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Hagirauisa ta reoiHdopmauinHi cuctemm

VJIK 004. 89

1. M. Bytko

doi: 10.26906/SUNZ.2021.2.004

AIT «dentp depxaBHOTO 3eMeNbHOr0 KagacTpy», Kuis, Ykpaina

TH®OPMAIIMHA TEXHOJIOT'TA BUKOPUCTAHHA
TFEOINPOCTOPOBUX IHOOPMAIIMHUX CTPYKTYP

AnoTtanis. IIpexmMeToM BuUBUECHHS B CTaTTi € iHpOpMaIliifHa TEXHOIOTiSI 0OPOOKH BUKOPUCTaHHS T'€ONPOCTOPOBHX 1H-
(dopMamiiHuX CTPYyKTYp. MeTolo € ynockoHaleHHS iH(pOpManiiiHOl TeXHOoIoril 00pOoOKH BHKOPHCTaHHS T'€OHMPOCTOPOBUX
iHpOpMaLifHIX CTPYKTYp. BUKOpHCTOBYBaHMMH MeTOIAMM €: METOIH Teopii IMOBIPHOCTI, MaTeMaTHYHOI CTAaTHCTHKH,
METOJIM ONTHMi3allii, MaTeMaTHIHOTO MOJIEIIOBaHHS Ta IH(PPOoBOi 0OpOOKH 300pa’keHb, aHAITHYHI Ta EMITIpHIHI METOAN
MOpPiBHSUTBHOTO JociimkeHHs. Otpumani Taki pesyabTatu. B IDEFO-HOTamii omucani eramy 0CHOBHOTO IpOLeCy Mpuii-
HSTTS YIPABIIHCHKUX pIIlIeHbh Ha OCHOBI aHaJIi3y reornpocTopoBoi iHpopMmanii. HaBegeHa 1eKOMITO3HINSI OCHOBHOTO IIPO-
Lecy TMPHUHAHATTS YIPaBIiHCBKUX pillleHb Ha OCHOBI aHaJ3y TI'eonpocTOpoBoi iH(opMamii, JeKOMITIO3UIs IMiIponecy
TIPOBECHHS TEMaTH4YHOI iHTeprpeTamii BHIOBMX 300pakeHb iH(OpMamii, JEKOMITO3MIIS IiIIPONeCy OIiHIOBaAHHSI
anpiopHUX IMOBIpPHOCTEH, JEKOMITO3HMILIS ITiIIPOIECy IIPOrHO3yBaHHS alpiOpPHUX IMOBIpHOCTEH Ta JEKOMIIO3MILS i IIpo-
Iiecy BUOOpY ONTHMABHOTO pimeHHs. BucHOBKH. Y 10cKoHaNEHO iHpOpMaIiiiHy TEXHOIOTiI0 BUKOPUCTAHHS T'€0NPOCTO-
pOBHX iHpOPMAIIHHIX CTPYKTYp, SKa, Ha BiMIHY BiJl BiJOMHX, 0a3yeThCsI Ha pO3pOOJICHHX MOJEISIX (POPMYyBaHHS BUJIO-
BHX 300pakeHb, TEMAaTHYHOI IHTEpIIpeTallii BUIOBUX 300pa)KeHb, IPOrHO3YBAaHHS T'€ONPOCTOPOBHUX JIAaHUX Ta MPUHHATTS
YIPaBIiHCBKHX PIillICHb I METOJaX CEMaHTHYHOI ceTMEHTallil BUIOBUX 300pakeHb Ta IPUHHATTS YIPaBIiHCHKUX PillleHb Ha
OCHOBI aHaIIi3y reonpocTopoBoi iHpopMarii, 1o go3Boisie hopMaizyBaTH Ta aBTOMATHU3YBATH MPOLIECH aHANI3y I'€0Ipo -
TOPOBHUX JIaHMX, 33/I0BUIBHUTH 3POCTar04i BUMOTH JI0 CHCTEM O0OpOOKM reonpocTopoBoi iH(popMalii B yMOBaxX pHU3HKy Ta
HEBU3HAYCHOCTI Ta J03BOJISAE NPUHAMATH Ha TX OCHOBI OOIPYHTOBaHI YIPaBIIiHCHKI PillICHHS.

KawuoBi caoBa: iHdopmalliiiHa TEXHOJOTIs, IEKOMITO3HUIIIS MiIpoLeCy, TeopocTopoBa iHdopmaliiiHa CTpyKTypa, re-
OIpocTOpoBa iHpopMalis, TPUHHATTS YIPaBIiHCHKUX PillIeHb.

Beryn

ITocTaHoBKa MPOG/IeMH Y 3arajiIbHOMY BMIVISI.
Ha cporoaniHi# JieHp po3BUTOK OaraThox cdep Jol-
CBKOI JIisUTBHOCTI 0a3yrOThCSl Ha BIIPOBAJDKEHHI Ta TIO-
JAIbIIOMY PO3BUTKY iH(OpMAaliHUX TEXHOIIOT1H, HAM-
BA)XJIMBIILIOI CKJIAZOBOI0 YAaCTHHOIO SIKMX € 3aco0H
00pobku mudposoi indopmarii [1-2]. [udposa indpop-
Mallisi mpo MICIEBICTh Ta 00’€KTH IHTEpPeCy, B CBOIO
4yepry, HeoOXiJHa Uil TPHUHHATTS OOIPYHTOBAHHX
YIPaBIiHCHKHUX PillleHb OpraHaMu JepaBHol Biaam [3].
Taka kaprorpadiuna, Tornorpado-reofe3ndHa, aepoko-
cMiuHa iH(poOpMalis, sKa MpeAcTaBlieHa y u(poBOMY
BUTJISII, € {y’KEe 3pYYHOIO 3aBJISIKK Bi3yasi3allii BenuKoi
KUIBKOCTI pi3HOpPiMHOI iH(OpMALl Ta Ja€ MOXKIIMBICTH
BUPILIEHHS IJIOT0 KOMIUIEKCY PI3HHX 3aBJiaHb YIIpaB-
JIiHHS, IUTAHYBAaHHS Ta BUKOPUCTAHHS PECYPCIB B Pi3HUX
Tary3sIX JIFOJCHKOI MistmbHOCTi. s mporo HeoOXimHi
KOMIUIEKCHI CIHEIiaii3oBaHl METOIMKA aBTOMaTH30Ba-
HOT'0 TIPUHHSTTS YIPABIIHCHKHUX PIlIHb, SIKI 3aCHOBaHI
Ha 00poO11i TeonpocTopoBoi iHGOpMaIii Ta AKi peamizo-
BaHI B CKJIaJli CHCTEM IiATPUMKH MPUHHATTS PillICHb.

KoxHe ympaBimiHCBKE PIlIEHHS OpraHaMHU Jep>KaB-
HOI Biagy Oyab-sIKOTO PiBHA ITOB’S3aHO 3 TE€OIPOCTOPO-
BHM PO3TAallyBaHHAM 00 €KTY IHTEpeCy Ha MiCIIEBOCTI.
ToMy pHIAHATTS OTIEPaTUBHUX, 00’ €EKTUBHUX Ta 00IpPY-
HTOBaHUX YIPaBIIHCHKUX PIIIEHh MOXKJIMBE 32 PaXyHOK
MPOOJIEMHO-OPi€EHTOBAHUX T'eOiH()OPMAIIHAX CHUCTEM,
SIKI BJKE€ CHOTOJIHI € HEBiJ €MHOI0 YaCTHHOI CydacHHX
CHCTEM MiITPUMKHU TPUAHATTS PillleHb OpraHamM¥ Aep-
xaBHoi Baamu [4-5]. 3a momomororo T'IC-TexHomoOTii
IHTETPYIOTBCS TIPOCTOPOBI JaHi, SKi HAIXOIATH 3 BEIH-
Kol KIJIBKOCTI PI3HMX JDKepen Ha ycix piBHsix. Lle mo-

3BOJISIE 3HAYHO CKOPOTHUTH Yac, KA HEOOXITHUHU st
OL[IHKK OOCTaHOBKHM Ha MICIIEBOCTi, pO3pOOKH ILIaHy
Jiil Ta MPUHAHATTA pIlICHHS OpraHaMHu Jiep)KaBHOI Bia-
. [Ipy upomy Ui BUpIlIEHHs PI3HUX 3aBJaHb YIIPaB-
JIHHS BHKOPHCTOBYETHCS Pi3HI BUIM JaHOi 1dpoBoi
iH(popMaii.

AHaJi3 OCTaHHIX 10CaiTKeHb Ta myOmiKkamiii.

[MpoBenenuii aHami3 Mokasas, IO HA CHOTOJHI B
VYkpaiHi icHye 3HayHa KIUIBKICTh reoiH(opmaiiiHuxX
CHCTEM PI3HOr0 MPHU3HAYEHHS 13 BEJIMKUM 00 €MOM Ha-
KOIMYEHOI iHpopMallii, ika TOCTIHHO OHOBIIOETHCS [2-
3,5]. Benmuki 06’€MH TEOMPOCTOPOBUX MaHHX, JTOCTAT-
HbO CKIIQJIHI CTPYKTYpHO-T€OMETpU4HI (opMa Ta po3-
TallyBaHHA 00 €KTIB Ha 300pakKEHHSX, O0OB’SI3KOBHIA
00JIiK B OOYMCIIEHHI KiIbKICHUX aTpUOYTIB, CKIaJHOCTI
KOOPIMHATHOI NPHB’S3KK Ta HACTYIHOTO aHAaJi3y BU-
3HAYAIOTh 3HAYHI 3aTpaTH 4acy Ha NPHHHATTS yIpas-
miHChKuX pimens [8]. Tomy icHye mpobGiaema orepaTHs-
HOT'O Ta aBTOMATH30BAHOI'O BUKOPUCTAHHS Takoi iHpo-
pMartiii npy TpUAHSATTI pilleHh Ha OCHOBI aHaJi3y Ieo-
MPOCTOPOBOI  iH(OpMaIIii, MO HO3BOIMIO O CYTTEBO
3MEHIIUTH OO0 Cy0’€KTHBHUX MOMWJIOK TpPH TpPHUH-
HATTI YIIPABIiHCHKUX PillICHb.

Iotpebu B mOCTIHO OHOBIIOMOUIH reorpadivHii
iH(popMaIii Ta TOTYKHI MOXKIIMBOCTI TIPOaHATI30BaHUX
reoiHpOpPMAaIiHHIX CHCTEM CTUMYITIOIOTH PO3BHTOK
iH(hOpPMAIIfHIX TEXHOJNOTIH, SKi OyIyTh pO3TISIATHCS
y BUTTSAL AESKOl CYKYMHOCTI (DYHKIH, SKi TIEBHUM
YUHOM TIOB’5I3aHI ONTHA 3 OHOIO Ta OyAyTh peari3yBaTH
NPUHAOMH, METOOM Ta CHOCcOoO0H, M0 3a0e3NnedyroTh
oTpUMaHHS, 30upaHHsA, 00poOKy, mepenaqy, 30epeKeH-
Hsl, BUKOPHCTAHHS Ta IOLIMPEHHS IeONPOCTOPOBUX Jla-
HUX Ta sKi OyayTh 1MoOyZOBaHi Ha OCHOBI Teopii 06po0-
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KM 1 TIepeTBOPEHHs TeONpOCTOPOBOI iH(pOpMaIi ImuIsi-
XOM IMIUIeMEeHTaIlii Mozeneil i MeTo/liB BUKOPHUCTaHHS
reonpOCTOPOBUX iH(pOpManiitHux cTpykTyp [9-11].

Icuyroui iHopManiiHi TeXHOMOTI] BUKOPHCTaHHS
TeonpocTOpoBUX 1HOOPMALIHNX CTPYKTYp 0a3yloThcs
Ha ICHYIOUMX MOJEJISIX Ta METO/aX HPUHHSATTS YIpaB-
JHCHKUX DILIEHb, SIKI PO3pOOJICHUH JHIIe JUIsl Tamy3e-
BUX reoiH(opMaiiHuX CHCTEM, TOOTO IUIS CHCTEM, SKi
BHBYAIOTH IPOOJIEMH JIUIIE OJHI€T Taly3i Ta HE MOXYTb
3aJIOBUIBHUTH TIOCTIHHO 3pOCTal04MM BHMOTaM JI0 CHC-
TeM O00pOOKHM TreonpocTopoBoi iH(pOpMaIii B yMoBax
PH3HKY Ta HEBH3HAYCHOCTI [].

Meta craTTi — yHOCKOHAIUTH iH(OpMaLiiiHy Te-
XHOJIOTII0 BUKOPHCTaHHSI T€ONPOCTOPOBUX iH(opMa-
HiHHUX CTPYKTYp, ska Oyme OasyBaTHcs Ha po3podIie-
HUX MOJeNsiX (POPMYBaHHS BHIOBUX 300pakeHb, TeMa-
TUYHIA 1HTEpIpeTanii BUAOBUX 300pakeHb, MPOTHO3Y-
BaHHI IeoNnpOCTOPOBUX NaHUX Ta MPUUHSATTI yHpaBiliH-
CBKHX PIllIEHb 1 METO/IaX CEMaHTHYHOI cerMeHTaii BU-
JIOBUX 300pa)KeHb Ta TNPHUHHATTA YNPABIIHCHKHX Pi-
IIICHb Ha OCHOBI aHaJIi3y IreonpocTopoBoi iH(opMaii.

OcCHOBHA YacTHHA

B IDEFO-HoTamii OCHOBHMH mpOLEC NPUHHATTS
YIIPaBIIHCHKUX PillleHh Ha OCHOBI aHaJli3y reonpocTo-
PpoBoI iH(pOpMaIIii CKITATa€ThCs 13 TakKMX enemMeHTiB [11]:

1) BXija — 11 BUOBi 300pa)KeHHs Ta J0IATKOBA Te-
ompocTopoBa iH(opMarlis (KapTH, CTATHCTHYHI IaHi
TOII[0); MATPHIIS OLIHOK PIIlICHb;

2) BUXiJ — YIIPaBITiHChKE PillIeHHS;

3) ympaBIiHHS MPEACTABIISE COOOFO:

— 3aKOHO/IaBYi Ta BiZOMYl JOKYMEHTH, IO pery-
JIFOIOTh TIPOLEC IPUHHSATTS YIPABIIHCHKHUX PIILICHB;

— BUMOTM  1H(OPMAaTHBHOCTI, YHIBEpCAJIbHOCTI,

3aKoHOZABYl Ta BIIOMYi
JOKYMEHTH, IO PerylioloTh

[IpoLIec NPUITHATTS

VIIPABIIHCHKHX PillICHB

Bumorn indopmMaTuBHOCTI,
VHiBepcalIbHOCTI, OMepaTHBHOCTI,
TOYHOCTI, 00'€KTHBHOCTI,
HPOTHO30CIPOMOIKHOCTI,
KPUITOCTIHKOCTL

OIEPATUBHOCTI, TOYHOCTI, 00'€KTUBHOCTI, MPOTHO30CII-
POMOXKHOCTI, KPHUIITOCTIHKOCTI;

— TEOpPETUYHI METOAM — JiHIHA anredpa, aHaJiTH-
YHa TEOMETpisl, TeOpisl MaTpHUIb, TUCKPETHA MaTeMaTH-
Ka, Teopis IMOBIPHOCTEH, TEOpis CTOXaCTUYHHX IIPOIe-
CiB, TEOpisi IPUUHSATTS ONTHMAIBHUX PIllIeHb, JECKPHUII-
THBHA CTAaTHCTHKA, METOAM ONTHMIi3allii, MeToau OiHa-
pu3arlii, MeTON CETMEHTAIli1, METOJI OOPOOKH YaCOBUX
psiaiB, METOTM POrHO3yBaHH: [12];

4) MexaHi3MHU OpraHy MPUHHATTS PillleHHS, Orepa-
TOpH, anapaTHi Ta IporpamHi 3aco0H.

OCHOBHWMIA TIpoIeC MPUIHATTA YHPaBIiHCHKUX pi-
IIeHh Ha OCHOBI aHaji3y TeornpocTOpoBoi iH(opmarii
HaBeJIeHO Ha puc. 1.

Ha puc.2 HaBegeHa JEKOMIIO3MILIISI OCHOBHOT'O
Npolecy MPUHHATTS YINPaBIiHCBKUX DillleHb Ha OCHOBI
aHaJIi3y TeOnpPOCTOPOBOI iH(pOpMAIIii.

JleKkoMITI03H111isi OCHOBHOT'O TPOLIECY MPOBOJHUTHCS
Ha 4 mianporecu 1 piBHS:

Ha puc.2 HaBegeHa JEKOMIIO3MILIISI OCHOBHOTO
npolecy MPUHHATTS YINPaBIiHCBKUX pillleHb Ha OCHOBI
aHaJTi3y TeonpOCTOPOBOI iH(pOpMAIIii.

JlekoMII03H11isi OCHOBHOTO TPOILIECY MPOBOIUTHCS
Ha 4 mianpouecu 1 piBHs:

1) npoBecTH TeMAaTHYHY iHTEpIIpeTAIiIO:

— BX1Jl — BHJIOBI 300paKeHHs, JOAATKOBA T'€OMPOC-
TOpoBa iH(hopMallis;

— BHIXiJ{ — MacKH KJ1aciB 00'€KTiB;

— YIpaBIliHHS — BUMOTH iH()OPMAaTHBHOCTI, orepa-
THBHOCTI, TOYHOCTi, 00’€KTHBHOCTI; JiHiliHa anreodpa,
TEOopiss MaTpHIlb, METOAX OITHMIi3allii, MeToan OiHapH-
3allii, METOAY CETMEHTALIIT;

— MEXaHI3MH — OIepaTop TeMaTHYHOI iHTepIpeTa-
1il, anapaTtHi Ta nporpamHi 3acoowu;

Jliniitna anreGpa

AHATITHYHA TCOMETPIs

Teopist marpuib

JluckpeTHa MaTeMaTHKa

Teopis iMmoBipHOCTCH

Teopist cTOXaCTUYHHX IIPOIICCIB
Teopist IPHITHATTS ONTHMATBHUX pillIeHb
JlecKpHITHBHA CTaTHCTHKA
MeToan onTumizartii

MeTtonn Ginapm3artii

Metoan cermenTarii

Metoan oOpoOKH YacoBUX PsIIIB

Bumosi Mertonu nporno3yBanus
300paKeHHA
Jlonatxoa YrpasiliHcbKe
TeOoIMpoCTOpOBa MpuitHATH pilleHHs
iH(popMaIis pimenns o
Marpurs $0 0
OIIIHOK pIllleHb

Opras npuHHATTA IIporpamui | Anaparni

piticHHS 3acobu 3aco0u

Puc. 1. OcHoBHHII ITpoliec TPHHHATTS YHPaBIiHCHKHX PIllIeHs HA OCHOBI aHANI3y I€0IPOCTOPOBOi iH(popMaii
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Puc. 2. JlekoMno3H1isi OCHOBHOTO TIPOLIECY MPUITHATTS YIPaBIiHCHKHX PillleHh HA OCHOBI aHaIli3y TeonpocTopoBoi iHdopMarii

2) ouinuTH anpiopHi iMoBipHOCTI:

— BXIJl — MacKH KJIaciB 00'€KTiB;

— BUIX1J1 — anpiopHi iIMOBIpHOCTI;

— YIIpaBIiHHA — BUMOTW IH(OPMATHBHOCTI, YHi-
BEPCAJILHOCTI, OIIEPATUBHOCTI, TOYHOCTI, 00'€KTHUBHOCTI,
MIPOTrHO30CHPOMOXKHOCTI; METOAM ONTUMI3allii, aHai-
THUYHA T€OMETpis, JiHilHa anrebpa, romorpadis;

— MeXaHi3MH — OmepaTop, amapaTHi Ta IporpaMHi
3aco0u;

3) mporHo3yBaTH anpiopHi iMmoBipHOCTI:

— BXiJl — anpiopHi iIMOBIpHOCTI;

— BUXiJl — MPOTHO30BaHi iIMOBIpHOCTI;

— YIIpaBIIiHAA — BUMOTH 1H(OPMATHBHOCTI, Omepa-
THUBHOCTi, TOYHOCTI, 00'€KTHBHOCTI, IPOTHO30CIIPOMOXK-
HOCTI; Teopisi iMOBIpHOCTEH, TEOpisl CTOXaCTUYHUX MPO-
IIeCiB, JECKPUNTHBHA CTATUCTHUKA, METOMM ONTHMI3aIllii,
MeToan oOpOOKH YacOBHX PSIiB, METOIM TPOTHO3YBaH-
HST;

— MeXaHi3MH — OIeparTop, amapaTHi Ta IporpamHi
3aco0u;

4) BuOpaTH onTUMAaJIbHE PillleHHs:

— BXiJl — MPOTHO30BaHI iIMOBIPHOCTi; MaTPHIIS OITi-
HOK pillIeHb;

— BUXIJI — YIPaBIIIHCBKE PIIlICHHS;

— YIpaBIliHHS — 3aKOHO/ABY1 Ta BiJIOMYi JOKYMEH-
TH, IO PETYIIOITH NPOLeC NPUHHATTS yHPaBIiHCHKHUX
pillieHb; BUMOTH 1H(OPMATUBHOCTI, YHIBEpPCaJIbHOCTI,
OIEePaTHBHOCTI, TOYHOCTI, 00'€KTHBHOCTi, MPOTHO30CI-
POMOXKHOCTI, KPUOTOCTIMKOCTI; TEOpisi MaTpHIlb, JHC-
KpeTHa MaTeMaTHKa, Teopis IMOBIpHOCTEH, Teopis
TMPUAHATTS ONTUMANIFHUX PIllIeHb, METOIN ONTHMI3AIlii;

— MeXaHI3MHU — OpraH MPUUHATTS PIllleHHs, arnapa-
THI Ta IPOTpaMHi 3aCO0M.

JlexoMTIo3HIis MiAIpoLecy MpoBeAeHHS TeMaTH-
HOI iHTepIpeTalii BUAOBUX 300pakeHb IPOBOAUTHCS Ha
3 mignpomecu 2 pisas (puc. 3):

1) niceomysamu damui O mpery8ans:

— BXiJT — BHJOBI 300paKeHHs, JOAATKOBA T€OIPOC-
TOpoBa iH(OpMaIlis;

— BUXIiJl — aHOTOBaHi NaHi (e Ha 300paXkeHH] po3-
MiYeHO 00JIacTi 7S KOYKHOTO KIIacy);

— YOpaBJiHHA — BUMOTH iHOPMATHBHOCTI, Omepa-
THBHOCTI, TOYHOCTI, 00’ €KTUBHOCTI; METOAH OITHUMI3aIIii,
OiHapm3allii, cerMeHTAIli{; JeCKPUTITHBHA CTATUCTHKA,

— MEXaHI3MH — OIepaTop TeMAaTUJHOI iHTepIpeTa-
11i1, anmapaTHi Ta mporpamHi 3acoowu;
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Bumoru iHpopMaTHBHOCTI,
OIIepaTHBHOCTI, TOYHOCTI,
00’€KTHBHOCTI

Jliniitna anredpa
Teopist MaTpuLb

MeTomau onTHMi3arii
Mertozn OiHapH3alii
Meronn cermeHTAalil

,HCC KpHITHUBHA CTAaTUCTHKa

JlonaTrkoBa
reonpocTopoBa

iHpopmartis

ITigrotyBatn nani s AHOTOBAHI J1aHi

TPpeHYBaHHs

S0 1

Bunosi
300paKeHHA

30

> TpenyBaru Mepeiy

TpeHoBaHa Meperka

Y

Bukopucrarn Mepexy

Macxku K1aciB 00'€KTIB

S0 3

Omneparop TeMaTH4YHOT
iHTepmpeTamii

AnapaTHO-IPOrpaMHi 3acoou

Puc. 3. [lexoMno3uwist mianporecy NpoBeJeHHs TEMaTHYHOI iHTeprpeTalil BUAOBUX 300paXkeHb iHpopMarii

2) mpenysamu mepesicy:

— BXIJl — aHOTOBaHI JaHi;

— BHXIJI — TpeHOBaHa Mepexa (koe(illieHTH Mepe-
XK1 JUIsE KOOKHOTO 11 11apy);

— YIpaBIiHHA — BUMOTW IH(OPMATHBHOCTI, YHI-
BEpCaJIbHOCTI, OIIEPATUBHOCTI, TOYHOCTI, 00'€KTHBHOCTI,
MIPOTrHO30CHPOMOXKHOCTI; METOAM ONTUMI3allii, aHai-
THUYHA TEOMETpis, JiHiliHa anreopa, romorpadis [14];

— MEXaHi3MH — OIepaTop TEMATHIHOI iHTepIIpeTa-
1ii, amapaTHi Ta IporpaMHi 3acoou;

3) eurxopucmamu mepeoicy:

— BXiJl — BUIOB1 300paXeHHS; TPEHOBaHA MEpexKa;

— BHXiJ] — MacKd KiaciB 00’€KTiB (TeMaTHYHO iH-
TepIIpeTOBaHe 300payKeHH);

— BHUMOTH 1H(OPMATHBHOCTI, ONMEPATUBHOCTI, TOY-
HOCTi, 00’€KTHBHOCTi; METOAM ONTHMi3allii, OiHapu3a-
1111, CETMEHTAIIIT;

— MEXaHI3MH — OIepaTop TeMaTH4YHOI iHTepIpeTa-
1ii, amapaTHi Ta IporpaMHi 3aCO0H.

Jexommo3niiis miampouecy OUiHIOBAHHS ampio-
PHUX iMOBipHOCTEeH TPOBOAUTHCS HA 2 MiAMpoiecH 2
piBHs (puc. 4):

1) nposecmu zeonpue'sazky:

— BXiJI — MacK{ KjaciB 00'€KTiB; JHOHATKOBa TIeo-
MIPOCTOpOBa iH(pOpMAILLis;

— BUXIJI — TIEPETBOPEH] KOOPMHATH;

— YIpaBIliHHA — BHUMOTM iH(GOPMATHBHOCTI, YHi-
BEpPCAIbHOCTI, OMIEPATUBHOCTI, TOYHOCTI, 00'€KTUBHOCTI,
MPOrHO30CIPOMOXHOCTI, ~ KPUITOCTIMKOCTI;  METOAH
ONTHMI3allil, aHAIITHYHA TeOMETpis, INiHiiHa anredpa,
romorpadis;

— MEXaHI3MH — OIlepaTop, arnaparHi Ta MporpamHi
3aco0u;

2) pospaxyeamu imosipHocmi:

— BXiJI — MacK# KJaciB 00'€KTiB; MEPETBOPEHi KO-
OpIHMHATH;

— BUXIJl — anpiopHi iIMOBIpHOCTI;

— YyOpaBIiHHSA — BHUMOTH TIOMITHOCTi, MpPOCTOTH,
iH(OpMaIifHOCTI, OPiEHTOBAHOCTI, POOACTHOCTI, KPHUII-
TOCTIHKOCTi, YHIBEpPCaIbHOCTI; TUCKPETHa MaTEMaTHKa,
JIECKPUIITHBHA CTATHCTHKA, aHAJITHYHA TEOMETPis, TEO-
pist iMOBipHOCTEH;

— MeXaHI3MHU — ONepaTop, amaparHi Ta IporpaMHi
3aco0m.

JexoMmmosumis — miampouecy  MPOTrHO3YBaHHS
anpiopuux iMoBipHOCTell POBOAWTHCS Ha 2 TiATPO-
niecu 2 pisus (prc. 5):

1) no6yoysamu ancamono ARIMA:

— BXIiJl — anpiopHi iIMOBipHOCTI;

— BHX1J — aHcamOub mozeneiit ARIMA,;
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Jliniiina anredpa

TOYHOCTI, .
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00'€KTHBHOCTI,
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Puc. 4. JlekoMno3uist miznporecy OliHIOBaHH alpiopHUX iIMOBIpHOCTEH

— YIpaBIiHHS — BUMOTH iH(OPMATHBHOCTI, ornepa-
THUBHOCTI, TOYHOCTI, 00'€KTHBHOCTi, MPOrHO30CIPOMO-
JKHOCTI; Teopisi IMOBIpHOCTEH, TEOpisl CTOXaCTHYHHX
NPOILIECIB, IECKPUNTHBHA CTATHCTHKA, METOMAM ONTHMi-
3allii, MeTo/In 0OPOOKH YacOBHX PsJIiB, METOAN NPOTHO-
3yBaHHS;

— MEXaHI3MH — OIeparop, anapaTtHi Ta NporpamHi
3acobu;

2) eubpamu onMUMAIbHUN RPOZHO3:

— BXix — ancamOib mozeiieit ARIMA;

— BHIX1J1 — IIPOTHO30BaHI IMOBIPHOCTI;

— YIIpaBIiHHS — BUMOTH iH(OPMATHBHOCTI, Orepa-
TUBHOCTI, TOYHOCTi, O0'€KTUBHOCTI, MPOTrHO30CIPOMO-
JKHOCTI; Teopisi IMOBIPHOCTEH, TEOpis CTOXaCTHYHUX
MPOLIECIB, JECKPUNTHBHA CTATUCTUKA, METOAU ONTHUMI-
3allii, MeToIu 0OPOOKH YaCOBHX PsJIiB, METOIM MPOTHO-
3yBaHHS;

— MEXaHI3MH — OIeparop, anapaTtHi Ta OpOrpamHi
3ac0o0u.

Jexommo3uuiss mianmpouecy BHOOPY ONTHMAJb-
HOT0 pillleHHsI TIPOBOANTHCS Ha 3 MiJNporecH 2 piBHs
(pwuc. 6):

1) eusnauumu nanodinvw imosipnuii cman:

— BXiJl — IPOTHO30BaHi IMOBipPHOCTI;

— BUXIJ — IHIIEKC CTaHy;

— yOpaBIiHHA — BUMOTH iH(OPMATHBHOCTI, YyHi-
BEPCaJIBHOCTI, OIIEPATUBHOCTI, TOYHOCTI, 00'€KTUBHOCTI,
MIPOTHO30CHPOMOKHOCTI, KPHIITOCTIIKOCTI; Teopis mMaT-
pulb, IOUCKpPETHA MaTeMaTHKa, Teopis IMOBIpHOCTEH,
TEopisl MPUHHATTS ONTUMANBHUX PIllIeHb, METOIU OII-
THMI3aIlil;

— MeXaHi3MH — OpraH NPUUHATTS PilICHHs, amapa-
THI Ta MPOTPaMHi 3aco0w;

2) nopaxysamu oyinouHuil QyHKyionan:

— BXiJl — 1HIEKC HaWO1IbII iIMOBIPHOTO CTaHy; MaT-
PHIIS OLIHOK PillIeHb;

— BUXiJlT — BEKTOP 3HAY€Hb OIIIHOYHOr'O0 (DYHKIIiO-
HaJTy JUTS HalO1TbII iIMOBIPHOTO CTaHY;

— YpaBiiHHS — BHUMOTM i1H(GOPMATHBHOCTI, YHi-
BEPCaJIbHOCTI, ONEPATUBHOCTI, TOYHOCTI, 00'€KTHBHOCTI,
MPOrHO30CIPOMOXKHOCTI, KPUIITOCTIHKOCTI; TeOpisi MaT-
pHIlb, JNHCKPETHA MaTeMaTHKa, Teopis IMOBIpPHOCTEH,
TEOpis MPUHHATTS ONTUMAJbHUX PillleHb, METOAU OII-
THMI3aIlil;

— MEXaHI3MH — OpraH NPUHHATTS PillleHHs, anapa-
THI Ta MpOrpamHi 3acoou;

3) sHaiimu piwenns, w0 maxcumizye @ynxuio-
Han:

— BXiJ] — 1HJIEKC HalOLIbII IMOBIPHOTO CTaHy; MaT-
PHILIS OLIIHOK PillIeHb;

— BUXIJI — BEKTOp 3HA4YCHb OL[IHOYHOrO (hYHKIIiO-
HaIly JUIs HalOUIbII IMOBIPHOTO CTaHYy;

— YIpaBIliHHS — 3aKOHO/ABY1 Ta BiJIOMYi JOKYMEH-
TH, IO PETYIIOITh MPOLeC NPUHHATTS yHPaBIiHCHKHUX
pillieHb; BUMOTH 1H(OPMATUBHOCTI, YHIBEpPCaJIbHOCTI,
OIEePaTHBHOCTI, TOYHOCTI, 00'€KTHBHOCTi, POTHO30CI-
POMOXKHOCTI, KPUOTOCTIMKOCTI; TEeopisi MaTpHIlb, JHC-
KpeTHa MaTeMaTHKa, Teopis IMOBIpHOCTEH, Teopis
NPUIHATTS ONTHUMAJIbHHUX PillleHb, METOIU ONTUMI3allii;

— MeXaHI3MHU — OpraH MPUUHATTS PIllleHHs, arnapa-
THI Ta IPOTpaMHi 3aCO0M.

TakuM YMHOM, YIOCKOHAIEHO iH(QOpPMAIiiHY TeX-
HOJIOTII0 BHKOPUCTaHHSI T€OMPOCTOPOBHUX iH(pOpMAIiii-
HHUX CTPYKTYp, 5Ka, Ha BIAMIiHY BiJ BiIOMEX, Oa3yeTbcs
Ha pO3poOIeHUX MOAeIxX (OpMyBaHHS BUIOBHX 30-
OpakeHb, TEMAaTHYHOI iHTEpIIpeTalii BHAOBUX 300pa-
KEHb, NPOTHO3YBaHHS TE€ONMPOCTOPOBUX JAaHUX Ta
TPUAHATTS YIPaBIiHCHKHUX PIllIeHb i METOIaX CeMaHTH-
YHOI CEerMeHTallil BHIOBHX 300pa)XCHb Ta MPHHHATTS
VIIPaBIIHCHKUX PIllIEHh HA OCHOBI aHaJi3y TeONpOCTO-
poBoi iHpoOpMaii, mo 103BONIsLE HOPMAITI3ZyBaTH Ta aB-
TOMATH3YBAaTH TPOLECH aHaJi3y TI'eonpoCcTOPOBUX Ja-
HUX, 33J0BUTBHATH 3POCTA0di BUMOTH IO CHCTEM 00-
poOKu TeonpocTopoBoi iHPOpMaIii B yMOBaX PU3UKY Ta
HEBU3HAUCHOCTI Ta JIO3BOJISIE TPUIMATH Ha iX OCHOBI
OOTpYHTOBaHI yIPaBIIIHCHKI PIIICHHS.
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Bumorn
iH(OPMAaTHBHOCTI,
OTIepaTHBHOCTI,
TOYHOCTI,

Teopis iMmoBipHOCTETH

Teopist cTOXaCTHYHUX IIPOLECIB

JleCKpHITTHBHA CTATHCTHKA
Metoau onTumizarii

00'€KTHBHOCTI,

TIPOTHO30C HpOMO}KHOCTi

Mertoan 06poOKH YaCOBHX PSIiB
MeToau nporHo3yBaHHs

Amnpiopni
IMOBIPHOCTI ToGyyBaru aHcaMb6i1b
ARIMA
$0
1 3 [TporxosoBani
Bubparu onTuMaibHH IMOBIPHOCT1 _
TIPOTHO3 o
AncaMOITb
ARIMA | 50 ’
Omneparop AnapaTHO-IIPOIpaMHi 3aco0H

Puc. 5. Jlekommo3uuis mianporecy nporHo3yBaHHs alpiopHUX iMOBipHOCTEH

Bumorn indopMaTHBIIOCTi,
YHIBEPCAILHOCTI, ONEPATUBHOCTI,

TOYHOCTI, 00'€KTHBHOCTI,
HpOTrHO30CIIPOMOKHO C'l’i,
KPHITTOCTIHKOCTI

Teopist MaTpHIb

JlHckpeTHa MaTeMaTHRa
Teopis iMoBipHOCTEI
Teopis IpHIHATTA ONTHMATBIHX PilTeHb

// Metoau nporuosyBaHHs

3aKoHO/1aBY1 Ta BijoMYI
JIOKYMCHTH, IO PEryIIOI0Th
Hpolec pUiHSTTI
YIPaBTIHNCHKIX PillIeHD

IIporuososani
IMOBIPHOCTI
—_—

$0

BusHaunTn HaiiOIBIIT
IMOBipHHIT cTan

Innexe cTamy

Marputis
OLIHOK PillICHb

Opra IpHARATTA

pileHHs

Iopaxysat
oniHOuHHIT 3HaueHHS
dyukIionana pyaxuionamy
S0 2
\ A OnrumMaibHe

P~ . ieHHs
SHalTH pilleHHs, 110 P

MaKCHMI3Y€ (PHKITIOHAT

$0 3

AnaparHo-1porpamHi 3acobu

Puc. 6. [lexoMno3uilist mimnporecy BUOOPY ONTUMATIBHOTO PillleHHS

BucHoBKH i HANPAMKH
NOoJAJbIINX JOCTiIKEeHb

TakuMm 9HHOM, yJOCKOHAJEHO iH()OpMaIiiHy Te-
XHOJIOTi}0 BHKOPHCTaHHS T'€ONPOCTOPOBHX iH(pOpMa-

MIAHUX CTPYKTYp, sIKa, HA BiAMIiHY BiJ BiomMux, 6azy-
€THCS Ha PO3POOIEHUX MOAETAX (POPMYBaHHS BHIOBUX
300pakeHb, TEMATHYHOI IHTepHpeTallii BUIOBUX 30-
Opa)keHb, TIPOTHO3YBAHHS TEONPOCTOPOBUX JAaHHX Ta
NPUHHATTS YIPaBIiHCBKHUX PIIICHb 1 METOAAX CeMaH-
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THUYHOI CErMEHTALlil BUIOBUX 300paKeHb Ta MpPUITHAT-
TSl YIIPaBIiHCHKUX PillIeHb HA OCHOBI aHaJIi3y reornpoc-
TopoBoi iHdopmaii. Lle no3Bonse dopmanizyBaTu Ta
ABTOMATH3YBATH IPOLECH aHAi3y TeONPOCTOPOBUX
JaHUX, 33J0BUTBHUTH 3pPOCTAIOYi BHUMOTH JO CHCTEM
00poOKH reonpocTopoBoi iHGOpMaIi B yMOBaX pH3H-
Ky Ta HEBH3HAYEHOCTi Ta MO3BOJIE MPHUHAMATH Ha iX

OCHOBI OOTPYHTOBAaHI YIPaBIiHCHKI pillIeHHA. Y OCKO-
HaJleHa iHpopMaliliHa TEXHOJIOTisl BUKOPHCTaHHS T€0-
MPOCTOPOBHUX 1H(OPMAIIHUX CTPYKTYp MoOygoBaHa
Ha OCHOBI Teopil 0OpOOKY 1 IIepeTBOPEHHS T'COMPOCTO-
poBoi iHdopMamii TUISTXOM IMIDIEMEHTaIii MoaeneH i
METO/1iB BUKOPHCTAHHS T€0NPOCTOPOBUX iH(OpMaIini-
HHUX CTPYKTYP.
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Information technology of using geospatial information structures
Ihor Butko

Abstract. The subject of study in the article is the information technology of processing the use of geospatial
information structures. The goal is to improve the information technology of processing the use of geospatial infor-
mation structures. The methods used are: methods of probability theory, mathematical statistics, methods of optimiza-
tion, mathematical modeling and digital image processing, analytical and empirical methods of comparative research.
The following results were obtained. The IDEFO notation describes the stages of the main management decision-
making process based on the analysis of geospatial information. The decomposition of the main process of making
managerial decisions based on the analysis of geospatial information, decomposition of the subprocess of thematic in-
terpretation of species images of information, decomposition of the subprocess of a priori probability estimation, de-
composition of the subprocess of a priori probability forecasting and decomposition of the subprocess. Conclusions.
Improved information technology using geospatial information structures, which, in contrast to the known, is based on
the developed models of species imaging, thematic interpretation of species images, forecasting geospatial data and
management decisions and methods of semantic segmentation of species images and management analysis. geospatial
information. This, in turn, allows to formalize and automate the processes of analysis of geospatial data, to meet the
growing requirements for geospatial information processing systems in conditions of risk and uncertainty and allows to
make informed management decisions based on them.

Keywords: information technology, decomposition of the subprocess, geospatial information structure, geospatial
information, management decision making.
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«KuiBcpkuit monitexHiuyHuit iHcTUTYT iMeHi [rops Cikopceskoroy», Kuis, Ykpaina

BUBIP TA OBTPYHTYBAHHS METOY YIIPABJIIHHSI IOTOKAMM
TH®OPMAIIII BUMIPIOBAJIBHUX CUCTEM JJISI BIOCKOHAJIEHHS
®YHKIIOHAJIBHUX JOITIOBHEHb CYITYTHUKOBUX
PAJIOHABITAIIIMHUX CUCTEM

AHoTanisi. AHaJTITHYHI JaHi BUMOT TIOBITPSIHUX, MOPCHKHX, CYXOIIYTHHX, PIYKOBHX, KOCMIYHHX CITOXXHMBAdiB, MOPATYH-
KOBHX CIIY)X0O 3a BU3HAYCHHSIM MiCIIe3HaXO/KEHHsI 00'€KTiB ITOKa3yIOTh, 1[0 BUMOTH 3HAYHO 3aJleKaTh BiJ| 3a7ad, sIKi Ha-
JISKUTH BUPINIYBAaTH Pi3HUM TpyIaM CIOKUBadiB. [Ipn 1iboMy, y3aranbHEeHi BUMOTH OXOIUTIOIOTH BUMOTH JI0 POOOYHX 30H
pamionasiraniiiaux cucrem (PHC), TounocTi Bu3HaueHHs pocTopoBo-dyacoBux koopauHat (CKII) - cepeanbokBapaTHyHa
noxu0Kka, JOCTYMHOCTI (HMOBIPHICT 0OCITyroBYBaHHSI) Ta LUTICHOCTI (IMOBIpHICTH BUSIBJICHHS IOMIJIKH /200 TIPOMIKKY
4acy, TMPOTATOM SKOTO TIOpPYIIEHHS BHUSBUTHCS). BHUMOrHM, o BHCYBAlOTBCS 110 3a0e3ledeHHs a0OHEHTIB YacTOTHO-
YaCOBMMH KOOpIMHATaMH (HANPHUKJIA[, JI0 TEIEKOMYHIKaiifHUX CHCTEM), TO ITOKH Ille He B MOBHIH Mipi y3araibHEeHO BH-
MOTH JI0 3a0e3NeyeHHs] TOYHICTHUX XapaKTepHCTHK. B ToH ke 4ac MpakTHYHWH JOCBiJ TMOKa3ye akTyajbHY MOTpedy B
oTprMaHHI iHopMarii mpo TOYHMIA Yac, i TAKOXK y YaCTOTHHUX €TaJOHaX BHCOKOI cTabinpHOCTI. e Mae mpsiMe BiHOIICHHS
JIO CHHXPOHI3aIli1 CHHXPOHHHX NIBUIKOIIFOUUX JIiHIN Tiepeaadi indopmallii, 1o OCHOBaHI Ha MPUHIIMIIAX CHHXPOHHOI 1T (-
poBoi iepapxii (CLII), a Ti, 110 BUKOPHCTOBYIOTH TaKTOBY MepekeBy cuuXpoHizanito (TMC) - no cuHXpoHi3amii 6a30BHX
CTaHIIi MOOLTBHUX CUCTEM JHHAMIYHOTO 3B'I3KY Tomlo. MeTa cTaTTi Ioisrae y po3riisiii Ta aHajli3i 3acTOCyBaHHS pa-
nioHaBiramiinoro miany Ykpainu (PITVY), mo oxomtoe Bukopuctants PHC i 3aco6iB MBIIEHOTO Ta MOIBIHHOTO 3aCTOCY-
BaHHs, II0 KEPYIOThCS Pi3HUMH BigomcTBaMu. Kpim Toro Bu3HaueHo, mo PITY He BiIIouae pamioTeXHIYHI CUCTEMH, SIKi
BUKOHYIOTb OIJIsi/10B1 yHKIIT a00 (QyHKIIT TeneKoMyHiKalifHUX CHCTeM 3B'I3Ky. BkazaHo, 110 BiH He BKIIIOYA€ aBTOMAT U-
yHi cucremu ineHtudikamii (ACI), au cucrem A3C (aBTOMaTHYHE 3aJI€KHE CIIOCTEPEKESHHSI), aJle OXOIUTIOE HaBiramiiHi 3a-
cobu, Ha AKUX 0a3yroThcs omucaHi cuctemu. Ha erami ¢opmyBanHs i po3pobnenns PITY npoBeneHuil aHaii3 TenepimHboro
crady Ta po3BUTKY Bcix PHC (icHyrounx, a TakoX THX, 110 BAKOPHCTOBYBAaTHMYTbhCS B TIEPCIICKTHBI), @ KPIM TOT'O BiZNOBIIHOC-
Ti IX MOKJIMBOCTEIl BUCYHYTHM JI0 pajiioHaBiraniiHmux 3aco6is (PH3) BiMoram pi3HiX Kareropiii croxusadis. BussieHo, 110
JUTS 32JIOBOJICHHSI BUMOT TOYHOCTI MiCIIe3HaXOMKeHHs cepe]] panioHasiraniitanx cucreM CKIT moBuHHa MaTy 3HAYEHHS MEHIIE
10Mm, 1110 3apa3 Mae BiANOBITHICTB JIMIIE 13 CYITyTHUKOBUMU pajiioHaBirariiinumu cucremamu (CPHC).

KawuoBi ciroBa: cynmyrHuKoBa pajaioHaBiramiifHa cucTeMa, HaBirauiifHi CymyTHUKH, KOCMIYHHN CerMeHT, Ha3eMHUI

KEpYyIO4Hil CErMEHT, Cy3ip's HaBirauiiiHUX CymyTHHKIB, H(epeHIANEHIN PEKIM CYITyTHUKOBOI HaBiraumii, cucremu QyH-

KI.[iOHaJ'ILHOFO JOIIOBHEHHS, CYITYTHUKOBE JTOINOBHEHHS.

IMocTanoBka npo6JaemMu

B3aemHe MpOHUKHEHHS! O0YMCIIOBAIBLHOI TEXHIKH
B TEXHIKY 3B'SI3KY Ta TEXHIKH 3B'I3Ky B O0YHCIIOBAIbHY
TEXHIKY TPHUBENH 10 PO3POOKH BHCOKOOPTaHI30BAHHX
alaliTUBHUX CHCTEM YIPaBIIiHHA MEpeKaMHM 3B'S3Ky Ta
norokam#u iHpopmarrii. Taki ajanTUBHI CUCTEMH yIpaB-
JIHHS 320€31eYyI0Th YCYHEHHs 200 OCIa0IeHHS! BILIHBY
BUHUKAIOYHX HECHPABHOCTEH OKPEMHUX €JIEeMEHTIB Me-
pexi i 3MiHM B Yaci MOToKiB iH(popMaliii Mi>k aDOHeHTa-
MU 1 By3JIaMH MepeXi Ha SIKICTh OOCITyrOBYBaHHS 3asi-
BOK aOOHEHTIB 1 SKICTh mepenadi iHdopmarrii.

Hanpukman, cucrema yIpaBiiHHS, 3HANIIOBIIN
MIOTIPIICHHST SKICHUX XapaKTEePUCTUK THUX abo iHIMX
KaHaTiB, MepedynoBye MOPSIOOK BHOOPY KaHAJiB Tak,
10 i KaHaJI| OyAyTh 3aiMaTHCS B OCTAHHIO YEPTy.

Amnanorivno Moke OyTH mOOymoOBaHa aJalTHBHA
CHCTEMa YIpaBIIiHHA, IO JO3BOJSE 3MEHIHUTH abo
IMOBIpHICTh BTpaT BUKIHKIB, a00 4ac 3aTPUMKH BCTa-
HOBJICHHS 3'€JHAHH], TOOTO dYac rmepeOyBaHHS iHGDOp-
Marii (HallpuKJIa, JTaHuX) Y MEepexi 3a paXyHOK BHOOPY
ONTUMANIBHOTO IIIAXY 11 mepenadi B yMOBax, IO CTBO-
PHJIHCS B II€il MOMEHT Yacy Ha Mepexi.

AKTYAJIBHICTD JOCTiAKEHHS

OpmHUM i3 CKIIaJIOBHUX €IIEMEHTIB CYYacHOT'O CYCIIi-
JECTBA € pajliOHaBiramiitHe 3a0e3meveHHs, TOCTYITHE IS

BUpIlLIEHHsT HEOOXIJHUX 3aBAaHb Y BCiX chepax Hapo.-
HOT'O TOCIIO/IapCTBA 1 HAYKH.

B yMoBax mocTiiiHO 3pOocTarouux BUMOT 10 TOYHO-
CTi HaBIrauiMHOro MO3UIIIOBAHHA 00’ €KTIB 3’ ABIISETHCA
HEOOXITHICTh JIOCHI/DKEHHS 1 PO3POOKH SIKICHO HOBHX
METOJIB 1 miXomiB 0OpoOKku iH(popMarii, siki 0 yMOX-
JIMBITIOBAIIM MIIBUILEHHS epekTuBHOCTI podotu GNSS
(Global Navigation Satellite System) cucrem i 3a6e3rme-
YeHHsI HUMH XapaKTePHUCTHK, 5Ki O BIAMOBIAaIM BUMO-
raM pi3HHX BH[IB CIIOKUBAYiB, a TAKOXK MPOJOBKEHHS
PO3BUTKY CIPSMOBAHOTO Ha 3aJIOBOJICHHS HacamIlepen
mapameTpiB JOCTYITHOCTI 1 I[LTiICHOCTI.

[pwmitasTo, mo ocHoBy PH3 VYkpaimm moBuHHA
ckmamatt CPHC Galileo, a I'JTIOHACC (Pocis) i GPS
(CIIA) — sx momoMmixHI, 3 ypaXyBaHHAM PO3BHUTKY 1
BUKOpUCTaHHS (yHKIioHampHUX nomoBHeHb CPHC, a
TaKOX OOTPYHTOBAaHOI TapMOHI30BAHOI MIATPUMKH i
BUKOPHUCTAHHS PO3TOPHEHHX B Ha TEMEpilIHIA Jac pa-
JIiOHABITAIHUX CHCTEM HA3eMHOTO 0a3yBaHHS.

IIpu poMy BHHWKa€ HEOOXINHICTH PO3BHUTKY pa-
nioHaBiramiiHUX 3acobiB B oOmacti iH(opMmariitHux
cucreM ais pafnioHaBiramii. Tak, HeoOXigHO Tependa-
YHTH CTBOPEHHS KOMIUIEKCHOTO CIIOKHBYOTO LIEHTPY 1
CHCTeMH iH(pOpPMANIHHOrO 3a0e3MeUeHHs IHUPOKOTO
Kpyra CIIOKHBaYiB MPO CTaH 1 MOXKJIMBOCTI 3aCTOCYBaH-
ust cuctem Galileo, TJIOHACC i GPS Ta ix dyHKIiOHa-
JBHUX JIOIOBHEHB.

© Mlynsera O. B., Cokipina B. O., 2021
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OYHKITIOHANEHI JIOTIOBHEHHS MAalOTh Y CBOEMY
CKJaJi Ha3eMHI KOHTPOJBHI CTaHIli, SKi KOPETYIOThH
iHpopMmamiiiHi maHi, orpuMani i3 cymytHHKIB GNSS,
TaKUM YMHOM TIiIBUIYIOYH TOYHICTH BU3HAYCHHS IPO-
CTOpOBO-YaCOBHX KOOpAWHAT. BapTo miKpeciuTH, 1o
SIKICTb POOOTH TAaKHX CHCTEM HANpPSIMY 3aJICXKHTh Bil
aKTYaJIbHOCTI HAJXO/DKEHHS KOPWI'YIOUMX JaHuX, a
OTXKe€, BiJl MIBHIKOCTI iX MOIMUPEHHS MiX BY3JIaMH Me-
pexi KKC.

Mepexi KKC sBisiroth coboro iHGopMariiHi Te-
JIEKOMYHIKaliiHi Mepexi, sKi s epeKTUBHOrO (yHK-
LIOHYBaHHS TIOBHHHI MaTH BHCOKOTEXHIYHY CTPYKTYpY
Ta Oyru 3abe3leyeHi aBTOMAaTH30BaHOI CHCTEMOIO
YIIpaBJIiHHSL.

AHAaJi3 OCTaHHIX J0CTiTKeHb
i myoaikamin

Po3BHUTOK cy4acHOro CYCHIJILCTBA BaXKKO YSIBHTH
0e3 paxioHaBiraliifHOro 3a0e3neyeHHs1 OE3MEYHOr0 PyXy
o0'exriB [1].

BigoMo, 110 MOYMHAIOYM 3 OCTAHHIX JAECATUIITH
JIBAJIATOrO CTOPIYYs, 38 KOPJOHOM PO3MOYAIN BUXOIU-
1 Oenepanbhi pagionasiraniini mwianu (OPIT) 3 wacro-
Toto pa3 Ha 2-3 poku (B CILA) st 3aificHeHHs pajioHa-
BiraliHoro OOIPYHTYBaHHS 1 IUIAaHYBaHHS HampsMKY
PO3BUTKY pajioHaBiraliitHux cucrem [2].

Y CHIA i3 ciuns 2009 poky aie @PII pozpodnenwmii
B 2008 pori [3].

OcranHi pokH B €BpOIT TAKOXKX BUXOJATH €BpoIeii-
CbKI pajiOHABIramiiHi IUIAHHW, B SIKHX TaKO PO3IJIsiaa-
I0ThCSI BaXKJIMBI MUTAHHS, SIKi MOB'3aHi 3 HANPABJICHICTIO
po3surky PH3.

HoBi ymMOBH pO3BHUTKY yKpalHCHKOIO CYCHiJIbCTBA,
HAIlIOHANILHOI EKOHOMIKH, BHKOPUCTaHHS B CHIIOBUX
CTPYKTYpax CHCTEM HaBIrallii, a TAKoX 1 MOXJIMBOCTSIMH
MePCHEKTUBAMH BJOCKOHAJICHHS TEXHIKO-TEXHOIOTYHHUX
3aco0iB PH3 mopomxytoTh HEOOXiIHICTH pO3pOOICHHS
HOBUX peaKiiii paioHaBiramiiHOro IuiaHy YKpaiHu
(PITY).

Bapro BiaMituth, 1o B po3po6ii [Tnany morpioHo
BpaxyBaTd BEJMKY KUIBbKICTh NMPOrPaMHKX 1 IUIAHYOYHX
JIOKYMEHTIB, 10 MpUcBsiueHi po3Butky PH3 i rapmoni-

3aIlil HaIllOHAJIbHUX HAaBITaIliHHUX CUCTEM Ha3EMHOTO,
MIOBITPSTHOTO 1 BOMHOTO TPAHCIOPTY, a TaKOX PajioHaBi-
ramifHuX CUCTEM, IO BHUKOPUCTOBYIOTHCS iHO3EMHHMH
JIeprKaBaMH.

Pa3oMm 3 TMM mocTae HEOOXiHICTH BiITBOPEHHS Ta
JIOBEZICHHS J10 33JaHUX 3HaueHb xapakrepuctuk PHC y
BIJIMOBITHOCTI JI0 33/IaHUX BUMOT, @ TaKOX B IOIAJIb-
IIOMY PO3BUTKY B HaIlpsMi HOKpAIIEHHS XapaKTepuc-
THK 1 TApaMeTpiB, B TIEPILy Yepry 3B’s3aHNX 3 TTiIBHIIEHHIM
JIOCTYITHOCTI Ta IUTICHOCTI.

Yepes ne BBakaerbcest, mo micast 2009 poky ocHOB-
Hoto cuctemoro PH3 Ykpainu mae cknagatu CPHC Gali-
leo, a TJIOHACC (Pocis) i GPS (CHIA) — sk JomoMixk-
Hi, 3 BpaxyBaHHSIM PO3BHUTKY Ta BUKOPUCTaHHS (yHKIIi-
o"anbpHuX nornosHeHs CHC, a Takox Juis 3a0e31meueHus
OOIpyHTOBaHOI TapMOHI30BaHOI MIATPUMKH 1 BHKOPHC-
TaHHs (QYHKIIOHYIOYHMX Ha cboroaHi HazemHux PHC [4,
5-10, 11].

B Takomy Bumnaiky HeoOxinHUM € po3BuTok PH3 y
chepi iHbOpMAIIHHUX CHUCTEM s pafdioHaBiramii. Tak
HEeOoOXiTHO Mepe0aynT CTBOPEHHS MPUKIIAAHOIO CIIO-
JKMBYOTO IEHTPY Ta CHUCTEMH 3abe3nedeHHs iH(opma-
WITHUMK JITaHUMU, 10 Tependadae po3poOKy po3moi-
JICHOTO TIPHKJIQJHOTO CIIOKMBYOI'O LEHTPY SK CUCTEMH
iHpopMaIliifHOro 3a0e3neyeHHsl MIMPOKOro Kojia CIo-
’KMBaviB MPO CTaH 1 MOXKJIMBICTh 3aCTOCYBaHHS CHCTEM
GALILEO, I'JIOHACC Ta GPS.

HeoOxigHUM TaKOX MPEACTABISAEThCA Tependa-
YEeHHs PO3pOOKH 3acO0iB CIIZIKYBaHHS 3a elleKTpoMar-
HITHOIO OOCTaHOBKOIO B Jialla30HaX CHUTHAIB pajioHa-
BirauiiiHux 3aco0iB.

Mera cTatTi nonsirae y pe3yiabTraTi  aHamizy cy-
YacHOI'O CTaHy Ta MEPCIEKTHB PO3BUTKY CYIyTHHKOBHX
panioHaBiraiiHUX CHUCTEM PO3POOUTH CHOCIO miiBHU-
IIEHHS SIKOCTI pOOOTH IX TelleKOMYHIKaliifHoro 3abe3-
MEYCHHS [UISAXOM 3aCTOCYBAaHHs IPUHIMIIB 1 METOJIB
JIMHAMIYHOrO YIPaBJiHHS IOTOKaMu iHdopmariii.

Bukjax ocHOBHOro Martepianay

CymnytHukoBa pafionasiramiiina cucrema (CPHC)
— 1Ie BUCOKOTEXHOJIOTIYHA 1H(opMalliiiHa cucrema, o
CKJIAZIA€THCS 3 IT'ATH OCHOBHUX CErMeHTIB (puc. 1).

Kocmiunuii
cezmenm
A
Y
Cezamenm KOCMIYHUX
dyHryionanvrux .
00NnoeHeHb
4
Y Y Y Y Y
Hazemnuu Ceemenm HazemHux
Kepyrouui @ynxyionanvrux Cresieian ;
Kopucmyeauie
ceameHm 00NnoBHEHb

Puc. 1. brok-cxema CymyTHUKOBOI pajlioHaBiramiiHol cucTeMu

[puHIMI Oii cucTeM mojsrae B TOMY, IO HaBira-
LiffHI CYIMYTHUKH BHIIPOMIHIOIOTH CIICIliaTbHI €IeKT-
POMAarHiTHI CHTHaNIHA. AmapaTypa CIIOKHBadiB, ycTa-
HOBJICHa Ha O00'€KTax, pO3TAlIOBAaHWX HA TOBEPXHI

3eMyi UM B HABKOJIO3EMHOMY TPOCTOpi, TpUiMae IIi
CUTHAI 1 Ticis oOpoOneHHs BuAae iHGOpMAIio po
MICIIETIONIOKEHHS Ta MBHUIKICTH 00'€KTa B peaIbHOMY
yaci 4M B 3aJaHU MOMEHT 4acy.
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KocMiuHHII CerMEHT € CHCTEMOK0 HaBIrariiHHUX
CYNYTHHKIB, IO PYXalOThCS IO ENINTHYHUX OpOiTax
HaBKOJIO 3eMIIi.

Ha xoxwilf op0OiTi mepeOyBaloTh NEKiIbKa CYITyT-
HUKiB. HaBiramidHuii CyIiyTHUK Ma€ Ha OOPTY CTaHAapT
Yacy Ta pajJioeieKTPOHHY anaparypy, IO BUIPOMiHIOE
B HampsIMKy 3eMJIi IIyMOIoiOHI Oe3nepepBHi paaiocu-
THAITH.

i curnanu mictaTh iH(OpPMAaLil0, HEOOXITHY IS
MIPOBEACHHS HABIrallilHNX BW3HA4Y€Hb 32 JIOTIOMOTOIO
amaparypy CIIO)KHBaya.

HazemHumii Kepyloumii CErMEHT Yy CBOEMY CKIai
Ma€ IEHTp KepyBaHHS KOCMIYHAM CETMEHTOM, paioio-
KallidHi W ONTUYHI CTAHIII CIIOCTEPESKCHHS 3a HaBira-
WIHHUMH CYNyTHHKaMH Ta amaparypy KOHTPOIIO 3a
CTaHOM HaBiraliiHHUX CYITyTHHKIB.

Kepyrounii cermeHr:

- BU3HAYae, NPOrHO3Y€E i YTOUHIOE MMapaMeTpH py-
XY HaBiraliiHUX CyIyTHHKIB,

- dopmye 1 iepenae B OOPTOBY amaparypy CymyT-
HUKIB BiANOBiAHY 1M POBY iH(pOpMallito,

—BUKOHYE PsiJl KOHTPOJbHUX 1 NpOQiTaKTUUHUX
G yHKIIH.

CerMeHTH  KOCMIYHMX 1 HaseMHHX (YHK-
[IOHAJIbHUX JIONIOBHEHb SBJSIFOTH COOOIO amaparypHoO-
NpOrpaMHi KOMITICKCH, MPHU3HAUCHI [UIS 3a0e3MeueHHs
TOYHOCTI HaBiralifHUX BU3HAYEHb, a TAKOXK ILIJIICHOCTI,
HETIePepBHOCTI, JIOCTYIHOCTI W eKCIuTyaTaniiiHol roTo-
BHOCTI CHCTEMHU.

[Tpu3HaueHHs Ta (QyHKIIT MX JONOBHEHb PO3TIIsi-
JAI0ThCs Aai.

CerMeHT KOPHCTYBauiB MMOTEHIIIIHO MOXKe CKJIaia-
TUCS 3 HEOOMEXKEHOI KUIBKOCTI CyIMyTHHKOBUX HaBira-
WiIMHKUX TpUiiMadiB, SIKI NMPUHAMAIOTh CUTHAIIM HaBira-
LIHUX CYMYTHHKIB 1 BAKOHYIOTh PO3paxXyHKH MiCIEIO-
JIO’KeHHS], IIBUAKOCTI W IOTOYHOI'O Yacy 3 HOXHOKaMH,
3YMOBJICHUMH XapaKTEPUCTUKAMH CYIYyTHHKOBOI HaBi-
raniifHol CHCTEMH Ta anapaTypy CIIOXKHBaYa.

SIkicTh 0OCITyrOBYBaHHs 3asBOK Ha IMepeiady iH-
(dbopMarii cucTeMoro 3B'SI3Ky 3alISKUTh BiJl sy Hapa-
METpIB, JI0 OCHOBHOI'O 3 SIKUX 3BHYAIHO BIJHOCSTH:

-00'eM iHpopMalii, mo miasrae nepexadvi (Ha-
NpHUKIaz, TeneoHHe HABaHTa)KEHHS B CHUCTEMax Tele-
(oHHOTO 3B'S13KY) Y;

- IPONYCKHY 3/IaTHICTh Mepexi 3B's13Ky G;

~ CTpYKTYpHY HAIifHICTh Ta >XKUBYYICTb CHCTEMH
3B'3KY H,

—3aBaJI03aXMIICHICTD 1 SIKICTh Tepenaul iHdopma-
mii K;

— aNropuT™M OOCITyrOBYBaHHS 3asBOK HA Iepenady
iHopmarrii U.

[Ipu oMy SIKICTH OOCITYTOBYBAaHHS 3asIBOK MOXKE
OyTH OLiHEHa Yy BHTJISAI JOESKOTO Y3arallbHeHOTO KpH-
Tepiro

n=f(Y,G,H,K,U). 1)

Sk OaumMo, y3aradbHEHHHA KPHUTEpid SKOCTI 00-
CIIYTOBYBaHHS 7T BH3HAYAETHCS JOCHUTH CKIAIHOIO (y-
HKIII€IO, 1 TOOYI0Ba CHCTEMH 3B'A3KY, IO 33/I0BOJIBHSE
3a[]aAHOMY 3HAYCHHIO I[bOT0 KPHUTEPII0, € JIOCUTHh BaK-
KOIO 3a/1a4ero.

Kpim Ttoro, posrsayti mapamerpu Y,G,H,K B
npoleci eKCIuTyaTallii CHCTeMH 3B'S3KY 3BHYAHHO HE
MOCTiHHI, 1 X 3MiHy YacTO HEMOXIIUBO 3a37aJeriib
nepen0aunTH.

VYV 3B'SI3Ky 3 UMM B Cy4yaCHUX CHUCTEMAaxX 3B'S3KYy
3Ha4yHa yBara MpUIUISETHCS BUOOPY TAKOT'O allTOPUTMY
00CITyroByBaHHsI, 10 Mir OH:

—BpaxyBaTH BUHHKAIOUi 3MiHM B CHTYallii HA Me-
pexi;

—3a0e3reunTy B yMOBaxX, 10 3MIHIOIOTHCS, 30epe-
JKEHHsI 3a/1aHOTO 3HAUeHHsS Y3arajbHEHOro KPHUTEPIiIo
SIKOCTI 0OCITyrOBYBaHHS.

Cucremu ynpaBIiHHS, IO PeaNi3ylOTh Taki ajro-
PUTMH OOCITyrOBYBaHHS 3asBOK, HAa3WBAIOTHCS ajall-
TUBHUMH.

VY 3B'S3KYy 3 THM, IO CUCTEMa YIPaBJiHHI Mepe-
JKEI0 BU3HAYa€ alTOPUTM OOCITyrOBYBaHHS 3asBOK,
BUXOJISIYM 3 OLIIHKY 3HAYEHHS MapaMeTpiB, 10 XapaKTe-
PHU3YIOTh CHTYAII0 HA MEPEXi, JOIILHO MPOIIECH, IO
BUKOHYIOTBCSI ~ CHUCTEMOIO  YIPaBIiHHS  MEpEKero,
PO3ITUTH HA /IBA THUIIH:

—TIpOlECH YIpaBIIiHHA NOTOKaMH iH(pOpMallii;

—TIpOIECH YIIPABIIHHS OOCIYrOBYBaHHSM KOXKHOT
3asiBKM Ha niepenavy indopmariii.

[Mporecn ymnpariiHHS NEpIIOro THITY, 3a0e3nevy-
I0YM aHali3 3HaueHb NapaMeTpiB Mepuioro BHIY i
BU3HAYAI0UU PEXKUM OOCIYroBYBaHHS R;, ONTHMIi3yIOTh

YHCIIO TPUUHITUX MEPEXKEI0 3asBOK Ha Tmepeaady iH-
dopmarrii 1 muiaxu il mepegadi, To0TO oOCAT 1 IMJIaH
PO3MOALTY KOXHOTO MOTOKY iH(pOpMAIii, 10 HAJAXOAUTh
y MEpEexy.

I[Iponecu ympaBiliHHA APYroro THILYy IPH HAaIXOA-
JKeHHI 3asBKU 3a0e3MeuyroTh BUKOHAHHsI orepaliii no ii
NpUitoMy Mepexero 1 nepenady iHpopMariii Bij mKepe-
Ja JI0 CIOXXMBaya BIANOBIIHO O BUOPAHOTO PEXUMY
obcnyropyBanHs R .

IIpouecu nepiioro Tuiy NpuUHATO HA3UBATH IIPO-
ecaMH JMHAMIYHOTO YIPaBIiHHA MOTOKaMH iH(OP-
Mallil (BUKJIHKIB, [TOB1IOMJICHD 1 T.IL.).

IIpouecu npyroro Tunmy HNpUHHSATO HAa3UBATH IPO-
IIeCaMH BCTAaHOBJICHHS 3B'A3KY:

— BCTaHOBJICHHS 3'€JHAHb,

- niepezayi MmoBiJJOMIICHb, TTAKETIB 1 T.II.

[puctpoi mepiioro Tumy, y sSIKHX pPealli3ylOThCs
NpOLeCH JAWHAMIYHOTO YMPABIIHHS MOTOKaMH iH(OP-
Marlii, IpUHHATO HAa3WBATH IMPUCTPOSIMH JAWHAMITHOTO
ymnpasmiaas (IIY),

IIpuctpoi nmpyroro THily, y SKHX peali3ylOThCSI
MIPOIIECH YIIPABIIIHHSA BCTAHOBJICHHSM 3B'SI3KY, MIPHUHHS-
TO Ha3WBaTH npucTposmu yrpasmiaasS (ITY).

JluraMiyHe yTpaBIiHHSA TTOTOKaMHU Ha MEpexi B
[UIOMY 3IIACHIOETBCS OBOMAa OCHOBHHMHU IUISXAMH:
VIPaBIiHHAM 00'€EMOM TIOTOKIiB, IO TEPEINAIOTHCA IO
Mepexi, 1 yIpaBIiHHAM PO3IIOAITIOM Ha MEpPEXi TOTOKIB
(puc. 2).

Ilix auHAMIYHAM YIIpaBIiHHAM 00'€MOM TOTOKIB
pO3YMI€TBhCS AK YIPaBIiHHA OOMEXKEHHSM BHUXiTHOTO
HaBaHTAXKCHHS BiJ yCiX ab0 YacTWHHU BYy3ia KOMYTamii
(BK), Tak i ympaBiiHHS 00'€MOM BHIXiJHOTO HaBaHTa-
JKEHHS, IO CTBOPIOETHCS Oe3MOCepeHh0 aOOHEHTCH-
KUMH ITyHKTAMH.
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JlunamivHe ynpasiiHHS
HOTOKaMH
TENEeKOMYHiKamifHo1
Mepexi

/

Po3smnozmiiom moTokis

\

00’ eMOM MOTOKIB

/ \ o S
HaBK3 Buxigsoro
Crpyxkrypoto lrixamu OBMEXEHHAM HaBaHTaKCHHSA
HEROMYTOBAHOL nepenad BHXiJIHOTO Bi/l aGOHEHTIB
Mepekl HOTOKIB HaBaHTAKEHHS
EMHOCTAME Poznoninom Kinexictio ITepepo3noainom
Ny4KiB KaHaJiB Ha JIOTYCTHMHX NUIAXIB mepenadi
KaHaliB Mepexi obximHnx IOTOKIB
[UISAXIB / \
IMopsiaxom Cxnanom
BHOOpY NUIAXiB
JIOIYCTHMHX nepexnadi
o0XiHuX TIOTOKIB
OUISAXiB

Puc. 2. Knacudikariis MeToziB JUHaMIYHOTO yNpaBiHHA iHQOpMaIifHUMH TOTOKaMH

JuHamiyHe ynpaBiiHHSI PO3IMOJIJIOM TOTOKIB MO-
ke OyTH 3/iHCHEHE K 32 PaXyHOK YNpaBIiHHS CTPYK-
TYpOI0 HEKOMYTYEMOI MEpEeXi HUISIXOM 3MIHM €MHOCTI
My4KiB KaHaJiB abo Mepepo3NojiioM KaHaliB Ha Me-
pexXi TpH 3MiHI TSOKIHB MK okpemumu napamu BK, Tak
1 32 paxyHOK YIpaBJIiHHS IUISXaMHU Iepeadi MOTOKIB
0e3 3MiHH CTPYKTYPU HEKOMYTYEMOT MEPEXi.

MokHa BHIUIMTH JBI TPYNH NPUHIMUIIB Op-
raHizanii IMHaMIYHOTO YIPAaBIIiHHS IUISXaMU Tepeaadi
MIOTOKIB 1H(pOpMAITii:

- YOpaBIIiHHS TEpepo3NOaIOM NUBIXIB mepeaadi
MOTOKIB iH(pOpMAIii;

- YOpaBIiHHS YUCIOM JIOMYCTHMHUX  OOXIiJHHUX
LISIXIB.

[epia rpymna miapo3aiseThCst HA B MiATPYIIU:

- YIpaBJIiHHS MOPSIIKOM BUOOPY JOIMYCTUMHX 00-
XIIHUX WUISIXIB, KOJIM IMPU 3MiHI CHTyaIlil Ha Mepexi
BiOyBa€ThCS KOpEKIis IUIaHy Po3Moniny iHdopmariii,
aie 06e3 3MiHM YHCIa i CKIIaay 0OXiTHNX HATIPSMKIB,

— yIpaBIiHHS CKJIAJOM HUIAXIB Tepefadi MOTOKiB
iH(opMallii, KOJIu Mpu 3MiHI CUTYaIl Ha Mepexi BiOy-
BAa€ThCS BUMHKAHHS OIHHMX HANpPSAMKIB 3 OOXiOHHUX
[UIAXIB 1 OAHOYACHE BKIIOUEHHS B HHUX IHIIUX HAIPSM-
KiB Tak, 100 3arajpHe YHCIO OOXIOHMX MUIIXIB HE
3MIHHJIOCSL.

BukopurcranHs 00XiTHUX NUIAXiB HA MEPEXKi 3B'sI3-
Ky TPUBOIUTH 1O BUHUKHEHHS TPAaH3UTHHX IOTOKIB.
[Ipu BimcyTHOCTI TepeBaHTaXCHb HA MEPEXi BUKOPH-
CTaHHSA OOXOIiB NMPHUBOAHWTH 10 3MEHIICHHS BTPaT Ha
MEpexi B IIIIOMY, X04a TPAH3UTHI TOTOKA 30UTBIIYIOTH
BTpaTH Ha OKPEMHX TaTy3sX.

OCKINBKH 3 pOCTOM HaBaHTaXXEHHS, 1[0 HAJIXOUTh
JI0 MepeKi, 301IbIIEeHHS TOTOKY TPAH3UTHOT'O HABaHTa-
KEHHs BiIOYBA€ThCSI HENIHIHHO, TO NPH 3HAYHMX 3a-

raJJbHO MEPECKEBUX TMECPECBAHTAKCHHAX i BHCOKOMY BHU-
KOPUCTaHHI JiHIH BinOyBaeThCs JaBUHHE HAapOCTaHHA
TPaH3UTHUX MOTOKIB, 1 TOAI OOXiAHI NUISIXH CTalOTh
Hee(eKkTHBHUMHU. [IpuUHIMIM opraHi3auii yrnpaBiiHHS,
1110 JI03BOJISIIOTH BU3HAYUTH MOMEHT, KOJIM OKpeMmi (abo
yci) 0OXiJHI HANpSMKU CTalOTh HEePEKTUBHUMH 1 1O-
TPiOHO BHKJIFOUUTH X 31 CIICKY OOX1THHX, BiTHOCSTHCS
JI0 TPYI JMHAMIYHOTO YIPaBJIIHHS YUCIOM 1 CKJIaJOM
MPUITYCTUMHX OOXITHUX HUISAXIB.

[ikaBuM € nUHAMIYHE YIPABIIHHS, SIKE MOXKHA
BIJJTHECTH OJIHOYACHO JIO ACKUIHKOX TPYIIL.

TakuM YHMHOM, BHXOISMYM 3 OCHOBHHMX 3alad i
NPUHLMUIIB OpraHisaiii, cucrteMa JIUHAMIYHOTO YIpaB-
JIHHS MOTOKaMU iH(pOpMAIl Ha Mepexi 3B'SIBKY MOXKe
OyTH mpencTaBlieHa y BUIIIAAI JBOX OCHOBHHUX MiACHU-
CTeM:

- posmnofineHol miacucreMu JIMHAMIYHOI'O
YIIPABIIHHS IIUISIXaMU Niepeiadi NOToKiB iH(opmarii;

- 1meHTpamizoBaHoi (abo  meneHTpali3oBaHOI)
MiACHCTEMH JOWHAMIYHOTO VIIPABIIHHSA CTPYKTYPOIO
HEKOMYTYEMOI Mepeski Ta 0OMeXeHHSIM HaBaHTa KEHH:.

Jist ympaBiiHHS CTPYKTYPOIO Mepexi i oOMexeH-
HSM HAaBaHTA)XKCHHS B IWHAMIYHINA CHCTEMi YIpaBIiHHSI
MOTOKAMH TTOBHHEH OyTH LEHTP AMHAMIYHOTO YIIpPaB-
miaas (LY), mo ms HagiHOCTI MOXke OyTH pe3epBo-
BaHWII omHUM abo aexinmbkoma Takmmu X LY. Tepu-
topianmpHO LIJ1Y cromyuaetbes 3 ogamMm i3 BK Mepexi,
npuaomy pesepHi LIJIY MoxyTs OyTH po3TamoBaHi Ha
immmx BK. B EOM 1Y Bimx EOM By3miB komyrarii
N0 CIelialbHUX KaHallaX, IO YTBOPIOIOTH MEPEeKy
BiJIOOpaKeHHS, HAIXOMUTh iH(pOpMAIS MPO CHTYAIio
Ha Mepexi 3B'SM3Ky (PO HABaHTAXKCHHS 1 BTpaTH B
OKpPEMHX HAamNpsAMKax 1 BY3JaxX, YUCIO YIIKODKSHHUX
KaHATIB 1 T.1L.).
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Taka iHpOpMAIisS CITyXXUTh BUXiTHUMH ITaHUMHU
st aHanizy Ha EOM mporrycKHOI 37aTHOCTI Mepexi
3BSI3KYy 1 BHpPOOJCHHS DPEKOMEHJAIli IMpo BapiaHTH
obmexeHHs! (a00 3HATTI OOMEeXeHb) HaBaHTAKEHHs Ha
PI3HUX IUITHKaX MEPEexi.

Kpim Toro, 8 EOM IIJIY Ha ocHOBIi mi€i iH(pOp-
Marlii MOXyTb OyTH:

— pO3paxoBaHi BapiaHTH PO3IMOIITY KaHAIB,

— OTpUMaHi PEeKOMEHALT PO BBEJCHHS OAaTKO-
BHX KaHaJIIB Ha Mepesxi a00 X BUKIIOUYEHHS TOIIO.

Takum unHoM, CIAYTI OynyeThes sik koMOiHOBaHa,
LEHTPATi30BaHO-PO3MO/IJIEHAa CHCTEMa YIpaBJIIHHA 1
SIBIIIE COOOFO, sIK 1 Oyab-siKa CHCTEMa YIPaBIiHHA, CY-
KYITHICTh  a/IMiHICTPaTHBHUX, EKOHOMIKO-MaTeMaTH4-
HHUX METOJIB, 3aC00IB OOYHMCIIOBAILHOI TEXHIKH i aB-
TOMATHUKH, a TaKOX 3aco0iB CIyk00BOro 3B'SA3Ky, IO
JIO3BOJISIFOTH OpPraHaM YMPAaBIiHHS MEPEKero 3B'SI3KY, 3
METOI0 TOMNAJBIIOrO TMOJINIIEHHS SKOCTI 00CITyro-
BYBaHHA 1i aOOHEHTIB 3IIMCHIOBATH ONTUMAJIbHUI
pO3MONIa pecypciB Mepexi 3B'S3Ky W e(peKTHBHE IX
BHUKOPHCTAHHS.

Coain 3a3naunty, mo CAYII moxe cTBoproBaTucs
HE TLIBKU JUIsl BCI€T Mepexi B LIIOMY, ajie i Uil OKpeM-
ux 11 4acTuH, 30H (TepUTOpiil), MicT TomO. Y IHMX
Bunagkax C/IYII mae iepapxiuHy CTpyKTYypy 3 KiJIbKOMa
PIBHSIMHU YIIPaBIIiHHSI.

Kopekuiss  marpuimi  mapuipyris B CHAVYII
3IIHCHIOETHCS PI3HUMHU METOJaMHU, 1110 OJIep>Ka Ha3By
METOJ[IB JAMHAMIYHOTO YIPaBIiHHS TOTOKaMHu iH(Op-
maii. Lli MeTomu 03BONSIOTH KOPEKTYBAaTH MAaTpHII
MapuUIpyTiB pU 3MiHI CUTYyalii Ha Mepexi 3B'sa3Ky. Tak
SIK 4acTOTa KOPEKIIT MoXe OYyTH pi3HOI, yCi MEeTonu
JIMHAMIYHOTO YIPABJIiHHS MOTOKAMH IMiAPO3/IIIISIOTh Ha
pa3oBi i rpymnosi.

Pa3oBi MeTonn 3a0e3neuyloTh KOPEKIilo y3aralib-
HEHOl CTOXAacTHMYHOI MaTpuii MapupyTiB (abo Oymb-
SIKOTO 11 YaCTMHHOTO BapiaHTa — CTOXAaCTUYHOI MaTpHUL
MapuipyTiB, MaTpHIli MapUIPyTiB i T.I.) MPH OOCIYro-
BYBaHHI KOXHOI 3asBKM Ha mepenady iHdopmairiii, rpy-
TIOBI - ITPU OOCITYrOBYBaHHI TPYITH 3asBOK.

VY 3anexHoCTi Bix BUAY iH(popMalii Mpo cuTyariro
Ha MEpexi, 110 BHKOPUCTOBYEThCS IMPU KOPEKIii y3a-
rajJibHEeHOI CTOXaCTUYHOI MaTpHIll MapIIpyTiB, yci Me-
TOAW JMHAMIYHOTO YIIPABIIHHS TOTOKAMH MOXYTh
TAKOX MiJPO3AUIATUCS HA JCTEPMIHOBaHI 1 CTATHCTHY-
Hi.

[Ipu nerepMiHOBaHHUX METOAAX KOPEKIis y3arajb-
HEHOI CTOXAaCTHYHOI MAaTpHUIll MapmpyTiB 3abesme-
YyeTbCA Ha OCHOBI iHQoOpMarmii mpo cuTyamilo Ha Me-
peXi, IO CKiamacs B JaHUA MOMEHT Oe3 BpaxyBaHHSI
MepeaicTopii; MpPU CTATUCTHYHUX METOAAX KOPEKIis
BHUPOOJISETECA HA OCHOBI CTATUCTHKH TPO MOXKIUBY
JOBXHHY [UIAXY, BETMYUHY 3aTPUMKH a00 iMOBiIpHOCTI
BiZIMOB y BCTaHOBJICHHI 3B'A3Ky 10 TOMY a00 iHIIOMY
BHXIIHOMY HAIIpSIMKy, OTPUMAHOI B pe3yibTaTi 00CIy-
TOBYBAaHHS MOIEPETHIX 3asSBOK MPOTATOM JAESKOTO iH-
TepBany yacy T.

OTxe, pa3oBi JEeTepPMiHOBaHI METOOU IO3BOJI-
I0Th OJIEPXKYBaTH, HAIPHKIALl, UYEeProBiCTh BHOOPY
BUXIJHUX HANpPSIMKIB [IJIi BCTAaHOBJICHHS 3B'S3KY
TUIBKU AJI OJHI€T 3asBKH, a TPYIOBi JeTepMiHOBaHi
METOJAM — JJIsl TPYIIH 3asBOK CTOCOBHO /IO CHTYallii Ha

MepeXi, 0 CKajacs B JaHUH MOMEHT 0e3 Bpaxy-
BaHHS MOTIEPENIHIX CUTYyaIliil.

Ha BimMiHy Bim HHX, Pa30Bi CTATHCTHYHI METOIH
JMHAMIYHOTO YNpaBJIiHHS MOTOKaMH iH(opMarii 3a0e3-
MEeYyIOTh KOPEKII0 MaTpHIli MapupyTiB ITiCIas 00Ciy-
TOBYBAHHSI KOXKHOI 3asIBKH, a TPYIOBI — Micis o0cmyro-
BYBaHHSI JIEKIIbKOX 3asBOK Ha OCHOBI CTaTHCTUKH, IO
XapaKkTepu3ye BUHUKAIOUi CHUTyallii y MomnepenHi Mo-
MEHTH iHTepBaily yacy T.

Kpim Toro, Bci MeTony AMHAMIYHOTO YIIPaBIIiHHS
MOTOKaMH iHpopMaIlii TO3BOJISIOTE KOPEKTYBATH Yy3a-
rajbHeHy CTOXAaCTHYHY MAaTpUI0O MapuIpyTiB 3
ypaxyBaHHSAM MOXJIMBOI 3MiHHM CHTYaIlii Ha MeEpexi
3B'SI3KY 1 3 ypaXxyBaHHIM JaHOTO BCTAHOBIICHHS 3B'SI3KY
Ha HaWOJIVOKYMIA TIepiof] Jacy.

Taki MeToaM Ha3WBAIOTHCS METOJAMHU 3 TPOTHO-
3YBaHHSM.

BoHu MOxyTh OyTH IETepMiHOBAaHMMH 1 CTaTH-
CTUYHUMH, Pa3oBUMHU a0 rpynoBuMH. Ti MeToqH, 10
HE JI03BOJISIIOTH NPOTHO3YBAaTH CUTYAllil0 Ha MEpexi B
pe3yJibTaTi BCTAHOBJICHHSI OZJHOTO 200 TPYIH 3B'SI3KIB, €
MeToJaMu 0e3 IPOrHO3YBaHHSI.

Meroau IWHAMIYHOIO YNpaBIiHHS iHQOpMaIlii-
HUMH TIOTOKaMH MOXKYTb PO3PI3HSATHUCS 1 32 IPHHIUIIOM
BUOOpPY LIUISAXY BCTAHOBJIEHHS 3B'SI3KY.

3a i€ 03HAKOK BOHU IMOIIIAIOTHCS HAa METOMM,
10 3a0e3NeuyroTh BUOIp LUISXY BCTAHOBJIEHHS 3B'S3KY
Big Buxignoro BK go sxignoro BK, i meroau, mio 3a-
Oe3neuyroTh BHMOIp NUIAXY IO YacTHHAM, TOOTO Ha
BUXIJHOMY 1 Ha Bcix TpaH3utHuX BK HesanexHo, ke-
PYIOUHCH JIMIIE OIHIEK Y3araJbHEHOI CTOXaCTHYHOIO
MaTpHLECI0 MapupyTiB a00 SKUM-HEOYy/b ii YaCTHHHUM
PI3HOBHIIOM.

EdekruBHicTh 3acTocyBaHHS Ha Mepexi Tux abo
IHIIUX METOIB JMHAMIYHOIO YIPABIIHHA MOTOKaAMH
iHpopMallii 3aIeKUTh BiJl Psily IPUYUH, 1 B OCHOBHOMY
BiJl METOAYy KOMYyTallii, pO3MipiB Mepexi 3B'SI3Ky W
ocobnmuBOCTel MOOYAOBH 11 CTPYKTYpH, HaaidHOCTI
€JIEMEHTIB Mepexi 1 XapakTepy NpOTiKaHHS MPOIIECy.

BucHoBku

VY 3B’s3Ky 13 BU3HAYEHOIO aKTYaJbHICTIO 3aCTOCY-
BaHHs METOJIB ITUHAMIYHOTO yHpaBiiHHs iH(opmariii-
HUMHU TIOTOKaMH JJIsl TiJIBUIIEHHS SIKOCTI (pYHKIIOHY-
BaHHS MEpeX CTaHIii (YHKIIOHAIBHUX JIONIOBHEHb
GNSS cucrem MOXIHBO 3pOOUTH HACTYIIHI BUCHOBKH 3
TEOPETUIHOTO OOIPYHTYBAaHHSA, PO3POOKH 1 PO3BUTKY
METOMIB TUHAMIYHOTO YHPAaBIiHHA 1H(POPMAIIHHUMEI
MOTOKAMH JJIsl BAOCKOHAJICHHS TEJIEKOMYHIKAIiiHHOTO
3a0e3rmedeHHss CYIMyTHAKOBUX paliOHaBiralifHUX cuc-
TeM:

1. B pe3ynbraTi aHami3y TEHASHIIA Ta MOKIUBUX
NUIAXIB TiABHUIIECHHS eEeKTHUBHOCTI 3aCTOCYBAaHHS IIep-
CIEKTHBHUX CHICTEM CYITyTHHKOBOI padioHaBiramii Ta ix
(hyHKIIOHATTFHUX TOTIOBHEHD Y CBITi B iJIOMY 1 B YKpa-
iHI 30KpeMa, BH3HAYEHO, IO iCHYe HEOOXiTHICTH ITifI-
BHUIIEHHS SKOCTi (PYHKIIOHYBAaHHS TeJIEKOMYHiKaIliifHO-
ro 3a0e3medeHHsT Mepex pedepeHTHHX CTaHIIHA Ta Me-
PeX KOHTPONBHO-KOPHUTYIOUMX CTaHIiN (yHKIiOHAIb-
Hux nomoBHeHb GNSS cucteM 3 METOMO MiIBUILEHHS
SIKOCTi BUPIIICHHS HaBITaliHUX 3a/1a4 B PI3HHUX Taiy-
35X TOCTIOJIApCTBA.
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2. TlpoBenmeHi MOCTiIKEHHS ICHYIOUAX METOJIB
JMHAMIYHOTO YIIPaBIiHHA 1H(OOPMALIHHUMH MOTOKaMH
B TEJIEKOMYHIKALIHNX Mepexax OOr'YHTOBYIOTH Iiepc-
MIEeKTHUBY IX 3aCTOCYBaHHS JJIsI MMiIBUIICHHS €EKTUBHO-
CTi pOOOTH TENEKOMYHIKALITHUX MEPEeX CYITyTHUKOBUX
pamioHABITAIITHAX CUCTEM.

3. CchopmoBaHi OCHOBHI HANPSMKH JOCITIIKEHb i
PO3BHUTKY METOJIB AMHAMIYHOrO YNpaBIliHHS iH(pOpMa-
LWITHUMH IOTOKaMH:

METOJ] TMHAMIYHOTO YIPaBIiHHS YepraMu 3asBOK
B yMOBaXx IIBHAKOI 3MiHM NPIOPUTETIB HA OOCIYroBY-
BaHHS; 3aCTOCYBaHHSI METOJY ITOCIIIOBHUX HaOIIKEHb
JUISL 3HAXOPKEHHS ONTHMAJIBHOTO PO3IOJTY ITOTOKIB
iHpopMarii B MepeXi Ha3eMHHX CTaHIii KOCMIYHOTO
(hyHKIIIOHAJIBHOTO JIONIOBHEHHSI CYMYTHHKOBHX pafio-
HaBIraI(iiiHUX CHCTEM,

BJIOCKOHAJICHHSI METOJy OLIHKH €(eKTHBHOCTI /-
HaMiYHOTO yNpaBITiHHS ITOTOKAMH.
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Selection and justification of the method of information flow management of measuring systems
for improvement of functional supplements of supplements

Oleksandr Shulga, Valeriia Sokirina

Abstract. Analytical data on the requirements of air, sea, land, river, space consumers, rescue services to determine
the location of objects show that the requirements significantly depend on the tasks to be solved by different groups of
consumers. In this case, the generalized requirements include the requirements for the working areas of radio navigation
systems (RNS), the accuracy of determining the spatio-temporal coordinates (UPC) - standard error, availability (probabil-
ity of maintenance) and integrity (probability of error and / or time period during which the violation ). Requirements for
providing subscribers with frequency-time coordinates (for example, for telecommunication systems), the requirements for
ensuring accurate characteristics have not yet been fully generalized. At the same time, practical experience shows the
urgent need to obtain information about the exact time, as well as in the frequency standards of high stability. This is
directly related to the synchronization of synchronous high-speed information transmission lines based on the principles of
synchronous digital hierarchy (SCI), and those that use clock network synchronization (TMS) - to the synchronization of
base stations of mobile dynamic communication systems and so on. The purpose of the article is to consider and analyze
the application of the Radio Navigation Plan of Ukraine (RPU), which covers the use of RNS and means of civil and dual
use, managed by different agencies. In addition, it is determined that the ACU does not include radio systems that perform
survey functions or functions of telecommunication systems. It is stated that it does not include automatic identification
systems (ASI) or gas station systems (automatic dependent monitoring), but covers the navigation aids on which the de-
scribed systems are based. At the stage of formation and development of the ACU, an analysis of the current state and
development of all RNS (existing and those that will be used in the future), as well as the compliance of their capabilities
to the requirements of different categories of consumers. It was found that in order to meet the requirements of location
accuracy among radio navigation systems, the UPC should have a value of less than 10 m, which now corresponds only to
satellite radio navigation systems (SRNS).

Keywords: satellite radio navigation system, navigation satellites, space segment, ground control segment, constella-
tions of navigation satellites, differential mode of satellite navigation, systems of functional addition, satellite addition.
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HEUYITKA HEUPOHHA MEPEKHA MOJEJIb IHOOPMAIIMHOI CUCTEMHU
YIIPABJIIHHA ITOBITPAHUM PYXOM

AHoTanisi. Po3pobieHo HediTka HefipoHHA MepexHa Mozelb iHpOpMaIiiiHOI CHCTEMH yIPaBIIiHHS HOBITPSIHUM PYXOM.
[Tpn noOymoBi HewiTKOi HEHPOHHOI MEPEXKHOI MOZEINI MPOLECY YIPABIIHHS ITOBITPSHIM PYXOM HEOOXIIHO JOCITIDKYBaTH
HaJiHHICTb POOOTH KOXXHOI OCOOHM TpyIHM KEpiBHHITBA IONHOTAMH 1O (OPMYBaHHIO MOTOKIB JIITaKiB B CBOIH 30HI
BiJINOBIIAJIBHOCT] B TOMY YHCIIi 3 ypaXyBaHHSIM BUHUKHEHHs HEIITATHUX CUTYALlil B MOBITpi 1 Ha 3emuti. B npomy Bumaaxy
JUTsL TOOYIOBHM MOJielti HeoOXiMHI 3acobn oOpoOku, ¢popmaiizamii HediTkol iHpopMmanii. BucHoBkn. OTxe, 11 modynosa
JTAHOI MOJeNli BHMAara€ 3acTOCYBaHHS ()OPMAJIFHOTO arapary HediTKoi anreOpH, HEWiTKOI JIOTiKH, Teopii HediTKOl
imeHTH}IKaIil, TOOTO METOIiB MOOYTOBH HEUITKHX MOJEJeH 3a pe3ylbTaTaMH CriocTepexeHb. OTprMmaina MOoAabIINHA
PO3BUTOK iH(OpMAaIliiHa MOJEIh YIIPaBIiHHS ITOBITPSHUM PYXOM, sIKa, Ha BiIMiHY BiJl BIJIOMHX, SIBIISIE COOOIO 1€papXidHy
HEWpOHHY Mepe)Xy 3 HeJiTKMM OINFCOM BIUIMBA€E HA IIPOLEC YIPABIIHHS IMOBITPSHUM pyxoM ¢akTopiB. [Hpopmamiiina
MOJIeNTb J03BOJISIE MiJBUILUTH O€3MEKy OIbOTIB.

Kaw4yoBi cioBa: HediTka MHOKMHA, JIHTBICTHYHA 3MiHHA, ()OPMYBaHHS MTOTOKY JIITaKiB, IpaBUiIa HEYITKUX MPOTYK-

Li{, YIIPaB/IiHHS MOBITPSHUM PYXOM.

Beryn

IloctanoBka mpoGaemu. HaykoBo-TexHiuHMIA
nporpec i MoB’s3aHa 3 HUM aBTOMATH3AIlisl MPOIIECIB
YIIPaBJIiHHS ICTOTHO 3MIHIOIOTH XapaKTep 1 yMOBH Ipaili
oci6 rpynu kepiBHunrsa nonboramu (I'KplIl) i mo Ho-
BOMY CTaBJISITh POOJIEMY BpaxyBaHHS JIFOJICHKOTO (ak-
TOpPY TpHU Opraxizamii B3aeMOJil JIOAWHHU 1 TEXHIKH B
cucTeMi yrpasitiHas moBiTpstHuM pyxom (YIIP) [1-3].

BrnipoBa/pkeHHST HOBHX CIOCOOIB  JisUIBHOCTI 3
VIIP, miaBHIlEHHS BUMOT JI0 ONEPATUBHOCTI Ta SIKOCTI
BUpILIICHHS 3aBJaHb YNPaBIiHHI O0YMOBIIOIOTh HEO0O-
X1IHICTh KPUTHYHOI'O aHaNI3y BiIOMHX Mojenei (era-
JIOHIB) JISTTBHOCTI 1 BU3HAYEHHS HAIPSIMKIB iX BIOCKO-
HAJICHHS Ha eTarax po3poOKH, NOCIIIKEHHs 1 3aCTOCY-
BaHHA Ui iH(oOpMaliiiHOro 3a0e3nedeHHs poOoTH i
napuanus oci6 ['Kpll [4-8].

AHadi3 ocTaHHIX A0CTiTKeHb i myGaikanii. [9-
14] nokasas, 10 HA Cy4aCHOMY €TaIlli He B TIOBHIil Mipi
BpaxoBaHO BIUIUB JIIOJICHKOTO (h)aKTOpy Ha OpraHi3aliiio
B3a€MOIii MiXK 0c00aMU siKi 3IIHCHIOIOTH Oe3rocepeTHe
YOpaBIiHHA eKimakaMW TOBITPSHUX CyIOeH B CKIaIi
TPYIH KepiBHUIITBA ITOJHOTAMH Ta 3aCO0aMH aBTOMATH-
3amii. Jlanuii dakr TSArHE 32 0000 HEOOXIMTHICTH BJOC-
KOHAJICHHS iCHYIOUMX METO[IB OILIHKHU MisUIPHOCTI aBia-
ifHNX (axiBIiB, IUIIXOM ORI TOBHOTO BpaxXyBaHHSI
BCiX (hakTOpiB (BKIIOYAIOYH JIFOACHKHIA), 110 BILIMBAIOTH
Ha QyHkiionyBanns ocio ['Kpll.

Merta cratTi: Bu3Ha4YeHHs (aKTOPiB SAKi BIUIABA-
0Th Ha ()OpPMYBaHHS TMOTOKIB JITaKiB [UIA 3aXOmy Ha
MOCaJKy; PO3pPOOIICHHS HEYiTKOI HEHPOHHOI MepeKHOL
Mozeni iHpOopMaIliifHOI CHCTeMH YIpaBIiHHSA TMOBITPS-
HHM PYXOM.

Buxkiaa ocHOBHOro marepiany

[Ipu moOynoBi HEWITKOI HEHPOHHOI MEPEXKHOI MO-
neni mporecy YIIP HeoOXiqHO TOCTiKyBaTH HANIHHICTD
pobotu koxHOi ocodn I'Kpll mo ¢opmyBaHHIO MOTOKIB

JiTakiB B CBOil 30HI BiANOBINANBHOCTI B T. 4. 3 ypaxy-
BaHHSM BUHUKHEHHS HEIUITATHUX CUTYAal(i B MOBITpi 1 HA
3emMIl. Maibke Ha KOXHOMY €Talll IOJIBOTYy IPHCYTHI
(hakTOpH, 1110 BIAHOCATHCS J0 Kareropii HediTkux. ToOTo
1l BIZIOMOCTI € a00 HEIMOBHUMH, 200 HEICHUMHU a00 HETO-
YHUMH 33 CBOEIO IPUPOJOIO: MOBITPsIHA OOCTaHOBKA,
(axTH4Ha ab0 MPOrHO30BaHA IIOr0/d, OPHITOJOIIYHA
00CTaHOBKa, TEXHIYHMW CTaH TPaHCIOPTHHUX 3acO0iB,
JOTpUMaHHs aHoBoi Tabmuii, 1 T.n. dakropamw, 10
BIUIMBaIOTh Ha mporiec YIIP, abo enementn iforo crpyk-
TYpH, € JIOIH, SIKi (DYHKIIOHYIOTh 3 YpaxyBaHHSIM CBOIX
ocoOMCTUX iHTEepeciB, Liiei 1 xapakrepy. B 1ipoMy Bumna-
JIKY JJ1s1 IOOYZIOBH MOjei HeoOXiHi 3aco0u 00poOKH,
(dopmaurizanii HediTkol iHpopMmaii. Omxe, mis MoOyI0Ba
JIAHOI MOJIeJIi BUMarae 3aCTOCyBaHHs (DOPMaJILHOTO ama-
paty HewiTkol anreOpy, HEeYiTKOI JIOTiKH, Teopil HediTKOT
ineHTudikaiyi, To6TO METOMB MOOYJOBH HEUITKUX MO-
Jieieit 3a pe3yabpTaTaMu CriocTepeskens [15-25].

3 orjsimy Ha BUSIBJIGHI HEWiTKi 1 4iTKi (pakTopw,
copMOBaHi Ha MIACTaBi CyKEHb 1 JIOCBIJY €KCIEpPTiB,
MepIINid PiBeHb 1€papXiuHOI HE4iTKOI HEWPOHHOI Mepe-
JKHOI Mozielni iHpopManiiHOl CHCTEMH YIIPaBIiHHS MIPO-
IIeCOM IOBITPSIHOI'O PyXY MOXKHA IIPEICTABUTH y BHUIJIS-
Ii 3 mecta MoayniB (puc. 1). Koxen momyns B Tiit 9u
iHMIH Mipi 6epe ydacTp B peai3allii BiIMOBiTHUX O0-
KiB 3 cxeM (opmyBanHs moTokiB JsiTakis (PILI). Cro-
MU MOAYITs MOZENi MpU3HAYCHUH IS aKyMYyJImii pe-
3y/IbTaTiB poOOTH TMOMepeaHiX MomyaiB. Bximnumu ma-
HUMH JJI51 IBOTO MOAYNA € Buxomu | — 6 momymiB. Y
KO)KHOMY MOZYJII BHIUTSETHCS ITEBHA KiJIBKICTh (DaKTO-
piB, IO BIDIMBAIOTh Ha €(EKTUBHICTh SK OKPEMOTO
nporec-010Ky, Tak i Bcboro mporecy YIIP B 30Hi Bizya-
JHFHOTO KOHTPOIIIO B TioMy (puc. 1).

BigmosigHO 70 cXeMH MOXXHAa MaTEMATHUYHO OITH-
catu mozens YIIP B 30HI Bi3yaJlbHOTO KOHTPOITIO.
[Mictp MOmyNiB OMHUCYIOTH CTaH OKPEMOTO IIPOLECY
ofHi€l 3 9OTUPHOX cXeM (POpMYBaHHS IOTOKIB JIiTAKiB
(DILI):
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“3amyck”, ¥ =0(Xj), nej=1,2;
“Pyminns”, y, =M(x;), nej=3,4,5;
“Ilonmepenniit capr”, y3 =P(X;),nej=6,7,8,9;
“3mir”, y4 = A(X;), ze j =10, 11,12, 13, 14;
“Tlocanka”, Y = S(XJ-) ,nej=15,16,17, 18, 19;
“Ilpobir”, yg = Z(X;j) , ne j =20, 21, 22.

ae Xj — BXIiJHI 3MiHHI KO)KHOT'O HEYiTKOTO HEHPOHHOIO

MEpEXHOTO MOAYJIS, SIKUMH € Pi3HI YUHHUKH — L€ sIKic-
Hi XapaKTepUCTUKHU OKPEeMOro OJOK-TIpouecy; Yy —
BHXiJl KOYKHOTO 3 IIUX YOTUPHOX MOIYJIIB — OlliHKa ede-
ktuBHOCTI k-T0 Omok-mporecy, ae k =1, 2, ..., 6 — Bia-
TIOBiZTHUI HOMEP MOJIYJISL.

Ypr = F(yk) =

@)
=F(O(xj), M(x;), P(xj) A(x;), S(X;j), Z(x})).
OuiHka e(eKTUBHOCTI YNpaBIiHHS TOBITPSIHUM

PYXOM Ypr 3aJI€KHTh BiJl CTaHy BCiX (DaKkTOpiB, 110 BIUIU-

BAIOTh.

1. Banmyck
Bxin:
-Ao3BIN; OuiHka
-KOHTpO/b .
—BMpyNIOBaHHS. — ed)eKTI;I_BHOCTI
2.Pyninus
Bxin: -
-WBUAKICTb; OuiHka )
-MapLwpyTy; edcdeKkTuBHOCTI
-pOCXOAMKEeHHA. — 2
3.IMonepenHiii crapr
Bxin:
-no3Bin Ha 3MC; OuiHka (o)
-3MC BinbHa; P edeKTnBHOCTI > | =
-U, V BiTpy Bignosinae; 3 é E'
-MK BinbHUA. = =
<
S Q
=3 @
m
23
4. 3mair = 5
Bxin: ;( =
et OuiHka o||lm
“3MC Binbha; L | ecpexturnocTi| & || T
-BMK. popcay; =1 o)
-HanpAMOoK po36iry; 4 o Q
-KyT Ha6opy BUCOTH; =1
-NnpubupaHHA Wwaci.
5. IMocaaka
Bxin:
-Ao3sin; OuiHka
-3MNC BinbHa; I::> KﬁMBH Ti
-U, V BiTpy Bignosigac; ecbe oc
-KOHTPOAb rnicaau Ta 5
HanpamKy Ha 3MNC;
-BUpPIBHIOBAHHA.
6. Ipodir
Bxin:
-HanNpAMOK; OuiHka
-ralbMyBaHHA; fa— .
-3BiNIbHeHHA 3MC. ecbeKTlgBHOCTI

Puc. 1. HeuiTka HeifipoHHOI MepekHa MOJIENb
iHpOpMAaLIIITHOT CHCTEMU YITPABIiHHA OBITPSHIM PyXOM

Jlnst onmcy eneMeHTIB HewiTKOI HeHPOHHOI CHCTEMH
B TIPOIIECi TOOYTOBH MOJIEIi BUKOPHUCTOBYIOTHCS TTOHSTTS
HEYiTKOi MHOKVHH, JIIHTBICTUYHOI 3MIHHOI i BUKOHY€ETh-
cs1 moOynoBa (QYHKINIT HATEKHOCTI HEWITKUX MHOXKHH.

BuxinHa 3MiHHA OTHA B KOXKHOMY 3 IIECTH MOJY-
JB — II¢ JIHTBICTWYHI 3MiHHI OIiHKa €()EKTHBHOCTI I,
omiHka e()eKTUBHOCTI 2, ..., OIliHKa e(peKTUBHOCTI 6, BiJI-
noBizHO. Lli 3MiHHI, B CBOIO Uepry, € BXiIHUMH VIS aKy-
MyIoro4oro moxynsi. Ha fioro Buxomi ¢popMyeThest JIiHT-
BICTHYHA 3MiHHA — OIliHKA e()eKTUBHOCTI.

KoxxHili miHrBiCTHYHIA 3MIHHIA BIANOBIJAE IT'SITh
TEpMiB: TIOTaHO; HIDKYE CEpEelHBOr0; CepenHbOo; N00pe;
BiaMiHHO (a0 omepamist BiacyrHs). Hedwitke umcioBe
obmexxeHHs TepMiB — Biapi3ok Bix 0 no 10. Tax, miHrBic-
THYHA 3MiHHA TIOraHo Oyje oOMeXeHa YUCIIOBOIO OIliH-
Koro Big 0 10 mpHONIK3HO 2, a JIIHTBICTHYHA 3MIHHA HIK-
4e CepeAHbOro — BiJ] MPUONN3HO 2 10 MpUOIKU3HO 4, 1 T.11.
Komu B cxemi ®DIJT Oyap-sikuid mpotiec BiCYTHil, BHXi-
JIHAH JITHTBICTHYHOI 3MIiHHOI OIliHKa €()eKTHBHOCTI BiJ-
cytHboro Moayis i (i = 1, ..., 6) BinnoBigae TepM BigMiH-
HO, PIBHUI MaKCUMalbHOMY 3HaueHH:o 10.

3 orsiny Ha, TE IO B paMKax HEYiTKOI 30HU KOX-
HOTO TepPMY 3aKOH 3MIHM KOXKHOI 3MIHHOI SIBHO HeJIiHil-
HUi, popma dyHKUIN npuHANeXHOCTI Oyna oOpaHa ray-
coM 1 curmoinHol popmu (puc. 2). st noOynoBr HaBua-
JHHUX BUOIPOK BHKOPHCTOBYIOTHCS EKCIEPTHI OL[HKH
¢axiBuiB. [Ipy ckiagaHHi NpaBuiia HEYITKUX MPOAYKIIIH
(ITHIT) Takox BpaxoOBYIOTBCS B EKCIEPTHHX OLiHKaX,
B3a€MO3B'I30K 1 3HAYUMICTL YMHHHUKIB BIJHOCHO OIUH
OJTHOTO B KOXXHOMY TIPOIIEeC-OJIOLII.

HIDKYE
~(X) trorano CEpENHBOrO cepemHe  100pe  BiAMIiHHO
1
0

10
Puc. 2. OyHKIiT MPUHAIEKHOCTI HEUITKMX MHOXKHH,
IIO BiZMOBIAAIOTh TEPMaM JIIHIBICTUYHUX 3MiHHHX IT'SITH
MOJIYJIiB HEUiTKOT HeWPOHHOI Mepex)HOT Mozei
YIIPaBIiHHS HOBITPSIHUM PyXOM

Ha Buxozi KOKHOrO MOYIISl BUSHAYAETHCS e(hEeKTH-
BHICTb KOHKPETHOTO TIporiecy. BiH 3aleXWuTh HE TUTBKA
BiJl MBUAKOCTI caMoro mporecy, a i Bix sxocti YIIP B
MIEBHOMY MOy (HAaIpHKIa, 9u OyJIu MOPYIIeHi iHTep-
BaJll TOPM3OHTAJILHOTO 1 BEPTHKAJIBHOIO EIIEIOHYBaH-
HS), SIKi BIDIMBAIOTh B KIHI[EBOMY IiJICYMKY Ha Oe3meKy i
peryisipHicTh moBiTpstHOTO pyXy. Lli 3aimexHoCTi 37€0i-
JBIIIOTO HE OYEBHIIHI, CKIIAIIHI, HEBiIOMI. Y TpoIieci HaB-
YaHHSA 3 BUKOPHCTAHHAM HEYITKOI HEHpPOHHOI Mepexi
KOPHUTYIOTBCSI CIIOYATKY 3a/1aHi MPiOpUTETH, BU3HAYATHCS
mapaMeTpu (QYHKII TPHHATIEKHOCTI, 3TIaDKYIOTHCS
MOXITBI PO30I’KHOCTI €KCHEpTiB BaroBUMH Koe]ilieH-
tamu (puc. 3). basa 3Haub mi€i Mepexi OymyeThCs B BH-
Tl CYKYITHOCTI TIPaBWJI HEWIiTKHAX MPOMYKIIH 1 BXiTHUX
JMHTBICTHYHUX 3MIiHHUX X (BiAMOBiAHI (akTopH, IO
BIUTMBAIOTH Ha TIPOIIEC YIPABIIiHHS MOBITPSHUM PYXOM).
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plot poirts:
FIS Variables Memkershig unction plats 181
intprt inmf2
1
Omima
el ——1
0sf- -
9 T | | T T T
3 g 5 6 7 [ a 0
Jlossia
‘Currert Membership Fuction (click on MF to select)
e o o
Type input it
Params ‘
[2038 2817 2159] ‘
= B0l
HiegHane 310 ‘ Help I Close. I ‘

Puc. 3. I'padik HamamrryBaHHs napaMeTpiB QyHKIIIT HAITEKHOCTI
3a 1onoMororo rpadivanx 3aco0iB cucremun MATLAB

1. ITHIT neprroro Momysist:

)
nei=1,.., 25 (25 =52 — aBi NHTBICTHYHI 3MiHHI, KOX-
Hil 3 SKUX BIMOBIZA€ IT'SATh TEPMIB).

2. ITHIT npyroro Mmomy:st:

S. s s S
I axwoxy; = Of,  xp7 =05, mo  yjj,

S . S S S S
l_[j ﬂk-woxsszlJ,x4J=M21,X5J=M3J,mOyZJy (3)

e j = 1,..., 125 (125 = 53 — Tpu JIHIBICTUYHI 3MiHHI,
KOXHIH 3 SIKMX BIANOBI/IA€ IT'SITh TEPMIB).
3. ITHII tpeTboro Momys:

S . S S S
L - axwo xgx = Ak, X7k = Pk, Xgk = Pk 4

s S
Xgx = Pgx, mo y3y,

e k=1,..., 625 (625=54 — 9oTHpH JIHIBICTHYHI 3MiHHI,
KOJKHIH 3 SIKUX BiJIIOBIZA€ M'ATh TEPMIB)
4. ITHII ueTBepTOro MOIYJIs:

s . s S s
Iy takwo xo) = A, xy = Ay xo =43,

S s S
X3 = Aaly X4 = As), mo yg,

nel=1,..., 3125 (3125=55 — ’ATh JIHIBICTHYHUX 3MiH-
HUX, KOXHIH 3 SIKHX BiJIIIOBIJJA€ IT'SITh TEPMIB).
5. ITHIT r’sitoro Momys:

®)

S . oS oS oS
Iy ko xi5m = Simy ¥Mem = S2m: M7m = S3m> ©)

s s s
Xi8m = S4m+ X19m = Ssm, MO Ve,

me m = 1,..., 3125 (3125=55 — ’sITh NMHTBICTHYHUX
3MIHHHX, KOXKHIH 3 SIKMX BiATIOBIIA€ I'ITH TEPMIB).
6. ITHIT wocroro moymnsi:

s. S S s S
I} ko Xoon =Zin, Xp1n=Zon, X22n =Z3n, Mo ygn, (7)

ae j = 1,..., 125 (125 = 53 — Tpu JiHIBICTHYHI 3MiHHI,
KOXKHI 3 SIKMX BiNOBIIA€ IT'ITh TEPMIB).

7. ITHIT cbomMOro akymystor0uoro MO TyJst:

S . S vS S _vS .S _ oS
Iy taxwo yi =N, yor =Yor, v =Yz, ®)

S uS WS _vS S _yS S
Yar =Yat, Yst =Yst. Yot =Yet» MmO M,

ne t=1,..., 15625 (15625 = 56 — micTh JHTBICTUYHUX
3MIHHUX, KOXHIH 3 SKUX BiJIOBIJA€ 'SITh TEPMiB); S =
=1,...,4 — e HoMepa YoTHPHOX crocodiB I

Ywmosu [THIT IF ..., THEN ... (sxwo ..., T0 ...) peai-
3yl0ThCsl (yHKIissMU HanexHocTi (X ) (¢asudikaris)
CUIMOITHOT 1 raycoBoi gopmu. Tomi 6a3a mpaBmiI HEWiT-
KUX TPOAIYKIIii, CKJIaJieHa Ha OCHOBI €KCIIEPTHUX OIIIHOK,
cknanaerbes 3 313 mpaBut.

BucuHoBku

Takum 4uHOM, B po0OTi OyiM BU3HAYEHI (akTopH
SKi BIUIMBAIOTh Ha ()OPMYBaHHS TOTOKIB JITAKiB JJIs
3axoay Ha nocanaky. dopmanizoBaHuil JOCBi eKcrepTiB
JI03BOJIMB TTOOYYBaTH HEYiTKYy HEHPOHHY MEPExHY MO-
Jie7b 1H(POPMALIHOI CHCTEMH YIpaBIiHHS ITOBITPSHUM
pyxoMm. Mozenb BKJIIOYAE HIiCTh MOJIYIIB, IO peai3y-
I0Th BiJNOBIHO onHY 3 cxem DI1JI 3a momomororo Heui-
TKOI HeWpOHHOI Mepexero. ChbOMUI MOJYJIb MOJIEN TIPH-
3HAYCHUIT TS TIOTEPE/IHIX MOJIYJIB.

OTpumarna moAaJIBIINA PO3BUTOK iH(pOpMaliiiHa
MOJIENb YIPaBIIHHS MOBITPSHUM PYXOM, sIKa, Ha BIIMiHY
BiJI BIZIOMUX, SIBJII€ COOOIO l€papXidHy HEHpOHHY Mepe-
JKY 3 HEUITKUM OITHUCOM BIUIMBA€E HA MPOLIEC YIPABIIHHS
NOBITPsIHUM  pyxoM (akropiB. [H(popmariitHa Mozeib
JIO3BOJISIE TIIBUIIIUTH O€31eKy MOIBOTIB.
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Fuzzy neural network model of air traffic control information system
I. Mazhara, O. Tymochko

Abstract. A fuzzy neural network model of the air traffic control information system has been developed. When con-
structing a fuzzy neural network model of the air traffic control process, it is necessary to study the reliability of each flight crew
member's work on the formation of aircraft flows in their area of responsibility, including the occurrence of abnormal situations
in the air and on the ground. In this case, the construction of the model requires means of processing, formalization of fuzzy in-
formation. Thus, the construction of this model requires the use of a formal apparatus of fuzzy algebra, fuzzy logic, fuzzy identi-
fication theory, that is, methods for constructing fuzzy models based on the results of observations. To describe the elements of
the fuzzy neural system in the process of building the model, the concepts of fuzzy set, linguistic variable are used and the con-
struction of the membership function of fuzzy sets is performed. Given that within the fuzzy zone of each term the law of change
of each variable is clearly nonlinear, the form of membership functions was chosen by Gaussian and sigmoid form. Expert as-
sessments of specialists are used to build training samples. When drawing up the rules of fuzzy products are also taken into ac-
count in expert assessments, the relationship and significance of factors relative to each other in each block. The output of each
module determines the efficiency of a particular process. It depends not only on the speed of the process itself, but also on the
quality of air traffic control in a particular module (for example, whether the intervals of horizontal and vertical separation have
been violated), which ultimately affect the safety and regularity of air traffic. Thus, the formalized experience of experts allowed
to build a fuzzy neural network model of air traffic control information system. The model includes six modules that implement,
respectively, one of the schemes for the formation of aircraft flows using a fuzzy neural network. The seventh module of the
model is intended for previous modules. The information model of air traffic control has been further developed, which, unlike
the known ones, is a hierarchical neural network with a vague description of the factors influencing the air traffic control process.
The information model allows to increase flight safety.

Keywords: fuzzy set, linguistic variable, aircraft flow formation, fuzzy product rules, air traffic control.
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! Xapkischkuii Hanionanphuii yHiBepcuter IoBitpsauux Cun imMeni Isana Koxeny6a, Xapkis, Ykpaina
2 JlepskaBHUIA HAYKOBO-AOCTiAHMI iHCTUTYT aBianii, Kuis, Ykpaina

BU3HAYEHHS UMOBIPHUX BJIACTUBOCTEM IMPOLECY TAPAHTIMHOI'O
OBCJIYTOBYBAHHSI 3PA3KIB ABIAIIIMHOI TEXHIKH,
AKI EKCIUIYATYIOTBCA 3A MEKAMMU INIONNEPE/THBO
BCTAHOBJIEHUX PECYPCHHUX IIOKA3HUKIB

AnoTtanis. IIpencraBneHo aHaji3 MaTeMaTHYHOI MOJENi, SIKY MOXJIMBO OpaTH 3a OCHOBY Ipu (OPMYBaHHI METOIHK
BH3HAYCHHSI TOKA3HHUKIB HaIIHOCTI 3pa3KiB aBialiifHOl TEXHIKH, SKi €KCINTYaTYIOTHCS 38 MEXaMH IOIepeHbO BCTAHOBIIE-
HUX PECYpPCHHX ITOKa3HUKIB. MozeIfoBaHHS MpOIeCcy BU3HAYEHHS! IMOBIPHICHHX BIIACTHBOCTEH rapaHTIIfHOro 00CITyroByBaH-
HSI 3pa3KiB aBialliifHOI TEXHIKH, sIKi eKCIDTYaTYIOTBCS 32 MeKaMH ITOIepeTHH0 BCTAHOBJICHUX PECYPCHHX ITOKAa3HUKIB JI03BOIISIE
TEOPETUYHO BU3HAYNTH OCHOBHI KiJIbKiCHI TOKa3HUKH HaJifHOCTI X 3pa3KiB ITiCIISI PEMOHTY.

Kaw4yoBi ciaoBa: mMaremarnyHa MoJeib, TOKa3HUK HamTiHHOCTI, aBiamiifHa TeXHiKa, IMOBIPHICHI BIACTHUBOCTI, pecypc-

HUI TTOKa3HUK.

Beryn

IMocTanoBKa mpodsieMu. AHajli3 CTaHy TApKy aBia-
nirHoi TexHiku [ToiTpsiux Cun 36poiinux Crn Y kpainu
€TbCA 3a MCXKaMU TOINCPETHBO BCTAHOBJIICHUX PECYPCHUX
TIOKA3HUKIB, 1110, 3a3BHYAl, IPU3BOIUTH IO CHTYAIii, KOJIH
MiJ] 9ac JOCIIPKEHHsI BiIMOBH BHPOOY 3’SICOBYETBCS, IO
BIJIMOBA, SIKa BUHUKJIA B MPOIIECI TAPAHTIHHOIO 00CIyro-
BYBaHHsI 3pa3KiB aBialliiiHoi TexHiku (AT), He 1oB’s13aHa 3
NIPOBE/ICHHSIM PEMOHTY Ha aBiapeMOHTHHUX IiAMPHEMCTBAX
(APII), a € HacimIKOM KOHCTPYKTHBHHX HEIOJNIKIB Ta/abo
TPUBAJIOrO TEPMIiHY €KCIUTyaTariil, sIKHi 3Ha4HO IEepeBH-
LIyE PECYPCHI MMOKa3HUKH, 1[0 BCTAHOBJICHI PO3POOHUKOM.
Sk Hacminok, y Mx oO0CTaBMHAX MiJIPUEMCTBO Hece He-
3aruIaHoBaHi (piHAHCOBI BUTpAaTH Ha BIJIHOBJIICHHS rapaH-
TIHOTO BUPOOY B IIJIOMY, B TOMY YHMCIIi Ha BiJIHOBJICHHS
BY3JIIB Ta JieTajieil BUpoOy, sIKi ITiJl 4ac PEMOHTY HE 3aMi-
HIOBAJIUCh HA HOBI Ta OKPEMO HE PEMOHTYBAIUCH, aJDKE
BIINIOBIIHO JIO BUMOT iCHYFOUOI PEMOHTHOI JIOKyMEHTALIil
1ie He repeIdadeHo.

Bunukae cutyariisi, Koiu, y BUNaaKy 3HaTTs 3 APII
3000B’s13aHb BiJJTHOBJICHHSI CIIPABHOCTI arperatiB (OJIOKIB,
BUPOOIB), IKUMHU OYB YKOMIUIEKTOBaHUI OCHOBHHI BHPIO
ICIsl PEMOHTY (HE B3SITTS IiAMPHUEMCTBOM TapaHTIHHUX
3000B’s3aHb HAa BUPIO Yy LIJIOMY), IMTAHHS BiJHOBIICHHS
CIIPAaBHOCTI aBTOMAaTHYHO ITEPEKIIAIa€ThCI Ha 3aMOBHHKA
poOiT, KWl 3MYyIICHNIT TOBTOPHO HECTH JOJATKOBI BU-
TpaTH Ta BBOKATH IX HEOOI PYHTOBaHUMHL.

Bupimenns Buie3a3HadeHOro IpooIeMHOrO MTUTaH-
H TOJATaE y BHU3HAYEHHI OO €KTUBHUX BIACTHBOCTEH
TIpoIIeCy TapaHTIHHOrO o0CIyroByBaHHS 3paskiB AT mep-
JKaBHOI aBiarlii YKpaiHu, M0 eKCIUTYaTyIOThCS 32 MEeKaMH
TIONEPETHFO BCTAHOBJIEHUX PECYPCHHX IOKa3HHKIB, Ta
BiZIITOBITHOr0 HOPMATHBHO-TIPABOBOTO BperytoBaHHs. Le
JO3BOJIUTH YCYHYTH HEBIAMIOBIIHICTD MDK iCHYFOUNMH
moTpebaMu  3a0e3MeveHHsT 3aJaHOr0 PiBHS CIIPABHOCTI
mapky AT T1IC 3C Ykpainu Ta peansHIME (00’ €KTHBHIMI)
MoxmBocTsMEu APIT mozmo rapanTiifHOro o0CIyroByBaH-
Hi 3paskiB AT, sKi eKCIDTyaTyIOThCS 32 MEeKaMH TOIepe-
HBO BCTAHOBJICHUX PECYPCHHX MOKa3HHUKIB.

Amnami3z mpobneM 3a0e3MeUeHHsT 3aJaHOrO PiBHSI
CHpaBHOCTI MapKy asiamiiHoi TexHiku [ToiTpstHux Crn

36poiinnx Cun Ykpainu (IIC 3C Ykpainu) B Mi>KpeMOH-
THUHA TIEPiOJ CKCIUTyaTallii ToKa3aB, IO Ha 030pOEHHI
IIC 3C VYxkpainu nepeOyBae BikicbkkoBa AT iHO3eMHOT
PO3pOOKH Ta BUPOOHUITBA (OKpIM JIITakiB TUIy AHTO-
HOB), sIKa T030aBJIeHa aBTOPCHKOTO HAMISAAY B IPOIIECI
ekcrutyaTanii. TexHiYHuMiA cTaH Bchoro napky asiamii T1C
3C VYkpaiHu XapaKTepH3YeThCsl BUYEPIAHHSIM BCTaHOB-
JICHUX TIOKa3HWKIB (YCTAHOBJICHHX CTPOKY CIY)XOM Ta
pecypcy), il CKIIaOBUX YacCTHH Ta KOMIUIEKTYBaJIbHHX
BUp0OiB. BinHoBnenus cnpasHoro crany AT 3rigHo 3
JIIOYMM METOJIOM EKCILTyaTallii «3a pecypcomM» MOXKITUBO
BUKITFOYHO BUKOHAHHSIM 11 KarliTalbHUX PEMOHTIB.

Ha neBHuX eTanax >KUTTEBOrO LIUKIY EKCILTyaTallii
MOBITPSIHOTO CYJTHA MOXIJIMBO 3a0€3Me4yBaTH MiATPUMKY
XapaKTePUCTHK HOro Oe3BIZIMOBHOCTI, PEMOHTOIPUAAT-
HOCTI, TOBrOBIYHOCTI Ta 30epexxeHocTi. [yis eramiB ekc-
rutyatanii Ta peMoHTy AT Ha ChOrOJHINIHIN NeHb aKTya-
JHHUM THTaHHAM € po3poOKa MporpaMu 3abe3neueHHs
HaIHOCTI, B sIKii Mae OyTH BCTAaHOBJIEHO KOMILIEKC
B32€MOOOYMOBIICHUX OpraHizaliiHO-TEXHIYHIX BUMOT Ta
3axO0/iB, 1O CIPSIMOBAHI Ha 3a0e3leueHHs 3aJaHUX BH-
MOT 10 HaJiiHOCTI MpH iMropTo3aminieHrHi [1].

AHaJi3 ocTaHHIX gocaimKkeHb i my6iikanii. 3axo-
HH PO3IIOAILTY BIZIMOB, sIKi BUHHKAIOTh Ha 3pa3kax AT I1C
3C VYkpainu B MICIAPEMOHTHUI TEPIOJI, € BUIMAIKOBUMH
BEJIMYMHAMH, MAIOTh BEJIMKE 3HAYCHHS sl Teopii 1 mpak-
THKH POOIT ImIomo 3abe3medeHHs HaiHHOCTI BHPOOIB.
3HaHHS X 3aKOHIB JI03BOJISIE PO3PAXOBYBATH Ta TPOTHO-
3yBaTH HAMAIMHICTE BHPOOIB HA e€Tamax iX TapaHTiHHOrO
obciryroByBarHs. OCOONMBO BeNWKEe 3HAYEHHS 3aKOHU
MarOTh TPH OIUHII OOTPYHTOBAHOCTI BCTAHOBJIEHHS Ta
TIPOIOBKEHHS pecypcy BUpoOiB AT 10 TpaHIIHOTO PiBHI,
aJDKe BiJI IHOT'0 3AJIEKATH Oe3reKa rmoispoTiB JIA.

3 BEIHKOTO Pi3HOMAHITTS 3aKOHIB PO3MOALTY BHU-
MAIKOBUX BEITMYWH, SIKi po3po0IieHi B Teopii IMOBIpHO-
cTell, HalO1NbIle 3HAYEHHS IS HaJAIMHOCTI MalOTh Taki
3aKkoHU: OiHOMianpHUH Ta IlyaccoHa — A TUCKPETHHUX
BEJIMYNH; eKCITOHEHIIiItHMH, BeiiOyrmia Ta HopMansHIi—
uis Oe3nepepBHUX BennduH. KpiM TOro, iHKOIIHM BHUKO-
PHCTOBYETHCSI 3aKOH «TaMMa — PO3TONLTY» Ta iHmIi. J{ms
cKTamHuX (0araTopyHKIIOHATBEHIX) PO3IMOILUTIB BHKO-
PHCTOBYIOTBCSI KOMIIO3HUIII BKa3aHUX 3aKOHIB PO3MOi-
Jy Ta CKOPOYEHI 3aKOHH PO3IOIiITY.
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BukopucranHs TOro 4M iHIIOTO 3aKOHY OOYMOB-
JICHO XapaKTepHCTUKAMU TPOsIBY Ta 3MiH BiZIMOB BHPO-
0iB AT y daci. [l OUTBIIOCTI MEXaHIYHUX, TiApaBIIid-
HUX Ta EJEKTPUYHHUX NPHCTPOiB (MeXaHi3MiB, OJOKIB)
MIPaKTHYHO HEMOXXJIMBO BHIUINTH TUJIBKH PanToBi abo
TiJIBKH MOCTYIIOBI BiAMOBH. 3yCTpi4alOThcsl pi3HOMaHI-
THI TIOETHAHHS 000X THIIIB BiIMOB CTOCOBHO KOXXHOT'O
KOHKPETHOT'O BHPOOY, LIIIXOM aHali3y CTaTUCTUYHHX
JTAHUX JTOBOIUTHCS OIIHIOBATH IX BiJIIOBIIHICTH TEOpe-
TUYHOMY 3aKOHY PO3MOALTY BinmMoB. Ilpu npomy HeoO-
XIJIHO 3a3HAYUTH, IO BUKOPHUCTAHHS JUIS aBialliiHIX
BUPOOIB E€KCHOHEHLIHHOTO 3aKOHY PpO3MONLTY, SKUH
XapakTepu3ye panToBi BiJMOBH, IMOTPeOYye CreliaibHO-
ro OOTPYHTYBaHHS Ta MOXe OYTH JJONYIIEHE JUIsl OpPiB-
HSIHO KOPOTKMX IPOMDKKIB 4acy eKCIuTyaTamii 3pa3KiB
AT B MI>XKpeMOHTHHH TIEpioI.

Merta cTaTTi — BU3HaYCHHS IMOBIpDHHUX BJIACTHUBO-
CTEe! Mpolecy rapaHTiHHOrO OOCIYrOBYBaHHS 3pa3KiB
aBialiiHOT TEXHIKH, SIKI EKCIUTyaTYIOThCS 32 MeEKaMH
TonepeIHhO BCTAHOBJICHUX PECYPCHHX MOKa3HHKIB.

BuKkJiag 0CHOBHOTO MaTepiay

B nmaHiii cTaTTi MPONOHYIOTHCS AJISl PO3IIIAAY Ma-
TEMaTUYHI MOJIEN, sIKi MOXIIMBO OpaTH 32 OCHOBY MpH
(¢hopMyBaHHI METONMK BH3HAUYCHHS MOKA3HUKIB HaIii-
HocTi 3pa3kiB AT, sKi eKCIUTyaTyIOThCS 3a MEKaMH Io-
NepeHbO BCTAHOBIICHUX PECYPCHHX IMOKa3HMKIB. Po3r-
JITHEMO CTHUCJIO IX OCHOBHY CYTHICTh OKPEMO:

1. BinomiaabHuii po3momi.

bBiHOMianbHHUH pO3MOJIT BUKOPUCTOBYETHCS LIS
JOCTI/DKEHHS. AUCKPETHHX BUNAAKOBUX BEIMYMH (Ha-
npuKIan, gucia BiamoB m). Leit posmomin moxe OyTH
OTPUMAaHO, SIKIIO B SIKOCTi BUMAAKOBOI BEIMYMHH B35TO
YHCIIO BIJIMOB, sIKI BHHHKAIOTh B MPOLIECI eKcIuTyaTallii
OMHOTHITHUX 3pa3kiB AT micisi peMOHTY B OJHAKOBHX
yMoBax. S0 ( — HMOBIPHICTb MOSIBU BiJ]MOBH B KOX-
HOMY 3 BHIBOTIB (( =CONSt); #—9YHCIO BHIIBOTIB;

M — MOXJIUBE YKCIIO BIIMOB MPH T MOJLOTIB (M MoOXe
Oytu nijuMm yucioM Bix 0 0 1), TO WMOBIPHICTh MOX-
JIMBUX 3HAYEHb BUIMAIKOBOI BEIMIUHH X, KA PO3TIIsLIa-
€ThCs1, BU3HAYAEThCA 32 (hopMmyroro beprysi:

P(x=m)=Cp'q"(1-q)" ", @)

me m=0, 1 2,...,n; C,'T — YHCIIO BCIX MOXIIUBHX Bapi-
aHTIB, SKI MOXUJIMBO PO3TISHYTH 3 N MOJBOTIB, B KOX-
HOMY 3 SIKUX BUHHKA€ M BiJMOB.

Posmozin auckpeTHOI BUIMAIKOBOI BENHYHHH, IO
BU3HAYAETHCS TAHOI (POPMYIIO0, HA3MBAETHCS OIHOMI-
AIBHAM PO3MOALIOM. B SKOCTI MpuKIaxy MpakTHIHOTO
BHUKOPUCTAHHS OIHOMIHAJIBHOTO PO3MOALTY MPOIOHY-
€TbCS BU3HAYEHHS KIJTBKOCTI BiIMOB HEPEMOHTYEMHUX
BupobiB AT mpoTsrom 3agaHoro dacy (4acy rapasriid-
HOT'0 0OCITYrOBYBaHHS ITICIISI PEMOHTY OCHOBHOT'O BUPO-
0y) B mporieci ix ekcruryaramnii. [Ipn HagTo Manmx 3Ha-
YeHHsX (| OiHOMiaTbHUI PO3MOALT MOXKE OYTH 3aMiHEHO
posnoninom Ilyaccona, a Ipu BENUKHX 3HAYEHHSX M0,
T00TO 1TpH ng > 20 , — HOPMATIBHUM PO3IOAITIOM.

2. Poznoaina ITyaccona.

Posnozin ITyaccona (3akoH piAKiICHUX SBUII) PO3-
MTOBCIOJDKYETHCS, SIK 1 OlHOMiaNbHHMH pO3MOMLN, HA Ti

BUIIAJKH, KOJIM BUITAJKOBA BEJIMYMHA NpUHAMAE HiTi Ta
MO3UTHBHI 3HaueHHs. Pi3uyHa cyTHIiCTH posmoziny [1y-
accoHa Taka XK cama, SIK 1 OIHOMIaJbHOTO PO3MOILTY,
TOOTO BiH BU3HAYa€ WMOBIPHICTD MOSBH B MaJIMX BHOIp-
KaxX pI3HMX 3HA4Y€Hb BHIAJKOBOI BEJIMYMHHU KiJIBKOCTI
BimMoOB — M. Llst IMOBipHICTH BU3HAYAETHCS SIK:

_ 1l m-a
Pmn—ma e, (2)

ne a=qn; N — 4ncino BUpOOiB OfHOrO THITY (KiJb-
KicTh BUp0OiB AT y BuOipmi), IO AOCTIIKYIOTbCS;  —
HMOBIPHICTh TOSIBH BiJJMOBH IIPOTSATOM HE3HAYHOTO
yacy eKCILTyaTallii Mmiclisi peMOHTY.

Posnonin [lyaccona MOXJIMBO BHKOPHCTOBYBATH
HACTYITHUM YHHOM: IO-TIepUIEe, K 3aMiHHHK OiHOMialib-
HOTO pO3MOJUTY B THX BHIAJIKaX, KOJH Jii€ OiHOMialb-
HUW 3akoH, ane ¥iMoBipHicTs (<0,1; mo-gpyre, npu
BUKOHAHHI psly pO3paxyHKiB II0JI0 HAIIHHOCTI Ta Mpu
MICISIPEMOHTHIH ekcruryaranii Bupo0iB AT, ski peMoH-
TYIOTBCS, TP CTAIUX PEKUMax poOOTH BHIIAJIKOBE YH-
CJIO BIZIMOB po3rojiisieHe 3a 3akoHoM [lyaccoHa (B 11b0-
My BUIAJKy MOXIHMBICTh BHUKOPHUCTaHHs 3akoHy Ilya-
CCOHA He 3aJIeKHUTH BiJ] HMOBIPHOCTI ().

YucmoBa piBHICTH MATEMaTUYHOT'O CIIOMIBAHHS Ta
qucnepcii 3a3Buuail BUKOPHCTOBYETHCS Ha TMPAaKTHII
JUIsl BUPIIIEHHS MMUTaHb Ta OOIPYHTYBaHHsI MPaBUIILHO-
CTi MPUIYIIEHb NPO HASBHICTh MMyacCOHIBCHKOIO pPO3-
MO/TiTY BUIAIKOBUX BEJIUYHH, SIKi PO3TIIAAAIOTRCS [2].

Juis 1poro 3 JOCBiY BH3HAYaIOThCS CTATUCTUYHI

xapakrepuctuku M, Ta D, , Ta gKmo iXx 3HaYeHHS

ONM3bKI, TO 1€ MIATBEPIKYE NPABHIBHICTh MPUITYIICH-
Hsl I0J10 HasIBHOCTI posmnoziny I[lyaccona.

Posnopin Ilyaccona mpu m=0 tpanchopmyeTbcs
B KCIIOHEHLIIHHUN PO3IIOALI.

3. ExcrioHeHuiiiHuii po3nomi.

EKCIIOHEHIIMHUI 3aKOH — L€ OOUH 13 OCHOBHHX
3aKOHIB PO3MOILTY TPUBAIOCTI CTPOKY (pecypey) CIryx-
6u Bupo0OiB AT. [IpunaiimHi, 32 IIMM 3aKOHOM PO3MO/Ii-
JISETHCS Yac HAMPAIOBAHHS 10 BiIMOBH [IESKHX Hepe-
MoHTyeMuX BupoOiB AT mpu ix poOoti Ha cranux pe-
JKMMax (JUisi panToOBHX BiJIMOB, sIKI HE IOB’sI3aHi 3 MPO-
[[ECOM 3HOIIEHHSAM a00 CTapiHHiIM). B SKOCTI OCHOBHO-
ro mapamerpa eKCIIOHEHI[IIHOTO pO3MoAilly Oeperhes
A(t), sxwmif xapakTepu3ye IHTEHCHBHICTbH BiIMOB st

HEPEMOHTYEMUX Ta MapaMerp MOTOKY BiAMOB — IS
pemonTyemux BupobiB AT. [l HEpeMOHTYyeMUX BHPO-
6iB A(t) moKasye, ska 9acTKa MPAIFOIOYAX B MOMEHT

yacy BUpoOiB AT BUXOIUTH 3 Jady B OIWHHUIIO YacCy
micist MOoMeHTy t (B mepion rapaHTiHOTO OOCITyroBY-
BaHH:). [IpmiiMatoun B SIKOCTI BHIAIKOBOI 3MiHHOI Be-
mmapHA 9ac t (HapoOiTok 10 BiZMOBH ab0 MiX BigMoO-
BaMH) Ta BBaXKalOUl A =CONSt, MOXIMBO BHPA3HUTH
MIUTBEHICTD PO3MOALTY TPUBAIOCTI CTPOKY CIyxOu (Ha-
PpoOiTKy) HacTyImHOK (PopMyIor0:

ft)=ne™, ®3)

e A =const.
OYHKINIS eKCIOHEHIIHHOTO pO3IMOIUTYy BH3HAUYa-
€TBHCS 3 PIBHSHHS:
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] tj
F(t) =] f@dt=[ne™ =1-™, 4)
0 0

Tak sk F(t) =1-P(t), To ocHOBHE piBHSHHS Ha-
JIIHOCTI Oye TakuM

Pt)=e™, )

a BUKopHcTaBUM crmiBBimHomenus A(t) = f(t)/P(t),
MOJKJTHA BHBECTH 3aJICKHICTH HMOBIpHOCTEH O€3BimMO-
BHOI pobotu P(t) mis Oyap-sikoro 3akoHy 3MmiHH A(t)
BiJI Yacy:

-

(6)
Hua Bumaaky A(t) =const orpumaemo ¢opmyiny

JUTSl EKCIIOHEHI[IHHOTO 3aKoHy P = e,

Ha mpakrtuii yacto OyBae Tak, IO €KCITOHEHI -
HUH 3aKkOoH He Mae micus (A(t) = const), ane i B mpomy

BUNAJKy HOr0 MOXJIMBO BHKOPHCTOBYBAaTH IJIsi oOMe-
EHMX BiApi3KiB yacy. lle nmpumyieHnHs oOIpyHTOBY€ETh-
Csl THM, 11O, TIPY OOMEXEHOMY Iepiofii yacy 3MiHHY iH-
TEHCHUBHICTb BiZIMOB 0€3 BEIMKOI MOXHOKM MOXKHA 3aMi-
HUTH CEPEIHIM 3HAYEHHAM L), , TOOTO A(t) ~ Ay (1) -

Bu3Havalouuch 13 MaTeMaTHYHOK MOJEIUII0 BU-
3HA4YEHHs] HIMOBIPHICHUX BJIACTHBOCTEH IMpPOIIECy rapaH-
TiliHOro o0cimyroByBaHHA 3paskiB AT, siki ekcriyaty-
IOTBCSl 32 MEXaMH TOTEPeHO BCTAHOBJICHUX Pecypc-
HUX MOKa3HUKIB, CIiJi MAaTH Ha yBa3i, 110 €KCIIOHEHII i~
HU 3aKOH JOIJIbHO BUKOPHCTOBYBATH TiJIbKA CTOCOB-
HO BUp0OiB AT, skl He MiIArarOTh CTapiHHIO ab0 3HO-
LICHHIO i1 9ac po0oTH, abo y SIKMX LieH Mmpoliec Mpoxo-
JIMTh JTyXKe MOBUIbHO. Lleil 3akoH, B OCHOBHOMY, BHKO-
PHUCTOBYETBCSL JUISl PO3MOMAULY PaNTOBUX BIJMOB, SIKi
BHUIIa/IKOBUM YHMHOM BHHUKAIOTh NpH exciutyaTamii AT B
MIXPEMOHTHHUH Tiepio. BiH po3MnOBCIOIKYETHCS TIIBKH
Ha MMO3UTHBHI Oe3IepepBHI BUMAIKOBI BEINUUHU.

Ciin TakoX BpaxOBYBaTH, IO EKCIOHEHIHHMI
PO3TIOALT 1€ €IMHUKH PO3IMOJIN BUIAKOBUX BEIUYMH,
Jie BUKOPUCTOBYETHCS NMPUITYILEHHS, 10, SKIIO MPUCT-
piit Mae eKCTIOHEHIIIHUI PO3ITOIIIT Yacy 10 BiIMOBH, TO
TIOTIepeIHE BUKOPHUCTAHHS IPUCTPOIO HiSIKUM YHHOM He
BIUIMBAE€ Ha IOCHIAYyO4MH 4ac ioro pobdotu. ToOTo,
SIKIIIO TIPUCTPIH 1I1e He BiIMOBHB 0 MOMEHTY dacy t, To
po3moxnin oro dacy 6e3BiAMOBHOI poOoTu Oyme Takum
e, HiIOM-TO B IIed MOMEHT 4acy I04aB BUKOPHCTOBYBa-
THCh abcomoTHO HOBUH mpuctpiid. lle, Oe3yMoBHO,
MIPOTHPIUNTH OaraTbOM MPUPOAHIM ysBIEHHAM. Excro-
HEHIIWHUHN PO3MOMIN € €IWHUM PO3MOIIIOM, SKHHA Mae
moiOHy BIACTHBICTS [3, 4].

Jns mpukinaxy BUKOPHCTaHHS EKCIOHEHIIHHOTO
pO3TONiTYy YSBHUMO, IO TPOIEC, SKUH JOCHIIKYETHCS
(HampuKIaa, KOMWBAHHS CTYJIOK ITOBITpO3abipHUKA ITi-
Taka Tarry Mul -29) Mae mikoBi BUKAIM, Ta IO came I
MMKOBI 3MIHM 30BHIIIHIX YMOB MOXYTh BIUIMBATH Ha
MIPUCTPIH, IO PO3TILINAETHCSA, TOOTO TPHUCTPI MOXKe
BiIMOBHUTH (HETAaTHBHO BIDIMHYTH Ha CTaH CIIEMEHTIB
KpITUIEHHS CTYJIOK MOBiTpo3adipHMKa siTaka Trry Mul -
29) numre B MOMEHT YKa3aHOT'O IMKOBOTO BHKHIY. SIKIITO
MOTiK BUKHJIIB € IyaCCOHIBCBKUM, TO PO3MOJILIT BiMOB

JTAHOTO TPHCTPOIO € SKCTIOHCHIIWHUM, i B IIUX YMOBax
JICHO TIOmepeqHe BUKOPHUCTAHHS IIPUCTPOIO HE BiJo-
Opa3uThCsl HA TOAANBININA TPUBAIOCTI OE3BiAMOBHOI
poboru. OmHAK 3p0O3yMiJio, MO 3a3HAYCHA BIIACTHBICTH
eKCTIOHEHIIIHHOTO PO3IOAITY HE J03BOJISE BHKOPHUCTO-
BYBAaTH I PO3MOALT JJIs OIMKMCAHHS IMPHUCTPOIB, SKi B
MpoIieci HOPMAabHOI eKCIUTyaTallii 3HAXOMAThCS IIij
BIUIMBOM (DaKTOpiB, SIKi HEraTUBHUM YHHOM BigoOpa-
JKAFOTHCS HA TPUBAJIOCTI iX O€3B1AMOBHOI poOOTH.

BukimtodeHHSIM 3 1IbOTO TIpaBHJIa € CKIIaJHI CHCTe-
MU, CIIEMCHTH SKUX BiJIHOBIIOIOTHCS B Tporieci QyHKITi-
oHyBaHHA. J[JIs1 TakMX CHCTEM PO3MOALT Yacy MiX Bil-
MOBaMHU MOXe€ OYTH NpPHUHHATO HAONMKEHO EeKCITOHEH-
miftauM. JIOCTiKeHHST TaHUX TPO BiIMOBH IIIHUPOKOTO
KJIacy eJIeMEHTIB HaBeJIeHO Y /pkepeni [5].

4. Poznonia BeiiGynna.

Po3mnozin BeiliOymna xapakTepusye 3pocTaroua iH-
TEHCHBHICTh BiIMOB MpH M >1, 1e m — 3MiHHUH mapa-
METp, 110 Ma€ Pi3Hi 3HAUCHHS IS OKPEMHX THITIB BU-
po0iB (migOUpaeThCcs 3a Pe3ynbTaTOM OOpOOKH EKCIe-
pyMeHTanpHUX AaHux). Llei posmozin Ha3BaHO acuMer-
PHYHHM PO3MOITIOM TPETHOTO THITY JUIS EKCTpeMalb-
HHX 3Ha4YeHb [6].

Posnozin BeliOymna mouiabHO BHKOPHCTOBYBATH
JUIsT OITUCY BTOMJIFOBAJIbBHUX Bi]lMOB, BillMOB BaKyyMHUX
npuiafiB (CHIL(MOHHUX BY3JIB arperaTiB CUCTEM JIiTa-
KiB, YyTJIUBUX €JIEMEHTIB arperariB MajJuBHOI aBTOMa-
THKH aBiallifHUX JABUTYHIB) Ta MiANUAMHKUKIB [7-9].

Jns 6e3nepepBHOI BUMAAKOBOI BEIWYMHU (Yac Ha-
npaioBanss) t mineHICTH po3mofiny 3a BeiiOysiom
BUPAXKAETHCS (HOpMYIIOLO:

f(t) = (m/ty)-t™ et/ @

Jie M — 3MIHHIN napamerp, SIKUi Mae pi3Hi 3HAYCHHS JJ1s
OKpEeMHUX THIIIB BHPOOIB (MiIOMPAETHCS B peE3ynbTaTi
O0pOOKHM eKCIepUMEHTANIBHUX JAaHux). [lpuHaiiMHi,
KO M =1, MaeMO EeKCIOHEHIIWHUA PO3MOALT: TpH
m<1 3i 3pocranssaM t Bemuumua A(t) 3MeHIIyeThCS;
opu m>1 3i 3pocranssM t Bemuumua A(t) 36inbIIy-
€ThCs; to — mapamerp, 10 3B’s3aHUiA 3 CepeIHIM Hampa-
IFOBAHHSIM JIO BiJIMOBU PIBHSHHSIM:

tyy =b,tg™ a0 to =(t,, /b, )m, ®)

ne by, =1 (l+ 1/m) — raMMa—(yHKIIis,

F(m): ML X d., 9)

O —8

5. Hopmaubhmii po3moaisi (HOpMambHUH 3aKOH
posnoniny I'aycca).

OCHOBHOIO 0COONHBICTIO HOPMATBHOTO PO3IIONLITY
€ Te, MO BiH € TPAaHUIHUM PO3MOIIIIOM, IO SKOTO Ha-
OMKAFOTHCS 1HII 3aKOHU PO3TOALITY.

CyMma JOCTaTHBO BENIMKOTO YHCIA HE3aJISKHUX
(abo crmabo 3aneKHNX) BUMAJAKOBUX BEIHMYWH, IO Xapa-
KTEePU3YIOThCA PI3HUMH 3aKOHAMH PO3IOiTY, HAOIH-
KEHO MiAMOPSAKOBYIOTBCS HOPMAaJbHOMY 3aKOHY PO3-
MOALTY, IPUIOMY TUM TOYHIIIIE, YAM OiNIbIIa KiTBKICTH
BUIIQJJKOBUX BEJIMYHH ITiJICYMOBYETHCS.
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OcHOBHE OOMEKEHHS, 1[0 HAKIAJa€ThCsd Ha Mif-
CYMOBYBaHHS BUIAJIKOBUX BEJMUYHUH, IOJSTAE B TOMY,
00 BCi BENWYWHU B 3araibHill CyMi Maid BiJIHOCHO
MaJjie 3HA4YeHHs (JI0 TAKMX BHITAQJKOBUX BEJIIMYHH BiJTHO-
CATHCSI, HAIMPUKIIAJM, MMOXUOKH BUMIPIOBaHb, MOMUIIKH
METOAMIHOTO TOPSIIKY TOMIO). SIKIIO 151 yMOBa HE BU-
KOHYETBCS, Ta OJTHE 3 BUIMAJKOBUX 3HAYEHB PI3KO mepe-
BHUIIIYE B CyMi BiJl BCIX IHIINX, TO i€ BIUIMBAE HA CyMY
Ta BU3HAa4yae, B OCHOBHOMY, 11 3aKoH po3noziny. Ha Bin-
MiHy BiJl €KCIIOHCHIIIHHOTO PO3MOAUTY Ta PO3MOILTY
Beti0yiia, 110 BUKOPUCTOBYIOTHCS TIMBKH IS TTO3HUTH-
BHUX O€3MEpEpBHUX BHITAQJKOBUX BEIHYHH, HOPMAJIb-
HUH pO3MOILIT MOXE BHKOPUCTOBYBATHCH Ui Oe3mepe-
PBHUX BHITAJKOBUX BEJIIMYHH, SKi MOXYTh IPUHMATH K
MMO3UTHUBHI, TaK 1 HETATHBHI 3HAYEHHS BiJ —00 10 —+00 .
[1inpHICTF HOPMATBHOTO PO3IOITY BU3HAYAETHCS 5K

(x-m,)?

f(x)= 1 exp >
cS)('\/ﬁ 26

X

(10)

I'padiku 3MiHM MIITBHOCTI HOPMAJIBHOI'O PO3IOi-
Iy TIPe/ICTaBJIEHO Ha puc. 1.

A
m, =const f(x)
8, = Var
ox,
\ ~
~a
X
A
m_=Var
&, = const f (x)
| | |
| | |
| | |
| | |
| | |
i 1 1 :
mx, mx, mx, X
Puc. 1. I'padiku 3MiHH LITHHOCTI PO3MOILTY
ISl HOPMAJTBHOT'O 3aKOHY
Posrnsaemo Bunanok, ko my, =0, oy =1, T0O-
1 2 .
o f(X)=—=e"% / 2, Ie M, — MaTeMaTHYHE CHOZi-

J2n

BaHHs BHUIIAIKOBOI BEIMYHHH; G, — CEPEIHE KBAIPATH-
YHE BiIXMWICHHS BUIIAJKOBOI BETMIUHH (IUCIEPCis).
Hagenemo 3nauenns f(X) 1yt geKiIbKOX BEIMYHH X:
x=1, f(x) =0,3989; x =2, f(x)=0,2420;
x =3, f(x)=0,0540; x =4, f(x) =0,0044;
x =5, f (x) =0,0001.
TakuMm guHOM, Tipu X > 30, , BenuuuHa f(X) mae

MaJji 3HaueHHA. ToMy Ha TpaKTHUIN MPH aHaJi3i Xapak-
TEPUCTUK PO3MOILTY 3a3BHYail OOMEXKYIOThCS HaOIH-
keHuMu 3HadeHHsIMH f(X) Tineku 1o X = 3c. («mpaBuino
TPBOX Cirm». JJIs OIiHKK PO3MOALTY TPHBAJIOCTI CTPOKY

ciryxOu (Jacy HampalfoBaHHS O BiZIMOBH) HOpMaJlb-
HHI 3aKOH B YHCTOMY BHJi HE BUKOPUCTOBYETHCS. Po3-
TIO/IiJ1 Yacy HarpamoBaHHs MOXe OyTH TIJIBKH CIIpOIIe-
HUM HOPMAJIbHUM, IO (OPMYEThCS 3 HOPMAIBHOTO
HITSIXOM OOMEXEeHHsI iHTepBajly 3MiHIOBAaHHS IIi€] BEJU-
ynHU. Ha mpakrtuii, npu BUKOHaHHI poOiIT 100 aHaTi-
3y HaAIHHOCTI, y OUTBIIOCTI BUMAIKIB TOBOAUTHCS MaTH
CrpaBy 31 CKIIaQJHMMH arperatamy, 10 BKIIOYAIOTh y
ceOe pi3HOMAaHITHI CKJIAZIOBI €JIEMCHTH.

Hampuksaza, manMBHUA HACOC TiJKAYKH, IO BCTa-
HOBIIOETBCS B 0aKy JIA ckitafaeTbest 3 IBOX MPUHIIUIIOBO
PI3HMX 3a KOHCTPYKIIEIO YacTHH: €JIEKTPOABUTYHa Ta
HarHiTalo4oro By3ja-Hacoca. ENEKTpoNBHUTYH, SIKHH, B
CBOIO 4Yepry, CKJIaJa€ThCs 3 POTOpa, CTaTopa Ta HIUTKO-
BOTO MPHCTPOIO, MOXKE BiIMOBIISATH 4Yepe3 MepPEBHUIICHHS
HAMPYTH CTPyMY, TOPYIIEHHS EIeKTPOi30IsiLi, meperpi-
BY, 3HOIIICHHS II[ITOK TOIIO. [I[puurHaMK HECTIpaBHOCTEN
TiJIpaBJiYHOI YACTUHU MOXYTh OyTH TOpPYIIEHHSI TepMe-
THYHOCTI YIIiTbHEHb, 3aBUINCHA HACHUYCHICTh IATHBa
Mapora3oBUMH BKITIOUCHHSIMHU, 301IBIIICHHS TEMIIEPaTypH
MajiiBa Ha BXOJi B HACOC TOIIO, TOOTO MOXJIHBI Pi3HO-
MaHiTHI (i3WYHI NMPUYMHK BIJMOB OKPEMHX EJIEMEHTIB.
3BiCHO, PI3HAM THUIIAM BiJMOB NPHUTAMaHHI CBOi CIICIU-
(iuHi 3aKkoHM po3noiTy. Hanpukiaz, ekcrioHeHIIHHOMY
3aKOHY PO3MOALUTY MiANOPSIKOBYIOTBCS, B OCHOBHOMY,
BHUIIAJIKOBI PAIITOBI BiMOBH.

TakuM 4YMHOM, y CKJIQJHUX BHPOOIB 3aKOHH PO3-
MO/IITY BIZIMOB Ta HECIPABHOCTEH € TOETHAHHIM (KOM-
TO3UIII€I0) PI3HUX PO3MOJLIIB, SKi MPUTAMaHHI OKpe-
MHUM eJieMeHTaM 11boro BupoOy AT. Binbmiocti 3 HUX, y
npoueci pemoHty Ha APII, 3ailicHIOETBCS 301IbIICHHS
pecypcHUX MOKa3HUKIB sl 3a0e31eYeHHsT MIXKPEMOHT-
Horo pecypcy JIA B wmijomy. OCHOBHOK HPUYHHOIO
BOT'0 € iICHYI0Yl IPOOJIEeMH IMITIOPTO3aMIIIICHHSI, & came
y Mpoleci Hallaro/PKeHHsS BITYM3HSIHOTO BUPOOHMIITBA
KOMIUIEKTYIOUHX (3allaCHUX YacTHH), OpraHi3alii ocBo-
€HHS X PEMOHTY (SIKIIO 1€ JIOLIIBHO).

Ipouec dhopmyBaHHS MaTeMaTHYHOI MOJEN BH-
3HA4YEeHHs MOBIPHICHHX BJIACTHBOCTEH MpOIECy rapaH-
TiliHOrO OOCIyroByBaHHs 3pa3kiB AT Bkirouae B ceOe
y3arajbHeHy KUIbKICHY XapaKTepUCTHKY, SIKa TO3BOJISE
BU3HAYUTH OCHOBHI KUIBKICHI NOKA3HUKHA HAAIMHOCTI
mux 3paskiB AT micns pemonty. [Ipumyctumo, mo B
MOMEHT 4acy t ctan mapky meBHoro Tumy AT ommcy-
etbes BumamkoBuM BektopoM X(t) = (Xi(t),...,Xn(t)).
Hampukmam, X(t) moxke OyTv OJHOMIPHOIO 3MiHHOFO,
sKa MpUiMae 3aBKIH ABA 3HAUCHHS:

[lepme sKmo cucrema mpane3fgaTHa, Ta ApYre sK-
[II0 CHCTEMA 3HAXOINUTHCA B cTaHl BimMoBu. KoMmoHeH-
T BekTopa X(t) MOXyTh OYTH 3HAUCHHSIMH Pi3HHUX TIa-
paMeTpiB cUCTEeMHU, SKi MOXKYTh IPUIMATH 3HAUCHHS Ha
BCiif miticHiit Bici. Bumagkoswuii Bektop X(t) xapakrepu-
3yeThes posmofiaoM mosiprocTei F(X4,...,Xn; t), T0O-
TO UMOBIpHICTIO TOro, o Xq(t) < Xq,..., X, (1) < X,,.

Koxuomy crany X = (Xq,...,X,,) mocraBumo y

BiAMOBiHICTD nesKy aucnoBy ¢yrkitio g(X). dus npu-
BEJICHOT0 BUIIE NPHKIAAy 3 JBOMa CTaHaMH HeXai
g(1)=1 ta g(0)=0. Marematuyse CrOiBaHHS Lii-
7p0Boi pyHKIii G(t) B MOMeHT wacy t (dacy micis rapa-
HTifHOTO 0OCyroByBaHHs 3pa3ka AT), € BenmnunHa, sKa
Hac IIKaBHTh, 1 sIka MOXXe OyTH po3paxoBaHa SIK:
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Asgiayitinuii mpancnopm

G(t) = EgX() = [ -] 9(Xq,-os Xp)AF (X4, ..o, Xpst). (11)

VY3aranbHIOIOUH, MOXKHA YCEPETHHUTH caMy (yHK-
uito G(t) Ha meBHOMY iHTepBadi yacy a<t<b 3 ypa-
XyBaHHsM neBHOI QpyHKIiT W(t) Ta oTpumarw:

H(a.b) = [ G(t)aw 1) (12)

3a3BU4ail poO3IILIIAETHCS MOCTIHHUIA IHTEpBall Ya-
cy [0,t]. Hexait X (u) =1, skmo B MOMEHT 4acy U 3pa-
30k AT ¢yHKUiOHYe Ticns peMOHTY HOpMAalbHO, Ta
X (u) =0 B mpoTwiexxHOMy Bumaaky. [Ipumyctimo, 1o
HOpMaJibHE (DYHKIIIOHYBAaHHS B MOMCHT 4acy t ckBiBa-
JICHTHO HOpMaibHOMY (yHKLiOHYBaHHIO 3pazka AT i
Ha BcboMy iHTepBani yacy [0,t]. Toxai 3 (2.12) orpuma-
emo G(t) =Eg(X(t)) =P[X(t)=1
TOro, 110 3pa3ok AT HOpMabHO PYHKIIIOHYE MPOTATOM
yacy [0,t]. Takum yuHoM, G(t) € HaxiiHicT 3pa3ka AT

— IMOBIpHICTb

Y BiJITIOBITHOCTI 3 HABEJCHUM BHIIC BH3HAUCHHSIM.
B3zarai npuimycTumo, 1o, Ko He 311HCHIOITHCS
pemoHTH BUpoOy AT abo 3aMiHM eneMeHTIB (KOMILUIeK-

TYIOYHX), SIKi BiaMoBWIM Ticist pemoHty Ha APII, To
CTaH B MOMEHT 4acy ! TOBHICTIO BH3HAa4ya€ XapakTep
noBeninky BupoOy AT B iHTepBaui gacy [0,t].

BucHoBxku

Ha mincraBi 3ampoIrioHOBaHUX B CTATTI KOMITO3UIIIN
3aKOHIB PO3MO/LIIB BiZIMOB MOXKJINBO BU3HAYHTH OCHOBHI
KUTBKICHI MOKa3HWKM HagiiHocTi 3paskiB AT, ski ekc-
TUTyaTyIOThCS. 32 MEXKaMH TMOMNEPEAHbO BCTAHOBJIECHHX
pecypcHHX TOKa3HUKIB. BpaxoByroun e, 1m0 3pa3ku AT
€ CKJIaHIMH BUpOOaMH (arperatamu), 0 BKIFOYAIOTh B
ceOe pPI3HOMAHITHI CKJIAJIOBI EIEMEHTH, METOIMYHOIO
OCHOBOIO BHM3HAU€HHS IMOBIPHICHUX BJIACTHBOCTEH IpO-
Hecy iX TrapaHTIHHOTO OOCIYrOBYBaHHS € ITO€IHAHHS
(KOMTIIO3HILisT) pI3HUX PO3MOJLTIB, SIKI MPUTAMaHHI OKpe-
MUM €JIEMEHTaM LIUX 3Pa3KiB.

MopenmoBaHHsI Mpoliecy BU3HAYEHHS IMOBIPHICHUX
BJIACTUBOCTEH TapaHTIHHOTO OOCITYroBYBaHHSI 3pa3KiB
AT, sIKi eKCILTyaTyIOThCS 32 MEXaMH MOMepeHbO BCTa-
HOBJICHHX PECYPCHHUX TOKa3HHKIB J03BOJISIE TEOPETUYHO
BU3HAYNUTH OCHOBHI KUIbKICHI IOKa3HUKH HaIIMHOCTI LIUX
3pa3KiB MiC/Isi PEMOHTY.
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Determination of credible properties of process of warranty maintenance of standards of aviation equipment,
which is exploited after limits of the preliminary set resource indexes

Valeriy Masyagin, Mykhailo Sushak, Bezdielnyi Vitalii

Abstract. The analysis of mathematical model that it maybe to take for basis at forming of methodologies of determination
of reliability of standards of aerotechics, that is exploited outside the preliminary set resource indexes, indexes is presented. Laws of
distribution of refuses that arise up on the standards of aerotechics of Ukraine in then repair period are casual sizes, matter very much
for a theory and practice of works in relation to providing of reliability of wares. Knowledge of these laws allows to expect and to
forecast reliability of wares on the stages them warranty service. An especially large value laws have at the estimation of validity
establishment and continuation of resource of wares of aerotechics to the maximum level, in fact safety of flights of aircrafts depends
on it. From the large variety of laws of distribution of casual sizes that is worked out in the theory of chances, a most value for relia-
bility such laws have: binomial and Poisson - for discrete quantities; of Weibull and normal - for continuous sizes. In addition, a law
is sometimes used "gamut - to distribution” et al. For difficult distributions compositions of the indicated laws of distribution and
brief laws of distribution are used. Use of that or other law conditioned by descriptions of display and changes of refuses of wares of
aviation equipment in time. For most mechanical, hydraulic and electric devices (mechanisms, blocks) it is practically impossible to
distinguish only sudden or only gradual refuses. There are various combinations of both types of refuses in relation to every certain
good; by the analysis of statistical data it will be to estimate their accordance to the theoretical law of distribution of refuses. It is thus
necessary to mark that the use is for the aviation wares of exponential law of distribution, that characterizes sudden refuses, needs the
special ground and can be suffered for comparatively short intervals of time of exploitation of standards of aviation equipment in a
TBO period. On the basis of offer in the article compositions of laws of distributions of refuses it maybe to define basic quantitative
reliability of standards of aviation equipment, that is exploited outside the preliminary set resource indexes, indexes. Taking into
account that standards of aviation equipment are difficult wares that include for itself various component elements, by methodical
basis of determination of probabilistic properties of process them warranty service there is combination of different distributions,
what inherent to the separate elements of these standards. Design of process of determination of probabilistic properties of warranty
maintenance of standards of aviation equipment, that is exploited outside the preliminary set resource indexes allows in theory to
define basic quantitative reliability of these standards indexes after repair.

Keywords: mathematical model, reliability index, aviation equipment, probabilistic properties, resource index.
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IIAD®POBA MOJIEJIb CHCTEMHA KEPYBAHHS EJIEKTPOITPUBOY
JWU3EJb-TIOI3IA

AHoTanisi. Po3rsaHyTi muTaHHsS po3poOKyM Ta MOCIIDKEHHS Mozeneil cucteM aBTomarndHoro kepyBaHHs (CAK) enext-
poriepeadi AU3eb-TI013/1a 3 €IeKTPOIPUBOIOM 3MIHHOIO cTpyMy. IIpoBeieHO OrIsaz TiTepaTypHHUX [DKepen Ha 3a/laHy Te-
MaTHKy Ta aHajli3 ICHYFOUMX IIiIXOMIB JI0 PO3B’A3aHHS. PO3TISIHYTI SIK CTaHAAPTHI alNTOPUTMH KepyBaHHS OKPEMHUX KOHTY-
pIB CHCTEMH YIpaBIIHHSA Tak i BapiaHTH 3 BUKOPHCTAHHSM METOJIB IMdpoBoro ympasmiHHs. [ToOymoBaHi MaTemMaTHdHi
MoJei, CTpyKTypHI cxemu Mozenei koHTypiB CAK enektpornepenadi, 3amporoHOBaHI peKYpeHTHI CITiBBiJHOIICHHS IS
OKpPEMHUX KOHTYpIB YIPaBIiHHS, NMPOBEIEHE MOJCIIOBAHHS iXHBHOro (yHKIiOHYBaHHS. OTpHMaHI aHANITHYHI CIiBBIJHO-
IIeHHS, SIKi MOKYTh OyTH BHUKOpHCTaHi JIst po3podku crpykrypu CAK enexrponepenadi nusens-moizna i po3paxyHKy il
rapaMeTpiB rpy 3abe3nedeHi IeBHOro KpuTepiro sikocTi. Busnadeni napamerpn CAK BuXigHOT Hanpyry iHBEpTOpIB (KaHa-
1y GOpMyBaHHS CTPyMY) aCHHXPOHHOTO €JIEeKTPOJBHUIYHA, Ki 3a0€3MeUyI0Th 3aJaHy SIKICTh KepYBaHHS Ta JOIYCTUMI Me-
ki 3MiHK mapametpiB CAK..

Kaw4yoBi caoBa: cucreMn aBTOMaTHYHOTO KePYBaHHS, EIEKTpOIepeiada, eIeKTPOIPHUBO/L 3MIHHOTO CTPYMY, alropH-

TMH yl'[paBJ'[iHHH, )II/ISCJTB-HO’I'SI[, MaréMaTudHa MOJICJIb, peKypeHTHi Cl'[iBBi)IHOH_IeHHH.

Beryn

Ornsig poOiT, MPUCBSIUEHUX 3aadui po3pOOKH CHC-
TEM KepyBaHHS eJeKTpolieperayaMy JIOKOMOTHBIB Ta
JIM3€Jb-TIOI3/IB 3 €JIEKTPOIPHBOIOM 3MIHHOTO CTPYMY
NOKa3ye, 110 B JaHUW 4Yac 3HA4Ha yBara MPUAUISETHCS
CTBOPEHHIO ONTHMAaJIbHUX CHCTEM KEepyBaHHS Ha OCHOBI
CY4aCHHUX JOCATHEHb NMPOEKTYBAHHS 3 BHKOPHUCTAHHSIM
METOJIIB ONTHMi3alii, HEeYITKOI JIOTiKH, HEHpPOKOMII'TO-
TEPHUX TEXHOJIOTiH, OpIEHTOBAaHMX Ha TMOOYJOBY HE
aHasoroBux, a uudpoBux cucrem kepysauus (LICK),
sIKi 3a0e3redyloTh (DYHKIIOHYBaHHS SIK MOTO CamMoro,
TaK 1 IiJICHCTEM OKPEMO, 30KpeMa LU(POBUX CHUCTEM
kepyBanns enekrponpuBogoM (LICKEIT). Ls tenaentis
Mae Miclle He TUTbKM B YKpaiHi, ayne i KpaiHax OJvxK-
HBOTO i Janexoro 3apyoixoks [1 — 4].

LCKEII no3BonsitoTh peanizyBaTé OLIBII CKIIaHi
NPUHIMI KePYBAaHHSA 3TiAHO 3aIPOIOHOBAHHUX alTOPH-
TMIB — BEKTOPHOTO KEpyBaHHs, KEpyBaHHS 3a HeHpome-
PSKEBUMHU TEXHOJIOTISIMHU, PEali3alil0 ONTHMAaJIbHHX
3aKOHIB KepyBaHHs i T.1L. [4 — 6]. KpiM Toro Bonu Biapi-
3HSIOTHCS TIEPEBAror0 U(POBUX EIEMEHTIB y MOPIBHSI-
Hi 3 aHAJOTOBHMH: BEIHUKOIO 3aBaJIOCTIHKICTIO, IPOCTO-
TOIO 1 3pY4HICTIO B 1M(POBOMY 3a/1aHi mporpamu (GyH-
KIIOHYBaHHA THX UM IHIINX PEryISTOPiB CHCTEMH Ke-
pyBaHHS, TEHICHIII€I0 A0 3HIKEHHS TabapuTiB i BapTO-
CTi cUcTeM, A0 MiABHIICHHS HAMIMHOCTI 1 CTYIIEeHs iHTe-
rpaiii nudpoBHX BY3IIiB.

Tomy po3poOka HUPPOBUX CHCTEM KepyBaHHS
€IIEKTPONPUBOIOM 3MIHHOTO CTPYMY Ta iX MOAeNen
JUTSL IOCHIJDKEHHS € aKTYaJIBHOKO 3a71a4elo.

IMocTanoBKa 3axayi i anami3 Bizomux myoJika-
uiii. (s pimenns 3aBmanp po3podku LICK, 30kpema
QJITOPUTMIB KEPYBaHHs, PUCBSIUCHO 3HAYHE YHCIIO ITY-
Omikamit [2, 5, 7, 8] Ta 3a3BHYail BUKOPHCTOBYETHCS
MaTeMaTH9YHE MOJETIOBAHHSA, CyJ4acHI METOAW Teopii
ABTOMATHYHOI'O KepyBaHHS Ta ONTHMIi3allii, IpOTrpecuB-
Hi iH(opManiiiHi TexHOMOTi], TeXHIUHI 3aco0HM peaiiza-

uii Ha 06a3i MmikporpouecopHoi TexHikd. CTpyKTypa
LICK 3aramoM aHajoriyHa CTPYKTypaM aHaJIOrOBHX
cHCTeM KepyBaHHs, Tomy cuHTe3 perymsitopiB L[CK
MPOCTIIIE MPOBOAUTH 38 METOIUKOIO JJIsl aHAJIOTOBUX
CUCTEM, a pe3yJbTaTH BUKOPUCTOBYBATH [UISl IXHBOI
napaMmeTpu3allii Ta po3poOKH alNropuTMiB (PEKYpEHTHUX
criBBigHoOmIeHb). [IOKa3HHUKH SKOCTI CHHTE30BaHHX
HCK MOX/IMBO BU3HAYaTH 3a JOIIOMOIOK MOJCITIOBaH-
HSL

Ludpori CKEII Bimpi3HAOTHCS BijJ| HENEPEPBHUX
CKEII, ronoBHMM YUHOM, €JIE€MEHTHOI0 0a30r0, 11 Iuc-
KPETHICTIO 3a pIBHEM CHTHAJIB 1 3a dYacoM IX nii.
LICKEIL sk i nenepepsui CKEII, dpopmytoTh Ti % cami
3aJa4i KepyBaHHS aJrOPUTMAMH, BUKOPHCTOBYIOTH Me-
TOAN KepyBaHHSI — MOJAIBHOTO KepyBaHHSA, MiIIOpsA-
KOBAaHOT'O PEryJIOBaHHS, MOCIIJOBHOI 1 MapanenbHOl
KOpEeKIii 1 T.11.

OnHAaKOBO B peaizallii aJIrOpuTMiB KepyBaHHS MO-
e nposBisiTich auckperticts LICKEIL, ska Oyzne Bimo-
OpakaTHCh Ha JUHAMIYHMX 1 TOYHICTHUX ITOKa3HUKAX
enekrponpuBoia. Jlo HUGPOBUX CHCTEM KepyBaHHA
(ICK) BimHOCATH CHCTEMH, SIKI CKIANAIOTHCA 3 MUppo-
Bux eneMenTiB. B cximani LICK mudpoBsi enementa yTBo-
PIOIOTH BY3JH, SKi BUKOHYIOTH Ti UM IHIII 3a7adi Kepy-
BaHHs. Ha puc. 1 momana cxema LICK nesixoi koopamHa-
M x enektponpuBony, ae L3I — uudposuii 3anaBab-
uuid npuctpiid, LIC — nudposwuit cymarop, 1P — uudpo-
Buit perynsatop, LIAIl — uudpo-aHanoropuii nepeTBopro-
Bau, ALIIl — aranoro-tmdposmii nepersoproBay, KI1-/1 —
CHCTEMa «KEpOBAaHWH TEPETBOPIOBAY — IBHUTYH», B SIKIH
KI1 € BuximHoro BukoHaBuoro yactuHoro CKEIL.

Bxiguuii nugposuit curHan X,, BCTaHOBIIOE IO-

YaTKOBI TapaMeTpu IUis X,, Hampukmazm, X

3max !

X3+ X 3max » 110 O3HAUAE JUTSL KEPOBAHOI KOOPAWHATU

enexkTponpuBona X , BIATIOBIAHO 3ajaHi 3HAYCHHS IIe-
peMilIeHHs, MaKCHMalbHO JOMYCTHMOI IIBHUIKOCTI Ta
TIPUCKOPEHHS.
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Puc. 1. Cxema mu¢poBoi cicTeMu KepyBaHHS
€JICKTPOIPHBOAY 3a JONOMOI00 KOOpAUHATH X

OynknionansHi By3nm LCK, mo mnokazani Ha
puc. 1, MoxyTh OyTH peasnizoBaHi JBOSIKO:

1) amapaTHO — KOXHHI (YHKIIIOHATBHUIA BY30I]
SIBJIsIE cO00I0 OKkpemuil 00k y ckiani 1[C, BukoHaHMI
Ha MiKpocXeMaxX Majoro i cepelHbOro CTYIEHS iHTer-
pauii;

2) mporpaMHO-(QYHKI[IOHANBHI BY3JIH BUKOHYIOTh-
csl Ha €IMHOMY YHIBepCaJIbHOMY IIM(pOBOMY MpHitai —
MIKpPOKOHTPOJIEpi 1 anroput™M ix (yHKIIOHYBaHHS BU-
3HAYa€ThCS MPOrPaMol0 pOOOTH LbOTO IPUIALY.

Hunst 3minm anroputMy kepyBanus LICK npu ama-
patHOMy crioco0i HeoOXijHa 3aMiHa BiJIOBiIHHUX OO-
KiB kepyBaHHs. [Ipu nporpamHoMy criocoOi ajist 3MiHH
aJITOPUTMY KepyBaHHS HEOOXilHa JMIIe 3MiHa Iporpa-
MM Ha Till camiil eneMeHTHIN 0a3i. 3aBISKU HIBHIKOMY
BIOCKOHAJICHHIO CYYaCHOI TEXHOJIOTii BHIOTOBJICHHS
MIKPOKOHTPOJIEPIB 1 MIKPOIPOLIECOPHUX MPUIIAMIB, ITiJl-
BHUIIIEHHS 1X SIKOCTI 1 3HM)KEHHSI BapTOCTi, IPOrPaMHUIA
croci0 KepyBaHHsI BCE HIMPIIE BIPOBAPKYETHCS B CHC-
TEMHU KePyBaHHS €JIEeKTPOIPUBOAAMH.

MaTeMaTUUHU# onuc (MaTeMaTWYHI MOMAEN) LH-
(pOoBUX cHUCTEM IPOBOAUTHCS B OCHOBHOMY JBOMa Me-
TOJaMHU: pIBHSHHSAMH B KIHIEBUX pI3HOCTAX; Z-
¢byukuisiMu (Z-neperBopennsiM Jlaruiaca). Meron orin-
ku BrnactuBocteil LICK MOXIIMBO MPOBOJUTH HA OCHO-
Bi 3arajpHOi TNepeAaBajbHOI (YHKIIi SK aHAJIOroBOI
CHCTEMHU Ta HACTYIIHOMY Z-TIepeTBOpeH] mi€l QyHKINT i
JOCITI/DKEHHSI OTPUMAHOTO0 PEKYypPEHTHOro CITiBBiIHO-
LIEHHS METOJOM MOJEIIOBAHHSL.

Po3risiHyTHil MiAXi BUKOPUCTAHO MPHU PO3POOII
uudpoBoi cHCTEMH YHpaBIiHHS eleKTporepenadi Jau-
3eJ1b-TI013/1a 3 ENEKTPONPUBOIOM 3MiHHOrO cTtpymy. Ha
MEepLIOMY eTalll — 3a JOIMOMOTOI0 MOJIEIIIOBAHHS 3 BUKO-
puctranasm nakery MATLAB yrouneni crpykrypa i
mapaMeTpH PETYIATOPiB KOHTYPIB CUCTEMH YIIPaBIiHHSI
3TIQHO 3aJaHAX AKICHAX IMOKA3HMKIB IIOLO 3a0e3IeueH-
Hsl yMOB (DYHKIIIOHYBaHHsI 00’€KTa B LIJIOMY, Ha JAPYro-
My eTami — Ha OCHOBI Z-TIEpETBOPEHHS OTPHUMaHi airo-
putMu (PEKYpeHTHI CIHiBBiJHOWICHHA) IS KOHTYPY
KepyBaHH eJIEKTPOIPHUBOLY.

o mo mepmioro eramy, TO 3a JOIOMOI'OK MOJIe-
moBaHHA 3 BUKOpucTaHHM nakety MATLAB yrodneni
CTPYKTYpa i TapaMeTpH PeryasiTOpiB KOHTYPiB CHCTEMH
KepyBaHHS 3TiIHO 3aJlaHUX SKICHUX MOKa3HHKIB. Yact-
KOBO pe3yIbTaTH JOCTIKEHb IPHUBEICHO B poOOoTax
[3,8].

Mertoro 1aHOi pod0TH € pO3pOOICHHS PEKYPEHT-
Hux cniBBigHomeHs LICK mms peamizamii perymnstopis
CHCTEMH KepyBaHHs elIeKTpoIepenadi au3enb-noi3aa 3

SJIEKTPOIPUBOZIOM 3MIHHOTO CTpyMY, BU3HAuUCHHS Ma-
paMeTpiB CHCTEMH aBTOMAaTHYHOTO KEpPYBaHHS Ta 3Ha-
YeHHsI KPOKY JUCKpETH3allii, sKi 3a0e3neuyoTh 3aJaHy
SKICTh KEpYBaHHS 1 JIOMYCTHMI MEXi 3MiHM TapaMeTpiB
ICK, npoBeneHHs AOCTIKEHh Ta OTPUMAHHS SIKiCHUX
XapaKTepPUCTUK POOOTH CHUCTEM KEpyBaHHS B IIpoOIEci
MOJIETIOBAaHHs 3 BUKOpHCTaHHIM naketry MATLAB.

OcHOBHA YacTHHA

3 aHai3y CUCTEMH KEpyBaHHs eleKTporepenayi
JIM3eTb-TI0I3/]a BUXOIUTh, W0 HAaWOIIbII KPUTUYHOO
CHCTEMOI0 B TIpoueci (YHKI[IOHYBaHHS € DErylsiTop
BHXiJIHOI HATIPYTH iHBEPTOPIiB €IEKTPONPHBOLY. oro
MoOZIeNb MOXKe OyTH TpeACTaBlieHa CYKYIHICTIO MOJie-
JIel KaHaly CTpyMy 1 KaHaimy MOTYXHOCTi. Lli kaHamu
npu3HadeHi s (QOpMyBaHHS CUTHAIY KEpYHOUOro
BIUTHBY M0 BUXijHi# Hampy3i inBepTopi [8, 10].

OCTiIBKM CTPYKTYPU KaHaJiB CTPYMY Ta IOTYX-
HOCTI 1IGHTHYHI, TO PEKYpPEHTHI CITiBBiHOIIEHHS 3a
YMOBH BUKOPHCTaHHS aHAJIOTIYHUX NIEPETBOPEHBb TAKOX
OynyTh MaTH OIMHAKOBI CTPYKTYypH. Biapizusrucs Oy-
JyTh TiJbKH TapaMeTpaMi (KoedilieHTaMH MiJICHIeHHS
Ta HOCTIMHMMH 4acy) BIJMOBIJHUX €JIEMEHTIB CTPYKTY-
PHHX CXeM, sIKi BU3HAYAIOTHCS HA €TaIll JOCIiIKCHHS
AHAJIOTOBUX CTPYKTYp CUCTeMH KepyBaHHs. CTpyKTyp-
Ha cXeMma MOJENi CHCTeMH aBTOMAaTHYHOI'O KepyBaHHS
(CAK) enektponepenaui qu3esb-moizza mno kauaiy ¢o-
PMYBaHHsI CTpyMY, NIPHUBE/IEHa Ha pUC. 2.

|~E>HK1IDHE|’%1 ke 1 ks |- @ ko] { ks |
w

|1/(Tsp+1)H1/(ﬂp+1)H1/(T3p+1)|—| Ko |—| Ks H Kz HKA/(sz+1)}

Puc. 2. CtpykTypHa cxema MOJIei eleKTponepeadi
JM3eJb-10i3/1a 10 KaHaty GOpMYBaHHS CTPyMy

3HaveHHs BHXIJHHX MapaMeTpiB
cxeMH (KOHCTPYKTHBHI apaMeTpH) Taki:

Kg =95 K;=6.7; Kg=0017; Kg=2
T,=0. T,=1 T,=0.016; T, =0.007.

CTPYKTYPHOL

Bbrok popmysanns 3aBmands Wi (p), B sKoro Bxi-

JHUM CUTHAJIOM € 3Ha4YeHHS HOMepa I03Ullii KOHTpoJIe-
pa MammHicTa:

Wy (p) =Ky / p. @

Briok  mpomopIiiitHO-1HTerpalbHOTO  PETyasATOpa

Wa (p) :

Wa(p) = Ka(Kg + Ky /). )
Biox bimpTpy CHUTHAIIIB TIPONOPIIHHO-
inTerpanbHoro perymsitopa Ws(p):
W3(p) =1/(Typ+1). ©)
Brok 3amaranka inrencusrocti Wy (P) :
Wy (p)=Ks/p. (4)

27



Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2021, eunyck 2(64)

ISSN 2073-7394

Oco0OnuBicTIO OJ0Ka 3aAaTyhKa IHTEHCHBHOCTI €
Te, IO BiH Ma€ 3MiHHY CTPYKTYpY B Iporieci QyHKIio-
HyBaHHS. B 3alle)kKHOCTI BijJl 3HAKY TOXiTHOI BXiJHOTO
CUTHAlly — pi3HI 3HaueHHA Koediumienta K, sxuil

BIUIMBAE Ha SIKICHI MOKa3HUKH 00’ €KTa KEPYBaHHS.
bnok o0’ekta kepyBaHHS (€IEKTPONPHBOAY M-
zenp-noizaa) W (p) :

Ws (p) = K¢ (T, p+1). (®)

bnok patumkiB Ta (QinbTpa CHTHAIIB EIEMEHTIB
3BOpOTHOTO 3B’s13Ky W, () :

W (p) = K; KgKg (T p+D)(T, p+1)(Ts p+1).  (6)

Mopemni GJIOKIB, SIKi ONUCYIOTHCS TIepelaBaIbHUIMHU
¢bynkuismu (1) — (6), 3 onHi€T CTOPOHH BHKOPUCTOBYBA-
JIMCh JUIS YTOYHEHHS CTPYKTYpPH Ta BH3HAUCHHs Mapa-
METpIB €JIEeMEHTIB CXeMH MOJIEINi eNeKTporepeaadi au-
3€JIb-1013/1a 10 KaHaTy ()OPMYBaHHS CTPYMY, 3 1HIIIOT —
JUTsl OTPUMAHHS PEKYPEHTHHUX CITiBBiJHOIICHb.

Ha nepmomy erami NpoOBOIWIUCS JOCITIDKEHHS
CAK 3 MeTOI0 YTOYHEHHS CTPYKTYpHU Ta BH3HAYCHHS
napaMeTpiB peryJsiropa KaHaity (GopMyBaHHS CTpyMY,
BIJIMIOBIZIHO 10 CXEMHU, MpuBeacHol Ha puc. 2. OCHOBHA
yBara NpHUIiIsIacs MUTAHHSM, OB’ I3aHUMU 3 aJIeKBaT-
HICTIO pO3pO0JICHUX MOJeNeil 1 BU3HAYCHHSIM TTapaMer-
piB CAK, 1o 3a0e3neqyioTh 3aaHy SKICTb KepyBaHHS.
[Ipu 11bOMY TIOKa3HUKAMH SKOCTI BHUCTYIIANN BETUYHHA
HepPEeperyIOBaHHs, 4ac IMEPeXiJHOro MpOoIecy, YUCIO
Hepepery;IIOBaHHs, 3HAUCHHS IIBUIKOIT.

B pesynmbrari A0CHiIKEHb YTOYHEHI CTPYKTYpHi
CXEMH KaHaIIB PEryJiOBaHHs] eleKTporepenadi. 3Ha-
yenHs napamerpi aiusi CAK kanaiy cTpymy, siki 3a10-
BOJILHSIOTH KPUTEPIIO SIKOCTI HACTYITHI:

K,=04; K, =25; K, =1.0;
K,=0.2; K, =0.03; T, =0.1.

[MutanHs, sKi PO3IJSLIAIOTBCS B JaHid poOoTi,
crpsiMoOBaHi Oe3mocepe/lHbO Ha PO3pPOOKY Ta JoCi-
JDKEHHSI PEKYPEHTHHUX CIIiBBITHOIIEHh CHUCTEMH Kepy-
BaHHS €JIeKTpoIepeaadl Au3enb-noi3aa mo kanamy ¢o-
PMYBaHHS CTPYMY €JIEKTPONPHUBOAY JHU3ENb-T10i31a.

3 pe3ynbTary aHanily CTpYKTYpHOI cxemHu (puc. 2)
BUXOAUTB, IO MaTeMaTH4YHY MOJIENb CHUCTEMH Kepy-
BaHHS MOXKJIMBO NPEJCTABHTH IepeNaBalbHUMH (QyHK-
uissmua W (p) —Ws(p). OcHoBy maHOi cucreMu CKia-
JAIOTh OIepamii IHTerpyBaHHS, PeaNi3alif0 SKAX IMpH
pOo3po0IIl PEeKYPEeHTHUX CHIBBiTHOIIEHP MOXXIIMBO BH-
KOHYBATH 32 JOIOMOT'00 Pi3HMX alPOKCHMYIOYHX CIIiB-
BiHOIIEHb. BuXomsunm i3 MOXJIMBOCTI BHKOPHCTaHHS
MIEBHOTO THITY MiKPOIIPOILECOPHOI TEXHIKH Ta BPaxXOBY-
FOYM HEOOXiHY MIBUIKOIIIO 1 TOYHICTh peani3allii, po3-
TJSIHYTa MOXIIUBICTH 3aCTOCYBaHHS PEKYPEHTHOTO
CIIBBiTHOIIEHHS HAa ONHOMY i3 MOXIIMBUX BapiaHTiB
BHOOPY alpOKCUMYIOYOTO CIiBBiJHOIICHHS — IPSMOKY-
THUKIB 200 Tpamemii.

s 3HaXOIKEHHS PEKYPEHTHHX CITiBBiAHOIICHD
BHUKOPHCTAHO TIOHATTS IMITYJIECHOI ITepeaaBaibHoi PpyH-
kitii H[z] Ta MeToanKy BUKOpPHUCTaHHS OIIEpaTopiB iHTe-
rpysannst (1) i mubepenitoBans (D).

Omepartiist iHTErpyBaHHS 32 TPABHIOM MPSIMOKYT-
HHKIB B OIlEpaToOpHii (opMi 3aNMCy Ma€ BUTIISA:

I =7/(z-1),

Jie 7 — KPOK IHTErpyBaHHSI.
Ormepariist iHTETpYBaHHS 32 MPaBHJIOM Tpamewiii:
z+1
=2 22D
(z-1
3a METOJOM NPSIMOKYTHHKIB PEKypEHTHE CITiBBiJI-
HOILIGHHS ONIMCYEThCSI HACTYITHUM YHHOM:

Yo = (21,71 —3)Y,y +(22,,1-3)Y,, +
+(1-a,t)y, 5 + alsrzxnfz + (7)

+(aT— a5 )rzxm3 ,0e

k1o =Kok, kig =kokg, ko = Kskio, kig =kKskys,
2y =1/Ty 295 =kip /Ty, &g = kg3 /Ty

Jie T — KPOK IHTErpyBaHHSI.
3a METOIOM Tpamenmii:

Yn {[(a14T +3)ypng + (24T =3) Y2 -

_ 1
(24T +1)

~(agaT D Yn_al+ T2[(ageT +45)%, +

+(3ay6T +ay5 ) Xy g + (32q6T —a35)%Xn_p +

+ (16T —a5)Xn_3]} )
ne T =1/2.

[pu nmporpamHiii peanizaiii 070Ky 3a1aT4uKa iH-
TEHCUBHOCTI, SIKUl Ma€ MepeMiHHY CTPYKTYpY B IIpO-
reci (yHKIIOHYBaHHS, MOXKIIMBO B Iporpami peaniza-
il anroputMy (PEeKypeHTHOTO CIiBBiJHOILICHHS) Iie-
pendavnTH BUKOHAaHHs (POpPMYyBaHHs HOrO BHXIJIHOTO
CHTHaNy Y, B 3aJKHOCTI BiJ BXIZHOTO X, 3TiAHO

HACTYITHOT'O CITiBB1IHOILICHHSI:
Yn = Yn1+Ks T X g,

y 0.03, sixkmo Y, - Ypg 2 0;
ae =
> 0.2, Ko Y, - Ynq < 0.

3HayeHHsI BETMYUHU NEpiony AWCKpeTH3amii (Kpo-
Ky 1HTErpyBaHHS) BH3HAYAIOCH IJISI KOXKHOTO peKypeH-
THOTO CIIiBBiJHOIIEHHS B MpPOIECI MOCITIHKEHHS IIIs-
XOM MOJICITIOBaHHS.

Kpim TOro mpoBOAMIIOCH TIOPIBHSHHSA OTPUMAaHHUX
MOKa3HHUKIB MIEPEXiTHOTO MPOIeCY BUOPAHOTO PEeKypeH-
THOTO CITIBBiTHOIIEHHS 3 OTPUMAaHUMH ITOKa3HHUKAMHU
MOJICITIOBaHHS JAHOI CHCTEMH, BUKOPHCTOBYIOYH METO
Anamca.

B mporieci gocmimpKkeHHES CHCTEMH KepyBaHHS, B OC-
HOBY $IKOi IOKJIAJACHO BUKOPUCTAHHS PEKYPEHTHUX
CIIBBiJHOIICHh HA OCHOBI IHTErpyBaHHS 32 METOJOM
npAMOKyTHHKIB (7) 1 MeromoM Tparteriit (8) B 3aMKHY-
Till cHCTeMi yNpaBIiHHA, 3HAYCHHS KPOKY IMUCKpETH3a-
mii ¢ craHoBUTH BenmunHy He Oinbme 0.0125 cek. 3a
YMOBH MaKCHMaJIbHOI MO3MIii KOHTpoJepa MallHHICTa
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(3HaYeHHs BXiAHOTO cHUTHANY). lle MOsSCHIOETBCS THM,
0 B KOHTYpi KepyBaHHS MPHUCYTHI eeMeHTH, siki (op-
MYIOTh CHUTHAJI 3BOPOTHOT'O 3B 53Ky ((LIBTpH) 3 MOpiB-
HSTHO MEHIIMMU ITOCTIHHUMH Yacy.

[MocTinbKM BUpa3 PEKypeHTHOTO CIiBBiIHOIICHHS
3a METOJIOM TIPSIMOKYTHHKIB MICTHTB B c0O0l YHCIIO efie-
MEHTapHHUX OIepaliii MeHIIe MOPIBHSHO 3 METOIOM
Tpareniii, a 3HaYeHHs KPOKY JUCKPETH3allii 7 CTaHO-
BUTH Ty CaMmy BEIUYHHY, IPONOHYETHCS BUKOPUCTaHHS
METOIy NMPSMOKYTHUKIB Jisi ()OPMYBAHHS CHTHAITY Ke-
pyBaHHSI.

Pe3ynpraTi HOCHiIKEHb CHCTEMU KEpYBaHHS IpH-
BeJICHO Ha puc. 3, 41 Tabm. 1, 2.

YMOBHI MO3HAYEHHS:

ko, ks — koedimieHTH mepenadi CHCTEMH Kepy-
BaHHA (puc. 2); N — 4nciio nepeperynoBaHHs;

T — wac nepexijHOro npouecy (4ac peryinroBaHHs);

A — BenM4MHA NepeperyoBaHHs);

V — mBuakomis (IIBUAKICTH 3MIiHU PETYIIOIYO1
3MiHHOI (ToKy TA/T)).

Ha puc. 3 npuBezeHi nepexiaHi IpouecH, o Bij-
noBifatoTs ctpymy TAJl mpu 3MiHI OHOTO 3 Tapamer-
pie (xoedimienra migcuitenns) CAK (koediuienta Ksg
3a/aT4YMKa 1HTEHCUBHOCTI) 32 YMOBU BHKOPUCTaHHS

Kkpok muckpern3anii 7 = 0.0125 c.;

KOe(IIIEHT MiJICHIICHHSI MPOMOPLiHO-IHTEerpaIb-
Horo perynstopa k, = 2.5;

KOCIIIEHT TiICHIICHHS 3aJaTYiKa iHTEHCHBHOCTI
ks =0.03.

0 4 8 10 12

Puc.4. 3anexuocri crpymiB TAJ]
npH 3MiHi koedirieHra K.

Tabnuysa 1 — Pe3yabTaTH q0CTiIKEHHS] CHCTEMH
kepyBanns (kyp =2.5)

orepanii iHTuer*pyBaHHﬂ 33 MpaBUIIOM HpS[MOKyTHI/IKi?- ke N T e A, % V. Ae
(meronom Eiinepa) npu 3Ha4yeHi KpOKy AMCKpeTH3ailii
r =0.0125c. 0.02 3 15 42.6 75.0
0.03 4 18 42,5 83.75
. ‘ , 0.04 6 20 40.4 100.0
“ ‘ 0.05 8 21 38.3 101.1
) \\/ 0.08 15 30 234 101.3
‘ . W
AN = -
Tabnuys 2 — Pe3ynbTaTH J0CTIKEHHS] CHCTEMH
A
f kepyBanns (kg =0.03)
ko N T, c A, % V, Alc
15 2 16 42.4 71.4
2.0 3 17 42.5 78.9
‘ 1,
; " . m b 25 4 18 42.5 93.75
Puc. 3. 3anexHocri crpymiB TAJL 3.0 6 20 42.4 101.0
npH 3MiHi Koeditienra Ks 3.5 8 22 42.3 102.1

Ha puc. 4 npuBeneHi nepexifiHi MpoLecH, 1o Bij-
moBimaoTh ctpymy TAJ] mpu 3MiHI OHOTO 3 MapaMet-
piB (koedimienta migcuieHus K, ) CAK 3a ymoBu BU-

KOPUCTAaHHS Omepalii iHTerpyBaHHS 3a MPaBIIOM TIps-
MOKYTHHKIB TIpM 3Ha4eHI KPOKY JTUCKpeTH3allil
7=0.0125 c.

[Ipomecn HOCATH CTiMKWII XapakTep i He cymepe-
4aTh MOHATTAM TEOpil YHPaBIIHHA IIONO XapakKTepy
MOBEMIHKN SKICHUX ITOKa3HMKIB B 3aJIEKHOCTI BIJI KOe-
GbimieATy miacuiIeHHs.

Kputnune 3HaYeHHS KPOKY TUCKPETHU3AIlii 32 yMO-
BH BUKOPHUCTAHHS OIeparlii iHTerpyBaHHS 3a MPaBUIOM
npsmokytHuKiB T = 0.015 c. , mpu siKoMy mporec Ho-
CHUTP SIBHO HECTIHKHUNA XapaKTep.

B pesynprari aHamizy BCTaHOBIIEHO, IO OIITH-
MaJbHIMH 3HAYCHHSIMH MapaMeTpiB CHCTEMHU KepyBaH-
HS JUIS CHCTEMH, SIKa JIOCIIPKYBANIach, SBISIOTHCS:

B pesymeraTi mocmimkeHs BH3HAYCHI HapaMeTpu
CHCTEMH KepyBaHHS, JOIYCTUMi MEXi 3MiHH MapamMer-
pie CAK Ta BenmumHHM mepiofy AMCKpeTH3alii, Mo Mae
MIepIIOYeproBe 3HAYCHHS 32 YMOBH peaii3allii oTpuma-
HUX PEKypPEHTHHUX CIiBBiJHOIIEHb 3ac00aMH MiKpOIpO-
[IECOPHOI TeXHIKH.

Otpumani crpykrypri cxemu moxeneir CAK Bu-
KOpPHUCTaHI TIpu po3poOdIli nuppoBoi CHCTEMHU YIpaBIIiH-
HS eNIeKTpoIIepeadi qi3eNb-T0i3/1a, OCHOBY SIKOi CKJla-
JTAIOTh aJTOPUTMH (QYHKIIOHYBaHHA (PEKYpEHTHI CIIiB-
BiJTHOIICHHS) ISl OKPEMHUX KOHTYPIB 3aralbHOi CXEMH
KepyBaHHS.

BucHoBku

1. Ha oCHOBI aHANITUYHOTO OTJISAAY ICHYIOUHX aJj-
TOPUTMIB Ta CHCTEM aBTOMATHYHOTO VIIPABIIHHS 3a-
MPOITOHOBAHI CTPYKTYPHI CXeMHU PEryJsiTOpiB KOHTYpPIB
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CAK enekrporiepenadi Tu3eNb-T0i3/1a 3 TATOBUM €IICK-
TPONIPUBOIOM 3MIHHOTO CTPyMy Ta IX MaTeMaTH4HI
MOJIET JUISl IOCIIJDKEHHSI CHCTEMH KEpyBaHHS 3 METOO
BH3HAYCHHS ITapaMeTpiB PETYISATOPIB 32 yMOBH 3a0e3-
TIEYeHHS TIEBHUX KPHUTEPIIB SKOCTI Ta PO3POOKH pEKy-
PEHTHHX CITiBBiIHOIIEHb.

2. 3anpoNOHOBaHI MaTeMaTH4YHI MOJIENi, SKi pea-
JIi30BaHi y BUTJISII MAITHHHOI MOJICII 1 IPOBEJICHI 3a Ti
JIOIIOMOT'0I0  JIOCITI/PKEHHS, PO3pO0JIeH] peKypeHTHI
CHIBBI/IHOIIEHHSI TIOKa3aJH MNEPCHEKTUBHICTh TaKOTO
MAX0MYy NPHU TNPOEKTYBaHHI Cy4acHHX CHUCTEM Kepy-
BaHHA eJIeKTpOrepenayl JIOKOMOTHBIB Ta JW3ENb-
MOI3AIB 3 TATOBUMH EIIEKTPONPUBOAAMHU 3MiHHOTO
CTpyMy.

3. AHaniTHYHI CHIBBiJHOIIEHHS, SIKI OTPUMaHI y
BUTJISIII PEKYPEHTHHX CITiBBiJHOLICHb ISl peaizaiil
QITOPUTMIB YIPABJIiHHS PETYNISATOPA BUXIHOI HAIPYTH
iHBepTOpiB (KaHany (opMyBaHHS CTPYMY), MOXYTb
OyTH BUKOPHCTaHI NMPHU MOOY/IO0BI CUCTEMH KepyBaHHS
3a JOMOMOIOI0 3ac00iB MIKpPOIPOLECOPHOI TEXHIKH,
10 ZI03BOJIMTH MOXKJIMBOCTI CTBOpEHHS 1i(poBoi cuc-

TEMH YTPaBIIiHHA €JEKTPOIepeaadeto IU3elb-T10i3/1a
3TiJIHO Cy9aCHHX TEHICHIIIH.

4. Bu3HaueHi rmapaMeTpy CHCTEMH aBTOMAaTHYHO-
rO YIpaBJIiHHS BUXIJHOI HAaNpyry iHBEpPTOpIiB (KaHATY
(hopMyBaHHS CTPyMY) aCHHXPOHHOTO €JIE€KTPOJIBUTYHa,
AKi 3a0e3MevyIoTh 33JaHy SKICTh KepyBaHHS (4ac Iie-
PEXiZHOro TMpolecy, BEIWYMHY IepeperysIoBaHHs,
YHCIIO TEpPEepeTyIIOBaHHs, 3HAYCHHs IIBUIKOMIII), IO-
nycTuMux Mex 3MmiHu napamerpiB CAKP Ta 3HaueHHs
nepiogy MUCKpeTH3alii 3a YMOBH pealizamii oTpuMa-
HHUX PEKypPeHTHHX CITIiBBIJHOLIEHb 3aCO0aMHU MIKpOII-
POLIECOPHOT TEXHIKH.

5. Ha mincraBi nociipkeHb B 3aMKHYTIH cucTeMi
YIIpaBIliHHS, SIKi TPOBE/ICHI MIISIXOM MOJIETIOBAHHS 32
noromororo nakery MATLAB nokasaHo, 1o cTpyk-
Typa CHCTEMH KepyBaHHs i3 3HAYEHHSIMH NapameTpiB,
10 TPOMOHYIOTHCS, 3aJI0OBOJIHSAIOTH BUMOTAaM II[OJIO
3a0e3rneueH s IKICHUX MOKa3HMKIB Ta Ipare3/1aTHOC-
Ti B poO0YOMY TPOMIXKKY IIBUAKOCTEH (B 3aJ]I€KHOCTI
BiJl 3aBJlaHHA — HOMEpY TO3UII KOHTpoJepa Mallu-
HicTa).
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A digital model of the control system of diesel train electric drive
Mykola Zapolovsky, Mykola Mezentsev

Abstract. The questions of development and research of models of automatic control systems (ACS) of electric power
transmission of a diesel train with electric actuator of an alternating current are considered. A review of literary sources on a
given topic and an analysis of existing approaches to the decision is made. Both standard control algorithms for separate control
system contours and variants using digital control methods are considered. The constructed mathematical models, structural
schemes of the models of circuits of ACS, proposed recurrence ratios for the individual control loops, carried out the modeling of
their functioning. The obtained analytical relations which can be used for the development of the structure of the electric power
transmission line of the diesel train and the calculation of its parameters when providing a certain quality criterion. The parame-
ters of the ACS of the output voltage of the inverters (current generation channels) of the asynchronous electric motor are deter-
mined, providing the specified quality of control and allowable limits of change of parameters of the ACS.

Keywords: automatic control systems, power transmission, AC electric drive, control algorithms, diesel train, mathemat-
ical model, recurrence relations.
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METO/M TA IPUHIATIN ITOBYIOBHU 3ACOBIB BUMIPIOBAHHS
BOJIOI'OCTI CEPEJIOBUILIA

AnoTtaunisa. [IpeaMeToM CTaTTi € OCHOBHI METOIM Ta TPUHITHITA TIOOYIOBH 3aC0O0IB BUMIPIOBAHHS BOJIOI'OCTI TP KOHTPOITI
rapaMeTpiB HaBKOJMIIHBOTO ceperioBrina. MeTolo cTaTTi € BU3HAYEHHS JONUIBHOCTI BUKOPUCTAHHS TOT'O UM 1HIIOTO
METOJly BUMIpPIOBaHHS BOJOTOCTi Y PI3HMX yMOBaX eKcIUTyaTamii TeXHikd. 3agava, mo BHpilIyeTbesi, — oOrpyH-
TYBaHHS METOAIB Ta NPHHIMIIIB BUMIPIOBaHHS BOJIOTOCTI CEPEIOBHIIA PI3HUMU METOIAMH Ta CITOCO0aMH, 1[0 3aCTOCOBYIOTh-
Csl y Pi3HHUX rairy3sx NpOMHCIOBOCTI. BHCHOBKH: 3 yCiX 3aIpOIOHOBaHHMX METOJ(iB HAHOUTBII PO3MOBCIODKEHIMH METOIAMHU
BHMIPIOBaHHS BOJIOTOCT] € KOHJEHCAIIMHII TirpOMeTp, 110 BUKOPHCTOBYETHCS Y I'a30Biil Ta HAQTOBIH MPOMHCIOBOCTI, EMHIC-
HUI Ta PE3UCTHBHUI METO/I, SIKi BUMIPIOIOTh BOJIOTY Y PiIHAX Ta CUITYYHX MaTepiaiaX, KyJTOHOMETPHIHHH METO JT03BOIISIE
BHMIpPIOBATH BOJIOTY TP HU3BKHUX 3HAYEHHSX, a TAKOXK MCUXPOMETPH, SIKi € HAHOIIbII PO3MOBCIOMKEHUMH 3aBISIKH CBOII

CTaOUTFHOCTI TIPU HE BHCOKIH BapTOCTi.

Kaw4goBi cioBa: BOJIOTICTE, BOJIOrOBMICT, TOYKa POCH, TirpOMETP.

Beryn

IMocranoBka 3amaui. BumiproBaHHS i KOHTpOJIb
BOJIOTOCTI CEPEIOBUII] ABIISETHCS AKTYaIbHOIO 3aaUet0
JK Cy4aCHHUX HayK, Tak 1 ii pi3HuX c¢epax. Boma Bxo-
JIMTH JIO CKJIaJly HABKOJHMIIHBOI'O MOBITPS 1 € HEoOXi-
HOIO CKJIAJIOBOIO JIJIS BCIX JKMBHX CTBOpiHb. KomdopT-
HICTh HABKOJIMIIHIX YMOB BH3HAYa€ThCs, B OCHOBHOMY,
JIBoMa (paKTOpaMu: BiJIHOCHOIO BOJIOTICTIO i TeMIlEpaTy-
poto. BosoroBmict - nmapamerp, sSIKuii Biiirpae BaxIIUBY
poJb Tpu 3a0e3IeueHH] SKOCTI 1 XapaKTePUCTUK BHCO-
KOTEXHOJIOTIYHUX, TEXHIYHUX 1 IIPOMHCIIOBUX ITPOLIECIB.
JaHuii napaMeTp B KUIbKICHOMY BUpa3i MOXKe XapakTe-
pHU3YBATUCHh PI3HUMHU (DI3UUHUMHU BEJTMYMHAMH, CEpe
SIKMX HaWOIJIbII IIUPOKO PO3MOBCIOJHDKEHUM SIBIISIETHCS 1
XapaKTepPUCTUKA BUCOKOTEXHOJOTIYHUX TEXHIYHUX 1
MPOMHUCIIOBUX IpoleciB. Po3nosciomkeHnM € abcomor-
Ha BOJIOTICTh, MOJISIDHA JIOJIsI BOJIOTH, 00 €MHUIT BOJO-
roBmict. /Ianuii napamerp B KiIbKICHOMY BHpa3i MOXe
XapaKTepu3yBaTHCh PI3HUMHU (PI3MYHUMU BENUYMHAMU,
cepell SIKUX HalOIIbII MIMPOKO PO3MOBCIOKEHUM SIBIISI-
€ThCsl abCOJIFOTHA BOJIOTICTH, 00 €MHHUI BMICT BOJIOTH,
TeMIIepaTypa TOYKH POCH, BiJJHOCHA BOJOTicTh. PoGoTa
0araThbOX MPUIIAJIB TAKOXK CHIBHO 3aJISKHUTh BiJl PIBHS
BoJiorocti. Bei XapakTeprCTHUKY MPUIaiiB BU3ZHAYAOTh-
csl IpH BigHOCHIA Boiorocti 50% 1 temmepartypi 20-
25°C. PexoMeHIYEThCS MiATPUMYBATH TaKi K YMOBH 1 Y
pobounx mpuMimeHHAX (MpaBaa, TYT € BUKIIOYCHHST:
HANpUKJIad, Y BHPOOHMYMX KiMHATax Kiacy A BOIO-
ricts moBuHHa OyTu 38%). TaKUM YHHOM BHUMIiPIOBAHHS

BOJIOTOCTI € HEBiJ'€EMHOI CKJIaJOBOIO IIPOLECY KOHT-
POITIO Y pi3HUX chepax JFOACHKOT JKUTTEAISUTLHOCTI.

AwHaJi3 jgirepatypu. B icuyrouiii miteparypi [1-8]
BU3HAUCHI OCHOBHI METOAM BUMIPIOBAHHS BOJOIOCTI, a
TaKOX MEepPCIeKTUBH PO3BUTKY HOBUX 3ac00iB BUMIpIO-
BaHHs BOJIOTOCTI 3 3aCTOCYBaHHSIM aBTOMAaTH30BaHHX,
OaraToyHKI[IOHAIbHUX, BUCOKOTOYHMX 1 IIBHAKOIIIO-
ynx mpucTpoiB [8]. V miteparypi [5, 7] posrisHyTi
NPUHIUIN T00YJ0BH BUMIPIOBAYiB BOJOTOCTI TBEPAUX
MmaTepiamiB. Ane B Li€l JTepaTypi HE PO3IIISIAIOTHCS
MUTaHHS KOHKpETH3alil BUMIPIOBaHb BOJIOIOCTI BiJIIO-
BIJJHUX Tajy3ell IPOMHCIOBOCTI.

MeTtoro cTaTTi € aHami3 Ta OOIpYHTYBaHHS JOLi-
JILHOCTI BUKOPHCTAaHHS 3aC001B BUMIPIOBaHHS BOJIOTOC-
Ti TIPU EKCIUTyaTalil TEXHIKK Ha PI3HUX MiIIPHEMCTBAX
Ta B PI3HUX TaTy3sIX POMHCIIOBOCTI.

OcHoBHHI MaTepian

Jis BUMIpIOBaHHS i KOHTPOIIIO BOJIOT'OCTI B Ta3o-
BUX CEpEJOBHIIAX 3aCTOCOBYIOTHCS TirPOMETPH, B OC-
HOBI SIKMX JISKATh Pi3HI METOIU BUMiPIOBAaHHS BOJIOTOC-
ti. Toit un iHIIKIT MeTo] Mae cBOl BiAMIiHHI HepeBaru
JUIsl TAaHOI BUMIPIOBAJIbHOT 3a/1a4i, 10 i BU3HA4a€ oro
BUOIp B KO)KHOMY KOHKPETHOMY BUIIAAKy. THIOBI Tex-
HOJIOTIYHI MPOIIECH, 1110 BUMAaratoTh KOHTPOIIO BOJIOTO-
cri HaBenmeni y Tabn. 1 (X — HadromobyBHa Ta HadTo-
nepepobHa TPOMHUCIOBICTh, Y — XapyoBa IPOMICIO-
BiCTh, TEKCTIJIFHA IPOMHUCIIOBICTh, BHT'OTOBJICHHS JIi-
KapChbKUX IIpernapaTiB, BHUTOTOBJIEHHS MarepoBOi IMpo-
JyKIIii, BUpOOIB 3 KepaMiKH, PE3NHH, TEICKOMYHIKaIIii).

Tabnuya 1 - TUNOBi TEXHOJIOTiYHI MPo1IECH KOHTPOJIIO BOJIOTOCTi

Cdepa nisibHOCTI TexHomnoriynuii nporec

I"a30Ba IPOMHUCIIOBICTH

KoHTpOJ1b BMICTY BOJIOTH B SIKOCTi IIPUMYCY B UHCTHX ra3ax i ra30BHX CEpeIOBUIIAX.

HaniBmpoBigHukoBa
MTPOMUCIIOBICTh

KoHTpoIb BOIOrH B TEXHOIOTTYHHX T'a3aX Ta ra30BUX cepeoBHIax. [10TpiOHuUIt piBeHb BMICTY
BoJIoru He BHile -96°C TemMIepaTypu TOYKH POCH.

ABialiifHa Ta KOCMi4Ha
TEXHIKa

KonTponb ckiiamy it BIaCTUBOCTI Ta30BHX CEPEIOBHIIL MPU BUMIPOOYBAHHSIX aBialliHHOT TEXHIKH, peak-
THUBHHX JBUT'YHIB. MeTpornoriuni qociimpkerns. CrienianbHe 3BapioBaHHs Ta papOyBaHHs. Bucymeni
TeXHONOriuHi rasu. BuMaratounit piseHs BMicTy Bonoru Hinkde -100°C TemmepaTypy TOUKH POCH.

X KOHTpOJIb BOJIOTH B TEXHOJNOT YHUX razax. KOHTpob BoOrH B piiMHAX.

ArtomHi KOHTpOJIb BOJIOTH I'a30BOTO XOJIOAO-TEHTA B PEAKTOPi, B TEXHOJIOITYHUX I'a30BUX MaricTpasx.
€JIeKTPOCTAaHII | Bumararounii piBeHb BMicTy Bostord Bif -60 1o -100°C TemMnepaTypy TOYKH POCH.
v KoHTposnb BOJIOTH B TEXHOIOTIYHMX Ta3aX, B PIAKUX Ta CHITy4HX MaTarepianax. KoHTpomb Bogorn

B YNCTUX KIMHATaX, B BUPOOHWYHX MPHUMiIICHHSIX.

© Kononos B. B., Kononosa O. A., Onekciok B. B., 2021
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Jlo HalOUTBII MIMPOKO PO3MOBCIO/DKEHNX B Cydac-
Hill BUMIPIOBaJbHIN MPAKTHIN METOIB MOXKHA BiJJHECTH
KOHZIEHCAI[IHHII METOJI, EMHICHUH 1 pE3UCTHUBHHUN METO-
mu, ontrgHi Meromu [Y Tta Y@ morivHaHHS Ta TICHXPO-
METPUYHHUIA METOJI BUMiPIOBaHHS BiTHOCHOI BOJIOTOCTI.

Konpencamiitauit Meroa. CyTHICTh KOHJICHCAITiH-
HOTO METOJy BHUMIPIOBAaHHS TEMIIEPaTypHd TOYKU POCH
TOJIATae B OXOJIOMKEHHI aHAII3yI04yoro rasy JIo TeMIle-
paTypy, TpH SKiii TOYHHAETHCS BHUIAIIHHSI KOHICHCATY
BOJIOTH T4 BUMIPIOBaHHsI JaHOI TEMIIEPATYPH.

B xoHzaeHcanifHOMyY TirpoMeTpi TOYKH POCH KOH-
JICHCAT Y BHTJISI pocH abo JIbOy BHUIIAJA€ Ha TUIOCKIH
J3epKaNbHIM MOBEpXHI MeTaJeBOl IIacTUHU. BumanaH-
HS KOHJIGHCAaTy BU3HAYA€ThCS ONTHYHOIO CHCTEMOIO
LIJISIXOM BU3HAYEHHS 3MiHM 1IHTEHCHBHOCTI B1IOMTOTO i
PO3CISTHOTO 3 TIOBEpXHIi IUIACTHHU CBiTIa. TeMmepaTypa
KOHJIeHCallli BU3HAYAE€ThCSI ITI0 TEPMOMETPY OIOpY,
BMOHTOBAHOTO B IUTACTUHY. Pe3ymbTaT BHUMIiprOBaHHS
TEeMIIePaTypH TOYKH POCH MOXe OYTH BH3HAUCHHH 1O
MOMEHTY BHUIAJiHHS KOHJeHcara abo MO MOMEHTY
BCTAQHOBJICHHS BPIBHOB&)KCHO! TOBIIWHH KOHJICHCATY.
KoHCTpyKIlist TirpOMETpiB BapitOe€ThCS Bijl 3aNTHOICHUX
HIYIB IO CTalliOHAPHUX MPUCTPOIB MPOTOYHOTO THITY 3
30BHIIIHIO CUCTEMOO Mpobo Binbopy. [lopsn 3 ontuu-
HOIO CHCTEMOIO, HasIBHICTh KOHJIEHCATY MOXE BHU3Ha4a-
TUCh IIUIIXOM BHMIPIOBaHHSI €JIEKTPUYHUX I1apaMeTpiB
Ha MOBEPXHi IIACTUHH a00 YaCTOTH BMOHTOBAHOIO B 1i
MIOBEPXHIO KBapIIOBOI'O pE30HATOPA.

OcCHOBHI niepeBaru KOHACHCAIiHHUX TrPOMETPIB —
OLIIbIII BUCOKA TOYHICTH BUMIPIOBAHHS BOJIOTH, BHCOKA
JIOBrOTpHUBaia CTabiIbHICTh, IIMPOKUH Jiana3oH BUMi-
proBanHs. J[o HEHONIKIB MOXKHAQ BIJJHECTH CKIJIAJHICTh
HAJIAIITYBaHHsI, BIUIMB HAsSBHOCTI 3a0pyJAHEHHS B aHaJi-
3yI04OMY Ta3i Ha TOYHICTh BHMIPIOBAaHHS, CKJIaJHICTh
BU3HAYEHHS arperaTHOro CTaHy KOHAEHCATy IPHU TeM-
neparypax Huwxk4de 0°C, TpuBaiauii yac BUMIpIOBaHHS Ha
HIDKHIH MeXI1 Jliana3oHny, BUCOKY BapTiCTh MPUIIAJTY.

[epeBaxkHa oONacTh 3aCTOCYBaHHS KOHICHCAIliii-
HHUX TIFPOMETPIB - KOHTPOJIb TEMIEPATypH TOYKH POCH
ra3oBUX cepeloBHII B Ha()TOBIM Ta ra3oBiil MPOMHCIIO-
BocTl Oe3nocepeHbO B ra3oBuX marictpaisix. Kpim
TOr0, BHACHIJIOK IIMPOKOTO TEMIIEPATYPHOIO Jiana3oHy
BUMIpPIOBaHHS, KOHJICHCAIlIMHI TIrpOMETpU 3aCTOCOBY-
I0TBCS TS BUMIPIOBAHHS B IIPOLIECAX CYIIKU IPH BUCO-
KX TeMIlepaTypax, B Xap4doBiil HMPOMHCIOBOCTI Ta B
KIIMaTHYHUX KamMepax.

B TenepimHiili yac mMMPOKO PO3MOBCIOKEHI TIepe-
Ba)KHO 3aKOPJOHHI BHCOKOTOYHI TirpOMETpH TeMIIepa-
TYpU TOYKH POCH sl TaOOPAaTOPHUX Ta MPOMHUCIOBHX
BumiptoBanb cepii DP  ¢ipmu «BMW Electronicy
(IlIBeituapis); cepii S4000 ¢ipmu «MICHELL Instru-
ments» (BenukoOpuranis); cepii DewPro ¢ipmu «Gen-
eral Eastern» (I'epmawnis); mis HapTOBOI Ta ra3oBOi
MPOMUCIOBOCTI MOXKHA BimMmiTuta cepito  «Komr-
[Ipuma» BAT HII® «Bummnem» (M. Mocksa).

€MHICHUIA Ta pe3ucTuBHUNA MeToau. CyTHICTh €M-
HICHOTO Ta PE3WCTUBHOTO METOIIB MOJIATAE y BHUMIPIO-
BaHHI EJIEKTPHYHHX MTApPaMEeTPiB TIrPOCKOMIYHOIO MaTe-
piamy, Io HaHECEHWH Ha JATYMK BOJOTOCTI i aj-
copOyrounii MoJeKynmu Boiw. B OinpmiocTi cydacHHX
JATYUKIB peaTi30BaHa TOHKOIUTIBOYHA TEXHOJIOTIs
CTBOPEHHS TIrPOCKOMIYHOr0 mapy. 3a3BU4ail TirpoMer-

pY BHTOTOBJICHI B BUIJIAII IIYIiB 3 BCTAHOBJICHUM B
Oe3mocepenHiil OIM3BKOCTI OAWH BiJ OJJHOTO JaTYHKa-
MH BOJIOTOCTI Ta TeMmIlepaTypH (BHACIIZOK HasBHOCTI
TEeMITepaTypHOI 3aJIEKHOCTI JaT4YWKa BOJIOTOCTI), IO
MiAKITFOYCHI KaOeleM JI0 epeTBOPIoBaYa.

dopma Ta po3MipH IIYMiB BU3HAYAIOTHCS KOHKpE-
THOIO BHMIipIOBAJIbHOIO 3aja4yeto. JJaTuMKu KOMIUIEKTY-
10Tbcsl (DiIbTpaMu AJ1sl 3ano0iraHHs 3a0pyIHEHHS 4yT-
JIUBOT'O TirPOCKOIIYHOTrO IIapy.

OKpeMHUM THIIOM JATYHKIB €EMHOCHOTO THITY € Ja-
TYUKH TOYKH POCH 3 OKCHUIHHM Ta KPEMHI€BUM Tirpoc-
KOIIIYHUMH MaTepiajiaMu, 10 MaroTh Jiara3oH BUMipIO-
BaHHS y 00J1aCTi HU3bKUX BOJIOTOCTEH.

OCHOBHI TiepeBar €MHICHHX 1 PE3UCTUBHUX Tir-
POMETPIB - MPOCTOTA BUKOPHUCTAHHS, IIUPOKHUH CIICKTP
obyiacTeil BUKOPHCTAHHS, MPH HASBHOCTI BiJIOBIIHUX
a/1anTopiB MOXJIMBICT BHUMIPIOBaHHS B PiIKHX Ta CH-
My4uX Martepianax, JOCTYITHA BapTiCTh.

Jlo HeloMiKiB MOXKHA BiTHECTH MOKJIMBOCTI 3CyBY
KPHUBOI TPaJyIOBaHHS Ta TiCTEpe3NC, NPH BUKOPHUCTAHHI
OpH MiIBUIIEHHX TEMIEpaTypax Ta BOIOrOCTI; MOIIKO-
JOKCHHSI arpeCUBHUMH JIOMIIIKAMH; BHXOMY 3 Jaay OpH
BUIIaJ]aHHI KOHJIEHCaTa Ha TIOBEpXHI YYTIMBOIO eneMe-
Hta (YE).

OO0nacTh 3aCTOCYBaHHS €MHICHHX Ta PE3UTUBHUX
rirpoOMeTpiB HAMOUIBII HUPOKA: BiJl KOHTPOJIIO BOJIOTO-
CTi BUPOOHMYMX Ta30BUX CEPE/IOBHUII, BOJIOTOCTI B MPH-
MIIICHHSIX Ta POOOYMX 30HAX, B CXOBHUIIAX, XOJOIMIb-
HHKaX, METEOPOJIOTIYHHX BHMIPIOBAHHSAX, KOHTPOIIO
CYXUX TEXHOJIOTIYHHX ra3iB B TPyOOIPOBOJAX A0 BUMi-
pIOBaHHS PIBHOBa)KHOI BOJIOTH B CHUITy4MX Marepialax,
MOBEPXHEBOI BOJIOTOCTI.

B nanuit yac mmpoKo po3noBCIOKEHI EMHICHI T'i-
rpomerpu cepii IBI'-1 ta IBTM-7 BAT «IIpaktuk-HL]»
(m. 3enenorpan), cepii IBA TOB «Mikpodop» (M. Mo-
cKkBa), cepiit «Bomnay, «lcrok» BAT «Anrapceke OK-
BA» (M. AHrapcek), rirpoMeTpu 3 MOJIIMEPHUMH JIaTYH-
kamu ¢ipm «Testo» (Iepmanis), «Vaisalay (Dinnstamist),
«Rotronik»( serinapisi), «General Eastern» (I'epma-
Hisl), TITPOMETPH 3 aJFOMIiHIEBO-OKCHAHUMH JAaTYHKAMU
«Shaw» (BenukoOpurawnis), «EndresstHauser» (I'ep-
MmaHist), «Panamertis» (BenukoOpuranis), «General
Eastern» (I'epmanisi), 3 KpEeMHIEBUMHU JaTYHKaAMH
«MCM» (BenukoOpuraHnist) Ta iH.

Kynonomerpuunuit meron. Ilpunimn nii KyiaoHO-
METPUYHOI'0 METOAY IIOJSra€ B HACTYMHOMY. JlaTdmk
KYJIOHOMETPHYHOTO TirpoMeTpa MiCTUTHh [Ba EIEKTPO-
Jla, Ha SIKI HAHECeHA IUIIBKA BUCOKOE(EKTHBHOIO COp-
6erTy-¢pocthopuoro arriapuny (P2Os) 3 BUCOKUM TTUTO-
MHUM OIOPOM B CYXOMY BHIJIAI 1 BUCOKOIO TIPOBITHICTIO
Tmicis agcopOrii Bomu i3 aHamizyrodoro razy. ['a3 mpo-
MTyCKa€eThCS depe3 MaTIUK Hall TOHKOI ILTiBKOI0 P2Os 3
JBOMa METaJeBUMHU EJIEKTPONAMH, O SIKUX ITiJBOIUTH-
Csl IOCTIHHUI CTPYM, B HACHTIOK YOTO B JAaTUHKY O€3-
NepepBHO MPOTIKAIOTh JBa NPOIECH: NOTITMHAHHS BOJIO-
TH TUTIBKOIO 3 YTBOPEHHSM (hOCc(OpPHOI KUCIOTH 1 eIeK-
TpOITi3 BOAW 3 pereHepariero ¢ochopHOro aHTHAPHUIA.
[lpn npoMy BOJIOra IOBMHHA MOBHICTIO IOTJIMHATHCH
UYE, i emexTpomnmiz Bogu Mae OyTd MOBHUM. i 4oro
HaTpyra Ha eleKkTpomax mMae Oyt Oimbmioro 2 B (more-
HITiaJl pO3KJIaxy BOAM ONMU3BKUAN MO i€l BETHMYWHH), a
caM JJaTYMK TIOBUHEH MAaTH JOBKHHY, IIO0 TOCTATHS IS
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TIOTTIMHAHHS 3 TIOTOKY Ta3y Bciel Bomoru. [Ipu norpm-
MaHHI IIMX YMOB MiX 000OMa IporiecaMi HaCTa€ PiBHO-
Bara, i cuja CTpyMmy, IIO NPOTIKAE Yepe3 eJIEKTPO.IH,
TportopuiiHa J00yTKY BOJIOTOBMICTY Ha BUTpATy rasy.

Ieuxpomerpuunuii meron. Ileit MeTon Mae mmpo-
KMH Jiarna3oH BUMIPIOBaHb, MOXIIHMBICTE POOOTH TIpH
ITiIBUIIEHIA TemriepaTypi 1 B ymoBax KoHneHcatii. J{o
HEJIOTIKIB BIJIHOCUTBCS IHEPUIHHICTh BUMIpPIOBaHHS,
3BOJIOKCHHSI aHATI3YIOUOI'0 CEpEeIOBHINA B TIIPOIEci
eKCILTyaTallii, MEeHIIa B TOPIBHSIHHI 3 1HIIMMH MeToa-
MU TOYHICTh BUMIPIOBaHHS, HEOOX1THICTh PEryISPHOrO
00CITyrOByBaHHSI.

[upoko posnoBcromkeHi ncuxpomerpu tumy BIT,
acmipauiiiai ncuxpomerpu Tany M-34 Ta MB-4, enexr-
ponsi ncuxpomerpu ¢ipmu Quest-Tech (CILA).

BucHoBku

1. KonzeHcaniiiHi rirpoMeTpu 3acTOCOBYIOTHCS B
HO(TOBIHM Ta ra30Biii MPOMHUCIOBOCTSX, @ TAKOX B KIIi-
MaTHYHUX Kamepax (I 4ac Imporecy Cylku). €MHic-
HUHA Ta PE3UCTUBHHUU METOIM MalOTh MOMYJSPHICTh IO
Till IPUYMHI, 110 BUMIPIOIOTH BOJIOTY Y PIJIKUX Ta CHITY-
yux Matepiaiax. KylnoHOMeTpuuHHI MeToJ| J03BOJISE
BUMIPIOBATH BOJIOTICTh NMPU HU3BKUX 3HAYEHHSX BOJIO-
rocTi 3 BJIACTUBOIO TOYHICTIO, @ TaKOX BUMIPIOBAaHHS
BOJIOTOCTI B pi3HHMX ra3zoBux cymimax. [lcuxpomerpuy-
HHUH METO]| BUMIPIOBaHHSI BOJIOT'OCTI € HAWOIIbII PO3IIO-
BCIOJDKEHHMM I10 Till IPUYMWHI, 1110 BiH € HAAIHHKUM 1 cTa-
OLILHUM TIPH CBOTH HE BUCOKIH BapTOCTI.

2. KoHTponb piBHsI BOJIOTOCTI € HEOOXIIHMM Ha
0araTtbOX MiJIPHUEMCTBAX. METOI BHMIPIOBAHHS BOJIO-
TOCTI PE3UCTUBHUM AATYUKOM, B OCHOBHOMY, 3aJICKUTh
BiJl BMICTY BOJIOTM Yy HEMETaJeBOMY IPOBIIHUKY, 3a-
BJISIKH [[bOMY Y ITPOBIIHMKA 3MIHIOETHCS OITIP.

€MHICHI 1JaTYNKKA BUMIPIOBaHHS BOJIOTOCTI € Hak-
GBI PO3IOBCIO/DKEHIMH Y CHCTEMax KOHTPOJIIO (ap-
ManeTHIHOI MPOAYKII, el METO € IeI0 HETOUHUM
npu Bostorocti Merure 0,5%. HallepekruBHinmm meTo-
JIOM BU3HA4YECHHS BOJIOTOCTI € PO3PaxyHOK aOCONIOTHOI
Ta BITHOCHOI BOJIOT'OCTI 3a TEMIICPATYPOIO TOYKU POCH.
ToMy BHMIpPIOIOYH TeMIIEpaTypy TOYKU POCHU IIi TAT4H-
KH BOJIOTOCTI 3a0€31eYyI0Th €KOHOMIYHE, TOYHE 1 THyY-
K€ BHUPIIICHHS IMHUPOKOrO CIEKTPY MUTAHb MPOMHUCIO-
BOT'0 KOHTPOJIIO.

3. TirpoMeTp Ha OXOJIOMKEHOMY J3EpKaii — IIe
BJIOCKOHAJICHa «4alla poch». BBaxxaeTbcs, 110 aBTOMA-
TUYHHMH TIrpOMETpP Ha OXOJIOJPKYBAaHOMY HA3€pKalli Ta
Oe3mnepepBHUI KOHTPOJIb € OTHUM 3 HaWOUTBII TOYHUX 1
HaJlIHHUX IHCTPYMEHTIB BUMIpPY BMICTY BOJSTHOI IapH B
ra3i. Takox MOXKHA BHAUIUTH T€, IO € Pi3HI CIOCOOU
peecTpanii Ta BUMIPIOBaHHS TOYKM pocu/iHero. Buwmi-
PIOBaHHS TOYKHM POCH PeaNli3yeThCsl NPH TeMIepaTypi
Bute 0 °C. ['oloBHOO TepeBarow rirpoMeTpiB Ha 0XO-
JIOJPKEHOMY JI3epKali € BUCOKA TOYHICTH IOKa3iB, IIHU-
POKWMIA Jiana3oH BUMipIOBaHb Ta 3aCTOCYBaHb, )KOPCTKa
KOHCTPYKIIiSl Ta HU3bKa BapTICTh.

4. Ins obnacri rirpomerpii icHye [lep>xaBHuid re-
PBUHHMK €TajJOH BIAHOCHOI BOJIOTOCTI, BIJHOCHO [0
I'OCT 8.547-86 «JlepxaBHuii nepBuHMNA eTanoH i Jlep-
’KaBHa TIOBIpOYHA cXeMa sl 3aco0iB BHMipIOBaHHS
BITHOCHOI Boyiorocti» . B ma6opatopii Jlep>xaBHuX era-
JIOHIB 3aCTOCOBYETHCS, TIFPOMETPUYHA YCTAHOBKA, IO
BXOJUTh 10 CcKiany JlepkaBHOro MEPBHHOI'O €TaJIOHY
OUHHMIII MOJSPHOI YaCTKH 1 MAacoBOI KOHIICHTpAIlii
KOMITOHEHTIB y ra3zoBomy cepenounii ['ET 154-01.
MeTposoriuHi XapakTepUCTHKH 11i€] YCTAHOBKH 3aTBep-
JUKEHI MDKHApPOJAHMMHU Ta BHYTPIIIHBO JEPIKABHUMHU
3B’ A3KaMHU.
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Methods and principles of construction of measuring instruments humidity of the environment
Volodymyr Kononov, Helen Kononova, Volodymyr Oleksiuk

Abstract. Humidity control is necessary in many companies. The method of measuring the humidity of the resistive sen-
sor mainly depends on the moisture content in the non-metallic conductor, due to which the resistance of the conductor changes.
The subject of the article is the basic methods and principles of constructing instruments for measuring the humidity of the envi-
ronment and their control. The purpose of the article is to substantiate the expediency of using moisture measuring instruments
when operating equipment at various enterprises and in various industries. The task that is being solved is the substantiation of
the methods and principles of measuring the humidity of the environment using pink methods and methods, which of the meth-
ods is the most common and which are the main disadvantages in hygrometry. Conclusions: of all the proposed methods, the
most common methods for measuring humidity are a condensation hygrometer, used in the gas and oil industry, capacitive and
resistive methods that measure moisture in liquids and bulk materials, the coulometric method allows you to measure moisture at
low values, as well as psychrometers, which are the most common due to their stability at a low cost.

Keywords: humidity, moisture content, dew point, hygrometer.
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METO/IUKA BU3HAYEHHS PIBHA BOMOBOI XKUBYUYOCTI
BPOHBOBAHUX KOJIICHUX MALIUWH ITPU BUKOHAHHI IIIPO3AIVIAMHA
HAIIIOHAJIBHOI 'BAP/III YKPATHU 3ABIAHD 3A IIPU3HAUYEHHSM

AnoTtanisi. B crarti 3anpornoHoBaHa MeToMKa BU3HAYEHHS piBHS 0OOHOBOI KMBYJOCTI OPOHBOBAHMX KOJNICHUX MAaIIWH
IIpY BUKOHAHHI 3aBJaHb 32 NMpu3HaueHHAM. CyTHICTH 3aIIPOIIOHOBAHOI METOAMKH IIOJISITa€ B TOMY, 100 BUKOPHCTOBYIOUN
OTpHUMaHy MaTeMaTHYHYy MOJIEJNb OL[IHIOBaHHS PiBHS OOHOBOI )KMBYYOCTI OPOHBOBAHMX KONICHHX MAIlWH, KEPYIOUHCH PO3-
POOIJIEHNM aNTrOpPUTMOM, OTPUMYBATH IS Pi3HUX 3pa3KiB OPOHHOBAHMX KOJIICHMX MAIlIMH 3HAUYEHHs KoedimieHTa 30epexe-
HOCTI MaIlInH, SIK MOKa3HWKa 0OHOBOI KMBYYOCTI OpPOHBOBAHHMX KOJIICHUX MaIlMH. MeToanka BH3HAYeHHS PiBHS 00HOBOL
JKUBYJOCTI OPOHBOBAHMX KOJIICHMX MAIllMH J03BOJISIE BU3HAUNTH BIUIMB HA ITOKA3HUK OOHOBOI )KMBYJOCTI MAIlMH Pi3HUX
(axTOpiB Ta HAMITHTH OULIXH 3a0€3MeUeHHs 3aJaHNX BHMOT JI0 PO3POOKH IMEPCIIEKTHBHUX 3pa3KiB OpOHHOBAaHWX aBTOMO-

OimiB.

KawdoBi ciaoBa: OpoHhOBaHI KOJIICHI MalllHU, OOHOBI BJIaCTHUBOCTI, OOHOBA XHUBYUICTh, HAIIHICTh, IIOKA3HUK OOHO-

BOI XKHBYYIOCTI, KoeilieHT 30epe’KeHOCTI.

Beryn

JocBig BifiCbKOBUX KOH(QUIIKTIB OCTaHHIX POKIB
CBIIYMTH TIPO T€, 110 OPOHBLOBAHI KOJIICHI MAIIUHK Bifir-
paroTh BOXIMBY POJIb y BHPILICHHI 3aBJiaHb, 110 BHKO-
HYIOThCS Tijipo3ainamMu HarionansHoi rBapaii Ykpainu
(HI'Y) six npu BenenHi 60ifoBuX Ta cTadumi3amiiHuX i,
Tax i MpH MPOBEJCHHI aHTUTEPOPUCTUYHUX Ta CIIEIiallb-
HUX omepamniil. boiioBa OpoHbOBaHAa KOJiCHa MallMHA
(BKM), npusHaueHa Jyisi iepecyBaHHs MIXOTH 1 BEJCHHS
0010, MOK€ BHKOPHUCTOBYBATHCSA JUIS 3B'SI3KY, BEICHHSI
PO3BIIKY i BUKOHAHHS IHIIMX CHICIHAIBHUX 3aBIaHb [1].

IMocranoBka mnpodsemu. [locriliHe BIOCKOHA-
JIEHHSI 1 3pOCTaHHs MOTEHIiany 3aco0iB ypaXKeHHs Ipo-
TUBHHKA, L0 CIPHUSAE PO3MIMPEHHIO IEPEeNiKy 3aBAaHb,
noknanenux Ha BKM, 3aroctproe npobieMy eexkTus-
HOCTi 1X 3aCTOCYBaHHS 1 BHKIHKAa€ HEOOXiTHICThb ITiJ-
BHUIIIEHHSI HE TUIbKHM 1X 3aXHIIEHOCTI, a 1 PO3IIMPEHHS
(G YHKI[IOHATIBHUX MOXKIIMBOCTEHA.

Icuyroue pizHomaHiTTs 3paskiB BKM 3 piznuMu
TaKTUKO-TEXHIYHUMH XapaKTEePUCTUKAMU CYHNEepPEeYHTh
CyJaCHUM IHTErpOBaHMM IPHHIMIIAM PO3BHUTKY 030po-
eHHsi Ta BikicbkoBoi TexHiku (OBT) i He 3abe3meuye
OJTHOPIZHOCTI 3pa3KiB MO OCHOBHMM OOMOBHM BIIACTH-
BOCTSIM: PYXJIMBOCTI 1 3axwuireHocTi. Lle B cBoro gepry
HETaTHBHO BIDIMBA€ Ha OOHOBI MOMKJIMBOCTI IiIpO3[Ii-
JiB, B3a€EMOJII0 CHII Ta 3ac0o0iB B 000, MapIIOBI MOX-
JIUBOCTI, MiATOTOBKY OCOOOBOTO CKIIAdy.

KpiM TOro, yCKIaIHIOIOTHCS NMHUTAHHS IUIAHYBaH-
HS, eKCIUTyaTallii, pEMOHTY Ta OCHAIIEHHA TEXHIKOO
miapo3ainiB. 3a3HadeHi oOCTaBUHM BUKIHKAIOTH HEOO-
xigaicts mpuBeneras BKM HI'Y y BimmoBimHicTh 3i
3MiHGHUMH 3aBIAaHHAMH 1 yMOBaM BeICHHS 30pOHWHOL
00poTe0HN. BuHMKae MPOTHPIYYS MK HEMOXKIHBICTIO
MTOJANIBIIIOTO ITiIBUIIECHHS e()eKTUBHOCTI 0O0MOBOTO 3a-
crocyBaHHss BKM nuiixom BIOCKOHAJE€HHsSI TaKTHKO-
TEXHIYHUX XapaKTEPUCTHK OKPEMUX THITIB 1 HEOOXiIHi-
CTIO TIiIBUIICHHS eQEeKTHBHOCTI OOHOBOTO 3aCTOCYBaH-
H1 BKM muisxoM parioHaJbHOTO PO3MOALTY 3aBIaHBb
Mi MarmuHamu [2].

Ha coorommimuiii ngesp BKM  oniHmOOTBECS 3a
TpbOMa OCHOBHHUMU 60ﬁOBHMH BJIACTHUBOCTSIMU:. BOTI'HE-
Ba Millb, 3aXUIICHICT 1 pyxJuBicTh. [Ipu nboMy He00-
X1THO po3yMiTH, 1o 6oe3natHuM BKM poOuth Tinbku
ONTUMAJIbHE TOEAHAHHS BCIX IUX BJIACTHBOCTEH. IcTO-
pisl 3Ha€ YMMalo NPUKIIAAIB, KOJIW MAIUHH, 10 Malu
KOJIOCAJIbHY BOTHEBY Millb 1 BUCOKHH 3aXHCT, ajne Hemo-
CTaTHIO PYXJIMBICTh, IPOrpaBaii MalllMHAM OLIbII PyX-
JIMBUM, 3 OLITBII CTAOKHUMH 030pO€EHHSM 1 3axuctom [3].

Came 1o 1UISXy BAOCKOHAJEHHS OCHOBHUX 00ii0-
BUX BIJIACTHBOCTEH 1 CTBOPEHHS iX ONTUMAJILHOTO TO€-
HaHHS #Je moAaNblIIni PO3BUTOK KOHCTpYKLiit BKM -
OyIp TO CTBOpPEHHS HOBOI MalMHH abo MOJepHi3allis
paHillie BUITyIIEHOTO 3pa3Ka.

OnHiero 3 ocHOBHUX 00#0BUX BiactuBocTe BKM
€ ix OoioBa xwuBy4icth. boioBa xuByuicte (BXK) —
3natHicTh BKM BHKOHYBaTH TocTaBieHe OoiioBe 3a-
BJaHHS B YMOBAaX BOTHEBOI MPOTHIII CYNPOTHBHHKA
(BnactuBicte BKM 36epiratu oOMexxeHy 00€3/1aTHICTD
B YMOBAax 30BHIIIHIX [iif, 10 MPHU3BOAATH JO BiJMOB
HOro CKJIaJOBHX YaCTHH).

BoifoBa KUBY4ICTh € aHTUIIOAOM YPa3jiMBOCTI 1
JIOCSITAEThCS BUKOPHCTAHHSIM CTIHKMX 0 OOHOBHX
VIIKO/PKEHb €JIEMEHTIB KOHCTPYKIIi, CUCTeM 1 arpera-
TiB, DyOJIOBaHHAM i PE3EPBYBAHHSAM JKHTTEBO BaXKIIH-
BHX CHCTEM, amaparypy, OO€mpHaciB i malbHOrO, 3a-
Oe3medeHHsT BUOYXO- 1 TTOXKEXKO0E3MEKH, 3aXUCTOM eKi-
MaXky 1 HalO1IbpII BaXKIIMBHUX arperatiB i cucreM BKM.

BoifoBa kHMByUICTh PO3IIISAAETHCS B Oe3mocepe-
HBOMY 3B'SI3KY 3 THIIOM 1 XapaKTepPUCTHKAMH HIFOUOTO
Ha BKM 3aco0y ypakeHHs. boiioBa KMByJICTb Xapak-
TEPU3YEThCA IUIOMICK) YpPa)KEHHS IIPH BIIy4aHHI 0oe€-
MpUIacy KOHTAKTHOI ii 1 HMOBIPHICTIO HEypa)KEHHS
BKM B 30Hi xii Ooemnpumacy 3 HEKOHTAaKTHAM [€TOHA-
TOPOM.

BoiioBa xuByUiCTH CTOCOBHO 10 Oo€mpumacy KOH-
TaKTHOI Jii BH3HA4YaeThCs Horo kamibpom. OCHOBHUMH
BUMoramiu 3 0otioBoi xuBydocti BKM e€:

e HEOOXIZHICTHP HASBHOCTI CHJIOBOI YCTaHOBKH,
TPaHCMICIT Ta XOIOBOI YaCTHHU BUCOKOI HAIITHOCTI;
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e 3HIKEHHAM iMOBipHOCTI BusiBiieHHS BKM;

e  3HIDKCHHSM HMOBIPHOCTI BIyYCHHS B MAILIMHY;

e 3JaTHICTh MAIIMHW HOPMAaJIbHO (YHKIIIOHYBa-
TH TIICTISl BIIyYaHHS B 11 OKpeMi eJIeMEHTH Kylb KaJiopy
7,62 1 12,7mMm T1a 20...23-MM OCKOJKOBO-(hyracHuUX
CHapSIIB;

e  3aXHUCT CTIHOK €EMHOCTEH MaJIbHOTO;

e 3axwcr ekimaxy BKM [1].

Pa3zoM 3 CyKyITHICTIO TakuX BIIACTHBOCTEM, SIK Ha-
JIMHICTh, PYXJIMBICTH 1 PSIIOM IHIINX BJIACTHBOCTEH,
OoiioBa JKMBYYicTh (opmye O0HOBY e(heKTUBHICTH
BKM. 3a3HaueHi OOCTaBUHU IiJATBEPDKYIOTH AKTyallb-
HICTh TIPOBEJICHHS JOCIiPKEHb, METOIO SIKHX € BUPIILICH-
HS HAyKOBOI MPOOJIEMHU, sIKa TIOJISATAE Y BUPIIICHHI CyITe-
PEYHOCTI MK JOCATHYTHM DIiBHEM PO3BUTKY METOJOJIO-
riyHuX ocHOB NoOynoBu BKM i piBHEM cydacHHX BUMOT
10 ix BiactuBocteid. OHUM 3 eTariB BUPIMIEHHs 3a3Ha-
YeHOI MPOOJIEMH € YIOCKOHAJICHHS! METO/IMKH BU3HAUECH-
HSl piBHS OOHOBOI KMBYYOCTI OpOHBOBAHMX KOJICHUX
MalllMH NpU BUKOHaHHI migpo3ainamu HI'Y 3aBpanp 3a
TIPU3HAYCHHSIM.

AHaJIi3 OCTaHHIX JOCHiIKeHb i myOaikamii. Y
BOEHHO-HAYKOBHX JOCJI/DKCHHSIX, IOB'SI3aHUX 3 OIliH-
KO0 e(eKTHUBHOCTI 3aCTOCYBaHHSA OOHOBMH MaIluH, iX
00I10B1 BJIACTUBOCTI JIOCUTh HIMPOKO BUKOPHUCTOBYIOTh-
csl B SIKOCTI y3arajJbHEHHX TOKa3HHKIB e(eKTHBHOCTI.
OpnHak €UMHOrO PO3YMIHHS CTPYKTYpPH, 3MICTY 1 METO-
QB BU3HAUCHHS JaHUX IMOKA3HUKIB J0 TEIEPIIIHbOrO
yacy HeMmae. [IpakTHYHO KOXEH JOCTIHUK Ja€ CBOE
0ayeHHs XapaKTepPUCTHK 3pa3Ka, sKi BPaxOBYIOThCS, 1
yMOB fioro GyHkiionyBauHs [4, 5].

OCHOBOIO HaYKOBHX JIOCITI/PKEHb OL[IHIOBaHHS 00-
HOBOT KMBYYOCTI OpOHBOBAHMX KOJICHHX MAIIWH TPH
BUKOHAHHI 3aBJIaHb 3a MPHU3HAYEHHSM €: Teopis edek-
TUBHOCTI OOMOBOro 3aCTOCYBaHHSI 030pOEHHS Ta BiliCh-
KOBOI TEXHIKH, EKCIUTyaTallisi 030pO€EHHSI Ta BIHCHKOBOT
TEXHIKH, TEOpis HaAIHHOCTI 030pPOEHHS Ta BIHCHKOBOI
TEXHIKH, Teopisi IMOBIpHOCTEH Ta MaTeMaTH4YHA CTaTH-
ctuka [6-14]. OCHOBHI 3aJIEKHOCTI, SIKI BUKOPHUCTOBY-
I0ThCSl TIPY BU3HAUYEHHI PiBHS e€(EeKTUBHOCTI BUKOpPHUC-
TaHHS MaivH, HaBeneHi B [6]. B [7-13] posrisuyTi Bia-
ctuBocTi GoitoBux mammu. B [14-16] npoBenenuii ana-
Ji3 TEXHIYHUX MapaMmeTpiB KOJICHUX MAIlMH, YMOB iX
BUKOPHCTAHHSI Ta MIOKA3HUKIB HAIIITHOCTI.

Y HaykoBUX JDKepenax TepMiH «0oioBa KUBY-
gictb», B Tomy umcii, BKM 3yctpidaetbes B poboTax
[17,18]. Omnak, 10 TeNepinHbOTO Yacy MOKa3HHKH Ta
METOAWKA BHU3HAYEHHS PiBHSI OOHOBOI KUBYJYOCTI Opo-
HBOBAHMX KONICHUX MAIIWH IPH BUKOHAHHI ITiIPO3[Ii-
nmamu HI'Y 3aBnaHb 3a Ipu3Ha4eHHIM, B HAYKOBIiH JiTe-
paTypi He HaBe/eHi.

Merta cTaTTi - po3poOka METOOWKH BU3HAYCHHS
piBHs 00MOBOI KMBY4OCTI OPOHBOBAHMX KONICHUX Ma-
IIWH Tpyd BUKOHaHHI mimpo3xinmamu HI'Y 3aBmawp 3a
NPU3HAYCHHSIM.

Buxkaa ocHOBHOTO MaTepiay

Meronrka BU3Ha4YeHHS KoedimieHTa 30epexeHoCTi
OpOHBOBAHMX KOJIICHUX MAIHH IPH BUKOHAHHI ITiAPO3-
nimamu HI'Y 3aBmaHp 3a TpHU3HAYCHHSM [I03BOJISIE BU-
3HAYUTH PiBeHb OOHOBOI KUBYIOCTI OPOHHOBAaHMX KO-
JCHUX MAaIIWH TpW BUKOHAHHI miaposminamu HI'Y 3a-

BJIaHb 3a IPU3HAYEHHSM, ii 3MiHH B Tporieci 60ioBoro
3aCTOCYBAaHHS MAlllMH, IJIaHyBaTH BUKopucTaHHd BKM
Ha TIeBHMH MOMEHT 4Yacy Ta Ha BU3HAYCHUH TEpMiH 3
MeTOI0 3a0e3redeHHs 0oiHoBOi kHMBy4docTi MammH. B
SKOCTI 3MIHHOTO IapaMmeTpa JUlsi BU3HAUYeHHS ITOKa3HHU-
ka OoiioBoi xmBydocTi BKM BHKOpHCTOBYETHCS 3HA-
YeHHsI Jacy eKcIulyartanii abo mpoOiry MammH BiJ Ho-
YaTKy eKCIUTyaTarti.

CyTHICTh 3alpOIOHOBAHOI METOAWKH BU3HAYEHHS
KoedimieHTa 30epeKEHOCTI OPOHHOBAHHMX KOJNICHUX Ma-
IIIMH NPY BUKOHAHHI Tiapo3auiamu HI'Y 3aBnaHs 3a npu-
3HAQYEHHSM TNOJSIra€ B TOMY, OO BHKOPHCTOBYIOUH
OTpUMaHy MaTeMaTH4YHy MOJENb OILHIOBaHHS PiBHS 0oO-
HOBOI JKMBYYOCTI OPOHBOBAaHHMX KOJICHHMX MalllMH, Kepy-
I0YHCh PO3POOJICHNM aJIrOPUTMOM, OTPHUMYBATH IS Pi3-
HUX 3paskiB BKM 3HaueHHs koedillieHTa 30€peKeHOCTI
MamiH Kz , K MOKa3HUKa 60HoBoi skuBydocTi BKM.

Jns BU3HAUEGHHS 3HaueHb K3 3 METOIO OIiHIO-

BaHHS PiBHs 0OHOBOI XKMBYYOCTI OpOHBOBaHMX KOIIiC-
HUX MallMH NpW BUKOHaHHI migpo3minmamu HIY 3a-
BJlaHb, BHMKOPHCTAEMO METOJHMKY BHU3HAYCHHs PiBHA
00i10BOI )KMBY4OCTiI OPOHBOBAHMX KOJICHUX MAILMH TPH
BUKOHaHHI migpo3aiiamu HI'Y 3aBmaHb, cxema sKoi
npejcTaBicHa Ha puc. 1.

EBnox 1. Beogstees Bxiani gani [19]:

t(c), m(x2), H(m), L(m), a,b,g(M/cz),N(Bm),
nL/c), M- m),m, ¢, r(m), F(H),Cx,i, f,S(n).

brox 2. Bu3HavyaeTbcsi Iepiof 4acy CroCTepexKeH-
Hs. OuiHroBaHHS piBHA 00#0BOT xuBydocTi BKM moxe
BinOyBaTHCh ISl TIEBHOTO €Taly eKcIulyarallii, a ruia-
HYBaHHSl BUKOpHCTaHHs 3pa3kiB BKM HaiOinbm gori-
JBHO NPOBOJMTH HA TEPMiH BHKOHAHHA KOHKPETHOTO
3aBJaHHSA 33 IPU3HAYCHHAM.

bnoxk 3. BuzHa4yaioThCs YMOBH BUKOPHUCTAHHS
BbKM, npu nnanyBaHHI 3aB/iaHb, PO3TJISIAIOTHECS JIOPO-
JKHI, TPAHCIIOPTHI, aTMOC(HEPHO-KIIMATHYH]I YMOBH.

bnox 4. BuzHauaeTbCs KiJbKICTh €KCILTyaTalliii-
HMX BiZMOB MAIlMH i YaC BUKOHAHHS 3aB/IaHb:

m
n(t) = > ni (),
i=1
ne: Ny — KUIBKICTh BiAMOB i -0f MammHu 3a 4ac t; m —

3arajibHa KUIBKICTh MAaIlHH.
bnok 5. Buznauaerhcsi cymapHa iHTEHCHBHICTh
BiJIMOB MAIIIMHU 32 (HOPMYIIOIO:

A(t)= "

(N-n)at’
I€ N — KUIBKICTh MAaIllMH B SKUX BHHHKIHA BiIMOBH;
N — 3arajgbHa KUTBKICTh MaIMH, At— Yac BHKOHAHHS
3aBJIaHb 32 MPU3HAYCHHSIM.
Bnox 6. Buznauaetbcs IMOBiIpHICTh O€3B1IMOBHOT
pobotu MammH 3a (HOpMYIOF0:

P(t)=e

bnok 7. BusHavaeThcsa KoeilieHT TOTOBHOCTI
MAIlIH:
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r
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15 | 1+=2bS3,6
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PospaxyHok iiMoBipHOCTI Vi
BUHUKHEHHS OOHOBHX BimMOB | | L
17 | —
BusHaueHHs KoedilieHTa | p\"
30€peKEHOCTI MAIIKH | | = P, (t) = ngm =1- ( j

Po3pobka

18

MIPOTIO3UIIIi

— P,(t)=P,(t)+ P, (t)- P (t)- P, (t)

( KiHeL[b > 71{35 :1_ Pe(t)

Puc. 1. Cxema MeTOAMKK BU3HaYEHHS KoedillieHTa 30epeKeHOCTI OpPOHbOBAHUX KOJICHUX MAIllHH
Tpu BUKOHaHHI miapo3aitamu HI'Y 3aBaaHs 3a mpu3HAUYCHHAM
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ne T — 4ac HampalloBaHHA Ha BiaMOBY; Tp — cepen-
Hill Yac BiIHOBJIEHHS NpaNe3/aTHOTO CTaHy.
bnox 8. 3a pesynbraramMu eKCliEpUMEHTAIBHUX
JOCITiKEeHb OTPUMYEMO Yac BiTHOBJIEHHs t, mpanesna-
THOTO CTaHy SIKWi Oyne BH3Ha4aTHCs (QYHKIIEIO Ay
3MiHHHX:
t, = F(x,x0,...,x,)

1€ X1,Xp,...,X,— HE3aJIEXKHI 3MiHHI (HaKTOPHOTO eKcIie-
PUMEHTY: X;— HAsfBHICTb TEXHIYHOI JOKyMEHTalil Ha
IPOBEJIEHHA PEMOHTY (%); X, — OCHAILIEHHSA PEMOHTHOIO
Hipo3/iny HeoOXimHuM obnanHaHHAM (%); X3— piBeHb

kBasidikarii paxiBiiB peMOHTHOTO miapo3 ity (%).
brox 9. BuzHavyaeTbcsi IMOBIpHICTh BUHUKHEHHS
Bi/IMOB 3 eKcILTyaTauiiinx npuaus B (t)

R(t)=Kor(t)=Kr-P(t)

Brox 10. TlopiBHSHHSA OTPUMAHOTO Ta 33/1aHOTO
Koe(illieHTIB ONepaTUBHOI TOTOBHOCTI.

brox 11. TIpoBoaUTHCS KOpEryBaHHsI BXiIHHUX Jia-
HUX.

brox 12. BuzHauaeTbcs IMOBIPHICTh BAHUKHEHHS
00Ii0BHX BiJIMOB.

brox 13. BuzHaueHHs HMOBIpHOCTI BUHHUKHEHHS

GoitoBux BiamoB P, (t) BHacmizok BiaydanHs B BKM

3ac00y ypaKeHHSI.

brox 14. BuznauaeTtbes cepeliHs MIBUAKICTh PYXY
MalliHA V

bnox 15. Buznauaetbes yac 3Haxo/ukeHHs: BKM
i obcrpinom t

t= Sobemp / v

A€ S,gemp — AOBXKHMHA 1UIsIXY pyxy BKM B 30Hi nii 3a-

co0y Bpa)keHHS;
brox 16. Po3paxoByeTbCsi WMOBIPHICTH BHHHK-

HeHHs O0olioBUX BiqMoB P, (t) .
BuznauaeTbcst WMOBIpHICTH BIIy4eHHST P 3aco0y
BpakenHs: B BKM 3a oqauMm 13 croco0iB:
) eKCIIEpPUMEHTAIEHUM [ULIXOM
Peren =1 Tioxun / Vyiweni
A€ Vioyun — BLIXWICHHA TOYKU BIIy4€HHS 3aco0y Bpa-
JKEHHS BiJ] reoMeTpuaHoro eHTpy mimedi (BKM);

Voioxun = F(xl!xZI'"vxn)l

J€ X1,X,..., Xy — HE3AJICKHI 3MiHHI (DaKTOPHOTO EKCIIe-
PUMEHTY: X; — BiJICTaHb BE/ICHHS BOTHEBOTO BPAyKCHHS
no BKM; x, — mBuakicts pyxy BKM; x3— KoHTpacT-
Hicte BKM Ha ¢oHi micieBocTi; X, — piBeHb OCBITIIE-

HOCTI MiCII€BOCTI; I

wiweni — TCOMCTPUYIHUHN NTApaAMETP

BKM sxwuit Bu3Ha4aTHCA (QYHKIIEIO Py 3MiHHHX:
0) pO3paxyHKOBHAM METOIOM

Px =\/2_;Texp(—(x—;<)2/20§j dx;

T-Oy g

p :;}exp(—(y—y)z/&szjdy'
y \/E'Gyo y ’

Ppos = Px - Py»
ne Py, Py — MMOBIPHICTb BIy4aHHs 3aC00y BPaXCHHS B
BKM 110 BuCOTI Ta 61YHOMY HaIpAMKY; Oy, Gy — cepe-

JTHBOKBAIpaTHYHE BiJXWJICHHS KOOPAWHAT TOYOK BIY-
YeHHsI TI0 BUCOTI Ta OiYHOMY HampsIMKy; X,y — Mmare-

MaTH4YHE OYiKyBaHHS KOOPJIWHAT BIYYEHHS KyJib IO
BUCOTI Ta OIYHOMY HamNpsIMKY; X,y — BHUCOTa Ta IIUPH-

Ha M.
V= (vg +3,622—gs[a—(f ii)])/(l+29b83,62j
) )

ne Vp— moyartkopa mBHaKicTe BKM(M/c); ¢ — mpucko-

peHHs BijbHOro mafinHs (M/c?); & — koedilieHT Bpaxy-
BaHHS Mac, o o0epTaroThes; a,b — mocTiliHi Koedirie-
HTH, [I0 BU3HAYAIOTh KPHUBY JUHAMIYHOI XapaKTepHc-
THKA MallliH|; S — Bigpizok twisaxy(m); f — koedimient

OIOpY KOYEHHIO KOJIIC; | — YKIIiH JIOPOTry.
n
P (t)= Peparc =1-(1-P/K)

ne P — iiMoBipHicTH BiydaHHS 3aco0y BpaKeHHS B
BKM; K — kinbKicTh Bily4eHb HEOOXiIHMX HJIS BHUBE-
neans BKM 3 mpanesnaTHoro crany (3HMIIEHHS); N —
KIJIBKICTB ITOCTPLJIB.

brox 17. BuzHauaetbes koedinieHT 30epexeHocTi
MaIlMH 332 BUPa3aMH:

P,(t)=R(t)+P(t)-R(t)-P(t)
K35 =1-F,(t)

Bnox 18. Po3poOka mporo3uiiiii o miIBUIEHHIO
piBHs 60iioBOT s)xuByuocTi BKM Ha nepion BUkoHaHHS
CB3 Ha OCHOBI OTPUMaHUX PO3PAXyHKIB.

Kepyrouuck 1aHOI0 METOAMKOIO MOXKHA BU3HAYHUTH
K3 Ha erani miaHyBaHHsA BuHKopucTaHHs BKM no

BIUIMBIB Ta BU3HAYUTH HMOBIPHICTH OE3BIMOBHOI PO-
6otu Ha yac BukoHaHHs Cb3.

BucHoBku

1. 3anpomnoHOBaHa METOIVKA BU3HAYEHHS PIiBHSA
001OBOi XKUBYYOCTI OpOHBOBAHHMX KONICHUX MAIIWH
npu BUKOHaHHI miapo3aiiamu HI'Y 3aBmavp 3a mpus-
HAa4yeHHSM, SKa JO3BOJISE, 32 JOIMOMOrOI0 HaBEJCHUX
MaTeMaTHYHHX 3aJIeKHOCTEH, BH3HAYUTH 3HAYCHHS
MOKa3HUKa 00#oBoi )kuBydocTi BKM.

2. Meronuka BU3HAYCHHS PiBHS 0OWOBOI KHBY-
qocTi OpPOHPOBAHMX KOJICHUX MAIllWH TPH BUKOHAHHI
ninpo3agimamu HamionansHOi TBapmii Yxpainu 3a-
BJaHb 33 NMPH3HAYCHHSAM J03BOJISI€ BU3HAYUTH BIUIHB
Ha TIOKa3HUK OOHWOBOI KMBYYOCTI OpOHBOBAHUX KOIIi-
cuX[ MaIIuH eKCINTyaTalifHuX (HaKkTopiB Ta HAMITHTH
HUISIXK 3a0e3MeveHHs 3aJlaHuX BHMOI JI0 CYYacHHX
3pa3kiB OpoHbOBaHMX MamuH HamioHansHOI TBapmii
Ykpainu.

37



Cucmemu ynpaesiinns, nagizauii ma 36'a3xy, 2021, eunyck 2(64) ISSN 2073-7394

CIUCOK JIUTEPATYPU

1. Tumomenko P.I. OHOBNEHHS MapKy 030pOEHHS Ta BIHCHKOBOI TEXHIKM — IUIAX A0 OoezmatHocTi 30poinnx Cun Ykpainu/
P. I. Tumomenko // 36ipHUK HaykoBHMX mHpanb LleHTpy BO€HHO-CTpaTeriyHMX HOCHIiIKeHb HamioHalBHOrO yHIBEpCHTETY
oboponn Ykpainu imeHi IBana Yepnsxiscbkoro. — 2016. — Ned, — C. 6-11.

2. Yenxos LB. 3aransri TeHAEHNIT po3BUTKY 030poeHH Ta BilickkoBoi TexHiku / I. b. Uemnkos, I1. 1. Hop // O30poenns Ta Biii-
cbkoBa TexHika. — 2014, — Nel. — C. 4-13.

3. TlomoB B.M. Dpomrorms TpaHcnoptHoro obecrnedenuss B apmuu / B.W. TlomoB // T'ymanutaphbiit BectHuk. — 2014, —
Ne 4 (31). - C.129-137.

4. JemunoB b.A. CHCTeMHO-KOHIICTITYaIbHBIE OCHOBBI JICSTEIILHOCTH B BOEHHO-TEXHHWUECKO obmactu / B.A. Jlemumos,
A.®. Bemnuko, U.B. Bonomyk: Ku. 1. KoHnenTyanbHble OCHOBBI U 3JIEMEHTH! HAIlMOHAJBHOH 0€30IacHOCTH / MOX pell.
B.A. lemunosa. — Kues, 2004. — 736 c.

5. Bouun JI.C. BoeBrle cBolictBa u 3¢ddexkruBHOCTS BoOpykeHHsI W BoeHHOM TexHumku/ B.A [lumyces, C.B mutpuen //
Boennas mprcis — 2005. — Ne 1. — C. 65-68.

6. Jempsauyk b.O. OcHOBU TexHiuHOTO 3a0e3meuenHs. OOrpynTyBanHs pimens / 5.O. demsaaayk, O.B. Mamumkin/ — Ogneca:
MO VYkpainmy, - 2014.- 208 c.

7. Xwurpuk B. Cucrema 036poens CyxomyrHux Bidicek / B. Xurpuk, JI. Jlenceknit // Bilickko Ykpaian. —1996. — Ne 5- 6. —
C. 18-21.

8. Bapsrruacknit M. Kakas BMII nam HyxHa? / M. Bapstunckuii // BoenHo-pombInuteHHBIH Kypbep. — 2012, — Ne 15(432). —
C.7.

9. 3ammra TankoB / [B.A. I'puropsir, E.I'. FOmun, .M. Tepexun u ap.]; non pen. B.A. I'puropsaa. — M.: U3n-Bo MI'TY
uM. H.O. baymana, 2007. — 327 c.

10. Ceprees B. Eme pa3 o xonnenmuu copemernoit BMIT/ B. Ceprees // Texauka u Boopyxenne. — 2004, — Ne 1. — C. 8-17.

11. ITacrepnak I". Passurie BMII B 1970-1980 rr. / I'.ITacrepHak / Texauka n Boopyxenne. — 2009. — Ne 1. — C. 23-34.

12. Jirgen Uchtmann. Neue Gepanzerte Plattform fiir die Panzergrenadiertruppe Konzeptionelle Forderungen / Soldat und Tech-
nik. — 2000. — Nr 5. — S. 291-296.

13. Kpwxauii A.B. OcobnuBocTi 3acTocyBaHHs OOWOBHX MAIMH JIETKOI Kateropii Bard B Cyd4acHHX 30pOMHHMX KOHQIiKTax /
A.B. Kpwxnuii, B.M. 3ipkeBnu// Hayka i obopona. — K.:MOY, 2005. —Ne3. — C.45-47.

14. ACTVY 2860-94 HapniiiHicTb TexHiku. TepMiHN Ta BU3HAYEHHS.

15. Koty A.B. OcHOBHM HajliliHOCT1 aBTOMOOLITEHOT TexHikK.-Xapkis: ABB, - 2013.-145 c.

16. Tabynenko B.O., Mapuensk O.I1. Meron Bu3HaueHHS epeKTUBHOCTI BUKOPHCTAaHHS aBTOMOOUIBHOI TEXHIKU Iipo3ainamMu
HI'Y npu narpyntoBaHHi B ymoBax BoeHHoro crany. —XapkiB: XHVYTIIC, Cucremn 030poeHHS i BiiicbkoBa TexHika, 1(57)
2019. — C.135-139. (DOI: 10.30748/s0ivt.2019/57.19)

17. Pacronume M. HeynosierBoputenbHas 3pQekTHBHOCTE coBeTCKOro HacneacTa / M. Pacrommumn // HesaBucumoe BoeHHOE
o6ozpenue. — 2010. — Ne 1. — C. 8-9.

18. CmupHoB A. A. HayuHbIii CHMIO3MYM, MOCBSIICHHBINH MPOSKTHPOBAHUIO IOJHOIPUBOAHBIX KOJIECHBIX MaIluH //BecTHHK
MOCKOBCKOIr0 roCylapCTBEHHOIO TeXHHUYecKoro yHusepcurera uM. HO baymana. Cepus «Mammnoctpoenue». — 2005, —
Ne. 3.

19. onpurano, M.A. 3abe3nedeHHs CTIHKOCTI MOBHOMPUBIAHMX aBTOMOOLTIB MIPOTH 3aHOCY Ha JI0pP03i 3 HU3bKUM Koe(illieHTOM
3ueruieHHs kouic 3 goporoto./ M.A. Ionpurano, P.O. Kaiinanos, O.B. JliteinoB, C.A. KyznimoB //XapkiBcbkuii HanioHa b-
HUI TEXHIYHUI YHIBEPCUTET CiJIbChKOro rocrnonapersa imMeni [lerpa Bacunenko. — 2019, — Bum. 198 — C.137 — 148.

Received (Hamiiiia) 20.01.2021
Accepted for publication (ITpuitasita no apyky) 31.03.2021

Method of determining the safety coefficient of armored wheeled vehicles when performed by units
of the National Guard of Ukraine

Serhii Kudimov, Volodymyr Tabunenko

Abstract. The article proposes a method of determining the safety factor of armored wheeled vehicles when performing
tasks on purpose. Armored wheeled vehicles are designed to move infantry and combat, reconnaissance and other special tasks.
The growth of the potential of the enemy's means of destruction affects the effectiveness of the use of armored wheeled vehicles,
which necessitates not only increasing their security, but also expanding their functionality. One of the main combat properties of
armored wheeled vehicles is their combat survivability, which is achieved by using resistant to combat damage structural ele-
ments, systems and units, duplication and redundancy of vital systems, equipment, ammunition and fuel, explosion and fire safe-
ty, crew protection and most important units and systems. Combat survivability forms the combat effectiveness of a sample of
weapons and military equipment. The purpose of the article is to develop a method for determining the level of combat surviva-
bility of armored wheeled vehicles when performing tasks on purpose. The essence of the proposed method for determining the
level of combat survivability of armored wheeled vehicles is that using the obtained mathematical model for estimating the level
of combat survivability of armored wheeled vehicles, guided by the developed algorithm, to obtain for different samples of ar-
mored wheeled vehicles. The proposed method of determining the level of combat survivability of armored wheeled vehicles
when performing tasks on purpose, allows, using the above mathematical dependences, to determine the value of the combat
survivability of armored wheeled vehicles. The method of assessing the level of combat survivability of armored wheeled vehi-
cles allows to determine the impact on the combat survivability of vehicles of various factors and to identify ways to ensure the
specified requirements for the development of promising models of armored vehicles.

Keywords: armored wheeled vehicles, combat properties, combat survivability, reliability, indicator of combat surviva-
bility, survival rate.
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HA OCHOBI HEYITKUX KOT'HITUBHUX KAPT

AHoTanisi. B crarTi oxapakTepH3oBaHO OCHOBHI eTany IpH BigOopi kaHmumatiB i3 chepu IT mo mepcoHamy cydacHHX
KOMIIaHIi po3poOKM Ta MATPUMKH IIPOTPaMHUX 3aco0iB. [IpeamMeToM MOCIIDKEHHS € TEOPETHYHI Ta MPU-KIIaJHi aCTIeKTH
aBTOMaTH3amii eTamy BiIOOpY HEepCcOHATy METOAOM KOTHITHBHOTO aHAN3y Ha OCHOBI HEYi-TKHX KOTHITUBHHX KapT.
OO0'eKTOM [OCTIKEHHS € eTal Binbopy y Mpo-Leci peKpyTUHTY Ta HaliMy U1 3aJOBOJICHHS MOTPEOW MiANPHEMCTB y
HeoOXxigHOMY TepcoHani. JloBeaeHO HEeOOXimHICTh Ta y3arajJbHEHO BUMOTH 10 (OpMyBaHHsS HEUITKOI KOTHITHBHOI KapTh
KOMIIETCHIIM SIK 1HCTPYMEHTY BigOOpy IEpCOHAy 3a JIOMOMOTOI0 SKICHUX Ta KUIBKICHUX Cy0’€KTHBHUX OIIHOK.
Po3pobneno anroput™ BinOopy KaHAWAATa HA OCHOBI aHANI3y JaHUX PO HBHOTO, HOTo BiAmoBizeil Ha cmiBOecigax, TOLIO.
Ileit meTo MOKE OYTH TaKOX BUKOPHUCTAHUH y O0araThoX iHIINX 3aBJaHHSX, TIOB’sI3aHUX i3 BiIOOpOM KaHauatiB. Hamano
NPaKTUYHI peKOMeHJamlii IIOoJ0 OpraHizamii mpouexypy BiZOOpy KaHIUIATIB 3a JOMOMOTOI0 0asW IMpaBWI Ta THITY
B3a€MO3B SI3KIB MK HallBa)KJIMBIIINMU KPUTEPIsIMU.

Kaw4doBi ciaoBa: ayrcopc, aBToMaTH3alis BitOOpY MEepCOHANy, CIIMCOK KOMIIETEHIIH, HEUiTKi KOTHITHBHI KapTu Koc-

KO, BiZIOIp KaHAUIATIB.

Beryn

Y cy4acHOMY CBITI HOCTIHHOTO TEXHOJOTIYHOTO
mporpecy mpobieMa aBTOMaTH3allii MpoIreciB Bigbopy
MepCOHANy CTa€ Bce OMbII akTyanbHOW. llepconan
0€3CyMHIBHO BBa)KAa€THCSI OJTHMM 13 OCHOBHHUX PECypCiB
OyIb-SIKOTO YCIIIIHOTO ITiIPHEMCTBA, BaXIIMBHH (ak-
TOp NpU BHPILIEHHI CTpaTeriuHux MmpoOiieM pPO3BUTKY,
SIKMW CTIPHSE MIBUILEHHIO KOHKYPEHTOCIIPOMOXKHOCTI 1
3HUKECHHIO BUTPAT pecypciB. CaMme TOMY aBTOMATH3ALIIs
mpoIecy Bi0OPY KaHAWIATIB HA TOCAay € BaXKIUBUM
3aBIAHHSM, SIK€ IIUPOKO JOCIIKYETHCSI OCTAHHI JEeKi-
nbKa pokis [1-4].

Benmka KimbKICTh TaHUX MPO KaHIAHWIATIB Ha €Ta-
Iax peKpyTHHTY Ta BinOopy (pe3roMe, BIATYKH, OLIHKH
TECTIB, 3BITH Ta CTATUCTHKA) 3MYIIy€ IIYKATH 3pYYHI Ta
MIEPCIICKTHBHI 3acO0M Al 30upaHHs, 30epeXeHHs, Ta
aHamizy. Y TOM e 4ac, HOBITHI METOJIU MaloTh 3alpo-
MOHYBATH IIOCH OiJIbLIE HIXK MPOCTO CXOBUILE JaHuX. B
pe3yabTati MaeMo Habip iHdopmallii, 3aHaATO BEIUKUH
Ta CKJIAJHUH JJIsl PO3YMIHHS, 00 BUKOHYBATH aHaJi3.
Came TyT y NPHUro/ii CTAKOTh CUCTEMH IMIATPUMKH TPHUii-
HATTA pillleHb. [X 3aCTOCYBaHHS Hala€ MOXKJIMBICTh BH-
KOPUCTOBYBAaTH OOYHCIIIOBAIBHI MOTYXHOCTI KOMII IO~
TEepiB 111 BAKOHAHHS 00pOOKH, aHaji3y i1 MPOTrHO3yBaH-
HS JIaHUX B PEXHMI peajbHOro 4acy, IS JI0IIOMOTH y
MPUAHATTI PIllICHB.

Binbip omgHOTO 13 KaHTUAATIB HA KOHKPETHY TTO3H-
mifo — [e 3aBKAM HeTpUBialbHA 3a/laya Ta OKPEeMUii
MIPOEKT, 00 (haKTOPHM Ta MPIOPUTETH PI3HUX KOMITAHii
JI0 TIPETEHIEHTIB Ha rmocany OyayTs BiapizHsaTHcs. Cro-
PITHEHUM JI0 TIOTIEPEIHBOTO 3aBJaHHSM, JJIsSI BUPIIICH-
HSl SIKOTO MOXXHa BHMKOPHCTaTH CHCTEMH IiJTPUMKH
MIPUAHSTTS PillIeHb BBKAIOTHCS MONIYK Ta MiAdip mep-
COHAJTy IS ayTCOpCy Ta ayTcrady.

BukopucranHs TONYJIIpHUX HEABTOMATH30BAaHUX
METOJIIB Bi0OPY MOTPEOYIOTh OaraTo JFOJCHKHX Ta 4a-
COBHUX PECYpCiB, IOLIYKY, OOpOOKH Ta aHaili3y BEJIHMKOI
KijbKocTi iH(opMaii. Yce Le yCKIaaHIoE NPUHHSTTS
pilieHs Ha piBHI PoOOTH i3 IEpCOHAIOM B OpraHizarfi.

3acTocyBaHHS HOBHMX IAXOMAIB NPH PO3MIsAl ciiabKo-
CTPYKTYPOBAaHHX CHCTEM, Ta CYYaCHHUX KOMIT FOTEPIB i3
BUILOI0 OOYHCITIOBAJBHOIO IIOTYXHICTIO MOJE IMOJIer-
LIMTH BUKOHAHHS CKJIJHHX PO3paxyHKiB, 0OpoOKy, aHa-
T3 MaHWX, TPUAHATTS PIllIeHb 1 MPOTHO3YyBaHHS MO Y
PEXKUMI peasbHOTo Yacy.

Hacninkn, cripuawHeHi crapumu HeeeKTUBHHUMHU
criocobamu BigOOpy KaapiB, MOXKYTh HETATUBHO BILTHHY-
TH HE TUIBKH Ha 3arajibHy €(eKTUBHICTh HisLTBHOCTI Tij-
NPUEMCTBA, ajle 1 Ha COLIAIbHO-TICUXOJIOTIYHMI KiliMat
KOJIEKTHBY, HOTO KOHKYPEHTOCIIPOMOXKHICTb Ta CIIPUYH-
HUTH 3Ha4HI BTPaTH JIIOJCHKHX, YaCOBUX Ta I'POIIOBUX

pecypciB.
IMocTanoBka npoodaeMun

Uepes Ha/i3BHYANHY aKTyaJbHICTh 3aBJaHHS Bif-
0opy Ha mocaxy HaWKpamoro 3 KaHAWAATIB ITOCTIHHO
3pOCTa€ KiJbKICTh METOJIB JJIsl Or0 YCHILIHOTO BHPi-
HICHHS: PO3POOJIOIOTHCS HOBI TECTH I OLIHKH MPO-
(eciiiHUX HABUYOK, 3MI0HOCTEH, MUCIICHHS, JIOTIKH,
HE3MIpHUX 0COONHMBOCTEl (THYYKI HaBUuUKW). Binnosin-
HO 10 30UIBIIEHHS] KIJIBKOCTI MiZXOJiB 30UIbIIYETHCS 1
KIJIBKICTh JaHUX JUISL aHAJIi3y, [0 y CBOIO Yepry ycKia-
nHIOE Oynb-sKy cucremy. Lli ¢akTh 3yMOBIIOIOTH IIpO-
BOJIUTHU TOUTYK TAaKMX HOBHX TEXHIYHHX Ta MaTeMaTHY-
HUX HOBOBBEJICHB, SIKi MOIJIHM O 3a/I0BOJILHUTH BHIE3a-
3HAYeHI MOTpPeOH Ta JOTIOMAaraTH y IPUHHATTI pillleHHS,
HE BTPATHBIIN IPO30POCTi MPOIIECY.

B cydacHOoMy ykpaiHChKOMY Gi3HEC-TIpOCTOpi po3-
IIIAAI0TBCA yCi MUTAaHHSA POOOTH i3 TMEepCOHAIOM, YCi
MOXJIMBI CTIOCOOW MOKpPAIIEHHS Ta CHPOIICHHS MPOIIe-
CiB TexHIYHMMH 3acobamu. IlepeBaskHO po3poOka HOBO-
ro IHCTPYMEHTapil0 HAJIUXa€ThCS a00 3aMO3UUYETHCS Y
JOCBITUEHNX CYCiAHIX KpaiH, ne moamiOHi mporpamHi
3ac00M BXKE JIOBEJIH CBOIO KOPHUCHICTb.

Tax momynsipua cucrema ATS (Applicant Tracking
System) aBTOMaTrHM3ye NpoOLEC PEKPYTHHIY Ha eTari
3HAXOJ/DKEHHSI KaHAWAATIB, BUKOPUCTOBYEThCS y Oara-
TBOX po3polieHHX B YKpaiHi 3aco0iB [yt poOOTH 3
nepcoHanom [5].

© Maprosuupkuii B. O., Tanunenko [I. O., JIykamos C. A., Pociucekuii JI. M., Cyxoteruii B. M., 2021 39



Cucmemu ynpaeninns, nagizauii ma 3¢'a3ky, 2021, eunyck 2(64)

ISSN 2073-7394

Hamnpuknan, nomarox «E-Staff Pexpyrep» peaii-
30BYy€ 3pyYHHI METO] TOIIYKYy i BeAeHHS 0a3u KaHIHU-
JaTiB, IHTETrpaiio i3 caiiTaMH 3 TMOITYKy poOOTH, Ta
3JaT€H BUKOHYBATH MPOCTY AHAIITHKY Yepe3 MIBHAKY
reHeparlifo 3BiTiB Ta cratucTuku [6]. Moxxemo GaunTy,
0 OJOKY HiATPUMKH IPUHHATTS PillIeHHS IpH Bigdopi
Ha [ocajsy TYT He MPeJCTaBIICHO.

Jlnis mopiBHSIHHS, Bi3bMEMO 1€ OJIHY BiIOMY YKpa-
fHebKy cuctemy «HURMAY (HRIS/HRM-cucrema) aust
apromarusauii ycix HR-mpouecis [7]. B HbOMY € iH-
CTpyMEHTapiil Uil ONUTYBaHb, PEKPYTUHTY, 30UpaHHA
CTaTUCTUKM Ta 3arajibHOI aHAJITUKU CIIBPOOITHHKIB,
BIJICTeXKEHHSI TPOTpecy M0 Iiiel Ta 0a3M KaHIUIATiB.
AJte HaBiTh TYT HeMae OJOKy, KWW O moroMaraB BHU-
pimyBatu 3amady BimOOpy OIHOTO i3 MPETEHICHTIB Ha
rocanmy.

TakuM 9MHOM, MOXHA 3pOOHTH BHCHOBOK, IIO B
VYkpaiHi € mpoOeMH i3 MOMIYKOM Ta PO3POOKOI0 METO-
QB aBTOMATH3allii BiIOIPKOBOrO MPOLECy, IO MOXHA
MOSICHUTH HE TPUBIAIBHICTIO 33/1a4i, aJPKe KePIBHUKHU Ta
MPAI[iBHUKN KaJpOBHX CIYO0 y OUIBIIOCTI BHIIAJIKIB
IHTYITHBHO NPUIMAIOTh PillICHHS WIOA0 BinOOpy mpari-
BHUKA. J[OCBiI BBEJCHHS aBTOMATH30BAaHHX DIllICHb
paHilie He IPUHOCHB 3HAYHUX MTOKPAIICHb, a MOAANbIII
JOCITKSHHS BUSBJISUIN, 10 B OKPEMHX BUIIA/IKAX, BOHH
HAaBiTh MIPU3BOAMIN 10 MOMIIKOBUX PE3yIbTATIB.

Merta Ta 3aBIaHHA

MeTor [IOCIHIUKEHHS € BUBYEHHS B)KE€ BiIOMHUX
cnoco0iB BiOOPY NpETEHIECHTIB, a TaKoX OOIPYHTY-
BaHHS METO/Y 1 aJITOPUTMY MOOYJJOBU CHCTEMH MiATPHU-
MKH NPUAHATTS pillleHb Ha OCHOBI KOTHITUBHOTO MOJIe-
JIIOBaHHS Ta HEYITKUX KOTHITMBHHUX KapT, IX 3acTocy-
BaHHS Yy Pi3HHX BUMAIKaX BimOOpYy KaHAWAATIB Ha Ba-
KaHTHY Hocafy.

3aBIaHHs MOCTIPKEHHS. JJOCATHEHHS ITOCTaBIeHOT
MeTH nepeadaydae BUPIIICHHS TAKNX OCHOBHHX 3aBJIaHb!

— TpOaHaNi3yBaTH MOMYJISIPHI METOAN NPUHHATTS
pileHs 1po BiAbip 0JJHOTO KaHAWAATA i3 MHOXKWHHU TIpe-
TEH/ICHTIB, SIKIi BUKOPHUCTOBYIOTHCS MpPEICTABHUKAMHU
HR Tta kepiBHHKaM# Cy4acHHX ITiANPUEMCTB;

— OOIpYyHTYBaTH BHKOPHCTAHHS HEUYITKUX KOTHI-
TUBHMX KapT, Ta KOTHITHBHOT'O MOJICIIIOBAHHS ISl CHC-
TEMH T ITPUMKH TPUHHSATTS PilllCHb;

— ONMCaTH OCHOBHI METOAM BU3HAYEHHS KIFOYO-
BuX (DakTOpiB KOMIIETEHLIH, 3a SKMMH BilOyBa€ThCs
BizI0ip;

— PpO3pOOHTH aNrOpUTM MPUHHATTS PIilIEHHS 1PO
BHOIp KaH/ANaTa Ha BAaKaHTHY TOCAy.

IIpenmeToM OCTIHKEHHS € TEOPETHYHI Ta HPHUK-
JaJiHI aCIEeKTH aBTOMAaTH3allil eTary BimOopy mepcoHa-
JIy METOJIOM KOTHITHBHOT'O aHaJli3y Ha OCHOBI HEUiTKHX
KOTHITUBHHX KapT.

O06'exTOM mOCIHIPKEHHS € eTal Bigbopy y mporeci
PEKPYTHHTY Ta HaliMy JUIsl 3aJJOBOJICHHs IOTpeOH mir-
PHEMCTB y HEOOXiZTHOMY IIEpCOHAJT.

AHaJIi3 0OCTAHHIX JOCTIZKeHb i myOJriKkamii.

OrJsi IUPOKOTOCTYITHUX JIITEPATYPHUX JDKEPET 3
MUTaHb YOPABIIHHS MEPCOHANIOM, HOrO PEKPYTHHTY Ta
MIPOBEJIEHHS TPOIIeCY BimOOPY, Jae 3MOTY CTBEpPKyBa-
TH, IO TIOCTaBJIeHa Mpo0ieMa J0Ci 3aIHUIIAEThCS y CTa-

Hi pO3BUTKY 1 MOoTpedye HOBHX ifeil. BapTo Takox 3a-
3HAYHTH, OI0 OUIBIIICTh aBTOPIB po3riIsaae BimOip mep-
COHAJIy HE SIK OKpEMUI Ba)XKJIMBUU €Tall, a JIUIIE 5K He-
3HAYHy YacTHHY MPOIECy HaiMy, IO MOXIIHMBO i € OJI-
HOIO i3 TIPHYUH Mauoi KiTBKOCTI NOCIIKEHb Ha ITIO
TeMy.

Cepen HasBHUX JDKEpEN MOXKHA BHUAUIMTH ITyOIi-
kanito H. KaszapuHoBoi, B siKiii BU3HAYAETHCS MOJCIH
0OYHMCIICHHS BiAMOBITHOCTI KaHIMaTa BUMOTaM BaKaH-
THOT mocasau. llikaBi imei mMpo BH3HAYEHHS OCHOBHHUX
KpPUTEpiiB OLIHKK NPETEHAEHTIB OYyJI0 BHUCJIOBJIECHO B
po6orti T. Binopyc. Cepen ocTaHHIX TOCIIIKCHD MPHC-
BAYCHHX Kiacu(ikamii MeToniB BiIOOpPY, SKi BUKOpHC-
TOBYIOTBCS IMiIPHUEMCTBAMH BapTO BiJ3HAYMTH HAYKO-
By crarTio K. [laBmenko ta B. Illymerinoi a Takox po-
6oty O. Manska. Baromuii BHEcOk B po3poOky imei
BHKOPHCTAHHS HEUITKOI JIOTIKK IS MiITPUMKH TpHii-
HATTS PIMICHHS NP0 NPHU3HAYCHHS Ha MOCATy 3pOOHIH
taki aBropu sik H. Konnmparenko, C. Jlyxeupkwuii, O.
Yebopaka. [1oOpe omnucaHi HampsiMU 3aCTOCYBaHHS Ma-
TEeMaTHYHUX METOIB Ta MOJAEJEH AJsl BinOopy y myosi-
kanii K. KoisipeBcbkoi. 3aranbHuil TCOPETUIHHUN KYpC
PO TEXHOJIOTiI0 HEYITKOTO MOJENIOBAHHS MPOLECIB
YOpaBIiHHSA, HEUiTKI CHCTeMH Ta 0a3W HEYITKHX 3HAaHB
Mae MiCIle y HaBYAJBHIN JiTepaTypi BITIM3HSHOTO aB-
Topa A. Kaprina.

MeTomoJiorist 1OCTiIKeHHSA

Jlns mpoBeJeHHsI JAOCIIKEHb 32 TEMOIO POOOTH
BUKOPHCTOBYBAINCS TOLIYK, OIJISJ, ONpPALIOBaHHS Ta
aHaJIi3 HAyKOBHX POOIT, cTaTei, Te3, METOUYHHUX MOCi-
OHUKIB Ta IHIIMX JDKEpeN Yy BiAKpuToMy poctymi. [licns
JIETaTbHOTO O3HAMOMIICHHS Ta aHaJli3y OCTaHHIX IyOJi-
Kalliil po BUPIMICHHS po0OieM B o0iacTi Bigbopy mep-
COHally, TOPIBHSHHS MO3UTUBHHUX Ta HETaTHMBHUX CTO-
piH, Oymu B3sATI O yBarm HayKOBi KOHIICMIIi, imei Ta
HATIPSIMKH, SKi Hapasi BBaXAIOThCS HAMOLIBII MEepCIeK-
THUBHUMH a00 SIKI IIe He BUKOPUCTOBYBAJIMCS JUIsl BUPi-
IICHHS JIaHOT MPOOJIeMH — IIe 1 CTaJl0 METOJI0JIOTIYHO0
OCHOBOIO JIOCHI/KeHb. J[JIsl BUpIIIEHHS IMOCTaBICHUX
3aBJaHb OYJIO BHKOPHUCTAHO pI3HOMaHITHI HayKOBi
IPUHOMHU.

I3 3aralbHOHayKOBUX METO/IIB EMITIPUYHOI0 033010
JIOCITI/KEHHSI BUCTYIIWIIA aHKETYBaHHS, MIPOBEJCHE Ce-
pen mpeicTaBHMKIB MeHekMeHTy Ta HR, enextponHi
JokyMeHTH (noctaHoBu Kabinery MinicTpiB Ykpainn),
a TEOPETUYHOIO 0a3010 - IHTEPHET-PECYPCH JUIS MOUIYKY
JaHUX TIPO OCHOBHI eTamu mpouecy Bindopy, Bimomi
peainizanii Ha ChOTOAHINIHIA ACHB, X aHANI3 Ta CHHTE3,
abcTpakmis Ta aHaoris. 3a MPUHIMIIOM BiJIOBITHOCTI,
Ha OCHOBI OTpHUMaHOi iH(opMaIlil BUCYBaJIUCS T1IOTE3N
PO BapiaHTH BUPILICHHS IPOOIeMH.

TeopeTnuHuil piBEHb MPENCTABICHHH METOJIOM
CTIIOCTEepEe)KeHHS (BIIaCHUH OCBiJ yYacHHKa-KaHIHIaTa
y mporeci Bii0opy), NOpiBHAHHA (CydacHi METOAM BiJ-
0opy mepcoHally MOPiBHIOBAJKCS MiX c0000), abcTpa-
T'yBaHHS (pO3IJIs/ eTary BUOIPKH OKPEMO Bij IpOILECcy
PEKpYTHHTY Ha II0cajy), MaTeMaTHYHOI0 (hopmaizari-
€10 METOJy BU3HAYCHHS IIIXO/SIIOr0 KaHUaaTa 4epes
HEUiTKY JIOTIKy Ta HEYiTKi KOTHITHUBHI KapTH. BuBenen-
HS TIOTE3W MPO BUPIIIECHHS 3aBIaHHs OYyJ0 3pOOJICHO
3aBISIKH METOAY 1HAYKIII.
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Jlis BUpimIeHHST 3aBIaHHS, JOCIIIKYIOTBCS CHC-
TEMH i3 3B’SI3KaMU, SIKi MPUBOIATHECSA IO OTHOTO BHUAY,
10 XapaKTepU3YIOThCA SIK Oe3MepepBHICTIO Ta IeTepMi-
HOBAHICTIO, TaK 1 BHUIAIKOBICTIO, TOMY MOXHa TaKOX
Ka3aTh MpO BUKOPHCTAHHS CHCTEMHHX METOIIB (IOCIi-
JDKEHHS omepanii HaliMy, Teopis MEHEIKMEHTY ITIepco-
HaJly B IIJIOMY Ta PEKPYTHUHT'Y OKPEMO, TEOPisi HEUITKNX
MHOXXUH TOIIO). 3a TPHHIUIIOM JETePMiHI3My Oyiu
po3po0IIeHi 6a3u NMpaBWII IS BUBCICHHS 3HAUCHHS B3a-
€MOINOB’A3aHUX (PaKTOPIB.

s moBeneHHs TiloTe3W BHKOPUCTOBYBAaBCS €KC-
MIEPUMEHT i3 YSIBHMM MOJICIIIOBaHHSIM Hpoliecy Bindopy
KaHAWOaTa Ha mocany po3poOHmka Java-Junior y IT-
KOMIaHio 3i 300poM iH(dopMaIlii mpo METOIN Ta eTary,
CIIOCTEepEe)KEHHS SBHIIA, HOTO aHAaJi3y, BUPOOJIECHHS Ti-
MIOTE3U Ta PO3POOKH aJTOPUTMY IIiJ] TIOTE3Y.

TpynHOII y MEpBUHHUX IOCIiIKCHHAX MOB'A3aHi
3 OOMEXEeHHM IOCTyIoM o iH(opMarii mpo AocBixg
KOHKpETHUX (ipM Ta MiJNPHEMCTB, IO 3YMOBJIEHO ii
KOH(IICHIIITHAM XapaKTepoM.

Anauni3 migxoaiB 10 mixdopy nepconasy
Ha mocaay

He Mo)kHa He HOTOIUTHCS i3 THM, IO TIEPCOHAI €
OJHMM 13 OCHOBHHX pPECypCiB Oy[b-SKOTO YCHIIIHOTO
MIATPHUEMCTBA, HEOOXITHUM IS JOCSATHEHHS CTpaTeri-
YHUX IJIeil Ta PO3BUTKY, TOMY Ipo0iemMa aBToMaru3a-
1ii mporteciB Horo BimOOpy A BUTbHOI BaKaHCIi 3apas3 €
JOCUTh aKTyanbHOI0. Ha ChOTOAHIIIHIA [€Hb TaKOX
He3arepevyHa BHTO/a 3aJydeHHs] THMYAcOBHX CHiBpOOi-
THUKIB. TUMYacOBHI ITEPCOHAN - IIe MITAT NPaIliBHUKIB,
SIKH HAOWPA€EThCS i TIEBHUN TPOEKT 3 TEPMIHOM PO-
6o0TH Bix 100K 10 6 4yu OUIbIIE MICALIB, B 3aJ€KHOCTI
BiJI TPUBAJIOCTI MpoeKkTy abo oOoB's3kiB. Kopuctio Bix
X HaliMy € CHpoOllIeH] FopUIYHe 0POPMIICHHS Ta CXeMa
NPUIMHEHHST TPYJOBOTO JIOrOBOPY 3 HEBIIIOBIIHUM
CIIBPOOITHUKOM, 3BITBHCHHS KOMIIAHIl BiJ BEIHKOL
KIJIBKOCTI IJIATEXIB, TOB'SI3aHUX 3 YTPUMAHHIM TOCTIiH-
HOTO CHIBPOOITHHKA, MOXJIMBICTh JINEryBaHHS IEBHOI
YaCTHHHU CKJIAJHUX (YHKIiH, a 3HAYNTh PETYIIOBAHHSI
po00OYOro HABaHTAKEHHS, a TAKOX 3HIDKEHHS aJMiHICT-
paTUBHHX 1 OyXraiaTepCchbKuUX BUTpaT. THMYacoBHil Ha-
0ip mepcoHairy, KpiM CBO€I OCHOBHOI MeTH - 3a0e3Ire-
YeHHsl OpraHi3amii JIOAPMH Ha IEBHUI Mepion, MOXe
OyTH TpeKpacHHM CHocoOOM TEepEeBIpKH THMYACOBO
HAfHATHUX TPaliBHUKIB 3 METOI0 MOXXJIMBOTO IPOIOB-
JKEHHS CHIBIIpaIli 3 HUMH Ha IOBIOCTPOKOBiif OCHOBI.

ITix c1abKOCTPYKTYPOBAHOKO CUCTEMOIO PO3YMIETh-
cs Taka JUHAMIYHA CHUCTEMa, B CTPYKTYypi i QYyHKILIOHY-
BaHHI fAKOi Ba)XJIMBY POJIb BiAirpae NIOJICHKUN YUHHUK,
JUIsL PI3HUX HPOSIBIB SIKOTO IPAKTUYHO HEMOSKIIUBO 1100Y-
JyBaTA TOYHI MartemaTtudHi moneni. OIHIE 3 MPUYNH
TaKoXX € HeJoJiK iH(opMmarlii npo cTaH cHCTEMH B yMO-
BaX 30BHIIIHBOTO cepefoBHINa. Takok MOXKHA BHIUIHTH
HEBH3HAYEHICTh LIUIEH PO3BHTKY CHCTEMH, IO YCKIIaJI-
HIOE BHOIp YNpaBIJIHCHKOTO pillleHHS. [HIIa criagHicTh
MoOJKe OyTH TOB'si3aHA 3 THM, IO Cy0'€KTOBI yIIpaBIiHHSI
JIOBOJIUTLCSL MaHIMYJIIOBaTH SIKICHOIO iH(OpMaIli€o y
BHTJISAI IPUITYIICHB, IHTYiTHBHUX TIOHATH, Cy0’ €KTUBHUX
MoOJIeNeH, sIKi 3aCHOBaHI Ha eKCIepTHiH iHdopMmarii [8].

UwucneHHi MOCTIHKEHHS TPOIECIB MPUHHATTS Pi-
eHb MiATBEPIKYIOTh, 10 CYO0'€KTOBI YNpaBIiHHI HE

BJIACTUBO MHUCJIUTH 1 IPUHMATH PIlICHHS TUTbKH B KiJIb-
KICHHX XapakTepHCTHKax. Excmepr, K Jr0quHA, MHC-
JIUTH, TIEPIII 32 BCe, SIKICHO, 1 T HHOTO TOUIYK PIllIeHHS
- TIe, TOITYK 00pa3Hoi CyTi pillleHHs, J¢ KiUTbKiCHI OIliH-
KH{ TPAIOTh JOMOMDKHY poJib. TOMY CTpYKTypH 3HAHHS B
MHCJICHHI, BHUABIAIOTHCS HAWBaKIMBIIIUMH €JIEMCHTa-
MU CUTYallii, HEYCYBHHMH 3 MOJIJIi TPUHAHSTTS PillICHb.

3 BHIICHABEJCHOI0 BUIUIMBAE, L0 MPUHHATTA pi-
LIeHb y CIa0KOCTPYKTYPOBAaHHUX CHCTEMax — Iie iHTelle-
KTyaJbHUH Tpoliec BUPIICHHS PO0OJeM, KUl Mae Oy-
TH 3aCHOBaHMM Ha pallioHaJbHOMY BHOOpi BapiaHTy
pimenHst [9], sAKxuid 3anpONOHOBAaHMU JIIOAMHOK abo
TPYIIOI0 ITFOJIEH, TOMYy Ma€ BpPaXxOBYBaTH CyO €KTHBHI
SIKICHI Ta KUTBbKiCHI (paKTOpH Ta BEIHKI 0OCATH TaHHUX
JUIL aBTOMAaTHYHOI OOpOOKH, OCh 4OMY IJISI TaKHX 3a-
BIaHb BHKOPUCTOBYIOTH CHCTEMHM IIiITPHUMKH HPUHHSAT-
TS PIIIICHB.

Cucrema miarpuMku npuidHATTS pimeHs (CIIIIP) e
IHTEPaKTHUBHOIO CUCTEMOIO, siKa 3a0e3Ieuye KOPUCTyBa-
4y IOCTYI J0 MOJENEH 1 JaHUX AJIS TOro, 100 MiaTpHU-
MaTH CKJIAJHUI TpoleCc MPUHHATTS PillleHb CTOCOBHO
cabo  CTPYKTYpOBaHUX 1 HECTPYKTYpOBaHHX 3a-
Baaub [10].

OcHoBHi nepeBaru crBopeHHst CIIIIP:

— po3pobKa OJHOTO IHCTPYMEHTAIHHOTO 3acoly
JUIL BUpINIEHHS 0araThbOX HECTAHAAPTHHUX 3aBIaHb 3
Pi3HHUX Tamy3ell yIpaBIiHHS,

— B mporeci ekciuryaramii iHGOpMAaIlifHUX cuc-
TEM YIPaBJIiHHA BiIOyBaeThCS 1 CAMOHABYAHHS CHCTEMHU
3 MOMOBHEHHSIM 0a3u 3HaHb,

— 0COOJMBO CYTTEBHU e(eKT MOXKHA OYiKyBaTH
Opy BUPINICHHI TaKWX 3aBJaHb, U SKUX BIACYTHIM
TOYHUI aNrOPUTM PO3PAaXyHKYy 3HAa4eHb KEpYIUHX
BILJIMBIB;

— THYYKICTh TpH BHPIILIEHH] 3a]a4 HIIIXOM KOM-
OiHyBaHHS TOTOBHX i anmpoOOBaHUX YHPAaBIIHCHKHUX pi-
LIEHb.

Ha TemepimHiit 4ac, 3 pO3BHTKOM METOJIB IITY4Y-
HOTO IHTEJIEKTY i, III0 TOJIOBHE, i3 CTBOPEHHSIM TEXHid-
HUX 3ac00iB, SKi MalOTh BHCOKY OOUYHCIIOBaJbHY IPO-
JOYKTHBHICTh Ta 3JaTHICTh ONpPalbOBYBATH BEJHKI
00’emu iH(poOpMarii 3a MEBHUI Yac, 3pocTae iHTEpecC
BKItOUeHHs 10 ckiaay CIIIIP KOrHITUBHUX TEXHOJOTIH.
KorHiTHBHI TEXHOJIOTT 100pe 3apeKOMeHIyBau cebe y
BHpINIEHH] 3a/1a4 MPOTHO3Y CHUTYyamii, OCKiNbKH 3/1aTHI
BiloOpakaTW CKIIaJOBI YaCTHHH CHUCTEMH Ta 3B’s3KH
MDK HUMH, OJTHAK, Ha JKaJlb, MaiXke HE 3aCTOCOBYIOThCS
y Oaratbox ctepax AiSIBHOCTI, SKi HOTPEOYIOTH IOK-
pallleHHs BXKE 32 PaxyHOK SIK JIFOJICBKUX PECypCiB Tak i
JIOTIOMDKHUX KOMIT'IOTEPHUX CHCTEM, HalPUKJIa, MMOJIi-
OHI pilIeHHs MOIIM O BHUKOPUCTOBYBATHCS /IS MTOKpa-
LIeHHs Ni0opy nepcoHany y ¢gipmy abo Ha ayTcopc.

KorniTuBHI METOM BUKOPHUCTOBYIOTHCS B PIi3HO-
MaHITHUX ctepax cycmiaproro xxutts [11, 12]. danuit
HANpsIMOK € TEePCIeKTUBHUM Ta TaKHM, IO ILIBHJKO
PO3BHBAETHCS Ta BIOCKOHAIIOETHCS, HOMY CIIPHUSIE 3pOC-
TaHHA 00YHCITIOBAIFHOI MOTYKHOCTI CydaCHUX KOMIT fO-
TepHHX 3ac00iB. Ile cBiIUUTH TIPO Te, IO MOIITBHO PO3-
TJISSHYTH MOXJIMBICT BUKOPHUCTAHHS KOTHITUBHUX TEX-
HOJIOTiH IpH BHPIILICHHI PI3HOMaHITHUX 3aBJaHb IPHHI-
HSTTS PILICHB B CIA0KO CTPYKTYPOBaHHUX CHCTEMax, sIKi
YacTO BUHUKAIOTh Ha ITiJIPHUEMCTBAX Ta (ipMmax.
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JIo TpamuIiiHUX PO3MOBCIOKCHIX METOIB OIliH-
KM TIPETEHJCHTIB BIAHOCATBH: OILIHKY pe3foMe, aHKeTy-
BaHH, TeneoHHY criBOecimy, TecTyBaHH:, Mpodeciitui
criBOeciii, BUKOPUCTAHHS MTOCIYT IIEHTPIB OIIHKH Ka-
HAWJATIB. SIKII0 Ha MBOMY eTami OyQyTh BUKOPHUCTOBY-
BaTHCS OJHOYACHO MEKiIbKa TOMIOHMX IHCTPYMEHTIB
JUTSL OILIIHIOBAHHS — II¢ MOXE 3pOOUTH BHCHOBOK O1JIBIII
aprymeHtoBaHuM. Ock YoMy IpH po3poOlLii HOBOTO Me-
Toay OyJO0 BHPILIEHO MOEJHATH HAWIOMYJSPHIIII Kia-
CUYHI METOJIH.

Jlo HeTpamuIIHUX METOIB OI[IHKH MPETCHICHTIB
BIZTHOCSTH KOMIT FOTEpHY JIIarHOCTHKY, OLIHKY 3710HOC-
Tell 3a CHJIOIO TOJIOCY a0 BiIOMTKaMH MajbIliB, Tpado-
JIOTif0, TIPOXO/KEHHA AeTeKTopa OpexHi, OpeHHIITOpM-
iHTEepB’10, TeCcTH Ha Bm3HadeHHA 1Q Ta iH. MiHycamu
X METOIIB € HE CIIBIAAiHHSI BHCHOBKIB i3 peaibHic-
TIO T2 HEMOJKJIUBICTh BUHECEHHS BUBa)KECHOTO BEPAUKTY
OpIEHTYIOYHCH TUTHKH 200 B OCHOBHOMY Ha HUX.

OnHUM 3 J0BOJNI €(EKTUBHHX CYy4acCHHUX METOJIIB
BiZI0OpY mepcoHaTy 3a JOMOMOIOI0 0OaraToKpHuTepialb-
HOTO aHANi3y € METOJ TaK 3BaHOI «iJcaibHOI TOYKK»
a00 «iIeaNbHOTO KaHAWUIATa», B HOTO OCHOBY MOKIajC-
HHUHA PO3paxyHOK BiICTaHI y OaratoMipHOMY HpOCTOpi
KpHUTEpiiB MK TOYKOIO, IO BIIIIOBiAa€ ifcaimbHIA ajb-
TEepPHATHBI, Ta TOYKOIO, IO BIAMOBINAE aIbTEPHATHUBI,
KA JNOCHIIKYEThCS B KOHKPETHOMY BHUIAJKY. lnmeans-
HOIO BBA)KAEThCSA TaKa aJbTCPHATHBA, KA Mae HalKkpa-
mie 3Ha4eHHS Bcix kpurepiiB. [Ipukiax meronmy «imea-
JBHOTO KaHIUIATa» MOXKHA 3HANTH 3a NOCHJIAHHAM
[13], B HBOMY BHpILIYETHCS 3a1aya BigOOpy KaHIUIaTa
Ha TOCaay aJMIHICTpaTopa TOTEJHLHOT0 KOMILIEKCY
«['pang Anmipan Kiry6».

IlepeBaramu 1ibOrO METONY €:

- JIETKICTh PO3POOKH Ta BBEICHHS.

Henonikamu 11bOro METOy €:

- HE BPaxXOBYETHCS KOMIUICKCHICTH BHOpaHHX
KpHUTepiiB, TOOTO, [0 HA HUX MOXKYTh BIUTUBATH WHIIII;

- Cy0O’ekTHBHA HeOpraHi3oBaHa JyMKa MeEHe-
JDKEpiB Ta KEPiBHUKIB IIPH OIIIHIII BCIX KPUTEPiiB, HEMaE
cTabiapHOT 6a3u MpaBmIT;

[Ile omuH MeTO Oa3yeThes Ha PO3paxyHKY Koedi-
LIEHTY BIAMOBINHOCTI Tpodins KaHauaara Hpodiito
BaKaHTHOI rmocaju (Tmeperiiky BUMOT JI0 BiIKPUTOT Baka-
HCif), 32 SIKUM (OPMYETHCS CIMCOK KaHJM[ATiB Ha Ba-
KaHTHI ITOCaIH.

IlepeBaramu bOoro METONY €:

- JIerKicTh PO3POOKHM Ta BBEJICHHSI.

Henonikamu 11p0ro MeTony €:

- OOMEXEHICTb OLIHKH Ti€l YM WHIIOI HABHYKH
JIBOMa 3HaUCHHSAMMU: «HYJb 0aliB)» Ta «OIUH 0aiy;

- BpaxyBaHHS JIMIIE [EKIJIPKOX, BU3HAYCHHX B
poOoTi KpuTEpiiB(1OCBiT POOOTH, piBEHH OCBITH, PiBEHB
BOJIOZIHHS aHTITIHCHPKOI0 MOBOIO, MOJJIMBICTH IIpAIlio-
BaTH y KOMaHJIi Ta Y CTHCII TEPMIHN);

- HEe BpPAaxXOBYEThCS KOMIUIEKCHICTh BHOpPaHHX
KpHTEpiiB, TOOTO, 10 HA HUX MOKYTb BIUIMBATH MHIII;

- cy0’exTHBHA HeOpraHi3oBaHa JyMKa MeEHEKe-
PiB Ta KepiBHUKIB IIPH OLIHIII BCIX KPUTEPIIB;

3aBIsSIKM TIPOBEICHOMY aHKETHOMY ONHMTYBaHHIO
cepexn npencraBHukiB HR Ta foro amamizy moxHa Imo-
0aunTH, 0 HaifyacTimie B XapKiBCHKUX KOMIIAHIIX BU-
KOPHUCTOBYETHCS METOJ paHXKyBaHHS. bymo omwmra 6i-
meire 20 HR-menemxkepis pisanx IT-xkommaniit Xapko-
Ba. Pe3ynbTaTn onmuTyBaHHA NpecTaBiIeHo Ha puc. 1.

Moro cyTh y TMOpiBHSHHI OLIHIOBAHHX CITiBPOGIT-
HUKIB MiX COOOIO 1 po3TamryBaHHi iX 3a 0OpaHUM KpH-
TepieM B MOPSAKY 3HW)KEHHs a00 3pOCTaHHs paHry Ta
MOPIBHSAHHI 3 MOPTPETOM «iJCAIBHOTO KaHAMIATY.
ABTOMATH3AIlisI HA IIbOMY €Talli IPEICTaBICHA TUIBKH B
TOMY, 1110 JaHi MPETeHACHTIB 30epiraloThcs Ta meperis-
JAI0THCS B €IICKTPOHHOMY IOJATKy. Pinuie 3BepTaroThes
0 MeToy (DYHKIIOHATBHOI OILIHKK KepiBHUKA — TOOTO
oro cy0’eKTHBHOTO aHANi3y BiNMOBITHOCTI CHiBpOOIT-
HHKa CBOIM MOCaJJOBUM 00OB’sI3KaM.

Skmio #eTbes Mpo NPETSHACHTIB, SKi MPOXOISTh
BHIIPOOYBaILHUI TEepMiH, a00 CTYICHTIB Ha CTa)XyBaH-
Hi, TO MOX€E 3aCTOCOBYBATHCS METOJ KOMILJICKCHOT OIli-
HKH ripani y yaci. CyTh y BU3HAU€HHI CYKYITHOCTI IOKa-
3HHUKIB SIKOCTi, CKJIQJIHOCTI Ta Pe3yJbTaTUBHOCTI Mparii
Ta MOPIBHSHHI 3 TONEpeaHIM mepiogoM abo HOpMarTH-
BOM 3a JIONIOMOTOI0 3aCTOCYBAaHHSI BaroBHX KoeillieH-
TiB.

Moro cyTh y TMOpIiBHSHHI OLIHIOBAHHX CITiBPOGIT-
HUKIB MiXK cOOO0 1 po3TalryBaHHI iX 3a 0OpaHUM KpH-
TepieM B MOPSAKY 3HW)KCHHS ab0 3pOCTaHHs paHry Ta
NOPIBHSHHI 3 TOPTPETOM «iJCAIbHOTO KaHAHAATY».
ABTOMaTH3alis Ha BOMY €TaIll NPEACTABICHA TIIBKH B
TOMY, IO JTaHi IPETEHICHTIB 30epirafoThCs Ta Meperiis-
JIAl0ThCS B €JICKTPOHHOMY JIOAATKY.

Pigire 3BepraroThes 0 METOAY (DYHKI[IOHAIBHOT
OIIIHKU KEPIBHUKA — TOOTO HOTO CY0 €EKTHBHOTO aHATI3y

BIAMOBIAHOCTI  CMiBPOOITHUKA  CBOIM  IOCAJ0OBUM

000B’s13KaM.
Slkmio HxeThCs MPO MPETEHACHTIB, SKI MPOXOAAThH
BUIIPOOYBAILHUHA  Tep-

AKHM YuHOM POSUTECA BHCHOBOK, WO KAHOWOAT NigXoanTe No codrorinam?

MiH, ab0 CTyZeHTIB Ha
CTaXyBaHHI, TO MOXe
3aCTOCOBYBAaTHCA METOJ
KOMIUIEKCHOT ~ OILIHKH
mpari y gaci. CyTth y
BHU3HAYEHHI CYKYITHOCTI

I Heuitd cucTemn | npamana
BigBapy

B Homnnexcka oyikea sianonised y

Banax (i 5 war Syas Binewe MOKAa3HHKIB SIKOCTI,
geanie, o | RAEMTE) CKIIaTHOCTI Ta pPE3yib-
Ry vananaaT nigxogse ne TaTUBHOCTI Tmpari Ta

Kfl 1 Sl =1 . .
AR RApEAr A HOpiBHAHHI 3 HoONEpes-

HIM TepiofoM abo HOp-
MAaTHBOM 3a JIOIIOMOTO0
3aCTOCYBAHHS BaroBHX
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Puc. 1. Pesynsrarn ankeryBanus HR-menemkepis

KOC(IIi€HTIB.
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Ynpaeniuns 6 cknaonux cucmemax

OCHOBHA CKJIQJIHICTh, SIKa BUHUKA€E MPH BUKOPHC-
TaHHI BHWINE3TaJIaHUX METOJIB, IOJITa€ B TOMY, IO
aHATMITHYHUNA ompc ab0 CTATUCTHYHE CIIOCTEPEKECHHS
3aJISKHOCTI MK BXITHAMH Ta BUXITHUMH MapaMeTpaMiu
€ JTOCHTh CKJIaJIHHMH, TOMY DOBOAWTHCS BIABATHCS IO
Ccy0'eKTHBHHX MoOJEJel eKCHEepTHOI OLIHKHU, SKi BHOY-
JIOBYIOTBCS JTIOJICHKOIO JIOT1KOIO, aHAJIOTI€I0 13 BIACHOTO
JIOCBIZTY, «37I0POBUM TITY37I0M» Ta IHTYIIII€TO.

Hemae cymHIBIB, IO Ui Kpamioro migoopy mnep-
coHairy Tpeba BpaxoBYBaTH BEJIUKY KiJbKICTh YAHHHKIB,
SIKI € THIUBIAYaJIbHUMHE TSI KOXKHOI OKpPEeMOi CHTYyaIlii.
I3 BenuKoi KibKOCTI MOAIOHUX YMHHUKIB KOMIIAHis, 110
Oa)kae BUKOPHCTOBYBAaTH ayTCOpPC, Mae BimiOpaTH Haii-
BaXJIMBIII, 10 HAKOiIbIIe BIUIMBAIOTH Ha OTPUMAaHHSI
Halikpamoro pe3ynabpTary. HeckiamHo 3po3yMmiTH, IO
pi¥ ige mpo BENMHKY KUIBKICTh MaHWX Ui 0OpoOKH Ta
aHali3y, TOMY TyT OYEeBHAHO He 00iifTrcs 6e3 BUKOpHC-
TaHHS CHCTEM IITPUMKH TNPUHHATTS PillleHb, AKi CIie-
[iaJIbHO HAJAIITOBaHI Ha momioHy poboty. Ochk YoMy
3pYYHUMH IHCTPYMEHTaMH MJIsl OLIHIOBaHHS pIiBHA
BIUIMBY NCSKUX IapaMeTpiB Ha CHUTYaIlif0, IO JOCHi-
JDKYETBCSI, MOYKE CTaTH KOTHITHBHA KapTa Ta KOTHITHB-
He MojeNoBaHHA cutyanii. YoMy oOunaBa 1l MOHATTS?
KoruiTBHa kapra BimoOpakae nuine (GakT HAasBHOCTI
BIUIMBiB (pakTOpiB OMMH HA OgHOTO. Y Hill He BimoOpa-
JKA€THCS Hi ACTANBHUI XapaKkTep IUX BIUIMBIB, Hi AWHA-
MiKa 3MiHH BIUTHBIB B 3aJIe)KHOCTI BiJl 3MiHH CHTYaIlil,
Hi THMYacoBi 3MiHH caMuX QakTopiB. OOMIK BCIiX IUX
0oOCTaBMH BHMarae IepexoNy Ha HACTYHNHHH piBEHb
CTPYKTYpH3allii — 10 KOTHITUBHOT MOJICII.

KorniTuBHa kKapTa Jae 3MOTy Ha04YHO (32 JIOTIOMO-
TOI0 3PYYHOr0 rpad)ivHOro BiTOOpaskeHHS) MOKA3aTH 1 B
TOM K€ 4ac KOMIUIEKCHO OLIIHUTH CUTYallilo, 10 A0Ci-
JDKYETBCSI, BU3HAYUTH TNPUUYMHHO-HACIIJIKOBI 3B’SI3KH
MK MapamMeTpamMH CUCTEMH, a TAaKOXK IX BIUIMB HA CHUTY-
aIfio B OUIOMY.

HaykoBuM HampsiMKOM, IO JISKHUTh B OCHOBI JIOC-
TMDKEHHA 3ajad, sKi XapaKTepH3YIOThCS CIaOKOIO
CTPYKTYpOIO ~ Ta  3B’SI3KaMH, IO  ONHCYIOTBCS
Ccy0’€KTMBHUMH HE3JIIYEHHUMH IOHSTTSIMH, € METOIO-
JIOTisl KOTHITHBHOTO aHamizy. HaifOinmem edekTuBHUM
IHCTPYMEHTOM LIbOT'O aHaJi3y € HeUiTKi KOTHITUBHI Kap-
1, 60 BOHM J00pe 3apeKOMEH/yBalu cebe MpH po3riis-
Il caOKOCTPYKTYPOBAaHUX CHUCTEM 13 BEJIMKOIO KLIbKic-
TIO YUHHHKIB. B OCHOBI KapTu J€XUTHh 3HAKOBUH (PyHK-
nioHanpHUH Tpad. PakTopu Ta 3B’A3KH MK HUMH MO-
KyTb OyTH SIK KiJIbKICHUMHM, TaK 1 SKICHUMHU 3MiHHUMH.
BB daxTopiB ogHE Ha OJJHOTO BU3HAYAETHCS Barolo i
3HAKOM IX B3a€MO3B’SI3KiB.

st MozentoBaHHA Ta OOY/IOBH CIIEHApiiB TAKOTO
KJIacy CKJIaJHHX CHUCTEM 3aCTOCOBYETHCS METOMOJIOTIS
KOTHITHBHOTO MOJEJIOBAHHS, L0 CHHMPAEThCS Ha Ii-
3HaHHS, MHCICHHSA, PO3YMiHHS, CHPUHHATTA Ta iHIII
aCIEKTHA KOTHITUBHOI JISJIBHOCTI JIFOJUHH.

Ha croromui po3po0iieHo aAeKiibka pi3HOBHUIIB KO-
THITUBHUX KapT. KokeH 3 pI3HOBUAIB BiAPI3HAETHCA
MPOLIEAYPOI0 MOYATKOBOTO BU3HAYCHHS CTPYKTYpH Ta
migxoaamu 1o ix anamizy. Cepen HUX:

— TpaauliiiHi KOTHITUBHI KapTH;

— 3HAaKOBI KOTHITUBHI KapT;

— HEYiTKi KOTHITHBHI KapTH;

Krnacuvna KOTHITHBHA KapTa SBJISIE COOOI0 3HAKO-
BHI OpieHTOBaHMi1 rpad:

G={vV.E}, )

ne V={v;eV,i=12..k} — BepmMHH KOTHITHBHOI
KapTH, TPEACTaBICH] y BUTIAAI Oe3Iidi YMHHHKIB, ITi-
neii abo momiu;

E={e eV,i=12...,k}— nyru xorHiTHBHOI Kap-
TH, 0e31iY BiJHOCHH, IO MOKa3yIOTh BIUIMB (haKTOPiB,
et abo moxaiil ogHe Ha OQHOrO.

Taki kapTu CHpUSAIOTH €(PEKTUBHOMY NOAAHHIO
3HaHb Ta iX MOAaNbINid miarHoctull. [Ipukmagamu yc-
IIITHOT peanizamii [boro METOy MOXKHa Ha3BaTH BUKO-
pHUCTaHHS KOTHITHBHUX KapT SIK 3aco0y aHamizy mapa-
METpiB, IO BIUIMBAIOTH HAa (OPMYBaHHA ITiICYMKOBOL
OILIHKA y CTYJCHTIiB BHIIOTO HABYAIBLHOTO 3aKNIamy Mij
Yac BHKOPHCTAHHS IUCTAHIIIHHOI CKIIQZOBOi B OCBIT-
HBOMY TIPOIIECi YHIBEPCHUTETY.

Buningrore KapTy-nUIAX, OO0 € TOCTiJOBHICTIO
3B'SI3KIB MK OO'€KTaMH IIEBHOTO MapIIpyTy, 1 Kapry-
OTJIS/I, IO € OJHOYACHHUM IIPEACTABICHHSIM IPOCTOPO-
BOTO po3ranryBaHHs 00'exTiB. Iy Takoi 3amadi, K BU-
0ip Haiminmoro kaHauara Oiiblie miAidmIa Ou came
KapTa-orisij, ajpke PillIeHHSIM, 3alpOIIOHOBAHUM Y Jia-
Hill poOOTi € OIVIA HA BCI BOKJIMBI YMHHUKH CUTYAIII,
ale Uil 3ajad i3 CKJIAaJHOI0 CTPYKTYpOIO B3ae-
MO3B’sI3KiB Tpeba MIyKaTH OUIBII THYYKI Ta CKJIAIHI
pimIeHHs.

3HaKOBI KOTHITHBHI KapTH BU3HAYAIOTHCS SIK Opi€-
HTOBaHUil 3BakeHuii rpad. Ix mpusnauenns - npencra-
BHUTH MOJICITEOBAaHY CHCTEMY, K CYKYITHICTh KOHIICITIB,
KO)XHOMY 3 SIKUX BIATIOBiZae MOJIEThOBaHA 3MiHHA.
3MiHHI TIOB'sI3aHI BiHOIIEHHSMH, IO BHU3HAYAIOTHCS
pebpamu rpada. Pi3HuLs Ouil y TOMY, IO JaHi 3B’ I3KH
MOXYTh OyTH SIK TOJATHUMH, TaK 1 BiJI’EMHUMH, 1 OIH-
CYIOTh BIUIMB M KOHIIENTaMH. 3HAKOBI KapTH Ipe.-
CTaBJIeHI KOHILENTaMH, IO MaloTh SIKICHY HPUPO.Y, 1
BiJINIOBiJAIOTh 3POCTaHHIO, CIAIaHHIO a00 CTaJOCTI YHu-
CIIOBOi XapakTePUCTUKH, IO XapaKTepU3ye TaHWN Ma-
paMmeTp CHCTEMH.

IMpu amamizi CTIMKOCTI 3HAKOBUX KOTHITHBHHUX
KapT BHKOPHUCTOBYETHCS TPANWIIIMHAN MiIXil aHai3y
TMiHIHHEEX cucteM. JlaHui miaxix moOymoBaHHUN HA CITiB-
CTaBJICHHI KiJTbKOX KOHTYDIB 3 BEpIIMHAMH Yy KOHIIEI-
Tax KapTu. [IpoTe Takwii aHami3 HE TMPHUITYCKAE BUIB-
JIEHHS XapaKTepPHUX B3aEMHHMX BIUIMBIB KOHIIENTIB 1
PO3MICTHTH iX y MOPSIKY CHaJaHHsS CTYIEHIO BIUIUBY
Ha TIO3UTHBHI 1 HETaTHBHI CIIeHapii mepediry curyartii.

Takox maHWil THI KOTHITHBHHX KapT Mae oOme-
XKeHul andasiT, 1o oOMexye HOro MOXIIMBOCTI IIOJIO
penpe3eHTanii B3a€MO3B’S3KiB MK BEpIIMHAMH 1 HE
JIO3BOJISIE BiACTIIKOBYBAaTH OCOOJIHMBOCTI MPOIIECIB, IO
MAaIOTh KUIBKICHY TIPHPOJY.

CnaOKi CTOpOHHM 3HAKOBHX KOTHITUBHHX KapT 3Y-
MOBHJIM PO3BUTOK Habopy ix mommdikamiii, sIKi 3HAYHO
30aradyioTh iX MOXKJIMBOCTI IIOJI0 MPOBEACHHS KiJIbKic-
HOTO aHaJIi3y CKJIaIHUX CUCTEM

HaiiOipIr BiZOMHIM THI HEYITKUX KOTHITHBHHX
Kapt Oyio 3ampornoHoBano Kocko [14], BoHU oTpuManu
Ha3By HeUiTKuX KorHiTMBHHX KapT (Fuzzy Cognitive
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Maps). Lleli TepMiH HanpsAMy OB’ SI3aHUH 13 BH3HAYCH-
HSIM HEUITKOI MHOXHHH.

UiTke BW3HAYCHHS TOHATTIO HEUYITKOI MHOXHHH
JIaB BCECBITHHO Bimommii mMatematuk Jlorgi 3ame. He-
xaif X - yHiBepcaibpHa (0a30Ba) MHOXWHA, X - €JIEMEHT
X, a R - geska BnactuBicTh. 3BUYaitHa (W4iTKA) TTiAMHO-
KUHA A yHIBepCaJIbHOT MHOXHHHA X, CJIEMEHTH SKOTO
3aJI0BOJILHSIOTH BIIACTHUBOCTI R, BU3HAYAETHCS SIK MHO-
JKIHA BIOPSIKOBAHUX Tap

A= puAx/ X, 2

ne u# AX - xapakTepucTHdHa (QYHKIIS MIPUHAICKHOCTI

(abo mpocTo (yHKILIS NPUHAIEKHOCTI), IO NpHMae
3HAUEHHS B JAEAKIH IIJIKOM BHOPSAKOBaHIH MHOXHHI
M = 0; 1. ®yHKUis NTPUHAIE)KHOCTI BKa3ye CTyMiHb (200
PiBEHb) NPHHAICIKHOCTI €JeMEHTa X IiJMHOXKHHI A.
MHox1uHY M Ha3uBalOTh MHOXHHOIO IPUHAIECKHOCTEH.
SAxmo M = 0; 1, To HediTke MiAMHOKHHA A MOXE PO3T-
nAmaTUCS SK 3BUYAiiHa abo witka MHOXHHA. CTyIiHB
MIPUHAIEKHOCTI L A X € CyO'€KTHBHOIO MIpOIO TOTO,
HACKUIBKM €JIEMEHT X € X, BIAIOBIIA€ IOHITTIO, CEHC
SIKOTO (POPMaTTi3yeTHCS HEYITKOIO MHOXKITHOIO A.

[ToniOHa MaTreMaTH4Ha CTPYKTypa J03BoJisie hopma-
JI3yBaTh CYTO CYO'€KTHBHY IYMKY JIOAWHH, CHOPMOBaHY
B yYMOBax HEMoBHOI iHQopMamil M00 NPHHAJIEKHOCTI
€JIEMEHTa 10 AesKOl Ipynu. Jlo TakuX CTpYKTyp MOKHA,
HanpHKiIaja, BITHECTH JeSKy IiJAMHOXHHY JIIOfICH-
OpIOHETIB B 33/1aHill MHOXKHHI JTFO/ICH 13 TEMHHAM BOJIOCCSIM
a00 HEYITKY MiAMHOKHHY TEMHO-CHHIX KOJBOPIB B Oe3Midi
0oiIiifHIX KOJIBOPIB MATITPH 1 TAKe iHIIIE.

Ilepesaru:

— Jla€ MO>KJIMBICTB OIIEPYBAaTH HETIOBHO BH3HAYE-
HUMH €JIEMEHTaMH, BiJHOIICHHS SKUX IO JaHOi MHO-
JKHHU HE 30BCIM BIIOPSIKOBAHE;

— Jla€ MOJKJIMBICTB MPOBEJECHHS LIBUAKOTO MOJe-
JIIOBaHHS CKJIAJIHUX JUHAMIYHMX CHCTEM 1 IXHBOI'O I10-
PIBHSJIBHOTO aHaji3y i3 3aJaHuM CTYIEHEM TOYHOCTI:
3aBJSIKM TIPUHIMIAM TOBEAIHKH CHCTEMH, ONUCAHHM
HEUiTKMMHU METOJ]aMH, He BUTPAYa€ThCs Oararo yacy Ha
3'ICyBaHHS TOYHMX 3HAYEHb 3MIHHUX 1 CKIAIaHHS piB-
HSHB, 110 1X ONHCYIOTH;

— J1a€ MOXJIUBICTh HEUiTKOI (popmalizarii Kpure-
piiB OWIHKK i TOPIBHSIHHS: OIEPYBaHHS KpPUTEPIIMHU
«OUTBIIICTEY, «MOXIIHBOY, «IIEPEBAXKHO» TOIIO;

— JIa€ MOXIJIMBICTh BUKOPUCTAHHSI 11 OJIHI€T Ma-
TEMaTHYHOI CTPYKTypH - Habopy. Habopom HaznBaioTh
6e3J1i4 eJIeMeHTIB IpeAMeTHOI 00JacTi, IpH SIKOMY J10-
MyCKAeThCs OaraTopa3oBe JOAAaBaHHS OIHOTO 1 TOTO XK
eJeMeHTa y Haoip.

Ilicns HewiTkMx KoOTHITMBHHX KapT Kocko Oymu
3alpOIOHOBAHI iX 4HcieHHI Moamdikauii, mpore 3Ha-
YEeHHSl KOHIETTIB B MEPEBAXKHIA OUTBIIOCTI TaHUX MO-
JieTield € YITKUMH YHCIIaMH, 1110 00MEXY€ TX MOXIIMBOCTI
JUISL MOZIETIFOBAHHS CKJIQJIHUX CUCTeM. TOMy JOLIBHUM
€ TouryK Moaudikaniii HEeUiTKMX KOTHITHBHUX KapT i3
3aCTOCYBAHHSM anapary HeYiTKMX MHOXKHH.

Hactymaumu modanm myOumiKyBaTHCh POOOTH, B
SKHX TPOMOHYIOTh YHWCICHHI MOKPALIEHHS HEYITKHX
KOTHITUBHMX KapT Kocko B 3amadax MOAETIOBaHHS
CcIabKOCTPYKTYpOBaHUX cucTeM. B meskux cratTsax [13-
15] KOHIIENTH KOTHITUBHUX KapT BiAMOBINAIOTH BiIpi3-

ky mkamm [-1,1]. TIpu BukopucCTaHHI B TpaauIiiHUX
KOTHITUBHUX KapTax 3B'S3KH HaOyBanum O OIHOTO 3
TPBHOX 3HaUeHb MHOXUHH {-1, 0, 1}, ane 3 BUKopuCTaH-
HAM HEYIiTKOI JIOTIKM IIOKa3HUK 3B’S3Ky MOXE MaTH
Oynp-siKe 3HAUYeHHS Y IiH MIKai.

Jlns BUKOpHCTaHHS amapary HEYiTKHX MHOXKHH B
MOBHii1 Mipi OyJ0 po3pOOJIEHO TAKOXK HEYITKI IPOAYK-
LifHI KOTHITUBHI KapTH. B maHoMy BHII KapT BIUIMBH
(baKTOpiB XapaKTEPU3YIOTHCS HEYITKMMHU NPOIYKIIii-
uumu npasmwiamu (Rules Based Fuzzy Cognitive Maps).
KoHuenty Takmx KapT NMpeacTaBieH] HEYiTKUMHU MHO-
KMHAMH, BU3HAYCHUMH 3a JOMOMOroo (yHKHiH Haie-
*KHOCTi. [IpHYMHHO-HACTIIKOBI BiIHOIICHHS KOHIEITIB
XapaKTepU3YIOThCS K HEYITKE MPOAYKIIiifHE IpaBHIIO
[16] BigHOCHO TIPUPOCTIB HEUITKUX 3HAYEHB KOHIICTITIB.
3aranbHUM BUTIISA TAaKOTO TIPABHJIA: SKIIO «IIPHPICT
KOHIIENITYy A HE3HAYHH», TO «IPHPICT KoHIeNnTy B
HaOyBa€ CepeHBOTO 3HAYCHHM». T paHchopMmarris
BIUIMBIB MK KOHIETITAMH BiI0YBa€ThCS MIJISIXOM 3aCTO-
CYBaHHs HEYIiTKOTO JIOTIYHOTO BUCHOBKY.

Tako iCHYIOTH y3arajibHEHI 0a30BaHi Ha TpPaBU-
nax HediTki KorHiTuBHI Kaptu (Generalized Rule-Based
Fuzzy Cognitive Maps). lle HewiTka NIpUYMHHO-
HACJIJIKOBAa KapTa, A€ KOXHE IOHATTS MICTUTH KiJdbKa
¢yHkmid wieHctBa. i ¢yHKOii mpencTaBIsAIOTH 3HA-
YeHHs KOHICMIii (THMOBi craHw). Barm BIImBY Mix
THIIOBUMH CTaHAMH IIBOX ITOHATH IPEICTABICHI TaK0oX
sIK (PYHKIIT 9IeHcTBa. Y i KOMIIOHEHTH (TIOHSTTS, B3a€-
MO3B'SI3KH) Ta MEXaHI3MH (TIPHYMHA, HACTITOK, MpHU-
YHHHO-HACITIIKOBE HAKOMUYCHHS, CHCTEMHA JMHAMIKA)
€ Hewitkumu [17]. Y tabia. 1 npeacraBieHO HOPiBHSHHS
METO/IiB HEUITKUX KOTHITHBHUX KapT.

3aB/sIKM [TPOBEJICHOMY aHalli3y, BUCHOBKH SIKOTO
HaBeleHI B TaOJMIl, MOXKHA 3allPOIOHYBATH TIOTE3Y
npo Te, IO HAWKpallMMH JJIsi BUKOPHCTAaHHS y 3an1adi
BiIOOpY Kpamoro KaHIuWAaTa y mrTaT, B ayrcrad ado B
ayTCOPC € HEeUiTKi 3HaKOBi KOTHITHBHI KapTu Kocko.

UYepes yHIKaJIbHICTH KOKHOI OKPEMOi CUTYAIlii pu
migOopi mepcoHaly, € JOPEYHUM B3STH A0 YBard, MO y
MIpOIIeCi YNHHUKHY, SIKi BIUIMBAIOTh HA KIHIEBHH Pe3yJib-
TaT MOXYTb 3MIHIOBATHCS 33 JYMKOIO €KCIIEpTIB, ajKe
4acTO HE MOYKHA Hamepe/] i 3 MepIIoro pa3y BU3HAYUTH
HaiBIuMBoOBiLI dakropu. Lle o3Havae, o cucrema Juis
NoAI0HOT LI MOBUHHA TependadyaTH MOXIIHMBICTh 3MiH
y xoxi mporecy. IIpo KOTHITHBHI KapTH BiZOMO, IO
BOHH 3a3BHYail 3aCTOCOBYIOTHCSI CaMe Ul MOJIENIOBAH-
HS TIPOIIECIB, 1 iX mepepoOKH, ajpke BOHA HE € TAaCHBHUM
CrIoCTepirayeM, a aKTHBHO B3a€EMOJI€ i3 cepeloBHIICM
Ta YyTKa 10 OyIb-sSIKUX 3MiH.

ETanu KOrHiTHBHOI0 aHAJi3y miadopy
HaliKpaloro KAaHIMJIaTa HA MOCaay

KorniTuBHMIA aHami3 CKIAAHOI CUTYAaIlii HAa KIITAIT
migoopy HaWKpamoro KaHauaara MOXKHa pPo30MTH Ha
JIeKibKa eTaIliB.

[TepmuM i OHUM 13 HAWTOJOBHIMKX € HOPMYITIO-
BaHHsS OCHOBHOTO 3aBJaHHA 1 Iiyiel. Bugatauii HiMeLb-
kui icuxosior M. BeptreiiMep BUCYHYB HU3KY i11eH, sIKi
JIOBOJISITh, L0 TOJIOBHUM B IIPOLECI IPUHHATTS PilICHHS
€ HE CTUIbKHM OIepaliifHO-TeXHIYHI MpOLEIypH, CIpS-
MOBaHI Ha DpilleHHS BXe c(hopMyJIbOBaHOI 3aadi,
CKUIBKM came (OpMYIIIOBaHHS 3aBJaHHS, YiTKa IOCTa-
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HOBKa MPOOJIEMH 1 IO caMe JI0 IMi€i CTOPOHU PO3YMOBO-
ro mporecy Tpeba mpuUBepTaTH yBary mociigHukiB. Cu-
CTEMH IITYYHOTO IHTEJIEKTY MOXKYTh BHPILIyBaTH IOC-

TaBJICH] 3a/1adi, ajJie CTaBUTH iX — IIe BCE IIe MPHUBIICH
moanHU. llel eram 4acTKOBO € peaji3alli€ro Merona
«i1ea pHOTO KaHIuoaTay.

Tabnuys 1. — IlopiBHSIHHS METOAiB HEYITKUX KOTHITHBHUX KapT

Bukopucran- | Buxopucranus
Merox Croci6 Meng[ HS KUIBKICHHX | IKICHUX Xapak-
300pakeHHs aHaN3zy XapaKTepuc- TEPUCTHK
THK 3B’SI3Ky 3B’A3KY
Krnacu4Hi KOTHITHBHI KapTH OpieHtoBaHuii rpad | AHami3 JiHIMHUX CHCTEM + -
3HaKOBI KOTHITHBHI KapTH OpienToBanui rpad | AHaui3 JHIHHAX CHCTEM + -
Heuitki xorniTuBHi kapt Kocko OyukiioHanpHUA rpad | MaTpuyHi nepeTBopeHHs + +
Heuitki 3HaKk0Bi KorHiTuBHI KapT Kocko | ®yHkuioHanbHuii rpag | MarpudHi nepeTBOpeHHS + +
HeuiTki pensniiiHi KOTHITHBHI KapTH OynkioHanbHU# rpad | MarpudHi nepeTBOpeHHS - +
V3aranpHeHi 0a30BaHi Ha IpaBUJIaxX HEYiT- . . .
i KOTHiTHBE] KApTH OynkioHansHUHN rpad | MaTpudHi nepeTBOpeHHS - +

Jpyrum  eTarmoM € BHBYEHHS  COLIAIBHO-
€KOHOMIYHOTO IPOIECY BIJHOCHO MOCTABICHOI METH.
Takoxk CroJu MOXXHa BiJIHECTH BU3HAYCHHS BJIACTHBUX
JOCIIKYBaHIA CUTYyaIlil BUMOT, YMOB i OOMEKEHb.

HacTymHwuii BaskimuBHii eran - me 30ip, cCHcTeMaTH-
3amis, aHaji3 iCHYI0YOi CTaTHCTHUYHOI Ta sKicHOi iH(DoO-
pmanii 3 mpoGmemu. Jlxepemamu Al 3HAXOMXKCHHS €
3a3BHUail myomiuHi watpopmu, [HTepHET, HAYKOBI ITYy-
Outikarlii, TOCBi/ MPaIliBHKUKIB, TOCBIJ HHIIIMX KOMIIAHIH,
aHali3 TepeBIpEeHUX Ta HOBITHIX pIllleHb 13 MOUIYKY
KaHIUIaTiB, METOIOJIOTIH BiAOOPY TOIIO.

YerBepTuil eran — BUIUICHHS OCHOBHHX XapakTe-
PUCTHYHHX O3HAK JOCIIPKyBaHOTO IPOILIECY 1 B3a€MO3-
B'SI3KIB MK HMMH, BHOKPEMJICHHS HaWBaKJIMBIILUX Ta
HAMBIUTMBOBIMIUX (PaKTOPIB €KCIIEPTHOO TPYIIOLO.

BunineHHs OCHOBHUX COIiaIbHUX CY0'€KTiB, TTOB'-
SI3aHUX 3 CHUTYAIli€l0 TaKOX BiJirpae BaXKIHBY pOJIb,
BpaxyBaHHS X Cy0'€KTMBHHMX IHTEPECIB Y PO3BUTKY Jia-
HOI cHTYyaIlil JO3BOJIUTh BHU3HAYMUTH MOXKJIMBI 3MiHH B
00'eKTUBHOMY PO3BUTKY CHTYyallii, BUIUINTH YUHHUKH,
Ha sKi peajbHO MOXYTh BIUIMBATH CY0'€KTH CHTYyaIii.
Hanpuknan, y 3amadi BU3HaYeHHsS HallKpalluX NpEeTeH-
JICHTIB Ha ayTCOPC BaroMy 4acTKy BIUIMBY Ha pe3yJbTar
MOXYTh MaTH €KCIepTH, SKi NpOBOAMIM TpodeciiiHe
iHTepB’t0 Ta cniBOeciny s BusHaueHHs soft skills
(KOMyHIKaTHBHI 3MI0HOCTI, YIPaBIiHHS YacoM, KOJCK-
THUBHA CIIBOpAI, CTPECOCTIMKICTE Ta PUCH JiIEpCTBa,
TOIIO), & TAKOXK CHIBPOOITHHUKH, SIKI MOXKYTh ITOPYIUTH-
Csl CBOEIO pemyTali€ro 3a SKicTh npereHaeHTa. Halip
KpHUTEpiiB MOXe OyTH po3poOJIeHWH Ha OCHOBI KapTH
KOMITETEHIIH (YHIKQJIBHOTO JJIsI KOXHOI (ipMH JIOKY-
MEHTY i3 BJIACHHMM CTaHIapTamMH KOMIIETEHINH Ta ix
OIIiIHIOBAHHS, SIKi BCTAHOBIIIOIOTHCS Ta KOPETYIOTHCS Ha
OCHOBI JT0CBiy 1€l hipmm).

HacTymHuM J0Ti9HUM KpPOKOM € T00yZoBa KOTHi-
TuBHOI (rpadoBoi) Moxeni nmpobnemHoi cutyarii. Pop-
MaJbHO KOTHITMBHA MOJENH CHTyamii Moxe OyTH, 5K i
KOTHITHBHA KapTa, MpecTaBieHa rpadoM, poTe Ko>KHa
Jyra B IbOMY rpadi ImpeacTasisie BXe SKych (yHKIIIO-
HAJIbHY 3aJICKHICTh MiX BiIMOBITHUMHE 0a30BUMHU (ax-
TopamMu. TakuM YMHOM KOTHITMBHAa MOJENb CHUTYyallii
NIpeACTaBIsIEThC  (PYHKIIOHANEHUM rpadoMm (Tpad 3
MIiHIMyMOM HEPETHHIB).

IIpeTeHneHTH Ha BaXJIWBI PoOOYi MICI TPOXO-
IITh KiJIbKa €TaliB OIIHIOBaHHS, HANPHKIAI, OIliHIO-
BaHHA pe3loMe, OIliHKa crmiBOeciau, abo TenedoHHOT

PO3MOBH, TOMY JIOTIYHHM KpOKOM Oyne po3poOka n-
rpadis, TOB’sI3aHUX MK CO00I0, B 3aJIC)KHOCTI BiJl KiJib-
KOCTI €TariB OLiHFOBaHHS.

OyHKIIOHANBHY MOJICNIb MOXHA INPEACTaBUTH 3a-
Bk Meroxaonorii IDEFO (SADT). Bona mo3Boiisie
CTBOPHUTH ONHC CHCTEMH Ta ii 30BHIIIHBOTO OTOYCHHS
JI0 BU3HAYEHHS OCTaTOYHHMX BHMOT 70 Hei. Mozens B
sHotarii IDEF0 sBise co0O¥0 CYKYNHICTH i€papXiqHO
BIIOPSAZIKOBAHUX 1 B3aEMOIIOB'si3aHuX aiarpam. [Ipuknan
Jiarpamy, sika JEKOMIIO3y€ KOHTEKCTHY Jiarpamy, Ha-
BEJICHO Ha pHUC. 2.

Jlns BU3HA4YeHHS KOMIIETEHTHOCTI 3al03WYeHHX
CMIBPOOITHHUKIB BaXIIMBY pOJb BIJIrpac TEXHOJOTIs
OLIIHIOBaHHS KOMIIETEHTHOCT] YChOTO HasiBHOTO IEpCO-
HATy 3 BHUKOHAHHS Oi3HEC-TIPOIeCiB HA OCHOBI
KOMII'FOTepHUX TexHoiorii. Lle 3aBxau HeTpuBiambHA
3aj1a4a Ta OKPEMUil POEKT.

BaxniBo 3a3HauMTH, 10 NPIOPUTETH PI3HUX KOM-
ma”it OyxyTh BimpisHsATHCA. CHiBpOOITHHK, KW BBa-
KAETBbCS HAMKpamuM JUIA OIHOTO IINPHEMCTBA, HE
HIiAXOUTh 1HIIOMY.

OnHi KepiBHMKHM 3alliKaBjieHI B IMOUIYKY JIIOJEH,
0 OApa3y 34aTHI BHJABaTH HEOOXIJAHWH pe3yibrar,
WHII TOTOBI BUTPATUTH Yac Ha HaBYAHHS JIOJEH, IO HEe
BOJIOZIIOTH JIocBioM. Yepes pi3Hi noTpebu, dakTopu i
YMHHHUKH, KOKHA Taka 3ajada nepenbadae abo BHAO-
3MiHY ICHYIOUHX METOIiB, a00 B3aralli 3HaXOIKCHHS
HOBHX IIUISAXIB.

KomrmeTeHTHICTE 00paHOro mepcoHally s BHHE-
CEHHSI 3a LITaT MOJKE OLIHIOBATHCS 30KpeMa 3a JI0TIOMO-
ro1o po3pobsennx nocraHoB Kabinery MinicTpiB Ykpa-
{HH, JIe ONMHMCYIOTHCS PiBHI KBawidikalii a Takox 3ara-
npHa HarionaneHa pamka kBamidikarmiii [18].

Ha xans, pamka kBasidikariii mae goctatHso adc-
TPaKTHI TOSICHEHHSI LIOA0 BOJIOAIHHS HaBu4Kkamu. J[jis
moOyIOBH CHHUCKY MiAXOISMIINX KOMIIETEHIIH Tpeba
BpPaxoOBYBaTH YHIKaJbHICTH KOXXHOTO OKPEMOTO BHIIAJ-
KYy: OCOOJIMBOCTI MiJNPUEMCTBA, IPOLIECH, 30BHIIIHI Ta
BHYTPIIIHI YHHHUKY, BiAMOBIHO JIO0 SIKUX BOHA IEper-
JSIIATUMEThCS, TpaHC(hOpMyBaTHMETHCS, PO3BUBATH-
METbCSl 1 KOpuryBaTuMeThes. [l ajekBaTHOI OLHKH
KOMITETEHTHOCTEH IepCOHaNly MOTPiOHI KacToMi3oBaHi
(«mipirHaHi» mig noTpedu ramysi) Mmeroau. Yum Oinblie
IHAWBIAyaTi30BaHi MOCIYTHd MPOIMOHYBATUME IPOTpPaM-
He 3a0e3rmeyeHHs CBOIM KJIiEHTaM, TUM OUThIT KBamigi-
KOBaHi HOMY BIacThCs BimiOpaTu KaapH.
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Puc. 2. dyHKIIOHATBEHA MOJIENH BiIOOPY KaHAMIATIB HA TIOCALy

Ha upomy erani HeoOXiHO B3aeMogisTh 3 Oe3ro-
CepelHiM HaYaJbHHKOM MaiOyTHBOTO CIiBPOOITHHKA.
3a JONMOMOro0 CYyYaCHHX TEXHOJIOTiH CTBOPIOETHCS
MpoQiIb 11ealbHOTO TMPAaIiBHAKA, BU3HAYAIOTHCS SKOC-
Ti, SIKI CIIPUSIOTH MaKCUMaJIbHOMY JIOCSTHEHHIO Pe3yJib-
TaTiB. Takui METO/ 103BOJIUTH KaJPOBHM MEHEKepam
BiIOMpaTH MPETEHIICHTIB MUISXOM MOPIBHIHHA 3 inmea-
JIbHUAM TIpodisieM 1 BiACIIOBaTH KaHIUIATIB, SIKI HE BO-
JIOIIOTH MOTPIOHUMHU HAaBUYKAMH.

Jist mexomrmmo3uilii OJIOKiB 0a30BOi MOJEIi BHUKO-
PHUCTOBYIOTHCSI (DaKTOPH, L0 XapaKTEPU3YIOTh Mpoodiie-
MHY cuTyauiro. BoHn MaroTh OyTH BHALJICHI ekcrepra-
MU Ta MEHEKepaMu IPOEKTYy, Ha YeTBEpTOMY erarli
KOTHITUBHOTO aHANi3y Ta MOAUICHI 332 THUIIOM BILTUBY
oJiHe Ha 0oJHOTO. Lle Ha3MBaETHCS BUAIIIEHHSM B CYKYII-
HOCTI Oa3ucHuX (pakTOpiB WIJTHOBHX, KEPYIOUHX, IPO-
MDKHUX Ta BXigHUX (akTopiB. Hanpukman, y 3anadi
BiI0OpY HAWKPAIIOro KaHIUAATa-IPOrpaMicTa 3a OIiH-
KOIO pe3toMe MOXHa ChOpMYITFOBATH TaKi Kepyrodi KpH-
Tepii: mocBix pobotH, piBeHb OCBiTH, podeciiiHi HaBH-
YKH, TPAMOTHICTh 31CTaBJICHHS pe3ioMe, HEOOXIAHICTh y
ii mocazi.

Barn YMHHHKIB IOWIJIBHO PETryIIOBATH CAMHM PO-
00TOIaBIISIM Ta MEHEIKEpaM P CTBOPEHHI BaKaHCil.

BuzHauaroTbcsl TakoXX JOJAaTKOBI (aKTOpH, MIO
BIUIMBAIOTh Ha ILIIbOBI (akTopu. Sxmo ni Qakropu
MOXYTb OyTH CHJIHLHHMH Ba)KeJISIMH BIUIMBY Ha CHUTYya-
Iif0, TO BOHU T€X OYIyTh BHECEHI B MOJICIIb.

Ha nHactynHOMYy erami citijy CTBOPUTH MaTeMaTny-
HY MOJIEJIb CUCTEMHU.

Sk cuctema MOXe CKJIATATHCS 13 CYKYITHOCTI ITiJi-
CHCTEM, BPaxOBYIOUH X 3B'SI3KH Ta BIUIMBH 30BHIIIHBO-

ro CepeloBHINa, TaK 1 MaTeMaTHYHa MOJAEIb CUCTEMH
MOJXKE CKIIAIaTHCA 13 PI3HUX THUITB MaTEeMaTHYHUX MO-
neneit migcuctem. s ommcy 3B'SI3KY MiK KOMITOHEH-
TaMH CHCTEMH BHKOPHCTOBYIOTHCS BaroBi Koe(ilieHTH.
VY BHMaAKy po3poOKH MPOTPaMHOTO 3a0E3ICUSHHS IS
BH3HAYCHHS TOTO, HACKUIBKHM MiIXOAWTH KaHIUIAT Ha
mocaiy, JAJIsl CUCTEMH 1 MiICHCTeM Oy/Ie BHKOPHUCTOBY-
BaTUCS OJIHA MOJIEJNb Yepe3 Te, 110 aJrOPUTM IOJIOHHIA
y KOKHOMY OJIOIIi, JIMIIIE JIIHTBICTUYHI 3MIiHHI Ta Baru
3B’SI3KiB Oyl Th BiJPI3HATHCS.

B 3aBmanHi BimOOpYy KaHAMIATa HA MOCAMy MOTPI-
OHO CTBOPUTH MEXaHi3M IHTEJNEKTYaJIbHOI MiTPUMKH
NPUHHATTS PILIEHHs PO T€, Y MiAXOJUTh KaHIUIAT i
HACKUTBKH BiH MIXOAUTE. Y po0oTi [19] BUCBITIIOIOTE-
csl OCHOBHI TIepeBaru OMUCy MOoAiOHOrO AepeBa BHOOPY
3a JIOTIOMOTOI0 HEYITKMX KOTHITMBHHX KapT Y IOpiB-
HSTHHI 3 MHIIUMH METOJIaMH.

HeuiTka KoruitTuBHa KapTa — 1ie rpad, sIKMi MOX-
Ha OIMCATH BiTHOIICHHAM

FCM = (K, W), ©)

ne FCM — BrnacHe HeuiTka kapTa, K — MHOXXHHA KOHIIE-
ntiB kaptu, W = W j — Le MaTpuus CYMIXKHOCTI, 1110

MOKa3ye B3a€EMHHI BIUIMB KOHLIENTIB OJMH HAa OJHOTO
Wij € [—1, 1] .

Heuditka mprunHHa anredpa, MOKIageHa B OCHOBY
MOJICIIIOBAHHS 3a JIOIOMOT'OI0 HEYITKMX KOTHITHBHHX
KapT, J103BOJIsiE 0OPOOIATH HEUITKY CY0'€eKTHBHY BXIIHY
iHpopMaiio 3a JOMOMOTOI0 TOYHHX METOJIB, IIPU LIBO-
MY OTPUMYIOUHU HEUiTKY BUXiZAHY iH(pOpMAIio.

Konnenru (pakropu) MOXKHa MOJIUTUTH HA TaKi:
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— IJI60B1 a00 OCHOBHI KOHIIEIITH, 3HAYEHHS IKUX
TParoTh HAMBaXXIIMBILTY POJIb ISl BUPIIICHHS 3aBJaHHS,
1 SIKi MOTPiOHO 3BECTH O OJHO3HAYHOTO IITHOBOTO CTa-
Hy MOBOIO cy0’ekTHBHHX MOHATH (Hackimpkm migxo-
IUTh KaHIWOAT Ha IHOCagy 3a pe3yiIbTaTaMH TecTy? —
«He migxomutey, abo «Iligxoguts», adbo «Crabko mija-
XO0UTHY», 00 «CepeqHbOo MiAXOANUTHY);

— (akropu KepyBaHHS, Bl 3HAYCHHS SKUX 3aye-
KaTh MUTBOBI (MalOTh HAMOUTBIINIA BIUIMB HAa I[LTbOBUI
KOHLIENT, HAaNpHKJIaJ, 11€ HasABHICTH HEOOXiTHUX HaBHU-
YOK, 3HaHb, IX MiTBEPKECHHS);

— BXIiJHI KOHIENTH, HA 3HAYEHHS SKUX BIUIMBA-
IOTh 30BHIIIHI YMHHUKY, 1[0 HE BifOOpakeHi B MOJeNi
(omiHKa KpeaTHBHOCTI, KpUTUIHOTO MUCIICHHS 1 T. iH.);

— TpOMDKHI (akTOpH, 3HAYCHHS SKUX BU3HAUA-
€ThCS 3MIHOKO 3HAYCHB IHIMNX (aKTOPIB, Ta SKi y CBOIO
Yepry BIUTMBAIOTh Ha (paKTOpW KepyBaHHS (30BHILIHIH
(aKkTop TeMIepaMeHTy BIUIMBAE HA MPOMDKHUI (BakTop
KOH(JIIKTHOCTI, SIKUI B CBOIO Uepry BIUIMBAE Ha OJHH 13
KEepYIOYHX (PaKTOPiB «OIliHKA pOOOTU B KOMAH/II»).

[ToxibHa cucTemMa HEYITKOTO JIOTIYHOTO BHCHOBKY
Mae OyTH 3[aTHa BCTAHOBJIIOBATH CKJIAMHI HENiHINHI
3aJI€)KHOCTI MIXK BXIJTHUMU T4 BUXIJHUMU 3MIHHUMU.

BxigHi KOHIIENTH 3a0al0THCA 3HAYEHHIMH JIIHTBIC-
TUYHAX 3MIHHUX a00 KIJBKICHO i MOXYTh OyTH popma-
J30BaHi 13 3aCTOCYBaHHSIM TEOpii HEUITKUX MHOXKHH.
[IpomixHi, Kepyrodi Ta MiTbOBI KOHIENTH BU3HAYAIOTh-
s 3a JIOTIOMOTOI0 0a3y MpaBMJI Yepe3 3HAYCHHS JIHTBI-
CcTHYHUX 3MIiHHUX. KoKHa JHTBiCTHYHA 3MiHHA CKJa-
naetees 3: <P, T, X, G, M>, ne [} — Ha3Ba JIIHIBICTUYHOT
3MiHHOT; T — MHOXUMHa ii 3HaueHb (TepMmiB); X — yHiBep-
CyM HEYITKHX 3MiHHUX, G — CHHTaKCHYHA TpOIeaypa
YTBOPEHHS HOBHUX TepMiB; M — ceMaHTHYHA NpoLeaypa,
10 hopMye HEeUiTKI MHOKHHH IS KOXKHOT TePMH JTaHOT
JHTBICTUYHOI 3MIiHHOI 1 CTaBUTH Y BiJIMOBITHICTH HEdi-
TKy MiZIMHOXXMHY MHOXHMHHU X. Baru 3amatorbcst y mpo-
MixKy [-1;1] [To3uTuBHE 3HAYCHHS BKa3ye HA TO3UTHUB-
HUI TPUYNHHO-HACIIIKOBHUI 3B'I30K MiXk IBOMa (PaKTo-
pamu, Big'€eMHE 3HA4YEHHs - Ha HETaTHBHHH, HYJHOBE
3HAYCHHS MMOKa3y€ Ha BIJICYTHICTH 3B’S3KiB MiX PO3TJIs-
HyTuMH GaxTopamu. JlaHuii croci6 3py4Huil ans Mma-
LIMHHOTO YSIBJICHHS CTPYKTYPH CHCTEMH. XapaKTepuc-
TUKOK0 JIaHOT HEYITKOI MHOXHHH BHUCTYINae (QYHKINS
NpuHajIekKHOCTI. ICHye TIOHa] NecITOK THIOBHX (hopM
KpHUBHX IS 3aBAaHHA (QyHKIi# npuHanzexxHocTi. Haibi-
JIBILIOTO MOIIMPEHHS] HAOYJIU: TPUKYTHA, Tpareneinaib-
Ha ¢yHKUIT Ta QyHKUis npuHanexHocTi ['ayca.

MaremarnuHe nogaHHsS c(hOpPMYNIBOBAaHOI 3ajgadi
Moxke OyTH TpeJcTaBiIeHe B TaKUil CrIoci0: KOXHA Hedi-
TKa KOTHITMBHa KapTa OCHOBHOI 3ajadi Ta mixzanad
BU3HAYaeThCs KopTexeM i3 pakropis {N, E, F}:

N = {Nl, N,
(OCHOBHUX TOHATB), SIKi POPMYIOTH B3I rpada.
E: (N;,N J-) —>&j — (GyHKIIIS, 1110 3iCTaBIISAE 3HA-

. Nn} — CYKYIIHICTh KOHIICTITIB

YeHHs €jj mapi nonsits (N, Nj) , ne &jj — Bara peGpa,
cupsimosanoro 3 Nj 6 Nj, sxwo i# j ta €= 0, sax-
mo i=j, T00TO E:(Ni Nj) = (sign eij), eij — e

MaTpuls 3B'A3KiB, 1¢ SigN €jj — MO3UTHBHHUI UM HEraTu-
BHUI 3HaK BIUIMBY BarW. 3HAYCHHS Bar HAa OCHOBHIMH

JliaroHayi MaTpPHUIli MAalOTh JOPIBHIOBATH HYJIIO, depe3
Te, 0 3MiHa CTaHy KOHLENTY HE MOXE BILUIMHYTH Ha
caMoro ceoe;

F:Nj = Nj - dyskuis, sika B 3aI€KHOCTI BiJf

3Ha4eHHA KoHuenty N; po3paxoBye 3HaUECHHs KOHIICII-
Ty N;j.

Camy crucTeMy MOXKHa OIHUCATH y BHUIJIAII KOpTe-
xy SM = {{G{N, E, F}}, PROG}, ne {G{N, E, F}} —
¢yHKIiOHANBHI Tpadu miarpamMu JEKOMITO3HIII CHCTe-
MH, IO CKJIQJAIOTHCS i3 KOHIICTITiB-BEPIINH, Bar Ta 3Ha-
Ky BIDIMBY 3B’s3KiB, {Exp} — me ekcmepTH, o mepen
ITOYaTKOM OOYHCIICHb BHOCSTH CY0 €KTHBHI OILIHKH BXi-
nHux KoHientiB, PROG — nmporpamMHuii mpoayKT peaiti-
3aii BUPILIICHHS 3aBJaHHs BiI0OPY KaHAUIATA.

[Micnst crBopennss HKK BuOuparorbest meroan il
aHamizy — 4epe3 Te, O (haKTOPH HEUITKOI KapTH He
3MIHIOIOTBCSI 3 YacOM, € JIOPEYHUM BUKOPHCTOBYBATH
CTaTMYHUH, a HEe TUHAMIYHUHN aHai3.

Jns cratmaHOTO aHami3y (YHKIIOHATBHHUHA Tpad
MPEICTABIAETECA Yy MaTpUYHIA (opMi, HATPUKIAL,
TIPUYMHHO-HACIIIKOBI 3B'SI3KM KOTHITUBHOI KapTH BiJl-
00py KaHIUIATa MOXYTh OyTH TIPENCTaBICHI Y BUTISAMAIL
MaTpuIi cymixkHocTi. Ha 1 ocHOBI MOKHa IpoaHai3y-
BaTH Mipy LEHTPAJIbHOCTI KOHLENTY, KOHCOHAHC, TUCO-
HaHC, OTpUMaru iH(GOPMALiI0 MPO MpsAMi Ta HENnpsMi
MIPUYUHHO-HACII IKOBI 3B'S3KH.

B sikocTi nmpaBmI1 BigOOpY 3aCTOCOBYIOTHCSI HEUITKI
npasuia Buny «SKIIO ... € ... 1 ... € .. TO ... € .».
Kpim 38’3k «I» TakoX BUKOPHUCTOBYIOTHCS JIOTi4HA
3B's13ka «ABO», ane BoHa MOX€ CYTTE€BO YCKJIaJIHUTHU
MIPaBWJIO, TOMY HpHHHATO 11 yHuKaTH. Lle o3Hauae, mo
MOBE/[iIHKAa HEYiTKOT KOTHITUBHOI KapTH 3aJeKHUTH BiJ
MOYAaTKOBOTO CTaHy BXIJIHMX KOHIIETITIB Ta BiJ CTPYKTY-
Y MaTpHIli IPUYUHHHX 3B’ SI3KIiB KOTHITHBHOI KapTH.

Iadopmaris, sKka MOTpAIIITUME A0 CHCTEMH Mae
OyTH TOYHIIIOW 3a CyO’€KTHBHI HE3JIUEHHI MOHATTS
(MeHII TpaHyibOBaHOW0). ['panHymoBanHs iH(opmarii
MOKHa BU3HAYMTH 32 JONOMOTOI LIMPUHH TPaHYIH
(pyukiii npunanexHocti). Tak TpaHylia «CepeaHBO
MOJKE MaTH Pi3Hy IIHPHHY, [0 Oyae 3ajeKaTH Bia 3a-
rajbpHOi KUIBKOCTI BHKOPHCTOBYBAHUX JIFOJIMHOIO Tpa-
HyJ1. 31 3MEHIICHHSM CTYIICHS TPaHYIIOBAaHHS 3HAUCHHS
Oyzne HaONMIDKYBAaTHCS IO TOYKHU (TpaHYIH HECKIHYCHHO
Mayol IIMPUHH), SKA 1 BIAMOBIZATUME TOYHO 3aJaHii
iHpopmanii, 1 BXe y TakOMy BHUIVIAI HEIO 3MOXYTh
oIlepyBaTH TPAIUIiitHI MaTeMaTu4Hi MeToau. Take miJ-
JIALITYBAaHHS PIBHS TPaHYJIOBAaHHS BUKOHYETBCS €KCIIe-
PTOM, SIKHii 1 BCTAHOBITIIOE OCHOBHI IpaBuUIa.

ExcniepramMu CTBOpIOETBCS HEWiTKa 0a3a MpaBHI
B3a€MO/IiT KOHIIENITIB MK cO00¥0, 1aii 3aBasiku rpadid-
HOMY MpEJCTAaBICHHIO HAsSBHHUX 3HAa4Y€Hb B CHUCTEMI,
PO3MIISIAIOTBCS LULSIXM MK KOHLENTaMH. 3arajbHUii
e(eKT BIUIMBY KOHLENTY Ha KOHIENT Oyae CyMOIO BCiX
HenpsiMUX e(heKTiB BIUIMBY NepuIoro Ha apyrui. OTxe,
SIKIO /IBA KOHIENTH 3'€HYE BCHOTO OJMH MHUISX, TO
3arajJbHUM e(eKT BIUIMBY IEpUIOr0 HAa JApYyruil Oyne
3BEJICHUH JI0 HENpsMOro e(eKkTy BIUIMBY MK LUMH
JBOMa.

3HaXOHKEHHS HEMPSMOTO Ta 3arajlbHOTO €(eKTy
MOB'SI3aHO 3 OIepalliiMd MHOXCHHS 1 CKJIQIaHHS Miic-
HUX Y9HUCEIT 3 IpeaMeTHOI o0acTi. 3rigHo i3 3arajibHOI0
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TEOpPi€I0 BIUIMBY MOMIOHUX €(eKTiB, HENPsAMUN edeKT
IUIAXY MK JBOMa KOHIIENTaMH HETaTUBHUM, SKIIO YH-
CJI0 HETaTHBHMX INPHUYMHHUX OYT B IUIAXY HEHapHe.
BinnoBigHo, edexT Oyne MO3UTHBHHUM, SKIIO YHUCIIO
HETaTUBHUX NMPUYUHHMX YT B IULIXY HapHe.

3aranpHUA e(eKT BIUTUBY HETATHBHHH, SIKIIO BCi
HenpsiMi €()eKTH BIUIUBY HETaTHUBHI, Ta MO3UTHBHUM,
SIKIIO BCI BOHHM TMO3HWTHBHI, i HEBU3HAYCHUN B 1HIIOMY
Bunaaky. OTxe, HEBU3HAUCHICTH MOXKE JIOMIHYBaTH B
Li# cXeMi.

HeBusHaueHicTh MOke OyTH 3HsSTa BHACTIJOK BH-
KOPHCTaHHS Bar. SIKIO NMPUYMHHI AYTH MalOTh IO3UTHB-
Hi 200 HeraTWBHI Baru Wij, TOJi HETIPSAMUIA e(DEKT BILIHBY
€ 10OyTKOM BIIIIOBITHHX Bar, a 3arajbHUA e(eKT — Cy-
MO0 J0OYyTKIB 3a BCiMa IUIAXaMH, IO 3B'A3yIOTH 1B
po3risHYTHX KoHIenTH. Ll cxema mpubupae HeBHU3HA-
YEHICTb 1 JI03BOJISIE OLIHWUTHU B3a€MHUN BIUIMB BCIX KOH-
LIETITiB OJFH Ha OJHOTO. B HewiTKiil KOTHITHBHIN anredpi
MHOXKEHHIO CTaBUTHCSl Y BIANOBIIHICTH oIeparlis MiHi-
MyMy, a cyMi — MakcuMyM. OTike, HenpsaMuid eeKT B Hiit
JIOpIBHIOBaTUME HAiiCnalbIIoMy NPUYMHHOMY 3B'SI3KY B
Mepexi, a 3arajibHuil e(eKT - HalCHIBHIIOMY 3 Hai-
OLIBII CITA0KKX 3B'SI3KIB B MEPEKI.

Jis 3'scyBaHHS 3HAYCHB LUTHOBUX, KEPYIOUHX Ta
MIPOMDKHUX KPUTEPIiB MPOIIOHYETHCS BUKOPUCTOBYBATH
ONIWH i3 aNrOPUTMIB BH3HAYCHHS HEUITKOTO BHCHOBKY
3a JIOIIOMOIOI0 HEYITKOI JIOTIKH.

Hezanexxno Bim Bubopy anroputmy (MampaHi,
[ykamoTo a6o JlapceHa) OMUCYETHS IOCIHITOBHICTD
eTariB po3paxyHkiB. 1i eTanmu MoXKHa 3arajaoM po3iiu-
TH Ha ¢a3udikalito, arperaiito, aKTUBAIil0, aKyMyJisi-
miro Ta aedasudikamiro. [Ipu MbOMy KOXKHHA HACTYII-
HUI eTan OTPUMY€E Ha BXiJl 3HAYEHHS OTPHMaHi Ha MO-
MEPEHBOMY KPOITi.

Iepumii eran - ¢asudikaiis — e Mmporec, Mnpu
SIKOMY 32 JOTTIOMOTOI0 (DYHKIIIH PUHATIE)KHOCTI, BU3HA-
YaeThCA iX CTYIIHb HAJEKHOCTI IO KOXHOTO 3 TEPMiB
JiHTBicTHYHOI 3MiHHOI. Ha 1mipoMy kpomi ¢asudikatop
(dopmye Ha BuXoAi 0e3Ji4 HEUITKIX MHOXKHUH (IJI KOXK-
HOTO BXIJHOTO YHCJIOBOTO BEKTOPY CBOS HEYiTKa MHO-
KIIHA) BIIIOBITHO J0 3HAYCHB MMapaMeTpiB Ha BXOJII.

Jpyruit eran - arperarist — 1e Impoiec, KU 1o
YaCTKOBUX BHUCHOBKAX NJO3BOJISIE BU3HAYMTH ICTUHHICTD
JIHTBICTUYHOTO MpaBuia. Arperaiis BUKOHYEThCS Me-
TOJIOM MIHIMyMY.

Etanmm AkTHBaris Ta akymyIsiis — BH3HAUYCHHS
y3arajJbHEHOTO CTYIEHIO BiIIOBITHOCTI BUX1JTHOTO CHT-
HaJly NIeBHOMY JIIHTBICTHYHOMY TepMy Ta (OpMyBaHHS
pe3ynbTyouoi (yHKIIT HAJIEKHOCTI, IO XapaKTepH3ye
BUXIJIHE 3HAYCHHS CHCTEMH JUIS MOTOYHMX 3HAYCHb
BXOJIIB.

Etan nedasudikamii B cucremMax HEYiTKOTO BH-
CHOBKY € MPOLIECOM 3HAXO/DKCHHS 3HAUEHHS JUIS KOX-
HOT 3 BUXIIHUX JIHTBICTUYHHUX 3MIHHMX MHOXXHHA. Me-
Ta pedasndikarii moxirae B ToMy, o0, BHKOPHCTOBY-
I0YHM pe3yabTaTH aKyMyJILii BCIX BUXIAHHX JIHTBICTH-
YHHUX 3MIHHHX, OTPAMATH 3BUYaliHEe KUIbKiCHE 3HAUYCHHS
KOXKHOI 3 BUXiIHUX 3MiHHUX. AJIe B HAIIill cucTemi 1ei
eTan He 00OB’SI3KOBUH, aJKe OTPUMAHHs HEYITKOI BiJ-
MOBIJIi CXOXeE 13 TUM, K B PEalibHUX Mpoliecax Bigdopy
MEHEKEpaMu poOJISIThCSl CyO’€KTUBHI BHUCHOBKH IIPO
Te, HACKIJIbKY KaHIUAAT BiAMOBIIa€E MOCAII.

Jlst peaizariii mporecy HEYiTKOTO MOJECITIOBAHHS
MOXKHa BHUKOpHCTOBYBaTH cepepoBume MATLAB i3
maketoM Fuzzy Logic Toolbox.

AHauti3 KpuTepiiB mo0y10BaHOT KOTHITUBHOI KapTH
MOJKE JIOTIOMOITH BiipenaryBaTH ii TAKUM YHHOM, MI00
3poOuTH OLITBII HAOYHOIO, 3aHIIMBINY JIUIIE KPUTEPIi,
SIKI MalOTh HaWOUIBINY Bary, i HAHCHIBHIIINKA BIUIMB Ha
LUIBOBI (haKTOPH.

Hampukian, MoKHAa OLIHUTH CKJIQJHICTH caMoi
KapTH, HalpHKIaJ, po3paxyBaTH il IIUIBHICTE (CTYIIHb
3 BSI3HOCTI):

C

“NND @

ixpHicTF HewiTKOI KOoTHiTHBHOI Kaptu (D) — me
KOEQiIli€HT, 0 MOKa3ye CTYIIHb 3B'I3HOCTI KapTH, A
C - 3arampHe YHCIO 3B'A3KiB B KOTHITHBHIN KapTi; N -
3araiibHE YHCIO 3MIHHHX (KpUTEpiiB) B KOTHITHBHIH
KapTi.

Bucoka mimbHICTh KapTH CBIAYUTH MPO HASBHICTH
BEJMKOI KIJIBKOCTI MPUYMHHUX 3B'A3KIB MiX 3MiHHHMH.
UYum Oinblie X B KapTi, THM OUIbIIE iCHYE MOKJIMBOC-
Te JJIsl 3MIHM CUTYallil, THM CKJIQ/IHIILIOIO BOHA CTae.

OCHOBHUMH pe3yJIbTaTaMH KOTHITUBHOTO aHaIli3y
€ BH3HAUEHHs KOHCOHAHCY, AMCOHAHCY, NO3UTHBHOTO 1
HETaTHBHOTO BIUIMBY KOHLENTIB OJHMH Ha OJHOTO 1 Ha
cucteMy 3araioM. KOHCOHaHCOM Ha3HBAE€THCS MOKa3-
HHK:

la+b|
= ®)
[a] +[b]
ne (a, b) — mapa 3B'S3KiB y KOTHITHBHIA MaTpwii, a
BILUIUB — MIOKa3HUK P =Sign(a+b) max(|a| , |b|) a=-h.

JlucoHaHC BW3HAYAETHCA BIiTHOCHO KOHCOHAHCY
d=1-C .

VY oMy BHTMAKy KOHCOHAHC — ()YHKIIiS TTO3HUTHU-
BHOTO 1 HETAaTUBHOTO BIUIMBY KOHIICTITY HA KOHIICHT, a
MOKa3HUK BIUIMBY — MaKCUMyMY MO3UTHUBHOTO YU Hera-
TuBHOrO BIUMBY. Illo BUIIMIT KOHCOHAHC, TO MEPEKOH-
JIMBIIIA JTyMKa PO 3HAK BIUIUBY.

BucnoBku

Binbip xanaunaris Ha nocany y ¢ipmi abo nepco-
Hally y LITaT ayTcopcy IPOIIOHYEThCS BUKOHYBAaTH 3a
JIOIIOMOT'0I0 CUCTEMH HIiATPUMKH NPUIHATTA pillleHb, B
AKiif Oyne peai3oBaHO KOTHITHBHE MOJETIOBAHHS 3a
JIOTIOMOTOI0 HEYITKUX KOTHITMBHUX KapT, IO CKJajaa-
IOTBCS 13 OaraTboX KPHUTEPiiB OMIHKA KOMIIETEHTHOCTEH
Ta HABUYOK, @ 3B’SI3KM MPEJICTABJICHI MMO3UTUBHUMH Ta
HETaTUBHMMHK Baramu BIUIMBY. Cepen BHUAIB KOTHITHB-
HUX KapT OyJi0 BHOpaHO HEYITKI KOTHITHBHI 3HAKOBI
kxapTu Kocko.

Haii6inbmiM HE0NIKOM y TPUWHATTI KaJpOBHX
pilleHb  TOCUTh JIOBIMH 4Yac BBaKAE€ThCSA caMme
Cy0’€KTHBHO-IHTYiTHBHUI BinOip. MeTox omnucaHui
BHUILE MPOINOHYETHCS BHUKOPUCTOBYBATH II0 OCOOJIH-
BICTh HE SIK HENOJNIK, a K TMepeBary, MOKIUBICTh IS
THYYKOCT1 Y TIPUHAHSATTI pimeHb. IcHye iMOBIpHICTB, IO
3aMpOTIOHOBAHI Y CTaTTi METOAWYHI peKoMeHAaIii 3Mo-
JKyTh aBTOMATH3YBaTH TPOIEC BinOOPY, MOJICTIIMBIIN
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THM CaMUM TIOIITYK Ta MiaA0ip poOITHUKIB HA IMTOCAIH, IO
€ OTHMM i3 HaWBaXIHUBIMINX 3aBIaHb IS OyIb-SKOTO
mianpueMcTBa. Po3poOka mporpaMHOTO 3a0e3nedeHHS
Ha OCHOBI BHILICHABEICHOI'O METOIY MOXKE CTaTH KOPH-
CHHUM JIOTIOBHEHHSAM JI0 O1JIBIIOCTI iCHYFOUHX CHCTEM Ta
wratopmM, sKi peanizyroTb OCHOBHI QYHKIIT poboTH i3
MIEpCOHAJIOM.

[Momanpmn IOCHiKEHHS B 3aJJaHOMY HampsiMi J10-
3BOJIITH CTBOPHUTH yHiBEepCaJbHi MAa0I0HN KpUTEPiiB, Ta
MIOCTYIIOBO IX MOKpAIIyBaTH 3a paxyHOK JOCBixy Iore-
penHBOTO BUKOPUCTAaHHSA. Mogenb BinOopy ImepcoHay
MOJKHa KOPHTYBaTH IJ MOTPEOH MiANPHEMCTB Pi3HUX
po3MmipiB Ta cdep HiSTPHOCTI, IO JaBaTUME MOKIIH-
BICTh 00paTH KaHIUJIATiB Ha OyIb-SIKY ITOCaYy.
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Method of decision selection (recruitment) staff based on fuzzy cognitive maps
Daryna Danylenko, Vitalii Martovytskyi, Lukashov Sergiy, Rosinskiy Dmytro, Vladislav Sukhoteplyj

Abstract. The article describes the main stages in the selection of candidates in the field of IT for the staff of modern
software development and support companies. The subject of research is theoretical and applied aspects of automation of the
stage of personnel selection by the method of cognitive analysis based on fuzzy cognitive maps. The object of the study is the
stage of selection in the process of recruitment and employment to meet the needs of enterprises in the required staff. The neces-
sity and generalized requirements for the formation of a fuzzy cognitive map of competencies as a tool for personnel selection
with the help of qualitative and quantitative subjective assessments are proved. An algorithm for selecting a candidate based on
the analysis of data about him, his answers at interviews, etc. has been developed. This method can also be used in many other
tasks related to the selection of candidates. Practical recommendations on the organization of the procedure of selection of candi-
dates by means of base of rules and type of interrelations between the most important criteria are given.

Keywords: outsourcing, automation of personnel selection, list of competencies, fuzzy cognitive maps of Cosco, selec-
tion of candidates.
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XapKiBChKHUI HaIllOHATBHHUN aBTOMOOUTFHO-TIOPOXKHIHN YHIBEpCHUTET, XapKiB, YKpaiHa

YIPABJIIHHA CKJAJICBKUMH 3AITACAMH TA IX OIITAMI3AIIIA
HA IIIAITPUEMCTBAX 11O PEMOHTY ABTOMOBLJIIB

AnoTanis. Posrmsinaorbes 3aX0H, SIKi COPSMOBaHI Ha MiIBULICHHS e(peKTUBHOCTI (QPYHKIIIOHYBaHHS pOOOTH MiANPUEMCT-
Ba B Cy4acHMX yMOBax. Po3risiHyTo (hopMyBaHHS CHCTEMH yNPABIIiHHSA 3allacaMyl aBTO3aYacTHH Ha ITiNPHEMCTBAX sKi 3aii-
MAarOThCS PEMOHTOM aBTOMOOLTIB. [IpoBeneHo aHami3 Mozenell, MPUCBIUSHUH YIPABIIiHHIO CTPAXOBUM 1 IOTOYHHUM 3arlacaMy Ta
BU3HAYEHO 1110 iCHYE PsiA (aKTOPiB, SKi BIUIMBAIOTH HA PO3PaXyHOK ONTUMAJIBHOI MapTil IOCTa4aHHS B pealbHUX yMoBax. [Ipo-
MOHYETHCS HOBHH IMTI/IXiJ] IO YIIPABIiHHS 3allacaMy aBTO3aITYacTHH, IO JO3BOJUTE IMiJIBUIIUTH MPUOYTOK HA ITiIIPUEMCTBI.

Kaw4yosi ciaoBa: npudyTok, 3aMOBIICHHS, BUTPATH, 3aI1acH, MOIUT, aBTO3AMYACTHHHU, 1E(IlHUT.

Beryn

3amacu aBTO3aIYacTHH € HEOOXiIHOI0 OCHOBOIO
Uil BUPOOHWYOI HisUTEHOCTI aBTOMAaWCTEepeHb. 3amach
MIPEACTABISIIOTE COO0I0 ONHUM 3 HAaHBaKJIMBIIINX YHH-
HUKIB, SKi 3a0e3MedyloTh O€3MepepBHICTh PEMOHTY.
BuTtparu, siki moB's3aHi 3 3anmacamu — 11€ OJHa 3 OCHOB-
HUX CKJIaJOBHX COOIBapTOCTI MPOIYKIIi 1 MOCIYT, IO
BU3HAYaIOTh 11 KOHKYPEHTOCHPOMOXHICTb. ABTOpH [1-
3] BBaXKarOTh, 110 O3HAKAMH MOTAHOIO YIPABIIHHS 3a-
rnacamH €. 3pocraroya KUIbKICTh 3aTPUMOK BHKOHaHHS
3amnaciB; 30UIbIIEHHS TPOIIOBUX IHBECTHUIIIH Yy 3amacH 3i
30€peKCHHSAM YHCIIa 3aTPHUMAHHUX 3aMOBJIECHb, BHCOKA
IHTEHCUBHICTP BiITOKY CIIO)KMBAUiB; 301TbIIICHHS YHCIIA
BIZIMOB BiJl 3aMOBJICHb; IEpioJUYHA HecTada JOCTAT-
HBOTO TPOCTOPY IJIs 30epiraHHs 3aImaciB; MOTipPIICHHS
BIZJTHOCHH 3 TIOCEpPETHUKAMH; BEJIHKE YHCIO HOMEHKIIA-
TYyp 3aCTapisioi NPOAYKIIi.

[TutaHHs BU3HAYEHHS ONTHMAIBLHOTO PO3MIpY 3a-
MOBJICHHsS [4] Ha aBTOTPAHCIOPTHHX IiIPHEMCTBAX
SIKi 3aliMalOThCsl PEMOHTOM aBTOMOOLTIB B JIaHUH 4ac €
Jy’)K€ aKTyaJIbHUM, TaK SK HaJMIpHUH pO3Mip 3aMOB-
JICHb CIPUYHMHSIOTh HAJJIMIIKK 3alaciB, LIO TNPHU3BEIC
JI0 3aMOpO’KyBaHHS (piHAHCOBHX KOIITIB, a Malluil po3-
Mip 3aMOBJICHb 10 Ae(DilIUTY TOBApPY i BiAMIOBIIHO BTpa-
TH TOTCHIIHHKUX KiieHTiB. [I1lo O He BHHUWKAIO SBUII,
SIKI BUKJIMKAIOTh BTPATy MPUOYTKY HEOOXiTHO TaKOXK
MIPOBOJIUTH HOPMYBAHHSI 3aIlaciB HA MiAPHEMCTBI.

IIpoBeneHuit aHami3 YUCICHHUX MyOmiKamii [2, 5-
9] nokazaB HEOOXIAHICTH PO3pPaxXyHKY, MOTOYHOIO I
CTPaxoBOrO 3amaciB Ha MiAmpueMcTBax. Iling HOpMOIO
3amaciB PO3yMIETHCS YHCIIO JETalei, sKi MOBUHHI 3Ha-
XOJUTHUCS HA MiIIPUEMCTBI, A 3a0e3nedeHHs Oesre-
pebiliHoro BHpOOHKMYOTO Tporecy. Buninsaiors Tpu Bu-
I HOpPM 3alaciB: MakcuMalbHa (CyMa MOTOYHOTO,
CTPaxoBOrO Ta IATOTOBYOrO 3armacy), cepedHs (cyma
TIOJIOBMHU TIOTOYHOI'0, CTPaxoBOTO Ta MiJrOTOBYOIO),
MiHiMalbHa (CyMa IiITOTOBYOTO 1 CTPaxoBOro).

TakuMm 4nHOM JUIS NPUHHATTS HaHOUIBII edeKTH-
BHOTO BUPIILICHHS Ha CTafii IUIaHyBaHHS CKJIaly Ta CHC-
TEMH 3aMOBJICHb Ha TIiINPHUEMCTBI HEOOXiIHO TOYHO
BHM3HAYATH 3HAYEHHS IapaMmeTpiB 1 mpuiiMaTh pilieHHS
PO YIPaBIiHHSA 3aIaciB BiAMIOBIAHO 10 BCTAHOBJIEHOTO
AJITOPUTMY YIPABIIIHHS 3aIaCaMH.

Amnaui3 myoaikaniii. /o ocHOBHHX cImOco0iB CKO-
poueHHs 3amaciB Ha nymKky JDk. P. Croky, /.M. Jlam-

OepTa BIIHOCATH aHAJIi3 Yyacy 3aMOBJICHb 1 Yacy JOCTaB-
KU 3aMOBJICHb, aHaNi3 XapaKTEPUCTUK CII0)KUBYOTO TO-
IUTY 1 pO3poOKa IUIaHy MPOAAXKIB 1 MOMHUTY, YCYHEHHS
HU3bKOT 000POTHOCTI 1 3acTapinoi mpoaykii Ta in. Ha
nymky FO.I. PmxukoBa CTBOpPEHHS 3amaciB MOB'A3aHE 3
TakUMHU (aKTOpaMH SIK: AUCKPETHICTHh ITOCTaBOK, BHIIA-
JIKOB1 KOJIMBAaHHS (3MiHA MOMHUTY MK TBOMa YePTOBIMH
MIOCTaBKaMH, OOCAT MOCTABOK, TPHUBATICTh IPOMIKKY
Yacy MiX IIOCTaBKaMH), CE30HHICTH IOTHTY 1 Ta iH.

Jlo ocHOBHEX (haKTOPIiB MiHIMI3allii 3aMaciB BiJHO-
CATh: TUIaTy 3a 30epiraHHs 3amaciB, YMYIIEHHH JOXiJ,
BTpaTH 3amaciB, sKIiCHI 3MiHM mnponykuii. lns mporo
BUKOPHCTOBYIOTBCSI Pi3HI CTpaTeril yrnpaBiiHHS 3aIaciB
(ixcoBanwmii mepiof, GpikcoBaHumit iHTEpBAN Ta iH.).

Awari3 niteparypHux pkepen [2, 5-7] mokasas, o
JUIsl PO3paxyHKIB JaHUX HOPMAaTUBHUX IOKAa3HUKIB MO-
KYTh BHKOPHUCTOBYBATHCS Pi3HI MeTOAM (CTAaTUCTHYHI,
aHANITHUYHI, iMiTamifiHi). HalOinpm dYacTo BUKOPHCTO-
BYIOTBCSI CTATHUCTUYHI, SIKi 0a3yIOTBCS Ha OCHOBI JaHHX
MATPAEMCTB (CKIIAICHKUX 1 OyXranTepchKUX 3BITiB) MPO
MOCTaBKH 1 BUTpATH 3amaciB Ha CKIIAJaX Pi3HI PiBHIB.
[MutaHHsIM HOpMYBaHHS 3araciB 3alMaIHMCst TaKi BUEHI SIK
®acomsik M.JI., Mensaukosa E.A., Xpsmes A.C., Ille-
tuHiHa B.A., Jlykuncekuii B.C. Anani3 pociniikeHp no-
Ka3ap, 10 IX MOJEJi 3HAYHO BiIPI3HAIOTHCS OAWH Bij
onHoro. Lle MosSICHIOETBCS THUM, L0 PO3IIISIAIOTHCS Pi3Hi
BUAM 3amaciB: 30yTOBi, BUpOOHMYI, ToBapHi. Tak camo
BiZIMiHA MOKE IOSCHIOBATHCS B 3alIC)KHOCTI, BiJ METO-
JIMYHHX TTIX0/IiB, SIKi BHKOPUCTOBYBAIN aBTOPH.

B pesynbrati ananizy BCTaHOBJIEHO, IO BUKOHAH-
HSl CTATHCTHYHOTO PO3paxyHKy IpOIECiB, IO BinOyBa-
I0ThCS Ha CKJIAJi OOMEXKY€ETBCS TAKMMH TTPOLIECaMH:

— 3MiHa HOTOYHOIO 3aracy, SIKUH TOIMOBHIOETHCS
JMCKPETHUMH MTOCTaBKaMHU;

— 3MmiHa 30yTOBOro 3amacy abo 3amaciB He3aBep-
LIEHOTO BUPOOHHIITBA 3 MUTTEBUMH BUTPATAMH.

IIpoBenenuii aHamiz poOIT y SKUX HMPOTOHYETHCS
pO3paxoByBaTH 3HAYEHHsS CTPaXOBOTO Ta MOTOYHOTO
3amacy 3a JOIIOMOTOI0 CTaTUCTUYHHMX METOJIB, JI03BO-
JIMB 3pOOHUTH BUCHOBOK, III0 BOHH MOXYTh OYyTH CHCTe-
MaTH30BaHI 3 ypaxyBaHHSM OJIHI€]l YM JBOX 3MiHHHX,
IIPU IBOMY ISl OLIHKU BiIXWJIEHb BUIIAJKOBHUX BEIH-
YHMH NPO CepeHi 3HAUCHHS MOXIIMBO BUKOPHCTOBYBATH
KOMOIHOBaHI OLiHKKA. TakuM YMHOM HEOOXIJHO Bi3HA-
YUTH, 110 METOI0 CTATTI € BU3HAYCHHS IMapaMeTpiB, SKi
HE BPaxOBYIOTHCS NP BU3HAYEHHI ONTUMAIBHOTO PO3-
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Mipy 3aMOBJICHHS Ha aBTOTPAHCHOPTHHUX ITiIITPHEMCT-
Bax 1 OTPUMAaHHSI MOJEINi, BUKOPHUCTAaHHS sSKOi 3abe3rre-
YUTh MaKCUMaJIbHUN PHOYTOK HA MiTIPHEMCTBI.

CyTtpb npono3uuii

B pesynbprari aHanizy JiTepaTypHHX JKepes BCTa-
HOBJIEHO, IO icHye Oe3nid pi3HOBHIIB Mopenei Juis
BU3HAYCHHS I1apaMeTpiB MOCTaBOK. Bu3HaueHHs mocii-

JIOBHOCTI Jiif, sIKa TOTIOMOYKE BH3HAYUTH TApTii 3aMOB-
JICHb 1 pO3MIp CTPaxOBHX 3amaciB, SKi 3a0e3MedyIoTh
MaKCUMaJIbHIH NPHUOYTOK Ha IiJIPUEMCTBI MOKIIUBO
TIPEICTaBUTH 3a JOMIOMOTOI0 cxeMH (puc. 1).

OcHOBHHI1 OJIOK TIpH BH3HAYCHHI CTpaTerii ympas-
JIHHS 3amaciB € — popMyBaHHS 0a3u TaHUX IO 3aIACH.
Ha mingcraBi nux AaHuX MOXKHA BU3HAYMTH HapaMeTpH
MIOCTABOK 1 BU3HAYHUTH SAKUH MOMUT ICHYE.

CrTpaTeria yIpasTiHHA 3alacaMH

v

P

ITapam eTpH ITOCTABOK

P opuysanHa 6aszil OaHix NPo sanacu

v :

(‘-IaC IIOCTaE OK., THCIIO HOCTEIBOK)

v

Memodu pospaxyuxy noxasiuxis sanacis

T
SAISHHHAN He3a IS HHEH
[IOTHT TIOTIHT
Emmipuusi ExoHOM I4HI
CraTHCTIHMHIL A Ham THYHI Inni Tam i MoZem Mozed

[

I I

Busnauenna cmpamezii’

v

v v

dircoBaHHH

dircopanuit IBOPIBHEBA

posMip nepiox cHCTeMa
> - P
- PospaxyHOK IapaMcTpiB cIpaTterii -
-t
> YTpaBIiHHA 3aaciB

v

TTIACHBH HH

BusH i enna memody

PesVIosan HA 3anacie

MomemoBaHHA BHTpaT 3alaciB

AKTHBHIT

v

OmHka edeKIHBHOCTI CTpareriil YIIpas. Il HEA

3armacamMM

v

BusHAYCHHEA O THMAIL HOT O Baplar—n"y

CTpaTerii YIPaBTiHHA 3alacaMK

Puc. 1. ®opmyBaHHS CHCTEMH YIPaBIiHHS 3aIlacaMu

AHati3 TaHUX IO IMOCTaYaHHS 1 CIIOKUBAHHS (IH-
CJTa BUMOT Ha 3aMiHy HETPAIIOIYNX CJIEMEHTIB B aBTO-
MOOLTi) Ha MiAIPUEMCTBAX, SKi 3aHMArOTHCS PEMOHTOM
aBTOMOOLTIB TOKa3aB, IO iCHYIOTh TPH Pi3HI NMPHYUHH
BUHUKHCHHS 3aMOBIICHb:

— MepmNi TOTIK, BUKIHUKAHUH PEMOHTOM HOBHX
aBTOMOOUTIB HPOJAHUX AaBTOTPAHCIIOPTHUMHU XOJIWH-
ramu. Y bOMY BHIIAKy XapaKTep 3aMOBIICHHS IeTaieit
PIBHOMIpPHHH IPOTATOM POKY;

— JIpYTHil TOTIK MOCTa4aHbh BUKIWKAH KaIliTaJIbHO
BiIpEMOHTOBaHUMH aBTOMOOiIsIMU 3 pisEMX CTO ado
ABTOTPaHCIOPTHUX HianpueMcTB. [locTaBKM IUX MapTiid
SIK TIPABWJIO, 3MIMCHIOETHCS Pa3 Ha MiCSIIb;

— TpeTii MOTIK BUKIMKAHUN BHIIAIKOBHM IIPOIIC-
COM BIJIMOBH J€Tajiel 1 MOJAJIBIIOK 3aMIHOK HEOOXis-
HUX JiJIs aBTOMOOLTA. B manomy BUMajxy TepMiHH HOC-
TaBKU HE MOCTIiiHI 1 3SMIHIOIOTHCS TIPOTATOM POKY.

TakuM YMHOM BUTPATH aBTO3aMMYACTHH 31 CKIALy
BU3HAYAIOTHCA KUIBKICTIO BHMOT, IO HAaiAIIIA Ha
CKJIax 1 iX HasgBHICTIO Ha cKianmi. Bemnka KUIBKICTH BH-
TpaT JeTalell TMoB'a3aHa 3 KaiTalbHUM PEMOHTOM aB-
TOMOOITIB 1 MaJIOI0 BUTPATOI0 BHKJIMKAHUX PEMOHTOM
OKpPEMHX €JIEMEHTIB aBTOMOOJIS.

TakyuM YMHOM MO€IHAHHS 3a3HAYCHHUX BHIIB 3a-
MOBJICHb Ta BUMOT TIPU3BOANTH 10 (POPMYBAHHS BHIa[I-
KOBOT'O, HECTAIlIOHAPHOT'O 1 IMCKPETHOTO TPOLECy «3a-
MOBJICHHS — CIIO)KUBAHHS», SKUH HEMOXIIMBO OIHCATH
MIPOCTUMHU CTAaTUCTUYHUMH METOAAMH, IO BKIIOYAIOTH
B ce0e OIIHKY CepeHiX 3HaYeHb i CepeAHbOKBAIPATHY-
He BimxwieHHA. B poGorti [4] 3ampormoHOBaHa MOJENB,
OJTHAK, BOHA HE BPAaXOBY€ BTPATH SKi BUKJIMKAHI HasB-
HICTIO Ie(iIUTy MPOIYKIIi.

Ri =Ni(R +C;)—(S;-Ci+Co-S; /Q +

+(Qi(R+C)f/2)-A+(1-A)akQ;),

ne Nj — KUTbKICTh TIPOJITaHUX OAWHUIG TOBapy i-i HOMe-
HKJIaTypH; Pi — mpuOyTOK BiJ MPpOAaxy ONWHHIN TOBapy
i-1 Homenknatypu; Ci — cobiBapTiCTh TOBapy i- i HOMEH-
KIaTypH; Si — 3alulaHOBaHMK oOcsAr mpopaxiB mo i-i
HOMeHKJatypi; Qoj - BeIMUMHA 3aMOBIICHHS 3aIYacTHH
(mocraBkm); Co — 3arajbHi BUTpAaTH Ha OpraHizamiio i
BUKOHAHHS 3aMOBJICHHS (TpaHCHOPTYBaHHS), IO BifO-
Opaxarots mepepoOky Ha ckiangl (Cek), BaHTaXOMi-
HOMHICTB (BaHT2XXOMICTKICTb) ( TPAHCIIOPTHOTO 3ac00y
i #ioro pexxumy pobotn Ty, a TakoX, B JIEIKUX BUMA[-
Kax, KoH(Irypamnii TpaHCIOPTHOI Mepexi, o BKIIOYa-

M
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10Th N [IyHKTH HaBaHTa)XCHHs-po3BaHTaXeHHs; T — gac-
TKa Bi[l IiHH, KA IPUIIAIa€ Ha BUTPATH I10 30epiraHHio;
O — BUTpaTu Ha 30epiraHHs MpOIyKLii 3 ypaxyBaHHAIM
3afiManol rurori, Ki — koedirtieHT, sIkuit BpaxoBye mpoc-
TOPOBi radapuTH ToBapy; A — KOe(DillieHT, 110 BPaXOBYE
CTYIIiHB YYacTi pi3HUX BUAIB BUTPAT Ha 30epiraHHs.
[Nomanpine TOCTIHKEHHS TO3BOJIMIIO BCTAHOBHTH,
0 JaHy MOJeNs HeoOXimHO BHockoHamuTH. Lle Mox-
JIMBO 3a paxXyHOK BBEICHHS PeaJbHUX IapaMeTpiB (BHU-
aJIKOBHX, B3a€MOIIOB'SI3aHUX 200 B3a€MO3AJISKHHX), Ta
00O0B'SI3KOBOr0 BpaxyBaHHS B MOJEN BCUIIKUX oOMe-
JKEHb, MOB'SI3aHUX 3 BILUIMBOM BHYTPILIHIX 1 30BHILIHIX
YUHHMKIB. Y OLIBIIOCTI POOIT NPHCBSIYEHUX JaHOMY
IIMTAHHIO, BBAXA€ThCA, IO [, - IHTEpBal dYacy Mix

JBOMa CYMDKHUMH ITocTaBKaMu, Ta Qi — po3Mip rmocra-
BKH, € BHIQJKOBHMH BEIHYMHAMH Ta IiJKOPSIOTHCS
HOpPMAJIbHOMY 3aKOHYy po3moaity. Jlus Toro, mo6 Bu-
3HAUUTH 3aKOH PO3MOALTY SIKiil iCHy€e Ha MiIIPHEMCTBI
HEOOXITHO MPOBECTH MOJAJbII AOCTiKeHHs. [Ipurmyc-
THUMO, 1110 3aKOH PO3NOALTY HopMajibHUi. Toxil iiMoBip-
HicTh HasiBHOCTI medimury D(X) i #iMoBipHiCTE BigcyT-
HocTi nediruty F(X) MOXKIMBO BU3HAYKMTH 32 MO/ICILITIO
o0
D(x) =1 F (%) :1—% [e2a. @
T

TakuMm YMHOM ISl BU3HAUCHHS BEIIMYHMH CTPAXO-
BOTO 3aracy HeoOxiqHo Bu3HauuT D(X) Ta F(X).

SIKmmo po3moaia BeIWYHH MONHTY 1 iHTepBajiB MO-
CTaBOK Oyjie BiIPi3HITHCS BiJl HOPMAJILHOTO, JJIS [101a-
JBIIMX PO3pPaxyHKIB CTPaxoBOro 3amacy HeoOXiIHO
BUKOPHCTOBYBATH IapaMeTpH IHIIMX 3aKOHIB PO3IOJIi-
ny. Takum 4uHOM HEOOXiZHO B 3aIPONIOHOBAHY MOEIb
(1) monaru iMOBipHICHI XapaKTepHCTHKH JediuuTy Ta

BiICYTHOCTI Ae(inuTy Ha mignpueMcTBi. Tomi oTpumMa-
HY MOJIENIb MOYKHA MPEICTABUTH Y TAKOMY BHUIJISIII:

Ri=Ni(R +Ci)—(S;-Ci +Co-S;/Q; +
+(Q (R +C)f/2)-A+(1-A)akQ; + (3)

+1p-Cagap. -0 JQ/T +Cy - F(G,0,Q, P(X)))

ne tp, — xoedimieHT, MO BiAmoBimae WMoBipHOCTI P Bif-
cytHOCTi nedimury Ha ckinami; Css., — BUTpaTH Ha 30e-
piraHHs CTPaxOBOTO 3amacy; G — CepeIHE KBaIpaTHIHE
BIIXWJICHHS IIOJICHHOI BUTPATH MPOAYKIil;, J — cepen-
HE 3HAUCHHS MIOJCHHOI BUTpatd mpoaykuii; Cy — BU-
TpaTH, MOB'sI3aHi 3 Ae(IIUTOM MPOAYKIIIIL.

TakuM YHHOM, 3aIpPOIIOHOBAaHA MOJIENb BPAaXOBYE
BaXJIUBI MOKa3HUKU. OCOOJIMBO 1€ BaXKIUBO MPHU 3aMO-
BJICHHI JIeTanell JJisl SKUX XapaKTep HEeBHCOKHU MOIHT
TIPU BUCOKIi BapTOCTI HOMCHKJIATYPH.

Ha ocHOBI CTaTMCTHYHWX NAaHUX HEOOXIOHO BH-
3HAYUTH BIAMOBIIHI MapaMeTPH MOJETI i IMPOBECTH iMi-
TalliifHe MOZETIOBAaHHA i Ha OCHOBI OTPUMAaHUX TaHUX
o0y IyBaTH perpeciiiHi MOAeTi.

BucnoBku

B pe3ynbTari BUKOHAHHS AOCIIKEHHS TPOBEICHO
aHali3 Cy4aCHHX METOJIIB M0 BU3HAYCHHIO MMOTOYHOTO 1
CTPaxoBOI0 3aracy, a TaKOX PO3MIpy 3aMOBICHHS Ha
ABTOTPAHCIIOPTHUX MiANPUEMCTBAX. 3alpONOHOBaHA
MO/IeITh, 32 JIOTIOMOTOIO SIKOT MOITHBO BU3HAYHMTH MPH-
OYTOK MiJIpPUEMCTBA B 3aJICKHOCTI Bifl 0OCSATIB 3aMOB-
JICHHSI MApTiii HOMEHKJIATYPHU, SKa BPaXOBYE BUTPATH
sKi TIOB's13aHi 3 AedinnToM nponaykuii. Takoxk BCTaHOB-
JICHO HANpPSIMOK MOJANBIINAX OCTIKEHb HEOOXITHUX
Jutsi arpoOattii 3a1poNnoHOBaHOT MOJETI.
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Warehouse stock optimization and management of vehicle repair company
S. Ocheretenko

Abstract. The subject of the study is the change of enterprise's profit at a stage of ordering, delivery and storage of a
batch of auto parts under various factors. The goal is to develop a method for determining an optimal order size under large
number of factors of real business environment to reduce general logistics costs. Research objectives: analysis of expenses at
vehicle repair company in the process of purchasing, transportation and storage of material resources; development of mathemat-
ical models to determine enterprise’s profit at a stage of ordering, delivery and storage of a batch of auto parts under different
value of the current and safety stock, as well as loses caused by a shortage of stock. The following results were obtained. The
mathematical model is proposed that makes it possible to determine enterprise’s profit depending on warchouse stock size.
Warehouse stock management system is proposed. Conclusions. Minimizing expenses of vehicle repair company in process of
purchasing, transporting and storing car spare parts directly impacts on its efficiency. Therefore it is necessary to improve com-
pany’s logistic management under condition of different warehouse stock size. Using proposed model it is possible to determine
optimal warehouse stock size to maximize company’s profitability.

Keywords: profit, order, expenses, stocks, demand, auto parts, deficit.
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COVID-19 CORONAVIRUS SCREENING ANALYSIS NEURAL
NETWORK TECHNOLOGY

Abstract. Low-cost, reliable and quick screening diagnosis of coronavirus can be implemented on the basis of intelligent
technologies for analyzing a set of signs and symptoms with solving the problem of pattern recognition in the basis of arti-
ficial neural networks. The high degree of coronavirus infection diagnostic procedure uncertainty, the vector dimension of
input factor-symptoms, fuzzy conditioning and poor formalizability of the subject condition connection with these symp-
toms require appropriate analytical tools. An analysis of the problem and possible solutions allows justifying the feasibility
of implementing screening diagnostics as a solution to the problem of nonlinear optimization in a multidimensional space
of high-dimensional factors and states. Artificial neural networks with compulsory training on a representative sample were
chosen as a tool for implementing the project. The proposed technology brings diagnostics of coronavirus infection closer
to full automation, robotization and intellectualization of complex monitoring (diagnostic) systems as the most promising
technology for pattern recognition in systems with a high degree of entropy and allows you to solve the problem at the low-

est cost and required performance indicators.

Keywords: neural network, recognition, signs-symptoms, adaptation, modification, pre-processing.

Analysis of the problem

Nowadays, reliable and prompt diagnosis of
COVID-19 without hospitalization and quarantine is an
urgent and paramount task of society. At the existing
technological level of mathematical, algorithmic and
instrumental software, there is a possibility of pragmatic
and effective introduction of intelligent information and
telecommunication technologies at the stages of
COVID-19 danger diagnostic procedure (CVD) crea-
tion. Particularly interesting variant is the option of
mass and rapid diagnostics based on a set of non-
invasive signs, the so-called screening - diagnostics.

In this variant there is a fairly high degree of un-
certainty in the diagnostic system (high entropy of the
system), which logically requires appropriate technolo-
gy [1]. And this is the technology of data mining in the
database of forced learning artificial neural networks [1-
4]. With the unique ability to approximate multidimen-
sional continuous functions of any complexity and any
ahead given accuracy, under certain conditions, they can
be used to find analytical correlations between symp-
toms and the degree of CVD.

The problem of diagnosing coronavirus danger is
that the manifestations of the same symptoms for sub-
jects of different ages, sex, profession, lifestyle, etc. are
different. Consequently, the diagnostic system should be
based on the scientific and technological basis for the
analysis of complex systems, which should be under-
stood as objects with high-dimensional input factors and
output states with poorly formalized, unclearly condi-
tioned relationships and a high degree of a priori uncer-
tainty [4]. The high dimension of factors and states,
poorly formalized and not clearly determined relation-
ships, the presence of a subjective, human factor, gener-
ate a high degree of uncertainty in the diagnostic pro-

cess, and as a result, lead to unacceptably large errors. It
is the feature that does not allow to formalize the diag-
nosis of CVD in full, to establish analytical dependenc-
es of viral danger states with signs-symptoms.

The requirement of the time - full automation, ro-
botization and intellectualization of complex monitoring
(diagnostic) systems does not allow the scientific com-
munity to evade the introduction of artificial intelli-
gence systems and methods into practice as the most
promising technology for pattern recognition in systems
with a high degree of entropy. Thus, the efforts of re-
searchers to synthesize an adequate mathematical model
of the CV diagnostics process can help to solve the
problem of diagnosis reliability in screening programs,
which will ensure the use of optimal decision rules and
allow the instrumental implementation of the entire
complex of analytical and control options in automatic
mode [3, 4, 7].

Clear and practice-tested criteria for the quality of
pattern recognition and informative factors facilitates to
the solvation. Then, using the technology of diagnosing
subjects [1-4], it is expedient to concentrate modeling
screening analysis on the problem of nonlinear optimi-
zation in a multidimensional space of factors and high
dimension states [4]. At the same time, it is necessary to
select quality criteria in an expert way, to put them in
accordance with the values of the states of CVD and
accompanying symptoms using examples of the existing
prehistory (retrospective data), and strict analytical
connections must be established and fixed by forced
training of neural network models on a retrospective
sample from real practice [1, 3].

Thus, the subject expert describes the task at the
verbal level in terms of the medico-indicative paradigm,
and a specialist in information technologies formalizes
the task and its instrumental solution.

© Aloshyn S., Khomenko ., Fursova N., 2021
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As it is showed in [1, 4, 6] for objects of the type
under study, it is advisable to apply intelligent data
analysis procedures in the basis of artificial neural net-
works.

This choice of analytical tools is due to the indis-
putable and important for practical use advantages:

- neural networks are adaptive learning systems
that use examples to extract information from real pro-
cesses that are difficult to dynamically simulate, be-
cause they often contain a significant array of hidden,
uncontrolled, incomplete and noisy parameters and
interconnections between them;

- their application allows solving problems that are
difficult or impossible to solve by traditional methods
due to the absence of formalized mathematical descrip-
tions of the functioning processes;

- have associative memory and in the process of
work accumulate and generalize information, from
which their effectiveness increases over time;

- their use is based on training a neural network to
extract information from empirical data, which ensures
the objectivity of the results and increases their reliabil-
ity and validity.

At the same time, modern software tools allow to
design a neural network environment and implement a
wide class of neural network architectures of varying
complexity and rules for modifying weight coefficients
in the process of forced learning with the ability to adapt
a set of standard options (preprocessing, factor analysis,
organization of homogeneous subsets, input sensitivity,
classification, etc.)

The extent of problem study

The development, theoretical justification and in-
troduction of information technologies to solve the
problems of image recognition in the neural network
paradigm were engaged by national and foreign scien-
tists, in particular: R. Hecht-Nielsen, T. Kohonen,
S. Haikin, etc.

As a result of their activities there are:

Fundamental principles and methods of applied ar-
tificial intelligence theory in social and technical sys-
tems;

Constructive approaches to designing and model-
ing complex social and production facilities;

Methods and algorithms of multi-level differential
diagnostics in various subject areas;

Algorithmic and software products for rapid multi-
factorial data analysis in the tasks of classification,
forecasting and adapting inputs to the states of the ob-
ject.

At the same time, the comprehensive and effec-
tive software base of screening diagnostics automation
in the space of noisy, low-informative signs of high
dimension is not widely advertised in open publica-
tions today. And the critical situation with the pandem-
ic requires today the immediate creation of productive
technologies and software, the construction of reliable
diagnostic models, allowing to automate the processes
of CVD recognition by establishing determinized con-
nections of criteria, states, symptoms based on intelli-
gent technologies.

Purpose of the article

Develop the technology of automatic screening-
analysis neural network model productive ensemble
synthesis in space of not invasive signs - symptoms for
the operational, reliable and mass monitoring of CVD
state of society and its subjects.

Setting a task. It is necessary to describe the state
of CVD as a class in the language of its informative
features, to find an analytical display of the data input
vector on the result of the assessment of subject CVD
state.

Building a mathematical model of CVO state
indicator internal structure based on input data is down
to mapping the factors into the space of states with
specified reliability and accuracy:

F:X>Y,,,XcR™Y,

opt? opt

R, )]

where X is a vector of signs of the state of the CVD;

Yop[ is the output value of the CVD state class.

An array of CVD traits, in conjunction with the
relevant array of CVD state classes, allows to imple-
ment a known X' = {Xl,Xz,--.,Xn }C X pattern
recognition rule [6].

0, €QIf L(o,{o, ) sup L(w{w)) @
L(w, {a)g }) - 0, €Q

where X =(x, Xx,)e€ X,

....... n

L(e, {@, J) - the rule of categorizing CVD state
, to the appropriate class;

{a)} many states of the CVD (p, g) in the space
of the signs(k,I) for all their possible combinations

(a)pk’a)gl)'

Approximation of current CVD state function

The productive application of the neural network
approach to the analysis of CVD relies on the Kolmogo-
rov-Arnold theorem of presenting the function of sever-
al arguments through the sum of functions of one varia-
ble and its adaptation to the Hecht-Nielsen neural net-
work format. Then the vector y (CVD classes) and the
associated symptoms-signs of the current state of the
subject can be presented as the following:

H
Y(X): azvi (Wilxl T Wip Xy +o Wi X, + Ui)’ @)
i=1
where H is the power of the training sample, the para-
meters of the neural network is a, v, n — he number of
neurons, Wii, Wi, ..., Win is the weight ratios of neurons.
At the same time, it can be argued that there is a set of
numbers H,n,a,v;,u; for which the function is approx-
imated by series (3) over the entire domain of its defini-

tion and can be implemented using a three-layer neural
network with any predetermined error. This is a funda-
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mental position, for it is the basis of all subsequent
procedures. Indeed, if it is possible to establish a deter-
ministic analytical relationship of the entire set of symp-
toms with CVD level (class), then all subsequent op-
tions are derived from this key procedure. Therefore, it
requires a lot of effort and time.

Formation of a training sample

Nowadays, not invasive signs of COVID-19 are
recorded and statistically reliable (recent data in open
reports of subject specialists): headache; temperature of
the body; muscle pain; abdominal pain; drowsiness;
local pain; lack of appetite; pulse; receptor sensitivity,
%; irritability.

In a simple version the function of CVO state can
be described in two classes: 1 (Healthy); 2 (lII).

Training and modification of neural network
synaptic set. The neural network training procedure is
based on the over-reassession of all combinations of
synapses, for example, on the algorithm of reverse dis-
tribution of the error [1-3] and implemented by the
neural network module of the technical analysis pack-
age:

W (1) = w, (t—1) + AW (), @

OE(K)
ow, (t)

w - the array of synaptic coefficients;

g - the number of neuron output in the -n layer;

h - neuron entry number in -n layer;

n - network layer number

The process of modifying weights in the training
of the neural network continues until the condition is
met:

where  w, (t—1) =w,(t) +a-

> Yy, —dy) Smin (R<R) s

1
mniz =

n
J

Yij - current state of the CVD;
d. -

ij
(response) on | - output, withj - m example of a

the result of the network's learning

training sample;

Jj=1,n - the network's exit number;

I =1, m - the example number;

M, N - size of the sample array and the number of
network element outputs.

Instrumental modeling of neural network
model ensemble

In order to solve the problem, standard technical
analysis package was used: table of original data (200-
300 lines of training sample) and the program online.

Firstly, launch the Statistica Neural Networks
module. In the starting window choose the type of task:
“Classification” and “Master of Solutions”, set the func-
tion and arguments on the working tabs. Choose the
number of models to be saved (e.g.5). Then choose the
ratio of sampling types, conduct training, evaluate the

result. On the tab "Fast", select the "Network Summary"
option and find the best one in terms of performance.
The set of options is simple and accessible to a wide
range of users, which contributes to the widespread
implementation of the proposed technology into prac-
tice.

Since each class corresponds to its own set of indi-
cators, the procedure of classifying the object is reduced
to the analysis of current state signs and comparing the
results of the analysis with descriptions of early chosen
classes. In the neural network format, the problem of
investigated subject current state class recognizing is
solved, for example, using the delta rule [3]. In the pres-
ence of two classes of states, the formation of the train-
ing set is simplified. Then it is advisable to apply the
modeling technology in the environment of neuroemula-
tors according to the method [1-3].

Lower performance is typical of models with a
large number of neurons in a hidden layer, and it is
necessary to find a trade-off between generalization
errors on the test set, learning time, and network per-
formance. Therefore, the choice of the final model is
made by the user based on the features of subject under
study, the requirements for models and the capabilities
of the used neuromedia (Fig. 1.)
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Fig. 1. Model profiles on a sample fragment

And under certain conditions and other paradigms
of neural networks, activation functions, training meth-
ods, dimensions of the input symptoms, the power of
the training sample, etc. performance indicators can be
significantly improved (Fig. 2).
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Fig. 2. Ensemble of different paradigm models of MPL,
RBF, Linear Network
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Model performance depends on the power of the
sample at the same time, the complexity of the network,
its type of and the architecture. Thus, there is a theoreti-
cal and practical confirmation of the conclusion that it is
possible to build a model of CVD while ensuring the
adequacy of models within the specified boundaries.
The practical implementation of the project requires the
most informative features of CVD, the greater statistical
validity of the training sample from the data of pandem-
ic coronavirus real dynamics.

If the space of CVD features is supplemented by
the results of the detailed biochemical analysis of blood,
tomography, X-ray, etc., the proposed screening analy-
sis technology can be transformed into an intelligent
application into a classical system of complete laborato-
ry diagnostics of CVD. Only the dimension of the input
vector, the power of the training set and the time of
result achievement will change. However, even qualita-
tive analysis of the convergence of the iterative process
in different variants of data and learning conditions
demonstrates its steady dynamics, which is shown in the
two graphs of the MPL model training with different
architectures (Fig. 3, 4).
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Fig. 3. MPL model training (Option 1)
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Fig. 4. MPL model training (Option 2)

As it can be seen from the graphs, the application
of data mining technology in the form of neural network
forced training in the space of input symptoms-factors,
even in conditions of high prior uncertainty in the task
of CVD classification, allowed to obtain a stable con-
vergence of synaptic space modification iterative pro-
cess (Fig. 3, 4). The number of epochs does not exceed
a few hundred, which in terms of total time costs corre-
sponds to units and tens of seconds.

Thus, the analysis of simulation the results in the
neural network format generally confirms the theoretical
conclusion about the productivity of CVD model analy-
sis in real time. The results of the simulation in the
basis of various structural network constructions, train-

ing methods and variations in the dimension of input
symptoms-factors, as well as the power of the training
set, showed a steady convergence of the iterative pro-
cess of training networks with acceptable performance
indicators.

For different modeling conditions, an ensemble of
productive neural networks has been obtained that can
be used in individual applications based on their preser-
vation in the main code format.

Justification of simulation result consistency

When determining a classification error, the result
of an erroneous decision is considered an event when an
object belonging to the i- class is classified as an object
of the j- class. In our case, in the study of CVD, the
same signs of different classes take on their values at
coinciding intervals, so errors are inevitable. It is neces-
sary to minimize errors in this situation.

When the alphabet of classes is compiled, that is,
for each object bj, a set of attributes {xi}; is assigned and
the object is completely determined by them. Analysis
of the description of the state of the object gives current
information, on the basis of which the posteriori infor-
mation is determined. The nature of the current and a
posteriori information is determined by the decision rule
implemented in the classifier. Since the ultimate goal is
to maximize the reliability of decisions, it is advisable to
apply the classical statistical rule of the ideal observer.
Under these conditions, the definition of current infor-
mation is reduced to calculating the likelihood function,
Plx; ' 4),i=1,2,.., M, and posteriori - to calculating
posterior probabilities [4].

h; =P(A\X;) = MP(Ai)P(Xj 'A) =
ZP(A)P(X,-\AJ

12,...M, (6)

M
where ZP(Ai)P(xj \ A) is a generalized distribution
i=1
of class traits (states) probabilities of the object under
study (CVD).

The conclusion about the productivity of such an
approach is confirmed by the internal generality of deci-
sion-making procedures according to the statistical rule,
for example, maximizing the posterior probability of
CVD class and modifying the synaptic space of an arti-
ficial neural network [4]. The base for extracting
knowledge about CVD states of the investigated subject
in both statistical and neural network formats is the
same - an array of precedents, which is an objective
condition for the validity of the conclusions made.

Thus, these conclusions apply to each model from
our ensemble of trained networks, the productivity of
which (the probability of recognizing the state of CVD)
is characterized by an individual profile. The practical
implementation in the neural network version of the rule
for the maximum a posteriori probability of CVD class
when testing statistical hypotheses is carried out in the
environment of standard neuroemulators Statistica Neu-
ral Network [1-3].

For practical problems of recognizing CVD levels,
achieving maximum network performance (the proba-
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bility of class recognition) with admissible error values
on the training, control and test sets is a necessary and
sufficient condition for ensuring the reliability of solv-
ing classification problems [4].

The adequacy of neural network models estab-
lished by the value of model ensemble productivity,
errors on training, control and test sets when training on
a representative sample allows to assert the consistency
of decisions made based on the results of modeling [1,
4, 7]. In practice, it allows to respond to possible chang-
es quickly in the dynamics of CVD symptoms by mak-
ing changes to the original training set and carrying out
the procedure for retraining neural networks in order to
keep the efficiency criteria without significant material
and time costs.

Conclusions

1. To automate the determination of CVD class, it
is necessary to find the functional dependence of its
states on the values of factors. This problem is solved
by using the technology of neural network forced learn-
ing and implemented by models of multilayer percep-

2. The practical significance of the research results
lies in the creation of software tools for the transition to
automatic systems of CVD screening analysis in the
space of input features.

3. The developed technology, methodological, al-
gorithmic and software tools allow automating the pro-
cesses of classifying CVD states, to minimize the influ-
ence of the human factor.

4. Modeling and interpretation of the results on the
platform of neuroemulators is an effective means and
tool for automating decision-making management in
real time for monitoring CVD.

5. Functionally, the program of trained models can
be implemented as an independent application in the
main code of technical data analysis package in the
format of the basic subsystem for classifying the states
of the research object.

6. Automation of CVD monitoring, implemented
on the basis of the practical use of artificial intelli-
gence capabilities in a neural network format, makes it
possible to increase the productivity of diagnostics,
reduce the time for making a decision and the risks of a

trons as a recognition problem. pandemic spread
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HeiipoMepe:kHa TeXHOJIOTisI MIATPUMKH CKPUHIHT-aHATi3y kKopoHaBipyca COVID-19
C. I1. Anpomus, 1. B. Xomenko, H. A. @ypcosa

Anortanisi. Husbkosarparna, HajiiiHa i onepaTMBHA CKPHHIHI-IiarHOCTHKA KOpPOHaBipyca Mo)ke OyTH peasi3oBaHa Ha
OCHOBI 1HTEJICKTyaJIbHUX TEXHOJIOTIH aHal3y CyKyIHOCTi O3HAK-CHMIITOMIB 3 pIllICHHSIM 3a/1a4i po3Ii3HaBaHHs 00pa3iB B Oa3uci
LITYYHUX HEHPOHHUX Mepexk. BHCOKHI CTymMiHb anpiopHOi HEBU3HAYEHOCTI JIarHOCTHYHOI HPOLEYpH KOPOHABIpYCHOI Hebe3-
MIEKH, PO3MIPHICTh BEKTOPY BXITHHUX (paKTOPiB-CHMIITOMIB, HEUiTKa OOYMOBIICHICTb 1 ctabka (opmanizoBaHiCTh B3a€MO3B'I3KIB
CTaHiB cy0'ekTa 3 UMK CHMITOMAMH BUMAraroTh BiJIIOBITHOTO aHATITHYHOrO IHCTPYMEHTAapit0. AHai3 mpodIeMu i MOKIIMBHX
pillieHpb 103BOJIsIE OOTPYHTYBATH JAOLIBHICT peai3alii CKPUHIHI-1iarHOCTYBaHHS SIK PIIlCHHS 3a/1a4i HeNliHIMHOT OnTUMI3alli B
GaraToBUMipHOMY HPOCTOpi (haKkTOpiB i CTaHIB BUCOKOI po3MipHOCTI. SK IHCTpYMEHT peasi3aiil mpoeKTy oOpaHo MITY4HI Heil-
POHHI Mepexi 3 IPUMYCOBUM HABYAHHSIM Ha PEpe3eHTATHBHIN BUOipii npukiaaiB. [IpoBeaeHi HOCTiKeHHs 03HAKOBUX IMIPOC-
TOpPIB TPOIECY pO3Mi3HaBaHHs (AiarHOCTYBAHHS), MOYKIMBOCTEH KOPEKTHOrO 3aCTOCYBAHHS CTATHCTUYHHX BHPIIIAIbHUX Mpa-
BUJI, ITOPUTMIB TIPUMYCOBOTO HABYAHHS aHCAMOIIIO CHHTE30BaHUX HEHPOMEPEeKHHX MOjieliel B 0a3uci iICHYIOUNX MaKeTiB TeX-
HIYHUX JaHHUX, JO3BOJISIOTH MiABUIIUTH HPOAYKTHBHICTh TEXHIYHUX 3aCOOIB IarHOCTHKH IIUIIXOM aBTOMATH3alli MpoLecy
aHaJi3y, 3HWKCHHsI BIUIUBY CY0'€KTUBHUX PillleHb, CKOPOUYCHHS Yacy peakiiii. 3armpornoHOBaHa TEXHOJIOTisl HAOJIMKA€E MiarHOCTH-
Ky KOpOHaBipycHOI HeOe3MeKH /10 MOBHOI aBTOMAaTH3all{, poOOTH3allii i iHTeIeKTyani3alil CKJIaJHIX MOHITOPUHIOBUX (JiarHoc-
TUYHHUX) CUCTEM SIK HAOLIbII MepCreKTUBHOI TEXHOMOTi po3Mi3HaBaHHs 00pa3iB B CHCTEMax 3 BUCOKHUM CTYIEHEM SHTPOIIT i
JIO3BOJISIE BUPIIIYBATH BapTiCHY 3aj1a4y MPH MiHIMAIBHUX BUTpATax i HEOOXiMAHUX MoKa3zHHWKax edekruBHOCTI. [Ipu 1poMy Cy-
YaCHUI TPOrpaMHUi IHCTPYMEHTApIiil 103BOJISIE OMEPATHBHO KOHCTPYIOBATH HEHPOMEPEIKHOMY Cepelly 1 peani3yBaTH IIHPOKHIA
KJIac apXiTeKTyp HepoMepeK Pi3HOI CKIaIHOCTI 1 paBuil MomudiKallii BaroBux Koe(illieHTiB B MPOIIECi MPUMYCOBOI0 HaBYaH-
HS 3 MOXJIMBICTIO ajamrarii HaOOpy cTaHAapTHHUX ormiii (momepenHs oOpoOka, (akTOpHUI aHali3, OpraHi3allis OJHOPITHUX
ITiIMHOKHH, 9yTJIMBICTh BXO/IB, Kiacu(ikaliis ta ir.).

KuawuoBi cioBa: HelipoHHA Mepeka, pO3Mi3HABAHHS, 03HAKU-CUMIITOMH, aJIaNTallis, MOIU(iKallis, mperoopooka.
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HEPO3/ILIbHI KOJIU
B CHCTEMAX OBPOBKH THOOPMAIIT

AHoTanisi. YV 3B'I3Ky 3 HEOOXiZHICTIO 30UIbIICHHS €(PEeKTUBHOCTI IU(POBUX CHCTEM OOpOOKH Ta Iepepadi JaHUX
3pOCTaroTh BUMOTH JI0 3a0e3ledenns iX 3aBajocTiiikocti. [i HeoOXiqHiCTh BUHMKAE, AK TPABMIO, HPU ONEPATUBHOMY
34uTyBaHHI iH(OpMalii 3 AAaTYMKIB, SKI BUKOPUCTOBYIOTHCS B cHcCTeMax oOpoOku indopmanii. Ilpu mpomy Gaxano
BHKOPHCTOBYBATH 3aBaJIOCTIHKI KOJH, SKi OJTHOYACHO JTO3BOJISIOTH SIK 00pOOIIATH, Tak 1 mepeaaBaru iHdopmarito. Taki
KOJIM 3/IIHICHIOIOTH 11 HACKPI3HUI KOHTPOIb. Lle T03BOIIsE MiBUIITYBATH IIBHUIKICTH 0OPOOKHU Ta mepeaadi iHpopMarii i
IIpU BOMY €KOHOMHUTH amaparypy cucreM. KoxiB HAackpi3HOro KOHTPONIO BiIoMO HebaraTo, TOMY IO HaiOiIbII
BXXMBaHI Ha MPaKTHI pPO3IUTBGHI KOAW, HAIPHUKIA, IUKITIYHI Ta MOAIOHI 0 HUX, BUKOPHCTOBYIOTHCS, SIK ITPABUIIO, JUIS
nepenayi iHGopmamii i He MOXyYTh e(peKTHBHO KOHTPOMIOBATH ii 00poOKy. BupimrytoTs 3aady HacKpi3HOIO KOHTPOIIO
HEPO3JUTbHI KOJM, a cepell HUX Ha ChOTOJHI HAWOUTBIN MEPCICKTUBHIUME KOJAMU MOXXHA BBakaTH koau DiGoHawdi.
Takox 1TOcHTH e(peKTHBHI B IIbOMY IUIaHI € pIBHOBaKHI 1 OiHOMianbHI Koau. Y paHiii poOOTi MPOBOAMTHCS
0oOIpyHTYBaHHSI BHKOPHCTAaHHS HEPO3IUTBHMX KOJIB B 3aBaJIOCTIHKUX cucTeMax oOpoOku i mepenadi iHpopmamii. Cepen
HEPO3JIUIBHUX KOJIB 0COOJIMBE Miclle 3aimMaroTh koau DiboHaudi, ski ckimamaroThes 3 yucen Didonauuwi. [li ymcma
MOYKHA JI0JIaBaTH, BiTHIMATH, MHOKUTH Ta TiUTH. Ha X ocHOBI OyaytoThest aBTomMaTi @i00HAYI 3 ITUPOKUM CIIEKTPOM
MoOXIHBOCTeH 00poOku iHpopmamii. OxHiero 3 ii 3amau € ¢idonayuieBa nmiuba. DiboHaUUieBI YNCIa MOXYTh OYTH 3a
(dopMoro MiHIMaTEHUMU Ta MakcuManbHIMH. OcobmuBicTio uncen PiboHaudi € Te, 0 BOHM MiHIMaJbHI, i TOMYy Jid0a
Ta JIYMIBHUKY Ha X OCHOBI OYZyTh OUIBII MPOCTHMU Ta HaJIiIHHUMHM B NOPIBHSAHHI 3 IHIIMMU criocobamu (iboHaudieBOi
nig6n. Kpim Toro, B HUX OUIBII JIETKO BUSBIISIOTHCS 1 YACTKOBO BHITPABJISIFOTHCS] MOOJUHOKI IIOMUJIKH. AJie TOJOBHE B
HUX € Te, o iHpopMmamis 3 ¢(iOoHAUUieBOro JITIYMIBHHKA MOXe Oe3locepeqHb0 0e3 KOIYIYOoro IPHCTPOIO
HAINpaBJISTHCS B KaHaN 3B'3KY, J¢ OYyAYTh BHSBISATHCS 1 IPU HEOOXiTHOCTI BHIIPABISTHCS JEsKi MOMIJIKH, IO
BHUHHKAIOTh B HhOMY. HesonikoM Takoro xoxyBaHHs Oyne HEOOXiqHICTh mepeTBoproBaTH (iboHaydieBy iH(OpMamio B
nBiiikoBy. OnHak, Ile NMEpeTBOPEHHs IMOTPiOHO POOWTH Jajleko He 3aBXKIM, TOMY IIO Hepiiko I iHdopmamis €

KEpYI4OI0 1 BiJoOpakaeThCs Ha BiIIOBIIHUX NPUCTPOSAX BiIOOPAXKEHHS.

KawuyoBi cioBa: TenekoMyHikaliiiHa cuctemMa, HepO3AiIbHI KOIU, TOMUIIKH, 3aBaJIOCTIHKUIA KOJI.

Beryn

IMocranoBka npodsemu. Ha coboroaHi. sik i paHi-
e, OJHUM 3 OCHOBHMX 3aBJIaHb CHCTEMH OOpOOKH Ta
nepenayi iHGOpMaLIT 3aIMIIAETHCS TX 3aXUCT BiJ Neper-
Koz Ta 30ypenb. [Ipu nboMy NOTpeOyeThCs IMiABUIIECHHS
€(eKTUBHOCTI KOJIIB, 1110 B HUX BUKOPHCTOBYIOTBCS, SIK 3
TOYKH 30pY HIBUAKOIT 1 32aBaIOCTIHKOCTI CHCTEM, TaK 1 1X
amapaTypHux BUTpaT. OpHaK, MOIIYK TAKUX KOXIB BH-
SIBUBCSI JIOCUTh CKJIaJHUM. BiH CTaHOBHUTH MpoOiieMy, sika
YaCTKOBO BUPIIIYETHCSI B JaHI# poOOTi.

AHani3 ocTaHHIX JocCHiKeHb 1 myOmikamii.
Cnpobu 3acTocyBaHHS TOTY)KHUX PO3JUIBHUX 3aBaIoC-
TIHKUX KOMIB, SIKi BUKOPUCTOBYIOTBCSI B TEJICKOMYHIKa-
OifHUX cHCTeMax Ui OpraHi3amii HACKPI3ZHOrO KOHTPO-
JT10, HE TIPUHECIH ITOKH M0 OCOOJIMBOTO YCIiXY, TOYACTH
TOMY, IIIO IIi KOIH CIIPSIMOBaHI Ha 3a0e3MeUeHHs 3aBaI0-
crifikol mepemaui iHdopmarii, a He ii 06podku [1-6].
[paBunbHicTE pobOTH pKeperna iHpopMamii Taki Koxu
3aIMINAIOTH 032 KOHTpoieM. J[xepernoM inpopmarii B
MAaHOMY BHIAIKy MOxe OyTu mugpoBHil aBToMaT abo
00YHCITIOBAIbHA CHCTEMA B IIJIOMY.

OpHak, 1ie HE O3Hauae, 0 JesKi i3 3aBaJOCTIHKHUX
KOJIiB, III0 3aCTOCOBYIOTHCSI B TEIEKOMYHIKAIlITHUX CHC-
TeMax, He MOXYTb OYyTH 3afisiHi IJI1 KOHTPOIIO [HPPO-
BHUX aBTOMATIB Ta OOYHCITIOBATHHUX CHUCTEM. TuM Oijb-
1ie, 10 Ha CHOTOJHI TEIEKOMYHIKaIliifHI cucTeMu 3a6e3-
TIeYeH] BEJMKOI0 PI3HOMAHITHICTIO 3aBaJOCTIHKIX KOIIB
BiJI MPOCTUX H JO NOCHUTBH MOTYXKHHX, 30ATHUX BUSBIISATH
Ta BUIPABJLITH ITAKETH [MOMIJIOK BHCOKOI KpaTHOCTI [3,
5, 6]. Cepen 3aBafoCTIMHKUX KOMIB CIIiT ITyKATH KOJH, SIKi

0 OJHOYACHO KOHTPOIIOBAJIM SIK Iepenady iHpopmaryi
Oe3nocepelHbO B TENEKOMYHIKaliiHIN cucTeMi, Tak | ii
Jokepeno. Tum camMuM 37iHCHIOBaBCS O HACKPI3HUN KOH-
TPOJIb €IMHMM KOJIOM CHUCTEMH OOpOOKM Ta mepenayi
iH(opMmallii, 1o Aae il CyTTeBI MepeBard MO0 MBHIKO-
JIi{, BAPTOCTI Ta HAMIIHOCTI B TIOPIBHSIHHI 3 CUCTEMaMH, B
AKUX 00poOKa Ta repenaya iHPOpMAILi KOHTPOIIOETHCS
OKPEMHUMH KOJIAMHU.

MeTor0 CTATTi € MOIIYK 3aBaJIOCTIHKUX KOJIB, SIKI
OJTHOYACHO KOHTPOIOIOTh 00poOKy 1 mepenady iHdop-
Marii Ta OOTPYHTYBaHHsI iX 3aCTOCYBaHHSI JUIsl KOHTPOIIIO
pOOOTH KOMIUIEKCY OOYHCITIOBAIBHUX 1 TEJIEKOMYHIKa-
LiHMX 3ac00iB.

Bukian ocHOBHOT0 MaTepiaay

Pobora mudpoBoi TeNeKOMYHIKAIHHOI CHCTEMHU
BifOyBaeThcss HACTymHUM YuHOM. CTaH HU(PPOBOro
JoKepena iHpopMamii TepeTBOPIOETHCA B KOMOIHAINIO
3aBaJIOCTIMIKOTO KOAY, KA MePEeJacThCs M0 KaHaly 3B's-
3Ky. Ha mpuitManpHOMY KiHII 111 KOMOiHAIisA IepeBips-
€ThCS JIEKOAYBAJBHIM IIPHCTPOEM HA HASBHICTH ITOMU-
JIKM ¥ 1IpH i1 BiICYTHOCTI niepenaeThes mpuiiMavy iHdo-
pMartii. [Ipy HassBHOCTI MOMWJIKH BOHA MOXe OyTH BH-
mpaBlieHa abo 3a JOIOMOT'O0 TIOBTOPHOI miepenadi, abo,
MpHU HAsIBHOCTI JOCTATHBOI HAJAMIpHOCTI iH(popMarii,
Oe3mocepenHBO MpUiiMaveM.

HapMipHicTE BBOOWTBCS MPHUCTPOEM, IO KOIYE,
SKAA PO3TAIIOBAHWH MicHs pKepena iHdopmarii, mifg
Yyac TepeTBOPEHHS KOAOBOI KOMOiHAIli1, SKa TE€HEPYETh-
cs IpKepenoM iHdopmMariii, B 3aBa0CTIHKY KOMOIHAIIITO.
Y pe3ynbTaTi 10 BXiIHOI IBIHKOBOI KOZOBOI KOMOiHAMI{
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Ingpopmauiiini mexuonozii

a00 JOIarOTHCSA TONATKOBI KOHTPOJNBHI PO3pSIH abo
BOHA IIEPETBOPIOETHCS B KOMOIHAIIO IHIIOTO KOAY 3
IHIIIOIO KUTBKICTIO po3psiB. Y TepUIOMY BUIAAKY Hal-
JIMIIKOBUH Koi Oyne po3mijibHUM, a B JPYroMy — He-
pozninsHUM [ 1-2]. [Ipr oMY BasKITUBOIO OCOOTHBICTIO
TEJIEKOMYHIKAI[IfHIX CHCTEM € T€, III0 B HUX 00OB'S3KO-
BO ICHYIOTB IIPUCTPOI, IO KOAYIOTh Ta IEKOAYIOTh. [le-
pIi 3 HUX BBOAATH B Ilepe/iaHi MOBIIOMIICHHS Ha JTHII-
KOBY iH(opMarliro, a apyri 3a ii jornomMoror BU3HaYa-
I0Th NTPAaBWIIBHICTh OTPHUMAaHHX ITOBiJOMJICHb.

OCoOUBICTIO HEPO3IITBHUX KOJIB, € TC, IO B HUX
JI0 PO3PSIIiB BXIAHUX KOJOBHX KOMOIHAINH, SIKi KOIY-
I0Th CTaHU IM(QPOBOTO aBTOMAaTa, HE JONAIOTHCS KOHT-
POJBHI pO3psian, SIK B PO3IUTBHUX KOJAX, a BOHH IEpeT-
BOPIOIOTHCS 3a MEBHUMH MIPABHJIAMH B 1HIIN KOMOiHAIIi1,
SIKI TICNS IIbOrO MaroTh Oinbiie po3psiaiB. Ilpu npomy
SIK B PO3AUIBHUX, TaK 1 B HEPO3AUIBHUX KOAAX 3'SBIIS-
€ThCSl HAJUTMIIKOBA iH(OopMallis, sika BUAIISE B 3aBaJI0C-
TiKOMY Koji J03BojeHi komOinanii. [losBa 3a0opoHe-
HOI KOMOiHaIil € O3HAaKOI Ii MOMHIIKOBOCTI. 3aBIISKH
LIbOMY BU3HAUYAETHCS INPABWIBHICTh IepenaHoi KoMoi-
HAIlil Ha PUAMATFHOMY KiHITi.

Po3inbHi 3aBafoCTiiiKi KOAM B TEJIEKOMYHIKallii-
HHUX CHCT€MaX Ha MPaKTHUI[l Ha CbOTO/IHI 3aCTOCOBYIOTh-
Csl YacTillle HiXK HepO3ALTbHI KOOW B CHIy iX Oinpioi
HOTY>KHOCTI 1 MOXKJIMBOCTI 30epexeHHs iH(popMaIiiiHuX
PO3PAIIB BUXIAHOT KOIOBOI KOMOIHAIIIT, KA HAIXOIUTh
BiJl Jukepena indopmanii npu ii nepenadi. Hanpuknan,
IIMPOKO BIZIOMUH PO3IINBHUKA KOI 3 TEpeBipKOl Ha
napHicTh a00 Ha HENMapHICTh BUKOPUCTOBYE VIS OTPH-
MaHHsI KOHTPOJIBHOTO PO3PsIy 3rOPTKY 1H(OpMaLiHHUX
po3psiniB 3a momyineMm 2. IHbopmariitHi po3psau npu
[[bOMY 3aJTHIIAI0THC 6e3 3MmiH [1-3].

3 iHmoro 00Ky, BiIKpUTICTh 1H(OpMaLiHHUX PO3-
PAZiB PO3ALIBHUX KOIIB pOOHTH 1X HE3aXHUIICHHUMH Bijl
30BHIIIHBOrO AocTymy. OjHak, 1eil HeOJIK HEeCyTTe-
BHUI, TOMY 1[0 3aXHCT PO3AUILHUX KOIIB 3I1HCHIOETHCS
MIPY HEOOX1THOCTI 32 JIOIIOMOT'OO BiJIMOBIHUX METOJIIB
3axucTy iHpopMaIrii.

Hepo3zaineHi kKoqu Ha BIAMIHY BijJ PO3/ALJIBHUX KO-
JIB HE MalOTh 1H(OOPMALIIHHOT Ta KOHTPOJIBHOI YaCTUHH
B SIBHOMY BUIIAAI. BOHM MaroTh 3arajibHy O3HAaKy s
BCIX TIepelaHuX KOMOIHAIli, sKa BiJIpi3HsE 3a00pOHEH]
KOJIOBI KOMOIHAIT Bii J03BOJICHUX, HANIPUKIIAJA, KOJIH
JIO3BOJICHUMH KOMOIHaIissMi OynyTh KOMOIHAIT, IO
MICTSITh MTOCTIHHY KiTBKICTh OJITHHULIB.

OpHak, HEPO3MIBHI KOIU 3YCTPIYarOThCS B TEie-
KOMYHIKaIlifHUX CHUCTEMax 3HAYHO piJlle, TOMY IO
BOHH, SIK IPABHJIO, MEHII MOTYXHI HiXK PO3AUTBHI KOIH.
Kpim toro, BuHMKa€e HEOOXITHICTH MEPETBOPIOBATH BXi-
IHI KoMOiHamii ogHOro KOIy B BHXimHI KOMOiHAIi iH-
moro koxy. [Ipu oMy, sIK ¥ B pO3AITPHUX KOAAX, BH-
HHUKae iHpoOpMaIliiiHa HaIMIPHICTh, ale BOHA MPHXOBa-
Ha. Tomy ii BUKOpHUCTaHHS JUIsl BUSIBJIEHHS TA BUIIPAB-
JIEHHS TIOMUJIOK B KOMOIHAIIAX MICI KOXYBaHHS B I10-
BiJIOMJICHHSIX MOXK€ OyTH OUTBII CKIAAHWM, HIXK B PO3-
IUTBHUX KOAax. 3HAUWTh, TOMI OUTBIN CKIATHUMHU Oy-
IyTh KOAYIOWi Ta IEKOMYIOUi MPUCTPOI TeICKOMYHiKa-
mifiHoi cuctemu. Tak, HampwKiaa, PiBHOBXXHUHA KO,
SKUA € HepO3AIIbHUM, JUISl BUSBICHHS TIOMUJIKH BUMa-
rae mapaxyHOK KUTBKOCTI OIMHUIB B KOJOBOI KOMOiHa-
il Ta MOPiBHSHHS PE3yNbTATy 3 KOHTPOJIBHHM YHCIIOM,

it Tomy OyJe GBI CKITaJHUM Y HOPIBHSHHI 3 KOJOM 3
MIepeBiPKOI0 HA MApHICTh ab0 HA HENApHiCTb, € BiOY-
BAIOThCS TIIBKH ONepallii 10faBaHHs OJMHHIb 32 MOJY-
nem 2. Kpim Toro, mie nmorpiOHO nepeTBOPIOBATH BXiIHI
KOMOIHAII1 B KOMOiHAIIliT piBHOBa)KHOTO KOJTY.

OnHak, OAHIEIO 3 TIepeBar HEPO3AIIBHUX KOZIB
NPY 3aCTOCYBaHHI B TEJIEKOMYHIKaliHHUX CHUCTEMax €
CKPUTHICTH TiepefaHoi iHdopmanii, xoua BoHa /I pea-
JBHHX 3a71a4 € HEJIOCTATHHOIO 1 HA MPAKTUII MOTpedye
30inpmenHs. OJHaK, € MEepCHeKTHBHI PO3poOKH, sKi
JIO3BOJISIFOTE TOBOPUTH IIPO TepeBard HEPO3IUTBHUX
KOJIiB, TOMY IIIO B HUX OJHOYACHO BiZOYBAE€THCS 3aXUCT
iH(popMarlii, Ik BiJl TOMHIIOK, TaK H BiJ HECAHKIIIOHOBA-
HOro goctymy. Tak 10 MHUTAHHSA MPO Te, sKi Koau Oy-
JIyTh OUIBII TEPCIEKTUBHUMH IS Tepesiavi ta 30epi-
raHHs iHpopMalii B MailOyTHHOMY BiJIKpHTE.

OpnHak, TONOBHA MepeBara HEpO3iIbHUX KOIIB B
TIOPIBHSHHI 3 PO3/AIIBHUMH KOJIAMU TIOJISITAE B TOMY, IO
HEpO3/IbHI KO MOXYTh OyTH e(peKTUBHO 3aCTOCOBA-
Hi JJIs TiABUIICHHS 3aBaJOCTIHKOCTI IU(POBHUX aBTO-
MarTiB. IX BMKOpPHCTAaHHS MO CyTi € €IHMHHM CIOCOOOM
30MbIIeHH iX 3aBaJoCTIMKOCTI 0e3 pe3epBYBaHHS.
Po3inbHI KOJH, SIKI BUKOPHCTOBYIOTHCS B TEIEKOMYHi-
Kal[lifHUX CHCTeMax, B CHJIY iX IPUPOAX HE J03BOJIS-
I0Th €()eKTUBHO OpraHi3yBaTH 3aBaJIOCTIHKy OOpOOKY
iHpopMmarii tuppoBUMH aBTOMAaTaMH. A OT HEPO3ALIbHI
KOAH, B CHJIYy TOro, 110 BUKOPUCTOBYIOTHL IIPHU CI/IHTGSi
TUIBKK JI03BOJIEHI KOMOiHali, J03BOJSIIOTH OynyBaTH
3aBagoCTiiiKi 1dpoBi aBTOMaTH. B HUX mepexin aBTo-
MaTa B CTaH, SIKM{ He € JJ03BOJIEHOI0 KOMOiHalli€eo, Oynie
HOMUJIKOBUM.

HeegexTuBHICTh BUKOPUCTAHHS PO3ALILHUX KOZIB
JUIsl 3aBaJIOCTIHKOrO KOMYBaHHS HU(POBUX aBTOMATIB
MOB’si3aHa 3 THM, 10 IMU(GPOBUN aBTOMAaT HA BIAMIHY
BiJ cucremu mepenadi indopmarii, sika nepenae i 3a
OJIMH TakKT 0e3 3MiH, 00polOiisie iH(pOPMALIII0 BIPOIOBK
JICKUTbKOX TaKTiB, HA KO)KHOMY 3 SIKHX B 3arajlbHOMY
BUMAJKYy 3’SBISE€TbCA HOBa iH(popMaris. BuznauuTtu
MpaBUIBHICTH i€l iH(OpMALIT 32 TOMOMOro PO3/IiJib-
HOTO KOJYBaHHs Ba)KKO, TOMY IIO Tpeba 3a3jaleriip
nepe0aunTH SIKOK0 Oyse KOMOIHAIlisi Ha BHXOMI aBTO-
MaTa Ha HACTYIIHOMY TaKTi Ta MOPIBHATH ii 3 KOMOiHa-
i€, ska GakTHYHO 3'IBUTHCS. 3a3BUYail JJIsl BUSBJICH-
HS TOMHIJIOK B aBTOMATaX, SIKi BUKOPHCTOBYIOTH DPO3-
JUTbHI KOJM, HeoOXijHe ayONoBaTH anaparypy, a Juis
iX BHUIIpaBIICHHS — NOTPOEHHA, IO 3HAYHO 3JIOPOXKYE
BiINOBiTHI NHU(POBI MPUCTPOI Ta CUCTEMHU, pOOIIIN IX
TPOMI3IKAMH Ta CKJIQJHUMHE TIPH eKcruTyararii [2, 3].

Ha BimMmiHy Bix po3aiabHHAX KOMIB HEPO3IiNbHI 3a-
BA/IOCTIMKI KOAW JO3BOJSIIOTH 3HAXOJIUTH ITOMUJIKH IIPH
00pobui iHpopmaii muppPOBIMH aBTOMATaMH 32 paxy-
HOK CBO€I HaJMIpHOCTi, B TOMY YHCIi W 3a paxyHOK
npUpoHOT HaaAMIpHOCTI M(ppPOBUX aBTOMATIB. J[o TOTO
K Taki KOIW JAI0Th MOXKIJIMBICTE 3aBaJIOCTIMKOI mepena-
4i iHdopmarii 6e3mocepeHBO 3 OOYMCIIOBATBHIX PHU-
CTpOiB 0€3 MOJATKOBOTO KOAYBAaHHSA B KaHANAX 3B'S3KY.
B pesynbraTi onuH # TOH ke 3aBaJOCTIHKHNA KOJ KOHT-
pomtoe iHpOpMaIito K mpH 1i 00poOIIi, TaK i TpH mepe-
mayi.

Tum caMuM peanizyeTbcs HaCKPi3HUHA KOHTPOIb SIK
O0YHCITIOBAIEHOTO TIPUCTPOIO, SIKUH BHCTYIIAE B PO
Jokepena iHpopMmarii, Tak W KaHaTy 3B'SI3Ky. Y HbOMY
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BHUKITIOYAIOTHCS KOJYIOUl MPUCTPOI B KaHAJI 3B'S3KY, a B
psni BunanxiB i mexoxyroui. Lle 3memeBitoe Bcio cuc-
TeMy 0OpoOKM Ta mepesnadi iHpOpMAIi, IiABHUIIYIOUYH
TIPY IIEOMY HaJIiHICTb Ta MBHUAKICTS i1 poOOTH.

[MostBa B mporeci 00poOku iHpopMarii nudgpoBuM
aBTOMAaToM 3a00poHeHO0i KoMOiHamii Oyze BKa3yBaTH Ha
NOMMIKY. [i BUSBUTH CTpYKTypa aBTOMaTy abo Bimo-
BiTHUH TpOCTHH NeKOAyrouuil mpuctpi. Tum camum
uuQpoBUil aBTOMAaT CaMOCTIHHO BHpINye, YU € HOTro
CTaH TPaBWIHHUM YH MOMHIJIKOBUM. TOMY CTa€ Hero-
TpiOHUM TPHCTPil 3aBaJOCTIHKOrO KOAYBaHHS IPH TO-
JabIiil mepesavi CTaHy aBToMara Mo KaHajly 3B'S3KY.
Le 3 omHOro OOKY 3a0mIa/pKye anapaTypHi BUTPATH, a 3
IHIIIOrO — MiJBHIILYE IIBUAKOII0 pOOOTH Ta HAIIHICTh
cucrteMu 0OpoOku 1 mepenaui iHpopmanii. Xoya B OK-
peMUX BHIMAIKax MPU KaHauaX 3B'S3Ky 3 BUCOKHUM PiB-
HEM IIyMY MOXKHa TTOCTaBUTH Ha BXOJI TEEKOMYHiKa-
LiHOI CHCTEMU NPUCTPil KOAYBaHHS IJIS JONATKOBOTO
PO3ILIBHOTO KOy, W TOMI OyJe OTpUMAaHHUA KOJ, KU
MOETHYE 3aBaIo3aXUCHI BIACTHBOCTI PO3JUILHOTO Ta
HEPO3JUTLHOTO KOJIB, IO 3HAYHO 30UIBIIMTH Haaii-
HICTB TIepeaadi KOMOBUX KOMOIHAIIIH.

[TpuposaHo, 110 Takuii 00UUCITIOBAILHUN MPUCTPIi
i3 3200pOHEHUMH KOJIOBUMH KOMOIHAIIISIMU YCKJIaTHFO-
€ThCS B MOPIBHSIHHI 3 MIPUCTPOEM, B SIKOMY BOHH BiJICY-
THi. Ane MO)KJ'II/IBiCTI) BUSIBJICHHS Ta B ACAKHUX BUIIAAKaAX
BUIIPABJICHHS TOMIJIOK IEPEeKpUBaE Iieil Hemonmik. B
MaiOyTHbOMY caMe TakKi MPUCTPOI, IO MpPAaIIOTh B
HEpO3AUIPHUX KOJax i3 3a00pOHEHHMMH KOMOIHAIisIMU,
NOBMHHI MIPUITH Ha 3MiHY JBIHKOBUM IIM(POBUM aBTO-
MaTaMm 0Oe3 3abopoHeHux KkomOiHauii. I[TuraHHs mpu
LBOMY OYJie CTOSITU TUIBKH B TOMY, SIKMI HEPO3ILIbHUIA
KOJI BHSBUTHCA HAMKpaIllUM Ul TOTO YM IHILIOTO 3a-
BIaHHS 00poOKH iH(popMallii.

Ha cporoaHi ok HeMae OCTaTOYHOI BiAMNOBiAlI HA
ue nutanHg. TyT BH3Ha4yalubHY ponb OymayTh IpaTd MH-
TaHHS WBUIKOIT Ta HaIHHOCTI POoOOTH OOUMCITIOBAIIb-
HUX TPUCTPOIB, 10 BUKOPHCTOBYIOTh HEPO3IUIBHI KO-
nu. 3 1i€l TOYKH 30py OcOONMBUiL iIHTEpeC MOBUHHI BU-
KJIMKATH HEPO3JUIbHI KOJH, IO MPEICTABISIOTH 3aBa-
JOCTIHKI CHCTeMU 4HcieHHs: (iboHauvieBi, OiHOMialb-
Hi, (bakTopianbHi Ta iM MOAiOHI. XapaKTEepHO BIACTHU-
BICTIO IIUX CHUCTEM YHCIIEHHS € T€, 0 IX KOA0BI KOMOI-
Halii SABJISAIOTHE cOOO0 BiANOBIAHI YHMClIa, HaJ SKHUMH
MOYKHa BUKOHYBATH pi3Hi apuMeTH4HI Ta JIOTiuHi [ii.

Hepo3aiabHuii koa A 3aBagocTiiikoi 00po0Ku
Ta mepenayi JaHux. Buxonsuu 3 BuIeckazaHoro, mot-
PpiOHO 3HAWTH Ta JOCHTITUTH KOHKPETHUH 3aBaOCTiHKUH
HEPO3AUTPHUNA KOM, SKUH O 3MiHCHIOBaB HACKPi3HHI
KOHTpPOJb SIK mpu 00poOIi iHdopMarii, Tak i mpu il
nepenadi. Ilpu ipoMy BiH OBHHEH TaBaTH MOKIIUBICTD
BIIHOCHO TPOCTO 3AIACHIOBATH apH()METHKO-JIOTIdHi
oreparii y BiAMOBITHOMY O0OYHCITIOBAIIEHOMY IIPHUCTPOI.

B skocTi Takoro Komy B JaHiii poOOTi MPOIOHY-
€TbCS BHUKOpHUCTOBYBaTH Ko DibonHauydi. BimmosimHO
O0YHCITIOBANEHUM MPHUCTPIiH, AKAH BUPIIIYE 1€ 3aBIaH-
Hi B 3aIpOIIOHOBAaHOMY KOIi, Oyme MpencTaBIsSTHCS
«aBromaTtoM DiGoOHATUI».

VY nmaniit po6oTi mig «aBromatom PiGoHAUTI» po-
3yMi€TbCs OyAb-SKHUN MPUCTPI, KU BUKOHYE HABITh B
00MEXEHOMY BHIIIALI apu(pMETHKO-JIOTiuHI omepariii
Haja yucnamu ®iboHaudi, BBECHHS JaHUX, iX 30epiran-

HsI Ta (OPMYBAHHS CHTHAJIB KepyBaHHs. Takuil IpUCT-
piit Moxke OyTH SIK BY3bKOCIELiaJIi30BaHUM, HAIIPUKIIAJ,
TaKKM, 110 BUKOHYE 32 JIOMIOMOTOK JIYMIBHUKA TUTBKH
orepariii mizpaxyHKy, 30epiraHHs Ta BHBEICHHS Kepy-
IOYUX JIAHWX, TaK ¥ YHiBepCaJbHUM, TOOTO TaKUM, IO
Ma€e MOXJIUBICTh TMPOrPaMyBaHHs, JOAATKOBY 30BHill-
HIO Ta OIEPaTHBHY MaM'sITh 1 BUKOHYE JIOT14HI Ta apud-
MeTHyHi orepariii [4-10].

Bubip xomy ®iboHaUUi TS JOCITIHKEHHS B JaHii
pOOOTI HE € BUIMAKOBUM, TOMY IIIO BiH JOCHUTb IITHUPOKO
nociimpkennit B podorax [11-13]. Ha ceoroaHi icHyroTh
METOJH Ta ANTOpUTMH (HiOOHAYUIEBOTO ITiICYMOBYBaH-
HJ Ta Ji40M 1 Ha iX OCHOBI BiJAIMOBITHI MPUCTPOI, a Ta-
KoK ITU(PPO-aHAIOTOBI Ta aHAJIOTO-IU(POBI TEPETBO-
proBaui. KpiM Toro, komx DiOoHa44i JOCHTH MPOCTHIMA
JUIsl CXeMHOI peajri3auii i pu oMY BiH 3JIaTHHUI BUSIB-
JISITH TIOMUJTKH 1 JICSIKi 3 HUX BUIPABJISATH.

Oco6muBocTi koxy @idonauui. Kox didonauyi
CKJTaJIA€ThCs 3 (piOOHAYUIEBUX YUCET 1 € Ha ChOTOMHI
JIOCUTB LIHPOKO BisoMuM [5-13]. Moro ocoGmusictio, sk
i BCIX IHINMX 3aBaJOCTIHKHX KOJIB, € HAsSBHICTH IS
HBOT'O JIO3BOJICHUX Ta 3a00poHeHUX KomoOiHalii. Came
ix HasBHICTh B Koxui DiboHAUYl Ha BiAMIHY BiJ 3BUYAM-
HUX JBIMKOBUX KOiB, i pOOHMTH Il KOI 3aBaJoCTiid-
KUM, TOMY 1[0 3a00poHeHi KoMOiHallii 1Oro Kony €
O3HaKaMH MTOMHJIOK.

Jus xony dDiboHayui, sIKMH 332 CBOEIO IPHUPOJIOO
BUKOPHUCTOBYE OJIMHMIII Ta HYNi, O3HAKOI MOMUIIKH €
HasBHICTh B HHMX JBOX Ta OUIbIIEC OIWHHUIG IMOCIHLJIb.
IIpyuomy mnosiBa TppOX OAMHHUIL, LIO CTOSATH IIOPYY,
JO3BOJISIE BUMPABIATH ONMHOYHY IIOMMIKY, IO OCOO-
JIMBO BXKJIMBO B 3a7a4ax oOpoOku iHdopmarii, ne Ho-
BUit 3anuT iHpopMalii HeMoxJuBui. Sk 6aunmo, airo-
PHUTM BHSBICHHA Ta BUNPABJICHHSA IOMWIOK € NOCHUTbH
IPOCTHUM.

OpnHak, 1er Koj, KpiM 3aBaJIoCTiHKOi 00OpOOKH iH-
(dopmariii, 31aTHUH TaKOX OCUTh €(EeKTHBHO Mepesa-
BaTH iH(OpMaIlilo 3 BUSBJICHHSAM Ta BHUIIPABICHHSIM Jie-
SKUX TIOMHJIOK.

Ie nopsi 3 MOXITUBICTIO HaiitHOT 00pOOKH iH(O-
pmanii Ha HOro OCHOBI POOWTH HOro YHiBepCaJbHUM
Il 0araTboX 3acTOCYBaHb, TOMY LIO 3a3BHUYail NpH-
CTpol Ta cucteMu 00poOKH iH(popMallii He TUTbKH (op-
MYIOTh JIaHi, a ¥ omepaTHBHO iX MepeaarTh Ha pi3Hi
BUXIJIHI IPUCTPOA.

TakuMu MPHUCTPOSIME MOXKYTh OyTH TPHUCTPOi Bi-
nmoOpakeHHs iHpopMaIlii, BUMIpIOBaJIbHI MPUCTPOI, TaKi
SK YaCTOTOMIipH, TaMEpH Ta iHIII iM IOAi0Hi.

Icaye nBi Mmomudikarnii xoxy PiboHaudi — MiHiMa-
THHUN (HOPMAaNbHUN) Ta MAaKCUMAaJbHUHA KO, OHEPKY-
BaHUI IpH po3ropTHi GiboHaYUieBUX yucen. Peamizarmis
apuMeTHYHNX omepariii Hajg HUMH BigOyBaeThCS B
npoleci Mepexoay Bij MiHIMaIbHOT (OPMU O MaKCH-
MaibHOI POPMU Ta 3BOPOTHO.

OpHak, icCHye i MOXXIIMBICTb BUKOHAHHS IIHX OTIe-
patiii B MiHIManbHIH (opMi 6e3 BCIKHX MEPEeXOiB, M0
Jla€ TICBHI TepeBard y IMBUAKOII Ta amapaTypHHUX BHU-
TpaTax BiINOBITHHX HU(pPOBUX aBTOMAaTiB DiGoHaUUI
[7,13].

MinimaneHa gopma xoxy PiGoHaUUi MMOKIAAEHA B
OCHOBY JTaHOI po0OOTH Ta BiAMOBiAHMX aBTOMaTiB Dibo-
Hayui.
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®didonauyieBi yncaa. PibonauyieBa cucrema 4u-
ciIeHHs TeHepye (i0oHauvieBi yrcna B HOpMabHIN (Mi-
HiMaIlbHIN) QopMi, Baru SKNX SBJSIFOTH COOOIO MOCIIO-
Baicth umcen Pidomauui 1,1, 2, 3,5, 8, Fn. Koxne

YHCIIO 3 Ii€T IMOCIIIOBHOCTI
Fo=Fa+Fk-.

Homep ¢iboHauvieBoro umcia 3amaeTbesi HymMepa-
uiitHoi (pyHKIUi€I0, Bark sIKOI MPEACTABISIOTHCS YUCIIa-
Mu DiboHaUYi:

N :anFn +an_an_1+...+aiF| +...a1F1,

Jie @ - MBifikoBe 3Ha4YEHHS i-r0 po3psiny (hiboHauwieBOro
yucna; N - JoBXWHa uncia; Fi - Bara i-ro po3psiay.

B ckopouenomy Burisizi iboHaydieBe ymcio 3a-
MUCYETHCS TAKAM YUHOM:

Na =anan_q...8...8. .

HynwsoBuii po3psii B HOMY BiJICYTHIH.
Hanpuknan, uucna 11, 17, 23, 41 1 52 B MiHiMaIb-
Hilt popmi kony diboHayui npeacrasieHi B Tabnumi 1.

Tabnuys 1. — ®idonaquieBi unciaa

Howmep pospsman | 8 7 6 |5]4(3|2]1
Bara po3psina 34121 |13(8|5(|3|2]|1
N=11 o(o0|O0|1|0|1|0]0O
N=17 0|01 |0|0O|1|0]1
N=23 o(1|0|0|j0|0Of1]0O0
N=41 1100 |0|1|0]|1]|O
N=52 1101 ]|0|1|0|0]|O

Jlxepeno: po3pobIeHO aBTOPaMu.
Hiana3on ¢giboHaY4IEBUX YHCEN
P=F +F_.

B komax ®iboHau4i 03HAKOK MOMUIIKU € TIOSBA
JIBOX Ta OlNblle OJUHUIB MOpYy4Y. [Ipy HAasIBHOCTI TPHOX
OJIMHUIIb, 110 PO3TAIIOBaHI MOPYY, OJUHUII BCEPEIUHI
MOBUHHA OYyTH 3aMiHeHa HyjeM. B pe3ynbrari moMumika
BUIIPABJIAETHCA. TaK, SKIIO 3'IBISAETHCS HA BXOMl MPHIA-
Maua idonauuiee uuciao 0111010101, To ue o3Hauae,
0 B HBOMY cTajacsi moMwika B 8 po3psai. s ii Bu-
NpaBJIeHHS JOCTATHHO ONMHHIIO, IO PO3TAIOBaHA B
upoMy pospsani, iHBepryBatH B 0. Tomi mpaBWIBHUM
oyne uucio 0101010101 = 33.

Ouinka 3aBanocTiiikocTi GidoHAYTi€BUX UnCe.
®diboHayuieBi yKcna € Hepo3AUIEHUMU. ToMy iX omiHKa
MOXKE TIPOBOJMTHCS BIiAMOBIAHO O METOIUKH, 3aIpo-
noHoBaHo1 XapkeBuueM. CyTh I1i€] METOIMKH 3BOJIHUTH-
Cs JI0 TOTO, IO B KO BUAUISIOTHCS IiJIMHOXHHH JIO-
3BOJICHUX Ta 3a00pPOHEHHUX KOMOBUX KoMOiHamin. [Ticms
IILOT'O 3HAXOJUTHCS BiJHONICHHS KiJIBKOCTI 3a00poHe-
HUX KOMOIHAIIM 10 1X 3arajabHol KiJLKOCTI, 1 1€ YHCIIO
BimHIMaeThCcs Bim 1. OTpuMaHUi pe3yibTaT IOKa3ye
HMOBIpPHICTh BUABJICHHS TOMIJIKHA KOIIOM, IO PO3TJIs-
nmaetbes. s iMoBipHICTB 3MiHIOETBCA Bif 0, KOH 3a00-
pOHEHHX KOMOIiHaIliil Hemae, i o 1, Koy Bci KoMOiHa-
i1 BITHOCATHCA 10 3a00poHeHUX KoMOiHamin. [lei kpu-
Tepiil moka3ye, o WMOBIPHOCTI BHUSBJICHHS TTOMHJIOK 3i
30UIBLIEHHAM JOBXKHMHHM (iOOHau4ieBUX 4Yucen 3011b-
NIYIOTBCS, W TPU HEOOMEKCHOMY 3pOCTaHHI JIOBXKHUHH
9Hcel MParHyTh A0 1. 3BiJICH BUILIMBAE€ BUCHOBOK, IO
aBromar ®iOoHauyi, KU 00poOIIsie OLIBIT TOBIi YMC-
Jia, € OUTBII HAIIHUM, HDK aBTOMAT, 10 TPAITIOE 3 YHC-
JIaMH MEHIIIOI JIOBXKHHHU.

BucHoBxku

Cepen 3aBaOCTIHKMX KOIIB OCOOJIMBUMHU BJIACTH-
BOCTSIMHM BHIUITIOTBCS 3aBaJOCTIHKI HEPO3IUIbHI KOMIM.
BoHH 7103BOJISAIOTH OJHOYACHO KOHTPOJIIOBATH 30ip, 00-
poOky Ta mepenauy iHdopmari. Lle no3Bonsie 3ailicHIO-
BaTH OJIHUM M THUM e KOJIOM HACKPI3HUI KOHTPOJb CHC-
TeM 00poOKH Ta mepenaui iHdopmarlii, 10 CHpoIIye Ta
3JICIIEBITIOE iX KOHTPOJIb, @ TAKOX 30UIBIIYE JTOCTOBIp-
HICTh OOPOOKH 1 mepeaadi iHpopMartii.

VY SKOCTI OJJHOTO 3 MEPCIEKTUBHUX 3aBaJlOCTIHKNX
HEpO3/UIbHUX KOIB MPOMOHYEThCS BHUKOPHCTOBYBATH
ko1 DiboHayyl, SKUiA BIAPIZHIETHCS MPOCTOTOI TEXHIY-
HOI peaiizaifii Ta 3JaTHICTIO 0OpOOJSITH iH(pOpMALIiTO.
BiH xe edexkTHBHO MOXKe BUKOPUCTOBYBATHUCS 1 JUIsl TIO-
Janbiiol nepenayi iHdopMarii 3a JOMOMOrO0 TeJIEKOMY-
HIKaLIHOI CUCTEMHU.

AmnajoriuHo, sk 1 (iboHauYi€B] YMCIA, MOXKHA BU-
KOPHCTOBYBaTH OIHOMiallbHI 4YMCIa OiIHOMIaJbHUX CHC-
TEM YMCIEHHS Ta YHWC/IA IHIIMX MOMIOHMX CHCTEM, Ha-
npuknan, ¢pakropianbHux. s HUX TaKOXK iCHYIOTh BiJl-
MOBI/IHI JIIYMJIBHUKY, a iHpOpMALIis 3 HUX 37aTHA 3[Iiic-
HIOBATH HACKPI3HUI CAMOKOHTPOJIb. MOXKHA OTpUMATH U
IHIII HOBI, TIOKH Ill¢ HEBiZIOMi, CAMOKOHTPOJIbOBaHI He-
PO3MIBbHI KOAHM, SIKi MOXYTh 3IMCHIOBATH HACKPI3HHI
KOHTPOJIb TIpu 00po01Ii Ta mepenadi inpopmarti. OqHak,
BOHU MOTPEOYIOTh JOCIIHKEHHS iX e()eKTHBHOCTI.
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Inseparable codes in information processing systems
Oleksiy Borysenko, Olga Berezhna, Svitlana Matsenko, Viktor Serdiuk, Andrii Horishniak, Vitaly Vasilyev

Abstract. Due to the need of increasing the efficiency of digital data processing and transmission systems, the require-
ments for ensuring a high level of their noise immunity are often increasing. The need of noise-immune processing and transmis-
sion of information usually arises when the data are quickly read from sensors, processed and transmitted through communica-
tion channels. In this case, it is desirable to use noise-immune codes, which simultaneously allow both processing of information
and transmitting it through communication channels, as this allows to reduce the amount of equipment, make it more reliable and
increase the speed of information processing and transmitting. In such case, there is an end-to-end control of information with the
same code. Among the noise-immune codes there are codes that solve the posed problem of end-to-end control. Such codes are
inseparable codes, and among them equilibrium, binomial and Fibonacci codes. The authors in this work conducted justification
of such codes usage in noise-immune systems for processing and transmitting information. Among the listed codes, a special
place is taken by Fibonacci codes, represented by Fibonacci numbers which can be added, subtracted, multiplied and divided.
Based on them, Fibonacci automata can be built with a wide range of information processing tasks. One of such tasks is the count
specified in this article in the form of a Fibonacci count. Fibonacci numbers can be in minimum and maximum form. The peculi-
arity of the Fibonacci numbers considered in this article is that they are minimal, which means that the counting and counters
based on them will be simpler and more reliable. In addition, they more easily detect and partially correct single errors. Infor-
mation from the counter can be sent directly without an encoder to the communication channel, where some occurring errors will
be detected and, if necessary, corrected. The disadvantage of such coding will be the need to translate the Fibonacci information
into binary code at the receiving end in some cases. However, this is not always required, since this information is often a control
one and is displayed on the corresponding display devices.

Keywords: telecommunication system, inseparable codes, errors, noise-immune code.
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IEPEBATU JMHAMIYHUX BEB-CTOPIHOK HAl CTATUYHO-TEHEPOBAHUMH

Anoranis. IlpexMeTom IOCIIDKEHHS B CTAaTTi € ICHYIOUl METOIH reHepanii BioOpaskeHHsI KOHTEHTY BeO-CTOPIHOK IS
KOpHUCTyBayiB BeO-pecypciB. MeTa podoTH — aHali3 IepeBar Ta HEJONiKiB OCHOBHUX MiXOMIB y CTBOPEHHI Bi3yaJbHOTO
BeO-KOHTEHTY Ul KOPUCTYBaya, iXHE MOPiBHAHHA. BUCHOBKM: B Cy4acHUX CHCTEMax BeO-CaiiTiB TOJIOBHUM 3aCO0O0M CIILI-
KyBaHHS 3 KOPUCTyBaueM € inTepdeiic, sikuit Mae OyTH THYYKUM i 3py4HHM, a OTXKE THHAMIYHO 3MIiHIOBATHCS BIAMOBIAHO
o niit kopuctyBada. [Ipu npoMy piBeHb OOUMCIIOBAIBHHX MOTYXHOCTEH Cy4acHHX HPHUCTPOIB, 10 BUKOPHCTOBYIOTHCS
JUISL TOCTYTTy 0 BeO-CaiTiB, € JOCTaTHHO BUCOKHM JUTS IIBUJIKOTO Ta 3pYYHOTO BiJOOpaKeHHs KOHTEHTY, a IMHAMIYHI CTO-
PIHKH alanTOBaHUMU IO Pi3HUX HUTBOBUX MPHUCTPOiB. TakuM 4nHOM 3a0e3medyeThesi KOM(POPTHHUI Iepersig KOHTeHTY Ta

B TOH )K€ yac EKOHOMHE BHUKOPHUCTAaHHS CEPBEPHUX pecypciB.

Kawuosi caosa: HTML, CSS, JSP, Angular, Vue, Java, React, JavaScript, Redux, REST, C#, PHP, Python, Ruby.

Beryn

Bumorn iHpOpManiifHOI €moXu 3yMOBIIOIOTH He-
00XiHICTP TIepeBeIeHHs 3HAYHOI KITBKOCTI iH(popMaii
Ta JIIOJACHKOI MAISVIBHOCTI y eneKTpoHHWH Burisan. He
BHKIIMKAa€ CyMHIBIB, III0 JIOKaJhbHE CXOBHIIE € HebesIre-
YHUM 3 TOYKH 30pY MOXKJIMBOTO BHUKPAZEHHs iH(pOpMa-
11, HCHAIITHUM 3 TOYKH 30py HEJOBFOBIYHOCTI poOOTH
MPUCTPOIB 30epekeHHs AaHUX Ta i MPOCTO HE3PYYHUM
Yyepe3 HEMOXKJIMBICTh 3a0e3reyeHHs Baaioi kiacudika-
wil, po3MoJiIeH s, TOYHOCTI Nomryky. CTae 3po3yminum
YOMY B OCTaHHIH 4ac CTPIMKO 30UIBIIYETHCS KiIBKICTh
iHpopMarii, mo 30epiraeTbes Ha BiAJAJICHUX CEpPBEPaXx,
XMapHHUX CXOBHIAX TOLIO.

BingmoBinHO 10 MOTYXXHOCTEH, IIO BHKOPUCTOBY-
IOTBCS IS 30epiranHs iH(popMarlii, iCHyrOTb i Iporpam-
Hi 3aco0u, SKi BIIMOBIAIOTH 32 00pOOKY maHUX. € ode-
BHIHUM TOW (DaKT, II0 MOXKIHUBICTE epeKTHBHOI pealri-
3alil Takux 3ac00iB Mae CyTTEBE 3HAYCHHS.

Indopmaniss Moxe OyTH 3arajgbHO-AOCTYIHOIO,
0COOMCTOI0, KOPIOPAaTHBHOIO YHM HAaBITh JEP)KaBHOM.
3asnavaroun i1 BaXKIIMBICTh, OOI[JIILHUM CTa€ 3abesrie-
4yeHHs ayTeHTH(iIKalil — BUKOHAHHS IEPEeBIipKH JI0CTO-
BipHOCTI iH(MopMaLil Ta ineHTU(DIKAIHHUX JaHUX — Ha
6omi kopuctyBada. [lomiOHuil (QyHKIIOHAN iCHYe came
Ha JWHAMIYHUX BeO-CTOPIHKAX, MPOTE CTATHYHI aHAJO-
T'M HE MaloTh JOCTATHBOTO PIiBHS SKOCTI, 3py9HOCTI Ta
MIBHAIKOCTI.

Takox BaroMUM IHMTaHHSM € 3pYYHICTb pO3pOOKH
KOPHUCTYBAaIbKOi YaCTHHM THM YH I1HIIMM CHOCOOOM.
OCKiNbKM Cy4acHi W MPOrpecHBHI MPOTpaMH YU CailiTH
PO3pOOISIOTHCS B 3HAYHIN Mipi IIITMMHU KOMaHaMU TSI
KOYXHOTO 3 HaIpsIMiB, TO HEOOXiTHA MOXKIIMBICTH BIAJIO1
iXHBOT B3a€MOJIi, sika BiJOYBA€THCSA MO PI3HOMY IS
PI3HUX HiAXOIB, 0 OOTOBOPIOIOTHCS.

TakuM 4YWHOM, NETANIBHWN aHAJ3 CYYacHHX Iif-
XOJIB JMHAMIYHOTO T€HEPYBaHHS CTOPIHOK € HEOOXi[-
HUM U1 PO3YyMiHHS IlepeBar Ta HEMOJIKIB, a TaKOX
MOJJIMBOCTEH 10 BJaJOro BHKOPHCTaHHS IbOTO iH-
ctpymenty. I1ix Branmum mMaeTbest Ha yBasi TOH BapiaHT,
KoJIi 3a0e3rneuyeThesl eheKTHBHE 3aCTOCYBaHHS Ta 3py-
YHHAH TIpoLec po3poOKH SIK Yy KOMaH/I, Tak i y BHIAAKY
IHAWBIAYaTbHOTO CTBOPEHHS TIPOIYKTY.

OTxe, MeTOI0 POOOTH € aHaJIi3 TmepeBar Ta HeI0Ti-
KiB OCHOBHHX TMIiIXOIiB y CTBOPEHHI Bi3yaJIbHOTO BeO-
KOHTCHTY AJIsl KOPUCTYBay4a, IXHE MMOPIBHAHHSL.

Buxknag ocHOBHOro Mmarepiajy

OCKIJIbKM MOBH TIPOrpaMyBaHHs CEpBEPHOI YacTH-
HHU, Hanpukian Java, C#, PHP, Python, Ruby, matots
BJIACHI IHCTPYMEHTH CTaTHYHOI reHeparii CTOpiHOK, TO
aHaJi3yBaTH BCi BUMAIKA HE TOPEYHO, a OLIBII JOIIITh-
HUM Oyno 6 3yNMUHUTHCS Ha TIEBHIM MOBI MporpamMyBaH-
HS Ta BiANOBiZHOMY iHCTpyMeHTi. B nmanomy BHUmamky
OITHUM 13 HaHOITBII SICKpAaBUX MPHUKIAIIB € MOBa MpO-
rpamyBaHHs Java Ta 11 iHCTpyMeHT JSP.

[Mepi 3a Bce TpeOa 3a3HAYUTH OCHOBHI MOMKITMBO-
cti JSP. OckinbKH 3a 10MIOMOT0I0 Java MOXJIMBO TIpsiMe
CTBOPEHHS KO/1y CTOPIHKH i3 KOJy CEepBIIETY, 10 NpUii-
Ma€ 3aIMT, TO BUHUKAE MUTaHHS AOLIJIBHOCTI ICHYBaHHS
iHcTpymenty JSP.

JSP-kon mumeTscst BeepeauHi KOy BeO-CTOPIHKH
1 JJO3BOJISIE PO3TAIIOBYBATH JAVa-KOI, 3MIIIYIOUX HOTO 3
komoM posMmitku HTML. Tlpu npoMy HISIKMX J0JaTKO-
BUX METOJIB OIKCYBaTH HE Tpeba, Ko Oy/le BUKOHYBa-
Tucs Hanpsimy. Ha puc. 1 HaBeneHuil npukiaag Koy ams
BUBEJICHHS ITOBIIOMJICHHS 32 JI01IOMOroro JSP.

<html>
<head>
<title>Greetings!</title>
</head>
<body>
<hl>Hello world!</hl>
<i1><%= out.println("JSE
</body>
</html>

") E></1>

Puc. 1. IIpuxnan JSP-xoxy

3 ormsmy Ha NMPHUCYTHICTH Java-Kony B KoAi BeO-
CTOPIHKH, 3'SIBJISIETHCA HEOOXITHICTh HAsIBHOCTI BiAImO-
BIJIHUX 3HaHb i yMiHb KOPUCTYBATHCS Ii€I0 MOBOIO IIPO-
rpamyBaHHS. A 1ie came 1o co0i € TOJaTKOBOIO i YnMa-
JIOIO0 BUMOTOIO JI0 BE€O-pO3pOOHHKA.

Ipore icuye 6ibmioTtexa teris JSTL, mo no3sossie
IIporpamMyBaTy 3a JOIOMOTOIO 3a3/1JIeTiib BU3HAYCHUX
iHCTpyKLiK Oe3 BUKOpucTaHHS Java-koxy Oesmocepen-
HBO Ha BeO-CTOPIHII Ta MOTpeOye MiHIMYM HOJATKOBUX
3HaHb.

[Mpuknan peamizamii mpocToro KOOy BKa3aHUM
BHIIIE METOAOM HaBEICHUH Ha pHC. 2.
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<%@ taglib uri="http://java.sun.com/jsp/jstl/core"
prefix="c" %>
<html>
<head>
<title>Greetings!</title>
</head>
<body>
<ciout value="Hello world! - From JSTL">
</ciout>
</body>
</html>

Puc. 2. ITpuknag JSTL-koxy

3a3HaueHa Oi0OmioTexa BKIIIOYAE 10 ceOe OCHOBHI
MoXuBocTi JSP, py 1IbOMy Ma€e BEJIMKY KiUIbKICTb Iepe-
Bar, cepejl HUX: Mi/IBUIICHA YUTAOENIBHICTh, BiJCYTHICTH
Java-xonmy, 00’emHa craHgapTHa 0i0JiioTeKa TeriB, B Hil
ICTOTHO MiJBUIEHO Oe3leka KOy, 3aBISIKH 3a3]aJerislb
copMOBaHUM OOMEKECHHSIM Ta TiepeBipkaM. Takox icHye
MOJKITHBICTB JITKOTO CTBOPESHHS KOPHCTYBALIBKUX TETiB HA
BimMiHy Bin ¢yHkmii y JSP. CrBopenns imacHmx JSTL-
IHCTPYKIIIH HICHO € TPOCTHM, OCKUJIBKH JO3BOJISIE BHUKO-
pucTaTH sK Java-kox, Tak i inmi JSTL-tern.

React

[Ipore koM i3 BKa3aHUX 3aC00IB Y¥ MOXKIIHUBO-
creit JSP He BHpimrye OCHOBHI MpoOIeMH CepBEpHOTrO
MAXOMy 10 TeHepyBaHHA BeO-cTopiHOK. Cepen OCHOB-
HUX TpoOJeM HasBHi:

- BHUTPATH CEPBEPHUX PECypCiB, 4acy Ta mam sTi;

- HE3pYYHICTh IPH BiAJATOKECHHI;

- HEMOJKJIUBICTb IIOBHOLIIHHOTO TECTYBaHHS;

- TNOpYIEHHS NPUHLOUIY pPO3AUICHHS BIAIOBI-
JAIbHOCTI;

- BUMOTa JIOJaTKOBHX 3HaHb y PO3POOHHKA.

Panime momiOHI HEOOJMIKM BBaXKaJHCSI TaKHUMH,
SIKMX HE YHMKHYTH 1 BCl ICHYIOUI aHaJIOTW IpaIfoBajk
3a OAIOHOI0 CXEeMOI0, Malld CXOXI MPoOJIeMH, K 1 Me-
Tox Ha ocHOBI JSP. TakuMm 4MHOM, SIK TIIBKH 3'SIBHUBCS
AIbTEPHATHBHAN NUIAX, a00 MOXKIIMBICTD BUPIIIATH IIi
mpobiemMu, moYaBcsl aKTUBHUH Tepexil Ha HOBi1 TEXHO-
norii. Ha puc. 3 MoxxHa moGauuTu rpadike MOmyIsipHO-
CTi 3amuTiB y mourykosiii cucremi Google. Cunim ko-
JILOPOM 300paXkeHo Te, 10 Biamoinae JSP, yepBoHMM,
JKOBTUM Ta 3€JIeHUM Mo3HadeHo React, Angular, Vue
BIiJITIOBITHO.

Vue
- JSP

Puc. 3. CrarucTrka momryky BeO-TEXHOJIOT1H

MoskHa MOMITHTH 3HaYHHUH MPOTpall y MOIMyJsip-
Hocti JSP mpotsirom yceoro 2020-r0 poKy HOPIBHSHO 3
yciMa IHINAMH 3a3HAYCHUMH TeXHOJOrisiMu. HagiTh
SIKIIIO TTPOBECTH aHalli3 Hporpecii, To OYEBHIHUM CTaE
Te, MO JaHA TEXHOJIOTis He HaOWpae MOMYISAPHOCTI, a
HaBIIaKW CIIOCTEPIraeThCsl MEBHUH chaj, xo4a i ayxe
MTOBUTFHUMA, OJJHAK TOYHO HE 3PICT.

OckinbpKH Oi3HEC TUKTYE CBOI YMOBH, SIKi BUMara-
0T PyXY JIMIIE 0 OUTBII TOUITBHOTO, CY4acHOTO, Iep-
CHEKTUBHOTO, TO OYEBHIHOIO CTa€ TEHJEHIIs Y IOIY-
nspu3anii TUHAMIYHUX CTOpiHOK Ha 0asi JavaScript-
(perMBOPKIB.

Ha puc. 4 300pakeHa NOMYJSIPHICTH 3aIUTIB Ha
(peliMBOpKH y TIOPIBHAHHI OJHE 10 OHOTO, JI¢ BYEPTO-
BE MOHA M00aYuTH, 1m0 JSP He € mepeoBo0 TEXHOIO-
Ti€ro B )KOAHIN 3 KpaiH CBITY.

® JSP @ React

Puc. 4. Crarucrrka nouryky BeO-TeXHOJIOT it

BHacmi 10k 3acTapijiocTi TEXHOJIOTI CepBEPHOT re-
Hepallii CTOPIHOK, OUYEBUIHUM € 3POCTAHHS MOIMYJIIPHO-
CTi aJIbTEPHATUBHUX pilleHb. OJHAK HE PO3KPUTHM 3a-
JIMIIAETHCS TMUTAHHS I0J0 MOJMIJIMBOCTEH 3a3HaueHHX
JavaScript ¢peiiMBOpKiB Ta IXHIX 3HAYHHX IIepeBar, a
TaKOX IMOCTIHHOTO ¥ IIBUIKOTO PO3BUTKY B Pi3HUX Ha-
TIpsSIMKax.

PosrisiHemo Ha mpuknani React sik craTtHcTHYHO-
HaltmonyJsipHimoro ¢peMBopky. Y React.js mporpama
CKJIQIAETHCSI 3 KOMITOHEHTIB, IO MPalIO0Th 32 MPHUH-
munamu OOIl, a came miATPUMYIOTh HACTYITHE: HACIIi-
IyBaHHs, KOMIIO3MIIIO, arperamito, IiHKanCyJsIiio.
OckiTbKH JIOTiKa KOMIIOHEHTIB HamucaHna Ha JavaScript,
3aMicTh 1IAOJIOHIB MOXHA 3 JIETKICTIO TepeaaBaTh
CKJIQJIHI JIaHl y TporpamMy i 30epiraTy cTaH OKPEMO Bif
DOM. KommoneHtu peanizytorb metox render(), sikuii
npuiiMae BXiZHI J1aHi 1 TOBEpTae Te, M0 Oyze MOoKa3aHO
KOpUCTyBady. Y LbOMY NPHKJIAJI BHKOPHUCTOBYETHCS
XML-nioniOumit cunatakcuc mix Hasporo JSX. Jloctym
JI0 BXIJTHUX JIaHHX, SKi IIePEeAaloThCcs B KOMIOHEHT, MO-
JKHa OTpUMAaTH 3a noromororo render() ta this.props.

JSX (puc. 5) € ocHOBHUM cHOCOOOM HAMHCAHHS
React-kony, xoua it He BuximouHuM. IliaTprMyeTscs i
«auctuit» JavaScript-xon, mo He moTpedye BUKOpHUC-
TaHHA oxomumoounx HTML-teris. IIpu 6axanHi 3BH-
qaifauit JSX-ko1 MoXkHa TpaHC(hOPMYBaTH A0 MOIIOHO-
ro 3a JIOIOMOroio iHcTpyMeHTy Babel. Takum guHOM,
Oyab-SKUH 13 MiIXONIB € MPUHHITHUM Ta OJHAKOBO
e(eKTUBHMUM U1l pOOOTH 3 JaHUM (PPEHMBOPKOM.
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Inghopmauiiini mexunonocii

class HelloMessage extends React.Component {
render () {
return (
<div>
Ipueir, {this.props.name}
</div>
)
}
}

ReactDOM.render (
<HelloMessage name="Ilerpo" />,
document.getElementById('hello-e:
)i

Puc. 5. Ipuxnan JSX-koxy

Ha puc. 5 HamaHo nmpukiax abCOMIOTHO 1ICHTUYHOT
MporpaMu 10 3a3HAYCHOT paHillie, €IWHA PI3HHI, IO
TYT KOJI HalMCaHWi Ha uucTtoMy JavaScript, 6e3 BHKO-
puctanns JSX. lle He BIUIMBa€e Ha MIBHIKICTh BUKOHAH-
HS YM CIIO)KUBAHHS 1AM’ SIT1, JIUIIE 3pYYHO PO3POOHUKY.

class HelloMessage extends React.Component {
render () {
return React.createElement (
div

ReactDOM.render (React.createElement (HelloMessage,
{ name: "llerpo"” }),
document.getElementById('hello-&

nole'))

Puc. 6. ITpuknan React-komy 6e3 JSX

React mputpumye mapagurmMu IeKIapaTHBHOTO
nporpamyBaHHsl. TakuM YMHOM, BiJi pO3poOHMKA JIMIIE
BUMAralTh OIMCAHHS PI3HUX 4YacTUH iHTEpdeicy B
PI3HHX CTaHax CHCTEeMH, a caMm (ppeimMBOpK Oyae camo-
CTIHHO pPEHIIEPUTH HEOOXIiIHI eJIEMEHTH, OHOBIIIOIYH
CTOPIHKY Y BiANOBITHOCTI A0 TUHAMIYHHMX 3MIH, 1HIIi-
HOBaHUX KOPUCTYBAa4YeM UM IHIIMMH YHHHUKAMH.

BuxopucTOBYIOUM Tak 3BaHI «IIPOTICH» 1 «CTaH»,
MH MOXXEMO CTBOPUTH HEBEIWKY INPOTrpamy IS CKIa-
JaHHS CIUCKY cripaB. L{eit mpukiIa BUKOPUCTOBYE CTaH
JUTS BIJICTE)KEHHSI MMOTOYHOTO CITHCKY €JIEeMEHTIB, a Ta-
KO TEKCTY, BBEJICHOTO KOPUCTyBadueM. Xo4a 00poOHH-
KM TIOJTi¥l 34af0ThCsl BOYAOBAaHUMH, BOHU OYIyTh 3i10paHi
Ta peani3oBaHi 3a JOMOMOIOK METOIy JielieryBaHHs
moii. IIpu 11bOMY JKOJHUX OOMEXKEHB PO IHIII TEXHO-
yorii, siKi OyAyThb BHKOPHUCTOBYBATHUCH JOJATKOBO, HE
icaye. ToMy € MOXXIHBHM PO3pOOIIATH HOBI (PyHKIIT B
React, He mepenucyroun icHyroumii koJl. React Takox
MOXE pEHJICPUTHCh Ha CepBepi, BUKOPHCTOBYIOUH
Node, i npuBouTH B Z1it0 MOOLIBHI IpOrpaMH, sKi BH-
KOpHUCTOBYIOTh React Native.

Tob6to React Mmoxe OyTH abCONMOTHO CIIOKIHHO BH-
KOpUCTaHMM JJIs TeHepalii BeO-cTopiHKM Ha Oowi cep-
BEpY, IPH ILOMY HE BTPAa4alO4M CBOIX MOXKIMBOCTEH UM
BracTuBocTei. J{iis reHepartii Ha 0011l cepBepy JOPEIHO
BHKOPUCTOBYBaTH TexHojorito Node.js, sKka TakoxX €
JIOBOJII TIOMYJISIPHOIO TEXHOJIOTI€I0 JJIS CepBepiB, Xxo4a
Ile ¥ € MeBHUM OOMEXeHHsSM mpu OakaHHI cepBepHOL
re”epariii cropinok. React m1o3BoJisie B3aeEMOJIsITH 3 iH-
muMH 6i0ioTekamMu Ta pperMBOpKaMu. Y TIPHUKIAI Ha
puc. 7 BUKOpUCTaHAa 3OBHIIIHA 0OiOmioTeka —
Markdown, 1yt 3MiHM 3HaYEHHS, 301JIbIIICHHS €CTETHY-
HOT LIIHHOCTI TEKCTOBUX E€JIEMEHTIB.

const str = '# Heck Yes\n\nThis is great!’

<Markdown options={{ wrapper: "article’ }}>
{str}
<fMarkdown>;

/f or
compiler(str, { wrapper: ‘'article' });
// renders
<article>
<hl>Heck Yes</hl>

<p>This is great!</p>
<farticle>

Puc. 7. Ipuxnan JSX-koxy 3 Markdown

®opmar Markdown 3aramom Mae GaraTo QyHKIIH
JUIL 3pYYHOTO 300pakeHHS TEKCTY: CHHCKH BiAMIYCHI
CHUMBOJIAaMH, TIPOHYMEPOBaHI IOCIIZOBHOCTI, BiAMideH-
HS 3arOJIOBHOI'O TEKCTY OCOONMBHM MIPHPTOM, CTBO-
PEeHHS TOPH30HTANBHUX JNiHIH pi3HOI KoH(DIirypamii (cy-
LUUIBHI, IITPUXOBI, MYHKTHPHI, INTPUX-IYHKTUPHI,
CTBOPEHI 31 CHeliabHUX CUMBOJIIB, TOJBIHOT TOBIIH-
HU, 7Bl MapayiesibHi JiHiT), KOPUCTYBaLbKUII PO3MIp iH-
TepBaJliB MiX psiikaMu. Takox iCHYIOTh BapiaHTH IyO-
moBaHHs MoxunBocteit HTML komom Markdown. IIpu
BOMY Pe3yJbTaT 1HOAI OyJe 3HAYHO OLIBII KOMIAKT-
HUM, 3pY9IHUM, 3pO3YMLUTUM 1 yHiBepcambHUM. [IpuKiman
HaBeJICHO Ha puc. 8.

* [IYHKT E MAPKCEAHGMY (HEHYMEDOEBAHOMY)] COMCKY
* MizanyerT, Bizzimenmi 4 npoSimarns
* THMMA OYHET B MAPKOBAHOMY CHOMCHY

1. OyHKT B HVMEpCEAHOMY COMCKY
1.1. OizoyeRT,
2, IHIME OYHKT E HYMEROBAaHCOMY CIHCKY

epinminenwit 4 opobimarm

Puc. 8. INpuknaag Markdown intepdeiicy

OnHi€l0 3 OCHOBHUX IepeBar JIWHAMIYHUX
CTOPIHOK € BJIaCHE iXHsI 31aTHICTh JI0 IUHAMIYHOTO
3MiHIOBaHHS 0€3 NepeBaHTAKEHHS UM HABIThH 3aIlH-
TiB Ha cepsep. OKpiM sIK peakuii Ha Aii KOpUCTyBa-
Ya TaKOX JIOMYCTUMHMH € 3MIHU 3 4acoM (KOJ Ha-
BeneHO Ha puc. 9). Takox Ha puc. 10 MoxHa 10-
0auuTH pe3ynbTaT, SKAW TOKa3ye MPHUKIAN 3MiHU
TEKCTY BIJIMOBIIHO JI0 MOTOYHOI'O Yacy i 3MiHa, siKa
BiJI0YBA€THCS KOKHY CEKYHITY.

[Hmmii BapianT BukopucTanHs (peimMBOpKY React
— e ¥oro Bapiamis mig Ha3Boro React Native. Bin mo-
3BOJISIE BUKOPHCTAHHS MOAIOHMX MEXaHi3MiB PO3pOOKH
it GopMyBaHHA iHTEepdeHciB MOOUIBHUX Iporpam,
MTOEHYIOUH cydacHi 3aco0u (opMyBaHHS BeO-CTOPIHOK
Ta MOOLITBHY pO3pOOKY, TPU IIHOMY 3aKPIILUTIOIOYH OK-
pemi poii pi3HUX TEXHOJOTIH y BUMAAKy CTBOPEHHS
MOOUTFHUX 3aCTOCYHKIB, IO MAalOTh 3a 3aJady BHKO-
HaHHA (yHKIi mporpamHOoro 3abesnedeHHA. OgHAK
JUISL PI3HHUX ITPOBUX JIOJATKIB MOAIOHMI (hpeiMBOpPK He
€ nopeuHuM. OCTaHHIM, IPOTE UM HE OJHUM i3 HaWBaXK-
JIMBIIIMX MOMEHTIB € LIJKOBUTA MiATPUMKA apXiTEKTYy-
pu REST, 3aBasku texnosorii moxynst Redux, mo €
BifkpuToro JavaScript 6i0sioTexol0 Ui KepyBaHHS
CTaHaMH MPOTPaM, sKi MPAIFOIOTh Ha OCHOBI ITi€] MOBH.
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function tick() {
const element = (
<div>
<h1>Bello, world!</hl>
<h2>3apaz {new Date().toLocaleTimeString()}.</h2>
</div>
):
ReactDOM.render (element, document.getElementById('root'));
}

setInterval (tick, ):

Puc. 9. [lunamivnnii React kox

Hello, world!

Itis 12:26:49 PM.

Console Sources Network Timeline

v<div id="root
¥=div data-reactroot
hl=Hello, world!=/hl

¥ <h2
=!—— react-text: 4 ——>
IlIt is 1]
<l—— /react-text —-—>
<!—— react-text: 5 —>
"12:26:49 PM"
<!— /freact-text -—
<!—— react-text: 6 —=
nomw
<!— /react-text ——
/h2

/div
/div

Puc. 10. [lunamiuna cropinka Ha ocHOBI React

Moro 4acTo BUKOPHCTOBYIOTh Pa3oM i3 dpeiiMBo-
pxamu React un Angular. [Tepin 3a Bce Redux — 1e koH-
TeifHep AJIsl 3aCTOCYHKIB Ha ocHOBI JavaScript. Bin no-
roMarae ONTHUMI3yBaTH KOJ INPOrpaM, CIPHSE TXHBOMY
HAJIATO/DKCHHIO, MAa€ HEBEIHKHI pO3MIp Ta iJeanbHO
iHTerpyerncs i3 React.

BucnoBok

TakuM 9uHOM, Y BIIIOBITHOCTI IO 3a3HAYCHHX ap-
TYMEHTIiB MOJKHa 3pOOHTH HEsKi BHCHOBKH. OmHHM i3
TOJIOBHUX € Te, M0 TEXHOJOTIS CTaTHYHOi TreHepamii
CTOpIHOK, Hanpukian JSP, € 3acrapinoro Ha naHuMi yac,
X04a BOHA 1 MOXE CTaTH B HAaroAi AJIsl IPOCTUX CAUTIB i3
MiHIMQJIbHAUMHU BUMOTaMH 10 AWHAMIYHOCTI YM IIBUI-
KOCTi pOOOTH.

Taxi caliTh MOXYTb JO3BOJMTH COOi ITOBHE TEpe-
BaHTa)XEHHs CTOPIHKH IIl0pa3, SIK BiOyBa€ThCs 3MiHA B
i1 cTani ab0 [is KOpPUCTYBaya.

Tum He MeHm Oarato Cy4JacHHX CalTiB, BeO-
3aCTOCYHKIB, iHTEPHET-PECypCiB MOTPeOyIOTH OUIBIIOTO
BiJl YACTHHH i3 iHTepdeiicoM, TOMy TEHACHIIIi 3HAYHO
3MIHIOIOTECSI, OCOOJNHMBO BpPaXOBYIOUH IOMYJISPHICTH
REST-apxitexktypu Ta moaymto Redux, mo mo3Bolse
JIOCKOHAJIe “‘CHIJIKyBaHHS MIK 4aCTHHOIO KOPHCTYBa-
upKoro iHrepdeiicy Ta cepBepHOI0 YaCTHHOIO 3aCTOCY-
HKY.

Byno posrisHyTO mpuUKIan cydacHHUX 3aco0iB Ke-
pyBaHHsl BeO-cTOopiHKamMu y Burisini JavaScript ¢peiim-
BOpKiB, a came Vue, Angular, React. React OyB merans-
Hillle TPOaHaJi30BaHWUN 1 3TiMHO OUTBIIOCTI ITYHKTIB
MIOPIBHSAHHS CTa€ OYEBHIHOIO MepeBara OUIbII Cy4acHOi
TEXHOJIOTI.

Takox cramo o4eBHIHUM, IO cy4acHi JavaScript
MOIYNi Ta EJIEMEHTH JOCKOHAIO MIOMOBHIOIOTH OJUH
OJTHOTO, 4Yepe3 e Oy/b-siKi HOBI TEXHOJOIil MOXXYTh
OyTH JIErKo BIPOBaKEHI 0 BXE HAsIBHUX MOJYJIB, L0
3abe3nedye epeKTHBHE OHOBJICHHS IIPOrPaM.

Otxe, OOUUCITIOBAJIbHI OTY)KHOCTI NEPCOHATBHUX
KOMIT'FOTEPIB Ta CEpPBEPIiB 3POCTAOTh, HOBI TEXHOJIOTIT
CTalOTh MOJMJIMBUMH 10 KOPHCTYBAaHHS Ta DPO3BHUTKY.
Tomy BOHM CTaIOTh MOIMYJISAPHIIIMMH, IO HEOAHOPA30BO
TATBEPAXKYETHCS CTATUCTUKOIO 3 YChOTO CBITY.

Came depe3 1e CTa€ OYCBHIHOIO TEHJICHIIS Yy MK
cdepi po3poOKH TPOrpaMHOTO 3a0e3NedYeHHS 1 JHWHA-
MIiYHI CTOPIHKH 3aliMalOTh Yy Hill Halmepiie Micie.
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Advantages of dynamic web-pages over statically-generated ones
Artemii Vinokurov, Heorhii Molchanov

Abstract. The subject of research in the article is the methods of generating the presentation of content for users of web
resources. The purpose of the work is to compare and analyze the pros and cons of the main approaches to creating visual web
content for the users. Conclusions: modern web-site systems include an interface as the primary way to communicate with the
user, so it should be flexible and convenient. Therefore, the interface is likely to change dynamically corresponding to user ac-
tions. At the same time, the computing power of modern devices used to access websites is high enough for fast and convenient
display of content. Dynamic pages are also adapted to different end-user devices.

Keywords: HTML, CSS, JSP, Angular, Vue, Java, React, JavaScript, Redux, REST, C#, PHP, Python, Ruby.
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THE NEED TO IMPLEMENT AUTOMATION AND INFORMATION SYSTEM
IN THE MANAGEMENT OF THE RESTAURANT BUSINESS

Abstract. This article highlights the need and importance of using an information system in the modern restaurant
business. The nature of information systems and the tasks they can perform are presented. The direction of introduction of
information and communication technologies and automation in management activity of restaurants is considered. The
dependence of the efficiency of the food establishment on the correctly automated work process is determined. It has been
proven that the use of information systems is a necessary condition for modern restaurants and contributes to the adoption
of strategic management decisions to increase competitiveness and create an appropriate and efficient infrastructure.

Keywords: system, information system, information technologies, management, restaurant business.

Introduction

Today, the management of the restaurant business
is a rapidly evolving trend, and information technology
has become an integral part of it. They directly affect
the progress and success of the institution. Execution of
transactions, control and training of personnel, risk
forecasting, work analysis, menu formation and
production of own products - all these processes already
need automation, because in this area reporting is
needed. From the client's point of view automation of
calculations, accessing the menu, list of promotions,
writing complaints and suggestions is convenient and
profitable, as it saves time.

The research purpose. Analyze the role of the
information system for the restaurant network. ldentify
the features of the use of information systems in this
area. Record potential improvements in the restaurant
network after the development of an information system
(increase the efficiency of food business management,
accelerate the speed and quality of customer service).

Literature review. Every day in the subject of
restaurant business the concept of expression
"information system" is used more and more often.
However, based on the thorough study, it was exactly
determined that there is no generally accepted definition
of an information system for the restaurant business. In
addition, this issue is covered in the scientific works of
such researchers as M. Bilukha [3], F. Butynets [4], A.
Zagorodny [5], M. Korobov [6], A. Tsyutsyak [7] and
others. After analyzing their publications, we can
conclude that the problem of implementing automation
and information technology in the process of restaurant
business should be disclosed more widely, because it is
still insufficiently covered.

Analysis of existing information systems. Let's
consider the information systems of the restaurant
business in Poltava on the Internet and identify the
shortcomings that need to be addressed or improved.

1. "Viva olive" — a restaurant. After reviewing the
site of this institution, it is determined that there is no
possibility to place an order online and there are no
images of the dishes offered by the institution.

2. "Peperonching” — a cafe. The analysis was
carried out and it was concluded that there is no own
site of the institution, it is possible to place an order

only through other delivery services, and navigation is
not user-friendly.

3. "Montana pizza" — a pizzeria. There are similar
problems: the lack of its own website and the ability to
place orders through other delivery services.

These restaurants clearly need to address problems
and shortcomings. In turn, this will lead to a more
successful business.

Research results

Why do you really need a modern information
system and automation of restaurant processes? Of
course, in order to manage institutions more effectively,
to get rid of possible abuses that cause losses, and to
speed up customer service, thereby increasing the
number of visitors. Automation provides a solid
foundation for perfect, high quality and fast service,
which will inevitably lead to the success of any
restaurant [2]. After the introduction of the information
system in the process of operation of the food
establishment, the following advantages can be
distinguished: acceptance of the order without errors
because of the human factor's disappearence; transfer of
the order in an automatic mode; increasing the quality
of service; significantly higher speed of customer
service; the ability to view the results of work at any
time; probability of abuse of employees goes to zero.

The range of aspects of restaurant business
management significantly expands with the introduction
of equipment and software. The most important of them:
analysis of the restaurant and risk forecasting in the
process of its activities become more accurate and
detailed; it becomes possible to continuously monitor all
operations and access it at any time; the chances for the
fastest introduction of the latest marketing methods and
the latest service trends increase; the time for the most
voluminous and time-consuming operations is reduced,
table reservations can be tracked by customers, and the
management system of promotions, bonuses and
discounts becomes more flexible in daily use; the human
factor in customer service is reduced to zero, so the
service becomes better; the assessment of the work of the
staff of the institution becomes more objective, as the
process of providing services by each employee of the
restaurant is monitored [1]. The issue of effective staff
work is complex and requires careful monitoring of each
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order and work of the staff of the institution. Inefficient
management of the company's cash flows leads to its
downfall, and in the long run - and a complete collapse.
Therefore, in order for the company to remain profitable,
there is an urgent need for automated systems that will
allow you to track cash flows. By the way, it also makes
it impossible to steal property by the company's staff.

By "successful restaurant” we mean an institution
that not only offers a high level of service to its
customers, but also organizes the coordinated work of
staff [2]. The peculiarity of the main task solved by the
restaurant business is that the visitor's order must be
fulfilled as quickly as possible and at the same time with
the highest quality. This, like nothing else, distinguishes
the management of food establishments among other
areas of business. Automation can help solve this
problem. With its introduction into the work process, all
operations are controlled at all times and performed with
higher accuracy, as well as reduced customer service time
and increased profits of the institution. The obvious
advantages that can be distinguished in the automation of
the restaurant over other similar competitors: the
possibility of payment cards; the contactless payment’s
introduction; work with discount cards; reliable keeping
management records, accounting for purchased products
and meals consumed for different periods, which helps to
create an optimal menu for visitors and for the
management of the institution; accurate tracking of shelf
life of various products; practical dialogue with partners
and suppliers; operational planning of production;
convenient reporting on all necessary issues; protection
against financial crimes or abuses that cause material
damage. Thanks to automation, the restaurant reaches a
new level, and service is provided:

- increasing the speed of customer service;

- possibility of rapid and effective implementation
in the process of modern management methods and
operational centralized control of the restaurant
business;

- reliable support of the base of regular visitors and
registration of restaurant cards;

- flexibility of bonus and discount systems, and
hence further expansion of the client base of the
institution [8].

Modern enterprises need the latest management
methods. Management decisions in a constantly
changing dynamic environment require analysis,
evaluation and forecasting of the internal development
of the enterprise, as well as, of course, ensuring
compliance of the external microenvironment, external
macroenvironment and the results of corporate financial
and economic activities. In turn, there are high demands
on information and other types of business management.
This is necessary for the operation and management of
the restaurant, as well as for financial accounting. In
order to determine the profitability of the enterprise and
find the shortcomings of the financial management
system, you need to consider the cost of production, part
of which are the cost of purchasing goods and other
costs of the organization [2]. Prevention of personnel
abuse in the organization should begin with the creation
of an accounting system under which all money paid by

customers will go to the owner of the organization. To
organize such an accounting system, it is necessary to
use personalized access to the system. For example,
each waiter must have a unique identifier (plastic card,
electronic key, fingerprint, etc.), which allows you to
uniquely identify the user, thereby distinguishing access
to information in the system (perform certain
operations, change accounts). The facts of all canceled
orders must be recorded in the log of suspicious
transactions and monitored by the system administrator
in the future. Only after the order information has been
entered into the database, all invoices sent to the
customer are printed and regular employees should be
prohibited from making further changes [8].

Accounting for food companies is very specific,
because it combines production and retail trade. The
following types of product aspects should be considered
and controlled in the production process: purchase of
goods for sale. They are sometimes the raw material for
production. For example, alcoholic beverages can be
sold in their pure form or included in cocktails; use of
semi-finished products. They are the result of
production that is part of the food being sold, but is not
a full-fledged object of sale. For example, minced meat
is part of lasagna, cutlets and more.

Components of the institution in which the flow of
goods and cash must be carefully monitored: a
warehouse, where the responsible person is the secretary
of the warehouse, who is responsible for receiving goods
from external suppliers and distributing them to the
kitchen and bar; own production, where the responsible
person is the chef; bar, where the responsible bartender;
the place of sale of finished products, where the process
of settlement with the customer is controlled. The above
covers both the cooking technique and the guidelines for
marking raw materials. Any improvements in the
technical specifications of the bookmarks as well as the
cost of raw materials should be reflected in the
measurement card.

Automation also allows you to track the movement
of goods between different departments of the
restaurant. The system enters vouchers related to the
internal flow of goods, which rotate into the original
unit and arrive at the recipient. An electronic copy of
the cost card and the history of its changes can be stored
in the database. So, you can track the change in the
dynamics of raw materials, their cost and get a complete
picture of the work process. An automated catering
management system can not only solve the problem of
efficient turnover and money accounts, but also
organize specific means to attract customers. An
example is the organization of the club system. The
existence of an organized club system allows owners
and visitors to provide many useful opportunities: to
identify visitors and enter the club area; to create the
system of the discounts and bonuses for regular
customers; to attract new customers; to conduct market
research; to create additional advertising space; to
improve the image of the organization in the eyes of
customers and competitors.

A typical organization has different levels of
systems: operations, management, knowledge, and ach
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functional area is of strategic importance. For example,
the business function has a business function system,
which logs daily business data and processes at the
operational level of the team. The knowledge level
system creates appropriate displays to demonstrate the
company's products. The management-level system
tracks monthly business data across all business lines,
and report areas where sales exceed or lower
expectations. The forecasting system forecasts business
trends for five years of services of strategic level.

The new information system embodies best
practices in technology management. They optimize
business processes based on the latest developments in
management theory and practice. Due to the use of such
technologies, information has become an important part
of the production process and has replaced traditional
components: natural resources, labor and capital. Today,
effective economic activity is based on the transformation
of information, and the transformation of information is
to ensure targeted and organized exchange of data
(reception and transmission of information) with other
organizations and staff. We can say that information
helps the order and stability of the economic system.

Each service company has its own characteristics
and differs from the industry enterprise. The main and
obligatory conditions of providing services are directly
related to the customer. In this regard, it is necessary to
use a management system for the following: the
customer. Information technologies of business
management in the field of services are not so
purposeful in technology, as well as in industrial
communication [8]. Not as a business engage in the
production of products, and its information components
are concentrated in the internal need, the information
system of enterprises in the service sector should be
mainly focused on improving service for different
customers. For these companies, the best combination
of information systems is system information

environment and system of interaction with clients. Data
analyzed The information infrastructure of the
enterprise is integrated by a system of analysts. The
system improves the efficiency and capitalization of
enterprises through the use of information technology
There are many more installations than the first two
systems, but at the same time their absence will have
such an impact that this cannot be achieved.

Modern information technologies contribute to the
transformation of management itself. The main content
is not a set of technological innovations, but a set of
world experience of management and decision-making,
which is reflected in the relevant tools using modern
methods of information processing and storage [9].

Conclusions

The main purpose of the information system for
the catering industry is to improve the quality of
customer service and optimize the work of the
institution. The result of automation is to improve the
quality of service and reputation of the organization;
providing fast order processing and visitor service;
strengthening coordination and control of staff work;
explanation of changes in material value and changes in
goods; reduction of time for search and analysis of
information. An analytical review of the literature on
this issue, assessed the impact of information
technology on the restaurant, analyzed the use of
information technology and automation in the field of
catering, analyzed recent research and publications and
substantiated the problem.

Thus, the information system of service in the
restaurant business is an indispensable tool in the work
of any restaurant. The actual value of the study is to
determine the benefits of automation and information
system, namely: saving labor and financial resources, as
well as improving the efficiency, speed and quality of
customer service and minimizing employee abuse.
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Heo0xigHicTh BIpoBa/zkeHHs aBTOMAaTH3aLil Ta iH(popMauiiiHoi cucTeMHu B IpouLec YNpaBJ/liHHA PeCTOPAHHUM 0i3HecoM

I'. Tonosko, M. Bopo3ain, 0. Tokap

AHoTanisi. VY wiif crarTi BUCBITIIEHO HEOOXI/HICTh 1 BaXKIMBICTh BUKOPUCTAHHS iHPOPMALIiiHOI CUCTEMH B JisUTBHOCTI
CydacHOro pecropannoro 6izHecy. [IpeacrasieHo mpupoay iHpOpMAIiTHUX CUCTeM Ta 3aBIAHHSI, SIKi BOHH MOXKYTh BUKOHYBATH.
Po3riissHyTO HAmpsIMOK BIOPOBADKEHHS 1H(POpMAIiiHO-KOMYHIKalliHHAX TEXHONMOrii Ta aBTOMATW3allii B YIPaBIiHCHKY
JUSUTBHICTD pecTopaniB. BuzHadeHo 3anexHICTh e)eKTUBHOCTI pOOOTH 3aKiIaay Xap4yBaHHs BiJ MPAaBUILHO aBTOMATH30BaHOTO
nporecy po6otu. DakTUYHO TOBEICHO, 1110 BUKOPUCTAaHHS iH()OpMAIiHHUX CHCTEM € HeOOXiJHOI YMOBOIO Cy4aCHUX PECTOpaHiB
i CrIpHse MPUAHATTIO OOTPYHTOBAHUX CTPATETIUYHHMX YIPABIIHCHKUX PIIlIeHb AU MiABUINCHHS KOHKYPEHTOCIPOMOXKHOCTI Ta

CTBOPEHHSI BiIMOBiHOI Ta e(heKTUBHOI iIHPPACTPYKTYPH.

KuawuoBi caoBa: cucremu, inpopmamiiiai cucremu, iHQopManiiiHi TEXHOIOTII, yIpaBIiHHS, PECTOpaHHUH Oi3HEC.
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ANALYSIS AND COMPARATIVE RESEARCH OF THE MAIN APPROACHES
TO THE MATHEMATICAL FORMALIZATION
OF THE PENETRATION TESTING PROCESS

Abstract. In dynamic models, threats (vulnerabilities) can be viewed as a flow of temporary events. If the intervals of real-
ized cyber threats are recorded, then a continuous log-list of events related to software security can be formed. In some cases
and models, only the number of realized cyber threats for an arbitrary time interval can be recorded. In this case, the software
response to threats can be represented only at discrete points. In static models, the implementation of cyber threats is not relat-
ed to time, but the dependence of the number of errors or the number of implemented test cases (models by error area) on the
characteristics of the input data (models by data area) is taken into account. The article analyzes the methods of mathematical
formalization of the software penetration testing process. This software testing method is one of many approaches to testing the
security of computer systems. The article substantiates the importance of the processes of preliminary prototyping and mathemati-
cal formalization. The classification is carried out and the advantages and disadvantages of the main approaches of mathematical
modeling are highlighted. The list and main characteristics of dynamic and static models are presented. One of the negative

factors of formalization is indicated - the neglect of the factors of a priori uncertainty in the safety parameters in static models.
Keywords: information security; vulnerable software; security testing; penetration.

Introduction

A mathematical model constructing process — a
formalized description of a complex of factors that sig-
nificantly affect the state and/or functioning of the ob-
ject under research, and corresponding to this descrip-
tion of information support - is usually called mathemat-
ical modeling. The practical usefulness of mathematical
modeling lies in the possibility of obtaining information
about the qualitative properties and quantitative charac-
teristics of the object under research without conducting
(often complex or expensive) experiments in nature,
which may justify the costs of overcoming difficulties
arising in the development process or when trying to use
mathematical models.

The main difficulty that one has to face in mathe-
matical modeling is to ensure the adequacy of this mod-
el to the object under research. The user needs to find
out how accurately this model reflects the real situation
and how reliable quantitative estimates can be obtained
in the process of working with this model. The experi-
ence of mathematical modeling of information process-
es, accumulated over the past few decades, shows that
the problem of adequacy in a number of cases can be
successfully solved. An example of this is the systems
of computer simulation of numerous software and
hardware components of computing facilities.

However, on the other hand, attempts to apply
mathematical modeling methods to research such a com-
plex and important process as the process of ensuring
safety, convincingly demonstrate that, despite the natural
desire to take into account in the model all the factors that
significantly affect the functioning of the object under
research, it is extremely difficult to achieve this.

In cases where the construction of a mathematical
model that takes into account with an acceptable degree
of accuracy all factors that are essential for the object
under research is impossible, one has to abandon the
standard methodology for using the model and try to act

in other ways based on changing the formulations of the
problems being solved and involving the user in the
process of finding solutions.

In this situation, it is very important to make a rea-
soned choice of methods of mathematical formalization
of the processes of ensuring the security of computer
systems in general and software in particular.

The purpose of this article is to analyze and com-
paratively research the main approaches to the mathemat-
ical formalization of one of the software security testing
methods, the software penetration testing process.

Literature analysis [1-10] has shown that currently
there are many approaches to the mathematical formali-
zation of the software penetration testing process. They
are based on the well-known theories of computer engi-
neering [8], queuing [4], neural networks [1], fuzzy log-
ic [3], graph models and combinatorial calculation
methods [9], etc. In addition, the means for solving op-
timization problems formalized on the basis of these
models have been developed. These are, first of all, ana-
Iytical methods, methods of mathematical program-
ming, heuristic methods, etc. [10]. Let us analyze the
approaches of mathematical modeling most often used
in practice, which are adapted to varying degrees to
modern requirements in the formalization of software
security testing processes.

One of the software development leaders is Mi-
crosoft. In this situation, it is natural to start the review
with an analysis of the modeling approaches offered by
this company. In [6], the authors considered the Mi-
crosoft Spec Explorer tools. This system is based on the
control of post and preconditions, described in special
languages as an addition to the program code. The pro-
posed approach is difficult to master, but powerful
enough in capable hands, and is intended mainly for aca-
demic purposes use or by testing specialists at the level of
the development and research department with sufficient
knowledge of mathematical formalization methods. An-
other way of classifying software assessment of method-
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ologies is presented in the works [5]. In these works, it is
proposed to divide a number of approaches of mathemat-
ical formalization into the following testing groups: dy-
namic (allowing to assess the indicators of software tech-
nological security), static (allowing to obtain estimates of
indicators of completeness and complexity of testing)
models. At the same time, adapting the presented materi-
als to the topic of software security testing, the following
can be noted. In dynamic models, threats (vulnerabilities)
can be viewed as a flow of temporary events. If the inter-
vals of realized cyber threats are recorded, then a contin-
uous log-list of events related to software security can be
formed. In some cases and models, only the number of
realized cyber threats for an arbitrary time interval can be
recorded. In this case, the software response to threats can
be represented only at discrete points. In static models,
the implementation of cyber threats is not related to time,

but the dependence of the number of errors or the number
of implemented test cases (models by error area) on the
characteristics of the input data (models by data area) is
taken into account.

The list and main characteristics of dynamic and
static models are presented in table 1 (1 — Markov expo-
nential models: JM-model, Xui-model, Shanthikumar-
model, Bucchianico-model; 2 — Semi-Markov models:
SW-model, Hyperbolic model, Sukert-model; 3 — Heter-
ogeneous Markov NHPP models (Duane model, Gom-
pertz model, Goel-Okumoto model, Schneidewind mod-
el, Weibull model, Yamada exponential model, S-shaped
Rayleigh model, Pareto model, Xie-logarithmic model,
parabolic model, structural Nelson model, etc.; 4 — Soft-
ware complexity models: metric Halstead error model,
multivariate complexity model; 5 — Software testing
completeness models: Mills model, Lipov model).

Table 1 — List and main characteristics of dynamic and static models

No. Short description Mathematical formalization technologies background| Advantages, disadvantages
1 2 3 4
Dynamic
c?jfﬁ% Ozoglfvaarzsurtgg;ggs ttr;?; The distribution density function of the i-th error detec- Qg}lr?r;tha;rii:tei?:;cgf finding the
duration of time intervals be- t!on time, counted from the moment of digftmn of the Disadvantages: large increase in
| |tween the detection of two er- (i—1) - th error, has the form: p(t;)=%;e™™"" , where —|computations due to the input-
rors has an expc_)nentlal distri- A; is the intensity of errors, which is proportional to the ting of states durations changing;
bution with a failure rate pro- ber of not vet detected in th . |the need to evaluate a large
portional to the number of un- gum i{. orno t%/e ¢ N ecfe %rr?rs in the program (varies number of new parameters asso-
detected errors. epending on the type of model) ciated with each state.
Based on the Rayleigh model of|secyrity error rate 2; = <|>(N (i _1))ti , where N is the|Advantages: accuracy of simula-
software reliability growth. It is o ; . tion results. Disadvantages: the
assumed that the error rate js{number of errors orlgmally present in the program;, ¢ —|complexity of building a model
proportional not only to the|the proportionality factor, interpreted as the intensity of|of semi-Markov processes. Lack
2 |number of undetected software Fhe error o_letectlon, ti— the_lnter\_/al _betv_veen (_I-l) -th and|of a unified approach to the use
errors, but also to the debug-|i-th security errors. Rayleigh distribution with the fol-|of distribution laws when de-
ging time interval: lowing density function: scribing individual  transient
e processes.
: ~¢(N—(i-1))i
p(ti)=0o(N—-(i-1))xte #(N-(i-1)
The model assumes that the The error number function is given by the followin Advantages: Accuracy of simu-
number of errors that appear g y 9 jation results. A simplicity in
per unit of time are independent|formula: m(t) = a(l—(1+ gt)e’gt) finding a formula for the proba-
random variables distributed bilities that a certain number of
according to Poisson's law with|where a is a coefficient that characterizes the number of|security errors will be detected
a flow rate proportional to the|expected software errors, g — error detection intensity a_nd Iocal_ized (or not) in a given
3 |expected number of errors re-igactor. Accordingly, the intensity of the error is deter-|time. Disadvantages: A large
maining in the program at a| . d as follows: 2 gt increase in the complexity of the
given time. In contrast to JM | Mined as follows: (t) = ag“te model structure with  small
and SW — like convex models, changes in the input conditions.
here an additional assumption The complexity of the mathe-
is made about the S — shaped matical representation of distri-
dependence of the errors num- bution laws in the description of
ber on the testing time. individual transient processes.
Static
The complexity of the program|Difficulty is estimated as Advantages: Software security
is proposed to consider as a set E = Nlog, (/L) =Ny N log, /(215) assessment based on the results
of intellectual efforts (solving _ ) of software complexity assess-
elementary problems by a per-|\where N =y log, y +pplogyuy, — theoretical programiment. Disadvantages: The pres-
son before an error occurs)|jength, =y +, — the number of unique operators|ence of subjective assessment
4 |when coding a text in a certain 5 factors, the possibility of obtain-
programming language. and operands of the programming language, L _ Mo )|ing the_ effect' of the "curse of
N2 “|dimension" with a large number
— quality of programming, N =N;+N, — the number|Of factors or a non-linear form of
of calls to operators and operands in the software. the approximating polynomial.
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End of Table 1

1 2

3 4

pleteness of software testing are|the program is as follows:

based on methods of independ-

ent introduction and detection -
R(k,S)=

5 |of test errors and methods of S/(

conducting independent exami-

randomly and recorded in the|real errors found.
man-made error log.

S+k+1), if n<k

Models for assessing the com-|The reliability of the statement that there are k errors in|Advantages: Software security

assessment based on the results
of software completeness as-
sessment.  Disadvantages: A
simplified look at the error de-
tection process using a different

1, ifn>k

nations. Errors are introduced|where S — number of errors introduced, k — number of|number of tests. Neglecting fac-

tors of a priori uncertainty in
software security parameters.

Among the intelligent approaches of the mathe-
matical formalization of processes associated with the
software life cycle, the direction based on neural net-
works is worth mentioning [1]. This is connected with
specifics of the functioning of computer systems, which
are human-machine systems.

Neural networks are an alternative to the statistical
analysis components of anomaly detection systems.
Neural networks make it possible to identify common
test indicators, identify statistically significant devia-
tions from the requirements for software quality and
security. They are applicable as a statistical error detec-
tion system because of their self-learning ability. More-
over, a neural network can be configured so that it will
further train on its own, constantly reacting to the
slightest changes in the software. Neural networks re-
quire less intervention from penetration testers.

The studies carried out showed that at present,
when modeling, software is presented in the form of a
recurrent system that solves a number of specific tasks.
In this case, the energy function acts as a system quality
indicator:

1
E =220 2 WiXixj
i
where wj; is a weight coefficient between the i-th and j-
th neurons; x; u x; are X vector components (input data

of the system),

and an expression of the form is used as a criterion
for solving the problem of access distribution and data
protection in a computer network:

1NN Np (i) Np (k) .
Eemin5Y X X X R,
i=lk=Lk=i j=1 (=1

where By is j-th resource between source and destina-
tion; |P,j mH“| — the number of nodes on a computer

=1, if

network which share routes R, and B, ; xij

chosen R, and xij =0 otherwise; N (i) — number of

access directions variants defined between the source
and the destination.

Analysis of works in the field of data protection [1,
3, 8, 10] showed that this direction of modeling has a
number of advantages associated with taking into ac-
count the specifics of external influences and the possi-
bility of self-learning.

However, the studies of the software testing pro-
cess models, presented in the form of neural networks
[1], along with their advantages, have also shown disad-
vantages associated with the inevitable time spent on the
learning process when building a model and, as a con-
sequence, "conservatism" in relation to dynamic chang-
es in the process of managing the system software de-
velopment. Therefore, it is advisable to use these mod-
els when modeling individual components or structural
elements of intelligent decision-making systems or to
use them as the basis for the process of developing prac-
tical recommendations for managers.

Studies of models based on the apparatus of con-
trolled random processes made it possible to determine
two specific areas of software testing implemented by
this approach: software technological security and de-
bugging models which allow assessing the indicators of
software technological security depending on runs on
specified input data areas and subsequent software mod-
ifications. [2].

Among the advantages of this modeling approach,
one should highlight the possibility of its implementa-
tion in the form of a link monitor and an audit system.
In addition, in complex, multifactorial systems, the use
of this modeling approach makes it possible to analyze
individual components without the danger of reducing
the accuracy of the modeling results as a whole.

At the same time, mathematical models of the
software development process, taking into account the
peculiarities of the modern SCRUM methodology and
the factors of increasing security requirements, need a
number of improvements.

In the automaton control model, the software pene-
tration testing technology is represented as a deterministic
automaton, the input of which receives a sequence of user
commands. The main elements of the automaton model

are: a set of system states {V} , many users {U} , multi-
ple access matrices {M} , many user commands chang-
ing the access matrix {CC} , many user commands

changing state {VC}, set of output values {Out} .

Among the advantages of this modeling approach,
the variety of testing approaches should be mentioned.
They determine not only the rules for the distribution of
tasks, but also the configuration, the order of interaction
between objects and subjects of the software security
testing process.

Among the disadvantages of automatic models, we
note the complexity of their practical implementation in
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the case of taking into account the whole variety of
stages, methods and tools for software security testing.
In addition, the problem how this direction of modeling
should take into consideration the security factor is also
not solved. Thus, as a result of the analysis and compar-
ative studies of the existing approaches to the mathe-
matical formalization of the software penetration testing
process, a number of characteristic features, advantages
and disadvantages of the existing areas of analysis and
synthesis of these processes were identified.

The research of the main modeling approaches
showed that in most models associated with the imple-
mentation of software security testing technology (espe-
cially dynamic models) there is no unified approach to
the use of distribution laws when describing individual
transient processes.

Moreover, the neglect of the factors of a priori un-
certainty in the security parameters in static models is
also a common negative factor for formalization. In
addition, the lack of consideration in models of dynamic
changes during software development (SCRUM fea-
tures) requires appropriate research and development.

Conclusions

The main directions and approaches of mathemati-
cal modeling are analyzed, promising directions of
mathematical formalization of software security testing
processes are highlighted.

The expediency of improving the existing methods
of software penetration testing by synthesizing a new
software testing method taking into account increased
security requirements is indicated.
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AHaJni3 i nopiBHA/IbHE 10CJIiIKeHHs] OCHOBHUX IiAX01iB
MaTeMaTU4HOI (popMaizauii npouecy TeCTyBaHHS HA POHUKHEHHS

Zhang Ligiang, Cao Weiling, B. B. laBumos, B. O. Bpeuko

AHoTamis. Y IUHaAMIYHUX MOZENSX 3arpo3u (ypas3nuBocti) Software MOXKHA PO3IISIIATH SIK MMOTIK TUMYACOBHX MOJIH.
Skuo QikcyroThes iHTepBaiM peaji3oBaHUX Kibep3arpos, To Moxke copmyBarucs OesnepepBHUEl log-nmuct momiil, BigHO-
csrixces g0 6esneku Software. V psiai BUnaakis i Mozaeneid Moxxe (hikCyBaTHCS TiJIBKM YUCIO Peai30BaHUX Kibe-pyrpo3 3a AoBi-
NIBHUI iHTEpBaI Yacy. Y LbOMY BUNAAKy peakilis Software Ha 3arpo3u Moxke OYTH HpeCTaBiIeHa TUIbKH B JUCKPETHUX TOYKaX.
VY craTndHUX MOJENSIX peanizaliiio Kibep3arpo3 He MOB'SI3YIOTh 3 4aCOM, TIPH LOMY BPaXOBYIOTh 3aBHU-HOCTI KUJTBKOCTI TIOMUIIOK
ab0 4KCIO peanizoBaHHUX TecT-KeiciB (MOJemi Mo 00MacTi MOMUJIOK) BiJl XapaKTePHCTHKU BXiMTHHUX JaHUX (Mozelni mo obmacti
JNaHux).Y CTaTTi MpoaHali30BaHO METOAM MaTeMaTHYHOI (opMmaiizaiii mpolecy TeCTYBaHHS Ha MPOHUKHEHHS MpPOrPaMHOrO
3abe3neuenns. Lleit MeTos TecTyBaHHS MPOrpaMHOro 3abe3neyeHHs € OAHHM i3 0araThoX MiAXOMAIB IO MepeBipkHu Oe3mexu
KOMIT'FOTepHHUX CHUCTEM. Y CTaTTi OOIPYHTOBAHO BaXKJIMBICTh TPOIIECIB MOMEPEAHBOTO MPOTOTUITYBAHHS T4 MAaTEMaTHYHOI (op-
mauizaii. [IpoBeneHo kimacudikailito Ta BUCBITJICHO MepeBard Ta HeJOJMiKA OCHOBHHX Mi/IXO/iB MAaTeMAaTUYHOTO MOJCTIOBAHHS.
[penacraBieHo mepernik Ta OCHOBHI XapaKTePUCTUKH JHHAMIYHUX Ta CTATUYHHUX Mojenell. Bka3yeThCs OIMH i3 HeraTUBHUX (hak-
TopiB hopmManizailii - HeXTyBaHHs ()aKTOPaMH amnpiopHOT HEBU3HAYCHOCTI MapaMeTpPiB OE3MeKH B CTATHYHUX MOICIISX.

KawuoBi cioBa: indopmariiiina Gesrexa; Bpa3iuBe MporpamMHe 3a0e3eueHHsl; TeCTYBaHHs Oe3IeKH, TIPOHUKHEHHSI.
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DYNAMIC METHOD OF DISTRIBUTED SYSTEM LOAD BALANCING EVALUATE

Abstract. Subject of study is method of estimating resources of the distributed system like a part of scientific
problem related to the load balancing and efficient utilization of resources of the distributed system. The paper
presents a method of estimating resources of the distributed system, such as network nodes, the processor, memory,
and band-width. The proposed method allows to calculate the loading of each node separately in a distributed system
and the entire system. Classes of service flows taken into account in the calculation of these resources loading. The
complex value of imbalance of load server entered, which taking into ac-count the weight coefficients for processor,
memory, and network bandwidth. These weight coefficients allow to select the importance of each network resource
(CPU, memory and bandwidth) compared with each other. Also, this method allows to calculate the imbalance of the
system servers. Using the method in load balancing allows to distribute requests by servers such way that deviation
of the load servers from the average value was minimal, that allow to provide higher system performance parameters
(utilization efficiency) and faster processing flows. Conclusions. The work proposed a solution to the actual
scientific problem of assessing the load of nodes of a distributed system. The proposed method is based on
calculating the processor load, memory load, and channel bandwidth by flows of different service classes. Also
introduced a complex value of server load imbalance, taking into account weights for processor, memory and
network bandwidth. Accordingly, this method allows you to calculate the imbalance of all servers in the system, the
average operating time for various balancing algorithms and the efficiency of using the system resources.

Keywords: load balancing; distributed system; multifractal traffic; resource utilization; self-similar flow; imbalance.

Introduction

Problem formulation in general form. Currently,
along with the systematic increase in data transmission
rates in telecommunications, the share of interactive
traffic, which is extremely sensitive to the parameters of
the transportation environment, is increasing. To
provide the required amount of resources for the
transmission of various types of traffic that impose
different requirements on the characteristics of the
telecommunication network, various mechanisms for
ensuring QoS (Quality of service) are used. One of such
mechanisms is load balancing [1-3].

The load balancing system solves the problem of
ensuring the quality of service and increasing the
performance of distributed systems due to the optimal
distribution of tasks between the nodes of the computing
system. For the most complete use of all available
resources of a distributed system, various methods for
assessing the load of nodes and the system as a whole
are used.

Assessment of the load of a computational node
can be done in several ways. One of the analytical
methods, which consists in an approximate estimate of
the load of each object based on the data on the received
tasks. The advantage of the analytical method is that it
can accurately estimate the complexity of the problem.
The disadvantage of this method is that it can be rather
inaccurate if the model for estimating the speed of task
execution is inaccurate.

Another way to collect load data is to measure the
load of nodes. Most modern machines are equipped
with time counters (accurate to microseconds) that can
be used to measure the time taken to complete each
task.

The advantage of this method is that it is accurate
in most cases. The disadvantages include the following:
balancing strategies based on this method take into

account the past distribution of loads. If the complexity
of tasks changes in an unpredictable way, then the
method will be inaccurate.

The most famous studies in the field of balancing,
theoretical research and development of the
fundamental foundations of load distribution, in the
creation of a mathematical apparatus, models and
control methods for load distribution in distributed
systems, were carried out by such scientists as E.I.
Ignatenko [2], V.N. Tarasov [3], F. Wang [4], V.
Cardellini [1, 5], S. Keshav [6], Xing-Guo Luo, Xing-
Ming Zhang [7], Hisao Kameda, Lie Li [8], and many
other scientists working on load balancing problems.

The aim of the paper s to develop a method for
calculating the load of nodes and the imbalance of a
distributed system, based on the estimation of the load
of the processor, memory and channel bandwidth.

The analysis of the previous investigations and
publications. The task of load balancing in a distributed
info-communication system is, based on a set of tasks
involving the calculation and transmission of data, and
server systems of different capacity, to find a
distribution of tasks on servers that provides
approximately the same computational load of each
server and minimum transmission costs data. To
perform this task, various methods and algorithms of
load balancing can be used, which take into account the
estimates of the load of the computing node.

The most famous research in the field of load
management in distributed systems, balancing,
theoretical research and development of fundamental
foundations of load distribution, in the creation of
mathematical apparatus, models and control methods
for load distribution were engaged in such scientists as:
E.l. Ignatenko, VN Tarasov, F. Wang, V. Cardellini,
Xing-Guo Luo, Hisao Kameda, H. Mehta, P. Kanungo,
M. Casalicchio, Y.S. Hong, as well as other researchers
working on load balancing problems.
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Scientists such as S. Keshav, O. Elzeki, M.
Reshad, H. Chen, Y. Hu, Shamsollah Ghanbari, Ratan
Mishra, Dhinesh Babu, and many others have developed
and improved load balancing algorithms.

Experimental research in recent decades has
shown that traffic in many multiservice computer
networks has self-similar (fractal) properties. The
reason for this effect is the distribution of files on the
servers, their size, typical user behavior and is largely
due to changes in network resources and network
topology.

Self-similar traffic causes significant delays and
packet losses, even if the total intensity of all flows is
far from the maximum allowable values.

There are a large number of publications devoted
to the analysis of fractal properties of traffic. Self-
similar properties of information flows are found in
local and global networks, in particular in Ethernet
traffic, ATM, TCP, IP, VoIP applications. K. Park, W.
Willinger, P. Abry, M. Taqqu, I. Norros, Potapov A.A.,
Tsybakov B.S., Shelukhin A.l.

The presence of self-similarity properties in the
information flows transmitted by customers significantly
affects the efficiency of distributed systems. This plays a
particularly important role in the operation of services
that provide the transmission of multimedia traffic and
real-time traffic. Thus, the task of developing and
analyzing load balancing methods that take into account
the self-similarity of traffic and loading of each node and
the entire distributed system is relevant.

Load balancing method proposed approach

The problem of balancing computational load
arises for several main reasons [1, 5, 8]:

- structure of a distributed
heterogeneous, different logical
different computing power;

- structure of a distributed system is also
heterogeneous, i.e. different computing nodes have
different performance;

application is
processes require

- structure  of  inter-node interaction s
heterogeneous, because ~ communication lines
connecting nodes can have different bandwidth

characteristics.

Depending on the task, you can use static or
dynamic balancing [9]. Static balancing is performed
before tasks start. However, preliminary allocation of
logical processes to processors (servers) has no effect.
This is due to the variability of the computing
environment (the node may fail), the busyness of the
node with other calculations.

One way or another, the gain from distributing
logical processes across servers in order to perform
parallel processing becomes ineffective. Dynamic
balancing provides for the distribution of the
computational load on the nodes during the execution of
tasks. The software that implements dynamic balancing
determines: load of computational nodes; throughput of
communication lines; amount of free memory; the
frequency of message exchanges between logical task
processes, etc. Based on the collected data on tasks and
the computing environment, a decision is made on the

distribution of tasks between network nodes.

The goal of load balancing can be formulated as
follows: based on a set of tasks, including computation
and data transfer, and a network of servers of a certain
topology, find such a distribution of tasks among
servers  that  provides approximately  equal
computational load of servers and minimal data transfer
costs.

Usually, a practical and complete solution to the
load balancing problem consists of four stages [3, 5, 9,
16]: 1) estimation of the load of computational nodes; 2)
initiation of load balancing; 3) making decisions on
balancing; 4) distribution of tasks.

Let's describe with more details each stage of
balancing.

1. Assessment of the system load.

At this stage, the load on each server is calculated
by calculating the average utilization of the processor,
memory, network bandwidth of the i-th server. The
obtained information about the load is used for the
balancing process, firstly, to determine the occurrence
of an imbalance, and secondly, to determine a new
distribution of tasks by calculating the amount of work
required to move tasks. Hence, the quality of load
balancing work directly depends on the accuracy and
completeness of the information.

2. Initiation.

Performing load balancing too often can cause
tasks to slow down. The cost of balancing itself may
outweigh the potential benefits of balancing it.
Therefore, for the productivity of balancing, it is
necessary to somehow determine the moment of its
initialization. To do this, you should: determine the
moment when the load imbalance occurs; determine the
degree of need for balancing by comparing the possible
benefits of its implementation and the cost of it.

Load imbalance can be determined synchronously
and asynchronously. With synchronous imbalance
detection, all processors (servers on the network)
interrupt their work at certain times of synchronization
and determine the load imbalance by comparing the
load of an individual processor with the total average
load. With asynchronous imbalance detection, each
server keeps a history of its load. In this case, the time
of synchronization to determine the degree of imbalance
absence.

The amount of imbalance is calculated by a
background process running in parallel with the tasks.

3. Making decisions in balancing process.

Most of the strategies for dynamic load balancing
can be attributed to a class of centralized or a class of
fully distributed. With a centralized strategy, the
balancer collects global information about the state of
the entire computing system and decides to move tasks
for each of the servers. A fully distributed strategy runs
a load balancing algorithm on each server, exchanging
state information with other servers. Tasks are moved
only between neighboring processors.

4. Distribution of tasks.

There are many balancing (task distribution)
algorithms. However, each of the algorithms has both
advantages and disadvantages [10-16]. The most
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commonly used load balancing algorithms are the
following: Round Robin Scheduling [6, 16], Max-Min
Algorithm [5], Compare and Balance [6] and others.
You can choose the most suitable algorithm depending
on the tasks at hand.

Let's take a closer look at the load balancing
method, which takes into account the multifractal
properties of additive traffic, and the calculation of the
imbalance of resources of the distributed system, which
allows to increase the use of system resources by
directing heterogeneous information flows to less
loaded resources.

Based on the multi-fractal properties of incoming
traffic, a dynamic method of balancing traffic is
proposed [15]. Depending on the changes in the
parameters of the input stream, various methods of
traffic management are used. Here is a step-by-step
description of the dynamic load balancing method:

Incoming streams are aggregated and processed in
accordance with the queue policy, creating a single flow
that has characteristics

V= {hhpge )

1. In the traffic that enters the balancer, a
“window” X of fixed length T is allocated.

2. We find traffic intensity, the selective value of
the function of the generalized Hurst index h(q), the
Hurst parameter value H = h(2), and the range of values

of the generalized Hurst index Ah = h(tmin)—h(tmax )

of the segment of traffic in the selected “window”.
3. We collect and analyze statistical information
by servers and channels: average rate of use of

bandwidth Netiki for the time period T, server status

CPUini , RAMir, average CPU load, and average usage

rate of i-server’s memory over a period of time T.

4. Based on the multi-fractal properties of the
traffic and the values of the laboriousness of the queries,
we calculate the set of vectors of the required resources

hgs =(CPU, Net,RAM )

for each gs-class of traffic:
Hgs if H<0,5;
Hgs + (H -0.5)py,

if 0.5<H <0.9, Ah<0.4;
Hgs + (H-0.5)(Ah-0.4)ny,

if 05<H <09 04<Ah<];
Hgs +Ho, if H>090r H >05, Ah>1,

new
Hgs =

where g it is determined in accordance with the class

of service and the necessary resources, the value o is
selected by the network administrator, taking into
account the network status. To reflect the change in the

multi-fractal properties of flows, the vectors of the
required resources pge’ are updated at regular intervals

and recalculated according to the formula.

The number of required resources does not change

(ngs' = ngs) if the traffic is a regular Poisson stream

(H =0.5) or has anti-spam properties (H <0.5). With
meaning 05<H <09 and small spread of data
(Ah<0.4) the value pgs increases in proportion to the

value of the Hurst index. When the Hurst index
0.5<H <0.9 and the large data scatter (0.4 <Ah<1)
value pgs increases, it is proportional to both

characteristics.
The number of required resources with the
maximum value pgs +pg is obtained with the value

H >0.9 or with persistent traffic (H >0.5) with a
range of values of the generalized Hurst index Ah>1.
After transferring the cost of all routes, the message
about the state of the paths is sent between the routers.

5. We calculate the distribution of streams by
servers based on the listed streams of servers based on
the listed values of labor intensity, intensity of traffic,
and the state of the server load and communication
channels.

6. Based on the data received, the server load is
determined in the next step.

7. Distribute traffic to servers, according to the
algorithm of balancing within each class of flow.

8. If all traffic could not be distributed, then we
allocate the remaining traffic among the amount of
resources available:

CPU(T), RAM (T), Net’(T).

The revaluation is not taken into account by the
algorithm, because it does not make any significant
changes.

9. We collect data on server’s loading

CPU'(T), RAM{ (T), Net{ (T)

and transfer them to the load balancing system to
calculate the new distribution of flows.

10. Shift the forward “window” X of length T to
the specified shift value AT ; we analyze the traffic and
calculate the next value of server load.

The developed load balancing method should
provide a statically uniform distribution of load on the
servers, high performance, throughput, fault-tolerance
(automatically detecting node failure and redistributing
the flow of data among the remaining) and low response
time, amount of service information, number of lost
data.

Conclusions and directions
of future investigation

In the paper proposed a solution to the actual
scientific problem of assessing the load of nodes of a
distributed system.

The proposed method is based on calculating the
processor, memory and channel bandwidth by streams
of different classes service.

Also introduced a complex value of the server load
imbalance, which takes into account processor, memory
and network bandwidth weights.
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Accordingly, this method allows you to calculate In future we are going to expand number of
the imbalance of all system servers, average operating  distributed system involved nodes and modify this
time for various algorithms balancing and efficient use  method according its physical characteristics.
of system resources.
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JunamivyHMii MeTOX OLIHKYU 32aBAHTAKEHHS BY3J1iB PO3IOIiJIEHOI CHCTEMH
1. M. IBaHiceHko

Anortanisi. IIpexMeToM IOCHI/UKEHHS € METOA OLIHKH PECypCiB PO3MOICHOI CHUCTEMH SIK YacTHHA HAYKOBOI
mpo0bJieMu, MOB’s3aHOI 3 OalaHCYBaHHSM HAaBAHTAKCHHS Ta e()eKTUBHUM BHUKOPUCTAHHSIM PECYPCiB PO3MOMAiIEHOI cucreMu. Y
CTaTTi OpPEICTaBICHUI METO/ OLIIHKH PECYPCIB PO3IOIIICHOI CHCTEMH, TAKKX SIK MEPEIKEBI BY3IIH, IPOLIECOP, MaM'sTh Ta IIUPHHA
CMYTH. 3ampoOHOBAaHHI METO IO3BOJISIE PO3PaxyBaTH HABAHTAXEHHS KOXKHOTO BY3ja OKPEMO B PO3MOALICHIH cucTeMi Ta y
Beiit cucremi B3arami. Kiacu moTokiB MOCHyr TakoX BpaxOBYIOThCS HPH PO3pPaxyHKY HaBaHTa)KSHHs 1MX pecypciB. Bemeno
KOMIUICKCHE 3HAueHHs AucOanaHCy cepBepa HAaBaHTAXKEHHs, SIKE BPaxoBYe Koe(illi€HTH Bard Ui Mpolecopa, mam'sTi Ta
mporyckHol 3matHocti Mepexi. Lli BaroBi koeQilli€eHTH MO3BONSIOTH BUOPaTH BaXIIUBICTh KOXXHOTO MEPEKEBOIO Pecypcy
(mporecopa, maM'siTi Ta MPOMYCKHOI 3aTHOCTI) TOPIBHAHO MiX c000r0. Takok 1eii MEeTOA J03BOJISIE PO3PaXyBaTH qucOanaHC
CHCTEMHHX CepBepiB. 3aCTOCYBAaHHs METONY B OaTaHCYBaHHI HABAHTAXKEHHS TO3BOJSIE POMOMIIATH 3aIIMTHU IO CEPBEPaX TaKUM
YMHOM, 100 BiIXWJIEHHS CepBepiB HABAHTaXKCHHS BiJ CEepeHbOrO 3HAYEHHS OYJI0 MiHIMAIbHUM, LIO JO03BOJSIE 3a0e3MeUnTH
OLIBII BUCOKI TTapaMeTpy MPOAYKTUBHOCTI cucteMu (epeKTHBHICTh BUKOPHUCTAHHS) Ta MIBUALINN 00poOKa MOTOKIB. BUCHOBKH.
VY poboTi MPOMOHYEThCST BUPIIIEHHST aKTyalbHOI HAYKOBOI MPOOJIEMHU OLIHKH HABAHTAKEHHS BY3JIB PO3MOAITICHOI CHCTEMH.
3amporoHOBaHMI METO 3aCHOBaHWi Ha OOYHCICHHI HABaHTAKEHHs MPOLECOpa, HABAHTAKCHHS MaM'ATi Ta MPOITYCKHOI
3MATHOCTI KaHATy 3a TOTOKAMH PIi3HHX KIaciB oOCiIyroByBaHHs. Takox Oyl1o BBEICHO KOMIUIEKCHE 3HAYCHHs IucOanaHcy
HABaHTAXXEHHsI CepBepa 3 ypaXyBaHHSAM BarW Mpolecopa, mam'sTi Ta MpOMyCKHOI 3JaTHOCTI Mepexi. BidmosiaHo, neir meronq
JIO3BOJISIE pO3paxyBaTH AWCOANAHC YCiX CepBepiB B CHCTEMi, CepelHiii Yac pobOTH pi3HHUX aJrOPUTMIB OalaHCYBaHHS Ta
e(eKTUBHICTh BUKOPHCTAHHSI CHCTEMHHUX PECypCiB.

KiawuoBi ciioBa: OanancyBaHHs HaBaHTa)KEHHs, PO3MOJiIeHa cUCTeMa, MyTbTH(PAKTaIbHUI Tpadik, BUKOPUCTAHHS
pecypciB, camonoaiOHui NOTiK, arcOaIanc.

77


https://doi.org/10.20998/2522-9052.2018.2.24
https://doi.org/10.26906/SUNZ.2018.1.110
https://doi.org/10.20998/2522-9052.2018.2.20
https://doi.org/10.20998/2522-9052.2018.3.10
https://doi.org/10.20998/2522-9052.2018.3.10
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=7004018101&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57196940070&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56423229200&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57188763373&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077570317&origin=resultslist&sort=plf-f&src=s&sid=72548ef39ed8a981a0259c9b9e7fb8f2&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856423229200%29&relpos=1&citeCnt=1&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077570317&origin=resultslist&sort=plf-f&src=s&sid=72548ef39ed8a981a0259c9b9e7fb8f2&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856423229200%29&relpos=1&citeCnt=1&searchTerm=
https://doi.org/10
https://doi.org/10.1109/CAOL46282.2019.9019446

Ingpopmauiiini mexuonozii

YJIK 004.7

A. A. Kosasenko?!, P. O. HpomeBI/Iql, O. 1. Banenko?

doi: 10.26906/SUNZ.2021.2.078

! XapkiBchkuii HallioHaTbHMI yHIBEpCHTET pajlioeeKTpoHiku, Xapkis, Ykpaina

? HarioHabHUI TeXHIYHMI yHiBepcHTeT « XapKiBChKHil TIOMITEXHIYHMI iHCTUTYTY, XapkiB, YKpaina

INTERNET OF THINGS: TPOBJIEMH IHOOPMAIIMHOI BESNEKA
TA METOJIY NOKPAIIIEHHS

AnoTtanisi. HoBuif BUTOK TEXHIYHOTO PO3BUTKY IMBLII3ALI], B IEPEXOi J0 aBTOMATH3aIlii He TIIEKH IIPOLECIB HA BHPO-
OHMYMX IiANPUEMCTBAX, aJie 1 MPOLECIB, IO MPOTIKAIOTh B MOBCAKICHHOMY JKHTTI KOJKHOI JIFOJIMHHU, HOJATAa€ y BUKOPHC-
TaHHI BEJIMKOI KiJIbKOCTI HEBEIMKUX MAJOHNOTY)KHUX 3 OOUMCIIFOBAJILHOI T €HEPreTUYHOI TOUKH 30py MPUCTPOIB A BU-
KOHAHHS OJHOTHIIHUX IPOCTHX 3aBJaHb. Taka TEXHOJOTiS 3aKiaJieHa B OCHOBI y3arajpHeHOi Ha3BU «IHTepHET peuei»
(loT). Kinuesa Mera siKoi — I03BOJUTH 00’ €KTaM HABKOJIO HAC €(DEKTUBHO BiUyBaTH HAIllC CEPEIOBHILIE, JIETKO B3a€MOJII si-
TH 1 BPELITi-PEeINT CTBOPUTH I HAC KpaIyii CBiT. 3 OIVIALy Ha i€, JO3BOJISIOUH MPHCTPOSIM OOMiHIOBATHCS IaHUMH, KOJIU
BOHM HE HAJISXKHUM YMHOM 3aXHIleHi, [HTepHeT BiKpHBae M psJi 3HAYHUX Bpa3uBUX Miclb. [Topsia 3 yciMa nepeBarami i
MOMJIUBOCTSIMH HOBUX TEXHOJIOTiH BUPOOHHKH KOMIIOHEHTIB CUCTEMH «IHTepHeT pedeil» He NPUAUIAIOTH HAJISKHOI yBaru
npobneMam iHpopManiifHoi Ge3MeKH, sIKi BUHUKAIOTh MPH MOBCSKICHHOMY BUKOPHCTaHHI K OKPEMHUX KOMITOHEHTIB CHC-
TeMH, TaK 1 LIJIOro anapaTHO-NPOrpaMHOro KoMmIuiekcy. OCHOBHA NPUYMHA BiJMOBA BUPOOHHKIB BIPOBAKYBATH KOMIIO-
HEHTH Oe3NeKH — I1e BEJIUKI 00YMCIIOBANIBHI BUTPATH, a OTKE, BEJIMKA BUTPATA ENEKTPHYHOI €Hepril, 110 Mae ayXKe BaxIu-
Ba JUIA anapaTypH, 110 MPALIOE BiJ aBTOHOMHOT'O JUKEpela JKUBICHHs. J[0 TOro X Le NpU3BOAUTD [0 MOIOPOXKYAHHS CHC-
TeMu «IHTEepHeT peuei». Lle rocmimKeHHs 30cepe/PKeHe Ha PO3IIIAIaHHI  3arpo3 1 BpasIMBOCTAX O€3MEeKH Ha KOXKHOMY pi-
BHI apxiTekTypu [oT Ta iCHylOUMX TEXHOJIOTiH JOCTyIMYy, iX cl1aOKi CTOPOHHM, a TAaKOXK MPOMOHYIOTHCS PIIICHHS JUIS MOJIM-

IIIEHHS 3arajbHOI 0e3MeK! CHCTEMH 3a JIOIIOMOT 010 JIOKAIBHOro 1uto3y loT.

Karw4dosi caoBa: InTepHer peueii; inpopmaiiiHa Oe3neka; TpUpiBHEBA apXiTEKTypa; LLITHO3.

Beryn

Internet of Things (InTepHer peueii) — Mepexa i-
3MYHUX a00 BIPTYyaJbHUX YHIKaJBHUX 1JeHTH(IKATODIB,
HIAKTIOUEHUX Oe3mocepeiHbo a00 YacTKOBO 10 IHTepHe-
Ty, SIKI 37aTHI €()EKTUBHO MepeaaBaTy AaHi 3a JOMOMO-
roto 300py Ta oOMiHy iH(opmali€eo, 6e3 HeoOXimTHOCTI
B3a€MOJIl JIFOAUHU 3 JIIOAUHOI0 a00 JIIOAUHMU 3 KOMII'IO-
TepoM. CbOrofHi TexHouorii [HTepHeTy pedell akTHBHO
BIIPOBQ/DKYIOThCSL B yCI c(epH JKUTTS CYCIIIIBCTBA, JIO-
3BOJISIFOYM BUKOPHUCTOBYBATH Pi3HI IPUCTPOI, HE 0OOB's13-
KOBO (pi3uuHi, 115l CTBOPEHHSI KOHKPETHUX DillleHb, 3/1aT-
HUX TIOJIETIUUTH XKUATTS JroAcTBa. Ilpucrpoi cratorh 31a-
THHMH 9yTH, 0aYNTH, TyMaTH, B AESIKHUX BHIIAJKaX JISTH.
Jnst npaBwibHOT 1 e(eKTUBHOI pOOOTH HPHUCTPOIO IO-
BUHHI KOPEKTHO CIJIKYBAaTUCS 1 KOOPIUHYBATH CBOT i 3
IHIIUMH JUIsL TOTO, 1100 MpUAMaTH Ti UM 1HIII PiIICHHS.
TexHomori1 po3noiyIeHux 004YKCleHb, BOYIOBaHI 1aT4H-
KU, CydacHi Oe3pOoTOBI TEXHOJOTII JO3BOJISIOTH [HTEp-
HETY pedeil BUKOHYBaTH ITOCTaBJICHI 3aBIAaHHSL.

OpHiero 3 ronoBHuX npodaem loT € 3a0e3neueHns
iH(popMariiiHol 6e3nexu. TpamuiiiiHi 3axoau Oe3neku i
JOTpUMaHHs KOH(DIICHIIHOCTI He MOXYTh OYTH 3aCTO-
coadi g0 Texnomnoriit 10T, 30kpema, gepe3 ix oOMmexe-
Hy OOYHCIIOBaNbHY 3HaTHICTE. OKpiM TOro, BeIHKa
KUTBKICTh MiIKITIOYEHIX HMPHUCTPOIB CTBOPIOE TPOOIEMY
MacmraboBaHocTi. Tomy HeEoOXimHO OOOB’S3KOBO 3a-
Oe3neunTu AOTPUMaHHs Oe3neku, KOHQIACHIINHICTD 1
MOJIeITi AOBIpH, SIKi MiAXOASTh A KoHTeKcTy 10T, Oc-
HOBHA Wb JTOCIiPKEHHS MMPUCBSYEHA aHaJi3y MpobiIeM
3abesmeueHds iHdopmamiiiHoi Oesmexm loT. [lns
BHPIIIEHHS IILOT0 OYIIO MPUAHATO MIPOAHATI3yBaTH:

- bararopiBHeBy cTpykTypy loT;

- ipobieMu 3abe3rmedeHHs Oe3IeKn Ha KOKHOMY 3
piBHIB npuitHATOI cTpyKTYypH [0T;

- HocIipKkeHHs 3a0e3neueHHs iHpopMariifHoi 6e3-
neku [oT.

ApxiTekTypa

Po3poOka ycnimaux nporpam loT Britodae B cede
3aBAaHHS  3a0e3neueHHs MOOUIBHOCTI: MpH  Iie-
peminienni loT mpucrporo 3miHOeThest [P-ampeca, or-
JKe, HeoOXiJHa Hajaro/ykeHa po0oTa IPOTOKOIIB
MapuIpyTu3anii; HaaiiiHocTi (cucTemMa MOBHMHHA OyTH
JIy’Ke HaJIHOIO 1 MIBUJIKOKO B IUIaHi 300py 1 mepenaui
JAHUX 1 TPUUAHSTTS pillleHb), MAacIITa0OBAHOCTI, TOOTO
MOXJIMBOCTI PO3LIMPEHHs] KOpHCTyBadiB mepexi. KoH-
uemniist [HrepHeTy peueil nepenbadae, MO 0 Mepexi
Oyae miIKimo4YeHO MiIbiioHu mpuctpoiB. Takox cepen
3aBJlaHb HEOOXI/THO BiJ[3HAYNTH 320€3MeUCHHs YIIpaBIIiH-
HS Ta JIOCTYITHOCTI: BifICTeXEHHs1 300iB, KOH]Iryparfi i
MPOJYKTUBHOCTI TAKOi BEJMKOI KUIBKOCTI MPUCTPOIB, 32
IO BIJMOBIJAIOTh BIMOBIJHI MPOTOKOIM YIPABIIHHS.
Kpim TOro HeoOXi1HO 3a0€3MEeYNTH CYMiCHICTh B MEPEXKI:
reTepOreHHi MPHUCTPOi Ta MPOTOKOJIM IOBUHHI OYTH B
3MO031 MPAIIOBATH OJMH 3 OJHUM 3 YpaxXyBaHHsM 30epe-
JKeHHsI 0e3MeKH 1 KOH (]I AeHII HHOCTI.

Icuytoua apxitektypa Iurepuery 3 1 TCP/IP-
IPOTOKOJIAMH HE MO)KE BIOPATHCS 3 TAKOK BEIHKOKO
Mepexeto, gk [0T. Tomy BuHUKae HEOOXiTHICTH B HOBIH
BIZIKPUTIH apXiTEKTYpi, sIKa MOKE BIIPABIIATH 3BITH PO
0e3meKy, SKICTh 1 KIac MOCIYT, SKi HAJAIOThCS Iepenadi
maanx (QoS), pa3oM 3 TUM HiATPUMYIOUH iICHYIOU1 Mepe-
JKHI OIATKH Ta BUKOPHCTOBYIOUH BiAKPHUTI MPOTOKOJIML
IaTepuer pedeit He Moxe OyTH BIpOBaKeHH Oe3 Ha-
JSKHUX rapaHTiit 6e3nekn. OTKe, 3aXHCT TaHUX 1 IPUBa-
THICTH € KJIFOYOBUMH 3aBIaHHsIMU mis [0T.

Hns nmopaneumoro po3Butky loT 3ampomnoHoBaHa
GaraTopiBHeBa apxiTekTyp Ge3meku[1].

Pe3yabTaTtn gociairkeHn

1. BararopiBHeBa ctpykrypa loT. CrpykTypy
IoT MoXxHa pO3AiTUTH HAa TPH PiBHI — PiBEHb CHPUIHAT-
TSI, MEPEXKHHI PiBEHb Ta MPUKIIATHMUI piBeHb (puUc. 1).
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Puc. 1. TpupiBaeBa apxitektypa l0T

PiBenp cripuiiHATTS — piBeHb npuctpoiB loT, mo
Hasae KOKHOMY 00'exTy QisnuHe 3HaueHHs. BiH ckia-
JAETHCA 3 NATYMKIB JAaHUX PI3HUX BUJIB, TaKhX, SIK
RFID-mitku, IR natumku a®o iHIN Mepexi TaTYHKIB,
SIKI MOXKYTh 3YUTYBaTH TEMIIEpaTypy 00'€KTa, BOJIO-
ricTh, MBUAKICTH, Micie po3tamyBanus i 1.4 [2]. Leit
piBeHb 30HMpae KOpHUCHY iH(pOpMalilo Mpo 00'€KTH Bif
JIATYHKIB, 3'€JHAHUX 3 HUMH, 1 TIEPETBOPIOE 1O iH(OP-
MaIllito B M(poBi CHI'HAIH, SKi HOTIM NepeNaroThCs 110
ApXITEKTYpU MEpEexki JUTsl OAabIIol 00poOKH. 3aBiaH-
HSl piBHS COPUHHATTS OTPHUMATH HAAiIHHE 3YUTYBAHHS
iHpopmarii nmpo 00'exT, B Oyab-sKoMy Micli i B Oy/b-
sKkuil yac. MepexHuil piBeHb —3a0e3neuye MOBCIOAHUI
Joctyrn, o0poOKy, 30epiraHHs Ta nepeaady iHpopMarii
3a gonomororo WiFi, Bluetooth, WiMaX, Zigbee, GSM,
3G i T.1., BUKOPHUCTOBYIOYH mpoTtokoiu IPv4, IPv6
MQTT, DDS i 1.n. MepexHuil piBeHb CKIaIaceThCs 3
piBHs jpocTyny (MOOLTBHI Mepexi 3B'sI3Ky), 1 OCHOBHOTO
piBHsI 00MiHY (IHTEpHET, MEpexi HACTYITHOTO MOKOJIiH-
Hst NGN, BipTyallbHi IpUBaTHI MEPEXI).

[puknaauuii piBeHs aHamizye 1 00pobisie oTpuMa-
HY KOHTaKTHY 1H(OpMaIlito [Jisi IPUHHATTS MPaBUIILHO-
IO pillIeHHsI 1 KOHTPOJIO 32 YIPAaBIiHHAM, JAOJATKaMH i
MOCJIyraMy, BUKOPUCTOBYIOUH TaKi TEXHOJIOTII, SIK XMa-
pHI OOYHCIEHHS, TJI00aIbHI OOYHCIICHHS, TapaHTYIOYu
NPSMUIA JOCTYN 0 0a3u JaHuX JJisl TOro, mod mnomic-
TUTH B HEi BCIO HeoOXinHy iH(opMmarnir. Bukopucro-
Byroun Intelligent Processing Equipment (o0ianHanHS
IHTEeNeKTyallbHOI 00po0KHM), iHpOpMallis 00poOIsSEThCS,
a TIOTIM BUKOHYETHCS TIOBHICTIO aBTOMATH30BaHa JIisl Ha
OCHOBI pe3yJbTaTiB 00poOKH i€l iHpopMaril.

Cuin 3a3Ha4uTH, MO B ASSIKUX poOOTax po3risa-
€TbCs OLJIbII, HiX TpupiBHEBa apxitekTypi [oT. B pobo-
Ti [1] npuiinsita mecrtupiBHeBa apxitekrypa loT Bkito-
4ae, OKpiM IIUX TPHOX PiBHIB, piBeHb KOAYBaHHSI, PiBEHb
JOAaTKiB Ta Oi3Hec-piBeHb. Jle, HaMpHUKIaj, piBeHb KO-
IyBaHHS — ineHTH(iKye 00'ekT iHTepecy (ocHoBa [HTEp-
Hery Peueit). Lleit piBeHp mpu3Haua€e KOXKHOMY 00'€KTY
cBifl yHikanpHuii ineHtudikatop (ID), mo mgo3BomsiE
JIETKO PO3Pi3HATU 00'€KTH.

2. IIpodnemu iHgopmauiiiHoi Ge3meku Ha piB-
Hax crpykrypu loT. Ilpobnemu Oe3mekm Ha piBHI
CIOPUHHATTS BKIIOYa€e (i3W9HI 3aXOIUICHHS CEHCOPHHX
BY3JiB, 3aXOIUICHHS BY3Ja IUIIO3Y, BHUTIK iH(pOpMaIrii
CEHCOpa, 3arpo3u LITICHOCTI TaHUX, BUCHAKEHHS eHep-
ro3abe3neyeHHs], 3arpo3H MePEeBaHTAKEHHSI, aTaK! TUITY
DoS (BimMoOBa B 00CITyroByBaHHi), 3aTPO3H MapIIpyTH-
3aIii BCTAHOBIICHHSIM B MEpPEXY HEIETITHMHUX CEHCO-
piB, i 3arpo3u KoriroBaHHs By3ia [2].

IoT npuiimae iHpOpMAIIiFO BiT BETUKOI KiIBKOCTI
MIPHUCTPOIB, 30Upae BENIUKUN MAacHB JaHWX pi3HUX (o-

pMmartiB Bij Oe3miui JuKepen 3 HEOJHOPIIHUMH Xapak-
TEpUCTUKAMHU. B pe3ynpTaTi 1BOr0 Ha MEPEKHOMY
PpiBHI MaroTh Micie OLTBII CKJIAAHI TPOOIEMH OE3TEeKH.
Jlo HUX BITHOCATHCS MOXUIMBI MPOOIEMH MacmTado-
BAaHOCTI Mepexi, BUKIMKaHI MajomnependauyBaHUM
o0csiroM Tepenadi JaHUX BiJl BEJIMKOTO YHCIa BY3IIB,
0 TIPHU3BOJAATH 10 MOXKIIUBOCTI 3/iHicHEeHHS aTak DoS,
DDoS, Takox HeCaHKIIOHOBaHHH JOCTYI, IEpPEeXoll-
JICHHSl JaHWX, KOH(]IJEHIIHICTb, IUIICHICTh, BipYCH,
ekcIuionTH, Tomo. OkpeMa yBara NpUIUISETHCS Bpas-
JUBOCTSIM TpOrpamMHOro 3a0e3medeHHs (software
vulnerabilities), Mo NPU3BOAUTH 10 MOpPYLICHHS Oe3-
MIeKH TiCIIsI BIIPOBAKEHHS.

[puunHaMu mporpaMHOl Bpa3IUBOCTI MOXYTh
OyTH TOMHWIIKM PO3POOHHUKIB CKJIagHOro Oarartomiapo-
BOro nporpamtoro 3abesneuenns (I10), nomunku sia-
pa mporpam#, 3aCTOCYBaHHSI HE3aXHUILIEHOr0 KOy, He-
00po0IeHNX MaCHBIB 3 MOXKJIMBICTIO 1X ITEpPEIIOBHEHHS
3JIOBMHCHHKOM, TIOMWJIKH B 00podui Big Data, momu-
nxu BJ1, BigcyTHICTh HanexHOI iHIeKcalii abo 3akpirn-
nenHs 3anutiB BJl, web-ypasauBocTi, HemoCTaTHS
NPOAYKTHBHICTh 200 MacurraboBaHicth [10, momMunku
po3mnoninieHol poOOTH MOJATKIB, a TAKOXK BipTyaJbHUX
mwiatdopm i xmap. Crix 3a3HayuTH cKiagHicts [10 B
IoT, BUKJINKaHY BEIMKOIO Pi3HOMaHITHICTIO BUKOPHC-
TOBYBaHHX arapaTHHUX MmiaatdopM i omepamiiHuX CHC-
teM. nsa npoektyBaHHA [1O HeoOXimHO eMymiOBaTH
noBeainka npwiaaiB loT, ToOTO cTBOpUTH iMiTaTOp
30BHIIIHBOIO CEPEHOBHUINA ISl CEpBEPIB. Y HACTIAOK
oOMexeHb B puiiajax (eHeprozabe3nedeHHs, NPoayK-
TUBHICTh mpoliecopa, nam'site) B 10T croiTe ckinamue
3aBJlaHHA YHUKHYTH CHJIBHOTO PO301XKHOCTI MIXK eMy-
JsiTopoM 1 punaaom [2].

Kpim nopyiiennst indopmaiiitHoi 0e3neku Tpajau-
HiitHUX Mepex 3B'sa3Ky nomatku [oT crukarorsest 3 m0-
JATKOBMMH HpoOieMaMu Oe3leKd Ha MPUKIaJHOMY
piBHI — [P BUKOPUCTAHHI XMapHUX OOYHMCIICHHSX, 00-
pobui indopmarii, 3abe3nedeHHi MpaB Ha IHTEIEKTya-
JIbHY BJIACHICTh, 3aXHCT MPUBATHOCTI Ta 1H.

3. Metonu mixBMIIeHHs 3axucTy. Buxomsum 3
YCHOTO BHILECKA3aHOIO Ta BPAaXOBYIOYHM BHMOTHU JI0
Oe3neky 1HPOPMAIIfHUX CHUCTEM, MOXHA 3pOOHUTH BU-
CHOBOK, 1110 ICHYIOTh Pi3HI MiJIXOAU JUIsi BU3HAYEHHS Ta
3amobiranHs 3arpo3. Ha oCHOBi pO3IIISIHYTOI CTPYKTY-
PH, a TaKOX 3 ypaxyBaHHAM TEHIEHLIH PO3BUTKY TeX-
Honorii «[HTepHEeT pedei» MOKHA 3alpONOHYBATH Ha-
CTYITHI METOIH TIiABUIIEHHS 3aXUIIEHOCTI apXiTEKTypPH.

OpmHuM i3 pimieHp A7 MOKPAIISHHS 3aXUCTY CTPY-
KTypH — IIe BUKOPHUCTaHHs nutio3iB 10T, skuit Oyzne po-
3MIIyBaTUCS Ha MEPEKHOMY piBHI. OCKUTBKHA MOXITH-
BOCTI 1 MOTPEOM MPHUCTPOIB 3OLMBIIYIOTHCS, IX YacTo
HEMOXKJIMBO OTPHMATH CIJIKYIOUHCH Oe3IocepeHso 3
cucremMamu. Jleski maT4Wkd i KOHTPOJEPH HE MiATpHU-
MYIOTh €HEPrOEMHI TPOTOKONH, Taki sk Wi-Fi ab6o
Bluetooth, i Bci BoHM miakITO9ar0ThCsA q0 Oe3xidi rpo-
MaJICBKHX 1 MPUBATHUX Mepex (puc. 2).

[lnro3 IHTEpHETY pedell BUKOHYE KiIbKa BayKIIH-
BUX (YHKIIiH: BiJ IepeBEICHHS MPOTOKOIIIB 10 MUPPY-
BaHHS, OOpOoOKW, ympaBimiHHSA 1 (iTBTparmii maHWUX, 3a
PaxyHOK ONTHMi3alii IPOMyKTUBHOCTI CHCTEMH 32 JI0-
TIOMOTOF0 310paHNX HUMH OIEepaliiHUX JaHUX, SIKi 00-
POOJISIOTECS B PEKUMI PEabHOrO yacy.
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Puc. 2. «Xmapa» Ha 6a3i qomanaboi cucremu[4]

[nro3u IoT MOXyTh BUKOHYBATH:

- BHCOKa MacHITa0OBaHICTh — BOHU MOXYTh Opa-
TH IHTENIEKTYyaJbHi JaHi 3 EHTPY OOpPOOKHU JaHUX abo
XMapH 1 epeiaBaTy ix 10 Mepexi;

- 3HIKEHHS BUTPAT — KIHIIEBI MPHUCTPOi HE 000-
B'I3KOBO TIOBHHHI MaTH TaKy BHUCOKY OOYHCIIIOBAIbHY
MOTY)XKHICTh, MaM'siTb a00 CXOBHINE, OCKUIBKU ITIO3
pobuTh Bee 1ie 3a Hux[3];

- 3HWKCHHS BUTPAT HAa 3B'I30K — MEHINA KiJlb-
KiCThb NOBiZloMJIeHb M2M o03Ha4ya€e MEHIIy Mepexy i
(WAN) tpagixk;

- 3HIKEHHS PU3HKIB — IITIO3M MOXYTh 130JTI0Ba-
TH HENPAIFOI0Yi MPUCTPOI 1 JATYUKH JIO TOrO, K BOHH
BUIIYTH i3 Jajy.

Jlo MeToiB MiIBUICHHS 3aXHIIEHOCTI apXiTEeKTy-
PH Ha piBHI CIIPUHHSATTSI MOXKHA BiJHECTH:

- yHidikalis KoAyBaHHs — PO3pOOKa €JUHOTO ISt
BCIX IPUCTPOIB MIPOTOKONY KoyBaHHs iH(popMmariii, y 1-it
4yep3i BUKOpHCTOBYeThCst TexHoorist RFID, ne Bukopuc-
TOBYIOTBCSI €BPOIICHCHKI Ta ATIOHCHKI cTaHmapTH [3];

- KOAM KOpPEeKUil — J0IoMararoTh YHUKHYTH KO-
Ji3il, sKi BUHMUKAIOTH IPU OJHOYACHOMY 3YHMTYBaHHI
iHpopMarii 3 6araTbox 0e3MpOBiTHUX MPUCTPOIB,;

- 3axuct KoHdineHuiitHocti RFID;

- TIPOTOKOJM ayTeHTU(diKamii NpHUCTPOIB — SK
MPaBUJIO, Peajli30BaHi y BUIIIAL TAPOJIBHOI CXEMH;

- mm¢pyBaHHs iHQOpMAIii, 110 MepeaeThest Mepe-
KE10, BUKOPUCTAHHS IPOCTHX CUMETPUYHHX aJIrOPUTMIB;

- TIPOTOKONM OE3MEeYHOI MapIIpyTu3alii, a Ta-
KOX YNPaBJIIHHS TIepeavyelo MK MPUCTPOSIMUA Ha ChO-
TO/IHIIIHIF MOMEHT OyIyIOThCs Ha BUKOPHCTaHHI cep-
TU]IKaTiB AOCTOBipHOCTEH, Hanpukiiax X.509 Ta iH.;

- yHidikamis TPOTOKONY Tepenadi JaHuxX —
CKJIAZIA€ThCSl 3 BH3HAuYeHHS (hopMaTy IpeIcTaBIICHHS
nmanux: XML, JSON a6o iH.

Ha ocranHbOMY piBHI pO3IIIsiAy acleKTiB Oe3MeKH,
OB’ sI3aHUX 13 BeO-cepBicaMM Ta XMapHUMH OOYHCIICH-
HaMH. Tak sK Ii eJIEMEHTH HE MAIOTh SBHOI crielu(iKu
moao cepenoBuma «lHTepHET pedeit», yBary Ha HHX
aKIEHTYBaTH HE OyIeMo.

BucHoBku

CrpiMKuil pO3BUTOK B NMPAaKTUYHOMY IUIaHI KOH-
uenii [HTepHeTy peuel, BUKIMKAHE IUPOKHM IOIIH-
PEHHSAM OE3MPOBITHUX TEXHOJOrIH Ta MiXXMaITUHHAM
O0OMiHOM, PO3BUTKOM TEXHOJIOT1H XMapHUX OOYMCIICHB i
novyatkoM nepexony Ha IPv6. Onnak Bukopucranus [oT
y 06aratbox 00JIaCTSAX OOMEXEHO CKJIaJHHMHU MPOOIEeMH
B ctepi 3abe3nedeHns iHdopmariitHoi 6e3mekn. B na-
Hiif poOOTi BUKOHAHO aHai3 0araTopiBHEBOI apXiTEKTY-
pu 10T, a came: piBeHb CHPHUHSTTS, MEPEXHHUI PiBEHb
Ta NPUKIAJHUIA piBeHb. [IpoaHanizoBaHO mpoOiIeMH
3a0e3redyeH st 0e3MeKH Ha KOXKHOMY 3 PiBHIB IPUHHATOL
CTPYKTYpH Ta 3alpOIIOHOBAHO METOJM BH3HAUCHHS Ta
3arobiraHHs 3arpo3 cepenoBuia «IHTepHeT peueii».
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Internet of things: problems of information security and methods of improvement
Andriy Kovalenko, Roman Yaroshevich, Oleksii Balenko

Abstract. A new round of technical development of civilization, in the transition to automation of not only processes in in-
dustrial enterprises, but also processes occurring in everyday life, is to use a large number of small low-power from a computational
and energy point of view devices to perform simple tasks. This technology is the basis of the generalized name "Internet of Things"
(loT). Its ultimate goal is to allow the objects around us to effectively feel our environment, interact easily, and ultimately create a
better world for us. Because of this, by allowing devices to communicate when they are not properly protected, the Internet opens up
a number of significant vulnerabilities. Along with all the advantages and capabilities of new technologies, manufacturers of Internet
of Things components do not pay due attention to the problems of information security that arise in the daily use of individual com-
ponents of the system and the whole hardware and software complex. The main reason for the failure of manufacturers to implement
safety components is the high computational costs and, consequently, the high consumption of electrical energy, which is very im-
portant for equipment running on a stand-alone power supply. In addition, it leads to more expensive Internet of Things. This study
focuses on addressing security threats and vulnerabilities at each level of the loT architecture and existing access technologies, their
weaknesses, and offers solutions to improve the overall security of the system through a local loT gateway.

Keywords: Internet of Things; informational security; three-level architecture; sluice.

80


https://cyberleninka.ru/article/n/internet-veschey-kontseptsiya-prilozheniya-i-zadachi/viewer
https://cyberleninka.ru/article/n/problemy-bezopasnosti-internet-veschey-obzor/
https://cyberleninka.ru/article/n/informatsionnaya-bezopasnost-v-sisteme-internet-veschey/viewer
https://www.researchgate.net/publication/331318204_Internet_of_Things_Security_Problems

Ingpopmauiiini mexuonozii

YK 621.391

doi: 10.26906/SUNZ.2021.2.081

JI. O. Jleruenko, O. B. Xonakorcwkuii, B. I1. Komymber

HamionansHuii TeXxHIYHUN yHIBEpcUTET Y KpaiHu
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METOIOJOTTYHI IJIXOAN IO ABTOMATHU3AIIL MPOEKTYBAHHSA
E JEKTPOMATI'HITHUX EKPAHIB

AnoTaunin. JocrpkeHO MOXKIIMBOCTI aBTOMATH3AIII] MPOIIECIB MPOSKTYBAHHS MaTepiajiiB Ta KOHCTPYKIIH I eKpaHyBaHHS
€JIEKTPUYHIX, MarHITHUX Ta €IEKTPOMAr HiTHUX IIOJMIB IIMPOKOro YacTOTHOr O Jiarna3ony. IToka3aHo, 110 HeoOXiIHICTh aBTOMATH-
3aii MPOLECiB MPOEKTYBAaHHsT 00YMOBJIEHA 3AJIEKHICTIO 3aXUCHUX BIIACTUBOCTEHN (KOeillieHTIB eKpaHyBaHHS) MaTepialliB Bij Ki-
JIBKOX TIapaMeTpiB — MarHiTHOI Ta JieIEKTPUYHOI IPOHUKHOCTEH, eNeKTPOIPOBITHOCTI, TOBIMHN Matepiany. 1 KOMITO3HIiii-
HHX MarepiajiiB HeoOXi/THO BpaxOByBaTH 00 €MHHI BMICT 1 JIUCTIEPCHICTh €KPaHYFOYOr0 HAITOBHIOBAYA Y Ji€NIEKTPUYHIH MaTpPHIII.
Buxigarmy naHuMu € HeoOXi/tHI KoedillieHTH eKpaHyBaHHS (3 ypaxXyBaHHIM KOS]iIlieHTIB BiIOUTTS €IEKTPOMATHITHIX XBHIIb Y
JiarasoHi YIbTpaBUCOKHMX dacToT). Criparodnch Ha (pyHIAMEHTANIbHI CHIBBIHOIICHHS €JIEKTPOAMHAMIKM CYLIJIBHUX Cepeo-
BUIII, HA/IAHO CITIBBIJHOMICHHS JUTS ITOCIIIOBHOTO BH3HAYECHHS KOC(IIEHTIB 3aJIOMIICHHS Ta €KCTHHKIIIT MaTepiaiiB, 0 HaJlae
MOXUIUBICTh PO3paxyBaTH 3HA4YEHHS AIMCHOI Ta YABHOI CKJIAJIOBUX KOMIUIEKCHOI Ji€JIeKTpHYHOI NpoHMKHOCTI. Ha ocHOBI mux
3HAaYeHb BI3HAYAETHCS IMTOMA EJEeKTPHYHA MPOBiAHICTE MaTepiaiiB. Le, y cBoro wepry, 103BoJIsie BU3HAYNTH E€KBIBAJICHTHY IJIH-
OWHY NMPOHMKHEHHS BICOKOYaCTOTHOT'O eJIEKTPOMArHiTHOro 1moitsl y MaTepiait. [loka3aHo, 1o it po3paxyBaHHs BiJHOCHHX Mar-
HITHOI Ta JieIeKTPIYIHOI TPOHUKHOCTEH 3 TIPUHHATHAMI MOXHOKaMH JIONUTFHO BUKOPHCTOBYBATH CHiBBiHOIMIEHHS JIopeHTIa Ta
Makxkcsemta-['apHerra. st 150ro JOCTaTHHO MATH BiZIOMOCTI PO Ai€TIEKTPUYHI Ta MarHiTHI POHUKHOCTI KOMITOHEHTIB (SIKi €
JIOBITKOBUMH BEJIMYMHAMH) Ta 00’ €MHHMIT BMICT €KpaHyro4oi cyOcTaHMil y AieeKTprdHid MaTpur. e Hamae MOXXIMBICTE OHO-
3HAaYHO BU3HAUUTH 3aXHCHI BIIACTUBOCTI KOMITO3HILIIT Y IIMPOKOMY YaCTOTHOMY Jiarna3oHi. BpaxoBytoun 3aiexxHicTb edekTuBHO-
cri MarepianiB Bix Oaratbox (axTopiB, aBTOMATH3ALIis MPOLIECIB POSKTYBAHHS JIO3BOJIMT ONTHUMI3YBAaTH CHIBBIJHOIICHHS KPH-
THYHUX N1aPaMETPIB 3 ypaXyBaHHAM MarHiTHUX BJIACTUBOCTEH 1 BAPTOCTI KiHIIEBOIO MPOIYKTY.

Kar4doBi cioBa: elekTpoMarHiTHe Moje, €JEKTPOMArHITHUI €KpaH, eKpaHyBaHHs, KOe(ilieHT eKpaHyBaHHS, KOMIIO-

3UIIHHUNA MaTepia, aBTOMaTH3aIlis.

Beryn

EnextpomarHiTHa 00CTaHOBKA Y Cy4acHUX BHpPOO-
HUYMX, ODICHUX Ta HABYAILHHMX MPUMIIEHHIX Xapak-
TEPU3YETHCSl CKIIAJHOI0 JMHAMIKOI y MPOCTOpi 1 Yaci.
Ipn upomMy 3a NEBHUMH YaCTOTHHMH Ta aMILTITYIHUMH
3HAYEHHSMHU CIIOCTEPIracThCs MNEpeBHUIIEHHS abo Ha-
OJDKEHHSI 10 TPAHUYHO JIONYCTUMHUX piBHIB. Edexrus-
HUM 3acO0OM 3HM)KEHHS PIBHIB MOJIB, IO BIUIMBAIOTh
Ha JIIOJeH, € 3aCTOCYBaHHS EKPaHYIOUHX IOBEPXOHb.
AJle BHUKOPHUCTaHHS MArHITHHX, €JIEKTPOMATHITHUX
€KpaHiB HE 3aBXK/M BUIIPABIAHE Yepe3 MOXKIMBI 3001 y
BUPOOHUYHX MPOIIECax i MOTIPIIEHHs SKOCTI 0e31pOoTOo-
Boro 3B’s13ky. Kpim Toro, 3HauHi Koedili€HTH eKpaHy-
BaHH HU3BKOYACTOTHHX EJIEKTPHYHUX 1 MAarHiTHHX
TOJTIB aHAJIOTIYHUM YMHOM 3HIDKYIOTH ITPUPOJIHE MarHi-
THE T0JIe, 110 3a00pOHEHO YHHHUMHM HAIllOHATEHUMHU Ta
MDKHAPOJHUMH HOpMaTUBaMu. TakuM 4MHOM, 3aCTOCY-
BaHHS €KpaHyBaHHS IIOBHHHE PeaTi3yBaTUCS HA OCHOBI
peTeNbHUX MPOEKTHHUX POOIT 3 BH3HAYEHHS HEOOX1THO-
O 1 IOCTaTHBOTO PiBHS €KpaHyBaHH MOJIiB BU3HAYCHUX
4acToT i aMInriTyn. HaitGinem parioHaTbHAM € aBTOMa-
TH3aLis IPOEKTHUX POOIT, IO JO3BOJIUTH ONTUMI3yBaTH
3aXHMCHI BJIACTHUBOCTI €KpaHYIOUMX MaTepiamiB. Peamiza-
i aBTOMAaTHU30BAaHOTO IIPOSKTYBAHHS TalbMYEThCA
Yyepe3 HEBU3HAYEHICTh a00 HEONHO3HAYHICTH MaTeMa-
THYHOTO arapary MO0 PO3paxyHKy Koe]iIie€HTIB ek-
panyBaHHA. [IeBHIM YMHOM IIe OOYMOBIICHE HENOBHIC-
TIO 200 BiJICYTHICTIO BUXITHHUX JaHUX U PO3PaXYHKIB.
OCo0HBO 1€ CTOCYETHCS IHHOBAIIIMHUX KOMITO3HIIiii-
HUX MatepiajiB, s SKAX JaHI MIONO TOJMIOBHHUX Mapa-
METpiB — MarHITHUX Ta €IEKTPO(I3SUIHIX BIACTHBOCTEH
BIICYTHI y JOBIIKOBiH JiTepaTypi. ExcriepumenTanpHe
BU3HAYCHHS LIMX BEIUYUH JUI MaTepiaiiB pi3HUX CKIa-

JIB Tyxe BUTpaTHE. TOMY NOIIIBHUM € BU3HAYECHHS Ta
CHCTeMaTH3allis pO3paxXyHKOBUX METOMIB OOYMCIICHHS
HEOOXITHUX BEJIMUWH JJIsl PI3HUX THIIB 3aXUCHHX Ma-
TepiaJliB Ta HaJaHH] 3acajl ajJropuTMi3aiii MpoleciB
MPOEKTYBaHHs MaTepialliB Jjisi eKpaHyBaHHS EJIEKTPO-
MAarHiTHUX TOJIiB IIUPOKOTO YACTOTHOT'O Jliala3oHy.

AHani3 ocTaHHIX AocaixKeHb i myOmikaniii. 3ara-
JHUM HEJIONIIKOM JIOCHI/KEHb 3 TMPOEKTYBaHHS 3axHc-
HUX €KpaHIB € BiJICYTHICTh cHCTeMaTu3allii, sika O J03Bo-
nuiaa yHipIKyBaTH pO3paxyHKOBUiEl amapat. binmbiicth
poOiT crocyeThest a00 SIKOroch OJHOrO BIUIMBY [1], abo
OJIHOrO Kiacy MarepiamiB [2]. YV 0Oaratbox BHIaaKax
PO3paxyHKOBI METOIIM aOCTPaKTHI 1 HE MAIOTh MPUKIIA]I-
HOro 3HauyeHHs [3]. YacTKOBO BOHM MpWU3HAYEHI IS
BJIOCKOHAJIICHHS] KOHCTPYKILIIM €JIEKTPOTEXHIYHOro o0na-
JIHaHHS 1 HE MOXYThb OyTH 3aCTOCOBaHi Uil 3aXHCTY
nronieit [4, 5]. Y poboti [6] mokaszaHo, 1110 3aXKCHI Bllac-
THUBOCTI KOMIO3UIIIMHUX MaTepialliB 3a1eXaTh HaBiTh Bij
(hopMu YaCTHHOK, IIO 3a0e3MeUyloTh eKpaHyBaHHA. To-
My, HaWOUIbIle 3HAYEHHI Ma€ BU3HAYCHHS MAaTHITHUX
BJAaCTUBOCTEM KoMmosumiii [7]. YacTkoBO HeoOXimHi
BUXIJHI JaHi eKCTIEPUMEHTAIHHO-aHATITHIHO BI3HAYEHI
y [8], ajie BOHM MalOTh OKpEMHUii XapakTep Ui BUKOPHUC-
TaHHS YITKO BU3HAYCHHUX KOMIOHEHTIB. Y [9] HamaHO
3arajgbHi MiAXOAW IO pO3paxyBaHHS (IIPOTHO3YBAaHHS)
3aXMCHUX BJIACTUBOCTEH MatepianiB. AJie Ui KOMIIO3H-
il He HAJaHO BUXIOHUX MAaHHUX, Kl JalOTh MOKIMBICTH
OTpUMAaTH KiJIbKICHI 3HAUYEHHS MPHKIATHOTO XapaKTepy.
He 3paiificHeHO TaKOXK YiTKOTO PO3IUICHHS IPOBIIHUX,
HATIBIIPOBITHUX 1 HEMPOBITHMUX MaTepialliB, IO MOXE
MPUBECTH JI0 3HAYHHUX MOXHUOOK Y pO3paxyHKax.

TaxkuM YMHOM, HEOOXIIHO HAIATH ITOBHUMN JIAHIFOT
pO3paxyHKiB, TOYMHAOYU 3 OOYHCICHHA (i3HIHUX
XapaKTePHCTHUK, SIKi 3aBEPLIYIOTHCS OTPUMAaHHSAM CIIiB-
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BiJTHOIIICHHS 3aXMCHHUX BJIACTHBOCTEH Ta yciX mapamer-
PiB 3aXHCHOTO MaTepiaiy.

Meta po00oTH — HaJaHHS PO3PaXxyHKOBOrO amapa-
Ty, MIPUAATHOTO JUIS aJTOPUTMi3alii MpoIeciB IPOEKTY-
BaHHS €JEKTPOMArHITHUX E€KpaHiB BKIIOYHO 3 00YHC-
JICHHSIM MarHiTHUX Ta €JEeKTPO(]i3MYHNX BIACTHBOCTEH
KOMITO3MLIH 3 ypaXyBaHHsM cIenu(pikd eKpaHyBaHHS
TIOJTiB HA/IHM3BbKHX Ta YABTPABUCOKUX YaCTOT.

BukJiag 0CHOBHOTO MaTepiaiy

JIJis IpOEKTYBaHHS 3aXHUCHOTO a00 eJIeKTpOMarHi-
THOTO €KpaHy TOJOBHUM IIOKa3HUKOM € KoegillieHT
eKpaHyBaHHS TOJS, SKAH 3a0e3nedyeThcsl 3a TUX 4YH
IHIIMX CKJIAy, TOBUIMHY 1 KOHCTpYKILIii Martepiany. [Ipu
LOMY, PUHAHMHI JJIs1 BUCOKOYaCTOTHHUX TOJMIB, HE0O-
XiIHO BpaxOBYBaTH BHECOK KoeQillieHTa BIIOWUTTSA Yy
3arajbHUI KoedillieHT ekpaHyBaHHs. Buxosuu 3 ¢yH-
JIAMEHTAJIBHUX CITiBBiTHOIIIEHb 3racaHHs IEeKTpOMAarHi-
THOTO mons y ToBuii Mmarepiany [10], koedimieHTn ex-
paHyBaHHA Tong 3a NOTYyXHicTio Ke Ta koediieHT
BiJIOWTTS €NEKTPOMAarHiTHUX XBWIJIb Bijl TIOBEPXHI Mare-
pianry Ky, BU3Ha4aeThCs! CITiBBiAHOIICHHSIMU:

Ke:(n+1)+;(2 exp[z;m)d] O
4n c
(-1 + 47
b+ + 42 @)

ne N — koeillieHT 3aI0MJIeHHs MaTepiany,  — koediri-
€HT NOIVIMHAHHA MaTepiaiy, @ — KOJIOBa 4acToTa elleK-
TPOMAarHiTHOI XBWii, 0 — TOBIIMHA 3aXHCHOTO MaTepia-
1y, C — NIBUJIKICTh PO3NOBCIO/PKEHHS XBHJII.

[MoTpiOHI KoedilieHTH ekpaHyBaHHs (Y TOMY YHC-
Ji IonycTUMi KoedilieHTH BiIOUTTS) BU3HAYAIOTHCS 32
pe3yabTaTaMH HaTYpHHX BUMIpIOBaHb, IO HAJa€ MOX-
JIUBICTH 3’CYBaTH HEOOXI/IHI CTYIEHI 3HW)KEHHS TOJISL.

Takum unHOM, 3Hatoun 3HaueHHs Ke ta Kp 3 piB-
HsHb (1) 1 (2) MOXKHA BU3HAYMTH 3HAYECHHS N Ta Y, sIKi
MOBUHEH MAaTH 3aXUCHHH Marepian. J[is maTepiaiiB 3
BiJTHOCHOIO MarHiTHOIO TIPOHHUKHICTIO, OJIM3bKOIO 110 1:

n2 — 42

ne € Tta €” — pilicHa Ta ysSBHA CKJIaJOBI KOMILIEKCHOI
JIEeJIeKTPUYHOI MPOHUKHOCTI MaTepiaty, 3BiAKHU:

n:\/(g'+m)/2; ;(z\/(—g#m)/z,

10 HaJa€ MOXKJIMBICTD BU3HAYHUTH TOTPiOHE CIiB-
BimHOMIEHHS €' Ta € MaTepiay 3a BU3HAUEHOI YaCTOTH
€JIEKTPOMATHITHOT O TIOJIS, SIKE IMTOTpe0ye eKpaHyBaHHS.

3a ymoBu ©—0 (HagHU3BKI 9ACTOTN)

=g'; 2n;(2 =6‘",

e(w)=i-4rnc/w ,

Jie G — IMUTOMA TPOBIJHICTH MaTepiamy.
VYsBHA YaCTHHA € € BEIUKOI IOPIBHSHO 3 JiHic-
HOIO, SIKOF) MOYKHA 3HEXTYBATH.

& =dnojw; n=y=\270/w,
o0 HaJga€ MOXIHUBICTh MOMEPETHBOTO OIIHIOBAHHS

€IIEKTPONPOBITHOCTI 3aXHCHOIO MaTepiamy.
et moka3HUK HEOOXiAHUI T BU3HAYCHHS O

o= ]/(a)yaa) '

0 ToKa3ye TIIMOUHY, 1 ToJIe 3HIKYEThCS y €=2,7 pasiB.

Juist po3paxyHKy HEOOXiTHO TakoX 3Ha4YeHHS ab-
COJIFOTHOI MarHiTHOI MPOHMKHOCTI MaTepiaiy L.

Jist ycix cTaHAapTHUX METaJeBUX MaTepiaiiB BO-
Ha BijoMa. AJjie U KOMITO3MI[MHUX MaTepiaiiB (Ha-
TPHKJIA]], MATHITO/iCIEKTPUKIB) TOBIKOBI JIaHi BiCyT-
Hi. 3 MPUAHATHOK TOYHICTIO BITHOCHY MarHiTHY IpO-
HUKHICTh MOXXHa BU3HAYUTH, BHXOISYM 3 00 €MHOTO
BMICTY MarHiTHUX YaCTHHOK Y Ji€JNIEKTPUYHIA MaTpHIli.
SIKmo BBaKaTM YaCTUHKM HANOBHIOBAYa KPYIIIUMH 1
PIBHOMIPHO PO3MOIUIEHUMH Y Ji€JIEKTPHUKY, TO MOXKHA
CKOpHCTAaTHCS CIiBBiqHOmEeHHsIM JlopeHTia:

=140y, (i 1) [ (1+ (1= 01 ) (11 =D /3)

Je Um — O0’€MHA JONs MarHiTHOrO HAallOBHIOBadYa y
JUeNIeKTpUYHINA MaTpulli, [lm — BIIHOCHA MarHiTHa Tpo-
HUKHICTh ()epOMArHiTHOIO HAINOBHIOBaYa.

Juis BU3Ha4YeHHs KoeQilieHTa BiIOWTTS MarHito-
JICNIEKTPUKa HEOOXiJHE 3HAYCHHS BiJHOCHOI JieNICKT-
PHYHOI MPOHMKHOCTI. 1i 3HAYEHHS MOKHA BM3HAUMTH,
ckopucTaBUIuch Gopmynoro MakcBemia-I'apHerra:

£—&q g
E+2¢

m — €d

" e, +2¢,

JIe € —BIIHOCHA JiC/IEKTPUYHA MPOHUKHICTh KOMIIO3H-
11ii, & — BITHOCHA JiCNEKTPHYHA MPOHUKHICTh IiCJICKT-
pUYHOI MAaTpUIl, €m — BIJHOCHA JieJICKTPUYHA MPOHHUK-
HICTb HAIIOBHIOBAYa, Lm— 00’€MHA OIS MAar”iTHOro
HAIOBHIOBAYa Y KOMITO3HIIi.

Criz BpaxoByBaTH, IO CIIBBiHOIICHHS CIpaBel-
JauMBe IS Ly, <1/3. JlocBix mokasye, 1o I IpoIop-
ISl y peajbHUX YMOBAaX BHKOHYETBCS MaibKe 3aBXKIIH.
Hampukinan, nonaBaHHs 1piOHOAMCIIEPCHOTO MarHETHTY
y momiMep y KinbkocTi 60% (3a Baroro) BiAmoBimae
00’eMHOMY BMicTy 28%.

Marouu KiTbKICHI 3HaY€HHS |1 Ta € MOKHA po3pa-
XyBaTH XBUIILOBHUH OIip KOMITO3HUIIIT:

Z,u =\)ﬂa/ga !

e Hy = okt to = 1,26- 106 T'a/Mm,

€0 = 86 1012 ®/m.
BiamnoBinHo, KoedimieHT BiAOUTTSL:

Ky =(21-2,)/(21+Z,),

nie Z1 — XBIIHOBHUH OIip 3aXHCHOT0 MaTtepiaiy, Zo— omip
CEepe/IOBUILIA  PO3IMOBCIO[DKEHHS  €JIeKTPOMAarHiTHHUX
xBWIb (uist oBiTpst Z,=377 Om). HaBeneni naHi Haja-
FOTh MOXIIUBICTh 3 NPUHHATHOIO MOXUOKOIO ITOTIepe/I-
HbO OLIIHUTH HEOOXiJHI CKJIaJ, MarHiTHI Ta eaekTpodi-
3UYHI TTapaMeTpy, HeoOXiIHy TOBIIMHY 3aXHCHOTO Ma-
Tepiany. Y peampHHX YMOBaX JAOLITBHO 3a(iKcyBaTw,
HAIPUKIIAJl, TOBIIMHY i OI[IHIOBaTH JOCTATHIO KOHIICH-
TpaIio eKpaHyl4oi CyOCTaHIl y BUXIZTHOMY MaTepia-
nmi. CTBOpeHHS MPUKIATHOTO MpPOTrpaMHOro 3abesrre-
YeHHs, sIKe aBTOMATHU3YeE TPOIIEC MPOSKTYBaHHS MaTepi-
aiy, JDO3BONIUTH ONTHUMI3YyBAaTH YCi MapaMeTpu eKpaHy-
FOU0i KOHCTPYKIIII 3 ypaxXyBaHHSAM MOTPIOHOI THYYKOCTI
MaTepiary, MiIIHICHAX XapaKTEepUCTHK TOLIO.

£y =EYE
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AJTOPUTM BKITIOYAE ITOCTIIOBHICTH [iH, BHKJIAJC-
HUX Y CTaTTi, ajie IPH [bOT'0 3a/1af0ThCS TIEeBHI TPaHNYHI
YMOBH, HalpuKIaj, TOBIIMHA MaTepiany. Ha HacTymHHX
eTanax BU3HAYAETHCS SIKUM ITOBUHEH OyTH CKIIaj KOMIIO-
3UTY JUIsl 3a0e3leYeHHs MOTPIOHMX CTYIIEHIB 3aXHUCTY.
AJropuTM Ma€ 3BOPOTHI 3B’S3KH 4epe3 HEOOXiTHICTh
BHECEHHS! KOPEKTUB y B3a€MOIIOB’s13aHi el1eKTpoQi3HyHi,
MarHiTHI Ta F€OMETpHYHI XapakTepuctuku. [Ipm mpomy
HeoOOB’SI3KOBO PO3B’si3yBaTh 3amady ontumizauii. [Ipm
peadtizarlii IporpaMHOro 3a0e3MEYCHHS TOCTATHHO BHKO-
PHUCTOBYBaTH MeTO IEpeOOPY BXiTHUX JaHUX.

BucHoBku

1. ABromaru3amisi IpPOSKTyBaHHS €JIEKTPOMArHIT-
HUX €KpaHiB MOXXJIMBA 32 YMOBHM BH3HAU€HHS OJJHO3HAU-
HOTI'O aJITOPUTMY PO3PaXyHKIiB MOTPIOHMX 3HAYCHb 1 Ta-
pamerpiB. BuxinHoro iHpopmali€to € GpakTH4HI aMIUTTY-
JTHO-YACTOTHI XapaKTEPUCTHKH MarHiTHOTO, eIEKTPUYHO-
IO Ta EJEKTPOMATHITHOTO TOJIs, sIKe MOTpeOye eKpaHy-

BaHHs. Lli naHi BU3HAUaroTh MOTPiOHI CTYNEHI 3aXHCTY,
TOOTO KOeiliEHTH eKpaHyBaHHS IO (y TOMY YHCIi i
KOe(iIi€HTH BIIOUTTS €IEKTPOMATrHITHUX XBHUJIB).

2. Jlns 3abe3meveHHs HEOOXiMHUX KOEQIIliEHTIB
TIOTJIMHAHHS Ta BIIOWTTS PO3PAaxOBYIOTHCS IMOCIHIOBHO
KOCIIIEHTH 3alOMJICHHS Ta eKCTHHKINI Marepiany,
JUENIeKTpUYHI TPOHUKHOCTI 3 ypaxyBaHHAM YacCTOTH
€KPaHOBaHOTO TIOJIS.

3. Oco0nMBICTIO KOMITO3MLIHHAX EKPaHYIOUHX
MaTepialiB € BIJCYTHICTb JOBIJKOBUX JaHUX IIOJO
MardiTHUX Ta eJeKTPO(i3MYHUX BIACTHBOCTEH. IX BH-
3HAauYCHHS (OIIHOYHE) MOXJIMBE 3aCTOCYBAHHSIM CIIiB-
BimHomeHb Jlopenta ta MakcBema-I"apuerra. 3 ypa-
XYBaHHSM 00’€MHOI YacTKH JpiOHOIUCIIEPCHOI eKpa-
HyIoUoi cyOCTaHIil y NieNeKTPUYHIA MaTpHILi.

4. 3anexHicTh KoeillieHTIB €KpaHyBaHHS BiJ Ki-
JBKOX TapaMeTpiB pOOWTH JOIIJIBHHM aBTOMATH3ALII0
MPOLIECIB MPOEKTYBAHHS 3aXUCHUX MaTepialiB, 11O JO-
3BOJISIE ONTUMI3YBATH CKJIaJl KOMIIO3UIIIi Ta 11 TOBIIMHY.
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Methodological approaches to automation of electromagnetic screens
Larysa Levchenko, Oleksiy Khodakovskyy, Vadym Kolumbet

Abstract. The possibilities of automation of processes of designing materials and structures for shielding electrical,
magnetic and electromagnetic fields of a wide frequency range are investigated. It is shown that the need for automation of de-
sign processes is due to the dependence of protective properties (coefficients of shielding) materials from several parameters —
magnetic and dielectric permeates, electrical conductivity of the thickness of the material. For composite materials it is necessary
to take into account the volumetric content and dispersion of the screening filler in the dielectric matrix. The initial data are the
necessary shielding coefficients (taking into account the reflection coefficients of electromagnetic waves in the range of ultra-
high frequencies). Based on the fundamental ratio of electrodynamics of continuous media, the ratio for successive determination
of refractive indexes and extinction of materials, which provides the ability to calculate the values of the actual and imaginary
components of complex dielectric permeability. On the basis of these values, the specific electrical conductivity of materials is
determined. This, in turn, allows you to determine the equivalent depth of penetration of a high-frequency electromagnetic field
into the material. It is shown that for calculating relative magnetic and dielectric permeations with acceptable errors, it is advisa-
ble to use the ratio of Lorentz and Maxwell-Garnet. To do this, it is enough to have information about the dielectric and magnetic
permeability of the components (which are reference values) and the bulk content of the screening substance in the dielectric
matrix. This allows you to uniquely identify the protective properties of the composition in a wide frequency range. Taking into
account the dependence of the effectiveness of materials from many factors, automation of design processes will optimize the
ratio of critical parameters taking into account the magnetic properties and cost of the final product.

Keywords: electromagnetic field, electromagnetic screen, shielding, shielding coefficient, composite material, automation.
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TECHNOLOGICAL CHARACTERISTICS
OF THE E-LEARNING SYSTEMS DEVELOPMENT

Abstract. Modern information technology can significantly increase the personalization of learning activities and
provide continuous feedback between a teacher and a student, through the widespread implementation of distance
learning. At the same time, in order to provide the required level of distance learning process, an important task is to
design new information systems that will allow teachers to use various forms of communication with students in
learning activities.E-learning resources are investigated. The article describes and analyses the most popular web
platforms for electronic education and determines Moodle system as the most functional one, but difficult for users
who are unfamiliar with web technologies. Features of e-learning resources and the main requirements to their design
and functionality are studied. The relevance and expediency of the use of information technologies in education are
described in the paper and self-engineered information system of e-learning is suggested, its main functions and sce-
narios are determined and system on an abstract level is described. The main user characteristics are given and their
connections with system usage cases are determined.

Keywords: informatization, educational Internet resources, e-learning, user interface, information systems, computeriz-

ing, digitalization.

Introduction

Lately, all spheres of human life are becoming
more digitalized, and therefore it can be stated that
modern society is an information society. The education
sphere is not an exception. In order to have the neces-
sary computer skills in further life, people need to be
taught this from childhood. Therefore, educational in-
formation technology today is a necessary condition for
the full informatization of society.

Articulation of issue. One of the trends of im-
provement of education quality is learning transition to
electronic mode at different levels of the educational
process. This allows students to pay more attention to
important topics individually and to study interesting
material more fundamentally, which is not physically
possible to provide in the classroom for a limited
amount of time.

The topic of e-learning is very relevant in today's
reality and although more and more attention is paid to
it, it still needs more detailed research.

Analysis of research and publications. An analy-
sis of recent research and publications has shown that
most of them are aimed at studying an impact of online
environments on the educational process, rather than
directly studying the interface and functionality of
online resources.

Formation of the purpose of the article. The
main purpose of the article is to analyse existing e-
learning systems, identify their advantages and disad-
vantages and provide recommendations on the neces-
sary functionality and more appropriate design of edu-
cational resources.

Relevance of e-learning. The rapid development
of the Internet and the growth of its information and
communication abilities contribute to the rapid devel-
opment of e-learning. That is why one of the priorities
of the modernization program of educational activities
in Ukraine is distance learning [1, 2].

Distance learning is widely spread in many coun-
tries around the world. The United Kingdom was the

first to apply this kind of education, where the first
university of distance education was opened in 1969.
Today, the United Kingdom is the first among European
countries in terms of providing teachers with access to
modern IT technologies.

The design of electronic resource.

While designing the electronic resource it is ac-
cepted to use motivation management approach, which
means that each element of resource design was in-
volved in energization of need in cognition and learn-
ing, this learning strategy also includes the selection and
presentation of educational materials, as well as the
selection and planning of educational activities [3-7].

Educational websites should not distract students
from learning, their interface should be simple and con-
cise, and what is most important user-friendly. Children
should be able to choose their own schedule and get
access to any learning materials at any time.

One of the main qualities of software is conven-
ience and simplicity of use, it means the information
system must be adaptable to different screen formats, so
that each user, regardless of their hardware, can access
it [8]. Also, students and teachers do not have to get
used to and learn the rules of using the resource for a
long time. It means, the developer in his pursuit of rich
resource functionality cannot neglect or forget such an
important indicator as the clearness of information sys-
tems for the user [9].

Functionality of the electronic resource

The main task of e-learning resources is to provide
students and teachers with the most convenient func-
tionality for better communication. It means that the
learning resource should be rich in functionality, so that
the teacher could give extra explanation of difficult
material to students, test them, and review the test re-
sults, draw conclusions about success and determine
which material was mastered worse, for further revision.

Teachers need to receive completed student's
homework. Checking homework before the lesson starts
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can significantly increase the lessons’ productivity,
because when teacher can understand in advance if
students have mastered only part of previous material,
the next lesson he can focus on revision of previous
topic, but not moving on to the next one, which can
cause problems with undigested material among stu-
dents [10, 11].

Students, in their turn, should be able to contact
the teacher and ask questions on difficult parts of the
topic. Constant access to all learning materials is also
important.

The learning resource should be flexible enough to
provide the teacher with the necessary functionality to
create tests and add materials.

Comparative analysis of existing
information e-learning systems

There are lots of e-learning resources. The analysis
of existing e-learning systems allowed identifying the
most popular, among them there are:

Moodle [12],

Ilias [13],

ATutor [14].

Moodle is free open Australian platform for dis-
tance learning that allows you to use a wide range of
tools for teacher-student interaction. For instance, this
platform provides an opportunity to present material in
various forms, to test students using a wide range of
open and closed questions, and students have an oppor-
tunity to send the teacher completed task by attaching
an appropriate file to the resource. Today, Moodle is the
most common distance educational system.

The system provides a wide range of tools for
monitoring the students’ learning activities: the teacher
or the administration of the educational institution can
review the total time of the student's work on a particu-
lar subject, topic or e-learning material, the overall per-
formance of each student or the whole class.

The main advantages of this resource are:

— an availability of its full code in open access,
which allows you to fully customize the functionality
and design of the site for specific needs and desires;

— a large number of ready-made plug-ins that al-
lows significantly expand the standard functionality of
the platform;

— a developed community that is constantly up-
dating the system and adding new plug-ins;

— a wide choice of ways to add a new user: it is
possible to add a user manually, import from a file or
invite him by e-mail, and if it is necessary, users can
register in the system [14].

The main disadvantage of Moodle is its complexi-
ty for the average user, it means that to administer the
resource and quickly install and run the platform, the
educational institution will need a special employee
with IT experience. The system is quite overloaded with
functionality that can slow down the work.

Among the features of this platform its easy inte-
gration with other services, which is very convenient
should also be highlighted.

Moodle easily combines with other platforms, such
as WordPress or Zoom.

Ilias is a German web platform, its main feature is
a simple and user-friendly interface, it is similar to a
social network, so it will be easy for students and teach-
ers to learn and get used to the resource.

The platform has quite wide range of functionality
and a powerful test editor with the function to create 17
types of questions.

Compared to Moodle, llias is very easy to use and
configure, but it requires a person with special
knowledge to install it and start work.

The interface and functionality of the platform can
also be changed, but as the resource does not have an
open source, this can only be done with plugins. The
platform has tools for notification and communication
between users, as well as forums, discussions and news-
letters.

Ilias has a built-in content constructor that allows
teachers to create surveys, exercises and tests for stu-
dents. The platform allows creating and assigning learn-
ing materials.

As well as Moodle this platform has a wide range
of ways to add to users to the website.

ATutor is a Canadian web-based learning man-
agement system with easy-to-use tools for teachers,
which makes it easy to create and transfer educational
materials, as well as create your own online courses.

The system defines three types of users: teachers,
students and administrators, each type of user has its
own abilities. One of the features of this system is that
students can edit personal information, as well as use a
convenient search system on the website.

ATutor has a built-in course editor that provides
quite flexible settings and helps teachers personalize
their courses and create the course page that will focus
on more effective education for certain age and study
groups. The system also has an interface with a high
level of adaptability due to the modules.

Although interface is easy and user-friendly, sys-
tem installation and administering requires special skills
and a plenty of time. The functionality of the platform
depends on the installed modules, which is one of the
problems of the resource, as the old modules may not be
supported by new versions of ATutor, and there are not
many supported modules. The main functionality of the
system is conducting courses and testing, collecting
statistics.

Self-engineered information system

Having analysed the existing information systems,
self-engineered version of web resource for e-learning
was suggested.

The work of e-learning system is defined and de-
scribed with the help of adequate to subject area model,
for this purpose the context diagram in notation IDEFO
was constructed. (Fig. 1).

The system has three inputs (homework, students
and education material), which are processed using
three control streams (curriculum, the regulation of the
general educational institutions and the Ukrainian laws
on education) and the mechanism (teacher) and goes to
the outputs of the system — student performance in sub-
jects and the students’ rating in the class.
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After the general description, a functional decom-
position of the system was made and a decomposition
diagram was constructed (Fig. 2).

The main functions, which it will provide, were
defined, namely:

— adding, editing and reviewing schedules;

— adding, editing and reviewing the educational
materials;

— adding tests and display of an assessment after
their passing;

— user’s ability to review their mistakes after test-
ing all students;

— adding, editing and list of homework tasks on
the site;

— teacher’s ability to assess the homework;

— signing on new students in the system;

— a personal account for each user with infor-
mation about their grades, if it is a student, or, if it is a
teacher, about completing homework sent him by stu-
dents.

Charter of Curriculum Laws of Ukraine
a secondary school on education
Homeworks Performance of students
P in subjects
Educational materlale‘: Learning process Rat_ing of students
Students of the class in the class >
Teacher

Fig. 1. Context diagram

Curriculum Charter of Laws of Ukraine
I a secondary school on education
_ I
Educational I Materlgls
material Educational | on topics
materials
placement
b
"y
Homework]
Students of the class Teaching
p lessons
[y
v Homework
»l grades
Homewaorks Homework
check
v Grades
for test
Testing
- Y
Student performance
in subjects
-+ [poBepeHHA [
TemaTwusora | Rating of students
ouiiosanna | Inthe class

Teacher

Fig. 2. Decomposition diagram

Then, five main operating scenarios of the infor-
mation system were defined:

1. Educational material assignment — teacher logs

into his account in the system, chooses the subject, then
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chooses or if it is necessary creates a new topic and
clicks the add material button, then uploads the desired
file to the website from his computer. If a user is logged
into a “Student” account, he cannot add learning materi-
al to the system.

2. Adding homework — the student logs into his
account, chooses the subject he needs and adds work,
after that the system automatically sends a message
about the added homework to the personal account of
the teacher of the selected subject. If a user is logged in
to a “Teacher” account, he cannot add homework to the
system.

3. Adding tests — the teacher logs into his account,
selects the necessary subject and topic, then the user
adds each question, answer options and indicates the
correct one, then saves the test and determines the time
for its completion, when it is available for students and
which groups of students should do it (because several
groups, for example 10-A and 10-B, can learn this
discipline and the schedule of their classes is different),
after that each student, who learns this course will au-
tomatically get information about the necessity of com-
pleting the test and time given for this.

4. Completion of tests — a student logs into his ac-
count, sees a system message about the available test,
goes to the necessary discipline and clicks on the test,
then after selecting all the correct answers the user

clicks "Finish test", after that the system displays the
score for the test, however mistake viewing has not been
yet available. After the test is closed for completion, a
student can see how many correct answers he gave, and
which questions he answered wrong. The teacher who
uploaded the test to the website will receive a massage
about completing the test by the students in the personal
account, after that he can review students’ grades and
mistakes.

5. Viewing grades — a student logs into his account
and goes to the section "Grades", which displays all the
subjects the student is enrolled for and grades from
homework and tests, also in the section "Final evalua-
tion" the final grade for each subject is displayed .

Three main types of users of information electron-
ic system are defined:

1. Administrator supports the system operation
and helps users in case they have some problems with
the system.

2. Teacher is a user who provides students with
learning materials, conducts testing, checks homework
and evaluates students' education.

3. Student is a user who uses learning materials,
does homework and completes tests.

The diagram of usage options (Fig. 3) shows all
the scenarios of working with the system and their con-
nection with users.
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Fig. 3. The diagram of usage options
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The use case diagram shows that each type of
users should have access only to limited functionali-
ty; it means that a student cannot have rights for edit-
ing the learning material on the website to avoid
unwanted or accidental changes in the course of the
discipline.

Also, students should not see progress reports of
the whole group, as information about grades is confi-
dential, only the teacher and the administration of edu-
cational institution have the right to view it, and stu-
dents in turn can only see their own grades.

From the point of view of information security, e-
learning is undoubtedly the best alternative to the classi-

Conclusions

Modern information technology can significantly
increase the personalization of learning activities and
provide continuous feedback between a teacher and a
student, through the widespread implementation of
distance learning.

At the same time, in order to provide the required
level of distance learning process, an important task is
to design new information systems that will allow
teachers to use various forms of communication with
students in learning activities. Among existing e-
learning systems, Moodle is the most functional, but

difficult to use for users who are unfamiliar with web
technologies.

cal one, as the storage of grades in paper journals has a
very low level of privacy.
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TexHoJ10riuHi 000 IMBOCTI PO3POOKHU CHCTEM €J1eKTPOHHOI0 HABYAHHSA
A. C. Jlomanuenko, O. C. Xnononin, T. M. lepkay, T. A. JImurpenko

Anoranisa. CydacHi iHpopManiliHi TEXHOIOTIT MOXYTh 3HAYHO 30UIBIIMTH MEPCOHAI3AMI0 HABYAIBHOI JisUTBHOCTI Ta
3a0e3MeUnTH MOCTIHHUI 3BOPOTHUIA 3B’ S130K MK BUKIIa[a4eM Ta CTYJCHTOM 3aBISKHU IIMPOKOMY BIPOBA/KEHHIO IUCTAHIITHOrO
HaBYaHHS. Y TOM e 4ac, Wi 3abe3neyeHHss HeoOXiMHOrO PIiBHS MPOLECY AMCTAHI[IIHOrO HABYaHHS BAXKIMBUM 3aBAAHHSIM €
po3pobka HOBHX iHGOPMALIMHUX CUCTEM, 5K JO3BOJISITH BUMTEISIM BUKOPHCTOBYBATH Pi3Hi (GOPMHU CIINIKYBaHHS 31 CTYISHTAMU
B HaBUAIBHIN HisUTbHOCTI. J[OCTIIKEHO eNeKTPOHHI OCBITHI pecypcd. Y CTATTi OMUCAHO Ta MPOAHATI30BAHO HAWMOMYSPHILI
BeO-11aThOpMU TS €IEKTPOHHOI OCBITH Ta BU3HAYEHO, 1110 cucreMa Moodle € Hai6inbin QyHKIIOHATBHOIO, TIPOTE CKIIAJHOI Y
BHUKOPUCTAHHI /I KOPUCTYBAUiB, SKi HE 3HAHOMOI 3 BeO-TEeXHONOTiIMH. PO3TIISIHYTO 0COOIUBOCTI SIEKTPOHHUX OCBITHIX pecyp-
CiB Ta TOJIOBHI BUMOTH JI0 1X Au3aitHy Ta QyHKIioHATy. Y po0OOTi OMMCAHO aKTyalbHICTh Ta MOLIIbHICTE BUKOPUCTAHHS iH(DOp-
MaIliiHUX TEXHOJIOTIH Y OCBITI Ta 3aMPOMOHOBaHO iH()OPMAILiHY CHCTEMY eleKTPOHHOI OCBITH BIACHOI pO3pOOKH, BU3HAYEHO 11
OCHOBHI (YHKIIi1, ClIeHapii poOOTH Ta OMUCAHO CUCTEMY Ha abCcTpakTHOMY piBHi. Hamana xapakTepuCTHKa OCHOBHHX KOPHCTY-
BadiB Ta BU3HAYCHO 1X 3B’3KM 13 BapiaHTAMU BUKOPUCTAHHS CHCTEMH.

KawuoBi caoBa: inpopmarusailis, OCBITHI iHTEpHET pecypcH, eIeKTpOHHe HaBUaHHsI, iHTepdeiic kopucTyBaya, iH(O-
pMariifHi CHCTeMH, KOMIT FOTEPH3ALIis, TUHKATATI3aIlisL.
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"Yepxacwkuii nep:xaBHuii TexHOMOTiUHMIA yHiBepcuTeT, UepKacu, Ykpaina
HanioHanbHOTO aepOKOCMiYHOro yHiBepcuTery iM. M.€. JKykoBchkoro «XapKiBChKuii aBianiitHuit in-

CTUTYT»

CUCTEMHUH NIIXIJ IO TOBYIOBH IHOOPMAIIMHOI TEXHOJIOTI'TI
NIABUIIEHHS EOEKTUBHOCTI JIAHIIOT'A TIOCTAYAHb TOBAPIB

AHoTanis. BusHaueHna HeoctaTHs e(heKTHBHICTD iCHYIOUMX 3ac001B iH(OpPMAIiHHOI MTiATPUMKY IOBHOT'O JIAHITIOTA TT0C-
Ta4yaHHs, 00yMOBIIeHa HEOOXIHICTh 1X MozepHi3amii. MeTor po6oTH € 3aCTOCYBaHHS CHCTEMHOTO ITiIXO/y K METOI0JIO-
rii moOynoBu iH(pOpMaLiiiHOI TEXHOJOTIH MiIBUINEHHS CHCTEMHOI €(eKTUBHOCTI JaHIfora ocTadaHHs ToBapis. Pe3yib-
TaTu. Y cTaTTi chopmMoBaHi AesKi MpobiIeMH 1 HmiaxXoau 1o iHpopMaTn3anii BUPOOHIYHX MPOLECiB IOBHOI'O JIAHIIOTA TT0C-
TavyaHb ToBapiB. [logaHo 3acTOCYBaHHS CHCTEMHOTO IiIXOAY SIK MeToHoMorii noOynoBH iHdopMariifHoi TexHOMOoriH M-
BHILCHHS CHCTEMHOI e()eKTHBHOCTI JIaHIfora ITOCTayaHHs ToBapiB. IHTerpamnis iHGopmamiiiHuX i BHpOOHNUMX TEXHOJIOTiN
3a0e3redye BUCOKY SKiCTh OOCIYroBYBaHHS IIOBHOTO JIAHIIOTa IocTadaHb ToBapiB. @opMyBaHHS iH(pOpMAIiiHOTO cepe-
JIOBHIIIA HEOOXiHE IS BUPIIICHHS YChOr0 KOMIDIEKCY 3aBJaHb COIIalIbHOT0, EKOHOMIYHOT0, HAyKOBO-TEXHIYHOT'O yIpaB-

JIIHHSI TOBHUM JIAHITIOI'OM I1OCTa4YaHb TOBapiB.

Kaw4yoBi ca1oBa: CHCTEMHUIA MiAXi, )KATTEBUH IUKJI, JIAHITIOT TIOCTAYaHHsI TOBAPIB.

Beryn

ITocTanoBka npoodsiemMu. B cyuacHoMmy cBiTi edek-
TUBHICTh Oi3HEC MPOIIECIB HA PEriOHaJIHLHOMY Ta HAaIlio-
HAJILHOMY PIBHSX, 3HAYHOI MIPOIO 3aJIGKHUTh Bifl SKOCTI
oprauizaifii JIOTICTHYHHUX CHCTEM. THUIIOBMM 00’ €KTOM
TyT BHUCTYyNae noBHuil janior nocradanus (ILJIIT) To-
BapiB, II0 € CKJIAJHOKI COI[IOCKOHOMIYHOI CHCTEMOIO,
sKa CKJIAJIAE€THCS 13 BENMKOI KUTBKOCTI MOCTaYabHHUKIB
cupoBuHH, (okycHOT KommaHii (mepepoOka Ta TNaky-
BaHHs), CKIIAJICbKUX TEPMIHAJIB, JUCTPHO I0TOPIB, MHT-
Hux Opokepis, 3PL ta 4PL-npoBaiinepis, piteiinepis.

3a cBoeto npupoporo, [T € cxiagHo0 AuHAMIY-
HOIO CHCTEMOIO, Julsi (DYHKIIOHYBaHHS SKOI XapaKTepHi
Taki OCOOJIMBOCTI: TOPIBHSHO BEJHMKa KUIBKICTh He3a-
JISKHUX YYACHHUKIB Oi3HEC MPOIIECiB; BaXKO (hopMasizy-
eMHil xapaktep B3aemopil Mix ywacHukamu [TJII1, ski
YacTO € KOHKYPEHTaMH; BHCOKa JMHAMIKa 3MiH y cepe-
JIMHI CHCTEMH, II0 MarTh Micle Mpu (QYHKIIOHYBaHHI
T [1] .

3a3Ha4yeHi OOCTaBMHM Ta HEOOXIIHICTH PO3TIAILY
mpoOJieMH B IIJIOMY BU3HAYAIOTh HEJAOCTATHIO e(eKTH-
BHICTh ICHYIOUMX 3ac00iB iH(OpMAaIiiHOT MiATPUMKH
[JIIT, Ta 00yMOBITIOIOTH HEOOXIAHICTD TX MOAEpHI3allil.

AHani3 ocTraHHIX AocTdigKeHb i myOmikamiid.
3HayHUA BHECOK y PO3BUTOK IHUTAaHb, IOB'S3aHUX i3
BUKOPHCTAHHIM 1H(pOpMaIIHHUX TEXHOJOTIH Ta CUCTEM
I yrpaBiiHHS kuTTeBuM 1wkiom [T, BHecTH Taki
BiTUM3HAHI 1 3apyOixkHi BueHi: M.M. IlonToparpkuii,
A.M. Ky6miit, H.B. Bamenko, JIx. Crok [2], 1. Jlam-
6epr, J. Yorepc, Ix. Kioce [3] ta in. Busnauni pe-
3yJAbTATH B I[bOMY HANpPSAMKY OTPHMaHi HayKOBO-
JOCIHITHAMH IICHTPaMHU TaKuX po3poOHMKiB sk Dassault
Systemes (®panmis), Siemens PLM Software (Himeu-
gnra), Unigraphics (CIIA) ta in. [opsx i3 muMm, crre-
mudika ¢yakmionyBanas [T e mo3Bomsie Gesmoce-
penHBO 3aIisSTH BiAIOBIAHI CTAHAAPTHI 3aCO0M aBTOMAa-
TH3amii TpoIEeCiB B3a€MOIil YUYaCHUKIB JAHIFOTa, OCKi-
JMBKU TIi pO3pOOKH HE 320€3MedyroTh €PEeKTHBHOTO BH-
pIIIEeHHS BCHOTO KOMIUIEKCY 3a1a4 iHpOpMaiiHOI Tij-
TPUMKH IIPOLIECIB B MEKaxX MOBHOI'O JIAHIIIOTA.

MeTor podOTH € 3aCTOCYBaHHS CHCTEMHOTO ITij-
XOJly SIK METOZOJIOTIT MoO0YA0BH 1H(POPMAIIIHOT TEXHO-
JIOT1¥ MiJBHUINEHHS CUCTEMHOI e()eKTHBHOCTI JaHIIora
MOCTa4aHHsI TOBAPIB.

OcHoBHui MaTepian

OCHOBHI HamnpsiMHM Mi/IBUILIEHHSI CUCTEMHOI e(ek-
tuHocti [T 3a paxyHok iHdopmaTu3zanii BUpoOHHMII-
TBa 1 YNPaBIiHHA: IHTEJEKTyali3alis, 10 3a0e3nedye
HIMPOKE BIIPOBAKEHHs 3aCO0IB OOYMCITIOBAJIBHOI TEX-
HIKH JUIs1 aBTOMAaTH3allil pyTHHHHUX ONepariil JisuibHOCTI
IH)KEHEPHO-TEXHIYHHUX MPAIIBHUKIB 1 (axiBIIiB, 10 I10-
POMIXKYIOTh HOBI MOZIEI AisTIBHOCTI, B SIKUX PI3KO 3pOC-
Ta€ TBOPYMH €JEeMEHT, TOOTO IHTeJeKTyaJbHa BiJiaya
npaiiBHUKiB [4]; iHmuBimyanmizamis, 1o 3abe3nedye
BIIPOBAJPKEHHS 1HQOpMAIiHUX, 0OCIYrOBYIOUHX CHC-
TEM, OpIEHTOBAHMX Ha PIIICHHS IHIMBITyaJlbHUX 3a-
BJIaHb MPEJMETHOI 00J1acTi; iHTerpaiis, o 3adbe3neuye
palioHaJIbHE BUKOPHCTAaHHS 32c00IB OOYHCITIOBAIBHOI
texHiku [IJII1, mo MaroTh 1HAMBiAyalbHI BIACTHUBOCTI.
Inrerpanis iHpopMaIiiiHUX 1 BUPOOHUYUX TEXHOJOTIH
3a0e3reuye BHCOKY SIKICTh TPAHCIIOPTHOTO OOCIYrOBY-
BaHHSI, BIPOBAPKEHHSI HOBUX BHIIB 00CIyrOBYBaHHSL.

Indopmaniitna indppactpykrypa IIJIII moBuHHA
BKITIOYAaTH po3BUHEHY Mepexxy EOM, pi3Hi BHIN aBTO-
MAaTH30BaHUX CHCTEM, BKIIIOUAIOYH €KCIIEPTHI CHCTEMH,
MIMPOKY HOMEHKJIATypy 3aco0iB MexaHi3aii i aBToMa-
TH3allii TPAHCIIOPTHO-CKIIAJICPKUX 1 BaHTa)XKHUX OIepa-
i, TEXHOJOTIYHMUX MPOIECIB PEMOHTY i OOCITyroBy-
BaHH, KOHTPOJIO 1 IIaTHOCTHKH PYXJIUBOTO CKIIATY.

PosrnsiHEMO OCHOBHI HampsiMu  iHpOpMaTH3aIii
BUPOOHMYHX TPOIECIB 3 YpaxXyBaHHSAM iCHYIOUHX a0o
CTBOPIOBAaHHMX OpTaHI3amiMHUX 1 (PYHKIIOHATBHUX
CTPYKTYD.

Ha xoxxHOMY i€epapxigHOMy piBHI (OPMYIOTHCS
JIOKaJbHI IiJTi, IO BUTIKAIOTh 13 3arallbHUX IIEH Cyc-
MUTBCTBA TI0 JAHOMY HANpsAMY MPEIMETHOI MisUTBHOCTI,
BJIACTHUBOCTI 00'€KTiB 1 mporeciB iHpopmarTu3zarii, QyH-
KIii, 0 3a0e3MedyIoTh pealizamilo HaMiYeHnX BIacCTH-
BOCTEH, 3aBAaHH, 10 3a0€3MeUyI0Th BUKOHAHHS HaMi-
4YeHOI MHOXWHHU ()YHKIIIH, i aBTOMAaTU30BaHI MiJCHCTe-
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MH, IO Peali30BYIOTh MHOXHHY 3aBJIaHb i 10 3a0e3re-
YYIOTh JIOCATHEHHS 3aJaHuX IIeH.

Kommeke 3aco0iB  miaTpumkd  iH(popMaIiiitHo-
KOMYHIKaI[ifHOT TEXHOJOTil JIOTICTUKH CKJIAJA€ThC 13
CYKYITHOCTI 3ac00iB METOJMYHOrO, OpTaHi3aliifHOro,
iH(poOpMaiHOr0, MpOrpamMHOro i TeXHiYHOro 3abe3re-
4YeHb Y BiAIOBiAHOCTI 10 [4].

Pi3Hi Bun 3a0e3meueHs iHpOpMaIliifHO-KOMYyHIKa-
LiAHOT TEXHOJOTIl JIOTICTUKHA B3a€MO3B’sI3aHi 1 3a/maqy
0araToruIaHoOBOI ONTHMi3allii MOKHA 3BECTH JIO0 OJHOII-
JIAHOBOI 32 PaXyHOK 1X pamKyBaHHS Ta BIOPSAKYBaHHS,
a TAKOXK B3a€MO3B’A3HOrO BimoOpakenHs [5-16]. 3acto-
COBYIOYHM CHCTEMHY MOJEJb J0 Pi3HUX BHIIB 3a0e3re-
4YeHb iH(opManiifHO-KOMYHIKaIiifHOT TeXHOJIOTii JIoTic-
TUKH, MOXXHA YIOPSAKYBaTH B TaKy JIOTIYHY MOCIIiJOB-
HiCTh sIK mogano B [17, 18].

Oco0nMBOCTI MPOEKTYBaHHSI CUCTEM YIPaBIIiHHA
[JIIT nonsraroTh y 3aCTOCYBaHHI CHCTEMHHUX MOJeNeit
Ta METO/ly CHCTEMHOI'O IIPOEKTYBaHHsI, Ha 0a3i MexXaHi-
3My azganraifii indopmariiitaux cuctem Ha eramax JKII
¢ynxuionyBanns [1JII1, mo mae 3Mory cTBOPUTH KOM-
IUIEKC 3ac00iB, YIOPSIKYBATH BCHO MHOXKHUHY JIOKAJIb-
HHX 3a71a4 (PYHKIIOHYBaHHS Ta ONTUMi3allii 3arajibHOro
3aBJaHHS 32 NPUHLUIOM «00’€KT YNpaBIiHHA — Limi
— 3ac00m».

HasiBHicTh iH(pOpMAaIiifiHOI HEBH3HAYEHOCTI Ha
eranax JKI[ ¢ynkuionyBanns IUUIIT ta mnponenypu
NPUHHATTS PillieHb (POKYCHOIO KOMITaHIE€I0 BIUIMBAE Ha
NIOCTAHOBKY 3aJaui BHPIIIEHHS MpoOJIeMH, KOIH KiJib-
KICTb 3BOPOTHHX 3BEpPHEHb (CXEeM) CJiJ 301IBIIUTH IS
JOCATHEHHs Oa)kaHOI'0 Pe3yJbTaTy, SKUH 3al0BOJIBHSAB
Ou yMOBY yIPaBJIiHHSL.

Cxiannicts [IJII1 Ha ocHOBI mporpamysanns XK1
BU3HAYACTHCA CKJIAZOM Ii €JIEMEHTIB:

(V — indpactpykrypa ITIIT;

U — kepytoui migcucremu [1JIIT;

B — xeposani nigcucremu [JI11;

W — 30BHilIHE cepenoBHuILLe, 1110 B3aemoie 3 V, U, B
Ta 3B S3KIB:

a) eneMeHTH (YHKIIOHANBHHUX IMiJCUCTEM B, siKi
Bu3HaveHi ¢ynkiiero S(B);

0) 3B’s3KM Sg eNeMEHTIB (DYHKIIIOHAIBHUX ITiJICH-
creM B, siki Bu3HaveHi dynkitiero S(Sg);

B) 3B’SBKH Sgy MK (PYHKI[IOHAJIILHUMU ITiJICHCTE-
Mamu B Ta iHppacTpykTyporo V, sKki BU3HaueHi QyHKI-
€10 (S(Sev));

T) 3B’I30K Sw KOMIIOHEHTIB cuctemu <V, U, B> i3
30BHIiMHI ceperoBumieM W, siki BH3Ha4eHI (yHKIIIEO
(S(Sw)).

3aranpHa ckinaanicts [T Gyne BimoOpaxeHa cy-
MOIO ii KOMIIOHEHTIB!

S, =S(B) + 5(Sg) + S(Sgy) + S(Sw).

3a3HaveHnii HAOOpPOM O3HAK (BJIACTHBOCTEH), IO
JIO3BOJISIFOTE OTHO3HAYHO BINIOBICTHTH Ha 3alWTAHHSI
PO MOXKJIUBOCTI BUKOPUCTAHHS JAHOTO €IEeMEHTa IpH
3aIaHMX 30BHIINHIX yMoBax (ynkiionysanns [T X;.

Bubip muoxwmam enementiB I, BmactuBOCTI
SKUX JIOIMYCKAalOTh BHKOPHCTAaHHS IX NPU YMOBaxX eKc-
IUTyartamii, Mo OYIKYIOTBCS ONMHPAIOTHCSA Ha BimoOpa-
KEHHS

F:Y - X,

BOJ'IOHiIOTI) TaKMMH BJIAaCTHUBOCTAMMU:

1 Vy#l € Y, Hxij € }(] F(:Vul) = xi € (xij—1; xl])t
p=12 .. M;l=12..L j=12,..,J;
i=12,..1

2. dxmo F(y#l) =x; € Xj,F()’;Hu) = X € Xji1,
TO y#l < yﬂ+1l;.“ = 1,2, ...,Ml;l = 1;2; ,L,

j=12....J5ik=12.. K.

BrnactuBicth 2 103BOJISIE YaCTKOBO BIIOPSIIKYBATH
MHOUHY eneMmeHTiB [IJII1 mo cryneHio iXHBOI Binmo-
BIJTHOCTI MOXJIMBMM yMoBaM ¢yHkuionysanus [1JII1, a
BJIACTUBICTH | TapaHTYe 3aKiHYEHICTH MPOIIECy BUOODPY.

IIpoananizyemo mporiec B3aemomii MHOXHH X i Y
npu popmysansi [TJII1.

Enemenr TUII y,;, Oyne posramosanuii B R, B
iHmomy Micui o6’ekra TIJIIT 3 HacTymHOIO HOro ekc-
IUIyaTalli€ro IpoTsAroM Biapiska uacy [to, T].

[lpn upomMy Jomyckaemo, IIO BiJIOMHH TIpoIeC

3MiHHM 30BHIIIHIX YMOB y T — M, T = 1,2, Ry; Micii
06’exta I, i 3amaerbest mocigosuicTio {X, ()}, r =
1,2,.,Ry5 t € [to,T].

OCHOBHI HampsiIMH B TIpolieci BUPILIEHHS MpoOIie-
MU iHpopmaTuzawii [T

- ¢opmyBaHHs (YHKLIH ynpaBiiHHS 1 JIOTTYHOT
CTPYKTYpH iX B3a€MO3B'SI3Ky IO YCiX piBHAX iepapxii i
eranax JKIT ITJIIT;

- po3poOka 1 onrumizamis —iHpOpMaIiiHO-
BUPOOHMYHX 1 OpraHizauiiHO-(pyHKIIOHANBHUX CTPYK-
Typ yIpaBiiHHS BHpOOHMLTBOM Ha ycix eramax JKI|
[T,

- (hopMyBaHHS KPUTEPIiB CUCTEMHOI e(heKTUBHOCTI
¢yukuionyBanns [ B ymoBax iHdopmaTu3anii;

- IEKOMITO3HIIisl 3aBAaHb ONTUMI3aLil 1 yIpaBIiHHS
3 ypaxyBaHHIM 3a0€3eUeHHs CUCTEMHOI e()eKTUBHOCTI
¢dyukuionysanns [UIIT;

- po3poOKa KOMIUIEKCY MaTeMaTHYHUX Mozeleil
JUIS BUpILICHHS 3aBJaHb YIPaBIiHHSA 1 ONTHUMI3allii
TJIIT;

- CTBOpEHHs iH(opMaIliiiHO-TeneKOMyHiKaIliHOT
Mepexi 3B'S3Ky B €IMHHUNA KEPIBHUK TEXHOJIOTTYHHN
KOMIUIEKC SIK TI0 piBHSX iepapxii, Tak i mo eramax JKI|
TJIIT;

- po3pobka IMpOrpaMHO-METOIMYHUX KOMIUIEKCIB
(IIMK) iHBapiaHTHOTO 3aCTOCYBAaHHS Ui BUPIIICHHS
ontuMizaniiiaux i ingopmamiitaux 3aBgans [JIIT;

- po3poOKa TEXHONOTIYHUX PETJIAMEHTIB 1 BiJIIOBI-
THUX JTOKYMEHTIB OpraHi3amiiHO-TIpaBoBOl 1 iH(opMa-
[iftHOI B3aeMoZii Ha yCixX piBHAX iepapxii i eramax JXKL]
TJIT B mpomeci ¢opMyBaHHS NPUIHATTS 1 peamizarii
YIIPaBITiHCBKUX PillleHb;

- (QopmyBaHHs 0a3 JHaHUX 1 3HAHb SK HAYKOBOI
OCHOBH PO3BHUTKY ifel iH(GOPMATHKH B IIPEIMETHIH
o0acTi IisTbHOCTI.

BucHoBku

VY cratTi chopMoBaHi Aeski mpobiaeMu i miaXoau
nmo iHdopMmaTH3amii BHPOOHHYHMX TIPOILECIB ITOBHOTO
JIAHIIIOTa TTOCTa9aHb TOBaPiB.

OpHe 3 OCHOBHHX NHUTaHb iH(popMarm3amii - (op-
MYBaHHS HOBOTO iH(OPMAIIfHOTO CepeloBHINa, HEO00-
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XiHOTO JUIs BHPILIEHHS YCHOTO KOMIUIEKCY 3aBlaHb  iH(opmaru3anii, MOXHa MiABUIINTH €(EKTUBHICTH (Y-
COLIIAJIFHOTO, €KOHOMIYHOI'0, HAYKOBO-TEXHIUHOro ym-  HkuionyBaHus ITJIII, cnpoctuTH opraHizamiiHi cTpyk-
PaBIIiHHS NTPEeAMETHUMH oOmacTsiMu AisutbHOCTI B [IJIII.  Typwm ympaBiiHHS, CTBOPHTH Kpaili yMOBH ISl iHOp-
BukopucToByloUM 3ampoNOHOBaHI MiJXOMM 1 METOAM  MOBAHOCTI.
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System approach to construction of information technology
to increase the efficiency of the goods supply chain

M. Pidgorny, J. Rahimi

Abstract. Insufficient efficiency of the existing means of information support of the full supply chain is determined, the
necessity of their modernization is caused. The aim of the work is to use a systematic approach as a methodology for building
information technology to increase the system efficiency of the supply chain. Results. The article forms some problems and ap-
proaches to the informatization of production processes of the full supply chain. The application of the system approach as a
methodology for building information technology to increase the system efficiency of the supply chain is presented. Integration
of information and production technologies provides high quality service of the full supply chain. The formation of the infor-
mation environment is necessary to solve the whole set of tasks of social, economic, scientific and technical management of the
full supply chain of goods.

Keywords: systems approach, life cycle, supply chain.
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A. 1. [ToBoposHtok, O. A. TToBopo3sHok, ['. €. dinaroa

Hanionaneauii TeXHiYHUN yHIBEpCUTET «XapKiBCHKHH MONMITEXHIYHUN iHCTUTYT», XapKiB, YKpaiHa

BAI'ATOKPUTEPIAJIBHA OHIHKA AJIbBTEPHATHB IIPH ITPOEKTYBAHHI
JABOX®AKTOPHOI ABTEHTU®IKALII CYB’EKTIB-KOPUCTYBAUYIB
B CUCTEMAX 3AXUCTY IH®OPMAIIII

AnoTtanisi. PobOora mpucBsueHa BHPIMIEHHIO AaKTyaJlbHOI HAyKOBO-TEXHIYHOI 3ajadi IIJBHUIIEHHS pIBHI
3axuieHocTi iHQopmamii NUISIXOM TPOEKTYBAaHHS JBOX(AKTOPHOI aBTeHTHQiKamii Ccy0’ €KTiB-KOPHCTYBadiB B
CHCTEMax 3axXHCTy iHpopManii mpu GaraTokpuTepiaJbHOMY NMOPIBHSIHHI CKIaJOBUX ABOX(aKTOpHOI aBTeHTH(IKAMI].
Ha ocHoBi aHamizy MeroxiB aBTeHTH(QiKamii Ccy0 €KTiB-KOPUCTYBadiB, $Ki BHKOPHCTOBYIOTBCS IIPH 3aXHCTI
iadpopmarii, Oyna OOIpyHTOBaHa MHOXXMHA HAOINBIl BXKUBAHMX METONIB Ta cdepu ix 3acrocyBaHHs. Merta
JOCJIi/IUKeHHsI — OaraTokpuTepiadbHa OLiHKA aJIbTePHATHBHUX METOMAIB aBTeHTHU]IKamii cyd’ €KTiB-KOpPHCTYBadiB IpH
MPOEKTYBaHHI ABOX(axkTopHOI aBTeHTH(]ikamii B cucreMax 3axucry iH¢popmamii. Pesyabratn. B poborti
MpoaHalli30BaHI METOAM aBTEHTU(]IKamlii cy0’€KTiB-KOpHUCTYBAdiB, 30KpeMa IEpCIEeKTUBHI METOAM OioMeTpHUIHOL
aBTeHTU(]IKanil 3 MeTol MoOynoBW ABOX(akTOpHOI aBTeHTHdikamii. [lms OaraToKkpuTepiaJbHOTO IOPiBHSIHHS
METOJiB aBTeHTH(]iKalii OOTPYHTOBAHO 3aCTOCYBaHHS MeTOHy aHami3y iepapxiii (MAI), sxuit peamisye iepapxiuny
CTPYKTYpY NOpiBHSHHA anbrepHaTuB. Ha kxoxxHOMY piBHI MAI OGyayroThcst BIATOBIHI MaTpHIli MapHUX ITOPiBHSHB,
eJIEMEHTaMH SIKUX € eKCIIepTHI OomiHKH. Po3pobieHa cucrema JOKaIbHUX KpPUTEpiiB NMOPIBHSHHS aJbTEPHATHUB Ta
BIATIOBIAHI MaTpHIi MapHUX MOPIBHSIHB a TAKOX MAaTPHUIlS MapHUX IHOPIBHSIHB JIOKAIBHUX KPHUTEPIiB Ta Mpolexypa
o04KCIeHHs TI00aTbHOT0 KPUTEPITO.

Kurouosi caoBa: 3axucr inpopmanii, nBoxdakropHa aBTeHTH(IKaLlis, albTepPHATUBA, OAaraTOKpUTEpiaIbHE MOPIBHSAH-

Hsl, METO]] aHaJIi3y iepapXiH, JIOKaJbHUH KPUTEpill, MATPHULA APHUX MOPiBHAHB, III00AIBHUN KPUTEPIH.

Beryn

BypxnuBuii po3BUTOK 3aco0iB OOYHCITIOBAIBHOI
TEXHIKH, aBTOMAaTH30BaHUX IH(POPMAIIMHUX CHUCTEM,
NosiBa HOBUX 1H(OpMAaIiMHUX TEXHOJIOTIH CYNPOBOIKY-
€TBCSI, HA XKajlb, 1 MOABOIO TAKUX MAJONPHEMHHX SIBUILL,
SK ITPOMHUCIIOBE INNHUI'YHCTBO, KOMII'IOTEpHA 3JI0YHMH-
HICTb 1, epi 3a Bce, HecankuionoBanuii gocryn (HC/I)
1o koHpinenuiitnol inpopmari. Llum oOymoBiIOeTHCS
AKTYaJIbHICTh 1 3HAYMMICTh MPOOJIEMHU 3axXHCTy iHPOP-
Martii.

Bynp-sike cydacHe mianpuemctBo (ycTaHoBa, ¢ip-
Ma i T.JI.), HE3AJIEKHO BiJ BUILY IIsUIBHOCTI Ta (opm
BJIACHOCTI, HE MOXKE ChOT'OJIHI YCIIIIHO PO3BHBATHCH 1
BECTH TOCMOJAPCHKY Ta 1HIY AisUIbHICTD 0€3 CTBOPEHHS
Ha/iAHOT CHCTEeMU 3aXUCTy CBO€i iH(opmarii, 110
BKIIIOYA€ HE TIIBKU OpraHi3aiiiiHO-HOPMAaTHBHI 3aXO0/IH,
ayie 1 mporpaMHo-anapaTtHi 3aco0U KOHTPOIO Oe3neKku
iHpopmaii npu 1 0OpoOIi, 30epiranHi i mepenavi B
aBTOMAaTU30BaHMX cucreMax [1, 2].

Tomy 3axmmiena cucremMa oOpoOKH iHGpopMatii
JUTA 3aJaHIX YMOB €KCIUTyaTallii MOBUHHA 3a0e3mevyBa-
TH Ge3neky (KOoHQIASHIIHHICTD 1 LITiCHICTh) 00pO0ITIO-
BaHOI iH(poOpMaIl 1 MATPUMYBAaTH CBOKO MpAale3/aT-
HICTh B yMOBaX BIUIMBY Ha Hei Pi3HHX THIIB 3arpo3 [3,
4], 30kpeMa HECaHKITIOHOBAHHMX BTPYYaHb.

[IpoTuaiero Big HECAHKIIOHOBAaHOTO IOCTYIYy €
mmdpysands iHopMmarii [5], a Takok po3MexyBaHHS
JOCTYIy CyO0'€KTiB-KOpPHCTYBadiB 10 iH(OpMAIiHHIX
pecypcis cucremu [6]. TIpu peamizariii qoctymy Kopwuc-
TyBadiB BUKOHYETHCS MEePEBipKa iX aBTEHTUIHOCTI.

MocranoBka npodaemu
B 3arajJibHOMY BUTJISIAL

Ayrenrudikamis (auara. Authentication) - 1ie ocHO-
Ba Oe3neku Oy/b-KOi CHCTEMH, SIKa IOJIATa€E B EPEBip-

Il TOCTOBIPHOCTI JaHUX PO KOPUCTyBadya CEPBEPOM.
BoHa He ToTo)kHa ineHTudikarii Ta aBropusaii. Lli tpu
TEepMiHM € eneMeHTamMu 3axucty iHdopmaumii. ITepma
ctamis — igeHTudikamnis. Ha Hiii BinOyBaeThCs po3mi3Ha-
BaHHs iH(OpMAaLil PO KOPUCTYBaya, HAIPUKIA, JIOT1H
i maponb. [pyra cranis — ayrentudikauis. Le npouec
nepeBipku iHpopMalii nmpo kopucryBada. Tpers cramis
— apropu3auis. Tyt BinOyBaeTbcs mepeBipka IpaB Ko-
pHCTyBaua 1 BU3HAYAETHCS MOXJIIMBICTD JIOCTYITY.

[Mpu upoMy 3acrocyBaHHs JuUiss aBTeHTUQIKaI]
Cy0’€KTIB-KOPHCTYBauiB TPAAUIIHHOI CXEMH <JIOTiH-
Mnapoib» HE BHKIOYAE I MPUHIMIIOBOrO HEMOIIKY,
SIKUH TIOJISATAE y BiIOKPEMIIEHOCTI 0COOH, 1110 aBTOPH3Y-
€TBCS, BiJ KITI0Ya, SKUH BUKOPUCTOBYETHCS M MiATBE-
pkeHHs ii aBreHTuyHocTi. lleit Hemonik BiACYTHIN B
cxemax aBTeHTH(iKaIil cy0’ekTa 3a HOro iHAMBIAYab-
HUMH OioMeTpuYHUMHE Tlapamerpamu [7, 8].

AHaJi3 ocTaHHIX J0CHiIKeHb i myOpikamii

B nmanwmit gac 3aCTOCOBYIOTBCS Taki METOIU ayTEH-
tudikarii [2]:

1. [Maponpui. Halnommpenimmii meron. AyTeH-
THdIKaIlis MOXKe MPOXOIUTH IO OXHOPA30BHUM 1 OaraTo-
pa3oBuM napoisM. baratopazoBuil mapoisp 3aae KOpu-
CTyBad, a cucrema 30epirae ioro B 6a3i maxHmx. BiH €
OITHAKOBUM JUTS KOXHOI cecii. Jlo Hux BimHocsAThCst PIN-
Konu, cioBa, mudpu, rpadiuai kmogi. OqHOpa3oBi ma-
pomni — pi3Hi mia koxkHOi cecii. Ile moxke Oyru SMS 3
KOJIOM.

2. KombinoBaHi. Ayrentudikailisi BingOyBaeTbcs 3
BUKOPUCTAHHSIM JIEKiTPKOX METOJIIB, HAIPUKIAL, Mapo-
JBHUX 1 KpUnTorpadigaux cepTudikatis.

3. biomerpuuni. TlepeBipka mpoxoauth mo (izio-
JIOTIYHNM XapaKTEepUCTHKaM KOPHCTyBada, 30Kpema, o
BIIOWTKY MAaNbI, CITKIBII OKa, TEMOPY Tolocy, CKaHe-
py o6mmyus i HasiTe JTHK [8-10].
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4. IepconanbHi naHi KopucTyBada. BoHa BUKOpH-
CTOBYETBHCS JUISl BiJHOBJICHHS JIOTiHA a00 mapois i Juis
JBOCTAIMHOI aBTeHTH(DiKaIIii, 00 3a0e3meunT Oe3meKy.
Jlo bOro MeToy BiTHOCHTHCS HOMEp TenedoHy, iBo-
Ye Mpi3BHIIE MaTepi, pik HAPOIKEHHsI, JaTa PeecTparllii,
KJIMYKa BUXOBAHILL, MiCIIE TTPO’KUBAHHSL.

5. Indopmanis npo xopuctyBaua. Lleit meron rpy-
HTYETHCS Ha T€OJaHUX MPO MiCIE3HAXOHKEHHS KOpHC-
TyBaua 3 BukopucTtaHHsAM GPS, a Takox mpo Toukax
JOCTYITy O€3IpOTOBOTO 3B'SI3KY.

3anexKHo BiJl KUIBKOCTI METOJIB, IO BUKOPHCTO-
BYIOTBCS, PO3PI3HAIOTH OAHO(AKTOPHY (BHKOPHUCTOBY-
€TBCS TUIBKM OJUH METOA) Ta OaraTodakTopHY aBTEH-
Tudikamito. B sikocti 6arartopakTopHoi aBTeHTHdIKAIIT
Haiyacrillle 3aCTOCOBYEThCS ABOX(aKTOpHA aBTEHTUI-
Kallisi, B IKil TIOEAHYETHCS NAPONBHUI METOJ 3 1HIIUM
QJIBTEPHATHBHUM METOJIOM.

Mera i 3agavi gocaimxennsi. MeToro 10CIiKeH-
HS € OaraToKpuTepiasbHa OIHKA AIFTEPHATHBHUX Me-
TOHiB aBTeHTU(QIKalii Cy0’eKTiB-KOpPUCTYBayiB MpU

MPOEKTYBaHHI 1BOX(aKTOpHOI aBTeHTH(]IKALIl B CHUCTe-
Max 3axucty iHdopmarii.

Pe3yabTaTtu gocaimkenn

Jus dopmanizanii pimeHHs pO3MIISTHYTOI 3anadi
OaraToKkpHuTepiaJIbHOI OILIHKH ajbTepPHATUB €(EKTHBHO
BUKOPHUCTOBYIOTHCSI METOAM ITATPUMKU MPUUHSTTS pi-
IIeHb, 30KpeMa JeKoMIo3nliitnuit MAI, MeToro sikoro €
JIEKOMITO3MIIISl TIPOOJIEMH 1 iepapXiuHe NMpeacTaBICHHS
il CKJIaIOBMX YACTHH JUTS TOAAJIBIIIOrO aHaJi3y Mo map-
HHM MOPiBHSHB 00'ekTiB [11].

V maiinpocrimomMy Bumnaaky cxema MAI e tpupis-
HEBOI i€papXi€ro, siKka MPeNCTaBlicHa Ha puc. 1 (MOXKITHBI
OinTbII CKIIaHI i€papxii).

BepmmHoro iepapxii € qominaHTa (MeTa, sKa 10cs-
raeThcsl MPH BUpiNIeHHI npoOsemu). [IpomixkHI piBHI
iepapxii 3a3Buyail ABISAIOTH COOO KpHTEpii, 3a J0IOo-
MOTOFO SIKUX OLIIHIOFOTHCS OLIBII HU3bKI PiBHI.

Haiinmxkuuii piBeHs npencraBise 3 cede MOXKIIHMBI
BapiaHTH BUPIILIEHHS aHOT MPoOJieMH (aJIbTepPHATHUBH).

| [JomiHaHTa |

Matpuug (n+n)
NapHUX NOpPIBHSAHb
KpuTepiiB fi

el —

MaTtpuus (m-m)
NapHMX NOpPIBHSHb

MaTtpuust (m-m)
napHMX NOpPIBHSHb

anbTepHaTus anbTepHaTvB
3a KpuTepiem 3a Kputepiem
f1 f2
AnbTepHaTuBa AnbTepHaTvBa
X1 Xo

MaTtpuus (m-m)
napHUX NOpPIBHSIHb
anbTepHaTuB
3a KpuUTEpPIiEM

m

AnbTepHaTuBa
Xm

Puc. 1. TpupiBueBa cxema iepapxii MAI

Ha puc.1 mpencraBieHo m anpTepHaTHB Xi
(i=1,m), sKi TIOBHHHI ITOPiBHIOBATHCS 3a CHCTEMOIO N

nokanpHux Kpurepiis fj ( j =1,n) (8 3aragpHOMY BHTIIS-
Il KpuTepii pi3HOPIIHI 1 Cynmepedsngi).

s npoBeneHHs Cy0'€KTHBHIX MapHUX MOPIBHIHD
1 3aTIOBHEHHS BiJIMOBITHIX MAaTPHIh TAPHUX TOPiBHIHD
(MIIIT) exkcrepTOM BUKOPHUCTOBYETHCS 9-TH piBHEBa
mKana OaJbHHUX OIHOK, SIKi BiOOpa)karoTh CTYIiHb
mepeBaru 00'€KTiB, 10 TOPiBHIOIOTHCS:

1 — piBHa Ba)JIHUBICTH MTOPIBHIOBAHUX 00'E€KTIB;

3 — nomipHa nepeBara;

5 —icroTHa mepeBara;

7 — 3HayYHA TIepeBara;

9 — nyxe cUIbHA IIepeBara,

2,4, 6, 8 — npoMixkHI 3HAYCHHSL.

Sxmo MoKiHBa YMceNbHA OIHKA MOPiBHIOBAHUX
00'€KTIB, TO pE3yIHTATH YUCETHHOI OLIHKUA MPHUBOIATH-
cs 10 3a3HAYEHOI MIKalow. TakuM 4YMHOM, eKcrlepTam
nporonyeTbes 3amoBHUTH n MIIIT ampTepHaTHB po3Mi-
PHICTIO M+M TI0 KOXXHOMY 3 JIOKIBHUX Kputepii fi i
oy MIIII nokanbHUX KPUTEPiiB pOIMIPHICTIO N+N.

Enementamu MIIII posrmstHyTOl i€papxii aij € pe-
3yJIbTaTH CYO'€KTUBHUX MApHUX IOPIBHSHHA 00'€KTiB
HIDKYOTO PIiBHS B TepMiHAX PO3TIISIHYTOI BHIIE 9-piB-
HEBOI IIKAJIN.

3 rpynmu MIIIT HKHBOTO piBHA i€papxii Gopmy-
€ThCsl HAOIp JIOKAIBHUX TIPIOPHUTETIB, 32 SKUMH, 3 ypa-
xyBaHHsAM MIIII HacTymHOTO piBHSA (POPMYIOTHCS TIIO-
GanbHI IPIOPUTETH ANbTepHATHB. PillleHHS MpUMaETh-
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Csl Ha KOPHCTH aJbTEPHATUBH, K4 MA€ MAaKCUMaJIbHUH
TJI00aJIbHUH TIPIOPHUTET.

3a orpumanumu MIIIT koxHOrO piBHS i€papXii
OOYHMCITIOIOTECS JIOKAJIbHI TPIOPUTETH TOPiBHIOBAHMX
€JIEMEHTIB 3TiHO BUpa3y

n n n
wi=nTa; / 20 [ax 1)

j=1 1=1 \ k=1

Je N — po3Mip MaTpUIli MapHUX MOPIBHSIHD (KiIBKIiCTH
TIOPiBHIOBAHHUX 00'€KTIB);

ajj — pe3yabTaT MapHOro MOPIBHAHHA i-TO Ta j-TO
00'€KTiB;

W; — JIOKaJIbHUH MPiOpPHUTET i-T0 00'€KTa.

Takum 4yuHOM, (QOPMYETHCSI MATPUIS JIOKAILHUX
npioputeTiB HKHbOro piBHsS W1 po3mipHicTio m*n
€JIEMEHTIB 1 BEKTOP-CTOBIMELL BepxHboro piBHs W2 po-
3MIPHICTIO N €JICMEHTIB.

Enementu W1 i W2 Bu3Hauarotees no (1) mis Bin-
noBigaux MIIIL. Crix 3a3Ha4nTH, M0 KOXKEH - CTOB-
nierb Matpuii W1 BiITIOBiZIa€ CBOEMY JIOKAJILHOMY KpH-
tepito fj (obumcmoeTses o j-it MIIII nepiioro piBHs), a
KOXKHUH i-i psagok Matpurii Wi Bimnosinae i-it anbrep-
HATHUBI.

Bekrop 1i106ai1pHUX npiopuTeTiB anprepHaTuB Wy
PO3MIPHICTIO M EJIEMEHTIB BH3HAYAETHCS MHOXKCHHIM
BIJINOBITHAX JIOKAJIILHUX TPIOPUTETIB PI3HUX PIBHIB
iepapxii 3a BUpa3om

Tabnuys 1 — IHaeKCH y3roIKeHOCTi BUNAAKOBHX MaTPHIb

W =W, xW, @

OcCTaToYHNM pIMICHHSIM € Ta adbTepHaTUBA Xi, I
SIKOI €JIEMEHT BEKTOPY TII00ANBHUX MPIOPHUTETIB € MaK-
CHUMaJILHUM ng —> max .

OcobmuBictio MAI € oOunciieHHst iHIEKCY y3ro-
JokeHocTi ls, skuit mae iHpopMaIio Ipo piBeHb MOpY-
IICHHSI YUCEIBbHOI 1 TPaH3UTHBHOI Y3TOKEHOCTI (CTy-
MiHb JOCTOBIPHOCTI CY/KEHHS €KCIepTa LI0A0 IOpiB-
HIOBaHHX CIICMEHTIB)

M=

n
WiX Zaji -N
j=1

i=1
Iy =

) ®)
n-1
ne N —po3mip MIIIT;

ajj — enement MIIII;

W; — stokasbHi npiopuretd MIII, ski BU3HA4YAIOTh-
cst o (1).

Jns oOunCIeHHs TTOMHIKU Y3TODKEHOCTI Ag, iH-
JIEKC Y3TOJPKEHOCTI |s JITUTHCS Ha 1HIEKC Y3TOJKEHOCTI
lss MITIT Takof ke po3MipHOCTI, aje 3arOBHEHOI BUMA -
KOBHUM YHHOM.

Aszls/lss- 4)

IIpu oOumcnenHi Ag 1o (4), BUKOPUCTOBYIOTHCS
TabINYHI 3HAYeHHS lgs, sIKi HaBemeHi B Tabu. 1 [11].

n 1 2 3 4

6 7 8 9 10

Iss 0,0 0,0 0,58 0,9

1,12

1,24 1,32 1,41 1,45 1,49

[HaeKC y3ro/PKEHOCTI 1 MOMHJIKA Y3TO/DKEHOCTI
00UHUCITIOIOTBCS Uil KokHOI Matpuui mo (3, 4). Ilpu
oMM y3ropkeHocTi 6inbire 10% ekcnepry pekomMe-
HIYETHCSI TIEPETLIHYTU CBOI CYDKECHHS 100 MOPiBHIO-
BaHUX 00'€KTIB, TaK SIK BEJIMYMHA BiJHOCHUX Bar MOXE
HE BIJNOBiaTH AIWCHIMH, 110 MOXKE TPUBECTH 10 TO0Y-
JIOBU HEANEKBATHOI MOZEI.

3 BHINECKA3aHOI'O BHUIUIHBAE, IO ISl OaraToKpu-
TepiaNbHOI OLIHKK anbTepHaTHB 1m0 MAI HeoOximHO

3agatu anprepHatuBu X; (i =1,m), i nokambHi KpuTepii
nopiBHsHHs ansTepHatys fj ( j =1,n), micns goro moby-

JIyBaTH i€papxio 3TrifHO pHUC. 1, B fAKii 32 JOIOMOIrOI0
excrepTiB 3anoBHUTH MIIIL

s mobymoBanoi iepapxii mo (1) obumcnut n0-
KaJbHI MPIOPUTETH BCIX PIBHIB, a 1o (2) riobaibHi
MIPiOPUTETH ANBTEPHATHB.

Jns nBoxdaxTopHOi aBTeHTH(QIKAIii Cy0’ €KTIB-
KOpPHCTYBa4iB B CHCTeMaX 3aXHCTy iH(pOpMAIl po3riis-
HEMO PO3TIITHEMO TEPETIiK albTePHATHB OlOMETPUIHUX
MTOKA3HUKIB 1 KpUTeEpii IX MOPIBHIHHS.

X1 — Binbutku nanemiB. CkaHepr MarOTh HEBEIH-
KAl po3Mip, YHIBepcasbHi, BiTHOCHO Hemopori. biomo-
TiYHA ITOBTOPIOBAHICTH BiAOMTKA MANbI CTAaHOBUTH 10-
5%. B maHmii yac CTBOPIOIOTHCS apXiBH BIIOWTKIB mMa-
JIBIIB.

X> — T'eomerpis pyku. BinmoBiaai pucTpoi BUKO-
PHUCTOBYIOTBCS, KO 3-3a Opyny abo TpaBM Ba)KKO 3a-

CTOCOBYBaTH CKaHEpW MNaJblliB. bionoriuHa moBTOpIO-
BaHICTh TeoMeTpii pyku Giusbko 2%.

Xz — Paiinyxna obononka oka. Jlani npuctpoi ma-
I0Th HaWBUIy TouHicTIO. TeopeTnuHa HMOBIpHICTH 30i-
Iy JBOX paiily’kHMX 060IOHOK CTaHOBHUTE 1 3 1078,

X4 — Tepmiunuit o0pa3 obnuyus. Cucremu J10-
3BOJISIFOTH 1IGHTU(IKYBaTH JIOAMHY Ha BIACTaHI 10
JIECATKIB METpiB. ¥ KOMOIHAIlT 3 MOUIYKOM JaHUX MO
0a3i JaHUX TaKi CHCTEMH BUKOPHCTOBYIOTHCS JJISI PO3-
Mi3HABaHHS aBTOPHU30BaHHUX CIIBPOOITHHUKIB 1 BiJCIIO-
BaHHsI CTOpOHHIX. OJIHAK MPH 3MiHI OCBITJIIEHOCTI CKa-
HepH 0COOM MAlOTh BiJHOCHO BHCOKHH BICOTOK IIO-
MHJIOK.

Xs — Po3miznaBanHs 1o obmmauro. CiucteMu Ha Oc-
HOBI JIAHOTO MiJXO/y J03BOJISIOTH 1ICHTU(IKYBATH TIe-
PCOHY B IEBHUX yMOBax 3 MOXHOKOK He Outbmie 3%.
Janwii MeTon 3py4HUI TUM, IO BiH 0O3BOJISIE peaji3a-
IiI0 IITaTHAMU 3acobamu (BeO-kamepa). Jleski (He BCi)
METOAW MArOTh HEJOTIKOM MOXKIIUBICTH IiJAMIHU peajb-
HOI JIFOIWHM Ha #oro ¢oTorpadito.

Xs — Tonoc. TlepeBipka romocy 3py4Ha AJIsi BUKO-
pHUCTaHHS B TEIEKOMYHIKAIitHUX qomaTtkax. HeoOximHi
U TIhoTO 16-po3psiiHa 3BYKOBa IUIaTa i KOHAEHCATOP-
HUi MikpodoH KomTyroTh Meniie 25$. IMOBipHiCTH
TIOMUJIKHA CTaHOBUTH 2 - 5%.

X7 — BBenenns 3 kiaBiatypu. TyT mpu BBEIEHHI,
HATIPUKIIAJ, Tapois BiACHIAKOBYIOTHCSA IIBHIKICTH 1
IHTepBaIH Mi’K HATHCKaHHIM.
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Xg — [lunamikoro pykonucHoro mignucy. s KoH-
TPOJIIO PYKOITMCHOTO Mi/IMUCY BUKOPHUCTOBYIOTHCS JIHT'i-
Tal3epu.

PosrisineMo nokanbHI KpuTepii MOPIBHSHHS allb-
TEpHATHB!

f1 — HamifiHicTh iMeHTH(DIKALT;

f, — 1iHa JOMATKOBOrO 00JIaIHAHHS

f3 — moctymHicTh pUIOAHHS 00JIaAHAHHS;

f4 — HasgBHicTH cnenianizosanoro I13;

f5 —HEOOXIAHICTH MiATOTOBKH MEPCOHATY;

fe — HaKaMHI BUTPATH HA BCTAHOBJICHHS Ta 00CTY-
TOBYBaHHS,

f7 — Gpenn BUpoOHHUKA.

Martpuii mapHUX TOPIBHSIHb HUXXHBOTO PiBHS
(MOpiBHSIHHS aJbTEPHATHB MO KOXXHOMY JIOKAJIBLHOMY
KpUTEPil0) 3aloOBHIOIOTHCS EKCHepTaMUu OJUH pas,
HE3aJIeXKHO BiJ THUIY, NMPU3HAYEHHS Ta KOHKPETHUX

BUMOT 10 CHCTEMH 3axucry iHdopmamii. Martpwumi
MapHUX TIOPIBHSAHb BEPXHBHOTO pPiBHS (MOPIBHSHHS
JIOKaJbHUX KPUTEPiiB) GOPMYETHCS OKPEMO IS KOX-
HOI KOHKPETHOI CHCTEMH 3 BpaxyBaHHSIM BCiX 0C00-
JUBOCTEH 1 BUMOT.

BucHoBKkM Ta nepcneKTUBH
NOJAJNLIINX JOCTiIKEeHb

Y crarti po3poOJICHO MaTeMaTHYHY MOJIENIb
nBoxdakropHoi aBTeHTH(}iKawii Cy0’ €KTIB-KOPHCTY-
BayiB IpH OaraTOKpHUTEpialbHOMY IMOPIBHSHHI anbTep-
HATHB 3 3aCTOCYBaHHS METOMy aHamii3y iepapxiit. Cdo-
PMOBaHO TEpEiK ajJbTepHATUB OIOMETPUYHUX IIOKa3-
HUKIB Ta KpUTEpii iX NOpPiBHSIHHS.

IMonaneIm mOCHIIKEHHST HAIPABJICHI HA MPOrpaM-
Hill peai3amii Ta MPaKTHYHOMY 3aCTOCYBaHHI PO3po0-
JICHOT MOJIelIi.
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Multi-criterial assessment
of alternatives in designing of two-factor authentication
of users in information protection systems

Anatoly Povoroznyuk, Anna Filatova, Oksana Povoroznyuk

Abstract. The work is devoted to solving the urgent scientific and technical problem of increasing the level of infor-
mation security by designing two-factor authentication of user subjects in information security systems with a multi-criteria com-
parison of the components of two-factor authentication. Based on the analysis of the authentication methods of user subjects that
are used in the protection of information, a lot of the most used methods and their areas of application were substantiated. The
purpose of the study is a multi-criteria assessment of alternative methods of authentication of user subjects during designing
two-factor authentication in information security systems. Results. The paper analyzes methods of authentication of user sub-
jects, including perspective methods of biometric authentication in order to build two-factor authentication. For multicriteria
comparison of authentication methods, the use of the hierarchy analysis method (HAM) is justified, which implements the hierar-
chical structure of the comparison of alternatives. At each level of the HAM, the corresponding matrices of paired comparisons
are built, the elements of which are expert assessments. A system of local criteria for comparing alternatives and the correspond-
ing matrices of paired comparisons as well as a matrix of paired comparisons of local criteria and a procedure for calculating the
global criterion have been developed.

Keywords: information security, two-factor authentication, alternative, multi-criteria comparison, hierarchy analysis
method, local criterion, matrix of paired comparisons, global criterion.
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Hamionaneauii TexHiuyHMHA yHIBEpCUTET ““XapKiBCHbKHM MOMITEXHIYHUN THCTUTYT, XapKiB, YKpaiHa

YIPABJIIHHA IOCTABKAMM B YMOBAX MAJIOI BUBIPKA
BUITAJIKOBUX BUXTTHUX JAHUX

AHoTanis. Po3rsHyTO 33129y BiIIyKaHHS ONTAUMAIBHOTO IUTaHY TPAHCIIOPTYBAHb MPOIYKTY B CHCTEMI «I10CTAYaIBHHIK -
CIIOKMBAY» B CUTYaIlii, KOJIM BAPTOCTI TPAHCIIOPTYBAaHb - BUMAAKOBI BeMUUHU. CHOpMYITEOBaHO MOJIENH 3a]1adi. 3arpOIroHO-
BaHO KPUTEPii ONTUMAIILHOCTI IUIAHY - HMOBIPHICTH TOTO, IO CyMapHa BHITAJIKOBA BAPTICTh TPAHCIIOPTYBAHb NIEPEBUIIUTH
3aJJaHuil JTOIyCTUMUIA TIOpiT. B yMOBax Mairoi BUOIPKY BHXIJTHUX JaHUX KOPEKTHE BiTHOBJICHHS IIUIEHOCTI PO3IIOJIUTY BHUIIA/I-
KOBOI BapTOCTI TPaHCIIOPTYBAaHb HEMOXJIMBE. TOMY pO3IIISHYTI BapiaHTH aHAITHYHOTO TIOJaHHS KPHUTEPIO TS Pi3HHUX 3aKO0-
HIB PO3IOJIUTY BUIIAJIKOBOI BapTOCTI TPAHCIIOPTYBaHb: T'ayCOM, aCHMETPUYHOIO 1 «HaHTipIiooy. [Tlapamerpu «HaUTipIIOroy
3aKOHY PO3IOJLTY BIAIIYKYIOTECSI METO/IOM KOHTHHYAIEHOTO JIHIFHOT0 IiporpaMyBaHHsL. [I1st BUpIIIEHHS 3a/1a4i 3aIpOIIOHO-
BaHa iTepalliiiHa Mporeaypa, Ha KOKHOMY KPOIIi SIKOi BHPIIIYEThCS 331ada KBaJpaTHYHOro rporpamyBaHHs. OOIpyHTOBaHO
METOJ MTPUCKOPEHHS O0YHCITIOBAIBHOI TPOLEIYpH, 3aCHOBAaHWH HA ONTHMI3alii JpoOoBo-HemiHiHHOI (yHKIIT 3 JIiHIHHUMEI
obmexeHHsMH. [Toka3aHo, 10 ONTUMAITLHUH TUTaH TIEPEBE3CHL BU3HAYAETHCS TUTPKY 3HAYCHHSIMH MaTEMaTHYHOTO CIIOZiBaH-
HS 1 JIUCTIepcii BapToCTel TpaHCIIOPTYBaHb, ajle He 3aJIe)KUTH Bij 32aKOHY PO3IIOJLTY IIMX BUIIAJIKOBUX BEJIHYHH.

Kaw4yoBi ciaoBa: TpaHcmopTHa 3ajada JIiHIHHOTO NMpOrpaMyBaHHS, BHIIAKOBI 3HAUSHHS BapTOCTEH TPAHCIIOPTYBAHb,

JPpOoOOBO-HEMiHIITHA ONTHMI3allis.

Beryn

KaHoniyHa TpaHCHOpTHa 3aja4a JIiHIHHOrO Mpo-
rpamyBaHHs (GopMyeTbest Takum uuHOM [1-4]. 3amani
IMyHKTH BUPOOHMIITBA MEBHOTO MPOAYKTy A, Ay, ..., Ay
Ta MYHKTU CHOXKUBAHHA L[bOro NpoAykry By, B,,...,B,.
Js KOXKHOrO IYHKTY BHPOOHHLTBA Aj BH3HAYEHO
o0'eM @ BUpOOHMUTBaA, i=1, 2,..,M, a VI KOXKHOTO
nyHkty Bj- obcar b; cnoxusamms, j=1, 2,..,n.

Kpim ToOro, mependadyaerbcsi, IO BiJIOMi MapLIpyTH
TPAHCIIOPTYBAaHHS MPOJAYKTY BiJi BUPOOHUKIB 1O CHO-
JKMBaYiB 1 3aJiaHa BIJINOBIJHA MAaTpPUIs 3HAYCHb Cij

cepeHbOI BapTOCTI TPAHCIIOPTYBAHHS OIUHHMII IPOAY-
kry i=1, 2,.1, j=1 2,..,n. IorpibHO 3HaiiTH

matpuiio X = (Xj;) 3HaYEHb IUIAHOBAHMX OOCATIB Tpa-
HCIIOPTYBaHHSI, IKa MIHIMI3ye
m n
L(x):ZZCinij (1)
i=1 j=1
1 3a10BOJIbHSIE OOMEKEHHIM
n

Xij =4qj, i=1 2,..,m, (2)
j=1
m
ZXij =bl , j=1, 2,...,n, (3)
i=1
m n
2a=2bj. “)
i=1 j=1

Ilpu mpoMy Ui ypaxyBaHHS CTOXaCTHYHOTO Xa-
pakTepy BapTOCTi TPAHCIOPTYBaHHS BBOIUTHCA HaOip
cepesHix 3HaveHb (Cjj) BapTOCTEH JUIs KOKHOI mapw
MOCTa4YalbHUK - cnokuBay, =1, 2,.m, j=1 2,..,n.

Toni mimpoBa Qyrkmist (1), ska BU3HAaYae CymMapHy ce-
PEIHIO BapTiCTh TPAHCHOPTYBaHb, IPUHMAE BUTIISAL

_Zﬁj Xjj - (5)

i=1j=1

M=

L(x)=

Juist 00JTiKy CTOXaCTHYHOIO XapakTepy rnorped Ta-

KOXK BHKOPHCTOBYEThCs Habip cepenHix 3HaueHb (Dj)
X Beln4uH. Tozi oomMexeHHs (3) mpuiiMyTh BUTIIS

m -
ZXij ij , j=1, 2,...,Nn. (6)
i=1
VY wiif curyanii KaHOHIYHA TPaHCIOPTHA 3aja4a
MePETBOPUTHCS HA HACTYIHY: 3HAWTH IUIAH TPAHCIIOP-
Tysanb X = (X;j), MiHiMi3ylounii (5) Ta 3a10BONBHSIO-

yuii oomexxenusM (2), (4), (6). Orpumana 3aga4a BUpi-
HIYEThCS 3BMYaiHUM MeTooM moteHmianiB [1-2]. He-
JIOJIIKA HaBeIeHOI MoJielli 3aB/ianHs oueBuHi. [1o mep-
e, B yMOBaX BEJIMKUX 3HAYEHb JTUCHEPCId BUXIIHUX
BUIIJIKOBUX ITapaMeTpiB 3ajadi ii piteHHs B popmi (2),
(4) - (6) nst KOXKHOI KOHKPETHOI peaizariii TIaHy Mo-
JKe BHUSBUTHCS He3aloBibHUM. [lo-npyre, mucnepcis
OLIIHKH pe3yJbTaTy (CepeHhOro 3HaYeHHS KPUTEPIi0) B
IMX yMOBaxX Oyzie HENpUHHATHO BEIHMKOI, OTXKE, KpH-
Tepil BUSBUTHCSA MO 1HPOPMATHBHIM.
Vnockonanenas moxaeni (2), (4) - (6) momiibHO
3MIMCHATH B HACTYNHHX HampsiMKax. Sk Oumein iH(Op-
MaTHBHOTO KPHUTEPil0 e(PEeKTHBHOCTI TPaHCIOPTYBAHb
MIPOTIOHYETHCS BUKOPUCTOBYBAaTH WMOBIPHICTH TOTO, IO
BHIIA/IKOBI CyMapHi BUTPATH HE IEPEBUINATH IESIKOTO
3amgaHoro mopory [5]. 3po3ymino, mo ms WMOBIpHICTH
3aJIeKUTh OJHOYACHO BiJ 3HaYeHb MaTEMAaTHYHUX CIIO-
NiBaHb 1 JAWCIEPCid BUITAJKOBUX BAapTOCTEH TPaHCIIOP-
TYBaHb I KOXXHOTO 3 MapHIpyTiB i Oyme TUM Oinb-
IOF0, YMM IIi CTATHCTHUYHI XapaKTEPUCTUKH BiINOBiI-
HUX BUIIAJIKOBHX BEIUYMH OYyIyTh MEHIIE. 3 iHIIIOrO
OOKy, pamioHaJbHI 3HaYCHHS MOTPEOM Ui KOXKHOTO 3
NYHKTIB CHOXXHBAaHHS IIPOAYKTY, IIO BIUIMBAIOTH Ha
IUTAaH 1 BapTICTh TepeBe3eHb, BHU3HAYAIOTHCA PiBHEM
HOMUTY B IMX KOHKPETHUX IMyHKTaX. OnTHMaibHI 3Ha-
YeHHsI X BEJIMYHWH NPHUPOJHO BHOpATH, MiHIMI3ylOUH
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cepenHi BUTpaTH, 110 BUHUKAIOTH NpU 30epiraHHi Hepe-
QJII30BaHOTO MPOAYKTY, 1 MOXKJIMBI BTpATH BiJ fedinuTy
B KOXXKHOMY 3 IIYHKTIB CIIOXXHMBaHHs. BinmmoBimHo 10
IILOTO MEeTA CTATTI - pO3pO0Ka aJleKBaTHOI MaTeMaTHU-
HOI MOJIeN 3a]iadi YIpaBJIiHHS TepeBE3EHHAMU 1 edek-
TUBHHX METO[IB BUPIIICHHS IHOTO 3aB/IaHHS.

ITocTanoBka 3agayi

Hexaii 3a pe3ynbraTaMul MOMEPEIHIX JTOCIIIKEHb
JUTSL KOXKHOT TTapu (i, j) (BUPOOHUK - CIIOXKKMBAY) BH3HA-

YeHl OLIHKHM MaTEMaTHYHOI'O CIIOAiBaHHS mjj Ta muc-

miepcii G% BHITAJKOBOT'0 3HAYCHHS BapTOCTI TPaHCIIOP-
TYBaHHS Cj OJMHUII TPoAYKTY. [IpuiiMeMo, 10 IIiJib-

HOCTI PO3MOJUTY BiAIOBIIHUX BHIAJKOBUX BEIUYUH -
raycosi. Toxi st rany tpancnoprysanns X = (X;j)

BHIIaJIKOBE 3HAUEHHS CyMapHOI BapTOCTI TPaHCIOPTY-

m n
Baub L(X)=1 > ¢jxj TAKOK Mae raycis posmomin 3
i—1j=1
napameTpamu
m n m n
my =2 > mpXj i of =) > X
i=1j-1 i=1j=1

[Tpu oMy HWMOBIpHICTH TOTO, IO BUTAIKOBA CY-
MapHa Bapricts L(X) nepeBHmmTS MpHITyCTHMHIL ITO-

pir dpy, BU3HAYa€THCS CITiBBIJHOMICHHSM [6]:
P(L(x)2dp)=

T (L(x)—m)2 )
:dj \/ﬁczexp{—T%Z}dL(x).
I1

BBemeMo Terep st KOXKHOTO IMYHKTY CHIOKHBAHHSI
j BimnosinHy wineHicTs posnoxiny ¢;(0;) sumaaxo-

m
BOTO MonuTy 6 j » BBEAEMO JUIsl cruciocti, Z i= inj .
—

Toni s mnany TpancopryBanb X =(Xj;) cepemne
3HAYEHHs BUTPAT Ha 30epiraHHs HepeasizoBaHOro Mpo-
IOYKTYy Rgl) (Zj ), REZ) (Zj) — CepelHi BTpaTH Bix me-
¢iury Ta cepenHi CyMapHi BTpaTH
R; (Zj ) = Rgl) (Zj )+ REZ) (Zj) BHU3HAYAIOTHCS  CIIIB-

BIIHOIIIEHHIMU

Zi(m
R (2)=o; I[ZXU —91}1’1 (0;)d0;;
0

i=1
R§2)<Zj):BJZ.[(ei ‘ZJ)¢J (ej)dej ;
j
Rj (Zj)—OLJX
‘ T ®)
X£ (21‘91)4’1(91)*512.[ (91 ‘ZJ)¢J(91)d91'
i

Je o) - BapTiCTh 30epiraHHs OAUHALI TOBApY y ] -My
NyHKTI crokuBaHHi, =1, 2,.,n, Bj - BIpatu 3a
paxyHOK neiluTy OAMHHII MPOAYKTY B | -My ITYHKTI
CIIO’KMBaHHSI.

Busnaunmo Terep HeoOXiTHE CyMapHE 3HAYCHHS
MPOAYKTY IO TIOCTABISAEThCS Z jB j -1 IIyHKT CHOXU-

BaHHsI, MiHIMi3yloue cymapHi BTpati (8), oTpumMaemMo

Z Zj
Rj(2j)=o; gZj¢j(91)d91—£9j¢j(9j)d9j +

+Bj Iejd’l(eJ)dei JZJ¢J(el)del =
Zj Zj
Zj Zj
=ajZ; £¢j(91)d91 —0j {914’1(91)0‘91 +
o Zj
Zj

Zj
=(aj+Bj)Z; g%(gj)dej -

Zj o )
0] gejd’j(ej)dej +szf 0j0;(6;)d0; ~B;Z;.
j
Hamni orpumaemo
0R; (2;) f
dz; _(°‘J+'3J)£‘1’1'(91')0|91+(°‘JJFBJ)X
XZjd’l(zl)_O‘JZJd’i(ZJ)_BJ'ZJq’J(ZJ) Bj
Zj
=(cej+Bj) [ 05(05)d0; -p; =0,
0
i i(0;)do; = . 0
3BiIKH £d>]((9])d(9J vy (10)

OtpumMaHe PIBHAHHS WOAO Zj 3aBXKAM BUpilly-

€THCS YHCENBHO [7], oqHaK, y 6araTboX BUIAAKAX JIETKO
OTpHMAaTH aHAIITHYHE pimeHHs. Hexall, Hanpukman, y
BOXJIMBOMY JUISl IPAKTHKH OKPEMOMY BHIIAJIKy peasiza-
il MIBUIKOICYBHHUX TPOAYKTIB IIUIBHICTH PO3MOALTY
HONUTY BU3HAYAETHCS 3aKOHOM Perest

0;(05)=(0;/53)-xp 07 /203

Tomi
Z; 2 e
Jo; 05 J 02 /952 72 /952
J‘_éexp __JZ dej:—jd(e 9]/261J:e ZJ/ZGJ
OGj 201

Ipu somy, 3 ypaxysaussm (10),
417 (o +85); ~22 263 =n(py [+ )
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2oyl )

TakuM 4YMHOM, B IbOMY BHIAJIKY 3aja4a yIpaB-
JIHHS TIEPEBE3CHHSIMH B CHUCTEMi «IIOCTadalbHHUKH -
CHOXXMBadi» B YMOBaX HEBU3HAUCHOCTI 3BEJIEHA [0
HACTYITHOI: 3HaWTH TaH X = (Xij), 3aTHUHM MiHIMI3Y-

Batu (7) i 3a00BOIBHSIOUM (2), (4), a TAKOK

u 0
ZXij =ZS ) , j=1, 2,...Nn
i=1

(11)

ne Z EO) - BupitieHHs piBusaHHs (10)
OcHoBHI pe3yJabTaTn

Po3poOka MeToy po3B's3aHHS 3a/adi YIpaBIliHHSI
nepeBe3eHHsaMU. Tpanchopmyemo criBBinHomeHHs (7).

exp{—(L(X)—mz )Z/ZGg}dL(X) =

T o1
dJl:I '\/ﬁﬁz

= L vy
(L(x)-mg)/cx=u ( 2n

(12)

d—my )/os

3aBnanHs MiHimizamii (12) exBiBaJieHTHE 3a1a4i
MaKcHMi3arii

m n
dry =D > M

i=1 j=1

= (13)

MOXJIMBI METOAM BUPILIEHHsSI OTPUMAHOI APiOHO-

M[x]=z/(]/41_—e+]/m).“‘

X
) oo

2

w—ﬂm—b— I ool

2

exp{—(x-m)Z/(zc;?)}dx+.f\/_Gexp{ (x

JiHIAHOT 3a7aui onTuMi3anil omucani B [5]. 3 HUX Haii-
OipII e(heKTHBHOIO BHKOPHCTOBYE TEXHOJIOTIIO BHpI-
IIEHHS 3aBJaHb 3 APIOHO - KBAJPAaTHYHOIO IIHOBOIO
(yHKIi€TO 1 TIHITHAMU 0OMEXEHHSMH 10 TUITY TPaHCIIO-
prHEX. PazoMm 3 TuM, criJ 3a3HAUMTH, 110 OTPUMYBaHi
NpY BUPIMIEHHI I[bOTO 3aBIaHHS pe3yJabTaTH HE MOXKHA
BB)XaTH aOCONIOTHO O€3JO0TaHHMMH, TaK SK B YMOBaX
MaJioi BUOIpKM BHXIJHUX JTaHUX NPUHHATA TiNOTE3a Ipo
HOPMAaJIbHICTB 3aKOHY PO3MO/LTY BUMAKOBUX BapTOCTEH
TPaHCIIOPTYBaHb HE MOXKE OYTH MPHUIAHATA a00 BiIXHICHA
3 HEOOXiTHMM pIBHEM [OBIpH. 3 METOIO TOMIMIICHHS
SIKOCTI BUKOPHCTOBYBaHOI MOZEIN B PO3MISTHYTHX 3aja-
Yax TPAHCIIOPTHOI JIOTICTHUKH JIOLUJIBHO BpPAaxOBYBAaTH
XapaKTepPHY OCOOJHBICTH CIIOCTEPEKYBAHHUX TPH I[HOMY
BUIAKOBHUX BEIWYMH - MIUTBHICTG iX pO3MOALTY, K Ipa-
BWJIO, Ma€ HEraTWBHy acumerpito. [lisi ommcy Takmx
PO3MO/ALIIB BUKOPHCTYEMO CITiBBiTHOLIEHHS [ 8]

exp (x—m

A
f(x)= -
() \/EG 262

)2 (1+6 sign(x—m))¢, (14)

A exp (x—m)2 <m, o = o
A 267 | ’ 1-9°
f(x) = ,
A exp _(x—m) , X>m, oy = °_
V2n, 263 N/

B [8] BBezneHI Taki BU3HAUSHHS: M - TapaMeTp, L0

BU3HAYAE MATCMATHYHE CTIONIBAHHA, G - napamerp, 1o
BU3HAYa€ IHCIEpCiio X, 0- mapameTp, L0 BH3HAYAE
acuMeTpiro X, A - HOpMyIOUni KOe]ili€eHT,

A=2/(J/J1—_e+J/J1+_e).

BimzHaunMo, 110 HaBe/ieHI HaiiMeHyBaHHS JUIsI M

Ta 02 HE I[JIKOM TOYHI, TaK SK ICTUHHI 3HAaY€HHS MaTe-
MaTHUYHOrO CHOAIBaHHS 1 JUcHepcii BUMAJAKOBOI BETHYHU-
HH 3 po3nozninoM (14) 3anexats Bix O 1 MOXYTb CYyITEBO

BIZPI3HATHCS BiT M Ta o2 IIpoinrocTpyemo Le:

et -
-y’ (2at -

20%)}dx1+\/1+_.fmcexp{—(x

_]/\/1__9+]/\/1+_9[\/11—_e-[O\/%cleXp{_(X_m)Z/(ZG%)}dHJli_eixlﬁcge)(p{_(x_m)z/(zc%)}dx_

2 1

=L .? ve 2y ¢ M

\/Ecl exp{—(x - m)z/(zc%)} dx(x_m)z/cl:u J
T /oy - L | g (e—u2/2j+ﬂ :i(_e—uz/zlo j+ﬂz_&+ﬂ :

9 Uop +m 2/2
2L e 2y =
J2n

o0 2 o0 o0 o0
X (x-m) Uop+m __2/2 S -u2/2 m ¢ -u?/2
Jy = expq — dx = e du=—=|ue du+—|e du =
2 r‘,[\/Zﬂ?Gz p{ 2(5% } (x-m £ \2n \N2n g 21r'£
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E NGRS

2 /5100
:&(_e—u /2|0j+%:g+g; M Ix

2
e T T e

() (&

1 o m 1 o m m 1 1
X[‘Jl-—evzl—n*le-—e*Ju—e‘Jzz—n*zmH‘Jm-e)*mme)*z(ﬁ-—e*m—eﬂx

200

460 (15)

2
ETN TN e

ﬂJ_3+ﬂ¢ﬁf ﬁ%@ #)

V2 (1-07)(Y\E=0 + Ui+ 6)

OtpumaHuii TOCUTh CKIaJHUH Bupa3 mis M[X] yckiamHioe po3paxyHOK TOYHOrO 3Ha4YeHHs auctepcii X. Tomy
00MeXHMMOCsl BU3HAYEHHSM CEpPEJHHOT0 3HAUCHHS KBa{paTa BiAXHMJICHHS BUIIAIKOBOI BEIMYMHH X Big M:

T (x-m)’

M [( 2nc

" e ||

(x-m)*

(x—m 2
exp{—
201

) (x=m)? C-mP || 2
}dx+j >o? exp{— 205 }dx}_],/ﬂ-k—]/\/mx

m

m)’Vi-6

gN=y

21:0

1 me'\le {
j exp{—

1 T )2 (x—m)2 1 J-(x m)?
| o - @Gl 207 J_ @Gz

m 2
(x=m) X—m
I = exp<—
! _J;O \2noy P 2012

|2:T(X_m)2e

2012} \/]TJ. \/ﬁc

ﬁ\w

m \2rnc,
2 2 o? o5
M[(x—m) }: { 1 + 2
YVI=0+1/1+0 | 2y2n1-6  2{2n\1+6

3Ha4YeHHsI CTATUCTUYHUX XapaKTEPUCTUK BHUIIAJI-
KOBOI BEJIMYMHU X , 004YHMCIIOBaHi BianosigHo no (15),
(16) momiTHO BimpisHsroTECA Bim M Ta o2 Tomy me-
peiliMeHyeMO X HACTYITHMM MEHII 3000B'S3yIOUUM 4H-
HOM: M- mapamerp, L0 XapaKTepU3ye MOJI0KECHHS
posnozniny ¢(x), BiH BU3HAYAE MOJANIBHE 3HAUYCHHS X

2

G° - mapamerp, L0 XapakTepusye (opMy pPO3MOILTY

o0 o0

w5 -
AT

(X_m)z dx = 2 { Lot I}'
20 | 1NI0+iNE+0 (Vim0 ' Viee ]

9 o] ot ol o?
ARG Jz_[ L I /sz] Tt

P 2 2y % 2 o2
'([ ( el /zduj \/E[ —ue™! /2|0+_([e /Zdu]_zdg_n’

} (16)

o2 1 ] [ 2 1
" Pxl1oe 1-0 ez ) Veml1-6? Ji_g?

¢(x), BiH BU3HaYae Bapianiio MO0 MOJAIBHOTO 3Ha-
YyeHHst. Bif3Ha4uMMo, 110 OI[IHKM 3HA4YeHb MapaMeTpiB
m, 012, c%, HeoOXimHI Juisi onucy posnoainy (14),
JIETKO OTPHMATH METOZOM MAaKCHMAaJbHOI MpaBIOMOi-
6Hocti. BukopuctoByemo Temnep criBBifgHoUIeHHs (14)
JUISL PO3PAaXYHKY KPUTEpil0 e(peKTUBHOCTI TPAHCIIOPTY-
Banb (17):

(L(x) —zmz) (1+ Osign (t(x) - mZ)) X(x)=

P(L(¥)2dy)= [ f(L(x))dx

dr

= 2 ex
R e N

of

T T T ex"{‘(“x)‘m”/ [Zne]}d“x)u—wi—e/oz-u

o0

2
(VA8 N 0) B0 (.
F(x)—(d“‘m”m—m'(dn

> i=1j=1

Miniwmizamis (17) exBiBajeHTa MaKCHMi3aIlii o,
ekBiBasienTHO Makcumizarii (13). Lle o3Hawae, mo or-
TUMAaJIbHUH IUIaH TEePEeBEe3eHb JUIS BUMAKY KOJIU BHIIA-
JIKOB1 BApTOCTi PO3IOITICHI BiAIIOBIAHO 10 ACUMETPHY-
Hoi mrinbHOCTI (14) Oyme 36iraTucs 3 TUTAHOM, OTpHUMa-
HUM IS0 HOPMAJIBHOTO PO3MOMALTY. Y 3B'S3KY 3 UM
MPUHIMIIOBY BXKJIUBICT 3/100YBa€ MUTAHHS MPO T€, YK
3aJIeKUTH IDIaH TPAHCIIOPTYBAHb BiJl 3aKOHY PO3MOALTY

ie_uz/zdu ) Sij = dH/A—mij; (17)

g W0 o

Zmuqu/ ml_zn:l"izjxi? JH_GZZSuXu chuxu
i

i=1j=1 i=1j=1

BapTOCTI TPAHCIIOPTYBaHb 32 YMOBH, IO OCHOBHI CTa-
TUCTHYHI XapaKTEPUCTUKU [MX BUIIAJKOBUX BEIUYUH
(m Ta %) dikcopani. i BIiANOBiAI HAa Le NUTAHHA
TIOTIEPEAHBO 3HANIEMO «HAUTipIIy» MIUTBHICTH PO3IIO-
ITy, IUIs SIKO1 MIMOBIPHICTH TTEPEBHIIICHHS JOITYCTUMO-
ro mopory 0yae MaKCHMAallbHOIO, 1 TTOTIM ONTHMAaTbHUI
TuraH i miel curyamii. [Tpu pboMy BHHUKAaE HACTyIIHA
3a/lava; 3HAWTH IIITBHICTH PO3MOILTY BHIAIKOBOI Be-
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JMYMHU 3 3aJaHUMM 3HAYeHHAMH M Ta G2, U SKOi
HWMOBIPHICTB NONaIaHHs B 3aJJaHUH iHTEpBaJl Oyne Max-
cuMaibHO0. Lle 3aBmaHHS KOHTHHYaJIBHOTO JIIHIHHOTO
nporpamyBanus [9]. Beememo mis crucnocti 3MiHHY

V = 2(X). dopmManpHa ITOCTAHOBKA BiJIIOBIIHOI OITH-
Mi3aliiHol 3a/1a4i Ma€ BUTIIS:

3HAWTH IMUIBHICTH PO3IOILTY g(v) BUIIA/IKOBOL
BEJTMYMHU V , 1O 33JI0BOJIBHSIE YMOBaM

[ee}

j g(v)dv=n, (18)
]9 vg(v)dx=m, (19)
T (x=m)*g(v)dv=c?, (20)

—0
JUISl SIKOi HMMOBIPHICTh TOTPAIUIIHHS 10 1HTEpBally
[dr7,0) , nopiHrOE
o
p(vdp)= _[ g(v)dv,

dn

(21)

Oyne MakcuMmanbHOW. B [9] mokaszaHo, IO pillICHHS
CNiJ| UIyKaTH B KJaci JIIHIHHMX KOMOIHAIii nenbpTa -
¢byukmii Jlipaka, TOOTO BOHO MA€ BHIIIS

a(v) =%Zi6(v—vi) :

Po3pobnena i o0rpyHTOBaHa ONTHMI3aliliHa TpO-
neaypa, onucana B [9], crocoHo o 3amadgi (18) - (21)
MPUBOIUTE 10 TAKOTO PE3YNIbTATY:

dry —m)? m? + o?md
g(V): 2(+1(_Id )m)za V= mfdn =
G _
1 , (22)
T S(v-dn).

o2 +(dp —m)

OTpuMaHa HIIBHICTE po3noailty (22) € «Haurip-
TII0F0» B TOMY CEHCI, 1110 HIMOBIpHICTh MOTAaHHS BUIIa-
JTIKOBOI CYMapHOI BapTOCTi TPaHCIIOPTYBaHb L(X) B

HETIPUIYCTUMHN 1HTepBall [dl—[,oo) Oyne HaWOINIBIIO

B TIOPIBHSAHHI 3 BiJIOBITHUMH MOXJIMBOCTSIMH JUIS
Oynp-KHMX HIIMX MIIJTBHOCTEH po3noainy 3 (ikcoBaHU-

MH 3HAUCHHAMH m Ta G°. [Tpn 1pOMy BipoTiTHICTH
TIOMaJJaHHs B 1IeH IHTepBaJl IOPiBHIOE KOE(IIEHTY MpH
JPYroMy JOJaHKy B CHiBBigHOIIEHHI (22).

[IpoBenemMo mOpIBHSHHS 3HAY€Hb HMOBiIpHOCTEH
MOTPAIUISIHHSL B HETIPUIIYCTUMHHA 1HTEpBaN ISl TPHOX
PO3MOAITIB BUMAJKOBUX BEIWYHMH 3 33JaHUMH 3HA4YEH-
HSIMH MaTEeMaTUYHOI'O CIIOAiIBaHHA i mucrepcii. Po3pa-
XYHOK TIPOBE/IEMO 32 TAKUMH (OPMYJIaMHu:

— qa ['aycoBoro po3mnoniny

Pr(L(x)2dp)=

— IS aCUMETPUYHOTO PO3IMOJILITY

o1
P,(L(x)>dy )= ex
a( () H) 1 . 1 dJl:l /_ZT[G p
J1-0 1+0
(x—m

2
—2)(1+ 0)sign(x—m)dx;
2c

2

exps —

—  «HaWTIpIIOro» PO3MOJIiNy
62

23
% +(dp —m)?

PH (L(X)Zd]‘[)z
Hexaii:
m=10, 6 =3,;
dq =12, 14; 16; 18,
0=-0,1; -0,3; -0,5; -0,8; -0,9.

PesynbraTi po3paxyHKiB 3BefieMo B Tadi. 1.

Tabnuys 1 — 3navenb WMOBipHOCTeli BIIy4eHHsI B iHTepBaJI [dn,oo) JIJISl Pi3HUX PO3MOAiTIB BUNIAIKOBUX BeJIMYHH

q ) ) ACHMETPHYHUIA PO3MOALT «Haifripumit»
n Tayei posmoain g~ 0=-0,3 0=-0,5 0=-0,8 0=-0,9 posmonin
12 0,26 0,28 0,32 0,35 0,42 0,44 0,69

14 0,09 0,10 0,11 0,12 0,14 0,15 0,36

16 0,025 0,027 0,03 0,034 0,04 0,045 0,21

18 0,005 0,005 0,006 0,007 0,008 0,10 0,123

[opiBHSHHS ITUX PE3YIIBTATIB TO3BOJSIE 3pOOUTH
HACTYIIHI BUCHOBKH.

1. TayciB po3noginaae HaHOIIBII ONTUMICTUIHHAN
MPOTHO3 JJISi WMOBIPHOCTI MOTPAIUISIHHS B HETIPHITYC-
TUMUH iHTepBa.

2. AcumerpuvHe pO3MO/ICHHS Kpallle MPOrHO3Ye
HeOe3MeKy HeMPUITYCTUMOIO CUTYAIIii.

3. «Haiiriprie» po3nomin Ja€ MECUMICTUYHUIMA
MIPOTHO3, ISl SIKOTO MMOBIPHICTH HEOE3NEKH B pPas3H

TIEPEBUIIY€E BiJIMOBITHY HMOBIPHICTE JJIsI HOPMAIBHOTO
po3mominy.

BinmoBimHO 0 mBOTO, HA TEPIINI MOTIISAN, BHAA-
€ThCS OYEBUIHOI HEOOXINHICTh BiAITyKaHHS ONTHMA-
JHHOrO TUIAHY TPAHCIOPTYBaHb B HAWTIPIIMX YMOBaX,
TOOTO pilIeHHsT MiHIMaKCHOI 3a7ad4i. Pazom 3 TiM, ButIe
BXE 3BEpTajach yBara Ha Te, 1[0 AHATITUYHUIA OITHC
KPHUTEPiiB ONTHMI3aIlii I raycoBa Ta aCHMETPUIHOTO
posnoniniB (hopmynu (13) i (17)) 3 TOUHICTIO 10 KOHC-
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TaHTH 30iraroTecsa. Po3risiHeMO Temep aHaTiTHYHUN
BHpa3 Ul KPUTEPII0 ONTUMAIBHOCTI B pa3i HalTipIIoro
posmoxiny. Tak sx

o2 _ 1
2 2 2
o +(dy —m d,—-m
( I1 ) 1 + m
c
TO MiHiMi3arig (23) eKBIBAJIGHTHO MaKcUMi3allii

(dry —m)/o , mwo 3HoBY 36iraetses 3 (13) ta (17).

3Bi/icH BUIUIMBAE: ONTUMAJILHUN TUIaH TIepEeBe3EHb
BHU3HAYAETHCSA TITBKM OCHOBHUMM CTATUCTUYHHMHU Xa-
paKTEepUCTUKAMH BapTOCTEH TPaHCIOPTYBaHb 1 HE 3a-
JISKUTH BiJI 3aKOHIB PO3MOJALTY IUX BUIAJKOBUX BENH-
YHH.

Haii0inpin akTyaabHI HAIPSAMKH MOJAIBIIHX JOC-
JIDKEHBb TIOB'SI3aHI 3 PO3IJISIIOM MOCTaBJIEHOI B pOOOTI
3a/1a4i B yMOBax, KOJIM BUXI1JIHI JTaHi BU3HAUCHI HEUITKO
[10-13] a6o merourno [14]. MoXJIMBI MiAXOMH 70 BUPI-
LIEHHs] BUHUKAIOUMX TP LbOMY 33/1a4 3aIPOIIOHOBaHI B
[15,16].

BucHoBku

1. Po3misiHyTO MeToau BHPIIIEHHS TPAHCIIOPT-
HUX 337124 3 BHIIAJIKOBOIO BAPTICTIO TPAHCIOPTYBaHb B
yMoOBax Mayoi BHOIpKH crHocrepexeHb. JlocmipkeHa
CHUTYyaIlisl, KOJIM BHXiJHOTO CTaTUCTUYHOIO MaTepiamy
JOCHUTH TUTBKH JUIS OLIHKM MaTEeMaTHYHUX CHOMAIBaHb i
JICIepCii BUMAAKOBUX 3HAYEHb BAPTOCTI.

2. Tloka3zaHo, 1o 3aga4a Moxke OyTH 3BeleHa JI0
onTHMi3anii qpiOHO - KBaJIpaTU4HOI LTBOBOI (QYHKIIT 3
JHIHHIMH 0OMEKSHHSIMH.

3. OTpuMaHi aHaJITUYHI ONMCH 3aaadi Il pi3-
HUX THUIIB 3aKOHIB PO3IMOJTYy BHIAIKOBOI BapTOCTI
TpaHcropTyBaHb. [loka3aHo, 110 y BCiX BHIIAIKax 3a/1a-
Yya ONTHMI3allii TPaHCIIOPTYBAaHb 3BOAUTHCS IO OMHIET i
Ti€l % popmabHOi Mozei.

4. Tlpu upomy pe3yibTaT pillleHHs 3anadi (ONTH-
MaJIbHUH TUIaH TepeBe3eHb) 3aJISKUTh TINBKU BiJl 3Ha-
YeHb OCHOBHHMX CTaTUCTHYHUX XapaKTepHCTHK (Mare-
MaTH4HE CIO/AIBaHHS 1 IUCIEPCisl), BUIAJKOBUX BEIH-
YMH BapTOCTI TPaHCIIOPTYBaHb, ajie HE BijJ IX 3aKOHIB
po3nomniny.
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Supply management in terms
of small sample random output data

Lev Raskin, Oksana Sira, Yurii Parfenyuk

Abstract. Considered problem of finding the optimal product transportation plan in "supplier - consumer" system in a
situation where the cost of transportation - random variables. The model of the problem is formulated. Offered criterion opti-
mality of the plan - probability that the total random cost of transportations will exceed the set admissible threshold. In the condi-
tions of a small initial data sample correct restoration of distribution density of casual transportations cost is impossible. There-
fore, variants of the analytical representation of the criterion for different distribution laws of the random value of transportation
are considered: Gaussian, asymmetric and "worst". The parameters of the "worst" distribution law are found by the method of
continuous linear programming. To solve the problem, an iterative procedure is proposed, at each step of which the quadratic
programming problem is solved. The acceleration method of computational procedure based on optimization of fractional - non-
linear function with linear constraints is substantiated. It is shown that the optimal transportation plan is determined only by the
values of mathematical expectation and variance of transportation costs, but does not depend on the distribution law of these
random variables.

Keywords: Transport problem of linear programming, random values of transportation costs, fractional - nonlinear op-
timization.
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COMPARATIVE ANALYSIS OF INFOTAINMENT SYSTEMS

Abstract. The issues of relevance of work in information and entertainment systems, on the pages of which a lot of di-
verse and fascinating content is concentrated, are considered. The existing information and entertainment systems that are
in demand in the market are analyzed and all the key characteristics of the resources, their features and disadvantages are
identified. The possibilities of registering and working with content in the systems Reddit, Pikabu, JoyReactor, 9GAG,
Fishki.net are investigated. Special attention is paid to determining the rating of publications and comments. The analysis
of functional features of information and entertainment systems is carried out. The type of content for infotainment system
development — the UGC (user-generated content) (videos, photos, GIFs, memes, blog posts, and audio) created and distrib-
uted by users on the Internet is defined. The viewing modes of existing systems are analyzed. The forms of activity neces-
sary for the development of a new infotainment system are formulated.

Keywords: UGC, rating, infotainment portal, user profile, content.

Introduction

A human is designed in such a way that he urgent-
ly needs rest and relaxation. It is not always possible to
allocate time and money to organize a high-quality
leisure time. Infotainment systems that are in high de-
mand among users come to the rescue. Their pages
contain a lot of diverse and exciting content [1].

People on such sites view event feeds, respond to
attractive messages, read, recognize, are surprised and
laugh. The process of staying on such resources is ad-
dictive. Watching interesting videos, pictures, reading
original texts on the most unexpected topics — all this
happens for the sake of spending your free time and
from banal boredom. It is natural for people to seek
light entertainment for themselves, if possible.

Infotainment sites are designed to enrich people's
minds and fill them with new facts. At the same time,
they are able to raise the mood, captivate and dispel
melancholy. With their help, it is easy to overcome the
tedious wait, spend time with pleasure and some benefit

[1].

Entertainment portals can be supplemented with
news feeds, catalogs, etc. That is, everything that can be
of interest to a modern person with healthy ambitions is
concentrated in one place. The content of such sites is
aimed at engaging the reader. They describe only the
brightest events of show business, the world of fashion,
art and offer to study the latest achievements. Within the
framework of entertainment sites, you can always read a
horoscope, find a new dish or leisure time that can
arouse interest.

The pages of such portals contain everything that
can charge a person with positive emotions and change
their mood for the better.

There are no problems with Internet Access today,
so nothing prevents a person from plunging into the
world of interesting, informative and fun news. Info-
tainment portals can safely be called effective "pills" for
boredom [1].Usually, such sites are filled with infor-
mation using UGC (user-generated content) — this is any
type of content (videos, photos, GIFs, memes, blog
posts, and audio) created and distributed by users on the
Internet [2-4].

The main material

The article analyzes infotainment systems that are
in demand in the market, identifies all the key character-
istics of resources, their features and disadvantages.

Reddit is one of the most popular communication
platforms in the world, which is widely used in Ameri-
ca, and is not so popular in Ukraine. The portal is divid-
ed into «subreddits» (thematic sections), where users
start topics (threads) and discuss news, events and share
their own experience there.

People can vote for or against comments by in-
creasing or decreasing their rating — the rating of the
comments themselves and their authors depends on this
[6].

Reddit is both a news aggregator, an entertainment
site, and also a social network or discussion forum di-
vided into thematic sections — subreddits. Reddit users
independently add content to the platform that other
Redditors can comment on and support or replace.

Each user of the site can create a subreddit on any
topic, as long as they follow the rules of Reddit. Sub-
reddits are managed by volunteer moderators who can
change the community interface, dictate what content
can be posted, and even delete posts and ban users.
Reddit is generally managed by administrators-
employees of the company who have broad rights on the
site, including the ability to remove moderators, take
away their rights, and even delete the community on the
service [7].

Each individual subreddit has its own rules, and
they are most often unique and specific to that subred-
dit.

For example, you can send your infographic to
Ir/dataisbeautiful, one of the most popular subreddits
with over 13 million subscribers. However, the rules
clearly state: «no to infographics or other non-
automated charts» [8].

If there is a need to participate in this or another
community, then you need to study the rules of the
subreddit. Failure to follow the rules will result in a
quick ban, and there are no exceptions.

Reddit was originally written in the Common Lisp
programming language, but was rewritten in Python
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back in 2005 for greater flexibility and access to numer-
ous libraries [9].

About the design of the Reddit site, we can say
that it is light and clear, does not have text overload.
The navigation bar is located in the left corner, which
includes feeds, interesting subreddits and profiles of
other users, and in the right corner — current tops of
subreddits by various categories (Fig. 1). You can view
Reddit in three modes: «classicy», similar to the old site
feed, «card», which resembles the design of Facebook,
and «compact», where the blocks are located more
tightly to each other.

Reddit uses a logarithmic combination of positive
and negative votes to determine the popularity of con-

tent both in subreddits and on the site's home page [7].
Here's a simple explanation: the first 10 votes have the
same impact as the next 100 votes, and these 100 votes
have the same impact as the next 1000 votes, and so
on.

All posts are divided into thematic categories.
Among them are "Science", "Games", "Music", "Vide-
o0s", "News", "Food", "Books" and many others. In total,
the site has more than 11,000 subreddits that unite fans
of various topics [5].

When you first meet Reddit, it can scare you away
with the amount of "information overload” (Fig. 2), as
well as the almost complete absence of content in the
native language.
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Features of this resource:

— easy division of content into thematic sections-
subreddits (subreddits);

— ability to quickly track any news;

— easy registration — by email (you need to enter
a username, password, and confirm your email), or by
using a Google or Apple account;

- the main page of the site displays only those
posts on topics that you subscribe to;

— there are convenient filters that allow you to
view news by popularity, release date, and so on;

- the ability to communicate with other people
on topics of interest by commenting on posts, or in a
personal chat;

Fig. 2. Reddit homepage

— a wide range of settings (you can set up traffic
savings);

— asimple rating system, the so-called «Karmay;

— there is a personal paid system of rewards that
can be given to the author of an interesting publication
or an accurate comment, and thus raise karma for your-
self and the author;

— asimple process for creating your own subred-
dit, but there are two requirements — the account must
be at least 30 days old and have 500 + karma;

— a convenient and wide space for advertisers
and brands;

- the well-known Ask Me Anything section where
users questions are answered by world famous people;
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- two-factor authentication to protect user ac-
counts.

Disadvantages:

— too many rules (even each subreddit has its
own rules that are placed in the side menu, for violation
of which a ban is issued);

- to disable ads, you must purchase a paid Reddit
Premium subscription.

In March 2019, the audience of «Pikabuy, accord-

ing to SimilarWeb, was 32.5 million unique visitors,
and in 2018, more than 426 thousand new users regis-
tered on the site. The site ranks 502nd in the world in
terms of popularity [10]. When you get to the main page
of Pikabu, you can say that its appearance is quite
pleasant (Fig. 3). All elements of the site meet modern
design standards and are quite intuitive. After the rede-
sign, Pikabu lost its resemblance to Reddit. Pikabu
switched to full display of publications [11].

f
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Fig. 3. Pikabu Interface

On Pikabu, the rating is quite significant compared
to Reddit, as various restrictions for the user depend on
it. It is formed depending on all ratings of comments
and added posts (the rating of a comment changes the
rating of user to +/- 0.5, and the rating of the post to +/-
1). Let's take a closer look:

— -200 account automatically blocked;

- -25 You can't add comments;

- O-rating after registration;

— +10 you can attach an image to a comment;

— +150 you can add a video;

— +1000 you can add a link and edit a post (with
a rating below 1000, you can't edit a post after it is pub-
lished, or attach a link to it);

— +10000 you can combine tags. Accordingly,
an "elite" that has scored 10 000 or more ratings has the
ability to combine tags (adjust them for convenience);

— 20000 people with the highest rating can view
the resource completely without ads.

The main problem of Pikabu for several years now
is the misunderstanding of the resource administration
with users. The unwillingness of site owners to listen to
those community members who gave their time and ef-
fort to the resource, forming a community that attracted
new users, led to the fact that boycotts were announced to
the resource and "riots" were organized on the site.

JoyReactor is another popular infotainment site in
Runet, with a rating system, after Pikabu and is its main
competitor.

When you get to the site, the user is met with a ra-
ther peculiar, bright design (Fig. 4), which is generally
harmonious, distinguishes the site favorably from others
and has everything you need for comfortable use.

Publications on the resource are marked only with
tags. The tag system on JoyReactor is so large-scale and
developed that it builds both site sections and communi-
ties based on interests, without having to implement
them separately. Which section or community the publi-
cation will end up in is decided by the user when they
put tags when publishing their post. There are no strict

restrictions on specifying tags, each user can come up
with any tag that matches the content of the publication.
Matching tags and content is strictly monitored and can
be punished if, for example, you publish content in the
wrong section or community.

Fig. 4. JoyReactor design

Resource sections can even be considered as a sep-
arate resource, as they have their own domain, their own
sections, and may have their own design.

The rating of posts and comments is credited to the
user's account. It is different for the main page and for
sections with communities. The rating for comments is
10 times less than for publications. The rating obtained
in sections and communities gives only a variety of
awards "medals" in the user profile. Advantages are
given by the rating that is obtained for publications only
with tags of the main page and its subsections, that is,
for funny pictures and other jokes with comics.

If you get a sufficient number of ratings on the
main page, the user gets a star in their profile, and privi-
leges on the resource depend on the number of stars.

Among the shortcomings of JoyReactor, you can
distinguish a large bunch of small bugs, and all sorts of
flaws that the administration as a whole does not pay
attention to. With long-term use of the site, its obsoles-
cence in technical implementation becomes noticeable
in the details.

Also, on the site, a request to users to support the
resource financially borders on outright begging. So if
you go to a site with the adblocker enabled, the site will
not just ask you to turn it off, but will tell you that it will
be engaged in mining until you disable the blocker, and
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will also show obscene ads. Although the resource de-
serves to be monetized through advertising, the methods
for implementing it are somewhat radical. In the middle
of the site is a small banner that asks you to donate to
the servers and shows how much has already been do-
nated in the current month. Without a new audience, the
community does not develop and stagnates, and in the
end this leads to a decrease in traffic, which is con-

firmed by data from Amazon's Alexa service. On the
graph (Fig. 5) you can see how the situation worsened
after the introduction of the activation system in 2017.

9GAG is one of the most popular sources of short-
form entertainment on the Internet, whose service team is
based in Hong Kong, with a variety of memes, GIFs, and
other viral content posted daily, using user-generated
content that is shared by the entire community.

Historical Traffic Trends: Alexa Traffic Rank

Jul'1é jan'17 ul "7

joyreactor.cc

Fig. 5. Alexa traffic statistics for JoyReactor

Over the past five years, 9GAG's popularity has
grown rapidly: between its website and mobile app,
9GAG now attracts more than 150 million unique visi-
tors per month [12]. The site receives most of its traffic
from the United States and Germany. According to the
analytical service SimilarWeb, these two countries ac-
count for more than 17% of site traffic. The "top five"
also includes France, Great Britain and Brazil [13].

The design of this resource is a bit like Reddit,
made in black and white style.

Among the advantages are:

— simple and appropriate design for this category
of sites, with no text overload;

— the ability to sort posts by popularity, rating,
novelty, or category;

— no complicated registration with a Facebook
and Google account, or a mailbox with its subsequent
confirmation;

— there are basic necessary account settings, with
the ability to download your avatar or choose from
randomly suggested ones;

— the ability to communicate by commenting on
posts, or in an existing collective chat on the topics
present;

— convenient creation of posts where photos or
videos are uploaded via a link, or directly from the de-
vice, and it is also possible to make memes directly on
the site using the presented tools;

— loyal rating system for posts and comments
(one user can add or subtract one rating point);

— the ability to quickly switch to the next and
previous posts using the arrow keys on the keyboard.

Disadvantages:

— the built-in video player is not convenient (it
does not have the ability to rewind or pause the video
and adjust the volume level);

— you can't create both a personal and collective
chat.

Fishki.net one of the most popular entertainment
portals in the media market, which is filled with news
by users themselves. This resource is read by Ukraini-
ans, Latvians, Kazakhs and Israelis [14].

Today, according to Similarweb, the site Fishki.net
gets 45 million visits per month. On some days, two
million unique visitors come to the chips. Up to a thou-
sand posts are moderated per day.

Fishki.net are interesting not only for lovers of pure
humor, but also for connoisseurs of more serious materials,
including historical, automotive, discussion of relations
between the people, cooking recipes, problems of Medi-
cine and education, everything that craftsmen do with their
own hands, as well as issues of culture and art [15].

This site is available in two languages — Russian and
English, and the design in English is slightly simplified,
namely, it does not have Popular Posts, Top Companies
for different periods (for a day, Sunday, month, and for
the entire period) and popular tags in the right corner of
the feed. The design itself, although simple, is not clear
enough at first glance, for example, on the main page,
where current news is located, there is a feeling of text
overload, which can't be said about other pages, where all
posts go one after another to the bottom.

On the site Fishki.net the rating system (karma)
provides some restrictions, you can get it if other regis-
tered users rate the posts you created (+/- 1 karma) or
comments (+/- 0.5 karma).

Advantages:

— easy registration, where you need to come up
with a username, nickname, password, enter an email
address and confirm her;

— convenient division of content into appropriate
sections and the ability to sort it;
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— available necessary settings for profile, priva-
cy, news feed, and comments;

— the profile has a function for saving the history
of viewing posts, namely all posts that were rated,
commented on, or saved;

— the ability to quickly search for content by
tags;

- easily to create your own post (there is a pre-
view before publishing);

— the ability to create or subscribe to partner-
ships;

— aregistered user will be able to rate the publi-
cation only after viewing it, otherwise an error message
will appear;

— there are interesting entertainment tests on var-
ious topics (created only by administrators).

Disadvantages:

— at first glance, an inconvenient website design
for beginners;

— there are a lot of distracting ads.

Conclusions

Based on a comparative analysis of existing ana-
logs of infotainment systems (Reddit, 9GAG, Fishki.net
etc.) their advantages and disadvantages were identified.

Based on the above, it is possible to determine the
need to develop a new infotainment system that will
take into account the shortcomings of existing systems.
Such a system will use the following forms of activity:
informing;
providing an electronic library of information
resources;
providing links to carefully selected sites;
personal account;
portfolio (both private and whole team);
discussions, forums, communication in project
groups in social networks;
master classes;
contests and festivals;
opportunity to get bonuses and certificates.
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IopiBHsAIbHME aHATi3 iHPOpMaLiiiHO-PO3BAKATBHUX CHCTEM
M. Tepcanues, P. Hipynic, A. O. Amurpenko, T. M. [lepkau

AHoTanis. Po3rnsHyTO MUTaHHS aKTyaabHOCTI poOOTH B iHPOpMaLiiHO-PO3BaXKAIBHUX CUCTEMax, Ha CTOpPiH-
Kax SIKHX 30Cepe/KeHo 0e31iu pi3HOMaHITHOTrO Ta 3aXOILTI0IY0ro KoHTeHTy. [IpoaHanizoBaHi icHyro4i iH(GOpMAaIiiHO -
PpO3BaxanbHi CHCTEMH, SIKi KOPUCTYIOTHCSI MOMMTOM Ha PUHKY Ta BU3HAYEHO BCi KIIOUOBI XapaKTePUCTHKH PECypCiB, 1X
0co0nuBOCTI Ta Hexomiku. J{OCmiKeHO MOXKIUBOCTI peecTpalii Ta poboTu 3 koHTeHToM cuctemax Reddit, Pikabu,
JoyReactor, 9GAG, Fishki.net. OcobauBa yBara npujiieHa BU3HAYCHHIO PEUTHHTrY myOumikaiiii i komenrapis. [Ipose-
JIeHO aHali3 (QYHKIiOHATBHHUX OCOOIMBOCTEH iH(OpMaIiifHO-pO3BaXKaTbHIX CHCTEM. BU3HAYEHO THM KOHTEHTY IS
po3pobku iHdopMmariiino-po3BakansHoi cucremu UGC (user-generated content) (Bizmeo, ¢oro, GIF-daiinu, memu,
JIOTMCH B OJorax Ta ayfio), CTBOPEHHUIl Ta PO3MOBCIOMKEHUH KopucTyBauaMu B [HTepHeTi. [IpoanamizoBaHi pexumu
neperysiny icuyrounx cucreM. ChopmynboBaHo GopMH MisTBHOCTI, HEOOXiMHI mpu po3podii HOBOI iH(OpMAIiHHO-
PpO3Ba)kaabHOI CUCTEMU.

Kawuosi caosa: UGC, peiiTuHr, po3BaskaJIbHUN HOPTAN, MPO(ias KOPUCTyBada, KOHTEHT.
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HepxaBHU yHIBEpCUTET IHPpACTPYKTypH Ta TexHoiorii, Kui, Ykpaina

TH®OPMAIIMHO-AHAJITAUYHI MOJEJI
MOIIYKOBO-PATYBAJIbHUX ONEPAIIN B IPUBEPEKHINA AKBATOPII

AHoTanisi. B crarri HaBeneHO MoOJeNi IOIIYKOBO-PATYBAJIBHUX OINEpamii B NpuOepexHid akBaropii, ¢opmamizamii
3HaHb Ta 3aBJaHb MOIIYKY I IX MOJAJIBIIOl peai3amii y cucreMax HiITPHUMKH NPUHHATTS pimeHHs. CHCTeMaTH30BaHO
po0ieMu, 37ificHeHa Kilacu(iKallisi METOIB MOIIYKOBO-PITYBAIBHUX i, IO JO3BOJIIO BHIIIMTH YAaCTKOBI Ta 3arajibHi
TTiIXOTM PIIIeHHsI MOITYKOBHUX 3a/1ad Y Pi3HUX YMOBax 3 METOI0 (opmaizaliii Mojiesieil MonrykoBo-psATYBaIbHAX i 1 Ipo-
IieciB y CKiIazi iHpopManifHO-aHATITHIHNX MOJIeNIed CHCTeM IATPHUMKH NMPUIHATTS pimenHs. OOIpyHTOBaHO AOLITBHICTh
Ta po3polIIeH] TeXHOJOrii MHOXXMHHOTO aHalizy (pOpMyBaHHS HaBiramiiHoi oOCTaHOBKHM, palOHIB i yMOB ITOLTYKOBO-
PTYBaJIBHUX omepariil y npuOepexHii 30Hi, K yHIBEpCaJIbHOI0 MaTEeMaTHYHOrO arapara IIaHyBaHHS IMOIIYKOBHX Iii.
Po3pobka iHpOpMamifHNX Ta aBTOMAaTH30BAHMUX CHCTEM CYJISH JMO3BOJISIE MIABHIIUTH €(QEKTHUBHICTH MOIIYKOBO-
psiTyBanmbHUX omnepanii. Lle BinkprBae HOBI ITAXOIM 10 3aB/IaHb CYJHOOYIYBaHHS, KOHTPOJIIO, YIIPABITiHHS 33 MepeMilleH-
BHIIEHUMH MOXKJIMBOCTSIMH TIPH CTBOPEHHI Ta 3aCTOCYBaHHI CIIEIiaTi30BaHUX iHGOpPMamiiHUX CHCTEM — CHCTeMax ITiT-
PHUMKH TIPUHHSATTS PillIeHb, SIKi JO3BOJISTIOTH 3MEHIIUTH IIUKJI IPUHHSTTS PillleHb B TIONIYKOBO-PATYBAIBHHUX ONEpAaIlisX.

Karo4doBi c1oBa: HewiTKi MHOXKHMHM, CHCTEMA ITITPUMKH NPHUIHATTS pIllIEHHs, IOLIYKOBO-PATYBalbHI oneparii, Teo-

PETUKO-MHOXUHHE IPEACTABJICHHS, (I)Opmaniaauiﬂ 3HaHb.

IMocTanoBka nMpodaemMu

JlocnipKeHHsI B Tamy3i CyIHOILIABCTBA Ta MPOBEICH-
Hi MOIIYKOBO-PATYBAIBHUX OMeEpalliii CBiYaTh, 1o 3a0e3-
TNIeUEeHHsI YCIIITHOTO TMOUIYKY O00'€KTIB Ha MOpI € Mpiopu-
TeToM B Oy/b-sIKili psITYBabHOI oreparii. Bukopucranus
CyYacHHMX TEXHOJIOTIH YIPABIIHHS MOIIYKOM 3MEHIIYE
HaWBaXJIMBILIMKA (DAKTOP B MOIIYKOBO-PATYBAIBLHUX OIe-
pauisix — yac. Po3poOka iHdopMmaiiifHX Ta aBTOMaTH30-
BaHUX CHCTEM CYJCH JO3BOJISE ITiJBHUIIUTH €PEKTUBHICTD
TIOIIYKOBO-PSATYBaIbHUX oriepaiiiid. lle BigkpuBae HOBI
ITIXO/IN JI0 3aBJiaHb CYIAHOOYIYBaHHS, KOHTPOJIIO, yIpaB-
JIHHS 32 TIEPEMIIIEHHSIM CyJeH Ta ineHTH(IKaI iX Jisib-
Hocti. Ha TenepimiHiit yac piBeHb pO3BUTKY HAYKH Ta TEX-
HIKA XapaKTepH3yEThCS MIBUIICHUMH MOXIIUBOCTSIMH
NPY CTBOPEHHI Ta 3aCTOCYBaHHI CrieliaiizoBaHux iHdop-
MaliifHUX CHUCTEM — CHUCTeM MIITPUMKH NPUHAHATTS pi-
urenb (CIIIIP), siki MO3BOMSIOTH 3MEHIIMTH LUK TIPHii-
HSITTS PillIEHb Y TIOLTYKOBO-PSITYBAJIbHHUX OIEPALLisX.

CIIITP MoxyTh OyTH SIK IPOCTHMHU 32 CBOIMH (yH-
KuisMu, peanidyroud ¢GyHKIT 300py iHpopMarii Ta
MIpeACTaBIeHHA i omepaTopy y ¢$opMali3oBaHOMY BH-
TJISA1, TaK i CKIaTHUMH, 3a0e3[edylouu JIOAWHI, SKa
npuiimae pimenns (JITIP), indopMariiHo-aHaTITHYHI
Mozieni Ta 6araToBapiaHTHE PIillIEHHS, 0 3MIHIOETHCS 31
3MIHOIO YMOB MPOBEIECHHS IOIIYKOBO-PATYBAJIBHOI
omepamii. MeTonn MATPUMKH HPUHHATTS PilieHb IO-
psn 3 iHdopMali HHO-aHATITUHYHUMH MOJIEIISIMHU, € OCHO-
BOIO 1171 cTBOpeHHs crenianizopanoi CIITTP.

3a3HaunMo, 110 PO3pOOKa Ta 3aCTOCYBAaHHS JaHOTO
TUITy CHCTEM HE Ma€ Ha METi BiJICTOPOHHUTH JIOANHY Bif
npuiHATTA pimeHHs. OHAK y CKIAIHAX YMOBaxX IIs
cHCTeMa B IIJIOMY CKOPOTHTH Yac MOIIYKOBUX OIle-
pari, mo 3HaYHO MiJBUIIUTH WMOBIPHICTH YCITIIITHOTO
momyKy. AHami3 QyHKIIOHAIEHOCTI iCHYIOUUX Ta Tepc-
mexktuBHUX CIIIIP 1 BUKOHAHHS ITONTYKOBO-PATY-
BaNIbHUX OIEpaliii CBIMYHUTH MPO TE€, MO IX MOTCHIIIAT

HE MOBHICTIO BUKOPUCTOBYETHCS ISl PILLIEHHS MTOLTYKO-
BUX 3aJ]ad Ha MOpi Ta BUMarae po3poOku (yHZOCKOHa-
JieHHs) 1H(OpMAaIiHHO-aHATI THIHUX MOJIENIEH.

AHaJi3 ocTaHHIX gociailxeHns i myOmikamiii. Po-
3pobka cydacHux CIIIIP Ga3yeTbcst Ha poOOTax BUSHHUX,
SIKi 3pOOWJIM BaroMHi BHECOK Y PO3BHTOK TeOpil Mpuii-
HATTS PillleHb Ta PO3POOKY METOJIB BHUPILICHHS IPHK-
nanaux 3aBaanb: C.I. Bigenko [1, 2], H.I1. Bycnenko,
M.A. Bornockos [3], A.A. I'putenko [4], C.IL I'ogoBa-
HIOK [5, 6], B.B. [loxginoscekuii, €.B. ITomos, B.M. Ba-
rig, JI.A. IlocnenoB [7]. Po6oru A.C. Bacbkoga,
M.M. I'py3nesa [8], B.I. [Imutpiesa, B.A. Karenina [9],
B.A. JlorinoBckkoro, B.A. Muxanscekoro, C.H. Hekpa-
coBa, B.I'. ITemexonosa, A.l. PomionoBa, A.E. Ca3oHno-
Ba, A.b. ®imimonosa [10] mpucBsueHi MOCITITKEHHSIM
MpoLeciB HaBiramii, ixX aBToMaTH3allii, MOOYIOBH CHC-
TEM YIPaBJIiHHS Ta HaBITaIli.

OxpeMO HEOOXIZHO BHIUIMTH CIIeliali30BaHi
MIKHApOJIHI HOPMaTHBHI JDKepena MIONO0 IPOBEISHHS
MOIIYKOBO-PSATYBAILHUX OIEpalliii B MpuOepexHii ak-
Batopii [11-13] Ta HarionansHi HopMaTHBHI akTH [ 14].

@DopMYJTIOBAHHA METH CTATTi. YJIOCKOHAIICHHS
iH(hOpMaIiifHO-aHANIITHYHUX  MOJAENEH  IOIIyKOBO-
pATYBaJbHUX oOlepariiii B mpuOepexHiid axBaTopii 3a
paxyHOK BIPOBADKEHHS MOJEIICH 3HAHB.

Bukiag ocHOBHOro marepiany

OCHOBHHM  €JIEMEHTOM MOIIYKOBO-PATYBaIbHOI
orepamii Ha Mopi € opraHizaiis nomyky. [Iporec mo-
IIYKy B 3HAYHIN Mipi 3aJISKUTH BiJl BIACTUBOCTEH 00'e-
KTa BUSBIICHHS, Cepe/l SIKHX Ba)KIIUBO BUIUIUTH JABI Xa-
pakTepHi pucH:

1) #ioro BimMIHHICTH BiJ CEpENOBUINA, B SKOMY
3IHCHIOETHCS TTOMIYK;

2) iaopmartist mpo Micie po3TalryBaHHS A0 Iova-
TKY TIOIIYKY Ta Y MPOLEC] MOMIYKY, K MPaBHIO, HOCUTb
HEBHM3HAYEHHH XapakTep.

© J[axi O. A., Ypym H. C., ®enynos B. M., baxak O. B., 2021
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Came 11i€f0 HEeBU3HAYEHICTIO OOYMOBIIEHI MTOIITYKOBO-
psryBaibHi 1ii. Kpim Toro, mporec rnouryky B 3Ha4Hii Mipi
3aJISKHTH 1 BiJl BJIaCTHBOCTEH 00'€KTa, SIKMH BUKOHYE ITO-
ITYKOBO-PSITYBaIbHI i, 1 BilT OCOOMMBOCTEH HABKOJHIII-
HBOT'O CEpPEJIOBHINA, HABIraIifHOI Ta TiApOMETeopoIIoriy-
HOI oOctaHOBKWM. Ili 0OCTaBUHM BHMAararoTh JIOTIKO-
MareMaTH4HoOI (opMaizaiii 00CTaHOBKU Ta (pOpMyBaHHS
enemeHtiB # amapara CIIIIP npoBeneHHs NONIYKOBO-
pATYBATLHUX orepartiii Ha mopi. s dopmarmizamnii mpo-
LIECIB ITOIIYKOBO-PATYBAIGHUX il TPEACTaBUMO KJIACH-
(hixarliro BUJIIB TOUTYKY, III0 YMOBHO HaBeJleHa Ha puC. 1.

Knacudikauis BuaiB nowykoBux
ain

——3a roToBHICTIO 1O NOLUYKY

3a xapaKkTepoMm paioHy

noLuyKy 3a 3aBpaHHAMM

3a Tunom 3acobis

3a wBunAaKicTo 06'exTiB
noLuyKy

3a cnocobom
MaHeBpYBaHHS!

3a kinbkicTio 3acobis

nowuyky 3a mMeToamMm nowyky

3a obcsirom iHcbopmaii

Puc. 1. Knacudikariis BB TOITYKOBHUX JTiit

HaBeznena kiacudikailisi TakoXk MOXKe OyTH BHX1]I-
HOI0 OCHOBOIO (DOPMYBaHHS JITOPUTMIB (DYHKIIIOHY-
Banus CIIIIP y xomi mnpoBeneHHs MOUIYKOBO-
paryBanbHuX mid. Jlns Oinbin moknmagHol Aeranizamii
BOHAa MOXe€ OyTH JIONOBHEHA XapaKTEePHCTUKAMH CIIOC-
Tepiraya, a Tak caMo 00'€KTa NOIIYKY (HAampuKiIai, 3a
HasIBHICTIO BUIIPOMIHIOBaHHS 00'€KTa TIOLIYKY).

VY mporeci MONIYKY 3aCTOCYBaHHSI 3aCO0IB BHSIB-
JICHHS MOETHYETHCSA 3 AKTUBHUM MaHEBPOM HOCIS IHX
3aco0iB. ToMy 0OCOONHMBOrO 3HaueHHs HaOYBarOTh 1H-

(hopMarriifHo-aHAIITHYHI MOJENI B3aEMHOIO TIepeMi-
IIEHHs cTIocTepiraya i 00'exTa MomyKy.

Bubip MeTomy mouryKky BUKOHYETHCS Micis BceOi-
YHOTO aHallizy yMOB sIK paiiony momryky (PIT), tak i
paiioHiB, 4epe3 SIKi pyXalOThCsS MOIIYKOBI OAWHUII. Y
JociimkerHi [4] npu GopMyBaHHI IpOrpaMy MapuipyTy
Cy/IHa TIPOTIOHYIOTHCSl paiiOHM TIABaHHS MPEACTABISTH
MHO)KMHaMH. 3aCTOCYBaHHSI TaKOro amapaTa JOLiJIbHE
Npy TOMIYKOBHX oOmepanisix. Meroau orepamii Hax
MHOKUHAMH MOXXYTh CITY)KHTH BHUXIJIHUM MaTeMaTH4-
HUM anapaTtoM [yt anroputMmiB CIIIIP npu BukonanHi
MOIIYKOBO-PSATYBJILHUX NI Ha Mopi. Jlns po3BUTKY
TaKOro MiJX0Ay HaWBaKJIMBILIMM 3aBIaHHIM KiIacui-
Kaii paiioniB nomyky B CIIIIP € BcraHOBiEHHS 3B'S3-
KiB MiX PI3HUMH MHO)KMHAMH, 110 BiTHOCAThCs a0 PIT,
00'eKTy MOIIYKY, MOIIYKOBUX CHJI, YMOB MOIIYKY. Taky
MOJIENb THIIB PaliOHIB MOIIYKY MOXKHA MPEACTABUTH Y
BUTJISAII CXEMU B3a€MOJIiT MHOXKHH (pHC. 2).

Mope

3aKpuToro Tuny

Puc. 2. CykynHicTh MHOXXHH paiiOHiB HOLIYKOBO-
PATYBaJIBHUX JIiH

TakuMm 4MHOM, MOXKHA CKJIACTU IOBHY, IETali3o-
BaHy Kiacuikamito Bcix MoxnuBux tumi PII, Bimmo-
BiJJHO J10 riiporpadiyHuX, HaBIraliMHUX Ta HIIMX KIia-
cudikariii [3, 4], 6e3nocepenHbo npu HOpMyBaHHI CMY-
T'M TOIIYKYy Ta BHOOpY TpaekTopiil momyky. 30Kpema,
XapaKTEepUCTHKAa OCOOMMBOCTEH palOHYy NOIIYKYy Ta
CTyreHs X BIUIMBY Ha IOIIYKOBI J1ii HaBezieHi B Tabu. 1.

V BiAIOBIAHICTIO 3 TEMOIO CTATTi, MOJAJBIIE BH-
KIafeHHs MaTepiany Oyae CTocyBaTHCS IpYroro Ta
TPETHOro THITY paiioHy 3 Tabm. 1.

Tabnuys 1 — Biuims paiioHy mouryky Ha BUOip MeToay iioro oprani3zamii

Tun paiiony Oco0mBocTi paiiony

CTyniHb BIUTUBY HA IPOBeIeHHS OcHOBHI cnoco-

TOLIYKOBO-PATYBAJBLHMUX Jiii OM NOIIYKY
- BIIAJICHICTh palOHY TOIIYKY Bif |- 30UIBIICHHS Yacy 3ai3HeHHsS M0YaTKy
Bigxpuruit npoctip | Miciib 30cepeIXKEeHHS TOLIYKOBHX CHJI; | MOIIYKOBOI OMepaitii: Moy
(6inpre 200 Munb - CWIBHUI BIUIMB TiJpOMETEOpONoriu- |- Hebe3meyni Ta 0coOIMBO HeOe3rneuHi 5 paioni

BiJ Oepera) HHUX YMOB Ha 00'€KT IOIIYKY, HA MOIIY-

KOBI CHJIH.

TiIpOMETEOPONIOTiYHI SBHILA 3aTPYyAHIOIOTH
[IPOBE/ICHHS [IOLIYKOBO-PSTYBAIbHUX .

- IPUCYTHICTb IIOLIYKOBUX CHJI;

[Ipubepesxuuii paiton .
- MOXJIMBICT OTPUMaHHSA OIEPaTUB-

(menie 200 MuIb Bif

- 3MCHUICHHS Yacy 3ami3HeHHs MOYaTKy
TMOIIYKOBOI OMepartii:

Tloryk B paitoni

Gepera) HOI iHdopmanii Bix GeperoBux cucrem - HGOGXiE[.HiCTL KOMIUIEKCYBaHHs JUKepel HOLL}yK Ha py-
CIIOCTEPEIKSHHS iHpopmariii. 6exi

Byxrh, 3amien - IOCUTh 4aCTO HASABHICTh KOHTAKTYy 3 | _ Hepexit Bi HOMyKy 10 pATYBaRHs Towyk Ha py-
00'€EKTOM MOIIYKY Oexi

JHeramizariis XxapakTepHAX yMOB TIOIIYKY B KOX-
HOMY paiioHi JOIUTBHO I (hopMatizamii mpeacTaBUTH
Y BHUJIi BCTAHOBJICHUX MIISXiB, 00MEKEHb PEryITbOBaHIX
Ta CreliaTbHUX PaoHiB, Yacy JOOH, BUAUMOCTI.

CTpyKTypHa CXeMa OCHOBHHX THUIIOBHX I'PYI YMOB
BEJICHHS MTOITYKOBO-PSTYBAIBHUX il B paiiOHi MOMIYKY
HaBeJIeHa Ha puc. 3.

[TomrykoBo-psITYBalbHI orepariii MOKyTh BUKOHY-
BaTHUCS B OHOMY PaiOHi MMOITYKY, TaK i B JEIKHUX (SIK IO
4ep3i, Tak 1 OHOYACHO).

B3aemo3B's130k Mixk pattoHamu nomryky s CIITIP
MIPOTIOHYETHCS TIPEICTABUTH Yy BUIVISIAI Omepariii Haxa
MHOXHWHAMH, SKi pa3oM YTBOPIOIOTH iX IIOTi9HO-
MaTeMaTHYHI MOJENI.
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Hueinvna 6e3nexa

YMOBWM NOLLYKOBO-PATYBarnbHUX Aii

Y

CyaHoBi Wwnaxm

l l

Kananwu

dapsatepu

A
rigpomeTeoponorivHi
YMOBMU
Bitep Buanmictb
XuTaBuus Teuis
JNbopoBa .
IHWi ymoBmn
obcTaHoBKa

Puc. 3. CrpykTypHa cXxeMa OCHOBHUX TUIIOBHX I'PYIT YMOB BE/ICHHSI IIOIIYKOBO-PATYBAIBHUX Aill B paliOHI MOLIYKY

Amnani3 ornepauiii HaJl MHO)KHHaMH B IIUX MOJIEIISX
JI03BOJISIE CHOPMYITIOBATH YHIBEpCalbHE IPECTaBIICH-
Hs PI1 y Burszi iepapxii okpeMux eneMeHTiB MHOXKHH.
[Ipu BUKOpHUCTaHHI 1HIEKCHUX 3MIHHHX BapiaHTH IHX
MOJIENIEH 3aIIUCYOThCS TaK:

PIly = PIL;; PIly € PIL; A\ PIT}; Pl € PIT; U PIT;;

1
PHKEPHi\PHj;PIYiDPHj, ()

ne PIy,PILi, PIIj — o0nacte THNIB PaiiOHIB MOIIYKY

Ta X [MOTOYHI KOMOiHaLIi].

Toai noTo4HMI palioH MOLIYKY MPEACTABISETHCS Y
BUIJISIII PI3HUX KOMOiHawiil nexiibkox TunoBux PII,
Bu3HaueHux Gopmynoro (1). BixnosigHo, Ha HacTYNHO-
My piBHI iepapxii 3a ¢opmysoro (1) yTBOpIOIOTHCS HOBI
OaraTtopiBHeBl Mozeni B PII; nais JaHOTO HOIIYKY B
aBromartu3oBasiii CIIIIP.

YMOBU BEJCHHS MOUIYKOBO-PATYBaJIbHUX Jid Ta
OLIBII JIeTaNIbHI €JIEMEHTH MapUIPYTy HOIIYKOBHX CHII
TaKOX MOXYTh OYTH TPEJICTABICHI K JIOTIUHI omnepariii
HaJl KiTbKOMa palloHaMU Ta YMOBAaMH IUTaBaHHS, MOAi0-
HO 10 dopmyi (2)-(4). Toai MOTOYHI TONTYKOBI YMOBH

Tabnuys 2 — TUIH NOIIYKOBHX 30H

OynyTh BH3HAUYATHCS JIOTIYHHUMH CITiBBiTHOIICHHSIMHU
MPOCTUX MHOXKHUH PI3HUX PadOHIB Ta TPy MOITYKOBUX
YMOB JJIs1 1X KOMOIHAIH 1 B3aEMOTIT:

YHK =yHi; ka GyHi mVHJ,

' (2
YHk S yHi UYHJ ’

YHtk EPHk f\yﬂtk; yth S PHk UyHtk, (4)

ne VII,VIL;,VIIj — ymOBH IUIaBaHHs Ta iX KOMOIHALIT

BignoBinHo; VIl , VIl — MOTOYHI YMOBH IIOIIYKY 3
ypaxyBaHHsM ocobnuBocted PIT; i, j,t,n — ingekcu
YMOBH IIOIIYKY.

Ha ocHoBI aHamni3y BUIEBKa3aHUX cXeM Kiacudi-
Kallil Ta y3arajbHEHHs JOCIi/PKeHb B JaHii obnacri [1,
2, 4, 5], IpONOHYETHCA MPEACTABUTH MOIIYKOBUN TIPOC-
TIp HABKOJIO TIOMIYKOBOI TPYIH Y BUIJISJI MOLIYKOBUX
30H (I13). dopmasizoBaHi 03HAKK MOIIYKOBUX 30H IO-
mrykoBoi  oxuuuni (ITO) mporoHyeTbes MpeacTaBuTh
eJeMeHTaMH, HaBeJAeHUMHU B Ta0I. 2.

Homep nourykoBoi 30H1 CkopoyeHHsI Hasga nmonryxosoi 30a1
1 o ITomrykoBa oguHUIL
2 BIIO 30Ha Bi3yalbHOIO MOIIYKY MOLIYKOBOI OMHUIII
3 BBII 30Ha Bi3yabHOIO MOLIYKY OEperoBoro nocra
4 OI10 30Ha MOLIYKY ONTHYHUMH 3aCO00aMH MOIIYKOBOT OMHHIII
5 OBII 30Ha MOUTYKy ONTHYHHMU 3ac00aMH OeperoBoro mocra
6 PJITTIO 30Ha MOLIYKY paIioNoKAI[ifHUMHU 32ac00aMK MOIIYKOBOI OIMHHMIL
7 PJIBIT 30Ha MOLIYKY paIioNoKaI[itHUMH 3aco0amu OEperoBoro mocra
110 TourykoBa 30Ha MOITYKOBOI OMHUIILL
9 TIBIT IlomrykoBa 30Ha 6eperoBoro mocra
10 3113 3arajbHa MOIIYKOBa 30Ha

Bzaemonii pizamx obmacteit I13 mokasye, mo ix
(yHKIIOHATBHI 3B'SI3KM MOKHA TIPEJCTABUTH TaKOX Ha
OCHOBI Teopii MHOXHH, TTOTiOHO 110 (2)-(4).

Ha tenepimmniii 9ac OCHOBHUM METOAOM ITiITPHM-
KM TPUHHATTS PillleHb NPH 3A1HCHEHH] JisTIbHOCTI JITo-

muHA B Mopi, € ctBoperns CIIIIP. Lli cucreMu MOXYTh
OyTH aBTOMaTHYHHMH, aBTOMAaTH30BAHHUMHU Ta HEABTO-
MaTH30BaHUMHU. MOXyTh OYTH peai3oBaHi B IIOBHOMY
UK TPUAHATTS PIllIeHHS, TaK 1 Ha BU3HAYCHHUX €Ta-
nax.
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Just moBHOWiHHOrO (hyHKuionyBanus CIIIIP mpu
MIPOBECHHI MTONIYKOBO-PATYBAIBHUX Jii Y BHIIEBKa3a-
HUX yMOBaxX IOBHHHA MaTH BIATNOBIHY iHCTpYMEHTa-
JIBHY, MaTeMaTH4HY, aJITOPUTMIYHY 1 MPOrpaMHy MiAT-
PHUMKY.

SIK moKa3ye TpaKTHKa, JUIS pIlIeHHS 3aBllaHb,
TIOB’SI3aHUX 3 EKCIUTyaTali€lo CyleH Ha Mope (y ToMy
YHCITi TIOIIYKOBO-PATYBAJILHUX 3aBJaHb), OakaHO CTBO-
proBaru crierianizoBani CIIIIP y 3B’s13Ky 3 iX CTiHKiCTIO
Ta C(POPMOBAHICTIO 0a3W 3HAHb 33 JaHUM IHUTAHHSM.
BB rigpoMereoponorivHux (akTopiB Ha MPOBEICH-

HSl TIOIIYKOBO-PATYBAJIGHHUX OIeEpalii CBIIYHUTH, IO iX
MPOBENICHHS 000B’I3KOBO Oyie MPOBOAUTHUCS 3 EICMECH-
TaMU TIOIITYKY PyXOMHUX 00’ €kTiB. Pyx Oyme 3a0e3meuy-
BAaTHCS BIUIMBOM BITpY, TEUill, XUTaBHIIi.

Ha mixcragi nocmimpkenux mxepen [1, 4, 8] moxHa
BU/IIJINTH 3arajibHi NMPUHOWNK 3a0e3NeueHHs] MOIIyKY
pyxmuBux 00'exTiB. Lle mo3Boisie chopmyBatu is 6a3u
3nanb CIIIP enemeHTH ceMaHTUYHOT Mepexi OCHOBHHX
npodeciifHiX TMOHATH, Ai Ta YMOBU IPOBEAEHHS II0-
myky. Ha puc. 4 HaBeneHo BapiaHT BUOOpY Aill 3a cH-
TYaIli€ro.

O6pobka
iHpopmaLii

A4

Touka BTpatn Miaxig o panoHy IAMSAR, T.2p.3
KOHTaKTy noLuyky [12]
Po3amipun paioHy, _Sp - OCOGJ:IIABOCTI Cnoci6 nowyky |« XapakTtep o6'ekTy
[kBagpaTHi Muni] panoHy noLuyKy
4
Poamipu PospaxyHok
o . . . Po3spaxyHok yacy
MNMOBIPHOCTi - NPOAYKTUBHOCTI  re—|
noLuyky, t
BUsiBNeHHsi, PO MoLuyKy, U
A
3aBepLUeHHs N
PospaxyHok PartyBaHHa niogen
. > noLuyky > .
NOLLYKOBUX rarncis (BusiBneHHs) Ta eBakyauis

Puc. 4. Bapianr niif 3a curyauniero 1uist popmanizanii y Burisiai inpopmaniiino-ananitiaanoi moneni CITIIP

Jnst 3abe3nieyeHHs eheKTUBHOrO MOIIYKY MO CeMaH-
TH4HIM Mepexi (Pk) HeoOXimHO JeraizyBaTd MexaHi3MU
JIOTIYHOTrO BUBEICHHSI 110 pedpax 3B'SI3KIB MK OCHOBHUMH
JisMu. BifnoBigHo 1o pociimmkens [4, 7], y 3araibHOMY
BUIAJIKY 3MICT CEMaHTHYHOI MEpPEXi MOXKHA TPECTABUTH
MHOXUHOI HainpocTimmx curyamii (IIpc), MHOXUHOFO
i 1o mepexoay Mix [Ipc, MHOXUHOIO 00'€KTIB, 3MIHHHX
Ta KOHCTAHT y BUITISIII KOPTEXKY MHOXKHH:

R =(S,A D),
82{51,52,....,52}, A={a1,a2,...,ay}, (4)

D = {dgy, -+ don Az, -+ d gy Byt A

ne S, A —wmuoxwuHa Ilpc Ta it mo mepexoxy mix Ilpc;
D — mHOXMHA 00’ €KTIB TIpeIMeTHOT 00IacTi;
$1,52,...,S; — THnosi Ilpc;

83,8p,...,8y — Iii mo mepexony 3 omuiei [Ipc o iHmIOoN;
dots-sdons Aty A pm, ity Ay — 00’ €xTH, 3MinHI
Ta KOHCTAHTA MHOKHH B1JITOB1IHO.

OcuoBHi MHOXmHHU [Ipc, mili, 00'ekTiB, 3MIHHUX,
KOHCTAHT MOXKHA JICTANi3yBaTH Ta MPEICTABUTH MOIIY-
KOBY CUTYAIliI0 Y TAKOMY BUTJIISIII:

Sy = "nioxio 0o pationy nowyky",

S, = "Kommponv micyesnaxoocenns"

S3 = "eubip cnocoby nowyky ", (6)

Sq = " pospaxynix eancig",

S5 = "nioxo0 0o 06'exmy nowyky"

& = "cnpamyeamu";a, = "eumoea"
ay = " pexomenoayisn",

ay = "nponosuyisn";

ag = "sminumu xypc"

dop = "nowykosa oounuys™,

dyy = "nowykosa mopexionicme";

dp3 = "xypc"; dp4 = "weuoxicmp" ;

dps = "weuoxicme meuii"

dps = "nanpam meuii™;

dp7 = "eudumicms";dpg = "nanpsam eimpy";

dpg = "cuna simpy™; @)
dp1o = " padionokayiiina cnpamosanicme" ;

dy11 = "Hativenysanns pationy noutyky';

dy1o = "Homep xeadpamy paviony nowtyky";

doiz = "Gepecosuii nocm";

dp14 = "gioxunenus 6i0 noutykogoeo eancy'"

dp15 = "sycmpiuna", dp16 = "36inbuumu";

dpi7 = "smenwumu™;dyg = "npasopyu™;

Oig = "nisopyu™

110



Hueinvna 6e3nexa

CemanTiyHa Mepexa i 1i noriuni enementu (5)-(7)
OyIyTh JTOTIOBHIOBATHCSI 3 YypaxyBaHHSAM iepapXii y3a-
TaJIbHEHHS PI3HUX HANMpPOCTIMINX CHUTYalii, 0COOIMBO-
cTel 1 XapaKTepHHUX O3HAK JUIS IHIINX PaliOHIB HOLIYKY.
OKpeMHMH eJIeMEHTaMU CEeMaHTHYHOI MEpEeXi MOXYTh
BHUKOPHCTOBYBATHCSl HEWITKI MHOXKHHH, 30KpeMa, JUIs
peamizauii MeTOAiB BH3HAUCHHS TI'paHMIbL pPalioOHy TO-
LIYKOBO-PSATYBAIBHUX il Ta HANPSMKIB MOIIYKY.

NPOLECiB Y CKJaai iH(pOpMaIiifHO-aHANITHIHUX MOJIe-
JIel CHCTEM MiATPUMKH IPUHHSTTS PIlICHHS.

2. OOrpyHTOBaHO JOUIJIBHICTD Ta PO3POOIIECHI TeX-
HOJIOTiT MHOXXHMHHOTO aHajli3y (OopMyBaHHS HaBiramii-
HOI OOCTAaHOBKM, pailiOHIB ¥ YMOB IIOIIYKOBO-
pATYBaJIbHUX oOINepaniii y mpuOepexHii 30HI, SK YHi-
BEpCAIbHOr0 MaTEMaTHYHOI'O arapaTa IUIaHyBaHHS I10-
NITYKOBHX JTiHA.

3. YaockoHalleHO CIOCOOH MpeICTaBJICHHS 3HAHb
ta npuHmunu nodynosu CIIIIP pmns  momrykoo-
pATYBaJbHUX omepalii Ha Mopi. L{i mpuHImnm mpomo-
HYETBCS peai3yBaTH y BUTJISIII MaTeMaTHYHOro 3a0e3-
MEYCHHS 13 3aCTOCYBaHHSAM CEMAaHTHYHHX MEpEeX,
(hpeliMOBHX MoJieNel, HEYITKUX MHOXKHH, CUTYaIli{HOTO
OOYMCIICHHS Ta MOBH JIOTiKH MPEIUKATIB.
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(dopmMaizanii Moneneld MOIIYKOBO-PATYBAIBHUX i 1
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Information and analytical models of search and rescue operations in the coastal water area
O. Daki, N. Urum, V. Fedunov, O. Bajak

Abstract. The article presents models of search and rescue operations in the coastal waters, formalization of knowledge
and search tasks for their further implementation in decision support systems. Problems are systematized, classification of search
and rescue methods is carried out, which allowed to allocate partial and general approaches to solving search problems in differ-
ent conditions in order to formalize models of search and rescue actions and processes as part of information-analytical models of
decision support systems. The expediency and technologies of multiple analysis of the formation of the navigation situation, are-
as and conditions of search and rescue operations in the coastal zone as a universal mathematical apparatus for planning search
operations are substantiated. Development of information and automated ship systems allows to increase the efficiency of search
and rescue operations. This opens up new approaches to the tasks of shipbuilding, control, management of ship movement and
identification of their activities. At present the level of development of science and technology is characterized by increased ca-
pabilities in the creation and application of specialized information systems - decision support systems that reduce the decision
cycle in search and rescue operations.

Keywords: fuzzy sets, decision support system, search and rescue operations, set-theoretic representation, formalization
of knowledge.
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®OPMAJII30OBAHA MATEMATHUYHA MOJIEJIb CYMICHOI'O TPOIHO3YBAHHS
TA 3ABE3IIEYEHHSI TOTOBHOCTI PEATYBAHHS
HA HABBUYAMHI CATY AL

AHoTanifn. AkTyaabHicTh. Ha Tenepinmiii yac nonepe/pKeHHsT HaI3BHYAHIK CUTYAIIN CITil PO3TIISIATH SIK CKIIAIHHUN CyMi-
CHHH TpOIIec MPOrHO3YBaHHs HaJ3BUYAHIX CUTYaIiff Ta 3aBYaCHOTO pearyBaHHS Ha 3arpo3H iX BUHUKHEHHS a00 MOM’SIKIITIEHHS
MOXJIMBHX HacikiB. Mera. Po3poOka opmarti3oBaHOi MaTeMaTHIHOI MOJIEIi CyMiCHOIO IPOrHO3YBAaHHS HAaI3BHYAHHUX CHTY-
aIfiii Ta 3a0e3MeUeHHsT TOTOBHOCTI pearyBaHHs Ha HaJB3BUYaiiHi cutyarii. Meron. @opMartizoBaHa MaTeMaTHYHA MOJIEIb CyMiC-
HOT'O TIPOrHO3YBaHHSI Ta 3a0e3MeYeHHs] TOTOBHOCTI pearyBaHHs Ha Ha/I3BHYaliHi CUTYallii — Ile CHCTeMa aHaJIiTHYHNX 3aJIeKHOC-
TeH, sIKi B CyKYITHOCTI JI03BOJISIIOTh BUPIIIMTH MOCTaBJIEHY Npo0IeMy JOCiipKkeHHs. BoHa peaisye NpUHIMIT CHCTEMHOrO IMi/IX0-
Iy 10 BUpIIICHHS TIPOOIEMH TTONepe/PKEHHS Ha[3BIYAHIX CHTYAIlill 3 METOI0 HE/IOMYIIeHHS iX BUHHUKHEHHS abo MiHiMizamil
MOXKJIMBHX HaciikiB. [lornepepkeHHsT Ha3BUYAHIX CUTYAIliil — [ie CKJIaTHWI CHCTEMHHMI TPOIIeC, TIOB'I3aHM 3 aHAIi30M 3a-
I'pO3 BUHUKHEHHS HA/[3BBUYAHHNX CHTYalil, IX MPOrHO3yBaHHM Ta 3a0e3MeUeHHsIM TOTOBHOCTI pearyBaHHsI IiAPO3/LUTIB IIUBLIIb-
Horo 3axucty. PesyabraTu. Po3pobieHo ¢opmarizoBaHy MaTeMaTHIHy MOJIENb CYMICHOTO IIPOTHO3YBAaHHS Ta 3a0e3MeYeHHs ro-
TOBHOCTI pearyBaHHs Ha HaJ3BHYAIHI CHTYaIil 1 KepYIOUMid ajropuTM, sSIKHH peatizye po3po0iieHy MaTeMaTndHy Mozieib. Dop-
MaTi30BaHa MaTeMaTHYHa MOZIETb CyMiCHOTO IPOrHO3YBAHHS Ta 3a0e3MeYeHHs] TOTOBHOCTI pearyBaHHs Ha HaJI3BHYAiHI CUTYaLlii
ysIBJIsIE COOO0I0 00’ €HAHHS IBOX B3a€MO3B’sI3aHUX MOJIENISH: MOZIeNTi IIPOTHO3YBaHHS HaJA3BHMUAWHNX CUTYaIill Ta MOKIIMBUX 3a-
BJIAQHHX 30MTKIB BHACIIZIOK HUX 1 MOl 3a0e3nedeH s TOTOBHOCTI pearyBaHHsI Ha HaJ3BHYaiHi cuTyanii. BucnoBku. ®opmaiti-
30BaHa MaTeMaTHYHA MOJIEb CYMICHOrO IPOrHO3YBaHHS Ta 3a0e3leueHHs] TOTOBHOCTI pearyBaHHs Ha HaJ3BHYaiiHI CUTYaIlil
BKJIFOYAE MaTeMaTH4Hi MOZIeJTi POrHO3YBaHHs HA/[3BIYAHNX CHTYaIlil 3a XapaKTepoM, BUaMH, PIBHAMH Ta MOYKITMBUX HaCIiJI-
KiB BHACJTIJIOK HHX SIK B JIEpyKaBi B ILIOMY, TaK i 1l perioHax; MaTeMaTH4Hi MOJIeNi OLIHKH ITOTEHIIAIBHOI TEXHIYHOI CIIPOMOXKHO-
CTi Ta TOTOBHOCTI ITiIPO3/iJIiB 10 BUKOHAHHS 3aBJIaHb 32 NMPH3HAYEHHSM, ONTHMAIIBHOTO PO3IIONUTY PECYPCiB [T 3a0e3MeyeHHST
TOTOBHOCTI ITiJJPO3/1LTiB, ONTHUMIi3allil TePUTOPiaIbHUX CTPYKTYp LIMBUIBHOIO 3aXMCTY, IIPOrHO3Y BUTPAT KOLITIB, TEXHIYHOTO Ta
JIFOJICBKOT'O 3a0€3TeYeHHsT JUTsI JIIKBiIallii Ha/l3BUUaiHuX cuTyariid. OTprMaHi pe3ylbTaTH JIOCHiJDKEHHS € (YHIaMEHTOM TSl 00-
IPYHTYBaHHS OpraHi3aliifHO-TEXHIYHMX 3aXO/IB LI0/I0 aJeKBATHOrO pearyBaHHs Ha HaJ3BHYaiiHI CUTYaIlil PI3HOro Xapakrepy B
peabHUX YMOBaX.

KawuoBi caoBa: dopmanizoBaHa MaTeMaTH4Ha MOJENb, KEPYIOUMil alropuT™, HaJ3BUYaiiHa CHTYyawis, 30MTKU Bif
Ha/[3BUYAIHUX CUTYalill, piBEHb TOTOBHOCTI.

Npp (), Npp(t), Nyp(t), Nop(t) — ximexicts HC Bin-
HOBIAHO  JEP)KaBHOIO,
00’€KTOBOTO PiBHIB;

Pop: Pep . Pup+ Pop — HiMoBipHOCTI BunukHeHHs HC

Homenkaarypa

perioHanbHOrO,  MICIIEBOrO  Ta

HC — naj3Buyaiina curtyaris;

113 — HMBLIBHMIA 3aXHUCT;

JCHC — [lepxaBHa ciyx6a YKkpaiHu 3 HaJI3BHYalHHX
CHUTYALIilf;

Npc (t) — kinbkicts HC B nepixasi;

BIJIMOBIJITHO JI€P)KABHOIO, PEriOHAbHOrO, MiCIEBOr0 Ta

00’€KTOBOTO PiBHIB B JIepKaBi;
Npp(t), Npp(t), Nyp (), Nop(t) — ximbkicrs HC nep-

N (t) — inskicts HC B i-My perioni; . . , .
’KaBHOI'0, PEriOHAJILHOTO, MICLIEBOrO Ta 00’ €KTOBOrO PiBHIB B

Plc - iimoBipuicTh BuHuKHenHs HC B i-My perioui B

pas3i Bunuknensst HC B nepxasi;

Nry (t), Ny (t), Ney(t) — ximekicts HC BiamoinHO
TEXHOI'€HHOT'0, IPUPOJIHOTO Ta COLIAILHOTO XapaKTepy;

Pry » Ppy. Poxy — #imosiprocti BuankHenHs HC Bin-
MOBIZIHO TEXHOTEHHOTO, MPHUPOTHOTO Ta COLIaJbHOrO Xapak-
Tepy B JIepIKaBi;

li(t), vi(t), ri(t) — ximbkicts HC 3a Bugamu Binnosia-
HO TEXHOTEHHOr'O, MPUPOJHOIO Ta COLIaJbHOIO XapakTepy B
JIepIKaBi;

Prx; » Prx; » Fex; — iimoBiprocti Bunnkaenss HC Te-
XHOT€HHOT0, TPHPOTHOTO Ta COLIaJbHOrO Xapakrepy i-ro
BUJIY B JIEP)KaBi;

My (1), Ngy®), Ny () — ximskicrs HC Bigmosimmo
TEXHOT'€HHOT0, MIPUPOJIHOTO Ta COLIATBLHOTO XapaKTepy B i-My
perioHi;

Rix , Ply, Phy — iimosiprocti Bunmkmenns HC Bia-
MOBiTHO TE€XHOT'CHHOTO, MMPUPOJHOTO Ta COMIaJbHOTO Xapak-
Tepy B i-My perioHi B pa3i BuHukHeHHs1 HC B nepkasi;

i-My perioHi B pa3i BunukHenHs: HC B nepikasi;
Plo, Poo, Pln, Plp — iimoBipHoCTi BunMKHEHHs HC
DP: TPP: FMP FOP
JIePIKaBHOI'O, PEriOHaIbHOr0, MiCIIEBOTO Ta 00 €KTOBOIO PiB-

HIB B i-My perioHi B pa3i Bunukuents HC B nepxasi;

35(t) — 36utku BHacmigox HC;

II; — noTeHNilHA TeXHIYHA CIIPOMOXKHICTh P03 /iiB
13 mo miit mpu HC;

Krp — KoedirienTa TexHiuHOI TOCKOHAIOCTI 3pasKiB
030poeHHS 1 TexHiKH miapo3ainy LI3;

Kg - y3arampHeHHH eKCIUyaTaliliHUN KoedilieHT
3pa3KiB 030pO€EHHS Ta TeXHiKU miapo3ainy LI3;

A — TTX 030po€eHHAM 1 TEXHIKH,;

Kyk — KoedillieHT yKOMIUIEKTOBaHOCTI miapo3ainy 113
030pOEHHSM 1 TEXHIKOIO;

Ky — xoedimieHT TeXHIYHOI TOTOBHOCTI Miapo3ainy 113;

Kpec — KoedirieHT 3amacy pecypcy 3pasKiB 030po€H-
HsI Ta TEXHIKHU miapo3ainy LI3;

P(t) — #imMoBipHicTh roTOBHOCTI miapo3ainy L3 mo Bu-
KOHAHHS 3aBJaHb 33 PU3HAYCHHSM B JIaHHH MOMEHT Yacy;,
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R"%P- (t) — #MOBipHICTH mpare3aaTHOCTI HEOOXiAHOI
KIJIBKOCTI 3pa3KiB 030poeHHs 1 TexHikN npu BuHUKHEHHS HC;

Pr7(t) — iimosipHicTs npodeciiinoi miaroroaeHoCTi
ocoboBoro ckiaay miaposainy no aiit y HC;

C;(t) —masBHicTb pecypcy i-ro Buiy uis siksinauii HC;

SI/ZICHC — YHCENBHICTh cepTu(dikoBaHuX CTpykTyp 113

JICHC B i-My perioHi epkaBH;

BT(¢t) — 3arajbHi BUTpaTH KOMITIB HA JIKBIiJAIlilO0 HAc-
nmigkis HC;

T(t) — KiIBKICTh OMMHUIL TEXHIKK 11 JikBiganii HC;

OC(t) — KUIBKICTh 3a1iTHOr0 0COOOBOTO CKIIAy JUIS JTi-
kBigamii HC.

Beryn

HaykoBo-TexHIUYHHMH MpOrpec KOKHOI pO3BHHEHOI
KpaiHU CIIpHsi€ HE TiIBKH PO3BUTKY Cy4acHOTrO BHPOO-
HUIITBA, TIOKPAIICHHIO YMOB Mpaili i J00po0yTy rpoma-
JISH, ane i 30UIblye PU3UKM BUHUKHEHHS HaI3BHYaii-
uux curyarii (HC) [1,2]. Benuuestne perioHanbHe Ha-
BaHTQXXCHHS TEPUTOPIH JepiKaB MOTYKHHUMH IPOMHC-
JIOBUMH Ta €HEPreTHYHUMHU 00’ €KTaMH 301JIbIIye PU3H-
KU aBapii, a HasBHICTh HECIPHUSATIUBHX MPUPOIHUX
YMOB Ta CXWJIBHICTB JIO MPOSIBIB HEOE3MEYHUX MPHPOI-
HHUX SIBHII MiJCWIIOE TOCTPOTY MNpPOOJIEMH MO0 BH-
BYEHHS CTaHy TEXHOTCHHOI ¥ MpUpoJHOi HeOe3NeKkH Ta
HEeOOXiIHICTh MOIITYKY NUIAXIiB Horo mokpareHus [3, 4].

Ha cporonniniHiii IeHb BUpILIEHHS MPOOJIEMH MO-
nepempkerHss HC pi3Horo xapakrepy B pealbHHX yMO-
BaX IPYHTYETHCS Ha aHaji3i, MPOrHO3yBaHHI BUHUKHEH-
Hs1 HC ta 3a0e3neyeHHi rOTOBHOCTI MiIPO3/LIIB peary-
BaHHs HuBiNbHOTO 3axucty (1I3) Ha MoxiuBI 3arpo3u 3
METOI0 TX HeJonyIIeHHs a0o JIiKBiIallii MOXIIMBUX Hac-
minkis [5,6]. Tonepemxenns HC - e cknamauii cucre-
MHHI IIpOLIeC, ITIOB'sI3aHUII 3 aHAi30M 3arpo3 BUHHUK-
HerHs HC, iX mporHo3yBaHHSAM Ta 3a0€3MEYECHHSIM TO-
TOBHOCTI pearyBaHHsi migpo3niniB L[3. Opnak Bigomi
METOIM Ta MOJIEJ BOJOMIIOTE OOMEKEHUMHU MOKIUBOC-
TAMH IOJO CYMICHOI'O NPOrHO3YBaHHS 3arpo3 BHHHK-
HenHs1t HC Ta roroBHOCTI pearyBaHHs Ha HuX. [le mopo-
JDKYE TIPOTUPIYYS — 3 OXHOrO OOKYy Il HEOOXIJHICTh
posrisinatu monepemkenHs HC sk cximagauil cucrem-
HUIA TPOILIEC, MOB'sI3aHUI 3 CYMICHHUM IMPOTHO3YBaHHIM
3arpo3 iX BHHMKHEHHS Ta 3aBYaCHUM DearyBaHHAM Ha
HHUX, a 3 JPyroro OOKy — OOMEXEHI MOXJIHMBOCTI IS
[OT'0 HASBHUX METOJIIB Ta MOJIEIIEH.

Buxozmstuu 3 poro, HaykoBa-IIpakTHYHA IIpodieMa
B ctepi 113, a came po3pobka dopmarnizoBaHoi MaTeMa-
TUYHOI MOJIENIi CYMICHOTO MPOTHO3yBaHHS Ta 3abesrre-
YeHHS TOTOBHOCTI pearyBanHs Ha HC B peanpHHX yMoO-
BaX, € aKTYaJbHOIO.

IMocranoBka 3agayi. /[ qOCATHEHHS TOCTaBlIe-
HOi METH HEOOXiJHO BUPIIIINTH HACTYIIHI 3a/1a4i:

- po3pobuTh QopmManizoBaHy MaTeMaTH4HY MO-
JIeTTb CYMICHOT'O TIPOrHO3YBAHHS Ta 3a0€3MeUeHHs TOTO-
BHOCTI pearyBanusa Ha HC;

- 3aIPONOHYBATH KEPYIOUHUM aIroputM, KM pea-
Ji3ye po3pobIeHy MaTeMaTHYHY MOJCTb.

Orasig miTepaTypu. AHami3 JiTepaTypHHX JDKe-
pen Tokasye, MO0 NpPW BHPIMIEHHI MPOOIEMH Tomepe-
mwxeHHss HC pi3HOro xapakTepy B pealbHUX YMOBax
PO3IIIAIAI0TE OKPEMO 3aJadi MPOrHO3yBaHHS MPOIIECiB

BuHukHeHHsT HC Ta 3a0e3medeHHsI TOTOBHOCTI peary-
BaHHA Ha HUX. [Ipm mpomy nporHoszyBanHs HC 6a3y-
I0ThCSL Ha IMOBIPHICHO-CTAaTUCTHYHOMY, IMOBIpHICHO-
JIETepMiHOBaHOMY 1 JETepMiHOBaHO-IMOBIpHICHOMY
migxomax [7,8,9]. OcHOBHHII HEmOMIK IMOBIPHICHOTO
MiAXOMy — CKJIAIHICTh PO3POOKH MOJETeH MpOoIeciB
BuHUMKHEeHHs HC, 110 3HAYHO YCKJIAJHIOE MPOBEICHHS
aHaJI3y PO3BUTKY MaHWX MpOIECiB B JuHaMiI. Jlis
MOMTONAaHHS [IUX HE3PYYHOCTEH BUKOPHCTOBYIOTh JIiHiM-
Hi, HeMiHiHI, cTyneHeBi, mopsaakosi perpecii [10]. Jlo
mepeBar JaHUX MOJeNiell BiHOCSTh HPOCTOTY, THYY-
KICTh, @ TaKOX OJHO3HAYHICTh IX aHaJ3y i MPOEKTY-
BaHHsA. Henmornikamu JHIHHUX perpeciiHUX Mozesel €
HHM3bKa aJaNTHBHICTb 1 BIICYTHICTH CIIPOMOKHOCTI MO-
JICITIOBAHHS HENiHIMHUX TiporieciB. OCHOBHUM HEIOJIi-
KOM HENIHIMHUX perpeciiHuX Moeleil € CKIaaHICTh
BU3HAUCHHS BUIY (PYHKIIOHANBHOI 3aJIEKHOCTI, a Ta-
KO TPY/IHOIIII BU3HAYCHHS TAPaMETPiB MOJIETI.

AsTopamu pobotu [11] 3anpornoHoBaHO KOMOIHO-
BaHHUiI METOJI MPOrHO3YBaHHs Tporiecy BuHuKHeHHS HC
OPUPOTHOTO XapakTepy, SKHH BiAPI3HAETbCA TUM, IO
JI03BOJISIE 311iicHIOBAaTH KOMILTeKcHUuH nporHo3 HC sik B
UIOMY, Tak 1 3a BHAaMH 3 BpaxyBaHHSM TEHJEHIIIN
NepioAMYHUX 3MiH JlaHoro npouecy. OnHak, nepioaud-
HICTPh 3MiH nporieciB BuHukHeHHs HC XapakTepHa Tijib-
ku st mpupoanux HC 1 He xapaxrepHa s HC TexHo-
TEHHOr0 200 COLIAILHOTO XapaKkTepy.

EdexTHBHICTh BUKOHAHHS 3aB/IaHb 33 MPU3HAYCH-
HAM Tigpo3aiiamu 13 B meprry uepry 3anexuTh Bij
piBHs X rotoBHocTi mo mid mpu HC, sxuii mOBHHEH
BIJINOBIIATH CTYIIEHIO Ta Xapakrepy 3arpo3. B [12] pi-
BEHb TOTOBHOCTI MiJIPO3Jily O BUKOHAHHS 3aBlaHb 3a
MPU3HAYCHHSIM OI[IHIOEThCS HAa OCHOBI TOKa3HHKIB 3
YKOMILIEKTOBAHOCT] MiJPO3/LIIiIB OCOOOBUM CKJIAJIOM,
TEXHIYHMMHU 3ac0o0aMu, 1HAMBIAyaJbHUMH 3aco0amu
3aXHCTY, HiJITOTOBJIEHOCTI 0COOOBOTO CKIIAY, HassBHOC-
Ti MaTepiaJbHO-TEXHIYHUX pecypciB i T.11. B sikocTti no-
Ka3HUKA PIBHS TOTOBHOCTI PO3IIISAAETHCS CEPEIHE 3HA-
YeHHS [[UX ITOKAa3HUKIB, SIK1 B3STI 3 BiAIOBIIHMMU Baro-
BUMH Koe(illieHTaMU. 3anpONOHOBAHMIT MTOKa3HUK PiB-
Hsl TOTOBHOCTI MIIPO3/IiTy HE B TIOBHIM Mipi BijjoOpaxae
TOTOBHICTh MIiZIPO3/Iy O BUKOHAHHS ITOCTABIICHUX
3aBnanb 1o JikBiganii HC B MOBiNbHUI MOMEHT Yacy Ta
CTymiHb 0e3BiIMOBHOCTI (DYHKI[IOHYBaHHSI #Oro, sk
IUTICHOT CUCTeMH, Ha TIPOTSI31 Yacy BUKOHAHHS POOIT.

Mogeni TOTOBHOCTI PATYBAJIBHHUX MiAPO3IUTIB IO
niit mpu HC mpezcrasneni B podorax [13]. Tlpu npomy
pATYBaNbHI MIAPO3AUIH PO3TIAJAIOTECS SK CHCTEMA,
CKJIAJIOBUMHU €JIEMEHTAMH SIKOi € CHemialicTu (pATIBHH-
KM) Ta HEOOXiJHa TeXHIYHAa OCHACTKA (EKCILTyaTalliifHui
MOJYIIb). 3alpOIIOHOBAHO MOJIENi (PYHKIIOHYBaHHS €KC-
TUTyaTaiifHOro MOAYJIS B PI3HMX EKCIDTyaTaIliifHIX CTa-
HaX Ta PSATIBHUKIB B PI3HMX (YHKIIOHATHHUX PEKIMaX.
Y poboti [14] 3amporoHOBaHO CHCTEMHHU MIXiT UIS
OLIIHKY TOTOBHOCTI CHII Ta 3ac00iB miapo3autiB L[3 go miit
npu HC. Tlix gac 1150ro BpaxoByBaJIHCh IOKA3HUKH HMO-
BipHOCTI 0e3BiIMOBHOI POOOTH TEXHIYHHX 3aco0iB, a
TaKOX piBeHb MPOQECIHHOI MATOTOBKH Ta PIBEHb YKOM-
TUIEKTOBAHOCTI TiIPO3ILTY 0COOOBHUM CKIIaIOM.

B [15] 3anpomoroBaHa METOAMKA aHAJI3Y IMOKa3-
HUKIB OIEPaTHBHOTO pearyBaHHs mimposnimis 13, ska
TIOJISATaE y OLiHII (haKTOpIB, SKi XapaKTepPHU3YIOTh TaHUH
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TIIpOLIeC i3 3aCTOCYBaHHSIM METOHIB Teopii rpadis. AB-
TopH [16] po3mIsIIaroTh MOACTIOBAHHS PO3IOALTY PeCy-
pCiB IS JIKBiAaIii IMOXKeX Pi3HOTO XapakTepy IMOXOo-
JDKEHHS. AJie TIPU IbOMY OLliHKa HEOOXI1HUX JIFOACHKIX
pecypciB He PO3TIIAIAETHCS.

KomOinoBanuii mMeron MmiHiMizamii Hacaiakis HC
JIEp’)KaBHOT'O PiBHS PO3TIHYTO B podorti [17]. Bin 6azy-
€TBhCS Ha MOJIETIOBAHHI CTOXaCTUYHHMX TMPOLECIB JUC-
KpeTHUMHU JaHIforaMu MapkoBa. OnHak, B [bOMY BH-
MaJIKy HE BPaxOBYEThCS IIUIBHICTh MPOXUBAIOYOr0 Ha-
cenenHst Ha tepuropii HC Ta opranizarmiiHo-ITaTHa
cTpykrypa miaposnitie 113. B pob6ori [18] npencrasie-
HO pe3yibTaTy onTHMizanii miapo3ainis 13 mo perionax
VYkpainu Ha OCHOBI BpaxyBaHHS CTOXaCTHYHOI IPUPOIH
BHHUKHEHHs Ta JikBiganii HC. ABTopu 3a3Hayar0Th, 110
MIPU BU3HAYCHHI YUCEIBHOCTI migpo3aimi 13 mis mik-
Bimarii HacmigkiB HC B perioHax jep)kaBu HEOOXiITHO
BpaxoByBaTH: IHTEHCHBHICTh peai3alii 3arpo3 Ha Te-
pHUTOpii perioHy; IHTEHCHUBHICTH JIKBiAAIlii HaCIigKiB
HC; ouikyBaHy KUIBKICTh 3aJIyU4eHHX CHJI JIO JIKBigarii
Haciiakie HC. Onnak npu 1npoMy He BpaxOBYIOThCS
Haciiaku Big HC mist Teputopiii 3 pi3HOIO IIUIBHICTIO
NPOXXKUBAIOYOr0 HACEIICHHSI.

TakuM 4YMHOM, IPOBEAEHUH aHaM3 JiTepaTypHHX
JoKepen Tokasye, mo npobiema nonepemkennss HC Ha
TENepillHif Yyac He PO3MIANAETHCA B JOCTATHIN Mipi sK
CKJIAJHUA CHCTEeMHHMII Ipolec, MOB'A3aHUH 3 CyMiCHHM
NPOTHO3YBaHHSM 3arpo3W iX BHUHUKHEHHsS Ta 3ale3rie-
YEeHHSIM TOTOBHOCTI pearyBaHHs mifpo3aiiiB LI3. Lle Bka-
3y€ Ha HEOOX1IHICTh po3poOku (HopMasTi3oBaHOT MaTeMa-
TUYHOI MOJZEIN CYMICHOrO TPOTHO3YBaHHS Ta 3a0e3rie-
4YeHHs ToToBHOCTI pearyBanHs Ha HC, sika © mo3Bonsiia
BUPIIIUTHU aHY MPOOJIEMY 3 CUCTEMHOI TOYKH 30DY.

Marepianu i MmeToau

dopmaitizoBaHa MaTeMaTu4Ha MOJEIb CyMICHOTO
MIPOTHO3yBaHH Ta 3a0e3MeUeHHs TOTOBHOCTI pearyBaH-
H1 Ha HC ysBnse coboro 00’enHaHHS JBOX B3ae-
MO3B’s13aHUX Mojesel: mMomeni nporuo3yBanns HC Ta
MOXJIMBUX 3aBJaHUX 30WUTKIB BHACHIZOK HHUX SK I10
JiepKaBi B IIIOMY, Tak i il perioHiB; Mojeni 3abe3re-
YeHHS FOTOBHOCTI pearyBanHs Ha HC.

Matematuuna mozens nporuosyBanas HC ta mo-
KITMBUX 3aBJaHUX 30MTKiB BHacmigok [20] Hux ysBise
co00I0 CHCTEMY CITIBBIJHOILICHb Ta PIBHSIHb B MaTeMa-
TU4HIM (opmi, sKi BimoOpakaloTh HAHOUIBII BaXKITUBI
0CcOOIMBOCTI ¥ BIACTHUBOCTI MPOIECIB BUHUKHEHHS Ta
HacnigkiB HC sk B geprkaBi B mijioMy, TaK i ii perioHax:

N (1) =U1 (1o, 172, ); My (1) :Uz({”Hc (t), Pli-ic}i
N1x (8) = F{hc ). Prx b e () = Fo {ngre (), Pry
Nex (1) = Py {npic (0, Pox J: 1 (1) = ¥y {irx (O, Prg, }
Vi) =¥ {2y O, Py, |5 1.0 = 3 {nex (0, Pey, |
b (1) = St { e (O, B | e 0 = S5 { iz (0, Pl
nex (1) = S3 {”cx (t), Péx }? Npp (1) = Q1 {Nhc (1), Pop };
Npp (1) =Q , {Nhc (8, Pep |5 Myip (1) = Q3 {nic (1), Pup |

{

nop (t) = Q4 {npc (t), Pop }; nIiDP(t):@l{nDP(t)rPliDP};

1)

Npp (1) = @, {”PP (t)ypép}? i (1) = @3 {nMP(I)'PI\i/IP};
né)P(t)=(D4{”OP(t)vPOPi};

35(1) = © {npp (¢), npp (2), np (1), nop (1)}
ne Npc (t) — ximekicte HC B nepixasi; (ro,rl,...,rk) -
napameTpu (yHKIIIT; ni—K: (t) — ximekicte HC B i-my
PILC — #iMoBipHicTh BuHHMKHeHHs HC B i-my

nrx (1) ,
Ncy () — ximekicte HC BimmoBimHO TexHO-

perioHi;
perioni B pa3i BunukHeHHs HC B nepkasi;
Nix (1)
T€HHOI'0, IPUPOIHOTO Ta COLIAIILHOIO Xapakrepy; Pry ,
Py Pcxy — #imoBipHocTi BunnkHeHHs HC BinnoBinHO
TEXHOT€HHOT'0, IPUPOJHOTO Ta COLAIBHOTO XapaKTepy
B nepxasi; I (t), vi(t), r(t) — xinekicte HC 3a Buza-
MU BiZNIOBIJTHO TEXHOT€HHOI'O, IPUPOJHOTO Ta COLiallb-
HOTO Xapakrtepy B jepxkasi; Pry., PHXi , PCXi — HiMo-
BipHOCTI BUHMKHeHHs HC TeXHOreHHOro, MpHPOIHOIO
Ta COINANLHOIO XapakTepy i1-r0 BUAY B JepKaBi;
i i
nrx (©) Ny (0,
TEXHOI€HHOT0, IPUPOAHOIO Ta COILAIBHOTO XapaKTepy
B i-MY perioHi, PILX , PIIZX!
HerHs HC BiImoBiZHO TEXHOI'CHHOTO, MPUPOIHOTO Ta
COI[IANIFHOTO XapaKkTepy B i-My perioHi B pa3i BUHHUK-
Heuuss HC B gmepxasi; npp(t), npp(t), nyp(t),

Nop (t) — xinekicts HC BinnosinHo aepikaBHOrO, peri-

Ney (t) — xinbkicts HC Binosimso

Ply — iMOBipHOCTI BUHMK-

OHAJIBHOTO, MicIeBOro Ta 00’€KTOBOro piBHIB; Ppp,
Pep, Pup, Pop — HmoBipHoCTi BuHMKHEHHS HC Bin-

MOBIZIHO JIEP)KABHOTO, PEriOHANBHOIO, MICIEBOro Ta
i i
npp (), nNpp(t),

nop (t) — kinbkicrs HC BianosigHo nepras-

00’€KTOBOrO pIBHIB B JEpXaBi;

i
nwvp (1) |
HOT'0, pErioHaIbHOT0, MICIIEBOI'0 Ta 00 €KTOBOTO PiBHIB

B i-My perioni B pasi Bunukuenns HC B nepkasi; Php,

F’|_1,p, P,\'Ap , P('jp — imoBipHocTi BuHukHenHss HC Bin-
MOBIZIHO JIeP)KABHOTO, PETiOHANBHOIO, MICIEBOro Ta
00’€KTOBOrO PiBHIB B i-My PErioHI B pa3i BUHUKHEHHS
HC B nepxasi; 35(t) — 36utku Baacaimok HC.

Takum uymHOM, (hopMani3oBaHa MaTeMaTH4YHA MO-
nens mporeciB BuHUKHeHHS HC Ta MOXJIHBHX 30HTKIB
BHACIIIIOK HUX VSBIIAE COOOI0 CHCTEMY aHANITHYHUX
3JIEKHOCTEH, SKI OMHCYIOTHh B HIJIOMY TIPOI[EC BUHUK-
HenHa HC B nmepxasi, 3amexsicts kimpkocti HC B peri-
oHax Bifg kimekocti HC B mepxkasi, posnoxin HC 3a xa-
pakTepoM MoXomkeHHs B pasi BunukHeHHA HC B mep-
kaBi, posmonin HC 3a Bumamu B pa3i BUHUKHEHHS TeX-
HOTCHHUX, MPHUPOAHHUX Ta comianbanx HC B mepxasi,
posnoxin HC 3a xapaktepoMm B perioHax B pa3i BHHHK-
HerHa HC BiAMOBiTHO TEXHOTCHHOTO, MPHUPOIHOTO Ta
COLIIABHOTO XapakTepy B aepxami, posmomin HC 3a
piBEsMU B pa3i BuaukHeHHS HC B mepikaBi, po3momia
HC 3a piBHsmMu B perionax B pasi BuaukHeHHS HC Bif-
TIOBiTHOTO PiBHS B JAEPrKaBi Ta MOXUINBI 30UTKHM BHACII-
nmok HC. Lli mani € 0OCHOBOIO ISl TUNIAHYBAaHHS Ta peali-
3arii 3aX0/iB MO0 MiATPHUMAaHHSI TOTOBHOCTI MiIPO3Ii-
niB pearyBanns 1[3 na HC.
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PiBens roroBrocti migpo3aitis L3 no edexruBHOrO
BUKOHAHHS 3aBJaHb III0/I0 PearyBaHHs Ta JIKBiJallii Hac-
migkiB HC pi3HOro xapakrepy BH3HAYAETHCS HAJIEKHOIO
TEXHIYHOIO OCHACTKOIO, PIBHEM T'OTOBHOCTI TEXHIKH [0
3aCTOCYBaHHS 1 MPO(MECIHHO 3ATHICTIO MAPO3IUTIB 10
nitt npu HC. ToreHuiliHa TexHIYHA CIIPOMOXKHICTH (hop-
MyBaHb Ta MiApo3aAuTiB 113 BU3HAYAETHCS CYKYITHICTIO Ma-
TepiaJibHUX (DaKTOpIB, SIKi BU3HAYAIOTH iX CTaH Ta 37aT-
HICTB /10 BUKOHAHHS 3aBJaHb 3a Npr3HaYeHHsIM. O30poeH-
HJ Ta TEXHIYHA OCHAIICHICTh CKJIAJIAIOTh OCHOBY ITOTCH-
LilHOI cpoMokHOCTI popMyBaHb Ta migpo3autiB L3 mo
BUKOHAHHS 3aBJIaHb 32 MPU3HAYEHHSM Ta € BUSHAYAIEHUM
(hakTOpOM TS YCHINTHOTO BUPILIIEHHS 337124 100 peary-
BanHd Ta Jiksimamii Hacmiakis HC. Bona 3amexurs Bifn
TOKA3HUKIB TEXHIYHOI TOCKOHAIIOCTI 3pa3KiB 030pPOEHHS Ta
TEXHIKA MaHoro (GopMyBaHHs (IMAPO3ILTY), & TAKOXK Bil
eKCIUTyaTallifHIX MOKa3HHKIB [IHX 3pa3KiB:

Iy = F(Krp, Kg), O]
e Kyp — xoedilieHT TexHIYHO JOCKOHAJIOCTI 3pa3KiB
030poeHHs 1 TexHiku miapo3niny 113; Kg — y3aranbpHe-
HUW eKCIUTyaTaliifHuil KoedillieHT 3pa3KiB 030pOEHHS
Ta TexHiku miapo3ainy 3. KoedimieHT TexHiuHOI n0cC-
KOHAJIOCTI XapaKTepu3ye CTYIiHb BiANIOBIAHOCTI OCHOB-

Hux TTX cydacHMM BHMOraMm IIOJI0 TEXHIYHOIO OCHa-
HIeHHs miapo3autis 113:

Krp =G(A), @)
e A — TTX 030poeHHAM 1 TEXHIKH.

VY3aranbHeHUI eKCIuTyaTaliiHui KoedilieHT ycix
3pa3KiB 030pOEHHsI Ta TexHiKH miapo3aity 113 Bu3Haua-
€TbCSl YKOMILUIEKTOBAHICTIO, TEXHIYHOIO T'OTOBHICTIO Ta
3aracoM pecypcy 030pO€HHS Ta TEXHIKH MiAPO3AiIy:

Ke =Q(Kyk . Krr. Kpec) (4)
ne Kyk — KoeQilieHT yKOMIUIEKTOBAHOCTI MiJApO3IiLy
113 030poennsM i1 TexHikow; K — koedilieHT TexHid-
Hoi roroBHOcTi miaposmimy 1I3; Kpgec — koedimieHT
3amacy pecypcy 3pa3kiB 030pO€HHS Ta TEXHIKH MiApO3Ii-
ny 113. WmoBipHicTs roToBHOCTI miapo3niny 1[3 mo pe-
aryBanHs Ta JikBiganii HC B nanuii MOMEHT 4acy BU3Ha-
Ya€eThCsl IMOBIPHICTIO MpaIe3aTHOCTI HEOOXIHOI Kijlb-
KOCTI 3pa3KiB 030pOEHHSI 1 TEXHIKM Ha MOMEHT BHHUK-
HenHst HC, #MOBIpHICTIO MPOdeCiiHOl i roTOBICHOCTI
ocoboBoro ckiamy miapo3airy o aiit y HC Ta HasBHICTR
pecypcy i-ro Bumy s niksigarmii HC:

PO =A{R™ O, P O.CO}  ©)

ne P(t) — imoBipHicTh TOTOBHOCTI Tigposminy 113 1o
BUKOHAHHS 3aBJIaHb 33 PH3HAYCHHSIM B JaHUH MOMEHT
qacy; R™P ()
X1THOi KiJTBKOCTI 3pa3KiB 030pO€HHS 1 TEXHIKM Ha MO-
ment Bunukuends HC; P (t) — fimoBipHicTs pode-

— WMOBIpHICTD TMpane3maTHOCTI HEO0O-

CIHOI MiATOTOBIEHOCTI OCOOOBOTO CKIIANY MiAPO3ILTY
1o nitt y HC; C;(t) — HasBHICTH pecypcy i-ro BUIY Ui
nikeimamii HC. YucenpHicth ceptudikoBanmx cun 13
JCHC B i-My perioHi Aep’kaBU TOBHHHO BiAITOBiNaTH
PIBHIO TEXHOTEHHHX, IPUPOAHUX Ta COLIaIBHUX 3arpo3
Ha 1iif TepuTopii:

5 PG Lo O O 0}, ©

ze SiﬂCHc — YHCENBHICTD CepTH(IKOBAHUX CTPYKTYP

113 ACHC B i-my perioHi aepxaBu. Butrparu xomriB Ha
nikBiganiro Hacniakie HC pizHoro xapakrepy € QpyHKIi-
€10, sIKa BU3HAYAETHCS MPOIECAMU BHHUKHEHHS TEXHO-
TeHHHX, NPUPOIHUX Ta corianbaux HC:

BT (t) = {nry (1), npzy ). n ey (1)} (7)

ne BT (tnp) — 3araJibHi BUTPATH KOILITIB Ha JIKBiJAIiI0

Hacaigkie HC. HeoOxigHe TexHiuHe 3a0e3lEUeHHS Ta
HEOOXiJJHAa KUIBKICTh 3aIiTHOrO 0COOOBOTO CKJIATY JUIS
nikBimamii Hacnigkis HC B gaHuii MOMEHT yacy BU3Ha-
YaeThCsl KUIBKICTIO 1 XapakTepom HC:

T(t) = Qp {n(t), Mrx (1), nrx (D, nex OF, (8)

OC(t) = Q3 {n(t), nrx (1), Nyzx O.Nex ©F, (9

ge T (t) — xijabpKiCTh OJUHHUIG TEXHIKM JUTS JIIKBigaIii

HC; OC(t)— ximpKicTh 3aiSHOTO OCOOOBOTrO CKIamy
st miksiganii HC.

3 yYpaxyBaHHAM BUIIC BUKIAACHOIO0 MaT€MaTUYHA
MOJIeITh BU3HAYAETHCSI CHCTEMORO 3anexkHocTeit (2)—(9):

Iy = F(K7p, K g); Kg = O(Kyk . K71, Kpgc);
P(H) = A{R" (), Py (0.C, (D)} Kyp =G(A);
S I—{”iTx (1), Ny (©). ey (t)} :

BT (t) = Oy {nrx (1), njzx (t). Ny ()}

T(t) = Qp {n(t), nrx (©), npzy (1), Nex ()}
OC(t) = Q3 {n(t), Prx (1), Nyzx (), ey (1)} ;

TakuM uymHOM, (opManizoBaHa MaTeMaTUdHa MO-
Jienb 3a0e3neyeHHst roToBHOCTI pearyBanHst Ha HC ysB-
nsie co0Or0 cucTeMy 3 8 aHANITHYHHX 3aJISKHOCTEH.
[epmia omucye MOTEHLIHHY TEXHIYHY CIIPOMOXHICTBH
¢dopmyBanb Ta mifpo3ainiB 13 1o BUKOHAHHS 3aBIaHb
3a mpu3HaveHHsM. J[pyra xapakTrepu3ye CTYIiHb BiJIo-
BigHOCTI OcHOBHMX TTX cy4yacHMM BHUMOram mIOAO
TEXHIYHOro ocHamieHHs migposaimie 1[3. Tpers xapak-
TEpU3ye EeKCIUTyaTalliiHIA MOXKIIMBOCTI 3pa3KiB 030po-
€HHs1 Ta TexHiku migposainy 113. UerBepra BU3HAauae
HMOBIpHICTH TOTOBHOCTI Tiapo3ainy L[3 mo pearyBanHs
ta mikBiganii HC B manuit MomeHT 4acy. II’sTa mo3Bo-
Js€ OIIHUTH YHCENBHICTh ceprudikoBanmx cun L3
JCHC B i-my perioHi 3 BpaxyBaHHSM PiBHS TEXHOTCH-
HUX, IPUPOJHIX Ta COLIATBHUX 3arpo3 Ha IIiif TepuTo-
pii. llocta nO3BONIAIOTE BU3HAYUTH BUTPATH KOIITIB Ha
nikBimamiro Hachiakie HC piznoro xapakrepy HC. Cpo-
Ma JO3BOJISE OLIHUTH HEOOXIAHE TEXHIUHE 3a0e3IeueH-
Hs Ui nikBigamii HachoiakiB HC B naHmit MOMEHT dacy.
Bocema 11o3Bosi€ OmiHUTH HEOOXiAHY KUTBKICTB 3ais-
HOT'O 0COOOBOTO CKJIany /Ui JikBimarii Hacminkis HC B
JIaHUI1 MOMEHT 4acy.

®dopmarnizoBaHa MaTeMaTHIHA MOJEIb CyMiCHOTO
TIPOTHO3YBAHHS Ta 3a0e3MEUCHHS TOTOBHOCTI pearyBaH-
Hs1 Ha HC ysBisie co6oto 06’ e THAaHHS MOJIEINI POrHO3Y-
BagHa HC ta MOXJIMBHX 3aBIaHAX 30WTKIB BHACIHIIOK
HEX (1) 1 Mmoneni 3abe3neueHHs] TOTOBHOCTI pearyBaHHs

(10)
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Ha HC (10). BoHa peamni3zye npHHIMI CUCTEMHOrO MiJl-
X0y J0 BUpimeHHs mpobiemu nonepemkenus HC 3
METOI0 HENOMYIIEeHHs iX BUHUKHEHHsS a00 MiHiMi3aril
MOKJIMBUX HACIIIKIB.

Ha ocHoBi po3pobienoi ¢opmarnizoBaHoi MaTema-
TUYHOI MOJIEINIi CYMICHOTO MPOTHO3yBaHHsS Ta 3a0e3rre-
YeHHsI TOTOBHOCTI pearyBanHs Ha HC pospobneno xe-
pyrounii aqroput™ ii peamizamii (puc. 1).

AJNTOpUTM CcKJIagaeThes 3 15 OnokiB, SKi po3Miriie-
Hi Ha 5 iepapXi4HUX piBHSIX.

[Nepmwii piBeHb CKJIATAOTH OJIOK 300py Ta 00po0-
k1 cratructiyHol iHopmanii mpo HC 3a neskuii nepiox
MOHITOpHUHTY; OJIOK 300py Ta 00poOKH iH(pOpMalii mpo
YKOMIDIEKTOBaHICTh Miapo3autiB 13 030poeHHsM 1 Tex-
HIKOI0, TEXHIYHHUN CTaH, TAKTUKO-TEXHIYHI Ta CKCILIya-
TalliliHI XapaKTepUCTUKH; OJOK 300py iH(popMarlii mpo
YKOMILJIEKTOBaHICTh Mipo3aitiB L[3 ocoboBuM ckiagzom
Ta IX piBeHb NPOeCiHHOI M ArOTOBKH.

Ha npyromy piBHi po3mileni 610k aHaiizy iH}po-
pmauii mpo HC B minomy, 3a XapakTepom, BHIaMH, piB-
HSAMU B JIepKaBi Ta 1i perionax; 00k aHami3y iH(popMma-
uii Ipo yKOMIUIEKTOBaHIicTh mifpo3ainiB 1[3 030poen-
HSAM 1 TEXHIKOIO, TEXHIYHUI CTaH, TAKTHKO-TEXHIYHI Ta
eKCILTyaTalliifHI XapaKTepuCTHKU; OJOK aHaizy iH(pop-
Mallii PO YKOMIUIEKTOBaHICTh miapo3niniB L[3 ocobo-
BUM CKJIaJIOM Ta iX piBeHb MPOQeciitHOl MiArOTOBKH.

Ha Ttperbomy piBHI po3MillleHi OJIOK MPOTHO3Y-
BaHHs nporieciB BuHMKHeHHs: HC B 1iioMy, 3a Xapakre-
poM, piBHSAMH, BUAAaMH B JepkaBi Ta i1 perioHax; OJok
OIIIHKY TOTCHIINHOI TEXHIYHOI CIPOMOXKHOCTI Miapo3-
ainiB 13 no aiit npu HC; GOk OLIHKK YKOMIUIEKTOBA-
HOCTI Ta mpoQeciiHOl MiAroTOBIEHOCTI 0COOOBOrO
ckiafy miapoaainis 113.

Ha uerBepromy piBHI po3MillieHi OJOK MPOrHO3Y-
BaHHS MOXKJIMBUX 30MTKIB BHachigok HC; G0k OLiHKH
rotoBHocTi migpo3ainiB 13 mono pearyBanHs Ta JiKBi-
nauii Hacmigkie HC, matepianbHO-TexHiYHOTO, (iHAH-
COBOI'0 Ta JIFOJACHKOrO 3a0e3reueHHs; OJIOK ONTHMi3ariil
TepuTOpianbHUX CTPYKTYp L[3 3 BpaxyBaHHSAM cCTaHy
TEXHOT€HHO-TIPUPOIHOI HEOE3MEKH PETIOHIB.

[I’sTwii piBeHb CKIanaroTh OJIOK (OpPMyBaHHS pi-
LIeHHs Moxo Al migpo3aumiB 1[3 3a mpu3HaveHHsM,
6nok peamizauii aiit migposainie 13 3a npu3HadeHHIM
Ta OJOK OI[HKMA e(EeKTUBHOCTI 1 KOpPEryBaHHS pillleHb
Ha OCHOBI aHaJi3y Jiit miaposinis L13.

TakuM 9MHOM, KEPYIOUHI aNTOPUTM pealtizye po3-
pobneHy GopManizoBaHy MaTeMaTHYHY MOJENb CyMic-
HOT'0 TIPOTHO3YBaHHA Ta 3a0e3IeueHHsI TOTOBHOCTI pea-
ryBauas Ha HC i cximagaerscst 3 15 6mokiB, siki po3wmi-
IIeHl Ha 5 iepapXiYHUX piBHAX 1 3B’s3aHI MPSIMHUMHU Ta
3BOPOTHUMH 3B’ SI3KaMU.

Oo6roBopenHs

B pe3ympTati mpoBeIeHUX AOCIIKEHb Po3pooiie-
Ha (¢opmali3oBaHa MaTeMaTHYHA MOJENb CYMiCHOTO
MIPOTHO3YBaHHS Ta 3a0€3MEUeHHS TOTOBHOCTI pearyBaH-
Hs Ha HC, siKa peaiizye IpUHIMIT CHCTEMHOTO IiIXOMY
JI0 BUpIMICHHS TpoOJIeMy TonepeKeHHS Haa3BHYai-
HUX CHUTYaliil 3 METOI0 HEeIOMYyLICHHS iX BHHUKHEHHSA
abo MiHiIMi3amii MOXIHBHAX HacHinkiB. IlonmepemkeHHs
HAJ3BUYAWHUX CHTYallii - 1€ CKIaTHUA CHUCTEMHHI
MpoLeC, TOB'SI3aHMN 3 aHANI30M 3arpo3 BHHUKHEHHS

HC, ix mporro3yBaHHsM Ta 3a0e3MeYEeHHSIM TOTOBHOCTI
pearyBaHHS IiJPO3/ILTiB IIUBIJILHOIO 3aXHUCTY.

dopmaiizoBaHa MaTeMaTHYHA MOENb BKIIOYAE
MaTemMaTuuHi Mogpeni nporHo3yBaHHa HC 3a xapakre-
pOM, BUIIAMHU, PIBHAMH Ta MOKJIUBUX HACIIIJKIiB BHACII-
JIOK HUX SIK B JIepKaBi B MIJIOMY, Tak 1 Ii perioHax; Ma-
TEMaTHYHI MOJEJi OIIHKH TIOTCHIIAThbHOI TEXHIYHOL
CIPOMOXKHOCTI Ta TOTOBHOCTI ITiIPO3LTIB IO BUKOHAH-
HS 3aBJaHb 3a NPU3HAYEHHSM, ONTHMAIBHOTO PO3MIOI-
JIy pecypciB [uis 3a0e3MeUYeHHs TOTOBHOCTI MiAPO3IiTIB,
onTuMizauii TepuropianbHuX CTpyKTyp L3, mporHosy
BUTpAT KOIITIB, TEXHIYHOTO Ta JIFOJICHKOT0 3a0e3eueH-
Hs1 st iksigamii HC.

[Momanpuii gocHipKeHHS B I[bOMY HANpsIMKY ITO-
BUHHI OyTH CIIpsIMOBaHMM Ha JIOCJIJDKEHHS BIUIMBY pi3-
HOMAHITHUX JIeCTaOlIi3yrounX (DAKTOpiB HA MPOIIECH
BUHMKHEHHS Ta po3BUTKY HC B pi3HMX perioHax aepixa-
B, MOOUITBHOCTI cwil 1 3aco0iB 13 3 BpaxyBaHHSIM HasiB-
HOCTI TX Ha TEPUTOPISIX CYCIJTHIX PETiOHIB JepHKaBU.

BucHoBxku

1. Po3pobieHo ¢opmarnizoBaHy MaTeMaTHYHY MO-
JIeNTb CYMiCHOTO TMPOTHO3YBaHHsI Ta 3a0e3MeueHHs TOTo-
BHOCTI pearyBanHs Ha HC, ska ysBiuse co0oro
00’enHanHs Mojeni nporHo3yBaHHs HC Ta MOXIMBUX
3aBJaHMUX 30MTKIB BHACTIZOK HUX 1 MOJEN 3a0e3eueH-
Hs roroBHocTi pearyBanHs Ha HC. Ile peanizye npus-
IUIT CHCTEMHOTO IMiAXOAY [0 BHpIIIEHHS NpoOIeMHU
nonepekeHHss HC 3 MeTor0 HeIomyIeHHs X BHUHHK-
HEeHHs a00 MiHIMI3allii MOXKJIMBUX HACIIJKIB.

2. Po3pobneHo kepyrouuit ajaroputM, sIKMiA peai-
3ye ¢dopmaiizoBaHy MaTeMaTH4HY MOJENb CYMICHOTO
MPOrHO3yBaHHS Ta 3a0e3MeueHHs] TOTOBHOCTI pearyBaH-
ust Ha HC. Moro Bukopucranus nepeatadae BUKOHAHHS
HACTYIHUX npoueayp: 30ip, oOpobka, aHani3 iHpopMa-
uii mpo HC B nepkaBi 3a Aeskuil MomnepeaHii nepiox
MOHITOPHHTY, ITPO YKOMIUIEKTOBaHICTh migpo3ainis 113
030pO€HHSM 1 TEXHIKOK, TEXHIYHUH CTaH, TaKTHUKO-
TEXHIYHI Ta eKCIUlyaTalliiiHl XapaKTepUCTHKH; IPO
YKOMILIEKTOBaHICTh Mipo3aiiiB 1[3 ocoboBuM ckiagzom
Ta 1X piBeHb MPoQeciiHOl MiAroTOBKY; aHali3 iHpopMa-
uii npo HC, mpo ykomruiekToBaHicTh migpo3aimis 113
030pO€HHSM 1 TEXHIKOK, TEXHIYHUH CTaH, TaKTHUKO-
TEXHIYHI Ta eKCIUTyaTaliliHi XapaKTepUCTHKH, PO YKO-
MIUIEKTOBaHICTh migpo3ainiB 13 ocoboBuM ckiagoM Ta
ix piBeHp mpodeciiHOi MATOTOBKH; MPOTHO3YBAHHSA
nporeciB BuHUKHeHHS HC, OIiHKM MOTEHIHOI TeXHi-
yHOI cnpoMokHOCTI migpo3ainiB 13 o mit mpu HC,
OLIIHKM YKOMIUIEKTOBAHOCTI Ta MPOQECiiHOI IMiAroTOB-
JIEHOCTI 0c000BOTrO CKIIaAy miapo3aiurB LI[3; mporrosy-
BaHHsA MOXIIMBUX 30MTKIB BHacmigok HC, OIIHKK rOTOB-
HocTi mizpo3aumiB 113 momo pearyBaHHS Ta NiKBimarii
HacnizkiB HC, MaTepialbHO-TEXHIYHOT0, (hiHAHCOBOTO Ta
JIOACHKOrO 3a0e3TeUeHHs, ONTUMI3allii TepUTOpiaTbHUX
crpykryp 113 3 BpaxyBaHHSM CTaHy TEXHOTCHHO-
MPUPOAHOI HeOEe3MeKH PETioHIB nep:kaBh; (HOPMYBaHHS
piteHHs oo Aik miapo3ains L3 3 MeToro agekBaTHOTO
e(EKTHBHOCTI Ta KOPEryBaHHs PIllIeHb Ha OCHOBI aHAIIZY
Ii¥t mimpo3niniB pearyBaHHs. Bin ckimagaetscs 3 15 6io-
KiB, SIKi pO3MIIlIeHI Ha 5 ie€papXidHUX PIBHAX 1 3B’s3aHi
OPSMUMU Ta 3BOPOTHUMH JIOTIYHIMU 3B’ SI3KAMU.
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Hueinvna 6e3nexa
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: 7] ¢dopmanii npo HC 030pPO€EHHSM i TEXHIKO0I0, TeXHiYHMIT po3aijiis I3 ocodoBuM ckiia- |
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I
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: Amnani3 ingopmamii Amnauni3 ingopmanii npo ykommnJiek- AHauni3 indopmauii npo :
| npo HC B niziomy 3a ToBaHicTh miapo3aiais I3 036po- YKOMILIEKTOBAHICTH MijI- I
| XapaKTepoM, BH/a- €HHAM i TeXHiK0I0, TEXHIYHUH po3ainis I3 oco6oBum 1
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1 1
1 I
1 1
1 I
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1 1
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I puHuKkHeHHs: HC B minomy, TEeXHIYHOI CIIPOMOKHO- Ti Ta npodeciiinoi miaroro- "
| 3a XapaKTepoM, piBHSIMH, cti migposainis I3 no BJICHOCTI 0c000BOr0 CKJIATY 1
1 BU/aMM B Jep:kaBi Ta 1i pe- aiif npu HC nigposaiiis 113 1
1 rionax !
1 I
1 A 1
1 I
1 1
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I
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| Hi 1
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: MOKJIMBHUX 30MT- JaisB I3 mono pearyBanns ta HMX CTPYKTYP UMBiJIBHOIO |
| kiB BHacJjinok HC Jgiksiganii Hacaigkis HC, ma- 3aXHCTY 3 BpaXyBaHHs CTa- 1
1 TepiajbHO-TeXHI4YHOrO0, piHaAH- HY TeXHOI'¢HHO-IIPUPOIHOI I
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Puc. 1. Kepyrounit anroputm peanizaii ¢popmanizoBaHOi MaTeMaTHIHOT MOAENI
CYMICHOT'O TIPOTHO3YBaHHS Ta 3a0e3Me4eHHs TOTOBHOCTI pearyBanHs Ha HC
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Formalized mathematical model of compatible forecasting and ensuring readiness for emergency situation response
H. Ivanets, M. Ivanets, I. Tolkunov, I. Popov

Abstract. Topicality. At present, emergency prevention should be seen as a complex, combined process of predicting emer-
gencies and responding in advance to threats or mitigation. Goal. Development of a formalized mathematical model of joint emergency
forecasting and ensuring emergency preparedness. Method. The formalized mathematical model of joint forecasting and ensuring the
readiness to respond to emergencies is a system of analytical dependencies, which together allow to solve the problem of research. It
implements the principle of a systematic approach to solving the problem of emergency prevention in order to prevent their occurrence
or minimize the possible consequences. Emergency prevention is a complex systemic process related to the analysis of emergency
threats, their forecasting and ensuring the readiness of civil defense units to respond. Results. A formalized mathematical model of joint
forecasting and ensuring emergency response preparedness and a control algorithm that implements the developed mathematical model
have been developed. The formalized mathematical model of joint forecasting and emergency preparedness is a combination of two
interrelated models: the emergency forecasting model and the possible damage caused by them, and the emergency preparedness model.
Conclusions. Formalized mathematical model of joint forecasting and emergency preparedness includes mathematical models of emer-
gency forecasting by nature, types, levels and possible consequences as a result of them both in the state as a whole and in its regions;
mathematical models for assessing the potential technical capacity and readiness of units to perform tasks as assigned, optimal allocation
of resources to ensure the readiness of units, optimization of territorial structures of civil defense, cost forecasting, technical and human
support for emergencies. The obtained results of the research are the foundation for substantiation of organizational and technical
measures for adequate response to emergencies of different nature in real conditions.

Keywords: formalized mathematical model, control algorithm, emergency situation, losses from emergencies, level of
readiness.
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! AXITIOHEpHE TOBAapUCTBO «YKpaiHChKa 3ai3HullsD», KuiB, Ykpaina
? JlepsxaBHUI yHiBEpCUTET iHMPACTPYKTYpH i TexHomnorii, Kuip, Ykpaina

MATEMATHUYHA MOJEJIb OXOPOHH OB’EKTIB
KPUTHYHOI IHOPACTPYKTYPHU

AnoTtanisi. Mera podoTu — nmodynoBa MaTeMaTHIHOI MOJIETI, SIKa ONHICYE XapaKTEPUCTUKH 3aXUCTY 00’ €KTIB KPUTHIHOL
IH(pacTPYKTypH, MOB'sI3aHOI 3 poOOTOI0 OXOpOHHOI rpymH. Pe3yabraTn. B crarTi po3risHyTi fesKi momupeHi MaTeMari-
YHI MOJIEJTI IPOTHIT TEPOPU3MY Ta aKTaM HE3aKOHHOT'O BTPYYaHHS Ha 00’ €KTH KPUTUYHOI iIHPPACTPYKTYpH. ABTOpaMH 3a-
TIPOIIOHOBAHO BUKOPHCTAHHS METO/IB Teopii MacoBOro o0CIyroByBaHHS MapKiBCHKOTO i HEMapKiBCHKOI'O THIIIB 3311 MO-
JIeTFOBaHHS IPOTHIi IEPCOHAJIOM OXOPOHH 3JI0BMHCHUM YI'PYITOBAaHHSIM 3 BUIIAJJKOBHM YHCIOM 3JIOBMHCHHUKIB y TPYII Ta
pi3HEMHE crioco0aMu opraHizaii aiif Takoro mepconary. Mozens 0XOpoHH 00’ €KTY KPHTHIHOI iHPPACTPYKTYpH pO3TIIsiia-
€TBCS SIK cucTeMa MacoBoro oociyrosyBanas (CMO), sika ckiaagaerses i3 CMO mepmioi i Apyrol rpyrn MOJIEIIOE emeIOHO-
By NPOTHUJIIO TpyraM 3JI0BMUCHUKIB. HaBeneno nudepentiini piBHsHHS KonmoropoBa miist iMoBipHOCTEH CTaHiB miel
CMO. BucHoBkH. BukoprcranHs 3aliporIoHOBaHUX MOJeJIel 3aXUCTy 00’ €KTiB KPUTUIHOI iHPPaCTPyKTypH Bil aKTiB He-
CaHKI[IOHOBAHOTO BTPYYaHHS JTO3BOJHMTH BU3HAYWTH palliOHAIBHI 3HAUEHHS CITIBBIIHOIIEHb BEINYMH KUTBKICHOTO CKIIany
TTiIPO3/11TiB OXOPOHH, IHTEHCUBHOCTEH 3aCTOCYBAaHHS 3aC00iB MPOTHIIT 1 30CepeKeHHs IOTATKOBHX CHII 1 3aC00iB 0X0po-
HU 3 IHTEHCHBHICTIO IPOHUKHEHHS Ha 00’ €KT 3JIOBMICHHX YIPYyNOBaHb 3 BANAAKOBAM YHCIIOM 3JIOBMUCHUKIB y TPYII 3al-
151 3a0e3neveHHs IPUHHATHOI IMOBIPHOCTI BHSIBJICHHS, 3alI00iTaHHs 1 HEWTpai3amii TaKuX yrpyroBaHb.

Kar4doBi cioBa: 00’€kT OXOpOHHM, CHCTEMa MacoOBOTrO OOCIYroBYBAaHHS, HEOPIMHAPHUH MOTIK IPYyI 3JI0BMHUCHHKIB,

BUIIA/IKOBE YMCIIO 3IOBMUCHHKIB Y Tpyni, CMO HeMapKiBCbKOI'0 THUITY, IEPCOHAT OXOPOHH

Beryn

[Tpobnemi mpoTHAii Tepopu3My Ta akTaMm He3a-
KOHHOTO BTPYYaHHS y AiSUIbHICTH 00 €KTIB KPUTHYHOI
iHQpacTpyKTypH HHHI IPUCBSIYEHO 0arato HayKOBUX
pobir. Knacudikamiss mozenedl npoTuiii TepopusMy
3HAWILIa CBOE BimoOpaxeHHs y poboti [1], B skiit mpu-
BEJICHUI OIJISII CYYacHUX POOIT OO0 MOJENIIOBAHHS
CHCTEMH HNPOTHIIl TEepOpU3MY, 3alpONOHOBAHA KIIACH-
¢ikamist Mozeneil TepopusMy Ta MOJeNed MPOTHIIT
Tepopusmy. [lo KOHIENTyanbHUX MOJeNel y 1iit podoTi
MIPOIIOHYETHCSL BITHECTH MOZEINI, SIKi PO3pOOIISIOTHCS
creLiaNicTaMy TpeaMeTHOl 00JacTi, MOoJITOJIoramMu,
TICUXO0JIOTAMH, COLIONOoraMu. SIK IpHKiIan, HaBOXUTHCS
pobora [2], B sikiii momaHi eMITipHYHI TaHi MO0 Moje-
Je TPUIHATTA pIllleHh YYaCHUKAMH TEPOPUCTHIHUX
oprasi3zailiii Ha pi3HUX PIBHSIX: CTPATEriYHOMY, TAaKTHY-
HOMY Ta OIEPATUBHOMY, a TAKOX Ha PIBHI OKPEMOTO
TepOpHCTa.

Mopeni aHaiizy i CHHTE3Y, SIK PaBUIIO, € MaTeMa-
THIHUME 49U (izuaauMEu Moneasmu. B ormsiai [3] oxa-
PaKTepU30BaHO 1 HAaBEAECHO OiibIne TakuxX poOiT. 30K-
pema y poborti [4] po3pobieHa oCHOBa UI PO3BUTKY
knacudikamii TEPOPUCTHUYHUX YIPYHNOBaHb XIMIYHOI,
610MOTiYHOI, PaIioNOTivHOI Ta sIepHOoi 30poi 3 BUKOPH-
CTaHHSAM EBPUCTUYHOTO METOAY PO3Mi3HaBaHHSA 00Opa-
3iB, MeTOAy JAepeB kiacugikarii i JUCKpUMiHALIHHOTO
aHanizy. CTOCOBHO cHCTeM Oe3IeKH Ha TPAHCIIOPTi Psia
poOIT TIpUCBSYCHHUH aHANi3y MPHUCTPOIB 33T IIiABH-
IICHHS IMOBIPHOCTI BWSIBIICHHS 1 3HIDKCHHS 1HTCHCHB-
HOCTI TIOMHJIKOBUX TpHBOT. Y pobori [5] 3 BukopucraH-
HAM 0al€COBCHKOI'0 aHAINI3y HABENICHUHA METOM PaHKH-
pyBaHHS 3arpo3 i BH3HAYEHHS TMPIOPHUTETIB 3aX0AaM
6e31eKn 00’ €KTaM.

CKIagHICTh peaNbHUX CHTYaIliid, TOB’S3aHUX 13
3a0e3medeHHsIM Oe3eku, MoTpeOyIOTh YHIBEPCaTbHOCTI
3aCTOCOBaHMUX MaTEMAaTHYHUX MOJEIEH.

Li BUMOrY HEMHHYYE TIPUBOASATH y TPOTUPIYYS 13
CHIJIBHICTIO T2 OOIPYHTOBAHICTIO PE3yNbTATIB MOJIEIIO-
BaHHs, TOMY IIPU PO3B’s3YBaHHI MOJIeNed y BHIJISII
iepapxii (3BMYaifHO OUIBII HU3BKUM PIBHSAM iepapXii
BIJMOBi/Ia€ OiIbII BUCOKA CTYIiHb JeTali3alil Omucy
MOJIENTbOBAHUX CHUCTEM) a00 TOPH30HTAIBHOMY JIAHIIIO-
KKy, Y KOKHOMY €JIEMEHTI SIKOr0 CTYIIHb AeTaiizamil
pHOTH3HO OHAKOBHI [6].

B po6ori [1] merambHO pO3TIISHYTI PiBHS MOIEIIO-
BaHHs (iepapxii Moneneii) nporuaii repopusmy. Teopu-
KO-IrpoBi Mopzeni 0OpoThOM 3 TEpOpHU3MOM MOAAHI Y
po6orax [7,8,9]. B po6oti [10] 3anpomnoHoBaHuiA miaxiz
JIO CTBOPEHHsI MaTeMaTH4HOI MOJelNi (YHKLIOHYBaHHS
cucteM (Pi3MYHOrO 3aXUCTy O0’€KTIB K MPOLIECY B3a€-
MoZiil MHOXKMH Ha OCHOBI Teopii 3BHYAHUX MHOXHH,
TEOopii HEYITKMX MHOXKHH 1 METOY aHaJli3y iepapXii.

B pobori [11] 3ampomoHoBaHa MaTeMaTHIHA MO-
JIeTlb  OMKCY XapakTepy B3aeMOJii MIiX CKIaJOBUMH
CHCTEMH «3aXHUCHHK — 3JIOBMHCHHUK» SK CKJIaIOBUMH
CHCTEMH «XIKaK — JXepTBa». Mopenb sBise co000
MOIu(iKoBaHY KIACHYHY MOZAETh KOHKypeHmii JIoTki —
Bonbteppw, sika 103BOJNSE OLIHIOBATH 3MiHU PIiBHSA He-
6e3nekn 00’€eKTa 13 3MIHOIO HOTO 3aXHIIEHOCTI.

3acTocyBaHHS HEYITKOTO KOTHITHBHOT'O MOJIEITIO-
BaHHS 3301 IIONEPEPKeHHS PHU3HKOBHX CHTyaliil B
YMOBaX HEUITKMX BHXIJIHUX JaHUX Ha 00 €KTax KPHUTHU-
YHUX 1HQPACTPYKTyp posriasimaeTbess B poboti [12]. B
Hill TIPOTIOHYeETHCS ympaBiiHCBKa cTpykTypa AEC y
BUTJISIAI HEYITKOI KOTHITUBHOI MOJENi, IPUBEICHI CIie-
Hapii pI3UKOBUX CUTYalill i HABeIeHUH IXHIN aHai3.

B po6orti [13] po3ristHyTI MOXITHBOCTI 3aCTOCY-
BaHHS MOJIENeH 1 METOMIB JOCTIKEHHS OIepamii s
TUTAHYBAaHHS 3aXUCTY 00’€KTIB KPUTHUIHOI 1HPPACTPYK-
Typu. AnmanTamis IUX MOJeNel BKI0Yae BPaxyBaHHS
CTOXaCTHYHOI, iH(QOpMAIIiiiHOI 1 TOBEIIHKOBOI HEBHU3HA-
YeHOCTeH TepopucTiB. Y wilf poOOTi, 30KpeMa, po3rIsi-
HYTi y3araJlbHEHHS 3aJ[a4d aHTarOHICTUYHOI I'pH Hamazry
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1 3aXHMCTy Ta ONTHMAJIBHOIO PO3MOMAITY 3aXHUCHHUX Pecy-
pciB.

[puknagoM BHKOPHCTAHHS KOMIUICKCHHX MOJIE-
JIel 3 mapaMmeTrpaMu, oOMipIOBAHUMH y Pi3HUX IIKasax,
€ TEOPETHUKO-IrpoBa MOAENb Ul 3a0e3nedeHHsT Oe3NeKH
y MiDKHapomHOMY aepornopty y M. Jloc-AHkenec, Ha
OCHOBiI sKOi po3poOyieHa 1 BBelEHa B EKCIUTyaTalilo
aBTOMaTu3oBaHa cucreMa «[IOMIYHUK U paHaOMi30-
BaHOr0 KOHTpOJII0 MapmpyTi» (ARMOR) [14].

Y pobori [15] mpeacraBieHuid OMKC TECTIB IS
niepeBipku ARMOR, sikmii excruryaryetbest 3 2007 p.

TakuM 4nHOM, 3211 MOJIEITIOBaHHS cucTteM (i3u-
YHOI OXOPOHHM O0’€KTIB 3aCTOCOBYETBHCS IIMPOKHH
CHEKTp MaTeMaTUIHUX MOJIEIIEH.

Ha nam mornsiz, 3 METoro BU3Ha4Y€HHS e()eKTUBHO-
CTi Ji# miAPO3/ily OXOpPOHU 00’ €KTIB KPUTUYHOI iH(pa-
CTPYKTYpH, IOLUIBHO 3aCTOCOBYBATH MaTeMaTHYHHUH
amapat Teopii MacoBOro 00CIIyroByBaHHS.

Pe3yabTaTtu gociainkeHn

Po3rmnsiHeMo 00’€KT, IO OXOPOHSETHCS IiPO3/i-
JIOM OXOpOHHM 3 N 0ci0, SIK CUCTEMY MacOBOI'0 00CIyro-
ByBaHHs. Ha 00’€KT HAMararThCsl TIPOHUKHYTH TPYIH
3JI0BMUCHUKIB 3 1HTEHCHBHICTIO A 3 METOI0 CTBOPEHHSI
3arpo3u #oro OesnedyHoro (yHKIIOHyBaHHS. Bsarami
YHCENbHICTh TPYNH 3JIOBMHUCHHMKIB MOXE OYTH BHIAl-
KOBUM, 1HIIIMMH CJIOBaMH 3 IMOBIPHICTIO 8s rpyna MOXe
CKJIaZIaTUCS 3 S 3JIOBMUCHUKIB.

Tobro Ha N-kaHanbHy CMO HaAXOAWTH TMOTIK A
[rpyn/oa.4yacy] rpyrnoBuX 3asiBOK 3 BHITAJIKOBUM YHCIOM
3asIBOK y TPYIIi.

[Moni6ni CMO 3HaluM CBOE 3aCTOCYBaHHS y Ma-
TEMAaTUYHUX MOJEISX 1H(POPMAI[IHUX TEXHOJOTH, 110
3HAWILIO CBOE BimoOpakeHHs y poborax [16-18].

OpnHiero 3 ocodnuBocteit CMO, 110 poO3risiiacThb-

csi, € Te, WO 4Yac t;; nepeOyBaHHS 3JIOBMHUCHUKIB Ha

00’cKkTi € OOMEXEHHM, BOHO € BHIIAJKOBOIO BEIHYH-
HOIO, SIKE TIiIITOPSIKOBAHE MTOKA30BOMY 3aKOHY 3 mapa-

METPOM T :l/tgﬂ_ .

[Mapamerp M € IHTEHCHBHICTIO MOKHUIIAHHS 3aIBOK
i3 kaHanma obcnyropyBanus CMO BHaciiok oOMexeH-
Hi IXHBOTO TIepeOyBaHHS B CHCTEMI.

[apamerp P Xxapakrepu3ye CHUCTEMY IPOTHIII
w= 1/ tox [370BM/Om.uacy], me tox - cepemmiii yac 3acro-
CYBaHHS OXOPOHHHUKOM 3aC001B MPOTHUIiT 37TOBMUCHHKY.

[potunais 3710BMUCHUKAM 3 OOKY MiAPO3ILTY 0XO-
poHH MOke OYyTH OpraHi3oBaHa PI3HHMHU CIIOCODaMH,
10 0OYMOBJIIOE THIT CHCTEMH MacOBOTO OOCITYTOBYBaH-

Hi. Jlo mepmmoi rpynm CMO Hanexats:
1. CMO M/M/n/m 3 obmexennsm (n=0), 6e3

B3aemozornomoru (h = n, g = 1), HeopaMHAPHUMH 3asIB-
KaM¥ 1 BHIIAJKOBHM HYHCIOM 3asfBOK y rpymi. Tyt h
BEJIMYUHA, 10 TOPiBHIOE BiHOIICHHIO BCi€i KUTBKOCTI N
OXOPOHHUKIB (KaHaJiB 00CITyTOBYBaHHS) A0 KUTBKOCTI (J
OXOPOHHHUKIB, SIKi 00’€HaHI y TPYITy MPOTHIIII OTHOMY
3JIOBMHCHHUKY, TOOTO N=n/g .

2. CMO M/M/n/m 3 obmexennsm (M #0), moB-

Horo B3aemomoromororo (h =1; g = n), HeopIUHAPHEMHU
3assBKaM¥ 1 BUMAAKOBHM YHCIIOM 3asiBOK Y TPYIIi.

3. CMO M/M/n/m 3 obmexernnsm (n=0), 3 gac-
TKOBOK B3aemozonomoroio (h=n/g), HeopauHapHu-

MH 3asIBKAMH 1 BUTIAJIKOBUM YHCIIOM 3asBOK Y IPYIIi.

Jo npyroi rpynu Hanexats CMO HeMapKOBCBKO-
TO THITY, SIKI MOJETIOIOTH YMOBH, KOJIM CHJIH 1 3aco0u
OXOpOHHU HE 3HAXOAATHCA Ha 00 €KTi, HANPUKIIAM, KON
HeoOXiTHO 30CepeIuTH T0JaTKOBI cuiy 1 3acoou. TobTo
npolec NpoTUAIl CKIafaeThes 3 ABOX (a3 TPUBATICTIO

BIINOBIZHO ] - Yacy 30cepekenHs i t - yacy 3a-
CTOCYBaHHS 3aco0iB TpOTHAil, e t1, Mae IOKa30Be

PO3MOJINICHHST 3 TapamMeTpoM ulzl/fl_ [oxop./on.

qacy], a t2 — 3 mapameTpoM L, :1/ tox [37m0BM./Om.
vacy]. ToOTo cymapHuil Yac MPOTHIIl Ma€e y3aranbHEeHe
posnoainenHs Epnanra 3 mapamerpamu i1 1 Lo.

Taki CMO wmatote obmexenns (1 #0), MOXyTh
OyTH 3 pi3HUMU XapaKTEPUCTUKAMH B3aEMOIOIIOMOTH, €
CHCTEMa MacoBOTO OOCIyrOBYBaHHS 3 HEOJHOPIIHUMU
3asiBKaMU 1 BUMAJAKOBUM YHCIIOM 3asIBOK y TPYIIi.

Jlesiki acriekTH MaTeMaTUIHHX Moaenei nmux CMO
po3TIIsAHYTI y pobotax [19-22].

Posrnsiremo Oinbin geransHo CMO 1-01 rpynm.

1.1 CMO M/M/n/m 3 obmexennsm (n = 0), Ge3
B3aemozornomord (h = n, g = 1), HeopIMHAPHUMH 3asIB-
KaM¥ 1 BUMaJAKOBHM YHCIIOM 3asBOK Y TPYIIi.

Hudepenuianeui  piBasHH KonmmoropoBa st
iMoBipHOCTel craHiB niei CMO:

dRy (t)
dt

= AR () + (u+m)R(D);

OB Ot e RL() + 2Py (1) + 20+ )Py ():

dt
% =—(A+2u+2n)P, (1) +
2
+1) " sagPy_g (£) +3(u+m)Py (t);
s=1
P kKR ) + AR 07
k
x ZSE;\SPK_S (k+D)(u+m) mpul<k <n;
% =—(A+np+kn)R (t)+ kzn: sagP(t)_s(t) +

s=1
+[np+ (K +DM]P 41 () mpu k=n.

1.2. CMO M/M/n/m 3 obmexennsim (1 # 0 ), mos-

Horo B3aemomiero (h = 1, g = n), HeOpAMHAPHAMH 3asIB-
KaMH 1 BUITQJKOBHAM YHCIIOM 3as1BOK y TPYIIi.

OcobOmuBoctsimMu  (yakmionyBaHHS 1iei CMO, a
OTXXe , OpraHizamnii mpoTuaii €:
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- TIepiIa 3asBKa OOCIyrOBYETHCS yciMa KaHaJlaMHu
00CITyrOByBaHHS 3 IHTEHCHBHICTIO [= NL+N;

- HACTYITHA 3asBKa OOCITyrOBYETHCS YaCTHHOIO Ka-
HaJliB OOCITyrOBYBaHHSI, IHIII ITPOJIOBXKYIOTH OOCITyTo-
BYBAaHHs MOMNEPEIHBOI 3asiBKH, SKIIO BOHO HE OyIo
3aKiHYEHE;

- Tmcns 3aKiHYeHHS OO0CITYroBYBaHHS OYAb=sKOi
3asIBKH, TpyIia KaHaMiB, sIKa 3BUTBHIIIACS, i €THYETHCS
JI0 00CITyTOBYBAHHSI 3asBOK, SKi € B CHCTEMI;

- y MapkiBcbKili (mmyacconiBcrkiil) CMO xapakre-
pPUCTHKH OOCITyrOBYBaHHS HE 3aleXaTh BiJ PO3MOi-
JICHHS KaHAJiB MiX 3asBKaMH, JIUIIC BOHO Oyno Ou
piBHOMIpHMM I yci KaHanu Opanu OW ydactb B 00CIy-
roByBaHHi ogHo4acto [20];

- SIKIIIO B CHCTEMi BXKe € N 3asBOK, TO (N+1)-a 3ass-
Ka CTa€ y 4epry.

Cucrema audepeHnianbHuX piBHSIHb IMOBIPHOCTEH
CTaHIB Ma€ BHUTJIS

BO_py0+1RO;
d
% = (A p)PL(D) + Ay Py (£) + 21" Py (0);
RO _ 4 20)p, 1)+
df
2
13 53PS (0+3u" Ry (1)
s=1
[
% = (A +ku )R (D) +21DsagR s () +

s=1
+(k+D)u* B, (t) mpu 1<k <n;

— 22 = v+ nu” +kn) B () + xi sagPy_s(t) +
s=1

+[np" +(k+Dn]R 4 () mpu k >n.

1.3. CMO M/M/n/m 3 obmexenrsim (= 0), gac-

TKOBOIO B3aemomiero (N = n/Qg), HeopaUMHAPHUMHU 3asiB-
KaMHU i BUMAJIKOBUM YHCIIOM 3asBOK y TPYIIi.

Cucrema nudepeHIialbHuX piBHAHb IMOBIpHOCTEH
CTaHiB CUCTEMH OyJIe TaKOIO:

dpy (t .
o ARy 0+ g RO;
t

Hg = gu+m;
dRy (t . .

ét( ). —(A+ug) R () +1agPy () + 205 Py (1);
dp, (t . :

jt( )_ —(A+2ug)Py () +1 )" sasPy_(t) +

s=1
+3(g P (0);

RO _ i R0 +1.3 sagR_s 1)+
s=1

+(i+1)uzﬂ+1(t) npu 0<i<h;

h
T =) R0 +13 55RO+
s=1
+(np+ (h+D)n) Ry (1);

d *
%1(0 =—(A+hug +1)F () +2x

h+1

Xz Sas P(thl)—s )+ (h“z] +2n)R 2 (1);

s=1
dp; (t) .
T —(A+hpg (J—h)m)P; (1) +

i
+7\Z:sast_s('[)+(hu’EJ +(j—h+Dn)x
s=1
xPj(t) mpu h<j<n;

k
% = —(h+nug)P, (1) +1 D sasPy (1) +

s=1
-i—(npz1 +1)P 1 (t) mpu k >n.

IMOBIpHICTP NPOHMKHEHHS 3JIOBMUCHHUKIB Ha
00’€KT 3 IPUYMHHU TOTO, 110 OXOPOHA HE BCTUTAE IPO-
TUIISATH 37I0BMUCHUKAM MOKHO OOYHCITUTH 3 (DOPMYJIH:

P3H Ini kpk/(ki kak] . (1)
k=1 k=1

IMOBIpHICTB TOrO, 1110 3JIOBMUCHUKH OYIyTh HEWUT-
paiizoBaHi Oyze:

PHe:Zmp =1-P,,. 2
CMO npyroi rpynu po3riisiHEMO Ha MPHKJIAJl CHC-
TeMH MacoBoro obcmyrosysanss M/Ea/n/m 3 o6mesxeH-
oM (n#0), 6e3 B3aEMOIONOMOrH, 3 HEOPIUHAPHUMHU
3asBKaMH 1 BUMIAIKOBIUM YUCIIOM 3asBOK y TPYIi.

Cucrema nudepeHIialbHIX PiBHIHb IMOBIPHOCTEH
crauiB mici CMO mae BATIISIA;

) ARy 0+ 3P (0

% = ~(A+u1) Py (1) +1agPog (1) + 205P55 (1);
Tl )P 0+ iR 0

20 6+ 2i)R, 0 +raRa 0+

+2hap Pyg () +3p5 Py (t) + APy (1);
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dpszt O 0t 205 ) Py () + 205 Py (1:

4R (V) . S

—a < —(A+Kug )P (1) +2) " sag Py g (1) +
s=1

+[(k+Du3 + 1Py (1) +
+APy gy (t) mpu k <n;

% = —(h+Kkus)Poy (1) +

+kuy Py (t) mpu k <n;

dRy (t) . ‘
= = Oenu k)R O+ 1Y sa5Pyy_g) (1) +
s=1
+ }\‘PZ(k—l) (t) + (T]P-:‘zc + kﬂ) PZ(k+1) pH k> n;
% =—(A+nu5 +kn)Py (1) +

+(nuj +kn)Py (t) mpu k >n.

Marematnuna moneib CMO M/Ex/n/m metansHo
posrisinyTa 'y [22]. Cucrema MacoBOro o0CIyroByBaH-
Hi, siKa ckiazaersest i3 CMO mepmioi i apyroi rpym
MOJIENIOE €UIEeIOHOBY MPOTHUII0 TPYIIaM 3JI0BMHCHHKIB
(puc. 1). ImoBipHOCTI TpPOHHMKHEHHsS 1 HeWTpamizamii
3OBMHCHHUKIB MOXKHA 00unciutH 3 hopmyn (1) i (2).

CMO -1

Ay =ho1(1—P,y)

CMO -2

A3 =gy (- Pst)

7\402 ‘Kl;\ }\‘(l_ P3H2)
> n2

Puc. 1. CMO enrenoBanoi mpotumii

VY crauioHapHoMy pexumi OyJe MaTH Micle Taki
PIBHSHHS:

M= hot; A2= Aoz,
7\42 = ;\Ol(l' P3H1) = >\4(1' Ple): >\4Pnp0H1;

hor = don(L- Pan) Py = WPupon o3
D = A1 Pa) A1 Por) (1 Poc) Py =
= XPHDOHI' XPHDOHZ ’ P;}Z '

YMoBu cranionapHoi podotu CMO:
A

o =———<1
Ny (ug +m)
xpnponl <1.

Wy =—"—"—
Ny (uo +12)

IloBHe MaTemaTm4HE
BaHHS 3as1Bku y CMO:

CrofiBaHHS Yacy mepely-

E = (Ecmol + Eaqu)P;,Jé .

Pozrnsinemo npukinan.

Ha 00’€eKT, 110 0XOpOHSAETHCSA IMiIPO3IIIOM OXOpO-
HHU y CKJIazi Tphox ocib (N = 3) 3milfiCHIOETHCS Hamaj
TPy  3JIOBMHUCHHKIB 3 IHTEHCHBHiICTIO A = |1
[rp/om.wacy]. YV koxHiif rpymi 3 iMOBIpHICTIO @5 MOXe
OyTH pi3Ha KiUTBKICTH 3JIOBMHCHHKIB. 3aKOH PO3IIONLTY
YHcia 3JOBMHUCHHKIB Yy TPYHi pPiBHOMIpHHHA, TOOTO 3

imoBipaicTio 0,2 y rpymni Moxyrts Oyru 1,2,3,4 um 5
3JIOBMUCHHUKIB: a1 = az = a3 = a4 = as = 0,2. Yac nepeOy-
BaHHS 3JIOBMHUCHHMKIB Ha 00’¢kTi t;; € OOMEKEHOIO
BHII4JKOBOIO BEJIMYMHOIO SIKA MigMOPSAKOBaHA IO IIO-

Ka30BOMY 3aKOHY 3 IIapaMeTpoM ™ = 1/ ts; . IHTEHCHB-

HICTB IPOTHUIT 0CI0 OXOPOHU L = 1/ tox [3mOBMHUCHUKIB/

ox.uacy]. HeoOxinHo BU3HAYNTH iMOBIpHICT HeTpaTi-
3amil 3J0BMHUCHUKIB OXOPOHOK 00’€KTa TpH pPI3HHX
CIiBBITHOIICHHAX AI|LT).

Ha puc 2 npencraBnena CMO oxopoHu 00’ekta
JUTS IPUKIIaa, O PO3TIIAAA€THCA.

Hudepenuiiini piBusaas Kommoroposa [yist iMOBi-
pHocrteii ctaniB wiei CMO OynyTb:

e L TURNCTOF
dt
AO__w)RO R0+ 20RO
% = (204 20)Py (1) + A& Py () +
+2ha, Py (t) + 3 Py (1);
% — (A4 3u+3n)Py() + AaPy (1) +

+2\a, P, (t) ++3ragP (1) +
+3hagPy (t) + (B + 4n) P, (t);
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Hueinvna 6e3nexa

% = —(h+3u -+ 4n)Py (1) + A2y Py (1) +

+27\.3.2 P2 (t) + 37\,&3%_(0 +
+4hay Py (t) + (3 +5n) Ry (1);

—== = —(A+3u+5n)R; +Aay Py (t) + 2Aay x

dRs (t)
dt

X P3 (t) + 3)\.a3 P2 (t) + 47\.3.4 Pl(t) +
+5\ag Py (t) + (3p + 6m) Py (1).

3u+2n 3u" +3n

Puc. 2. CMO oxoporu 00’ €exTa Il IPUKIIATY, II0 PO3TIIIIAEThCS

Hopmyroua ymosa:
6

> -t

k=0

W=

Jns cramioHapHHX YMOB (DYHKLIOHYBaHHS Iiiei
CMO niHiiHI PiBHSHHS MaIOTh BUTJIS

0=-AR(®)+n'R;
0=—(A+u")R +AayPy +2u"Py;

0=—(A+2u")P, +Aay P, + 208, Py +3u" Py

0=—(A+3u")P; +AayP, + 2ha, P, +3hagh, +
+3ragPy +(3u" +m)Py;
0=—(A+3u" +M)Py +Aay Py +20a,P, +
+3hagh) +4ra Py + (3u” +2n)Ry;
0=—(A+3u" +2n)P; + AP, +2Aa,Ps +
+3hagP, +4ha P, + 515y + (31" +3n)Ps;

IMOBIpHICTB Pyeiirp BU3HAUANACK 3 hopMyII (5,0).
Ha puc. 3 nomanuii rpadik 3ajie)xHOCTI IMOBIp-
HOCTI P,y 1ipy pi3HKUX 3HAYEHHSX |L Ta 1.

=1

0,7

h

k]

n=0.5

——1=0,05

n=0.15 n=0.25

=015 =025

Puc. 3. I'padik 3anexHOCTI IMOBIpHOCTI HeTpaizallii 3TOBMUCHUKIB
B/l BEIMYMHU IHTEHCUBHOCTEH TIPOTHI1

3 puc. 3 BUAHO, IO i3 30UIBIICEHHAM iHTEHCHB-
HOCTI TpoTH[ii BeTw4mHa iMOBipHOCTI P,y 30imbmry-
€ThCA HaBITh TNPU 3MCHIIEHHI dYacy mepe0yBaHHS
3JIOBMUCHHKIB Ha 00’ €KTI OXOPOHHU.

BucnoBok

BukopucranHs 3allpONOHOBAaHUX MOJENEH 3aXH-
CTy 00’€KTiB KPUTHYHOI iH(QPACTPYKTYypH BiJ aKTiB
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HECaHKI[IOHOBAHOTO BTPYYaHHS JO3BOJUTH BH3HAYU-
TH paIliOHalbHI 3HAYCHHS CITiBBIHOIICHb BEITHYHH
KITBKICHOTO CKJIaNy MiAPO3MiJIiB OXOPOHH, IHTCHCHB-

CHUBHICTIO TpPOHHUKHEHHS Ha 00 €KT 3JIOBMHCHHX
YTPYIOBaHb 3 BHUIIAJKOBUM YHUCIOM 3JIOBMHUCHHKIB Y
rpymi 3ams 3a0e3nedyeHHs MPUHHATHOI iMOBIPHOCTI

HOCTel 3acToCyBaHHA 3aco0iB MPOTHAII 1 30cepe-  BUSABIEHHs, 3amoliraHHS 1 HeHTpaiizamii Takux
JDKEHHSI JOAATKOBHMX CHJI 1 3ac00iB OXOPOHM 3 1HTEH-  YIPYIIOBaHb.
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Mathematical model of critical infrastructure protection
M. Katsman, V. Matsyuk, P. Lapin

Abstract. The purpose of the work is to build a mathematical model that describes the characteristics of the protection of
critical infrastructure related to the work of the security team. Results. The article discusses some common mathematical models
of counter-terrorism and acts of illegal interference with critical infrastructure. The authors propose the use of methods of queu-
ing theory of Markov and non-Markov types to model the resistance of security personnel to a malicious group with a random
number of criminals in the group and different ways of organizing the actions of such personnel. The critical infrastructure pro-
tection model is considered as a queuing system (QMS), which consists of QMS of the first and second groups simulates echelon
resistance to groups of attackers. Kolmogorov's differential equations for the probabilities of the states of this QMS are given.
Conclusions. The use of the proposed models of protection of critical infrastructure from acts of unauthorized interference will
determine the rational values of the ratios of the quantitative composition of security units, the intensity of countermeasures and
concentration of additional forces and security with the intensity of penetration of malicious groups with a random number of
attackers. to ensure an acceptable probability of detection, prevention and neutralization of such groups.

Keywords: security object, queuing system (QS), nonordinary stream of malefactor groups, random number of malefac-
tors in the group, non-Markov type QS, security personnel.
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1. M. FpoxonLCLKHf/’Il, JI. M. CaKOBqu, I. . KpI/IXOBeuI)KI/H‘/'I2

! BificbKoBuit iHCTUTYT TenexkoMyHiKariii Ta imbopmaTusanii imeni Iepois Kpyt, Kuis, Ykpaina.
2 [HCTHTYT CIeLialbHOTO 3B’ SI3KY Ta 3aXUCTy iHdopMarii HalioHaIbHOTo TEXHIYHOTO YHiBEpCHTETY
VYxpainu “KuiBcbkuii monitexniuHuid iHcTuTyT iMeHi [ropst Cikopebkoro”, Kuis, Ykpaina

BIMCBKOBMHI 3B’SI30K Y IOYATKOBHUH IEPIOJI JIKBIJAIIIl ABAPII
HA YOPHOBHJIbCBKIN AEC

AHoTaumif. Y crarti NpoaHaTi30BaHO TMPOIEC PO3TOPTAHHS, JUHAMIKa 3MiH Ta OCOOJHMBOCTI BHKOPHCTAHHS CHCTEMH
BilickkoBOro 3B’s3Ky y 30-TH Kinmomerposiii 30Hi YoproOmnscekoi AEC y mepion 3 26.04.86 p. mo 05.12.86 p. Marepian
OCHOBAHMH Ha JIOKyMEHTaX Ta Haka3ax orneparisHoi rpyrmi MO CPCP (8/4 06407), cTaTHCTHYHUX JaHHX, SIKi PEICTABIISUINCE
IIOJICHHO BiJT €JIEMEHTIB 3B’5I3KY, Ta aHaJi31 aBTOpaMH 3alHCIB y B 3B’ 53Ky BKa3iBOK KEPIBHUIITBA 1 pe3yNbTaTIB 1X peai-
3allii IO/I0 ONepPaTHBHUX 3MIH Y CTPYKTYpi 3B’s3Ky ¥ Mexax 30-TH KijToMeTpoBoi 30HH, creriansHoi 30au (Omokun YAEC) i
CTOCOBHO B3a€MO/IIT i3 30BHIIIHIMH CTPYKTypaMu 11032 30-TH KiTOMETPOBOIO 30HOIO Y 3a3HaUCHHH Mepiof JIKBiamii aBapii Ha
YAEC. 3a psakamu i mudpamu 1miei crarTi — BeJmde3Ha 3a 00csaroM i 6e3MexHa 3a BiJIIIOBITaIbHICTIO po0OTa ICCATKIB THCAY
HAIllUX TPOMAJSAH, IIMBUIBHUX 1 BIHCHKOBHX, CONJATIB, CEP)KaHTIB, MPAIOPIIMKIB, odilepiB i )KIHOK, SKi CaMOBIJUIAHO, Y
He0a4eHo CTHCII CTPOKH, 32 YMOB CTPAIlHOi Oe3MocepesHboi 3arpo3d CBOEMY 3JI0POB’IO i JKUTTIO, CTBOPIOBAJN CHUCTEMY
BIHICHKOBOTO 3B’5I3KY, IPHBOAWIIH [IUBUIBHHUH 3B’ 530K 710 HOBHX YMOB, 3HAXO/MIH HECTAH/APTHI Ta €()eKTUBHI pillleHHs Npo0-
JIeM, 1110 BUHUKAJIX i OYyJTH HEeCTIoiBaHUMH, CKJIATHIMH Ta Herepen0adyBaHUMH 3a HACITiJKaMH.

Kawuosi camoBa: YAEC, nikBinauis aBapii; BiHCEKOBHIA 3B’5130K; OIlepaTHBHA IPyIIa; HaKa3H.

Beryn

VY nepiox 03.10.1986 p. mo 05.12.1986 p. aBTopu
TMOCJTIJIOBHO B Yaci BUKOHYBAJIX 000B’SI3KH cTapiiux odi-
LepiB Bijyiity 3B’ 3Ky onieparuBHoi rpynu MO CPCP, Ha
SIKMHM OYJTW MOKJIaJIeHi 3a/1a4i opraHizaii i 3a0e3neyeHHst
JIIOYOro 3B’SI3KY 110 YIIPABJIIHHIO BifickkamH, 1110 3aiimMa-
JIUCh JlikBifauiero aBapii na YAEC.

Po3wminnyBaBces Bijguin y M. YopHOOWIII, B aKTOBOMY
3ani OyauHKy paiikomy naptii. Odinepu Biaainy Ha BCix
eramax JKBiialii aBapii 3a0e3nedyBaiy HelMepepBHE
YepryBaHHs [0 MATPHMYBAHHIO CUCTEMH Y HAJISKHOMY
CTaHl ¥ ONepaTMBHOMY BUPILICHHIO HA3pLIMX MPoOIieM,
3HAXOAMINCH Yy po3’i3ax y Mexkax 30-TH KiJIOMEeTpoBOl
30HU 1 cneniainbHOl 30HH (UAEC) st po3B’s3aHHs 33124
3B’SI3KY, PEKOTHOCIIMPOBKH 1 OIIHKH MICIlb PO3TOPTaHHS
3aco0iB 3B’SI3KY, MPOKJIAJIaHHS KaOembHUX JiHIH, 3a0e3-
MIEYEHHS B3a€EMOJii B NMUTAHHIX 3B’S3KYy PI3HUX BHYT-
PIIIHBEO30HOBHX 1 1032 30HOBUX CTPYKTYpP, BUPIIICHHS
eKCTPeHUX TMUTaHb 3B’S3KY, OIIHKA EKCTPEMabHUX
CHUTYalill, yTOYHEHHS Ha MICLSX MPUAHATHX PillICHb.

OcCHOBHA YaCTHHA

3araapHa XapaKTepPHCTHKA CTaHY BilicbKOBOTo
3B’s13Ky. 3 AHA aBapii i mo cepruens 1986 poky cucrema
3B’SI3Ky KUTBKICHO HApOIyBajach i ii (yHKIiOHyBaHHS
CYTIPOBOIKYBAJIOCh CTPYKTYPHUMH Ta OpraHi3aIlitHIMU
MIEPETBOPIOBAHHSIMH, TIOB’SI3aHUMH 13 30LIBIICHHSIM
KUTBKOCTI BIHCHKOBHUX YAaCTHUH i IUBLIBHUX CTPYKTYP,
3adiTHUX I JTKBiJAIil HACTIAKIB aBapii, TUHAMIKOIO,
0araToBapiaHTHICTIO, CKJIAQJHICTIO 1 IIEBHOIO HEBH3-
HAYEHICTIO KIHICBUX pE3YJIbTAaTiB pillleHb 0araTtbox
3a1a4, SAKi CTaBWIACh, 3 HEOOXIJHICTIO TEepMiHOBOL
peaiizamii ekcrpec-HaKa3iB KEPIBHUX OpPTaHiB B €KCTpe-

HUX BHUIAIKaxX, IMOCTIHHOI KOPEKII 1 3MiHM IUIaHIB,
3a0e3neyeHHs e(EKTUBHOI B3aeMOMil  CTPYKTYpHHX
€JIEMEHTIB BChOT'0 KOHTHHIEHTY JIikBigaTopis. Ha kinerp
bOrO TIEPIOAy BU3HAYMINCH HANOLIBII I1HTEHCHBHI
iHpopMalliifHl HanpsMKH, CcTablLTi3yBalach KUIbKICTh
BificbKOBMX dacTHH [1], B OCHOBHOMY BH3HAYMIIACH
reorpadist Miclb BUKOHaHHS POOIT, L0 J03BOJIMIIO MIepe-
WTH BIJI KUUIbKICHUX ITOKAa3HUKIB B HAPOIIyBaHHI CUCTEMH
3B’A3KY 0 BJOCKOHAJICHHS 11 CTPYKTYpH, palliOHaJIb-
HIIIOMY BUKOPHCTAHHIO CHII 1 3aCO0IB 3B 513Ky, IIEBHOMY
iX ckopoueHHI0. Y Tmepiry 4epry oOMexXyBasloch 3aCTO-
CYBaHHS pajlio-i KOCMIYHOTO 3B’sI3Ky, OCHOBHa yBara
NPUALISIIACh BUKOPUCTaHHIO KaOeNmbHUX 1 pajioperei-
HHUX JHIH 3B’S3Ky, a TakoX OpeHxoBaHHX Yy MiHi-
CTepCTBa 3B’s13KY KaHAIIB.

JaHi 1070 3a3Ha4YeHUX Yy MOJAHOMY JOCIIIKEeHH]
amapaTtHUX 1 amapatypd, sIKi BHKOPHCTOBYBAJIUCH Y
cHUcTeMi BIACBKOBOTO 3B’SI3KY, MPEACTaBICHI V
BikpuTHX Bab-caiitax [2—15], OCHOBHI TPHHIUITH
(hyHKIiIOHYBaHHS TMONIOHOI amapaTypd pO3KPHUTI B
[20—22].

3a3HaunMO, 10 TOAAH] HIDKYE Pe3yIbTaTH OCHOBaHI
Ha JDKepenax iHQopmarii, sKi 3a3HadeHi B aHOTaIii,
BIJOOpaXKalmuCh  OKYMEHTAIBHO 1 B  CYKYITHOCTI
chopMyBal OCHOBHY JOCTAaTHRO TPHBATY 1 CTaOUIBHY
(6a30By) cKIIaOBY 3araibHOTO 3B’ 3Ky. 00’ €M pealbHOTo
3B’S3Ky 3HAYHO OuTbImA. 30KpeMa, He MOBHICTIO
BpaxOBaHa CHCTeMa NUBUTRHOTO 3B’s3Ky, mimimii, KI'B,
MOOUTFHOTO 3B’SI3KY i3 PYXOMHMH 00’ €KTaMH, €KCTPEHO
CTBOPEHUMH B iHTepecax JIKBimaIii aBapii Ta po3B’ sI3aHHSA
curyamiianx  3amad.  [IpoOreMHUM 1  TIpaKkTHIHO
HEMOXIMBAM OyiI0 BpaxyBaHHsS 3B’S3KIB i3 aBTOTpaH-
CIIOPTYy OpraHiB YIPaBIiHHA B yMOBaX JIWHAMIKA
MepeMIllleHb, TEPMIHOBMX  HETPUBAIMX  HAIPSMKIB
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pamio3B’s3Ky 3a JOMOMOI'OI0 MOOUTHHUX PaioCTaHIIN y
MeXaX CTBOPIOBAHUX 1 mepedOpMOBaHHX CTPYKTYp Ta iX
BUKOpUCTaHHS. CTAaTHCTHKA HE BPAaXOBYE YAaCTHHU
eKCTPCHNX 1 TIOIhOBUX 3B’S3KIB MDK TIAJATKAMH,
amnapaTHAMH, DPI3HHMH YTBOPSHHSMH 32 JIOTIOMOTOO
kabemo [1-274 ta tenedonnux amapatiB TA-57 4u mo-
JiOHMX 3ac00iB 3B 513Ky, 13-3a BIIICYTHOCTI 3a(ikCOBaHMX
JaHUX TPO CTBOPEHHS TaKWX 3B’s3KiB. B  OCHOBI
LUBIJIGHOTO 3B 513Ky OYJIH CTalioHapHi KaHaIM, YaCTHHA 13
SKAX OpEHIyBalach B iHTepecaX BiiCHKOBOTO 3B’S3KY.
Miniuist i KI'b  BukopucroByBanmu [uisi aHajizy Ta po-
3B’SI3aHHS EKCTPEHMX 3aJad MOOUIbHUHA 3B’S30K 3a
JIOTIOMOT'OK0 CBOIX OPTATUBHUX PAiOCTAHIIN Ta KaHAIN
LUBIJIBHOTO i BINCHKOBOTO 3B’SI3KY.

AHani3 TuHAMIKN yTBOpeHHs | QyHKIIOHYBaH-
Hf cHucTeMH BilicbkoBoro 3B’si3Ky. Opranizamis i
PO3BUTOK CHCTEMH BIifiCBKOBOrO 3B’SI3KY 3 MOMEHTY
aBapii i 1o 05.12.86 p., meski y3araJbHCHHS 1 CTaTHC-
THUYHI MaTepiain XapaKkTepU3yIOThCs TAKUMH JTAHUMH.

1. [lns3abe3mneyueHHs 3B’ 13KOM OMEPATHBHY IPYILY
KBO B paiion aBapii (M. [Ipur’ste) 26.04.86 p. Oynu
BHJIIEHI 3aco0um 3B°s13Ky Bix 113 Opuraam 38°s3ky KBO
i posropuyruii By3on 3B’s3ky (B3) “BomnHomep”* y
CKIaji:

e  CTAHIIisI CyMyTHUKOBOT'O 3B’ 513Ky P-440-0 [2] —
1 k-T;

e amapatHa 3acekpeueHoro 3B’sa3ky [1-244 TM [3]
—1k-T;

e KOMIUIGKC TapaHTOBAaHOIO 3aceKpedyBaHH:
MOBHHUX cur"aiiB T-222 I1[4— 6] — 1 k-T.

*Ha3BM BY3JIIB 1 amnapaTypd 3B’s3Ky HajaHl y
POCIiCbKOMOBHOMY BapiaHTi.

2. 27.04.86 p. 0 9.50 OyB yrBOpeHuii TeneoHHUI
3aceKpeYeHHH KaHaJl rapaHToBaHOI cTiiikocTi (,,bynasa” —
T-222 TI) i3 By3niom 3B’si3ky 'Ll 3C CPCP “Pybun” 3a
JIOTIOMOTOI0 CUCTEMH KOCMIYHOTO 3B’5I3KY 1 KaHAJI TUMYa-
coBoi crifikocti (T-217 [7]) i3 BUKOpUCTAHHSAM KaHATY
T4, a 3 By3om 3B’s3ky mraby KBO “Jlerenma” — nBa
TeneOHHi 3B’ 3K TUMYAcoBOi cTifikocTi (T-217).

Ho xinnsg aus 27.04.86 p. B3 “Bonnomep” OyB
migcunennit anapataoro 11-238 T [8] ams 3abe3neueHust
TenerpagHUM 3aceKpedeHHM 3B’S3KOM TapaHTOBAHOL
crifikocri i3 B3 “Py6un” i wotupma KIIIM P-142 [9] nst
3a0e3MeueHHs]  YIpaBIliHHA ~ 3aroHaMH  pajialiitHol
po3Bimku. Ilporo »x JHs Uil YIpaBlICHHS aBiali€ero
OKPEMHUM IIOJIKOM 3B 3Ky BiHCHKOBO-TIOBITPSHHUX CHII
KBO 6yB posropayruii B3 “IlpuBan” y ckmami:

o II-244T -1k

e pamiopeneitroi cranmii P-409 [10] — 1 x-T;

e pamiocranmii P-140 [11] — 1 k-T.

Bin B3 “IIpuBan” Oynu 3abe3medeHi TemeoHHI
3aceKpeveHi 3B I3KM TMMYAcoBoi crifikocri (T-217) i3 B3
mraby BIIC KBO “Hecna”, B3 “Bomaomep” i B3
aeponpomy M. Ueprirosa “MasTHUK”. B KiHII ITHOTO JHS
OyB BHKOPHUCTAHMI TaHK JUIsl YTBOPEHHS TEXHOJOTIYHOT
npo6OiHM 3 BHKOPHCTaHHAM  rapMaTtd.  Moro
CyNpOBOKYyBanma 1 3a0e3medyBaia 3B’S30K  Ta
YIpaBIiHHS KOMaHIHO-1ITa0Ha MarmHa P-142.

3. 29.04.86 p. B3 “Bomnomep” i B3 “IIpuBan”
Oyli  TEepemuCIIOKOBaHI, 3 METOK  3MCHIICHHS
ONPOMiHEHHS OCO0OBOTO CKJIay, a TaKOX BILUIHBY
panmiamii Ha HamIBOPOBIMHWKKM B amapaTtypi, i3 M.

[pun’sate y M. YopHOOMITB, 3BiJKH OpraHi3yBajia CBOIO
poboty oneparusHa rpyna KBO mig kepiBHAIITBOM 3ac-
TYIHUKA KOMaH/yBaya BificbKaMH OKPYTY.

4, 40586 p. y ™M UYopHoOwns mpubymna
onepartuBHa rpyna MO CPCP (40 yon.) mix kepiBHUIT-
BoM [ OMOBHOKOMaHayBada BifiCEKaMu ITiBgenno-
3axiTHOro HarnpsIMKY.

st 3a0e3neueHHst ynpaBiliHHS BiCbKaMHU XiMid-
HOTO 3aXHUCTY, IH)KCHEPHHMH BiliCbKAMH, YaCTHHAMH
muBLTBHOT 000poHHU (L1O), MEIUITMHCEKAMHU YaCTHHAMM,
sKi npuOyBanyu B paiion 30-Tu KiloMeTpoBoi 30HU, 4 1 5
tpaBHs 1986 p. B3 “BomHomep” miacmimoeTscs
3ac00aMu 3B’SI3KY 1 JOAATKOBO PO3TOPTAIOTHCS:

a) B3 3KIT OI' MO CPCP y M. IBankiB;

b) nomomixuuii B3 y paiioni 1. 1. Opane;

C) pamiopeneiii JTiHil:

e P-409 (M. IBankiB — H. 1. Opane );

e P-404 [12] (m. Isamkis — B3 3KII KBO
“Tpy6opes”);

e P-409 (M. IBankiB — M. YopHOOHIIB);

« P-409 (M. YopuoOums — H. 1. Opane).

 nonomixkuuii B3 “Bomnomep-1" y paiioni H. 1.
Onauynyi  mig  YopuoOunem, xge Oyno moceneHe
KEpiBHHIITBO.

Ycboro Juisi po3ropTaHHs CHCTEMHU 3B’SI3Ky OYIO
3a1151HO:

a) ocoboBoro ckiaamy — 294 4on., y TOMy 4HCHi:

e ooirtepiB — 48 you.;

o mpanopiukie — 50 4oi.;

e COJIZIATIB 1 ceprkaHTiB — 196 yo.

b) aBrorpancmopty — 98 OmMHUI, Y TOMY YHCII:

o CIIELaJIBHUX MalluH — 83;

e BaHTaXHUX — 15.

5. Y cxoBumi 1MBUIBHOI  00OpoHM  (ITiA
aaMiHictpaTuBHUM Koprycom) Ha AEC OyB posrophy-
trii 6.05.86 p., B iHTepecax 3a0e3NeueHHs yIpaBIiHHI
CHJIaMH 1 3ac00aMH, SIKI 3HAXOJUIINCh OE3I10CEPEHBO Ha
AEC, By3on 3B’s3ky “IIpober”, 3 xomyraTtopamu Ta
anapatypor  3acekpedyBaHHA.  bymum  mifcuiieHi
3aco0aMu 3B’S3Ky po0OYl Miclsi TOJOBH  ypsIOBOI
KOMicii 1 kepyrouoro ckinany Minicrepcts Ha AEC i B M.
Yopuoowui. Big B3 “Bonanomep” 1 “BomHomep-1” Oynu
3abe3neueHi tenedonHi 1 TenerpadHi 3B’s3KH 3 rapa-
HTOBaHOW cridikicTio 13 B3 “Pyoun”, B3 mrady
[iBnenno-3axinHoro HampsimMky “Kackan”’, B3 mraOy
KBO “Jlerenma”.

YV mouaTKoOBHUil mepiof JiKBimamii aBapii 3B’S30K 3
BIICBKOBIMH  CTPYKTYpaMH B wmexax 30-tu
KUJTOMETPOBOI 30HM 1 11032 HEIO 3IiICHIOBAaBCS MUIIXOM
TpUB’I3KH 10 By37iB “BomHOMep”™ 1 “Bomromep-17.

6. 9.05.86 p. Oymo mnpuiiHsATEe pilleHHS Ha
opraHizaiito ympamiiHHA 10 cekrtopax (ycs 30-Tm
KiJIOMETpoBa 30Ha Oyna po3[iieHa Ha TPH CEKTOPH 1
OIHy 0COONMBY 30HY Tepuropis — paiion AEC). ¥V
3B’S3Ky 3 UM OyIi c(OpPMOBaHI TPH BY3IH 3B’ S3KY, SIKi
11 TpaBHs 1986 poky mpuOymH B paiioH 30cepemKeHHS 1
PO3TOPHYJIHCH:

e B3 “Pazsopor” (cekrop Ne 1) — y paiioHi H. TI.
[Mipku (motimM TmepemileHuii B paiioH H. 1. Pymakos);
Bignosiganeauii BBO;

e B3 “CnaBsuka” (cektop Ne 2) — y paiioni H. 1.
Tepexos; Biamosinansanii KBO;
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e B3 “Cranuma” (cextop Ne 3) — y paifoHi H. m.
HibpoBa (moTiM mepeMilieHuit B paiioH H. m. Pamua);
BiamosinaneHuUi [IpukBO.

Bysmu 3B’s3ky 30H Oymu 3’emnani 3 B3 MO
“Bonromep” B YopHoOwti i 3 B3 cBoix mrabiB miHiIMH
KaOenmpHOro,  pamgiopeneiiHoro, TpomocepHoro i
CYIYTHHKOBOTO 3B’s13Ky. JIJIsl MiJBHIIEHHS MPOMYCKHOI
3MATHOCTI 1 HAAIWHOCTI BUXOLY Ha MeEpEeXi 3B’s3KY
MisnictepcTBa 000poHH i MiHICTEpCTBa 3B 53Ky CHIIAMH
pamiopeneiiHoro Oaranbiiony KBO Oyna moOynoBaHa
paniopeseiiHa JiiHist mpuB’ 13k 3 BUkopucranusm PPC P-
404. 3a nOMoOMOrow 3aKMHYTOI, ajie BiJPEeMOHTOBAHOI
TIOBITPSHOI JIiHIT 3B’513Ky, OyB 3a0e3neueHuii Buxif i3 B3
“BonHoMep” Ha oauH i3 onopHux B3 KBO.

CTBOpEHHS BY3JIIB 3B’SI3KYy CEKTODIB JIO3BOJIHIIO B
YMOBax pajiioaKTUBHOI'O 3apa’KeHHs, TUHaMiKh poOiT i
nepeMilieHb 3a0e31ednTy OLTbII CTiHKe 1 OnepaTUBHIIIe
YIPaBIIHHS ITUIETTMMH  BIHCBKOBMMH YacTUHAMHU 1
T APO31SIaMH.

Y KOXKHOMY CEKTOpi OYJIO OpraHi30BaHO IO OIHIN
craHmii enba’erepcbko-mouroBoro 38’sa3ky (COIIC).

[MpuitaaTi 3axoan 3a0e3neyniv BCi BUAW 3B’S3KY
BiJ| 6azoBoro B3 “BonHomep” y M. HopHoOwmi (TenedoH,
tenerpad), KoapopoBuii pororenerpad, Genba’ erepcbko-
nouroBuii) 3 B3 Tl “Py6in” (Mocksa), B3 KBO
“Jlerenga” (Kuie), B3 “Kackan” IliBmeHHO-3aXiqHOTO
ormepatuBHOoro  HanpsaMmky  (KummHziB).  AkieHt
3IACHIOBABCS HA 3aCEKPEUCHUM 3B’ SI30K.

7. Hoceix opranizaiii i 3a0e3reueHHs 3B’SI3KiB,
skuil OyB 3a Leil 4yac HaOyTWii, MOKa3aB, L0 YaCTHHH
LUBUIEHOT 00OPOHH, OKpeMi MEIHMIMHCHKI OaTanbioHH,
YaCTMHU 1 MIAPO3IUIM THIY, IHXKEHEepHI Ta XiMiuHi
BiliChbKa CBOTMHM IITATHUMH 3aco0amu 3B’ 3Ky HE 31aTHi
3a0be3neunTH 3B’SI3KM B MOTPIOHOMY 00’eMi, sKuit
BH3HAYABCS EKCTPEMAIIBHICTIO 1 JIMHAMI3MOM CHUTYaIll,
XapakTepoM 3ajad JIKBiAalii, 0 NPUBOIUIO JIO
HEOOX1THOCTI BUJIUICHHS B iX PO3MOPSIKEHHS 3ac00iB
3B’3Ky 32 paxyHOK IHIIUX BilicbKOBHMX 4acTHH. Lle B
TMeBHIN Mipi JOATKOBO MiJPHUBAIO OOETOTOBHICTH BiiiCh-
KOBUX YaCTHH, 3’€IHaHb Ta OKPYTiB MI0J0 OCHOBHOTO iX
MPU3HAYEHHS 13-32 HEOOXiTHOCTI HAMPaBISATH BiliChbKa
3B’s13Ky Y HOpHOOMIbCHKY 30HY, OCIAOJISIOUN CHCTEMY
BJIACHOT'O YIIPABIIHHSI.

8. 3a3Haummo, sK TIOKa3ye JOCBiL, WO Yy
MOYATKOBUH nepiof] 0yib-IKOI HECTIO[IBAHOT, EKCTPEHOT,
OUHAMIYHOI  CHTYyarlii (TexHOTeHHI, TIPUPOHI
KaTakJIi3MH, BOEHHI Iii, TEPOPHCTUYHI aKmii, KPyIHi
aBapii) 3B’A30K MOXIIUBUI TITBKA 3a JOIOMOIOIO
MOOLTHPHAX 1 TOPTAaTHBHUX panio3acobiB. Y HOpHO-
OWIIBCHKMIA TIepion X He BUcTavao. PamiocTaHmii Tairy
P-105M, P-107M HenocTaTHRO KOMIIAKTHI, HOTPEOYIOTH
cojyaTta sl TIEPEHOCKH, YTBOPIOIOTH HA ONHIM YacToOTi
MEpexy i3 KUTbKOX a0OHEHTIB (OOWH TOBOPUTH BCl
CIyXaloTh), KOMYyTamis aOOHEHTIB MK cO0OF0
HEMOXXITUBA. 3HAYHO 3py4YHIMMMHU Oynu ManmorabapuTHi
paniocraniii P-148, P-157, P-158 (Baroro g0 4 xr, na-
JIEKiCTh 3B’s3Ky 10 4—6 kM), ane ix Mmaibke He Oyro,
MIPUXOAMIIOCH TEPMIHOBO 3aMOBJISITH Ha BIICHKOBUX CK-
Tajax Ui BAKOHAHHS 3a]1a4, 110 IUIAaHyBAJIUCH (30KpeMa,
py4He ouMIIeHHS naxy 4-ro Omoky). Bimpm 3pydammu
Oyim mimineicski pamiocranrii (TOCT 16019-70), ane
ix Oymo mao.

9. ns 3abe3nedyeHHs BHCOKOI OIEPaTHBHOCTI
nepenadi KolbopoBoi Kaprorpadiunoi iHpopmarii mpo
paniariifHy 00CTaHOBKY i AMHAMIKY ITPOBEICHHS OYHIITY-

BAIBHUX poOIiT Oyno mpuiHATO piOIeHHS Mpo
BUKOPHCTaHHA KoMIuiekcy ,lleer” (76B157) [13] y
HaIpsMKaXx:

« B3 “Bomnomep” — B3 “Pyoun” (YopHoOmns —
Mockga);

e B3 “Bonromep” — B3 “Kackax” (HopHOOMIH —
KuiHiB).

VY miAroToBYMi mepiof N0 MPOBEACHHS J€3aKTHU-
Ballii 3apakeHOi MiICIEBOCTI y paioHax MpPOBEICHHS
POOIT OYIIO PO3TOPHYTO:

a) B3 myHkTy ynpasiiHHs onepaTuBHOI rpynu MO
CPCP - 1;

b) B3 nyHkTiB ympaBiiHHS ONEPATUBHUX TPYI
KBO, BBO, ITpukBO (BiamoBiganbHUX 3a CEKTOpH) — 3;

¢) B3IIVY 3’eanans i yactud — 20;

d) momomixkuux B3 —1;

€) miHiii 3B sA3KY:

e papmiopeneitHux — 250 kwm;

o Tponocheprux — 80 kM;

e KaOeNbHHUX — 25 KM;

f) HampsiMKiB KOCMiYHOTO 3B 513Ky — 5;

g) crBOpeHo pagiomepex — 17;

h) opranizoBaHO KaHaJiB 3B’ S3KY:

e TeneOHHUX 3aceKpeducHux — 34;

e TenmerpadHUX 3aceKpeUCHHX — 7;

e BiaKpuTHX — 48.

VY Bianosignocti 3 aupekrusoro 'l 3C CPCP
177/23/1447 Bin 31.7.86 p. y cextopax Ne 1, 2, 3 Oynu
OpraHi3oBaHi IEpPEeroBipHI MYHKTH 3 i €IHAHHIM
tenedoni [{b 10 koMyTaToOpiB Mi>KMIiCBKOT'O 3B’5I3KYy Ha
Ommkunx paiioHHHX By3nax 3B’sa3Ky (PB3). Cranom Ha
20.5.86 p. B cucteMi 3B’ 513Ky OyI0 3a/isHO:

a) ocobosoro ckmaay — 1218 gom., y Tomy uuci

e ooinepis — 123;

e KiHOK — 17;

b) astorpancnopty — 371 oguHMIsL, Y TOMY YHCT
crierjajibHUX aBTOMAaIIuH — 262.

10. lo cepmus 1986 pOKy MpOIOBKYBAJIOCH
KiJIbKICHE HApOLIYBaHHS CHCTEMHU 3B’SI3KY, CTPYKTYPHI
Ta oprasizauiiiHi 3MiHH. Ycboro Oyio yTBopeHo 63
By37a 3B’ 3Ky, Y TOMY YHCIIi:

« B3 IIY OI' MO CPCP (912 OI') -1,

e B3 ocobmusoi 308U — 1;

« B3 cekropiB — 3;

e B3 ponomixuux ITVY — 2;

e B3 3’ecnnans i BilicbKOBUX YacTUH — 56.

IIporsokHicTs miHIM 3B’sa3Ky ckiama 1432 M, y
TOMY YHCII:

e paniopeneitHux — 516 KMm;

e TpomocdepHux — 120 xm;

e KabeabHHX — 796 KM;

e TMpuUHHATO 65 opeHAOBaHMX y MiHicTepcTBa
3B’ 513Ky KaHANIB,

e OpraHi30BaHO HAMPSIMKIB KOCMIYHOI'0 3B’s13KYy — 6.

VY cucremi 3B’ 13Ky OYII0 3aIisTHO:

a) ocobosoro ckmaxy — 1702 9oit., y TOMy YHCITi:

e odimepiB — 148 gom.;

e mpamopmukiB — 139 vo.;

e commat i cepxkaHTiB — 1376 4oi.;
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e KiHOK — 39 your.

b) aBTomMoOOiNiB — 379, i3 HUX cneniagpHUX — 298.

Ycworo Oyro opraHizoBaHo 3B’s3kiB —1609, i3 HEX
3aceKpeueHi 3 TapaHTOBaHOIO cCTikkicTio — 34, 3
TUMYACOBOIO CTilKicTIO — 87.

11. 3i cepmus 1986 poky KijibKicHE HapOLTyBaHHS
CHCTEMH 3B’S3Ky  NPUIMHWIOCH, Oulbllla  yBara
HaJaBaJach 1 BJOCKOHAJCHHIO,  PalliOHATLHOMY
BHKOPHUCTAHHIO CHJI i 3aCO0IB, 1100 MOHU3UTH KUTBKICHI
MOKA3HUKM 1 MIArOTYyBaTH CHCTEMY OCIHHBO-3MMOBOTO
nepiogy ekcruryaTarii. BusHauwnachk crabinbHa (6azoBa)
YacTHHA CHCTEMH 3B’SI3KY, SIKa J03BOJIWIA 3a0€3MeUUTH
HeoOXiHI ONepaTHBHICTh 1 THYYKICTh B YHpaBIIiHHI, IO
OB’ SI3aHO 13 JUHAMIKOIO OOCTAHOBKH, 3aJadaMM Bii-
CchbKaM 1 TocTiiHMUMU iX mnepemimenHsMu. Jlo 6a3oBoi
CTPYKTYPH i €IHYBAIUCh UM Bijl’€THYBAJIUCh MICIICBI
€JIEMEHTH 3B SI3KY.

12. 3 meroto HemomymieHHs BTpatr iHpopmarii i
HECAHKI[IOHOBAHOMY JIOCTYMYy A0 Hel Oymu MpUHHATI
3aX0/Iu:

a) 3 OmNepaTUBHMMH TPYIaMH CEKTOpiB 1 BciMa
ITiTer MY BIHCHKOBUMH YaCTHHaMU OyB OpraHi3oBaHHH
B OCHOBHOMY 3aCEKpPEUCHHI 3B’ 530K MO KaHaJax 1 JIHIAX
BIIICbKOBOI CHCTEMH TOJILOBOTO 3B’SI3KY 1 MO IPOBITHUX
KaHalax Jiep)kaBHOI Mepexi 3B’s3Ky. TpomocdepHuit
3B’S130K BUKOPHUCTOBYBABCS SIK PE3EPBHHIA;

b) 6yma 3aboponena pobota pamio3acobiB y
KOPOTKOXBHMJILOBOMY Jliala3oHi, 32 BUHATKOM paio-
Mepexi pajialiiHOl 0OCTaHOBKHM, misi  skoi OyB
BU3HAYCHUI pPEKUM poOOTH ‘YeproBe NpHiiMaHHS .
PoGora 3aco0iB pajio3B’s3Ky J103BOJISUIACH TUIBKU MPU
BTpaTi BCIX BUJIB 3B 53Ky 1 3 no3Boiy 1Y 38’s13kom O
MO CPCP;

C) 3a poboToro i craHOM pagiomMepex Oy
YCTaHOBJICHUH PaJliOKOHTPOJIb CHJIAMH YOTUPHOX MOCTIB
KOHTPOJIIIO OE3MEKH 3B’ SI3KY;

d)  ckopouyBanoCh
BiJIKPUTOTO 3B’ SI3KY.

13. YV 3BS3Ky 3 TUM, IO CTPOKH JIiKBimamii
HacnizkiB aBapii Ha YAEC 3arsryBayiuchk i B NPUHIUII
He OyJM YiTKO BU3HAYEHHUMH, BIMiChbKa 3B’SI3KYy Ta I1HII
BIliChKOBI ()OPMYBaHHs MPHUCTYHNHIM IO MiATOTOBKH
MICIIb CBOTO PO3MIIIEHHS 1 BY3JIiB 3B’S3KY J0 POOOTH B
3MMOBHX  yMmoBaX. Posmowamuce  pobotu 1o
nepedopmyBannio B M. YopHoOuni B3 “BomHomep” y
CTamioHapHUII BapiaHT ¢yHKIioHyBaHHA. Lli poborm
Oynu B ocHOBHOMY 3akiHueHi O0mu3pko 20.10.86 p. bes
moTpedn AyOIror0Ui 3B’ A3KH OYJIH JIiKBiAOBaHi, YaCTHHA
3aco0iB 3B 3Ky Oyia BUBLIbHEHA.

14. Cranom Ha 20.11.86 p. yceoro Oyio
opraHi3oBaHO 49 By3iB 3B 53Ky, y TOMY YHCII:

e B3 OI' MO CPCP (“BomHomep”) — 1;

o B3 ocobnusoi 30uu (“ITpober”) — 1;

e B3 cekropi  (“PasBopor”, ‘“‘Cranmuma”,
“Cnasstaka”) — 3;

o gpomomixkai B3 (“Bomromep-17, “baneiika’) —
2; “baneiika” — B3 iy OI' MO CPCP; “Bonxomep-1”’
— B3 y wmicni mpoxwBanHS kepiBHmnTBa O (H.IL
Omnaunyi);

o B3 BilicbkoBUX 3’€nHaHb 1 yacThH — 42.

[potspkHicTh miHiM 3B 13Ky ckmagana 1091 kM, y
TOMY YHCIIi:

KIJIBKICTH a0OHEHTIB

e paniopeneiinux — 340 km;

e Ttponocheprux — 160 km;

e KalOenpHHX — 591 KM;

e TpuHHATO 36 OpPEHAOBAHMX KaHAIIB 1 JIHIH

3B’ SI3KY.
Bizacrani Mixk By3namu 3B’s13Ky (110 mpsiMiit JiHiT):
o “PazBopor” — “BomHomep” — 60kmM;

o “Cnap’gHka” — “Bonromep” — 21kM;

e “Cranuna” — “BomHoMep” — 66 KM;

o “baneiika” — “BomHomep” —26 KM;

e “Bomnomep-1 — “BonHomep” — 10 kM;

o “TIpoGer” — “BomHOMep” — 16 kM.

Kommteke “IIBet” 3a0e3medyBaB 3B’ A3KH:

e “BomHomep” — “Pyoun”;

o “Bomnomep” — “Kackan”.

3a mpomomororo amapatypu 11-205 (“Jlaxra”)
[15] mnepenmaBanach morepeaHbO 3ammppoBaHa Ha
CTpiuKy iH(pOpMAIlisl y HANIPSIMKH:

¢ “BomHomep” — “Pyoun”;

o “Bomnomep” — “Kackan”.

VY cucremi 3B’A3Ky Oys10 3a1isiHO 629 Yoi., y ToMy
YHCIT:

e odinepis — 69 yoi.;

e Tpanopiukis — 49 you.;

e COJNJAT i ceprkaHTIiB — 485 You.;

e KIHOK — 26 4oJI.

15. 3aranpHi mizcymku o0MiHy iHpopMalLi€0
3 27 kBiTHA 10 24 nuctonana 1986 poky y cTBOpeHii
CHCTEM] BIMCHKOBOTO 3B’S3Ky, OpraHi30BaHOI I
VIpaBIiHHA TIpoliecaMH JIKBijamii HaciinkiB aBapil
YAEC, HactynHi* :

¢ mpoBegeHo meperoBopiB — 1376572, i3 vux 3AC
— 766550;

« mepemano TJII' 3AC Ttenerpam/ciis —9125/
962620;

< npuitasto TJIC 3AC tenerpam/ciniB —7994/
938297;

¢ mepenano crercrpiuok (“Jlaxra”) — 10735;

« mepenaHo (hakcUMITBHUX IIOB1IOMJIEHE
(“IiBet”): xompopoBoi rpadiunoi iHGopmarii(IIIN) —
1503, 3Buuaitnoi rpadiunoi iHpopmanii (OI') — 348;
npuitasito: [II'N — 425, OI'U — 348.

% koedimient copasHoi aii (KCJ) cucremu —
npuosmsHo 97%;

*y3arajbHEHHsST OCHOBaHI Ha JaHHX, SIKi Oynu
JIOKYMEHTAJIbHO 3a(ikCOBaHi.

Cepenni 3HaueHHs 3a Mmicsaub 3 27.4.86 p. mo
24.11.86 p.:

» mposezeHo neperoBopiB — 183203, i3 uux 3AC
— 106665;

» mnepemano TJII' 3AC renerpam/cmiB  —
1270/133947;

» npuitasato TJII' 3AC  temerpam/cmiB  —
1110/130564;

> mepenmano crierctpivok (“Jlaxra”) — 1492;

» mnepenano LII'M — 210, OT'U — 69;

» mnpuitasito III'N — 58, OI'U — 49;

» KCJI — npubnuzno 97%; neio Hux4uii Bid OyB
Y KBITHI-TpaBHI 1 BAIWHA Ticis BepecHs 1986 poky.

Cepenni 3HauyeHnsi 3a aeHb 3 27.4.86 p. mo

24.11.86 p.:

v' mipoeneHo neperosopis —6310, i3 aux 3AC —3616;
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nepenano TJIT 3AC tenerpam/ciis — 43/4541,;
npuitasato TJII" 3AC tenerpam/ciis — 38/4426;
mepemano [IIT'M — 7, OTU - 2,3;

mpuiiasaTo LI — 2, OT'U — 1,6;

KCJI — mpubnuzzo 97%.

LinecripsimoBaHoro 3aBakaHHS (DYHKIIIOHY-
BaHHIO CHCTEMH 3B’5I3KY, PaiOelIeKTPOHHOTO TIOABIICHHSI
(PEIT) He cmoctepiraiuch. J{o3u pamiamii mo3a 30HOH0
YAEC, sxi misiii Ha 3aco0H 3B’SI3KYy, TO3BOJIUTH ITiJI-
TPUMYBATH 3B’S30K y 3aJI0BUTbHOMY CTaHi. BIimie BHCOKHX
PIBHIB pajiartii, 3 METOIO TOCIIiPKEHb, Ha 3B’SI30K HE Iepe-
n0avaBcs, TEXHOJIOTYHO OYB CKIIATHVIN 1 HeOe3MeUHHI [T
JKHUTTA. MeTasieBi MOBEpXHI 3ac00iB 3B’S3Ky Ta pPI3HHX
TEXHOJIOTIYHUX CHUCTEM OYyiM JDKEPENOM BTOPHHHOIO
ONPOMIHEHHSI, SIKE YaCTO NIEPEBEPIIYBAJIO IOIYCTHMY JI03Y.
INoka3aHHs JO3UMETPIB HAMBITYaTbHOTO BUKOPHCTAHHS Y
KiHIII poOOYOro MHS, SK TPABWIO, IIECPCBUIIYBAIN
MaKCHMaJlbHE 3HaYeHHs IKamy. 1[iM KopucTammcs aeski
0cobu, 110 Oy Y BiTHOCHO 0E3MEYHOMY MICIli CTOCOBHO
piBHsI paziarii, i o0 “Haka4aTh’ coOl pEHTIeHIB 3NN
Ha Hi4 3ac00M BHMIpIOBAaHHS Y MICIISIX 3 BUCOKUM (pOHOM
pamiauii. ToMy Oyau BCTaHOBIIEHI HOPMU ONPOMIHEHHS: Y
Mexax 30-tu KiioMeTpoBoi 300U — 0,3 peHTreH Ha 100y, y
Mexax cremiansHoi 30Hu (0moku AEC) — 1 peHtreH Ha
00y, Xoda, y 3aJIeKHOCTI BIiX MisSUTBHOCTI JIKBIIATOPA,
MICIII HMOTO 3HAXO/PKCHHs, AWHAMIKA MepeMIlIeHb i
TPUBAJIOCTI TiepeOyBaHHs y MPOOJIEMHUX TOYKaX, MOXKHA
OyI10 “37I0BUTH” IECSATKU 1 COTHI PEHTTEH.

17. TexniuHa cTOpoHa (PYHKI[IOHYBaHHS CHUCTEMH
3B’A3Ky BHSBMJIA JOCTATHBO BHCOKY 1HTEHCHUBHICTh
Buxony 13 Jany mnpucrporo YIIC-9,6 (momem 3i
LIBHUKICTIO 00MiHY 9,6 KOIT/C, 1110 IEPEBUIILYBAJIO HA TOM
9ac MIBHIKOCTI OOMiHY MOJEMIB 3arpaHUYHHX (ipm)
komriuiekey T-230 (“Uurepbep”), il pEMOHTY 1 3aMiHU
IUIAT TOCTIHHO 3HAXOIWINCH IIPEACTABHUKU 3aBOAY-
BUTOTOBIIIOBaYa. bysu yacti BiIMOBH OJIOKIB KOMILIEKCY
“LIBer”, SKWMIl BHUKOPHUCTOBYBABCA CEaHCAMH, aje 3a
PaxyHOK pe3epBYBaHHs TEXHIUHI NpoOieMHu Maibke He
BIUIMBAJIM Ha HETIEPEePBHICTH Mepe/adi i NpriioMy Y0pHO-
61101 1 KONIBOPOBOI rpadiuHoi iHDOpMarii (TIeperaBanach
BiZI0OpaXkeHi Ha KapTi 3MiHH CTOCOBHO MPHIMHSATHX PillICHb
1 pe3ynbTaTiB podiT). BigMiTiMO, 10 peanizoBaHi B i
amapaTtypi METOJM TMiJBHIIEHHS BIpOTIIHOCTI mepenadi
udpoBoi iHpopMallii JO3BOIUIN JOCTATHRO €()EKTUBHO
BeCTH OOMIH 10 HEsAKICHHX KaHamax. Lle mnuraHHs
aKTyaJlbHE U1 Cy4acHHUX 3aC00iB 3B’ S3KY MpH POOOTi 1Mo
HESKICHUX KaHaJlaX, a TAKO)K B yMOBaX pajiOeleKTPOH-
soro noxasineHHs (PEIT) pagiorpakris.

[Hma HecmpaBHa y cucCTeMi 3B’S3Ky amaparypa Io
Mipi MOXKJIMBOCTI pEMOHTYBajack ab0 3aMiHIOBAIACh Ha
CIpaBHY, SKIIO Taka Oyna B HasBHOCTI. [ [uTaHHS peMOHTY
3aMUKaJIOCh HAa eKimakax amapaTHUX 1 CTaHIIH 3
BukopuctanassMm  3UII Ta gomomorum CycigHiX 1O
PO3MIMIEHHIO 3ac00iB 3B s3Ky. [IeBHUX LIEHTpaTi30BaHUX
“nerydnx”’ OpraHiB MOHITOpIHTY Ta IOMOMOTH He OyIo,
OLTBII CKJIAHI TEXHIYHI MUTAHHS aHANI3YBAINCH y Tele-
(hOHHOMY pEXVMi 3 IPUIHHATTSIM TIEBHHUX PIllIEHB, JEKOIH
TPUBAJINX LIOJ0 BUKOHAHHS, 3 BAKOPHCTAHHAM OKPY)KHOT
6a3u KBO mo 30epiranHio i peMOHTY TEXHIKH 3B’s3KY Ta
MOXKITUBOCTEH [IUBUIBHUX CTPYKTYD.

3a3Haunmo, MO AU 3a0e3MmedYeHHs  poOoTH
ckmagaux KomiiekciB “bymaBa” Tta “HuTeprep” mo-

-IANANENANRN

TpiOHI sIKICHI KaHamM 3B’A3Ky, IHaKIIe MOBHHUM
CHHTE30BaHMI 3BYK Ha MpUIMalbHIM CTOpOHI cTae
HE3pO3YMITHM. SIKIiCTh peajbHNX KaHaTiB YaCTO CYyTTEBO
TIOTipITyBaJIach i3-3a BIUIMBY XapaKTEPUCTHK HESKICHUX
TPaKTiB Iepe/iavi CUTHANIB B YMOBaX €KCILTyaTallii, 1o
BUMarajio TIIOCTIHHUX peryJoBaIbHUX OIepamii Ta
BUKOPHCTAaHHS pPE3epBHUX KaHamiB. [lopiBHIoroum i3
ceorofieHHsam [16, 17], momiOHa amapatypa MOXe
pO3MIiCTUTHCS Ha  CTOJNi, 3a0e3Meuyrour 3HA4YHO
AKICHIIIMKA 3B’S30K (Ha piBHI BCiM BioMoro Mo0i-
JIBHOTO).

[lepemimenHst TpaHcmopty, poOOTH TIO Je3a-
KTUBAIlil TIPUBOIWIN 110 OOpPUBIB KaOCIBHUX JIiHIMH,
YYacTKH SIKMX JOCTaTHBO OIEPaTHBHO 3aMiHIOBAIN
JHIMHI MiAPO3/iTH BiiChKOBUX YaCTHH.

18. AmapaTtHi 3B’sA3Ky, AQHTEHHI  CHCTEMH,
00CIIyTOBYIOYl CTPYKTYPH, BUXOIMYM 13 JIMHAMIYHOL
cuTyalii Ta BIJCYTHOCTI CYNpOTHUBHHX i, He
MacKyBaJIUCh. 3pO3yMiJIO, IO TakWid CTaH HEJOIyC-
TUMHH B YMOBaX Cy4acHOI NPAaKTUKH BeJeHHS 00HOBHX
JIi 1 MOXKJIMBOCTEH TIPOTHBHUKA.

19. Cranom Ha 5.12.86 p. Biamin 38’s3ky OI' MO
CPCP 0OyB ckopouenuit i ckimanaBcs i3 4-x odinepis
(HayanpHUKa Bigminy i 3-x crapmmx odinepis), sKi
3/IIHCHIOBAJIN 3arajibHe KePiBHUITBO CUCTEMOIO 3B’ S3KY.
3 moyatky 1987 poky ynpaBiiHHS CHUCTEMOIO 3B’SI3KY
Oyno mepenaHo LMBUIBHIN oOoponi. [IpeacraBnenuii
Mmarepiai OyB 4acTKOBO BHCBiTiIeHu# B [18, 19].

BucunoBxku

1. 3a psiakamu i nudpamu 1i€el cTaTTi — Benuue3Ha
3a 00csiroM 1 Oe3MexHa 3a BIAMOBIIANBHICTIO poOoTa
JECSATKIB THUCSY HAlIMX TPOMAJsH, LMBUIBHHX 1
BICHKOBHX, COJJATiB, CEPXKAHTIB, IPANOPIIHKIB,
o(inepiB 1 )KIHOK, sIKI CaMOBIJJIaHO, Yy HeOa4YeHO CTHCII
CTPOKHM, 32 YMOB CTpAaIIHOi 0Oe3MocepeiHbOl 3arpo3u
CBOEMY 3J0POB’I0 1 JKHUTTIO, CTBOPIOBAIM CUCTEMY
BiHICEKOBOT'O 3B’53KY, IPUBOAWIN LUBITBHHUHI 3B’ 30K 10
HOBUX YMOB, 3HaXOJIWJIU HECTAHIAPTHI Ta e(EeKTHBHI
pilieHHss  npoOieMm, MO BHHMKaIKM 1  Oynu
HECIO[IBAHUMH, CKJIaTHIMU Ta HernependadyyBaHUMHU 3a
HACJIIAKaMU.

2. CtBOpeHa 3aralbHUMH 3YCHUISIMH CHCTEMa
3B’s13Ky 3a0e3meyna:

- orepaTHBHE 1H()OPMYBAHHSI BUILIOTO KEPIBHULITBA
mpo MmacmTabu aBapii Ta pe3yibpTaTH podiT, 3 METOIO
BXXHTTSA HEOOXITHMX 3axXOIiB 1 MoOUTI3aIil BIAIIOBIIHIX
MaTepiaIbHUX PecypciB;

- VOpaBIIHHSA PI3HUMHU CTPYKTYpPaMH Ta €KCIpec-
CTBOPEHMMH rpynamu (paxiBIiB IIOJO0 IOTOYHOI
PO3pOOKH TEXHOJOTIH 1 TEXHIYHUX PillleHb IO JTiKBigamii
HACITIIKiB aBapii;

- 3arajbHy KOOpAMHAILIIO 3YCHIIb 10 CTBOPEHHIO
HEOOXITHUX ISl BAKOHAHHS CKJIAJHUX POOIT TEXHITHNX
1 TEXHOJIOT1YHHX 3aC00IB;

- BUSIBJICHHS HAHO1IBII BaXKJTMBUX [IOJ0 BIUTMBY Ha
TEXHOTCHHY CHTYAIil0 MiCIb i TEPMIHOBY KOOPAWHAIIIIO
3YCHIIb TI0 YCYHEHHIO MOYKJIMBHX HEraTUBHUX HACHIJIKIB;

- KepyBaHHSA CHJIAMH 1 TEXHIYHUMH 3aco0aMu
nikBimatopiB aBapii Ha YAEC, iX CTpyKTYpHUMH Tij-
po3ainamu, TpynaMu Ta Opuragamu, KOOPAHMHAINIO iX
IISUIBHOCTI,
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- 3arajbHe TAKTHYHE Ta CTPaTEriyHEe YMpPaBITiHHA
MporiecaMy JIIKBiaIii HACHIIKIB TEXHOTCHHOI Karta-
cTpoH, Y3TOMKEHHS i KOPEKTYBaHHS 3 ACpKaBHHMH
OpraHamM, HAyKOBUMHU CTPYKTYpaMH  MPHHHATHX
pileHs,

- KOOPJIMHAIIIO 3YCHJIb IT0 PO3POOII MPOTHO31IB Ha
MaiiOyrae mono AEC, HaBKONMIIHBOTO CepeloBUINa Ta
HaCeJICHHS,

- YOpaBIiHHS JKUTT€3a0€3MEYEHHAM JIIKBIAaTOPIB
aBapii;

- pO3B’sI3aHHS MPOOJIEM 3 HACENeHHsIM, SIKe OYIo
€BaKyHOBaHe 1 sIKe 3AIMIINIIOCH Y MEXaX 30HU.

3. Binpi 3arajpHUIA MOTTIST Ha POJIb Palio3B’ 3Ky,
BPAXOBYIOUH 1 TIPOOJIIEMH CHOTOJICHHS, MOJIATAE Y TOMY,
IO MPY BUHUKHEHH] TEXHOTCHHUX YU MPUPOJHUX KaTak-
JM3MIB, a TakoX Yy Tmpoueci OoWoBUX [iifi 3B’A30K
MPUXOJUTHCSI  OPraHi3oByBaTH 32  JIOTIOMOTOO
pamio3aco6iB. Ix pomb Mo KoopiaMHALi 3ycHib, fAK
mokazaB JocBig YopHOOWIS, OUIBIN BaXIHWBA, HIXK
paHiliie BBaXkajoch. ToOMy y IITATHUX CTPYKTypax BilCh-
KOBHMX YaCTHUH JOLUIBHO TependadynTH OUIbII MIMPOKE
BHUKOPHCTaHHS IOPTATUBHHUX pazio3aco0iB, pi3HHX 3a
JIAJIEKICTIO 3B’SI3KY 1 Aiara30HOM 4acToOT, 3 MOXKJIMBICTIO
BUKOHYBaTH (YHKIII KoMyTraropa, Ta 3 OuIbII
epeKTUBHUMH (YHKIIOHAILHUMHU XapaKTePUCTHKAMH,
30kpemMa, i3 amroputmom I[IITPU (mceBmoBHIIaIKOBHM
NepEeCKaKyBaHHIM 4acToT).

Tpeba uwiTKO YyCBiJOMIIOBaTH, HIO pPajio3aco0u
MOXXYTh OyTH BUSBIICHI, 3alleJIeHrOBaHi MPOTHBHUKOM,
oJaBJIeHi 3a gonomMororo cucteM PEB um 3HuIIEH], 30K-
pema, 3a oromMoroto “apoHiB”. Tomy BaxkiuBuM (akTo-
POM y cHCTeMI pajiio3B’sI3Ky € pallioOMOBYAHHSI, [TOKU HE
BUHHMKHE JIMHAMIYHA, MIHJIMBA CUTYAIlisl, KOJU BHUKOPU-
CTaHHs IHIIMX BHUIIB 3B’S3Ky IpoOieMaTu4He.
3a3HayuMo, 10 KOXKHA pPaJiOCTaHIlis, HaBiTh OAHIET
MoJIeNl, Mae creuudiuHi TeXHIYHI O03HAKH, SIKIi MOXYTb
Oyrn BHSBJCHI NPOTHBHUKOM, M0 JIA€  3MOTY
BIiJICITTI/IKOBYBATH MIEPEMIIIIEHHSI PaliOCTAHIIIT; 1€ CTOCY-
€TbCS 1 TOTYXKHOCTI pajioCTaHIlill, sKa Ja€ 3MOry
MPOTUBHUKY BIJICNIJIKOBYBATH JIaHKH YIpaBiiHHs. [Ipu
MOXKJIMBOCTI, OOMiH BECTH Ha HOHIKEHUX MOTYKHOCTAX,
BHUKOPHCTOBYBAaTH KOPOTKI 3aCEKpEYeHI MOBIIOMIICHHS,
mo0 cucTeMa MEepeXOoIUIeHHsS NPOTUBHUKA HE 3MOTIJa
BIJICTTI/IKOBYBaTH Ta aHalli3yBaTH OOMiH. MacKyBaHHsI
BiJl BiJIcO, pajio Ta TEIUIOBUX CIOCTEPEXKEHb, (HaKTiB
nepeMilleHb MOBUHHO OyTH e(hEKTUBHKM.

He BHKOpHUCTOBYBaTH CHCTEMY  3arajbHOro
MOOLTBHOTO 3B’S3KY, SKIIO 1€ HE €JUHA MOKIUBICTD
3B’S3Ky B EKCTpPEMaJbHHX YMOBaX, BPaxOBYIOUH, IO
BOHA IPOCITYXOBYETHCSI; 3 BUCOKOIO MMOBIPHICTIO MOJKHA
BBKATH, [0 CHCTEMa TAKOTO 3B’SB3KY MiJ 4yac OOHOBUX
niit Oyne 3pyriHOoBaHa (0a30Bi cTaHIii BUBEAEH] 13 Mamy);

CraHmapTHHI pEMOHT Cy4acHOI amapaTypH, K Iie
OyIl0 B YOpHOOMIIbCHKIN 30HI, TPAKTHIHO HEMOXKITBHIA
i3-3a CKJIAJHOCTI aITOPUTMIB 1 MiHIaTIOpU3aIlii eneKT-
POHHHUX €NeMEHTIB. 3MiHCHIOEThCA 3aMiHA HECIPaBHHUX
IUTaT, ISl IIHOTO BUKOHYETHCS BHYTPIMITHIHM anapaTypHUi
MporpaMHUN MOHITOPHHT 110 iX BHSBICHHIO. B
amapaTHii TOBWHEH OyTH TEBHHH 3amac HaWOLIbII
MIPOOJIEMHNX €IIEMEHTIB. SIKIII0 MOXKIIMBOCTI 10 PEMOHTY
BHYEpIaHi, TO, SK MH BBa)Ka€MO, IOIIEHO MaTh B
panmioanmapaTtypi aBapiiHMH peXUM poOOTH, AKUi

pealti3yeThes 3a IOMOMOT 00 MiHIMaIhbHOT KUTBKOCTI eie-
MEHTIB amapatypu. TakuM pEKUMOM MOXKe OyTu
CIIyXOBHIi OOMIH 3 BHKOPHCTaHHAM Koxy Mops3e.
Bimomo, mo amanTariiiHi MOXIJIHBOCTI JIFOJICBKOT'O ByXa
3a0e3MeuyroTh BHCOKY 3aBa/IOCTIHKICTh OOMiHY mpy ii
CYKYNHOCTI 3aBaj (IIyMiB), HaBiTh PH BiJHOLICHHI IO-
Ty)KHOCTel curHaw/mym = 1/1 (BuMorm mo pajio-
tenerpadicra 1-ro kimacy). Hi ogHa cyyacHa amapartypa
He Moxe (YHKI[OHYBaTH B Takux ymoBax. Jlis
pearmizamii I[bOr0 PEKUMY HEOOXITHO BUKOPUCTATH
JATIUK Koy Mop3e 1 BHXITHUHM KacKaJ paJioCTaHIll B
00XiJT BCIX ii 1HITUX €JIEMEHTIB.

BBaxaemo, 110 MOXJIMBA MOYATKOBA OMEpaTHBHA
B33a€EMOJIisl amapaTHUX 3B’S3KYy 3a JIONOMOTOI0 Mojie-
pHi3oBaHO! i Takoro Bumaaky cucremu Wi-Fi, 3
HACTYITHUM  TMPOKJIAIaHHSIM, TNPH  MOXKJIHMBOCTI,
KaOebHUX JIIHIH.

4. Curyalisi B YOpHOOMILCHKI 30H1 Ha TOH mepiof
XapaKkTepHu3yBaiach BHCOKOIO HEBU3HAYCHICTIO,
HEBIZIOMHM CTaHOM TOrO, IO 3aIUIIHIOCE Ha MIiCIli
0JIOKY, SIK TTOBeIe ceOe YTBOPEHE “MiCHBO”, SIK 3aTI00ITTH
MOXJIMBOMY MPOJIOBKCHHIO TEXHOTEHHOTO  yaapy.
3a3naunmo, mo # Ttemep (2021 pik) mig cydacHUM
“KOBIAKOM” TJI€ JEII0 Majo BHBUCHE Ta HeOE3MCUYHE.
BBaskaeMo, 110 pimieHHsM (I HEMPOCTOK MPOOIEMOIO) €
PO3po0Ka Takol TEXHOJIOT, 1110 MTo3BoNIMIa O1 po3idpaTn
1oro Ha Oe3neyHi CKIaIo0BI.

5. IlinkoM OYEBHAHO, IO MOBOJUTHCH 3
BHUCOKOC(DEKTHBHUMH, ajic¢ HEOS3MEYHHMH 13-3a CBOET
(i3nuHOI CyTi, TEXHOT€HHUMHU CHUCTEMaMM HEOOXiJTHO 3
aJICKBATHOIO JI0 HUX HAayKOBOIO Ta TEXHIYHOIO MOBAroio i
MOBHMM  PO3YMIHHSM  MOXIIMBHUX  KaracTpo(iuHHX
HACNIZIKIB, BUSBISITH TapaHTOBaHI I[UIAXH, SK iX
3anobirtu. Hi momnituuHi, HI KopropaTiBHi, Hi 0COOUCTI
iHTepecn Ta amOilii He MOBWHHI BHOCHTH 3MIHHM YU
CTBOPIOBATH CHUTYallii, sIKi MOXKYTh BHECTH TOTIPILICHHS Y
CTPYKTYpY Ta poOoTy Takux cucreM. HeoOXxiaHi rapaHTii
MIOJI0 IBOrO TOBHMHHI OyTH OpPCTKO BiJIOOpaXKeHi B
3aKOHOJABCTBI Ta IHCTPYKIISAX, MaTW BHIY CTEIMiHb
HEBIJIBOPOTHOI BIJIMOBIIAIBLHOCTI. 3 YacOM BHSBHIIOCH,
o ctocoBHo YAEC 1i hparMeHTH J1H0/ICHhKOI iSUTBHOCTI
He Oyiau jotpuMani. 3a3Haummo, 1o Hami AEC
JIOCTaTHBO 3aCTapiJi, 3HOIICHI, X0ua y MeBHii Mipi Mojie-
PHI30BaHi, XOYeThCS BIPUTH, IO METAl Ta JIOJChKA
BIIMOBIANIbHICTh BUKOHAIOTH CBOIO 3aXHCHY MICIIO.

JleTanpHUI CTaH TOTO, IO CTANIOCH, IPOAHATI30BAaHHI
ABTOPUTETHUMI KOMICISIMH 1 BICBITITIOBaBCS y 3aC00ax Ma-
coBoi iH(popmarii. 3HOBY Oyia miATBEepLKEHA BigoMa, Ie-
PpeBipeHa TPaKTHUKOIO Ta iCTOPI€I0 Te3a, IO 3aMOBYYBAHHS
Ta TepeKpydeHHS (akTiB Beme OO TOTIPIICHHS CTaHy
BUSIBJICHHS, OIIHKY Ta MPUIHATTS e(heKTUBHUX PilleHb Bi-
JHOCHO TEXHOTCHHHX, TPUPOJHMX YK  OlOIOTIIHO
CTBOPEHHX Mpo0JTeM, a TaKOK THUX TPOOIeM, sIKi MaroTh
0COOJIMBHII HETAaTUBHMIA BIUIMB HAa CTaH KUTTA JIFOAEH 1 €
IITYYHO CTBOPEHMMH TPOOIeMaMy CYCIUTHHUX BiITHOCHH
Ta B3a€EMOBITHOCHH MiX JICpKaBaMIL.

6. BiaMiTIMO TaKOX, 1110 3 BUHAHICHHSIM sIICPHOL
Ta TepMosAepHOI 30poi, 11 BUMPoOyBaHHA y MOBITpi, Ha
3eMJI1 1 IIij] 3eMJICt0, Ha BOJII 1 ITiJ1 BOIOK MaJIH SIK BUIUMI,
TaK, 0 BaXJIMBO, 1 HEBUIUMI Hachigkw. BizyampHO
BuauMi edekTd 1 Ti, MmO QikcyBamMcA TpuUiIagaMu
(cBiTiIOBE BHUIIPOMIHIOBAaHHS, yaapHa XBUJIA,
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panioakTHBHE BHIPOMIHIOBAaHHS, €JIEKTPOMArHITHUH
IMITyJIbC, 3QJIMIIKH PaJiOaKTHBHUX PEYOBHH, HaBelCHA
pamiarisi), JOCTaTHHO BHBYCHI, ajie MIOJ0 BiIIaJICHUX
HACJIJIKIB BiJl BIUIMBY IMX €(EKTiB Ha CepeOBHIIE Ta
KHMB1 OpraHi3MH IMTUTAHHS IIE 3aIMIIAETHCS BIIKPUTHM,
SIK 1 Jis 3ayMmKoBoi panianii micis BuOyxy Ha YAEC.
3a3HavyeHi BUOYyXH CTBOPIOIOTH TMHAMIYHWI yaap Ha Te
cepe/IoBUINe, B SKOMY BOHH 3jikicHeHi. HeBimomo, ska
yacTiHa atMocdepu g yac BUOyXiB Oyiia BUKHHYTA Y
KOCMOC, X04ua HaBiTh MaJIi i BTpaTy i3-3a pi3sHUX IPUIUH
HeOakaHi. 3 TPHBAIMM 4YacoM iX CYKyIHa Jis MOXe
HETaTUBHO BIUIMHYTU Ha CTAaH aTMOC(EpH, IIPUBECTH JI0
MOCTYMOBOTO ii 3HMIIEHHSA, 1 IUIAaHETa MOXKE CTaTH
MepTBOIO, sIK Mapc. [lis BUOyXiB Ha 3aXHCHI IIapu at-
Mochepu 3eMiIi Tex Majo BUBYCHA.

3eMHa Kopa, B sIKiH 1 Ha sIKiil TPOBOIMITUCH BUOYXH,
— IIe CBOEpiiHa MeMOpaHa Mi’K MarMoro Ta aTMocqeporo.
Yaap mo MeMOpaHi 3MyIIye ii KOJIMBAaTUCh, TIEPEIaBaTH

IMIYJIbCH y/Iapy B CEPEIOBUILE, 3 SIKUM BOHA KOHTaKTYE,
TOOTO y Marmy, a aJi — y sapo. Sk mi iMITysIbCH 1 3 SIKOFO
MIBUAKICTIO Ta TPUBATICTIO JIIOTh Ta B3a€EMOJIIOTH J1ai,
y cepenrHi 3eMii, O TaM YTBOPIOIOTH? — HEBIIOMO. A
Ile THCSYl yZnapiB pi3HOI MOTYKHOCTI B PI3HHX TOUYKaX
3emii. 3MiHA KOOpPAWHAT MArHITHUX IIONOCIB, ITiJIBHU-
MICHHS  BYJKaHIYHOI  aKTUBHOCTi, IHTCHCHUBHOCTI
3eMJIETPYCIB — 4H HE € 1€ BIUTYHHSIM 3aIeKJIOr0 3eMHOT'0
MPOTHCTOSTHHSI IBOX CBITOBHX CHCTEM?

SIKII0 3eMHY KYJII0 BUKOPHCTOBYBATH, SIK ITOJIITOH
30pOHOrO TPOTUCTOSIHHS, XIDKALBKH 3HUIYBaTH Il
OararcTBa, po30ajaHCOBYBaTH  B3a€MO3B’SI3KM Yy
npupondi, ski QopMyBanHCh MINBHOHM pOKiB, TO
pe3yNIbTaTH JUIS JIFOJICTBA MOXYTh OYTH TparidyHUMH.
XoueTncs BipUTH, 10 TIPEKpacHa, yHiKalbHa y BeecBiTi
TUTAHETa, MOXKJIMBO, €TMHA KOJKCKA JKUTTSA, 3yMie cebe
3aXUCTHTH 1 BIJTHOBHUTHCH, ajie BXe 0€3 MpPUCYTHOCTI
JIFOJICTBA, SIKIIIO BOHO HE CXaMEHEThCSI.
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Military communications in the initial period of liquidation the accident at the Chernobyl nuclear power plant
Lev Sakovych, Yaroslav Hrokholskyi, Heorhii Krykhovetskyi

Abstract. The article analyzes deployment process, dynamics of changes and features of the use of the military
communications system in the 30-kilometer zone of the Chernobyl nuclear power plant in the period from 04/26/86 to 12/05/86.
The material is based on documents and orders of the USSR Ministry of Defenses operational group, statistical data that were
submitted daily from communication elements, and the analysis by the authors of the records in communication department of the
management instructions and results of their implementation on operational changes in the communication structure within a 30-
kilometer zone, a special zone and regarding interaction with external structures outside the 30-kilometer zone during the specified
period of liquidation of the Chernobyl accident. In the lines and figures of this article, the work of tens of thousands of our citizens,
civilians and soldiers, soldiers, sergeants, ensigns, officers and women is enormous in scope and unlimited in responsibility. They
posed a medium threat to their health and life, created a system of military communication, brought civil communication to new
conditions, and found non-standard and effective solutions to the problems that were to blame. and were unexpected, complex and
unpredictable in consequences.

Keywords: Chernobyl;, accident elimination; military communications; operational group; orders.
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[HCTHTYT cneniaidbHOrO 3B 3Ky Ta 3aXucTy iH(opMmanii HaioHanbHOro TeXHIYHOTO YHIBEPCUTETY
Vxpainn “KuiBcbkuii monitexniuHuii iHcTuTyT iMeHi Iropst Cikopebkoro”, KuiB, Ykpaina.

METOAUKA BUABJTEHHSI HECAHKINIOHOBAHUX OBYUCJ/IIOBAJIBHUX
MNPOLECIB IHOOPMANIMHO-TEJJEKOMYHIKAINIMHUX CUCTEM

AHoTaunis. Y crarTi 3anporoOHOBAHO METOIUKY BUSBIICHHS HECAHKIIIOHOBAaHUX OOUYHCITIOBAIILHUX TIPOIECIB 1HPOpMaIIiitHO-
TEJIEKOMYHIKAIIMHUX cucTeM. IcHyrodi TexHoorii BusieieHHs: APT arak 3acHOBaHI Ha mpoliefypax 0araTopiBHEBOI'O aHAITI3Y
BEJIMKOT0 MacHBY JaHUX Ipo pisHoMaHiTHI norouHi moxii B ITC. Lli naxi 30nuparoThest B eMEKTPOHHIX XKypHaIax moaiid. Ove-
BH/IHO, 1110 Mozens APT araky moBHHHA JO3BOJATH OB’ SI3yBaTH MOZIT 32 9acoM i B mpocTopi. KoMmiekcn mporpam, siki Ha-
4epry, TeXHONIOril aBTOMaTH30BAHOTO aHaJ3y IMoJiil 3acHoBaHi Ha Mozensx arak. [Ilabmon APT araku — ne HaGip B3aemo-
TIOB’s13aHUX ToAii. I1opiBHSHHS Takoro madIoHy i TOTOYHHX MO CTAHOBHUTH CYTh Tporecy omiHkd B pamkax SIEM. Ocno-
BHUM 3aBJIaHHSIM METO/MKH € aBTOMAaTH3allisl POLEeCy BHSBICHHS HECAHKIIOHOBAHMX Mil, IPHUIHATTS IiIllCHHS MPO HasB-
Hicte APT arakn, Ta peamizamniro MeToaiB 3axucty Bix Hei. OcHoBy APT aTaku CTaHOBUTH KOMIUIEKC JIiif, III0 peasti3yfoThes B
pizHux komroHeHTax ITC Ha TpuBanmoMy Bifpi3Ky dacy. 3 O3 MOMITHKH Oe3ITeKH Taki MoAil OKpeMO MOXKYTh HECTH Jiera-
JBHUH XapakTep. Po3risiHyTo nporpaMHi Ta amaparHi 3aco0H, MpH3HAYEH TS MPHIXOBAHOIO CITIOCTEPEKEHHS 3a JIIsUTbHICTIO
KOpHCTyBauiB iH(popMariifHo-TeIekoMyHIKaiifHuX cucreM. CaHKIIOHOBaHI MOHITOPHHIOBI ITPOrpaMHI MPOIYKTH BHUKOpHC-
TOBYIOTECSI aZMiHICTpaTopaMy Oe3rekn iHopMamiitHO-TeIeKOMYHIKAIiHIX CHCTEM I 3a0e3IeueHHsT MOHITOpHHTY. Jleta-
JIBHO PO3IIISTHYTO 3aCTOCYBAaHHSI JUTS TIPUXOBAHOTO MOHITOPHHTY aKTUBHHX TPOIIECIB 1H(pOpMaIifHO-TeNeKOMYHIKAI[iHHAX CH-
cTeM. 3alpOIOHOBAHO BUKOPHCTATH B SKOCTI TPHKJIAy HECAHKIIOHOBAHOI'O OOYHCITIOBAIILHOTO TIPOLIECY IPOrpaMHi Ta ara-
parHi keinorrepy. JleTabHO OMHUCAHO METOIH 3aXUCTY Bij HUX. OTpUMaHi pe3yibTaTH JIONUIFHO HAaIPaBUTH Ha yIOCKOHA-
JICHHS METO/1iB BUSBJICHHSI HECAHKI[IOHOBaHNX OOYHCITIOBAJIBHUX ITPOLIECIB iH(OpMaLiitHO-TeNeKOMYHIKAIIHHIX CUCTEM.

Kawuosi caoBa: APT araka; SIEM; keiinorrep; inpopmamniliHo-TenekoMyHiKalliiiHa cucTema.

Beryn

[Tpu cTpiMKOMY PO3BUTKY MEPEKEBHX TEXHOJIOTIH
Ta r700anbHii iHGopMaTH3allii CyCriIbCTBAa HA MEPILIHA
IUIaH BUCYBAIOThCS MPOOJIEMHU 3a0€3MeUeHHs] BUCOKOTO
PIBHSI 3axHIEHOCTI iH(OpMALIHHO-TENIeKOM yHIKAI[IHHUX
cucteM. 31 30iJbLICHHSIM YKCIa KOMIT FOTEPHHX 1HIIU-
JICHTIB, MOB’sI3aHUX 13 OE3IEKOI0, CBIT MEPEKOHABCS, 1110
HaBITh HaWHAJIMHIIII CUCTEMHU 3aXUCTy HE 3JaTHI 3aXu-
cTuTH Bif ckianHux kibeparak Ha ITC pmepxkaBHuX i
KOMEpLiHHUX ycTaHoB. ToMy po3poOKka CHCTEM BUSIB-
JICHHSI Ta TIPOTHJIIT aTaK € OJHUM 13 HAHOLIbII aKTyallb-
HUX HaANpsMKIB HAYKOBUX JOCIIXKEeHb B 00yacTi iH)o-
pMariiiHoi Oe3neku. B nporreci Takoi po3poOku HeoOXi-
JIHO TIOCTIHO MPOBOJWTH HAYKOBI JOCITIIDKEHHS, IO
BUBYAIOTh Ta JICTAILHO aHANI3YIOTh MOXIIMBI BapiaHTH
peadizaii CKIIaJIHMX aTak.

IMocTanoBka 3aBaanHs. 3actocyBanHs APT 3na-
YHO YCKJIaTHIJIO CUTYyallifo oopoOku manux SIEM. Oc-
HOBY APT arakm CTaHOBUTH KOMIUIEKC [iii, IO peai-
3yIoThcs B pisHHX KoMmmoHeHTax ITC mHa TpuBamomy
BiIpi3Ky Yacy. 3 MO3HIIN MOMITHKK Oe3MeKy TaKi momii
OKPEMO MOXKYTh HECTH JISTAIBHUI XapaKTep.

[Iporpamui Ta amapaTHi 3aco0u, MpU3HAYEHI IS
MIPUXOBAHOTO CIIOCTEPEKECHHS 32 TiSUTbHICTIO KOPHUCTY-
BaviB iH(GOPMAIIIHO-KOMYHIKAI[IHHIUX CHCTEM Ta Mep-
COHAJBHAX KOMII FOTEPiB, OTPUMAIN IIHUPOKE 3aCTOCY-
BaHHS OCTaHHIM 4acoM.

CaHKI1i0HOBaHI MOHITOPHHTOBI TPOrpaMHi TPOIYK-
TH BUKOPHUCTOBYETHCS aqMiHICTpaTOpaMu O€3MeKH iH-
(hopMaIiitHO-KOMYHIKAIIIHHAX CUCTEM I 3a0e3MeUeHHS
il CHOCTEPEXITMBOCTI — “BIACTHBOCTI OOYHMCITIOBAJIBHOL
CHCTEMH, IO MO03BOJSAE (IKCYBaTH MisUTBHICTH KOPHUCTY-
BadviB i MPOIECiB, BUKOPHCTAHHS TACHBHUX 00 €KTIB, a
TaKOX OJHO3HAYHO BCTAHOBIIIOBATH 1IEHTH(IKATOPH

MPUYETHHUX JI0 TIEBHUX IMOJIH KOPUCTYBAYiB Ta MPOIIECIB
3 METOK 3amo0iraHHs MOPYIIEHHIO MONITHK iH(opma-
LiKHOI Oe3meku i/a00 3a0e31eYeH s Bi OB JaILHOCTI 3a
neHi mii” [1]. Came 11 BIacTUBICTh B 3aJICKHOCTI Bif
SKOCTI 11 peasri3awil JO3BOJISE B Tii 4 1HIIIH Mipi KOHT-
POIIOBaTH AOTPUMAHHA BCTAHOBIEHUX MHpPaBUI POOOTH
Ha KOMII'I0Tepax Ta MOMITHKY iHPOpMaLiiHOT Oe3MeKH.

Oco0nuBy HeOe3NeKy CTaHOBJSTh MOHITOPHHIOBI
MpOorpaMHi MPOIYKTH Ta anapartHi 3aco0H, sIKi IPUXOBa-
HO, HECAHKIIIOHOBAHO (K TPaBWIO, JMCTAHIIIHO)
BCTAaHOBJICHI 0Oe3 BijoMa aJMiHICTpaTOpiB Oe3MeKH aB-
TOMaTH30BaHOI CUCTEMH abo 0e3 BiJloMa KOPUCTYBadYiB.
BkasaHa kaTteropiss MOHITOPUHI'OBUX IIPOMYKTIB Jalli B
CTaTTi IMEHYBaTUMEThCS SIK “TIPOrpaMU-IINUTyHu” abo
HIMUATYHCBKE MporpamHe 3abe3nedeHHs. O4eBUIHO, IO
Mozens APT ataku MOBHMHHA JO3BOJISATH ITOB’SI3yBaTH Iii
noxii 3a yacom i B mpoctopi. OCHOBHUM 3aBJaHHIM
METOIMKH € aBTOMAaTH3aLlisl IPOLECY BUSBICHHS HECaH-
KI[IOHOBaHMUX Mil, IPUHHATTS PIIIEHHS PO HASBHICTH
aTaKy, Ta peali3allito MeTOIiB 3aXICTy BiJ Hel.

AHaJi3 ocTaHHIX Joc/igxeHb Ta MyOJiKauiii.
Icnyroui Texuomnorii BusBiieHHs APT aTak 3acHoBaHI Ha
mporenypax 0araTOpiBHEBOTO aHATi3y BEIHKOIO MAaCH-
BY IaHWX Tpo pizHoMaHiTHI morouHi momii B ITC. Lli
IaHi 30MpalOThCS B ENEKTPOHHHUX KypHAJIaxX IOMii.
Komruiekcu mporpam, siki HAarmoBHIOIOTH 1H(OPMAIIIEO
JKYpHAJIM 1 pealli3yloTh aBTOMAaTH30BaHI TEXHONOTIi ix
aHauizy, BimoMi sk cuctemu SIEM.

B po6Gori [6] posrsayTi Mmogeni APT—aTak Ta me-
TOJIB iX 3acTocyBaHHSI. MogelNi BUKOPHUCTOBYIOTh Pi3HY
MaTeMaTH4Hy 0a3y, aye OibIIiCTh 3 HUX 3aCHOBaHI Ha
KIHIICBHX aBTOMaTaxX Ta MPEACTaBIISIOTh aTaky SK MOC-
JIOBHICTH CcTaHIB aBTOoMarta. JKoxHa 3 Mozeieil He Ho-
3BOJISIE BpaxXyBaTH B KOMIUIEKCI BPA3JIMBOCTI, IO aKTH-
BI3YIOTBCSI aTaKOI, METOAM iI peawi3alii Ta MOXIJIHBI
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Haciigku. ToOTo, muTaHHS PO3POOKM SIKICHOI MOpeli
iH(pOpMaIiHOT aTaK! 3aJIMIIAETHCS HEBUPIILICHNM .

Meta cTaTTi — pO3pOOJIEHHS METOJUKH BUSIBIICH-
HS HECAHKIIOHOBAaHUX OOYHCITIOBAIEHUX IPOIECIB 1H-
(hopMariifHO-TeIeKOMYHIKAI[ITHUX CHCTEM, sSKa JI03BO-
JUTH aBTOMAaTH3YBAaTH IPOIEC BHSBJICHHS HECAHKIIiO-
HOBAHMX Jili, IPUHHSATTS PillIEHHs PO aTaKy, Ta pealli-
3aIliF0 METOJIIB 3aXUCTY BiJT HEi.

OcCHOBHA YacTHHA

APT araka (advanced persistent threat) (Po3pune-
Ha CTajia 3arpo3a) — pi3HOBHUJ CKJIQJAHUX KiOepartak 3
METOI0 BCTAHOBJIEHHSI HECAHKI[IOHOBAHOT'O JIOCTYITy IO
iHpOpMaIIHHIX CHCTEM >KEPTBH IS iX BHKOPHCTaHHS
a0o0 KoHTpOMIO B MaiiOyTHhOMY. Sk npaBuno, APT ara-
Ka BiI0yBa€ThCs y JAEKiIbKa eTariB, a came:

1. 3oBHimHA po3BiaKa. 3MiHCHIOETHCS 30ip 1H(OP-
Maii npo xapakrepuctuku ITC 3 pi3HOMaHITHUX 30B-
HIMIHIX JKEepelT.

2. Iponukuenns B ITC. Ha ocHoBi iHpopMarii 30-
BHIIIHBOT PO3BIJIKM MPUHAMAETHCS PillIEHHS PO 3aCO0H 1
CIOCOOM 3amycKy mporieciB Ha omHoMy 3 ByzniB ITC.
37I0BMUCHUK 3JIIHCHIOE pealtizalifo TPUHHATOrO pillleH-
Hsl IUSIXOM HampaBlieHHs! yepe3 [HTepHeT HeoOXiaHUX
JaHUX JUIsL 3allyCKYy IIPpOLECY BCTAaHOBJICHHS ITPHUXOBa-
HOT'0 KaHaly BifjaineHoro ynpasiinas Bysiom [TC.

3. locraBka 3aco6iB BuiuBy. Ha nipomy erami 31o-
BMUCHHK 3aMyCKae MpOIeC IOCTABKH MPOTPAMHHUX 3a-
cO0IB JUIsl 3AIMCHEHHS BHYTPILIHBOI PO3BIJKH B MeKax
uisoBoi ITC.

4. BuytpiHs po3Bigka. 3II0OBMUCHHUK 3aIlyCKae
LITaTHI Ta HEIITATHI NPOLECH [yl 300py NaHUX MPO
crpykrypy ITC. Ilicns ananizy oTpuMaHHX JaHUX pea-
JI3YETHCS PIllIEHHs PO MPOocyBaHHs Mixk By3iamu [TC
JI0 MOMEHTY BUSIBJIEHHs 11TboBOTO pecypey ITC.

5. linboBa akuis. Ha ocHOBI oTpuMaHMX JaHUX
PO 3HAXOKEHHS KPUTUYHOTO PECYpCy 3TOBMHCHHK
npuiiMae pilieHHs] TpO Crocié peanizamii LiTbOBOTO
BIUIMBY Ta 3aCO0U IS LBOTO. 3a JAOMOMOrO0 IpHUXO0Ba-
HOro KaHany ynpasiiHHs By3noMm [TC mocraBisitoTbes
3a 3aIyCKaloThCs HEOOXiqHI MpOLEecH 3AIMCHEeHHS IIi-
JIbOBOI aTaKH.

6. [IpuxoByBanus cmigiB. Ha npoMy erami crupa-
I0ThCsI JIaHi, sIKi OyJIM TIOB’si3aHi 3 KibepaTakoro.

ITicna BuUsABIIEHHA HecaHKLioHOBaHuX nik SIEM
BHMAarae BiJl OolepaTopa MPUHHATH PIMIEHHS PO HasB-
HICTh aTakW, Ta 3amycTHUTH 3acobm mportunii. Cxema
3acrocyBanHs SIEM 3 akTMBHMM omepaTopoM 300pa-
KeHa Ha puc. 1. Y cBO uepry, TEXHONIOrii aBTOMAaTH-
30BAaHOTO aHAJi3y MOAiA 3aCHOBAaHI Ha MOJENAX aTaK.
[Ta6mon APT ataku — 1e HaOip B3a€MOITIOB’ I3aHUX TIO-
niii. TlopiBHAHHS Takoro MIaONOHY 1 MOTOYHUX ITOMIN
CTaHOBHTH CYTh Iporecy omiHku B pamkax SIEM. Cxe-
My 3actocyBaHHsS SIEM 3 BUKOpPHCTaHHAM IIaOIOHY
APT ataku 300pakeHo Ha puc. 2.

Sk mpuKITa]y HECAHKIIOHOBAHUX OOYMCITIOBAITBHIX
TIPOLIECIB MPOMOHYETHCS PO3TIIIHYTH KEHIOTepH.

Mix npoaykTaMu A 3a0€3MeUeHHST MOHITOPUHTY
1 “mpomyKTaMu-IIMUTryHaMu™~ Oy’Ke€ TOHKa TpaHb — I
TpaHb MK YIPaBIIHHAM iHPOpPMaLiHHOW Oe3MeKor0 Ta
MOpYIIeHHAM iHpopMamniHoi Oe3nekn. [Ipu mpomy Ha-
SIBHICTb B TIporpaMi Takux (YHKIiH, SK MOXIHUBICTH

MOYaTKOBOI KOH(Irypamii MOAYJII0 MOHITOPHHTY Ta
OTPUMaHHS BUKOHYBaHOTO (hailiry, sSIKM ITpyU BUKOHAHHI
HE BHBOIUTH ITOBIJIOMJICHb Ha €KpaHi, BOyJIOBaHHX 3a-
co0iB JIOCTaBKH Ta JUCTAHIIITHOTO BCTAHOBIICHHS CKO-
MIIJTFOBAHOTO MOXYJII0O Ha KOMIT'IOTEp KOpHCTyBaya,
CIIPHSIIOTH MPOLIECY MEPETBOPEHHS MPOIYKTY JJIsI MOHI-
TOPUHTY B “NpOAyKT-mMWryH’. HaBmaku, BHKOHaHHS
MpOrpamMor0 HACTYIMHUX (YHKIIH: MOXKIIMBICTD 1HCTAJIS-
il Ta KoH(Iryparii MOIYII0 MOHITOPHUHTY TIIBKH IMPU
oe3nocepenHEOMY (i3HYHOMY JTOCTYII JJO KOMIT FOTepa
KOpHCTyBayda, 000B’sI3K0Ba HasIBHICTh TpaB aJMiHiCTpa-
TOpa Ay IHCTAJSLIT Ta KOH(Irypamii nporpamMu — Hai-
yacTile poOUTh MPOAYKT MAIONPUAATHAM JUIS IIIHTY-
HCBKHX ITUJICH Ta HECAaHKI[IOHOBAaHOTO 3aCTOCYBaHHI.

SIEM

Cencopr I AxrTVaTopu

ITC

Puc. 1. Cxema 3actocyBanHs SIEM 3 akTUBHUM omniepaTopom
labmon APT
ATAETI

SIEM

Cencopnu AxTvaTopu

ITC

Puc. 2. Cxema 3acrocyBants SIEM
3 BUKOpHUcTaHHAM 11abiaony APT ataku

3acTrocyBaHHS MPOTPaMHOrO 3a0e3MedeHHS IS
MOHITOPHHTY J03BOJISIE aIMIHICTpaTOpy OE3IEKH:

- BU3HaYaTH (JOKaTi3yBaTH) BCI BUMAIKU CHpPOO
HECaHKIIIOHOBAHOTO JIOCTYITY A0 KOH(DIACHIIHHOI iHpO-
pMartiii 3 TOYHHM 3a3HaYeHHAM 4acy Ta MicCIs, 3 SIKOTO
Taka crpo0a 3aifCHIOBaIACS;

- BISIBIAATH  (DaKTH HECAHKIIIOHOBAHOTO BCTAHOB-
JICHHS IPOrPaMHOro 3a0e3NeYeHHST;

- KOHTPOITIOBATH BHWKOPHCTAHHSA KOMII IOTEpPiB B
HepoOOYMif yac Ta BUSBISATH METY 1X BUKOPUCTAHHS;

- BU3HAYATH BCl BAMNAIKNA HECAHKIIIOHOBAHOI'O BH-
KOPUCTaHHS MOIEMIB B JIOKAIBbHIA MepexXi IDIIXOM
aHamizy (hakTiB 3aIycKy HECAaHKI[IOHOBAHO BCTaHOBIIE-
HUX JOJATKIB;

- OTpUMYBAaTH JOCTOBipHY iH(OpMaIlifo, Ha Tijc-
TaBi sKOi Oyae MoauQiKyBaTHUCS TOTITHKA iHPOpMAITiii-
HOi Oe3MeKw;
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- KOHTPOJIIOBAaTH JIOCTYIH JIO CEPBEPIB Ta MEpPCOHA-
JIbHUX KOMIT FOTEPIB;

- POBOJIUTH ayAUT iH(pOpMAaIiifHOI 6e3MeK;

- TOCJIiKYBATH KOMIT FOTEpPHI 1HITHICHTH.

3acTocyBaHHS  “‘IPOrpaM-INMHUTYHIB”  JO3BOJISIE
3JI0BMUCHHKOBI:

- MMePEXOILTIOBATH 1H(OpMAITito;

- 3IIfCHIOBATH LIMUTYHCTBO;

- OTpUMYBATH JIOCTYN A0 cHcTeM Kpunrorpadii —
BIJIKPUTHX 1 3aKPUTHX KJIIOUiB, TAPOITIB.

“TIponyKTU-IMUTyHH SIBISIIOTH COOOIO CEpHO3HY
3arpo3y 3axXucTy iHpOpMAIHO-KOMYHIKAI[ITHUX CHCTEM.

OnmHa 3 HaWOUTBII HeOE3NMEYHHX OCOOIMBOCTEH
BCIX “IporpaM-IINMUTyHIB” 1 amapaTHUX IPHCTPOIB —
KEWJIOITepiB — PeecTpallisi HATUCKaHb KJIaBIIl KOPUCTY-
BayeM 3 METOI0 KOHTPOJIO Horo aktuBHOCTI. Konu ko-
pucTyBau HaOHMpae Ha KiaBiaTypi Haponb, Kewnorrep
3anMcye KOKHE HaTHCKaHHA KiaBim. KpiMm 1mporo, cy-
YacHI “NpOrpaMu-NINMUTYHH TO3BOJISIFOTH 3aXOILTFOBATH
TEKCT 3 BIKOH JIOIATKIB i pOOUTH CKPIHIIOTH EKpaHy M
OKpEeMHUX BIKOH. [HIIMMH CJIOBaMH, “‘mporpamMa-
UIMTATYH” MOXXE MEPEXOMHUTH TEKCT 3 JIOKYMEHTA, HaBITh
SKIIO KOPUCTYBad HOro He HaOHWpaB 3 KJaBiaTypH, a
NPOCTO BiJIKPUB Ta MEPETrIITHYB (aid.

[porpamni ketinorrepu (keyloggers) Hanexats /10
Ti€l TPYNU NPOrpaMHUX TPOAYKTIB, SIKi 3HIHCHIOIOTH
KOHTPOJIb 32 AisUIBHICTIO KopucTyBaya [1K.

CrniodaTKy HporpamHi NPOAYKTH LBOT'O TUITY TPH-
3HAYAIMCS BUKJIIOUHO AU 3amucy iHdopMalii npo Ha-
THCKaHHS KJIaBilll KJIaBiaTypu, B TOMY YHCIi 1 cucTeM-
HUX, B cremiaiizoBanuii sxypHan peectpauii (Log-
(aiin), sKWil 3roJOM BHBYABCS KOPUCTYBayeMm, IO
BCTaHOBUB 110 Tiporpamy. Log-daiin Moxe Bianpasiis-
THCS 0 MEpexKi Ha MepexeBHH IMcK, ftp cepsep, Ha
Email tomo. OcranHiM yacoM TpOrpaMHi KeWinorrepu
BUKOHYIOTh 0arato JoJaTKoBHX (YHKLIH — mepexor-
neHHst iH(opmatlii 3 BIKOH, EPEeXOIUICHHS KITIKiB MUILII,
“¢pororpadyBanHs” 3HIMKIB €KpaHy, BEICHHS OOIIKYy
BCIX OTpUMaHUX Ta BimnpaBieHux Email, MoHiTOpHHT
(aiinoBoi aKTUBHOCTI, MOHITOPHUHI' CHCTEMHOI'O PEECT-
py, TepexoIUieHHs 3BYKY 3 MikpodoHa 1 Bizmeo-
300pa)keHHsI 3 BeO-KaMepH, TOIIIO.

Keiinorrepu Moxxyts 0yt BOYIOBaHi B KOMEpIIiii-
Hi, OE3KOIITOBHI 1 YMOBHO-OE3KOIITOBHI IPOrpamHu,
TPOSIHCBKI TIpOrpamu, Bipycu i XxpobOaku. [lpu mpomy
HEPIAKO [UIA TOMIUPEHHS XpOoOaKiB BUKOPHCTOBYETHCS
mUpoKo Bimoma BpasmuBicth [Frame Opaysepa
Microsoft Internet Explorer, sika mo3BOMsIE 3aIycKaTh
JOBITFHHAN KOZ Ha KOMIT IOTEpi KOPHCTyBada MpH MPOC-
tomy nieperisini HTML mokymenTa B Opaysepi abo mo-
mroBoMy KiieHTi Outlook.

Amapatni keimorrepu (hardware keylogger) ss-
JISTFOTH COOOI0 MiHIATIOPHI MPHUCTPOi, IO MOXKYTh OYTH
MIPUKPITUIEHI MK KJIaBiaTypor 1 KOMII'IOTEpOM abo
BOyZIOBaHI B caMy KiaBiaTypy. BoHU peecTpyroTh Bci
HATHCHEHHS KJIAaBINI Ha KiaBiaTypi. AmapaTHi KeHor-
repyu He BUMAaraloTh YCTAaHOBKH OY/b-sIKOI IporpamMu Ha
KOMIT FoTepi 00’ €KTa, 00 YCHIITHO MePEeXOIUTIOBATH BC1
HATHCKaHHS Ki1aBim. Taxwii mpucTpidi MOXKe OYTH TaeM-
HO mpukpitureHuit no IIK 00’ekta kUM 3aBrogHO —
KOJIET0f0, IPHONPATTFHALICIO, BiBiayBadeM Tormmo. Komm
armapaTHUH Keyorrep NPHKPIIUTIOETHCS, 30BCIM HE Ma€e

3HAa4YEHHS, B SKOMY CTaHI 3HAXOOUTHCS KOMII' IOTEp —
YBIMKHEHOMY 200 BUMKHEHOMY.

37MOBMHUCHUK MOXE 3HATH HPHUCTPId B Oyab-sSKuid
3py4YHUII MOMEHT, a HOro BMICT CKayaTd, KOJU HOMY
Oyne 3pyaro. OOCSITH BHYTPINTHHOI HE3AICKHOT ITaM’ SITi
JTAHUX TIPUCTPOIB J03BOJSAIOTH 3amucyBatd 10 10 misb-
HOHIB HAaTHUCKaHb KiaBinl J{aHi mpucTpoi MOXyTh OyTH
BHUKOHaHI B OyJb-IKOMY BHIJIAII, TaK IO HaBIiTh (axi-
Bellb HE B 3MO3i 1HOJI BH3HAYHUTH iX HAsBHICTH INPH
TIPOBE/ICHHI ay/HTY.

AmnapatHi Keimorrepu MONUISIOTECS HA 30BHIIITHI
Ta BHYTPIIIHI, X BIIMiHHI PUCH OIMCAaHi HIXKYE.

30BHINIHI amapaTHi KeHJIOrrepH IIiJKITI0YaroThCs
MK 3BHYaliHOIO kKiaBiaTyporo ITK i komm’rorepom i
PEeCTPYIOTh KOJKHE HaTUCKaHHsI Kiasiml. st pobotu im
He TOTpiOHI Oarapei, BCTAaHOBJIEHI IPOrpaMH, BOHU MO-
KyTh TpamioBati Ha Oyap-sxomy IIK. 3moBmucHuk
MOXE MIAKIIOYHTH iX 10 OIHOrO KOMIT'IOTepa, II00
3anmcaTH iH(OpMAIlilo, a MOTIM, TMPH HEOOXiTHOCTI,
MIAKTFOYUTH JI0 1HIIIOTO, 00 BIATBOPUTH ii.

Haiicknanninie BUSBUTH (Ta 3HEUIKOAMTH) BHYT-
pilIHIA anapaTHUN KeWnorrep, y sSIKOro anapatHHid Mo-
JyJlb TIEPEeXOIUICHHs] HATHCKaHb KJIaBilll BOyJOBaHHH B
KOpITyC KJIaBiaTypH.

Juisi BUSABJIEHHS 1 BHJAJICHHS MOHITOPHHIOBHX
IPOrpaMHUX MPOAYKTIB, SKi MOXKYTh OyTH BCTaHOBJIEHI
6e3 Bimoma kopucryBaua I[1K, B maHuii 4ac BUKOPHCTO-
BYIOTbCSI MPOTPaMU PI3HUX THIMIB, Ki 3a0€3MEYyIOTh
OinbIn-MeHII eQEeKTHBHUI 3aXWCT BUKIIOYHO TiJIBKH
NPOTH BIZIOMUX “‘NPOrpam-LINUTyHIB” 3a JOMOMOTO0
curHatypHoro anaiizy. s edexruBnoi podoru mnpo-
rpaM JIaHOrO THITy HEOOXIZHO OTpUMaTd KoJ “‘mporpa-
MU-IIUryHa”, BUJUIATH 3 HEl CUTHATYPY 1 BKIIIOUUTH
JIaHy CUTHATYpY B cBOIO 0a3y. [Ipu OHOBJIEHHI cUTHATY-
pHOi 6a3u KOpUCTYBadi OTPUMYIOTh MOXJIMBICTh OOpO-
THCS 3 JaHUM BapiaHTOM “TIporpaMu-minuryHa”. 3a Ta-
KUM IPUHIMIIOM MPALOI0Th 0araTo aHTHBIPYCHHX IIPO-
rpam.

Aute € ¥ iHIIA TpyNa MPOrpaM-IIIHUIyHIiB, SKa Hail-
Oinpin HeOe3mewHa sl Oyab-sIKMX aBTOMATH30BaHUX
CHCTeM — L€ HeBIJIOMi ‘“TIporpaMu-mmmurynu”’. BoHu
MIIPO3ALISFOTHCS HA T1°SITH THITIB.

1. “TIporpaMu-mmuryHu”, mo po3poOSIOTECS i
eriZIo0 YPSAIOBUX OpraHi3aliii.

2. “TIporpamu-ImuryHu’”, siki MOXYTh CTBOPIOBATH-
sl pO3pOOHHUKAMH PI3HMX OTIEPALIIfHIX CHCTEM 1 BKIIIOYa-
THCS HUIMH 10 CKIIAJTY Si7ipa OTIepariiiHOl CHCTEMH.

3. “IIporpamu-muryHu’”, siki po3poOiieHi s BUpi-
IIEHHS] KOHKPETHOTO 3aBIAHHS, TI0B’S3aHOTO 3 BUKPA/ICH-
HSM KpUTHUYIHOIL iH(OopMAItii 3 MiTbOBOro KOMII I0Tepa.

4. KopropaTuBHI TpOrpaMHi TPOAYKTH, SKi TyxKe
PiIKO BHOCSATHCS B CHTHATYpHI 0a3m..

5. “IIporpaMu-mnmuryHn”, mo MPeaCTaBISIOTh CO-
6oro keylogging mMomyi, 0 BKIFOYAIOTHCS OO0 CKIAIY
nmporpaM-BipyciB. JIo BHECEHHS CHTHATYpHHX HAaHUX B
BipycHY 0a3y maHi MOIYIIi € HEBiIOMUMHU.

IHdopmartis mpo “mporpaMu-IIMUTyHN' TEPIIOTO i
TPETHOTO THILY, SIK MIPABHJIO Hi/le HE OMyOIiKOBYEThHCA, 1,
BIJINIOBiJTHO, 1X KO/ HE MOXKe OyTH BHECEHHI B CHTHATY-
pHi 0a3m, TOMy BOHH HE MOXYTh BUSBIIATHCS HiSIKUMHU
NPOrPaMHUAMH MPOAYKTAMH, SKI BUKOPHCTOBYIOTH CHT-
HAaTypHUH aHaIi3.
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[Hdopmanis mpo mporpaMu-IITUTyHH APYroro TH-
Iy Hife He OITyOJIIKOBYEThCS, AaHUI KOJ Tpalioe Ha
PiBHI si7pa orepamiiHoOl CHCTEMH i, BIINOBIIHO, BOHU HE
MOXYTb BUSIBIISITHCS HITKUMH JOJATKAMU.

[Hdopmanis po “nporpamMu-mIUTYHH” YETBEPTO-
IO THIy BHOCHTBCSI B CUTHATYpPHI 0231 ayKe piako. Aie
HaBITh SKIIO TOJATH TaKi IPOrpaMH B CUTHATYpHI 0a3u,
TO JEaKTHBYBATH, a, THM OiiblIe, BUIAIUTH iX YacTo
HEMOXJIMBO 0e3 pYyHHYBaHHS ONEpaliifiHOl CHCTEMHU.
BoHu He MaroTh CBOIX NPOLECIB, & MAaCKYIOThCS Yy BH-
IS/ TIOTOKIB Y CHCTEMHI IPOLIECH, MOXYTh MPAaIlOBa-
TH TUIBKH 3 OIEPATUBHOIO IaM’ITTIO KOMIT'FOTEpa 1 He
MIPAIIOBATH 3 )KOPCTKUM JIMCKOM, BOHU MalOTh PEKUMH
KOHTPOJIIO IUTICHOCTI 1 CAMOBITHOBJICHHS IMicJIs 30071B.

[adopmaniss mpo “nporpamMu-IIMHUTYHH” 11 SITOTO
TUITY BHOCUTBCSI B CUTHATYPHI 0a3u uepe3 KiibKa roIuH
a00 JTHIB TICJIs OYATKY BiJMOBIIHOI BipycHOI ataku. 3a
el yac KoHgieHuiHa iHpopMallis KopucTyBaya Iep-
COHAJILHOTO KOMIT'IOTE€pa B)KE MOXKe OyTH BKpajeHa i
BiJiciiaHa B Mepexy [HTepHeT Ha 3a3/1aJieriJp miaroToB-
JIEHY 3JI0BMHCHHKOM aJIpecy.

Hisixi mporpamHi IpOAYKTH HE B 3M031 BU3HAYHUTH
HasIBHICTh BCTAHOBJICHHX allapaTHUX IPUCTPOIB, SKi
3a0e3MeuyloTh TepeXOIUICHHsT HATHCKaHb KJaBlaTypu
kopuctyBaueMm I1K.

CporozHi icHye TiNBKW 1Ba METOIM MPOTHAIL ama-
paTHUM Keistorrepam mpu podoti Ha [IK: Qismunmit
TIOIIYK Ta YCYHEHHS KeHiorrepa; BUKOPUCTaHHS BIpTY-
aNbHUX KJIaBiaTyp IJIsl BBEIEHHS OCOOJIMBO BasKJIMBOI
iHpopmarii (mapoi, koxu nocrymy, PIN koam, Tomo).

BucHoBxku

VY crarti 3amponoOHOBAHO METOIMKY BHSIBICHHS
HECaHKIIIOHOBAaHUX OOYHCIIOBAIBHUX IPOLECIB iH(pOP-
MalliifHO-TeNIeKOM yHIKaIliHHUX cucTeM. B sikocTi Tecty-
BaHHS METOJMKHM BHKOPHUCTAHO NPOTpaMHi Ta amaparHi
keitorrepu. Ilpobnema mepexormieHHs iHopMarii 3a
JIOTIOMOT'OF0 KEHMJIOTTepiB CTOITh JOCHTH TOCTPO. Y CBITI
ICHYIOTH COTHI MOAIOHMX TIporpam, sIKi MOXYTb OyTH
HECaHKIIIOHOBAHO BCTaHOBJIEHI O€3 BijoMa KOPHCTYBa-
ya yu agMinictpatopa [1K. Omxe, 3acTOCyBaHHS KOM-
TUIEKCHOTO TiJIXOMY, SKMH TO3BOJIUTH BiAPI3HUTH CaHK-
I[IOHOBaHi 3aco0M MOHITOPHHTY Bix wwikigmusoro [13,
JIO3BOJINTh  3aXUCTUTH 1H(OpMaliiiHO-TeneKoOMyHiKa-
IifHI CHCTEMU BiJ BUKOPUCTAHHS KEHJIOrTepiB, MO J0-
3BOJINTH 3MEHIINTH HeratusBHi Haciiaku Big APT arak.

[Mopanbun gociikeHHs JOIIIBHO HAlpaBUTH Ha
YIIOCKOHAJICHHSI METO/1iB BUSIBIICHHSI HECAaHKI[IOHOBaHUX
OOYMCITIOBAIBHUX TPOLECIB 1H(POPMAIIIHO-TENEKOMY-
HIKAI[IHHUX CHUCTEM.
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The methods of detection unauthorized computer processes of information and telecommunication systems
Denys Doroshenko

Abstract. The article proposes a method for detecting unauthorized computational processes of information and telecom-
munication systems. Existing APT attack detection technologies are based on multi-level analysis procedures for a large array of data
on various current events in ITS. This data is collected in electronic event logs. Obviously, the APT attack model should be able to
link events in time and space. Complexes of programs that fill journals with information and implement automated technologies for
their analysis are known as SIEM systems. In turn, automated event analysis technologies are based on attack models. An APT at-
tack pattern is a set of interrelated events. Comparison of such a template and current events is the essence of the evaluation process
within SIEM. The main task of the methodology is to automate the process of detecting unauthorized actions, deciding on the pres-
ence of an APT attack, and implementing methods of protection against it. The basis of the APT attack is a set of actions that are
implemented in various components of ITS over a long period of time. From the standpoint of security policy, such events may be
legal in nature. Software and hardware designed for covert surveillance of users of information and telecommunications systems are
considered. Authorized monitoring software products are used by security administrators of information and telecommunication
systems to ensure monitoring. The application for covert monitoring of active processes of information and telecommunication sys-
tems is considered in detail. It is proposed to use software and hardware keyloggers as an example of an unauthorized computational
process. Methods of protection against them are described in detail. The obtained results should be used to improve methods for
detecting unauthorized computing processes of information and telecommunications systems.

Keywords: APT; SIEM; key logger; information and telecommunication system.

135


http://bozza.ru/art-75/html

Cucmemu ynpaesiinnus, nagizauii ma 36'a3xy, 2021, eunyck 2(64)

ISSN 2073-7394

VJIK 004.7:004.942

doi: 10.26906/SUNZ.2021.2.136

O. B. 3inuenxo’, B. B. Bumniscbkuii!, B. M. T'nagxux?, C. B. HpOKOHOBl, 0. C. 3BeHiropoILc5KI/H711

lepxaBuuii yHiBepCHTET TenekoMyHiKaIliit

2 Jlep>xaBHUi1 YHIBEpCHTET iHTETEKTYalIbHIX TEXHOIOTIH i 3B’ 43Ky

AHAJITUYHE MOJEJOBAHHSA SDN / NFV

AnoTtanis. TpamuniiiHi TerekoMyHIKaIiifHI MepeXi IPOEKTYBAIICS B PO3PAaXyHKy Ha BUKOPHCTAHHS CIIEIliali30BaHNX
amapaTHAX MPUCTPOIB (MapmpyTu3aTopis, Ethernet-komyraropis Ta iH.). i mpuctpoi crBoproBanucs Ha 6a3i crierudigHIX
amapaTHHX i IPOrpaMHUX IUIAT(HOPM OKpEeMHX BEeHIOpiB. PO3ropTaHHs TaKMX MepexeBUX MPHCTPOIB MPU3BOAMIO IO TPH-
BaJIMX LUKJIB IIPOEKTHHX 1 MyCKOHAJIArOIKYBaJIbHUX POOIT, a, OTIKE, 1 IO YIIOBIIbHEHHS BUBEICHHS HA PHHOK HOBHX IIPO-
IyKTiB 1 mociyr. OOCITyroByBaHHS Ta YIPaBIIiHHSI MEPEK TAaKOTrO THILY OYIIO i 3aJIMIIAEThCS TOCUTh Hee(eKTHBHIM 1 10po-
ruM. CrinsHe Bukopuctaas SDN ta NFV 3MiHroe TpanuniiiHy napagurmy OyIiBHHAIITBAa MEPEXi, sIKa IOJSTae B TOMY, SIK
orepaTop MPOEKTYe, pO3BUBAE, aAMIHICTPYE MEPEeXKy, 1 HaJjae MPOAYKTH 1 MOCTYTH KOpUCTyBadaM. Taka 3MiHa mapaaurMu
MOXKe JaTH 0araTo TEXHOJOTIYHHX i olepamniiHuX mepeBar. 3pyIIeHHs IapaIurMy HallijieHe Ha (yHIaMeHTalbHe mepe-
OCMHCIICHHS CTPYKTYpH BUTpPAT OIlepaTopa i pexxuMy iforo onepamiitaux nporecis. Lei 3cyB, npu Horo BiqmoBiqHOMY BH-
KOPHCTaHHI, TaKOX 3/aTHUH 3a0e3IeunTH MIBHAKY 1 THYYKY pO3pOOKY IOCIYT HA BHMOTY, IO ITiJBHIIYE KOHKYPEHTO-
CIIPOMOJKHICTH OIlepaTopa Ha PUHKY TeIeKOMYHIKaIliHHIX 1 iHpopMariifHux mociyr. B craTTi HaBOIUTHCS aHaJi3 mepeBar
BITPOBA/DKEHHS CyJacHHUX TEXHOOTIH BipTyamizamii MmepexeBux Qyskuiil. O6'emnanas SDN 3 NFV Hanae Benmki nepeBa-
T'Hl, OIHAaK IpoOJieMa rossrae B iX inrerpari. B mizoMy craTTs npucBsdeHa JOCTiPKEHHIO clIocO0iB iHTerpaii BipTyari3o-
BaHMX MepexeBHX (yHKiH Ta koHTpoepa SDN. [ Takoi iHTerpamii € 1Bi MOXJIIHMBI apXiTekTypu: KoHTposep SDN B3a-
emoyie 3 BipryanizoBaHnMu MepexeBnmu ¢ynkuismu (VNF) abo xomyrarop B3aemonie 3 VNF. V miif crarti HaBeaeHO
aHAJITUYHUH omuc 000X BapiaHTiB. TaKMM YHMHOM, CTaTTs CIPSIMOBaHA Ha CTBOPEHHS MaTeMaTHYHOI MOJIEII JJIsl aHATITH-
yHoro mozenmoBaHHss SDN 3 NFV Ta B KiHIEBOMY MiJICyMKY Hi/IBHIIEHHIO NMPOAYKTHBHOCTI Ta NMPHCKOPEHHIO BIPOBA-

JUKCHHS Cy4aCHUX MEPEIKEBUX TEXHOJIOT1H.

Karw4dosi caoBa: Bipryanizauis mepexxeBux ¢ynkuiid; SDN; cucremn MacoBoro obciayroBysaHHs; OpenFlow.

Beryn

TpaauuiiiHo Mepexxa OyIyeTbcsi Ha BHAUICHOMY
o0JiaJIHaHHI, TAKOMY SIK MapIIpyTH3aTOPH 1 KOMYTaTo-
P, 3 MEpEeXKEBUM IPOrpaMHUM 3a0€3MeUeHHSM, IO
HAJIAEThCSl MOCTAYIbHUKAMU Mepexi. MOXIIMBOCTI
IHKeHepa 10 HaJaITyBaHHIO MEPEKEBOro IPOrpaMHO-
ro 3a0e3neyeHHs qyke OOMEXKEHI B OCHOBHOMY CTBO-
proBaueM oOnaxHaHHA. lle TpHU3BENO IO CTBOPEHHS
KOHLIeMNLii mporpaMHo-koHpirypoBanoi mMepexi (SDN),
B SIKIfl THYYKICTb 1 JUHAMI3M OyIld BHECEHi y BipTyali-
30BaHy IUIOMIMHY yrpaBiaiHHsi. OCHOBHHH MiAXia mpH
crBopeHHi SDN monsirae B mojisii Mepexi Ha TUIOLIMHY
YIIPaBJIIHHS 1 IUIOMIMHY JaHUX, IO J03BOJISIE IEHTPAJIi-
30BaHO KEPYBATH PI3HUMH MEPEKEBUMH IPUCTPOSIMH.
OcHoBHa niepeBara konuenmii SDN - MOXIHBICTh MPO-
rpaMyBaHHs YIPaBIiHHI MEPEXEBUMU NPUCTposiMu. Lle
JIO3BOJIMJIO MEPEKEBUM 1H)KEHEepaM 3MIHUTH KOHQIry-
parmiro Mepexi 1 JOriKy IMOTOKY NaHWX BiIIOBIAHO IO
6i3HEC-BUMOT.

3 inmoro 0oKy, BipTyaumi3alis MepexeBux (pyHK-
uit (NFV) - me HOBHii miaxin, skuii po3roprae abo mpo-
eKTye pi3Hi MepexeBi (yHKII. BiH Bigokpemioe me-
pexesi ¢ynkiii, Taki sk NAT, kemyBanas DNS Ta in.
BiJ MIPOMpi€ETapHUX amapaTHUX IPUCTPOIB, MO0 X MO-
KHa Oyllo peasizyBaTh Ha BipTyaJIbHHUX MAIlIMHAX, ITOK-
PpAaIIyIOYH SIKICTB iX 00CIYrOByBaHHS.

€ Benwmka KinbKicTh pobiT [3-10] 3 MomemroBaHHS
SDN. JKomna 3 Hux He BpaxoBye NFV B cBoeMy aHami-
THYHOMY MOZETIOBaHHI.

B nBox Bimomux pobotax [1, 2] mocmimkyBanach
npoaykTuBHICTE apxiTekrypu SDN/NFV 3a momomororo
MOJICITIOBAHHS Ta eKcrepuMeHTiB. OfHaK B mUX podo-
Tax He MPEICTABICHO aHATITHIHOI MOJIENI TSI apXiTeK-
typu SDN, o moegnyetbes 3 NFV.

TpaauniiiHi TeneKoMyHiKaliidiHi Mepexi MpOeKTy-
BaJIUCA 3 PO3PAaxXyHKY Ha BHUKOPHCTAaHHS Clleliasli3oBa-
HUX  afmapaTHUX  OPUCTPOiB  (MapIpyTH3aTOPIB,
Ethernet-komyraropis Ta inmroro obnaasanss). Li mpu-
CTpol cTBOproBaiucs Ha 6a3i crnenudivyHuX anapaTHUX i
MporpamMHuX MmiathopM OKpeMHX BeHIopiB. Posropran-
HS IIMX MEPEKEBHUX €IEMEHTIB NMPU3BOAWIO 0 TPHUBA-
JIMX LMKIIB MPOEKTYBAHHS 1 MyCKO-HAIArO/DKYBaJIbHUAX
poOiT, a, OTXKe, 1 0 YIOBIIbHEHHSI BUBEJICHHS Ha PUHOK
HOBUX MPOIYKTIB 1 ociayr. OOCIyroByBaHHs Ta yrnpas-
JIHHS TAKOK MEpEeXero Oylno MOCUTh Hee(EKTUBHHUM i
JoporuM. Bce e mpu3Boamiio 40 TOro, IO 3POCTAHHS
IHBECTHIIIM B PO3BUTOK MEPEXi JUIs 32/I0BOJICHHS 3aIlH-
TiB a0OHEHTIB TMEPEBUIIYBAJIO 3POCTAHHS JIOXOJIB Bij
HazaHHs nociyr B Hill. ToMmy, B AaHuii yac GaraTo orme-
paropiB BUOMparOTh HUIX 1UppoBoi TpaHchopmalii Ha
6a3i TexHomnoriit SDN / NFV.

OCHOBHI BIIaCTUBOCTI MeEpeXi, MOOYIOBaHOI 3a
npuniunamu SDN / NFV:

- TIOZLJ TUTOLIMH YIIPABIiHHA 1 Iepenadi JaHuX;

- BipTyamizamis MepexeBuX (pyHKIIH;

- I[pOrpaMoBaHE YIPABIIiHHA MEPEKEBHUMH pe-
cypcaMu, OOYHCIIOBAIBHUMH PECypCaMmH, 1 pecypcamu
30epiraHHs JaHHX, a TAKOXK OPKECTpPaIlii MoCIyT;

- CTaHOApTH3aIlisl MPOTOKONIB 1 aBTOMATH3AIlisd
KoH(iryparrii MepexeBHix eJIeMEHTIB;

- €IVHUHA MEXaHi3M aJMiHICTpyBaHHS i BUILICH-
HS pecypciB Mepexki 3a 3alUTOM U Pi3HUX MOCHYT i
(hyHKIIIIT;

- aBTOMATH3AIlisl YIIPaBIiHHSA, PO3TOPTAaHHI Me-
pekeBUX elneMeHTIB i Oi3Hec-TIporieciB.

KommiekcHe BUKOPUCTaHHS IIMX HOBUX BIIACTHUBO-
CTel TO3BOJISIE peaizyBaTH JUHAMIYHE IIiICTPOIOBAHHS
Mepexi MiJ moTpedW IOmaTKiB, IO ITiIBHUIIYE OIepa-
[iIfHy THYYKICTb 1 CIIPOIIY€E PO3TOPTaHHS ITOCIYT.
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Icayrots pi3Hi migxomam 1o ob6'exnanHs SDN 3
NFV. OckibKi KOHTpOJIEp BU3HAYAE, SIKUH €K3eMILISIP
BipTyanizoBaHoi MepexxeBoi ¢pyHkii (VNF) obciyrosye
TIaKeTH, SIKUM HOTpiOHI MepexeBi GpyHKii (st cTHCIIO-
cti, maketn NFV), makern NFV Moxyrs OyTn nepenan-
paBJIieHi Ha KOHTpoJiep 3 KomyraTopa. [Totim KoHTponep
nepecunae i nmaketd NFV B Bimnoigny VNF as Bu-
KOHaHHsI HEOOXiMHUX MepexeBux QyHKIiH. TodTo ma-
ket NFV Oynyte mpoxonuTn uepe3 KoHTponep. Llei
miaxin Oynemo HazuBati SDN 3 NFV mig koHTponepoM
(NFV_Bapianrl).

[HmMi nigxin nonsrae B TOMy, IO JEsKi 3 TaKeTiB
NFV BimnpaBisiOThCs 3 KOHTpOJiEpa, KOHTPOJCp BH-
3Havae, skui exsemmusip VNF oOcmyroByBatnme i
MAKeTH, 1 3aIIyCKa€e BIAMOBIHI Iii 1yt KomyTtaTopa. Ha-
crynHi nmaketn NFV, mo HanmexxaTb OJHOMY i TOMY X
MOTOKY, MOXYTb OyTH Oe3rocepesiHbO NepeHanpaBIieHi
B mneBHuil ek3emmusip VNF 0e3 kontponepa. Hamami
oynemo nHaszuBatu Iiei minxix SDN 3 NFV mo3a koHT-
ponepa (NFV_Bapiant2).

OcHoBHa MeTa J1aHOI POOOTH - MPOBECTH aHAJITH-
YHE MOJIENTIOBaHHs pi3HUX apxitektyp SDN / NFV.

OCHOBHA YacTHHA

[TpoBenemo anamiz nBox apxitekryp SDN, B skux
NFV 3HaxoauThCs MijJi KOHTPOJIEPOM a00 B CTOPOHI Bij
HBOTO, @ TAKOK PO3TJSIAIOTBCS MOTOYHI POOOTH TO
MozemoBanHio SDN.

B apxirextrypi NFV_Bapianrl, sfika npuBesneHa Ha
puc. 1, a, koHTpOJep Oe3mocepenHpo B3aemozie 3 VNF.

z 2 VNF

z z

< <

VNF :

: : )

= = Cepsicu

I — =

redirected SDN northbound interface

SDN

Controller Controller

redirected

ITnomuHa KepyBaHHS
TlnomuHa KepyBaHHs

redirected southbound interface

Flow table Flow table

Switch Switch

ITnonmaa qanux
ITnoumnaa 1aHux

m I.

Puc. 1. Apxitexrypa SDN: a — Tpaautiiina,
ne NFV 3naxoqurscst i ynpaBiIiHHIM KOHTpoOIepa
(NFV_gapiant1); 6 — NFV 3HaxX0muThCs B CTOPOHI
Bix kontponepa (NFV_papiant2)

3aranpHa IPOIEAypa BUNIAAA€ HACTYITHUM YHHOM.
Cmouatky maketr NFV norparuiste B komyratop. [Totim,
B 3aJ€XKHOCTI Bix mii B TaOmmii moTokiB, maker NFV
MIEPECIIAETHCS 10 KOHTposiepa. KoHTposep BU3HAYHTS,
sk exzeMiuiip VNF obOciyroBye #oro, i HammpaBHTh
foro mo 3amaHoro exzeMrunipy. Ilicast Toro, sk maket
NFV 6yne o6pobneHuit He0OXiTHOIO MEpEKEBOI0 PyH-
KIII€I0, BiH MOBEPTAETHCS A0 KOHTPOJEpa, 1 KOHTPOJIep

BiJIIpaBIIsie HOro Ha3a A0 kKomyTtaropa. OCKIIBKH JIis B
TaOJIHII TTIOTOKIB IepeHarnpaBiseThCs Ha KOHTPOJIEp, BC
naketd NFV, mo HanmexxaTb OXHOMY IIOTOKY, OyayTh
BiJIIIpaBJICHI HA KOHTPOJIEP.

OcHOBHa mepeBara Mi€l apXiTEeKTypH IIOJSTae B
Tomy, mo maketd NFV Moxyrs OyTu BiAmpaBieHi B
pizHi exzemrusipu VNF st GamaHcyBaHHsS HaBaHTa-
xeHHs. B apxitekrypi (NFV_Bapiant2), moka3anoi Ha
puc. 1, 6 [2], komyTaTop Oe3mocepenHbO B3AEMOIIE 3
VNF. B cucremi icHye MOIynb JIaHIIOXKKa CEpBICIB,
aKkuil BUOMpae cxoxi exzemmuisipy VNF i BuzHauae mo-
PAIOK JIAHITFO’KKA. MOZIYNb JIAHITIOXKKA CEPBICIB 3B'sI3y-
€TBCS 3 KOHTPOJEPOM dYepe3 TMiBHIUHI iHTepdeiicu
(northbound interface). ¥ miii apXiTeKTypi KOHTpOJIEp
BIJINIOBIZIA€ 332 BUTAT MEPEKEBUX MOIiH, 30ip CTATHCTH-
KM 1 aHaJli3 KOPHUCHOTO HaBaHTaKEHHS JUIsi BUOOPY Bij-
noBimHNX ek3eMIisipiB VNF 1 TX JaHIIOKKa 71 eK3eM-
wisipa NFV. Ilicns oTpuMaHHsS BiINOBiAI BiJ MOTYIs
00'eTHaHHS CEpPBiCIB KOHTPOJIEP BCTAHOBJIIOE BiJIIOBII-
Hy Jito B Komyraropi i Biampasisie naker NFV Hazan
J0 komyTtaTopa. Llei maker, sk i paHillie MOBHUHEH Iie-
petiti B VNF Bin komyTaTopa, mod orpumaru HeoOXif-
Hy MepexeBy ¢yHkuito. Hactynmni maxerm NFV, mo
HaJIe)KaTh OTHOMY 1 TOMY K MOTOKY, MOXYTh OyTH 0e3-
MOCEepPeTHhO MepeHaIpaBieHl Bij KOMyTaTtopa JI0 HeB-
Hux ek3eMiuiipiB VNF 6e3 koHTposiepa.

OcHoBHa mepeBara wLi€l apxXiTeKTypu IMOJSArae B
TOMY, 1o OinpmicTs nakerisB NFV moxiuBo nepecuia-
1 Oe3nocepennpo B VNF, 110 3HaUHO 3HWKYE HaBaH-
Ta)kKEHHs1 Ha KOHTPOJIEP.

Opqnak OinemricTe nakeriB NFV, 1mo HazexaTs 10
OJIHOTO TOTOKY, OyJqyTh MepeHarpaBieHi B OJUH 1 TOU
ke ek3eMIunip. Takum uuHOM, exzeMmiuisipy VNF Oy-
IyTh 30aJJaHCOBaHI 0 HABAaHTAXKEHHIO, 110 MPU3BOAUTD
JI0 OLJbII BUCOKOI THMYACOBOI 3aTPUMKH B HaJaHHI
MepeKeBUX (PyHKIIIH.

PoGorn 3 mozemroBanna SDN. Binomo Kinbka
po0it 3 anamituuHoro mojeinroBanHs SDN. Haeexgemo
KOPOTKH orJisi X podit. B po6oTi [3] MmopentoBaHHs
SDN 0yi0 BUKOHAHO 3 BUKOPHCTAHHIM TEeOpil MacoBo-
ro 0OCIYroByBaHHS 31 3BOPOTHHMM 3B's3koM. Ls Teopis
BUKOPHUCTOBYETHCSL JUISl JIEMOHCTpAIl B3aeMoaii Mix
TUTOIIMHOIO YIPABIIiHHS 1 TUIOMIMHOK JAHUX.

B poGoti [4] Oyno po3poOiieHO aHANITUYHY MO-
nenb Mepexxi SDN. VYV wiit poboti Oynu po3po0iieHi 00-
MeXEHHs po3Mipy Oydepa i 3aTpUMKH ITaKeTiB.

B pobori [5] mpencrapieHi MOMIMIIEHHS B MOPiB-
HstHHI 3 [3] nuisxom moxenmoBanHs SDN, sik Moaudiko-
BaHOI Mepexi J[ekcoHa. ABTOPH OLIHWINA IIBUAKICTH
nepenadi MakeTiB Bif KOHTpoJiepa JO0 KOMYyTaTopa, Tak
o (GaKTHIHO MOXKHA OyJI0 OTPHMATH 3arajbHY IIBHI-
KiCTh HAJIXOKCHHS MaKeTiB B KOMYTaTop. ABTOpH pO-
3MUPWIA CBOIO TOMEPEAHIO pOOOTY 1 3alpOonoHyBaIH
aHamiTHaHy Moznenb it SDN 3 mekinmpkoMa KOMYTaTo-
pamu [6]. Y wmiii Moaeni BOHH BHPaxOBYBAJIH CEPEIHIO
3aTPUMKY IIUIAXY BiJ JUKepena 0 MyHKTY NpU3HAYCHHS,
a He CepeIHI0 3aTPUMKY ITaKkeTa B KOMYTaTopi.

ABTtopu pobotu [9] BBakawTh, IO KOMYTaTOPH
MAalOTh J[BI YEPTH: Yepry 3 BHCOKHUM IIPIOPUTETOM [UIS
TIaKeTiB, BIAMIPaBICHUX Ha3aJ BiJ KOHTpoOJeEpa, i yepra 3
HU3BKUAM TIPIOPUTETOM JJIsi HOBHX IAKETiB, IO HAIXO-
JIITh BiJl iHIIMX KoMyTaTopiB. OTXe, MaKeTH, sKi MOBe-
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PTalOThCS KOHTPOJIEPOM, MAIOTh OUIBII BUCOKHH Mpio-
PHTET AJIS TOCTABKH, MI00 3MEHIIHUTH X 3aTpUMKYy. st
MOJAHHs 1€l CHCTEMH OyJ0 CTBOPEHO TPHBHMIipHHUH
cTaH (IOBXHMHA YeprH KOHTPOJiepa, JOBKHHA YEprH 3
BHUCOKHMM IIPIOPUTETOM 1 JOBXXKHHA Yeprd 3 HU3BKHM
MIpiOpUTETOM). ABTOPH BUBEIH MMOBIPHOCTI IEPEXOny
MIDX CTaHaMH i cripoOyBajH 3HU3UTH CKJIaJHICTh OTpPH-
MaHHs IMOBIpHOCTI CTaJIOTO CTaHy.

OnHak KomHa 3 BiIOMHX POOIT HE po3rJisijgana B
cBoix Mozemnsax oqHodacHo SDN ta NFV.

MonemoBanns cucrem NFV. IIpu monenroBanHi
piznux apxitekryp cucreM SDN 3 NFV, Oynu npuidnsTi
HACTYITHI TOMYIIEHHS:

- IIPOIIeC HAAXO/KEHHS TaHUX B KOMYTaToOp € Iy-
ACCOHABCKIM ITPOLIECOM;

- nmependavyaeThesl, MO Yac 00CITYrOBYBAaHHS IaKe-
TiB B MEPEXKEBUX MPHUCTPOSX OIMUCYETHCS EKCIIOHEHIlia-
JIGHUM PO3TIOILIOM;

- Yepry HECKIHUCHHI.

Po3risiHeMO apXiTeKTypy, Ky MH TMO3HAYMIH SK
NFV_Bapianrl.

[Tpu takomy Bapianti nodynosu SDN / NFV na
KOMYTaTOp HaaXonsaTh aAa Tumu nakeTiB NFV. Ie HoBi
NaKeTH, NIBUAKICTh HAJXO/PKEHHS SIKUX JOPIBHIOE A, Ta
NIaKeTH, sIKi MIOBEPTAIOTHCSI HA KOMYTAaTop 3 KOHTpoJiepa
(puc.1). LIBuIkicTh HAAXOMXKEHHS IAKETIB JPYroro
TUIy MOXXKHA OOYHMCIMTH TaKUM YHUHOM: OCKIUJIBKH TIie-
pendavaeTbes, M0 WMOBIPHICTD MOSIBU MAKETIB, sIKi 10~
TpeOYIOTh MepexeBUX (QYHKIIH, TOPIBHIOE Py mIBHA-
KicTh HajaxokeHHs makeTiB NFV Oyzne nopiBHroBath
PnvAdy - Lle BUIUIMBA€E 3 NPUITYIICHHS, IO HMOBIpHICTH
MOSIBU TMAKETIB, SIKI HOTPEOYIOTh MepexeBUX (YHKIIH,
JIOpiBHIOE Phyy .

[To3HaunmMo HMOBIpPHICTH TIEpEHANPABIICHHS T1aKe-
Ty Ha KOHTpOJIEp 3 KOMyTaTopa, siKk P, TOAl IIBUIKICTH
MaKeTiB, BIANPABICHUX KOHTPOJNEpa BiJ KOMYyTaTopa
4yepes MpoIycKy Tadmuii, gopiBHioe P.Ay. OnnHak i nsa
MIOTOKH MOXYTbH NEPEKPUBATH OIUH OTHOTO, TOMY ILO
nesiki maketn NFV MOoxyTh HaJXOIUTH 1032 TaOJHII.
TakuM YMHOM, AJIsI KOPEKTHOCTI aHAJITUYHOI MOJEN,
HEOOXI1THO BIAHSATH HMOBIPHICTH TX MEPETHHY.

Omxe, 3araqpHa LIBUIKICTh HAIXOKEHHS IaKe-
TiB, IO BIJNPABISETHCS BiJ KOMYTAaTOpa J0 KOHTpOJIE-
pa, IOpIBHIOE

(Pc + Pnfv - Pc*Pnfv) /10-

s mBUAKICTh € MBUAKICTIO, HATXOHKCHHS MaKe-
TiB BiJ KOHTpOJIEpa 0 KOMYTaTopa, MpH IbOMY Tepe.-
6avaeThes, Mo Oydep KOHTposepa He OOMEKEHH.

TakuM 4YMHOM, 3arajbHa IIBHIKICTH IMAKETIB, IO
HAJXOITH O KOMYTaTopa, BU3HAYAETHCS SK:

Al;apiaHTl — AO + (PC + Pnfv_ Pc * Pnfv)/lo =
= (1+ Pc + Pnfv- Pc* Pnfv) A,. (1)

OCKINBKH KOMYTaTOp MPEICTaBIsE COOOI0 Yepry
M/ M/ 1, cepenHro 3aTpUMKy TaKeTa Ha KOMYTaToOpi
mpu NFV_Bapiant]l MoxHa OTpHMaTH, BUKOPHCTOBYIO-
ABapiaHTl . . 6
qu A 1 IIBUJIKICTH OOCITYTOBYBAHHS [ig.
Takum 4nHOM, CEpenHs 3aTPUMKa Ha KOMYTaTopi B
TIEPIIIOMY BapiaHTi JOPIBHIOE:

BapiaHTl __
s =

t

1

= 2
us — (1 + Pc + Pnfv - Pcx Pnfv) A, @

Tak, sk MeBHa YacTHUHA HaKeTiB, 0 HAJXOMATH BiJl
KOHTpOJI€pa, NOTpanuTb B MOAYJIb VNF, 3aranbHa
MBUAKICTH TIOTOKY B VNF I[OpiBHIOCZ

BapiaHT1l __
Ay = Pnfvi, 3)

Otxe, 3aTpuMKa makera B VNF moxe Oyt Bupa-

JKEHa SIK:
t_f"Bapiantl = 1/(u_f — Pnfvi 0), 4)

7€ [y - WBHUAKICTH 00cmyroByBanns B VNF.

it KoHTpoNepa HaaXO/KEHHs MakKeTiB BinOyBa-
€THCS IBOMA CIIOCO0AMU: MEBHA KUTBKICTh MTAKETiB MOT-
paIuIsIoTh B KOHTPOJIEp 3 KOMYTaTopa, Tak caMo B 4yep-
Iy KOHTpoJepa MOTPaIUIAIOTh BCl MAaKeTH, sSKi 3ajuIia-
10T VNF.

[Mepimii BUNa 0K aHATIITHYHO MOYKHA OITUCATH, SIK
(1 + Pc + Pnfv- Pc* Pnfv)lo, Jpyruii sk -
Pnfvl,. O0'enHytoun aBa BHINAJAK{, 3arajbHy LIBHI-
KICTh Ha KOHTPOJIEPl MOXKHA 3aITUCATH TAKHMM YNHOM:

APPR = ppfydy + (Pc + Pnfv - Pcx Pnfv)i, =
= (1+ Pc + Pnfv- Pc* Pnfv) A,. (5)
SIk BKe 3a3HAYANIOCS - KOHTpoJep Mae uepry M /

M / 1, ToMy 3aTpUMKy MaKeTa Ha KOHTPOJEpi MOXKHA
o0uucnuTy 3a GopMyIor:

BapiaHT1 —
C
~ u.— (2Pnfv + Pc + Pnfv - Pc * Pnfv) 4, ©

t

Jie U, - IIBUJIKICTh OOCIYTOBYBaHHS Ha KOHTpOJEpi

Buxopsuu 3 BapiaHTy apXiTEeKTypH, IO PO3rJsijia-
eTbesi, KokeH naker NFV mNoBuHEH BiABimaTu uepry
KOMyTaTopa 1 KOHTpoJiepa JiBivi, a yepry monyns VNF
onuH pa3. TakuM YMHOM, MOXIIMBO OOUYMCIHUTH CEpel-
HIO 3aTpUMKy st akeTiB NFV, BUKOpPUCTOBYIOUM BH-
pasu (2), (4) 1 (6).

BusHaunMoO aHANITHYHO CEPEeIHIO 3aTPUMKY IS
naketiB NFV:

BapiaHT1

__ ,BapianTl BapiaHT1 BapiaHT1
3araJpHa t + Ztc + Zts . (7)

t f

[IpoBenemo aHaii3 BapiaHTy apXiTEKTYpH, SIKYy MU
no3Haumy, sk NFV_Bapiant2.

3 puc. 2 BUAHO, IO HA KOMYTaTOp HAIXOAATH /1B
THUIH TIAKETiB: HOBI ITAKETH Ta MAKEeTH, SKi IepeHarpas-
TAI0ThCA 3 KOHTpoiepa. OTke, 3arajgbHa IIBHIKICTH
MIOTOKY JIOPiBHIOE:

ABapiaHTZ — /10 + PC/lO = (1 + PC) /10. (8)

S

Cepennst 3aTpUMKa MaKeTiB
OyTH BHpakeHa SIK:

B KOMYTaTOpi MOXe

; 1
tBaplaHTZ — ) 9
s us — (1 + Pc) 4, ©)
3aranpHa mWBUAKICT TOTOKY B VNF nopiBHIOE:
AP = prfpl, (10)

OTxe, cepennro 3aTpumky nakeriB VNF s Bapi-
AHTy 2 MOXIIMBO 3aIUCaTH, SIK:
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i 1
BapiaHT2
t p. —

f  pyp— Pnfvdy’

[Nakern, sxi MOTPeOYIOTE 0OPOOKH KOHTPOJIEPOM,
MTOBUHHI HAJICHIIATUCS HOMY 3 KOMyTaTopa. Takox Tma-
KETH, IO BiJXOAATH BiJl MOIYJs JIAHITFOKKA CEpPBICIB,
3HOBY MOTPAIUIATH Y Yepry KoHTponepa. [loenayroun i
JIBA BUIAJIKHU, 3arajbHY MIBHIKICTh TIOTOKY JO KOHTpPO-

€80

BapiaHT2 __ BapiaHT2 BapiaHT2 BapiaHT2
tsaranbl-la - PC(Zts + 2tc + tsc +

ianT2 iaHT2 iaHT2
+t;ap1aHT ) + (1 _ Pc)(t;aplaHT + t:aplaHT ) —
— (1 — Pc )t:apiaHTZ +2 Pct:apiaHTZ +
Pct:éipiaHTZ + tBapiaHTZ_

f ’
BapiaHT2 . .
Jc tsc — CEpCAHsA 3aTpHUMKa MAaKETIB Y MOAYJI1 JIaH-

ITFO’KKa CEpPBICIB.

Jlepa MOYHA 3aIHCaTH SIK:
APP2 = pepo + (Pcx Pnfv)d, =
= (14 Pnfv)PcA,.

BucHoBku

YV poboTi mpecTaBIeHO MOJIEII IS IBOX apXiTeK-
Typ SDN y noemnansni 3 NFV. IIpoBeneHo aHami3 1Box
apxitekTyp SDN, B sxkux NFV 3HaxXomuThcs mig KOHT-
posiepoM abo B CTOPOHI BiJl HhOr0. BU3HaYCHI aHATITH-
YHI MOZENI IJ1s cepetHbOl 3aTprMKH J1tst nakeTiB NFV
BapianT2 _ 1 Amnaniz 3atpumku mnaketriB NFV mpoBoauscst 3a
¢ " p.— (1 + Pnfv) Pcly JIOTIOMOT0r0 Mozieni M/ M/ 1.

B HacTynHux poOorax IuIaHyeThCs MepeBipKa BH-
TakuM 4MHOM, MOXXKEMO OOYHCIUTH CEPEAHIO 3a-

. . KJIaJICHOTO aHali3y LUISIXOM IPOBEAEHs iMiTaliifHOro
TpuMKy Ut makeTiB NFV ans BapianTy, 110 posrisaa-
. MO/ICITIOBAHHS.
€THCSl TAKUM YHHOM:

(12)

OckinbKH, KOHTpOJIep € cucremoro M / M / 1, 3a-
TPUMKY MaKeTiB Ha KOHTPOJIEPi MOXKHA PO3PaXyBaTH SK:

t
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Analytical simulation of SDN/ NFV
Olha Zinchenko, Viktor Vyshnivskyi, Valerii Hladkykh, Serhii Prokopov, Oleksandr Zvenihorodskyi

Abstract. Traditional telecommunication networks were designed for the use of specialized hardware devices (routers,
Ethernet switches, etc.). These devices were created on the basis of specific hardware and software platforms of individual ven-
dors. The deployment of such network devices has led to long cycles of design and commissioning, and, consequently, to a slow-
down in the introduction of new products and services. Maintenance and management of networks of this type has been and re-
mains quite inefficient and expensive. The sharing of SDN and NFV changes the traditional paradigm of network construction,
which is how the operator designs, develops, administers the network, and provides products and services to users. Such a para-
digm shift can provide many technological and operational benefits. The paradigm shift is aimed at a fundamental rethinking of
the cost structure of the operator and the mode of its operational processes. This shift, when used properly, is also able to provide
fast and flexible on-demand services development, which increases the operator's competitiveness in the telecommunications and
information services market. The article analyzes the advantages of implementing modern technologies for virtualization of network
functions. Combining SDNs with NFVs has great advantages, but the problem is their integration. In general, the article is devoted
to the study of ways to integrate virtualized network functions and the SDN controller. There are two possible architectures for this
integration: the SDN controller interacts with virtualized network functions (VNF) or the switch interacts with VNF. This article
provides an analytical description of both options. Thus, the article aims to create a mathematical model for analytical modeling of
SDN with NFV and ultimately increase productivity and accelerate the introduction of modern network technologies.

Keywords: virtualization of network functions, SDN, queuing systems, OpenFlow.
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EKCIIEPUMEHTAJIBHI JOCJIVKEHHSA TACUBHUX ITEPEIIKO/I
HOBJIN3Y A30BCBKOI'O MOPA ITPU HAABHOCTI TPOITIOC®EPHOT' O
PAJIOXBUWJIEBOAY JEHUMETPOBOMY JIAITA30HI XBUJIb

AnoTtanisi. HaBeneHi pe3ynbraT eKCHEpHMEHTAIBHOTO JOCIIDKEHHS MTACUBHUX IIEPENIKO] Y paioHi A30BCHKOI0
MOpS TS paTiONIOKANIHHUX CTAHITIH JACIMETPOBOrO Jliana3oHy eJICKTPOMAarHiTHUX XBHIIb. [IpoaHatizoBaHO METEOpO-
JIOTIYHI YMOBH IOSIBH ITACHBHHX II€PEIIKOJ [UKEPENIO SKUX 3HAXOJUTHCS 32 MEKEIO paJiOrOpH30HTY IPU HasiBHOCTI
TporocdepHOro paaioXBHICBOMY JUIS TPUOEPEKHOT TO3UIIIT paIiooKaniiHoI cTaHmii. B X0/ ekcrepruMeHTy oTpruMa-
HO, IO TAJIbHICTB TIOMHMPEHHS eJIEKTPOMArHITHUX XBWIIb TIPH HAasBHOCTI TPOIOC(EPHUX paIiOXBHIEBOIB MOXKE CYTTE-
BO TepeOUTBIIYBAaTH JANBHICT IOAO pazgioropn3oHTy. OqHaK HPH BOMY 3pOCTAE BIUIMB JOJATKOBUX IACHBHUX IIe-
PEIIKOI, SIKi 3aXOMIThCS, SIK Y MEXKI TaK i 32 MEXEI0 paioropu3oHTy. [IpHdnHOI0 I[OT0 BBaXKAIOTH CTaH Pamiodi3HIHIX

XapaKTEePUCTUK Tporocdepy HaJl MOPCHKOIO ITOBEPXHEIO.

KamwdoBi caoBa: ekcriepuMeHTAIBHI JOCIIKCHHS,; JSIIUMETPOBUH Jlialma3oH; MACUBHI MEPEIIKOIH, JHKEPEIIO SIKHX
3HAXOINTHCS 38 MEKEIO PaliorOPH30HTY; TPOIIOCHEPHUIT paioXBIIEBI y30eperoKst A30BCEKOI0 MOPSL.

Beryn

ITocTanoBka npodaemu. CydacHuil po3BUTOK Ha-
YKH 1 TeXHONOrii [03BOJSIE aKTHBHO BHKOPUCTATH
OCTaHHI JIOCSATHEHHS B 3aco0axX TMOBITPSHOTO Hamany.
Hanpuknazn, Mae po3BUTOK 3aCTOCYBaHHs O€3MIIOTHHX
3ac0o0iB MOBITPSHOIO HAIAIy PO3BIAKU Ta 3HUIYBAHHA
BIMCHKOBHX Ta NUBIIBHHUX 00’€kTiB [1]. be3minoTHi 3a-
coOM MOBITPSHOI'O HAmaay MarTh Mald eQeKTHBHI
MOBEPXHI PO3CIIOBaHHS, MIMPOKHH Jiana30H HIBHIKOC-
Teil Ta BUCOT nonbotry. [yisi pajionokaniiiHoro BUsBY
0e3MiIOTHUX 3ac00iB MOBITPSHOI'O HAIaay Ta HABEJIEH-
Hs 3aCO0IB MIPOTHUIIOBITPSIHOT 00OPOHH MOTPIOHO MOOY-
JIOBa CreLiaIbHUX pajionokaniitnnx cranuii [18]. s
TAKUX PATIONIOKALIMHUX CTAHIH y IPHOEPEKHOMY pe-
rioHI HEeoOXiJHAa JOAAaTKOBA OIlHKA iX MepenIkomo3a-
XHIIEHOCTI BiJl JIONATKOBUX MACUBHHX IEPEHIKO, SKi
3HAXOJATHCS, SIK Y MEXKI TaK 1 32 MEXKEI0 palioropu30H-
Ty [15, 16].

AHani3 giTepaTypu BiTYM3HAHHUX i 3apyOimKHUX
aBTOpiB. BilicbkoBi KOH(IIKTH OCTaHHIX POKIB CBij-
YHUTh MPO 3POCTAIOYY POJIb OE3MIIOTHUX 3aCO0IB MOBIT-
PSIHOTO Hamaxy MpH 3HUILEHHI BIICBKOBOI TEXHIKH, KO-
MaHIHUX ITYHKTIB Ta 1HIIUX 00'€KTIB AEep>KaBHOTO 1 Biii-
cekoBoro npusHadeHHA. [IpoBemenns Omnepamii O0’en-
HaHnX Cun mo6mu3y A30BCBKOrO MoOps 301IbIIye iMoO-
BIpHICTb HaJeTiB OE3MIIOTHUX 3acO0iB TOBITPSHOTO
Hamanay 3 00Ky A30BCBKOTO MOpSI HA MaJIMX Ta TpaHHY-
HO Maymx BHcoTax [1-3]. V Takux ymoBaxX HambHICTH
BUSBIICHHS OE3MUIOTHUX 3acO0iB MOBITPSHOTO Hamamgy
oOMexeHa JabHICTIO PaliorOPU30HTY, sIKa HEJOCTATHS
i ix epektuBHOrO 3HUIIEHHS. [lomyk muisaxiB 30171b-
IIEHHA JAJbHOCTI BHSABY MAJIOBHCOTHHMX OE3MiJIOTHHX
3aco0iB TMOBITPSHOTO HAamagy BeAe IO HEOOXiTHOCTI
BUKOPUCTAHHS CIENU(DIYHUX YMOB IOIIMPEHHS EIEKT-
POMarHITHUX XBWJIb Y TPOIOC(HEPHUX PadioXBHICBOAAX
Hag MopeM [4-9, 15, 16]. YV mmx yMmoBax JOKallis 3/iic-
HIOETBCS B YMOBAaX CTICIU(ITHNX MACHBHUX TMEPEIIKOI,
JUKEpEeJIo SAKUX 3HaXOIUTHCS, K Y MEXI TaK 1 32 MEXEr0
pamioropusonry [8-14, 17].

CTaTTa IpUCBSYEHA pe3ysibTaTaM eKCIIepHMEHTa-
JBHUX JOCHIKEHb ITaCHBHUX TMEPEIIKO]], DKEPEeIoM
SKUX € BIIOUTTS BiJl TPCHKUX MACHBIB, 1110 3HAXOJSTHCS
32 MEXEI0 PaJiorOpU30HTYy Ta ONTHYHO HeOaueHHX
00’€KTIiB — “JTyHa - aHTeNmiB”.

Meta cTaTTi: OLIHKA PE3yNbTATiB JOCITIKCHHS
JIOIATKOBUX TACUBHUX MEPElIKO]| NEIUMETPOBUM pa-
JIOJIOKAI[IHMM CTaHIIIM IMOOJIM3Y A30BCHKOTO MODS
SIKi 3HaXOMATHCS, SIK Y MEXKI TaK 1 32 MEKEI pajiioropu-
30HTY.

Buxkiaan ocHoBHOro martepiany

JocBin excrutyaTanii paxioioKamiiHUX CTaHIIiH,
SKi po3MileH] Mo0ar3y A30BCHKOTO MOPSI TIOKA3Ye, IO
JAJbHICTh HOIIMPEHHA eJIeKTPOMAarHiTHUX XBWIb HPH
HasIBHOCTI TPOMOC(EPHUX PaJTiOXBUIEBOMIB MOXKE CYT-
TEBO MepeOiIbIIYBaTH NANBHICTh MIONO PajliorOpH30H-
Ty. OfHAaK IpH [BOMY 3pOCTa€ BIUIUB JOAATKOBHX Ila-
CHBHHUX TEPEIIKOJ, SKI 3aXOMIThCs, SIK Y MEXI Tak 1 3a
MeXer paaioropu3onty [2, 3]. IIpuuuHO0O IIHOTO BBa-
JKAKOTh CTaH Pafiodi3MYHUX XapaKTepUCTHK Tporoche-
pH Haja MopchKkoro moBepxHeto [8, 19-23]. Excrniepumen-
TaJIbHI JIOCITIJPKEHHS, TIpoBeieHi B XapkiBcbkomy Harri-
oHanpHOMY YHiBepcuteTy IloBiTpsHux Cun im. [BaHa
Koxeny6a [4, 5] mo3Bommimm oTpUMaTH XapaKTepUCTH-
KA TACHUBHHUX IEPElIKOl, SKi MOXYTh BHHHKATH IIPH
iCHyBaHHI Tpomoc(epHHUX paJiOXBWIECBOMAIB IMOOIH3Yy
A3OBCBKOTO MOPSI.

SIx BiZOMO, OCHOBHUM 3aCO00M 3a0e3IeueHHs I1e-
PeIIKOI03aXUIIIEHOCT] BiJl MACHBHUX IIEPEIIKOJ € 00Y-
JIOBa CIIEIiaIbHIX CHUCTEM OOpOOKM CHUTHANIB y paiio-
JIOKAIIMHUX CTAHIIAX, AKI 3HAXOMITHCS IIiJ BIIMBOM
nacuBHUX Trepemkoy [2]. Cucremu oOpoOKHM pamiono-
KallifHIX CTaHI y MacMBHUX NEPEITKOAax, 3a3BHUYaH,
OyayIoTh 3a YMOBH CTAIliOHAPHOCTI Ta HOPMAaJbHOCTI
YAaCOBHX Ta CIEKTPAIBHUX XapaKTepPUCTHK IMACHBHHX
HEePEIIKO.

BinMiHHICTE YMOB TOIIMPEHHS €NIEKTPOMATHITHAX
XBWJIb BiJl CTAaHIAPTHUX, AKi iICHYIOTh B NPHOCPEIKHUX
paifoHax A30BCBKOI0 MOpsl IIpH iCHYBaHHI Tporocdep-
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36’a30K, menexomyHnikauii ma padiomexuixka

HUX PaTiOXBUIIEBOJIB , MOKE MPU3BOJUTH 0 HEBHKO-
HaHHA Takux ymoB [8, 13, 10].

Jist KoKHOT To3uMii paJioNoKaniiHol cTaHMii ma-
CHBHI TIEPEIIKOAM MAloTh CBOI 4acoBi, CIEKTPalbHi i
CTaTHCTUYHI XapaKTepUCTUKUA. ToMy HEOOXiTHO IOCIi-
JMTh TIACHBHI IIEPEHIKOAN IJISl PI3HUX TNPUMOPCHKUX
MTO3UIIIN PaTioIOKAIIMHUX CTAHINH Ta OTPUMATH ycepe-
JHeHi 1 pesyabraTa [14].

Hocnimkenas (i3MIHUX MPOLECIB HAJ aKBaTOpis-
MU BHYTpILIHIX MOpiB [2, 3] cBi4aTh mpo Te, M0 3MiHH
KJIiMaTy 30iJbIIYIOTh IMOBIPHICTH IOSIBU Tpomocdep-
HUX pPaJiOXBUIICBOAIB HaJ A30BCHKUM MopeM. Tomy
3pOCTa€e BIPOTIAHICT TOSBH JTOJATKOBHX ITACHBHUX
TIEPEIKO/, K 3HAXOAATHCA, K Y MEXI TaK 1 32 MEXero
panioropuszonty [12, 13, 15, 21]. Mereoposori4si npo-
Lecu, MpU SIKMX MOJXJIMBE YTBOPEHHS TPONOC(EpHUX
PamioXBHJICBOMIB JeTalbHO onucaHi B [7, 8]. Mereopo-
JIOTIYHI TIPOLIECH , IO BiAOYBAIOTHCS B NMPUOEPENKHHX
paiioHax A30BCHKOI'0 MOpS HECTalliOHAPHI, TOMY CTaTH-
CTHYHI TIapaMeTpy NAaCHUBHUX IEPEHIKO/, 10 3HaxXo-
JSITBCS SIK Y MEXI, TaK 1 32 MEXeI paJioropH30HTY,
ictoTHO HectauioHapHi [9, 11, 13, 15] matoth cnaly
KOpEJIALS 3a 4acoM, 3a a3UMYTOM H 3a KyTOM MicTa.

Jnist OTpUMaHHs XapaKTepPUCTUK MAaCUBHHX IIepe-
mKOJ 1003y A30BCBKOIO MOpSI CIHIBPOOITHUKAMHU
XapkiBcbkoro HamionansHoro YHiBepcurery IloBiTps-
Hux Cun im. IBana Koxenyba Oyna mpoBeleHa HH3Ka
eKkcriepuMenTiB [4, 5].

VY excnepumenrax [4, 5], B sikocTi BUMiproBaya ma-
CHBHUX IEperIko]] 0yJI0 BUKOPHCTAaHO TUIIOBA TPhOXKO-
Op/IMHATHA pAaJiONOKalliiHA CTaHIis ACUMETPOBOrO
Jliana3oHy, MO3UIlis, SKOI 3HAXOAWUTBCS Ha Y30eperiKi
Asoscbkoro mopst (puc. 1).

Janbus rpanuua =

0
-
|

30HI BHABNE = —
8 - -
<o = naBucori 100 M5 @ : o

i 7 % K
- — - L
- == ."l.-’.

—’ S— - —
~ "T.:'\ 2

Puc. 1. [Tozuuis PJIC, sika 3HAXOAUTHCS HA y30epexoKi
A30BcbKOro Mops, xepeno: [4, C. 8]

Bucora §a3oBoro meHTpy aHTEHH pajioioKalliii-
Hoi craHIii 30(m).

MaxkcumanpHa JadbHICTE il
cranmii 150 (km).

Merorka BUKOHAHHSI €KCIEPHUMEHTAIBHUX J10C-
JIJDKEHB CKIIaIallacs y HACTYITHOMY:

- pamioJyOKaIiiiHa CTaHIsI BMHUKAIACh y PEKAM
OTJISIY MIPOCTOPY HA MAKCUMAIbHY JalbHICTh;

- BUMHKAJIaCh CUCTEMa 3aXUCTYy BiJl MACUBHHX Iic-
PpeLIKo;

- pamionokariiiiHa 0OCTaHOBKa CIIOCTEpiransach 3a
JIOTIIOMOT 010 iHAMKaTopa kpyrosoro oriny (IKO);

panionoKaritHol

- SIKIIIO Ha TPOTs31 OMHOI XBWJIMHU HA 1HAWKATOPY
KPYT'OBOT'O OTJISITY 3 SIBIISIIOCS BiAMITKH, SIKi OYJI0 MOX-
JMBO imeHTH(IKYBaTH, SIK TAaCHBHI IEPEIIKOan, 300pa-
JKeHHsI 1HIMKaTopa KPYyroBoro oy (ikcyBajoch 3a
JoromMororo ¢oroanapary;

- aMIUTiITyJa TacWBHHX IIEPEIIKO/l BUMIpsIacs y
KaHaTy (opMyBaHHs KEpPYyIOUOTro CUTHAIY MHUTTEBOI CHC-
TEMH aBTOMaTHYHOI'O YIPABIIIHHS ITiJCHIIOBAa4Ya IPOMi-
JKHOT 9aCTOTH TIpHHMaya paJiioJIOKaIifHOl CTaHIIi;

- otpuMaHi Qororpadii HakIazaNocs Ha KapTy Mi-
CLIEBOCTI;

- (pikcyBanMCh METEOPOINIOTIUHI YMOBH.

Ha puc. 2 HaBeneHO XapakTepHUI BUIIIAL 1HAWKA-
TOpa KPYroBOTO OTJIAY MPH MOSBH MaCHBHHUX MEPEIIKOI.

Puc. 2. Burnsa IKO npu nosii
MacuBHOI mepenkoay, xepeno: [4, C. 10].

Juist inentudikanii nacuBuux nepemkon (I111) no-
piBHsUIacs Kapra NPOBEIEHHS EKCIEepUMEHTYy 1 300pa-
JKEHHsI {HIMKAaTOpa KPyroBoro Orysiay.

Ha puc. 3 HaBemeHO pe3ynbTaTd HaKIaJaHHS 30-
OpakeHHs1 IHAMKATOpa KPYroBOrO OINISAY HA KapTy
HPOBE/ICHHS CKCIIEPHMEHTY.

Jlanbus 30Ha S
BHABJICHHA
Ha BHCOTI

Puc. 3. Pesynbrat Haknaganus 300paxents IKO
Ha KapTy MPOBEACHHS eKCIIEPUMEHTY, kepeno: [4, C. 16]

Ha puc. 2, 3 MmoxxHa mobauuTH, 001acTi IHTEHCUB-
HUX TmacuBHUX rrepermkox (1)-(2).

O6macts (1) 32 GopMOIO 1 TIOTOKEHHSAM BiIIOBITAE
Kepuencekomy miBocTpoBy. O6macTs (2) BKazye Ha Te, 10
11l TIACHBHI TIEPEIIKOIN BUHUKITN BHACIIIOK BiTOUTTIB Bif
KaBka3pkux Tip, sIki poO3TallOBaHi Ha BiJCTaHi, OUTBIIIH
IHTEpBaTy OMHO3HAYHOrO BUMiproBaHHs manmbHOCTI PJIC.
[Hmi BiZOWTTS HE HaANEXKaTh HISKAM TeorpadiyHuM
00’€KTaM, TOMY BBKAIOTCS “TTyHA - aHTENamu’ .
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[MiBHiunuit Oeper KepueHchKoOro miBocTpoBa €
ypBUCTHM, i3 mpuOepexxHuMH Bucotamu 10 100 m. B
MIBHIYHIM YaCTHHI MIBOCTpPOBa 3HAXOJUThCS Topa Masik
i3 Bucotoro 189m. IleHTpankHa yacTHHA MIBOCTPOBA MA€E
OiJIBII TTOJIOTHH penbed.

[lixBummenHst penbedy MOYMHAETHCS ONMKYE 10
MIIBHIYHOTO Y30€pexoKs 13 MakCUMalbHUMH BUCOTaAMH
120-180 m. Tomyna IKO PJIC € BimOWTTS JuIIe Bif
MBHIYHOT YaCTHHU MiBOCTPOBA.

Just y36epexckst KepueHCBKOro miBOCTpOBa Jlalib-
HICTB JIO paJliorOpPU30HTY B TPH HOPMaJIbHIH pedpaxiiii
cKkiamae 64 kM, 10 MEHIIE JaJIbHOCTI BIJOUTTS 30HHU
(1). Ansa ropu Masik NanbHICTh IO PaiOrOPU30HTYCK-
nmagae 80 kM, MO Maibke y JBa pa3uW MEHIIE, HiX Biac-
TaHkb, 3 AKOI OyITH oTpuMaHi BinoutTs [6].

[IpoBeneHo anaii3 rpalieHTy 1HIEKCY 3aIOMJICHHS
TIOBITPs 32 BUCOTOIO (—gN ) Ta METEOPOJIOTIYHUX YMOB

y MicTi mpoBeneHHs1 ekcriepuMmeHTy mpu mosiBi [,
JDKEpEeJIo SIKUX 3HaXOMUThes 3a Mexero PI'. BiH moka-
3ye, o I1I1 BUHUKAIOTB, SIKITIO

(-9n)=0,19N (00./ m).

JIT (—gN)SO,lgN (0()./M) nonatkosi I He

BUHUKAIOTH [6].
[HIEeKC 3aJOMJICHHS MOBITPS 3aJI€KHUTh BiJl MOTOY-
HHUX METEOPOJIOTiYHUX YMOB [2, 6]:

77,6 4810e,
= T P, + T

n n

N

, )]

ne (T,) — Temneparypa nositpst B K°; (p,) — armoc-

epHuit THCK B MO; (€, ) — THCK BOASHOI napu B MO.

AHani3 npu3eMHHUX METEOPOJIOTIYHUX JIAHUX B TO-
yii posmimenns: PJIC He Bka3ye Ha iX 3B’S30K 3 IMOsI-
Boro I1IL

B xozme mocmipkeHHs ITOKa3aHO, IIO TMOTYXHICTh
nacuBHUX nepemkos y 30Hax (1) i1 (2) OLIblI HOTYXKHO-
CTI BHYTpIIIHIX UIYMIB MNpuiiMada pajioioKaIiitHol
CTaHIT Ha BXOJi MPHUCTPOIO BusiieHHs: Ha 10 — 20(ab),
10010 B 10 — 100 pazie (Por/ Prmp min=10-100), o
MOXe TepeOlIbIIyBaTH JMHAMIYHHUIN Jiana3oH npuiiMa-
4a pajionokaniiinoi craHmii. ToMy BHUsBICHHs HiieH y
3o0Hax (1) 1 (2) mMaiike HEMOXKIIHBO.

3 MOsBOIO TPOHOC(EPHUX PaTiOXBUIEBOIB € 3pO-
CTaHHA UIJIBHOCTI Ta IHTEHCHUBHOCTI “IIyHa - aHTeNiB”,
SIK B MEXI1 Tak i1 3a MEXer paxioropu3oHTy. Makcnuma-
JIbHA IHTEHCHBHICTh “NyHa - aHremiB” 3aikcoBaHO Ha
Bucorax 30...3000(Mm) 3a mampHicTIO 50 — 150(xMm).
“Jlyna - aHrenu” CHOCTEpITajucs y BHUINIALY TPYI 3
3...5 okpemux “TyHa - aHTEINiB”.

[IinpHiCTS “TyHA - aHTENIB” y MEXKHU Paioropu-
3ouTy cknagano 0,3...0,5 (1/M?), a 3a Mexero pajioro-
pusonty 0,1...0,01 (1/M?). OTpuMaHO, MO IIIBHICTH
3aJIeXKITh BiJl JANBHOCTI, TeorpadiuHix KOOpAWHAT “IIy-
HA - aHTEIIB”, CE30HHUX U MOTOJJHUX YMOB y MICTi ITpO-
BEJ/ICHHS CKCIIEPUMEHTY.

Yac icHyBaHHS “nyHa - aHremniB” ckimanae Big 10
cek 110 10 xB y ToMy camoMyesnieMeHTy po3noziny. Kyru
MicTa, TiJl SKHMU BUSBISUIHCSA “JIyHa - aHTenw’, CKJa-
Jamu 00 60.

I'eomerpuuni po3mipu “myHa - anrenis” — 50 —300
(m). lommiepiBCchbKuid CIEKTp “TyHa - aHTeNiB” CKIanaB
2 -5 (x['m), mo BixnmoBigae mBuakocti i V=360 —
900xm/ron. TumoBa cMyra pe3eKIlii ACIUMETPOBUX pa-
JoOKaIiiHuX cTaHIii ckianae 1(kI'm), mo BiamoBigae
mBuakocTi 1im Vi=180(km/romx). ToMy, AKIO IIBHI-
kicth 1im 180(km/rom.) < Vi <900 (xkm/rox.), iMOBIp-
HICTB 11 BUSIBJICHHS y TACUBHHX IEPEIIKOJ] TUITY “TIyHa -
aHremniB” pi3ko 3MEHIIYETHCS.

IHTeHCHBHICTh “TyHa - aHreniB” 301IbIIYETHCS
NpY 3MEHIIEHH] KyTa MicTa, 10 CBiI4iTh o Oaratomn-
POMEHEBHII MeXaHi3M TMOILIMPEHHsI eIEeKTPOMAarHiTHUX
XBWIb y TPONOC(EPHUX pPaZiOXBUIEBOAAX y JCIHMET-
poBoMy aiamasosi [8, 21-25].

BucHoBku

HocnimxenHs (i3MYHMX MpOLIECIB HAJ aKBaTOPisi-
My HopHoro Ta A30BCHKOTO MOPIB CBiA4aTh MPO TE, 10
3MiHHU KJTIMaTy 30UIBIIYIOTh BipOTiAHICTh MOSIBH TPOIO-
cepHOro paioXBUIEBOAY HaJl MOPEM.

Tomy 3pocrae BipOrifHICTh TOSIBM MACHBHUX IIe-
PEIIKOJ, JKEPENo SIKMX 3HaXOAATHCS 3a MEXKeEo paxio-
TOPU30HTY. MeTeopoIorivHi MPOIeCcH, O BiJ0yBalOTh-
csl B PUOEPEKHUX paiioHaX 1 HaJl MOpPEM HecTallioHap-
Hi, TOMY CTaTHCTHYHI TTapaMeTpH MaCUBHHUX TEPELIKOI,
SKi JIIOTh 32 MEXH PaliorOPU30HTY, ICTOTHO HEeCTallio-
HapHi.

[IpakTH4HO OTpHMaHO, IO MOOIN3Yy A30BCHKOTO
mopst it PJIC nmenmmerpoBoro Aiana3oHiB XBHIb MPU

(-9n ) =0,19N (00./ M) BMHMKAIOTH NACHBHI meper-

KOIHM, JDKEPENIO SAKHUX 3HAXOMATHCS 32 MEXEI0 Pasioro-
pu3oHTy. Lli mepemkoay MarTh BUCOKY iIHTEHCHBHICTD
Ta IUPOKIN JOIUIEPIBCHKHI CHEKTp, SKUH MOXe Iepe-
OlUBIIYBAaTH CMYTY PE3eKIlil CHCTEM 3aXUCTy THUIOBUX
npucTpoiB 00poOku icHyrounx PJIC.

30ipIIeHAS 1HTEHCHBHOCTI MACHBHUX IIEPEIIKO.
TIpY 3MEHIIeHH] KyTa MiCTa CBiIYiTh Ipo OaraTompome-
HEBUI MeXaHi3M NOIIMPEHHS eIEeKTPOMArHiTHUX XBHJIb
y TponocepHuX pagioXBIICBOAAX LIS PaioiOKaIlii-
HUX CTaHLIN JEIUMETPOBOro Aiama3oHy moonn3y A3oB-
CBKOTO MODSL.
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Experimental studies of passive interference near the Azov sea
in the presence of a tropospheric UHF waves

Vladimir Karlov, Igor Leonov, Andriy Nos, Serhiy Leushyn, Mykola Oleschuk

Abstract. Experience in the operation of radar stations located near the sea shows that the range of electromagnetic
waves in the presence of tropospheric radio waveguides can significantly exceed the range relative to the radio horizon. Howev-
er, this increases the impact of additional passive interference, which enters, both within and beyond the radio horizon. The rea-
son for this is considered to be the state of radiophysical characteristics of the troposphere above the sea surface. As you know,
the main means of ensuring noise immunity from passive interference is the construction of special signal processing systems in
radar stations, which are under the influence of passive interference. Radar station processing systems in passive interference are
usually built under the condition of stationarity and normality of time and spectral characteristics of passive interference. The
difference in the conditions of propagation of electromagnetic waves from the standard ones that exist in the coastal areas of the
Sea of Azov in the presence of tropospheric radio waveguides may lead to non-compliance with such conditions. For each posi-
tion of the radar station passive interference has its own temporal, spectral and statistical characteristics. Therefore, passive ob-
stacles for different coastal positions of radar stations were investigated and averaged results were obtained. Studies of physical
processes over the waters of the inland seas show that climate change increases the likelihood of tropospheric radio waves over
them. Therefore, the probability of additional passive interference, which is both within and beyond the radio horizon, increases.
Meteorological processes occurring in the coastal areas of the Sea of Azov are non-stationary, so the statistical parameters of
passive interference, both within and beyond the radio horizon, are significantly non-stationary have a weak correlation in time,
azimuth and city angle.

Keywords: experimental studies; decimeter range; passive interference; the source of which is beyond the radio horizon;
tropospheric radio waveguide; the coast of the Sea of Azov.
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METO/I PO3PAXYHKY PO3MIPY BY®EPHOI ITAM’ATI

CAMOBIJTHOBJIIOBAJIBHOI'O CETMEHTA TEJEKOMYHIKAIIMHOI MEPEXKI

AHoTanisi. Y crarTi 3aIporoHOBaHo ITiIXi/T 10 po3paxyHKy po3Mipy Oy(epHOI maM’sTi caMOBiTHOBIIIOBAIEHOTO CErMEHTa
Mepexi nepenadi naHux. [lpeamerom aoc/aigKeHHsI € aBTOHOMHI CETMEHTH TEJICKOMYHIKAIIIHOI MEepexi, SKi BOJIOIIIOTH
BJIACTHBICTIO caMOBitHOBIICHHS. 00’ €KTOM I0CTIiIzKeH S € Tpoliec popMyBaHHS Miclb Y OydepHili mam’siTi aBTOHOMHOTO
CETMEHTA, SIKUIl J03BOJINTH 3MEHIINTH HMOBIpHICTB BTpaTH akeTiB. HaykoBa HOBH3HA TOJsrae B yOCKOHAICHHI METOIY
pO3paxyHKy po3Mipy OyhepHOI maM’sTi caMOBITHOBIJIIOBAJIBHOIO CETMEHTA TEJICKOMYHIKAIIMHOI MEpEeXi MpH 0OMEKEHHX
MEpEeXXHHUX pecypcax MUIIXOM BH3HAYEHHS MiHIMAIFHO HEOOXiTHOI KiTbKOCTI Micib. BukopucTani MmeToan. OcHOBHI Teo-
PETHYHI TIOJIOKEHHST 0a3yloThCsl Ha Teopil BHKHAIB BHIAJIKOBHX IporeciB. Pe3yasTraTn. Bu3HauaroThcs MiKOBI BHKHIN
Tpadika. 3aTpuMaHi NakeTH MOXXYTh OYTH TepejaHi B MOMEHTH 3HIDKEHHS iHTEHCHBHOCTI TpadiKy HIDKYE BKAa3aHOTO PiB-
HSI, IPUYOMY JOITYCTHUMUI Yac 3aTPUMKH BH3HAYUTHCS 3 BUMOT YacOBOI ITPO30POCTI MEpPEKi, sSIKa TapaHTye BCTAHOBIICHY
SKICTh 00CIIyroByBaHHsI aOOHEHTa, KOTPHI BUKOPHCTOBYE MOCIYTH BiAIOBIIHOI CIykOu. BHCHOBOK: 3anporoHOBaHHMH
TIIX1/T HaZlae MOYKIIMBICTD PO3paxyBaTé HeoOXiMHUH obcsr OydepHoi mam'sTi, mo 3abe3nedye MATPUMKY HEOOXiTHHUX 3Ha-

YeHHS! HMOBIPHOCTI BiZIMOBH 00CITyrOByBaHHs IIaKeTiB.

Kaw4yoBi ciroBa: caMOBiTHOBIICHHS; TeJIEKOMYHiKalliiiHa Mepeka; OydepHa mam’sITh; CETMEHT MEpexi.

Beryn

CamogingnosmroBainbHi cuctemu (CBC) xapakrepu-
3YIOTbCA aBTOMATUYHUM BUABJICHHAM 360-1.]3 CHUCTEMHU i
NpUIOMaMH BiJIHOBJICHHS Mmicis Takux curyauniid. Cuc-
TeMa CaMOBiIHOBJICHHS MO)K€ aKTHBHO BIJICTEXKYBATH 1
BUSBJIITU MOTEHINMHI BiAXMJICHHS BiJl CBOIX CTaHIapT-
HHUX [apaMeTpiB, MEpeBIpATH IX 3 NEBHUM CTYIIEHEM
JIOCTOBIPHOCTI 1 BiJJTHOBJIIOBATH HOpMAaJIbHI onepaiii 6e3
BTPY4aHHS JIFOMHH.

Y CBC 000B's3k0BHII MEXaHI3M MOHITOPHUHTY Ta
BUSIBJICHHSI, SIKUM MOCTIMHO KOHTPOJIIOE CHUCTEMY, LI00
MepEeKOHATHUCS, 1[0 BOHA MPAIfO€ HOPMAIILHO, 1 MOBIJ0-
MJISIE€ TIPO OYIb-sIKi BIJIXWJICHHS BiJ| OYiKyBaHOI MOBE]Ii-
HKU. 3a0e3nevyoun paHHe BUSBJICHHS 1 BIJHOBJICHHS
CHCTEMH, CHCTEMH CAMOBITHOBIICHHS MOXXYTh 3HA4HO
sum3uTH nokasHuku QoS [1, 2]. 3okpema, 30iTbLIyETHCSE
WMOBIPHICTh BTpPAaTH MAaKETiB IiJ{ Yac MiKOBOrO HaBaH-
Ta)KeHHS.

AHani3 JitepaTypHux ukepes i mocTaHOBKa
3aBaaHHs. [linqxoau 10 3HWKEHHS WMOBIPHOCTI BTPAaTH
MaKeTiB MiJl 4ac MiKOBOr0 HABAHTAXXEHHS PO3TJSHYTI Y
[3-6], ame icHyroui He OpieHTOBaHI Ha CaMOBiJHOBIIO-
BaJIbHI CETMEHTH MEPEeKi.

ToMy MeTOI0 CTATTi € PO3pOOIEHHS MiIXOXY IO
BHU3HAYCHHSI MiHIMAJIBHO HEOOXiTHOTO po3Mipy Oydep-
HOI IaM’sITi CaMOBiTHOBIIOBAIBHOI'O CETMEHTa Mepexi
mepefadi JaHWX MpH 3aaHii MaKCHMaIbHO MOXKITUBIH
JOIMYCTUMIiM HMOBIpPHOCTI BTpAT MAaKeTiB, OPi€HTOBAHO-
T'O Ha OCOOJIMBOCTI CAMOBiTHOBIIOBATBHUX CTPYKTYD.

OcCHOBHA YaCTHHA

[IBuaxicTe mepenadi iHpopMariii, JocTymHa KOPH-
CTyBa4y KOHKPETHOI CITY)KOM CaMOBiJTHOBIIOBAIHHOTO
CerMeHTa TEIEKOMYHIKAIliHOI Mepexi, € CTOXacTHd-
uuM miporiecoM I(t) i mae fimoBipHicHuiA omic. Bona mae
TaKi MEeBHI XapaKTEPUCTHKH: MaKCHMAJIbHY IIBHIKICTh

nepenadi Iy, , CEpeIHIO MIBUIKICTD lop 3 4ac ceaHcy T

i 6epcrHicTh B (Koe(hilieHT TauKOBOCTI).

bepcTHICTD 103BOJISIE OLIHUTH HEOOXiHY TPOITyC-
KHY 37IaTHICTh JJAHOK MEpEeXi 3B's3Ky, aje He JIa€ MOX-
JIMBOCTI OI[HWUTH HIBHIKICTh PO3BUTKY BHIIaJJKOBOTO
npouecy B yaci r(t), ToMy o He NOB's3aHa 3 HOro

CIEKTPAJbHUMH, a, OTXKE, 1 KOPENIAIIHHUMH BJIIaCTHBOC-
TsiMd. J[7s BpaxyBaHHS 4aCOBOrO MacmITaly BHIIAIKO-
Boi (ymkuii r(t), BianoeiaHo 10 pexomennauiii Mix-

HaponHoro coro3y enekrpo3s'ssky (MCE), BBenena mie
OJlHA XapaKTepHCTHKa Tpadiky - cepenHiii yac miky 7).
3 aHasi3y BUIIAJKOBUX MPOLECIB BUILIMBAE, IO TPHUBA-
JICTh BUKHUIY 3JISKUTH BiJl PIBHS, HAa SIKOMY MPOBO-
JUThCS BUMIp, onHak B pexomengauisx MCE BiacyrHi
MipKyBaHHsI I0/I0 BUOOPY 1IbOTO PiBHSI.

OOrpyHTOBaHHMH BUOIp BEIMYMHH PIBHS BHMIpIO-
BaHb TPUBAJIOCTI MKy JaCTh MOXIIHMBICTh OJHO3HAYHO
BU3HAYUTH TaKi IMapaMeTpu CaMOBIJHOBIIOBAIBLHOTO
CerMEHTa TeNeKOMYHIKaIIMHOT Mepexi, K HeoOXiTHHIA
o0csr OydepHoi mam'sTi, yTOYHUTH MOHSTTS €KBiBaJICH-
THOI IIUPUHM CMYTH OITOBMX LIBHIKOCTEW mepenadi, a
TaKOX OI[HATH 4YacTOTy IyJbCalliii 4Yacy 3aTPUMKH
(okirtep).

OCHOBHI TEOpEeTHYHI TOJIOXKEHHS 0a3yroThCsl Ha
Teopil BUKWAIB BUNAAKOBHX mporeciB. Ha puc. 1 npu-
BeJIeHa peaizallis BumaakoBoro npouecy &(t) Tpusa-

mictio T (HampuKaa, TPUBAJICTH CeaHCY 3B'S3KY), A€
C — ¢ikcoBaHHil piBeHb, T — TPUBAIICTh BHKHUIY, S —
IUIOIIA BUKHY.

Peanpui BUmagkoBi mpomecH € Oe3mepepBHUMHU
(hyHKIisIMHA 9acy 3 OOMEXEHHM CIEKTPOM B CHILY iHEp-
[IAHUX BIIACTHBOCTEH, SIK CaMOro JpKepesa ITOBiIOM-
JICHHS, TaK 1 MPUCTPOIB 0OPOOKH, IO MiFOThH K (QLIBTP
HIDKHIX 9acTOT. 30KpeMa, MOHATTS KOPOTKHUX i TpHBa-
JUX TIOBIIOMJICHB, TIAy3W MK HUMH, BiIHOCHI 1 3aie-
JKaTh BiJl IIBUAKOMII 3ac00IB peaizaiii CHCTeMH KOMY-
targii. Jxepeno Tpadiky BBaXKaeThCs MyIbCYIOUNM, SK-
0 CyMapHUI Yac Ha BCTAHOBIICHHS 1 pO3'€THAHHS Ha-
CKpPi3HOTO KaHAIY MEHIIE iHTepBay IOSIBH HACTYITHOTO
noBimoMieHHs. Lle nae migcTaBy Hagami Mpu BUBEICHHI
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OCHOBHUX (DOPMYJ KOPHUCTYBATHCS TapadoIiqHOIO arl-
pokcumariero Bukuay mo S (puc. 1). Taxi ¢ynxmii ma-
IOTh KiHIIEBE YHCIIO MAKCHMYMIB i MiHIMyMiB Ha 0OMe-
KeHoMmy iHTepBaii yacy 7.

&0

Ym

C=r’%,

Veep

0 to tott T !

Puc. 1. Peanizauis BunaskoBoro npouecy &(t) rpusatictio 7'

Peauizarist Moxe KiJbka pa3iB NMEpETUHATH PiBEHb
C Bijx HU3Y 70 BepXY (3 MO3UTHBHOIO MOXiHO0). Yncio
TaKUX TEPETUHIB BiJIIOBIIA€ YKMCITY MO3UTUBHUX BUKH-
JIB BUIIAJKOBOTO MPOLECY N+(C,T) Haxa piBHeM C,

JUTS SIKOT'O TEOpisl A€ JOCHTh CTPOTH MaTeMaTHUHUI
BHUpa3s.

:TdtTg’P(c,g’;t)d&’, €
0 O

ne P — miinbHicTh fiMoBipHOCTI Haja piBHeM C, a mTpux
o3Havae audepeHIiroBanHs 1o t.

st craiioHapHUX BUINAAKOBHX IPOLIECIB BUpa3
(1) 3HAYHO CIIPOITYETHCS:

N*(C.T)= jg P(e')ae’. ¥

dopmyita (2) mae MOXKIUBICTh BUSHAYUTH CEPETHE
YHCIIO BUKHIIB JUIS JTOBUIBHOIO 3aKOHY PO3IMOILTY BH-

najKoBoro mpouecy &(t). SIkmo raycis mpouec € cra-

L[IOHAPHHUM, TO CEPEIHE 3HAYCHHS MOBHOTO YHCIIA Mepe-
THUHIB TpoliecoM piBHs C B OMHHULIO Yacy JAOPIBHIOE

2
1 1({C-r,
C)=;\/—pé’.exp —5( ”J . ®

Jpyra moxiaHa Bix koe(illieHTa Kopensii; ¢ -

Ac P{)/'
CepeAHbOKBAIPATHYHE BiIXWICHHS.

[Ipu mocuts Bucokmx piBHAX C >> (0 mepeBaxxHa
YacTWHA BHUKHIIB Ma€ Majly TPHBAJICTH 1 JOPIBHIOE UH-
CIIy MaKCUMYMIB, III0 TIEPEBUINYIOTH piBeHb C. Buman-

KOBHUH IIPOIL , 1110 IUIABHO 3MIHIOETHCS B HEBEJIU-
0 omec &(t 0 IIJJABHO 3MIHIOETHC €BE.

KOMY OKOJII MaKCUMYMY, MOXXHa allpOKCHUMYBATH Hapa-
6o10r10.

Hexaii to € MOMEHTOM yacy MOYaTKy NO3UTHBHH-
MH-HOTO BHKHIY, T00TO &(ty)=C, él (ty)>0. Poskna-

nemo GyHKIIO B pan Teinopa B okori Touku to i oOme-
XKHUMOCS KBaIPaTHYHUM YIEHOM:

E(t)=8(t) +& (to)(t-to) + = ﬁ”( t)(t-t)°- @)
Baaxatoun, mo &(ty)=&(t, —t)=C, orpumaemo
20 ©

Takum YUHOM, 3aBIAHHS 3BOJUTHCS 70 OOYHCIICH-
. .. . . . I el
Hsl CHINBHOI 1inbHOCTI HMoBipHOCTI W, (&), &y | TOUa-
TKOBUX TIOXIZHUX. 3aCTOCOBYIOYHM OTpHMaHi CIiBBiJ-
HomeHHs: (4) 1 (5) 0 HOPMaJBLHOTO CTalliOHAPHOTO
npouecy 3 (yHKIIEH KOpesiii K(r)zcz-r(r),

OTPUMAEMO HIJIbHICTH WMOBIPHOCTI TPHBAJIOCTI BUKH-
JIB TIPH BUCOKHX MMO3UTHBHUX piBHsX C.

p(0)= 2o ) e -2(8) 55 @

[MTapabomniuna ampokcumaniss (OpMH BUKHUIIB JIO-
3BOJISIE 3HAWUTH PO3MOJIIIT BUKH/IIB T10 TUIONII:

o+t

= [ [e()-
t
BpaxoByrouu (5), oTpuMyeMo
= 2e) (&) ©

[Mpu BimoMmil cyMicHiil HIIBHOCTI HMOBIPHOCTI

Clar. (7

W, (é{), g) JUIsl TIepIIol 1 Ipyroi MoXiTHUX B MOMEHT

MOYaTKy MO3UTHUBHOTO BHKHMAY Ha piBHI C LIJIBHICTH
HMOBIPHOCTI PO3MO/LTY BUKU/IB IO IUIOIII JOPIBHIOE

P(S,C)= 3%2’33 l’3exp[ 2(7»3)“} ©)

ZC /

3 =5 , C>o0.

ae A= (10)

TakuMm 9MHOM, IIIONIY BUKHAY MOXKHA PO3TIIAATH
K HeoOX1iHMI 00csar OydepHoi maM'aTi B By31ax KOMY-
Talii, 100 YHUKHYTH BTPATH MAKETiB B pa3i BiICYTHOCTI
HEOOXiIHOI MUPHUHA CMYTH OiTOBOI MIBHAKOCTI Iepea-
4i, mpudomy piBeHb C BH3HAYa€ IOCTYIHY IIBUAKICTH
nepenadi. 3aTpuMaHi B MaM'siTi MaKeTH MOXYTh OyTH
nepeaHi B MOMEHTH 3HIDKEHHS IHTEHCHBHOCTI Tpadiky
HIDKYE BKa3aHOTO DIBHA, INPHYOMY IOIMYCTUMHUH dHac
3aTPUMKH BH3HAYUTBHCA 3 BHMOI HYacoBOi IPO30POCTi
Mepexi, sIka TapaHTye BCTAHOBJICHY SIKICTh OOCITYrOBY-
BaHHS aOOHEHTa, KOTPUil BUKOPHCTOBYE IMOCIYTH Bif-
TIOBiTHOI CITY)KOH.

IIpoBenemo Oimpm nmeTampHUNA aHaMi3 (GopMyTH
(9), mpencraBuBIny i1 y BUTIISII

x_lP(S,C):%(XS)_mexp{—%(kS)Z/s}. 11)

KpuBa 3aexHOCTI pO3MOALNY IUIONI S BHKHIIB
HOPMAaJIFHOTO CTaIliOHApHOro Tporecy Hax piBHem C
Tpe/ICTaBIIeHa Ha pHC. 2.
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b -1
0.5 AP, C)

0.4

02 1

0.1 T

A\ 4

10 AS

Puc. 2. [Toma BukuziB S Hax pisHem C

Buznaunmo CCpCAHE 3HAYCHHS l'IJ'IOH_Ii BUKUAOY.

Seep =|MP(C,S)]=
° 12
=EJS-%Z’SS‘mexp[—l(xs)m}ds:\/E.E (12)
37 2 2 A

abo, Bpaxoyrout (10),
2C% [-pg
CepeiHE 3HAUYCHHS TPHUBAIOCTI BHKHAY, IO BH-

3Ha4a€e JIOJATKOBY 3aTPUMKy BHACHIJOK 30epiraHHs
HAJUTMIIKOBHX IaKeTiB B Oy(depHiil mam'sri

Tep = ZKGZ/(\,—pg -Cj.

B sKOCTI KOHKpETHHX BHpPa3iB i1 p NPUIAMEMO

(13)

(14)

HAKOLIBII TOIUpeHi KoeillieHTH KOpensiii, ski HaBe-
neHi B Tabn. 1 nus ¢pakransHuX npouecis, ne Af, —
e(eKTUBHA CMyTra YaCTOTHOTO CIIeKTpa Tpadiky

Tabnuys 1 — Po3paxyHok koedimieHTiB Kopesiuii

p(7) —py S(f) Afy | -po
) 40 o
ot 2 |\ T .2 = 8Af
(l+a‘1‘)e ¢ [az +(2nf )ZT 8 ¢
Vr/ax 1 [o | 3,54x%
gt 20 XEXP(-TCZ f 2/0() E ; foe
[t+ald]+ |q ,| 166> | 5 | 602«

- 3
+(0w)2 e*“‘r‘/;g 3 3[0(2 +(2nf )2] 32 xAf,

o Rl 2 | L, | 5
e o P o 275OL xAf

[1+ (ocr)2 Tl

Sech(at) | o2

T n? f 1 6,28 x
—sech| — —a
2 o 2n xAf,

3a3BH4ail IpM MPOBEACHHI aHAI3y (PaKTaIbHOTO
Tpagika BUKOPUCTOBYIOTh IPYTHHA PSNOK JaHOI TaOIu-

—(1‘52

11, TOOTO s p(r) =e , OTJKE TOJI Bi/OBiIHI XapaKTe-

PHCTHKH MOXYTb OyTH pO3paxoBaHi 3a TAKIMH BHUPa3aMH:

2
N (C)=aAf, exp _%—(C—m) ; (15)

c
2 Cr )
P(I,C):ZbAfeC -rexp{—BAfe(—ﬂ, (16)
c

2
r=d-CAf,
3 e

(e}

(17)

OpHYOMY 3HAYEHHS KOHCTAaHT &, b, d 3anmexHo Bin BU-
sy GYHKIIH KOpensiii, 3MiHIOIOTBCS B TAKHX MEXaX:

a=113+2,82;
b=0,44 +1,10;
d=236+509.

OcTaTo4yHi BHpa3HW CepelHIX 3HAYEHb TPHUBAJIOCTI

BUKHUIY 1 ioro rutomy ajist GpyHKuii Kopensii BUTIIsITy
r(r)= 62 €% MOXKHa IIPECTABHTH TAKUM THHOM:

T (e}
= J0——; 18
Tcep \/;C‘Afe ( )
1 6°
Scep :E'F . (19)
e

I3 Bupasia (18), (19), MoxHa 3HANTH B CEPEIHEOMY
CIIBBITHOILICHHSI M) TPUBAIICTIO BUKHIY 1 HOr0O IUIO-
LIEI0:

1 2
cep 2_%'7"{06;) :

Skmo ororoxHioBaty & (t) 31 MBUAKICTIO Hiepeaa-
4i indopmartii r(t), a S, 3 HeoOXimHUM 06csTOM Oyde-

S (20)

pHOT TaM'siTi, TOOTO Scep =S, To cepenHiit obcAr mam'-

ATI BUPAXKAETHCS Yepe3 Cepe/Hill yac MiKy TaKO 3ale-
HKHICTIO:
g 1 62 1 62 T
= e— — ‘C = e— — .
ce,
2 C P o P
IIpu ¢ikcoBaHiil JOBXKHHI TTAKeTa MOXHA OTpPHMa-
TH OLIHKY HIDKHBOI TPaHMIl MOTPiOHOI KiTBKOCTI MicCIlb
y dep3i. Tak mpu cTaHmapTHIN HOBXWHI makera § KOIT
HEOOX1IHO MaTH HE MEHIIIE HIXK

_ 2
ms = 0,15~%~Tp (Mictp),

1)

(22)

nprdoMy 1 piBeHb C BUMIPIOIOTHCS B KOIT/C.

OpHak B MPaKTHYHUX 3aJadaX HEJOIIEHO IMOB'S-
3yBaTH HeoOXimHWi obcsar OydepHOi mam'sTi i3 cepen-
HiM 3HAYEHHSM IUIONII BUKHUIY, TaK SIK I[e pOOUTH KOPC-
TKIIIMIMHA BAMOTH J0 CHCTEMH 3B'A3Ky. MOXXHa BH3Ha-
gt piBeHb oomexkenHs C = C,, Tak, o0 Iuiona Bu-

KUy 3 WMOBIPHICTIO Py He mepeBuIllyBaia 3a/aHy Be-
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JTMYUHY S,, CyMicHY 3 pecypcamu Mmepexi. Ha puc. 2 Kpusi 3anexsocti (23) npu A =const, mo npex-
3HaueHHst (AS), BM3HAYAE€ HWKHIO MEXY 3alITPMXOBA-  CTaBJEHI HA PHC. 3, JO3BOISIOTH BU3HA4MTH mopir C,,
Hoi oOmacTi Ta HWMOBIPHICTH MOSBM BHKHMAY, LIO Ma€ [0 BU3HAYA€ JONYCTHMY LIBUAKICTH Hepexadi ajs Ko-
IUIOIY, SIKa TIEPEBHILYE 3aJaHy BEIUYHHY, OTXKE, JKHOI CITY)XOM, BUXOISYM i3 3Ha4YeHb Po 1 Sp, 328 SAKHUMHU
napameTp BH3HAYA€THCS OJJHO3HAYHO:
Py (S)=P(5<S,)=1- paMerp 8

% Lyamgan 23) Cy =2 S d-AL), (24)

- [ P(s.C)S =1+e 3 : . . .
+Sn JC mopir Cn B1IPAXOBYETHCA B1J CEPEAHBOI0 3HAYCHHSA

tpadiky, T00T0 C,, =C—m, WO BiAIOBiJa€ reomer-
Je A BU3HaYaeThes Gopmynoro (17).
Ha puc. 3 HaBenena 3ajexHiCTh JaHOI HMOBIpHOC-

Ti BiJ] 3Ha4€Hb IUIOLII BUKHIIB.

PHYHHM KOOpAauHAaTaM TouokK Po(S), mo mpoxoauts de-
pe3 TouKy nepeTuHy npsiMux Py =const i S, =const .

) BucHoBxku
S

1 \
Po(h.5) /// b VY crarTi po3poOieHnit miaXia 10 BU3HAYCHHS Mi-
. HIMaJBHO HE0OXimHOro po3mipy OydepHoi mam’sTi ca-
03 / MOBITHOBJTIOBAJIBHOTO CETMEHTa MEpeXki mepenadi Jna-
Py=con: HUX NpH 3aJaHiii MAKCUMAJIbHO MOMJIUBIN JOIMYCTUMIH
HMoBipHOCTI BTpar mnakeriB. OCHOBHI TEOpETHYHI IO-
JIOKCHHSI 0a3yloThCsAd Ha Teopil BUKHUIIB BUIAJKOBUX
nporieciB. Bu3HawaroThCs MiKOBI BUKHIM Tpadika. 3a-
0s TPUMaHI MaKeTH MOXYThb OyTH IepelaHi B MOMEHTH
3HKEHHSI 1HTEHCHUBHOCTI TpadiKy HWXYe BKa3aHOrO
piBHS, TPUYOMY JONMYCTUMHH Yac 3aTPUMKH BH3Ha-
02 YHUThCS 3 BUMOT YaCOBOI IPO30POCTI MEPEXIi, sIKa TapaH-
Tye BCTaHOBJIEHY SKICTh OOCIYroByBaHHS a0OHEHTa,
KOTpUH BHMKOPUCTOBYE TOCIYTH BIiJIIOBITHOI CIYXOH.

PP
[ [l
— o Lh

0.6

0 s 10 5 w ¥ OTxe, 3alPONOHOBAHMI MIAXIM HAAE MOXKIHUBICTH ITij-
Sn= const BULIUTH 3HAYEHHS NMOKa3HUKiB QO0S, MoB’s3aHuX i3 HMo-
Puc. 3. Topir fonycTUMUX MBUAKOCTEH nepenadi BIPHICTIO BiZIMOBH OOCITYTOBYBaHHSI IIAKETIB.
CIMCOK JITEPATYPH

1. Shefer O.V., Alnaeri Frhat Ali. Optimum flow distribution in the network with adaptive data transfer. Electronics and Con-
trol Systems. 2020. No. 4(66). P.45-50. DOI: _https://doi.org/10.18372/1990-5548.66.15254

2. Sobieraj M., Stasiak M., Weissenberg J. Analytical model of the single threshold mechanism with hysteresis for multi-service
networks. IEICE Transactions on Communications. 2012. Vol. E95.B, No. 1. P. 120-132.

3. Kuchuk G., Kovalenko A., Komari I.E., Svyrydov A., Kharchenko V. Improving Big Data Centers Energy Efficiency: Traf-
fic Based Model and Method / Kharchenko V., Kondratenko Y., Kacprzyk J. (eds) Green IT Engineering: Social, Business
and Industrial Applications. Studies in Systems, Decision and Control. Vol 171. Cham: Springer, 2019. DOI:
https://doi.org/10.1007/978-3-030-00253-4_8

4. Kurose J., Ross, K. Computer networking: a top—down approach, 7th ed. Harlow: Pearson, 2017. 864 p.

5. Kuchuk N., Mozhaiev O., Mozhaiev M., Kuchuk H. Method for calculating of R-learning traffic peakedness. 2017 4th Inter-
national Scientific-Practical Conference Problems of Infocommunications Science and Technology, PIC S and T 2017 — Pro-
ceedings. 2017. P. 359-362. DOI: https://doi.org/10.1109/INFOCOMMST.2017.8246416

6. Vapnik V. (), Estimation of Dependences based on Empirical Data, N.-Y., Berlin : Springer-Verlag, 1987. 326 p.

Received (Hanitiiona) 18.03.2021
Accepted for publication (ITpuitasita mo apyky) 12.05.2021

Method of calculating the size of the self-recovery segment buffer memory of the telecommunications network
Oleksii Kolomiitsev, Alnaeri Frhat Ali, Inna Petrovska

Abstract. The article proposes an approach to calculating the buffer memory size of the self-healing segment of the data
transmission network. The subject of the study are autonomous segments of the telecommunications network, which have the
property of self-healing. The object of the study is the process of forming places in the buffer memory of the autonomous seg-
ment, which will reduce the likelihood of packet loss. The scientific novelty is to improve the method of calculating the size of
the buffer memory of the self-healing segment of the telecommunications network with limited network resources by determin-
ing the minimum required number of places. Methods used. The main theoretical provisions are based on the theory of emissions
of random processes. Results. Peak traffic emissions are determined. Delayed packets can be transmitted when the traffic intensi-
ty falls below the specified level, and the allowable delay time will be determined by the requirements of time transparency of the
network, which guarantees the established quality of service to the subscriber who uses the services of the service. Conclusion:
the proposed approach makes it possible to calculate the required amount of buffer memory, which provides support for the re-
quired values of the probability of failure to service packets.

Keywords: self-healing; telecommunication network; buffer memory; network segment.
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METO/I PO3PAXYHKY KOE®IIIEHTA KOPEJIAIII ®PAKTAJIBHOI'O TPADIKA

AnoTtanisi. BractuBocti MepexHoro Tpadika MyIBTHCEPBICHHX MEpEeX, IO CIIOCTEPIraloThCs ChOTOIHI HAa IMPAKTHII,
JIOCHUTH CKJIAJTHO IHTEPIPETYBaTH 3a JOMOMOIOI0 METOJIB CTAaTUCTHYHOIO aHAJi3y, XapaKTepHUX JUIS YCTAIEHHX PEKUMIB
poOOTH MEpeHUX 3aCTOCYHKIB. 3a3BH4ail MaricTpasbHui Tpadik, opieHTOBaHMI HA OTHOYAcHE OOCIyroBYBaHHS iH(Op-
MaliiHAX ITOTOKIB JOBOJII YacTo Mae (pakTaabHUN XapakTep. Lle mpu3BOANTH O HEMOXKIMBOCTI OTPUMAaHHS XapaK TepHc-
THK Tpadika 3BHYHAMH MiIX0AaMH. 30KpeMa, IpoOIeMH BHHUKAIOTH NTPH BU3HAYEHHI CTATHCTHYHUX XapaKTEPUCTHUK APY-
TOro MOpsIAKY. Y CTaTTi 3alpOINOHOBAHMI MiAXiT 10 po3paxyHKy KoedirieHTa kopeiswii ¢ppakraapHoro Tpadika, skuii 6a-
3yeThesl Ha aHalli3i (ppakTalbHUX BIACTHBOCTEH MEPEXHHUX IpoleciB. s po3paxyHKy BUKOPHCTOBYETHCSI MOZIENb y3ara-
JIBHEHOTO OpPOYHIBCBKOTO pyXy. IIpH IIbOMY BUKOPHCTOBYETHCS OIeparist IpoOOBOro iHTErpyBaHHS OPOYHIBCHKOTO pYyXY i3
SAPOM, III0 MA€ BUTJIIAN CTereHeBol (GyHKIIT i3 ApoOOBMM MOKa3HUKOM, a OTPHMaHUK BHpa3 IMOKa3ye 3aJICKHICTh CTeTIeHe-
BOT'0 XBOCTa PO3MOJLTY BiJ Mapamerpa XepcTa. 3alporroHOBaHUI METOJ JO3BOJISIE IPOBECTH aHATITHYHY OLIHKY Koedimi-
€HTa KOpeIslii, a TAKO)K BU3HAYUTH CTYIIHb (PpaKkTaJbHUX BIACTHBOCTEH JaHOTO BUITAJKOBOTO TIPOIIECY.

KawuoBi cioBa: MynbTHCepBiCHA Mepeska; OpOYHIBCHKHH pyX; Tpadik; koedimieHT Kopemsmii.

Beryn

3pocratoui nMoTpedu CycHiJibCcTBa B HOBHX IOCHTY-
rax TeJEKOMYHIKaliiHUX Mepex MPU3BOIATH 10 3MiHH
ineonorii moOynoBU KoHe AecsiTupivus. Ha choromHi
Ha 3MiHy TeXHOHOFiS[M, 10 BUKOPHUCTOBYIOTH MYJIBTHUII-
JIEKCYBaHHSI 3 PO3JIICHHSIM Ta YIIUIBHEHHSM 32 JI0BXH-
HOIO XBWJI, IPUHILIA MYJIBTHCEPBICHI TEXHOJOTII, OC-
HOBHUM MPHHIIAIIOM KOHIICTIIIT SKUX € BIZIIJICHHS OHA
BiJl OIHOT (DYHKIIi/ TIEpEHECEeHHs Ta KOMYyTallii, QyHKIIi
KepyBaHHsI TPaH3aKLisIMHU Ta (YHKLIA KepyBaHHS MOC-
JyraMH.

BrnipoBa/pkeHHsT HOBHUX —TEXHOJOrH moTpedye
CTBOPEHHS aJEKBaTHUX MAaTeMaTHYHHMX MoJeneil mpo-
LeciB y mynpTHCepBicHUX Mepexxax (MCM) [1, 2]. Sk
MOKa3YIOTh EKCIIEPUMEHTAaJIbHI JIaHi, BJIACTHBOCTI Me-
pexHoro tpadika MCM, 110 crocTepiraroThest Ha Mpak-
THIIi, JIOCUTh CKIIQJHO 1HTEPHPETYBATH 32 IOTOMOIOKO
METO/IB CTATHCTUYHOTO aHaji3y, XapaKTepHHX JUIs
YCTAJICHUX PEKUMIB pOOOTH MEPEXKHHUX 3aCTOCYHKIB [3,
4]. Le yrpyaHIO€ pO3yMIiHHS MeEXaHI3MIB YTBOPEHHS
BIpTyaJIbHUX 3'€HaHb 1 pO3POOKY HOBUX YIPABIISIOUNX
MIPOTOKOJIIB.

HeoOxinHa po3poOka KOHCTPYKTHBHHX MaTeMaTH-
YHUX MOJeNed MEepeXHHUX MPOLECiB, IO BPaXOBYIOTH
0COOJIUBOCTI, SIKi € ICTOTHHMH JUIS I[IJICH JOCITIKCHHS,
3 METOI0 IOJAJIBIIOr0 BHKOPHUCTAHHS IX IS PO3POOKH
HOBHX METOMAIB IIPOCKTYBaHHS BHCOKOIIBUIKICHHUX
KOMIT'IOTepHUX Mepex [5-7]. 3pocraroda CKIaAHICTH 1
MIIBUIIECHHST BUMOT JI0 SIKOCTI (yHKIioHYBaHHT MCM
CIPUSIIA 3aCTOCYBAaHHIO METOIB (hpPaKTaIbHOTO aHali-
3y, AKi TPYHTYIOTHCS BHKOPHCTaHHI BJIACTUBOCTEH Ma-
cmtabHOI 1HBapiaHTHOCTI TIPOLIECIB, SIKi CIIOCTEpira-
FOTBCS (CaMOMOIOHOCTI JPYTUX CTATHCTHIHUX MOMEH-
TiB, IO XapaKTEPU3YIOTh KOPEJIAMiHHI 3B'SI3KH MK IO~
simu). OnHI€HO 13 327124, 0 BUHUKAE TIPY BUKOPUCTAHHI y
MOJIEIISIX MYJIBTUCEPBICHIX MEPEX (PPAKTAIBHUX METO-
IIiB aHANI3Y, € BU3HAYCHHS XapaKTepy BiAXIICHHS Tpadi-
Ka BiJI CTAalliOHAPHOTO PEKIMY, TOMY IO HEBPaXOBYBaH-
HS CTEIIEHEBHX XBOCTIB BHKOPHCTOBYBAHHX PO3IIOILIIB
NPU3BOJMTH JI0 CYTTEBHX PO3XOPKEHb 3Ha4€Hb MOjie-

JbOBaHOro Ta peanbHoro tpadika MCM [879]. Tomy
METOI0 IaHOI CTATTI € IPOBEJICHHS aHaJi3y CTaTUCTHY-
HUX BJIACTMBOCTEH y3arajbHEHOr0 OpOYHIBCHKOTO PyXy
(YBP), BpaxoBylOYHX CTEIIEHEBUI XapaKTep XBOCTIB
PO3MOIUTIB 1 TO3BOJISIOUNX BU3HAUUTH XapaKTep BiIXH-
neHHst Tpadika MyJIbTHCEPBICHUX Mepexkax BiJl CTaIio-
HApHOTO PEXHUMY.

Pe3yabTaTtu gociainkeHn

Po3riistHeMO MOXIJIMBOCTI JAOCIIIKEHHS BIaCTUBO-
cTeil MacTaOHOl 1HBapiaHTHOCTI MEPEXKHHUX IPOIIECIB
3a JIONOMOTOI0 CTOXaCTHYHHX MOJENCH y3arajibHEeHOro
OpoyHiBCbKOro pyxy. JJsi HbOro MmoaInMoO iHTEpBal

CIIOCTEPE)KEHHSI Ha YaCTHHU 3aBIOBXKKH O = 2_N (N -
3arajibHa KUIBKICTh CTaHIB JJAHOTO Tpolecy). Y pe3ylib-
TaTi (YHKIIS PO3MOALTY JaHOTO BHUIIAJKOBOTO MPOLIECY
XapaKTepU3yBaTHMEThCSl MEBHOIO KiJIBKICTIO €IIEMEHTIB
N;, siki DOBOmIThCS Ha i-il IHTEpPBAN CIIOCTEPEIKECHHS

JIOBKUHOIO O.

Beenemo Bemmumny g4 = N; /N . MuoxuHa BCix
N-1 . .
i_g Hae TMOBHUI OIHC TOTOYHOI pea-
mizauii Tpadika Ipu HOro CrocTepeKeHH] 3 PO3IALUTEHOO
3patHicTiO 0. [IpoTte, skmo MHOXWHA M Mae BiacTu-
BiCTh MacmTaOHOI iHBapiaHTHOCTI, TO 3a JOIOMOTOIO
OZIEPKAHOTO PO3IOALTY MOXKHA OIMCATH IMOBIpHICHI
XapaKTepUCTHKH HE TUIBKH IIi€i peamizamii mporecy.
30KpeMa, Il BIACTUBOCTI CKIAAAI0Th OCHOBY CTaTHCTH-
YHOI Mozelni OpOYyHIBCBKOTO PyXy (CTOXaCTHYHOTO Bi-
HEpIBCHKOTO TIpoIIecy). 3a3Buuail y (i3udHUX Hporecax
TaKWAH PyX TOB'S3YIOTH 3 MEPEMIIIEHHIM JEsKOi 9acTH-
HKM BHACHINOK ii 3ITKHEHHS 3 MOJIEKYJIaMH CEpeIOBHU-
ma. CTOCOBHO MEpPeXHOro Tpadika Take MmepeMilieHHs
MOJKHA TIOB'S3aTH 3 00POOKOI0 TaHUX Y MPOMDKHHX BY-
3J1aX BipTyaJIbHUX KaHANiB, JI¢ BiOYBa€eThCS Mporec iX
CTaTHCTHYHOTO MYJIBTHUIUICKCYBAHHS, IO MPU3BOJUTH
IO Bapiariif 3aTpIMOK Y pO3TOBCIOKEHHI MmakeTiB. [lpu
PpO3TIAL MOJIENI KITACHIHOTO OpOYHIBCHKOTO pyXy Maca
YaCTHHKHM BBAXKAETHCS BiIOMOIO 1 piBHOIO M. Tomy piB-
HSIHHS TS IUBHAKOCTI 11 pyxy B(t) mae takwmit Bursi:

vactua M = {4}
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mdBd—Et)=n(t),

e n(t) — CKJIaJIOBa CHJIM i, SKa HAIpaBJICHA Y3JI0BK
KOODJIMHATH PYXY YaCTHHKH.

3rigHO i3 MPUHIIAIIOM CUMETPIT T MaTeMaTHIHO-
ro crofiBanHs 06yprorodoi i N(t) crpasexmia ymo-

Ba M (n(t))=0. [IpoBomsum aHaOTiI0 3 MEPEKHUM

TpadikoM, BIIMITHMO, IO 3aICaHE BUINE PIBHIHHSI
PyXy MOXe pO3IJISIaTHCS TaKOoX CTOCOBHO Bapiaril
MIPOITYCKHOI 3/IaTHOCTI KaHajy 3B'S3Ky IpW Iepenadi
nakeTiB (DikCOBaHOI JIOBXKHMHU. J{JIs1 BU3HAUEHHS CTATHC-
TUK BIIXWICHHS IHTEHCHBHOCTI Tpadika CIiJi BpaxyBa-
TH, 10 Yac Kopessiii mpouecy N(t) ckimueHHwmii i He

MePEBEPIIYE CEPETHBOr0 Yacy MiXK MPHXOJIOM ITaKETiB
7o . CTocoBHO 10 Tpadika, y BUCOKOIIBUAKICHUX MYIb-
THUCEPBICHUX Mepexax yac Iepesadi MakeTiB MK BY3-
JIaMH MepexXi 3HAYHO MEHINE Yacy 3HAXOKCHHs TMaKe-
TiB y Oydepax npoMixHHUX By3liB. ToMy BeNUUHHY 7
MO)KHA TPUHHSATH 32 Yac KOpelnsii nporecy. [HTepBain
Yacy, uepe3 SKuil BifOyBa€ThCsl BUMIPIOBAaHHS 1HTEHCH-
BHOCTI Tlepeqauyi, TOPiBHIOE PO3UIBHIA 34aTHOCTI TPU-
CTPOIO CIMOCTEPEKEHHsI, IPUIOMY JUIsS OLIBIIOCTI 3aco-
0iB BUMipIOBaHHs BUKOHYEThCS yMOBa At >> 7. Uepes
I0 o0CTaBUHY Ha MIJCTaBi LEHTPAIBLHOI TPaHUYHOL
Teopemu mporec N(t) MOXHa BBaXAaTH rayCiBCHKHM 3
MaTeMAaTU4YHUM CIOJIBaHHSM, IO JOPIBHIOE HYIIO, 1
JIeTbTANONIOHOI0 KOPEISLiHOI (YHKIIE, TOOTO 1ei
MPOLIEC MOXKHA BBKATH TayCIBCHKHM OLJIMM LIYMOM.
[oBepHemocs 10 Mozeni npotecy. SIkio Macy 4a-
CTMHKM TPOHOPMYBATH IO OJIMHHMIN, TO BiHEPIBCHKHIA

MPOLI MOYKHA BHU3HAYHUTH S B’sI3aHHS PIiB-
orec B(t O)KHA BH3HA K PO3B’s13a 1

HSIHHS dBd—Et) =n(t), ne B(ty)=By. 3a ymosn, mo
By =0, pimeHHst MOXXHA 3aIFICaTH Y BUTIISAL
t t
B(t)=[dB(z)=[n(r)dz . @)
) )

BpaxoByrouw, 1110 AJIs1 CTalllOHAPHOT'O TayCiBChKO-
ro Oinoro mrymy 3 iHTeHcHBHICTIO N crpaBemTuBi Taki

criBBigHOmEHHs [7]:
M {n(t)}=0; (2)
K2n (tl,t2)=M{n(tl)n(tz)}=N05(t2 _tl)' (3)

TO JJIst BiHepiBchKoro mporecy npu By =0 omepxximo

M[B(t)]:}M[n(r)]drzo; 4)

= j' M {n(z) n()} dadr, =Ng-t; (5)

foto

Kog (t:tp) =

- Jng M {n(fl) n(Tz)} drydz, = No-min(tyty) ©

3 ypaxysamuam Bupasy (5) mpouec B(t) e mecra-

IIIOHApHMM, a CHiBBiIHOIIEHHS (6) MOXKe OyTH mpeacTa-
BJICHO B TAKOMY aHAJITHYHOMY BHTJISII:

Koo (t:tp) =

zjg.'lM[n(rl)n(rz)] dndr, = ©)

toto
. N
= NO . mln(tltz) = 70(t1 +t2 —|t2 —t1|).

Yepes npuAHATI MPUITYHICHHS IIIBHICTh PO3IO/i-
ny B(t) e rayciscekoro i Mae BUIIIsI

f(B(1)=
1 B2(t) oo @
Nz I EO) e

TakuM 4MHOM, BiHEpIBCBKUU IMpoOIlEC MOXE OyTH
BU3HAUCHUII K rayCiBCHKUI MpOIEC 3 HYIbOBUM Mate-
MaTHYHUM CHOJIBaHHAM 1 KOPEJILIHHOW (QYHKIIER
(7). 3a3HaunMo, 110 HecTalliOHAPHUI XapakTep npouecy
B(t) YTPYAHIOE HOTO JOCHIJDKEHHSI B SIKOCTI MOJEN,

aJICKBaTHOI peaJIbHOMY MEpPEXHOMY Ipouecy. BuzHa-
YUMO TPHUPICT BIHEPIBCHKOTO MPOLECY Ui MOMEHTIB
qacy t, >t >ty >0 3a gomomororo Gopmynn

L
B(t)-B(to)=[n(r)dr. ©
L]

BpaxoBytoun orpumani Bupazu (4) i (5), MoxHa
3aMKCcaTy TaKi BUPA3H IS MAaTEMATHYHOIO CITO/iBaHHsI
i ucrepcii mpolecy NpupocTy 3HadeHb OpOYHIBCHKOI'O
pyxy:

mg =M [B(t)-B(ty)]=0; (10)

Dg =63 =M {(B(tl)—B(to))z}:
=No(t—to) ~tr ~to.

PosrnsiHeMO BIIaCTHMBOCTI OZEPIKAHOrO IIPOLECY 3
ypaxyBaHHAM TOTO, L0 Ha MPAaKTHLI CIOCTEPEKEHHS
MPOBOJATHCA 13 CKIHYEHHOIO PO3IIIFHOI0 3JaTHICTIO.
Hexaii koopnuHaTa mpoLecy peecTpYeETbCs Yy KOXKEH
npoMixok yacy Kz, ne k — moBunbHe mine uucio. Bu-
6epemo k =2 (puc. 1).

VY mpoMy BHIAAKY MPHUPICT KOOPAWHATH & ITOPiB-
HIOE CyMi JBOX HesaJekHMX Tpupoctie &' ta & Ha

(11

iHTepBami t =27 1 A HpOro Moxke OyTH 3amaHa (yHK-
ISl PO3MOALTY
2
__ s
2-2 DBT

1
F(&,7)= ex
(&7) \272Dgt P
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B() ,
(koopauHaTa)
Y S o]
E.:’
g
; A ,
A 4 VVg
t T >

t+2t
t (rom.)

Puc. 1. [pupict xoopauHaTi GpOYHIBCBKOTO PyXy 3a 4ac 2T

t t+rt

B3aemHua kopensiiiiHa (GyHKIIS MPOIECy MpUpoc-
TiB NpH BUKOHAaHHI YMOBH t, >t >ty >0 pospaxoBy-
€TBCS SIK

M((tz)-0(u))(@(4)-0(t))]=

=k(tp,tp)— ko (t, 1) — ko (t2,tg ) + Ko (1t
= Notl— NOtl_ Noto + Noto =0.

0)= (12

Takum unsoM, npupoctr B(t) € kopenboBaHumu,
a 3Ba)KAalOYM Ha rayCiBChKUI XapakTep IIUIBHOCTI pO3-
noziny (8) BOHM TakoXK € He3aJIe)KHHUMHU. ToMy y 3ara-
JBHOMY BUINAJKy IIITBHICTh PO3NOALTY IPUPOCTIB Ma€e
BUTJISI]T

f(B(t)-B(to))=

1) (BO-BG))
J27Ng (t—1o) 2Np (t-to)

OueBHIHO, IO OJIepXaHA WIUIBHICTh PO3MOJILTY
Ma€ BIIACTHBICTh MAacIITaOHOI iHBapiaHTHOCTI abo ca-
MOHOAIOHOCTI.

JiicHo, cymicHa HMOBIPHICTh TOTO, IO MEPIIU
npupict &' momimero B inTepsamié [€, & + d&'], a mpy-
ruit, &' — B intepsaii& [&", " + d&"] mopiBHIOE

P(E, &', 1= PE, 1) PE" 7).

[HTErpyBaHHS 3a BCiMa MOXJIMBHMH KOMOiHALisi-

Mmu &' 1 " IpU3BOANUTE A0 TaKOT'O BUPA3y IS IIIITHHOCTI
WMOBIpHOCTI 3HAYECHB:

+00

f(¢20)= [ p(&-¢.r)de =

. ,
J47rDB 2t 4Dg 27

TakuM YUHOM, MIPUPICT KOOPJANHATH YACTUHKH 3a-
JIMIIAETHCS TAyCIBCHKAM BHUIIAJIKOBUM MPOLIECOM 3 HY-
JTHOBUM MaTEMaTHYHUM CHOiBaHHAM <&> = 0, ane i3
301IBIIEHOI0 AUCTIepCiero. Y pa3i HOBIIBHOTO iHTEpPBAITY
kz onmepixumo

&
4DBkT

1
f (&, k) =———=¢x
(§1kr) \J4rDgkr P

o BrmactuBicTs momiOHOCTI (yHKHIT po3momimy
MOKHa BHPA3HUTH B SBHOMY BHIJISII, BBIBIIN HOBY 3MiH-
Hy, TOOTO 3MiHUBIIHK MaciTab yacy B K pasis, a Mactad

BUMIPIOBAaHHS — KOOPJMHATH Y kY2 pasiB. Y pe3ynbTari
OJICPKFIMO TaKe CITiBBITHOIICHHS MTOIIOHOCTI:

1/2 -1/2

plet/26 ko) pler ) =k V205 ).
[HmmMMU coBaMu, SIKIO 3MIHMTH MacmTad 4acy

CIIOCTEPEXEHHS Tporiecy B K pasiB, To AUCIEPCis TAKOXK

3MiHHTBCST B K pasiB 1 Oyme  JOpiBHIOBAaTH

Dg = Ngk (t —to) . ToMy 1715l BUKOHAaHHSI YMOBU HOPMY-

BaHHS IIUTBHOCTI PO3IOLTY HEOOXiMHO 3MIHUTH MacIi-

Tab IPUPOCTY BIHEPIBCHKOTO NPOIIECY B kY2 pasiB.

VY pe3ynbTati MpOBENEHUX MEPETBOPEHb 3PO3YyMi-
JI0, IO JAaHWH Tpolec € iHBapiaHTHUM IoA0 (QyHKIT
HIIJTBHOCTI PO3MOJUTY Uil TIEPETBOPEHHS, K€ 3MiHIOE
maciitab gacy B K pasie, a mMacmrab KoopauHAT — Y
kY2 paziB. 1linbHICTH PO3MONLTY PUPOCTIB JUIS 3Mi-
HEHOro Maciutaly 4acy MOXKHa 3aIicaTH y BUIIISAI

[ K¥2[B(kt)-B(kp)] |-
(K2 (B(1)-B(to) |

2Nok (t—tg)

ex
J27Nok (t-to)

K22 Bk

= f[B(t)

B(kto)ﬂ =
~B(to)]

MosxkHa 3poOUTH BUCHOBOK, IO LIUIBHICTH HMO-
BIPHOCTI PO3MOALTY BiAMAaCIITA00OBAHOTO BIHEPIBCHKOI'O

(13)

npolecy, NoAiJIieHa Ha Koe]ilieHT kﬂz, HE 3aJIeKHUTh
BiJ BUOpaHoro macira0y dacy. Takum 4MHOM, ymMOBa
CaMoMoI0HOCTI I[LOrO CTOXAaCTHYHOI'O TPOLECY BUKO-
HYETBCS LI0JI0 PIBHOCTI 32 PO3MOALIOM

1/2
2 (B k)~ B(o ) = B(1) ~B(o)
Hagenene Buille nmokasye, 1m0 BUIAJAKOBY (YHKIIIO
nepemimerns B(t) MoxHa 3a51aTH 3a JONOMOro0 HO-
PMaIBHO PO3MOAIIEHOr0 BUIIAIKOBOTO TPOIIECY 3 He3a-

JIKHAMH 3HaueHHsAMH {&}. Y 1IbOMY BUIAJKy IPUPICT
KOOpIMHATH OpOYHIBCHKOI YAaCTHHKHU 3aJISKUTH Bif Be-

JIMYMHA |t —t0| 1 BU3HAYA€THCS BUPA30M

AB(t)=B(t)-B(tg)
11151 6yb-AKoi Iapy MOMEHTIB 4acy t Ta ty 1 mapamerpa
H=1/2.

[pupomHUM y3araJbHEHHSIM BBEICHOTO HOHATTS

OpoyHIBCBKOTO pyXy € 3aMiHa mapamerpa H = 1/2 Ha
Oynp-sike midicHe gucio 3 iHTepBanmy 0 < H < 1. Takwuit

~ Elt—to|" =&kt M

pyx nosHauaethest sk By (t) i HasuBaethest (paxTans-

HUM OpOYHIBCHKUM pyXoM ((ppaKTaTbHUM BiHEPIBCHKUM
nporecoM). 3 ypaxyBaHHSIM BIIACTHBOCTEH BiHEPiBCHKO-
TO mporecy:

M {dB(7)}=0;
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36’a30K, menexomyHnikauii ma padiomexuixka

M {dB(z;) dB(zp)}=
=M {n(zy) n(zz)}drdr, = Nod(zp —71)drydr,

ONIEPXKUMO CTATUCTUKU ISl (hPaKTaIBHOTO IPOIECY y
BUTJIISAIL

my =0;
o :<[BH (t) =B (to)]2>:

2H _+ \2H
=2Df(ij :ZD{MJ ~[t—toP"
T T

(14)

Dy

(15)

Taxum uymHOM, mnpupict By (t) € TayCiBCHbKUM

MPOLIECOM 3 MaTeMaTHYHUM CIIOJIBaHHSM, IO JIOPiB-
HIOE HYJI0, 1 gucrepciero (15). YV mopiBasuHi 3 (10)
3MiHa jaucrepcii BianoBigHo 10 (15) BinOyBaeThes Ta-
KHAM YUHOM:

—npu H < 1/2 — mBuame;

—npu H > 1/2 — nosineHire.

st peasbHUX TIPOIECIB Yy KOMITIOTEPHUX Mepe-
xKax Mae micie ymoBa S < H < 1, mo Bkasye Ha ix cra-
TUCTUYHO NIPOTSDKHUN Xapakrep.

Jlyist BU3HaUGHHS XapaKTepy BIIACTHBOCTEH Maclil-
TaOHOI 1HBapiaHTHOCTI OOYMCIMMO HOPMOBaHY KOpEJs-
nifiny Qyskuito (koedilieHT Kopeysiii) TPHPOCTIB
By (t) ams msox intepsanis wacy (tg,t) i (t,2t), sxi

HC HepeTI/IHaIOTbCﬂ.
BiamnoBifHO 10 BU3HAUESHHS], 3aMIMIIIEMO BUPa3 JJIsl
koedilieHTa Kopesnsiii

M [(By (1) By (to))(Bu (2t) - By (1)) ] _
] (B ()81 (1))

3a ymosn By (ty) =0 onepunmo cripouenmii Bupas

 M[Oy (1) (2t)]-M|0f (1)]
) M[ o (1)]
[eii BUpa3 MOXXKHA 3aITUCATH TAKOXK Y BHTIISIL
o (1) = M {B,-B,}
M {8 (1)}
By = By (t)— By (2t)+ By (2t);
By = By, (2t)- By (1)+ By (¢).
Ha mincragi (17) i BpaxoByroun, mo
M| ©F (1)] =",
MOJKHA 3aIMCaTH BAPA3 TSI KOPEIAIINHOI (QyHKIIIT:

ko (£) =(2217 1)1

ry (t)=

M (1)

. (16)

_1= 22H—1 —l,

A7)

(18)

IIpu H = 1/2 maemo Iy (t)=0 Uit Oyab-sIKUX

3HaueHsb t. [Ipote mpu H # 1/2 maemo (He3anexHO Bif t)
My (t)#0. Tak, sxmo H > 1/2, 10 B iMOBipHicHOMY

CeHCl B TpoIeci MiATPUMYETHCS t TEHJCHIIS, IO € Y

MoMeHT 4acy {. SIkmo mpupocty Oyny MO3WTHBHHMU,
TO 1 HajiaNi B cepeHbOMY BiIOYBaTUMETHCS 301JIbILICH-
HSl KOOpJUHAT Tporiecy. TakuM YMHOM, /IS TpoLecy 3
H > 1/2 tennenuis 1o 301IbIIEHHS KOOPIUHAT Y MUHY-
JIOMY O3Ha4ya€ TEHJCHIIO 10 30UIbIICHHS B ManlOyT-
HBOMY 1 115 BIACTUBICTB TIPOLIECY B iIMOBIpHICHOMY CEH-
ci cnpaBeuMBa JUIsl 1OBiIbHO Benukux t. [Ipu H < 1/2
3pOCTaHHs MPUPOCTIB y MUHYJIOMY O3HA4a€ 3MEHILICHHS
B MailOyTHbOMY, a TEHJIEHIIisl 0 3MEHIICHHS y MUHY-
JIOMY pOOUTH WMOBIPHUM 30UIBIIEHHS] B MaOYTHHOMY.
3a ananorieio 3 (1), BumagxoBy ¢ynkiio By (t) mox-
Ha BHPa3HUTH Yepe3 IMPUPOCTH TayCiBCHKOr0 BUITAJIKOBO-
ro npouecy B(t) takmm unHOM:

1

By (t):m.tf(t—t’)'_'_m dB(t), (19)

—t

ne I'(x) — ramma ¢yskuis. 3rigHo 3 (19), 3HaueHHs BHU-
nankoBoi GyHKLii y MOMEHT yacy t 3ajexuTh Bill BCIX
TIOTIEPEHIX MPUPOCTIB dB(t’) 3BHYAHHOTO TayCiBCh-

KOro BHIIaKOBOro npouecy By (t) 3 HynsoBum cepen-

HIM 1 ofMHHYHOW naucnepciero. [Ipore mpu t* — —o0
el iHTerpayl po3XomuThes. TOMy MOMIHTErpaibHUI
BUpa3 HEO0OXiAHO MOJM(DIKyBaTH TaK:

B (0= gy ) (1) 0B(0)=
. (20)
:m [ ht-t)dB(t),

—00

(t _tr)H—]./Z

(t-t) 2 ()2 v,

, 0<t'<t;
me h(t-t')=

Ocranniii Bupa3 miust By (t) Ma€ BUIJIS]] PIBHSIHHS

3TOPTKH, sIKe pO3TIsHyTO ¥ [8].

Bigmitumo, mo npu H = 1/2 ¢opmyna (20) € dop-
MOIO 3aIUCy orepalii JpoOoBoro iHTerpyBaHHs. Buko-
PHUCTOBYIOUH CTETICHEBHI XapakTep 3MiHH IMITYJIbCHOT
nepexinHoi (yHKIiT abo BIACTUBICTH ii MacmTaGHOT
IHBapiaHTHOCTI, 3aMHUIIEeMO, [0

h(kt—kz)=kHY?h(t-7).

3 1bOr'0 CITIBBIAHOLIEHHS BUXOINTD, 110 /I BiHe-
PIBCBKOTO TIPOIIECY € BipHUM

dB(kr)=kY2dB (7). (1)
Tomy Ha ocHOBI (20) MOXKHA 3aIHICaTH BUPA3:
By (kr)=k" By (7)
abo
k"HBy (k) =By (1), (22)

10 HAWJITKiIlle BUPa)Kae CaMOMOMIOHINA XapakTep Mpo-
necy By (t).

IepeiimemMo 10 O3Sy CTATUCTHK TIpotiecy By (t)
IUIsI BUIAJIKY AUCKPETHOTO Yacy.
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BuxopucroBytoun (19), MoxHa 3anmcaTtd BUpas
JUTSL KOpersiiiHoi GyHKuii pakTaabHOrO BiHEPIBCHKO-
TO MPOIIECy Y BUIIISII

2H 2H 2H
k2H (tl,tz) ~ 1/2|:t1 +t2 —|t2—t1| :| (23)
Ha inrepBanax 3amanoi tpuBanocti T juis CKpeT-

(thta=T) i
(tnsk thex —T ), o posHeceni Ha yac k7, HopmMoBaHa

HUX MOMEHTIB CIIOCTCPECIKCHHA

PO3paxyHKOBA CTaTUCTHUKA JPYroro MOpSIKY Ma€e BUTTIAN
r(k,T) ~ %[(k +1)% 2kt (k —1)““} . (24)
Ipu k = 1 i BpaxoByrouwy, 1o o = 2H — 1:

rLT) ~ %[2”‘ 2]=2Mt1 @)

Ocranniii Bupa3 30iraerbest 3 (17), 1m0 CBIAYUTH
mpo 30epesxeHHs1 (PPaKTaILHOrO XapakTepy 3MiHH pO3-
PaxyHKOBHUX CTATHCTHK, MOPO/DKEHUX Oe3nepepBHUM

CTOXaCTMYHMM HporecoM By (t) Ipn Bemukux ki T

Koe(iliEHT KOpesllii aNPOKCUMYETHCS BUPA30M

r(k;T) ~ %a(a+l)k“_l =H(2H-1)k*H2, (26)

3 SIKOTO BUILIUBAE, 10 UMM Oijibllle 3HAYESHHs TapameT-
pa H, Tum Oiibir npoTsHKHOIO 3aJIEXKHICTIO XapaKTepH-
3YIOTBCS BIIACTHUBOCTI JAHOT'O BHUIIAIKOBOTO MPOILIECY.

BucHoBxku

VY craTTi 3anponoHOBaHUH MiAXiA 1O PO3PaXYHKY
KoedimieHTa Kopesii (pakraneHOro Tpadika, SKUi
0a3yeTbcs Ha aHaNi3i (paKTalbHUX BIACTUBOCTCH Me-
pexHUX TporeciB. sl po3paxyHKy BHKOPHUCTOBYETHCS
MOJIEeNb y3arajJbHEHOro OpOoyHiBCbKOro pyxy. Ilpu 1po-
My BHKOPHCTOBYETHCS OIepamis JpoOOBOro iHTErpy-
BaHHs OpOYHIBCBKOTO PyXy i3 SApOM, IO Ma€ BHUIJISA
CTerneHeBoi QyHKIIT i3 APOOOBUM MMOKa3HUKOM, & OTPH-
MaHHMH BHpa3 MOKa3ye 3aJIEKHICTh CTEIIEHEBOTO XBOCTA
po3moniny Bija mapamerpa Xepcra.

HanpsimkoM mopajJbmmx JOCHiIKeHb € TpOBe-
JICHHsI aHalli3y AWHAMIYHHMX IIPOILECIB Yy BIpTYaJIbHUX
TCP-3’eqHaHHAX 3 METOK BHOOPY MapaMeTpiB TpaHC-
MOPTHHUX TIPOTOKOJIB, SIKI MiJBUINATH NPOAYKTUBHICTH
MEpPEKHHUX 3aCTOCYHKIB.
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Method of calculating the correlation coefficient of fractal traffic
Heorhii Kuchuk, Pavlo Pustovoitov, Oleh Lebedev, Volodymyr Lymarenko

Abstract. The properties of network traffic of multiservice networks, which are observed in practice today, are quite dif-
ficult to interpret using the methods of statistical analysis, characteristic of the established modes of operation of network appli-
cations. Typically, backbone traffic focused on the simultaneous maintenance of information flows is often fractal in nature. This
makes it impossible to obtain traffic characteristics by conventional approaches. In particular, problems arise in determining the
statistical characteristics of the second order. The article proposes an approach to the calculation of the correlation coefficient of
fractal traffic, which is based on the analysis of fractal properties of network processes. The model of generalized Brownian mo-
tion is used for calculation. This uses the operation of fractional integration of Brownian motion with the kernel, which has the
form of a power function with a fractional exponent, and the resulting expression shows the dependence of the power tail of the
distribution on the Hearst parameter. The proposed method allows to perform an analytical assessment of the correlation coeffi-
cient, as well as to determine the degree of fractal properties of this random process.
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METOJUKA MPOBEJAEHHSA TEXHIYHOI'O OBCJIYT'OBYBAHHSA
OUPPOBUX 3ACOBIB 3B'A3KY

AnoTanis. TexHiuHe 0OCTYyroByBaHHS € OCHOBHHM 3aXOJIOM, IO NMPOBOJUTHLCS B TPOIIEC TEXHIYHOI EKCILTyaTarii
0COOOBHM CKJIAJIOM TIAPO3ALIIB 3B’ 3Ky Ha TEXHII JIs 3a0e3MEUCHHS BUCOKOI OOHOBOI TOTOBHOCTI Ta €KCIUTyaTalliiHol
HaJiiHOCTI 3ac00iB 3B’s3Ky. EQeKTHBHICTE MpOBEIEHHS TEXHIYHOIO OOCIYrOBYBAaHHS 0araTo B YOMY 3aJI€KHUTh BiJl YiT-
KOTO 3HaHHS OOCIYTOBYIOUHM IIEPCOHAJIOM O00CATY, 3MiCTY, OpraHi3amii Ta TEXHOJIOTil NIPOBEJEHHS IEBHUX 3aXO[iB.
Meta po6oTH — IPOBECTH IMOPIBHUIPHHUI aHAJTI3 CHCTEM TEXHIYHOro oOcimyroByBaHHsS apmii kpaid wieHiB HATO ta
HamnionansHoi rBapaii YKkpainu, Ha OCHOBI SIKOTO po3pOOHTH PEKOMEHAALI] 1010 BTIIEHHS METOJUKN IPOBEICHHS TeX-
HiYHOTO 00CITyroByBaHHS IH(POBHUX 3aco0iB 3B'13Ky miapo3niniB HarionansHii reapaii Ykpainu. B craTti npoBoxuThes
aHaJi3 3aXO/iB TEXHIYHOro 3abe3neveHHs, M0 HaBeJCHI B IHCTPYKIISX 3 eKCINTyaTalil pagiocTaHmid BHpOOHHWITBA
HARRIS, ski crann ocHOBHHMH B Tpolieci MojepHi3anii cucreMn 3B’ s3ky HamionansHo! rBapzii Ykpaiau. PosrisayTi
OCHOBHI BU/IM TEXHIYHOI0 OOCITYrOBYBaHHS BiJIIIOBITHOTO 00JaJHAHHS Ha BCIX PIBHAX. 3a pe3yIbTaTaMH MPOBEIECHOTO B
CTaTTi aHaNi3y BH3HAYEHI HAMOUIBII e(heKTHUBHI BUIU TEXHIYHOIO OOCIYyroByBaHHS HU(PPOBUX 3aCO0IB 3B 3Ky Ta MOPS-
JIOK TIPOBEJICHHS BiMOBITHUX TEXHOJIOTIUYHUX orepariil. Pesynbratn cTarTi MOXYTh OyTH BUKOpPHCTaHi B MpOIeci po3-
pOOKH Ta BBEICHHS B JIi10 HAJISKHUM YMHOM IHCTPYKIiH Ta MOJI0XKEHb 3 TEXHIYHOr0 00CIyroByBaHHs HU(POBHUX 3ac00iB
3B’s13Ky B HarionanbHii rBapail Ykpainu.

Kar4dosi caoBa: cucrema 3B s3Ky; IU(pOBi 3ac00u 3B'A3KY; TeXHIUHE 00CITYrOBYBaHHSI, eKCILTyaTaliiiHa HadiliHICTb.

Beryn

IToctanoBka mpodsemu. HeoOximHicTh HaOmH-
KEHHS CHCTEMH eKCIUTyaTamlii Ta TeXHIYHOro o0ciyro-
ByBanust (TO) Texwuiku 3Bs13ky HartioHansHOT TBap/ii
Vkpainn (HI'Y) no cranmaptie HATO o6ymoBiioe
CHpSIMYBaHHS OCHOBHHX 3yCHIIb 3 PO3BUTKY CHUCTEMH
3BI3KY Ha ii MOJIEpHi3allif0 Ta MepeocHaIleHHs, 0co0-
JIMBO B TAKTHYHIW JIAHI[ YIPaBJiHHS, TOOTO CErMEHTI,
SIKMH 0e310CepeIHbO BUKOPUCTOBYETHCSI TPU BEACHHI
OoiioBHX [iii Ta TpPU BHUKOHaHI IHIIMX CIYKOOBO-
OoiioBuX 3aBlaHb migpo3aiiamu HI'Y.

B 11bOMY KOHTEKCTi OCTaHHIM 4acOM YacCTHUHH Ta
miapo3aian HI'Y akTHBHO OCHAIIYIOTH HOBITHIM Ta MO-
JIEPHI30BAHUM 030pPOEHHSIM, BIfICBKOBOIO Ta CIIEIliajlb-
HOIO TEXHIKOIO, CIEliaJbHAMM 3aco0aMu Ta o0OjagHaH-
HSIM 3 ypaxyBaHHAM ix morpeb [1], B ToMy unchi cydac-
HUMU LUPpPOBUMH 3acobamMu 3B’S3Ky BUPOOHHIITBA
HARRIS Ta 3acobamu iHdopmaruzaii, 1o m03BOIISIE
3a0e3MeunTH SKICHE BUKOHAHHS IIEPIIOYEProBUX 3a-
BJIaHb 3 YIIPABIIiHHS BiliChKaMH.

HesBaxkatouu Ha 1ie, YTBOPHBCS PO3PHUB MiX Hay-
KOBO-TEXHIYHHUMHU JIOCATHEHHSAMH B cdepi mupoBux
3aco0iB 3B'S3KY 1 MPAKTHYHUMHE PEKOMEHIAIIMH OO
TexHoorii mposeaenns TO [2, 3].

Ile moB's3aHO, B IepIIy 4Yepry, 3 BIACYTHICTIO
KOMIUIEKCHOTO MIXO/Y MIOMO0 METOJUKH TMPOBEICHHS
TO na mudpoBux 3acobax 3B's3Ky B migpo3ainax HI'Y,
a TaKOX 13 BIACYTHICTIO BIATIOBIAHMX KEPIBHUX HOKY-
MEHTIB Ta TIOBHOT'O KOMIUIEKTY T€XHIYHOI JOKYMEHTAIIil
Ha 3apyOixkHi mmdposi 3acobm 38's3Ky [5-11], mocrym-
HOT'0 0COO0OBOMY CKJIATy. 3 MWX MPWYHH 3aBIAHHS TEX-
HIYHOTO 320€3MeveHHs M0J]0 POBENEHHS 3aXO0iB TeX-
HIYHOI eKCIUTyaTallii TeXHIKH 3B 3Ky KOMaHAWPH ITijI-
PO3JIUTIB BHPIIIYIOTH CAMOCTIHHO, CITUPAIOYNCh Ha OCO-
OuCTHI OCBiT, 1HTYIIIIO Ta HA CBii po3cy.

B 3arampHOMY TmIporieci TEXHIYHOI eKcInTyaTamii
00CITyrOByBaHHS € OCHOBHUM 3aXOJIOM, SIKHiA MPOBO-

IIUTh OCOOOBHUM CKJIaJ Ha TeXHIill [UIAd 3a0e3leUeHHs
BUCOKOI 0O0WOBOI TOTOBHOCTI Ta eKCIUTyaTalliiiHOI Ha-
JiiHOCTI 3ac00iB 3B’s13KY [2].

Bucoka edexkTHBHICTh IPOBENCHHS TEXHIYHOrO
00CNTyroByBaHHSI BU3HAYAEThCS HU3KOK (DAKTODIB, B
TOMY YHMCIIi TBEPIUM 3HAHHAM OOCIYTOBYIOUHM MEpPCO-
HalloM 00csATy, 3MICTy, OpraHizaiii Ta TeXHOJOTii Mmpo-
BezieHHs 3axofiB 3 TO, a Tako pO3yMiHHSIM OCOOOBUM
CKJIaZIOM CBOT'O 00OB’sI3KY Ta IMOYYTTs BiAMOBIAIILHOCTI
3a MIATPUMKY BHUCOKOi OOHOBOI TOTOBHOCTI JIOBipeHOI
HOMY TEXHIKH.

AHaJi3 ocTaHHIX AociigxeHb i myOmikamiii.
[MpakTka ekcrutyaTanii aHaJIOroBOro MapKy TEXHIKH
3B’s13ky g0 nouatky OOC Ha cxonmi YkpaiHu CBIIYHTH
npo Te, o NuTaHHs npoeneHHs TO Oyau po3risHyTI
JIOCHUTH JETANILHO, alie Iisl TEXHIKa MOPAJIBbHO 1 TEXHIYHO
3acrapiyia, BUuepIasia cBiil eKCIuTyaTalliifiHiii pecypc Ta
HE BIAMOBiJae BUMOraM 3a0e3IedeHHs 3B's3Ky B cydac-
HUX yMOBaX BeJIeHHs 0oto, ii eKcIuTyarallisi Ta peMOHT
€KOHOMIYHO HEOLIIbHI, a BEJIUKA KIJIBKICTh €JIEMEHTIB,
110 BXOSTH J0 11 CKIIa/ly BXK€ HE BUPOOISIETHCSI IPOMH-
croictio [3]. ¥V cratti [4] 6yB npoBeaeHuii aHAI3 CHC-
TEMH TEXHIYHOTO 3a0e3MleUeHHs 3ac00iB 3B'SI3Ky 1 aBTO-
MaTH3allii, BpaXxoByIOUH OTpeOy HAOIIDKEHHS CHCTEMH
BiliChKOBOTO ympaBiiHHA 30poriHux Cun Ykpainum 1o
craagaptis HATO.

Amnami3 po0it odimiitHOro npeacTaBHUKa KOMIaHii
HARRIS B Vkpaini TOB «PAJIIO CATKOM I'PYII»
[4-10] nosBONMMB 3pOOWMTH BHCHOBOK MPO 3HAYHI Bil-
MIHHOCTI Y MIAXO0MaX MIOAO0 TEXHIYHOTO OOCITyTrOBYBaH-
Hs pamiocTaHIiii «Harris» Ta TeXHIYHOTO O0OCITyroBY-
BaHHS aHAJIOTOBOI TEXHIKH 3B’ 3Ky HallioHanpHOI TBap-
nii Vkpainu V [2], mo crano miarBepaKeHHIM Heob-
XiTHOCTI pO3pOOKH HATIPSAMKIB yIOCKOHAJICHHS IIFOUOL
cucremu TO mdpoBux 3ac00iB 3B’ SBKY.

MeTo010 C€TATTi € TPOBEACHHS TOPiBHIIHLHOTO
aHaNl3y CHUCTEM TEXHIYHOTO OOCIIyTOBYBaHHS apmiit
kpaid wieniB HATO Ta HamionaneHoi rBapaii Ykpainy,
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po3po0Ka pEeKOMEHMAIN MIOA0 HAMPSIMKIB YIOCKOHA-
JICHHSI JIIF0Y0I CUCTEMH TEXHIYHOTO 0OCITYrOBYBaHHS Ta
BTIJIEHHS METOAWKHU TMPOBEJCHHS TEXHIYHOTO 00CIyro-
ByBaHHs IM(POBHUX 3ac00iB 3B's3Ky migpo3ninis Hario-
HaJIbHOI rBapii YKpainu.

Bukaanx ocHoBHOT0 MaTepiaxy

TexHiuHe 00CITyroByBaHHSI 030POEHHS Ta BICHKO-
BOI TEXHIKH - KOMIUIEKC ONepaliii 4n oreparist miaTpu-
MaHHSI CIIPaBHOCTI YM Mpale3JaTHOCTI 030pO€HHS Ta
BIfICEKOBOI TEXHIKH IIiJT YaC HOrO TEXHIYHOI eKCIUTyaTa-
it [12]. OcHOBHI 3aBAaHHS TEXHIYHOTO OOCITYrOBYBaH-
Hs HaBe/IeHo Ha puc. 1.

[epenik Ta 3micT oneparii, sKi MPOBOAATHCS i
Yac TEXHIYHOro OOCIYrOBYBaHHS TEXHIKH 3B'SI3KY,

BU3HAYAIOTHCS JUISi KOXKHOTO 3paska ocobucrto. Bonnm
3aekaThb Bifl CKIaJHOCTI Ta HaJiHHOCTI 3ac00y 3B'S3KY,
0COOMBOCTEH KOHCTPYKIIi1, MOTPiOHOI 00€3IaTHOCTI Ta
0e3BIIMOBHOCTI (DYHKITIOHYBaHHS, a TaKOX 30BHIMIHIX
YMOB, MiJ] BIUIMBOM SKHX 3HAXOAUTHCS 3aci0 3B'SI3Ky B
mporieci 60HOBOro 3aCTOCYBaHHS.

st craporo aHaJoOroBOro MapKy TEXHIKH 3B'S3KY
srigHo 3 [lonokeHHSM TpO TexHiUHE 3a0e3neveHHS
3B’s13Ky B HamioHanbHOI rBapaii Ykpainu nepenoadeno
taki Bugu TO:
koHTpoibHuH orisiz (KO);
mo/IeHHe TexHiuHe oociayroByBaHHs (LL[TO);
TexHiuHe oocnyroByBanHs Ne 1 (TO-1);
TexHiuHe oociyroByBanHs Ne 2 (TO-2);
ce30HHE TexHiuHe o0ciyroByBanHs (CO).

OCHOBHI 3aB/IaHHSI TEXHIYHOT'O 00CITyTrOBYBaHHS

TEXHIKH 3B 3Ky
v
[TonepemkeHHs IepeIacHOro BusiBnenus JloBenieHHs TapamMeTpiB i
3HOCY MEXaHIUYHHUX CJIEMCHTIB it ycyHeHHs XapaKTEPUCTHK 10 HOPM
1 BUXOJ1y €/IeKTPUYHUX HecTpaBHOCTEiH .
napaMeTpiB amapaTypu .
pamerp paryp 1 IpUYUH )
3a MEXI1 BCTAHOBJICHUX . IIpomoBskeHHsI CTPOKIB
iX BUHUKHCHHS
HOPM eKCILTyaTari

Puc. 1. OcHOBHI 3aBJaHHS TEXHIYHOTO 0OCITYrOBYBaHHS TE€XHIKH 3B’ 3Ky

JloCBiJl PaKTHKK Y BifiCbKaX JOBOAUTD, IO OCHO-
BHUMH HEJIOJIKAMHU 3 OpraHi3arii TexHi4HOro 3abe3rie-
YeHHs 3ac00iB 3B’s3Ky Ta iH(popMaTH3alii HUHI €:

Benuke uncio Bunis TO;

HU3bKa e()EKTUBHICTH MPOQIIAKTHIHUX POOIT;

Benukuii oocsr i Bapticts TO;

HEeBpaxyBaHHsI CTPYKTYPH 00 €KTY 1, K HACIHIJOK,
HEONTUMAJIBHICTh 1 HEY3TO/DKEHICTh PEXKUMIB 00CTYTo-
BYBaHHs PI3HUX (YHKIIOHATBHO IOB’SI3aHMX ITiJICHUC-
TeM, 10 BXOJATH JI0 OXHOr'O 3pa3Ky TEXHIKH 3B’S3KY.

[IpoBenenuii aHai3 3axo/iB TEXHIYHOro 3abe3re-
4yeHHs, siki HaBeneHi B poborax TOB «PAJIIO CAT-
KOM I'PVYII» pnst pagiocranuiii Bupoouunrea HARRIS
[4-10], moka3aB, IO OCHOBHHUMH IJIsi HUX BBA)KA€THCH
JIBa BUIU TEXHIYHOT'O 00CIyroByBaHHS (MIPOQITAKTHIHE
1 IO3aIDIaHOBE), TA TPHU PiBHI 00CITYTOBYBaHHSI.

[podinakruune ob6cnyropysanns ([IpO) — ne Bun
00CITyroByBaHHS, SIKUH 3IHCHIOETHCA 3a Tpadikom. [lix
4yac npoiIaKTUKK MTPOBOAUTHCS IEpeBipka 00IaHaAH-
HS 3 METOI0 3al00iraHHA BUXOIY 3 JIaTy i 3MEHIICHHS
4acy MpoCTOIO.

[IpO monsrae B yrpuMaHHi 00NaTHAHHS B YHCTO-
My Ta CyXOMY CTaHi, O4HIIeHOMY Bix mmry. O0nagHaH-
Hi, SIKE BUKOPHCTOBYETHCS Ma€ OIIIATUCS INOAEHHO,
IIpH IEOMY TOTPiOHO BUKOHATH BOYIOBaHI TECTH, Iepe-
BipUTH HAJIMHICTH Mix €THAHHA OaTapeHHOro BiJICIKY i
YHCTOTY BEHTWIAIMIMHOTO KJIalaHa, a TaKOX HaJiHHICTh
i’ eqHAHHS Ka0emiB Ta po3’eMiB 10 TpaHCiBepa i aH-
TEHHOI CUCTEMHU.

SIkmo obyiafHAaHHA IMOJHS HE BUKOPUCTOBYETHCH,
TO HOro OIS Ta BUKOHAHHS BIiIMOBITHUX IMPOLEIYD
Mae MpoBoAUTHCS OTHKHL. [lepernik podit npu HpboMy
BKJIIO4Ya€ B ceOe O] aHTEHW Ha HAsABHICTL 3JaMiB i
PO3TSIrHEeHb (3a MoTpedr HeoOXiHO BIPEMOHTYBATH YU
3aMIHUTH), OTJISII PO3’€MIB HA MPEeIMET KOpo3ii 4u Immo-
IIKOJDKEHb, MEPEBIPKY XUCHUX KOBIAYKIB.

[IpO kpiM IOEHHOTO Ta MIOTHKHEBOTO 00CITYTro-
BYBaHHs mependavae 1 1mopiuHe oOCIyroByBaHHS, IIiJl
yac SIKOrO MPOBOJUTHCS IEpeBipka B MOBHOMY 00Cs3i
pobotn papmioctaHumii Ta 3amiHa Oarapei HUB
(HoldUpBattery).

[ozamnanoBe Texuiune oOcnyroByBanHs (I130)
mpoBOaUTHCA, Komu mix wac 1IpO, gu mig gac pobotn
pazmiocraHIii, Oyiny BUSBIICHI Ti Y iHII HECHPABHOCTI,
a0o Toif un iHmmi gedeKT, ToOTO 3a HeOOXiqHICTIO.

Kommnaniero Harris, Ha BiaMminy Bix cucremu TO,
mo xgie B HI'Y, mependagaeTscst TpU piBHI 00CTYroBY-
BaHHSL.

Ilepumii piBeHp mnepembadae BU3IHAYEHHS DPIiBHSA
Tpane3qaTHOCTI OONMamHaHHSA (BUKOHYETHCS OIIEpaTo-
poM 6e3 3aCTOCYBaHHS JONATKOBOT'O OOJIaTHAHHS).

Ha ppyromy piBHI BHU3HAYaeThCs IMPaIe3qaTHICTh
o0JTaTHaHHS PafioCTaHIil (BUKOHYETHCS OIEPaTOpOM i3
3aCTOCYBaHHSIM JOATKOBOTO OOJIaTHAHHS).

Tperiit piBerp nependadae BU3HAYCHHS IIparie3/ia-
THOCTI OOJaTHAHHS 1O MOIYIS y MPUCTPOI (BUKOHYETH-
csi cepTH(iKOBaHMM TIEPCOHANIOM i3 3aCTOCYBaHHSIM
00JaIHaHHS CIIeniani30BaHOTO aBTOMOOLIN).

154



36’a30K, menexomyHnikauii ma padiomexuixka

3aranpHUN aHAII3 3aX0/(iB TEXHIYHOI EKCILTyaTaIii
HOBITHIX IM(POBUX 3aco0iB 3B'I3Ky Ta MpaKTHKa iX
3aCTOCYBaHHS MMOKA3JIH, IO I HUX OLIBIN IpUTaMaH-
HUM Ma€ OyTH IO iHIHUK TEepelTiK BUIIB TEXHITYHOTO
00CITyrOByBaHHSI:

- IO/ICHHE TeXHIYHEe 00CITyrOByBaHHS;

- OTWXHEBE TEXHIYHE 00CITYrOBYBaHHS;

- TeXHIYHe 00CITyrOBYBaHHS 32 HEOOXIIHICTIO,

- T103aIUTaHOBE TEXHIYHE 00CITyrOByBaHHSI.

CymicHuit 3mict BuaiB 1 3axoxiB 3 TO craporo mna-
PKy TeXHIKH 3B'SI3Ky Ta IU(POBUX 3ac00iB 3B'SI3Ky Ha-
BeJIeHO B TaOu. 1.

Tabnuysa 1 — Cymicuuii 3mict BuaiB i 3axoaiB 3 TO craporo mapky TexHiku 3B'i3Ky Ta HU(QPOBHUX 3ac00iB 3B'A3KY

Bumu TO Bumu TO Omnepanii TO
aHaJIOrOBOI TEXHIKHU 3B'A3KY ¢ poBHX 3ac00iB 3B'A3KY ¢ poBHX 3ac00iB 3B'A3KY
[I{onennue [lonenne CaMmorecTyBaHHs
TEXHIYHE 00CITyroBYBaHHS TeXHIYHE 00CITyrOBYBaHHS pazmiocTraHmii
[loTmxHeBE Tlepiognunmii Bi3yaabHUHA OTIISIT
TeXHIYHE 00CITyrOBYBaHHS 1 OUHMIIEHHS pagiocTaHIii 6e3 1l po3KpUTTS
TO-1
TexHiune 06ciTyroByBaHHs OunineHHs, nepeBipka
3a HEOOX1IHICTIO Ta 3aMiHa 3aC00iB )KMUBJICHHS
. IIposenennsa TO
Ilo3amnanoBe TexHiuHE . .
TO-2 HPH CEPBICHOMY 00CITYrOBYBaHHI
00CITyroByBaHHs .
a00 peMOHTI

MCTOJII/IKa MpOBEACHHA HIOJACHHOI'O, HIOTHXKHEBO-
ro tTa TO 3a HeoOxinHicTIO 1K(POBUX 3aCO0IB 3B’S3KY
Mae TependadaTH BHUKOHAHHSA HACTYIHHUX OCHOBHHX
orepamiii cuiiaMu 0coOOBOrO CKIIaJy, IO EKCIUTyaTye
TEXHIKY 3B’SI3KY:

CaMOTECTYBaHHsI PaJIiOCTaHIIIH,

Bi3yaJIbHUH OIJIsiA,

OYHIIECHHS TEXHIKH,

repeBipKa Ta 3aMiHa 3aC00iB KHUBJICHHS.

CamorecTyBaHHsI HEOOXiTHO BHKOHYBaTH 3TiJHO
IHCTPYKIIT 3 eKcIuTyartallii Jyisi BU3HAUYEHOro THITY pa-
nioctaHmii 3a BOYOBaHMMH TECTaMH 3 METOI BH3HA-
YeHHs NPaIe3aTHOCTI OCHOBHUX BY3JIiB.

BizyanbHuil orisj| mpoBOJUTHCS 3 METOIO MEpPeBi-
PKH 30BHINIHBOIO CTaHy PaJiOCTAHII Ha BIJCYTHICTb
TIOIIKO/DKEHb, Aedopmallii, Opyay Ha MOBEpPXHI pajioc-
TaHIii, Kopo3ii, HASIBHOCTI Ta ILIICHOCTI BCIX Po3’eMiB
Ta CKJIAJIOBUX PaJiOCTAHIIII.

OunmieHHsT 30BHINIHIX TOBEPXOHB PaIiOCTaHII{
MIPOBOIUTHCSA SIKIIO TEPIOJMIHUN Bi3yaJbHUHA OIS
moKa3aB 3a0pymaHeHicTh abo 3ammieHicTh. OYHIIECHHS
3MIACHIOIOT TUTBKU TICTS BiTKITIOUEHHS PajIiOCTaHIIi
BiI Mepexi >KuBJIEeHHS. s OYUINEHHS 30BHINIHIX IO-
BEPXOHBb PaiOCTaHINHN 3a3BHYail BUKOPHCTOBYIOTh MU-
tounit 0,5% po3umH AT MUTTA MOCYAY 1 M'sIKy abcop-
Oyrody TKaHWHY a00 CEpBETKM AJS CYIIKH IOBEpPXHI
pamioctantii. [Ipu ipoMy HEOOXITHO 3a0€3NEUNTH YMO-
BH, 00 MUIOYNH 3aci0 HE MPOHUKAB B OTBOPH BiJKpH-
THX PO3'€MIB i 3'€THAHB.

TO 3a HEOOXiAHOCTI MPOBOAATH MICIST B3a€MOZIT
pamiocTaHIii 3 TpicHOO abo COMOHOK BoOmor. s
IBOTO BN €IHYIOTH aKyMYJISTOPHY Oatapero Ta Tpo-
MHUBAIOTh ii YMCTOI0 TPICHOIO BOMOK0, BUTHPAIOTh Ha-
CyX0 M’SKOI0 TKaHHHOIO JUIS 3aro0iraHHs Koposil.

SIKII0 Mae Micle Kopo3isi, KOHTAKTH OYHIIATh 33 J0-
MOMOT'OF0 HEHJIOHOBOT'O CiTYAaCTOro abpa3uBHOrO Mate-
piany abo aHanoriyHuM 3aco6om. ITozonoueHi po3'emu
paniocTaHIii YUCTUTH KATErOPUYHO 3200POHEHO.

B pa3i HeoOXxigHOCTI 3aMiHM 3acO0IB >KHMBJIEHHS,
micas Bia €QHAHHSA Ta 3aMiHHM OCHOBHOI Oarapei, SIKIIO
pamioctaHilis He 3a0e3neuye 30€peKeHHs 3aBaHTaXe-
HUX JaHuX (3amporpaMoBaHKX IapaMmeTpiB, iHpopMma-
il0 Ta KIOYiB IIU(QpYyBaHHS), HEOOXIJHO 3aMIHUTH
6arapero HUB.

Pexomennyetbest 3aminsati O6arapeto HUB koxkHi
12 micsuiB.

[NozamnanoBe TO ab0 peMOHT MOBWHHI MPOBOAHU-
THUCS TUIBKU B CEPBICHOMY IIEHTP1 KBani(hikoBaHUM Tiep-
COHAJIOM B TaKHX BUIIAJKaX:

KOpPHCTYBad BHKOHaB BOYJOBaHI TECTH 1 BUSIBHB
HECIPABHICTh PajliOCTAHIIIT;

mij; yac pobOTH pagiocTaHmii 3'sIBUIOCS MOBiOM-
JICHHS TIPO HECTIPaBHICTB;

KOPUCTYBa4 IMOMITHB MOTIPIIEHHS SIKOCTI podoTH
pazniocTaHIiii.

IIpu TO B cepBicHOMY IEHTPi PEKOMEHIYETHCS
MIPOBOJUTH OYHUIIEHHS BHYTPIIIHIX KOMIOHEHTIB pasio-
craHMii i3onpomineHoBuM crpToM (70% abo 100%) 13
3aCTOCOBYBAaHHSM  HEMETAICBHX  KOPOTKOLIEPCTHX
IIITOK JUIsl BUJQJICHHS NPWIMIUINX PEYOBHH,a IS CY-
IIHHSA paaiocTaHIii BUKOPHCTOBYIOTh M'SKY abcopOy-
109y HEe BOPCHUCTY TKaHHHY. [IpH IIbOMY CIIiIKYIOTB,
o0 MUIOYHI PO3YXH HE IPOHUKAB ¥ OTBOPH BiJIKPUTHX
po3'eMiB i 3'€qHAHB, a KEPYIOUi KOMIIOHCHTH HE 3aJIBa-
JO CIIUPTOBMM PO3YMHOM. [IJIsi IPHCKOPEHHS MpoLecy
BHUCHXaHHS 3a00pOHEHO BHWKOPHCTaHHSA IMOBITPS Tix
BHCOKHM THCKOM, TaK SIK II¢ MOXE MPU3BECTH J0 KOH-
HeHTpalii po3unHy B HeOaKaHUX MiCIIX.
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He pexomeHIyeTbCs 3aCTOCOBYBATH 130MpOITiyie-
HOBHW CITHPT, aepo30JIbHI CIIpel Ta iHI XIMIYHI pedo-
BUHHM JUUIsI YMIIEHHS KOPIYCIB paaiOCTaHINI, 10 MOXe
HEeTaTWBHO BIUIMBATH Ha JesAKi BUAW Iutactuka. Jlist
3aro0iraHHsl 3a0pyJHEHHsS PEYOBHMHAMH Bif TOMEpen-
HBOTO BUKOPHCTAHHS 3aBXKAW BHKOPHUCTOBYIOTH HOBHH
PO3YHH CITUPTY 1 YUCTHH KOHTEHHED.

BucHoBok

Ot1xe, OCHOBHHUMH HAalpsIMKaMH YIOCKOHAJTIEHHS
cucremu TO mmppoBux 3aco6iB 38’s3ky B HI'Y mpormo-
HYETHCSl BBaXKaTW: BH3HAYEHHs rojoBHOi metn TO B
mporieci ekcInryaranii nudpoBuX 3aco0iB 3B’SI3KY, sKi
HaJIXOIITh HAa 030pPOEHHS; BU3HAYECHHS CYKYITHOCTI B3a-
€MOITOB’I3aHUX 3aC00iB, BUKOHABINB 1 JOKYMEHTAIIl 3
TO, npu3HaueHoi A1 MiATPUMaHHS CIIPaBHOTO 1 mparie-
3IaTHOTO CTaHY TEXHIKHM 3B’S3Ky; ONTHMIi3allisl mepio-
quyHocti Ta BuAiB TO mudpoBux 3acobiB 3B’S3KYy 3
BH3HAYEHHSIM METOJIHUK MPOBENICHHS KOKHOT'O 13 HHX.

SlxicHa migroroska Ta nposezeHHs TO € rapaHToM

3B’A3Ky Ta i1 0€3BiIMOBHOI pOOOTH NpH BUKOPUCTAHHI
3a MpU3HAYeHHAM. [1 MOpsIOK i MOCHiOBHICTh YCTaHO-
BJIFOE KOMaHIMP IiJPO3JUTYy 3 ypaxyBaHHSM KOHKpET-
HHUX yMOB, aJie TIpH OpraHi3amii 0OCIyroByBaHHS B KO-
JKHOMY pasi HEoOXiJHO KepyBaTHCsI HACTYIIHUMH 3aca-
JIaMU:

- TIOCTAHOBKOIO KOHKPETHHX 3aBIaHb OCOOOBOMY
ckimanxy Ha mpoeneHHs T1O; y mepmy uepry
BUKOHYIOTbCS. pOOOTH, IO BiJHOBIIOIOTH OOWOBY
TOTOBHICTh PaIiOCTaHIIIH;

- aHaJTi30M TPUYUH BiJIMOB 1 BXXUTTSAM 3aXOJiB, SIKi
BUKITIOYAIOTh iX IOBTOPEHHS;

- TBEPJIUM 3HaHHAM YCIM OCOOOBUM CKJIaJIOM 00-
ciry poOIiT 1 METOAMKM TEXHIYHOrO OOCITyroBYBaHHS,
BUKOHAHHSM X Y TOYHIN BiAIIOBIJHOCTI JI0 BCTaHOBJIE-
HHX BHMOT.

Buxiagena meroquka Moxxe OyTH peKOMEHJ0BaHa
JIO BUKOPHUCTaHHS OCOOOBMM CKJIaJOM IiJIpO3AiiB
3B’s13ky HI'Y 110 po3poOku Ta BBEACHHS B [0 HAJICK-
HUM YHHOM BimNOBigHHMX 1HCTPYKIiH TO mudposux

3a0e3MedeHHs BUCOKOI OOHOBOI TOTOBHOCTI TEXHIKM  3aco0iB 3B’s3KY, IO CTOSATH Ha 03GPOEHHI.
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Methods of maintenance of digital means of communication
I. Mayboroda, M. Glushchenko, V. Lazarev

Abstract. Maintenance is the main event carried out during the technical operation of the personnel of communication
units on the equipment to ensure high combat readiness and operational reliability of communication means. The effectiveness of
maintenance depends largely on a clear knowledge of the scope, content, organization and technology of certain events by the
attendants. The purpose of the work is to conduct a comparative analysis of the systems of to armies of NATO member coun-
tries and the National Guard of Ukraine (NGU), on the basis of which to develop recommendations for the implementation of the
methodology for conducting digital communications of NGU units. The article analyzes the technical support measures given in
the instructions for the operation of harris radio stations, which became the main in the process of modernization of the NGU
communication system. The main types of maintenance equipment of the corresponding equipment at all levels are considered.
According to the results of the analysis carried out in the article, the most effective types of digital communication equipment and
the procedure for carrying out relevant technological operations are determined. The results of the article can be used in the pro-
cess of developing and enacting properly instructions and regulations on the technical means of communication in NGU.

Keywords: communication system; digital communication means; maintenance; operational reliability.
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PO3POBJIEHHA METOJUKH OIITUMI3AILII OTPOMIHIOBAYA
IHAPABOJITYHOI AHTEHU AIAITA3BOHY 4,5 - 4,7 I'TLH

AHoTanis. Y crarTi po3pobieHa METOUKA KOHCTPYKTHBHOTI'O CHHTE3Y PYIIOpa 3 OKPEMHX IIPOBITHUKIB JJIsI ONTHMI3amil
XapaKTepHCTHK ONPOMiHIOBaya rapaboniynoi anTeHu niana3ony 4,5—4,7 I'Tn nepcrniekTHBHOI patiopeneifHo-TpornocgepHoi
cTaHMii 3B’53Ky, SIKa OCHOBaHAa Ha MAaTeMAaTHYHOMY arapaTi, [0 BPaXOBYe BiOMUI MeTox Teopii anTeH — HaBeneHnx EPC.
Lleii MeTox mae 3Mory 3MOr'y BU3Ha4aTH HaBeJIeHI Ta BJIACHI OMOPHU JOBIJIBHO PO3TAIIOBAaHMX BiOPATOPIB, a TAKOXK aMILTITY-
M Ta a3y CTPyMIB y IIUX BiOpaTopax Ta OTPHUMaB MOJAIBIINN PO3BUTOK VIS PO3PaxXyHKY PYIHOPIB, IO OYAYIOTHCS 3 OK-
PEMUX TIPOBITHUKIB 3aBIaHHI METOINKHN (POPMYIIOETHCS 30KpeMa TaK: JUIsl 3a/IaHOoi IPOCTOPOBOI liarpaMy CIPsIMOBAHOCTI
aHTEHHOI CHCTeMH 3aco0y paio3B’sI3Ky Ta JiarpaMH CIIpSIMOBAHOCTI J3epKaiia (BiqOMBava) aHTEHHO! CTaHII] MOTPiOHO BH-
3HAUUTH Jiarpamy CrpsMOBAHOCTI OIPOMiHIOBada (Po3B’s3aTH 30BHIIIHIO 3a]ady TeOpii aHTeH) Ta 3HANTH KOHCTPYKIIIO
pyTIopa 3 OKpeMHX ITPOBiTHUKIB, [0 peatizye HeoOX1AHUH B aMILTITYJHO-()a30BOT0 PO3IOALTY €IeKTPOMArHiTHOTO ITOJIS
Y PO3KpHUBi pynopa (po3B’s3aTH BHYTPIIIHIO 3a1aqy Teopii aHTeH). O0’€KTOM JOCIIKEHHS € PYIOp 3 OKpEMUX MPOBIIHHU-
KiB, KOHCTPYKTHBHOIO OCOOJIMBICTIO SIKOTO € 3MiHa HOTO T€OMETPUYHHX PO3MIpIB, XapaKTEpPHCTHKH SKOTO BiIITOBINAIOTh
LTEHOMETAJIEBOMY pynopy. Pe3ympraToM NpakTHIHOTO BUKOPUCTAHHS METOIUKH € 3alpOITOHOBAHUI ONPOMIHIOBAY Iapa-
00JIiYHOI aHTEHH IS TIePCIIEKTUBHOI pajiiopesieHO-TporocqepHoi CTaHIii 3B’ 43Ky y BUIIIAAI KOHIYHOTO pyrnopa. Oco6iu-
BICTIO KOHCTPYKIIii KOHIYHOTO pYyIopa € Te, IO BiH CKJIQIAETHCS 3 OKPEMHX MPOBIIHUKIB, SIKI 3MIHIOIOTH JIOBXHUHY, IO Y
CBOIO Uepry Jja€ 3MOTy 3MiHIOBAaTH 3arajlbHi TeOMETPHYHI po3Mipu pyropa. BiacTuBocti po3po0i1eHoro KOHI4HOTO pyropa
Bi/IIIOBiJAIOTh BJIACTUBOCTSIM LITEHOMETAJICBOIO PYyIOpa 3 aHAJIOTIYHUMH €JIEKTPUYIHUMH XapaKTepHCTHKaMu. MeToanky
JIOLIJIBHO 3aCTOCOBYBATH B 3arajibHii TeOpii aHTeH /U KOHCTPYKTHBHOTO (iH)KEHEPHOT0) CHHTE3Y PYHOPHHX aHTEH 3 OK-

peMux HpOBi}lHI/IKiB 3a 3a/1TaHUMU CJICKTPUIHUMU XapaKTCPUCTUKaAMU.

KawuoBi cioBa: mapaboniyHa aHTeHa; pyrop 3 OKPEMHX IPOBITHHKIB; OIPOMIHIOBaY, PO3PaXyHOK.

Beryn

Jlyisi KOHCTPYKTUBHOTO CHHTE3y OOpaHO OIpoMi-
HIOBau napalosiuHOl aHTEeHW Ha OCHOBI pyIopa Jiamna-
3ony 4,5-4,7 I'Tu, noOynoBaHuii Ha OCHOBI OKpEeMHX
MPOBITHUKIB 13 3MIHHOIO TE€OMETPI€I0 il aHTEHHOI
CHCTEMHU IIEePCIEeKTUBHOI pajiopeneitHo-TpornochepHoi
craHuii cneusp’sizky. Jns Takoi cranuii nmoOymyemo
HOBUI1 ONPOMIHIOBaY Ha OCHOBI PYNOPHOI aHTEHH, I10-
OyIoBaHOI 3 OKpEMHX MPOBITHHKIB BIMOBITHO IO 3a-
JaHUX TEXHIYHUX XapaKTEPUCTHK.

IMocTanoBKa 3aBaaHHs. 3aBIaHHSA METOIUKH (o-
PMYJIIOETBCSA 30KpeMa Tak: JJI 3aJaHol IPOCTOPOBOI
JC aHTeHHOI cucTeMu 3aco0y panio3B’s3Ky Ta jiarpa-
MU CIpsIMOBaHOCTI a3epkaina (BinouBaya) AC noTpiOoHO
BusHauntu JIC ompomiHioBada (po3B’sI3aTH 30BHIIIHIO
3a/avy Teopii aHTeH) Ta 3HAWTH KOHCTPYKILIO pymopa 3
OKpEeMHUX NPOBINHUKIB, IO peaizye HEOOXiTHHHA BHJ
amIutityaHo-(asoBoro posmoxaimry EMII y po3kpusi
pymopa (po3B’s3aTu BHYTPIIIHIO 3a/1a4y TE€Opil aHTEH).

AHani3 ocTaHHIX JocHiIxKeHb Ta myOmikamii.
CyMDXHOIO 3 TaHOIO TeMaTHuKor0, 6yno nposenends HJP
“MIPAX” Han sxoro mparoBanu criBpoOiTHuku HJII
TexHonorid kibepbesneku Jepxcmersssky Ta [C33I
KIII im. Irops CikopchKoro, pe3yiabTaTH SIKOTO Oyim
YCIIIIHAMH Ta JIOBEICHUMH ajie MaloTh MiCIle Ha BIOC-
KOHAJICHHS - pO3poOKa OLTBIN 3pYyYHHX B €KCIUTyaTallil
aHTEH 3 PO3LIMPEHHSM MOXJIMBOCTEH (HANpHUKIaa CKa-
HyBaHH JliarpaMoro cripsMoBaHoCTi). Kimacwaroro 3ama-
Yer0 CHHTE3a 3 TMOIIYK aMIDTiTyIHO-()a30BOTO PO3MOILTY
cTpyMy abo exekrpomarsitHoro mosst (EMII) B po3kpuBi
AHTEHH, BIIIIOBIIHO N0 33aJaHUX EIEKTPUIHUX XapaKTe-
puctuk AC [5]. Ipu BupiuieHHi Takoi 3a1a4i THII BiIOH-

Baya 0COOJIHMBOTO 3HAYCHHS HE MA€, BAXKIIHBUM € 3HAHHS
XapaKTEePUCTHK OmpoMiHiorouoi antenu [6, 7]. Camoi
METOJMKHA ONTUMI3alii ONpoMiHIOBa4Ya MapaboIigHOl
aHTEHH SK TaKOl JI0 HAILIOTO Yacy He iCHye, TOMy Hepes-
YMOBaMH  CTBOPEHHA  METOIMKM €  CKIaJHICTh
PO3B’s3aHHS €IEKTPOAMHAMIYHMX 3ajad i IIbHOME-
TaneBoro pymopa meronoM HaseneHux EPC, ta Bimcyr-
HICTb MaTEeMaTHYHOTO amapaTy Uil KOHCTPYKTHBHOTO
CHHTE3Y PyIopa 3 OKpeMHX MpoBiauukis [4-7, 10].

Mertoarka mpu3HAUYeHa A MOOYIOBH PYMOPHOL
AaHTEHH 3 OKPEMHX TMPOBIJIHUKIB SK OINPOMIHIOBaYa
napaboJiuyHOl aHTEHH MEPCHEeKTUBHOI pajiopeneiiHo-
TporocepHoi CTaHIii 3B’ A3KY.

OcHOBHA YacTHHA

OO0’€KTOM JOCIIIKEHHS € PYIIOpP 3 OKPEMHX IIPO-
BiJTHHIKiB, KOHCTPYKTHBHOIO OCOOJUBICTIO SIKOTO € 3MiHa
HOro TeOMETPHYHUX PO3MIpiB, XapaKTEPUCTUKH SKOTO
BiJIIOBiAIOTH [ITBHOMETAIEBOMY PYIIOPY.

OcHOBHUME OOMEXEHHIMH € Te, IO IS OMpOMi-
HIOBaHHS NapaOoJIiYHUX aHTEH 3aC00iB 3B 3Ky PO3TJIs-
JAIOThCS BUIIPOMIHIOBAYi HAa OCHOBI PYNOPHHX aHTEH,
SIKI CHHTE3YIOTBCSI 3 OKPEMHUX TIPOBITHHKIB.

['0JI0BHUM TIPHUITYIIEHHSM € Te, IO IIbHOMeTae-
BUI{ PyIIOp MOXKHA MPENCTABUTH y BUMIIAII PyNopa, Io-
OyIoBaHOTO 3 OKpEMHX TPOBITHHKIB, BiICTAHb MiX SKHU-
MU CTaHOBUTBH MeHIe Hixk 1/20 po06odoi TOBXKIHN XBUIIL.
Take 3Ha4YeHHS OTPUMAHO NPAKTHYHUMH JIOCIIPKCHHS-
MH 32 YMOB TOTO, IIIO B3a€MHi CTPYMH, 5IKi BHHHKAIOTh Y
JIBOX OKPEMHUX TPOBIIHUKAX BiJIIOBIIAIOTH CTPYMaM, SIKi
BUHHUKAIOTH HA IUTPHOMETOJICBIH TTOBEPXHI.

IToxa3HNKOM € BiAMOBIMHICTH ENEKTPHUYHUX Xapa-
KTEPHCTHK PO3POOIEHOr0 32 METOANKOI0 KOHCTPYKTHB-
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HOT'O CHHTE3Y PYNopa 3 OKpPEMHX IPOBIIHUKIB XapaKTe-
pHUCTHKaM aHAJOTIYHOTO 32 PO3MipaMH LiJIbHOMETaJe-
BOTO KOHIYHOTO pyIopa, Jiiarpama CHpsIMOBaHOCTI SIKO-
TO BUMIPIOETHCS MPAKTUYHUMH JOCTIKeHHIMU. OIliH-
Ky KPUTEpIIO BiINOBIAHOCTI €IEKTPUYHUX XapaKTEePHC-
TUK JOLUTFHO TPOBOJMTH 332 MOKA3HUKOM — IIHPUHU
JiarpamMu CpsIMOBaHOCTI PyIOpY.

CTpyKTypa METOIMKH CHHTE3Y PYNOPHUX aHTEH 3
OKpEMHUX MPOBiJHUKIB!

MaremaTu4HU#M anmapar:

- Meron HaBogumux EPC;

- PiBHsanHg MakcBeia;

- Teopis aunons Iepa;

ETarmu meTonuku:

1 3anpornoHyBaTn po3MIsiA CYIIJIBHO METaIEeBOr0
pymnopa y BUIJISII pyriopa 3 OKpEMHUX MPOBIJHUKIB.

2 Po3paxyHOK 1OJIsi BUIIPOMiHEHHS pYyIopa sIK Cy-
TIEPIIO3UIIIO TOMIB BiJl OKDEMHUX MPOBITHHKIB.

3 IopiBHSIHHSL PE3YJBTATIB PO3PAXYHKY CYIIb-
HOMETAJICBOTO PYIIOPa 3 OKPEMHUX MPOBITHUKIB.

Bxioui oani:

- Jiama3Hu poOOYMX YacTOT;

- MOTYXHICTh nepeaasaya PPT cramiii;

- JIC anrteHHOi cucreMu CTaHLii 3B'A3Ky aHTEH-
HOI CUCTEMH CTaHLII 3B'A30K;

- KOHCTPYKLIs Ta XapaKTepucTuku a3epkana AC;

- ompoMiHoBayu napaboniynoi anteHu ast AC;

Pezynomam:

OmnpowmintoBay napaboniynoi anrenn ans AC nep-
cnextuBHOI PPT cranmii 3B'I3Ky y BHUIJIAAl KOHIYHOTO
pyIopa 3 OKpeMHUX HPOBIIHHUKIB, 1[0 3MIHIOE L0 3MIHIOE
TEOMETPUYHI PO3MIpPH.

Oomesicennn:

LIIbHOMETAJICBUIl PYNIOp MOXKHAa MNPEICTaBUTH Y
BUIJISIII pynopa, MoOyAOBAaHOIO 3 OKPEMHX IPOBIIHU-
KiB, BiZICTaHh MiX SIKUMH CTaHOBMTH MeHIIE Hixk 1/20
Ppo06OUOi JOBKUHU XBUIIL.

Ilpunywenna:

LIJIbHOMETAJICBUIl PYIOp MOXKHA IIPENCTABUTH Y
BUIIS PYIOpa, MOOY0BAHOIO 3 OKPEMUX TPOBIIHHKIB,
BIJICTAHb MDK SIKHMH CTAHOBHUTH MeHIie HiK 1/20 poGo-
4oi JOBXWHU XBWII. BUXiTHUMU JaHUMHM U1 METOIUKU
€ Jliania30Hu pOOOYMX YaCTOT Ta MOTYKHICTh MepeaBayda
MepCIIeKTUBHOI  pajiopeneiiHo-TponochepHoi — craHmil
3B’SI3KY, XapaKTEPUCTUKH JliarpaMu CIIPSIMOBAHOCTI BCi€l
AQHTEHHOI CHCTEMH CTaHIN{ 3B’S3KYy, KOHCTPYKIIiS Ta Xa-
paxTepucTHKH A3epkaia (BimouBaua) AC.

[epcniekTHBHUM HANpsIMOM CHHTE3y aHTEH € H00y-
JIOBa OINPOMIHIOBaYiB MapabONiYHUX aHTEH Ha OCHOBI
pyHopiB i3 3MIHHOIO TEOMETpi€l0 ISl CTaHINA pa-
Ii03B’S13Ky, ajie, Ha CHOTOJHI, METOOM CHHTE3y TaKUX
aHTeH € CKJIAJHAMH Y TPAaKTUYHOMY 3aCTOCYBaHHI, a
METOANKA KOHCTPYKTUBHOTO CHHTE3Y PYIOPIiB 3i 3MiH-
HOIO TEOMETPIEI0 HE PO3poOIIeHi.

B skocTi KOHCTpPYKIIii TPOIOHYIOTHCS KOHIYHI Py-
TIOPH, IO CKIIAJAIOTHCS 3 OKPEMHX €JIEMEHTIB (TIPOBi-
HUKIB), IO 3MiHIOIOTh TEOMETPHYHY JIOBKHUHY Ha OCHOBI
BiOpaTopiB a00 MpPOBIHUKIB, IO CTBOPIOIOTH OIrydy
XBUITIO. JKHBIIEHHS TaKOrO PyIopa AOMIBHO 3iHCHIOBA-
TH 332 JONOMOTOK) 3aKOPOYEHOI'O BiJIpi3Ka KOJIOBOTO
XBHJILOBOY, B SKOMY PO3MIIIEHU BiOpatop (IITup)
JKHBIICHHSL.

Bukopucranas onHoro BiOparopa JKHMBJIEHHS A€
3Mory c(opMyBaTH EIEKTPOMATHITHY XBWITIO JIHIAHOI
NoJIsIpy3aliii, a po3MIIeHHsT JPYroro BibpaTopa >KHBJICH-
Hsl y IepIIeHANKYISIpHiH miomuHi popmye EMX komoBoi
nossipy3anii. Y HonanbIioMy Mpu po3paxyHKax OyaeMo
BBa)KaTH, 110 BUKOPHCTOBYETHCS TUIbKHM EMX miHiftHOT
ToJIsIpr3aii.

MaremaTtnyHuil amapat, SKHMH BHUKOPHCTOBYETHCS
JUIS. KOHCTPYKTHBHOTO CHHTE3Y pyIopa 3 OKpeMHX Hpo-
BIJTHHKIB JIJIsI ONITHMI3allil XapaKTEPUCTHUK OIPOMIHIOBaYA
napa0oJiyHoi aHTeHu mianasony 4,5—4,7 T mepcrek-
THUBHOI pafiopeneiHo-TporiocepHOi CTaHIii 3B SBKY
0azyeTbcs Ha BitoMoMy Metoni HaBeneHnx EPC.

MaremaTtndHa MOZENIb KOHCTPYKTUBHOTO CHHTE3Y
pyIopa 3 OKpeMHX MPOBIIHUKIB OMKCAHA JIaJi:

1. 3 ypaxyBaHHSIM YaCTOTHOTO Jiana3oHy o0upa-
€TBCS TIaMEeTP JKUBIISTIOTO XBUIIEBOAY

A (Hi1)= ili(f , 1)
A (E1) = % , (2

Ie Yy, —mepumii kopiHe moximHoi ¢yHKmii beccens

HEpIIOro TOPSIKY; Xgq — HyNbOBHH KOPiHb (YHKILT
Beccens nepuioro poxny.
2. BuOip maremaTuyHOro amnaparty 3riTHO METOIY
HaBenennx EPC:
Ul e 11211 + 12212 + -+ Inzln;
UZ 11212 +12222 + "'+InZZn;; (3)
Un Ilzln + Izznz + o + InZnn,

e Zmm BJIACHMH OIIp KOHKPETHOro BiOpaTopa,
Zmn — B32EMHUIA omip m-ro i n-ro BiOparopis; U, —
Hampyra Ha KOHKpeTHOMY BiOparopi; l,, — cTpym Ha
KOHKpeTHOMYy BibpaTopi, AKMN HeobxigHO 3HalTH
3. 3 ypaxyBaHHAM PO3paxyHKY BJIaCHHX Ta B3a€-

MHHX OIOpIB JUIsi 3alpOIOHOBAHOI aHTEHHOI PEIIiTKA
CHCTEMa MaTHMe TaKHi BUIIIA

{Ul =LZ gnacne T IndZyp + -+ L AZy_55;

| 0= 11 (ZlBJlaCHE + AZlZ) + ImAZBJlaCHe +

4)

|0 = [, (Ziwnacue + AZ1n) + InAZ +
+t In (ZnBJlaCHe );
Ul = IlanaCHe + In(24AZ1—25);
0=101LA4Z_ 55+ In(ZBJlaCHe + 2447);

0= 11A21—25 + In(ZBJlaCHe + 24AZ):

ne Zy,, — B3a€MHI omopu Mix BiOparopamu. BusHa-
4aroThes 3 TpadikiB abo 3 Tabmuie Ilicromskopca. 3
ypaxyBaHHAM HAIMX JOMYIIEHb, CHCTEMA Iepelie B
iHmy cucremy; AZ — B3aeMHI omopu OymyTh
BHU3HAYATHCS, AK CEpelHi B3aeMHi omopu ( me s
TIONIEPEAHBOTO PO3PaxyHKY); AZ; — B3aEMHHUH OMip
1-ro i n-ro Bibparopa, AZ, — B3aeMHHUI Omip Mix
JIBOMa OyIb-sIKUMH BiOpaTopamiu 3i CKIaxy pPyIopy.
4. YcepenHUBIIN B3a€EMHI OMOPH BiOpaTOpiB Bpa-
XYy€EMO, III0 Y HAC TUTBKHU 2 HeBigomux [; Ta [, 3HaiinemMo
0CO0MCTI Ta B3a€MHI OMOpH

®)
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{Ul = IlleﬂaCHe + In24Azl—25; (6)
0= IlAZ1—25 + In(ZBnaCHe + 24AZ):

e ZanaCHe ~ —200 Om; ~ 2000 Owm;
AZ,_,c =40Mm;, AZ = 1,20m.

5. [ligcraBUBIIM 3HAYCHHS OTPUMAEMO:

{U1=-41x2000M+Jnx960M; 7
0 =1, x40+ I, X 2028 Om. )

6. OrpumaHuii pe3yiIbTaT MiACTAaBUMO B HOPMYITY
HATIPY)KEHOCTI IOJIST KOXKHOI TUTACTHHU

_ 0.15 U, N
T
cos [(180" %) sin(e + gopm,(p)] * COS (180" }l\)
cos(e + (pp03Kp)

7. 3HaiineMo I1ojJe BUIPOMIHIOBAHHS JKUBISYOL
HKHJTH:

ZanaCHe

m

X

- (8

2+ U;
l " r l
. cos [(180" 7\) sm(e + (pp03K)] — Cos (180" 7\)
cos(e + (ppm)
8. 3HaiinemMo 3arasbHe TMOJIE€ BUIPOMIHIOBAHHS
pymopa:

. 9)

Epynopa = En + Ey.

(10)
9. OuiHKa NOPIBHIHHS PO3PAaXyHKIB PYIOPIB:

0.15v
P Y

pymopa = T
cos(8 + @)

l
_cos(f+¢o) . ol
1—sin(9+<p)xsm[180 A(l sin( 6 + ¢))]. (11)

[opsinok peasnizaliii METOUKH:

1 3anporioHyBaTH KOHCTPYKIIO pyropa 3 OKpe-
MHX TPOBIJIHUKIB Ha OCHOBI LIIJIBHOMETAJIEBOTO PYyIHOpA.

2 Po3paxyHOK pyrnopa 3 OKpeMHX MPOBIJIHHUKIB SIK
CHCTEMHU BHIIPOMIHIOBAYIB, IO CTBOPIOIOTH 3arajibHe
T10JIe BUMPOMIHIOBaHHSI.

3 TlopiBHSHHS PO3paxyHKIB PYIOpPIB 3 OKpEeMHUX
MPOBITHUKIB Ta CYIIJIbHOMETAJIEBUX 3 OJHAKOBUMH
JIOBKMHAMU Ta KyTaMHU PO3KPUBY PYIIOPY.

Po3cyBHI NMpPOBIHUKY, 3 SIKHX CKJIAJA€ThCS PYIOP
3 OKpEMHUX MPOBIJHUKIB € HOro MpOJOBKEHHIM TPHUE-
HAaHUM JI0 ONOpY HaBaHTaKEHHS 4Yepe3 JHENCKTPHUHY

A
TMPOKITA/IKy TOBIIHHOKO —.
ToBuHA TPOKIAIKU € 3MIHHUM (32 TOBIIMHOIO)
. A
¢daxropom. Tlpu TOBIIMHI TPOKITAIKH , OCHOBHE BH-

MIPOMIHIOBaHHA OyJie SBIATH COOOI0 CyMy HAIIiB BOPO-
HOK 3 MPOBAJIOM B HAMpy3i MmpoBigHWKa pymopa. [lpu
IBOMY TIepen0avaeThesi, MO MOXKHA 3MEHIIUTH KiJlb-
KicTh BiOpaTOpiB.

3arajpHEe BUIPOMIHIOBAHHS Oyne CKIamaTHCA 3
BHITPOMIHIOBaHHS JKWJIM TA BUIPOMiHIOBAaHHSI HA IiJISTH-
Il IPOBITHUKIB HA TTOBEPXHI PYyHOpa BHIIPOMIHIOBAHHS
KUK Oy[e BH3HAYATHCS TaKOX 5K 1 JJIs BIOpaTopHOTO
pyropa CTpyM Ha IDIACTHHI pymopa Oye BU3HAYATHCS
TaK caMo, a BiCh BHIIPOMIHIOBaHHS Oyme po3paxoByBa-
THCS 3a BHUPa3OM JJs TIPOBOLY 3 OIrydor XBHIICKO

cTpyMmy:

Ep=
60 I, sin @ l
= X X sin[180° — (1 — 12
r 1—cos¥ sin[ A (1= cosp)] (12)

JUIsl HAILIOTO BHUIAJKY 3 ypaxyBaHHIM KyTa PO3KPUBY
pynopy ¢opmyna 3MiHUTBCS

_015v,

cos(6 + @)
Epynopa - r

1—sin(6 + ¢, 8

(13)

TYT BK€ BPaxoBaHO IIO PyHop Mae 25 MpOBiTHHKIB 3
0IryJoro XBHUIICIO CTPYMY.

3 monepenHix po3paxyHKiB MOKHa 3pOOHTH Ha-
CTYITHI BUCHOBKHU:

PozpaxyHku pynopa BiOpaTtopHOro THIy i pynopa
3 IPOBIHHUKIB 3 OIry40r0 XBUJICIO CTPYMY SIKiCHO 30ira-
€THCS 3 PO3PaXyHKOM IJILHOMETAJIEBOTO PyNopa, TOOTo
BiJICTEXKYyEThCsl TeHneHwis 3ByxeHHs JIC 31 30inbieH-

HSIM KyTa po3kpuBy (puc. 1):

l
x sin[180° 2 (1 = sin(6 + @))],

E = Epynopa + Exc

(14)

Pynop 3 BXC
Bi6paTopHuin pynop

[}

BibpaTopHuin pynop

0

Puc. 1. [liarpama cripssMOBaHOCTi:
a — 3 po3kpuBoM 20°
0 — 3 po3kpuBoM 30°
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€ MOXJIMBICTH pO3IJISIATH LiITHHOMETAJICBHUH PY-
TIOp Y BUIJIAJI PYIopa 3 OKPEMUX MPOBITHUKIB 1 po3pa-
XOBYBAaTH HOT0 1O OiIBbII MPOCTHI METOHIIL.

[IpoBan B HampsMKy oci pymnopa 3 HpOBiJHHKIB 3
0iry4oro XBUJICIO CTPYMY, ITOSCHIOETHCS THM 11O HaXMJI
JC Takoro mpoBiJHHKA 3alIe)KUTh HE TITBKU B KyTa
PO3KpHBY TIO Ta BiJl BiHOIIEHHS JOBXHHH pYyIiopa /0
HOro TOBXKMHU XBUJII.

[pocrime 3a Bce Takuii pynop miadupaTu eKcrie-
pUMEHTANbHUM UDIIXoM. JliarpamMa y BepTHKaJIbHIN
IUTONIMHI He OyJ0 CeHCy pO3paxoByBaTH TakK SIK OyB
BHUKOPHCTOBAH >KUBWIBHHH €IEMEeHT Habarato MeHIIe
JIOBXKUHU XBUJI.

TporiocepHoi cTaHil 3B’A3Ky Y BUIVIANI KOHIYHOTO
pymopa.

OcoOnMBICTIO KOHCTPYKIi{ KOHIYHOrO pyropa €
TE, IO BiH CKJIAJA€ThCA 3 OKPEMHUX IPOBIIHHKIB, SKi
3MIHIOIOTh JIOBXKHHY, IIIO y CBOIO YEpTry Ja€ 3MOry 3Mi-
HIOBATH 3arajbHi TEOMETPHYHI po3Mipu pymopa. Biac-
THUBOCTI PO3POOJIECHOr0 KOHIYHOrO pyIHopa BiaIoBina-
I0Th BIIACTUBOCTSIM LIIbHOMETAJIEBOI'O PYyIopa 3 aHajo-
TIYHIMH €JICKTPUYHUMH XapaKTePUCTHKAMHU.

Takok MOKHA CITPOCTUTH BaXKKi 1 BENIUKI METOIH
PO3paxyHKY IIJIbHOMETAJIEBOTO PYIOpa, IMPEACTaBHTH
Horo pyrmnopom i3 oKpeMux IpOBiTHHKIB, a TIOTIM po3pa-
XyBaTH 3a JOMIOMOTOI0 CIIPOIIEHOTO METOMY HaBiJHUX

EPC.

MeroauKy AOLIIBHO 3aCTOCOBYBAaTH B 3arajbHii
Teopii aHTeH IS KOHCTPYKTHBHOIO (1HXKEHEPHOrO)
CHHTE3y PYINOpPHHMX aHTEH 3 OKPEMHX IPOBIJIHUKIB 3a
3aJlaHAMHU ENEKTPHYHUME XapaKTEePUCTUKAMH.

BucHoBku

Pe3yipraToM MPakTHYHOrO BHKOPUCTaHHS METO-
MKW € 3allpOIIOHOBAHWII ONMPOMIHIOBAY MapadoliyHol
aatenn s AC TEpCIEKTHBHOI  pajiopeseiHo-
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Development of a technique for a radiator of a parabolic antenn
in the range of 4.5-4.7 GHz

Vladislav Odintsov

Abstract. The article develops a method of constructive synthesis of a loudspeaker from individual conductors to
optimize the characteristics of the irradiator of a parabolic antenna in the range of 4.5-4.7 GHz promising radio relay-
tropospheric communication station, which is based on a mathematical apparatus that takes into account the known meth-
od of antenna theory. This method makes it possible to determine the induced and intrinsic resistances of arbitrarily locat-
ed vibrators, as well as the amplitudes and phases of currents in these vibrators and has been further developed for the
calculation of horns built from individual conductors. The task of the technique is formulated in particular as follows: for a
given spatial pattern of the antenna system of the radio and the pattern of the mirror (reflector) of the antenna station you
need to determine the pattern of the irradiator (solve the external problem of antenna theory) and find the design of the
mouthpiece the required type of amplitude-phase distribution of the electromagnetic field in the opening of the horn (to
solve the internal problem of antenna theory). The object of the study is a loudspeaker made of individual conductors, the
design feature of which is a change in its geometric dimensions, the characteristics of which correspond to an all-metal
loudspeaker. The result of the practical application of the technique is the proposed parabolic antenna irradiator for a
promising radio relay-tropospheric communication station in the form of a conical horn. The peculiarity of the design of
the conical horn is that it consists of individual conductors that change the length, which in turn allows you to change the
overall geometric dimensions of the horn. The peculiarity of the design of the conical horn is that it consists of individual
conductors that change the length, which in turn allows you to change the overall geometric dimensions of the horn. The
properties of the developed conical horn correspond to the properties of an all-metal horn with similar electrical character-
istics. The technique should be used in the general theory of antennas for constructive (engineering) synthesis of horn
antennas from individual conductors according to the specified electrical characteristics.

Keywords: parabolic antenna; horn with separate conductors; emitter; calculation.
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CUCTEMA YIPABJIIHHSA, KOHTPOJIIO TA JTATHOCTUKH
JIJII KOMBIHOBAHOI PAJIIOTEXHIYHOI CUCTEMH

AHoTanisi. B craTTi po3rnsgHyTO cHcTeMa yInpaBiIiHHS, KOHTPOIIO Ta AIarHOCTHKH KOMOIHOBAHOI PajioTeXHIYHOI CHC-
TEMH 3 TO3HINIi Teopii CKIagHuX cucreM. HaBeleHO KOHKPETHI MPUKIAAH KOMOIHOBAHUX PATiOTEXHIYHUX CHUCTEM IS
SIKMX HeoOXiJHa po3po0Ka €IMHUX CHCTEM YIPaBIIiHHSI, KOHTPOIO Ta AiarHOCTUKH. [IpuBEeHO CTPYKTYpHY CXeMy MO-
6inpHOI mMQpoBOI TponocepHO-paaiopeseitHOl CTaHIlisl, 0 BIZHOCUTHCSA 10 KOMOIHOBAaHUX Pa/liOTEXHIYHHX CHCTEM.
ODyHKITIOHYBaHHS Takol CTaHILIi MoTpedye ypaxyBaHHS OCOONMBOCTEH MOMIMPEHHS PaliOXBWIb Y 0araTonpoMeHEeBOMY
TponocdepHOMY KaHalli 3 3aBMUpaHHIMHU. ToMy, €IMHa CHCTeMa yIpaBIIiHHS, KOHTPOIIO Ta 1iarHOCTHKY MOBHHHA MaTH
Yy CBOEMY CKJIaJi iMiTaTOp OaraTONpOMEHEBOro KaHaly 3 3aBMUpAHHAMH. Taka €IMHa CHCTeMa YIpaBIIiHHSI, KOHTPOIIO
Ta JiarHOCTHKH caMa 10 co0i cTa€ CKIaJHOI0 cHcTeMor. ToMy npH 1i IpoeKTyBaHHI 3alpoNOHOBAaHO BUKOPHCTOBYBATH
METOJT IEKOMIO3HIIi1, 10 JO3BOJIsIE BUAUIATH ii okpeMi mincucremu. [Ipu mpoMy citig BpaXoBYBaTH, IO 3aCTOCYBAaHHS
iMiTaTopa 6araTornpoMeHeBOro KaHaly 3 3aBMUPAHHSIMH MPUBOIUTH JI0 CHIILHO PO3Tally)eHoi cTpykTypu. Tak Gararorn-
POMEHEBUM KaHAJIOM 3 3aBMHUpAHHSMH € TporochepHuii kaHan. OcoOnuBiCTIO TpomocdepHOro KaHally € HasBHICTH
IIBUAKUX 3aBMHpaHb CHTHAIY, IO MOTpedye Ui 0OpOOKM JaHWX 3HAYHOIO OOYHCIIOBAIBHOTO PECypcCy, a 3HaYUTh
3MEHIICHHS TOYOK HOro po3ranryKeHHs. 3MEHIIEHHS TOYOK PO3TAITY>KeHHS! 00UHCITIOBAEHOTO MPOIIeCy TaKol CKIIaIHOT
CTPYKTYPH TaKOX JO3BOJISE i ITPUMYBATH MPOIYCKHY 3/IaTHICTh CIy)KOOBHX KaHAJIIB, KaHAJIIB TEJICYNPaBIiHHS Ta Te-
JIeCHTHaJTi3alil Ha PiBHI BUMOT JI0 X SIKOCTI NepepaBaHHs. HaBeJ1eHO KOHKpETHHI pO3paxyHOK 3MEHIIEHHS TOYOK PO3-
ray)KeHHsI 00YMCITIOBAIBHOI MPONEAYPH IUIIXOM 3aCTOCYBaHHS METOAY JIeKOMMO3HIil. B crarTi Takox moka3aHi Ha-
IPSIMHU NIEPCTIEKTUBHUX HAYKOBO-TEXHIYHHUX PO3POOOK B 00JaCTi CTBOPEHHS KOMOIHOBAaHUX PaJliOTEXHIYHUX CHUCTEM.

KawuyoBi ciaoBa: cucrema ynpaiiHHS; KOHTPOIIO Ta JIIarHOCTUKK; KOMOIHOBaHa paJliOTeXHIYHA CHCTeMa, MOOiTbHA
midpoBa TponochepHo-pagiopeneliHa CTaHIs; TpornochepHuil KaHai; iMiTaTop 6araTonpoMeHeBOro KaHaly 3 3aBMHPaH-

HSIMH, METOJT IEKOMITO3HILIT.

Beryn

CTBOpEeHHS] KOMOIHOBAaHUX CHCTEM € OJHUM 3 KIIIO-
YOBHX 3aBJIaHb PO3BUTKY CY4aCHHX PaJllOTEXHIYHHUX CHC-
TeM. KoMOIHOBaHOIO PajlioTEXHIYHOIO CHCTEMOIO OyI1eMO
Ha3MBAaTH TAaKy CHUCTEMY, fKa CKJIAJA€ThCA 3 PI3HUX 3a
(YHKLIOHYBaHHSIM YaCTHH, alie sIka Ma€ CHUIbHUIA (crii-
JIbHI) TIPUCTPOI YIPABJiHHS, KOHTPOIIO, (OPMYyBaHHS,
00poOKH TOIIO.

Hanpuknan, moOutbHa 1nudpoBa TpomochepHo-
pamiopeneiina cranuis (MLTpPPC) cknamaerbest 3 Tpo-
nocdeproi kommonentn TK (dakTuino cranmii) Ta pa-
niopeneiiHoi komrnonentd PPK (Takox (akTudHO CTaH-
il), ane Mae €IUHy CHCTEMY YIIPaBIiHHS Ta CIUTbHUN
TpakT popmyBanHs gacror [1, 2].

[HIIMM TIpUKIIAZIOM € cucTeMa, Ha sIKii 0a3yeThest
OpraHizamis MOBITPSHOTO PyXy HUBIIBHOI aBialii, sKa
BHUKOHYE€ 33/1a4y OIIIHKH KOOPAMHAT Ta MapaMeTpiB pyxy
00’€KTiB, IO MaHEBPYIOTb. Taka 3amadya B HaIl dac
PO3B’SI3yEThCSA HA OCHOBI CyMIIeHHS (YHKIIHA yrpas-
JHHS paJioHABITaIlifHUMU Ta PajlioIOKAIliHIMHU TIPH-
CTPOSIMU.

ABTOMaTH3AIIIS MIPOIECy PilIeHHS TaKOi KOMIDIECK-
CHOi 3a/adi BHCYBa€ KOPCTKI BHMOTH JO TEXHIYHUX
XapaKTEepUCTHK 3aCO0iB CHOCTEPEKEHHS 3a 00’ €KTaMH,
10 MaHEBPYIOTh, TOYHOCTI HABITAI[IHUX MapaMeTpiB Ta
SIKOCT1 TpaeKTOpHOI 00poOkw. Lli BIMOTH B OCHOBHOMY
CTOCYIOTBCSI CYIPOBOAY 00’ €KTiB, IO MaHEBPYIOTh, iX
KOOpJIMHAT Ta BEKTOPA IIBHIKOCTI.

MoxHa BUAUTATH HACTYIHI KOMOIHOBaHI pajioTe-
XHIYHI CHCTEMH ISl YIIPABIIiHHS ITOBITPSHUM PYXOM:

- TpacoBi 3aco0i pamioHaBiramii y BXiJHHX Ta BH-
X1THMX KOpPHIOpax MOBITPSHHUX 30H + TPAcoBi pajaiono-

KaTopy, IO TpU3HAuYeHI Ui OTpUMaHHs iH(opmarii
PO KOPUIIOPH MOBITPSIHUX CYJCH;

- panioHaBiramiiine oOJiaJIHAHHS JUIsl BXOY B paid-
OH aeporopry (aepoapoMy) + aepoapoOMHHUit paionoKa-
TOp;

- panioHaBiraniiiHe OOJagHaHHS JJIsl POBEICHHS
MaHeBpy HpH 31IICHEHHI MOCA/IKU MOBITPSIHUM CYIHOM
+ pajioyoKaTop, 110 3/1HCHIOE TTIOCAIKY.

bararodyHkiiioHanbpHi  pajionokamiiiii - craHmii
(PJIC), mo 3matHi BuKOHYBaTH (YHKIUT BHSBICHHS,
TOYHOTO BHMIPIOBaHHS KOOpPAWHAT, CYHNPOBOIY, YTOY-
HEHHSI TPAeKTOPIi pyXy, pO3Mi3HAHHS LJIEH TaKOX €
MPUKIIAZIOM KOMOIHOBaHUX PaiOTEXHIYHMX CUCTEM.

IMocranoBka 3amauvi. B Vkpaini B cdepi Teneko-
MYHiKalliii MPOBOIUTHCS POOOTAa MO CTBOPEHHIO HOBOI
komOinoBanoi MI[TpPPC. HaykoBo-TexHiuHMM 3a-
BIAHHAM JUTA TaKOi pafiOTEXHIYHOI CHCTEMH € HeoOXi-
HICTh PO3POOKH €TMHOI CHCTEMH YIIPaBIiHHSI, KOHTPO-
mo Ta miarHoctrku (CYKI). PamioTexHiuHi cHcTeMuU
CHEUiaJbHOTO TPU3HAYEHHS (3B'SI30K, paziONOKaIllis,
panioHaBiramisi) mOTpeOYIOTh MIaTHOCTHKH TpPacH IIO-
mMpeHHs panioxBuiib, a Tomy CYKJI mepeTBoproeThes
B CKJIAJIHY CUCTEMY 3 OOUHCIIIOBAJIBHIMH MPOLENypPaMH
BHCOKHX TOPSAIKIB. 3BiACH BUILIABAE 3a/1a9a MOJAIBIIIO-
r0 YZOCKOHAJICHHS METOAY ICKOMIIO3UIIi Ha IUIAXY
3MCHIICHHS TOYOK pO3TaNy)KEHHS OOYHCIIOBAaJIBHOTO
IPOLIECY.

Anani3 Jgiteparypu. Amnaniz 06i06miorpadigaux
JDKEpeT PO CUCTeMH (MIPHUCTPOi) YIpaBIiHHSA Ta KOHT-
OO TOKa3aB, IO HAWOUTBII ONM3EKUMHU 32 METOAOM
BUpIIICHHS TOAIOHNX 3aBJaHb € HAYKOBI JOCIiIPKEHHS,
aKi mpoBezeHi B [3-8]. Orisaa cyqacHUX pagioTeXHIYHIX
CHCTeM pi3HOro mpu3HaueHHs [9-17] mokasas, mo Ha-

© TlouepnseB B. M., 3aituenko B. B., IToexui6 B. C., 2021
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MPSMKOM IX PO3BHUTKY € CTBOPEHHS KOMOIHOBaHMX
KOMIUIEKCIB, aKTyaJIbHUM 3aBJIaHHAM JUISl SIKUX € Y/I0-
ckoHanieHHst CYKJI. Cepen po3risHyTHX paioTexHid-
HHUX CUCTEM MOKHA BUIUIATH HACTYIIHI:

- aBiariiiHi KOMIDIEKCH 1 miatdopmu 3 perpaHc-
nsmiero iHdopMarii dyepe3 Oe3MIOTHI JiTanbHI anapati
[9, 13];

- pajioTeXHIYHI CUCTEMH, IO 00’ €THYIOTH Pi3Hi
TeJleMaTUYHI CITyKOu Ta iHm Buam Tpadiky [10];

- TeJIeKOMYHIKaIlii{Hi CHCTEMH Ta pajioiloKaIliii-
Hi CHCTEMH MOUIYKY 1 BUsIBJIEHHS 00’€kTiB [11, 12, 14];

- Ha3eMHi TPaHCIOPTHI 3ac00H, IO MOETHYIOThH
LIDAR, natunku IK-BunpomiHioBaHHS Ta Ja3epHi MpH-
ctpoi [15].

AHamni3 nux JTepaTypHUX JDKEpeNl IOKa3ye, IIo
KOMOIHOBaHI PajiOTeXHIYHI CHCTEMH MAaKOTh JIOCHTh
LIMPOKE 3aCTOCYBAHHS.

TomMy, po3poOka KOMOIHOBAaHUX PaiOTEXHIYHUX
cucrewm, sik Hanpuknaa, MITpPPC e akryanbHo0 3312~
yeto. A ctBopeHHs enuHoi CYKJl anms takux cuctem
noTpedye HAyKOBOT'O CYIIPOBOY.

HeBupimeni nurands. KiouoBuM 3aBaaHHIM
po3pobku equroi CYKJ] mns MIITpPPC e creopeHHs
NPUCTPOI0 KOHTPOJIIO Ta JIarHOCTHKH pajJioKaHaity 3
iMITaATOPOM 0araTorpoOMEHEBOro KaHally 3 3aBMHpPaH-
HSIMH.

Taxwuii iMiTaTOp OBHHEH OYTH HEBiJ €MHOIO Yac-
tuHot enuHoi CYK]] xoMOiHOBaHOI paaioTexXHIYHOT
CHCTEMH, CHIHAJIN SIKOI TMOIIUPIOIOTHCS MO Oaratonpo-
MEHEBOMY KaHaly.

Ile B cBOO 4epry BUMarae CHpOIUEHHS O0YHCIIO-
BaJILHOTO IPOILIECY IPU KOHTPOJII Ta JAiarHocTuii Oara-
TOIPOMEHEBOI0 TPONOC(HEpPHOro KaHaly 3 3aBMHUpaH-
HiAMU. Po3B’s13aTH Take 3aBIaHHSA MOXKHA IIIIXOM 3a-
CTOCYBaHHS METOJY JEKOMIIO3MLIT Ul 3MEHIIECHHS TO-

YOK PO3TajyKEHHs OOYHCIIIOBAIBEHOTO TPOLECY B €/1U-
Hiit CYK/I. Ilin pagiokaHanoM po3yMi€eTbcsl Tpaca IO-
MIMPEHHs PaJIlOXBWIIb, IO AKil QyHKIIOHYye KOMOIHOBa-
Ha PaJiOTEXHIYHA CUCTEMA 3 €TMHOI0 CHCTEMOO YIIPaB-
JIHHS, KOHTPOJTIO Ta IaTHOCTHKH.

Mera crarTi. Mertoro naHoi craTti € GpopmyBaHHS
HaYKOBO-OOTPYHTOBAHOTO IiXOLYy 0 CTBOPEHHS €IH-
HOI CHCTEMH YIpPAaBIiHHS, KOHTPOJIO Ta JiarHOCTHKH
KOMOIHOBAaHOI PaiOTEXHIYHOI CHCTEMH, IO MiCTUTH
iMiTaTop OaraTonpoMeHeBOro KaHally 3 3aBMUPaHHSIMH,
HITSIXOM 3aCTOCYBaHHS METOAY IEKOMIIO3MIii, 0 me-
pendadae peatizamio MPOIETYypPH 3MEHIICHHS TOYOK
PO3rajy>KeHHs] 00U CIIOBAIILHOTO TPOIIECY.

Buk1ax 0CHOBHOTO MaTepiay

3araJpHuil WaXix A0 JOCTiIZKEeHHSI CHCTEMM
YIPAaBJiHHS, KOHTPOJIO TAa JiarHOCTHKH MOOiJIbLHOL
un¢poBoi TponocdepHo-pagiopeeliHoi cTaHUil SK
KOMOiHOBaHOI pagioTexHiuHoi cucTteMn. [{ocmimKeH-
HS (YHKI[IOHYBaHHS CHUCTEMH YIPABIiHHSI, KOHTPOIO
Ta JIarHOCTHKH MOOUIBHOI IU(POBOI TpomochepHo-
paziopesneiHol CTaHIlli SK KOMOIHOBaHOI PaiOTEXHIYHOT
CHCTEMH 3JIIMCHIOETHCS 13 3aCTOCYBAHHSM TPHHIMITB 1
METO/IB Teopii ckinamuux cucreM [4]. Ha pisHux eramax
JIOCITI/KeHHSI 0araTOpiBHEBHX CHCTEM BUPILIYIOThCS
pi3HOrO poOIy HAayKOBO-TEXHi4yHi, BapTicHI abo KOHcC-
TPYKTOPCHKO-TEXHOJIOTYHI 3aBJaHHSL.

Hdus  onmcy cucrteMu  3a/alOThCsl  B3a€EMHO-
OJHO3HAYHI BIANOBIZHOCTI MIX HOCIAIMHM MiACUCTEM
OaraTopiBHeBOI CHUCTeMH. SIKIIO He iCHye B3a€MHO-
OIHO3HAYHOI BiANOBIAHOCTI Mi’K HOCISIMHM, TO TaKa CHC-
TeMa BBAXKAETHCS CKIIATHOIO.

Ha puc. 1 nmokazana copoliiieHa CTpyKTypHa cxema
MOOITBHOI 1M(POBOi TpornochepHo-pagiopeneitHoi  craHmil

[1].

\ APP
f i : Mpuitomo-nepegasau PPK

— >

Anapartypa CK

\ AT )
f I : Mpuitmaui TK
-A'—- Tpakr M1l
Nepepnasaui TK 4— $opmysanna <] Mosem H
’_ yactoT
f I - Mpuitmaui TK
’ Anapatypa TY-TC
l A PP -
J - [puiiomo-nepepasay PPK 1 ’
Mepepasaui TK  [puitmo-nepegasay PPK Tpakr Mogem Anapatypa CK
dbopmyBaHHA

ATK APPK Mpuiimaui TK

Ax] TR

yactoT Anapatypa TY-TC

M-[1
A A 4

CucTema ynpaeniHHA, KOHTPOAK Ta LiarHOCTUKK

CrauioHapHuid nynbT 0 ImiTaTop TponocdepHoro kaHany 0

BuHOCHMIA nynbT

Puc. 1. CripolieHa CTpyKTypHa cxema MoOLIbHOI udpoBoi TpornochepHo-paxiopeneitHol craHmil
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Ha cxewmi puc. 1 nosnageHo:

A TK — anrenun tpornochepHOi KOMIIOHEHTH;

A PPK — anTenu pajiopeneifHoi KOMIIOHEHTH;

amapatypa CK — anapaTypa ciny:x00BUX KaHAIIB;

anaparypa TY-TC — amaparypa TeneynpaBiiHHS-
TeJIeCUTHai3allil;

M-]I — MyJIbTUIIIIEKCOP-AEM YIbTUILIIEKCOP.

Sk BumHO 3 puc. 1 MoOiEHA udpoBa Tporocdep-
HO-paliopeliciiHa CTaHIlsA € KOMOIHOBAHOIO PaliOTEXHi-
YHOI0 CHCTEMOIO 3 0araTopiBHEBOIO CTPYKTYPOIO 1 SIB-
i€ cO00r0 00'€KT TeOopii CKIaHUX CUCTEeM. BinmoBigHo
JIO TeOopii CKJIAJHUX CHCTEM TakKa CTaHI[S BKIIOYAE Ili-
JIUH PsI MiACKCTEM Pi3HOTO MPH3HAYCHHSL.

VY nmaniit poOOTi aHaMi3y MiATAETHCA CHCTEMa YII-
paBIIiHHS, KOHTPOJIIO Ta JIarHOCTHKH, SIK OJlHA i3 CKJa-
JIOBUX YaCTUH MOOUIBHOI 1H(ppoBOi TporochepHo-
pamiopeneiiHoi CTaHI[i 1 AK MmigcucTeMa KOMOiHOBaHOI
PadiOTEXHIYHOI CHCTEMH.

HoBuM HayKOBO-TEXHIYHUM (PPArMEHTOM € Te, IO
CYK] nazemuoi pamiorexHiunoi cucremu HBU niama-
30HY BKIIIOYAE iMITaTOp OaraTonpoMeHeBOro KaHawy i3
3aBMUpAHHSMU SIK 0230BHH NMPUCTpPIN KOHTPOJIIO Ta Jlia-
THOCTHKH pajiiokaHany. Takuil IpUCTpili B CBOIO 4epry
B3aEMOJIIE 3 MOJIEMOM CTaHIIi, AKUH MPEICTABISAE CO-
000 iHIIY MiJicHCTeMY KOMOIHOBAHOI pajioTeXHIYHOI
CHCTEMH.

BigMiTHMO, 110 MOJENIOBaHHS MPOLECIB YIPaB-
JIHHS Ta KOHTPOJIIO MOOIJIBHUX PATIOTEXHIYHUX CUCTEM
po3rasaanoch B [2].

Ha puc. 1 [2, c. 18] moka3ano, 110 mporec ynpas-
JIHHSA Ta KOHTPOJIO YIHPABIIHHS Ma€ pPO3TalyXeHy
CTPYKTYpY.

OnHuM 3 eheKTUBHUX CHOCOOIB MEPETBOPEHHS Ta-
KHX CTPYKTYP € METOJ[ IEKOMIIO3HIIIi.

MarematuuHuii ormuc Mojelli kKomOiHOBaHOI pa-
JIOTEXHIYHOI CUCTEMH 3 B32EMOJIIEI0 JIBOX MIJICHCTEM, Y
Hamomy Bunagky CYKJ] 3 imitaropom Ta Moaema, Mo-
JKHA TIPEJICTABUTH Y BUTJISII PIBHSIHHS 3TOPTKHU:

y®) = [ h(mxt-7)ds, @)

ne h(t) — iMmynbcHa XapakTepuCTHKa GaraTompoMeHe-

BOTO KaHaly, SIKUM peanizye BOyIOBaHHH B CHCTEMY
YIIPaBJIiHHS, KOHTPOJIO Ta JIarHOCTHKU imitaTop. PiB-
HaHHA (1) MOXe OyTH MPENCTaBICHO y BUTIIA/IL:

y(®) = Px(t-1), @

ne P=[C,h(t)], C — anreGpaiute nepeTBOPCHHS y BHU-
TS 3TOPTKU.

VY 3acTocyBaHHI METOAY AEKOMMO3HUINT s JOCHTi-
JUKyBaHOI KOMOIHOBaHOI PaliOTEXHIYHOI CHCTEMH 00-
MEXUMocs B3aeMmojiero nBox miacucreM — CYKII, mo
MICTHTB iMITaTOp 6araTompoOMEHEBOTO KaHAy 3 3aBMU-
paHHAMH, 1 MOJEMy. MaTeMaTHYHO 1€ 3 ypaxyBaHHIM
BHpa3y (2) MOXKHA 3aIHCaTH B TaKUH CIOCiO:

xPy < [(xRa) N (aP, y)]. 3)

VY Bupasi (3) no3HaveHo:
P1 — Habip oOumcIOBANBEHUX Omepartiil, sSKi 3iiic-
HIOIOTBCSI MOJIEMOM,

P, — HaGip oOumcmoBaNbHUX omepariil, sKi 3/ikc-
HIOIOTHCSI CHCTEMOIO YIPABJIiHHS, KOHTPOIIO Ta JiarHo-
CTHKH.

MeTtox AeKOMIO3HIIIi J03BOJISE YSIBUTH BUXITHY
CHCTEMY Y BUIIIAII TOOYTKY JIBOX ITiJICHCTEM, 3a/IlaHUX
criBBigHOmEeHHssME Py 1 P2. [Ipu miboMy BBOIHTECS HO-
Ba MHOkHHa Q — Moxyni CYK/I, mo ckinanaerbes 3 mi-
JIMHOXHH Q1, ..., Qn.

[Ipn moOymoBI CTPYKTYpH IEKOMITO3HUIIII TpoIecy
VIIPaBJIiHHS, KOHTPOJIO Ta JIIarHOCTUKMA BBOIUMO Ha-
CTYIHI Ha0OpY OOYHCITIOBAIBHUX ONepamii:

X1 — BU3HaYae oneparii imitaropa;

X2 — Bm3Havae omepariii amaparypu CK;

X3z — Bu3Havae onepariii amaparypu TY-TC;

X4 — BU3Hauae oreparii mybTiB yrnpaBiiHas (y-
HKITIOHYE a00 cTallioHaApHUH, a00 BUHOCHUI).

Janwmii crioci0 TeKOMIO3UINT 3aCHOBAaHUI Ha BBe-
JICHH] TOOYTKY BiJTHOIIICHB.

BusHaunMo HaliMeHIlIe YHCIIO CIIiIBMHOXKHUKIB JI0-
OyTKy BimHOIIEHb. Lle yncino cniBMHOXKHHKIB Oyzie Ha-
3MBATHUCh TTOPSIIKOM CHCTEMHU.

Toni cucremy N-TO MOPSIIKY MOXKHA IMPEACTaBHTH
y BUrIIsiAi (N—2)-cucteM 3-T0 TOPSIIKY:

[AQ X2, X)INIP (X1, Q. X g Xp)]- - (4)

[Hani onHa 3 miacucrem (4) po3duBaeThes Ha 100Y-
TOK BIJIHOLIEHb O HEOOXIJHOTO i€papXiyHOro piBHS.
[Migcucrema, 110 3a7a€THCA MiAMHOKUHOW P2 po30OuBa-
€TBCS 3 ypaxXyBaHHsM IpECTaBJIeHHsT Py y BUIIIsiAL 10-
Oytky BimHomenb P3 Ta P4. Toai maemo:

[A(Q X2, X3)]N[P3(Q, Q1 X4)] N
N[P4(Q2, X1, X500 Xy)]-

Ha (k—1) kporti Ha 6a3i Bupasy (5) oTpuMaemo:

®)

Pk-1) = Pok-41Pok-1)+2: k=1...,n-3.

3BiJICH OTPUMYEMO PO3KIIaJIaHHs Ha JOOYTOK Bil-
HOLICHb CHCTEM TPEThOrO MOPSAKY, 3arajbHE HYHCIIO
SAKHX CKianae (N—2)-cucrem:

[R(Qu X2, X3)INIP3(Q2, Qry X4)1N...
N [P2(n—4)+1(Qn—3 1Qn-4: Xp_2 N (6)
(Py(n-a)+2(Qn-3: X1, X4)]-

3 ormsany Ha Bupas (6) el mporec MoXKHA IPOI0-
BXWATH. BBEIeHHS HOBHX 3MIHHHUX HEOOXIJTHO JUIA
3B’S3Ky MK HOBOYTBOPEHHMH CHCTEMaMHU. AJe st
3B’SI3Ky Mi>K HOBOYTBOPEHHUMH ITiJICHCTEMAMH BBEJICHHS
HOBHUX 3MIHHHMX NPHU3BOAUTH 710 3pOCTAHHA YHCIIA TOYOK
po3TamyXeHHS.

ToMy, BaXXJIMBO 3HANTH NPH TaKii JEKOMIIO3HIIi
CIoci0O 3MEHINEHHS TOYOK PO3Tally’KeHHS OOYHMCIIOBA-
JBHOTO TIPOIIECY.

3MeHIIeHHS] TOY0K PO3TaJIyKeHHsI 00YUCII0Ba-
JIHOI MpPoLEeAYPH AK CHOCI0 YI0CKOHATIEHHSI METOAY
JexkoMno3umii. BayxmBuM 1T MOMANBIIOTO PO3BUTKY
METOJy AEKOMITO3MIii € 3MEHIIEHHS TOYOK pPO3Tay-
JKEHHsI 00UNCITIOBAJIFHOI MPOLIETYPH.

[Ipunyctumo, mo | onuHNYIHE po3ranyKeHHs, 10
HaJISKUTh MHOXHHI posramyxkens P, Tooro | € P. Toxi
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MaTCMaTU4YHC CHOZ[iBaHHH KIJIBKOCTI PO3rajiy’k€Hb 3
MHOXUHU P BU3HAYA€THLCS BETMYUHOKO

5.

leP
OuiHka 3MEHIICHHS CTYNEHS PO3TalyKCHHS
Ja€eThes BenmmarnHoo [18]:
1+|P|
) = (7)
po3ze
2.3
leP

TpymoMicTkicTh MOOYIOBH MONANBIINX OIEpAIlii
BH3HAYAETHCS HAMOUIBIIO CTYICHIO pPO3Taly)KCHHS
N (M) , BU3HAYAETHCSI HACTYITHUM YHHOM:

1+[P| < N(m) =1+ ™2 =

®)
=1+mi(m/2](m-|m/2 ),

Lm/2J . . o .. .
ae Cp, — OiHOMIiayTbHUH KoedilieHT, M — YKCIo piB-
HiB B OaraTtopiBHEBill cucTeMmi.

Cryminp posramyxkenas N (m) mo dopmymi (8)
HIBUJIKO 3POCTAE 31 30UIBIICHHSIM YKCia M, 10 CTBOPIOE
ICTOTHI OOYMCIIOBANIBHI TPY/AHOLII MPU BHPIIIEHH] 3a-
mag3zm>>1,

YucenbHUK B BUpa3i (7) MOXKHA MPEICTaBUTH B Ta-
Kuii crnoci6:

1+|P| =1+ ™2 :1+m!(g!)_2. 9)

Toni y BigmoBimHOCTI 3 (9) 3MEHIIEHHS CTYyIEHs
PO3TaTy;KEHHS BU3HAYAETHCS BETHUHHOKO:

1+ C,anIZJ S

posze — =
P!
leP

g @+(m/2) )+ ™)

- i m/2 iy m/2—j "
1+(m/2) +Zj:0(1+1 )CLm/ZJCLm/ZJ

SIko 4ncino M=8, a HalaITOBYBaTH ab0 PEeryIo-
Batn B CYK]J] HeoOximHo omuu mapamerp (i = 1), 1o
CTYIMIHb PO3TAYXKEHHSI CKOPOUYYEThCs OLIBII HIXK B 1,5
pa3u Ha KOXKHOMY KpOI[i O0YHCITIOBAIBHOIO MPOIIECY:

5(1+Cy)
2 i
5+ o+ )CiC,”

EdexTuBHICTh 3aIPOIOHOBAHOTO CIIOCO0Y Mpoje-
MOHCTPOBAHO Ha MpHKIai M=8.

BigmiTumo, 110 0COOIMBICTIO TpOmocdepHoro Ka-
Hally € HasBHICTh IIBHIKHX 3aBMHUpPaHb CHTHAy, SKa
motpedye It 0OpOOKH TaHWX 3HAYHOTO OOYMCITIOBAIIB-
HOT'O Pecypcy, a 3HaYHUTh 3MEHIICHHS TOYOK HOro po3-
raJTyKeHHS.

3MEHIIeHHS! TOYOK PO3TATY)KEHHS OOYHCITIOBAIIB-
HOTO IpoLecy, ke OyI0 OTPHIMAaHO BHILE, JUIS CHCTEMH
YIpaBIiHHASA, KOHTPOJIO Ta IaTHOCTHKU JTO3BOJISE MiAT-
pUMYBaTH TPOMYCKHY 3JaTHICTh CIYKOOBHX KaHAJIB,
KaHAJTIB TENCYNMpPaBIiHHI Ta TEIeCHTHali3amii Ha piBHI
BHMOT JI0 X SIKOCTi TIepeaaBaHHs.

>16

pose =

HepcneKTan MmoAaJIbIIOr0 PO3BUTRY
AAHOI0 }IOCJIi}I)l(eHHﬂ

OTpuMaHuii pe3ynbTaT Mo 3MEHIIEHHIO TOYOK PO3-
Taly>)KeHHs OOYMCITIOBAJIBHOTO MPOIECY MOXKHA IOIIH-
puTH Ha Ti KOMOIHOBaHI pafiOTEeXHIYHI CHUCTEMH, SIKi
(yHKIIOHYIOTh 1O OaraTonpoMeHEeBUM KaHajlaM 3 3a-
BMUpaHHAMH. J{J1s1 TAKUX CHCTEM TaKOX IOLIIBHO MaTH
B CKJIaJli CHCTEMH YNpaBIiHHs, KOHTPOJIO Ta J{iarHOC-
THUKH 1MiTaTOp 0araTorpoMEHEeBOro KaHally 3 3aBMH-
PaHHSIMH.

Tomy, el pe3ynbTaT MOXKHA 3aCTOCYBAaTH 10 Ta-
KUX TEPCHEKTUBHUX HAaYKOBO-TEXHIYHHX PO3POOOK, SIK
HarpHKJIa:

- KOMOIHOBaHHX TeJIEKOMYHIKaIlIHHUX TuaTdopm,
110 TIOEJHYIOTh Pi3HI THMU 3B'SI3KY — pajiopeneiHuii Ta
TpornocepHuii, TponocdepHuii Ta KOCMIYHHUH;

- pajioJoKaIlifiHi CTaHIi BUSBJICHHS MJICH, iX
PO3Mi3HAHHS, CYIIPOBIJ] Ta HABEICHHS,

-KOMOiHOBaH1 paJioHaBITaIliifHO-paioOKaIiiHI
CHCTEMH YIPaBIIiHHS NOBITPSHUM PYXOM.

BucHoBku

bararonpomenesuii TponocdepHuii kaHaa 3B'I3Ky
3 3aBMHUPAHHSIMH BXE caM IO c001 € CKJIAIHOK CHCTe-
Moto. Ile 0OyMOBIEHO yMOBaMHM IOLIMPEHHS PalioX-
BWJIb, TIOB'SI3aHUMH 3 PO3CIIOBAHHSM 1 0araToKpaTHHM
BIIOWUTTSIM iX Bim HeomHopigHocTed Tpormochepu. Kom-
OiHOBaHa paJiOTEXHIYHa CHCTeMa, sika (PYyHKIIOHYE 1O
paziokaHaliaM 3 TAKUMH YyMOBaMH TOIIUPEHHS PasioxX-
BWJIb, TAKOXK, OE€3yMOBHO, € CKJIaJHOI0 cucTeMoio. Kom-
OiHOBaHa pa/lioTEXHIYHA CUCTEMa YTBOPIOE OCOOIMBHI
KJIac CKJIAJHUX CHCTEM.

OnHi€r0 3 TOJIOBHUX IIIJCUCTEM JAaHOI CUCTEMH €
cHCTeMa YIPaBJiHHS, KOHTPOIIO Ta AiarHOCTHKH. Ta-
KAM KOMOIHOBaHHMM pa/lioTEXHIYHMM CHUCTEMaM, SIK Ha-
NPUKIIAJA TPUBEACHUM Yy BCTYI JaHOi CTaTTi, MpUTa-
MaHHUI HACTYIHUI psi crieldiyHuX BIACTUBOCTEH Ta
SKOCTEH, 1110 TIOB’sI3aHO 3 1H(OPMAIIHOI B3aEMOIIE0
BHYTPIIIHIX MificKcTeM. YCKIIQJIHeHHS 3a/1a4 Ta IIiJ(BHU-
IIEHHS. BUMOT JI0 TaKHX CHCTEM IPH3BENO 10 YCKIal-
HEHHSI 1X CTPYKTYpH Ta mpoiecy (QyHKIIOHYBaHHS MPH
eKCILTyaTali.

[TigBuIeHHs IKOCTI 1 HAMIHHOCTI OAIOGHUX pajiio-
JiHIH 3yMOBJIOE HEOOXiJHICTH MOOYAOBH iMiTaTopa
OaraTompoMeHeBOro KaHally i3 3aBMUpPaHHAMH SIK eje-
MEHTa €JMHOI CICTEMH YIIPABIiHHS, KOHTPOIIO Ta Aiar-
HOCTHKH. Lle TpH3BOIUTE B CBOKO Yepry IO TOrO, IO
€IMHA CHUCTEMa YIPAaBIiHHA, KOHTPOIIO Ta JIarHOCTHKH
KOMOIHOBaHOI paIiOTEXHIYHOI CHCTEMH TaKOX CTae
CKJIaJTHOIO.

3 iHmoro OOKy 3acTOCyBaHHS iMiTaTtopa OaraTom-
POMEHEBOr0 KaHally 3 3aBMUPAHHSAMHU IPUBOAUTE JIO
CHWJIBHO PO3Tally’K€HOi CTPYKTypH. BuzHaueHo, 1o Ha-
BiTh TIPW 3MiHI OJHOTO IapaMmerTpy CTEMiHb PO3Taiy-
JKEHHS 3MEHIIYeThCs B 1,5 pasu.

3 pe3ynbTaTiB TaHOI pOOOTH BHIDIMBAE, IO METOI
JICKOMITO3HIIIi € e(PEeKTHBHUM METOIOM 3aCTOCYBAHHS
Teopii CKIaHUX CHUCTEM TIPH PO3poOIli €AMHOI CHCTEMHU
VIIPaBIIiHHS, KOHTPOIIO Ta MIarHOCTUKHA KOMOIHOBaHHX
PamiOTEXHIYHUX CHCTEM.

164



36’a30K, menexomyHnikayii ma padiomexuixka

CHUCOK JIUTEPATYPU

1. IMTatent Ne 120288 Vkpaina, C2. MobinsHa 1udpoBa TpomochepHo-paniopeneitna cranmis / B.M. IlouepHses,
B.C. IloBxmi6, B.B. 3aituenko; 3aa81m. 29.08.2017; omy6um. 11.11.2019 . — Brom. — Ne 21.

2. TlouepnsieB B.M. Monexs npuCTpOIO yIIpaBIiHHA Ta KOHTPOIIO MOOINBHUX panioTexHiunux cucreMm / B.M. IlouepHsies,
B.C. IToBxni6 // Bicauk HTYVY KIII. Pagiorexnika. Pagio6ynyBanus. — 2017. — Ne 71 . — C . 17-22.

3. Moucees H.H. DnemenTs! Teopun ontumansusix cucreM / H.H. Moucees. — M.: Hayka. — 1975. — 528 c.

4. MomuceeB H.H. CoBpeMeHHOE COCTOSIHUE TEOpUHU HccaenoBanus onepanuii / mox pea. H.H. Mowucees. — M. : Hayka. —
1979 . — 464 c.

5. Dantzig G. Linear programming. Vol. 1. Introduction / G. Dantzig, M. Thapa. - N. Y.: Springer. - 1997. -- 474 p.

6. Dantzig G. Linear Programming. Vol. 2. Theory and extensions / G. Dantzig, M. Thapa. - N. Y.: Springer. - 2003. -

448 p.

7. Sayama H. Introduction to the Modeling and Analysis of Complex Systems / H. Sayama. - Open SUNY Textbooks. -
2015. - 498 p.

8. Mobus George E. Principles of systems science / George E. Mobus, Michael C. Kalton. - N. Y.: Springer. - 2015. -
792 p.

9. Ananda C .M. General aviation aircraft avionics: Integration & system tests / C.M. Ananda // IEEE Aerospace and
Electronic Systems Magazine. - 2009. - Vol. 24, No. 5. - pp. 19-25.

10. Jattala Imran. Secure automotive telematics system (SATS) / Imran Jattala, Shakeel Durrani, Junaid Faroogi, Ghalib
Junjua, Ambreen Shafique, Faisal Hussian, Hassan Mahmood, Nassar Ikram // Eighth International Conference on
Digital Information Management (ICDIM 20 13), 10- 12 Sept. 2013, Islamabad, Pakistan.

11. Zou Lin. Development of an automatic test and control system for radar seeker / Lin Zou, Xue-gang Wang // Int. Con-
ference on Automatic Control and Artistic Intelligence (ACAI 2012), March 3-5, 2012, Xiamen, China. - pp. 894-897.

12. 1. Halim Bishoy. Smart frequency agility control system using compact microstrip CRLH-TL array structure for com-
munication and radar applications / Bishoy |. Halim, Hassan M. Elkamchouchi, Yasser M. Madany // Antennas &
Propagation Conference (LAPC), 14-15 Nov. 2016, Loughborough, UK. - pp. 1-4.

13. R. Blar zquez-Garcira. Smart Relay Architecture for Over-the-Horizon High Quality Communications With Un-
manned Aerial Vehicles / Blazquez-Garcira R., Sun X., Burgos-Garcia M., Garcira-Tejero A., Vidal-Alegrira J. , Fer-
nar ndez-Gonzar lez J.-M., Sierra-Casta™ner M. // IEEE Access. - 2019. - Volume: 7. - pp. 76317-76327.

14. Qiuyue Zhang. Waveform design for a dual-function radarcommunication system based on CE-OFDM-PM signal /
Zhang Q., Zhou Y., Zhang L., Gu Y., Zhang J. // IET Radar, Sonar & Navigation. - 2019 .-- Volume: 13, Issue: 4. -
pp. 566-572.

15. Pallavi Ram Umare. Smart Solution for Trafic Control / Pallavi Ram Umare, Shraddha Ganeshlal Jayswal, Shraddha
Rajendra Tambakhe, Prathamesh Dnyaneshwar Upadhye, Nilesh Dnyaneshwar Gulhane // 2019 IEEE 4th International
Conference on Computer and Communication Systems (ICCCS), 23-25 Feb. 20 19, Singapore, Singapore.

16. Nechausov A., Mamusu¢ L., Kuchuk N. Synthesis of the air pollution level control system on the basis of hyperconvergent
infrastructures. Cyuachui ingpopmayiini cucmemu. 2017. T. 1, Ne 2. C. 21 — 26. DOI: https://doi.org/10.20998/2522-
9052.2017.2.04

17. KoBanenko A. A., Kyayk I'. A. Meroau cuHTe3y iHpOpManiiHOI Ta TEXHIYHOI CTPYKTYp CHCTEMH YIPaBIiHHSA 00’ €KTOM
KputuuHoro  3acrocyBaHHs.  Cywacui  ingopmayiini  cucmemu. 2018.  T.2, Nel. C. 22-27. DOIL:
https://doi.org/10.20998/2522-9052.2018.1.04

18. I'epmeiiep F0.5. Beenenue B Teoputo ucciemoBanus onepanuit. — M.: Hayka, 1971. — 383 c.

Received (Hanitinnia) 04.03.2021
Accepted for publication (ITpuitasita no apyky) 12.05.2021

System of management, control and diagnostic for the combined radio engineering system
V. Pochernyaev, V. Zaichenko, V. Povhlib

Abstract. The article considers the monitoring and diagnostic system of a combined radio engineering system from
the perspective of the theory of complex systems. Concrete examples of combined radio systems are given, which require
the development of unified monitoring and diagnostic systems. The functioning of such the combined radio engineering
system as a mobile digital troposcatter-radiorelay station requires taking into account the features of the multipath
troposcatter channel with fading. Therefore, the unified monitoring and diagnostic system should include an simulator of a
multipath channel with fading. Such the unified system of monitoring and diagnostics itself becomes complex system.
From the other side, the use of a fading multipath channel simulator leads to a highly branched structure. Reducing the
branch points of the computational process of such a complex structure allows using a simulator that is built into the moni-
toring and diagnostic system without compromising the quality of information transfer. Also, the construction of a unified
monitoring and diagnostic system should take into account control over resource efficiency. The decomposition method is
compared with the Bayesian approach in solving the problem of the calculation procedure. It is noted that the Bayesian
approach is possible with a sufficient amount of a priori information. A specific calculation of reducing the branch points
of a computational procedure by applying the decomposition method is presented. When changing one parameter, the de-
gree of branching decreases by 1.5 times. The article shows the directions of perspective scientific and technical develop-
ments, such as: combined telecommunication platforms combining various types of communications - radio relay and
troposcatter, troposcatter and space; radar detection of targets, their recognition, tracking and guidance; combined radio-
navigation and radar air traffic control systems.

Keywords: system of management; control and diagnostics; combined radio engineering system; mobile digital
troposcatter-radiorelay station; troposcatter channel; multi-channel dummy simulator with fading; decomposition
method.
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! Hartionanbuuit Texniunuit yaisepcuter "Xapkischkuii monitexniuauii inctutyt", Xapkis, Ykpaina
2 Mopcbkuit yrisepcuter B I nuni, Inuns, [onsma

METO]] ®OPMYBAHHS IH®OOPMAIIMHNUX CUTHAJIIB
B CUCTEMI INDUSTRIAL INTERNET OF THINGS

Anotaunis. ITpomucnosi 06’exru Industrial Internet of Things (110T), sixi BukopucToByt0TH cydacHi IT-TexHomnorii, npu
aBTOMAaTH30BaHOMY KepYBaHHI BUPOOHHIITBOM BUMAraloTh 3a0e3NedeHHs Ha iitHoCTi Ta Ge3nexu inpopmanii. [1pu npomy,
JUIs 3a0€31IeUeHHS BUCOKOI SIKOCTI 3B’ SI3KY CJIiI PO3IIMPIOBATH MPOIYCKHY 34aTHICTh KaHANIB 3B’ 3Ky, SIKy 0OMexeHo (izu-
YHUM PECypCOM PajliouacTOTHOro CrieKTpy. Lle mpoTupiuys 3anporoHOBaHO 3/10J1aTH IIUIIXOM 3aCTOCYBAHHS TEXHOJIOTIT Hajl-
[IMPOKOCMYTOBHX CUTHAJIIB, Y IKMX CITiBBiJHOIIEHHS MK IIMPHUHOIO CMYTH YaCTOT Ta HOT0 IIEHTPAIBEHOIO YaCTHHOIO OiJIbIIe
oruHuLi. TakuM YMHOM, BUIIPOMiHIOBaHHS 1HPOPMAILIHOrO CUTHAITY 3AiHCHIOIOTE 0€3 HeCy4oi YacTOTH OJHOYACHO Yy BCiit
CMy3i 4acTOT 3a YMOBH, KOJIM PiB€Hb CUTHaJIy HIKYE PiBHS Hymy. s nepenadi HHQOPMaLifHOro KOHTEHTY 3aCTOCOBAHO
METOJT YaCOBOT'0 O3HIII THO-IMITYJIbCHOT'O KOTyBaHHSI, 32 SIKUM KO)KeH 1HpOpMamiifHui 6iT KOIYeThCS COTHIMHU HaIKOPOTKUX
IMITYJIBCIB, SIKI HAQJXOIATH 3 BU3HAUYEHOIO TOCITIJOBHICTIO. B po0oTi 3ampornoHoBaHO MaTeMaTH4HI MOZENi MOYJIbOBaHHX
HaJIIMPOKOCMYTOBUX CHTHAIB, SIKi CHOCTEPIraroTh B CHCTEMaxX OE3MpOBIIHOIO 3B’S3Ky 3 aBTOKOPEIILIIHIM MPUHOMOM.
BoHr 103BONMIIN BUSBUTH OCOOJUBOCTI 3aJIC)KHOCTEH IMOBIPHOCTI TTOXHOKH BiJI HOPMOBAHOTO BiTHOIICHHS CUTHAJI/3aBajia
Ta 6a3u curHaia. [lopiBHUIEHMI aHaTI3 IMOKa3aB, M0 HAWKpAIly 3aBaJOCTIHKICTh CHCTEM Cepesl PO3TIITHYTHX B poOOTi Mae
cucTeMa 3B’SI3Ky, II0 Ma€ 4acoBe PO3MIJICHHS OIMOPHOTO Ta iH(oOpMaIliifHoro curaamis. Tak, IPOTSATOM ITEpIIOi ITOJTOBHHH
0iTOBOrO iHTEpBaly KOMYTAaTOp 3aMUKA€ BHXiJl IepeaBada 6e3nocepe/IHbO Ha TeHepaTop Ha[IIMPOKOCMYT OBOI'O CUTHAITY,
(dopMyroun onopHuii cursail. B cepenuHi 6iTOBOro iHTEpBaly KOMYTaTOp MEPEKIIFOYAE BHXiJ HA OJHY 3 JIBOX MOMJIUBHUX
MO3MLLIH B 3aJIEXHOCTI Bijl CHTHALY — «HYJIb» UM «OIMHUILA», GopMytoun iHpopMaliiiHy YacTHHY HaJIIMPOKOCMYI'OBOI'O
currany. HeoOxitHO TakoX 3a3HaYMTH, 10 CHCTEMH 3 aBTOKOPEIIILIHHAM HPHHOMOM Ta PO3IIILHOIO ITEpeIaueto OIOPHOTO
Ta iHpopMauiiiHOro curHajiB 3a0e3NedyoTh BUCOKUI PiBEHb CTPYKTYPHOI IPUXOBAHOCTI CHI'HAILY, @ TAKOXK HaailHY mepe-

nady mudpoBoi iHpopMarlii, 0co0NIMBO B yMOBax Jii eEKTPOMAarHiTHUX 3aBajl.

Karwuyosi caosa: I10T; MOGinbHMIT 3B’ 5130K; 3aBaf0CTiKiCTh; Oe3NeKa; HaIIIMPOKOCMYTOBI CUTHAIIH.

Beryn

Cucrema Industrial Internet of Things (l1loT)
BHUMarae HaJIaHHs T BEJIMKOI KUIbKOCTI KaHaJIB 3B’ 53Ky
3 BUCOKOIO SIKICTIO, SIKI MalOTh BUCOKY ITUTOMY LIUIBHICTh
iX posramryBaHHs y npoctopi. IIpy 11bOMYy OCHOBHUM
MOKA3HUKOM SIKOCTI OE3MPOBIIHOrO HAIIIMPOKOCMYTo-
BOrO KaHally € BIJHOIICHHS CHIHAN/3aBajja Ha BXOJi
KopeJsiiiiiHoro npuiiMada. CKIIaHICTh opraHizaiii B3a-
€MO03B’s13KiB BeepeauHi cuctemu 10T mik okpemumu 1i
elleMeHTaMH HaJla€ TepeBary Ui 3aCTOCYBaHHS Oe3mpo-
BiJTHOTO 3B’sI3KY. Y CBOIO YepTy Iie BUKIUKAE CKIIAIHOCTI
B 3a0e3IeueHHI MEeBHOrO PiBHS 3aBaIOCTINKOCTI KaHaJiB
3B’S3KY, 1110 00YMOBJIEHO BUCOKOIO IIUIBHICTIO pO3TalIy-
BaHHS Yy IpocTopi npoMucioBoro 06’ exty 10T snemen-
TiB cucTeMH. IX omHOYacHa pobOTA MOTipIIye BHYTpI-
ITHIO €JIEKTPOMAarHiTHy 00CTaHOBKY, CIPHS€E 3HIDKCHHIO
SIKOCT1 KaHaJIiB 3B 53Ky Ta MIBHIKOCTI mepemadi iHpop-
Martii, 1o IUPKYJIIoE B cucremi [1, 2].

1. Anaai3 miasxiB NiABHINEHHS MOKA3HUKIB
siKoCcTi 0e3MpPOBiTHOT0 3B’ 13Ky

Haii6inpin e(eKTUBHUM MUISIXOM IMiJBHIICHHS pi-
BHJ 3aBaIOCTIHKOCTI Ta MIBUAKOCTI mepenadi indopmartii
B 10T € BBeZeHHS 9acTOTHOI HAUTHIIIKOBOCTI, SIKa TPH-
TaMaHHA CUTHAJIAM 3 HAJIIMPOKOI CMYIOH 4acToT. B
OCHOBi 3aCTOCYBaHHS TaKHX CHCTEM 3B sI3Ky 3HAXO-
muThes KoHtentis Haammpokocmyrosux (HILC) immy-
JIBCHHUX CHTHAJIB 3 MaJIOk0 TPUBATICTIO [3-7].

3a paxyHOK 30UTBIICHHS CMYT'H 9YaCTOT CHTHAITY TIi-
JIBUIIYETHCS YCTAJICHICTh KaHAITY 3B 3Ky JI0 BILTHBY 3a-
BaJl BiJ CYCIIHIX KaHaJiB, MO 3a0e31medye MOKIUBICTD
OJHOYACHOI pOOOTH B OJTHOMY YaCTOTHOMY Jliana3oHi Be-

JIUKOI KIIBKOCTI KaHaJIB 3B’sA3Ky. 3aBIIKH HU3bKOI CIie-
KTPaJIbHOI MIJILHOCTI CHUTHAIIy BUIPOMIHIOBAHHS IPH
nepeayi MoBiIOMIICHb Ta 3a0e3MeYyeThCsl BUCOKUH pi-
BEHb HOr0 EHEPreTU4HOI MPUXOBAHOCTI 1 3aXHCTY 1H)O-
pmallii, MepeBUIIYIOYN TaKOX MOMJIMBOCTI 3BHYaWHHX
MIMPOKOCMY)KHHX CHCTEM 3a LIOJI0 HMIBUAKOCTI mepeaadi
iHpopmMmarlii Ta ycraneHocti A0 3aBaa. Tomy 3acTocy-
Banus HIIC curHanis €, npiopuTeToM y BUPILIEHHI TIPO-
OneMy MiABUILEHHS 1HQOpMAIIHUX MOXKIMBOCTEH
3B’s3Ky B cucteMi |10T.

MeTo10 po60TH € TiIBUILECHHS O€3MeKH, MPOITyCK-
HOI 3/1IaTHOCTI Ta 3aBajocTiiikocTi po3mnoxiieHux 10T,
1110 OOY/I0BaHi Ha TPYHTI MEPCOHAIBHUX Ta JOKAIBHUX
Mepex 3 HU3bKUM PIBHEM €HEPrOCIOKMBAaHHS B YMOBaX
JT IPUPOAHUX Ta ITYYHUX 3aBaj. Takum uunom 10T €
PO3IOIIICHOI0 CHUCTEMOIO, sSKa IIPALII0E Y PEabHOMY
yaci B yMOBax Mii eMeKTPOMAarHiTHUX 3aBaJl 13 ITiIBUIIIe-
HUMH BUMOTaMH 110 O€31eKH Ta MBUAKOCTI Iepeaadi iH-
(hopmarii y 6e3npoBiTHAX Mepexax 3B s3KY.

2. Kpurepii sikocTi kanany 3B’ 513Ky

Binmianicts HILIC cuctemu 3B 53Ky BiA Tpaauiiii-
HUX BYy3bKOCMYTOBHUX € BiJICYTHICTh HECYUOi YACTOTH.
3rimHo Teopii moTeHIiHoI 3aBamocTiiikocri [8] xapa-
KTEPUCTHKA 1HPOPMALIHHOTO CUTHATY 3aJISKUTh BiJ Bi-
JTHOIIEHHS MOABIMHOI eHeprii curHaiy E mo criekrpaib-
HOI IIUTEHOCTI MTOTYKHOCTI yMy N Ta € TaKoro:

—2E; _
Q= / N, = 2q0B,
E
e qo = NO—I:/ — BIJTHONIECHHS CepPeNHbOI MOTYKHOCTI CUT-

Hany Py, = E /T JIO0 TOTYXKHOCTI mymy Pyg = NoW Ha
BXozi npuitmMada, a B = WT € 6a3o10 curnaiy.
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Ie#i kpurepiit 3aBamoCTifikoCTI OaraTokaHaIb-
HUX CHCTeM Oe3MpOBIAHOTO AOCTYIY € FPaHUYHO JO-
CSOKHHUM JIJISL yCiX Oe3 BHHATKY KJIACiB NMPUHMalbHUX
CHCTEM.

VY Toli e Yac MOMIIMBICTH TONAJIBIIOTO ITiJBH-
IIEHHS NOTEeHLINHOI 3aBaJOCTIHKOCTI MpPUHMAaIbHAX
npucTpoiB oorpyntysas J. CrensiH y ¢Boiit Teopemi [9],
3aCTOCYBaHHS SIKOI CIIPaBEIUINBE TUTBKH y THX BUIIAJIKaX,
KOJIM LIMPHHA CHEKTPY CUTHajy Oulblia, HDK HIMpUHA
CHEKTPY LIyMY.

s nepenayi ingopmartii 8 HILIC cucremax BHUKO-
PHUCTOBYIOTH IMITYJIbCHI CHTHAJIH 3 Jy»K€ KOPOTKOIO TPH-
BaJicTIo iMIynbciB. Takuil curHa, 1o Ma€e MaJuii mpo-
CTOpOBO-4acOBUH 00’€M, I03BOJISE TIEPEIAaBATH BEIUKY
KiIbKiCTh iH(opManii B oauHUIO Yacy. Tak s mepe-
nadi omgHOro 6iTy iH(pOpMaIlii By3bKOCMYTOBiii cucremi
notpi6Ho Bix 10 1o 50 nepioniB Hecy4oro KoJMBaHHs. Y
toi ke yac HIIIC cucrema 3B’3Ky BUKOPHCTOBYE JUIS
nepenadi ogHoro OiTy iHQopMarii TiNBKM OJHE KOJH-
BaHHS.

BoueBub, BHKOpPHCTaHHSI HaJANIMPOKOCMYTOBHX
CHTHAJIIB JI03BOJISIE TIepeAaBaTH iH(pOpMAIl0 Ha IIBHUI-
KOCTI, 1[0 3HAYHO MEPEBHUIIYE IIBUIKICTh TPAAUIIHHUX
3ac00iB 3B’A3KY.

B mu¢ppoBomy 0e3npoBiqHOMY 3B’SI3Ky KpUTEpiEM

. . E
SIKOCT1 KaHally € BIJAHOLIICHHSA CI/IFHaH/SaBa}Ia S/N ,
o

(SNR signal — to — noise ratio), sike TOB’s3ye CepeaHIO
HOTYXHICTb CHUTHAITY S 13 CepeJHBOI0 NOTYXHICTIO IIyMYy
N. Tlpuuomy, 3minHa E; € eHeprieto iHpopmaiiiHOro
0iTy, sika sBJIsIE€ COOOIO MOTYXHICTh CHTHANY S, OMHO-
KeHy Ha vac nepenaudi Oity Ty, a N, — cnekrpajibHa mno-
TYXHICTb IIyMY, BU3HAYAE MOTYXXHICTh yMy N, sIKy 1O-
JineHo Ha mupuny cMyra W.

Cuiz Tako 3a3HAYUTH, 1110 Yac nepenayi oity T, ta
LIBHKICTB HOTo Tepeayl Ry B3a€MHO 3BOPOTHI:

Ty = 1/RS'

Ipodyxmuenicms cuctemu QPOBOro 3B’ I3Ky BU-
3HAYa€ 3aJeKHICTh IMOBIPHOCTI MOSIBU XUOHOTO OiTy P
BiJ[ CIIIBBiJHOIIEHHS CHTHAJ / 3aBajia, 1[0 TAKOXK € CTaH-
JIAPTHOIO MIPOIO 316A00CMIUKOCHI CUCTEM LU(PPOBOTO
3B’s13Ky [4].

E, ST, Sw § B
NO_N/W_N R N’
ne B = WT e 6a30t0 curHaiy.

AHauti3 bOoro CITiBBiJHOMICHHS MTOKa3ye, YTO OCHO-
BHHM ITapaMeTPOM, KU T03BOJISIE 3a0€3MEUUTH BHCOKY
SIKICTB 3B’SI3Ky Ta BIJIOBiAHY MPOAYKTUBHICTD 1 3aBaI0-
CTiHiKiCcTh € 0a3a curHana B.

I3 posmmpennsm 6a3u curnairy B >> 1 BUHHKae Mo-
JKIIABICTh 301IBIICHHS MBUAKOCTI mepenadi indopmariii
3a PaXyHOK CKOpPOYEHHS TPHUBAJIOCTI MEPEIaHOro CHI-
Haly.

TakuM 9MHOM, JI0 TIEPEIaHOTO CUTHAITY BBOIATH Je-
sIKa HAJTUIIKOBICTh, BETMUMHY SIKOi BU3Ha4Yae Koedili-
€HT PO3ILHPEHHS CIIEKTPY.

CaMe HasBHICTB IIi€i HAAMIPHOCTI BU3HAYAE TaKi BIIa-
CTHUBOCTI HaJIIUPOKOCMYTOBUX CHCTEM, SK MOXKIJIUBICTb
mepeOOpeHHs  SIBUI 0araTOpOMEHEBOTO  PO3TIOBCIO-
JDKEHHS pajioXBWIb 1 €(EeKTHBHOrO BHKOPHUCTAHHS

CIIEKTPY MiJl yac poOOTH y IEpeBaHTa)KEHOMY YacCTOT-
HOMY Jliala3oHi.

OpnHak B yMOBax BIUIMBY MPUPOJHUX Ta MITYYHUX 3a-
BaJ HaUIMIIKOBICTh IPU3BOANTH 10 301IBIIEHHS IMOBIip-
HOCTI ypa)kKeHHs 3aBaJjaMH poO0YOi CMYTH 4acToT, CII0-
TBOpIOIOYM iH(opMamiliHi cCHTHANN y O€31pOBITHOMY Ka-
HAJTi 3B’SI3KY.

3. Metoa ¢popmyBanHs
iHgopmaniiHuX CUTHAJIIB

®opmyBaHHs iHpoOpMaLiHHUX CUTHATIB 31 ICHIOIOTH
HIISIXOM BHKOPUCTaHHS HaJIIMPOKOCMYIOBUX CHUTHAIIIB
3 HU3BKOIO CTIEKTPAIFHOIO IIUIBHICTIO MTOTYXHOCTI.

Hammmpokocmyrosuii  curaan n(t) mopiisfioTe Ha
JIBl YaCTWHH, 3 SIKMX OJHY BUKOPHUCTOBYIOTH Y SIKOCTI
OIOPHOTO CHTHAITY.

[Hmy yactuny curdany n(t) 3aTpumyrOTh Ha Yac
T, npu HagXOmKEeHH] cuMBoIy «1» un Ha yac T, npu Ha-
JIXOIKCHHI CUMBOITY «0».

3aTpuMaHuil Ta OMOPHHUN CUTHAIK NPU3HAYEHI VIS
B3aeMHOI iHTepdepeHwii y mepenasadi.

B cymaropi mnepenaBaua 3iHCHIOIOTH CKJIaJIaHHS
oropHoro curuany n(t) 3 HaJIUPOKOCMYTOBMM CHIHa-
JIOM, SIKMH 3aTprMaHoO Ha 4ac T; uu T, B 3aJIe)KHOCTI BiJ
HAJXOKEHHsI OiHApHOrO CUMBOITY « 1» uu «0».

Z0(t) =n(t) + n(t - Tl,O) 1)

CrnekTp HOTY)KHOCTI CyMapHOI'O CHUTHally oOuwmc-
JIIOFOTh 32 Yac HAJXOJUKEHHs t, KOXKHOro iH(opmarlii-
HOT'O CUMBOITY y BULJISIII:

S,(f) = 28,(F)(1 + cos(2nfT, ), @

ne S, (f) — oninka cnekTpa noTyxHocti curnany n(t)
3a yac aHaiizy t,.

CkialaHHsl TOBHICTIO HEKOT'€PEHTHHUX CHIHAJIB
Mae Miclie, Kolii BiiHocHA 3aTpuMKa T; um T, OopHOro
1 32aTPUMaHOTO CUTHAJIIB 3HAYHO MEPEBHUIIIYE Yac Korepe-
HTHOCTI]

~ 1
oYy
HaIIMPOKOCMYTroBOro curnany n(t):
Tio»t.un Ty gAf > 1.

TakuM 4MHOM 110 OE3MpOBIHOI JiHIT MOCTYMAIOThH
HAJIIIMPOKOCMYTOBI CUTHAIIU 3 MEPIOJJMYHOI0 KOJOBOIO
MOJYJISII€I0 CIIEKTPa Y BiANOBIIHOCTI 3 TOTOKOM IBiH-
KOBHX iH(pOpPMAaiHHUX CHMBOJIB.

OnTuManbHAN KOTepPeHTHUH MPUHOM HaIIIHPOKO-
CMYTOBHX CHTHAJIB MOJNATa€ y BUMIPIOBaHHI (YHKIIT
B3a€MHOI KOPEJIAIil 3 OIIOPHUM CHTHAJIOM 32 Yac HaJIXO-
JDKeHHs ofgHoro iHdopmariitHoro 6ity. BumiproBanHs
(hyKHKIIT B3a€MHOI KOpeNsmii Ui 3aTpUMaHuX Ha 1~
POKOCMYTOBUX CHTHAJIIB 3MIMCHIOETHCS B YaCTOTHIN 00-
JIACTi MIISTXOM TTOJBIHHOI CIIEKTpaibHOI 00pOOKH, 31iiic-
HIOIOUH 1X CIIEKTPaIbHUM CTUCK.

BusnraueHHs KOpemsmiiHol QYHKINT 3 ypaxyBaHHIM
CHIBBiTHOIIEHHS (2) IS CIIEKTPY MPUHHATHX CUTHAIIB
3a3BUYall TOKITA/ICHO Ha IIBUAKOMIFOYUHA [H(GPOBHUIL
®yp’e-miporiecop. 3acToCyBaHHS 3BOPOTHHOTO IIEPETBO-
penrs Oyp’e Bin cCIEKTPy MOTYXKHOCTI (2) H03BOISE 00-
YUCTUTH aBTOKOPEIIIHHY (YHKIIO TPUIHITOTO HaJ-
IIMPOKOCMYTOBOT'O CHTHAITY:
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R,(7) = 4n [ S,(f) cos(2mfr) df = 2[R, (1) +
+R\n (T - T1,0) + P\n(‘[ + Tl,O)]/

ne R,(T) — dyHKIis aBTOKOpENIALii HaIIIHPOKOCMYTO-
Boro curaany n(t).

OO0uncnena aBToKopensiiiiHa QyHKIis, Mae iHpop-
MaIlifHAH TTiK Ha 9aci 3aTPUMKH B 3aJIKHOCTI BiJ[ TIOTO-
YHOT'0 CUMBOIY «1» uu «0». PimenHs npo HasBHICTb O11-
HOT'O 3 JIBIIKOBHX CHMBOJIIB IPUHMAETHCS 3a 3CYBOM Ha
yac T; uu T, iHOpPMAIIfHOTO MiKY IS aBTOKOPEJISIIiH-
HOi QpyHKIIi1. TakuM YUHOM 3IHCHIOIOTE JOCTOBIPHE BiJI-
HOBJICHHS TiepeaHol iH(opMarrii.

[Iupoka cMyra 4acToT Ta HaJKOPOTKa TPHBAIICTh
IMITYJIbCiB BUCYBAIOTh IiBHIICHHI BUMOTH JIO TOYHOCTI
cunxponi3arii. B mux HIIIC cucremax y SKOCTi CUTHAITY
CHHXPOHI3allil BUKOPHUCTOBYIOTh ONOPHY ITOCHIIOBHICTB
curHaiiB. [HpopmaniiiHi CHTHANM Ta CUTHAJIN CHHXPOHI-
3alil 3HAXOAAThCS HA OAHOMY €HEPreTHYHOMY PiBHI, a
CHeKTpajbHa IIUIBHICTh YCIX KaHaNIB 3HAXOAWUTHCS Ha
PiBHI IIyMiB, TOMY CHCTeMa 3HAYHOIO MipOIO 3a3HA€ I10-
TipIIeHHs! 3Ha4YeHb IMOBIPHOCTI GITOBOI MTOXHOKH. Y TOM
)K€ Yac 3aCTOCYBaHHs B CHCTeMax 3B’SI3Ky MOOUIBHHX
NPUCTPOIB TEXHOJIOTi HAAIIMPOKOCMYTOBHX CHIHAJIB
JI03BOJISIE 301TBIINTH CHiBBIAHOIICHHS CHTHAJ/IIYM Ha
BXOJli pHiiMaya, IO Ja€ MOXIIUBICTh 3MEHIIUTH PiBEHb
€JIEKTPOMArHITHOrO BUIPOMIHIOBaH-HS Ta 3a0e3MeUnTH
TAKUM YMHOM BHMOTH IIOJIO MiIBUIICHHS PiBHS 3aBaJio-

CTIHKOCTI Ta MPUXOBAHOCTI KaHAIy MOOUIFHUX CHCTEM
0e31poBITHOT O 3B’ SA3KY.

B iMmynecHUX npHiiMadax BUKOPHCTOBYIOTH KOpe-
JSITOP, SIKWH 3IIHCHIOE 3rOPTKY OJMM3BKHX 32 (HOPMOIO
BX1JTHOTO CHTHAJIy 3 €TAJIOHHUM. J{0 KOpensiTopy HaJxo-
JSITh CHHXPOIMIYJIBCH Ta IMIYJbCH i3 PI3HHUMH 4Yaco-
BUMH MPOMIXXKKaMH MiXK HUMHU, SIKi Bi/INOBiAalOTh OKpe-
MHUM 4aCOBUM TPOMI’KKaM OIOPHOI KOJIOBOI ITOCIiIOBHO-
CTi. Y BUIIQ/IKy CHIBHAiHHS OyIb-SIKOTO MIPOMIXKY, KO-
pernsiTop GOpMye MaKCUMyM, TIOJIOXKEHHSIM SKOT'0 Y Yaci
M 3MiHa HOT0 MOJIAPHICTI HATAEThCs 1H(OPMAITIS IO
BUJIy TIEPEIaHOro ABIMKOBOro curHainy. OfHaK y HbOMY
BUIIJIKy CHCTEMa CHHXPOHI3allil MpaIioe TiIBKU 33 Be-
JIMKUX 3HAYEHHSX BiJHOIIEHHS CHUTHAJ/3aBaja Ha BXOJI
npuiiMaya.

[Tix yac popmyBaHHS HAAIIMPOKOCMYTOBOTO iH(O-
pMaliifHOro CUrHaJy y IepeiaBadi Ta Horo JeKoyBaHHS
y npuiiMayi 3a paxyHOK iHTepdepeHIIii onopHoro ta my-
MOBOI'0 CHT'HaJIiB BUHUKAIOTh BHYTPIIIHBOCHCTEMHI 3a-
Baau. [Ipudyomy, iX BIUIMB IiACHITIOETHCS Ta IPU3BOITUTH
JI0 301TBIIICHHS PiBHS OITOBOI MOXMOKMU TPH ITiIBUIICHHI
MIBUAKOCTI mepenadi iHdopmanii 32 yMOB 3MEHILIEHHS
vacy nepenaui 0ity Ty [10]. 3a3Buuaii B icHyrounx 6e3-
npoBigHux kaHanax cucreM HILC 3B’s13ky omHOYacHO
MepeatoThCsl K ONOPHUM, Tak 1 iH(popMaliiiHuii cur-
HaJTi, SIKi CTBOPIOIOTH OJIMH JUIsl OHOT'O BHYTPIIIHHOCH-
cremHi 3aBaau (puc. 1) [11].

G pr |10 DL O

K + PO

DL 1

«I» or «O»

Puc. 1. Cxema oqHo9acHOro popMyBaHHs OMOPHOro Ta iHPOPMALIHHOrO CHrHAIIB

Ha puc. 1 3a3Haueno:

G — reHeparop, SIKUii B aBTOKOJIMBAJIBHOMY PEXUMI
(bopMye MOCTIIOBHICTh HAJKOPOTKHUX 1MITYJIbCIB-UHIIIB;

DF - mudpoBuii cMyroBo - mporyckarouuii GpirsTp,
sxuii popmye curnan n(t);

DL - nminii 3atpumMkw, siki 3cyBoM Ha vac T; q9u T
¢dbopMyroTh iH(GOpMAIiiHI CUTHAIK 3TIAHO 3 MOTOKOM
IBIAKOBHX OITiB «OOWHUI 9H «HYIBY Bi [DKepena iH-
¢dopmarrii.

OnopHuil curHai yepe3 CyMaTop MOTY>KHOCTI BH-
MIPMIHIOETRCS ITepeaaBadeM Oesnepepro. CurHai

z0() =n() + n(t - Tl,O)'

SIK CyMa OTIOPHOTO 1 iHpOPMAaIIIHHOTO CUTHAJIIB MA€ BTO-
PUHHUN MaKCHMYM aBTOKOPEIAMIHHOI (YHKIN, MONo-
JKEHHS SIKOT'0 y "aci € iHhOopMAaIliifHIM TapaMeTpoM CHUT-
Haja.

Bimem  BHCOKY 3aBaflOCTiHKICTP Ma€ CHCTeMa
3B 53Ky 3 HPOTWIISKHUMH HaIIIMPOKOCMYTOBUMH CHT-
HallaMu.

[lepenaBau Mae nuiie ONHY JIHIIO 3aTPUMKH
(puc. 2). IIpu npoMy iHOPMAILIiST KOTYETHCS HE 3MiHOIO
TMOJIOXKEHHSI BTOPUHHOTO MaKCUMYMY aBTOKOPEISIIHHOT
(hyHK1I{ y 9aci, a 3MiHOIO TIOJISIPHOCTI OO MAKCUMYMY.

YV NopiBHAHHI 3 TOMEPETHHOI0 CXEMOIO APYyra JiHisg
3atpumku DL 3amineHa Ha mmpokocMyxHHA (azoodep-
TyBau F, sxuit 3a6e3neuye ¢ikcoBanuii (pa3oBuii 3cyB y
pobouiit cmy3i gacToT. OCKUTBKH 3aTPHMKa MIX OIOp-
HUM Ta iHpOpPMalifHIM CHTHaJaMH TOCTilHa, a 3MiHa
3HaKa aBTOKOPEIAIiiHOT QyHKIIT 3aKiIaieHa B CTPYKTYPi
CaMoOro CHrHajy, TO cXeMa IpHuiiMadya CyTTEBO CIPOIILY-
etbcst. ONTHAK HAsABHICTH MIMPOKOCMYKHOTO (hazoobep-
TyBada 3 (hikcoBaHUM 3CYBOM (ha3u poOHTS i1 peaizarito
CKJIAJTHOIO, 1[0 0OYMOBJIEHO HEOOXITHICTIO Y3TOMKEHHS
TEeXHIYHAX XapaKTepHUCTHUK (a3zoobepTyBada F B mmpo-
Kiif CMy31 9acToT.

3MEHIIIUTH PiBeHb BHYTPIIIHEOCUCTEMHNX 3aBaJ TA
0ITOBOI MTOXUOKH JJO3BOJISIE METOZ YACOBOTO PO3ALIICHHS
OITOPHOTO Ta iHPOPMaLiHHOrO CUTHAJIB, CXeMa pealiza-
11 IKOTO HaBEJICHO Ha pHC. 3.
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G -0 DF — DL1

I 3(t)

«1» or «0»

Puc. 3. Cxema posniieHoro (popMyBaHHS OITOPHOTO Ta iHGOpMAIHHOTO CUTHATIB

n(t)

DL1

DL2

(1)

\— DL3

]

«1» or «0»

Puc. 2. Cxema popmyBanns inpopmanii nporunesxanmu HIIC curnanamu

Ha BigMminy Bij icHyrounx (puc. 1, 2), B cxemi nepe-
JlaBaya 3aCTOCOBAHO TPHITO3HLIIITHOr0 KomyTaropa. [Ipo-
TSATOM IIEPIIOT MTOJIOBUHH OITOBOT0 IHTEPBAITY KOMYTATOP
3aMHUKa€ BHXIJl MepeqaBaya 0e3nocepeiHh0 Ha reHepa-
top HIIC curnany (G). TakuM 9HHOM MPOTSTOM TEpi-
oy 4dacy Ts/2 HopMyIOTh OMOPHHIA HAIITHPOKOCMYTO-
Buil curHan. Y cepeauHi OITOBOro iHTepBaly 3/iiiCHIO-
I0Th MIEPEKITIOYEHHs] KOMYTaTopa 10 OJHi€l 3 IBOX MOX-
JIUBHX TIO3UIIIH B 3aJI€KHOCTI Bijl TIOTOKY JBIMNKOBHX Oi-
TIB «OIMHHUIID YK «HYIIbY Bl [ukepena inpopmarii. [Tpu
upoMy JiHis 3aTpuMku DL1 3abe3mnedye 3aTpuMKy CHT-
Hany X(t) Ha monmoBuHy 6iToBOTO iHTEpBaNy Ts/2, a miHil
3arpumku DL2 ta DL3 3agistai 6e3mocepenapo st Ghop-
MYBaHHS ITOTOKY IBIHKOBHUX OiTiB «OOUHUILD) YU «HYIIB
B pesynbrati hopmyerhes iHbopMariiiiHuii curHan, Bi-
JOKPEMIIEHUH y Yaci BiJl OIOPHOTrO, SIKUI HA OJHOMY 1H-
TepBaii Ty Mae TaKuil BUTIIAL.

T
I( x(t),OStSE:
T T
y(f)={x(t—E—T0), S St<T;
R
tx 2 1] 2— —_ ]

[Tpn mpoMy citi 3a3HAYUTH, IO CUCTEMH 3 HAIIIH-
POKOCMYTOBUMH CHUTHAJIAMH, SIKI BHKOPHCTOBYIOTH TIepe-
Jady OIIOPHOTO CHTHANY Ta IX aBTOKOPEINSIIHHIH

npuiioM, 3a0e3MeYyloTh BUCOKHHA PIiBEHb CTPYKTYPHOI
MPUXOBAHOCTI CHTHAIY.

BucHoBku

TakuM yrHOM miepenaBad GopMye Ta BUIIPOMIHIOE
10 BIJIBHOTO IPOCTOPY CKIQIHUN CUTHAJ, 10 CKJIly CH-
THaJy SIKOTO BKJIIOUEHO 1H(OpPMALINHUI IMITYIbCHUIA
HUIC curnan y Burisizii 3ak0JJOBaHOI MOCIIJOBHOCTI iM-
MYJIBCIB Ta OKPEMOT'0 IMITYJIbCHOIO CHHXPOCHTHAITY.

3 orysiy Ha Te, 110 YMOBH CHHXPOHI3MY MATPUMY-
10T Oe3MepepBHO IIiJ] Yac CeaHCy 3B’ 53Ky a He Y JUCKpe-
THHX TOYKaX, IO XapaKTepHO IS BiJOMUX iIMIYJIbCHHX
CHCTEM, TO BHCOKa SIKICTh CHHXPOHI3amii 30epirarTh i
i yac B3a€EMHUX HepeMilleHb MOOUTHHUX 00’ €KTiB.

3MeHIIIeHHs Yacy CHHXPOHI3alii CHTHAJIIB CHCTEMHA
pamio3B’s3Ky 3 IMITyIBCHHMHU HAIMIAPOKOCMYTOBHMU
CHUTHAJIAMH Ta MiABUIIEHHS ii AKOCTI, CYTTEBO IIiIBUIIIYE
e(eKTHBHICTF BUKOPUCTAHHS BIHCOKOI IIPOMYCKHOI 3/1aT-
HOCTI Ti/1 9ac poOOTH 3 BEIHMKOIO KiJIBKICTIO KOPUCTYBa-
4iB, 0COONMMBO 17 Yac PoOOTH 3 MOOITHPHUMHU 00’ €K-
tamu. [Ipu 1IbOMY MiIBUIIYETHCS YCTANEHICTh KaHATIB
3B’SI3Ky 10 BIUTUBY 3aBaJl BiJl CYCiTHIX KaHAIIB, 3a0e31e-
yytoun Taki ocHOBHI epeBaru HILIC cucrem 3B 53Ky, SK:

- IIIBMILECHA 3aBa03aXHUIICHICTh;

- MOXKITUBICTP 3a0€3MeUCHHS KOJJOBOT'O PO3ILICHHS
KaHaiB;

- HU3bKUH PiBEHb CHEKTPAIBHOI IIIITBHOCTI;
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- eHepreTuyHa Ta iH(opMalliiiHa 3aXUIIEHICTh
3B’SI3KY;

- i IBUIIICHA MPOITYCKHA 31aTHICTb.

3acrocyBaHHsT MeTony (DOPMYBaHHS HaIIMPOKOC-
MYTOBOT'O CHUTHAJY 3 YCTAICHOI CHHXPOHI3ALIE0 JT03BO-
nsie eheKTHBHO peasTi3yBaTH IMOTEHIIHHY BHUCOKY IIiJIb-
HICTb KaHAJIIB 3B’ 53Ky Ha O/INH KBaJ[paTHUH MeTp poOo4ol
30HU. 3aB/SKH 3MEHILICHHIO PiBHs iH(opMamiiHOro cur-
HaJTy BiZTHOCHO piBH OijI0oro mymy B pobo4oMy jiana3oHi
9acTOT 3[IMCHIOETHCS OJHOYAcHa 0e33aBasioBa poOoTa SIK
TPaJNL[IHUX BY3bKOCMYTOBHX CHCTEM 3B’SI3KY, TaK i CHC-
TEM 3B’S3KY, SIKi BUKOPHUCTOBYIOTH HaJIIMPOKOCMY-TOBi
curnany. Bukopucrannas texuonorii HILC 38°s3ky 3 po3-
TIOAIJIOM y Yaci CHHXPOIMITYJIBCY Ta iH(OpMaIiHHOTrO CH-
THaITy JI03BOJISIE TAPAHTOBAHO 320€3MEYUTH BUMOTH 1010

3aBaJIOCTIMKOCTI, TIPUXOBAHOCTI 1 Oe3MeKn KaHamiB 0e3-
MIPOBITHOTO MOOUTHHOTO 3B’ SI3KY Ha YCIiX €Tamax iX po3po-
OKH, BUTOTOBJICHHS Ta €KCILTyaTarlii.

BasunicTh

Iro poboty Oynmo yacTkoBO MpodiHAHCOBAHO €BpPO-
neiicbkum Coro3oM y pamkax npoekty «dComFra — Dig-
ital competence framework for Ukrainian teachers and
other citizens» (Project Number: 598236-EPP-1-2018-1-
LT-EPPKA2-CBHE-SP) 3a mporpamoro ERASMUS+.
[MigTprmka €BpONENCHKOI0 KOMICIEI0 CTBOPEHHS IIi€l
poboTH He 03HAYA€E MOBHOI MIATPUMKH i1 3MICTY, a JIUIIE
BifoOpaxkae norsaau aBTopiB. Komicisi He MOXke HecTH
BiJIOBIIMIFHOCTI 32 Oy/Ib-sSKe BUKOPUCTAaHHS iH(QOpMa-
1ii, IKy po3MillleHO B 1iif poOoTi.
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Metod of generating information signals in the system Industrial Internet of Things
Aleksandr Serkov, Nina Kuchuk, Bogdan Lazurenko, Alla Horiuskina

Abstract. Industrial facilities that use modern IT technologies require the ensured reliability and security of information
in automated enterprise management. Concurrently, so as to ensure a high quality of communication, it is necessary to expand the
bandwidth of communication channels, which are limited by the physical parameters of the radio frequency spectrum. In order to
overcome this contradiction, we propose the application of technology fundamental to ultra-wideband signals, in which the ratio
between the bandwidth and its central part is greater than ,,one”. For this reason, the information signal is emitted without a carrier
frequency - simultaneously within the entire frequency band - provided that the signal level is lower than the noise level. For the
transmission of information content, the method of positional-time coding is used, in which each information bit is encoded by
hundreds of ultrashort pulses that arrive within a certain sequence. Mathematical models of signals and values observed in wireless
communication systems with autocorrelation reception of modulated ultra-wideband signals are furthermore recommended. These
assist in identifying features of the dependence of the error probability on the normalized signal-to-noise ratio and the signal base.
Comparative analysis has shown that the best noise immunity of the systems considered in this paper is the communication system,
which uses the time separation of the reference and information signals. During the first half of the bit interval, the switch closes
the output of the transmitter directly to the generator of the ultra-wideband signal - forming a reference signal. In the middle of the
bit interval, the switch alternates the output to one of two possible positions depending on the encoding signal — "zero" or "one",
forming the information part of the ultra-wideband signal. It should also be noted that systems with autocorrelation reception and
separate transmission of reference and information signals, provide a high level of structural signal secrecy. Furthermore, they
provide the reliable transmission of digital information, especially in interference conditions.

Keywords: lloT; mobile communication; noise immunity; safety; Ultra-wideband signals.
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PLASMA NEW SELECTIVE PROPERTIES FOR EFFICIENT USE
IN ELECTRONICS AND TELECOMMUNICATIONS

Abstract. In terms of active and passive electronic counteraction, detection of geophysical phenomena of artificial and
natural origin is becoming increasingly important. Discovering new properties of plasma enables to improve the information
component of radio signals more effectively and use the obtained properties in related fields. Elementary processes in the
longitudinal and transverse directions of the discharge, depending on natural and artificial conditions, under different types
of gaseous medium used; at different gas pressures and different pulse-periodic application of an electric field is studied in
the article. The difference of discharge properties in inert and molecular gases with different designs and electrodes of the
laboratory device is shown. It is established that the change of functional purpose between the cathodes and the anodes does
not change the shape of the discharge. The presence of ambipolar diffusion of charge carriers acting on a large area of plasma
was determined. Partial charge carrier homogeneity has been established, which is observed only along the plasma surface,
and homogeneity is violated in the perpendicular direction. The difference in energy input in the discharge, depending on the
design of the electrodes other things being equal is determined. The identified properties of plasma enable them to be used
more effectively for practical implementation in the field of electronics and telecommunications and other industries.

Keywords: electronics and telecommunications; ionospheric perturbations; technological plasma; volt-ampere

characteristics; complicated conditions; space charge; localized discharge.

Introduction

Recently, traditional methods and ways of obtaining
information are closed to the limits of their capabilities. In
this regard, more and more attention is paid to finding new
sources of information and ways to obtain it [1]. In the
terms of active counteraction to all types of exploration,
detection of geophysical phenomena of artificial and
natural origin has recently become more and more relevant
in the world. Such phenomena include ionospheric
perturbations, which occur under the influence of factors
of both natural and artificial origin [1, 2].

By discovering new properties of plasma, it enables
to improve the information component of radio signals
more effectively [3]. Obtaining new selective properties
of technological plasma, will enable its usage in related
fields designed to improve human life, for example, for
plasma chemical water treatment, for spraying thin films
in industry, for disinfection of fabrics and surfaces in
medicine, for neutralization and disposal of industrial
sludges. [4, 5].

Plasma is called low-temperature if its average
electron energy is less than the characteristic ionization
potential of an atom (<10 eV); its temperature usually
does not exceed 105 K. Technological low-temperature
plasma is weakly ionized, ie, the number of neutral atoms
and molecules significantly exceeds the number of
charged particles - electrons and ions [6]. Since the
Coulomb interaction between charged particles is much
stronger than the interaction between neutral particles,
and this interaction is long-range, the presence of charged
particles in a low-temperature plasma largely determines
its properties, including electrical and electromagnetic.
Many types of low-temperature plasma exist in nature [6,
7], they create low-temperature technological plasma in
various laboratory and production systems [6, 8].

Low-temperature plasma is produced using various
types of electrical discharges or electron beams. In this
case, the bulk of the electrical energy goes to the
production of energetic electrons, and not to heat the gas
stream. The interaction of these electrons with the
working gas and the surface of the electrodes leads to the
creation of excited states of atoms and molecules, free
radicals, ions and additional electrons for the ionization
set [5].

However, the known literature does not fully
address the issues of practical implementation of the
selective properties of plasma.

For the proper use of low-temperature plasma in
technological processes, it is necessary to understand the
basic principles of the discharge in order to control the
plasma parameters.

The purpose of the article is to analyze and
identify the features of volt-ampere characteristics of
plasma, depending on the physicochemical properties of
the materials used and the energy parameters of the
discharge,  for  practical implementation  in
telecommunications and other industries.

Basic material and results

The existence of a discharge with a total radiation
plasmain a localized device is limited by the gas pressure
(which fills the discharge volume), the combustion
voltage and the manufacturing technology. This pressure
limitation is manifested in the fact that with increasing
gas pressure complicated conditions are not met. In this
case, there are no conditions for the formation of
localized plasma. As the gas pressure decreases, this
plasma can be formed up to 0.133 Pa or less. But under
this condition it is necessary to greatly increase the
combustion voltage. Under conditions of a certain small
pressure, the combustion voltage is so high that the

© Shefer O., Marchenko V., Cherneva G., 2021
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voltage source does not provide combustion of the
discharge.

Another factor limiting the formation of this plasma
is the design and technological difficulties. The
manufacture of gas discharge devices such as localized,
small diameter and with a large number of electrodes is
very difficult due to the complexity of technology,
assembly and glass blowing. As a result, these devices are
not manufactured with a diameter of less than 8 mm [9].

Depending on the type of gas, the restrictions on the
formation of localized plasma have different limits of
pressure, voltage, diameter and number of electrodes in
the device.

For example, in an inert argon gas, a total radiation
plasma was formed in a device with a diameter of 46 mm
and 20 electrodes; the highest pressure limit value during
the study of this discharge was 535.95 Pa, at an anode
voltage of U =188 V, and discharge current 8,1 - 102
A. Ata minimum pressure p = 3,47 of Pa, the maximum
combustion voltage was 690 V, and the discharge current
1,3-1073 A.

The measured parameters of the discharges with the
plasma of the total radiation are given in Table 1 for neon,
air, hydrogen, combustible gas (propane) C;Hg, carbon
dioxide and nitrogen in a device with 20 electrodes, with
a diameter of the discharge gap D= 46 mm.

Table 1 — Discharge parameters depending on the type
of gas, voltage and discharge current

-3
é\ﬁ gas p, torus vv | T 1: ’
1 | Argon 4,02-0,026 | 190-690 | 81-13
2| Helium 5,14-0,04 | 185-760 | 58-17
3 | Neon 17-0,08 | 210-730 | 36-15
4 [ Air 3,26-0,09 | 560-980 | 71-2,4
5 | Hydrogen | 3,8-0,12 | 540-1020 | 25-3,1
6 | Propan 34-016 | 550-960 | 110-14
CaHg
Carbon
Gioxide co, | 49-006 | 610-1220 | 94-17
Nitrogen 6,21-0,11 | 510-870 | 133-21

Table 1 shows that the discharges with the total
radiation plasma in inert gases exist at lower stresses than
in the atmosphere of heavy molecular gases, and there is
a difference in the pressure limits.

For molecular gases, these values are slightly
higher. Under the condition of a constant diameter of the
discharge interval, the increase in the number of rod
electrodes N shifts the limitations on the formation of
this plasma in the direction of high pressures.

The boundaries of the existence of the plasma of the
total radiation, depending on the diameter of the
discharge gap, are presented in Table 2.

The discharge in the localized device is a typical
case of electric current in the gas. Unlike a discharge with
plane-parallel intervals, the discharge in this device does
not have a variety of discharge zones. In the longitudinal
and transverse directions of the discharge, there is only
one illuminated area - negative radiation and one dark
space, which is located between the electrodes and the
radiation.

Table 2 — The boundaries of the total radiation existence
of plasma depending on the diameter
of the discharge gap

Ne ch. p, torus N —number of | 2R-1073,
electrodes m
1 1,0 16 27,0
2 1,5 16 18,0
3 2,0 16 13,5
4 2,5 16 10,6
5 4,0 16 6,7

For all these pressures and test gases in this category
there are no other zones. Changing the functional purpose
between the cathodes and anodes does not change the
shape of the discharge.

Measured volt-ampere characteristics of the
discharge, for example, in argon is in a relatively small
range of pressures 2.67 - 79.8 Pa (Fig. 1).
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Fig. 1. Volt-ampere characteristics of the localized discharge,
under conditions of changes in argon pressure:
1-p=2.66Pa;2—p=532Pa;3- p=7.98Pa;
4—-p=13.3Pa;5—p =53.2Pa; 6 —p =79.8 Pa

However, despite the small pressure interval, the
measured dependences [ = f(U) are significantly
scattered in voltage and discharge current.

In the range of 2.67 - 79.99 Pa, they are in the range
of 700 - 1000 V with a discharge current up to8 - 1073 A.
When the pressure varies between 79.99 - 186.65 Pa, the
characteristics are shifted to a range of relatively low
voltages of 180 - 660 V, and the discharge current reaches
0.005 - 0.018 A.

With the change in pressure in the device, the
discharge in the neon atmosphere has approximately the
same arrangement of volt-ampere characteristics (Fig. 2).

In neon, as in argon, under conditions of low
pressures, the dependences I = f(U) lie in the region of
high voltages and are mostly rectilinear. This indicates
that a small space charge is formed in the dark space.

With increasing pressure in these inert gases, the
volt-ampere characteristics become increasing, which is
due to an increase in the space charge in dark space.
Characteristically, despite the complication of conditions
in the localized device, the discharge at low currents
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burns at relatively low voltages of 250 - 300 V. This
voltage in the discharge is close to the tabular voltage of
a short normal discharge, with plane-parallel intervals.
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Fig. 2. Volt-ampere characteristics of the localized discharge
under conditions of pressure change of neon: 1 —p =6,78 Pa;
2—p =11.97 Pa; 3—p =25.27 Pa; 4 —p = 34.58 Pa

Plasma of total radiation is formed in the same way
and in discharges with molecular gases. In the case of a
discharge in an atmosphere of ordinary air, hydrogen,
combustible gasC; Hg, carbon dioxide, nitrogen, each time
a column of plasma radiation of the general glow with a
characteristic color due to the type of gas was created.

In contrast to inert gases, the volt-ampere
characteristics in molecular gases lie in the region of
higher voltage (Fig. 3, 4) and in a slightly larger pressure
range. All the characteristics shown in Fig. 1 - 4, have a
monotonic dependence and show that in all gases and at
all specified pressures the discharge with the plasma of
the general radiation is in the anomalous mode.
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Fig. 3. Volt-ampere characteristics of the localized discharge,
under terms of changes in nitrogen pressure: 1 —p =10.64 Pa;
2-p=14.36 Pa; 3—p =27.93 Pa; 4 —p =37.24 Pa

The upper pressure limits for the molecular gases
studied differ insignificantly.

Molecular gases are characterized by a small
change in the slope of the characteristics with increasing
pressure. In this case, the convexity of these
characteristics is not very pronounced. This indicates a
slow increase in charge in a dark space as the anode
voltage increases. Note that during the observation
through the end window, the diameter of the column of
plasma of the total radiation is larger than during the
discharge in inert gases.
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Fig. 4. Volt-ampere characteristics of the localized discharge,
under terms of changes in hydrogen pressure: 1 —p =18.62 Pa;
2 —p =25.27 Pa; 3—p =39.91 Pa; 4 — p =53.27 Pa

In the area of low pressures, where the required
anode voltage was much higher - 1200 V, measurements
were not performed.

In Fig. 5 compares the volt-ampere characteristics

of a localized discharge and a flushing discharge with a
plane-parallel gap under conditions of the same cathode
area, energy input and helium pressure.
This comparison clearly displays that the dependence
I = f(U) of the discharge with a plane-parallel gap is
located in the region of higher voltages, at low discharge
currents.
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Fig. 5. Comparison of volt-ampere characteristics
of the localized discharge - 2 and the discharge with a
plane-parallel gap - 1; under terms of the same area
of the cathode, energy input and helium pressure
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Such a dependence of the localized discharge, on
the contrary, is located in the region of much lower
voltages at relatively large discharge currents.

From the comparison  of  volt-ampere
characteristics, it was obtained that the localized
discharge is more than 30 times higher than the flat gap
discharge.

Such a large difference in is mainly due to the fact
that in the localized discharge there is no ambipolar
diffusion of charge carriers to the inner walls of the
discharge chamber, and to the intense total emission of
charge carriers formed on the entire cylindrical surface of

First, there is an excess of fast electrons in the
plasma; the average energy of the main electrons is
higher and is 2-3 eV, and the electron density is almost
similar.

Secondly, the total emission of charge carriers
occurs with a larger, but not with the entire surface of the
plasma. The opposite surface of the plasma is not covered
by these processes.

Third, there is ambipolar diffusion of charge
carriers, which acts on a large area of plasma.

Fourth, there is only partial homogeneity in this
plasma, which is observed only along the surface of the

the localized plasma. plasma, and in the perpendicular direction the
homogeneity is violated.

The result of such differences is that the energy
contribution in this category is higher than in the

localized, under equal operation terms.

Conclusions

The selective properties of low-temperature plasma
in the discharge range, which have a significant
difference from the known characteristics:
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Hogi cesieKTHBHI BJ1aCTHBOCTI MJI1a3MH
171 e()eKTUBHOI0O BUKOPUCTAHHS B €JIEKTPOHILI Ta TeJleKOMYHiKalisax

O. B. llledrep, B. C. Mapuenko, I'. I1. YepHesa

AHoTanisi. B ymoBaxX akTHBHOI Ta MACHBHOI PaaiOSIEKTPOHHOI MPOTHUIIl, BUSBICHHS reo(i3M4HUX SIBUII IITYYHOTO i
MIPUPOHOTO MOXOKEHHSI Ha0YBalOTh BCe OLIBIIOI aKTyalbHOCTi. BUSIBICHHS HOBHX BIIACTHBOCTEH IUIa3MH, JA€ 3MOTY OLIbII
e(eKTUBHO MOKpallyBaT iHQOpMaIiiiHy CKIaJ0BY paJiOCHIHANIB Ta BUKOPHUCTOBYBATH OTPUMaHI BIACTUBOCTI B CYMIKHHX
ranys3sx. ¥ CTarTi IpOBEICHO AOCTIIKSHHS EIeMEHTAPHHX MPOLECIB y TTOB3I0BKHBOMY Ta MONEPEUHOMY HAMPSIMKaX PO3PSIIY, B
3aJIXKHOCTI BiJ] IPUPOIHUX Ta IITYYHUX YMOB, 32 PI3HUX BHJIIB Ta30BOr0 CEPEIOBHUINA, 1[0 BHKOPHCTOBYETHCS; 32 PI3HUX THUCKIB
ra3y Ta pi3HOro iMIyJIbCHO-TIEPIOJUIHOrO MPHUKIAJaHHs eneKTpuaHoro nois. [TokasaHa BiAMiHHICTH BJIACTUBOCTEH PO3psLy B
IHEPTHUX 1 MONEKYJSIPHUX Ta3ax 3a Pi3HUX KOHCTPYKIII Ta IUIOLII eNEeKTPOIiB TabopaToOpHOro MPUCTPOI0. BeTaHOBIEHO, 1110 3MiHA
(YHKIIi OHAJTPHOTO TIPU3HAYEHHST MK KaTOJaMH Ta aHOJaMHU HE MPHU3BOIHUTH 0 3MiHU opmu po3psiay. BusHaueHa npucytHicTh
amOinonspHol Anudy3il 3apsIOHOCITB, KOTpa Jli€ Ha BENHUKIiH IO 1a3Mi. BCTaHOBICHO YacTKOBY OAHOPIIHICTH 3apsIOHOCIIB,
KOTpa CIIOCTEPIraeThCsl TIIbKH B3JOBXK MMOBEPXHI IUIA3MH, a B MEPIEHIUKYIIPHOMY HAIMPSMKY OIHOPIAHICTH MOPYIIYETHCS.
Bu3zHaueHa pi3HUI €HEPrOBHECKY Y PO3PSIIi, 3aJIeKHO Bii KOHTPYKIIT €1eKTPO/iB, 3a HIIKX PiBHUX yMOB.BusiBieHi BIacTHBOCTI
IUIa3MH  JaI0Th 3MOry iX Oimblll e(peKTHMBHO BHKOPHUCTOBYBATH JJIsi MPAKTUYHOI peaizamii y ramy3i eNneKTpOHIKH Ta
TEJIEKOMYHIKAI[i Ta 1HIIKX Tany3sX MPOMHUCIOBOCTI.

Kiaw4oBi clioBa: eleKTpoHiKa Ta TelleKOMyHiKallii; ioHocepHi 30ypeHHs; TEeXHOJOriYHa IUia3Ma; BOJbT-aMIepHi
XapaKTePUCTHKH; YCKIIAIHEH] yMOBH; IIPOCTOPOBHIA 3apsi/l; JTOKATi30BaHMI PO3PSL.
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