3IeueHHs], SIK CYKyITHICTh B3a€EMOIIOB’si3aHUX 200 B3a-
€MOJIIIOYHMX EJIEMEHTIB, 3B’SI3KM MIX SKHMH TPYHTY-
I0ThCSI HA KOMIUIEKCHUX MIIX0AaX 10 MOOYI0BH OpraHi-
3alidHAX CTPYKTYp, BUXOISIYU 3 E€IUHHUX METOJONO-
TIYHUX MOTJIAIIB 10O 1i CTBOPEHHS.

Cucrema JOTICTHYHOTO 3a0€3MEUeHHS BKIIOYAE
MiJICUCTEMHU: CHCTEMY IUIaHYBaHHS JIOTICTUYHOTO 3a-
Oe3nedueHHs, CHCTEMY YIPaBJIiHHS JIOTICTHYHHUM 3a-
0e3neueHHsIM 3 BHKOHABYOIO CKIIAJOBOI — CHJIAMH 1
3aco0aMH JIOTiICTUIHOTO 3a0€3MCYeHHS:

E%C =(E‘pc1,E¢C2,...,E‘pck,...,E‘DCK), )

nie E,iJb C_ PiBEHb HAJIGKHOCTI k -TO eleMeHTa (yHKIIi-

OHAJIFHOI MiJICKCTEMH CHUCTEMH JIOTICTUYHOrO 3abe3re-
4yeHHs; K — KUIBKICTh eNIeMEHTIB Yy (yHKIIOHANBHIH
IiICKCTEMI CHCTEMH JIOTiCTUYHOT O 3a0€e31eYeHHSI.

[NokazHuku edeKTUBHOCTI (PYHKIIOHYBaHHS CHC-
TEMHU JIOTICTHYHOT'O, SIK AKICHI, TaK 1 KUIBKICHI, B CYKYII-
HOCTi BiOOpa)karoTh CTaH, MOAUIATHCS Ha IHTETpallb-
HUM, y3arajbHEHi Ta 4acTKOBi [4].

[HTEerpa bHUiA TOKa3HUK OLIHKH e()EeKTHBHOCTI CH-
CTEMH JIOTICTHYHOrO 3a0e3IeUYeHHs] CHII 00OpOHU Jep-
JKaBH € 3TOPTKOI0 y3arajJbHEHHUX IOKa3HHKIB 11 (QyHKI-
OHAJIPHHUX CKJIQJIOBUX, EIEMEHTH SIKUX, Y CBOIO Yepry,
XapaKTepU3ylThCI CyMaMH YaCTKOBHX ITOKa3HHKIB. Y
(dbopMalli3oBaHOMY BHIVIAAI IHTEIPAJIbHUM IMOKA3HUK
OIIIHKKM ¢(PEeKTHBHOCTI CHCTEMH JIOTICTHYHOIO 3abe3re-
YEHHSI CHJI 0OOPOHU JIEPIKABH € TAKUM:

ESD =F[R(1),U(1),0(t).7 (1)]. 3)

e ECB _ CKJIaIoB1 (DYHKIIIOHYBaHHS CHCTEMH JIOTIC-
TUYHOTO 3a0e3MedeHHs] Cul 00OpOHU JepKaBU Ha MO-
MeHT vacy ¢ (Ha {-my erami) nepiony 7T, teT;
R(t),U (t),Q(t) — y3arajbHCHI MOKa3HUKH CKJIaJIOBHX
CHUCTEMH JIOTICTHYHOr'O 3a0e3IeueHHs CHI O0OpOHH
nepxaBu; Y (t) — YMOBH 3MiHHU ONEPaTHBHOI 0OCTaHOB-
KA CWJI OOOpOHHU JepkaBU. PiBeHb (DYHKIIOHYBaHHS

OpraHi3aIlifHO-ITATHUX CTPYKTYP CHUCTEMH JIOTiCTHY-
HOro 3a0e3reyeHHs] CHJ OOOpOHHW JEp)KaBH B yMOBax

Y (¢) Busnavaerses Bupasom [11-13]:
6az  3a6

R()=fi(r7 .70 ¥ (1)),
6az  3a6 R . . f
e r°® ,r’%’ —piBHI (QYHKI[IOHYBaHHS OpraHi3ariiiHo-
LITaTHUX CTPYKTYP, LIO BHUKOHYIOTH 0a30Bi (yHKii
CHUCTEMH JIOTICTHYHOr'O 3a0e3IeueHHs CHI O0OpOHH
Jiep>kaBu Ta 3a0e3neuyroun (yHKIii CHCTEMH JIOTiCTHY-
HOro 3a0e3medyeHHs] Cuil OOOpPOHM JAep)KaBH. Y CBOIO
qepry:

iz (t):f2({r]ﬂ}’{r]ﬂx}’{r]yx}’{r]cnoc})’
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nie {rf”} — YaCTKOBI TOKa3HHWKH, IO XapaKTePH3YIOTh

YaCTKy CHJI Ta 3aCO00iB, 110 BUKOHYIOTh 0a30Bi (yHKIIT
CHUCTEMH JIOTICTHYHOr'O 3a0e3leueHHs CHUI O0OpOHH

Jiep>KaBy, 10 OyIyTh 3HHIIIEHI; {r]’”(} — YaCTKOBI ITOKa-

3HUKH, 110 XapaKTEepU3yIOTh SKICHUN CTaH IiAPO3ILTIB,
10 BUKOHYIOTH 0a30Bi (DYHKIIi CHCTEMH JIOTICTHYHOTO

3a0e3meueHHss Cmwi  OOOPOHHM  JIEPXKaBH; {r]y’(} -
YACTKOBI MMOKA3HUKHM YKOMIUIEKTOBAHOCTI OCOGOBHM
CKIIaIoM; {r]m“} — YACTKOBI MOKA3HUKH, 1O XapaKTe-

PHU3YIOTH CITOCIO 3aCTOCYBaHHS MiAPO3AUIIB IO BHKO-
HYIOTH 0a30Bi (DYHKIIT CHCTEMH JIOTiCTHYHOTO 3a0e3re-
YCHHS CHJI 00OPOHHU JICPIKABH.

3alexHO Bifl 3HAYEHHS MOKasHuKa 7% (1) iioro

MOX>XHa OIIucaTt TaKUM YUHOM:
3060 e K K cnoc
ORI (g R A R U A

PiBeHb ()yHKIIOHYBaHHS MiJICHCTEMH YIPaBIIiHHS
CHCTEMH JIOTICTHYHOr'O 3a0e3IeueHHs CHI O0OpOHH

JepkaBH B yMOBax Y (f) BH3HAYAETHCS BHPA3OM:
U(0)= 14 () (0 ()7 1),

ne u® (¢),u™ (¢),u™ (t) — pisui (QyHKIIOHYBaHHS
€JIEMEHTIB YIPAaBIIiHHS CHCTEMOIO JIOTiCTHYHOrO 3a0e3-
TIEYCHHS, CUCTEM Ta 3ac0o0iB aBTOMATH3AIli1 Ta 3B’ SI3KY.

Y oo uepry u®”(1)=fs ({uoPg},{uiH(i)}),

ne {uOPZ} — YACTKOBI MOKA3HWKH, IO XapaKTepu3ye

SIKICTh OpraHizamii yIpaBJiHHS CKJIQJIOBUMH CHUCTEMH
JIOTiICTUYHOro 3a0e3MeueHHs CuiI OOOpOHHU JepiKaBu;

{u”‘qb} — YaCTKOBI IIOKAa3HUKH, IO XapaKTepU3yIOTh

piBeHb iHQOpMaIHHOro 3a0e3MeueHHs i PO3/ILTiB.

Jlo wacTkoBMX MoKasHuKiB {u°’°} BimHOCATBCS:

u“"™ —piBeHb BIMOBIAHOCTI IiAPO3ALIIB CHCTEMH

JIOTICTUYHOTO 3a0e3IeUeHHs CHI 00OpOHH, HOBHM (ho-

pMaM Ta cmocobaM iX 3acTrocyBaHHs; u’ — piBeHb
YKOMILJIEKTOBAHOCTI OpPTaHiB YHPaBIiHHS JIOTICTUYHUM

3a0e3rnedyeHnsam  BimnoBimHumu  daxiBisamu; u P —

PIiBEHB BIIPOBAPKEHHSI Cy4aCHUX aJITOPUTMIB IiITPUM-

aoan

KU Ta MPUAHATTS PillIeHb; U — piBeHb ajamnTaiii 10

3MiH onepaTuBHOi obcTaHOBKM; 1P — piBeHb BimmOBi-
JTHOCTI OpraHi3alliifHOl CTPYKTYpPH CUCTEMH YIPaBIiHHS
JI0 BUMOT 3 ynpaBiliHHA. YacTKOBI MMOKa3HUKU {u”“j)}

niaH }

BKJIIOYAIOTh: {u — piBeHB BIANOBIAHOCTI iHpOpMa-

HiiiHOro 3a0e3nedeHHs NMpU IUIaHYBaHHI BUKOPUCTAHHS
MiAPO3AUTIB CHCTEMH JIOTICTUYHOTO 3a0e3Me4eHHs [0
HeobxinHoro; {u"??} — pisens Bianosimocti inQop-
MaliiiHoro 3a0e3neyeHHs @pu  Oe3mocepeTHbOMY
YIpaBJIiHHI MiJPO3ALIAMUA CHCTEMH JIOTiICTUYHOIO 3a-

Oe3nedeHHs 10 HeoOximmoro; {u*’} — TpuBamicTh muK-

Iy oOyBaHHs, 300py Ta TOBEJCHHS MaHHUX PO 00’ €KTU
3a0e3MeueHH s Bi/l BCIX [DKEpel 10 BiJHOUIEHHIO J0 He-

00xignoi; {u"°} — nepios IMOBHOTO OHOBJIEHHS JIAHUX

PO 0OCTaHOBKY.
PiBeHb (hyHKIIOHYBaHHS IYHKTIB yIIPaBIiHHS:

0l )

MEX) _ yacTKOBI MOKA3HUKH, IO BilOOpa)KaroTh

ne {u
TEXHIYHE OCHALICHHS IYHKTIB YIPABIiHHA CHCTEMH
JIOTICTUYHOTO 3a0e3MeueHHs] CHJI OOOpOHH JepiKaBu;

P4y _ qacTkoBi NMOKA3HUKH, 11O XapaKTEPU3YIOTh

npotiec (yHKI[IOHYBaHHS ITyHKTIB YIPaBIiHHS CUCTEMH
JIOTiICTUYHOTO 3a0€3MeUeHHs CHI 000POHH AEpPIKaBU.

uCy (t) — f7 (ull-tmez , uCy/"l , uCGOC‘l , ucn:}’ , ulﬂl() ) ,
ne u""¢ —piBenb iHTErpaLii aBTOMaTH30BaHOI CHCTE-
MU YIPaBJIiHHS 3aC00aMU JIOTICTUYHOTO 3a0e3Me4YeHHs

Yy MEpeXEUEHTPUIHO-OPIEHTOBAHY TEXHIYHY OCHOBY
CHCTEMU YIpPABIIHHA JIOTICTUYHOTO 3a0e3IeueHHs;

u?™ — piBHI cyMicHOCTI icHYIOUHX (THX IO HAAXOIATH
Ha 030po€HHS) 3ac00iB aBTOMATH3allii MyHKTIB yIpaB-

JiHHA Ha Pi3HMX piBHAX ympaBiiHus; u“°Y — pisenn

CBOEYACHOCTI TNpUiiMaHHs, OOpOOKH, BimoOpakeHHS i
nepenavi AUPEKTUBHUX JOKYMEHTIB, KOMaH][ Ta CHI'HA-
niB; u“” — piBeHb CIELiagbLHOrO 3aXUCTy 3acoiB Iie-
peraui Ta 0Gpobku inQopmanii; u™° — pieHp ocHa-
LIEHHSI OpraHiB YIPaBIiHHA 1HQOpPMAaIiHHO-MOIEIIOI0-
YUMHU KOMIUIEKCAaMH. 3 ypaxyBaHHsM (3) iHTerpajgbHUi
MOKAa3HUK Ma€ BUTJISI:

T R0U0.00.70)
Fia ({25 O} (e ()|

ne {z i (t)} — CYKYITHICTB 3a/1a4, 1[0 ITOKJIAJIeHi Ha CHC-

(4)

TEMY JIOTICTUYHOTO 3a0e3MeUYeHHs CHI 0OOPOHU JIepiKa-
BM, B j -My BapiaHTi ii xiil, z € Z ; {"ii (t)} — cuctema
3MIHHA OpraHi3aliiHO-IITATHOI CTPYKTYPU CUCTEMH JIO-
TICTUYHOrO 3a0e3MeveHHs CHJI OOOpPOHM JEpKaBH, Ha-
MPaBJICHUX Ha 3MIHY ii i—TI/IX(i el ) MTOKA3HHKIB Y j-My
Bapianti 1ii, ne N; {c;(¢)} —pecypen, mo BuiTeH]
Ha peaJi3alliio j-ro BapiaHTy i CHCTEMH JIOTiCTUYHOTO
3a0e3leueHHss CWJI  OOOpOHM  JAepkaBw, jeJ;

I,N,Z,J — MHOXWHA TTOKa3HHUKIB, 3aXOJiB PO3BHUTKY,

BapiaHTIB MepesiKy 3aaady, 10 MOKJIaJeHI Ha CHCTEMY
JIOTiCTHYHOTO 3a0€3IeUeHHs] CUJI 00OPOHHU JIepKaBH, Ta
BapiaHTiB il pO3BUTKY.
BucHoBkH
1. B 3a3HaueHiil cTaTTi aBTOPOM IPOBEICHO PO3-
POOKY IHTETPaIBHOTO ITOKa3HUKA OIIHKHM e()eKTUBHOCTI

CHUCTEMH JIOTICTHYHOr'O 3a0e3IeueHHs CHUJI O0OpOHH
JICPIKABH.
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2. CyTHiCTh 3a3HaYE€HOT0 1HTErpajJIbHOTO MOKAa3HHU-
Ka IoJIATae B TOMY, 1110 BiH J03BOJISE BPaxyBaTH OCHOB-
Hi TOKa3HMKH, IO BIUIMBAIOTh Ha €(PEKTUBHICTH (PYHK-
LIOHYBaHHSI CHCTEMH JIOTICTHYHOTO 3a0e3NeUeHHs] CHII
00OpOHHU JIepKaBH, IO € Pi3HI 3a MOXOMKEHHSIM, OIHU-
HULSIMH BUMIpPY Ta 3MiCTOM.

Takok 3a3HauYeHWH IHTErpajbHUA MOKA3HUK JIO-
3BOJISIE BPAaxOBYBaTH IIOKa3HWKU, L0 BHHHUKAIOTh B
npoteci (QYHKIIOHYBaHHS CHCTEMH JIOTICTUYHOIO 3a-
Oe3reueHHs CUIl 000POHH JIEPKABH.

3. ®opmyBaHHS IHTErPAILHOTO MOKA3HUKA OLIHKH
€(QEeKTUBHOCTI CHUCTEMH JIOTICTUYHOIO 3a0e3leueHHs
CcHII OOOpOHHM Jep>KaBU BiJOYBa€ThCs Ha OCHOBI Yy3a-
raJlbHEHHUX [TOKA3HHUKIB, SIKi B CBOIO YEPT'y € CYKYITHICTIO
YaCTKOBUX ITOKa3HHUKIB OI[IHKH €(DEKTHBHOCTI CUCTEMHU
JIOTiICTHYHOTO 3a0e3MeueHH s CHI 00OPOHH JIEPKABH.

HampsiMkoM mofamnbImMx OCHIPKEHb CITijI BBa)a-
TH PO3pOOKY METOIUKH OIIIHKU eeKTUBHOCTI (pyHKIIi-
OHYBaHHsS CHUCTEMH JIOTICTUYHOI'O 3a0€3IEUeHHsS] CHUII
00OpOHU JIePIKaBU.
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Integral indicator of estimation of efficiency of the system of logistic support of the state defense forces
0. V. Nakonechnyi

Abstract. The experience of the history of wars and military conflicts shows that in every successfully conducted mili-
tary company, operation, battle, as well as in every defeat, it is necessary, along with other reasons, to look for the positive and
negative sides in the work of the material and technical support bodies, their organization, capabilities and ways of providing.
The development of the logistics support system has always been carried out in parallel with the development of the armed forces
and methods of warfare, operations and combat. New types of weapons, military equipment, methods of warfare put forward
their requirements for the logistics support system, forced to produce more modern forms of organization of the logistics support
system and support methods. The system of logistic support of the state defense forces is a complex, multi-level structure. In the
course of the research conducted by the author of the article, an integrated indicator was developed to evaluate the effectiveness
of the system of logistics support for the state defense forces. This indicator allows us to assess the effectiveness of the function-
ing of the system of logistics support of the state defense forces, both the system as a whole and its individual elements. The
specified indicator allows you to assess the quantitative and qualitative composition of the forces and means of logistics support
of the state defense forces; the structure of the forces and means of logistics support of the state defense forces; performance
characteristics of weapons and military equipment that are part of the forces and means of logistics support of the state defense
forces; opportunities for the restoration of weapons and military equipment, etc. In the process of the study, the author used both
general scientific and special research methods: semantic - for the development of the essential part of the definitions of the cate-
gorical apparatus of military logistics; methods of economic analysis - to assess trends in the military support of the Armed
Forces of Ukraine; system analysis methods - to assess the prerequisites and the integration of goals in the process of forming a
military logistics system; methods of economic and mathematical modeling - to optimize the structure and internal processes of
the military logistics system. Based on the results of the analysis, the author identified the main imperfections of the logistics
system of the Armed Forces of Ukraine and substantiated ways to improve the logistics system of the Armed Forces of Ukraine.

Keywords: logistic support system, state defense forces, efficiency, forms and methods.
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APPLICATION OF ANT OPTIMIZATION ALGORITHMS
IN THE SOLUTION OF THE ROUTING PROBLEM

Abstract. The article discusses current issues of using evolutionary algorithms to solve the routing problem. Ant
algorithms (MA), like most types of evolutionary algorithms, are based on the use of a population of potential solutions and
are designed to solve combinatorial optimization problems, first of all, search for various paths on graphs. The cooperation
between individuals (artificial ants) is implemented on the basis of stigmetry modeling. In addition, each agent, called
artificial ant, is looking for a solution to the problem. Artificial ants consistently build a solution to the problem, moving
around the graph, lay the pheromone and, when choosing a further section of the path, take into account the concentration
of this enzyme. The higher the concentration of pheromone in the subsequent section, the greater the likelihood of its
choice. Since MA is based on the movement of ants along some paths, MAs are effective, first of all, in solving problems
that can be interpreted in the form of a graph. Computer experiments showed that the efficiency of MA increases with
increasing dimension of the problem and for tasks on high-dimensional graphs they work faster than other evolutionary
algorithms. Good results were also noted in solving non-stationary problems on graphs with a changing environment. In
connection with this, the implementation of the meta - heuristic method is proposed as a modification of ant optimization

algorithms. The scheme of the system is presented. A software product specification is also provided.

Keywords: evolutionary algorithms, routing problem, ant optimization algorithms.

1. Introduction

In the process of managing complex technical and
organizational-technical systems it is necessary to
constantly make difficult decisions related to the
consideration of many quality criteria and restrictions
on resources. If you make such decisions using only the
intuition and experience of the manager, it will be
difficult to make the best choice. In this regard, it is
necessary to develop and implement formalized
methods of decision support. Formal mathematical
decision-making models nowadays increasingly reflect
the complexity of real-world practical problems, which,
on the one hand, make them more relevant to real
systems, and, on the other, lead to the need to solve
increasingly complex optimization problems.

The basic properties of real-world practical
optimization problems - the presence of many criteria,
significant constraints, multidimensional variables, and
algorithmic task functions - make it impossible to apply
traditional methods. The way out of this situation is to
use adaptive stochastic algorithms, successfully
overcome these difficulties. One of the most commonly
used approaches in this setting is evolutionary
algorithms, which are stochastic optimization
procedures that mimic natural evolution processes, in
particular, genetic algorithms (GA). The algorithmic
function assignment and the multidimensionality of the
variables do not present additional difficulties for GAs
who work with binarized representations of solutions
and do not require information about the properties of
the target functions. However, the presence of many
criteria and limitations complicate the use of GA in
practical tasks, ie. most approaches proposed in the field
of evolutionary optimization are focused on only one
problem, that is, either multicriteria, or constraints.

Approaches combining both areas are rare and
their effectiveness is not always satisfactory.
Optimization and planning of cargo flows, finding

rational routes result in significant savings of enterprise
resources. With the correct implementation of the task,
you can minimize production costs by 5-8% and
significantly improve the quality of service recipients,
improve the efficiency of production processes of the
enterprise. One way to save resources when transporting
goods is to use decision support systems (DSS) in the
field of transport logistics. Development of software
packages that solve basic ones the task of this field
requires serious scientific research in order to obtain
efficient algorithms suitable for for everyday use. One
of the key features of the DSS is the in the field of
transport logistics there is an opportunity of calculation
and construction effective in terms of detours for
various routes on the transport network. This problem is
most common among companies that carry goods from
some warehouse to points of consumption or retail.

The mathematical formulation of this problem is
commonly known as the Transport Routing Problem.
There are a number of types of TRP with different
additional conditions that allow to take into account the
load capacity of vehicles and other restrictions for a
more complete presentation of the details of real reality.
TRP is a generalization of the known task challenge of
the traveler (CT) in case of construction right away
several closed routes passing through some common
summit - the so-called "depot". TRP and CT belong to
the class of discrete problems optimization and are NP-
heavy. There are no methods of finding their exact
solutions and optimality testing for approximations of
polynomial time. There is a known exact algorithm for
the solution of TRP based on the method branches and
boundaries, but due to the extremely fast computation
time it cannot be used for tasks with more than 25-30
vertices.

An overview of the latest sources of research and
publications

The development of methods and means of
artificial intelligence allows to apply them to an

© Skakalina E., 2019
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increasingly wide range of problems and problems of
optimal control theory in particular. First and foremost,
this applies to tasks that are obtained only approximate
solution methods or the solution of exact methods is
quite large. To the class of such problems is
undoubtedly one of parametric optimization of various
kinds of automatic systems according to the criteria of
different species. A modern trend in the design and
development of automatic control systems (ACS), and
the DSS is used not only integral, but also other, non-
standard criteria [1], as well as an increase in the
number of adjustable parameters. All this makes
researchers when solving problems of parametric
optimization to turn to new methods and tools,
including to such relatively new artificial intelligence
technique like genetic algorithm. The increase in foreign
[2, 3,4, 5, 6, 7, 8] and domestic [9, 10, 11, 12, 13]
publications on the subject testifies to the considerable
interest of researchers to this kind of problem. A great
contribution to the application of genetic algorithm for
solving various optimization problems introduced John
Holland [14], K. A. De Jong [15] etc.

However, with all the diversity of publications, a
number of questions remain unresolved regarding the
application of the genetic algorithm to solve the
problem of parametric optimization for automated
systems, which makes such studies relevant

2. Basic material and results

2.1. Optimization tasks and their place in road
transportation planning

Currently, one of the main ways to improve the
quality and efficiency of freight traffic is to choose the
options for the use of vehicles, which include a number
of tasks, in solving each of which, from obtaining an
order for transportation, from the many options should
be selected optimal, that is, the best.

Depending on the type of problem being solved, a
specific metric is selected for which it seeks to find the
best value (for example, the minimum ATS run, the
maximum profit, etc.). This indicator is called the
optimality criterion and is a function of the independent
parameters (output) of the problem:

F=F(x1,x2,--~,xn) (l)

The decrease or increase in the value of the
criterion of optimality is determined by the need to
fulfill different customer requirements, road conditions,
vehicle technical parameters, etc. Indicators and
characteristics to which constraints are imposed are also
functions of independent parameters and are called
constraint functions that can be given in the form of
equalities and inequalities

R, = R;(x,x5,-x,) =0 (2)

Rjsz(x],xz,---,xn)SO; x, <0 3)

When solving optimization problems, it is necessary
to define and substantiate the optimality criterion and to
clearly identify the indicators and characteristics that are
accepted as constraints. The set of formulas that allow for
a given set of parameter values to calculate the values of

the constraint functions and the optimality criterion are
called a mathematical model.

2.2. Features of transport optimization problems.

The widespread use of optimization methods in
road transport is inextricably linked with the
development of computer facilities, which allows to find
the optimal solution in the online mode, taking into
account the changing environment. Thus, the choice of
the best option is the next, natural step in the higher
organization of planning and management of road
transport.

The specific properties of the tasks of planning the
transport process, especially the tasks of operational
planning, which caused the need to involve a
mathematical apparatus of modern computer facilities,
the following:

e The overwhelming number of such tasks are
multivariate. The variety of types of vehicles (TRPs), the
large number of their locations, loading and unloading
points leads to a huge number of possible delivery
options (for example, when solving the problem of fixing
eight consumers for five suppliers, hundreds of millions
of options are possible). Typically, dozens of trucking
organizations, hundreds of suppliers and thousands of
consumers are involved in solving practical problems.

e Tasks are characterized by a limited time to
process the source information, since although there is a
premature receipt of primary information (ten days, five
days, months), daily and even hourly corrected information
arrives, which can not lead to distortion of the real
situation, receiving unnecessary to practice the results.

¢ Significant initial task sizes. This property is
especially characteristic of large industrial centers,
where there are a large number of motor transport
organizations (MTO), shipment and shipment points
(GDP, WFP).

* The presence of a large number of significant
restrictions, which may not lead to unacceptable
transportation options. This is first of all a limitation: on
the time of operation of the TRP on the line; downtime
under loading and unloading; GDP and WFP
throughput; time of export and delivery of

» cargo; dependence between TRP type and type
of cargo, etc.

* Different periodicity of the decision. The
period of solving the problems of optimization of cargo
flows depends largely on the level of organization, on
the technological properties of the goods being
delivered, etc.

e When planning the transport process, the
number of unloading points far exceeds the number of
loading points. This requires special studies and measures
related to the aggregation (consolidation) of Consumption
Points (WFP), which, on the one hand, reduces the
complexity of calculations for computers, and on the
other hand increases the cost of processing information
and leads to some deviations from the best results.

2.3. Basic methods of optimal planning of cargo
transportation

Depending on the tasks to be solved in the practice
of transportation planning, various mathematical
methods are used to obtain optimal solutions. Due to the
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fact that as a criterion of optimality, as a rule, use
economic indicators, often such methods are called
economic and mathematical methods.

2.4. Modeling of transport
calculation of the shortest distances.

When planning the transport the need arises in the
definition of the shortest distances between the
transportation company (MTC), points of consumption
and points of departure of the goods. The shortest
distance between points are the basis for the payment by
the customer of transport services, for metering of fuel,
determination of turnover, payroll drivers, etc.

Determination of the distance of transportation.
Determination of the distance of transportation is
carried out in several practical ways.

Direct measurement of the distance on the ground.
This method is not useful through long distances that
cargoes are transported.

Running routes in the vehicle can be carried out on
the basis of the testimony of the regular speedometer or
special meter distances, which is an optional wheel with
the device for fixing the speed. The distance traveled is
determined by the formula

LM =2TCRK71K, (4)

networks and

where the radius of the wheel; the number of
revolutions.

Measurement on the map (plan) of the city or
district for help curvimeter.

All these methods have one serious drawback:
there is no guarantee that the selected path is the
shortest. This disadvantage is especially true with a
densely branched road networks in modern cities, when
between distant points in many different ways. To find
the optimal solutions using mathematical techniques,
the application of which requires as input the transport
network, reflecting the transport connections between
different points.

Build a model of the transport network. The set of
all roads of a city or region is the road network. The
transport network is a set of roads in the region, suitable
for the movement of specified vehicles. The transport
network is always a particular case of the road network,
usually built for different types of vehicles: cars, trucks
with full weight up to 3.5 tons, etc.

The model network can be represented as a graph.
A graph is a figure consisting of points (vertices) and
segments connecting them (links). The vertices of the
graph are points on the network, most important to
determine distances or routes.

The links in the graph are segments of the transport
network that characterize the presence of a road
connection between adjacent vertices. The links in the
graph are characterized by numbers that may have
different physical meanings. Most often this is the
distance, but can also be used, for example, travel time.
The direction-oriented links in the graph are called arcs.
Virtually every undirected link in a graph includes two
equal but opposite arcs. Depending on whether all or part
of the links are directed, the graph is oriented or mixed. A
graph, each vertex of which can be connected by some
sequence of links to any other vertex, is called a bound

graph. In other words, each vertex of a connected graph
must have at least one input and one output arc. The
graph modeling the transport network must be connected
so that from any vertex there is always a path to any other
vertex. Characteristic numbers the links of such a graph,
usually expressing the length of the path, time or cost of
travel. For modeling of the transport network must have:
maps, usually maps on a large scale, as they allow with
high accuracy to measure distances between points; data
on the location of the main OSF and off, additional
information from the municipal and road organizations
in the form of a list of streets with the characteristic of
the roadway; information on the organization of traffic,
i.e., schemes of organization of traffic at intersections,
squares and transport interchanges, as well as
information about the different limitations of movement
associated with the established traffic signs.

With this information, the modeling of transport
network starts with the placement of graph vertices. For
the vertices of the graph take GDP, WFP and so on.
Each vertex is assigned a sequence number or other
symbol. After placing the vertices they are connected by
arcs or links.

2.5. Algorithms for determining the shortest distances
on the graph. The interest in the task of finding the shortest
distances is explained by the fact that this task is one of the
stages in solving most of the problems related to freight. In
the process of solving the problems associated with the
optimization of freight traffic, many times determine the
shortest distances between the vertices of the graph.
Therefore, the speed of the algorithms for determining the
shortest distances largely depends on the time of solving
the whole problem as a whole.

We formulate the problem of the shortest path. Let
be a connected graph having R vertices and N oriented
arcs, with each arc being assigned a nonnegative
number called its length. You need to find the shortest
paths and their lengths from the given vertex to all other
vertices of this graph.

The length of the shortest path means the sum of
the lengths of the arcs that make up this path. Each
vertex of a graph can have only one arc, which belongs
to any shortest path.

* Dijkstra algorithm - finds the shortest path
from one of several vertices of the graph to all others.
The algorithm works only for graphs without negative
edges;

* Bellman-Ford algorithm - finds the shortest
paths from one vertex to all others in a weighted graph.
The weight of the ribs can be negative;

* A * search algorithm - finds the route with the
least value from one vertex (initial) to the other
(destination, final), using the first best matching graph
search algorithm;

* Floyd-Worschell algorithm - finds the shortest
paths between all vertices of a weighted oriented graph;

» Johnson algorithm - finds the shortest paths
between all pairs of vertices of a weighted oriented
graph;

* Nearest neighbor algorithm is one of the
simplest heuristic methods of solving a traveling
salesman problem
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* Nearest insertion algorithm

* Ant algorithm - one of the artificial intelligence
methods proposed by M. Dorigo

Among the so-called "Soft computing techniques"
developed over the past ten years for hard-to-solve
discrete optimization problems are

* Genetic algorithms - based on natural selection
and genetics

e Ant algorithms (4Ant Colony Optimization -
ACO, Ant Systems - AS) * Model anthill behavior

The imitation of the ant colony self-organization
forms the basis of the ant optimization algorithms. An
ant colony can be regarded as a multi-agent system in
which each agent (ant) functions autonomously by a
very simple rule. In contrast to the almost primitive
behavior of the agents, the behavior of the whole system
turns out to be reasonably reasonable.

Ant algorithms have been seriously studied by
European scientists since the mid-1990s. To date, good
results have already been obtained to optimize such
complex combinatorial tasks as the task of a salesman,
the task of optimizing truck routes, the task of coloring
a graph, the quadratic task of destination, the task of
optimizing network schedules, the task of scheduling,
and many others. Particularly effective ant algorithms
for dynamic optimization of processes in distributed
non-stationary systems, for example, traffic in
telecommunication networks.

2.6. Generalized algorithm.

Any ant algorithm, regardless of modifications,
will be presented in the following form

» While (exit conditions are not met)

* Creating ants

* Finding a solution

* Pheromone update

* Extra {optional}

Now consider each step in the cycle in more detail

* Create ants

e The starting point where the ant is placed,
depends on the restrictions imposed by the conditions of
the problem. Because for each task the way the
placement of the ants is crucial. Or they all fit in one
spot, or to either with repetitions or without repetitions.

» At this stage, you specify the initial level of
pheromone. It is initialized to a small positive number to
the initial step transition probabilities to the next vertex
was Zzero.

* Search solutions

* The probability of transition from vertex i to
vertex j is determined according to the following
formula

B
(O d.
Pii: TU() ( U) - = (5)
Zje allowed nodes Tij ® (di/‘)

where the level of pheromone, dl-l- — distance heuristic,

and constant settings.

When a = 0 the choice of the nearest city, most
likely meaning that the algorithm becomes greedy.

When B = 0 the selection is made only on the basis
of pheromone, leading to suboptimal solutions.

Therefore, a compromise between these values,
which is experimentally.

* Update of pheromone

* The level of pheromone is updated in accordance
with the formula

v (1+1)=(1-p) 7 (t)+zzl;s€egoel§qrg(ll'h;l)tQ/Lk . (6)

where p is the intensity of evaporation of the
pheromone, the price of the current solution for the k-th
anth and Q is the parameter having the value of the
order of the optimal solution, that is, the pheromone
deposited by the kth anth using the edge (i, j).

* Additional actions

* The local search algorithm is usually used here,
but it may also appear after searching for all the
solutions.

The scheme of work of system of construction of
a route and the schedule of process of gathering of raw
materials on the example of Okhtyrsky combine
(geographical restriction of the project - Shishatsky
area, Poltava region).

Incoming data. The number of vehicles involved
in the implementation of raw material collection, the
characteristics of vehicles (load capacity), the number of
points with raw materials, the distance between fleets
and points (in kilometers), geographical coordinates of
points (longitude and latitude).

Output data. Optimal transport schedule table,
road map with points, list of distances and times
between points Al and V], shortest route of all the
points mentioned in the transport plan table.

Description of the program. Let the company
have 3 vehicles allocated for the collection of raw
materials and given a certain territory, including, for
example, 10 settlements.

All vehicles have the same characteristics, in our
case - the load capacity.

Therefore, to get started with the program, you
need to initialize the transport table (Fig. 1)

B1 B2 B3 B4 BS B6 BY B8 B3 B10 Sanacul
Al 1 2 3 5 6 7 § 9 10 5 15
A2 23 3 4 ¥ ] 9 10 h 6 I 15
A3 3 3 4 b 6 7 1 2 3 4 15
MNMotpebno] 45 45 45 45 45 45 45 45 45 45

Ner[ Cosparts J[ YCTAHOBMTL JaHHbiE Jl Hauath J

N - KDA-80 MaLIUH;
M - KoR-80 RYRKTNOE COOpa;

Fig. 1. Transport table initialized
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To do this, select the number of vehicles and the
number of items with raw materials from the drop-down
lists, and then click on the Create button (Fig. 2). We
get an empty transport table (Fig. 3). To fill it with data,
first click on the cell marked B1..10 or A1..10 (Fig. 4).

N:[3 v|M:[10 v] Cosgats  YcTaHoBMT AaHHbie | Hauartb |
i —

N - KOM-80 MaiuH;
M - kon-so nyskmoa coopa;

Fig. 2. Creating an input template

B1 B2 B3 B4 BS B6 B7 B8 B9 B10 3anacel
Al - 0
A2 0
A3 - - - - 0
MotpefiHod 0 0 0 0 0 0 0 0 0 0

N: M: | Cosfats | YCTAHOBHTb AAHHble

Havate

N - KOT-80 MALWLH,
M- kom-eo0 nyuxrmos coopa;

Fig. 3. Input transport table

[ p—
B1 || B2 B3 B4 B5
| AT - - - - -
v - - - - -
A3 - - - - -
MoTpebHoc 0 0 0 0 0
[ YCTaHOBWTbL AaHHbIE Ha4aTb

Fig. 4. Filling the transport table with input data

Clicking on the selected cell will bring up a dialog
where you want to select a settlement from the list and then
click on the Confirm button (Fig. 5). After these
manipulations, cell Bl will be assigned to Yaresky
settlement. When the cells are assigned parameters, you
need to click on the "Set Data" button. The program keeps
track of the distance between Al and Bj in the database and
automatically inserts them into the corresponding cell Cjj
(Fig. 6). Manual editing is also supported.

Bl M8 | B3 B9 B10 | 3anacm
Al - - Apecskn M - - 0
A2 - - - - - 0
A3 - - - - - 0
MotpebHog 0 0 0 0 0
YCTAHOBUTL AaHHbIE Hauatb " .
Fig. 5. Consumer choice
B1 B2 B3 B4 B5
Al 1T.] 2 3 5 6
A2 23 N 3 4 7 ]
A3 3 3 4 5 6
Motpebog | 45 45 45 45 45
N:[3_+|M: L Coagars Jl YCTAHOBHTL JaHHBIE J Hauats J
M - KON-80 MaLIUN;
M - xon-80 RyHETROA CBOpa;
Fig. 6. Installation of data
As a result, we receive a filled transport table 2 Mocrasumk EEy Motpebutens
(Fig. 7). It is necessary to click on the "Start" button to 21 :-2 ::
start the calculation. After calculations, the program will e i B
issue a table of the optimal transportation plan (Fig. 8). Al 15 B6
Therefore, raw materials were assigned to all A2 4.5 B2
vehicles. Let's choose the first of them (Fig. 9). ii 4;5 E;
Routing. The planning results provided optimal A2 3 B10
freight, one of which will be considered. Transportation A3 4.5 B7
with code A1 must visit points B1, B4, B5, B6. For him, :g :‘2 :g
we will initialize the transport table again (Fig. 10), and . S o
then click on the button "Build graph". F {r./xm} Fmin (1./Km) MWHUMKH3aLMA PAcXofoB
After that, you will be taken to the page of route 188 r 4.84%(9)

construction (Fig. 11).

Fig. 7. Table of optimal transportation plan
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ONTUManbHbIM NM1aH NepeBo3oK B Buae rpada

@ Aj - NOCTABLLMKK ® Bj- notpebureny

Fig. 8. Optimal plan of transportation in the form of a graph

Al 4.5 Bl
Al 4.5 B4
Al 4.5 B5
Al 1.5 B6

Fig. 9. Compliance of vehicles and points with raw materials

B1 - fipecary B2 - Xeowpes B - Mosonsss Bd - sy

Bi 82 B3 B4 Janacw
A1 1 L3 3 7 15
n 45 15 45 15

N:[1_*|M:[4_¥| Coanam  YCTAHOBMTL AaHHGIE | Hasams

M - K080 MBUIIH,
M - KOT-80 MyHKMOS E60pa,

TIE.I'I“I.I,. OATHMANBHONS NAaHa NEpeEBo3IoK ONTUMaNLHLIR nAaH nepes030H B BMAE rpaq)a

® Al - nocTabuived @ Bj - noTpefuTenn

45,81 aq
as.az

a4%.88

Fig. 10. Transport table
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H1:B?-12.02 xam 30 s,
B1: B3 - 2363 kM 33 smn,
B1 B4 - BAT xm 16 mmn,
B2 :B4-902 w15 san.
B3:B2-14.36 wm 17 s,
B3 B4 1547 KM 17 MEH,

Fig. 11. Construction of the route

The resulting map shows the road network
between the points with raw materials. This information
shows which roads you should use, their length and
time. It is on this grid that a distance matrix search
algorithm will look for the shortest route to traverse all
points.

2.7. Description of the designed database.

MySQL DBMS was selected for
development (Fig. 12).

database

The Consumers table is responsible for the
information on raw material items and contains the
following information: item name, latitude and
longitude for determining the location on the map, the
amount of raw material that can be offered (Fig. 13, 14).

The "suppliers" table is responsible for the
information on the vehicles for raw material collection
and contains the following information: name, capacity
(Fig. 15).

Diagram 1
l
L G consumers_id: int
""""""" name: varchar(255)
I @ volume: float suppliers_to_consumers
_ mm \at- float ppliers_to_co =]
il Ing: float
suppliers_id: int
E __$ consumers_id: int
4+ PP
------------- % volume: float
™
| consumers_to_consumers
suppliers_id: int
point_id_a: int name: varchar(255)
point_id_b: int wolume: float
I 1 1
Fig. 12. Database diagram in Navicat
Cronbuse @ JoSapwte @ Yoanute A Boepx * Buus
L & TungabHen Annna/3vay...  Bessua..  Paspewn. Zerofill Mo ymonuatine
1 consumers_id INT 10 O ] O AUTO_INCREM
2 name VARCHAR 255 ] | MNULL
3 volume FLOAT O =) [0 NULL
4 lat FLOAT 106 O O  NuLL
5 Ing FLOAT 10,6 ] O nNuLL

Fig. 13. Structure of the consumers table
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A consumers_id  w name valume lat  |Ing
3 | loroneso 3 43,814365 34.169399
13 LWadpaHiska 5 49,792542 34.121567
14 Camapi 5 49.906456 34111916
10 YepHuwiska 3 49,835079 34.083009
11 TuweHkn 5 49.781654 34.070210
T HaymeHku 5 49.799896 34.060215
9 Mana byzoea 5 49,809433 34.033834
B Benwka bysoea 5 49,782879 34017681
2  ¥powoee 5 48827271 34013424
12 kwakk 5 49.874840 34006046
16 ByxyHW 3 48,797157 33.960698
1 Hpecbku 5 49.836975 33.910965
Fig. 14. Consumer table data
# Wmn Twn gaHHbX Anwra/3nau.. bessna.. Paspew... Zerofill TlMo ymonuanno
1 suppliers_id INT 10 O £l | AUTO_INCREMI
2 name VARCHAR 255 £l e | MNULL
3 volume FLOAT O O NULL
Fig. 15. Suppliers table data
The "suppliers_to consumers" table is a matrix of The ‘"consumers to consumers" table stores

distances between a vehicle depot and raw material
items (Fig. 16).

information about the communication between the items
(Fig. 17, Fig. 18).

# HMmn Twn gaHHBNK Anvna/Inay..  besva.. Paspew.. Zerofill Mo ywmonuany
1 INT 10 O 0  AUTOINCRE
A4 2 supplierss_id INT 10 | Od 1]
%E 3 consumers_id INT 10 O O 0
4  volume FLOAT O O O 0
Fig. 16. Data from the "suppliers_to consumers" table
& Han Twn AaHHB Anwna/Ivay. besswa.. Paspewn.. Zerofill Mo ysmaony
1
#EA 2 pointida INT 10 O O O o
#IE 3 pointidb INT 10 O O O o
Fig. 17. The structure of the table "consumers_to consumers"
+ point.id_a « pontidb Ajax technology is enablgd. Used JQuery library, Open
1 2 Street Map to work with maps. Open Street Map,
5 2 abbreviated OSM, is a non-profit, web-based mapping
1 3 project to create a comprehensive free and free map of
1 12 the world by a community of online users.
2 12 Conclusions
3 12 .
1 14 Commodity exchange and related transport flows
” 14 play an important role in the economies of developed
3 14 countries. The organization of transport flows requires
= 14 the involvement of not only carriers but also service
firms. The organization of flows of export, import and

Fig. 18. Data from the table "consumers_to consumers"

Algorithms, technologies and tools used. The
following methods and algorithms are involved in the
program: minimum element method, potential method,
ant colony algorithm. JavaScript and PHP programming
languages were used in the software implementation.

transit cargo was seen as a minor operation. In the USA,
more than 90% of the volume of such cargo is organized
by the freight forwarders, in Europe 70% of the
intermodal transportations are for freight forwarding
companies in Europe. In the national freight forwarding
sector, there are a total of about 1000 enterprises
providing freight forwarding and brokering services,
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most of which are unprofessional and do not have a
well-developed integrated technology.

Studies show that 85-95% of the total duration of
the logistics chain of the production cycle of the
commodity movement is the expectation of processing,
transportation and other operations, including storage.
The goal of logistics is to build a door-to-door delivery

process with minimal losses at the joints, with minimal
cumulative costs and time to promote the integrated
logistics flow.

The result of the research was the development of
a system of optimization of transportation, which meets
the modern requirements for software. The software is
adapting to the Android platform.
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3acTocyBaHHS MyPAIIMHKUX AJITOPHTMIB B pillleHHi 3aga4i MapmpyTu3amnii
O. B. Ckakaiina

AnoTtanis. JlocmipkeHHS MOKa3yOTh, M0 85-95% 3arabHOi TPUBAJIOCTI JIOTICTHYHOTO JIAHIIOTa BUPOOHUYOrO LUKITY
TOBapHOTO PyXy CTAaHOBHUTb OUYiKYBaHHS Ha 0OpOOKY, TPAaHCHOPTYBaHHS Ta iHILI onepauii, BKItouatoun 30epiranus. Meta Jioric-
THKH - TOOYyBaTH MPOLEC JOCTABKH «Bi ABEpel 10 nBepeid» 3 MiHIMAIEHIMU BTpaTaMy Ha MICISX 3'€IHAHHS, 3 MiHIMaJIbHUMHA
HAKOIMMYYBAJIbHUMHU BUTPATaMU Ta YaCOM JUISl CHPHUSHHS IHTErPOBAHOMY JIOTICTUYHOMY IIOTOKY. Y CTaTTi PO3IJISJAIOThCS aKTya-
JIbHI NMTAaHHSA BUKOPHUCTAHHSA €BOJIOLIMHUX aNrOpUTMIB UL BHUpILICHHS 3ajadi Mapiipyrusanii. MypamuHi anropurmy, sk i
OiIBIIICTh BUJIB €BOJIOLIMHUX aJIrOPUTMIB, 3aCHOBaHI Ha BMKOPUCTAHHI IOMYJLII MOTEHUINHHUX pilleHb i po3poOieHi mis
BUPIIIEHHS 3aBJaHb KOMOIHAaTOPHOI ONTHMI3allii, IepIl 3a Bee, MOLIYKY Pi3HUX HULIXiB Ha rpadax. Kooneparist Mixk ocoOnnamu
(WTYyYHHMH MYpaIIKaMH) TYT peali3yeThCsl HA OCHOBI MOeNIOBaHHs crirMerpii. IIpu 11bOMy KOJKEH areHT, 3BaHHMi LITYYHUM
MYPaxoro, LIyKae PillleHHs MocTaBieHoro 3aBiaHHA. LlITy4Hi Mypalku IOCIiOBHO Oy[oyrOTh PIllIeHHS 3aBJIaHHS, IEpecyBaro-
4uCh 110 Tpady, BinkIagaoTh GepoMOoH i pr BUOOPI NONAIBIIOr0 AUISHKU LUIIXY BPAXOBYIOTh KOHLIEHTPALIIO IIbOr0 ()epPMEHTY.
Yum OGinble KOHIEHTpaLis GepoMOHY B IOJANBIIOMY JUIMHII, THM Oinblua HMOBIpHICTb #oro BuOopy. OCKIJIBKU B OCHOBI My-
PALIMHOTO AJITOPUTMa JIEKUTh [IEPECYBAHHS Mypax 3a JISSIKUMH LUIAXaX, TO MypalluHi aJlrOpUTMHU epEeKTHUBHI, NIepII 3a Bce, IIPU
BUpIIIIEHH] 3aBJaHb, sIKi JIOIyCKAK0 IHTepHpeTalio y BUrisil rpada. IIpoBeneHi KOMI'IOTEpHI €KCIEPUMEHTH [OKa3alH, IO
e(eKTHBHICTh MYpAILIMHOI'0 AIFOPUTMA 3pOCTAE MPHU 30LUIBIIEHH] pO3MIpHOCTI 3a1adi 1 11t 3a/1a4 Ha rpadax BUCOKOI po3MipHOC-
Ti BOHH NPALOIOTH MIBKUIIE, HiXK 1HIII €BOJIOLIHHI anroputMu. BinzHaueHo TakoXk XOpoILi pe3y/IbTaTi NP BUPILICHHI HecTalli-
OHAPHUX 3371a4 Ha rpadax 3i 3MIHHOIO CepeNoBHIIEM. B CBATH 3 UM NPOIOHYETHCA peajizallis MeTa - eBPUCTUYHOIO METOLY, SIK
Mozuikauii MypallMHUX anropuTMiB ontuMizawii. [Ipeacrasiiena cxema pobotu cucreMu. Takox npencTasieHa cnenudikaris
MPOrpaMHOro MpOAYKTy. Pe3ynbraToM nociikeHHs craia po3poOka CHCTEMH ONTHMIi3alil IepeBe3eHb, sKa BiIIOBijae cydac-
HHMM BHMOI'aM JI0 IporpaMHoro 3abesnederHs. [Iporpamue 3a0e3neueHHs agantyerbes 10 miardopmu Android.

Karo4doBi cioBa: eBONIOLIHHI alropuTMH, 3a/1a4a MapIIpyTH3allii, MypaluHi aropuT™MH ONTHMI3ali.
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METOJIUKA CTBOPEHHA € IJMHOT' O IHOOPMAIIMHOI'O ITIPOCTOPY
HA BUPOBHUYOMY HIAIIPUEMCTBI 3 ®YHKHIOHAJIBHO
CTIMKUM TEXHOJIOTTYHUM ITPOILIECOM

AHoTanisi. B poOoti npoBomuThCs aHAI3 ICHYIOUMX METOIMK LIOAO YIPABIiHHSA IIPOMMCIOBUM HignpueMcrBoM. Haii-
OiiblI BiIOMMMHM 3 HUX € Taki HOpMaTuBHI JokyMmeHTH ynpasiinaa: MRP II (Manufacturing Resource Planning), ERP
(Enterprise Resource Planning), APS (Advanced Planning & Scheduling Systems) i MES (Manufacturing Execution
Systems). HaBozsThCst OCHOBHI IepeBaru Ta HeJOJMIKK BKa3aHUX CHCTeM ynpasiiHHS. [IpoBeneHuii aHaii3 Bka3ye Ha HE00-
XiJJHICTb CTBOPEHHSI CHCTEM YNPABJIiHHSA HOBOI'O IOKOJIHHS, KA TICHO IIOB'A3aHE 3 PO3BUTKOM METOIMKH CTBOPEHHS €U-
HOTro 1H($OPMAIIHOTO MPOCTOPY MiIPHEMCTBA 1 IHTErPOBaHUX MOZIEIEH /Ul aBTOMaTU30BaHUX CHCTEM YIIPaBJIiHHS ITiAll-
PHEMCTBOM. 3alpOIIOHOBAaHA METOAMKA, 1[0 IPYHTYIOTHCS Ha CUCTEMHOMY ITiIXOAI, IKMH MiCTATH (hOpMani3oBaHUH onucu
BCi€l CyKYIHOCTI BUPOOHMUYMX Ta Oi3HeC HpOLeciB; MaTepialbHUX O0'€KTIB Ta pecypciB, IO 3alisHI B ONEPaTUBHOMY
YIIpaBIIliHHI BUPOOHUITBOM 1 HOro KOHCTPYKTOPCHKIN Ta TEXHOJIOTTYHIH MiAroToBLi. 3a3HaueHa METOAMKA CTBOPEHHS €11~
HOro iH(OpMaIifHOro NPOCTOPY IMiATPUMYETHCS BiAIOBIAHMMH 0a30BUMHU iH(POPMALIHIMH TEXHOJIOTisAMY, 110 3a0e3me-
YYIOTh: PEIHXKUHIPUHT Oi3HEC-TIPOLECIB ONEPATUBHOrO YIPaBIIiHHSA Ta TEXHIYHOI MiATOTOBKY BUPOOHUIITBA 3 METOO 3a0e3-
MIEYEHHS NePexXo/y BiJ (yHKIIOHAIBHO-OPIEHTOBAHOI 10 NPOLIECHOT OpraHi3alil ypaBJiHHs MiANPHUEMCTBOM; OIHUC i Bi3y-
aJIbHE IIPEJICTABIICHHS €JIEKTPOHHOI CTPYKTYpU BUPOOY i HaJlaHHs HOMY CTaTycy CTaHIApTy MiANPHEMCTBA; YIPABIiHHA
6i3Hec-nporiecaMy  ONEPATHBHOIO IUIAHYBAHHA 1 TEXHIYHOI MiATOTOBKM BUPOOHMLTBA 3 BHKOPUCTaHHAM EJIEKTPOHHOI
CTPYKTYpH BUPOOY, CHIpsIMOBaHE Ha MiATPUMKY (yHkuioHanpHuX 3a1a4 APS, MES, PLM-cucrem. 3okpema, B poOoTi po3-
IIISIHYTa MaTeMaTHYHA MOJIE]Ib TEXHOIOIYHOr0 IIPOLECY Ha MPOMHUCIOBOMY IiIIPUEMCTBI. BBOAUTBCS MOHATTS Ta YMOBHU
(YHKIIOHAIIBHOI CTIMKOCTI TEXHOJIIONIYHOrO NPOLIECy Ha MPOMUCIOBOMY HiAnpueMcTBi. BkasyroTbest kputepii (yHKIIOHa-
JIBHOI CTIHKOCTI TEXHOJIOT'IYHOT0 HPOIIECy.

Kar4dosi ciaoBa: ynpaBiiHHS BUPOOHMYMM IiAINPHEMCTBOM, CTaHIAPTH YIIPaBIiHH, ONEPaTHBHO-BUPOOHHUYE IUIAHY-

BaHHsI, MEpexeBl MoJieli, MeTou Teopii GyHKIiOHaNbHOI CTiHKOCTI.

Beryn

B nmanuii yac migBUIIECHHS S(QEKTHBHOCTI YIpaB-
JIHHS BUPOOHMYHMM IiJIPHEMCTBOM TiCHO IOB'S3aHE 3
BJIOCKOHAJICHHSIM CHUCTEMH OIEpaTHBHO-BUPOOHUYOTO
rianyBanHst (OBII) wa minnpuemctsi. [Ipu npomy ro-
noBHa meta OBII nonsirae B 3a0e3neyeHHi 31aroKeHo-
ro, KOMIUIEKCHOI'O, PUTMIYHOTO XOAYy BHUPOOHHMIITBA IO
BUTOTOBJICHHIO Ta BWITYCKY IMPOIYKIIi IpHU HaWIOBHI-
LIOMY i pIBHOMIPHOMY BUKOPHCTaHHI BCIX BUPOOHUYMX
pecypciB, BUYaCHOMY BHKOHAaHHI 3000B'3aHb OO
BHUITYCKY TOTOBOI IPOJAYKIii HA OCHOBI PiBHOMIpPHOTO i
KOMIUIEKTHOTO XOJly BHUPOOHMIITBA Ha KOXHi BUPOO-
HUYIN JIaHIi, a TAKOXK JOCSITHEHHI MIiHIMaJbHOI TpHUBa-
nocti BupooHnyoro nukiy (TBLI) i, BiamosigHo, cko-
poueHHs 00CsTiB He3aBeplIeHOro BUpoOHUITBA. Jlocs-
THEHHSI BHUIIEBKa3aHOI MeTH 3a0e3NevyeThesl 3a paxy-
HOK PO3B’SI3aHHSI JIOCHTh CKJIQJHOTO Habopy (yHKIiH
OBII, mo sKWX, SIK MPaBWIIO, BIIHOCSATH: PO3PAXYHKH
3aBaHTXXEHHS BHPOOHMYHMX TOTYKHOCTEH MO MiANpH-
€MCTBY B LJIOMY 1 BUPOOHMYMX MiJPO3/iIaX 30KpeMa;
PO3paxyHKH KaJIeHIapHO-IUIAaHOBUX HOPMATUBIB opra-
Hizanii BupoOHHYOro nporecy, B Tomy uucii TBL] Bu-
TOTOBJICHHSI TOTOBUX BHPOOIB Ta iX eleMEHTIB, BH3HA-
YEeHHs BEJIMYMHU HE3aBEpILIEHOr0 BUPOOHMIITBA, PO3pa-
XYHKH TapTiid 3ammycKy BUpPOOIB, BU3HAUEHHSI TEPMiHiB
BUIIEPEPKYIOUOro 3aycKy BUPOOIB y BUPOOHHIITBO 3a
¢da3amu i cragisiMu 00pOOKH JeTajei i3 BUMOTOBICHHIM
BUpOOiB; po3poOKka KaneHIapHUX TpadikiB 3amyckKy-
BUITYCKY BHpPOOIB; YCTaJ€HHS OIIEPATUBHUX BHPOOHU-
YHUX 3aBJaHb BUPOOHWYWM MiJPO3/iIaM MiJIPUEMCTBA
(mexam, MITBHMIIM, POOOYHUM MICIIM); OICPATHBHE
peryaroBaHHs, OOJIK i KOHTPOJIh BUKOHAHHS IUIAHOBHX

3aBJllaHb; 3ajla4yi MEPEeKEBOro IUIaHYBaHH; 3ajadi Io-
OynoBU po3KianiB; 3abe3nedeHHs (YHKIIOHAIBHOI
CTIMKOCTI CHCTEM TOLIO.

AHaJi3 JiTepaTypHUX JaHMX Ta TOCTAHOBKA
npo6iaemMu. MerogaM Ta MOJEISIM TOOYIOBU CKJIaTHUX
TEXHIYHUX CHCTEM IIPUCBSIYEHO BEIIMKY KIUIBKICTh Hay-
koBux poOiT O.A. Mamkoga [1], O.B. Bapabama [2, 3],
I'.A. Kyuyxka [4, 5] Ta i in. [IpobiemMa BIAMOBOCTIHKOCTI
CKJIaJIHUX TEXHIYHUX CHUCTEM AOCIiKyBajach B pobo-
tax B.A. MamkoBa [6], B.A. CaBuenka [7] Ta iHmUX
BYeHUX. [TUTaHHS CTIHKOCTI CHCTEM BiITHOCHO 30BHIIITHIX
JecTabiTi3yrounxX BIUMBIB mociimkyBaiock O.I. omo-
HoBuM [8], I.B. Pyboanom [9] Ta i iH.

[Mpobnemu moOymoBu Ta posropraHHs iH(opma-
LWIHUX CHCTEM, a TaKOX KOJAYBaHHs JAaHWX BHpIiIIyBa-
mick HaykoBusiMu, cepen sikux: C.I'. Bynin, B.O. Po-
MaHoB, B.A.Pomanrok, A.O. 3inuenko, [. Akyildiz,
C. Fragouli, R. Ahlswede Ta iH.

B pe3ynbpTaTi HaKOMMYEHOT'O AOCBiy B MaHiil cde-
Pl Ha CHOTOJIHIIIHIN IeHh PO3POOJIEHO BEINKA KiIBKICTh
meronuk OBII Ta ynpaBiiHHS NIPOMHCIOBHM MiANpH-
emMcTBOM. Haiibinb BiIOMUMH 3 HUX € TaKi HOpMaTHB-
Hi gokymentn ympasiiaHsi: MRP II (Manufacturing
Resource Planning), ERP (Enterprise Resource
Planning), APS (Advanced Planning & Scheduling
Systems) i MES (Manufacturing Execution Systems)
[10]. Ili cucremHi pimeHHs anmpoOoBaHi 3a ocTaHHi 15-
20 pokiB Ha PI3HUX BUPOOHMYMX WiNNPUEMCTBAX B
0araTtboX iHIYCTpIsiX.

CHiJIBHOIO PHCOI0 BHIIEBKA3aHUX CHCTEM € Te, IO
B HHUX PEATi3YIOThCS NMPUHIIMIK, XapaKTepHi IS iHTer-
POBaHHMX aBTOMATH30BAaHMX CHCTEM YIIPABIIHHS ITifll-
puemctBoM (IACY), xonm aBTOMATH3YETHCS LIMPOKHI
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KOMIUIEKC (DYHKIIIH yIIPaBIIiHHSA, IO OXOILTIOOTH 3a1adi
CTpaTeriyHoro, BUpOOHUYOro, (PIHAHCOBOI'O IJIAHYBaH-
HsI, OTIEPATHBHOTO YIPABIIiHHS MOCTAYaHHSAM, 3aKyITKa-
MM, 3aracaMu B TIOEJJHAHHI 3 aBTOMATH3aIli€l0 KOHCTPY-
KTOPCHKOI, TEXHOJIOTIYHOi ITiATOTOBKA BUPOOHHUIITBA
TOWIO.

CporoziHi HalOLIBIIY yBary npu BUBYEHHI MUTaHb
aBTOMAaTu3allii yNpaBlliHHS ITiJIPHEMCTBAMH TPHILIS-
etbes ERP-cucremam. IX konmenmis moGyaosaHa Ha
aBToMaru3aiii Ta iHdopMmaTH3amlii Oi3HEC-NMPOIECiB
(BIT) nmanyBaHHsS mpojaxiB, 00'€éMHOrO BHPOOHHUYOTO
Ta (hIHAHCOBOT'O TUIAHYBAHHS, YIIPABIIIHHS JIAHIIOKKAMHU
moctavaHHs, 3agad oOmiky Ta iH. Jlo mepeBar ERP-
CHCTEM CIIiJl BiJHECTH peaji3allifo B HUX IPOLECHOrO
MIX0/Y IO YIPaBIiHHS IIPOMHCIOBHM IiANPUEMCTBOM,
IO € OCHOBOIO MDXKHapomHHX cTanaaprtiB ISO i, mo
cyTi, sike BH3Ha4wio npexacraBieHHs ERP-cucrem sik
3araJbHOIPUHHATOI MIXKHAPOAHOI MPAKTUKU CTBOPEHHS
CHCTEM YITPaBJIiHHS IPOMHCIIOBUMH IAIPUEMCTBAMHU.

Opnnak ERP-cucremu MaroTh 1 CyTTEBI HEIONIKH.
3okpema, B Outbinocti cucteM ERP mimanyBanus 6asy-
€Tbcsi Ha 3acrocyBaHHi ctangapry MRPIL. B mpomy
CTaHIApTI TependavaeThes JIUIIe 00'eMHE TUIaHYBaHHS,
SIK TIPaBMIIO, Ha PiBHI MicsiyHOTO IU1any. Lle oOymoBitoe
TOW (hakT, 10 TUIAHYBAaHHS POOIT, TEXHOIOTTYHHUX OITe-
partiii 11 BEpCTaTiB Ta iHIIOrO TEXHOJIOTIYHOro 00J1aI-
HanHs B ERP-cucremax Bemerbcst Oe3 BpaxyBaHHS I10-
TOYHOTO 3aBaHTAXKEHHS BHUPOOHMYMX JIAHOK 1 CTaHy
HE3aBEPIICHOTO BUPOOHUIITBA. Y IOCUTH HMPUMITHBHIH
(dopMi 3IIHCHIOETBCS BU3HAUSHHS TPUBAIOCTI BUPOO-
Huyoro mporecy (BIT) 3acobamu mpocToro miacymoBy-
BaHHS TPUBAJIOCTI BCiX HOro omeparii, xo4a B JiiicHOC-
Ti TpuBatyicts BII 3anexwuth Bix 3aBaHTa)KeHOCTI o0Jia-
JTHAHHSI HA MOMEHT BHKOHAHHs 3aMoBieHHs. Le € mpu-
YHHOIO TOTO, 10 Oyab-sikuii netansuuii ERP-ruian Oyne
BUKOHATU TPAKTUYHO HEMOXHMBO. Kopurysatu Taki
TUIaHH OTIEPATUBHO, 3a3BUYal, HE BIAETHCSL.

B mmx ymoBax oIHHM i3 JIi€BUX BapiaHTIB € CTBO-
PEHHSI Ha iINPUEMCTBI CUCTEMH BUPOOHUYOrO IUIAHY-
BaHHs kinacy APS (Advanced Planning & Scheduling
Systems) a00, IpHU JTOCUTH BUCOKOMY PiBHI aBTOMaTH3a-
uii BupoOHunrea, MES-cucremu (Manufacturing Exe-
cution Systems), AKi 3a0€3MeYyIOTh OLIBII TOYHE ILIa-
HYBaHHS XOAy BHpOOHMITBA. J[aHI cucTeMu 3’SIBUIINCH
Ha PUHKY B KiHII 1990-x pOKiB i MalOTh T'OJOBHOIO
METOI0 CKJIaJaHHs AeTalbHOro B mopiBHsHHI 3 ERP-
CHCTEMaMHU IEXOBUX 1 MDKIIEXOBHX PO3KJIaAy pOOOTH
JUIi BCbOTO TApKy OOJIaJiHAHHS Ha BCiX MOpTQensx
3aMOBJICHb Ha TPUBAJINI TEPMiH 3 BPaxyBaHHIM pealib-
HOT'O CTaHy HE3aBEPIIEHOr0 BUPOOHUIITBA.

Cucremu APS ckiagaroTh po3kiiaj poOOTH BChOTO
MAIPUEMCTBA, BCIX HOr0 BUPOOHMYMX IUISHOK 1 poOo-
yux nentpiB (PLl). Aje 3aBnaHHS BUAAIOTBCS HE Ha
okpeMi poboui Mmicus (ue 3aBnanas MES-cucrem), a 3a
okpeMuMH nexaMu. KokeH 1ex B pe3yiabTaTi OTpUMye
CBIMl BJIACHUI PO3KJIAJ HA TPUBAIUN IEPiof POOOTH.
[Tpu upomy B mopiBHsHHI 3 anroputMamu MRPIL, anro-
putmu APS mipu ckiiagaHHi pO3KJIagiB OJHOYACHO Bpa-
XOBYIOTH SIK MOTpeOW B MaTepiaiax, Tak 1 HOTYKHOCTI
MANPUEMCTBA 3 BpaxXyBaHHSAM iX TOTOYHOTIO 1 3ariaHo-
BAaHOTO 3aBaHTaxeHHs. B amroputmax APS BpaxoBy-
IOTBCSL TIEPEHAIATOKEHHS 1 JedKi I1HIIN TapaMeTpu

BUroToBIeHHS iHCTPYMEHTY |c11 I I"n

Texnosoriunnii npouec OII | “n I’:z I el ')

TexHosoriunoro cepenouima [10]. Takox APS-
CHCTEMH JTO3BOJISIIOTH PO3B’S3YBAaTH 33ayi IUIaHyBaHHS
3 BpaxyBaHHSIM Komiuiektawii. [Ipu mpoMy mix 3aBaaH-
Hsimu komrutekranii 111 B 3agavax mmanyBanHs OyaemMo
PO3YMITH TIpOLIENypY, SKa BiAIOBIJAE 3a Te, IO IS
BUTOTOBJICHHS Ti€l UM iHIIO1 onuHuUI manyBaHHs (OIT)
3 mopTdernst 3aMOBJICHb € B HAsABHOCTI BCi HEOOXiTHI
MaTepiajd, BCi TEXHOJOTIYHI Ta JIOTMOMIXHI PECypCH,
BCl KOMIUIEKTYIOYi, BCSI OCHACTKA, BECh IHCTPYMEHT, BCi
HOPMH 1 BCs JIOKyMEHTaIlis. SIKIIo Bee 11e € B HassBHOCTI,
To BUroroieHHs qanoi OIl MoXHa TIaHyBaTH B Yaci.
PosrisinemMo 3a3HauyeHy mpolLeAypy IUIaHYBaHHS
netaneHime. [pumyctumo, mo € OIT e; (puc. 1), mpen-

CTaBJICHA TEXHOJIOTIYHUM IPOIECOM Y BUIIISAI MHOXH-
HU OIepamnin {el-j, ji=1.., pl-} JUTS KOXKHOI orepartii

BIJIOMi HEOOXIiJHI IS BUKOHAHHS: PEeCypCH, 0OJiaqHaH-
HS, IHCTPYMEHT, OCHACTKA, KOMIUICKTYIOUi, TOKYMEHTa-
1ist Toro [10].

3aMOBICHHA Ta OTPpUMaHHA
KOMIITeKTYROYITX

[ /]

Tac

gal-feul - | %]

BUroToBIeHHS iHCTPYMEHTY dll I dy
BHUroToBIneHHES
Pospodka TIT a l l on n [ l In :
IHCIPYMEHTY IHCTPYMEHTY
| 2] | 2 B [*n L_’ospoﬁnca 111
Poszpodka IHCTPYMEHTY
KOHCTPYKII{
IHCTPYMEHTY l & I I gn| Pospoba KOHCIPYKLUIT

iHCTpYMEHTY

Puc. 1. Iponecu kommnexranii oguaumi mwianysanus (OIT)

B mpouieci komruiekTani npu nepesipii Oymb-siKoi
Jj -oi omepariii e;-oi OIl Mojxe BUABUTHUCS, IO JUIS HET
NoTpiOeH crieniabHUI 1HCTPYMEHT, SIKUHA HE MOXKe OyTH
Npua0aHui B CUITY YHIKaJIBHOCTI, @, OT)KE, IOBHHEH OyTH
BUTOTOBJICHUH paHillle, HDK MOYHETHCS 110 IUIaHy j-a

omepanis. Ha j+1—1# onepallii MOke BUABUTHUCH, IO

JUTs Hel TOTpiOHE CrieljiaJbHe MPUCTOCYBAHHA 1 IHOTO
MIPUCTOCYBAHHS HE TUIHPKH HEMAa€ B HAsIBHOCTI, aji¢ BOHO
HaBiTh HE CIIPOEKTOBAHO. I, Bpemri, Ha AKii-HeOynb k -i
omepamii aHajgi3 IMOKaXke, II0, IO-TIepIIe, HEOOXiTHO
NpUAOaHHA CTAaHIAPTHUX KOMIUICKTYIOUHX, SIKMX HEMae
Ha CKJIai MiANPUEMCTBA, 1 HEMa€ CIeIiaIbHOIO BUMIpIO-
BaJIBHOIO IHCTPYMEHTY, SKUH IIe HEOOX1THO PO3POOUTH 1
BHUIOTOBHTH, 1 T. 1. [HakIIe, Mu OaunMo, 110 HABITH OJUH
TeXHOJIOTiYHMi Tporec BurotoeneHHs OIl moxe mopo-
IUTH 0e3Tid CyMDKHUX Oi3HEC-TIPOIICCIB, BUKOHAHHS
SIKUX HEOOXIAHO 3a0e3MeYdTH N0 MOMEHTY IIOYaTKy
BiJITIOBITHOI OCHOBHOT TE€XHOJIOTIYHOI OITepalrii.

B ocHoBi moOynoBu anroputMmy posknaniBs B APS
JIOKUTH TMPOCTUHM IHCTpyMeHTapii. € Oe3miu omeparriit
JUIsl BCi€i CYKYITHOCTI BHpOOIB, MHOXXHHHM BEPCTaTiB, i
Ha KO)KEH BUPIO € OOMEXEHHS — 32 TepPMiHAMH BUITYCKY,
3a HasBHICTIO MaTepianiB i T. A. OOMEXEHHS MOALIA-
IOTHCS Ha CYTTEBI Ta HecyTTeBi. CroYaTKy, IpH MepIo-
My TIPOXOMdi aJrOpUTMY, CKIAIA€ThCS BHPOOHHUMIA
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pO3KIax 3 BpaxyBaHHSIM 3HiHCHEHHOCTI CYTTEBUX O00-
MEXEeHb, HANPHKJIaJ, BiJICYTHICTh MOPYIIEHb TEPMIiHiB
MoCTaBOK. SIKmIo poskiaz copMoBaHO, TO BiH BBaXka-
€TbCSl JONMYCTHMMUM 1 TIpUAMAeThesl SIK 0a30BUHA IS
MOAAJBIIOI «ONTUMI3alii» — Ha HACTYITHHUX HPOXO/aX
aJrOPUTMY peai3yeThCsl CIpoda BpaxyBaTd iHIII,
MEHII Ba)KJIUBi, 0OMEKEHHS.

3a CBOEIO CYTTIO IIe HE LIO iHIIe, SK iTepamiiHui
MpOLIEC OTPUMAaHHS NPHHHATHOIO PO3KIAAY 3 Bpaxy-
BaHHSIM HOBUX OOMEXEHb, SIKIi BHOCSTHCS Ha HOBIH
itepauii. B psigi BUmaakiB mporec IUIaHyBaHHS CIIPO-
yroTh me Ounbine. CrovaTKy IUIaHYIOTh OJHY JeTallb,
MOTIM 1HIIY, IO THUX Mip, MOKK BCIO MHOXXHHY JeTalei
He Oyne CIUTaHOBaHO. TakMM YMHOM, CHPOCTHBIIM ajl-
TOpUTM MOOYIAOBH BHpPOOHMYOro poskiany, APS-
chcTeMH 3a0e3MeYy0Th MOXIIMBICTh B MEXKaxX HAsBHUX
00YHMCITIOBAILHUX ITIOTY)KHOCTEH OTPUMYBATH JOITYCTH-
Mi BHPOOHHMYI PO3KIAIH 1 OLIbII TOYHO MPOTHO3YBATH
TepMiHu noctaBok. [Ipu npomy APS-cucremu He cras-
JATH cO01 CKJIQJAHUX 3ajad Ha 3pa3oK MiHiMizalii B
CKJIaJICHMX PO3KJIa/JaX TEPMiHIB TepeHalalioK, TPaHC-
MOPTHHUX OIepaniif, 3MeHIIEHHsI KIIBKOCTI 3aJisHOro
o0JIaJiHaHHS 1 T. 1., OCKIJIBKH OOJIK IIMX BUMOTI HEMHUHY-
4e MpHU3Be/e 0 YCKIAAHEHHS aJlTOPUTMIB i HEMOXKIIU-
BOCTI 32 HAaHKOPOTHIMH Yac OTPUMYBATH PO3KIJIAAN IS
BEJIMKHX po3MipHOCTel. B 3B's3ky 3 1um APS-cuctemu
MAalOTh OOMEXEHHI CKJIaJl KPUTEPIiB IUTaHYBaHHSI.

Jani BimzHaunmo, mo APS-cucremu mmpu MOXIIH-
BOCTI MOBHMHHI TiCHO B3aemofistd 3 MES-cucremamu,
SIKi BU3HAYAIOTHCS K CHCTEMHU OIEpPaTUBHOTO XapakTe-
py, HamijgeHi Ha (OpMyBaHHS pO3KIAIiB PoOOTH He
TIJIBKH JUISL BEPCTATIB, a W Uil TPAHCHOPTHHUX 3aco0iB,
CHCTEM YIpAaBIIHHS IMPOLECAMU CKJIQJAYyBaHHs, Opuraj
HaJIQI4YMKIiB 1 T. 1. [Ipu 1[bOMY OCHOBHUMH (DYHKIISIMH
MES -cucreMm € He TiJbKH IUIaHYBaHHS, aje W JWCIIET-
yepu3allisi BUpOOHHYHX TporieciB B 1iexy [10].

3a3suuaii MES-cucremu BKITIOYaOTh B ce0Oe po3-
BHHEHI 3aCO0M MIATPUMKH TEXHOJOTIYHOI IiATOTOBKH
TOT'O Y IHIIOTO THUIYy BUPOOHUITBA. |HaKIIe BOHU MO-
KYTb MaTH 3aco0H iHTerpamii 3 cMCTeMaMH aBTOMaTH-
3amii MpoeKTyBaHHSA TexHoyoriunux mpomecis CAIIP
TII / ACTIIB. Taki IACY iMeHyIOTbCS CHCTEMaMH
kimacy PLM (product lifecycle management) i xapakre-
PHU3YIOTBCS TUM, IO B HUX 3HUKAE (YHKIIOHAJIBHUH 1
iH(pOpMaLifHUI PO3PUB MK KOHTYpaMH OIEPATUBHOT'O
YIIPaBJIiHHS Ta TEXHIYHOI MiATOTOBKH BUPOOHUIITBA.

MeTo10 po6oTH € CTBOPEHHS CHCTEM YIIPaBIIiHHS
HOBOT'O TIOKOJIIHHS, sIKa TICHO IIOB'SI3aHE 3 PO3BUTKOM
METOJIMKH CTBOPEHHSI €ZIMHOTO 1H(pOpMaLifHOro mpocTo-
py miampueMcTBa i inTerpoBanux mopened mist IACY.
Meroarka MOBUHHA TPYHTYIOTHCS Ha CHCTEMHOMY Iij-
XOJIi, SIKMH MICTATh (pOpMai3oBaHHUN OIMCH BCI€l CyKym-
HOCTI BHpOOHMYMX Ta Oi3HEC MpOIECiB; MaTepiaIbHUX
00'eKTIB Ta pecypciB, IO 3aisHi B ONEPATHBHOMY
yHpaBIiHHI BUPOOHHUIITBOM 1 OTO KOHCTPYKTOPCBHKiH Ta
TEXHOJIONYHIA marorosili. OYeBHAHO, IO 3a3HaycHa
METOJMKA CTBOPEHHS €IMHOr0 iH(pOpMAIHHOrO MPOCTO-
Py TOBMHHA MiATPUMYBATHCh BIAIIOBIAHUMH 0a30BUMHU
iH(OpMALIITHUMHU TEXHOJIOT1SIMH, 1110 320€31e4yI0Th:

e PEIHXUHIPUHT Oi3HEC-TIPOLIECIB ONEePaTHBHOTO
YIPaBJIiHHS Ta TEXHIYHOI MiJrOTOBKM BHPOOHUIITBA 3
METOI0 3a0e3IeueHHs Iepexoay Bin ()YHKIOHAIBHO-

OpiEHTOBaHOI 10 MPOLECHOI OpraHizamii yHpaBJiHHS
T ATTPUEMCTBOM;

e OIKC i Bi3yaJlbHE MPEJICTABIICHHS €IEKTPOHHOI
crpykrypu BupoOy (ECB) # nHamanHs Homy crarycy
CTaHAapTy MiIIPUEMCTBA;

e ympaBiiHHS Oi3HEC-TIpoIlecaMH OIEPATUBHOIO
IUIAaHYBaHHS 1 TEXHIYHOI MiATOTOBKM BHPOOHHUIITBA 3
BukopuctanHsiM ECB, cnipssmoBaHe Ha miATpUMKY (GyH-
kmionanpHuX 3aga4d APS, MES, PLM-cuctem IACY.

[Ipu upomy cmij 3ayBaXKHTH, IO IIPIOPUTETHOIO
CKJIaJIOBOIO B HaBEACHOMY Iepeiiky KoMmmoHeHT IACY,
3 HalIoi TOYKH 30Dy, € CHCTeMa CEepeIHbOCTPOKOBOIO i
OIEPATUBHOTO IUIaHyBaHHs. [10MIOHMIA aKIIEHT 3HAYMMO-
CTi JaHOI CUCTEMHU OOYMOBIIIOETHCSI THUM, IO e(PeKTHBHE
BUPOOHWYE IUIAHYBAHHS € HAWOLIBIII ICIIEBUM CIIOCOOOM
MIBUILEHHS TIPOITYyCKHOI CIIPOMOXKHOCTI BHUPOOHUYHMX
cucreM. [IpuuoMy Ba)KIMBUM MOMEHTOM TYT € BHOIp
BiJIMOBIZTHOTO METOJly BUPOOHUYOTO TUIaHyBaHHSL.

BuKkJ1aJ 0CHOBHOTO MaTepiajy

AHaii3 BIIOMUX METOIIB PO3B’s3yBaHHS 33134 BU-
POOHUYOTrO TIAHYBaHHS TIOKA3ye, 10 OCTaHHI MPU BChO-
MY CBOEMY PO3MAiTTi MOXXHA PO3/LINTH HA [IBA KIIACH:

e METOJH MEpPEKEBOr0 IUIAHYBAHHS;

e METOJH, IO BIAHOCATHCS IO 3arajbHOi Teopii
PO3KIIAIIB.

[Tpu npoMy 10 mepeBar METOIB MEPEKEBOTO IlIa-
HYBaHHS BIJIHOCHTBCS iX BiJHOCHa MPOCTOTA, Opi€HTa-
sl Ha TPOLECHE IIPEJCTABICHHS 3araJlbHOI CXEeMH Op-
rafizamii poOiT 3 BHUKOHAHHA BHUPOOHHUYOI IMpOrpamMu
3aMOBJICHb, [IPUPOIHE CHPUHHATTS YIPABISIFOYMM Mep-
COHAJIOM MepeKeBHUX TpadikiB i MPHUB'SA3KU POOIT (Tex-
HOJIOTIYHHUX Omepaliii), ki B HUX BXOIATh J0 Yacy i T. i.
Jlo HemOMiKIB IUX METOIIB BiTHOCITH Te, IO IUIAHY-
BaHHS BHKOHAHHS BUPOOHMYMX Omepamiid B HUX 3AiHcC-
HIOETBCS 3 BUKOPUCTAHHSM CIIPOIIEHUX CXEM PO3IIOALTY
BUPOOHUYHX IMOTYXHOCTEH TEXHOJOTIYHHUX JIAHOK, 0e3
BpaxyBaHHS CTaHy He3aBEPILIEHOr0 BUPOOHMITBA i T. i.

Jlo mepeBar 3arajibHOi Teopii pO3KIIAIIB, IO BUKO-
PUCTOBYE METOIU IMITAalIHHOIO MOJCIIOBAHHSA, IPU
(opMyBaHHI BUPOOHMYMX MPOrpaM BiJHOCATH MOMKIIH-
BiCTh BpaxyBaHHS BEIUKOI KiJBKOCTI TEXHOJOTIYHHX 1
opraHizamiiHiuX OOMEXeHb, IIOTOYHOI'O 3aBaHTAKCHHS
BUPOOHUYHX JIAHOK Ta CTaHy HE3aBEpIIEHOTO BUPOOHU-
urBa. [Ipu oMy 3araibHa Teopisi PO3KIa/iB JI03BOJISIE
PO3B’sI3yBaTH JIMIIE 3ajadi IUIaHYBaHHS 3 HEBEIUKOIO
PO3MIPHICTIO, BOJHOYAC, BY3bKa Opi€HTAlis METOAY
CHpsIMOBaHA Ha IiJBUIICHHS 3aBaHTaKEHHS BHUPOOHU-
4yoro oOyiafHaHHS 0e3 YITKOro YNpaBJIiHHS TepMiHAMH
BHUKOHAHHSI BUPOOHUYOI IIpOrpaMu 3a BiJIICYTHOCTI ITpo-
LIECHOTO MPE/ICTAaBIICHHs 3arajbHOI CXEMH OpraHizarmii
POOIT Y BUPOOHHYIH CUCTEMI.

YacTo ai1st po3B’si3aHHs 3324 BUPOOHMYOro ILIa-
HYBaHHS Ha NMPaKTHIl BUKOPHCTOBYIOTh KOMOIHOBaHUI
X1, TPEACTaBIIIOUN 3aadi MEPEKEBOro IIaHyBaH-
HS 1 PO3MOIUTY HAsIBHUX BUPOOHUYUX PECYPCIB MEpexi
POOIT K PO3IMIUPEHHS 3arajibHOi 3aJa4i MOOYIOBH BU-
pobHMYUX po3kiamis [10].

Bynemo BBaxkatm, mo y BUpOOHMYIN cucTeMi 3a-
JTAHO MHOXXMHY OJWHHWIb IUIaHyBaHHA {z}, z=1,...,Z,
3 MOpT(ET0 3aMOBIICHb, IPEJCTABICHUX TEXHOJIOI Y-
HUMH TPOIIecaMy 3 MHOXKHUHU OIepatii
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{OZI-,}, z=1L..,Z;i=1..,1, r=1,..,R.
MHOXHHA orepartiit

{OZI-,}, z=1..,Z;i=1,...,1, r=1,..,R

BH3HAYA€ MHOXHMHY pOOIT Ha Mepexi S={s}, ne

S =0y, BimmoBijae i-ii omepanii BUKOHaHHA Z -TO
3aMOBJICHHA 3 BHUKOPHCTaHHAM pPECYpCy F-TO THUILY.
Taxox OyaeMo BBakaTu, IO BUPOOHHMYA CHCTEMa Ma€
MHOXHHY THIIB pecypciB R = {r}, r=1,..,R , B sKocTi
SIKMX MOXKYTh BUCTYNATH BUPOOHHWYI AUISIHKH, poOodi
HEHTpH 1 T.i. MHOXMHA R PO3IIANAETHCA SIK CHCTEMa
00CIYrOBYBaHHsI 1010 BUKOHAHHS {0, }.

[opsimox BCTaHOBJIEHO TEXHOJOTIYHMH pearizarii
pobiT B Mepexi, SKUH Moxe OyTH IpeAcTaBICHUH Yy
BUTJISIIII MepEeKeBOro rpadika, ToOTO y BUTTISI OE3KOH-
TypHOrO oprpada S =<I RS V) 3 OIHIEI0 MOYATKO-
BOI0O BEpUIMHOI "*", KIHIIEBOIO BEPUIMHOIO
MHOXKUHOIO pOOIT / Ta MHOXXHMHOIO Ayr V , IO BH3HA-
Yar0Th TEXHOJOTIYHUI MOPSJOK BUKOHAHHS POOIT.

BiamoBinHO 10 TexHOMOri, KOXKHAa podoTa i BU-
KOHY€ETHCS 3 BUKOPHCTaHHSM IIEBHOT'O BUIY peCypcy 7 -
TO THITYy, TOOTO BUKOHYETHCS Ha OOJIQJHAHHI » -TO BH-
POOHUUOI JTaHKH, 110 A03BOJSIE ieHTU(IKYyBaTH OY/Ib-

"* % n
b

SIKY 3 pOOIT TPIiHKOIO (zir) . Ilpu IboMy B SIKOCTi BHXiJ-

HOI XapaKTEpPUCTUKU POOOTH (zir) € ii obecar w,

(TpYIOMICTKICTh BUKOHAHHS) Ta IHTCHCHBHICTH BHKO-
HaHHA N, .
3YMIi€ThCSl KUIBKICTh OJJUHUIIL 7 -TO PECYPCY, L0 BHIi-
JAETbCA A ii BUKOHAHHA. 3 BpaxyBaHHSAM BBEICHHUX
XapaKTEepPUCTUK POOOTH ii TPUBAJICTH ;. BU3HAYAETHCS

TyT mig iHTEHCHUBHICTIO POOOTH <Zi> po-

zir
SIK JIesika (DYHKITiST BUTTISIITY

tzir = f(wzir’ Nzir )’
30KpeMma,
Ly = Wzir/Nzir .

nou

TOI[i, BHU3Ha4Yaw049u T,; SIK MOMCHT 4YaCy NO4YaTKy

3ae

BHKOHAHHsA POOOTH iz , a T, SAK MOMEHT Yacy ii 3aBe-

puieHHsi, (HOpMaJbHO BUPOOHHMYMH PO3KIAJA IPOLECY
BHUKOHAHHS TOTO Y 1HIIOTO 3aMOBIICHHS MOXKHA TIpe[-
CTaBUTH SIK MHOXXHHY TIap BHIJISLY

zir > “zir

<r”0” 13”6>, z=1..,Z,i=1..,1,r=1,.,R.

BBezieHi nmo3HaueHHs 103BONSIOTH BUIIIMTH 3ara-
JIBHY METOIUKY (OpMyBaHHS BUPOOHHUYOTO PO3KIALY
[0 BUKOHAHHIO 3aMOBJIEHb SIK MPOLEAYPY, IO CKIIaja-
€TBCS 3 KPOKIB, SIKI IIUKITIYHO TOBTOPIOIOTHCSL:

1) BuOpaty 3i CIUCKY HEPO3TIISIHYTHUX 3aMOBJICHb
Z 4eproBe 3aMOBIICHHS {z} JUIsS. BKJIFOYEHHSI HOTO B

PO3KJIaa i BCTAHOBUTH TUMYACOBY TOUYKY BIiJUTIKY, IO
JIOPIBHIOE HOMEPY JIHSI BUKOHAHHSI 3aMOBIICHHS;

2) BHAUIMTH 3 MEPEKEBOro rpadika 3aMOBICHHS
{Z } MaKCHUMaJIbHUH (POHT pOOiT, 10 MPETEHIyIOTh Ha
BKJIFOUCHHS B PO3KJIaJ], TOOTO TaKHX Y SIKMX BCi HACTYII-
Hi 32 TEXHOJIOTi€10 POOOTH BXKE BKIIFOUEHI B PO3KIIAJL;

3) BuainutH 3 copmMoBaHOro (GpoHTY poOiT ore-
partifo 3 HaHOIIBIIOK TPYIOMICTKICTIO W, (IaHa eBpH-
cTHKa 3a0e3ledye NeplIoYeproBe BKIIOUEHHS B PO3K-
J1aj1 poOIT KPUTUYHOTO HATIPSIMKY);

4) BKJIIOYUTH B PO3KJIaa BHIUICHY POOOTY, mepe-
BIpHMBIIM YMOBH HasBHOCTI JUI 11 BUKOHAHHS BCIX KOM-
TUIEKTYIOUMX, HEOOX1THUX MaTepiajiB, TEXHOJOTIYHUX i
JIONIOMDKHUX PECypCiB, OCHACTKH, HEOOXIIHOTO 1HCTPY-
MEHTY, TOKYMEHTAIlii, 1 TPU3HAYUTH VIS 11 BUKOHAHHS
«MIHIMaJBHO JIOCTATHE» YHCIIO OJUHUIb, IO 3BiJIbHSI-
€THCS ITICIISl BUKOHAHHS 4eproBoi orepariii BUpoOHUYO-
T'O pecypcy 3 BpaxyBaHHSIM BUMOI' BUKOHaHHS 33 TepMi-
HaMH PO3TJISIHYTOrO 3aMOBJICHHS, HEJOMYIIEHHS 3011b-
LIEHHSI TPUBAJIOCTI KPUTUYHOTO HAIPSMKY 3aMOBJICHHS
i 3a0e3nedyeHHsT PIBHOMIPHOCTI XOIy TEXHOJOTIYHOTO
npouecy. Ilicns 4oro BH3HAYaIOTBCI MOMEHTH 4Yacy
MOYATKY 1 3aBEpIICHHS BHJIEHOT pOOOTH.

Ha koxHOMY IMKJI JaHOI MPOIEAYPU B PO3KIAT
BOY/IOBYETHCSI OflHA PO0OOTa BHIUIEHOTO 3aMOBIICHHSI.
OTKe, micas CKiHYEHHOI KiJIBKOCTI TIOBTOPIB KPOKIB 2—
4, pPIBHOIO IIOTY)KHOCTI MHOXXHUHH OIlepariii {ozir} ,

IpoIec MOOYIOBH PO3KIANy I BUAUICHOIO 3aMOB-
JICHHS 3aBepIIUThCI. [Ipu 1bOMy, B pa3i BUSIBJICHHS
nedilmTy pecypcy Ha Till Ui iHIMH JUTSHIN, TUIS BUKO-
HaHHA Oy[b-KO0i pOOOTU 3 MHOXXUHH {ozir} BCl pobotH

JTaHOT MHOYKHHHU BUKIJIIOYAIOTHCS 3 C(POPMOBAHOTO PO3K-
Jasy 1 BAKOHAHHS 3aMOBJICHHSI PO3TIISIAAETHCS TIOBTOP-
HO 32 YMOBH BUJIIJICHHSI HA OCTaHHIO pOOOTY HOro KpH-
TUYHOTO HAINpPSMKY OUTBINOI (HANPUKIIal, Ha OJMHHIIIO)
BEJIMYMHH PECypCy.

BigzHaunMo, 1m0 omucaHa MeTOAMKa MOOYIOBU
PO3KIaniB JO3BOJISIE, 3 OMHOTO OOKY, 3/1iHCHIOBATH BH-
poOHUYE IUTaHyBaHHS 3 BpaXyBaHHSM Jil0YMX Ha ITifTM-
PHEMCTBI TEXHOJIOTIYHUX 1 OpraHi3allifHUX OOMEXEHb,
a 3 1HIIOro, peali3oByBaTH NMPUHIUIH «BHTSATYIOUOT'O»
(Pull Scheduling) manyBanHs, 3a0e3reuye BUKOHAHHS
3aMOBJICHb 33 IPUHIIUIIOM «just in time» 3 MiHIMi3ali€er0
00CsITiB He3aBEPIIEHOrO BUPOOHHIITBA.

3anpornoHoBaHa METOAWKa MAaE€ PEKypCHBHHN Xa-
pakTep Ta N03BOJISIE OymyBaTH BUPOOHHYI PO3KIAIH 3
TIepEeBIPKOI0 TOTPUMAHHSI TAKUX IHTETPAIBHUX KPHUTEPi-
iB epekTMBHOCTI PO3KIAIB SIK KPUTEPIH MiHIMaIbHOI
KaJICH/JIApPHOI TPHUBAJIOCTI BUKOHAHHS PO3KJaly, KpHTe-
piit MiHIMyMy BapTOCTi BUKOHAHHS PO3KJIa/IiB TOIIIO.

ITpu upomy cdopmoBaHMil BUPOOHUYHMHA PO3KIIA,
OpIEHTOBaHMI Ha TPOLECHE INPEJCTABICHHS 3arajbHOL
CXeMH oprasizailii podiT y BupoOHHUYiil cucremi, 103BO-
Jsi€ 3JIMCHUTH TIepexia BiJi BUPOOHUYOIO IIaHYBaHHS
[0 4YacOBUM IHTEpBaJaM Ta IleXaM JO M03aKa3HOo-
OpIEHTOBAHOTO MEHEKMEHTY, a TAKOX JI0 II00Y10BU Ha
il OCHOBI CHCTEM IPOIECHO-OPiEHTOBAHOTO OIO/KETHO-
ro IUTaHYBaHHS 1 M033aKa3HO-OPIEHTOBAHOI'O KOHTPOIIIO
Ta yrpapiiHHs BUTpatamu [10].

PosrisiHeMo HKue BIacHe KpUTEpil, sikuil 3a0e3-
MIEYUTh HENEepPepPBHICTh POOOTH Cy4acHOTO MiANPUEMCT-
Ba. BBaxaTuMeMo, 110 BUKOHAHO BCE BUILEONHMCAHE —
HiANPHEMCTBO NPALIIOE B YMOBAX pecypcHoi 3abe3meye-
HOCTI 3 UYITKO 3alUIaHOBaHMMHU TIpadikaMy BHITYCKY
roToBOI mponykuii. BiacHe nocmiaumo sik mparioe na-
HUH TIpollec Ha atoMapHoOMYy piBHI. Jlocmigumo sk 1€
MpaIfoe Ha PiBHI OKPEMOro BHPOOHUYOIO IMPOILECY Ha
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NeBHIH BUPOOHMYINA AUSHII (POOOYOMY LEHTpi), IO
BHUITYCKa€ KOHKPETHUH BHJI MTPOIYKIIii.

be3 aBromarm3zalii mporuecy KOHTPOJIO IapamMer-
PiB BUPOOHMYMX IPOILIECIB HA Cy4acHHUX MiANPUEMCTBAX
HEMOJXJIMBO OpraHi3yBaTH CepidHMI BHITYCK SKiCHOI
mpoaykiiii. BimacHe, mis po3B’s3aHHA MOJAIOHUX 3aaa4
Ha BUPOOHWYMX ITiANIPUEMCTBAX, 3a0e3nedeHHs (QyHK-
IIOHATBHOT CTIHKOCTI BUPOOHHUYHX IPOIECIB 3aBIIKU
KOHTPOJIIO B PEXKHMI PEaNBHOI0 Yacy KIFOYOBHX BHPO-
OHUYUX MapaMeTpiB IMPOMOHYETHCS MaTeMaTHYHA MO-
JIeTTb, sIka MOXKe OyTH HEBiJl’€MHO IHTETPOBaHOIO B aB-
TOMAaTH30BaHY CHCTEMY YIIPABJIIHHS ITiJIIPHEMCTBOM.

Bunyck mpomykuii 3a3Buuail CKIQIAETHCS 3 HU3KH
eTamiB, Ha KOKHOMY 3 SIKUX BHCYBAIOThCSI ITEBHI BUMOTH
JI0 TIapaMeTpiB Ta XapaKTEPUCTHK CHUPOBHMHH, HaIliB-

(aOpuKaTiB 4M TO B KiHIIEBOMY MiJICYMKY TOTOBOI IpO-
nykiii. [TosHaunmMo Taki HAOOpPHU MapaMeTpiB Ha KOX-
HOMY [ —My erami x(i),i=1,2,...N (puc.2).

*r—> —> —>

Puc. 2. Torosorist TEXHOIOIYHOI O
BHUPOOHUYOTO ITPOLIECY

TexHomoriuni BupoOHMYI nporiecu (puc. 3)mis ra-
paHTyBaHHS JOCSTHEHHS NapaMmeTpiB Xx(i) Ha KOXKHOMY
erani BUMaraloTh 30BHIIIHIX BIUIMBIB Ha BHPOOHHYMIA
mporiec — u(i) (edekr Bim poOOTH, CHEPrETHYHHIA

e(eKT, XiMiUHI YM TO IHII TEXHOJOTIYHI BIUIMBU Ha
KO)KHOMY 3 €TaliB).

Puc. 3. Cxema BUKOHAHHSI BAPOOHHYOTO TIPOLIECY

3p0o3yMijo, 10 KiHIIEBa SKICTh MPOIYKIIi Ta Mpo-
MiXKHa KIJIBKICTh Ha KOXXHOMY €Talli 3aJIeKUTh Bij J0-
TPUMaHHSI TEXHOJOTIi Ta 3a0e3le4yeHHsT BUTPUMKHU He-
OOXiZIHMX TapaMeTpiB Ha KOXKHOMY ITIOIEPEIHBOMY
kporti. Jlam BBa)kaTUMEMO, IO I amnpiopHa BHMOTa
BHKOHAHa.

3ayBa)xMMO, 1110 B PEAIbHUX BHPOOHHYHMX YMOBax
Xil BHpPOOHHYOro mpolecy 3a0e3leunTh IOBTOpPIOBA-
HICTh Ta IHTEHCHUBHICTh BHUITYCKY IPOAYKIii, sKa 3aJ0-
BOJIbHSIE HAmepe]] 3aJlaHMM BHMOTaM Ta CTaHAapTaMm 3
MIEBHUMH BiIXWICHHAMH (fHomyckamu) €(i), sAKi Xxapak-

TEpHI JJIs1 KOXKHOTO BUPOOHUYOTO MPOIIECY YH TO BUPO-
Oy B3araji KaXyuu iHAuBigyansHo. ToOTo, BCi JiHiMHI,
XIMiYHi, MEXaHIYHi, TCOMETPUYHI YH IHII XapaKTepHC-
TUKU BUPOOY IMOBUHHI BiJIIOBIAaTH €TAJIOHHOMY 3pa3Ky
HE TEePEBUIIYIOYH MOPOTH TEXHOJIOTIUYHUX MOXHOOK. B
MPOTWJISKHOMY BHIAJKY, TPH 3HAYHUX BiIXMUICHHSX,
MPOJYKIIiSi BBAXKATUMETHCS OpaKOBAaHOIO, IO TOTSTHE
3a cO0OI0 JONATKOBE BHAUIEHHS PECYPCIB, OCHACTKH,
IHCTpYMEHTY, BHECEHHs 3MiH y BUPOOHHMYI IUIAHH Ta
3MIHUTh Yac BUKOHAHHS BCHOTO 3aMOBJIEHHS (TOOTO,
3HOBY BHHHKHE HEOOXiJHICTh BHKOHAHHS BUILEOIHCA-
HUX TPOLIEIYD).

Takox mo3HAYUMO:

A(i)— MaTpHIIO 3aJeKHOCTI TMOKAa3HHKIB SKOCTI
nponykuii Ha i+1-My erami BiJ MOKa3HUKIB Ha [ -MYy
eTari, BJIacHe MaTpHUIsl BUPOOHUYOTO IIPOLIECY;

C(i) — maTpuIIIO, SIKa BU3HAYAE CTPYKTYPY BIUIUBY
Ha BUpOOHMIMii pouec (7).

TO)Z[i MaTréMaTu4dHa MOACIIb TEXHOJIOTIYHOT O mpo-
EeCy MOXXHaA 3allMCaT TaKUM YUHOM:

x(i +1) = AG)x(i) + C(u(i),

1
i=0,12,..,N-1. M

x(i)eR", A(i)eR™N,

C(i)e RN | u(@i)eR".
[pencraBumo (1) y Bursiai
Ax = Cu. ()

Take mnpejpcTaBieHHs JIEMOHCTPYE, IO BCi eTamu
TEXHOJIOTIYHOT'O0 BUPOOHHYOTO MPOIECY MOXYTh OyTH
OITMCaHI CUCTEMOIO anredpaiuyHuX piBHSHG (2), 1e:

x(0)
MR ORI
x(‘N)
u(0)
o] 1O |
u(N.—l)
C(0) 0
0 CQ 0
C=| 0 0 c@3) - 0 _
0 0 0 0' C(I\}—l)
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6mouna matpuus (Nn)x(Nm).

A:
—-4(0) E 0 0
0 -A1) E 0
=1 0 0 -4Q2) E 0
0 0 0 0 0 —AN-1) E

marputst ((N—Dn)x((N +1Dn).

Ipu upomy matpui 4 Ta C BH3HAYAIOTH TOIO-
JIOTi}0 BUPOOHUYOTO MPOLIECY.

BekTop u ommcye TEXHOIOTiIUHI OCOOJMBOCTI BH-
POOGHHYOTO TIPOIIECY.
x(0)
x(D)

Hexait X = eTaJIoHHu Tnpornec. Erta-

X(N)

JIOHHHH TIPOIIEC TapaHTye MOBHY BiANOBIAHICTE HAOOpPY
napamerpiB  x(k), k =0,1,...,N, fAki MaoTh OyTH JO-
TpUMaHi TpH 1l€aJbHOMY BHKOHAaHHI BHUPOOHUYOrO
MpolLIeCy Ha BCiX eTamax Ta Ha KOXHil 3 JaHok. ToOTo,
Lle TIeBHE Me/iaHHe 3Ha4yeHHs, sSKe BOJHOYac mepeznda-
Yyae HasBHICTH alpiOpHOi CYKYMHOCTI AOMYCTUMHX BiJ-
XHWJICHb [TapaMeTPiB CUCTEMHU.

3amano mapamerp € >0, 110 BU3HAYAE CYKYITHICTh

JIONYCTUMHX BiJXWJIEHb (TOJEPaHCIB) Bill €TaJOHHUX
3HAYEHb.

Osnauenns 1. Axwo npu 3adanux mampuysx A
C ma eexmopi U icuye po3s’azok x=X+e cucmemu
(2) maxui, wo ||e|| <&, mo maxuii mexHoI02iUHUL NPo-
yec Ha3UBAMUMEMO (PYHKYIOHATILHO CIMIUKUM.
IToznaunmo

Z(AT)=E—AA+ -

MIPOCKTOP Ha AAPO MATPHUIL AT, A" — nceBnooGepHeHa

Matpuud [11].
CrpaBaKyeTbcs TeOpeMa.
Teopema 1. Hexail suxonyemocsi ymosa

uTQu =0, (3)
de Q= CTZ(AT)C. Ipu yvomy

Tooi mexuonoziunuil npoyec, ONUCAHUL PIGHIHHIAM
(2), € pynryionanvro cmitikum.

A*(Cu- A)?)” <e. (4)

Jloseoenns. Hexaii uTQu =0. Bpaxyemo, 1o
AA" — cumeTpuyHa MaTpus i zT (AT) = Z(AT) [11].
Tak six Z (AT) — IIPOEKTOp, TO
724y =z")y.

Toni 3 (3) BumMBaE

ul Qu=u"cTz(A"YCu =
=u' Tz (4"yz(4")Cu =0.
3Bigcu
T P - T
“Z(A )Cu“ —0 i z(4")Cu =0.
OCKIIBKH
Z(ATy=E - 44",
TO

(c - AA+c)u - 0.

Sk macminok, AAYCu = Cu . Toni
AA" Cu — AX = Cu — Ax.

Ockineku A= AA"A [11], To

AATCu— Ax =

= AA"Cu— AA" A% = AA" (Cu — Ax).
Tomy
AA™T (Cu— AxX) = Cu - Ax.

e o3nauae, moCu— Ax eIm A [11]. 3Biacu Bu-

IMBac, 1o icuye e € R" Take, mo

Ae =Cu— Ax. (5)
3 (5) onepxxyemMo
A(e+x) = Cu.

OTxKe, BEKTOp e+X € PO3B’si3KOM (2). OCKUIbKH
BUKOHYEThCS (5) Ta e Im 4, TO

ee{A+(Cu—Af)+v}, (6)

ne ve Ker(A), tooro Av=0 [11]. Cepen Bekropis
CYKYITHOCTI (6) HafiMEHIIIe 332 HOPMOIO 3HAUCHHS BEKTO-
pa enocsraerbes npu v=0, a came [11]

e=A"(Cu- 4Ax).

Ockinbku Mae micue (4), 1o ||e||£s, xX=XxX+e.

OTKe, TeXHOJOTIYHUI Tpolec € QYHKIIOHAIBHO CTik-
kuM. Teopemy noBeneHo.

CripaBKyeThCS TAKOXK O0EpHEHa TeopeMa J0 Teo-
pemu 1.

Teopema 2. Akujo mexnonociunuili npoyec € QyHK-
YIOHANLHO CMILKUM, MO

uTQu =0,
npu Ybomy

Jlosedenns. 3 yMOBH TEOpEMH 2 BHUILIMBAE, IO iC-

A (Cu- A)?)” <e.

Hye po3B’s30k cuctemu (2) x=Xx+e, ||e|| <g, ne
Ax =Cu . Omxe A(x +e)=Cu.
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3BiJCH BUILIUBAE
Ae =Cu— Ax. (7

3a o3HaueHHsAM 00Opa3y matpuii Cu—Ax e ImA.
Tomy onepxyemo [11]

AA" (Cu— AX) = Cu - Ax.
Taxum yuHOM
AATCu— AA" Ax = Cu— Ax.
Ane AA* A=A [11], Tomy AA"Cu = Cu. 3Bincu
(E—AA+)Cu = 0.

Otxe
T - Ty |2
Z2(AT)Cu =0 i HZ(A )Cu“ ~0.

TakuM uYuHOM uTCTZT(AT)Z(AT)CTu =0 i
uTQu =0. 3 ¢popmymnu (7) Burumusae, mo [11]

ee{d"(Cu-Ax)+Z(A)yv, veR" ™

Tonpu v =0 Je Take, 10 ||e|| < ¢. Teopemy noBeneHo.

OcCKUIbKH

A (Cu- Af)” <s,

Sxmo po3B’si30k cucteMu (2), SKUHA BiImmoBinae
yMOBaM (DYHKI[IOHAJIBHOI CTIHKOCTI HE iCHYE, LIe O3Ha-
Yae, Mpolec He MOXKe TapaHTOBAHO pealli3oByBaTUCh. B
TAKOMY BHIAJKy TEXHOJOTIYHUH TpOLEeC CIiJ 3YITUHHU-
TH, OO MpOaHANI3yBaTH, SIKI MapaMeTpH NPH3BOASTH
110 (PYHKIIIOHAJILHOI HECTIHKOCTI.

[Tpu upoMy po3B’s3yeMo 3a1audy

I(e) =||de— Cu— Ax| — min, . (8)

Po3B’s13k0M naHoi 3a/1a4i MiHIMI3aIl] € CYKYITHICTh
BekTOpiB [11]

ee{dt (Cu—Ax)+ Z(Ay, ve R"N,
IIPY LIbOMY BEKTOP
e=A"(Cu- Ax)

Mae HaiimeHnry Hopmy [11]. Bnachwe BiH QakTtuuHO
OKpECJIOE TPAaHWUYHO JONMYCTUMY MEXY BiAXHJICHb Bij
€TAJIOHHOTO 3Ha4yeHHA. B pa3i mopasibmoro 3pocTaHHs
BiIXWJIEHb, MpOLEC IMOTPIOHO HerailHO NPHUIUHHTH,
aj/pKe TpU LLOMY IPOIIeC MPOXYKYBaTH HEMPHUITYCTUMI
BiJIXWJICHHS 3a/IaHUX CTaHIAPTIB.

Ha mpaktuni ne o3Havae, 10 iCHYBaHHS TOYHOTO
PO3B’SI3Ky CUCTEMH TrapaHTye (DYHKLIOHAJIBHY CTIHKICTh
CHCTEMH, SIKIIO BiJIXWICHHS Bijl €TaJOHHOT'O 3HAYEHHS
3aJI0BOJIBHSIOT (4), TO BUPOOHMYMI TIpoliec (YHKINIO-
HaJIbHO CTIHKWI BHITyCKAlO4M NPOYKIIIO 3rifHO 3i
CTaHAapPTOM 3 AOTPHUMaHHSM T'apaHTOBAHUX TEXHOJIOTI-
YHUX JIOIYCKiB, SKIIO )X yMoOBa (4) HE BHUKOHYETHCS,
npore icHye po3B’si30k (8) e O3HaYae, IO CUCTEMa
(YHKIIIOHYE B yMOBaX OJHM3bKHX IO BTpaTH CTIHKOCTI
(TEXHOJNIOTIYHO I O3Hayae, IO Ipolec 3ade3rnedye
BUIIYCK NPOIYKIIi HEHaJNeXHOI sKOCTi, ska Oyze

000B’s13K0BO Ae(heKTOBaHA, HATIPUKIIAT, IPOAYKII Oyme
MIPUCBOEHO HU3BKUH TaTYHOK, pO3psi Tomo). SIKmo He
Mae po3B’sI3KiB 3aadi (8), To mpoiiec Mae OyTH HEralHO
3YMUHEHUH.

Cucrema NMOBEpHETHCSl y BUXIJHE ITOJIOXKEHHS Ha
piBenb QyHkuionaneHux 3amad  APS, MES, PLM-
cucteM IACY Ta 3aCTOCOBY€ETHCS BUIIE OMMCAHUN all-
TOPUTM TOBTOPHOT'O IUIAHYBAaHHS Ta PECTapTy CKOpEK-
TOBaHOT'O BUPOOHUYOI'O TIJIaHY.

[Mpunycrumo, Mo MU MaeMO €TaJIOHHI MMOKa3HUKU
3HAUEHHS BEKTOpa X .

AxmyanvHolo € 3a0aua, 4u MOJICIUBO OP2AHI3Y6a-
mu 8UPOOHUYULL NPOYEC MAKUM YUHOM, W00 OOMPUMY-
6AMUCL 3A0AHUX EMAIOHHUX NOKA3HUKI6 30 PAXYHOK
subopy eexmopa U ?

ToOTo MpomnoHyeThCS MeXaHi3M, SIKMH B peasbHii
MPaKTHI 3 METOIUKOIO, M0 3a0e3leuye JOTPUMAaHHS
TEXHOJIOTIYHUX BHUMOI Ha BCIX €Tamax BHPOOHHUYOrO
TpoLecy.

CrpaBKYIOTHCS HACTYITHI TBEPIKEHHS.

Teopema 3. Hexaii cmpykmypa supobHu4020 npo-

yecy 6uHavacmuvbCsi Mampuysimu A ma C , d 6eKmo-

POM X 3a0aHi emaloHHi 3HAYEHHs NApamMempie x ma
xapakmepucmukx npooOyKyii 6 KIHYl KOJICHO20 emany
supobruymea. Toodi HeobXIOHOI0 i 00CMAMHBOI YMOBOIO
mo2o, wo y eupobHuMOMY npoyeci 6y0ymov peanizoeani
EeMAIOHHI 8UMOSU X € BUKOHAHHS YMOBU

¥ Px=0, 9)
de mampuys
P=A"z(cTy4, z(cTy=E-cCC".

Jlosedenns. Jlna Toro, mo0 €TalOHHI MOKa3HUKU
X Oyiu peanizoBaHi HEOOXITHO 1 TOCTATHHO OO iCHY-
BaB BEKTOP u ISl IKOTO BUKOHYETHCS CITiBBIIHOIIEHHS
(2). Ll ymoBa eKkBiBaJICHTHA TOMY, IO

Ax e ImC.

onepatopa C.

(10)

ne  ImC-— oOpa3 [To3Haunmo

Y(C)=CC* — MaTpHIII0 OPTOrOHANBHOTO TIPOEKTYBAH-
Hs Ha miBrpoctip ImC [11]. Toxi ymoa (10) exBiBa-
JICHTHa BUKOHAHHIO PIBHOCTI

Y(C)Ax = AX. (11)

3igcu CCTAX = Ax i

(E-CCT)Ax =0. (12)

Ockimkn Z(CTy=E-CC*, 10 Z(CT)4x =0.

2
Orxe “Z(CT)A)?“ _ 0, 3sima

AT ZN Mz yax =7 AT z(CTyax =0. (13)
Takum cnocobom onepxyemo (5). I HaBnaku, Bu-
koHaHHa (13) BummBae (12) i1 3Bigcm (11). Omxe
Ax eImC, to6T0 Ju Take, mo Ax = Cu. Teopemy
JIOBENIEHO.
Hacainok 1. Hexaui euxonyiomscst ymosa (9) meo-
pemu 3. Tooi cykynuicme peanizayii éekmopa u 3a ema-
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Ingpopmauiiini mexnonozii

JIOHHUMU 3HAYEHHAMU 8eKMOPA X GUSHAYAEMbCS Cnig-  KEPYBaHHA MIJNPUEMCTBOM. BukiIageHo ocoOnuBOCTi
8IOHOWEHHAM aBTOPCHKOTO MiIXOy O BUPILIEHHS 3a/1a4 BUPOOHUYO-
CH AT+ Z(Cowiw < AN ;zpr;ii?ﬁil.mﬂ, SIK TIPIOPUTETHOI CKJIAZIOBOI B CHUCTEMI
30kpeMa, B poOOTI 3alpPOITOHOBAHO MaTEMaTHYHY
MOJIETIb TEXHOJIOTIYHOTO TPOLECY Ha MPOMHCIOBOMY
A0po mampuyi C . mianpueMcTBi. BBOIUTBHCS TIOHATTS Ta YMOBH (DYHKIIiO-
HaJILHOI CTIHKOCTI TEXHOJIOTIYHOTO MPOLIECY Ha MPOMHU-
CJIOBOMY MiJIPUEMCTBI. BkasytoTbest kpurepii (yHKI-
[TincymoByroUM HaBeleHI MipKyBaHHS HEOOXITHO  OHAJbHOI CTIMKOCTI TEXHOJIOrIYHOro mporecy. Bukia-
3a3HAYUTH, 1O B JaHiil poOOTI MPOBEAEHO aHANI3 MPO-  JIEHHUI TEOPETUYHMI MaTepial MOKe CIIYTyBaTd MiArpy-
OneMu CTBOPEHHS iH(QOPMAIINHUX CHCTEM YNpPaBIiHHS  HTAM CTBOPEHHS €IUHOrO iH(MOPMAIiMHOrO IPOCTOpY
HiIPUEMCTBOM Ta Ha IOro mijcTaBi 3ampoNOHOBAHO  Ha BUPOOHHUYOMY MiANPHEMCTBI 3 (DYHKILOHATLHO CTili-
METOAUKY TOOYIOBH CHUCTEM aBTOMATH30BAHOIO  KMM TEXHOJOITYHMM IIPOLIECOM.

oe Z(C)=E-C*'C — onepamop npoexmyeanms na
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Method of creating a single information space in a production enterprise
with a functionally sustainable technological process

V. Sobchuk

Abstract. This paper analyzes the existing techniques for managing an industrial enterprise. The most famous of these
are the following regulatory documents: MRP II (Manufacturing Resource Planning), ERP (Enterprise Resource Planning), APS
(Advanced Planning & Scheduling Systems) and MES (Manufacturing Execution Systems). The main advantages and disadvan-
tages of these management systems are outlined. The analysis shows the need to create new generation of management systems,
which is closely related to the development of the method to create a single enterprise information space and integrated models
for automated enterprise management systems. A methodology based on a systematic approach that provides formalized descrip-
tions of the entire set of production and business processes is proposed; material objects and resources involved in the operational
management of production and its design and technological preparation. This technique of creating a single information space is
supported by the relevant basic information technologies that provide: reengineering of business processes of operational man-
agement and technical preparation of production in order to ensure the transition from functionally oriented to process organiza-
tion of enterprise management; description and visual presentation of the electronic structure of the product and giving it the
status of an enterprise standard; management of business processes of operational planning and technical preparation of produc-
tion with the use of electronic product structure, aimed at supporting the functional tasks of APS, MES, PLM-systems. In particu-
lar, the paper deals with the mathematical model of technological process in an industrial enterprise. The concept and conditions
of functional stability of technological process in an industrial enterprise are introduced. The criteria of functional stability of
technological process are specified.

Keywords: production enterprise management, management standards, operational and production planning, network
models, methods of theory of functional stability.
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METO]I KOHTEHT-AHAJII3Y CEMAHTUYHOI YACTKH B TEKCTAX
3 O3HAKAMMU INICUXOJIIHI'BICTUYHOTI'O BIIVIUBY

AHoTanisi. B crarri BupimeHo akTyalibHy HAyKOBO-IIPaKTHUHY 3a]ady NIPUCKOPEHHS KOHTEHT-aHalli3y Ipecu 0e3 BUKO-
pUCTaHHs eKcnpec-nigxoxy. B poOori BupileHi Taki 3a1aui, SK ajanTalis OCHOBHUX CKJIAJIOBUX KOHTEHT-aHAJIITHYHOIO
JIOCHIIZKEHHS 10 aHaJIi3y CEMaHTHYHOI YaCTKH Ha OCHOBI JIOCII/PKEHHS PO3IOIIY CHHOHIMIUHMX KOHCTPYKILIH 32 paxyHOK
ITiICYMOBYIOYOTr'0 MiZIXOLY KOHTEHT-aHali3y; PO3MOALI CEeMaHTHYHHX YacTOK 33 KaTeropiaJlbLHUMU O3HAKaMM Ha OCHOBI
TPaJULIHHOrO MiIX0y KOHTEHT-aHaJli3y JUIsl pO3MOAITY siiep CEMaHTHKH 3a JIOTIYHIMH PiBHSMH S-KOHIICIIT; BU3HAYCHHS
BIZINIOBITHOCTI CEMAHTUYHOI YacTKH JIOTIYHOTrO PIiBHS caMe IPONAraHIMCTy Ha OCHOBI OPi€HTOBAHOrO IiJXOXy KOHTEHT-
aHaJIi3y NUIAXOM JIOCIIDKeHHS crieli()iky BUKOPUCTAHH CUHOHIMIB. B pe3ynbraTi nociikeHHs Bepiie po3podieHo Me-
TOJI KOHTEHT-aHa/li3y CEMAHTUYHOI YaCTKU B TEKCTAaX 3 O3HAKAMH IICUXOJIIHIBICTUYHOI'O BIUIUBY HA OCHOBI KOMIIEKCHOT'O
BUKOPHUCTaHHs TPAJULIIHOro, IMiJJICyMOBYIOUOI'O Ta OPi€EHTOBAHOI'O MiJIXO/IB KOHTEHT-aHaJIi3y 32 PaXyHOK JOCIiIKEHHS
TeMaTH4HOI JudepeHLiianii CHHOHIMIYHUX KOHCTPYKIIi Ha OCHOBI AMCKYPCHOTO aHaJi3y TEKCTY, 110 JI03BOJIIIO aJaNnTyBa-
TH METOAUKY CEeMaHTHYHOIO KOHTEHT-aHaJli3y 0 KBAaHTOBO-CEMaHTUYHOI'O IICUXOIIHI BICTUYHOT'O aHAJII3Y 1, TAKUM YHHOM,
IPUCKOPUTH KOHTEHT-aHAJII3 Ipecu. Pe3ynbTaTi MOXIMBO BUKOPHCTOBYBATH JUISl IHTEpHpETallli CEMaHTUYHOI YacTKU Ta
BUSIBJICHHS 3aKOHOMIPHOCTEH y CBITaX CHPUHHATTS CEMAHTUYHOI YaCTKH.

Knaro4oBi cjoBa: KOHTGHT-aHali3, CEMaHTHYHA YacTKa, SIPO CEMAHTHKHU, KaTeropii NCUXOIIHIBICTUYHOIO IIOPTPETY,

ndepeHnialiss CHHOHIMIB, ICUXONiHT BICTHYHUH BIUIHB.

IMocTanoBka npodiemMu

IMocranoBka nmpo6iaemu. B ymoBax BiIbHOrO mo-
HIMpEeHHsT iHQOpMaIli Ta CIPOLIEHHsS IOCTYIy IO Hel,
BCE CKJIAJHINlE MPOBOJWTH aHANi3 IOTOKY JaHHWX Ta
BUSIBJISATH TI€BHI CTaTUCTUYHI 3aJI€KHOCTI B CEMaHTHY-
Hill ckiamoBiil TexcTy. Ile BiAKpUBaEe MUIAXH 10 Makxe
0e3IepenIKoJHOr0 3/1iHCHEHHS TICHUXOJIOTIYHOTO BILIMBY
Ha CBIJJOMICTh IPOMAaJISH, 110 B CBOIO YEPTY € JDKEPEIOM
HeOe3IeKu I IepKaBu B IiioMy. B po6ori [1] Haro-
JIOITYETHCSA HA HEOOXiMHOCTI 3IMCHEHHS caMe I[iTbOBO-
TO BIUIMBY Ha IiJICBIJOMICTh 3JIOBMHCHHKA, TOOTO OCO-
Ou uM rpynH oci0, 10 BYMHSIOTH NEBHI il 3 METOI0
MaHIIyJISLii CBIZIOMICTIO Ta aKTUBHICTIO TpomansH. Lle
O3Havae, 10 3ajada ypiBHOBAXKECHHS IMPOINATraHANnCTCh-
KOT'0 BIUIMBY, LIJISIXOM 3/iHCHEHHSI 3BOPOTHOTO BILUIUBY
Ha IMPOIAraHaucTa € akTyajibHow. OMHAK, aKTyaJbHOO
€ 1 iHIIa 3aJ1a4a, 110 MOJIATa€ B YHEMOXJINBJICHHI BUKO-
pHUCTaHHS PO3POOJIEHUX KOHTP3aXOMiB 3JI0BMHUCHUKOM.
OTxe, moAiOHI KOHTP3aX0Iu IIOBHHHI OYyTH HalijeH] Ha
MPOTU/IiI0 caMe TpomnaraHaucty. IIpu npomy, HE CIif
3a0yBaty i Mpo ToW (axT, 10 HASIBHICTH O3HAK MpOIIa-
TaHIM y TEKCTI HE 3aBXKIU 03HAYaIOTh HAITCAHHS IIbOTO
TEKCTY 3 MPOINAraHUCTCHKOI METOI0, BUXOMAMYH i3 3a-
3HAa4YeHOro B [2]. Y BHUPpIIICHHI IOr0 MOXKE JOMOMOITH
BUKOPHCTAaHHS Y3araJbHEHOI'0 IICHXOJIiHTBICTHYHOTO
noprpery npomnaranaucra. OqHak, B yMOBaxX HEBIJIOMHUX
KaTeropii CeMaHTUYHOI YaCTKU TICHXOJIOTIYHOTO MOPT-
pery 0coOHCTOCTI BUHHMKAE MOTpeda MpOBEIECHHS KOH-
TEHT-aHaJIi3y HIMPOKOT0 CHEKTPY JUKEpEN sl BUMILICH-
HS CEeMaHTHYHUX MaHINYJSTHBHUX CTPYKTYp. Takox
HEOOXIHICTh CTBOPEHHS METOIY 3YMOBJICHO ITOTPEOOI0
aHaIi3y Pe3yJbTaTiB 3aCTOCYBAaHHS METOIMKHU MPOTUIT
TEKCTOBIH MpomaraHii Ta KOpUryBaHHs MOOYI0BU TEKC-
Ty.

AHaNi3 ocTaHHIX AocjiIxkeHb Ta MMyOJikamii.
Buxonsguu i3 [3], xoHTeHT-aHadi3 mependayae BHU3HA-
YCHHS HEOOXIJTHUX KaTeropidi Ta sSKICHHX XapaKTepHc-
THUK TIEBHOTO 00’€KTY TEKCTY 3 IMOJaJbIIO KBaHTH(I-

Kalli€l0 IUX XapaKTEPUCTUK Ta iX KIJBKICHUM aHAJIi30M,
IO € KPUTUYHO BAXJIMBUM IpHU (OPMYBaHHI IICHUXO-
JIHTBICTUYHOT'O TIOPTPETY IPONAaraHucTa Ta BUSBJICHHI
MPOIIAraHIUCTCHKOrO TEKCTY, OCOOJIHMBO 13 3aCTOCYBaH-
HSIM KBaHTOBO-CEMaHTUYHOI'O METOJY ICHUXOJIHIBICTH-
YHOTO aHali3y TEKCTY MPOMaraHgHOro JUCKypcy [4].
[Tpu 11bOMY TPOTIOHYETHCS BUKOPUCTAHHS TaK 3BAHOTO
SIKICHOTO KOHTEHT-aHai3y. BpaxoBytouu Toi ¢akT, 1o
mporaraszia B OUTBIIIN Mipi 3aCTOCOBYETBCSI y TEKCTaX
3MI, a B mepury uyepry B raserax Ta HOBHHHUX BeO-
caiitax, OTXKe 1 aHaJli3yBaTH HEOOXiJAHO camMe Mi JhKepe-
na. B [5] 3a3HauaeThes, 10 KOHTCHT-aHANI3 MOMIOHUX
JDKEpeN BUMarae 3Ha4HOI 3aTpaTH 4acy, a TOMY IIpOIo-
HYETHCSl BUKOPUCTaHHS eKcrpec-aHanizy. OnHak, y BU-
MaJKy JTOCTIPKCHHS CEMaHTHYHOI YACTKU TaKUH TiaXim
He BUIIpaBJIaHHU, OCKUIBKH € 3aHA/ITO CIIPOLIEHUM Bapi-
aHTOM.

IcHyrO4I MeTONM KOHTEHT-aHawi3y, MO0 0a3yIOThCs
Ha JIOCHI/PKEHHI TpaMaTUYHHUX Ta CHHTaKCUYHHX KOHC-
Tpykuid [6-8] cremianizyloTbCs Ha IOUIYKY HEBHHX
CIIiB-MapKepiB, KIIOYOBHX (pa3, CHHTAKCHYHHX KOHC-
TPYKILIH, OJTHAK IIbOTO HE JOCHTH ISl IPOBEACHHS KOH-
TEKCTYaJbHOI'O JIOCHTI/DKEHHSI Ta JOCHIPKEHHS CeMaH-
THUYHOTO SIpa 1 CEMaHTUYHOI YaCTKU B YMOBaX KBaHTO-
BO-CEMAHTHUYHOTO TCHXONIHIBICTUYHOrO aHaiizy. [lpu
LBOMY, Cy4acHI METOAM CEMAaHTHYHOTO KOHTEHT-
aHamizy [9-10] He pO3MIANAIOTh CEMAHTHKY 3 TOUKH
30py KBaHTOBO-CEMAHTHYHOTO aHalli3y, IO € KPUTHY-
HUM B NPOBE/ICHHI KOHTEHT aHaIi3y CEMaHTUYHOI 4acT-
KH.

B po6ori [11] onucano BucXigHy cxeMy piBHIB a0-
CTpakIii B IpOIECi KOHTEHT-aHAIIi3Y, OJHI€I0 3 SKUX €
Kateropis. BusHaueHHs1 kareropii HEOOXiTHO Ui Kiia-
cudikamii MpuTaMaHHUX caMe MPONAraHJuCTy CeMaH-
TUYHHUX YacToK. [Ipu 1pomy, HEOOXiqHICTH Ta MOXKIIH-
BIiCTh IIPOBEICHHS KOHTEHT aHali3y JUIsi MPOBEICHHS
3ax0JliB KOHTPIpONaraHay B X0l AOCIIKEHHS TICUXO0-
JIOTIYHUX BIIACTHBOCTEH OCOOMCTOCTI JOBEIEHO JOCHi-
JokeHHsM [12]. TIpu upoMy HE0OXiJJHO BUKOPHCTOBYBa-
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TH €JIEeMEHTH YCiX TPhOX IIAXOMIIB 10 KOHTEHT-aHANI3Y
[13] nuissxoM BUKOpUCTaHHS METOJIB ITUCKYPCHOTO JO-
CIIJDKCHHS TEKCTY, sK Hampukian [14]. OmgHak, nepenr
3a Bce, HEOOXiMHO BPaXOBYBAaTH OCOOJIMBOCTI OcoOwC-
TOCTI, BHKOPHUCTOBYIOUM KOHTEHT aHali3 S-KOHIICTIIiT
ocobuctocTi [15].

MeTo10 cTaTTi € TPUCKOPEHHS! KOHTEHT-aHANTi3y
npecu 0e3 BUKOPUCTAHHS EKCIpEC-MiIXOMy IMUITXOM
azanTanii METOAWKH CEMaHTUYHOTO KOHTECHT-aHaJli3y
JI0 KBAHTOBO-CEMAHTUYHOTO IICUXONIHIBICTHYHOTO aHa-
T3y ISl pO3POOKHM METOMy KOHTEHT-aHaJli3y CeMaHTHY-
HOI YaCTKU.

Jlisi IOCcATHEHHST METH TIOCTaBJICHO TaKi 3amadi:
aJlarTalisi OCHOBHUX CKJIaJIOBHX KOHTEHT-aHAIII THYHOTO
JIOCITI/DKEHHST 10 aHaJli3y CeMaHTHYHOI YacTKH; pO3IIo-
JIJT CEMaHTHYHUX YaCTOK 32 KaTeropiaJbHUMH O3HaKa-
MU; BU3HAYCHHS BiIIOBITHOCTI CEMAHTUYHOI YaCTKH
JIOTIYHOTO PiBHS Came MpOoTnaraHanucTy.

BuKkJiaJ 0CHOBHOTO MaTepiajy

Buxonsguu 3 BUMOr, BUCYHYTUX 3afadaMu JIOCIi-
JOKEHHS, METOJ] CKIIAZIA€ThCsl 3 TPHOX €TAaIliB: BU3HAUYCH-
HSl OCHOBHHUX CKJIaJIOBHX KOHTEHT-aHAIITUYHOTO JOCHi-
JOKEHHST 3a piBHAMH aOcTpakuii, (opMyBaHHI si-
KOHIIEMii 0COOMCTOCTI 3a siApaMu CEMaHTHKHU, KOpEs-
sl CEMaHTHYHOI YaCTKH 3 MaHIMYJISTUBHUMH CTPYKTY-
pamu.

Etan 1. BudHaueHHsI OCHOBHHUX CKJIQJIOBUX KO-
HTEHT-aHAJITHYHOI0 JAOCTiAKeHHs 3a piBHAMHU alc-
Tpakmii. SIk Bxe 3a3Havainock, B [11] omucyerscst Bu-
CXiJHUMl pPO3BUTOK piBHIB aOCTpakmii NMpH KOHTEHT-
aHaJIi3i: OJIMHUIL 3HAYEHHS, CKOPOUYECHA OAMHUIS, KO,
KaTeropis Ta migkareropis, tema. OnHak, B yMOBax Jio-
CIIIJDKEHHSI CEMAHTUYHOI YacTKU IIUIIXOM BU3HAYCHHS
KOHTEKCTYaJIbHOTO 3B’SI3KY siipa CEMAaHTHKH Ta BKa3iB-
HUKa, lepapXisi KaTeropiajJbHUX O3HAK CIpHSE BH3HA-
YEHHIO KOHTEKCTYyaJbHOro 3B’s3Ky [1]. TakuMm 4dnHOM,
TepIll 3a BCE CJIiJ] BU3HAYATH TEMY Ta MIITEMY TEKCTY,
MEPEXOJUTH JI0 BU3HAYEHHS CKOPOUYEHOI OJWHMIL, BH-
KOPHCTOBYIOUYH TPU LOMY IiJICYMOBYIOUHMI MiXid Ta
BUJIIJIEHHs KateropiayipHoi iepapxii. OcHOByIOUHCH Ha
MiIXOMI JOCTIPKEHHS PO3MOALTY CHHOHIMIYHHMX KOHC-
TPYKIIH, 10 BUKOPHCTOBYETHCSI IPU CKOPOYEHHI TeKC-
Ty [16], MO’)KHa BH3HAYUTH OCHOBHY TEMY Ta IIiJTEMH
TEKCTY, BUKOPHCTOBYIOUHM IIOYaTKOBHH OIMHUYHUI
€JIEMEHT TEKCTY Ta AP0 CEMAHTHKH, Ha SIKE BiH BKa3ye.

Hexait Oon — MOYaTKOBUI OJMHUYHUHA 00’ €KT Te-

Kkery. Yei 00,, PO3TONIISIOTECSA 10 M TPYIax, OCHOBY-

IOYUCh HA TINOTETHYHIA MOMKIIMBOCTI KOKHOI'O €JIEMEH-
Ta BUCTYNATH IHIUKATOPOM JUIA siApa CEMaHTUKU. Ta-
KM YHHOM, YTBOPIOIOTHCS MHOXKMHA CHHOHIMIYHHX

MOYATKOBHX €JIEMEHTIB Og’ . OcHOBHa TeMa TEKCTY
n

06’” BU3HAYATHMETHCS 32 (POPMYIIOKO:
n

m
mo_ k
Oy = kZ:l 0, (1)

TPUYOMY ‘O(')m
n

>|o"
5,

3BijcH cliye, 10 TOJIOBHA TeMa Oyle MaTH Haii-
OBy KUIBKICTh CHHOHIMIYHUX TOYaTKOBHX €JIEeMEH-
TiB y rpyni. Pemra rpyn Oyne minremamu. 3rigHO CH-
HOHIMIYHOTO CJIOBHUKY [17], KOXK€H CHHOHIM BOJIOIIE
TemMatuuHOO audepeHtianiero. TakuM YHHOM, SKIIO
o0paTH TeMaTHKY 3a NEBHUMH YaCTHHAMH MOBHU, MOX-
JIMBO CKJIACTH OCMUCIIEHY JIIHIBICTHYHY 1HTEpIIPETAIIif0
TEMH TEKCTY 3a (HOpMYIIOIO:

Oétext = Y050un +00verb +00adj. ? 2)
pu
00un € Looun » OOW,, € Lygrp » OOadj' € Ladjeclive >
ne L — MHOKMHA CHHOHIMIB IMEHHHKIB 3a TEMATH-

noun

YHUM CIpSIMyBaHHsAM, a L

verb Ta Lgyg — niecmis Ta

MIPUKMETHHKIB Bi/IIIOB1THO.

Amaoriuno dpopmytotses minremu O .
n

HactymHuM KpOKOM € CKOpOUCHHS TEKCTY Ta BU-
NIJIEHHS OCHOBHOI HEMOMIJIBLHOI CEMAHTHYHOI YaCTKU.
TakuM 9MHOM, CTiJT IPOBOJMTH 3TOPTKY HA OCHOBI TIpe-
JIMKaTUBHOI KOHCTPYKLIi (SK Takoi, IO BOJONIE Haii-
OUTBII BAXKJIUBUM CEMAaHTHYHHMM 3HAYCHHSIM), IO HaJie-
’KATEH 710 BiAIMOBIIHOI CHHOHIMIYHOI TEMATHKH, a HOBHI
TeKCT citii hopMyBaTH 3a HOpMYIIOL0:

n

[[G+m)y

T = ’;n:‘ +> R, (3)
H(G/+H/)k i=1
k=1

ne (G+ H) — npeankaTHBHA KOHCTPYKIIis, IO CKJIa/1a-
erbest 3 G — migMery Ta H — MpHUCYIKy, n — 3arajibHa
KUJIBKICTh MPEAUKATHUBHUX KOHCTPYKIIi, 7 — KiIbKICTh
MpeIMKaTUBHUX KOHCTPYKIH, 10, HE MOB’s3aHi 3 CH-
HOHiMiuHOIO Tematukow (G'¢L,,,,, a H' ¢L,.),
R — npyropsiiHi 4iIeHH pedeHHs], 10 OB’ A3aHi 3 Mpean-
KaTHBHOIO KOHCTPYKI€IO 3a JOMOMOIOI JIEKCUYHOI
¢yHKIIT (BUAAJICHHS COPUYUHUTH BTPATy CEMaHTHYHO-
TO BIJATIHKY YaCTUHH TEKCTY), b — KUIBKICTh JIEKCHIHUX
(YHKIII#-3B'A30K.

HactynHuM KpOKOM € BUIIIEHHsSI KaTeropid ra
IiIKaTeropii CeMaHTUYHOTO S/pa, 10 HAJIEKUTH aBTO-
Py TEKCTy.

TaxuMm 4YHHOM, SKIIO B! € HaWBHUILIUM KaTEro-
piaJbHAM 3HAYEHHSIM, TOII ITOBHHHA BHKOHYBAaTHCh

yMOBa:

11
B'e|(G+H)%, +R? |, )
a miaKaTeropii MOBUHHI 3aI0BOJILHATH YMOBI:
m or b
B" e|(G+H) o +R |, &)

OHAK TPU IOMY Oyae OTPUMAaHO M pPIiBHONPABHUX
MmiJKaTeropii. Ba)kIMBO TakoX BU3HAYMTH ITiKATErOpil
BHIIOTO TIOPSZIKY, Y 3B 3Ky 31 B3a€MHOIO ITiAMOPSIIKO-
BaHICTIO OTPUMAaHUX ITiJKATEropiii.
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SIkmo BpaxyBaTH PO3MOALT TEMaTUYHUX CHHOHI-
MIB y CJIOBHHKY 3a TPyIaMH, SIKi B CBOIO Uepry MOAiIs-
IOTBCS HAa TEMaTH4HI OJIOKM, TOMI IiAMOPSAAKOBAHICTh
BU3HAYATUMETHCS 32 IPUHIIUIIOM:

B ={x'ec |x e oy s (6)
n
ne x' — 60K HOMep t, IO HANEKHUTH 10 IPYIHU C 3 HO-
MepoMm ¢'. TakuM YHHOM, BPAaXOBYETHCS SK Ipyra Ta
OJIOK CHHOHIMIYHOTO CJIOBHHMKY, TaK 1 CHHOHIMiYHa
rpyna KOHKPETHOT'O TEKCTY.

Etan 2. ®opMmyBaHHs si-KOHIeNii ocoducTocTi
3a SApaMH CeMAHTHKH. BiTNoBiIHO 1O A-KOHIEMIIIT
ocobucTocTi [15], BUSABIIEHI Ta PO3MOMIJICHI 32 CHHOHI-
MIYHUMH KaTETOpisIMHU SIpa CEMaHTHKH, CIIil PO3IOIi-
JISITH 32 JIOT1YHUMH PiBHAMM: oTO4eHHH ( M ), OBeniH-

ku (M), MmoxxnuBoctelt ( M ), IepeKOHaHHS Ta I[IHHO-
cri (M;), ocobucra coepimnicts (Ms). ns 1poro

HEOOXiTHO BUKOPUCTOBYBAaTH METOIUKY JHMCKYPCHOTO
aHaimizy [14], sxka Oyna BmockoHaneHa y [4] 3 MeTorO
BU3HAUYEHHS aTpuOyTy iH(OpMAaIiHHO-ICUXOIOTiYHOTO
IpOTUOOPCTBA.

TakuM YMHOM, MHOXKMHA YacTOK PiBHS OTOYEHHS
BU3HAYaTHUMEThCA 32 (POPMYIIOLO:

M]=

7
={B" O} (DZX] )eQn |maxF[H(BIm’ )} : @
" [a;b]

e O, — MHOXHHA CUHOHIMIYHHMX KOHCTPYKIIiH 3 03Ha-

. V4
KaMHM MICUXOJIOTIYHOr0 BILIMBY D“* — SAp0 ceMaHTHUKHY,
Ha sIKe BKa3ye MOYATKOBUI OJUHUYHHHA 00 €KT 3 iepap-

Xii miaTeM TekcTy 06” , IPU YOMY, Ha SAPO CEMAHTHUKU
n

. m .
BKa3y€ KaTeroplajbHEC 3HAYCHHA Bl ! Ha OCHOBI KOH-
TEKCTYaJIbHOT'O 3B’H3Ky. Zx] — MHOXHWHa 3Haﬁ):[eHPIX

BY3JIIB PIBHA X B iepapxii JUCKypCHOrO JepeBa, IO
CITIBBIAHOCATHCS 3 CHHOHIMIYHOIO MHOKMHOIO TEMAaTH-
YHUX CHHOHIMIB 1, sika BiANOBiJa€ 3a iHIUKAIIIO KaTe-

ropii orouenns. F[H(B;")] — QyHKuis, sKa OMUCYeTh-
cs KpUBOIO, NPOBEICHOI0 32 MHOXXHHOIO BEIWYHH EHT-
porii KaTeropiaqbHUX 3HAY€Hb B’ PiBHSA OTOYEHHS HA

BiJIPI3Ky BiJ a 10 b 3a 4acoBOO JIiHI€I0 PO3BUTKY CeMa-
HTHKH TEKCTY BiJTIOBIIHO IO 3aKOHIB JIOTIKH.

Awnanoriysi aii TpOBOAATHCS 1 3 siIpaMH HaCTYII-
HUX PIBHIB s-KoHIeMii. TakuM 4YuHOM, I 00paxy-
BaHHS PIBHS IOBEMIHKHA CIiJ BHKOpPHCTaTH (opMymy
(7), 3MiHEHY BIiAMOBIIHO 0O MHOXHHHA TEMAaTUYHUX CH-
HOHIMIB 2, sIKa BIJTIOBIZa€ 3a IHAUKAIIIO SIpa TOBEIIH-
KH:

M2=

(®)
={BM eO™ (szz )e max F[H(Bm’ )} ,
2 On Qn | [ah] 2

ac Zx2 — MHOXHWHA 3HAaUJICHUX BY3JI1B PIBHA X B 1€pap-

Xil AMCKYpCHOTO AepeBa, LIO CIIBBITHOCATHCS 3 CHHO-

HIMIYHOI0 MHOKMHOIO TEMATHYHHX CHHOHIMIB 2, sKa
BIJIMIOBIIa€ 32 IHAMKAIIIIO KaTEropii MOBEIHKY.

PiBeHp MOXIHMBOCTEH BH3HAYaTHMEThCS 3a (hop-
MYJIOIO:

My =B < 0p (D) <0, Imax FLH(B )} 9)
a,

ne Z x; — MHOXHHA 3HAN/IEeHNX BY3JIiB PIBHS X B i€pap-

Xil AMCKYpCHOTO AepeBa, LIO CIBBITHOCATHCS 3 CHHO-
HIMIYHOI0 MHOKMHOIO TEMATHYHHX CHHOHIMIB 3, sKa
BIJIMIOBIIa€ 32 IHAMKAIIIIO KATEropil MOXKIIUBOCTEH.

PiBeHB MepekoHaHb Ta IIHHOCTEH BU3HAYATUMETh-
cs1 hopMyIIOF0:

My = (B! <0f (D) € 0, |max FIH (B )]} (10)
a;

IS Z)C4 — MHOXXHWHAa 3HaUJICHUX BY3JI1B PIBHA X B 1€pap-

Xil AMCKYpCHOTO AepeBa, LIO CIIBBITHOCATHCS 3 CHHO-
HIMIYHOI0 MHOKMHOIO TEMATHYHHX CHHOHIMIB 4, sKa
BIJIMIOBIJIa€ 3a IHIUKAIIIO KAaTeropii mepekoHaHb Ta IIiH-
HOCTel.

PiBeHb 0cOOMCTOI CBOEPITHOCTI BH3HAYATHMETHCS
¢dhopmyoro:

Ms ={B]" <07 (D7) <0, | max FLH(B" ) (1)
a,

ne Z x5 — MHOXHHA 3HAN/IEeHNX BY3JIiB PIBHS X B i€pap-

Xil AMCKYpCHOTO AepeBa, IIO CIIBBITHOCATHCS 3 CHHO-
HIMIYHOI0 MHOKMHOIO TEMATHYHHX CHHOHIMIB 5, sKa
BIJIMOBIJIA€ 32 IHAMKAIIIFO KAaTeropii 0COOUCTOi CBOEPII-
HOCTI.

TakuM YWHOM, JUIi OTPUMAaHHS MOBHOI KapTHHH
KaTeropiaJbHUX KPUTEPIiB, 110 XapaKTEPU3YIOTh 0COOH-
CTiCTh aBTOpa TEKCTY 3 O3HAKAMH IICHXOJNIHIBICTHYHOTO
BIUIMBY BiJIOBIHO 10 NPOaHaJi30BaHOI CEMaHTUYHOI
YaCTKM HEOOXiMHO 00’€IHATH YCi OTpUMaHI MHOXHHH
JIOTIYHUX PiBHIB S-KOHLEMIii OCOOUCTOCTI:

OpHak, 1€ CTOCYETHCSI OKPEMOro aBTOpa OJHOTO YH
JIEKITbKOX TeKCTiB. s Toro, mo0 BiAIOBIZaTH METI
CTaTTi, HEOOXIAHO 3HAWTH y3araJbHEHI KaTeropiaibHi
O3HaKM YCiX aBTOpPIB TEKCTiB, SIKI € MarepiaJioM s
MIPOBECHHS KOHTEHT-aHai3y. TakuM 4MHOM, MHOKHUHA
y3arajJbHEHUX KAaTEropialbHUX O3HAK M ' MCHUXOJIHIBi-
CTHYHOT'O TIOPTPETY NPONaraHgucTa B YCiX IOCILIKY-
BaHUX TEKCTaX MOXKe OyTH oTpuMaHa 3a GOpMYJIOK0:

M =M1] liz ﬂ...ﬂMje, (13)

Ae M; — MHOXKMHA KaTeropialbHUX KPHTEpiiB, LIO
Je

XapaKTePU3YIOTh OCOOUCTICTh KOKHOIO 3 € aBTOPiB Te-
KCTIiB 3 03HAKaMHU MICUXOJIIH'BICTHIHOT'O BILTUBY.

Eran 3. Kopeasinia ceMaHTHYHOI YaCTKH
3 MAHINYJATABHUMHU CTPYKTypamu. Sk Bke Oymo
3rajZlaHo, B IPOIECi KOHTEHT-aHaIi3y CEMaHTHYHOI Yac-
TKW HEOOX1THO BUKOPUCTOBYBATH YCi TPHU MiIXOIU KOH-
TEHT-aHaJIi3y B KOMIUIEKCI. IlimCyMOBYROUHMI ITiaXin
OyJI0 BUKOPHCTAHO MPH CKOPOYEHHI TEKCTY, TPaJUIliii-
HUM MAXia — MiI 9ac BUALICHHS KaTeropialbHUX O3HAK
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Oe3rocepeHbO 3 TEKCTY NPU PO3IOJIIICHHI siiep cemMa-
HTHKHU 32 JIOTTYHUMH piBHsMH. Tperiit miaxig — opieH-
TOBaHHI Ta BiJPI3HAETHCS MPOBEIEHHSIM MOINEPEIHHOT0
JIOCITIJPKEHHST TEKCTY, PE3YJAbTAaTH SKOTO MOXYTh JISTTH
B OCHOBY KOHTEHT-aHai3y. I0ro MOK/IMBO BUKOPHCTA-
TH TIPY BU3HAYEHHI NPHHAIEKHOCTI CEMAaHTUYHOI YacT-
KU JIOT1YHOTO PIBHS CaMe MPOMNaraHiycTy.

Criepury IpOBOIUTHCS BU3HAUEHHS MHOXKUHH CH-
HOHIMIYHHMX KaTeropii TEMaTUYHOTO CIIOBHHKA CHHOHI-
MiB y KOHKpeTHOMY TekcTi (V') 3a dhopmymoro (14):

V'={S" eV |S§" e B™}, (14)
ne S” — MHOXHMHA N CHHOHIMIB OfHi€T rpymu Ta GJI0KY,
BXKHTHUX Y TEKCTi Ta sIKi HaJieKaTh MHOXKWHI CHHOHIMIiY-
HUX KaTeropii TeMaTHYHOTO CIOBHUKA CHHOHIMIB V.

TakuM YMHOM, MOXXHA OTPUMATH MHOXXHHY CHHO-
HIMIYHUX KaTeropii, MpuraMaHHUX KOHKPETHOMY TEKCTY
3 METO0 MOJAJIbIIOL TudepeHIialii iX 3 orsiay BUKOPH-
CTaHHs B CEMaHTHUYHIH YacTIli, BPaXOBYIOUH OCOOJIMBOCTI
y3arajbHEHUX KaTeropialbHUX O3HAK ICHXOJIHIBICTHY-
HOTO MOPTPETY IponaraHaucTa. [Hakme kaxydu, Oyne
OTPUMAaHO MHOXXHHY CHHOHIMIYHHUX KaTeropii, Ky MOX-
Ha JOCTIJUTH Ha TEXHOJIOTIYHI OCOOJMBOCTI BXKMBaHHS
CHHOHIMIYHUX KOHCTPYKIIH, 1110, B CBOIO Yepry MOKe
OyTH MPUTaMaHHO KOHKPETHO TPONaraHIucTy.

HactynmHuM KpOKOM € TpOBEIECHHS aHaJli3y PO3IIo-
JITy CHHOHIMIYHUX siiep ceMaHTukH (15):

D% =V U(D% AM'), (15)
fe D'’* — MHOXHMHA CHHOHiMiYHHX Sep CeMaHTHKH
npu Z, — MHOXKHHI 3HalIeHUX BY37iB PiBHA X B iepap-
xii AuckypcHoro nepeBa. [Ipu LbOMY BpaxoBYIOTBCS
KOHCTPYKIi, sIKi BOJOAIIOTH O3HAKaMH ICHXOJIIHIBiC-
TUYHOTO BIUIUBY, IO, B CBOIO YEPry JO3BOJHUTH BUKO-
PHUCTOBYBAaTH METOJ| BUKIIOYHO 3 METOI0 BU3HAYCHHS
KaTeropiaJbHUX O3HAK Y TEKCTi, B SKOMY MpPUCYTHI
€JIEMEHTH MCUXOJIIHTBICTUYHOTO BIUTUBY. 3BIZICH CITiIy€E
MOXIIUBICTh TIPOBE/ICHHS KOHTEHT-aHANI3y BHIUICHUX
CEeMaHTUYHUX MaHIMYJISTHBHUX CTPYKTYP.

BincorkoBe 3HaueHHS! MPHUHAJIEKHOCTI CEMaHTHY-
HOi yacTku nponaraaucty (P) rpyHTyeTbes Ha Binxu-
JIEHHAX YaCTOTHOCTI B)KHUBAHHSA BIJAIIOBIAHOI CHHOHIMI-
YHOI KaTeropii Ta BU3HAYaTUMEThCS 3 hopmyiioro (16):

(16)

IS Fi"qur; — 4acCToTa BXMBAaHHA CJIEMCHTY MHOXWHU

V' CHHOHIMIYHHMX KAaTEropii TEMaTHYHOr'O CIOBHHKA
CHHOHIMIB Y KOHKPETHOMY TEKCTi, Freg), — cepenHs
n

YacTOTa BXKMBaHHS €JIEMEHTY MHOKMHH J CHHOHIMIiY-
HUX KaTeropii TEMaTW4HOrO CJIOBHHMKAa CHHOHIMIB Yy
3aranpbHOMY BUnazaky. [Ipu npomy b — koedimient Tou-
Hocti b ~4,605.

TakuM YWMHOM, MPOBOASTHCS ITONEPEIHI po3paxy-
HKH ]IS TTOAAJIbIIOr0 BU3HAUEHHS BiJIOBIHOCTI ceMa-
HTHYHOI YaCTKHU JIOTIYHOTO PiBHS caMe MpOIMaraHanucTy.

J1y1s1 BUKOHAHHS TIOCTaBJIEHOI 3a1a4yi HeoOXiaHo Gopmy-
BaHHSA MHOKHHH KaTeropii CEMaHTHYHOTO sfpa, II0
Moyke Oyt mpoBeseHe 3a hopmyioro (17):

BI™ —{(D'%x eV'| P>50}. (17)

TakuM 4MHOM, TIpH BU3HAYEHHI KaTEropiii cCeMaHTHYHO-
TO Spa BPaXOBYETHCS SIK CHHOHIMIYHUH PO3MO/LI, TaK i
MIPUHAJIKHICTh CEMaHTUYHOI YaCTKH MPOIaraHIucTy.

BucHoBku

Y craTri BHpINIEHO aKTyaJbHY HAyKOBO-
MPaKTHYHY 33J[aqy MPUCKOPEHHsI KOHTEHT-aHaIi3y Mpe-
cu 0e3 BUKOPUCTAHHS CKCIPeC-IiaX0ay Ha OCHOBI po3-
PpOOKH METOy KOHTEHT-aHaJli3y CEeMAaHTUYHOI YaCTKH.

ApanTanisi  OCHOBHMX  CKJIAJIOBMX  KOHTEHT-
AHATITUYHOTO JOCTIDKCHHSA 1O aHali3y CeMaHTHYHOL
YaCTKM IPOBOAWIACH IIUIIXOM BH3HA4YEHHS iepapxil
KaTeropiaJbHUX O3HAK CEMAHTHYHOI YaCTKH Ha OCHOBI
JIOCTIPKSHHS PO3MOITY CHHOHIMIYHAX KOHCTPYKIIiH 3a
paxyHOK IIiJJICYMOBYIOYOTO IiJXOQy KOHTEHT-aHali3y,
110 JTO3BOJIMJIO BU3HAYUTH MHOXHHY KOHTEHT-3aJI€KHOI
KaTeropiaibHOI iepapXii sipa ceMaHTUYHOI YaCTKH.

Po3monin ceMaHTHYHHMX YacTOK 3a KaTeropiaib-
HUMHU O3HaKaMU IMPOBOJMBCS HAa OCHOBI TPaJIHIiHHOTO
MiX0Ay KOHTEHT-aHANI3y UIS PO3MOIUTY Saep CeMaH-
TUKH 32 JIOTIYHUMH PiBHSAMH sI-KOHIEMIT 0COOMCTOCTI
LIISIXOM JTUCKYPCHOT'O OCIIPKEHHS 32 paXyHOK BH3HA-
YeHHs aTpuOyTy i1H(OpPMaLiHHO-TICHXOJIOTIYHOTO IPO-
THOOPCTBA, IO JO3BOJHMJIO OTPUMATH MHOXHUHY Y3a-
raJbHEHUX KaTeropiallbHUX O3HAK ICHXOiHIBICTHYHO-
TO MOPTPETy MpoNaraHaAnucTa. Bu3HaYeHHs BiMOBiTHO-
CTi CEMaHTHYHOI YaCTKH JIOTIYHOTO PiBHS came Ipora-
TaHAKCTY TPOBOJUIIOCH HA OCHOBI OPIEHTOBAHOrO IIi[-
XO/1y KOHTEHT-aHaJIi3y IUIIXOM JOCIIPKEHHS TeXHOIO-
TIYHUX OCOOJMBOCTECH BXKMBAHHS CHHOHIMIYHHMX KOHC-
TPYKIIN 32 paXyHOK BU3HAYECHHs MPUHAIEKHOCTI ceMa-
HTHYHOI YacCTKU IPONAaraHAuCTy, IO JT03BOJIUTH BHKO-
PHUCTOBYBAaTH METOJ| BUKIIOYHO 3 METOI0 BU3HAYCHHS
KaTeropiaJbHUX O3HAK Y TEKCTi, JIc TIPUCYTHI EIEeMEHTH
MICUX OJIIHTBICTUYHOTO BIUIHBY.

Bnepiie po3pobieHO METol KOHTEHT-aHaji3y ce-
MaHTHUYHOI YaCTKU B TEKCTax 3 O3HAKAMH IICHXOJIHIBiC-
TUYHOTO BIUIMBY Ha OCHOBI KOMIUIEKCHOTO BHKOpPHC-
TaHHS TPAAUIIHHOIO, MiJCYMOBYIOYOrO Ta OpIEHTOBA-
HOI'0 TIIXOIIB KOHTCHT-aHAJi3y 3a pPaxyHOK JOCIIi-
JOKEHHST TeMaTW4HOi JaudepeHmiamii CHHOHIMIYHHX
KOHCTPYKIIIi HAa OCHOBI JUCKYPCHOI'O aHaJi3y TEKCTY
3aBASKM  BU3HAUYCHOMY aTpuOyTy iH(OpMamiiHO-
TICHXOJIOTIYHOTO MPOTUOOPCTBA, IO JO3BOJHMIO ajal-
TyBaTH METOJHMKY CEMaHTHYHOTO KOHTEHT-aHaJli3y o
KBaHTOBO-CEMaHTHYHOT'O TICUXOJIIHIBICTUYHOT'O aHAJIi3y
i, TAKUM YHHOM, TIPUCKOPHUTH KOHTEHT-aHai3 Ipecu 0e3
BUKOPHCTAHHSI €KCIPEC-TIiIXO.Y.

[Momanbmoro pociikeHHS MOTpedye Mporec KOoH-
TEHT-aHali3y CEMaHTUYHOI YaCTKH KOPOTKHX IIOBiIOM-
JICHb B OHJIAWH-CIIJIBHOTAX Ta IHINUX CTHJIIB TEKCTY,
OKpIM TyONIIUCTUYHOTO. Pe3ynbTaTH MOXIMBO BHKO-
PHUCTOBYBATH JJIsl IHTEpIpeTallii CeMaHTHYHOI YaCTKH Ta
BUSIBJICHHSI 3aKOHOMIPHOCTEH y CBITaX CHPUHHATTA ce-
MaHTHYHOI 4acTku. KpiM TOro, po3poOjieHHi METOX
JIO3BOJIUTH TTPOBOJAMTH KOHTEHT-aHaJi3 LIMPOKOTo CIie-
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KTpY JDKepen Uil BUIUIEHHS CEMaHTUYHMX MaHIMyls- 3y pe3yJbTaTiB 3aCTOCYBaHHS METOJUKH MPOTHIIT TeKC-
TUBHHX CTPYKTYp, LIO 3a0€3MeUNTh MOXIIUBICTh aHANi-  TOBIH MpomaraHy.
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The content analysis method of the semantic particle in texts with psycholinguistic influence signs
Ya. Tarasenko

Abstract. The purpose of the article is to accelerate the content analysis of the press without using the express approach
by adapting the method of semantic content analysis to quantum-semantic psycholinguistic analysis for developing the method of
content analysis of the semantic particle. The article deals with solving an actual scientific and practical problem of the press
content analysis acceleration without using the express approach. There were solved tasks such as the main components of con-
tent-analytic research adapting to the semantic particle analysis on the basis of the synonymous constructions’ distribution re-
search due to the summative approach of content-analysis; the semantic particles division by categorical features on the basis of
the conventional content analysis approach for the semantics cores distribution by logical levels of the i-concept; determining the
semantic particle of the logical level correspondence to the propagandist on the basis of a directed approach in content analysis
by investigating the specificity of the synonyms’ use. As a research result, the content analysis method of the semantic particle in
texts with psycholinguistic influence signs was developed for the first time, based on the complex use of conventional, summa-
tive and directed approaches in content analysis by studying the synonymous constructs' thematic differentiation on the basis of
textual discourse analysis, which allowed to adapt the semantic analysis methods to quantum-semantic psycholinguistic analysis
and, thus, it became possible acceleration the press content analysis. The results can be used to interpret the semantic particle and
identify patterns in the worlds of the semantic particle perception.

Keywords: content analysis, semantic particle, core of semantics, categories of psycholinguistic portrait, differentiation
of synonyms, psycholinguistic influence.
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MOJAEJIOBAHHA ITOACHEHDB OO0 PEKOMEHIAOBAHOTI'O ITEPEJIIKY
OB’€EKTIB 3 YPAXYBAHHSAM TEMIIOPAJIBHOT'O ACIHEKTY
BUBOPY KOPUCTYBAYA

AnoTanis. IlpeamMeTom BHBYEHHS B CTATTI € Iporecu (GOpMyBaHHs MOSCHEHb 1100 PEKOMEH/IOBAHOT'O MIEPETiKy TOBa-
PiB Ta MOCYr B PEKOMEHIALIHHUX cucTeMax. MeTolo € po3pobka Mozelei MOsCHEHHS 11010 PEKOMEHI0BAHOIO NEPENiKy
TOBApiB Ta MOCIYT 3 ypaXyBaHHAM 3MiHM IHTEpECiB KOPUCTYBAYiB y 4aciB. 3aBAaHHSA: OOIPYHTYBAaTH BHOIp KPUTEPIiB s
OLIHKH I0SICHEHb; PO3POOUTH y3arajabHEeHy MOJIENIb MTOSICHEHHS, 1110 BPAXOBYE JOBIpY KOPHCTYBaya, a TAKOXK 3MiHH y IPO-
JlaxKax TOBApiB Ta MOCIYr. BUKOpHCTOBYBaHMMHU MiAXOAAMM €: MiIXO01H 10 NOOYI0BH PEKOMEHAANIN Ha OCHOBI CXOMKOCTI
BUOOpPY KOPHCTYBadiB, a TAaKOXK XapaKTEPUCTHK OO'€KTiB KopucTyBalbkoro Bubopy. OTprMaHi HAcTYIHI pe3yJbTaTH.
IpoBeneHo NOpiBHSIBHUI aHal3 KPUTEPIiB OLIHKU IOSCHEHb Ta OOIPYHTOBAHO BUOIP KPUTEPIiB HOBIpU Ta Pe3yIbTaTUB-
HOCTI SIK KJIIOYOBHX IJIsI MOJIE/IIOBAHHS NOSICHEHb 3 YPaxyBaHHSIM TEMIIOPAIbHOTO aCleKTy BUOOPY KOpHCTyBaya. 3ampo-
IIOHOBAHO MOJIEJIi IIPE/ICTABIICHHS TOSCHEHb Y BUIJIS/I YUCIIOBOTO IIOKA3HUKA, 3HAUCHHS SKOTO XapaKTepu3ye 3MiHy Hpo-
JIaXiB IPOTArOM BU3HAUEHOrO IEPioNy 4acy, a 3HAK IOSCHEHHs BU3HAUYa€ HANPAMOK LUX 3MiH — 30UIbIICHHS a00 3MEH-
meHHs. BucHoBku. HaykoBa HOBU3HA OTPUMaHMX PE3YJbTaTiB [OJIATAE B HACTYITHOMY. 3alPOIIOHOBAHO MOJIEIb IOSICHEH-
Hs 11 pekoMeHpaii. [ToscHeHHs npecTaBIeHo YUCIOBUM TIOKA3HUKOM, 1110 BPAXOBYE 3MiHM IPOJIaXK Ha TOBApiB Ta MOC-
JIyr MiXK iHTepBajaMu JieTanizauil yacy JUist BU3HaueHOro nepiofy uyacy. ITosicHeHHS BpaxoBye 3MiHM NPOJaXKiB BUOPAHOrO
TOBapy Ha I1OCIIIIOBHUX IHTEpBaJIax yacy AJId 33/laHOro PiBHA Horo jeranisallii, a TaKoX 3MiHHM IPOZaXKiB JUIS BCIX iHTEp-
BaJIiB y BUOpaHOMY II€pioAii Yacy y MOpIBHSHHI 3 TIOTOYHUM IHTEPBAJIOM. 3aIPOIIOHOBAHE YMCIIOBE IIPE/ICTABICHHS HOsAC-
HEHHS J1a€ MOXJINBICTD 33/I0BUIBHUTH OZIHOYACHO KPUTEPii JIOBIPH Ta pe3ylbTaTUBHOCTI HOACHEHb: 3HAK IIOKa3HUKA BifIO-
BiJla€ KPUTEPIO I0BIpH, a aOCONIOTHE 3HAYEHHS 3 ypaxyBaHHAM 3HAKY Jla€ MOKJIMBICTb OL[IHUTH Pe3yJIbTaTUBHICTh POOOTH
PEKOMEH/IallifHOT cUcTeMH. B npakTuyHOMY acrekTi mpeJicTaBieHe MOsICHEHHS Ja€ MOXJIUBICTb 00IPyHTyBaTH chopmoBa-
HY PEKOMEH/IALli10 HaBITh y BUMAJIKY LIMIIHI-aTaK Ta y CUTYalil XOJIOAHOIO CTapTy PEKOMEHIaliiHOI CUCTEMH, OCKUIBKH B
SKOCTI BXIIHUX JaHMX Ul HOro rmoOyaoBH BUKOPHCTOBYETHCS 00’ €KTHBHA iH(OpMALis PO MOKYIKHA BUOPAHOTO TOBApY
JUIs 33]1aHOT0 TIepiofly yacy.

Kaw4yoBi cioBa: pekoMeHIALilHI CHCTEMH, CHCTEMH €IEKTPOHHOI KOMEpIIil, IMOsSCHeHHs, (popMyBaHHSI peKOMeHIa-

i, GopMyBaHHS MOSCHEHb, KPUTEPIT OLIHKYU MOSICHEHb, TEMIIOPAJIbHI 3aJI€XKHOCTI.

Beryn

PexoMmenaniiiHi cucTeMu Opi€HTOBaHI Ha MiATPH-
MKy BUOOpY KOpHCTyBaua CHCTEM €JIEKTPOHHOI KOMep-
uii. BoHHM (GopMyIOTH pEKOMEHIOBaHUN IMEpeIik
00’exTiB (TOBapiB, MOCIYr) Ha OCHOBI iH(pOpMALil PO
MUHYJIHHA BHOIp IMX KOPUCTYBadiB, PEHTHHIIB Ta CXO-
JKOCTI XapakTepucTHK Iux o0’ektiB [1]. Taki cucremu
CHPOUIYIOTH BHOIp CITOXKMBa4a Cepell IIMPOKOTO CIIEKT-
py TOBapiB Ta MOCIYT, IO B OUIBIIOCTI BUMAIKIB ITPH3-
BOJUTH 10 301IbIICHHS MPOJAaXKiB TOBApiB B ILIOMY, a
TAKOX MIJBUIIEHHS IPOAAXIB  ILINbOBOI  TPYyHH
00’ekTiB [2]. ToMy pekoMeHAAIlifiHI CHCTEMH IIHUPOKO
BUKOPHCTOBYIOTBCS SIK Yy CKJIQJi CHCTEM EJEKTPOHHOI
KoMepIiii [3], Tak i y Oe3mocepeqHb0 y AKOCTI iHTEIIEK-
TyaJbHUX TTOpPaIHUKIB [4].

Jlis po3yMiHHS KOpUCTYyBayaMH MEXaHi3My Qop-
MYBaHHSI PEKOMEHJIOBAHOTO IEpeliKy TOBapiB Ta IOC-
JYr y TaKkUX CHUCTEMaxX BHUKOPHCTOBYIOTh MOSCHEHHS
pexomenaaniil. IlosicHeHHsT OpieHTOBaHI Ha 3MEHIICHHS
yacy, SIKHH CHOKMBa4 BUTpayae Ha BUOIp i, K HACIi-
JIOK, Ha 30UIBIICHHS IPOJAXKIB TOBAPIB Ta MOCIYT.

Posb mosicHeHb € 0COOIMBO BaXKIIMBOIO y BHUIIAJIKY
HETMOBHOTH a00 HETOYHOCTI BXimHOI iH(popMamii s
moOynoBu pekoMmeHmaliiii. IIpoOgema HENMOBHOTH Ta
HETOYHOCTI BXIJIHUX JaHUX BUHUKAE Yy BHIAJIKY HOBHX
KOpPHCTYBayiB, a TaKOXX NIPH LITYYHOTO CIOTBOPEHHS
PEHUTHHTY TOBapiB.

Pexomenpanii OyayroThCS NUISIXOM MOpPIBHSHHS 1H-
¢dopmarrii nmpo BHOiIp MUTBOBOrO KOPUCTyBaya Ta 1HIIHX

KopHCTyBauiB. BBaxkaeTbes, 110 iH(pOpMaIis PO MOKYI-
KU Ta BUCTaBJICHI PEUTUHTH XapaKTepu3ye BUOIp KOXKHO-
ro kopuctyBauya. OJTHaK y BHITaKy HOBOI'O KOPHUCTyBayda
BUHHKAE CUTYaIlisl XOJIOJHOTO CTapTy, MPH SKiH BiICYTHI
JlaHi Ipo BUOIp, MO BigoOpakae iHTEpeCH IbOro KOpHUC-
TyBaya [5], abo x Taki jaHi € 3actapiumu [6, 7].

[ITyyHe cOTBOpEHHSI PEHUTHHTIB TOBapiB Ta IOC-
JYr € HACJTIJIKOM aTaKk KOPHUCTYBauiB (IIWJIiHr-aTak) 3
METOI0 30UIBIICHHS MPOAAXIB IIJILOBOI TPYIMU 00’ €K-
TiB [8]. OTpuMaHi 3 BHKOPHCTaHHIM CIIOTBOPEHUX JIa-
HHUX PEeKOMEH/allii BiAMOBIIAalOTh IHTEPECAMH 3JIOBMHC-
HHUKIB, a HE KOPHCTYBaudiB PEKOMEHIAIIHOI CHUCTe-
MU [9]. ToMy CHIOTBOpEHHSI peKOMEHIaIliif MOXKe 3HU3H-
TH JIOBIpY KOPUCTYBaya JI0 peKOMEHJaliiHOI CUCTEMH 1,
SIK HACJIOK, 3MEHIIUTH MPOJaKi TOBAPiB Ta MOCIYT Y
BIJIMIOBITHI¥ CHCTEMI €IEKTPOHHOI KOMEPIIi.

BukopucraHHs TOSICHEHb JJa€ MOXIIUBICTH OOIpY-
HTYBaTH JJIsl KOPHCTyBada BiJIIOBIJHICTH TOBapiB Ta
mocnyr i3 pekomenpaanii ix iHrepecam [10] Ta migBu-
LIUTH HOTO JIOBIPY JI0 OTPUMaHUX PEKOMEHIAIii.

CydacHi migxomud a0 MOOYIOBH IOSICHEHL Oa3y-
I0ThCS HA METOJ[aX TOSICHEHHS Pe3YJbTaTiB B €KCIIepT-
HUX Ta MpeneaeHTHUX cucremax [11].

Jlis BU3HA4YeHHs BiANOBIAHOCTI TOSICHEHb BHMO-
raM KOpPHCTYyBaua, a TAaKOXK BJIACHHUKIB PEKOMEH Il HHOT
cucreMHu, B po0OoTi [12] 3ampornoHoBaHO psii KPUTEPIiB
OIIIHKM TIOsiIcHeHb. [IpoBenena B poborax [13, 14] omiH-
Ka TOSICHeHb MO0 PEKOMEHALIHN MoKa3aay 301JIbIIeH-
HS KUTBKOCTI BUOpPAHUX TOBApiB Ta MOCIYT MICIsl OTPH-
MaHHs TOSICHEHb.

© Yammii C. ®., Jlemuucekuii B. O., Jlemunceka 1. O., 2019
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OpHak icHyIOYI MiAXOAu Ta KpUTepii MoOymoBH
MOSICHEHh OpIEHTOBaHI Ha CTATHYHUI ONHUC 3aB’sI3KiB
MDK BJIACTUBOCTSIMH TOBapiB Ta IOCIYT, 1HTEPECaMH
CHOXXKMBA4iB, a TAKOXX PEKOMEHIOBAHUM IIEpPENliKOM
00’exTiB. HemoctaTHRO yBaru npuaiIsSe€ThCsl 3MiHi iHTe-
peciB CokMBaYiB 3 yacoM. Taki 3MiHM BIUTMBAIOTh Ha
MOIHUT HA TOBApH Ta MOCIYIH 1 TOMY X HEOOXiIHO Bpa-
XYBaTu B MOSCHEHHSIX.

TakuM ymHOM, TIpoOieMa MOOYAOBH TOSCHEHb 3
ypaxyBaHHSM TEMIIOPAIFHOTO aCIEKTy y MoTpedax Ta
BHMOTr'aX KOPUCTYBAUiB € aKTyaJIbHOIO.

MeTorw cTaTTi € po3poOKa MojeNei MOSCHEHHS
II0JI0 PEKOMEHIOBAHOT'0O IIEPeIliKy TOBapiB Ta MOCIYT 3
ypaxyBaHHSIM 3MiHHM IHTEpECIiB KOPHCTYBaUiB y YaciB.

Jlyis1 mocsTHEHHST TIOCTaBJIEHOI METH MOTPiOHO BH-
plluTy Taki 3aaa4i:

— 00rpyHTYBaTH BHOIp KpUTEpIiB ISl OLIHKH MO-
SICHEHb 3 ypaxyBaHHSM TEMIIOPAIBHOIO acleKTy BHOO-
Py KOpHCTyBaua;

— po3po0OUTH y3arajbHEHY MOJENb MOSCHEHHS, 10
BpaxoBye JOBIpY KOPHUCTyBauya, a TAKOXK 3MIHU y IPO-
Jlakax TOBapiB Ta IOCIIYT.

Bu6ip xpurepiiB 11 oniHKM MOsICHEHb
3 YpaxXyBaHHAAM TeMNOPATbHOI0 aCNeKTy
BUOOPY KOPUCTYBAYiB peKoMeHaaliiiHOT

cucTeMH

Jus dopMyBaHHS MOJENi IMOSCHEHb 3 ypaxyBaH-
HSM TEMIIOPAIFHOTO AacHeKTy IIONUTY KOpUCTyBada
KpHTepii OI[IHKY IOSICHEHb JOLIJIBHO PO30UTH Ha TPYIIH,
a TIOTIM BU3HAYUTH MOMJIMBOCTI IIUX TPYI IIOJ0 Bpaxy-
BaHHS 3MiH iHTEpeciB KopucTyBauiB y daci. [lopiBHsuIB-
HUH aHalli3 pO3MOIIEHNX 110 TPYyNaM KPUTEPIiB OI[IHKH
MOSICHEHh 3 YpaxyBaHHSIM TEMIIOPAIBHOTO aCIEKTy
BHUOOpY KOPHCTYBaUiB HaBeZEHO B Tab. 1.

Kpurepii OIIIHKM TOSICHEHb NAarOTh MOXJIHMBICTH
OLIIHUTH 3MiHYy TOBEIIHKH KOPHCTYyBaua B pe3ynbTari
BUKODHCTaHHS TOSCHEHb, 3MIHH y pOOOTI cCHUCTEMH
€JIEKTPOHHOI KOMEpIIii BHACTIIOK 3aCTOCYBAHHS IOSIC-
HEHb, a TaKOXX IOKAa3HUKH 3PYYHOCTI BUKOPUCTAHHS
MOSICHEHb 3 TOYKH 30py KOPHCTYBaya.

JIy1s oLiHKY 3MiHK BUOOPY CIIOXKMBAviB BHACIIJIOK
BUKOPHCTAaHHS TOSICHEHb 3aCTOCOBYIOTHCSl MOKa3HUKH
IIPO30POCTi, 0OPOOIIFOBAHOCTI Ta IOBIpH.

Tabnuysa 1 — BukopucTaHHs KPUTepiiB OLiHKH NOSICHEHb B PeKOMeHJaliliHNX cucTemMax
3 ypaxyBaHHSIM TEMIIOPAJILHOI0 aCNeKTy BHOOPY KOPHCTYBa4iB

XapakTepucTHKa Kpurenii MoxIMBiCTh BUKOPHCTAHHSI KPUTEPil0
TPy NOKA3HUKIB purep JJISl OUiHKM 3MiH IONMUTY CHOKUBAYiB
OuiHka 3MiH BUOOpY IMpo3opicth He BpaxoBye TeMnopaabHUH aceKT

KOpPHUCTYBayiB .
PHELYE O06po0itoBaHiCTh

BpaxoBye temmnopanbHi 3MiHM, ane MOTpedye BHKOPUCTaHHS
ITPEAMETHO-3aJIE)KHUX 3HAHb

Josipa

Mozxe BifoOpa)kaTu TeMIOPAJIbHI 3MiHH, ajle MOTpedye Bpaxy-
BaHHsI HESIBHUX (aKkTOpiB

JieBicTb (
pe3yIbTaTHBHICTB)

OuiHka 3MiH y pojakax
B PE3y/IbTATi BUKOPUCTAHHS

TemnopaipHuii acrnekT Moxe OyTH BpaxoBaHMH Ha OCHOBI
aHaJIi3y JaHUX [PO Npojaxi 0e3 ONHUTYBAaHHS CIIOXKHBAiB

TIOSICHEHb .
[lepexkonnuBicTh

TemnopaipHuii acrnekT Moxe OyTH BpaxoBaHMH Ha OCHOBI
aHaJIi3y JaHUX PO Hposaxki

OuiHKa 3py4HOCTI

EdexrusHnicts
BUKOPHCTaHHSI NOACHEHb

BinoOpakae TeMnopaibHHUIl acIiekT, ajge HoTpedye JT0AaTKOBOI
iHpopMaii moso il KopucTyBaya

3 TOUKU 30py KOpUCTyBaya 3aJ0BOJICHICTh

3a3BHuyail He BpaXOBYE TEMITOPAIBLHHUI aCIEKT

[Nepimii moka3HUK MMPU3HAYEHHUH JJIsI OLIHKH PO-
3yMiHHA croco0y (opMyBaHHS peKoMeHmarii. BiH,
30KpeMa, BCTaHOBIIIOE, Y Oyia BpaxoBaHa MOAIOHICTH
MiX npeaMmeramMu abo KOpUCTyBayaMmH. BiarmoBigHicTh
JTAHOMY KPHUTEPil0 BU3HAYAETHCS B Pe3yJIbTaTi IHTEPB O
3 KOpHCTyBauaMu. Peaii3allis MOsSCHEHb, IO BiAIMOBI-
JIAIOTh [[LOMY KPUTEPIiIo, MOJISTae y BU3HAYEHHI IOCITi-
JIOBHOCTI mpaBui «if -theny, 1o nmpuBoAiTH KOpUCTYBa-
Ya JI0 JIOTIYHOTO BUCHOBKY NP0 OOIPYHTOBAHICTh BUOO-
Py 3aMporOHOBaHUX TOBApiB ab0 MOCIYT.

Jlanuit kputepiii OpieHTOBaHWI HA OLIHKY CTaTHY-
HHUX XapaKTEPUCTUK IMOSCHEHb Ta HE BPaXOBYE TEMIIO-
paJbHUIM acIieKT.

Hpyruii kpurepiii 3a0e3medye MOXKIUBICTh OLIIHKA
3MiHHM IHTEPECIB CIIO)KMBaya B 3aJIEKHOCTI BiJl OTpHMa-
HUX TMOSICHEHb. [IpM BUKOpUCTaHHI JAHOTO KpPUTEPIs
HEeOoOXiTHO peasi3yBaTH LUKy KOPUTYBaHHSI MOSICHEHb.
JlaHuit ITUKIT MICTHTH y CO01 TaKi KIIOYOBI eTaIy:

— aBTOMaTH30BaHe (POPMYBaHHS TOSICHEHb MLIOAO
OTPUMAaHUX PEKOMEHIAIIii;

— peaJtizailisi 3BOpOTHOTO 3B’SI3Ky BiJl KOPHCTYBaya
JUIs TIEPEBIPKH PO3YMiHHS TOSICHEHb; 3BOPOTHHI 3B'sl-
30K MO)Ke OyTH peali30oBaHUI Ha OCHOBI BiJICIIIKOBY-

BaHHS IIEPEXO0JliB KOPUCTYBaya M0 CTOPiHKaM BiJIOBiI-
HOT'O cairy;
— YTOYHEHHS TOSCHEHb Ha OCHOBI pE3YJbTaTIB
3BOPOTHOTO 3B’SI3KY.
Jpyruii Ta TpeTii erany AaHOTO IUKITY HOBTOPIO-
I0ThCS B TIPOLIECI YTOUHEHHS! BHOOPY KOpUCTyBaya.
JlaHu# UK BpaxoBye TEMIOPAJIbHUN acCHeKT BU-
Mor KkopucryBada. OIHaK iTepaTWBHA MOCIIJIOBHICTb
YTOUHEHHS IMOSICHEHb MOXKE MOTpeOYBaTH CKCIIEPTHUX
3HaHb y NaHii npenMeTHid obOmacti. Leit Hemomik 3BY-
KY€ MOYKJIMBOCTI BUKOPHCTAHHS KPUTEPil0 00poOroBa-
HOCTI JJIs1 OILIHKYA TEMIIOPAJbHHUX 3MiH y morpebax Ko-
pucTyBaya.
OcraHHil KpUTepiit NpU3HAYSHUH ISl OLIHKH CTY-
MICHIO JIOBIPH CIIOXKHMBAYiB J0 PEKOMEHIOBAHOIO Iepe-
JIKy TOBapiB Ta MOCIYr. 3arajbHa i/esi BUKOPUCTAHHS
LBOTO KPHUTEPIIO MOJISITAE B HACTYITHOMY: SIKIIIO CITOXKH-
Bay JIOBips€ OTPUMaHUM PEKOMEHAIliAM Ta IOSCHEH-
HAM JI0 IIMX PEKOMEHIAIlil, TO BiH BUOMpae PEKOMECH-
JIOBaHi ToBapu ab0 MOCIYTH.
JI71s1 OIIHKY TIOSICHEHD 3a TAaHUM KPUTEPIEM 3a3BH-
Yail MPOBOIATH ONMUTYBaHHSI KOPHCTYBadiB pEeKOMEH/IA-
LIHHOI CUCTEMH.
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Januit kpurepiii 1ae MOXKITUBICTh BpaxyBaTh TeM-
MOpaJbHUI aCIEKT MONUTY KopHcTyBauiB. OJHaK NpH
HOro BHKOpUCTaHHI HEOOXiTHO BpPaXOBYBaTU BILTUB
HeopManbHUX (paKkTOpiB Ha 3MiHY MOTPed KOpPHCTYBa-
9iB 3 YACOM.

Jpyra rpyma kpurepiiB npu3HaueHa sl OLIHKA
3MiH Y ITpOJiakax B PE3yJbTaTi BAKOPUCTAHHS ITOSICHEHb
1010 PEKOMEHIAIIIH.

Jlo ckiany AaHOi TPYNH BXOISTH MOKAa3HUKH pe-
3YJIBTaTHBHOCTI Ta EPEKOHIUBOCTI.

[Nepinii noka3HUK BU3HAYAE 3MiHY KiJIBKOCTI IPO-
JIaXiB TOBApiB Ta IHTEpeCy /0 IMX TOBApiB B pe3yJbTa-
TiB BUKOPUCTAHHS MOSICHEHb.

JIyis1 OLIHKH BiJIOBIHOCTI MOSICHEHb I[LOMY KpH-
TEpil0 BUKOHYETHCS ITOPIBHSHHS CyMH a00 KIUIBKOCTI
MOKYIIOK BU3HAUEHUX TOBAPIB JIO Ta ITiCJIsl BUKOPHUCTAH-
HS TOsicHeHb. TOOTO OIiHKA IMOSCHEHb 3TiJHO JTAHOTO
KPHUTEPIiI0 BUKOPUCTOBYE HESBHUM, 00’ €KTHBHUI 3BOPO-
THHUH 3B'S30K BiJl KOPHCTyBaua PEKOMEHJIAIIHHOI CHC-
TEMH.

Jpyruii kpurepili BU3HAYa€ BIUIMB TOSCHEHb Ha
BHOIp IJILOBOI TPYIMM TOBapiB Ta MOCIYT. 3a3BUYail
301IBIIEHHS TIPOJIAYKY TOBAPIB I[IJILOBOI TPYITH BIUIUBAE
TaKOX Ha Pe3yJIbTATUBHICTH ITOSCHEHb.

OriHKa BiIIOBITHOCTI OTPUMAaHHUX ITOSCHEHb Ha-
BEJICHOMY KPHUTEpil0 0a3yeThCsl Ha MOPIBHSHHI PEHTHH-
TiB MPEAMETIB 3 WIJILOBOI TPYIH 0 Ta MicCIsl OTPUMaHHS
mosicieHb. Taka oliHka 0a3yeThCsl Ha HEIBHOMY 3BOPO-
THOMY 3B’SI3Ky BiJ] KOpPHUCTyBaya i TOMy MOXe OyTH
CIIOTBOpPEHA B Pe3yiIbTaTi MIMJIIHT-aTaK. Bka3zaHi aTaku
BUKOPHCTOBYIOTBCS ISl IITY4HOI 3MIHM PEHTHHIIB
TOBapiB Ta IOCIYr 3 METOK 30LJIbIICHHS MPONAXIB
LIBOBUX TOBApiB Ta 3MEHIIEHHS IPOAAXIB TOBapiB
KOHKYPEHTIB.

Tpers rpyna KpuTepiiB BU3HAYa€ 3pyIHICTH BUKO-
pHUCTaHHS NOSACHEHb 3 TOYKH 30py KopucTyBada. Jlo ii
CKJIaJy BXOITH KpHTepii e(peKTUBHOCTI Ta 3a0BOJIE-
HOCTI CIIO)KUBayYa.

Jlis OIHKM BiANOBIAHOCTI TMOSICHEHb MEPUIOMY
KPHUTEPII0 HEOOXiMHO MOPIBHATH KUIbKAa IMKIIB OTpPH-
MaHHsI peKOMEHaMii Ui BU3HAYEHOI IPYyIN TOBapiB Ta
HIOCITYT.

B nanoMy BHIaIKy BpaxOBYETHCS TEMIOPAJIbHUM
acCIIeKT, ajie [UIsl 3 SICYyBaHHS 3B 513Ky MIXK 4acOM pOOOTH
3 iHTep¢eiicoM Ta 3MiHAMU MOIMHUTY HEOOXIJHO BHKOpPH-
CTOBYBATH JOJIATKOBI MPOLETYPH.

3a/0BOJIEHICTh KOpHCTYBaua € He(OopMaIbHUM
KPHUTEPIEM 1 TOMY BH3HAYAETHCS B PE3YNBTATIB iX OMU-
TyBaHHA. [Ipu mepeBipIi BiJIOBITHOCTI TaHOMY KpHUTe-
Ppilo TeMIIOpaIbHUHN aCHEKT He BPaXOBYEThCS.

TakuM 4MHOM, TEMIOpPAIBHHUNA aCHEKT MOMUTY KO-
pHUCTyBada BPaxOBYEThCS MEPEBAKHO Y KPUTEPISX Iep-
moi Ta apyroi rpymn. KitodoBHMU KpUTEpisMH IHX
Ipyn, sIKi BU3HAYalOTh BiJHONICHHS KOpUCTyBadya Ta
TiepeBary BiJl OSICHEHb JUISI CUCTEM EJIEKTPOHHOI KoMe-
puii, € 7oBipa Ta pe3yIbTaTUBHICTb.

[MoemHanHs 1MX ABOX KpPUTEPIiB Npu MoOymOBi
MOJIEJl TOSICHEHHS JTOUIBHO 3JICHUTH Ha OCHOBI Hesl-
BHOT'O 3BOPOTHOTO 3B'A3KY Bij KopucryBaua. KiroyoBa
repeBara TaKkoro 3B’s3Ky IIOJISITa€ B TOMY, IO BiH 3a/1a-
€TbCsl Yepe3 00 €KTHMBHI J[aHi MMpO MpOJaxKi TOBapiB Ta
nociyr. ToOTo iHTerpanbHa XapakTepUCTHKa 3MiH TpOo-

JIaXiB BH3HAYEHHX TOBApiB 3 YacOM Ja€ MOXIIHUBICTh
00’€KTHUBHO BiIOOpakaTH pe3yNbTATUBHICTH IOSICHEHb
i, THM CaMHM, MO’KE 3a0€3TICYHTH IOBIPY CIIOXKHMBAYA.

Mopenb nosicHeHHs peKOMeHIauii
3 YpaxyBaHHSIM TeMIIOPAJILHOI0 ACIEKTY

[NosicHeHHsI, 10 BiJIOBiA€ PO3MIISTHYTUM KpHUTE-
pisiM, TIPONMOHYETbCS (OPMYBATH 3 BHKOPUCTAHHSIM
TEMITOpaJIbHUX TpaBwi [15], mO BpaxoBYIOTh 3MiHH
MPOaXxiB TOBApiB y yaciB. TeMmopabHi paBUia THITIB
«Next» ta «Future» BH3Ha4alOTh /1B BapiaHTH OLIIHKH
TEMIIOPAJILHOTO ACTIEKTY MPOAAXKIB.

BigMmiHHOCTI 1TOOYIOBYM MOSCHEHh HAa OCHOBI IUX
MIpaBWII TIpeJICTaBiIeH] Ha puc. 1 Ta 2.

1 m-1 M-1
T e L
ItO Itl |t2 tlm—2 Itm—] Itm {M—] ItM—] {]L/I
At, At, A A, T AL AL,
AT

A
Y

Puc. 1. Onuc 3MiH npozaxis
Ha OCHOBI TeMIOpAIbHUX NpaBui TUILy «Futurey.

B nepmomy Bunanxky mosicHeHHs1 (QOpMYeThCSl Ha
OCHOBI CYMH 3MiH y TpOJa)Ki TOBapiB Ta MOCIYI IS
nap MOCIIZIOBHUX 1HTepBaliB 4yacy. [HTepBan BH3HaYa€e
CTYMiHb AeTainizamii yacy (roJuHa, JIeHb, MicCsIb) 1 3a-
JIAETBCS B 3aJIEKHOCTI BiJ] OCOOJIMBOCTEH IpOAaXKiB
TOBapiB Ta mociyr. Hampukian, ajst ToBapiB ITOBCSIK-
JICHHOTO B)XXUTKY IHTEpPBAJ MOXE CTAHOBUTH TOJUHY
abo JIeHb, CE30HHHUX — MICsAIb Ta Oinbiie. JlaHa oriHka
Jla€ ycepeiHeHe 3HAYEHHs 3MiH 1 MOXe OYTH KOPHUCHOIO
y BHUIQJKY AOBIOTPHBAJIOrO POCTY YM MaJiHHS Mpoja-
XKiB.

rﬁfy -
o |
| i |
| i |
ZO It] It2 {m—Z Itm—] Itm ItM—] {M—] t@
AL, AL, AL, At T At A, |
< AT >

Puc. 2. Onuc 3MiH npozaxis
Ha OCHOBI TeMIOpaIbHUX NpaBui TUIy «Future»

B npyromy BHmanmky MOSICHEHHS 3 ypaxyBaHHSIM
TEMITOPAJILHOTO aCTEKTY BHKOHYETBHCS IIISIXOM IIOpiB-
HSIHHS 00’ €My TPOJIaXKiB 3a ITOTOYHUI IHTEpBAJ Yacy Ta
3a Bci morepe/Hi iHTepBanu (puc. 2). Januit minxin gae
MOXIIUBICTh BpaxyBaTd 3MiHM MPOJAXIB Ul BCIX map
IHTEepBaJIB Yacy y BU3HaueHoMy miamazoni AT i, Tum
caMMM, y3arajbHUTU TEHACHINI y 3MiHaX IOMUTY CIIO-
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1

kuBadiB. TemmopanbHi mpaBuma 7, Tamy «Next»

BCTaHOBJIIOIOThH 3B'SI30K MIXK IOCJIIJIOBHUMH 1HTEpBaJa-
MH 4acy At Ta At , IO 3aKiHYyIOTbCS B MOMEHTH

t,, Ta t, BiANOBiZHO.

m—1
Takuii 3B’5130Kk B JaHili HpenMeTHii o0iacti BH-
3Ha4yae 3MiHM (pICT, MaJiHHSA) MPOJAAXIB BHOPAHOTO

TOBapy Ha IIUX iHTEpBajax.

-1 _
r=n,—n, |Atm =t, =t . (1)

aen ,n _ — KIJBKICTh IIPOJAAHOT 0 IMEBHOI'O TOBApY Ha

-
iHTepBanax At,_, Ta At BiAIOBiJHO.

[osicHeHHss 3 BUKOPUCTAHHSIM TIpaBWJI THUILY
«Next» BH3Ha4a€ HOPMOBaHYy CyMapHY 3MiHY MpPOJIaXiB
TOBapy Juis Aiana3ony yacy AT :

M
>
m
_ m=2
MNext - M—1 . (2)
HaGip TemnopanbHux 3anexHocredt Tuny «Future»
Mae BUITI

R o ...,rM"} 3)

Future :{ (VELSVERER S Vi)
3naveHHs npaBumin tuny «Future» oOumcIIOETHCS
aHayioriyHo (1), 3a BHUHATKOM YMOBH ITOCIiJIOBHOCTI
IHTEpBaJIiB.
[Nosicnenns Ha ocHOBi mpaBun Tuiy «Future» Bu-
3Ha4a€ HOPMOBaHY CyMapHy 3MiHy (miBuiIeHHs a0o
3HW)KEHHS) TIPOJAXIB ISl BCIX Map iHTEpBaiB 3 OCTaH-

HIM iHTepBajoM 4acy Atf,, .

_ m=l

M e =25 @

TakuMm 4yMHOM, TIOSICHEHHS y BUTJIAAL (2) y3araib-

HIOE (UIYKTyalii IONMUTY Ha TOBAapH Ta TOCIYIH JUIS

nepiony yacy AT, a nosicHeHHs1 y BuTJIsii (4) mae mo-

JKITUBICTB ITOPIBHIOBATH OIUT NPOTSIroM nepiony AT 3
HIONUTOM Yy IIOTOYHUHM iHTepBan At .

ExcniepumenTanbHa nepeBipka mosicHeHHs (4) mo-
Kasajia, 110 HETHIIOBI 3MiHH NPOJNAXiB Ha OCTAaHHBOMY

iHTepBaJli 4yacy Atf,, MOXYTb BUKPHBUTH IOSICHCHHS.

To0TO 3HaYCHHS MOSCHEHHS 3HAYHOI MIPO0 3aJIC)KUTh
BiJ BHOOpY iHTEpBaTy Af .

Hanpukmnan, npomaki MOTJIM 3pOCTATH MPOTSITOM
JIEKITBKOX MICAIIB ajie OyTH HU3BKMMHU OCTaHHI 2-3 JHi.
B ToMy BUNajKy, SKIIO iHTEpBaJ Af CTAaHOBUTH | JICHB,
TO TIOSICHEHHS (4) MOKa)ke CKOPOUCHHSI MOIHMTY, IO HE
BIJMOBiAa€e 3arajibHii TeHaeHIil ocTaHHIX MicialiB. B
pe3yabTaTi KOPUCTYBAad HE BHOMpaTHME BKa3aHUM TO-
Bap i THM CaMUM CIPOBOKY€ IMONANbIIC 3HIKCHHS I10-
MUTY.

JI71s1 BUTIpABJICHHS I[HOT'0 HEJOMIKY JOIUIEHO KOM-
OiHyBaTH TMOSCHEHHS 3 BHUKOPHUCTAHHSIM 3aJICKHOCTCH
«Next» Ta «Future»:

M = kM +(k—l)MFuW. (5)

Next

3HaveHHs KoedillieHTy k 3aJIeKUTh BiJ KOIUBAaHb
nonuty Ha o00’exktn. Ilepma ckiagoBa BU3HAUae
3picT/majiiHHs TOMUTY Ha 33JaHOMY DiBHI JieTamizamii
qacy.

VY BumajKy IeTaJbHOTO NPEACTaBIIEHHS 4Yacy (ro-
JIUHA, JIeHb) 30UIBIICHHS i€l CKIAJ0BOI A€ MOXKIIH-
BICTh HIBEJIOBATH aHOMAJbHY 3MiHY IONMUTY Ha (hiHa-
JIBHOMY iHTepBali Af,, y BHUIAJIKy, HalpHUKIaf, ILIH-

JIHT-aTaKH.

3 iHmoro OoOKy, NpW 3alaHHi JeTanizaiii 4yacy Ha
PiBHI THKICHB, MiCSIlb BIUIMB IMEPIIOI CKIAIOBOI JOITi-
JIbHO 3MEHIIUTH 3 HACTYNHUX NpH4uH. [lo-nepiue, Ha
BEJIMKUX 1HTepBanax yacy (uIyKTyamii HOMHUTY HiBeIo-
tothest 3rigno (1). Tlo mpyre, HEBiANOBIMHICTH TEHACH-
i 3MiH MOMMTY U OCTAaHHBOTO iHTepBaly Af, Ta
nepiony yacy AT 3MeEHIIYEThCS JUISA TaKOi JeTasi3arii
qacy.

Crnin 3a3HauMTH, 110 3aMpOIOHOBAHE IIPECTaB-
JICHHSI TIOSICHEHb JJA€ MOXKJIMBICTD JIOIOBHUTH KOHTEKCT
nobynoBu pekomenaaniii [16,17] TeMnopaibHOIO CKila-
JIOBOIO.

BucHoBku

3anpornoHoBaHO MOJIEb IMOSCHEHHS PEKOMEHIO-
BaHOTO TEPEITiKy TOBAPIB Ta MOCIYT B PEKOMEHIAITI HHIH
cucreMi. [loSICHEHHsSI TPENCTAaBIEHO YHCIOBUM ITOKa3-
HHUKOM, III0 BPaXOBY€E 3MiHHM IIPOJAXiB TOBapiB Ta IOC-
JIYT U BU3HAYEHOTO Mepioy Yacy, 0OUUCIIeHi 3 BUKO-
PHUCTaHHSIM TEMIIOpaJbHUX TpaBwi THIIB «Nexty Ta
«Future».

[NosicHeHHS 3 BUKOPUCTAaHHAM TEMITOPAJIbHUX Mpa-
BuII TUITY «Next» BpaxoBye 3MiHH MPO/IaXKiB BUHOPAHOTO
TOBapy Ha ITOCJiIOBHUX IHTEpBAJIaX Yacy Ui 3a1aHOr0
piBHs Horo aeramizanii. [TosicHeHHSI 3 BHKOPHCTaHHSM
npaBui Uity «Future» BpaxoBye 3MiHM MPONAXIB IS
BCIX IHTEpBalliB y BHOpaHOMY Iepioi yacy y IopiB-
HSIHHI 3 TOTOYHMM iHTepBajoM. KomOiHOBaHe MOsICHEH-
HSl Ha OCHOBI IPaBHJ 000X THUIIB JIa€ MOXKJIMBICTH Bpa-
XYBaTy SIK MOTOYHI 3MiHHU MPOJAXIB, TaK 1 30UIbIICHHS
200 3MEHIIEeHHS POAAXKIB MPOTATOM 3aJIaHOTO MepPiony
qacy.

BukopucTaHHS €IMHOIO YWCIOBOTO MOKa3HUKA Y
SIKOCTI TIOSICHEHHSI JJa€ MOXJIUBICTH 3aJIOBUIBHHUTH OJI-
HOYACHO KpHTepii NOBIpH Ta pe3yJbTaTHBHOCTI IOSIC-
HEHb.

OHOro OOKY, OTpUMaHe MOSICHEHHS [TOKa3ye HO-
PMOBaHi KUTBKICHI 3MIiHM y TpoJakaX KOHKPETHOT'O
TOBapy 3a BU3HAYCHHUH Mepioj yacy, MO /A€ MOXKIH-
BIiCTh OLIHHUTH PE3YIbTATUBHICTh BHUKOPUCTAHHS MOSIC-
HEHb y poOOTI pEKOMEHAIIITHOT CHCTEMH.

3 iHmoro OOKy, MO3UTUBHUHN 3HAK IOSICHEHHS CBi-
JTYUTH TIPO 301IBIIEHHS POAAXKIB IIILOBOI'O TOBAPY Ha
BUOpaHOMY IHTEpBaJi Hacy, IO Ma€ CHPUSITH JOBipi
CHOXKMBAya JI0 OTPUMAHOI PEeKOMEH IAllii.

[lepeBara NMpakTUYHOTO BHKOPHCTAHHS 3aIpOIIO-
HOBAHOT'O TIOSICHEHHS TIOJISITa€ B TOMY, LIO JUISi HOTO
MoOYIOBH BHKOPUCTOBYETHCS 00 €KTHBHA iH(pOpMAIlis
PO TOKYNKHA BUOPAHOT'O TOBApy, IO A€ MOXKJIHMBICTH
o0rpyHtyBatd c(h)OpMOBaHY PEKOMCHIAIIO HAaBITh Y
BUIAJKy IIMJIIHI-aTaK Ta y CHTYallii XOJOJHOTO CTapTy
peKOMeHAaIIHOT CHCTEMHU.
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Modeling explanations for the recommended list of items
based on the temporal dimension of user choice

S. Chalyi, V. Leshchynskyi, I. Leshchynska

Abstract. The subject matter of the article is the process of generating explanations for the recommended list of goods
and services in recommendation systems. The goal is to develop models for explaining the recommended list of goods and ser-
vices, considering the changing interests of users over time. Tasks: justify the selection of criteria for evaluating the explana-
tions; to develop a generalized explanation model that considers the trust of the user, as well as changes in sales of goods and
services. The approaches used are: approaches to constructing recommendations based on the similarity of user choices, as well
as characteristics of user choice objects. The following results are obtained. A comparative analysis of the criteria for evaluating
the explanations is carried out and the choice of criteria for trust and performance as key for modeling the explanations, consider-
ing the temporal aspect of the user's choice, is justified. Models for the presentation of explanations in the form of a numerical
indicator, the value of which characterizes changes in sales over a given period of time, and the sign of explanation determines
the direction of these changes - increase or decrease. Conclusions. The scientific novelty of the results is as follows. An explana-
tion model for recommendations is proposed. The explanation is represented by a numeric indicator that considers changes in
sales of goods and services between the intervals of time detail for a given period of time. The explanation considers the change
in sales of the selected product at successive time intervals for a given level of detail, as well as changes in sales for all intervals
in the selected time period compared to the current interval. The proposed numerical representation of the explanation makes it
possible to simultaneously satisfy the criteria of trust and the effectiveness of the explanations: the sign of the indicator meets the
criterion of trust, and the value gives the opportunity to evaluate the performance of the recommendation system. In practical
terms, the presented explanation makes it possible to substantiate the recommendation even in the case of shilling attacks and in
the situation of a cold start of the recommendation system, since objective information on purchases of the selected product for a
given period of time is used as input data.

Keywords: recommender systems, e-commerce systems, explanation, formation of recommendations, formation of ex-
planations, criteria for evaluating explanations, temporal dependencies.
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JTOCIIIKEHHS AMILTITY JHO-YACTOTHUX 3AJEXHOCTEN 3AXUCHUX
BJACTUBOCTEUN MATHITHUX EKPAHIB HA OCHOBI AMOP®HUX CIIJIABIB

AnoTtanisi. CydacHi METOAM eKpaHYBAaHHS JOMYCKAIOTh BUKOPUCTAHHSA HAWOUIBII NPUIATHUX METAIEBHX MarepiaiiB
JUTSL OZTHOYACHOT'0 BUPIMICHHSI AEKITBKOX 3a1a4 JUIsl 3aXUCTY MPAIOI0YHX Ta eJIeKTPOMarHiTHOI CyMiCHOCTI TEXHIYHOTO 00-
nagHaHHs. OHUM 3 TakuX e(eKTHBHUX METaJICBUX MarepialiB BBaKalOTh aMop(Hi Maruirom siki cruiasu. [Ipexmer nocii-
JUKCHHS 1aHOi poOOTH — BU3HAYEHHS 3aXHCHUX BJIACTHMBOCTEH aMOP(HOr0 MarHiTOM sIKOrO CIUIaBY IIPH PI3HUX 3HAYECHHAX
YaCTOTHUX Ta aMIUIITYAHUX XapaKTEePUCTUK B 3aJISKHOCTI Bijl 3MIHM TOBIIMHH CTPiYKM Marepiairy. JIocnimpKeHo MarHiTHi
BJIACTHBOCTI IIEPMAJIOIO BiJl Pi3HOI YaCTOTH €KPAHOBAHOIO IOJIS 3 PI3HUM BiJJCOTKOBUM BMiCTOM HIKEIIIO Ta Pi3HOO TOBILH-
HOIO 3aXHCHOI'0 METAJIEBOro MaTepially; 3aIe)KHOCT] KoedillieHTa eKpaHyBaHHS MarHiTOM SIKHX aMOp(GHUX CIUIaBiB BiX iH-
JIYKLiT 30BHIIIHBOr0 MarHiTHOr'O 1oJst; Koe(illieHTH eKpaHyBaHHSI aMOP(HOro MarHiTOM SIKOro CIUIaBY pi3HOI TOBLIMHHU Ta
PI3HOTO BiJJICOTKOBOrO BMICTY KOOAIBTY BiJl 3MIHHMX 3HA4Y€Hb aMIUIITY[M; MarHiTooOpoOJICHNH CTaH Ta BUXIIHUH CTaH
(HenoJiKK Ta HepeBaru Ui KOHKPETHUX YMOB BUKOPUCTaHHI IIPH 3aXHUCTi Ta eKOHOMIYHUX BUMOT); 3aJI€KHOCT] MarHiTHOI
MIPOHUKHOCTI MarHiToM’KOro aMop(Horo CIuiaBy Bifl pi3HHX 3Ha4Y€Hb YaCTOTH Ta aMILIITyAu. MeTa poOoTH - BU3HAYECHHS
Koe(iLliEHTIB eKpaHyBaHHS 3aXUCHUX aMOP(HUX MarHiTOM’sIKUX CIUIAaBIB Bijl aMIUIITYJHO-4aCTOTHUX XapaKTEPUCTHK €K-
PaHOBAHOI'O MArHiTHOI'O IOJIA Ta OOIPYHTYBaHH: €()eKTUBHOCTI BUKOPHCTAHHS TaKMX MaTepialiB Ta HaJlaHHS KOHKPETHHUX
PEKOMEH/1alii 1010 3aXKCTY BiJl €JIEKTPOMAarHiTHUX IOJIB Ta BUIPOMIHIOBaHb IPALIOIOUMX JIFOJEH Ta CyMICHOCTI €lIeKT-
PHYHOrO Ta eJIEKTPOHHOr0 TEXHIYHOro o0aHanHsI. Po3po0iieHo 3aXUCHI BIIACTUBOCTI MarHiTHUX €KpaHiB HA OCHOBI aMo-
PpOHUX CIUIaBIB y Pi3HUX aMIUIITYAHO-4aCTOTHMX Jliala3oHaX. 3alpollOHOBAHO palliOHaJIbHI OOIPYHTOBaHI peKOMEHAANLil
010 BUOOpY Marepiany Uil 3a0e3neyeHHs HaliOUIbI NPUAATHUX 3HA4YeHb Koe(illieHTiB eKpaHyBaHHs JloBeeHo excrie-
PUMEHTAJIBHO 1110 aMOP(HI MarHiTOM’Ki CIUIaBU MalOTh CHPHATIMBI KOe]illieHTH eKpaHyBaHHS BiJl 4aCTOTU €KPaHOBaHO-
T'O IOJIsL, IO Mi/IBUINYE e(eKTUBHICTH 3aXUCTY BiJl MArHITHHX IOJIiB ITPAIFOIOYHX JIIOAEH Ta CIPOILY€E, 3 EKOHOMIYHOI TOYKH
30py, OOpaHHs MaTepialy Ha KOHKpPEeTHOMY BUPOOHMITBI. OTpuMaHi rpadidHi 3aJIe:KHOCTI HaJal0Th MOXIIMBICTh OOMPAaTH
HEOOXiIHMI 3aXUCHMII MeTalleBUi Marepiall Ta aBTOMaTU3YBAaTH HPOLECH PO3POOJIECHHS 3aC00IB ONTUMAJIBHOIO €KpaHy-
BaHHs MarHiTHUX IoJiB. bararocepiiiHicTb JOCimKeHb Ta JIerka KepoBaHiCTh BIIACTHBOCTEH MaTepiaiiB 3 Pi3HUM BMiCTOM
MeTayeBol CyOCTaHIii, pi3HOI TOBIMHMU CTPIYKH MaTepiaiy, TOIIO HaJgae 3MOT'Y 3MIHIOBAaTH 3arajbHi 3aXHCTi BIACTHBOCTI
METAJIEBOr0 CIUIaBY ( B 3aJIGXKHOCTI Bij IIOCTaBJICHOI YMOBH Ha BUPOOHHMIITBI).

Karw4dosi cioBa: amopdHi cruiaBu, eleKTpOMArHiTHI nons; Koe(illieHT eKpaHyBaHHS; aMIUTITyAHO-4acTOTHI 3aJIexkK-
HOCTI; 3aXUCT HPALFOI0YNX; eJICKTPOMArHiTHA CyMiCHICTb.

BriM, mociimKeHHs MO0 3aJIeKHOCTeH Koedirie-

Beryn HTIB €KpaHyBaHHS IUX MaTepiasiB BiJ aMILNTyd Ta

Cepen MeTaneBHX MatepiasliB ISl €KpaHyBaHHS
ENIEKTPUYHUX TOJIIB HAWOUTBII €EeKTUBHUMM i mepcre-
KTUBHUMH € aMOP(]Hi MarHiToM ’siKi CIUIaBH.

Ix mepeparamu € BenHMKi MarHiTHi MPOHHKHOCTI,
MaJli TOBIIMHHU 33 BUCOKMX MEXaHIYHHMX BIACTHBOCTEH
Ta CTaOUIBHICTh, HA BiAMIHY Bijl IEpMaJIoiB, enekTpodi-
3WYHMX MOKA3HMKIB MiJ yac ekcruryatariii. Ilpu mpomy
MAarHiToM siki aMmop¢Hi CIUIaBU Yy JOCTAaTHIH KiJIbKOCTI
BUPOOJISIIOTHCS B Y KpaiHi.

Henmonikom amopdHUX CIUIaBiB, SIK 1 B yciX MeTa-
JIEBUX MarepiaiB, € BeluKi KoedilieHTH BinOUTTS ere-
KTPOMAarHiTHUX XBWJIb, IO Y 0araTthboX BUMAJKaX € He-
0a)kaHUM 4Yepe3 TMOTIpIICHHS eJIeKTPOMArHiTHOI obcTa-
HOBKH Y HalIpsIMKax BiJIOHUTTSL.

AJle 1ell OKa3HWK He 3aBKIU KPUTHYHHUH, 0CO0-
JIMBO 32 MOTPeOU eKpaHyBaHHS JIOKATI30BaHUX Y MpOC-
TOpi JuKepea MarHiTHUX noniB. [Ipu 1boMy BiH npuaat-
HUHA JJIs1 OZIHOYACHOTO BHPILIEHHS 3a/a4 eJeKTpoMar-
HITHOI CYMICHOCTI ENEKTPHYHOTO Ta EJIEKTPOHHOrO
00J1aJHaHHS.

YacTOT €KpPaHOBaHMX IIOJIB MaroTh (pparMeHTapHuii
XapaxTep, a MOXHOKH BUMIpIOBaHb BEJHMKI Yepe3 BHKO-
pHCTaHHS 3acTapijioro o0JaHaHHs.

ToMmy akTyanpHOIO € 33aa4ya MaKCHMAJIbHO KOpPEK-
THOTO BHMIpIOBaHHsS KOe(II[iEHTIB €KpaHyBaHHs Haii-
OB MOMIMPEHNX aMOP(QHUX MAarHiTOM’SKHX CILIaBiB
y 3aJIEKHOCTI BiJl yMOB IX 3aCTOCYBaHHS Ta HaJaHHS
peKoMeHzaliil mo0 iX HaWOUThI e(eKTUBHOTO BUKO-
PHUCTaHHS y TaIy3sX OXOPOHH TIpalli Ta eleKTPOMAarHiT-
HOI CyMiCHOCTI TEXHIYHHX 3aCO00iB.

Amop¢HI MeTaneBi crutaBu po3poOsuiucs s ix
3aCTOCYBAaHHS y SIKOCTI MarHiTONPOBO/IB, MiKPO3OH/IIB
TOIIO, SIK aJIbTEPHATHBA MEPMAJIOsNM, SKi MalOTh CYTTEBI
HENOJIKA — 3aJIEKHICTb MarHiTHUX BJIACTUBOCTEH Bij
MEXaHIYHHMX BIUIMBIB. J[0 TOro » po3Mmipu BHPOOIB 3
aMop(HUX CIUIaBiB HaOaraTo MEHIII 3a BUPOOH 3 CIICKT-
POTEXHIYHHX CTaJel Ta IepMaoiB.

AHani3 ocTaHHIX gociaimxeHb i myOmikamii.
Binpuricts myOumikariii om0 BIacTUBOCTEH TaKHUX CILIa-
BiB MalOTh PEKJIAMHHUI XapaKTep i CTOCYIOThCS IepeBar
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Hueinvna de3nexa

KOHKPETHHX BHUpOOIB 3 HHUX. Y poborax [1, 2] Oymo
MOKa3aHo, MO0 aMOp(HI MarHiTOM’sIKi CIUIaBH MOXKHA
3aCTOCOBYBATH ISl 3aXHUCTy Ipamiorounx. [Ipu npomy
HaJaHO Koe(illieHTH eKpaHyBaHHS TUIBKU I JNEIKUX
yactoT. ToMy, SIK aHOHCOBAaHO Y CTATTSIX, AaHi MaloTh
OILIIHOYHHI XapaKTep.

VY nonaneioMy amop¢Hi CIlaBU BUKOPHCTOBYBa-
JUCS Y TPUKIIAQJAHUX PO3POOKax ISl 3aXHCTY €JIEKTPO-
3BapIOBAJILHUKIB Ta €HEPreTHKIB, a Koe(illieHTH eKpa-
HYBaHHS MAarHiTHOTO IOJISi NMPOMHCJIOBOI YacTOTH BH-
3HAYAIMCS 32 MPHHIMIOM iX JOCTATHOCTI JJIsl BH3HA-
4yeHHs yMOB [3, 4].

VY mopanemmx podotax [5, 6] Oyimo HagaHO AesKi
JlaHi TIOJ0 3aJIeKHOCTeW KOe(DIEHTIB eKpaHyBaHHS
aMop(HUX CIUIaBiB Ha OCHOBI KOOAJIBTY BiJ HaIlpyxe-
HOCTEH Ta YacTOT MarHiTHUX MOJIB, SIKI €KPAHYIOTHCS.
Aue, SK 3a3Ha4E€HO y CTATTSIX, Y SIKOCTI BUMIPIOBadiB
BUKOPHCTOBYBAJOCS OOJIQJIHAHHS BIJIACHOI pPO3POOKH,
TOMY NOXMOKH BUMiptoBaHb ckiazanu 1o 3 nb. Lle He-
NIPUIHATHE y Cy4acHUX yMOBaX, KOJIM €JIeKTPOMAarHiTHa
Oe3rieKa Ta eleKTPOMAarHiTHa CyMICHICTh TEXHOJIOTIYHOTO
o0JiaHaHHS € JIBOEAMHOIO 3ajadeto. ToMmy moTpedyroTh
peTeNbHUX JOCIIPKEHb Ha Cy4acHOMY oOnajHaHHI 3a-
JISKHOCTI 3aXUCHHX BJIACTHBOCTEH aMOpP(pHUX MarHi-
TOM’SIKHX CIUIaBiB BiJI yMOB iX 3aCTOCYBaHHSI.

IMocranoBka 3aBgannsi. Mera poGoTu — nOCITi-
JOKCHHS 3aJIOKHOCTEeH Koe(illieHTIB eKpaHyBaHHSI aMo-
pbHUX MarHiTOM SKHUX CIUIABIB BiJ aMIUTITyIHHX Ta
YaCTOTHUX XapaKTEPUCTUK EKPAHOBAHOTO MAarHiTHOTO
MOJISL Ta HaJaHHS PEKOMEHAAIH 010 X e(eKTHBHOrO
BHUKOPHCTAHHS.

Buxan ocHOBHOTO MaTepiaay

Bingomo, 110 enexTpuyHe MoJe JIETKO eKPaHYeEThCsS
OyIb-KMM METaJIeBUM MaTepiajioM, IO BUILUIMBAE 3
Horo g yHIaMeHTa bHUX BIACTUBOCTEH.

B Toli ke wac expaHyBaHHS MarHiTHOrO MHOJIS Y
0araThOX BUIAJKaX € CKIAJHOI0 33/a4el0 1 3aJIeKUTh
BiJ 0araThOX TEXHIYHHX XapaKTEPHCTHK 30BHILIHHOTO
TIOJISA, PO3TAalIyBaHHs eKpaHy (B 3aJIeKHOCTI Bij mocTa-
BJICHOI 3ajadyi), PI3HOMaHITHUX BJACTHBOCTEH eKpaHa
(3arasibHUX TapaMeTpiB, CKJIaAy, TOBIIMHH TOIIO), a
TAKOX — BiJI ITOCTABJIEHOI 3araJlbHOT METU JOCIIJDKEHHS
Ta XapaKTEPUCTHUK OTOYYIOHOro CepeloBHIIa (BKIIIOYA-
FOYH 1HIII TEXHIYHI 3aC00H).

Tomy nociimKeHHs II010 €KpaHYIUnX BJIACTHUBO-
cTel MarepialiB, IPUHANMHI Y HU3bKOYAaCTOTHIH obJac-
Ti JIOLITBHO BUKOHYBATH II[OJJ0 MarHiTHOTO MOJISL.

BusHaueHHS1 3aXHMCHUX BJIACTHBOCTEH €KpaHiB
3nilicHIOBaocs 3a MeTonukoro [7]. Takuid MeTon momus-
ra€ y peectpailii CeKTpiB MarHiTHUX TOJiB, BU3HAYCH-
Hi KPUTUYHHX aMILTTY] Ta X 3HWKEHHI y eKpaHOBaHIH
30Hi 3 ypaxyBaHHSIM 3arajbHUX TEXHIYHUX XapaKTepHC-
THK Ta THIIMX KPUTEPIiB BUKOPHUCTAHHS €IEKTPOMAarHiT-
HUX ekpaHiB [8, 9]. OcKiNnbKkU eKpaHyBaHHS €IEKTpOMa-
THITHHX IIOJIB METaJIeBUMU eKpaHaMu e(eKTHBHE,
JIOCHI/DKEHHST OOpaHWX CIUIaBiB BUKOHYBAIIOCS IS
Ha/HU3bKUX Ta HU3bKUX YacTOT MAarHiTHOTO MOJIs, SIKi
BIUIMBAIOTH Ha POOOTO CIIPOMOXKHICTH O0JIaTHAHHSL.

I'onoBHI mapaMeTpu Ta CKJIAA0B1 TOCIIIKEHHSL:

- BUKOPHCTOBYBABCSl CIUIaB Ha OCHOBI KOOAJIbTY,
skuit BUpoOnseTbest B Ykpaini (TOB «JIunray);

- eKpaHH OyJH CYIUIbHUMH (3aMKHEHHMH), BUTO-
TOBJICHUMH IUICTIHHSAM CTaHAApPTHUX METAJEBUX CTpi-
YOK TOBIIMHOIO 50 MkM, mupunoto 0,05 M;

- peecTpallis HAMPY)KEHOCTI MAarHITHOI'O ITOJIS
3IACHIOBAJIACS 3a JIOMOMOTrOI0 KaJiOpOBaHOrO aHasi3a-
topa criektpa SPECTRAN NF5035;

- MoXuOKa BUMIipIOBaHb HE HepepuiyBaia 1 %.

Pe3ysnbpraT BUMipIOBaHb 3aXHMCHUX BIIACTHBOCTEH
(xoediieHTIB ekpaHyBaHHs) HaBeAeHO Ha puc. 1 Ta 2.
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Puc. 1. 3anexHicts koedillieHTa eKpaHyBaHHS MarHITOM’ IKUX
aMOp(HHX CIUIABIB BiJl iHAYKII1 30BHIITHFOI0 MarHiTHOTO
nosst gacrororo 50 I'm ta 150 ' (BMicT koGansTy 70 %,
TOBILMHA eKpaHa 50 MKM)
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Puc. 2. 3anexHicTs koedillieHTa eKpaHyBaHHS MarHITOM’ IKUX
aMOp(HHX CIUIABIB BiJl iHAYKII 30BHIIIHFOI0 MarHiTHOTO
niosst yacrororo 10 kI (BMict kobansty 70 %,
TOBILMHA eKpaHa 50 MKM)

Ha ocHOBI oTprMaHHX 3aJIe)KHOCTEH MOXKHa 3po-
OWUTH BHUCHOBOK NP0 CYTTEBY 3aJISKHICTh KoedilieHTa
eKpaHyBaHHS BiJl aMILTITy[HUX 3Ha4€Hb €KpPaHOBAHOTO
noJsi, WO MOTpedye BpaxyBaHHS Y IPalleOXOpPOHHIH
TIPAKTHII.

BigoMo, 1110 3aXHMCHI BIACTHBOCTI JJII MarHiTHOI'O
TIOJIS 3AJIeKaTh BiJl MarHiTHOI MPOHUKHOCTI. [Ipu BUKO-
pUcTaHHI aMOp(HUX CIUIaBiB AJIs MiJBUIIEHHS IX Mar-
HITHUX BJIACTHBOCTEW BUKOHYIOTHCS TEpMiuHa Ta Tep-
MoMarHiTHa o0poOka. TepmiuHa 0OpoOka BUKOHYBaJa-
cst mpu Temmepatypi 350 °C ynmponosxk omHi€ei roauHu.
TepmomarHiTHa 00poOKa 3ailiCHIOBanacs 3a TemIiepa-
typu 300 °C y mocrifiHOMy MarsiTHOMy TOJi Hampy-
xenicTio 1000 A/m. 3MiHM MarHiTHHX BIIaCTHBOCTEH
CIUIaBiB HABEACHO Ha pHC. 3.
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Puc. 3. 3anexHicTh MarHiTHOI MPOHUKHOCTI MarHiTOM SIKOT'O
amopdHoro craBy BiJ yactoTH (BMicT Kobansty 70 %):

1 — TepmMooOpobIIeHHIi cTaH,
2 — BUXIJHHAN CTaH
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AJIe TIpH IIbOMY CITOCTEPITa€ThCA AY)KE KPUTHYHA
3aJICKHICTh S(PEKTUBHOI MAarHITHOI TMPOHHKHOCTI BiJ
aMILTITYI €KPaHOBAHOT'O MAarHiTHOTO MMoJis (puc. 4).
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Puc. 4. 3anexHicTh MarHiTHOI MPOHUKHOCTI MarHiTOM SIKOT'O
aMop(HOro cruIaBy BiJi aMILUIITYAU MarHiTHOrO MOJIS
gacrororo 10 kI'1 (BMicT kobanbTy 70 %):

1 — TepMo0OpOOICHUI CTaH,

2 — BUXIJHHAN CTaH
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Byno mocmimkeHO 3aIeKHICTh KOe(illi€HTIB eKpa-
HYBaHHS BiJl aMIUTITYIHHX 3HA4Y€Hb MATHITHOTO IO
(puc. 5 Ta 6).

JlomiIbHO MOPIBHATH MAarHiTHI BJIACTUBOCTI PO3T-
JITHYTOrO0 aMOp(HOTr0 CIUIABY 3 IMOKa3HHKAMH OLIbIII
JICIIEBUX Ta MOIIUPEHUX TepMaoiB (puc. 7).

HapeneHni nmaHi JO3BOJSAIOTH OMHO3HAYHO OOpaTH
MaTepiai Juisi 3a0e3neueHHs] MOTPIOHMX KOoe(illieHTiB
€KpaHyBaHHSI MarHiTHOTO MOJIS 1 pallioHaNi3yBaTH Mpo-
IeC HOpMai3alii eIeKTPOMArHiTHOI OOCTAHOBKH Y
BUPOOHUYOMY CEpPE/IOBHIIII Ta 320€3MEYUTH EIEKTPOMa-
THITHY CYMICHICTh €JIEKTPOHHOTO OOJaJHAaHHS Ha
NpUHOMIAX PO3yMHOI noctatHocTi. [Ipu mpomy ciin
BpaxoByBaTH, L0 TepMiyHa 00poOKa 3HIKYE THYUKICTh
aMOp(HUX CILIaBIB.
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Puc. 5. 3anexHicTb 3aXUCHUX BIACTUBOCTEH aMOp(HOro
MAarHiToM’sIKOro CIuIaBy Bijl 3MiHH aMILTITyAu
(BmicT kobanbTy 70 %, TOBIIMHA cTpiuky 50 MKM) Ha 4acToTi
50-150 I'm; 1- maraiTOOOpOONEHNIT CTaH, 2- BUXITHUIA CTaH
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Puc. 6. 3anexHicTh 3aXUCHUX BIACTUBOCTEH aMOp(HOro
MAarHiToM’sIKOro CIuIaBy Bijl 3MiHH aMILIITyAU
(BmicT kobanbTy 70 %, TOBIIMHA CTPiuKH 50 MKM)

Ha yacrota 10 x['1j; 1- MarHiTooOpoOIeHui craH,

2- BUXITHUHI cTaH
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Puc. 7. 3aneKHICTh MarHITHUX BJIACTUBOCTEH
MIepMaJIo0 Bijl YaCTOTH €KPAaHOBAHOT'O HOJIS
(ToBmHa nucra 0,3 mm, 1, 2, 3 — BMiCT
Hikeno 79 %, 68 %, 80 % BiANOBIIHO)
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Hueinvna de3nexa

AHaJti3 pe3ynbTaTiB CBiTYHTH, IO HABITH 332 TOB-
LIMHOIO, OLTBIIOI HA MOPSIOK IEPMaJIOl MOCTYHAIOTHCS
aMmophHMM ciutaBaM. HaBeneHi AaHi OMHO3HAYHO BKa-
3YIOTb, 110 TIepMaiol e)eKTHUBHI TUTBKH Ha HaTHU3BKUX
1 HU3bKUX YacToTax. [Ipu 11boMy IX MarHiTHI BIACTHBO-
CTI Jy’e Pi3KO 3HMXKYIOTHCS 31 301IBIICHHAM YaCTOTH
MAarHiTHOTO ITOJISI.

BucHoBxku

1. B ycix MeTaneBux MatepiaiiB aMopdHi CIUIaBU
HAMOIBII eQEeKTUBHI MaTepiai Uil eKpaHyBaHHS
MAarHiTHUX TOIiB.

2. AMop¢HI MarHiTOM’siKi CIUTABH MalOTh OLIBII
«TNIaIEHBKI» 3aJIEKHOCTI KOS(IIi€HTIB eKpaHyBaHHS Bij
YacTOTH €KpaHOBAHOrO MarHiTHoro nons. Lle cnporrye

mporiec 0OpaHHS MaTrepiaay y 3aJIeKHOCTI Bifl 4acTOT-
HUX Ta aMIUTITYZHUX XapaKTePHUCTHK MarHiTHOT'O TTOJIS.

3. TlopiBHSHHS 3aXMCHUX BJIACTUBOCTEH BUCOKO
KOOAJIbTOBOTO CIUIABY Yy CTaHI 3aBOJICBKOI ITOCTaBKH,
TEPMIYHOIO Ta TEPMOMATHITHOIO OOpPOOKOIO CBiTYHUTH
PO KEPOBAHICTh IIUX BJIACTUBOCTEH MaTepially OHOTO
XIMIYHOTO CKIIamdy.

4. OtpumaHi 1aHi 103BOJISATH OTHO3HAYHO OOMpaTH
CTaH Martepially y 3aJeXHOCTI BiJi yMOB HOro 3acTocy-
BaHHs Ta 3a0e3IeYyBaTH SIK IIOTPiOHI PiBHI 3aXHCTY Ipa-
LIOIOYMX, TaK 1 CTYIEHI €IeKTPOMArHiTHOI CyMiCHOCTI
€JIEKTPOHHOTO TEXHOJIOTiYHOro obnagHaHHs. Lle Takox
Jla€ 3MOTYy, 32 BHKOPHCTAHHS HaBEIIEHOrO rpagiqyHOro
Marepiay aBTOMaTH3yBaTH MpPOLIECH PO3POOIIEHHS 3aco-
0iB ONITUMAJILHOTO €KPaHyBaHHS MarHiTHUX TIOIB.
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Amplitude-frequency dependence research
for protective properties of amorphic alloy based magnetic screening

V. Glyva, O. Panova, O. Tykhenko, L. Levchenko, V. Kolumbet

Abstract. Modern shielding methods offer using metals most suitable for solving several problems simultaneously: pro-
tecting workers and electromagnetic compatibility of technical equipment. Amorphous soft magnetic alloys are considered as
metallic materials with such properties. The goal of this work is determining protective properties of an amorphous soft magnetic
alloy at various frequency and amplitude characteristics, depending on thickness changes of the material tape - magnetic proper-
ties of permalloy, depending on various frequencies of the screened field with protective metal material’s various percentages of
nickel and different values of thickness. Examined the dependence of magnetically soft amorphous alloys’ screening coefficient
to external magnetic field’s induction; the screening coefficients of an amorphous soft magnetic alloy with various percentages of
cobalt and different thicknesses to variable amplitude values; the magnetized and initial state (disadvantages and advantages for
specific conditions of protective usage considering economic requirements); the magnetically soft amorphous alloy’s magnetic
permeability dependences for various values of frequency and amplitude. Objective determining the shielding coefficients of
protective amorphous soft magnetic alloys for amplitude-frequency characteristics of the shielded magnetic field; substantiation
of effectiveness for using such materials and provision of specific recommendations for protection against electromagnetic fields
and radiation for working people and compatibility of electrical and electro-technical equipment. Protective properties of mag-
netic screens based on amorphous alloys in various amplitude-frequency ranges are developed. Unambiguous rational substanti-
ated recommendations for choosing materials to ensure the most suitable values of screening coefficients in this situation are
proposed. It has been proven experimentally that amorphous soft magnetic alloys have favorable shielding coefficients, depend-
ing on the shielded field’s frequency, which increases the efficiency for protecting workers against magnetic fields and simpli-
fies, from an economic point of view, the choice of material in a particular production. The results of graphical dependencies
provide the opportunity to choose the necessary protective metal material and automate the development of means of optimal
shielding from man-made magnetic fields. Series of studies and easily controlling material properties with different contents of
metal substance, different thicknesses of material tape, etc. makes it possible to change the general protective properties of such a
metal alloy (depending on the tasks in production).

Keywords: amorphous alloys, electromagnetic fields; shielding factor; amplitude-frequency dependencies; protection of
workers; electromagnetic compatibility.
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OIITHIOBAHHS MOXKJIMBOCTEM 3ABE3NEYEHHS 3AJTAHOI TOYHOCTI
BUMIPIOBAHHSA PAJIIAJIBHOI INBUAKOCTI LI KOI'EPEHTHO-
IMITYJbCHUMMU PJIC 3A MEXAMU JAJBHOCTI IPAMOI BUIUMOCTI

AHoTanisi. Y cTarTi OLIHIOIOTHCS MOXKIIMBI 3HAUEHHS CKIIAJI0BUX CEPEIHBOKBAAPATHYHOI IOMWIKY BUMIPIOBaHHS pajiia-
JIBHOI LIBUJIKOCTI L1, SIKI BUHUKAIOTh BHACHINOK (aykTyalii ¢a3u pagiocursalny 3a MeXaMH JaJIbHOCTI NPSAMOi BUIMMOC-
1i PJIC. O6rpyHToBaHa OLIIBHICTh BUKOPUCTAHHS KOI€PEHTHOI NauKy PaaioiMITyJIbCiB Ul 3a0e3nedeHHs HeoOXitHoi na-
JIBHOCT] BUSIBJICHHSI 13 3aJJaHMMHU ITOKa3HUKAMM SKOCTi. PO3IiIsa MpoBOAUTECS 1UIs MOJIENI CUI'HAILY 3 BUIIAJIKOBOIO aMILIi-
TYZOIO Ta ITOYAaTKOBOIO (a3oro. BBakaeTscs, mo (azosi ¢urykTyanii po3rnofisieHi 3a HOpMaJIbHUM 3aKOHOM C HYJIbOBHM Ce-
penHiM, a iXHs KopeJisiLis yOyBae 3i 30UIbIICHHAM IHTepBaly MiX Pa/lioiMITyJIbCaMH [AYKU 332 3HAKO3MIHHUM 3aKOHOM. Pe-
3yJbTaTH BKA3yIOTh Ha Te, 110 BHACHINOK (a30BUX (UIyKTyalii panioiMITylbCiB MPUHHATOI MauKH, cepeHbOKBAAPAaTHIHA
MOMWJIKA BUMIPIOBaHHS pajiaibHOI IIBUAKOCTI LI 3[[aTHA MEPEeBEpIIyBATH 3HAYCHHs, AKi BU3HAYAIOTHCS TAaKTHUYHUMHU
BUMOramMu 10 korepento-immynbscHux PJIC. IlpoBeneHunii uncenbHUil aHaii3 103BONSE BU3HAYATH CTYIiHb IOripIICHHS
SIKOCTI 4ac0-4aCTOTHOI 0OPOOKH MayuKy pajlioiMITyNIbCiB B KOrepeHTHO-iMIyinbcHUX PJIC Ta OLiHIOBATH CTYIiHb 3HIKECHHS
e(eKTHBHOCTI OJAJIBIIO] BTOPMHHOI 00pOOKH pajionokauiiiHol iHpopMallii.

Kaw4yoBi caoBa: manpHICTh NpsMOi BUIUMOCTI, pajioioKaliiiHe CIIOCTEPEKEHHs, pajlialibHa MIBU/IKICTh, KOT€PEHTHO-

immynbcHa PJIC, mauka pagioiMnyibsciB, ¢a3osi Giykryarii.

Beryn

IMocTaHoBKa mpodaeMu. 3a0e3neucHHs HE0O0XiI-
HOI JaJBHOCTI PaliojOKaliifHOTO CIIOCTEPEKEHHST Ma-
JIOTIOMITHUX, MAJIOPO3MIPHUX Ta MaHEBPYIOUHX Il
TIOB’3aHO 3 OTPUMAHHIM SIKOMOTa OiJIBIIIOrO BiJIHOIICH-
HSl CUTHAJ-IIYM Ha BHXOMI MPHCTPOIO Y3rOMKEHOI 00-
POOKH IPUIHSATOTO CUTHATTY.

Ilpu pamionokalifHOMy CHOCTEPEXKEHHI TaKUX
e, BUKOPHCTaHHS OCOOJIMBOCTEW IOUIMPEHHS pa-
JIIOXBHIIB Y TPOITOC(HEPHOMY PaliOXBHIbOBO/I JO3BOJISIE
cyTTeBO 301nbIMTH AanbHicTh aii PJIC.

3IaTHICTh CyYacHUX aepOIUHAMIYHUX LiIei B Xo-
JIi BAKOHAHHS 3aBJIaHb 32 MMPU3HAYEHHSM JI0 3/[1iICHEHHS
panToBux MaHEBPiB 0OYMOBIIOE€ HEOOXIJHICThH OIiHIO-
BaHHS X pajiaJbHOI MIBUAKOCTI 3 MaKCUMAaIbHO BUCO-
KOO TOYHicTIO. J[i1s pimeHHs mi€l 3a1a4i B KOTepeHTHO-
iMmyinbcHuX PJIC B SKOCTI 30HIYBAJbHOTO CHTHATY
BHUKOPHCTOBYETHCSI KOT€PEHTHA TTayKa palioiMITyJIbCiB.

PeanpHi YMOBHM NOIIMpEHHS Ta BiAOHTTS JaHOTO
PamioNIOKAIIHHOTO CUTHATY 32 MEKaMH JaJbHOCTI Mpsi-
MO1 BUIAMMOCTI CYTTEBO OOMEXKYIOTh HOr0 YacoBY Kore-
PEHTHICTb Ta SKiCTh YaCO-4aCTOTHOI OOPOOKH.

TakuMu yMOBaMH MOXKHa BBa)KaTH: BILUTUB aTMOC-
(hepHUX HEOTHOPIAHOCTEH, MOMICPIBCHKUM IITYM ITiTI Ta
BIIOWTTS paaiOXBHIb BiJl 3eMHOI MOBEPXHI 31 CKJIaIHUM
penbedhoM MICIIEBOCTI a00 CXBHIBOBAHOI MOBEPXHI MO-
psi. JlaHHI yMOBHU NPHU3BOASATH NO BUHUKHEHHS (DIyKTY-
aniil Qa3 pamioiMITyNbCIB NMPUIHATOI MAYKU, SKi 3HH-
)KYIOTh TOYHICTh BUMIPIOBaHHS i1 4aCTOTH 1 SIK CIIiJ| pa-
IiaJbHOI MBUAKOCTI LTI,

BkazaHe cBiqUUTH MpPO HEOOXIMHICTH OLIHIOBAHHS
BIUIMBY JTaHUX (PAKTOPIB Ha SKICTh BUMipIOBaHHS KOOp-

JIMHAT Ta MapaMeTpiB pyxy Liiel, 31aTHUX 70 PanToBO-
T'O MaHEeBpY 3a padialbHOIO MIBUAKICTIO, 30KpeMa 00iio-
BHX BEPTOJIBOTIB.

Oprasizaniss NpoOTUBEPTOIHLOTHOI OOpOTHOM Haii-
Oinbin edeKkTHBHA y pa3l 3HMIIEHHS BEPTOJBOTIB Ha
sIKOMOTa OUTBIIMX JAJBHOCTAX 10 00’ekiB. [Ipu mpomy
HaOUIbII eeKTUBHUMH 3aC00aMU 3HHUILIEHHS BEpPTO-
JBOTIB € BHHHIIYBAJIbHA aBiallisi, 3aCTOCYBaHHS SKOI
BUMarae reBHOro 4acy ii HaBeneHHs. J{s epekTHBHOTO
piteHHs i€l 3aaa4yi HeoOXiTHO MaTH 1H(pOPMAIIIO ITPO
LIBHIKICTB MOJBOTY Liii. BpaxoByroun, 1o ajist cydac-
HUX BEPTOJBOTIB  IIBWJAKICTH TOJNBOTY  CKJIAJae
240...320 kM/Tol, OAdLHICTL IX BHSBJIEHHS ITOBHHHA
nepesepuryBatu 100 kM.

Jlo cydacHux xorepeHTHO-iMIynbcHuX PJIC BHCy-
BalOThCS IOCTATHHO CYBOPI BUMOTH LI0/I0 3a0€e31eYeHHSI
3aJaHuX TOYHICHHX Xapakrepuctuk. Tak, B PJIC, ski
3MIACHIOIOTh TPAEKTOPHY OOPOOKY padiosioKaIiiHol
iHpopMarlii, MOMUIIKa BUMIPIOBaHHS palialibHOI IIBUI-
KOCTI IiJIi He TIOBUHHA TIepeBepIIyBaTH 1 M/C.

TakuM YWHOM, HEOOXINHO MPOAHANiI3yBaTH 3HA-
YEeHHs CKJIQJIOBUX NOMMJIKM BUMIPIOBaHHS pajialibHOL
IIBUIKOCTI IJTI T4 OMIHUTH CTYIHb BHECKY OKPEMHUX
(aKTOpiB y 3HIKEHHS SIKOCTI Yaco-4acTOTHOI 0OpoOKH
MaYKH paioiMITYIIBCIB Y KorepeHTHo-imMynabcHux PJIC.

AHaJi3 oCTaHHIX JoCHiIKeHb i myOsikamii.
BrockoHalieHHST Ta PO3BUTOK CyYacHHUX aepoJHHaMiy-
HUX O0’€KTIB PajioIOKANIHHOIO CIIOCTEPEIKEHHS 00Y-
MOBJIIOIOTh ITiJJBUIIEHHS BUMOT JI0 3aCO0iB IX BUSIBIICH-
HSI TA CYIIPOBOKEHHSI.

B cywacHux korepentHo-imnynbcHux PJIC peaiti-
30BaHi alIrOpUTMU IU(POBOrO KOTEPEHTHOTO HAKOITH-
YeHHS NPUHHATOrO Ia4KOBOrO pagiocurHainy. Tomy,
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36’330k ma padionokauyin

Ma€ TPaKTHYHY KOPUCTH OL[IHIOBAHHS MOXKJIMBHX I10-
MUIIOK BHMIpIOBaHHs paaiajibHOI IIBUIKOCTI LiJi B 3a-
JISKHOCTI BiJI CTATHCTHYHUX XapaKTEPHCTHK (ha30BHX
¢urykTyaniit paxioiMnysabCiB MPUHHATO! TAYKH.

PazionokariiiHoMy CIIOCTEPEKECHHIO IIiJIed Ta BH-
MIPIOBaHHIO IX KOOpAMHAT i MMapaMeTpiB pyXy B CKIaj-
HHUX YMOBaX NPHUCBSYEHA 3HAYHA KUTBKICTh POOIT.

Onykryamii (a3, M0 BUHUKAIOTH BHACIIJIOK
BIUIUBY aTMOC(epPHUX HEOIHOPIAHOCTEN Ta 0COOIUBOC-
Ti 3aCTOCYBaHHS PaJiOTEXHIYHUX CUCTEM B LIUX YMOBAxX
omucani B poborax [1-5]. Okpim 1poro, ¢pa3zoBi BUKPUB-
JICHHSI TIPUHHSITOTO CUTHANY, sIKi OOYMOBJIEHI CKJIaHOO
¢dhopMoro 1iyi Ta 11 3MaTHICTIO IO BUKOHAHHS PAITOBOI'O
MaHEBpY, BUKIMKAIOTh ONyKaHHS ii pajioiioKaliiiHoro
LEHTPY Ta, K CIIiJl, TOsBY MBHIKICHUX LIyMiB mimi [1,
6, 7, 8]. Y Bumamky 0aratoTpacoBOro MOIIMPECHHS pa-
JIOJIOKAIIIHHOTO CHTHANY TPU PaioNoKaIlifHOMY CIIO-
CTEpEXKEHHI IIJIEH, 1110 pyXaroThCs M MaJHUMU KyTaMH
MICIIsl, TAKOXK 3 SBIISIOTHCS HOro J0AaTKOBI (ha3oBi BHU-
KPHUBJICHHSI, IO PO3IJIAAI0ThCA Y podoTax [4, 6, 7, 9,
10].

Awnaniz ocobmMBOCTEl JlOKalii BEpTONBOTIB Ha
MaJIUX W IPaHUYHO MaJIMX BHUCOTaX MOKa3aB, IO BHUKO-
pHUCTaHHS palioiOKalliHHIX CTaHII PO3BIIKH B yMOBax
nepecidyeHoi MicleBOCTI € Mayioe(eKTUBHUM. PaszoMm 3
UMM Y pajiofOKaIiifHil MpaKkTUIll 3a paxyHOK TPOIOC-
(epHOTO pa/IiOXBUILOBOJY CHOCTEPIrajocs SBUIIE PO3-
MIOBCIO/KEHHS PalioXBUIIb HaJlI MOPCHKOIO TTOBEPXHEIO
Ha JaJbHOCTI, SIKa MEPEeBHIIYE JANBHICTh MPSIMOi BUIH-
Mmocri (TIB).

3 ypaxyBaHHSAM METOAMKH, BUKIaneHoi y [11], pe-
3yJbTaTH, SKi HaBezeHl B poOoTi [12, 13], Bka3yroTh Ha
Te, IO AAJBHICTh BUSBICHHS BEPTONBOTY 32 MEXaMHU
JANBHOCTI TPSMOI BHUAMMOCTI B YMOBax HOro Jiokartii
HaJa MopeM Moxe Oyru 36inbiiena B 7...10 pasiB. On-
HaK, MPU IOMY CYTTEBUH BIUIUB 3AIHCHIOIOTH (IIYKTY-
anii (a3u npuHHATOrO pajiocUrHainy.

[IpobaemMu BUMIipIOBaHHS TaJbHOCTI Ta PaaiabHOL
LIBHJKOCTI IiJIel B JaHUX YMOBaX pO3IIISIAJIKCS B PO-
6orax [14, 15]. OmHak HaBeieHI pe3ynbTaTu OyiIu
oTpuMaHi Juis BUnajKy Bukopucranus B PJIC moonuno-
KOro pagiocurHaiy. 3abe3nedeHHs] HeOOXiTHOI TaJIbHO-
CTi BUSIBJICHHSI Ta TOYHOCTI BUMIpIOBaHHS pajialibHOL
IIBUIKOCTI I[UJII TTOB’SI3aHO 3 BHKOPHCTAHHSAM B SIKOCTI
3oHAyBaJbHOrO curHany PJIC korepeHTHOi mayku pa-
JIOIMITYJTBCIB.

V¥ [16-22] HaBeneHa MeTOMKA PO3PaXyHKy IOMU-
JIKY BUMIPIOBaHHS YaCTOTH ITa4KH, 10 BUHUKAE BHACITI-
JIOK BIUTUBY (pa30BUX (IIYKTyalii 11 paiioiMITyIIbCIB.

[MpunymieHHs moa0 CTATUCTUYHUX XapaKTEPUCTHK
BiIOUTHX CUTHAJIIB MiJTBEP/PKEHI PE3yNbTaTaMH eKcIie-
PUMEHTAILHOT'O JOCIIDKEHHS, SIKi BUCBITIIEHI B [23].

ToMy, aKkTyaapbHOIO 3aJayci0 € TOIIYK IUIAXiB
OLIIHIOBAHHS CTYIEHs MOTiPIICHHS TOYHOCTI BUMIpIO-
BaHHS PaJialIbHOI HMIBHIKOCTI CKJIaJHUX MaHEBPYIOUHX
mijzerd 3a Mexamu npsmoi Bumumocti PJIC Ta anami3
BIUIMBY L[LOT'O TOTIPIIEHHS Ha iXHIO MOJAJIBIITY TPACOBY
00pOOKy.

MeTo10 CTATTi € pO3PaxyHOK CKJIaJ0BUX TTOMUIIOK
BHUMIPIOBaHHS PajiajbHOI IIBUAKOCTI IiJi Ta aHAJI3 1X-
HBOTO BHECKY B PE3YJITYIOUY MOMUWJIKY JUIS THUIIOBHX
napaMeTpiB KorepeHTHO-iMmyabcHux PJIC.

OcHoBHUi MaTepian

3abe3neueHHst CTIMKOCTI pajioNoKalifHOro cro-
CTepe)KCHHS CKIIAJHUX MaHEBPYIOUUX Ifiyiel Oe3moce-
PENHBO TIOB’sA3aHE 3 MAKCHMI3aIli€l0 BiIHOMICHHS CHI-
HaJI-IIyM, SIKe BU3Ha4Yae HeoOxinny nansHocti aii PJIC,
SIKICTh PaiOJIOKAIIHOTO BUSABJICHHS Ta TOYHICTH BUMI-
proBaHHs iXHiX KoopauHaT. lle mocsraeTbcsi KorepeHT-
HUM HaKOIMHMYEHHSIM MayKy MPUAHATHX PajioiMITyIIbCIB.

Jlis Mofienti cUrHaty 3 BHITAJIKOBUMH aMILTITYIO0
1 MOYaTKoBOIO (ha30l0 YMOBHA HMOBIpHICTh MPaBUIIEHO-
T'O BUSIBJIIEHHS OIMCY€ETHCS BUPa3oM [24]

_(l+q2/2) )

1 3aJIOKHUTH TIJIBKH YMOBHOI HMOBIpPHOCTI XMOHOI TPHBO-
rd F Ta B BIJHONICHHS CUTHAJI-IIYM 33 MOTYXXHICTIO
q2 (mapaMeTpa BUSIBJICHHS).

TaxkuM 4YuHOM, JUTS IMiIBUIICHHS YMOBHOI IMOBIp-
HOCTI IIPABUJIBHOTO BUSABJICHHS HEOOXITHO 301JIBIITYBATH
BITHOIICHHS CUTHAJ-IIIYM, II0 MOXKE OyTH 3a0e3IeueHo
BHUKOPUCTAHHAM KOTEPEHTHOI MaykKud 3 SIKOMOra Oiib-
IO KUJIBKICTIO Pa/lioiMITYIIBCIB.

BBakaeTbes, M0 MPUHHATA peatizaiis € CyMOIO
BIIOMTOr0 BiJ I[UJII KOPUCHOT'O PaJiOCHTHATY Ta BHYT-
PIIIHBOTO MIYMY IPHUAMAaIBEHOTO IIPUCTPOIO

y(t, Q) =x(t,Q)+n(t), (2)

D=F

e y(t,Q)- peanmizamis

x(t,€) - peamizalliss KOPUCHOTO CHUTHaNy; n(t)- peaii-

HpHﬁHHTOFO KOJIMBAHHA,

3allisi BHYTPIIIHBOTO TayCiBCBKOTO mIymMy; (2 - HUKIIY-
Ha yacroTa Jlomiepa MpuiHATOr0O paiOCUrHAIY.

SIK KOpPHCHMI CHUTHANl PO3IJISIAETHCS TayKa, siKa
Ma€ n paaioiMITyJIbCiB 3 BHIIAQJKOBOK aMILIITYI0K Ta
no4yatkoBoo ¢azoro. o (a3 pamgioimMmynbciB MayKu
JOnaloThes GuyKTyaniiini ckmagosi ¢;(i=1,2..n), aki
00yMOBJIEHI HaBEIEHUMH BUINE YMOBAMH HOT'O TOIIH-
PEHHS Ta BIAOUTTA

n
X, =0 X;.QexpliB+o)], ()
i=1
ne Xi(t,Q) — KOMIUICKCHA aMIUTITyAa i-T0 PajioiM-
mynbCy; b — BUMAJKOBa aMIUTITyla pajioCUTHAIY, sIKa
posrmoziniena 3a 3akoHoM Penest; § - BumazakoBa movar-
KoBa (ha3a paJiOCHTHATY, KA PO3MOALICHA 3a PIBHOMI-
PHHM 3aKOHOM; ;- (ITyKTyamliiiHa cKJIaJoBa MO4aTKo-
Boi (ha3u i-ro pamioiMIyNbCy; i — HOMEp PajioiMITyiIb-
Cy, SIKM{ BIAIIYYETHCS B MOYATKY IMAYKH; 72 — YHCIIO
PamioiMIYIIBCIB B MAYIIi.

Ha puc. 1 Hamani rpadiku 3aJeKHOCTI YMOBHOL
IMOBIpHOCTI IpaBMWIIbHOTO BHsiBiIeHHS (1) BiJ KiJIbKOCTI
panmioiMIyINbCiB, IO HAKOIMUYYIOTHCS KOT€PEHTHO, B
npoteci 00poOKH MPUHHATOrO CUTHAITY.

PesynpraTn oTpuMaHni npu q2 =100 na Buman-
kiB: F =10~ (xpuBa 1), F =107° (xpuBa 2), F =107%

(xpuBa 3), F = 10710 (xpuBa 4).

JlaHi 3HaYeHHS! XapaKTepH3YIOTh SIKICTh Paiioio-
KauiitHoro BusiBiieHHs1 PJIC pi3HOro mpu3HaveHHs, SIK
orngnosux PJIC, Tax i PJIC cynmpoBomKeHHs.
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Puc. 1. 3anexxHicTh yMOBHOI iIMOBIPHOCTI IIPaBUIIBHOTO
BUSIBJICHHS BiJl KUJIBKOCTI paJliOiMITyJIbCiB

OTpuMaHi 3aJIeKHOCTI CBiTYaTh MPO Te, L0 Kore-
PEHTHE HAKOMMYEHHS PaIioiMITyJIbCIB NPUHHATOT MTaYKH
3/aTHE 31HAYHO IiJBUIIUTH SIKICTh PajioiIOKaIiifHOro
BusiBiieHHs. [Ipu oMy, HaWOUTBIINK edeKT crocTepi-
raeTbcsl TMPH IEepexofi Bil OOpPOOKH OJHOrO pilioiM-
MyNbCy A0 KorepeHTHoi oOpodui 10 panmioiMITyIbCiB.
[TixBuIIeHHST YMOBHOI WMOBIPHOCTI NMPaBUILHOTO BUSIB-
neHHst D B 3aJIeKHOCTI BiJl yMOBHOI IMOBIpHOCTI XHO-

HOI TPUBOTH F=10"*.10""" cknagamae 15...30 Bix-
cotkiB. Ilepexim Bing KorepeHTHoro HakomudeHHs 10
PamioiMIyNIbCIB 0 KOrepeHTHoro HakomwdeHHs 100
PamioiMIyIbCIB BUKIMKA€E 30UTBIICHHA [ JHINEe Ha
1,6...4 BifgcoTka.

Bkazane cBiquuTh Ipo Te, 110 NPH PillieHH] 3a1a4i
SIKICHOT'O PaIioJIOKALIiTHOIO CIIOCTEPEXEeHHsI HE0O0XiIHO
3abe3neunTtn cuH(azne ckinagaHas 10..30 npuitHATHX
PanioiMITyIIbCIB.

BHacnimok HasBHOCTI edekry TpomochepHOro
pamioXBWJICBOLY MOXIIMBO BUSBICHHS IIiJied Ha
JTANTBHOCTSIX, SIKi 3HAYHO TEPEBUIIIOIOTH JaibHicTh [1B.
Ile miaTBEpMKYIOTbCS pe3yabTaTaMU EKCIEPHUMEHTY,
HaBeneHumu y [12]. Tlpu Horo mpoBesieHHi, y SKOCTi
panioyoKaliiHOro BUMiproBaya OyJ10 BUKOPHCTaHO PoO-
3TallIOBaHy Ha Y30epexiKi A30BCHKOTO MOpsI KOT'€pPEHT-
Ho-imnynbecHy PJIC 35]16/1.

Janenicts 1B 06’extiB D

ng » IKa BUMIPDIOETLCA Y

KiHOMeTan, BU3HAYA€THCA SK:
Dyg =24, (\ipac +h4 ) 4)

as

————=2 - eKBiBaJICHTHHH paaiyc 3emJi/
1+ a3 gN -10™

ne a, =

3 aHanizy piBHsIHHS (4) BUILTHBAE, 1110 €IUHOIO He-
KOHTPOJIbOBAHOIO 3MIHHO € BEPTUKAIBHUNA T'PajieHT
1HJIEKCY 3aJIOMJICHHS HOBITpA gy . B JaHoMmy Bumaaky

3HaueHHA g ckiano -0,19 N on./m, mo maibxe y II’4Tb

pa3iB Bipi3HAETHCS BiJl HOPMATBHOTO 3HAYCHHS
OpHak, Ha JAJTBHOCTI OUTBII HiX JanbHICTh [IB Oy-
JIO 3apeecTpoBaHO (DakT 3pOCTaHHS IMOMHJIOK BHMIpY
KOOpAMHAT TOBITPSIHUX LIEH 32 paxyHOK BIUIMBY KOpe-
JOBaHUX (IyKTyauiid Ga3u paaioaoKaliiiHOro CUrHaITY.
BiamoBimHO [0 pe3ysibTaTiB  E€KCIEPUMEHTY, B
YMOBax aHOMaJIbHOI pedpaxiiii Mpy MOMUpPEHH] eJIeKT-

POMAarHITHUX XBHJIb HaJ MOPEM aMILTITY/a Ta MOYaTKO-
Ba (haza pajioJOKalliiHUX CHTHAJIB PO3MOALJICHI 32 HO-
pManbHUM 3akoHOM. [Ipu oMy, HOpMOBaHasi KOpesi-
uiitna ¢yHKIis pasu BigOMTOro CHUrHajly Mae OCLIHIIIO-
I0YMi XapakTep.

Jlis mayky pajioiMITysIbCiB 3 MPSMOKYTHOIO OOBi-
JTHOIO Ta MApHOO KUIBKICTIO PaIioiMITYIIBCIB, TUCHIEPCis
MOMHJIKM BHMIpIOBaHHs Iapamerpa (23a HasBHICTIO
JIUIIE BHYTPINIHIX IIyMiB NPUIMAaIbHOTO IPHCTPOIO
OLIIHIOETHCS 3TiIHO BUpa3y [16]

L G V

)
2
Sonu 12
Ta Ma€ BUJ
5 12

q>(4m* -n1?

ne T - mepiox ciimyBaHHS pamioiMIYNIBCIB MAa4yKH; m -
YHUCIIO Tap padioiMIyJbCiB, CUMETPUYHHX BiJHOCHO
LEHTPY MayuKy.

HasBHicTh ¢uykryaniii ¢asu pagiocursany Bu-
KJIMKA€ PO3IIUPEHHS ITiKa Tila HEBU3HAYEHOCTI 32 4aco-
YaCTOTHUMH TapaMeTpaMu Ta HOro BIIXWICHHS Bij
LEHTPY, 110 MPU3BOJUTH 0 MOTIpPIIEHHS TOYHOCTI BH-
MipIOBaHHS PaIiaIbHOI IIIBUIKOCTI ITiJII.

Sxmo, $a3oBi uykTyamii paaioiMITyIbCiB MPUITH-
SITOI MAYKHA ONHMCYIOTHCS OCIHJIIOIOYOI0 KOPEISIIiHHO0
(yHKIII€l0, TO JUCTIEPCisi MOMUIKH BUMIPIOBaHHS Iapa-
Merpa € 3a HasgBHICTIO Jjuile (a3oBUX (GIyKTyarii
OLIIHIOETHCS 3T1IHO BHpa3y, OTpUMaHOro B poboTi [16]

180(')2

m? (4m* 1> T

2
SQ¢pn =

[ (27 -1 (1- eXp(—%(Ej —D)cos((2j —DyT)) +2x
=

m—j m—1

x> exp(—%l)z (27 -D)(2j+20-1)x
1= Jj=1

*(cos(jyT) —eXp(—%(zj —1)cos((Zj+1=1yT))], (7)

2 . .o .
Ie o - aucnepcist $pa3oBux ¢uyKryauidl; T - iHTEpBal
Kopensii Ga3oBux (IIyKTyaliif; y - YacToTa OCLUIS-
it koeginienTa kopemsii dazu.

BimnoBimHi CKIam0BI CepeaHbOKBAIPATHYHOI IMO-
munikn (CKII) BuMiproBaHHS pajialbHOI IIBHIKOCTI
LTI MOXKYTh OyTH pO3paxoBaHi 3TiIHO BUPa3iB:

A

Svu =5 _%Qui> (®)
4n
A

Oughn = 3O &)

ne A — nosxkuna xsuii PJIC.

[ xorepenTHO-iMnysibeHEX PJIC kepyBaHHS mo-
BiTpssHUM pyxoM Ta [loBiTpstHux Cuit OrJIsII0BOTO THITY
CaHTHUMETPOBOTO Jliana3oHy [OBXHWH XBHJIb 4YacToTa
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MIOBTOPEHHSI PaioiMITyIbCIB TAYKH MOYKE 3HAXOJUTUCH
B aiana3oHi 680...1700 I'm.

[pununora BigmiaHicTe PJIC cynpoBomKeHHS
noJisirae 'y Tomy, mo ueit kiaac PJIC npusHadaeTses ams
HaBEICHHs 3ac0o0iB ypaxkeHHs (pakeT) Ha Ik, OcoO-
muBictio PJIC cynpoBOmKeHHsI € HasBHICTh CUCTEM aB-
TOCYIPOBOKEHHS, 30KpeMa 3a JajbHICTIO Ta pajiajb-
HOO IIBHIIKICTIO [25].

Mae npakTUuHy KOPUCTh OTPUMATH MOJKJIUBI 3Ha-
yenHs ckinanoBux CKII BumiproBaHHs paliaibHOI HIBH-
JIKOCTI IIUJTi TIPY BIHOIICHHI CUTHAJI-IITYM 3a TOTYXKHIC-
TIO q2 =1000, st BUNAAKIB KOTEPEHTHOT'O HAKOIH-
YEeHHS KOpOTKOi 7 =38, cepeaHboi n =16 Ta TpuBajoi
n =32 na4ok pagioimnyinsciB i PJIC naHux tumis.

3a gonomoror Bupasis (6) Ta (8) MoxkHa po3paxy-
Batu ckiianoBy CKII BuMiproBaHHS paiaibHOI HIBUIKO-
CTi 111, 0OYMOBJIEHY BHYTPIIIHIMY IIlyMaM¥u pHHMaIIb-

HOTO IPUCTPOIO Gy, I Ma4o0Kk 3 n = 8, 16 Ta 32.

Jlyis BUnaiKy MOUTUPEHHS PaIioXBUIIb Y BUIAJIKO-
BO-HEOIHOPIJHOMY CepeloBHIli, B poooTi [1, 2] HaxaHi
BENUYMHM aucnepcii (pa3oBux QiaykTyarii paaiocurHa-

Iy o2, sxuit MIPOMIIOB Kpi3b 0OypeHy Tporochepy

9
3emui. [HTEpBan KopenAwii ¢pa3oBux (UIyKTyarii Moxe
cknagatu T=0,1...1c.

B PJIC ornsmoBoro THIy Ha JaJbHOCTSIX BUSB-
JieHHs 1ied moHaa 200 kM, HEOXHOPIAHOCTI Tporoche-
pu po3mipom 100 M 31aTHI BUKIHKATU QUIYKTYAIll ha3u

3 TUCIIEPCIEI0 6(2') =1,74 pa02 mpu A =0,1 m.

Jns PJIC cynpoBomkeHHS Ha JAJbHOCTSIX BUSB-
nennst 1ier 50...150 kM, HEOAHOPIAHOCTI Tporochepu
po3mipom 100 M 37aTHI BUKIMKaTH (uykTyamii ¢asu 3

JTUCIIEPCIEr0 6(2') =4,8..9,7 pa02 mpu A =3..5cM.

JI71s1 HaBeICHNX JTaHWX, 33 IOITOMOror0 Bupasis (7)
Ta (9) MoxkHa po3paxysaTu ckianaoBy CKII BumiproBaH-
HS paJiaibHOI IIBUIKOCTI I[iJ1i, 00yMOBJIeHY (ha30BUMHU

(arykTyaLisiMi pafioiMITy/IbCiB IPUHHATOL NAYKH G4,

s n= 8, 16 Ta 32.

Pesyneratn po3paxynkiB ckiagoBux CKII Bumi-
proBaHHs pamianbHoi mBuAKocti i mis PJIC ormsno-
BOTO TUITY HaBe/ieHI B Ta0. 1.

Pesyneratn pospaxynkiB ckiagoBux CKII Bumi-
proBaHHs pafiaibHOi mBHAKocTi wimi ais PJIC cympo-

BO/DKEHHs HaBeJleHi B TaOn. 2. OTpumaHi pe3yiabTaTH
CBiqUaTh Mo Te, 1o 3HaueHHs ckinanoBux CKII Bumi-
pIOBaHHS pajiajbHOI MIBHIKOCTI 1ijii, 0OyMoBieHi (a-
30BHMH (UIYKTYaLisIMH PalioiMIYIIbCIB TPUHHATOT HTay-
KU 3/IaTHI B JIEKiJIbKa pa3iB IepeBepIlyBaTH CKJIAIO0BI,
00yMOBJIEHI BIULTUBOM BHYTPIMIHIX ITYMiB NPHAMaIIbHO-
ro npuctpoto PJIC.

Tabnuya 1 — Cxaanosi CKII BumiproBaHHs pajianabHoi
mBuakocti wisi aist PJIC ornsiposoro tumy, m/c

n cum Gl)d)fl

8 0,08...0,18 0,5...0,76
16 0,04...0,09 0,36...0,54
32 0,02...0,05 0,26...0,38

Tabnuya 2— Cxaanosi CKII BumiproBanHs pajianabHoi
mBuakocti wisi ast PJIC cynposonskennsi, m/c

n Svu Sugn

8 0,66 1,85...6,9
16 0,33 1,3...4,82
32 0,16 0,91...34

OkpiM BIUTUBY HEOMHOPITHOCTEH Tpomocdepw,
BILUIMB JIOIUIEPOBCHKOTO MIYMY IIiJIi Ta 0AaraToTpacoBOCTI
MOIIMPEHHS PaTiOCUTHATY OOYMOBJIIOE NTOTATKOBE 30i-
neireHHs Gaykryanitinoi ckiamooi CKII BumiproBaHHs
pamiagbHOI MIBUAKOCTI 1T JIO MEKiIbKa OXMHUIL M/C 1
Oinbme. [Ipudomy, B 3Ha4HO OLIBIIOMY CTyTEHi (a3oBi
BUKPHBJICHHS PaJioOKALIfHOTO CHTHATY 3IiHCHIOIOTH
BIuB Ha poboty PJIC cynmpoBomKeHHs, BUKIUKAIOUH
HeOe3IeKy 3pUBY il 3 aBTO CYIPOBOKEHHS 32 JIaJib-
HICTIO Ta PaJiajbHOIO IIBU/IKICTIO.

BucHoBku

[IpoBeneHe OIIHIOBaHHSA CBIMYMTH MPO HEOOXIid-
HICTh BHKOPHCTaHHS CIEliaJbHUX METOJIB 3HIKECHHS
BIUIMBY BKa3zaHHUX (aKTOpiB TpH PadiooOKaI[iiHHOMY
BUMIpIOBaHHI pajiaibHOI IMBHUIKOCTI II SIK B MeXax
nmanpHOCTI mpsmoi Bumumocti PJIC, Tak # mo3a mmuMmu
MEKaMH.

OTpuMaHi pe3ynbTaTh J03BOJNAIOTH BHU3HAYATH
CTYMiHb TOTIPUIEHHS SKOCTI 4aco-4acTOTHOI OOpOOKH
MaYKU PaIioiMITYJIECIB B KOrepeHTHO-iMIynbcHuX PJIC
Ta OLIHIOBATH CTYIIiHb 3HW)XEHHS e(eKTHBHOCTI MOja-
JIBIIOI BTOPHHHOI 00pOoOKM pajionokamiiHoi iHpopMa-
Iii.
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Evaluation of the possibilities of providing the necessary accuracy of the radial velocity measuring of a target
by coherent-pulse radars outside the line of sight

O. Kuznietsov, A.. Artemenko, V. Petrushenko, A.. Karlov

Abstract. The urgent task is to find ways to evaluate the degree of deterioration in the accuracy of radial velocity meas-
urement of complex maneuvering targets beyond the radar's line of sight and to analyze the impact of this deterioration on their
subsequent track processing. The purpose of the article is to calculate the components of the error measurement of the radial ve-
locity of the target and to analyze their contribution to the resulting error for typical parameters of coherent pulse radar. The arti-
cle estimates the possible values of the components of the mean-square error of measuring the radial velocity of the target which
appear as a result of fluctuations of the phase of the radio signal outside the radar line of sight. The expediency of using a coher-
ent burst of radio pulses to provide the necessary detection range with specified quality indicators is substantiated. Consideration
is carried out for a model of a signal with a random amplitude and an initial phase. It is assumed that phase fluctuations are dis-
tributed according to the normal law with zero mean, and their correlation decreases with an increase in the interval between the
radio bursts of the packet alternating. The results show that due to the phase fluctuations of the radio pulses of the received pack,
the mean-square measuring error of the target radial velocity can exceed the values determined by the tactical requirements for
coherent-pulse radars. The performed numerical analysis allows to determine the degree of reduction of the quality of the radio
pulses burst time-frequency processing in coherent-pulse radars and evaluates the degree of reduction of the effectiveness of the
further secondary processing of the radar information.

Keywords: radar line of sight, radar surveillance, radial velocity, coherent- pulse radar, burst of radio pulses, phase fluc-
tuations.
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METO/I OIIIHKX IMOBIPHOCTI BITOBOI IOXHUBEKH
B CUCTEMAX HAJIIIUPOKOCMYT'OBOI'O 3B’AA3KY

Anotanisi. IlpegmeromM BHBYEHHS € mpolecH 3abe3nedeHHs Oe3NpOBOIOBOI 3aBaJOCTIHKOI nepenadi AUCKPETHOL
iHpopmanii Ha TpyHTI HAIIIMPOKOCMYrOBUX CHUTHATIB 3 BHCOKOI iH(opmauiiiHolo emHictio. Mera — po3poOka
aHaJITUYHUX CHIBBIJAHOLIEHb JUI PO3pPaxyHKy iMOBIpHOCTI OiTOBOi MOXMOKM B 3aJIeXKHOCTI Bijl CHiBBiJZHOIICHHS
CHUTHAJI/IIYM B KaHaJli 3 aJUIMTUBHOIO rayCOBOIO 3aBajlol0. 3agaya — 3ale3neueHHs ycTaneHol Ta HajiiHoi podoru HIIIC
CHCTEeMHU 3B’S3Ky B yMOBax 3aBajl. Bukopucrani MeTOOH: METOAM aHAIITHYHOIO, IMITaliffHOrO MOJENIOBAHHA Ta
1 poBOro KoxyBaHHsa curHaniB. OTpuMaHi HacTymHi pe3yabTaTH. Ha rpynTi ananisy ¢ynkuionysanss HILIC cucremu
Paio3B’sI3Ky BUABIICHO, 110 3MiHM €Heprii Ta aBTOKOpeJALiHHOI QyHKIIT NPUHHATUX CUTHaNIB B moToli iHpOpMaIiiHuX
6iTiB € IPUYMHOIO BUHUKHEHHS BHYTPIIIHBO CUCTEMHHX 3aBaJl, SIKi BUKIMKAIOTh 30UIbIIEHHS 6iTOBOI MOXHUOKM Ta jerpaia-
1[if0 IMOBIPHICHUX XapaKTePUCTHK CUCTEMH 3B’s13Ky. OTpUMaHi aHAJITUYHI CHIBBIAHOLIEHHS JIO3BOJIIOTH OOYMCIUTH 3a-
JIEXHOCT] IMOBIPHOCTI MOXMOKH Ha OIiT B 3aJI€)KHOCTI BiJl CIiBBIHOLICHHS CUI'HAJI/IIYM B KaHall 49X IPU Pi3HOMAHITHUX
3HAYEHHAX 0a3u cUrHaly. BusBIEHO iCHYBaHHS JIOKaJIBHUX €KCTPEMYMIB JUIS XapaKTEPUCTHK OITOBOI MOXUOKH P ONTH-
MasbHKX 3HaueHHsX 6a3u HILIC curnanmis, Koy iMOBIpHiCTh 0iTOBOi MOXHOKH cTae HalimeHIoro Lle mo3Bomnsie oOrpyHTO-
BaHO oOupary Haiikpami 3Ha4eHHst 6a3u HIIIC curnany ta MaTé BUCOKY 3aBaJIOCTIHKICTh Ta Ha/liHICTh CHCTEMH Iepeaui
mu¢posoi inpopmartii. BucHoBku. Buxopucranus rexsonorii HIIIC curnanis no3Bosse 301HCHUTH 6€3MPOBOIOBY IIPUXO-
BaHy Inepejady iH(pOpMallii 3 MO MOTYXHICTIO BUIIPOMiHIOBAaHHS Ha LIBUAKOCTI 1-2 MO/c 3 IMOBIpHICTIO OXHOKH Ha
6iT menm, Hixk 107, TIprdoMy, 33 yMOB BUKOPHCTAaHHs BEJMKOI 6a3u curmamy B = 500 — 1000 orpumMyeMo iMoBipHicTh 6i-
TOBOI moxuOKK Ha piBHi 10™ - 10 npu cyTTEBO MEHIIMX OXMHHIN BiTHOMIEHHAX CHrHAN/IIYM. TaKMM YMHOM CHCTEMa
HIIIC panio3s’s13Ky 3 KOJOBOK MOAYIIALIEI0 B IIEpe/laBadi Ta CHEKTPaIbHO 00pOOKO0 B NIpUiiMaui Mae BUCOKY 3aBaJi0C-

TIHKICTB, 110 J03BOJISIE 3IHCHIOBATH Ha/IiiHy repenady u¢poBoi iHpopmarii B yMoBax 3aBajl.

Karw4dosi ciaoBa: nepenaua indopmarii; 3aBaioCTiiKiCTh; IPUXOBAHICTh; CIIEKTPaIbHa 00pOOKa; KOPEIIsILLis.

Beryn

CepenoBHIIe PO3MOBCIOKEHHS € (i3MYHUM IS~
XOM MiX IepeJaBadeM Ta IpuiMadeM Uit Oe3IpoBOaO-
BUX KaHaJIB 3B’513Ky. SIKICTh Iepe/iadi CUTHAJIIB 3 BUCO-
KO0 iH(opMaliiHOI EMHICTIO 00YMOBJIIOIOTH XapaKTe-
PUCTHKHM KaHaly TIepenadi iHdopmarii, cepen sSKuX
HAKMOUIBII CYTTEBUMH € IIMPUHA CMYT'H YacTOT BHIIPO-
MIHIOBaHHSI Ta PiBEHb 30BHIIIHIX Ta BHYTPIIIHBO CHC-
TeMHUX 3aBajl. HalOiiabll onTUMaIbHUM Ta PO3IIOBCIO-
JDKCHUM I OC3MPOBOJOBUX CHUCTEM paio3B’s3Ky €
nmiana3on yactot Bif 1 mo 10 I'Tu. [1]. BusHaueni Mexi
Jiama3oHy CMYTH 4acTOT oOyMOBJICHI THM, IIIO Ha Yac-
ToTax MeHie, HiXx 1 I'T MaroTh Miclie 3Ha4HI 3aBaau 3
OOKY NPOMHCIIOBUX Ta NMOOYTOBUX EJIEKTPOHHHX IPH-
cTpoiB. Y Toii ke yac Ha yacrorax Buie 10 [T Bunu-
Ka€ 3Ha4yHe IOTJIMHAHHS CUTHAITY CEPEOBHUILEM PO3IIO-
BCIO/DKCHHSI 32 PaxyHOK BUHHMKHEHHS PE30HAHCIB Ha
KpaIuIMHax JIOULy, TyMaHy 4H IHITY.

Texnomorist Hagmupokocmyrosoro (HILC) 3B’s13-
Ky TOJISITae y mepeaadi MajoloTy)KHUX KOJOBaHUX iM-
MyJbCiB B JIyXKE HIMPOKIH CMy3i 4acTOT 0e3 Hecydoi
yactotu. [Ipy 1IbOMY BUIPOMIHIOIOTH HE TapMOHIYHE
KOJIMBAHHSI, & HaJJKOPOTKHUH IMITYJIbC, TPUBAJIICTh SIKOT'O
3HaxomuThest y mexax 0,2 — 2,0 HC, a mepiof iMIyJbC-
Hol mocmimoBHocTi ckiaagae 10 — 100 aC. 3a3Buyaii, Taki
CHUTHAJM MaloTh (OpMY i1/eai30oBaHUX T'ayCiBCHKHX
MOHOIIMKJIIB, OCHOBHA YacTHHA CIEKTPY SIKOrO 3Haxo-
muThes y cMy3i vactot Bix 1 go 10 I'T. Tak, nampu-
KJaJl, BUKOPUCTAHHA Y SIKOCTI KOAYIOUOIO IMIYIIbCY
MoHouukiy ['ayca TpuBamictio At Big 2,0 mo 0,1 HC,
IIMPUHA CMYTH YacTOT CKJIajae BiamoBigHo Big S00 MI'nq
o 10 I'T, a ciektp curHaidy Oyne MpH MbOMY 3aiiMae
BCIO cMyry yactor Bix 0 mo AF =~ 1/At [2-4].

AHaJi3 TeXHIYHUX pillleHb

3acTocyBaHHS TEXHOJIOTil HAAIIMPOKOCMYTOBOTO
3B’S3KY 3I1HCHIOIOTH LIISXOM IONEPEAHBOrO MEPEeTBO-
PEHHsI BITHOCHO BY3bKOCMYIOBHUX iH(OpMamiiHUX cur-
HaJiB 3 e()eKTHBHOI CMYTOIO0 CIIeKTpa Af Ha IHUPOKOC-
MYT'OBi 3 HIMPHHOIO CHIEKTPY AF, 3a yMOB 30€peKeHHs
Horo 3aranpHOi eHeprii E. Ilpum 1poMy creKTpanbHy
IIUTBHICTh €HEprii KaHAJbHOI'O CHTHANY YIIEPEHKEHO
3MEHIIYIOTh Y AF/Af pa3y, ska y [bOMY BUTIAJIKy CKJIa-
natume E/AF. Takum 4rHOM 0a3a KaHAJIBHOTO CUTHATY
3poctae 'y AF/Af pasiB. Ciil TakoX 3a3HAYUTH, IO
0a3010 HaJKOPOTKOT'O IMITYyJIbCY € JOOYTOK TPHBAJOCTI
CHTHaJy Ha MIMpUHY Horo cnektpy. HaiiOinbm npoctim
Ta 3pYyYHUM METOJOM pO3LIMPEHHS 0a3yW CUTHAIY €
IpsiME PO3MIMPEHHS CIEKTpy 4acToT. [Ipu npomy, dum
BHUIIIE 3aCTOCOBaHA 4YacTOTa, THM BHINA NOTEHIIlHHA
HIBUIKICTh TIepeaadi indopMariii.

TenekoMmyHiKamidHi CUCTEMH 3 PO3IIUPEHHSIM
CHEKTPY XapaKTepU3ylOTh BHCOKA IIBHIKICTH Iepeaadi
iHpopMarii, BUCOKUI piBEHb €JIEKTPOMArHIiTHOI CyMic-
HOCTI Ta 3aBaJIOCTIHKOCTI IO BiIHOIIEHHIO JI0 30BHillI-
HIiX 3aBaj] Ta MIKIJIUBOI iHTepepeHIii 3a yMOB OaraTo-
MIPOMEHEBOT0 PO3IOBCIO/KEHHsT curHaiiB [4-6]. B cuc-
TeMax pajio3B’s3Ky 3 PO3LIMPEHHSIM CHEKTpY 3.iiic-
HIOIOTH OINTHMaJbHY OOpOOKY NPUHHSATHX CHUTHAIIB 13
BUKOPHCTaHHSIM KOT€PEHTHOTO OIIOPHOTO CHTHAIY,
SIKMHF TIepeIa€ThCsl IO KaHaly 3B’SI3Ky OJHOYACHO 3 MO-
IyJAbOBAHUM I1H(pOpPMANIWHUM CUTHAJIOM. B cucTemax
HAJANTUPOKOCMYTOBOTO Paio3B’sI3Ky 13 PO3MOIIICHHIM
Ta 3aTPUMKOIO iH(pOpMaliifHuX curHamiB (time delay
diversity) 3a Manuii 4ac BU3HAYaIOTh aBTOKOPEISIIHHY
(YHKIIIIO TPUHHATUX CUTHANIB y BUIIISII CyMU OIOPHO-
ro Ta iHgopmariiiHoro curnamis [7]. Ewnepris HILIC
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CHTHAJIB, MPUHHATHX HPOTSITOM TPHBAJIOCTI KOXKHOTO
6iTy iH(popMallil 3MIHIOETHCSI BUIAIKOBUM YHHOM Ta HE
30epiraerbest mocTiiiHOIO B motomi OiTiB. Kpim Toro,
CYTTEBUI BIUIMB Ha IMOBIpHICHI XapaKTEPHCTHKU CHUC-
TEMH HaJIIUPOKOCMYTOBOI'O Pafio3B’sI3Ky MalOTh 30B-
HilHI 3aBaau Ta Quykryauis eneprii npuiHsaTHx HILIC
curHajiB. TakuM 4MHOM, HAaraJbHOIO 33/1a4€I0 € PO3PO-
Oka pekoMeHIalill 100 MiJBUILIEHHS PiBHS 3aBajoC-
TilikocTi Ta mpuxoBaHocTi kaHany HIIIC pamios3s’si3ky 3
aJIUTHBHUM T'ayCOBUM O1IMM IIIyMOM.

Meton ouinku iMoBipHOCTI 6iTOBOI MOXMOKHU
B CHCTeMAX HAAIIUPOKOCMYTOBOI0 3B’ A3KY

Buecennss mmdpoBoi iHdopmanii B mnepenaBadi
3IIHCHIOIOTH 3 PO3LIMPEHHSIM CIIEKTPY 33 PaxyHOK KO-
noBoi cnekrpanbHoi Moxymsnii HIIC curnanis. o
0€e3IIPOBOIOBOTr0 KaHally 3B’SI3Ky OJHOYACHO IOCTYIa-
I0Th SIK ONOPHUI cUrHan 7(t), Tak i iHpOpMaTHBHI CHUT-
Hamu n(t — T) au n(t — Tp) 13 3aTPUMKOIO Ha MaJli 4acoBi
inTepBanu 7; uu Tj 3rigqHO MOTOKY iH(opmaniiHux Oi-
TiB — OJMHUIN YM HYJIA. B mpuiiMadi BU3HAYAIOTH aBTO-
KOpEJSIIHHUNA BiryK NMPUHHATUX CHTHAJIB 3 KOJIOBOIO
CHEKTPaJbHOI0 MOJYIIAIYIEI0 Ta 32 YACOBUMHU 3CyBaMHU
KOPENAIIHHUX MiKIB 3IHCHIOIOTh OJHO3HAYHE BiITBO-
peHHsI epeaanux OiTiB iHpopMmarii. Po3mmpenHs criek-
Tpa MepeaHoro CUTHaNY y IeKUIbKa pa3iB y MOPIBHAHHI
3 CIIEKTPOM iH(OPMAIIHHOTO MOBiTOMJICHHS HEOOX1THO,
ajie HeJOCTAaTHHO Ul CTBOPEHHS CHCTEMH 3B’SI3Ky Ha
rpyuTi Texnojorii HIIIC curnanis. B npuiimaue ciifg
BHUKOHATH KorepeHTHuii ctuck HIIIC curHanis y momocy
4acToT nepenanoi inhopmarrii.

B cucremi 3a pesynpTaraMu IOABIHHOI CIIEKTpa-
JIBHOT 0OPOOKU OOUHCITIOETHCSI KOMITIEKCHA KOPEJISIIIii-
Ha (QyHKIIS IPUHAHATOTO CUTHAITY.

Ry (1) = 27k? x
X[ 2R, () + R, (1=Tig )+ Ry (v+Ti0) |+ B (),

sika Mae iHdopMaIliifHui ik i3 3cyBoM Ha 4dac 1) yu Ty
3TiIHO TIOTOKY OITiB OIWHHUIISI YU HYJIb, a TAKOXK KOpe-
JSiMHY (QYHKIiI0 aTUTUBHHUX TaycoBHX 3aBaj R (T) B
KaHaJli 3B’s13Ky. JleTekTop MakcuMalbHOro piBHS 004H-
cimoe JiIst criBBigHOmEHHs (1) Momymi KopensuiitHuX
nikiB Ry(t;7 o) ipu T= T Ta T= T}, PI3HUIIO SKUX TIO-
PIBHIOIOTH 13 HYJIbOBUM moporoM U,=0 st IpUAHSATTS
pillIeHHs PO BU3HAYEHHs nepeaanoro Oity [7-11].
INo3naunMo Moyl KopensuiifHuX MikiB depes 7

()

1 7 Ta3amumemo ix g rinores Hy 1a H.
Tax npu rinoresi H, :

10 (7o) =R (T0:Tp) )
1 (%) =|R. (i:T)|-

[pu rinotesi H, :
(6 =|R. (Ty:;T,)|; 5

n(h) =R, (G:1)|-

B nmemonynsatopi 3iMCHIOIOTH TOPIBHAHHSA ITHX
MOIYJIIB OAMH 3 OAHHUM. [Ipu IBOMY CIOYATKYy BH3HA-

YaloTh )y >7 1 7y <# YU iX PI3HHUIIO 7 —# Ta MOpiB-
HIOIOTH ii 3 HYJIbOBUM IOpOroM. [IJisi BU3HAYEHHS iMO-
BIpHOCTI ITOXMOKHU TpH IIepenadi NBIHKOBOrO CUMBOILY
HEOOXiTHO OTPUMATH 3HAYECHHS CYMICHHX JBOMIPHHX
MIiBHOCTEH IMOBIPHOCTI BUMAJKOBUX aMIUTITY. Xy i #
KOMIUIEKCHHUX KOPEIAIIHHUX (YHKIIH U1 IBOX TiNOTE3
Hy ta H;. Tlosnauaeo ix wuepes W(ry,ni/Hy) Ta

W(ro,rl I H l) . Toxni yMOBHI iIMOBIpHOCTI TTOXHUOKHU MpH

nepenayi OITIB HyJb 1 OJMHULS Ta 3aCTOCYBaHHsS BUpI-
LIYIOYOr0 TpaBwjia Ha IPYHTI HOPIBHSHHS MOAYJIB Ma-
TUME HACTYITHUHN BHUTJIS:

| 0
P(V0<VI/H0):J. IW(rO,rl/HO)dr] ro,
0\ ny

wo( iy
P(VO >V1/H1)=JA jW(Vo,Vl/Hl)drl 0 - (4)
o\ 0

3Bakaroun Ha te, mo HIIC indopmauiitamii cur-
Ha n(f) 1 aAUTUBHI 3aBaau s(f) € CTalliOHAPHUMU TayCo-
BHUMH BHUINAJAKOBHMH MPOLECAMHU, OTPUMYEMO OCTATOYHI
CHiBBI/IHOIIEHHS Ui YMOBHHUX IMOBIPHOCTEH MOXHOKH
(4) y Burmsni:

P(VO < V] /Ho) =
- Iyexp{—l(y2 Mgo)}x (5)
0 2
xIo (09, ) O (0» yYo ) dys

ne 1, (x) — ¢yskuis beccens HyapOBOrO mopsiika Bij

YSIBHOT'O apT'yMEHTY,

_ m(T)

(6)

k=0,1; v=0,1---

[Tpu orpumanHi criBBigHOUIEHHS (5) BUKOpPHUCTaHA
¢dopmyna Q- pynkuii Mapkyma:

0
1

Q((x,l?’):jxexp[—a(xz+a2)}l(ax)dx. 7

B
o cknany criBBigHOIIEHHS (6) BXOAATH CKI0BI
m(T,) 1a Ny (T,,), sKi € cepeiHiMu 3HAYCHHIMH 1 IHC-
HepcisiMH JUIA OI[HKM Kopensliiaol ¢GyHKumii R, (1:] ; TlO)
npu k=0,1; v=0,1. 32 yMOB piBHOCTI arnpHOpPHHUX IMOBI-
pHocreii rinore3 P(Hp) = P(H,)=0,5, moBHa iMoBip-

HICTh TOXHUOKN BH3HAYAETHCS Y BUTIISL
Fy=0,5x

8
><|:P(I"0 <rl/H0)+P(r0 >rl/Hl)} ®)

CriBBigHOLIEHHS 5, 6, 7 TO3BOJSIOTH PO3PaXyBaTH
MOBHY IMOBipHICTh NOXHOKH (8) mpu mepenadi OiTiB B
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KaHalli 3 aJUTUBHUMH TayCOBHMH 3aBajamMu s Oe3-
MIPOBITHOT CHUCTEMH HaIIUPOKOCMYTOBOTO 3B’SI3KY 3
KOJIOBOIO CIIEKTPaJIbHOIO MOIYJIALI€I0 B IIepeaaBadi.

Po3paxoBaHi 3ayexHOCTI IMOBIpHOCTEH MOXHOOK
BiJl CIBBIHOILIEHHS MTOTYXXHOCTEH KOPHCHOI'O CUTHAITY
Ta 3aBaJy B KaHaJi 3B 53Ky HaBe/IeHI Ha puc. 1.

Piaa: 1 i ==—
rem— 3 -~ -
Sl . i
n \‘. \‘ .. \
"l “; - .l '\
L — —— S
A% A % . 4 <
R i AY L o T3
\ “ I. .
0.01 \ = 3 w 1
h T— o a
A A 9
‘ 1 ) l‘ -
.
10 \% .- \t : =
Y— x O
L T, A 2 g
T 3
104 13 3
\
A ¥ .
. A} X
\ . LY
10 \, ‘. \‘
=== x 3
: : -
104 | | \ . 7%

=20 -15 =10 -3 0 | 1
¢/ B KaHate (aB)

Puc. 1. 3anexxHocTi iMOBipHiCTI TOXHOKHU P
BiJ{ CITIBBIIHOIIEHHS CUI'HAJI/IIIYM IIPH Ppi3Hii Oa3i curuany:
(1 -B=50; 2 — B=100; 3 — B=200; 4 — B=500; 5 — B=1000).

CriiBBiJHOIICHHS MOTYKHOCTEH KOPHUCHOT'O
CUTHAJIy Ta 3aBaJM B KaHaJi 3B 3Ky 3a Pi3HOIO 0a3010
HIIC curnana B=Af-T, =Af/C,, Bu3HauaerbCs

HACTYITHUAM CITiBB1HOIICHHSIM

q= 203, / c? . 9)

VY 11pOMY CITIBBiIHOIICHHI 03: Ta o? € aucnepcii
iH(pOpMaIiHUX CUTHATIB 71(f) Ta Al AUTUBHUX T'ayCOBUX
3aBan s(f), T,— tpuBaiicth 0ity, Cp= 1/T,— MBHIKICTH
niepenadyi OITiB.

TakuM YMHOM 3aBaJOCTIHKICTh, €IIEKTPOMArHiTHA
CYMICHICTh Ta NPUXOBaHICTH 0E3MPOBONOBOI CHUCTEMHU
nepenadi udpoBoi iHpopMallii BU3HAYAIOTh 3aJI€KHOC-
Ti iIMOBIpHOCTi OITOBOI MOXMOKH Bij CITiBBIJHOLICHHS
CUTHAJI/IIIYM B KaHaJi 3B’s13Ky (puc. 1).

3a yMOB (iKCOBaHOI CMYIW YacTOT, HaNpHKIAL,
Af=1000 MI'1i HaBeJeH] 3aJIeKHOCTI SBISIOTH COOOFO
BiporigicTe mepenadi iHpopmamii B cucremi HIIC
3B’s3Ky 13 mBHKICTIO nepenayi OitiB C,= 10 Mb/s, 5
Mb/s, 2 Mb/s tTa 1 Mb/s, y BiamoBigHocTi 3 0a3010 CUT-
mama B = 50, 100, 200, 500, 1000. I3 30inbiueHHSIM
HIBUIKOCTI nepenadi 6iTiB Cp, 32 yMOB (hiKCOBaHOI CMy-
TH 49acTOT Af, CIOCTEpIraeThcsi 3CyB BIPABO 3aJI€KHOC-
Tel Tak, IO IMOBIPHICTh MOXMOKH 3pacTa€ MpU 3MCH-
IICHHI 3HAYEHb CITiBBIIHONMICHHS CUTHAJ/IIYM B KaHAI
3B’SI3KY.

Ipu Benukiit mBuaKocti nepenadi 6itiB Cj, 3ame-
JKHOCTI 1 1 2 3a3HAIOTh OOMEKEHHS 3HU3Y TaK, M0 iMO-
BipHICTb GiTOBOI MOXHOKH € He MeHIOW, Hix 107 mpu
mBuakocti nepenadi Cp, =20 Mb/s Ta He HWXKYE BelU-
apan 10 mpu mBmakocti mepenaui C,= 10 Mb/s. Y
TOH K€ Yac 3aJIeKHOCTI 3, 4, 5 3a3Ha0TL OOMEKEHHS Ha
OLIbII HU3BKOMY PiBHI AJIsI IMOBIPHOCTI TOXUOKH T

yac nepenadi OiTiB 3 MeHmow mBuAKicTio C, = 5 Mb/s,
2 Mb/s ta 1 Mb/s.

Anaiais

Amnaniz BER — xapakrepucTuk 10BOIUTH, IO iMO-
BipHiCTh OITOBOi MOXMOKU HE IIparHe HaOJIHM3HUTHCS 10
HyJIs HaBiTh 3a BiJCYTHOCTI 3aBaj B KaHaii. OuiHka
rnapamMerpa TPUXOBAHOCTI ISl HU(PPOBOI CHUCTEMH
3B’S3KY 3IIICHIOETHCS 32 TAPAMETPOM ¢, KU BU3HAYAE
BiJTHOIIICHHS TIOTY>KHOCTI 1H(OpMaliiHOro CUTHAITY 10
MOTY)KHOCTI 3aBajl B KaHAJ IpH 3aJaHii iMOBIpHOCTI
6iTOBOI MOXHUOKH.

IMoBipHICTH 0GiTOBOT MOXMOKH 3aJIEKUTH Bija 0a3u
CHUTHATY.

Tax a1t cuTHaJIIB 3 BEJNMKOIO 0a3010, HAIPUKIIAI,
500, 1000, iMOBipHICTH OITOBOI MOXUOKHU CTAE HUXKYOIO
3a 107 - 10 HaBiTh npH HeraTHBHOMY 3HaueHHI Mapa-
MeTpa ¢ B iHTepBai 3HaueHsb -3...-6 ab.

Takum ynHOM, TIpH Benukiil 6a3i curnany B >
300, KoM IHTEHCHBHICTh NPUHHSATHX CUTHAJIB 3HAXO-
JIUTHCSI HIDKYE PIBHS 3aBajl, BKIIOYAIOYH BJIACHI IIyMH
npuiiMava, HaJiiiHa repenava iHpopMarii 31iHCHIOETh-
cst 3 imoBipHicTio moxuGkn MeHur Hix 107°. Ile xapax-
TEpPU3yE BHUCOKY 3aBaJIOCTIMKICTh Ta IPUXOBAHICTh
HIIC cucremu 3B’s13Ky.

BucHoeku

Buxopucranns texnonorii HIIC curnanis go3Bo-
Jsi€ 30IMCHUTH O€3NPOBOAOBY IPHUXOBaHY Mepenady
iH(poOpMaIii 3 MaJIOO MOTYXHICTIO BUIIPOMIHIOBaHHS Ha
mBUAKOCTI 1-2 MO/c 3 IMOBIPHICTIO TOXHOKH Ha OIT
MeH, Hix 107

IToka3zaHo, 10 BUIAJKOBI 3MiHH €HEPrii Ta aBTO-
kopensuiinoi ¢yHkuii npuiinatux HIIC curnamiB B
noToIl OITiB € NPUYMHOIO BUHUKHEHHS BHYTPIIIHBO
CHCTEMHHUX 3aBaj. Y CBOIO Yepry I BUKIUKAE 30111b-
1IeHHs1 0iTOBOI MOXMOKHM Ta Aerpajallifo iMOBIpHICHHX
XapaKTEPUCTUK CUCTEMH 3B’SI3KY.

OTpuMaHi aHAJITUYHI CHIBBIAHOIIEHHS JO3BOJIS-
I0Th OOYMCIIUTH 3aJISKHOCTI IMOBIPHOCTI MOXMOKHM Ha
0iT B 3aJI©KHOCTI BiJ| CIIBBIHOUICHHS CUTHAJI/IIYM B
KaHalli 44 CIHiBBiJHONIEHHS CHUTHAJI/IIyM Ha OIT mpH
PI3HOMaHITHHX 3HAYEHHSX 0a3W CUTHAJIA.

Po3paxoBaHi XapaKTEpUCTHKH OITOBOI MMOXUOKH
CBiYaTh MPO BUCOKHH PIBEHb NMPUXOBAHOCTI Ta EJIEKT-
POMArHITHOI CYMICHOCTI HaJIIUPOKOCMYI'OBOI CUCTEMH
3B’SI3Ky NpH Iepeadi AUCKPETHUX ITOBiJIOMIJIEHb B Ka-
Halli 3B’S3KY 3 aJAWTHUBHUM TayCOBOM OiIMM IIyMOM.
[Tpudomy, 3a yMOB BUKOPUCTaHHS BEIHKOI 0a3u CUTHa-
ay B = 500 — 1000 orpuMyemMo iMOBipHICTH 0iTOBOT
noxu6ku Ha pisHi 107 - 10 npy cyTTeBO MeHIIMX 0K~
HUIIl BiTHOIICHHSAX CUTHAJ/IIIYM.

BusiBrieHO icHyBaHHS JIOKQJIbHUX €KCTPEMYMIB IS
XapaKTEPUCTUK OITOBOI MOXUOKH TPHU ONTHMAIBHHUX
3HaveHHsX 0a3u HIIC curnamiB, koau iMOBipHICTh Oi-
TOBOI IOXHOKH cTae HaiiMeHIIorw. OTpuMaHi pe3yibra-
TH JIO3BOJISIIOTH OOIPYHTOBaHO OOMpaTH HaWKpail 3Ha-
yenns 0a3u HILIC curHany Ta OI[iHIOBAaTH CITiBBiIHO-
LIEHHs CHTHAJI/IIyM Ha OIT NpH 3aJaHuX IMOBIPHOCTSIX
6iTOBOI MOXHUOKH.

Taxum umzoM, cuctema HIIIC pamio3s’s3ky 3 Ko-
JIOBOI0O MOJYJISALIIEI0 B TepenaBadl Ta CHEKTPaJIbHOO
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00poOKOI0 B MpHiiMadi Mae BHUCOKY 3aBaiOCTIHKICTh,
[0 JTO3BOJISIE 3IIMCHIOBATH HAAiIWHy mepenady nudpo-
Boi iH(opMalii B yMoBax 3aBa.
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poneiicbkum CorozoM y koHTekcTi npoekty «dComkFra
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[MinTpumka €Bporeiicbkolo Komiciero cTBOpeHHS
i€l podOTH He O3HAayYa€ MOBHOTO CXBAJICHHS 1i 3MICTY,
SIKMH BII3EpKAIIIOE JINIIE TIOrIIsiAn aBTopiB. Kowmicist He
MO)K€ HECTH BIAMOBIAAIBLHOCTI 3a OyIb-sKE€ BHUKOpPHUC-
TaHHs iHpOpMalTi, SKy PO3MIILEHO B I[iif poOOTi.
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Metod for estimating the probability of biy error
in ultra-wideband communication systems

0. Serkov, K. Trubchaninova, B. Lazurenko

Abstract. The subject of study is the process of providing wireless noise-resistant transmission of discrete information
that are based ultra-wideband signals with high capacity for information transmission. Goal of the study — development of ana-
lytical expressions for calculating the probability of bit-errors depending on the signal-to-noise ratio in the channel with additive
Gauss interference. The objective is to ensure stable and reliable performance of UWB communication system under mush cir-
cumstances. Methods used: methods of analytical simulation and digital signal coding. The followings results are obtained. Based
on analysis of the operation of the UWB ratio communication system revealed that the change in energy and autocorrelation
function of received signals in the stream of information bits are the cause of intra-system interference that further causes an
increase sn bit error and degradation of the probabilistic characteristics of communication systems. Revealed analytical relation-
ship allow us to calculate the probability dependence of occurring errors per bit depending on the signal-to-noise ratio or at dif-
ferent base signal values. Revealed the existence of local extremums for bit error characteristics at optimal UWB base values
signals when the probability of a bit error becomes the smallest. That allows us to reasonably choose the best value of the UWB
signal base and have high noise immunity and reliability of the digital information transmission system. Conclusion. Using UWB
signal technology allows wireless covert transmission of information with low radiation power at a speed of 1-2 Mb / s with error
occurrence probability per bit at the level of 10-4 - 10-6 when the signal-to-noise ratio is significantly less than one. Thus, a
UWRB radio system with a code modulation at the transmitter and spectral processing at the receiver has higs noise smmunity,
which allows reliable transmission of digital information in an interfering environment.

Keywords: information transfer; noise immunity; stealth; spectral processing; correlation.
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SYNTHESIS OF INVENTORIES TO THE INTERFERENCE OF INFORMATION
AND TELECOMMUNICATION SYSTEMS

Abstract. The article deals with the development of analytical algorithms of information and telecommunication
systems formation that are invariant to the obstacle (additiveornon-aditiveone). The basic approaches to determine the
class of obstacles for which an invariant system can be constructed are discussed and analyzed in detail. It is established
that the invariance property of a feedback system guarantees the given probability of receiving information, but it does
not guarantee a preset speed of information transmission. Studies have shown that invariance is achieved by reducing
the noise immunity of additive noise. In a second-order phase-difference modulation system, the error probability is
invariant to the signal frequency, but it is greater than the error rate in the system with phase-difference modulation at a
constant signal frequency. As a result of the conducted researches it is established that the maximum of the undetected
error does not depend on the characteristics of the interference, but is determined solely by the parameters of the
correction code. The ways of improving the qualitative characteristics of information and telecommunication systems to
ensure their invariance to the obstacle have been determined by analytical means, which is confirmed by simulation

results and experimental data.

Keywords:
impediment, noise immunity.

Introduction

The main criterion of the effective functioning of
modern information and communication systems (ICS)
is the quality of data reception and transmission in all
modes of their functioning, including critical ones. In
practice, this problem has to be solved
comprehensively, since in these systems, the useful
signal and interference cannot substantially be
completely separated.

The search for appropriate methods is acceptable
only when the probability of transmitting information is
guaranteed [1], and in critical modes (the action of
concentrated interference) the property of system
invariance is guaranteed to unpredictable disturbances.

The peculiarity of the problem of invariance of
ICS is that the role of the invariant plays not the
instantaneous value of the original value, but some of its
statistical characteristics [2].

In ICS, obstacles acts as interference-
suppressersand as a characteristic of a system, which
must be an invariant of the interference is its noise
immunity, expressed quantitatively, for example,
because of the probability of error when it comes to
discrete information transmission systems [3, 4].

The required error probability value depends on
the type of information transmitted and ranges from 107
to 10, If the error probability exceeds the acceptable
values, then the transmission of messages becomes
impossible due to unacceptably poor quality.

If the error probability exceeds the acceptable
values, then the transmission of messages becomes
impossible due to unacceptably poor quality.

Changes to the characteristics of the information
channel are caused by a variety of obstacles inherently:

- the additive interference consists of a useful
signal, and a mixture of signals comes to the input of the
receiver. The parameters of the additive interference
directly determine the immunity of the ITS, and if it is a

information and telecommunication system, invariance, error probability, adaptive obstacle, additive

non-stationary random process, then the probability of
transmitting information changes;

- non-additive interferences lead to changes in
individual signal parameters and a channel that can be
expressed by changes in signal parameters.

In order to ensure the acceptable quality of
operation of a real digital transmission system, it is
necessary to maintain the error probability at a level not
exceeding a certain set value. This task can be
considered fulfilled if [5]:

- the probability of error is less than the set one
and remains unchanged, despite the presence of
interferences that cause non-stationarity of the
information channel;

- the probability of error under the influence of
interference changes arbitrarily in the range of values
below the set value and does not exceed this value under
any circumstances.

The purpose of the article

- to receive basic analytical algorithms for
constructing ICS invariant to additive or nonadditive
obstacles, as well as to determine the class of obstacles
for which it is possible to construct an invariant system.

- to identify ways to improve the performance of
ICS to ensure its invariance to the obstacle.

- to establish the capabilities of different types of
ICS in terms of achieving their invariance.

The main part

In practice, interference with spectrum-focused
parameters is often present, because, unlike thermal
noise power, their power is concentrated in a relatively
narrow frequency band [2]. If this band is less than
1/T , in the time interval T the focused interference can
be represented as a harmonic oscillation with random
amplitude, frequency and phase:

&) =a, cos(w,t+9,) . (1

© Shefer O., Topikha B., Shefer V., Myhal S., 2019
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If the amplitude of the useful signal is «

S
compared with the amplitude of the interference a,, ,

then the reception of the signal becomes impossible due
to frequent failures. Unmistakable reception in these
conditions can be ensured by choosing a useful signal of
more complex shape than interference (1).

For example, we choose a signal in the form of
harmonic oscillation which changes phase by phase:

S(1) = sign (sin%t}as cos(wgt +¢g) , )

Where AT — duration of the element of composed
signal, AT << T

Two signal components (2) having opposite initial
phases are obtained experimentally and are shown in
Fig. 1, b. We believe that the system performs phase or
phase difference modulation of the signal (2). In Fig. 1,
a representation of the interference (1) is presented, the
case where the interference frequency coincides with
the signal frequency w; =w; ; the interference
amplitude is also selected equal to the signal amplitude
(a, =a,) for ease of comparison of the results of their

processing at the receiver output.
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Fig. 1. Experimental data of harmonic signal
and obstacle realization

Let us now follow the signal transformations and
the interference in the receiver. The receiver (Fig. 2)
consists of two sequentially included multipliers M; and
M,, which multiply the received signal

M; M, >
x(1) 1 3
— ] » % » I —~<:()m
In /'y r'y 0 -
S p(1)

Fig. 2. Schematic diagram of the receiver
of the sequential composite signal

f)n

x(1) =80 +&(0), €)

On the reference oscillations f(¢) = sign sinA—nTt and

O(t) =ag cos(ogt+¢g) , and integrator. Since the
scheme is linear, one can consider separately the signal
conversion and interference. The results of
multiplication at output M1, respectively for the signal
and interference are presented in Fig. 1, c, d.

As a result of multiplication, the broadband signal
was turned into a narrowband and narrowband
interference into a broadband signal. Since the next part
of the circuit is a correlator consistent with the
narrowband signal, the effect of broadband interference
on the output of the integrator is negligible.

The Fig. 3 shows the output signal voltages (solid
lines) and interferences (dashed lines) are obtained.
Although the signal power is equal to the power of the
interference, the effect of the interference at the output
of the receiver is many times less than the effect of the
signal.

if(.’ ]{;;;;}sin wtdt

v B o o

A
7
b3
7
N\
X

"f I U){E‘::;}-Sinﬂmﬁ
Fig. 3. Output signal voltage and interference

With the selected amplitude of the obstacle, no
realization of it can lead to failure, that is, the system
under consideration is completely invariant to the
spectrum-limited obstacle with limited amplitude. This
is achieved by the redundancy of a signal consisting of
ten elements carrying the same information. By
increasing the number of elements of a signal, its
redundancy, it is possible to reduce the effect of the
interference or, in the same way, to ensure the
invariance of the system to interference with a large
range of change in amplitude.

To provide invariance to amplitude interference
a, <max a, = A4, it is necessary that the number of

elements m of the composite signal (2) be not less than

A
m=2+3-"2.
a

(4)

S

If relation (4) is being held, then the probability of
error in this system is zero and thus,

p=invarg.
Following a given rate of information
transmission, an increase in the redundancy of the signal
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m leads to a proportional broadening of its spectrum,
which is a charge for the achieved invariance of the
system to a spectrum-focused interference [5].

In real broadband systems, it is complicated by the
fact that, in addition to concentrated interference, they
have fluctuating noise.

The noise immunity of the system with respect to
fluctuation noise is determined by the ratio of the signal

energy O to the spectral density of the noise power cg ,
the magnitude

=L EL By (5)
Gg Pn

where P, — signal power, B, — average interference
power, T — signal duration, Af — bandwidth of the

channel, which does not depend on the shape of the
signal, including the number of elements of the
compound signal with a fixed energy.

Since the effect of fluctuation noise is entirely
determined by the value of h, it is considered that the
system 1is invariant to the interference from h is not
changed under the influence of &.

As an invariant, we consider not the influence of
the ¢ but a function p(h).

In the broadband system under consideration, this
function is not a strict invariant of influence but with a
large redundancy of the composite signal, the function
p(h,&) is little different from function p(%,0) and,
therefore, it is possible to speak about partial relative
invariance of the system to interference&.

Mathematical notation corresponds to the concept
of invariance relativity

p(h) =invarg . (6)

The redundancy of composite signals is estimated
to be the magnitude of their base, which is understood
to be the product of the duration of a T signal on the
width of its spectrum Af . Because Af = 1/ AT , then, the
base of the signal is approximately equal to the number
of elements of the compound signal: AfT =m. By
increasing the base of the signal, one can approximate
function p(h,&) to function p(h,0), that is, the relative
invariant system to absolute invariance.

In the case of both interference — fluctuation noise
and concentrated interference, relation (4) can be
considered as a necessary but insufficient condition of
invariance.

To obtain a sufficient condition, it is necessary
to determine the dependence of the loser in the noise
immunity (compared to the case of no obstacle &)
from AfT .

The noise immunity loss can be conveniently
expressed as the equivalent increase in signal energy
required to compensate for this loss. Let us estimate the
energy loss caused by the appearance of a concentrated
interference at the output of a coherent receiver, which
calculates the convolution of the received signal x(¢) (3)
and the reference oscillation S(7):

T
Jx(t)] = j x()S(t)dt . (7)
0
The integral (7) is decomposed into two
components:
T T
Jx(t)] = j S2(t)dt + j E(0)S(t)dt (8)
0 0

the first is equal to the energy of the useful signal, and
the second is the effect of the interference. By
decomposing the signal and the interference in the
Fourier series at the interval [0, T] and confining
ourselves to only additives with frequencies inside the
bandwidth of the channel, we obtain:

k
T <2
J[x(0)] = PST+E D agoy + by 9)
k=ky
where a; ,b;, — signal decomposition coefficients,
o, B, —interference decomposition factors,
ky —k +1= AfT —the basis of the signal.

If there was no & obstacle, the system's noise
immunity would be determined by the signal
energy O=PT . In the presence of concentrated

interference, the signal energy in the worst case, when
the results of signal processing and interference have
different signs, is reduced by

r b
Y=— Z a; oy +kak

2k—k

="

and gets equal:

Ouy =01 (10)

Let’s define the extremum of magnitude |y| by
considering that the signal has a uniform spectrum and

that ay =bk =C.
Then

k
cT &
Y=72ak+ﬁk~ (11)

ke=k,

Having calculated the Fourier coefficients o and
B, for the obstacle (1), we get

ky

D oy +By =

ke=ky
ky .

sinAw, T . cosAw;, T —1
= Z cosd, k +sin¢,, k
k:k] O)k AO)kT
. sinAw; T cosAm; T —1

—smd)n—k+cos¢n—k

where Ao, =, —k2—;=2n(fn -k/T).
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Considering that
sin(Aw; T +¢,,) +cos(Aw, T +9,,) —

. <3,
—sind,, —cos ¢,

ka )
we get > oy +Bi|<3a, D1/ Awy T,
K=k, K=k,

2n 2n 2n
since Aw;, =®, —k— and kj — <o, <k, —.
k n T 1 T n 2 T

Therefore, for the effect of noise on the output of
the receiver the following estimate is valid:

|Y| < 3ca,T(In AT +1)

4 (12)

Let’s now find a quantity ¢ = Q/Q,;, that shows

in how many times the energy of the signal is greater
than the equivalent energy of the signal, taking into
account the effect of the concentrated interference. To
do this, we express the magnitude of the decomposition
coefficients of the signal due to its power. Having used
the correlation

ky

Z alg +b,§ =P,

ke=ky

taking into account the equation a; =b, =c we get:

B
C = .
\ 2A/T

Substituting (13) in (12), on the basis of (10) we

(13)

get

P
q<Q{13n1

0-h | am\B JAT

It follows from (14) that for any fixed ratio of
interference power to the power of the signal P,/P;, the
effect of the interference effect by increasing the signal
base AfT can be arbitrarily arbitrary. In particular, if the

-1
ln(AjT+1)} .(14)

condition of invariance is given the maximum
permissible excess of g, then one can find a base AfT at

which a given degree of relative invariance of the
broadband system under consideration will be achieved
to the concentrated interference.

As a rule, the base cannot be increased
indefinitely, because with a given symbol rate of 1/T,
this can only be done by extending the channel
frequency band, which is always difficult. For example,
in a shortwave radio channel, the bandwidth allocated to
one station cannot exceed tens of kHz. Even
if Af =100 kHz, then at a manipulation speed of 300
parcels / s ( T =3/33 ms) the base of the system
is AT =330.

With such a base, the maximum permissible

excess of interference power over the signal power is
only ten (P,/P:=10), if it is considered possible to reduce

by half (¢=0/0,, ) the equivalent energy of the
signal (14).

As the bandwidth is widened, the likelihood of
multiple narrowband interference increases, causing
additional difficulties.

Therefore, the possibility of achieving invariance
within systems with constant parameters is limited
(which, however, does not imply that these possibilities
should be neglected).

Let’s consider a broadband system with a
composite signal and an adaptive receiving device
(Fig. 4). As elements of a compound signal, harmonic

oscillations with frequencies ®;,®,,...,,, are used,

and the signal itself is the sum of these oscillations.

Fi
o)

=i AMy —DI DMD ‘_|_’

Out

vy

Device for measuring
interference paramefers

Fig. 4. Block diagram of an adaptive receiver
of a parallel delivery channel

V In the receiving device (Fig. 4), the signal passes
through the bandpass filter system F,F,,....,F, with

frequencies ®,®;,...,® resulting in separate

m
frequency components being completely separated at
the outputs of the bandpass filters. Each element of the
composite signal then passes through an amplifier with
adjustable gear ratio and enters the demodulator. The
demodulated elements of the composite signal are
jointly processed in order to decide on the transmitted
information symbol. Because they carry the same
information, the transmitted symbol can be defined by
the "voting method" in most demodulation results of the
signal elements, in this case the adder ) acts as a
majority logic. In the case of the addition of analog
voltages at the outputs of the demodulators, the adder is
a device for adding analog signals.

In the output part of the adaptive receiver there is a
processing unit of signals carrying the same
information, and the resultant effect consists of partial
effects on the outputs of the separation filters.

The possibility of achieving invariance in the
system under consideration is based on the fact that the
interference-focused noise channel passes only through
one of the separation filters and, therefore, affects only
one of the receiver m channels. If you exclude this
affected channel from further processing, the system
will be completely invariant to the interference that isg,
it can be recorded as

p=invar§=0.

118



36’330k ma padionokauyisn

The device measuring the parameters of the noise
is used to determine the affected channel. The
algorithms of his work can be very different [6]. Since
the composite signal has a large redundancy, comparing
the result of the total signal processing with the results
of processing in each channel, you can identify the least
"quality" channel. The interference measurement device
can determine the interference level in the
communication channels by comparing the output level
of each filter with the average output level of all
separation filters. For any algorithm of operation of the
device measuring the interference, it must produce a
command to set the transmission coefficients of the
corresponding amplifier. For significant interference in
the i-th link, the transmission ratio of the i-th amplifier
is almost zero.

With the presence, in addition to the concentrated
interference &, also the fluctuation, in the considered
system with variable parameters as in the system with
constant parameters, only relative invariance to the
interference & is possible. Indeed, when one of the
channels of the receiver is blocked together with the
interference, some of the useful signal is eliminated, so
the probability of error in the presence of a concentrated
interference is somewhat higher than without it. This
increase in the probability of error can be made very
small by increasing the redundancy of the signal and,
accordingly, the number of receiving channels.

The advantage of a variable-invariant system over
a constant-parameter invariant system is that it can
provide invariance (absolute or relative) to an
interference with a much larger range of amplitudes. In
a system with constant parameters, invariance is ensured
with respect to interference with amplitude not
exceeding a certain value, depending on the base
(redundancy) of the composite signal. In the system
under consideration with variable parameters, the
maximum permissible interference amplitude is
independent of the signal base and is determined solely
by the ability of the bandpass filters to suppress the
signals lying on the frequency outside the bandwidth. It
is easy to build filters with fading hundreds of times
without the bandwidth, such a system can provide
suppression of great interference. A large signal base is
also required to ensure small noise immunity in the case
of fluctuating noise in a variable parameter system.

The system under consideration with variable
parameters is invariant to the noise-focused one;
Compared to similar systems with constant parameters,
it is invariant to a wider class of concentrated
interference.

Generally a non-additive interference causes a
random change in the signal parameters. Let’s consider
a signal with a random frequency. The causes that cause
a change in the frequency of the signal are very varied:
instability of task generators, rapid movement of the
source of electromagnetic oscillations or changes in the
medium reflecting these oscillations (Doppler Effect).
[7, 8]. We believe that the output of the demodulator
with constant parameters receives a signal

x(t) = asin[(wg + &)t + 9],

(15)

where § — a random variable equal to the deviation of
the signal frequency from the mean o).

Since the frequency of the signal is unknown, in
the class of systems with constant parameters it is
impossible to receive the signal (15) by a coherent or
optimal incoherent method. Thus, autocorrelation
technique should be used [6, 9].

The algorithm of autocorrelation signal reception
with a single first-order phase difference modulation is
of the form [10, 11]

T
1= signjxn (t)x,_ ()dt,
0

(16)

where [ ==£1 —transmitted information symbol, x,(¢) i
x,.1(f) —two consecutive signal parcels, equal, according
to formula (15):

x,_1(t) = asin[(wg + &)t +¢,_11,(n-1)T <t <nT,
x,(t)=asin[(og +E)t+ ¢, ],nT <t < (n+1)T.

(17)

The delay time t is equal to the duration of the
parcel T, but in real devices, these values are always
different due to implementation errors.

As a result of carrying out a modelling the
dimension of voltage at the output of signal was
determined (fig. 5), the integral in the right part of the
statement was calculated for this (16).It should be noted
that the (n - 1) - a sending the signal after pairing it with
the nth (by means of the delay line) will take the form

x,_1(t) = asin[(wg +E)(t+1)+¢,_].

In x(1)

Y
e
h 4
e |

=T
delay
line

Fig. 5. Structural diagram of autocorrelation signal receiver
with phase difference modulation

The result is

Jz}az[ sinf(w +£)-+4, 1 jdtz
o \xsin[(@g +E)t+ 1)+, ]

=“2—Tcos(¢ -0 +§t)+Lx
2 no el 4w +E)

X (sin(d)n +¢,_1 +&1)—sin(d, + ¢, +ET+ 2<‘;T)).

When calculating expression (18), we take into
account that

(18)

0T = 0yl = 2nk.

For simplicity we neglect the second term in (18).

This can be done if
0y +&>>2n/T,

(19)

that is, in the case of a narrowband signal.
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Then

2
J =% co0s(b, ~ 1 + 50 (20)

As can be seen from (20), with the phase
difference modulation, the result of signal processing at
the output of the autocorrelation receiver depends on the
change in the frequency of the signal & If &t>m/2,
then the sign of the value J changes and according to
algorithm (16) there will be an error in receiving the
message.

Therefore, the phase difference modulation system
is invariant to the interference that causes the signal
frequency to change:

p# invarg.

Consider a  second-order  phase-difference
modulation system in which information is embedded in
a second phase difference signal equal to

A%G = a1 =) = (0 — ) =
= ¢n+l _2¢n + ¢n—l P

The scheme (Fig. 6) contains two autocorrelation
signal receivers. On one of them the signal is received
through an additional phase shifter, which changes the
phase to /2.

The voltages at the outputs of the integrators are
proportional

cos(¢p, —d,,_1) and sin(dp,, —¢,_p).

The part of the circuit consisting of elements of
memory of constant voltages (RAM), multipliers of
constant voltages

cos A%, =cos(d, ~ by 1) €081~ 0y) +
+sin(9,, — ¢,_1) sin(d,, .1 — ).
In general, the receiver (Fig. 6) implements such a

mathematical  algorithm  for  processing three
consecutive signal parcels x,,_;(¢),x, (¢),x,.1(t):

1)

(22)

I =sign(X, X, +Y,Y, ). (23)

T
Xﬁ:j%HUMAOﬁ
0

T
X1 = jxn (), (dt
0

. (24)

Yy = [t (O (1)t
0

T
Yooy = [ %, (0% g (D)t
0

* the Hilbert transformations of the corresponding
parcels are marked (this operation is performed by the
phase shifter Fig. 6) [12, 13]. Carrying out calculations
similar to (18) and (20) by (24), we obtain

x(1)

In

Fig. 6. Structural diagram of the autocorrelation signal
receiver with second-order phase-difference modulation

2
aT
X, = 5 cos(d, 41 — ¢, +&1),

2
a“T
X, = —2 cos(d, —b,_ +&1),

5 (25)

a’T .
Y, = 5 Sln(¢n+l _¢n +E1),

2
aT .
Y, z—z sin(¢,, —¢,,_; +E&1).

where & — random signal frequency deviation, and t—
the duration of the signal delay in the circuit (Fig. 6),
approximately equal to the duration of the parcel T.

Substituting (25) into (23), we obtain that the
magnitude of the voltage at the output of the
autocorrelation signal receiver with second-order phase-
difference modulation becomes

JIxO] =X, X, +1, Y, =

2 26
= %cos(d)nﬂ -2¢, +¢,_1) =invar& 20

Therefore, the output voltage of the signal receiver
with second-order phase-difference modulation is
proportional to the second phase difference and does not
depend on the signal frequency.

Thus,

p=invar§.

A system of transmitting discrete information with
second-order phase-difference modulation is absolutely
invariant to the signal frequency i.

However, invariance is achieved by reducing the
noise immunity of additive noise. In a second-order
phase-difference  modulation system, the error
probability is invariant to the signal frequency, but it is
greater than the error probability in the phase-difference
modulation system at a constant signal frequency. This
provision is illustrated in Fig. 7, which presents a
qualitative picture of the relationship between the noise
immunity of second-order invariant phase-difference
modulation and non-invariant  phase-difference
modulation.

In the absence of a frequency layout (£ =0), the
probability of an error in a non-invariant system is less
than the probability of an error in the invariant.
However, if the requirement for noise immunity of the
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information transmission system p < p;:; (dashed line

in Fig. 7), the system with second-order phase
difference modulation satisfies this requirement, and the
system with phase difference modulation.

For a channel with an undetermined signal
frequency, it is obvious that not only a second-order

phase-difference modulation system is invariant.

it
0 s
L~
10_1 Ao
T O N N Y N I I N O Y
107 /Z
3 el
_'——'"__—/
=3 —1
10 ©
anuir\r

Fig. 7. Characteristics of noise immunity

of invariant and non-invariant systems:

1 - probability of error in the system
with phase difference modulation ( Py, # invarg);
2 —valid error probability;
3 - probability of error in the system
with phase-difference modulation
of the second order ( Py,,;; =invarg)

In some cases, there are a number of invariant
(totally invariant) systems to a particular interference,
and the question arises as to which one to choose. If the
probability of error in several systems is an invariant of
some interference, then the best, optimal invariant
system is the one in which this probability is less.

Let’s consider additive noise and fluctuation noise.
We  believe that the noise power varies
indefinitely (0...00).

The mathematical model of such interference is a
non-stationary Gaussian random process with unlimited
variance [14].

In such a non-stationary communication channel,
invariance to the non-stationary interference can be
ensured by adaptive ICS.

This system changes not only the algorithm of the
receiver but also, in agreement with it, the algorithm of
the transmitter.

Code combinations of length n are transmitted
through the direct communication channel of this
system, with symbols from each combination & being
informative and others (n—k) valid.

The receiver's decoding device operates in error
detection mode: if a fault is detected in this
combination, a feedback channel sends a request to
repeat the combination.

A mistaken combination is transmitted a second
time; if the error is not detected, then the following
combination is transmitted; if the error is detected again,
a second request is sent, etc.

In such systems, one of the characteristics of fault
tolerance is the probability of an undetected error p; ;,

since incorrect information is given to the consumer
only if the error is not detected.

Let’s suppose that the system under consideration
specifies the maximum acceptable probability of an
undetected error p;; pum -

Pdi < Pdi edm - (27)

We consider a system invariant to fluctuation noise
if inequality (27) holds for all possible values of
interference parameters.

If the probability of an undetected error is a
monotonic function of the interference power, then the
value p;; will be max at the maximum interference

power.

With interference power going to infinity, the
probability of mistakenly registering one double
character code combination is to 1/2 . Then any double
combination is equally likely to occur at the decoder
output. An error will not be detected if a combination of
code-specific combinations is made of random double
characters. Therefore, the maximum p,; is equal to the

ratio of the number of code combinations (n,k) of this

code to the total number of double combinations of
length n, max

pai =28 12m =2k,

The maximum of the detected error does not
depend on the characteristics of the interference, but is
determined solely by the parameters of the correction
code; that is, if the noise is still indicated by & , then

max
Dg; =invar&,

If, 2" < py; i oum besides, the adaptive ICS is

invariant in the above value to the fluctuation noise.

The difference between the concept of invariance,
which appears here, from the similar concept in the
previous examples, where the probability of error did
not change when changing the parameters of the
interference should be emphasized; in this example, the
error probability changes, but does not exceed some of
the maximum permissible value under any parameters
of interference. In other words, previously the invariant
of the error was the probability of error, and now the
invariant of the error is the acceptable maximum of this
probability. However, in this case it is possible to speak
about the invariance of the system, since the quality of
telecommunications (in view of noise immunity) cannot
be worse than the set in any circumstances.

Conclusions

The research has found a general reduction in the
speed of information transmission due to the presence of
interference at the entrance to the ICS and the use of
code with redundancy.
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As the power of the interference increases, the It should be noted that, although the invariance
frequency of '"rewriting" increases and the rate of property of a feedback system guarantees a given
information transmission slows down, and in the probability of information, it does not guarantee a
presence of a powerful interference the actual speed of  predetermined rate of information transmission.
information transmission drops to zero: in fact, in this This is natural, because in this case the bandwidth
mode the system "directs efforts" not to the transmission ~ of the communication channel is zero, and the only
of information, but to "preventing" false ones thing that can be achieved is not to receive erroneous
combinations to the consumer. information.
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CuHTe3 iHBapiaHTHHX 0 NepemKoIn
indopmaniiino-TesleKOMyHIKaNiHHAX cHCTEM

O. B. llledep, b. B. Tomixa, B. O. lledep, C. B. Murans

Anotanisi. Crarrs npucBsueHa po3poOJICHHIO aHATITHYHUX AJITOPUTMIB T00Y0BH iH(OpMALIiHHO-TeJICKOMyHiKaIliHHUX
CHCTEM iHBapiaHTHUX JI0 MEPerKoaun (aquTiHBHOI a00 Hea uTHBHOI). [leTaabHO PO3TILHYTI Ta MpoaHAaIi30BaHI OCHOBHI MiIX0aM
BU3HAUCHHA KJIacy IEpelIKoj JUll SKMX MO)KHa MOOynyBaTH iHBapiaHTHy cHCTeMY. BcCTaHOBIEHO, IO BIACTHBICTb
IHBapiaHTHOCTI CHCTEMH 31 3BOPOTHHM 3B'I3KOM rapaHTye 3ajaHy BiporifHicTh NpuiioMy iH(opMallii, ajle BOHa HE rapaHTye
Harepes 3alJaHy MBHIKICTH nepenadi iHgopmarii. [IpoBexeHi mocCHmijpKeHHS IOKa3aid, IO IHBAapiaHTHICTH JOCSATAEThCS 3a
PaxyHOK 3HIDKEHHS 3aBaJOCTIMKOCTI CTOCOBHO aJIMTHBHHX 3aBaj. Y cHCTeMi 3 (ha30pi3HUIEBOI0 MOAYIISILIEIO IPYrOro MOPSIKY
IMOBIpHICTb TOMMJIKM IHBapiaHTHAa JI0 4YacTOTH CHUTHAly, ajle¢ BOHA Oinblla, HDK IMOBIPHICTh HOMHIKM B CHUCTEMi 3
(ha30pi3HULIEBOI0 MOIYJISLIEIO ITPU HE3MiHHIHM YacToTi curHaimy. OTxe, TOCIIKEHHS BHSBUIIO 3arajibHe 3HIKEHHS IIBHIKOCTI
nepezadi iHGopMallii yepe3 HassBHICTb IEPEIIKOJ] HA BXOAI B CUCTEMY Ta BUKOPUCTAHHS KOAY i3 HaAMIipHICTIO. 31 301IbIICHHIM
MOTY)XKHOCTI TepelIKol 301IbIIyEThCS YaCTOTa (IIEPENMCYBaHHS», a LIBUIKICTh nepeznadi iHdopmalii CroBUIBHIOETBCS, a 3a
HAsBHOCTI TOTYXHOI Iepelmkoan (akTWyHa LIBUIKICTH nepenadi indopmaiii majgae n0 Hyns: GakTHUHO B IIbOMY PEXUMI
cucreMa "cnpsiMOBye 3ycuiuii" He Ha nepenady iHdopmauii, a Ha "3amoOiraHHA" NOMHIKOBMM KOMOiHALisAM CIOKHBaya. Y
pe3yNnbTaTi NMPOBEICHUX JIOCHIPKEHb BCTAHOBJICHO, 1[0 MaKCUMyM HEBHSBICHOI IMOMMJIKHM HE 3aJIeXKUTh BiJl XapaKTEPUCTHK
3aBaJi, a BU3HAYAETHCS BUHATKOBO IIapaMeTPpaMU KOPUI'YBAJIbHOTO KOAY. AHAIITHYHUM LIISIXOM BU3HAYEHI IIUIAXH HOTIMIICHHS
SKICHUX XapaKTepUCTHUK iH(POPMaIiHHO-TeIeKOMYyHIKaliHHUX CHCTEM I 3a0e3NedeHHs iX 1HBapiaHTHOCTI JI0 NEPEeLIKOAH, 110
MATBEPKEHO pe3yJIbTaTaMH MOJICIIOBAHHA Ta EKCHEPUMEHTAIbHUMM JaHuMH. Ciif 3a3HauMTH, 110, XO4Ya BIACTUBICTH
IHBapiaHTHOCTI CHCTEMH 3BOPOTHOI'O 3B'I3Ky rapaHTye 3a/laHy HMOBIpHICTb iH(OpMallii, BOHa HE rapaHTye 3a3/aJierib 3aJaHy
BUJIKICTD nepenadi iHpopmaii. [le mpuponHo, TOMy 110 B LIbOMY BUIAJKY IPOIYCKHA 3/aTHICTb KaHAIly 3B'A3KY JOPIBHIOE
HYIIIO, 1 €/I1HE, YOr0 MOXHA JIOCATTH, - LI¢ He OTPUMYBAaTH IIOMUIKOBY iH(popMariro.

Karw4dosi ciaoBa: indopmaniliHO-TelIleKOMYyHIKallifiHa cucTeMa, iHBapiaHTHICTb, HMOBIPHICTh IIOMMJIOK, ajanTarjiina
MEePEIIKO/Ia, aJUTHBHA MEPEIIKO/la, 3aXHUILEHICTb B/l LITyMYy.
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METO/ CYMIg:Hoi OBPOBKHN KOOPJIUHATHOI TA O3HUAKO"BOi
THO®OPMAIIII BCUCTEMAX OBPOBKH PAIIOJIOKALIIMHOI
THOOPMAIII CHEIIAJIBHOI'O IPU3HAYEHHS

Anotanisi. IIpeamMeroM BUBUCHHS B CTATTI € NpOLEC CyMiCHOI 0OpOOKM KOOPIMHATHOI Ta 03HaKOBOI iH(dopMaii B
cucremMax 0O0poOKH pajionokauiiHoi iHpopMaril crieniaabHOro npu3HaueHHs. MeToro € po3poOka MeToy CyMicHOI 00-
PpOoOKH KOOpIMHATHOI Ta 03HAaKoBOI iH(opMalii B cucremax oOpoOku pazionokaniiiHoi iHpopMaLii CrewianbHOro mpu3-
Ha4yeHHs], 110 JO3BOJIs€ BpaxyBaTH iH(GOpMaIiiiHi MOXIMBOCTI PI3HOTHUIIHUX [PKEpEN HpO IapaMeTpH TPaeKTOpiH, cur-
HaJIbHi, TPAEKTOPHI Ta ONEPATUBHO-TAKTHYHI O3HAKH, @ TAKOXK BUKOPHUCTOBYBATH IHTEJIEKTYalIbHI TeXHOJIOTIT 1 po3mi-
3HAaBaHHA NOBITPSIHUX 00’ ekTiB. 3aBaanHsa. HaBeneHo pe3ynbraTu 1OCIHIIKEHb 1010 YIOCKOHAIEHHS METOAIB Ta ajro-
PUTMIB TpeTHHHOI 00pOoOKH pajionokaliiiHoi iHpopMaLii B cucreMax oOpoOKH panionokariiHoil iHpopmarii crenianb-
HOT'O NpU3HA4YeHHs. 3alpONOHOBAHO METOJ] CyMicHOI 0OpOOKM KOOpAMHATHOI Ta 03HaKoBOi iH(opMalii B cucremax o6-
poOKku paznionokaliiHOI iHpopMaii crenianbHOro NPU3HAUCHHS, IO BiJPI3HAETHCS Bij BiIOMHUX ypaxyBaHHsM iH(Op-
MaliffHUX MOXJIMBOCTEH PI3HOTHIIHUX [DKEPEI IPO IapaMeTpH TPAEKTOPil, CUTHAIBHUX, TPAEKTOPHUX Ta OINEPaTHBHO-
TAaKTUYHHUX O3HAK, & TAKOX BUKOPHCTAHHSM IHTENEKTYaJbHUX TEXHOJOIiH PO3Mi3HaBaHHs MOBITPAHUX 00’ ekTiB. OTpH-
MaHi Taki pe3yJbTaTH. Po3pobieHnii MeTon cymicHOI 0OpoOKM KOOpAMHATHOI Ta O03HAaKOBOI iH(opMmamii B cucremax
00poOKky panionokaliiiHoi iHpopMmanii creniaibHOroO npu3HadeHHs. BucuHoBku. Po3pobiiennii MeTox Mae yCyHYTH He-
JIOJIIKY TIPUTaMaHHI ICHYIOUMM METOZaM, 1 33 PaXyHOK LbOro IiJBHUILUUTH SAKiCTh iHpOpMaLil Ipo MOBITPSAHY 00CTaHOB-
Ky. BcranoBieHo, 1110 BUKOPHCTaHHS 3alIpOIIOHOBAHOIO METO/Y CIIpHUsie 3a0e3I1€UeHHI0 BUMOI CIIOKHUBAYiB 100 OIle-
PaTUBHOCTI Ta SKOCTI iH(opManii npo MoBiTpsHY 0OCTaHOBKY.

Karo4dosi ciaoBa: nosirpsHi o0’ekTy, jukeperna paiionokauiifHoi iHdopMalii, KOOpIUHATHI NapaMeTpH, Pi3HOTHIIHI

O3HAKH, TilIOTE3H CyMICHOIO OTOTOKHEHHS BUMIPIB, BUPIMIaJIbHI IIpaBHIIa.

Beryn

IHocTanoBKa Mpo0iaeMH y 3araJibHOMY BHIVIAI.
[pouec BUSBIIEHHS-CIIOCTEPEIKEHHS TTOBITPSIHUX 00’ €K-
tiB (ITO) B xommekcax 3acobiB aBromatm3anii (K3A)
CHEeLiaIbHOTO IMPU3HAYEHHS BiAOYBAETHCS B CKIIATHUX
YMOBax paiojIOKaIliifHOro crioctepekeHHs. J[o OCHOB-
HUX YUHHUKIB, SIKI BIUTMBAIOTh HA SKICTh PaJIioOKaIlii-
Hoi iHpopmanii (PJII) BigHOCATBCS MaHeBpyBaHHS Ta
MOCTaHOBKA aKTUBHUX Ta macuBHUX 3aBaj [10, Bnposa-
JOKCHHS 3aXOJ(iB MO0 3MCHIIICHHS ITOMITHOCTI, pajioe-
JIEKTPOHHA TPOTHIIS, NPUPOJHIN 1IyMoBUil (oH, penb-
e¢ MICIIEBOCTI, TOIIIO.

Tomy mporiec paIioaoKamiHHOTO CIIOCTEPSIKECHHS B
30Hi BimnoBiganbHOCTI K3A cremniaabHOro nmpu3HAYCH-
HSl XapaKTePU3YEThCS BUIAJKOBUM XapaKTEpPOM Ta elli-
30[IMYHICTIO Ta MEPEPUBYACTICTIO, 1[0 HAIPSIMY BIUIU-
Ba€ Ha SKICTh OTPUMAHHUX OIIHOK JUIS IMiATOTOBKH TPHU-
WHATTS pillleHb MO TPOTHUIIT OBITPSHAM aTakaM CyIpo-
TUBHHUKA [1-6].

CBO€YacHICTh Ta SIKICTh BUSBJICHHS-CYIIPOBOIKEH-
s [10 B K3A creniagbHOro NmpHU3HAYEHHS MOXIIUBO
3a0e3MeUnTH TUIBKU 32 YMOBH BUKOPUCTaHHS MaKCHMa-
JIFHO MOXJIMBOTO TIOBHOTO CIEKTPY iH(opMartii, mo
HAJXOJWTh BiJ pi3HOTHIHUX Kepen PJII ta 3actocy-
BaHHSIM ONTHUMAaJIbHUX METOJIB TPAEKTOPHOI OOpPOOKH
PJII, 1o m03BONSIFOTE BpaxyBaTH PO30IKHOCTI B CKIIAI
Ta 3MiCTi KOOPJMHATHOI Ta O3HAKOBOI iH(opmarii Bix
CHCTEMH PI3HOTHUITHUX JDKepen [6, 7).

Merta cratTi. B cTaTTi pO3risgaeThcs METOA Cy-
MicHOI 00poOKM KOOpAMHATHOI Ta O3HAKOBOI iHpOpMa-
1ii B cucreMax oOpoOkM panioiiokamiiHol iH(opMmarrii
CHeLiaIbHOr0 TPU3HAYESHHS, IIO J03BOJSIE BpaxyBaTH
iH(pOpMaIiifHI MOXIIUBOCTI PI3HOTHITHUX JDKEPEN PO
rapameTpy TPAEKTOpiH, CUTHAJIBHI, TPAEKTOPHI Ta Orle-

paTUBHO-TAaKTHYHI O3HAaKH, a TAKO)X BUKOPHCTOBYBATH
IHTEJIeKTyalbHI TeXHOJOrii st po3nizHaBaHHs [10. Bin
Ma€ YCYHYTH HENOJIIKM TPUTAMAaHHI iCHYIOYHM METO-
JlaMm, 1 3a paxyHOK I[bOT'O IiBUIUTH SKICTh iH(pOopMarii
PO TOBITPsIHY 00CTaHOBKY, 110 BuAaeThest Ha KII cre-
LiaJIbHOTO TIPU3HAYEHHSL.

AHaJi3 ocTaHHIX qocailxkeHb i myOaikamiii. Ak-
TyaJbHICTh J0CaixKeHHs1. [cHyfoul MeTonu 00’ eqHaH-
HSl KOOpJMHATHOI Ta 03HaKoBOI iH(opmanii npo MoBiT-
psiHYy OOCTaHOBKY HE BPaxOBYIOTH PO30DKHOCTEH 1010
ckmany ingopmanii Bin kepen. Kpim Toro mpouecu
00pOOKHM KOOPIMHATHOI Ta 03HAKOBOI iH(popMarlii pea-
J3YIOTbCS PO3PI3HEHO, TOBHHUH CIIEKTP OTpPUMaHHX
mokepenamu PJII o3Hak He BHKOPUCTOBYETHCS, a LiE B
migcymMKy He no3oisie K3A crienianbHOro nmpu3HaveH-
HS Y BKa3aHUX YMOBax 3a0€3Me4nTH MOTPiOHI Al CIo-
JKUBAYiB 3HAUCHHS TOKA3HUKIB SIKOCTI iH(opMaIlii mpo
MOBITpsIHY 00cTaHOBKY [1-5].

OCKIUIBKH JIOCSITHEHHSI HOPMaTHBHUX BHMOT IIO/I0
orepaTuBHOCTI Ta sikocti PJII 3abe3neuye oTpuMaHHS
LIJIEBKA3IBOK CIIEIialIbHAM 3aco0aMu 0e3 HeoOXimTHOCTi
MOAAJIBIIOr0 AOMOIIYKY MOBITPSHUX LiJEH, TO BiJIOBI-
JTHO 1 pO3pO0Ka METOAY CYMICHOI 0OOpOOKH KOOpIUHAT-
HOI Ta 03HaKoBOI iH(opMarii B cucteMax oOpoOku pa-
JioJIOKaIlifHOI 1H(OpMAIIii CIIeIiaJbHOrO MPU3HAYCHHS,
IO JO3BOJISIE BpaxyBaTH iH(opMamiliHi MOXIJIUBOCTI
PI3HOTHITHHX JDKEpEN Mo MapameTpu TPAEKTOpid, cur-
HaJlbHI, TPAEKTOPHI Ta ONEPaTHBHO-TAKTHYHI O3HAKHU, a
TAKOXX BHUKOPHCTOBYBATH IHTENEKTYaJbHI TEXHOJOTT
it posnizHaBaHHs [10, 1m0 B MiICYMKY NPU3BOAMT 110
3MEHILICHHS BEJIMYMHH MOXUOOK OI[IHIOBAHHS € Harab-
HUM HAayKOBUM 3aBJIaHHSIM, IIIO TOTPeOYye CBOI'O BHPI-
LIEHHSI.

Amnaui3 gitepatypu. B K3A cneniansaoro npus-
HAuYEeHHS OCTaHHIX TEXHOJOIIYHMX ITOKOJIHb peaji3oBa-
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HO METOIM Ta aTOPUTMHU TPaekTopHOi 00poOku PJIL,
10 JTO3BOJISAIOTH Pealli3oByBaTH 0araTOIIbOBUM ITiAXid
NIpU BUSBJICHHI Ta CynpoBomkeHHI Tpaektopiid 110 Ta
MIPOBOJINTH ONTUMAJIbHE 00 €IHAHHS AaHUX B MYJIBTH-
panapaux cucremax [5, 8, 10]. Ile cyrreBo 3HU3MUIIO
HEJIOJIKHM MMPUTaMaHHI MYJIbTUPAJAapHUM CHCTEMaM 00-
po6ku PJII Ta n03BONMIIO BIAMOBUTHCH Bijl 3HAYHOI Ki-
JIBKOCTi CHPOLIECHb, 10 BIPOBA/PKEHI MPH peaizamii
aJITOPUTMIB BTOPUHHOI Ta TpeTHHHOI 00poOku PJII B
cydacaux K3A crerianpHoro npusnadenss [5, 10].

CrocoBHO mpoOsiemMu onTuMizamii 00’ €THaHHS
PJII Bim MHOXHMHM JpKepen B pobortax [8-11, 14-20]
PO3TIISIHYTI METOAM Ta ANTOPUTMHU 00’ €AHAHHS iH(Op-
Marii, 0 peani3yloTh NPUHIUI CyMiCHOI 0OpOOKH
OLIIHEHUX 3HaueHb KoopauHat 10 BiJ HEPIBHOTOYHUX
JPJIL

[MpuBeneHi OIIHKK e(EKTHBHOCTI 3alpOIOHOBA-
HUX METOJIB CBiI4aTh MPO IMOKPAMICHHSI TOYHICHHX
OILIIHOK TMapaMeTpiB y3araibHeHHX Tpaektopiii 1O B
cepeanbomy Ha 15 — 20% Ta mpo 3HIKEHHS BapTOCTI
00poOku iH(GOpMAaIii MPOMOPIIHHO 301JIBIICHHIO Kijb-
KocTi BUMiproBauiB [9, 13].

OpHak 3alporoHOBaHI METOAUW Ta aJTOPUTMHU
00’eHaHHs iH(pOpMaIi BUKOPUCTOBYIOTH 1H(OpMaIlifo
TIIBKM Tpo KoopauHaTHI mapamerpu [10. O3nakoBa
inpopmaniss B K3A crienianbHOro Nmpu3HauYeHHsS! BHKO-
PHUCTOBYETBCSI TIJIbKM B OKPEMHX BHIAJIKaxX I yCy-
HEeHHSI CYIEepEeYHOCTell Ta B HEaBTOMATH30BAaHOMY pe-
)uMi. PO301’KHOCTI Pi3HOTHITHUX JKEPEN IION0 CKIany
BUaBaHol iH(pOpMamii PO CUrHajbHI, TPAEKTOPHI Ta
orepaTBHO-TakTUuHI 03Haku 10, a Takox pe3yabTaTH
nornepeaqHpOro posmizHaBanHs TumiB [10, BpaxoBaHO
HeIocTaTHhO abo X He BpaxoBaHO B3aram. Lle moxe
MPU3BOUTH JI0 MPUHHATTS NOMHJIKOBUX pIllleHb TPH
ouiHroBaHHI mapameTpiB motoky I[1O Ta 3HMXKYyBaTH
eexkTuBHiCTh (QyHKIIOHYBaHHs K3A crerianbHOro
npu3HayeHHs [7, 8, 12].

OCHOBHA YacTHHA

Buxigni nepexymoBu Ta BUOIp peamizauii mixxoxy
1o TpeTuHHOi 00podoxu PJII. B icHyrounx i nmepcriekTu-
BHUX K3A cremiasbHOro npu3HaueHHsST MOXJIMBI Ha-
CTYIIHI BapiaHTH peaizamii MporeciB 00’€IHAHHS IH-
(bopmariii mpo MmoBiTpsiHy 0OCTAHOBKY:

1. /xepena BUMIPIOIOTh B KOXKHOMY TI€PiOJIi OTJIsi-
Iy KOOpJMHATHI 1 o3HakoBi mapameTpu [10 i BupaoTh
BUMIpsiHI (ICTUHHI Ta MOMMJIKOBI) 3HaYEHHsI KOOp/HHA-
THHUX TapaMeTpiB BiJMITOK 1 CHOCTEPEKYBAaHUX O3HAK
I1O B cucremy tpaekropHoi 0Opodku iHpopmamii K3A
CHELiaIbHOTO IPU3HAYEHHS, JIe Peajli3yeThCsl IPOLEC
00’enmnanns PJII, ToOTO BHpIUIyeThCS 3aBAaHHS BUSB-
JICHHSI-CYNIPOBO/IY y3arajJbHEHHUX TPAaeKTOpii 1 kiacudi-
kamii T10.

Jlanuit miaxig He BpaxoBye BiIMIHHOCTEH B MOX-
JIUBOCTSIX PI3HOTUIHUX JKEPEN 31 CIIOCTEpEeIKEeHHs, 00-
poOku i 3micty BuiaBaHoi PJII, 30kpema MOXIHBOCTI
YaCTHHU JDKepeN chucTeMH (opMyBaTH TpaekTopii i
MIPOBOJIMTH TIOMEPEHE PO3IMi3HABAHHS, HANPHKIAJ, Ha
IiICTaBi aHaTi3y OTPUMYBAHUX PaiOJOKAIIHUX alb-
HicTHHX mopTpeTiB [8]. Lle He m03BOIIsIE TOCATTH IOTe-
HI[HAX MOXXJIMBOCTEH CHCTEMH TPAE€KTOPHOI 00pOOKH
PJII 3a sxicTro BuaaBaHoi iH(opmarii.

2. Ha koxxHOMY 3 JpKepel pealli3yloThCsl MPOLeCH
TIEpBUHHOI 1 BTOpUHHOI 00po0Kku PJII, pe3ynbraT Kux,
y BHIJISZI TIOBIZOMIIEHb PO KOOPAWHATHI IapaMeTpH
TPa€EKTOpIH 1 3HAYCHHS O3HAK a00 pe3yJabTaTh MOMepeI-
HbOro posmizHaBanHsA [10 B angasiTax KiaciB JKepen,
BUJIAIOTHCS B CHCTEMY TpaeKTopHOI 00poOku K3A cre-
LiaJIFHOTO TPHU3HAYEHHS, e Peayi3yeThesl IpoLec y3a-
rajJbHEHHs iHpopMalii npo napamerpu Tpaekropiii [10,
c(OpMOBaHHX Ha JKEpeEIax.

[pakTiyHa peanizalis HOTO MiAX0Ay yCKIaTHeHa
TUM, 11O iICHYIOUI METOAM i QJIITOPUTMHU HE JIO3BOJISIOTH
BpaxoBYBaTH ICTOTHI BiIMIHHOCTI B MOXXJIMBOCTSIX Pi3-
HOTHITHUX JDKEpEN 31 CrocTepexeHHsl, 00poOKH 1 3MicTy
BuaaBaHol iHpopMmauii. [Ipu QyHKIiIOHANBHIHN cripoMo-
YKHOCTI Takoi peastizallii, BAKOPHCTaHHS BiIOMUX METO-
IiB, 110 HE BPaXOBYIOTh BIIMIHHOCTEH y CKJIaji iH(Op-
Mallii, SIka BUAAETHCS [DKEpENaMy Uil oAANbIIol 00po-
Oxu 1 anpiopHiii HeBusHayeHocTi PJII, mpusBoauth 1o
3HW)KEHHS SIKOCTI iH(opMaii npo MOBITPsSHY 00CTaHO-
BKY, 32 paXxyHOK HAKONHWYEHHS 1 3POCTaHHS MOMHJIOK
OLIIHIOBaHHS MapameTpiB Tpaekropiit I10 Ha mxepenax,
a TakoXK 13-3a MOMIWIOK B Kiacudikanii [1O BHacTiIOK
obmexeHocti angagitiB knaciB [1O okpemux mxepen i
HecIiBnaaiHHs iX 3 andasitom kinaciB K3A crnemiansHo-
ro NPHU3HAYEHHS, IO 3PELITOI CIpPUSE€ BUHUKHEHHIO
3HAYHOro Ymcia ayomrorounx tpaekropiit I10 i Bexe mo
3HW)KEHHS JIOCTOBIpHOCTI iH(opMaii.

BpaxoByroun morepeiHi pe3yabTaTH JOCIiIKEHb,
3TiHO 3 SIKUM JIOUUIBHO MPOBOAUTH CIIIJIbHE Yy3aralb-
HEHHs KOOPJIUHATHOI 1 03HAKOBOI iH(popMalIlii, 3 ypaxy-
BaHHSAM OCOONMBOCTEH (PYHKIIOHYBaHHS DPi3HOTUITHUX
mokepen PJII, mporonyeThcs HACTYITHUN BapiaHT peati-
3amii mporrecy 00’eaHaHHS iH(OpMAIi PO MOBITPSIHY
obcraHoBKY B K3A crieniaibHOTO IpU3HAYEHHSI.

Ha xoxHOMY 3 jKeped, 3aJIe)XHO Bifl 0coOnMBoc-
Tei TX (YHKI[IOHYBaHHS, peai3yloThCs MPOLECH BHSIB-
JIeHHS-BUMIpy KoopauHaTHHX napamerpiB [1O (Bigmi-
TOK 200 KOOpJAMHATHUX MapaMmerpiB Tpaekropiii [10), a
TaKOXK, 3aJICKHO BiJ] MOXKIMBOCTEH kepern, (Ghopmy-
I0ThCSI BEKTOPH CIOCTEPEKEHHsS O3HaK, abo po3paxo-
BYIOThCS 3Ha4€HHs Mip IpaBAONOAiOHOCTI 1Mo 3a3xase-
rigpe po3mizHaHux kinacax (tunax) [1O B andasiTax kia-
ciB 1O mxkepen. Ilporecu 3aB's3Ku, CYIpPOBOLY Yy3a-
raJlbHEHUX TPAEKTOPiH, a TAKOXK OCTATOYHOI'O PO3Ii3HAa-
BaHHA (yrouHeHHs) kiaciB (tumiB) [1O 371ilicHIOIOTECS B
K3A cremjajbHOr0 MpU3HAYCHHS IUISIXOM CYMiCHOTO
00’€eIHaHHS BUMIPSIHUX 3HaY€Hb KOOPAMHATHUX 1 O3HA-
koBux mapamerpis [10, 3 ypaxyBaHHSM HeCylepeyHOCTI
o3Hak I10 i pe3ynbTaTiB NONEPEAHHOr0 PO3MiI3HABAHHS
Bix ukepen. Ilpu npomy peanizaliisi KOMILIEKCHOTO ajl-
TOpPUTMY BTOpUHHOI 1 TperuHHOI 00poOku PJII B K3A
CHeLiaIbHOr0 MpPU3HAYeHHS HEOOXiJHO mpHuiMaTH pi-
LIEHHS NP0 TOTOXKHICTh BHUMIPIB PI3HOTHUITHUX JIKEPE,
(hopMyBaTH 4aCTKOBI TpaeKTOpii Ha MiZCTaBl CyKYITHOC-
Tei BIAMITOK, IO IOCTYMAIOTh BiJl JpKEpen, sKi 3.iiic-
HIOIOTh TIJIBKH BHYTPIIIHBO OTJISI0BY 00poOky PJII, i
BXE MICNIs [BOr0 NPHHAMATH PILIEHHS IPO KUIBKICTh
10, napameTpu y3araipHeHHX TpaekTopii i kinacu [10.

Posrsimaroun MOXIIHBI MIIXOMM 1O peaizalii mpo-
ueciB 00’exHannst PJII Big CyKymHOCTI Pi3HOTHITHUX JpKe-
pen, HeoOXiNHO TAaKOXK BIAMITHTH, IO MPH PO3IUTbHIN
00po0ii PJII obunciroBanbHIME 32c00aMH OKPEMUX JHKe-
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pei, B X0l peaisallii MpoIeayp TPaeKTOPHOI OOpOOKH
TIPOSIBJISIETHCSL TAKUI HEOMIK, SIK HEMOBHOTA iH(popMaIlii,
00yMOBIIeHa OOMEKEHHUMH MOXKIIMBOCTSIMH JDKEpen  3i
CIIOCTEPESKEHHS 1 BTpaTaMH TpH o0poOIn iHdopMarrii Ha
okpemux pKepenax. [Ipu oMy CKIIaHICTh MO PyXy
IO, mo oOymoBIeHa i1 ICTOTHOIO HENiHIIHICTIO, MPH3BO-
JIATH JIO 3HIDKEHHS TOYHOCTI 1 JIOCTOBIPHOCTI OTpHMYBa-
HHUX OINIHOK TPH peaii3allii aJropuTMiB TPAEKTOPHOI 00-
POOKH B CHCTEMaX KOOPJIMHAT JKEpeJL.

BximHuMH JaHUMH U1 aNTOPUTMY OTOTOXKHEHHS
BUMIPSIHUX 3HAa4eHb KOOPAMHATHHUX 1 HEKOOPIMHATHUX
napametpis 10 1 oriHIOBaHHS TX KUTBKOCTI € BUXITHI JaHi
anroputMiB 00poOku PJII Ha pisHoTHIHUX mxepenax. [Ipu
LIbOMY HEOOXiJJTHO BUKOPUCTOBYBATH PE3YJIbTAaTH SIK BHYT-
PILIHBO OTJIANOBOI, TaK i BTopUHHOI 00poOku PJII Ha pi3-
HOTHUITHHUX JDKEpenax, 10 JTO3BOJIUTh BPaxyBaTh OCOOJIH-
BOCTI iX (DYHKIIiOHYBaHHSI.

3micT MeTomy cyMicHOI 00pOOKHM KOOPIAMHATHOL
Ta 03HAKOBOI iH(opManii cucremax o0podku panio-
JokaniiHol ingopmaii cneniajJbHOro NPU3HAYEHHS.
Meron nependavae BUKOHaHHSI HACTYITHHX TPOLIEIYp Tpe-
TuHHOI 00poOKu PJII [8, 10, 11]:

a) TpUBE/ICHHS MHOKHHH BHMIPIB KOOPIUHATHUX
napametpiB [10, oTprMaHKX BiZ CYKYITHOCTI PI3HOTHIIHUX
JDKEpe, 0 €AMHOr0 MOMEHTY 4acy;

0) mepepaxyHOK BUMIPSHUX PKEpPEIaMK 3HAYCHb KO-
opauHaTHUX napametpiB 10 B cucremy xoopamHat K3A
CreniajJbHOrO MPU3HAYEHHS;

B) YXB&ICHHS pillleHb MPO TOTOXKHICTh BHUMIPSHUX
3HAYCHb KOOpAUHAT 1 03HaK [1O Bij| pi3HOTUIHUX JDKEPET,

r) oninka kijbkocti [10, 110 3HaX0nATHCS B pajiiono-
KaliifHOMY TIOJIi CYKYITHOCTI Pi3HOTHITHUX JKEpEIL.

[porenypy npuBeneHHS BUMIPIB PI3HOTUITHHUX JHKe-
PeI [0 €IMHOrO MOMEHTY 4acy 1 €IMHOI CHCTEMH KOOPIIH-
HAT BITHOCATHCS 10 TonepenHpoi 00pooku PJII mpu oto-
TO)KHEHHI BHMIPIB KOOPMHATHUX mapamerpiB. IIpu 1po-
MY IepeadavaeThes, U0 PIZHOTHUITHI JDKEpena 3IHCHIOIOTh
OIJIsII, TIPOCTOPY 3 TMOCTIMHKUM i, B 3arajlbHOMY BHIIaJIKY,
HecriBMagaounM nepiogoM T . Bektop crocrepexeHHs

KoopauHaTHUX mapamerpiB [IO ys MicTurh BHUMIpsHI
3HA4YEHHS IIOXWIOl JANbHOCTI, a3uMyTa 1 KyTa MicIs

A~ A~ AT
Vs = (”zaBzagz) . BBenemo Takox MpUIYILEHHS, 10 Y

OLIBIIOCTI BUMAJKIB, BUKOHYETHCS HA TPAKTHIN PO Te,
10 BUMIpPH PI3HOTUIIHUX JpKepes (BEKTOPH CIIOCTEPEKEH-

Hsl KOODJMHATHHX IAPAaMETPiB Y. ) XapaKTepH3yIOTkCs

BUIAJKOBUMH TIOMHJIKAMH, PO3IOAUICHUMH 32 HOpMaJb-
HUM 3akoHOM 3 Bimommmu CKB, — o3 [8, 12, 20]. Bix
b

JDKEPEIT 3 TPAEKTOPHUM BHXO/IOM ISl TIONAJIBIIOl 0OpOOKH
HaJIXOJLITh TapaMeTpy cpOpMOBAHUX TPAEKTOPIH.

VY anropuTMax TpaekTOpHOI 00POOKH Ha TaKUX JIKe-
penax, sk i B K3A crnenianbHOro npu3HaueHHs, BUKOPHC-
TOBYETHCS TIOJIIHOMIiAJIbHA MOZICNb PYXY TOBITPSHHUX 00'€-
KkTiB [8-11].

2
o Ayy oAy Ok

BZAXZ

Bekrop crnoctepeskeHHS HEKOOPMHATHUX TMapamer-
piB Xy , 3JIEXKHO BiJ] MOXJIMBOCTEH KOHKPETHUX JLKEPE 3

OTpHMaHHsI 03HaKOBOI iH(opMarli, MOXe MICTHTH BHUMi-
PpsIHI 3HAUEHHS PI3HOPITHKUX O3HaK. Takoxk mependayaeTsb-
csl, 0 BUMIPH O3HaK Pi3HOTHITHUMU JPKEpENnamMu (CKIIazo-

Bi BEKTOPIB Xy ) XapaKTEPH3YIOTHCS BUITJKOBUMH MOMU-

JIKAMH, pOBHO)liJ'IeHI/IMI/I 3a HOpMAJIbHUM 3aKOHOM 3 Bi)IO-

mumu CKB, — 64
)

[Tix wac nomepeanpoi 00poOKH BUMIpiB KOOpAH-
HAaTHHUX MapaMeTpiB MOBITPSHOTO 00’ €KTY, IO IOCTY-
MUIA B JKEpes, peali3yloThCs Ipolenypu a) i 0),
pe3yJIbTaTOM SIKHX € TepepaxyHOK KOOpIUHAT IOBIT-
PSHOTO 00’€KTY 3 TOJSIPHOI CHCTEMH KOOpJAWHAT JKe-
pen B MPSMOKYTHY cucTeMy KoopawHat K3A crerria-
JIBHOTO TPU3HAYEHHsI, BiJIMOBITHO A0 BiJOMHX METO-
niB, nmpuBeneHux B [8-10].

Takok BUMIpH TPUBOASTBCS IO €AUHOTO MOMEHTY
Yacy IUISIXOM BHKOHAHHS NPOLEAYP eKCTPamoyisiiii, Bij-
TIOBIZIHO /10 TpHitHsTOI Mozeni pyxy I10, 3rizHo nmponoHo-
BaHUM.

[Micnst peamizamii onepariii norepeHbol 00pOOKH
PJII, mo Hamifiima Bix JoKepen, NMPUAMAIOThCS PillIeHHS
MPO TOTOXKHICTh BHUMIPIB KOOPJIMHATHUX Ta O3HAKOBUX
TiepaMeTpiB, SIKi OCTYIIWIIM BiJ] Pi3HOTUITHHX JDKEPEIL, IPH
LbOMY, O/THMM 3 ICTOTHHX 1 CKJIQJHUIX MOMEHTIB IIPH OTO-
TOXXHEHHI € BUOIP OMIOPHOTO BUMIpY.

[poroHyeThesl TIPY BU3HAYEHHI HEY3TOMKEHHS MK

BUMIpaMH pIi3HOTUIHMX JpKepen Amy =m_. —m B

s pJ
SIKOCTI OIOPHOI'O BHOMpPATH BHMIP KOOPJIUHAT 1 O3HAK IO
BI/INIOBI/IA€ KPUTEPIIO MIHIMyMY CIILIBHOI JIUCTIEPCIT TOMU-
JIOK

min (lsyk’fz;(P/nSﬁST)ﬁykfza (l)
OAkCAz

Ie Y X, — BUMIPU KOOPIMHAT i O3HAaK, BUOMpaHi B SKOCTI
OINOPHKX TPH OTOTOXKHEHHI Bill ¢ -r0 /pKeperna. Omke omo-

PHa To4Ka, 10 00paHa Uil OTOTOKHEHHS € (PyHKIEIO TOY-
HOcTi ¢ -ro mxepena PJIL

ToGro 3rigHo Kputepito (1), mpy NPUAHITHX TPH-
MYIIEHHSX, B SKOCTI OMOPHOTO i BH3HAYAOYOrO IIEHTP
0araToBUMIpHOr0 CTp0Oa OTOTOKHCHHS, JTOIUIBHO BHOH-
paTtH BUMip HaifOUIBII TOYHOTO JPKepea.

Po3MipHicTh 1 BelmMYIMHA 0araTOBUMIpHOTO CTpoda
OTOTOXXHEHHSI BU3HAYAIOTHCSI PO3MIPHICTIO MPOCTOPY OTO-
TOXXHIOBAaHUX KOOPJMHATHUX 1 HEKOOPIMHATHHX MapamMer-
PIB TOBITPSIHOT'O 00’€KTY, TOOTO PO3MIpHICTIO BEKTOPIB
CITOCTEPEKEHHSI Bifl [DKEpes, M0 3MiHCHIOTh TEPBUHHY
00poOKy PJII i po3amipHICTIO BEKTOpIB CTaHy BiJl JuKEpen 3
IU(PPOBUM TPAEKTOPHUM BHXOMIOM, a TAaKOXK BETHYHHOO
PE3YABTYIOUOI JUCIEpCil M0 KOXXHOMY TMapamerpy, IIo
OTOTOXXHIOETHCSL.

3arayibHe MPAaBWIIO IS OTOTOXKHEHHSI BUMIpDIB Mae
TaKui BUII:
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Je Y, 1 Y, — NOpOroBi 3HA4YEHHs A YXBaJleHHS Di-

LIEHHS TIPO TOTOXHICTh BUMIPSIHUX 3HAYEHb KOODIHHA-
THHX TApPaMETPiB 1 MapaMeTPUYHUX O3HAK, BiJIIOBIIHO;

AK — BiIXWJIeHHS BUMIPSHUX 3HAU€Hb CKJIaJJOBUX BEK-
TOpY JIOTIYHHUX ONEPaTUBHO-TAKTUYHHUX O3HAK, A — 3HAK
KOH'FOHKIII1, 1[0 O3HAYAE JIOTIYHY OIeparliio

Ciig 3a3Ha4MTH, 10 YMM OUTBIIOI € PO3MIpHICTH
BKa3aHHUX BEKTOPIB 1 3HAYEHHS BEJIMYMH AWCIIEPCIH BUMi-
PIB 1 OIIIHOK MapaMeTpiB YaCTKOBHUX TPAEKTOPIii, OTprMa-
HHUX Ha JpKepesiax, THM OUIBIIOK € PO3MIPHICTh CTpoda
OTOTOXXHEHHS 1 JIONYCTMMa BEJIWYMHA PO30ODKHOCTI 1O
KO)KHOMY 3 TIapaMeTpiB, [0 OTOTOKHIOKOThCsL. [IpoTte mpu
BUOOpI OMOPHOrO BHMIPY 1 pO3MIpiB 0araToBMMipHOTO
cTpoba Uil OTOTOXKHEHHSI BUMIPIB JDKEpeN], OKpIM Xapak-
TEPUCTHK TOYHOCTI, HEOOX1THO BPaXxOBYBAaTH TaKOX YWH-
HHK amnpiopHOl HeBHU3HAUCHOCTI PajlioioKaIliiiHoi iH(Oop-
MaIlii i Cmi30NYHe CHOCTEPESIKCHHS PI3HOTUITHHUMH JIKe-
penaMu.

[paBuino s yxBajueHHs PillIeHHS TPO TOTOXHICTh
BUMIpiB KOOpIMHATHUX MapaMeTpiB Bix [ -To i k -ro Joke-
pe, 1o 37iHCHIOITH TUTbKK MepBUHHY 00poOKy PJII mae
BULJISIT:

. . . NV
~f ad A1) ai
(J’la _ykaj v Ck (yla _ykaj <Y, (3)

aj o L .
1€ Vi s Vi — BaMipsui /-m 1 k -m JIPJII sHauenns ko-

OpJMHATHUX MapameTpiB j -ro i i -ro I1O, pimeHHs mpo

TOTOKHICTE SIKUX HpHﬁMaCTLCH B O -MYy TaKTi OHOBJIICHHS

-1 ~-1
Cyi - Cok
TIOMUJTKK BUMIpY KoopauHaTHUX rapamerpis [1O Biamosi-

qanmu JIPJIL; y ; - TIOPOTOBHIA PiBEHb, 110 3aJIa€ PO3Mi-
b

iH(popMaIIii; — KOC(IIEHTH, IO BPaXxOBYIOTH

pH GaraToMipHOTO CTPOOa OTOTOXKHEHHS IS KOOPIWHAT-
HHX TTapaMeTpiB.

[paBuno i MepeBipKW BiIOBIIHOCTI BEKTOPIB
CIIOCTEPEKEHHS 03HAK MaTUME BUTJISIIT:

. . . . NT
2J 3! 1127 a3l
(xl(x _xkajcxl ka (xl(x _xkaj < 'Y;Z ’ (4)

aj ai . .
ae X;,, Xko - BUMIpsHI /-M 1 k-M JOKepenamu 3Ha-
YEeHHs 03HAKOBHX IapaMeTpiB j -T0 Ta i -I'0 MOBITPSHO-
ro 00’€KTa, PillIeHHS PO TOTOXHICTh SIKMX MPUAMAETh-
. . -1 1

cs1 B O.-M TaKTi oHOBIeHHA iHQopmamii; C;,C -
KOeII[iEHTH, 10 BPaXOBYIOTh IMOMHIIKH BHMIpPY O3HaKo-
BUX TIapaMETpIiB IOBITPAHOrO 00’€KTa BIiIMOBIIHUMHU
JUKEpEaMu; Yz - TIOPOrOBHI PiBEHB, 1110 3a/1a€ PO3MIpH
0araToMipHOro CTpo0a OTOTOKHCHHS I O3HAKOBHUX ITa-
pamerpiB.

[IpaBuito ast MPUHAHATTA PillIeHb PO TOTOXKHICTh
OLIIHOK TapaMeTpiB -1 Ta j-i TpaekTopidi 1Mo mpuHa-
JISKHOCTI TX OJHOMY HOBITPSHOMY 00’€KTY Ma€ TaKHi
BUTJISIL;

()?nla —)?',’m) <AX"P | A (?nﬁx —?{naj <AY"P | A (ﬁnﬁx —ﬁfmj <AH"™P | A

~ ~J . Al ~J .
Al Xna = Xmo |SAX"P \Al| Yia =Yma |<AY"P | A

~i A oAl o~ ~7

: : )
-~ T -~ JOb

Hno —Hma |<AY"P

VAR A B Sy B . L
ne Xno,Xno,Yno,Yno,Hno,Hno Xmo , Xma,Ymo,Ymo,Hmo,Hme — OUIHKM KOOPAMHATHUX IIApaMETpPIB i -Oi

Ta j -oi Tpaekropiii [10, 1Mo HaIXOoATh Bif 72 -T0 1 m -TO [KEPEIl 3 TPAEKTOPHUM BHXOJIOM B OL -M TaKTi OHOBJICHHS

inopmanii; AX"PAY"P AH"P AX"P AY"°P AH"P — noporosi 3HaueHHs, 1110 BU3HAYAIOTH PO3MIpH Bi/ITOBIIHO-

ro cTpo0a OTOTOKHEHHSI BUMIpIB.

TakuM YUHOM, NpaBHiIa MEPEBIPKH BiIOBI JHOCTI
KOOpJIMHATHUX 1 HEKOOPAMHATHUX MapaMeTpiB OTOTO-
YKHIOBAaHUX BHMIpIB BiJl PI3HOTUITHUX JDKEPEN IPYHTY-
I0THCSI HA OTPUMAHUX ONTHUMAJIBHHUX IMPaBHIAX 1 MOJISI-
raloTh B IEPEBIpIll MMONAJaHHs BHMIpIB Pi3HOTHITHUX
JDKepen B cTpoO OTOTOXHEHHS, C(hOPMOBaHHUH HaBKO-
710 BifiOpaHoro 3a kputepiem (1) BuMipy BiJx HaiOLIbII
TOYHOTO JKepera.

Peamnizanis mpouenypu T) B ajlroputMax TPETHH-
Hoi 00poOku PJII B K3A crenianbHOro npusHaueHHS
BHKJIMKA€ 1CTOTHI TPYAHOII 13-32 HEOOXiTHOCTI OOJIKY
BiIMIHHOCTEH B po3Mipax, KOHQIrypamuii i B3aEMHOT0
MIPOCTOPOBOTO TOJOKEHHSI 30H OMISAAY PI3HOTHITHUX
JDKEperL.

Kpim Toro, ouintoBanHs kinabkocti [10, mo 3Ha-
XOMSATBCS B 30HI OINIANY CYKYITHOCTI PI3HOTHITHUX
JDKEpes, 1ICTOTHO 3aJIeKHTh BiJl MIpU anpiopHOi HEBHU-
3naueHocti PJII. Tomy yxBaneHHs pillleHb NMPO Kijlb-
kictb [1O moIiibHO 3AiMCHIOBATH TiJl YaC BUCYHEHHS 1
MepEeBipKH PI3ZHOPIHUX CTATHCTUYHUX TiIIOTE3.

BpaxoByroun 0COOJMBOCTI BHpIIICHHS 3a1adi
y3aranbHeHHs! iH(opMallii Ipo MOBITPsIHY 00CTaHOBKY,
Ta OTpUMaHi ONTUMaJbHI BHpIIANbHI NpaBHUiIa OLi-
HIOBaHHs KimbkocTi I1O, 110 3HaX0aIThCs B 30HI OTJIs-
Iy TIOTETUYHOrO PaJiojoKaTopa, IO CKIAJAETHCS 3
30H OIJISY PI3HOTUIHMX JDKEpeN pajaioioKaliiHol
iHpopMarlii, 0 B TOMY YHCIIi MOXYTh MEPETHHATHUCS,
a TaKoX PO3PUBIB MiX HHMH, HEOOXiJHO PO3pOOUTH
BUpIIIAJIBHI PaBUiIa 3 YpaXyBaHHSIM HACTYITHHX CHTY-
allid, 1Mo BUHUKAIOTH IiJ Yac paiioioKaIliifHOro CIo-
CTEpEeKEHHS.

1. 3oHa ormsamy OmHOTO 3 JXKepen cucreMu 2,
MOBHICTIO OXOIUTIOE 30HH orusany iHmux JIPJII, mpwu
LIOMY MOJKJIMBI HACTYITHI CUTYAIlii:

a) B K3A creniajapbHOr0 IpU3HAYCHHS HATXOIHUTh
PJII, 3a ymoBu moBHoro crocrepexenns ycix I1O yci-
Ma JDKepellaMU CUCTEMU P(H¢§(t) =1), B 1bOMYy BHU-

MajKy 3arajbHa KiTbkicTh [10, 110 3HaXOATHCS B 30HI
OTJISY TAKOTO TIMOTETUYHOrO PadioioKaTopa, JOpiB-
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HIoBaTHME KimbkocTi 1O, mo crmocrepiraroThCs JKe-
penoM 3 HalOIIbIIO 30HOI0 OrIIAny Q, ;

6) B K3A creniansHoro npu3Ha4eHHs HaJXOIHUTh
PJII, 3a ymoBu cnoctepexeHHs Aeskux (dactuau) [10
TUIBKH JDKEpeNaMy 3 MiHIMaJIbHUMU 30HaMu oryrsiny Qy .

Hanpuxknan, I1O 3aiiicHIOE MOMIT 3 OOTMHAHHAM pebedy
MICIICBOCTI Ha HaIMaJIMX BUCOTaX, MPH LOMY JDKEpeiaMu
3 OLIBIIOIO 30HOI0 oryrimy (2, , L0 MOKpuBae (y , Taki

1O crniocrepiratucst He OyLyTh, Y TOMY YHCIi MOXJIUBO 13-
3a Jii iHIIMX YMHHHKIB, 3a3HaYE€HUX y BCTYII Ta MpH MOC-
TAHOBII 3aBJaHHs. 3araJlbHa KUTBKICTh TOBITPSHUX 00’ €K-
TiB B IIbOMY BUIIaIKy 3HAXOAUTHMETBCS SIK CyMa ITOBITpSI-
HHUX 00’€KTIB, IO CIIOCTEPIraloThcsl JDKEpeaMu 3 MiHiMa-
JBHAMH 30HAMHU OIJIsIY, JOnoBHeHe KimbkicTio [10, mo
3HAXOIATHCS 110332 TEPETHHOM 30H OMVISAY CYKYITHOCTI
JDKeper1, TOOTO TaKHX, IO CIIOCTEPIraroThCs TUTBKH JDKE-
penoM panionokaniiHoi iHpopMarii 3 HalOLIbIIOK 30-
HOIO OTJISIALY;

B) KOMOIiHaIlisl ABOX IONEPEIHIX CUTYyaIliil, Koiu
YaCcTHUHA MOBITPSIHUX 00’ €KTIB CHOCTEPITA€THCS TUIBKH
OKpEMHUMH JDKEpeJIaMH, a YaCTHUHA MOBITPSHUX 00’ €K-
TiB CIIOCTEPIraeThCsl B IEPETHHI 30H OIIISAY JAEKUIBKOX
(ycix) mKepen CUCTEMH — IIPH bOMY OLliHKa KiJbKOCTI
1O noBuWHHA 3HAXOOUTHCS MICIS YXBAJCHHS DillleHb
PO TOTOXHICTh BuMIipiB pizHoTHnHUX JPJII, 3rimHo
(3-5). PimieHHs mpo KUTBKICTh IOBITPSHUX OO0 €KTIB,

Q

B IIbOMY BUNAJIKY, AOLIIBLHO NMPHIMATH 32 KPUTEpieM
MaKCHUMyMY IPaBAOIOAi0HOCTI TiMOTE3W OTOTOKHCHHS
MHOXXMHHU BHMIpPIB CYKYITHOCTI JDKEpes pajioiioKaiiii-
HOI iH]opMarIii:

naﬁZafz /ls

max L, —>n, n=lLng . (6

n

ypzafpfn
ns’ﬁsZ’TsZ

2. OuinroBanHio B K3A creriagbHOro mpH3HAYCHHS
miiraiote [10, yacTiHa 3 SIKUX 3HAXOIAMTHCS TITBKH B
YacTHHAX 30H OIVIAY OKPEMHX JDKEpEN, IO HE IepeTH-
HAIOTHCS, & YaCTHHA 3HAXOAUTHCS B TIEPETHHI 30H OITISTY
CYKYITHOCTI (IEKLIBKOX) JKEepeN paaiofioKamiiHoi iH(po-
pMariii, mpu MOMY 3arajbHa KuTbKicTh 10 3HaXOmUTH-
MeTbes sik cyMa 1O, siki crocTepiratoThes B yCiX 4acTH-
Hax 30H OIVIAIY OKPEMHX JDKEpes paIiofloKalliiHol iH(po-
pMmatiii, 10 He MePEeTHHAIOTHCS, JJOTIOBHEHA OILIHKOO KiJTb-
kocti I1O, mo 3HaXomsTbCs B IEPETHHAX 30H OIVIAILY
JIPJIL, micist yXBaJIeHHs! pillleHb MPO TOTOXHICTh BUMIpIB
pi3HOTUITHUX JKepen 3rimHo (1-3).

dopmanizoBaHe NPaBWIO IS YXBaJICHHS PillIEHHSI
npo KuteKicth 10 7 *, 110 3HAXOMATHCS B 30HI OTVIITY

Q, CyKyIHOCTI PI3HOTHIIHHX JDKEpel, 3 ypaxXyBaHHSIM

ONTUMAIILHUX TIPABIJI OTOTOKHEHHS BUMIPIB 1 PO3IIISHY-
THX OCOOJTMBOCTEH MaTUMe BUTIISIII:

Umax g, (n,ﬁz,fz;Qq)/l,ypz,)?pz,ns,ﬁsz,Tsz){P(HQ(Pé(t)=1)} A
n

Al (maxmin Lo, (m,fig, 53 Qg /1 oz > oz 1o iy Ty ) {P(HQYé (=D AP(Ilg, ¢ (t) = 0)} A (7)

n Qy
Q(P

AN max Lo (mfisTeiQ /1 o Fpx ot s Tz )| P (00 = 1v P 0) = 0)} | —>n"

nalj“z ’TZ
Q(P

AHayi3y BHpa3sy CBIIYWTB, IO B SIKOCTI OMOPHOTO
BUMIpY NPH OTOTOKHEHHI BUMIPIB BiJ] JUKEPEN HE 3aBKAN
cti oOupaty BUMIp Biji HAWOUTHIT BHCOKOTOYHOTO JDKe-
pena.

Jns cutyariiii  pamioNoOKamiifHOrO CIOCTEPEKCHHS,
npeacTaBieHux ni. 1. 6) i 1. B), B SIKOCTI OIOPHOTO IIPU
OTOTOKHEHHI [OIJIFHO BHOpaTH BHMIpP Bim JpKepena 3
MEHIIIOI0 30HOI0 OTJISITY, HABITh SIKIIO BiH Ma€ TipIii TO4Y-
HICTHI XapaKTepUCTHKH.

Hanpuknan, konu Take pKepeno 3aKpuBae MpOBajd
y BEJIUKHX 33 PO3MIpPOM 30HaX OIVISTY IHIIMX, OUTBIN BH-
COKOTOYHHX JDKEpEN, IIe JIO3BOJSE TIJBUIIMUTH SIKICTH
OTPUMYBaHHX OINHOK KitbkocTi I10, 1m0 3HaXOASThCA B
PaJIioNOKaIIiTHOMY TTOJTi CYKYITHOCTI Pi3HOTHITHHX JDKEpPeN
pamionokamiiHol iHGopMaIrii.

BucHoBKH i HANPAMKH
NOJANBIINX JOCTIIKEHb

3anponoHoBaHUN METOJ]] CyMiCHOI OOpOOKH KO-
OpAMHATHOI Ta 03HaKoBOi iHQOpMaIli B cucTemMax 00-

poOKM pamioNoKamiiHol iH(poOpMAIll CHeliaJbHOro
MIPHU3HAYEHHS, 10 JI03BOJSE BpaxyBaTH iH(OpMaliiHi
MOXIIUBOCTI PI3HOTHUIHUX JDKEped Mpo TapaMeTpH
TPAa€eKTOpiH, CUTHAJIbHI, TPAEKTOPHI Ta OINEpaTHBHO-
TAaKTUYHI O3HAKH, a TAKOXX BHKOPHCTOBYBATH 1HTeEJEK-
TyaJbHI TEXHOJOTIl JUIS pPO3Mi3HABAHHS TMOBITPSIHUX
00’€KTiB JO3BOJISIE OTPUMATH OLIHKH KiJIBKOCTI MOBIT-
pSAHHUX O0’€KTIB 1 IPUHHATH PillICHHS PO TOTOXKHICTH
BUMIpiB KOOPAMHATHHUX i HEKOOPIMHATHUX MapaMeTpiB
MOBITPSIHUX 00 €KTIB BiJ PI3HOTHITHUX JPKEPEN pajio-
JIOKAIiHOI 1H(popMaIIii.

[Ipu upoMy BpaxoBYIOTBCS OCOOIMBOCTI iX (yH-
KIIOHYBaHHS, 1[0 BU3HAYAIOTH BIAMIHHOCTI B 3MICTi
iHpopManii Tpo KOOpJAMHATHI i HEKOOPAWHATHI Mapa-
METpH TOBITPSHUX O0’€KTIB, SIKi BUIAIOTHCS IS T1O-
Janpiroi 0OpoOKHM B KOMIUIEKCaX 3acO0iB aBTOMaTH3a-
1ii CreIiaTbHOTO MPU3HAYCHHS.

BukopucraHHsl 3arporOHOBAaHOTO METOIY CIpHSE
3a0e3IeYeHHI0 BUMOT CIIOKUBAYiB II0JI0 OMEPAaTHBHOCTI
Ta SKOCTI iHopMaii Ipo MoBITPsIHY 0OCTAHOBKY.
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Method of joint processing of coordinate and signal information
in systems of radio location information of special purpose

S. Shylo, D. Golovnyak, S. Khmelevskiy, O. Timochko

Abstract. The subject matter of the article is the process of joint processing of coordinate and sign information in
special purpose radar processing systems. The goal is to develop a method for the joint processing of coordinate and sign
information in special purpose radar processing systems, which allows to take into account the information capabilities of
various sources about the parameters of trajectories, signal, trajectory and tactical features, as well as to use intelligent
technologies for the recognition of air objects. The tasks are: The initial prerequisites and the choice of the approach to
the tertiary processing of radar information are considered. Results of researches on improvement of methods and algo-
rithms of tertiary processing of radar information in the systems of processing of radar information of special purpose are
presented. The method of joint processing of coordinate and sign information in systems of processing of radar informa-
tion of special purpose is different, which differs from the known taking into account information possibilities of different
sources about the parameters of trajectories, signal, trajectory and operative-tactical features, as well as the use of techno-
logical intelligence. aerial objects. The following results were obtained. The method of joint processing of coordinate and
sign information in special purpose radar processing systems has been developed. Conclusions. The developed method
should eliminate the disadvantages inherent in the existing methods and at the same time improve the quality of the infor-
mation on the air situation. It is established that the use of the proposed method contributes to ensuring the requirements
of consumers for the promptness and quality of information about the air situation.

Keywords: air objects, radar information sources, coordinate parameters, various characteristics, hypotheses of
compatible identification of measurements, decisive rules.
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ANALYSIS OF APPROACHES OF INFLUENCE OF ELECTRONIC WARFARE
MEANS ON THE ON THE NETWORK-CENTRIC CONTROL SYSTEM

Abstract. The intensive development of information and control technologies, as well as their integration into a single
information space, leads to an increase in the role of such technologies in the processes of control of troops (forces) and
weapons, including high-precision ones. At the same time, the electronic material base of the information infrastructure
created within the concept of network-centric warfare is potentially vulnerable to electronic warfare. In this article, the
authors analyze the approaches to the influence of electronic warfare on network-centric control systems. In the course of
the study, the authors solved the following interrelated tasks: identified information restrictions on the implementation of
the network-centric war concept; the prospects for the development of electronic warfare systems that are focused on
disruption of the operation of network-centric systems of military control and the prospective scientific and methodological
approaches to substantiate the methods of radio-electronic influence on network-centric control systems. In the course of
this research, the authors used the basic principles of electronic warfare theory, signal theory, communication theory,
queuing systems and classical methods of scientific cognition - analysis and synthesis. According to the results of the
study, the following conclusions can be drawn: perspective directions for the development of radio-electronic influences,
oriented on the transport layer of communication networks, can be implemented as complexes of territorially distributed
means of electronic control, implementing fundamentally new methods of suppression, and special software and
bookmarks software (viruses) that are introduced into the telecommunications network equipment. It should be noted that
the use of all the above radio-electronic effects is advisable only against packet networks with advanced topology. The use
of such influences against networks with tree topology is pointless given the possibility of attaining the suppression effect
of “classical” channel suppression.

Keywords: electronic warfare, use of tools, performance evaluation, open systems interaction model, telecommunication

equipment.

Introduction

The intensive development of information and
other advanced technologies, as well as their integration
into the information and control systems of the armed
forces of the leading countries of the world, the
continuation of the implementation of the principles of
"network-centric concept" of military and weapons
control, become the most important factor that
determines the course and outcome of modern armed
struggle. At the same time, the radio-electronic material
base of the ‘“network-centric concept” information
infrastructure of conducting a modern armed struggle is
potentially vulnerable to the influence of radio-
electronic suppression (RES) and it is a direct object of
such influence [1-3].

Nowadays, significant progress has been achieved
in the development of RES in leading countries of the
world, which has increased the capabilities of the latter
[4, 5].

The purpose of this research is to analyze
approaches to the impact of electronic warfare on
network-centric systems.

Presentation of the main material

1. Information restrictions on the implement-
tation of the concept of network-centric war. Some
experts point to the impossibility of collecting and
analyzing the amount of information that is necessary to
make an adequate network-centric war possible. Other

experts argue that the mass integration of forces and
resources into a single network-centric environment can
cause problems with information security [6, 7].

Most experts agree that technology can dictate its
terms of military strategy and argue that over-reliance
on high technology can present a new vulnerability that
can be used by adversaries.

In addition, the following issues arise:

—on the compatibility of the information systems
of the combined forces

—the availability of sufficient bandwidth of
communication channels and computing resources to
create an adequate information model of network-
centric war;

—the possibility of managing large amounts of
information during the course of the network of the
central war.

The experience of using the concept of network-
centered war in local wars has shown a number of its
problematic aspects. The main ones include the
following [8]:

—reassessment of a person's ability to adequately
process of a large amount of conflicting information;

— insufficient consideration of the rapidity of the
situation on the battlefield;

— a simplified vision of the enemy and, ultimately,
his underestimation;

— excessive dependence on information;

- accelerating the process of combat management
to such an extent that the speed of decision-making by a
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person is a "weak link" in the process of commanding
troops ";

—the vulnerability of hardware and software in
military systems to the impact of RES and IT weapons.

Nowadays, the practical implementation of
technical solutions for the management of the network-
centric war has led to the information overload of
decision-makers.

Let's consider the features
network-centric war.

Acceleration  of the process of combat
management. Apologists for the concept of network-
centered wars believe that information advantage will
lead to decision-making advantages and allow parallel
and continuous operations.

Excessive dependence on the information.

The value of vast information resources as a way
of developing and conducting effective military
operations can be overestimated, as well as the fact that
the process of making important military decisions
cannot be reduced to a thoughtful analysis of
information. Several experts argue that discussions on
the transformation of the armed forces are focused on
the benefits of information and that the types of armed
forces, national security and intelligence agencies have
not properly examined the risks associated with the
military doctrine that underlies the information.

The following problematic issues, which were
identified during the practical application of these
systems [1-18]:

—reliance on modern information systems can lead
to unreasonable self-confidence of decision-makers;

— quantitative changes in information and its
analysis very often lead to changes in the behavior of
individuals and organizations, which sometimes leads to
opposite results;

— a situation, which is characterized by a wealth of
information and capabilities can change the value of the
information, make it possible to review the goals of the
military mission, and possibly increase the likelihood of
making erroneous decisions.

The software is designed to process information,
determination of the position of the enemy and their
troops, a set of objectives, alarm, as well as to
coordinate and control the actions of crews and
unmanned combat vehicles on land, at sea and in the air.

For example, according to experts, to work a
promising combat system of the ground forces will
require 31 million lines of computer program codes [1,
2, 5, 18]. In addition, many combat systems that work
with their own equipment will eventually be integrated
into network systems. However, as the complexity of
network system components increases, we will need to
process information from systems whose capabilities
and reliability are not always known.

In the article [6] it is emphasized that most often
when there is a problem of compatibility in complex
systems, there is a desire to achieve greater visibility, to
expand the management from a single center and to set
higher criteria. Not only are these ineffective, but they
also increase the likelihood of technical crashes, user
errors, and other downtimes. Normal technical failures

of combat in the

occur naturally in complex systems. At the same time,
the frequency of failures increases in proportion to the
number of information links in the system.

Insufficient consideration of poorly formalized
factors in the psychological, cultural and religious
spheres.

The experience of recent military conflicts clearly
demonstrates that in the conduct of a network-centered
war it is necessary to take into account many of those
factors that cannot be explicitly registered by
intelligence sensors and formalized in the framework of
combat models.

Based on an analysis of the results of recent wars,
RAND (Research and Development is US strategic
research center) staff concluded that “... as remote
devices become more sophisticated, there is a likelihood
that a potential enemy will develop counter-technology
and become more prepared in matters of protection
organization, shelter equipment, fraud and application
of RES systems. With all this in mind, the network
effect will actually turn into a reduction in awareness
and, ultimately, a reduction in situational awareness on
the battlefield [8].

2. Prospects for the development of RES
systems, which are focused on the disruption of the
operation of network-centered military control
systems. The perspective approaches, which are
presented in this section are based on the authors'
scientific research on the substantiation of new
approaches to radio-electronic influences, focused on
disruption of the functioning of network-centric military
control systems.

The basis of this material was based on the review
work on the general military-applied principles of
disruption of the functioning of network-centric systems
of military control [10, 11], as well as work [11-21]
with the theoretical substantiation of new methods and
technologies of RES, which are oriented against the
unified networks of communication the core of the
network-centric environment.

Perspective approaches to influence network-
centric control systems.

The main paradigm of warfare in the coming
decades will be based on the concept of network-
centered combat management based on the integration
of functionally interconnected subsystems: information,
sensory intelligence and combat, which is based on a
single network-centric environment. The basis of such a
control system is the information subsystem, which
integrates the subsystems of intelligence and combat
influence.

The analysis of the use of the network-centric
principle of management reveals the main tendencies in
changing the nature of the military confrontation
between technically advanced states in the future
[10-35]:

—the ever-growing threat of a pre-emptive
complex strike by the enemy with fire and precision
instruments coupled with information and radio-
electronic influences on the information infrastructure;

—moving to the selective defeat of objects in the
territory of the enemy of mainly critical infrastructure of
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the country and its armed forces with the use of
precision weapons;

—increasing the role of intelligence, operational
disguise and protection of troops, the population and
objects of the rear from promising means of destruction;

—the rapid nature of ground-to-air combat,
dramatic changes in the situation and methods of action
of troops;

— conducting information, psychological,
camouflage (primarily misinformation) and other
special operations to gain and maintain global
information and psychological advantage;

—radio-electronic suppression of elements of
control systems of troops and weapons, application of
software and hardware, economic methods of combat,
etc.;

—expanding the scope of space assets for
intelligence, command and control of ground, air and
naval forces;

—increasing the use of unmanned, robotic and
remotely controlled weapons and warfare at all levels;

—expanding the scope of special forces for
sabotage-terrorist and reconnaissance-sabotage
operations in the deep rear of troops.

The main features of the system of armed struggle
in the implementation of the network-centric principle
of management will be the following [10]:

—the devices of armed struggle are information-
rich and contain elements of networked information
infrastructure;

—the duration of the decision cycle is reduced,
there is a need to take into account additional factors in
the management process, which requires an increase in
information system throughput;

— making management decisions, which are based
on automated support systems, which are based on
information intelligent systems;

—hardware and software tools, that enable
interaction within telecommunication networks, form a
complex network global information infrastructure;

— elements of network infrastructure (devices of
armed struggle, security, control and communication)
consist of information and computing systems of
various levels of complexity and organization.

At the same time, the network-centric control
system will be vulnerable in the following areas [10]:

—destruction of information flows circulating
between elements of the system;

—reducing the speed of information exchange
between the elements of the system, which will
dramatically increase the duration of the cycle
“detection-identification-target-lesion” and to minimize
the effectiveness of the network is the centric
management principle;

— providing sufficiently massive and long-term
disabling of network-forming tools.

Thus, in order to implement the aforementioned
areas of destructive influence on network-centric control
systems, it is necessary to take measures to improve and
coordinate the actions of intelligence systems,
complexes and devices of RES, communication, control
and devices of defeat, to create a directional weapon

capable of disrupting the work of automated databases
and local area networks, disable the main controls,
communications and intelligence of the enemy.

Let us consider one of the promising areas of
destructive influence on military control systems based
on the network-centric principle, which is relatively
easy to put into practice in the near term.

The network management information subsystem
is made up of computing systems of varying
complexity, which integrate communication networks
into a single network-centric environment. One of the
main features of the control system, which characterizes
their ability to function on purpose, is the stability of the
communication system.

Thus, reducing the stability of the communication
system due to the integrated use of conventional and
high-precision weapons, complexes and tools RES will
violate the network management principle.

Modern control systems can be divided into three
layers of a network-centric environment, which is
formed by the communication system [11, 31]:

1. Physical layer (technical infrastructure of
communication systems);

2. Semantic layer (data);

3. Syntax layer (data transfer protocols).

This approach allows us to identify the following
impacts [10, 12]:

— effects on the physical layer, which is aimed at
the real infrastructure of information and computer
systems, data transmission systems and implying their
physical destruction;

— effects on the semantic layer, which is related to
the violation of the integrity and correctness of
information;

— effects on the syntax layer, which is aimed at
data corruption and violation of the logic of the systems.

Impacts on the semantic and syntactic layer appear
to be simpler, more accessible and relatively easily
implemented mechanisms than effects at the physical
level using conventional and high-precision weapons.

In this regard, their development is receiving
increasing attention. The modern approach to the
influence on the semantic and syntactic layers of the
network-centric environment involves a complex
balanced use of RES complexes and devices, while
carrying out measures to protect their management
systems and information resources [10].

In view of the insufficiently developed theoretical
framework for such actions, the simplest, most
expedient way of influencing RES on the radio
communication network within the communication
system is to simplify their stability in the interests of
disturbing the syntactic layer of the network-centric
environment of the enemy [10].

However, an analysis of the use of existing
"traditional" tactics of suppression and the use of
complexes and tools of RES showed that they are not
effective enough while using the enemy network-centric
management principle.

In the hierarchical control system, when the impact
of the RES devices at any level of the hierarchical
control system, the passage of information to the
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affected tool is blocked and, as a consequence, the non-
fulfillment of a combat task by him [10].

Thus, the forms and methods of application of
RES complexes and facilities developed prior to the
emergence of the network-centric control concept will
be ineffective against armed formations operated
through a single network-centric environment. In such a
system, it is almost impossible to completely block
information and control channels.

In order to disrupt such a system, it is necessary to
exclude all channels of control and transmission of
information or to disable all technical or military
devices. In fact, the effect can be achieved if a
significant segment is blocked in the system or the
transmission of information on any channels in a certain
area or zone is excluded. The solution of this problem
requires the development of new complexes and tools of
RES and, accordingly, new forms and methods of their
application [10].

Summarizing the above,
following conclusions [10]:

— the existing approach to the impact of RES on
individual elements of the communication system as the
basis of a network-centric environment is ineffective;

— by influencing the information infrastructure of a
network-centered military control system, the technical
basis of which is communication systems and automatic
control systems, it is possible to achieve a significant
effect of the defeat of this system.

The influence of the territorially distributed
heterogeneous grouping of RES will allow you to
realize the following of the main directions of
counteraction to the control systems, which are
constructed in accordance with the network center
principle, which was formulated earlier [10]:

— destruction of information flows, which are
transmitted in a network-centric environment;

—reducing the speed of information exchange
between elements of the network-centric system;

— providing sufficiently massive and long-term
disabling of network-forming tools.

The researches, which are presented in the works
[11-21] show that the most effective for destructive
impact on network-centered military control systems
will be the defeat of the space segment of the
information subsystem, which, on the one hand,
performs global information security functions, and on
the other is built on the base of the radio
communications and consequently vulnerable to the
RES use.

Reducing the quality of space grouping will lead to
multiple problems in the performance of the information
subsystem, as well as in the application of many types
of weapons and military equipment, since it is the space
segment, including space systems intelligence,
communications, navigation, topo-geodetic  and
meteorological, the information and control circuit that
underlies the architecture of the global information
subsystem.

In this case, the implementation of the defeat of
various components of such information and control
circuit will lead to the impossibility of each of the

we can make the

systems to provide the performance of all or part of its
inherent functions. In particular, we can distinguish
[10]:

—in space exploration, the inability to transmit,
with due time, messages on object detection, targeting
and operational control of impact results, as well as data
for determining the devices of the used impact;

— in space communication systems, the inability to
provide, with specified quality, the transmission of
combat command messages, to exchange data between
military formations and governing bodies, including the
prompt transfer to data control points for the preparation
of strikes, and their result;

—in space topo-geodetic systems, the inability to
transmit communications to ensure that military
authorities of all levels have reliable topographic and
geodetic data with given timeliness, to provide troops
with special maps and photo documents of the terrain,
as well as to prevent access to digital information arrays
in the interests of targeting systems;

—in space radio navigation systems, the
suppression will result in the failure of the radio
navigation systems and, accordingly, the impossibility
of creating navigation fields used in determining the
location of military formations, combat and other
equipment, shocks and devices of destruction.

Thus, taking into account the specifics of the
modern transition to the implementation of the network-
centric principle of management, it is interesting to use
the existing REF complexes and facilities as a basis for
defeating such a system of military control.

3. Prospective scientific and methodological
approaches to the substantiation of methods of
radio-electronic influence on network-centric control
systems.

Based on the above arguments, it is possible to
formulate a number of approaches to the technological
implementation of the destructive impact on
communication systems that form the network-centric
environment of the network-centered control system.

Given the specifics of the modern transition to the
implementation of the network-centric control principle,
it is interesting to use radio-electronic influences based
on the development of forms and methods of using
existing RES complexes and facilities as a basis for the
defeat of such a system of military control [10, 11].

Until recently, most of the work on RES was
devoted to solve the problems of suppressing individual
lines of communication, that is, suppressing at the
physical level the model of interaction of open systems
OSI (Open Systems Interconnection).

There are some researches, which are dedicated to
the suppression of the radio networks, considering their
structure, logic and the value of the transmitted
information. However, by analyzing the possibilities of
using “traditional” RES facilities, we can conclude that
their impact is possible on other objects of the transport
subsystem of the OSI model (physical, channel, network
and transport levels).

Physical-electronic impact objects have
traditionally been radio-electronic means and
communication channels. At the link layer, such objects
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include multiple access channels for the formation of
separate networks (for example, based on TDMA,
ALOHA, DVB-RSC).

Objects of electronic effects on the OSI network
layer include components, transport channels of the
combined network connection, routing and signaling
protocols to ensure their functioning.

At the transport level, the objects of influence
should include protocols and firmware to ensure the
quality of service of the transmitted information flows
over the integrated communications network.

The impact of RESs leads to various negative
effects at different levels of OSI, the main ones of
which are presented in Fig. 1.

Radio electronic
impact

Communication quality requirements
in a network-centric environment

/

Transmission
of signals and symbols
by a radio link

- deterioration of the spectral-temporal characteristics of
the lines

radio communication;

- reducing the equivalent signal-to-noise ratio,

- reduction of available frequency and energy resource;

- reducing the reliability of signal reception;

- bandwidth reduction.

Channel level

Radio networks with multiple access

Physical level
Communication lines

Transmission of frames by channels and
individual radio networks

- reduction of effective bandwidth; \
- increase in delivery time of personnel;

- reduce of the likelihood of subscribers access to the
transmission medium;

- an increase in the number of messages delivered with

€IToTrs. /

Network level
Communication networks (addressing,
routing, and signaling protocols)

Transmission of packets over networks,
routing, signaling

(dynamic change of network topology,

- reducing network connectivity,

- increasing the likelihood of denial of service package,
- increase of the packet routing time on the network,

- reduction of network stability.

Transport level

Quality assurance protocols

Ensuring quality of customer service and
information flows

- increasing the structural complexity of traffic,
reducing the efficiency of the information

management system,

- reducing the effectiveness of the communication resource

management subsystem,

- reducing the likelihood of providing a specified quality of

service for subscribers and transmitted information flows.

flow

OSI transport subsystem levels
(level objects)

E
N /

\Communication system features‘/

Effects, which are manifested in a network-centric
communication system from radio-electronic
influences

Fig. 1. The main negative effects that can cause radio-electronic effects at different levels
of the transport subsystem of the OSI model [10, 11]

In this case, the direct object of influence will be
the individual radio lines and radio networks operating
within the integrated communications networks. Thus,
promising ways to suppress integrated communications
networks will use the effects of the destructive effects of
radio-electronic influences on the physical layer as a
basis for the formation of suppression effects at the
higher levels of the OSI channel, network and transport
models [10] (Fig. 2).

Currently, to solve the problems of ensuring the
quality of service of telecommunication networks,
numerous researches are conducted on the effectiveness
of functioning of communication networks and
switching devices of different levels in terms of
transferring traffic of complex structure (presence of
self-similar properties, non-poisson distribution of the
time of packet arrival, etc.), as well as routing
information flows in networks with dynamically
variable topology.

Researches on this topic indicate a significant
reduction in the speed and efficiency of servicing these
information flows when transmitting them over
networks with dynamically variable topology. It is

proposed to use the available results of these studies in
the field of evaluation of the quality of service of
telecommunication networks for the development of
new solutions for the organization of radio-electronic
suppression of network-centric systems [10].

At the same time, these data allow us to organize
new interferences at the physical level, which, on the
one hand, are not determined by existing means of
protection, and on the other are focused on reducing the
efficiency of the network and transport layer
functioning, because they cause a number of negative
effects at these levels [10].

Let's look at some of the promising areas for
developing electronic effects that are focused on
suppressing unified communications by taking into
account the features of protocols on the OSI channel,
network, and transport levels.

The main feature of the effects considered the
accounting for the impact of interference, which allows
us to consider dynamic transient and transient modes in
the objects of suppression, as well as functional
dependencies between protocols at different levels of
the OSI model.
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Fig. 2. Radio-electronic effects, which are oriented on the functional suppression
of the networking protocols of the network-centered control system

Let's consider the main types of influences that can
be applied to network-centric systems.

1. Radio-electronic influences, which are aimed at
suppressing individual multiple access networks.

The researches of the possibilities of radio-
electronic influences on suppression of communication
protocols at the link layer, which are presented in the
works [11-21], have shown the following.

It is known that packet radio networks that use a
common multiple random access (MRA) channel to
transmit packets have inherent instability. Such radio
networks require correction during a long time of
continuous operation. Thus, it is possible to implement a
radio-electronic effect aimed at suppressing a radio
network based on a common radio channel with a
random MRA by periodically interfering with deliberate
interferences and by using the specific properties of the
random access method. This approach for suppression
of the radio network was firstly proposed in the works

[10, 11] for the networks based on the CSMA/CA and
S-Aloha protocols.

The process of servicing packets in these radio
networks with a random MRA was presented as a
Markovian process of death-reproduction, in which the
intensity of packet service is determined by the
bandwidth, which, in turn, depends on the current value
of the signal/interference ratio.

The simulation showed that the dynamic
intermittent interference of the interference on the
common channel of such radio networks leads to their
demolition to their blocked status even after the removal
of radio-electronic influence. In this case, the
suppression effect can be achieved without the complete
suppression of the channel of the MRA, and by partial
reduction of its throughput, within 10-20%.

This method of radio-electronic exposure, focused
on the channel layer OSI, can be implemented by
“traditional” RES by introducing a dynamic interference
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mode, the time parameters of which are consistent with
the parameters of the protocol random MRA, which is
used in the radio network [10, 11].

Modern communication systems are built on the
basis of MIMO technologies, in which several ways can
be selected for sending messages to the addressee.

In the future, the above-mentioned field of
development of radio-electronic influences was
developed in the form of a multi-channel queuing
system with the interlocking of individual channels,
modeling the MIMO communication system, which is
presented in the work [18]. Periodic impact in the form
of suppression of individual radio channels in a multi-
channel communication system leads to a significant
decrease in the quality of service of such a system and
ultimately to the overloading of the system with packets
and its transition to a blocked status.

The simulation performed in the work [18] showed
that when the system lock criterion is fulfilled, its
throughput decreases from 100% to 70%, and the
service time in a multichannel radio system increases by
10-20 times relative to the level corresponding to its
normal functioning.

Thus, dynamic radio-electronic influences make it
possible to translate the radio network into a non-
stationary mode of operation, increase the duration and
depth of transients in them. Increasing the intensity of
influences allows the radio networks to be locked in as a
result of a decrease in the intensity of the incoming
packet inflow below the critical values.

2. Radio-electronic effects, which is aimed at
suppressing the integrated geographically distributed
mixed communications networks.

The principle of interference with dynamically
variable parameters for varying the bandwidth of
channels in their working signal-to-noise ratio (to
exclude the triggering of physical layer interference
protection) was further developed for the development
of radio-electronic influences aimed at suppressing
interconnection networks features of the functioning of
their protocols on the network layer of the OSI model.

In order to take into account the effects of dynamic
radio-electronic impact at the network level, it was
proposed to recalculate the quality of service of
individual networks and radio communication channels
in the network metric coefficients used by the respective
protocols in solving network signaling and routing
problems in it.

A mathematical model formalizing the estimation
of network channel metrics in terms of dynamic
interference with respect to DVB-S/S2 satellite channels
is presented in the work [12]. The simulation for the
DVB-S2 communication channel showed that a periodic
change in the signal/interference ratio in the channel
(upward and downward) leads to the issuance of
channel metric change messages, which in turn lead to
stopping the process of transferring and recalculating
the network topology. The intensity of these messages is
directly proportional to the frequency and depth of the
signal-to-noise ratio and the time between individual
messages can generally be approximated by an
exponential distribution.

The analysis of the effects of suppression on
adaptive-avalanche routing protocols (OSPF, IS-IS,
EIGRP, etc.), which was carried out in the works
[16-40], showed that such influence leads to an increase
in the re-routing intensity of information flows and
reducing the adequacy of routing tables.

The research of the process of functioning of the
router with an adaptive-avalanche protocol (based on
OSPF), is conducted in the work [13], showed that the
probability of suppression of the communication
network is determined by the intensity of failures of
individual channels due to the interference, as well as by
the parameter of the routing by the waiting time of the
recovery time. Moreover, the size of the communication
network practically does not affect the efficiency of its
suppression.

There is a fundamental possibility of suppressing
the communication network when it is exposed to a
given intensity even on one radio channel in its
composition.

In the article [22], to model the temporal
parameters of radio-electronic impact, which is aimed at
disrupting the operation of routing protocols without
establishing a connection, a model of the functioning of
the communication object in terms of communication
channels failure in the form of a Markov process of
transitions between the “channel failure” - “waiting for
the connection recovery” - “router reconfiguration”
states were developed.

The use of this model as a part of the technique of
justifying the time parameters of radio-electronic
influence on the routing protocol by the state of the
channels (on the example of the OSPF protocol)
allowed us to determine the most difficult operating
conditions for this routing protocol. The simulation
results show that when the time parameters of the
impact and the routing protocol are agreed, the
readiness of the individual router is reduced to 0.5. Due
to the avalanche of adjacent message nodes changing
the metrics of individual channels, each of the routers of
the network reduces its availability by constantly
recalculating the shortest paths. As a result, the effect of
reducing stability applies to the whole network as a
whole. At the same time, the network stability indicator
is reduced to 0.4-0.2 by the "average network
probability of information communication direction"
indicator. In this case, the degree of network stability is
proportional to the average length of the link.

In the article [20], to justify the temporal
parameters of radio-electronic impact, which is aimed at
disrupting the operation of routing protocols with
connection, a model of functioning of the information
direction of communication was developed, which takes
into account not only the process of reconfiguration of
individual routers due to the failure of channels, but also
accounting for the structure connections, as well as the
network approach, which is taken to backing up routes.
The results of radio-impact effects simulations show
that connection-based routing networks reduce their
resilience by reducing the resilience of connections that
pass through the affected nodes. In this case, the level of
stability reduction is proportional to the number of
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nodes that are affected. On the basis of this model, a
technique for substantiating the time parameters of
radio-electronic influence on the routing protocol with
the establishment of connections was further developed,
which allows to justify the time parameters of dynamic
interference, which reduce the stability of the network
to values below the required ones.

To confirm the adequacy of the developed
scientific ~ and  methodological  apparatus  of
substantiation of the methods of radio-electronic
influence and practical confirmation of the effects of
functional suppression of networks, experimental
studies were conducted on the basis of the network with
the OADV protocol (Ad hoc On-Demand Distance
Vector), the results of which are presented in the article
[19].

A comparison of the theoretical calculations and
experimental data, which was obtained, makes it
possible to conclude on practical confirmation of the
possibility of such radio-electronic influences to
perform effective functional suppression of networks.

The above-mentioned perspective directions for
the development of radio-electronic influences, oriented
on the network layer of the OSI model, can be
implemented by territorially distributed "traditional"
RES complexes due to the introduction of dynamic
interference mode, the time parameters of which are
consistent with the parameters of the routing protocol,
which is used by the network.

Additionally, an analysis of the influence of
cryptographic information security  in the
communication channels on the effectiveness of the
considered electronic effects was conducted. This
analysis has shown that the use of standard VPNs and
packet-mode crypto-routers (which make up the vast
majority of modern cryptographic protection solutions)
is not a complication for such radio-electronic
influences and allows them to maximize their
functionality for suppressing both networks and
individual information destinations.

3. Radio-electronic influences, which are aimed at
disrupting the quality of service protocols in the
integrated communications networks.

A promising area for the development of radio-
electronic impacts, which were aimed at suppressing
unified networks at the transport layer of the OSI model
is the development of influences focused on traffic
generation and disruption of service quality protocols.

Well, promising radio-electronic influences are the
effects that are oriented to form a channel packet flow
of a complex structure with a coefficient of variation
that is greater than one and significantly different from
the simplest.

The analysis of the results of modeling the
processing of complex structure flows at the network
switching nodes, which is presented in the articles [15-
36] showed that the timeliness of processing such flows
is ten times lower relative to the processing of the
simplest flows. In this case, this effect is observed on
high-voltage switches.

The first variant of such electronic influence is
presented in the article [20] and it is based on the

introduction of additional simulation traffic, which
allows to generate the output stream of packets from the
channel due to the structure, which is significantly
different from the simplest one (coefficient of variation
is greater than one). A distinctive feature of this impact
is the need to introduce additional packages, which are
copies of previously transferred packages, which in
some cases can lead to the "destruction" of the
information flow. In addition, a number of protocols
(such as IPSec) number packets within a data session,
enabling them to detect implemented packets in traffic.
This disadvantage is deprived of the second variant of
radio-electronic influence, focused on the complete
interception and transformation of the structure of
information flow [21]. The evaluation of the results of
these radio-electronic impacts, focused on the formation
of a complex traffic structure, critical to delays, showed
that the stability of the network is reduced by reducing
the timeliness of traffic service at its nodes and the
actual blocking of nodes that transmit complex traffic.
These electronic effects are a variant of complex DOS
attacks.

In addition, the effect of the effect is manifested in
the fact that the generated information flows are
transmitted further through the network, reducing the
timeliness of processing in other nodes. In this way,
radio-electronic impact data can suppress specific
communication directions. At the same time, the level
of network stability decrease under such influences is
proportional to the number of modified information
flows, their speed and the average length of the
communication direction.

The conclusion from the article

Further promising development of the direction of
creation of radio-electronic influences, focused on
suppression of networks at the transport level, is the
development of a complex of models reflecting the
process of functioning of the Diff Serv model in
ensuring the quality of service of subscribers and
information flows, as well as technologies of traffic
formation (traffic shaping) and technologies of
parameter control and traffic policing in the conditions
of directed destructive radio-electronic influences.

The presence of such models will allow us to
substantiate a set of radio-electronic influences, focused
on the functional suppression of modern network
technologies of quality assurance of service.

Their application will not allow to provide the
necessary values of indicators of the functioning of the
unified communication network, namely - to reduce the
probability of stability of the information direction of
communication and to increase the probability of failure
of service.

Perspective directions of development of radio-
electronic influences, oriented on the transport layer of
communication networks, can be implemented both by
complexes of territorially  distributed  RESs,
implementing new methods of suppression, and by
hardware and software bookmarks and special software
(viruses), which are implemented in the
telecommunication equipment.
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It should be noted that the use of all the above
radio-electronic effects is impractical only against
packet networks with advanced topology. The use of
such effects against networks with tree topology is
impractical, which is given the possibility of attaining
the suppression effect of ‘"classical” channel
suppression.

Thus, one of the promising ways of counteracting
a network-centric integrated command structure is to
use the radio-electronic effects that are oriented on the
syntactic layer of the network-centric environment and
violate the availability of information resources of that

environment by affecting the communication
subsystem.
Prospective ~ methods  of  radio-electronic

interference suppression of the oriented networks can
use the effects of destructive effects at the physical level
as a basis for the formation of suppression effects at the
channel, network and transport levels of the OSI model.

In this case, new at this stage of research, and
sufficiently elaborated methods of radio-electronic
influences, include the following:

—a method of radio-electronic impact at the
channel level, which is focused on congestion of
multiple access networks due to the dynamic change of
the signal/interference ratio in the common radio
channel;

— a channel-level radio-electronic impact method,
which is aimed at congesting the multi-channel
communication systems by periodically suppressing
individual communication channels in such a system;

—a method of radio-electronic impact at the
network level, which is aimed at reducing the efficiency
of routing protocols in the network by periodically
changing the bandwidth of individual communication
channels, which leads to a dynamic change in the
topology;

—a method of electronic influence at the transport
level, which is aimed at reducing the effectiveness of
quality assurance protocols in the network due to the
directional formation of the complex structure of the
transmitted traffic.

In general, the novelty of these methods of
electronic influence is the wuse of '"traditional
interference” to generate and develop internal system
conflicts in the communication system at the upper
levels of its functioning. Specifically, interferences with
dynamically changing parameters that lead to transient
and non-stationary processes at the upper OSI levels are
considered.

A new achieved effect is the suppression of the
communications network as a whole, including the
wired segment, by influencing radio channels as a kind
of “radio-electronic impact entry point”.
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AHaJIi3 miaxoniB BIVIMBY 32C00iB Pa/lioeIeKTPOHHOIO MIOJAaBJICHHSI HA MePeKeNeHTPHIHY CHCTEMY yIpaBIiHHs
A. B. Inmanekwid, O. 5. Cosa, 0. B. XKypascekwuii, O. JI. Hananxko, FO. M. Cokin, 1O. 1. Punzin

AHoTanisi. [HTeHCHUBHUI PO3BUTOK iH(pOPMALIHHUX Ta YIPaBISIIOUYMX TEXHOJIOTIH, a TAKOX IX IHTerpauis B €QUHUH 1H-
(dopMamiiHU{ TPOCTip MPUBOAUTH IO IMIABHINEHHS POJII TAKMX TEXHOJOTIH y Ipomecax YIpaBiiHHS BiificbkaMu (cuilamu) Ta
30pO€r0, y TOMY YHMCIIi BUCOKOTOUHOIO. PazoM i3 THM, pajioenekTpoHHa MaTepianbHa OcHOBa iH(pOpMauiiiHOI iHppacTpyKTypH,
1110 CTBOPIOETBCS B PaMKaxX KOHLEMIIT MEPEeKELEHTPUYHOI BiliHH, € MOTSHLIHHO Ypa3IuBOO Ul 3ac00iB paioesieKTpOHHOI 00-
pore0Ou. B 3a3HaveHiii craTTi aBTOpaMu NPOBEJICHO aHAJI3 MiJXO/IB 1010 BILUIMBY 3aC00iB paJlioeIeKTPOHHOI 60pOTHOM Ha Me-
PEXELEHTPUYHI CUCTEMH YIPaBIiHHI. ABTOpaMH B XOJi IPOBEACHHS 3a3HAYEHOIrO JIOCHI/PKEHHS BHMpILIEHI HACTYIHI B3a€MO-
TIOB’s[3aHi 3aBIaHHS: BU3HaYCHO iH(OpMAaIliitHi 0OMEXEHHS 1010 peani3allis KOHIEMNIi] MepeKelleHTPUYHOI BiiHH; BH3HAYCHO
MEPCIEKTHBY PO3BUTKY CUCTEM PallioesIeKTPOHHOI 00pOTHOH, 110 Opi€HTOBaHI Ha MOPYIICHHs ()yHKI[IOHYBaHHS MEPEKELEHTPU-
YHUX CHCTEM BIMCHKOBOI'O YIpPaBIIiHHS Ta BU3HAYEHO IEPCIEKTUBHI HAyKOBO-METOAMYHI IiJXOIH 10 OOIPYHTYBaHHS CIIOCOOIB
PaJioeNeKTPOHHOr O BIUIMBY Ha MEPEKELIEHTPUYHI CUCTEMH YIpaBIliHH. B X0zl 3a3Ha4€HOr0 JOCHIIIKEHHS aBTOPaMH BUKOPHC-
TaHi OCHOBHI IOJIOXKEHHS TeOpil paJioeneKTpoHHOI 00poTHOU, Teopil CUrHalIB, TEOpil 3B’SA3KY, CUCTEM MacOBOIO 00CIIyroByBaH-
Hsl Ta KJIACHYHI METO/M HAyKOBOI'O Mi3HAHHA — aHAJi3y Ta CUHTE3Y. 3a pe3yJbTaTaMH IIPOBEJICHOr0 JIOCIIPKEHHS MOXHA 3p00H-
TH HACTYIHI BUCHOBKH: IIEPCIIEKTUBHI HANPSIMKH PO3POOKH PalioeNIeKTPOHHHX BIUIMBIB, OPIEHTOBAaHUX HAa TPAHCIIOPTHUH piBEHb
MEpex 3B’ 43Ky, MOXYTb OyTH pealli3oBaHi sIK KOMIUIEKCAMU TEPUTOPiabHO PO3NOAITIEHUX 3aC00iB pajlioeNeKTpOHHOI 00pOTHOH,
IO pealli3yroTh IPUHLHUIIOBO HOBI CIIOCOOM IOAABIICHHS, TaK 1 arapaTHO-IPOrpaMHUMHU 3aKJIa/IKaMH 1 CrielialIbHUMU IIPOrpaM-
HUMH 3acobaMu (Bipycamu), siKi BIIPOBaDKYIOTbCS B TeJIEKOMYHiKalliliHe oOnaqHaHHs Mepexi. HeoOXinHo BixzHauuTy, mo 3a-
CTOCYBaHHS BCIX BUIIEBKa3aHHUX PaliOeICKTPOHHUX BIUIMBIB JIOLIJIbHO BUKIIOYHO IPOTH MAKETHUX MEPEK 3 PO3BUHEHOO TOIO-
Jori€r0. 3acToCyBaHHs MOAIOHUX BIUIMBIB IIPOTH MEPEX 3 JIEPEBOBHUIHOI TONONOri€I0 0€3IIy3/10 3BaXKatoul Ha MOXIIMBICTD J10-
CSICHEHHsI €(DeKTy NPUAYIICHHS “KIaCHYHUM HPUIYIICHHAM KaHAJIiB.

KawuyoBi caoBa: pangioenekrpoHHa 60poTh0a, 3aCTOCYBaHHs 3ac0o0iB, OLIHIOBaHHS €(pEKTUBHOCTI, MOJEIb B3aEMOII1
BIJJKPUTHX CHUCTEM, TeJIEKOMYHIKalliiiHe 001aJHAHHSI.
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Kowmr 'torepna Beperka H. I'. Kyuyx

Odopmitensst ookmaguHk I. B. [nvina
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IMonTaBchKHil HAaLiOHANBHUN TeXHIYHUN yHiBepcuTeT iMeHi IOpis Kongparioka

BinapykoBaHo 3 roToBHX opHriHan-MakeriB y apykapai @OII Ilerpos B.B.
€auHuit Aep)KaBHUI PeecTp IOPUANYHUX 0Ci0 Ta Gi3HYHUX OCIO-TIAIPHEMIIIB.
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