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ABTOMOOINbLHUN, piYKOBUMN,
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HepxaBHuil yHIBepcUTETY iHQpacTpyKTypH Ta TexHoJorii, Kuie, Ykpaina

METO/I OLTHKH TA TIPOTHO3YBAHHS HABITALIIIMHOT CUTY ALIT
MIJ{ YAC PYXY CYJHA

AnoTanisi. CydacHuii piBeHb PO3BUTKY TEXHIKU Ta HaBIrallifHUX CUCTEM JI03BOJII€ BUKOHYBATH IIPOTHO3YBaHHS PO3BUTKY
HaBiraniiiHoi curyarii 3 BUCOKOIO TOYHICTIO Ta BUKOHYBAaTH MOHITOPHHT HaBiraliifHUX 00'eKTiB. ICHyroUi cucteMu mo3wuiti-
OHYBaHHS JI03BOJIIIOTH OTPHMYBAaTH TOYHI KOOPIMHATH HaBITaIlifHUX 00'€KTiB. YHIBepcalbHa aBTOMaTHIHa iH(opMmariiiHa
CHCTEMa JIa€ MOXKIIMBICTD MEpeiaBaTi JaHi BCIM y4aCHHKaM PyXy B PEKHMi PeallbHOTO 4acy. 3a JOTOMOTOI0 aJalTHBHHUX
MOIeJIel IPOrHO3YBaHHS MOMIIMBUH PO3PAXyHOK TPAEKTOPIil Ta BU3HAUEHHs HeOe3NeKH HeOe3NeuHOro 30IMKeHHs, TOMY
JTaHe 3aBJIaHH € aKTYaJIbHAM. Y CTaTTi YZOCKOHAJIIEHO METO/I OIiHKH Ta IPOTHO3YBaHHS HaBiramiifHoOi cUTyarii mij 9ac pyxy
CyJHa Ha OCHOBI aJJaNTHBHOI HEWiTKOI CHTyaIiifHOI Mepexi. BoHa BpaxoBye mapamerpu HaBiramiiiHoi curyariii, mporxo3 ii
PO3BUTKY Ta piBEeHb KOMIUIEKCHOI O€3IIeKH pyXy CyAHa B €IMHIN KOHIeTIii e-Navigation, 1110 103BOJISIE MTiABUIIUTH Oe3MeKy
CYZHOILIAaBCTBA. Y POOOTI 3aNpONOHOBAHO HEWITKY CUTYalliiiHY MEpexKy, 110 XapaKTepPU3yIOThCS MOKIUBICTIO I'HYYKOi 3MiHI
KOMITIOHEHTIB Mepe:xi y npolieci ix NoOyZI0BH Ta BUKOPUCTaHHA. Y CTaTTi 3aCTOCOBYETHCS TEOPETHYHUH METOJ JUIsl 1OCTi-
IDKEeHHS NMpoeKTiB e-Hagiramii. JlociipKyeThesl MUTAHHS PO CTaH Ta IEPCHEKTHBY peanizauii TexHosorii e-Hagiranii, sika e
OJTHI€IO 3 OCHOBHUX iHiniaTiB Mi>kHapo HOT MOpCHKOI opraHizaliii. 3a3Ha4aeThCs, 1110, HE3BaXKal0uu Ha BIIPOBAKEHHS iH-
TErpOBaHUX CUCTEMH XOJI0BOT'O MICTKa, HaBiralliiiHi MOMHUJIKH BHACII/IOK JTIOACHKOr0 (haKTOPY € OJIHI€IO 3 TOJIOBHUX NPUYUH
MOpCBKHX aBapiil. Posrisgaerses iHiniaTuBa, 1m0 nepexdayae cTBOpeHHs HUQpoBoi iHGPacTPYKTypH Ha CyJHOBOMY Ta Oe-
PEroBoMy CerMeHTax, 110 3a0e3nedye OOMiH JaHMMH Ta IHTErpallito iICHYIOUMX Ta HOBUX HaBirallifHUX MOPCBKUX iHCTpyMe-
HTIB, 110 I03BOJIUTH 3JIHCHUTH Tepexi]] HaBirauiiiHoi iHpopmarii y nudposuii popmar.

KawuoBi c1oBa: cynHo, cyTHOBOIH, HaBiraniiiHa o0CTaHOBKa, HaBiraliiHi cucremu, e-Hagiramis, HediTka cuTyamniitHa

Mepexa.

Beryn

InTerpoBana cucreMa xoaoBoro mictka (Integrated
Bridge System, IBS) — mporpamHo-amapaTHHi KOM-
IUJIEKC, B IKOMY 3aCTOCOBAHO CUCTEMHHUH M1/IXi]] IO aBTO-
MaTu3alii mporecis 30upanHs, 00poOKH, BiTOOpaKEeHHS
iHpopMmarii, 10 BUKOHaHHS (YHKI[il HaBiramii, Kepy-
BaHHsI CYJIHOM, paJlio3B's3Ky Ta 3a0e3nedeHHs Oe3NeKu 3
METOIO JIOCATHEHHSI MaKCUMaJIbHOI €(DeKTUBHOCTI BaXTH
Ha MICTKY KBastiikoBaHuM rnepcoHanoM [1]. ¥ pamkax
konuenii e-Navigation [2] oxauM i3 3aBaaHb iHTEIEK-
Tyanizanii IBS € Bu3HaueHHs Takux mapaMeTpiB yrpas-
JIHCBKOTO BIUIMBY Ha CYJHO, SIKi, BIANOBIAHO 110 iHpOP-
MaIiifHOi MO/IeTIi CTaHy HaBITalifHOI OOCTAHOBKH B CHC-
TeMi "CyIHOBOiH-CyTHO-00CTaHOBKA", IPHBEXYTH HOTO
3 MMOYATKOBOI J0 KiHIIEBOI TOYKH MapIIPYyTy i3 3aJaHIM
piBHeM eekTuBHOCTI Ta Oe3neku. Tomy mo ckiany IBS
HE0OXiTHO BKIIIOYHTH MiACHCTEMH OLIHKA Ta MPOTHO3Y-
BaHHJ CTaHy HaBITalifHOI 0O0CTAHOBKH HAa METOJ[aX IITY-
YHOTO IHTEJNEKTY, METOdaX MiATPUMKH HPUHAHSTTSA pi-
LIeHb Ta Teopii iHdopmaliil. 3aranbHa CTPYKTypa CHUC-
TeMH 'CyIHOBOAIN-CYIHO-OOCTaHOBKA" Ta Micie CrHc-
Temu e-Navigation Ta IBS HaBeneno na puc. 1.

CynHOBOZi#i mnms 3OiICHEHHS YIIPaBIIHCHKOTO
BIUTHBY Ha PyX Cy/HA 3I1HCHIOE BUPIIIICHHS 3aBIaHb, T10-
B'I3aHMX 3 IX MOHITOPHHIOM, aHAJII30M Ta OIIHKOIO Ha-
BiramiifHoi cutyarii. ToMy iHTeTpoBaHiI CHCTEMH XOJ0-
BOT'0 MICTKa MarOTh aBTOMaTH3yBaTH IIPOLIECH:

— MOHITOPHHTY iH(OpManii mpo HaBiramiiHy 00-
CTaHOBKY, III0 HAIXOAUTH BiJ pisHOpigHHUX [

— ONEepPaTUBHOTO BIJICTEXKEHHs €MHOTO iH(pOpMa-
IITHOTO TPOCTOPY, B SKOMY 3IIHCHIOIOTH IisUTBHICTD
iHIII cy/iHa Ta Geperosi ciryxOwu;

— BU3HAYCHHSI KOMILUIEKCY (DakTopiB, 10 MAarOTh
HaOUIBIINIA BIUIMB HA PO3BUTOK CHTYAIII].

— KOHTPOJIIO Ta YIPABJIiHHS CY/IHOM Ha OCHOBI CBO-
€4aCHOTO IPOTHO3Y PO3BUTKY CUTYAIii.

[porec mporHo3yBaHHS PO3BUTKY CHTYaIll € He-
BIJ'€MHOIO YaCTHHOIO cucTeMu e-Navigation, 110 BXO-
JTH JI0 CKJIay IHTErPOBAHOT CUCTEMH XOJJOBOTO MICTKA.
OCHOBHHMMH BHPIIIyBaHUMH 3aBAAHHSAMH y IpoLeci Ipo-
THO3YBaHHsI PO3BUTKY CHTYyaii €:

— IIPOTHO3YBaHHs (aKTOPiB 0OCTAHOBKH;

— (hopMyBaHHS KOMIUIEKCHUX OLIIHOK;

— BUKOHAHHS UJIbOBUX MPOTHOZHUX PO3PAXyHKIB 3
ypaxyBaHHSM Pi3HUX TapaMeTpiB;

— OOTpYHTYBaHHA Ta OIliHKA TOCSKHOCTI ITiIei
YIPaBIiHCEKOTO BIUIUBY.

IIpomec mmanyBaHHS 3abe3nedye ONTHMATBHUI
PpO3MOIiN pecypciB I JOCSTHEHHS MOCTaBICHOI Il
YIpaBIiHHA CYJHOM.

OcoOnMrUBOCTSIMY 3aBJaHHS CTBOPEHHSI CHCTEM OITi-
HK{ HaBIraIiifHoi 00CTaHOBKH Ta IIPOTHO3YBAHHS 11 pO3-
BUTKY €:

— HEeTIOBHOTA Ta HEBW3HAYEHICTh BUXITHOI 1H(OP-
Marii po CKJIaJ Ta XapakTep 3arpos;

— HeOOXiHICTh BpaXyBaHHS BENUKOI KITBKOCTI Ki-
JIBKICHUX Ta SAKICHMX YaC TKOBHX IIOKA3HHUKIB;

— HEMOJKJIMBICTh 3aCTOCYBaHHS KJIACHYHHUX METO-
IIB OITUMI3arii.

4

© JleBuenko O. B., 2022



ISSN 2073-7394

CucTemu yrpaBiiHHS, HaBiramii Ta 3B's13ky. 2022. Ne 4

CyzaHoBOAI I

Hasgiramjiiina-ingopmariiina ‘

I
|
|
|
I
| |
|
I 06cTaHOBKa ' cucTemMa 3acobu I
! MoHiTopHuHT |
| .
! - | | . AV ynpaBJiHHA !
! Mereoposioriuna N % HaBirauiinoi Cucrema nonepekeHHs pyXoM cyAHa |
} 06CTaHOBKA ' S 06CTaHOBKH | 3iTKHEHB ! !
| = | |
| 2 | : ——
| ! | S | Cuctema OLiHKH Ta onTHMizamii | | | |
| Tigpoannamiyna I [ © Ouinka HaBiranifHoi I MOpETIaBCTBA ! } !
| ! a, |
i 06CcTaHOBKa ! ' == 06CTaHOBKH L M ; |
! ‘l B | CucTema niaHyBaHHs Ta . €XaHIsMU Ta !
I — —» P— ! CHUCTEMHU CyAiHA
I I
! | | Jxepena E i TIporHo3yBaHHs | ONTUMI3alLli HIIAXY - |
! InTencuBHicTH . = [ !
| iHpopmauii Z o PO3BUTKY | [ I
! Cy/JHOIIJIaBCTBA ‘ cyana _8 =l HaBiraniinoi Cucrema niaHyBaHHs Ta L i
| 5 —» A |
| ! ' Z g 06CTaHOBKH | onTHMizanii WXy L \ 4 |
I I
! K =2 | ] Joepera | |
! = . .
| ! ' 3 = MlranyBaHHsA — LlentpanizoBana cucremMa iHpopmauii mpo !
| ! > ynpaB/IIHCbKUX MOHITOPHHI'Y Ta CHTHani3anii \ CTaH cyjHa i
! | : £ BILJIMBIB Ha CyZHO | ! ! }
! |
| S [ |
|
| = i |
! o s Bugaua | CucTeMa ynpaBJIiHHS PyXOM - !
! i | B > cyaHa [ I
! PaifoH niiaBaHHsA H = peKoMeHarliit | YA Pl i
| N | |
! H | Cy/JHOBO/Ii10 | [ !
77777777777777777777 | | InTerposana cucrema L 1
@ | | paioss's3ky !

Jxepesia iHdopmarii
6eperoBUX CJIyK0

CraHzjapTH30BaHa 6eperoBa opraHizaliiHa cuctema

Puc. 1. CrpykTypa cucremu "CyIHOBOIili-CyIHO-00CcTaHOBKA" (JPKEpeIio: po3pobiieHo aBTOpOM)

[TpoTe aHami3 METOMIB Ta aAITOPUTMIB 0OPOOKH 11a-
HUX, OCOOJMMBOCTI 1X 3aCTOCYBaHHS Ta 3B'I30K 3 PEXKH-
MaMH XOJIOBOI'0 MICTKa Ta TUIIAMH HEBU3HAYECHOCTI BXi-
nHol iHdopMalii, [03BoJIsiE peani3oByBaTH IHTErPOBaHi
CHUCTEMH XOJIOBOTO MiCTKa B paMKax KOHIEMIl e-
Navigation.

Takum unHOM, 320€31IeUeHHS] OOMIHY JAHUMH Y 111~
¢dbpoBomy opmati Mixk CyTHOBUM i OEpEroBUM CerMeH-
TaMH TIPH IHTETrpaLii iCHYIOYUX Ta 3aCTOCYBaHHI Mepcrie-
KTUBHHX HaBITaIlIlHMX MOPCHKHX IHCTPYMEHTIB, Y TOMY
YHCJI [TPU OLIHIII Ta MPOTHO3YBaHHI HABIraliitHOl CUTY-
arii mij yac pyxy Cy/Ha, € aKTyaJbHUM HAaIPSIMKOM I10-
JaJbIINX HAYKOBUX JOCIiIKEHb.

AHani3 my0aikamniii 3a Temoro gocaimkenns. [le-
pcrektiBH e-Hagiraliii B Cy THOBOIIHHI PO3TJISIHYTI B pO-
6oti [3], me omucyeThcs MaiOyTHE HAaHOT CHUCTEMH,
MOB’s13aHE 3 MOCTIMHUM TEXHOJIOTIYHUM YIOCKOHAJIeH-
HSIM, 10 POOUTH MOKIIMBUM ITOJAIBIINI PO3BUTOK CTpa-
terii e-Hagiramii sik 3aco0y 3a0e3neueHHs Oe3neku Cy-
HOIUIABCTBA.

JocmimkeHHs, mo CToCyloThes e-Hagiramii, po3r-
JSHYTI B po0oTi [4], SIK HAOLIBII MEpCIEKTUBHUN Ha-
MPSIMOK 3aCTOCYBaHHS iIH(POPMAIIHHUX TEXHOJIOTIH y Ta-
JTy31 MOPCBKOTO Ta PIYKOBOTO TPAHCIIOPTY.

VY pobotax [5, 6] BUKIaIcHO OCHOBHI IIUTAHHS MPO-
Omemu 3a0e3redeHHs 0e3MeYHOro TUIABaHHS CYACH, IO
SKUX HaJeXaTb BUKOPHCTAHHS CYYaCHHX CHCTEM aBTO-
MaTHYHOT'O YIpPaBIiHHS PYXOM CYJIeH, eKCIepUMEHTa-
JbHE BU3HAYCHHS Oe3NevHUX BifCTAHEeW MiJ 9ac po3xo-
JUKEHHSI CyJIIeH, [0 3armo0iraroTh BUHUKHCHHIO SBHINA
MPUCMOKTYBaHHS.

VY poborti [7] BuKIameHO MHUTaHHS 3a0e3MEeUEeHHs
0e3IeKH CYIHOBOIIHHSA 32 IOTIOMOTOI0 IHTETPOBaHMX CH-
CTEM XOJIOBOTO MICTKa, PO3TILIHYTO iX MPHHIAIHN TO0Y-
JIOBH Ta CKJIaJ, MiCIIe TAKAX CUCTEM Y 3araJIbHii KOMILIe-
KCHIll cCTeMi KepyBaHHS CyIHOM.

3Ha4yHy pojb y 3a0e3neueHHi Oe3MeKu CyJHOBO-
JIHHS TpaloTh HaBiramiiHo-iHpOpMaliiHI CcHUCTEMH
(HIC) cynna, mo Bkazyetscst B podori [8]. Y pobori mpo-
BEJICHHIA aHajli3 Cy4yacHUX JATYUKIB OMEpPaTHBHOI HaBi-
raniiinol iHQopmarliii, a TakoXX 3a3HA4alOThCs OOMe-
JKEHHSI Ta HEJOJIKHA aHaJi30BaHUX CUCTEM.

VY poboti [9] po3risaaloThes MUTAHHS iHTErpaii
CEHCOpIB aBTOMAaTH4HOI ineHTH(iKaliliHOI cucTemMu
(AIC) no cucremu ynpasninnsa pyxom cyzaeH (CYPC).
OOroBOPIOIOTHCS TepeBart, 10 BUHUKAIOTh TPH 1HTEr-
pauii nanux cynHoBux AIC no CYPC.

[MutaHHs yHOpaBIiHHA CyJHOM B €KCTpPEeMaJbHHX
yMOBax po3rystHyTi B poboti [10]. Jlist misoro ez 3po-
OUTH PO3PaXyHOK BILUIMBY BCIX 30BHIIIHIX CHII, SIKI CTO-
CYIOTBCS YIIPaBIIHHSA CYJHOM Y CKJIAJHAX YMOBAX.

VY OUIBLIOCTI CyYaCHUX CUCTEM YIPaBIiHHS CKIa-
HUMHU JIMHAMIYHUMH 00'€KTaMH, SIK 3a3HAYAETHCS B PO-
6oTi [11], nnst popMyBaHHS KEPYHOUHMX BIUIMBIB BUKOPH-
CTOBYETBHCS MOJIENb KEPOBAHOTO 00'€KTA, IS OTPUMAHHS
SIKO1 BUKOPHUCTOBYIOTHCSI HEUPOHHI Mepexki. CTBepmxKy-
€TBCS, M0 MOPCHKI pyXoMi 00'€KTH i, 30KpemMa, MOPCHKi
Cy[lHa HaJeXaTh J0 KJIacy HeBH3HAUEHHUX 00'€KTiB.

VY pobotax [12, 13] po3risiHyTo podiemu 3abe3me-
YEeHHS HaBITaIlIHOI OE3MeKH CyTHOBOIHHS IIUTIXOM IIif-
BUIIIEHHS TOYHOCTI KOHTPOJTIO Ta IIPOTHO3Y MICIIS CYIHA.

OTxe, cydacHHA CTaH MPOOIeMH MTOKa3ye, IO MOT-
PpeOyIOTh MOIABIIOTO JOCHIIKSHHS TUTaHHS OIIHKU Ta
MIPOTHO3YBAaHHS HABITAIIIHOI CHTYaIii ITiJ] 9ac pyxy cy-
JTHA B PEXHMi PearbHOTO Yacy. MOKIIMBI Pi3HI IUISIXU
PpimeHHs 1i€l mpoOIeMu, OTHUM 3 SKUX € po3poOKa aja-
NTUBHOI HEUITKOI CHTYyaIlliiiHOi Mepexi. Taka cucrema
JIO3BOJISIE 3AIHCHIOBATH MOYKIIMBHI PO3PaXyHOK TPAEKTO-
pifi Ta BH3Ha4YeHHS HEOE3IEYHOTO 30JMKEHHS, MO0 10-
3BOJISIE T ABUIMUTA O€3IEKy CYAHOIIABCTBA.

Mera cTaTTi nossirae y miABUIIEHH O€3MeKH pyxy
CyZHa 32 PaXyHOK YJOCKOHAJEHHS METOIIB OLIHKH Ta

5
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MIPOTHO3YBaHHS HABIraliifHOI CUTYyallil B €IMHIN KOHIIe-
i e-Navigation.

OCHOBHA YacTHHA

PosristHemMo Mmicnie po3pobieHux B poOOTi Mozeneit
Ta MeTo/IiB y KoHuenuii e-Navigation B iHTerpoBaHii cu-
CTEeMi XOJIOBOTO MicTKa (puc. 2).

KonuenTyanbHauil anai3z pisHUX acnekTiB Oe3mexu
CYJHOIIJIABCTBA J03BOJISIE OI[IHUTH IIOTOYHY HaBITaIliHHY
CHUTYaIli0 Ta BUKOHATH ITPOTHO3 11 PO3BUTKY HA IIEBHOMY
MPOMIXKKY 4acy. [Ipn nboMy HE0OXiHO BpaxyBaTH, IO
Oesreka — IMHAMIYHA KaTeropis, IO MAae MHOXHHHY
MPEIMETHICTh 3aJICKHO BiJl KOHKPETHOI cheph 3acToCy-
BaHHSL

Orpumanss iHpopMmaii

MeroauKa 1ICHTH (1Kall1l

YIPaBIiHCbKUX BIUTHBIB

Bupnada pekomeHanii
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CucteMa NiATPUMKU NPUNHATTA pillleHHS CYyAHOBO/iA

Puc. 2. Micie po3po6iernx B poboti Mojienieii Ta MeroiB y Konueniii e-Navigation
B IHTErpoBaHiii CHCTEMi X0I0BOTO MiCTKa (JuKEpeno: po3po0IeHO aBTOPOM)

HeoOxiaHicTb 3a0e3meyeHHs Oe3MeKu Cy THOMIaBC-
TBa BUHUKAE TP BUPIILICHH] TPOTUPIYYs MK 3ar00iran-
HSIM He0e3nevHol cuTyalii Ta morpebaMu yrpaBiiHHS
CyIHOM: TIiepeabauary, 3amoliraTd, JIOKaji3yBaTh Ta
ycyBaTu 30MTKH Bij BILMBY HeOesneku [14]. Tomy, mo-
HATTs O€3MeKH CyTHOIJIABCTBA MA€ K 00'€KTHBHY, TaK i
cy0'€eKTUBHY CTOPOHY, OCKUIBKH OLIIHKA 1 PiBHS MPOBO-
JIMTHCS CYHOBOTIEM. JlaHMIi acTIeKT 3yMOBITIOE HEOOX11-
HICTb 3aCTOCYBAHHSI JTIHTBICTUYHUX 3MIHHUX JIJISI OL[IHKH
piBHs Oe3mexn. ToMy IS 3aBAAHB OIIHKKA KOMILICKCHOI
0e3mexn pyxy CyIHa 3aCTOCYEMO KPHTEPIii:

Cr =T, (wi xcr), (1)

Je CI; —4JacTKOBI KpUTepii; W — Baru 3a KOJKHUM OKpe-
MUM KpHTEpieM CIj.

3ropTka pi3HOPITHUX KPUTEPiiB BUKOPHUCTOBYE TIe-
pexin Bix abCOMOTHUX 3HAUYCHB KPUTEPIIB 0 BITHOCHIX
BesmuuH. J{J1st 1boro (iKCyeThCsI MIKaTa MOXKIMBUX 3HA-
YeHb TSI KPUTEPIiiB Ta MOXKIMBI MEXi 3MiHU IS KOXK-
HOrO 3 HUX. SIKIIO Aiana3oH 3HAYEHb 3HAXOAUTHCS B Me-

xax [0; 1], a neBiarist KpuTepiro CI; JIeKaTh MiX crmn

max . .
Ta Cr a , TO BIIHOCHE 3HAUYEHHS MOYKHA IMOJIATH TaK:

Cr :Hi(cri _Crimin )/(Crimax _Crimin) _ @)

B ymoBax ckiasHOi HaBiramiiHoi 0OCTaHOBKH
YCKIIQJIHEHUM € OTpUMaHHs iH(opMaliil Biji CyTHOBOIIS
Ta mkepen iHopmaii ais orpumanus Cr . Big cyaHo-
BOJIisl MOXKE MTOCTYIIATH, TIEPEBAXKHO, JIHIIIE SKICHA TH(O-
pMallito po Te, SIKUH 13 KPUTEpIiB € HAMOUIbII Ui Hai-
MEHIII 3HAYYIIUM Yy JAaHiil cuTyarii, SKuil 13 KpUTepiiB
MoKe OyTH HaWTipIIMM, a00 MOTIPIISHHS SKOTO SKUX He-
Oe3redHo i T. 1. PiBeHb KOMILIEKCHOT Oe3meku pyxy cy-
nua (SFM ) BimoOpazumMo MaTeMaTHIHO MOJICILIIO, 110
XapaKTepU3YIOTh CTaH CUCTEMH '"'CYAHOBOIH-CyTHO-HA-
BiramiifHa oOcTaHOBKa" MOA0 Oe3MeKu JroieH, cyaHa Ta
BaHTaxXy. SFM Mo)kHa 3a1aTH MaTpPHUIIEIO:

ch 4 | tend; Vg

cr, t, I, tend, Vs

SFM = , (3)

Chi ti Ii tendi Vi

ne tend; — renmenuis 3MmiHE i-ro KpuTepiro (3pocTae,
3MCHILYETHCS, HE 3MIHIOEThCS); Vi — MIBHAKICTH 3MiHH i-
TO KpHTepito (HU3bKa, CEpeHs, BUCOKa); I; — gac xapa-
KTEepHHI st i-ro Kputepiro; lj — cTymiHp KpUTHYHOCTI

HEraTUBHUX HACIIJIKIB TIPH peatizallii pu3uKiB, 10 TOTi-
PIIYIOTH 3HAYEHHS i-TO KpUTEPIO.
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[epmui Tpu croBnus Matpui SFM € BekTopoM 4a-
CTKOBUX KpUTepiiB Oe3meku Ta iX Bar. BoHM ommcyroTh
MTOTOYHUI CTaH KOMIUIEKCHOI Oe3MeKu pyxy CymHa, 1o
JIO3BOJISIIOTH OLIHUTH HAaBiramiHy CHTYaIllo y IaHHH
MOMEHT 4acy. UeTBepTHii Ta I’ ITHH CTOBHELb MATPHIIi
MTOKa3yIOTh AWHAaMIKy 3MiHM PiBHs O€3MeKH, IO J103BO-
JISIE TIPOTHO3YBATH HAIPSIM PO3BUTKY HaBITraIliifHOT CUTY-
arii. Tak MOXHA OIIHUTH PiBEHB BILTMBY KO>KHOTO Tapa-
METpa Ha YaCTKOBI1 KpUTepii Oe3nexu Cf Ta CTYIiHb IpU-

HHATHOCTI HeraTMBHMX Hacnuiakie |; . Briuus 3arpos Ha
Oe3meKy pyXy CyJHa MOKHA OIMCATH 4epe3

h
tn

)
Tr=| 2" |, @)

I
tr;’

l; .
e tr;’ —s3arposa, 0 MOXe CHPUYMHUTH |j HeraTuBHUiA

HACIIIOK.

OnHak CyKyMHICTh 3aXOJB LIO/IO0 3aro0iraHHs 3a-
rpo3aM Jae 3MOTy IMOCTa0UTH BIUTHB 3arpo3 Ha CTYMiHb
Oe3mneku pyxy cyaHa. MaTeMaTHYHO CYKYNHICTh TIpeBe-
HTHUBHUX SaXOlliB Reac moxaxkemo sK:

reac{rl

tr2
Reac = | M€8%" | (5)

tr
reac; '

tn Lo
Je reac;' — NpeBeHTUBHUM 3aXij] Ha 3arposy tr;

EnemenTtn BexTopy Reac 3HIKYIOTh HMOBIpHICTB

peauizanii 3arpo3 Tr . SIkio, He3BaXkarouu Ha MPEBEHTH-
BHI 3aX0/I¥ TIOMEPE/DKEHHS 3arpo3 Mij 4ac pyXy Cy/Ha,
MOJKJIMBA pealtizallisi IeBHOI MHOYKHHU 3arpo3 JI0 BUHUK-
HEHHS HETATUBHUX HACHIAKIB, TO HEOOXITHO BXKHMTH 3a-
XOJIB JUIst TX JIOKai3allii Ta yCyHeHHS.

PesynbTyrounii BEKTOp OCTaTOYHUX 3arpo3 BU3Ha-
Ya€eTHCS 32 BUPA30M:

TrReC — ReacxTr . (6)

3ayBa)xuMo, 110 IMOBIPHICTh IOSIBA BTOPUHHHX 3a-
TpO3 3pOCTaEe BHACIIAOK HEMPABUIBHOTO PO3yMiHHS Ha-
BiramiifHoi cuTyamii CyJHOBOIIEM Ta HOTO Iiif mix dac
BUKOHAHHA 3aXOJiB OO 3ar00iraHHs MEPBUHHUX 3a-
rpo3. BoHu 3anexxuTh Bix HEBU3HAUEHOCTI iH(opMarii
PO TIOTOYHY HaBiTalliifHy 0OCTaHOBKY. 3 MEPBHHHUMH
3arpo3aMy MU IIOYMHAEMO OOPOTHCS Ie A0 IXHBOI'O Ha-
CTYILy, MalOYM MOXJIMBICTH BIUIMHYTH Ha caM (akT ix-
HBOI MOsIBH. BTOPHMHHUM 3arpo3am 3armo0iraioTh, yCyBa-
I0YW IPUYMHH, HIO X BUKIUKAFOTh.

3aranpHUN aNTOPUTM aHaNi3y KOMIUIEKCHOI 0e3-
NIeKH IT1J] 9ac pyXy CylHa HaBeJCHHI Ha puc. 3.

Takum unmHOM, Tpomec 3a0e3MeueHHs Oe3MeKu
PyXy CyIaHa mepeadadae BUPIMICHHS JBOX B3a€MO-3ajie-
JKHUX 3aBJIaHb: aHaJli3 HaBIramiiiHoi 00CTaHOBKH Ta 3BO-
POTHOTO 3aBJaHHS — YIIPABIIIHHS BILTMBOM Ha CHCTEMY.

36ip iHpopMarlil po HaBiraiiHy
00cTaHOBKY: ineHTU(}IKAaIlis 3arpo3 Ta
BCTaHOBJICHHS [I0YaTKOBOT'O PiBHsI

Oe3meKn
T

Bubip kpurepiis, 110 XapaKTepHU3yIOTh
CTaH PIi3HUX CTOPIH 3a0e3MeYeHHS
Ge3MeKH, BU3HAYCHHSI 1X IPUHHSITHOTO

piBHs
I

BusHaueHHs BIUIMBY 3arpo3 Ha Oe3reKy
pyxy cymna Tr
I

BusHaueHHS elIeMEHTIB BEKTOPY
Reac
[

IToGynoBa maTpuIli piBHSI KOMILIEKCHOT
Ge3nexu pyxy cyana (SFM)

Puc. 3. 3araibHa CTPYKTypa allrOPUTMY aHaJTi3y
KOMIDTEKCHOI O€3MeKH ITiJ] 9ac pyxXy CyaHa
(mxepero: po3poOIeHO aBTOPOM)

[Tpu BupilIeHH] NEepIIOro 3aBJaHHs NOTPiIOHO BU-
3HA4YUTH 3Ha4eHHs KpuTepiiB 6e3nekn Cr Ta iHTETrpaib-

Horo kputepito CI mpu 3aJaHuX 3HAYSHHSX BCIX Mapa-
METpIB, IO BIUTUBAIOTh Ha HUX. SIKIIO ICHY€E HE €UHUI
Ha0ip HeOOXIJHUX YIPaBIHCHKUX BILIMBIB, TO HA ILOMY
eTaIll MoXKe BUHUKHYTH 3a/iada ONTHMi3allil, sIKa IoJIsrae
y 3HaXOJPKeHHI Takol KoMOiHallii, sika 3a0e3nedye 3aro-
OiraHHsl HEraTHBHUX (HaKTOPIB.

Juis hopmanizaiii ciabko CTPyKTYpOBaHUX MPO-
[eCiB, MPOTHO3YBaHHS Ta MIATPUMKH MPUHHATTS pi-
IIeHb, YaCTO 3aCTOCOBYIOTh MaTeMaTHYHHH arapaT Hedi-
TKUX MHOXUH. [lepeBaramu nepen iHIIMMH METOIAMH €
MOXMJIMBICT (hopMatizalii SKICHUX XapaKTEPUCTHK Ia-
paMeTpiB, MOXKJIMBICTb 3aCTOCYBAHHSI HEIOBHOI, HEYiT-
KOT 1 HaBITh CyIepewInBoi iH(popMarlii.

HeuiTka cutyauiiina mepexxa (HCM) — 1ie HediT-
KU OpiEHTOBAaHU 3Ba)KEeHHI rpad rmepexo/iB Mo HeviT-
KUM C€TaJOHHUM CHTyalisM, Ta B 3arajlbHOMY IUIs 3a-
BJIaHb OLIIHKHM Ta MPOTHO3YBaHHsI HABITaIIiHOI cuTyamii
BiH Ma€ TaKUil BUTIIAL:

S =<par,sf ,se,SFM,ruIe,u,adapt>, )

Jie par — MHOXKMHA HEYITKUX CUTyalliliHuX o03Hak; SFM

. . f
— piBEeHb KOMITJIEKCHOI O€3MEKH pyXy Cy/iHa; S — MOTO-

YHa HEeUiTKa HaBiramiiiHa cuTyartis; s® — MHOXwMHA eTa-
JIOHHHUX CHUTYaIliif; rule — MHOXHHA TIPaBHIT BiIIOBITHO
mo MII33C-72, mo axkTHBI3yIOTBCS B JaHHA MOMEHT
4acy; U — yIpaBIiHCHKUI BILIMB CymHOBOis; adapt —

npaBmwia aganTamii HCM, siki noisraioTs y 3MiHi KOMITO-
HEHTIB MepexXi (HEWITKUX O03HAK, CHTYyallill, MEepPeXOiB)
Ta #Oro 3Ha4YeHb.

Ilpy ubOMy MHOXHMHA s® eranonnnx CHUTYaIIii
mpencTapisie coOor0 Habip MEBHUX CUTYaIliil mij dac
PyXy CyaHa, SKHMH MOKHA KEpyBaTH, OKPAIIYIOUH Pi-
BEHb OE3MEKH CyTHOIIAaBCTBA.

®DopmyBaHHS HEUITKOI CUTYaIlil BHKOHYETHCS TaK:

1) mpuiioMm oniHOK O€3NeKH pyXy Cy/IHA Y HOTOUHIH
CHUTYaIIiT,
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2) IepeTBOPEHHS OL[IHKU Y IOTOYHY HEUITKY CHTY-
ario;

3) 3icTaBieHHs OTOYHOI HEUITKOI CUTYyarlii 3 eTa-
JIOHHMMH Ta MTOIIYK HaHOIMKIO0l €TaIOHHOI CUTYaIlil;

4) SKIIO CTYMiHBb PIBHOCTI €TAJIOHHOI CUTYAIlii nepe-
BHIILY€E TTOpir oBipu (= 0,6), To popMyeThCs Kepyrode pi-
IIIEHH, XapaKTepHe JUTA MOIi0HOT eTATOHHOI cuTyari [15].

Bu3HauyuMO MOHATTS HEYITKOI HaBIraIliiftHOI CUTya-
1ii B 00MacTi SKICHUX 3HaYeHb Ta HEYiTKOTO JIOTIYHOTO
BuBeneHHS (1):

f
s' ={us(par)/pan}, par e Par . (8)
Bubip mMipu O1M3bKOCTI TOTOYHOT HEYITKOT HaBira-

idHOT cUTYyarli sf J10 eTaNoHHOI S° OIIHIOETHCS SIK

#(Sf :Se)zﬂparePar (/‘sf Hﬂse)' ©)

sIKe, 3TIJHO 3 BU3HAYEHHSAM HEYITKOI €KBIBaJIEHTHOCTI,
Mae€ BUTJIS;

u(s",5*)=min (11 te ) (10)

{1 1,1

VY [16] obrpyHTOBaHO, SKIIO ,u(sf ,Se) >0,5, 10
cuTyanii MOXHa BBa)KaTH HEYITKO PIBHUMH, a TpH
y(sf ,Se) =0,5 — HediTKo IHANPEPEHTHUMH.

[Ipote npu MOpIBHSHHI MOMJIMBI BUIAJKH, KOJIU
JB1 200 Oisbllle €TAJOHHUX CUTYaIliil MATUMYTh CTYIIHb
piBHOCTI > 0,5. YV 11bOMY BUIIAJIKY aJITOPUTMOM Ma€e OyTH
oOpaHa cuTyallis 3 HaiOUIBIIMM 3HAYEHHSM PiBHOCTI.
AuJte IMOBIPHUM € 1 BUIQ/IOK, KOJIM IOTOYHA HEYiTKa Ha-
BirauiiiHa cutyaiist Oy/ie JOpiBHIOE IBOM 4H OiJIbliie eTa-
JIOHHUM cuTyalisM. ToMy, TOIOBHUMO KOKHE NIPAaBUIIO,
IO ONUCYE CUTYAIil0, KOe(DII[IEHTOM 0. — CTyIIEHEeM Iie-
pesaru. CTymiHb IIepeBary JO3BOJISE MOCHINTH BILUIUB HA
BUOIp Ti€l 4K HIIOI CUTYAIlT TIPH 3iCTaBIEHHI MTOTOYHOT
HEYITKOI HaBIraIiifHOT CUTyallil 3 eTaIOHHUMHU. 3 ypaxy-
BaHHSIM CTyTIeHsI iepeBary Bupa3 (9) Mae BUTIISA:

ﬂ(sf -Se):nparePar (,Usf Haﬂse)- (11)
Toni Bupas (10) mepeTBOpUTHCS HA!
max|{l—u ¢, aue ),
ﬂ(sf,se)=min ( >0 ) 12)

max (l_aﬂse 1 Hf )

[Ipus's3ka HaBiramiiHOi CHTyamii A0 YHpPaBIiHCH-
KUX BIUIMBIB CyIHOBO/ISl BUKOHYETBCS 32 PaXyHOK MHO-
JKUHH €TAJIOHHUX CHUTYAIlil, sIKi, BIATIOBITHO IO PEKUMY
po0OTH XOIOBOTO MICTKa, AUIATHCSA HA IIiAMHOHHH
IITATHUX Ta KPUTHYHUX CHUTYaliid, po3OMTHX Ha TPyIH
BIMOBiHO 10 mapaMeTpiB curyamii. KoxHiil ocHOBHIH
rpymi (TPpyIIi BEpXHBOTO PIBHA i€papxii) CUTYyaIIii Biamo-
BiJla€ MHOYKHHA YTIPABIIIHCHKUX BILTMBIB.

Omnwuc By3JiB Ta IIepexoIiB MepexKi, CrIocid amamnTa-
Iii, a TAaKOXK OIMUCH CTATOHHHUX CUTYalild TPYHTYIOTHCS
Ha 3allPOIIOHOBAHIN MoJeNi "CyJTHOBOIifi-CyAHO-HaBITa-
miffHa o6cTaHOBKA".

[icns orpumansst Bix I mapamerpiB moTo4Hoi Ha-
BiramiiHo1 cuTyariii, mo0ymoBa Mepexi IpOBOUTHCS ITU-
KITIYHO — BUOMPAETHCS TOTOYHHHA BY30J, IO BiJHO-
CHUTBCS JI0 TIOTOYHOTO MOMEHTY 4acy, IIPOBOJIUTECS ij1e-
HTH}IKAINS BiAMOBIMHOTO OMY CTaHy IIOJIO TPy eTa-
nonHux cutyarii. Ilig gac imerTudikarii HaBiramiiaoi
00CTaHOBKH ISl OTpUMaHOi MHOKHHY €TAJTOHHUX HaBi-
ramifiHux cutyaniit popmyeThess MHOXMHM U Ta adapt

II0J10 IOIYCTUMHX y KOXKHIH 13 CHTyaIliii MHOXKHH.

MeTo/1 OIIiIHKH Ta TIPOTHO3YBAaHHS HABITAIlIITHOT CH-
Tyarii miJf 9ac pyxy Cy/JHa Ha OCHOBI HEUITKOI CHTYyaIlin-
HOI Mepexi mokazaHo Ha puc. 4.

3alaHHsA TI0YaTKOBOTO

qacy (opMyBaHHs DopmyBaHHS
HEYITKOI CUTyawiitHOi MHOKHAHHA U Ta
Meple»ci adapt
OTpUMaHHSA l

napameTpiB Npo
MMOTOYHY HaBiraniiHy
CUTYyallil0
[

I'enepariist HoBUX
BY3JIIB MEPexXi

I
®dopMyBaHHS BY3ITiB
IIOTOMKIB Ha OCHOBI
€TaJIOHHUX CHUTYaIlii

DopmyBaHHS
HEYiTKOi cUTyamil

TopiBHsAHHS . L
HeYiTKol cuTyarii 3 Aﬂa““?fm i{eqm(m.
CTATIOHHIMIL CHUTYAI[IHHOT Mepexi

Puc. 4. MeTox OIIHKY Ta MPOrHO3YBaHHs HaBirariiHol
CHUTYyaIlii ]l yac pyxXy CyZHa Ha OCHOBI HEUIiTKOT
cHTYyaliitHOI Mepesxi (xeperno: po3pobIeHO aBTOPOM)

Tak BU3HAYAIOTHCS MOPAAOK JOIMYCTUMHUX BIUIMBIB
10 KOYKHOMY IEePEX0/1y MK By3JlaMU HEYITKOI CUTYyaIlii-
HOT Mepexi, GOpMy€eThCs 3arajbHUI CTUCOK Aii. J{is ko-
JKHOTO TIEPEeX0/1y MIXK €TaJIOHHUMHU CUTyalisMu Gpopmy-
I0ThCSI MOXKJIMBI PE3yJIbTATH BCIX YIPABIIHCHKUX BIUIU-
BIB Ta nmpaBuI afanTaiii. Jlaji uepe3 KoxeH MopoJKyBa-
HUIi BapiaHT TeHEePYEThCSI HOBUI BY30J1 Mepexi, po3pa-
XOBaHMU JJIsl HACTYITHOTO Yacy BiJITOBIAHO J0 (QYHKIIIH,
II0 OMUCYIOTh Pe3yJIbTATH 3aCTOCYBAHHSI iid. Y pe3yib-
TaTi Jyra nepexoiay po30MBaEeThCs Ha JIBa BIIPI3KU — Ke-
poBaHuii (TpyroBHii) Iepexil Ta HeKepPOBaHHUN (YaCTKO-
Buitnii) nepexig. dparMeHT HEwiTKOI CUTYyalilHOT Me-
pexi, moJaHuii Ha puc. 5.

Puc. 5. ®parmeHT HEUITKOT CUTYAIIHHOT Mepexi
(mxepeno: po3poOIeHo aBTOPOM

[epepaxyHoK IUTAXIB BinOyBaeThCs MpH 3MiHI 200
JOZIaBaHHI HOBHX IyI y Tpad Mepexi, a came IpH
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JI0ZIaBaHHI HOBOT'O €JIEMEHTa MHOXHHH YIPaBIIiHCHKAX
BILIMBIB 200 IpH 3MiHi PiBHS KOMIUIEKCHOI O€31eKH pyXy
cynna. [Ipu nonaBaHHi HOBOI yTH BiJIOyBa€THCS 3aIl0B-
HEHHSI MHOXMHM €TJIOHHHX CHTYalliil BIIHOBIAHO O
Mo mdikoBanoro rpadpa HCM.

Jyist 1bOTO BHKOHYETBCS TOMIYK y HOBOMY rpadi
MepeXi HOBHX ONTUMAaJIbHUX HUISIXIB MiX yciMa HediT-
KHMU HaBIraliiHUMHE CUTYAIliIMH Ta 3aHCCEHHS BiJIIOBI-
JHUX 3HAY€Hb 0 MHOXUHH S°.

BucHoBku

Y 10cKOHaIEHO METO/I OLIHKY Ta ITPOTrHO3YBaHHSI Ha-
BiraliifHo1 cuTyalii mij| yac pyxy CyZHa, SKdii, Ha BIAMIHY
BiJl BiJIOMHUX, 0a3yeThCs HA aNANTUBHIA HEUITKIA CUTya-
LiiHIA Mepexi, siIka BpaXOBY€e MapaMeTpu HaBiramiidHol
CHUTyallii, IPOTHO3 i PO3BHTKY Ta PIBEHb KOMILIEKCHOI

Oesrekn pyxy CyaHa B emuHii koHueruil e-Navigation,
1110 JI03BOJISIE TIJIBUIIINTH OE3IEKyY CyJHOILIABCTRA.

3aIporoHOBaHO HEUITKY CHUTyaliiHy MEpexy, 110
XapaKTepPU3YIOTHCS! TAKUMH OCOOJIMBOCTSIMH:

— MOXJIMBICTIO THYYKOi 3MIiHM KOMIIOHEHTIB Me-
pexi (HEUITKMX CHTYyalliif, mapameTpiB, yIpaBIiHCHKHX
BIUIMBIB) y TIPOLIEC iX TOOYZAOBH Ta BUKOPUCTAHHSI;

— crtoco0OM ypaxyBaHHSI BiZITHOCHH BIUIMBY HEYiT-
KUX CHUTYyallilHUX O3HAK OJIMH Ha OJIHOTO IIPH BIUIMBI Ha
HUX KEPYIOUHX PIllIeHb, 110 JJO3BOJISIE TUITI3yBaTH OLIHKY
TaKOTO BIUIMBY Ta, B PE3YJIbTATI, CIIPOCTHUTH HPOLELYPH
NMoOYyZOBH Ta aJaNTHBHOI 3MiHH MEpEeX MHPH MOJEIO-
BaHHI IOBEIHKY areHTiB,

— BU3HAYEHHSIM Ta BUOOPOM YIPaBIIHCHKHUX BILIH-
BiB Ta 1X MOCJIIOBHOCTEH BiAMOBIIHO IO PI3HUX KPUTE-
piiB Ta OOMEKEHb.
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Method of assessing and forecasting the navigation situation during ship motion
O. Levchenko

Abstract. The article improves the method of assessing and forecasting the navigational situation during the movement of
the ship, based on an adaptive fuzzy situational network, which takes into account the parameters of the navigational situation, the
forecast of its development, and the level of comprehensive safety of the movement of the ship in a single concept of e-Navigation,
which allows to increase the safety of navigation. The modern level of development of technology and navigation systems allows
forecasting the development of the navigation situation with high accuracy and monitoring navigation objects. Modern positioning
systems make it possible to obtain exact coordinates of navigation objects, a universal automatic information system makes it
possible to transmit data to all traffic participants in real time, and with the help of adaptive forecasting models, it is possible to
calculate trajectories and determine the danger of dangerous convergence, therefore this task is relevant. In the work, a fuzzy
situational network characterized by. The ability to flexibly change network components during their construction and use. The
work uses a theoretical method for researching e-Navigation projects. The issue of the state and prospects of the implementation
of e-Navigation technology, which is one of the main initiatives of the International Maritime Organization, is being investigated.
It is noted that despite the introduction of integrated systems of the running bridge, navigational errors due to the human factor are
one of the main causes of marine accidents. An initiative is being considered, which provides for the creation of a digital infra-
structure on the ship and shore segments, which provides data exchange and integration of existing and new marine navigation
tools, which will allow the transition of navigation information to a digital format.

Keywords: ship, shipmaster, navigation situation, navigation systems, e-Navigation, fuzzy situational network.
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AJITOPUTM BU3HAYEHHS OHIHKU EGEKTUBHOCTI
JITAJBHUX AITAPATIB TPAHCIIOPTHOI KATET OPII

Anoranis. [Tinpuimenns eeKTHBHOCTI aBialiiiHOI TEXHIKH — II¢ HAWBAXCIHBIIA YMOBA PO3BUTKY SIK IMBLIBHOI TaK i BIHCH-
KoBoi aBiariii. ToMy po3poOka aBTOMaTH30BaHUX 3acO0IB [T BU3HAUCHHS €(EKTHBHOCTI JITAIBHOTO anapary € aKTyaIbHUM
3aBJIaHHSM, PILIEHHIO SKOTO MPHCBsYeHa JaHa pobora. MeTa 1aH0i po0TH IOJBITae B TOMY, 00 TpoaHasIi3yBaBIIN KpHTEDii,
SIKi MOXKYTh OyTH BHKOPHCTaHI JUTSl OLiHKU €(pEeKTHBHOCTI JITaJbHNX aIlapaTiB, a TAKOX iX 3iCTaBICHHA 3 €pEeKTUBHICTIO 1HIINX
3pasKiB aBianiifHoi TEXHIKHM a00 OHOTO i TOTO K JITATEHOTO arlapaTy MPY BUKOHAHHI PI3HUX 3aB/IaHb, PO3POOUTH KPUTEPiaTbHy
0a3y Ta aJTOPUTM OIL[HKH eEeKTHBHOCTI JITATEHOIO arapaTa TPaHCHIOPTHOI Kareropii. [l1s HanmoBHEHHs KpHTepiaabHOI Oa3u
TIPOBEJIEHO aHai3 JIITepaTypHUX Kepesl, OCTaHHIX JOCHIHKEHb Ta MmyOiikaniil. Binidpano 14 HaifOLTBIN IiKaBHX 1 TaKHX, 10
IIMPOKO BUKOPHUCTOBYIOTHCS KPUTEPITB eKOHOMITHOI €()eKTUBHOCTI, IKi HaJIeKaTh JI0 Pi3HKX KJIaciB, UMM 1 BU3HaYaeThes cepa
IXHBOIO BUKOPUCTAHHS. 3/IIHCHEHO iX KIacH(iKaIlito, a TAKOXK OIMHUCAHO HAWIIIKABIII OCOOIHMBOCTI OKPEMUX KpHTepiiB. Po3po-
0JIeHO MaTeMaTHJHe Ta METOAMYHE 3a0e3MeYeHH s, alTOPUTMH BU3HAUCHHSI €KOHOMIYHOI €(pEeKTHBHOCTI JTAJIFHOIO arnapary
JUTSL KOYKHOTO KPUTEPIf0 OKPEMO, a TaKOXK 3arajlbHUH allrOPUTM OLIHKH €KOHOMIYHOI €peKTHBHOCTI JIITAJIFHOTO anapary TpaH-
CIIOPTHOI Kateropii. Anpobariito po3po0iaeHoT KpUTepiadbHOT 0a3u 3/iHCHEHO Ha MPUKIIAJ JBOX BAKKHUX JAIEKOMATiCTPATLHAX
JIiTaKiB TpaHCIIOPTHOI Kareropil: Boeing 747-200B ta C—5A, sKi BIANOBIAAIOTE KJIAcy JITATHHHX alaparis, MO JOCITIIKY €ThCS.

Kaw4yoBi caoBa: xpurepiid, moka3HUK epeKTUBHOCTI, BapTiCTh, KPUTEPiii epeKTHBHOCTI, KpUTEpiadbHa 0a3a, aNropuTM.

Beryn

3anaui, 0 MOB'A3aHi 3 OLIHKOI e(PEeKTHBHOCTI JIi-
TanpHuX amapatiB (JIA), € ToCUTh CKJIaJHUMH, KOMILIe-
KCHHMMH 1 3aJ1ekaTh BiJ| Oe3ivi HaifuacTilie cynepediu-
BuX (hakropis [1, 2]. 3rigHo 3 0diliiHOI0 METOTUKOIO [3]
ehexTUBHICTD JIA BH3HAYAETHCS 33 JOMOMOTOI0 SKOHO-
MmivHoro edekry. [Ipu Bu3HaueHHI €eKOHOMIYHOT e(heKTH-
BHOCTI TPaHCIIOPTHOT'O 3ac00Y Ta, 30kpemMa, JIA iCHYIOTh
JIBa HAIPSIMKHA. ABTOPH OJHUX METOAMK € NMPUXWIBHU-
KaMH BIJHOCHUX KpHUTEpIiiB epeKkTUBHOCTI [4] (Hanpu-
Knaj, epeKkTy Ha OAMHMIIO BUTPAT), IHIII BiJJAIOTh Me-
peBary aOCOJIOTHHM IOKa3HUKaM. HaBpsii uu momiOHe
IIPOTHCTABJIECHHS € TPaBOMipHUM. B oHuX Bunaakax pa-
LIOHAJILHO 3aCTOCOBYBATH O/IHI, B IHIIKX 1HIIII KpUTEpil.
Hanpuknaz, npu BuOOpi napamerpiB Kpuia abo iHIINX
XapaKTEepPUCTHK [5] B SKOCTI KpUTEPitO onThMi3zamii Mo-
KYTh OyTH IPUIHSATI BIIHOCHHI ITOKa3HUK MAIUBHOI 200
€KOHOMIYHOI e(eKTHBHOCTI. B IHIMX BHUMagKax Moxe
YCHINIHO BUCTYIATH B I[iif IKOCTi a0COJIFOTHA BENWYMHA
37iTHOT MacH. 3MiHa JIESIKUX MapaMeTpiB KpHiia Mpu3Bo-
JIMTH JI0 30UIBIICHHS] MAacH KOHCTPYKILi, ane (y meBHUX
MeKax) JIO3BOJISIE MIHIMI3yBaTW 3JITHY Macy. [HIIMM
NPUKIAJOM € TOKa3HUKH, LI0 3aCTOCOBYIOThCS IPH
OIIIHI[I eKOHOMIYHOT €(pEKTHBHOCTI JIITaKa, 1O MPOSKTY-
€TBbCA a00 eKCIUTYaTYEThCA, B MOPIBHAHHI 3 HOTO aHAIO-
roM. B ripomMy BUNAIKy SIK KpUTEPilt MOXKe OyTH IPHIAHS-
TUHN K BITHOCHUH IMOKA3HUK COOIBAPTOCTI eKCILTyaTarlii
[6] abo moporopeHTaOEMBPHOCTI JiTaka, TaK 1 aOCOIIOT-
HUI MOKa3HUK NPUOYTKY (B OCTAaHHBOMY BHIAIKY IS
KOPEKTHOTO JIOCHiKEHHS HEOOXiIHO 3aCTOCOBYBATH pi-
BHI YMOBH BHPOOHHIITBA, BUPAKEHI, HATIPUKIIA, Yepe3
PIBHICTh IMTOMOI BapTOCTI JIiTaka, i piBHI YMOBHU €KC-
IoTyaTamii (HeTpsMi Ta iHII BUTPATH), IPHA I[BOMY 3icTa-
BJICHHS 3Ha4YeHb ITOKa3HHUKIB JO3BOJUTH NOPIBHSATH TEX-
HiYHY 200 eKOHOMIYHY JOCKOHANICTh JiTakiB [7]. Un Mo-
JKHA BiIJaBATH MIEpeBary BiJHOCHAM MOKa3HMKaM Ta 3a-
TepevyBaTH MepeBard MOKa3HUKIB, [0 MAOTh PO3Mip-
HicTp? Cepell MepIMX € MPUHHSATHI, alle € 1 TOMUJIKOBI,
HaNpuKIaJ, BiJHOCHI 3HAYEHHS MacH IIOPOXKHBOTO

JiTaka Ta foro yacTuH. Ili moka3HUKH, SK 1 Barosa Bij-
Jlaya, 1aBHO BTPATUJIM 3HAYECHHS KPUTEPito e(heKTUBHO-
CTI MacakMPChKUX JIiTakiB. barato 1ociiHUKIB BBaXKa-
I0Th KOPHUCHUM, a JIeSIKi «ITPUHIIMIIOBO MOXKIMBUMY (hop-
MYBaHHS €JUHOTO JUIsl JaHOI rayly3i TeXHIKU iHTerpaib-
Horo (y3arainbHeHoro) kputepito [8]. ilicHo, Oyio 0 He-
MOTaHO BUKOHYBATH aHai3 e(peKTHBHOCTI 32 OJJHUM KpH-
TEpieM, IO CYKYIHO OI[IHIOE€ XapaKTepUCTHKH JIITaKa,
TUM OlNblIe 110 1 ONTHMI3AIliI0 [TapaMeTpiB BeAyTh 3a-
3BHYal 3a oiHUM KputepieM. [Ipore 3aiada popMyBaHHs
€IMHOTO KPHUTEPIl0 BCIX BUJIB €(PEKTHBHOCTI € IyxKe
CKJIAJIHOIO 1 TIOKH 110 HE OTPUMAJIa CBOTO PillICHHS.

Ouinka edexruBHocTi JIA 3/iiCHIOETBECST HA OCHOBI
MOKa3HUKIB Ta KpUTepiiB eektrBHOCTI. [lokasHuk edek-
TUBHOCTI BUKOPHUCTAHHS MPOIYKIT — KiJIbKICHA XapaKTe-
PHCTHKA CTYIICHS JIOCSTHEHHS KOPHCHUX Pe3YJIbTATIB il
Yyac BUKOPHCTAHHSI MPOJYKIIii KOHKPETHOI eKCILTyaTaIlii-
HOI cHTyalil 3 ypaxyBaHHSIM €KCIUTyaTal[IiHUX BHUTpAT
(FOCT 15467-79). Onnax BigmnosigHo 10 [9] kpuTepii i
MOKa3HUK e(DEKTUBHOCTI — HE OJIHE i TE came, KpUTepii
e(heKTHBHOCTI MOYKHA BU3HAYaTH SK MMOKA3HHK, IIO BiJIO-
Opakae CTYMHiHb O0'€KTUBHOI MOXKJIMBOCTI JOCSTHEHHS
METH, BIH € y3arajbHEHUM MOKa3HHKOM e(eKTHBHOCTI,
ayie He BCSKHUN y3aralbHEHHH MOKa3HUK €(EKTUBHOCTI €
KPHUTEPIEM.

OTxe, kputepiii edextrBHOCTI JIA — 1€ TTOKA3HUK,
32 YHCIIOBOIO BEJMYMHOIO SKOTO BUKOHYETHCS OILHKA Ta
MOPIBHAHHS pe3ynbTaTHBHOCTI (edexTrBHOCTI) JIA. Po3-
poOka aBTOMAaTH30BaHMX 3aCO0IB BU3HAUCHHS €KOHOMiY-
HOoi edektuBHOCTI JIA € akTyanpHMM 3aBIaHHSM, pi-
IICHHIO SIKOTO MIPHCBsYEHa laHa po0oTa.

Mera nociaizKeHHsI — TIPOAHANI3yBaTH KPUTEPIi,
SKI MOXYTb OyTH BHKOPHCTaHi IS OIIHKA €(peKTHBHO-
cti JIA, i 3icTaBieHHs 3 €EKTHBHICTIO HIINX 3pa3KiB
aBiaIfiifHOl TeXHIKW, a TaKOXX IS OIIHKH €(EeKTHBHOCTI
onmHOTO ¥ TOrO camoro JIA mpw BHKOHaHHI pPi3HUX 3a-
BJIaHb; Ha OCHOBI BiiOpaHUX y Pe3yNbTaTi CENEeKIil KpH-
TepiiB eexruBHOCTI JIA po3pobuTn KpuTepiaabHy 6a3y
Ta aNrOpUTM OIIHKM eKOHOMiuHOi edekTuBHOCTI JIA
TPaHCTIOPTHOI KaTeTopii.
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BuksaneHHst 0CHOBHOT0 MaTepiaay

Posrisinemo moxsmBy (puc. 1) i, 3BMUaiiHO, He
enHYy Kiacu(ikaliro BUIIB Ta KPUTEPiiB e(eKTUBHOCTI
mitaka [5]. YacTHHHI BUAM KPUTEPIiB MEPIIOTO PiBHS Ma-
I0Tb OOMEXEHY C(epy 3aCTOCYBaHHS.

ExonomiuHa
e(eKTHBHICTb
TexniyHa IlinmsoBa Dono-
e(heKTUBHICTH e(eKTHBHICTh MICTKICTh
TpancmopTHa Bupo6ruua Excmyaramiiina
e(eKTHBHICTh e(EKTHBHICTh e(heKTUBHICTH

P nc. 1. 38's130Kk BUIIB Ta KpUTEpiiB epeKTHBHOCTI JliTaka

TpancnopTHa e(peKTUBHICTD 3aJICKHUTh BiJ TEXHIU-
HUX MMOKAa3HWKIB, TAKMUX SK acpOJMHaMiYHa SKICThb, ITH-
TOMa BUTpaTa majnBa Tomio. [lepeBaroro Takux KpuTe-
piiB € IpoCTOTA Ta HAOYHICTh. BUpoOHMYA €YEKTHBHICTD
3aJIE)KUTh BiJl TEXHOJIOTIYHOCTI, B3a€EMO3aMiHHOCTI Ta iH-
mmx BiactuBocter koHcTpykiii [10]. [Ipo ueii Bux ede-
KTHBHOCTI MOKHa CYAWTH 3 cO0IBApTOCTI BUPOOHHIITBA.
ExcnnyaTtaniiiHa epeKTUBHICTh 3aJISKUTh BiJl TAKHX I10-
Ka3HUKIB SIK JOBFOBIYHICTh, HAIIHICTh, PEMOHTOCIIPO-
MOXHICTh TomIo. [Ipo 1e Buj eeKTUBHOCTI CyIsTh 3a
TPYZOMICTKICTIO OOCITYrOBYBaHHSI Ha OJIHY TOAMHY TO-
JIBOTY, COOIBAPTICTIO TEXHIYHOTO OOCIYrOBYBaHHS Jii-
Taka Touo. bkl ckiagHi By eheKTUBHOCTI JPYroro

piBHs. TexHiuyHa e(EeKTUBHICTB JIiTaKa OMIHIOETHCS SIK
co0iBapTICTh TOHHO-KiJIOMETpa. TyT BpaxoByIOThCS CIie-
U piYHI YMHHUKY, 10 BIUTMBAIOTH HA coOiBapTicTh. Ha-
MIPUKIIA]], Yac 3aBaHTa)KCHHS Ta PO3BaHTAXEHHS JUIS Ba-
HTa)XHUX JiTakiB. [[ihoBa epeKTHBHICTH BimoOpaxkae
CTYIIHb 33JIOBOJICHHS JIITAKOM THUX MOTpPEO, IS BHpI-
IICHHSI SIKKX BiH CTBOpeHU . DOHAOMICTKICTH — BUMIpIO-
€TBCS BApTICTIO JIiTaKa Ta MMOB'SI3aHUX 3 HUM 1HIIHX 3aC0-
01B, HEOOXIJHUX JJIs1 BUKOHAHHS Yy IEBHUH Yac 3aJIlaHOTO
o0csIry mepeBe3eHb 3a IHIIMX piBHUX YMOB. EkoHOMiuHa
e(heKTUBHICTh — HaW3araJbHINMKA BHUA €(QEKTUBHOCTI.
CyTHICTh OLIIHKM EKOHOMiYHOI e()eKTHBHOCTI JiTaka
3BOJIMTHCS JI0 31CTaBICHHS TOBHUX BUTPAT Ha HOTO CTBO-
PEHHS 3 HACTYITHOIO €KOHOMI€I0 TOTOYHUX BUTpPAT Hpalli
3 HOTO BUKOPUCTaHHSI.

Amnauni3 gitepatypHux Jpkepern [3, 5, 8-15], mpuces-
YEHUX METO/IaM BU3HAYEeHHS eKOHOMIUHOT €()eKTUBHOCTI
JIA, noka3zag, 10 Ha JJAHWH Yac BUKOPHCTOBYETHCS 3HA-
YHa KiJbKICTh HAaWpI3HOMaHITHIIIMX KPUTEPiiB, BBeje-
HUX PI3HHMMH aBTOpPAaMHU; MU IIbOMY Maiike BiJICYTHI pe-
KOMEH/Iallil 100 3aCTOCYBaHHS KOXXHOTO 3 HUX Ta pe-
KOMEH/IOBaH1 3HaUEeHHS [IUX KPUTEPiiB. SIK BUHATOK MO-
’KHa Bi3HAUUTH podoTH [13,14], aBTOpH SIKHX
OTpUMaII YAOCKOHajeHy (opMmysly Ui pO3paxyHKY
y3araJlbHEHOTO MMOKAa3HUKa TEXHIYHOTO PiBHS (KpUTEpiit
[Tporormomnoga), i3 3aCTOCYBaHHSM SIKOTO BH3HAYWIIN Ta
MPOaHaTi3yBaJIM TEXHIYHUI PIBEHB JaJIeKUX MaricTpalib-
HUX JIITaKiB MUBLIBHOT aBiamii. [IJi1 HalOBHEHHSI KpUTeE-
pianbHOl 0a3u BimiOpaHo 14 HaWOUTBII IIKABUX KpUTE-
piiB, IO HIMPOKO BUKOPUCTOBYIOThCs. Lli kpurepii Bin-
HOCSTBCS 10 PI3HUX KJIAciB, 1O BU3HA4dae cdepy ix Bu-
kopuctanHs. Ha puc. 2 npencrasieHo Kiacudikailito BU-
Opanux KputepiiB edekruBHocti. Y Tabn. 1-3 HaBegeHO
(dhopmynu i po3paxyHKiB KpUTEpIiB Ta apamMeTpu, siki
HEOOXiIHI U1 1X 00YMCIIEHH .

Tabnuys 1 — AGcomoTHI y3arajbHeHi KpuTepii ekoHoMiunoi edekTuBHOCTI JIA

Ne
KpuTepis dopmyna Ilo3Hauenns ITapametp
Maca KOMepLIifHOro HaBaHTaXeHHS (IS TaCAKUPCHKUX
m L
y 0y K mitakiB m,, =0,1-n,,.),T
MYy Lex  [H Texxi .
—_fmpmex |17 L eXHiYHa (331aHa I'PaHUYHA) JAJIbHICTh MOJIbOTY, M
16 V mex y
mg -10 -
1 5 Mo 3niTHa Maca, T
A=mV,yL H BucoTa nonsory, M
[m- i /4?] A PeiicoBa mBHAKICTH MOIBOTY, KM/TOT
00'eM TpOCTOPY, OMHCAHOTO rabapUTHUMH PO3MIipPaMH Ji-
v Taka, M° (JOBKMHA * po3Max * BHCOTA)
m,, Maca KOMepIIiifHOTO HaBaHTaKEHHSI, T
) Lyex TexHiYHa JaNbHICTh MONBOTY, M
m,V, L
KH mex
2 k= % m,, Maca nanusa, T
My, =My e 10 .
m, e Maca OpO>KHBOT'O CIIOPS/DKEHOTO JIiTaka, T
Vo PeiicoBa IBUIKICT MOIBOTY, KM/TOJ
C,a T'onuHHA HOpMa amopTH3ali JliTaka 3 IBUTYHaMH, $
3 K (Coa*+Copm) -10° Copm. BapTictb rogMHHOT BUTpaTH NanuBa, $
K9~ |
Nac ‘Vp My, Maca KkoMepLiiiHOro HaBaHTaXEHHs, T
Vp PeiicoBa MBHIKICTH MONBOTY, KM/TOJT
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OIIHKA EKOHOMIYHOI E@EKTUBHOCTI JIA

Kpurepii, mo rpyHTy10ThCH

HA a0COJIIOTHIH omiHIi

Kpurepii, mo rpyHryorbcs
HA OWiHII BiTHOCHO aHaTOra

Y3aranbHeHi kpu-

Tepii (110 He Ma-
10Th Gi3H4HOrO

14. Cknanenuit Kputepiii piBHS
1. Kpurepiit TEeXHIYHOi JocKkoHanocTi Kucemns

KysHerosa Ta O6pasiosa

11 kpuTepii, HapUKIIAA
kputepiit [IpoTononosa

2. Kpurepiit Bypnakosa

OTPUMAaHHUX HA OCHOBI
0araToKpuTepiaJIbHOrO aHAJI3Y —

3micTy) | 4. Y3aranpHeHHUI KpuTepii
3. Kputepiit BaroBoi eekTHBHOCTI
leitnina
Ta Ko3soBcpkoro — 5. Kputepiii nanuBHOi
e(heKTUBHOCTI
Cucrema 4acCTHHHHX 00'€KTHBHHUX 6. Kputepiii TpaHcOpTHOT
B32€EMO/IOTIOBHIOIOYHX KPUTEPiiB, e(EeKTUBHOCTI

7. Kpurepiii IHOBOT MPOAYKTHB-

HOCTI

11. Y3aranbHeHui 8. Kputepiii komepiiiHo1
KkpuTepiii Benrtuens e(eKTUBHOCTI

IMonixkputepiaabuuii

aHaJIi3

— 9. Kpurepiii aeponunamiqHOi

12. CxiageHuit Kputepiit .
e(eKTUBHOCTI

PIBHSI TEXHIYHOT
JIOCKOHAJIOCTI BeHTienn

10. 3aragpbHOCUCTEMHUH KpUTEPii
13. Ckiagenuit kpurepiit €KOHOMIYHOI e(peKTUBHOCTI
OLIIHKU TEXHIYHOTO PiBHS Kosnoscskoro
Kucens

Puc. 2. Knacudikaris kpurepiiB epexruBHocti JIA

Tabnuys 2 — Y3araiabHeHi KpuTepii ekoHOMiYHOI eekTHBHOCTI JIA

Ne xpu-

. Ddopmyna IMoznauenns/Ilapamerp
Tepist
1 _kykyeoky | Kpokg .-y — mokasnuku eQeKTUBHOCTI, 1O NPH i ABUIIEHHI €(PEKTUBHOCTI 301IbUIYIOTHCS;
my = K | = = L .
Kp-kgoKm kg -Kp .- Ky — IOKa3HUKM e(eKTHBHOCTI, SKi 3 [iABALEHHAM e)eKTUBHOCT] 3MEHIIYIOTBCS
ki,Ko,...,K, — Kputepii, SKi 3 M IBUILIEHHAM €QeKTUBHOCTI BUPOOY 301/IbIIYIOThCS,
Kpy=atkg+agko +.. | = = = v .
my 171 2 E ki, Ko,....Km — kpurepii, ki 3 nigBHUILEHHAM eEKTUBHOCTI BUPOOY 3MEHIIIYIOTHCS,
12 ...+ai+lk1+ai+2k2+.. . . . . .
- 3,dy,...,a, — I0xaTHi abo Bix’eMHi KpuTepii, TOGTO Bary BiAMOBITHOrO MOKa3HKUKA (BCTAHOB-
ot 8k m
JIOIOTBCSI EKCTIEPTAMH TS KOYKHOTO KOHKPETHOTO BUITAJKY), IPHIOMY Z j228i = 10.
n . . . . .
13 z XiKi X; — 9aCTHHHI 3MiHHI OKa3HHUKH, 10 XapaKTePU3YIOTh 3HAYYIIiCTh KOXKHOTO 3 (haKkTopiB, 110
Ky = ':1n AHAI3YIOThCS; Kj — MOKa3HUKM OLIHKM; N — KiJIBKiCTh TOKa3HHUKIB, 110 BUKOPUCTOBYETHCS.
nok oj —KoedillieHTH 3HAYYIIOCTI OKPEMHX XapaKTEPUCTHK Ta KPUTEPIIB, 32 YMOBH:
- a
14 km y - Za’i ? n . . . .
ia z 0 =1,0; k,k; —3HaueHHs KpUTEPIIO UL aHATII30BAHOTO JIiTaka Ta JuIs JliTaka aHajora.

i=1

12
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Tabnuya 3 — A6coTIOTHI YacTHHHI KpUTepil ekoHOMiuHOI edekTHBHOCTI JIA

Noe xpu-
P dopmyna Ilo3nauenns ITapameTp
Tepis
My, cn Maca HOpOKHBOT'O CIIOPSI/KEHOTO JIiTaka, T
m o
4 Kgoy =—2L— = (L) My Maca KoMepIifHOro HaBaHTAKEHHS, T
My * Lipex L . R
mex TexHiuHa JaNBHICTh MOJIBOTY, M
m,, Maca nanusa, T
m -~
5 Ky =—2— My Maca KOMEepLIiHHOr0 HABAaHTAXKCHHS, T
My, Loy L . R
mex TexHiuHa JaNBHICTh MOJBOTY, M
Mp Maca nanusa, T
k _ mKH Vkp _ e
mp.ogp = Ny q m m,, Maca xoMepLiitHOro HaBaHTaXeHHs, T
L " "ncn - ,
v MoV L L BizcTaHb MiX aeporopTaMu, KM
etic KHV K .
6 = _pae R My cn Maca nopoHbOro CIOpPSJKEHOTO JIiTaKa, T
ch My, My cn v .
cp CepenHst NIBUIKICTB TTOJBOTY, KM/TOJT
\ " -
Ny = _pr. q = my, Vpeiic PeticoBa IBUJIKICTH MOJIBOTY, KM/TOMT
;
Vep L Vip Kpeiicepcbka MBHAKICTB MOJIBOTY, KM/TOA
4. 1lina nmitaka, $ MaH
7 Kynp = _He My Maca KOMEepIIiHHOr0 HABAaHTAXKCHHS, T
My, Loy L .
mex TexHUYHA JATBHICTH HOJIBOTY, M
(A c ) 4. 1lina nmitaka, $ MaH
+ -t
u.a 4.p.m.
K, = ot —PMT P 102 Tan Yac aMOpTH3aLlii, pOKH
My * Lipex T . . .
u 2 Piunuii HasIiT, rOAUH
_ C . o
8 e 4, = T — F'OIMHHA aMO- Cupm Baprictb roiHHOI BUTpATH nanusa, $
am 2.H A v
L tp TpuBasticTh peiicy, rognH
pTH3ALLis JliTaka Ta BATPATH HAa aMO- -
. . , . Myyy Maca KOMepIIiHOr0 HABAHTAXXCHHS, T
pTH3aLiio, nobiyHO MoB'I3aHi 3 L],
Linex TexHiyHa JaibHICTB MOJBOTY, M
M Ywciao Maxa (IIBHIKICTB)
9 K., =MK/C, Cp BuTpara naauBa JIBUTYHAMH, KI/KM IOl
K AepoHaMivHa SIKICTh
a=1] /(C +Ey R) Ko o >1, a4 BapT¥CTI> TOHHO-KIJIOMETPa NEPeBeseHb
. L. 6 C Bapricte oztHOrO JTiTaKa
10 TO BapiaHT EKTUBHILINH, THM 1- En HopwmaruBHuii koedilieHT eeKTHBHOCTI KaliTalbHUX BUTPAT
JIBILIC 3HAYCHHS TUM e(peKTHBHi- - - - : -
i x b ) INuToMi KamiTanpHi BUTpaTH (BapTiCTh JIiTaKa Ta IOB'A3aHUX 3
1mii BapiaHt. SIkimo o <1, Bapiant K HHMM Ha3eMHHX OCHOBHHX 3aC00iB, SIKi IIPUIIaIat0Th HA PiK Ha
HeeeKTHBHHIH OJIH TOHHO-KUJIOMETp IepeBe3eHb)

3yNMHUMOCS Ha HaMIIKaBIIINX OCOOIMBOCTIX OK-
pemux kputepiiB. ¥ 80-x pokax MHHYJIOTO CTOJITTS
I1. Ky3neros ta P. O6pa31ioB 3 TEOpEeTUUHUX MipKYBaHb
3alpOIOHYBAIM HOBHH KPUTEPIi OIIHKKA POOOTH TpaHC-
mopTy — TpaH. TparcmopTHa mocayra B 1 TpaH ZOpPiBHIOE
KOPHCHIH po0OTi, BUTpaUeHiil Ha TePEeMIICHHS BAHTaXY
Macoro | TOHHa Ha BiZIcTaHb | KM i3 cepeJHbOPEHCOBOIO
WBHAKICTIO pyxy 1 km/ron. PosmipHicts TpaHy [T -
kM3/42]. Y poborti [11] aBTOpu 0COGIMBOrO 3HAYEHHS
HaJaf0Th OJMHUII BUMIipy TpaH y Cy4aCHUX YMOBaX pO3-
BUTKY JIOTICTHYHUX CUCTEM 3 00CITyTrOBYBaHHS JIAHIIIOT1B
MMOCTAaBOK. Y cTarTi [12] aBTOpH HArONONIYIOTH HA BaXK-
JUBIH POJIi KPUTEPIIO TPaH, BAKOPUCTAHHS SIKOTO JI03BO-
JIsi€ OTPUMATH 3HAYHUN CHHEPreTHUHUH eekT. [mKene-
pHUI IOKa3HUK KOMEPIiHHOI €(PeKTUBHOCTI JIiTaKa, 3a-
npononoBanuii B. M. Illetininum ta B. 1. KoznoBcekum
y [5], sBisie cobor0 cobiBapTiCTh TOHHO-KITOMETpaA, 3
SIKOi BHUIYYEHO BCi eKCIUTyaTalliifHi BUTpaTH Ta 30epe-
JKEHO Ti CTATTi BUTPAT, HA SKi BIULTUBAIOTh KOHCTPYKTOPH
miTakiB Ta ABUTYHIB. OTXe, y TOKa3HUKY 3pOOJICHO
cnpo0y yCYHYTH BIUIMB BHIIQJIKOBHX UYMHHHKIB, TOOTO

MIZABUIIUTHA 00'€KTUBHICTH OLIIHKH, BIACTHBY TEXHIYHHM
nokasHukam eexktuBHOCTI. Kpurepiit majanBHOI edekTu-
BHOCTI [8] € IHTerpaibHIM, OCKIIBKU NMATUBHA €()EKTUB-
HICTh 3aJISKHUThH BiJ| aepOAMHAMIYHOI JOCKOHAJIOCTI Jii-
TaKa; ra30JMHAMIYHOI JOCKOHAJIOCTI JBHUTYHIB; BaroBoi
JIOCKOHAJIOCTI KOHCTPYKIIii, ABUTYHIB T4 CUCTEM O0JIa1-
HaHHS; BiJl 3ACTOCYBAaHHS aKTHBHUX CUCTEM YITPABIiHHS,
OUTBIIICTD SIKMX MPU3BOIUTD JO 3HHKEHHS BUTPATH Ma-
JIMBA Yepe3 3HUKEHHS MaCH, KOHCTPYKIT Ta 3MEHIIICHHSI
onopy. Kpurepiii nanuBHol epekTHBHOCTI JOCUTH YyT-
JUBUHA HaBiTh 0 HEBEJIWKHUX 3MiH BEJIMYMH, 10 BioOpa-
JKaroTh mepeniveHi BinactuBocTi. Lle omHiero fioro ocob-
JUBICTIO € TOH (aKT, M0 MAIMBHA e(DEeKTHBHICT JIITAKIB,
0 3ICTaBIAIOTHCS, BU3HAYAETHCA KIHIIEBUM 3HAYEHHSIM
KPHUTEPIIO JIHIIE 32 CyBOPOMY 30iTy HHU3KH IXHIX Xapakx-
TEPUCTHUK, IEPEAYCIM JaTbHOCTI MONBOTY. 31 301IbIICeH-
HSIM JaTbHOCTI MOJBOTY KOXKHOTO JIiTaKa 3HAYEHHS KPH-
Tepiro 3pocTae (OCKUTBKH JITAK HA MEPIIOMY €Talli Io-
JIHOTY OOTSDKCHUIT TATTMBOM, 10 BUTPAYAETHCS HA HACTY-
MHIM OUISHIN TONTBOTY, TOMY 1 BUTPAa4a€eThCs TOIATKOBE
TIAJINBO HA MEPILIOMY €Tarti).
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Kpurepiit komepuiiiHoi epexTrBHOCTI [8] BinOuBae
JIBI OCHOBHI CTaTTi BUTPAT ITiJ] YaC SKCIDTyaTaIlii JliTaka —
BUTpaTH Ha MaJMBO 1 TEXHIKY, TOOTO JIMIIE Ti EKOHOMIYHi
YMHHUKH, HA SKi MOXXE BIUIMHYTH aBiaKOHCTPYKTOP.
Skmio 3ramaTty, M0 aMOPTH3AIIIHHI Ta 1HII BUTPATH, TO-
B'si3aHI 3 BapTICTIO JIiTaKa, y CyMi NEPEBUIIYIOTh IOJIO-
BHHY 3arajbHUX (TPsIMUX) €KCILUTyaTaliiHUX BUTPAT, TO
JIETKO IIHTH BHCHOBKY IPO JOUIJBHICTD ONTHMIi3allil
MIPOEKTYBAJILHUX Ta KOHCTPYKTUBHHX PillleHh HA OCHOBI
€KOHOMIYHOTO KPHTEPil0, 30KpeMa KpUTEPito, 10 BPaxo-
By€ JBa OCHOBHI YMHHHMKH IajJHMBHOI Ta €KOHOMIYHOI
e(peKTUBHOCTI y iX B3aeMO3B's3Ky. JlJisl MOpiBHAHHS pi-
BHSI TEXHIYHOT JOCKOHAIOCTI JIA, 10 aHAi3y€e BUKOPHUC-
TOBYBaTH ckianoBuii kpurepiit (Ne 14). Tyt MOXyTb BH-
KOPHCTOBYBATUCh Oy/b-SKi KpuTepii, Hanpukman, Krg —
KPHUTEPI METATO0EMHOCTI; Ky, — KOSOII[IEHT KOMepIIiii-
HOTO HaBaHTakeHHs Tomo. KoedilieHTH 3HaYyIoCcTi o
BH3HAYAIOTHCSl EKCIEPTHOIO OIIHKOI abo 3 aHali3y
BILIMBIB [IUX ITapaMeTPiB HA €EKOHOMIYHY €()eKTUBHICTB,
3 SIKOIO PiBEHb TEXHIYHOi JJOCKOHAJIOCTI MOBUHEH OYyTH
y3roJUKeHUH. BU3HAYEHHS KPUTEPIIO CIIiJ IMiIIOpSAKY-
BaTH IIEBHUM YMOBaM, JI0 SIKUX HaJleKaTh BUOIp aHajora,
paLioHaJIBHOTO YKCIIa Ta BULY TOKA3HUKIB CYMICHOCTI, a
TAKOXX MPHUBEJCHHS JIITAKa, 1110 OLIHIOETHCS, JI0 aHAJIoTa

Crix 3a3Ha4MTH, 0 PO3MISIHYTHH MiXiJ HE € €MHUM.
B sikocTi anmbTepHATHBU MOXKHA 3alIPOIIOHYBATH KpUTE-
piit IIpoTononoBa abo #oro BIOCKOHAJIEHY BEpCirO IS
BU3HAUCHHS PIBHA TEXHIYHOI HockoHaiocTi JIA, 3ampo-
MOHOBaHy y cTtatTi [14].

ANTOPUTM BH3HAUYCHHS KOXXHOTO 3 PO3TIIIHYTHX
Buie kputepiis 1-11 ekonomiunoi epexTrBHOCTI JIA Ha-
BEIEHO Ha puc. 3. 3aralbHU aJTOPUTM OLIIHKU €KOHO-
MiuHO edekTrBHOCTI JIA TpaHCTIOPTHOI KaTeropii moka-
3aHO Ha puc. 4. KopucryBaueBi HajiaHO TIpaBO BHOOpPY
TOTO YH IHIIOTO KpUTEpito abo ix cykymHocTi. J{is 3pyu-
HOCTI po0OTH HOMY HaJlaHO MOKJIMBICTH BUOOpPY CIIOYa-
TKy METOJy BH3HAa4YeHHs (Ha OCHOBI ITOPIBHSHHS 3 aHa-
JIOrOoM 200 Ha OCHOBI BUKOPHCTaHHS aOCOIFOTHOTO KpH-
TEPir0), a MOTIM Yy pa3i BUKOPUCTAHHS aOCOIFOTHOTO KPHU-
Tepito — BUOOPY LIS OLIHKK OyIb-SIKOTO OaraToKpHTepi-
aNBHOTO, YaCTHHHOTO a00 MONIKPUTEPIaIbHOTO KpHTe-
pito abo ix rpymu. Anpodarisi po3pobiaeHoi KpuTepianb-
Hoi 0a3u 3iiiCHeHa Ha MPUKIAl ABOX BAXKKHX JajeKO-
MaricTpajbHUX JiTaKiB TPaHCIIOPTHOI Kareropii: Boeing
747-200B 1 C-5A (nitaku oOpaHi SIK BiJIIOBIHI Kiacy,
1110 BUBYAETHCS, XapaKTEpHi 1 JJOCUTh TOKJIaTHO OIHMCaHi
y BiakpuTiii miteparypi [16]). PesynbraT o6uncieHs Ha-
BeZIeHO y Tabi. 4.

A\ 4

Bubip mii OTpuMaHHS T0BIiAKH

( ITouaTok )

v

1
«
A

A

Bubip merony

3anur Ha BBCJICHHA ITOYAaTKOBUX TaHUX

\ 4

BBenenHs moyaTkoBUX JaHUX

Hani BipHi?

v

Po3paxyHok kpuTepito 3a HopMyIior

v

Busenenns
PO3pPaxOBaHOIO KPUTEPIIO Ha EKpaH

v

Busectu 3BiT Ha
expan?

Busenenns 3BiTy Ha eKpaH

A 4

[Nepenaya po3paxoBaHOTO
KpPHUTEPII0 Ha TOIOBHY (HOpMYy

Kinens

Puc. 3. brok-cxema aaroputmy
po3paxyHKy kpurepiiB Ne 1-11

MoHoKpHTEpiaTbHUNA

[MonikpuTepiansHIA

[MopiBHsHHS
3 aHaJIorom?

Kpurepiii Ne 14

AOGcomnioTHa
oLiHKa?

Kpurepii Ne 1-3

YacTtuaHA
oLiHKa?

Kpurepii Ne 4-10

Kputepii Ne 11-13

a”amiz?

IToBTOpUTH
po3paxyHKu?

Puc. 4. biok-cxema 3arajibHOTO ajJrOpUTMy
PO3paXyHKY OIL[IHKH €KOHOMIYHOI e(h)eKTHBHOCTI

Amnauri3 pe3ynbTaTiB
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Tabmuus 4 — Pe3yabraTn 064unciieHb

JiTepaTypi BIACYTHI PEeKOMEHIOBaHI 3HAUCHHS KpHTe-

Kpurepiit Boeing 747-200B C-5A piiB. [Iporpamua peaizaitis po3po0JIeHOT METOAUKH, Ji0-
3BOJISIE MPOBECTH OOYMCIIEHHS Ta JaTH PEKOMEHMAIil
> 4,876 -10¢ 7,052:10% 1010 3HAYEeHb PO3TSIHYTHX KPHUTEPIiB EKOHOMIYHOT
g 8 ggs 11(())2 82;?11863 e(heKTUBHOCTI JUTS JITAKIB Pi3HUX KJIACIB.
4 0,224 0,146 BucHoBKH
2 gégg 2%22 HpoaHani30BaHo Ta oz[HOMaHimo OIHCAHO KpUTE-
7 4 1,8-10'2 3 3213'10_2 pii, sIKi BUKOPHCTOBYIOTHCS JUIsl OLHKH e(b.eKTI/IBHOCTl
8 0’85-10'2 0 76.10°2 HA, a TaKOXK 1 3ICTABJICHHS 3 e(beKT%Bmcno IHIIMX 3pa-
) 2 1384 éO 142 3KIB aBialifHOT TeXHiKHM ab0 OJHOTO # TOro K camoro .J'IA
10 2i,69 19"92 [IpY BUKOHAHHI Pi3HUX 3aBJaHb. 3AiACHEHO Kiacu(ika-
11 37,033 79722 1iF0 KpUTePiiB eekTrBHOCTI JIA Ta Ha 1i OCHOBI po3p00-
12 9,522 9,435 JICHO KpUTepiaibHy 0a3y, MaTeMaTUYHE Ta aJTOPUTMi-
13 1,869 1,921 9yHE 3a0e3MeuUcHHs Ui BUPIMICHHS MOCTAaBJICHOTO 3a-

BraHHs. Hamani OaxaHO JOMOBHUTH KpUTEpiaNbHy 0a3y
HMOBIpHICHUMH KpuTepisiMu edekTuBHOCTI JIA, mo no-
3BOJINTh BUKOPUCTOBYBATH 11 JJIsl pO3PaxXyHKY e()eKTHB-
HocTi JIA pi3HUX NpU3HAuYeHb 1 3AIHCHUTH MPOTPaMHY
peatizailito po3po0aeHOT METOIUKH.

OxpeMo Bi3HAYMMO, 1110 CKJIQJIOBUH KpHUTEpIH pi-
BHS TexHiuHOi gockoHanocti €. H. Kucens nmitaka
Boeing 747-200B miomo mitaka C-5A, B3STOrO K aHa-
qor, pnopiearoe -0,0737. Sk 3a3Hauvanocs BHILE, Y
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Algorithm for determining efficiency assessment of transport category aircraft
O. Murahovska, N. Ukrayinets

Abstract. Increasing the efficiency of aviation equipment is the most important condition for the development of both
civil and military aviation. Therefore, the development of automated means for determining the economic efficiency of an aircraft
is an urgent task, the solution of which is devoted to this work. The purpose of this work is to analyze the criteria that can be used
to evaluate the effectiveness of aircraft, as well as its comparison with the effectiveness of other types of aviation equipment, or
the same aircraft when performing various tasks. to develop a criteria base and an algorithm for assessing the economic efficiency
of an aircraft of the transport category. To fill the criteria base, an analysis of literary sources, recent studies and publications was
carried out 14 most interesting and widely used criteria of economic efficiency related to different classes have been selected,
which determines the scope of their use. Their classification is carried out, and the most interesting features of individual criteria
are described. Mathematical and methodological support, algorithms for determining the economic efficiency of an aircraft for
each criterion separately, as well as a general algorithm for assessing the economic efficiency of a transport category aircraft have
been developed. Approbation of the developed criterion base was carried out on the example of two heavy long-haul aircraft of the
transport category: Boeing 747-200B and C-5A, corresponding to the class of aircraft under study.

Keywords: criterion, efficiency indicator, cost, efficiency criterion, criterion base, algorithm.
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HauionansHwuii aBiauiiinuii yaiBepcurer, Kuis, Ykpaina

MOJIEJI JJI51 AHAJII3Y HAJIHHOC TI ABIAIIMHUX KOMIIOHEHTIB,
CUCTEM TA KOHCTPYKIIAU NOBITPAHUX CYJIEH

AnoTanisi. OCHOBOIO /ULl pO3pOOKHM NpOrpaM TEXHIYHOTO OOCIyTOBYBaHHS IOBITPSHUX CYIEH € peKoMeHnamii Bupoo-
HUKa Ta JUPEKTHUBH PEryJIATOpa 3 JIHOTHOI MPUAATHOCTI. PeryssTop 3000B’3ye eKCINTyaTaHTiB MOBITPSHUX CyHiB CIiTyBa-
TH KePIBHUM NPHUHIMINAM, SIKi B JESKUX BHUIIAJKaX HE BIIOBINAIOTH (aKTUYHOMY BUKOPHCTAHHIO MOBITPSHHX cyzneH. Lle
TIPUBOANTH JI0 O1IBIIOL KIJIBKOCTI pOOIT MO TEXHIYHOMY O0OCITyrOBYBaHHIO, III0 € BUCOKOBAPTICHUMH. B miit crarTi, sika Ha-
IIpaBJieHa Ha e(eKTUBHE Ta €KOHOMIUHE TEXHIYHE OOCIIyrOBYBAaHHS IOBITPSHHUX CYyJEH, NPEACTaBJICHA CTAaTHCTUYHA MO-
JIeNTb aHAli3y HaIHHOCTI (QYHKIIOHATEHUX CHUCTEM JIiTaka. BUXiMHUMH JaHUMU JJIS MOJICITIOBAHHS BUKOPHCTOBYBAJIHCS
3BITH MIIOTIB Ta MEPCOHAIY 110 TeXHIYHOMY oOciyroByBaHHIO. Po3poGieHa Mozens Oyna repeBipeHa Ha aJIeKBaTHICTD 3

METOO TiITBEPKEHHS 11 TOYHOCTI.

Kaw4yoBi croBa: TexHiuHEe 00CIyroByBaHH!, IMOBITPSIHE CY/IHO, aHaJIi3 HAAIHOCTI, (yHKIiOHAJIbHA CUCTEMA, IHTEHCH-

BHICTE BiJIMOB, MOJIEJIb BIIMOB aBIallifHUX CUCTEM.

Beryn

XKurreuit nmkn nositpsiux cyzaeH (I1C) ckmana-
€THCSI 3 YOTUPHOX (pa3: 1) eTam MPOEKTYBAHHS Ta PO3PO-
OKM, IO BKJIIOYAE TUIAHYBAHHS Ta KOHIENTYaJbHUIl
JIM3aliH, TONepe/Hill IM3aliH Ta CHCTEMHY IHTeTrpalliio;
2) eran BUPOOHHIITBA Ta/ab0 BUTOTOBIICHHS; 3) eTam
ekcmtyartaitisii; 4) yrtumizamis (cnucanns). Ha erami
eKCIUTyaTallil KOMIOHEHTH Ta MiACHCTEMH 3HOIIYIOThCS,
IO 3PElITOI0 MPU3BOJIUTH 1O BiAMOBU cuctemu [1].
Texuiune odcnyroByBanust (TO) I1C npoBoauThes ajist

Kopuryioue TO

Tepminoee TO Binknapgene TO

3MEHIIeHHsI ab0 3amo0iraHHs HECTIPUATIMBUM HaCHi-
KaM BiIMOB Ta 3a0e3Me4eHHs MaKCUMaJIbHOT TOTOBHOCTI
cuctemu [2]. Epexrusne TO TIC cnpsimoBane Ha 3a0e3-
nedeHHs crpaBHoro texHiuyHoro crany (TC) Ta 3a0e3-
NeYeHHs] HeoOXiJHUX DIBHIB Oe3MeKku Ta HaJIIHHOCTI B
eKcrutyaTanii, a y pasi BigMoBu, TO BiTHOBIIOE piBHI
[MOKa3HUKIB Oe3MeKu Ta HaIiMHOCTI 10 HEOOXIAHUX CTa-
Haaptis [3].

Hii o TO (puc. 1) nust komnoHeHTiB 1 cuctem [1C
noJuIsIoThesl Ha: kopuryroue TO, npeBentuBHe TO Ta
nporaoctuyne TO.

TexHiune

obcnyroByBaHHA
MOBITPAHMX CyfeH

MpesenTuBHe TO Mpornoctiune TO

MNonepeaHbo
BCcTaHoBneHe TO

TO Ha ocHOBI

aHWX
TO 3a ctaHom A N

NPOrHO3YBaHHA Ta
KepysaHHa TC

TO Ha ocHoBi Yacy

{KaneHgapHwmii yac,
NbOTHI TOAUHK)

TO Ha ocHoBi
BWKOPUCTAHHA

(B3niTHO-
NOCaAKOBMIA LAKN)

Puc. 1. Kareropii TexHi4YHOr0 00CIIyrOBYBaHHS HOBITPSHHUX CYJCH

Kopurysamsae TO oxorumroe Bei Oii momo peMoH-
Ty HE3aIDIAaHOBAaHWX HECIpaBHOCTEH Ta BiaMoB. [IpeBe-
HTUBHI Aii moxo TO 3MeHIIyIOTh KITBKICTh HE3aIlTaHO-
BaHUX PEMOHTIB. BOHW CKIIamarOThCA 3 TMEPIOANIHHX
niit momo TO, mo0 YHUKHYTH Bi]MOB Ta BHXIiJ 3 JIamy
KOMITOHEHTIB T4 CUCTEM.

IIporroctnure TO BUKOPHUCTOBYE IesiKi mapame-
TPH Ta TEXHOJIOTii 0OpOOIIeHHs MaHWX, MO0 BH3HAYH-
TH, KOJIM MOKE CTAaTHUCS BiAMOBa, 3MEHINYIOYH Kijb-
KiCTh HE3aIUIAHOBAHUX IOJIOMOK Ta HaJIaro4M Mepco-
Haly HaJiifHI BapiaHTH IUIAHYBaHHS TPEBEHTHUBHOTO
TO [4, 5].
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Bumoru o TO TIC BcTaHOBITIOIOTHCS BUPOOHUKA-
mu (OEM), perymorounmMu opraHaMu Ta eKCILTyaTaH-
tamu [1C y mporieci, BiToMOMy sSIK KOHTPOJIbHA paja 3
TexHiyHOrO o0OciyroByBanHs (Maintenance Review
Board MRB). Lli BuMoTHu € OCHOBOIO PO3POOKH ITpOrpam
TO IIC.

Crpykrypa nporpamu TO IIC 3a3Buuaii 3a3gane-
Tilb BHU3HAYAETHCS BUPOOHHMKOM, alie EKCIUTyaTaHTH
MOBUHHI aJanTyBaTH CBOIO MPOrpaMy JO BiIMOBiIHOL
koHirypanii I1C i iHAMBiAyaqTbHUM BHUMOTaM CBOT'O
napky. 3 uiei npuuuan nporpama TO pizHux tumis T1C
Ha TPAKTUIl PI3HUTHCS, alle HABITh 3 ICHTUYHUMH TH-
namu [IC netani nporpamu TO MOXyTb BiApi3HATHCS B
3aJIeKHOCTI BiJl pallOHy €KCILTyatallii Ta BUKOPUCTAHHS
a00 BiJ 1HIMBITYaTbHOTO IOCBITY €KCILTyaTallii [6].

Meta TO nossirae B ToMy, 11100 HajaTH 00CIYyro-
BYIOUOMY TNEpCOHANy pEeKOMeHJamii 1010 TpaBHI,
npouenyp Ta oOMeXeHb 11010 0e3MeYHOr0 BUKOHAHHS
000B'A3KIB Ta BiAMOBIAJIBHOCTI B 00JIACTSIX Ta YMOBAX,
ne npoBoauthest TO T1C, ta BinoOpasutu notpedu B TO
I1C, sxuX MOBHHHI JAOTPUMYBATUCS s 3a0e3neueHHs
Oe3mepepBHOi Oe3reynoi pobotu. [Iporpama € wacTu-
HOIO 3aTBEPPKEHOI CHCTEMH TEXHIYHOTO OOCIyroBy-
BanHs. [Iporpama TO moBHHHA HEepeBipsATUCH KBaTi(i-
KOBaHMMH IH)KEHEpaMH Ha MPHIATHICTH HE DijIie Of-
HOTO pa3y Ha pik [7].

AHaji3 HagiiHOCTI 103BOJIsIE ekcrutyatanTam [1C
anamizysatu aaHi npo IIC Ta ix cknanoBi yactunu. Pe-
3yNbTaTH aHaJi3y HaIifHOCTI MOXYTh JOTTOMOITH iH-
xenepam 1o TO I1C ckopurysaru nporpamy TO y Bia-
MOBITHOCTI 3 ()AKTHYHUMH BUMOTaMH, THM CaMHM CKO-
POTHBIIK HaaMipHO noporoBapricui aii mo TO i yac
npocroto. Excrmyarant TIC Takox MoOe MOpPIBHSATH
HaJIHHICTh BCHOTO MapKy, MO0 3p03yMiTH BapTIiCTh MO-
pyuieHHs rpadiky, nmpoaHaji3yBaTd PIlIEHHsS 1 po3cTa-
BUTH IPIOPUTETH CEPBICHUX OIOJIETEHIB B 3aJICKHOCTI
BiJl BIUIMBY Ha napk [8].

AHani3 HapiiiHocTi noBiTpsiHuX cygeH. Jlns
MPAKTUYHKUX MiJed HaJiiHICTh BU3HAYAETHCS 5K 31aT-
HICTh CKJIANOBOI YAaCTMHU IiacucTeMd abo CUCTEMH
IIPALfOBaTH BiIIOBIHO [0 MpHU3HAYEeHHA 0e3 Oyab-IKIX
BiJIMOB 1 B Me)aX 3a3JalieTiib BCTAHOBIIEHOTO IHTEpBa-
JIy 4acy B YMOBax yChOI'O )KHTTEBOTO LUKIY. 3 KUIbKiC-
HOI TOYKM 30py HAIIMHICTh 3a3BHYAil OIHIOIOTH SK
WMOBIPHICTh TOrO, IO NPHUCTPii OyJae BUKOHYBATH
CBOKO (DYHKIIIFO TIPOTATOM HEOOXIHOTO Mepiojly Yacy B
OYiKyBaHHX YMOBaxX EKCIUTyaTarlii Ta HaBKOJIHIIHHOTO
cepenosua [9].

AHai3 HaAifHOCTI OIiHIOE HMOBIPHICTH BiAMOBH
CKJIaJOBUX YacTHH, IiJICHCTEMHU ab0 CUCTEMU IpU Has-
BHOCTI BHITAJKOBUX TMOJii. [mkeHepHi mpoOmemu 3a-
3BMYail MOB'S3aHI 3 HEBU3HAYEHICTIO. TaKUM YHHOM,
CTaTHCTUYHI METOJHM HAZIHHOCTI 3a0€3Medy0Th OTYX-
Hi IHCTpYMEHTH U1 0OpOOKHM ITMX HEBU3HAYCHOCTEH Ha
OCHOBI (pyHKIIi} TPOXYKTHBHOCTI a00 (YHKIIiH rpaHIY-
HOTO cTany [10].

Icnyroui mooeni mexuniunozo o6ciyz08y8aHHA no-
6impAHUX CyOeH, W0 OpPiEHMOBAHi HA HAOINHICMb.
Monemni TO opienToBani Ha anani3 HagiHOCTI (RCM)
JO3BOJISIIOTh  PO3PAaXOBYBATH IMOKA3HUKH HAJIITHOCTI
CHCTEMH 3 ypaxyBaHHAM pPi3HuX BUAIB nepeBipok TO Ta
iX IHTepBaNiB, THM CAMHM HAJAI09M iHPOPMAIIIO IS

ONTUMI3alil eKCIUTyaTaliiiHuX BHUTpaT, Oe3NeKHu Ta Ha-
niitHocTi. TuroBa ctpykrypa RCM BKiIIOYae 30MpaHHS
JAHUX, BKJIIOYAIOYM CEepEIHi Yac HampalfoBaHHS Ha
BiIMOBY Ta ()YHKIIIFO YaCTOTH BiJIMOB, aHAJI3 BUJY BiJ-
MOBH Ta ii HACNIJIKIB, a TAKOX ONTHUMI3AIlI0 IHTEPBATIB
npesenTuBHoro TO [11].

Y pobori [12] 3amponoHOBaHO MPAKTHYHHUHA ITiIX1]]
JI0 aHaJi3y HAMIMHOCTI aBiallifHMX CUCTEM Ha OCHOBI
aHayiTHaHOi Mogieni. Ll Moaens MoXke BUKOPHUCTOBYBA-
THCS JUT BU3HAUYCHHS iHTepBaniB TO, omTumizarii pe-
3epBYBaHHSI CUCTEMH Ta CIIUCKY MiHIMaJILHOTO 00JIaj-
Hauus [1C.

Js ontumizartii TO aBiagsuryna [13] 3amporo-
HOBaHO METOJO0JIOTIIO, KA OL[IHIOE HAMIMHICTEL aBiariii-
HOTO JIBUT'YHa a00 HOTo MOIYJIsl 3 ypaxyBaHHSIM Iapa-
METPIB MOHITOPUHTY CTaHy, 3BiTiB MJIOTIB a00 cTaThC-
TUYHUX JaHUX eKCIuTyaTaHTiB. CepeHil yac Harpairo-
BaHHS Ha BiIMOBY PO3PaXOBYETHCS 3 ypaxXyBaHHSM IUX
pe3ynbTatiB, a 3aBJaHHs 00CIYrOBYBaHHS IJIAHYHOTHCS
3 ypaxyBaHHSIM 4Yacy BHKOHAaHHS 3amoBieHHs. LIi mii
MiJBUINYIOTh MOJIMBICTh BIPOBAKCHHS TPUHITUITIB
OIIaJUITMBOTO BUPOOHUIITBA Ta NIECTH CHTM NpU 00CIy-
roByBanHi [IC abo aBialiiiHuX JBUTYHIB 32 JIOTIOMOTOO
RCM.

VY poborti [1] Oyna npoBeseHa ONTHMI3aIlis IHTEP-
Baity nipeBenTrBHOro TO mist inaukaropis I1C 3a paxy-
HOK 3HWKEHHS OYiKyBaHOI JJOBIOCTPOKOBOi BapTOCTi
orepariiif Ha OCHOBI iH(oOpMaIlii PO MOKa3HUKU HaMdii-
Hocti [1C. ABTOpH BU3HAYMIIM OCHOBHI BUIM BiMOB Bif
JIBOX MOCTaYaJbHUKIB, BUKOPHCTOBYIOUH iH(OpMAILIito
31 3BITIB aHaJi3y PEKUMIB Ta HACTIJKIB BiIMOB. OKpimM
Toro, OyJ0 BHM3HAUYEHO IOKA3HUKH CEPEAHBOrO Hacy
HanpautoBanHs Ha BigmoBy (MTTF) Ta cepennboro
yacy Mk He3aruanoBanumu 3aminamu (MTBUR). Y
poboTi [14] mpoBeneHO MOPIBHUIBHUI aHAali3 BH3HA-
YEeHHs1 TOKa3HUKIB HAJIHHOCTI JIITAJIBHUX arapaTiB BiT-
YM3HSHUX Ta 3apyOKHUX JTOCIIIJHUKIB.

IMocTanoBKa 3aaa4i

Orsiy JiTepaTypH MOKa3ye, 10 Y JOCIHIPKEHHSIX,
MPUCBSIUEHUX po3poOii crparerii RCM, icHye mpora-
JMHA B aJIleKBaTHUX MaTeMaTHYHUX MOJEISIX BU3HAYCH-
HSl XapaKTepHUCTHYHOI HAJIHHOCTI aBiallifHUX CHUCTEM.
HeoOxiaHicTh BUpilleHHs i€l npobiemu 00yMOBIEeHa
THM, IO cucTeMH Ta KommoHeHTH IIC MoxyTb Mmatu
XapaKTepHI BIIMOBH, a iX HaAiHHICTP MOXE 3MIHIOBa-
THCH B 3aJIS)KHOCTI BiJ MOMEpENHIX IIAHOBUX MEpeBi-
POK Ta PEMOHTIB.

TakuMm 4MHOM, BUIM BIIMOB CHCTEMH € OCHOBOIO
JUIA OI[IHKM BIUIMBY BiIMOBH Ha Oe3IMeKy MONBOTY Ta
BMU3HAYAIOTHCS BUIAMHM BIIIMOB KOMITIOHEHTIB Ta X IMOC-
JIITOBHICTIO BUHUKHEHHS.

Kpim Toro, I1C 3a3Bu9aii CKIaga€eThCS 3 MUTBHOHIB
KOMIIOHEHTIB, SIKi TEHEPYIOTh BEIHKI MYJIbTHMOAAJBHI
JaHl Ha eTami ekcruryartarii. Ll MHOXWHA MaHWX y pe-
JKUMI1 peasbHOTO Yacy MOke OyTH BHKOPHCTaHA SK BXi-
ITH1 TaHi 715 aTOPUTMIB CTATHCTHYHOI 0OpOOKH TaHUX
JUTS aHAITi3y HaIIHOCTI.

Mopeni Ta aNTOpUTMH BH3HAYCHHS ITOKA3HHKIB
HagiHOCTI [15] MOXYTH CYTTEBO MiTBUIINTH €()EKTHB-
HICTh BUKOPUCTAHHS MOBITPSIHUX CyJCH, a TAKOX 1HIINX
CKJIQJTHHX CHCTEM.

17



Control, Navigation and Communication Systems. 2022. No. 4

ISSN 2073-7394

MeTtonoJioris

PizHOMaHITHI po3nozaiLM HWMOBIPHOCTEH BHKOpHC-
TOBYIOTBCS JUTS BUKOHAHHS pi3HuX BuAiB TO Ta mocii-
JUKeHb HaniiHocTi. Ha erami excrutyatamii Oynp-sikol
CHCTEMH, IIACHUCTEMU a00 KOMIIOHEHTA HAWOIIBIII ITOIIIH-
PEHUM pO3IONUIOM HMOBIPHOCTEH € CKCITOHCHIIHHUN
PO3MOALT, OCKUTBKM BiH JIETKO 3aCTOCOBYETBCS Y PIZHHX
TUTIAX aHaJIi3y IHTCHCUBHOCTI BiJIMOB KOMITOHEHTIB, ITiJl-
CHCTEM Ta CHCTEM NPOTATOM TEPMIHY IXHBOI CITyKOH.
ImMoBipHICTF 0€3BiIMOBHOI pOOOTH Ta TOTOBHOCTI IS
LIBOTO PO3IO/IUTY BU3HAYAETHCS TAKUM YHHOM:!

R(t)=e, L)
_ MTBF )
MTBF +MTTR A+p
MTBF = 1 (3)
7\‘ 1
1
MTTR=—, 4)
i
MTBF = [R(t)dt, (5)
0

ne R — iMoBipHICTh 06€3BiZIMOBHOT pOOOTH, IO 3aJIEKUTh
BiJl yacy t; A — IHTEHCHBHICTH BiIMOB; A — KoeQillieHT
TOTOBHOCTI; |L — IHTEHCHUBHICTb NPOBEJICHHS PEMOHTY;
MTBF — cepenne HanpaitoBanHs Ha BiamMoBy; MTTR —
cepeHiil yac peMOHTY.

HlinpHICTH PO3MOALTY WMOBIPHOCTI €KCIIOHEHIIIN-
HOT'O PO3MOALUTY BU3HAYA€THCS BUPA30OM

ft)=re™ mat>0, 2>0, (6)

e t — gac, f(t) — wmimbHiCTH po3MmOAiTY iMOBIpPHOCTI
(PDF) Ta A - mapameTp po3noity, IO B JOCHIIKEHHIX
HAJIMHOCTI BiJIHOCUTHCS O ITOCTIHOI YacTOTH BiIMOB
[16]. KymynsatrBHA GYHKITSI pO3IIOITY BUPAKAETHCS SIK:

t
Ft)= [ f(y)dy. (7)

[incranstoun piBHsiHHS (6) (7), OTPUMY€EMO BH-
pa3 Ui eKCIIOHEHIIAIBHOTO PO3MOIITY KyMYJISTHBHOT
GbyHKIIT po3noiny

t
F(t)=[reMdy=1-e". (8)
0

Mopeuni aJis1 aHami3y HagiiiHoOCTi
aBianiifHUX cucTeM

VY 1mpoMy JOCHIIKEHHI MPOIOHYETHCS €KCIIOHEH-
OiHHUA PO3MOJIT HECHPaBHOCTEH/BIAMOB  aBialliitHUX
CHCTEM Ta KOHCTPYKIIA IS pO3paxyHKY MOKa3HHKIB
HagiifHOCTI. 71 3alpOnOHOBaHOI MOJEN CHCTEeMH Ta
koHCTpykmii HJ Oymm kimacm¢ikoBaHi BiIHNOBITHO IO
CHCTeMH HyMepallii Acoliarii moBiTPSHOTO TPaHCIOPTY
(ATA). Bxigni masi Nt BUIy9aroTCS 31 3BITY MJIOTIB Ta
nepconany I1C.

HomenknaTypa mapameTpiB rmoka3aHa Ha puc. 2.

Iepenik mapamerpiB Ta 3MiHHHX,

10 BHKOPHCTOBYIOTHCH B MOIETIOBAHHI

A marpwuna nr;

a: J0JaTKOBa 3MiHHA JUIA PO3PAXYHKY;

i iHJIEKC MOYaTKOBOT MaTPHILi;

j: IOIaTKOBHM IHAEKC MATPHILI;

K: iHIeKc MaTpHIli, TOJYyUYEHHUH IPH MOJICTIOBaHHI;

p: 1HAEKC KIHIIEBOI MATPHIIi;

M: KUTBKICTb CIIOCTEPEKYBaHUX KOMITOHEHT ATA,

S: JI0AaTKOBA 3MiHHA JIJIS PO3PaXyHKY;

X. 3HAYeHHS BUIAIKOBOI BEJUYHMHU,

Bi: HakomuueHa KiJbKICTh CIIOCTEPEIKYBAHUX HE-
CIPaBHOCTEH/BIIMOB Y yaci;

C: BUMagKOBi YMCIIa €KCIIOHEHI[ITHOTO PO3MOILITY
3 MapameTpoM A,

Dy«: uacoBuil psij criocTepeKyBaHUX HECIIPAaBHOC-
TEH/B1IMOB;

Ex: BHIaaKOBE YMCIIO 3 PIBHOMIPHUM PO3IOIIIOM
B miamasowi 0...1;

Fik: MOMEHT 4acy 1-0i HeCIIpaBHOCTI/B1IMOBH CHC-
TEMHU;

M: 3aranpHa KUIBKICTh CIIOCTEPEXYBaHUX HECTIPAB-
HOCTEH/BIIMOB 10 BCiX po3minax ATA;

N: KITBKICTB iTEpalliii;

T: 3aranpHuil 4ac JHOTHUX TOJMH HA IHTEPBai
CIIOCTEPEKEHHSI;

A: HacToTa HeclpaBHOCTEH/BIAMOB.
Puc. 2. [lepernik napamerpiB Ta 3MiHHHX

Bxinni gani Nt — ue m x1 marpuns A. Oyskuis B
MpU3HAUeHa ISl TPUAHATTS pIlIEHHS PO HECHpas-
HICTB/ BIIMOBY, y BIANOBIAHOCTI 3 KiIacuiKaIliero
ATA.

3unavennst Bij+1—Bi BianmoBigae WMOBIpHOCTI BiaMO-
BH i-20 KOMIIOHEHTA.

Oyukiist Bi, mo BigoOpaxae rpadik IaHUX MOHI-
TOpHHTY (pHUC. 3), BUKOPUCTOBYETHCS IS Bi3yallbHOTO
aHaJi3y TOTo, SIK BiI0yBalOThCS BiJIMOBU.

Bizzi:Aj M ; MziAi;iZ{O...m}. 9)
j=0

i=0

Yac Mix HeCpaBHOCTSMHU/BIIMOBAMU OIHCYETHCS
eKCIIOHEHIIIITHUM PO3IIOALIOM 3 IMapaMeTpoM A 1 mepes-
6ayaeThcs, IO OAHOYACHO MOXKE CTATHCS JIMIIE OJHA
BIZIMOBA.

o6 Bm3HauwTH, skt kKommoHeHT ATA Hecmpas-
HUI/BIIMOBUB, BHKOHYETHCS PO3PaXyHOK KOHKPETHOI
KUIBKOCTI BIJMOB KOKHOT'O KOMITOHEHTA.

MopgemtoBannst metonoM MonTe-Kapio Bukopuc-
TOBYETBCSI JUI CTBOPEHHS BHIAJKOBHX YHCEN 3 PO3Mi-
pom BubGipku N=10000; mi 4mcia MarTh PiBHOMipHHA
po3nonin y aiamazosi [0; 1].

HacTtymHuM KpoKOM € OOYMCIIEHHS YacOBUX DPSIiB
HecmpaBHOCTeH/ BimMoB Dy, 10 criocTepiraroThbes,
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Kk
D, = %cj , (10)
]=

ne Cj — eKCITOHeHIIHNI PO3MO/Ii 3 TapaMeTpoM A.

1
08
0.6}
B;
04
02
% 10 20 30 40

i~ BigMOBH

Puc 3. I'padix gaHUX MOHITOpPHHTY

MowmeHT 4acy F, B sxuii BinOyBaeTbcs i-a Hecmpa-
BHICTL/B1ZIMOBa, BU3HAYAETHLCS TAKUM YHMHOM.

Dy, if E, <0,
Fok = .
0, otherwise,
. (11)
_ Dk, if Bi71< Ek < Bi,
K10, otherwise.

Otpumanuii MacuB F € nBoBuMipHUM Ta Ge3roce-
pelHBO HE MOXKE OyTH BHKOPHCTaHUM sl MOOYIIOBU
rpadikiB PDF, sid HeoOXimHi /Uil pO3paxyHKy MapameTpiB
HaziiHocTi. Tomy hopmyeTrses A

s«0 forke0.N-1,
A =qif Ky #0, 85 < Ky, (12)
S« S+1.

Otpumani PDF HaHocsaThcs Ha Tpadik Ta nam
aHai3yloThcs mNapaMmerpu HamiHocti — i, MTBF;
Ta Kiooo.

Ham s mepeBipKd TOYHOCTI 3aCTOCOBYETHCS
KpHTepii y3ro/ukeHHs. Biiok-cxema CTaTUCTUYHOTO MO-
JIeJTFOBAHS TIpeJicTaBjIeHa Ha puc. 4.

AHaJi3 Ta pe3yJabTaTH

Jng aHamizy 3alpornoHOBAHMUX MOJEIIEH MOYaTKOBI
JaHi 11 CTATUCTUYHOTO MOJEIIFOBAHHS OyJI0 BHIIYYEHO
31 3BiTYy mioTiB Ta mepcoHany TO IIC y Hirepii, kpaiHi,
po3TalioBaHiii y 3axigHoadpukaHCbKOMY perioHi. ba3o-
Ba BHOIpKa CTaTHCTUYHUX JaHUX Oyja OTpMMaHa 3a
TphoMa JiTakaMu MD-83 3a 9oTHpHpIYHUI TTEepio eKc-
myaTamii [17]. Sk moka3ano B Tab:. 1, iHdopmarist mpo
HECTPaBHICTH/BIIMOBY KOXXKHOI CHCTEMH Ta KOHCTPYKIIii
[IC Gyna 3rpynoBaHa BiAIIOBIAHO IO CHCTEMHU HyMepa-
uii ATA.

VY Tabmiy N BiTHOCKTECS 10 HECIIPaBHOCTEH/BIIMOB Y
MOJIBOTI, @ NT BIZHOCHUTHECA A0 3arajibHOI KIJIBKOCTI HeE-
CIIPaBHOCTEH/BIMOB, IO CIOCTEPITAIOTHCS IMIJIOTAMHA 1
00CITyrOByIOYMM MTEPCOHATIOM 3a iHTEpBa 4acy.

( Crapt )
[Touatrori Jam iy

v

Ipadix MOHITOPHHETY

v

Hacoei pamE I

v

JEoEEMIpHEH
EBEIT F

v

OpmHoEEMIpHER
MACHE A;

v

I'pathix ¢ymsuii mimHOCTI
HMOEIPHOCTI

v

OO9HCIEART MOEAHHER
HaMIHHOCTI

v
(=)

Puc. 4. biok-cxema aaropuTMy MOJIEITIOBaHHS

3rigHo 3 Tabnuiero 1, CHCTEMU KOHMIIIOHYBaHHS
noBiTps (ATA 21), 3'3ky (ATA 23), maci (ATA 32)
Ta Hapiramii (ATA 34) € HaWOIIBIT CTIHKKMH JI0 BiJIMO-
Bu. Otpumani PDF noka3ano Ha puc. 5-8.

Kpwurepiii 3rogm 3acTOCOBY€ETBCS 10 MATEMATHIHOL
Mozen, mo0 MepeBipuTH, YN BOHA IiIKOPSETHCS EKC-
MOHEHITIITHOMY PO3IOIiTY.

Kpurepiit xz OyB OOpaHmil AJs TIEPEBIpKH y3TO-
JOKEHHS 3 BUKOPUCTAHHSIM OAHOTO 3 oTpuMmanux PDF i B
pe3ynbTaTi 0yI0 OTpUMaHO Take 3HAYCHHS:

w2 =13531 .

OtpumaHe 3Ha4YeHHS v% Ta Menme TIOPOTOBOTO

3HAYCHHA

15 =19,675 .
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Tabnuya 1 — Indopmanisi npo HecmpaBHOCTI/BiTMOBH

cucrem I1C
ATA Hasga posginy ATA nr Nk
Ne
21 CucTeMa KOH/IMITIFOBAHHS TOBITPS 734 670
22 CucremMa aBTOMaTHYHOTO YIIPaB- 142 | 119
JIiHHSI TOJIBOTOM
23 Cucrema 3B'I3Ky 321 | 212
24 CucreMa eleKTpOKHUBICHHS 250 | 152
25 [ToGyToBe Ta aBapiiiHo-psiTyBasmbHe | 1869 | 1752
00J1a THaAHHS
26 CucreMa IMpOTHUITOKEKHOTO 3aXHC- 85 38
Ty
27 Cucrema ynpaBiiHHS JliTaka 104 87
28 ITanuBHa cucTema 62 30
29 lipasnivHa cucrema 52 32
30 CucTema 3aXHCTy Bifl IOy Ta 7 67
Jomy
31 [Tpunamy iHaMKalii/3anucy 30 25
32 IMaci 965 | 209
33 OCBITIEHHS Ta CBITJIOBA IHIUKALiS 1239 | 613
34 [TinoTaxkHO-HaBiraIiiine 06ma- 378 | 285
HaHHS
35 Kuchese o6aHaHHs 3 28
36 ITHeBMaTH4Ha cucTemMa 30 27
38 CucTeMa BOJONIOCTaYaHHsI Ta BH- 68 60
JTAJICHHS BiIXOJIiB
39 EnextpuuHi - enekTpoHHI naxHeni 1 1
Ta 0araToLiIbOBI KOMIIOHEHTH
45 BoproBa cructema TeXHIYHOTO 00- 1 1
CIIyTOBYBaHHS
46 Indopmariiini cuctemMu 2 2
49 BoproBa nomnomixHa cHIOBa ycTa- 199 | 107
HOBKa
51 KoHcTpykiis manepa 6 2
52 JIBepi, roku 113 | 104
53 Drozessik 8 1
56 JlixTapi, BikHa 26 22
57 Kpmio 3 2
71 CusioBa yCTaHOBKA 28 22
72 JBuryH 46 38
3 [NanuBHA cucTeMa JBUIYHIB 52 34
4 CucTeMa 3amantOBaHHsI 12 >
&) Cucrema Bi10OpY MOBITPst 22 10
6 Cucrema KepyBaHHs JABUTYHOM 18 13
7 [Ipunamy KOHTPOIIIO ABUT'YHA 29 24
8 CucreMa BHXJIONY JBUTYHA 21 13
9 MacnsiHa cucrema 37 25
80 CucTema 3ammycky 40 29
Bcworo 1676 | 348

Tomy rinmore3a Mpo eKCIIOHEHIIWHIA 3aKOH PO3II0-
JTy CepeAHbOTO HAIMpAIIOBAaHHS Ha HECIPaBHOC-
Ti/BIIMOBY CHCTEM Ta KOHCTPYKIIH JIiTaKa MPUAMAETHCS
3 piBHEM 3Ha4YymIOCTi, 0 nopiBHIOE 0,05.

Kpim Toro, TeopeTnuHmMi €KCIIOHEHIIHHUN PO3ITOo-
T BU3HAYAETHCS SIK:

0.05

50 100 150 200
Yac MiXK BiZIMOBaMH, TOJT

Puc. 5. ®yHKis MiTbHOCTI PO3MOITY HMOBIPHOCTI
Yacy HallpalloBaHHSI MiX BiIMOBaMHU
CHUCTEMHU KOHJTUIIIFOBAHHS MOBITPS

0.015

0 100 200 300 400

Yac MK BiIMOBaMH, TOJI

Puc. 6. ®yHKIis MITBHOCTI PO3MOALTY Yacy
HaIpaloBaHHsI MiXK BiIMOBaMHU CHCTEMH 3B’ SI3KY

0.08

0.06

PDF-
0.04

f(x)

0.02

0 50 100 150

Yac MiX BiZ]MOBaMH, TOJT

Puc. 7. ®yHKIIis NITBHOCTI PO3MOIAY Yacy HAIpaIFOBAHHS
M)XK BiZIMOBAMH CHCTEMH LIacci

F(t) = hearce " 400(t)

Ie Aggle — 4acToTa HECHPaBHOCTEH/BIIMOB, IO poO3pa-
XoBaHa Ha OcHOBI orpmmanHoro PDF gams xoxHOTO
pozainy ATA, ¢(t) - pyrkuis Xesicaiina.
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0.03 BucnoBok

VY miff cTaTTi MPOMOHYETHCS CTATUCTUYHA MOJCTH
JUTS aHANi3y HafdiiHOCTI aBiamiitaux cucteM I1C y Hire-
pii 3 ypaxyBanHsM edextuBHoro TO.

ITepeBaroro 3amporrOHOBAHOT MOJIEN € MPOCTOTA,

PDF IO TIOJIETUIYE ii BUKOPUCTAHHS OOCIyrOBYIOUMM IIep-
; COHAJIOM JUTA IUIAHYBaHHSI POOIT 3 TEXHIYHUM 0OCITyTO-
iI(x)

— BYBaHHSIM.

BpaxoByrouu, 0 BUMOTH 10 HAJIHHOCTI BH3HA-
YaIOThCSI HA €Talli IPOEKTYBAHHS Ta PO3POOKH KUTTEBO-
ro nukiy [1C, 3ampornoHoBaHa MOJENTh MOXKE OyTH BHU-
KOpHCTaHa I BJOCKOHAJICHHS HOBHX Ta ICHYIOUHX

0 100 200 300 400 500 CHUCTEM, MiJicucTeM Ta KoMmoHeHTiB [1C.
o Kpim Toro, Ha ocHOBI iH(opMaIlii, HagaHol mapa-
ac MK BIIMOBaMH, TOX MeTpaMu HajiitHocTi, excruryataHT [1C MOXyTh KOpH-
Puc. 8. OyHKIIS MITHHOCTI PO3MO/IITY Yacy HaIpaIfoBaHHsI ryBati cBoi porpamu TO TIC, o6 BoHU BimoOpakaiu
MIX BiJMOBaMH HaBIraIiiiHOI CHCTEMH (baKTI/IIIHi BUMOTH.
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Model for reliability analysis for aviation components, systems and structures of aircraft
Onyedikachi Chioma Okoro, Serhii Dmytriiev, Maksym Zaliskyi, Alina Osipchuk
Abstract. Manufacturer recommendations and compliance with airworthiness regulator directives are base for the devel-

opment of aircraft maintenance programs. The regulator obliges aircraft operators to follow guidelines that, in some cases, are
inconsistent with the actual use of the aircraft. This results in more or less frequent maintenance work, which is costly. Aimed at
efficient and cost-effective aircraft maintenance, this article presents a statistical model for analyzing the reliability of aircraft
functional systems. The input data for the simulations were reports from pilots and maintenance personnel. The model was tested
for adequacy to confirm its accuracy.

Keywords: maintenance, aircraft, reliability analysis, functional system, failure rate, aircraft system failure model.
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JIroTHa akanemis HarioHanpHOTO aBiariiiHoro yHiBepcurery, KponuBHuIbkuii, Ykpaina

PO3POBKA METOAY PO3CTAHOBKMU NNPIOPUTETIB CUHTE30BAHUX
BAPIAHTIB PIINEHDb JJIS1 OGTPYHTYBAHHS TUITY BY AIBHULITBA
(MOJEPHI3AILII) MOBITPSIHOI'O CYJTHA

AHoTanisi. B po6oTi po3pobieHo MeTo po3CTaHOBKH ITPIOPUTETIB CHHTE30BAHKX BapiaHTIB PillleHb JUIs OOIPYHTYBaHHS
THIy OyAiBHHITBA (MOJEpHi3allii) moBiTpstHOTO cyaHa. Po3pobienuit Meton 6a3yeThesl Ha YOCKOHAICHOMY METOI aHajli3y
iepapxiii, B SKoMy 0OpOOIITIOTECS He TUTBKY TOYKOBI, @ 1 HEWITKI OIIHKHY eKCTIepTiB. BUKOpHCTaHHS yIOCKOHAIEHOTO METOLY
aHaJI3y iepapXiii JO3BOISIE BPaXOBYBATH PU3UKH, MOXIIMBOCTI, BUTPATH 1 O4iKyBaHHH e(eKT BUOOPY TOTO YH iHIIOTO THILY
MoJepHi3alii (Oy1iBHHITBA) MOBITPSHOTO CyIHA. MeTo1 TO3BOJISIE PO3B'SI3yBaTH 3a/]adi CHCTEMHOT0 OaraToKpUTepiaIbHOTO
po3mi3HaBaHH, KiIacuikamii Ta paHKyBaHHS C1a00 MPOrHO30BAaHUX CHUTYAIliH, SKi € XapaKTepPHUMH IIPH CTBOPEHHI i eKc-
TuTyaTanii Moaudikaniii 6a30Bux JiTakiB. [lepeBaroro MeTomy € mpocToTa BHOOPY €KCHEpTIB, SIKi MOXKYTh ONEpyBaTH IPH

BHCTABIISTHHI OIIIHOK TepMaMH MPHUPOIHOT MOBH.

Kaw4yoBi caoBa: Moaudikariis, IOBITpsSHE CYIHO, TPAHCIIOPTHA KaTeropis, aBiadyxyBaHHs, MAaCa)KUPCHKUH JITaK, Tpa-

HCTIOPTHUI JIiTaK, aBialiifHa TeXHiKa, MOJICpHI3aIlis.

Beryn

BupoOHUKHM JIiTaKiB Ta aBiaKOMIIaHii, 10 iX €Kc-
IUTyaTYIOTh Ha PUHKY TIepeBe3eHb TACAKUPIB 1 BAHTAXKIB,
(YHKIIOHYIOTh Y CKJIaJJHUX OCTIHHO 3MIHIOBaHHX YMO-
Bax. OnepaTHBHO pearyBaTH Ha JesiKi 3MIHU y4acCHUKaM
aBiawiiiHoro 0i3HECY HO3BOJISIE CTBOPEHHS I eKcIuTyaTa-
1ist Mouikamiii 6a30BUX JTITAKIB.

Ba30BUM JTiTAKOM Ha3WBAIOTH HOBY MOJIENb 4060 HO-
BHUI TUII, HA OCHOBI SIKOTO PO3POOISIEThCS 0/1HA MOAU(i-
Karist abo ix cimeiicTBo.

[Ipu cTBOpeHHi 6a30Boro JiTaka HOBOI MOAeNi, Ha
BiAMiHY BiJ Moauikalii, peanmi3yeTbcsi BENHUKa Kilib-
KiCTh HOBOBBEJICHb, 1110 IPU3BOAUTD O BUIIOT TEXHIYHOT
JIOCKOHAJIOCTI, HOBOTO pIiBHSA TexHIiKH. Y Moaubikamii
JIMIIIE TOBTOPIOIOTHCSI CaMi HOBOBBEJICHHSI, 0€3 3MiHHU pi-
BHS JOCKOHAJIOCTI IIUIIXOM YaCTKOBOT'O BIOCKOHAJICHHS,
ctepu 3acTOCyBaHHSI, MIJTHOBOrO MPU3HAYCHHS a00 Mmij-
BHUIICHHS MPOJYKTHBHOCTI. Moaudikailii CTBOPIOIOTHCS
JUISl OTPUMaHHS MAaKCUMAIIbHOTO IPHOYTKY JIITAKOOY TiB-
HOIO TaiTy33i0 IIIIXOM 33J0BOJICHHS HOMUTY (TOTpedn)
PHHKY aBiariepeBe3eHb 3a MiHIMAJIbHUX BUTpAT Ha Mpoe-
KTYBaHHS Ta BUPOOHHIITBO.

Merta npuabanHs Momudikamiil eKcrIyaTy ouYnMu
KOMIIAHIIMA — OTPHMAaHHS MAaKCHMaJbHOTO NPUOYTKY
[UITXOM HAaCHYEHHS PHHKY aBiallepeBe3eHb IMMacakKupiB
Ta BAaHTAXIB 32 MiHIMAJTBHUX €KCILTyaTaIliifHIX BUTPAT.

TexHiyHO BIOCKOHATEHI MOIU(IKaIlil TOBITPSHUX
cyned (I1C) BimpisHAIOTECS Bix 6a30BOr0 3MiHAMH, IO
HE BIUTMBAIOTh HA Or0 €KOHOMIUHY e(peKTHBHICTD (ITijI-
BUIICHHA HAMIHHOCTI Ta OE3MeKH Pi3HUX CUCTEM 00mai-
HaHHS 1 TPUCTPOIB 3a0e3medeHHs KOMPOPTY).

ExoHOMIYHO BIOCKOHaJIeHHMMH € Moau(ikarii, B
SKUX 38 Pe3yJbTaTaMH BHIO3MIH IiABUILYETHCS EKOHO-
MigHa epekTHBHICTh. [IpoTe BCi Mommdikarii 3aiiicH0-
I0ThCSI TEXHIYHIMH 3aC00aMH 3 METOIO 3HNKEHHSI BUTPAT
(BaprocTi BUKOHAHHA (YHKIIIH Moandikallii) — eKOHOMi-
YHHUW aCTIEKT.

[Monin Ha TexHIYHI Ta eKOHOMIUHI MoaHdiKamii 10-
LUTPHO 3aMiHUTH Ha OomHO(]aKTOpHi 1 OaraTodakTopHI
(xomruiekcHi). IX nekommosuiielo € JONMOBHEHAa MHO-
KUHA MOTU(IKAITIH.

3aJe)HO BiJl 3MiHM NPU3HAYEHHS JIITAKA PO3PI3HSI-
I0Th OJTHOPIiJHI (31 30epe’KeHHSIM MPU3HAYESHHsT) Ta 3Mi-
mani Mmoudikanii. B cBoro yepry Moaundikarii OyBaroTh
YaCTKOBHMHU Ta KOMIIJICKCHHUMU.

Knacudikairist 338 BApOOHHYOIO 03HAKOKO mepeada-
Jae po3mnoais Mmoaudikaiii Ha IBi OCHOBHI IPYITH — MaJi
Ta TIIHOOKI Momudikalii, Mo BiAPI3HAIOTHCI 00'€KTOM
KOHCTPYKTUBHHX BUMIpPIOBaHb.

BpaxoByroun pizHOMaHITTS Kinacudikaiii Mmoaudi-
kauiit [IC, BuHKMKae HEOOXiHICTh B YJOCKOHAJICHI Me-
TOJly PO3CTAaHOBKH IIPIOPUTETIB CHHTE30BAHMX BAPiaHTIB
pileHb Juisi OOrpyHTYBaHHS TUIY OyAiBHHUIITBA (MOJep-
uizarrii) TIC.

Merolo crarTi € po3poOka METOLy PO3CTAHOBKH
MPiOPUTETIB CHHTE30BAHUX BAPiaHTIB PillIeHb IS 00TPY-
HTyBaHHs TUIly OyniBHUITBa (MoaepHizauii) I1C.

AHani3 JiTepaTypHuX mIKepeia. AKTyalbHICTh
TeMH OyJIBHUIITBA Ta MOJEPHI3allii MOBITPSHUX CYJeH
3yMOBJIEHA, B IMEPIIY Yepry, MoTpedoro BceOiuHOro 00-
IPYHTYBaHHSI BIIPOBa KEHHS MoauQikailii KOHKPETHOT
MOJIel JIiTaka 3 METOI eKOHOMIT KOIITIB Ha eTari Oy -
BHHILITBA Ta ITOJINIIEHHS TEXHIYHUX XapakTepucTuk. Lle
JIOCSITAETHCS] ABTOMATH3AIIIEI0 TIPOLIECY CUCTEMHOTo 0a-
raTOKPUTEPIATBHOTO PO3Mi3HaBaHHSI, Kiacu(ikaiiero Ta
pamXyBaHHSM cJ1a00 MPOTHO30BAaHUX CUTYAIl MpU 00-
TpyHTyBaHHI THITy OyniBHUNTBa (MOoAepHizamii) [1C, mo-
CJIIIOBHOIO OITIHKOIO IMOKA3HUKIB KOXKHOTO allbTepHATH-
BHOTO BapiaHTa pillIeHHS.

Bapricte po3pobku 6a3oBoro mitaka y 3...7 pasiB
OinbIna 3a BapTicTh po3poOku Moaudikarii. OTke, MO-
qudikaiii € OfHIEI0 3 eKOHOMIYHO e(peKTUBHHX (opm
PO3BUTKY aBiallifHOI rairy3i, 0 CTPUMYE MIPOTPECYIOTY
BapTICTh JTaKa 1 TEpMiHH BIPOBAHKEHHS iHHOBAIi. Y
TENepilHIA 9ac JaHUH MiAXix GaKTHIHO € €IMHUM CIIO-
co0OM aKTHBHOI MPHUCYTHOCTI Ha PETiOHANBHUX 1 CBITO-
BOMY PHHKAaX MPOAAXIB aBiallifHOI TEXHIKH B YMOBax
CHOTOJTHIIIIHIX EKOHOMIYHUX peaii.

[MosBa Mmomuikamiit BimoOpaskae 00'€eKTHBHI 3MiHU
Yy CHCTEMI MOBITPSHOTO TPAHCIIOPTY: 3pOCTaHHS 00'eMy
MepeBe3eHb 1 MIUTBHOCTI Maca)kKUPCHKOTO TTOTOKY, MOSIBA
HOBHX JTiHIH, HEOOXiAHICTh Y CIIeIiani3aIlii mTOBITPSIHUX
CYZCH.
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Sk HacNiAOK, MUTaHHIO OOTPYHTYBaHHS TUITY Oy/Ii-
BHUIITBA (MOJIEpHi3aii) IMOBITPSIHOTO Cy/JHA Ta HOTO ene-
MEHTIB IIPHCBSYE€Ha HU3Ka POOIT 3aKOPIOHHHX Ta BiTUH-
3HSHUX aBTOPIB.

VY cratri [1] noBeneHo akTyanbHICTH PO3POOKH HO-
BHX 3ac00iB ypayKeHHs, 3a0e3MeUYeHHs 3aXHICTy JITaKiB
BiJI CY4aCHHX 3aC00iB YpaKEeHHS BOpOra Ta MOJICpHi3arlii
aBioHikM. HaBeneHa HU3Kka apryMeHTIB Ha HEOOXIHICT
MoJIepHizarii 6oioBux JmitakiB (Mil-29 Ta Cy-27 ykpa-
facpkux [loBiTpstHUX Cri).

Y po6oTi [2] HaBEICHO HU3KY aKTyadbHUX JUIS YK-
painu npukiaaiB MoaepHizanii B8 KHP, 3 ornsiny Ha pea-
JIii BITYU3HSHOI CKOHOMIKH Ta 3arajlbHUX TEHICHII Cy-
YacHOTO TI00ali30BaHOTO CBITY Ta KIIOUOBUX HaIpsM-
KiB cTparerii MoaepHizalii YKkpaiHu.

V [3] 3anponoHoBaHa y3romkeHa MOJEb €KOHOMi-
YHOI JIOITLHOCTI MOAU (KAl JIITaJbHUX anapaTiB, KO-
Tpa /J103BOJIsIE €DEKTUBHO BUPIIYBATH NMUTAHHS BAPTOCTI,
a came eKOHOMII Y POEKTyBaHHI Ta IOJaIbIIOMY 3aITy-
CKy B MacOBE BHPOOHHIITBO Ta EKCILTYaTAIlIIO JIITAKIB.

VY cratti [4] npoaHali3oBaHUN TOCATHYTHU PiBEHB
MoJIepHi3arii JliTaka TpeThoro nokoinas Mul-21. Bu-
3HAYCH1 MOKJIMBOCTI HOBOT aBIOHIKM Ta KOHTEHHEPIB, 1110
HiBINIYIOTBCS, IIOJO 3aCTOCYBaHHS BHCOKOTOYHOI
30poi, pO3Bi/IKK Ta 3aCTOCYBaHHS 3aBa/l.

Meton aHami3y iepapxiii Mae 0Oe3Jiy BapiaHTIB Ta
HIMPOKO 3aCTOCOBYETHCS ISl BUPIIICHHS 3aBJjaHb, MTOB'-
S3aHUX 13 IPUUHATTAM PIllieHb Y PI3HUX cdepax J0ACk-
KO JIsUTBHOCTI.

B po6ori [5] 3anponioHOBaHO MeTO, 10 0a3yeThCs
Ha HEYiTKIl aHAIITHYHIHN iepapxii, cnpsMoBaHuii Ha ede-
KTUBHE pIlIeHHS MPOOJIEeMH yCyHEHHS HEBH3HA4YEHOCTI
Ta HETOYHOCTI B OIIHI[I KOHKYPEHTOCITPOMOXKHOCTI aBia-
KOMIIaHiH.

B po6orti [6] 0OrpyHTOBaHO MOIINBHICTH MTPOBE-
JICHHSI IHTerpallii Ta pO3BUTKY TEXHIYHUX O0'€KTIB, 30K-
pema s BificbkoBOi aBiallii. B po6oTi po3pobiieHa KoH-
LIeMIlis MOJIepHi3allil BifiCbkOBOI TeXHIKU (BiiICHKOBOTO
JIiTaKa).

B pobori [7] po3missHyTO MUTaHHS PO3POOKH Ta
yIOCKOHAJIEHHS HOPMATHBHO-TIPaBOBOI 0a3u BpETYIIIO-
BAHHS IUTAHHSA PO3BUTKY HPOMHUCIIOBOCTI BUPOOHUIITBA
0e3MIJIOTHUX JITAIBHHUX alapaTiB, eTalliB IPOSKTYBaHHS,
PO3pOOKH Ta MOJIEpHI3allil.

Kuura [8] npucBsiueHa po3risigy NpoOIeMHHX TH-
TaHb Ta IUIAXIB MOJEPHi3allii 030pOEHHS Ta BOEHHOI Te-
xHikd. [loBeneHa BaXJIHMBICTh €Tamy MoOJEpHizalii
030pO€HHS, HABENEHI TMOKA3HUKH, IO BIUIMBAIOTH Ha
€(EKTUBHICTh Ta EKOHOMIYHY NMPAKTUYHICTb.

OcHoBHU# MaTepiaj

Jng mpudHATTI pilleHHS IIOXO OOTPYHTYBaHHS
Tuiry OyIiBHUITBA (MOJEpHI3aIlil) MOBITPSIHOTO CyIHA B
YMOBaxX KOHIIENTYaJbHOI HEBH3HAYEHOCTI y POOOTI 3a
6a30BHif TIPUIAHITO METOJ aHAMI3y iepapxiii [9].

Merton aHami3zy iepapxiif € CHCTEMaTHIHOIO TIPOIIe-
IypOIO JUIS iepapXidHOTO MOJAaHHA eneMeHTiB. [lpu me-
KOMTIO3HIIIT TTPOOJIEeMH Ha CKIIAZIOBI BUSBISETHCS BiTHO-
CHHU CTYIiHB B3a€MOJIi eneMeHTiB B iepapxii. s 00-
PpOOKHM TOCTITOBHOCTI CYKEHB OCi0, 10 IPUIMAarOTh pi-
menHst (OI1P), i ix uncesbHOTO BUpPAKEHHS 3aCTOCOBY-
€THCS] METOJ TTAPHUX TOPIBHSHb.

Merton aHamni3y iepapxiii MiCTHUTb ITpoOLEIypH CHH-
Te3y MHOXXHWHHUX CYJDKEHb, OTPUMaHHSI PIOPUTETHOCTI
KPUTEPiiB Ta 3HAXOMKCHHS AbTCPHATHBHHUX PIillICHb.
OTpuMaHi 3HAYCHHS € OIIHKAMH Yy TIIKaJIi BiTHOCHH.

Ha mpaxtuni BupimeHHs OyAb-sKOTO 3aBJIaHHS €
MPOIIECOM MMOETATHOTO BCTAHOBJICHHS MPiOpHTETiB. Pe-
3yJIBTATH TMOMEPETHHOTO KPOKY BHKOPHCTOBYIOTBCS SIK
BXIJIHI JIaHi JUIA BHPIIICHHS HACTYMHOTO etamy. dakTu-
YHO MOBA iiJie PO peaizallifo IeCH3iI0HaATBHOTO aCTIEKTY
3HaHb y IPOLIeCi BUPOOJICHHS PillIeHb.

XapakTep 3MiHM CKJIaJJOBUX O3HAK 00JacTi 3acTo-
CyBaHHS IOBITPSIHOTO CYJIHA, CIIOCO0IB peanizarii ckia-
JIOBHX O3HAKH Ta KOMITJIEKCY 3ac00iB HOTo peaisarlii Ha-
BeJICHO y Tabu. 1.

CriocoOu Ta KOMIUIEKCH 3aCc00iB peaiallii CKJIaao-
BHUX O3HAKH 3MiHH JIbOTHO-TEXHIUYHHX XapaKTePHCTHK
MOBITPSIHOTO Cy/THAa HaBeJeHi B Ta0. 2.

CriocoOu Ta KOMIUIEKCH 3aCc00iB peaisallii CKJIaao-
BUX O3HAKH CTYMEHS TEXHIYHOI JOCKOHAJIOCTI BHKO-
HaHH$ MTOBITPSIHOTO Cy/IHAa HaBeJIeHi B Ta0u. 3.

CriocoOu Ta KOMIUIEKCH 3aCc00iB peaisallii CKJIaao-
BUX O3HAKH TiJBUIICHHS EKOHOMIYHOI €()EKTHBHOCTI
Mo diKaIiif MoBITPSHOTO CyIHA HaBeAECHO B TabI. 4.

Mertoj moeaHye ClieHapHHUH MiIXi 10 OLIHIOBAHHS
€JIEMEHTIB CUCTEMH i1 EeKCIIEPTHE OLIIHIOBAHHSI.

BiH 103BOJIsIE PO3B'sI3yBaTH 3a/a4ui OaraToKpuTepi-
aNbHOTO CHCTEMHOTO PO3IMi3HaBaHHs, Knacuikamii Ta
paHXyBaHHs cJlabo MPOTHO30BaHMX CUTYAIIIH, KOJIU AJIs
MPUIHATTS PillleHh BUKOPUCTOBYIOTH JIHIIE Cy0'€KTHUBHI
OLIIHKH.

Y 10oCcKOHaNeHUI METO/] IPAIIOE HE TUILKH 3 TOUKO-
BUMH OI[IHKaMH €KCIIEPTiB, aJie 1 3 HEUITKMMH BiJHOCH-
HaMu TiepeBar Ha MHOXuHI (akropiB. Toxi y 3aranbHy
CTPYKTYpY NPUHHSTTS pillleHb MOXKHA IHTETPyBaTH OLLi-
HIOBaHHSI HE NMPOTHO30BAHUX CHUTYaIlii MpH OOIPYHTY-
BaHHI TUny OyxaiBHHITBA (MoaepHizauii) [1C i ouiHto-
BaHHsI TIOKa3HUKIB KO)KHOT'O aJIbTEPHATHBHOT'O BapiaHTa
pilLICHHSL.

HaBenemo mociiIoBHICTD €TariB yI0CKOHAJIEHOTO
METO/Iy PO3CTAHOBKH TPIOPUTETIB CHHTE30BaHUX Bapia-
HTIB pillIeHb JUTst OOTPYHTYBaHHS THITY Oy IIBHUITBA (MO-
JiepHizallii) moBiTpstHOTO CyaHa (puc. 1).

Etan 1. BusHauaetbcs nepion T uist npuiiHATTS pi-
meHHs. BiH o0ymoBieHni sk 00'eKTUBHUME (haKTOpamu
HEOOXITHOCTI MPUUHATTS PILLICHHS JI0 HACTAHHS IESIKOTO
KPUTHYHOTO MOMEHTY (9acy IUIaHyBaHHS), Tak 1 Cy0'ek-
tuBHOIO oiHkoo OIIP, sika BinoBigae piBHio iHpopMo-
BaHOCTI PO MPOIIEC TPOEKTyBaHHS Ta OyAIBHUIITBA I10-
BITpsHUX cyneH. CIiocTepekeHHs MPOIeCy MPHHHATTS
pIIIEHHA B 4aci CKIAAAeThCs MPH HEOOXiTHOCTI meper-
TSIy 1€EpapXidHUX CTPYKTYp LIOAO KpUTEpiiB (opmy-
BaHHS CHCTEMH IPOTATOM BCTAHOBJIEHOT'O YacOBOTO pe-
cypey T.

Etan 2. Ha upoMy eTari BU3HAYAIOTHCS:

OCHOBHA MeTa IUIaHYyBaHHS (MIPUAHATTA PIlICHHS)
npr OOTPYHTYBaHHI THITy OyAiBHUIITBAa (MOJIEpHi3allii)
IC G = {g},

aNbTEpPHATHBHI BapiaHTH IUIaHIB (pimeHs) AT =
{Az)i € [1; N2}

dakropu F* = {Ff|i € [1; N¢ |}, axi BrmBarots Ha
OCHOBHY METY JUIS pealbHoro MoMeHTy dacy T, € T.
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JUIst OOTPYHTYBaHHS THITy OyIiBHHLTBA (MOZEPHI3aLil) HOBITPSHOTO CyIHA

Tabnuys 1 — XapakTtep 3MiHN CKJIAZIOBHX 03HAK 00JIaCTi 3aCTOCYBaHHSI MOBITPSIHOTO Cy/IHA,
cnoco0iB peasizanii CKJIaZ0BUX 03HAKH Ta KOMILIEKCY 3ac00iB iforo peaJizauii

Homep xony, Haii-
MEHYBAHHS CKJIa-
JI0BOI 03HAKHU

Xapakrep
3MiHM CKJIa/I0-
BOI 03HAKH

Cnoci0 peasizanii 3MiHM
CKJIAJI0BOI 03HAKHU

Komnuieke 3aco6iB peaJizauii cnoco0y 3mMiHn
CKJI210BOI 03HAKH

1 —TIC micueBux
niuii (MJI)

2 — OIMKHBO-Maric-
tpansHe [1C (BM)

3- cepennbo-Maric-
tpanshe [1C (CM)

4 — nanexo-Maricr-
panbne [1C (M)

1. (MJI)—(BM)
1—2

1 — 3mina notysxHocti CY

1 — 36inpirenns noryxHocti CY (3amina CY) (NaB?T)

2. (BM)—(MJT)
2—1

1 — 3mina notysxHocti CY
2 — 3MiHA TOJIBOTHOI MacH

1 — 3umxenns noryxuocti CY (3amina CY) (NzaB |)
2 — 3HIKCHHS TIOJIHOTHOT MACH IIUTIXOM 3MEHIICHHSI
KJIacy BaHTaXKOMICTKOCTI (nmm))

3. (BM)—(CM)
2—3

1 — 3mina notysxHocti CY
2 — 3MiHa MOJBOTHOI MacH
3 — 3MiHa aepoMHAMIKH

1 — 36inpirenns noryxHocti CY (3amina CY) (NaB?T)
2 — 3HIKCHHS TIOJIBOTHOI MACH IUTIXOM 3MEHIICHHSI
KJIaCy BaHTAXKOMICTKOCTI (M)

3 — 3HIDKEeHHS TPOQITHHOTO aePOJHUHAMIYHOTO OTIOPY
(zamina xpuia) (Cx|)

4. (CM)—(IM)
3—4

T€ caM€

TE caM€

5. (CM)—(BEM)
3—2

1 — 3mina notysxHocti CY
2 — 3MiHAa TOJIBOTHOI MacH

1 — 3umxenns nmotyxuocti CY (3amina CY) (NzB |)
2 — 301IbLICHHS TIOIBOTHOI MACH IUISIXOM 30111b-
LIEHHS KJIACY BAHTAKOMICTKOCTI (N 1)

6. (IM)—(CM)
4—3

1 — 3mina notysHocti CY
2 — 3MiHA TOJILOTHOI Macu

TE caM€
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Tabnuysa 2 — CriocoOM Ta KOMILIEKCH 3ac00iB peaizalii cKI1a0BUX 03HAKH 3MiHH
JIOTHO-TEXHIYHUX XaPAKTePUCTUK MOBITPSIHOTO CyIHA

Ne HajiMeHnyBaHHS CK/I1aJ0BHX Cnoci6 3minn . S
Komiexce 3ac06iB peasizanii CKJIaJ0BHX 03HAKH
n/n 03HAKH CKJIAJI0BHX 03HAK
1 | 3miHa MakcuMaTbHOT IBUAKO- | 1 — 30imbmienns Vmax | 1 —3amina neuryna Ha moTyskHinmi (Nxs1)
cTi moIboTy Vinax 2 — 3HIDKCHHS] 1aCa)KUPO-BAHTAXXOMICTKOCTI (D)
3 — 3HmKkeHHs npoduibHOro onopy (Cxl)
2 — 3HIDKEHHS Vimax 4 —3amiHa IBUryHa Ha MeHII MOTY>XHUH (Nys])
5 — 30LIBIICHHSI TACAKUPO-BAHTAKOMICTKOCTI (N T)
2 | 3mina kpelcepchbKoi IMBUAKOCTI | 3 — 30UIBIIEHHS Vipeie | 1 —3aMiHa IBUIyHA Ha NOTYKHIilIMH (NxsT)
Vipeiic 2 — 3HIDKESHHS TTaCaKMPO-BAHTA>KOMICTKOCTI (Niw|)
3 — 3HmKeHHs npodiibHOro onopy (Cxl)
4 — 3HmKeHHS Vipeiic 4 —3amiHa IBUryHa Ha MeHII MOTY>XHUH (Nys])
5 — 30LIBIICHHSI TACAKUPO-BAHTAKOMICTKOCTI (NmvT)
3 | 3mina MakcUMaIbHOI JanbHOCTI | 5 — 30imbmieHns Lmax | 1 —3amina neuryHa Ha noryxHimi (Ns1)
HONMBOTY Limax 2 — 3HIDKEHHS TaCa)XMPO-BAaHTAXKOMICTKOCTI (Niu|)
3 — 3umkeHHs npodinbHOro onopy (Cx|)
4 | 3wmina cratuyHOi ctesti Herar 6 — 30ubIIeHHES Herar Te came
5 | 3mina ckopomigiioMHOcTi Vymax | 7 — 30imbieHns Vymax | 3 — 3HMkKeHHs npodineHoro onopy (Cx|)
6 | 3wmina pagiyca BipaKy Iaip 8 — 3MEHIIEHHS Tmip 1 —3amina jBUryHa Ha noTyxHimni (Nxl)
7 | 3miHa qOBXHUHM po30iry mepen | 9 — 3MeHIIEHHS Lposs 1 — 3amina aBUryHa Ha OTYXHitui (NzsT)
3160TOM Lposs 2 — 3HWKEHHS MMACaKUPO-BAHTAKOMICTKOCTI (N )
3 — 3umkeHHs npodinbHoro onopy (Cxl)
8 | 3wmina gowxuau 3I1C Lanc 10 — 3menmennst Lanc Te came

Tabnuysa 3 — Crioco0u Ta KOMILIEKCH 3ac00iB peastizanii CKIa10BHX 03HAKH
CTYNeHsI TEXHIiYHOI I0CKOHAJIOCTi BUKOHAHHS MOBITPSHOIO CyIHA

Ne HaiimenyBaHHs Cnoci0 peasmizanii K . A
OMILIEKC 32c00iB peasizanii CKJIa0BUX 03HAKH
/0 | CKJIAJIOBHX 03HAKH CKJIAJIOBHX 03HAK
1 HaniitricTs crymnens 1 — migBuIeHHs 6e3BiAMOBHOCTI 1 — KOHCTPYKTHUBHO-TEXHOJIOTIYHE JOBEACHHS CHCTEM 00-
TeXHIYHOI 0CKOHANO- | CHCTEM O0NIaHaHHS JaJIHAHHS y Tporieci BUpoOHHMITBA i ekcrutyaranii [1C
¢Ti crcteM oGna- 2 — BUKOPHCTAHHsI CHCTEM 00/1aIHaHHsL, 1O 3a0e3redy-
HAHHS I0Th HOPMOBaHe 3HaueHHs Koediuientis OT
2 — MiBUIIEHHS PeMOHTONPHUIAT- | 1 — yIOCKOHAJIEHHS KOMIUIEKCY 3ac00iB peMOHTONPH/IA-
HOCTI cucTeM 00J1aTHaHHs THOCTi 00J1aJHAHHSI
3 — i IBUIIIEHHS IOBIOBIYHOCTI 1 — po3po0bka 3aco0iB HiJBUIIEHHS TOBIOBIYHOCTI CHC-
CHUCTEM 00J1aHAHHS TeM 00J1aiHaHHs B ekciuryaTaiii [1C
4 — miBUIICHHS 30epiraHHs CHUC- 1 — BpoBaKeHHs 3aCO0IB MiABUILCHHS 30epiranHs CH-
TeM 00J1aTHAHHS crem obnaananns I1C B ekcruryaranii
2 Cucremu 3a0e3me- 1 — miguenns 6e3nexu [1C 1 — KOHCTPYKTHUBHO-TEXHOJIOTIYHI KOMIUIEKCH 3ac00iB
yenHs 6e3meku [1C KOHCTPYKTHBHUMH 3aX01aMHU nijBuiieHHs 6e3nexu [1C
2 — migsunienns Oesneku [1C exc- | 1 — excruryarauniiiHi KOMITIEKCH 3aCO0IB i ABUILICHHS
IIyaTaliiHMMH 3aX01aMHU oesnexu I1C
3 Ipuctpoi 3abesre- 1 — migBuieHHs komdopty B ca- 1 — KOHCTPYKTHBHI KOMIUIEKCH 3aCO0IB ITiIBUILICHHS KO-
YeHHs KOM(OPTY B noHax I1C KOHCTPYKTUBHUMU 3a- Mpopry y canonax [1C
canonax IIC XOJIaMH Ta CIIoco0aMu
2 — miaBULIEHHST KOM(OPTY eKc- 1 — koMILIeKC 3ac00iB MiJBUIIEHHS PIBHS CEpPBICY Yy MO-
IJIyaTaliiHUMH 3aX0JaMH apoti [1IC
4 Excrutyarabenbnicts | 1 — yJIOCKOHaNEHHS BaHTaXXKHO-pO- | 1 — KOMIUIEKCH 3ac00iB 3a0e3MeUeHHs BIOCKOHAIEHHS
c 3BaHTaXKyBaJIbHHUX CIIOCOOIB EKC- o0J1aIHaHHS Ta IPUCTPOIB MPU 3aBAaHTAXKCHHI Ta BUBaH-

IUTyaTanifHoro 00Ja HaHHs Ta
3aX0JliB

Ta)KEHHI MMacaXupiB Ta 6araxxy KOHCTPYKTUBHO-TEXHO-
JIOTIYHMMH PilIEHHSIMH

Tabnuys 4 — Criocodm Ta KOMILIEKCH 3ac00iB peasizaiii CKJIaI0BHX 03HAKH ITiIBHIIEHHS
e€KOHOMi4HOI edekTHBHOCTI Moaudikauiii MOBITPsIHOrO cyAHA

Ne HaiimenyBaHHs1 Cnoci0 peasmizanii . A
Kommiexc 3aco6iB peasnizanii meroxy
/| CKJIaJ0BUX 03HAKH CKJIAJIOBHX 03HAK
1 |IMacaxupomictkicts |1 — 30inplieHHs nacaxu- |1 — koMIuieke 3aco0iB, 1110 3a0e3MeUy0Th MEPEKOMIIOHYBAHHSI CaJIOHy
casoniB [1C pomictkocti I[1C 31 3MIHOIO BiZICTaHI M)XK KpiClIaMH Ta KJIACHOCTI Kpicel
2 — 3MCHILICHHSI MACAXKHU- | 2 — KOMILIEKC 3ac00iB 3MEHILICHHSI KiJIbKOCTI [aca-)KUpiB, IMiBU-
pomictkocri I1IC ILEHHS KJIACHOCTI cajioHiB 0 VIP-piBHA
2 | BanTtaxomnigiiomuicTs | 1 — 36i1breHHs 00'eMy | 1 — KOMITIEKC 3ac00iB, 1110 3a0€3Me4yI0Th 301IbIICHHS JOBKHHU (ro-
I1C caynony I1C 3eJDKY 200 HOro IMPUHH
3 |IIpomykTuBHicTb pea- |1 — 36inbiieHHs Tpoayk- | 1 — KOMILIEKC 3ac00iB 301IbIIEHHS MTPOLYKTHBHOCTI 3MiHOIO YMOB
Jmizarii tusHocTi [1C excrutyaraiiii I1C; 2 — 3amiHa ABUTYHIB OB €KOHOMIYHI
4 | Pecypc IIC 1 — 36inpureHHs pecypey |1 — komruiekc 3aco0iB 30UIBIICHHS PECYpCy HIUTIXOM 3aCTOCYBaHHS eeK-
miadepa [1C THBHUX KOHCTPYKTUBHO-TEXHOJIOTIYHUX PIllIeHb BY3IiB, 3'€/IHAHb Ta 3a-
MiHH KOHCTPYKIIMHNX MaTepiaiB 3 BUCOKOK BTOMHOIO MIITHICTIO
5 | 3HWKEHHS BUTpaATH 1 — 3abe3meueHHs 3HU- 1 — xoMILIeKC 3ac00iB 3HIDKEHHSI BUTPATH MAUBA 3aMiHOIO TBUTYHA
MaTBHOTO JKEHHSI BUTPATH TAJTHBA 2 — KoMIuIeKc 3aco0iB, 1110 3a0e3MMeUy0Th 3HIDKSHHST aepOINHAMIY-
BJIOCKOHAJICHHSIM JIBUTYHa | HOro onopy I1C
i cunoBoi ycranoBku [1C
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EnemenTtn octaHHIX piBHIB iepapxiil (eekTiB, BH-
TpaT, MOXKJIMBOCTEH 1 PU3UKY) IUIAHY, SIKI XapaKTepH3y-
IOTHCS 3HAYMMUMH BiJTHOCHUMU Baramu, CTal0Th KOHTPO-
JHHUMH O3HaKaMu. J{7ist iX MOIIyKy i BUIIJICHHS BCTAHO-
BIIFOETHCS TIOPIT 3HAYMMOCTI Bar. SIKIIO Bara elemMeHTa
MIEPEBHUIIIYE TOPIT, TO BiH € KOHTPOJIHHOIO 03HAKOXO, B 1H-
oMy BUMaaky — Hi. Lle 1o3Bossie BUAaINTH 3 O3y Ly
Ti (akTopW, IO HE3HAYHO BIUIMBAIOTh Ha IUIaH (pi-
IICHHS).

Eran 3. [IpoBomuthcs xiacudikamist F* Ha 4oTHpH
TpyIH GakTopiB:

— F§, sixi BU3HauaroTh €EeKTUBHICTH BiJl peaji3amii
wiany (pimeHus)Fg = [ng lj €[1; Ng]};

—F}, sxi BU3HAYarOTh BUTpATH JUIS peaizalii
wiany (pimenss) Ff = {FCT], lj € [1; NCT]};

— F}, ski BU3HA4alOTh HEBMU3HAUCHI MOXIMBOCTI,
1I0 MOXYTh BUHUKHYTH B Pe3yJbTaTi peamizallii riany
(pimennn) F§ = {F3 |j € [1; N§1}:

— F¥, AKi BU3HAYAIOTh PU3UKH, 10 BIUIMBAIOTH HA
mpomec 1 pe3ynpTaT peanizauii miaaHy (pimIeHHs)
B= Flje [1;N;]

3a pesysibraTamu OyIyIOThCS YOTHPU OKpeMi iepa-
pXii ay1st hakTOpiB €PEKTUBHOCTI, BUTPAT, MOMXIIMBOCTEH
i pusukie — HE, HE H, Hf, BignosigHo. ®axropu
F§,FE FS, F§ pO3TISIHYTHX SIKOCTEH CTBOPIOIOTH MEPIIT
piBHi iepapxiid. O3HaKH, SIKi XapaKTepU3YIOTh Iepepaxo-
BaHi BuIIe (haKTOPH, CHHTE3YIOTh HACTYIIHI PIBHI BiJIIO-
BIZHMX iepapXiil.pg, P&, PG, Pk — KUIBKICTh PIBHIB B i€pa-
pxii eeKTHBHOCTI, BUTPAT, MOMKIIMBOCTEH 1 pU3UKIB Bij-
MOBIHO, a Ngk,NCTk,Ngk,N,Ek € — KUIBKICTb €JIEMEHTIB K
-ro piBHS iepapxii eeKTiB, BUTPAT, MOXKIMBOCTEH 1 pU-
3UKIB BIJIIOBiAHO.

Eran 4. BupoOuisitoTbesi napHi OPIBHSHHS €lIEMEH-
TiB y KOXHIH 3 moOyjoBaHuX iepapxiii. Excrieptu natoth
OILIIHKK Y BUIJISIII HEYITKMX BIJHOCHH MepeBar, KOJH
ONEpYyIOTh HE YHCIaMH, a IPUPOJHUMH TEepPMiHAMH
MoBu: "Oinbmie", "menme", "ripiie", "Habarato ripie",
"kpamie","Habararo kparte".

Eran 5. Ha manomy etami MeTOJly BH3HAYalOTHCS
HEYiTKI BiTHOCHI Bard €JIeMeHTIB KOXHOI iepapXii.

w, = — BEKTOP Bar eJIEMEHTIB
,

Wy |je [1; NfTﬁ

k-ro piBHS iepapxii pu3uKiB OyXiBHAIITBA (MOIAEPHI3AIIiT)
MOBITpSHOTO CcyAHa B MOMeHT dYacy T, €T,

-
y w

we, = W, |je [1; Nq 2,

= wy |je [1;N1;

w, = w, |j€ [1; N/ | — BEKTOpH Bar eleMeHTIB K -
ki k

TO PiBHA IJIS i€papXil eeKTiB, BUTPAT i MOXKITUBOCTEH
CHCTEMH BiAIOBiAHO. BekTopw Bar € HEUiTKUMH 1 MO-
KYyTh OyTH PO3paxoBaHi 3 BUKOPHCTAHHSIM METOJIB 00-
poOKM HEUiTKOI eKcrepTHOi iHpopmallii B MeToAl aHa-
T3y iepapXiil, JOCUTB IOBHO i JOKJIAHO ONMMCAHUX Y JI0-
CIIDKEHHSIX.

Eram 6. EnemenTn ocTaHHIX piBHIB iepapxiit (ede-
KTiB, BUTPAT, MOKJIMBOCTEH 1 pH3HKY) IJIaHY, SIKi Xapak-
TEPU3YIOTHCS 3HAYMMHUMH BITHOCHUMH BaraMH, CTarOTh
KOHTPOJIGHUMH O3HaKaMu. J{JIst X MOIIyKy 1 BUALICHHS

BCTaHOBIIIOETHCSI TIOPIT 3HAYMMOCTI Bar. SIKio Bara ese-
MEHTa TEePEBUIIY€ TOPIT, TO BiH € KOHTPOJIBHOIO O3HAa-
KO0, B IHIIIOMY BHIaKy — Hi. Lle 1o3Bonsie BumamiTy 3
po3risany Ti GpakTopy, o HE3HAYHO BIUTMBAIOTH HA IIJIaH
(pitmenns). KontponeHi o3Haku B MoMeHT vacy T; € T

ek = {ef i € [ Ngmr1,
e = {eg i € [, Ngm ™1}, ef ={eg lj € [1;Ng™" 1],

el = {egj lj €[1; NCC""”]} JUTS. PU3UKIB, €EKTIiB, MOXK-

MAarThb BUTJIA:

JIMBOCTEH 1 BUTPAT BiMIOBIIHO.

Eran 7. Bu3HayatoThesl HEYITKI BiJTHOCHI Bar ajibTe-
PHATUBHUX BapiaHTIB JUIsl KOKHOI 3 KOHTPOJIBHUX O3HAK:

— OylyeTbcst  ajuTHBHA  3roprka  NCOMTT =
= Ngontr.‘r + Nccontr.r + Nocontr.r + N}gontr.r iepapxiﬁ,
BEpILIMHAMH SIKUX € KOHTPOJIbHI 03HaKH e(peKTiB, BUTpAT,
MOXJIMBOCTEH 1 pu3ukiB. OcTaHHI piBHI iepapxiil popmy-
I0Th aJIbTEPHATHBHI BapiaHTH IUIaHy (pilleHHsS) Ha 00-
IpyHTyBaHHA TuNy OyniBHMITBa (MozepHizanii) IIC
AT = (At € [, N2}

— eKCIIePTH JIAI0Th HEYiTKI OI[IHKH MapHUX MOpiB-
HSTHb €JIEMEHTIB iepapXi;

— pO3paxoBYIOTHCSI HEUITKI BIJHOCHI Baru ajibTep-
HaTUB 00IPyHTyBaHHA TUIY OyaiBHULTBA [1C 32 KOHTpO-
JHHUMH O3HaKaMH PU3HUKIB IIaHYBaHHSI CTBOPEHHS CUC-

. alt.r alt contr T - T
Temu: Wi, = w) |i€e [1,Na} , 1Ie

i

alt contr T __ alt contr T 3 . contr T
. = w | j, € {1, N, ]

R
i ij

. alt.7 it cont: -
Amuasoriuso wiT = wy T e [1, NI,
alt.m alt contr T - T
wo = w, |ie [1, NI,
alt. It cont . . . . .
woT = wpy T |i€e [1, NT — HeUiTKi BigHOCHI

Baru aJibTEPHATHB MO KOHTPOJILHUX O3HAaKax e(dekTiB,
alt contr T

BUTpAT i MOXIIMBOCTEH. J[jsl OTpUMaHHsA Bar w), ,

alt contr T alt contr T alt contr T

- , P Wy (ToKambHUX ~ Bar),
. - contr T - contr T
ie[LNGL g, e[uNgT] g e[uNg,
Jo € [1; Ng’”""’”] 00pOOIISIETBCST HEYiTKA €KCIIEpTHA iH-

(dopmairist Ha 6a3i MeToy aHami3y iepapxiit [47].
Etan 8. BusnauaroTbcsi rinoOanbHI HEUITKI Baru
aNpTepHATHB OOTPYHTYBaHHS TUITYy OyAiBHUIITBA (MOJe-

. . . alt T alt T alt T
pHizanii) mositpsHoro cymma: wj ", w; ', wy ",

w;” " moa0 e(eKTiB, BUTPAT, MOKIMBOCTEH 1 PU3UKIB

TUTAHYBAHHS IIUISIXOM IIPOBEICHHS arperyBaHHs (00’ en-
HaHHs), 3HAWJICHUX Ha eTami 7 HEeYiTKUX BiJIHOCHHUX Bar
AIIBTEPHATHB IT0 KOHTPOJILHUX O3HAKax €(eKTiB, BUTPAT,
pusukiB i MoxmmBoctei. Y poboti T. Caatn mpormoHy-
€ThCSI BUKOPHCTOBYBATH BiTHOMICHHS €()EKTiB 10 BUTPAT
SK OZWH 3 METOAIB aJIATHUBHOTO CHHTE3Y.

Eran 9. BuszHawarotecsi ctparteriudi Qakropm i ix
HEeiTKi BimHOCHI Baru. Ctpateriudi ¢pakTopu BUKOPHC-
TOBYIOTBCS JUISI OIIIHKH BaXXITUBOCTI SKOCTEH (e(eKTiB,
BUTpPAT, MOXIIMBOCTEH 1 PHU3WKIB) Y KOHKPETHOMY 3a-
BJIaHHI OOTPYHTYBaHHs THITy OyIiBHHITBa (MOIEpHi3a-
wii) TIC. Ins uporo:
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— OyIyeTbest iepapxist cTpaTeriyHux (akTopis;

— eKCIepT Jia€ HeUiTKy OLIHKY NMapHUX IOPiBHIHb
€JIEMEHTIB iepapxii;

— 00YNCITIOIOTHCS HEUiTKI Baru CTpaTerivyHuX Qax-
TOPIB IUITXOM OOpPOOKH HEWiTKOI eKCIepTHOI iH(popMa-
1ii Ha 6a3i MeTOy aHaIIi3y iepapXii.

Etan 10. OuiHioeThcs TOKa3HUK 1HTEHCHBHOCTI
SIKOCTEH (HOro CTymiHb BUKOHAHHS IMIOA0 (haKTOpy) MO
€JIEMEHTaxX OCTAaHHBOTO PiBHSI i€papXii cTpaTeriunux ¢a-
KTOPIB.

Etan 11. IlpoBoauThesi pO3paxyHOK TIJI00aNBHHX
Bar aJbTEPHATHBHUX BapiaHTIB 00 OCHOBHOTO IIJIaHy.

Hexaii y pe3ynbTaTi 004nCIIeHh OTPUMAHO CiMeiic-
TBO CIIUTBHO 3/iHCHIOBaHMX IUIaHiB. [Ipy BHOOpI miaHy
mozepHizanii I1C oumiHIOIOTE HOTro SKICTh 32 KPUTEpPiEM
«BapTICTh-e(PeKTUBHICTH». Ha OCHOBI MeTo Iy aHaIi3y i€-
papxiii OyayroThCs ABI i€papxii: st BUTPAT 1 BUTOJ 3 O1-
HUMU U TUMH CaMHUMH allbTEpHATHBAMU HA HIKHBOMY
piBHi. OTprMaBIIN BEKTOPH NPIOPUTETIB AOXOIIB 1 BU-
TpaT, OOYHMCIIOIOTh BiJIHOMIEHHS JOXOIB 10 BUTPAT KO-
HOI anbTepHaTHBU. OTpHUMaHi pe3ysbTaTH BUKOPUCTO-
BYIOTB JIJIsl Map)KUHAJIBHOTO aHai3y.

Halikpamioro € aJlbTepHAaTHBA 3 HaWBUILUM 3arajb-
HUM TPIOPUTETOM BHUTpAT. Lle MOSCHIOETBCS THM, IO
IIPY TIOPIBHSIHHI JIBOX 4 OLNbllIe ajJbTepPHATUB HE BaXK-
JIUBI a0COJIIOTHI 3HAYCHHS BiJMOBIIHUX BUIOJ 1 BUTpPAT.
[IpencTaBnsiOThCs HAMBaKIMBIMIMMHU iX BIIHOCHI 3Ha-
YECHHS, TOOTO MOPIBHIOIOTKLCS MPUPOCTH BUTOJ 3 TIPUPO-
CTaMH BUTpAT.

TaxuMm 4MHOM, YAOCKOHAJIEHO METO[] PO3CTAHOBKH
MPIOPUTETIB CHHTE30BAHUX BaPiaHTIB PillIeHb JJIsl 00TpY-
HTYBaHHs THUIy OyIiBHULTBA (MOJEpHI3aIlil) MOBIT-

PpSIHOTO Cy/IHA, SIKWi1, Ha BIMIHY Bifl BiToMHUX, 0a3yeThCs
Ha y/JIOCKOHAJICHOMY METO/Ii aHali3y i€papXii, B sIKOMY
00pOOIIAIOTHCS HE TUTBKH TOYKOBI, & 1 HEUITK] OI[IHKH €K-
CIEPTiB, Ta BPaxOBY€ PU3UKH, MOXIIMBOCTI, BUTPATH |
e(eKTH, 10 JI03BOJISIE PO3B'SI3YBATH 3aJladi CHCTEMHOTO
0araToKpHTEpiaTEHOTO PO3ITi3HaBaHHs, Kiacudikarii Ta
pamKyBaHHSI CJ1a00 MPOTHO30BAaHUX CUTYAIId IpH 00-
IpyHTYBaHHI THNy OyziBHUITBa (MoxepHizamii) IIC #
OLIIHIOBATH ITOKa3HUKU KO)KHOTO albTEpHATUBHOT'O Bapi-
aHTa PillICHHS.

OTxe, 3aIpOTIOHOBAaHUM METOA Ma€ psiJl IepeBar:

— IIPOCTOTa BUOOPY €KCIEPTIB, SIKi MOXKYTh OIEpy-
BaTH TpU BHCTABIISHHI OI[IHOK TepMaMH IPHUPOAHOI
MOBH;

— ypaxyBaHHSl PHU3WKIB, MOMIJIMBOCTEH, BHUTpaT i
e(eKTiB Ipu OOTpyHTYBaHHI THITY OyiBHUIITBA (MOJIEp-
Hi3arlii) MoBITPSIHOTO Cy/HA.

BucHoBxku

B craTTi ynockoHajgeHO METO/ pO3CTaHOBKH IIpio-
PHUTETIB CHHTE30BaHHUX BapiaHTIB PillIeHb JJIst OOIPYHTY-
BaHHs THITy OyIiBHUITBa (MOJepHi3alii) MOBITPSIHOTO
CyJIHa, SIKUii, Ha BIIMIHY BiJl BIJOMHUX, 0a3y€eThCs HA Y0~
CKOHAJICHOMY METO/Ii aHali3y iepapxiii, B ikomy 00po0-
JISTIOTHCS HE TUTBKH TOYKOBI, @ 1 HEYITKI OI[IHKU EKCIIep-
TiB, Ta BPaxOBY€ PU3MKHU, MOXKIIMBOCTI, BUTPATH i ede-
KTH, 1110 JIO3BOJISIE PO3B'SI3yBaTH 3a/1a4i CUCTEMHOTO 0a-
raTOKPUTEPIAIbHOTO pO3Mi3HaBaHHS, Kiacudikaiii Ta
pamXyBaHHSI cJ1a00 MPOrHO30BAHUX CUTYAIld MpH 00-
IpyHTyBaHHI Tuny OyaiBHHUTBa (MonepHizauii) I1C i
OLIIHIOBATH MMOKAa3HUKU KOXKHOT'O aJIbTEPHATUBHOT'O Bapi-
aHTa PilICHHS.
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Development of the method for setting priorities of synthesized options of decisions
for justification of the type of aircraft construction (modernization)

V. Serebryannikova

Abstract. The work developed a method of prioritization of synthesized options for substantiating the type of construction
(modernization) of an aircraft. The developed method is based on the improved method of analysis of hierarchies, in which not
only point, but also fuzzy assessments of experts are processed. The use of an improved method of analyzing hierarchies allows
taking into account risks, opportunities, costs and the expected effect of choosing one or another type of modernization (construc-
tion) of an aircraft. The method makes it possible to solve the problems of systematic multi-criteria recognition, classification and
ranking of weakly forecasted situations, which are typical for the creation and operation of modifications of basic aircraft.

Keywords: modification, aircraft, transport category, aircraft construction, passenger aircraft, transport aircraft, aviation
equipment, modernization.
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HamionansHmid TeXHIYHUN YHIBEPCUTET «XapKiBChKUH MOMITEXHIYHUN 1HCTUTYT», XapKiB, YKpaina

OIITUMIBALIA CUCTEMMU CYIIIHHSA
13 3ACTOCYBAHHSM ITPOTHO3YIOUOI MOJEJI

AHoTanisi. Po3misiHyTO Iporec CymiHHSA KanuIsipHO-NIOPUCTHX MarepiaiiB B CyIIMJIBHUX KaMepax IMepiogudHoi ii.
MerTor0 cTarTi € onTHUMi3anii NPOLECiB CYIiHAS KallIIPHO-MOPHCTUX MaTepialliB - TBEPAUX TiJI, IO MICTATh BEIHKY Ki-
JIBKICTh TIOPOYKHEY, XapaKTepHHH pO3Mip SIKUX Jy’Ke MaJH{ y MOPIBHSHHI 3 XapaKTepHUM PO3MipOM Tija, IPUKIAIOM
TakuX TLT MoXe OyTH 1ieria, 6eToH Ta JAepeBrnHa. bBymo oOpaHo CymImibHy KaMepy MepioJidHol Aii, ska J03BOJII€E OiabII
SIKICHO Ta THYYKO BCTaHOBJIIOBaTH PEXMMH CYIIIHHS 3 METOIO JIOCSATHEHHs] HalOUTBII ONTHMaIbHUX IapaMeTpiB, 3a pa-
XyHOK ITOMIpHOTO 00'eMy KaMepy IepioIidHOl Jii TO3BOJIAIOTH JOCATTH HAaMEHIINX ITOKa3HUKIB BiJICOTKOBOTO BMICTY
BOJIOTH, THM CaMHM MaTepiai Ha0yBae TOJaTKOBUX (i3MYHUX BIACTHBOCTEH 1 cTae OUIBII CTIHKUM 110 TMOAAJBIIOTO pyH-
HyBaHHs. [IpoBesieHO aHasi3 iCHYIOUMX TEXHIYHMX pIilIeHb 3a JaHOI0 TEeMAaTHKOI0. PO3MISHYTO BHpIIEHHS 3aBlIaHb OI-
THMi3amii i3 3aCTOCYBaHHSIM IPOTHO3YI040i Mozedi. 3a pe3yJbTaTaMHM JOCIIDKEHHS OTpUMaHi rpadiku mepexiaHnx
IPOIECiB PU 0OMEKEHOMY YINIPaBIIiHHI Ta MBUAKOCTI MPOTPIBY.

Kaw4oBi cioBa: KamiIsipHO-TIIOPHUCTI Marepiaiy, CHCTeMa YIIpaBIIiHHA, IPOrHO3yKua MOJEb, ONTHUMI3alis, 00'eKT

yIIpaBIiHHS.

Beryn

CroromHi HaifuacTille camMe B CYIIMJIBHUX Kame-
pax BinOyBaeThCs CYLIIHHS KallIAPHO-TIOPUCTHUX Mate-
pianiB. CyuriHHs BiOyBaeThCs BIAMOBITHO IO BiJOMHX
BCiX 3aKOHIB (i3uku. UnMm mBue 10 marepiaiy Haj-
XOJIMTh EHepris, HeoOXiZHA BUIAPOBYBAHHS PiJIUHH,
TiM mBuAme BiH coxue [1]. IcHye kinbka BHIIB Cy-
IIMJIBHUX KaMmep, ajie B JaHii poOoTi po3MIsAaEThCs
cymmibHa kKaMepa nepioxuuHoi mii. LI kamepu 3Ha4HO
KOPOTIII 32 1HII Ta MiJ 4ac CYIIIHHA y BCiii kamepi mij-
TPUMYIOThCSI IOCTIHHI MapaMeTpu cepeloBuIa. Y Takii
Kamepl MarepiajJ MOXHa CYIIUTH A0 OyIb-sKUX HeoO-
XimHux KidHmeBux Boyorocteidl [2]. Ha manuit MomeHT
o0nagHaHHs CYIIMJIBHUX KaMep OCHALIEHO aBTOMaTH4-
HUMU CHUCTEMaMH KOHTPOJIIO BOJIOTOCTI, YIPAaBIiHHSI
BEHTWISILIE0 TomO. Taki CyIIMIIbHI KaMepu BUTpada-
10Tb Ha 20% MeHI1Ie eHeprii.

Oraaa icHyH4YHX TeXHiYHMX pimieHb. OTHUME 3
nepumx perynsropis Oymu I1I- ta ITI/I-xoHTpOsepu.
Bonu noBenu cBOI0 e(EKTUBHICTH B YIPABIiHHI Pi3HO-
MaHITHUMH TIpoliecaMd. BukoprcTaHHsS TaKuX KOHTPO-
JepiB He BUMarae 3HaHHS TOYHOI MOJIEINI MpoIecy, TOMy
BOHU €()EKTHBHI B YNPaBIiHHI MPOMHUCIOBUMH TIPOIE-
caMy, MaTeMaTH4YHI MOIEl SKUX TOCHTh ckimamni. ITI-
ta III/1-xoHTpONepu OyayroThCs HA OCHOBI KJIACHYHOI
Teopii YIpaBIiHHS Ta MPOCTi I po3yMiHHSA. BeraHoB-
JIEHHS 3B'A3KiB MIX IapaMeTpaMy Ta YIPaBIiHHS isIMA
CHCTEMH MOXYTb 3[IACHIOBATUCS IH)KEHEPaMH-TIPAKT-
HWKaMH Ta oriepatopamu. Kpim Toro, 3a ocTaHHi JecsTh-
JTTA po3poOIICHO KiTbKa MeToiB HanamrysaHHs [11- Ta
MI-xorTpomnepiB. 3imep i Hikombe 3ampomonyBamn
METOJ HaJlalITyBaHH:, 3aCHOBaHMI Ha JAHUX MPO peak-
[if0 Ha OJMHUYHUHA CTymiH4YacTHil BIUMB. BiH mmpoxo
BHUKOPHCTOBYBABCS MIPOTATOM 0araThbOX POKIB i BUSBUB-
csa mocuth edektuBHUM. Ha #oro ocHoBi Takaxammi Ta
1HIII 3alpOIOHYBAM MeTOA HanamTyBanHs i [11- Ta
[I/1-xoHTpOMNEpiB 3 AMCKPETHUM dYacoM. bimbmr cydac-

HUH croci6 aBTromatnyHoro HanamryBanus [11- ta IT1J]-
KOHTponepiB OyB 3amporonoBanu#t Hinmkasoit B [3].
BiH BMMarae rnojadi BXiZIHOro BUITPOOyBaJIbHOTO CUTHA-
Jy IJIsl OLIHKM napameTpiB mpouecy. OnTuManbHi 3Ha-
yenus [1I- ta III/-napaMeTpiB JOCATAIOTHCS LUISXOM
MiHIMI3aI[il 3BaYKEHOT0 IHTEerpaja KBaJpaTU4HOI ITOMH-
axu. OfHak, MOpsia 3 BUINE3a3HAYCHHMH IepeBaramu,
[TI- ta IIIJ]-koHTpoNiepy MaroTh i psj HenomikiB. Tak,
AKIIO pobodYa TOYKa MPOLECy 3MIHIOETHCS, MapaMeTpH
KOHTpoOJIepa TMOTPIOHO NEepeHACTPOIOBATH BPY4HY, MO0
OTpUMaTH HOBE ONTHMAaJIbHE HajamTyBaHHs. Hamamry-
BaHHS Ma€ BHKOHYBATHCS IOCBIJUEHHM OIIEPaTOPOM.
Juist cucteM 13 B3a€MOIIOMMMH KOHTYPAaMH sl IIpoILie-
Iypa Moxke OyTH CKJIATHOIO Ta 3aiiMaTH Oarato gacy.

OnHKUM 13 Cy4acHUX MIIXOMIB IO aHANII3y Ta CUHTE-
3y CHCTEM YIpPaBJiHHs, IO 0a3yloThCcsd Ha MaTeMaTH4-
HUX METOJax ONTHMI3allii, € Teopis YIpaBIiHHS JHHA-
MIYHUMH 00'€KTaMH 3 BUKOPUCTAHHSIM IPOTHO3YHOUHX
mogeneit — Model Predictive Control (MPC). B [4] ny-
K€ TapHO OINHUCYETHCS aNrOpUTM LIBOTO METOZa, aje
MOraHO MOKa3aHa peaizallisi MEeToJja caMe Ha KOHKpPET-
HUX NPHUKIAaX, B TOMY YHCII B CHCTEMAaX YIPaBIiHHSL.

MeTo10 CTATTi € ONTUMI3aIlis IPOLIeCy MPOmapro-
BaHHS IPU CYIIiHHI KaIUIIPHO-IOPUCTAX MarepiajiB 3
BUKOPHUCTaHHSIM NPOTHO3ytouux mogenel. Ilpu npomy
PO3DISIHYTO BHPILIEHHS LEOTO 3aBJaHHS ULIXOM BHOO-
Py PI3HHX KpHTEpiiB ONTHUMAIBHOCTI Ta MOXIIMBOCTI
iXHBOI TEXHIUHOI peaizartii.

MeToa NporHo3yr4ux Moaesen —
Model Predictive Control (MPC)

et mimxin moyaB po3BHBATHCA Ha MOYaTKy 60-x
POKIB Il YIpaBITiHHA MpoIecaMH Ta OONagHAHHSIM Y
Ha(TOXIMIYHOMY Ta €HEPIETUYHOMY BHPOOHMIITBI, IS
SKAX 3aCTOCYBaHHS TPAIUIIITHUX METOMIB CHHTE3Y OyIo
BKpail yTpyAHEHE y 3B'SI3Ky 3 BHHATKOBOIO CKJIAJIHICTIO
iX MaremMaTHYHWX Mojeied. Imes omTumizarii mporHo-
30BaHOTO MPOTPAMHOTO PyXy, IO € OocHOBo MPC-
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METO/IiB, BUHMKJIA B paMKaX JIBOX HE3aJEKHHUX, OJHAK
OMM3BKUX 110 cyTi mijgxoniB. [lepumii 3 HUX, 10 Ha3WBa-
erbesi Dynamics Matrix Control (DMC), po3suBaBcs
sycniuisiMu (axiBiiB kommanii Shell Oil y cepenuni 60-
X pokiB, a apyruii — Model Algorithmic Control (MAC)
— OyB po3poOneHnit (ppaHIy3bKIMH iHKEHEpaMH XiMid-
Hoi pomucioBocTi B KiHi 60-x. Ha ocHOBI ocTaHHBO-
TO IiIXOY BIEpIie OyIo CTBOPSHO KOMEPITIHHUN MaKkeT
nporpam IDCOM (Identification and Command), sikuit
MIEBHOIO MIipOIO TOCITYXKHB Ipoo0pa3oM Cy4yacHOI Ipo-
rpaMHOI HiATPUMKH METOIB KEPYBaHHS 3 IIPOTHO30M.
Huni MPC-meron mepeGyBae y cTamil iHTEHCHBHOTO
PO3BHUTKY, IO CBIAYMTH BennKa Oi0miorpadis omyomiko-
BaHMX OCTaHHI POKM HAYKOBUX IMpallb, MPUCBSYCHUX
naHol mpobiemaruili, 30kpema B [5] ayxe skicHO moGy-
JIOBaHa MOJIEJIb YIPABIIHHS 3 IPOTHO3YBaHHSM, IOKa-
3aHa cTabiuTbHA pobOoTa TaKOTo 00’€KTa, aje Tpeda Oara-
TO KpPOKIB Ul ONTUMI3alii mpouecy, mo Moxe OyTh
HenoiikoM. Cepa MpakTUYHOTO 3aCTOCYBaHHS CYyTTEBO
po3lmpuiIacs Ta OXOIUIIOE TEXHOJOTIYHI MPOIEcH B
XiMiuHiid [6] Ta GymiBenmbHIll iHIYCTpIl, JIeTKiil Ta xap-
YOBili MPOMUCIOBOCTI [7], B aepOKOCMIYHHX JOCIHi-
JDKEHHSX, y Cy4YacHHX CHCTeMaxX EHEPreTHKH TOLIO.
Po3BUTOK el yIipaBiiHHS 3 IPOTHO3YBaHHAM BiOyBa-
€TBCSl Y HalpsiMi BUKOPHUCTAHHS HENiHIMHUX MoOjelnei,
3a0e3nedeH s CTifikocTi 3a JISIyHOBMM KOHTpPOJIbOBA-
HUX PyXiB, HaJlaHHs POOACTHUX BIACTUBOCTEH 3aMKHY-
Till cucTeMi ynpaBiiHHS, 3aCTOCYBAHHS CYYacHHX OII-
TUMI3aliHHUX METOJIB y peajJIbHOMY MacIiTadi Jacy.
OcnoBHoto niepeBaroro MPC-meTony, 1110 BU3Ha4ae Horo
yCIIIIHE BUKOPUCTAHHS B MPAKTHII MOOYJOBU Ta €KC-
IUlyaranii CHCTeM YIPaBJIiHHS, € BiJHOCHA IIPOCTOTa
6a30B0i cxemMu (OPMYBaHHS 3BOPOTHOTO 3B'SI3KY, IO
MOEHYEThCA 3 BUCOKUMH aJalTUBHUMHU BIIACTHBOCTSA-
Mu. OcranHsi 00CTaBUHA JI03BOJIsIE KepyBaTh OararoBu-

YNpaeniHHA B MUHYnOMY

MipHIUMH Ta 0arato3B's3aHHUMHU 00'€KTaMu 31 CKIIAJHOIO
CTPYKTYpO¥O, IO BKJITFOYAE HENIHIMHOCTI, ONTUMI3yBaTH
MIPOLIECH B PEXUMI peasIbHOTO Yacy B paMKax 0OMeXeHb
Ha Kepyrodi Ta KepoBaHi 3MiHHI, BpaXOBYBaTH HEBH3Ha-
YeHICTh y 3aBHaHHI 00'ekTiB Ta o0ypeHb. Kpim ToTO,
MOXJIMBUH OOJIK TPaHCIIOPTHOTO 3alli3HEHHsI, OOJIK
3MiH KPUTEPIiB SKOCTI i Yac MpOIecy Ta BiJMOB JatT-
yuKiB cuctemu BuMiptoBaHHs. [Ipuainm MPC-metomy
CTaHOBHUTH TaKy CXEMYy YIPaBIiHHS AUHAMIYHUMH 00'e-
KTaMU 32 MPUHIIUIIOM 3BOPOTHHIA [4]:

1. Po3mismaethecs nmeska (IOJ0 MPOCTa) MaTeMa-
THUYHA MOJIETIb 00'€KTa, IIOYaTKOBUMH YMOBAMH JIJISl SIKOT
€ Horo mortouHuil crad. Ilpu 3amaHoMy mporpamMHOMy
YIpaBIiHHI BUKOHYETHCS IHTETPYBAaHHS pIBHSHB M€l
MOJIETi, IO JIa€ MPOTHO3 PyXy 00'€KTa Ha MEBHOMY KiH-
I[EBOMY BiJIPi3Ky 4acy (TOPH30HT MPOTHO3Y).

2. BukoHyeTbCs onTUMI3allis MPOrpaMHOro yIi-
PaBJIiHHS, METOIO SIKOTO € HaOJIMKEHHS PerylbOBaHHUX
3MIHHHMX MPOTHO3YI0401 MOZIENi J0 BiJNTOBIIHMX CHUTHA-
JIB Ha TOPU3OHTI MPOrHo3y. OnTHMI3alis 31iIHCHIOETECS
3 ypaxyBaHHSM BChOTO KOMIUIEKCY OOMeKeHb, HaKJIa ie-
HUX Ha YIPaBIsIO4l Ta peryliboBaHi 3MiHHI.

3. Ha xpoui o0OumcieHb, MO CTaHOBUTH (iKcoBa-
HY Majly 4acTHHY TOPH30HTY HPOTHO3Y, peaji3yeThcs
3HAWICHE ONTHUMAJIbHE YIPABIIHHSA Ta 3AIHCHIOETHCS
BUMIpIOBaHHS (200 BiHOBICHHS 32 BUMIPSIHUMU 3MiH-
HUMH) (paKTUYHOTO cTaHy 00'€KTa Ha KiHEIlb KPOKY.

4. TOpH30HT MPOTHO3Y 3CYBAETHCS Ha KPOK YIIe-
pell 1 MOBTOPIOIOThCS MYHKTH 1 - 3 1aHoi mOCIIiIOBHOCTI
i,

5. Omnmucana cxema Ta IPUHIIHUI IOTO METOY IO~
Ka3zaHo Ha puc. 1.

OO0'ekT KepyBaHHS — CyLIMJIbHA Kamepa Mepioju-
4HOT /i, CTPyKTYypHa cXeMa sIkol 300pakeHa Ha puc. 2

[7].

3anponaHoBaHWIA
cueHapiid ynpaeniHHA

u A
\ |

ycTaeka

AN
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NporHosyko4a peaxLis
npoueca

Yacoea saTpMMKa

Yy
BWXigHMIA Npouec y
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-
MuHyne - P MaiibyTHe vac ¢

TenepuwHiid momeHT #

Puc. 1. Cxema kepyBaHHS Ha OCHOBI IPOTHO3YBaHHS
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[epenaBanpHilt QyHKIIS 00'€KTa YIPaBIiHHS MO- T, =0.33T5=0.83 T =1.84, Ty =1.271.

ke OyTH 3anmcaHa y TakoMy Burisi [8]: . ) .
Ha ocHoBi naHOi MatemMaTHuyHOI Moneni Ta i3 3a-

K(s)=0(s)/Us(s)= CTOCYBAHHAM 3a3HAYEHOTO METO/Ia OTPUMAEMO HACTYIIHI
K, (TZS + 1) (T4S + 1) (1) Tpadiku 3MiHH TEMIIEPATYPH Ta BONOIOCTI (pHC. 3, 4):

(T15 +1) (T25 +1) (T33 +1) (T4S +1) (TZlS +l) Eié__ K, - ;2 o, N K; i

3rigHo 3 HasenenuM MetogoM MPC BisbMeMo 3a - 5+1 Tp-5+1 T3-S+1
MTOTOYHY (IIPOCTY MOJIEITh) TepeaaBaabHy (DYHKIIIO, 10
XapaKkTepu3ye arepioguyHy JIaHKy JIPYToTo IMOpPSIKY, B
3HaMEHHHUKY SIKOi Oynie ToOyTOK JBOX IIEPINHX JIYXOK 3 Ko
(1). Topu30HT MPOTHO3Y BI3BMEMO HEBEIUYKHNA IHTEP-
Baj 4acy, Hanpukiaxa [0,0.5] Ta 3po0MMO MOIEITFOBaHHS L
B cuctemi Simulink mis mporecy 3 HacTymHUMH Tapa- W &8 U, | &, K _Vi
Metpami [8]: Ty-S+1 j T5-S+1

A
kl 2130, k2 = 061, k3 =l, k4 = 40, k5 = 2, ko = 061, :—f = K_5
Ko, =0.61,71=112,T, =1.17,T3 = 2.33, Puc. 2. CtpykrypHa cxema 00'eKTa ynpaBiTiHHS

1=

i i | i | i i j
L] 1 2 3 4 5 6 T 8 9 10
Time (sec)

Puc. 3. Iepexinni nporecu mpu 0OMeKEHOMY YIIpaBIIiHHI

Time (sec)

Puc. 4. Tepexiani mporecu mpu 00MeKEHOMY YIPaBIiHHI Ta MIBHIKOCTI MPOTPiBY
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HaBeneni rpadiku mepexigHOTO Mpomecy Iyxe
ONM3BKI 10 OTpUMAHUX IHIKMM MeTonoMm B [9], ame B
LOMY BHITaJIKy TeMIIepaTypa 3MIHIOEThCS OIJIbII IIIaB-
HO, X042 PETYJIIOETHCS HEe TaK INBHIKO, sK B [10], 3mi-

HIOIOYHM IHTEPBaJ Yacy 31 3MCHIIICHUM KPOKOM MOXKJTHBO
JOCSITTH Te OuThIoi mBuakonii (tadn. 1). Ile minkxom
JIOBOJIUTH TIPAaBHJIBHICTH BUOOPY MaTeMaTHIHOI MOJEIi
Ta IPOTHO3YBAaHHS.

Tabnuysa 1 — I1opiBHSIHHS IIBUAKOAIT MPH Pi3HUX 00MesKeHHSIX

T'opuzont IBuakomis HIBuakoist mpu 06Me:keHOMY yIpaBJIiHHI
MPOrHO3Y npu 06MeKeHOMY yNpaBJIiHHi, C. Ta MBWIKOCTI MPOrpiBy, c.

[0,05] 5 5,2

[0,0,4] 4,97 51

[0,0,3] 4,92 5,05

[0,0,2] 4,84 5

[0,0,1] 4,71 4,98

noBHO nopiBHHO 3 I11- Ta [TI/]-ynpaBniHHsIM 103BOJISIE
OTNITUMI3YBaTH MPOLIECH, Y TOMY YHCIIi, B PEKUMI pealib-
HOTO Yacy B paMKax oOMeXeHb Ha 3MiHHi, 10 yIpas-
JISIFOTb.

3. Otpumani rpadiku mepexiHUX MpoLeciB MpH
00MEXEHOMY YINpPaBIiHHI Ta IIBUAKOCTI MPOTPIBY, SKi
IIJIKOM JIOBOJISITH YCHINIHICTh 3aCTOCYBaHHS I[bOTO Me-
TOJ/Ly Ha MPAKTHIII.

BucHoBxu

1. BusHauyeHHs CyIMJIBHOI KaMepu Ta OOpaHHA
MIPAaBUIILHOTO METOJy YIpaBIiHHS € HaiOLIbII edeKTH-
BHUM Ta IPaKTUYHHUM 1HCTPYMEHTOM Ha CHOTOIHIIIHIN
JIeHb.

2. IlpoBeneHuii aHaii3 METOIIB ONTHMI3alli Mpo-
Iiecy YIpPaBIIiHHA Ta PO3NIIHYTHH METOX yIIpaBIIiHHS 3a
JIOTIOMOTOI0 TTPOTHO3YIOUMX MOJENCH, SKUH HalOiLIbII
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Optimization system of drying using a prediction model
Denysenko Mykola, Zuev Andrey, Yevsina Natalia, Leshchenko Viacheslav

Abstract. The process of drying capillary-porous materials in drying chambers is considered. The research purpose is to
optimize the drying of capillary-porous materials - solids with a large number of voids, which are very small in size compared to
the typical size of the body, examples of such bodies are brick, concrete and wood. There was a drying chamber of the selected
action, which allows you to more efficiently and flexibly set the optimal drying parameters to achieve the best parameters, due to
the moderate volume of the chamber. more resistant to further destruction. The analysis of existing technical solutions on this
topic is carried out. The problem of optimization with the use of predictive models is considered. According to the results of the
study of the obtained graphs of transients with limited control and heating rate.

Keywords: capillary-porous materials, control system, predictive model, optimization, control object.
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CHHTE3 AJAITUBHOI'O HEYITKOI'O JIOTTYHOI'O PEI'YJISITOPA
JJIsA KEPYBAHHSA TEMIIEPATYPOIO Y KAMEPHIU CYIIAPII

AHoTamisi. MeToI CTATTI € CHHTE3YBaHHS HEUITKOT'O JIOTTYHOTO PETYJIATOpPA TEMIIEPATYPH CYIIiHHS KaIJIIPHO - IIOPHUC-
THX MaTepialiiB, IO JO3BOJISIE€ BUKOPUCTOBYBATH CTaHAAPTHY (opMy OIHCY JIHIBICTHYHUX 3MIHHUX 1 MiHIMaNbHHUN HaOip
Kepyrounx npaBuil. BusHaueHo, mo npoctoTa [11J]-perynsaTopa, sika BUpakeHa Yepe3 yChOoro TpH MapaMeTpy HATAIITYBaHHS
1 3pO3yMLTICTh (PI3MYHOTO 3MICTY KOXKHOTO 3 HUX, Pa30M 3 THM 3YMOBITIOE 3MEHIIICHHS KOJIa 3a]1a4, Jic BiH MOXke OyTH BUKO-
puctanuii eheKTHUBHO. J{JI CKIIaJHUX TEIUIOBUX 00’ €KTIB KEPYBaHHS HEOOXIJHO 3aCTOCOBYBATH OLIBII JOCKOHATY CTPYK-
Typy peryyisiTopa. 3arpornoHOBaHO BUKOPHCTOBYBATH HEYITKE YITPABIiHHS MPU HEJIOCTATHLOMY 3HAaHHI 1010 00'€KTa yIpaB-
JIHHS, aJle HasBHOCTI JJOCBIly yIpaBiIiHHI HUM. Ha HeWiTKUI peryisTop MOKIagaeThCs 3aBIaHHs BUPOOIEHHS BIUIMBY, IO
YIpaBJisi€, B Aiana3oHi 3MiHU TUHAMIYHOI HOMIJIKH PETYIIIOBaHHS 1 i1 HOXiZHOT mo/10 11 TOPOroBUX 3HAUeHb. Y pe3yJbTaTi
CHHTE30BaHUI HEUITKHI JIOTTYHUH PEryIsTOp HaJla€ CUCTEMi aBTOMATHYHOTO PETYITIOBaHHS 3/aTHICTh ITiITpUMYBaTH Ha 3a-
JTAHOMY PiBHI TEMIIEpaTypy CYIIapKH 32 HASTBHOCTI 30BHIIITHIX 30ypeHb, a TAKOXK SIKICHO KepyBaTH TEXHOJIOT TYHUM ITPOLIECOM
CYIIiHHA KalllIIpHO-TIOPUCTHX MaTepialiiB IpH MNUPOKOMY Jiana3oHi 3MiHH HOTo mapameTpiB y daci.

Kaw4yoBi c1oBa: KanmsipHO-OPHUCTI MaTepiali, HEUiTKe YIPaBIiHHS, aJalTHBHHUN HEWiTKUH JIOTTYHUH pEeTyIsTop, Ma-
TeMaTHYHA MOJIeTIb, (QYHKIIS MPUHAIEKHOCTI, Aeda33idikaris.

Beryn

CyuacHi CyIIMJIbHI KOMIUJIEKCH SIBISIIOTH COOOIO
CKJIa[IHI CHCTEMH, IO (YHKI[IOHYIOTh B yMOBaX BEJIUKO]
HEBU3HAYEHOCTI, HE MMOBHOTH 3HAHb 1 HEYITKOCTI OITUCIB
SIK caMoi CHCTEMH, TaK 30ypeHb, 10 JiI0Th Ha Hel. J{is
YIpaBIiHHS TaKMMHU O0'€KTaMM HEIOCTATHBO 3aCTOCY-
BaHHS KJIACHYHHUX METO/IB TeOpil YIpaBJIiHHS | BAHUKAE
HEOOXIIHICTh PO3POOKH HOBUX METOJIB 1 MiAXO/IB i3 3a-
JIYYEHHSIM JIOCSTHEHb Cy4acHHX iH(OpMaLidiHUX TEXHO-
norii. OmmH i3 Takux migxoais [1], mo 0a3yerbes Ha Te-
opii HEYITKUX MHOXXUH Ta HEYITKOI JIOTiKH, € OCHOBOIO
CTBOPEHHSI CHCTEMH YIPABIIHHS TEXHOJOTTYHUMH 00'€-
KTamH, 10 QYHKIIOHYIOTh B yMOBaX HEBU3HAUECHOCTI 1H-
¢dopmarii.

B upoMy BUMAAKy JUis MiJABUIIECHHS e(EKTHBHOCTI
YIPaBIIHHS TEXHOJIOTTYHUMH O0'€KTaMU 13 3aCTOCYBaH-
HSM Cy4YacCHHX METOIB YIPAaBJIiHHS HEOOXIJHO BHpI-
IIATH TaKi 3aBIaHHA:

- OLIIHKA ITOKA3HUKIB SKOCTI HEBM3HAYEHOCTI [2] ;

- 3HmKeHHs (200 KOMIIEHCAIlisl) anpiopHOi HEeBH-
3HAYEHOCTI 3HAaHb IPO IPOLEC 3a PaXyHOK BHKOPHC-
TaHHS OlepaTUBHOI iH(opMaIlil Bix 3aco0iB BUMIpIO-
BaHHs Ta MOOYIOBH KOHTYPY ananTaii[3] ;

- (hopMyBaHHS TAKOTO 3aKOHY YIIPABIIHHS, KU OH
rapaHTyBaB CTIMKICTh Ta 3a/laHi TOKa3HUKHA TOYHOCTI Ta
sikocTi cuctemu kepyBanHs (CK) B yMoBax HeKOMIIEHCO-
BaHOI HeBU3HauYeHOCTI [4].

OpmHUM 13 MOXKJIMBUX NUISXiB BUPIMICHHS 3a3Haye-
HUX 3aBJIaHb € BAKOPUCTaHHs METO/IB aIalITHBHOTO, PO-
6acTHOTO 1 HEYITKOTO YIPaBIiHHS OJHOYACcHO [5].

Orusig icHyl0YUX TeXHIYHUX pilienb. Baxmueum
MOMEHTOM TP CHHTE31 HEWITKOTO peryiiaropa € moly-
JI0Ba MaTeMaTHYHOI MOJIEJI JJIs IIOJaHHs 3HaHb PO I~
HaMi4Hi 00'eKTH B yMOBaxX HediTKoi iH(opmarrii, ska mo-
BHHHA JI03BOJIATH BHU3HAUHMTH ITOKa3HUKH HEBU3HAYEHO-
CTi, TaBaTH OITMC BHITAJKOBUX IIPOILIECIB, IHBAPIaHTHO 10
X 3aKOHY pO3MIOJLTY.

Jlimiiiai 3axoHu KepyBaHHs, 30kpema I[1I/I-3akoH,
MAIOTh ITOTaHI MOKA3HUKX SKOCTI P YIPaBIiHHI Helli-

HIHHUMH 1 CKIIaTHUMH CHCTEMaMH, a TaKOX MPH HEIo-
cTaTHI# iH(opMaii npo 00'eKT ynpapiiHHs. XapaKTepu-
CTHUKHU perJ'lS[TOpiB B IIMX BUIIaJAKaX MOKHa HOJ'Iil'lH_II/ITI/I
3a JIOMOMOTOK0 METO/IIB HEeUIiTKOI Jioriku [6, 7]. HeuiTke
praBHiHHS{ BUKOPHUCTOBYETHCA TIpH HEAOCTAaTHBOMY
3HaHHI 00'€KTa yNpaBliHHSA, ajle HASBHOCTI AOCBiRy yII-
PaBIIIHHS HUM; B HEJIHIHHUX CUCTEMaX, 1CHTH(IKaIis
KX 3aHAJTO TPYAOMICTKA; a TAKOK y BHIAIKAX, KOJIH
3a yMOBaMH 3a/ja4ul HEOOX1/IHO BUKOPHCTOBYBATH 3HAHHSI
excrepra. [Ipukinagom moxe OyTH JTOMEHHA I1i4, KOJIOHA
pektudikaiii, TpIMOTOYHHI KOTEJ, MaTeMaTHYHa MO-
JIellb SIKUX MICTHTh 0araTo eMIipHYHHX KOe]illi€HTIB,
110 3MIHIOIOTBCS B IIMPOKOMY [ialia30Hi 1 BUKIMKAIOTh
BEJIMKI TPYAHOL NpH 1ieHTrdikanii. Y ToM e yac KBa-
nigikoBaHHUH ONepaTop AOCUTh 10OpE yIpaBisie TAKUMHU
00'ekTaMH, KOPUCTYIOUUCH MOKA3aHHSIMU TPHUJIAIIB 1 Ha-
KOIHMYEHUM JIOCBIZIOM. 3HaHHSI, Ha SIKi CIIUPAETHCS Olle-
parop, peanizyrorbes y Gopmi npasui "SAKIIO-TO", mio
MaroTh HeUiTKu# iH(popMariiHuii 3micT [8].

[pu 3acTocyBaHHI HEUITKOT JIOTIKH B CUCTEMaxX YII-
PaBIiHHS TEXHOJOTYHUMH MTPOLIECAMH MOXKHA BHJIOKpe-
MHTH JIMIIE [Ba MPHHIMIOBHX MiAXOOW OO MOOYIOBH
CTPYKTYPHHX CXEM CHCTEM KepyBaHHS: IS MOOYIOBH
CaMoro peryjsaTopa i A opraHi3armil miIamTyBaHHS
koedimienti I1I-perymnsropa.

Merto10 CTATTi € CHHTE3YBaHHS HEUYITKOTO JIOTid-
HOTO PEeTyJIATOpa TEMIEPATyPH CYIIiHHS KaUIIPHO - TIO0-
pHCTHX MaTepialiiB, MO TO3BOJISIE BUKOPHUCTOBYBATH CTa-
HIOApTHY (HOpPMY OMHMCY JIHTBICTHYHHUX 3MIHHHUX 1 MiHi-
MaJbHUHN Hablp KEPYIOUHX IPaBUIL.

IMocTanoBKa 3aBAaHHS KepyBaHHS

VY 3aranbHOMY BUMAIKy MaTeMaTH4YHA MOJEINb JIH-
HaMIi4HOTO 00'€KTa MOKe OYyTH TIOJJaHa y BUTIISII:
- HEYiTKE PIBHSIHHS CTaHy

dx/dt= AQX®B®u, s (5), (1)
- HEUITK] YIPaBIiHHA CIIOCTEPEKEHHS
y=C®x, )

- HEYiTKi TOYaTKOBI YMOBH

32 © €scina H. O., 3yeB A. O., I'anon A. 1., leaucenko M. A., Tapacenko M. B., 2022
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J?1(0) = 51 J?2(0) = 52' 'fn(o) = Eni (3)

ne ®,&0 - HediTKi omeparii BilMOBITHO JOJaBaHHS i
MHOKEHHSI; U — KepYIOUHi CHUTHAI (CKAJISP), IO IPUIiMae
HewiTKi 3HauyeHHs, X = {X1,X3,...,%;, ., X} - BEKTOP
Heuitkoro crany, i = 1,2,..,n; ¢ =12,..,1; us(s) -
MTOKA3HUK HEYITKOTO YHCJIa 3MIHHHX CTaHY 1 MpeCTaB-
JISIE BAry $-TO PiBHAHHA cTany;y = {y1,¥5, ..., Ver e ,)71}
BEKTOp HEUITKUX BUXITHUX 3MIHHUX;

il il = ~1 ~1
A Axl . [BY . |G Gy
A=|.. .. |B=|..|C=]. . .|
At ... A% B™ ct .. C}
MaTpUIli HEUITKUX KOe(]illi€EHTIB MOJETI.
Hesika i-Ta 3MiHHA BEKTOPY CTaHy 5K QYHKIIis Yacy
t Moxe OyTH NpeACTaBICHA HEYITKUM CTaBJICHHSM
(AJIE) x,(t) = {t, x;/px(t, x))} i=1,2...,n, y dikcosa-
HUI MOMEHT 4Yacy 3a3HayeHa 3MiHHa Moxke OyTH BHpa-
*xeHa HeuiTkoro MuoxuHO (HM): %; = {x; /g (x;)}.
AHaJIOTIYHHH ONHC Ma€ C-a BUXi/HA 3MiHHA!

y.(0) = {t.v./uyc(t.y)} ¢ =12,..1,

ux,(x) = @(x, ag,, bix,, bag, ) Vi, Vax, ) =
-1

- +
)

B dopmymni (4) koediuienT ag, mpencrasise Moy
I, xoediuientn byg, ta by, 3.a/1a}0TL mmpuny DI,
Vix, U Vg, - Haxui @I 1o oci XI, T0OTO KOHTPAaCTHICT.
Koeiuienm bz, b,g,, Vig,, Vo5, YTBOpIOBatH Oyap-
sky (opmy OII i MOXKYTh BUCTYINATH SIK MOKa3HUKU He-
BU3HAYEHOCTI.

3anano nokasnuku sikocti CK (wac mepexiaHoro
mporecy, epeperyIroBaHHs, TOMIIIKA CTEXEHHS TOILO)
y dopmi dyHKIi#T KOpHCHOCTI:

Qi = {Qi/u3, @D} k=12, K,
M%k(Q’?(,) = (p(Qg’ a??i’ bf)_(i’ b;)_(i’ vf}?i’v;)?i)’ (5)
ne K — 9uciio moka3HUKIB SKOCTI CUCTEMH KepyBaHHSI.

BusHaueHO eTanoHHY MOJETb Ha OCHOBI 33aJaHUX
MTOKA3HUKIB SKOCTI YIIPABIiHHS:

Xy = AyXxy + By,

1e U, — BIUIMB CHCTEMH, IO 3amae; X, (t)— Bekrop eta-
JIOHHOTO CTaHy.

3amano oOMeXeHHs Ha 3MiHHI BEKTOpa cTaHy Ta 00-
MEKEHHS Ha KepyBaHHSL:

91w Y, ) < Ximax, 20UV, 0) < Xpmins
Gan-1(FW Y, 1) < Xpmax s
Gan (XY, 8) < Xnmin s o (6)
Im-1(Z 1Y, t) <Umax, Gm(EUY,8) < Uy -
Vo = {Yg//iyg ()’g)}:
e pg,, My~ Gynkuii npunanexnocti (PII); x;, y, — 3Ha-
YeHHS 13 YHIBEpCaJIbHUX MHOXHH.

Enementn matpuns A4, B, C 3amani HM:

AL = {AL/uh, (AD)), . AT = (AR, (A,
B' ={B'/uk (BD}, .., B = {B™/u (B™)},
Ct={Ct/ut, (€D}, ., CL = {CL/uL, (CL)}.

Iouatkosi ymosu omucani HM D; = {x;/up; (x)},
a umcyio 3MiHHKX BekTopa cTany — HM § = {s/us(s)},
ne S$=1,2,...n — HOpsIIKOBUI HOMEp 3MIHHOI BEKTOpa
ctany. @OyHKIIT MPUHAICIKHOCTI 3aJaHi AHATITHIHOIO
3aJIeKHICTIO, HATIPHUKIIA, U1l 3MIHHOI X; .

Hexaii sik MeTy ynpaBiiHHs 0OpaHa MiHiMi3allis ce-
PEIHBOTO BiXHMJICHHS 3MIHHHX BEKTOpA CTaHy peanbHOT
noBeninku OV Bif 3paska.

HeoOximno cuntesyBati CK i 31ilicHUTH Hajamry-
BaHHS PEryJsITOpa TAaKMM YWHOM, 100 Bei curaani B CK
Oy obmexeni, T00TO [x(t) < Xyon, [U()| < Uyyy, @
nepexifHi MPoIecH B CHCTEMI 3a/I0BOJIBHSUIN 3aJjaHHM
MOKa3HUKAM SIKOCTI

AJITOPUTM CHHTE3Y aJanTHBHOIO
HeviTKOoro Jioriunoro peryjaaropa (HJIP)

VY naniii poOOTi Ha HEWITKUI PEryJIATOp MOKJIaa-
€TbCsA 3aBJIaHHA BI/IpO6J'IeHH5l BIUIMBY, 11O YIIpaBJIsSIE, B Ili-
ara3oHi 3MIHM AMHAMI4HOI IOMWJIKM PEryIIOoBaHHA 1 ii
MOXIIHOT 1010 il TOPOTOBHMX 3HAYCHb.

Bxinguuit Bekrop HJIP neperBoproeThest Ha HEUITKY
tdopmy E* = (ef, e;)3a nonomororo 0oky ¢azudikarii,
HOTIM BUKOHYETHCSI HEHITKHH JIOTIYHUI BUCHOBOK Y 0a3i
IPaBUIL, y Pe3yNbTaTi BUXOAUTH HEUiTKa BUXiJHA 3MiHHA
u*. IepeBeneHHs 3HAUEHb BEKTOpA yIPaBIiHHS U* 3 He-
4iTKOT 00J1acTi 4iTKy U 3/11HCHIOIOThCS OJI0KOM Jiedasu-
¢bikaii [7].

[MepenoOpoOKka BXiZHOTO CHTHATY TOMUJIKH pery-
JIFOBaHHS Ta 11 MOXiHOT 3/1IiICHIOETBCS 32 (hOPMYJIIOI0

max.
e["™ sign(e;), le;| = e,

IocToOpoOKa BHXIHOTO KepyHO4Oro curHamy U

3IIHCHIOETHCS BUPIIICHHIM 3a/1a4i JeHOpMatialiii U

u =uyDN = uy|tpmax |, )
Jie max U — MaKCHMaJibHe 3HAYCHHsI YIPaBIiHHS, 110 M0-
JAETHCS 00'€KTY.

Sk npaBuiio, 6a3a 3Hank HJIP MicTuTh ommuc TepmiB
niHrBictnuHUX 3MiHHKX (JI3), siKi MatoTh OyTH BU3HAYEH]
3a37aJ€eriapb 1 KOJKHOI BXiIHOI Ta BUXiHOI 3MIHHOI.

Jl1s oo BBEIEMO TakKi JIIHTBICTHYHI 3MiHHI

e; = (" Tlomunka xepyBauus”, T,(, E;),
e, = ("loxinna nomunku", T,,, E;),
u = ("KepyBanusa", T, U),

— (71 72 Kl i =T %

ne T, ={TLTZ.TkLi=1k,
T, ={T},T?, ..TF},— TepM-MHOXMHH 3HAYeHb

JTHTBICTHYHUX 3MIHHUX €1, €2 BiMOBI THUMH QYHKITISIMA
npuHaNexKHOCTI (DIT)

— 0 _ _17
Teli = pei(e) Ty = (), L =1k ©)
3a/IaHFIMH BiJIIOBITHO HA YHIBEPCATBHUX MHOKIHHAX
E; = [Ei mins Ei max] ul= [Umin' Umax]- (10)
[pumycTrMo, 0 KOKeH BXITHWH Ta BUXITHUA JiH-
rBictmaHOi 3MiHHOI T, = {Te,Te /dt,Tu} BiJINOBIIAIOTh
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7 repmis: T, = {'NB','NM’,'NS",'ZE','PS’,'’PM',' PB'}
3 TPUKYTHUMH (QYHKIISIMH TPUHAJIEIKHOCTI
0, gakmo x < a,

(x—-a)/(b—a), a<x<b,
c-x)/(c—b) b<x=c I
0, axmo ¢ < x.

Hrx(x,a,b,¢) =

Tonmi pesynbratoMm (dasudikarii € JTHTBICTHYHI
3MiHHI:
e, =< llomusaka >=
HUnB, (e)/NB,, Hnm, (e)/NM,, HUns, (e)/
Sel ﬂZEe (e)/ZEe' HPSe (e)/PSe'
/PMe'IiPBe (e)/PB,];

e,, =< lIBUAKICTb 3MiHEHHA MOMUJIKU >>=

= [inge . (€/d)/NBe /g, in o, (6/d8)/
NMe/qes Mnse/ae(€/dt)/NSe e, Hzg,,q, (€/d)/
ZEe /a0 Mps, q, (€/dD) /PS¢ /ap Hpwm, 4, (€/dD)/
PMe/qu Hep, . (6/d0)/PBoac]:
u* =« KepyBaHHA D=
= [.uNBu (W)/NBy, unm, W) /NMy, piys, W)/
NSy, uzg, W/ ZEy, pps, W/ PSy, tpm, W)/
PM,y, upp, (W)/PB,].

JHami ¢popmyeThest 6a3a mpaBuil JIOTIYHOTO BUBOLY Y
BUIJIAA1

SIKINO (T), x TS,), TO T, j =17,

ne TJ, X TJ,- nexaproBuii 10/aTOK HEYITKNX MHOKHUH
E, i E,, 3ananux Ha mkanax E; i1 E, 3 QyHKII€I0 npuHa-
JIEKHOCTI

”(T,ZlXTJz)(el'eZ) =y (e) A (e, (12)

TO Tu] — BIANOBiZHA BUXiIHA HEYITKA MHOKMHA, IKE BU-
3HAYAETHCS HEYITKMM BiIHOIIEHHSIM

RI=(T) xT))xT/,j=17

3 (byHKL[iE}O HpI/IHaJ'Ie)KHOCTi
M i € N
Tél( 1)

Aty (e2)> A G0)- (A4)

ﬂRi((epez),U*) = (
CyKymHICTh yCiX IPaBWII, BiIIOBITHIX HEUITKOMY
BiIHOWICHHIO R = U]7-=1 R’ 3 QyHKIi€I0 TPUHATEKHOCTI

(NTL{'I (er) A
Ny (e)) A Mo (")

*) — \/7
MR((elieZ)!u ) - Vj:l [ IJ (15)
BH3Ha4Yae 0a3y 3HaHb HEUITKOTO PETysATOpa 1 3amae 3a-
KOH (DyHKI[IOHYBaHHSI HEUITKOI CHCTEMH.

TakxuMm unHOM, TPH 3aJaHNX 3HAYCHHAX BX1THHX JIi-
HTBICTUYHUX 3MIHHHAX Te]1 U Te]2 BUXIJHE 3HAYEHHS HEYI-
TKOTO PETYJISATOpa BU3HAYAETHCS HA OCHOBI HACTYITHOTO

i j=(T J i crv-
xommosutiitHoro npasuna B/ = (T, x T),) e R 3i cry
TIEHEM TIPHHAIIEKHOCTI

(uyy () Aty (€2)) A

. . (16)
A ug(eq, ey u”)

MTI{ (u*) = V31=E1-226E2

YV BUMAaKy, KOJH JTIHTBICTHYHUM 3MIHHUM BXiTHHX
CUTHANIB €;,€, BIIIOBIJAIOTh HEYITKI MHOXUHH
T,y uT,, HediTKa MHOXHHA JIHTBICTUYHOT 3MiHHOI CHT-
HaJTy KepyBaHHS U* BH3HAYA€THCS HACTYITHUM YHHOM

Ul W) =
MMy iz, Ce0)]

i, [y 0] ] 7

i

= maxel,ez

Jisi oTpuMaHHSI peaJlbHOTO 3HA4YeHHS BHXiJAHOTO
CUTHAJIy HEYITKOTO peryJjsTopa 3AiHCHIOETHCS IPOLEC
nedaszzigikarrii

u=x 4 UnHr, W)/ X1 U, (up). (18)

OyHKII0 NPUHANE)KHOCTI HEYITKOTO 3HA4YEeHHS
MPECTABISAIOTh Y BUIIIS I

[lisipgy (e),u=24,
pry (W) = b _ (19)
0,u=+t,
e M - JCKPETHI YHMCEJIbHI 3HAYCHHS BHUXIJHOTO CHUT-

Hay.

Toni BU3HAYanbHE 3HAYEHHS BHXIIHOTO CHUTHAILY
HEYITKOTo peryisropa Ha etamni aedas3idikaiii od4nc-
JIFOETBCSI SIK

w= S [Ty @]/ Ea MMy 1y (e, (20)

abo u@n = X7 Aj ¢ (@), (21)
e {;(é) = ?=1HTEJ"(31)/ZT=1 i=1 #Te]"(ei)- (22)

TakuMm uMHOM, Y pa3i MOBHOTH i HECYIIEPEUINBOCTI
0a3u IpaBHJI HEYITKOTO JIOTIYHOTO BUCHOBKY, 3aKOH (Y-
HKIIOHYBaHHS HEYITKOTO PETYNIATOpa BU3HAYAETHCS BU-
JIOM 1 pO3IIOJILJIOM 10 Jliara3oHy peryitoBaHHs (QyHKIIH
MPUHAJICIKHOCTI 1 BUOPAHUM aJITOPUTMOM HEYITKOTO BH-
BOJY.

3anponoOHOBaHUH aITOPUTM CHHTE3Y HEHiTKOT'O JIO-
TIYHOTO PEryJIATOpa O3BOJISE€ BUKOPHCTOBYBATH CTaH-
JapTHY GopMy OIMHUCY JIIHTBICTHYHUX 3MIHHUX 1 MiHIMa-
JBHUH Ha0Ip yIpaBIsOYuX MPaBHIL.

basa npaBui HEUITKOTO PerysTopa HajlaHa B TaOl.
1, y sikiit no3nauenns: N - HeraTuBHe, Z - HyJbOBe, P -
no3utuBHe, NB - Benuke HeratuBHe, NM - cepenHe He-
ratuBHe, ZE - 6mmu3pke 1o HynsoBoro, PM - cepenne mo-
3uTHBHE, PB - Benmke nmozutuBHe. [loBepXHA BiATYKY HE-
YITKOT'O PETryJATopa, 10 OTPUMAaHO, IpPEJICTaBlIeHa Ha
puc. 1.

Tabruys 1 — Baza mpaBHJI HEYiTKO-JIOTiYHOT0 perysiTtopa

e NB NS NM | Z PM |PS PB
1
NB NB NB NB PS Z PM |PS

NS NS NS NS NM |PM |PM [PS
NM |NS NM |[NM  |(Z Z PM |PS
Z NS NM  |[NM |Z PM |PM |PS
PM NM |[NM  (Z Z PM |PM |PS
PS NM |[NM  (Z PM PS PS PS
PB NS NM | Z PS PS PB PB
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Puc. 1. TToBepxHs BiryKy HEHiTKOrO peryisropa

B nporieci BU3HaYeHHS ONTUMAJIBHUX [TAPaMETPIB 1
CTPYKTYPH HEUITKOTO PETYJIITOPa, 110 3a0e3neuye MiHi-
MaJbHEe 3HAYeHHs KPUTEPII0 SIKOCTi, MpoaHalli30BaHa
cxeMma Hal[OIIMPEHI o0 HEYITKOTO TMCKPETHOTO Pery-
JISITOpa, B SIKOMY € J[Ba BXOM: OMUJIKa KepyBaHHs e(K)
Ta i 3MiHa

Ae(k) = e(k) —e(k —1)

a00 MIBUAKICTH

Ae(k) = Ae(k)/ At

Ta ojuH Buxin U(K) — ympaBniHHS B MOMEHTH 4acy KAt,
k=1,2,...,N, re At — mar quckpeTH3arii.

BucHoBKH

[IpoBeneHo mocmipKeHHsT ePEeKTUBHOCTI 3aIpOIIo-
HOBAHOTO ITiIX0ly TTpU poOOTi HEUITKOI aJarTHBHOI CH-
CTEMH JUIS yNPaBJiHHS TEMIIEPAaTypolo Y KaMepHiil cy-
mIapii NepuoANYHOI il MO0 CYNIHHS KamiJIsipHO-TIO-
PHCTHX MaTepiaiB.

OTtpuMaHi Taki pe3ynbTaTu:

1) onepatuBHe (hopMyBaHHSI KEpYIOUHMX CHTHAJIB
CIIpUs€ CKOPOYEHHIO 4acy MEePEeXiJHOro IpolLecy Ha
18%,

2) cepelHE BiIIXUIJICHHS BEKTOPa 3MIHHUX CTaHY pe-
QJIBHOTO IIPOIIECY Bijl €TAIOHHOTO 3MeHIIeHo Ha 13% mo-
PIBHSIHO 3 MOKa3HUKaMH BiJJOMHUX aJalTUBHUX CHCTEM
KepyBaHHSI.

CuHHTE30BaHUI HEUITKUH JIOTIYHUH PEeryJsTop Ha-
Jla€ CHCTeMi aBTOMAaTHYHOTO PEryJIOBaHHS 3/aTHICTh
MiATPUMYBATH Ha 33JlaHOMY PiBHI TeMIIEpaTypy Cylia-
PKH 32 HAasBHOCTI 30BHILIHIX 30ypeHb, a TAaKOX SKICHO
KEepyBaTh TEXHOJIOTIYHMM MPOLECOM CYIIiHHS Kariis-
PHO-TIOPHCTHX MaTepialiB TpH LIMPOKOMY Jiana3oHi
3MiHHU HOTO TapaMeTpiB y yaci.
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Synthesis of an adaptive fuzzy logic regulator for temperature control in a chamber dryer
N. Yevsina, A. Zuev, A. Gapon, M. Denysenko, M. Tarasenko

Abstract. The method of statistics is the synthesis of a fuzzy logical temperature controller for drying capillary-porous
materials, which allows you to win a standard form for describing linguistic changes and the minimum set of key rules. It is
indicated that the simplicity of the PID controller, as expressed through the three parameters of the adjustment and the understand-
ing of the physical protection of the skin, at the same time, it increases the number of tasks, which can be effectively changed. For
folding thermal objects, it is necessary to complete the structure of the regulator more thoroughly. It is recommended to win over
vague management with insufficient knowledge of how the object of management is, but even the obviousness of managing it. The
fuzzy controller is based on the vibration control, which controls, in the range of changing the dynamic pardon of the regulation
and 17 similarly to 1i threshold values. Synthesizing a fuzzy logical controller allows the system of automatic regulation of the
building to adjust the temperature of the dryer at a given level for the presence of major disturbances, as well as accurately handle
the technological process of drying capillary-porous materials with a wide range of changes.

Keywords: capillary-porous materials, fuzzy control, adaptive fuzzy logic controller, mathematical model, membership
function, defuzzification.
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HauionansHuii TeXHIYHMNA yHIBEpCUTET «XapKiBCHbKHUHN MOMITEXHIYHUI IHCTUTYTY», XapKiB, YKpaiHa

ONTUMIBAIIVMHA MOJEJb JIJISI CHHTE3Y CUCTEMU KEPYBAHHS
EJIEKTPOITPUBOAY 3MIHHOTI'O CTPYMY HA OCHOBI BUKOPUCTAHHSA
AJI'OPUTMY BEKTOPHOI'O YIIPABJIIHHSA

AHoTanisi. Po3rsHyTi nutaHHs po3po0IIeHHs ONTUMI3AIiHHOI MOJIETI JUISl CHHTE3y CHCTEMH KepyBaHHS TATOBUM eJIeK-
TPOIPHBOJIOM 3MIHHOTO CTPyMy AW3ENb-TI0i3/1a Ta i JOCIHIKEHHS, 3 BUKOPHCTAHHAM CyJacHHX METOIB ONTHMi3alii Ha
OCHOBI MaTeMaTHYHHUX MOJICJICH 1 aJlTOPUTMIB BEKTOPHOI'O CIIOCO0Y yNpaBliHHA. B mporieci pileHHs: po3po0iicHO MaTe-
MaTHYHI MOJIENIi eJIEMEHTIB CHCTEM TATOBOTO EJIEKTPOIIPHBOJLY IM3EIIb-TI0i3/1a 3 YpaXyBaHHAM IPOTIKAHHS B HUX €JIEKTPO-
MAarHiTHHUX IPOIECIB; IPOBEJECHO aHaTi3 i BUOIp METO/IB ONTHMI3alii Ta KPUTEPIiB SIKOCTI, XapaKTePHHUX VIS JAHOTO THUILY
00’ €KTiB KepyBaHHsI, SIKi MO>KJINBO BUKOPHCTOBYBATH [UIsl CHHTE3Y CHCTEMH YIPABIiHHS eEeKTPOIPHBOJLY AU3eb-TI013/1a 3
ypaxyBaHHSIM MaTeMaTHIHOI MOJIENI, SIKa ONMCY€E AUHAMIYHI TPOIECH; TNPOBEAEHO PO3POOJICHHS ONTHMI3aliiHUX MOjie-
JIe CUCTEeMH KepyBaHHS eNIEKTPOIIPHUBOIY eJIeKTpoIepeiadi IU3eNb-110i3]a 3 BUKOPHCTAHHIM XapaKTepPHUX IS JTaHOT'O
THITy eJIeKTponepeaadi KpUTepiiB SKOCTI; BUKOHAHI JOCTI/PKEHHS Ta YTOYHEHHsS Ha ONTHUMI3ALiifHUX MOJEISX CTPYKTYp i
rapaMeTpiB CUCTEMH KepyBaHHS SIK 3 BIIOMUMH 3aKOHAMH YIIPaBIIiHHSA, TaK i i3 3aIIpOIOHOBAHUMH B IIPOIIECI CHHTE3Y.

Kaw4yoBi caoBa: onTumizaniiiHa MoJenb, €JNEKTPOINPHBIA 3MIHHOTO CTPyMy, CHHTE3, METOAW ONTHMIi3alii, MaTema-
THYHI MOJIENI, KpUTEPil AKOCTI, AMHAMIYHI IPOLIECH, TOCIIKEHHS Ta YTOUHEHHS, CTPYKTYPH.

Beryn

Po3po0sieHHST  ONTHMI3aMiHHUX ~ MaTeMATHUYHHX
MoOJIeTIel Ul CHHTE3Y CHCTEMU KEePYBaHHS €JIeKTPOI-
PHUBOJy 3MIHHOTO CTPYMY 3 BUKOPHUCTaHHSIM CYYaCHHX
METOJIiB MPOEKTYBAHHSA, METOMIB ONTHMIi3auii 3 ypaxy-
BaHHSM OCOOJMBOCTEH 00’€KTa KepyBaHHS, Pi3HOTO
POy TporpaMm i IMakKeTiB MOJCIIOBAHHS, IPOBEICHHS
KOMIUIEKCHHUX JOCIIDKEHb 3a JAOIIOMOTOI0 Mojenel Ta
OTPUMAHHS SIKICHUX XapaKTEPUCTHK (YHKIIOHYBaHH:I
CUCTEMH KEePYBaHHS B 3aMKHYTIill CHCTEMI YIPaBIIiHHS B
3aJIeKHOCTI BiJI YMOB €KCILTyaTaril Ta piBHS 3aBaHTa-
KEHOCTI AM3eNb-TI0I3/1a € CKIAa0BOI0 YaCTHHOIO 3ara-
JIBHOTO 3aBJaHHS CTBOPEHHS €HEPrOEKOHOMHOI CHCTe-
MU YIIpaBIIiHHS 3aC00aMM 3aJII3HUYHOTO TPAHCIIOPTY.

IMocTanoBka 3agaui po3pod.ienHsa moneni. Ha
CHOTOJHIMIHIN JIeHb HapsAy 3 YaCTOTHHUM CIIOCOOOM
KepyBaHHS  CJIEKTPOINPHBOAOM  (3aKOH  KepyBaHHS
U/f=const), Bce GibIIOI yBaru MPHIISIETHCS PO3POO-
KaM CHCTeM KEpyBaHHsI Ha OCHOBI aJrOPUTMIB BEKTOp-
uoro ympasimiuasa [1 —10]. OcHoBHa imest anroputmy
BEKTOPHOTO YIIPABIIiHHS MOJSITa€ B 3MO31 OPIEHTYBaHHS
MIOTOKY acHHXpoHHOro AuryHa (A]l), mo mae Moxiu-
BiCTb PO3POOJICHHA CHCTEM KEpPYBaHHS €JICKTPOIIPHBO-
JIOM, sIKa 3a0e3redye MiATPUMKY HOCTIHOTO 3HaYeHHS
€JIEKTPOMATHITHOTO MOMEHTY IBUTYHA MIPH 3MiHAX HOTO
HaBaHTAKCHHSL.

PerynroBaHHS MOMEHTY 3OiHCHIOBAJIOCS TUTBKH
3MIHOIO POTOPHOI CKJIAJ0BOi CTPYMY, IIIO CTBOPIOE MO-
MEHT [BHUTYHA. B pe3ynbpTaTi cucrema KepyBaHHS Mic-
TUTH JIBa KaHAJIW YIPABIIHHA: 110 TATOBOMY MOMEHTY 1
MOTOKO3YeIUIeHH 0. LI anroputMu akTUBHO BIIpOBa-
JDKYETBCS Y PI3HOTO POAY €IEKTPONPUBOIAX TpUGa3HO-
ro crpymy. Hanpyru craropa cucremu piBHSHB MaTe-
MaTHYHOT MOJIeJi aCHHXPOHHOTO JIBUTYHA BU3HAYAIOTh-
¢S IO PiBHAHHSX BEKTOPHOTO YITPABIIiHHS.

Le BaxmuBO g 00 €KTIB, HANPHUKIAA, CTaHKIB
uIT 0OpoOKM JeTanell 3a JIOMOMOTOI0 pi3alibHUX 1H-
CTPYMEHTIB. 3a JONOMOTOI AJITOPHTMY BEKTOPHOTO
YIPaBJIiHHS MOXKJIMBO MOOYAYBAaTH CHCTEMY KepyBaHH,

sKka 3abe3nedye cTalii3alilo NMEBHUX CTPYMiB, a 3Ha-
YHUTH i CAMOTO EJIEKTPOMArHITHOTO MOMEHTY.

XapakTepHOI OCOOJMBICTIO TATOBOTO E€JIEKTPOII-
PHBOAY H3EJb-TIOI3/Ia € Te, 10 BAKIMBOIO EKCILIyaTa-
[IIfHOI0 XapaKTePUCTHKOIO SIBISIOTHCS EHEPreTHYHI
BUTpaTu. B 3anexxHocTi Bij Npodiiro muisxy, 3aBaHTa-
’KEHOCTI MPU OJIHIHN 1 Tii e BeJMYMHI MOMEHTY, eHep-
reTUuHi BUTpaTH OynmyTh pi3ni. J{jist po3poOieHHs orm-
TUMI3alidHOT MOJEJl BUKOPUCTAHO MaTeMaTH4YHY MO-
Jeb aNrOpUTMy BEKTOPHOTO YNPaBJliHHA, aje 3a yMO-
BH, 1110 3HAYEHHS MOJYJIsS IOTOKO3YEIJICHHs] He cTa0li-
3YEThCS, a MOXE 3MIHIOBATUCS 3TiIHO 3aJaHoro ado
CHHTE30BaHOTO 3aKOHY KepyBaHHs. Ilpn npomy edek-
TUBHICTh (DYHKI[IOHYBaHHSI CHCTEMH KEPYBaHHS OLIHIO-
€TBHCS 32JIAHUM KPUTEPIEM SIKOCTI.

B pesynbraTi oTpuMaHa MaTeMaTH4Ha MOIEIb Y
BUTJISINI CUCTEMH JM(EepeHIiiHIX PIBHIHB JAPYroro
HOPAAKY, ¢ (a30BUMH 3MIHHMMH BHUCTYHAIOTh LIBUJ-
KICTb pyXy AW3eIb-T0f31a Ta MOJIYJb IHOTOKO3YeIIeH-
Hs1. B sikocTi KpuTepist epeKTHBHOCTI BUKOPUCTOBYIOTh-
sl IOKa3HHUK €HepreTHYHUX BUTpaT. Lle mo3sosise mpo-
BOIUTH CHUHTE3 YINpPaBIiHb 3 BUKOPHCTaHHS METOJIB
BapialliifHOro YUCIICHHSI.

JIst OIHKY CHHTE30BAHUX YIPABIiHb BUKOPUCTA-
HO TIOPIBHSHHS OTPUMAaHHUX 3HAYCHb MEPeXiITHUX Mpo-
meciB mepeminanx AJ] (moToko3uerieHb, (pazHUX
CTPYMIB, CKOB3aHB) i3 3HAYCHHSMH MEPEXiTHUX TPOIle-
CiB TpH 3alydeHHI BIAOMOTO 3aKOHY YIIPABIIiHHS
U/f =Const.

Js peamizarii MaTeMaTHYHO! MOJETi BUKOPUCTA-
HO makeT MATLAB. Ilo mo pimeHHs maHWX 3amad y
CBOEMY CKJIJi BiH Ma€ 00 €KTHO-OPIEHTOBAaHY alTOpH-
TMiYHYy MOBY, rpadiuamii  iHTepdelic, 3acobu
pO3B’s3aHHS 3a/1a4 MATEMAaTHYHOTO aHANi3y, ONTHMi3a-
1ii, 00YHMCIIOBAIIEHOI MaTEeMaTHKH, aHANi3y i CHHTE3y
CHCTEM aBTOMATHYHOTO KEpyBAaHHS Ta s IHOMX iH-
CTPYMCHTIB.

MeTto10 poGOTH € PO3POOIICHHS MOJICTICH ISl CHH-
Te3y CHCTEMH KEpyBaHHs ENEKTPONPUBOAY 3MiHHOIO
CTpyMY IM3eNb-TI0i34a Ta 1X JOCIHIDKeHHS SIK 3 BiJIOMH-
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CucTemu yrpaBiiHHS, HaBiramii Ta 3B's13ky. 2022. Ne 4

MH 3aKOHAMU YIPaBJIHHS, TaK i 3 BHKOPUCTaHHIM MOJIe-
JIel aJropuTMY BEKTOPHOTO YIPaBIIiHHS, TPOBEICHHS 1X
JIOCIIJDKEHb, OTPUMAaHHS SIKICHUX XapaKTEpPUCTHK IIPOTi-
KaHHS [IepEeXiHUX IIPOLECIB B €JIEMEHTaX EJIEKTPOIpH-
BOJly JU3€b-TI013/a IIUIIXOM MOJICITIOBaHHS.

OCHOBHA YacTHHA

3rinHo [4, 5] MaTeMaTUYHY MOJIEIb EIEKTPONpPHU-
BOJIy 3 ypaxyBaHHSIM alTOPUTMY BEKTOPHOTO KepyBaH-
HS1 MOXKJIMBO TTOJIATH B HACTYITHOMY BUTJISL:

dl 1 , d\Pl '
Ua =g bx TR g lalsTow s R
dl 2 ' ' .
s2 = di Lx +lgls oy + KW +Rslsz s (2)
d¥Ym Ry LmRr
at Lr m sl Lr ()
R/L
0= ¥m———"lg; )
r
mpK
Mgy = P “rmls2, ®)
L2 L
r r

cio nap nomtociB, Ky — koedilieHT 3B’s13Ky poTtopa, ® —
HIBUJKICTH OOCPTAHHS pOTOpA.

OCKIJIbKY MIBUIKICTh 00€PTaHHSI KOOPJAWHAT CITiB-
MaJ1a€ 13 MBHKICTIO BEKTOPY MOTOKY POTOPa Mk = Oy, TO
Bektop ¥; Oyne Ha oci 1 cBoiMm mMonmynem Y¥rm, a itoro
MIPOEKIIisl Ha BiCh 2 JJOPIBHIOE HYIIIO.

3rifiHO cUcTeMHU PiBHSHB NOTIK poropa Yrm MoBH-
HeH OyTH CTaOUIBHUM, OTXKE CTaOUIBHUM 1 cTpyM lg1.
PiBusirHs (1 — 5) IpH ILOMY CIIPOIIYIOTBCSL:

Ug =Rslg —lsoLs "oy ; (6)

. dl .
Uso =Rslso + g Ls ' oy + K W ipog +d_st2LS ; ()

R LR

T 1y T =0 8)
r r

Rr I-mRr

—¥ . -1 =0. 9
Lr m sl Lr ()

3 piBHaHHSA (8) BUXOAUTH 3aKOH (OPMYBAHHS
cTpyMy lg1, IO BU3HAYAE MOTIK:
1

lg=—%m.

L (10)

3 piBHaHHA (5) BUXOAUTH 3aKOH (HOPMYBaHHSI
cTpyMy lgp , IO BU3HAYAE MOMEHT:

M 2
W'rm mpK,

Is2 (11)

3 piBHsAHAES (9) 3HAXOIUTHCS BEIMYMHA aOCONIOT-
HOTO KOB3aHHS [, IO BU3HAYAE€THLCS MOMEHTOM 1 ITO-

TOKO3YCIIJIICHHAM:

ﬂZ Rrl-m IsZ

. (12)
L ¥Prm

HeoOximHa mBHAKICTE OOCpTaHHS OIS POTOpa
BHU3HAYAETHCH SIK:

o y=po +4. (13)

JlocmipKeHHsT CUCTEMH KepPYBaHHS 3a JIOITOMOTOI0
pO3po0JICHOT  MOJENi MOKa3aJio Majiuid BIUIMB [ Ha

MepexiiHi MPOLIECH, TOMY MOXIIMBO puiiHsTH [4, 5]:

Os=0y. (14)

DopmyBaHHsS Moy Bekropy Hampyru U,; Ma-

TEeMaTAYHOI MOJENi TArOBOTO ACHHXPOHHOTO JBUTYHA
(TA) B CHHXPOHHIN cHCTeMi KOOPAMHAT Uil PETYIIIO-
BaHHSAM HANpPYTH JKUBICHHS BUKOHYETHCS HA OCHOBI
OPTOTOHANBHHX CKJIAJ0BUX BEKTOPY HAMPYTH MO 3BOPO-
THIH MOJIENi IBUTYHA, SKI OOYHMCITIOIOTHCS 3TiTHO (op-
VAR

Ust =Rslg —Isols "oy ; (15)
L'

USZ = RS L32 +a)squm L—+ Kr . (16)
m

3 ypaxyBanHsM piBHsiHb (10) Ta (11) B pe3ynbrari
OTPUMAEMO:

M 2

US]_ = (RS / Lm)\Prm _\P_rm mpKr LS 'a)s , (17)
L

Ugy =R 2_M + 0¥ (—S+ Kr]; (18)
mpK, ¥ L

Rlyp 2 M 1
L mpKy ¥im Wi

B (19)

3 ypaxyBaHHSM 3Ha4€Hb IAPAMETPIB TArOBOIO
JIBUTYHA 3Eb-TI0131a (Rs =0.083 (Om);

R, =0.068 (Om); L, =0.0866 (MI'n); L =0.0880(MI't);
K,= 00982 Lg'=0.003(MI'); L,=0.088215(MI))

OPTOTOHANBHI CKIIA/IOBI BEKTOPY HANPYTU Ta BEIUYUHA
a0COJTIOTHOTO KOB3aHHS [ BH3HAYAIOTHCS SIK !

Uy = 0.958W,, ~0.000679—"— 0 (20)
rm
M
Ugp =0.0188—— +1.0170s ¥y ; (1)
rm
p-0o51 ML, (22)
rm \Prm

Moynb BEKTOPY HANPYTH XKHUBJICHHS U MaTemMa-
tiaaoi Mozeni TAJl BH3HAYAaeTHCS HA OCHOBI PiBHSHB

(20)i (21):
2 2
Uy =yUs +Us .

B pesynpraTi OTpHManM MaTeMaTHYHY MOJENb
(dopmyBaHHs Moxyns Bekropy Hanpyrn U,; Ta Benu-

(23)

YUHH a0COJIFOTHOTO KOB3aHHS ﬂ JIIsL MaTEeMAaTHIHOI
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MOJIeJIi JIBUTYHAa B CHHXPOHHIN CHCTEMI KOOpJIMHAT Ha
OCHOBI aJITOPUTMY BEKTOPHOTO YIIPABIIHHS 3 ypaxy-
BaHH;IM KOHKPETHHX KOHCTPYKTUBHUX rapameTpiB TAJ]
€JIEKTPOIIPUBOJYy H3EJb-TI0I3]a, SKa B IOAANBIIOMY,
cymicHO 3 Mojento TAJl B CHHXpOHHIH cHUCcTeMi KOOp-

quHAT Oyiia BUKOpPHCTaHa IUIs JIOCHIDKEHHS MOXIIMBHAX
3aKOHIB KEpyBaHb.

CrpykTypHa cxema Mojei (GopMyBaHHS CKIaI0-
BUX KepyBaHb Uxi Ta Ws Ha ocHOBI piBHsHB (20) - (23)
npuBeseHa Ha puc. 1.

1 =E > >
- S
Phir Gainl1 Gain
b E E Produe
Ll %
Product Gain4 Gainb |-’
Product2
L’ N Gain, "
> b
Product1 Gain17
»x
M - A
1 M| —@m
Product® Gaind
Product?
ED,
w Gain?
<\Jﬂ=

Puc. 1. CrpykrypHa cxema MoJienli (JOpMyBaHHS CKJIaJIOBUX KepyBaHb

B nporieci 1ocipkeHb CTBOpEHa y3arajibHeHa MO-
JIeNb €IEKTPOMEXaHIYHOI CHCTEMHU [H3elb-TI0131a, sKa
BKJIIOUa€ B ceOe HacTymHi ONoKM Mojeneil: popMyBaH-
HSl KepyBaHb Ha OCHOBI MaTeMaTW4HOI MOJENi — piB-
HsHHs (20) — (23); Mozeni TATOBOTO E€JEKTPOIIPUBOLY
Ta (OpMyBaHHS MIBUAKOCTI au3zenb-moizna [4]. CurHa-
JIaMH{ YIIPABJIHHS JUIS MOJIEITi TSATOBOTO €NEKTPOIPHUBO-
Iy SBJIAIOTBCS MOZYJb BEKTOPY HAIPyTH JKUBJICHHS
TAJ] Uy, Ta iforo yactora @y (MIBHAKICTE 0OEpTaHHS

noJisi poropa), siki (QOPMYIOTbCS Ha OCHOBI BIJIOMHX
3aKkoHiB kepyBauHs (Hanpukian, U/f = const), cuateso-
BaHMX 200 3amporoHOBaHKX. SIK OAMH 3 BapiaHTIB MO-
XKJIMBO (HOPMYBATH 3aKOHH KEPYBAHHS 3 BHKOPHCTAH-
HSIM aJITOPUTMY BEKTOPHOTO YIPABJIiHHS HA OHOBI iH-
¢dbopmarii MOBEIHKNA 3MIHU TSATOBOI'O MOMEHTY Ta IO-
TOKO3YEIJICHHS, SIK YIIPABIIiHb.

dopMmyBaHHS 4acTOTU @) (LIBUIKOCTI 0OEPTAaHHS

IOJISI POTOPA) BUKOHYETHCS 3 BUKOPUCTAHHAM CUTHAIY
MexaHiuHol yacTotu @ (piBHsHHS (13)), skuii oTpumy-
€THCS HA BUXO/1 OJIOKY MOJIEJII EJIEKTPOIIPUBOTY.

Y naHiii Mojeni po3rJIsaeThCs ONTUMI3AIIHUI
MOKa3HUK — EHEPreTHYHI BHUTPATH MpPU IepeMilleHHI
00’€KTy yHpaBIiHHA Ha 3aJaHy BIICTaHb IO TEBHOI
MIBUAKOCTI. BuTpaTtn BusHavyanmces six

T
3= [Uyplsdt,
L)
e Uy, — amIuniTyqHe 3HAYCHHS HANPYTH JKABICHHS
TAH (B), Iy — cTtpym HaBaHTakeHHS (A).

3a JOMOMOTOI0 y3arajdbHEHOI MOJENi IPOBEICHO
JIOCITI/DKEHHST MOXKJIMBUX 3aKOHIB KEPYBaHHSI, TAKUX SIK
U/f = const, Ta 3akoHiB KepyBaHHS 3 BHKOPHCTaHHIM
ANITOPUTMY BEKTOPHOTO VIIPaBIIHHS HA OHOBI iH(OpMa-
1Iii TTOBEJIHKH 3MiHU TSITOBOTO MOMEHTY Ta MOTOKO34e-
ILIEHHS.

Tax, npu NPOEKTYBaHHI CUCTEM KEPYBaHHSI €ICKT-
POTIPHBO/Y 3MIHHOTO CTPYMY, B SIKHX 3aCTOCOBYIOTHCS

TsiroBi acuHXponHi aBuryHu (TAJL), oqHUM 13 croco0iB
yIPaBIiHHS BUKOPUCTOBYEThCS 3akoH KepyBauHs U/f =
const. OxHak, AJ1si KOHKPETHOI CUCTEMH, B HAILIOMY pasi
I[E CTOCYETHCS EJIEKTPONPUBOY AW3ENb-TI0131a, HEeoO-
XiZIHO BHM3HAYUTH 4YHCEJIBHE CITIBBIIHOIICHHS IIHOTO
3aKOHY Ta 3HAYEHHS TeMIy 3MiHu dactotu f Hampyru
xuBieHHs U.

VY 3B’S3Ky 3 UM JOCIIUKCHHS NPUBOIMIINCH IS
MEBHOI BEJIMYMHM 3aBaHTKEHOCTI IU3elb-1oiznal (po-
3paxyHKOBil, HOMIHaJIbHIN 1 MakCUMaJbHiil) Ta TeMITy
HapocTaHHS vacToTu Hampyru xusieHHs TAJl. Ilpu
[BOMY BEJIMYMHA 3aBaHTAXXEHOCTI BU3Haualach Koedi-
mieatom p/J. BiamorimHo xoedimienTn mpuitMam 3Ha-
gyeHHs: 0.000071; 0.000066; 0.000063.

XapakTepHi pe3yJbTaTH JOCHTIDKEHHS CHCTEMH
KepyBaHHS €JIeKTPOIIPUBO/A NPH 3aKOHI KepyBaHHS
U/f = const ipuBeneni B Tabmumsx 1 — 3. Tlpu mpomy
aHaJi3yBaNUCh Tpadiky 3MIHK MOJYJIS TOTOKO3YeIlICH-
H$l, YaCTOTH CKOB3aHHS, TATOBOI'O MOMEHTY, IIBHUAKOCTI
JIM3ENb-TI0131a TP PI3HUX drcenbHuX 3HadeHHsx U/,
PIBHSIX 3aBaHTa)KEHOCTI JM3eIb M0i3/la Ta BUTPATH €He-
prii enekrponepeaayl 3a 4ac po3roHy.

AHaJi3 mpomeciB Mokasye, MO MPH JOMYCTHMUX
MeXXax 3aBaHTA)XEHOCTI 1 TEMIi HAPOCTAHHS CHTHAITY
yopaBiiaHa A0 0.7 T'm/cex mporec po3roHy HOCHTH
CTiliKMii XapakTep 1 mapamMeTpd CHCTEMH (BETHYMHA
TSACOBOTO MOMEHTY, BEJIMYMHA KOB3aHHS, IIBHIKICTH
JM3ENb-TI013]1a) 3HAXOAATECS B AOIYCTUMHX MEXKax, SKi
3a/1al0ThCS TeXHIYHUMHU BUMoramu. [lpu Temmi Hapoc-
TaHHS CHTHANIB KepyBaHHs Ourbine 3a 0.7 'i/cek cuc-
TeMa KepyBaHHS He 3abesredye HOpMaibHE (PYHKITIO-
HyBaHHS. Tak, IPH TeMIli HAPOCTAHHS CHUTHAJIB Kepy-
BaHHs 0.8 I'/cek, BemMuMHA KOB3aHHS TMPU MaKCHMa-
JTHPHOMY 3aBaHTa)XCHHI BUXOMUTH 3a JOIMyCTAMY (HE
peanpHy) BemmuuHy. [Ipn mpoMy i TSTOBHHA MOMEHT
TAJl He BiIOBiTa€ TEXHIYHIM BUMOTaM.

B Tabn. 1 — 3 mpuseneni nudpoBi 3HaAYCHHS Bij-
MOBITHUX 3MIHHMX Mojaeni ( moroxozueruieHHS (V¥ ip, ,

(B), mBuakocti pyxy mmzens-moizna (V, xm/rom), Bu-
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tpart eneprii (P, KBt*cek), tssroBoro momenty (M, Hwm),
9acTOTa CKOB3aHHS ( @y — @ )) TpHU BiMIOBiAHIN 3aBaH-

Ta)XEHOCTI AM3EJIb-TI013/1a Ta TEMIII HAPOCTAaHHSI CHTHA-
mie  kepysanHs  (p/J=0.000071, p/J=0.000066,
p/J=0.000063 3a t =100 cek.; TeMI HAPOCTAHHS YACTOTH
— 0.4 Ta 0.7 I'/cek.) B 3aJeKHOCTI BiJi KOHKPETHHX
3HauYeHb 3aKkoHy yrnpaeminas U/f = const.

I3 Tabn. 1 BuAHO, IO TP 33AaHOMY TEMITi Hapoc-
TaHHS YacTOTH Harpyru xuBieHHs TAJ] 3a ymoBu Bu-
KOPHCTAHHS 3aKOHIB yITPaBIIiHHS U/f = const
B Jiama3oHi X MOXIMBHX poOounx Bix 8 no 14, 3Ha-
YEeHHS! BEJIMYUHU TATOBOTO MOMEHTY 3aJIHINAETHCS
MPAKTHYHO TOCTIHHHUM, IIPH 3MEHIIEHH] 3HaYeHHS BijI-
HourerHss U/f = cONSt BHAKICTh pyXy 3MEHIIY€ETHCS, a
BUTpaTu eHeprii 30inbinytoThes. [Ipy nboMy BennynHa
cKoB3aHHs 30inbIIyeThes. Lle gae migcTaBu uis 3aKimo-
YeHHS, 10 MOJIeNIb aJeKBaTHA 1 SIBIISIETHCSI MOKJIMBOIO
US| TIPOBEICHHS JOCTIJUKEHb.

B tab. 2 npuBeseHO pe3yabTaTH IOCIHIIIKEHb TPU
3aJJaHOMYy TEeMIli HAapOCTaHHS YacCTOTH HAlpyru >KUB-
nenHss TAJl 3a yMOBH pi3HOTO piBHS 3aBaHTaXKEHOCTI
npy BUKOpHUCTaHHi 3akoHy yrpasinas U/f = 10.

Tabnuys 1 — PesyavTaTu gociimxens (p/J=0.000071,
t=100 c.; Temn HapocTanHs Yacroru — 0.4 T'i/c.)

U/, Yim V, P*10, M, Wy —,
B/T' B KM/TOJT MBT Hwm paj/cex
14 2.21 38.34 2.67 925 2.991
10 1.57 37.83 2.70 925 6.268
8 1.25 37.01 3.05 925 11.64

I3 Tabn. 2 BUIHO, IO NPH 3aIAHOMY TEMIT Hapoc-
TaHHS 4aCTOTH Hampyru xusieHHA TAJl 3a ymMOBH pi3-
HOTO PiBHSI 3aBaHTKEHOCTI MPH BUKOPUCTaHHI 3aKOHY
ynpasminas U/f = 10, TemMni HapocTaHHsI 4acTOTH Ha-
npyru xusneHHst TAJl — 0.4 T'i/cek 3Ha4YCHHS BEJINYH-
HU TATOBOTO MOMEHTY 3POCTA€ B 3aJICIKHOCTI BiJ| 301JIb-
LIEHHS 3aBaHTaKCHOCTI AM3eJb-T013/1a, 0 € HOpMaJlb-
HUM siBUIEM. [Ipu 11bOMY 3BHYAHHO MPOSBISETHCS 1
301IBIICHHS 3aTPAYCHOI SHEepTil JJIsl JOCATHEHHS OHIET
1 TOM e MIBUAKOCTI B KIHIIEBUIH TepMiH dacy. Xapakre-
PHUM HPOLECOM IPH LBOMY € Te, IO MPaKTUYHO IJIA
MOXJIMBUX 3aBaHTAXEHb 3QJIMIIAETHCS IMOCTIHHOIO Be-
JMYMHA YaCTOTU CKOB3aHHS Ta IOTOKO3ueruleHHs. Lle
JIOZIATKOBO, K 1 B TIOMEPEeIHbOMY pe3yJbTaTi JOCIi-
JUKEHHSI TIATBEPIKYE, IO 3TiAHO TEOpii IOJI0KEHB
eJIEKTPOIIPUBOY, PO3poOJeHa MOIETbh 3 TOYKH 30Dy
(GYHKIIIOHYBaHHS Bejie ceOe aJICeKBATHIUM YHHOM.

Tabnuys 2 — Pesyabraru pocaimkens (U/f=10;t=100c,;
TeMn HapocTaHHs yacroru — 0.4 T'u/c.)

\Prm y V, P*10, Wy — O,

p/J B KM/FOH MBT M’ Hu paﬂ/ceK
0.000071 | 1.575 | 37.83 | 2.696 | 924.8 6.268
0.000066 | 1.573 | 37.76 | 2.900 | 985.3 6.766
0.000063 | 1.573 | 37.70 | 3.042 | 1026. 7.115

B Ta6un. 3 nmpuBeneHO pe3ynbTaTH TOCTIIKEHD IPH
KPUTUYHOMY 3HA4YEHI TEMII€ HApPOCTaHHS YaCTOTH Ha-
npyru xuBlieHHS TAJ] 32 yMOBH MakCHMaIbHOTO PiBHS
3aBaHTAXXEHOCTI NPH BUKOPUCTAHHI JIOMTyCTHMHUX 3aKO-
uiB ynpasmiuas U/f = const.

Tabnuys 3 — PesyawraTu gociimkens (p/J=0.000063, t=100 ¢.;
Temn HapocTauns Yacroru — 0.7 T'u/c.)

U/t Yim, V, pP*10, w0y —O,
BT B KM/TOZL MBT M, Hw pam/cex
12 1.895 66.58 8.548 | 1728.0 8.587
11 1.734 66.19 9.472 | 1728.0 11.11
10 1.573 64.67 12.78 | 1793.0 21.68

B pesynbraTi AOCIHIKEHh BCTAHOBIICHO, IO MaK-
CUMAaIBHUIA (KPUTUYHUIA) TeMIT HA0OpYy YacTOTH Harpy-
ru xuBieHHs TA]Jl ctanouts 0.7 I'mi/cek. I3 Tabm. 3
BHUJIHO, 1[0 ONTHMAJIbHUM € 3aKOoH kepyBaHHs U/f = 12.
Tak, pu 3a7aHOMy TEMIIi HAPOCTAHHS YaCTOTH Harpy-
ru xuBiieHHsT TAJl 3a yMOBU po3roHy 110 onHi€i i Tiel
e MIBUIKOCTI, MiHIMAJIbHUMHU 3HAYCHHSMH € CIIOKHUBYA
€HEepTis 1 BeJIMUMHA YaCTOTH KOB3aHHS. Sk mpaBumiio, 1i
MOKa3HUKK BUOMPAIOTHCS SIK IJILOBI (SIKICHI) IIPU CHH-
Te31 OMTUMATBHUX CHCTEM KepyBaHHS.

B 3aranbHOMY IjIaHi MOKHO BHU3HAYUTH, IO PO3-
poOJieHy MOJelb, Ha SKiH MPOBEICHO DS IOCHTIIKCHb
3aKOHIB YNPaBJIiHHS, MOXJIMBO 3aCTOCYBAaTH IPU CHH-
Te3i ONTUMAlHUX 3aKOHIB KEpyBaHHS EJEKTPOIPHU-
BOJOM 3MIHHOIO CTpyMy B IIIaHI OTpUMaHHA iX
JIOCTOBIPHOCTI 1 TIPOTIKaHHS XapaKTEepHHUX IPOIIECIB B
cUCTeMax eJeKTponpuBoay. Hampuknan, Takumu
XapaKTepUCTUKAMH MOXYTb OyTH OTpUMaHi MpH
CHHTE31 3aKOHY YNPaBIiHHA BiJHOLIEHHS aMIUITYIH
Hampyrd OKkuWBieHHs go i wacrotm U/f, Ttemmi
HapOCTaHHS LIBUIKOCTI JAU3ENb-TIO131a B 3aJIE)KHOCTI
BiJl 3aBaHTA)KCHHS, 3HAUCHHAX CHEPIeTUYHMK 3aTPaT.

Kpim 1poro, 3a pesysibraTamu JOCJHIIPKEHb MOX-
JHMBO 3pOOUTH BHUCHOBOK, IO PO3po0ieHa MOAeNb pea-
JbHO BioOpakae mpouec (GyHKIIOHYBaHHS €JIEKTPOII-
PHBOIY AM3€Tb-TI0i3a NPH JOMYCTUMHUX HaBaHTa)KEeH-
HSIX 1 PO3MIISTHYTOMY METOJ YIpaBJIIHHS 3 TOYKU 30pY
MPOTIKaHHSI €JIEKTPOMArHITHUX MPOLECIB i, SIK Pe3yJib-
TaT, MOKEe OyTH BUKOPHUCTaHA JUIsS LJIEH JOCIIHKEHHS
CHUHTE30BaHMX YIPABIIHb 3TiHO IHIIMX aJITOPUTMIB

KEpyBaHHSI.
3a 0MOMOTroK po3podiieHol MOJEN TakoX OyIu
MPOBEJCHI  JIOCHI/DKEHHS MO0  BUKOPUCTAHHS

MOXJIMBHX KepyBaHb 3TiHO allOPHTMY BEKTOPHOTO
ynpaiiHHs. Tak, mpu mMoOyI0BI CHCTEMH KEpyBaHHS 3
BUKOPUCTaHHSIM METOJIB BEKTOPHOTO YIpAaBIiHHS Iie-
pendavaeThes, O 3AIHCHIOETHCS CTA01i3al1lis TOTOKO3-
yerieHHs! W, 1 TATOBOrO MOMEHTY, SIKHil BU3HAYAE€Th-

cs 3apmaHHsAM M,. Takuif IPHHOWTT peryarOBaHHS Tpa-
TUIIIHAN 1 BUKOPUCTOBYETHCS HE3aJIEKHO Bi TOTO, B
AKI CHCTeMi KOOpAWHAT TMPEACTABISAETECA MOICTh
00’€KTy yIpaBIiHHS.

®opmyBaHHS 3aKOHIB 3MIiHH TSATOBOTO MOMEHTY
TAJl i mOTOKO34eIIIEHHSI BUKOHYBAJIOCH 3TiTHO HACTY-
ITHAX CIIBBIAHOIIEHD. 32 TATOBUM MOMEHTOM:

M =2000-¢ %"; M =2000-1/5t ;
M = 2000e 0008 N =1600+1200e 0032

3a MOTOKO3YEILICHHSM.
Y, =12/(2+0.0lw); ¥y =12/(2+0.0l0* w);

¥, =(14/(2+0.01w))—e 001
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W, =8.17-13/((14/(2+0.10))—(1/e%01)).

B mporieci mocmikeHb IPOBEICHO aHaMi3 Mepexi-
JHUX TIPOLECIB Y BUIIISAAI OCIMJIOrpaM, OTPUMaHUX Ha
MOJIeNli, IO JAEMOHCTPYIOTH (DYHKI[IOHYBaHHS CHCTEM
€JIEKTPOIIPUBOJIY TPH BU3HAYEHUX ITOYATKOBHX YMOBaX
y 3aMKHEeHiil cucteMi kepyBaHHs. CUTHaIM KepyBaHHS
(hopMyBaJIHCh 3TiJHO 3aIPOITOHOBAHMX 3aKOHIB yIpaB-
JIHHA TArOBUM MOMeHTOM TA/l Ta MOTOKO3YETIEHHSIM.
EdexTuBHICTH BiMIOBIIHOTO 3aKOHY YIPaBJIIHHS OLi-
HIOBAJIaCh 32 3HAYEHHSMU BEJIMYMHU EHEPreTHYHHUX
BUTpAT.

PesynpraTi gociimpkeHHsT MOZENI AU3eNb-Toi31a 3
€JIEKTPOIIPUBOJIOM 3MIHHOTO CTPYMY IPHBEIEHO y BH-
sl Tabn. 4 ta 5. Xapakrep 3MiHM 3HAu€Hb MOTOKO-

Tabnuys 4 — PesyavTaTu gociaimkens (p/J=0.000063,

3UCIICHHS! Ta Jiara3oH 3MiHM HOro 3HAa4YeHb CIiBIIa-
JIAfOTh 3 XapaKTEepoM IPOILECIB MPH BiIOMOMY CIOCO0i
kepyBauus U/f =const, mo Oyio0 jgocimipkeHo i
MIPUBE/ICHO BHIIIE.

BiamoBigHo 10 3aKOHIB KepyBaHHS OTPUMAHO TIO-
Ka3HUKHM BUTpAT eHeprii (y BUIVIAII CHOXWBYOI MOTYX-
HOCTI TSTOBHM €JIEKTPOIIPUBOJIOM Ta YHCIIOBUX 3HAYCHb
(yHKIIOHAITY) TIPU PO3TOHI JU3EIb-110i3/ly TPH MaKCH-
MaJIbHIA 3aBaHTAXXEHOCTI B 3aJIEKHOCTI BiJ IIBUIKOCTI
PYXy Ta MPOHIEHOT0 NUISIXY 32 MEBHUH MPOMIXKOK Yacy
(t=100 cek.).

Sk KpuTepili ONTHMAIBFHOCTI BHKOPHUCTOBYBaBCS
KpHUTEpi MIHIMyMy €HEpreTHYHHX BHUTpPAT IPH BHKO-
HaHHI OOMEXEHb 10 BEJIWYMHI MPOHAEHOro HUIXY i
IIBUIKOCTI B KiHI[CBHI MOMEHT Yacy.

t=100 cek.; ¥, =12/(2+0.0lw).

M Yim,B V, km/rox P*10, MBt S, M 0y — O, pag/cex P/S, xBt/m U/f, BT

1 2.32 87.7 1.73 1105 3.86 1.56 14.68

2 2.29 87.4 1.72 1132 3.64 1.52 14.47

3 2.29 87.2 1.72 1130 3.62 1.52 14.49

4 2.22 87.8 1.75 1243 3.26 1.40 14.05

Tabnuys 5 —Pe3ynbraTn pocuimkens (p/J=0.000063, t=100 cek.; ¥, =(14/(2+0.0ln))— g 00n )

M Yo, B V, km/ron P*10, MBt S, M oy —, pag/cex | P/S, kBr/Mm U/f, BT
1 2.28 88.9 1.71 1111 4,18 1.54 14.4
2 2.24 88.7 1.70 1139 3.94 1.49 14.2
3 2.25 88.4 1.70 1137 3.91 1.49 14.2
4 2.17 89.3 1.71 1254 3.55 1.36 13.7

Posrisimanucst BapiaHTH BIUIMBY PSIIY MOXKIHBHX
3aKOHIB 3a[JaHHS TSATOBOIO MOMEHTY Ta IIOTOKO3Yell-
JICHHs, K YIpaBJiHb, B IPOIECI PO3TOHY IW3Eb-
noi3za 3a 3aaHuii yac t i OliHIOBAIKCS OTPUMaHI Xapa-
KTEPUCTUKHU (IIBUJKICTh, IPOMICHUI LUISX 1 €eHEepPreTH-
YHI BUTpATH). 3a OTPUMAHUMH JaHUMHU JOCITIDKEHb
MOXKTHBO 3aIllPOIOHYBATH IICBHI 3aKOHH KepyBaHb 3
TOYKH 30pY 1X e(EKTUBHOCTI 32 KPHUTEPIEM MIHIMyMy
CHEPreTHYHHX BUTPAT.

AHai3 OTpMMaHUX JJAaHUX Ja€ MiJCTaBH 3alpoIio-
HYBATH 3aKOH 3MIHH 3a TSTOBHM MOMEHTOM 3TiJHO BH-

pasy
M =1600+1200e0-0325t

3a MOTOKO3YCIIJICHHAM:
¥, =(14/(2+0.010))—e 20U,

Taxuit BHCHOBOK 3p00JI€HO HAa OCHOB1 HACTYITHOTO.
OtpumaHni JaHi U1 IPOIMOHYEMHUX KepyBaHb B ACSKii
Mipi aHaJOTi4HI JaHUM OTPUMAHHM MO IEPEXiTHUM
IporecaM B PEe3yNbTaTi JOCHiIKEHb BUKOPHCTAHHS
Bimomoro 3akony kepyBauus U/f = const. TIpu msomy
TIPH Pi3HUX PIBHAX 3aBaHTAKEHOCTI AW3EIb-TIO13/a, TaKi
MOKA3HHUKH SK BEJIMYMHA ITOTOKO3YCTUICHHS, IIBHIKICTD
py3y noi3ga, NpolIeHUI NUIAX 3HAXOJUIMCh B MEXaX,
SKI BH3HAYAIOTHCS CKCIUTYTAI[IHHUMH 3HAYCHHIMHU
XapaKTEepUCTHK. SIKIIO0 TOPIBHATA [aHI NepexiTHuX
mporecis  3akoHiB  kepyBamus  U/f =const i
IIPOITIOHYEMOTO 3aKOHY KE€pyBaHHS, 13 Tabnuii 5 BUIHO,
IO B IIPOIIOHYEMOY 3aKOHI KEpPYyBaHHS JIOCSTA€ThCA

cmiBBimHomennss U/f=13.7 mpu Temmi Hapoctany
yactotu Hanpyru xusneHHs TAJ[ 0.76 T'u/cex. Lleit
(dakT, KpiM MiHIMQJIBHUX BUTpAT €HEPrii, J0JATKOBO
Jla€  MiITBEPDKEHHS npo WOro  JOLIBHICTH
BUKOPUCTAaHHSL.

Buxozasun 3 npoBeieHUX Pe3yJbTATIB JOCIHIIKEeH-
HS 32 JIONIOMOTOI0 PO3pOOJIEHHMX MopeNneld Ha OCHOBI
BUKOPUCTaHHS QJITOPUTMY BEKTOPHOTO  YIPaBIiHHSI
€JICKTPONIPUBOJIOM MOXKHA 3pOOMTH BHCHOBOK, IO 3a-
MPOIIOHOBAHI KEPYBAaHHS JO3BOJISIIOTH ONTHMI3yBaTH
POOOTY EHEepreTHYHOI CUCTEMH AW3EIb-T10131a B IpoIie-
cl po3roHy mpu poOOYMX 3aBaHTAXKEHHSX, 3a0e3Mmeuyro-
YH NP [bOMY BUKOHAHHS 3aJaHUX T'PAHMYHUX YMOB 110
MIBUJIKOCTI Ta MPOWACHOMY LIISXY, & TAKOXK HPOBOHUTH
pO3pOONeHHS Ta MOCTIKCHHS aHAJNOTIYHUX CHCTEM
YIpaBIiHHS.

BucHoBku

1. Ha ocHOBI pO3MIIIHYTHX METOMIB CHHTE3y Ta
ypaxyBaHHSIM OCOOJMBOCTEH IOCIHIMHKyBaHOTO 00'€KTa
CIiZye, MO 3 METOIO MOOYAOBH eHepro-e(eKTHBHOI CH-
CTEMH KEePYBaHHS Y BUIVIAAI MAaTEMAaTHYHUX MOJENCH
JUIS TICBHUX KPHUTEPIiB SKOCTI Ta aNTrOpUTMIB (opMy-
BaHHS 3aBJaHb y BiNOBIJHOCTI 10 BEKTOPHOTO yIIpaB-
JHHSI MOXYTh OyTH BUKOPUCTAHI METOH BapialliifHOro
YHCIICHHSL.

2.3a yMOBH 3aCTOCYBaHHsI METOJIB BapiaiidHOro
YUCIICHHS TSI CHHTE3Y MOJIENi eHepro-e(peKTHBHOI CHC-
TEeMH KePYBaHHS IIPOIIOHYETHCS BUKOPUCTATH OITHMi-
3aIiifHUI TOKa3HWK — €HepreTHYHI BUTPATH TIPH Tiepe-
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MIIIEHHI O00’€KTy yIpaBiiHHS (AW3eNb-TI013/1a) Ha 3a-
JlaHy BiJICTaHb J0 NIEBHOI IBHJIKOCTI.

3. B pesynbrari JIOCHIPKEHb BCTAHOBIJICHO, IO
IIpY 3aJaHOMYy (KPUTHYHOMY) TEMITI HApPOCTaHHS 4acTo-
tn Hanpyru xuBieHHst TAJ[ 0.7 I'/cek 3a yMoBH Mak-
CHUMAaJIBHOI 3aBaHTaXXEHOCTI JIM3€Tb-110i3/1a 1 pO3TOHY 10
OJTHI€T 1 Ti€T XK IMBUAKOCTI IPH MiHIMAJIBHOMY 3HAYCH-
Hi CIIOKMBYOI €Heprii i BENMYMHI YacTOTH KOB3aHHS,
ONTHMAJIbHUM € 3aK0oH kepyBanHs U/f = 12.

4. B mportieci 10CTiKEHb MPOBEACHO aHANI3 mepe-
XiTHUX TPOLECiB, OTPUMAHUX HAa MOJENi, IO JEMOH-
CTPYIOTh (PYHKLIOHYBaHHSI CHCTEM E€JEKTPOIPHBOIY
IIpU BUKOPUCTAHHI 3alpONOHOBAHHUX YIIPABIIHb TATO-
BUM MOMEHTOM AJl Ta IOTOKO3YEIJICHHSIM Yy 3aMKHEHIH
cucremi kepyBanHsi. OTpuUMaHi JaHi Ui IIPONOHYEMHX

KepyBaHb  aHAJOTIYHI  JIAHUM  OTPUMAHHM IO
MepexiHUM TpolecaM B Pe3yiabTaTi JOCIIDKCHBb
BHUKOPHUCTaHHS BiOMOTO 3aKOHY KepyBaHH

U/f = const, mo nae mifCcTaBy CTBEpIXYBAaTH MPO iX
aJIEKBATHICTh Ta IPale31aTHiCTb.

5. AHamiz maHMX, SIKi OTpEMaHi B IIpOIECi JOCTi-
JUKEHb, Ja€ ITiICTaBH 3alpOIIOHYBATH 3aKOH YIIPABIIHHS
TSTOBMM MOMEHTOM Ta ITOTOKO3YEIUICHHSM Y BiJIOBi-
HOCTI i3 CITiBB1THOIICHHSIMH:

M =1600 +1200e 09325
¥, =(14/(2+0.0lw))—e 00

6. B mpoueci nociipkeHb BCTaHOBJIEHO, L0 TPH
BUKOPHCTaHHI 3alPOIMIOHOBAHOTO 3aKOHY KEPYBaHHS
MIPU Pi3HUX PIBHIX 3aBaHTAKCHOCTI TU3ENb-I013/1a, TaKi
MTOKA3HUKH SIK BEJIMYUHA MTOTOKO3YCIUICHHS, IIIBHIKICTh
py3y moi3na, IpONHJAeHUA NUIAX 3HAXOASIThCS B MEXax,
SKi BHU3HAYAIOTBCA CKCIUIYTAI[IHHUMH 3HAYCHHSIMU
XapaKTEePUCTHK. Ipu bOMY JIOCSATAETHCS
cmiBBiHomennss U/f = 13.7 mpu Temmi HapocTaHHi
yacToTi Hampyru sxuBieHHs AJl 0.76 T'iy/cek. Ileit
(hakT, KpiM MIHIMATBHUX BUTpPAT CHEPTii, TOJATKOBO
(301NIBIIICHHS IBUAKO/IIT) A€ MiJCTaBH MPO JAOITBHICT
HOro BUKOPUCTAHHSI.
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An optimization model for the synthesis of the control system of an alternating current electric drive
based on the use of a vector control algorithm

M. Zapolovsky, M. Mezentsev

Abstract. Considered the issues of developing an optimization model for the synthesis of the AC traction electric drive
control system of a diesel train and its research, using modern optimization methods based on mathematical models and vector
control algorithms. In the process of the decision: mathematical models of the elements of the traction electric drive systems of
the diesel train were developed, taking into account the flow of electromagnetic processes in them; the analysis and selection of
optimization methods and quality criteria typical for this type of control objects, which can be used for the synthesis of the con-
trol system of the electric drive of a diesel train, taking into account the mathematical model that describes dynamic processes;
the development of optimization models of the control system of the electric drive of the electric transmission of a diesel train
using quality criteria typical for this type of electric transmission was carried out; studies and refinements were made on optimi-
zation models of the structures and parameters of the control system, both with known control laws and with those proposed in
the synthesis process.

Keywords: optimization model, alternating current electric drive, synthesis, optimization methods, mathematical mod-
els, quality criteria, dynamic processes, research and refinement, structures.
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BU3HAYEHHSA BITPOBOI'O HABAHTAXKEHHSI HA BAIIITOBUI KPAH
3AT'OCT 1451-77 TA ABH B.1.2-2:2006

AHoTamisi. Y crarTi po3rsiHyTe WTaHHS BU3HAYEHHS BITPOBOTO HaBaHTaKEHHS Ha OamITOBHII KpaH 3a ABOMAa HOpMa-
tuBHEME fokymeHTamMu: ['OCT 1451-77 «Kpansl rpy3onoasemusie. Harpyska BerpoBas. HopMbl 1 MeTo[ orpeiesieHus»
ta JIBH B.1.2-2:2006 «HaBanraxenus i BmmByu. HopMmu npoekTyBaHHS». MeTonuka, BUKJIAIeHa B MEPIIOMY HOPMaTHB-
HOMY JIOKYMEHTi, He BpPaxOBY€ 3MiH, [0 BiAOYJIMCS B HOPMAaTHBHIN JOKyMeHTali YKpaiHu 3a OCTaHHI JECSTHIITTS, 30K-
pema B obmnacTi kiiMaroorii. Tak, kapra paiioHyBaHHs TepuTopii koiumHsoro CPCP 3a XapakTepucTHYHUMH 3HAYEHHIMH
BITPOBOTO THCKY, HaBeqeHa B foaaTky 3 mo 'OCT 1451-77, ne 36iraeThest 3 BiAMOBIAHOIO KapTOIO paliOHyBaHHs YKpaiHH,
ska HaBengeHa y JIBH B.1.2-2:2006. To x y crarTi Oyiio mocTaBieHO 3afady HOPIBHSHHS BiTPOBOIO HaBaHT)KEHHS Ha
KpaH, IiJJpaxOBaHOrO 32 JBOMAa HAaBEJIECHWMH HOPMAaTHBHHMH JOKyMeHTaMHu. Po3paxyHOK, IpOBEIeHUH sl HEpoOOIoro
cTaHy 0GamrToBOro KpaHa i3 3aJaHUMHU ITapaMeTpaMH, BCTAHOBIICHOTO Yy TPETHOMY BITPOBOMY paioHi YKpaiHH, IOKazaB
MIpUOIN3HE CIIBIAAIHHS pe3yiIbTarTiB (moxuoka He nepeBuntye 10-12%), ogHak PO MOBHY €KBIBAICHTHICTH METOJMK PO3-
paxyHKy 3a ABOMa BKa3aHWMH HOPMAaTHBHHMH JOKYMEHTaMH MO)KHA Ka3aTH JIVIIIE TTICIIs TOAATKOBHX JOCIIDKeHb. Kpim
toro, JIBH B.1.2-2:2006 Mo>xe 3acTOCOBYBATHCS SIK aIBTEPHATHBHUN CTAaHAAPT IPH BH3HAYECHHI BITPOBOI'O HABAHTa)KEHHS
JIMIIE y IEBHUX BHITA/IKaX, OCKUIBKY HE MICTHTh PEKOMEHIAIIH MI0Z0 PO3PaxyHKy BiTPOBOIO HaBaHTa)KEHHS Ha OaIlITOBUHA
KpaH y po604oMy CTaHi Ta BITPOBOTO HaBaHTa)KEHHSI, J[IF0YOT0 Ha BaHTaX.

KawuyoBi cioBa: GamroBuii KpaH, BITpoBe HaBaHTa)KSHHSL.

Beryn

Mera po6oru. IlopiBHSHHS BITPOBOTO HaBaHTa-
JKeHHs1 Ha KpaH, migpaxosaHoro 3a ['OCT 1451-77, 3
AQHAJIOTIYHUM HABaHTAXXCHHsM, BU3HaueHUM 3a JIBH
B.1.2-2:2006.

IMocTranoBka npodjemu. IIpu po3paxyHky meTa-
JIEBUX KOHCTPYKI[if, MEXaHi3MiB Ta CTiHKOCTI Oarro-
BUX KpaHiB, IO IPAIIOIOTh HA BIJAKPHUTIH MiCIEBOCTI,
M0CTa€ MUTaHHSI Y BU3HAYCHHI BITPOBOIO HABAaHTAXKEH-
HS Ha KpaH.

OCHOBHMM HOPMATHBHHM IOKYMEHTOM, IO IO-
3BOJIsIE BUpIMHTH 1110 3a1a4y, € [OCT 1451-77 «Kpanbt
rpy3onoaseMHele. Harpyska BerpoBas. Hopmbl u MeTon
ompexaenenus» [1].

Meroauka, BUKJIAJeHA B I[bOMY HOPMAaTUBHOMY
JIOKyMEHTI, pEKOMEHYEThCSI 0 3aCTOCYBAHHS B CIIEIli-
ai30BaHIiil JiTepaTypi, NPHUCBSYEHIN po3paxyHKam
kpauiB [2-5]. T xoua TOCT 1451-77, He AUBISUYKUCH Ha
CBIili BIK, JIOCI € MiIOYMM, JEsSIKi HOro MOJIOKCHHS Ha
CBOTOJHI € 3acCTapiliMH Ta HE BPaXOBYIOTH 3MiH, IO
BimOynHcs B HOPMATUBHIM MOKyMeHTarii YkpaiHu 3a
OCTaHHI JAECATUIITTA, 30KpeMa B 001aCTi KIIiIMaTOJIOTI].

Tak, kapra paifloHYBaHHS TEPHTOPIii KOJIHUIIHHOTO
CPCP 3a xapaKkTepHCTUYHUMH 3HAUYCHHSMH BITPOBOTO
THCKY, HaBeJeHAa B JOAATKy 3 IIOTO CTaHAApTy, HE
30iraeTsCs 3 BiIOBIOHOIO KapTOIO PalOHYBaHHA Y Kpa-
iam, sika HaBenena y JIBH B.1.2-2:2006 «HaBaHTa)keH-
Hs i BrumBH. Hopmu mpoekTyBanus» [6].

Tox iHTepec BUKIIMKAE TIOPIBHSIHHS BITPOBOTO Ha-
BaHTa)XKeHHS Ha KpaH, migpaxoBaHoro 3a ['OCT 1451-
77, 3 aHAIOTIYHMM HABaHTA)KCHHSM, BH3HAUCHHUM 3a
JBH B.1.2-2:2006.

OCKiJTBKH OKpeMi eIeMEHTH OamToBOTO KpaHa
(Taki sk GamTa Ta CTpiNa) € MO CyTi 3BUYaHUMU OyIi-

BEJIBHUMH METaJIeBUMH KOHCTPYKIIISIMHU, IO HUX MOXKHA
3aCTOCYBaTH Ti METOJM PO3PAXyHKY, IO BHUKIAICHI y
JOKyMeHTi [6].

OcCHOBHA YaCTHHA

3rimHo 3 HOPMATHBHHM HOKyMeHTOM [1], BiTpoBe
HABaHTA)KCHHsI [IOBUHHE BH3HAYATHUCH SIK CyMa CTaTH4-
HOI Ta AMHAMIYHOI CKJIAJOBUX.
CraTu4Ha CKJIAJI0Ba BITPOBOTO HABaHTAXKEHHS, SKa Ji€
Ha [ — ¥ eJeMEeHT KOHCTPYKILIi KpaHa a0o BaHTax, BH-
3HAYA€THCS POPMYIIOF0:

Fi = Al‘pl‘, H, (1)

ne A; — po3paxyHKOBa IUIOIA | — TOrO EJIEeMEHTY
KOHCTPYKIIii KpaHa a00 BaHTaxy, M2;

p; — PO3MO/IiJieHe BITPOBE HABAHTAXKEHHS HA OJH-
HUIIIO PO3PaXyHKOBOI IUIOMI { — TOT'O €JIEMEHTY KOHC-

TPYKIIiT KpaHa ab0 BaHTaXKYy.
pi = qken, 1la, (2)

e @ — AMHAMIYHUI THCK BiTpY, Ila;

k — xoedimienT, Mo BpaxoBye 3MiHy AUHAMIYHOTO
THCKY 32 BUCOTOIO;

¢ — KoeillieHT aeporHAMIYHOI cuid; n — Koedi-
[i€HT epeBaHTAKCHHSL.

VYci BenuuunM, 10 BXOAATH A0 Gopmynu (2), €
JIOBIIKOBUMH Ta BH3HAYAIOTHCA 33 PEKOMEHIAIISIMHU,
HaBeJICHUMH Y HOPMaTHBHOMY JOKyMeHTi [1].

[Ipu oMy po3mofisnieHe BiTPOBE HABaHTAKEHHS
D, a OTXKe, i CTaTUYHE BITPOBE HaBaHTaXeHHs F;, BI3HA-
YaEThCS UL JBOX CTaHIB KpaHa: poOOYOro Ta HepoOo-
4OT0.

Po3risiHeMO BH3HAuYEGHHS BITPOBOTO HAaBaHTaXKEH-
HSl JUI BaHTaXy Ta OCHOBHHMX €JIEMEHTIB OaIlTOBOTO
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Kpana (Oamita, cTpijia) 3 HACTYITHUMH XapaKTEePUCTHKA-
MHU:

HOMIHAJIbHA BaHTaXOMmi AHOMHICTE 10T;

MaKCHMaJIbHa BHCOTA TIiaiiomy 40M;

KOHCTPYKIIisl OallTH — rpaTyacta, MONepeuHuM Iie-
pepizom 1,6 x 1,6M (kBagpar),

KOoeQII[ieHT 3alOBHEHHS TIiHBOBOI IUIONI TpaHi
¢ = 0,4, Bucota 45m;

KOHCTPYKIIsl CTPLIM — IpaTdacta, IOIEepeyHnM Iie-
pepizom 1,5 x 1,5 x 1,5 M (TpUKYTHHK), KoedillieHT
3aIOBHEHHS TiHBOBOI IUIONII OiuHOi TpaHi = 0,3, MOB-
skuHa 40M.

B pobovomy cmawni nuHamiuHMI THCK BITpYy JUIS
0amTOBOrO KpaHa, MPH3HAYCHOTO [UIS OyAiBEeIbHO-
MOHTaXHHX poOiT, ¢ = 125 Ila; koedimieHT nepeBaH-
TaxeHHA N = 1.

Koediuientn k Ta ¢ 3anexars BiJ reOMETPUYHHUX
rapameTpiB €JEeMEHTIB KpaHa, iX po3TallyBaHHS Hajl
MTOBEPXHEI0 3eMJIi Ta BU3HAYAIOTHCS 3TiJHO 3 JOBIJKO-
Bumu jganumu [1]. k = k., = 1,55 — MakcumanbHe
3HaueHHsS Koe(illieHTy, 110 BPAaXxoBYe 3MiHY IUHaMid-
HOT'O TUCKY 3a BUCOTOIO, [UIsl BUCOTH 40M.

Juist OinblI TOYHUX PO3PaxyHKIB OamITy ciiijy po3-
OUTH Ha OKpeMi 30HH BHCOTOO 0 10M Ta migpaxyBaTu
JUIS HUX OKPEeMi 3HAYCHHS PO3IMOMLICHOTO BITPOBOIO
THUCKY 13 BpaxyBaHHAM 3MiHHOro koedimienty k mo
BucorTi Gamrru [1].

Koediuient aepoaunamiynoi cunu ¢ = 2,47 — s
0amiTy, sIKa € rpaT4acTor0 KOHCTPYKIIEID KBAJIPATHOTO
nepepizy Ta CKIANAEThCS 31 CTPUXKHIB HEKPYTIIOTO Te-
pepidy i 3 BpaxyBaHHIM KOe]illieHTy 3alOBHEHHS Ti-
HboBOI Turom rpani @ = 0,4; ¢ = 2,33 — nns crpinmy,
sIKa € I'PaT4ACTOI KOHCTPYKIIIEI0 TPUKYTHOTO Mepepizy
i 3 BpaxyBaHHsM KOeQilli€eHTy 3aNOBHEHHS TiHBOBOI
o rpai ¢ = 0,3; ¢ = 1,2 — i BaHTaxy.

3a BU3HAUCHUM DO3MOAUICHUM BITPOBUM HaBaH-
TaXEHHSIM p; 3TiHO 3 piBHAHHAM (1) po3paxoBYOTHCS
CTATHYHI CKJIaJ0Bi BITPOBOTO HaBaHTaxkeHHs FyC Ha
€JIEMEHTH KOHCTPYKIIIl KpaHa Ta BaHTaX BiIHNOBIIHO JI0
PO3paxyHKOBOI 1ol A; rpaHeld OaITh Ta CTPLU, IpH
usoMy A, = 10 M?> — po3paxyHKOBa IUIOIA BAHTAXKY
JUTA KpaHa BaHTaxomnimiomaictio 10T [1].

B nepobouomy cmani nuHaAMIYHUNA THUCK BITPY AJIS
0amTOBOr0 KpaHa 3aJIe)KUTH BiJl 30HH HOTO BCTAHOB-
TeHHs Ta, Hanpukiaa, A JJonernskoi obmacti (111 30H2)
cranoButh q = 450 Ila.

3 ypaxyBaHHSM I[0TO 3a (opmysioro (2) Bu3HAYaA-
IOTBCSL 3HAYEHHS PO3IMOAUIEHOTO BITPOBOTO HaBaHTa-
JKEHHS I OCHOBHHX €JIEMEHTIB KpaHa Ta BaHTaXy P,
a motiM 3a (opmynoro (1) — BimMOBIAHI 3HAYEHHS CTa-
THYHUX CKJIaJ0BHX BITPOBOTO HABaHTakeHHs F'C,

JluHaMidHa CKJIa{oBa BITPOBOTO HABAHTAXKCHHS,
0 BPaxOBY€E MYyJNBCAIil0 IMIBUAKOCTI BIiTPYy, BH3HA4Ya-
€TBCA 32 HOPMATHBHO-TEXHIYHOIO JOKYMEHTAIli€l0 abo
HOpMaM IIPOEKTYBaHHS KPaHiB JaHOTO THILY.

3rimno 3 P 22-166-86 «Kpansl OamreHHBIE
cTpoutenbHble. HopMbl pacueta» [7], fMHamMiYHa CKia-

JIOBa BITPOBOTO HAaBAaHTa)KCHHS, SKa Ji€ Ha [ — THUU
€JIEMEHT KOHCTPYKIIii KpaHa a00 BaHTaX, BUHAYAETHCS
3a popmyIoro:

Si = maniv Hv (3)

ne  m, — Koe(ilieHT mynbcamii BiTpy, SKAi 3aIeXUuTh
BiJl BUCOTH PO3TalllyBaHHS OIOPHOTO LIAPHIPY CTPiIH
Hy;

st Hy = 40M 3navenns m,; = 0,105;

& — koedilieHT TMHAMIYHOCTI, STKUH 3aJICKUTh BiJ
Mepioy BITPHUX KOJIMBAHB, I KpaHa 3 MPUAHATHMHE
napamerpamu ¢ = 2,55 [7].

s BaHTaXXy IMHaMiYHa CKJIaJ0Ba BITPOBOIO Ha-
BaHTakeHHs JopiBHIOE 0,1 BiJ CTaTHYHOrO HaBaHTa-
xenust [7].

Po3risiHemMo Tenep BHU3HA4YEHHS BITPOBOTO HaBaH-
Ta)KEHHsI Ha eJIEMEHTH KpaHa y HepoOo4YoMy CTaHi 3rij-
Ho 3 JIbH B.1.2-2:2006.

B 1mpomy pasi rpaHHuYHE pO3paxyHKOBE 3HAYEHHS
BITPOBOTO HaBaHTa)XCHHSI BU3HAYAETHCS 3a Takolo Qop-
MYJIOIO:

Wi = VemWoC , Tla @)

e Yem — KoeillieHT HATIMHOCTI, TKUH 3aJIC)KUTh Bil
CepeIHBOro Mepioy MOBTOpIOBaHOCTI (ekcruyatarii) T,
s T = 10 pokis yp,, = 0,69;

W, — xapaKkTepucTU4He 3Ha4E€HHS BITPOBOT'O THCKY
3aJIeKHO BiJl BITPOBOTO paiioHy, yuist miBHOY1 JloHenbko1
obuacrTi (3 BiTpoBuii paiton) W, = 500 Ila;

C — xoedilieHT, MO BU3HAYAETHCS 32 (OPMYJIOLO:

C = CoerCrnCaitCreiCairCy 5)

ne  C,eor — a€pOAMHAMIYHUIA KOSDILIEHT, IO 3aJICKUTD
BiJ] TEOMETPHUYHHX MapaMeTpiB KOHCTPYKIIIT;

C),, — xoe(dillieHT BUCOTU KOHCTPYKIII, Ui KOHC-
TpyKIii BucOoTOW 40M, BCTAHOBJICHHUX HA PIBHUHHIN
micieBocrti, Cp, = 2,25 [6];

Cyie — KoedimieHT reorpadiuHoi BUCOTH, TIPH PO3-
MiIlIEHHI KOHCTpYKIii Ha BucoTi MeHiie 0,5 kM Haj
piBaem Mopsi Cyj; = 1;

Cre; — KOCDIIEHT penbedy, At pIBHUHHOI Miclie-
BOCTi Cpp; = 1;

Cyir — KOCQIIIEHT HAMPSIMKY, 3a3BUYall JOPIBHIOE
OJIMHMIIL;

C; — xoedimieHT AWHAMIYHOCTI, IO BPAaXOBYE
MyTBCAiiHY CKJIAJOBY BITPOBOTO HaBaHTAXKEHHS, TOPi-
BHIO€E 1,2 3rigHo Ta6m1. 9.9 [6].

AeponuHamivnuii koedimieHT Cy,, I TPOCTOPO-
BUX IPaTYaCTUX KOHCTPYKLI BH3HAYAETHCSA TAKOIKO
hopmyioro:

Caer = Cx (L + 1k, (6)

ne Cy,m, k — noBiaKoBi KoedilieHTH, 1[I0 BU3HAYAIOTHCS
3a JI0OJJaTKaMH JI0 HOPMaTHBHOTO TOKyMEHTY [6].
Huist Gawru C, = 1,4; n = 0,48; k= 1.
Hus ctpima C,, = 1,4; n = 0,56,k = 1.
PesynpraTi po3paxyHkiB 3BezieMo y Taom. 1.
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Tabnuys 1 — BiTrpoBe HaBaHTaxkeHHs (KH), nil0ue Ha eleMeHTH GAIITOBOr0 KpaHa Ta BAHTAXK

Enemenry kpana / ckiiaosi Bbamrra Crpina BanTax
BITPOBOT'O HAaBAaHTAXKECHHS

BiTpoBe HaBaHTaxkeHHs y po6ouomy crani 3a TOCT 1451-77

CraTu4Ha CKJIa0Ba FL-PC 13,8 8,1 2,3
Jlusamiuna ckianoBa SL° 3,7 2,2 0,2
Cymaphe 17,5 10,3 2,5
BiTpoBe HaBanTaxkenns y Hepo6ouomy crani 3a TOCT 1451-77
Crarmana ckmanosa FiiC¢ 49,6 29,2 -
Jlusamiuna cknanopa SHC 13,4 79 -
CymapHe 63,0 37,1 -
BiTpoBe HaBanTa)keHHs y Hepo6odomy ctani 3a /IBH B.1.2-2:2006
Cymaphe | 56,3 | 36,9 | -

Hi, po3paxoBani 3a ['OCT 1451-77 ta JIBH B.1.2-
2:2006 ans OamITOBOro KpaHa 3 BU3HAYCHUMH MTapaMeT-

1. BirpoBe HaBaHTa)X€HHS Ha OAIUTOBUIl MiIlOM-  paMu Ta BCTAHOBJIECHOTO Y TPETHOMY BiTPOBOMY pailOHi
Huil kpaH Bu3HauaeTbesi 3a [OCT 1451-77 «Kpansl  Ykpainu, npuOnm3HO coiBmanaioTh (moxubka He mepe-
rpy3onoasemuble. Harpyska BerpoBast. HopMer u MeTony  Bumrye 10-12%), ogHak mpo TMOBHY €KBIBaJICHTHICTh
OIIpeieNICHUs», SAKUM Ha CbOTOJHI HE B IMOBHIH Mipl  METOIMK PO3PaxyHKy 3a JBOMa BKa3aHMMH HOPMATHB-
BIJINOBiIa€ HOPMATHBHO-TEXHIYHINA JOKyMeHTalii YK-  HHUMH JOKYMEHTaAaMH MOXKHA Ka3aTH JIMIIE MiCis J0JaT-
painu. KOBHX JIOCTIKEHD.

2. BitpoBe HaBaHTaKCHH:, sSKE Ji€ HA CJICMCHTH 4. JIBH B.1.2-2:2006 He MOke B IIOBHIN Mipi 3a-
KpaHa y HepoOo4oMy cTaHi, MoxxHa Bu3HauaTu 3a JIBH  minuTu coboro 'OCT 1451-77, amke HE MICTHTh pEKO-
B.1.2-2:2006, po3rispaoun i eIeMEHTH fAK 3BHYAiHI ~ MEHAaIlidl 1070 PO3paxyHKYy BiTPOBOTO HaBaHTAXKECHHS
OyniBebHI KOHCTPYKIII. Ha KpaH y poO04OMy CTaHi Ta BITPOBOTO HaBaHTaKEHHS,

3. Sk mokazaB NpPOBEJCHUH PO3paxyHOK, BITPOBI  Jif0YOr0 Ha BaHTAX.

HABAHTAXXCHHsSI HA €JIEMEHTH KpaHa y HepoOO4YOMYy cTa-
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Determination of wind load
on a tower crane according to GOST 1451-77 and DBN V.1.2-2:2006

A. Klyon, A. Tretiak

Abstract. The article examines the question of determining the wind load on a tower crane according to two normative
documents: GOST 1451-77 "Hoisting cranes. Wind load. Norms and methods of determination” and DBN V.1.2-2:2006 "Loads
and influences. Design standards”. The methodology outlined in the first normative document does not take into account the
changes that have taken place in the normative documentation of Ukraine over the past decades, particularly in the field of clima-
tology. Thus, the zoning map of the territory of the former USSR according to the characteristic values of wind pressure, given in
Appendix 3 to GOST 1451-77, does not coincide with the corresponding zoning map of Ukraine, which is given in DBN B.1.2-
2:2006. Also, in the article, the task of comparing the wind load on the crane, calculated according to the two cited normative
documents, was set. The calculation carried out for the non-working state of the tower crane with the specified parameters, in-
stalled in the third wind region of Ukraine, showed an approximate coincidence of the results (the error does not exceed 10-12%),
however, the full equivalence of the calculation methods according to the two specified regulatory documents can be said only
after additional research . In addition, DBN B.1.2-2:2006 can be used as an alternative standard when determining the wind load
only in certain cases, since it does not contain recommendations for the calculation of the wind load on the tower crane in work-
ing condition and the wind load acting on the load.

Keywords: hoisting tower crane, wind load.
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AHAJII3 CUCTEM TEPMOPEI'YJIIOBAHHS TA CIIOCOBIB
BUMIPIOBAHHSA TEMIIEPATYPU

AHoTamifAi. AKTyaJbHHM 3aBIaHHSIM 3a0e3MeveHHs OOHOBOT TOTOBHOCTI 3pa3KiB BIMCHKOBOI TEXHIKH € PO3POOJICHHS
HOBUX 1 YJOCKOHAJEHHS BiJOMHX METOHAIB 1 3aco0iB BHUMIpIOBAaHHS TEMIIEpaTypH 3 BHCOKHMH METPOJIOTIYHUMHU
XapakTepUCTHKaMH. MeTOI0 CTaTTi € TOCHIiPKEHHST METPOJIOTIYHIX XapaKTepPHUCTHUK BEMipIOBaya TeMIIepaTypH Ta po3pooka
MTPOTO3HUITIH 1010 3aCTOCYBaHHS MIKPOIPOIIECOPY ISl KOPEKIIii IMOXHOOK BUMIpIOBaHHS TeMIiepaTypH. [IpoBeneHo aHaii3
CHoco0iB MOOYZOBH CHCTEM TEpMOPETYJIIOBAaHHS KOCMIYHHX arapariB, PO3TIIHYTO METOIHM BHMIPIOBAaHHS TEMIEpaTypH
JUTSL PO3pOOKH IIM(POBOTO BUMiproBada TeMmneparypu. OTpuMaHi pe3yibTaTé MOXKYTh BUKOPHCTOBYBATHCH TIPH PO3po0Ii,

MIPOEKTYBaHHI Ta BUTOTOBJIEHI

MIKPOITPOIIECOPHNX ~ BHMIpPIOBAYiB TeMIEpaTypH,

3aCTOCOBYBaHUX Yy CHCTEMax

TEPMOPETYJIIOBaHHS JUTST YMOB BiZICyTHOCTI TEIZIOOOMIHY BUMiprOBada 3 HaBKOJIMIITHIM CepeJOBHUIIEM.

KawuoBi cjaoBa:
CTaTHCTHYHI METOJIU KOPEKIIiT BUMAAKOBUX TTOXHOOK.

Beryn

ITocraHoBKa NMpo0JIeMH y 3araalbHOMY BHIJISII.
BpaxoByloun cy4acHHH PO3BUTOK BIICHKOBOI TEXHIKH
Ta BIPOBA/DKEHHS MEPeNoBUX iH(OpMaIIfHUX TEXHO-
JIOTI BUHUKaE HEOOXiOHICTh YJOCKOHAJICHHS Ta
ajianTarii 10 Cy4acHHUX YMOB ICHYIOUMX CHCTeM 3abe3-
neuenHs: 30poitHux Cun YkpaiHu, 30Kpema, CUCTEMH
3a0e3reyeH s SKICHOrO MpPOBEJCHHS BHUMIPIOBaHb Ta
BUNIPOOYBaHb.

J1o OCHOBHHMX 3aBJIaHb, 5IKi HEOOXiZHO BUPILIyBaTH
Ha eTami NpPOBEJCHHsS BUMIPIOBaHb, MOXKHA BUALIMTH
HACTYIHI: BCTAHOBJICHHS PalliOHaJIbHOI HOMEHKIIATYPH
napamerpiB, MO MiJSraloTh BUMIPIOBaHHIO Ta KOH-
TPOJIIO; BCTAHOBJICHHSI BUMOT JI0 TOYHOCTI BUMipIOBaHb
1 Jmiarna3oHiB BUMIPIOBaHb;, pO3pOOKa METOIB BHMipio-
BaHHs Ta BHU3HAUEHHs CKJaJy 3ac00iB BUMIipPIOBAJIBHOT
TEXHIK{; BCTAHOBJICHHSI BUMOT JI0 3aCO0IB BUMipIOBaJIb-
HOi TeXHIKHM, NPHU3HAYEHHX JO 3aCTOCYBaHHS MpH
CTBOPEHHI, eKCIUTyaTalii Ta BHIPOOOBYBaHHI 3pa3KiB
BiliICHKOBOI TEXHIKH, 10 HOPMYBAHHS iX METPOJIOTTYHUX
i ekCIUTyaTamiitHux XxapakrepucTuk Toto [ 1-3].

OnHuM 13 OCHOBHUX (DAKTOpIB, SIKMH BIUIMBAE Ha
TOYHICTh BUMIPIOBaHHS, € TeMIleparypa. BumiproBaHHs
PO3HOAITY TEMIEpaTypH LIMPOKO 3aCTOCOBYETHCS B
aBIaKOCMIYHIN Ta BIICHKOBIM TEXHIL I CHCTEM CaMO-
HaBeJCHHS Ha IijJb, CHCTEM OIOBIIIEHHS PO paHHii
3aIyCK PaKeT, TEIUIOBOi PO3BiAKH, aBiaKOCMIYHOI 3HOM-
ku Ttomo [4]. TlpobGiema 3aGesmeueHHS HEOOXimHOT
TOYHOCTI  BUMIproBajJbHOI iH(opMaiii mpo cTaH
CydacHHX BHJIB BICHKOBOi TEXHIKM Ta 3ac00iB BHUMi-
PIOBAaHHS TEMITEpaTypHUX XapaKTEPHCTHK Ha eTanax ix
po3poOku, BHPOOHUITBA 1 eKcIuTyatamii moTpedye
MIPOBEICHHS aHANi3y yYMOB 3aCTOCYBaHHs, BUMOI Ha
OCHOBHi TTOKa3HUKH 3ac00iB BUMIpPIOBAIBHOI TEXHIKH
(TOYHICTB, Yy TIIUBICTb, ialla30H BAMipIOBaHb TOIIO) Ta
HaIMHOCTI X MeTpoJToriyHOTO 3a6e3neuenns [5].

OTxe, aKTyalTbHUM 3aBIaHHSAM 3a0e3medeHHs 00-
HOBOi TOTOBHOCTI 3pa3KiB BIHCHKOBOI TEXHIKH € PO3pO0-
JIEHHS HOBUX 1 YIOCKOHAJICHHS BIIOMHX METOMIB i
3ac0o0iB BHMIPIOBAaHHS TEMIIEpaTypd 3 BHCOKHMH
METPOJIOTTYHUMH XapaKTEPUCTHKAMH.

CHCTEMa TEepMOPETYJIIOBAaHHS, BHMIPIOBaHHS TEMIIEpaTypH, MIKpOIIPOLECOPHUI BHMIpIOBad,

AHaJi3 OCTaHHIX AOCTiIzKeHDb i myOJikamiii. 3a-
coO0M BUMIPIOBAJILHOT TEXHIKH, CIIOCOOM BHMipIOBaHHS
TEMITEpPaTypy 1 THIH TEMIIEPATYpPHUX AATYUKIB B MiK-
POTIPOIIECOPHUX CHUCTEMaX TEPMOPETYIIOBAHHS: PO3T-
JSTHYTO B poboTax [6, 7].

3aranbHi NMUTAHHS PO3BUTKY METOJIB BUMIpPIOBaH-
HSl TEMIIEPATYPHOTO PO3MOIY pO3TiIsHyTO B [4], mo-
CJIIJDKEHHST METPOJIOTIYHUX XapaKTepPUCTUK BUMIpIOBa-
4iB HaBeJeHO B [6], HOCIiKEHHS METPOJIONiYHUX Xa-
PaKTEpPUCTUK IUPPOBUX AATUUKIB TEMIIEPATYPH JOCIi-
xeHo B po6oti [8]. IutaHHS MOCTiMKEHHS METPOI-
OTIYHUX XapaKTePUCTHK MIKPOMPOLECOPHUX BUMIpIOB-
aviB y CHeLiaJi30BaHUX BHUMIPIOBAIBHUX CHCTEMax
PO3TISIHYTO B poboTi [9].

OOrpyHTyBaHHSI MOXIIMBHUX LUISIXIB IOJAIBIIOTO
PO3BUTKY 3ac0O0iB BHMIpIOBAJbHOI TEXHIKM 1 BHIIp-
00yBaIbHOrO 00JaJHAHHS MEXaHIYHUX Ta KIIMaTUYHHX
nabopatopiii HaBenero B [10].

Amauri3 ¢paxoBoi JiTepaTypH MoKa3as, 0 1CTOTHHIA
BHECOK B PO3BUTOK TEOpPil BUMIPIOBAHHS TeMIEpaTypH
3pobunu BueHi [. Pubo, I1.®. [Toxun, B.M. Manbues,
B.I. Omeitnuk, O.A. TIepamenxo, A.T. Jlyuuk,
B.I. Crapnuk, 10.M. Ty3, P J. Dyne, X.M. Xamemian ta
iH. 3HauHMil BHECOK B PO3BUTOK TEOPIii JHUHAMIYHUX
BuMiptoBanb 3poounn M.J[. Baiicbann, B.A. I'pa-
HoBcbkuid, IL.I1. Oprarcekuii, L.II. 3axapos, O.B. Ilo-
nspyc, B.M. Uunkos, C.I. Kornpamos, b.1O. L[BeTkoB,
I'.I'. YUynoskina, }0.C. Etunrep, M. Payn, B. Mulhall,
T. Macher, D. Mowery, C.C. MacLeod, K.R. James,
B. Kane Ta in. [11].

VY po6Gori [11] mpoanamizoBaHO iCHYHOYI METOIH
BUMIPIOBaHHS TEMIIEpaTypH, 3alPOIIOHOBAHO BHKOPHC-
TOBYBaTH [yl BHMIPIOBaHHS TEMIIEPaTypd KOPOTKHX
TEIUIOBUX IMIYJIBbCIB TEPMOTIAPY V MEPEXiTHOMY PEXKH-
Mi 11 poGoru. IluTaHHS mmiIBUINECHHS TOYHOCTI Ta
JIOCTOBIPHOCTI ~ TEMIEpaTypHUX BHUMIPIOBaHb TIPH
MPOEKTYBaHHI Ta eKCIUTyartarlii JBWUTYHIB JITATbHUX
arapaTtiB po3TIsSHYTO B pobori [12].

Ane y manux po0OoTax HE PO3TIINAETHCS MUTAHHSI
KOHTPOJIIO TEIUIOBOTO PEeXHMY OOpPTOBOI amaparypu
kocMmiyHoro amapary (KA). Sk Bimomo, cyd4acHa
OOpTOBa EJISKTPOHHA amapaTypa 3a3BHYail MpAIIOE B
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00MeXeHOMY TeMIIepaTypHOMY Jliana3oHi. BinxnneHHs
TEMIIEpaTypy BiJl JOMYCTHMUX TPAaHHUIb MOXE MpU3-
BECTH /10 pi3HUX (PyHKUIHHKUX nopymenb. OTxe, 3a0e3-
MIEYEHHS ONTHMAJIBHOTO TeMIepaTypHOro pexmnmy KA
Ta WOTO CHCTEM € aKTyaJIbHOIO HayKOBO-TEXHIYHOIO 3a-
naugero [13, 14]. 3 MeTor0 aBTOMAaTH3aIlil MPOIECIB
BHUMIPIOBAaHHS TEMIIEPATYpH JOLIIBHO BHKOPUCTOBY-
BaTH HU(POBI BHMIpIOBadli TeMIlEpaTypd Ha OCHOBI
MIKpOEJIEKTPOHHHUX BUPOOIB.

Orxe, mMeTa CTaTTi — JOCTIMTH METPOJIOTIUHI
XapaKTEepPUCTHKU BUMipIOBaya Ta po3pOoOHTH TPOTO3HUIIiT
IIO/I0 3aCTOCYBAaHHS MIKpPOIPOLIECOPY sl KOpEKIil
MOoXHOOK BHUMIPIOBAaHHS TEMIlEpaTypd B  yMOBax
BiJICYTHOCTI TEIIOOOMIHY TiJl 3 HaBKOJIMIIHIM cepeo-
BHIIIEM.

BukJiajileHHS OCHOBHOT'0
Martepiajy a10caiaKeHHs

Binomo, 110 y Ha3eMHUX yMOBaX TEIJIOOOMIH TiJ 3
HABKOJIMIIHIM CEPEJIOBHIIEM 3JIIHCHIOETHCS TOIOBHUM
YUHOM MOJICKYJIIPHOIO TEIJIONPOBIAHICTIO 1 KOHBEK-
niero (ToOTO pyXOM TOTOKY) ra3zoBoi atMmocdepu Imij
Ji€l0 pi3HUNI TeMmneparyp OnokiB amapatypu 7 i
aTMoc(epHOro cepeoBHIIa Temneparypa, sk
NPaBWJIO, XapaKTepH3ye€ MIBUAKICTh (ab0 KIHETHYHY
€HEepril0) TEIJIOBOTO PYXY MOJIEKYJI CEpEIOBHIIIA.

Kinbkicts Temna Q, sike Moxke OyTH mepeiaHo Bif
OJIOKIB arapaTypH B ra3oBe Cepe/IOBUIIE, BU3HAYAETHCS
HIUIBHICTIO p 1 TUTOMOK TEIUIOEMHICTIO T'a30BOT0
CepeIoBHIIA Cp:

Teep.

Q=pcyV (T —Teep)n @

ne V — o0’eMHa BuUTparta rasy, LI0 OMHBAE OJIOKH
anaparypu; M <1 — kxoedillieHT, 1O 3aJEXKUTh Bij
€(EKTUBHOCTI TEIIOOOMIHY.

Sxmo tino He Buaiasie teria (Q = 0), TO BOHO
HaOyBae TeMmIepaTrypy HaBKOJMIIHBOI —armochepH
(T = T.ep). s TemmepaTypa 3a3BHuail i BUKOPHCTOBY-
€TBCSl U XapaKTEPHCTHKU TEIUIOBOTO CTaHy Tia B
Ha3eMHHX YMOBaX, KOJU aTMoc(epa Ma€e JOCUTh BUCOKY
LIUTBHICTb.

YMOBH HaBKOJMIIHBOTO CEPEIOBHINA Ha BHUCOTAX
opOiT mTyuHux cynyTHukiB 3emui (~ 200 kM): THCK
BigmoBizae rmubokomy Bakyymy (~ 10-6 I'Tla), mo
YHEMO>KITUBITIOE BHUKOPUCTaHHS 30BHIIIHBOTO
aTMOC(epHOTO  CepeloBUINA  JUIA  PEryJIbOBaHHA
TEIJIOBOTO pekuMy OopToBoi amapatypu KA.

B ymoBax KOCMIYHOTO BaKyyMy HIUIBHICTH HaBKO-
JUIIHBOTO CEPEeNOBUINA TaJa€ B MITBApIM pas3iB 1 1i
3aTHICTH cripuiiMaTH (200 BigmaBaTH) TEIUIO BiANOBi-
HO 110 BUpasy (1) mist Q mparde mo Hyns. Y disuaHOMY
BiIHOIICHHI 1€ 03HAYa€, MO KiJIBKICTh MOJIEKYJ B OJH-
HUI ra3y CTa€ HACTUIBKH MaJa, IO iX TEeIUIOBUH pPyX
B)K€ HE MOJKE€ 3pOOHTH MTOMITHOTO BILUIUBY Ha TETUIOBHI
CTaH TiJNla HE3aJEeXKHO BiJ MIBUAKOCTEH iX pyXy, TOOTO
TeMmepaTypu ra3dy. Ha Tio B KOCMIYHOMY MpOCTOpi
IIOTh OUTBII TOTYXXHI TEIUIOBI MOTOKH. OCHOBHUM
IDKEpEIIoM TeIUla € COHSYHE BHIIPOMIHIOBAaHHS, IO Ja€
TIOTIK TETUIOBOI €Heprii, IKuit Ha OpOiTi 3eMIri TOpiBHIOE
(s = 1400 B1/M? noBepxHi, nepnesuKyIapHOI 10 COHS-
YHUX TpoMeHiB. llei TerutoBHH MOTIK HA3WBA€ThCA
COHSTYHOIO CTaJNIOi; BeJIMUMHA 1 00epHEHO MpomopLiiHa

KBazpary Bifcrani Big CoH (Tak, Ha opOiTax Benepn i
Mapca Qs BigmopizHo craHoBuTh 2730 Br/M® i
610 Br/m?) [15].

Kinpkicte Temma Qs, cripuiiMaHOTO TiJIOM, 3aJie-
KUTHh B KoedimieHTa As TOTTMHAHHS COHSYHOTO BH-
MIPOMIHIOBaHHS MTOBEPXHEIO TiJIa, SIKMIA 3a3BHYAll MCHIIIC
OJIMHUIII:

Qs = AsFsQs, 2

ne Fs — mormHaroya moBepXHs Tija, M0 JOPIBHIOE HOTO
MIJIEITF0, TOOTO TUTOINI MPOEKIlii Ha IUIONIMHY, MEpIIeH-
JHMKYISIPHY COHSYHHM TPOMEHSIM; (s — MOTIK TEIIOBOT
eHeprii.

Inma wactmHa coHsuHOro motoky (1— Ag)FsQg
BinOMBaeThes B mpocTip. TemoBijgnada Bij Tijia B Ha-
BKOJIMIIIHE KOCMIYHE cepeloBuIle OyJie 3MiHCHIOBATUCS
HITSIXOM 1H(PauepBOHOTO TEIUIOBOTO BUIIPOMiIHIOBAHHS.
Bona BH3Ha4Ya€eThCs 3aKOHOM MPOMEHHCTOTO TEI1000-
MiHy (3akoH Ctedana — bonmbimana):

Qeunp =£€0p Feunp (T ot 4CP) ) (3)

Jie & — CTyINiHb YOPHOTH MOBEPXHi Tina; o,= 5,68x10°
8 Br/(M?'K*) — crana Credana-bonbumana; Fgup — BH-
MPOMIHIOKOYA MOBEpXHs Tina; 7 — Temmeparypa Tija;
Tep — cepeiHsl TemIepaTypa KOCMIYHOTO TPOCTOPY, IO
MPUOJIU3HO TOPIBHIOE A0COIFOTHOMY HYJIIO.
PosristHeMo, sIKy TeMIepaTypy Mana OW BHCOKO-
TETIONPOBIIHA KyJIbKa TEPMOMETpa, MOMIIlleHa Y BiJlb-
HUI KOCMIYHHUI MPOCTIpP NaJeKo Bij IUIAHET (3aBISIKH
TETUIONPOBITHOCTI TeMIlepaTypa KyJabku Oyie 0JHaKOBa
o BcboMy 00’emy). Ll piBHOBaXkHa TemIiepaTypa BH-

3HA4Ya€ThCS 3 YMOBHM TEIUIOBOro Oanancy Tima Qs =

Qeunp:

T:4ASQS Fs _ [AGs ’ (4)
€0 Fgunp 4860
Je uisi chepr MaeMo CIpOIIeHHS
2
Ay -
F@unp 7TD2 4

Koediuientn As 1 € B OTpUMaHOMy BHpa3i 3ale-
JKaTh BIJI ONTUYHUX BJIACTHBOCTEI MOBEPXHI, MOKA3YIO-
YM, Ha CKUIbKM MEHIIE JaHa MOBEPXHS IOTJIHMHAE abo
BHIIPOMIHIOE €Heprii B MOPIBHSAHHI 3 aOCONIOTHO 4Op-
HUM Titom. s chepr 3 MONPOBAHOTO ATOMIHIIO
(As/e = 0,26/0,05 = 5,2) piBHOBa)KHa TeMIlepaTypa CTa-
HoBUTH 423 K (150 °C), mns Tiei x cdepu, mokpuroi
6inoro emaneBoro ¢apooro (As/e = 0,18/0,95 = 0,189),
T = 184K (minyc 89 °C) Ha HaBKOJOCOHSYHIN OpOITI
3emi.

3 puc. 1 [16] BuaHo, 110 TemIiepatypa Tijia B KOC-
MIYHOMY TIPOCTOpPi MOXE MaTH OyAb-sKi 3HAYECHHS B
3aJIe)KHOCTI BiJI BITACTHBOCTEH HOTO IMOBEPXHI BUAAICH-
Hs Bix Conrs. KpiM toro, mis Tin HecepudHoi hopmu
(HampuKITa, MITIHpA) O TeMIepaTypa iCTOTHO 3ajie-
JKUTH BiJl Opi€HTALIi Tijla BITHOCHO COHSYHUX TPOMEHIB
(Topuem abo OokxoM) Wepe3 Pi3HHII0 BEIMYHMHH BiIHO-
IICHHS TOTJIMHAIOYOI 1 BHUIIPOMIHIOIOYOi ITOBEPXOHB
Fs/Feunp). Takum 9uHOM, TemmepaTypa Tiia B KOCMOCI
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BH3HAYAETHCSI TOJOBHUM YHMHOM BIIACTHBOCTSIMH 1 Ma-
pameTpamy caMoro Tijla i TeMIIepaTypHUX YMOB B KOC-
MIYHOMY TIPOCTOpI, 1110 HaOyBa€ iCTOTHO IHIINI 3MiCT y
MTOPIBHSHHI 3 HA3eMHUMH YMOBaMHU.

3a3HavyeHi 0COOJMBOCTI TEIIOBOTO PEXUMY TUT Y
KOCMOCI BUMararoTh CTBOPEHHSI CIIEIialTbHUX TEXHIYHUX
3aco0iB, IO MiATPUMYIOTH 33JaHy TeMIlepaTypy B Bill-
cikax KA i 3a0e3neuyloTb BUBeIEGHHsI B 30BHIIIHE cepe-
JIOBUILE TEIUIOBU[JICHHS alapaTypy, PO3TAIIOBaHOI B
Biacikax. lle 3aBmaHHS BHPINIYETHCSA CIHCIiATEHUMU
cucremamu Tepmoperymoanas (CTP).

oty T 1
ST

490 . —
08} / ( I
. o = s i

ot @ '
// /’ |
200HLZ J '
-100 | :
a 15

g I 3 & Agje

Puc. 1. 3anexHIiCTh TeMIlepaTypH TEIIONPOBITHOT chepH
B KOCMOCI BiJl ONITUYHHX BJIaCTUBOCTEH 11 moBepXxHi As/e
i Bimanenns Bifg Conist: 1 — op6ita Benepu (1,08: 108 xm);
2 — opb6ita 3emi (1,49-108 km); 3 — opbita Mapca
(2,26- 108 kM); a — OBEPXHS MOKPHTA GIIOI0 EMATEBOKO
(ap0Ooto; O — mosipoBaHa AMOMiHIEBA TIOBEPXHS

PosrnsHeMO NpHU3HAYEHHS CHCTEMH TEpMOpEry-
moBanHs. B KA motpibHa migTpuMKa NEBHOTO TEIIO-
BOTO PEXUMY, L0 3aJICKUTH BiJl IPU3HAUCHHS alaparty.
Tak mis HaykoBUX NpUiIaZiB [iana3oH IAOCHTh LIMPO-
KH:

— Big (0°C £ 10°C) go (40 °C £ 15 °C) i HaBiTh
B OULIBII By3bKOMY Jliana3oHi Ajsl npuiimauiB iHdpayep-
BOHOT'O BUMIPIOBAaHHS, ONITHYHHUX CHCTEM;

— s minoroBannx KA B BiJcikax po3MillleHHS
eKiaXy TeMmIeparypa I[OBHHHA MiATPUMYBATHUCS B
nianasoHi (18 °C + 5 °C);

— B IHIIMX TePMETHYHUX BIJICIKaX MiJOTOBAHUX
KA 1 B Bigcikax  aBromatnuHumx KA -
Bixg 0 °C mo +40 °C;

— TeMIIePaTYPHHUIl PEeXUM arperariB pyxoBoi ycTta-
HoBku Big Minyc 50 °C mo + 40 °C;

— JUIA eNIEMEHTIB, PO3TAIIOBAHUX 11032 TePMETHU-
YHUMHO BiJCIKAMH, TEMIIEPATYPHUH PEXKUM 3aTa€THCS
BUXOJSIYM 3 BHMOT, IO Ipe.] SBIISIOTECS 10 KOHCTPYK-
wif [16-18].

KA gk camocriline HeOeCHE TIIO 3HAXOIWUTHCS B
TEIJI000MiHI 3 HABKOJHIIHIM CEepeIOBHILEM, aje 0COo0-
JUBOCTI KOCMIYHOTO MPOCTOPY CBiAYaTh MpO Te, IIO0
mepegayda Teria Bix o0’ekra 10 00’€KTa, a TaKOX CKHU-
JAHHS TeIUIa B HABKOJWIIHINA MPOCTIp, MOXe OyTH 3AiH-
CHEHHH JIMIIE IUITXOM BUITPOMIHIOBAaHHSI.

KA orpumye Temmo SK BiJ BHYTPIIOIHIX DKEPET:
MIPUJIAJIB, arperartiB, eHEPrOyCTaHOBOK, TaK 1 Bifl 30B-
HIIHIX JHKEePeIr:

— B IPSMOTO COHSYHOTO BHIIPOMIHIOBAHHS,

— BHIIPOMIHIOBaHHS, BiTOUTOTO BiJ] TUTAHETH;

— BIJIaCHOTO BUITPOMIHIOBAaHHS IJIAHETH;

— BUIPOMIHIOBAHHS, IO BHUIUIAETHCS TPHU 3ITK-

HEHHI amapaty 3 MOJEKyJaMH ra3y BEpXHiX IIapiB at-
MocepH IIaHeTH.

3aranbHe 3aBJaHHS 3a0€3MEYEHHS TEIJIOBOTO pe-
KMy MOXXKHa YMOBHO PO3IUIMTH Ha BHYTPIIIHE i 30B-
HilHE. BHYTpilIHE 3aBIaHHs IOJISITAaE y PEryJIIOBaHHI
TeMIepaTypy OONaJHAHHS Ta €JIEMEHTIB KOHCTPYKIIl B
Bigcikax KA 1 #oro okpemux arperarax. 3OBHIIIHA
3a/1a4a 3BOJIUTHCS 10 3a0e3nedeHHs Temooominy KA 3
HaBKOJIMIIHIM CEpEJOBHIIEM B yMOBaX KOCMIYHOTO
MOJIBOTY.

Pimenns 3aBaaHHs 3a0e3nedeHHS TEIJIOBOTO pe-
JKUMY TIOB’S3aHE 3 OpraHi3alli€ro Teruionepeaadi Bif
JUKEpen HarpiBy (HarpiBadiB) O CTOKIB TEIUIOTH (XOJI0-
mTbHEKIB).  CriocoOu  Teruromepenayi — KOHBEKIS,
TETUIONPOBIHICTh  (KOHAYKIIiSA) 1 BUIPOMIHIOBaHHS
(pamiamis) — MaroTh Ha OopTy KA CyTTeBI 0COOIMBOCTI
BUKOPHCTaHHSI.

€munuii crocid Teronepenadi mixk KA i HaBko-
JMIIHIM CEepeZIOBHIIEM — BHIIPOMIHIOBaHHs (pajialiist),
TOMY TpPH TPOCKTYyBaHHI 30BHIMIHBOTO BUIALy KA
HE0OXiTHO BpaXxOBYBATH, IO BCS HOTO 30BHIIIHS MOBE-
pXHS BUIyCKae, BigOmBae abo mnoramHae [Y-
BUIPOMiHIOBaHHS. TakuM YMHOM, NPH KOMIIOHYBaHHI
KA opmHa yacTiHa HOTO MOBEpXHI MOXe OyTH BHKOPHUC-
TaHa JUIsd MACUBHOTO 1 HEPETYJIbOBAaHOTO TEILIOOOMIHY,
a IHIIa YacTUHA — PajiaToOpy — JUIsi aKTHBHOTO KEpOBa-
Horo TeruiooOMiHy. IToBepxus KA, TernooOwmin 3 sikoi
HeOaxaHW{, TOBMHHA EKPaHyBaTUCS CIICIiaIbHUMHU
TETIOI30JISIIHHIMH TTOKPUTTSAMH.

B yMoBax KOCMIYHOTrO IOJBOTY KOHBEKI[isi OOMe-
JKeHa 1 Moxe OyTH 3/ifiCHEHA TUIBKH B MeXax OOCSTiIB,
3allOBHEHHUX TEIUIOHOCIEM (HANPUKIAA, TePMETUYHHX
BIJICIKIB 3 Ta30M a0O0 TiJpaBJiYHUX KOHTYPIB 3 PiIKHUM
teruioHocieM). Ilpu 1poMy yMOBH MikporpasiTaiii Ha
6opty KA BuMararoTh TOJATKOBHX 3aXOiB 3 OpraHiza-
il UUPKYJISLi TEMIOHOCIS MK HarpiBadeM i XOJoju-
JBHUKOM.

Ipu xoHayKUii cIii BpaXxoBYBaTH, IO HE3aKPUTI
130JIAIII€10 eNeMEHTH KOHCTPYKIII i OopToBOro 00maj-
HaHHS € TeIJIOBUMH MOCTaMH, 3a SKUMHU TeIIoTa mepe-
TIKa€ 1 BUNPOMIHIOEThCS (B TiHi) 200 morinmHaeThes (Ha
CoHIli) B KOCMiYHOMY Tmpoctopi. BuToku uepe3 Taki
TETIOBI MOCTH — BOXJIMBHI (haKTop, IO ICTOTHO 3MEH-
rye moximBocti CTP.

B uinomy TermoBuii pexxum KA omucyerbest piB-
HSHHSIM TEIIOBOTO OaaHCy:

dTCp Tep —Tpao
= + -Q,
pm Ry Q-Q

ne M — maca KA;

M -c

¢ — TeIUIoeMHicTh; 1, — cepenHs
TeMmrepaTypa eneMmeHta; t — 4ac; 7T,a — TEMIIEpaTypa
BHIIPOMIHIOIOYO]1 TOBEpXHi, TOOTO pamiatopa; R, —
3araNbHUI TEIUIOBHUH OMp MK IDKEperTaMd HarpiBy i
paniatopom; Qo — KUTbKICTh TEMJIOTH, 110 BUPOOISIETHCS
Ha OOpTy KOCMidHOrO amapary; Qi — BUTOKH TEIUIOTH
yepe3 TeTUIOBI MOCTH.

HatipaxmmBima indopmarmis mis 3abe3nedeHHs
TEIUIOBOTO 0aJlaHCy — XapaKTEPUCTUKH JKEpPEN HarpiBy,
SAKI MOXXHa TOIUIMTH Ha 30BHIMMHI i BHyTpimHiI [lpn
komnonyBanHi CTP KA weoOximHOi BHXimHOI iH(Op-
Mali€lo € 3aJeXHICTh 3MIHM KyTa MK HalpsMKOM Ha
Comrie i ocsiMu 3B’s13aHO1 cucteMu koopauHat KA Bifg
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yacy monboTy. Takox moTpiOHa iH(opMmamis mpo dac
nepebyBanHst KA B Tini. Ha mmx ginsHkax cymaphe
TEIUIOBU/IJICHHS] BHYTPIIIHIX JpKepen HarpiBy MOoOKe
OyTH 301IBIIEHO 32 PaxXyHOK BKJIIOYEHHSI €JIeKTpOHArpi-
Bauis CTP.

TeruroBuii MOTIK, M0 crpuiiMaeThest KA Bin 1ima-
HETH, 3aJeXUTh BiJ opieHTanii KA Ha pi3HMX pexumax
MoJIbOTY 1 B3aeMHOI opienHTanii Conist, mnaHety 1 KA.
J1o 30BHINIHIX pKEpes HarpiBy MOXKHA JOJATKOBO Bill-
HECTH HAarpiB BiJl 3ITKHEHHS 3 MOJIEKYJIAMH PO3PLIKEHOT
atMoctepu (st Hu3pKkoopOiTanpHuX KA) i mepeBinou-
BaHHs [Y-BUIIPOMIHIOBaHHS BiJI €JIEMEHTIB KOHCTPYKIIi1
KA.

BHyTpimHi /Kkepena HarpiBy, IO BCTAHOBIIIOIOTH-
csi Ha Oopry KA: pi3Hi eHeproyctaHoBku (TypOiHH,
SIIEpHI €HEpreTHYHI YCTAaHOBKH, EJIEKTPHYHI pyLIiHHI
YCTaHOBKH), MpPAIIOI0Yi OJIOKM amapaTypd, a TaKoK
cnenianbHi HarpiBayi CTP.

Eneproosopoenicts cydacaunx KA Taka, mo 3a-
Oe3neyeHHsT HOPMANbHUX TEMIIEPATyPHUX PEXKUMIB
HeMOxJMBO Oe3 moTyxHoi CTP. Cucrema 3abe3nedeH-
Hs1 TemoBoro pexumy KA ckimanmaerbes 3 cucteMu
TEIUIOI30JIALIT Ta CUCTEMU TEPMOPETYJIFOBaHHSL.

Cucrema TeIUIOI30IISAIIT, MpU3HAYEHA ISl 3MEH-
meHHs ab00 0OMeXeHHs TEIUIOBUX IIOTOKIB, BKIIIOYAE:

— ONTHYHI MOKPUTTS, IO 3HWXKYIOTh HEKaliOpoBa-
HEe BUIPOMIHIOBAaHHS TeIUIOTH 3 NoBepxHi KA B kocMmi-
YHHH MPOCTIp;

— TEIUIOI30JIALIHI TOKPUTTS, IO 3a00IraroTh BH-
TOKY TeIuIa BiJl IPUJIAJIB i arperaris;

— TEIUIOBI ONOPH, HIO MPU3HAYEHI JUIs 130111 Te-
IJIOBUX MOCTIB.

CucremMa TEpMOpETYJIIOBaHHS, IPU3HAYCHA I
crabimizamii i ynpasiiHHS TeruioBUM OanaHcom KA,
MOJKe OyTH 3acHOBaHa abo Ha mpolecax MOrMHAHHS YK
BUJIUJICHHST TeIUIOTH BeepemuHi KA, abo Ha migBozi uu
BiJIBeIeHHI TeroTH 330BHI. CHCTEMH TEepMOpEry.ito-
BaHH;I NOAUISIOTH HA MACHBHI 1 aKTHBHI.

MacuHi CTP cnyxath mis crabimizaiii monst te-
MIepaTyp i TEIUIOBHX IMOTOKIB, a TAKOX JJISl JOAaHHS
MEBHUX TEIUIOMI3UYHUX BIACTUBOCTEH CHCTEM 1 ycTart-
kyBaHHA KA. [l peryiroBaHHS TeMIlepaTypu Bcepe-
nrHi KA MOXYyTh BUKOPUCTOBYBATHCS PEAKIil 3 MOTIIHU-
HaHHsAM a00 BH[IICHHSIM TEIUIOTH, a00 3MiHa arperar-
Horo ctany peuoBuHH. J{o nacuBanx CTP BigHOCATHCS:

— TEIJIONPOBOIH, IO IMEPEPO3NOAUIIIOTh TEILUIOBI
OTOKHU BeepeanHi KA,;

— TEIJIOAKyMYNIOBAJIbHI €JIeMEHTH (3 MOXKJIUBOIO
3MIHOIO arperaTHOrO CTaHy XOJIOJOATEHTY) 3IIaIKy-
IOTh Pi3Ki Ilepenagy TeMIeparyp i TeMIepaTypHi Tpai-
€HTH;

— pamianiifHi TOBEpPXHi, IO MpU3HAYEH] I Kaiio-
POBaHOTO CKHAAHHS HAUIUIIKOBOI KITBKOCTI TEIUIOTH B
KOCMIYHHUH TIPOCTIp.

AxtuHi CTP npu3HaveHi s ynpaBiIiHHS TETDIO-
BuM OamancoMm KA i, sk HacmioK, TeMIepaTypor OK-
pemux #oro exemenTiB. Taki CTP Bkirodatots B cebe
KOHTYPHU YIPaBIIiHHS TEIUIOBUMH ITOTOKaMH, IIO CKIIa-
JAIOTBCA 3 00’€KTIB PETyNMIOBaHHS, NATUMKiB, KOHTPO-
nepiB (kepyrounx 6oproBux EOM) i BUKOHaBYHX Opra-
HiB. BUKOHABYMMH OpraHamy €:

— crucTeMu 300py Ta ITEPEHECEHHS TEIUIOTH;

— peryibpoBaHI KOHBEKTHBHI, TEPMOCICKTPUYHI,
TEIUIOAKYMYJTIOBAIBHI 1 pajiarliiiHi TerurooOMiHHI ara-
patu;

—cucteMd (HOpMyBaHHS IMPKYJLIOIHHUX TIONIB
JUTS. OpraHi3alii KOHBEKIIiT;

— HarpiBaJbHI €JIEMEHTH I IiJBEICHHS I0JaT-
KOBOI TEIIOBOI €HEpril 0 OXOJIOMKCHUX EJICMCHTIB
koHCTpyKii KA [16-18].

3aa4i KOHTPOJIIO TEMIIEPAaTypH 3 TOUKH 30py 300-
py 1 aHami3zy AaHMX Npo 00’€KT HAWOUIBII epeKTHBHO
MOJKHa BHPIIIYBaTH 3a JIONIOMOTOI0 HU(POBUX IpHIIA-
JiB, SIKUM NpPUTaMaHHUHA IIMPOKUI Jliarna3oH BHMIiprO-
BaHHsI TEMITEPATYpH, MAKCUMAIBHO IIBHJIKE OTPUMAHHS
iH(popMallii, MOXJIMBICTb IHTEIPYBaHHS 3 OYAb-SKHUM
THUIIOM EJIEKTPOHHHUX CHUCTEM.

Ludposi mpuinam MarOTh MOKa3aHHS y BHUIVISII
OKpEMHUX JMCKPETHUX CHTHAJIB BUMIpIOBaIIBHOI iH(DOP-
Mmarii B udpoBiit gopmi. 3aranbHi 0coOIMBOCTI MOOY-
JIOBU IM(POBUX BUMIPIOBAUiB TeMIEpaTypH 3B’s3aHi 3
HU3BKAM PIBHEM CHTHAJIB TIEPBUHHUX BHMipHOBAIBLHUX
MePETBOPIOBAYIB, BUCOKUM piBHEM 3aBaJl HOPMAJILHOTO
Ta CHIJIBHOTO BHIY, HEOOXiNHICTIO JiHeapu3alii
3aranbHOl  (YHKIII TNepeTBOpeHHs, 3a0e3neyeHHsIM
BUCOKOT 4acoBOT cTabUILHOCTI Ta MaJIMX 3MiH iX TIOKa3iB
y HIAPOKOMY Jiamma3oHi 3miau Temmeparypu [19, 20].

B oOcHOBI mpoliecy BUMIpPIOBaHHSI TEeMIEpaTypH
JISKUTh BUKOPHCTAHHS 3aJIe)KHOCTI (DI3MUHMUX BIIACTH-
BOCTEH MEBHOTO TiJIa (00’ €M, EEKTPUYHHIA OITip, PiBEHb
BUITPOMIHIOBAHHS TOIIO) BiJl TEMICPaTyPHUX 3HAYCHb.
3 TOYkHM 30py Oyab-SKOi aBTOMAaTH30BAaHOI CHCTEMHU, Y
TOMY YHCITI KIIMATUYHOI, TEMIIEpaTypHi AaHi HaWmI0-
LIJBHIIIE TIepeaBaTH Y BUIISAIl CJICKTPUYHOI BEIHYH-
Hu [21, 22]. s BenmmunHa MOKe OyTH MOCTIHHOK abo
MePEePUBYACTOIO (ITOCTIHHUK 1 MEPEPUBYACTHIA CHUTHAI),
1 BIQUOBIIHO J0 I[OTO PO3PI3HSAIOTH HACTYIHI BHUIH
BUMIPIOBAUiB TEMIIEPATYPHU:

aHAJIOroBl  JaTyvMkh, TOOTO  JATYMKH,  SIKi
BUPOOJISIIOTh aHaioroBuii curHan. Cepen ycix BUJIB
AHAJIOTOBHX TEPMOJATUYMKIB HaHYaCTIllle 3aCTOCOBYIOTh
TEPMOPE3UCTOPH 1 TEpMOTIApH;

U (POBI JATYMKH, 110 TCHEPYIOTh HA BUXOJI JIBIii-
KOBHI KOI BHMIpPIOEMOI BeanuuHH. J[0 1X KOHCTPYKIIiT
BXOJISITh TEMIIEPaTypHUH CeHCOp (HAaIpHKIal, TeMIepa-
TYpHO-3aJICKHHIA TeHEepaTop), aHAJIOTrOBO-IH(POBUI
nepeTtBoproBau (ALIII), mepeTBOpIOBaY HEEIEKTPUUHUX
BEJIMYMH B €JIEKTPUYHI CHTHAIH, ONepaTHBHA MaM’sTh
tomio [23, 25];

cuUTHaITBHI (OiHApHI, MBIHKOBI) TaTYMKH, SKi BUPO-
OIsTI0TH cUTHAN TUTHKH 1BOX piBHIB (0/1) [21].

AHami3 chemianpHOI JiTEpaTypH II0Ka3aB, IO
TEPMOPE3UCTHBHI IIEPETBOPIOBAYI MAIOTh PSIII IIEpeBar y
MOpIBHSHHI 3 IHIIMMH THUOAMHA  BUMIipPIOBATBHUX
IepeTBOPIOBAYIB. MPAKTUYHO MEPEKPUBAIOTh  BECh
Jliama3oH MOXJIMBHX Temriepatyp Ha Oopty KA, 1a €
JOBTOBIYHMMH, TOMY, IPOIOHYEThHCS BUKOPUCTATH CaMe
iX mpu po3poOIli CHCTEMH TEPMOPETYTIOBAHHSL.

Js 300py MaHWX 3 AATYMKIB TeMIIEPaTypH, IO
po3ramoBani B CTP KA, cimyrye Mikporporiecopauit
BuMiproBau Temnepatypu (MBT), crpykrypHa cxema
SKOTO TIpeICTaBJIeHa Ha puC. 2, 1e:

TII — TepMorepeTBOPIOBaY (CIIY>KUTh U TIepe-
TBOPEHHS TEMIIEPATYPH Y OIip TEPMOPE3UCTOPA),
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OIl — omepamiiHui mMiACHIIOBAY (CIYXHUTh IS
iJICHIICHHS TIaJiHHSI HAIpYTd Ha TEPMOPE3NUCTUBHOMY
JATIUKY ),

ALl - ananorounpoBHil  IeEpeTBOpIOBaY
(cIyuTh IS TIEPETBOPEHHS aHAJOTOBOTO CHTHATY Ha
BHXO/Ii ONIEPAITIfHOTO ITiICHITIOBAYa B IIU(PPOBUI KOI),

AJIIT — apu(pMeTUKOIOTIYHUI TIPUCTPIN (CITYKUTH
JUTT 0OpOOKH Pe3y IbTaTiB BUMIiPIOBAHB),

OI' — onopHuii reHepaTop (CIYXKUTH JUII CHHXPO-
Hi3amii po6oTH MikporporecopHoro mpuctporo MII),

BI — 6ok inaukarii (ciyXuTh ISt IHAMKAIT pe3-
yJIBTATiB BUMIPIOBaHb y TeJleMeTpHUHy cuctemy KA).

Po3pobka Mozem MiKpOIPOIIECOPHOTO BHMipIOBa-
Yya TemrepaTypd Oyja mpoBeJeHa B CEpeIOBUIII
MonentoBanass MATLAB ta HaBeneHa Ha puc. 3, 1e:

B®BC — 06110k (opMyBaHHS BXiJJHOTO CUTHAIY;

BO®BT - Omnox ¢QopmyBaHHS BHMIipIOBaHOI
TEMIIepaTypu;

TII — TemMnepaTypHUii IEpEeTBOPIOBAY;

OI1 — omneparifiHuii miICHITIOBAY;

BOIUIC — 6110k popMyBaHHS IIIyMOBOTO CUTHAITY;

ALTI — ananoroBo-un(ppoBUi EepeTBOPIOBAY;

AJITT — apudmeruxo-noriuanid npuctpii; MIT —
MIKpOITPOIIECOD;

BI 1, BI 2, BI 3, Bl 4 — 6;oku iHauKarii.

-

Puc. 2. CrpykTypHa cxemMa MiKpOIpPOLECOPHOTO
BUMIpIOBa4ya TeMIEpaTypu

LOBT bIC

1 1 S —

BOBC > TII

> OIl

bl'1 ‘ bl 2 Bl 2 bl 4

Puc. 3. Mozeinb MiKpOIpoLecopHOro
B MMIpIOBaya TeMIIepPaTypu

Po3pobneni cTpykTypHa cXemMa Ta MOJICIb MiK-
POIIPOLIECOPHOTO BHMipIOBaya TEMIEpPaTypu H03BO-
JSFOTh TPOBECTH IMOJANBINE JOCTIHPKCHHS METPOJIO-
TIYHUX XapaKTepUCTHK BHMipioBada 3 METOIO IiJBH-
MICHHS  SKOCTI BHUMIPIOBaHHS TEMIECPaTypH, a
BIAMOBIHO 1 SKOCTI MATPUMKH 33aJJaHOTO TEeMIIepa-
TYPHOTO PEKUMY.

BucHoBKM Ta nepcneKTUBH
MOJAJBIINX JO0CTIKEHb

Ha crorozani BuMiproBaui TeMIiepaTypH € OJHUMH
i3 HaWOIIBII MOMIMPEHUMH Cepell Cy4acHHX BUMIpIo-
BAIBHHUX MPUWIAIiB Ta 3HAXOJSTh IIMPOKE 3aCTOCY-
BaHHS B PI3HUX TaTy3sX HAYKH i TEXHIKH.

Ile i 0OyMOBIIOE aKTyaJbHICTh TEMH JOCIIJ-
JKEHHS, METOI0 SKOi € aHami3 CHCTEeM TepMOpery-
JIIOBaHHS Ta CIOCOOIB BUMIPIOBAHHS TEMIIEPATypH JUIs
PO3POOKH CHCTEMH TEPMOPETYIIIOBaHHS Ta JOCIiHKEH-
HSIM METPOJIOTIYHUX XapaKTePHCTHK MiKpOMpoIecop-
HOTO BUMIpIOBaYa TeMIEpaTypH.

OtpumaHi pe3ynbTaTd MOXYTh BHUKOPHCTO-
BYBaTUCh NMPH poO3poOIli, MPOEKTYBaHHI Ta BUTOTOB-
JIeHI MIKpOIPOILIECOPHUX BHMIPIOBAUiB TEMIIEPATYpH,
3aCTOCOBYBAHHX y CHCTEMAaX TEPMOPETYIIOBAHHS.

Ha ocHOBI aHali3y pe3yjbTaTiB MPOBEJEHUX J0-
CJII/DKEHb MOKIJIMBO C(HOPMYJIIIOBATH MPOMO3UILIT 100
3aCTOCYBaHHSI MIKPOIPOLECOPIB IJIsl KOPEKLii Moxu-
00K BUMIpPIOBaHHS TEMIIEPATypH:

IPOIIOHYETHCS BIAMOBUTHCS Bl 3BUYAaHOTO CIIO-
co0y KaJiOpyBaHHS BUMIPIOBAIBHOTO MpHIIAAy 3a J0-
MOMOTOI0 BUMIPIOBAJIBLHOTO ITiJICHITIOBAYa 1 KOMIIEHCA-
[IAHOTO TMOTEHI[IOMETpa, a MepeKIacTH 3aBJaHHs
KaTiOpyBaHHs/ KOPEKIIil Ha MIKPOKOHTPOJIED;

IPOTIOHYETHCS TAKOXK BUKOPUCTOBYBATH CTATHC-
THYHI ~METOAM  KOpeKUii IOXHOKM  MIKpOTpo-
LIECOPHOTO BUMIpIOBaYa TEeMIIEpaTypH, HpHU3HAYCHI
UIA 3MEHIUEHHS BHUIIAJKOBOI CKJIAZOBOI IMOXUOKH
BUMIpIOBaHb, KOJIM BIiJJOMi CTaTHCTUYHI XapakTe-
pucTuki ToXuOKK (OI[iHKa IHTepBaly KOpesii
MOXMOKHU, OILIHKAa B3a€MHOI KOpeJsuinHOl (yHKIii
MOXUOKH TOIIIO).

B momanpimoMy nponoHy€eThCS HalaTH PEKOMEH-
naiii 3 BuOOpy IHTepBally OcCepeaHeHHs (KUIbKOCTI
BHUMIpIB JUIsl OCEPEIHEHHS ) IPH 3aCTOCYBaHHI CTaTHC-
TUYHHX METOJIB KOpEKIil MOXUOKK JUIsi 3MEHIICHHS
IMOBIpPHOCTI TOMWJIKH CHCTEM TEPMOPETYTIOBAHHS.

OTpuMaHi pe3ynbTaTH MOXYTh BHUKOPHCTOBY-
BAaTHCHh IPH PO3pOOIi, MPOEKTYBaHHI Ta BUTOTOBIECHI
MIiKpOIIPOIIECOPHUX BHUMIPIOBAYiB TEMIIEpaTypH, SKi
3aCTOCOBYIOTECS Y CHCTEMaxX TepMOpPErYIIOBaHHS.
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Analysis of temperature control systems and methods
of temperature measurement

O. Chervotoka, A. Podorozhniak, O. Cherednikov, I. Lappo

Abstract. The urgent task of ensuring the combat readiness of military equipment is the development of new and
improvement of known methods and means of temperature measurement with high metrological characteristics. The purpose of
the article is to study the metrological characteristics of the temperature digital measuring device and proposals for the
application of microprocessor for correcting errors in temperature measurement. The analysis of ways of thermal control systems
realization of spacecraft is carried out, methods of temperature measurement for the development of a digital temperature meter
are considered. The results can be used in the development, design and manufacturegn microprocessor temperature measuring
devices in thermal control systems.

Keywords: thermal control system, temperature measuring, microprocessor measuring device, statistical methods of
random errors correction.
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KOMIT'IOTEPHI TA IHOOPMAIIMHI TEXHOJIOT'TI
IINIAHYBAHHS EKCITEPUMEHTIB

AHoTanisi. BupimeHns 3aBraHp aHanizy Ta IOCIHIIKEHHS €KOHOMIYHHX, BUPOOHMYMX Ta YIPaBIIHCHKHUX IPOLECIB Ha
TpaHCIIopTi 0a3yeThCs HA BUKOPUCTaHHI HOBITHIX KOMITTOTEPHHUX TEXHOJOTIH (MaTeMaTHYHHUX Ta CTaTHCTHYHUX ITAKETIB,
€JICKTPOHHHX TaOJMIh TOII0). OCTaHHIM YacoM ITiIBUICHUIN 1HTEPEC CIIOCTEPITaeThCs IO METOJIB CTATHCTHYHOTO aHai-
3y. Y wiif po0oTi SIK IHCTpYMEHT iIMOBIpHICHO-CTaTHCTUYHHUX PO3paxyHKiB oOpaHo MaremarnuHui maketr Mathcad. Bubip
Mathcad oGymoBIIeHHI THM, IO BiH € TOTYKHOIO Ta YHIBEPCAIBHOIO CHCTEMOIO KOMIT'FOTEpPHOI MaTeMaTHKH, TTPU3HAYEHOT
JUTSL MAaTeMaTHYHHX po3paxyHKiB. [IpocroTa iHTepdeticy Mathcad, mmpoxwuii Habip IHCTPYMEHTIB 1T KOMIT'FOTEpHOT peajti-
3arii YMCIIOBUX METOIB BUPIMICHHS MaTeMaTHIHIX 3aBIaHb, SKiCHa KOMIT'TOTepHa Tpadika, MOXKIIUBICTH 3alIHCY POPMYIT Y
TXHBOMY TIPHPOAHOMY BHIJIAJI 3pOOMIIN HOTO OJHUM i3 MOIYJSIPHUX IHCTPYMEHTIB MaTeMaTHYHHX PO3paxyHKiB. Bakmn-
BUM KomroHeHTOM Mathcad € cucrema mporpamyBaHHs, sIka Ma€ MOBY, HaOJIVDKeHY 10 TPaIWIiHHHUX MpodeciiHUX MOB
TIporpaMyBaHHs, [0 3HAYHO PO3MIMpIOE o04HcoBaIbHI MoxirBocTi Mathcad. TlepeBaroro Mathcad € ioro BimkpuTiCTh
JUTSL IOTIOBHEHHSI HOBUMH QJITOPUTMaMHU, (DYHKIISIMH KOPHCTyBada Ta rmporpaMaMu. Po6ora 06'eTHye sSIK TEOPETHUHY, TaK 1
KOMIT'FOTEPHY TEXHOJIOTIT PO3paxyHKiB i3 uKMceIbHOI peati3alii MaTeMaTHYHUX MOJIeNeil 3apolIoHOBaHNX 3aB/aHb. Lle nae
MOXJIMBICT MOTJTMOUTH 3HAHHS TEOpil CTATUCTHUYHOrO aHali3y, PO3BHHYTH BMIHHS Y BUpILICHHI 3aBJaHb 32 HABEICHHMHU
KOMIT'FOTEPHIMH aJITOPUTMaMH, PO3IIMPHUTH YSIBICHHS MPo c(hepH 3aCTOCYBAHHS METOJIIB CTaTHCTUYHOTO aHAJi3y Ul BH-
PpiLICHHS MPAKTUYHUX 3aBJIaHb Y Taly3i eKOHOMIKH, BUPOOHUIITBA Ta yIpaBIIiHHI.

Kar4doBi cioBa: craTUCTUYHMI METOJ, NOBHUI eKCIEpUMEHT, iHQopMaNiliHi TeXHOJIOori{, MaTeMaTHYHa MOJEIb IlIa-

HYBaHHS €KCIIEPHMEHTY .

Beryn

[MnanyBaHHS €KCIEPUMEHTIB mependadyae BU-
3Ha4YeHHs HalOuIb edekTuBHOro crocody ioro
OPOBEJCHHS 3 METOI0 OACPIKAHHS CTATHCTUYHOIO
Marepiajiy, KM Mae 3a3jajierilp 3ajaHi BIAaCTH-
BocTi. [laHyBaHHS €KCIIEPUMEHTIB 3aCTOCOBYETHCS
NpU po3B’si3yBaHHI 3aja4 OLIHKU IapameTpiB po3-
MOJINIB, IMEPEeBIPKH CTATUCTUYHUX TilOTE3 IpH
3aJlaHill TOTYXKHOCTI KPUTEPIiI0, 3HAXOJKEHHS Ma-
TEeMaTUYHOI MOJIeJi MPOIECiB i3 3aJaHUMH CTATHUC-
THYHUMH BJIACTUBOCTSIMH, HOUIYKY ONTHMAaJbHUX
3HA4YeHb 3a 3aJaHUMH KPUTEPISIMH YMOB MPOTIKaH-
Hsl mpoleciB. Y naHii poOOTI MH pO3TISHEMO Ma-
TEeMaTU4YHI METOOU I[IaHYBaHHS €KCIEPUMEHTIB
JUIsl BUBUEHHSI MEXaHI3My MpOIlecy, IO CIOCTepi-
raeTbes i moOyJ0BU HOTO CTATUCTUYHOT MOJIEII.

I[InanyBaHHs perpeciiHNX eKCIIePUMEHTIB
(cTaTUCTUYHE MO/IETIOBAHHS)

3amada TIAHYBaHHS EKCHEPUMEHTIB (GopMmy-
JMIOETHCS HACTYIMHHM YHHOM: IMOTPIOHO OJepXKaTh
JesiKe YSBJICHHS PO MOBEPXHIO BIATYKY, SIKa OIH-
cyeTbest MoAeIo y = f(xq,X,,...,Xy,), e Y —3ale-
KHa 3MiHHA — BIATYK (HampuKiIaJ, HATiiHICTD MPHU-
nanmy); X; —He3aleXHi 3MiHHI — (aKTOpPH, IO BILIH-
BalOTh HAa BIATYK, SKi MOXXHA BapiloBaTH y XOAl
eKCIIepUMEHTyY (HampuKial, MapaMeTpH HaBaHTa-
KeHHs mpuiany). Heimoma ¢yHKIiS BiIryKy dac-
TIII IPEACTABISETHCS TTOTIHOMOM K-T0 cTemeHst

y=ao+ Yk aix; + X1 axing + Xingagx? +..., (1)
i<j

Ie ay, a;, ;j,a; —KoedilieHTH TOIIHOMY.

ijr

[TnanyBaHHS €KCIIEPUMEHTY MOJIATAaE y BUOOPI
Ha KOXXHOMY eTalli JOCIiJKeHHS ONTHUMAaJbHOTO Y
OPUUHATHX KPUTEPisX PO3TAIlyBaHHS €KCHEPHUMEH-
TallbHUX TOYOK Yy mpocTopi dakropiB. 3a kputepii
ONTUMAJIBHOCTI MJIaHiB BUKOPUCTOBYIOTHCS:

e MiHiIMi3alis YKcia BUIPOOYBaHb;

® HE3aJIeKHICTh OLIHOK KoedimieHTiB QyHKIiT
BIATYKY (OpTOTOHANIBHICTD ILIAHY);

® OJIHOPINHICTh JUCIEPCii BIATYKY BiJHOCHO
LHEHTPY T1aHy (pOTOTa0eNnbHICTh MIIaHY);

e MiHIMI3almis 00’eMy emnincoiga po3CisHHS
omiHok koedinienTiB moxeni (D—onTumanbHIiCTh
MJIaHy).

Haiibinbiie 3acTocyBaHHs 3HAWIUIM OPTOTO-
HallbHI IUJIAaHM Yy CIOJNydeHHI 3 kputepismu D-
ONTHMAJIBHOCTI.

Sk mpaBuIIO, TOBEPXHS BIATYKY BiIIIYKYETHCS
y JesKkii BU3HAYeHId o6nacTi 3MiHH (aKTOPIB.
Haii6inpmr mmpoKo 3aCTOCOBY€ETHCS IIIaHYBAHHS Ha
IIBOX PIBHAX (€KCTpeMallbHUN €KCIEPHUMEHT), KOJHU
Yy €KCHEepHMEHTI BUKOPHCTOBYIOThCS 3HAYCHHS (a-
KTOPiB, SKi BIAMOBIAAIOTh BEPXHHOMY i HIXKHBOMY
piBHIO i mo3HayaroThCsA +1 1 BigmoBigHO (260 mMpoc-
To + 1 —). ExciepuMeHTanbHi IUIaHU, y SKHX YCi
(hakTOpHU BapIIOIOTHCS TITBKU Ha BOX PIBHSIX, Ha-
3MBafOTHCS TuTanaMu 2%, ne K — kinbKicTs (axTopis,
10 BapilOIOTHCA.

[Ipu moOynoBi mIany eKCIepUMEHTY MOTPiOHO
BHXOJHUTH 13 NEIKOTO alpiOpHOTO YSBICHHS MPO
MOXJIUBUH BHUTIAA (GYHKIIT BiAryKy (JTiHIHHICTS,
MOHOTOHHICTH 1 T. iHIIe). CrloyaTky 00macTh Bapi-
OBaHHS (AaKTOPiB BU3HAYAETHCS, BUXOASYH i3 MMpPH-
MyIIEHHS MPO JiHIHHICTh MOBEPXHI BIATYKY y ce-
penuHi 1iel obmacti. Skmo nmiHiHHA MOBEPXHS Bif-
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I'yKy OIIHCY€ €KCIEPUMEHTAIBHUI MaTepial Heaze-
KBaTHO, TO IPOBOJSTHCS MOAANbIN €KCIEPUMEHTH
110 YTOYHEHHIO i1 BUTJISAY 3a JOIOMOTOIO IOJIHO-
MiB OiJIBIII BHCOKOTO MOPSNKY.

JIiniliHi opTOroHaNBHI NIaHU

Iloenuii paxmopnuii excnepumenm. Ilnanom,
SIKMH JI03BOJISIE OJIEPIKAaTH HE3aJIeKHI OLIHKH Koe-
¢imieHTIB PIBHSHHS MOBEPXHI BIATYKY, € NMOBHUMH
¢axropauit excriepumenT (IIDE). IIDOE peanizye
yci MOXUIMBI HEMOBTOpIOBaHI KOMOiHamii piBHIB
He3aJeXHUX (PaKTOpiB.

Y nmanomy posnini [IOE posrnsmaerses cto-
COBHO [0 YMOB aKTHBHOTI'O0 €KCTPEMaJIbHOT'O €KC-
nepuMeHTy. Posrnsaemo INI®E ans Tprox dakto-
piB (k = 3). [ToBepxHs BIATYKY Y I[bOMY BHUIAIKY
Mae BUTJIS]

— k k
y=ay+Xiax; + Zi.j=1 a;;XiXj + Qq23%1X,X3. (2)
i<j
Hexaii xoxxHuil akTop X; BapiloeThCs BiJ ocC-

HOBHOTO piBHS Xjo Ha BeixnuuHy *Ax;. Tonxi 3a mo-
Xi—Xio

MOMOTO0I0 IEPETBOPEHHSA X; = MOXHa NMepenTH

JI0 KOJIOBaHMX 3MIHHHX X;, IO MPUHAMAIOTh Ha IPaHH-
ISIX 1HTepBaly BapitoBaHHS X; 3HaueHHS +1. Ilnan exc-
TPEMaJILHOTO €KCIIEPUMEHTY TPHUHHATO 3allUCyBaTH y
BUTJISIIII MaTpUIl, sIKa BU3HAYA€ Y KOJIOBAaHMX 3MIHHHX
X; YMOBU TIPOBEJICHHSI EKCIIEPUMEHTY. Y IOJANIbIIOMY
mijg x; OyseMo po3yMiTH KOJIOBaHi 3MiHHI X;. Y niTepa-
Typi K-¢akropuuii I[IOE 3i 3miHom (akTopiB Ha JBOX
piBHAX MpUitHATO HasuBaTH MiaHoM Tury 2. Hasememo
npukian Matpuii [IOE mis tppox daxropis (tabm. 1).

Tabauys 1 — MaTpuusi NoBHOTO GaKTOPHOTO
excnepumenty (IIPE) 2K

H:;:;TH Xo | X | Xz | X3 | XXy | XKy | XXy | XXXy Bj;?’x
1 + - - — + + + - b
2 + + - - - - + + V2
3 + - + - - + - + Vi
4 + + + - + - - - Vs
5 + - - + + - - + s
6 + + + + - - Vs
7 + - + - - - ¥7
8 + + + + + + + s
Hnsa  TI®E wmaroTh Micrie  CITIBBiIHOIICHHS

(n = 2¥ —kinbKicTh TOYOK MTAHY):
Yhaxy=00=12,..,2"; 30 xf =n;  (3)
XXX, =0 #1;i,r=01,...,2k—=1) ), (4)

10 BiJAMOBi/Ja€ BIACTHBOCTI OPTOTOHAIBHOCTI CTO-
BNI[iB MAaTPHIIi IJIaHY.

Bynb-sakuit mian 2% moxke 6yTu moGymoBaHuii
3a HACTYIHHM IPaBHJIOM: y CTOBMIli, SKUH Bigmo-
Bimae ¢GaxkTopy X;, 3HAKH + 1 — YEPTyIOTHCS Uepe3
271, TInan 2% nossonse omimmtu 2¥ koedimieHTin
perpecii ;. Onmnak BukopuctoByBatu [IOE mis omin-
KM Koe(illieHTIB MPH WICHAX i3 KPATHICTIO HE MOXHA,
OCKIJIBKM OLIHKH JUISL Qylq; 3MINIyIOThCA (HampH-
KJIaJ], CTOBIIII XiX;X; HEPO3PI3HUMH).

OcnoBHOw mnepeBaror II®E e oproroHans-
HICTh MaTpHIli IUIaHY, IO J03BOJSE CyTTEBO CIPO-
CTUTH O0uYMCIIeHHSI Koe(ilieHTIB piBHSIHHS BIATY-
KY.

Jns Oynp-sxoro uncna ¢aktopiB k BHOipKOBi
Koe]ilieHTH ai 00UYHCITIOITHCS 3a HOpPMYyJIaMH:

j— 1 n 7 Ty — 1 m
a; = ;Zi=1 a;;yj,0ey; = ;Ziﬂ Vij
Jie M —4rCII0 mapalielbHUX BUIPoOyBaHb y i-it Toumi
IUIaHYy, N —3arajbHe YHCJIO TOUOK ILIaHy.
Hducnepcis, sika XapakTepu3ye pOo3KuJ 3HAUYEHb
Yjr, IPU TIOCTIHHUX YMOBAaX €KCIEPUMEHTY (TOOTO B

OJIHIW TOYIIi IUIaHY), 3HAXOAUTHCS 332 (POPMYIIOIO
2 1 -
Sj Ea—— Zﬁl(yij - }’j)z- (6)

3aranbHa AMCIEPCis, sSKa XapaKTepU3y€e PO3KHI
BIATYKY 0€3BiIHOCHO J0 YMOB CKCIECPHUMEHTY, JIO-
piBHIOE
1 1
2 —_yn 2 —__ yn m = y.)2
Sy =321 = rn i i vy =37 (7)
SKIO KUTBKICTh MapanenbHuX BUIPOOYBaHb y
TOYKaXx IJIaHy pi3Ha, TO
n aye2
s2 = 2 DS ®)
Y S mmn
e M; —4UCI0 BUNPOOYBaHb y j-H TO4I MyaHy.
IlonepeaHb0 ONHOPIAHICTH AMCIEPCIH sz Ino-
BHHHA OyTH IepeBipeHa OJHHUM i3 METO/IIB.
Hucnepcis koediuienTa perpecii a; BU3Ha4a-
10ThCsl popmyInor
1
§2 ——S2, 9
@ (9)
KoediuieHT a; piBHAHHS BIATYKY 3 KoedilieH-
TOM 3HA4yyI[OCTI O BU3HAETHCS 3HAYYLIUM, SKIIO
la;| > ti+a(f)S,, e tita — KBaHTUIL PO3MOMILTY
2 2

Creionierta ipu f = n(m — 1) cryneHsx BoJIi.
Jns mepeBipkd aJeKBaTHOCTI MaTeMaTUYHOI
MoJeni BIATYKY BUKOPUCTOBYEThCS IUCIIEPCis

2 __M yn (s 5.)2

§t = n_d2j=1(3’j - 3’;') )
ne d — urcmo KoedilieHTIB aIpOKCHMYIOYOTO I10-
JIHOMY; J;j— 3Ha4YeHHA BiATyKy, fIKe NependayacThes

perpeciiiHor MOJIEILTIO.

AJIeKBaTHICTD MOJIENi BCTAHOBIIIOETHCS TTOPIBHSH-

HSIM Jwcniepeiit S2iS7 3a momomororo kputepito Dimepa
52 .
F= 5] npu f; =n—dif, =n(m — 1) crynensx cBo-

(10)

oou.

Sxmo yei koedimienTr MiHiHOI perpecii (y Tomy
yuci 1 yci KoeillieHTH IPH B3aEMOISX) € 3HAUYIINMH,
TO d = 1 1 He 3aIMINAETHCS CTYIEHIB BOJI JUIS MIepeBip-
KU TIOTE3W afeKBATHOCTI. Y IIbOMY BHIAAKY PEKOMEH-
OYETbCS TIOCTABHTH BUNPOOYBaHHS Y LEHTPI IUIaHY
(todTo mpu 3HauenHi dakropy x; = 0). Tomi, sKIIO
lag — yol =< S, me y,— cepenne 3HaueHHs BiAryKy y
HMEHTpl eKCIEepUMEHTy, IiHiifHa MOJEeNb BH3HAETHCA
aJICKBATHOIO.

Hpuxnao 1. Jlna TI®E 23, nasenenoro vy
TabJy. 2, BU3HAYUTH DIBHSHHS BIATYKY 1 NPOBECTH
HOTO CTATUCTUYHUH aHATi3.
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Tabruys 2 — Matpunsa II®E 23 i pesyabTaTn

€KCIIEPUMEHTY
Ko | Xy | X2 | B3 | XXy | XX3 | XpX3 | XX X5 Biaryx
1|23 ] 4 5 6 7 ]

Yi|¥2|7¥s
1|+ | =] =] = + + + - 25| 23 | 27
2|+ + - - - - + + 1512 21
3|+ - + - - + + 16 | 16 | 19
4| + + + - + - - - 25 | 24| 23
O I - + + - — + 20| 24 22
6l =+ | + | = | + _ + - - 24| 21| 24
P2 IS U I A - + - 12| -14 | 416
gl + |+ | + ]+ + + + 8 |11 ] 14

Anzopumm po3e’azanns 3adaui

1. 3amaHHs BXiTHUX JaHWX 3aJadi: MaTPHII IUIa-
HyBaHHsI EKCIIEPUMEHTY 1 BEKTOpa 3HaueHb BiATYKIB.

2. O0uncIeHHs cepeHiX 3Ha4eHb BiATYKIB.

3. OOuncneHHs Koe(illieHTIB perpecii piBHIHHS
BIJITYKY.

4. OOuuncneHHs1 mUcriepcii 3Ha4YeHb BIATYKIB, 3ara-
JBHOI jaucrepcii BiATyKiB Ta aucrepcii KoedilieHTiB
perpecii.

5. IlepeBipka 3HauymiocTi KoeQilieHTiB perpecii.

6. 3HaXO/PKEHHS BUIVISLY PIBHSIHHSI perpecii.

7. TlepeBipka ageKBaTHOCTI MAaTEMAaTHYHOI MOJEII
BIATYKY 3a kpuTepiem Dimepa.

8. TloOynoBa rpadiky TOYOK BIATYKY i PIBHSHHS
perpecii.

Anzopumm y Mathcad

Bxiani naui:

UYucino BUnpoOyBaHb 1 piBHIB BapitoBaHHS (AaKTOPIB
ii=0..n—1.

n=8 m:=3

Martpuis 11aHyBaHHS, 3Ha4€HHsI BITYKIB 1 piBHI
(axTopiB

1 1 1 1 1 1 1 1
1 -1 1 1 -1 -1 1 -1
11 -1 1 -1 1 -1 -1
o= 1 -1 -1 1 1 -1 -1 1
1 1 1 -1 1 -1 -1 -1
1 -1 1 -1 -1 1 -1 1
11 -1 -1 -1 -1 1 1
1 -1 -1 -1 1 1 1 -1
25 23 27
15 12 21
16 16 19 5 2 4
25 24 23 (4 2 3
yi= VA
—-20 —-24 =22 9 4 7
24 21 24 10 1
-12 -14 -16
8 11 14
CepenHi 3HaYCHHS BIATYKiB
— 1 -1
YSi=o Z}”:o Vijr (11)
ysT=25 16 17 24 -22 23 -14 11)
Koedimientu perpecii piBHSIHHS BIATYKY
=1 -1
Qo: =7 i=o Xi0 " YSu (12)
=1 -1
a;:=7 2150 Xi1 " YSi (13)
=1 -1
A= i=o Xiz2 " YSu (14)
=1 -1
az:=7- i=o Xi3 " YSu (15)
=1 -1
Ayt == L0 Xia  YSi, (16)

n

1

as:=—- XiZg Xis * VS a7
1 -
ag:=_- 250 Xi6 " VS (18)
1 -
a:=_- S0 Xi7 VS (19)
a"=(10 -85 05 105 —05 9 —05 4.5).
Hucriepcist 3Ha4eHb BIATYKIB Y,
1 _ 2
S2i= 5 X (e —ysi)” (20)

S2T=(40 210 3.0 1.0 40 3.0 40 9.0).

3aranbHa gucrepcis

Sy2:==- 1552, Sy2 =613, (21)
Hucnepcis koediieHTiB perpecii
Sa:=+/52a, Sa = 0.62. (22)

[MepeBipka 3HauymocTi KoedilieHTIB perpecii i3
piBHEM 3HAYYIIOCTI O i BU3HAYEHHS CTyIeHs Boi f:

a:=0.05 fi=n-(m—-1), f =16. (23)
KBanTinb poznoziny CterofeHTa
t=qt(1-5.f), t, =212 (24)

Crartuctuku CThrozieHTa Jiis1 KoedillieHTiB perpecii

lail
ti="t, (25)

tT =(16.2 137 0.8 17 08 145 0.8 7.3).

IepeBipka rimoTe3u Mpo 3HAYYINICTh KOeDIllieHTiB
perpecii

Q;:=if (t; <t,0,1), (26)
"=1 10101 0 1),
a;:=a;-Q; (27)

a"=(10 -85 0 105 0 9 0 4.5)

3unavennst Q; = 0 o3Hauae, 110 BimmoBiaHI Koedi-
I[IEHTH 8 € HE3HAYyNIMMH. 3arajbHUI BUIIISI PiBHSH-
us perpecii (Y1r; i Y21, — ckiamoBi 3araisHOTO piB-
HSTHHS) € TAaKUM:

Ylii=ap,+a;-x,+a; x5, +az %3, (28)
Y2ii=a, x;,+0as x5 +ag- X+ a; x5, (29)
Yi=VY1,+Y2;. (30)

3HadeHHs BiATYKY 3a PiBHAHHSM perpecii
Yr*=(255 155 16.5 245 -225 21.5 -135 12.5).

IlepeBipka ameKBaTHOCTI MaTEMATUYHOI MOZETi
BIZITyKy 3a KpuTepiem dimepa:
® KUTBbKICTB 3HAUYIX Koe(illieHTiB perpecii

d:= Y"1 if(Q; =1,1,0),d =5, (31)
® 3AITNIIIKOBA IUCIIEPCist
§2=16.0,

® 3HAYCHHS CTATUCTHKU KPHTEPIrO

Fi= Ssy—zz F =0.98. (32)
KsarTmie F —po3mnoainy i3 CTyIeHsIMHA BOI1

fir=n—d, f; =3 (33)
for=n-(m-1), f, =16. (34)
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tei=qF(1—a,fi,f5) , ty = 3.24. (35)

YMOBa IPUHHATTS TIIOTE3H PO aICKBATHICTh Ma-
TEMATUYHOI MOJEN]

30T
251
207
157
10

5_

Q:=if(F<t,1,0), Q=1 (36)
YMoOBa IpUHHATTS TIOTE3H PO aAEKBATHICTH MO-
Jierti BUKOHY€EThes (puc. 1).

YSi

_5 .
_10 “+
_15 “+
_20 “+
_25 “+
_30 L

4/5\6/7

Puc. 1. I'padix ToUOK BiTYKY i pIBHSIHHS perpecii

Opneprkany MOJIESIb MOXKHA 3aIMCATH Y HATYpalib-
3MIHHHMX, NEepexXoJsIud BiJA 3MIHHHX Xj [0
Zj = x]'AZj + ZO]"

HUX

JApo6oBuii pakToOpHUIi eKCTIEPUMEHT

SKIo neSKUMHU B3a€EMOJISIMH MOXKHA 3HEXTY-
BaTH, TO perpeciiiHa MoJeb, SKa OB’ A3Y€ BIATYK 3
OCHOBHUMH (aKTOpamMu, MOXe OyTH oJiepiKaHa MpH
MeHwid, Hik y [IDE, KinbKOCTI eKCIIEpUMEHTIB 3a
JIOTIOMOTOI0 APOOOBOTO (PAaKTOPHOT'O EKCIEPUMEHTY
(I®E). Hampuknan, y sunaaky IIOE 23 sxmo B3ae-
MOJISMH X1 X,, X1X3, X3X3, XqX,X3 MOXKHA 3HEXTYBaTH,
TO MOYKHa BHUKOPUCTaTH 4 CTOBIIIS MaTpHIIi IUIAHY, SIKi
3aJMIIAJINCH, Ui BU3HAYEHHS KOe(Ill€eHTIB perpecii-
HOT MoJienti, ab0 3HAWTH MOAEINi Ul TPhOX (PaKTOPIB 3a
JOTIOMOTOI0 YOTHPHOX, @ HE BOCBMH EKCIIEPUMEHTIB.
Yacrtuna matpuni [IOE 2K, y saxiit k niniiiaux epexris
(daxropiB) npupiBHSIHI 10 KOeQili€HTIB B3aEMOIil, Ha-
3UBAETHCS PEILTIKOI0 BUIIIS LY 2K,

ChiBBiJHOIICHHS, SIKI BU3HAYAIOTh IIpaBUia
no6ynoBu aApo6osux pemiik [IDE, i ski BkaszywTs,
ki (pakTopu HPUPIBHSAHI JO B3a€EMOMISAM, Ha3HBa-
0ThCs ceHepyrouumu. Hanpuknan, ApoOOBI periiku
II®E 23! MoxkyTh OyTH OJepaHi 3a JONOMOIOI0
FEHEePYIOYUX CHIBBIHOLIEHb X3 = X;XpiXg = —X;X;.
Martpuii minaHiB, AKi BiOIIOBiAAaIOTE UM JIPOOOBUM
perutikaM, HaBesieHi y Tab. 3.

Tabnuys 3 — Jipodosi penikn 2371

X3 = XX, X3 = —X1X,
J Xy | X3 | X3 | X3XpX3| ) Xy | X3 | X3 | X
1 1 1 1 1 1 1 1 1 1
2 -1 | -1 1 1 21 -1 |-1]-1]1
3 1 -1 ] -1 1 3 1 1 1 1
4 -1 1 -1 1 4 | -1 |-1]-11|1

Hns po3pizHEHHS 3MimaHuX e(eKTiB Mo MaT-
puti 1poOOBOIT periliki BUKOPHUCTOBYETHCS MOHAT-
TS 8U3HAYANLHO2O0 KOHMPACMY, KA XapaKTepH3ye
KOMOiHAIif0O THUX (AKTOPiB, CTOBIENb TOOYTKY
SIKMX CKJIaIa€ThbCs TIABKM 13 ILIIOCIB ab0 TIIBKH 13
MiHYCIiB.

BusnauanbpHuit KOHTpacT J MoXke OyTH piBHUM

+1 abo —1. Hampuknan, nias 1poOoOBHX PEIIiK
J = x1X,x3 = +1 abo | = xyx,x3 = —1.

BusHauyanbHUN KOHTpAcT [103BOJISIE BCTAHOBU-
TH CHCTEMY 3MIIIyBaHHA OCHOBHHUX (aKTOpIiB 3
epexramu B3aemonii. fAkmo | = x;x,x3 =+1, 1O
X; = X3x,X5 = X,x3 (OcKinbKM 3aBKmM X7 = +1), T06-
TO OILIiHKA (4 3MilllaHa 3 OLIHKOO dy3.

Skmo g0 edexTiB B3aeMOJIl NMPHUPIBHIOETHCS HE
OIIMH, a JIeKUIbKa OCHOBHHMX (PAaKTOPIB, AJISI TTOBHOTO
OINMUCY PO3B’SI3yBAILHOI 3/IaTHOCTI JPOOOBOI PEILTiKH
[IOE BUKOPHUCTOBYETBCA Yy3araJIbHIOHOUUKA KOHTPACT.
BiH Bkio4ae y cebe 4acTHHHI BU3HAYAIBbHI KOHTPACTH
Ta ix noOyTku. Hanpukian, npu gocnimxkenHi 5 ¢a-
KTOPiB MOKHA NOCTaBUTU He 2° = 32 BUNpPOOYyBaH-
Hsl, a TIIbKM 8§, KIIO peajizyBaTH APOOOBY perii-
Ky 2572, T06TO nmpupiBHATH ABa (akTOpu 10 edek-
TiB B3aemouii. [Ipunyctumo, mo BuOpaHi BapiaHTH
3MILIYBaHHS X, = X{X3iX5 = X{X,X3 3 BH3HAYaJIbHH-
MH KOHTPaCTaMH

J=x1x3%, 1 ] = X1X5X3X;5
BiamoBisHO. Toal y3aranbHIOIOUUI BU3HAYAIBHUN KOH-
TpacT Moke OyTH 3alIMCaHUH HACTYITHUM YHHOM:
J = X1X3Xy = X1X3X3X5 = XX Xs5.

Jlnst Toro, mo0 BUSBUTH 3 UMM 3MilllaHa Ta M 1H-
II1a OIiHKa KOe(]ilieHTiB MO, HEOOXiTHO MTOMHOXH-
TH KOMOiHaIif0 QaKTOpiB, SKi BiMIOBIAAIOTH iif, HA y3a-
TrajbHIOYMM BU3HAYAIbHUN KOHTpacT. Hanpukian,
BU3HAYMMO CHUCTEMY 3MIIIyBaHHS Ul OI[IHKH Koedirri-
€HTa 812 eexTy B3aeMoOmii X ;X,. MaeMO KiJbKICTh Ba-
piaHTIB 3MiHHHX 3aXBaTOK

X1Xpy = XpX3Xy = X3X5 = X1X4Xs,
TOOTO OIiHKA 812 Oy/I€ 3MIMAHOIO 3 OI[IHKOIO
n:= cols(PA) = 6
KOCQIIIEHTIB Ay34, 35, A1 45-
VY 3aranbHOMY BUMAJKY BUXOJUTH CKIIAJHA CHCTE-
Ma 3MinTyBaHHS eeKTiB B3aemomii. Jucrepciiiamii ana-

mi3 OyB 3aCTOCOBaHWH [UIsi HAYKOBOTO JTOCHI/KECHHS
(bakTOpiB, 10 HANHOIIBINE BIUIMBAIOTH HA BUTPATH Ia-
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JIMBa aBTOMOOUIIMH-CAMOCKUAaMH Ta JOPOXKHIMH Ma-
IIMHAM{ B 30HI BIUIMBY (TOOTO — JUISHKH JIOpPOTH, B
SIKIH 3MIHIOETECSI PEKHM PYXY TPaHCIOPTHHX 3aco0iB
i Yac MPOBEJCHHS JOPOKHBO-PEMOHTHUX po0iT) [10]
AHaJi3 BUTpAT MajivBa METOJOM JBO(PAKTOPHOTO JHC-
kpetHoro ananizy s IM 1 AC. BusHaueHHS BIUIMBY
Ppo0OYOT IIBUAKOCTI Ta TOBKMHU CMYTH YIIIJIbBHEHHS Ha
BUTpaTH MajHMBa AOPOXKHIMHU MallMHAMH BiJOyBaBCs 3a
HACTYITHOIO METOIUKOIO:

B mporpami MathCad 14 3anaHo Hymepariito eneme-
HTIB MacuBy. Jlaini BBOIMTHCS MaTpPHIS KUTBKICHIX MOKa3-
HUKIB CyMapHHUX BUTpAT MaJIMBa JOPOXKHIMU MAaIlIMHAMH 1
TIPUCBOIOKOThCS 3MIHHUM M, N, N BigmoBimHO (QyHKIT
3HAUYEHHS! KUJIBKOCTI CMYT YITUTGHEHHS, BapiaHTiB 3MiHHUX
3aXBaTOK Ta 3araJbHOI KUIBKOCTI OIIepaTopiB:

0 0 0 0 0 0
10222 0 0 0 0 0
70.94 0 0 0 0 0
56.42 0 0 0 0 0
48.13 17180 O 0 0 0
42.81 140.63 23242 O 0 0

PA:=| 39.11 119.66 19478 0 0 0
36.39 104.66 168.01 24931 O 0
34.32 93.44 148.08 21791 O 0
32.68 84.76 132.71 193.78 26891 O
31.35 77.85 120.53 174.70 241.18 O
30.26 72.23 110.64 159.27 218.79 289.87
29.35 67.57 102.47 146.55 200.38 264.54

Kinbkicth JIOBXXUH cMyr YKIJIaJaHHS:

n:= cols(PA) =6 , m:=rows(PA)=13.
3arasipHa KiIbKICTb oriepatopiB: N:=m - n
3a1a10ThCs MK U1 BU3HAYCHHSI HOMEPIB Psifi-
KiB i cToBIIiB MaTpuui: i:=1..m, j:=1..n.
Po3paxoByeThCs CepeiHe 3HAYCHHS BUTPAT MaJIBa
B 3aj1exHOCTI (pakTopiB A Ta B

1
XAL':=;' j=1PAi,j (37)

XBj==-

m

1 PA; ;. (38)

PesynbraTi 00UMCIICHHS:
XAT =(0 17.037 11.823 9.403 36.655)
XBT = (42,614 71.738 93.049 87.809 71.482 42.647)

Po3paxyHOK 3araibHOTo cepeIHbOTO:

M=~ T N PA;,m, = 68.223  (39)

BusHaueHHS KUTBKOCTI CTYIIEHIB CBOOOIN
fir=m—-1=12,f,:=n—-1=5,
fii=(m—-1)-(n—1) = 60, 523:=Sf—f.
Cymu xBafpatiB BiaxuiieHHs 110 ¢akTtopam A 1a B
1 BIINOBIAHI JUCHIEPCIi:
Spi=n+ XM (XA; —m,)? = 3.059 x 104,

$2,1= ;—A 2.549 x 103,

1

Spi=m + EILy(XB; — m,)? = 2346 X 107,

s2p:=28 s2:=——=7377 x 103 .
fi N-1

Sei= 2, 201 (PAy; — XA; — XB; + m,)* = 3.542-10°.
[epesipka rimore3n HA: crioctepexxyBanbHe 3Ha-
YeHHS KPUTEPIalbHOI CTATUCTHUKH 110 QakTopy A
s2 AZ

4 = 0.186.

&

Fy:=

Kputnune 3HaueHHs! KpUTEPito (KBAaHTUTb TOPSAKY
1-a F-posmopiny ®imrepa 3 f1 Ta f2 crynensmu cBo6o-
m, a:= 0.05): t;:=qF(1—a,f,f;) =1917.

[epesipka rinmore3n HA npo piBHICTE MaTeMaTH4-
HHX O4iKyBaHb 3a pakropom A: Q4: = if (Fy < t,).

Koediuient nerepminanii R2,: = SSZ—ZA = 0.346.

IMepesipka rimote3u HB: crioctepexene 3HaUCHHS
KpHUTEpiaIbHOI CTATUCTUKH 110 (hakTopy B:

Fg:= 22 =0.033.

52¢
KputiuHe 3HaYeHHS KpUTEpito (KBAHTLIb IOPSIKY
1-a. F-posnominy ®imrepa 3 f2, 3 crynensmu cBobo1u
tg:=qF(1—a,f,, f3) = 2.368.
[MepeBipka rinore3n HB npo piBHicTh MaTemaTHy-
HMX O4iKyBaHb 3a pakropom B: Qp:= if (Fg < tp).
. R 2
Koedimient nerepminanii: R25:= SS—ZB = 0.027.
OliHKa MapameTpiB a Ta G2 HOPMAJILHOTO PO3IIO-
JITy BHUIAJKOBHX 3aJIMIIKIB!

a:=m, = 68223, o?=
fifz
BusHaueHHs1 BIUIMBY HIUIBHOCTI acgaibToOeTOHY

Ta JIOBXKMHH 3MIHHOI 3aXBaTKi Ha BUTpaTu naiusa AC:

52

= 8.199.

11.43
11.43
11.43
11.43

28.75
28.75
28.75
28.75

28.75
28.75
28.75
43.13
11.43 28.75 43.13 43.13 43.13 57.50
11.43 28.75 43.13 43.13 57.14 57.50
KinpkicTh BapiaHTIB HITBHOCTI ac(aibTOOCTOHY:
m:=rows(PC) = 6.
KinpkicTh BapiaHTIB JOBXKHUHH 3MIHHOI 3aXBaTKU
n:=cols(PC)=6, N:=m-n.
CepenHe 3HaYCHHS BUTpPAT MalUBa B 3aJICKHOCTI

(hakropiB A Ta B:

1

XA]:Z ?=1PC1-

43.13
43.13
43.13
43.13

43.13
43.13
43.13
43.13

57.14
57.14
57.14
57.14

PC

— 1 m
o XBJ—; i:lPCi,j'

35.388 35.388 35.388)
37.785 37.845 840.1/'
XBT = (1143 2875 3594 43.13 45.465 57.26),

My == my X", PC;j = 36.996.

N
KinbkicTs cTymeHiB cBOOOIM
fir=m—1=5, f,:=n—-1=5).
fri=(m—-1)-(n—1) = 25.
Cymu kBajpaTiB BigxuieHHS o (akropam A ta B
1 BIIMOBIJIHI AMCTIEPCii:
Spi=n+x" (XA, —m,)? = 25.235,

XaT = (
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$2,:= % = 5,047, s25:= %B = 249,742,

1 1

Spi=m+ Ti, (XB; — m,)? = 1.249 x 10%,

S,:=358.506), s2,:= j— = 14.34),
3

S:=3m, X (PC; —m,)” = 7.93 X 10,
$2:= —— = 226.577.

N-1
[epegipka rinoresn HA: criocrepexxyBanbHe 3Ha-
YCHHS KPUTEPIiaIbHOI CTATUCTUKH 110 (hakTopy A:

Fp:=324=0.352.

S2¢
Kputnune 3HaueHHS KpUTEpito
t:=qF(1 —a,f,f;) = 2.603.
[epegipka rimore3n HA npo piBHICTh MaTeMaTH4-
HUX CIOJiBaHb 3a (hakTopoM A:
Qa:=if (Fy < ty).
Koediuient nerepminarii

R2,: =24 20.022

s2
[Tepesipka rinote3u HB: cnoctepeskere 3HaUCHHS
KpUTEPIaJIbHOT CTATUCTUKH 110 (akTopy B:
)
Fg:= =2 =17.415.
$2¢

KpuTrnyHe 3HaYeHHS KPUTEPIIO
tg:=qF(1 —a,f,, f;) = 2.603.

[epesipka rinore3n HB npo piBHiCTh MaTeMaTn4-
HUX OYiKyBaHb 3a (hakTopoMm B:

Qp:=if (Fg < tp).
Koedinient nerepminarii
R2,:=28 = 1.102.
s2
OuiHKa MapameTpiB a Ta G2 HOPMAJILHOTO PO3MO-
JIUTy BHIAJKOBHX 3aJIMIIKIB:
m, = 68.223; ¢2i= =
fifs
[IpoBenenunit mucnepciiiHuii aHaji3 MOKa3aB, IO
rinoteza A Ta rinore3a B mpo piBHICTh MaTeMaTHYHHX
ouikyBaHb BUTpaT nanuBa AC B 3aJIeKHOCTI BiJl IIiIb-
HocTi ac¢anbTobeToHy ((pakrop A) - mpuiimMaeTbess Ta
noBxuHu 33 (¢daktop B) — mpuiimaetses. Lle o3nauvae,
mo obuiBa GakTopu MarOTh BIUIMB Ha BUTPATH IajHBa
aBToMoOimsiMu camockuaamu. 1{ogo JIM — obunsa da-
KTOpPH — HMIBUAKICTh pyXy Ta JoBxuHa 33 (3MiHHOI 3a-
XBaTK{) BIUIMBAIOTh Ha BUTPATH IaJIBa.

= 0.115.

BucHoBkH

HaiiGinpin edexTMBHUMH JPOOOBUMH PEIUTIKAMH
Bij [I®OE € perutiku, y sSKUX JiHIHHI eeKTH 3MilaHi i3
B33a€EMO/IISIMH HaliBUIIIOTO MOPSKY .

Po3pi3HAIOTE peryssipHi 1 HeperyJspHi JpoOoBi
pemtiku. Peeynsipni penniku yrBoprototbest i3 [IDE ni-
JICHHSIM Ha YMCIIO YaCTHH, KpaTHe IBOM. Perutiku tumy
4/4, 5/8 i T.1. HA3UBAIOTBC HepezyapHumu. J{poOoBi
PEILTIKH JT03BOJISIIOTh CYTTEBO CKOPOTHTH YUCIIO (paKTO-
piB 1 eKCIIepUMEHTIB Uil MoJieltoBaHHs nporecy. Oco-
O6nuBO e(eKTHBHE IX 3aCTOCYBAHHS IIPU IJIAHYBaHHI
eKCIIePHMEHTIB JJIs 3HAXOMKEHHS ONITUMYMY BiITYKY.
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Computer and information technologies for planning experiments
A. N. Al-Ammori, M. Dekhtyar, H. I. S. Abdusalam

Abstract. Solving tasks of analysis and research of economic, production and management processes in transport is based
on the use of the latest computer technologies (mathematical and statistical packages, electronic spreadsheets, etc.). Recently, there
has been an increased interest in statistical analysis methods. In this work, the mathematical package Mathcad was chosen as a tool
for probabilistic and statistical calculations. The choice of Mathcad is due to the fact that it is a powerful and universal computer
mathematics system designed for mathematical calculations. The simplicity of the Mathcad interface, a wide set of tools for comput-
er implementation of numerical methods for solving mathematical problems, high-quality computer graphics, the ability to record
formulas in their natural form have made it one of the popular tools for mathematical calculations. An important component of
Mathcad is the programming system, which has a language close to traditional professional programming languages, which signifi-
cantly expands Mathcad's computing capabilities. The advantage of Mathcad is its openness to adding new algorithms, user func-
tions and programs. The work combines both theoretical and computer technologies of calculations from the numerical implementa-
tion of mathematical models of the proposed tasks. This gives an opportunity to deepen the knowledge of the theory of statistical
analysis, to develop skills in solving problems according to the given computer algorithms, to expand the idea of the areas of applica-
tion of statistical analysis methods for solving practical problems in the field of economics, production and management.

Keywords: statistical method, complete experiment, information technologies, mathematical model of experiment planning.
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Kpemenuynpkuii HanioHanbHUH yHiBepcuTeT iMeHi Muxaiina Octporpaacekoro, Kpemenuyk, Ykpaina

MPOTOTHII KIBEP®I3UYHOI CUCTEMHU MOHITOPUHI'Y
PI3UYHOI'O CTAHY OIIEPATOPA JIITAJIBHOI'O AITAPATA

AnoTranisi. TenedoHu, mepcoHaIbHI KOMIT FOTEPH, MAIIMHM, HMOTSTH, JITAKH y BCIX IMX HMPHUCTPOSX € BENMUYE3HA KiJlb-
KICTh JaTYHKIB, IO JO3BOJIIIOTH BU3HAYHMTH IIOTOYHMI CTaH Maibke KOXKHOI CHCTEMH amapary. AJie 30BCIM HE JOCIi/DKY-
I0Th IICHXOEMOIIMHIH Ta () i3UIHMI CTaH OIEepaTopiB ITi/T Yac KepyBaHHS TaKOIO KOMIUIEKCHOIO TEXHIKOI0. 3a CTaTUCTHKOIO,
OlNbIlle TIOJIOBHHHU aBiakaTtacTpod craerbes depe3 oachkuil (aktop. I1[o6 3MeHIMTH KUIBKICTH aBiakaracTpod
TIOB’S3aHUX 3 MOTiPIIEHHSAM CTaHy OIepaTopa JiTAIBHOTO arnapary IPOIOHY€EThCsl BUKOPHCTOBYBATH MOOLTEHHI OioMe -
YHUI KOMIUIEKC 3 NPOTPaMHOIO Ta arapaTHOIO YacTHHaMHU. Po3poOiroBaHMiT KOMIDIEKC Mae 3HIMATH OCHOBHI Oil0JOTidHI
MOKa3HHUKH OTIepaTopa y peabHOMY 4aci, 30epiraTi Ta 00poOIroBaTH iX, 00 3a IIMMH JaHUMH OYJI0O MOKHA aBaTH Hopa-
JIM OTIEpaTOpPOBI 3a TSI TOKPAIIEHHS HOoro cTaHy. AnapaTHa JacTHHA BKITIOYAa€ HACTYITHI OJIOKM 0OpOOKY JaHWX 3 JAaTIHKIiB:
Kapuiorpad; 9oTupHu Miorpadu; ImyJIbCOKCUMETp; TEMIIEpaTypH Ta BOJIOTOCTi; BU3HAUEHHS oropy mikipu. JlaHi Bix GJOKiB
00pOOHKKIB JaHUX 30MPArOTHCS MIKPOKOHTPOJIEPOM-00pOOHUKOM, KU MOXKE JT0JJATKOBO TIEPETBOPIOBATH JlaHi y aJieKBa-
THI (i3W4HI BeTMIHHU. MIiKpOKOHTPOJIEP-00pOOHHK OOMIHIOETECS TAHHMHU 3 MIKPOKOHTPOJIEPOM-CEPBEPOM, IO MPU3HA-
4yeHui [t Oydepusamnii Ta BUBeIEHHS JaHUX HA IPHUCTPii KopuctyBada un y xmapHi WEB-cepsicu. [Iporpamna gactina
BKJTIOYA€E MPOrpaMy HIDKHBOTO PiBHA JUIl 30MpaHHs JaHUX BHMIpiB, iX 00poOKy, (hOpMyBaHHS y IaKeTH, OOMIH IaKeTaMu
MIDXK MIKpOKOHTpoJepamu Ta BuBix manux Ha WEB-cepsich, a Takoxx Backend WEB-cTopiHOK KOprCTyBampkoro iHTep-
¢eiicy. [IporpamyBaHHs BepXHBOrO PiBHS BKIIO4ae po3podky WEB-cTopiHOK ne BimoOpajkaeThesi MOTOYHA iH(pOpMAIis
PO CTaH JAOCIIJDKYBAaHOTrO KopucryBada. Ha naHmii MOMeHT cTBopeHa Mojenb 0iOMEeIMYHOro KOMIUIEKCY Ha 0a3i riar-
¢dopm Arduino UNO ta NodeMCU, sika MO>xe BUMIpIOBAaTH OMip LIKipH, BOJOTICTh Ta TEMIIEPATyPy JHXAHHS, a TAKOXK I1e-
penaBaTH iX KII€HTaM 10 3HaXOJAThCA B JIOKAIBHIN Mepexi. Y Mali0yTHbOMY IUIAHY€EThCS: PO3POOKA CHCTEMH 30epeKEHHs
JaHUX Ta IX HaJCWIaHH ITi1’ €HAaHUM KOPUCTYBadaM; YIOCKOHAJICHHs KOPUCTYBAIBbKOro iHTepdeiicy Ta peamizamis GyHK-
LiOHAy MIBUJIKOTO IEpeHAAITyBaHHS MOHITOPHHTOBHX (DYHKIIH KOMIDIEKCY; CTBOPEHHS CHUCTEMH OOpOOKH NaHWX Ha
OCHOBI 1H(OPMaIIHHO-aHAIITHYHUX IHCTPYMEHTIB IMiJTPUMKHU NPHHAHATTS pillleHb, 1100 GpopMyBaTH iHIMBiLyalbHI peKo-
MeHJalil 010 TTOKpaeHHs (i3HIHOr0 CTaHy OIepaTopa.

KawuyoBi caoBa: Giomennunnii komruieke, WEB-cepsep, IoT npuctpiii, kibeprernuna cucrema, Arduino, ESP, mpo-

rpaMHe PillleHHs], arlapaTHe pillleHHs.

Beryn

IMocranoBka npodaemu. Hapasi y cBiTi HasBHa
BEJIETCHChKA KUIBKICTh arapariB KepyBaHHS SKUMH
3IIHCHIOETBCSL  JIIOJIbMU-OIEpaTopaMu.  Po3poOHHUKH
TAaKUX arapariB nepeadayvaroTh Pi3HOMAHITHI CTaHH, B
SKAX MOXYTb 3HaXOIWTHCS IX TBODIHHS, BCTaHOBIIIO-
I0Th HAMPI3HOMAHITHININ JATYUKH [ MOHITOPUHTY
CTaHy KPUTHYHHX CHCTEM Ta IIOJIOXKEHHS amapary y
npoctopi. Di3UYHUI CTaH ONMEPaTOPiB TAKUX CKIIAJTHUX
amapariB BUMIPIOBATH, Ha kKallb, HE TPUIHATO. 3a cTa-
THUCTHKOIO Olmbme 50 % aBiakaTacTpod TpPamIsIOTHCS
4epe3 J0ICHKUN (aKkTop.

[mxeHepn TOCTIHHO HaMararoThCsl 3MEHIIUTH
BIUTMB JIFOACBKOTO (PAaKTOPy YAOCKOHAIIOKOYH Kepyrodi
Ta OE3MEeKOBI BY3JIH JIITAIFHIX amaparib.

Mu X IpOIMOHY€EMO 3IIHCHIOBATH MOHITOPUHT Ta
YUHHUTH BIUIUB Ha JDKEPETIO JIFOACHKOTO (hakTopy — Ore-
partopa JITaIBHOTrO anapara.

[[{o6 crmpoOyBaTH CKOPUTYBATH BIUIHB (Hi3UIHOTO
CTaHy oIlepaTopa JITAaJbHOTO arapary Ha BYMHEHHS
HUM TIOMIJIOK JOLITBHO CTBOPHTH OiOMEINYHUI KOM-
IJIEKC JUTS 3HSITTS MOTOYHHUX OI1ONOTIYHHMX TapameTpiB
omepaTopa Ta (OpMyBaHHS PEKOMEHIAIA i HOTo
TTOKPAIIECHHS, SIKIIO € HEOOX1THICTB.

Mera Ta 3aga4i qocaixkeHb. MeToro 1iei podoTn
€ ctBopeHHs mimicHoi loT-6a3oBanoi iH(popMariiHOT
TEXHOJOTIi, IO TO3BOJSE 3HIMATH, aKyMYIIIOBAaTH, 00-
poOmroBaTi (i3WUHI OKA3HUKA OMepaTopa JTaIbHOTO
armapaTa Ta y peaJbHOMy 4Yaci popMyBaTH peKOMEHaawii
JUTSL TX TIOKpAILeHHSL.

JIas MOCATHEHHS IOCTAaBIEHOI METH HEOOXiaHo
BUPIIIN HACTYIIHI 3a/1a4i:

* IPOBECTH  aHalli3  ICHYIOUMX  I[POTrPaMHO-
anapaTtHHUX pillleHb Uil MOHITOPUHTY CTaHy OlepaTopa
JITaJBHOTO arnapary;

* PO3POOUTH CTPYKTYpY amapaTtHOl YacTUHU MiIs
peadnizaiii 010MeIMYHOTO KOMILIEKCY;

* CTBOPHUTH IIPOTOTHUIl OiOMEIUYHOTO KOMILIEKCY,
JIOCTATHIM JyIs peati3aiii mporpaMHOi YacTHHU KOM-
IUIEKCY;

* PO3pOOHTH MporpamMu yisi poOOTH amapaTHOI Ya-
CTHMHHU Ta Bi3yasi3allii JaHuX.

00’exT Ta npeaMeT AocaigKeHb. 00 €KTOM a0C-
JJKEHHSI € TIPOLeC 3HATTSI, 0OPOOKH Ta aKyMYJIFOBaHHS
010JI0TIYHIX TIOKA3HUKIB CTaHy ONepaTopa JiTaJbHOTO
amapara.

IpenmeTtom nociimkeHHs € iHpopMmariiiHa TeXHO-
JIOTis MOHITOPUHTY CTaHy oOIlepaTopa, II0 Kepye JiTa-
JBHUM arapaTom.

Metoau gociigkeHHs. TeopeTHdHi: IOCTiIKEHO
MOJKJIMBOCTI 0OMiHY HaHUMH MiX JBOMa MiKPOKOHTPO-
Jepamu, 10 3HAXOMAThCS B OAHINA CHCTEMI Ta 30BHIMI-
HIMHU IPUIMaIOYUMH TIPHCTPOSMHU.

ExcniepuMeHTaBHI TOCHTIDKSHHS TOJSATAl0Th Y TO-
My IIO: pO3pOOJICHA CTPYKTypHa cxXeMa OioMeIIdHOro
KOMIDIEKCY IJIi MOHITOPHUHTY CTaHy OIepaTropa JiTalb-
HOTO arapara; CTBOPEHO MPOTOTHII, IO BOJOJi€ OCHOB-
HUM (YHKIIIOHAIOM 3alpOTIOHOBAHOI CTPYKTYpPH; peai-
30BaHa MMPOTpaMHAa YacTHHA PO3POOKH Tt 6a30BOi 00po-
Okn Ta Bizyamizamii JaHMX Ha MPUCTPOi KOPHCTYyBaua;
OITPOTECTOBAHO TPOTOTHUIT OIOMEIMYHOTO KOMILIEKCY 3
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BUKOpucTaHHsIM icHytouoi loT-iH(pactpykrypu T1a y
PEKHMMi CTBOPEHHSI BIIACHOI 1H(PPaCTPYKTYpH.

HaykoBa HoBu3Ha poOorn. HaykoBa HOBHU3Ha
POOOTH MOJIATAE B HACTYITHOMY:

* YIOCKOHAJIECHO iH(QOPMAITIifHY CHCTEMY B3a€MOJIIT
MikpokoHTposepiB Atmega328p ta ESP8266, ska, Ha
BiIMiHY BiJl IHIIMX, 0a3y€ThCS HA OCHOBI Tepenauyi ja-
HuxX o UART y BUIIIAII MOCHIIOK, IO TYOIOIOTHCS Y
intepdetic COM-nopty 4epe3 mikpocxemy CH340, mio
JIO3BOJISIE SIK OTPUMYBATH JaHi Ha cTarioHapHomy I[TK
i’ €IHAHOMY JIPOTOM, TaK 1 Ha JPyromMy MiKpOKOHTpPO-
JIEpi CUCTEMU;

* Y/IOCKOHAJEHO METO[ MOOYJOBH MEIMYHOTO 00-
JaJIHAHHS PO3YMHOI JiKapHi BUKOPHCTOBYIOUH MPHAOMHU
10T, sixwii, HA BiAMIHY BiJ] ICHYIOUHX, Iepea0adae BUKO-
pucTaHHS 1l 00poOKH iH(opMarlii JeKkinbka eHeprozoe-
pirarounx MiKpOKOHTPOJIEPIB, IO Ma€ JT03BOJMUTH 301Jb-
LIMTH 9ac pOoOOTH MOPTATUBHUX OlOMEIMYHUX ITPUCTPOIB
3a YMOB BUKOPHCTAHHS aKYMYJISTOPIB TAKOT % €MHOCTI;

* ymeple po3poOneHo MeTos 300py Ta CTPYKTYpY-
BaHHS JI@aHMX IPO OMNEpaToOpiB JITAIGHUX amapatiB IIij
Yac TpeHYBIBHUX MOJIBOTIB, [UIst (popMyBaHHS 0a3 AaHUX
3 TpEeHJaMH OCHOBHUX OIOJIOTIYHMX ITOKA3HHUKIB PI3HUX
KOPUCTYBa4iB y TIOJIOHMX CHUMYJBbOBAaHUX CHTYaIlisIX.
Mertoj, Ha BiAMiHY Bii IHIIMX, mependadac 30epiraHHs
JaHUX B OKPEMO CTBOpEeHY 0a3y IaHHX 3 TPUB’S3KOIO
YacOBHX BIJPi3KiB MOHITOPHHTY JIO BiJIEO MMOTOKY 3HOMKH
TECTOBOTO TMOJBOTY, IMI0 Ma€ JO3BOIMTH Kpalle
OB’ S13aTH [1ii 3 010JI0TYHO-TICHXOJIOTIYHIM CTAaHOM;

* yrnepue po3po0JeHO CTPYKTYpy amapaTHOi yac-
TUHH 1H(OpMaLiiiHOT cucTeMu 30MpaHHsST 010JIOTIYHHX
napamerpiB Ha ocHoBi B3aemonii Arduino UNO Ta
NodeMCU, ska, Ha BiAMIHY Bin IiHIIMX, nependavae
30UpaHHs Ta MEPBUHHY OOPOOKY JaHUX OJHHM MiKpO-
KOHTpoJiepoM Ta (iHanbHy 0OpoOKy 1 Bi3yaui3alliro
JIAHUX THIIUM MIKPOKOHTPOJIEPOM, II0 MOBUHHO 3a0e3-
MEYUTH PIBHOMIPHUH PO3MOALT 3aBaHTAXKEHOCTI MiX
MIKpPOKOHTpOJIEpAaMU Ta 3MEHIUUTH 3arajJbHUH dYac He-
00XiHUI Ha TOBHUHN UK 0OPOOKH JaHUX;

* ynockoHaneHo rpadiuanii WEB-inTepdeiic s
IHIMKamii 3HATHX OlOJIONIYHHX IIOKA3HMKIB, KM, Ha
BIIMiHY BiJI IHIIMX MOXE€ 3HIHCHIOBATH MapalielibHe
ACHHXPOHHE OHOBJIEHHsI TOYOK rpadikiB, 10 Ma€e MmiJ-
BUIIUTH SKICTh Bi3yai3ailii KOHTEHTY.

IIpakTHYHAa WiHHICTHL OTPMMAHHUX pe3yJbTATiB.
[IpakTryHa WIHHICTH OTPUMAHUX PE3yJIbTATIB IOJSATAE
B: pO3po0Ii CTPYKTYpH OiOMEIWYHOTO KOMILIEKCY Ta
peamnizartii #oro mporotuny Ha 6a3i miatgopm Arduino
UNO Tta NodeMCU; cTBOpeHHI mporpaMHoro 3adesre-
YeHHS HIDKHBOTO PIiBHA I 30MpaHHSA JaHHUX Ipo 0io-
JIOTiYHI TOKA3HUKHU, iX 00poOIli, YITaKOBYBaHHIO y TO-
CHJIKH, NMPUIHATTI MOCHJIOK, BHOKPEMIJICHHS 3 HHUX Ja-
HUX, Bi3yamizamii mraanx Ha WEB-cTOpiHIIi 3amymeHoro
JIOKaJIBHOTO CepBepy; CTBOPEHHIO YHIBEpCaJbHOI MpO-
TpaMHOI OCHOBH i ckiamHux npuctpoiB loT Ha 0a3i
Atmega328p ta ESP8266.

AHani3 moai0HuX pilleHb

[uranns po3podku [oT npucTpois mist MeAUIHOTO
BUKOPHCTaHHS PO3TILINAETBECA BEIHUKOK  KITBKICTIO
HayKOBHUX KOMaHJ 3 Pi3HUMU Timxomamu. JlociigHuka-
MU OyJI0 IPOBEEHO JOCITI/DKEHHS 3 3HATTS €JIeKTPOKa-

poiorpamu 3a jgomomororo Mmoxyins BlTalino (r)evo-
lution Ta HagcuiaHHAIM X BHKOpHCTOBYIOuM Bluetooth
Ha mepcoHansHud IIK mis momanbmioi oOpoOkw, 110
ommcano y [1]. [IpoaHanizoBaHO MOKJIMBOCTI BUKOPHC-
TaHHS nepudepiiHNX 00YHNCIIEHb Ta IITYYHOTO 1HTENIeK-
Ty B IHTENEKTyaJbHUX OlOMEIMYHUX JaTYMKaX HACTyII-
HOTO TOKOJIHHS, IO po3risHyTo B [2]. Po3pobneno
MOHITOPUHTOBY CHUCTEMY 300py JaHUX YACTOT CEPLIEBUX
ckopoueHb GyToomicTiB y [3].

Mu X TpOMOHYyeMO 3AIHCHIOBATH MOHITOPUHT
OTIepaTOpiB JIITAILHUX allapaTiB IIiJ] Yac TPEHYBaJIbHUX
moJbOTiB. OnepaTopH JITAIBHUX allapaTtiB 3HAXOIAThCS
MEPEBaXHO y 3a(hiKCOBAHOMY Ta MAJIOPYXJIUBOMY CTaHi
Ta Ha iX 0l0JIOTIUHI MapamMeTpy 3HAYHO BILIMBATHMYTh,
KpIM TepeBaHTaXXEeHb, TICUXOJIOTIYHI Ta €MOLINHHI YnH-
Huku. {00 orpumatu, 0OpoOUTH, CTPYKTYpyBaTH 0io-
JIOTIYHI TOKa3HWKHM OIeparopa JiTaJbHOTO arapary,
MIPUB’SI3aTH OTPUMaHI TPEHJH JIO TOTO YM IHIIOTO IICH-
XOJIOTIYHOTO CTaHy Ta HaJaTd PEKOMEHAALil MI0/0
MOXJIMBOTO TIOKpAIllEeHHsI CTaHy OIepaTropa MOKIUBO
BuKoprctatu icHyrouy loT-iHdpacTpykrypy 3 imIure-
MEHTAIII€10 HallIMX TPOrpaMHO-aIlapaTHUX PillleHb.

Po3poOka cTpyKTypHOI cxeMu
OioMeaMYHOr0 KOMILJIEKCY

Hapasi, Hama KOMaHIa MPAIfoe HaJ CTBOPECHHSIM
YHIBEpCAIBHOI MPOTrpaMHOI IUIATGOPMH ISl peaizariii
KOMIIJICKCHOI CHUCTEMH IHTepHeTy peueil. Po3politoBa-
Ha tuiatrdopma 0a3yeThcsi Ha B3aeMOJIT HAOOPY eNeKT-
POHHHMX  TIPHCTPOIB:  MIKPOKOHTpOJIEpa-00pOOHUKA;
MIKpOKOHTpOJIepa-cepBepa; Ha0Opy KiHIIEBUX Kepylo-
yux npuctpoiB. Ha ocHoOBI wi€l mnardopMu BinOyBaeTh-
cs1 po3pobka Takux loT mpoekris, sk: «CTeHy s BU-
npoOyBaHHsI irpalIKOBUX aBTOMOOLUIIB Ha 0a3i cTpivyKo-
Boro kouBeepa Ta YITK BepcraTay, «MoOuIbHUN TPHCT-
piif MOHITOPUHTY CTaHy MOBITPSl 32 MapUIPYTOM PYXy
€KOJIOTIYHOTO TpaHcnopty». llpencraBneHuid B Iiid
CTaTTi OlOMEIUYHMII KOMIUIEKC TaKOX 0a3yeTbcs Ha
OCHOBI PO3p00IIIOBaHOT 3B’ 13KM MiKPOKOHTPOJIEPIB.

Jns moOGynoBu amapaTHOI YaCTUHHU MPHUCTPOIO IS
MOHITOPUHTY CTaHy OIEepaTopa JITaJbHOTO arapara,
crepury, OyJ0 CTBOPEHO HOT0 CTPYKTYPHY CXEMY.

Jlo cTpyKTypHOT CXeMH BBIHIIUTU OJIOKH, IO JIETKO
MIIAF0THCS MiHIATIOPH3AILil, 1100 Y MOJABIIOMY MOX-
Ha OyJ0 NOMICTHTH amapaTHy YacTHHY KOMILJIEKCY B
HEBEJNIMYKUA KOPIYC M BUIBHOTO HOCIHHS JOCIHIDKY-
BaHUM OIIEPATOPOM.

Y pom MiKpOKOHTpOJepa-00poOHIKa BHCTYTIA€
Atmega328p, 1m0 BXOIUTh 10 CKIaAy MaThopmMu
Arduino UNO. Ilei#t MikpoKOHTpoOJIEp Ma€e 00poOIIOBaTH
JlaHi 3 OJIOKIB MOHITOpPHHTY, (QOpMYyBaTH iX y MOBIJOM-
JeHHS Ta HAJACWIATH NaKeTH IAHUX Yy IOCITiJOBHHUM
mopt UART. Ockinpku fani, mo OyayTe HaJiclaHi
gepes UART mo MikpokoHTpoJepa-cepBepa IyOiro-
toTecs Mikpocxemoro CH340 y inTepdeiic COM-tiopTy,
npu npuenaanHi qo 1K, moxmmBo peamizyBatu (QyHK-
IO TIepeXONy y CTAllilOHAPHUU pPEXUM MOHITOPHHTY.
CrarioHapHUH pexuM Iependadyae KUBICHHSI CHCTEMH
Bin [IK Ta BimMukaHHS (QYHKIIH BUBEICHHS NAaHUX 3a
JOTIOMOTOI0 MIKPOKOHTpOJIEpa-cepBepa.

Juist peamizartii GyHKIIIH MiKpOKOHTpOJIEpa-cepBepa
Oyno oOpano uin ESP8266 y ckmaai mmardopmu
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NodeMCU. J[lana mnatdgopma OTpUMYy€e JaHi Bin
Atmega328p, 06pobiIroe iX Ta BUBOANTH HAa BCTAHOBIIE-
Huii cepBep. CepBep sBisie coboro Habip WEB-
CTOpIHOK y sKi BUBOAATHCS AaHi. NodeMCU moxe
MPAIOBATH K CTAHIIS, MiAKIFOYa0YUCh IO JTOKATBHHX
TOYOK JIOCTYIY, Y CTBOPIOBATH BJIACHY MEPEXy, IO
KOPHCHO KOJH MOOJHM3y HEMAa€ BUTPHUX YA 3HAHOMHX
Wi-Fi-mepexx. Takox cepei Cif BiAZHAYUTH MOMKIIH-
BicTh mepenaBatu AaHi ESP8266 mo xmapHUX cxoBuI
M pecypciB, e HaJiclaHi JaHi MOXKYTh 30epiraTucs Ta
ITiTaBaTHCSI JOAATKOBI 0OpOOITi Ta aHATi3Y.

3a MOMOMOror0 OJIOKY iHIMKAIlil TUTAHY€ETHCS Bi3y-
aJIi3yBaTH IPOIECH 3MIHH PEXHUMIB POOOTH Ta po3paxy-
HKOBHH Yac poOOTH aKyMyJIATOPA.

Bbnok 3MiHM pexuMiB poOOTH BKJIIOYaTUME HaOip
MEPEMHUYOK Ta BY3JIB Y3rO/KEHHS PiBHIB CUTHAIB, IS
LIBUJKOTO TIIEPEXOAy B PEKHUM IPOrpaMyBaHHS
Atmega328p un ESP8266, un mist oOMiHY IaHMMHU IO
UART.

Jo 6noky kapmiorpada Bxoauth AD8232 Ha muiaTi
Bix SparkFun, 1o Mae MO3BOJMTHA OTPUMATH HPUOIIH3-
HUH BUTJISII KapAiorpamMy J0CTiDKYBaHOTO OIleparopa.

biok mynbcOKCHMMETpPY BKIIOYAE JBa  BY3IH:
MAX30102 — inTerpanbHuii JaTYHK MyJIbCY T4 HACHYe-
HOCTI KpoBi kucHeM; Pulse Sensor — Momyib s kamio-
pyBaHHs OTPUMAaHMX 3HAYEHb CEPLEBUX CKOPOYEHB 3
MAX30102.

biiok Bu3HaueHHS ONoOpy IIKipU (QaKkTHYHO peati-
30BaHuil Ha 0a3i mathopmu Arduino UNO, sk mmdpo-
BUI OMMETD.

bnoku wmiorpadis siBisitore coboro EMG momyii
MiJICUITIOBAYIB, 1110 MalOTh (DIKCYBaTH 3MiHH €JIEKTPOIIO-
TEHIIIaTiB Ha M’s13aX JOCIIKYBAHOTO orepaTopa.

bnok BUMipy TemrepaTypu Ta BOJOTOCTI IMXaHHS
Ha ocHoBi DHT11 no3BomuTh, y MoAanbluioMy, CIpPOC-
TyBaTH YM MiTBEPIUTH TEOPIIO PO 3MIHY BOJIOTOCTI Ta
TEMIIePATypU JMXaHHs 3aJeKHO BiJl (I3UYHOrO CTaHy
JIOCJTIJPKYBaHOTO Cy0’eKTa.

bnok nudpoBoi 00poOKK 3BYKIB MOJUXY MICTHThH
nBa Mozayni: MAX9814, 1o 103BoJIsIE 3aMCyBaTH 3BY-
ku noauxy; KY-037, mo mo3Boisie BU3HAYaTH TPUBa-
JICTh BANXY-BUANXY Ta iX NEPIOJUUHICT.

Enexrpomu Ta natyMku, HEOOXIHI VIS 3HATTS BU-
MIpIB 3 Tijla JOCHIPKYBAaHOTO CY0’ €KTa, MarOTh pO3Mi-
LIyBaTHCS 11032 KOPILYCOM IPHUCTPOIO Ta I €JHYBa-
THCA Yepe3 po3’eM. Jleski 3 ommcaHnX OJOKIB 0OpOOKH
CHUTHAIIB MOXYTb MOTpeOyBaTH 0€3MOCepeHBOTO PO3-
MIIIEeHHS Ha TLUTi JOCHIKYBAHOTO Cy0 €KTa.

AKyMynSATOp HEOOXimHWHA It 3a0e3redeHHsT MO-
OLTBHOCTI TIPUCTPOIO Ta HE3aJEKHOCTI Bill MOOYyTOBOT
Mepexi. BIok mepeTBOpeHHS Hampyrd akyMyJsiTopa
HEOOXiTHUIA JUIIe IS MPOTOTHINIB MPUCTPOIO Ha (piHa-
JMBHUX eTamax po3poOKW, Ha HaHiil cTafii >KUBIEHHS
3nivicHIoeThes Big USB-po3’emis [1K.

Jlis KiHIIeBUX €TaliB MPOSKTYBaHHS IependoadeHo
MOJKJIMBICTb OHOBJICHHS MPOIMMBOK Ha Atmega328p Ta
ESP8266 3a momomororo IIK. Takox IIK mae cratm
OCHOBOIO ISl CTBOPEHHSI CTAIliOHAPHOI CTaHIlii MOHITO-
pHUHTY, sIKa aKyMYJIIOBATHME JIaHI HAMPSIMY 3 MiKPOKOH-
TpoJepa-oOpoOHHKa Ta CTPYKTypyBaTUME iX popMyroun
0a3y JaHUX KOHTPOJBHUX BUMIPIB i1 KOXKHOTO JTOCHi-
JDKYBaHOTO Cy0’€KTa.

IIpu mepemimnienHi cy0’ekTa B Mexax omHiel Oe3/1-
POTOBOI Mepexi, IMiJT Yac JOCITIHKCHHS, MOXIIUBE TTiJIK-
JOYCHHS TpUcTporo 10 Wi-Fi Touku nocTymy s Bif-
Jadi MaHUX y XMapHUH cepBic um mopratuBHuil [1K-
JIOCIII IHUKA.

CTpyKTypHY CXeMy PO3pOOJICHOTO OiOMEANIHOTO
KOMILTEKCY HaJaHO Ha pucC. 1.

CuHTe3 CXeMH eJTeKTPUYHNX 3’ €AHAHb
Ta ¢izu4yHa ModyA0Ba MPOTOTHIY

Cxema eNeKTpUYHUX 3’€HAHb Ta MPOTOTHUII ama-
paTHOi YacTHHHU iH(OpMaLiifHOI-TeXHOIIOTIT po3po0IeHi
BUXOJSTYM 3 KUIBKOCTI Ta THITy HasBHUX MOJymiB. Ha
MOMEHT TOOYJOBH TEPIIOr0 MPOTOTHIY Y HASBHOCTI
Oysio nume nekibka MonyniB Ta riatdopm: Arduino
UNO; NodeMCU; AD8232; DHT11; pe3uctopu neki-
JBKOX HOMIHAIB; MAKETHA MJIaTa; KOHTAKTHI IPOTH.

CxeMa eNeKTpUYHUX 3’€JHaHb BUKOHaHa 3a JIOIO-
Mororo nporpamu Fritzing, a Mmozgeni moyniB NodeMCU,
ADS232, DHT11 3naiineHi y BiIKpUTHX JDKepenax. Sk
BUJIHO 3 cXeMH mpezcTaBieHol Ha puc. 2, NodeMCU Ta
Arduino UNO migxmroueni 3a migismu RX ta TX, mis
obominy nanumu o UART, mio Takox Tpeba BpaxoByBa-
TH TIPH 3QJTHBLI MTPOIIMBKY HAa KOXHY 3 IU1aT(HOpM.

BukoprcTaHHS B CXeMi JIBOX MiKPOKOHTPOJEPHUX
mwiaTGopM T03BOJISE PO3MOAIIMTA MK HHMH 3aaadi
iH(popMalliiiHoi 00poOKH 3HATHX NaHuX. [0 aHaIOroBUX
Ta 1udporux BuUBOAIB Arduino UNO miIKIrO4atoThCs
abo Moy, abo oOBicka sl 3/1iHICHEHHS PO3PaXyHKIB
BUKOPHCTOBYIOUHM BOYJIOBaHI (DYHKIIIOHAJIBHI MOMXIIBO-
cti Atmega328p. PoGora 3 cepBepHOi YacTHHM Ta
aKyMyJIOBaHHS JAHMX 3JIHCHIOETbCA  IEPEBAXKHO
NodeMCU, ockinbky BoHa Mac OlIbIIMiI 00’ €M maM’aTi
Ta BJIACHY (haiiJIOBY CHCTEMY.

[ToOynoBaHuWit MPOTOTUIT amapaTHOI YacTHHU 1H-
(dopmariiitHol TexHoOrIT OTpUMaHHs, 00poOKHU Ta Bi3y-
anizaiii 6l0JIOTriYHUX OKa3HUKIB HaBeJEHO Ha puc 3.

Ha MomeHT myOumikaliif cTaTTi HOTO >KUBIICHHS Bi-
noysaerbest Bim I1IK, a omxe, # maHi IyONMIOIOTBCS B
iHTepdelic mociI0BHOrO MOPTY, X04a OCHOBHA Bi3yalli-
3aliss 0OpOOJNEHUX TOKA3HHWKIB 3IMCHIOETBCS depes3
Mepexy c(HOpPMOBaHY JIOKAIFHOIO TOYKOIO AOCTYIY, Y
surisini WEB-intepdeiicy.

KinneBuil gatdauk OJOKY BU3HAYEHHS OIMOPY IIKi-
pH TIpelCTaBIeHHH PE3UCTOPOM, 3aMIiCTh SIKOTO Ma€
OyTH TiOKIIOYeHA MUISHKA IIKIPH OMip SIKOi BUMIipIO-
eTbes. [IprHIMT BUMipIOBaHHS OMOPY MIKipH 0a3yeThes
Ha OCHOBI JiJICHHS HAPYTH, IPHYOMY OIIip HEBiIOMOTO
pe3ucTopa BH3HAYAETHCA HA OCHOBI TMAIiHHS HAMPYTH
Ha BiIOMOMY pe3HUCTOpi. Y 3MOJEIhOBaHI CXeMi MaKCH-
MaJbHO MOJJIMBHH BHUMIpPIOBAaHHHA OIlip CTAaHOBHUTH:
(272 Om — omip BimoOMOro pesdcTOpa [iIBHHKA) X
(4,995 B — manpyra Ha IIKipi M0 BiHOIICHHIO 0 3€MJTi)
/ {(5 B — nanpyra Ha BuBoi xuBienns Arduino UNO)
— (4,995 B — namnpyra Ha mmkipi)} = 278256 Owm.

Bumipn Temmepartypu, BOIOTOCTI MMOAMXY Ta iX Bi-
JTHOIIIEHHS 3IIHCHIOIOTHCS 32 JOIIOMOTOIO ITiIKIFOYEHO-
ro moxynss DHTI11. Ctpym KHUBIEHHS IBOTO MOIYJIS
CTaHOBHUTH /10 2,5 MA (Ha erami mepeTBOPEHHS AaHUX),
niamazoH BuUMipy BosorocTi 20 ... 80 % 3 moxubkoro 5
%, nmiamasoH Bumipy Temneparypu 0 ... 50 % 3 TouHic-
TI0 2 %, 9actoTa popMyBaHHS AaHUX 1 I
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Puc. 1. CrpykTypHa cxema 6i0OMEeIMYHOr0 KOMIUIEKCY JUII MOHITOPHHTI'Y CTaHy oreparopa

000000000000000

Puc. 2. Cxema anapaTHoi 4acTHHH iHGOpMaLiiiHOi TexHoorii y Fritzing
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Puc. 3. [ToOymoBaHMil MPOTOTHIT artapaTHOT YaCTHHH

ADR8232 sBisie co000 MOJIYJNb €IeKTPOKapior-
pada. JKuBieHHs HAaHOTO MOJIYINsl 3AIHCHIOETBCS BiJ
3,3 B mnardpopmu Arduino UNO. Hudposi koHTakTH
LO- ta LO+ migximroyarorecs o BuBomis 11 Ta 10
Arduino UNO, BianoBigHo. Moxyib 103BoIsi€ 3/1iHCHU-
T MiACUIICHHS ciaa0KuxX OlocurHaiiB Ta 3IIACHUTH
¢inpTpalio UymMiB B yMOBaxX CHIIbHHX €JIEKTPOMArHiT-
Hux nouiB. J{o ckinany AD8232 BXOISTH JBOIOJIKOCHHHA
(INbTp BUCOKHMX YacTOT Ta HEKOMYTOBaHHW oOrepariii-
HUI TiJICUIIOBAY, IO J03BOJISIE peaii3yBaTh TEXHOJO-
riro 6araTornoJrCHOI HU3bKOYACTOTHOT (hinbTparii s
BU/JIAJICHHS PI3HUX LIYMIB.

Jatunk AD8232 mpaiitoe Ha OCHOBI METOJy ABO-
MOJIFOCHUX BIJIBEJICHB, 32 SIKOTO BiIOYyBaeThCs (ikcatlis
PI3HHX TOTEHI[IAJIB MXK JBOMa TOYKAMH EJIEKTPUIHOTO
nonst (umgpoBi enextpoau). Lli naHi MOXKHA BHKOpHC-
TOBYBaTH JJIsl BiJCIIJIKOBYBaHHS PHUTMIB cepls HpH
HABAHTAXXEHHSX YU 3aHSATTAX CIIOPTOM.

Cunre3 aIroputMy (pyHKIiOHyBaHHA
MiKPOKOHTpPOJIepa-00podHUKA

Xowya Ha moyaTKy Oylla NpeICTaBlieHa ITOBHA
cTpykTypa iHdopMaIiiiHOT TeXHOIIOTI, KO0 BOHA MO-
ke OyTH Ha KIiHIEBiH CTasil po3poOKH, AJISI CTBOPECHHS
MIATPYHTS Ui ii peaiizaiii MoOyJ0BaHO aNrOPUTMH
(YHKIIOHYBaHHS Ta MPOrPaMU POOOTH MiKPOKOHTPO-
JepiB 3 ypaxyBaHHSIM BCTaHOBJICHHS HAasBHUX MOIYJIIB,
00 MepeBIpUTH OCHOBHY Mpale3JaTHICTh amnapaTHOL
gacTiHA. CTBOPEHHS TaKOro MPOTPaMHOro Ta amapar-
HOTO CKeJeTy IiH(GOpMAIiHHOI CHUCTEMH I03BOJIUTH
MIBUAKO HANAIITYBAaTH iH(POPMAIiHY TEXHOJOTiS Ha
poboTy 3 yciMa 3aIulaHOBaHUMH MOJIYJISIMH, KOJIM BOHU
OyAyTh MOCTYTIHI.

[ToGynoBaHi (QyHKIIOHAIEHI aNrOPUTMH OPraHi3o-
BaHi Ha OCHOBI (QyHKUil nponmcanux y Arduino IDE,
1006 CTBOPUTH YMOBHO-OJIOUHY CTPYKTYpY IS LIBUA-
KOTO OPIEHTYBaHHS 32 PO3pOOICHUM BHUXITHUM KOJIOM.

Anroput™ (QyHKIIOHYBaHHS IPOTPaMH MiKPOKOH-
TpoJiepa-oOpoOHIKa TOYMHAETHCS iHiliami3anii 016io-
tek: GParser — HEoOXiHOT It 00poOKH AaHKux cdop-
MOBaHHMX y TOCHJKH B mociigoBHoMmy mopti; DHT —
JO3BOJISIE OTPMMATH [JaHI 3 JaT4dKa TEeMIepaTypu Ta
BOJIOTOCTI, 8 TAKOXK BUpaxyBaTu ix BigHomenHs. Jlai
3IIHACHIOETRCS 1HiI{ami3amis ro0adpHUX 3MIHHUX, He-
00XiHUX Ui OOMIHY JaHMMHU MiX (DYHKI[IOHAJIbHUMH
IpoLecaMu.

IIporpama MK o00poGHuka mnependavae peasiza-
0 TAaKUX (YHKIN:

* «BignpaBka mnoBigomieHHs» — Qopmye String-
PAIOK 3 OlOJOTIYHUMH MOKa3HUKAMU PO3JIUICHUMH «,))
Ta 3BEPLICHHAM Y BUTJIAL ;).

* «3HATTA MapaMeTpiB MOIMXY» — 3 IaT4hKa
DHT11 34nTyroThCs mapaMeTpy BOJIOTOCTI TEMIIEPaTy-
PH Ta pO3PaXxOBYETHCS TEIIIOBUIT iHACKC.

* «Yuranns 3 UART» — 3xilicHIOE TIepeBipKy Hasi-
BHOCTI JaHuX y Oydepi mociigoBHOro MOPTY, SKIIO
JlaHi €, TO 3MIMCHIOETBCS 1X TPUHHATTS, BiJKUIAaHHS
3aliBUX CHUMBOJIIB, PO3OUTTS HA MiAPSAIAKH Ta BHOKPEM-
JICHHSI JIAHUX 3 TAPSIKIB. 32 3HAYCHHSM, IO MPUXO-
IUTHh pa3oM 3 KomoM 100 BMHKA€ThCS Y BUMHKAETHCS
CBITIIOJIO/, SIKIIIO 3K MPUXOAUTh 3HaueHHs 101 To akTu-
ByeThes PyHKIis «BianpaBka MmoBiIOMICHHSD.

* «Bu3HaueHHs ONOPY HIKipU» — 3HIMAETHCS 3HA-
4yeHHs 3 Bxoay A0, Ta BiIOyBaeThCs pO3PaxyHOK OMOpPY
HIKIpH.

* «[TobynoBa kapmiorpaMu» — NMepeBipsAEThCA Has-
BHICTh BHCOKOTO CHTHalTy Ha IHM(POBUX BHBOJAX
ADS8232, Akmo Ha HUX HU3BKHH DIBEHb CHTHAIY, TO
BinOyBaeThcsl ynTaHHA 3 Bxoay Al Ta oTpuMaHe 3Ha-
YEeHHS 3aITUCYETHCS y TIIO0ATbHY 3MIHHY.

* «HanamryBanHs» — nepenbdayae BUKOHAHHS O]
HOpa30BUX [ii. BCTaHOBMIOETHCS IMIBHIKICTH OOMIHY
JTAHUMH TI0 TTOCHIJOBHOMY MOpTy Ha piBHi 115200 6ox,
HaJIAIITOBYIOTECSL PEeKUMH poOoTH BHBOAIB Arduino
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UNO Ta BigOyBaeTbCsl 3allyCK 3UMTYBaHHS IaHHX 3

DHT11.

* «OcHOBHMI IIMKI» — QYHKIIs, sIKa BUKOHYETHCS
Oe3repepBHO TiCid HAJANITyBaHHS, /O BUMKHEHHS
JKHUBJICHHSI UM TIEPEXOJy Y PEXHM €HEeproz0epesKeHHSI.

IMocninoBHo 3amyckae «Uurtanas 3 UART», «Busna-

YEeHHS OMNOpy MIKipU»,

«SHATTSA MapaMeTPiB MOAUXY.
CxeMmy anroputMmy (QYHKIIOHYBaHHS MpPOrpaMu
MIKpOKOHTpOJIepa-00poOHNKa HaBeIEHO Ha pHC. 4.

TTouatox HporpamMu

A 4

Tunaisanmis
O10.101eK:
GParser.h

A 4

Tnimasmsams

DIITPIN 2

DHT.h rIoGaIbHIX
SMIHHIX:
A 4 mt LEDonArduON,
Tuiniansams CardioWave:
BUBOAY 3 4KOIO float R2 =0,
SUIMAIOTLCH JA1LL TTumidity.

Temperature, ITIC:

«[lobynoBa Kkapmiorpamm,

«Bianpaska
TIOBIJIOMITE HHST»
Message()

«BHATTA TIapaMeTPiB

TIOTHXY »
Breathe()
A 2

3061p sauux

SALHCALIUX ¥

11002 1L X
SMIHHEX

v

Hapcwramg nanmx

d

TUurais Jaiux
reMucpalypu Ta
BOJIOTOCTL!
Humidity =
dht.readHumidity():
Temperature =

«Ywrrarss 3 UART»
SertalDataRead()

IIi

Tax
A 4

«HamamryBaHHs»
setup()

«BusnaueHns onopy
mmpn»
1. edlhelhexlthe()

uﬂon\ JoBa
KaploTpaMin
Cardiogram()

v

Berarosaenns
HaTamTYBaHb
TIOCTTTOBHOTO TIOPTY
Serial.begin(115200);
Serial.setTimeout(1):

Iht.readTemperature():

1o UART:

A 4

Sernal printin(data):

Pospaxyrox HIC:
HIC =

Crpopenit Ovepy wa 30

CHMBOLE TA 4yTallE Jalux 10

€
char ste[30]:
mt amount =

dht.computeHeatIndex(Te
mperature, Humidity.

Serial.readBy tesUntil(":',
«3aBeprieHHs e

str, 30):

Serial. flush(}),

.

Hmm-msl JIAHTX 3
ALl
a2d_data =
analogRead(A0)

1 leperipHa
HATBHOCT] CHTHATY
Xoua 6 Ha OTHOMY
HH(l)l)OBﬂ]\I_V BHBO/II

v

PospaxyHok oTopy

HanmamTyBarHa pesxmiin
POOGOTH BHBOTIR:
pinMode(12, OUTPUT):.

BILAIIPABKH
IIOBL'.IOI\L'ICILI]}IU

talse):

A 4
SHaTeHHS TCIST «2»

«3ameprTeHHs He BPAXOBY €MO!
SHATTS TapaMeTPiB strlamount| =
TTOTIXY » NULL:
v
3aBaHTaKy €MO B
Beranopnenns  |Tak napeep JaHi Ta
SHAUEHHS < BRA3YEMO PO3JIITHHITK
CBITIOMI08a «»
. GParser data(str. '.'):
I
4
«Biampapka Tak )TPUMaHO KO CTEOP'OFY'\M MACHRY
P —— 1019 AKHI TOMIIITY MO ak]
3 IPSLAKIB:

mnt ints[3]:
int am =
data parselnts(ints);

i

«3ameprenHs
untarHst 3 UARTY

pinMode(10. INPUT):
pinMode(11. INPUT):

TIRipIT

v

3amuc onopy mKipH

I

3auyeK Lpoweey
30MPaLLIA JALKX 3
garyuka DITT:
dht.begin():

«3apepieHHst
HAJIALITY BAHS

«OCHOBHUH ITHEIT»
loop()

«3apeprieHHs
OCHOBHOTO TITKTY

Kiner mporpanm

B ITOGATRHY 3MIHHY
Float R2:

OTpimiaHua
sHaueHHs 3 ALIT:
CardioWave =
analogRead(Al).

«3amepmieHHs
BIT3HAUEHHS OTOPY
TIKIPIT»

«3ameprieHHs
OOV 0B
Kap;ll0TpaMin

«Ymranns 3 UART,

A 4

«BuaHateHHs 0TOpY
TIKIPID

:

«3HITTS MApaMeTpiB
TIOJTXY »

«lloby osa
Kap;UOTPaNTI»

Puc. 4. AnroputM QyHKIIOHYBaHHSI MiIKpPOKOHTpOJiepa-00poOHHKa

Cunre3 anroputMmy (pyHKI[iOHYBaHHS
MiKPOKOHTpoOJIepa-cepBepa

AnropuT™M (QYHKIIIOHYBaHHS HPOTPaMU MiKPOKOH-
TpoJepa-cepBepa 3a METOTUKOI0 MOOyIOBH IOMIOHWN
JI0 aJTOPUTMY MiKPOKOHTpOJIEpa-cepBepa.

IMowyaTox mporpamm nepeadayae 3aBaHTAKECHHS
Habopy 6i6miorex: ESP8266WiFi.h — mis BukopucTan-
a1 Wi-Fi-pyukmitt  ESP8266; ESPAsyncTCP.h Ta
ESPAsyncWebServer.h — mst 3abe3nedeHns acCHHXPOH-
HO{ nepenayi JaHUX B iHTEp(elic KoprcTyBavya HassBHIH

Ha WEB-cropinmi; FS.h — aktuBartis ¢aitnoBoi cucremu
SPIFFS, xymm MokHa 3aBaHTaxuTu pecypcu WEB-
cepBepy; GParser.h —3a6e3neuye oomin mo UART.

V rnoOansHuX 3MIHHHAX 1HIIATI30BaHl 3MIiHHI HE-
00XimHI 1 mepeaadi JaHuX 3 IMAKITY OTPAMAaHHS ITOBi-
nmomieHHs y inTepdeiic WEB-cTopiakm.

Jlami BCTaHOBIIOIOTHCS TApaMeTpyd Mepexki cdop-
MOBaHOI JIOKabHOIO Toukoro Wi-Fi Ta BHM3Ha9aeThCs
mopT Ha sikoMy Oyne 3amymuennit WEB-cepsep.

Le#t anroput™ mepemdavae HAIBHICTh HACTYITHUX

dyHKIiH:
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e  «OtpumMaHHs OiOJOTIYHMX ITOKa3HUKIB» — Qy-
HKIiA y mitoMy noniona mo «Uurtannas 3 UARTY, ame
nepexbavyae crioyaTky HajcwianHg koxy 101, ouiky-
BaHHS Ta oTpuMaHHS maHux Bix Arduino UNO. s
¢byHKLisA Mae OLTbIMIA Oydep At OTpUMaHHS TaHWX Ta,
ITiCJIST OTPUMAaHHS MOCHJIKH 3 ITOKa3HUKaMH, po30uBae ii
YCIO 0JIpa3y Ta 3amucye y iH(popMaIliio riodaikHi 3MiH-
Hi JJTs1 MOAAJIBIIIOTO BiOOpakeHHS Ha CepBepi.

* «HanamryBaHHS» — cHepily BCTaHOBIIOETHCS
mBHAKICTE y 115200 6ox namni BigOyBaeThes iHiliasmiza-

ITouarok 1porpanu

Tnimiamisanis rnoGanbHEX

1ist (haifIoBOTO CXOBHIIA TA MiAKITFOUCHHS 10 JOKAIBHOT
toukn Wi-Fi, 3 BuBenenusm IP y mocuinoBHUI mOPT.
Jami BimOyBaeThcs 3aIyCK aCHHXPOHHOTO CepBepa Ta
OHOBJICHHSI ITaHUX i1’ €JHAHOTO KIIIEHTA.

*  «OCHOBHHUI1 IIMKID») — Y OCHOBHOMY IIMKJIi BH-
KoHYyeThCSl QyHKIiA «OTpuMaHHS O10JIOTIYHHMX ITOKa3-
HUKIBY.

Burnsin cxemn anroputMy (YHKIIIOHYBaHHS MiK-
POKOHTpOJIepa-cepBepa HaJaHo Ha puc. 5.

Ininiamizauis 616moTeK: o e
ESP8266WiFih G : y o 3amyck
by T String ledState, Measure | napameTpis ssid Ta ;
ESPAsyncTCP.h A A ; ACHHXPOHHOIO
. R P Measure2, Measure3, Measured, |- pasword Bl — P> e
ESPAsyncWebServer.h - . WEB-cepsepa Ha
TS h Measure3: JIOKJIBHOT TOUKH 600180
e . 5 24, i C
. it ledStateInt = 0 socryiy Wi-Ii I
(Parser.h -

boolean SerialReadl'lag = true:

«HamamryBaHHD

«OTpuMaHHL

o i SHAYEHHSI LICII «»
GIOJIOTTYHHX

HE BPaxXOBY€MO!

setup() LOKA3HUKIBY ng
. strlamount] =
GetMeasure() NULL
Y R 3anyck
«OCHOBHUIT LUK . " 3 ) Beraronnerms A 4
loop() ACHIKPOREON g Hajenmarms ko1y

WEB-Cepgepa:

TIananTy BaImn

3ﬂBi]IIT&17I<}'(’bI(W B

Kinens mporpasu

- 5 «101:» 10 :
i ok o TOCTII0BIOTO rz(;pT_\ s Atmega328p Tapcep JaHL Ta
Serial.begin(115200). i BKA3Y€MO PO3LUTBHIIK
v ¢ “»
o GParser data(str, '.'):
] - JParser data(str, ')
«OTpmMaHHsL s HIt PN OaiKy B
iOMOTITHIX KIEHTY (paiiny THimam3amis Ky BAHAT
1'101;'1'51-1111&3-» «Index.html» 3 (paitinororo BakOTHICHI A \ 4
g i LT3 o S APTREC- v 6y dept 10 me:
BMICTOM WIERB exosuita SPIFFS: - '1elh£'(lm CTBOPIOEMO MACHB ¥
. " DI et dela 0). . . .
CTOPIHKH SPIFFS.begin() - AKT TOMITIY eMo AaHi
¢ 3 TIAPAIKIB
A 4 int am = data.split():
!
" | liknowernms o Hi int DataPrint =
CHHXPOHHE v i N
I : TOKATLIOT TOUKH data.getInt(0):
OHOBIIEHHS OB apocryviy Wi-Fi:
rpadikiB WiFi.begin(ssid.
(Barepimes password): Tax
OCHOBHOI'O LUKV »
«3apepricHisd Orpumano kot «10» Hi
TaTanITy Barmg» BugeieHns v nocinoHuit 126 1 psijKiB?
nopt IP komIcickey B
TR Mepeki: Tak
Serial.println(WiFi.locallP()): A 4
3ammc Janmx v
A 4 TI0OATLHL 3SMIHHL

Creopennst Ovepy Ha 70 cuMBOIIB
Ta UMTAHHSL JAHUX JI0
char str[70]:
int amount = Serial.readBytesUntil(")",
str. 70):

st BLIOOPaKeHHst
na WEB-cTopinii

«3apeplIIeHHs

OTpPIMAHHS
O10TOTITHITX
MOKA3HHUKIBY»

Puc. 5. AnroputM (yHKIIIOHYBaHHSI MiIKPOKOHTpOJIepa-cepBepa

Po3po0Oka inTepdeiicy kopucryBaua

IaTepdeiic kopucTyBada iHGOPMALIHHOI TEXHOIO-
rii peamizoBaHmii y ¢aiimi index.html 3acobamu
JavaScript, Css, Html.

MOXIHBICTh MPAIIOBATH 3 IIMMHU IHCTPYMEHTAMH
3abe3neuyerscst Momynem ESP8266 Tta mpommBkoro

NodeMCU, mo mo3Boisie BUKOHyBaTH Lua ckpumnT Ta
MepioANIHO OHOBIIOBATH MaHi Ha WEB-cTopiHiIi.
I'padiki BUBOIATHCS aHATOTIYHO SKICHO B MOOLIB-
HUX Ta JICCKTOMHUX Opay3epax.
Pozpobmennit  mpototun  WEB-iHTepdeiicy, mo
0a3yeThCs Ha PEeKOMCHIAIISIX HaBeACHUX y [4], mokasa-
HUI Ha puc. 6.
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‘Web-server of biomedical complex
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Puc. 6. Burisig po3po6iaeHOro mpoToTHITY
WEB-inTepoeiicy

AHAJITHYHA OCHOBA MOAAJIBINOI POOOTH

[onanpima podora Oyje CIpsiMOBaHAa Ha yIOCKO-
HaJICHHS CTBOPEHOTO IPOTOTHITY Ta IIEPETBOPEHHS HOTo
Yy MOBHOIHHY IH(GOPMAIIHHY TEXHOJOTIIO 3 IiTPUM-
koto icHyto4oi loT-iHdpacTpykTypu.

Peamizanist cucremu iHdopmaiiiiHO-aHATI THIHUX
IHCTPYMEHTIB MIATPUMKA TPUUHATTA pIlIeHs Oyze
3MIACHIOBATHCSA HA OCHOBI 0a3m po3pobieHoi ['yaeHkom
M. Ta KOMaHIOIO.

B cBoix mparsx, ['yuenkom M. Ta koMaH[a qOKia-
JIHO PO3TJISNAI0Th OCHOBU CTBOPEHHS JIOKAJIbHUX MOJe-
JIel TpoIeciB KEPOBAHUK HEUPOHHUMHU MEPEKaMH, IO
MIPEICTABICHO Y Te3aX JOMOBil HagaHuX y [5].

Kinmesi pe3ynpTaTét 3 CTBOPEHHS JOKAIBHOI MO-
JeNni UTs KepyBaHHA JIHIMHAMHE TIpoIlecaMi, a TaKOXK
HapoOKH 3 KepyBaHHS IWHAMIYHUMH TIPOLIECAMH 3a
JOIIOMOTOI0 HeHpOMepekK, CTaHyTh OCHOBOKO LTS ITOJa-
JBIIOTO CTPYKTYPYBaHHS Ta 0OpOoOKH MaHWX Ipo 3i0pa-
Hi OlOJIOTIYHI NMOKAa3HUKH 3HATI 3 OMNEpaTopiB Pi3HHUX
amapariB.

Taxox HapoOku ['yuenka M. Ta KOMaHIM 3aKIaan
NIATPYHTS Ul peatti3amii  yJOCKOHaJIeHOi Mozedi
TCP/IP indopmaniiiHOi TEXHOJOTIi A MOTIMIIEHHS
00CITyroByBaHHS MOTOKIB J]@HMX HAa OCHOBI JIOKaJBHOI
MOJIeNli KepOBaHOTO Mpolecy, mo Oyae BHKOPHCTaHO
JUISL Tiepesadi JaHuX y MeXax KiOepHeTHYHOI CHCTEeMH
MOHITOPUHTY CTaHy OIlepaTopa JITaJbHOTO arapara.
JetanpHuii onyc npoBeneHoi poOOTH HaIaHWH y CTATTi
MpeNCcTaBIcHIN y [6].

Jpyroto ¢yHIaMEHTaIBHOI OCHOBOIO IS IMOJa-
JBIIOT 0OpOOKK OlOJOTIYHUX JaHUX OIepaTopiB, SIKi
TUTAHYETHCS 30MpaTH Ta aHAIi3yBaTH, € podoTu Ilepek-
pecTa A. Ta KOMaHTU. BoHU po3poOuim neTambHi MOjIe-
JIi cerMEeHTallli CIOKHMBAayiB TEIIOBOI €Heprii Ha OCHOBI
MIOJCHHUX JaHUX MPO BHKOPUCTaHHsS eHeprii [7] Ta
MPOTHOCTUYHY MOJIENIb ONaJICHHS MYHIIUITaJbHUX OY-
niBenb [8].

Apanranig nux Mozesei miz 0l0J0riuHl NOKa3HU-
KW PI3HUX ONEpaTopiB JO3BOJUTH BU3HAYMTH MPHUOIIH3-
HUH TpeHJ BiIXWIIEHb 3HAYEHb IJISl CTaHIApTH30BAHUX
IMITOBaHMX CHUTYyalliii Ta CHPOTHO3yBaTH MOXIIMBI pe-
KOMEH/aIIil ISl MPUAHSTTS ONTHMaIbHHUX PillIeHb.

BucHoBKH Ta Oﬁl"OBOI)eHHﬂ

Bukonana po6oTa € (yHIaMEHTOM JUIs TMOJAJIb-
IIOr0 YAOCKOHAJICHHS y MOBHO(YHKIIIOHAIBHY, KOMIIa-
KTHY Ta MOOUIbHY iH(OpMaliiHy TeXHOJIOTiI0 AJS MO-
HITOPHHTY CTaHy OIepaTopa, IO Kepye JHTalIbHUM
arapaToM.

Hapasi indopmariiiHa TeXHOJIOTis 3HaXOAUThCS Ha
cTafil MpOTOTHMIY Ta pealli3oBaHa JMINE 4YacThHa ii
(yHKILIH, 1110 TOB’5A3aHO 3 KUIBKICTIO HASBHUX MOJIYJIIB,
MaJol0 KUIBKICTIO Yacy Ha HAalaroUKeHHS OCHOBHOTO
(dyHKIiOHAITY.

Xoua iH(opMallis TEXHOJOTiS 1 3HAXOJUTHCS Ha
cTanil npoToTHIly, ane Bci 1 QyHKIUIT mpalooTh, sK i
ouikyBanocs. CiiJ BiJ3HAYUTH JAEsIKI aClIEKTH KOHCTPY-
KTHBHHX DIllleHb HaJl AKUMHU Oyze 3mifCHIOBAaTHCS MO-
Janbiia pobora:

* Omip miKipy, MI0 BUMIPIOETBCS 32 PaxXyHOK BOY-
noBanoro y Atmega328p AIIIT oomexyetbest 278 kOwm,
YOro He JOCTATHHO JUIS IMOBHOLIHHOTO MOHITOPUHTY
3MiHH ONOpPY Ta HPHB’SI3KH 3HAYE€Hb OIOPY OO TOI'O YH
IHIIIOTO CTaHy JOCJIPKYBaHOTo ornepatopa. byne obpa-
HO ALIIT 3 OinbIIOI0 PO3PAIHICTIO, ISl 3aMipy 3HAYCHD
mo mepeBuiryoTh 300 kOwM, mob MOKpUTH yBech ia-
Ma30H 3HAYEHb OMOPY SAKi MOKE MPHAMATH IIKipa.

» JlaTamk BomorocTi Ta Temmepatypu DHT11 mae
HU3bKY MBHUAKICTE OHOBJICHHS, Ta Ma€ OyTH 3aMiHEHHIA
Ha MBUANIMA aHAJOr 3 MEHIIMMH Maco-rabapHTHHMH
XapaKTepUCTHKaMH, 00 fioro MoxHa Oyio iHTerpyBa-
TH y KUCHEBY MacKy 4H LIOJIOM.

* Moxyne AD8232, TecTyBaHHS SIKOTO TPOBOIH-
Jocs, He BUJIaB CUTHAITY MTOAIOHOTO IO €IeKTPOKapaior-
padiuanX, BiH BHIA€ MMEpeBaXHO MyMH. byme po3ris-
HYTO NOTEHLIHHY MOXJIMBICTh BUTOTOBJICHHS BJIACHOTO
T JCHITIOI0Y0T0 MOAYJIS Kapaiorpada po3paxoBaHOTO Ha
3 4m 6 BigBEACHB Ta MPOAHANI30BAHO IPEICTABICHI Ha
puHKy aHamoru. Takox Oyne po3TISIHYTO CHCTEMY (ik-
carii Ta CTPyKTypy 3HIMArOUMX KapIiorpaMy eIeKTpo-
JiB, 00 3pOOMTH anapaTHy YacTHHY MaJIOIIOMITHOIO Ta
BHCOKOHA/IIHOIO.
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* Hapasi nma puHKy mnpencraBieHO Moauikariii
wtatdopm Arduino 3 inTerpoBaHuMu dinamu ESP8266
JUIA peamizamii iHTepHET TEXHOJOTiH. Y MOmaIbIIioMy
Oyzne pO3IJISIHYTO MOMJIMBICTH 310paHHS ITOJANBIINX
MIPOTOTUIIB HAa OCHOBI Takux mmiardopm ¢akropis UNO
g Mega, o0 pO3IMMPUTH KiTBKICTh BUBOJIIB JIO SKHUX
MOJKHA ITiJT€THATH 00pOOTFOBATEHI OJIOKH.

* Hapasi BimOyBaeTbcs po3poOka (QYHKIIT st
AKyMYJISIIIi 3HSATUX O10JIOTIYHUX MOKA3HUKIB Y TEKCTOBI
¢aitmn. Y mopanblIoMy IUIAHYETHCS aBTOMATH3YBaTH
CHUCTEMY BIJIBAHTAXKCHHS TEKCTOBHX (ailmiB y 0asy
JAHUX PO3TAIIOBAHY Y XMapHOMY CXOBHILI.

* Ha ocHOBi cTBOpeHOi 0a3u JaHUX OiOJOTTYHHX
MapaMeTpiB OIEePATOPIB PI3HUX amapaTiB, TUIAHYETHCS

peamizyBaTH iH(QOpMAIIIIHY TEXHOJOTII0 IiATPUMKHA
MPUHHATTS pillleHb, 1o Oyne 06a3yBaTHCs Ha 1HMBITya-
JBHO 3HSATHX KOHTPOJBHUX IIOKa3HWKaX Ta CYKYIHHX
CTaTUCTUYHMX y3arajbHeHHsX. Taka cucTteMa Mae TiCHO
B3a€EMOJISATH 3 MPOTHOCTUYHOIO MOJIEIUTIO aBiacHUMYJIsi-
TOpIB.

* Po3poOiroBany iH(oOpMaliiiHy TEXHOJIOTIIO IIa-
HYETBCSI MPUCTOCYBATH [0 MOTPeO IHIIMX raimysei, y
TOMY YHCJi JUIS BUKOPUCTAHHS y TIPOQeCciiHOMY CIIop-
Ti. JI7 MBOTO TMJIAHYETHCSA PO3POOUTH CIEIialli30BaHY
KOHCTPYKIIIIO anapaTHOi YacTHHHU 3 MiHIMI3alli€lo Baru
Ta TOMITHOCTI Ta MiJBHUINEHOIO HaAilHICTIO. Takox
nepe0avaeThesl MOUIYK MOXKIMBOCTI PO3pOOKH MiHia-
TIOPHUX 0€3/IPOTOBUX JATUYHKIB.
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Prototype of a cyber-physical system
for monitoring the physical condition of the aircraft operator

Kyrylo Vadurin, Andriy Perekrest, Mykola Guchenko

Abstract. Telephones, personal computers, cars, trains, planes — all these devices have a huge number of sensors that
allow to determine the current state of almost every system of the device. But they do not take into account the psycho-
emotional and physical state of operators while driving such complex device. According to statistics, more than half of air
crashes occur due to the human factor. To reduce the number of air crashes associated with the deterioration of the aircraft
operator, it is proposed to use a mobile biomedical complex with software and hardware parts. The developed complex should
take the main biological indicators of the operator in real time, store and process them, this data can be used to give advice to
the operator to improve his condition. The hardware includes the following units for processing data from sensors: cardio-
graph; four myographs; pulse oximeter; temperature and humidity; determination of skin resistance. Data from the data pro-
cessor units are collected by the microcontroller-processor, which can further convert the data into adequate physical quanti-
ties. The microcontroller-processor exchanges data with the microcontroller-server, which is designed to buffer and output
data to the user’s device or to cloud WEB-services. The software part includes lower-level programs for collecting measure-
ment data, processing them, forming them into packets, exchanging packets between microcontrollers and outputting data to
WEB services, as well as Backend WEB pages of the user interface. The top-level programming includes the development of
WEB-pages where the current information about the state of the examined user is displayed. Currently, a model of a biomedi-
cal complex based on the Arduino UNO and NodeMCU platforms has been created, which can measure skin resistance, hu-
midity and respiratory temperature, as well as transmit them to clients located in the local network. In the future, it is planned
to: develop a system for storing data and sending them to connected users; improve the user interface and implement the
functionality of quick reconfiguration of the monitoring functions of the complex; create a data processing system based on
information and analytical decision support tools to generate individual recommendations for improving the physical condi-
tion of the operator.

Keywords: biomedical complex, WEB-server, 10T devices, cybernetic system, Arduino, ESP, hardware, software.
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USAGE OF IT TECHNOLOGIES IN MEDICINE AND GENOMICS

Abstract. Inthis article, we will consider what IT technologies are most used in medicine and by genomics methods in
particular, also we will take a look at the use of big data in this matter. Additionally, we will learn what a connectome is,
analyze 4M and 3V frameworks in genomics. Statistics in medicine is one of the analysis tools experimental data and clinical
observations, as well as the language by means of which the obtained mathematical results are reported. However, this is not
the only task of statistics in medicine. Mathematical apparatus widely used for diagnostic purposes, solving classification
problems and search for new patterns, for setting new scientific hypotheses. The use of statistical programs presupposes
knowledge of the basic methods and stages of statistical analysis: their sequence, necessity and sufficiency. In the proposed
presentation, the main emphasis is not on detailed presentation of the formulas that make up the statistical methods, and on
their essence and application rules. Finally, we talk through genome-wide association studies, methods of statistical
processing of medical data and their relevance. In this article, we analyzed the basic concepts of statistics, statistical methods
in medicine and data science, considered several areas in which large amounts of data are used that require modern IT

technologies, including genomics, genome-wide association studies, visualization and connectome data collection.
Keywords: genomics, connectome, medicine, statistics, GWAS, data science.

Introduction

In the modern world, more and more industries are
using IT tools to increase efficiency in the study of
certain issues, including medicine, and since there is a lot
of work with data, the most common methods are
statistics and data science.

Data science is a branch of computer science that
studies the problems of analyzing, processing and
presenting data in digital form. Combines methods for
processing data in a large volume and high level of
parallelism, statistical methods, methods of data mining
and artificial intelligence applications for working with
data, as well as methods for designing and developing
databases.

The main practical goal of professional activity in
data science is the discovery of patterns in data, the
extraction of knowledge from data in a generalized form.
To explain the skills required for activities in this area, a
Venn diagram is often used, in which the skills required
by a specialist are reflected at the intersection of areas of
general subject experience, practical experience in
information technology (hacking skills) and knowledge
mathematical statistics.

As an epistemological feature of the discipline, the
priority of the practical applicability of the results, that is,
the success of predictions, over their causality is
indicated, while in traditional research areas it is essential
to explain the nature of the phenomenon. In comparison
with classical statistics, on the methods of which data
science is largely based, it implies the study of super-
large heterogeneous arrays of digital information and an
inextricable connection with information technologies
that provide their processing. In comparison with
activities in the field of design and work with databases,
where it is assumed that a preliminary design of a data
model reflecting the relationship of the subject area and
the subsequent study of the loaded data using relatively
simple (arithmetic) methods, data science is supposed to
rely on the apparatus of mathematical statistics, artificial
intelligence, machine learning, often without first loading

the data into the model. Compared to the profession of an
analyst, whose main goal is to describe phenomena based
on accumulated data with relatively simple user tools
(like spreadsheets or Business Intelligence class tools).

Relevance of statistics in medicine. Statistics in
medicine is one of the analysis tools experimental data
and clinical observations, as well as the language by
means of which the obtained mathematical results are
reported. However, this is not the only task of statistics
in medicine. Mathematical apparatus widely used for
diagnostic purposes, solving classification problems and
search for new patterns, for setting new scientific
hypotheses. The use of statistical programs presupposes
knowledge of the basic methods and stages of statistical
analysis: their sequence, necessity and sufficiency. In the
proposed presentation, the main emphasis is not on
detailed presentation of the formulas that make up the
statistical methods, and on their essence and application
rules.

Statistical processing of medical research is based
on the principle that what is true for a random sample is
also true for a population from which this sample was
obtained. However, choose or select a truly random
sample from the population very difficult. Therefore, one
should strive to ensure that the sample is representative
of the population under study, i.e. adequately enough
reflecting all possible aspects of the condition or disease
under study in population, which is facilitated by a clear
formulation of the goal and strict adherence to criteria for
inclusion and exclusion both in the study and in the
statistical analysis.

The main part of the article

Most often, the well-known “3Vs” (Volume,
Velocity and Variety), which were introduced by Gartner
analyst Doug Laney in 2001, are considered the main
definition of big data. More precisely about the “3Vs”
abbreviation:

Volume —the most obvious is where we'll start. Big
data is volume. Volumes of data that can actually reach
unprecedented heights. It is estimated that 2.5 quintillion
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bytes of data are created each day, resulting in 40
zettabytes of data being created by 2020, indicating a
300-fold increase over 2005. companies to have terabytes
and even petabytes of data in storage devices and servers.
This data helps shape the future of the company and its
actions by tracking progress.

Velocity —the growth of data and its consequent
importance has changed the way we see data. We once
didn't understand the importance of data in the corporate
world, but as the way we collect it has changed, we've
come to rely on it day in and day out. Velocity essentially
measures how fast the data arrives. Some data will come
in real time, while other data will come in bursts, sent to
us in bursts. And because not all platforms will process
incoming data at the same speed, it's important not to
generalize, discount, or jump to conclusions without
having all the facts and figures.

Variety — Once upon a time, data was collected
from one place and delivered in one format. Once taking
the form of database files such as Excel, csv, and access,
they are now presented in non-traditional forms such as
video, text, PDF, and social media graphics, and through
technology such as wearables. While this data is
extremely useful to us, it creates more work and requires
more analytical skills to decipher this incoming data,
make it manageable, and let it work. Big data is much
more than just "a lot of data". It's a way to empower new
and existing data and open up new ways to collect future
data to really make a difference for business operators
and make it more agile [1].

Types of statistical data in medicine. Statistical
data can be presented as quantitative (numerical
continuous or discrete), and qualitative (categorical
ordinal or nominal) variables. Necessary clearly indicate
the type (kind) of the variable when filling the database
and accurately adhere to the selected data type, as this
may affect further processing of variables in many
currently used statistical programs. For example, you
cannot simultaneously enter into a column variable and
numeric and textual, even similar in meaning, data: if
filling "yes / no" in the form of 1 or 0, then do not enter
alphabetic abbreviations and vice versa.

Quantitative (numerical) data suggest that the
variable takes some numeric value. They are discrete data
which can take strictly defined values, while continuous
can be represented by any value. Unique An example of
quantitative data is the representation of age by two types:
in the form of a continuous variable - the exact age of the
patient is indicated, and in the form discrete variable - only
the number of completed years is indicated (50.3 years and
50 years; 50.9 years and 51 years).

Categoriality is the basis for the semantic
understanding of qualitative variables. Categorical data
is used to describe the state of an object by assigning it a
number corresponding to the category to which this
object belongs. An important condition for applying
categorical data is belonging of one research object to
only one possible category for one criterion.

Qualitative nominal data are used if the categories
are not ordered. The numbers in this case are only a
designation for state of an object and do not order that
state. For example, by gender: 1 - male, 2 - female.

Qualitative ordinal (rank, ordinary) data - data for
which categories can be ordered. For example, from
feeling unwell to good: 1 - good, 2 - fair, 3 - poor. In
practice often uses the translation of quantitative data into
a qualitative categorical ordered presentation, especially
when calculating threshold values (cut-off) for
subsequent calculations of risk characteristics or
predictive value with using a contingency table. For
example, 1 is the concentration of the total cholesterol is
less than or equal to 5.2 mmol / | (the risk ratio for
developing coronary artery disease is less than 1, the
predictive value of a positive result is more than 80%), 2
- concentration of total cholesterol more than 5.2 mmol/I
(risk ratio of development IHD over 1, positive predictive
value over 80%).

Types of statistical data analysis. In the practice
of processing the results of research two types of
statistical data analysis are used — primary (scheduled)
and secondary (unscheduled).

Primary data analysis - used to study and describe
regularities, the existence of which is assumed by the
researcher, and which are the actual hypothesis of the
study. In this case analyzes the features, the study of
which is taken into account when planning research, and
pre-formulated hypotheses are tested.

Secondary data analysis - used to form prospects for
the study, search, exploration of potential patterns and
hypotheses. In this case, "sifting" is performed unplanned
data in a particular job, which often happens it is advisable
already at the first stage of acquaintance with the data.

Genomics and Big Data. The genome of even one
simple organism consists of thousands or even tens of
thousands of base pairs. The manual analysis of just one
DNA strand from one chromosome takes years, if not
decades. Add to this the fact that sequencing often
involves cutting DNA into small pieces, and we have
another task - to collect the deciphered pieces in the right
order. This task, called genetic mapping, is truly titanic.
And although it is still impossible to do without human
mental work when finalizing the data and writing the
conclusion, a significant part of the analytical work is
performed by the computer (Fig. 1) [4].

Computer analysis also helps with annotation - gene
labeling. This process needs to be automated because
most genomes are too large for manual annotation, not to
mention the need to annotate as many genomes as
possible since sequencing speed is no longer an issue.
The annotations are made possible by the fact that genes
have recognizable start and end regions (promoters and
terminators that often have similar or identical
composition in different groups of organisms), although
the exact sequence found in these regions may vary
between genes [3].

Within the framework of computational genomics,
there is also such a thing as Interactome or networks of
molecular interaction. In a nutshell, this is a set of
localizations and interactions of a particular molecule
within one particular cell. Such a model can also describe
sets of indirect interactions between genes. Molecular
interactions can occur between molecules belonging to
different biochemical families (proteins, nucleic acids,
lipids, carbohydrates, etc.), as well as within each family.
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Fig. 1. Map of the human X-chromosome

When such molecules are linked by physical
interactions, they form networks of molecular
interactions that are usually classified according to the
nature of the compounds involved. Most commonly,
interactome refers to the protein-to-protein interaction
network (PPI) (PIN) or variations thereof [2].

This is an extremely complex circuit, the
implementation of which would not be possible without
computer simulation. It is so technically complex and
practically important that it has recently been singled out
as an independent field of bioinformatics (Fig. 2).

Genome-wide association studies, in which
hundreds of thousands of single nucleotide
polymorphisms (SNPs) are strained for association with
complaint in hundreds or thousands of people, have
revolutionized the hunt for inheritable influences on
complex traits. similar circumscriptions, unlike
monogenic diseases, are caused by numerous inheritable
and environmental components acting consecutively,
each of which has a fairly small effect and just a many of
which are absolutely critical for the onset of the
complaint.

e

Fig. 2. Part of the interaction of DISC1 (the gene whose mutations are responsible for schizophrenia)
ith genes is represented by text in boxes, and the interactions are marked by lines between genes.

Although complex conditions have been
characterized as a geneticist's agony, over the past 5
years, genome-wide association studies have linked
SNPs associated with hundreds of reliably replicating
loci for common traits (Fig. 3) [6].

The quantum of data in these studies is four to five
orders of magnitude lesser than that in the former generation
of case — control studies, which tested only a sprinkle of
variants, frequently in a specific seeker gene. This unknown
volume poses unusual statistical cases for the analysis,
demonstration, and interpretation of the data [7].

One constantly used approach to managing size is
the tiered design, in which a subset of SNPs set up to be

considerable in the genome-wide association study(
occasionally called the discovery set) is genotyped in a
alternate league( a replication set), delivering a lower
subset of significantly banded SNPs that are also tested
in a third league (an alternate replication set), and so on.
This process helps to identify false positive associations.
Carrying ahead a big number of SNPs linked through a
genome-wide association study into a test of replication
additionally minimizes false negative solutions while
raising the bar for the establishment of true positive
results.

The pooling of answers attained in genome-wide
association studies (Fig. 4) under the auspices of big
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colleges is frequently needed for the discovery of variants
with small goods on the threat of complaint. similar
pooled advisements, like all genetic association studies,
must be delved and administrated for alterations in allele
frequency between categories that can lead to spurious

(false positive) associations. The most dependable
substantiation of a true genetic association, short of
prescribing the unproductive variant functionally, is
replication of the association, notably if it appears in
multiple populations [8].
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Fig. 3. The genome-wide
association study

Connectome. Networks of brain connections can
be emblematized at individual scales, which accord to the
situations of spatial resolution in brain imaging. These
situations can be roughly classified as microscale,
mesoscale, and macroscale. Eventually, it'll be possible
to join the results attained at different situations into a
single hierarchical chart of neuronal association, which
will be suitable to show a single neuron in a population
of neurons up to similar large systems as cortical regions.
Due to the fact that different individualities will have
differences in connectomes, any unified chart is likely to
give probabilistic information about the connectivity of
neurons [5].

Datasets and Network Measures. Network
commentaries were acquitted out for high- resolution
connection matrices (n = 998 regions of interest (ROISs)
with an average size 0f1.5 cm2), as well as for indigenous
connection matrices (n = 66 anatomical subregions). All
networks defended the complete cortices of both
components but barred subcortical bumps and
appointments. When not alluded else, the data shown in
this article are grounded on the analysis of individual
high- resolution connection matrices, observed by
comprising across five human actors [9].

Network  Visualizations. A representative
illustration of a high- resolution structural connection
matrix of an individual human brain is shown in Fig.
5, A. Entries of the matrix emblematize fiber consistence
between dyads of single ROIs. The matrix shown in the
illustration displays an aggregate of,865 symmetric
connections (connection viscosity3.0). To visualize
structural arrangements within this connection matrix,

Fig. 4. Meta-analysis of genome-wide
association studies

we uprooted the connectivity backbone, which is
displayed in Fig. 5,B with a layout deduced from the
Kamada-Kawai force-spring algorithm enforced in
Pajek. The algorithm generates a spatial arrangement of
ROIs along easily defined anterior-posterior and
medium-side axes and reveals clusters of thick
connectivity within posterior, carnal, and anterior cortex.
Fig. 5,C shows the connectivity backbone colluded in
anatomical equals. The rearward view shows groupings
of largely connected clusters of ROIs arranged along the
medium cortical face, extending from the precuneus via
posterior and anterior cingulate cortex to the medium
orbitofrontal cortex. Rearward and side views also show
clusters of temporal and anterior ROIs in both
components [9].

Some of the major challenges in erecting the human
connectome at the micro position
moment include:

o data collection would take times with current
technology,

e machine vision tools are presently in their
immaturity,

o there is no proposition or algorithms to dissect
the incoming data.

Conclusion

In this article, we analyzed the basic concepts of
statistics, statistical methods in medicine and data
science, considered several areas in which large amounts
of data are used that require modern IT technologies,
including genomics, genome-wide association studies,
visualization and connectome data collection.
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Bukopucranns IT-Ttexnosoriii B MeauuuHi Ta reHomini
I'. B. l'onos.ko, /1. A. Icaii

AHoTania. Y wiil crarti Mu po3risiHeMo, siki IT-TexHomnorii Hal0iblie BUKOPUCTOBYIOTECS B MEIUILIMHI i METOJAMHU
TCHOMIKH 30KpeMa, a TaKoXK pO3rIIsiHeMO BUKopuctanHs big data B mpomy nuranHi. J[0ZaTKOBO MM [i3HAEMOCS, LIO TaKe
KOHHEKTOM, po3bepemo ¢peiimBopku 4M i 3V B renomini. CraTUCTHKa B MEIMIMHI € OJHHAM i3 IHCTPYMEHTIB aHAIi3y
CKCIIEPUMEHTAIBPHUX JAHUX 1 KIIHIYHHX CIIOCTEPE)KeHb, a TAKOXK MOBOIO, 32 JOMOMOIOIO SIKOi MOBIIOMIISIOTHCS OTPUMaHI
MareMaTuyHi pesyiapTatd. OmHAK IIe HE €IWHE 3aBIaHHA CTATUCTHKA B MEAWLMHI. MaTeMaTWYHHI amapar IIHPOKO
BHUKOPHUCTOBYEThCS [UIsl MIACHOCTHYHMX I(iJIeH, BHUPILICHHs 3afad Kiacu(ikaiii Ta MOMIyKYy HOBUX 3aKOHOMipHOCTEH, ISt
MOCTAHOBKH HOBUX HAYKOBHX TimoTe3. BHKOpUCTaHHS CTaTHCTUYHHX MPOrpaM mnependadae 3HaHHsS OCHOBHHX METO/IB i eTariB
CTAaTUCTHUYHOrO aHaJi3y: iX MOCIiJOBHOCTI, HEOOXiJHOCTI Ta MOCTATHOCTI. Y 3aMpOMOHOBaHIN Mpe3eHTallil OCHOBHHUI aKIEHT
POOHTBCS He Ha IETATbHOMY BHKIadi (GOpMYJ, 3 SKHX CKIAJAIOThCS CTATHCTHYHI METOIHW, a Ha IX CYTHOCTI Ta TpaBHIIaxX
3actocyBaHHs. Haperri, Mi TOBOPHUMO MPO JOCIIIXKEHHS acoliiamii y BCbOMY T€HOMi, METOAN CTATUCTUYHOI 0OPOOKH MeTHIHUX
JAHUX Ta X aKTyalbHICTh. Y MLilf CTATTI MU MPOAHATI3yBAIN OCHOBHI MOHATTS CTATHCTHKH, CTATUCTHYHI METOJM B MEIULIMHI Ta
HayKy OpO [aHi, PO3TNISHYIH KilbKa cdep, y SIKUX BUKOPHCTOBYIOTHCS BENUKiI OOCSATH MaHHX, sSKi BUMAarawTh cydacHux IT-
TEXHOJIOTi#, BKIIFOUaI0YH TeHOMIKY, TOCITKEHHS 3arajJbHOI€HOMHHX acoIlialliii, Bi3yasi3aliio Ta JaHi KOHHEKTOMIB.

Kiaw4yoBi ciioBa: reHomika, KOHHEKTOM, MeIUIIMHA, cTaThCTHKa, GWAS, Hayka mpo naHi.
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USING THE AES ENCRYPTION METHOD IN PRACTICE

Abstract. Analysis of recent research and publications shows that Encryption methods vary by how much data they can
handle at once and what kind of key it needs for its decryption. Some encryption is more easily hacked than others. While
some companies or individuals choose encryption type according to standards dictated by legal or industrial regulations,
others may simply choose their type based on personal preference. It matters to you because it’s your data that’s being
protected. You will want the best encryption type for the data you are storing or transmitting. This article tells about the
practical application of such a data encryption method as AES in a tractor enterprise, which includes more than 50 personal
computers with data that must be protected. Therefore, the article considers the method AES, a symmetric block cipher chosen
by the U.S. government to protect classified information to be the best for company. AES is implemented in software and
hardware throughout the world to encrypt sensitive data. It is essential for government computer security, cybersecurity and
electronic data protection. Information security, sometimes shortened to InfoSec, is the practice of protecting information by
mitigating information risks. It is part of information risk management. It typically involves preventing or reducing the
probability of unauthorized/inappropriate access to data, or the unlawful use, disclosure, disruption, deletion, corruption,
modification, inspection, recording, or devaluation of information. It also involves actions intended to reduce the adverse impacts
of such incidents. Protected information may take any form, e.g. electronic or physical, tangible (e.g. paperwork) or intangible.

Keywords: tractor factory, cyber security, encryption, algorithm, AES, access.

Introduction

Analysis of recent research and publications
shows that Encryption methods vary by how much data
they can handle at once and what kind of key it needs for
its decryption. Some encryption is more easily hacked than
others. While some companies or individuals choose
encryption type according to standards dictated by legal or
industrial regulations, others may simply choose their type
based on personal preference. It matters to you because it’s
your data that’s being protected. You will want the best
encryption type for the data you are storing or transmitting.

The three major encryption types are DES, AES,
and RSA. While there are many kinds of encryption -
more than can easily be explained here - we will take a
look at these three significant types of encryption that
consumers use every day. Most of the others are
variations on older types, and some are no longer
supported or recommended. Tech is evolving every day
and even those considered to be modern will be replaced
by newer versions at some point.

Just as security tech is taking steps to increase the
safety of your information, hackers are finding ways
around them. It’s an arms race with your data as the spoils
of war. Let’s dive in to popular encryption methods, the
history of encryption, and where it’s going next. [1]

The purpose of the article is to decide why the
AES encryption method is the best for such a factory like
tractor repair company

The main part of the article

Why should you use AES encryption? AES was
developed to provide the highest level of security for the
most sensitive data. The National Security Agency
(NSA) and other agencies selected this method as the US
government’s security standard due to its extensive,
impenetrable protection. AES is also used across many
other government agencies and industries.

o Healthcare companies benefit from AES by
encrypting their extensive databases of patient files,

including medical history and personal information. The
National Institute of Standards and Technology (NIST)
recommends using AES to meet Health Insurance
Portability and Accountability Act (HIPAA) regulations.

e Banks and other financial institutions rely on
AES encryption to protect their customers’ personal and
transactional information.

¢ Insurance companies such as Aetna use AES to
mitigate risk exposure in specific devices that are used to
access customer information.

Even if your business doesn’t fall under the
umbrellas of government, healthcare, or finance, you can
still employ the same level of security. Any precious
information should be stored as safely as possible, and it
might surprise you to know how many industries outside
of the government have already adopted AES.

In fact, as 0f 2021, AES is the world’s most popular
data protection method.

Wi-Fi  networks, Google Cloud, Facebook
Messenger, Java programming, and many password
managers use AES encryption to protect sensitive data.

This wide variety of applications shows that you
can adapt AES for nearly any environment, and it’s
secure enough for even the most sensitive data [2].

Company description. Tolochyn Tractor repair
company is a professional tractor repair association that
offers repair services for:;

o scheduled maintenance of the tractor;
tractor engine overhaul;
body restoration and repair;
glow plug replacement
tire and wheel replacement;
front axle repair;
hydraulic system;
diagnostics;

o diagnostics and repair of the electronic part of
the tractor;

e management and calculation of oil
consumption;

o effective conversion of oil into electricity;

© Golovko G., Tolochyn M., 2022
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o development of oil production methods;

e management and efficient sale of oil.

The company includes the following departments:
forge, welding, radiator department, mechanics
department, electroplating department, tire shop,
polymer department, secretary, general manager, unit
repair, chief mechanic department. As you can see, the
company has many departments that specialize in a
certain area related to the repair of tractor units. each such

department has personal computers that are connected
via a network and have secret information that cannot be
distributed outside the plant. Therefore, a method of data
cryptography is needed for the enterprise

Equipment placement plan. On the Fig. 1 you can
see equipment placement plan. As you can see, it is
complicated due to company needs. According to the
building plan, 78 computers, 2 printers, 6 MFPs and
1 server were placed.

Fig. 1. Equipment placement plan

Data encryption at the enterprise. Presentation
of the application. To encrypt data for the enterprise, it
was chosen to develop a program that would encrypt and
decrypt text using the AES (Advanced Encryption
Standard, also known as Rijndael) cipher.

Advanced Encryption Standard is a symmetric
block encryption algorithm (block size 128 bits, key
128/192/256 bits), a finalist in the AES competition and
adopted as an American encryption standard by the US
government. The choice fell on AES with the expectation

of widespread use and active analysis of the algorithm, as
was the case with its predecessor, DES.

Advanced Encryption Standard (AES) is one of the
most widely used and most secure encryption algorithms
available today. It is publicly available and is the cipher
used by the NSA to secure Top Secret documents. Its
success story began in 1997, when NIST (National Institute
of Standards and Technology) officially began looking for a
replacement for the aging DES standard. The algorithm
called Rijndael, developed by Belgian cryptographers
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Daemen and Rijmen, was characterized by increased
security, as well as performance and flexibility. [3]

It came out on top among several competitors and
was officially announced in 2001 as the new AES
encryption standard. The algorithm is based on multiple
permutations, permutations, and linear transformations,
each performed on 16-byte blocks of data, hence the term
blockcipher. These operations are repeated several times,
called "rounds". During each round, a unique round key is
calculated from the encryption key and included in the
calculations. Based on the block structure of AES,
changing a single bit in either a key or a block of plaintext

results in a different block of ciphertext - a clear advantage
over traditional stream ciphers. Finally, the difference
between AES-128, AES-192, and AES-256 is the key
length: 128, 192, or 256 bits, all radical improvements over
the 56-bit DES key. As an illustration, cracking a 128-bit
AES key with a modern supercomputer would take longer
than the estimated age of the universe. And Boxcryptor
even uses 256-bit keys! To date, there is no real attack on
AES. Therefore, AES remains the preferred encryption
standard for governments, banks, and high-security
systems around the world. Fig. 2 demonstrates how the
method is working.
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Fig. 2. Scheme of AES method

Brief overview of the created program for data
encryption in the plant and its functions, initial window
is on Fig. 3.

Text encryption is displayed on the Fig. 4. Text
decoding by the program is shown on the Fig. 5.

The program also provides for cases when the user
left the fields blank, for example encrypted text when
decryption is required, or did not enter a numeric key. In
such cases, the program will give a message explaining
the error.

5 Tolochyn_RGR - o X

lNMporpama ans WUdpyBaHHA TEKCTY

Po3suwmdpoBannii TekcT:

—

Kniou (uncno):

3awmdpoBaHnii TeKCT:

& Tolochyn_RGR - o x

lMNporpama anA WMgpyBaHHA TEKCTY

TecT wud! py|

qzz231

pgetdlpPqzTare6s6w3XAg=—

Po3umdgpoBanmii TexcT:

Koy (umcno):

3awmngpoBaHuii TEKCT:

Fig. 3. Initial window of the program

Fig. 4. Text encryption process
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& Tolochyn RGR - o x

Mporpama ans WKW@pPyBaHHA TEKCTY

byAe poswudposaHo

qzz231

khsdQ1dkla#3nnbq

Po3mmppoBaHnii TEKCT:

Kniou (uncno):

3awn@poBaHun TEKCT:

Fig. 5. Text decryption

The applications of the AES Encryption algorithm
are as follows:

e Wireless Security: Wireless networks are
secured using the Advanced Encryption Standard to
authenticate routers and clients.

e WiFi networks have firmware software and
complete security systems based on this algorithm and
are now in everyday use.

o General File Encryption: Apart from corporate
necessities, AES is also used to transfer files between
associates in an encrypted format.

management. It typically involves preventing or reducing
the probability of unauthorized/inappropriate access to
data, or the unlawful use, disclosure, disruption, deletion,
corruption, modification, inspection, recording, or
devaluation of information.

It also involves actions intended to reduce the
adverse impacts of such incidents.

Protected information may take any form, e.g.
electronic or physical, tangible (e.g. paperwork) or
intangible (e.g. knowledge). Information security's
primary focus is the balanced protection of the
confidentiality, integrity, and availability of data (also
known as the CIA triad) while maintaining a focus on
efficient policy implementation, all without hampering
organization productivity.

This is largely achieved through a structured risk
management process [4].

Encrypting data in transit and data at rest helps
ensure data confidentiality and integrity. Digital
signatures are commonly used in cryptography to
validate the authenticity of data. Cryptography and
encryption has become increasingly important. A good
example of cryptography use is the Advanced Encryption
Standard (AES). The AES is a symmetric key algorithm
used to protect classified government information [5].

In this particular case, a computer program was
created to encrypt and decrypt important data of a tractor
repair company that cannot be disclosed outside the
company, based on such a data encryption method as
AES.

Conclusions

Information security, sometimes shortened to
InfoSec, is the practice of protecting information by
mitigating information risks. It is part of information risk
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IIpakTnuHe 3acrocyBanHsi MeToga mudpyBanus AES
I'. B. I'onoeko, M. O. Tonounx

AHoTanifi. AHaii3 OCTaHHIX AOCIIKEHb i MyOiKallii MoKasye, o MEeTOAX MWH(PYBaHHS BiAPI3HIAIOTHCS 3aJI€XKHO BiJ
TOr0, CKUJIBKU JaHUX BOHH MOXYTb OOPOOHMTH OJHOYACHO Ta SIKMW K04 MOTpiOeH mis ix memmmdpyBaHus. [Jeski 3acobu
umpyBaHHs JieTiIe 37aMaTd, HiK iHmn. Y TOW 4dac sk Jeski kommaHii abo okpemi ocoOu OOHParoTh THIT IU(PPYBaHHS
Bi/IMIOBIIHO JI0 CTAHJAPTIB, IO MPOAUKTOBAHI FOPUIUYHIMH YU IPOMHUCIOBUMHU HOPMAMH, 1HII MOXYTb [POCTO BUOPATH CBiii
THI Ha OCHOBI ocoOHCcTHX yrnomobanb. e BaxuBO i Bac, TOMY LIO Baln AaHi 3axuiieHi. Bam notpibeH Halkpaiiuii THI
umbpyBaHHs IS JaHUX, Ki BU 30epiraeTe abo nepenaere. Y il CTaTTi pO3MOBIAAETHCS PO MPAKTUYHE 3aCTOCYBAHHS TAKOTO
Metoay mudpyBanHs qaHux, sk AES, Ha TpakTopHOMY MiANPUEMCTBI, sike BKItouae noHan 50 nmepcoHaabHUX KOMIT IOTEpIB 3
JNaHUMH, Ki HeoOXiaHO 3axumiatu. ToMy B CTaTTi HaWKpalmM Ul KOMIaHii BBakaeTbcs Metoq AES, cumerpudnuii 610K0BHi
umbp, obpanuit ypsagom CIIA mnst 3axucty cekpernoi indopmamnii. AES peanizoBaHo B mporpaMHOMY Ta amapaTHOMY
3a0e3MeueHHi M0 BChbOMY CBiTy i mHdpyBaHHS KoH(DigeHUiiHMX manux. e Mae Ba<IHMBe 3HAYCHHS [UISI KOMIT IOTEPHOT
Oe3mnexu ypsiny, KibepOesrneku Ta 3aXUCTy eNeKTPOHHUX MaHuX. [HpopMarliitHa Ges3meka, iHoai ckopodeHa no InfoSec, — e
MpaKTHUKa 3aXKUCTy iHPOpMaIil NUITXOM 3MEHIIeHHs iHpopMaliinux pusukis. Ile vacTuHa ympaBiiHHSA iHQOpMAIIHHUMK
pu3nkaMu. 3a3Bu4aii 1e nepeadavae 3amobiraHns abo 3MEHIIEHHS IMOBIPHOCTI HECAHKIIIOHOBAHOT'O/ HEHAIEIKHOTO IOCTYITY /10
ITaHuX ab0 HE3aKOHHOTO BHKOPHCTAHHS, PO3TONOLICHHS, MOPYLICHH, BUAAICHHS, MOMKOMKSHHS, MOIMdiKalii, mepeBipKku,
3amucy abo 3HenineHHs indopmanii. Ile Takox mepemdavae fii, CIpsIMOBaHI HA 3MEHILIEHHS HEraTUBHUX HACHIJKIB TaKHUX
iHIMICHTIB. 3axuiieHa inpopmallis Moke Matu Oyab-sKy GOopMy, HAmp. eNeKTPOHHI abo (i3udHi, MaTepianbHi (HAPUKIA,
JOKyMEHTH) a00 HeMaTepiaibHi.

KawuoBi cioBa: TpakTopHHI 3aB0oJ, KibepOesneka, mmdpysanus, anroputm, AES, noctym.
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LentpanbHOyKpaiHCHKHI HAaLliOHANBHUM TEXHIYHUH yHiBepcuTeT, KponuBHUIBKIM, YKpaiHa

METO/JI IMITAIIIMHOI O MOJIEJIOBAHHSA TPA®IKY
KOMII'FOTEPHOI MEPEXI 3 ®PAKTAJIBHUMU BJIACTUBOCTSMHA

AHoTamisi. MeTor JaHOI POOOTH € CTBOPCHHS METOJy IMITAllIHHOTO MOJICIIOBAaHHS TpadiKy KOMIT FOTEPHOI MEpexi 3
(paKTaTbHIMH BIACTHBOCTSMHU IS TECTYBaHHS MEPEKEBUX aJTOPUTMIB Ta POTOKOIIB. OO’ €KTOM JOCIIPKEHHS € IPOIIeC
IMITaIifHOrO MOJIEIIOBaHHsI MepekeBoro Tpadiky. IIpeqmeToM OCTiKEHHS € METOAN Ta AITOPUTMH MOJENIOBAHHS Ya-
COBOTO PsIy 3 (paKTAIFHAMHU BIACTHBOCTSAMHE. B HamI gac 1y1st MaTeMaTHYHOTrO OIHCY TeJEKOMYHIKAIiHAX MPOLECiB BU-
KOPUCTOBYIOTh MaTeMaTH4YHI MOJIeNi caMoIIo/[i0HOro 4acoBoro psiay. B Oinbimrocti BunaakisB mist camomnoni6Horo Tpadiky,
nepet0aueHHS IMapaMeTpiB 3a SKICTI0 00cyroByBaHHs QoS, aHaNITHYHI BUpa3y MOOyXyBaTH HE BIAETHCS, a00 Taki mepeT-
BOPEHHSI MOKJIMBO OOy TyBaTH TS 3aHAATO CHENM(IYHNX CHTYalii, TOMY MepeBaKHO aHAIITHIHI BUKJIAJIKHU € HETOTb-
HUMHU. 3 1i€] IPUYMHA IS BU3HAYESHHS OCHOBHHX ITOKA3HHKIB SIKOCTi 0OCIyTOBYBaHHS, TAaKUX SIK JDKHUTEP, 3aITi3HEHHS, Ce-
PEIHS KUTBKICTB BiJIMOB, Ta 1HIHX, BUKOPHCTOBYIOTH iMiTamiifHe MOJETFOBaHHS 3a JJOIIOMOTOI0 TeHEpaTopiB caMoI1o1i0Ho-
ro Tpadiky. Lle mpu3BoANTE 10 MOTPeO B MPOCTHX, 3 TOUKH 30pY KUTBKOCTI OOYHCIICHb, TeHEpPaTOpiB CaMONOAiOHOTO Tpa-
¢iKy 3 KepoBaHUMH (HPaKTaIHLHAMH BIACTHBOCTAMHU, SIKi O JTaBaIM YUCIIOBI TOCIOBHOCTI 3 BIACTHBOCTSIMH SIKOMOTa OJIH-
JKYMMH JI0 BJIACTUBOCTEH peabHOro Tpadiky TeIeKOMYHIKaliiHOiI MepesKi, 0 JOCTiPKYETECS. Y IaHiii poOoTi 3amporo-
HOBaHO METOJI IMITAI[IfHOro MOJeNoBaHHs Tpadiky KOMIT IOTEpHOI Mepexi 3 (pakTaJbHUMH BIACTHBOCTMH. [ TeHe-
pamii Tpadiky BHKOPHCTaHO Teopilo (QpakTaJbHOrO aHalli3y Ta TeOpiro MapKiBCHKIX mpoueciB. [laHumif MmeTox Moxe OyTH
YaCTHHOIO TIPOrPaMHO] iMITaIifHOT MO/IeITi KOMIT IOTEPHOI MEpexi, SIKy B CBOIO Yepry MOKHA BHKOPHCTATH ISl TECTyBaH-
HSI MEPEIKEBHUX alFOPUTMIB Ta NMPOTOKOIiB. Takoxx po3poOiieHy iMiTalliiiHy MoJenb MepexxeBoro Tpadiky IIaHyeThCsS BU-
KOPUCTOBYBAaTH Y IOJANBIIOMY JUIS TECTYBAaHHS SKOCTI METOJiB BU3HAYCHHS (paKkTaibHOI PO3MIPHOCTI YAaCOBHX DSAIB, a
TaKOX I IPOTHO3YBAaHHS 3aBaHTa)KEHOCTI MEPEKEBUX IIPHCTPOIB Y KOMIT IOTEPHUX MEpeKax.

Kar4doBi ciaoBa: KoM’ I0TepHI Mepeixi, MepexxeBuil Tpadik, GppakTanbHa po3MipHiCTb, MapKiBChKI MPOIIECH, iMiTaLiH-

HE MOJICITIOBaHHSI, IPOrpaMHa iMiTaliitHa Mozienb

Beryn

[pu pinieHHi 3a1a4 NPOrHO3YBaHHS Ta ONTHMi3a-
i poOOTH KOMIT IOTEPHUX Ta TEJICKOMYHIKaLlIHHUX Me-
PeX € IpakTUYHO OOOB’SI3KOBUM BpaxyBaHHs (pakTa-
npHOI pupou Tpadiky B Mepesxi [ureprert [1-4].

MepexeBuii Tpadik Mae GpakTalibHi BIACTHBOCTI 1
MOXeE aHaJi3yBaTHCSA Ta MOAENIOBATHCA 3 3aCTOCYBaH-
HAM Teopil ppakrampHOro anamisy [5]. Bymo mposeaeHo
JIOCITIJDKEHHSI, sIKe MOKa3alo, M0 MapKIBChKI MPOLECH
4acTO BUKOPUCTOBYETBCS ISl MOJENIOBaHHs Tpadiky
Pi3HHX CHCTEM MacoBOTO obciyroByBanHs [6-12]. Tox
reHepariist Tpagiky AJsl BiATBOPEHHS HOro (hpaKkTaIbHUX
BJIACTHBOCTEH y NaHiii poOOoTi BiIOYBaeThCs Ha OCHOBI
Teopil MapKiBChKHX MPOIIECIB.

[poBenenunit ananiz myOmikamiid [13-21] mokazas
aKTyaJlbHICTh TIMTaHHS MOZEIOBaHHS Tpadiky y
KOMIT IOTEpHUX Mepexax. 3okpema, B [13] Oyna npose-
JIeHa OIliHKa Yacy 3aTPHMKH MAKETiB B YMOBaxX 3B’S3Ky
mpu oOCIyroByBaHHI TpadiKy CKIaJHOI CTPYKTYpH Ha
OCHOBI po3po0ieHoi imiTaniiHoi Moaeni. B [14] mpo-
aHAJII30BaHi CyYacHI METOIM MOJEITIOBAHHSA MEpPEKeBO-
ro tpagiky. [lokazaHo, 110 CTBOPEHHS YHIBEpCAIbHOT
iMiTamiiHOi MOJeNi 3 IX AOIOMOTOI0 IPOOIIEMHE 3 TIPH-
YUHA BEJHMKOTO OOCSTY JOCHiAHUIIBKOI poOOTH, HE0O-
XigHOI Ans ajamTamii MPUBATHUX MOJAENEH O BCHOTO
PI3HOMAaHITTS XapaKTEPUCTHK PI3HUX KEpeN Mepeke-
BOTO HAaBaHTAXXCHHA 1 KOHQiryparii Mepexi. 3amporo-
HOBAHO 3aCTOCYBaHHS KOHTEKCTHHX METOIIB JUIA TOOY-
JIOBH YHIBEpCcalbHOI iMiTamiitHOi Mozmeni. B skocTi oc-
HOBH [UISA TIOOYIOBH YHIBEpCAIBHOI IMITAIlIITHOT MOzei
o0paHHii METOH IMHAMIYHOTO MapKOBCKOTO MOJEITO-
BaHHs. [IpoBeneHa afanTaris METOy AMHAMIYHOTO Ma-
PKIBCKOTO MOJETIOBAHHS Ul YHIBEpCAJIbHOI iMiTarliii-

HOT MoJien 1 po3po0iieHa METOIMKa HOro 3aCTOCYBaHHSI.
VY pob6oti [15] copmynboBaHa MaTeMaTHYHA MOJEIH
MYJIbTUCEPBICHOIO KaHaJy 3B’S13Ky Ha OCHOBI €KCITOHE-
HuiiHoi GERT-mepexi. Y npausx [16-18] posrisHyTi
nUTaHHS reHepaiii gpakransHoro tpagiky. Y podorax
[19-21] mpomoHyeThcsi METOM arperyBaHHS (PpaKTaiib-
Horo Tpadiky TeleKOMYHIKallifHUX Mepex, WOro mpo-
THO3YBaHHSI Ta aHaJII3.

Buxopsiun 3 aHanizy OCTaHHIX JOCIHIIKEHb 1 my0-
JiKaiid MO)KHa 3poOUTH BUCHOBOK, IO MUTaHHS MOjie-
JrOBaHHs Tpadiky Ta BUKOPHCTAHHS JUIs LUX IJIEH Te-
HepaTopiB (paKTaJIONoOAIOHUX MOCHTIJOBHOCTEH € aKTy-
AITBHIM.

MeToro 1i€i po6oTH € po3podKa Ta OCIHIIHKEHHS
nporpamMHoi imiTariiHoi mMozeni QpaxkTranbHOrO Mepe-
XKeBOro Tpagiky.

OcHOBHA YacTHHA

B Hamr gac s MaTeMaTHYHOTO OIHCY TEIEKOMY-
HIKAI[IHHUX TPOIECiB BUKOPHUCTOBYIOTh MAaTE€MAaTHYHI
Mojeni camornoiOHoro dacoBoro psiay. Ha rpadikax,
Jie 300pakeHa 3aBaHTAKEHICTh KaHATy KOMII IOTEPHOI
Mepexi caMOnoIiOHICTh BUpaKeHa HASBHICTIO BUKHU/IIB,
KUTBKICTh SIKMX TEpPEeBHILy€E IepemadadeHHs Ha OCHOBI
KJIACHYHOI CTaTHCTUYHOI Teopii (puc. 1), ne Ha ropuzo-
HTaJIBHIM OCi MOKa3aHW{ Yac B YMOBHHUX OJMHHIIAX, a
M0 BEPTHKANI 3aBAHTAXXEHICTh MEpEXi BIIHOCHO Mak-
CHMAITFHOI TIPOITYCKHOI CIIPOMO>KHOCTI.

VY [22] ocHOBHY yBary mpucBsUYeHO BUKOPHCTAHHIO
HABYEHOI HEMPOHHOI MEpEXKi IS aBTOMATH3allii KJIacH-
(hikamii Tpadiky 3a Horo (pakTaTbHUMH Ta MYJIbTHQ-
PaKTAIBHUMHU BJIACTHBOCTSIMH. ABTOPH YCIIIIHO BHKO-
PHUCTOBYIOTH pe3yJIbTaTH POOOTH Ul JETCKTYBaHHS
DDoS arak.

© JHpeesaI'. M., 2022
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Puc. 1. Ilpuknaz camonoiGHoOro Tpadiky [22]

B Oinbmocti BunmaakiB s camononioHoro tpadi-
Ky, Iepei0aueHHsl mapamMeTpiB 3a SKICTIO 00CIyroByBaH-
Hs QoS, aHamiTM4HI BHpa3n NOOYIyBaTH HE BIAETHCH,
ab0 Taki MEepeTBOPEHHS MOXKIMBO MOOYIyBaTH Ui 3a-
HajATO crienu(iuyHUX CUTYallid, TOMY NEPEeBaKHO aHai-
TUYHI BUKJIAJKUA € HEIOIUIBHUMH. 3 IIi€i TMPHYMHA IS
BU3HAYEHHS OCHOBHHUX IIOKa3HUKIB SKOCTI OOCIyroBy-
BaHHS, TAKUX K JDKUTED, 3aIi3HEHHS, Cepe/HsI KUJIbKICTh
BIJIMOB, Ta IHINMX, BUKOPHCTOBYIOTH iMiTalliiiHe Moje-
JIIOBAHHS 3a JIONIOMOIOI0 T'E€HEPATOPiB CaMOIOMIOHOrO
tpadiky. Lle mpu3BoauTH 10 MOTPEO B MPOCTHX, 3 TOUYKU
30py KUIBKOCTI OOYHCIIEHb, TEHEPATOPIB CaMOITOIIOHOTO
TpadiKy 3 KepoBaHHUMH (PaKTATLHUMH BIACTUBOCTSIMU,
gKi O JaBajld 4YUCIIOBI ITOCHIZOBHOCTI 3 BJIACTUBOCTIMH
SIKOMOTa OJIMYKYMMH JI0 BJIACTHBOCTEH peasibHOro Tpadi-
Ky TEJIEKOMYHIKaIIIHOT MEPEXKi, 1110 TOCIIHKYEThCSL.

CyuacHi cucteMu KepyBaHHS TpadikoM BpaxoBy-
I0Th HOT0 ()paKTanbHi BIacTUBOCTI. MepexeBuil Tpadik
MOXHa MPEJCTaBUTH y BUIJIAAI YacoBoro psny. B cuc-
TeMax, Jie BAKOPUCTOBYIOTh NaKeTHHI 0OMiH iH(opma-
i€, OLTBII 3pYYHO BUKOPHCTOBYBATH OIHAPHHUI Yaco-
BUH psill, K TPEACTABJICHHs TpadiKy Ha pIBHI «IIakeT
JaHUX IPUCYTHINY, IIAKeTy JAaHUX HEMAE).

Jnist mpoBe/ieHHsT eKCIIEPUMEHTIB OyJI0 BHPIIIEHO
MPOBECTH IMiTalliliHe MOJICTIOBAHHS MEPEkKEBOro Tpa-
¢iky 3 3a3manerigp 3aJaHUMH BJIaCTUBOCTSIMU. Moje-
JIIOBaHHsI OyJIO BHPIIIEHO MPOBECTH HA OCHOBI Teopil
MapKiBChKUX MPOLECIB, IO YaCTO BHKOPUCTOBYETHCS
JUISL MOJIeNIOBaHHST Tpagiky pi3HHX CHCTEM MaCOBOTO
obcimyroByBanHs [6-12]. Jlnst renepartiii ¢ppakTaabHOTO
OiHapHOTO TpadiKy BHKOPHUCTAHO JaHIIOr Mapkosa,
MOKa3aHuii Ha puc. 2.

B wmiii po6oTi i1t CUMYJISIIT MepeKeBOro Tpadiky
Oyno cTBOpeHO OiHApHWIA YacOBHIl psAH, MEPCUCTEHT-
HICTh SAKOTO PETYJIIOETbCS 3aJaHHSIM WMOBIpHOCTEH
3MIiHM CTaHy Ha TPOTHIICKHUH A1, 2 (pHC. 2).

Po A2 P1
Ao A3

A

Puc. 2. Jlanutor MapkoBa, BUKOPHCTAHHI
Jutst renepattii ppakraapHOro GiHapHOro Tpadiky

Lle#t reneparop xapakreprusyeTsest ctanamu 0 ado 1,
Ta MMOBIPHOCTAMH 3HAaXODKEHHS B IMX CTaHaX sIK
Po= A2/ (la+ A2) Ta p1=4A2/ (at+A2), me A — ¥iMoBipHOCTI
BiamoBiTHUX TiepexoniB [23]. [HTeHCHBHICTE Tpadiky Ta-
Koro reHeparopa Oyne B mexax [0, 1] i mopiBHIOBaTHMe
HMOBIPHOCTI OTpUMAaTH Ha BHXOJI TeHepaTtopa 1: p1. An-
TOPUTM POOOTH TAKOTO FeHepaTopa MoKa3aHo Ha puC. 2.

Enter(N, 1)

series[0...N]
s = random
(1or0)

a =random
[0....1]

No
|

Yes s=1-s
(inverce)

series[i] =s

generated traffic
(series) visualization

Puc. 3. AnropurtM iMiTaliiHOro0 MO/ICITIOBaHHS
Tpadiky 3 GpakTaTbHUMHU BIACTHBOCTIMHU

I'enepyBanus Tpadiky IHTEHCHBHICTIO %2 TIOYNHAETH-
csl 13 3a/laHHs WMOBIPHOCTI 30epeKeHHs CTaHy A. AJro-
pUTM MICTHTh 3MIHHY Jyisl 30€peXeHHs TONepeaHbOro
cTaHy. B muKiti MoBTOPIOETECS TeHEpYBaHHs IICEBIOBHITA-
JIKOBOTO YHcIa 3 fiama3oHy [0; 1) 3 piBHOMIpHUM pO3IO-
JIIIOM, TUISl SIKOTO TIPOBOIUTHCS TOPIBHSHHA i3 3aJaHOIO
iiMoBipHICTIO A. [Ipy MpoxomKeHHi TecTy Ha TOPIBHAHHS,
cTaH 30epiraeThes, 1 Ha BUXiJ Ja€ThCA 3HAYCHHS TONEepe-
HBOTO CTaHy, iHAaKIIIe CTAaH 3MIiHIOETHCS Ha TPOTIIICKHIA.
OuikyeThCs, 0 TeHepoBaHWH OiHapHMA Tpadik 3a UM
AITOPUTMOM Ma€ KepoBaHy (paKTaJbHY pPO3MIPHICTH
3rigno criBBigHOmEeHH!O (1), onepkanomy y [24]:

(A2(1—A1) 1n(1—Al)+>
+A (1-A)In(1-2y)

DOy, 2y) = 1 - =0, )

3 METOI BHW3HAYCHHS (PaKTANBHUX BIIACTHBOCTEH
OiHapHUX PsJIiB, OTPUMAHUX TEHEPATOPOM 3 pHC. 3, OY-
JIO TIPOBEJICHO EKCIEepPUMEHTAIbHE BHUMIPIOBAHHS KOe-
¢imienta Xepcra MmerogoMm R/S anamizy, pesynbraTe
SKOTO MTOKa3aHo Ha puc. 4.
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» MokasHuk Xepcra

H

1.00

Puc. 4. Pe3ynbraTi eKcriepUMeHTaIbHOTO BUMIiproBaHHs Koedinienty Xepcra H

Puc. 4 micTuTh pe3ynbTaTd aHaiizy GiHapHOTO Tpa-
¢iky inTencuBHicTio P1=0.5. [lns 1bOro JOCTaTHHO BU-
KOHAaHHS YMOBH DIBHOCTI MMOBIpHOCTEil TIepeXoiB
A = Ao= /3, ab0, 10 piBHOCUIIBHO A1 = ;. Lleit moka3nuk
BiJINIOBIIa€ 32 MEPCUCTEHTHICTh YaCOBOTO PSIY 1 BIUIU-
Ba€ Ha ioro (pakranpHi BIactUBOCTI. Takox [yis po3-
paxyHky koedimienty Xepcra H, mortpiOHO BUAiISITH
cepii BUIAJKOBOrO OJyKaHHS — KyMYJISTHBHI (HaKOITH-
yyBasbHi) cymu. KuTbKICTh KpPOKIB HAKONMWYYBaJIbHUX
CyM IIOKa3aHO OKpeMOIo Biccio L.

Ha puc. 4 BuaHO, 110 IpH 3MEHIICHHI JOBKHHH Ky-
MYJISITUBHHX CyM, Tpadik MpsAMye N0 MmpsMol JiHii, sika
CHOJTyYa€ OJMHUYHE Ta HYJIbOBE 3HAYEHHsI KOe(ilieHTy
Xepcra. Hanpoty, SIKIO KyMYJISITHBHI CYMH € JOCHUTb
noBrumu, koedirieHt Xepcta npsimye 1o 3uadeHts 0.5
0e3 BiJJOOpaKeHHS EPCUCTEHTHOCTI YaCOBOTO PSILY.

PesynbTaT mokasanuii Ha puc. 4 BiJIOBIIAa€ CUTYya-
11, IpH SKil 301IBIICHHS TOBKHHU KyMYJISITHBHUX CYM
MIJIBUIIYE TOYHICTh TMONIYKY 3HAYCHHS KOeQilieHTy
Xepcra, TpOTe HIBEIIOE 3HAYEHHS KOPOTKOYACHUX

3anexxHocteit ppakranpHoro tpagiky. Le € nporepidsim,
K€ BHMarae aoaaTKOBUX llOCJ'IilDKeHB BU3HAYCHHA
(bpakTaILHOCTI B YMCIIOBHX psijiax.

BucHoBku

VY wiii poOOTI 3aIPOIOHOBAHO METOJI IMITaliHOTO
MOJIeITIOBaHHs Tpadiky KOMI IOTEpHOI Mepexi 3 (pak-
TaJILHUMU BIacTUBOCTSIMU. J[is renepauii tpadiky Bu-
KOPUCTaHO TeOpito (hPaKTAIBHOTO aHaji3y Ta Teopito
MapKiBCBKIX MPOIECIB.

Januit Metox Moxe OyTH YacTHHOIO HPOTPaMHOL
IMITaLIITHOT MO/IENI KOMIT IOTEPHOT MEPEeXi, Ky B CBOIO
Yepry MOJKHa BUKOPHCTATH IS TECTYBaHHS MEPEKEBHX
ANTOPUTMIB Ta IPOTOKOJIIB.

Po3po0Oiieny iMiTaiiiiHy MOJENb MEpPEXEeBOro Tpa-
(iKy TUIaHY€THCSI BUKOPUCTOBYBATH y MTOJAIBIIOMY I
TECTyBaHHS SKOCTI METOJIB BU3HAYCHHS (pakTaabHOI
PO3MIpPHOCTI YacOBHX PS/IIB, a TaKOX JUIsl HPOTHO3Y-
BaHHS 3aBaHTAXKEHOCTI MEPENKEBUX MPHUCTPOIB Y
KOMII TOTEPHHUX MepeKax.
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A method of simulation of computer network traffic with fractal properties
H. Drieieva

Abstract. The goal of this work is to create a method of simulating computer network traffic with fractal properties for
testing network algorithms and protocols. The object of research is the process of simulation modeling of network traffic. The
subject of research is the methods and algorithms for modeling time series with fractal properties. Nowadays, mathematical mod-
els of self-similar time series are used for the mathematical description of telecommunication processes. In most cases, for self-
similar traffic, predicting parameters based on the quality of QoS service, analytical expressions cannot be constructed, or such
transformations can be constructed for too specific situations, so mostly analytical calculations are impractical. For this reason, to
determine the main indicators of the quality of service, such as jitter, delay, average number of failures, and others, simulation
modeling using self-similar traffic generators is used. This leads to the need for computationally simple generators of self-similar
traffic with controlled fractal properties, which would give numerical sequences with properties as close as possible to the prop-
erties of the real traffic of the telecommunication network under investigation. In this paper, a method of simulation modeling of
computer network traffic with fractal properties is proposed. The theory of fractal analysis and the theory of Markov processes
were used to generate traffic. This method can be part of a software simulation model of a computer network, which in turn can
be used for testing network algorithms and protocols. Also a developed simulation model of network traffic is planned to be used
in the future for testing the quality of methods for determining the fractal dimension of time series, as well as for forecasting the
load of network devices in computer networks.

Keywords: computer networks, network traffic, fractal dimension, Markov processes, simulation modeling, computer
simulation model.
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OIIIHIOBAHHSI IKOCTI CUCTEM JOIIOBHEHOI PEAJIbHOCTT:
AHAJII3 CTAHY JOCJIILIKEHb

AHoTanisi. 3aBISIKH CTPIMKOMY PO3IOBCIO/KEHHIO TEXHOJIOTI] JIOIIOBHEHOI PEaTbHOCTI B Pi3HHUX cepax JIIOACHKOI Jisi-
JILHOCTI TIOCTAJIO MIUTAHHS OLIHKH SIKOCTI IIMX CHCTEM. XO0Y JIOCHI/PKEHHS B [IbOMY HAIIPSIMKY BK€ TIPOBOJIWIINCH, il BOHU
OXOILTIOBAIIN OKPEMi MOKA3HUKH SIKOCTI 1 HE MPOTIOHYBAIU €TMHY KOMILICKCHY MOJIENb. J{JIs OIIHKH SKOCTI CUCTEM JIOTIOB-
HEHOI peaibHOCTI BUKOPHCTOBYBaBcs cranaapt 1SO-25010. Ane naHuii cTaHIapT HE BpaXxOBYE OCOOIUBI BiIMIHHOCTI CHCTEM
1 IOIATKiB JOMIOBHEHOI PEaIbHOCTI, MO POOUTH MOCHIHKEHHS JIUIS TAHOTO HANPSMKY HaJ[3BUYAHHO aKTyalbHUMH. MeToro
JIAHOT CTAaTTi € OMIAJ 1 CHCTEMAaTH3allis ICHYIOUMX IMyOJiKaliid Ha TeMy JOCHI/PKEHHS SIKOCT TIOTIOBHEHOI peaibHOCTI IS
BH3HAYCHHS [TOTOYHUX PE3YNIBTATIB Ta aKTyaIbHUX HANPSMKIB JOCIIIKEHB JUIS TOATBIIOr0 BUKOPHCTAHHS TP pO3po0Ii
MoJiesiel Ta METPUYHHUX METO/IiB OIIiHKH SIKOCTi CHCTEM JOTIOBHEHOI pealbHOCTI. B Xoxi nmpoBeaeHHs orusiy O6yo BCTaHOB-
JIEHO, 10 HAMOUIbIIA KUTBKICTB JIOCIIDKEHb IPHCBSIUeHA SKOCTI BUKOPHUCTAHHS JOTIOBHEHOI PEabHOCTI Ta KOPHUCTYBAIlb-
KOMy JIOCBi/Ty BUKOPHCTAHHS TaKMX CHCTeM. B GUIBIIOCTI BUIIAJIKIB MTPOMIOHYETHCS ITPOBOIUTH OLIHKY 3a JOTIOMOTOI0 Me-
TOIy eBpUCTHYHOr0. Takox € cripodu po3poOKM METPUK Ha OCHOBI iCHYIOUMX CTaHJIAPTIB SIKOCTI JUISI POTPaMHHX CHCTEM
abo MOJIepHI3yBaTH iCHYIOUi Mojeni OIiHKU. [Ipomo3umii Mmoo po3poOKH OKPEMUX METPHIHMX METOAIB OIIHKH CHCTEM
JIOTIOBHEHOI peasTbHOCTI BiICYTHI 200 3HaXOITHCS B 3aKpUTOMY JOCTYTI. Ha OCHOBI OTpHMaHUX pe3yiIbTaTiB OISy MOXKHA
3pOOHTH BHCHOBOK, IO TIPH po3po0Ii Mojenel i MeTpHK OI[HKH SKOCTI CHCTEM JOIOBHEHOI peabHOCTI MOTpiOHO Oyre
BPaxOBYBAaTH TaKi XapaKTEPHCTHKU SIK SIKICTh BUKOPHCTAHHS, SKICTh JOCBidy KOPHCTyBaya Ta Bi3yaJlbHy NPWBaOIHBICT.
Jlanuii Iepetik miaHyeThCsl JOTOBHUTH MicCyIsl IIPOBEACHHS OLTBII ITTMOOKOTO OIS ICHYFOUHX JOCHIKEHb.

Kaw4yoBi ciioBa: IONOBHEHA pealbHICTh, MOJIEINI SIKOCTI, METPHKH, IOCBIJI KOPHUCTYBaya, sIKICTh BUKOPHUCTAHHS.

Beryn

MoTtuBaunis. /lornoBHeHa peanbHICTh (aHrI. Aug-
mented Reality, AR) — 11e TexHoJIOTis, 110 A03BOJISE iH-
TErpyBaTu BIpTyasibHI 00’€KTH y OTOUYYIOUY HAC peaib-
HICTb. [HO/I SIK CHHOHIMHM BUKOPHCTOBYIOTHCSI HAa3BH PO-
3LIMPEHA peajbHICTh, MOJIIMIIeHa PealibHICTh, 30aradeHa
peasbHICTh. Briepiiie niei TepMiH OyB 3alIpOIIOHOBAHUN Y
1992 poui imkeHepom Tomom Kopnemmom. JlocmimHuk
Ponanbn Asyma B 1997 poli Bu3HauaB JIOTIOBHEHY pea-
JIBHICTB SIK cHCTeMY, 1o [1]:

— TO€JHYE BIpTyalibHE 1 peaibHe;

— B3a€EMOJII€ B peaIbHOMY 4aci;

— mparoe B 3D.

Panie 3a Hporo y 1994 Ilon Minrpam ta ®ymio
KimmHo onucyBany JTOMOBHEHY PEANIbHICTh SK YaCTUHY
smimanoi peansrocTi(MR) [2]. Touninre, BoHM mO3HaYA-
I0Th JIOTIOBHEHY PEaNIbHICTh SIK YaCTHHY peajbHO-BIpTY-
QJIBHOTO KOHTHHYYMY, SIKHH 3'€HY€ TIOBHICTIO peasibHe
cepeoBuiiie 3 BipTyansHum (prc. 1).

3MiwaHa peanbHicTh
(Mixed Reality)

——

Peanbue flonosHena Aonosrena  BipTyansa
OTOHEHHA peaneHicTh BipTyanpHicte PEANbHICTL
(Real Environment) (Augmented Reality) (Augmented Virtuality)(Virtual Reality)

Puc. 1. PeanbHo-BipTyaibHUI KOHTUHYYM

X 04 TeXHOJIOTIS JOTIOBHEHOI pealbHOCTI OTpUMaa
MIMPOKE MOIIMPEHHS Ta MoYaia aKTHBHO PO3BUBATUCH Y
pi3HEX cdepax BiTHOCHO HETaBHO, CaMa TEXHOJIOTIS HE €
HOBoM. [lepuie mpakTHYHE BUKOPUCTAHHS IOIOBHEHA
peasnbHICTh 3HaiNDIA e B 80-X pokax MUHYJIOTO CTO-
niTTs. Pa3oM 3 moyaTkom BukoprucTaHHs AR-TeXHOOTIH
MOCTAJIO MATaHHS PO METOAM TS OL[IHKH SIKOCTI TAaKHX

cucTeM. B HaIr gac, Kot JTONMOBHEHA PeabHICTh OTPH-
MaJjla 3HaYHUH PO3BUTOK Y 3B’A3Ky 3 MO PEHHAM MOOi-
JBHUX TPUCTPOTB, 11 MUTAHHS CTAJIO I1Ie OLITBII aKTyalb-
HHUM.

['0/10BHOO BIIMIHHICTIO CUCTEM JOIIOBHEHOI pea-
JBHOCTI BIJI «TPAAULIIHUX» MTPOTPaMHUX MPOIYKTIB SIB-
nsietbes inTepdeiic. Ha BiaMiHY Bil TaKUX 3BUYHHX eJie-
MEHTIB KepYBaHHS, SIK KHOIIKM Ta MOB3YHKH TOlIO, AR-
CUCTEMH BUKOPHCTOBYIOTH iHIIII CIOCOOU 3a0e3reueHHs
MOXJIMBOCTI B3a€MOJIii KOPHCTyBaua 3 BipTyaJbHUMH
enemeHTaMu. CaMe Ha 110 0COOJIMBICTh POOUTHCS AKLIEHT
MPU JOCITKEHHI MPOOJIEMATHKU OLIIHKU SIKOCTI JIOIOB-
HEHOI PeaybHOCTI Ta IHIINX CKJIaJOBUX 3MIIIAHOI pealib-
HOCTI.

Amnauni3z myoaikaniii. [TepeBaxna OutbLIICTD YOI~
Kal[iil IPUCBsIYCHA JIOCIIPKEHHIO SIKOCTI BUKOPUCTAHHS
CHUCTEM JIOTIOBHEHOT PeasbHOCTI SIK CAMOCTIHHOTO SIBHIIA
abo wacTWHM 3MimiaHoi peanmbHOCT [3-21]. Posrmsna-
I0ThCSL PI3HI METOJIUKH OLIHKH — BiJI ONIUTYBaHb MOTEH-
[IITHUX KOPHCTYBa4iB JI0 €BPUCTHYHOTO aHaji3y. Takox
MOYAJIOCHh JOCIHIHKEHHS JTOCBIAY KOPHCTyBada Ta MOTO
BIUTHBY Ha skicth AR-cuctemu [22-24]. B octanHi Ki-
JIbKa POKIB TAKOXK CTalla aKTyalbHOIO PO3poOKa MOIeIeH
SIKOCTi, B TOMY YHCIIi Ha OCHOBI BJK€ i1CHYIOUMX CTaHIap-
TiB [25-27]. Benmka KiNbKiCTh DOCTIIKEHB TIPU3HAYCHA
JUIA OLIHKH SIKOCTI CHCTEMH IIOTIOBHEHOI peajbHOCTI B
MeXax KOHKPETHOI ImpeaMeTHOI obnacti abo crnenndiy-
HOI 3amayi [28-34]. Takox HOCTIHKEHHS B qaHii i cymi-
JKHIH 3 HEF0 00JIACTSIX MPOBOAUTH Kadeapa KoMIT FoTep-
HUX CHCTeM, Mepex i kibepbesnekn HamionamsHOTO ae-
pokocMigHOTO YHiBepcuTery iM. M.€. JKykoBChKOTO
«XapKiBCcbKHif aBiarmiiianil iHcTHTYT» [35,36].

MeTo10 T0C TiIsKeHHS SIBISETHCS OTIIS ICHYFOUUX
myOmikarmiit ;s GopMyBaHHS YABICHHS PO TOTOYHHIMA
CTaH Ta aKTyalbHi HANPSMKA PO3pOOOK METOIUK 1 Me-
TOZIB OL[IHFOBaHHS SIKOCTI CHCTEM JIONIOBHEHOI pealib-
HOCTI.

© Kanapcekwii €. O., Opexos O. O., Cragnuk A. O., 2022
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BukJsiax ocHoBHOTO MaTepiaxy

SIxicTh BUKOPUCTAHHSA. binblla YacTWHA JOCIHi-
JDKEHb OIIIHKK SIKOCTI JOTIOBHEHOI PEealbHOCTI NMPUCBS-
YeHa sikocTi Bukopuctanss (anri. usability) AR-cuctem,
ocobimBo iHTepdeiicy kopuctyBaua. [lepmii moci-
JDKEHHSI CTOCYBAJIMChH OLIHKH SIKOCTI BUKOPHCTAaHHS Bip-
TyaJIbHUX CEPEJOBHIL B IIJIOMY 1 MPEACTABIUI COO0I0
MPOCTE OMUTYBAaHHS KOPHCTYBaYiB BipTyanbHOI abo 1o-
MOBHEHOI peanbHOCTi. [Ipy bOMY Bif3HAYATHCS TIOIIH-
peHi mpoOJieMu, MOB’si3aHi 31 3pyUYHICTIO BUKOPHCTaHHS
Ta ySIBICHHSM KOPHCTYBaYiB Mpo poboTy cuctemu [3]:

— OMaHJIMBI O3HAKU i,

— OYiKYBaHHS JIii, sSIKa HEMOJKJINBA,

— TpUXOBaHUH (YHKIIOHAT,

— BiACYTHIH a00 HEOIHO3HAUHHIA
3B’SI30K.

VY nocmimkeHHi i mpobiaeMu OB’ S3YIOTh 3 po3Ta-
LIyBaHHSM €JIEMEHTIB iHTepdeiicy Ta CIPHUUHATTAM KO-
pHUCTyBaYaMH €JIEMEHTIB 3MillIaHOT peajbHOCTI JUIs Opie-
HTYBaHHSM y BipTyajbpHOMY mpocTopi. Xou gaHa pobota
HE TPOIOHYE BIACHUX METOJIB OIIHKU SKOCTI CHCTEM
JIOTTIOBHEHOI peaibHOCTI, BOHA IMO3HAYMIIA iX OCHOBHI
npoOieMH Ta cTana OCHOBOIO JUIS MOJABIIMX JOCIi-
JokeHb. OJIHUM 3 TaKWX pe3yNbTaTiB CTaB MpeJCTaBlie-
HUA y poboTi [4] TMOKpOKOBWiI METOM OIlHIOBAHHS
(WEM). Jlanuit MeTo ABISIETHCS BIOCKOHATICHOIO TTOK-
POKOBOIO IIEPEBIPKOIO HA BiAMOBIAHICTH 0 TOCTABJICHUX
BUMOT 1 BKJIIOUa€ HACTYIIHI OCHOBHI KPOKH:

— MIATOTOBKA CLIEHAPIiB Ta KOHTPOJIBHUX CIUCKIB
JUISl KOPUCTYBAYiB;

— TIPOXODKEHHS KOKHOTO CLIEHAapil0 3 BHKOPHC-
TaHHS BiAMOBIIHAX MOJEIIEH;

— KpUTHKa AU3AIHY CUCTEMH;

— peecTpallisi BUSBICHHX ITPOOJIEM;

— o0’eaHaHHs NMPOOJEM, BUSBICHHX B KOXHOMY
cleHapii, B 3arajlbHUX CITHCOK;

— PO3CTaHOBKa MPIOPUTETIB BUPIIIEHHS Mpo0iieM
Ha OCHOBI Cy0’€KTHBHOI OI[IHKH.

Taxkwuii MeTo JOBOJII MPOCTHI y peajizalii Ta Jo0-
3BOJISIE 3AITy9aTh 10 ominku Usability mepconan 6e3 Bin-
noBiqHOT KBautiikatii. JIist i IBUILEHHS TOYHOCTI OTPH-
MYBaHHUX PE3yJIbTATIB MPOIMOHYETHCS MOBTOPHUIT aHAI3
3 OUIBILIOO KUTBKICTIO OL[IHIOBaYiB. 3a pe3yJibTaTaMu Iie-
peBipku, WEM Mmoxe mpaBmiibHO Bu3HauuTH 10 80,4%
CITOCTEPEXKYBAaHHUX MpoOieM. YiymeHi mpobiaeMu mepe-
Ba)KHO TIOB’s13aHI 3 TPYAHOIIAMH HaBiramii i He SBI-
I0TBCSl KDUTHYHUMU.

3arajgoM TakuX METOMIB IUIA OIIHKHA SKOCTI BHKO-
PHUCTaHHS BipTyaJIbHOTO CepeIOBHIIA OYIIO CTBOPEHO JI0-
cuth Garato. Ix kmacuikanis cTanza mpeaMeEToM OKpe-
Moro pociimkennst (puc. 2) [5].

[Ipote, He 3Ba)ar0YN HA BEIMKHHN TEPENiK JOCTYTI-
HUX METOJIB Ta iX €()eKTUBHICTH MPH IPOBEICHHI aHa-
T3y, 3aJIIIaIach aKTyalbHOIO oTpeda B OiIBII eKOHO-
MigHO-e(EKTHUBHUX METOAAX IHXKEHEePil AKOCTI BUKOPHC-
tanus [6] i amarrrartis ix 10 MaiOyTHIX BUMOT ranysi [7].

BinokpemiroBaTd 3MilIaHy peabHICTh Bi BipTyallb-
HOTO CEpe/IOBUINA SIK CAMOCTIHHE SBHIIE IS aHATI3Y SKO-
CTi BUKOPHCTAHHS CTaJIH JIMINE Ha 1MOYaTKy XXI CTOMITTS
[8]. OmruMm 3 IepiMX aganTOBaHMX JI0 OIHKH JOTIOBHEHOI
PeaTbHOCTI METOIIB CTAB METOJ] aHANI3y IOMeHY [9].

3BOPOTHIM

3anyyYeHHA KOPUCTYBayiB

MNotpebye

He notpebye

e DopmanbHe nigcymxose
OL|iHIOBaHHA
*Post-hoc onuTyBaHHA

*3aranbHi moge i
NpoAYKTMBHOCTI A4nA
BipTya/IbHUX Ce peJoBMLL,

H

YMAHDHA |

3aranbHi

e He popmanshe nigcymrose *EBPUCTUYHMI aHani3
OLiHIOBaHHA

*Post-hoc onuTysatHa

4

LHD 1

e ®opmasibHe OUiHIBaHHA

e DopmanbHe niacymxose
OLiHIOBaHHA

*Post-hoc onuTyBaHHa

e DopmasibHe OLiHIOBaHHA
(dopmasnbHe i HedopmanbHe)

*Post-hoc OnuTysaHHa

e|HTepB'i0

e Mogaeni NpoayKTUBHOCTI ANA
KOHKPEeTHMX nporpam
BipTya/IbHUX Ce pe 0BULL,

WIAHD [HAL 1Y
aielqviead um)

KoHTeKeT oujHIoBaHHA

*EBPUCTUYHMI aHani3
*KOrHITUBHUI MOKPOKOBUIA
meTon

3aCTOCYHKIB
1

1A KOHKPEeTHWX

YAHO DY

Puc. 2. Kitacudikartist METOJIIB TOCIHKEHHS SIKOCT1
BUKOPUCTAHHS BipTyaIbHUX CEPEIOBHIL

3anpornoHoBaHUil TPOIeC aHalli3y CKIalaeThes 3
YOTHPBOX OCHOBHHX JIIi:

— po3poOKa BapiaHTIB BUKOPUCTAHHS — BapiaHTH
BUKOPHCTAaHHS ONMHMCYIOTh BUIIAJIKKM BUKOPUCTAHHS, JJIS
KX NIPU3HAUeHa CUCTEMA;

— mpodisi KOpUCTYBadiB — J03BOJISIE IHXKEHEpaM
30CepeIUTH 3yCHUIS HA MPOEKTYBAaHHI JUIsl MEBHOT I1i-
JIbOBO1 TPYIIH;

— aHai3 noTped KOpHCTyBadiB — YTOYHIOE TOTPEOH
KOPUCTYBaYiB Ta JIa€ aHai3 HEOOXIJHIX MOXKITHBOCTEH;

— aHaJi3 3aBJiaHb KOPHUCTyBaya — BUKOPHCTOBYE
Ha0ip METO/IB JyIsl IEKOMITO3HIIiT 3aB/IaHh KOPHCTYBAUiB
Ta po3yMiHHS HAaOOpY MpoLEyp, SKi KOPHUCTYBay BHUKO-
puctae [yis qocsirHeHHs mety. Leit ananiz kopucHuit ast
BCTAHOBJICHHSI IOKa3HHUKIB €(PEKTUBHOCTI, MPU3HAYCHHS
LIJIBOBHUX 3HAYEHb JUI METPHK, BU3HAUCHHS MOTEHLIH-
HUX TIOMHJIOK Ta MEPEeBIPKH BiAMOBIAHOCTI iHTEpdency
JI0 oTpeO KOpHCTyBaya.

Jlane NOCHIIDKEHHS CTalo MEepIMM BHIIAIKOM BHU-
KOPHCTAaHHS OPIEHTOBAaHOTO Ha KOPHUCTYBaua HpOLECY
npoektyBaHHs 10 AR-cuctem. Takox iCHYFOTh METOJTH 3
BHUKOPHUCTAHHSM IiATPUMKH Komir rotepa [10]:

— |-DOVE (Interactive tool for Development Of
Virtual Environment) — 3acHoBanmit Ha KiJIbKOX Habopax
pexkoMermartii st po3pooku Virtual Environment;

— MAUVE - 6ararokputepiansaa usability mat-
pHLs JUIS OTPUMAaHHS PEKOMEHJALIN 00 HaBiraiii,
B3a€MOIi 3 00’ €KTaMH, AU3aifHy TOLIO;

— TinmeprexcTOBMII MPOTOTUN — IHCTPYMEHT IS
MIATPUMKH TIPH IPOSKTYBaHHI iHTEepdeiiciB BIpTyanpHUX
cepenoBuml. MicTuTh 45 3aranbHUX BIACTHBOCTEH ITH-
3aliHy, sIKi HEOOXI1/IHI /U1l HOpMAaJIbHOTO 1HTep(eiicy.

OxpiM KOMII FOTEpPU30BaHUX 3aCO0IB TaKOX iCHY-
IOTh 1HIIII METOX OLIHKW, OCHOBaHI Ha 3aJTy4eHHI KOpH-
CTyBadiB JI0 TIporiecy po3pobku [11]:

— TlonboBe criocTepekeHHS — CKIANAETHCS 31 CO-
CTepeKEHHS 332 KOpHCTyBaueM Ta 300poM iH(opmarrii
PO HOTO MOBEAIHKY Ta Pe3yNbTaTH AISIBHOCTI TIPU BU-
KOHAaHHI TIOCTAaBIICHUX 3aBAaHb. J{OCIIIKEHHS IPOBO-
IUTHCS B pOOOYOMY CepeIOBHIII KOpHUCTyBada. Jlocmia-
HUK Ma€ CIIOCTEPITraTH 3a pOOOYNM MPOIECOM Ta pOOUTH
3aIMCH, HA OCHOBI SIKMX CTABHThCS OIIIHKA;

— IHTepB’t0 — MeTO] BUABIICHHA MOTPeO Ta iHIH-
BiJlyaJIbHUX IpO0JIeM MOTEeHIITHNX KOPUCTYBadiB 3a J0-
MTOMOT 00 1HTEPB ' 10;
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— AHKeTYBaHHS — 3aCTOCOBYEThCS KOMaH/IOK U~
3aifHepiB A 3’ACYBaHHs, SK PO3POONIOBaHA CHCTEMa
Oy Iie BAKOPUCTOBYBATHCH IIEBHOIO IPYIIO0 KOPHCTYBAYiB;

— AHaJ3 KOHTEKCTY BUKOPHCTAHHS — OIHUCYE Bi-
JMOBIIHI XapaKTepucTHKH KoprucTtyBaya (ISO 9421-11).
Bkiroyae omucu KOPUCTYBaya, BHKOHYBaHi 3aBIaHHS,
BHKOPHCTOBYBaHe OOJIaZIHAHHS Ta POOOUE CepelOBHIIE.
s iHpopMaris Mae BaKIMBE 3HAYCHHS I PO3POOKH
IHIIMX METO/IIB OIIHKU SKOCTI BUKOPUCTAHHS,

— 300pH BHUMOT — BHKOHYETHCS IICISI aHANI3Y
KOHTEKCTY BUKOPUCTAHHS IS aHAi3y Pe3yJIbTaTiB;

— ExcrieprtHa omiHKa 3a KpUTepisIMH — OIlIHIO-
BaHHs €KCIIEPTa Ha OCHOBI 3a3/aJieriJib BCTAHOBJICHHUX
KPHTEPIiB;

— OriHKa 3py4HOCTI BUKOPUCTAHHS — Yy TECTy-
BaHHI Oepe ydacTb Ipyna KOPHCTYBadiB, sSKa Ma€ BUKO-
HYBaTH HEBENMKi 3aBJaHHS Ha OCHOBI MiJATOTOBICHHX
KOPOTKHX clieHapiiB. [licsi BUKOHAHHS 3aBJaHb POBO-
JUTHCS THTEPB’ 10 1 3aIIOBHIOETHCS aHKETA,;

— JliarpaMa cropiHEHOCTI — MPOCTHH 1 €KOHO-
MIHO e(eKTHBHUI METOJ COPTYyBaHHS BEJIMKHX OOCATIB
JaHuX. BUKOPUCTOBYEThCS ISl TPYIYBaHHS Pi3HUX BH-
MOT KOPUCTYBaUiB.

JlaHi METOAMKH ICHYIOTh BiKE JIABHO 1 He 3a0e3reuy-
I0Th BHCOKY TOYHICTH PE3YJIbTATIB, aje BCE IIe 3asuiiia-
FOTBCSI AKTYATBHIMH Yepe3 CBOKO IMPOCTOTY BUKOPHUCTAHHSL.

IToBHOLIIHHE AOCHIIKEHHS SIKOCTI CUCTEM JOIIOB-
HEHOI peanbHOCTI novanock 3 2007 poky, Koiu MOOibHI
NPUCTPOI CTalM JOCUTH momupenumu. Came MOOLIBHI
IPUCTPOi CTaIM IUATGOPMOIO VIS PO3MOBCIOKCHHS
AR-cucTem 3a Mexamu CrenialibHo 001aqHaHuX pobo-
qux Micib. Y po6oti [12] mpomoHyeThCSI METOMOIOTIS
OLIIHIOBaHHS SIKOCTI BUKOPUCTAHHS 11l TpoToTuny AR-
6inokymnsapa PRISMA. TIpeameTom oOLliHKM Ha3BaHO I1O-
BEAIHKY KOpHCTyBaya 3 HOBUMH TYpPUCTHYHHUMH TEXHO-
sorisiMu. OIIHIOBaHHS TPOBOJAUTHCS 32 KiUJIbKICHUMH 1
SAKICHUMU NOKasHUKaMH. OCHOBHUMH LIIAMH KUIbKiC-
HOTO aHaJi3y SBISETHCS OLIIHIOBAHHS MOBEAIHKH Ta ITiJI-
TBEPKEHHS 0aHO01 BapTOCTi y4aCHUKAMHU TECTYBaHHS.
AmHai3 npoBoMBCS Ha OCHOBI aHkeTH i3 30 3amuTaHb,
3alIOBHEHHUX OJpa3y MicJisd BHKOPHUCTAHHS HPOTOTHILY.
SkicHuit aHai3 30upae laHi 32 TOMOMOTO0 METOIIB 0e3-
MOCEPEIHBOI0  CIIOCTEPEXKEHHS, IHTEPB’I0 Ta JIOCIIi-
JUKEHHS IICHMOBHX JIOKYMEHTiB. loro MeTolo € Bu3Ha-
4yeHHs MoTped 1 OakaHb KOPUCTYBAUIB MOAIOHUX TypHUC-
trnyanX AR-cuctem. Taxuii miaxix 70 OLIHIOBaHI SKOCTI
BUKOPHCTaHHS MOJKE BKa3aTH HA OCHOBHI HEJIOJIKHU CHC-
TEMH Ta JaTW MiAKa3Kd U MOJAJBLIOr0 BIIOCKOHA-
neHHs. B onmTyBaHHSX yacTo OepyTh y9acTh 3aliKaB-
JIeH] pEeJCTaBHUKH BiIOBIIHOI CepH, 0 BILIMBAE HA
pesyneratd. [IpoTe OIiHIOBaHHS MPOXOIUTH Ha OCHOBI
BITYKIB (POKYC-TPYIH 3 HEBEJIMKOIO KLIBKICTIO Y4aCHU-
KiB, a 3aJTyJaTH OiJIbIIIE JTFO/ICH HEe TO3BOJISE OTIK KOPHU-
CTyBadiB Ha TECTOBiH nokarii. Taki pe3ynpTaTé HE MO-
’KHA Ha3BaTH 00 €KTUBHUMHM a00 TOYHHMHM, aj€ TaKHi
METOJ] TECTYBaHHS 3aJMINAETHCS aKTYalbHUM 3aBISKH
MIPOCTOTI Ta MIBUIKOCTI OTPUMAHHS PE3YIIbTaTIB.

Binbm KOMIUIEKCHE JOCIIHKEHHS BKJIAIEHO B PO-
6oti [13]. ['0JIOBHOIO METOI0 MOCTIUKEHHS SBISETHCS
po3pobka MeTomy iHKeHepil SKOCTI BUKOPUCTAHHS, Opi-
€HTOBAHOTO Ha KOPHUCTYBAaiB Ta BKIFOYECHHS HOTO y JKHT-
TEBHH LUK pO3poOKH. TakuM YHMHOM HPOIOHYETHCS

MOJIIIINTH T3aliH iHTep(elicy NoaaTKiB JONOBHEHOI
pearnpHOCTI. SIK i B po6oTi [12], TYT BUKOPHUCTOBYIOTBCS
JOCITIDKCHHS TIOBEJIHKM KOPUCTYBadiB, MPOTE Pe3yJib-
TaTH JOJATKOBO MiJKPIIUIEH] po3paxyHKaMu KOpeJIsii,
BILTHBY CTHJIiB TEKCTY Ta AJITOPUTMiB MaJIFOBaHHS Ha MO~
MUIKY. Takox /10 yBaru OyJio B3sTO MPOOJIEMH 3 OCBIT-
JICHHSIM, HATAIITYBaHHsI Ta HIII (PaKTOPH, 110 BILTHBAJIH
Ha KOpucTyBaua. B pe3ynbrari OyB BUKOpUCTaHHH TOM
CaMUif METOJl OMUTYBaHHS KOPHUCTYBadiB, ayie 3aBJISKH
JIOZIATKOBUM PO3paxyHKaM pe3yJIbTaTH MOXKHA BBa)KaTH
OuTeI BayiTHUMU. [IpoGIIeMOr0 TOCIi IPKSHHS SIBIISIETHCS
Te, 10 BOHO HANpaBJIEHO Ha JOCII/KEHHS aKTHBHHUX
CTHJIIB MaJIIOBaHHS JUIA JOMOBHEHOI peanbHOCTI. Cy-
yacHi AR-crcteMn He 0OMEXYIOThCS TEKCTOBUMH Ja-
HUMH, TOMY TIOTPiOHI J0ATKOBI JOCIiPKEHHS 1 po3pa-
XYHKH, 0€3 SIKUX p0oOOTa SIBISETHCS 3aCTapiiof.

Cxoxi Te3u MoxHa mobGaunTh B myomikaii [14] Bix
2009 poky. Po3risnaroun MeToaM ONHUTYBaHHS, MEpPeBi-
PKH Ta TECTYyBaHHS JUIS OIIHKH SIKOCTi BUKOPHUCTaHHSI
AR-inTepeiiciB, aBTOp Bij3HAUYa€ HEOOXIAHICTH Bpaxo-
BYBAaTH BiMIHHICTh JIOTIOBHEHOI PEaNbHOCTI BiJ| IHIITHX
cucTeM. XapaKTepUCTHKa METO/IiB IIEPEBIPKHU Ta OMUTY-
BaHHS BIAIOBIZAIOTH THUM, 1110 ONKCAHI B JOCIIIHKEHHIX
[12] i [13] BimmoBimHO. MeTo TECTYBaHHS OMUCYETHCS
SIK OCHOBHHUH METO]] OIIHKH SIKOCTI BUKOPHCTAHHS ISt
CUCTEM JIOTIOBHEHOI peaslbHOCTi, aje 3a OMUCOM BiH
MaiiKe IJeHTHYHUH JI0 METO/Iy MEPEeBIPKU 1 HE Ma€ Npu-
KJ1a/1iB BAKOPUCTAHHS.

OpHaK IOCHTIKEHHS SIKOCTI BUKOPUCTaHHS HE 00-
MEXY€ETbCS CTaHAAPTU30BAHUMH ONUTYBaHHAMH. Iy
oprai3ailii, CTypOOBaHHX OKPAIIEHHIM B3a€MOJIIT 3 KO-
pHCTyBa4yaMH, BIJICTE)KEHHS Ta BUMIPIOBAHHS SIKOCTI BH-
KOPUCTaHHS € MOCTIHHOK MpobiaeMor. BupimeHHsIM
npobieMu ctaHgapTu3aiiii usability 3afimaerscs B TOMy
gucni IT-Bimain kommanii Intel [15]. Jlns cranmaptusarii
Oyna obpana 1’ ssTubanpHa mkana Jlaiikepra — Tak 3BaHa
IIKaia 3py4HocTi BuKopuctanus cucteMu (SUS). OnHak
npocto aaantyBata SUS st poOOTH 3 JOOBHEHOO pe-
QJIBHICTIO BHABHJIOCH HEMOXKIMBHM, TOMY OyJIO ITpUiAH-
ATO PIlIEHHS OB’ A3aTH My NOTCHI[IHUX EIeMEHTIB 31
crangaproMm 1SO 9241-11. 3aranom Oyio po3pobieno 12
NOTEHLIHHNX IIYHKTIB, 32 IKUMH IIOBUHHA IIPOBOAUTUCH
OLliHIOBaHHs. Bel myHKTH Oynu MOJIUIeHI HA TPU KaTero-
pii — epeKTHBHICTh, PE3yJIbTATUBHICTH(/IIEBICTD) 1 3210~
BOJICHICTh (Tali. 1).

ITicns nexinbKoX payHIiB TeCTyBaHb, Oyia ImpoBe-
JIeHa KOpeJIAIlisa MoKa3HUKiB. byim BHeceH1 3HaYHI 3MiHU
IUIsl TIOKpalleHHs OallaHCy Ta YCYHEHHS IUTyTaHHHH 3
eneMeHTaMu (Tabim. 2).

OTpuMaHi METPUKH SIKOCTI BUKOPUCTAHHS ISl KOPH-
CTYBAIbKOTO JJOCBiTy OyIJI0 BU3HAHO SIK HAJIHHOIO, BaJIi/I-
HOIO Ta YyTJIHBOIO AITEPHATHBOIO TPAJUIIHHOI IITKAIH
SUS. Cami aBTOpH A0CIIPKEHB Bi/[3HAYAIOTH KOMITAKTHUI
pO3Mip OTPUMAaHHUX METPHK Ta TMOTCHIIIHHY MOXKIHBICTH
BUKOPHCTOBYBATH X B IHIIMX €TAIlaX XUTTEBOTO LHUKIY.
Pazom 3 THM Bif3HAYAE€THCS BUCOKWH PIBEHB KOPEIAIIii
MK MTOKa3HUKaMH. [IpoTe KOMITaKTHICTh OIMMCAaHUX B PO-
6ori [15] MeTpuKk He mae BCeOiUHY OIIHKY OCTIPKYBaHOT
CHCTEMH, a JIUIIIC CIIHPAETHCA Ha CY0 €KTHBHY OIIHKY KO-
puctyBadiB Ta ix BimacHWA nocBin. PesympraTé mocii-
JDKEHHST MOYKHA BHKOPUCTATH JUTSI TOAAIBIINX PO3POOOK B
HanpsIMKY OLIHKA SKOCTi BAKOPHCTAHHS.
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Tabnuys 1— BukopucTtani noTeHuiiiHi eJleMeHTH

Komnonentu
usability
EdexruBHicTh

IloTeHuiiini exeMeHTH

[LTeii enement] 36epirae Meni yac

ST cxuabHKUA POOOTH TIOMUIIKH [B 1iiit crc-
Temi]

51 He poOITIO TIOMMUIIOK [3 ITi€l0 cHcTeMO0]
51 mMaro BUTpaTHTH Oarato yacy Ha BHIIpa-
BJICHHSI [3 1i€10 cCHCTEMOIO]

[LIst cuctema] no3Bosisie MEHI BUKOHYBATH
MO1 3aBJaHHS

J1Jis MOTX 3aBlIaHb MEHI MOTPiOHA cHCTEMa
3 OUIBIIONO KiJBKICTh (PYHKIIIH

MeHi He MOTPiOHI TOMOBHEHHS [UIs Ii€l
cucTeMH])

MosxuBocti [mi€i cucremu] He Bimmosi-
JIAI0Th MOIM BHMOram

51 3an0BOsIeHH [11i€r0 CHCTEMOIO]

51 xpare KOprCcTyBaBcsl 6 YMMOCH THITMM
3aMicTb [1i€i cucTeMu]

Matouu BuOIp, 51 00paB 6w [0 cuctemy]
3aMiCTh IHIIUX

Buxkopuctansst [wi€ei cucteMu] 0ymno pos-
YapyBaHHIM

HieBicTh

3amoBorie-
HICTE

Tabnuys 2 - Komnonenrtu usability

Kommnonenr VI
- IoTenuiiini e;tleMenTH
usability
MieBicTh MoskauBocti  [mi€i  cuctemu] BimnoBimae
MOIM BUMOTram
3anoBoe- BukopucTanHs [1i€i cucteMu] BUKJIHKA Po-
HICTh 34apyBaHHs
SaraneHicte | [IIs cucrema] jierka y BUKOPHCTaHHI
Edexrus- 51 BuTpayaro Garatro 4yacy Ha BHIIPaBICHHS
HICTb MTOMUJIOK [B 11iii cucTeMi]

J1J151 OL{IHKH CUCTEM JIOTTOBHEHOT PEeaJIbHOCTI MOYKHA
BuKoprcToByBaTH SUS 0e3 gonaTkoBrX Moudikamii. Y
nociimkenHi [16] oriHIOETBCS po3pobiieHa IHTepPaKTH-
BHa AR-cucTeMa Uil HaBYaHHS CTOCOBHO 30epekeHHS
pu6 Ha TaiiBaHi. YV yacTHHI OLIHKKA CHCTEMH B OCHOB-
HOMY OLIIHIOBAJIACH SIKOCTI BUKOPHCTAHHS CUCTEMH 3 TO-
YKH 30pY KIHIEBOro KopuctyBaua. Came ONUTYBaHHSI
ckiagaeTees 3 10 muradp, sIKi OLIHIOIOTHECS 3a 5-0alib-
HOIO IIKAJIOK:

— 5] BBaXKaro, 10 X049y BUKOPHCTOBYBATH IIFO CHC-
TEeMy 4acTile;

— S BBaKaro, 110 CUCTEMA HAITO CKJIAIHA;

— 51 BBaxarw, W0 CHUCTEMa MPOCTA I BUKOPHC-
TaHHI,

— S BBaxkaro, 110 MeH1 3HaA0ONTHCS TEXHIYHA IT1/I-
TPUMKA JUIS BAKOPUCTAHHS I[i€] CUCTEMHU;

— 51 BBaxaro, U0 OKpeMi (yHKIIi€ Ii€l cucTemMu
no0pe iHTeTpoBaHi;

— 4 BBaxaro, mo B Hil cucTeMi 6araTo cymeped-
HOCTEH,

— S BBaxaro, 110 OUIBIIICTh JIOJCH IIBUIKO Ha-
BUYHMTHCS KOPHUCTYBATHCH II€I0 CHCTEMOIO;

— 51 BBaxar, IO cHUCTEMA YK€ IPOMI3Ka st
BUKOPHCTAHHS;

— 4 BBaxaro, o BiguyBar cebe ayxkKe BICBHEHO
IIpU KOPUCTYBaHHI CHCTEMOIO;

— 5] BBaXkalo, 110 MeHi NOTPiOHO GaraTto YoMy Ha-
BYHTHCS IJIs1 pOOOTH 3 Li€I0 CHCTEMOIO.

AHKeTa 3aITOBHIOETHCS YIACHHUKAMH OIUTYBaHHS ITi-
CIIs1 3aBEpIIEHHS POOOTH 3 JOCHIPKYBaHOIO CHCTEMOIO, ITi-
CJIS YOTO PO3PaXOBYETHCS CepelHill 0an Ta Memiana. s
PO3TISHYTOI pOOOTH 11l 3HAUCHHS CTAaHOBIIATH 78 1 66 Oa-
JIB BITOBIHO, 10 BKa3y€ Ha MPUIATHICTH CHCTEMH 0
BUKOPHCTAHHS. YYaCHUKH OMUTYBAHHS TAKOXK BiIMiTHIIH
3PYYHICTh BUKOPUCTAHHS CHCTEMH. 3arajioM MO)KHa CKa-
3aty, mo SUS BITHOCUTECSA N0 BXKE PO3TJIHYTOI METO-
JIMKH OMUTYBaHHS 32 JOMOMOTO0 aHKeTyBaHHs. ['0JOB-
HOIO BiaMiHHICTIO SUS SIBISI€THCS YITKO BU3HAYEHHH, CTa-
JMit TIepesTiK MUTaHb. 3 TOYKK 30py MPOBECHHS OIIHKH,
BiH SIBIISIETHCS €(PEKTHBHUM, EKOHOMIYHHM 32 4acoM Ta
MPOCTHM Y BUKOPUCTAHHI. [ 0JIOBHIM HOTO MiHYCOM SIBJISI-
€TBCS Cy0’ EKTUBHICTh OTPUMAHUX PE3YJITATIB.

OkpiM ONMTYBaHb Ta EPEBIPKHU 3a IOTIOMOT0I0 Me-
TPHK, MOMYJISIPHOI0 METOJIMKOIO OI[IHKH SKOCTI BUKOPH-
CTaHHS SBIIAEThCSA CBPUCTHUHMIA MeTox. Moro cyTh mo-
Jsira€ B TOMY, L0 TpyIa eKCIepTiB MepeBipsie A1u3aiH iH-
Tepdericy 3a T0MoMOro Habopy XapakTepucTik. EBpu-
CTHYHE OIIHIOBAHHSI TPOCTE Y BUKOHAHHI, IeIIeBe Ta J10-
BOJIi eekTBHE. 3a HWOro JOMOMOTOK HE MOXKHA BH-
SIBUTH BCi MPOOJIEMH, ajie nepeBakHa OLIbIICTh OCHOB-
HUX 1 OUIBIICTh NPYTOPSIHUX HENOJIKIB CTaHYTbh SIB-
HuMu. [Iporiecy nmepeBipkH SKOCTI BAKOPUCTAHHS 33 J0-
MIOMOTO0 €BPUCTUYHOT OIIIHKK JT0Ope 33/I0KyMEHTOBaHI
i MatoTh Oararo myOmikalliid, 110 OMHCYIOTh BHKOPHUC-
TaHHS IMX MeToAiB. Pa3oM i3 poctom nmomyJsipHocti AR-
CHCTEM IOCTAJIO MUTAHHS OLIHKU SKOCTI BUKOPHUCTAHHS,
B TOMY YHCJi 32 JIOTIOMOTOK) €BPUCTHUYHOTO METOY.
OCKUIbKY TPaULiiTHI eBPUCTUKH HE MIAXOISATH JUIS OLli-
HKH JIOMOBHEHOI peanbHOCTi, B poboti [17] mpormory-
€TBCSI METOJIOJIOTIS CTBOPEHHSI HOBUX €BPHUCTHK SIKOCTI
BUKOPUCTAaHHS ISl KOKHOTO KOHKPETHOTO BUIIAKY:

— JHocniaaunbkuii etan — 30ip 6i0miorpadiuHoro
MaTepiaity, KOHKPETHI POrpaMu Ta iX XapaKTepUCTHUKH,
3arajibHi Ta/abo0 MoB’si3aHi EBPUCTHKH;

— OmucoBuii etan — BU3HAYSHHS HAHBaXKIUBIIIHX
XapaKTepPUCTHK paHille 310paHuX JaHuX Ta opmaiza-
(i1 OCHOBHHX ITOHATE,

— Kopensuuiiinuii eTan — BU3HaYECHHS XapaKTepuc-
THK, SIKi TOBHHHI MaTH eBprucTHKH USability Ha ocHOBI Tpa-
JILIITHUX €BPUCTHK Ta aHAII3Y ICHYIOUHX MPUKIIAIB;

— TosicHtoBanbHUIT eTanm — ¢opMalibHE BH3HA-
YeHHsI Habopy 3alpOIIOHOBAHUX EBPUCTHK 3a JOIIOMO-
TOI0 CTaH[IAPTHOTO IMIA0JIOHY;

— Eram Bamigarii — mepeBipka HOBUX €BPUCTHK 3a
JIOTIOMOTOI0 €KCIIEPUMEHTIB, BUKOHAHIX Ha 00OpaHuX Te-
MaTHYHHAX JOCTI/PKEHHSX, TOIOBHEHHX KOPHCTYBAllb-
KUMH TECTaMHU;

— Eran yTouHeHHsS — yTOYHEHHS pe3yJIbTaTiB Ha
OCHOBI BIATYKiB, OTPAMAaHNX Ha €Tl MepeBipKHu.

[IpencraBieHnii anrOpuUTM YHIBEPCAIBHHUNA 1 TiA-
XOIUTH sl Oynb-skoi cuctemu. s mepeBipku ioro
MPUIATHOCTI B PO3MIISHYTIH poOOTi Ta MOCTIIKyBaHIX
greed-cucrem Gyno po3pobiieHO 12 HOBHX EBPHUCTHK,
3TPYIIOBaHUX y TPH KaTETOpii: MU3aliH Ta eCTeTHKa, Ha-
Birarfisi, MTOMIJIKA Ta AOBinKa. Pe3ynpraTtu pobotn Oyim
migrpumani School of Informatics Engineering of the
Pontifical Catholic University of Valparaiso, uienamu
“UseCV” Research Group ta IDIS Research Group
of University of Cauca. 3araimom oTprMaHa TaKuM YH-
HOM €BPHCTHKH MAalOTh 3arajibHi Ul JaHOTO METOLY
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OIIIHKH SIKOCTI BUKOPUCTAaHHS HEJOJIKH — MOXKHA IIpO-
IyCTUTH JIesIKi MajionoMiTHi mpoonemu. IIpore Hemo-
JIKU KOMIIEHCYIOTBCS JICIIEBU3HOIO, MIBUJIKICTh Ta TPO-
CTOTOIO METOJY.

Kpim BumeBKazaHux, icHye Iie ojHa IpHYHHA 10~
ITyJISIPHOCTI BUKOPUCTAHHSI €BPUCTHYHHUX JOCII/KEHB.
l"onoBHOIO TUTATGOPMOIO TS JOAATKIB IONIOBHEHOI pea-
JIBHOCTI SIBIISTIOTHCSI CMapTQOHU Ta IiaHmeTy. Yepes Be-
JIMKY KiJBKICTh cIOc00iB BUKoprcTanHs AR y mogatkax
pizHOTO TpH3Ha4YeHHs. Take PI3SHOMAaHITTS yCKJIaJHIOE
CTaHIApPTU3AIli0, TOMY MpPOCTillleé BUKOPHCTATH €BpHUC-
THYHE JOCTiuKeHHS. Y nocmimkenni [18] posrisaa-
IOTBCS TPUHIUIM SIKOCTI BUKOpUCTAaHHSA s AR-
JOAaTKIB Ha cMapTQoHi. MeToro A0CIiHKEHHS CTaa po-
3po0Ka IPHHIMITIB SIKOCTI BUKOPHCTAaHHS JJIsl PO3POOKH
Ta OIIHKKA MOOIJIBHUX OJATKIB. Po3poOka mpoBoauiIach
Ha OCHOBI aHAJII3y ICHYIOUYHX JOCIIKCHb METO/IIB €BPH-
CTHYHOI OILIIHKHU, IPUHIUIIB MTPOEKTYBaHHSI CHCTEM JI0-
MTOBHEHOI peaibHOCTI, BKa3iBOK MO0 iHTepQeHciB mop-
TATUBHUX MOOIJIBHUX IPUCTPOIB 1 IPUHIUITIB 3DYYHOCTI
BUKOPHUCTaHHS MaTepiaibHOro iHTep(deiicy KOpUCTy-
Baya. B pe3ynbrari Oyno po3po0iieHo 22 MpUHIKIH, 10
Oy pO3/isieHi Ha I’ ATh Pi3HUX rpyn (puc. 3).

JeranpHo po3pobiieHi mpuHImm Usability onucani
B Tab11. 3. Ha ocHOBI oTprMaHuX pe3yJsbTaTiB 0yJI0 mpo-
BEJIEHO JIOCI/PKEHHS IEKIIBKOX MOOUTBHUX JI0JIaTKIB HA
omepauiitHiit cuctemi Android.

IHdopmaTHBHicTE

e  MynbTMmoaanbHicTe .

||

®  3af0BONEHHA % B"}z‘gs;‘:'grsyﬂﬂlm

e bamsbKicy e Buxin

: PM'D'MN!ICTb e Hasirauia

e lepapxia A

e 3HayeHHA 33 ®  [loctynHicts
3aMOBYYBaHHAM

KorHitusictb MigTpumka

3BOPOTHIl 38'A30K

BnisHaBaHicTb Mpama maHinynauia

MNe pe a6avysaHicTb

L]
E .
4 YyWHHicTb
. A0 ;
HaguyasibHiCTL Hu3bki diznuHi
e [locnigosHicTb 3ycuana

B3aemogpijs
e MeHeaxmeHT
NOMMU/IOK
e [lonomorai
LOKYMeHTaLifa
e  KouTtpons
KopucTysaya
e [lepcoHanizauin

Puc. 3. CrpykrypoBani npuHIumm usability

Tabnuys 3 — Tpuanuny usability ayist ouiHKM Ta po3po6KH T0AATKIB JONOBHEHOI PeabHOCTI

Hpyuammnn BusnauyeHns
Iudopmarus- 3HaueHHs a 3amoBYy- | IToyaTok poGOTH MOBHHEH GyTH JIETKHUM /Ui KOPHUCTYBaya. Takox MOBHHHA Ha-
HiCTB BaHHSIM JIABaTHCh PAMKa, 1110 TI03HAYA€ MPOCTip BBEJCHHS i OB’ s13aHi 3 HUM EK3eMILISIPH
3a710BOJICHHS EcrernyHuii U3aiiH, B TOMY YHCII TANITPa KOJBOPIB, TOBHHEH CIPABIIATH 3a-
XOILTIOIOUE BPaXKEHHS HA KOPHCTyBaya
Indopmarus- Bnm3bkicTh Cuiy BUKOPUCTOBYBATH He JiMIIe 3Haiiomi Meradopu Ta 3Ha4KH, a i opieHTO-
HICTB BaHy Ha KOPHUCTYBa4ya MOBY.
Iepapxis SIkmo o6csar inpopmartii Bearkuii, BOHa Ma€ MOIABaTHUCh MOCTAIHO
MynbTHMOJANBHICTh Indopmallisi Mae HaJaBaTHCh 31 3BYKOM Ta Bi3yalbHHUM BiJIOOpaKEHHIM
Buaumicth I'padiuni pakTopu MarOTh MaTH HAJICKHUHN TH3aMH.
KornituBHicTh IocninoBHICTH 3arajapbHOBKHMBaHI TEPMIiHHM Ta iHTEep(eicH TOBUHHI HTH MOCIIIOBHO, 00 YHH-
KHYTHU IUTyTaHUHH.
HaByanbHicTh ®DyHKIIT Ta 0COOIMBOCTI MPOrPaMH MAOTh OYTH JISTKMMH ISl BUBYCHHS
IlepenbauyBaHiCTh DyHKIIT Ta 0COOIMBOCTI MPOrPaMU MAOTh OYTH JISTKMMH ISl BUBYUCHHS.
BmizHaBaHicTh Heo06xinHy iHpopMalito citiji HaaBaTy HAJIGKHAM YHHOM, 100 KOPUCTYyBaYaM
HE JI0BEJIOCS. BUKOPUCTOBYBATH KOPOTKOYACHY I1aM’Th
Migrpumka MenemxmenT noMiwIiok | [ToMuIIKH, 110 BUHUKAIOTH Mif] YaC BUKOPUCTAHHS MPOrpaM, HOBHHHI OyTH Mij-
KpIIUICHI METOOM 3aro0iraHHs Ta BUPIIICHH
JHonomora i gokymenra- | HeoOxifHO HajaTu BiAMOBIAHY HOBIAKY JUIS MiATPUMKH IIPOTrpaM KOPHUCTyBava
mis
Iepconanizartis Inrepdeiic Mae 6yTH TOCUTH MPOCTUM, 100 HOro MoXKHa OyJI0 3MIHIOBATH BiJI-
MOBIIHO JI0 CMAKiB i 0COOIMBOCTEI KOPUCTYBAYIB.
Konrposb kopuctyBada | Y KOpUCTyBadiB Mae OyTH BiAYYTTs, 110 BOHU KOHTPOJIOIOTH CHCTEMY, a CHUC-
TeMa pearye Ha ixHi mii
Bzaemonist Ipsima maHimystiis Komu kopucTyBaui KepyroTh MPUCTPOEM, iHpOpMALlis, IO 3’SIBISIETHCS HA €K-
paHi, i il KOPUCTYBaYiB NOBHHHI iHTYITHUBHO CITIBCTaBJIATHCS
3BOpOTHIif 3B’5130K KopucryBauam moBuHHA HajaBaTUCh iHGOPMALIis IPO TTOCIIJOBHICTD MPOLIECY
Ta CTaH CUCTEMH
Huseki dizuyni 3ycwast | 3ycuiist, OB’ si3aHi 3 poOOTO IporpaMu, MatoTh OyTH MiHIMi30BaHi
YyiiHicTh Peaxkitist Ha J1il KOPUCTYBayiB Ma€ OYTH IIBUIKOIO
BukopucToBy- HocrynHicTh IIporpama moBMHHA MIBHIKO TOYHHATH POOOTY, a MONepeaHiil poOoumii cTaH i
BaHICTh napamMeTpH NOBHHHI 3QJIUIIATUCS HE3MiHHUMHU MiCJIsl TIOBTOPHOIO 3aMYCKY.
Konrekcr Bukopuc- | Iarepdeiic kopructyBada Mae OyTH po3poOJICHUIA 3 ypaXyBaHHIM Pi3HUX THUIIB
TaHHS CepeJIOBHIIL i po3po0IIeHHI BiIOBIIHO 10 CEPEIOBHIIA BUKOPUCTAHHS
Buxin Ipunuauti po6oTy 260 MOBEPHYTHCS /O MOMEPEIHBOI YACTUHU POOOTU Mae
OyTH JIeTKO
Hasiraris KopucryBauam cii/1 103BOJHUTH BiIbHY HABITaIlilO B I0JATKY, KOJH BOHU BHKO-
HYIOTh CBOIO po0OOTYy
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OCKiJIBKH TeCTYBaHHsI MPOBOAMIOCH B JIabopaTop-
HUX YMOBaX, pe3yJIbTaTH TECTYBAHHS i3 3aJy4CHHSM KO-
pHUCTYBadiB MOXYTh BiJpi3HATHCH. IIpu cripobi po3po-
OWTH aHAJIOTH JI0 BXKE ICHYIOUHMX JOJATKIB 3 BAKOPHCTAH-
HSIM OTPUMAaHHUX PEKOMEH A i, TOKa3HUKHU SKOCTi BUKO-
PHUCTAaHHS BIAJIOCH MOKPAIUTH. TakuM YHMHOM OYII0 Mif-
TBEP/PKECHO BAJIHICTh PE3YJIbTATIB JAHOTO JOCIi-
moxeHHs. CitiJy BpaxoBYBaTH, L0 AaHe JIOCIKEHHS 0YII0
oOMesxeHe TphoMa MOOITTBHUMH 3aCTOCYHKAaMH, BUKOPH-
cToByBaHUMH Jmie Ha Teputopii Kopei. TectyBanHs
MPOXOJUIIO B JTAOOPATOPHHUX YMOBax Ha cMapThoHAx
Android, Tox Ha iOS pe3ynbTaTn He epeBipsUch. [Ipu
JIOCITiKEHHS] BUKOPUCTOBYBAITHCH THCIUIET CTallioHap-
HUX cMapT(]OHIB, TOX MaciuTaOyBaHHs iHTepdeiicy He
01710 BpaxoBaHe.

Taxkox po3poOIli eBPUCTHK JJIsl CHCTEM JTOTIOBHEHOT
peanbHOCTI mpucBsiueHa pobota [19]. V¥V mocnmimkenni
MIPOBOJIUTHECS PO3pOOKa HAOOPY YHIBEPCATBHUX CBPHUC-
THK JIJIs OLIHKU SKOCTI BUKOpHCTAaHHS AR He TiBKH Ha
MOOINBHUX, a W Ha CHeIliali30BaHuX rajpkeTax i IiaT-
¢dbopmax. Y cBoiil poOOTI aBTOP IPOBOIUTH AOCIIIKSHHS
METO/IiB €BPUCTUYHOI OIIHKM Ta iX 3aCTOCYBaHHS MPH
TECTYBaHHI J0/IaTKiB JIOMOBHEHOI pealbHOCTI, a TAaKOXK
Moaudikye nesiki Bke BigoMmi. B pesynbraTi HUM OyIio
3aMpPOMOHOBAHO CITHCOK 3 IECTH CBPUCTHK JUIS OIIHKH
AR-nonatkis, a came:

—  MeTtoau B3aeMoii Ta KOHTPOJIb,

— IlpesenTariist BipTyanbHHX 00’ €KTIB;

— 3B’430K MiX BipTyaJbHUMH 00 €KTaMU 1 pealib-
HHUM CBITOM;

- Iudopmaris,
00’exTamu;

— IlpuaaTHiCTh i KOHTEKCTI BUKOPHCTAHHS;

—  @i3uyHMUN KOHTPOJIb BUKOPUCTAHHS.

Januii cincok npejcTaBsie COO0K0 YHiBepCallbHUN
Ha0ip Ha OCHOBI OBTOPIOBAaHMX 1 YaCTHX MpPOOIIEM, 1110
3yCTPIYaIOTHCS MTPU POOOTI 3 JIOMIOBHEHOIO PEaNbHICTIO,
TOMY iX MOKHA Ha3BaTW yHiBepcaJbHUMH. OIHAK Taka
YHIBEPCAIBHICTh HE TAPAHTYE TOUHICTH Pe3yJIbTaTIB OLli-
HKH. [Ipr po3poOri eBpUCTHK Il KOKHOTO KOHKpET-
HOTO BHINAJKY, iX Mepelik MOXe CTAHOBUTH KUIbKa Jie-
catkiB. Ile moOpe BUAHO HA MPUKIIAIL BOX IMOMEPEHIX
po3rsiHyTHX TyOmikarisix. Tomy aBTOp naHoi poGoTH
MIPOIIOHYE ITiJT Yac eBPUCTUYHOrO HAJIi3y TAKOK BUKOPHC-
TOBYBAaTH 1HIII €BPUCTUKH, HATIPUKIIA]] TAKi SIK 3aIpOIIO0-
HoBaHi Slko6oM Himscenom. Takox aBTOp HE IPOBOJUB
MepeBipKy OTPUMAHUX PE3YNbTATIB HA MPAKTHI, TOMY
IpY BUKOPHUCTAaHHI JaHUH HAaOip eBPUCTHK MOXKe TOTpeOy-
BaTH KOPETyBaHb B KOXXKHOMY OKPEMOMY BHIIAJIKY.

B ocranHix myOmikamisx 9iTKO MOXKHA MMOOAYUTH
HaCTYIIHY TEHJCHIIIO: HE IMPOCTO IOCITIHKYIOThCS Ta
MIPONOHYIOTECSA METOAM OLIHKU SKOCTI BHKOPUCTAHHS
AR-3acTocyHKIB, a i BpaxoBYIOTECA cepa iX 3acTocy-
BanHs. Hampukmaz, po6otu [20] i [21] npucesueni goc-
JiPKEHHIO TIPUHITUTIIB SIKOCTI BUKOPUCTAHHSA Y T0IaTKAX
JIOTIOBHEHOI pealbHOCTI IS TiTeH MOIIKLTBHOTO BiKy Ta
oprasizarii OCBiTHOTO TIporiecy BimmosigHo. Li nBa mo-
CII/DKCHHS TPOBOIMIINCH PI3HUMH TPYIIaMH 3 DPi3HHX
YHIBEPCHTETIB 3 PI3HULICIO Y 1B POKH, aJe iX CTPYKTypa
Maiike imeHTinaHa. [lepmmM KpoKoM JOCIiHKY€EThCS Ha-
sIBHa JiTeparypa. KpimM 3araqpHHX HOHSTH Ta METOJIB
OLIIHKH SIKOCTI BUKOPHUCTAHHS1, OIIUCYIOTHCS Ta 3BOAATHCS

NOB’s3aHa 3 BIPTyaJbHHMH

Y TaOJIHITIO XapaKTepHi MPOOJIEMH, 3 SKUMHU CTUKAIOTHCS
niti abo crynentd. OTpuMaHi pe3yjbTaTd BUKOPHCTO-
BYIOTBCSl JUISl PO3POOKH TIPHHIMITIB SIKOCTI BHKOpPHC-
TaHHS, 3 SKUX BUAAISIOTHCS TyOikaTh 1 KOMOIHYIOTECS
cxoxi. [licns BumanenHs i 00’eqHaHHs AyOmiKaTiB, BU-
3HAYCHI MPUHIUIHU TUIATHCS Ha TPYIH Ta IPOBOIAUTHCS
aHaJIi3 TOJIOBHUX KOMITOHEHTiB. HapemTi, B pe3ynbrati
aHayi3y Oynn oTpuMaHi 23 OKpeMHX NMPHUHIMIH SKOCTI
BUKOPHCTaHHS ISl po3poOku AR-monmatkiB [uist giTe
JOIIKLTBHOTO BiKY Y po0oTi [20] Ta HaBYaHHS CTYACHTIB
y po6ori [21]. Ha oCHOBi OTprMaHHUX MPUHIIMITIB AKOCTI
BUKOPHCTAaHHS aBTOPH JOCII/IKEHb IUIAHYIOTh TPOBECTH
PO3pOOKY 3aCTOCYHKIB Ta BUKOPUCTATH IX JJIS MPOBE-
JICHHS] €BPUCTUYHOTO aHai3y.

KopucrtyBaubskmii gocBia. Oxpim sSKOCTI BUKOPH-
CTaHHSI, ICHYIOTb 1HIIIl METOJM OL[IHKH SIKOCTi CUCTEM JI0-
NoBHEHOI peanbHOCTi. OCKUTBKH TaKi CepBiCH MPOIIOHY-
I0Th HOBUI BUJ B3a€EMOIIT , JJ1s1 3a0€3MeUeHHs YCIiXy M
TaKOX MOTPIOHO PO3yMITH OYiKyBaHHS 1 MOTpeOU Maii-
OyTHIX KopHcTyBauiB. OIiHIOBaHHS UX (DAKTOPIB Ta ix
BIUIMB Ha siKicTh AR-cucTeM 3iiCHIOETBCS 32 JOTOMO-
TOI0 JJOCJIIJKEHHS JOCBily KopucTyBaua (anri. User Ex-
perience, UX).

Sk 1 y BHNaKy 3 JOCIIJDKEHHSIM SIKOCTI BUKOPHC-
TaHHS, Y MEPIIMX JOCIIDKEHHIX BUKOPUCTOBYBABCS Me-
TOJ| IHTEPB’I0 JUIsl PO3YMIHHS YSIBJI€Hb Ta BUMOT IOTEH-
HiliHIX KoprcTyBauiB 10 AR-cictem. Y poboTi [22] ipo-
BOJIUTHCS OMTUTYBaHHS Ta CUCTEMaTH3allis OTPUMaHHX pe-
3yJbTATIB I pi3HUX obnacteil 3acTocyBaHHs. OMUTyBa-
HUMH CTaJIM BiJIBilyBaul B TOPrOBHX LIEHTPAX, OCKUIbKH
TaM 3aBKau 0arato BiJBilyBauiB, PO3MIIILYIOTBCS Pi3HO-
MaHITHI Mara3vHH Ta TPOBOJSATHCS PO3BAXKAIBHI 3aX0IH.
Ha BigMiHy Bif OLTBIIOCTI MOAIOHUX JOCIHIIKEHb, JlAHA
poboTa He PO3IIIAAE CUCTEMH JOIIOBHEHOI peaJbHOCTI B
pamMKax KOHKpEeTHOI npeMeTHOT oonacti. HaTtomicTs B po-
0OTI JOCHIJPKYIOTBCSI CTaBJIEHHsI KOpUCTyBadiB 10 AR-
CHCTeM, YABIEHHSA Ipo iX poOOTy Ta 3arajabHe BiIHO-
IICHHS JI0 BUKOPUCTAHHS TEXHOJIOT1H Ta 00MiHY iH(opMa-
1i€0. ABTOPH MOSICHIOIOTh TaKWil BUOIP HAMIPSIMKY JTOCITi-
IDKeHb THM, IO BHBYeHHs UX Ha MOMEHT HaIlMCaHHS
CTATTI 3HAXOJIATHCS 11 B TOYATKOBOMY CTaHi, a TAKOXK MO-
IIYKOM MOXJIMBICTh BUiHTH crietpdiuni mis AR xapa-
krepructrku UX. HacTynmHIM KpOKOM JTOCITI/DKEHb aBTOPH
Ha3MBaIOTh PO3POOKY KOHKPETHHX TMOKA3HHKIB JUIS OLi-
HKH AR-crcTeM Ha 0CHOBI Teopii 1 koHenmii UX.

Binmbm  po3ropHyTO pe3yiabTaTH JAHOTO HOCIHi-
JoKeHHS Ta KoHnenii UX B IiIoMy IpeAcTaBIeHO B JH-
cepramii [23] Bce Toro *x aBtopa. OkpiM MeTOoxy iH-
TEpB’10, BAKOPUCTAHOTO B poOoTi [22], B auceprartii ayist
300py iH(opMarIii mpo moTpedu i OUiKyBaHHSA NOTEHIIIN-
HHUX KOPUCTYBadiB BHKOPHCTOBYIOTHCS PE3YJIbTaTH OH-
JaiiH-OMMTYBaHb. 3aBISKA OTPUMAaHHUM BiAIOBIIAM aB-
TOp OTPUMAB YSBJICHHS IIPO T, AKAH JOCBLA KOPUCTYBadi
OUIKYIOTh OTPUMATH BiJl KOPHUCTYBaHHA IOAATKaMHU IO-
MTOBHEHOI PEaNbHOCTI, Ta CHCTEMAaTU3yBAaTH OYiKyBaHUI
UX 3a HacCTyITHUMU KaTEeTOPisIMU:

— IHcTpymeHTanbHMIA — 0a3y€eTHCS HA IIIHHOCTI Te-
XHOJIOTI] I KOPHUCTyBada B SKOCTI 1HCTPYMEHTY IS
MOJIETIIEHHS TisUIBHOCTI,

— KorniTrBHNII — OB’ 13aHMI 3 TyMKaMH Ta MOX-
muBicTio AR-cepBicy 3a10BONIBHATH TOTPEON KOPUCTY-
BadiB Y HOBHX 3HAHHSX;
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—  EMomioHaNbHUNA — OB’ SI3aHUI 3 MOKJIMBICTIO
AR-cepBicy BUKIMKAaTH B KOPHCTyBada TaKy €MOLIHHY
peaxuito (3aJI0BOJICHHS, PaJIicTh, 3aXOIUICHHSI, EMOLIiifHE
30y/PKEHHS, HOCTAJIBTisN);

— CeHcopHUI — BIIMBAE HA CIIPUIHSTTS KOPUCTY-
BayeM OTOUYYIOUOTO CEPeIOBHIIA Ta IHTEPAKTHBHICTB, 3a-
JISKHUTBD BiJl 34aTHOCTI AR-CHCTEMHU BIIJIMBATH HA ECTETH-
YHI TOYYTTS;

— CorianpHuN — BUHUKAE TIPH B3aEMO/Iii KOPHCTY-
Baya 3 JIFOJMHOI0, OE3II0CEPEHBO TTOB’ A3aHOI0 3 TOIO K
AR-cucremoro;

— MortuBaniiHuii — CTUMYJIIOE KOPHCTyBada J0-

CSITTH SIKOICh METH 3 JIOTIOMOTOF0 TEXHOJIOTII.
Jlanuii nepeik ommcye qOCBij, 10 SKOTO IparHyTh J10C-
BiJueHi Ta moreHuiiHi kopuctyBaui AR-cucremu. Bin-
TTOBITHO, PO3POOHMKY IPH MPOEKTYBaHHI MaIOTh i€ Bpa-
XOBYBaTH 1 HAMaraTuch 3pOOUTH TaKWil JOCBIJ MOKIIHU-
BuM. Asie UX, He OXOILUTIOE BCHOTO, IO CJIiJ BPaXxOBY-
BaTH IIPY IPOEKTYBaHHI 1 HE MOXKE TPOTHO3YBATH Peallb-
HUI JOCBijI, OTPUMYBaHUH KOPHUCTYBadaMH B TIPOIIECi
poOoTH. Y BUCHOBKAX JI0 AWCEPTAIlil aBTOp 3a3HAYAE, L0
BukopuctanHsi UX B KOHKPETHHX OOIACTAX SIBISIETHCS
CKJIaIHOIO 3aj1aueto. JIFo1u yacTo MaroTh aOCTpakTHI a00
y3araJibHeHi MoTpeOu Ta O4iKyBaHHS BiJl pOOOTH 3 OMO-
BHEHOIO PEAJIbHICTIO, SIKI MOJXKHA BiTHECTH 1 O IHIIUX
CKJIaJIOBUX 3MIIIaHOI peanbHOCTI. Taka BiICYTHICTh KOH-
KPETUKH TEOPETUYHO MOJKE MiIIITOBXHYTH JIO OLIBII PO-
smpenux gociaimkens UX. B noganemomy aaHa auce-
pTalis cTajga OCHOBOIO JUISl JOCIIJKEHHSI aBTOPOM KOH-
uenuii Ta cy0’eKTUBHHMX MOKa3HUKIB ouinkun UX Mo0i-
JIBHUX CHUCTEM JIOIIOBHEHOI PEaJIbHOCTI.

B ocrannix pocmimxenHsx UX posrisimaerbes
OLIbII KOMILIEKCHO. SIKIIIO B MOMEPeHIX TOCIIiIPKEHHSIX
PO3TIISAABCS BUKIIOUYHO CIIPUMHSTTS 1 peakiisi KOPUCTY-
BaviB Ha BUKOPUCTAHHSI CUCTEM JIONOBHEHOT peasIbHOCTI,
TO B CYYaCHHX JOCIIDKEHHSIX TaKOK OepyThCsl IO yBaru
CTOPOHHI (PaKTOPH, 110 MOXYTh BIUIMHYTH Ha KOPUCTY-
Balbkuit mocBia. B poboti [24] mpormonyeTses mimicHa
KoHIenTyanbHa Moaens UX 3 10 kommonenTis (puc.4),
BHITy4YeHUX i3 Bke icHyrounx moneneii — UXIVE Model.

> MoTik <

fAkictb H .
BMKOPUCTaHHS aBU4KM mouii
3aHypeHHs CypeHHs S

MpucyTHICTL

fgocsiay
MpUrHATTA /

3anyuerHs TeXHONOoTii

Puc. 4. Mogens UXIVE

Monens UXIVE onmcye KOMIIOHEHTH, 3 SKUX QOp-
MyeTbess UX, Ta BiTHOIIEHHS MK HUMU. Pe3ynpraTh mi-
JIKPITUTIOIOTECS pe3yNIbTaTaMH ONMUTYBAaHHS OUTBII HiX
150 xopuctyBauiB AR-crucTeM. ABTOpH CIIpaBeIIMBO 3a-
3HAYalOTh, IO OTPHMAHI PE3yNIbTaTH HE SBISIFOTHCS a0-
COIIFOTHO TOYHMMH, OCKUTBKHA B ONMUTYBaHHI Opamn yd-
acTh oOMeXeHa KINBbKICTh KOpHCTyBadiB omHiei AR-
CHCTEMH, TIOJIOBHHA 3 SIKMX HaJCKHUTh A0 OfHIE] BIKOBOT
Ipymu. AJe HaBiTh 3 NEpeTiYeHUMH HEAOJIKaMH, JaHe

v / OTPUMaHOTO

JIOCITIJDKEHHS SIBISIETHCS TIEPILNM, JI€ BUBYAIOTHCS B3ae-
MO3B’s13KH KOMIOHEeHTIB UX Mixk co0010, iX BILIMB Ha KO-
pHUcTyBaya i pO3BUTOK TEXHOJIOTiI1 JOTIOBHEHOI peajibHO-
CTi.

Mogeuai oninku sikocti. Ha nanuii MoMeHT He ic-
HY€ HisIKHX 3arajJbHONPUAHATHX MOACICH T KOMIUICK-
CHOI OIIIHKU SKOCTI CHCTEM JIOIOBHEHOI peaibHOCTI. Ya-
CTKOBO 1I€ TTOB’S13aHO 3 THM, IIIO JIOITIOBHEHA PEaJIbHICTh
TIJIPKHU TIOYMHAE MACOBO PO3IIOBCIOKYBATUCH. B 3B’ 3Ky
3 IIUM TI0CTaJIO TIUTaHHS PO OLIHKY SIKOCTI TAKUX CHC-
teM. Ha pmanuii MoMmeHT 11 ouiHku sikocti AR-cucrem
BUKOPHCTOBYIOTHCS] MOJIEII SIKOCTI Ha OCHOBI CTaHAAPTY
1ISO-25010, meTpukH SKOTO aganTyOThCs Mif (QyHKIIT
JIOTIOBHEHOI peanbHOCTi [25]. [HIIII TOCITiIKeHHS OLiHF0-
I0Th SKICTh cucTeM AR Ha OCHOBI iX Bi3yaibHOT CKIIA0-
BOT — SIKOCT1 300pakeHH:I Ta ECTETHYHIN MPUBaOINBOCTI.
Mopeni omiHKM BIUIMBY Bi3yanbHOI sikocTi [26] Ta orri-
HKH SIKOCTI HaKJIaJeHUX 300paxkeHs [27] 1eMOHCTPYIOTh
3Ha4YEHHsI Bi3yalbHOI CKJIaJJOBOI Ha 33JI0BOJIEHICTh KOPH-
cTyBauiB Bi BukopucTaHHs AR. OHak BOHU 0OMexeHi
Bi3yaJIbHOIO CKJIaJIOBOIO, TOJI SIK Ha sIKicTh AR-crctem
BIUIMBAIOTh JEKUIbKA PI3HUX ITOKa3HUKIB.

Inmi nocuimkenns. KpiM po3missHyTHX Bulle, ic-
HYE IlIe BeJIMKa KUIbKICTh JAOCHIKEHb, OB’ SI3aHUX 3 pi-
3HAMH acleKTaMH SIKOCTi JIOMOBHEHOI1 peaybHOCTI. Li
nyOmiKamii NOeNHYIOTh KiJbKa HANpPsMKIB JOCIiIKEHb
a00 po3rIANaoTh NpoOIeMy IMiJl HE3BHUYHHM KyTOM,
TOMY TX BaXKKO CUCTEMATHU3yBaTH. B HUX PO3IIIAAarOThCS
TaKi MUTAHHS, SIK MOJICJII TIPUIHSTTS JOMOBHEHOI peaib-
HocTi [28], oriHka HamMipiB KOPHCTYBaYiB ITPH BUKOPHC-
TaHHI MOOUTBHEX moxaTkiB [29], po3pobka pekoMeHaa-
wiit s HapyaapHux AR-cuctem [30], ominioBaHHs cuc-
TeM 3 TOYKH 30py KopucTyBadi [31,32], mpuHuunu ta
METPHUKH A7 po3pobku mu3aitny AR-momatkis [33,34],
eKCIIePUMEHTAIIbHI JIOCHI/PKEHHSI B TYpHU3Mi Ta IHIIKX
cdepax 3acTOCYBaHHS JIOTIOBHEHOI peasibHOCTI. Takox
CIOIM MOXKHA BIJIHECTH NOCIIPKEHHS SIKOCTI BHKOPHUC-
TaHHS IHTEPaKTUBHUX MPOTpaMHKX 3ac0o6iB [35] i skicTh
JFOIMHO-MAIIHHHKX iHTepdeiicis [36].

BuCHOBKH Ta moaajbIii JOCTiIKEHHS

B naHi ctarTi MpOBOAUTHCS OV ICHYIOUHX TYO-
JiKalii Ha TeMy OLIHKH SIKOCTi JOTIOBHEHOI PEaIbHOCTI.
[TyGunikarii MOXXHa CHCTEMAaTH3yBaTH 3a HANpsIMKaMH
JIOCIipKeHb. HaitOuibIa KiUTbKICTh TOCIIIPKeHb TPUCBS-
YeHa SKOCTI BHKOPHUCTAHHSA, OCKUIBKH 32 JIOTIOMOTOIO
[IPOTO TIOKA3HWKA HAMJIETIIe OLIHWUTH MPUBAOIUBICTD
JUIsSL KOPUCTyBaya PO3pPOOIIOBAHOTO MPOTPAMHOIO MPO-
nykry. Yacrime BChOTO IJIsl MIPOBEICHHS OILIHIOBAHHS
BUKOPHCTOBY€EThCS METO]] €BPUCTHYHOTO JIOCIIIKSHHSI.
Taxwuit BuOip METOIUKH OLIHKA 3yMOBICHUN THM, IO SIK-
iCTP BUKOPUCTAHHS SBISIETHCS CyO’€KTUBHOIO XapaKTe-
PHCTHKOIO 1 BUKOPUCTAHHS TaKOTO X Cy0’€KTUBHOTO Me-
TOJLy OIIIHKH 3/IA€ThCs JToTiyHNM. Ha nanuit MOMEHT Mo-
JKHA TIOMITHTH IO JTOCTIKEHHS SIKOCTI BUKOPHUCTAHHS
MPOXOJAThH B JBOX HANpPSMKAaxX — NEPIIMH 30CEPePKEHUN
Ha BH3HAYCHHI YHIBEPCAIBHIX €BPUCTHK TS OYIb-SIKHX
AR-nonatkiB, npyruii nepeabadae po3poOKy OKpemMoro
Ha0Opy €BPHUCTHK IJIsi KOXKHOI MpeaMeTHOI obmacti abo
oKpeMoro BUMajKy. [Ipu oMy y IpyroMy BUIAJIKY JUTs
MTOKpAIeHHS Pe3y/IbTaTiB OIMIHKA YacTO JOJATKOBO 3a-
CTOCOBYIOThCSI YHIBEPCAIbHI EBPUTHKH.
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Taxkox usability sBIS€TBCS BaXXIMBOKO CKJIAJI0BOO
IHIUX TOCIDKEHB SIKOCTI AR, Tak#MX SIK KOPHCTYBaIlb-
KHIA TOCBiJT 00 MOJIEIi Ha OCHOBI CTAaHAAPTY SKOCTI ITPO-
rpamuoro 3abesrneueHHs 1SO-25010. Moxna ckasaru,
110 SKiCTh BUKOPHUCTAHHS SIBIISIETHCS KIFOUOBUM Tapame-
TPOM OIIIHKU SIKOCTI JIOTIOBHEHOI peajbHOCTI, SIKUH J10-
MTOBHIOE 1HI MTapaMeTpH SIKOCTI. TakuM 4rHOM 1ieH mo-
Ka3HHUK CTaHe 00’ €THYIOUMM TpU 00 €THAHHI aKTyallb-
HuX nociimkerb UX Ta Bxke iCHYFOUMX METPUK SIKOCTI
MIPOTPaMHOT0 3a0e3MeUYeHHsI B €IMHY MOJIEINb SIKOCTI CH-
CTeM JIOIIOBHEHOI peasbHOCTI. Ha manuit MoMeHT nociti-
JDKEHHS. Ta CTBOPEHHS MoJeell SKOCTI JJIsl CHCTEM

JIOTIOBHEHOI PEaJIbHOCTI 3HAXOAWUTHCS Ha TOYATKOBOMY
eTarti, ToMy ImyOJiKanii He 1o TeMy Maike Hemae. Le B
3Ha4Hill Mipi OB’ s3aHO 3 TUM, 10 AR mure BiHOCHO
HEIIIOJJABHO TTOYaJIM MacoBO MOUIMPIOBATH HA cMapTQo-
HaX. AR-TexHoorii Bce yacTime 3ycTpi4aloThcs B Ha-
IIIOMY TIOBCSIKIICHHOMY KHTTi, TOMY TeMa po3poOKH MO-
JieJiel 1 MeTPUK OIIHKH SKOCTi JTOITOBHEHOI PealbHOCTI
SIBIIIETBCS aKTYaJLHOIO 1 BAXKIIHBOK. B MaitOyTHIX po0o-
TaxX IUIAHY€ETHCSI IPOBECTH OIIBbII JIETAIBHUN aHami3 ic-
HYIOYMX IyOJTiKamiii Ta BU3HAYUTH OCHOBHI NTapaMeTpH i
TIOKa3HUKH, Ha SIKMX 0a3yBaTUMETHCS MOJIEIb SIKOCTI J0-
TIOBHEHOI PeabHOCTI.
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Assessing the quality of an augmented reality system: an analysis of the state of research
Yevhenii Kanarskyi, Oleksandr Orehov, Anastasiia Stadnyk

Abstract. Due to the rapid spread of augmented reality technology in various spheres of human activity, the question of
quality assessment of these systems has arisen. Although studies in this direction have already been conducted, they covered indi-
vidual quality indicators and did not offer a single comprehensive model. The 1SO-25010 standard was used to assess the quality
of augmented reality systems. But this standard does not take into account the special differences of systems and applications of
augmented reality, which makes research for this direction extremely relevant. The purpose of this article is to review and system-
atize existing publications on the topic of augmented reality quality research to determine current results and current research
directions for further use in the development of models and metric methods for assessing the quality of augmented reality systems.
During the review, it was established that the largest number of studies is devoted to the quality of using augmented reality and the
user experience of using such systems. In most cases, it is suggested to conduct an assessment using the heuristic method. There
are also attempts to develop metrics based on existing quality standards for software systems or to modernize existing evaluation
models. Proposals for the development of separate metric methods for evaluating augmented reality systems are absent or are in
closed access. Based on the results of the review, it can be concluded that when developing models and metrics for assessing the
quality of augmented reality systems, it will be necessary to take into account such characteristics as the quality of use, the quality
of the user experience, and visual appeal. This list is planned to be supplemented after conducting a more in-depth review of
existing research.

Keywords: augmented reality, quality models, metrics, user experience, usability.
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DESIGN AND SOFTWARE IMPLEMENTATION
OF A KNOWLEDGE EXCHANGE WEB SERVICE

Abstract. The article analyzes the problem of system development and implementation of a knowledge sharing
web service. The purpose of the article is to research the possibilities of current technologies used in the process of
designing and software implementation of a knowledge exchange web service. The methods of developing the
designed software product were analyzed. The paper considers the purpose of a web service for knowledge
exchange, taking into account the definition of the target audience of the developed product. Web technologies for
software development are selected and substantiated by the authors. The proposed structure of the knowledge

sharing web service.

Keywords: web service, information exchange, programming language, design, software product.

Introduction

The centralized nature of data management in the
database requires the existence of some person (group
of persons) who is entrusted with the functions of
administering the data stored in the database. The main
task of the database is the guaranteed preservation of
significant amounts of information and providing access
to it to the user or the application program. Thus, the
database consists of two parts: stored information and
its management system. In order to ensure the efficiency
of access, data records are organized as a set of facts
(data element).

Designing a relational database consists of
designing the tables that represent the subject area and
defining the relationships between them. The “entity-
relationship™ model (ER-model) is a data model that
allows you to describe conceptual schemes using
generalized block structures.

An ER model is a data meta-model, that is, a
means of describing data models.

Analysis of recent research and publications.
The problem of developing special knowledge exchange
software is of interest to many scientists. To create the
key characteristics of the model of the knowledge
exchange system being developed, an analysis of a
number of publications dedicated to the analysis of
existing services was carried out and their features and
shortcomings were determined. M. Beshley, M.
Klymash, H. Beshley, O. Urikova, Yu. Bobalo, Yu.
investigate the problems of using network equipment
for the implementation of a knowledge exchange web
service [1]. J. Bloomberg, N. Shpak, O. Kuzmin, Z.
Dvulit, T. Onysenko, W. Sroka studies the main issues
of digitization and digital transformation [2, 9]. The
problem of structuring the fuzzy knowledge base of
impact factors of the IT industry is considered by M.
Bublyk, A. Karpyak, O. Rybytska, Y. Matseliukh,
N. Chukhrai, T. Shcherbata [3, 4, 5, 6]. The modern
development of IT clusters and ways of its
intensification are studied by M. Melnyk, E. Korcelli-
Olejniczak, N. Chorna, N. Popadynets, O. Pyrog,
A. Poritska, K. Tan, S. Chong and others [7, 8, 10].

Main part

In the aspect of the investigated problem, the task
was set to design and programmatically implement a
web service for knowledge exchange, which should
ensure the following functions: separation of the user
and administrative parts of the software complex; the
registered user must be able to log into the system
without hindrance; ensuring that users create questions
and answer them; ensuring the creation of a user profile;
ensuring the search for questions; ensuring the creation
of tags and filtering of questions by tags; draft for
questions and answers; the possibility of evaluating
answers and questions; commenting on answers; admin
panel with full control.

A database management system (DBMS) is a set
of software and language tools necessary for creating
databases, maintaining them in an up-to-date state, and
organizing the search for the necessary information in
them.

The service uses the
PostgreSQL is an  object-relational  database
management system. It is an alternative to both
commercial databases (Oracle Database, Microsoft SQL
Server, IBM DB2 and others) and open source
databases (MySQL, Firebird, SQLite). Supports
simultaneous database modification by several users
using the MultiVersion Concurrency Control (MVCC)
mechanism. This fulfills ACID requirements and
virtually eliminates the need for read blocking.

It is based on important semantic information and
is intended for logical presentation of data. Defines the
value of data in the context of their relationship with
other data.

The fact that all existing data models (hierarchical,
network, relational, object) can be generated from the
entity-relationship model is important, so it is the most
general. Any fragment of the visual area can be
represented as a set of entities, between which there are
a certain set of connections. Django uses multiple
related tables. One-to-many connections are established
between them. For example, one user may have many
guestions.

PostgreSQL DBMS.
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We will describe the database of the web service,
which was developed in the process of performing the
assigned task. It consists of the following main tables:

1. Question_questions (table of questions), it stores
all data about questions:

« title (question title field);

* image (picture field, if available);

* slug (field for searching by url);

* content (question description field);

* status (issue status: printed\draft);

* create_date (date of creation);

» update date (update date);

* uuid (unique id);

* create_user (user who created).

2. Question_answers (table of answers):

* answer (answer field);

* date (date of creation);

¢ uuid (unique id);

» question_id (id of the question to which the
answer is given);

« user_id (id of the user who answered).

3. Question_tags (table of tags):

* tag (tag field);

* uuid (unique id);

* question_id (id of the question to which the tag
belongs).

Table 1 — Table of common connections

4. Useraccout_useraccout (user profile table):

» avatar (user avatar field);

* description (information about the user);

* uuid (unique id);

» user_id (id of the user to whom the profile
belongs).

5. Auth_user (user authorization table):

* password (password);

* last login (last login);

* is_superuser (administrator rights);

* username (user name);

* firt name (name);

* last_name (surname);

* date_joined (date of registration).

6. Question_upvotes (table of the number of likes):

» answer_id (answer id);

* question_id (question id);

* uuid (unique id).

Most tables are linked to one or more tables by a
single field. This field is a unique identifier for each
record. This is reflected in more detail in Table 1.

This model of database organization is most
suitable for this system. This organization allows you to
make some changes to the system. The user can change
his data, edit questions and answers. Fields are not
duplicated, the database is hormalized.

Table Data Connections with other tables
Django_session Django session information Absent
Django_migrations Information about django migrations | Absent
Django_site Information about the project Absent

Question_upvotes Data about preferences

Question_answers through answer _id

Question_answers Response data

Auth_user through auth_user_id, question_questions through
question_id

Question_questions Question data

Auth_user through auth_user_id

Authtoken_token Access key for authorized user

Auth_user through auth_user_id

Useraccount_useraccount User profile

Auth_user through auth_user_id

Account_emailconfirmation | Data on sending confirmation mail

Account_emailadress through Account_emailadress_id

Account_emailadress Mail confirmation data

Auth_user through auth_user_id

Data about social accounts

Socialaccount_socialaccount

Auth_user through auth_user_id

This model of database organization is most
suitable for this system. This organization allows you to
make some changes to the system. The user can change
his data, edit questions and answers. Fields are not
duplicated; the database is normalized.

The choice to use Python for backend development
is justified by the fact that it is an interpreted language,
which allows you to save a significant amount of time
that is usually spent on compilation.

Python is an extensible language: knowing C
allows you to add new built-in functions or modules to
perform critical operations at maximum speed or to
write an interface to commercial libraries available only
in binary form. A Python language interpreter can be

built into a program written in C and used as an
extension or command language for that program.
Python is currently used by tens of thousands of
programmers worldwide, and the number of people
using it is growing rapidly, doubling and tripling every
year. This language works equally well on Windows,
UNIX, Macintosh, and OS/2, and can be used to easily
develop both small applications or scripts and to deploy
large programs. The performance of the created
application depends on its features. Of course, for a
numerical algorithm that performs ordinary integer
arithmetic in a 'for' loop, it doesn't matter what language
it's written in. However, in the future, modern
computers have so much unused computing potential
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that for 90% of applications, performance is related to
the choice of language. Java also compiles to bytecode,
but is currently slower than Python in most cases. In
addition, it is very easy to combine Python with
modules written in C or C++, which can be used to
increase the speed of programs in critical areas.

The choice to use the Django framework is based
on the fact that it is a high-level open Python framework
(software framework) for developing web systems. A
Django site is built from one or more parts, which are
recommended to be modular. Django's initial
development as a tool for working with news resources
has had a strong influence on its architecture: it provides
a number of tools that help in the rapid development of
informational websites. Django was created to manage
news sites, but since the beginning of its distribution in
the status of open software, it has gained enormous
popularity around the world as a platform for numerous
systems.

The use of Nginx as a web server (a free web
server and a proxy server) is due to the fact that its
working processes serve many connections at the same
time, multiplexing them with operating system calls
select, epoll (Linux) and kqueue (FreeBSD). Work
processes perform a cycle of processing events from
descriptors (see event-oriented programming). The data

received from the client is analyzed using a finite state
machine.

Conclusions

In the process of work, a web service was
developed for the exchange of knowledge, which,
according to the authors, is completely ready for use.
The software product is a separate web application that
will significantly affect the search for answers to
questions that arise during training.

This application is primarily aimed at teachers of
higher education institutions, students and ordinary
users. The purpose of creating the application is to
provide answers to questions that may arise in the
learning process, which will affect the process of
knowledge exchange.

This software product has the following
development prospects: it can be used in various fields;
in the future, it is possible to implement a system of
recommendations based on the previous questions;
implementation of influence on emerging content.

During the development of the software product,
modern web technologies were selected and
substantiated. The developed web service for
knowledge exchange fully meets all the requirements
set at the task setting stage and is ready for use.
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IIpoexTyBaHHS Ta NporpamMHa peaJji3auis Bed cepBicy
3 00MiHYy 3HAHHSAMHU

A. Kamniron, O. Ckakasina, P. Bapanenko

AHoTamisi. Y crarri mpoaHai3oBaHO TPOOIEMYy CHCTEMHOI PO3pOOKH Ta BOPOBA/KEHHS BeO cepBicy 3 OOMiHY
3HAHHAMH. METOI0 CTaTTi € TOCIiIKEHHSI MOXKIIMBOCTEH aKTyaJIbHUX TEXHOJIOTH, 110 3aCTOCOBYIOTh Y TIPOIIEC] IPOSKTYBAHHS Ta
MporpamMHoi peai3aiii BeO cepBicy 3 0OMiHy 3HaHHsIMH. [IpoaHami30BaHO METOAU PO3POOKH CIPOEKTOBAHOTO IMPOrPAMHOrO
MpoaykTy. Y poOOTi pO3rIITHYTO MpU3HAYCHHsI BeO-cepBicy [Uisi OOMiHY 3HAHHSAMH, 3 YpaXyBaHHSM BU3HAYEHHS IiTHOBOL
ayauTopii  po3poliieHOro MpoAyKTY. ABTOpaMH 00paHO Ta OOIPYHTOBAaHO BeO-TEXHOJOTIT A PO3POOKH MPOrPaMHOIO
3abe3neueHHs. 3anponoHoBaHa CTPYKTypa BeO cepBicy 3 00MiHy 3HAHHSIML.

KurouoBi ciioBa: Be6 cepBic, 0OMiH iHpoOpMaIli€ro, MOBa MPOrpaMyBaHHS, IPOEKTYBaHHsI, TPOTPAMHHI IPOIYKT.
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APPLICATION OF THE PROVISIONS OF THE GENERAL THEORY
OF MEASUREMENTS WHEN SOLVING SELECTION PROBLEMS

Abstract. The impetus for this publication was an article on the possibility and need to use the general theory of
measurement in judicial practice based on considerations of the state and prospects of judicial decisions by the judiciary, as
they solve the problem of choice (punishment or justification) as a result expert evaluation in conditions of uncertainty. The
article discusses the possibility of disseminating methods and tools for decision-making in the field of metrology as a result
of measurement and expert evaluation in conditions of uncertainty in such areas as pedagogical and general qualimetry. To
solve the problem, it is proposed to use in educational practice to assess the level of learning (level of acquisition of
knowledge, skills and abilities) of subjects of learning four-point scales of the order. Their compatibility with the stobal
rating scale and the corresponding ESTC scale is shown. The corresponding nomogram is given, the logarithmic four-point
scale of which is obtained on the basis of the probabilistic-information approach. The procedure of data processing of
expert assessment (measurement) in pedagogical qualimetry is considered, which can be partially used for processing the
characteristics of objects of comparison (OC) in qualimetry. The possibility of applying traditional and improved four-point
scales and elements of fuzzy mathematics in qualimetry in the construction of OC models. As directions of implementation
of the principles of the general theory of measurements and procedures of expert estimation (measurement) at the decision
of problems of a choice it is offered to improve legal, normative, directive and other documents on metrological activity
concerning concrete subject area and objects of comparison, and distribution of their scope.

Keywords: metrology; qualimetry; uncertainty; order scales.

Introduction

Searching for information on the subject of the
article in the Google Scholar search engine did not
return any results.

In the article [1] the directions of improvement of
scientific, methodical and organizational bases of the
general theory of measurements (GTM) for the purpose
of their application at an expert estimation in various
branches are considered. The impetus for its publication
was the article [2], which deals with the possibility and

need for the use of GTM in judicial practice, as the
judiciary makes a court decision as a result of the results
of expert evaluation in conditions of uncertainty. The
considerations of the publication [2] concern the
comparison of different levels and means of decision-
making in metrology and jurisprudence and are
extended [1] to such areas as pedagogical and general
qualimetry (table 1).

Objects of comparison (OC) and basic objects
(BO) of comparison mean products (products, services,
etc.) or subjects of study (SS).

Table 1 — Levels and means of decision-making in metrology and other fields

Metrology | Judicial practice Pedagogical qualimetry General qualimetry
State standards Laws Education standards (from a certain field of Legislative (regulatory) documents
(Gosstandart) | (Supreme Court) knowledge) 9 9 Y
Workin Courts of second | Fundamental printed works (monographs, . .
standard% instance textbooksF,) etc.) and theiE sectic%]nsp List of properties of BO
Measuring Courts of first Expert teacher (group of experts) and Expert (group of experts) and means of
instruments instance assessment tools SS-OC evaluating / measuring the properties of OC

Presentation of the main material

In [3] the use of a four-point scale and an
improved four-point scale (IFS) of the order in the
system of assessment of the level of learning (level of
acquisition of knowledge, skills and abilities) of SS,
which makes the use of ten- and twelve-point scales is
impractical. The indicator of learning (preferably
integrated) shows the intermediate or final learning
outcome. The Bologna Declaration recommends for use
in educational practice the rating scale (RS), the
corresponding ESTC-scale and the control procedure,
"tied" to the division of the entire scope of a particular
discipline into blocks of content modules (BCM) and
content modules (CM), and the accumulation of points

obtained during the control. Probabilistic-information
approach to the evaluation procedure [4] allowed to
obtain an expression for determining the evaluation on
any logarithmic L-score scale:

Qu = Ni +logz[- 2- /(2" — 1)g - 2))], @

where N; is the initial mark of the scale; L = |Ne - Ni| —
scale length; N, is the end mark of the scale.

In Fig. 1 shows a graph of the dependence of the
estimates Q of two-, three-, four-, ten- and twelve-point
scales, the beginning of which is combined with zero,
on the share g of the returned SS information during
control.

Here g — the share of information returned by the
subject of training during testing, written or oral survey

© Kozlov V., Kozlov Yu., Pasichnyk A., 2022
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— the numerical result of the assessment of learning for
CM, BCM or in general for the discipline:

g =nn,, 2
where nc — the number of correct answers, decisions; n— the
total number of questions, tasks, tasks that determine the
content of knowledge of the subject area.

The value of g=1 is an exemplary result. We
emphasize that the presence of a sample (standard, in terms
of metrology) involves measuring on a scale of relations.
This procedure in pedagogical qualimetry can be
implemented based on the concept of information entropy,
but this issue needs a separate discussion.

Analysis of functional dependences (Fig. 1) shows
that the scatter of the values of estimates increases with
increasing length of the scale L, especially sharply for
values of g > 0.8.

Q
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Curve |[1]2]|3] 4| 5 )4
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¢ |~
’_,13
2 11 1>
% —— 1

1/57, 1/29 and 1/14 of the score, respectively.
Nomogram (Fig. 3), which combines IFS, RS, ALFS
and ESTC-scale, allows you to use these scales to assess
the level of study of SS in any combination without
additional calculations, and the end result is presented in
a predetermined scale or as a coefficient of compliance
in the range of normalized values from zero to one, or as
a percentage (actually — on a rating scale).

C | B
350, 40045500
‘ A,

300,

Fig. 3. Nomogram of assessments
of scales of pedagogical qualimetry

As the example shows (see fig. 3), a fixed score of
3,50 on the advanced four-point scale corresponds to a
score of 50 on the stem scale (or a coefficient of
conformity of 0,50), FX on the ESTC scale, and 2,83 on
the approximated logarithmic four-point scale.

Note that the introduction of RS was accompanied
by "voluntarism" by higher education institutions
(HEISs), as shown in Table 2 for generalized data [5] and
universities of authors and others.

Table 2 — Scores on different scales of order

0 01 02 03 04 05 06 07 08 09 14
Fig. 1. Graphs of dependences Q =f (q)

Thus, it is logical to assume that the use of logarithmic
scales longer than three does not make sense, and the use of
traditional and advanced four-point scales as the basis for
expert evaluation (in particular, the level of study) will be
justified. Scores on a logarithmic four-point scale (LFS):

Qurs = 2 + logz[- 8/(7q - 8)]. (3)

Approximation Q.ps = f (q) three lines (Fig. 2) in
the range of estimates 2.00-3.00; 3.00-4.00; 4.00-5.00,
which correspond to the values of g in the ranges 0-
0.57; 0.57-0.86; 0.86-1, does not change the
“logarithmic essence” of the approximated logarithmic
four-point scale (ALFS), but allows to simplify the
calculations of estimates.

e, 371
4,00 o -I;(}}(
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Fig. 2. Graphs of dependences Qrs = f (q)

In Fig. 2 shows graphs of four-point advanced
(traditional), logarithmic and approximate scales. We
emphasize that the values of ALFS estimates differ from
the corresponding LFS values, but their relative position
does not change, which is decisive. The maximum given
errors of estimates in the approximation intervals are

Score on Rating Grades on the stem scale
a four-point ECTS :
scale declared | calculated | applied
Vidminno A 94-100 94-100 81-100
Dobre B 86-94 86-94 74-89
C 74-86 74-86 61-75
Zadovilno D 67-74 66-74 50-74
E 57-67 57-66 35-60
Nezadovilno FX 34-57 34-57 22-59
F 0-34 0-34 0-34

The practical convergence of the declared and
calculated by formula (3) estimates for RS in the ranges
of the FS and ECTS scale suggests that the Bologna
Declaration proposed the use of the system of stem
rating assessment is based on the concept of
probabilistic-information approach. This approach is
acceptable for test control (in particular, using a
computer with special software as a means of assessing
SS), focused on "covering” the total number of
questions (tasks, tasks) of a certain amount of
educational material taken as a sample.

Thus, the procedure for processing expert
evaluation data in pedagogical qualimetry consists of a
sequence of the following actions:

- formation of sets of results of assessment of
knowledge, skills and abilities of subjects of training in
one of two ways: in an absolute scale as a share of the
returned SS information at control; in a traditional four-
point scale or an advanced four-point scale;

- calculation of average grades in an improved
four-point scale;

- the expression of average grades in a form
acceptable for the construction of the rating list in the
two-point, logarithmic four-point, rating scale and the
corresponding ECTS scale or otherwise.

92



ISSN 2073-7394

CucTemu yrpaBiiHHS, HaBiramii Ta 3B's13ky. 2022. Ne 4

The quality of products (services, etc.) is usually
assessed by comparing products with each other or with
the base object.

Any basic object (BO) is characterized by a set of
its quantitative and qualitative properties, which
consists of experts who attribute the scores of the FS
according to the rules associated with the statements
"Yes" — 5, "Rather yes, than no" — 4, "Rather no, than
yes" — 3, "No" — 2 in response to questions such as "Is
the property inherent in the base object or not?" The
result of this procedure is an information model of the
basic object (actually — a sample — an analogue of the
standard or working standard) in the thesaurus
(dictionary) and the alphabetical index of the properties
of the BO.

Quantitative characteristics of the properties of the
object of comparison are obtained by measurements by
appropriate methods (techniques). Uncertainty-based
measurement results can be provided as membership
functions.

Qualitative characteristics of the OC are evaluated
by the same method of assigning points, as described
above, for judgments such as "Does this property match

the object of comparison and BO?" The obtained data of
non-numerical nature are used to construct the resulting
characteristic  membership ~ function  (RCMF).
Fasification of RCMF using the method of center of
gravity [6] gives the desired result - an integral indicator
of the quality of OP as an arithmetic mean, which does
not contradict the theory [7] and confirmed by
calculations [8].

Conclusion

The extension of the principles of GTM to the
areas of activity where decisions are made on the basis
of expert assessment / measurement requires:

- improvement of legal, scientific, methodological,
organizational principles and evaluation (measuring)
procedures;

- finalization of normative (directive, guiding,
administrative and other) documents on metrological
activities related to a specific subject area and specific
objects of comparison, and expansion of their scope.

Establish the possibility of using different types of
scales to solve the problem of comparing objects of
comparison.
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3acTtocyBaHHs 110J10K€eHb 3arajibHOI Teopii BUMipIOBaHb NPH Po3B'A3aHHI 3a1a4 Bigdopy
B. €. Kozinos, 10. B. Koznos, A. B. ITaciuaux

AnoTanis. ITomroBxom a0 myOmikamii cranma CTaTTs MPO MOXKIMBICTH 1 HEOOXIIHICTH BUKOPHUCTAHHS 3arajibHOl Teopil
BUMIPIOBaHHs B CyIOBiil NPAKTHI, BUXOAIYM 3 MIpKyBaHb CTaHy Ta IEPCIEKTHUBH CYIOBHX pillIeHb CYJIOBUMH OpraHaMH,
OCKIJIbKM BOHH BHPIIIyIOTh IpoOieMy BHOOPY (IOKapaHHS YM BUIPABIaHHA) SK Pe3yJbTar SKCIIEPTHOI OIHKM B YMOBaxX
HEBU3HAYCHOCTI. Y CTATTi PO3IJISIAIOTHCS MOKIMBOCTI MOMIMPEHHS METO/IB Ta 3aC00iB MPUUHATTS PIilliCHb Yy cdhepi METPOIOTii
3a pe3ysbTaraMd BHMIPIOBaHb Ta €KCIICPTHOrO OILIHIOBAHHS B YMOBaX HEBH3HAYCHOCTI B TakuX cdepax, sK IeAaroriyda ta
3arajgbHa KBajgiMeTpis. J{jis BupileHHs TpoOaeMu MPOIMOHY€ETHCS BUKOPUCTOBYBATH B OCBITHIM MPAKTHII IS OI[IHIOBAHHS PiBHS
HaBYCHOCTi (PiBHS 3aCBOEHHs 3HaHb, yMiHb 1| HABUYOK) Cy0 €KTIB HAaBYaHHS YOTHPHOANbHI IKamu mopsaky. [lokazano ix
CYMICHICTb 31 CTOOATBHOO IIKAJIOK0 OIHOK 1 BignoigHoto mmkanoo ESTC. HaBeneno BiAnoBimHy HOMOrpamy, Jorapudmivny
YOTHPHOATBHY MIKATY SIKOI OTPUMAaHO Ha OCHOBI iMOBIpHICHO-iH(OpMAIHOrO miaXomy. Po3riasHyTo mpoueaypy 0oOpoOKu
JAHUX eKCTIePTHOI OLiHKY (BHMIpPIOBAHHS) y IMEAAroriuyHiii KBagiMeTpii, sika Moxke OyTH YacTKOBO BHKOpPHCTaHA I 0OpOOKH
XapakTepUCTHK 00 €KTIB TMOPIBHSIHHA Yy KBamiMmeTpil. MOXIHBICTH 3aCTOCYBaHHS TpAIULIHHAX Ta BIOCKOHAICHHUX
YOTHPHUOATHHHX IIKAJ Ta €JIEMEHTIB HEYiTKOI MaTeMaTHKH B KBAJIMETpil npu moOyI0Bi Moienei 06’ €KTiB MopiBHAHHA. B skocTi
HampsIMiB peastizallii MPUHIHUIIB 3aranbHol Teopil BUMIPIOBaHb i MPOIEIyp EKCIEPTHOrO OLIHIOBAaHHs (BHMIpPIOBAaHHS) MpPH
BHUpIIIeHHI TPOOJIeM BUOOPY MPOMOHYETHCS YAOCKOHAIUTH 3aKOHOJABYi, HOPMATHBHI, MUPEKTHUBHI Ta IHII JOKYMEHTH 3
METPOJIOTTYHOT JisUTHHOCTI I1[0/I0 KOHKPETHOI MPEIMETHOI Tairy3i Ta 00'€KTH MOPIBHSHHS Ta PO3MOALT X chepu.

KuawuoBi cioBa: MeTponoris; KBaJiMeTpis; HEBU3HAUCHICTh; 3aMOBIICHHS Baru.
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JOCJIIIKEHHA METO/IB IIOBYJOBA PEKOMEHJAIIMHUX CUCTEM
JIJISI PO3B’SI3AHHSI 3ATAYI BUBOPY HAWBLIBIII PEJJEBAHTHOI'O
BIJEO IPU CTBOPEHHI BIPTYAJIbBHUX APT-KOMIIO3ULIN

AHoTanisi. AKTyaabHicTh. Uepes 3pocTanHs U@ poBizalii MUCTENTBA MOCTAIOTh 3aa4i MOKPAIIEHH iIMEPCHBHOCTI T[]
Yac B3aeMOii KopucTyBaya 3 cucreMamu extended reality mucrenrsom. Metonu nocaizkennsi. Komaboparusha Qisprpartis
MaTpuyHOIO (hakTopH3aliero, METO PEKOMEH/alii, 3aCHOBaHWI Ha 3HAHHSX, TJIM0OKa HEHpOHHA Mepeka 3 Ia-
pamu 3aHypeHHs. MeTa cTaTTi: BUKOPHUCTOBYIOYH MO/IENI peKOMEH Ialli HHUX CUCTeM ITOOYI0BaHHX HA Pi3HUX MIPUHIIUIAX
TIPOBECTH HU3KY OOUHCIIOBAIEHUX €KCIIEPUMEHTIB Ha MOJIEIIBHIX JIAHUX 1, IOPIBHIOIOUN Pe3yJIBTaTH, IEPEBIPUTH, SKHH i3
ICHYIOUHX I JIXO/IiB 70 TIOOYJOBY PeKOMEHIAIIIHIX CHCTEM MOKa)ke HaMIIIMIII pe3yabTaT! IPpH po3B’si3aHHI HaIIol 3a1adi -
MOOY/IOBH CHCTEMH BHOOpPY BipTyallbHOI apT-Komro3uIii. OTpumani pe3yabTaTi. [IpoaHasizoBaHO €(eKTHUBHICTH PI3HIX
METO/IiB OOYZIOBHM peKOMEHIANIHNX CHCTEM JUIS PO3B’s3yBaHHS 3a/1adi BHOOPY Bife0 y BIpTyallbHAX apT-KOMITO3HUINISX 3
ypaxyBaHHSIM SIBHOTO Ta HessBHOTO (inbeky kopucryBauis. [lepeBipeHo, mo HaiO1IBII e(heKTHBHAM BUSBHBCS IiAXi[ 3 BH-
KOPHUCTAaHHSIM TiOPHIHOT MOJIEII, KA MOEAHYE METO]] KoabopaThBHOi (iIsTpallii, MeTox PEKOMEHIAITIH, 3acHOBaHui Ha
3HAHHAX i NTHOOKY HEHpOHHY Mepexy 3 IapaMH 3aHypeHHs. [loBeaeHo, 10 3aBASKH MaTeMaTHYHOMY arapaTy IIIMOOKHX
HEHPOHHUX Mepek MOKHA e(eKTHBHO pO3B’sI3aTH 33jady BHOOPY BiJieO Y BipTyalbHHX apT-KOMIO3MILISAX 3 YpaXyBaHHIM
BI0/100aHb KOpHCTyBaua. BucHoBok. Po3pobnenuit y po0oTi miaxix Moxe OyTH BUKOPUCTaHUH [T TIOKPAILCHHS IMEpPCHB-
HOCTI HiJ 4ac B3aeMoJii kopucTtyBaya 3 cucteMamu extended reality mucrerrsom.

Kuawuosi caora: konaboparusua Qinsrpais, MeTo] PEKOMEH/IAIIIH, 3aCHOBaHMI Ha 3HAHHSX, TIMOOKa HEWPOHHA Me-
pexa 3 mapamu 3anypens, extended reality, iMepcHUBHICTS.

Beryn

udposizaris MUCTeLTBa, 30KpeMa, CIIOCO0IB B3a-
€MO/1ii KOPUCTYBAYiB 3 BUTBOPAMH MUCTEITBA, B OCTAHHI
POKM aKTHBHO PO3BHUBA€ThCA. [lepCrIeKTMBHUM Hampsi-
MOM € TIO€THAHHS )KUBOTHCY Ta TexHoorii VR/AR/MR,
saranom XR (extended reality) [1].

[punyctumo, 110 € MOOUITBHUN OJATOK, SKUH J10-
3BOJISIE 32 JOIIOMOT0I0 KaMEepH CKaHyBaTH 300paXKCHHS-
Mapkepu, poouts ix AR sKopsMH Ta mOKa3yBaTH Ha ix
MICIIi Bifieo, 3aBaHTa)xkeHe 3 cepBepy. B sikocti 300pa-
KEHHA-Mapkepa MOXKe BUCTYIATH, HAIPHKIA, BUTBIp
KUBOMHUCY Y My3elHiil kommno3uiii. CyKymnHicTh 300pa-
JKSHHSI Ta BIJIEO, sIKe TIPHB’s3aHe 10 300paXKeHHS, HA3U-
Ba€THCS BIPTYAIBHOIO apPT-KOMITO3HIII€IO.

Po3smizHaBaHHs 300paykeHHsI-MapKepy BiJIOyBa€ThCs
Ha cepBepi. [licnst po3miHaBaHHS cUCTeMa TTOBUHHA 00-
patu Bizeo, sike HalOUTbII BiAMIOBIAAa€ BIIOJOOAHHIM KO-
pucTyBada (3a >KaHpaMH, KOJIbOPOBOIO FaMOKO, KOMIIO3H-
1i€ro Tormo). Jlani BOHO KOPUTYETHCS 3 YpaxyBaHHSM SB-
HOTO (crogo6anack KOMITO3HUINA YM Hi, peHTHHTOBA OIli-
HKa, JOJATKOBE aHKETYBaHHS) Ta HESBHOIO (IOIMBHBCS
JI0 KIHIIS, SK JIOBro ()OKyCyBaBCs Ha KOMIIO3HIIIT TOIIO)
¢indexy. IlouaTkoBe BH3HAUECHHS BIOJO0AHH KOPHCTY-
Baya MOXKE 3IMCHIOBATHCS 32 IOIIOMOI'OI0 aHKETYBaHH,
sIKe KOXKEH KOPHCTYBad Ma€ IPOUTH Ha MOYATKY KOPHCTY-
BaHHS JJOAATKOM. 3a HOT0 pe3ynbTaTaMu A0 POoQiio KO-
puctyBada OyayTh JOMaHi aHi, SIKi MOXYTh OyTH BKazy-
BaTH Ha HOTO BIIOI00AHHS, HATIPUKIIAL: TEHAED, BiK, YIIIO-
OJNeHuit Koip, yIIro0JIeHi >KaHPH KUBOIIUCY Ta 1H.

Ha mamr mormsin, O4YeBHIHWM pIMIEHHSM pPO3B'S-
3aHHA 3a/1a4i BU3HAYCHHSA Bi/Ie0, sIKe HEOOXiMHO 0OpaTh
3TiTHO 3 BIOJOOAHHSMH KOPHCTYBaya, € BUKOPUCTAHHS
PEKOMEHIALITHUX CHCTEM.

Cuctema BUOOpY BiJIeO sl TOKa3y KOPHCTYBayeBi
[MOBHHHA BIAIIOBIAATH TAKUM BUMOTAM:

1) Bubip Mae 3miMCHIOBATHCS HA OCHOBI MPO(iTto
KOpHUCTYyBaya Ta/a0o Horo MuHymx (igoekis;

2) y KOXHOTO 300pakeHHsI-MapKepa Ta Bizeo Oy-
JIyTh PIi3HI XapaKTEPUCTHUKH, SIKI NOTPIOHO BpaxyBaTH
pu BUOODI;

3) mpu HagaHHI PEKOMEHMAIli CHCTeMa MOBHHHA
BpPaxOBYBaTH BIATYKH Ha BIPTYaJIbHY KOMITO3UIIIIO Bij
IHIINX KOPUCTYBAYiB.

TakuM yMHOM, cucTeMa BHOOPY BiJIeO MOXE MaTH
Ha BXOJi ZIBi poOoui cuTyarii:

Cumyayis 1. Ha BX0ozl cCTeMH BipTyasbHa apT-KOM-
nosutisn K: A, { V1...Vn } (A - sixip + Vi KOHKpeTHE Bifi€o0),
sIKa HE Ma€ PEHTUHTOBUX OLIIHOK YKOJIHOTO 3 KOPUCTYBAYiB
(cutyartist XomomHOro CTapTy). B TakoMy BHmaaky cuctemMa
Mae oOpatu kommo3uiiro K, B skiif Biieo Mae 03HaKu, 110
HaMOUIBIIE BiIIOBIAAIOTH MPOQIUII0 KOPUCTyBava (HATIPH-
KJaj, TI0 KOJIBbOPOBIH raMi, 5KaHpaM JKHUBOITHICY TOIIIO).

Cumyayia 2. Ha BXoni CHCTeMH BipTyaibHa apT-
kommozuis K: A, { V1...Vn } (A - axip + Vi KOHKpeTHE
BiJIeO), SIKa BXKE Ma€ JesAKy KUIbKICTh PEHTHHTOBUX OIli-
HOK BiJ iHIINX KopucTyBadiB. KopructyBau, akuii motpe-
Oye pekomeHIamii I i€l KOMIO3HUIIii, Ma€ PeHTHHTOBI
OIIIHKY {HIIUX BipTyaJbHAX KOMIIO3UIiA. B Takomy BuU-
MagKy cucTeMa Mae obpatu xommoswiiro K Ha oCHOBI
CIIUTBHUX OIIHOK JaHOTO KOPHUCTyBaya Ta iHIINX KOPHUC-
TyBadiB, 5IKi OIIHIOBAJIN JIaHy BipTyaJbHy KOMITO3HUITIFO.

Mera cTarTi: i€ JaHOTr0 JOCHIHKEHHS ITOJIATaE B
HACTYIIHOMY: Ha MOJICJIFHUX JAHUX POBECTH HU3KY 00-
YUCITIOBAJIbHAX EKCIIEPUMEHTIB 3 METOI0 TOPiBHSHHS
e(heKTUBHOCTI BUKOPUCTAHHS PI3HUX MOJIENEH peKOMEH-
JAIIITHAX CHCTEM JJIs PO3B's3aHHI 3a71a4i mo0yIOBH CH-
CTeMH BHOOpY BipTyaJbHOI apT-KOMITO3HILi.
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BukJsiax ocHoBHOTO MaTepiaxy

[Tounemo 3 miZICyMKy TOTO, IKi AaHi IPOIIOHY€E HaM
PEeaBHUIA CBIT:

[inboBa 3MiHHa — PEHTHHIH MOXYTh OyTH SB-
HUMH (TOOTO KOpHCTYBau 3ajMIIae BiATyK) abo HesB-
HUMH (TOOTO TependavaloTh TO3UTUBHUN BIATYK, SIKIIO
KOPHCTYBa4 JOAUBUBCS JI0 KiHIIS BiIeO YaCTHHY BipTya-
JIBHOT apT KOMITO3H1ii). Y Oy1b-sIKOMY BUITaIKy BOHHU HE-
o0ximni. #Review

BiacTHBOCTI MPOAYKTY — OIMKC XapaKTEPUCTHK
OPOIYKTY (HATIPHKIIA, )KaHPIB KMBOITHCY, B IKHX BUKO-
HAHO KapTHHU y BIPTyaJbHUX apT KOMITO3UIISX), SIKi B
OCHOBHOMY BHKOPHUCTOBYIOTHCS B METOJaX Ha OCHOBI
BMIiCTYy.

[podins xopuctyBaua — iHdopmariis, ska onucye
XapaKTePUCTHKH KOPUCTYBaya: MOxke OyTH nemorpadiy-
HOMO (TOOTO CTaTh i BiK) 200 MOBEIHKOIO (TOOTO BIOJO-
OaHHsI KOpUCTyBada y >KMBONHCY abo y BiJJeOTBOpax).
31e6ibIIOro BUKOPHUCTOBYETHCS IS PEKOMEH IaIliil Ha
OCHOBI 3HaHb.

KoHnTekeT — momaTkoBa iHGOpMAITis 070 KOHTE-
KCTY, B SIKOMY OYJIO OTPUMaHO KOHKPETHHI peHTHHT
(TobTO KONHU, A€, icTopist momIyKy). Takoxk 4acTo BHKO-
PHUCTOBYETBCS Y PEKOMEHAIIHHUX CHCTEMax Ha OCHOBI
3HaHb.

CydacHi peKOMEHaIlifHI CHCTEMH BCI TMepeliueHi
BUM iH(OpMarii 1y1st HOOYA0BH MPOTHO3Y MO0 HAIIIOTO
CMaKy.

Hanpuknaza, YouTube pekomenaye HaMm HacTyIHE
BiJIEO JUIsl TIEPerdisily, BAKOPHUCTOBYIOUH Bee, 1110 Google
3HA€E PO HaC, 30KpeMa Hallli BIIOJA00aHHSI.

IcHye 4 OCHOBHI MiZXO/M 10 CTBOPEHHSI PEKOMEH-
nariinux cucrem [2, 3]. lle pexomeHpariitHi crucTeMu
KoJ1labopaTUBHOI (PibTpallil, HA OCHOBI KOHTEHTY, Ha OC-
HOBI 3HaHb Ta T1OPHIHI MOJIEIII.

Konabopamusna ¢inempayis (collaborative filtra-
tion). CyTh mepiioro miaxoay MOJSArae B TOMY, 10 ¥ KO-
PHCTYBaYiB, sIKi 3alliKaBUJIUCh OJHAKOBHMH €lIEMEHTAMHU
OJIHOTO pa3y, MOXKIIMBO OyIyTh OJMHAKOBI BIIOJOOAHHS
HacTymHoro pa3y. [Ipoiiec nouyKy criBnaiHb y Crpolie-
HOMY BUIJISIZIl MOXKHA ONTUCATH HACTYITHUM YHHOM: ITOLITYK
KOPHCTYBaviB, KOTPi MalOTh Ti K IIA0JOHU OLIHOK, IO i
aKTHBHUHM KOPUCTYyBa4d (I SKOTO IPH3HAYECHHUH Ipo-
THO3); BUKOPUCTaHHS PEHTHHIIB KOPUCTYBadiB 3i CXO-
UMK BIOAOOAHHAMH, IO 3HANAEHI HA MONEPEIHBOMY
KpOIIi TS TPOTHO3Y MaWOYTHIX BIOZOOAHb KOPHUCTYBAYa;
KOPEKIIisl pe3yJIbTaTiB 32 (i0EKOM KOPUCTYBaYa.

Pexomendayii na ocnosi konmenmy (content-based
recommendations). PekoMeHmaliiiHi cMCTEMH Ha OCHOBI
KOHTEHTY 3aCHOBaHI Ha CTBOPEHUX BPYYHY a00 aBTOMa-
THUYHO BUTATHYTHX XapaKTEPUCTHKAX EJIEMEHTIB Ta Ipo-
(T KOPUCTYBaUa, B SIKOMY HaJIA€ThCS Bara 3HA4yI[OCTi
WX XapaKTEPUCTHK. 3arajoM, Taki CHCTEMH MaloTh Ha
MeTi 3HalTH MOAiIOHI eIeMEeHTH IO TUX, IO KOPHCTYBad
Brog06aB padimie. [lopiBHSIHO 3 K0Tab0paTHBHOIO (Pislb-
Tpai€o, peKOMEHallii Ha OCHOBI KOHTEHTY MalOTh JBi
TepeBaru: mo-Tepuie, Jisk JOCATHEeHHS PO3YMHOI TOYHO-
CTi peKOMeHAAIi il He TOTPiOHi BEHKI TPYITH KOPHUCTYBa-
4iB. KpimM TOTO, HOBi €IIEMEHTH MOXHA PEKOMEHTyBaTH
BiJ[pa3y MicJist TOrO, SK 3’SIBUTHCS AOCTYII IO XapaKTepH-
cTuK eneMeHTiB. OnHaK, B 0araTbOX 0OO0JACTAX, OLIBIIT

CyO'eKTHBHI XapaKTEpPUCTUKH €JIEMEHTa, SKi MOXYTb
OyTH KOpHUCHHMH JUTS TEHEpallii peKOMEHIAIIIH, BaXKKO
orpumaty aBToMatudHO [4]. Lle o3Hauae, mo taka iHdpo-
pMallisi TOBUHHA BBOJUTHUCS B CHCTEMY BPYYHY, LIO € MO-
TEHIIHO JOPOTHM 1 CXHJIBHUM JIO TIOMHJIOK TPOLIECOM
[5].

Pexomenoayii na ocnosi snans (knowledge-based
recommendations). Ko B sikoMmych HillleBOMY JOMEHi
HEMa€e MOJKIIMBOCTI TOKJIAagaTUCS Ha ICTOPIIO MOKYIIOK
a00 nepersiB, 3'SIBISETHCS TIEPEIyMOBA ISl CITIIBHOTO
BUKOPHCTAaHHS KOJIAOOPATUBHOTO MiAX0ay Ta (inbTpamii
Ha OCHOBI KOHTEHTY. [HO/Ii HETOCTATHBO MPOCTO YABUTH
€JIEMEHTH, SIKi BiJIIOBINAIOTH 3a/laHOMY Habopy (yHK-
ITi¥, [0 3aMUTYIOTHCS, OCKUTBKU BIJICYTHIHM acIeKT mep-
coHarizamii. Tak, KOXeH KOPUCTYBad 3 OHAKOBUMHE (Y-
HKISIMH, 1110 3aMUTYIOTHCSI, OTPHMAE OJIMH 1 TOM ke Ha-
0ip pekomeHaaliil. Y 1bOMy BHUMNAJIKy MOTpiOHa cuc-
TeMa, sIka BUKOPHUCTOBYE OJATKOBI 3HAHHS ISl BUPOO-
JICHHsI peKOMEH/IaIiid. Y TaKuX IMiX0aX CHCTeMa 3a3BHU-
Yaii BUKOPHUCTOBYE IOJATKOBY iH(OpMAIlito, 10 YacTo
HAJIAETHCS BPYUHY, SIK PO MOTOYHOTO KOPHCTYBAaYa, TaK
1 PO JIOCTYIHI eJleMeHTH. [HIni acnekT — 1e «B3aeMo-
Jlisl 3 KOPHCTYBaueM», OCKUIBKH Y 0araTthox peKoMeH 1a-
IITHUX CUCTEMaX, 1110 IPYHTYIOTHCSI Ha 3HAHHSIX, BAMOTH
KOpHUCTyBaya MOBHHHI BUSBIISITUCS B IHTEPAaKTHBHOMY
pexxkumi. OTKe, IJ11 BU3HAYCHHS MOTped Ta mepesar Ko-
pucTyBaya MoTpiOHI CKJIaIHIII THITH B32EMOJIIT, B OCHO-
BHOMY 4epe3 BiACYTHICTb iCTOpii MOKYIOK, Ky MOXKHA
Oyuio 6 Bukopucratu. [Ipoctuit minxiza - Ge3rnocepeHbO
3allMTaTH KOPUCTYyBaya Npo KWoro uu ii Bumoru. Ilpore,
TaKUil Migxig norpedye He TUIBKU JETaJbHOTO TEXHiy-
HOT'O PO3YMIiHHS BJIACTHBOCTEH MpenMera, a i CTBOPIOE
JIOZIATKOBE KOTHITHBHE HABAHTAXKEHHS y CLIEHAPIsIX i3 Be-
JIMKOIO KUIBKICTIO XapaKTEPUCTUK MpeameTra. ToMy mpu
OB CKJIAJHUX IIJIX0JaX HAMararoThCs pealli3yBaTH
OlJTbILIE CTUIIIB PO3MOBHOI B3a€EMO/Iii, Y IKHX CUCTEMa Ha-
MaraeThCsl MOCTYIOBO 3'ICYBAaTH IIEpeBaru B iHTEPaKTH-
BHOMY Ta IIEpCOHAII30BAaHOMY JTiaJo3i.

Tiopuonuu nioxio (hybrid approaches). Pizui miz-
XOJIM, SIKi OyJIM PO3TJISIHYTI BHIIIE, 3aJI€XKHO BiJ IOCTAHO-
BKH 3aJayi MaloTh MEBHI MepeBard Ta Hexoiku. OxHIM
i3 OUEBHJIHHX PIIlICHb € 00'€/IHAHHS PI3HUX METOJIIB JIIs
BUPOOJIEHHsI Kpalyx ab0 OiIbII TOUHUX PEKOMEHIAITiH.
Hanpukiaz, Ko iCHYIOTh 3HaHHS CIIUTBHOTH Ta JO-
cTynHa noji0Ha iHdopMmallis Ipo OKpeMi eJIeMEeHTH, CH-
CcTeMa peKOMEHAIliil MOXe OyTH MOKpaIeHa IMIITXOM Ti-
Opmam3anii kKorabopaTHBHOI (QiIbTpaIlii 3 METOJaMA Ha
OCHOBI KOHTeHTY [6]. Taka 3B's13ka MOKe OyTH BUKOPHUC-
TaHa JUIs NOAOJaHHS ONMCaHUX NPOOJIeM y YHCTO KoJa-
OOpaTUBHUX MigXOAaX Ta BUKOPHCTAHHA KOHTEHTY IS
HOBHIX €JIEMEHTIB a00 HOBHUX KopucTyBadis [7]. Ha puc.
| HaBenEeHO MPUKIIA 3aralbHOI CXeMH TiOpHIHOI peKo-
MEHIAIIINHOI CHCTEMH.

MosxHa migcyMyBaTH, MO IJIs BUPIMICHHS 3a7adi
pEeKOMEH A TPy Pi3HUX HAsIBHUX BX1THUX TAHUX € He-
00XiHICTh Y BUKOPUCTAHHI Pi3HI THIM pEeKOMEHIAIIN-
HUX cucTeM. HaToMicTs, pi3Hi ImiIXoan peKOMEHIaTOPiB
MAalOTh Pi3HI BUMOTH 10 BXiITHUX JAHUX, SIKi PEICTaB-
neHi y tabn. 1. Ines momsarae B Tomy, mo0 MOpiBHATH
e(heKTUBHICTh BHKOPHCTAHHS OIMCAHUX BHIIE METOJIB
no0yIOBH PEeKOMEHIAITHOT CHCTEeMH BipTyalbHHX apT-
KOMTIO3HIIiH.
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User Profile

User Item Score
—_— Hybrid recommendation usert | itemt o7

Community data ;

Features

Feature 1 |Feature 2

component user2 item2 09

Puc. 1. 3aranpHa cxema ribpuHOI peKOMEH Il iHOI CHCTEeMH

Tabauys 1 — Bumoru 10 BXiTHUX JaHUX Pi3HUX PeKOMeHIAIiiHIX MiaX01iB

TTigxin LIpogims koprcTyBasia Jlani ciibHOTH | XapaKTepUCTHKU eleMeHTa | Mojerni 3HaHb
Ta IMapaMeTpu KOHTEKCTY
KoabopaTuBHuit Tax Tax Hi Hi
Ha ocHOBI KOHTEHTY Tax Hi Tax Hi
Ha ocHoBIi 3HaHB Taxk Hi Taxk Taxk
liopuHMit Tax Mosxnuso Mosknuso MoxJuBo

B 0CHOBI mepIIIol MOJEi JIeXKaTh MATPULIS KOPHC-
tyBauiB Users i Matpulis npoaykriB Products, ctBopeHi
3a jgomomororo ImapiB BOynoByBanHi (Embeddings
Layer) HeiiponHoi Mepesxi. TyT BXiJHi gaHi — napu "Ko-
pUCTYBa4Y-IpOJYKT", @ BHXIJHI JaHi — pPEUTHHT,

MPUCY/PKEHUI KOPUCTYBayeM BIAMOBITHOMY MPOAYKTY.
Jns mporHo3yBaHHS HOBOI MMapH "KOPUCTYBay-TPOTyKT"
MOJEeNb BUKOHYE TOIIYK KOPUCTYBa4a y IPOCTOPIi 3aHy-
pennst Users 1 mpoaykt y mpoctopi Products. Cxema
CJIOIB MOJIeNl IOKa3aHa Ha puc. 2.

Xusers_in input: [(None, 1)]

xarts_in input: | [(None, 1)]

InputLayer | output: | [{None, 1)]

InputLayer | output: | [(None, 1)]

y

A

xusers_emb | mput: (None, 1)

xarts_emb input: (None, 1)

Embedding | output: | (INone, 1, 50)

Embedding | output: | (None, 1, 50)

\

'

Xusers mput: | (None, 1, 50)

xarts input: (None, 1, 50)

Reshape | output: (None, 50)

Reshape | output: (MNone, 50)

™~

o

XX input: [(MNone, 50), (None, 50}]

Dot | output:

(None, 1)

y

y_out input:

(None, 1)

Denge | output:

(None, 1)

Puc. 2. Cnoi Mojiesi Ha OCHOBI MaTpu4HOT (hakTopH3aLii

Hapasi nalicyuyacHimn peKOMEHIALiWHI CHCTEMH
BHUKOPUCTOBYIOTH ITIMOOKE HaBYAHHS. 30KpeMa, IO€IHY-
IOTh HENIHIWHICTh HEUPOHHUX MEPEX 3 MATPUUHOIO (ha-
KTopizamiero. Ll Mogens cTBOpeHa st MaKCHMaIbHOTO
BUKOPHCTaHHS TpPOCTOpy BOymoByBaHHs (embedding
space), BUKOPUCTOBYIOUM HOTO HE JIHIIE T TPaanIliii-
HOI KOJTabOpaTUBHOI (iNbTpallii, aine i U1 ITOBHO3B'S3-
HOI TiOoKoi HeWpoHHOI Mepexi. ['mmboka HelipoHHA
Mepeka Mae (ikCyBaTH MAOJIOHM Ta BIACTHBOCTI, SKi
MOKE NPOIYCTHTH MaTpuyHa Qakropmsamis. Cxema
CJI01B MOJIeNTi 300pakeHa Ha pHc. 3.

Tpetst MoneIb, SIKy MH BUKOPUCTAIIH [T TIPOBENICHHS
eKCTIEPUMEHTIB, € TiIOpUIHOI. 3aBASKN THYYKOCTI Cydac-
HOTO arapary HeHpOHHHX MEPEK CTall0 MOKIMBIM 00'e]T-
HATH B paMKax OJHi€1 MOJEi Pi3Hi MiAXOMH 10 CTBOPSHHS
pexomeHpamiitanx  cucteM. o  momemi  Neural
Collaborative Filtering My momaimi 1Bi okpeMi TIIMO0Ki Heil-
POHHI Mepexi, sIKi s BHOOpPY BiZIe0 BUKOPHUCTOBYOTH 1H-
(hopMaItiro Ipo BIACTHBOCTI BipTyaJbHUX apT-KOMITO3UIIIN
Ta iHdopmartiro i3 mpodins kopuctysadis. Lle, Ha Hamy 1y-
MKY, JO3BOJIUTH TIiIBUIIATH SKICTh PEKOMEHMIAIIIHN, SKi MU
oTprMaemo Bij cuctemu. Ciioi ribpuaHoi Mozeni Ha puc. 4.
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Xusers_in input: | [(None, 1)] xproducts_in | input: | [(None, 1)]
InputLayer | output: | [(None, 1)] InputLayer | output: | [(None, 1)]
of xusgers_emb | input: (None, 1) mn_xusers_emb | input: (None, 1) cf xproducts_emb | input: (None, 1) mn_xproducts_emb | input: (None, 1)
Embedding output: | (None, 1, 50) Embedding output: | (None, 1, 50) Embedding output: | (None, 1, 50) Embedding output: | (None, 1, 50)
cf xugers | mput: | (None, 1, 50) m_xusers | mput: | (None, 1, 50) cf xproducts | iput: | (None, 1, 50) m_xproducts | iput: | None, 1, 50)
Reshape | output: | (None, 50) Reshape | output: (None, 50) Reshape output: (None, 50) Reshape output: | (None, 50)
cf_xx | mput: | [(None, 50), (None, 50)] concatenate | mput: | [(None, 50), (None, 50)]
Dot | output: (None, 1) Concatenate | output: (None, 100)
m xx | input: | (None, 100)
Dense | output: | (None, 25)
concatenate_1 | mput: | [(None, 1), (None, 25)]
Concatenate | output: (None, 26)
y_out | input: | (None, 26)
Dense | output: | (None, 1}
Puc. 3. Cnoi mozeni Ha OCHOBI HEHPOHHOT Kos1abopaTHBHOI (ibTparii
‘ Xusers_in ‘ input: | [(None, 1)] ‘ ‘ xproducts_in | mput: ‘ [(None, 1)] |
l TInputLayer ] output: | [(None, 1)] ] l InputLayer | output: l [(None, 1)] |
‘ of_xusers_emb l input: l (None, 1) ‘ l nn_xusers_emb l input: l (None, 1) ‘ ‘ of_xproducts_emb l nput: (None, 1) ‘ l n_xproducts_emb l nput: l (None, 1) ‘
‘ Embedding ‘ output: ‘ (None, 1, 50) ‘ ‘ Embedding output: ‘ (None, 1, 50) ‘ ‘ Embedding ‘ output: | (None, 1, 50) ‘ Embedding ‘ output: ‘ (None, 1, 50) ‘

| m_xproducts ‘ nput: | (None, 1, 50) ‘

| of xproducts ‘ input: ‘ (None, 1, 50) |
‘ output: | (None, 50) ‘

| Reshape ‘omput:‘ (None, 50) |

| nn_xusers | input: ‘ (None, 1, 50) ‘

‘ of xusers ‘ mput: | (None, 1, 50) ‘
| Reshape ‘omput: ‘ {None, 50) ‘

‘ Reshape ‘ output: | (None, 50) ‘

| Reshape

| of xx ‘ input: | [(None, 50), (None, 50)] | | concatenate_2 | input: | [(None, 50), (None, 50)] | ‘ features_in ‘ input: | [(None, 14)] ‘ ‘ contexts_in | input: ‘ [(None, 22)] |
| Dot ] output: | (None, 1) (None, 100) | l InputLayer ] output: | [(None, 14)] ‘ l InputLayer l output: ] [one, 22)] |

| | Concatenate Iomput:|

l context_x l input: l (None, 22) |

m_xx l input: | (None, 100) |
‘ Dense ‘ output: ‘ (None, 22) |

Dense ‘ output: | (None, 25) |

| features_x l mput: l (None, 14) |
| Dense ‘ output: ‘ (None, 14) |

‘ concatenate_3 | nput: ‘ [(None, 1), (None, 25), (None, 14), (None, 22)] ‘
(None, 62) ‘

‘ Concatenate |out1)ut: ‘

Habip oanux ons naeuanns mooeni. Jlns npose-
JICHHS1 OOYHCITIOBAIBHUX EKCIIEPUMEHTIB JUIsS TOpiB-
HSIHHS e(DEKTUBHOCTI OMMCAHUX MOJIeNiei 00paHo NaHi 3
naracety WikiArt. B skocTi maraceTy, 1o mpeacTaBisie
KOPHUCTYBaYiB Ta X PEUTUHT OYJIO 3aCTOCOBAHO TICEBIO-
PaHAOMHO 3reHepOBaHi JaHi.

i nani cKIaAAI0THCS 3 TPHOX HAOOPIB, SKI MICTUTH
iH(pOpMAIIif0 PO KOPUCTYBAYIB Ta X BIOJ00AHHS, a Ta-
KO apT-KOMITO3HIII.

[III = i

ESETRT

Puc. 4. Cnoi ribpuanoi Mmozaeni

Virtual Art Composition Dataset. HaGip nauux Bip-
TyaJbHUX apT KOMIIO3HUINKA MICTHTh iH(pOpMAI0 PO
KOMIIO3HIIiI Ta iX BIacTHBOCTI. Moro cTpykrypa 306pa-
»keHa Ha puc. 5. Habip naHux MIiCTUTP Iepenik BipTyaib-
HUX apT-KOMIO3UIIiH 3 BU3HaUCHHSIM [D-HOMEpY KOKHOT
kommo3uiii (image path) Ta xaHpy )KUBOIIHCY, JI0 SIKOTO
BIJJTHOCHThCS KoMMo3uilist (class_name).

Users Dataset. Habip naHux KOpHUCTYBauiB, SKHUid
MICTHTH 1H(OPMAIIiIO PO KOPUCTYBaUiB, puc. 6.

[fkaggle/input/wikiart-gangogh-creating-art-gan/genre-painting/3d2faa915a61136f314313ee genre-painting 6
[fkaggle/input/wikiart-gangogh-creating-art-gan/genre-painting/d57e51532362214de671dd3 genre-painting 6
Il L Li 20 ileioact 1 i =% L He 5 F e 19 AN AN S TER A oo Sln A He 5 =

Puc. 5. Crpykrypa Habopy JaHUX BipTyalbHHUX apT-KOMIIO3UIIIM.

T T T

E -

1 Inglebert McKerton Male #6d2c6f 16 still-life animal-painting landscape
2 Spike Hanhardt Male #d4g8fd1 53 landscape abstract cityscape
3 Muhammad Hasely Male #fede?7 &0 nude-painting-nu mythological-painting portrait
Akzlah Marcing LMala #dlococo L= Y Y outholonl Lozinting rilllifa

Puc. 6. Ctpykrypa Habopy TaHUX KOPUCTYBadiB
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KosxeH psiok B 11boMy Ha0Opi MiCTHTh XapaKTepH-
CTHKH OKpEMOTO KOpHCTyBada, a came yHikampHHH [D-
HOMep KopuctyBaya (id), #oro mpi3Bume Ta iM’s
(first name, last name), Bik (age), meperik ymoOIeHnX
KaHpiB xuBonucy (genre 1, genre 2, genre 3) To1Io.

Ratings Dataset. HaGip qaHUX peATHHIOBOrO OIli-
HIOBaHHSI KOPHUCTYyBayaM{ BipTyaJbHUX KOMITO3WIH i3
Virtual Art Composition Dataset, puc. 7.

Puc. 7. CrpykTypa HabOpy TaHUX PEHTHHTOBOTO
OIIIHIOBAHHS BIPTYaJIbHUX apT-KOMITO3HIIIH.

Le#t HaOip MICTHTB JaHi TPO KOXKHUH BUTIAJIOK ITPH-
CBOIOBaHHSI KopHcTyBaueM user id peHTHHTY y BipTya-
JIBHIA KoMIo3uIlii veomposition_id.

Pesynbmamu. Huxde HaBeneHi pe3ybTaTH 004nc-
JIIOBAJIBHUX E€KCIEPHMEHTIB, IPOBEJEHUX Ha ONHMCAHUX
MOJIETISIX 3 BUKOPUCTaHHIM JaHHUX, ONMCAHKUX BHIIE. XO-
YeMO 3BEpPHYTH yBary, [0 Y BAKOPUCTaHUX MOJIEIISX 3a-
Jlada TPOTHO3YBaHHS PEUTHHTY Bi/IeO PO3IIISIIAETHCS K
3a/1a4ya perpecii.

Jyis npoBeieH s eKcliepUMEeHTIB Habip naHux 0yi10
PO3/IiICHO Ha HaBYAJBHUI Ta TECTOBUI HabOpHU y CIIiB-
BimHomeHHi 80 10 20. TpuaUATE BiICOTKIB HABYATIBHOTO
Ha0Opy BHUKOPUCTOBYBAJIOCH JUTS BaMigamii MOJCT B
Ipoleci HaBYaHHSI.

Ha puc. 8-10 naBeneno rpadiku 3MiHM 3Ha4YeHb
(yHKLIT BTpaT i METPUKH ITPH HABYAHHI BiIIOBITHIX MO-
JieJiel Ha HaBYAIBHUX JIAHWX 1 IEPEeBIpKU Ha BaJTialliii-
HUX JIQaHUX.

VY Bcix TpbOX MoJIeNsiX OyJI0 BUKOPUCTAHO B SIKOCTI
¢yHKUIT BTpar cepeqHio aOCOMIOTHY IOMWIJIKY (mean
absolute error) i cepeHIO aOCONIOTHY MPOLIEHTY MTOMU-
JKy (mean absolute percentage error) B SKOCTI METPHKH,
MOKa3HUKa, KU OLIHIOE MOZEJb MiJl 4ac HaBYaHHS Ta
TECTyBaHHS [ MOHITOPUHTY MIPOLIECY

Training Validation
T T T T ' 1w
08 - — mean_absolute_percentage_emor
- 80
06 -
] 1 1 1 L m
& o4- | | H
) 4 4 - 40
02- L
00 : ; ; =
0 2 ) &0 o 100
Epochs Epochs
Puc. 8. I'padix 3miH 3HaueHb QYHKLIT BTpAT i METPHKH Ml YaC HABYAHHS MOJIEI
Ha OCHOBI KojiabopatiiHoi (inbTpanii MaTpH4HOIO (hakTOpU3aLi€Ero
Training Validation
086 - : ; ; — >
—— mean_absolute_percentage_emor -%
05 - -8 J
-4
04 - TS - Lo
[90e ®
03 - - L
L wf ag
2 - ®
02 L2
01+ L 10 - -1
00 - : -0 4 I L
0 2 ) &0 0 100 0 2 42 & 0 100
Epochs Epochs
Puc. 9. I'padix 3miH 3HaueHb QYHKLIT BTpAT i METPHKH IiJl 4aC HABYAHHS MOJIEII
Ha OCHOBI 3HaHb MO €JIEMEHTH apT-KOMIIO3ULIi it
Training Validation
-138
025 - —— mean_absolule_percentage_error Lx
-136
-2
0207 - 134
-2
g 0.15 - 2 § 1 -132 8
158 b
10 - - -13.0
010 -0
0.0 - 5 - -128
000 Lo i -126
0 2 40 60 Y 100 0 2 0 ) ) 100
Epochs Epochs
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[Ticns HaBUaHHS [UISA IePEeBipKA MOZeTi OYI0 BUKO-
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3HAQYEHHS CEpPEAHbOI

aOCOIOTHOI TTOMWJIKM  (mean
absolute error) i cepemHBOi aOCOTIOTHOI MPOICHTHOL
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nomMuiike (mean absolute percentage error):

Mean Absolute Error (Z|y-pred|/n): 0.4302.

Mean Absolute Perc Error (X(|y-pred|/y)/n):
50.91%.

B pesynbraTi TecTyBaHHs Mojiei 2 Oys10 OTpUMaHO
HACTYIHI TOKA3HHUKU:

Mean Absolute Error (X|y-pred|/n): 0.1058.

Mean Absolute Perc Error (Z(Jy-pred|/y)/n):
13.26%.

3Ha4YeHHs MOKAa3HUKIB (YHKIIi BTpaT i METPHKH,
OTpPHUMaHI MiJl 4ac TeCTyBaHHS MOZENI 3:

Mean Absolute Error (Z|y-pred|/n): 0.0922.

Mean Absolute Perc Error (Z(Jy-pred|/y)/n):
12.07%.

SIK BUITHO i3 pe3yNbTaTiB €KCIIEPHUMEHTIB, HalTip-
U pe3ysbTaT MoKasasa nepiia Mojielb, a HalKparumii
- TpeTsi.

Ha Hamty n1ymKy, 1€ TIOSICHFOETBCS THM, 110 (paKTH-
YHO KOJKHA HACTYITHA MOJIEITb BiZIPi3HSIETHCS BiJI IOTepe-
JHBOT THM, 1110 B HET 10/1aHO HOBHI elleMeHT ribpuan3a-
wii. [Tepira Moziens peanizoBye KoabopaTuBHy (BibTpa-
10 METOIOM MaTpuuHOi (hakTopu3aiii. J[pyra mozens €
riOpUIOM METO/IIB MaTPHUHOI (hakTopH3allii 1 kojaabopa-
TUBHOI (inpTpanii rIMOOKOI0 HEWPOHHOK MEpEekero.
Tpets Moaens TOJATKOBO MiCTHTh TPETiH €JIEMEHT, I
oJHy ITMOOKY HEHPOHHY MEpEXy, sKa BPaXxOBYE Xapak-
TEPUCTUKU KOPUCTYBAUiB IPU BH3HAYEHHI PEHTHHTOBOI
OIIIHKY BiJIEO Y BIpTyallbHIN apT-KOMITO3HILII.

BucHoBku

B 1iit cTatTi MU cTaBrim €001 32 ITLUTH TTIOPIBHATH edhe-
KTHBHICTh Pi3HUX METOJB MOOYIOBH PEKOMEHIAIIHIX
CHCTEM JUIsL pO3B’sI3aHHsI 33/1a4i BUOOpY Bizieo y BipTyaib-
HHX apT-KOMIIO3MIISX 3 ypaxyBaHHSM BIIOZ00aHb KOPHC-
TyBaua. J[JIs TIpOBENEHHS JAOCIDKEHHS OyJI0 00paHo TpH
METOJIH: METOJ] KOJIAOOPaTHBHOI (UIBTpAIlii MaTPUIHOO
(hakTOpH3aIli€l0, METOJ] PEKOMCH[IAIlM, 3aCHOBAHWNA Ha
3HAHHSX, 1 TMIMOOKY HEHPOHHY MEpexy 3 Ilapamu 3aHy-
peHHsL. Sk TIoKazaiuM pe3yJbTaTi OOUHCITIOBATBHIX €KCIIe-
PHIMEHTIB, HAHOLTHIIT e(heKTHBHIUM BUSBHBCS ITiJIX1]T 3 BUKO-
PUCTaHHSIM TiOpUIHOI MOJIEi, sIKa TIOEAHYIO B CO01 METON
KomabopaTuBHOI (iBTpallii, METo]] peKOMEeH1alliii, 3aCHO-
BaHUI Ha 3HAHHSIX, 1 TTIMOOKY HEHPOHHY MEPEKY 3 IIapaMu
3aHypeHHs. 3aB/KH THYYKOCTI Cy4aCHHX HEHPOHHHX Me-
pex MOKHA MOOY/TyBaTH TaKy apXiTeKTypy IIMOOKOI Hell-
POHHOT Mepexi, sika OyJiec BKITIOYATH B ceOe Pi3HI MiIXO.IH,
M0 MiJBUIIUTE ¢(DEKTUBHICTh 3a PaXyHOK BHHUKHCHHS
edekry cuneprii. Lle MoBOmUTk, 10 3aBISKA MaTeMaTHY-
HOMY arapary TIMOOKHX HEHPOHHUX MEPEX MOXKHA e(ek-
THBHO PO3B’sI3aTH 33/1a4y BUOOPY BifIEO Y BIPTyalIbHUX apT-
KOMITO3MIIISIX 3 YpaxyBaHHSIM BIIOJI00aHb KOPHCTYBaya.

TMopanbi AoCTiZKEHHsI OLITBHO TPOBOJUTH Y
HaIpsIMi MOeIHAHHSI ICHYIOYOT CHCTEMH 3 TeHepalli€elo Bi-
PTYyaIbHHX apT-KOMIIO3MIIH 3 METOH 30UIbLICHHS BH-
OipKM peKOMeHIalliil Ta HiBeJIFOBaHHS 00MEXEHOT KITbKO-
CTi MaHyaJIbHO CTBOPEHHX BIPTyaJIbHHUX apT-KOMITO3HIIIH.
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Study of methods of building recommendation system for solving the problem
of selecting the most relevant video when creating virtual art compositions

A. Kuliahin, V. Narozhnyi, V. Tkachov, H. Kuchuk

Abstract. Topicality. Due to the growing digitization of art, the tasks of improving immersiveness during user interaction
with extended reality art systems arise. Research methods. Collaborative Filtering by Matrix Factorization, a Knowledge-Based
Method, Deep Neural Network with Immersion Layers. The purpose of the article: using models of recommendation systems
built on different principles, conduct a number of computational experiments on model data and, comparing the results, check
which of the existing approaches to building recommendation systems will show the best results when solving our problem -
building a system for choosing a virtual art composition. The results obtained. The effectiveness of various methods of building
recommendation systems for solving the problem of video selection in virtual art compositions is analyzed, taking into account
explicit and implicit user feedback. It has been verified that the most effective approach using a hybrid model, which combines the
method of collaborative filtering, a method based on knowledge and a deep neural network with immersion layers. It is proven that
thanks to the mathematical apparatus of deep neural networks, it is possible to effectively solve the problem of video selection in
virtual art compositions, taking into account the user's preferences. Conclusion. The approach developed in the work can be used
to improve immersiveness during user interaction with extended reality art systems.

Keywords: collaborative filtering, knowledge-based method, deep neural network with immersion layers, extended real-
ity, immersiveness.
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A METHOD FOR DISTRIBUTING TRANSACTIONS
TO HYBRID CLOUD DATA STORAGE

Abstract. The article discusses the current task of optimal resource allocation in CLOUD systems that support hybrid cloud
data storage. The purpose of this article is to develop an optimal distribution method of several heterogeneous transactions to a
hybrid cloud data storage, connected by a common bandwidth limitation. The optimization criterion will be the minimum cost.
Information flows have certain points of departure and destination, are heterogeneous flows with common restrictions on the
bandwidth of the communication channels used. The results obtained. The method is based on the construction of network
graphs. The optimization problem is reduced to the distribution of flows in the network in such a way that, if the requirements
of the cloud hybrid data storage are met, the cost of transmitting the flow in the network is minimal. To solve it, an iterative
algorithm for constructing the maximum admissible flow is proposed. At each iteration, the simplex table of network graphs is
modified. The direction of further research is the development of a method for optimizing the structure of cloud data storage.

Keywords: cloud technologies, data storage, hybridity, CLOUD system, network graph.

Introduction

In recent years, "cloud technologies" have gained
enormous popularity in the field of information technol-
ogies [1, 2]. The modern IT market offers a large number
of software products that support this technology (here-
inafter referred to as CLOUD systems) and ensure the
functioning of cloud data storage - a model of online stor-
age inwhich data is stored on numerous distributed in the
network, servers provided for use by clients, as well as
cloud computing, which provide distributed data pro-
cessing, in which the user receives computer resources
and power as an Internet service [2].

Among a number of problems that arise during the
implementation of CLOUD systems, the most relevant
are those related to the distribution of system resources,
which is caused by both the significant growth of users
and the expansion of services provided by modern
CLOUD systems [3, 4]. In particular, there is the task of
optimal allocation of resources in CLOUD systems that
support hybrid cloud data storage (HCSD). A special
place among such tasks is the task of optimal distribution
of various information flows with the aim of minimizing
the cost of their passage.

The purpose of this article is to develop a method
optimal distribution of several different transactions to
the hybrid cloud data storage, connected by the general
limitation of bandwidth.

The optimization criterion will be the minimum
cost. Information flows have specific points of departure
and destination, they are heterogeneous flows with com-
mon limitations on the bandwidth of the used communi-
cation channels (CC).

Let's consider the algorithm of its solution. Given a
distributed computing network with a cloud component,
which is characterized by an undirected, edge-weighted

graph G =(Z,Y, b, ¢) bandwidths of CC and the costs

of transmitting a unit of information on them and the
graph I" = <Z, W, r> requirements for the transfer of m
information flows between nodes of a distributed compu-
ting network. Here are Z = {Z, ..., Zi} - renumbered set
of graph vertices G and I, being in isomorphism to nodes

distributed computing network, |=|Z| - number of

graph vertices Gand I'; Y ={yj,..., y,} - renumbered set

of graph edges G, are in isomorphism to CC distributed
computing network, n=|Y| - number of graph edges G;
b:Y — R, - weight function that determines each edge
yi €Y throughput b;, 1 <i<n; c:Y - R, - weight func-
tion that determines the cost of transferring a unit of flow
Ci edgewise yi €Y; W = {W;, ..., Wn} - renumbered set
of graph edges . Edge WjeW, 1 < j < m, connects two
vertices of a graph I, if between corresponding nodes dis-
tributed computing network information is exchanged.
The amount of information flow to be sent along the edge
W;, given by the weight function r : W — R., defining
each edge W;eW graph I"required flow rj. The number of
information flows that need to be distributed in the net-
work isequal to m=|W|.

Required for given graphs G and I distribute the
flows in the network in such a way that, if the require-
ments of the graph are satisfied, I" the cost of transmitting
the flow in the network was minimal. To present the for-
mal formulation and algorithm for solving this problem,
we introduce a number of definitions.

Distribution y flows of information transmitted to a
distributed computing network defined by graphs G and
I, of information flows transmitted to a distributed com-
puting network defined by graphs H(y). Here

R'(7)={H....tn} - aset that establishes the volumes of
transmission of information flows in the distribution y be-
tween each pair of vertices for which in the graph I"there
is an edge. Element rj e R'(y) defines in distribution y

real flow between j - th pair of graph vertices I". Q(y) =
={q, ..., On} - set, each element of which q; is the total
flow along the edge vyi €Y of graph G in distribution .

H@y) = {HY, ..., H™} - set family HI ={H,..., HZ](J.)},
made up of routes where it is transmitted j-th flow in dis-
tribution y. Here Z(j) - number of transmission routes j-th
flow in distribution y. Each route H},1< p<Z(j), cor-

responding threesome (A d g , xé) , where
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AFJ; = {aljp peeny ajg’p} - a set that defines the composition

of the route (in the list of edges) of the graph G, each
element of which ad;, 1<s<dJ, isan edge of the set Y
of the graph G; dg, - route length H . xg, -value j - th
flow along the route H Fj,. Note that in the set Ag, ele-
ments asjp located according to their order of travel.

Using route parameters H Fj) define the value

m2(i)
i EQ(]/)VyI eY3 Gj :Z Z Xg)hg)a

j=lp=L
|0, yieAl;
where hf = o
1, Yi € Aé
2(j)
and meaning rj e R'(y):VW; eW3r{ = > x}.
p=1

Let us give a formal statement of the problem.
Graphs are given G =<Z, Y, b,c>and I'=<Z, W, r>. It
is required to distribute flows in the network, that is, to
form sets R'(y), Q(y) and family H(y) so that the value
m (i)

F(r)=2_ >, C}X} took the minimum value under
j=1p=1

the following conditions:

2(i)
1) Z X;J)_Rj =rj;
p-1
2) vy; €Y3q € Q(y) Ay eb(Y)[qi +S; =by;

3) X}, R, S 20,

j
p1
where Cg - unit transfer cost j-th flow by HFJ) route;
Rj, Si - weak variables.

Value Cg is defined by the expression

d}
Cp=2.Cs,
s=1
where Cs - cost of transmitting a unit of information flow

i i j
along an edge agj, , included in the route H.

To solve this problem using the modified simplex -
Danzig method [2] it is necessary to specify the initial
admissible distribution yo, more specifically, a family of
routes H(yo). Distribution yo can be found by solving the
problem of the maximum heterogeneous information
flow allowed for a given network. Formally, the problem
of the maximum admissible information flow can be for-
mulated as follows.

Graphs are given G=<Z,Y,b,c>ul"=<Z, W, r>.
m Z(j)
Required to maximize 2= > X} under conditions:
j=1 p=1

1) vy; eY3g; €Q(7)Aby eb(Y)[gy +S; =b;

2) X),8>0.

Denote by the function p the share of the total re-
quired flow, which is realized in the distribution y. In the
course of the further presentation of the algorithm, we
will use the vector form of data representation and distri-
bution results.

Associate the functions b and ¢ the vectors b and
¢, where b=(by,...By, B4, ) - graph's edge capacity
vector G, by =b;, b,,; = (at the start of execution
Briz =0); C=(Cy,...Cq) - cost vector (lengths) of
graph edges G, C; =C; . We also have: the identity ma-
trix By size (n+1)x(n+1) (an additional dummy variable
is introduced), wherein Eaﬁ =1,ifa=p, 1<a<(n+l),
1<p<(n+l),and b, 5 =0 if & # B, the matrix of the

current basis B~ (at the start of the algorithm B~ = By).
Distribution y determined by the current simplex table

(matrix B~ and vector b ).

The algorithm for constructing the maximum allow-
able flow is iterative. At each k-th iteration, the simplex
table is modified.

Step 1. Taking the values of the vector as the
length of the edges ¢, find in the graph G for each re-
quired graph flow I" (edges W;eW) the shortest route,
for example, using the Deijkstra method [3] and not tak-
ing into account the restrictions on the bandwidth of the
edges, we implement the entire flow along this route r;
e r(w).

Route parameters are stored in a set family H(yi).
As a result, we have the distribution of the total flow over
the edges of the graph G, represented by the vector

0 = (@' Gna)

0, yigAl;
hj:{ Yi _ ,qk

m
where ¥ = >rih; nit =1,
j:]. 11 yl € AJ!

Al - composition of the shortest route between the j -th
pair of nodes of the graph I, Al e H(y).

Vector qk entered into the simplex - table.

Step 2. Among the positive components of the vec-

tor qk determined qik with the minimum value of the

ratio b*1/g¢ (here B¥! - componentof the vector

b*L the current capacities of the edges of the graph G).

Number i of the selected component determines the lead-
ing row of the simplex table. Let us formulate a new

101



Control, Navigation and Communication Systems. 2022. No. 4

ISSN 2073-7394

_k*

value of the vector G° . To do this, we separate every-

thing except G vector components ¥ at (—qik) (neg-

ative leading value), and set the leading value to J/ q‘ik .
Step 3. Let us replace in the original identity matrix
Bo i - th column vector <" and get the matrix BY . We
can form the current simplex table, that is, we form: the
matrix of the current basis B = BX - Bi%; 1 new band-

width vector b* = BY -6%1, in which the vector g¥

changes the current base variable of the leading row. For
the constructed flow distribution, we obtain the value of

the objective function gy = 5,5 11, those share of the total

required flow, which is realized in the distribution y, de-
fined by the current simplex tableau and family H(yy).

If w > 1, then the work of the algorithm for con-
structing the maximum admissible flow ends here.

At < 1 from edges set Y graf G is removed edge
yi, coincider i - th the leading row of the simplex table,
and the process of constructing the maximum allowable
flow continues cyclically until then (steps 1 - 3), until ei-
ther ux > 1, or it will not be possible to build any route
that allows you to distribute the remaining required flows
rj er(W) of the graf 7. In the latter case, we can say

that the given distributed computing network, defined by
graphs G and 7, allows you to distribute the required in-
formation flovVVws of no more than p, from the given
value, that is

2(J)

ZXH)S,uk-rj.
p=1

VWJ EWE“'J' € I'(W)

The resulting flow distribution yo =y, route family

defined H(yo) together with the bandwidth vector b,
used to build minimum cost flows.

Initial data for solving the problem of constructing
minimum cost flows: the number of simplex-table varia-
bles equal to (n+m+1) additionally, a dummy variable is
introduced); graph's edge capacity vector G

f :(fl,---, f~n’ fritien f~n+mv fn+m+1)s rae 1?i :Bi ;

foems1 = F (at the start of the algorithm

1

—h

n+j = Tj;

foems1 =0); cost vector (lengths) of graph edges G
C :(Cl,...(fn) ,where C; = C; ; identity matrix By sizes

(n+m+1)x(n+m+1); current basis matrix B! (at the start
of execution B~ = By); route family H(yo).

Step 1. Route family’s H(yo) are sequentially entered
into the simplex table. The route entered into the table, for
the transmission of the j -th stream, is represented by

the vector XJ =(Xg,., Xp, Xnatooo Xnams Xnems )

where component X; is equal to one if the corresponding
index i the edge is included in this route and is equal to
zero in other cases; X~n+j =-1 - coefficient at Xg, in

(i) N :
the equation Rj— > XJ =—rj; Xpimy =C} - unit
p=1
transfer cost j - th flow along the input route. Before en-
tering into the simplex - table vector )ZFJ, is adjusted ac-

cording to the expression X gk =Bt )Zg) . Among the
positive components i of the vector X Fj,k such )Zik , for

which the relation ﬂk‘l/f(ik has a minimum value. The

number i of the selected component determines the lead-
ing row of the simplex table.

Step 2. Let's input the vector X Fj,k into the basis and

form the current simplex tableau in accordance with the
following procedure.

Get the new value of the vector X Fj,k*. To do this,
we separate everything except )Zik , Vector components
)ng at (-XX) (negative leading value), and set the
leading value to l/Xik . Let us replace in the original

identity matrix By i - th column vector X g,k* and get the

matrix E?(‘)‘. Let's form the current simplex table (we
form: the matrix of the current basis By = BX - B, and
a new bandwidth vector ¥ =B§- ), in which the

vector X Fj,k changes the current base variable of the lead-
ing row. For the constructed flow distribution, we obtain
the value of the objective function F(y)= X .1,

which determines the cost of transferring information
flows in the distribution y«. After finishing entering the
routes included in the family H(yo), determining the ini-
tial basic distribution of information flows, the basic
flows are redistributed in order to minimize the func-
tional F.

Step 3. Components are analyzed (n + m + 1) - th

row of the matrix of the current basis By L. 1f among the

analyzed components 5,"1‘+m 41, 1<t < (n+m+1), there are
components with a value less than zero, then from
b0 choose a component B .1, 1 <1 < (n+m+1),

satisfying the condition b =minb.s0. Column r -
TN Oy

leading.
To enter the leading column into the basis, in order

to minimize F, among the components Etkr >0 find such
b, , 1 <a< (n+m+1), for which the relation . /b
takes the minimum value, f;r/tﬁr = min(ﬂkr/ﬁtkr).
: : t T/
Line a - leading. Let's form new component values Etkr*

the leading column of the matrix I§k‘1*. To do this, we

separate everything except Ea{fr components Etkr at
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(—Ea‘fr) (negative value of the leader), and the value of

the leader will be set equal to 1/bY, .
Step 4. Let us replace in the original identity matrix
By a- th column to newly formed column r matrix B *"

and get the matrix I§§+1. Now we can form the current
simplex table, that is, we form the matrix of the current
basis Bl =B B, and a new bandwidth vector
fk+I — B&*1. % in which the pivot row base variable a

is replaced by the pivot column variable r. For the con-
structed flow distribution, we obtain a new value of the
objective function

F (7k+1) = f~nk++r¥-1+l .
If in the resulting distribution yx.1 B (n+m+1) - th
line has at least one component Enkfnl] +1t Withavalue less
than zero, then the operation of the algorithm is repeated,

starting from step 3. If the components Enk:r% +1t20,

then the vector is formed C” :‘CfC:‘ the current
cost of transferring a unit of information flow for each
edge of the set Y graf G, C; =C; +bX'%.,;. Taking as

the length of the edges the value of the vector C”, findin
the graph G for each required stream j graph 7" the short-
est route, for example, using Deijkstra's method.

Found route H F’, 41 represented by a vector

~J' _ ~ ~ ~ ~ ~
Xp+1 - (Xll---vXn7Xn+1!---’Xn+m’Xn+m+l) .

Then if H ng e H (), then the optimal solution

to the problem of constructing minimum cost flows is ob-
tained and the algorithm ends, otherwise the route found

H g 41 Is introduced into the route family H(yo) and the

process of constructing the minimum cost flows contin-
ues from the step 1. Resulting optimal distribution
v = yk+1 defined by family routes H(y), sets R’(y), Q(y) and
defined by family routes F(y).

Conclusions

The article proposes a method for splitting transac-
tions to a hybrid cloud data warehouse.

The method is based on the construction of network
graphs.

The optimization problem is reduced to the distri-
bution of flows in the network in such a way that, if the
requirements of the cloud hybrid data storage are met, the
cost of transmitting the flow in the network is minimal.
To solve it, an iterative algorithm for constructing the
maximum admissible flow is proposed. At each iteration,
the simplex table of network graphs is modified.

The direction of further research is the development
of a method for optimizing the structure of cloud data
storage.
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Mertopa po3noaiy TpaH3akuii 10 rilpuAHOro XMapHoOro CXOBHMIIA JAHUX
H. T Kyuyxk, A. I1. llluman

AHoTanif. Y crarTi po3risIHyTO aKTyajbHe 3aBJAaHHs ONTHMAIBHOTO po3noity pecypciB y CLOUD-cuctemax, kotpi
MiATPUMYIOTh TiOpUIHI XMapHi CXOBHUIIA JaHKX. MeToI0 AaHOol cTaTTi € po3poOKka METOAY ONTHMAIBHOTO PO3MOALTY KiIBKOX
PI3HOPIIHUX TPaH3aKIii A0 TIOPUAHOrO XMapHOTO CXOBUIIA JAHHUX, MOB'I3aHUX 3arajlbHUM OOMEXEHHSM MPOIMYCKHUX 3110HOC-
teil. Kpurepiem ontumizarii Oyne miHiManbHa BapTicTh. [H(OpMAaIiliHi TOTOKM MarOTh MEBHI MyHKTH BiANpaBICHHS Ta MPH3HA-
YEHHsI, € PI3HOPIAHIUMH IOTOKAMH 13 3araJbHUMH OOMEXESHHSIMH Ha MPOMYCKHI 3I0HOCTI KaHaIB 3B'13KY, 110 BUKOPUCTOBYIOThCS.
OtpuMati pe3ynbTaTi. MeTo/] IPyHTY€EThCsl Ha TOOYI0BI MepekeBHX rpadis. 3aBIaHHs ONMTHUMI3allil 3BOIUTHCS 0 PO3MOILTY 10~
TOKIB y MEpeKi TaKUM YHHOM, 1100 MPU 33JJ0BOJICHHI BUMOT XMapHOTO TiOPUIHOTO CXOBHIIA JaHUX BapTiCTh Mepeiadi MoToKy B
Mepexi Oyia MiHiManbpHO. JIyist i1 BUpIIIEHHsI 3aIPOOHOBAHO ITePaIliHUIA aNrOPUTM MOOYI0BH MAKCUMATIBHOTO IOMYCTUMOTO
notoky. Ha koxHiit iTepanii mpoBoauThcs MoaudiKallis CUMILTIEKCHOT Tabuili 3B'13Ky MepexeBux rpadis. HanpsMok momasbimx
JOCITiIiB — pO3po0Ka METOy ONTHMI3allii CTPYKTYpH TiOPHIHONO XMapHOTI'O CXOBHUINA JAHUX

Karo4doBi caoBa: xMapHi TeXHOJIOTIT, CXOBHIIE TaHUX, riopuanicts, CLOUD-cucTemMa, Mepe:KHHUM rpad.
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METO/ BUBHAYEHHS IMOBIPHICHUX XAPAKTEPUCTUK
TPA®IKA CUCTEMU MOHITOPUHI'Y CTAHY YPA’KEHUX OB’€EKTIB

AHoTanisi. AKTyaasHicTh. Uepes CyTTeBy HEpIBHOMIPHICTH BXiTHOTO Tpagika CHCTEMH MOHITOPHHTY CTaHY ypPa)KeHUX
00’ €KTiB BUHUKAE HEOOXIIHICTD 3AICHEHHS IIBUAKOI0 KOPOTKOYACHOTO MPOTHO3Y MOBENIHKY Tpadika 1o HEeBEIHKiil Kijlb-
KOCTI BiJUTIKiB, TOOTO BU3HAYCHHS 1Or0 OCHOBHHX MMOBIPHICHMX XapaKTepUCTUK. MeTa ¢TaTTi: po3poOka MeToy, 10 JI0-
3BOJISIE TIPOBECTH OLHKY (PYHKIIT OIITBHOCTI pO3MOITY Tpadika CHCTEMH MOHITOPUHTY CTaHy ypasKeHHX 00’ €KTiB, BUKOPH-
CTOBYIOYH 33J1aHy BUOIPKY, PO3IINPEHY MaXOPAHTOIO (QYHKIIiT pO3NOALTY, 1| HOPIBHATH Il METO] 3 TUMH, IO iCHYIOTh, TIPH
pi3HKX BapiaHTax GopMyBaHHSI MepexHOro Tpadika.. OTpuMaHi pe3yJbTaTH. T00yI0BaHa MaXOpaHTa (QYHKIIT pO3MOALTY
Tpadika 1o Horo MOTOYHMX BiJJTiKaX; 3aIlPOIIOHOBAHa ONiHKa ()YHKIIT IUTBHOCTI pO3MoiiTy Tpadika; MpoBeIeHHH HOPIBHITH-
HUI aHaTi3 OTPUMaHOi OLIHKM (YHKIIT IIUTBHOCTI po3noaury Tpadika. BucHOBOK. 3anponoHOBaHMH METO[ Ja€ TOYHINTY i
CTIHKIITy OLIHKY, HDK icHyro4i MeTou. BiH € edexTuBHIIIM 1pu aHami3i Tpadika 3 TpUBAIMMH ITyJTECALlSIMH, a TAKOXK Tpadika
3 JIOBrOTPHUBAJIOIO 3aJICXKHICTIO, 110 IPUTAMAHHHUIA LIEHTPY 0OPOOKH JaHHX MOHITOPUHTY CTaHy YPaXKCHHUX 00’ €KTIB.

KawuyoBi ciaoBa: MoHiTOpHHT, Tpadik, ypakeHHi 00’ €KT, QyHKIISI MIUTEHOCTI pO3MOALTY, Ma)KOpaHTa.

Beryn

['0JI0BHOIO BUMOTOIO, IO CTABUTHCS JI0 CYYaCHHX
CHCTEM MOHITOPHHTY CTaHy ypa)keHHX 00’€KTiB, € ore-
paTuBHa 00pOOKa JaHUX, IO HAAXOIATH 3 PI3HHX JKe-
pelt: MTaNbHUX anaparis, MO 3AIHCHIOITh 3HOMKY Mic-
I[EBOCTI, KOCMIYHMX 3HIMKIB, BIIUILUIMX JATYHKIB, iH(O-
pMmartii 111010 06’€KTiB 10 MOMEHTY ypaskeHHst Toro [1].
ArperoBaHuii 3 pi3HUX JpKepen Tpadik, sKuil B 1ei yac
HAJXOAUTh JI0 IIGHTPY OOPOOKH JIaHUX, € ICTOTHO HEpiB-
HOMIPHHUM, 3 TPUBAJIUMH MyJbcallisMi. OTKe, BAHUKAE
HEOOXIIHICTh 3IHCHEHHSI LIBHJKOIO KOPOTKOYACHOTO
MIPOTHO3Y MOBEAIHKU Tpadika Mo HEBEIUKIH KUIbKOCTI
BiJUTIKiB, TOOTO BU3HAUEHHS HOr0 OCHOBHUX WMOBIpHIC-
HUX XapaKTePUCTHUK.

JocimkeHHs] IMOBIPHICHUX XapaKTepHCTHK MOTO-
4yHOTro Tpadika poBesicHe B pi3HUX poOOTaX, HAPUKIIA/L
[2-4]. Omaum 3 HaligacTilie BUKOPHCTOBYBAHKX IT1IX0-
JIB JI0 TXHBOTO BU3HAYEHHS € OTPUMAHHS OLIIHKU (YyHK-
il HIUTBHOCTI PO3NOLTY Tpadika CHCTEMH MOHITOPUHTY
CTaHy Ypa)KEHOTO 00’€KTY, L0 CTBOPIOETHCS IMOTOKAMH
JaHuX B 0a30Biit Mepesxi BiIIOBIAHOI KOMI FOTEPHOT CH-
cremu. Haiivacrime A7st bOTO BUKOPHCTOBYETHCS KJla-
CHYHA MAap3eHIBChKA OLIIHKA 3 €KCIIOHEHIIIATBHUM SIIPOM
[5]. OcranniM gacoM MoYai BHKOPHCTOBYBATHCS Map-
3€HIBChKa OIlIHKA 3 TayCIBCHKUM siipoM [6] 1 orfitka €ma-
HEYHIKOBa, 110 BUKOPUCTOBYE METOJ CTOXaCTHYHOI pe-
TyJsIpizarii.

Ipore Gararo aBTOpiB Bim3Ha4aroTh [5, 6], M0 Ha-
BiTH He3HAYHI 3MiHHU IMapaMeTpa XepcTa Ipu Hap3eHiBCh-
Ki#t OIiHIII (2 BOHU 3a3BHYail € HACIAKOM HasBHOCTI JI0-
BrOTPUBAIIMX MyJIbcallii Tpadiky a00 «BaKKHX XBOCTIB
posmoniny Tpadiky 3 JOBrOTPUBAJIOI 3aJIEKHICTIO —
JT3-tpadika) MOKYTh IPUBECTH A0 ICTOTHUX BiAXIICHB
Bix peanmsHOTO Tpadixy. BukopuctanHs mapaMeTpiB pe-
TyJsIpi3amii Oy, 0 JMHAMIYHO HACTPOIOIOTHCS, IIPH CTO-
XaCTUYHIN peryispizalii 9acTKOBO BHpINIyE TaHE IMH-
TaHHS, POTE iICTOTHO TOTIPIIye OMIHKY (PYHKIIT IIiTb-
HOCTI PO3MOIiTy Tpadika MpH MaIuX BUOipKax.

Ockinpku Tpagik CHCTEMH MOHITOPHHTY CTaHy
ypakeHHX 00’€KTiB OiIbIIOI0 Mipoio (OpMy€ETHCS JpKe-
peJamMu 3 TPUBAJIMMHU ITyJIbCALIISIMHE 1 y 6araThoX BHITaAKaX

BOJIOJII€ JIOBTOTPHBAJIOIO 3aJISKHICTIO, TO YCYHEHHSI BKa-
3aHMX HEJOIKIB BUKOPUCTOBYBAHUX METOIIB JAHOI OITi-
HKH € aKTyaJbHUM 3aBJIaHHSM.

OTxxe MeTOI0 AaHOi cTaTi € po3podKa MeToy, 10
JIO3BOJISIE TIPOBECTH OLIHKY (PyHKIIi HIUTBHOCTI PO3MO-
Ity Tpadika CHCTEMH MOHITOPHHTY CTaHy YpakKeHHX
00’ €KTIB, BAKOPUCTOBYIOUH 33/1aHy BUOIPKY, PO3LINPEHY
Ma)KOpaHTO (YHKIIi PO3MOALNY, 1 MOPIBHATH LIeH Me-
TOJ] 3 TUMH, 1110 ICHYIOTb, IIPH PI3HUX BapiaHTax Gopmy-
BaHHsI MepeKHOro tpadika. sl Oro MPONOHYETHCS
BHUPIIINTH TaKi YaCTKOBi 3aBmaHHs: 1) moOyayBaTH 1O
BiJUliKaX MakopaHTy QYHKUIl po3moxaity Tpadika;
2) 3HaiiTH OMIHKY (YHKIII HIJIBHOCTI PO3MOIITY Tpa-
¢ika; 3) mpoBecTH MOPIBHAIBHUI aHAII3 OTPUMAHOI OITi-
HKHU (QyHKLIT ITBHOCTI po3moaiiy Tpadika.

1. Ilo6ynoBa Ma:kopaHTH
¢ynkuii po3noainy Tpadika

Posrnsinemo BUOIpKY 3 1 6idaikie Tpadika, modomo

TMOCITIIOBHO PO3TAIlIOBAHUX 3HAYEHb YaciB HAJIXODKCHHSI
. . * * * * . .

naketiB Tpadika I = (tl B Y. ) . J171s1 OLIIHKY IITUTBHO-
CTi pO3MOALTY MMOBIPHOCTI YaciB 3a3BHYail OyAyeThCS

. . . . *
CTymiHYacTa eMmipuyHa QyHKUis posnoainy F, (t) 3 Be-
JMYUHOIO MiAHOMY, IO TO3BOJISIE OTPUMATH HAOIDKEHHS

ee * . .
wykanoi gynxuii f, (t). Ilpore Bigmiteno [6], wo npu
TAKOMY TIiXO/1i OTPUMYBaHI OLIHKA 3HAYHO PO3XOIATHCS
3 MIUTBHICTIO HIMOBIPHOCTI PO3MOALTY HAAXOMKEHD peajlb-
HOTO TpadiKy 3a HasIBHOCTI «BaXKKHMX XBOCTiB)» a00 TpHBa-
JIHX TyJBCALliil, 10 € XapaKTepHUM Ui Tpadika cructeMu
MOHITOPUHTY CTaHy YpakKeHHX 00’ €KTiB
. * .

[epeiinemo npu modynosi F, (t) Bl KyCOYHO-
Oe3mepepBHOL 10 Oe3repepBHOI eMITipHIHOI (QYHKIIIT po-

. M
3nopiny. J{ns 1p0ro mobyayeMO MaXKOpPaHTY Frg )(t)

* . e
s F, (t) , BAKOHABIIIH HIKYCOIMUCAH] [Iii.

1. [ToOyxyemo HOBE pO3OUTTSI TOCIIIKYBAHOTO Ya-
COBOTO iHTEpBaNy, B SKOMY TOYKH PO3OHTTS BH3HAua-
IOThCS TAKMM YHHOM:
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M) o)),

2

' 2

mpu i €l,n-1; th):tg*).

2. BuzHaunMmo 3HaYeHHS MaXOpaHTH B TOYKaxX po3-

OuTTA T(M):
FrEM)(téM)):O; Fn(M)(ti(M)): 2i2+1_
n

3) moOymyeMo INiHIHHWNA CIUTalH, IO HPOXOIUTH

*

4EPE3 TOUKH Fn(M)(ti(M) ) v By (ti*), AKMH 1 BU3HAUUTD

n-1 _(M)
e
x(@(t—tl(M)) @(t t|(+1)))+®(t—tr(]M)),

e ©(s)

LIyKaHy MaXXOpaHTY

R (1)=

— ynkuia Xesicaiina.

Ipu N —> o0 QyHKuii FrgM)(t) cxoaaThes 10 By-

HKITT PO3MOTY peansHOro Tpadiky, T06To

P[SLth(FrgM )(t)-F (t))ﬂ)j -1 @
[cTuHHICTH YMOBH (2) BUXOJMTH 3 TOTO, L0

A (0)-F (1) < supF () -F (0] + 5

TOOTO 3 MOKIIMBOCTI 3aCTOCYBaHHS y TAHOMY BHIIQJIKY
nemu bopens-Kanreni [7].

2. 3Haxoa:KeHHs omiHKH (PyHKIIT
miibHoOCTI po3noainy Tpadika
Buxoasuu 3 (2) MOXKHA TPUITYCTHTH, IO IIUILHICTH
HWMOBIPHOCTI  JIOCIIIKYBAaHOTO — peajbHOro  Tpadiky
f (t) e Ly (—o0;+00) 1 mrykarn ii MoxHa 3 ymoBu [7]:

+00
F(t)= [ f(x@(t-x)dx, 3)
—0
10610 f(t) — BHUpilCHHS iHTErpalbHOrO piBHSHHS

®pearorsMa NEPIIOTO POAY, IO HE € CTIHKAM 11010 Ma-
nux 3MiH F (t). BUKOpHCTOBY€EMO It 10r0 BUpiLICHHS

MeTto[ peryssipisaii Tixonosa [8], 1o monsrae B Tomy,

0 3 MOCJiIOBHOCTEH Fn(M)(t) Oyay€eThes TIOCIiI0B-

HicTh (yHKIIH fn(M ) (t), mo minimisye pyHKuionan

off,F )fo— )Hlmng(f), (4)

ne N:{fi} >{FR} — oneparop, mo 3xilicHoe B3aeMHO-

O/THO3HAYHE BiHOOpakeHHs BiANMOBIIHUX (PYHKIIIOHAb-
Hux mpocTopis; [ef — merpura B Ly (—o0;+0) ; ap —
2

KOHCTaHTa peryispisanii; Q( f) — craGimisyroumit yHk-

IioHAJI, 0 Ha0yBa€e B 00JIaCTi BU3HAUCHHS HEBI EMHUX
3HAYCHb, TSI IKOTO BUKOHAHA YMOBA KOMITAKTHOCTI:

¢ ={9:Q(g)<C};C>0). (5)

Buxogsun 3 (3) Bu3HaunMo N 5K

YMe | (M

Nf (t):JrfO f (x)@(t—x)dx, (6)
aQ(f)= "f (t)"iz srigno [9].

Jisi  3HaXO/DKEHHST MIHIMyMY CD( f, Fn(lvI ))
3Haiiiemo moxinny ®peme mo f (t) B Ly (—o0;+o0) :
o(f)=

T—

O(f+Af)-
L

M) 2 2
© [ -alt®l,=

| 0)-

[ s -rM () H +| at ()] +

+2(Nf (t)- FrﬁM)(t),fo (t))+

v | F(0) [ +an a7 (1) ) +2an (1 (1)1 (1))
—H st (0)-FM (1) H; —ay [f () ||2L2 =

:2( N (1) - FM) (1), 84t (t))+2an(f (1), Af (1) =

- 2(( N (8O- FM )+ f (1)) (t)j+
+o(/ (1)),
ae N — orepaTop, 3B'sI3aHUM 3 N .
OTmxe, MiHIMyM (pyHKIIOHANA CD( f, Fn(M)) Jocsi-

raeTbest Ha THX QyHkuisx f (t), siki 3a10BONBHSIOTH TO-

TOXHOCTI
Ny (Nf (t)—Fn(M)(t))Jran f(t)=0. (@

[Ticns mincranosk (7) B (6) oTpuMaemMo

+F@(X—t) [T O(x-x)f(x) dz—FrW)(t)JdH

—00

e ®)

+ap f (1) =0.

3actocyemo 1o (8) y3araipHEHE IIEPETBOPEHHS
dyp’e [10]:

(—1/ix+ 75 (x))- (Yix+z5(x)) f (x

(M) 9)
—Fn ) () + ey f (x)=0,
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ne j F t)e gt -
f(x)=+ff(x)e—‘vdz;

&(x) — nenpra-dynkiis Jipaka.
ITicis epeTBOPEHHsI aHATITHYHOTO BHPA3y Maxo-
pantu (1) oTprMaemo

( (t t,(l)))Jr(a(t—th))Jr (10)
%nf e (@(t M )) ®(t t|(+1))).

M

OTpI/IMaBIJ_II/I nepetBoperHst Pyp’e mnst GyHKIT
Xesicaiima [10]:

. T
O(t-B)=r5(t)- _
A s —itf —its
t@(t—,b’):i(;z&(l—t)Jr'etzt —ﬂett j

MOEMO 3amucaTH nepeTsopeHns dyp’e Fn(M ) (t), Bu-
KopuctoByroun Bupas (10):
n-1

F) (x)= # > (ei“m) e ]x

1=0

{rf(-4)

: () |
S (- (i)

nxlo

11)

[MiacrasuBum (11) B (9) orpumaemo

(2w ()| -2 1 ()4 (0

IX

XT f(t)e ™t —lgi{e“’“m) ™

_Oo X
x(l—i/(x(tl(ﬂ)—tl(M)))+anf (x)—
i M)

i - (M
=N e —7z§(x)+le_"‘t$‘ )j:O.
naX X

J (12)

Ockinpkn s genbra-GyHkiii Hipaky i pyHKIi
MITBHOCTI po3MoAiTy MoBipHOCTI BipHO [10]:

fF(x)8(x)=f(0)5(x);
m £ (x)8(x)=r5(x),

TO MICJIsA Bi/IOBIIHUX MEPETBOPEHb 1 MHOMKEHHS Ha X2
Brpas (12) Habupae Takoro BUTIIY:

f (x)=izs(x) f (X)+anax®f (x)+
,,Xt(M)

1(1 |
- 5 13
+n(lx+7z J Z§| + (13)
o) ™)
+ - =0
M M M M '
(M () () W)
e ; 1 1
Y M) (M M)
P

BHKOPHCTOBYIOUM BJIACTUBOCTI JENbTa-(yHK-
wii, 3Haiinemo 3 (13) f(x):

f(X)om—t
inx(l+anx2)
14
S LN "
X |- e + _
R R

[Ticnst 3acTocyBaHHA 3BOPOTHOTO IIEPETBO-
pennst yp’e orpuMaeMo piteHHs (8) B TAKOMY BUTIISII:

f(t)— fo(t) =
zz—z(”iswn<t—maxexput—tfww/m
oolft )

(M) 510

) (15)
1
i
0

el )

R
(M) _\_p{M) _
xsign(t—tr(]M))JrznZ_:l 9(t|+1 t) i,(\:|) t)

1=0 ) -t

3. Anaui3 ouinku ¢pynkuii minbHoCTI
po3noainy BipmikiB Tpagika

Jist aHAIi3Y SIKOCTI OTPUMAHOI OLIHKK OYIIO Ipo-
BEJICHO JIOCIII/DKEHHS TPhOX PI3HUX BHUIIB Tpadika mpo-
TATOM (PiKCOBAaHOTO YaCOBOTO IIPOMIXKKY:

— emacTuuHoTO TpadiKy (puc. 1, a);

— TpadiKy 3 TPHBAIMMH TyJbcatismu (puc. 1, 6);

— TpadiKy 3 «BaKKAM) CTATEYHUM XBOCTOM PO3IO-
niny (puc. 1, B).

OyHKIiA MITRHOCTI po3moniry Tpadika Oymysa-
Jacsi 3 BUKOPHUCTAaHHAM TAaKHX CIIOCO0iB (BigMiueHi -
paMu Ha pUCYHKaX):

1) KJIacHYHOI Map3eHiBCHKOT OIIHKH 3 €KCIIOHEH-
miagpHEM simpom [5];

2)  map3eHIBCHKOI OIIHKH 3 TAyCOBUM siipoM [6];

3) oninku EnaHeuHikoBa 3 BUKOPHCTAHHIM Me-
TO/ly CTOXacTU4HOI peryispizarii [11];

4) orpumana y poboTi OLiHKa.
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Koeoiuient k Ha puc. 1 mokasye, y CKiibku pasiB
OIIiHKa KOHKPETHOTO YHMHY BiJPI3HAETHCS BiJl KIIACHYHOT

Map3eHiBCHKOI OLIHKH.

]

o 1

4 log, n /

500

a 0

I
T
3 4 log,n 1

Puc. 1. [TopiBHAIBHUI aHAII3 OIIHOK IIUIBHOCTI PO3MOILTY Tpadika

BucHoBku

3anpornoHOBaHUi METOA OLIHKH (YHKIIT IITBHO-
cTi posnoaity Tpadika, CTBOpEHOro iH(GOpMAIiHHUMU
JDKEpEeNaMH CHUCTEMH MOHITOPUHTY CTaHy YpakKeHHX
00’€KTIB, 110 BUKOPUCTOBYE PO3IIMPEHHS 00'eMy BHOI-
PKH 3a paxyHOK Oe3nepepBHOT Ma)KOpaHTH (YHKILT

po3MoAiTy Ipu Manux BuOipkax (o S0 3HaYeHB) A€ TO-
YHINy 1 CTIHKINIy OLIHKY, HDX icHylo4i Metonu. BiH €
e(eKTUBHIIINM TIpH aHaji3i Tpadika 3 TPUBUTUMH ITYJIb-
calfisiMM, a TakoK Tpadika 3 JOBrOTPHUBAJIOK 3aJICHKHI-
CTIO, L0 TTPUTAMaHHUI IIEHTPY 0OPOOKH TaHUX MOHITO-
PHHTY CTaHy ypa)KeHUX 00’€KTIB y HepIli TOJMHU Tics
YpaXXeHHs 00’ €KTIB.
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The method of determining the probabilistic characteristics
of the monitoring system traffic of the affected objects

S. Mykus, S. Vasyukhno

Abstract. Topicality. Due to the incoming traffic of the monitoring system, the condition of the affected objects is signifi-
cantly uneven. Therefore, there is a need to make a quick short-term forecast of traffic behavior based on a small number of counts.
Such a forecast will allow determining the main probabilistic characteristics of traffic. The purpose of the article is to develop a
method that allows you to estimate the density function of the traffic distribution of the system for monitoring the condition of
affected objects. The assessment is carried out on a given sample. The sample is expanded by the majorant of the distribution
function. The following results were obtained. The majorant of the traffic distribution function based on its current counts is
constructed. Proposed estimation of traffic distribution density function. A comparative analysis of the obtained estimate of the
traffic distribution density function was carried out. Conclusion. The proposed method provides a more accurate and stable esti-
mate than existing methods. It is more efficient when analyzing traffic with long ripples, as well as traffic with long dependencies.
Such a traffic is inherent in the data processing center for monitoring the state of affected objects.

Keywords: monitoring, traffic, affected object, distribution density function, majorant.
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IPOTPAMHE IMITAIIIMHE MOJIEJTIOBAHHSA ENIIEMIN 3ACOBAMMA
MOBHU PYTHON TA MTAKETY IHCTPYMEHTIB EPIMODEL JIJISI MOBH R

AHoTanisn. Meroro 1aHoi poOoTH OyJI0 CTBOPSHHS IPOrPaMHOro 3a0e3MeUeHHS JIs IMITAI[ITHOTO MOJICITFOBAHHS €TTiIeMiit
Ta JOCII/DKEHHST MoxuBocTel MoBH Python i makery incTpymentiB EpiModel mis moBr R npwu BupimenHi qaHoi 3amadi.
MozenroBaHHS ITPOLIECiB MOIIMPEHHS Ta MPOTHO3YBAHHS HACIIJIKIB eriieMil sk iHpeKiiHuX, Tak 1 iHpopMariitHo-TIcHXo-
JIOTIYHHX € BaXKJIMBOIO HAYKOBO-IIPAKTHYHOIO 3a71a4el0 y Halll Yac. ICHYFOTh MiIX0/H Ta ITOpajiy 00 MO/ICIIIOBAHHS eTlifie-
Mili, 2 TAKOX 1HCTPYMEHTH, 32 JJOTIOMOT'OF0 SIKHX MOKHA CIIPOCTHTH IUIX JIO JOCSATHEHHs MOTpiOHOT MeTh. Eminemiuni Mo-
JIelTi TIOAUISFOTh Ha JIBa OCHOBHI BHJIM: CTOXaCTHYHA MOJICNb Ta JeTepMiHOBaHAa MOJeNb. HalOimbIn BiIoMi MareMaTHIHI
mopedi emigemiit — SI, SIR Ta SIS. Byno po3po6ieno nporpamHy imMiTariifHy Mojens emigeMii 3acodbamu Mosu Python Ta
nakery iHcTpyMeHTiB EpiModel s moBu R. TectyBanacst Moziens Ha MPHUKIAL MTOMMPEHHS iHQEKIiTHNX 3aXBOPIOBAHb,
X04a TaKoXX MOKe OyTH BHKOpHCTaHa JIsl MOJIEITIOBAaHHS OIIMPEHHs iH(GOpMaIiHHO-TICUXOJIOT1YHHX BILIHBIB. Byio mocmi-
IPKEHO MOJKJIMBOCTI MOBH nporpaMyBanHs Python ta makery incrpymentiB EpiModel moBu R st imiTawiiiHoro Monesto-
BaHHS emijeMiil. JlociikeH s TIoKas3ano, o AaHi MOBa MPOrpaMyBaHHS Ta MAKeT iIHCTPYMEHTIB JAroTh yci HeoOXiaHi 3a-
co0u 1 pOo3pOOKH TporpamMHoi Mozieni enizemMiil. Python mo3Bossie mBumIKo po3po0saTH IporpamMu it aHalizy JaHux, Qt
Designer 1a€ MOXKJIMBICTh CTBOPHTH 3pYIHHUH rpadigamii iHTepdelic koprcTyBada Ui 3aCTOCyHKIB Ha MoBi Python, a maker
iHctpymenTiB EpiModel no3Bossie peanizyBaTi HaiGlIbII NOIIMPEHI MaTeMaTHYHI Mozeni emigeMii, 3okpema, SI, SIR ta
SIS. CtpykTypa comiaibHOT MepesKi y JaHii Mofei He TeHepyBaJiacs, a 3aBaHTaKyBajlacsl 3 YaCTHHH BipTyaJIbHOI COIiaIbHOT
Mepexi, [0 IPUCKOPUIIO PO3poOKy, a MOBa nporpamyBanHs Python no3Bonmna 3a gormoMororo cBOiX iHCTpyYMeHTIB Ta 6i0-
JIOTEK CTBOPHUTH Tapcep Ta B3aeMofito 3 API morpiGHoro BeO-pecypcy. Takox Oyno MpoBeIeHO Cepilo eKCIEePUMEHTIB 3
Pi3HUMU ITapaMeTpaMy MOZEII 1T TIEPEeBipKH il Mpane31aTHOCTI Ta OTPHMMAHO OYiKyBaHi pe3yJIbTaTH MOJICTIOBAHHS.

Karw4doBi ciaoBa: nporpaMHa Mozielb, iMiTalliiiHe MO/ICITIOBaHHs, €MiieMii, BipycHa eriiemis, iHpopMauiiiHa eminemis,

Python, EpiModel

Beryn

MopenoBaHHS TPOLECIB TOUIMPEHHS Ta IPOTHO3Y-
BaHH;I HACIIJIKIB emiieMiii sik iH(eKIIHHIX, TaK 1 iHdop-
MAIIHO-TICUXOJIOTIYHHX € BYKJIIMBOIO HAyKOBO-TIPAKTH-
YHOIO 33/1a4el0 Y Halll yac.

[cHYIOTH MiAXOAW Ta MOPAAU IIOAO MOJCIIOBAHHS
emiJieMii, a TaKOXK IHCTPYMEHTH, 32 JOMOMOTIOI0 SKUX
MOXKHA CHPOCTHTH WULIX IO JOCATHEHHS MNOTPiOHOT
Mmetd. Eninemiuni mopeni MOMUISIOTh HA IBa OCHOBHI
BUJM: CTOXaCTHYHA MOJIENb Ta JIeTepPMiHOBaHA MOJEIb.

Cmoxacmuyna modens — ie MaTeMaTHYHA MOJIETIb,
B sIKiil mapamMeTpH, XapaKTEpPUCTUKH CTaHy 00’€KTa MO-
JICIIIOBAHHS 1 YMOBH 1oro (hyHKI[IOHYBaHHS, MPEICTaB-
JIEHI BUNAJKOBUMM BEJIWYMHAMU 1 OB A3aHI BUIAIKO-
BUMH, HETIOCTIHHUMHU 3aJIeKHOCTAMH; a00 BUXiqHA iH(PO-
pMaIlisl TaKOXK IpeACTaBiIeHa CTOXAaCTHYHHMH BEJIUYH-
namu [1].

OTxe, XapaKTepUCTUKH CTaHy 00’€kTa B MOAENTI
BU3HAYAIOTHCS HE OJHO3HAYHO, a 4epe3 3aKOHH PO3IOo-
IiTy X IMOBipHOCTEH. MOAEIIOI0TECS CTOXaCTHYHI ITPO-
LIECH B TEOPii MaCOBOTO OOCITyTOBYBaHHS, a 3aCTOCOBY-
IOTBCSI B MEPEKEBOMY IIAaHYBaHHI Ta yIIPABIiHHI 1 B 1H-
mmx obnactsx. [Ipu moOGynoBi Takoi Mozemi HaiidacTimre
3aCTOCOBYIOTHCSI METOIU PETPECIHHOTO 1 KOPETAIIITHOTO
aHaIi3zy.

Jlemepminosani modeni, K TPaBUIIO, TPU3HAYCHI
JUTST TOTVIMOJIEHHS B IEBHUM OCHOBHHM MexaHi3M abo
TIPUPOTHHI TIporiec. BOHU BiAPI3HSAIOTHCS BiJl CTATHCTH-
YHUX MOJeNel (HampuKia:, JTiHIHHOI perpecii), MeToro
SIKX € TPaKTHYHO OIIIHUTH BiTHOCHHU MIX 3MIHHFMH.
JerepMiHOBaHa MOJENb PO3IIISIAETHCS SIK KOPUCHE Ha-
OIDKEHHS 710 UHCHOCTI, SIKy MpoCTile NoOyxyBaTH 1 iH-
TEpIIPEeTyBaTH, HX CTOXacTH4Hy. IIpoTe, Taki Monemi

MOXYTh OyTH HaJ3BHYaliHO CKJIQJHUMH Yepe3 BEJIHKY Ki-
JBKICTh BXIJHHX 1 BUXIJHUX JAHUX, 1, OT’KE, YacTO He-
3BOPOTHUMH; (pikcoBaHMN eauHMN HAOIp BUXITHHX Ja-
HUX MOXe OyTH OTpHUMaHHIi 33 JIOTOMOTOI0 JAEKIJIbKOX
HaOopiB BXigHUX [2].

TakuM YMHOM, BUKOPUCTaHHS HaiHHUX Mapamer-
piB 1 HEBM3HAYEHOCTI MOJIENI € BUPILIAJBHUMH MOX-
JIMBO, HaBITh OUIBIIOID MIpOIO, HDK VIS CTAaHAAPTHUX
CTAaTUCTUYHUX MOJIEIIEH.

Y MaTeMaTHYHOMY MOJEINIOBAaHHI, JeTepPMIHOBaHI
MOJIeJIi He MICTSTh BUIIAIKOBUX BEIUYUH 1 CTYIICHIO BU-
MaJIKOBOCTI, 1 B OCHOBHOMY CKJIaJIAIOTHCSI 3 PIBHSIHB, Ha-
npukiay, midepeHiiinux. i po3paxyHKd MaroTh Bi-
JIOM1 BX1/IHI JaHi 1 BOHU CTalOTh HACIIIKOM YHIKAJILHOTO
Ha0Opy BUXIJHUX, HAa IPOTUBAry CTOXaCTUYHOMY MO/Ie-
JIFOBAHHIO, SIKE MICTATH B COO1 BUIIAKOBI 3MIiHHI.

JetepMmiHOBaHI MOJielli BUKOPUCTOBYIOTh B HAYKO-
BUX JTOCHIKEHHSX, SIKI MOXHA 3HAUTH B PI3HUX JOCIi-
JDKeHHSX: B cdepl memorpadidHuX JOCIHTIHKEHb, PO3BH-
TKy KIiMaTy, 3a0pyIHEHHS HABKOJWIIHBOTO CEPeIo-
BHIIA, a TAKOXK B IHIIMX 00IACTSX, K IHXKEHepis, XiMis 1
BEJICHHS O THKH.

JleTepMiHOBaHI MO/eNI OTPHMAIHM yBary B JIiTEpa-
Typl IO CTATHCTHII MiJ 3aTaJbHOI0 TEMOIO KOMIT FOTEp-
HUX eKcrepuMeHTiB. KoM toTepHi eKcliepuMeHTH MO-
JIENTIOIOTH CKJIAIHI CHCTEMH, 1[0 BUMAraroTh IEBHOI Kijb-
KOCTIi BXiJTHUX JaHWX. BUKOpPHCTaHHS CTOXaCTHYHOI CH-
CTeMH Ha0arato JEMIeBINe, aje € HETOYHUM 1 CIpoIe-
HHM CIIOCOOOM.

Mertoto maHoi poOOTH OYIIO CTBOPEHHS MPOTPaM-
HOTO 3a0e3ledyeHHs IS IMITAlIfHOrO0 MOIEIFOBAHHS
emigeMiit Ta JOoCHTiHKEeHHS MOXUHBOcTell MmoBu Python i
nakety iHcTpymeHTiB EpiModel mis moBu R npu Bupi-
[IEHH] JaHoi 3a1ad4i.
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OCHOBHA YacTHHA

VY sKoCTI iCHYIOUOTO IHCTPYMEHTY IJISi MOJIEINIO-
BaHHJ CMiIEMi y IaHiii poOOTi OYJI0 PO3TISIHYTO MPO-
rpamue 3a0e3neuends EpiModel.

EpiModel — ne Habip mporpaMHUX iHCTPYMEHTIB
JUISL MOJICTTFOBAHHSI MaTeMAaTHYHUAX MOJENEH, MHHAMIKH
iH(eKmiiHNX 3axBOproBaHb. Kiacu emizemiuHux Moze-
JIeH BKIIIOYAIOTh J€TEPMiHOBaH1 KOMITApTMEHTHI MOJIElTI,
CTOXAaCTHYHI MOZIEJ 1HJMBIAyalIbHOTO KOHTaKTy Ta CTO-
XaCTHYHI MOZeN Mepexi. MepeskeBl MoJiesi BUKOPUCTO-
BYIOTb HaIiifHI CTATUCTUYHI METOMU MOJeNeil BUIAaIKO-
BUX TrpadikiB exkcrioHeHmiadpHuX ciMeit (ERGM) i3 Ha-
6opy nporpam Statnet. CTaHmapTHI IIA0IOHU JJT MOJIC-
JIFOBAHHS €11 IeMiil BKITIOUAIOTh TaKi THUIH 3aXBOPIOBAHb!
SI, SIR Ta SIS. EpiModel mae npoctuit API mist po3mm-
PEHHsI IIMX IA0JIOHIB [UIsl BUPIIIEHHS HOBUX IJIEH Hay-
KOBHUX JOCTIDKEHB [3].

Jiist MozentoBaHHS MOMIMPEHHs iHQEeKuiiHuX 3a-
XBOPIOBAHb MOKE BUKOPUCTOBYETHCS KITACHYHA MOJICITh
SIR. HaceseHHs B MOJIei AUTHTHCS HA TP YACTUHU B 3a-
JIOKHOCTI Bil CTATYCYy: CHPHAHSTIMBHI 10 3aXBOPIO-
BaHHS, 3apa)KeHUH 1 omyxapmmid. Ll Monens cTBopeHa
METOJIOM cucTeMHol auHamiku. 1100 BimoOpakatu miic-
HiCTb, MO/JI€JIb IIOBUHHA rpyHTyBaTI/ICH Ha p€ajJIbHUX BJia-
CTHBOCTSIX KOHKPETHOI XBOpOOHM 1 BpaxOBYBaTH 3MiHH
CHUCTEMH ITiJ1 30BHIIIHIMH BIJITABAMHU.

Jnst po3poOku mporpamHOi iMiTawiifHOT Mojedni
OyJio BupillleHO 00paTH IHTEPIPETOBaHY MOBY Hporpa-
myBanHs Python. ¥V 3B’s3Ky i3 CTpIMKMM PO3BHTKOM TIie-
PCOHaJILHOT OOUKCIIOBAIBHOT TEXHIKH, B1I0YBa€EThCS MO~
CTyNoBa 3MiHa BHUMOT JI0 MOB IporpamyBanHsi. Bee Oi-
JIBIIY POJIb TOYMHAIOTH TPATH IHTEPIPETOBaHI MOBH,
OCKUJIBKM ~ 3pOCTaro¥a  IOTYXXHICTh  MEPCOHAIBHUX
KOMIT IOTEpIB MOYMHAE 3a0e3MeuyBaTH TOCTATHIO ILBH/I-
KiCTh BUKOHAHHS IHTEPIPETOBaHUX MpOrpam. A 4u He
€IMHOIO CYTTEBOIO [IEPEBAr0I0 KOMIIILOBAHMX MOB IIPO-
rpaMyBaHHS € CTBOPIOBAHWI HUMU BHCOKOIIIBUIKICHHI
KoJ. [HTeprpeToBaHa MOBa € HAMOLIBII TPOCTUM 1 THY4-
KUM 1HCTPYMEHTOM IIPOTrpaMyBaHHs, 1110 Ma€ Ty>Ke BUCO-
KW piBEHb MOPTATHBHOCTI PO3POOJICHUX MPOTPaMHUX
3aco6iB. Python — me yHiBepcansHa cygacHa MoBa Tpo-
rpaMyBaHHS BUCOKOTO PiBHSI, JIO IIEpeBar Kol BiAHOCSTh
BHCOKY IPOJYKTHBHICTh IIPOIPAMHUX PIILIEHB 1 CTPYKTY-
poBaHuil KoA. S apo Mae yke 3pyuHy CTPYKTYpY, a Lu-
pokwmii miepenik BOymoBaHUX 0i0TIOTEK TO3BOJISE 3aCTO-
COBYBAaTH 3HAYHHNA Ha0ip KOPHCHUX (QYHKIINA 1 MOXKITH-
BocTed. Python mMoxe miaTpuMyBaTH MIMPOKHHA TEpETiK
CTHIIIB pO3pOOKH 3aCTOCYHKIB, B TOMY YHCII, IyXKe 3py-
YHHUHA [UIT pOOOTH 3 00’ €KTHO-OPIEHTOBAHOO Ta (DYHKIIi-
OHAITLHOIO TTapaJuTMaMy TporpamyBanust [4].

s ctB=opeHHs rpadidHoro iHTepdeiicy kopucty-
Baua Oyno Bukopuctano Qt Designer [5]. Bin mo3Bosste
cTBOpIOBaTH TpadivHi iHTEpdEHCH 3a JTOMOMOTOI0 DAY
HACTYITHUX IHCTPYMEHTIB. ICHy€ maHeNb iHCTPYMEHTIB, B
SIKIM TOCTYTIHI TSI BUKOPHCTAHHS 0arato pisHOMaHITHUX
elleMeHTiB iHTepdeiicy. KoxeH Bimker mae cBiii Habip
BIIACTHBOCTEH, 1110 BU3HAYAETHCS BiAMOBIIHUM HOMY Kia-
com Oibmiorekn Qt. XapaktepHOoto ocoOmuBicTio Qt
Designer € miaTpuMKa Bi3yallbHOTO pelaryBaHHS CUTHAIIIB
icnotiB. Qt Designer 103BoIsi€ IIBUAKO CIIPOEKTYBATH Bi-
JDKeTH 1 JaJord,  BHUKOPHCTOBYFOYM  €KpaH-

Hi (hopMu 3 BUKOPHCTaHHSM THX K€ BIIDKETIB, sIKi Oy Iy Th
BHUKOPUCTOBYBATHUCS B 3aCTOCYHKY. DopMH, cTBOpeHi 3 Qt
Designer, € MOBHICTIO (pyHKIIOHAIBHUMH, & TaKOXX MO-
KyTb OyTH TEpeTISIHYTI B PEKHMi peasibHOro 4yacy. Po3-
pobnenuii iHTepdeiic 30epiracThes B (ailir 3 po3ImpeH-
HSIM Ui, SKUH T1JIKITF0Ya€ThCs 10 CTBOPIOBAHOI Iporpami
3a JIOIIOMOT'OXO CIIeIiabHIX MeToiB 0i0moTeku Qt. et
(haitm mae xml-popmar, i Moxke, B pa3i HCOOXITHOCTI, pe-
JlaryBaTtHcs B Oy Ib-SIKOMY TEKCTOBOMY PEIaKTOpi.

He MOXIHBO ySIBUTH BENHMKI Cy4acHi 3aCTOCYHKH
0e3 3pydHOro Ta APYXHBOTO J0 3BUYAHHOTO KOPUCTY-
Baya iHTepdeiicy. Xopommi KOpUCTyBaIbHUIBKUH iHTe-
pdeiic oxapakTepu3yBaTH HECKIIAJIHO: TaKkuii iHTepderic
NpoCTHid Yy BUKOpHCTaHHI. J[nst cTBopeHHs rpadidHOro
iHTepdelicy KoprcTyBada Ha MOBI mporpaMmyBaHHs Py-
thon, HaitGineIn gominsHUM € BuKopucTanus Qt Designer
B mapi 3 PyQt 5. A mist Toro, 1100 IBUIKO Ta TapHO 30-
OpaxyBaTu rpadiku, kpammm Brudopom € PyQtGraph.

Juis1 30epiranHs JaHMX MOJIETFOBaHHSI Ta TPOTHO3Y-
BaHHS HACNIJKIB eMifeMil MO)XKHAa BHKOPHCTOBYBAaTH
SQLite. Bona He BUMarae BEJIMKOT IMOTYKHOCTI IIEPCOHA-
JILHOTO KOMIT 0Tepa.

J1J1s mpoBeIeHHsT HAYKOBUX PO3PaxyHKiB 3 BUKOPH-
CTaHHsIM 0araTOBUMIPHUX MacHBIB 0OpaHO CTaHJAPTHHH
nakeT Numpy. Po3pobieHa cucrema MojentoBaHHS Ta
MPOrHO3YBaHHS HACTIJKIB €MiieMii CKIaJa€Thesl 3 JIBOX
MpOrpaMHHX 3aCTOCYHKIB 3 rpadiuHuME iHTEepdeiicamu.
[Mepimii 3acTOCYHOK Ma€ Taki JiBi OCHOBHI (PyHKIIIT:

a) 3aBaHTaKeHHsI y 0a3y aHUX CTPYKTYpH 3B’SI3KIB
MDK KOPUCTYBauaMH JIESIKOi YaCTUHHU ICHYIOUOI BIpTyalib-
HOI coIlianbHOT Mepexi (IJIsl OfiepKaHHS PealicTHYHOT
CTPYKTYPH COLIIAJIHOT MEpEexi);

0) miAroTOBKa 0A3u JaHKX J0 MOJCITIOBAHHS IMTOIIH-
PEHHsI eniieMil 1o 3aBaHTaXEHOMY rpady BipTyalbHOI cO-
IaJTBHOT MEpPexi.

Jpyruii 3actocyHOK, omnepyrouu Oaratbma (axto-
pamu, MOJIEIIIOE eMiJIeMit0, TIPOTHO3Y€E Tl HACIIKK Ta Bi-
Jo0paxkae CTATUCTUYHY 1H(POPMAIIO PO XiJ| MOIEIO-
BaHHSI Ta CTaH KOPUCTYBaUiB colliajbHOT Mepexi. B moza-
JBLIOMY I 3aCTOCYHKH MOXKYTh ITOKPAIIyBaTHUCh 32 paxy-
HOK 3aKJIaJieHol B HMX MAacIITabOBAaHOCTI, 3aBJSIKA YOMY
BOHH 3MOXKYTb OIIEPYBaTH I1ie OLIBIIOI0 KUTBKICTIO aKTo-
piB, SIKi MOXKYTh BILTMBATH HA PO3BUTOK eMijieMil.

Jnst 36epiranHs JaHUX PO3POOIICHOT CUCTEMH 3aCTO-
CyHKIB BuKopuctoByeThesi SQLite 3. SQLite — e BOy10-
BaHa kpociuatgopmua CYB/], sixa miaTpumMye JOCHTE TIO-
BHUI HaOip komaHa SQL i Mae 1oCHTh 3pydHUIA IPOTpaM-
HUi iHTepdeiic mst MoBu Tporpamysanus Python [6].
Bona € nyxe HamiifHOIO Ta MPOCTOI0 y BUKOPHUCTAHHI.
SQLite imeaapHO MiOXOOUTH TSI BUKOPHCTAHHS B JaHIN
CHCTEeMi 3aCTOCYHKIB, ToMy o 11t CYB/] mBuaka, He BU-
Marae cIieriajgbHOl YCTaHOBKH, a 6a3a JaHUX 30epiraeTecs
Ha JIWCKY y BUTJISAI OHOTO (haiiiry.

106 mepernsHyTH CTPYKTYpPY Ta JIaHi, IO 3amicaHi
I1o 6a31 TaHWX, MOKHA BUKOPHCTOBYBATH OE3KOIITOBHUI
3actocyHok DB Browser. Ileit 3acTocyHOK siBIIsiE 00010
Bi3yaJIbHUH IHCTPYMEHT 3 BIIKPHTHM CHPIICBUM KOIOM
JUTS CTBOPEHHS, pO3pOOKH 1 pemaryBaHHs (aiiniB 6a3 ra-
HUX, cyMicHuX 3 SQLite.

ba3za naHuX, O CTBOPIOETHCS Ta BUKOPUCTOBYETHCS
TiJ1 Yac BUKOHAHHS CHCTEMH MOJICIFOBaHHS Ta MPOTrHO3Y-
BaHHS HACIIKIB emifgeMii, Mae 5 TaOuIb:
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a) Users — ocHoBHa Ta0IH1s, 1110 30epirae Beix orpa-
[FOBAaHUX YYACHUKIB COIIATEHOI MEPEXKi;

6) before_modeling — y4acuuku coriansHOT Mepeki
MTOTPATUISIOTH M0 Ii€l TAOMMIII i/ Yac TPOIIeTyPH ITiro-
TOBKM 0a3y JaHWX 10 MOJIEITIOBaHHS. Takox BUKOHYE (y-
HKIII}O Pe3€PBHOT0 CXOBHUIIIA JIAHUX, SIKE MOYKHA TOBTOPHO
BUKOPHCTOBYBATH, 00 MOJICITIOBATH JCKLUTbKA CITieMiit
0e3 MOBTOPHOT'O 3aITYCKY IIPOLICAYPH ITi ITOTOBKH 0a3u Ja-
HHUX;

B) healthy — n1o 1i€i TaGmII BHOCSTHCS 3MOPOBI y4a-
CHUKH COIIMEPEXKI ITiJ] 9aC MOJICITIOBAHHS CITi/IeMiT;

r) not_ healthy — mo miei Tabmuii BHOCATBCS XBOPI
YYaCHUKHU COLMEPEIK ITiJT YaC MOJICITIOBAHHSI CITiTIeMil;

1) dead — 10 i€l TaOMII BHOCATHCS MEPTBI ydac-
HUKH COLIaJIbHOI MEpeXi ITijl 4ac MOJIEJIFOBaHHS eIiieMil.

HanorHeHHs1 0a3u NaHWX BiIOYyBa€eThCs uepe3 3a-
ITUTH 70 CEPBEPIB BIpTyalIbHOI COLIIAJIBEHOI MEpEXi depe3
API BimnosigHoro BeO-pecypcey.

VY nesiknx KOpPHCTYBadiB BipTyaJIbHUX COLIaJIBHUX
MEpeX YMCIIO Jpy3iB Habarato mepesuiye uucio [laH-
0apa, 110 ABJIE COOOK OOMEKEHHSI Ha KiJIbKICTh TOCTIH-
HUX COI[IAJIBHUX 3B’S3KIB, SKi JIFOMMHA MOXE ITiITPUMY-
Baty [7]. [linTpuMka Takux 3B’s3KiB Nepenabdadac 3HAHHs
0CO0JIMBOCTEH KOHKPETHOT'O 1H/IMBI 1A, 3B’ SI30K 3 IKUM He-
00XiZIHO MATPUMYBATH, HOTO XapakTepy, a TAKOXK COIllia-
JILHOTO CTaHy, 1[0 BUMAarae HasiBHOCTI IIEBHUX PO3yMOBHX
3mi0HOCTE 1 BUTPATH 3HAYHHX IHTEJIEKTyaIbHUX Pecyp-
ciB. 3a pi3HMMH OIHKaMH, yuciao JlaHOap B JIFOACHKHX
CIIBTOBAPHCTBAX JISKUTh B Jiama3zoni Bix 100 mo 230,
HaiJacTilie yMOBHO YHCIIO IpuiiMaeTbes piBHUM 150.
Tomy 1106 Matu B 6a3i 1aHuX OUTBII PIBHOMIPHI JiaHi, po-
3p0o0JIeHHH 3aCTOCYHOK ITHOPYE JIIOJeH 3 HAATO BEJIMKUM
Ta HAATO MAJIUM YKCIIOM COLIIAJIbHUX 3B’s3KiB. BikHO Ha-
JIAIITYBaHb 3aCTOCYHKY JUISl MIATOTOBKU 0a3u JaHUX MO-
»KHa odavnTH Ha puc. 1.

B HanawwTysaHHsa ? X

CrMCcoK NoYaTKOBWX id, 3 AKoro NoYHe HanoBHBaTHCA B

(posaimiTin npobinom)

| 132646860 243109925 245135939 |

HitHA Mexka ApY3ie AnA 1 noaxHK:

[10 |

BepxHA Mewa ApYSiE ANA 1 NoguHIA

|s00 |

D BinoBpaaTh nMwe yonilwHi 3amMon ao B

KinbKicTE ITEPELWIA 4NA NEPEBIPKKM APYSIE KOPUCTYBaYIB:

E |

OBMENEHHS KINBKOCTI 38MWCE ANA MOAEMOBAHHSA:

| 1000000 |

[na MoAEMEEHHA BInOMPETH KOPUCTYBEYIE NWWE 3 YKPETHW

Cancel

Puc. 1. BikHo HanamryBaHb Jyisl MiATOTOBKY 0a3u JaHMX
PO3pOOIEHOr0 3aCTOCYHKY

HactynHum KpokoMm, Triciist HarmoBHEHHsI 0a3n JaHHX,
€ Tl MATOTOBKA JI0 MOJICTEOBaHHS (TIpUKIIa]] 300pakeHO Ha
puc. 2). Indopmarnist GpinbTpyeThCA T CTPYKTYPYETHCS B
noTpiOHMX Tabmuisix. KokHuil ydyacHWK Mepexi Mae
3B’SI3KM 3 IHIIMMHM YYacHHKaMH, ajie HE BCI BOHH Mic-
TATHCS B 0231 JAHUX, TOMY BiJICyTHI 3B SI3KH BUJAIISFOTHCSL.
Takwuii mporiec BuIaJIeHH 3B’ I3KiB 3aiiMae IOCUTh OaraTo
yacy, B 3aJI€XKHOCTI Biji po3MipiB 0a3u nanux. Ha Buxoxi,
riepe]] MOJICITIOBaHHSIM, 0a3a JaHWX HE Ma€ YYacHHKIB Me-
pexi 6e3 3B’SI3KIB 3 IHIIMMH yJaCHUKaMH.

[IponyxtuBHicTe MacoBoi BcraBku SQLite mMoxxe
BapitoBaTUCSA Bifl 85 BCTaBOK B cekyHay o oitbm 96000
BCTaBOK B CEKyHAy. BHSBIS€THCS, NPOIYKTHBHICTDH
SQLite Moxe 3Ha4YHO BIAPI3HATHCS (SK IUII MacOBHX
BCTaBOK, TaK i Juisg BUOIPOK) B 3aJI€KHOCTI BiJl TOTO, SIK
HaJlalToBaHa 0a3a JaHUX i K BUKOpUCTOBYeThCS API.
[Tpu Haiiripmomy cueHapii oreparii 3aHaATO TOBLIBHI,
tomy 1o SQL Oyzne ckommineoBano B koj VDBE mis
KO>KHOT BCTaBKH, 1 KOJKHa BCTaBKa Oyje BinOyBaThCS y
CBOTI BIACHIM TpaH3akuii. 3a 3amMoBuyBaHHIM SQLite
Oyne ouintoBaTH KokeH onepatop INSERT / UPDATE B
paMKax yHIKaJIbHOT TpaH3aklii. SIKIo BUKOHYETHCS Be-
JIMKa KUIBKICTh BCTABOK, PEKOMEH/IYETHCS BKJIACTHU Olle-
palliio B TpaH3aKilif0. BUKOpHUCTaHHS TpaH3aKIlil € BEJH-
YEe3HUM IOJIIIICHHSM, aje¢ MOBTOPHA KOMITUIALIS Ore-
paTtopa SQL ais1 KOXKHOI BCTaBKM HE Ma€ CEHCY, SIKILO
BUKOPUCTOBYETHCS OIUH 1 Tol ke SQL Oararopasoso.
CkommintoBaBum onepatop SQL oauH pa3, a motim
3B’3aBIIM TAPaMETPH 3 UM ONEPaTOPOM, BUKOPUCTO-
Byroun sqlite3_bind text, Mo)XHa MOABOITH MPOILYKTHUB-
HicTh. ['padiunuii iHTepdeiic cTBOpEHO uepe3 3acTocy-
HOk Qt Designer. 1llabnon 30epiraerbcss B *.ui. 3BU-
4aifHO, MO’KHA BUKOPHUCTOBYBAaTH Ui-(haiiiau Oe3nocepe-
HbO 3 Python-koay, mpote € ¥ iHmm#i uwsax. Kop ui-
(aitny kouBeptyeThes B Python-daiin, sikuii motim imro-
PTYETBCSI 1 BHKOPHCTOBYETBCS SIK 3BUMAHUN MOAYJib. B
BOMY MOXE JONOMOITH IHCTPYMEHT pPO3pOOHHKA
Pyuic5, skumii monermiye meperBopeHHs QainiB *.ui
PyQt5 Designer y ¢aiinu *.py [8].

8" Hanawwryearna ? X
Obpatu |main‘db
HynboBuit naLieHT 0BMpaETLCA BUNANKoED ﬁNDEiDHiﬁb nepeaati xsopofy:
KinbKicTs HYNbOBNX NALYEHTIS, Wwo Gyae ofipaHo BUNaaKoso: I
[t | | s
BEEAiTh id KOPUCTYBE4a, 3 AKOMO NOYHETHCR MOAENIBAHHR: B
MMOBIpHICTE NeTansHoro BANaaky:
2973283 9259454 12373354 | |
TpuBaNICTL XEopadi 15
. o " KinbKicTs iTEpaLyil MoLenoBaHHs:
MiHiMaNEHE KiNbKICTh ITEPaL: l:l 0
OBMEMUTH KiNsKiCTE ITepavii
MaKCuManEHa KinbKicT ITepaLi: I
45
KinkKicTs pAAKIE B Toni (1eTansHa iHhopMaLya):
I May3a MK KpoKaM1 MOLEMOBaHHS:
10 I
0.5
Cancl

Puc. 2. HanamryBansst po3po0iieHoi imitamiitnoi Mozerni
Jutst excriepuMenty Nel
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Jns BimoOpaXKeHHsT CTATHCTHYHOI iH(oOpMarii po-
00TH 3aCTOCYHKa, 1[0 HAIIOBHIOE 0a3y NTaHMX, CTBOPEHO
kiac MyErrorCounter, 1o paxye yac BUKOHaHHSI 3aCTOCY -
HKa Ta KUTBKICTh 3anuciB B BJI, KiNBbKICTh JeaKTHBOBAHUX
Ta 3aKPUTHX TPOQUTIB, KITBKICTH KOJi31H, IEpeBHIICHB Ki-
JIBKOCTI JIPY3iB, a 33 3aIIUTOM ITOBEPTAE BCIO HEOOXi/THY 1H-
(opmarito. Takoxk 3aCTOCYHOK ISt MOZIEITIOBaHHS Ta ITPO-
THO3YBaHHS HACNiKIB emijieMii 300paxye Ha rpadiky Ki-
JIBKICTh 37IOPOBHUX, XBOPHX, OAYXKaBIIMX Ta ITOMEPIIHX
YUYaCHHKIB COIIaJIBHOI MepeXi Ha KO)KHOMY KpOLli Mojie-
moBaHHS. [IprKiiaam Takoro rpagiky Mo)KHa TOOAUUTH Ha
puc. 3,5, 7.

[Io6 mocmiguTH SK CHCTeMa IMITalliiHOTO MOJe-
JIOBaHHS CMiIeMil TIPAITIoe TIPU Pi3HUX MOYATKOBHX I1a-
pameTpax, OyJIo TIPOBEICHO CEpif0 SKCIEPUMEHTIB, pe-
3yJbTATH SKUX HABEJICHO HA puUC. 2-7.

3 3aIpONOHOBAHUX MPUKIIA]IB BHKOHAHHS 3aCTOCY-
HKY MOJICTIOBAaHHS Ta IPOTHO3YBaHHS HACIIKIB €ITiJie-
Mii BHJIHO, IIIO BCE MPAITIOE TaK, K OyJI0 3aaymMaHo. B 3a-
JISKHOCTI Biji pi3HUX HaOOpPIiB MOYAaTKOBHX IapaMeTpiB,
CHUCTEMa BUJIA€ Pi3HI pe3yIbTATH, IO BiIIOBIAOTH 0Yi-
KyBaHHM pe3yJibTaTaM. Takok Oyl MpOTECTOBaHI BCi
HaJIAIITYBaHHS JaHOTO 3aCTOCYHKY Ta HArJISIHO TOKa-
3aHa 3pYYHICTh pO3p00JIeHOT0 rpadivHoro iHTepdeiicy.

B " MogentoBaHHA Ta NPerHO3yBaHHA HACNIAKIE ENigemii - O X
Bceroro & BT 25728
3nopoenx: 608 — o ’
Keopmx 1966 ,"J
Ony:raemix: 19475 '."
Mepenx: 3679 ','*
e
T e
#-____‘_"‘ _____ o = e e e —_
s o
) N ——ERE - -
KinbKiCTE iTepaLiit
Hanamtyeanna bimeme idopmarti Crapr  |Bingoemtn | Pectapt

Puc. 3. Pesynprar npoBenenus ekcriepumenty Nel y po3poGiieHiit mporpamHiit iMitamiiHiid Moesti

B ' HanawTyeaxHa

? >

OBpaTi main.db

HynboBMi NALIEHT 0BMPEETHCA BUMNAAKOB0

KinbKicTe HYNboBMK NaujedTis, wo Oyae ofpaHo sunaaxoso: I

IAmMOBIpHICTE NepeaTH xBopafy:

[10

| 25

BEeqiTe id KOpUCTYEaYS, 3 AKOrO NOYHETECA MOAEMIOBaHHS!

iMOBIpHICTE NETansHoro BUNAAKY:

|3973283 9259454 12373354

TpuBanicTb xsopofin

MiHIMANEHE KINBKICTE ITEDELUITI:

MaKCMManeHa KineKicTe iTepaLi:

i

KinekicTe pAAKIE B Toni (aeTansHa iHdopHaia):

50

KinbKicTh iTepauiil MoaenoBaHHA:

[ ofmexuTy kinbkicTs iTepaLgii

37

May3a Mix KpOoKaMK MOLENBaHHA:

0.2

Cancel

Puc. 4. HanamtyBaHHs po3po0iieHOT iMiTaniifHOT Moziesi Ay1sl eKkcriepuMeHTy Ne2
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B " MogentoBaHHA Ta NPOrHO3YBAHHA HACAIAKIE ENIZEMIT — O X
Beroro & BT 25728
Xeoprx: 330
Onvrapmix: 12306
Meptenx: 12614
[Ipoifimno oHE: 23
Uac obuncnensa: 0.070
KinbKiCTb iTepaLlia
Hanamtyeanus |bineme indopuarti Crapt Bigmoenmin | Pectapt

Puc. 5. Pesynbrar npoBesieHHs ekcriepuMenTy Ne2 y po3poOiieHiii mporpamMHii imMiTaliiHii Mozaeni

B HanawTyeaHHa

? X

OBpaTtH main.db

[] HynwoBuii naijeHT ofMpaeThea BUNaNKOBO

IFIMOBiDHiCrb nepeaaTti Xeopody:

KinbkicTs HyNboBKx NaLjeHTis, wo Byne obpaHo BUNaakoso:

o |

BeeqiTe id KOpUCTYyEaYa, 3 AKOro NOYHETLCA MOAEMOBaHHA!

[ 1580204 |

50

FlmnsipHirrb NETANBHOrO BUNAAKY:

TpweanicTe xsopobn
MiHiManeHa KiNBKICTE ITepaLyji:

MaKoMMansHa KinbKICTb ITepaLii: 18

KinbkicTe pRakis B Toni (aeTaneHa indopralis):

R
s ]

10

KineKicTe iTepaliit ModensaHHA:

OBMEKHTH KiNbKICTb ITepaLil

68

Maysa MK KPOKaMA MOLEMOBaHHA:

0.7

Puc. 6. Hanamrysauns po3po0GiieHol imitauiiinol Mozeni s ekcriepumeHTy Ne3

BucnoBku

Byno po3pobneno mporpamHy iMiTamiiiHy MOJETh
emiemiit 3acobamu MoBu Python Ta makeTy iHCTpyMEHTIB
EpiModel ms moBu R. TectyBanacst Mozenb Ha IPUKIIA I
TOMMPEHHsT iHQEKIIHHNX 3aXBOPIOBaHb, XO0Ya TaKOXK
MOke OyTH BHKOPUCTaHA IS MOJISIIFOBaHHS MOIIMPEHHS
iH(pOpMAIiHO-TICHXOJIOTIYHUX BIUIMBIB.

Bymno nocimkeHo MOXKIIMBOCTI MOBH ITPOTPaMyBaHHS
Python ta makety iHcTpymenTiB EpiModel mist MmoBu R st
IMITaIITHOTO MOJICITIOBAHHS eTTiIeMiit. J1oCmipKeHHS TToKa-
3aJ10, 110 JIaH1 MOBA MPOTrPaMyBaHHSI Ta ITAKET iIHCTPYMEHTIB

JIAfOTh yci HEeoOXimHi 3aco0M ISl PO3pOOKK IPOTpPaMHOL
Mozeni emiemiit. Python no3Bonsie MIBHAKO po3poOisiTi
TporpaMu s aHamizy gaHux, Qt Designer nae MOXKJIHBICTR
po3pobutn 3pyuHmiA Tpadiuamii iHTEpQENc KOpHCTyBaya
JUTSL 3aCTOCYHKIB Ha MoBi Python, a maker iHCTpyMEHTIB
EpiModel nae MoxxmmBicTh pearizyBaTH HAHOLUTBII TOMIH-
peHi MaTeMaTH9HI MOJeTi emigemi, 3o0kpema, SI, SIR Ta
SIS. CrpykTypa comianbHoI Mepexi y TaHiii MoJeT He re-
HepyBaJlacs, a 3aBaHTa)XyBaJIacs 3 YaCTUHH BIpTYaJIbHOI CO-
IiaJTBHOI MEPEeXi, 10 MPUCKOPIIIO PO3POOKY, a MOBA IIPO-
rpamyBaHHa Python mo3Bommma 3a JOMOMOTOIO CBOIX iH-
CTPYMEHTIB Ta 0i0TI0TEK CTBOPHUTH Mapcep Ta B3aEMOJIIIO 3
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API otpibHoro Bed-pecypcy. Takox OyJo MpoBeIeHO ce-  MEpeBipKHU 11 Mpale3JaTHOCTI Ta OTPUMAaHO OYiKyBaHI pe-
Pil0 EKCTIEPUMEHTIB 3 PI3HUMH MapameTpaMy MOJEINI I 3YJIBTaTH MOJICITIOBAHHS.

Ipoiimmo oHiB:

Yac obumcrenna: 0.249 o

B " MogentoBaHHA Ta NPOTHOZYBAHHA HACAIKIE ENIAEMIT — O X
Exeosibl 25728
Xeoprx: 1215 ) *.";

23

e
o

KinbKiCTb iTepaii

Hanamtyeanna bineme indopmarrii Crapt Pecrapt

Puc. 7. PesynbraT npoBeneHHs ekcnepumenty No3 'y po3poOuieHiii mporpaMHiil imiTamiitHid Mojeni
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Computer simulation model of epidemics using the python language and the epimodel tool package for the r language
M. Mosold, Ye. Meleshko, M. Yakymenko, D. Bashchenko

Abstract. The goal of this work was to create software for simulating epidemics and to research the capabilities of the
Python language and the EpiModel toolkit for the R language in solving this problem. Modeling the processes of spreading and
forecasting the consequences of epidemics, both infectious and informational and psychological, is an important scientific and
practical task in our time. There are approaches and tips for modeling epidemics, as well as tools that can simplify the path to
achieving the desired goal. Epidemic models are divided into two main types: stochastic model and deterministic model. The most
famous mathematical models of epidemics are S, SIR and SIS. A computer simulation model of epidemics was developed using
the Python language and the EpiModel tool package for the R language. The model was tested on the example of the spread of
infectious diseases, although it can also be used to model the spread of informational and psychological influences. The possibilities
of the Python programming language and the R language EpiModel toolkit for simulating epidemics were investigated. The re-
search showed that the given programming language and toolkit provide all the necessary tools for developing a computer model
of epidemics. Python allows you to quickly develop programs for data analysis, Qt Designer allows you to create a convenient
graphical user interface for Python applications, and the EpiModel toolkit allows you to implement the most common mathemati cal
models of epidemics, in particular, SI, SIR and SIS. The structure of the social network in this model was not generated, but loaded
from a part of the virtual social network, which accelerated the development, and the Python programming language allowed using
its tools and libraries to create a parser and interaction with the API of the desired web-resource. A series of experiments with
various parameters of the model was also conducted to check its efficiency and expected simulation results were obtained.

Keywords: computer model, simulation modeling, epidemics, virus epidemic, information epidemic, Python, EpiModel.
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generative networks over the last year.

DALL-E, Stable Diffusions, or GPT-3, anyone with

APPLICATION OF GENERATIVE DIFFUSION MODELS
IN DIGITAL IMAGE CREATION

Abstract. There’s been a significant surge in the popularity of generative networks over the last year. With public releases
of such advanced models as DALL-E, Stable Diffusions, or GPT-3, anyone with modest, run-of-the-mill hardware can dabble
in machine learning [3]. Diffusion models are inspired by non-equilibrium thermodynamics. Diffusion models are a
subcategory of likelihood-based models. They are known to offer reliably scalable, high-fidelity images while retaining a
stationary training objective. These models generate samples by graduallyremoving noise from a signal, and their training
objective can be expressed as a reweighted variationallower bound [2]. This class of models already holds the state-of-the-
art [6] on CIFAR-10 [3], butstill lags behind GANs on difficult generation datasets like LSUN and ImageNet. Nichol and
Dhariwal [4] found that these models improve reliably with increased compute, and can produce high-qualitysamples even
on the difficult ImageNet 256x256 dataset using an upsampling stack. However, theFID of this model is still not competitive
with BigGAN-deep [5], the current state-of-the-art on thisdataset. Even more, these models are capable of producing an
infinite amount of unique, high-quality images, human-like speech, and realistic music, indistinguishable from human-made
ones at the first glance. The popularity of generative models has grown rapidly. Likelihood-based models might provide
better performance in comparison to GANSs. Diffusion models are a promising new category of likelihood models. Disco
Diffusion is a combination of CLIP and ImageNet models. It can generate digital art based on text prompts. Numerous
applications are possible for this model, such as the creation of video, animation and image content. Several distinctions have
to be considered when choosing Disco Diffusion over GAN.

Keywords: GAN, generative adversarial networks, artificial intelligence, non-equilibrium thermodynamics, diffusion
models, digital art, ImageNet model, WordNet.

modest, run-of-the-mill hardware can dabble in machine
learning [3]. Even more, these models are capable of
producing an infinite amount of unique, high-quality
images, human-like speech, and realistic music,
indistinguishable from human-made ones at the first
glance.

Introduction
There’s been a significant surge in the popularity of

With public releases of such advanced models as

Popularity dynamics Google Trends

@ Diffusion model

100

75

50

25

22.10.2017 11.04.2021

Worldwide. Last 5 years. Web-search.

Fig. 1. Search trends over the last 5 years

No doubt, there is still much room for improvement
beyondthe current state-of-the-art, and better generative
models could have wide-ranging impacts on
graphicdesign, games, music production, and countless
other applications [1]. These models are created on the
shoulders of their predecessors — GAN (Generative
adversarial networks) and while those provide highly

impressive results, the drawbacks of using GANs may
prove to be too much when applied to other, yet
unexplored domains. As an alternative, recent research
on the usage of diffusion models was conducted to
achieve the levels of quality that GANs possess, while
evading the problems such as:
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© Rudenko O., Bilokin O., 2022



ISSN 2073-7394

CucTemu yrpaBiiHHS, HaBiramnii Ta 3B's13Ky. 2022. No 4

— lack of diversity, where GANs often perform
worse than likelihood-based models;

— difficulties in scaling;

— difficulties in training, where GANs may often
collapse if the selection of hyperparameters and
regularizers proves to be of insufficient sophistication [6].

However, much work has been done to achieve
GAN:-like sample quality with likelihood-based models
and, while these models capture more diversity and are
typically easier to scale and train than GANS, they still
fall short in terms of visual sample quality. Furthermore,
except for VAEs, sampling from these models is slower
than GANSs in terms of wall-clock time [4, 10].

Diffusion models are inspired by non-equilibrium
thermodynamics. Diffusion models are a subcategory of
likelihood-based models. They are known to offer
reliably scalable, high-fidelity images while retaining a
stationary training objective. These models generate
samples by graduallyremoving noise from a signal, and
their training objective can be expressed as a reweighted
variationallower bound [2]. This class of models already
holds the state-of-the-art [6] on CIFAR-10 [3], butstill
lags behind GANs on difficult generation datasets like
LSUN and ImageNet. Nichol and Dhariwal [4] found that
these models improve reliably with increased compute,
and can produce high-qualitysamples even on the
difficult ImageNet 256x256 dataset using an upsampling
stack. However, theFID of this model is still not
competitive with BigGAN-deep [5], the current state-of-
the-art on thisdataset.

The main part of the article

This particular model, Disco Diffusion, is an
amalgamation of OpenAl’s ImageNet model combined
with CLIP. Such conjunction allows us to connect text-
based prompts with pictures, creating a fully-functional
text-to-image model that can generate digital art from just
a few sentences.

What is CLIP? CLIP is a transformer model created
by Open Al to match text prompts with their respective
image. The reasoning for the creation of CLIP is simple:
If we can create models that accurately describe the text
and we can create models that accurately describe
images, then we are capable of joining the two to easily
map image to text by combining similar descriptions [5].

And what is ImageNet? It is an image dataset
organized according to the WordNet hierarchy, a
foundation for the advancement of deep learning research
and self-supervised (without the usage of human-labeled
data) computer vision technologies. Each meaningful
concept in WordNet, possibly described by multiple
words or word phrases, is called a "synonym set" or
"synset". There are more than 100,000 synsets in
WordNet; the majority of them are nouns (80,000+). The
goal of this service is to provide on average 1000 images
to illustrate each synset. Images of each concept are
quality-controlled and human-annotated. In its
completion, ImageNet offers tens of millions of cleanly
labeled and sorted images for most of the concepts in the
WordNet hierarchy, creating a monumental basis for the
training of image processing models. [7, 8].

Disco Diffusion is an open-source project, as is its
larger counterpart — Stable Diffusions project. These
models give permission under MIT license to deal in the
Software without restriction, including without limitation
the rights to use, copy, modify, merge, publish, distribute
and sublicense.

~ 2. Diffusion and CLIP model settings

Fig. 2. Model configuration

The model allows the user to control the output via
diffusion model presets, sampling modes, numerous
CLIP, and OpenCLIP parameter presets, batch and
configurations depending on the required art style and
available hardware.

Upon receiving the CLIP configurations, the model
then may be modified further with different values for
image sizes, diffusion steps, rescaling and resolutions
overriding previously selected presets. Then, additional
parameters may be specified for the creation of video
content, such as the number of steps, guidance scale,
number of skipped steps, animation settings, and input
files.

At last, the model receives a text prompt from the
user. For demonstrational purposes, we will create a
unique image based on a text prompt using a modified
copy of the model with the following input:

“A gorgeous paintingofan isolated
lighthouse, shiningitslightacross a
tumultuousseaofredin the style of
bygregrutkowskiandthomaskinkade.",

"yellowcolorscheme".

Once the model is started, the generation of the
prompted image begins. The model defines a random
seed and iteratively creates.

As you can see (Fig. 3), the model starts by
generating a raster of monochrome noise, where only
vague shapes of the main landscape objects can be
discerned.

Fig. 3. Initial Image, the first iteration of the target image
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As the cycles advance, more and more details are
generated by the model to create a distinctive picture.

Fig. 4. Third iteration Fig. 6. Final Image

Conclusions

We have explored the possibilities, advantages, and
downsides of using Disco Diffusion — a diffusion model
made to generate videos, animations, illustrations, and
artworks based on a plain text input.
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BukopucranHs reHepaTuBHUX AU (Qy3iiHUX Mo/ieJieli MAIIMHHOIO HABYAHHS Y CTBOPEHHI 300paieHb
O. Pyznenko, O. Binokine

AHoTanis. 3a ocTaHHill piK CTABCs 3HAYHHH CIUIECK MOMYJIIPHOCTI FEHEPATUBHUX MEPEkK. 3aBIKH ITyOJIiYHIM BUITyCKaM
Takux npocynytux moxenei, sik DALL-E, Stable Diffusions abo GPT-3, koxeH i3 CKPOMHMM, 3BHYAilHUM amapaTHUM
3a0e3neueHHsIM MOXKe crpoOyBaTu MailHHe HaB4yaHHsA [3]. Mopeni audysil HaATXHEHHI HEPiIBHOBAKHOIO TEPMOAMHAMIKOIO.
Judysiitni Moaeni € migkareropiero Mojeseil Ha OCHOBI WMOBiIpHOCTI. BifoMo, 10 BOHM MPOMOHYIOTH HaAiHO MacurTaboBaHi
BHCOKOTOYHI 300pa)keHHs, 30epiraloun npu oMY HEPYXOMHUii TpeHyBaibHuit 00’ ekT. LI Mozeni reHepyroTh BUOIPKU LUIIXOM
MOCTYHOBOrO BUJIAJICHHS LIIyMY i3 CHIHAITY, a iX MeTa HaBYaHHs MOxe OyTH BHpakeHa sIK Tepe3BaKeHa BapialliiHa HIKHS Mexa
[2]. Lleit knac mozaeneit yxe Biamnosigae HaiicydacHimomy [6] Ha CIFAR-10 [3], ane Bce me Bincrae Big GAN 11010 CKIaJAHUX
HabopiB manux, Takux sk LSUN i ImageNet. Hikon i JxapiBan [4] BusiBIIM, LIO I MOJENi HaAidHO BIOCKOHAIIOIOTHCS 3i
301LIbIICHHSIM 00CsTy 00YMCIIeHb | MOXKYTh CTBOPIOBATH BUCOKOSIKICHI 3pa3Ky HaBiTh Ha CKiagHoMy Habopi nanux ImageNet 256
x 256 3a noroMororo creka miasuiieHHs auckperusaiii. [Ipore FID mi€ei Mozgeni Bee mie HeKOHKYpeHTocpoMokHuH 13 BigGAN-
deep [S], HOTOYHKMM Cy4acCHHUM CydacHHM HaOOpOM JaHUX. Binblie TOro, 1i Mofeni 3/aTHi CTBOPIOBATH HECKIHYEHHY KiTbKICTh
YHIKaJbHUX BUCOKOSIKICHHX 300paKeHb, JTIOJCHKOI MOBH Ta PEATiCTHYHOT My3HUKH, SKY HA MEPIINii MOTIISIT HEMOXKITUBO BiIPi3HUTH
BiZl PyKOTBOPHOI. IIOMyISpHICTE TeHEpATHBHAX MOJIENCH MIBHAKO 3pOcTac. MIMOBIPHICHI MOZeTi MOXKYTh 3a6e3MEUHTH KpaILy
npoaykTuBHICTh y mopiBasHHI 3 GAN. [udy3iiiHi Mozeni € HOBOIO MEPCHEKTHBHOIO KATETOPIEI0 HMOBIPHICHUX MOIeei.
DiscoDiffusion — e xkomGinamuist moneneit CLIP Ta ImageNet. Bona Mose reHepyBaTd U(POBI KAPTHHHA HA OCHOBI TEKCTOBHX
miaka3ok. J{Js i€l Mozeni MOKIIMBI YHCIICHHI 3aCTOCYBaHHS, TaKi sIKk CTBOPEHHs Bifieo, aHiMaiii Ta rpadidnoro koutenry. [Ipu
Bubopi DiscoDiffusion 3amicte GAN cJ1iy BpaxoByBaTH MEBHI BiIMiHHOCTI.

Kawuosi caosa: GAN, generative ad versarial net works, mryunuii inresnext, qudy3iiiHi Moaeni, UpPOBE MUCTEITBO,
ImageNetmodel, WordNet.
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THE METHOD OF CALCULATING THE CAPACITY OF THE CLOUD COMPONENT
OF THE DISTRIBUTED MULTISERVICE NETWORK

Abstract. A method for calculating the bandwidth of the cloud component of a distributed multiservice network is
proposed. Which takes into account the probabilistic characteristics of the link of the first and second orders. At the
preliminary stages, the probability of packet loss within the network link is calculated. An analysis of the queues of switching
nodes of communication with the cloud is also carried out. Consistent application of the method will allow to estimate the
probability of losses for different network users. It will also make it possible to determine the rational loading of network links
with the aim of optimal distribution of network resources. The obtained results can be applied directly in the design of a
distributed multiservice network. In it, user access to the link resource can be either unlimited or limited with the introduction
of link resource reservation for priority classes of users. And also for the design of a distributed multiservice network in which
users are provided with fixed bit rates of information transmission. The direction of further research is the extension of the
method for a distributed multiservice network, in which some of the links are dependent. It is planned to develop an algorithm
in which calculations for the cloud component of the network can be performed in parallel.

Keywords: the distributed multiservice network, cloud component, cloud communication switching node, statistical
multiplexer, bandwidth, probabilistic characteristics, network link, network resources.

Introduction

Statement of the problem and analysis of the
literature. The problems of integrating various types of
communication, including information, system and
network aspects, have been the most relevant in the field
of telecommunications for a number of years [1].
Today, there is an expansion of user needs in new types
of communication with high speeds of information
transfer. This requires significantly higher throughput
values. Such requirements have led to the fact that at
present many network operators have begun the
transition to distributed multiservice networks that
implement the second level of integration and users of
distributed types of communication: audio, video, data
transmission, multimedia, etc. To date, intensive
research is being carried out in the field of the theory of
construction and operation of a distributed multiservice
network [2, 3]. Among the complex of problems solved
in this area, one of the main ones is the problem of
optimal, from the point of view of distribution of
network resources, building a switching node.

The integration of various types of communication
in an extensive multiservice network in the system aspect
is based on ATM technology as a secure method of
information transmission regardless of its source and uses
the principle of asynchronous time multiplexing [4, 5].
All kinds of information are displayed in standard forms
of fixed length packets (ATM cells). These packets in an
asynchronous mode, by the method of statistical
multiplexing, bequeath the transmission medium. In a
divided multiservice network, packet switching is
networked over virtual circuits. Information packets
arriving via statistically compacted input lines for take-
offs with a cloudy component should be redistributed on
similar output lines. This operation is carried out in the
mode of fast switching of packets using various means of
switching: multilink switching systems, a common bus or
memory, switching tori, etc. However, the fundamental
problem in creating a distributed multiservice network is
the problem of ensuring the rational use of its resources

and the required quality of user service [6-11]. The
solution of this problem requires, first of all, the
development of a method for calculating the throughput
of a distributed multiservice network and assessing the
quality of user service. Given the structural complexity of
a distributed multiservice network, it is advisable to first
solve this problem with respect to the cloud component of
a distributed multiservice network. With this method at
hand, the throughput of the entire network can be
calculated.

The purpose of the article is to develop a method
for calculating the throughput of an individual link in a
distributed multiservice network. Such a network takes
into account the probabilistic characteristics of the link
of the first and second orders, multiservice factors and
traffic structure, as well as the effect of link resource
reservation as the most promising method for managing
the distribution of resources of a distributed
multiservice network.

1. Loss probability calculation packets
within a distributed multiservice network link

Depending on the selected means of switching of a
distributed multi-service network, when using fast
switching of packets (there are situations when a packet
cannot be immediately transmitted to the outgoing line
due to the current transmission of another packet on this
line and must wait for the appropriate moment of
transmission in the ferry, which is designed to store L
packets. If the buffer overflows, then packet loss is
possible, i.e. packets are serviced at the fast packet
switching node by a lossy and waiting mass service
system.

Consider the problem of estimating the probability
of packet loss in a multistage fast packet switching
system by defining its basic switching element as an
element of n inputs with capacity buffers Li and m
outputs, which are inputs to the switching system of fast
packet switching. The structure of the fast packet
switching system can be different (Fig. 1), while if the
system has S cascades, the virtual transmission channel

© Filonenko A., Molchanov H., Bellorin-Herrera O., 2022

117



Control, Navigation and Communication Systems. 2022. No. 4

ISSN 2073-7394

n
will contain S buffers with L(ZS) = Z L; waiting places.
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Fig. 1. Three-stage fast packet switching system

Packet losses in this model occur when any buffer
overflows. Since packet losses are possible when the
buffer is connected through the CS to one of the lines
flowing from the basic switching element, the
estimation of the probability of losses in the basic
switching element can be reduced to the calculation of
the probability of losses in a single-line mass service
system with a buffer of finite capacity. Since all packets
have the same length and the law of the arrival of
packets in the mass service system is arbitrary, using
Kendall's notation [5], the basic switching element of a
link of a distributed multiservice network can be
considered a mass service system of the form

Gl L) .

Let the incoming load be given by the load
intensity A and the dispersion coefficient kp
(kD=az//l,o—2 dispersion). Approximate this
system with a single-channel system M/D/1/L, with
Poisson load and L, waiting places, the probability of
losses in which is defined as [2]:

Pa=1-(2+R) ", 1)
where the stationary probability of the absence of

processed packets P, in the link is determined using the
system of Kolmogorov equations [1]:

P =(ko) | P —kjpo—zl:(km—lpu) :
i-1 )
kj=(iy " ale

Consider a Poisson unilinear system M/D/1/L, .

Let's select such a number of waiting places in it L, , at

which the system at the load intensity A will have the

same probability of loss as the system M/D/1/ L%S) . At

the same time, the probability of losses in this system is
equal [2]:

Pu = A (Pﬁ+,1(1—/1LA)(1—A)‘1) )

where P;; — the probability of loss, which is

determined by the first Erlang formula at the capacity of
the bundle of channels V = 1 and loads A.

Accepted Py = P, and using expressions (1) and
(3), possible from the system M/M/1/L, go to system
M/D/1/ L, , which at the same intensity will have the

same losses.
System M/M/1/L, can be used to approximate the

probability of losses in the system GI/M/1/L, by using
kp - Witt's approximations [8], according to some
imaginary behavior of the N-linear system GI/M/N/Lp
at large loads can be roughly described by the Poisson
system, which receives the load A, =1/ w?, servised

Veq =V /| devices and has Leg = L%s) | waiting
places, where:

poKo-1+C. o Akp-U

= , 4
C )ka +U ( )

and the values of the parameter U, which can be
determined by the linear regression method, are in the
range from 0,2 to 0,9 Erl. After transformations of
expressions (1)—(4) we get

La/
Pa= (ﬁeq) A
©®)
La/w+1 -1
<Pt 4 AT (- ]
E(ﬂeq'veq) (ﬂeq) ( ﬂeq)
where the probability of losses on the beam

Vog =V /w® P
* (eq Veq
the integral representation of Erlang's formula [8]:

): P(/leq,veq) calculate using

P(AV)=AY (e*r(v +1,A))71, (6)

I'TV +1, A) — incomplete gamma function equal to the
value of the definite integral

o0
T(V+1A) = [e'tdt,

A
after representing which as a continued fraction and
substituting the result into expression (6), we obtain the
following recurrence relation for calculating the value
of the beam loss probability:

_ ﬂeq _Veq/(l"'ei)

F‘I(ﬂeq'Veq)—T’

where 6, =0; 6_; = i(’leq +(i _VGQ)(lJrei )_1)_1'

The probability of losses defined in (3) can be used
to approximate the probability of losses in the system

GI/D/1/ L), with load (4, kp ), that comes.

Analysis of expressions (3) — (6) allows us to
conclude that the probability of packet loss for a fast
packet switching system significantly depends on the
incoming load dispersion coefficient, especially with
small losses. Even a relatively small increase in the
dispersion coefficient kp leads to a sharp increase in
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packet loss in the system (Fig. 2), and failure to take into
account the second load moment when designing fast
packet switching nodes can lead to a sharp deterioration
in the quality of service in conditions where the incoming
load is even slightly different from Poisson.

2. Analysis of queues of switching nodes
of communication with the cloud of a link
of a distributed multi-service network

A cloud communication node is a managed buffer
that receives packets from packet generators. The
application of statistical multiplexing is possible only
when switching to an asynchronous method of
information transmission, which allows you to take into
account the statistical features of digital streams created
by individual classes of users, and to carry out statistical
compression of the transmission path. Organization of
user access to a common communication channel
through a multiplexer leads to the need to solve the
following problems:

— building a classification of users according to
the structure of the load created by them;

— evaluation of the transmission speed provided
to a given group of users of different classes, necessary
to guarantee the standardized quality of service, which
is expressed in terms of the probability of packet loss
and their delay;

— creation of a user load management procedure,
which includes the following two parts:

o individual management — monitoring the load
of an individual user and checking its compliance with
the declared class, as well as smoothing this load so that
changing its parameters does not have an excessive
impact on packet losses of other users;

o integrated management - connection
management, i.e. the procedure for making a decision
on whether another connection can be established and
whether it will not lead to an increase in packet losses
and/or delays beyond the norm.

A
Png

10-11F
10211
10311

10411

1 0—51 1 1 1 »
1 3¢ 51 7 kpe

Fig. 2. The impact dispersion coefficient analysis
of on the packet loss probability

If T — average active period of the source, A, -

intensity of packet generation in the active station S —
average length of pause between periods of activity, D —
the duration of deterministic service in a fictitious mass
service system, then the burst rate (the ratio of the
maximum intensity of the arrival of packets to the
average) is calculated as

B:(T+Ap)/Ap.

With sufficient storage capacity, the average
intensity of the flow of packets that have already been
served by the mass service system can be taken as equal
to the intensity of their arrival, i.e. equal to

/1(T+Ap)/Ap.

On the other hand, during busy periods, packets
leave the system with an intensity of 1/D. By marking
the relevant packet flow characteristics as
TiyB: AL Sipe» Bigg and additionally accepting the

condition that during periods of activity the source
generates packets after a deterministic time, we obtain:

TLzB =Tﬂ,D, ALzB =1/ D,
SLZB =S+T (1—/1D), BLEB = B/ﬂD,
and the average waiting time is
W g =T (4T -1)2.

From this it can be seen that the pulsating flow is
smoothed out if the service rate is less than the packet
generation rate in the user's active state.

If TI(z)=ay+az+...+a,2" (n — the maximum

number of established connections) — the generating
function (GF) of the number of packets arriving per
clock (the time of sending one packet to the channel) is
chosen so that at least the first moments of the total
number of packets generated by all sources during the
time period characteristic of the period are equal -dual
changes in traffic intensity.

For the average time interval between the
beginnings of two periods of activity, and if the storage
for cells has unlimited capacity, then a fairly accurate
estimate from above of the average waiting time W is
equal to

W= ng[%ﬁ](l‘[(z)/(2p(l—p))); p=11'(1);

GF distribution of packet waiting time is calculated as
M(z)-1
and GFdistribution of the queue
multiplexer has the following form:
Q(2)=(-p) LY.

z-TI(z)

W(z)=(1-p)

length in the

Substitute the II(z) in the expression (4), it is possible
to obtain a recursive procedure for calculating the queue

length distribution (q; =P{¢ =i}, ¢ — a random value
characterizing the length of the queue k > 1):
Qo(z)=Qp(2); qp =Qq(0);
Qu (2) =(Qu-2(2)— 1)/ z: A = O (0),

type of distribution of the number of packets in the
gueue with limited storage capacity L
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i=0
and the probability of packet loss is equal to

Pem =1—(1—Qc()L) )/P

and on the value Py, are strongly influenced by the

correlation properties of the incoming flow, and the best
way to estimate the effect of the correlation of the flow
on the probability value is to choose when defining I1(z)
this duration interval as characteristic.

3. Bandwidth estimation links
of a distributed multiservice network

Studies have shown that the bandwidth of a
distributed multiservice network depends on many
factors, the main of which are:

- number of user classes (number of load sources);

- the size of the bandwidth of the transmission bit
rate, necessary to serve the requests of different classes
of users;

- the nature of the change in the transmission bit
rate band over time (load sources with CBR (constant
bite rate) or VBR (variable bite rate));

- an adopted application access control procedure
(in ATMs, this is Call Admission Control).

Only taking into account the entire set of factors
allows you to estimate the network throughput, in
particular, the probability of packet loss for certain classes
of users, that is, to build a vector of packet losses. Due to
the structural complexity of a distributed multi-service
network, it is expedient to solve the problem of calculating
the probability of losses first on one link. Analyzing a link
of a distributed multiservice network, it is assumed that
each class of users creates an incoming load, having M; —
the number of transmission bit rate bands required to serve
users of the class K;. The method of calculating the
bandwidth of a link of a distributed multiservice network
consists of two stages. At the first stage, all traffic sources
are replaced VBR on sources of equivalent traffic CBR.
Equivalence is understood relative to the preservation of
value P, — the probability of package losses. The
replacement of sources is reduced to the recalculation of
the bandwidth of the transmission bit rate. Equivalent
transmission bit rate bandwidth for the i-th class of users
with VVBR traffic at a given probability P, [6] defined as

k(Pa)=z(Pa)M[c]+n(Pa)D[c]/CL =
= 2(Pa)M[s]+n(Pa)M[s](h-M[c])/Cy,

where C, - transmission speed on the link; h — the
maximum bit rate bandwidth value of the i-th user class
for the normalized bit intensity of the load generated by
this user class; M][g],D[g] - respectively, the
mathematical expectation and dispersion of a random

variable characterizing the moments of the probability
distribution of the bit rate bandwidth over time;

2(Pa).m(Pa) — coefficients depending on the

probability of packet loss. The values are determined for
different classes of users experimentally, while the
mathematical expectation is determined not directly, but
through burstiness B, which is the most important
characteristic of the transmitted information, which
significantly affects the bandwidth of the link and the
entire network, case B =1 corresponds to a constant rate
of information transfer). In a link of a distributed
multiservice network, the information transfer rate is a
random process r(t). Due to physical reasons, there is
always a limit to the maximum allowable transfer rate:
Trnax tggﬁ]r(t)v

where T — given time interval in which the average
speed of information transfer is equal to

T
1
e :?Jr(t)dt:rmaX/B
0

The second stage of the method includes the
calculation of the probabilistic characteristics of the link,
taking into account the equivalent replacement of the
transmission bit rate bandwidth performed at the first
stage. According to the statement of the problem, the
method is developed for two strategies of link resource
management - in the absence of bandwidth reservation of
the transmission bit rate and in its presence.

Let's consider strategy 1, when the access of users to
the link resource is not limited and there is no bandwidth
reservation of the transmission bit rate. The probability
distribution of the number of simultaneously occupied
transmission bit rate bands on the link has the form [7]

i!]_l[ﬂ(j—l)i/*
ﬁ JlZA

j=1

. 8

f(X|X€[O,V];XEZ>

ol M<
X‘H

If all link users have unlimited access to the link
resource, then the link is a fully accessible bundle and,

therefore, wu(j)=1 Vje[OV];jeZ, that is, the
probability of packet loss on the link for users of the i-th
class can be calculated as

v

A= 2

X=V —M;+1

f(x), ielU. (9)

The second strategy involves the introduction of
reservation of link resources for some classes of users.
The probability distribution of the number of
simultaneously occupied bit rate bands on a link of a
distributed multiservice network has the following form

(xeZ,xe[0V]) [9]:
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where coefficient 7(C) takes on non-zero values
(7(C)=1) with positive values C. Similarly, (9) the

probability of packet loss on links for users of the i-th
class is calculated on the basis of distribution (10):

V -
Zx:v—Mi+1 fi(x), ielU.

The proposed method allows constructing an
algorithm for calculating the bandwidth of a distributed
multiservice network link, taking into account the
probabilistic characteristics of the first and second orders.
Consistently applying this algorithm for implementing
the calculation of throughput for individual network
links, it is possible to estimate the probability of losses for
different classes of network users from “point to point”,
as well as determine the throughput and allowable load of
the links of a distributed multiservice network, that is,
rationally distribute network resources.

(1)

Conclusions

The article considers a two-stage method of
calculating the bandwidth of a separate link of a
distributed multiservice network. At the previous stages,

the probability of packet loss within the network link and
the analysis of the queues of switching nodes
communicating with the cloud are calculated. At the first
stage, VBR traffic sources are replaced by similar CBR
traffic sources, and the probabilistic characteristics of the
link of the first and second orders are taken into account,
the second stage is the final one. Consistent application of
the method will make it possible to estimate the
probability of losses for different network users, to
determine the rational loading of network links with the
aim of optimal distribution of network resources.

The obtained results can be applied directly in the
design of a distributed multi-service network, in which
the access of users to the link resource can be either
unlimited or limited with the introduction of reservation
of link resources for priority classes of users, as well as
for the design of a distributed multi-service network , in
which users are provided with fixed bit rates of
information transmission. The direction of further
research is the extension of the method for a distributed
multi-service network, in which part of the links are
dependent, and the development of an algorithm in
which calculations for the cloud component of the
network can be performed in parallel.
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Mertoa po3paxyHKy NpONyCKHOI 31aTHOCTI XMapHOI KOMIIOHEHTH PO3MOAiIeH0I MyJILTHCEPBICHOI Mepeski
A. M. ®inorenxko, I'. I. Monuanos, O. M. bensopin-Eppepa

AnoTtania. I[lponoHyeTbcsi MeTOJ pPO3pPaxyHKy MPOIYCKHOI 3HaTHOCTI XMAapHOi KOMIIOHEHTH  PO3IOiJICHOI
MYJIBTUCEPBICHOT Mepexi, BPaxOBYIOUHMH IMOBIPHICHI XapaKTepPHCTHKH JIAHOK XMapH MEpIIOro Ta apyroro mopsakiB. Ha
MOTIePeIHIX eTanax MPOBOJMUTHCS PO3PAXyHOK WMOBIPHOCTI BTPAaTH MAaKeTiB y MeKax OKPEMOi JIAHKM XMapy Ta aHaji3 4epr Ha
KOMyTAIliHUX BYy3llax 3B’s3Ky i3 xMmaporo. [TocmiioBHe 3aCcTOCYBaHHS METOAY IO03BOJISI€ MPOBECTH OLIHKY HMOBIpHOCTi BTpaT
JUISL PI3HUX KIIACiB KOPUCTYBadiB Mepexki, BU3HAUUTH palliOHalbHE 3aBaHTKEHHS JIAHOK XMapH 3 METOI0 ONTHMAalTbHOTO
posmofiny xMapHHX pecypciB. OTpuMaHi pe3ynbTaTH MOXKHA 3aCTOCYBaTH Oe€3MOCEpeAHBO MPH MPOCKTYBAaHHI XMapHOL
KOMIIOHEHTH MYJIBTUCEPBICHOI PO3MOALICHOT Mepexi, y sIKiii JOCTyll KOpHUCTYBadiB 0 XMapHOTO pecypcy Moxe OyTH abo
HEOOMeKeHUM, ab0 OOMEKEHHM i3 BBEACHHSIM Pe3epPBYBaHHS PECypCiB Ui MPIOPUTETHUX KIIACIB KOPUCTYBAUiB, a TAKOX IS
MPOEKTYBaHHS XMapHO! KOMIIOHEHTH MYJIbTHUCEPBICHOI PO3MOALIEHOT Mepexi, y sIKiii KOpHcTyBadaM [Uisi 0OMiHY i3 XMaporo
HamarThes (ikcoBaHi 6iTOBI MBUAKOCTI nepenadi iHdopmariii. HampsMok mogagpumx I0CHiHKeHb — PO3LIMPEHHS METOLY UIs
Mepex, Y SKMX 4aCTHHA JJAHOK XMapHUX KOMIIOHEHT € 3aJIeKHHMH, Ta pO3pO0Ka alropuTMy, Y SIKOMY PO3PaXyHKH IS OKPEMHX
JIAHOK XMap¥ MOXYTb BUKOHYBAaTHCS MAPaJIEIIBHO.

Kaw4yoBi ciioBa: posmojijieHa MyJIBTHCEpBICHA Mepe)ka, XMapHUH KOMIIOHEHT, KOMYTAI[iMHHN BY30J1 3B’SI3Ky i3
XMapolo, MPOIYCKHA 3/IaTHICTh, IMOBIPHICHI XapaKTEPUCTHKH, JJAHKa MEPEXi, MEPEKEBI PECYPCH.
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CYBER PROTECTION OF ENERGOIL ENTERPRISES

Abstract. This article is about providing comprehensive protection of the oil refining and distribution company
ENERGOIL. This protection includes components such as encryption, anti-virus software, and user access matrices. Within
the access delimitation system, a dispatcher must be used, which performs access delimitation. This dispatcher is an employee
of the security department. Access is restricted in accordance with the authority of employees. A request for employee access
to a specific computer is sent to the database management and event registration unit. The authority of the employee and the
characteristics of the object are analyzed by an employee of the security department. The first basic step for organizing work
computers at the enterprise will be the creation of user accounts. For this, we create our own account for each computer A user
access matrix was developed for the ENERGOIL enterprise, divided by information departments. It is necessary in order to
clearly understand which users have access to which. The Triple DES algorithm was used for encryption. The essence of the
algorithm is to use the Data Encryption Standard, or simply DES, published by the US National Bureau of Standards (NBS).
First, the data is encrypted with the first key, decrypted back with the second key, and re-encrypted with the third key. Since as
many as three keys are used, their total length is actually 3 * 56 = 168 bits. The encryption speed is also lower than that of the
DES algorithm, but the reliability leaves no doubt. It takes a billion times more attempts to break this encryption than simple
DES. Avast and Microsoft Windows Defender antiviruses were used to protect against malicious software, and an access

matrix with user accounts and their permissions was created to limit access on work computers.
Keywords: cyber security, encryption, algorithm, Triple DES, access.

Introduction

Information protection is one of the eternal
problems. Throughout human history, the ways to solve
this problem were determined by the level of
technological development. In today's information
society, technology plays the role of an activator of this
problem — computer crimes have become a
characteristic feature of today.

Crimes related to interference with the work of a
computer and crimes in which computers are used as
necessary technical means are called computer crimes.

Among the causes of computer crimes and related
theft of information, the following are the main ones:

« rapid transition from the traditional paper
technology of information storage and transmission to
the electronic one, at the same time lagging behind
technologies for protecting information recorded on
machine media;

» widespread use of local computer networks,
creation of global networks and expansion of access to
information resources;

* constant complication of software tools, which
causes a decrease in their reliability and an increase in
the number of vulnerabilities. [2]

Today, no one can give an exact figure for the total
losses from computer crimes, but experts agree that the
relevant amounts are measured in the billions of dollars.

Among the main articles, the following should be
highlighted:

* losses caused by the situation when employees of
the organization cannot perform their duties due to
system (network) failure;

According to the Law of Ukraine "On the
Protection of Information in Automated Systems",
information protection is a set of organizational and
technical measures and legal norms to prevent harm to
the interests of the owner of the information or OS and
persons who use the information. Related terms

 monetary value of stolen and compromised data;

» costs of restoring the system, checking its
integrity, fixing vulnerable areas, etc.

The importance of the problem of data protection
in enterprises cannot even be doubted due to the fact
that with the knowledge of technologies and
opportunities to rob the company — someone will
definitely take advantage of it - either internally or
externally.

It is also worth considering the moral and
psychological consequences for users, staff and owners
of IC and information. As for the violation of the
security of so-called "critical” applications in state and
military administration, atomic energy, medicine, the
rocket and space industry, and in the financial sphere, it
can lead to serious consequences for the environment,
the economy and the security of the state, health and
even for people's lives.

Economic and legal issues, private and commercial
secrecy, national security — all of this dictates the need
to protect information and IS.

Ensuring the security of information technologies
is a complex problem that includes legal regulation of
IT wuse, improvement of technologies for their
development, development of the certification system,
and provision of appropriate organizational and
technical conditions for operation. Solving this problem
requires significant costs, so the first priority is to
correlate the level of necessary security and the costs of
its support. To do this, it is necessary to determine
potential threats, the probability of their occurrence and
possible consequences, choose adequate means and
build a reliable corporate threat protection system [2].
"information security" and "information technology
security" are also used in the literature [2].

Application of cryptography

Nowadays, cryptography is used everywhere and
is considered the most advanced means of protecting
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information. What causes it? Ciphers work at the lowest
level of protocols - the bit level. New ways and methods
of protecting information from changes and
unauthorized  interference  during  transmission,
processing and storage are being developed every day,
and ciphers are the most common means of keeping
information safe.

Modern cryptography is based on mathematical
methods of information protection. Its task is to use
mathematical transformations or algorithms to
reconstruct the text of the message (plaintext) into a
disordered and meaningless (ideally, completely
random) sequence of symbols, or ciphertext, which can
be transmitted over an open channel. To reproduce the
plaintext, the recipient performs decryption - the reverse
transformation of the received ciphertext.

The encryption algorithm is generally considered
open, that is, known to everyone. Secrecy of the
procedure is ensured by the use of cryptographic keys -
a set of symbols that act as parameters of mathematical
transformations. The key is used for both encryption
and decryption of the message. Depending on the type
of encryption algorithm, the sender's and receiver's keys
can be interdependent, correlated (with symmetric
encryption) and different (with asymmetric, i.e., open
encryption).

A set of encryption and decryption algorithms and
all possible plaintexts, ciphertexts and keys is called a
cryptosystem. Cryptography is closely related to
cryptanalysis - the art of deciphering, or "breaking",
ciphertext. This requires a reliable security system,
which is unique for each company, otherwise it would
be easy to hack them.

Violation of the procedure for cryptographic
protection of information by business entities,
institutions, organizations, positions. persons, citizens
shall be punished in accordance with the legislation of
Ukraine [5].

The main part of the article

A modern private enterprise is faced with the issue
of ensuring the protection of information that circulates
in the enterprise. The analysis of scientific publications
gives reason to claim that in connection with the
increase in information flows at the enterprise, it is
necessary to create an information protection service.
Currently, the protection of information is more and
more relevant to business entities that need to protect
themselves from the leakage of their information.

Comprehensive protection of information in
information and telecommunication systems involves
the use of special legal, physical, organizational,
technical and software and hardware means of
information protection. Control over the above
measures, responsibility for their implementation and
implementation is entrusted to the information
protection service of the enterprise. legal norms of
information security [6].

Company description. ENERGOIL (Fig. 1) is a
private oil refining company specializing in the
production and distribution of oil in Ukraine. Petroleum
products are extracted and stored in the company's

warehouses, while the head office handles the main
important components of the business, such as
management, accounting (spent and received) and
delivery logistics. The main office is located in the city
of lvan-Frankivsk, Berehova street, bldg. 34.

ENERGO!.

Fig. 1. ENERGOI

The company provides the following services:

o supply of oil and products of its processing;

¢ management and calculation of oil
consumption;

o effective conversion of oil into electricity;

o development of oil production methods;

« management and efficient sale of oil.

General cyber protection plan. The facility's
security system is created to prevent unauthorized
access to the territory. The object on which work with
confidential information is conducted has a hierarchy of
protection boundaries (territory — building — premises —
information carrier — program - confidential
information).

Scheme of computers arrangement (Fig. 2). In
total, the building will have 64 computers, switches and
all the necessary server equipment to provide the
company's own server network.

Protection of the territory and premises of the
company. First of all, protection of the premises itself
and the equipment located in it is created. The main
components that will be installed to protect the
enterprise from possible threats:

 security alarm designed to detect attempts to
enter the protected territory;

+ engineering structures designed to create
obstacles to the penetration of intruders (reliable doors,
bars on windows);

* means of continuous surveillance implemented
with the help of television video surveillance systems;

* organization of control of access to the territory
of the object by identification using cards.

* soundproofing of premises

+ installation of a backup power supply unit

Protection of information within the premises
of the company. Access to information on specific
computers will be limited as follows. The following
persons have access to the computer of ordinary
employees:

* the employee himself;

* head of the security department;
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Fig. 2. Building scheme

* chief system administrator;

ecompany director.

Server room computers have access to:

esystem administrator;

* head of the security department;

e company director.

Only the director himself has access to the
company director's computer.

Within the access delimitation system, a dispatcher
must be used, which performs access delimitation. This
dispatcher is an employee of the security department.
Access is restricted in accordance with the authority of
employees. A request for employee access to a specific
computer is sent to the database management and event
registration unit. The authority of the employee and the
characteristics of the object are analyzed by an
employee of the security department. As a result, it
gives a signal of permission or denial of permission
("Allow", "Reject™). If the number of "Refuse" signals
exceeds a given level (for example, three times), which
is fixed by the head of the security department, the
dispatcher gives the "Unauthorized access" signal.
Based on this signal, the system administrator blocks
access to the computer until the reasons for
unauthorized access are determined (Table 1).

Duties of employees to protect information at
the enterprise:

+ Responsible for alarm management: Security
department.

+ Responsible for unlocking and locking doors:
Security department.

+ Responsible for checking the backup power
supply unit: Security department.

Table 1 — User accounts of enterprise workers

Office Login Password
IT Department serverl 5454322
Secretary sekl it13u22
Director dir it2rt322
Accounting buhg3 it3re322
Human Resources Dept kadr4 it4wf322
Dept of economists ekon5 it53rr22
Lawyer yurisl sedfse77
Storage stora32 gnid235
Sales dept prodl madirb5
Logistics dept prognl bsdfhlsa
Planning dept plan23 ssdhy234
Security dept secr2342 bfsd432c
Cooperation dept coopewll auhbsde

« Responsible for access restriction: Dispatcher
from the security department.

« Responsible for product distribution: Logistics
department.

« Responsible for cryptological protection of
information: IT department.

+ Responsible for checking the functionality and
security of work computers: System administrator of the
IT department.

Accounts of all users at enterprise (Table 2). The
first basic step for organizing work computers at the
enterprise will be the creation of user accounts. For this,
we create our own account for each computer

A user access matrix was developed for the
ENERGOIL enterprise, divided by information
departments. It is necessary in order to clearly
understand which users have access to which.

At the enterprise, the access matrix has a division
of information into types (6 of them in total) and the
type of access to it. Types of access are used:

* R — More viewing information;

* RW — View and change information.

Data encryption at the enterprise. Although it is
officially known as the Triple Data Encryption
Algorithm (3DEA), it is more commonly referred to as
3DES. This is because the 3DES algorithm uses the
Standard Encryption Standard (DES) cipher three times
to encrypt its data.

DES is a symmetric key algorithm based on the
Feistel network. As a symmetric key cipher, it uses the
same key for both the encryption and decryption
processes. The Feistel network makes both of these
processes almost identical, resulting in a more efficient
implementation of the algorithm [3].

DES has a 64-bit block and key size, but in
practice the key provides only 56-bit security. 3DES
was developed as a more secure alternative due to the
short length of DES keys. In 3DES, the DES algorithm
is performed three times with three keys, but it is only
considered secure if three separate keys are used.

As the security weaknesses of DES became more
apparent, 3DES was proposed as a way to increase its
key size without building an entirely new algorithm.
Instead of using a single key like DES, 3DES runs the
DES algorithm three times, with three 56-bit keys.

» The key one is used to encrypt plain text.
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Table 2 — Accounts of all users at enterprise

Types of information
Department Not secret Secret Official use
General Private Financial Legal Technical Personnel
IT Department RW RW RW RW RW RW
Secretary RW R - RW - RW
Director RW R R - - R
Accounting R - - - RW RW
Human Resources R - - - RW R
Economists R - - - RW R
Lawyer R - - RW RW R
Storage R - - - RW R
Sales dept R - - - RW R
Logistics dept R - - - RW R
Planning dept R - - - RW R
Security dept R - - - RW R
Cooperation dept R - - - RW R

» The second key is used to decrypt the text that
was encrypted by the key.

« Key three is used to encrypt the text that was
decrypted with the third key.

Encryption algorithms use keys to add data that will
change the final result of the process. If DES only
involves steps like permutation and S-boxes (permutation
is explained below, while S-boxes are covered in the
Substitution section), all an attacker has to do is reveal
the details of the algorithm and then do each step in
reverse order to reveal the original message [7].

Presentation of the application

After starting the program, we see a window where
you can immediately start working with encryption. We
enter the text that we want to encrypt (Fig. 3).

s NikitchenkoTripleDES

Enter text to be Encrypted

Secret message to president Zelenskiy

Fig. 3. Enter the text to be encrypted

Then choose the ECB or CBC encryption type.
(Fig. 4). ECB stands for Electronic Code Book, while
CBC stands for Cipher Block chaining. ECB is suitable
for encryption small messages, while using CBC we can
encrypt a large message. Usuallyit is used the CBC
encryption at the enterprise, but this time it will be
enough to use ECB.

Enter text to be Encrypted

Secret message to president Zelenskiy

Select Mode

ECB v

CBC

Fig. 4. Selection of entering the type of keys for encryption

We enter the encryption key and the type of cipher
text at the output (it is not so important which one we
choose, so we leave Base64). In Triple DES, it consists of
three sets of keys. It can be three different sets, 2 the
same and one different, or three identical sets of
characters. The most effective is a set of three different
keys, so we will use it (Fig. 5). To decrypt the received
text, we take our pre-encrypted message and insert a field
to decrypt the text, and specify the type of the entered
encrypted message (in this case, Base64) (Fig. 6). Set the
same settings and necessarily the same key that was
used to encrypt the initial message. (Fig. 7).

596F7572206C6970 732061726520736D 6F6F74!

Output Text Format: ®Base64 OHex

Triple DES Encrypted Output:

bw8oUqksKJdCV0aBDbTi/DIOtiEp48TOX4i/Cue
RvwIWPQU/yOTK6A==

Fig. 5. The message is encrypted with the TDES algorithm

Enter text to be Decrypted

bw8oUqksKJdCV0aBDbTi/DIOtiEp48TOX4i/Cu
eRvWIWPqQU/yOTK6A==

Fig. 6. Decryption text field

Select Mode
ECB ~

Enter Secret Key

BOBF7572206C8970 732081726520736D 6F6F74

Decrypt

Triple DES Decrypted Cutput (Base&4):

U2vijecmyvoIGllc3NhZ2UgdG8goHJlcZIkZWS0IFpl
bGvuc2tpeQ==

Fig. 7. Decryption settings
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At the output, we have a message that, after being
translated into plain text, is displayed on the screen and
also written into a separate text file named
"TripleDESdecrypted.txt" (Fig. 8).

Triple DES Decrypted Output (Base64):

U2vjemvoIGIlle3NhZ2UugdG8gcHJIc2IkZwS0IFpl
bGVuc2tpeQ==

Decode to Plain Text

Secret message to president Zelenskiy

Fig. 8. The message is decrypted

At the end, this decryption is written to a file in the
form of a simple message (Fig. 9).

13.12.2021 1:27

B TripleDESdecrypted.txt
\lﬁ | Y R

_| TripleDESdecrypted.txt - Notepad

e T o T o 1P PP

49 47 3N A.74

File Edit Format View Help

Conclusions

The organization of information protection at the
ENERGOIL enterprise is all the measures taken to
prevent the leakage of information that should not be
known to outsiders. They concern both software and
hardware. For the enterprise, a system has been created
so that access to each specific computer is only
available to a limited number of persons, such as
employees in their own positions and system
administrators. A password system and mandated access
model were created. Information protection was also
ensured at the registration levels with the help of basic
programs understandable to ordinary users.

To protect against virus threats, the appropriate
antivirus was selected, taking into account such
characteristics as price, quality for its price, downloads
to working machines, program efficiency and the size of
virus databases, as well as their update frequency. For
data encryption, an application based on the TDES
algorithm was created, it was tested for encryption and
decryption of a simple message. Triple DES cannot be
called the best of all encryption algorithms in our time,
but it is easy to use and quite reliable, because it is a
complex version of another DES algorithm, which was
previously accepted as a standard.

All comprehensive security measures for the
ENERGOIL enterprise have been taken into account to
provide adequate protection of information to the
enterprise.

Secret message to president Zelenskiy

Fig. 9. The decrypted message is written to the file
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Ki6ep3axuct mitnpuemcrea ENERGOIL
O. Uledep, €. HixiTueHko

AHoTanis. Y craTti iaeThest npo 3abe3nedeHHs] KOMIUIEKCHOTO 3aXHCTy KOMITaHii 1o rnepepoOii Ta auctpudyuii HadhTi
ENERGOIL. 3axucr Bkitouae B cebe Taki KOMIOHEHTH, SIK IIH(PYyBaHHs, aHTUBIPyCHE MporpaMHe 3a0e3neyeHHs Ta MaTpuili
JOCTYIly KOPUCTYBadiB. Y CHCTeMi pPO3MEXKyBaHHs IOCTYIy OOOB'SI3KOBO BHKOPHCTOBYETHCS [UCIETHED, SIKUH 3AiHCHIOE
PO3MEXyBaHHS JOCTYIy. 3amUT HAa [OCTYN CIIBPOOITHUKA [0 KOHKPETHOrO KOMITIOTepa HAACHIAETBCS [0 IiApO3aiIy
yhnpaBiiHHA 0azamu AaHuX Ta peecrpauii momiid. [ToBHOBa)keHHs CIHiBPOOITHHKA 1 XapaKTEPUCTHUKH 00'€KTa aHai3yIOThCs
criBpoOITHUKOM CiyxOu Oe3mneku. IlepinM OCHOBHUM KPOKOM [UIsi OpraHizamii poOOTH KOMITIOTEpIB Ha MiJANPHUEMCTBI Oyxe
CTBOpPEHHs OOJIKOBHX 3aIlUCIiB KOPHUCTYBadiB. J{JIs 1{bOrO CTBOPIOETHCS CBill OONIKOBHM 3amuc sl KOXKHOro komm'torepa J{is
mianpuemctea «EHEPI'OUI» po3pobniena matpuisi JOCTyNMy KOPHCTyBadiB, posziieHa Ha iHdopmariiiai migposmimu. Ile
HEOOXiTHO UIsI TOTO, MO0 YiTKO PO3YMITH, sIKi KOPHCTYBa4i JI0 4OT0 MaroTh AOCTYM. J[is mmbpysaHHs OyjI0 BUKOPHUCTAHO
anroput™ TripleDES. CyTb anroputmy mossirac y BHKOpHCTaHHI omyOmikoBanoro Hamionambaum Giopo Cranpapris CIHA
(NBS) crangapry mmdpysanns manux Data Encryption Standard, mpocrime kaxyun DES. Crioyatky masi mmdpyroThes 3a
JIOTIOMOTOI0 TIEPIIOro KIIF04Ya, PO3MH(POBYIOTECS Ha3al APYTUM KIIFOYEM Ta 3alid(pOBYIOTHCS MOBTOPHO TpeTiM. OCKiTbKH
BHUKOPHCTOBYIOTHCS K TPH KJIF0Ui, ()akKTUUHO TXHs cymMapHa JoBxkuna 3 * 56 = 168 6it. lIBuakicTs mmdpyBaHHs TaKOXK MEHIIA
HiXk y anmroputmy DES, 3are HamiiiHiCTh He 3aiHIIAE HITKUX CyMHIBIB. J[yis B3moMy Takoro mudpyBaHHs HEOOXiTHO B MiTBSIPA
pasiB Oinble crpoO, Hix it npocroro DES. st 3aXHCTy Bif IWIKiJIMBOrO MPOrpaMHOro 3abe3redeHHs! 0yjI0 BUKOPUCTAHO
antuBipycu Avastra Microsoft Windows Defender, a a s po3MexyBaHHS IOCTYITy Ha pOOOYHMX KOMIT FOTEpax, OyI0 CTBOPEHO
MAaTpUIIO JOCTYITy 3 aKKayHTaMH KOPHUCTYBaYiB Ta X J03BOJAMHU.

Karo4doBi caoBa: xibepoesneka, muppysanns, anropur™, TripleDES, nocrym.
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Hauionaneawmii aepokocMiunmii yHiBepeuTeT iMeHi M. €. XKykoBepkoro «XAl», Xapkis, Ykpaina

METO/IA TA TEXHOJIOT'TI PO3POBJIEHHS IU®POBUX IBIMHUKIB _
JJIA TAPAHTO3JATHUX CUCTEM IHAYCTPIAJIBHOT'O IHTEPHETY PEUEU

AHoTanisi. I3 po3BUTKOM BUPOOHHMIITB Yepe3 MPOMICIOBY peBOMOLI0 4.0, akTHBHY IU(POBI3ALIEI0 ACTIEKTIB JKUTTS BiJ
TPaHCIIOPTY IO TOPTIBII, JOCTYITHOCTI TEXHONOTIH sIK iHTepHeT pede (1oT), mTyynwii iHTEIeKT i XMapHi 00YHCICHHS, 3poc-
Tae MonuT Ha IdpoBi neiitHukH (L), sSKi 30aTHI MiIBUIIUTH O€3IIeKy H CKOPOTUTH BUTpPATH IIIIXOM 300py JaHHX, iX aHaIi-
3y Ha MOJIEIIIX PeabHUX 00’ €KTIB U IPUHHATTS e(EeKTHBHUX PIllleHb Y pealbHOMY 4aci. MeToIo 1€l CTaTTi € oIy KOHIIe-
i [/, aHaimi3 KIF4YOBUX JOMEHIB pa3oM i3 TPHKIIaJaMH X BUKOPHCTAHHS, OCOOIUBOCTMHE, IPOOIEMaMHu, 0OMEKEHHIMU
Ta TiepeBaramy, a Takox (opmaiizariii 3arasHUX poodieM Ta ooMekers y LI/, ¥V poboti Oyno posrisayTo kornent /1, siki
JIOTIOMAraroTh y MPUHHATTI pillleHb B pealbHOMY Yaci JUTsl MiABUIIEHH eeKTHBHOCTI POOOTH, a TaKOXK IOM’ SIKIIIEHHs a0o 3a-
Mo0OiraHHsT HeO4iKyBaHUX IMOiH MPOTSTOM JKATTEBOTO IIUKITy peatbHOro 00’ €KTa. ICHye Tpy OCHOBHI ITiIXOH 10 MOJIEITIOBAH-
B (pyHIaMeHTa bHe MOJISITIOBAHHSI, MOJICITFOBAaHHS HA OCHOBI JIaHWX 1 TiOpumHe MoxemoBaHHs. [Hmmii morwin Ha L] — e
BHKOPHCTAHHS 32 i€papXi€ro — IBIHHUKY KOMITOHEHTIB, MaiHa, cucTeM Ta mporieciB. [1J] MOXyTh IpeACTaBIsTH MPOCTi J1aT-
YUKH Ta HacocH, abo LIJ] MoxyTs OyTH Ak cucTeMH Ta 00’ €JHYBaTH i MOJIENIOBATH KiJIbka BUpOOHNUMX mincucteM. Konren-
uist [IJ] mosxe Oyt 3acTocoBaHa Maibke B yCiX cdepax AisSUTBHOCTI, aje B Wil CTaTTi po3riBIAaloThCs HAUITOMIMPEHIMT Tary3i,
SIKI MOYKHa BBa)KaTH OCHOBHHMMH a00 SIKi BIUIMBAJIM HA PO3BUTOK IU(PPOBHX ABiiHHKIB. [IpoBeeHo aHami3 KITOUYOBHX iHIyCT-
piit i1 BukoprctanHsa L|J], Bu3HaueHo ocobaMBOCTI Ta POOIeMH 3aCTOCYBaHHS Y KOXKHOMY i3 PO3MIIIHYTHX JoMeHiB. Byio
copMyITHOBAHO SIKi ICHYIOTh 3arajibHi BUKJIMKH, IEpeBary Ta 0COOIMBOCTI Y M POBUX ABIIHHIKAX.

Karw4yosi caosa: uuposi nsiitHuky, iHgycTpii nMdpoBUX ABIHHUKIB, iHOycTpid 4.0, iHTEpHET pedeid, NPOrHO3HE BU-

PpOOHHUITBO.

Beryn

CyuacHi BUpOOHHIITBA CTUKAIOTHCA 13 HEOOXiJHIC-
TIO aJanTyBaTH Cyd4acHi iH(pOpMaliiHI TEeXHOJIOTII 10
HOBUX BHKIIMKIB i BUMOT' pUHKY. PeBodrouis y BUpoO-
HULTBI, AKa CIIPSIMOBaHA Ha JOCSTHEHHS MAaKCHMAJIbHOT
e(peKTUBHOCTI Yepe3 BUKOPHCTAHHS aBTOMAaTH3allil,
AQHAJITUKU BEJIMKUX JAHUX, IMPOrHO30BAHOTO 0OCIYyro-
ByBaHHs Ta loT, 3a3BuYail Ha3UBAIOTh «IIPOMHUCIOBOIO
peBodoniero 4.0» (Industry 4.0) ado «po3yMHHM BHPO-
OHunTBOM» [1]. PO3yMHE BUPOOHHIITBO MOXKE BHKOHY-
BaTH CKJIQJIHI 3a7a4l 0e3 BTpY4aHHS JIFOAWHH, 3HUKYIO-
Y{ BUTpPATH Ta MiJBUIIYIOUM O€3MeKy MpaIiBHUKIB i
oOnajHaHHS, 3MEHIIYIOYH KiJBbKICTh BIIXONIB y cepe-
JIOBHIIE, a TAKOXX YHHKAIOYM BTPYYaHHS JIIOJUHH MO
HeOe3neuHnX, OpYIHUX 1 BaXKKHUX POOIT.

Hudposi agiiinuku (L[J]) pa3zom 3 iHTepHETOM pe-
yeit (IoT), aHami30M BEIHKHX MAHHMX, MAIIHHHAM Ha-
ByaHHsM (ML), kiGepdisnurmmu cuctemamu (CPS),
po3Butok 4G i 5G MOXKHa BBOXKATH KIFOYOBUMH (PaKTO-
pamu, MO CIPUSIOTH MPOMHUCIOBiH pesomrorii 4.0 [2].
LI cripssMoBaHMiA HA CTBOPEHHS TOYHOI H(POBOI MO-
neni ¢izuyHoro 06’ekTa abo mpolecy, sKa 3/1aTHa 30U-
patu iHpOpMAaIIifo 3 PeaTbHOrO CepeI0BHUINA, BUKOHYBa-
TU TIEPEBIPKY, OLIHIOBAHHS, ONITUMI3AIliI0 Ta MPOTHO3Y-
BaHHJ Ha Iilf MoJieNi rmepes Oe3MeYHNM 3aCTOCYBaHHIM
pe3yibTaTiB Ha ¢izuuHuil 00’ekT abo mpornec. Le mo-
roMarae y MpUUHATTI pIlIeHb B PEaJbHOMY dHaci st
MiIBUIIEHHS  €(QEKTHBHOCTI  poOOTH, a  TaKoXK
oM sIKIIICHHS 200 3amoOiraHHs HEOUiKyBaHHX IOMIN
MIPOTATOM JKHUTTEBOTO ITUKITY pearbHOro 00’ ekra [3].

Omna 3 mepmmx xoumernii [/ 6yma peanmizoBaHa
NASA B pamkax mporpamu «Amomwion». Ha i ocHOBI
OyIo mo0OymoBaHO JBa iMEHTHYHAX KOCMIYHHX arapaTa —
OIMH i3 HUX BCTAaHOBHBCS Ha KOCMIYHOMY KOpalmi, a
IHIIWI BUKOPHCTOBYBABCS IS BiI3epKaleHHS TTOBEIiH-
KM TIEPIIOTO y Pi3HUX YMOBax IiJl 4ac micii, mob 3a3ma-

JIeTi/Ib TPUUAHSITH OUTBII TOYHI DIIICHHS JUIsl YIpaBJIiH-
HSIM KocMiuHMM anapatoM [4]. Inero L] Brepiue onucas
y 1991 poui Jesin ['enepurep y cBoiit kuu3i «/I3epkas-
Hi cBiTMY». A mizHime, y 2002 poui, gokrop Maiikn ['pie3
MPEJICTAaBKB 1 OIMKCaB KOHUEIII0 1U(POBUX JIBIHHUKIB
[5]. Hasea «Digital Twin» (DT) Oyna mpezacraBieHa
NASA B uepHeTI TEeXHOJOrIYHOI JAOPOKHBOI KapTH B
2010 pori sik cucTeMa MOJIEIIOBAHHS «UIsl BiTOOpayKeH-
HsT JKHTTS HOTO JIITAKOYOro ABiHKKa [6].

Bingroni texnomnoris LIJ] npuBepHyna yBary nocii-
JIHUKIB 1 CTaja OJIHIEI0 3 KIIFOUOBUX TEXHOJIOTIH y Cy-
yacHoMy BuUpoOHHITBI. Y 2020 poli po3mip CBITOBOTO
punky L] ouintoBaBcs B 3,1 mupa nonapis CILA [7], a
J0 2027 poky odiKyeThbcs, 110 BiH JOcsATHE 63,5 mMupn
nonapie CIHA. 3a npornozamu IDC, 3 2021 mo 2027
PIK KUTbKICTh HOBUX (DI3UYHMX aKTUBIB 1 MPOIIECIB, sIKi
MozenorThes sk LI/ 30impmuTees 3 5% mo 60%, 1o
MpU3BEJe 10 ONTHUMI3aIlil ONepaliiHOl MPOAYKTUBHOCTI
[8]. 3i 3HauHMM 30UIBLICHHIM YHCIA IHTEICKTyalbHUX
MPUCTPOIB, MIAKIIOYEHUX JI0 KiOEpIpocTopy, 3pOCTaH-
HSIM TIOIYJISIPHOCTI Ta PO3BHUTKOM XMapHUX OOYMCIICHB,
AQHANITHKA BEIMKUX JAaHUX 1 MAIIMHHOTO HABYaHHS,
iarerpanis LJI crae OiapIr IpUPOAHOIO Ta TOCTYITHOIO
JUIA CyYacHHUX BUPOOHHIITB i Oi3HECY, sIKi MOXYTh 3Me-
HIIIUTH Yac Ha PO3pOOKY MPOIYKTIB — B KOHIIEMIi 10
MMOCTAaBKM, MOXYTh OINTHUMI3yBaTH MHisUTBHICTH, IOKpa-
mUTH Oe3MeKy, MaTh OinbIe KOHTPOIO Ta 3HU3UTH
BHUTpPATH Ha 0OCITyTOBYBaHHS [6)].

Meroto 1i€i cratTi € ormsan konuentiii [J1, anami3
KIIFOYOBUX JIOMEHIB pa3oM i3 MpUKIaJaMH iX BUKOpPHC-
TaHHS, OCOOIMBOCTSMH, TIPOOIEMaMi, OOMEKEHHSIMH Ta
mepeBaraMu, a Takox opmarrizalii 3araIbHUX IpodIeM
Ta oomexeHs y L1

3MiCT CTPYKTypOBaHO TaKUM YMHOM: y po3mim |
HaBeaeHo orman BuAiB L1, y po3nini 2 HaBeneHi BUKO-
pHCTaHi IKepel pa3oM i3 IXHbOIO Kiacugikaiiero, aHa-
i3 OUX HKepel BIAMOBIAHO 10 Kiacu(ikalil ormiucano B
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po3nini 3, 3arajgbHUI MiJCYMOK JDPKEpels 1 MiAXoAiB y
po3zxini 4. Jlani HaBeneHO BUCHOBOK 1 MOJAbIIl HANIPS-
MKHU pOOOTH.

1. Orasia Buais 11

L1J] akTHBHO PO3BUBAIOTHCS 1 POPMYIOTHCS SIK CY-
yacHa TexHoJoris. [i noci He BUCTayae cTangapTU3alii,
IHCTPYMEHTIB, a 1HOJI ¥ YCHIIIHO peai30BaHUX IPHUK-
NaiB B Pi3HUX ramyssx, a TAKOX YiTKO BH3HAYCHOI Te-
pmiHoutorii Ta Bu3HaveHsb [9]. Ockinbku /] npamroroth
3 TETEPOreHHUMH CHCTEMaMH, a TAKOX BKIIFOYAKOTh iH-
1l TUCHUIDTIHA Ta TEXHOJIOTII, iX MOXKHA KJIacH]iKyBa-
TH 32 Pi3HUMH acrekTamu. PO3IIISTHEMO OCHOBHI THITH
kareropusarii L[IJ].

OnuuM 13 ocHOBHUX iHCTpyMeHTIB y L] € Mozenro-
BaHHs. MoJIelTb JI03BOJISIE BUKOHYBATH OOYMCIICHHS, BUKO-
HYBaTH MPOTHO3YBaHHS 300iB, ONTHMIi3yBaTH TOBEMIHKY
TepeNl 3aCTOCYBaHHAM 710 (i3uuHoro o0’ekra. IcHye Tpu
OCHOBHI TIiJXOI{ JIO MOJEINIOBaHHS: (pyHJaMEeHTaIbHE
MO/ICJTFOBaHHS1, MOJICITFOBAHHS HA OCHOBI JTAHUX 1 TiOpHTHE
MojemoBaHHA [9]. 3a nomoMoror (pyHIaMeHTAILHOro
MOJIEJIIOBAHHSI MOXJTUBO CTBOPUTH CKJIaJHY MOJEINb Bil-
TMIOBITHO JI0 3aKOHIB (hi3UKH, MATEMaTUKH a00 XiMmii, BOHA
BHMara€e MeHIIe JIaHUX, € OUIbII 3aralIbHOI0 Ta MOXKE OyTH
3aCTOCOBaHa JIO 1HIIOTO JIBIHUKA 3 TAKUMH K (yHIaMeH-
TaJlbHUMH XapakTepHCTUKaMH. AJie 1le BUMarae Ouiblie
OOUYHCITIOBAIILHUX PECYPCIB 1 MOXKEe OYTH HETOYHUM uepe3
JIesIKi 1H/IMBITyasibHiI 0COOIIMBOCTI KOHKPETHHUX 00’ €KTIB. Y
JIeSKUX BUTIAKAaX HE MOKJIMBO CTBOPHTH a0o0 3HaiTH (y-
H/IAMEHTAJIbHY MOJIeJIb, 200 O0YMCIIOBAIbHI PECYPCH LIS
(byHIaMeHTAIbHOI MOJIeJi HaATO BENHKi, ab0 JUIsl CTBO-
PEHHSI TOYHOI MOJIEN JIsi KOHKPETHOrO O0'€KTY 31 CBOIM
HA0OpOM IHIIMBIYaJIbHUX XapaKTePUCTHK. Y LbOMY BH-
[aJKy MOXKHa 3aCTOCYBaTH MOAETIOBAHHS HA OCHOBI
aanux (data-driven). B cBoro uepry riopuaHe momesro-
BaHHSI — 116 KOMIIPOMIC MDX JIBOMa TIOIepe/HIMHI BapiaH-
Tamu. Hanmpukiazx, HaBiTh y BHIIAAKax, KOMM MOMJIMBE
MOJICIIIOBaHHSI HA OCHOBI JIAaHHX, CIIIJI 3aCTOCYBAaTH JESKI
OCHOBHI (Di3M4HI 3aKOHH TSl TOKPAIIEHHS SIKOCTI MOJIEII.

LiHHicTb

IHhopmaTMBHUIA

Onucosui

Iepapxia . [Humit normsin Ha LT — ue Bukopu-
CTaHHS 3a iepapXi€lo — JIBIHHWKMA KOMITOHEHTIB (part/
component twin), MaiiHa (asset twin), cuCTeM Ta Tpore-
ciB (puc. 1) [6]. LI/l MOXyTb IpeACTaBISATH IPOCTI AaT-
YMKH Ta HacocH, abo LIJ] MoxyTs OyTn sIK cucteMu Ta
00’€THYBaTH 1 MOJCTIOBATH KiTbKa BUPOOHUYHX ITi/ICH-
CTEM.

OBiHUKKM
npouecy

ABiAHNKM \

I0HiTY a60 cuctemu \

/ OBiHUKMK
ManHa
KOMMOHEHTIB
\ /

Puc. 1. Kinacugikauis L] 3a iepapxiero

Inmni Buam /L. LI/ Mmoxe BUKOPHCTOBYBATUCS TIO
PI3HOMY TIPOTSTOM JKHUTTEBOTO ILMKIY mpoxykry (LI
nporotun ta LIJ] cytHicTh) [6]. MoxHa po3AiATH LU-
(poBi ABIMHMKM 3a piBHEM IHTerpaiii — 3a 3B’S3HICTIO
Ta HasBHICTIO 3BOPOTHOTO 3B’S3Ky MIX (I3UYHUM Ta
uudposum agiitnukom (Lludposa Monens, Iludposa
Tinb, Hudposuii [ABiitnuk) [6, 10]; 3a piBHEM 3pinocTi —
OINKUCOBUA, 1H(GOPMATUBHUI, IPOTHOZHHUH, AN THBHUMA
L1J1, aBronoMHwmiA/posmyHwmii 111 (puc. 2) [6]; 3a apxire-
KTYpOIO, CTPYKTYpOIO Ta OaratbMa iHIIMMH acCHEKTaMH.
Aute B 1i#t poOOTI MM 30cepeIMMOCs Ha KOHTEKCTI, cde-
pax i ramy3sx, e MokHa 3acTocoByBaTtu LI

Po3ymHui/

aBTOHOMHUWIA

Mpeanucytounin

3pinicTb ABiNHMKKIB

Puc. 2. Kitacudikamis 1/ 3a 3pimictio

Orasa pxepen 3a gomenamm I, Tak, y
OB’ si3aHil po6oTi [3] Oyino BUKOHAHO aHAII3 TeMaTH-
HOro MopemtoBanHsa L[JI, skuii HajmaB 4iTKy KapTHHY
CTOCOBHO BM3HA4eHb Ta HAayKOBHX HampsMiB LI/, Bu-
3HAYMB 5 OCHOBHHUX TEeMAaTHYHUX KiacTepiB crateit LI/
Kpim toro, 6ymo 3actocoBaHo aHaii3 (GopMarbHOI KOH-
merii, mo0 3po3ymita TeHaeHmii Ta ctpaterii L, me
Mo>kHa BukoprctoByBaTH LI/ i siki (yHKIIT BOHH BHKO-

HYIOTh B pi3HUX Tany3sx. [Hma ormsimosa pobota [11]
HAMaraeTbCsi YCYHYTH HENPAaBWIIBHI YSBJICHHS ILOZAO
MOTOYHUX 1 IoTepenHix Bu3Hauenb /], Bu3HaunTH, SIKI
€ TpPUKIAJM 3aCTOCYBaHHS, BHKIMKHA Ta CHPHATIHBI
texnonorii mos’s3adi 3 [oT/Industrial loT (IloT), anai-
trkor manux i /. Po6otu [12, 13] HamaroTh OinbImn
JetanpHy iH(opMmarito mpo 3actocyBanHs L] y pisanx
ray3sx, B TOMY YHCII IIPOMHCIIOBOCTI.
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2. Knacudikanis mxepen Tabnuya 1 — T'aay3i Ta orasaosi podoru,
. . B SIKMX Li raay3i anamizyBasucs
Konnermis I/ moxke OyTi 3acTocoBaHa Maiike B

ycCix cdepax MisUTBHOCTI, aje B I CTATTI PO3TISAAIOTHCS Tanysp OrasioBi poboTH
HaWTIONIMpEHII TaTy3i, SKi MOKHA BB&XKaTH OCHOBHMMH | 1 | Aepokocmiuna [12, 3, 6]

ab0 AKi BIUTMBAIM HAa PO3BHTOK IM(POBUX JBiifHMKiB. | 2 | ABTOMOOiIbHA [12,6,13]

Takum 4mHOM, GYJIO HEPEryISHyTO HU3KY OIVISNOBMX po- | o | BupoOHuurso [12,3,6,10, 2,13, 11]
6it momo 1/, 11106 3po3ymiTu HaOiIBIT 06TOBOPIOBAHI 4 ripHquﬂ?@’BHa [12]

JIOMEHH 3 TOUKH 30py (Tabu. 1). BupoGHuiTEO, posymui || Mopebkuii Tpanciopt [12,3]

MicTa Ta ranysi OXOpOHH 3;{9p03’;1 MOKHa 3HAHTH Maiike s ﬁiiif;:ﬂm Hg] 10]

B KOXKHIA orisnoBidt ctarti un podoti LI Tabnm. 1 me 8 | Cinbcoke rocnonaperso | [12, 6]

MATBEPUKYE. ABTOMOOIIBHA Ta aepPOKOCMIUHA MPOMHC- 9 | Posywi micra [12' 3, 6,10, 13, 11]
JIOBICThH 3aBEPLIYIOTH I’ ATIpKY HaHOUIBIIMX 3a MOILYJIAp- 10 | Ocsira [12: Gj —
Hictro [1J] ramyseii. Ile ramysi Oymu oOpaHi OCHOBHUMU 11 | Meanwma [12,3, 6, 13, 11]

JUTsL OTJIsITy Au1st motowHoi cratti. lle Tpu ramysi OyayTh 12 | Toprisns [12]

PO3IIISIHYTI 4epe3 IikaBi poOOTH Ta IS MOIIMPEHHIO 13 | ByxiBHuUTBO [12]

KOHTEKCTY TipH aHaii3i inmyctpii LIJ], a came ocBita, Oy- 14 | Tpancmopr [10,13]

JUBHHUIITBO Ta 3aJIi3HUYHUIN TPAHCIOPT. Bysio po3risHyTo

JIOZIATKOBI POOOTH i3 KOHKPETHHMH NPHKIAaMHi BIIPO- [ToBHui nepenik ramysei, aki OyayTh pO3IIAHYTI,
BajokeHHs L]y KOKHIi i3 1H1yCTpid. 1 oB’s13aH1 poOOTH MOXKHA 3HAUTHU B TaOII. 2.

Tabnuys 2 — Iepenik inaycTpiii Aj1s1 orasigy Ta aHaTi3y

# | Famy3p PoGoTu 3a HanpssMKaMu

1 | BupoGuuurso 1. Orss0Bi CTaTTI, O BKIIOYAIOTH Tany3s [2, 3, 6, 10-13]

2. Discovering the Digital Twin Web — From singular applications to a scalable network [14]

3. Towards a Cyber-Physical Manufacturing Cloud through Operable — Digital Twins and Virtual
Production Lines [15]

4. A Digital Twin for the Logistics System of a Manufacturing Enterprise Using Industrial 10T [16]
5. Digital representations of physical assets [17]

6. An Integrated Mobile Augmented Reality Digital Twin Monitoring System [18]

7. The Fundamental Approach of the Digital Twin Application in Railway Turnouts with Innovative
Monitoring of Weather Conditions [19]

2 | ABTOMOOiTBEHA . OrunsiioBi cTarTi, M0 BKIFOYAKOTH rajyss [6, 12, 13]
. Traffic Safety Detection System by Digital Twins and Virtual Reality Technology [20]

. Automotive overview - Top 5 Use Cases of Digital Twin in Automotive Industry in 2022 [21]

W N —

3 | Meauuuna . OrusiioBi cTarTi, M0 BKIFOYAKOTh rajyss [3, 6, 11-13]
. Best Digital Twin Applications & Use Cases in Healthcare in 2022 [22]

. A Novel Cloud-Based Framework for the Elderly Healthcare Services Using Digital Twin [23]

W N —

4 | AepokocmiuHa . OrusiIoBi cTarTi, 10 BKIKOYAIOTh raiysb [3, 6, 12]

. UAV, Using Digital Twins and Drones to Capture Physical Environments [7]

. Structural Digital Twin of the UAV that was used to monitor vehicle structural health and drive
ynamic flight planning decisions [24]

. Shaun Waterman. Air Force Goes All in on Digital Twinning — for Bombs As Well As Planes [25]

O WM~

5 | Po3ymHi micTa . OrusiioBi cTarTi, M0 BKIKOYAKOTh rajyss [3, 6, 10-13]

. The Digital Twin of the City of Zurich for Urban Planning [26]

. A systematic review of a digital twin city: A new pattern of urban governance toward smart cities - [27]
. Smart Cities with Digital Twin Systems for Disaster Management [28]

. City Digital Twin Potentials: A Review and Research Agenda [29]

abbwnNn—

6 | Ocgira 1. OrssA0Bi CTaTTI, 10 BKIIOYAOTH ramy3b [6, 12]
2. Development of a digital twin of a flexible manufacturing system for assisted learning [30]
3. Tangibles and Digital Twins: Toward Meaningful Learning Support in Cyber- Physical System
Development [31]

7 | ByaiBHHIITBO 1. OrusioBi CTaTTi, M0 BKIIIOYAIOTH rany3b [12]
2. Building Lifecycle Management, Cognitive Digital Twins [32]
3. Options for and Challenges of Employing Digital Twins in Construction Management [33]

8 | 3anizununuit 1. Orysi1oBi cTarTi, MO BKIIFOYAOTh ramyss [ 10, 13]

TPAHCIIOPT 2. Digital twins for managing railway maintenance and resilience [40]

3. Digital Twins in Railways [41]

4. The Fundamental Approach of the Digital Twin Application in Railway Turnouts with Innovative
Monitoring of Weather Conditions [42]

5. Towards a Data-driven Operational Digital Twin for Railway Wheels [43]
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3. AHaJi3 Jkepes Ta miaxoaiB
3 a pisuumu ingycrpiavu IJ{

Jl1s Bu3Ha4eHHs niepeBar i mpobmnem y LI/, a Takox
(hopMyITbOBaHI 3arajJbHUX BHUKIHKIB 1 OCOOIMBOCTEH,
OyJI0 TIPUIHATO PIMICHHS NPOAHAI3yBaTH KIIOYOBI H
JiesIKi BiTHOCHO HOBI iHAycTpii o BukopuctanHio [{J1.

e m03BONMTH OULTBII MIMPOKO AWBUTHUCS Ha MOX-
JIMBOCTI TEXHOJIOTI] Ta MEPEeBUKOPUCTAHHS TiJIXOIIB i3
pisaux momeniB LIJI. YV npomy po3mini OyayTh HETaIbHO
PO3TIIAHYTI Ta mpoaHaii3oBaHi obOpani ramy3i [/, Ko-
KeH 13 maparpadiB 1o raiy3i MICTHTh 3arajibHUH OIHC,
0COOJIMBOCTI LBOTO JIOMEHY, MPOOJEeMH Ta TMPHUKIAIH
BHUKOPUCTAHHSI.

3.1. Bupoonuymeo. CrorosHi BUpOOHHUITBO € Haii-
TIONYJISIPHIILIO Ceporo IS MPUKIAAIB i3 BIPOBAKEH-
Hs Ta iHTerpauii 1mdpoBux nidHMKIB. Llei cextop
BKJTIOYA€E pi3Hi popMaTu BukopuctanHs 1[J] Ha KoxHOMY
i3 eTaIiB XXUTTEBOTO LUKIY NPOAYKTY — BiJ] TPOEKTYBaH-
HS1 TA CTBOPEHHS IPOTOTUITY IO BUPOOHHUIITBA, JTOTICTUKH
Ta obciyroByBaHHs. 1] MOke JOIMTOMOTTH 3 TPOTHO3Y-
BaHHSM BiMOBH OOJaJHAHHS, KOHTPOJIEM TOYHOCTI Ta
NPOIYKTUBHOCTI BHUPOOHHUIITBA, OIHIOBATH KOHIICTIIIT
niepe/t X BIPOBAPKEHHSM, & TAKOXK MOKPAIIyBaTH JOCBI
KOpHCTYBadiB uepe3 Bisyauizauito [3]. Ouikyerbcs, 110
I/ crane romosuuM iHctpymentom B MBSE (model-
based systems engineering) abo cucteMHiii iHXeHepii Ha
OCHOBI Mogeni, ockijbku 1] MoXkHA 3acTOCOBYBAaTH Ha
KOXKHOMY €Talli >KUTTEBOTO IMKIYy CHUCTEMH/TIPOIYKTY.
[{islkoM MOKIIMBO, 110 BUPOOJEHI MPOIYKTH MaTHMYTh
cBoi 1J], siki OMOMOXYTh y 3a0e3rnedyeHHi eeKTHBHOT
MATPUMKH TPOAYKTY Ta MEPCOHATI30BAHOTO O0CIyTrOBY-
BaHHs Ta JI0CBily BUKOpUCTaHHS [6].

OnHuM 13 BUKIIMKIB Y BUPOOHHYHX CHCTEMax € aB-
TOMATHU3ALlisl TAa MACOBE BUPOOHHUIITBO EKOHOMIYHO e(ek-
THBHUM crrocobom. IIJ] Moke JOIMOMOITH B OIHIN Ta
aHaui3i eeKTHBHOCTI BUPOOHHUIITBA, @ TAKOXK KOXHOTO 13
(haKkTOpiB MPOEKTYBaHHS HA €Taax KUTTEBOTO LIUKITY.

B po6ori [2] Oy:1o 3armpornoHoBaHO MOJENb 13 3 TH-
MaMH 3aCTOCYBaHb y IIeXax, sIKi (POKYCYIOThCS Ha Pi3HHX
acreKTax BUPOOHHUIITBA:

- I nponykty — Buxin abo pe3yabraTt BUPOOHH-
YOTO MPOLIECY;

- I mpouecy — poGoumii mporiec BUPOOHHUOI
JIHIi, SIK MPALIOE MPOIIEC;

— omepamiiHi 1[J] — MoHITOpPHHT, OmepariiHi mpo-
LeIypH Ta KOHTPOJIb;

B iHmiit poGoTi mpomoHyeThCs AomaTH Imie 4-it
MYHKT JI0 pO3MJISIHYTOT Kiacuikamii — yTumizaiis Ta 1e-
pepoOka Bigxomis [12].

VY mucepraniiiHiii po6oti [15] mponoHyeTbCs mpa-
ue3znatHa Moens LJ] kibepdiznunol BUpoOHUUOI XMapH,
sIKa yCHaaKOBYE (YHKI[i MOHITOPHHTY i3 XMapu, IIO
BiJIKpUBA€ ABEpi TSI MAUOYTHIX BUPOOHWUMX CHCTEM. B
paMKkax mucepramiiiHoi pobotu [14] Oymm moOynoBaHi
L, opienToBaHi Ha Au3aifH BUPOOHWUYOTO OONAIHAHHS,
30KpeMa Ha TIPOMHUCIIOBOMY MOCTOBOMY KpaHi. Y poOoTi
[17] 6ymo mpencraBieHo Habip iHcTpymeHTiB FA3ST
(Fraunhofer-advanced AAS tools for digital twins) sk
PpeTIpe3eHTaTHBHY pealli3amito 3aralbHOI Ta THYYKOl apXi-
TexTypH i ynpasmiHas L], sxa Gokycyerses Ha dyH-
KITIOHATEHOCTI Ha 3aBEPIIANBHIN CTaii BUPOOHUIITB.

/] Takox MOXKYTh OyTH KOPUCHUMU il Yac HaB-
YaHHS iHXEHEPiB a00 IS JOIIOMOTH Ta KOHTPOJIO HHU-
3bKOKBai(hikoBaHUX oreparopiB. OnepaTopam moTpio-
Hi THOOKI 3HAHHS 00NaTHAHHS, MO0 MIBUIKO MpHUiiMa-
TH BaKJIMBI PIlICHHS i 4ac TEXHIYHOTO OOCIyTrOBY-
BaHHs ab0 BHpOOHMYMX mporeciB. Y crarti [18] mpo-
MOHYEThCS BUKOPUCTOBYBATH MOOIIBHY CHCTEMY Bijja-
JICHOTO MOHITOPHHTY JOTIOBHEHOI peallbHOCTI, MO0 J10-
MIOMOTTH OIIEpaTopaM i3 HU3bKOIO KBaJliiKali€ero mose-
TIMTH pobounii mporec. Taky cuctemy Oyio moOymmo-
BaHO /It OAIITOBOTO KpaHa.

JloricTuka — me ojHa rpobjeMa Cy4acHOTO BHPO-
OonmnTBa. Y cTarTi [16] aBTOpH PO3IIIAAAOTH 3aCTOCY-
BaHHs L[] 17151 JTOTiCTHYHOI CHCTEMH BHPOOHHYOTO ITiJI-
npuemctBa 3 BukopuctanHsMm IloT. Takox Oyno po3r-
nsayTo Keiic ms [IpAT «DE]l». Cucrema Oyna po3po-
OneHa 3 METOI0 PO3paxyHKy ONTHUMAaJIbHOTO PO3Tally-
BaHHSA BHPOOHWYMX TMOTY)XHOCTEH I MaKCHMi3allil
MPOIYKTUBHOCTI HA BUPOOHHUIITBI.

L1J] y BUpOOHMITBI MarOTh BIIACHWI MeEpeltiK mpo-
onem:

- mupobiema poGotu IIJ] y pekumi peasbHOTO
Yyacy — BUPOOHHIITBO BHUMarae mBHIKOI peakiii. B Toii
xe vac [[J] morpedye MOTYKHOCTI IJIs1 MOJIEITIOBAHb Ta
nependavyeHb

— BEJMKI JaHl — BeJMYe3Ha KUIBKICTb CyOaoMe-
HIB Ta B3a€EMO3B’S3KIB YCKJIAIHIOE CUCTEMY Ta BHJIA€E
BEJMKUH IOTIK JAaHUX.

3.2. Aémomobinvna zanyss. CyuacHi aBToMOoOLTI
BXKE OCHAICHI BEJIHMKOK KUIBKICTIO TEJIeMETPUYHUX
JIATYMKIB, 10 TEHEPYIOTh BEJMYE3HY KUIBKICTh JAHHUX
JUISl TIOJIAJIBIIIOTO aHAJ3y — TAKUM YMHOM CYYacHi aBTO
Bke Oljbllie MEHI BiAMOBIAa0Th HEOOXIIHOMY pIBHIO
udpoizaii ta rotoBi s BripoBapkenns 1. [Ipore
e Jume yactiuHa cuctemu L1, i e cekTop akTHBHO
po3BuBaeThes. [lepeBakHa KiUIBKICTh ICHYIOUMX DPOOIT
30CepeKEHO0 Ha Ipolecax BUPOOHUITBA Ta HPOTOTHU-
MyBaHHSI, a TAKOXK BaJiJallil XapaKTepUCTUK MalOyTHIX
aBtoMoOuTiB [13]. Bijbmicts pilieHpb 13 BUPOOHUYOTO
cektopy LI/l MokHa Takox 3acTOCyBaTH i B aBTOMOOI-
JHHOMY BUPOOHHMIITBI, ajie aBTOMOOLIbHA IPOMHCIIO-
BICTh Ma€ CBO{ OCOOJIMBOCTI.

BupoOHUKE MOXYTh CKOPHCTATHCS (DYHKIISIMA
IPOTHO30BAaHOTO TEXHIYHOTO oOcimyroByBaHHA. Lle cro-
CYETBCS HE TUTBKU BUPOOHHYMX POOOTIB, a i TEXHIYHOTO
obciryroByBaHHs aBTOMOOLUTB [6, 12, 21]. I MOXyTH
3MEHIINTH BUTPATH Ta KUIBKICTh TOMWJIOK IIUIIXOM 3a-
CTOCYBaHHS BipTyaJlbHOTO TECTYBaHHS I IEPEBIPKH
aBToMOOLIs [13]. MexaHiKu MOXXYTh HaJaBaTH IIBHIIL
Ta OUTBII IIepCcOHATi30BaHi PIMIEHHS 32 KOPOTIIHH Jac.

Criyx0am mpokaty Oyjie Jiermie CIIiaKyBaTH 3a CTa-
HOM aBTOMOOLIA Y peansHOMY daci [6]. L] Takox BHKO-
PHUCTOBYETHCS ISl OTPUMAaHHS OUTBIII TIEPCOHATI30BAHOTO
JIOCBITy BOJIHHSI aBTOMOOLIS — BUPOOHMKH MOXKYTh aHa-
Ji3yBaTH TMOBEIHKY BOIisl Ta HAJANITOBYBATH i HHUX
aBTOMOOUTI a00 HamaBaTH iHIWBIAyasbHI (DyHKIII, sKi
3aJI0BONBHSIIOTE TOTpeOn KiieHTiB [12]. THmmMm dakrto-
POM € TIOKpamieHHsS JOCBiy MPOJaKiB — TOKYIII MO-
JKYTh TIEPEBIPUTH MPOAYKT y Pi3HUX KOH(DIrypamisx Ta
TIOBEIHKY 3a JIOTIOMOTOI0 CHUMYIIAILIi, IHCTpyMeHTiB VR
Ta AR, 110 CTUMYIIOIOTH TIPOZAXKI Yepe3 CTBOPEHHS I1O-
3UTHBHOTO JI0CBity KopucTyBada [12, 21].
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Jeski cydacHi aBTOMOOUTBHI KOMITaHIT BXKe IHTET-
pyBamm L1 y cBiit 6i3nec. Tesla Motors BUKOpHUCTOBYE
I y xoxxaOMy aBTOMOOLTI. Lle mo3BoMsE MBUIKO OHO-
BJIIOBATH aBTOMOOILIb BIAIOBIIHO 10 BUSBIEHUX 1HIHU-
BilyabHUX MPOOIEeM, SK HANPHUKIAM, BiIAICHO KOM-
MIEHCYBATH NPOOJIEMH 3 JIBEpUMa IUIIXOM HaJallTyBaH-
Hs Tigpasniku [12]. Volkswagen BuxopucroBye L] 3
OJTHUM 31 CBOIX pOOOTIB IpH IJIaHYBaHHI BUPOOHHUIITBA.
[e exoHOMHTB OJIM3BKO TPHOX THOKHIB yacy Ta 40 kBaj-
paTtHUX MeTpiB BHpoOHNYO] turommi [12]. Maserati Takox
inTerpyBana /] y cBiif BUpoOHUYHII mporiec, Moo oIri-
HUTH, SK 3MiHH aBTOMOOLIS BIUIMBAIOTH Ha BHPOOHWYI
nporecu [12]. Kpim Toro, y po6oTi [20] mocmimKyeTsest
MPOTHO3YBAaHHS THUITIB BOJAIHHS TPAaHCIOPTHOTO 3ac00y
JUTS T IBUILICHHS TOYHOCTI BU3HAYCHHS OC3MEKU PyXYy.

BenmuesHi JaHi, sKi TeHEpYyIOThCSI aBTOMOOLISIMH,
MO’KHA BBa)XKaTH OJTHMM 13 TOJIOBHUX BUKIHWKIB. [ligpa-
XOBaHO, 1[0 KOMIaHii aHami3ytoTh Jmme 12% moctyn-
Hux nmanux [21]. Ile o3nauae, mo eeKTHBHY MOJCIb
HEMOXKJIMBO TOOY/yBaTH 3 TaKOIO HU3bKOKO MIBUJIKICTIO
00pOOKH JTaHUX.

Kpim Toro, cam aBroMo6ine Moxe Oyt odduaiiH,
TOMY HEOOXiTHO OOpOOJIATH 1€ BiAMOBIIHUM OOpa3oM.
a0t TIpobIeMoIo € Oe3rneka — ataka Ha 1[/1 aBTomo-
OB Ha CcepBepi, 110 BIUIMBAE HA pilllcHHs, ab0 HABITH
Kepye aBTOMOO1JIeM, MOXKe MOCTaBUTH I1iJ] 3arpo3y Mpo-
11eC BOJIHHA B LIIJIOMY.

3.3. Meouyuna. Y cexropi oxoponu 310poB’st 111
MOXYTh TOKPAlIUTH €(pEeKTUBHICTh OpraHizaiii, 3a0e3-
MeYUTH OUIBII TIePCOHATI30BAHE JIIKyBaHHS Ta KOHT-
poJb. Pimenns Ha ocHoBi L[] y MeauuuHi MOXKYTb mij-
BUIIMTH TOYHICTh aHaJi3y CTaHy OpraHi3My Ta BCTaHO-
BJICHHS J1arHo3y, IONOMOITH 3 PO3MOALIOM MEIMYHHX
pecypciB Ta XipypriyHMM acHUCTYyBaHHSM, JiKapi Mo-
XKYTb IIPU3HAYATH IUIAHU JTIKyBaHHSA Ha OCHOBI JJaHUX y
peanbHoMy uaci. [{ns mauientiB LI/ Moxe koHTpoJIrO-
BaTH Ta aHA3yBaTH CTaH IXHBOTO Tijla Ta HaJaBaTH
3BOPOTHUH 3B’ 30K y PEXHMI PEabHOTO Jacy.

/] B MeuIMHI MOXKHA PO3JUIUTH HA TPU OCHOBHI
kareropii [22]:

1) IJ 3axuiagy oxopounu 310poB'sa. 1/ moxna
BUKOPHCTOBYBATH JUISI CTBOPEHHs JiKapHi-JBiiiHUKA,
00 3pO3yMITH, SIK CIIPABISTUCS 3 TPYAHOILIAMH B pi3-
HUX CHUTYyalliiX, HampuKiIaj, Moxkeka B OymiBm abo
HaJMipHa TOTpeba B TpaBMaTHYHHUX KabiHeTaX. Kpim
toro, I[J[ Mo)ke MOMOMOTITH 3 YHPAaBIiHHSM aKTHBAMHU
Ta OONMaJHAHHIM, SK B BHIAJKY, 00 3pO3yMITH, 49U €
JaeinuT MXKOK YK IHIIOro OONaHAHHS i Yac MmaH/e-
Mii B IOTOYHHIT MOMEHT;

2) IJI opranizmy JroauHu. BipTyaneHi aBitHu-
KA Tima abo HOro KOMITOHEHTIB 3a0e3MedyroTh OiIbIl
JeTabHe YSBICHHS Npo (i3ionoriuHui CTaH, MO J0-
3BOJISIE TOYHIINIE Ta MEPCOHATI30BAHO IiarHOCTYBaTH
XBOpOOW Ta IUIAHyBaTH JiKyBaHHA. Kpim ToTO, Taki pi-
[ICHHS MOXYTh JOTIOMOTTH BUSBUTH MATONOTIi Ta iHIII
3aXBOPIOBAHHS IIE 1O TOTO, K IOPYIICHHS CTaHYTh
OYEBUIHUMH — IIe TIPHKJIa]1 IIPOTHO3HOTO JIiKyBaHHS;

3) IJ nas MeAMIMHH Ta PO3POOJEHHS MPH-
cTpoiB. Ha erami po3poOneHHS HOBOTO MEIUYHOTO
TIPUCTPOIO 3aBXKAN BAXKIIUBO OIIHUTH Ta TEPEBIPUTH, SIK
BiH IIpAIfO€ Ta YU BiIMOBigae meBHUM Kputepism. [IJ]
MOKHa BUKOPUCTOBYBATH ISl IPAKTHYHOTO TECTYBAHHS

HOBUX TIPHCTPOiB ab0 (QYHKIIH mepes iX BUKOPUCTaH-
HiM. Ty caMy KOHIEMIF0O MOXXHA 3aCTOCYBAaTH # 10
JKiB — BipTyasibHi OiOXiMIYHI MOEINi JIKiB MOXYTh
JIOTIOMOTTH BYEHHMM Yy Moau¢ikanii abo po3poOieHHi
HOBHX METO/IIB JTIKyBaHHS.

Konuenryansay wmogpens moacekoro IL[JI  abo
human digital twin (HDT) Oymo po3rsiayTo B [13]. Lnest
MoJIsira€ B TOMY, 1100 BIITBOPUTH TiJIO JIFOJMHU B Kibe-
pdiznunomy mpoctopi. [aHi 3 AaTYMKIB 1 MEIMYHHUX
KapT TMOCTIHHO aHAJi3YIOThCS Ta BHKOPHCTOBYIOTHCS
JUTS HaJlaHHS OUTBIN TIEPCOHATI30BAHOTO JTIKYBaHHS a00
MOHITOPUHTY CTaHy opraHizmy. Po6ota [13] posrmsinae
nesiki mpukitag HDT, Taki sk BUMiproBau cepreOuTT,
BUMIpIOBayu KpokiB Ta iH. SmartFit gormomarae 3 nepco-
HaJII30BaHUMH TI0pa/IaMH Ta BiJICTEXKEHHSIM CTaHy TiJa.
[HIIMM 3aCTOCYBaHHSM € XipypriuHe IUIaHYBaHHs Ta
BukoHauHs [11]. LIJ] Oynu BUKOpHCTaHi JUIsi CTBOPEHHS
«Cardio Twin» st 3amobiraHHs imeMidHiil XBOpoOi
cepus Ta iHcynbTy [6]. Crarra [23] mpomoHye HOBY
koHuenuito 1/l oxoponu 3710poB’s, sika Oyia CTBOpeHa
JUISl BITPOBA/KEHHS TaKUX MOCIYT, SIK MOHITOPDHHT Y
PEXKMMI pEabHOTO Yacy JUisi JIIOAEH IMOXHIIOro BIKY.
Kpim Toro, B miii podoti [23] cTBepIKye, 1O JOCIi-
JUKEHHSI MOJICITIOBaHHS OXOPOHH 3/I0POB’sl 30CepeKEHI
MEePeBaAXKHO Ha OCBITI B Taly3l OXOPOHH 3II0pPOB’S, a
OinpImicTe pociimkens LIJ] y MemurmHi 30cepemKeHo
Ha ru1atopmax st MOHITOPHUHTY.

Cdepa 0XOpOHH 3I0pOB’S Ma€ CBOI MPOOJIECMH.
OnHi€r0 3 HAMMOMIMPEHIIIUX MPOOJIeM € Oe3MeKa TaHHX.
[Tix yac mikyBaHHS, aHaI3IiB 30MPAETHCS 3HAYHA KiJib-
KICTh IHJMBIIyaJIbHUX JAHWX, sKi CiijJ 30epiratd Ta
00pobsATH Oe3nedYHuM CrIocoOoM. Y NEesIKMX BHUITaIKaX
JIMIIE KIHIKA MOXKYTh 34ATYBAaTH JIaH1 MAlli€HTIB, a 1ie
O3HAyae, 110 MOJEIIOBAaHHS Ta IPOTHO3YBaHHS MOXKHA
BUKOHYBATH JIMIIE JIOKATBHO B KIHIKax abo i3 o0dy-
CKOBaHMMH Ta aHOHIMOMaHuUMH JaHumH. Kpim ToOro,
SKICTh HaHWX 1 3MUTTA ganux (data fusion) — e OUIBII
3arajbHi MpoOiIeMu, akTyanbHi A Bcix Hampsmi L]
[22]. 3 meauyHOi TOYKH 30py iHOAI OIOJNOTIYHI SBUIL
IOTaHO BHBYEHI a00 IX BaKKO 3MOJENIOBATH, HAIpU-
KJIaJ mpobiieMa MozeiroBaHHs emoniit. Tomy ekcrieprt-
Ha Balijamis Mojesel € Myxe BaXIUBOIO JUISl OLIHIO-
BaHHsI HaJIMHOCTI MOJIeNIel, a TaKOXK JUIsl SIKOCTI iX po-
o6otu [13]. Ille omHa mOCHTH IliKaBa TeMa, sIKA MOXE
OyTH mpobiemoto, 11e mpobiema couianbHoi eTuku [13].
Hanpuknaz, sik cripuiiMaroTh 10 (akt MacoBoi mud-
PpoBi3a1lil BHyTPIIIHIX YaCTHH 1 MPOLECIB TiJIa VIS PO-
BEJICHHS OAANIBIINX MOJCTIOBaHb?

3.4. Aepokocmiuna zanysw. 11]] Takox BHKOpHC-
TOBYIOTBCSI B a€POKOCMIYHIN TPOMHUCIIOBOCTI. AepOKO-
CMivHI KOMIaHii modamu BUKopuctoByBaTH LI, 1106
MIHIMI3yBaTH dYac MPOCTOI0 ABHUTYHIB 1 KOMIIOHEHTIB,
BHUKOPUCTOBYIOTh TIepEeBark MPOrHO30BaHOTO TEXHIYHO-
ro OOCIYyrOBYBaHHA, a TaKOK BUKOPHCTAHHS BipTyaib-
HOTO MOJETIOBAHHS /ISl IEPEBiPKH TOBEiHKA JIITAKIB i
KOpaOJliB B PI3HUX CEpelOBUIIAX Ta yMOBaxX, HampH-
KJIaJI, B eKCTPEMaIbHUX MOToaHNX ymoBax [3]. LI/ mo-
JKHA BUKOPHCTOBYBATH Ha €Talli BUPOOHUIITBA TSI PO3-
poONeHHs Ta TecTyBaHHSA MPOAYKTIB. MoIefoBaHHS Ta
TECTYBaHHS 3 TOYKU 30py ONTHMI3allil MPOIyKTUBHOCTI
TaKOX € MiciieM it Bukopuctanus LIJ] [12].

[epeBaru MoxHa opMalTi3yBaTH TAKAM YHHOM:
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~  Oe3mneyHimi Micii, MAKCUMI3YEThCSI TOUHICTB Ta X
YCIIMNIHICTE;

— JIeIIeBII KOCMIYHI arapaTd, MEHII BUTPAaTH Ha
eKCIUTyaTalliro Ta 00CIIyrOByBaHHS;

— TepeBipKa NPOIYKTYy Ta HOro MOJEIIOBAHHS Me-
peI BUpOOHHUIITBOM.

NASA po3po6uio 1J] pakeTHOro IBUTYHA IS IIPO-
THO3YBaHHS YMOB TIOJIbOTY, BIUIUBY IIMX YMOB 1 CIIOCO0IB
orTuMizanii 3amycky nuryHa [12]. KpiM kocMiyHHX KO-
pabmiB i mitakiB, Oe3miyoTHi JitaneHi amapata (BILUIA)
MOXYTh PO3IJIAAATHCS K mpeaMer inTerparii 1/ B pam-
Kax aepokocMiuHoi cepu. Ane cam BILJIA gacto BHKO-
PHCTOBYEThCS SIK IHCTPYMEHT JUISI BIIPOBADKEHHS HOBHX
/1. Hapukan, podota [7] MicTuTh orsia Toro, sk BII-
JIA MOXHa BUKOPUCTOBYBATH JUTSl 3aXOIJICHHS (Di3HUHOTO
cepenoBuina Ta oMk 1] maxiB, 3iiOMKH TIOMIB, 1100
aHaJI3yBaTH CTaH POCIHH. [24] MpoBeNM MOCIIDKEHHS 13
Bukopuctanss [1J1 BITJIA 115t MOHITOPUHTY HOTO CripaB-
HOCTI Ta JMHAMIYHOI 3MiHM pillleHb MIOAO IUTAHYBaHHS
MOJIBOTY BIMMOBIMHO IO CTaHy Ta PEKOMEHIAII MO
MAalIMHHOTO HABYAHHS — TaKWi KOHIENT BHKOPHCTAHHS
MacHITabyeThesl 1 Ha JIITaKK 3 KOCMIYHUMHU KOPaOISIMH.

Ille omuH crnoci6 Bukopuctanus 1[J] B aepokocmiy-
HIl ramy3i — 1je MOJENIOBaHHS Ta BUIPOOYBaHHS HOBHX
KopaOItiB mepe]; BUOOPOM HAMKpPAIIoro BapiaHTy uisi BH-
poOHuITBa. Hampuknan, peakTHBHHMH JTaK MOBITPSHHUX
cun CHIA eT-7 Red Hawk OyB po3poGiienuii i BUpoOy-
BaHMii 3 BuKoprcTanHsM koHuenuii [J] [25]. Tobro Basi-
Jallis KOHLENTY 13 KOHKYypPEeHTaMU Ta OLIHIOBaHHS Horo
eeKTUBHOCTI OyJIM 1iie TIPOBEJICH] 0 MOMEHTY BUPOOHH-
LITBA IPOTOTHITIB.

AepoKocMiuHy Tally3b MOXKHA BIJIHECTH [0 CHCTEM
peanpHOro yacy abo KpuTH4HOI iH(pacTpykTypu. Tomy
BUMOTH JI0 O€3MeKH Ta BiJIKINKY MaloTh OyTH Ha BUCOKO-
MY pIBHI.

OnHUM 13 BUKIIMKIB a8POKOCMIYHOT ramy3i € KOMyHi-
Karii. 1IJ] BuMararore BeMMYE3HOI KITBKOCTI NAHHMX ISt
niepesiadi 3 KOpaOiB y XMapy Ta Y 3BOPOTHOMY HAIIPSIMI.
ToMy 0OroBOpIOETHCSI MOMJIMBICTD 3aCTOCYBaHHS 5G st
3B’s3Ky. Uepes 3HaYHUN OOCST JaHUX, TYT 3yCTPIHAOTHCS
W BIANOBIIHI 3arajibHi MpoOIeMd B OOpOOJICHHI JaHUX.
Kpim TOTO0, BiZICYTHICTH BIJIIOBIHUX 3HAHb IIPO IIPOSKTY-
BauHs LIJI, iHCTpyMeHTIB i cranmapTuzaiii Moxe OyTH
nipo6iemoro jutst interpaiyi L] B aepokocMiuHy raimy3sb.

3.5. Po3ymui micma. Micta cTaloTh pO3yMHILIAMU
Ta BOHH BHPOOIIIOTH iH(POPMALIIIO 3 PI3HUX HKEpel, Ta-
KUX SIK BYJINYHI KaMepH, MICEKUI TPaHCIOPT, YIIPABIiHHS
BOJIONIOCTAYaHHSIM, pO3yMHi cBiTiodopu tomio. 1J] y iH-
IycTpii MIiCTOOYyIyBaHHSI B OCHOBHOMY 30CEpEKEHI Ha
MTOKPAIICHHI CepeIOBUINA Ta SKOCTI KUTTS TPOMAJISH,
MOOLUIBHOCTI Ta IOCTYITHOCTI TOCTYT IJIsl TpOMAIsH, Oe3-
Teri, Ta mo0 TEXHOJOTIYHMI Tporpec OYB Opi€HTOBaHHUI
Ha jromeit [3, 13]. IlomibHO MO BHUPOOHWIITBA, PO3YMHI
MICTa BKITFOYAlOTh IMIMPOKHAH CHEKTp CYOJOMEHIB — Bin
TPaHCIIOPTY 0 MICBKOTO IDIaHyBaHHA. bimspko 118 mict
sukopucroByBam LT y mpoexrax Smart City [10].

Ockinpku 1] y MiCTi 9acTO BUKOPHUCTOBYIOTBCS TS
(I3MYHOTO MOJEINIOBAHHS, MOXKHA BHIUIATH HACTYIIHI
TEXHOJIOTi, SIKi T03BOJLIIOTH OyIyBaTH Taki MOJedi: (OTo-
rpadis 31 3cyBOM Ta HaXwWioM, OC3IUIOTHUH JiTaTbHUN
amapar (BITJIA), 3D nazepHe ckaHyBaHHS Ta CHCTEMA TJIO-
6anpHOTO Mo3umionyBanHs (GPS) [27]. llle ogua Baxm-

BUIA TeXHOJNOTTYHMI (akTop — 5G 3B’S130K, 10 J10mOMarae
3’€IIHaTH B OJTHY MEPEXY pi3HI YaCTHHH PO3YMHOIO MicTa
[27].

I i1t ynpagJliHHSA i cONiaTbHOTO KOHTPOJIIO Mi-
cra. Uepe3 mudpogizamiro mporecis, 30ip TaHUX Ta MOXK-
JIMBICTh MOJCITIOBATH pi3Hi creHapii, [J] cTaroTh Baxkim-
BUM IHCTPYMEHTOM B yHpaBJjiHHI MicTa. Briaga micra mo-
e MPUAMATH ONTAMAITBHI PillleHHsI, OTIMPAIOYKCH HA JIaHi,
oTprMaHHi 3 mozeni. KpiM Toro, BimkpuTi naHi Ta Mozei
MICT € B TOMY YHCJI ¥ IHCTpyMEHTOM COLIiaIbHOIO KOHT-
poutro abo IeMOKpaTii, OCKUIBKY B TAKOMY BHIA/IKY KOJKHA
JIOZIMHA MOXE TeEpeBIpUTH 3a0pyAHEHHS MOBITps Ois
OyMHKY, YoMy B 1i paifoni Outsme JITII, abo womy Tem-
niepaTypa noBepxHi By (OyxiBmi, Joporu) 3Ha4HO Oi-
JIBIIA 32 CYCIZHIO BYJHIIIO, [II0 MOXKE MOTIM MEPEXOJIUTH Y
KOHKPETHI 3aruTy a0o Jii 10 YCyHEHH!o mpooiemu. Podo-
Ta [27] posrisinae konuenuito L] micra i Te, sk BOHa MO-
K€ 3MIHUTH CTPYKTYPY Ta IpaBHJIa YIIPaBIiHHSI MiCTOM.

/I micta nas Ge3neku Ta aociaimkenb. [/ mo-
JKyTh Oy/yBaTH MOJENi pyXy JIOfeH i aBTOMOOLIIB, m00
3HANTHU PIlICHHS IS HAJ3BUYAMHUX CUTYAIlIH 1 ITiBUIIIHU-
TH  eeKTUBHICTb  TpaHCHOpTHOI  cucremu. 3D-
MOJISITFOBAHHS Ta TBIHHIHT (CTBOpEHHsI ABIMHMKIB) Oyi-
BEJlb MOXYTh JIOTIOMOITH CTBOPFOBATH SIKICHI MOJIEN SIKO-
CTi TOBITPSI Ta MOHITOPHHTY 200 MPOTHO3YBaHHS TeMIlepa-
TYpH TIOBITPS B PI3HMX YacTHHAX MICTa Yy BIAIOBIOb Ha
MOTOIHI YMOBH, CTHXIi{HI JMXa 4K Pi3HI MICBKI ClieHapil
[3]. Yce ne n03BoJISE MIJBUILMTH TPOMAJICHKY OE3IeKy,
MOKpAIUTA MOOUIBHICTh TPOMAJISH, 3MEHILIHUTH BUTpPATH
Ta BHUKUIOM BYITIGKHCIOTO Ta3dy, a TaKOX JIOIOMOXe
MOM SIKIIMTH HETATHBHUI BIUIMB PI3HOMaHITHUX aBapii Ta
karactpod [10]. Tak ofHa i3 30H BUKOPHCTAHHS «PO3YyM-
HOIo MicTay» — Ii€ CTUXIHHI JMXa, SKi HEraTHBHO BILIMBA-
I0Th Ha TPOMAJICHKI CHCTEMH, 3aBJIAlO¥M ILIKOIHM iH(pa-
CTPYKTYpI, TIEPEeMIIIyrOUH HACEJICHHS Ta MOPYIIYIOUH OK-
pemi cuctemu Ta ixHIO B3aeMogito. B pobori [28] po3ris-
natoteest /1 posymMHOro micra Jyist Mozieneit yrpapJiHHS
karactpodamu. Takox, y poboti [12] 3a3naueHo, sk 11J]
paiiony Jloknenac y JyOumini OyB moOynoBaHHi ISt IPO-
THO3YBaHHSI TTOBEHEW 1 MOMEPEIDKEHHS JIFOZEH Mpo MOXK-
JIMBI TIOBEH.

B Toii xe uac, LI/ MOoXHa BHKOpUCTOBYBAaTH IUIS
TUIAHYBAaHHSI Ta MOJIEJTFOBAHHS TUITOBHX TPOIIECIB Y MICTi —
BIJI KUTbKOCTI TYPHCTIB J0 MPOTHO3YBAHHS TEMIIEPATYPH.
B poboti [26] aBropu onmcamm I1J] micra Ilropixa, mo
BUKOPHCTOBY€ETHCS BiJ JOCTIDKEHHs ypOaHizamii BipTya-
JBHOTO TYPU3MY Ta JIOCII/DKEHHS 0araTOIOBEPXiBOK [0
CHUMYJISII] IIyMy Ha BYJHIIX, 3a0pyIHEHHS IOBITPS Ta
BUTIPOMIHIOBaHHS MOOiThHMX TenedoniB. Y 2018 pormi
Hamionansamit gocminanmpkuii Gor CiHramypy CTBOpPHB
BipTyalJlbHy MOJIeJIb MiCTa, 10 ToeqHy€e 3D-KkapTH Ta 1a-
ThOpMy MaHHX i3 JEeTasIMU MPO TEKCTYpH, OyHiBeNbHI
Marepiaii, TeOMETpifo Ta iHII KomroHeHTH [12]. Braxka-
€TBCSI, IO TAKe MOJETIOBAHHS Oyle KOPHUCHO Yypsiam,
TpOMaJITHAM 1 IOCHIAHUKAM I YIPaBIiHHA. MicTa IIBH-
JIKO 3MIHFOFOTBCSI, BOHM TIOCTIHHO PO3BHBAIOTHCS, 1 Taki
TEXHOJIOTii MOXYTh HE TUTHKH MOKPAIIUTH SIKICTb JKUTTA
Ta Oe3reKy, ajue i 3poOUTH KUTTS OLIBII 3PO3YMLTIIIAM,
OCKITBKA KOXEH MOXKE OTPHMATH AOCTYI OO0 DPIi3HHX
CHUMYJISIIIN MiCTa, JaHUX i3 BIAKPUTOIO CTATHCTHKOIO.

3 TOYKH 30py BHKJIMKIB, JOMEHH PO3yMHHX MiCT
MOB’s3aHI 3 mpoOieMaMH JaHUX: OAHA 3 HaHOUTBIIHMX
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po0JeM — 1e CKIaHICTD i 00pobieHHs naHnX. Po3ym-
HE MICTO SIBJIIE COOOI0 TETEPOTCHHY CHCTEMY 3 IIHMPO-
KAM CHEKTPOM TiJCHCTeM 1 CyOJOMEHIB, sIKi MOTpedy-
I0Th BHCOKOTO piBH# iHTerpamii. Inmra npobnema mos-
rae B TOYHOCTI MOOYZOBH MOJEINI, BIICYTHOCTI JeTaiei
JUIsl CKIIQJHOTO MOJICIIFOBAaHHS B paMKaX yChOro Micta
3a pI3HUMHU acneKTamMH. Takox, depe3 Te, IO MICTO €
Cepe/IoBUIIEM, B SKOMY JKHUBYTH JIIOJM, BUHHKAE IPO-
OnemMa TNpUBATHOCTI dYepe3 HaaMipHy IMdpoBizamiro
BCIX aCIEKTIB MiCBKOTO JKUTTSL.

3.6. Ocgima. OctaHHIM YacoM aKTHBHIIIIE B Taiy3i
ocBiTH modaymu 3actocoByBaTH IIJ[. OcHOBHMMH iH-
CTpYMEHTaMH € cuMYJIsIlii Ta TexHojorii AR, VR. Boru
MOXXYTh TOKPAIIUTH JOCBIJl HABYAHHSI, Bi3yali3yrOuu
Pi3HI acleKTH MpOLECiB Ta HA/IAal04YM MOKIIMBICTH B3ae-
MOJIiT 13 3MO/IENIEOBAHOI0 CHCTEMOIO, 1110 IPU3BOJUTH JI0
Kpamoro po3yMinHs. Kpim Toro, me mMoxxe 3MEHIINTH
Butparu. Ockb nesiki 3 nepesar LIJ] B ramy3i ocBiTu:

— TIOKpallleHa JIOCTYIHICTh — MOXXKHa OTpHUMAaTH
BiJIaJIEeHUH JIOCTYII 10 00JaTHaHHS;

— BHpimye npoOiemy 3 0OMEXEHHUMH pecypca-
MH, OCKIJIBKU KOXEH CTYAEHT MOXK€ MaTH IEPCOHAIIbHE
BipTyasbHe 00aJHaHHS;

—  MOXJIMBICTh aBTOMATH3aIlli CHUCTEMH OIliHIO-
BaHHS Ta OTPHUMaHHsI 3BOPOTHOTO 3B’SI3KYy B PEKHMI
peasbHOTO Yacy;

— TIOJIMIIEHHS JOCBiNy HaBYaHHS, MOKpalleHa
MOTHBAILisl Ta IHTEPEC A0 MPOLIECY HABYAHHS;

— Oesreka JIst y4YHiB Ta 00J1aHAHHS;

— 3JATHICTh HABYATHCS y BIPTYaJIbHHX yMOBax,
SIKI B&YKKO OpTraHi3yBaTH B PEAIbHOMY YKHTTI.

Binbuiicts poOit, siki mos’si3ani i3 LI/, 3ragyiors
OCBITYy sIK OJIHY 3 MpoOieM Oi3Hecy 4YM BHPOOHHIITBA.
Hanpuxiax, xonoMora MaloAOCBIIYEHHM ONEpaToOpam
abo miAroTOBKa IHXKEHEpIB O MalOyTHBOI POOOTH.
VY nocnimkenni [30] npononyeTbest Bukopuctanus 1] sik
AIbTEPHATHBHOI HABYAJIBHOI TIATGOPMH ISl KYPCiB BHU-
POOHUYOT TeXHIKH. ABTOPH 30CEepEIKEeH1 Ha BUCOKOSIKIC-
HOMY BIJITBOpPEHHI (I3UYHOI CHUCTEMH, MIO MOKpAIIYE
IH(OPMATUBHICTH BiJI CIIOCTEPEIKEHHS 32 TPOLECAMHU Ta
OLIBII JAETAaJFHOTO BUBYCHHS yuHsMu. Pobota [31] npen-
CTaBJISIE CIIOCIO PO3POOKH MIXKIMCIMILTIHAPHOI iH)XEeHep-
HOI IPOrpamMu, OOTOBOPIOIOYH CITUIBHI PUCH MK pO3po0-
koo CPS (Clicks Per Second) TecTiB Ta OCBITONO IS
po3Butky. IlomiOHuii minxing OyB BHUKOPHUCTaHUWMA JUIst
CTBOpeHHsS TecToBOro creHma LIJI ams cTymeHTIiB, siKi
MOJXYTh JOCHI/PKYBaTH CKIAIHOCTI Ta MOBEIIHKY CHCTe-
MH, B3aemoitoui 3 nuM L1 imkxeneproi cucremu [12].

OpmHuM 13 BUKIHKIB 3actocyBaHHs L[] B ocBiti €
TOYHICTh BIATBOPEHHSI Ta MOZEIIOBAHHS MPOIIECiB Ta
obnamHaHHS, MO0 CTYASHTH MOTJH 3PO3YMITH, SIK BOHO
Mpamroe 3 HEOOXiAHUM pIBHEM [eTaji3amii, YHHKaloun
IIOMHJIKOBOTO JIOCBiNy HaB4YaHHA. KpiM TOro, BaKKo
onudpyBaTH NESKUI JOCBiJ HaBYAHHS, SK HAIPHKIAN]
pydYHe HaBuaHHsI, a0o podotn B koManmi. LJ] B ocBiTi —
e YyJOBHH IHCTPYMEHT IS MiJABHIICHHS MPOIYKTHB-
HOCTI, MOTHBaIii Ta OE3NeKN CTYNCHTIB i Yac HaBda-
JILHOTO IPOLIECY.

3.7. Bydienuymeo. by liBHUIITBO — 1I€ TPYIOMiCT-
Ka Ta 3aTpaTHA 3a YyacoM Tranmy3b. KpiM Toro, reHepyeTh-
¢S BenMYe3Ha KUTBKICTh JaHUX Y Tpoleci OyAiBHAIITBA
— BiJI MPOEKTYBaHHsI Ta IIAHYBAHHS 10 (i3UYHOTO PO3-

pobnerns Oynini Ta i1 mepeBipku. CydacHi NMPOEKTH
CTalOTh Bce OUTBIIMMH Ta CKJIQAHMUMH, HUMU CTa€ BCE
Ba)kue KepyBaTH, J0 TOTO X CydacHi OyaiBJi 4acTo He-
00XiJTHO TIepeBipsTH Ha eHeproe(eKTUBHICTh, Oe3MeKy,
IHTETpyBaTH aBTOMATH4YHI CHCTEMH BEHTWJILII, orma-
JICHHS, BCTaHOBJIIOBAaTH Pi3HI JaTYMKW Ta IHIOI TpH-
cTpoi. Bece 1ie HeoOXiZJTHO BMITH CITPOEKTYBATH, OOy Iy-
BaTH Ta PO3MICTHTH 3HAYHY KUIBKICTh JaHUX Y MOTPiO-
HOMY Micli, 0OpoOifooYn iX Ta OTPUMYIOYM KOPHCTH
BiJ] [UX JaHHX.

MMigxonn i3 1] MOXYTh JOMOMOITH y OLIBII YiT-
KOMY KOHTPOJIi Ta BaJiiallii sIKocTi mpoueciB Oy JiBHUII-
TBa Ul KOMaH]| iH)KEHEpiB, a TAKOX HaJJIaCTh MOKIIU-
BICTH 3a3Jajieriib Ta OLIbII KOMIUIEKCHO OLIHHUTH Xif
po0iT, Ta AesKi 0COOIMBOCTI 3alliKaBIEHHM CTOPOHAaM,
SIK HaIpUKJIa/ iHBeCcTopaM abo MaiOyTHIM KIIIEHTaM.

Sk 1 y BUpOOHHMITBI, Tak i y OyniBenbpHIN ramysi
IIJI MOXyThb BHKOPUCTOBYBATHCSI Ha pI3HMX eTarax
JKUTTEBOTO IUKITY Mpoekty. Bukopucranus I[J1 moxe
JIOTIOMOT'TH Ha €Talli MPOTOTUITYBaHHS JUIsS IEPEBIPKH Ta
TECTyBaHHS ITPOEKTIB, 1€ MOXeE MEPEBIPUTH AesIKi 0c00-
JIMBOCTI, CTIHKICTh 1 MOBEOIHKY y PI3HMX yMOBax Iie
nepea novatkoM OyniBHunTBa. KpiM TOro, e Moxe
JOTIOMOI'TH 0Oe3MeYHO 3aCTOCYBATH 3MIHH 0 NMPOEKTY B
cepeMHi OyAiBHHIITBA Yepe3 JesiKi TEpMIHOBI cuTyarlii
[12]. ITicna OymiBHMLTBA iCHYIOMY MOJETIb MOXHA BH-
KOPUCTOBYBATH ISl TIOCWJIAHHS Yy pa3i HaJI3BHYAHUX
CUTYalLlii, JUIsl MiATPUMKH OYy[iBIi Y X0/l eKcIutyararii
tommo. Yacto Il € wacTuHOIO BxKe icHyrounx Building
Information Modeling (BIM) cuctem.

IJI ans 6e3mexku il KOHTPOJIIO MpoueciB OyaiB-
HUMITBa. be3neka il KOHTpoONb HAYyTh HEPO3PHUBHO i3
JKUTTEBUM IUKJIOM OyniBHMITBAa. B Oarathox poborax
IPOIOHYEThCA MOEAHATH Y €AUHY CUCTEMY YHPaBIiHHS
caM TPOEKT, a TAKOXK OLIHIOBAHHS W KOHTPOJIO SIKOCTI.
Tak, 3rimHO 3 poGortamu, posrisiHyTuMu B [33], LI
MOXXYTh MOKPAIIMTH IUIAHYBaHHS OYAIBEIBHHX HMPOEK-
TiB, 3J1aTHICTh IIBUJIKO BUPILIYBaTH KOHKPETHI MOTPeOH
Ta mpobOieMu, Taki sk (akTopu BIOpamii, KOJMBAaHHS
TEMIIEpaTypHy, MPOTHO3YBaTH IOBEIIHKY y HECIO/iBa-
HUX TOJIH, ToroMaraTd MeHepKepaM Yy MpPUHHATTI pi-
IIEHb Ta KOHTPOJI Yy X0/i OYyIiBHUIITBA Ta €KCILTyaTamii
abo 3meHIMTH pusuku. B poboti [32] aBropu nocii-
JUKYIOTh 3aCTOCOBHICTb, CYMICHICTh Ta IHTEIPOBaHICTh
ajanToBaHoi Moeni KorHiTuBHOro LIJ] st ynpaBmisHs
JKUTTEBUM IUKIIOM OyxiBii. B iHIIii OB’ s3aHilA poOOTI
pOo3TIsAaeThCA JIiTepaTypa 3 YIPaBIiHASA OyIiBeTbHUMU
npoektamu depes npmmy L] [33]. ABTopu mporony-
I0Th TPHETAIHY CTPYKTYPY IJISL QHANII3y Ta KOHTPOIIO 32
po3sutkoM LI y OyniBensHOMY cexTopi. Y po6oTi [39]
OyJo 3ampormoHOBAaHO MOAeNb BUKOpUcTaHHS LIJ[ mis
KOHTPOJTIO TIPOIIECiB HA 00’ €KTI — CEHCOPH, Bi3yai3aris
HOEHYIOTBCA 13 MOJEIUIIO JJIsi aBTOMAaTHYHOI CHHXPO-
HizaIlii OyAiBeTbHUX POOIT Ta ITiIBUIICHHS Oe3IeKH.

ByniBenbHMIA CEKTOP CTUKAETHCS 3 THMH XK TpooIie-
MaMH, IO ¥ BUPOOHMIITBO Ta CEKTOPH PO3YMHHUX MICT.
Barato kxoHmemriii B3ATO 3 i€l 0OMACTI I BHPIMICHHS
npobrnieM OyaiBHHIITBA. Ajie OYyIIBHUIITBO YacTO HEPO3PH-
BHO H1e 13 TOCBiTOM MaiOyTHIX KOPUCTYBadiB, CTEHKXOI-
JiepiB, 110 TOTpeOye SIKICHUX IHCTPYMEHTIB KOHTPOIIO Ta
Bi3yaJtizartii, TO ) IIel CEeKTOp, JacTillle BUKOPUCTOBYE AR,
VR TexHonori1, pa3oM i3 pisHUMH CHUMYJISIISIMH JUTS TIOK-
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pUTTS 1MX NOTpeb. 3acTOCYBaHHS HOBHX TEXHOJIOTIH, Ta-
kux sk 1], Moxke i IBUIMTH Oe3MeKy, 3MEHILIMTHA BUTPa-
TH Ha Oy/iBHUITBO, OKPAIIUTH TUIAHYBAHHS 1 KOHTPOIIb,
BIIKPUBAIOYH HOBI MO>KJIMBOCTI JUTS OLTBII CKIIAQTHUX TIPO-
€KTiB, SIK I11e OUTBIII MOCTH, TaMOH Ta TYHEII1.

3.8. 3aniznuunuii mpancnopm. 3i 3pocTaHHSIM Ha-
CeJIeHHsI 30UTBIIYETHCS i TONMUT A0 CTIMKHUX pIllleHb Ta
€(peKTHBHOTO YMPABIIHHS TPAaHCIIOPTHHUMH CHCTEMaMH.
3aJTi3HULS BBAKAETHCS EKOJIOTIYHO YUCTUM («3EICHUM)
BHUJIOM TPAHCIIOPTY MOPIBHSHO 3 IHIIMMH, SK aBTOMOOLII,
JiTaky, KopaOii Tomio. I3 aKTHBHUM NPOCYBaHHSIM KOH-
nernii 30amaHcoBaHocTi (sustainability), miaBuITyeThCs i
TIONHT JI0 EKOJIOTIYHO YMCTHX IepeBe3eHb. sl KOHTpo-
JII0 BUOPOCIB, IMiABUIIEHHS €(EKTUBHOCTI ITOTOKIB Iaca-
XKHPIB Ta TPaHCIOPTY, IPOTHO3yBaHHs 300iB Ta KOHTPO-
JII0 pecypciB i oONaJHAHHSA, HEOOXIMHO MiJABUIIUTH Pi-
BeHb IU(POBI3AIlii CUCTEMH Y IIJIOMY, a TAKOXK 3aIpOBa-
JDKYBaTH CydacHi TexHouorii sik LI/

Sk 1y 6arateox cexropax L/] y 3anizunyniit chepi
MOJKe OyTH 3aCTOCOBAHUI Ha Pi3HUX €Tanax >KUTTEBOTO
UKy (MPOEKTYBaHHs, peatizallis, eKCIuTyaTalis).

Ha erami mpoekTyBaHHSI aKTyaJlbHI BXKE€ pO3IJIsi-
HYTI CXO0XI MiXOIH — I CTBOPESHHS MOJICII, TECTyBaHHS;
Ta BaJiJauis AESKUX acMeKTiB Iue A0 MOYaTKy BUPOOHH-
nrea. Hanmpuknan, incrpymentu Bentley OpenRail Bin
Siemens [O3BONAIOTH IPOEKTYBaTH 3aNli3HOJOPOXKHI
NPOEKTH BUKJIIOUHO Y IIU(poBOMY (OpMaTi, CTBOPIOFOUH
He Tinbku 3D ta CAD moneni, a i Mozeni (i3MYHUX ak-
TUBIB Ul MOHITOPUHTY, Ta TepeBipku rimore3. AOO
DigitalTrains incrpyment Bix DVRS, 1o no3Bosisie ctBo-
PIOBAaTH MOJIENIi 3alli3HOI0POKHBOTO TMOJIOTHA 13 Tiepecy-
BHHMM COCTABOM, MOJEJIOBATH IOBEAIHKY Ha IOBOPOTAX
a00 1py BUKOPHUCTAHHI YIIOPIB Il 3yITMHKH TPAHCIIOPTY.

Eran peamizamii npoexkTta TICHO TOB’sI3aHUH 13
MONEPEHIM, Ta MOXE 4acTO BHKOPHCTOBYBATH €IUHY
cucremy. Tak, Hanpukiaz, y po6oti [40] npornoHyeTsest
BukopucroByBaty migxomu BIM (Building Information
Modeling) cucrem y noeanansi i3 1] 715t 9iTKOTO KOH-
Tpoutto, Bepudikaiii Ta onThUMizalii mpoieciB Ha OyaiB-
HULTBI 00’ekty. Kpim Toro, Take cepemoBHIle MOKpa-
LIy€ MOMIIUBOCTI JUIsi CIIBOpAlll MiX KOMaHIaMH Ta
BiJUIIJIaMH Yepe3 €IMHE BipTyaJlbHE CepeIOBUIIIE.

Tenep po3risSHEMO OCHOBHI HampsIMKH y eTami
excryaramii [41]:

— TexHiYHe OOCIyroByBaHHS, MOHITOPUHT Ta 0Oe3-
IeKa — MPOTHO3HE 0OCIYTOBYBAaHHS Ta MOHITOPHHT TOi3-
B, 3QJTI3HUYHOTO ITOJIOTHA, 00IaJHAHHS, BY3JiB Ta iH.;

- TIIaHyBaHHA Tpadiky — YMpPaBIiHHS TOTOKaAMU
TPAHCIIOPTY Ta MEePeCyBaHHs MAaCaKUPiB/BaHTAKIB,

— YOpaBIiHHSA Ta MOJITHKA — YTPaBIiHHS (i3nd-
HUMHU aKkTHBaMH (pyxomuil ckiaja Ta iHdpacTpykrypa),
3araibHi O613HEC MPOIIECH Ha CTaHIIIT,

— 00CIyroByBaHHS MacaKHpiB — aHAJI3 IMOBEIiH-
KH TTacaXUPiB TSI MOKPAIICHHS TOCBIAY KOPUCTYBada y
Iepio] OYiKyBaHHS Ta TOCAJAKH, JOJATKOBOI iH(popMma-
THBHOCTI Ta HaBITarl 1o CTaHIii.

OO nas Oe3nmekH 3ai3HUYHOTO TPAHCHOPTY.
KoxeH acniekTiB BaXKIIMBHHI, B TOU ke dac y poOoTi [40]
IICISI aHaJi3y DKepeNT 3a HAIpsSMKOM BKa3aHO, ImI0 Oi-
JBIICTh HAYKOBUX POOIT BHKOHAHO CaMe Y acIeKTi
0e3IeKn Ta MIATPUMKH POOOTH 3aJi3HOMOPOXKHIX IUIA-
XiB, Baro”iB Ta oOnamHaHHA. Tpu OCHOBHI (axkTopu

CHpUSIOTh BUHUKHEHHIO Ie(EeKTiB Ha HaHOINbII Bpas-
JIMBUX KOMITOHEHTAX SIK 3aJIi3HWYHI KOMIOHEHTH, CTpi-
JIOYHI TTEpPeBOM Ta TPOBIJHI PEHKH 3aJI3HUYHUX KOJIH
1 3aJTi3HUYHOTO COCTABY:

— HECTOMiBaHi CHUTYyaIlii, 0 BUHUKAIOTH ITiJ[ 9ac
eKCIUTyaTarii Ta 00CITyroByBaHHS;

—  BIUIMB HaBKOJIMIIHBOTO CEPEIOBHIIIA;

— CTHpaHHS Ta €po3is, L0 CHPUYUHSIE ITOIIKO-
JOKCHHSL.

Came TOMy OUTBIICTH poOIT chokycoBaHa ab0 HA
ctBopeHHIO [[J] utst 3a1i3HOJOPOXKHIX BY3JiB, 1100 BU-
KOHYBAaTH TIPOTHO3HE Iiepen0aueHHss Ta MOHITOPHHT,
a00 cx0i Aii TUTBKU 10 KPUTHYHUX KOMIIOHEHTIB Iepe-
CYBHOTO COCTaBY SIK KOJIeca, TPaHCMICisl Ta 34ilHi NpH-
ctpoi. Tak y pobori [42] Oyi0 mpoaHati30BaHO Ta CTBO-
pero LI/l ans 3amisHUYHMX CTPLIOK, IO 30Mpae naHi
PO HABKOJIMIIIHE CEPEJIOBUINE, TeMIeparypy, BiOpartii
Ta CTaH CaMOT0 KOMITOHEeHTa. Bce 11e BUKOPHUCTOBYETHCS
y MoJeni Juisi MPOrHO3HOro OOCIYroBYBaHHSI Ta MOHi-
TOPUHTY KPHUTHYHOTO By3Ja. I[HmmMu npukiagoMm [43]
Moke OyTH cxoska peamizaris [IJ] mis komic cocTaBy,
10 TIPOTHO3YE BIIMOBH, a00 MonepepKae y pasi 3Hai-
JCHUX aHOMaliil y JaHHX.

4. BucHOBKH 32 OTJISI/I0OM HanpsAMKiB

IIJT Bce 1ie € TOCHTHh HOBOIO KOHIIEMINEO, sIKa aK-
TUBHO PO3BUBAETHCS, aJIe ICHY€E IMPOKUN CHEKTpP yCIIi-
IIHUX BIPOBaJPKEHHS Ta NpuKiazis, ae L1J] Bxe Bripo-
Ba/DKEHO Ta M0Yajo MPUHOCHUTH IEePEeBaru 3 TOUKU 30py
0e3MneKu, 3HWKEHHS BUTPAT, IIPOTHO30BaHOTO 00CIyro-
BYBaHHS Ta OLIIHKK KOHIICIIIIIT.

BiamoBisiHO 10 3p00JeHOr0 Orjsigy Ta aHalizy
MOKHa 3pOOHMTH BHCHOBOK, IO HMPOBITHHMH Taly3siMH
MIPOMUCIIOBOCTI 3 TOUKH 30pYy JIOCII/DKEHHS Ta BIIPOBA-
JokeHHst LIJ] e: BUpOOHUIITBO, PO3YMHE MiCTO, OXOpOHA
3JI0pOB’sl, a€POKOCMIYHA Ta aBTOMOOIJIBbHA MPOMHCIIO-
Bicth. OnHak [IJI Bce akTWBHIilIE 3aCTOCOBYIOTHCS B
OCBITI, OYJIBHUIITBI, 3aJIi3HUYHOMY TpPAHCIOPTI Ta iH-
mmx cepax. Y Tadn. 3 mijcyMoBaHO OCHOBHI XapakTe-
PHCTUKH Ta MPOOJIeMH AT KOKHOTO PO3IIIAHYTHX IO-
MeHiB. barato xouuentiii i mpoonem LJ] e 3aranbaumu
Juist raiyseid. Lle Tomy, 1o icHye GaraTto mpooieM, siki
OPTOTOHANBHI JI0 JIOMEHIB 1 MOXYTb OyTH 3aCTOCOBaHi
0 Oyap-skoi ramy3i. Hanpukian, L[J] sk iHCTpyMeHT
JUIsl HaBYaHHS. MO’KHA BUKOPHCTOBYBATH IJISI IiTOTOB-
KA aBTOMOOUTRHUX IHXXEHEpiB a0 mo0 JOMOMOITH H0-
CJIITHUKaM BHBYHUTH Ta Bi3yali3yBaTH JEsKi IPOLECH.

[HIIMM acmiekToM, SIKHI BUAUISETHCS B KOXKHIHM ra-
my3i TexHikd, € 3actocyBaHHS LI/l Ha pi3HHX pIBHSIX
IPOTATOM JKUTTEBOTO LHUKIY PO3POOIECHHS IMPOILYKTY.
Sk mix yac CTBOpPEHHS MEOMYHOTO MIPUCTPOIO, TaK 1 Mij
yac OyIiBHUIITBA HOBOI OYAiBIIi MOYaTKOBUI MPOTOTUII
MOKe OyTH TPOTECTOBAHWA, IIPUIYIIEHHS ITiITBepKE-
HE Y BIpTYaJbHOMY CEPEIOBHIII, IEepe] MOYaTKOM BH-
pobumdoro mpomecy. | aBuryHu JiTaka, i BUpOOHM4YA
MallliHa BHMAararmTh TEXHIYHOTO OOCIYTOBYBAaHHS, SIKE
MOJKHa ONTHUMI3yBaTh 3a pomomoror IIJ] i meromis
MPOTHO3HOTO TEXHIYHOTO 0OCITyTOBYBaHHSI.

IlepeBaru. OcHoBHi mepesaru L1/ maiixe omna-
KOBI BiI JOMEHY 110 JOMEHY, Pi3HHMIIS JIUIIC B TOMY, 5K
HOro 3acTOCOBYIOTH A0 MPOOJIEMH LIILOBOTO JOMEHY.
Jlo ocHOBHI IepeBar Mo)KHa BUHECTH:
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Tabauys 3 — OcobauBoOCTi Ta NMpodieMn po3riassHyTHx ramyseii LI /]

Buxkiaukn

O6poOka BeNMMKMX [aHWX; Oe3leKa [JaHuX;
6e3nexa LJI; ckmagHicTs cuctemMu ays GaraTo-
npodinbHUX 1 GaraTocTymiHYacTHX BHPOOHH-
YHX TPOILECIB; BHCOKA BapTiCTh BIIPOBAKCH-
Hsl i pO3pOOIICHHS CUCTEMU

OO0poOiieHHs1 Ta Oe3neKa BEIUKHX JaHuX; 0e3-
MeKa aBTOMOOLIS y pa3i MepexOIUIeHHsT KOHT-
pomro Haj I[JI; xoMmyHikamiss — aBTOMOOLIH
Moxe OyTH opduraiin

Ernuni mranss go 11 mroneit; koH}ineHIi-
HICTh MEJIMYHHX JIAHHX 1 CKJIAJIHICTH 0OpOOICHHS
yepe3 [0 KOH(DIEHIiIHICTD; BaXKKO 3MOZIEIIOBa-
TH 200 3pO3yMITH JIesiKi Gi0JIOTIYHI IporiecH

Hwuspka nporyckHa 31aTHICTB 1 BUCOKA 3aTpHMKa
st 1J1 Ha 3emuti Just 3B°SI3KY 3 JTITAaKOM; BHCOKI
BUMOTH JIO OE3MEKH — KPUTHIHA CUCTEMA

Po3ymHe MicTo — reTeporeHHa cucrema 3 Be-
JUKOI0 KUTBKICTIO IHTerpamii; BeIHde3Huil
00cCsT NaHWX Ta 1X CKIaTHICTh, KOH(DIICHIIIH-
HICTBb IpOMaJsTH

TIpo6nemu 3 MOMHUIKOBUM JIOCBIZIOM HaBYaHHS
(nerouna monens), LJI mis HaBuaHHS pydHOL
JUSUTBHOCTI Ta pOOOTH B KOMaHTi

CkutaHi miporiecH B OyaiBenbHiH ramysi. Bumorn
10 Gesrekn Ta poOOTH Y peabHOMY 4Yaci TPOTH
TOYHOCTI — BaXKO OOpOOISITH BHCOKOTOYHI MO-
JIeJTi OyIiBelTb Y PeKUMI PEaTbHOTO Yacy

Benuka KinbKicTh Ta IIUIBHICT KPUTHYHHX
KOMITOHEHTIB, IO TOBHHHI OyTH HU(pPOBi30-
BaHi 1711 TOBHOT'O KOHTPOJIIO

Ne| Tany3s Oco6JuBOCTI
1 | Bupo6- [IporHo3He 0O0CIyroByBaHHS Ta MOHITOPHHT BHPOOHHYOI
HUILTBO JTIiHi{; MOJIETIOBAaHHS Ta MepeBipKa MPOIYKTY Hepel BUPOOHH-
LTBOM; MiATPUMKA omiepaTopiB depe3 11J] ob6nagnanns Ta qoc-
Bix AR/VR; I/] ik iHCTpyMEHT /UIsl iHKEHEPHOTO HaBYaHHS
2 | ABromo- |MopemoBary MOBEIHKY Ta CTaH aBTOMOOUIA y Pi3HHX CEpeio-
OinbpHa BHUIIAX Ta yMOBaX; MOHITOPUHT TIOTOYHOTO CTAHy aBTOMOOLUII Ta
TIPOTHO3HE OOCITyrOBYBAaHHS; HOKPAIIEHNH JIOCBIJ MPOIAXKIB i3
1/T ta AR/VR; inumBiayaibHi GyHKIT Ta BUIIpaBIeHHS
3 | Menu- 11 smrommay; 11J] opraHiB — BUIa TOYHICTH JIArHOCTHKH Ta MPO-
II1Ha THO3YBAaHHsI JIIKYBaHHS; HPOTHOCTHYHE BWSIBICHHS XBOpPOOH;
MoyieioBaHHs GioJorigaux mporeci; L/ st cucremu ynpas-
JIHHSL MEJIMYHIM [IEHTPOM i KOHTPOJIO 00JIaTHAHHS
4 | Aepo- MonenroBaHHs Miciii; aBiaMOJIETIOBAaHHS Ta TECTYBAHHS KOMIIOHE-
KOCMIiYHa | HTiB Ilepe]l BUPOOHHIITBOM; MOHITOPUHT CTaHY MOBITPSHOTO CY/IHA;
rajysb JIMHaMiYHe IPUAHSITTS pillleHb 33 OTOYHUM CTaHOM arapary
5 | Po3ymHi 3MaTHICTE JOCHTIPKYBaTH Ta MOJETIOBATH COIUAJBHY JIisIb-
MmicTa HICTBh I PI3HUX CHTYyamiil; MOJENb BIIKPUTOrO MicTa SIK
IHCTpYMEHT JeMOKpaTii Ta YIpaBIiHHI, MICTOOYIyBaHHS Ta
MOJICJTIOBaHHsI aBapiii/katactpod
6 |Ocsita [NokpamieHa DOCTYNHICTB; KOXXEH YYeHb MOXKE MaTH CBOIO
MOJIETIb; 3/IaTHICTh 3MOJEIIOBATH CHUTYAIil, sIKI BAXKKO 3HAUTH
B peaJIbHOCTI; Oe3meka JIF e Ta 00J1aHaHHS
7 | Bynis- MopentoBaHHs KOHCTPYKIi Tepe]; BUPOOHHUIITBOM; MOHITO-
HULTBO PHMHT Ha KOJKHOMY eTari Oy/liBHULTBA; PO3LIMPEHA TOUHICTD i
HOBI MOJIEJTi CUCTEM YIpaBJIiHHS Oy IiBIICIO
8 |3amiz- [IporHo3He oGcyroByBaHHS Ta Oe3neKa TPAHCIIOPTY i 3ai3-
HUYHUH HOJIOPOJKHIX BY3JiB ab0 mosnotHa. MozenroBaHHs Tpadiky Ta
TPAHCIOPT | TOBEJIHKY JIIOICH Ha CTaHMLil JUII CKOPOYEHHS NpPOCTOI0 Ta
MTOKPAIICHHS JOCBIly OYiKYBaHHs MacaXHpiB

— IIBUJAKE CTBOPEHHS IIPOTOTHIIIB, a TaKOXK pe-
JU3aliH OIPOLYKTY;

— I[POTHO3yBaHHS NpoOIeM / MIaHyBaHHS CHCTe-
MH — IPOTHO3HE 00CITyTrOBYBaHHS;

- Oesmeka Ta 3MEHILICHHS PU3WKIB — JOMOMOTra
nepeadaunTy aBapii abo MPOCTOI CUCTEMH;

—  MIiJBHIILYE TPOJYKTHBHICTD 1 3HHKYE BUTPATH;

—  JIOCTYHHICTh — (DI3UYHMIA TPUCTPIK MOKHA KO-
HTPOJIIOBATH Ta BUKOPUCTOBYBAaTH BiIIaJieHO abo y
BIpTyaJIbHOMY CEpPE/IOBHIIII;

— 3MEHIICHHS BiIXOMIB — MOXKE JOIOMOITH YHHU-
KHYTH BHPOOHUIITBA HENOTPIOHUX MPOAYKTIB, YHUK-
HEHHsI Ha/]MIPHOTO BUKOPUCTAHHSI PECYPCIB;

— HaBYaHHA — CTa€ OUTBII JAOCTYHMHHM, MOXKIH-
BHM, IPUBAOIIMBUM Ta O€3MEUHIM.

Buxauku. IIpobremMu B OCHOBHOMY MOB's3aHi 3i
ckimagHicTioO cucteM LI/, TowHicTIO Mozeni Ta Oe3me-
korw. IIpuunnoro nporo € e, mo cucremu LIJ[ rerepo-
TeHHi, MyJIbTHIUCUUIUTIHAPHI Ta BKIIOYAIOTh IIMPOKHII
CIIEKTP CKJIAHUX TEXHOJOTiH. Y I[bOMY BHIIAJKy IIPO-
OyeMH KOXKHOI TEXHOJIOTIi akTyanbHi Takox mmst LT Ix
MOXHA MIICYMYBATH TAKUM YHHOM:

— CKJATHICTh — HEOJHOPIMHI MYIBTHIUCIIUTLII-
HapHI CHCTEMH BKIIOYAIOTh 3aHAATO Oararo aeraiei,
SIKI BQYKKO 3PO3YMITH, a TaKOX BHMAararoTh BUCOKOKBA-
Ti(hiKOBAaHUX CIICIIATICTIB;

— BIACYTHICTH CTaHIAPTHU3AIil Ta IHCTPYMEHTIB —
LI Bce mie akTUBHO PO3BHBAIOTHCA, JOCI HEMA€E HITKO
BH3HAYEHMX NTPOTOKOJIB, CTAHAAPTIB, PPEeHMBOPKIB, sIKi
MOJKYTh JIOTIOMOT'TH TIOOYTyBaTH TaKi CUCTEMH, Ta IHO]

BU3HAuUeHUX TepMmiHiB. [Ipobiema monsrae B Tomy, IO
HaBITh JesKi Kimro4uoBi Texuomorii I/I, taki sk IoT, Bce
11Ie MaIOTh JIeSIKi IPOOJIeMH 31 CTaHIAPTH3ALIEL;

— BapTICTh — JJIs1 BUKOPHCTAHHS IOBHOTO MOTEH-
iary HeoOXiTHO CTBOPHUTH CKJIAQJHY CHUCTEMY 3 BellH-
KAMH MOJETSIMH, 3aJIyYUTH 3Ha4YHI OOYMCIIOBAIbHI Ta
nrosckKi pecypen. Skicts 1/ 3anexuTh BijJ SKOCTI Bip-
TyaJbHOTO MpPEJCTABICHHS, 1 YUM Olblie moOyA0BaHO
CUCTEM BUCOKOI TOYHOCTI, TUM OLIBIIY 1€ M€ BapTICTh.
[MignpremMcTBa MOBUHHI PO3YMITH, SIK I[€ MOXKE TIPHHEC-
T iM nepeBaru Ta 3pobuty iHBectuuii y LIJ] Ha movar-
Ky;

- gani — LIJ] micTaTh BeIMYe3HY KUIBKICTh Ja-
HUX, JaTYUKH HAa BHPOOHHIITBI, aBTOMOOLIBbHI KOMIIO-
HEHTH, Pi3HI poOOTH Ta MPUCTPOI, SKi MOCTIHHO HAACH-
JAIOTh JaHI y XMapy [0 BipTyaJdbHOTO NBIHHMKA IS
nmonanporo aHanizy. Ockineku /] € myapTrmmcun-
JMHAPHUMH 1 MOXYThH BKJIFOUATH PI3HI TEXHOJOTIi, Haj-
3BHYAIHO BAXUIMBO 10Ope OpraHi3yBaTé MOTOKH JaHUX,
CTPYKTYPH Ta OUYNCTUTH JaHi, 00 MaTH MOXKIUBICTH iX
eexTuBHO BUKOpUCTOBYBaTH. OO’ €JHAHHS NaHUX BBa-
JKAETHCS OJHIEI0 3 ToMmMpeHnX rpodmem 1/1;

— Oesmeka Ta KOH(IIEHIIHHICTP — OCKIJTBKH Be-
JMKa KITBKICTh JaHUX TEPEeNacThcs 3 PI3HUX JDKEpel,
BaYKIIMBO PO3pOOUTH Oe3MedHi 3’ €IHAHHS Ta MEXaHI3MH
aytreHTH(}iKamii. OcoOIMBO 1€ BaXKIMBO IIsI KOHQIACH-
HIHHUX JaHUX, TAKUX K JaTYNKA MEIUYHHUX IPHCTPOIB,
KOMIIOHEHTH KPUTHYHUX CHCTEM, IIEPCOHAIBHI [IaHi;

- Jla”Hl y peaJbHOMY 4aci IPOTH TOYHOCTI — UMM
touHima mMoaens /], TiMm edekTuBHIIIE BOHA TIPAIFOE.
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AJne Taki TOYHI MOAENI BKJIIOYAIOTH BEIMYE3HY KiJIb-
KIiCTh JIaHWX, SIKI Ba)KKO OOpOOJISITH y peanbHOMYy dYaci.
ToMy 4acTo JOBOJMTHCS OTyKaTH KOMIIPOMIC.

Tpeba nomatu no 3araabHUX MpoOIeEM Te, IO KO-
JKCH JIOMECH MOXKE MaTH JIesKi YHiKalbHI BUKIMKA. [Ipu-
KJIaJ1 ISl ISSIKMX JIOMEHIB OyJIO PO3TIISIHYTO BHIIE.

B Toit xe yac cywacHi gocmimpkenas 1J] namara-
FOTHCSL BHUPIIIUTH I1i 3aBAaHHS, TapaleiIbHO PO3IIHPIO-
I0YM 30HY iX 3acTOCyBaHHs. barato pilieHb aKTHBHO
00rOBOPIOIOTHCS B paMKaxX CyMDKHHUX HalpsMKiB, TAKHX
K xMapHi oOumcieHHs, [oT abo aHamiTHKa BEIHKHX
JaHUX. AJe He3BaXkalouW Ha I BUKIMKH, 11/ BBaxka-
€TBCSl OJHIEIO 3 MPOBIIHMX TEXHOJIOTIH Y KOCMIYHOMY,
BiIiCBKOBOMY Ta BUpOOHHUYOMY cekTopax. PuHok II/] Ta
HAYKOBHH 1HTEpEC IO TEMH IOCTIHHO 3pocTae. B Toii xe
yac ouikyerbes, mo /] OynyTh akTHBHO iHTErpoBaHi B
HAIlle XXUTTS, HE TUIBKU B JOCIIJDKEHHSIX Ta BUPOOHUII-
TBi, ajie ¥ y 3BUYAHOMY JKMTTI: SIK TPOMajsiHH Ha BY-
JIIL, SIK TTAI€EHTH B MEANYHUX LIEHTPAX, K MaCaKUPH Y

TPAHCIIOPTI, 1 SIK KJIIEHTH B TOPIOBHX IIEHTpax abo OH-
naiiH-MarasuHax.

5. Mopanpuii HANPSAMKH POGOTH

B mopmanpmioMy TUIaHYETBCS PO3BHBATH TEMY
«Metonu Ta TexHOJIOTII po3poOsieHHsT M (POBUX JBiH-
HUKIB Ul TapaHTO3/aTHUX CHCTEM IHIYCTpiaJIbHOTO
iHTepHETY pedei». Sk 3a3Havanocs pasime, BUPOOHHUII-
TBO € OJIHIEIO 3 MpPOBiMHMX ramy3ei s L], sika mae
BUCOKI BUMOTH 3 TOYKH 30py O€3MEeKH.

Jlo HamiiHUX CHCTEM Hale)aTh HaIiHHICTh, TOTO-
BHICTb, IIpale3aTHicTh, iHpopManiliHa Ta (yHKLioHa-
JbHA Oe3reKa, )KUBYUICTh. Taki TOKa3HUKHA MOYHA OITi-
HIOBaTW Ta IMOKpAIlyBaTH 3a JomoMororo miaxonis LIJ]
10 TIPOTHO3HOMY OOCITyTOBYBaHHIO Ta MOHITOPHHTY.

VY 3ragaHoMy HampsMKy pOOOTH MPONOHYETHCS
rrboko nociianTy, sk L] MoXyTh BIUIMHYTH Ha IiJTi-
CHICTB TIPOMHCIIOBOI CHCTEMH, MiABUIIMTY i Oe31eKy Ta
3aXHCT, @ TAKOXK MTPOYKTUBHICTb.
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Methods and technologies for the development of digital twins for guarantee-capable systems
of the industrial Internet of Things

V. Shchehlov, O. Morozova

Abstract. With the development of industries through industrial revolution 4.0, active digitization of aspects of life from
transport to commerce, the availability of technologies such as the Internet of Things (1oT), artificial intelligence and cloud com-
puting, there is a growing demand for Digital Twings (DT), that can improve safety and reduce costs by collecting data, their
analysis on models of real objects to make effective decisions in real time. The purpose of this article is to review the concept of
DT, analyze the key domains together with examples of their use, features, problems, limitations, and benefits, and formalize
common problems and limitations in DT. The paper reviewed the concept of DTs, which help in making decisions in real time to
increase the efficiency of work, as well as to mitigate or prevent unexpected events during the life cycle of a real object. There
are three main modeling approaches: fundamental modeling, data-driven modeling, and hybrid modeling. Another view of DT is
the use of hierarchy - duplicates of components, assets, systems and processes. DTs can represent simple sensors and pumps, or
DTs can be like systems and combine and model several production subsystems. The concept of DT can be applied to almost all
fields of activity, but this article examines the most common industries that can be considered the main ones or that have influ-
enced the development of Digital Twins. The analysis of key industries for the use of DT was carried out, the features and prob-
lems of application in each of the considered domains were determined. It was formulated what are the common challenges, ad-
vantages and features of digital twins.

Keywords: digital twins, digital twin industries, industry 4.0, 10T, predictive maintanence.
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3ACOBM NIAIBUINEHHA E@CEKTUBHOCTI PIIMHHUX MATEPIAJIIB
I EKPAHYBAHHSA EJIEKTPOMAT'HITHHUX ITOJIIB
HHAPOKOI'O YACTOTHOTI'O AIAITAZOHY

AnoTanisi. HopmariBHO-TIpaBOBI €BpOIEHCHKI Ta HAI[iOHAIBHI BUIMOTH (DOPMYIOTh HU3KY ITHTaHb, TIOB’SI3aHUX i3 OJJHOYaCHUM
3a0€3MEeUYCHHSIM €JIeKTPOMArHiTHOI Oe3MeKH JIFoel y BUpOOHHYHX 1 TOOYTOBHMX YMOBaX, a TAKOXK €IEKTPOMArHiTHOI CyMiCHOCTI
@JIEKTPHYHOT'O Ta eJIeKTPOHHOro o0iaHaHH. [IpoBeneHo NOCIiLKEeHHS 3 PO3pOONICHHS 1 BIPOBALKEHHS e(eKTHBHHX 3aXHCHHUX
MarepiaiiB BiJl BIUIMBY €IeKTPOMAarHiTHUX MOJIiB IIMPOKOT0O YaCTOTHOTO Jliara3oHy. 3ampornoHOBaHO METOOOT TYHIH ITiIXi T TSt
BHUTOTOBJICHHS PiIKUX KOMIIO3HLIIH /IS eKpaHyBaHHs eJIeKTPOMArHITHHX HOJMIB IPOMHUCIIOBOI YaCTOTH, Jy>Ke BUCOKHUX Ta yJIBTpa-
BHCOKHX 9acToT. J{Jist mpoBeeHHsT IOCi/DKEHb MaTPHIICIO SIK HOCIEM HAITOBHIOBada 0OpaHO BOAHO-IHCTIepCiiiHy (apOy. V sikocTi
HAIOBHIOBAYIB 3aCTOCOBYBAIIHCS KOHIIEHTPAT 3aJ1i3HOI pyH 3 riepeBaxHuM (110 75-80 %) BMICTOM MarHeTuTy Ta JIMBapHHIT JTyC-
KaThii rpadiT. BusHaYeHHs 3aXUCHUX BIACTHBOCTEH SKCIIEPUMEHTAIBHUX 3pa3KiB 3/1iHCHIOBAIIMCS Yepe3 BCTAHOBIICHHS 3AJICKHO-
CTi Koe(hili€HTIB eKpaHyBaHHS €K TPHIHOTO ITOJIS TIPOMHUCIIOBOI YaCTOTH, MAarHiTHOTO TIOJIS IIPOMHCIIOBOI YaCTOTH Ta €JIeKTPpOMa-
THITHOTO TIOJIS YJIETPABUCOKOT YaCTOTH BiJl BATOBOTO BMICTY HalloBHIOBa4a. BUMiproBaHHS HANPY»KEHOCTEH eNEKTPUYHOrO Ta Ma-
THITHOTO TIOJIsI BUKOHYBaiHMCsl KaniOpoBannM npunagoM [13-50. BumiproBaHHS IUTBHOCTI TOTOKY €HEprii eJIeKTpOMarHiTHOTO
TIOJIs YJIBTPABHCOKOT YaCTOTH 3/iHCHIOBaNCA KayiOpoBanuM npuiaziom I13-31. BumiproBaHHs koedillieHTiB eKpaHyBaHHS 3/iiic-
HIOBJIOCS 3 BUKOPHCTAHHIM 3aMKHEHHX €KPaHIB, YCePEAMHY SKHMX Kpi3b TEXHOJIOMYHH OTBIp BMIlllyBajacs BUMIPIOBAJIbHA aH-
TeHa. 3HAXOJUKEHHS MPUIHATHUX CHIBBIIHOIIEHb €NEKTPO(I3MIHNX Ta MATHITHUX BIACTUBOCTEH CKJIAJIOBUX KOMIIO3UTY 00yMOB-
JII0€ HEOOX1/IHICTB MOTIEPEHFOr0 PO3PAXYHKOBOTO OLIHIOBAHHS BJIACTUBOCTEH IS OTPHMAHHS MOTPIOHNX KOe(illieHTIB eKpaHy-
BaHHsL. HalOi1b1I PUIaTHUMM 1S YaCTHMHOK MarHEeTUTY Y 3a1i30py/IHOMY KOHLIEHTpATI € cliBBifHOMEHHs JIopeHTIa Ta criBBi -
HomreHHst MakcBemia-I"aprera. it rpadity nominsHo ckopuctatucs popmyitoro OneneBcbkoro. [TokasaHo, 1110 JaHi KOMIIO3HTH
Ha PiMHHII OCHOBI MalOTh PsJ IIepeBar 4epes iX BiTHOCHY MPOCTOTY BUTOTOBJICHHS Ta 3pY4YHICTh HAHECEHHS Ha [TOBEPXHI BEJIMKHX
TUTOII Ta CKJIAJHUX KOH(DIryparliii, a TakoX peryiboBaHiCTh KOS]IIli€HTIB MOMTMHAHHS Ta BIIOUTTS 32 paXyHOK (i3UKO-XiMiYHOTO
CKJIaJTy Ta TEXHOJIOTii BUTOTOBJICHHSI. 3aCTOCYBaHH KOMITO3HIIIHHIX PiIMHHUX MaTepialiB JO3BOJISE BUPILITYBaTH 3a1a4i 3a0e3-
TICUCHHSI €IEKTPOMArHITHOI OE3MEeKH, eIeKTPOMArHITHOT CyMICHOCTI 1 € IONUTBHUM 3 TEXHIYHHX Ta €KOHOMIYHHX MipKyBaHb.

Kaw4yoBi ciroBa: KOMIIO3UIINHI PiIMHHI MaTepiaiy, eKpaHyBaHHs, CIEKTPOMArHiTHI MOJIS.

Beryn

IMmeMeHTallisi BAMOT €BPOIEUCHKOI TUPEKTHUBH 3
eJlekTpoMarHiTHoi Oesneku [1] 10 HOPMATHBHO-TIPABO-
Bo1 0a3u YkpalHu MOpPOIDKY€E HU3KY MPoOJeM, MOB’si3a-
HUX 13 320€3MeUeHHSIM eJICKTPOMATHITHOI Oe3MeKH JIto-
Jel y BUpOOHMYMX Ta MOOYTOBUX yMOBaX. 3Ha4yHA Yac-
THHA BUMOT 3arajlbHOEBPONEHCHKUX CTAaHIAPTIB 1 caHiTa-
PHHUX HOPM KOPCTKIIlIa 33 HAI[IOHAIIBHI, TOMY HAI[lOHa-
JIbHI HOPMH 3ac00IB 1 3aX0J[iB 3aXKMCTY BiJl JIEKTpOMar-
HITHUX BIUTUBIB MOTpeOyIOTh meperiany. Kpim 3axucty
JIONeH aKTyaJbHOK 3aJauelo € OIHOYacHe 3aldesre-
YeHHS eJIEKTPOMATHITHOI CYMICHOCTI €JIeKTPUYHOTO Ta
€JIEKTPOHHOTO OO0NaJHaHHI. €BpPOMEHCHKI HOPMATHBH
070 ENEKTPOMArHITHOI CyMiCHOCTI, Hampukianm, [2]
BIKE€ IPUHHATI B YKpaiHi MeTonoM miaTBepmkeHHs. On-
HOYACHO MAIOTh BUPINIYBAaTHUCS 3a/1a4i MiJBUILEHHS eJIe-
KTPOMArHiTHOI O€3MeKH Ta eJIeKTPOMArHiTHOI CyMiCHO-
CTi, TOMy TTOTpeOy€e PO3pOOICHHS 1 BIPOBAHKEHHS KOM-
IJIEKC 3aXO[iB 31 3HMKCHHS PIBHIB €IEKTPOMATHITHHX
TIOJTIB Y IPUMIIIEHHX Ta OyAiBIsAX B HioMy. Baromoro
CKIIAIOBOO TAKOT'O KOMIUIEKCY € po3po0IeHHs e(PEeKTHB-
HUX MatepiajiB Il €KpaHyBaHHS CIEKTPOMATHITHHX
moxiB. TpanuiliiiHi MeTaneBi eKkpaHy0di KOHCTPYKIIi HE
BiJIMTOBIZIA}0TH BUMOTaM CHOTOJICHHS, TOMY TOJIOBHHUM X
HEJIOJTIKOM € BEJHKi KOe(DIIlieHTH BIIOUTTS eIeKTpoMar-
HITHUX XBWJb. Lle € HeOaxaHUM B yMOBaX BHCOKOI

IHTCHCHBHOCTI ~ €JIEKTPOMArHITHUX  BHIIPOMIHIOBaHb
Jy>K€ BUCOKHX Ta yJIbTPaBUCOKUX YaCTOT, TPAHUYHO JI0-
IyCTUMUIA piBeHb sAKkUX cTaHoBuTh 100 MxBT/cm?. Haii-
OB MPUIHATHUMHU € KOMIO3UIIIHHI 3aXHCHI MaTtepi-
anu, Juist SIKKX KoeillieHTH NOTJIMHAHHS Ta BIAOUTTS MO-
KYTh OyTH peryibOBaHMMH 32 PaxyHOK (i3uKo-Ximiu-
HOTO CKJIaJly Ta TEXHOJIOTIi BUTOTOBJIEHHS. [lepeBaxkHa
OUTBILIICTD ICHYFOUMX KOMITO3UTIB ITPU3HAYEHA ISl 3aXH-
CTY BiJI BILUTMBY €JI€KTPOMArHITHUX MOJIB OJJHOTO YaCTO-
THOTO Jiara3oHy abo MeBHOT YacTOTHOT cMyTH. B Toii ke
yac y CydacHHX OYHIBIISIX 1 CIIOpyAaX CIIOCTEPIraeThCs
i IBUIIECHUN eCKTPOMATHITHUH ()OH SIK €JIeKTPOMArHIT-
HUX I10J1iB HAIHU3bKUX 9acTOT (B OCHOBHOMY IIPOMHCIIO-
BO1 4aCTOTH Ta ii TApMOHIK 1 iHTEpPrapMOHiK), TaK i eJIeK-
TPOMATHITHUX IIOJIIB HAJBHUCOKAX Ta BHIIUX YacTOT.
OTxe, aKTyaJbHOIO 3aJa4ei0 € pO3POOJICHHS 1 BIIPOBa-
JOKeHHS e()eKTUBHHUX 3aXHCHUX MaTepialliB BiJ BIUIHBY
€JIEKTPOMATHITHHUX IIOJIiB MIMPOKOTO YaCTOTHOTO Jiaria-
30Hy. IlepeBaramm 3axMCHUX KOMITO3UTIB Ha PiIUHHIN
OCHOBI € BiTHOCHA IIPOCTOTA BUTOTOBJICHHS Ta 3pyYHICTh
HAHECEHHS Ha MOBEPXHI BEJMKHUX IUIOL] Ta CKJIATHUX
KoHirypartiif. ToMy migBUIIEHHS €(PEKTUBHOCTI PiAWH-
HUX MaTepiaiiB Ui eKpaHyBaHHS EIEKTPOMATHITHUX
TMOJIB MIMPOKOTO YaCTOTHOTO JIialta30Hy € TEePCIIEKTUB-
HUM HamlpsMOM 3a0€3TeUeHHs eJeKTPOMAarHiTHOI Oe3-
TIeKH, eNICKTPOMATrHITHOI CYMICHOCTI 1 € JOIUTBHUM 3 Te-
XHIYHHAX Ta €KOHOMIYHUX MipKYBaHb.
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Orasp JdiTepatypHux Jxepen. Ha cooronimmHii
JICHb MTUTaHHSIM PO3pOOJIEHHS KOMITO3UIIIHIX MaTtepia-
JIB JUISl eKpaHYBaHHS EIEKTPOMArHITHUX TOJIB IPHILISA-
€Thcsl Oarato yBard. Y po0oTi [3] moka3aHo pe3yinbTaTH
PO3pOOJICHHST 1 JOCTIDKEHHS 3aXHCHUX BIJIACTUBOCTEH
METAaJIOIOIIMEpHUX MaTepiajiB Ha OCHOBI (hepuTiB 3 10-
JABaHHSM JIpiOHOIMCIIEPCHOTO amoMiHito. Li maTepiamu
MAaIOTh JOCTAaTHIO 3arajibHy €()eKTUBHICTh Yepe3 3HauHi
KoeillieHTH BiAOUTTS, 3yMOBJICHI BEJIMKHM BMICTOM
anmoMiHif0. HaHOKOMITO3UTHI MaTepianyu MaloTh 3HaYHO
HWKY1 Koe(illieHTn BinOUTTA [4], ane BUKOpHCTaHHS Ha-
MTOBHIOBaYa HaHOPO3MIpIB, 3 JAOCTATHIMH KOHIIEHTpAIli-
SIMHU, 30UTBIIY€E BapTICTh KIHIIEBOTO MPOIYKTY 1 pOOUTH
HOro HEeNMpUAATHUM IS TOKPHUTTSI ITIOBEPXOHBb BEJMKUX
TUIOIL, TaKHUX SIK CTEJ, CTIHH TOWIO.

Marepianu 3 NpUHHATHOIO BapTICTIO y OLIBIIOCTI
MaloTh €(PEeKTHBHICTh B OJTHOMY YacCTOTHOMY Jliara3oHi,
B OCHOBHOMY — MiKpOXBHJILOBOMY [5]. 3aranbHUM HeJo-
JIiKOM OLTBIIOCTI METANIONONIMEPHUX KOMIIO3UIIIN € Be-
JIMKa TOBIIMHA 1 YKOPCTKICTh, IO 3HIKYE TEXHOJIOTid-
HICTB TX 3aCTOCYBaHHS JUIsl HOKPUTTSI KOHCTPYKIIH CKJIa-
JHHUX KOHQIrypalii i 00yMOBIIIOE BEINKY KiJIbKICTh BiJl-
XOJIiB.

Haii0iipin npuidHATHAMHE, 100 MPAKTHYHOTO 3a-
CTOCYBaHHS, € PiJIKI KOMITO3MIINHHI 3aXUCHI MaTepiaiu
[6, 7]. Ane y po6ori [6] 06rpyHTOBaHO 3aCTOCYBAHHS TT0-
psn i3 rpadiTom, rpadiTH30BaHOI Caxi, sIKa He 3BAKAI0UH
Ha BEJIMKY BapTiCTh, pOOMTH MaTepiall NPUAATHUM ISt
€KpaHyBaHHS €JIeKTPOMAarHiTHOTO TIOJIS JIOKAIbHUX JDKe-
pen. EdexrtuBHicTs MaTepialdy y MIMPOKOMY Iiana3oHi
YaCTOT JUTS Jy’KE€ BUCOKHUX 1 BHIIUX YacCTOT BimHOCHa [7],
OCKIJIbKH 3HaYHUI BHECOK Y €JIEKTPOMArHiTHy 00CTaHO-
BKY JIQIOTh €JICKTPUYHI T4 MArHiTHI MOJISl HAHU3bKHUX Ta
HU3BKHX YacTOT.

Y pobori [8] moka3zaHo, 1110 MaTepiajii Ha OCHOBI
MEBHUX CEpIMHUX J1ako(papOOBUX MaTepialiB MaroTh
MIPUAHSTHI aJire3ito i KOre3ito HaBiTh 32 3HAYHOT'O Baro-
Boro BMicTy (1o 40-50 %) meraneBoi cyOcTaHmii.

VY nocnimpkenHi [9] HaBeieHO pe3ynbTaTH BULPOOY-
BaHb MaTepialliB Ha OCHOBI MommMpeHux $hap0O 3 HAOBHIO-
BaveM i3 MarHeTUTy. 3a JOCTaTHhOI €)EeKTHMBHOCTI eKpa-
HYBaHHS MarHITHOI Ta €JIeKTPHYHOI CKJIAJIOBUX €JIEKTPO-
MAarHiTHOTO MOJIsS IPOMKCIIOBOI YaCTOTH Ta 1l TApMOHIK,
Koe(IlliEHTH eKpaHyBaHHsI €JIEKTPOMATHITHUX OB YJIb-
TPaBUCOKUX 4YacTOT HejocTatHi. Lle oOymMoBieHe nocriii-
HUM ITiABUIIEHHSM pOOOYHX YaCTOT yciX 3ac00iB O6e31po-
TOBOTO 3B’s13Ky. TOMY IOIITBHO PO3POOHTH 1 TOCHITTH
3axXHCHI BIACTUBOCTI PIAKUX €KPAaHYIOUHX CYMIIIEH 3 IIpHu-
WHSITHAMH KOe(iliEHTAMH E€KpaHyBaHHS B yCIX Jiana3o-
HaxX 4acTOT Ta KPUTHYHUX YACTOTHHX CMyTaXx.

Merto10 podoTH € pO3pPOOICHHSA KOHIIETITYyadbHUX
3aca] MiOBUINEHHA €(PEeKTHBHOCTI Ta PETyIbOBaHOCTI
BIIACTUBOCTEH KOMITO3WLIMHNAX PIAWHHUX MaTepiaiiB
JUI €KPaHYBaHHS E€JIEKTPOMATHITHHUX TIOJNIB MIMPOKOTO
YaCTOTHOTO Jliarma3oHy.

BukianeHHsi 0CHOBHOI0 MaTepiajy

Jis mpoBeieHHS AOCTIHKEHb MAaTPHUIICO SIK HOCIEM
HATIOBHIOBaYa 0OpPaHO BOIHO-AMCIIEpCiiiHy (apOy. Y mo-
niepeaHii podoTi [9] 3acTocyBaHHS OyI0 OTpUMaHO HAWTi-
pIIHi pe3yabTaT, anie Taki (hapou ayske MOIMHMpPEHi, 3pydHi
Yy BHUKOPHCTaHHI Ta MAalOTh HHM3bKY BapTiCTh. Y SIKOCTi

HAIlOBHIOBAYiB 3aCTOCOBYBAJIMCS KOHIIGHTPAT 3aJli3HOL
pym 3 tepeBaxkanM (110 75-80 %) BMiCTOM MarHeTuTy Ta
JIMBapHUH JIyCKaTHI TpadiT, SIKUH Y JOCTATHIX KITBKOCTSIX
BUPOOJISIETECS B YKpaiHi. BusHaueHHs 3aXMCHUX BIacTH-
BOCTCH MaTepiaiiB y Jiana30Hi HATHU3EKUX YacTOT 3iH-
CHIOBAJTHCS 32 EJIEKTPUYHOI Ta MarHiTHOI CKJIaIOBUX eJIe-
KTPOMArHiTHOTO ITOJIsl IPOMHUCIIOBOT yacToTH 50 I

BumiproBaHHsI BUKOHYBAIUCS KaiOpOBaHUM BHMi-
proBaueM HaIpy>KEHOCTEH eIeKTPUYHOTrO Ta MarHiTHOTO
nosist [13-50. OcHoBHA MOXMOKa BUMIpIOBaHb HE TIEPEBU-
myBana | a1b. BumiproBaHHsI IIITEHOCTI TIOTOKY €Heprii
€JIEKTPOMArHiTHOTO TIOJISl YIIbTPABUCOKOI YacTOTH 3AiH-
CHIOBaJIMCs Ha yacToTi 2,45 I'T'11 3 BUKOpUCTaHHSIM KaJli-
opoBanoro npmiany [13-31. MakcumansHa OCHOBHA TI0-
xu10Kka BUMipIOBaHb He niepeBuryBaia 2,7 1b.

BumiproBaHHsT KoeillieHTIB €KpaHyBaHHsI 3[iic-
HIOBAJIOCS 3 BUKOPUCTAHHIM 3aMKHEHUX €KpaHiB po3Mi-
pamu (0,2x0,2x0,2) M, ycepeaAnHy SKHX Kpi3b TEXHOIO-
TiYHHUA OTBIp BMilllyBaJslacs BUMipIOBaJbHA aHTeHa. ToB-
IIMHA 3aXUCHOTO Tmapy ckiagana 60—70 MxwM.

KoedirieHToM ekpaHyBaHHsS BBaXXa€ThCsS BiHO-
HICHHSI HaITpy>KeHOCTi 1moist (200 IUTEHOCTI ITOTOKY €He-
prii) mepen eKpaHOM JI0 HaIpy>KEHOCTI MOJIs Y 3axHuIIe-
Hii1 30HI.

By1o mocniioBHO BUMIPSIHO 3MiHY HaIpy>KeHOCTEH
€JIEKTPUYHOI, MarHITHOT CKJIQJIOBUX €JIEKTPOMATHITHOTO
TOJIsl TPOMHUCIIOBOT YaCTOTH Ta LIUIBHOCTI TIOTOKY €Hep-
il BHACIIOK 11 eKpaHyBaHHS.

Pe3ynbpTat €KpaHyBaHHS €JIEKTPUYHOI CKJIAJOBOI
€JIEKTPOMATHITHOTO IOJIsl IPOMKCIIOBOI YaCcTOTH BiJl Ba-
rOBOTO BMICTY HaIlOBHIOBa4a HaBEJEHO HA puC. 1.

Ke
5
4 <
3 %> S
2 O
1
0 p, %
0 20 40 60
< 3anizopyHui KOHIIEHTPAT 3 10laBaHHAM 5 %
Jyckaroro rpadity
DO 3anizopynHuii KOHIIEHTPAT

Puc. 1. 3anexHicts Koedilli€HTiB eKpaHyBaHHS
€NIEKTPUYHOrO MOJIs IPOMHUCIIOBOI yacToTH (Ke)
BiJl BArOBOr0 BMICTY HaroBHIOBaya (p, %)

AHayoriuei BUMIpIOBaHHS OyJIO MPOBENCHO IIOA0
MAarHITHOI CKJIaJJOBO1 €JIEKTPOMATHITHOTO OIS IIPOMHC-
JIOBOI 9acTOTH, PHC. 2.

Pe3ynbTaTit  eKpaHyBaHHS  €IEKTPOMArHITHOTO
noJist yactoToto 2,45 I'T'1y HaBeeHo Ha puc. 3.

Amnai3 pe3ynbTaTiB, IpeJICTaBICHUX Ha puc. 1-3,
CBIIYMTH, IO JOJAaBaHHS HABITh HEBEIMKOI KIIBKOCTI
JycKaToro rpadiTy 3HaAYHO ITiABHUIILY€ KOe(IiEHTH eKpa-
HYBaHHSI HU3bKOYACTOTHOTO E€JICKTPUYHOTO Ta BHCOKO-
YaCTOTHOTO €JIEKTPOMATHITHOTO TOJIiB.
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Ke
5

0 P, %
0 20 40 60
O 3aizopyaHUi KOHIIEHTPAT 3 JOAABAHHAM 5 % JIyCKATOrO
rpagity
O 3anizopynHuii KOHIEHTPAT

Puc. 2. 3anexHicTh Koe(illi€HTIB eKpaHyBaHHSI
MAarHiTHOTO HOJIst TPOMHCIOBOI YacTotH (Ke)
BiJI BaroBOro BMICTYy HaroBHIoBa4a (p, %)

Ke
6
5
4 a
3
2 (m]
1
0 p, %
0 20 40 60
¥ 3anizopyHuil KOHIIEHTpAT 3 I0IaBaHHIM 5 %
Jyckatoro rpadirty
D3anizopyauuii KOHIEHTpAT

Puc. 3. 3anexHicTh Koe(illi€HTIB eKpaHyBaHHSI
€JIEKTPOMATrHITHOTO 110151 yiibTpaBucokoi yactoru (Ke)
BiJl BArOBOr'0 BMICTY HarloBHIOBaya (p, %)

BoueBup, 1ie MOB’I3aHO 3 MIABUILEHHSIM MPOBiJI-
HOCTI Matepiany (MToOMa MPOBIHICTh JAaHOTO TpadiTy —
1,0-10% — 2,0-10 Cm/M), a OCHOBHOTO HANOBHIOBAYA —
MaraeTuTy — nopsaaky 10 Cm/m. Ipu iboMy BILIMB I'pa-
(biTy Ha HAaNPy>KEHOCTI MarHiTHOTO MOJIS MPAKTUYHO BiJl-
CYTHIN, OCKIJIBKHU IIeH mapamMeTp OOYMOBIICHHH BHKIO-
YHO MAarHiTHAMH BIIACTHBOCTSIMH KOMIIOHEHTIB Marepi-
aiy. B minomy oTpuMani pe3ybTaTH MOKHA MTOSICHUTH 3
TOYKH 30py (pyHAaMEHTAIBHUX MOJIOKEHB €JIEKTPOANHA-
MiKH CYHITFHUX CEPEIOBHUIIL

HeoOxiaHicTh moiyky Oanancy eneKTpodi3uvHux
Ta MarHiTHUX BJIACTHBOCTEH CKIaIOBUX KOMITO3UTY VIS
paiionaiizamii koe(illieHTIB eKpaHyBaHHs OB Haii-
OUTBIII KPUTHYHUX YAaCTOT Ta YACTOTHHUX CMYT OOyMOB-
T0€ HeOOX1THICTh MOMEPEIHBOTO PO3PAXYHKOBOTO OIIi-
HIOBaHHS BJIACTUBOCTEH I OTPUMAaHHS TOTPIOHUX KOe-
¢imieHTiB expaHyBaHHS. HalOuIbIn mpuAaTHAMHA UIS
IBOTO € CIiBBiIHOIICHHS JIopeHTa:

#:1+ Vm(,um _1)
1-v '
1+ (s 1)

Jie L — e()eKTHBHA MarHITHA TIPOHUKHICTh MAaTHITOTieIe-
KTPUKA, |[lm— MarHiTHa IPOHMUKHICTh HAIlOBHIOBAYa,

Vm — 00’ €MHHIT BMICT HaIlOBHIOBa4a y MaTepiali.

Ta cniBBimHOmeHHs MakcBeiuia-I apHeTa:

&—&y Em — &g

£+2&4 M em +2&4

€d, €m — JIENEKTPUYHI TPOHUKHOCTI MAaTPUIll Ta HAIIOB-
HIOBa4a, Um — 00’ €MHA 101 HAIIOBHIOBAua y Ji€JIeKTpU-
YHI MaTpuIli. AJe y IUX CIiBBiJHOIICHHSAX YaCTUHKH Ha-
MIOBHIOBaYa BBaXKalOThCS YMOBHO CPEPUIHUMH.

SIKIIO 11t YaCTMHOK MAarHeTUTY Y 3alli30pyJHOMY
KOHLIEHTpATI chepruHe HAOIVKEHHS TPUHHSTHE, TO IS
rpadiTy BUHUKAIOTh TPYAHOLIL Yepe3 BUAOBXKEHY Gopmy
OKPEMHX YaCTHHOK. Y I[bOMY BHIIQ/IKy JIOIIBHO CKOPH-
ctatucs popmynoro OneneBcbKOro:

Um (Em — €4)
(1-vm/vx)-F-(em—&q)+4
JI€ €d, Em — JICJICKTPUYHI POHUKHOCTI MATPHIIi Ta HATIO-
BHIOBaua, Um — 00’ EMHHMIA BMICT HalTOBHIOBAaYa, Vk — KPHU-
THYHUAN 00’ €MHHI BMICT HAIIOBHIOBAYa, 3a SIKOTO €Kpa-

HYI0Yl YaCTHHKH KOHTAaKTYIOTh Mik co0oto, F—koediri-
€HT JCTIONIIPH3ALIii:

F=In(2|/d)/(|/d)2’

ne |, d — cepeani M0BKHHA YaCTHHKH Ta {iaMETP.

e=¢&q |1+

[3F(-F)]’°

[4FM+(1+ F)/\/|/T:|]°’6 '

3acToCyBaHHSI TaKUX PO3PaXyHKIB CBIIYUTH, IO
BOHH JIAIOTh NPUIHATHI OPIEHTUPH LIO/I0 CKJIALy KOMIIO-
3ULIAHUX MaTepiajiB Ui OTPUMAHHS TOTPIOHKUX KiHIIe-
BUX NIapaMeTpiB.

Hageneni ekcriepuMeHTaNIbHI TaHi MI0/I0 Koedilie-
HTIB €KpaHyBaHHs 3HAYHO HIK4Yi TOPIBHSHO 3 Po3po0-
Kamu [6, 7], Ae oTpuMaHi Koe(illieHTH eKpaHyBaHHS JI0
20 b i Bume (Ke — 100). Ane mocBifn iHCTpyMEHTAIb-
HOT'O MOHITOPHHTY €JIEKTPOMArHiTHOI 0OCTaHOBKH CBiJI-
YHTh, IO MEPEBUILECHHS IPAaHUYHO JOMYCTUMHUX PiBHIB
MPaKTHYHO HIKOJIKM He OyBae OumpMM 3a 2-3 pasu.
Tobto, 3a0e3neueHHs Koe]illieHTIB eKpaHyBaHHS Ha pi-
BHi 10—12 BpaxoBye HaBiTh BuMoru npuHimmy ALARA
(As Low As Reasonably Achievable), To0TO 3HIKEHHS
PiBHIB MOMIB JO PO3YMHO NOCSDKHHMX. B TOit e dyac BH-
KOPHCTaHI MaTepiaiy Ha MOPSAAOK JEIIeBI 32 aHAJIOTH,
a KiHIIeBUIA MIPOAYKT Ma€ MPHUAHATHI BIACTHBOCTI.

OnucaHuii miaxin, BAMPOOYBaHWA HAa MOAEITBHUX
MaTepianiax, Moke OyTH BHKOPHUCTaHUH I PO3po0-
JICHHSI IPOMICIIOBHUX TEXHOJIOTiH BUPOOICHHS PiAKHX 3a-
XUCHHX MaTepiajiB s eKpaHyBaHHS €JIEKTPOMATHITHIX
TMOJIB IIMPOKOTO YaCTOTHOTO Hialla30HY Y BUPOOHUINX
Ta TOOYTOBHX YMOBax.

v, =

BucHoBku

1. 3ampomoHOBaHO METONOJOTIYHUH MiIXiT JUISA
BUTOTOBJICHHS PIJKUX KOMITO3MIIH ISl €KpaHyBaHHS
€JIEKTPOMArHiTHUX TIOJIIB IIMPOKOTO YAaCTOTHOTO Jiiara-
30Hy. BiH monsirae y nomaBaHHI O METalONoNiMEpy 3
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MAarHiTHUM HallOBHIOBa4YeM (MarHeTHTY) JIyCKaToro rpa-
¢biTy Yy MaJnx KOHIEHTpALisIX.

2. JlomaBaHHS IO CyMiIlli JTyckaToro rpadity 3 Baro-
BUM BMICTOM 3aJ1i30pytHOTO KOHIeHTparty 15-60 % y Kinb-
KocTi 5 % miiBHIIy€e KOS(ILiEHTH eKpaHyBaHHS eJIEKTPHY-
HOTO I0JIs1 IpOoMHUCIIoBOi yactotd Ha 0,5— 1,0, a enekrpoma-
THITHOTO T10J1s yABTpaBUcoKoi yactot Ha 1,0-2,0.

3. Hyia mporHO3YBaHHS CKJIATy KOMITO3HINIHHUX
PILAMHHMX MaTepiaiB i OTpUMaHHs MOTPIOHNX Koedilie-
HTIB €KpaHyBaHHS JOLIJIBLHO 3aCTOCOBYBATH CITiBBiJJHO-

nieHHs: Jlopentna, Makcsemna-I'apaera ta OneneBchb-
koro. O00B’A3KOBHM € 00paxyBaHHS KOe(illi€HTIB Jemno-
Jsipu3anii YaCTHHOK HAllOBHIOBada, IO ITi/IBHILYE TOY-
HICTP KiHIIEBUX JTaHUX.

4. OtpumaHi pe3ynbTaTH MOTPEeOYIOTh ITOAATb-
IIOT0 YTOYHEHHS 3 METOI0 PO3POOJIEHHS POMHUCIOBUX
TEXHOJIOTIH BUPOOJICHHS PiJIKMX 3aXHUCHAX KOMITO3HIIIH 3
MaTepiaiiB HU3bKOi BapTOCTi 1 KIHIIEBOTO IPOAYKTY,
MPU3HAYEHOTO JUIsi HAaHECEHHS Ha IOBEPXHI BEJIHMKUX
TUIOII Ta CKJIAQJHUX KOH]Iryparrii.
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Means of increasing the efficiency of liquid materials
for shielding electromagnetic fields of a wide frequency range

N. Burdeina, Y. Biruk

Abstract. Regulatory and legal European and national requirements form a number of issues related to the simultaneous
provision of electromagnetic safety of people in industrial and domestic conditions, as well as electromagnetic compatibility of
electrical and electronic equipment. A study was conducted on the development and implementation of effective protective mate-
rials against the influence of electromagnetic fields of a wide frequency range. A methodological approach is proposed for the
production of liquid compositions for shielding electromagnetic fields of industrial frequency, very high and ultrahigh frequencies.
A water-dispersion paint was chosen for conducting research with a matrix as a filler carrier. Iron ore concentrate with a predomi-
nant (up to 75-80%) content of magnetite and foundry flake graphite were used as fillers. Determination of the protective properties
of the experimental samples was carried out by establishing the dependence of the shielding coefficients of the industrial frequency
electric field, industrial frequency magnetic field and ultra-high frequency electromagnetic field on the weight content of the filler.
Measurements of electric and magnetic field strengths were performed with a calibrated PZ-50 device. The energy flow density of the
ultra-high frequency electromagnetic field was measured using a calibrated PZ-31 device. Measurement of shielding coefficients was
carried out using closed screens, inside which a measuring antenna was placed through a technological hole. Finding acceptable ratios
of electrophysical and magnetic properties of the components of the composite determines the need for a preliminary calculated as-
sessment of the properties to obtain the required shielding coefficients. The most suitable for magnetite particles in iron ore concentrate
are Lorentz and Maxwell-Garnett relations. For graphite, it is advisable to use Odelevsky's formula. It is shown that these liquid-based
composites have a number of advantages due to their relative ease of manufacture and convenience of application on the surface of
large areas and complex configurations, as well as the adjustability of absorption and reflection coefficients due to the physicochemical
composition and manufacturing technologies. The use of composite liquid materials allows solving the problems of ensuring elec-
tromagnetic safety, electromagnetic compatibility and is expedient for technical and economic reasons.

Keywords: composite liquid materials, shielding, electromagnetic fields.
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! KuiBchkuit HanlioHanpHuit yHiBepcuTeT OyIiBHUNTBA i apXiTekTypH, Kuip, Yxpaina
? HamionanbHuii TexHiunmii yuiBepcurer Ykpainu "KIII imeni Irops Cikopcskoro" Kuis, Ykpaina

METOJOJIOI'TSA BUBHAYEHHS PIBHSA 3AXUCTY ITPAHIOIOYUX
B YMOBAX ITO3APETI'JTIAMEHTHUX TEMIIEPATYPHUX BIIJIMBIB

AHoTamisi. 3axXuCT NMPaIIOIOYNX B YMOBAaX I103apeTIaMEHTHHUX (EKCTPEMalIbHUX) TEMITepaTyp (HU3BKHUX Ta BHCOKHX) BH-
Marae HassBHOCTI e()eKTUBHUX 3aXHCHUX MaTepialiiB Ta oJary 3 HUX. J{yis parioHanizanii TepMO3axuCTy JOIIbHE TOTIEPEIHE
OLIHIOBAHHS HOT0 €()EeKTUBHOCTI 33 THX UM IHIIMX YMOB, III0 MOKJIMBO 3IiHCHUTH PO3PaxyHKOBHMH MeToaMH. st koo
BHKOpHCTaHe 0a30Be PIBHAHHS TEIUIONPOBIIHOCTI y OJHOMIPHOMY BHTIISLII. 32 HasBHOCTI JAHUX IIPO TOBIIWHHM, IINTOMI Te-
TUTOEMHOCTI, TYCTHHH Ta KOe(]illi€HTH TEIIONPOBITHOCTI Oi0IOrYHNX TKaHHH (IIKipH, KICTKH) MOXKIIMBE pO3paxyBaHHS I10-
TpiOHOT e(PeKTUBHOCTI Ta MapaMeTpiB MaTepially 3axXicHOro mapy. /s boro HalaHO METOJT PO3PaxXyHKy KOe(ilieHTIB Te-
MIEpaTypoIpOBIJHOCTI KOXKHOTO 3 MIapiB, Kpi3b SKi BiOyBaeThCs TeruIonepeHeceH s [y 4rucioBoro po3B's3aHHs Mo/Ie-
JIIOI0YOTO PIBHSHHS BUKOPHCTAHO SIBHY pi3HUIEBY cxeMy. OTpHMaHi 3aJIe)XHOCTI HaJal0Th 3HAYCHHS KOe(illi€HTiB TeMIe-
PaTypoIpoBiTHOCTI Ha MeXKax MIapiB 3 PI3SHUMH TEIUIO(PI3MIHUMH MapameTpaMi. KidbKicTh BY3IIiB 32 00paHOIO BicCIO Ta
KPOK CITKH OOHMPA€EThCs Y KOKHOMY KOHKPETHOMY BHIIA Ky, BUXOSTYHM 3 HOTPiOHOI TOYHOCTI po3paxyHKy. BpaxoByroun mMo-
JKITMBI PO3OIKHOCT] y 3HAaUEHHSAX CTAJIHMX Ta KOe(illi€HTIB, a TAKOK HEOJHO3HAYHICTh 30BHIIIHIX aTMOC(EPHUX BIUIUBIB Y

PO3paxyHKH HEoOXiJHO 3aKJIaIaTH MTEBHHH 3anac e()eKTHUBHOCTI 3aXHUCTY.

KawuoBi ciroBa: teMnepaTypHUii BIUIUB, TEIUIONPOBITHICTD, 3aXUCT, KOe]IMiEHT TEMIepaTypOIPOBITHOCTI.

Beryn

TemnepaTypHuii pexXUM € BaKIMBUM MOKa3HUKOM
CTaHy BUPOOHUYOTO cepeoBHIIa. SIK HU3bKI, TAK 1 BUCOKI
(excTpeMaiibHi) TeMIepaTypy HETaTHBHO BIUIMBAIOTH Ha
CTaH 3A0pOB's, NMPalEe3JaTHICTh Ta PO3YMOBY AiSUIbHICTD
moanau. ToMy 3a0e3nedeHHs HAJIEKHOTO TETJIOBOro 3a-
XUCTY MPALIOIOYHX € AKTYaIBHOO MPAKTUYHOIO 331a4€I0.
30Kpema, BUMOTH IIOJ0 3aXHUCTy IIEPCOHAIY Bijl BIUIHBY
HU3BKHX TEMIICpaTyp PEerIaMeHTYEThCS MIKHAPOAHUM
cragaaptoM ISO 15743 [1]. 3a0e3rneueHHs] HAIEKHOTO
TEPMO3axHCTy € 0araToruiaHoBOK 3aj1audero. Kpim obu-
paHHsI MarepiaiiB I0CTaTHBOI (MIHIMAJIBHOT) TEIUIONnpo-
BIJIHOCTI HEOOXi/JTHO BPaxOBYBAaTH KOHKPETHI YMOBH Tell-
Jonepesiadi — rpajiieHT TeMIIepaTypH, BOJOTICTh MOBITPS
3a JIAHOI TeMIepaTypy ToIo. ToMy JOLIITBHO PO3TIISIHY TH
MOXJIMBICTh TIPOCTOTO PO3paXyHKy HOTPIOHOTO TepMo3a-
xucty. Ilpu 1ipoMy citix BpaxoBYBaTH, II0 MPOLECH Tell-
nonepezadi 00epToBi, TOOTO 3aXUCTH JFOJMHU BiJl BILIH-
BiB HM3bKUX Ta BUCOKUX TEMIIEPATyp HPHUHIIMIIOBO HE Bi-
JPI3HSIOTHCS. ['0NOBHY pOJIb BiAIrpaOTh HAMIPSIMKH TIepe-
navi TerioBoi eHeprii. Ile Hamae MoxMBICTH chopmy-
BaTU NMPOCTHH Y BUKOPUCTAHHI Ta MPUIHATHUIA 32 TOXKO-
KOIO0 MaTeMaTHYHHH amapaT 3 pO3paxyHKy HOTPiOHIX Ima-
paMeTpiB eIeMEHTIB TEPMO3aXHCTY.

Orasig JgirepaTypHUX Tkepesi. buremmicts mocmi-
IDKEHB 3 PETYJIIOBaHHS TEIUIOBOIO PEXKUMY JIIOAUHHU CTO-
CYIOTBCS 3aXHCTY IPALIOIOYHX BiJl BIUTMBY BHCOKHX TEM-
nepartyp [2, 3]. HaBeneni y mux poGoTax Mojemi 3aCTo-
COBYIOTH OJHOMipHE HECTaliOHapHE PiBHAHHS TEILION-
posimHOCTI. [Ipr IbOMY BBaXKa€THCSI, IO TEITIOEMHOCTI 1
TEIJIONPOBIAHOCTI € CTATMMH BEIWYMHAMH, IO HE 3aB-
KA KOPEKTHO. Y poOoTi [4] HOCTiIKYy€eThCS BILTMB HHU-
3bKUX TEMIIEPATyp Ha OPraHi3M JIFOIMHH 32 BETUKHX eKC-
TIO3UIIIH, ajle He HAJaHO PEKOMEH/IAIlH 1010 HOpMalli-
3amii TerutoBoro crany. OrisamoBe MOCHIMKEHHS [5]
CTOCYETHCS TEMIEPaTypHOI KOM(POPTHOCTI CepeIOBHINA
3 OTJISAY Ha CTAaTh MPAITIOI0YOro. Y TPYHTOBHIH poOOTI
[6] posrnstHyTO TIPOOIEMATHKY BU3HAUYSHHS KOM(OPTHO-
CTI cepelioBUINA 3 TOYKM 30py MpoleciB MeTabomi3My.

30kpeMa, po3paxoBaHi MPOTHO30BaH1 Koe(ilieHTH He3a-
nosonennx (PPD), ycepeaHeHi MOKa3HUKK HE3a10BOJIE-
HUX ymMoBamu nepeOysants (PMV) Ta ix 3B'30K 31 1IBH-
nxicTio merabonizmy y crnokoi (RMR). Ilokazano Bin-
minHOcTi RMC 11 40J0BiKIB 1 XIHOK. AJle HaBeleHI
JIaH1 OTPUMaHi 3 eMITIpHYHUX CITIBBIIHOIIEHb 1 3a3/1aJie-
TiJb YaCTKOBO cy0'ekTHBHI. ToMy noninbpHO, MpUHANMHI
JUTS TIPAITIOI0YMX Y eKCTPEeMaIbHUX (TI03aperIaMeHTHHIX )
yMOBax, pO3pOOHTH MPOCTUH PO3PAXYHKOBHUH METOJ
OLIIHIOBAaHHSI MOTPIOHOTO TEPMO3AXHUCTY.

MeTa po6oTH — pOo3pOOHTH METOIOJIOTIIO pO3paxy-
HKy NapaMeTpiB MaTepialiiB, HEOOXiTHUX JJIsl 3aXHCTY
IPALIOI0YNX B YMOBaX M03aperJIAMEHTHUX TeMIIepaTyp-
HUX BILIMBIB.

BukiiageHHsI 0CHOBHOI0 MaTepiaay

VY 3arajpHOMY BHIAJIKy PIBHSHHS TETUIONPOBIIHO-
CT1 y TLUTi 32 BIICYTHOCTI BHYTPIIIHIX JPKEPEJI Terjia TaKe:

ot %t 0%t 6%
_+82_2)’ (1)

—=a(—+

XapakTep B3a€MOJIIT TiJIa 3 OTOUYIOYHM CEPEeIOBH-
IIEM OMUCYETHCS YMOBOIO:

a(tl—t2)=—z[ﬂj , @
onJn=0

Iie A — Koe(iIlieHT TeTIONPOBITHOCTI CTIHKHA, — — TEM-

nepaTypHUN IPajiieHT y CTiHNI, & — KoeQilieHT TemIre-
PpaTypOIPOBIAHOCTI.

[puBonsum piBHAHHS (1) 3a cCTAaHIAPTHOYO MPOIIETY-
Ppoto 10 6e3pO3MipHOTO BUTIISLY, MOKHA AT BUCHOBKY,
mo Oe3po3MipHa TeMIIepaTypa 3ajJeXHuTh Bif (Y TaHOMY
BUTIAJIKy — TOBIIHA).

Amnani3 piBHSHHS (2), ke BU3HAYAE YMOBH TEILIOO-
OMiHYy Ha MeXi PO3IiTy, METOJaMH Teopii MoMiOHOCTI
CBIiJTYNTH, IO MTOAIOHICTH MPOIIeCy TEII00OMIHY Ha MEXi
TiJla BU3HAYAETHCS KpUTepieM bio.
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Bi =a|/ﬂ,

T00TO, 32 KOHKpPETHOI ()OPMHU TiNa TeMIepaTypHi IO
0 = f(X,y,Z) OymyTs mOMIOHI, a TeMIIepaTypHE TOJe 3a

HECTaIliOHAPHOI TEIJIONPOBITHOCTI BU3HAYAETHCS y3ara-
JIHEHUM BHPa30M:

Hzf(FosBiaiayaz)x

ae X=x/1, y=y/l,, 7=z/1,.

3a HacTaHHS y TN PETYJSIPHOTO PEXUMY TEIUI000-
MiHY, 3MIHH TEMIIEPaTypH 32 YCi€I0 OBEPXHEIO CTAIOThH
OJTHAKOBUMH ISl YCiX TOYOK. 32 Oy/b-SIKMX YMOB II€BHI
JUISTHKY (YaCTHHH ) TiJIa MOJKHA BBaXKAaTH TAKUMH, 1110 Ma-
I0Th Y KOXKHHIl MOMEHT Yacy OJIHaKOBi TeMmepaTypH. Pi-
BHOMIPHICTh TEMIIEPAaTYpHOTO TOJS MiABUIILY€EThCS 3i
3pOCTaHHsIM Koe(illieHTa TEIIONPOBIAHOCTI Tima 1 3i
3HIDKCHHSM HOro Koe(illieHTa TeIIo00MiHY 3 OTOYYIO-
yuM cepenouieM. 3a Bi< 0,1 3 nocraTtHborO IS TIpaK-
TUYHOTO 3aCTOCYBaHHS IIOXUOKOIO TEMIIepaTypHe ToJie
MOJKHA BBa)KaTH PIBHOMIPHHM.

Jlns Tina 00’emMoM V i TOBEPXHEIO KOHTAKTY 3 30B-
HIIHIM cepeZoBHIIEM S 3 pIBHOMIPHUM TeMITEPaTyPHUM
10JIeM BU3HAYEHO TETJIOBUi OanaHc 3a yac dt. Hammuim-
KOBa TeMmmeparypa Oyle OJHaKOBOIO Uil YCIX TOYOK
tina. [Ipu npomy 3a dv>0 3aBxmu d@ < 0. 3a BigcyTHO-
CTi BHYTpilHIX (a00 30BHINIHIX, Y 3aJISKHOCTI BiJ Ha-
TPSAMKY TIPOIIECy) JDKeper Tera itx-const (2):

-V pCd@ = afSdr .

. .. da
3anucaBUmM HOTO y BUTIIAI! 7 =-mdr, I1e M BHU-

3HAYAETECS SIK M = —aC, otpumyemo: In@ = -mz +C; ,
I1I0 MO’)KHA TTOKJIACTH Y PO3PAXyHOK TEIIOBOTO PEIKUMY
tina. Koncranra interpyBanns Ci BU3HaYa€ThCs 3 IOYA-
TKOBHX YMOB y KOHKpPETHHX Bumnajkax. KoegiuieHT npo-
MOPLIHHOCTI M XapaKTepU3y€e MIBUIKICTh OXOJIOKECHHS
(abo narpiBanHs). Baxkarouw, o 3a 1=0

#=6,C=In6,C=Ind, Ind=-mr.

Ile criBBiIHOIIEHHS MOXHa BHKOPUCTOBYBATH Y
MPAKTHYHHUX PO3PaXyHKaX AJIS TUT OYAb-sIKOT (POpMHE ISt
Bi<0,1. be3po3mipHa HaUIMIIKOBA TeMIlepaTypa BU3HA-
qaeThes SIK 60 = 6/60" .

Y HepiBHOMIpHOMY TeMIIEpaTypHOMY IOJi 3aKOHO-
MIpHOCTiI OXOJIOMKEHHS Ta HATrpiBaHHS MAlOTh TaKy X
¢dbopMmy, sK 1 y pIBHOMIPHOMY TeMIIEpaTypHOMY IO, a
OCOOJIMBOCTI MPOIECY BPaXOBYIOTHCS BEITMYMHOIO IIIBHU-
JIKOCTI OXOJIOMKeHHS M. SKIo y Oyab-AKii TodI Tina, y
SIKOMY BCTaHOBHBCS PETYJISIPHHNA PEXUM TETDIOOOMIHY,
3a 9ac T 3 MOMEHTY I1I0YaTKy IIPOLECY Ha/UTUIIKOBA TeM-
neparypa JopiBHIOE 6, a 3a 4ac T, BOHa Halyna 3Ha-

4yeHHs 05 , TO

|n6’1:—mrl+Ci, |n92 =-M7y +Ci' Inzl—zz—mAT_

VY 6imBIIOCTI peaNbHUX MPOIIECiB, TIOB’ I3aHIX 3 Te-
TUIOOOMIHOM JIIOJIMHH 3 OTOYYIOUHM ITPOCTOPOM, 3a1ada
OZHOMIipHa.

Hanpuknazg, aust JOCTiDKEHHST TPOLIECY OXOJI0-
JUKCHHSI TOJIOBH BUKOPHCTOBYETHCS HACTYITHE PiBHSIHHS
TETUTONPOBITHOCTI:

T
Xax2 7

oT

TG 3)

ne T — Temneparypa; a, — Koe(illieHT TeMIepaTyporpo-
BiZHOCTI; T — yac.

Bim3HaunMo, o B MOJETi MpUAMAETHCS, MO 00-
JIaCTh JIOCIIJUKEHHS CKJIaIa€Thes 3 PI3HUX LIapiB, a caMe,
IIKipa Ta KicTKa Yepemny JIOUHH, IO BiPi3HIIOTHCS Te-
TUI0(I3UYHUMH BITACTHBOCTSIMH.

Po3paxyHkoBa cxema mokas3ana Ha puc. 1.

T:=-40°C To
— .

MO30K

Iy |2

Puc. 1. Po3paxyHkoBa cxema I1apiB roJI0BU

TakuM uymHOM, (i3UYHA MOJENb CKIAJAETHCS 3
JBox mmapis. [epmii map mxipy Mae Taki ¢i3uyHi ma-
pamerpu:

toBinuHa mapy 11=3,2 mm;

nutoma termtoeMkicts C1=3350 Ix/(xkr* K)

ryctuna p1=1056 kr/m3;

koeimient remonposimaocti A1=0,48 B1/(M*K).

KoedimieHT TemIepaTypornpoBiIHOCTI sl Tiep-
IIOTO IIAPy PO3PaXOBYETHCS TaK:

__ A
r]_'Cl '

&

Jpyruii map kicTka yeperna Mae Taki Gpi3uyHi mapa-
METpu:

ToBIIMHA mapy lo= 4,5 mm;

ternoeMkicte C,=1300 Ix/(xr* K);

rycrtuna p2=1850 kr/m3;

koeimient teronposimHocTi A2,=0,53 B1/(M*K).

KoedirmienT TemnepaTyponpoBiAHOCTI IS IPyToro
IIapy pO3paxoBY€EThCS TaK:

__ Ak

az = .
r-Cy

Jis  MOZEemIoYoro pIBHSHHS —TEIUIOPOBiTHO-
cti (3) craBnsThCs Taki rpaHUYHi yMOBH (puc. 1):

- Ha JiBi#l Mexi (31 CTOpOHH HAaBKOJHUIITHROTO Cepe-
JIOBHIIIA) 33]1a€ThCs 3HAYCHHsI Temmnepatypu T=-40 oC;

- Ha TIpaBid Mexi (BCepeanHI TOJIOBH) 3a4a€THCS
3HaueHHs Temnepatypu To=36.6 °C.

[Ipu mpoBeeHi po3paxyHKIiB TpaHUYHA YMOBA 3 Ha-
COM Ma€ BUTJIIS:

Tn—l = Tn )

ne Tn — 11e TeMmepaTypa B OCTaHHIN pO3paxyHKOBOI KO-
Mipii; Th.1 — TeMIepaTypa B IONEepeaHi po3paxyHKOBOL

143



Control, Navigation and Communication Systems. 2022. No. 4

ISSN 2073-7394

komipii. [TouatkoBa ymoBa mipu t=0 B yciif po3paxyHKO-
Biii 0OnmacTi npuiitmaeTses T=36.6 °C.

Jnist mpoBesieHHsT PO3paxyHKIB BUKOPHCTOBYETHCS
MPSIMOKYTHA pi3HUIIEBA CiTKa. 3HAYEHHS TEMIEpATypH
BH3HAYAETHCS B IEHTPAX PI3HUIEBUX KOMipoK. [l unc-
JIOBOT'O PO3B’SI3aHHSI MOJIETIIOIOYOTO PiBHSHHSA (3) BUKO-
PHUCTOBYETHCSI SIBHA pi3HUIIEBA cxeMma [7].

T_n _T_n _T_n T_n
T T At Ly Ata, L ()
AX? AX?
Y
ne a = (al+l al)’ (4)
11 +8
2(a_q &)
ay =—L 97 (5)
dji_1 +9

3anexxHocTi (4) Ta (5) BUKOPHUCTOBYIOTHCS TSI PO3-
paxyHKy 3Ha4eHHsI Koe]illieHTa TeMIIepaTypoIrpoBiIHO-
CTi Ha MeXI1 mWapiB 3 pi3HUMH TeIO(I3NIHUMH TTapame-
Tpamu. KinbkicTs By3iiB 3a Biccto OX Ta KpPOK CITKH 00H-
pa€eThCS Y KOXKHOMY KOHKPETHOMY BHIaJIKy, BUXOJSIUH 3
HEOOXITHOI TOYHOCTI POPAXYHKY.

IlepeBaroro Takoro ImiJxoxy € MO>KIUBICTb TOYHOTO
BU3HAYEHHS MOTPIOHOTO TEIUIO3aXUCTY, NEPIIOro Mapy
JUISl OTPUMaHHSI HOPMaTHBHUX 3HAYEHb TEMIEPATypH T0-
JIOBM TIpalliBHUKA.

HasiBHICTh TAHUX NP0 TEMIIEPaTypy 30BHIIIHHOTO
NIOBITPS HE 3aBXK/IM Ja€ MOBHE YSBIICHHS PO KaJIOpUMe-
TPUYHI IIPOLIECH y 3aXUCHOMY IIapi. 3HAYHUH BIUIMB Ha

MpoIiec TEIUIoNepeadi MOXKe CKIIQAATH MIBUAKICTH Bi-
TpPY, BOJIOTICTH HOBITPS, BiJI SIKOT 3aJICKUTH HOTO TUTOMA
TETIOEMHICTB.

Tomy y po3paxyHKax IIOJO 3aXHCTY HPAIFOI0UYNX
BiJ TEMIIEPAaTYpPHUX BIUIMBIB HEOOX1THO 3aK/IaaTH IIEB-
HUM 3anac epeKTUBHOCTI 3ac00iB 3aXHCTY.

BucHoBxku

1. Jlnst migBUINEHHS PiBHS 3aXUCTY MPALIOI0YHX B
YMOBax M03aperiiaMeHTHIX TeMIIepaTypHUX BIUIUBIB J10-
IIJTbHE TIONIEPEHE OIIHIOBAHHS €()EKTUBHOCTI 3ac00iB
3axucty. Lle MOXIHMBO 3a paxyHOK 3aCTOCYBaHHS po3pa-
XYHKIB IIIOJI0 BU3HAYCHHS 3HAYCHb KOC(IIIEHTIB TeMITe-
paTyponpoBiTHOCTI.

2. Po3paxyHKu TemIiepaTypOoIrpoOBiIHOCTI BUKOHY-
I0ThCSI, BUXOASYH 3 PIBHSHHS TEIUIONPOBIHOCTI Y OJTHO-
MipHOMY BUIIISII. J{i1st 3HMOKEHHS TOXUOKH PO3paxyHKiB
HeoOXi/IHI AaHi 10/10 MapaMeTpiB MmapiB, Kpi3b sKi BiJ-
OyBaeThcs TerutonepeHeceHHs. Lle ToBumHu, nuTomi Te-
TUIOEMHOCTI, TYCTHHH 1 KOe(ili€eHTH TEIUIONpOBIIHOCTI
KOKHOTO Imapy. Po3paxyHKM HamaroTh MOXJIMBICTH 3
NPUAHATHOIO TOYHICTIO BH3HAYWTH IapamMeTpu 3axuc-
HOTO IIapy, SKUi 3a0e3nedye HOPMATUBHHUN TEILIOBHI
PESKUM TiJIa MPAIFOIOYOTO.

3. BpaxoByroun MOXIHBI PO30IXKHOCTI Y 3HaYEH-
HSIX HEOOXITHMUX KOHCTAHT Ta HAsIBHICTH MOOIYHUX BILIU-
BIB Ha MPOIIEC TEIJIONEPEHECEHHs, Y PO3PaxyHKH IMPO-
THO30BaHOTO TEPMO3aXUCTy HEOOXIJHO J0/aBaTH IeB-
HUIA 3anac epeKTHBHOCTI.

CIIMCOK JIUTEPATYPU

1. ITERNATIONAL ISO STANDARD 15743 First edition 2008-07-01 Ergonomics of the thermal environment — Cold
workplaces — Risk assessment and management Ergonomie des ambiances thermiques — Lieux de travail dans le froid —
Evaluation et management des risques Reference number 1SO 15743:2008(E).

2. Kocrenko T. B., Kocrupka O. B. 2018. [Ipomo3unii mono mokparieHHs TEIUIOBOrO CTaHy B MiJOAEKHOMY IPOCTOPI
psityBanbHuKa. Bicti JloHenpkoro ripaudoro iHetutyty. - Ne 1. - C. 53-60. doi:10.31474/1999-981x-2018-1-53-60

3. Boniopyx b. B. 2017. BuznaueHHs rpaHUMYHOrO 4acy poOOTH MOXKEKHHUKA B TEIUIO3aXUCHOMY OJs131 HA OCHOBI TPUBUMIPHOT
mopeni. Haykouit Bicank XHY. — Xmenbaunpkuid, — Ne 1. — C. 95-104.

4. Rintaméki H. 2007. Human responses to cold. Alaska Med.;49(2 Suppl):29-31

5. Karjalainen S. 2012. Thermal comfort and gender: a literature review. Indoor Air Apr;22(2):96-109. doi: 10.1111/j.1600-
0668.2011.00747.X.

6. Schaudienst Falk & Vogdt, Frank. (2017). Fanger’s model of thermal comfort: a model suitable just for men? Energy Procedia.
132. 129-134. doi: 10.1016/j.egypro.2017.09.658.

7. TuxoHoB A.H., Camapckuii A.A. (1977). YpaBHeHus: Mmaremarideckoit pusuku. «Haykay. 736 c.

Received (Hanuiiiiwa) 22.07.2022
Accepted for publication (ITpuitasita mo apyky) 28.09.2022

Methodology for determining the level of protection of workers
in conditions of extraordinary temperature influences

V. Glyva, O. Zemlyanska, O. lichyk

Abstract. The protection of workers in conditions of non-regulatory (extreme) temperatures (low and high) requires the
availability of effective protective materials and clothing made from them. To rationalize thermal protection, it is advisable to pre-
evaluate its effectiveness under certain conditions, which can be carried out using calculation methods. For this, the basic equation
of thermal conductivity in one-dimensional form is used. With the availability of data on thicknesses, specific heat capacities,
densities and coefficients of thermal conductivity of biological tissues (skin, bones), it is possible to calculate the required efficiency
and parameters of the material of the protective layer. For this purpose, a method of calculating thermal conductivity coefficients
of each of the layers through which heat transfer occurs is provided. An explicit difference scheme was used for the numerical
solution of the modeling equation. The obtained dependences provide values of thermal conductivity coefficients at the boundaries
of layers with different thermophysical parameters. The number of nodes along the selected axis and grid step are chosen in each
specific case, based on the required accuracy of the calculation. Taking into account possible discrepancies in the values of con-
stants and coefficients, as well as the ambiguity of external atmospheric influences, it is necessary to include a certain margin of
protection efficiency in the calculations.

Keywords: temperature effect, thermal conductivity, protection, coefficient of thermal conductivity.
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HEPCIHHEKTUBHU BUKOPUCTAHHA JITAIOUYUX XMAPHUX,
I'PAHUYHUX TA TYMAHHUX OBYUCJIIEHb KOMIIOHEHTAMU
CHUCTEMM MOHITOPUHI'Y HOTEHIIMHO HEGE3INEYHUX OB’EKTIB

AHoTamis. Y cTarTi NpOBEICHO NOPIBHAIBHUN aHAJI3 TeXHOJIOTiH siTatounx xmMapHux (JIXO), rpannanaux (JIFO) Ta Ty-
manHUX (JITO) o6uncnens. [TokazaHi ocoGIMBOCTI cucTeM, MOOYAOBaHHUX 3 BUKOPHCTAHHAM LIUX TEXHOJIOTiH, BU3HAYEH] iX
nepeBary Ta Henoutiku. PosristayTo BapianTu cxem opranizanii JIXO, JIT'O Ta JITO. O6rpyHTOBaHO IOIIIBHICTE Ta 3aIpo-
noHoBaHo BapiaHT 3acrocyBanHs JIXO, JII'O ta JITO xomnonenramu cucremu MoHiToprHrY (CM) moteHuiitHo HeGe3ney-
Horo 06’ekty (ITHO) 3 BukopucranHsaM 6e3mioTHuX JitTaidpHuX anapariB (BITJIA). OuiHeHo mepcreKTHBY BUKOPUCTAHHS
MeTtoziB mryaHoro intenekTy (LI) migcncremamu komnonentis CM ITHO. 3anponionoBaHo BapiaHT BUKOPHCTaHHS METO/IIB
I gnst po3mmpenns moximBoctei JIXO, JITO ta JITO nix yac Bukonanas CM [THO 3aBnaHb 3 pO3BaHTaXKCHHS 00UHCIICHD,
PO3MOALTY PecypciB, MiATPUMKH NPUHHATTS pillleHb, 3a0e3MedeHHsT Oe3NeKH Ta IIaHyBaHHs MappyTiB pyxy BITJIA.

KaodoBi cioBa: xMapHi 00UHCIeHHS, TpaHIYHI 00YMCICHHS, TYMaHHI OOYMCIICHHS, OE3MUIOTHHHN JTiTal04Hii anapar,
XMapHI TeXHOJIOT1i, INTyYHNH IHTENEeKT, CHCTEMa MOHITOPHHTY, IOTEHIIIITHO HeOe3NneuHnit 00’ €KT.

MoTuBanist

JliTaroui rpanuuni obGuucnenHs (JI'O) Ha ocHOBI
BITJIA Hapasi po3riisiiatoThCs y SIKOCTI )KUTTEBO BaXKIIU-
BOI TEXHOJIOTii Ul BIPOBADKEHHS 0araThboX METOJIB
st [oT-3acTOCYHKIB NEPCIIEKTUBHUX CUCTEM MOHITOPH-
ury (CM) norentiiiiHo Hebe3neunux 06’ exris (ITHO) Ha-
CTYITHOTO MOKOJIiHHs. Be3yMoBHO, /1 TOro, 100 apxi-
texktypa CM TTHO Oyno Gl rHYYKOI, peCypcHO- Ta
eHeproe()eKTUBHOIO, 1151 TEXHOJIOTISI MOJKE pealli3oByBa-
TUCS Y TIOEJHAHHI 3 TEXHOJIOTISIMU JIITAIOUMX XMapHHUX
(JIXO) ta tymannux (JITO) o6uuncnens, a Takox HazeM-
Hux rpaanuHux (HI'O), xmapaux (HXO) ta TymaHHHX
(HTO) o6uucnens. [Ipu 11p0My MOXKIIMBOCTI LIMX TEXHO-
JIOT1H MOXKYTh OyTH 3HAYHO PO3MLIMPEHI 332 PAXYHOK BH-
KOPHCTaHHA HUMH I BUPIIICHHS IEBHUX 3aBJaHb Me-
toniB mryuHoro iHtenekry (LI). 3aBasiku cBoiii yHiBep-
CaNBHOCTI Ta MPOCcTOTI po3ropranus, BIUJIA y rtaxiii ap-
XITEKTYpi MOXYTb BiZlirpaBaTH pi3Hi poIi:

— BHUCTYNATH y POJi MOOUTBHHUX PUCTPOIB, SIKI I1e-
PEBaHTaXYIOTh CBOT OOUKCIICHHS HA HA3EMHUI1 cepBep;

— gmiatu gk OararouiipoBa migcucrema JII'O
(JIXO, JITO), mo BiAnoBifae 3a MOHITOPUHT TPYIH
MOOUIFHHUX KIHIIEBUX BY3JIB Ta MOXE OJJHOYACHO CITY-
KHUTH PETPAHCIIATOPOM a00 ILTI030M MiXK MOOUITBHUMH
KiHIIEBUMH BY3JIAMH Ta HAa3EMHHM cepBepoM. Tomy, aK-
TyalbHUMH € TUTaHHSA JOCITIDKEHHS OCOOIMBOCTEH
JIT'O, JIXO Ta JITO B KOHTEKCTI iX 3aCTOCYBaHHS B iHTe-
pecax CM ITHO.

Merto10 CTATTI € JOCIIIUTH OCOOIMBOCTI 3aCTOCY-
BaHHJ JITAIOUMX XMapHUX, TPAHUYHUX Ta TyMaHHHX 00-
YHCIICHb Ta 3aIPOIIOHYBaTH PEKOMEHJAI] Moo iX BHU-
KOPHCTaHHS KOMIIOHEHTAMH CHCTEMH MOHITOPHHTY IO-
TEHIIMHO HEOE3MEYHNX 00’ EKTIB.

3agaui qoc/IiKeHHS TTOATAIOTh Y HACTYITHOMY:

— TIPOBECTH TOPIBHUIIBHUMA aHAN3 TEXHOIOTIiH
JIXO, JITO Ta JITO 3 BU3HAUCHHSAM OCOOJIMBOCTEH CH-
cTeM, ToOyJOBaHUX Ha X OCHOBI, a TAKOYX OCHOBHHX IT€-
peBar Ta HeJOMiKiB TAKUX TEXHOJIOTIH;

— OOTpyHTYBaTH NOLLUIBHICTH Ta 3aIPOIIOHYBATH
BapianT 3actocyBanHs JIXO, JII'O ta JITO xoMnoHeH-
tamu CM ITHO;

— OILIHUTH TEPCIEKTUBH BUKOPUCTAHHS METOIIB
I migcuctemamu komnoneHTie CM ITHO mist po3mm-
penss moxxnuBocteit JIXO, JITO ta JITO.

AHai3 0CHOBHMX My0JiiKaIliid Ta JoCaiTKeHb

VY [1] JIXO, JITO Ta JITO po3risaatoThes sIK CKIIa-
JoBi TexHouiorii [HTepHeTy nitatounx peuel (Internet of
Flying Things (I0FT)), Bizomoi Takox Iig Ha3BoIO «IH-
tepHeT npoHi» (Internet of drones (IoD)). IoFT (IoD)
— 1e OaraTomapoBa apXiTeKTypa, sIKa aKyMyJIIo€ nepe-
Barn 0€3IpOTOBUX IMHAMIYHUX (CaMOOPraHi30BaHUX)
nitatounx Mepex (Flying Ad hoc Networks (FANET))
ta [aTepuery peueii (Internet of Things (IoT)) 1 mpus-
HayueHa JUIsl yIpaBIliHHS JIITAI0YOI0 MEPEKEIo 1 HaJaHHs
mBuaKoro poctymy BIUIA 10 KoHTpoIb0BaHOTO MPOC-
TOpY, IHTepHET-pecypciB i XMapHoro cepepoBuina. Jami
MU [POBEAEMO aHalli3 OCHOBHUX MyOIiKaliil 3 muTaHb
Bukopuctanus JIXO, JITO, JITO y pi3HuX qoMeHax.

Aunaniz nybnixayit, npucesuenux JIXO. ABTopu
cTaTTi [2] 3amponoHyBai peCypCHO-0PiEHTOBaHY apXi-
TEKTypYy, sIKa IpPU3HAa4YeHa IS IMOJETIIEeHHS MOJEIo-
BaHHS pecypciB i mocmyr, 1o Hagawotecs bITJIA. BITJTA
IpH [[FOMY OCHaIIeHi wiatoo Arduino, 6oprosum Wi-
Fi obmagHaHHAM Ta BUCTYNAKOTh ¥ POJIi CepBeEpiB, IOC-
TYH JO XMapHHX PecypciB SKMX MOXHA OTpUMATH 3a
JIOTIOMOTOI0  iHTepeiciB MPUKIATHOTO IPOorpamy-
BaHHA.

VY [3] aBTOpH PO3IMIMPUIINA MOMKITUBOCTI CBOTO TPO-
TOTHILY, MpeACTaBlIeHOro y [2] 3a paxyHOK iHTerparii
1atd Arduino 3 JaTYMKaMy BUMIPIOBAHHS BOJOTOCTI i
TEeMIEepaTypHy MOBITPs, a TAKOK CTBOPEHHS MOMIIMBOCTI
KepyBaHHS IIIMH JTaTINKaMH depe3 iHTepdeiic 3a gomo-
Mororo BeG-ciryx6 RESTful.

AsTopu [4] npencTaBuii XMapHy apXiTeKTypy, SKa
MpHU3HAaYeHa IS 3a0e3redeHHsT e(DeKTUBHOI B3a€MOMii
BILUTA Tta 6e31poTOBHX CEHCOPHHUX MEpex. Y il apXi-
TeKTypi piBeHb (izngaux pecypciB BIUIA € Bimokpem-
JICHUM BiJl PiBHS KePyBaHHS i BKIIFOYAa€ TPOTPAMHE 3a-
Oe3reueHHs, MPOTrpaMHO BIH3HAYECHI MEPEXi i MepeKeBy
(hyHKITIOHANBHY BIpTyali3allito.

Y [5] Oyno po3rissHyTO XMapHy IIaThopMy JUIS
kepyBauHs BIIJIA, sxka m03BOIs€ KOpHUCTyBadaM i
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XMapHii mardopmi ogHO9acHO B3aemoisaT 3 BIUIA.
KopuctyBaui BBOASITE HEOOXi/IHI ITapaMeTpH, a XMapHa
watpopMa, sKa Mae iHTEpPHET-3B’S30K 3 HAa3eMHOIO
cranniero ynpasiaiaag (HCY), Gepe na cebe ¢yHKuii
koHTporo BITJTA BimmOBiHO 10 BUMOT KOPHUCTYyBava.

ABTOpH [6] 3amporoHyBaJM CTPYKTYpY, LIO JO-
3BOJIIE KOPHCTyBayaM 3a JIOMOMOTOI0 XMapHOTO cepe-
noBumia orpumatu noctyn a0 BITUIA, sikuil BuCTymae y
PoJIi ocTava bHUKA KOMEPLIHHUX TTOCIYT. 3a ONTHMa-
JBHUM BUKOpHUCTaHHSM pecypciB BITJIA it 3a0e3neuen-
HSIM BCT@HOBJICHHX O€3MEKOBUX BUMOT Y Iiil CTPYKTYpi
CIiIKye XMapHHU KoopauHatop. Bin 3a0e3neuye
3B’s30K MiX KopructyBadamu Ta BITJIA, kepye po3mnoui-
JIOM 3aBnaHb 1 3a0e3neuye noctyn g0 BIIJIA xopucry-
BayviB pi3HUX KaTeropii.

Y poborti [7] po3risimacTbesi TpUpiBHEBA XMapHa
apxiTeKTypa, NepIinii piBeHb SKOi MPeICTaBIeHO Ha3e-
MHUMH O€3/]pOTOBHMH JTaTYMKAMHU, IPyTUil piBeHb (o-
pmytots BIUJIA 3 GopTOBOIO XMapHOIO MmiatdopMoro,
SIKI OTPUMYIOTH JTaHi BiJl JATYMKIB 1 CIPSIMOBYIOTH iX JI0
HCYV, a TpeTiii piBeHb — I1€ IEHTP KEPyBaHHS XMapo¥o,
SIKM{ BiATIOBia€e 3a 0OpoOJeHHs Ta aHai3yBaHHS 3i0-
PaHMX JaHUX JUIS TPUHHATTS PillICHHS.

VY po6ori [8] 3a nomomororo moBu Python peaiizo-
BaHO XMapHUIl cepBep, 3laTHUH aHali3yBaTH JlaHi IMo-
neoTy BITJTA, a Tako 703BOJIsiE KOPUCTYBayaM JUCTa-
HIIHHO KepyBaTH Ta BizyamisyBaTu BILJIA.

ArTopu [9] 3anponoHyBaii XMapHy CHCTEMY, sIKa
JIO3BOJISIE OJTHOYACHO KepyBaTH JAekinbkoma BITJIA ta
BUKOPUCTOBYBAaTH iX Yy mpoleci 30upanHsi ¥ 00poO-
JIEHHS JAaHUX BiJl Ha3eMHHUX [JAaTYMKIB 3a JOIOMOIOIO
XMapHOTO CEPeAOBHIIA.

Crartst [10] posrisimae MOXIMBOCTI BHKOPHC-
tanHsa BIUIA pa3om 3 Ha3eMHHMHU cepBepaMu sl pea-
mizanii XMapHUX OOYMCIEHb i Yac (YHKLIIOHYBaHHS
€JIACTMYHOT MEpexi, 1110 BiNOBiae 3a 30MpaHHsl, 00po-
OJ1eHHs i JOCTABISAHHS KiHIIEBUM KOPHCTYBadyaM MyJIb-
TUMeIIHHUX (aiinis.

V¥ [11] aBTOpamu 3amponoHOBaHO 06a30BYy i 3ara-
JbHY KOHIENTYalbHY MOJENb XMapHOi IUIaThopMu
Cloud-SPHERE, sika 3matHa 3a0e3nednTd Oe3ledHHiA
kaHan 3B’s3ky Mik BIUIA y ckmanmi ¢uoty ta Mix
BITA ta Ha3zeMHOIO iH(PACTPYKTYPOIO 32 PaXyHOK pe-
anmizanii MexaHi3MiB ineHTHdikanii, aprenTrdikamii 1
3aXHCTY JaHUX.

Ananisz nybnixayiu, npuceauenux JII'O. Pobota
[12] Gysra mpucBsUeHa OMMCAHHIO OCOOIMBOCTEH (QYHK-
unionyBanHs apxitektypu JII'O, ne BIUIA 3abe3meuy-
I0TH HaJIJaHHS HEOOXITHUX MOCIYyT KOPUCTYBadaM y 30-
HaxX CTUXIMHHX JIUX 3 TOIIKO/HKEHOI0 Ha3eMHOI0 iH(ppa-
CTPYKTYPOIO 3B’S3KY.

Takox y mif po60OTi HamaHO peKOMEHAAIi MO0
ONTHMIi3aIii KiTbKOCTI i Micib po3mimenHs BITIA ans
OinpII e(peKTUBHOI pearizamii TpaHUYHUX OOUHCIICHB B
iHTepecax KOPUCTYBaiB.

VY pob6orti [13] 3amponoHoBaHO apxiTeKTypy Uis
Ha3eMHO-TIOBITPSHOI iHTETPOBaHOT MOOLITEHOT TIepude-
pifinoi mepexi 3 Ha3Boto AG630 MEN, y ckmaxi sixoi
posropratotbest BIUIA, ski BimirparoTh poib TrpaHmY-
HUX MEPEKEBUX KOHTPOJIEPIB I €PEKTUBHOTO PO3IIO-
JTy 004YHCITIOBAIEHUX PECYpCiB 1 pecypciB 30epiranHs
JaHUX.

ABtopu ctarTi [14] NeMOHCTPYIOTH MOKJIHMBOCTI
po3pobiieHoro HUMH (pPEeHMBOPKY, SKHH THOEAHYE B
€001 MOXXJIMBOCTI Ha3eMHHUX TpPAaHCIIOPTHHX 3aco0iB i
BIJIA o0 po3ropTaHHs TpaHUYHHUX CEPBEPIB IS Op-
raHizarii 3B’s3Ky, IPOBEJACHHAS HEOOXITHIX OOYHCIICHb
13a0e3meueHHs 30epiranHs HeoOXiaHOT iHdopMmarii. Pe-
3yJbTaTH NMPOBEICHUX aBTOPAMHM L€l CTATTI €KCIepH-
MEHTIB ITiATBEPAUIIH, 110 3aCTOCYBaHHS PO3POOICHOTO
(dhpeiiMBOpKY 3a0e31medy€e BUCOKY MOOUIBHICTE 1 TIPOITY-
CKHY 3JIaTHICTb, @ TAKOXX HU3bKY 3aTPHMKY.

Jisi rapaHTyBaHHS BHCOKOi SIKOCTI OOCITyroBY-
BaHHSI JUI PECYPCOMICTKMX Ta OH-JIAHH 3aCTOCYHKIB y
crarti [15] 3anporioHoBana ribpuIHa MOJIETb XMapHHX i
rpaHu4yHuX oOurcneHs st poiB BIUIA. s monens po3-
mmproe emuicts pecypciB BIUJIA 3a paxyHOk BHKOpHC-
TaHHS TPAaHUYHUX CEPBEPIB, SIKi 3AaTHI 00pOOIATH NaHi 3
HU3BKOIO 3aTPUMKOI0. TakoX ISl CTaTTs OMHUCYE aNro-
PHUTM B3a€EMOJIIT TPAHUYHHUX Ta XMapHUX OOYUCIIEHB JIIs
00poOIeHHs Ta 30epiraHHs BEJIMKHUX TAHUX Y XMapi.

Ipencrarnena y [16] 6e3apoToBa MOOIIBEHA CHUC-
TeMa BuKopHuCcTOBYe BITJIA mist po3BaHTaKeHHS 00YH-
CIIIOBaJIbHUX 3aBJaHb, BUPIIIYBaHMX MOOITEHUMU Ha3e-
MHUMH KOPHCTYBayaMH, a TaKOX JIO3BOIISIE MIHIMI3y-
BaTH eHeprocnoxubanHs BITJIA nusxom criiabpHOT or-
TUMI3alil pO3BaHTAXKEHHS OOYHUCIEHb Ta MMOOYI0BH
TpaekTopii nonboty BITJIA. Pe3synbTat MoaemoBaHHs
MOKa3ali, 10 3alpONOHOBaHA CHUCTEMa IEPEBEPILYE
IHIIII €TaJIOHHI CXeMH 3 TOYKH 30py KOHBEPTEHIII.

VY [17] Ti % aBTOpU PO3TJISTHYJIH MOKJIMBICTh 3a-
CTOCYBaHHSI po3po0iieHoi y [16] cucteMu uist MakcHMi-
3amii MBUAKOCTI OOYMCIIEHb HUISIXOM peaiizaiii ABOX
ANTOPUTMIB ONTUMI3aLil TPAHUYHUX OOUYUCIEHb HA 00-
pty BILJIA, ifioro eHepreTHYHHUX PECypCiB Ta TPAEKTOPIT
HOJBOTY.

AJITOpPUTM pO3BaHTAXXKEHHS 3aBJaHb KOPUCTYBaUiB
IUIAXOM 3aCTOCYBaHHA TIPAHUYHMX OOYHMCIECHb Ha
BITJIA-cepBepax 3 moaanbmuM 0OpOOJICHHSIM Pe3yJlb-
TaTiB Ha BU3HAYEHHUX TOYKAaX JIOCTYIy NPEICTaBICHO Yy
[18]. Ileit anropuT™ TaKOK MO3BOJSE OMTHMI3yBaTH
po3moain o0urcIoBaIBHUX pecypciB Mix BILJIA it ko-
pHCTyBayaMH, a TAKOX ONTUMI3yBaTH PO3MOALT CMYTH
MPOIyCKaHHS Ta TPaeKTopito monboty BITJIA.

VY [19] 6yno npoAeMOHCTPOBAHO MOXKIHBOCTI BU-
KOPUCTaHHSI TEXHOJIOTIH HamiBMapKiBCHKOTO IMPOLECY
MPUKAHATTS pillieHb 1 TIMOOKOTO HAaBYaHHS 3 IiJKPIIl-
JeHHSAM JUII MaKCHUMi3amii MpOIyCKHOI 34aTHOCTI
BILUTA-cepBepa, 10 BUKOHYE TpPaHUYHI OOYMCICHHS B
peXuMi peaJpHOTO Yacy B iHTepecax Ha3eMHHUX KOPHC-
TyBadiB.

VY [20] aBTOpH 3acToCyBalli METOJHM TEOPii irop
JUIA BUPIMIEHHS IPOOIeMU PO3BAHTAXCHHS 0OUNCIICHD
B JITar0uuX O€3POTOBHX MEpEekaxX 3 OJHOYACHUM 3Me-
HIIICHHSM BUTpAT eHepreTudHux pecypciB BIUJIA Ta 3a-
TPUMKH BHKOHAHHA 3aBJaHb. BilMOBIAHO 110 3amporio-
HOBAHOTO MIAXOMy y SAKOCTI TPaBIliB, IO B3aEMOJIIOThH
MK COOOX0 IiJi YaCc BHKOHAHHS OOYMCIIOBAJIBbHUX 3a-
BIaHb, posrminatotees BIUIA, HCY Ta rpannyamii
cepsep. 3aBmaHHs 00pobnseThes Ha OopTy BIUIA, mi-
CJISl 90TO pO3BaHTAXYEThCs Ha HatOmmxay HCY abo Ha
TPaHUYHMI cepBep.

V crarti [21] o6roBopeni mpobmemu 3actocy-
BaHHS 0araTopiBHEBOI apXiTEKTypH Mepexi 5G, y sKii
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BIIA BHCTYNAIOTH Y POJIi JTITAIOUMX BY3J1iB TPaHUIHUX
004nCIIeHb.

PoGota [22] mpomoHye iTepauiiiHuii anroput™
KJIacTepH3allii 3 eEKTHBHUM MOKPUTTAM, SIKHI Mepe-
6avae 3aCTOCYBaHHS METO/IIB KOOPAWHATHOTO Ta 0104~
HOTO CITYCKY JIIsl BUPIIICHHS 3a7a9i MaKCHMi3aIlii MOK-
putts ceHcopiB BITJIA, 110 BUKOHYIOTH TpaHU4HI 00YH-
CJIEHHSI, IPH 0OMEXKEHHSX Ha Yac 3aTPUMKH.

Ananiz nybaixayiu, npucesuenux JITO. Ilpenctas-
neni y [23] mocnipkeHHsI CTOCYBanucsl MpoOjIeMH 3a-
crocyBanHsi JITO B intepecax Immyctpii 4.0. ¥V mii
crarti Oyna JeTalbHO ONHWCaHAa CTPYKTypa, Yy SKid
BIUTIA, mo peamizytots JITO, po3BaHTaXyrOTh 3a-
BJIaHHSI, BAKOHYBaHI HA3eMHUMH JaTYHMKAMH, & TAKOXK
3a JIONIOMOTOI0 JKaJi0HOTO ajlrOpUTMYy OITHUMI3YIOTh
PO3MOIiT TAKUX 3aBJaHb 3 METOI MaKCHMi3allii iX BU-
KOHAHO{ KUJTBKOCTI 32 BU3HAYCHUH TPOMIXKOK Yacy.

[pencrasnena aBropamu [24] cuctema JITO min
HazBoro UAVFog, BUKOpHCTOBYIOUM TyMaHHI O0YHC-
neHHs ta MoOinbHICTh BITJIA, m03BOjs€ 3a0€3mMeUnTH
30epiraHHsi HEOOXiJHOI KIJIbKOCTI JaHUX, THYYKHU
3B’S30K, HU3bKY 3aTpuUMKy aist loT-3acTocyHkiB, a Ta-
KO TIOCTayae Mmociyrd [HTepHeTy peueil: OpoKepChKi
MIOCIIYTH ¥ MOCIYTH HAa OCHOBI MICIIE3HAXO/KSHHSI.

VY poboTi [25] mocmimKyBanucs aclekTH PO3BaH-
Ta)kKeHHs 3aBJaHb 3a Jonomororo BIUIA y iepapxiuniii
cUCTeMi TyMaHHHUX oOunciieHb. J{nsa edexTuBHOI B3ae-
moaii BILUIA, ne peanizyrotscs JITO, 1 HazeMHOro XMa-
PHOTO CepeoBHILA, Jie 3IIIICHIOIOTHCSI OCHOBHI 00YHC-
JIeHHS Ta 30epiraroThbes X pe3ysbTaTH, BAKOPHUCTOBYBA-
JIacst TEXHOJIOT1sI MHOXKHHHUX BXOJIB 1 MHOKUHHUX BH-
xoziB (Multiple Input Multiple Output (MIMO)).

V [26] aBTOpamu 3ampONIOHOBAHO ITiAXi/ 1010 iH-
Terpauii TyMaHHUX OOYMCIIECHB 13 POMOBOIO CHCTEMOIO
BIUUTA s BukoHaHHsi oOuncienb Ha 6opry BITJIA 3
HU3BKOIO 3aTPUMKOIO i BUCOKHMM DIBHEM HaJIHHOCTI.
Kpim Toro, aBTOpH NPOJEMOHCTPYBAJIM MOMIUBOCTI
PO3p00IEHOr0 HUMH T€HETHYHOTO €BPUCTUYHOIO AJIro-
PUTMY Ul ONTUMI3alil pO3MOALTY 3aBlaHb 3 METOO
MaKCHMaJlbHO 3MEHIICHHS EHEPreTHYHHX pPecypciB
BITJIA.

VY poborti [27] AeTaapHO PO3TISHYTO OCOOIMBOCTI
peamizanii JITO y FANET, a takox onucaHi mociyru
Ha ocHOBI JITO, 110 MOXYTh IOCTAYATUCS TAKUMHU Me-
pexxamu.

TakuM YNHOM, OCHOBHUMH NPOOJIEMHUMH ITHTAH-
HAMH, SIKI MiTIAMAIOTBCS y JITepaTypHUX DKepelnax,
npucBsaeHux 3acrocyBanHio JIXO, JITO ta JITO, € Ha-
CTYTIHI:

— MacmTaboBaHICTh, HaAIWHICTD, YCTAaJNEHICTh Ta
Oe3meKa 3alpoIOHOBAHUX aAPXITEKTYD;

— pO3BaHTAXEHHS 3aB/IAHb;

— MiHIMI3aIis €eHePTOCTIOKIBAHHS;

— pO3IOiT pecypcis;

— opraHi3aris 3B’s3Ky Ta IOKPUTTS;

— 3aTPUMKH IIiJ1 9ac poOOTH B peaTbHOMY Yaci;

—ocobmmBocti ynpasninas BIUIA, ix B3aemois,
TPAEKTOPIl pyXy Ta ONTHMI3allis MAPIIPYTIB;

— 00poOxa Ta 36epiranus iHdopMalii y XMapHOMY
CepeIOBHILII.

Bapro Takox BiJ3HAYMTH, IO Yy MPEACTABICHUX
JDKEpenax JyXe 4acTo TOBOPSTH Mpo JiTarodi oOuuc-

JIeHHS JinIe y 3B’ 513Ky 3 HasiBHicTIO BIIJIA y cknani 3a-
MIPOIIOHOBAaHUX APXITEKTyp, X04a JyXKe 4acTo Ii apXi-
TEKTYpH TependadaroTh HasBHICTH KOMIIOHEHTIB, Bil-
MOBIJAJIbHUX 3a TPOBEICHHS aHAJOTIYHMX Ha3eMHHUX
obuncnens (HXO, HI'O, HTO).

Came noeHaHHS HA3€MHOI Ta JIiTal0401 004nCITIO-
BaJIBHOI CKJIaJI0BOI pOOUTH OUTBLIICTH TAKUX apiXiTek-
Typ OinbII epeKTUBHIMH.

IopiBHsANbLHNI aHATI3
TexnoJjorii JIXO, JIT'O Ta JITO

Ha ocHOBI po3miIsiHyTHX BUILE OCHOBHHX ITyOJTiKa-
Iii1 32 Wi€I0 TEMAaTHKOIO aBTOpaMu OyIIo MPOBENEHO T0-
piBHsLIbHUIT aHaNi3 TexHoorii JIXO, JIT'O ta JITO 3 BU-
3HAYCHHSM OCOOJIMBOCTEH apXiTEKTYpH PIllleHb Ha X OC-
HOBI, @ TAKO’K OCHOBHHX TlepeBar Ta He/IoMiKIB. Pe3yiib-
TaTH aHai3y Mmojaxi y Taom. 1.

STk My MoxeMo OaumTH 3 Ta0. 1, apxitexktypu JII'O
ta JITO Maroth mepeBaru Haj apxiTekrypamu JIXO y
THYYKOCTI Ta EHEproe)eKTUBHOCTI, OJHAK IIOCTYIIa-
I0ThCS IM Y TIOTY>KHOCTI 3ac00iB 00po0eHHs Ta 30epi-
raHHs iH(popmarii.

BapianTu cxem oprauizamnii JiTaounx
XMapHHUX, TPAHUYHUX Ta TYMAHHUX 004K CIeHb

BpaxoBytoun mnigxomu moao opranizamii JIXO,
JIT'O ta JITO, po3riisHyTi y npoaHali30BaHUX JLKepenax
1 BapiaHTH apXxiTEeKTyp 3 peasi3alli€l0 TAKUX 00YHCIICHb,
noJaHux y [28], po3risiHeMo NpUKIIan Pi3HUX BapiaHTIB
cxem opranizarii JIXO, JITO ta JITO (puc. 1-3).

3anpornoHoBaHuii Ha puc. | BapiaHT CXeMHU OpraHi-
3anii JIXO Mosxe OyTu 3acTOCOBaHMH Yy clieHapil miaTpu-
MKH MPUAHSATTS pillieHb MiJ Yac JIKBiAaIii Ha13BUYai-
HUX cHTyalii, ko Bci kinuesi npuctpoi (KIT) KII-1,
KII-2, ... KI[I-m MoxyTh oOMiHIOBaTHCS iH(pOpMAILIEO
OJIMH 3 OJIHUM, aJle He MAIOTh JOCTYIY A0 30BHILIHBOTO
cBiTy (Hemae IutepHery). JlokanbHi mociayru (Hampu-
KJ1aJl, pO3BaHTaXXCHH:I 3aBJ]aHb) HAJAI0ThCS Ha PIBHI Ha-
3eMHUX TPAaHUYHUX OOUYHCIEHb (LUIIXOM 3aCTOCYBAHHS
Ha3eMHUX BY3NIB rpaHuyHux oOumcienr HBI'O-1,
HBT'O-2,... HBI'O-k) a6o Ha piBHI Ha3eMHHX TyMaHHHX
TPaHUYHUX OOYMCIIEHDb (LIUIAXOM 3aCTOCYBaHHS Ha3eM-
HUX BY3J1iB TyMaHHUX obunciens HBTO-1, HBTO-2, ...
HBTO-r).

I'moGanbHi % mociyru (Hampukiaa, 30upaHHs Ja-
HUX, 3a0e3meueHHst 0e3rmeKoBUuX (YHKIIIH, 3aCTOCYBaHHS
00YHCITIOBABHIX PECypCiB, MATPUMKA MPHAHATTS Pi-
meHb) HagatoTecs GurotoMm BIUIA, skuit BucTymae y poi
migcucTeMu Jitarounx xMapHux obuncens (I1cJIXO), a
BIUTA ¢uoTy — y porti TiTalo9nx BY3JiB XMapHUX 009H-
ciiens JIBXO-1, JIBXO-2, ... JIBXO-S.

V¥ BapianTi cxemu JII'O (puc. 2) ¢not BIUIA, sxwmit
BHUCTYTIA€ Y SIKOCTI IiICHCTEMH JTITAIOYHX TPAHIYHNX 00UH-
ciienb (I1cJIIO), mepebyBae moOmm3y pKepen JaHnuX (KiH-
nesux npuctpois KII-1, KI1-2, ... KII-m), Hagae im He00-
X1JTHI TTOCITYTH Ta 3IiHCHIOE HEOOXiTHI T HUX O0UMCIICHHS
Ha JITAlOUMX BYy3NaxX rpaHuuHuX oOuwmciens JIBI'O-1,
JIBI'O-2, ... JIBXO-n. brm3bKicTh 3a3HaYCHNX BY3iB JI0
JDKepeTl JAHUX JO3BOJISIE 3MEHIIINTH Yac 3aTPHMKH, TIOKpa-
[IMTH TPOITYCKHY 3IaTHICTh, a TAKOXK 30UIBIIATH TEPMiH
CITy>kOM Mepexi 3a paxyHOK OLTbII e)eKTHBHOTO BUKOPHC-
TaHHS pecypcy OaTapei KIHIEBHX PUCTPOIB.
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Tabnuya 1 — TopiBHAJIbHMIA aHATI3 TEXHOJIOTIH JITAI0OUNX XMAPHUX, TPAHHYHHUX TA TYMAHHUX 004YHCJIeHb

Bun Oco0siMBoOCTI apXiTeKTYpH OcHoBHi mepeBaru OcHoOBHI HeT0JiKH
Jliratoui | LlenrpanizoBana o6podKa. MacmtaboBaHiCTb. Benuxuii gac 3aTpuMku.
XMapHi IBunkwit moctyn yepe3 [ureprer | ExoHOMiuHA €(eKTUBHICTS. ObMerxeHa MPOITyCKHA 3/1aTHICTb.
o0unc- JI0 BEITMKOI KUTBKOCTI IAHHX. Bukopucranus HagiitHOTO BpasnuBocTi cucremu Oe3mnekw.
JICHHS TCP/IP nporokoiy. BincyTHicT aBTOHOMHOTO pexuMy.
TIpoGnema 06poOku iHGopMaIii y
pa3i, SKIo 6arato IPHCTPOIB HAJICH-
JAXOTh IaHi OJHOYACHO.
Obmerxenuii pecypc 6arapei.
€11Ha TOYKA BiJIMOBH.
Jliratoui | Hewmae motpebu y cranioHapHii I'myuxicTs. OobmerxeHuii pecypc 6arapei nitaro-
TpaHMYHI | KOMyHIKamiifHi} iHQpacTpykTypi. | MacuraboBaHiCTb. 4yoro By3Ja.
o0unc- JliTaroumii By30J1 Ji€ SIK TTiJICHC- EneproedexTuBHICTS. €11Ha TOYKa BiJ]MOBH.
JICHHS TeMa KOMYHiKallil Ta 3B 5I3Ky. 31aTHICTh MPAIFOBATH 3 MOOLIB-
JliTarounii By30J1 3HAXOUTHCS HHMH KiHIICBUMH [IPHCTPOSMH.
OJMKYe JI0 KiHIEBUX MPUCTPOiB. | MOKIHBICTH aBTOHOMHOTO BHKO-
HaHHI IIPOLECIB, IPaBIII Ta aJro-
PHTMIB.
Jlitaroui | JleneHTpanizoBana oopooOKa. I'HyuKicTs. OobmexeHuit pecypc 6atapei Jitaro-
TymanHi | ITommproe MOXUIHBOCTI XMapHOro | MacmraGoBaHiCTb. 9Oro By3Ja.
o0unc- cepesIoBHINa 10 TpaHulli Mepexi. | EHeproeekTHBHiCTD. €11Ha TOYKA BiJIMOBH.
JICHHS Husbka 3aTpuMKa nepeziadi 1a- JlaHi MOXKYTb HaJICUIIATHCS [0 JIiTafo-
HHX Ta Kpallui B3a€MO3B 530K 3 YOro By3Jia CKJIaJHUMH MapLIpyTaMH,
KIHIIEBUMH IIPUCTPOSIMU. 1110 301MIbIIIY€E IMOBIPHICTB TXHBOT Yac-
ToninuieHi MOXIMBOCTI BUKOPH- | TKOBOI 200 IIOBHOI BTPATH.
CTaHHs TEXHOJIOTIH 6e3ApOTOBOTO
JOCTYIIy.
Pozmmpeni MoXXIUBOCTI s 3a-
CTOCYHKIB, 1110 TPALIOI0Th y pea-
JILHOMY Yaci.
g | CTBOPIOE MOIJIMBICTh HAJAaHHS 11i€1 MTOCTYTH 32 AO0TIOMO-
i PiBeHb MTAIOTHX XM&pHHX oquC,IeHb ! roto HXO.
H E’b E ! V BapianTi cxemu JITO (puc. 3) dnor BIUIA, sikuit
! ‘.l'm. w ‘I'NT ' BHUCTYIIA€ y POJIi MiJICUCTEMH JIiTAIOYMX TyMaHHHUX O0YHC-
H .. s neub (ITcJITO), a BIUIA ¢umoty — y posti JiTatouux By3IIiB
1 JIBXO-1 JIBXO-2 JIBXO-s | TyMaHHHX o6umciens JIBTO-1, JIBTO-2, ... JIBTO-p,
CTTTTITTIIIIIIIIIIIIII I oIt | TIOEHYE 32 JIOIOMOTOK0 O€3/IPOTOBHX KAHANIB HA3EMHI XMa-
! PiBeHp Ha3eMHHX TYMaHHHX OOUHCIEHD | pHi cepeepr Ta Kiresi nprctpoi KII-1, KI1-2, ... KIT-m 3
! N N ~ ! METOI0 3a0e3nedeHHs OLUTbII BUCOKOT EMHOCTI 30epiraHHs,
H : : " MIBUKOCTI OOYHMCIIEHb, @ TAKOXK HEBEJIMKOTO Yacy 3aTpH-
i *ee O | MKH 1018 KinneBux npuctpois KI1-1, KII-2, ... KII-m.
| __HBTO-1 HBTO-2 HBTO-r i Fomc e
Fommmmmmmmmmm DD DLTITTTTTTITTTTTTT ! PipeHE Ha3eMHHX XMapHHX 00UHCTICHE |
: PiBeHr HazeMHHX IpaHHYHHX OOTHCIICHb : ' i
oA A A ! | — :
1 : : : I I — ]
- O 0O O ’ — ’
H T 1 H ]
] ] b o e - - Fl
i __ _I-_I?_l:(_)-_l_ _ I-I_EE]:Q_—? _______ Iﬁ 1—_9:15 __ j i- PlBeHL THTAFOTHX rpamrqu; oquc:LeHb E
== - oS m o m oo m——— - I : |
: PiBeHE KIHITEBHX IIPHCTPOIB : ! !
LA A A i ?Qf ?Qf ﬁgf i
' : : : i JIBTO-1  JIBI'O-2 JIBIO-n |
S o e o | lEmLmm
E KII-1 KII-2 KII-m j E N ~ ~ E
Png. 1. BapianT cxemu opraizariii E @) O oo @) E
JITAI0OYMX XMapHUX OOUHCIICHb i KII-1 K2 KTl-m E

Sxmo k miacucTeMa JTAIOUMX TPAHNYHUX O0YHC-
JIEeHb HE MOXE HaJaTH HeoOXigHy IIOCIyTy, BOHA

Puc. 2. BapianT cxemu opranizarii
JTAIOYNX TPAaHNYHUX OOUYHCICHB
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PipeHE MITAI0UHX TYMaHHHX OOUICIEHE

1 1
1 1
LA A ~
1 - - : 1
1 1
1 JIBTO-1 JIBTO-2 JIBTO-p

~ A ~

I
I
I
1
: 1
o
KII-m !

Puc. 3. BapianT cxemu opranizamnii
JITalOUNX TyMaHHUX 00YNCIeHb

KoMnoHeHTH nmepcrneKTHBHOL CHCTEMH
MOHITOPMHIY NOTeHIiHHO He0e3MmeYHnX
00’€KTiB Ta TOUUIbHICTH BUKOPUCTAHHS HUMM
XMAPHUX, [PAHUYHHUX TA TYMAHHUX 004K CJIEHb

Ha nymky aBropis, JIXO, JIT'O ta JITO pa3om 3 Ha-
3€EMHHMU BHJIaMU TaKUX O6'—II/ICJ’ICHB MO)KyTI) 6yTI/I 3aTpe-
OyBani mig vyac po3pobku mepcnektuBaux CM ITHO.

Posrasinemo nepenekrusny CM ITHO, no sikoi BXoASTH
TaKi OCHOBHI KOMIIOHCHTH:

— TIHO, skwuit MicTUTh 00’€KTH KOHTPOIIO, JIO
SIKHX, SIK TIPABUJIO, HAJISKATH KPUTUYHI 3 TOUKH 30py 0e3-
MEKU TEXHOJIOTIYHI YCTaHOBKH;

—xpuzopnii  nentp (KL), mnpusHadeHwid s
BIJIIPAIfOBAaHHS PIllICHb, CIPSIMOBAaHUX Ha TIOMepe-
JOKCHHS Ta JIKBiJaliro HacmiakiB aBapiit Ha [THO, a ta-
KO>K IIPOTHO3YBaHHS BUHUKHCHHS TAKHX aBapiil 1 OI[IHKH
X HaACJI/IKIB;

—¢nor BIUIA, sxuit 3nilicHroe ¢GyHKIii 300py,
4acTKOBOI 00pOOKH Ta mepeadi MOHITOPUHTOBOI iH(OP-
Maii g0 KI1I;

—TyHKT aucrtaHniiHoro mutoryBanHs (ITIT), skwii
3abe3redye 3AiiCHEeHHS 30BHIIIHIM ITIJIOTOM (OrepaTopom)
KepyBaHHs Ta KOHTPOb BITJTA Ha 3emJti Ta B IOBITDI;

—rpyna 3oBHimHIX ekcrneptiB (I'3E), sxi awm-
CTaHIIHHO OEPyTh YYacTh Pa30M 3 BIAIOBITHUM MEPCO-
HanioMm KII y BiampaitoBaHHs pillieHb, CIIPIMOBAHUX Ha
MOTIepe/KEHHST Ta JIIKBIJAllil0 HACIiJKIB aBapid Ha
ITHO.

3Baxkaroun Ha BukoHyBaHi CM ITHO 3aBnaHHs, aB-
TOPH TIPOTOHYIOTh BHUKOPHCTOBYBATH KOMITIOHEHTaMH
CM ITHO Ti um €111 BUIH JIITAIOYMX Ta HA3EMHUX 004H-
CJICHB BIAMOBIIHO 10 TaOmuii 2. s peanizanii 1ux Bu-
JiB o0umciienp y ckiani komnoHeHTiB CM ITHO moxyTh
posropTaTucs ojHa abo AeKinbKka migcuctem (tabm. 3).

Tabnuysa 2 — BapiaHT 3acTOCYBaHHSI XMAapHHUX, TPAHUYHHUX Ta TYMAHHUX 004uc/IeHb komnoHenTamu CM ITHO

Kovmnonenrn CM ITHO
Buan o0uncieHb
IMHO ®aor BIIJIA nAan K11 I'3E
XmapHi JiTa4i - + - — _
OGHCIICHEA Ha3eMHi - - + + +
I'pannuHi JiTa4i - + - — _
00YKCIIeHH HA3eMHI + _ _ _ _
TymanHi niTar4i - + - _ _
00uHCIICHHS Ha3eMHI _ _ _ _ _

3 Tabn. 2 BUJAHO, 110 HAWOLIBII 3aTpeOyBaHUMHU €
XMapHi 0OYMCIICHHS, SIKI Peai3yoThC SIK JITAI0UYHM KOM-
noHeHToM (¢motom BIUIA), Tak 1 TppoMa Ha3eMHHMHU
xommonenTamu (ITIT, K11, I'3E), a Haiimen 3aTpebyBa-
HUMH — TyYMaHHI OOYHCIICHHS, SIKi Peaji3yIOThCs TUTBKU
JTar4uM KoMroHeHToM ((aotom BILTA).

Tabmn. 3 mokasye, mo HaOLTBIIA KUTBKICTD TiICHC-
TeM Moxke OyTu posropuyta y ckiafi gpuoty BITIA, ocki-
JBKA Ha HHOTO MOXYTb OyTH ITOKJIa/ICHI 3aBIaHHS 3 MPO-
BEJICHHS 0ZIpa3y TpboX BHIIB obunciens — JIXO, JIT'O Ta
JITO.

IlepciekTHBH BUKOPUCTAHHS METOIIB
IITY4HOT 0 iHTeJIeKTy mincucremamu CM ITHO,
mo sukopucrosye JIXO, JIT'O ta JITO

3acTocyBaHHS METOMIB IITYYHOTO iHTEIEKTY IS
MEpEKEeBUX 3aBJaHb HAOYJO TOMYJISPHOCTI MPOTATOM
OCTaHHIX KUTBKOX JeCATHIITh. Hanpukiam, mTyYHnit iH-
TEJIEKT IIMPOKO BUKOPHCTOBYETHCS B MEpEeXHill cdepi

3aBIAKH CBOIM 31aTHOCTI B3a€MOJIATH 31 CKJIAJHHUM Ce-
pEIOBHUILIEM IS IHTEJIEKTyali3amil npouecy mpuiHsTTS
pimeHs.

Tabruys 3 — Mincucremu y ckiaani komnonentise CM ITHO,
CTBOPIOBaHI 1J1s peaizanii XMapHuUx,
TPAHMYHUX TA TYMAHHHX 004YHCIIEHb

Kommnonentr CM ITHO Hasga mincucremn

THO TIcHI"O-ITHO
[McJIXO-O
®ror BITIIA [McJIT'O-®
[cJITO-®

TIIT ITcHXO-TIATIT

KIT ITcHXO-KI]

I'3E I[IcHXO-I'3E
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Buxopucrannast meroxais Il moxe mokparryBati
MIPOYKTUBHICTH MEPEXki B 0araTboX Cy0JOMEHAX, TAKIX
SIK PO3ITIOJIT PECYpCiB, MPOTHO3YBAaHHS W KiacuQikaiis
MepekeBOoro Tpadiky, KOHTPOJIb TepEeBaHTaKEHHS Ta Ma-
pupytuzanis. [Tincucremn CM ITHO, sxi popMyroTh siK
Ha3eMHi, TaK i Jitaroui Mepexi Ha ocHoBi BIUIA, a Ta-
K0k BUKOpUCTOBYIOTH JIXO, JIT'O Ta JITO mis po3mu-
PEHHSI CBOIX MOIJIMBOCTEH, TOBUHHI 3a0e3mnevyBaru 0e3-
niepeOiiiHe 3’€THAHHS, BIAMOBIAaTH BUMOTaM SIKOCTi 00-
CIIyrOBYBaHHS ISl 0araTb0X KiHIIEBUX IPHCTPOIB, 00pO-
OJSITH BEJMYE3HUH OOCAT aHWX, CTBOPEHUX (I3UYHUM
cepenosunieM. Metoau LI, siki mpornoHyroTh HaNHHUIHA
aHaJIi3, HaBYaHHS, ONTUMI3AII0 Ta MOXIIUBOCTI iHTeIIe-
KTYyaJbHOTO pO3ITi3HABAHHS, MOXXYTh OyTH IHTETpOBaHi B
migcuctemu CM ITHO 15 iHTeNIeKTyaIbHOT ONTUMI3aIlil
MPOYKTUBHOCTI, BUSBJICHHSI HEOOXiTHOI MOHITOPHHTO-
Boi iH(opMmallii, po3MMpPEHOro HaBYaHHS, OpraHizamii
CTPYKTYpH Ta MIATPUMKU MPHAHATTS CKIAJHUX pillleHb
110/10 TPOTHO3YBaHHsI HaciIKiB aBapiii Ha [THO Ta pea-
T'YBaHHS Ha Taki aBapii.

Ha migcTaBi npoBeieHOTO aHANi3y aBTOpamu Oyiio
c(hOpMOBaHO TIEpeliK 3aBlaHb, BUKOHYBAaHHX IIi/ICHCTE-
mamu CM ITHO 3 BUKOPHCTaHHSM Pi3HUX METO/IB IITYY-
HOTO iHTeNeKTy (Tad. 4).

Mertomamu, 0 BUKOPUCTOBYIOThCS, € Taki [29]:

DL —deep learning (rmiboke HaBYaHH:);

DSL — deep supervised learning (rmu6oke kepo-
BaHE HABYAHH);

DRL — deep reinforcement learning (rim6oxe
HAaBYAHHS 3 MiJKPIMICHHSM);

FI — fuzzy inference (aeuiTke BUBECHHS);

FL — federated learning (dbeneparuBHe HaB-

YaHHS);

— GA - genetic algorithm (reHetnunuii asnro-
PHUTM);
RL - reinforcement learning (maBuanus 3
MiKPITUICHHSIM);
RL-ACO - reinforcement learning based on ant-
colony optimization (HaB4aHHs 3 TiIKPITICHHSIM Ha OC-
HOBI alTOPUTMY ONTHMI3allii MypalruHOI KOJOHi().

Tabnuys 4 — 3aBaanns, BukonyBaHi migcucremamu CM ITHO 3 BuKopucTaHHSIM Pi3HHX METONIB IITYYHOTO iHTEJIEKTY

ITigcucremu CM ITHO
©) = m
9 g 9 = = 2 |0
3aBaaHus Meron I S o) 8 g g S 3
=
= = = = p S =
2 e e 5 z T |35
= = = | B
RL + + + + + + +
DRL + + + + + + +
Po3BanTaxeHHs GA + + + + + N +
o04HncIeHb
DL + + + + + + +
FI + + + + + + +
RL + — — + + + +
Po3nonin DRL + — — + + + +
pecypceis GA + - - + + + +
RL-ACO + - - + + + +
RL + — — — — + +
DRL + - - - - + +
[MiaTpuMka TPUAHATTS GA + B ~ _ _ + +
piH.IeHL DL + _ — — — + +
Fl + - - - - + +
FL + - - - - + +
RL + + + + + + +
DRL + + + + + + +
3abe3neueHHs Oe3meKu GA + + + + + + +
DL + + + + + + +
FL + + + + + + +
[TnanyBaHHS MapIIpyTiB
pyxy BILIA RL * B * B * B B

150



ISSN 2073-7394

CucTemu yIrpaBiiHHS, HaBiramnii Ta 3B'13Ky. 2022. Ne 4

Sx My Moxemo Oauuty 3 Tab. 4

— HaiOlbI 3aTpedyBannuM € metox RL, sikuit Bu-
KOPHCTOBYETHCS ISl BUPIIICHHS BCHOTO CIIEKTPY Ipel-
CTaBJICHUX 3aBJIaHb Ta B iHTepecax Bcix migcucrem CM
TTHO;

— HaiiMeHm 3atpebyBanum € meron RL-ACO,
SIKMY BUKOPHCTOBY€ETBCS TIJIBKU JIJIsI BUPIILICHHS 3aBJIaHb
PO3MOITy pecypciB B iHTepecax I'SITH i3 CEMH IMiJICH-
ctem CM ITHO;

— HaiiblnpIe MeToAiB mTy4HOrO iHTeNekry (RL,
DRL, GA, DL, Fl, FL) BukopucCTOBYEThCS IIiJ Yac
BUpILIEHHS 3aBIaHb, TIOB’S3aHUX 3 MIATPUMKOIO ITPUH-
HSTTS PillleHB;

— wHaiimenme wmetofiB (RL) BHKOpHCTOBYETHCS
JUIsS. BUDILIEHHS 3aBJiaHb, MOB’S3aHUX 3 TUIAHYBaHHIM
MapuipyTiB pyxy BIUTA.

BucHoBxku

[IpencraBneHo pe3ysbTaTH NOPIBHSIIBHOTO aHAJI3Y
texuomoriit JIXO, JITO ta JITO 3 Bu3HaUeHHAM 0COOTH-
BOCTEH apXiTEKTypH pillleHb Ha IX OCHOBI, & TAKOX OCHO-
BHUX TIepeBar Ta HeJOMIKIB. 3a3HaueHI pe3ysIbTaTH IOKa-
3amy, 1o apxitekrypu JII'O ta JITO maroTh mepesaru
Haj apxitektypamu JIXO y rHydkocTi Ta eHeproeeKkTu-
BHOCTI, OJIHAK MOCTYIAIOThCs M y MOTYKHOCTI 3ac00iB
00po0OeHHs Ta 30epiraHHs iHpopmartii.

Po3rnsitHyTO BapiaHTH 0araTOpiBHEBHX CXEM Opra-
mizamii JIXO, JIT'O ta JITO i moka3aHi 0coOIUBOCTI B3a-
€MOIIi JTITalouMX BY3JIiB 3 KiHIIEBUMH PUCTPOSIMH.

3anpornoHoBaHo BapiaHt 3actocyBanust JIXO, JII'O
ta JITO xomnonentamu CM TTHO. ¥V upomy BapiaHTi
HaKOLIbLI 3aTpeOyBaHUMU € XMapHi 00UMCIICHHS, SIKi pe-
QII3YIOTBCSL  SIK  JIITAIOYMM KOMIOHEHTOM (ioTom

BILJIA), Tak i TppoMa HazeMHUME KomrioHeHTamu (111,
KII, I'3E), a HaiimeH1I 3aTpeOyBaHUMH — TyMaHH1 004H-
CJIEHHS, SIKI PEali3yIOThCS TIIBKH JITAIOUUM KOMITOHEH-
ToM (¢sorom BIUIA). IlokaszaHo, siki miacucremMu y
cxinani komnoHeHTiB CM ITHO noBunHI OyTH CTBOpeHi
JUIS pearizallii BKa3aHuxX oOurciieHb. HailOimbiry Kinb-
KiCTh MiJICHCTEM HEOOX1THO PO3TOPHYTH Y CKJIai (IIOTY
BILUTA, ockinbKu Ha HHOTO MOXYTh OyTH TOKJIAJICHI 3a-
BIIAaHHSI 3 peajizallil 0pa3y TpbOX BHUIB OOYHCIICHH —
JIXO, JIT'O Ta JITO.

3anporoHoOBaHO BapiaHT BUKOPHUCTAHHS METOIiB
I st posumpenns moxxnupoctelt JIXO, JITO ta JITO
iy yac BukoHanHs CM [THO 3aBnmaHb 3 po3BaHTaKECHHS
004HNCIIeHb, PO3MOALTY PECYPCIB, MIATPUMKH MPUHHSTTS
pileHb, 3a0e3neyeHHs Oe3MeKy i IIaHyBaHHS Mapuipy-
TiB pyxy BIUIA.

BinmoBimHO 10 1IHOT0 BapiaHTy HAHOUIBI 3aTpeOy-
BaHuM € Meto] RL, sikuii BUKOpHCTOBY€EThCS /ISl BUPI-
HIEHHSI BCOTO CIIEKTPY MPEJCTaBIeHNX 3aBAaHb Ta B iH-
Tepecax Beix migcucrem CM ITHO, a Hatimentn 3aTpe0y-
BaHUM — MeTog RL-ACO, sxuili BUKOPHUCTOBYETHCS
TIBKY 17151 BUPIILIEHHS 3aB/IaHb PO3MOILTY PECypCiB B iH-
Tepecax 1’ Aty i3 cemu migcucreM CM ITHO. Haii6inbiie
metoaiB mry4ynoro intenekry (RL, DRL, GA, DL, FlI,
FL) BHKOpUCTOBYEThCS Mifl Yyac BHUPILIEHHs 3aBJaHb,
MOB’S3aHUX 3 MiJTPUMKOIO PUHHSATTS pillleHb, a Hai-
MEHIIIE — IIiJ] Yac BHUPIIICHHS 3aBlaHb, OB A3aHUX 3
TUTaHyBaHHSAM MapipyTiB pyxy BIUIA.

[Moganbur gociimkeHHs AOLUUIBHO CIIPSAMYBaTH Ha
PO3pOOIICHHS MOJIeJIel ONTUMI3aLliT KiJIBKOCTI JIITAFOUMX
By3uniB (BIIJTA) y ckinani niacucrem JIXO, JITO Ta JITO
3a KPUTEPiEM MIBHJKOCTI OOPOOKH MOHITOPHHIOBOI iH-
(dhopmarii.

10.
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Prospects for the use of flying cloud, boundary and fog computing by components
of monitoring systems of potentially dangerouse objects

S. Skorobohatko, H. Fesenko

Abstract. The article provides a comparative analysis of the technologies of flying cloud computing (FCC), flying edge
computing (FEC), and flying fog computing (FFC). Features of systems built using these technologies are shown and the ad-
vantages and disadvantages of the technologies are determined. Variants of FCC, FEC, and FFC organization schemes were con-
sidered. The expediency is substantiated and the option of utilizing FCC, FEC, and FFC by components of the monitoring system
(MS) for the potentially dangerous object (PDO) with unmanned aerial vehicles (UAVS) is proposed. The prospects for using
artificial intelligence (Al) methods by the subsystems of the components of the MS PDO were evaluated. A variant of using Al
methods is proposed to expand the capabilities of FCC, FEC, and FFC during the execution of MS PDO tasks on offloading
calculations, resource allocation, decision-making support, ensuring safety, and UAV path planning.

Keywords: cloud computing, edge computing, fog computing, unmanned aerial vehicles, cloud technologies, artificial
intelligence, monitoring system, potentially dangerous object.
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BUKOPUCTAHHS TEXHOJIOT'TH JIOMOBHEHOI TA BIPTYAJIbHOI
PEAJIBHOCTI AJ151 HABYTTS HARD AND SOFT SKILLS
TP HABYAHHI CIIEIIAJIICTIB IIUBLJIbHOI BE3ITEKH

AHoTamis. Mera. AHalli3 MOKXJIMBOCTI BUKOPUCTAHHS TEXHOJIOTIH JOMOBHEHOI Ta BIpTYyallbHOI PEaIbHOCTI JUIS CTBO-
PEHHS TUCTaHLIHUX OHJIaHH-KYpCiB 3 MeTOk0 3a0e3nedeHHs HaOyTTs «hard» Ta «softskills» creuianicTis 3 ruBinBHOT 6€3-
TIeKU B yMOBaX JUCTAHI[IHHOrO HaBYaHHS 3yMoBJieHoro OoifoBmmu nistvu. Ilpeamer. Crucremarn3amist METOIB Ta HPHUH-
IIUITiB BUKOPHCTAHHS TEXHOJIOT1H TOTIOBHEHOI Ta BIPTYaJIbHOI PEabHOCTI Y MpPOLECi I rOTOBKY 3100yBadiB 3i CIiemianb-
Hocti 263 IuBinpHa Oe3reka B yMOBax 3MIIIAHOTO HaBYaHHsA. Y CTarTi gociijukeno mpobinemu HaOytrs hardskills ta
softskills crynenramu nig yac aucranuiiiHoro HapyaHHs. BuszHaueHo daxtopu, siki HOpPMyIOTh KOMYHIKAaTHBHI Ta mpode-
ciiini HaBHuKku. OOTpyHTOBaHO NpoOyieMn GopMyBaHHS 3MicTy (haxoBoi MiATOTOBKH, K000py ¢opm i MeToxiB podotH 3i
3100yBagaMu 3 METOI0 e(peKTUBHOT'O HaBYaHHs HEOOXITHUM U1t MpodeciifHOT MisSUTFHOCTI KOMIIETEHIIISM 1 HaBUUKaM y Ta-
my3i mmBUIBHOT Oe3nekn. Bukopucranns 3D Bisyaisarii, aHimarii, 3ByKOBOr0 CyIIpOBOJTy, CyOTHTPYBaHHS ITPU po3poOii
Ta (hOPMYBaHHI HAaBUAIBHOIO KYPCY OCBITHIX KOMIIOHEHT J03BOJI€ HAMOBHUTH HOro HeoOXimHMM iH(opMauiiiHuM 3mic-
TOM, 3aHYPIOIOYH CTYJIeHTa B peabHe BUPOOHIYE CEpeIOBHIIE 13 MOXKIIMBICTIO BiITPAIIOBAaHHS aBapifHNX CUTYyaIiH, aje-
KBaTHOI TIOBEIHKY Yy pa3i BuHHKHeHHs HC, onepaTuBHOro Ta MpaBWIBHOTO NPUHHATTS pilieHb. BukoprcTanHs 1omOBHe-
HOI peaIbHOCTI J03BOJISIE MAaKCHMAIIbHO HAOJIM3UTH HaBYAIBHUI TPOIlEC Ta 3a0€3NeYUTH HEOOXiHI KOMITETEHIIT 1T pea-
JIBHOTO TEXHOJIOT1YHOTO TIpOoLiecy Ta OONagHaHHS, IO A€ MOXIIMBICTD 3700yBayeBi MBHUIKO aJaNTyBaTHCS Ha poOOYOMY
Michi. OTpuMaHi pe3yssTaTi MOXXYTh OYTH BHKOPHCTaHI BUKJIAJAadyaM{ Ta iHCTPYKTOPaMH UL JOCSTHEHHS MPaKTHYHUX
HaBHYOK, KOMITCTEHIIiH, 3HW)KEHHSI PiBHS IOMIJIOK, IO JIOITyCKAIOTHCS cepesl 3100yBadviB, MiIBUIICHHS SKOCTI 1X MiJIroTo-

BKHU Ta €()eKTUBHOCTI MPUHHATHX ONEPATHUBHUX PillIeHb Y HA/I3BUYAHHUX CUTYaIlisIX.

Kar4doBi ciaoBa: Bi3yanisallis, TEXHOJIOTI] HABYaHHSI, IOTIOBHEHA PEAJIbHICTD, BipTYallbHA PEAIBHICTb.

IlocTanoBka mpo0JjieMH Ta aHaTi3
OCTAaHHIX J0CTiIKeHb i myOmikamiii

CpOroziHi OCHOBHOIO KOHKYPEHTHOIO IIepeBaro0 Ha
PMHKY Tpalli € HasBHICTb y mpaiiBHUKIB «softskillsy.
PoOorozmaBii BKa3ylOTh Ha HU3BKHHA PIiBEHb MIKOCO-
OUCTICHUX, KOMYHIKALIMHUX Ta aHAIITUYHUX 3AI0HOCTEMH
BUITYCKHUKIB, 1[0 3yMOBUJIO TPHBAJIE NUCTAHIIHHE HABY-
AHHSI Ta aKTUBHHI PO3BUTOK L(poBUX TexHOMOTIi [1].

3HayHa yBara TpH MpaleBIAINTyBaHHI MPUILIS-
€ThCS HAjABHOCTI CTiMkux «softskillsy xommeTeHIini.
Iuayuki (M’sixi) kommerenti «softskills» (B aHmoMOBHUX
okepenax mpo  «softskillsy MokHa 3ycTpiTH TepMiH
«employability», inmuMu ciioBamu «employability») Ha
JaHUl MOMEHT HE MAlOTh OIHO3HAYHOTO TPAKTYBAaHHS B
Haylll, ajie BeJIM4Ye3Ha OUIBIIICTh NIEPEKOHAHA B TOMY, 1110
JUIs Kap'€epHOTO POCTY Ta YCHIXy JIsi HHUX MpiopuTe-
tHimMU € «hardskillsy (abo mpodeciiini  3HaHHS).
Haii6inbin TounuMu BusHaueHHsMu «softskillsy moxna
HA3BaTH 3[aTHICTH BHPINIYBATH CKIAagHI 3aBHAaHHA, 30-
epiraTe CaMOBIIaIaHHS B CTPECOBUX CHUTYAIISIX, IPOSBIIS-
TH KPUTHYHE MUCIEHHS Ta KpeaTHUBHICTh. KpiMm ToroO,
«M’SIKi HABHYKI» BKITIOYAIOTH B ce0¢ KOMIICTEHTHICTh B
YIpaBIiHHI JTIOIbMHU, HABUYKU KOOPIUHAII] Ta B3aEMOJII,
eMOIIHUI 1HTENeKT, 3aTHICTh CYJUTH Ta NPHAMATH
pIlIeHHS, HABMYKH BEICHHS IEPETOBOPIB Ta KOTHITHBHY
THYYKICTh, IO € BKpail HEOOXiTHOI KOMIICTCHIUEO IS
(haxiBIiB 3 TMBUIHHOI O€3M-€KHM, OCKLUIBKH iX TpodeciitHa
JSUTBHICTH TIOBS3aHA 3 TOCTIMHOI KOMYHIKAIEI0 Ta
B33a€EMOIIETO 3 PI3HUMH JTFOIBEMIL

IHocranoBKa 3aBAaHHS Ta HOro BUPILICHHS

st OTpUMAaHHSI KOHKYPEHTOCIIPOMOXHHX, YCITi-
[THUX, €(PEKTUBHUX CIEIaJiCTiB IICIIsI 3aKiHUCHHS Ha-

BUaHHS HE CJIiJ 3MIIIyBaTH aKIECHT BHUKIIOYHO Ha
«hardskills», nmpodeciiiHi KoMNeTeHIil, Ha MKOAY PO3-
BUTKY «softskills», 3aranbHOKYJIBTYpPHHUX Ta 3arajbHOI-
podeciiiHinx kommeTeHii. Peanii Ta puHOK Ipali Taxi,
IO Bipa3y Micisl OTPUMaHHs JUILIOMY MOJIOJWI crie-
iasnict e Ha poOoTy, mepll 3a Bce 3’ICOBYIOTh, UH € Y
HBOIO «M’SIKI HAaBUYKW» 1, BUXOISMYH 3 IX HAasIBHOCTI,
OepyThb Horo Ha poOoTy 4 Hi. HaykoBIi BUIIISIOTH 1Ba
OCHOBHI HIISIXH (POPMYBaHHS «M’SIKUX HAaBHYOK» Y CTY-
JCHTIB: MepIHil — Ie HaBYaHHS Oe3rocepeHbo, BBE-
JICHHSI OKPEMHUX KypCiB y BapiaTHBHY CKJIaJOBy HaBua-
JBHOTO TUIaHy. J{pyruil miaxif mosira€ y BAKOPUCTAHHI
MOTEHI[IaNly TUCIMIUTIH, 1110 BUBYAIOTHCS, Y MOEJHAHHI 3
He(OPMAIIBHOIO OCBITOI0 Ta I032ayIUTOPHOI0 BHUXOB-
HOIO POOOTOIO.

[loBHMIT CHEKTp KOMIIETEHTHOCTEH, 10 (op-
MYIOTh (OpMyBaHHS Mail0yTHBOTO (haxiBIsl Y BUILIOMY
HaBYAJBHOMY 3aKJaJi, CKJIaJa€ThCs 3 KOMIUIEKCY 3ara-
JTHHOKYJIBTYPHUX KOMIETEHIiH, OJ0Ky 3aransHonpode-
CIITHUX KOMIETEHIIIH Ta KOMILIEKCY MpodeciiftHuX KoM-
METeHTHOCTEH, AKi (OPMYIOTBCS BHAAMH AiSIBHOCTI
MailOyTHROTO (haxiBIl 3 NHBITBHOI OE3MEKH, 5IKi, AK
NPABHIIO, PETJIAMEHTYIOThCSl CTAHAAPTOM BHILOI OCBITH
3a crenianbHICTIO. Ko)kHa HaBYanbHa OUCIUILIIIHA Opie-
HTOBaHa Ha YHIKaJIbHUH MEpeiK PO3BUHYTUX KOMIIETE-
HTHOCTEH, sIKi MalOTh 3a0e3MeunTr HeoOXiaHui mpode-
CilfHWI piBeHP CIIeliaiicTa-TOYaTKIBI 0 3aKiHUCHHS
HaBYaHHS y 3akiai Bumoi ocsita (3BO).

HesBakaroun Ha BCIO CKJIAQIHICTH OBOJIOMIHHS Ta
KOPUTYBaHHS TaKNX HaBUYOK, poOOTa 3 X (OpMyBaHHS
B TIporieci mpodeciiiHoi mAroToBKA (axiBIliB 3 IHBIIb-
HOI Oe3nexkn y 3BO 103BONMTE MIPUBEPHYTH yBary CTY-
JICHTIB JIO pOJIi OCOOMCTICHUX, Mi’KOCOOUCTICHUX 1 IIPO-
(eciifnux 3a10HOCTEH 1M1 3AiHCHEHHS epeKTHBHOI TPY-
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JOBOT Ta TpodeciiHOl MisSUTEHOCTI, a TaKOX YCIIIIHE
Kap'epHE 3pOCTaHHSL

dopMyBaHHS «M’SKHX HABUYOK» Mae€ BinOyBa-
THCS SK Ha 3arajbHONpPOQECiHHUX IUCHUIUIIHAX Ta
MDKIUCIUIDTIHADHUX Kypcax pa3oM i3 (opMyBaHHSIM
3araJbHONPOQECiiHIX KOMIETEHTHOCTEH, TaK 1 Ha JuC-
[UIUTIHAX 3arajlbHOOCBITHROTO IHKITY. Hapasi poGoTo-
JIABII BIIAFOTH NEepeBary KaHauIaTaM, siKi OKpiM Ipo-
(eciiiHUX 00O0B’SI3KOBUX HABHYOK Ta KOMICTEHIIH Yy
chepi MUBLITBHOT OE3MEKH MalOTh MOOUTBHICTh, CHCTEM-
HE MUCJICHHS, MAalOTh IIIUPOKI 3HAHHA Yy pi3HUX cdepax
KHUTTS Ta B Kypci iHHOBaliHKUX mporieciB. OcoOucTicHi
XapaKTEePUCTUKH, sIKi PEIPEe3eHTYIOTh YHIKaIbHI SIKOCTI
CTYIEHTIB Ta piBeHb po3BUTKY softskills, BimirparoTs
BaXXJIMBY POJIb HE JIUILE Y 3JIHICHeHH] podeciiitHol ais-
JIBHOCTI, @ ¥ y IIJIOMYy 3HaYHO MiJBUIIYIOTh KOHKYPEH-
TOCIPOMOXKHICTh MailOyTHBOTO (haxiBis [1-2].

PesynbraTi MOCHIPKEHHS! MMOKa3ajid, IO «THYYKI
HaBUYKH» € 30ipHUM TEPMIHOM, SIKHH CTOCYETHCS Pi3-
HOMaHITHUX ()OPM TOBEIIHKH, SIKi JIONOMAraroTh JIIO-
JSIM TIPAIIOBATH, & TAKOX YCITIIIHO CITIJIKYBaTHCS — B3a-
€MOJIIATH 3 IHIIUMHU JIFOJABMH, HABITh SKIIO I B3a€MO-
Iist He BinOyBa€eThCs Biu-Ha-BiY, uepe3 IHTepHeT, Tere-
(oH ab0 HaBITh Yepe3 0OPOOKY JTOKYMEHTIB.

VY mpakruii 3apyOiKHUX YHIBEPCHTETIB TpaIHiliii-
HO 0arato yBaru MPUIUIIETHCST po3BUTKY softskills.
AHami3 1HHOBAIIMHUX TEJaroTiYHUX TEXHOJOTIH, SKi
BUKOPHCTOBYIOTHCSI B 3apyOXKHUX TEXHIYHUX YHIBep-
cUTeTax, MOKasye, I0, HE3BAKAKOUM HA PIZHOMAHITTS
MIXO/IB, 3arajibHOI0 TCHICHIIIEIO € OPIEHTALIS Ha TIPO-
0JICMHO-OPIEHTOBAHE Ta IPOCKTHO-OPraHi30BaHE HaB-
YaHHS 3 HEPIIOro Kypcy. Y MpPaKTHIl BITYM3HSHHUX 1H-
JKCHEPHHUX BUIIMX HABYAIBHUX 3aKIIaJliB 3HAHOMCTBO
CTYICHTIB 3 HAYKOBO-TIPOCKTHOIO MisUIBHICTIO IMOYMHA-
€ThCS, SIK TMPABHIIO, HA CTApIIMX KypcaX. [IpoekTHO-
OpraHizoBaHe HaBYaHHS KOMaHIHIN POOOTI CIIpHsiE PO3-
BUTKY HABMYOK CIIBIpAIll, & JTOJATKOBI JO 3BUYAWHUX
3aHATH NPOQECIHHO OpPIEHTOBAHI 3aXOH: CEeMiHApH,
TPCHIHTH, JITHI TEMAaTHYHI IIKOJIM, MIKHAPOJIHI MPOEK-
TH — JIO3BOJISIFOTH HA IPAKTHINl OUTBII IHTEHCHBHO Ta
epexTuBHime (GopMyBaTH HEOOXIAHI mHpodeciiHi Ta
yHIBepCalbHI KOMIIETCHTHOCTI BHITYCKHHKIB.

KpiM BHBUYEHHS TEOPETHYHOI'O MaTepiany, OCBITHI
KOMITOHEHTH creriansaocTi 263 IuBimeHa Oe3meka
nepeadavaoTh MPOBEJCHHS IMPaKTHYHUX, Jiaboparop-
HHUX POOIT, B MPOIIeCi BUKOHAHHS SIKUX 3100yBadi Ha-
OyBarOTh MPAKTHYHUX HABHUYOK 3 POOOTH TEXHIUYHUX
CHCTEM, MPUCTPOIB, BUMIPIOBAIIBHOI arapaTypH, , HaB-
YaIOThCS CHUHTE3yBaTH MPAKTUYHI HABUYKH 3 Pi3HUX
JTUCITUTUTIH, a TaKOXX BYATHhCS B3AEMOISATH Y KOMAaHII,
MpUAMaTH BiNOBIAANBHI PIMICHHS, KOMYHIKYBaTH 3a
HaMpsAMaMH TPOQECiiHOT JisUTbHOCTI.

He BapTO HEmOOIIHIOBATH TAKHHA IHCTPYMEHT PO3-
BUTKY «softskills» i «hardskillsy, sk cTaxxyBaHHsS Ha
I IIPHEMCTBAX 1 B KOMHaHisX. [IpoxomkeHHsT BHPOO-
HUYOI MPAKTUKU CYTTEBO BILIMBAE HA IMiJrOTOBKY CTY-
JICHTIB 3 NUBIIBHOI Oe3MeKkn A0 MaOyTHBROI Tpodeciii-
HOI JiSUTBHOCTI B IUIOMY: PO3BHUBAIOTHCS HE JIHIIE MPO-
(eciiiHi HaBUYKA, a  KOMYHIKATHBHI HABHYKA. Y XOJi
CcTakKyBaHHSI (POPMYETBCS MpodeciiiHa eTnka Ta po3IIn-
proeTsest Mepexa npodeciiianx KoHTakTiB. [IpoTe cy-
YacHi BUMOTH Oe3nexu — 601oBi nii Ha TepuTopii Ykpa-

iHM — HE JO3BOJISIIOTH MOBHOI[IHHO BHKOPHCTOBYBATH
1eif 3acib HaBYaHHSL.

Just ctynentiB cnemianbHOCTI 263 [luBinpHA 0€3-
NeKa iCHYIOTh CBOT OCOONMBOCTI HaBYaHHS, SIKi 00yMO-
BJIEHI HEOOXIJHICTIO YCBiZOMJIEHOrO HaOyTTS HOBHX
npoeCifHNX KOMIIETCHII BIMOBIIHO JO CyYacHHX
aKTyaJIbHUX BHJIB JisutbHOCTI. [IpoGnmema 3100yTTs
CHeliaIbHUX 3HaHb, yMiHb, HaBHYOK 1 (OpPMYyBaHHS
npodeciiiHnX KOMNETeHIIH Ta HeOOXIIHUX 1HMBITya-
JBHHUX TICHXOJIOTIYHUX SKOCTeH MaiOyTHBOTO (haxXiBIls,
OPUHHSATTS MPABHIBHUX ONCPATHBHHUX pIIICHb B Haj-
3BHYAWHUX CUTYalisX BOEHHOTO, BUPOOHHYOTO, TIPHPO-
JTHOTO 1 TEXHOTEHHOTO XapakTepy HaOyBae 0coOJIMBOI
3HAYYMIOCTI OCOOJHMBO y TEPiOJ BHKIUKIB BIHCHKOBOT
arpecii. @axiBIli UBUTLHOI OC3MEKK MOBUHHI BOJIOIITH
HMIMPOKUM CIIEKTPOM 3HaHb, HABMUOK 1 YMIHb 3 Pi3HHUX
OCBITHIX KOMITOHEHT: TICHXOJIOTiI, €KOJIOTii, MEIUIINHH,
Teopii ropiHHs i BUOYXIB, OXOpPOHH IPUPOIHOTO cepe-
JIOBUIIIA, pecypco30epekeH s Ta iHIMX Haykax. [Ipak-
THKa MMOKA3Ye€, M0 MiABUIICHHS PiBHS FOTOBHOCTI (haxXi-
BIIIB [MBIJIbHOT OC3MEKKM BUMarae po3poOKH iHTerparriii-
HOTO Miaxo/y /10 HaByaHHs y 3BO.

[MopiBHsIBHUIA aHali3 MOKa3ye, 10 MpobdiaeMa
MiZABUIIEHHS SKOCTI MpodeciiiHoro HaB4YaHHs HAKOLIbII
rOCTpPO MPOABJIAKOTHCSA B TOMY, IO CTYACHTH IIPpU 3Mi-
[IaHOMY HaBYaHHI HE B IOBHIH Mipi rOTOBI JIO 3aCTOCY-
BaHHs 3700yTUX 3HaHb. Hepiako, BUSIBISIOYM TrapHi
TEOPETUYH] 3HAHHS, BOHM HE MOXYTh 3aCTOCYBATH Iii
3HaHH Ha IPaKTHILI.

SlkicHe, TIOBHE 3aCBOEHHS Martepially OCBITHIX
KOMITOHEHT MpU JMCTAHIIIHOMY HaBYaHHi, JO3BOJISIE
miarotysati (axiBIiB 3JaTHUX BHpIIIYBaTH Ha Iep-
BHUHHHX I10CaJiax 3aBJAHHS CTBOPEHHS 1 HiATPUMAaHHS
3I0pOBUX Ta OE€3MEeYHHWX yMOB Mpaili, 3a0e3redeHHs
[UBUILHOTO 3aXMCTY, TEXHOT€HHOI OE3MeKu, a TaKOoX
pearyBaHHsI Ha HaJ3BUYalHI CUTYyallil Ta JKBiAaLio0 iX
HACiIKIB.

Jlo HalleeKTUBHIMMX IHCTPYMEHTIB PO3BUTKY
M’SIKMX HaBHYOK, BU3HAHUX (axiBLsAMU 3apyOiHUX
3BO, a ocTaHHIM YacOM 1 BITYM3HSAHHUX, CJIiJ BigHECTH
IHTepaKTUBHI METONM HaBYaHHsS, SIKi IMepeadavyaroTh
BUKOPHCTAaHHS TeXHOJIOT1H nonoBHeHoi (AR) ta BipTya-
apHOI (VR) peambrocTi [3]. BUKOpHCTaHHS TaKHX TEX-
HOJIOTiH 3a0e3Medye MUPOKI MOXKIIMBOCTI JIJIsl OpraHi3a-
il HaBYAIBHOI MOOUIBHOCTI, HEYNEepeIKEHOCTI KOHT-
pOITt0 3HaHB, JOCTYIMHOCTI TIOBHOLIHHOI OCBITH IS JTFO-
neil 3 0OMeXeHHMH MOMJIMBOCTSAMH, ONTHAMI3aIli pe-
JKUMY poOOTH Ta B3a€MOil BHKIAAAYIB 31 CTyIEHTaMU,
a TAaKOX IIBUIIEHHS TNPOAYKTUBHOCTI CAMOCTIHHOI
poboTH CTyAeHTIB iHXEHEepPHUX cremiamsHocTel. [omo-
BHEHA PEANBHICTP IMOCTAE SIK IHTEPAKTUBHA TEXHOJIOTIS,
sKa JIO3BOJIIE HAKIANATH KOMITHOTepHY Tpadiky ado
TEKCTOBY iH(opMmariiro Ha 00'ekTH peanpHOTO Yacy. Llro
peajbHICTh MOKHa PO3TIAATH SK CEpeJOBHIIC 3 Ipsi-
MHM YH OIIOCEPEIKOBAHUM JOIOBHEHHSM (Di3HIHOTO
CBiTy NU(POBIMH TAaHNMH B pealbHOMY Yaci 3a JIOIo-
MOTOFO M TIPHCTPOIB — IUIAHIIETIB, CMapTHOHIB Ta iHHO-
BaI[ifHIX T'aJPKETIB, @ TAKOX MPOTPaMHOTo 3a0e3MedeH-
Hs it HuxX [4]. Lg TexHOMOTIS M03BONISAE 3100yBadyamM
KepyBaTH 00 €KTaMH JOMOBHEHOI PeajhbHOCTIi, IepeMi-
IIyBaTy iX, 00epTaTH, 3MIiHIOBaTH MacmTad Ta meperis-
JIaTH TiJ pisHUME KyTamu [5]. Bee 11e Bene 10 po3BUTKY
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MIPOCTOPOBOTO MUCIICHHS, TO3BOJISIE TIOBHIIIE 1 TIIHOIIE
CHpUMMAaTH IPEIMET, IO BHUBYAETHCS, IO OCOOIMBO
BaXJIMBO YISl IIOBHOTO PO3YMiHHSI KOHCTPYKIII 1 MTpUH-
[UIIB poOOTH JTOPOTOTO CIIEIiaTi30BaHOTO O0JIaHAHHSI
1 CKJIaIHUX TEXHOJIOTIUYHMX IIPOLECIB IMOXKEKHOI Ta mMa-
POCHIIOBOI OC3MEKH.

TakuM YMHOM, ITIJTOTOBKA CIIEI[ialicTa 3 I[UBLIb-
HOT Oe3MeKn T03BOJISIE MAKCUMAJIbHO 3aHYPUTH CTY/CH-
Ta B peaJbHUN BUPOOHWYMH Iponec npodeciiiHol Iis-
JIBHOCTI Ta JIa€ MOXJIMBICTh peaji3yBaTd INpOIEC HaB-
YaHHS 3 MAaKCHMAaJbHHM HAMOBHEHHSIM Bi3yaJbHHM,
3BYKOBUM Ta iH(OpPMAI[iiHIM HAITOBHEHHSIM, BUKOPHUC-
TOBYIOUYM aKTHUBHI METOIM HABYAHHSI.

TexHoorii BipTyajabHOI peanbHOCTI J03BOJISIOTH
peasti3oByBaTH TUCTaHIiHI HAaBYAIbHI KYpCH JUISL CTY-
JICHTIB crieriagbHOoCTi 263 [luBinbpHa Ge3meka, 0 MOB-
HOI0 Mipoto 3a0e3neuye (GopMyBaHHS NMPAKTUYHHX Ta
AQHAJTITUYHUX HAaBUYOK, SIKI OCOOJIMBO aKTyalbHI IpH
JUCTAHI[IHIA MiIrOTOBIN TaKUX (haxiBI[iB, MPUUYHHOIO
YOro crajia CBiTOBa MaHJEMisl Ta MPOBEJICHHS OOHOBHX
niit Ha TepuTopii Ykpainu. Peanizauis Takoro poay Ky-
PCiB cripHsie MiBUIIEHHIO IHTEpECy 10 Marepiaiy, 1o
BUBYAETHCS, CaMOCTIHHOMY HABYAaHHIO Ta Mi3HAHHIO
HOBOTO, MiJIBUIIIEHHIO SIKOCTI Ta €(EeKTHBHOCTI HAaBYaH-
Hs Ta po3BUTKY «softskills» i «hardskillsy 3a paxyHok
BUKOPHCTAaHHS JIeTali3allil, CTUMYIIOETbCS PO3BUTOK
IPOCTOPOBOI'0 MUCIICHHS, 3a0€3MeUy€eThCsl IHTePaKTHB-
HiCTB IIpoueCy HaBUaHHS, 3’ ABIIIETHCS MO)KJ'II/IBiCTI) BHU-
BUMTH BEJMKWI oOcsr iHdopmarii 3a MeHIMH 4ac i
BUHHKAE «e(EeKT HECHOAIBAaHKMY» Ui 3100yBadiB, IO €
Ba)JIMBUM €JIEMEHTOM HaBYaHHsI Cy4acHOT Moo [6].

Mera jpociiskeHHs — BH3HAUUTH MOXJIMBOCTI
TEXHOJIOTIi JOIMOBHEHOI Ta BIPTyaJbHOI peajbHOCTI Y
¢dopmyBanHi «softskillsy Ta «hardskillsy y crynenTis-
€JIEKTPHUKIB y Tpolieci Bidyali3aiii HaB4aJIbHOIO Mare-
piany Ta noBecTH 1 e()eKTUBHICTb MPH OpraHizailii 0cBi-
THBOI CKJIaJI0BOI IPAKTUYHUX 3aHSATb.

CTyIeHTH 4YacTo BIJMYyBarOTh 3HAYHI TPYAHOLII
NPy BUBYEHHI (PI3MYHUX MPOIECIB 1 SBUII, MO BiIOY-
BalOThCS MTPU BUOYXOBUX pEaKI[isiX, TOPIHHI Ta aBapiii-
HUX CUTYyallisX Ha BUpoOHUITBI. Lle moB's3aHo 3 Biacy-
THICTIO MOJTUBOCTI Bi3yaJii3allii TaKHX MPOIECiB y pea-
JMBHUX JabopaTopHux ymoBax [4-5]. HaOyrrs Ttakmx
3HaHb 1 BMiHb € (JyHJaMEHTaIBbHOI OCHOBOIO PO3yMiH-
Hsl Tpupoau (I3UYHUX SIBHI 1 TpoleciB, 0 (opmye
KOMIICTEHTHICTh (haxiBis. 3a JOMOMOTOK TEXHOJOTIT
BipTyalbHOI Ta JOMOBHEHOI pPeajbHOCTI MOXKHA IIPOje-
MOHCTPYBAaTH IOIIMPEHHS TAKUX MPOILECIiB, MO 301J1b-
IIy€e AEMOHCTpALiiHy CKJIa0BY HaBYAIBHOTO MaTepia-
my. JlonoBHEeHa Ta BipTyaiabHa pPealbHICTH CTBOPIOE aT-
Mocdepy 3aHYpeHHSI B TEXHOJIOTTYHHH MPOLEC YU TeX-
HIKO-OpraHi3amiiHy 3a7ady Ta JI03BOJISE 32 JOIIOMOTOI0
BIpTyaJIbHUX 3aC00iB (DOPMYBATH aHATITHYHE MHUCIICHHS
CTYCHTIB JJIsI HAHOLIBII eEKTHBHOTO BHpIiICHHS [6-
7]. BimMiHHICTH TEXHOJIOTII TOTTIOBHEHOI PEaIbHOCTI BiJ
BipTyalbHOI IOJIATaE B TOMY, 1[0 BOHA HE i30IIFO€ 3110-
OyBada BiJl peasbHOTO CBITYy, a PO3IIHMPIOE HOTO, /10]1a-
0YM KOpHUCHHH UU(QPOBUI KOHTEHT (3BYKH, BIJ€O,
TEKCT, iHO3eMHY TEPMIiHOJIOTiF0, KOMEHTapi TOIIO), TOII
SK BipTyallbHa pEalbHICTh IIEPETBOPIOE HABYAHHS B
KOMIT'IOTEpHY TPY 3 ITOBHUM BiITBOPEHHSIM TEXHOJIOTI-
YHOTO CEpe/IOBUINA, B IKOMY Iepe0yBa€e ydeHb.

B OCHOBiI BHKOPHCTaHHS TEXHOJOTIi JOMOBHEHOI
peasbHOCTI JISKUTH MapKepHe CKaHyBaHHS, SIKE € Iepe-
XOZIOM BiJl peajbHOTO HaBYAJIBHOTO JIEMOHCTpANiiHOTO
Marepiany 0 BIpTyallbHO HAKIIQJCHUX OO0 €KTiB, SKi
PO3IIMPIOIOTh 1 JIOTTOBHIOIOTh OCHOBHUH HaBYAIBHUU
matepiain. [Ipu mpoMy Mapkepu JOMOBHEHOI PeabHOCTI
BiJJOOpaKaroThCSl Ha €KpaHl €JIEKTPOHHOTO IPHUCTPOIO
(TutaHmIeTa, TeneOHY) i 3MIHIOIOTHCS 3aICKHO Bij TO-
o, sIKi Jil BUKOHYE y4eHb. Lleli MeToa J03BOJIsSE OTpHU-
MaTH HEOOXiMHWH piBeHb IHTEPAKTUBHOCTI O0'€KTIB Y
JMUHAMIYHKUX Tpoliecax. Peanizaiis JOMOBHEHOI peaib-
HOCTI 0a3yeTbcs Ha CHCTEMax IMPOCTOPOBOTO BiicTe-
JKEHHSI TIOTOYHOTO CTaHy 00’€KTa B IPOCTOpi, IO BHU-
3HAYa€THCSl HA OCHOBI Oe3MepepBHOTO aHaJI3y BiJIEOMO-
TOKY, [0 HAJXOUTH BiJ BileokaMepH HU(PPOBOTO Mpu-
cTporo (Ta/pKeTa) B pealbHOMY Yaci Ta JOMOBHIOETHCS 3
AR-cuenamu [7].

MapkepoM MoOxe OyTH CrellialbHe 300paskeHHS
(QR-kom abo Oyap-sKuMii iHIINMIT), pO3MillleHEe SK Ha Ma-
nepi, Tak 1 Ha eKpaHaX eIEeKTPOHHHUX MPUCTPOIB 3aJexkK-
HO BIJ] QJTOPUTMIB PO3Ii3HABaHHS 300paKeHHS, MO-
JKYTh BUKOPHUCTOBYBATHCS Pi3HI TUNH 300paxkeHb. J{is
BUKOPHCTaHHSI JIOMIOBHEHOI peajbHOCTI HE TMOTpiOHE
JIOZIATKOBE OOJaJHaHHSA, OKPIM €JIEKTPOHHOIO MpH-
CTpOIO, OCHAIIEHOTO KaMepor Ta Opay3epoM JIOMOBHE-
HOI peanbHOCTI (puc. 1).

Puc. 1. TexHosoril 10NOBHEHOT peabHOCTI B Ail

IIpu mpoBeneHHI MPaKTHYHUX 3aHATH CTYACHTIB
TEXHOJIOTisI TOTIOBHEHOI PeasbHOCTI JO3BOJISIE CTBOPIO-
BaTH atMocdepy, MaKCUMaJIbHO HAOIKEHY 0 pealib-
HHUX YMOB Ha/I3BHYAIHOI CHUTYyallii 4u mpoOiiemMu, a Ta-
KOX JIO3BOJISIE Bi3yadhbHO BHKOPHCTOBYBATH iHQOpMa-
IiFO TIPO peaNbHy OOCTaHOBKY i3 3aCTOCYBaHHSIM THIIO-
BHAX MOJIeJel 1 METONMK BUPILICHHS ONEPaTHBHHUX 3a-
BJaHb.

BuxoprcTtaHHS HAaBUYOK BIpTyadbHOI pearbHOCTI
Ta BIPTYaJIbHUX HaBYaJbHUX KypCiB BHMAara€ MOBHOTO
BiJIOOpaXCHHS TEXHOJIOTIYHOTO TPOIIECY 3 IOBHHUM 3a-
HYPEHHSIM CTY/IEHTa Y BipTyaJbHE CEpPEIOBHILE.
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SIK mpaBWIIO, TAaKUH TpeHa)Xep J03BOJISIE BUKOHY-
BaTH TEBHI Jii 3 oOmagHaHHsM (puc. 2, a) i JO3BOJISIE
iMiTYBaTH pi3Hi aBapiiiHi cUTyaIlii BUPOOHUYMX TIpoIe-
ciB (puc. 2, 6) 1 1iif oneparopa, 103BOJISIE IIBUIKO pea-
ryBaTH 1 mpuiiMaTy pimeHHs. Takuil miaxix BUMarae
creniaybHOTO O00JIaHAaHHS, HAIPUKJIAJ, OKYJIPIB Bip-
TyaJIbHOI PeaTbHOCTI.

F
IRE SAFETY SIMULATOR

0

Puc. 2. [loennanus peaabHUX Ta BipTyaJIbHUX 00’ €KTIB
3 BUKOPHCTaHHIM TEXHOJIOT1H JOMOBHEHHS Ta BIPTyaJIbHOL
peanbHOCTI Ha MPUKJIaAl HABYAIBHOTO KypCy:

a)— peatizallisi BipTyaJbHOTO CepeJOBHIIa BHPOOHHIOTO
LIEXy 3 MOXKITUBICTIO iIHTEPaKTUBHOIO 3aHYPEHHS CTY/ACHTA,;
0 — MOJIeITIOBaHHs aBapiiHKX MPOIECiB poOOTH
o0aHaHHs 3ac00aMy BipTyabHOI peaibHOCTI.

HaBuaHHs 3 BHKOPUCTaHHSM BIpTyalbHOI peaib-
HOCTI € BHCOKOS()EKTUBHUM Ha €Talli IiJrOTOBKH CIie-
miayicTa Jjisi KOHKPETHOTO BHPOOHHYOIO MpOIecy Ta
nignpuemMcTBa. ToMy BeJMKa KUIBKICTh Cy4acHHUX -
PHEMCTB 3allikaBiieHI B po3po0lli BipTyadbHUX KypCiB
HABYaHHS, 00 OTPUMATH TOTOBOTrO (haxiBis, SKHIt
3MOXK€ B HAWKOPOTIII TEPMiHH MPUCTYIHTH IO BHKO-
HaHHS CBOIX 00OB'SI3KIB.

Cepen Takux mignmpueMctB — IlonaTaBchKuil ripHU-
4o-30arauyBaibHUil KOMOiHAT. BpaxoByroun Beluky
KUTBKICTh OOJNIaJHAHHS Ta CKIAJHI IPOIECH B HOTo BHU-
pOOHIYOMY LMK, HABYaHHA MOJOIMX CIEIiaJliCTIB Ha
Kypcax 3 BHKOPHCTAHHSM TEXHOIOTiH JTOTIOBHEHOI Ta
BipTyalbHOI pEasbHOCTI MaiKe BIBiUl CKOPOYYE dHac
amamnTamii Ha poOOYOMY MICI Ta MiABHINYE e(EKTHB-
HiCTh po0OOTH 3 opraHi3arii 0e3MeKOoBHX 3aXO0/iB Ha Ta-
KHUX BUPOOHUIITBAX.

Le moB’s3aHO 3 BiACYTHICTIO 3BHKAaHHSA A0 PO0O-
YOr'0 MiCIls, 3HaliOMCTBa 3 00JIaJHAHHSIM Ta JI0JATKOBO-
rO BHUBYEHHSI HOro KOHCTPYKLIi Ta (yHKIIOHAIBHOCTI

(puc. 3)

Puc. 3. BipryansHuii Typ HiAIpHEMCTBOM

HaBuanHst y BipTyasbHIN peaslbHOCTI MOBHICTIO Ta
peaNiCTHYHO 3aHYPIOE CTY/EHTa Y BHPOOHHMYE cepeno-
BHIIE, K y KOMIT FOTEPHY TPY, J03BOJISIE 3BUKHYTH JIO
BUPOOHMUYOTO CEPEIOBUIIIA T TOTO, SIK TPEHAKEP HaBYa€E
ajropuT™Mam poOOTH 3 00JIaTHAHHSIM.

Taki BipTyasbHI HaBYaNbHI KypCH MOXYTb OyTH
CTBOpEHI 3a y4yacTio poboToAaBiliB. B ymoBax 0oHoBHX
Jiif, BTpar i pyHHYyBaHHS MaTepialbHO-TEXHIUYHOI 0a3u
HABYAJIbHUX 3aKjIa/diB, HEMOXKIMBOCTI il IMOCTIHHOTO
OHOBJICHHSI Yepe3 CKJIaJ[HI €eKOHOMIYHI YMOBH Ta BPaxo-
BYIOUH TOCTPY NMOTPeOy AepKaBH Y CIelianicTax 3 IUBi-
JbHOI Oe3neKu, TparHeHHsI poOOTO/ABIIIB J0 HaliMy Ha
po0OTy BHITYCKHHKIB, SIKI J100pe 3HAIOTH Crenudiky
IOLIeCY Ta TEXHOJOTIi 1HUBiAyaJbHOrO BUPOOHHIITBA,
Taka IMiJIroTOBKa BiJIIOBiIA€ TOTpeOaM y SIKICHOMY 3Mic-
TI JUCUMILTIH JUIsS BCIX CIIOKMBaYiB OCBITHIX IOCIYT.
Bubip koHTeHTy mis BimoOpaxkeHHA Ta Bizyamizauii y
BIPTyaJbHMX HaBYAIBHUX KypcaxX 3 BHKOPHCTaHHAM
JIOTIOBHEHOI Ta BIpTyaJibHOI peasybHOCTI J03BOJISIE Bpa-
XyBaTu 1moOa)kaHHs BCIX 3alliKaBIEHUX CTOPIH. AjamnTa-
I[is1 Ta MOBHE 3aHYPEHHSI Y BUPOOHHYE CEpPE/IOBUIIE J0-
3BOJISIE CTYIEHTaM HE JIMIIe OTpuMaTtd mpodeciiiui
3HaHHSA, a W CIUIKYBaTHCS, IPAIIOBATH B KOMaH]I,
npuiiMaTH BIANOBIAAIBHI TexHi4HI pimeHHs. Lle oco0-
JIMBO aKTYyaJbHO B YMOBaX AUCTAHLIHHOTO HABYaHHS.

[IpoBeneHi OMUTYBaHHS CTYJEHTIB JIO3BOJSIOTH
CTBEPIDKYBATH MpPO €(PeKTUBHICTh BUKOPUCTAHHS TAKUX
TEXHOJIOTIH, OCKUIBKU IIe 3a0e3Medye iHTepec Cy4acHol
Moo/l 10 IM(POBUX TEXHOJOTIH Ta J03BOJISE MOEIHY-
BaTH KJIaCHYHE HABYAHHS 3 BUKOPHCTAHHSAM HOBITHHOTO
iAX0y.

Y CBOIX KOMEHTapsX MO0 BUKOPHUCTAHHS 3a 3a-
MIPONIOHOBAaHUMH TEXHOJIOTISIMH CTYASHTH 3BEpHYJIH
0co0NMBY yBary Ha Te, IO TaKWH MiAXif JO3BOJISIE Ha-
BYATHCS B OyIb-AKWI Yac, MOBTOPIOIOYM MPAKTHYHI il
CTITBKA pa3iB, CKUTBKHA HEOOXIAHO IS AETaTBFHOTO BU-
BYCHHS Ta PO3YMIHHA KOHKPETHOI'O HaBYAILHOTO MaTe-
piany.

VY 3B’s3Ky 3 KOMII IOTEPU3aIl€l0 CBITY B IJIOMY Ta
MepexooM Ha MUCTAHIIHHE HABYAaHHS IIiAPOCTArOUYe
TIOKOJIHHS BTpaya€ HABWYKHU CIIJIKyBaHHS Ta poOOTH B
KOMaH[Il, 1[0 YacTO CTa€ MPHYMHOIO COPOM SI3TIMBOCTI Ta
Oe3IHIMIaTHBHOCTI 1111 YaC HaBYAaHHS, IO MPU3BOUTH 10
3HAYHUX NPOTAINH y 3HAHHAX. TaKuM YMHOM, SK 3a3Ha-
YaloTh caMi CTYJEHTH, BUKOPHUCTAHHS CYYaCHHX ITiIXO-
IiB Y BIpTyaJbHHX NPAaKTHYHHUX Kypcax JO3BOJISE YHUK-
HYTH HEBIIEBHEHOCTI Yepe3 CTpax HENMPaBHIIBHUX iH,
10 B CBOIO Yepry 3HAYHO MiHIMi3y€e MCHXOJOTiUHE Ha-
BaHTAXKCHHSI.
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BucnHoBku

Bukopucranns cydacHux 3aco0iB HaBYaHHS, Ha-
OyTTS JKOPCTKMX 1 M’SKHX HaBUYOK € HEBiJ €MHHM
MIPOIIECOM MiJrOTOBKM BHCOKOKBaIi()iKOBaHMX, KOHKY-
PEHTOCHPOMOXKHHX 1 TICHXOJIOTIYHO aJalTOBaHUX 0
peanpHOr0 BUPOOHUIITBA (haXiBIiB 3 IMUBLIBHOI Oe3rme-
ku. HaiiOunbnr nepcrieKTHBHUM HaIlpSIMKOM € PO3BHTOK
HaBYAIBHUX KYpCIB 3 BUKOPHCTaHHSM TEXHOJIOTIH JO-
MTOBHEHOI Ta BIpTYyaJIbHOI PEabHOCTI.

B cyuacHux ymoBax BIHiCBKOBOI arpecii B KOMOi-
HOBaHMX TPEHYBaHHSX TEXHOJIOTIl JOIOBHEHOI Ta Bip-
TyaJbHOI PEaNbHOCTI MOXKYTb OyTH BHKOPHCTaHi IS
Bi3yaJIbHOTO BiJITBOPEHHSI POOOTH TEXHIKH B peabHUX
poOOYMX yMOBax, MOZEITIOBaHHS Ha/I3BUYAHUX CHTya-
i, a TAKOXX AEMOHCTpalil CTPYKTyp 1 MpoIeciB, 110
BiIOyBaIOThCS B CKJIAJJHUX TEXHOJIOTIYHUX KOMILIEKCAX.
Ta c(OpMyBaTH MOBHE YSBJIEHHS CTYyAEHTa IPO TEXHO-
JIOTIYHHUH TIpOLIEC, y SKOMY BiIOyBaTHMEThCS HOTO MO-
JlaJibIia JisUTbHICTb.

MOYJIMBICTB BIPOBAPKEHHS Ta OCTYILY JI0 HUX, pO3pO-
O0kxu Ta (opMyBaHHS HaBYAJIBHOTO KOHTEHTY, 3a0e3Ire-
YeHHs! HEOOXIHUMH IPUCTPOSMH, IpOrpaMamu, Opay-
3epaMi, MOJIJIMBICTH JIOTPUMAaHHS YMOB Ta METOZIB
po0oTH 3 HUMH.

IMomepenne mocmimkeHHS e(EKTUBHOCTI 3aCTOCY-
BaHHsI TEXHOJIOTIM JIOTIOBHEHOI Ta BipTyaJbHOI pealib-
HOCTI B  JUCTaHUIHHOMY HaBYaHHI  CTYJIEHTIB-
eJIEKTPUKIB y (hOPMyBaHHI TBEPAUX 1 M’SKUX HAaBUYOK
Ta iX ONWTYBaHHS IATBEPAWIN JOLIJIBHICTH HOTO
BITPOBAKCHHSI.

[lepcneKTHBHUME HanpsiMaMy MOJAIBIINX JTOCIi-
JUKEHb € BIIPOBA/DKEHHS TEXHOJOTIH BipTyaJabHOI Ta
JIOTIOBHEHOI peaJIbHOCTI B OpraHi3allifo IpakTHKyMiB B
YMOBax JUCTAHI[IHHOTO HABYaHHS B HABYAILHHUX 3aKja-
Jlax pi3HOTO PIBHS, a TAKOX y CHCTEMax IiJATOTOBKH Ta
MEPEeriITOTOBKY Ka/IpiB Ha IMiAPUEMCTBAX.

ITopsika aBTOpiB. ABTOPU BHCIIOBIIIOIOTH MOJSKY
aaMiHicTpanii KpeMeHuyIIbKOro HalioHalbHOTO YHiBe-

BaxBol0 yMOBOIO BIPOBaKEHHS! TEXHOJOTIH
BIpTyaJbHOI Ta JIONOBHEHOI pEAJbHOCTI € TeXHIuHa

pcutery iMeHi Muxaiina OcTporpaschKoro 3a MOXKIH-
BiCTh MPOBEJICHHS JOCIIHKCHHS.
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Application of technologies supplemented and virtual reality
for acquiring hard and soft skills in the training of civil security specialists

Olga Chencheva, Volodymyr Chenchevoi,VVolodymyr Bakharev,
Mykhailo Lytvynenko, Evgen Lashko, Serhiy Gerashchenko

Abstract. Purpose. Analysis of the possibility of using augmented and virtual reality technologies to create distance
online courses in order to ensure the acquisition of "hard" and "soft skills" of civil security specialists in the conditions of dis-
tance learning caused by combat operations. Subject. Systematization of methods and principles of using technologies of aug-
mented and virtual reality in the process of training applicants for the specialty 263 Civil security in conditions of mixed educa-
tion. The article examines the problems of acquiring hardskills and softskills by students during distance learning. The factors
that form communicative and professional skills are determined. The problems of the formation of the content of professional
training, the selection of forms and methods of working with applicants for the purpose of effective training in the competencies
and skills necessary for professional activity in the field of civil security are substantiated. The use of 3D visualization, anima-
tion, sound accompaniment, subtitling in the development and formation of the training course of educational components allows
you to fill it with the necessary informational content, immersing the student in a real production environment with the opportuni-
ty to practice emergency situations, adequate behavior in the event of an emergency, prompt and correct decision-making. The use of
augmented reality makes it possible to bring the educational process as close as possible and provide the necessary competencies for
the real technological process and equipment, which enables the student to quickly adapt to the workplace. The obtained results can
be used by teachers and instructors to achieve practical skills, competencies, reduce the level of mistakes made among applicants,
improve the quality of their training and the effectiveness of operational decisions in emergency situations.

Keywords: visualization, learning technologies, augmented reality, virtual reality.
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! IlepsxaBHuil yHiBEpCHTET iHTeNeKTyalbHIX TEXHOJIOTIH i 3B’ 13Ky, Oneca, Ykpaina
2 Kuischkuii GaxoBuii Konemk 38’ 13Ky, Kuis, Ykpaina

®A30-YACTOTHHUM NPUCTPIA HA YACTKOBO 3AIIOBHEHOMY
JIEJJEKTPUKOM ITPAMOKYTHOMY XBUJIEBO/I

AHoTanisi. Y crarTi po3rysIHYTO 3MEHIIICHHSI BEJIMYMHN BTPAT MOTY>KHOCTI y (h)a30-4aCTOTHOMY IIPHUCTPOI HA YaCTKOBO 3a-
TIOBHEHOMY JIi€IEKTPUKOM MPSIMOKYTHOMY XBHJICBOJI, Ha NUIIXY 3a0e3MeyeHHs CTAIOCTI BiHOIIEHHs (a3 B mijtianasoHax
YacTOT NPY 3MiHi TUTBKH CHiBBITHOIICHHS aMIUTITYA. Y poOOTi HaBeIeHO KOHCTPYKINFO ()a30-4acTOTHOTO NMPUCTPOIO Ha YacT-
KOBO 3aIlIOBHEHOMY JII€JIEKTPUKOM IPSIMOKYTHOMY XBHJIEBOJII i3 3aCTOCYBAaHHSIM CHPSMOBAHHX BiraryXyBadiB. [IokazaHo sikic-
HUIl XapakTep pO3MOALTy aMIUTTY]l CHTHAJIB Yy Mijytiana3oHax JactoT 1l Ta 12 3anexHo Bif ¢asu fl. [ToGynoBani 3amexHOCTI
KK]/I Bix dazoBoro 3cyBy /Uit pi3HHX 3HAUEHb ITEPEXiJHOTO OCIabIeHHsT IBOEIIEMEHTHOTO HAIIPaBJICHOTO Birally’)KyBada Ha Jac-
TKOBO 3aIIOBHEHOMY [[i€JIEKTPUKOM TIPSIMOKYTHOMY XBHJIEBOJII 1 aMILTITY I Ha cepeHii yacToTi. Po3paxoBaHo MiHIMAIIGHY BeJH-
YHUHY OCITa0JIeHHS BiJJONTOI XBHIIL, IO MOTPAIUEIE HA BXJ 112 TPH TT0fadi CHTHAY Ha BXiJ 1Tl 3aJIeKHO BiJT BEJIMYMHH YacTOTHOT
posrpoiiku. HaBeneHo QopMyity 11t mepexijHoro ocnabieHHs ABOEIEMEHTHOTO HAaIPaBJIeHOTO Birally’KyBada Ha YacTKOBO 3a-
TIOBHEHOMY JTi€JIEKTPUKOM MPSIMOKYTHOMY XBHJIEBOI. PO3IIITHYTO CXeMy CKJIaJlaHHsI CUTHAIIB B aHTEHHO-(iIepHOMY TPaKTi, B
SIKOMY BUKOPHCTOBYETECSI TTOTIEPE/THE PO3TaTyKEHHS CUTHAIIB 3 MTOCTIHHUM (ha30BHM CIIiBBIJHOIICHHSIM.

KawuoBi caoBa: dazo-uactorHuil npucTpiii, MOOLITEHA 1H(poBa TporocepHO-pamiopeseliHa CTaHIisl, YaCTKOBO 3a-

TIOBHEHHUH AieeKTPUKOM NMPSIMOKYTHHH XBHIIEBIJ, LIIMHHHUI MICT, CIIPSMOBaHHMIT BiramysKyBad.

Beryn

VY Haa3BHYAMHUX CHUTyalliiX BHHUKAae HOTpeba B
MOOUTbHUX 1(poBux craHuisx HBY, mo mBuako
PO3rOPTAIOTECS Ta 3JaTHI OJHOYACHO BCTAHOBIIOBATH
mpsiMi 3B'SI3KM 1 OPraHi3oBYBaTH IMPHUB'S3KU IO CTaIlio-
HapHUX BY3JiB 3B's3Ky. s mux wineit pospodiieHo
MOOUIBHY U(POBY TpornocepHo-paiopeseiiHy cTaH-
iito (MITpPPC) [1]. Taka cTaHIlis MOKIJIHBA O 3aCTO-
CyBaHHsI B pallOHaX CTHXIMHUX JMX Ta KaTacTpod, B
YMOBaxX TOPHCTOI Ta BaXKKOIPOXITHOI MiCIIEBOCTI, a
TaKOX Y 30HI BIiCbKOBOTO KOH(IIKTY Ta OOHOBUX IiH.
V takux xoMOiHoBanmx craHmisx HBY BuHHMKae 3a-
BJAHHS YaCTOTHOTO VIIIIBHEHHS aHTEHHO-(ilepHOro
TPaKTy, LIO MOB'A3aHe 3 3a0e3MeUEHHSIM IIMPOKOCMYTO-
CTI LIUX TPAKTIB.

[IIupokocMyroBuMH aHTEHHO-(DIJEPHUMH TpaKTa-
Mmu B mianazoni HBY e TpakTu Ha 4acTKOBO 3alTOBHEHUX
JIeJIeKTPUKOM MPsIMOKYTHUX XBriteBonax (U3AIIX) [2].
PoGoTta y KimpKOX Mmigmiama3oHaX dYacTOT 3a3BHYAil
3MIACHIOETHCS [UITXOM BUKOPUCTAHHS YaCTOTHUX (islb-
1piB HBY B anteHHO-(igepanx Tpakrax craHmid. [Ipu
MaJHuX IiHTepBaJaX YacTOT MK pOOOYMMH CMyramMu
MiIiana3oHiB, IO BHKOPUCTOBYIOTHCS, 3POCTAIOThH
BTpat y (Qinbrpax. SIKIIO 3aCTOCOBYBATH 3aMiCTh 4ac-
totHuX (ineTpiB HBY ¢azo-uactoTHi npucTpoi, BTpatu
MIOTY’KHOCTI OyIyTh BU3HAYATHCS CTABJICHHSAM POOOYOT
CMYTH YacTOT JI0 PO3HECEHHS CepelHIX YaCcTOT BUKOPH-
CTOBYBAaHHX ITi/I[ialla30HiB.

MeTol0 po6OTH € 3MCHIICHHS BEIWYMHU BTPAT
MIOTYKHOCTI Y (pa30 — gacToTHOMY IiprucTpoi Ha U3/I1X
Ha IOUIIXY 3a0e3leUeHHs CTalocTi BimHOMmEHHS (a3 B
IiTiarta30Hax 9acToT MPH 3MiHI TUTBKA CITIBBiTHOIICH-
HS aMILTITY.

Amnaji3 gociaigxkeHb. Da30-4aCTOTHUNA TPUCTPIH
Ha Y3AIIX moxe OyTu 3acTOCOBaHMH NpH peasrizamii

MPUCTPOIB YIS SIKUX BaXIJIMBA MOCTIHHICT BiAHOLICHHS
¢a3 [3, 7]. Takuit mpucTpiit MOKe OyTH BUKOPUCTAHHIT
MIpY MPOBE/ICHHI BUMIpIOBaHHs (Da30-4aCTOTHUX Xapak-
TEPUCTUK PI3HUX BHUJIIB I'PYHTIB Ta BU3HAYCHHS IMIIe/ia-
HCY IPYHTY, SIK I0Ka3aHo B po6oTi [4]. Takox MoxIiBe
3aCTOCYBaHHS TaKOr0 MPUCTPOIO TPH  JOCIIIKESHHI
(ha30BHX 3CYBIB Ta X XapaKTEPUCTHK MO3UI[IOHYBaHHS Y
0araTo4acTOTHiN Ta MHOXKMHHIN I700aNbHIN HaBiraumii-
Hilf CyIMyTHHKOBIH cucTeMi 3 Kimbkoma ctepamu [5].
Ille omHuM coco0OM 3aCTOCYBaHHS TAKOTO IIPUCTPOIO
Moske OyTu BuKopHcTaHHs mpuctpoiB HBY npu Bu3Ha-
YeHHI MICLs YIIKO/PKEHHS JIiHIT eeKTponepeaadi moc-
TIHHOTO CTPYMY BHCOKOI HanpyTH [6].

OcHOBHA YacTHHA

B poGoti HaBemeHo (azo-4acTOTHUI TpUCTpIN
(puc. 1), mo ckiIaiaeThCsl 3 JIBOX UIJIMHHAX MOCTIB
M1 1 M2, 3'eqaanux Mix cOOOIO JTiHIAMH Tepeaadi
pi3HoOi moBxuuu [; Ta [, i peanmizoBanux Ha U3J[I1X.

Sk BuaHO 3 puc. 1, niHis nepenayi [, ckiagaeTbes
3 TPHOX BiJPI3KiB PIBHOMIpHO BUTHYTHX Y IUTOMUWHI H
YU3IX —Lyq, Ly, Ly3. Po3paxyHOK HIIMHHOTO MOCTY Ta
piBHoMipHO BuTHYTUX U3/[IIX HaBemeHo B poboTi [2,
§8.2 ta §5.3 BimnmoBigHO]. BennunHa BTpaT MOTY>KHOCTI
Ha y3ro/DKeH1 HaBaHTa)KeHHsI BU3HAYA€THCS TaK:

oo m(a—ly)
PyH/Panl = Ssin A ’

®
ne A — nosxuna xBrmi B U3II1X.
3 ¢opmymu (1) BUIUIMBaE, IO BEIWYMHA BTPAT
3pOCTAE 13 3POCTAHHSM BiHOIICHHS
Afn
2(fuz—far)’
OCKIJTBKH
b=li _ _ Afm
A 2(fuz=fu1)’
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Puc. 1. ®azo-uacrorHuii npuctpiit

Hanpuknax, me cyTTeBo Uit aHTEHHO-(iAEpPHUX
TPaKTiB MOOUTBHUX IU(PPOBUX TPONOCHEPHUX CTaHIIN
Ta komOinoBanux MIITpPPC, ne nBa mimmiana3zoHu
gactor ~4,4...4,65ITy Ta ~4,65...4,9 [Ty po3mi-
LIYIOTBCS B cMy3i yactot 4,4 ... 4,9 [T

Ha puwc.2 HaBeneHa  KoHCTpykuist — (aszo-
yactotHoro npuctporo Ha U3JIIX i3 3acTocyBaHHIM
CHPSMOBAHMX BiJIrally»KyBadiB.

CrpsimoBani BigramyxyBaui HB1 ta HB2 marots
OJTHAKOBI KOeQILlieHTH BiramyxeHHs (mepexiJHe oclia-

OseHHs) Ta 3'eHAHI Mixk co0oro aBoma U3JIITX moBxku-
HotO |.

Curnamu P; Ta P, Hagxonats y HB3 mo U3JIIX
piBHOT TOBKUHH (Lyy + Loy = s + Ly2)-

Ha puc. 3 noka3zaHuii sKicHHH XapakTep po3Ioji-
ay amrutityn curanis (E) y migmianmasonax wactor ml
Ta N2 B 3anexHocTi Bix ¢asu Sl. YV cmysi wactor 2Af 4
CHUTHAIIY, 10 HAJIXOAATH i3 BXOLy 1, MaroTh NPHOJIM3HO
OJTHAKOBI aMILTITY 1 1 Takuil (a3oBUii 3CyB, IPH SKOMY
CUTHAJIM CKJIAJAIOThCA 1 HAAX0aATh Ha Buxig HB3.

N

1

las

[0 HB3

fas

.\ L LR

RLEAIRLRELLEE LR LRSS

a

oz

Puc. 2. Koncrpykuist pazo-gacrorHoro npuctporo va U3TIX

i)

(4n + 1)§ F o

(4n + 3)§ + Puz

Puc. 3. SIkicHuii XapakTep po3Ho/ily aMIUITY ] CUTHAIB

VY cmysi yactot 2Af,, Taki % YMOBH MalOTh Miclie
JUIS. CUTHANIB, 110 HAJIXOJTh 31 Bxoay 2. KoedirieHt
kxopucuoi il (KKJI) ¢da3zo-dyacTroTHOro mpucTpor Ha-
CTYIHHUI:

KKﬂnl = PH/PBX nl» KKAI‘[Z = PH/PBX n2-

Ha puc. 4 nobynosani 3anexuocti KKJI Big dazoso-
TO 3CYBY JUIA PI3HUX 3HAYCHb MEPEXiTHOTO OCIAOICHHS
JIBOCIIEMECHTHOTO HAMPABJICHOTO BiATamyXyBada Ha
U3AIIX i ammutityn Ha cepeaHiil yactoTi. Po3paxyHko-
Ba (opMyma IIs TIepexiJHOTO OCIAbIeHHS JBOEIEMEH-
THOTO HamlpaBJIeHOTO BifgramyxyBada Ha Y3JIIX Ha-
crymHa [2, §8.3] (Xn10, Brio — HOMEPEHUHi Ta MO3T0BXKHI
XBWJIBOBI YMCIIa XBHJI KBasi - H;, Ha U3/I1X Bimmosin-
HO; Y20~ HOMEpEYHE XBUIBOBE YHCIIO XBHII KBa3i - Hy
Ha Y3/IIIX; a — mupoKa cTiHKa XBHJICBO/Y):
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A
1.1

0.6

0.5
(4n + l}%

(4n+15)F

(4n + 2)%

Puc. 4. 3anexnicts KK]I Big dazosoro 3cyBy

Xh1o

2
+ Kl) [sinZZﬁml (K2
20

Xhio

T= {sin2 2P0l (KZ

X 2m?
! Brioa
472
K, =

Brioa

Ly = K (1 + cos2Bp10l) —

L, = K;(1 4 cos2fB,0D) + K,——

2 1
Vi1 = ctgntl ——— +
. Brioa g Wy
2 tgmt 2 +
Y2z Brioa g W,

k§€ey — (%)2 /G,

3a3Ha4ynMo, M0 Ha CepefiHii JacToTi f,; BTpatu
JOPIBHIOIOTh HYIIO 1 3pOCTAIOTH 13 PO3IAIKOI0 (pi3KO
HemiHiliHO mpu Bl — @ = (2n+ 1)m). Lle 3uadeHHs
BIMOBiIa€ pO3NAALI MO YaCTOTi, MO0 JOPIBHIOE IOJO-
BHHI PO3HECEHHS CEepeIHIX YacTOT CHTHANIB, IO CKJIa-
JArOThCA. 31 3pOCTaHHAM MEPEeXiTHOTO OCHa0JIEHHS T =
0,5 ...0,7 rpadiku MarOTh MPOBAJIH HA CEPEIHIN YACTOTI.

BaxyuBuil mapamerp CUCTEMH JOJAaBaHHS CHIHa-
JiB - BENMYMHA PO3B'SI3KH MK iX pkepernamu. Cxema
puc. 2 3abe3nedye MOBHY pO3B'si3Ky BxomiB 1l i n2 npu
iZIeaTbHAX BiATay>KyBadaX i BIICYTHOCTI BiIOWTKIB BiJ
HaBaHTAXCHHSL.

[Ipr HEMOBHOMY Y3TO/DKEHHI HaBaHTaKCHHS Bil-
OWTI CHTHAIH, TTOBEPTAIOUNCH Y CXEMY, IUIATBCS MK
Bxomamu Ml i M2 y TOMY CITIiBBiIHOIICHHI, Y SKOMY
JIUTATHCS TPSIMUA CHTHAI MiXK BUXOJIOM 1 y3TOIKYBaJIb-

2
+Ky) - 2L1] + 12 12 + 4sin®2B,L(K, fua

\/7/(7'[ —2Br1oD? | /Y11,
2
\/7/(4” —(2Br10D?| /Y225

-1
Xhio

1k}

X
K, — - (1 = cos2fp10D),
h
Ano (1 = cos2fp10D),
h
nz Ko (1— e j2Pnioty
52, 2ol (B2, + Gp»? [
nz 2oy (1= e~12Buaol))
52, 2Bmol (B2, + Gp»? |

ke — () /C.

HHMM HaBaHTa)XKCHHSIM. MiHIMaJIbHOK BEJIMYMHOIO OCIIa-
OnmeHHS BimOWTOI XBIJI, IO TOTPAIUIAE HA BXiJ M2 MPH
MoJ1a¥i CUTHAITY Ha BXiJ 11l € BenmmunHa L.

Po3zpaxoBani KpI/IBi 3MiHH £ B 3aJIe)KHOCTI BiJl 4Ya-

.. 2Afy
CTOTHO1 pO3JIagKH ' f
nl

puc. 2 MiHIMaJabHA PO3B'SI3Ka MO BiJOMTIH XBHJI BHXO-
IHUTh JOCUTH BUCOKOKO:

npu ZAﬁll = 0,5 (f;-lz

Po3paxyHok ommcaHOi cXeMH 3BOAUTHCS 10 BHU-
3HAUEHHS OBKHHU 3'€qHYBANBHUX JiHiKM | i Bemmunu
KoedilieHTiB BigramyxeHHs y BigramyxxyBadax HBI i
HB2 3a 3aanuMu cepefiHiMU YacTOTaMH f; 4, f, CHTHa-
7B 1 poOOYMMH CMYTaMH TPOITYCKAHHS

2Af, = 2Af,, = 2Af.

HaBeZEeHO Ha puc. 5. Y cxemi

— fu1) — Benmnmumna L = 2316.
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I-n‘.!—l-nl

| |
0.2 04 0.6 0.8 1.0

Puc. 4. Po3paxoBani KpuBi 3MiHH £

BinnoBigHO 10 puc. 3 TOBXKHMHA CIIONYYHUX JIHIH  PUCTHKY 3 HalOIJBIIOI PO3B'A3KOI0 MK BXOJaMHU Ha

TIOBHHHA 33/I0BOJIBHSTH HACTYITHUM CHiBBiIHOIIEHHSM:  LEHTPAILHUX 4aCTOTaX.
@2n+ 0,51+ ¢, = 21By! MakcumManbHy pO3B'SI3Ky MiX BXOJaMH MOXHA 3a-
Q2n+ 1,51 + ¢, = 21, 1) OesmeunTu MOONMHM3Y ILIEHTPANBHUX YacTOT PoOOUMX
I I

. . CMYT Mijaiana3oHis.
€ Pn1, Pz - $a30Bi 3pyLIEHHS y BiAramsyxyBadax y yr

ninistx | w1 wacTot £, Ta fy) N — Lifle uncro. Po3risiHyTa cxema CKJIQJaHHS CUTHAMIB (puc. 2)

aHTeHO-(1IEpHOTO TPAKTy, B SIKIH BUKOPUCTOBYETHCS
MOTIEPE/THE PO3TATYIKEHHSI CUTHAIIB 3 MOCTIHHUM (ha3o-

Pesxum po60TH (ha30-4acTOTHOrO MPHUCTPOIO Mac  BUM CIIiBBiJHOLIEHHAM, Ma€ HEBENMKY 3MiHY CHiBBi-
MaKCHMaJIbHO IIJIOCKY aMIUIITY[HO-4aCTOTHY XapakTe-  HOIICHHS aMILTITy 1.
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Phase-frequency device on a rectangular waveguide partially filled by dielectric
V. Pochernyaev, M. Mahomedova, N. Syvkova

Annotation. The article considers a decrease in the magnitude of power losses in a phase-frequency device on a rectan-
gular waveguide partially filled by dielectric on the way to ensuring the constancy of the phase ratio for both frequency subrang-
es when only the amplitude ratio changes. The paper presents the design of a phase-frequency device based on a rectangular
waveguide partially filled by dielectric using directional couplers. The qualitative nature of the distribution of signal amplitudes
in the frequency subranges 1 and 2 depending on the phase f/ is shown. The dependences of the efficiency on the phase shift for
various values of the transient attenuation of a two-element directional coupler on a rectangular waveguide partially filled by
dielectric and amplitudes at the middle frequency are plotted. The minimum value of the attenuation of the reflected wave that
enters the input m2 when a signal is applied to the input nl is calculated depending on the magnitude of the frequency detuning.
A formula is proposed for the transient attenuation of a two-element directional coupler on a rectangular waveguide partially
filled by dielectric. The scheme of signal addition in the antenna-feeder path, which uses a preliminary branching of signals with
a constant phase ratio, is considered.

Keywords: phase-frequency device, mobile digital troposcatter — radiorelay station, rectangular waveguide partially
filled by dielectric, slotted bridge, directional coupler.
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HIABUIIEHHA TOYHOCTI ®YHKIIOHYBAHHA
®A30BOI'O ABTOIIACTPOIOBAHHSA 3A O3HAKOBUMHA
XAPAKTEPUCTUKAMMU CUT'HAJIIB

AHoTamis. 3 aHaNi3y OCTaHHIX JOCII/DKEHb 1 MyOMiKaliii aBTOpaMu BUSBICHO, IO YCI PAKTHYHI peaiizaiii CHHTE3aTo-
piB gactotu 3 ¢a3oBuM aBrormiacrporoBaHisIM (DAITY) cTpaknatoTs Bix HeOakaHUX YaCTOTHUX KOMIIOHEHTIB, 1 OCKUIBKH
1l KOMITOHEHTH 3HAYHOIO MipOIO BIUTUBAIOThH Ha MPOJYKTHBHICTH CHCTEMH, TIOCTAE 3a/lada iX mepeadavyeHHs Ta MiHiMi3alli.
VY cTarTi po3riIacThesl MPUHIMITN POOOTH JITBHMKA OMOPHOI YacTotd Q, MUTPHMKA y TETJ 3BOPOTHOrO 3B’s3Ky P Ta
nieHUKa BuxijgHOi yactotu N Ha @AITY, iX BB Ha pobdoty cucremu. [Ipencraiena 6mok-cxema GAITY 3 oxHiEO BU-
XiHOIO "acToToro. [IpogeMOHCTpOBaHMIA TICEBIOKO]] AJITOPUTMY TTONIYKY HAaHONTHMAIIBHIIINX XapaKTEePHCTHK CHUCTEMHU.
[poimrocTpoBana poOoTa anropuTMy Ha MPHUKJIAI CHHTE3yBaHHS BHXigHOI gacTotn S50 MI'I 3a OonOpHHM CHTrHAIOM, B
SIKOCTI KOTPOT0 BUKOPHCTaHA 3BHYaifHa YacToTa BiJleoCHTHaiy. [leTaapHO PO3IIITHYTI OCHOBHI MTapaMeTPH CHCTEMH, a caMe
CHO)KMBAHHA, 9aCTOTa 3aIlyCKy Ta BCTAHOBJIEHHS, TPEMTiHHS, ()a30BHI IIyM, pO3IIITHYTI B3a€EMO3B’I3KH iX MeX. Brn3Haue-
HO, 110 CTTO)KMBAaHHS BU3HAYAETHCS YaCTOTOIO TeHeparopa, kepoBanoro Hanpyroro (I'KH), crpymom minkadyBaHHS 3apsiay i
rapamMeTpaMy JiIbHUKIB 9acToTh. Y Ginmbmiocti I'KH mis mocsrHeHHS BUIMX 9acTOT MOTPIOHI BEJIHKI CTPYMH, IIe O3HAYae,
110 i3 3pOCTaHHSIM YacTOTH 30UIBLIYEThCS eHeprocrokiBaHus. Yac 3amycky Ta BcTaHOBieHHS st OAITY Bu3HavaeThes
BJIACHOIO YacTOTOIO TeTJI, [eH MmapaMeTp BBA)KAIOTh MOKa3HUKOM IIBHUKOCTI 3MiHM yactotd PAITY. BeranosneHo, mo
JUTsL MiHIMi3all{ 9acy 3amycKy Ta BCTAHOBJICHHS HeoOXiqHo 30imbmmTH KoedimieHT miacunenHs ['KH ta ctpym minkawy-
BaHH, a Koe(illieHT TOJiTy B KOHTYpI 3BOPOTHOrO 3B'A3Ky Ta €MHICTb (DiIbTpa, HABIIAKM, BCTAHOBUTH Y MiHIMaJIbHE 3Ha-
4yeHHs. Takox B poOOTI BU3HAUEHO, 0 YnM Hivk4e KoedimieHT migcwienns ['KH, tum menmr ayrtnmsa cxema GAITY mo
npeiidy Hanpyru GpinrbTpa. ABTOpaMH BHSBIICHO, IO IS 3MEHIIIEHHS (Pa30BOro IIyMy 3pyYHO CKOPHCTATHCS BHXIIHUM KO-
edinienrom noxiny aineHuKa N. BeraHOBiIEHO, 110 TPU BUKOPUCTaHHI MAJIOLIYMHOTO BUXIZHOTO JijIbHUKA (a30BUil IIyMm
MO’KHa 3MEHIINTH 3a paxyHOK 30u1bmeHHs yactory pobdoru I'KH i 36inbmenns koedinienta noaity BuxigHoi sactotu N.

Haeneno npukiiaan BUKOPUCTaHHS KOHDIrypamii.

Kar4doBi cnoBa: (da3ose aBTOIiAICTPOIOBAHHS, TeHEpaTOp, (ha30BUI IIyM, ONTHMI3aLis.

Beryn

IHocTanoBka npod/jeMu. CHHTE3aTOPH YAaCTOTH 3
ii ¢azoBum apromigctporoBanHsM (DAIIY) 3aBasiku
CBOll 3IATHOCTI T'eHEePYBaTH CTa0OUIbHY Ta MPOrpaMoBa-
HY BHUXIJIHy 4YacTOTY € B OUIBLIOCTI CYy4acHHX CHUCTEM
TenekoMyHikarii. Yci mnpakrtuudi peanizauii @AY
CTpaXKJal0Th BiJi HEOAKAHMX YACTOTHUX KOMITOHEHTIB,
TakuX sK (a30BUI IIYM 1 Mapa3uTHI TOHH, 1 OCKIIBKH 111
KOMIIOHEHTH BIUIMBAIOTH Ha NMPOXYKTHBHICTH CHCTEMH,
X HeOoOXIHO MepeI0aYnNTH Ta MIHIMI3yBaTH.

AHani3 ocTaHHiX AocaimxkeHs i myouikauiii. B
pobotax aBropi [1-5] mimHIMAIOTBCS MHTAHHS TPUYHH
TIOTiPIIEHHS SIKOCTI BUXIJJHOTO CUTHAJTY Ta HPHBOSTHCS
METOM pillieHHs [uX npoodiem. Obnacti poboTH Bapito-
FOTBCS BiJ] 3araJlbHAUX MOJENEH N0 KOHKPETHHX DIIIeHBb
JUIsl TIOKpAIlleHHsI CHTHAIY IpH IIepefadi JaHUX 4Yepes
cucremy 5G.

3 anamizy pobiT MOXIMBO 3pOOHTH BHCHOBOK, IO
MIBUILCHHS TOYHOCTI (PyHKI[IOHYBaHHS (ha30BOTO aBTO-
MiACTporoBaHHS Oyino i Oyne akTyaldbHHUM 10 TIOKH €
morpeda y mepeladi JaHWX II0 TEIeKOMYHiKAIliHHUM
CHCTEMaM.

Mera po0d0TH — OIS METOIIB ITiIBUIIICHHS TOY-
HocTi ¢yHKionyBaHHS PAIIY B TermekoMyHIKaI[IHIX

OcCHOBHA YacTHHA

[pu3HaveHHs CHHTE3aTOpa YaCTOTH MOJISATAE B Te-
Heparii moTpiOHOI BUXIAHOI YaCTOTH HAa OCHOBI 3a/1aHO1
YacTOTH OMOPHOTO cHUrHamy. [Iph pOMy 3B'S30K MiX
BXIHOIO 1 HEOOXIJHOI BHXIIHOIO YaCTOTOIO HE 3aBXKIU

oueBuaHUA. Bin xoedimientie moginy B merm DAITY
3aJIKUTh PIBEHbB IIyMYy Ta PIBEHb CHOXKUBAHHS CXeMHU. Y
JIeSIKUX BHUIMAJKaX NMHUTaHHS BUOOPY ONTHMAJbHHUX 3HA-
YeHb € OJHMM i3 HaBaXKIMBILINX, OCOOJMBO KOJIM HasB-
He 00J1aIHaHHA BXKE HE BIJIIOBIIa€ HOBUM BUMOTaM.

[MoTpi6HO Bif3HAUUTH, 1110 KOXKeH enemeHT DAY
Ma€ HeNpsSMHUH BIUIMB Ha SIKICTh BUXIJHOIO CHTHAJY,
TOX OyJe JIOTIYHUM 3ayBa)KMTH, 110 Oe3 OmTHMi3arlil
CHUCTEMH HE MOXJIMBO OTPHMATH SKOMOTa TOYHIIIHMI
BUXIIHUN CUTHAI.

Posrasinemo tunoBy apxitektypy @AITY 3 oxHOMO
BUXIJIHOIO YaCTOTOIO Ta MPHHIUIM 11 poOOTH, Ta ONTH-
Mmizarii HuXK4e.

CuHHTe3aTOp YaCTOTH IF'eHEePYy€e BUXIIHUIA CHTHAJ Ha
OCHOBI YaCTOTH OMOPHOTO CUTHAIY:

anx =k x ﬁ)HOpH ’ (1)

ne k — xoedirieHT momisry 9acToTH (HOPMOBaHHIA
MHOXKHFIK), Y Wil cTaTTi Oyae po3riisaaTHCs JHIIe ITi-
JIOYHCIIOBI 3HAUEHHS K.

Koediuient nmoainy k dpopmyerhes 3a 10mMOMOror0
JEKITbKOX MUTHHUKIB, BCTaHOBIEHHX y cxemi DAITY
(puc. 1). Y 3aranpHOMY BHIAAKY BHKOPHCTOBYIOTHCS
Tpu OJOKM IUTGHHKIB: MUTBHUK omopHOi dactotu (Q),
IUTBHUK y TeTdi 3BopoTHOro 3B's3Ky (P) Ta mimpHHMK
BuximHoi yactotd (N). Koedimient k mns mporo Tuiry
CHHTE3aTOpa YaCTOTH BU3HAYAETHCS TaK:

k= — @

QN '’

3 piBasHb (1) 1 (2) oTpuMyeMO CITiBBiAHOMIEHHS
MIDXK BXIJTHOIO Ta BUX1JHOIO YaCTOTAMU:
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P
f];PIX = Q_N f;)nopH- 3)

IMoka3ana Ha puc. 1 6mok-cxema ®AITY crporry-
eTbes, Ko koedinienTr N un Q piBHI oguHuLI. SKII0
X 00uiBa KoedilieHTH OyAyTh piBHUMH OJWHMIL, CHH-
TE3aTOp MOXKE€ TEHEepyBaTW TIUIBKA YacTOTH, KpaTHi
OIIOPHOI.

B Takomy Bumanxky 3HaueHHS P BH3Ha4aeThCs
MPOCTUM  apU(PMETHYHUM CITIBBIJHOIICHHSM. SIKIIIO
omuH 3 koedirieHTiB Q a00 N IOpiBHIOE OJUHMIN, TO
JUIs CHHTe3y OakaHoi 4YacTOTH NOTpiOHO migiOpaTH
BiJMOBiIHY KOH(irypaito, 110 BU3HAYAETHCS CITIBBiJI-
HomreHHsIM Q/P un N/P.

BuxopucTaHHs BCixX TPbOX IUIBHHUKIB 4aCTOTH JI0-
3BOJISIE 33/1aBaTH BHUXiAHY 4YacToTy KOHTYpy DAITH
porpamMHo. 3 iHIIOro OOKy, B I[bOMY BHIAJKy CKJIaj-
Hille 3HaXOAWUTH TOTPiOHI 3HaueHHs P, Q i N — omHa i
Ta cama BHXiJHa 9acTOTa MOXe OyTH OTpHUMaHa 3a Jo-
MIOMOTOI0 Pi3HUX MOeaHaHb. [lpu 1poMy iHII Xapakre-
puctukn KoHTYpy DPAITY, Taki SIK CHOXKMBaHHS, dac
3aIlyCcKy, TPEMTIiHHS i (a30BHH mIyM, OyIyTh CHIJIBHO
BiJIPI3HATHCS

Bapto BimznaunTh, mo He Bci DAY matoth moc-
Tyn a0 nauteHEKIB Q, P, N. B meskux Bunmamkax mis
301IBIIEHHS TPOIYKTUBHOCTI CHCTEMH KpallliM pillleH-
HsiM OyJie 3aMiHa KOMITOHEHTIB KoJia 3 OLIbII IOPEYHOIO
JIO CHUTYAIIi] apXiTEKTYpPOIO.

~ ) _ . faux
OnopHWA HiNsHWK bazosui DinuTp rKH [iNbHWK
pe3oHaTop Q OeTekTop N
[iNnbHWK
p

Puc. 1. bnok-cxema ®AITY (I'KH — reneparop, kepoBaHHUiA HAIPYTOI0)

[epenmmemo ¢opmymny (3) Tak, mobd yci Bigomi
BeJIMYMHY OyJM y MpaBiii YaCTHHI PIBHSAHHS, a HEBIZOMI
— y JiBii:

L _ faux
- )
QN fOl‘lOpH

Omxe, MU OTpUMaJM PIBHSHHS 3 TPhOMa HEBIJO-
MHUMH. 3a3BHYail PillIeHHS 3HAXOAUTHCS LUIIXOM Iepe-
Oopy pi3Hux noeaHanb P, Q ta N, siki 1al0Th HEOOXIIHY
yacroty. Jns BimoOpaxkeHHS poOOTH LBOTO AITOPUTMY
nepebopy HIKYe HPEICTABICHHIT ICEeBIOKO/:

(4)

FOR n = Nmin; n < Nmax; n++
FORq = Qmin; g < Qmax; g++
IF p/(g*n)=="fout/fref THEN
CALL: Save (p, q, n)

ELSE

countiue

ENDFOR

ENDFOR

Le#t mceBmokop BimoOpakae JWINe MaTeMaTHIHY
peamizamito aiaroputMy 0e3 ypaxXyBaHHS IOHATKOBUX
BHMOT, IO JTO3BOJISIIOTh OTPUMATH JIMIIE 3TICHEHH] Ha
MIPaKTHLl KOHQIryparrii.

Jnsa imroctpamii poOOTH anTOpUTMy pPO3TITHEMO
npuknan. Hexall cmim CHHTe3yBaTH BUXINHY YacTOTY
50 MTI'1 3a omopaum curHaiom 14,3181818 MTI'11 (3Bu-
yaifHa gactora BigeocurHany). [Ipumyctumo, I'KH mae
gactotHu# miamason 100...400 MI'n. BukopucToByroun
QJITOPUTM TOUIYKY, OTPUMYEMO PE3YJIbTaTH, MOJaHI B
tabn. 1. lle cnucok ycix MOXKIMBUX BUMOT KOH(irypa-
i, sKi OyayTh 33/I0BONIBHSTH JlaHy cucTeMy. Temep i3
HUX HEO0OXIJHO BUOpaTH Kpaluii BapiaHT.

Konu cmucox Beix koHpiryparmiif, sxi Biamosina-
I0Tb BUMOTaM YacTOTH, BU3HAYEHUH, CIiJ MPUCTYIHUTH
J0 BHOOpY HaioONTHUMaJbHIIIO. YHIBepcaIbHOI ONTH-
MaJibHOI KOH(iryparlii Hemae, BOHa 3aJIeKHUTh BiJl 10/1a-
TKy. Jlns BiganeHoi cTaHiil MOHITOPUHTY, HAPUKIIA,
MOYKe 3HaJIOOMTHUCS LIBUJKUAN 3aIlycK, ajie He MOTpiOHa
BHCOKA TOYHICTb.

Jns mpoToKoITy 3B'SI3KY, HABIAKH, HE Ma€ 3HAYCH-
HS 4ac 3alycKy Ta eHeprocroKMBaHHS, IPOTe MOTpiOHe
IDKepeno YacTOTH 3 Jy)Ke HHU3BKUM TPEMTIHHIM. Y
BUIAJIKaX, KOJIM MiJ] 9ac 300py AaHUX BaXXIHBHUM € JIU-
Ie IMBHIKE MPoOy/DKEHHS, a Mij Yac mepenadi JaHuX
HEeoOXi/IHa BUCOKA TOYHICTh, MOXXYTh MAaTH 3HAYCHHS
0o0OH/IBI 1Ii XapaKTEPUCTUKU. 3aCTOCYBaHHS MPOTpamo-
Banux OAITY no3Bonsie peanizyBaTti Oy/b-sIKi BUMOTH
Ta JI0OCTATHBO MPABUIILHO BUOpaTH KOH(ITypariito.

PosrisinemMo fesiki 3aranehi mapamerpu DATITY,
ONTHMI30BaHi U pi3HUX mporpaM. CHHUCOK X mapa-
MeTpiB HaBemeHo B Tabmumi 2. IloTpiOHO 3ayBaxkutH,
mo He y Bcix mporpamoBaHux DPAIITY € MOXITUBICTH
JIOCTYIIY JI0 BCIX MapaMeTpiB IIbOTO CITHUCKY.

e CroxuBaHHS BHM3HayaeThcsa yactoToro ['KH,
CTPYMOM TiJKa9yBaHHS 3apsAAy i MapaMeTpaMu TiTbHU-
kiB yactotu. Y Ounpmocti ' KH mig mocsarHeHHS BUIIUX
4acTOT MOTpiOHI Bemmki ctpymu. lle o3Hauae, mo i3
3pOCTAaHHSM YacTOTH 30UTBIIYETHCS EHEPrOCIIOKHUBAH-
Hi. [eHepaTop miAKavyyBaHHS PO3PAIKAETHCS pa3 Ha
uka pazoBoro nerekropa (O/1). [Ipu Bemkomy cTpymi
MiJKa9yBaHHS 3apsay 30UTBIIYETBCS €HEpris, MO BU-
Tpadaetbes 3a mepion DJI. HaiGinpmie crioxuBaHHS
NPHUIAIa€ Ha TIOYaTOK TakTy. [Ipyn BeMMKUX 3HAYCHHSX
KOeQiIi€HTIB pO3NOAUTy MOTPIOHO OiNbINe IITFHUKIB,
IO TAKOXX NPHU3BOAUTH O 30UIBIICHHS CIIOXHBAHOI
MOTYXHOCTI.
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Tabnuysa 1 — Pe3yabpraTn 06paxyHKiB

Koedimientn ainenns (P, Q, N)

N Fonopu, MI'n fl'KH, MTI'u Fsum MTI'u f‘DZ[a MTI'u Q P
2 14,318.. 100 50 0,227 63 440
3 14,318.. 150 50 0,682 21 220
4 14,318.. 200 50 0,227 63 880
5 14,318.. 250 50 0,227 63 1100
6 14,318.. 300 50 0,682 21 440
7 14,318.. 350 50 1,591 9 220
8 14,318.. 400 50 0,227 63 1760
Tabnuysa 2 — Cniucok mapaMeTpiB Ta cnocodiB ix onmrumizanii
IMapamertp KuiouoBi napamerpu cucremu Onrumizanis
Yacrora I'KH (frin) MiunimizyBatu frin
CrioKHBaREs Yacrora asoBoro aerekropa (fon) Minimizysatu fon

Town reneparopa migxadku 3apsay (Irms)

Minimizysatu Irms
Minimizysatu P, Q, N

Yacrora asosoro gerekropa (for)
Yac BMHKaHHS Ta
yac yCTaHOBKHU E€wmuictb dinsrpa (C)

Koeiuient miacunennst TKH (Krk)

CtpyM reneparopa migxauku 3apsay (Irms)

MaxkcumisyBatu fox
MakcumizyBaru Iz
Minimizysatu C

MakcumizyBaru Krxu

Yacrora asosoro aerekropa (for)
E€mnictb dinsrpa (C)
Koeiuient miacunennst TKH (Krk)

Tpemrinns
(MiX LHKITaMH)

MaxkcumisyBatu fox
MakcumizyBatn C
MinimizyBatu Krin

®azouii nrym enementis GAITY
®da3zoBuii mym

INosoca yacToT NpU 3aMKHYTOMY KOHTYP1 3BOPOTHOT'O 3B’ 3Ky

Koediuient minenns suxignoro curnany (N)

MakcumizyBaru frku
MakcumizyBatu N
BukopucToByBaTu nosocy ajs
3HIDKEHHS 3HIKEHHS IIyMY OIIop-
Horo pe3oHatopa Ta 'KH

e Uac 3amycky Ta BcraHoBieHHs minsi DAITY Bu-
3HAYAETHCS BJIACHOIO dYacToror merm. Lleit mapamerp
MOXKHa BBA)KaTH ITOKA3HHKOM IIBHJKOCTI 3MIHH 4YacTo-
1 ®AITY. Bin xapakrepusye, sk MIBUAKO MOXKE 3Mi-
HIOBaTUCSl 4actoTa BuxigHoro curHamy DAITY. Yac
3anmycky mnponopuiiHuii migcwieHHro 'KH i crpymy
TiJIKaYyBaHHs 3apsiy 1 00EpHEHO MPOMOPIIHHUI €MHO-
cti QinbpTpa Ta Koe(ilieHTy MOy B KOHTYPY 3BOPOT-
HOTO 3B’s3Ky. TakuMm dYMHOM, A MiHIMi3alii dacy
3aIyCKy Ta BCTAHOBJICHHA HEOOXiTHO 301MBIMTH KOe-
¢imient migcunennss [KH ta ctpym minkauyBaHHS, a
KOe(IlliEHT MOy B KOHTYpI 3BOPOTHOTO 3B'SI3Ky Ta
€MHICTh (DIJIBTPa, HABIAKU, BCTAHOBUTH y MiHIMaJIbHE
3HaYCHHS.

o OCHOBHUH BIUIMB Ha TPEMTIHHS CHCTEMH 3[iH-
CHIOIOTH YacToTa (pa30BOro AeTeKTopa Ta KoedimieHT
migcwnenHs [KH. Tlpu Bumiit gactori ®J Hampyra
koHTYpy DPAITY OHOBIIOETHCS 3 BUIIOK MIBHIKICTIO.
Le 3amobirac BUHUKHEHHIO peiidy HAIpyTH B JAHITIO-
3i. [Ipu BuUKOpHCTaHHI QiIBTpa 3 BETHKOIO €MHICTIO
piBeHb TpeMTiHHS Hampyru 3a nepion @J] crae miHi-
ManpHEM. Ockinpku koedimient mincwienas ['KH
BHU3HAYa€, HACKUIBKM CHJIBHO 3MIHIOETBCS HAIpyTa
BUXIJHOTO CHTHAJY IO BiJHOIIEHHIO J0 3MiHH HaIpy-
" Ha (DIABTPi, TO YUM HUXKUYE KOe]ilieHT MiACHICHHS

I'KH, tum menm uytnuBa cxema DAIIY nmo npeitdy
Hanpyru QigbTpa.

e 3a3Buyail (azoBuil IIyM, II0 BHOCHTHCS OIMOP-
HUM pE30HATOPOM, 3MEHIIYETHCS MUIIXOM BCTaHOB-
nenHs PAITY 6au3pKo 40 HWKHBOI Mexi yactor. Pa-
30Bi 1IymMu, 1o BHocsThes ['KH, HaBmaku, npurHivy-
IOTBCS IIUIIXOM BCTaHOBIEHHS yacTot DAIIY Gmxue
JI0 BepxHbOI Mexi cmyru. J{nst 3MeHInieHHs (Ha3oBOro
IIyMy 3pYYHO CKOPHCTATHCS BUXITHHM KO€(]iIli€eHTOM
moniamy N. Pa30BuUil IIyM OUIATECS MPOMOPIIIHHO IO
KoediIieHTa BUXiTHOTO AITPHUKA. SIKIIIO BUKOPHCTOBY-
€THCS MAJIOLIYMHUI BUXIHUNA MUIBHHUK, (a30BHH HIyM
MOJKHA 3MCHIINTH 32 PaxXyHOK 30iNBIICHHS YacTOTH
pobotu I'KH i 36inpmenHs koedimieHTa TOIUTy BUXiI-
Hoi yactotu N.

Skmo noOynoBa CHCTEMH 3 HHU3BKHM EHEprocro-
JKHBaHHSM € TOJIOBHUM 3aBJAHHSAM IPOSKTYBAHHS, CIIiJ|
3am3uTH dactoty I'KH 1 3HaueHHs koedillieHTIB Iinb-
HukiB. Tomy moemamas N = 3, Q = 21, P = 220
(tabm. 1) e mHaifikpanmm BuOGopom. I'KH mpamroe Ha
HU3BKHX 9acTOTaX, koedimieHTn P Ta Q MaroTh HeBHCO-
Ki 3Ha4eHH4, a yactota OJ] Mae npuiiHATHE 3HAYCHHS.

S0 x mOTPiOHO PO3POOHTH MPUCTPIH 3 MiHIMA-
JHHUM 4acOM BMHKaHHS Ta BCTAaHOBJICHHS, TO HAHO1/IbII
BimnoBimHOMO € KoHGiryparis N =7, Q=9, P =220. 3a
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paxyHOK BHCcOKOi yacTotn DJ] 3abe3neduyeTscsi JOCUTDH
BHCOKa YacTOTa OHOBJICHHSI HANPYTH (PUIBTpa.

[IIo6 orpumaru cxemy 3 HH3BKAM TPEMTIHHSIM,
ONTUMAJBHUM OyJle BUKOPHUCTAHHS HAaOOpy KoedilieH-
TiB N=7,Q =09, P=220. ¥ wmiit koHdiryparii yactora
@/ OinpIn HiX yABIUI BUINA, HDK 32 iHIMX. B pe3yis-
TaTi 4acTOTa BiJHOBJICHHS Harpyru (inbTpa MiJBHUILY-
€Tbcs. BiamoBigHo, cxema Mae HalMEHIE TPEMTIHHS.
BiaMiHHICTE onTHMI3aIlii 32 TPEMTIHHIM BiJl ONTHMI3a-
il 32 9acoM 3alyCKy IOJISTa€ B TOMY, IO /ISl OTPH-
MaHHS MaJOIIyMJIMBOI CXeMH IIOBHHHI OyTH o0OpaHi
Maii 3HAa4YeHHS €MHOCTI Ta Koe(illieHTa ITiICHICHHS
I'KH.

BucHoBku

1. TlpoBeneHmii aHami3 JHKEpeN MOKa3ye, MO MO-
IIyK METOJIB IiJBUIIEHHSA TOYHOCTI i (ha30BOro
ABTOIIJICTPOIOBAHHS OYyB 1 3QJIUIIAETHCS AKTYaJbHHUM
HUHI Ta y MalOyTHHOMY.

2. TlpoaHamni3oBaHW{ BIUIMB JUIGHHUKIB OIOPHOT
yactota Q, 3BOpOTHOTO 3B’s3Ky P Ta BHXimHOI yacToTH
N na ®AIIY, ix ponp y nporeci podorn cuctemu. Ha-
BEJICHHIA TICEBJIOKO/T QJITOPUTMY IOIIYKY AUTBHHUKIB TIPH
BU3HAUCHUX MTapaMeTpax OMOPHOI Ta BUXiJAHOI YaCTOTH.
[IpuBenenuii npuknan, B SKOMY IOTPiOHO 3HAHTH OI-
TUMaJbHy KOH(Qirypamiro npu BuXigHid dbactoTti 50
MI'u, omopumM curHaiom 14,3181818 MI'm, Takox
npunyckaerbes, mo ['KH mae dactoTHuMil niamazon
100...400 MI1.

Pesynbrat npuBeneni B Tadu. 1.

3. Bigemr getanbHO PO3MIIAHYTI 3aralibHi Mapame-
Tpu DAIIY, a came CMOXMBaHHS, YaC BMHUKAHHS Ta
YCTAaHOBKHM, TPEMTiHHs Ta (axoBuil 1mryMm. Po3rmsHyTi
B3a€EMO3B’SBKM  1X MeX. JIIsl KOXKHOTO 3 TapamerpiB
OINMHMCaHO Crocid #oro omTuMmizaiii 3a paxyHOK IHIINX
napameTpiB cucteMu. HaBeneHo npukiaam no ogHoMy 3
nmapamMeTpiB, AKi MIAXOIATh U peatizailii KOHKPETHUX
LiIei.
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Increasing the accuracy of functioning of phase-locked loop according
to the indicative characteristics of signals

R. Tsarkov, N.Yermilova

Abstract. From the analysis of recent research and publications by the authors, it is found that all practical implemen-
tations of phase-locked frequency synthesizers (PLLs) suffer from unwanted frequency components, and since these compo-
nents significantly affect the performance of the system, the task of their prediction and minimization arises. The article con-
siders the principles of operation of the reference frequency divider Q, the divider in the feedback loop P and the output fre-
quency divider N on the PLL, their influence on the system operation. A block diagram of a PLL with one output frequency is
presented. The pseudocode of the algorithm for finding the most optimal system characteristics is demonstrated. The work of
the algorithm is illustrated on the example of synthesizing the output frequency of 50 MHz based on the reference signal,
which uses the usual frequency of the video signal. The main parameters of the system are considered in detail, namely con-
sumption, startup and settling frequency, jitter, phase noise, and the relationships between their limits are considered. It was
determined that the consumption is determined by the frequency of the voltage-controlled oscillator (VCO), the charge pump-
ing current and the parameters of the frequency dividers. In most VCOs, high currents are required to achieve higher frequen-
cies, which means that power consumption increases with increasing frequency. The startup and settling time for a PLL is
determined by the natural frequency of the loop, this parameter is considered an indicator of the rate of change of the PLL
frequency. It was established that in order to minimize the time of startup and settling, it is necessary to increase the gain
factor of the VCO and the pumping current, and the separation factor in the feedback circuit and the capacity of the filter, on
the contrary, should be set to the minimum value. It is also determined in the work that the lower the gain factor of the VCO,
the less sensitive the PLL circuit is to the drift of the filter voltage. The authors found that it is convenient to use the original
division factor of the divider N to reduce phase noise. It was established that when using a low-noise output divider, the phase
noise can be reduced by increasing the frequency of operation of the VCO and increasing the division coefficient of the out-
put frequency N. Examples of the use of configurations are given.

Keywords: phase-locked loop, oscillator, phase noise, optimization
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