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A.A. MapTHEHKO
MMPOBJIEMU ITPAKTUYHOI PEAJII3AIIII CYB/J, IK OCHOBHOI'O
KOMITOHEHTA IHTEJIEKTYAJIbHOI CUCTEMMU NIATPUMKU IMPUMHATTSA
PIIIEHB JIJISI ITEHTU®IKALIL KYJIBTYPHUX IITHHOCTEN

AHomayis. B cmammi po3271a0aembca numaHHa subopy apximekmypu cucmemu 36epieaHHs 0a

HUX cucmemu niOmpuMKU npulHAmMMA piieHb ma ii mexHoa0214H1 cxeMu (yHKUIOHYBAHHA. Ha

Be0eHO OCHOBHI nepesazu ma HeOONIKU Pi3HUX BAPIAHMIB OP2AHI3AYTT CXOBUWA OAHUX 3A3HaYe

HOi cucmemu. TaKoX po32/1AHYMO NUMAHHA BUPILIEHHA NpobsieM NPaKMuU4YHO20 BUKOPUCMAHHSA
cucmem ynpasniHHA 6a3amu OaHUX, IK OCHOBHO20 KOMNOHeHMA THmMesaeKmyaabHoi cucmemu ni

OmpuMKu npuliHamms piwieHs 014 i0eHmuikayii KyabmypHUX yiHHocmed. BusHayatomscs ma
HaBoOAMbLCA BUMO2U 00 CKAAO0BUX THMeJeKmyaabHOi cucmemu niompumku npulHamms pi

WweHb, a came 0o niocucmemu 36epieaHHs 0aHux npo o6’ekmu KyabmypHuUx yiHHocmed. B daHili
pobomi nponoHyeMbCsA No2AIA0 HA cucmeMy, 3 MOYKU 30py cucmeMu MAaco8020 06C/Y208YBAHHS,
ma 8paxosysamu He mifibKu iHopmayito, a U Kopucmysa4is ma npoyecu Wo Mamumyms cnpasy
3 cucmemoto. B cmammi HagedeHO aHAni3 iCHylOYUX 3aco6i8 ma Cy4dcHO20 THCMpPYMeHmapito
01 BUpIWIeHHA nocmasieHoi 3a0ayi opeaHizayii cxosuwa daHux 8 cucmemi. [lpoaHanizosaHo
nonysispHi Cy4acHi cucmem ynpasniHHA 6aszamu 0aHux, ix nepesazu ma Hedoniku. B pesynsmami
aHani3y nNPonoHyEMbCA pilieHHa BUbOpY cucmemu ynpasaiHHA 6a3amu OGHUX, W0 3a00BOJIbHSAE
BCMAHOBIGHUM aBMOPOM 8 pobomi Kpumepism. [Jnsa BupiwieHHs 3a0ayi CMBOPeHHs ma BUKOpPU

CMaHHA nidcucmemu 36epi2aHHA OaHUX 8 CUCMEMT aBMOPOM NPONOHYEMbLCA BUKOPUCMAHHA ap

ximekmypu cucmemu 3 ¢i3uyHUM cxosuwem oaHux Ha 6a3i C(YB/ MySQL. HasedeHo ocHOBHI ne

pesazu mako2o nioxody. 3a3HAYAEMbCA 3PYyYHICMb BUKOPUCMAHHA cucmemu phpMyAdmin, sk
IHCmpymeHmy po3pobKu ma adMiHiCmpyBaHHA 8iON0BIOHOT 6a3u daHux. 3pyyHe macwmabysaH

HA bJ] npu makomy nioxodi 00380/15€ 3 MIHIMAILHUMU BUMPAMAMU, PO3WUPOBAMU MOXAUBOCMIT
cucmemu 8 MalibymHbomy.

B pobomi 3a3Ha4aembCs CKAAOHICMb MA KOMNJIEKCHICMb npobsiemMu BUPiWEHHA NOCmasneHoi
3a0ayi. Bu3HaveH nepcnekmusu ma wasxu nooanswio2o OOCAIOXKeHHA ma po3BUMKy OaHOT
npedmemHoi 061acmi. Y BUCHOBKAX 3G3HAYEHO PO BAX/UBUX OP2AHI3AUIHUX MA THXEHepHO

MexHIYHUX NUMAHb 3 THWUX 2aay3eli 3HaHb, W0 NOBUHHT bymu po38°S3aHi 0N YCniwHo20 pi

WeHHs nocmassieHoi 8 pobomi 3a0ayi.

Knto4osi cnosa: iHmenekmyansHa cucmema niompumku npuliHasmms piweHs, CYB/, MySQL, i0e

Hmugikayis KyabmypHUx yiHHocmed, cucmema Maco8020 06C/1y208YBAHHS.

© MapTtuHeHKo A.A., 2022
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Berym. [Tpo6aemMy po3pobOKyM Ta MPaKTUYHOI peastisallii iHTeIeKTyalbHOI CHUC-
TeMM MiATPUMKY TpuitHATTS pimenb (ICIIIP) igenTudikanii KyJ1bTypHUX IiHHOC-
teii (IKL) € akTyanbHMM Ta 3 ypaxyBaHHSIM HAsIBHOCTI Cy4yaCHMX IIPOTPaMHO-
armapaTHMX 3aC00iB MOXYTb OyTM BUpillleHi B pi3Hi CI1ocoou, SIKi MaTUMYThb CBOi Te-
peBaru Ta Hemomiku [1-4]. dxkumo posrasgatu CIIIP IKID K CyKymHICTb OKpeMuX
CKJIaJOBMX Ta il MifcucTeM, TO BasKIMBUM eleMeHTOM € 6a3a maHux 06’exriB KIJ [1],
sIka MOXke OYTM BMKOpPUCTaHA SIK OKpeMMii caMOCTiliHMUii 3aBepIleHMiI eJleMeHT iH-
dbopmaliiitHoi cucTeMu, UM SIK iHCTPYMEHT Ij1s1 GOpMyBaHHSI HA60PY BXiIHUX JaHUX
JLJISI iHTeIeKTyaJIbHOTO aHaJli3y Y HeMpOHHI Mepexi [4].

ITocraHoBKa mpo6semu. IIpy po3poObIli Ta MpakTUUHIN peai3aliii migcucre-
MM 36epiranHs iHdopmailii mpo 06’ektu KL Ha moyaTKOBOMY eTaili repej po3poo-
HMKOM IIOCTaIOTh IMTUTAHHS BUOOPY apxXiTekTypu cuctemu, Bubopy CYB]I Ta po3po6b-
Ky mogesein BJl. Takosk BCTAaHOBIIOIOTHCSI BUMOIM 10 PO3BUTKY XapaKTepuctuk b/,
0 PO3pOOJISIETHCSI, OOIPYHTOBYIOTHCSI KpuTepii Buo6opy CYB]I Ta o6paeThes Bifgo-
BifgHa cucTema.

BUKOpMUCTaHHS CyYyacHUX ITiAXOMIIB Ta iHCTPYMEHTIB IPM pO3poOIli Ta MpaKTu-
yHii1 peani3aiii B/l 3 BUKOpMCTaHHSIM CMCTEMHOTIO IiAX0Ay Py CTBOPEHHI Cy4yacHOi
intenektyanbHoi CIIIP IKLI, Ha AyMKYy aBTOpa, € Oi/IbIll e(PEKTUBHUM.

Meta pgociigskeHHs1. B pe3ysnbTaTi aHa/li3y CTaHy MUTAHHS MPAKTUYHOTO BU-
KopucTtaHHs cydacHux CYB]/I Ta B pe3ynbTaTti po3po6Ku JoriuyHoi Ta ¢izmuHoi Mmoe-
neit BJ] nnsa 36epiranHs iHbopmaiiii mpo 06’ektu KII, cTBOpUTH Ta HAZATU KOPUCTY-
Bauy Ji€BUii iIHCTPYMEHT [IJIsi BUPillIeHHs MOCTaB/IeHoi 3a/1aui. TakoxX MeTow poboTu
€ MmaBuIIeHHST SIKOCTi Ta edekTuBHOCTI pobotu ICIITP IKI] 3a paxyHOK BIIpOBa-
IPKeHHSI Ta BUKOPUCTAHHS 3a3HAUEHO] IMiACUCTeMU, SIK 11 OCHOBHOTO eJleMeHTa.

BuknageHHs1 OCHOBHOTO MaTepiaxy JOCaiJKeHHA. 5K 3a3Havajiocss aBTO-
pOM B CcBOiX poboTax paHilie [1-4], cucTeMa, 1110 PO3pOOJISIETHCS, Ma€ MpaIlOBaTU 3a
pexxumamu: iHbopMmaliiiHoi cuctemu (6asu gaHux mpo o6’ektu KII) Ta iHTe/neKTya-
JIbHOI aHaJiTUYHOI cUCTeMM (aHaJli3 MEBHOTO 00’€KTa JIsI BCTAHOBJIEHHS aBTOpA,
POKY CTBOpeHHS, Toilo). He muBiasumuch Ha pi3Hi peskumy pobOOTM CUCTEMM Ta ixX
Npu3HaueHHs, ocHOBHUM eyieMeHTOM ICIIIIP € mimcucrema 36epiraHHs BioMOCTel
po 06’exTu KII.

ApxiTeKkTypa cucTeMy B 3HAUHil Mipi 3a7€XXUTh Bi TEXHOJIOTii pOGOTU CUCTE-
MU TIPUVHSTTS pillleHb. ABTOPOM IIPOaHa/Ii30BaHO MOJ/IMBiI BapiaHTM TEXHOJIOTii
BUKOHAHHSI QYHKIIil MiICHUCTEMOIO, 1110 PO3TasSAaceTbcs. [Ipy mpakTUuHiii peasnisaliii
ICIIIIP pmaHi 3 pisHux mxkepen nauux ([I/1) KOMilOIOTHCS B €I1HE CXOBUIIE JaHUX. 3i0-

paHi AaHi HABOASTHCS 10 €AMHOTO GOPMAaTYy, Y3TOIKYIOTbCS i y3araJbHIOIOThCS.

4 ISSN 1562-9945 (Print)
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3a3HauMMO, 110 KOPUCTYBAUYi CUCTEMU: UM TO ONEepaTOp, SKUI1 BHOCUTD JaHi 0
cxoBumia gaHux (CH) um B/I, UM TO eKCIIepT sSIKuii nepeBipsi€e KOPeKTHICTh BHECEHUX
JaHUX, UM aHAJIITUK, 110 mpaifioe 3 CIIIIP a6o 3BMyaiiHMii KopucTyBau iHQopmariii-
HOI CMCTeMM Ipalll0I0Th 3 CUCTEMOIO Yepes BiAIoBigHi iHTepderiicy, 1m0 TaKOX CIIif
BpaxOBYBaTy IIPYU BUOOPi apXiTeKTypu cuctemu. MokHA BUIIIUTU TPU OCHOBHI TeX-
HOJIOTiUHi cxeMy QYHKIIIOHYBaHHS TaKOi CUCTEMU:

— 3 (pisnunum CJI (puc. 1);

- 3 BipTyasbuum ClI (puc. 2);

— 3 camocTiitHOw BiTpuHOIO gaHux (B/I) (puc. 3).

Mopensb 3 ¢isunuamum CJI (puc. 1) Moske IpU3BOAUTD A0 AyO/IOBaHHS iHQopMa-
uii B 11 i B CII. OmHax e MoyXKHa MiHiMi3yBaTM 3a paxXyHOK aHaui3y i ginpTpalii ma-
HMX ITPY 3aBaHTakeHHi iHdopMallii 3 30BHIlIHIX mKepen nauux (3[1/1) abo omeparo-
pamu B C/I. BaraTo 3 HuX He MoTparisiioTh B CJI, OCKiJIbKY 1T030aB/IeHi CEHCY 3 TOUKM
30py BUMKOPUCTAHHS B mpolenypax aHamisy. Ilig yac saBanTaxkeHHs1 B CJI maHi oun-
IIYIOThCST (BUIOAISIETHCS HemOTpiOHa iHdopMaliis), i micias Takoi 06poObKyu BOHM 3a-

IMaroTh HabaraTo MeHIINit 0OCST.

ICMrP
v
Onepatop/ AHanituk/
Ekcnept Kopuctysay
_om |
Mipcucrtema
ineHTudikauil

Pucynok 1 — Cxema ICIIIIP 3 disumunnum C/]

HagmipHicTs iHopmaliii MoskHa 3BeCTU 0 HYJ/ISI, BUKOPUCTOBYIOUM BipTyasb-
He C/I. B nanomy Bunaaky gaHi 3 I/l He kormitorTbcsa B ClI OCKUJIbKM BOHU BUTSTY-
I0ThCSI, TIEPETBOPIOIOTHCS i IHTErpyl0ThCsl 6e3mocepeHbO P BUKOHAHHI aHATITUY-

HMX 3aIIUTiB B OMEpaTUBHIl MaM'siTi koM 'roTepa. @akKTUYHO Taki 3amuUTH Gesmnoce-

penHbO anpecyoTbes no 1 (puc. 2).
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[ MMipcucrema |
3bepiraHHsA gaHux |

e

AHanituk/
Kopuctysau

e N

Onepatop/
Ekcnept

Miacuctema
ineHTudikauii

PucyHnok 2 — Cxema ICIIIIP 3 BipryanbHum CJI,

OnmHak Takuit IMgxig mae psii HemOJIiKiB: OilbIMii yac oO6poOKM 3aIllUTiB Ta
6ifbII CKJIAgHA CTPYKTypa i BiAINOBimHO OifbIl BMMOIVIMBUIA 1O MPOTPAMHO-
arapaTHOrO KOMILJIEKCY.

BuxopucranHsi cxemu 3 camocTiiiHuMmu BJI, Moke 3HMU3UTU BUTPATU HA CTBO-
pennst CJI e BoHA MakKCMMaJIbHO HabMKeHa 10 KiHIIEBOrO KOPMUCTYBaya i MiCTUTh
JlaHi, TeMaTMYHO OPi€HTOBAHi Ha HHOTO (HAMPUKIIAA, KapTUHU, MOHETHU, TOIIO), TOO-
To B]I MeHiie 3a 06’emom, Hixk CII. CamocTiitxi B/l (puc. 3) MOXKHA BUKOPUCTOBYBATH
IIpY BUPIIIEHHI OKpeMUX He3aJeXKHUX aHaMITUUHMX 3amau. OJHaK OCHOBHUMM He-
Iojikamy aBTOHOMHUX BJI €: 6araTopasoBe 30epiraHHs JaHux B pisHux B]I, mo mpu-
3BOJUTH IO 30i/bIIEHHS BUTPAT Ha iX 30epiraHHs i mOTeHLiliHUM MmpobyieMaM, I10-
B'SI3aHMM 3 HEOOXiTHiCTIO MiATPMMKM HECYIIEPEeUHOCTI JaHMX Ta BiJICYTHICTh KOHCO-

JIiTOBAHOCTI JaHMX Ha PiBHi IIpeMeTHOi 00J1acTi.

=777 Migcuctema |
| 3BepiraHHs JaHUX

—
\ /

Onepatop/ .
Axanituk/

Elgareit KopuctyBay

—— MNigcucrema

m iaeHTudikauil

Pucynok 3 — Cxema ICIIIIP 3 camocTiiinoio B,
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B pesynbTaTi aHasi3y BiAMOBIAHUX apXiTeKTyp, AJsI BUpIilIeHHS MOCTaBJIeHOi
3amaui Ta mpakTuMyHOi peanizanii CII, Ha AyMKy aBTOpa, JOOI[IIbHO 0OpaTu cxemy
ICIIIIP 3 pismunmm C/I Ha 6a3i CYB]I. TakMM YMHOM ITOCTA€ MMTaHHS BUOOPY BimIo-
BimHOi CYB/I.

Ha gymky aBTOpiB B pob6otax[5-8], Bubip CYB]/] misa indopmamuiiiuux cucrem
0a3y€eThCsl HA TaKMX OCHOBHUX KPUTEPIisIX:

—  0COBGJIMBOCTI apXiTeKTypu;

- byHKITiIOHaTbHI MOKIUBOCTI;

—  INPOOYKTUBHICTb;

— HaIi/iHICTb;

—  Oesmneka;

—  MacmTaboBaHiCTh.

TakoXX OJHMM 3 BasKIMBUX KPUTEPIiB € HASIBHICTb 3PYYHMX 3aC00iB pO3p0oOKMU
Ta agMiHicTpyBaHHS B/I.

B xomi aHnani3y cyuyacHux CYB]l 3a 3a3HaUeHMMM KPUTePisSIMU, Ta MOPiBHSBIIU
HeJIOJIiKM Ta TepeBaru IUX CUCTEM, MOKHA OilATM BMCHOBKY, IO 3ajauya BUOOPY
CVYB], nnig peanizaiiii cuctemu ICIIIP IKII € TpymoMicTKOO Ta B 3HAUHil Mipi 3aie-
SKUTh BiJ JTIIOACHKOTO (paKTOPY Ta BOA0OAaHb TOTO XTO MpUiIMae pillleHHsT ITPo BUOip
CYB/I. TakuMm uMHOM, Ha OYMKY aBTOpa, n0 Buoopy CYB]I nis peasnisaliii mocrasiie-
HOi B po6OTi 3a71a4i MOXKHA 3a7y4aTy CTOPOHHIX eKCIEePTiB B Tayy3i po3po0KM Ta BU-
KopucTaHHs came cucteM B]I, 110 103BOJNUTb 0OpaTy HAMOIbII BAATY CUCTEMY IJIsI
KOHKpeTHOro rpoekTty. CiiJi 3a3HaunTH, 10 HaBeJleHi KpUTepii auile MOXYTb J0-
TIOMOI'TY YCBiIOMUTM MacIITaOHICTh Ta OaraTorpaHHiCThb 3a1adi.

3rigHo aHanisy mkepen [9-12] ocHoBHMMM Haii6inbu nonynspauvu CYB]] Ha
CbOTOJIHI € 6araTOMO/Ie/IbHI peJIsiIiliHi, TIOIIYKOBi, TOKYMEHTHI CUCTEeMU, Cepell IKUX
Taki sik: Oracle, MySQL, Microsoft SQL Server, PostgreSQL, MongoDB, Elasticsearch,
SQLite.

TakuM UMHOM 3HAUYHA KiJbKiCTh PO3POOHMKIB BiJIIalOTh IepeBary came pejis-
LiliHuM 6araToMmoznenbHuMm B]I.

B maHiit po60Ti aBTOP MPOIOHYE, ToAaTKOBO mpu Bu6opi CYB]I myis 3a3HaueHO1
cuctemu, po3rissayTu ICIITP IKL, 3 TOUukM 30py CMCTEMM MacOBOTO 0OCTyTOBYBaHHS
(CMO). TobTo cmif BpaxyBaTy He TiIbKM Habip JaHMX 110 MicTuThes B B]I, a it Kopu-
CTYyBauiB Ta MpOLIECH 1[0 MAaTUMYTh CIIpaBy 3i cucTemor. [IMTaHHSI BUKOPUCTAHHS
Teopii CMO B pi3HMX CcHUCTeMax OTPUMa/IM 3HAUHUI PO3BUTOK B TEOPETUUHIilM Ta

nmpakTuUuHii cepax [13-17].
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Takum umHom npu Bu6opi CYB/l aBTOpOM BpaxOBYBayIocCs, IO cucTeMa Oymae
MpaIloBaTy 3 TAaKMMM KPUTEPisIMU SIK: Yyac 00C/TyTOBYBAHHS, JOBKMHA Y€PIU, Kib-
KiCThb KaHaJIiB OOCIYrOBYBaHHS Ta iX 3aBaHTa’KeHHs, IIPOITyCKHA 3JaTHiCTh, 00C/TY-
>KeHi/BiAXUJeHi 3asiBKM, TOILO.

Cnig 3a3HaunTy, o Ha erari npoektyBaHHsST ICIIIP IKL BakkKO BM3HAUUTU
MaiOyTHi peasbHi ITOKa3HMKM, ajie CIIPOrHO3YBATM Ta BPaxOBYBaTH JesKi 3 IUX I10-
Ka3HMKIiB BCe K TaK/ BIAETHCS.

[Ticns nmopiBHsiHHS cyyacHMx CYB]] Ta Bu3HaueHHs GibIIOCTi QYHKITIOHATbHUX
BuMoOr 10 ctBopioBaHoi ICIITIP 6yno o6pano CYBI MySQL , sika 3a10BOJIbHSIE BCTa-
HOBJIEHMM BMMoOraM. TakoX BaskIMBUM (PaKTOPOM BMOOPY CTAIO MOXKIMUBICTh BUKO-
pUCTaHHS Takux iHCTpyMeHTiB sik: MySQL Workbench [18] Ta cepenmoBuiie
phpMyAdmin[19, 20].

HaBeneHa Ha pucyHKy 4 3anpornoHoBaHa cxema ICIIIIP mae Taki riepeBaru:

— KoHTpoJ/IbOBaHiCTh HAITOBHEHHSI BHYTPIlIHbOTO C/I.

—  Amnarmi3 ta dinpTpallis maHux 3 00Ky oIiepaTtopa Ta eKcIIepTa, 0CO0JIMBO
1pu po6oTi 3 30BHimHIMM JI]1.

- MoskauBicTh po3smisieHHsT 00’ekTiB KII pisHMX TUITIB Ha OKpeMmi Tabuili,
110 TO3BOJIUTD IJIS MiABUIINTY e()eKTUBHICTh pOOOTH 3 HUMM.

—  3pyuHwuit iHCTpyMeHT MoBM 3anuTiB SQL, 1051 GopmyBaHHS 3allUTIB K 3
00Ky KOPUCTYBAUiB TaK i iHTeJIeKTYyaJIbHOI aHAIITUYHOI ITiAcucTeMH imeHTUdiKaIlii.

—  3pyuHe maciutabyBaHHst B/I, 1110 He TOTpebye mepepobKM Ta JOOIPalio-
BaHHS apXiTeKTypU CUCTEMM, TOCTATHIM € JIUIIle JOAATY TAOJMII BiATIOBiTHMUX CYT-

HocTeli(06’ekTiB KII) Ta moB’s13aTu ix 3 B]I.
Icnnpe

Oneparop/
Exkcnept

]

\ Tunu ob'ekTis KL|

Tsopu xuBonucy

MoHeTu Ta 6aHKHOTH

h

Awanituk/Kopuctysay

[pykoBaHi BugaHHs

W

Miacuctema ineHTudikauii

Pucynok 4 — Cxema ICCITP KII Ha 6a3i CYB]],
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BucHOBKM. BUKOPUCTAaHHSI 3a3HAYEHOT0 B CTATTi MiAX0OAY OO0 BOOPY Ta BIIPO-
BamkeHHI0 CYB/] B CIIIP IKI] 103BOAUTH CTBOPUTU CHUCTEMY Oiibill e(heKTUBHOIO Ta
Hai/iHO0. 3alpONOHOBAHMII aBTOPOM ITiaXim A0 BMOOpPY Ta BuKopuctaHHsI CYB]I
st crBopeHHs Bl 3asHavenoi ICIIIP KII € spyuyHmii Ta Ma€ MOTY>KHUIA TTOTEHIIia
IUTST TIOJAJIBIIIOTO PO3BUTKY. [loemHAHHS B OJHi¥ cucTeMi 6a3 JaHMX Ta 3HAHb PA30M
3 MOTY)XHMM MaTeMaTUYHMUM i aHaJIITUYHUM arapaToM I03BOJIUTb BUMATH Ha Oi/bII
BMCOKMI1 piBeHb B IOPiBHSIHHI JMIle 3i 3BUYaiiHMMM O6a3aMy JaHUX Ta KaTaJOraMu.
3anpornioHoBaHui apropom morisia, Ha CYB]I ta ICIIIIP IKII sik Ha CMO [o3BOJUTH
BpaxoOByBaTM He JIMIIe PO3MillleHHsI Ta 30epiraHHs JaHUX B CUCTEMi, a ¥ MUTaHHS
00CTyTOBYBAHHS 3aMMUTiB 0 CUCTEMM, SIK 3 OOKY KOPMCTYBauiB Tak i 3 6OKy Iporpa-
MHO-anapaTHUX CUCTEM Ta KOMILJIEKCiB.

TakoX mpy aHai3i MOCTaBIEHO] 3a/aui aBTOPY MPUMIIIOCS PO3IJISIHYTU Taki
MIUTaHHS, SIKi € 3aBIaHHSIM Ha I0oJaJibllie BUBUEHHSI Ta BUPillleHHS TPobieMu:

— aHati3 ocob6aMBOCTeEl peasisallii pisHux peskumiB pobotu ICIIIIP IKI 3 pi3-
HMMM KaTeropisiMu KOpUCTyBayuiB;

— BMOip MporpaMHO-anapaTHOrO KOMIUIEKCY JIJIsI CTBOPEHHS Ta BUKOPMCTAHHS
CUCTEMU;

— pO3MeXyBaHHS IIpaB Ta IpaB JOCTYNy Pi3HMX KaTeropiii KOpUCTyBauiB
ICIIITP;

— BU3HAUEHHS HeOOXiTHMX HOPMATUMBHO-IPABOBMX aKTiB Ta ITOJOXKEHb MO0
BIIPOBaKeHHS Ta BUKOpUcCTaHHS BignmosigHoi ICIIIIP;

— BU3HAuUeHHS mkepes iHGopMmallii mpo 06’€KTM KyJbTYpHUX I[iIHHOCTEH, 3a
IIOTIOMOTOIO SIKMX HAITOBHIOETHCSI Ta OHOBJIIOE€ThCS BMicT B/I ICIIIIP IKII.
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Problems of the practical implementation of a DBMS as the main component of an in

telligent decision support system for the identification of cultural values

The article considers the issue of choosing the architecture of the data storage system of
the decision support system and its technological schemes of operation. The main advantages
and disadvantages of different options for organizing data storage of this system are presented.
The issues of solving the problems of practical use of database management systems as the main
component of the intelligent decision support system for the identification of cultural values are
also considered. The requirements to the components of the intelligent decision support system
are defined and given, namely to the subsystem of data storage on objects of cultural values.
This paper offers a view of the system, in terms of queuing system, and take into account not on
ly information but also users and processes that will deal with the system, taking into account
such criteria as: service time, queue length, number of service channels and their load, band
width, serviced/rejected applications, etc.

The article presents an analysis of existing tools and modern tools for solving the problem
of organizing data storage in the system. Popular modern database management systems, their
advantages and disadvantages are analyzed. As a result of the analysis the decision of a choice
of system of management of databases which satisfies the criteria established by the author in
work is offered. To solve the problem of creating and using a storage subsystem in the system,
the author proposes to use the architecture of the system with physical data storage based on
MySQL. The main advantages of this approach are given. The convenience of using the
phpMyAdmin system as a tool for developing and administering the relevant database is noted.
Convenient scaling of the database with this approach allows with minimal costs, to expand the
capabilities of the system in the future.

The paper notes the complexity and complexity of the problem of solving the problem. Pro
spects and ways of further research and development of this subject area are determined. The
conclusions indicate a number of important organizational and engineering issues in other areas
of knowledge that must be solved to successfully solve the problem.

MapTuHeHKo AHAPiii AHATOJIIMOBUY — CTapIIMii BUKIagad Kadeapu IporpamMmHoO-
ro 3abe3revyeHHs KOMIT'IOTepHUX cucTeM HalioHaJbHOTO TeXHIUHOTO YHiBEPCUTETY
«JIHITIpOBCHKA IMOJIITEXHIKaY.

Martynenko Andrii — Senior Lecturer of the Department of Software Engineering of
the National Technical University "Dnipro Polytechnic".
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B.B. )KepHoBuit
IHO®OPMAIIIMTHA TEXHOJIOTIA
ATIPOKCUMAIIII PO3MIPIB HABEMHUX OB’EKTIB

AHomauis. Tepabalimu OaHux CynymHUKOBUX 306paKeHb HAOBUCOKOT po30inbHOI 30amHocmi
HAOCUNGMbCA HA HA3eMHi CMAHYIT WOXBUMUHU, 13 HUX  BUKOPUCMOBYEMbCA Auwe 5% 0514
BUPIWEHHA 300a4 PI3HO20 CNeKmpy, WO NIOBULLYE 3HAYYWICMb GBMOMAMU3AYII0 AK Memooy
npuckopeHHs npoyedyp 06pobKu 306paxeHs. CeMaHmuyHa ceeameHmayis man € 0OHUM i3 nony
JIAPHUX CNOCO6IB 0J1A BUPIWEHHS WUPOKO20 KOJIa npobsieM, MaKux sK CnocmepexeHHs, MOHImo
pUH2 POCAUHHOCMI, BUABMEHHS 3MIH 8 3aby008i mowo. Cb0200HT nioxoou 0o 0bpobKu 306pa
JKeHb Ha 6431 21U60K020 HABYAHHA NPONOHYIMb OyXKe 2HYYKI THCMmpyMeHmu 0718 Pi3HUX nompe6
BKIDYAKYU CEMAHMUYHY ceeMmeHmayit. 3a 0oNoMo20t0 21UOGOKO20 HABYAHHA MOXHA OmMpuUMa
mu YHIKG/IbHI 3HAHHA 3 0aHUX ma adanmysamu mModeal ma an2opummu 018 KOHKpemHux 0aHux
0n1a docAeHeHHA Halkpawux pe3ysasmamis. Y pobomi nponoHyeMbsCa KOMNAeKCHa asmomamu
308aHA MEXHOJI02i5 PO3PAXYHKY PO3Mipie Ha3eMHUx 06'ekmis. [IponoHOBAHA mexHoM02ia 3aCmo
COBYE nepesazu 21U6OKO20 HABYAHHS 0719 CEeMAHMUYHOI ceemeHmauii 8 KOMOIHAYIT 3 KNACUYHU
mMu memodamu 06pobKu 306paxeHb ma NiHiliHOT anzebpu.
Knto4osi cnosa: ducmanyiliHe 30HOYBAHHA, 306PAXKeHHS, 2/IUOOKe HABYAHHSA, CeMaHMUYHA Ce2
MeHmMauyis, MacKku, GnpoKCUMayis.

IToctaHoBKa mpoo6eMu. HesBaskarounTy Ha CTPiMKUIT PO3BUTOK iHCTPYMeH-
TiB Ta 3ac00iB 00p0oOKM Benukux maHux (Big data), Ha cboropgHi, mpobseMa aBToMa-
TU30BaHOi ab0, HaBiTh, aBTOMATMUHOI OOPOOKM 3aJMIIAEThCS Maibke He Bupilie-
HOIO, 30KpeMa B 00JIacTi AMcTaHIifiHOro 3oHayBaHHS 3emti ([133). BinbmricTh icHY-
I0UMX pilieHb 00po6KM TpadiuHMX JaHUX PO3po0JIeHi AJisl BUIyuYeHHs iHdopMallii i3
TPbOXKAaHAJIbHUX 300paskeHb IO KOAYIOTh 3HAUEHHS BigOUTTSI BUAMMOIO CIIEKTPY
CBiT/IA.

Cnenudika x 306paskensb /133 mossrae y OibI CKIamHili CTPYKTYpi 300paskeH-
HSI, III0 YaCTO MICTUTH 16 Ta Oijblile KaHa/IiB BUAMMOTO Ta HEBUIMMOIO CIIEKTPiB.
YacTo Taki 300pakeHHST TaKOK MiCTSTh HerpadiuHi MeTaJaHHi SIKi MalOThb ITIEBHY KO-
pUCTb TIpM MOOYIOBi O3HAK [JIs1 aATOPUTMIB MallMHHOTO HaBuaHHS. HaBiTh Bpaxo-

BYIOUM, II[0 HM3Ka pillleHb B 06/1aCTi MAIIMHHOIO Ta INIMOOKOTO HaBYAHHS HalliJIeHi
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came Ha gaHi /133, 3a3HaueHi 0co6uBoCTi rpadivynux gaHux /133 4acTo irHOPYIOThHCS
MpY BUPUILIEHH] 3a7a4 iHCTpPyMeHTaMy MalllMHHOTO HaBYaHHSI.

Ille omHOMO, ajle He MEHI BayK/IMBOIO IPOOJIEMOIO € IIBUIKICTh 00POOKM JaHUX
aby BOHM BTpayajy SIKOMOTa MeHIIle CBOI0 aKTyaJbHiCTh. By/ib-sIKa MiCIeBiCTb, IO
BUBYAETHCS MOCTiIHO 3MIHIOETHCS, @ YaC OTPMMAHHS pe3y/bTaTiB 4aCTO BUMIiPIOETb-
cs1 B OHSIX 200 HaBiTh TVWOKHSIX. [IJIS1 BUpillIeHHS IIbOTO KjIacTepy Mpo6eM 4acTo 3a-
CTOCOBYIOTh MacIITabOBaHi 3aco0u, IO IPOMNOHYIOTh XMAapHi TexHoJorii. 3ams
e(eKkTMBHOTrO BUKOPMCTAHHS XMapHUX ab0 HazeMHMX (On-premise) pecypciB € 3alUT
Ha ITiaXoau o0 aBTOMAaTHM3allii mporeciB 00poOKM JaHMX.

AHamnmiz ocTaHHiX AocaigKeHb. OCTaHHI POKM CeMaHTMYHA CerMeHTallist
Ha3eMHMX O0O0’€KTiB Bce Oinbllle BMKOPUCTOBYETHCS Y IporpamMax Ta CUCTeMax
133. CermeHTOBaHi KapTy iHTEHCUMBHO 3aCTOCOBYIOTHCS Y Pi3HUX cdepax, TaKuUX SIK
MiCcTOOYIyBaHHS, Ci/IbCbKOTOCIIOAAPCHKi IIPOrpamMu, OI[iHKa PyXy Ta MOHITOPUHT SIK
Ha CYIIi, TaK i Ha BOZI TOO. 3a3BMYail pO3IJISiAA0ThCS [IBI KaTeropil MmiaxoAiB mpu
BUpIIlIeHHi ITpo6JieM CeMaHTUMYHOI CerMeHTallii - YiTKi aJropuTmu, 3aCHOBaHi Ha
BU3HAUEHMX BPYUHY XapaKTepUCTUKAX, a00 CTOXACTUUHI IiJXOay, 30KpeMa Ti, 110
0a3yI0ThCSI HA MNIMOOKOMY HaBUaHHI, sIKi B 3HaYHii Mipi ITOKIamal0ThCS Ha BIACTU-
BOCTi TTTMOOKUX HEMTPOHHUX Mepexk 3ropTku [1].

Bepyun 1o yBaru Toii pakT, 1110 Ha OCHOBi QYHKITIOHATbHUX YiTKMUX aJITOPUTMiB
Ta iHIIMX MiIX0/IiB 10 MAIIMHHOTO HaBUYaHHS 63 BUKOPMUCTAHHSI HEMPOHHUX Mepesk
MO>KHA YCITIIIIHO 3aCTOCOBYBATH [IJIsI BUPILIEeHHS IMEBHUX MPo6sieM 0OpOOKM CYITyT-
HUKOBUX 300paskeHb, TJIMO0Ke HAaBUAHHS BCE IIle 3a/IMIIAETHCS OiIBII MOLIIBHUM Y
IIOBTOCTPOKOBIii TepcrnekTuBi [2]. PO3BUTKOM HeipOHHUX MepeX TIIMO0KOTO BUB-
YeHHS TIPSIMOTO TTOLIMPEHHS CTaJI0 YepryBaHHS 3TOPTKOBMX Ta IIapiB MYJIiHTY MaK-
CUMaJbHOTO 3HaueHHS [3], BAOCKOHaJeHUX AeKiJbkoMa IMOBHO3BSI3HMMM abo cia-
003B’SI3HMMU IIIapaMu, i, BiITIOBiTHO, HACTYITHMM BEPXHIM MapoM Kiaacudikarrii.

BinblicTh pilieHb /1 T/IMO0KOTO HaBYaHHSI BUKOPUCTOBYIOTh HelipoMepeskeBi
CTPYKTYpM, 3aCHOBaHi Ha 3rOpTKOBMX HEMPOHHUX Mepexkax. [lesiki HelipoHHiI Me-
pexi Oisibllle MigAXOASTh AJIST pi3HUX 3aBHaHb - /133 He € BUKIOUeHHIM. OHieio
3 mpobJjieM, sIKa iCHy€ HaBiThb CbOTONHI 111 06p0oOKM 306paskens 3 /133, € Te, mo ii
YacTo MOTPiOHO 06POOATHY MO YacTUHAX abo TaitaMu, OCKIJIbKM Oi/IBIICTb Heipo-
Mepesk 00pOoOJISIIOTh 3-KaHaabHI 300paskeHHsT HabaraTo MeHIIOi pPO3AiJIbHOI 3[aT-
HOCTi, KOJM OiIbIIicTh 300paxkeHb [I33 MOXyTb OOCSITTM PO3MiAbHOI 3[aTHOCTI
6JIM3bKO KiJIbKa COT MiJIbiiOHIB miKceriB. [IoBHO3ropTKOBa HelipoHHa Mepeska (Fully
convolutional network) Oysna BuHalimeHa [ BUpIilleHHS 3ragaHoi IMpobie-

MU [4]. BUKOpUCTOBYIOUM 1ieii TUIT HEMPOHHOI MepeXi, MOXXKHa cpopmMyBaTu cerMmeH-
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TOBaHY KapTy Oy[b-SIKOTO pO3Mipy. [HIIMM MOMYISIPHUM ITiIXOI0M [JIsSi CEMaHTUY-
HOI cerMeHTalii € apxiTekTypa KOAyBaJbHMKA-[eKOAYyBaJIbHUKA, B pe3y/bTaTi SIKO1
dbopmyeThbCsI ceMaHTUMYHA KapTa Ti€i K poO3MiJibHOI 3HATHOCTI Ta pO3MipiB, IO i
BUXigHe 300paskeHHs].

V 6inp1IOCTi BUMAAKIB pe3yabTaTy pillleHb Ij1s [IMOOKOro HaBYaHHS misd 133
YCITIITHO 3aCTOCOBYIOTHCSI JIMIIle [0 IeBHOTO TUITY 300paskeHb, 3 SIKMMM BiH OyB
BIIpOBakKeHU i mportecToBaHMil. OgHAK iCHYIOTb BUIHSITKM, KOJIM HaJlesKHEe MOE-
HaHHS apXiTeKTyp HEePOHHMX Mepex Ta IapaMeTpiB BUPIMIMIO MpobieMy ceMaH-
TUYHOI CerMeHTallii s MoaibHMX 300paskeHb 3 PisHMX CYITYTHUKOBMUX amaparis. LIi
nmpo6sieMu Ta pillleHHS AeTaabHO OMMcaHi B [5].

YV moTouHiit poboTi moaudikoBaHa mpomnoHyeThesi Unet-nofi6Ha apXiTeKTypa
ciMecTBa aBTOKOAYBaJbHMKIB I/Is1 0OPOOKM JAaHMX TillepCcreKTpaJbHUX 300paxkeHb i3
BMCOKOIO po3misibHOK0 3maTHicTIo WorldView-3. B nmaniit po6oTi 300paskeHHS
WorldView-3 BUKOPUCTOBYIOTHCS [IJIT pO3pOOKM HAOOPY JaHMX IJIsT HaBUYAHHS MIPO-
TIOHOBAHOI apXiTeKTypu HelpoHHOi Mepexki. JlomaTKOBi mapu po3pobJieHi i momaHi
Ha BUXO/i apXiTeKTypu HEIPOHHOI Mepexi, 00 BiZOKPEMUTM eK3eMIUISIPM BUSIB-
JIEHMX Ha3eMHMX 00'€KTiB Ta BMKOHATMU aJTOPUTM BUMIipHOBaHHS (Qi3uIHMUX Iapa-
MEeTpIiB IIIJIbHOCTi HA3eMHMX 00 €KTiB.

MeTo10 gJaHOi po0OTH € po3pobKa aBTOMaTu30BaHOi end-to-end TexHosorii
IJIsST pO3ITi3HaBaHHS i BMCOKOTOYHOI amipoKcuMallii Ha3eMHMUX 00’€KTiB Ha 3HiMKax
HaJBMCOKOI po3ainbHOoi 3gaTHOCTI (VHR).

BukiageHHs] OCHOBHOTO MaTepiaxy. AJTOPUTM Aiii MO po3poOIli pillleHHS
CKJIQJA€ETHCS 3 IBOX YACTUH:

e Po3po6OKa HeltpoMepexi

e [licisi06po6Ka pe3yabTaTiB

ApxiTeKkTypa HeVpoHHOI Mepexi. [IpoTSIromM OCTaHHiX POKiB apXiTeKkTypa
Unet € nionynsipHMM BMOOPOM Yy 6araTboX 001acTSX MOCTiAKeHb, e MoTpidHa cema-
HTUYHA cermeHTaris. Criouatky Unet 6yB po3pobieHuit njisg 6ioMmeanMyHOi cermeH-
Tallii 306paxens [6] . OgHak cborogHi Unet yCHillIHO 3aCTOCOBYETHCS B iHIIMUX Taly-
35X 3HaHb, BKIouaoun 133 [3].

OCHOBHMM HAaIIPSIMKOM IIbOTO OC/TiIKeHHS € MoaibIiiia 06podka pe3yabTaTiB
cermeHTanlii Unet, Tomy 6ysia 3pob6JsieHa 10/IaTKOBe TOHKe Ha/IAlITyBaHHS HeMpOH-
HOi Mepexi, sika BUKOPUCTOBYETHCSI B MOTOUHii PoOOTi, 1100 ONTMMi3yBaTU ajro-
PUTM PO3[AieHHS 1IiJI0l MacKM Ha OKpeMi eK3eMIUISIpM Ta BUMipioBaHb (i3iyHMX ma-
paMeTpiB Ha3eMHMX 00’€KTiB.

HpOHOHOBaHa HeﬁpOHHa MepeXXa CKIagacTbCAd 3:
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Bximuwnit map posmipom 512 x 512 x 3

5 6710KiB KomyBasibHMKA (pHC. 1)

1 crangapTHMI 610K 3ropTKU (puc. 1)

1 momaTkoBMI1 610K 3rOpTKMU (puc. 1)

5 6J10KiB mekomyBajabHMKa (puc. 1)

Buximuuit map posmipom 512 x 512 x 3 i3 curmoigHow GyH-

KIIi€ro aKTHUBalii.

Ha Bigminy Big 6inbirocti Unet-mogioHMX apxiTeKTypHMUX 3aCTOCYBaHb, BiCi-

BaHHS 3HAUEHb BariB He BUKOPUCTOBYETHCS B IIOTOYHIN POOOTi - y IIpOBeAeHUX eKC-

repMMeHTax pi3Hi KoMOiHaIii mapiB BifiCiloBaHHS, He ITOKa3a/I/ KOOHMX MOJIIIIIeHb

JIJIST aJITOPUTMY alTpOKCUMAIIii.

Bnok KOOYBallbHWKa

Enok aropTiM }~
‘r

i ) M,
. [ necemmipHa \ Tpchnc;Hos{?gzzaropTﬁa:
) 3ropTEa, Agpo 3x3 . Ap 'L =

Bnok nekonysanbHUKa

Bnok 3roptku I : <\
- [eoBUMIpHA

T (2]

Hopmanizauis

v

KoHkaTeHalia ‘ 5

h

Makc. nyniur, agpo

2x%2

ANy V. NiHifHa BunpaMnaKya |

| ¥

Hopmanizauis { 3

aKTMeaLin 1)

N\ - 4 ¥

AxTuBaUIA

b

L

ABOBWUMIpHA
\ |3ropTKa, A4po ax3

AN - il
" -

PucyHok 1 - MaricTpanbHi 6;10KM ITPOTIOHOBAHOI apXiTeKTypu HeltpoMepexki

HaBuaHHS mpoBoAMaOoCh Ha 4255 HaBuasbHMX Ta 759 3paskax Iie-

peBipKu. BunmagkoBuii BiATiHOK, TOPM30HTAJbHE I€peBepTaHHSI Ta 3MillleHHS I10

HMIMPUHI, TI0 BUCOTi 3aCTOCOBYIOThCS SIK METOAM ayrMeHTallii Habopy HaBUYaJIbHUX

maHux. BubpaHo 3HaueHHS OefabTy BiATiHKy - 0,1. OcTaHHE - He 3aCTOCOBYETHCS IO

HaboOpy JaHUX MepeBipKu.

ICHYIOTB MEeTpPUKMH, crieriaabHO p03p06J1eHi OJIs1 adeKBAaTHOI'O BI/IMipIOBaHHH

e(eKkTMBHOCTI pilleHb

Ha 6a3i mmbokoro HaBuaHHs. CrelialbHi MeETPUKM Ta

¢dyHK1ii BTpaT OyaM po3pobsieHi B MOTOYHiM poOOTi A Kpamoro IpeacTaBeH-

HsI e(eKTUMBHOCTiI HeIIPOHHOI MepeXi Ta e(eKTUBHOCTI aJITOPUTMY ITiC/ISI00POOKM.
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OCKiJIbKM OHiIO 3 IIijieii po6oTH OYJI0 IOCSITH 3aJ0BiIbHUX Pe3y/bTaTiB Cer-

MeHTallii eK3eMIUISIpiB, OyJI0 BuUpillleHO 3acTocyBaTy MmoaudikoBaHMil KoedillieHT

Haiica (mipa F1)
Fl:giz*pm)*}e +1
NI : pi)+y+1 (1)
ne POi) - posmissani mikcenmi i1 ¥i - icTMHHI 3HayeHHs IIiKcesiB, JOCTYIIHI

3 HAaBYAJIbHUX JaHUX.

Bi" 6yB yCITiIIHO BUKOPUCTaHMIi B [7] AJIsSI TpeACTaB/IeHHS SIKOCTi pe3yJsbTaTiB
cerMeHTallii ek3eMIuisipiB. OpuriHanbHMit KoeditieHT [aiica MoaudikyeTbcs mona-
BAHHSIM OIMHMIII JIJISI YACTMH TePeTUHY Ta 00'€IHAHHS B PiBHSIHHI, 1106 3amobirtu
NiJIeHHI0 Ha HyJab. KpiM TOro, i TpeHyBaHHSI BUKOPUCTOBYETHCS DYHKIIiSI BTpaTu
i3 3acTocyBaHHsAM (1)

i3 3acTocyBaHHIM (1)

lossg; =1 —F1,
2)
e F1 Bu3HaueHo B (1) . ®yHKuis BTpaT Jlaiica - 1je MeTpuKa AJji BUMipIOBaHHS Iie-
PEKPUTTS ICTMHHMX 3HAauyeHb IIiKCeJiB Ta CerMeHTOBAaHMX IIiKcesiB (ma-
cOK). MeTpuka BTpaT [laiica gyske rHy4Ka i Moke OYTH JOZATKOBO ONTMMi30BaHa, II0
MOsKe TTOKpAIIUTU pe3yabTaTu [8], ajie B MOTOUHi poOOTi Taka ONMTUMi3allisl He [0-
CITIKYETHCS.

Ha >kasib, BUKOPUCTAHHS apXiTeKTypyu HEMPOHHOI Mepexi 3 (2) mpu3Beso 10
IIOBHOTO CXOMKeHHS QyHKIIii BTparT. I moposiaHHS 1i€ei mpobieMu 6ya0 BIIpPO-
BaK€HO BIOCKOHAeHHS (QYHKIIii BTpAT, IO JOIIOMOIJIO B iHIIi ITpobJieMi 3 BUKO-
pUCTaHHAM MOJMi6HOI Mojesni HelipoHHOI Mepexi [9]. PilleHHs monsirae y BU3HA-
YeHHi Oi/IbIII KOMIUIEKCHOI (QYHKIIii BTpaT

loss = lossg; + loSSpee,
3)

ne loss,., - PyHKIis 6iHapHOI mepexpecHOi eHTpoMii abo ysorapudmMiuHoi GYHKIIii
BTpAaT, SIKa BU3HAUYAETHCS SIK

1 "
10SSpee = _EZ}H «log(p(y;)) + (1 —y;) =log(1 — p(yy)),
=0

4)
ne p(y;) € cerTMeHTOBaHa Macka iy; € aHOTOBaHa iCTMHHA MacKa, JOCTYITHA 3 HaB-
YaJIbHUX JaHUX.
TexHiky 3MimaHoi TOYHOCTI OyJI0 3aCTOCOBAHO [JII TOTO, INOO ITOKPAIIUTH

MIBUIKICTh TPEHYBaHHS BiTHOCHO BeyinKoi mozenti (10 MijibitoHIB mapameTpiB) B 00-
MekeHoMy HaByajibHOMY cepenmoBuili (Google Collaboratory). TexHika 3mimaHoi
TOYHOCTI AOK/IaAHO onucaHa B [10].
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KiHmeBi pe3ynbTaTyt HABYaHHS HaBeAeHi B TabmIli 1.
Tabmuisg 1

Pe3ysibTaTyt TpeHyBaHHS ITPOIIOHOBAHOI HelipoMepexxi

MeTpuka 3HaueHHA

TouHicTb (Accuracy) | 0,9834

TounicTs (Precision) | 0,9217
IToBHOTa (Recall) 0,7641
Mipa F1 0,8355

OTpumaHi pe3yabTaTy MOPiBHSHI 3 TAKMMM 110 B aHAJIOTIYHMUX poboTax [3], ki
MalOTb OUTbII KpalIuii TOKa3HUK TTOBHOTM Pe3y/IbTaTiB i TaKy camy TOYHICTb i3 TOU-
HICTIO 4O COTUX.

[ToepeaHe MOCTiIKeHHST MTOKa3aso, 1o Oilblna KiTbKiCTh €MoX TpeHyBaHHS i
OuMIIeHHSI HAbOPiB JaHUX € TOJIOBHUM (PaKTOPOM Kpalloro 3HaueHHS TOBHOTM.

Anroputm ampoxcumailii posmipiB. ['0JI0BHOIO METOI0 IIOTOYHOI CTaTTi €
MMic/II06po6Ka pe3y/IbTaTiB CErMeHTallii, sika peasizoBaHa SIK BepxHi mapu gjist Unet-
nomi6bHoi MaricTpanbHOI apxiTeKTypu. LIg rmomanbira 06podKa Moske BUKOHYE KiJIbKa
MOC/TiJOBHUX KPOKIB:

— Tlogmin HA OKpeMi 00’€KTH IITBHOT MaCKM.

— CemMaHTMYHe MapKyBaHHSI.

— O6’emHaHHS MAacOK 32 KOMILJIEKCHOK pPO3PaxOBaHOI0 O3HAKOI OJM3KOCTi
IPAaHUYHMX MiKCeJTiB.

—  BwrydyeHHSsT HaaapiOHMX MiKCeTiB Ha KiTbKiCHOI0 03HAKOIO.

— PospaxyHOK (i3syyHMX pO3MipiB i3 BUKOPUCTAHHSIM YTBOPEHMX OKpPEeMMUX
MAacCoOK i CIeKTpaJIbHUX XapaKTePUCTUK ITiKceJs.

— Po3paxyHOK IIiJIbHOCTi 3a0y00BM.

Buxigni mani Unet - Iie miKcejbHI 3HaYeHHS BiATiHKIB ciporo B Jiamaso-
Hi 0..1, 9Ki mpeaCcTaB/sIOTh CTYIIiHb HaJE€KHOCTI MiKcess OO0 MeBHOTO Kiaacy. s To-
ro, o6 MpaBMIbHO Bigpi3HUTM BUSBJIEHI Macku Bim GoHy, HEOOXiTHO 3aCcTOCYBATU
MeBHe MOPOroBe 3HAUeHHS, 00 KOKeH MiKceab MOKHA Oyj0 pO3AiIIUTU 33 UM
3HAUEHHSIM.

BinbiiicTh mOCAiIKeHb BUKOPUCTOBYIOTH cepefnHe 3HaueHHs1 0,5. OgHak s
3aMpOIIOHOBAHOrO ITiAX0MY iHIle 3HAaUeHHS JaJi0 TOUHiIli pe3yibTaTu. lle 3HaUeHHS
OTPUMYETBCS LIJIIXOM 3aCTOCyBaHHS MeTtoay Oy [11] o pe3ynbTaTiB cermeHTalLii
I pO3paxyHKy ITOPOTOBOTO 3HAuUeHHS, 10 BUKOPUCTOBYETHCS AJis Kiaacudikairii
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BCiX IiKCesiB Ha IBa KJIacyu - MepeaHiit miaH Ta (oH, [0 BUJIMBAETHCS Y OiHapMU30-
BaHe 300pakeHHs. 3rimHO 3 MeTogoM OIly, OIITMMAaIbHMIA TOPIT AJ1s1 6iHapu3aliii go-
csira€ MiHiMi3allii 3BakKeHOi cyMy AMCIIepCiii y KOKHOMY KiacTepi abo, 3 iHmoro 60-
KY, MAaKCMMaJIbHOI CYMU OUCIIePCii MiXK Kj1acaMu.

HomaTKOBUII CeMaHTUYHMUI MOIIYK BUKOHYETHCS MiC/S PO3AiIEHHS AJIS1 OTPU-
MaHHSI KOOpJIMHAT Ta PO3MipiB ycixX 3HaligeHMx 00’eKTiB. Lli KoopamuHaTH Ta po3mipu
BUKOPMCTOBYIOThCS JIJISI PO3PaxXyHKiB Qi3MUHMX ITapaMeTpiB Ta IIiJIbHOCTI.

L1 yacTuHA MMic/SI00pOOKM BBAXKAEThCSI HAMITPOCTIIIOI 3 TOUKM 30pYy CKJIAMd-
HOCTi  00umMcyieHb. BiH  06a3yeThbcsi Ha 3HAHHI CTPYKTYpU  CYINYTHUKOBUX
3HiIMKiB. Bimomo, 1110 JOBXMHA i IIMPMHA OJHOTO IiKCeJIsI CTAaHOBJISITh 31 CM, 1110 Ja€
MOXJIMBIiCTb po3paxyBaTu (Pi3uuHi TapameTpy BUSIBIEHUX 00 €KTIiB.

JIJ1s1 OMHOTO 00'€KTa OOUMCITIOETHCSI TPSIMOKYTHMK MiHiMaJbHOI TUIOII, IO MO-
BHICTIO OIMMCY€E IIOJIirOHAJIbHY MacKy 00'ekTa. lleii mMpsSIMOKYTHMK ITOOyIOBaHMI i3
3HAMAEeHVMMM HaOIBIIMMM BepTUKAIbHMM Ta TOPM3OHTATIBHUM TiaMeTpaMu.

3 BUKOPUCTAHHSIM PO3paxXyHKOBOTO JiaMeTpa Ha3eMHUX 00'€KTiB MpUitMaoTh-
cs1 hisuyuHi mapameTtpu - nepumetp (5), KBagpaTHa rioiia (6).

P = 2= vmax + 2 * hmax,
5)
Ie hmax - MakCMMaJIbHUIA TOPU3OHTAJbHUIA diaMeTp, MPUITHITUIA 3 MiHiMaJbHOTO
MIPUJISITal0YOTro MPSIMOKYTHMKA, VINax - BepTUKATbHUIA.
S = vmax * hmax,
6)
e hmax Ta vmax - 1jle MakCuMMaJjbHi TOPM30OHTAJIbHUII Ta BepPTUKAJIbHUI AiamMmeTpu
BiJITOBigHO.

[ifbHICTh 3a0YIOBM OOUMCITIOETHCS 3a OOMOMOroi0 (7) SIK BilCOTOK YCiX ITiK-
cejliB, BU3HAUEHUX SIK Ha3eMHi 00’€KTH, IO 3arajJibHOi KiJIbKOCTI IiKcesIiB 300paskeH-
Hsl. Xoua IIi po3paxyHKM nepenbdavaioTh juiile GisMyHi po3mipu 3eMebHOTO 00'€K-
Ta, ocKibky cuctema Il He moxke 6yt 100% TouHOMO, OpMyIa TaKOXK BPaXOBYE
KOpEKIIilo, BUKOPUCTOBYIOUM 3HAUEHHSI TOUHOCTI Ta BiIKIMKaHHS SK GaKkTOop.

TouHicTe )%, p(v;)
" ToeHoTa Xio% 7)

Jle m - KiJIbKiCTh CerMeHTOBaHMX ITiKCesiB, N - 3arajbHa KiJIbKiCTh MiKcesiB 300pa-

JKeHHS, p() - IIPOTHO30BaHMii TmikcenbTa ~/ - TiKCenb 306pakeH-
Hs. TouHicTh Ta [IoBHOTA - Iie BiATIOBiIHI MeTPUKM HENPOHHOI Mepexi, OTpMMaHi

TiJ, Yac rnepeBipKku eTarry HaB4aHHS.
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EXcriepMMeHTM MPOBOAWINCH KiJTbKOMA Pi3HMMM CITIOCOOAMM — MOIYJIbHUM Ta
iHTerpaliiiHuM: IJjisi HEeVNPOHHOI Mepexi, aJITOPUTMIB allpoKCMMallii Ta [Jis1 BCiel
cucteMn. HeoOXiHICTh TaKMX YMOB OOI'PYHTOBYETbCS MOIYJIbHICTIO Ta ITOPiBHSH-
HiCTIO KOXKHOI YaCTMHM 3 TTOJiOHMMM ITigXomaMm OJ1s1 IIoIlepeIHboi 06poOKM, 06po6-
KV HEIiPOHHOIO Mepeskelo Ta Iic/IsI00poOKM.

Jy1st BUMiploBaHHSI e(peKTUMBHOCTI HeIIPOHHOI Mepexki 00UMC/TIOETHCSI TOUHICTbD,
BigknuMKaHHS Ta OILiHKy F1 Ta rmopiBHIOEeTbCS i3 iHmuMMM cydacHumMu Unet-
MOAiOHMMM pillleHHSIMM HEeMpPOHHOI Mepexi Ijisi ceMaHTMYHOI cerMeHTallii 306pa-
>keHb /133 HaABMCOKOI pO3MAiAbHOI 3JATHOCTI. 3allpOMIOHOBAHA apXiTeKTypa MOpiB-
HI0€ThCs 3 opuriHanbHOIO Unet, HSFA-Unet, Refined Unet [3], Stacked Unets [12].

Vci sramaHi HeMpOHHI MepesKi MpaIlol0Th Ha HAbOpi MaHUX, SIKMIT BUKOPUCTO-
BYETHCSI [IJI1 PO3POOKM Ta TeCTyBaHHS B MOTOYHii poboTi [13]. Pe3yabTaT TecTyBaH-
HSI HeMIpOHHMX Mepek HaBeIeHo B Tab/uili 2.

OpurinanpbHa Unet gemio Kpailia 3 TOUKM 30py 3arajibHOi e(peKTMBHOCTIi, aje
3anpornoHoBaHa Unet-monibHa apxiTekTypa € Kpall[olo 3 OISy Ha 3aCTOCYBaHHS
MpoLieAypM ITOCTOOPAOOTKM Yepe3 3HAYHO OibIy TOUHICTh, Hi’K Y OPUTiHAJbHOI
Unet apxiTekTypu.

Y MOTOYHOMY AOC/iI)KEeHHI MPOMOHYETHCS MiAXi[ 10 aBTOMAaTM30BaHO1 TEXHO-
JIOTi1 i3 3aCTOCYBAHHSIM IITYYHOTO iHTENEKTY Ta KJIaCUMUHUX aJITOPUTMiB 0OpOOKMU
300paskeHb Ta JIHITHO1 anred6pu, 110 BKIIOYAE ITOMepPeaHI0 06POOKY JaHUX i po3poo-
Ky Habopy JaHuX AJis1 HelipoMepeski, MOJie/ll0OBaHHSI HEMPOHHOI MepexXi Ta MOJY/Ib

pPO3paxyHKy QisMUHMX PO3MipiB HA3eMHMX 00 €KTIB.

Tabanng 2
IMopiBHSHHS epeKTUBHOCTI HEMPOHHMUX MEpEX i3 3aIpPOIIOHOBAHOIO
HeiipoHHa Mepexxa TouHicTb [ToBHOTA Mipa F1
SA 0.9437 0.7532 0.837757
Unet 0.9116 0.8023 0.853465
HSFA-Unet 0.8135 0.7422 0.776216
Refined Unet 0.8915 0.7211 0.797297
Stacked Unets 0.8327 0.6678 0.741189

ETam morepegHboi 06poOKYM 3HAUHOIO MipOI0 TTOK/IAA€ThCS HA pe3yabTaT 1Mo-
nepenHboi poboTu [13]. Lli pe3ynbTaT MPOIMOHYIOTH MOBHMUIA MiAXi A0 pO3POOKU
Habopy JaHMX AJ1s1 BUpileHHs mpobiaem 133, sskuii BUKOPUCTOBYETHCS B [IOTOUHOMY
IOCTiIKeHHs i3 MiHiMa/JIbHMMM 3MiHaMM, 1[0 BK/IIOYAIOTh JOJATKOBI MeTOAM 30i/b-
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IIeHHs Habopy AaHMX Ta MOKPALIeHHST 300paskeHHSsT /IS MiABUINeHHS e(eKTUBHOCTI
00pOOKM HEMpPOHHOI Mepexi Ta aaroOpuTMy ampoKcuMaliii GisMyHuX po3MmipiB
Ha3eMHMX 00’ €KTiB.

Ilpyra 4yacTuHa pillleHHs IiAKpecae akTyanbHicTh Unet s 3amau 133, npo-
IIOHYIOUM iHIIMIA MigXim MO HajalITyBaHHS IIi€l apXiTeKTypyu IJjisi BUpillleHHS Oa-
raTbOX Pi3HOMAaHITHUX IPO0JIeM Ta BUK/IMKIB, BKIIOUAIOUM CETMEHTAIlil0 OKpeMMX
eK3eMIUISIPiB Ta BUMipIOBaHHSI Ha3e MHMX 00'€KTiB, IJIs1 IKMX BOHA CIIOYATKY He IMPU-
3HaueHa. Po3pobsieHi creriasbHi MeTpukM Ta GYHKIIQ BTpaT, SKi TOMOB-
HIOIOTD ITOJAJIbIIly 0OPOOKY pe3y/IbTaTiB CEMaHTUYHOI cerMeHTaIlii Ta MOXYTb OyTHU
3aCTOCOBaHi MpyM BUPillIeHHi 3aBJaHb BMMipIOBaHHS Ha3eMHMUX 00’€KTiB, B TAKMX ra-
Jy38IX SIK MicTOOymyBaHHS Toulo. CTaTTS IIPOIOHYE BCIO HEOOXimHY iHpopMaliito st
YCITIIITHOTO ITPOBEIeHHS OMMCAHOTO eKCIIePUMEHTY.

I[Ticnsi06po6Ka y BUIJISIII aJITOPUTMY aIllpOKCHUMAllii € OCHOBHOIO YaCTUHOIO J0-
cJTimKeHHs. Yci momepenHi poboTH, IO CTOCYIOThCSI KOHQirypailii HeifpoHHOI Me-
pexki Ta po3poOKM KOPUCTYBalbKMX METPUK, BUKOHYIOTHCS [ OTIOBHEHHS, OII-
TUMi3alil Ta TeCcTyBaHHS JITOPUTMY alpokcuMalii BuMiproBaHb. [IporioHOBaHe
pillleHHS BUpIilllye€ Oy)Xe MNpUKIaJHe 3aBJaHHS T[IOBHICTIO aBTOMAaTM30BaHO -
B3a€MO/IiS 3 iHIIMMM cucTeMaMy abo orepaTopomM abCcoIOTHO He TOTPiOHA.

Yci pesynbTaTy B JaHUII YaC 3aCTOCOBYIOTHCSI IO €IMHOIO KJacy OO'€KTIiB -
OymiBii. [HIT KMacu 06’€KTiB TUIAHYETbCS OOAATH OO HAOOpy HAaHUX Y MaitOyTHb-
oMy. OCKIJIBKM [Kepesio, SIKIIO MaHi 3aJMIIAal0ThCSI HE3MiIHHUMMM - 300paskeHHS
WorldView-3, po3pob6yiieHnit migxim MpoaeMOHCTPY€E OJHAKOBY e(QeKTUBHICTb IS
HOBUX KJIaciB 00’€KTiB, IKUMM MOXKYTb OyTH AepeBa, TPaHCIIOPTHI 3aco6u TOIIO.

BucHoBKM. [IoBeeHO, 1[0 3alIpOIIOHOBAHMIA KOMIUIEKCHUI Migxin mae 6araTo-
00i1Is1104i pe3ynbTaTy IIpy 06po0Ili 6araTboX TUIIIB JaHUX CYITyTHUKOBUX 300pakeHb
Ily>ke BUCOKOI PO3Ai/IbHOI 3maTHOCTI. [IoTOUHe JoC/igkKeHHS JeMOHCTPY€E 3a0BiJb-
HY SKicTb 00po6Kku 306paskeHb WorldView-3. OTpuMaHi pe3yabTaTy [T03BOJISIOThH
3pOOUTH BUCHOBOK, III0 METOM, 3aIIpOIIOHOBAHI B 11iil JOCTiIZHUIIBKI pobOOTi, mpu-
IaTHi IS MYJAbTU- Ta TilepclieKTpaJbHUX 300paxkeHb OyskKe BUCOKOi PO3MdiJIbHOI
3IATHOCTI, TaKMX SIK JTaHi CYITyTHUMKOBUX 300paskeHb. He3Baskaroun Ha Te, IO MigXi[
Ta MeTOJM 3aCTOCOBYIOThCSI N0 JaHuX 300paskeHb WorldView-3 y moTouHiit po6oTi,
BiH He 0OMeKeHMi IMITYYHO i MOKe OYyTY BUKOPUCTAHUI Y TTOAIOHMUX CYITyTHUKOBUX
3HiMKax JiJis1 iHIIIOTO CYITyTHUKOBOTO anapary, Takoro sik Landsat abo Sentinel.

3acToCyBaHHS 3alIPONIOHOBAHMX METO/IB OO pi3HMUX 300paskeHb 133 MOKIMBO

3aBISIKM THYYKOCTI iHCTPYMEHTiB IMIMOOKOT0 HaBUYaHHS, a BCi acleKTu ajamnTallii Ta
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OITMMI3allil /IS BUKOPUCTAHHS 3 Pi3HMMM 300pakeHHSIMM BUCBIT/IIOIOTHCS B IIOMIe-
penHix po3ainax.

[HIIMM BakKJIMBMM acIIeKTOM POOOTH € Te, 1[0 BOHA AEMOHCTPYE 3aCTOCYBAHHS
iHCTpYMEHTIB T7IMO0OKOr0 HaBUYAaHHS Ha He MOMYJSPHUX 300paskeHHSIX 133, 1m0 € y
BimKkpuTOoMy mocTymi (Takux sIK Landsat 8, GeoEye-1 a6o Sentinel- 2), a Komepiiii-
Hux - WorldView-3, 110 Ha cbOroAHI HaJAIOTh MAaKCUMMaJbHO MOXKIMBY PO3IiIbHY
30aTHICTb, SKICTh Ta HaVMEHII OXOIUI€Hi MOC/II)KeHHSMM IaHi y TOpPiBHSHHS i3
Iep>kaBHMMM CYITYTHMKOBMX ariapataMmu IepejiueHuMu Buile. Kpim Toro, xpaiia
po3IisibHA 3[ATHICTb, SIKICTh Ta iHdOpMalLiiiHuii BMicT 300paskeHb WorldView-3
MOKYTh BIUIMBATM Ha PillleHHSI, [0 BUKOPUCTOBYIOTh IIMOOKe HAaBUYAHHS, Pi3HUMMU
criocobamu. Yepes cneindiky HeipOHHUX MepesK 1eit BIUIMB MOXe SIK TOKPaIlUTH
TaK i MOTipUIUTY Pe3yJIbTaT, 10 MOTPedyBaTMMe TOJaTKOBUX HOC/iIKeHb. OCTaHHE,
MiABUIIYE BaKJIMBICTb BUCBITJIEHHSI OOCIIIKeHb "HEMOMYJSIpHUX' KOMEpPIiitHMUX
CYNyTHUKOBUX 3HIMKiB. KomepuiiiHi 3HiMKM [133 my>ke BaskaMBi 3 TOUKM 30py 3a-
CTOCYBaHHS iX B Pi3HUX Ta/Ty3sIX 3HaHb 3aBISIKM CBOii, 3a3BMYaii, Kpallliii TeXHIUHil
SIKOCTI, HIXX CYITyTHMKM 3araJIbHOTO KOPUCTYBaHHS. Takox, KOMepLiliHi 3HIMKM 3a-
6e3Ieuy0Th Kpallle MOKPUTTS 3eMIi uepe3 4YacTOTy peecTpallii, o MOxe MaTu
BUpillla/JibHe 3HAUEHHS [IJIS1 BUSIBJIEHHSI 3MiH Ta pearyBaHHSI Ha TyMaHiTapHOI Kpu3u
OyIb-SIKUX BUJIiB.

JIITEPATYPA
1. Imutpo MosroBuii, Bonogumup 'HaTyiieHko ta Bomogumup BacunbeB "OliHKa
TOYHOCTi aBTOMAaTM30BaHOT'O PO3Mi3HaBaHHS 00 '€KTiB 3a IOMIOMOI'OI0 MYJIbTUCIIEKT-
paJIbHMUX aepo300paskeHb Ta HelipoHHOI Mepexi"', 36. SPIE 10806, mecsta MiskHapo/I-
Ha KoH(epeHIis 3 1mubpoBoi 06pobdkyu 306paskens (ICDIP 2018), 108060H (9 ceprins
2018 p.); https://doi.org/10.1117/12.2502905.
2. lOanp, llgHusgH Ta iH. "TlornmbieHe BMBUEHHS AMCTAHIIAHOTO 30HAYBAaHHS Ha-
BKOJIMIIIHBOTO CepefoBUILA: NOCSITHEHHS Ta Mpobaemu”. [IucTaHililiHe 30HAyBaHHS
noskims 241 (2020): 111716.
3. Bin HaumxkyH, Jletoan @aur Ta AHTOHio Ilinasa. "Tiopua Unet mepiioro ta Apyroro
MIOPSIIKY YBAaru ISl TIOOYIOBY CcerMeHTallii y 300paskeHHSIX IMCTAHIIIITHOTO 30H/IY-
BaHHS." Science China Information Sciences 63.4 (2020): 1-12.
4. I0anb, lgnausH, X. llens, T. JIi, Yxu-Beii JIi, llysen JIi, FOub 11351, XyHuwkaH Cio,
B. Tan, K. {H, II3iBen Ban, 1I3stabxao I'ao i JIsarmei Yskan. "TlornnbieHe BUBUEHHS
IVUCTAHIIITHOTO 30HAYBaHHSI HABKOJUIIHBOTO CEepeIOBUINA: TOCITHEHHS Ta MpobJie-

Mu'". [IuctaHiiiiine 30HAYBaHHS OOBKULIS 241 (2020): 111716.

22 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (138) 2022 «System technologies»

5. MOM Caiidi, JIx. Cinrna, Muxita. OCHOBM IIMO60KOTO HaBYaHHSA AJIS1 CeMaHTUUYHOI
cerMeHTallii CylmmyTHMKOBUX 300paskeHb. 2020 YeTBepTa MixkHapoaHa KOHDepeHILis 3
obuMcmoBaJIbHMX ~ Meromosoriii  Ta  3B'3Ky  (ICCMC).doi:  10.1109 /
iccme48092.2020.iccmce-00069
6. T. lllorTHep, (2019, 16 TpaBHs). YoMy AaHi Cjaif HOpMaJli3yBaTy Mepej HaBYaH-
HsIM HelipoHHOi Mepeski. Cepenniit. URL: https://towardsdatascience.com/why-data-
should-be-normalized-before-training-a-neural-network-c626b7f66c7d .
7. Onad Pounebeprep, ®inin ®imep ta Tomac Bpokc. "U-net: 3ropTKOBi Mepexi ajist
b6iomenuuHoi cermeHTanii 306paskeHb.” MixkHapogHa KOHGepeHIisI 3 00YMc/IeHb
MeOMYHMX 300paskeHb Ta KOMIT'I0OTepHOro BTpy4yaHHs. Cripinrep, Yam, 2015.
8. Bonogumup I'Hatymenko ta Bagum JKepHoBuii. "MeTon BOOCKOHA/IEHHS CEeTMeH-
Tallii eK3eMIUISIpiB [ 300paskeHb OMCTAHIIITHOTO 30HAYBAHHS Ty’Ke BUCOKOi pO3-
IinbHOI 3JATHOCTI 3a JOIOMOrOI0 IJiMOokoro HaBuaHHS" . Y: bab6iueB C., Ilenemniko
I., BunokypoBa O. (pepn.) . BumobyBaHHsS Ta 006pobOKka moToky mauux. DSMP 2020.
KomyHnikalii B KomIT'ioTepHiii Ta iHdopmariiiHiii Hayii, Bum . 1158. Cmpinrep,
Yam. https://doi.org/10.1007/978-3-030-61656-4 21.
9. Minnerapi ®aycto, Hacip HaBa6 Ta Ceiien-Axman Axmani. "V-net: IIOBHICTIO 3T0-
PHYTi HEMPOHHI Mepexki i1 06'eMHOI cerMeHTallii MegUMUYHMX 300paskeHb." 2016 ye-
TBepTa Mi>kHapoaHa KoHdepeHIlis 3 nutaHb 3D 30py (3DV). IEEE, 2016.
10. Bukinuk MaCKyBaHHS 300paskeHb Carvana Karr. (2015). URL:
Kaggle. https://www.kaggle.com/c/carvana-image-masking-
challenge/discussion/40199
11. I1. MiuikeBiuyc, C. Hapanr, [I>k. Anb6eH, I'. [liamoc, E. Enbcen, [I. l'apcis, & X. By.
3MilllaHa TOYHICTh HaBYaHHS. npenpuHT arXiv arXiv: 1710.03740, 2017.
12. Hob6yoki Ouy. Msgstr "MeTton, Bubopy Iopory 3 rictorpaM piBHS ciporo”. TpaH-
sakuii IEEE momo cucrtem, JOAMHM Ta KibepHeTuky, Buil. 9, N2 1, c. 62-66, ciueHb
1979 p., Doi: 10.1109 / TSMC.1979.4310076.
13. A.Tom, M. Epnix, C. Illax, JI. leBic Ta P. Yennanna. Cknameni U-mepexi ajs ce-
rMeHTallii Ha3eMHOr0 MaTepiajly Ha 3HiIMKax 3 OUCTAHLiiHMM 30HAyBaHHSIM. 2018
Koudepentiiis [EEE / CVF 3 nuTaHb KOMII'IOTEPHOTO 30pYy Ta pO3Mi3HaBaHHS 3pa3KiB
(CVPRW), ¢.252-256. doi: 10.1109 / cvprw.2018.00047 .

REFERENCES
1. Dmytro Mozghovyi, Volodymyr Hnatushenko ta Volodymyr Vasyliev "Otsinka
tochnosti  avtomatyzovanoho rozpiznavannia obiektiv za  dopomohoiu
multyspektralnykh aerozobrazhen ta neironnoi merezhi’, Zb. SPIE 10806, desiata

ISSN 1562-9945 (Print) 23
ISSN 2707-7977 (Online)



«CucrtemHi TexHosorii» 1 (138) 2022 «System technologies»
mizhnarodna konferentsiia z tsyfrovoi obrobky zobrazhen (ICDIP 2018), 108060H (9
serpnia 2018 r.); https://doi.org/10.1117/12.2502905.

2. Iuan, Tsiantsian ta in. "Pohlyblene vyvchennia dystantsiinoho zonduvannia nav-

kolyshnoho seredovyshcha: dosiahnennia ta problemy". Dystantsiine zonduvannia
dovkillia 241 (2020): 111716.

3. Vin Nandzhun, Leiuan Fanh ta Antonio Plaza. "Hibryd Unet pershoho ta
druhoho poriadku uvahy dlia pobudovy sehmentatsii u zobrazhenniakh
dystantsiinoho zonduvannia." Science China Information Sciences 63.4 (2020): 1-12.
4. Tuan, Tsiantsian, Kh. Shen, T. Li, Chzhy-Vei Li, Shuven Li, Yun Tszian,
Khunchzhan Siu, V. Tan, K. Yan, Tsziven Van, Tsziankhao Hao i Lianhpei Chzhan.
"Pohlyblene vyvchennia dystantsiinoho zonduvannia navkolyshnoho seredovyshcha:
dosiahnennia ta problemy". Dystantsiine zonduvannia dovkillia 241 (2020): 111716.
5. MOI Saifi, Dzh. Sinhla, Mykita. Osnovy hlybokoho navchannia dlia
semantychnoi sehmentatsii suputnykovykh zobrazhen. 2020 Chetverta mizhnarodna
konferentsiia z obchysliuvalnykh metodolohii ta zviazku (ICCMC). doi: 10.1109 /
icemc48092.2020.iccmce-00069

6. T. Shottner, (2019, 16 travnia). Chomu dani slid normalizuvaty pered navchan-
niam neironnoi merezhi. Serednii.

URL: https://towardsdatascience.com/why-data-should-be-normalized-before-
training-a-neural-network-c626b7f66¢7d .

7. Olaf Ronneberher, Filip Fisher ta Tomas Broks. "U-net: zghortkovi merezhi dlia
biomedychnoi sehmentatsii zobrazhen." Mizhnarodna konferentsiia z obchyslen
medychnykh zobrazhen ta kompiuternoho vtruchannia. Sprinher, Cham, 2015.

8. Volodymyr Hnatushenko ta Vadym Zhernovyi. "Metod vdoskonalennia seh-
mentatsii ekzempliariv dlia zobrazhen dystantsiinoho zonduvannia duzhe vysokoi
rozdilnoi zdatnosti za dopomohoiu hlybokoho navchannia" . U: Babichev S.,
Peleshko D., Vynokurova O. (red.) . Vydobuvannia ta obrobka potoku danykh. DSMP
2020. Komunikatsii v kompiuternii ta informatsiinii nautsi, vyp . 1158. Sprinher,
Cham. https://doi.org/10.1007/978-3-030-61656-4 21.

9. Milletari Fausto, Nasir Navab ta Seiied-Akhmad Akhmadi. "V-net: povnistiu
zghornuti neironni merezhi dlia obiemnoi sehmentatsii medychnykh zobrazhen."
2016 chetverta mizhnarodna konferentsiia z pytan 3D zoru (3DV). IEEE, 2016.

10. Vyklyk maskuvannia zobrazhen Carvana | Kahhl. (2015). URL: Kaggle.
https://www.kaggle.com/c/carvana-image-masking-challenge/discussion/40199

11. P. Michikevichus, S. Naranh, Dzh. Alben, H. Diamos, E. Elsen, D. Harsiia, ... &

Kh. Vu. Zmishana tochnist navchannia. preprynt arXiv arXiv: 1710.03740, 2017.

24 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (138) 2022 «System technologies»

12. Nobuiuki Otsu. Msgstr "Metod vyboru porohu z histohram rivnia siroho" .
Tranzaktsii IEEE shchodo system, liudyny ta kibernetyky, vyp. 9, N2 1, s. 62-66,
sichen 1979 ., Doi: 10.1109 / TSMC.1979.4310076.

13. A. Hosh, M. Erlikh, S. Shakh, L. Devis ta R. Chellappa. Skladeni U-merezhi dlia
sehmentatsii nazemnoho materialu na znimkakh z dystantsiinym zonduvanniam.
2018 Konferentsiia IEEE / CVF z pytan kompiuternoho zoru ta rozpiznavannia

zrazkiv (CVPRW), 5.252-256. doi: 10.1109 / cvprw.2018.00047 .

Received 28.12.2021.
Accepted 10.01.2022.

Land objects size approximation informational technology

Despite rapid development of Big Data and data processing technologies, it is still quite a
challenge to implement efficient pipelines for obtaining reliable and reasonable results. In re
mote sensing, thousands of gigabytes of data is acquired by satellite and aircraft vehicles, but
only the modest amount of data is processed. Among the data processed, even less results re
mains reliable overtime due to the nature of satellite imagery. Nowadays, machine learning area
affects nearly every domain of knowledge including remote sensing. A toolset of machine learn
ing suggests ways to automate data processing which makes data pipelines constructure much
more effective. Deep neural networks demonstrate the best results so far in image processing
field. However, applying deep learning achievements in Remote Sensing still remain challenging
in regard to multi channel satellite imagery of a very high resolution. Despite astonishing results
deep learning field demonstrates in remote sensing competitions such as Open Street Map, these
are applicable on regular RGB images of popular image formats such JPEG and similar. In current
paper, a technology s suggested to apply deep neural network toolset in multispectral images of
a very high resolution acquired from a commercial WorldView 3 satellite vehicle. The suggested
approach covers topics of dataset preparation to fully replicate the results of the suggested neu
ral network training. The proposed neural network solution output are segmentation maps. In
addition to replicatable neural network structure, a particular use case is considered in detail
which implements a fully automated technology of highly precise approximation of physical sizes
of the land objects. The neural network performance is measured and compared to modern simi
lar neural network solutions.

JKepHoBuit Bagum BikTopoBmMu - acmipaHT Kadeapu KOMII'IOTEpPHUX HaykK

JIHITIpOBCHKOIO HAIiOHAJILHOTO YHiBepcuTeTy iMeHi O. 'oHuapa (M. [IHITIpo).

Zhernovyi Vadym - postgraduate student of the Department of Computer Science,
Oles Honchar Dnipro National University, Ukraine.
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A. Shcherbakov, B. Moroz
MATHEMATICAL MODEL FOR OBTAINING A STEREOSCOPIC IMAGE FROM
SEVERAL WIDE-ANGLE CAMERAS OF AN AIRCRAFT

AHomauyia. AkKmyanbHICmb memu O0CNIOKEHHA He BUKIUKAE CYMHIBY, OCKI/IbKU 3anpONOHOBAHO
BOOCKOHAUMU cucmemy CmepeocKoniyHo2o 8i0e0306paxeHHs. Tum camum 6yde CUHMe308aHO
HOBY MameMamuy4Hy mMooesb OMPUMAHHA CMepeonaHopamu, AKa Npulimae s8i0eonomik i3 wWupo
KogopmamHux kamep muny "pub'sye oko". Taka moOesnb NOBUHA 3HU3UMU BUMPAMU HA NAHO
pamHy Bi0eo cucmemy, 3a7ULIAKYU BUCOKY SKICMb BUXIOH020 300paeHHs, 6e3 BUOUMUX WBIB
CK/IeI0BAHHA pazmeHmig y 810eopAoT.

Mema pobomu cmBopeHHs Mamemamuy4Hoi MoOesi 0I5 OMPUMAHHS CMepeocKoniyHo2o 306pa
JKeHHS 3 0eKIIbKOX WUPOKOGopMamHux Kamep, 36epi2uiu npu ybomy BUXIOHY SKiCMb Bi0eopsdy.
Takox, y yiti pobomi 6yOymsb 3anponoHOBAHi Memoou CKIeBAHHS 306paXeHHA ma YCyHeHHS
dicmopcii npu cuHme3ys8aHHi NAHOPAMHO20 306PaXKeHHS.

Y pobomi nponoHyemsbcsa s8uKopucmosysamu memoo c¢epuyHoi po3eopmKu. Y AKOMYy Ha 3MiHY
napanenbHuM NaoWUHAM BUKOPUCMOBYIOMbLCA KOHUEHMPUYHT BIpmyanbHi ciepu 3 U4eHmpom y
cucmemi KoopduHam cucmemu. [TponoHyemsca cucmema 13 080MA WUPOKOKYMHUMU B8epmu
KanbHO BCMAHOBAGHUMU Kamepamu muny "pub'aye oko". Lje 00380/1ume ompumamu NaGHOPamHy
OUiHKY 2/IUBUHU WISXOM NPOEKMYBAHHA OMPUMAHUX 306paXeHb 13 WUPOKOHOPMAMHUX Kamep
Ha Yomupu BipMyaabHi NAOWUHU, PO3MAWOBAHT napasensHo 00 6a30807 NiHii. He3saxarwyu Ha
ye, Kapmam AucnapamHocmi 81ACMUBO HU3bKA pO30i/ibHA 30aMHICMb Yepe3 0OMexeHHs Mam
puyi ma sucokoi oicmopcii 06'ckmusa "pub'sye oko", momy OuiHKG 2AUGUHU BePMUKANbHUX
cmpykmyp napanenbHux 6a3080i niHii, yacmo 8iocymHs. [lopad 3 yum npedcmasnerull aneo
pumm BcecnpsMoBaHO20 PyXar4020cA cmepeo306paxKeHHs, AKUL 064UCTIOE 2NUOUHY cmamuy4HoOi
cyeHu 8 360 epadycis 3a KOPOmMKUM BiOeOpPazMeHMOM, 3HAMUM 06epMatY0KCb KAMEPOIO.
3anponoHosaHa 8 yili pobomi mamemamu4yHa mMoOesb MAE Giibli eeKmuUBHI ma MeHW eKo
HOMIYHO 3ampamHi napamempu 014 CMBOPEHHA Cmepeo naHopamu i3 02aa0omM 360 2padycis.
Ana cmsopenHs cmepeonaHopamu 6yna npedcmasseHa egekmusHa cucmema peecmpayii
810e0300paKeHHs, B AKIl BUKOPUCMOBYBAIOCA BCbO20 YOMUPU WUPOKOGPOPMAMHT Kamepu 3 ne
PeMUHaKYuUMocs Kymamu 02150y, 015 3axonsieHHs 8ideo. ToyHe po3milujeHHA Kamep 00380/1UJO
8iOKanibpysamu cucmemy 0151 CKICIOBAHHSA NAHOPAMHO20 300PAXEHHS.

Knwoyosi cnosa: FOV, cmepeonaHopama, 06’ekmus «pub’sdye oKo», CnomsopeHHs, cmepeo3obpa
weHHs, 360° 8ideo, VR, kaniopysaHHs.

© Shcherbakov A., Moroz B., 2022
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Introduction and formulation of the research problem. Recently, video
with a 360° panoramic view has attracted more and more attention from developers,
as it opens up completely new prospects for the implementation of VR technologies.
Such giant companies as Samsung, Sony, HTC are actively improving their technolo-
gies, which can be seen in the growth of product trends every year. Also, VR equip-
ment has become more affordable for the end-user, and simple VR system setup has
become a key moment in the growth of interest among the community. Not so long
ago, several systems that allow you to create 360-degree panoramas have been
demonstrated. These systems showed satisfactory quality of the stereo panoramic
image. However, it should be noted that the proposed systems are based on expen-
sive equipment. In the proposed architecture, the cameras are installed in a circle at
a short distance from each other. Thereby, they add unnecessary load during data
transmission and processing, and also greatly increase the cost of the structure. In
this article, it is proposed to improve the stereoscopic video image system. Thus, a
new mathematical model for obtaining a stereo panorama will be synthesized. It will
receive a video stream from large-format “fisheye” cameras. Such a model is de-
signed to reduce the cost of a panoramic video system, while leaving a high quality
of the output image, without visible seams of combining fragments in the video se-
quence.

Goal. To propose a mathematical model for obtaining a stereoscopic image
from several large-format cameras, while maintaining the original quality of the vid-
eo sequence. Also, in this work, methods of image combining and distortion elimina-
tion when synthesizing a panoramic image will be proposed.

Analysis of recent research and publications. At the moment there are sev-
eral scientific developments concerning our topic:

1. C. Forster et al. proposed an algorithm for visual monocular odometry based
directly on pixel intensity, providing sub-pixel accuracy at high frame rates [1].

2. D. Scaramuzza et al. developed a procedure for calibrating a wide-format
camera from a fixed point of view [2].

3. D. Scharstein et al. considered the usage of panoramic images in SFM algo-
rithms. A new method of using spherical image models on catadioptric and dioptric
systems was proposed [3].

4. W. Miled et al. described a new variational method for estimating the dispar-
ity of stereo images based on a block iterative model, that allows you to easily in-
clude a wide range of constraints, taking advantage of parallel computing architec-
tures [4].
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Having considered the proposed mathematical models, a general idea of the
operation of a mono-stereo system was obtained. Based on the data obtained, it is
proposed to synthesize its own optimally balanced stereo vision system, which al-
lows monitoring the surrounding space in real time using VR technologies.

Presentation of the main material. There are several basic approaches to
creating panoramic images. The first and easiest way to create a panoramic image is
to use a single camera. The method is to project the image display through a mirror
onto the camera's matrix. This method is quite simple to use, but the resulting image
is of extremely low quality. Another technique makes up for the limitations of hard-
ware by generating a panoramic image in software. This technique evaluates camera
movement by continuously monitoring the scene being shot and combines the cap-
tured images together. Despite the simple approach and high quality of the output
image, this method is susceptible to geometric collisions, color distortion and adding
artifacts when improperly captured. The last method, one of the most expensive to
implement, suggests using several cameras located in a circle. This method involves
fine-tuning the position of the cameras relative to each other so that two adjacent
cameras overlap the capture area. After receiving video from individual cameras, the
fragments are combined together using specially developed algorithms.

Quite a large contribution was made to the research and development of
mono panoramic systems. Mono panoramic scenes are a type of image that is shot
from different viewing angles and then combined together to create a wide-angle
panoramic image. At the moment, most of the 360-degree panoramas that are open-
ly available on the Internet are mono panoramas. Mono panorama looks the same
for the left and right eyes and does not provide information about the depth and vol-
ume of the scene being shot. Such a system is difficult to shoot and takes a long time
to create 360-degree panoramic images. Mono panoramas have been replaced by ste-
reo panoramas. Stereo system - consists of two separate images for the left and right
eyes with a slight horizontal offset. This technique involves shooting with two inde-
pendent cameras. This approach, based on taking images from two different viewing
angles, creates the illusion of depth in the image. The same principle is embedded in
human vision, where the brain, receiving binocular images, can give a personal as-
sessment of the distance and size of the objects under consideration, and is also able
to synthesize a large-format image from two fields of view overlapping in the center
of the eyes. To create a stereo panorama expensive equipment, high processing pow-
er and long rendering time of footage are required, because it is necessary to create

two separate panoramas for both eyes.
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In stereo systems, the surface sweep method which is traversed over parallel
virtual planes and projected onto the plane to search for stereo matches is used. Gal-
lup [5] proposes an innovative, more robust method that suggests the use of multiple
directional sweeps. Over time, this method has been expanded for use with “fisheye”
lenses. In this work, it is proposed to use the spherical sweep method, similar to the
Im method [6]. In this method, instead of parallel planes, concentric virtual spheres
with a center in the coordinate system of the system are used. In omnidirectional
stereo systems, it is common to use mirrors with multiple cameras. The Geiger [7]
and Schonbein [8] algorithms use two cameras with mirror-lens optical lenses with a
viewing angle of 360 ° are used. Despite the fact that they are capable of creating a
panoramic stereo image, they have a significant disadvantage in the form of two
blind zones along the epipolar plane, along which it is difficult to assess the depth
due to its inconsistency. Gao and Shen [9] propose a system with two wide-angle,
vertically mounted “fisheye” cameras. This allows us to get a panoramic depth esti-
mate by projecting acquired images from wide-angle cameras onto four virtual
planes parallel to the baseline. Despite this, disparity maps are characterized by low
resolution due to the limitations of the matrix resolution and high distortion of the
“fisheye” lens, therefore, estimates of the depth of vertical structures parallel to the
baseline are often absent. Along with this, the Im [6] omnidirectional moving stereo
image algorithm is presented, which calculates the depth of a static scene of 360 de-
grees from a short video clip captured by a rotating camera. The sphere deployment
method allows obtaining images from any angles, which removes the restriction on
stationary equipment placement.

According to Scharstein [10], there are four steps of estimating the depth of a
stereopair: calculating the initial cost of alignment, aggregating the cost, calculating
and optimizing the disparity map, and improving the disparity map. The most com-
plex and difficult part of these steps is calculating the alignment cost from the input
images. Typical costs for aligning a stereopair are the sum of absolute differences
(SAD), normalized cross-correlation (NCC), rank transform, etc. Hirschmuller [11]
compares and evaluates these alignment cost functions. Instead of looking for the
minimum values of locally aggregated alignment costs, the depth map can be com-
puted by global optimization using graph splitting, but they require a lot of compu-
ting power. Semiglobal matching (SGM) proposed by Heiko Hirschmiiller [11] is an
efficient way to globally share costs using dynamic programming.

We use the omnidirectional camera model, x = II(X; #), where ¢ is the pa-
rameters of the “fisheye” lens. The normalized x coordinate of the image is convert-
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ed to pixel coordinates using a special transformation A(x). To calibrate installed
cameras, the traditional checkerboard method is used, where the internal and exter-
nal parameters of the lens are calculated for each camera, the positions relative to
the checkerboard are determined and finally all external and internal parameters are
optimized. A large checkerboard is used to provide sufficient overlap between the
camera views. The outer parameters are represented as = (r7,t")” , where r is rota-
tion vector of the axis-angle, t is translation vector (r, t € R?®). Rigid Transfor-
mation Matrix M (@) is given as [R(r) t], where R(r) is the 3 x 3, rotation matrix cor-
responding to r. Based on the images of the chessboard of camera i, we denote its
lenses by #; and 4, {@;,k}, where k is the capture index. The relative exposure from
camera i to j can be calculated as @, ; * @Lk_l from a pair of simultaneously obtained
images (i, k) and (j, k), where = and ~! mean composition and inversion operations.
or external calibration, all positions of the camera {@;} and the positions of

chess cells {@; lare initialized in the coordinate system of the first camera, thereby
we minimize the error when projecting points in the corners of the chessboard (1).

T Tlx,, —A[T(M(e,* ek)[xpl],-qa!.))u,

k) p (1)
where {(i, k)}is the data set of measurements of the chessboard from position k using
camera i, X, is the coordinate of the corner point p on the chessboard, and %, is the
pixel coordinate of the X, in image i. The Ceres algorithm [12] is used for optimiza-
tion.

The sweep line algorithm, [13] provides tight stereo alignment between mul-
tiple images. However, this algorithm is difficult to apply to images taken from wide-
angle cameras with a view of more than 180 degrees. Svoboda [14] uses several
planes with different normals and distances, and later Im [6]uses local spheres cen-
tered relative to one camera to estimate the depth of the camera's spherical panora-
ma. The proposed system works with wide-format stereo images, which existing al-
gorithms cannot do. To estimate depth in a panoramic stereo system, an algorithm
for estimating spherical depth is proposed.

The center of the sweep can be in an arbitrary place, but to reduce the distor-
tion of spherical images, select the center of the system as the origin and align the xz
plane so that it is located close to the centers of the cameras. In this spherical coor-
dinate system, the ray p = (6,¢9) corresponds to

p(p) = (cos( @)cos(8),sin( @), cos(@)sin (B))T. Let the transformed external param-

eters of the camera in the setup coordinate system be {8, }. Also, for simplicity, we
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denote the projection function A4; (] X; 2,0 byll; (X). We are now projecting
the input images onto virtual spheres. Each pixel in the resulting spherical image §
represents a ray (6, ¢). The spherical image S has a resolution of W x W, and 8
ranges from —m to m. ¢ can take values from —mn/2 to /2. N (number) of spheres are
chosen so that their reciprocal depths are uniform, i.e. when the minimum depth is
Din the inverse depth to the nth sphere is
dp, = n/(Dpmin(N —1)),n € [0,..., N — 1]. That is, the radii of the spheres are equal
to 1/d,,, with the exception of n = 0, which corresponds to an infinite sphere.
The pixel value of the spherical image is calculated by an equation of the
form (2).
S, (P)= ff(H(M(e;‘) [pe)/d, 1 ]))

(2)
where I, is the input image received by camera i. Forn = 0 we used, = 2723, If the
projected pixels do not fall into the visible area of the input image, we do not take
them into account in further processing.

In spherical sweep algorithms, we need to compute the W x H X N volume
cost C for all rays and reciprocal depths. Suppose we are given a paired compatibility
cost function F(*, =), that takes two images and computes a cost map of the same
size. The integrated cost map is the average of all possible (and valid) paired cost
maps, and the cost volume is the set of integrated cost maps, i.e. the cost p on the n-
th sphere (3).

C,m) = {F (5tn @), 50} 3)

where i,j is an unordered index pair of spherical images.

The resulting volume often contains noises, for its refinement we use the ad-
vantages of SGM [15], by minimizing the energy function using dynamic program-
ming. Finally, the inverse ray depth p is defined as d,,-, where n* = argmin,,C(p, n).

Conclusion and prospects for further development. Unlike other existing
systems for creating panoramic video images, the mathematical model proposed in
this work has more efficient and less cost-effective parameters for creating a stereo
panorama with a 360 degree view. The proposed method for creating a stereo pano-
rama was fully automated and does not require external intervention. To create a
stereo panorama, an efficient video capture system was introduced, using only four
wide angle cross-view cameras to capture video. The precise placement of the cam-
eras allowed the system to be calibrated for combining the panoramic image. In ad-
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dition, the resulting panorama eliminates the presence of visible seams and is auto-
matically straightened. The proposed model prevails over the previously created sys-
tems for creating stereo content both from a qualitative and quantitative point of
view.
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MamemamuyHa modenb ompuUMaHHA CMepeocKoniyHo20 300PaXKeHHA
3 0eKiNbKOX WUPOKOKYMHUX Kamep imansHo20 anapamy

AHani3 ocmaxHix docnioxeHb ma nybaikayit. Ha daHul MomeHmM iCHYIOMb KiJlbKA HAyKO
BUX PO3POOOK W00 Hawoi memu:

1. C. Forster ma iH. 3anponoHys8anu an2opumm gizyaabHO MOHOKYAAPHOI o0omempii, AKuUl
npaytoe 6e3nocepedHbo 3 THMeHCUBHICMIO NiKCenis, Wo 3abe3neyye cybnikcesbHy MoYyHicme 3a
BUCOKOT Yyacmomu Kaopis.

2. D. Scaramuzza ma iH. po3pobunu MemoOouKy KanibpyBaHHs WupoKophopmMamHoi kamepu
3 IKCOBAHOT MOYKU 02/140Y.

3. D. Scharstein ma iH. po3ensHyaU BUKOPUCMAHHA NAHOPAMHUX 306paxkeHb y SFM anzo
pummax. 3anponoHoBaHo HosuUli MemoO BUKOPUCMAHHA CepudyHux modeseli 306paxeHHA Ha
KamadionmpuyHux ma 0ionmpuYyHUX cucmemax.

4. W. Miled ma i1 onucanu Hosuli sapiayiliHut memod oyiHKU ducnapamHocmi cmepeo3o
bpaxkeHb noby0osaHull Ha 6104H0 imepamusHili MoOeni, AKa 003BOJIAE IE2KO BKAOYAMU WUPO
Kuli cnekmp obmexxeHb, BUKOPUCMOBYIOYU nepesazu napanenbHux 06YUCTIOBANbHUX apXimeK
myp.

Po32naHyBwuU 3anpoONnoHOBAHT MamemMamuyHi Mooesi, OmpuUMAHoO 3a2asbHe YSABJIeHHSA Po
6omu MoHo cmepeo cucmemu. Ha ocHOBI ompuMaHux OaHUX NPONOHYEMbCS CUHMe3yBamu CBOKO
oNmMuUManbHO 36a1AHCOBAHY cucmemy cmepeo 6ayeHHs, WO 003BOJSE MOHIMOPUMU HABKO
JUWHIL npocmip y pexumi peasibHo20 Yacy 13 3acmocysaHHam VR mexHonoaid.

Mema. 3anponoHysamu mamemamuy4Hy MoOe/sb OMPUMAHHS CMepeocKoniyHoz2o 306pa
JKeHHS 3 KIIbKOX WUPOKOGOpMamHux Kamep, 36epieliu npu ybomy BUXIOHY SKICMb B8i0eopsoy.
Takox, y uili pobomi 6yOymb 3anponoHOBAHT Memoou CKARIOBAHHSA 300paXeHHs Ma YCyHeHHs
dicmopcii npu cuHme3ysaHHi NAHOPAMHO20 300PAXKEHHS.

BuknadeHHs ocHoBHO20 mamepiany. ICHYE 0eKinbKa 0CHOBHUX Ni0x0di8 00 CMBOPEHHA Na
HOpamHux 306paxeHs. llepwuli i Haltine2wul cnocib6 cmBopeHHs NAHOPAMHO20 300PaXXeHHS MAE
Ha yBa3i BUKOPUCMAHHA OOHIEI Kamepu. Memod nonseae 8 momy, wjob npoekmysamu 306pa
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JKeHHsA yepe3 03epKano Ha mampuyi kamepu. Lel cnoci6 documes npocmudl y 3acmMocyBaHHi, 00
HAK ompumMaHe 306paxxeHHs MA€E BKPAL HU3bKY AKICMb. IHWA MexHiKa nepemMazae obMexeHicms
anapamsux 3acobis, 2eHepy4U NaHOpamHe 306paxeHHA Yepe3 npozpamHe 3abe3neqeHHs. Taka
MemoOUKaA OYIHIOE PyX Kamepu wWisixom 6e3nepepsHO20 MOHIMOPUH2Y CUeHU, U0 3HIMAEMbCS, 1
3wuBae 3pobneHi 306paxeHHs BOEOUHO. Hessaxaroyu Ha npocmul nioxio 1 BUCOKY SKICMb
BUXIOH020 306paXKeHHs, yell nioxio nNi00aEMbCA 2e0MempUYHUM KOJi31AM, CNOMBOPEHHIO KOJIbO
py ma nosAsi apmegaxkmis npu HeHanexHid 3lomyi. OcmaHHil memod, 00uH 13 Halsampam
HilWUX Yy peani3ayii, NpONOHYE BUKOPUCMOBYBAMU KiIbKA Kamep, po3mawiosaHux no koay. Lled
memo0 nepedbayae docums mMoOYHe HANAWMYBAHHS NOJIOXEHHS Kamep w000 00UH 00 00H020
maxkum YuHoM, wob 081 CYCIOHT Kamepu nepekpusaIu 3axonaBaHHy obaacme. [licns ompumar
HA 8i0eopsA0y 3 OKpeMux Kamep ¢pazMeHmu 3WuUBaOMbCA pa3om 3a 00NOMO20K CneyiaibHO po
3pobieHUX aneopummis.

Y cmepeocucmemax sukopucmosyemscs Memod po320pMKU NOBEpxHi, AKUl npobieae no
napanenbHuM BipmyaabHUM NAOWUHAM 1 NPOEKMYEMbCA HA NAOWUHT ONA NowyKy cmepeo
gidnosioHocmed. Gallup nponoHysas iHHOBAYIUHO THWUL, HAOTUHIWUL Memod, AKUL cnopso0Ko
BYE BUKOPUCMOBYBAMU MHOXUHO CNPAMOBAHI po32opmku. 32000m yeli Memoo 6ys po3wiupeHull
0/1 3acmoCyBaHHA (1020 3 06'ekmusamu muny "pub'sye oko". Y yili pobomi nponoHyemsbCs U
Kopucmosysamu Memood C¢hepuyHoi po32opmku, aHano2i4Huli memody Im. B skomy Ha 3aMiHy
napanenbHuM NaoWUHAM BUKOPUCMOBYIOMbCA KOHUEHMPUYHI BipmyabHi cepu 3 4eHmpom 8
cucmemi KoopouHam cucmemu. Y 8cecnpaMoBaHUX CMepeocucmemax nowupeHe BUKOPUCMAHHSA
03epKan 3 Kibkoma kamepamu. B anzopummax Geiger ma Schonbein sukopucmosyomscs 081
Kamepu i3 03epKasabHO NTH308UMU ONMUYHUMU 06'€KmuBamu 3 Kymom 02140y 360°. Heszsaxarto
Yu Ha me, WO BOHU 30amMHi CMBOPIOBAMU NAHOPAMHE CMepeo300PaXeHHS, BOHU MaMb Cym
mesuli HeOoNiK y BU2/1A0T OBOX C/IINUX 30H B3008X eninoiapHOi NAOWUHU, B3008X AKOT CKNAOHO
nposecmu OUYiHKY enubuHu yepe3 ii HenocmiliHicms. Gao ma Shen nponoHytoms BUKOpPUCMO
sysamu cucmemy 3 0BOMA WUPOKOKYMHUMU BePMUKA/JIbHO BCMAHOBAGHUMU KaMepamu muny
"pub'sye oko". lle 00380/15€ ompumMamu NAHOPAMHY OUIHKY 2AUBUHU WSIXOM NPOeKmMyBAHHS
ompuMaHux 306paxeHb 3 WUPOKOGHOPMAMHUX KAMep HA Yyomupu BipmyasnbHi NJAOWUHU, po3ma
wosaHi napanenbHo 0o 6a3080i niHii. Hesgaxatoyu Ha ye, kKapmam oucnapamH{ocmi 81acmMuso
HU3bKa po3n00iibHa 30aMHICMb Yepe3 0bMexeHHs po3nodinbHOT 30amHocmi Mampuui 1 BUCOKOT
dicmopcii 06'ekmusa "pub'aye oKo", momy OUIHKA 2nUBGUHU BEPMUKANbHUX CMPYKMyp napa
JlesibHux 6a3080i NiHii, yacmo sidcymHi. [lopsd 3 yum npedcmasnerull pyxawyulics anzopumm
BCeCNpsAMOBAHO20 cmepeo306paxeHHs Im, Akul 06YUCTIOE 2IUBUHY CmMamuyHoi cyeHu 8 360
2padycis 3a KOpomkum BideogpazmeHmMomM, 3HIMUM obepmaemscs Kamepoto. Memod poszop
MaHHA cepu 00380JI€ OMpPUMYBAMU 300paxKeHHA Yy ByOb AKUX PAKYPCAX, WO 3HIMAE 0OMexeH
Hs HG Hepyxome po3MilljeHHs 06/1a0HAHHS.

32i0H0 Scharstein, icHye yomupu emanu OUIHKU 21UGUHU cmepeonapu: 06YUCTEHHS No
YamkoBoi BapmMocmi CyMiljeHHs, azpe2yBaHHs BapmMocmi, 06YUC/IeHHs ma onmuMi3ayis Kapmu
oucnapaHmHoCcmi, NOKpauleHHs kapmu oucnapaHmyocmi. Halb6inbw ckaadHow 1 CKAA0HOK Ya
CMUHOK YUx emanis € 06YUC/IEHHA BAPMOCMI CyMIljeHHs 3a BXIOHUMU 306pakeHHAMU. Tunosi
BUMPAMU HA CYyMileHHs cmepeonapu € cymor abcontomrux pizHuys (SAD), HopmanizosaHy ne
pexpecHy Kopenauito (NCC), paHeose nepemsopeHHsa im0. Hirschmuller nopisHioe ma oyiHoe yi
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QyHKYIT BaGpmocmi CyMiWeHHA. 3amicme NOWYKY MIHIMAbHUX 3HA4YeHb JIOKAJbHO a2pe20BaHUX
UiH CyMIleHHs, Kapma 2aubuHuU Moxe 6ymu 0b64uCaeHa WASXOoM 2106abHOT onmumizayii 3a 00
nomozow nodiny epagha, ase BOHU BUMA2AIOMb BeUKUX 00YUCTIOBALHUX nomyx)Hocmedll.
HanisenobanbHa 8ionosioHicms (SGM), 3anponoHosaxa Hirschmuller ye egpekmusHul cnocié
2/106a/1bH020 NOEOHAHHA BUMPAM 30 OONOMO20t0 OUHAMIYHO20 NPO2PAMYBAHHS.

Mu sukopucmosyemo moOesib BCeCnpAMOBAHOT KaMepu, AKA BU3HAYAE OUCMOpPCI 06'ekmu
8Y NONTHOMIA/ILHOK (YYHKUJEN.

BucHosok. Ha 8iOMiHy 810 THWUX B)Xe ICHYIOYUX cucmem 01 CMBOPEHHA NAHOPAMHO20
Bi0e0300paXeHHS, 3anpONOHOBAHA MAmMeMamuyHa Mooesb MAE OiblW egeKkmusHi ma MeHwW
EKOHOMIYHO 3ampamHi napamempu 018 CMBOPEHHA cmepeo naHopamu 3 02na0om 360 2padycis.
3anponoHosaHuli Memood 0/18 CMBOPeHHS cmepeonaHopamu 6y8 NOBHICMIO aBMoMamu308aHull i
He BUMA2a€ CMOPOHLO20 BMPYYAHHA. [ cmBOpeHHs cmepeonaHopamu 6ysna npedcmasneHa
ethekmusHa cucmema 018 peecmpayii 810e0300paxkeHHs, 8 AKIl BUKOPUCMOBYBAJIOCS BCbO20
Jomupu WUPOKOGHOPMAMHUX KaMepu 3 NepemuHaryumocs Kymamu 027150y, O 3aXONJeHHA
gideo. To4yHe po3MiljeHHS Kamep 003B0/1UN0 BIOKAMIbpysamu cucmemy 0/ CKAGIOBAHHS NAHO
pamHo20 306paxkeHHsA. Kpim mozo, ompumaHa naHopama BUK/IKYAE HAABHICMb BUOUMUX WBIB
ma asmomMamuyHo BUNPAMIAEMbCA. 3anponoHOBAHA MOOe/b NepesaXde paHiwe po3pobrieHi
cucmemu 011 CMBOPEHHS CMepeo KOHMeHMYy AK 3 AKICHOI, MaK i 3 KiJIbKICHOT moYKu 30py.

Illep6akoB Aptem 'eHHamiiioBuy - acmipaHT Kadeapyu MporpamMmHOro 3abe3reveH-
HSI KOMIT'I0OTEpHUX cucTeM HallioHaJIbHOTO TEXHIYHOTO YHiBepcuUTeTy «JIHIilpoBChKa
MOJIiTEXHIKa».

Mopo3 Bopuc IBaHOBMY - JOKTOP TeXHIYHMUX HayK, IIpodecop Kadeapu mporpam-
HOro 3ab6e3IeueHHs KOMIT'IOTepHUX cucTeM HallioHa/JibHOTO TeXHiYHOro YHiBepCu-
TeTy «/IHIMPOBChKA MO TEXHIKa».

Shcherbakov Artem - PhD student of the Department of Software Engineering of
University of Technology.
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0O.C. Kypon'sTHUK
MO/JEJIIOBAHHS CHEHAPIIO JIAJIOTY 1JII CUCTEMU BUSIBJIEHHSI
3AIIO3UYEHDb HA OCHOBI KOJIbOPOBOI MEPEJXKI ITETPI

AHomauyis. BukoHaHHA npuHyunis npocmomu ma opyxHocmi iHmepgbelicy kopucmysadya 00380

JIIE 3MEeHWUMU YaC HABYAHHA pobomi 3 NPO2PAaMOKD MA BUKOHAHHA OCHOBHUX 3a0ad 3 ii donomo

20t0. Po3pobka ma chopmanizayis cyeHapito dianocy 003B0/8€ peanizysamu 0aHi NPUHUUNU 8
X001 po3pobKu npozpamu. Y pobomi BU3HAYEHO OCHOBHI 3acadu nobydosu Mooesi cyeHapito
dianoay 3 BUKopucmaHHaM anapamy mepexi [lempi. Ha ix ocHo8i BUKOHAHO NobydoBY CyeHapHOT
mooeni 0iano2y 014 cucmemu BUABIEHHA 3aN03UYeHb Ma peanizoBaHo iHmepgelc Kopucmysa

ya. BuzHayeHo 0cHOBHI nepesau noby0osu MoOesi Ha OCHOBI Mepexi.

Knwo4osi cnosa: cueHapili diano2y, iHmepgelic kKopucmysaya, mepexa llempi.

ITocTranoBKa mpoosemMu. AKajeMiuyHa JOOPOUYECHICTh € OOHMM 3 K/IIOUOBUX
dakTopiB 3abe3meueHHs SIKOCTi BuIoi ocBiTu. B nepiox manmemii COVID-19 crana
TIOIIMPEHOI0 IMCTaHIliiiHa opmMa HaBUYaHHS, a TOMY 36epiraeThbCst TeHAEHIIiS Heca-
MOCTi/iHOTO BMKOHAHHSI HaBYaJbHUX 3aBaaHb. Cepell HOBUX UYMHHUKIB, IO CITPUSI-
I0Th I[bOMY, — [TOBHA 200 YaCTKOBA BiJICYyTHICTh Bi3yaJbHOTO KOHTPOJIIO 3a ITPOIECOM
BMKOHAHHS 3aBIaHb 3 00Ky BUK/IaJaya.

AKTyaJIbHOIO 3aJIMIIIAETHCS PO3POOKA, YIOCKOHATIEHHS Ta BITPOBAJIKEHHS ITPO-
rpamHoro 3a6esneuenHs (I13), 110 [03BOJISIE BUKOHYBATH MMaKeTHY IepeBipKy HaB-
YyaJbHUX 3 MOSK/IMBICTIO pearyBaHHs 6asy Ta Mae€ MPOCTUIt Ta APYKHiil iHTepdeiic
kopuctyBaua (IK).

B maHiit po60Ti BM3HAUEHO OCHOBHI 3acaay MOJMETIOBAHHS CIleHapilo giamory
K yacTuHu Tipoekty IK Ha ocHOBi kombopoBoi Mepexi Iletpi. IlpencraBieHo pe-
3yJIbTaTU PO3POOKM iHTepdelicy KOpucTyBaya Ha OCHOBi IOOYAOBAaHOI CIleHApHOi
MOJei.

AHaJi3 ocTaHHIX DOCTiAKeHb i myosikanii. Ha chorogHi icHye umMmaso mpo-
TpaMHUX pillleHb /I BUSIBJIEHHSI TeKCTOBUX 3amo3uueHb [1, 2]. [Ipu ix po3pobiii
0COO/IMBY yBary MpUAISIIOTh METOJAM Ta aJrOPUTM BUSBJIEHHS 3aro3uueHsb [3, 4],
XapakTepucTMkam ix pobotu [5, 6]: Uacy, TOYHOCTi, BiICYTHOCTIi XMOHUX
cripaitoBaHb Tolo. OgHAK 3 OIVISIAy Ha 3aCTOCYBAaHHS B aKaJeMidYHOMY CepeIOBUIIi
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BaK/IMBMMM TAKOX € IMMTAHHS T€XHOJIOTii Ta 3pyYHOCTi BUKOPUCTAHHS, 1110 Oe3Ioce-
penHbO MoB’si3aHi 3 IK.

ITpoextyBanHs IK ckiIagaeThcst 3 6araTbOxX €TariB, cepen IKMX pO3poOKa ciie-
Hapiio Aiamory Ta eckiziB ¢dopM, oOpaHHS CTPYKTYpU [Oiajory, BU3HAUEHHS 3aC00iB
3BOPOTHOTO 3B’s13Ky ToI10. CaMe po3pobKa Ta TeCTyBaHHS ClieHapilo Aiaaory A03BO-
JISTIOTh YHMUKATU CKIATHOCTI y BMOOPi omepaitiiit, cTaHiB mporpamu 6e3 BUXOAY Ta Bif-
CYTHOCTi HEOOXiTHMX JaHMX IIPY BKe BUKOHAHOMY ITepexoi A0 JesIKoi omepairii.

CueHapiii miamory moxke OyTU IIpe[iCTaB/IeHO Y CJIOBECHOMY BUIJISIZi, ITPOTe Ta-
Ka (popMa MOKe MiCTUTM HeOJHO3HAYHOCTi. Ha mpoTuBary it moLiTbHMM € BUKOPU-
CTaHHS neBHUX (opMai3Mis: rpada nianory [7], aBromaris [8], mepex Iletpi [8, 9,
10], UML-piarpam mnpeueneHTiB, OisVIbHOCTI Ta CTaHiB.

MeTa pocimimkeHHsI. MeTol0 PoOOTM € iHTepIipeTallisi CKIaZOBUX MepesKi
[TeTpi myis1 MoaenOBaHHS ClieHapiiB miasory. 3ajayaMy €: BU3HAUEHHS CeMaHTUKU
KOMITOHEHTiB KOJIbOPOBOi Mepexi [leTpi B TepMiHax CKIagOBMUX CIleHAPil0 Aiajory Ta
rpolrecy poboTu mporpamu; ImooymoBa ClieHapHOI MOJesi Aiajory Ta peasisailis Ha
i1 ocHOBI IK cucTeMu BUSIBIeHHS 3al103MY€Hb.

IIpoekTyBaHHA iHTepdelicy KOpUCTyBaya 3aco0aMy KOJIbOPOBUX Mepex
Ierpi. [lng mnobOymoBM TIPOCTOTO Ta [JPYKHbOTO iHTepdeiicy KopucTyBaya
JOPEYHUM €:

— 3MeHIIIeHHS BapiaTMBHOCTI [iif Ha KOXXHOMY eTarti po60TH 3 MIPOrpamoio;

— VHUKHEHHS CTaHiB y poOOTi mporpaMu, B SIKMX BiJICyTHi IIepexoiu 10
HACTYITHUX UM MOTepeIHiX, IPU IIbOMY BOHU He € 3aKTIOUHUMU — «TJTyXi KyTU»;

— KOHTPOJIb 3@ BBEJIEHHSIM JaHUX.

JIJ1s1 IbOr0 HeoOXiJTHO BM3HAUNUTHU ITOC/IiJOBHICTb il IIPY poOOTi 3 IIPOTrpaMoro
Ta 00paTy BiAMOBIAHY CTPYKTYpY Aiajsory. BusHaueHHSs [ili BUKOHYETbCSI TIPU CTBO-
peHHi ciieHapio miasory. Ilim ciieHapiem OymemMo po3yMiTyu OMNMC CTaHiB Ta mepe-
XO[IiB, B IKMX TlepeOyBa€ cucTeMa Ta KOpUCTyBau B paMKaxX BUPillIeHHSI KOHKPeTHOTO
3aBIaHHSI.

JJis MoJeMOBaHHS ClleHapil0 BUM3HAUMMO KOJbOPOBY Mepexy IleTpi y 3araib-
HOMY BUIJISIOL

N'=<P’,T’,F',S’,G’,M(’)>, (1)
Je P' — ckiHUeHHA MHOKMHA IT03U1IiM, 110 BiJTIOBiJa€ cTaHaM IIporpaMu i xapakTe-
PU3YETHCS MHOXMHOIO 3HaU€Hb BXiJHUX Ta BUXiTHUX MapaMeTpiB Ta AisIMU 3 iX Iie-
peTrBopeHHs, T' - cKiHUeHHa MHOKMHA IePexX0/IiB, SIKi M03HAYa0Th HAOIp Aiil Kopu-

CTyBaya y MEBHOMY JOTO CTaHi, IKMMM 3YMOBJIEHMIA TIepexif Bif CTaHy p; [0 p;,
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p;,p;eP’', F' — QyHKUis mepexoxis, S’ - MHOXMHA TUIIB (AHAJOT KOJHOPIB),
G'={g,} - MHOXuHA OXOpPOHHMX YMOB Ha Ilepexofax, k — HOMep Iepexofy,
M|, — noyaTkoBa po3miTka.

[Tpu npoektyBaHHi IK Tumm ¢imok mo3HayaroTh Pi3Hi MHOXMHM BXiTHUX Ta
BUXiIHMX NaHUX. B rpadiuHOMYy npeacTaBieHi Mojieli BOHM MOXYThb OYTU MO3HaueHi
pi3HMMM reoMeTpuUUHMMM (irypamu abo CMMBOJIAMM, IIPU OMMCi pO3MITOK — OyKBa-
MM, SIKi, HAIIpUKJIAI, € MePIIMMM y Ha3Bi BUKopucTanux ¢iryp abo TuIB gaHmx, abo
uudpamn.

G’ ={g,} KOHTPOIOIOTh HASIBHICTh HAHMX y IpOrpami AJIsi BUKOHAHHS OIle-
pailiii B IeBHOMY CTaHi, B MOJieJli — BKa3yIOTh YMOBY aKTMBAallil epexomy.

IJis BU3HAuUeHHS efleMeHTiB MHOXMHM G y 3arajJbHOMY BU[i BMKOPUCTAEMO
dopmy Bekyca-Haypa:

8 =e(p;,s;,n{&e(p,,s,,m)}, (2)
ne p;,p, €P’, S;y Sk eS’, nme N - HeoOxigHa KiJbKiCTh (illIOK 3aJaHOTO TUITY Y
nosutiii, e(p,s,n) — GyHKIisg, Mo6yaoBaHa 3a aHaIoTi€ 10 e(p) [9], I repeBipku

HasIBHOCTI Qimky tumy S € S y nmosutiii p:

true, akwo3iM : Y M(p,s)>n
— seS
e(p,s,n) = false, akwo3iM : > M(p,s)<n’ )

seS

ne M - ;meska po3miTka mepexi, > M(p,S) >hn - BKasye Ha HasIBHICTb Yy pO3MITIIi
seS

M uroHaliMmeHille n ¢GillloK TUITY S Y MO3UIIII p.

CueHapiit giamory MOJeoeTbCs Ik Mepexka [leTpi, B sKiii o3uliii T03HaYarTh
CTaHM MOpOrpamMu, IO XapaKTepu3yKTbCSI BU3HAUEHHSM OaHMX, Iil MOJEII0IThCS
rnepexomamiu. 3aBASKM BUKOPUCTAHHIO TUIIIB (QilllkM He Juile BM3HAUalOTh Ha-
SIBHICTb, a ¥ crienndikyoTb Habip JaHUX, HeOOXigHMIT [JIs1 TTlepexony A0 HaCTYITHOI
Iii B ciieHapii. ®yHKIIisg nepexoiB F'103BoJIsSI€ BiACIiAKyBaTy HAsIBHICTb CTaHiB, 3
SIKUX HeMa€ BMUXOZiB, a TAKOXK aHi, JOCTYMHI B KOXKHOMY CTaHi MpOrpaMu.

CueHapHa MoOZeJ/Ib OiaJIory IJisl CUCTEMM BUSIBJIEHHSI 3amo3uueHb. OIHUM
3i CIoco6iB 3MEHIIEeHHSI YaCcOBMX BUTPAT HAa BUSIBJIEHHSI TEKCTOBMX 3all03MUYE€Hb €
peani3sallisi NpUMHIUIIIB APY>KHOCTI Ta mpocToTu B IK BiamoBigHoi cuctemu. lle go3-
BOJIUTH MOKPAIIUTU KiJIbKiCHI TTOKa3HMKM Yacy HaBUaHHS poOOTi 3 IporpamMoro Ta
yacy, BUTpaueHOro Ha BUKOHAHHS OCHOBHMX 3aj1ay.

Ockinbku ckiaapHicTh opranizanii IK 3anesxxuts Bif QyHKIiOHATY, BUSHAUMMO
OCHOBHI (PYHKIIiIOHAJIbHiI BUMOTI'M 0 CMCTEMY BUSIBJIEHHSI 3a103MU€Hb:
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— 3aBaHTaKEHHSI Ta TMomepeaHs 06pobKa makeTy aJisl nmepeBipku. Ilig makeTom
oymemo po3ymiTu Habip daitniB doc/docx hopmaTy Ha OJHAKOBY TeMy (3 MOAIOHUM
3MiCTOM), 110 MalOTh iHHOPMAaTUBHI Ha3BMU;

— dopmyBaHHS 6asy poOIT: 3aBaHTaKeHHS, MMOTepenHsT 00poOKa TEKCTiB MJIst
MIOPiBHSHHS Ta IpeJcTaB/ieHH ix y rpadoBomy BUrsigi [11];

— TMOPiBHSIHHS BXiHUX TEKCTiB ITaKeTy Ta TeKCTiB 6a3y, BU3HAUEHHS BigCOTKY
3aro3uyveHb: 3a KOXXHOI poO0TOI0 3 6a3M Ta 3arajibHOrO;

— BCTAHOBJIEHHS ITapaMeTpiB:

— MOPiBHAHHS (MiHiMabHa MOBXMHA (pparMeHTa, SIKMiIT BpaXOBYETHCS SIK 3all0-
3UYEeHUiN);

— BUBeJeHHS (MiHiMaIbHMI1 BiJICOTOK 3aII03MYE€Hb Y POOOTi);

— copTyBaHHs (pob0Ta, 3a CraflaHHIM BifICOTKY 3ar03MU€eHb Y SIKiit BUKOHYETb-
Csl COPTYBAHHS);

— MeperJisif, pe3yibTaTiB MOPiBHSHHS.

OcHOBHMIA ClLIeHAapiil miajmory mepemdavae Taki gii 3 60Ky KopucTyBayda:

1. obpatu daiiam a1 nepeBipku — 06paTH Maker;

2. obpatu daitim, 3 SKkumMu Oyae BeCcTUCs IIOPiBHSIHHS — oOpaTu 6asy;

3. BCTAHOBUTM ITapaMeTpy Ta MOPiBHSITU POOOTH;

4. 3aaTy TIOPIr 3aMo3uYeHb Ta MeperassHyTU pe3yabTaTy ITOPiBHSIHHS;

5. BimcopTyBaTu Ta MeperisiHyTH pe3yJbTaTy OPiBHSIHHS.

JlormycKarThCs TakKi Bapiallii ciieHapito:

— 00paHHS HOBUX (aiijIiB OJIs ITepeBipKu Ta/abo 6asu;

— 3MiHa ImapaMeTpiB NOPiBHSIHHS 400 JOITYCTMMOTIO IIOPOTY 3al103MYEHb;

— COpPTYBaHHS 32 HOBUM KpUTEPieM.

[TobymyeMo clieHapHY MO/Ie/b Aiajqory Ajisl peanisaiiii GyHKIiOHaTbHUX BUMOT
Ha O0CHOBi Mepexi IleTpi (puc. 1) Ta BU3HAUMMO BiZIIOBiHICTh €JIeMEHTIB CIleHapil0
(cTaHiB Ta mepexo/iiB) eJleMeHTaM MepexKi:

N=(P,T,F,S5,G,M,), 4)
ne P T - ckiHYeHHI MHOXWMHM IO3MILI Ta nepexofis, F — GyHKuig nepexopis, 3a-
naHa JepeBoM posmiTok (puc. 2), S={c,d,s,t,r} - mHoxuHa tunis, G={g,} -
MHOXMHa OXOpPOHHMX YMOB Ha Iiepexojax, k — KiJbKiCTb IepexofiB,

M, =(cd,0,0,5,0,0) - mouarkoBa posmiTKa, Je GyKBaMy MO3HAYEHO HASIBHICTH

dimoxk BignosigHoro tuiy, 0 — 03Haka BiCyTHOCTI (illlOK y MO3UIIii.
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Pucynok 1 — Mepexxa IleTpi ajis1 onucy cluieHapiiB fiaaory

41— ¢d,0,0,5,0,0

I
v
[{ dc05s00 | | ¢0,ds0,0 }j
35— quv o I
f{ 0,c,d,s 00 |—
s 6 1
vl 10

| 0,0,0,0,cdst0 |

L T114 0,0,0,0,0, cdstr }j
— L

PucyHOK 2 — JlepeBO pO3MiTOK

CeMaHTUYHY MTPUPOJIY TUIIB BM3HAUAIOTh MHOXVHM BXiTHUX Ta BUXiTHUX Oa-
HUX TIpOrpaMu, Tak: ¢ (KOJ0)— BXiAHi TEKCTH, 1110 OYAYTh MepeBipATHCS Ha HAsIBHICTb
3arosnyveHb; d (AMCK, abo Kpyr) — TeKCTU 6a3u, 3 SKMMM Oyie BeCTUCS ITOPiBHSIHHS;
s (KBaJpaT) — IMmapaMeTpy MOPiBHSHHS; t (TPUKYTHUK) — pe3yJabTaTU MOPiBHSIHHS
TeKCTiB y Bur/asifi matpui R ={res;} ta Bektopa UR={ur;}, i = Ln, j=m, res; —
BiZICOTOK i-OT'0 TeKCTY, 3all03MYeHMUI 3 j-0ro, Ul; — 3arajJbHUil BifCOTOK 3al0314eHb
y i-OMY TE€KCTi, N — KiJIbKiCTh TEKCTiB, MOJAHUX HA ME€PeBipKY, M — KiJbKiCTbh TEKCTiB
y 6a3i; r (pomb) — miaMHOXMHM eneMeHTiB maTpuli {res;} Ta Bektopa {ur}, ur, =1,
[ — miHiManbHMIT BiICOTOK 3aro3uueHb y TEKCTi, Ta Ha3BU GaiiiB, 0 MiCTSITb

BiZITIOBiHI TEeKCTH.
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BxigHMMM JaHMMM TaKOXK € MOPIr 3all03MUeHb Ta KPUTEPiil COPTyBaHHS, IIPOTe
iX 3MiHa MPU3BOAUTD Juiie aJist GopMyBaHHS MiAMHOXUH BUXiITHUX OaHUX, TOMY B
IlaHili MoJie/Tli BOHM He BPaXOBYIOTHCS SIK OKpeMi (hilllKu.
OCKibKM Y BUTIAJIKY, IO PO3T/ISIIAETHCS, BiICYTHS HEOOXigHICTh BUKOPMCTAH-
HsI IBOX Ta Oi/ibIlle OMHAKOBMX HAOOPiB JaHMX, CIIPOCTUMO (QYHKIIiIO (3), 3amMCcaBIIN
11y BUIISIL:
true, axwodiM : > M(p,s) >0
e(p.s) = false, akwo3aM :SGZSM(p,s) =0’ )

seS
Jle BCi yMOBHI MO3HaUeHHS BiAoBigawTsb (3).
Toni MHOXXMHA OXOPOHHUX YMOB G Ma€ BUTJIS,:
G={g,=e(p,,c); 8, =e(p,,d); g5 =€(P,.); 84 =e(ps5,d); 85 =e(D,S);
86 =e(py,¢) &e(p;,d) &e(p,,5); 87 = 85 = (s, C) &e(ps,d) &e(ps, ) &e(ps,t);
89 =810 = 8n =e(Ds,C) &e(ps,d) &e(pg,s) &e(pg,t) &e(p6,r)},
Iie &; € yMOBOIO CIIPAIL}OBaHHS 1epexony t;.

CrnrermndikyeMo mo3uilii MepesKi Ta BillIOBiAHI CTaHM IIPOrpaMu:

— p, — Iporpamy 3aIlyleHO0, HasiBHi MHOXVHM BXiIHUX JaHUX, 1[0 [I03HAYAIOTh
dimky B mosuiiii;

— D,,Ps — 3YMTYBaHHS, 00pOOKa Ta 3aBaHTa)XeHHS B ONEepaTMBHY MaM’STb Y
dbopmarti psaKiB BXigHMX TEKCTiB poOiT, sIKi OyAyTh MepeBipsITHCS Ha HAaSBHICTD 3a-
Mo3M4YeHb, Ta MOOymoBa rpadiB TEKCTiB, 3 SIKMMM Oyae BeCTUCS MOPiBHSIHHSI,
BiZITIOBiZIHO;

— p, — 3aBJaHHA 3HaueHb llapaMeTpiB NMOPiBHAHHSA. DilllKa B MO3ULII IPUCYT-
HS1 B M), OCKiNbKY B ITporpami 3afjaHi 3HaueHHs 3a 3aMOBUYEHHSIM;

— D5 — TIOPiBHSIHHS BXiIHMX TEKCTiB Ta TeKCTiB y BUIISAL rpadiB, 064McIeHHs

BiJICOTOK 3aI103MUeHb;

— Do — BUBeeHHS Ha GOpMy BiZICOPTOBAHOIO IepeniKy PooiT, y TeKCTaX SKUX

BiJICOTOK 3aIl03Mu€eHb He MepPeBUINYE 3aJaHNi1 ITOPir.

CrrenmdikyeMo mepexon:

— t, — BUu3HaueHHs Axepesa GaiiiB pobiT, TEKCTU AKMX OyIyTh MepeBipsITuCs
Ha HASBHICTh 3aMo3uyeHb, Ta IMOJAHHS 3aIlUMTy Ha iX 3UMTYBAHHSI Ta IOIEpPEIHIO
00pOOKY;

— t, — BU3Ha4YeHHs Axepesa (aiiliB pobiT, 3 TeKcTaMy IKUX Oyzie BUKOHYBaTH-
Cs1 OPiBHSIHHS, Ta MOJaHHS 3alIUTY Ha iX 3UMTYBaHHS, ITONepeIHI0 06pOOKyY Ta Io-

O6ymoBy 17151 HUX rpacdoBOro MpeacTaBIeHHS,;
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— t;, t,— NOAAHHS 3aIUTy Ha OHOBJIEHHS (BM3HAUYeHHS! HOBMX) POOIT AJis Ie-
peBipku Ta 6a3u BiANOBigHO. AHaIOrivHO A0 t;,t, 3 3aIIMTOM Ha OUMILEHHS oOllepa-
TUBHOI MMaM'SITi, IKy 3aliMaJIM PSIAKM paHillle 3UMTaHUX TEKCTiB;

— t; — BBeIeHHs [1apaMeTPiB IOPiBHAHHS;

— t, — IOAAHHS 3alIMTY HA NIOPiBHSIHHS Ta 00YMC/I€HHS BiICOTKY 3all03/U€eHb;

— t, — BBeJleHHS 3HaUeHHS [OPOTy Ta NOJAHHS 3aluTy Ha (OpMyBaHHS Iepe-
JIiKy po06iT, B IKMX BiJICOTOK 3aIl03MYeHb MepeBUIIYE 3aJaHMi1 TTOPir abo piBHMIA 110-

MYy,

— tg, t,,— 3MiHa BXiJJHUX TeKCTiB abo 6a3u, abo apaMeTpiB IOPiBHSIHHS;
— t, — MIOAAHHS 3alIMTY Ha COPTYBaHHS IepesliKy pooiT;
— t,; — 3MiHa [TOPOTY [i/151 BUBEJ€HHS Pe3y/IbTaTiB.

OcHOBHUII ClieHapili MOOEeNI0ETbCS MOCTIJOBHUM CIIPALIOBAHHSIM IepexodiB

t,, ty, ty, t;, ty. HasgBHIiCTDb meTenb, 3BOPOTHMUX OYT Ta aJbTePHATUBHUX Ie€PeXO/iB

(puc. 1) mo3BoJisle peayi30ByBaTU BapiaTMBHICTb Ta IOBTOPHE BUKOHAHHSI OY/Ib-
SIKOTO CILieHapilo, IlepembadyeHOro B Mojeni. BapiaTuBHICTBb CcIleHapilo TaKoOX
MPOITIOCTPOBAHO B MO/eJli HassBHICTIO pO3Taly’keHb y JepeBi po3MiTOK (puc. 2), B
TOMY YMCJIi IO3HAYeHMX 3amucamyu TUITy I|j, [0 BKasye Ha aJbTe€PHATUMBHICThb
CIpall0OBaHHS MMepexoiB 3 BiAIIOBIIHMMM HOMEepPaMM.

Ananiz mepexi. [Jocraigumo BiacTuBocTi mepexi (1) 3 iHTepmperalii€l0 Ha
npoiiec poboTH Ta B3a€MO/Iii 3 mporpamor. Mepeska € 06mMexeHO0, MaKCMMabHa
KiJIbKiCTb illloK He TepeBuinye m’saTu. KilibKicTb ¢illlok 060yMOBeHa KiJbKiCTIO
MHOXMH BXiTHMX Ta BUXiTHUX JaHMUX TporpaMu. Mepexka € 6e3MeuHOI0 BiTHOCHO
KOXHOTO Tumy Se€S. Ockiabku (ilIkM BM3HAUAIOTh HASIBHICTb OaHUX, TO 6e3-
MeYHiCTh Mepeski BKa3ye Ha BifiCyTHiCTb My6mikaTiB. Mepeska He € 36epiraiouoio 3a

tunamu t,r, ocKiJibKu (illiky BKa3ylOTh Ha HASIBHICTh BUXiTHUX AaHuX. OTpuMaHi

pesynbtatTy R Ta UR BTpayvaroTh CBOI aKTyaJbHICTh MPY 3MiHi BXiTHUX JaHUX, L0
TOSICHIOE HeBMKOHAHHS JAHOI BJIACTUBOCTi. BIAaCTUBICTh MOCSKHOCTI BUMKOHYETHCS
IlJISI pO3MITOK, 3a3HaU€HUX Ha pUC. 2, TAKMM UYMHOM Mepeka MOJIEIOE BCi clieHapii
Jiajory, onucaHi Buile. B1acTUBICTb KMBOCTiI BUKOHYETHCS, 1[0 TOBOPUTH IIPO Bif-
CYTHICTb B3a€MHMUX OJIOKYBaHb Ta «IVIYXUX KyTiB».

Peanizanin iHTepdeiicy KopucTyBaya Ha OCHOBi clleHapHOi moaemi. 3a
MOIeJITIO, OIIMCAaHOI0 Bulle, po3pobieHo IK (puc. 3).
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PucyHok 3 - Po3po6eHna ¢dopma iHTepdeiicy KopucTyBada

Bu3HauMMO BiAIIOBiIHICTh €JIEMEHTIB peai30BaHOro iHTepdeiicy ejleMeHTaM
mogeti (4):

— P, — BiIKpuUTe BiKHO, [Ij151 B3a€MOZii AOCTYIHI eleMeHTN popmu 1 — 3;

- D,,Ps — Tons Ta progress bars (ememeHTM p2, p3) BigoOpaxkaloTb Micle
po3TalryBaHHs (aitliB 3 TeKCTaMM Ta MPOrpec BUKOHAHHS Orepailii 3UMTyBaHHS Ta
ix 00poOKIu;

— p, — 3amaHi napaMeTpy NOPiBHSIHHS BifoOpaXkeHi y rpyi MouiB 3;

— Ps — CIUIMBalOue IMOBiIOMIICHHS IIPO 3aBepIleHHs olepallil IOPiBHAHHS;

— P — Ha GopMi B elleMeHT p6 BMBeJIEHO BifICOPTOBaHMIiI Iepesik pobiT, B
SIKMX BiZICOTOK 3aIl03MUeHb He TlepeBUIIY€E 3aJaHMii TTOPIT;

-t Tats,t, t, - kHomku 11 2 BiATIOBiIHO Ta ix 06po6HMKM MOAiN onclick;

— t. — BBeleHHs 3 KJIaBiaTypy IlapaMeTpiB IIOPiBHSIHHSA y TIOJISI TPYIIN 3;

- t¢, t;; — kHomKa 4 Ta ii 06po6HuKy nogii onclick;

— t, — rpyna enemeHTiB dopmu 5 Ta ix 06po6HMKM nozii onclick;

— tg, t,;— DOCTYIHICTD /151 B3a€MOJii eeMeHTiB popmu 1 - 3;

— t, — rpyna enemeHTiB ¢popmu 6 Ta ix 06po6HMKM noii onclick.

BucHOBKM. [HTepripeTallisi CkaagoBux Mepexi [IeTpi B KOHTEKCTi MPOeKTyBaH-
Hg IK Ta pobGoTM mporpamu I03BOJMJIO BMKOHATM ITOOYIOBY CIl€HApHOI Mojei
niajiory IJisi CUCTeMM BUSIBJIEHHS 3aro3uueHb. Ha ocHOBi Mmogeri 6yJio peasnizoBaHO
BiKOHHMI1 iHTepdeiic mporpamu. ITobymoBa Mogeni gana dopmasbHe IpecTaB/IeH-
HSl CIleHapilo, 10 3MEHIIMJIO0 HeOJHO3HAUYHIiCTh Oro pO3yMiHHSI B IIpolieci pe-
amizaiii IK.

3acTocyBaHHS anapaTty KOJIbOpoBOi Mepeski mpu po3pobiii IK € kopucHuM 1j1st

BM3HAUYEHHA:
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— DAHMX, SIKi HeoOXiTHi )1 OAaabIIoi poGOTHU IIPOrpaMu, 10 A€ MOXKINBICTh
OOr'pYHTYBaTH TepeTiK eleMeHTiB iHTepdeiicy Ta iX JOCTYMHICTh [/ PeryaioBaHHS
[i/i KOpuUcTyBaua;

— DAHUX, 10 MPUCYTHI B Mporpami Ha KOKHOMY eTami ii po6oTu. AHasi3 me-
pexki T03BoJIsIE BUSIBUTHU iX OyOIiKaTH;

— mOiii mporpamm, 0 BUKOHYIOTHCS IapajeabHO, Ta HEOOXiMIHOTO MOMEHTY iX
CUHXPOHi3allii;

— MOSKJIMBUX CTaHiB, 1[0 € «IJTYXUMMU KyTaMm».
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Modeling of dialogue scenario for the text borrowing detection system
based on the coloured petri net

There are many software solutions for detecting text borrowings. In their development,
special attention is paid to methods and algorithms for detecting borrowings, the characteristics
of their work. However, technology and usability issues that are directly related to the user inter
face (UI) are also important.

UI design consists of many stages, including the development of a dialogue scenario. The
development and testing of a dialogue scenario avoids the difficulty of choosing operations, the
state of the program without exit and the lack of necessary data in the already completed transi
tion to an operation.

The dialogue scenario can be presented in verbal or formalized form: dialogue graph, au
tomata, Petri nets, UML diagrams of precedents, activities and states.

The aim of this paper is to interpret the components of the Petri net to model dialogue
scenarios. The tasks are: to determine the essence and purpose of the components of the color
Petri net in terms of the components of the dialogue scenario and the process of the program
work; construction of a scenario model of dialogue and implementation user interface for the
text borrowings detection system of on its basis.

To model the scenario, a general coloured Petri net is defined. Its set of positions corre
sponds to the states of the program and is characterized by the set of values of input and output
parameters and actions for their transformation. The set of transitions indicates the set of user
actions in a certain state. The set of security conditions on transitions control the availability of
data in the program to perform operations in a certain state. The rules of formation of these
conditions are determined in the work. Chip types denote different sets of input and output data.
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This interpretation of the net was used to build a scenario model of the dialogue of the
text borrowing detection system. Analysis of network properties showed its adequacy of the
model to the object of modeling.

The results of the implementation of the user interface according to the developed model
are presented.

The conclusions form the main advantages of using coloured Petri nets to model a dia
logue scenario.

Kypor’stuuk OsieHa CepriiBHa — K.T.H., IOLIeHT Kadeapu KOMIT'IOTepHUX iHpOp-

MaliiiHMX TeXHOJIOTii, YKpPalHCbKNUIA Iep>KaBHUI YHIBEPCUTET HAYKM Ta TEXHOJIOTIIA.

Kuropiatnyk Olena - Candidate of Engineering Sciences, Associate Professor of the
Computer Information Technology Department, Ukrainian State University of Sci-
ence and Technologies.
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B.V. Irnatkin, M.I. T'op6iituyk, B.C .Iyanikos, O.I1. FOmkeBuy
MOJEJTIIOBAHHSI KOHBEKTUBHO-IVI®Y3IITHOT'O TEPEHOCY PEUOBUHU
TA MMPOITO3ULII 11010 PO3POEKU ABTOMATM30BAHOI CUCTEMU
KOHTPOJIA TA 3AIIOBITAHHS 3ABPYHEHHIO ITII3BEMHUX BO/L,

AHomayia. Ha docnioxysaHomy nionpuemcmsi, BHACAIO0OK B8mMpam, 3'€0HAHHA Xpomy
HAKoNU4yBanuUCA Ha 3eMAaAHIU nidso3l uyexy 1 Nocmynoso Mizpysasnu 8 30HI aepayii piBHA
2pyHmosux 800 (B0OOOHOCHO20 20pu3oHmy). PigeHb epyHmMosux 800 Ha OiNAHYI eleKmpuYyHo20
yexy 3HaxooumeCs Ha 21UBUHT 61u3bko 10 M (AK BUNAUBAE 3 210P02€002TYHUX OOCTIOMKEHb
llpasobepexxHoi ekcneduyii, mobmo wasx Miepayii cnoayku XpoMmy 8 30Hi aepayii cmaHosus
61u3bK0 10 m).

BodoHocHuli 06pili 3Haxodumscs y a0sioenayianbHuUx Bi0KAadax, npedcmasneHux
pi3Ho3epHuUcmumu nickamu. [Ticku nepekpumi enayianbHUMU CynicKamu ma Cy2AUHKAMU 3 BKJTHO
YeHHAM 2a/IbKU MA 2Pasito KOPTHHUX KPUCMANTYHUX nopio.

Koegiuienm ¢pinempayii nickig sapitoemscs 8i0 Im 0o 5 M Ha 006y, a cyenuHkis 8id 0,1m
00 1 m Ha 000y. Y 383Ky 3 UUM Cy2NUHKU OyXe YMOBHO MOXymb 6ymu BiOHeceHi 00 cnabonpo
HUKHUX nopio, Wo nepekpusaoms B0OOHOCHUL 20pu3oHm. Tomy 6isibw 06rpyHMOBAHA PO32/iS
Hyma cxema 0B80OWAPOB020 BOOOHOCHO20 20pU30HMY, Npu AKIU sBuwepomawosarul wap (cy
2/IUHOK) Ma€E nomyxHicme 61U3bK0 1,5 M, a Hux4enexayul (nicok) — 5 15 m.

3a donomozoto Modeni KOHBEKMUBHO OUQy3iliHO20 NOMOKY Yy BOOOHOCHOMY 20pU30HMI
BU3HAYEHO20 MicUys O00C/TIOKEeHO 3a0pyOHeHHs WecmuBsaneHmHUM xpomom. [lomik BusHayeHul
AK AiHiGHUG. Modens asnse cobot OugpepeHyiliHe piBHAHHA 1 BMiuye maki 3miHHI: (C) — KOH
yeHmpayis 3reoHaHb xpomy; (t) — 4ac cnocmepexeHHs; ([) — KoegiyieHm @inempayiliHoi
(koHsekmusHoi) ougpy3ii; (V,) — OilicHa wsudkicme pinsmpayii nomokry; (V) — icHyro4a wsud
Kicme ¢inbmpayii nomoky; (n, ) — akmusHa nopucmicms nopio 8000HOCH020 2opu3oHmy; (K) —
KoegiyieHm ¢inbmpayii 8000HOCHO20 20pu3oHmy; (I) — 2idpasaiyHull Haxun NomoKy y npupod
Hux ymosax. [lpu ybomy BUKOpUCMAHT peanbHi BXIOHT OGHT 1 3HaYeHHA 3MIHHUX. Po3paxosaHi ma
nobydosari epaghiku ¢yHkyit C (x, t), Oe 32UHANbHT BU3HAYAIOMb MAKCUMAIbHE 3HAYEHHA KOH
yeHmpayii peyosuHu.

Hadani npono3uyii ujo0o memoody YHUKHEHHS B8i0 peyosUHU ma po3pobru asmomamu
30B8AHOT cCUCMeMU KOHMPOJI0 Ma YHUKHEHHS 810 3a6pYOHI0Y0T peyoBUHU.

Kntoyosi cnosa: modesb KOHBEKMUBHO OUY3iliHO20 NOMOKY; KOHUeHmMpayis peyosu
HU; Memo0O YHUKHEeHHs 3a6pyOHI0Y0i peyosuHU; asmomMamu308aHa cucmema KOHMpOIO ma
VHUKHEeHHS 810 pe4oBUHU.

© Irnatkin B.Y., l'op6iitayk M.I., lynuikos B.C ., FOmkeBuu O.I1., 2022
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1. CtaH BMBUYEHOCTIi NMUTAHHA. SIK BUIUIMBAE 3 OTPUMaHMUX OAHUX, Tallb-
BaHIUHMIT I1eX 3aBOAY BCTYMMB B eKcIutyaTailito y 1953 poiii. BHaciimok BTpar, 3'e1-
HAHHS XpOMY HaKOIMMUYBaJIMCS Ha 3eMJISSHIil ITi/1103i 1[eXy i IIOCTYIIOBO MIirpyBaju B
30Hi aepailil piBHS 'PYHTOBUX BOJ, (BOJLOHOCHOT'O TOPM30HTY).PiBeHb I'PYHTOBUX BOJ,
Ha JiJSHII eJIEKTPUYHOTO IeXY 3HAXOAUThCS Ha IMMOuHI 6/113bKo 10 M (SIK BUILIM-
Ba€ 3 TigporeosiorivHux (po3pisiB 3BiTy IIpaBoOGepeskHOI ekcrienuilii, TOOTO IIISX
Mirpailii cro/iyku XxpomMy B 30Hi aepaliii ctaHOBMB 6/113bKO 10 M) [1-14].

BomoHocHMIT 00pilt 3HaXOAUTHCS Yy QIIIOBIOIVISIITiaIbHUX BiiK/amax, IMpeacTaB-
JIeHUX Pi3HO3epHUCTUMM ITicKamu. Ilicku mepeKpuTi INSLia/ibHUMM CyIliCKaMy Ta
CYIIMHKAaMM 3 BKJIIOUEHHSIM TaJIbKM Ta TPaBil0 KOPiHHMX KpUCTaTiuHMUX Topina. Ha
’Kajib, TP TIPOBEIEHHi TigporeoyioriuHMX HOCHimKkeHb IIpaBoOEpeskHOi eKcIie-
nuiliero, KoedimieHT QinbpTpaliii BOJOHOCHOTO TOPM30HTY BM3HAUEHMIT He OyB, Tak
caMo 5K i KoediuieHT QinbTpaliii CyTIMHKIB, 1110 710r0 ITepeKpuBaioTh [14].

3a siTepaTypHuMu gaHumu, koedimieHT QinbTparrii mickiB Bapitoe Bim 1 10 5 M
Ha 100y, a cyrnuHKiB Big 0,1 mo 1 M Ha g006y. V 3B'SI3KY 3 LIMM CYTJIMHKM Ty>Ke YMOB-
HO MOXYTb OyTM BiflHECeHi 0 CJIaOOMPOHMKHMX IOpiM, 110 MepeKpuBaioTh BOJO-
HOCHMIt TOPU3OHT. Bijblll 06IPYHTOBAHO PO3IJISIAATH CXeMY IBOIIAPOBOIrO BOJAOHOC-
HOTO TOPMU3OHTY, IPU SIKili BUIlepO3TalllOBaHMiI 1ap (CYIJIMHOK) Ma€ IMOTYKHICTb
6113bKo 1,5 M, a HDKUenexxaunit (micok) - 5-15 m i Ginbiie. 1o pedi, po3BigyBab-
HMMM pOOOTaMM MTPAKTUIHO HE PO3KPUTO BOJOHOCHMII TOPU3OHT (DIIIOBiOT/ISIITiaIb-
HUX BiJIKJIaJeHb Ha BCIO iXHIO ITOTY)KHiCTh, TOOTO MOTYKHICTh JOr0 He BM3HAUEHA.
Ile € cyTTeBMM HEAOJIIKOM ITPOBeIEeHMX POOIT IOpsiA i3 BiACYTHiICTIO BU3HAYEHb
KoedilieHTa dinbrpartiii[14].

3aranbHa KiJIbKiCTh CIIOJIYKM XpPOMY, sIKa IOTpaIuisijia Ha 3eMJISIHY MHiJIJIoTy 11e-
Xy, HeBiJiloMa i BCTAaHOBUTM HeMAa€ MOXKJIMBOCTI.

VY 1991 poui npoBegeHO PeKOHCTPYKIIIKD TaJibBaHIUHOro 1exy. Ilig mexom Ha
rnbunHy 2-2,5 M obpaHa 3eMJisi HacMueHa 3'€JHaHHSIMM XpOMY, TTOK/IaZieHa B 60UKK
Ta MOXOBAaHA Ha 3JIITHOMY IT0JIi B 6€TOHHOMY capKodasi, TOBII}MHA CTiHOK SIKOTO CTa-
HoBuTh 0,5 M. Ilignora B 11exy 3ab6eToHOoBaHa. Lli BimoMocTi oTpumaHi Ha mocmimke-
HOMY ITiATIpMEMCTBI. 3'eTHAHHS XpoMy OYJI0 BUSIBJIEHO B JisKepeJti 6iyisg ctaBka N21 B
1979 porii, To6TO yepe3 26 POKiB BiJl MOUATKy eKCIUTyaTallii raJbBaHiuHOTO 1iexXy. 3a
1Iejt yac CIOyKM XpOMY MIirpyBajiy, sSIK 3a3Hayvajocsl BUIllEe, Yepe3 TOBILY 30HU ae-
pamii moTykHicTi0 6/113bk0o 10 M, a TaKOXX BHM3 MiI3eMHMUM ITOTOKOM Bim MicIis
po3TalllyBaHHS 1iexy n0 mkepeina. llngx mirpailii BOJOHOCHMM TOPU30HTOM CTaHO-
BUB 460 m[14].
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2. [Ikepesia Ta mpouecu 3a6pyaHeHHs. K Bigomo, mKepesioM 3a06pyaHeHHS
BOJIOHOCHOTO TOPU30HTY (IIOBiOIISIiaIbHUX BiiKIadeHb, 30HM aepailii mifg raab-
BaHIYHMM I1€XOM, a TaKOX I'PYHTOBO-POCJMHHOIO IIapy Ha MpUIersiii IJIOI € rajab-
BaHiUHMII 11eX. 3a0pyaHEeHHS IIepIlIoro Ta TPeThOTO cepeoBuIl (BOLOHOCHOTIO TOPH-
30HTY Ta I'PYHTOBO-POCJMHHOIO ILIAapy) BUBYEHO OOCUTh AETajlbHO B pe3yabTarTi
MpOBeieHHsT crellialbHuX pobiT IIpaBoGepeskHOi ekcremuilii Ta BUKIAZAEHO Y
BimmoBigHoMy 3BiTi [14]. Ilo cTOCyeTbCs 3a6pymHEHHS 30HM aepauii Mg raab-
BaHIUHMM II€XOM, IO € ¥ Joci mkepesoM 3a0pymHEHHS BOJOHOCHOTO TOPMU3OHTY,
BOHO 30BCiM He BuBUeHe[15,16,18-27].

TakuM YMHOM, OCHOBHMMM MPUPOSHUMM KOMILJIEKCaMM, 3a0pyTHEHMMU CITO-
JIyKaMM XpOMY BHACIiZOK eKCIUTyaTallil raJibBaHIUHOrO 1iexy, € (3ropu OJoHu3y): 1)
I'PYHTOBO-POCJMHHMIA 1Iap; 2) 30Ha aepaliii miJi raJbBaHIYHMUM L[€XOM; 3) BOJOHOC-
HMit 06piii. [Tpy 1IbOMY MalOTh MicClle Taki IIpolecH, MOB'sI3aHi 3 MOMNMPEeHHSIM 3a06-
pyaHeHHs: 1) Mirpaiiisi CIioJiykKu Xpomy B I'PYHTOBO-POCAMHHOMY Iapi; 2) Mirpamis
CITOJIYKM XPOMY Y 30Hi aepalilii ITiJ raJibBaHIUYHUM 11€XO0M; 3) Mirpailisi CIIoOJyK1 Xpo-
MY Y BOJJOHOCHOMY F'OPM30HTI 3a HAIPSIMOM PYXY ITiI3eMHOTO ITOTOKY.

3abpyAHeHHS XpOMOM I'PYHTOBO-POCIMHHOrO I1apy BuBuasocs: [IpaBobepesk-
Hoto I'PE y Bursisizi itoro BUIpoOyBaHHS. 3MiCT CIIOJIYKM XPOMY Y I'PYHTi 3MiHIOETHCS
Big 0,2 mo 2,0 r/T. [IpoBefeHe BM3HAUEHHS 3arajbHOrO 3MICTYy CIOJIYKM XpPOMY B
TPYHTI Ha IUIOIIi, e BOHM BUsIB/IeHi (6/13bKo 12,1 ra), maB pesynbTat 6/1m3bKo 70 K.
[Tpy uboMy IpUITManMUCs Taki MOKa3HUKM: MOTYKHICTh 'PYHTOBO-POCAMHHOTO 1IAPY
0,5 m, nmuToma Bara iioro 1,8 t/m3[14].

3 rigporeosoriyHoOi TOUKM 30py HaMOiAbLIIMM iHTepecoM € Mpoliec Mmirparii
CITOJTYKM XPOMY Y BOJIJOHOCHOMY TOPM30HTi.

3. BuBueHHs mpolecy 3a0pyJHEHHSI 3a JOIMOMOIOK MaTeMaTUYHOI MO-
memi. Ilporiec 3aGpyaHEHHSI BOJOHOCHOTO TOPM30HTY 3’€OHAHHSIMM XPOMY Bif
OUISSHKM PO3TalllyBaHHSI raJbBaHIUHOTO 1[eXy 0 MiClsl BUXOMy MiA3eMHMX BOJ Ha
JIeHHY TTOBepXHIO (JIKepesia) OYB JOCIIIKEHMII 3a JOMOMOrO0 MaTeMaTUYHOI MO-
neiti. [ToTik 6yB cxemaTH30BaHMIA, SIK JiHitHWIA, HAIIpaBJIeHM1 110 oci X, sSKa CITiBIa-
Jla€ 3 JIiHi€0 CTpyMy, sIKa IIPOXOAUTH uepe3 TalbBaHiuHMiI 1ex. udepeHiiiiiHe
PiBHSIHHSI, SIKe OIMMCY€ KOHBEKTUBHO-AMUQY3iliHe TepeHeceHHSI peuOBMHY B TIiJI3eM-

HUX BOJaX, OJid IMX YMOB BUIIIAA€ HACTYIITHUM UMHOM:
=1 (D)

Ie C — KOHILIeHTpaLis 3’€fHaHb XPOMY Ha BificTaHi X BiJl MOYaTKy KOOPAMHAT (TOYKU

I TaJIbBaHIYHUM 11€XOM), I/JT;
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t — yac Big MOYaTKy MOMEHTY, 100a;
I — koeditieHT ¢inbTpalliitHoi (KOHBeKTUBHOI) Audy3ii, Mm?/106.;
Vi — cripaBkHS (mijicHa) MIBUAKICTD (ibTpallii MoTOKY 110 oci X, M/m06.
Vo= —, (2)

Mg
e V — mBUAKICTH GiabTpalii, M/moo.;
N,— aKTUBHA NOPUCTICTh MOPiJ, BOOZOHOCHOTO TOPU3OHTY.

IIBuakicTs dinbTpailii (V) BU3HAUAETHCS 110 POPMYITi:

V =K*I, (3)
ne K — koedilieHT dinbTpallii BOJOHOCHOTO TOPU30HTY, M/I00.;
I — rimgpaBiiuHMIT HAXMJI TTIOTOKY B MIPUPOTHMX YMOBAX, SIKi icHyBasm Ha 50-60-Ti po-
KM, KOJIM TI04aJ0oCh 3a0pyAHEeHHS BOAOHOCHOTO TOPM30HTY uyepe3 30HY aepallii Ta
PO3BUBAJINCS MIPOIeCH Mirpailii 3’€¢THaHb XpOMY B BOLOHOCHOMY F'OPM30HTI.

[l BU3HAUEHHS TiipaBiyHOro HaXWIy IOTOKY y MPUPOAHMUX YMOBax Oysia BU-
KOpUCTaHa cXeMaTMUYHa KapTa Tigpoi30TUITy BOJOHOCHOTO FOPU3OHTY, ITOOyIOBaHA
aBTOpaMu 3BiTy [IpaBobepeXHOI0 eKcreauiicio. loro BenmumHa BM3HAUeHa PiBHOIO
0,008, a mBMAKicTb GinbTpallii, BUuxoasguu 3 KoediilieHTy QinbTpaliii BOZOHOCHOTO
ropusoHTy (1-5 m/m06), ckinana 0,008-0,04 m/mo6. IIpupoaHa MBUAKICTh QinbTpalii
BOJIOHOCHOT'O TOPU30HTY 3 BpaxyBaHHSM BeJVUYMHU aKTUMBHOI IOPUCTOCTi, BU3HA-
yeHOI MO  JiTepaTypHMM  [OaHuUM, sKa  gopiBHoe 0,2 -  ckjana
0,04-0,20 m/mo6 [14].

Tak sIK HaM He BiJloMi JOCTOBipHO TpaHMUYHi YMOBM Ta OCHOBHI ITapaMeTpH, SIKi
BXOJISITh A0 PiBHSIHHSA (3.1), a came:

1) KoHLIeHTpallig 3’€JHaHb XPOMY Ha BePXHili MeXi MOTOKY (T Ta/ibBAaHIYHUM
uexom) — Co;

2) yac TOIIMpeHHs 3abpyAHeHb XpOMYy B BOJOHOCHOMY TOPM3OHTI Bif, raib-
BaHIYHOTrO 1LIexy A0 Kepena — t;

3) mpupoaHaA MBUIAKICTH QiNbTpallii Mmig3e MHMX BOL, - Vy;

4) koeditieHT ¢inbTpalliiiHoi (KOHBEKTUBHOI) Audy3ii — 1.

Bigomi ymine giama3oHu ix 3MiHEHHS, TO Oy/aM BMKOHAHI pillleHHS BiJTHOCHO
nomypeHHs KoHueHTpaliii (C) mo oci ix g pi3HMX 3HaUeHb 3a3HAUeHUX BUIIe I1a-
pameTpiB. 3HaueHHS iX OY/IM MIPUITHSTI HACTYITHi:

Co=100; 200; 300 mr/n

t=20; 15; 10 pokiB

V. =0,05; 0,10; 0,15

IO =102; 10%; 10* m%/mo0.
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MeToauka pinieHHsI AMdepeHIliiiHOro piBHSIHHS OMMCcaHa B HACTYITHOMY Mapa-
rpadi.

4. MareMaTH4Ha Mo/1eJib KOHBEKTHBHO-TU(Y3iiH{HOT0 MOTOKY B BOJIOHOCHOMY T0-
PHM30HTI Bi JiJISIHKM Wi rajbBaHiYHUM LEXOM 0 Micls BHXOAY /:Kepesja. Mojenb He
MPETEeH/Iye HA TIPUPOJHY B OCTAHHIN 1HCTAHIIII, a Ja€ TUIBKU XapaKTep Ta MOPSIOK CraTaHHs
KOHIICHTpallii peYOBHHHU.

Bynu po3risiHyTi geKiJibka MaTeMaTUUYHUX MOZeJieli, aje Ha Halll IOIJISI BU-
SIBUJIACS IPUMHSATHO HACTYIIHA:

BuBuaeThcs npoiiec nudysii A1 MOMEHTIB TOCUTb BiJaJeHMX Bill TOYaTKOBO-
ro Ta JJIs1 TyKe MPOTSIKHOTO JIiHiiTHOrO 00’eKTy. TOMY BIUIMB MOYAaTKOBUX YMOB He
Oyze Io3HavYaTHCS Ha MOUIMPEeHHS KOHIIeHTpallii peuoBMHY B MOMEHT HarJIsSAy.

ITocTaHOBKA 3a7ay4i

MaTteMaTu4HO, 3aga4a GOPMYITIOETHCS HACTYITHUM UMHOM:
3HaiTK pinieHHs piBHAHHS »Ou@y3ii O HamniBHECKiHUEeHHOTO JIiHiifHOTO
TIOTOKY
ac a2c ac

at 8x2 M ax’ )
110 3aJ0BOJIbHSIE TPAHUYHY YMOBY
C(x, t) = C, * e™t, ©)
e C = C(X, t) — KOHIIeHTpallisI pe4oBUHM B AMdYy3iiHOMY IIOTOIIi,
I (M%/mo6) — koeditieHT dinbTpaliiiHOI KOHBEeHTUBHOI IUPy3ii,
V., (M/m006) — mijicHa MBUAKICTD GiabTpaliii,
Co (MJ1%/M) — KOHLIEHTpALlisl peYOBMHM B TOUATKOBMIT MOMeHT yacy t=0.
i=y—1- ysIBHA OJVIHULIS,
w = (1/m06), ©®)
T=365 mi6 — yacTOTa KOJIMBAaHHS KOHIIEHTPAllii peuOBMHH,
t (mo6) — yvac,
X(M) — BigCTaHb,
e=2,71..
PinieHHs 3agayvi

PimteHHs 3amayvi OyeMo 1yKaTu y BUTJISI I
ax+ [t

C(x, 1)=to * € (7)

Ile a. Ta f—HeBM3HAUeHi MOCTiViHi, o ;Be R.
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[lincrapnsitoun (7) y piBHSAHHA (4), OoTpuMMaeMo aureOpaiuHi piBHSIHHS

BiJTHOCHO . :
o 2 - -B=0, )

a=;”—;i\]( )2 4 B/

, )

V CBOIO Uepry f3HaxoAMMO 3 TPaHUYHOI YMOBH (8):
coxe’—coe™ Lp_irw

Topi o 3amuILeTbCs y BULIISII

a =%+‘j(;—nﬂ)2+i*(w,’ﬂ)

2
Hexaﬁ(ﬁ) i *( w/ll) Z.

Z=51+17%82=1ZI ((81/1Z1) +1 * (82/1ZI)
iA2
Z=IZ1 * (coso + i *sing)= 1ZI*€ 29z ’

ne Algz _ @ + 2K, (k=0, *1, 2, ....)
¢ = arccos(81/1Z1),
1Z1%= 8,2 +65°
8= (—) 02 = W{!rﬂ
3HanaeMo
w = VZ = VI ZI » elle+2«m)

042
w = 1Z1 %2

@

w = /1 ZI #ei2)

BBenmemo nmosHaueHHS

_ P
Rea=./6, + VI Zl cos
Inax = + V1 ZI *sin;"’

Toni pimenHs (7) Habye BUTISITY

C(X, t) — CoeRea*h’ * ei(lma*x+wt}
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Heob6ximHO BpaxyBaTH, IO BMMOTa OOMeKeHOCTiI (YHKIIiI 3aJ0BOJbHSIETHCS
TiJIBKM 3HAKOM MiHYC.

TificHa yactuHa GyHkuii C(x, t) 6yze SBAATICS pillleHHSIM BUXiJZHOI 3a7adi:
= 7 E . . .
C(x,t) = CoelPr~VIZieos 30w og(wt — /I ZI "‘sm;‘p), (10)

YncenbHi pe3yabTaTu

JJ1s1 OTpUMMAaHHS YMCeIbHMUX pe3y/bTaTiB y hopmi (10) 6y rmpopobiieHi 3MiHu:
| ZI=A

C(x, t)= Coe("'ﬁ_ VTAlcos )t cos(wt — /I Al ”‘sin;q’), (11)
2

ned; = C—;) ;
6, = w/ll;
A? = 5,2 +6,?
@ = arccos(61/A)

21
Y7 365

cos?> = (1+8; /A) /2
sin?> = (1-8; /A)/2
Ta BBeneHi BUXimHi IaHi:
Co = {100; 200; 300}, (Mn%/n);
V,, ={0,15; 0,10, 0,05}, (M/m006);
I ={0,01;0,001; 0,0001}, (Mm*/n06);
t=2roxm * 365 mib, (100);
» = {0;5; 10;..., 455; 460}, (M)
[TporpamyBaHHs1 popmyin (4.8) 6yso peanizoBaHo Ha MoBax XPL/1 Ta [Tackab.
PaxyHoK BinoyBaBcs Ha EOM. OTpuMaHMii po3apyK— /I HACTYITHUX BUIIAJIKIiB:
I 6mok: 1) ¥V, = 0,05;, 1 =0,01; C, = 100.
2) Ti xx mapametpu V,, ta I, C, = 200.
3) i )k mapametpu V,, ta I, C, = 300.
II 6;10k: 1), 2), 3) Te 3k came, 110 i B 6somi I, Tinbku 3aminutu V,,: V,, = 0,10.
III 6710k: 1), 2), 3) Te 5k came, 110 i B 671011 I, 1T, Tinbku sminntu V,;: V,, = 0,15.
I HaocTaHOK MOGYMOBaHi BCi 11i 6;10KM 115t BUunagkis [1={0,001; 0,0001}.
Bcworo 6yi1o omepskaHo 27 TabIMIIb.
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I I-ro Bunazky I-ro 6;10Ky mo6ygosanuii rpadik ¢pyaxuii C(x, t) (puc.1).

AHaji3 umcenpbHUX pesyabTaTiB Ta rpadikiB Hajgae MOXKIUBICTh 3pOOUTHU
HACTYITHI BUCHOBKM:

1) Cnaganus xouuenrtpauii C(x,t) agyxe mo6pe, xomu I Tta V, opmHoro
nopsinky 102,

2) IIpu 36inbuieHHi mBuaKocTi V,, Ta 3meHIeHHi KoedimieHty [I pi3ko mamae
criaganus gyakuii C(x, t).

3)3meHIIeHHsl cragaHHg QyHKUil C(X,t) TOJIOBHMM UMHOM 3aJeXWUTh Bif
KoedinienTy [I.

4) Orunaroua rpadika BU3HaUYae MaKCMMalbHe 3HaueHHs KoHueHTpanii C(x, t),

IVBUCH puc.1.

§Ckt)

100

!
|
|
|
|
vV 5 = —

Pucynok 1 - I'padik ¢pynkiii C(x,t). KoHileHTpallist peuoBMHM B KOHBEKTUBHO-

mudysitnomy mnoroi: Co = 100, V, = 0,05, 1= 0,01

5. IIpoekTHi npomno3uiiii moz0 po3pooKU aBTOMATU30BaHOI CUCTEMM KO-
HTPOJIIO Ta YHMKHEHHS 3a0PyJHIOIOUYMX PEYOBUH (IIECTUBAIEHTHOTO XPOMY).

5.1 3aranbHi MOJIOKEeHHS

MeTow MpOMO3uIliii CTaBUIOCS YCyHEeHHSI 3a0pyaHeHHS XpOMOM IlecTuBa-
JIEHTHUMM KacKagHux cTaBkiB «[laTepuara», «BoOOsiHMK», IO€OHAHMUX 3 PiKOIO
«Pocb» [28,30].

B TemnepimHiit yac cTaBKyu 3a0pyIHIOIOTHCS MIPUPOTHUM JsKepeoM «PomHiK»,
SIKUit Ma€ 1o60Bi BuUTpaTu Boau 240 M3 3 MaKCMMaJbHOIO KOHIIEHTpPAIIi€0 XpOMY
mectuBasieHTHOro — 40 mi/n. [I)kepeno MOTparvisiHHSI Xpomy B «PopHik» B Te-

TIepilliHil yac He BCTAaHOBJIEHO [14].
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[Ipy migroToBui AaHMX IPOMO3UIIii BMKOpMCTaHI MaTepianyu 3Bity IIpaBobe-
pekHOi TeoJIoTiuHOI eKkcrenuilii. Pe3yabTaTy re0eKoI0TiYHOTO KapTyBaHHS (HadTO-
MPOAYKTU, XpOM) OUISIHOK «[aiiok» Ta «UmmpiBKa» Ha 3axifmHiil okoauii m. Bima
Llepksa (1990-1991 pp.) [14].

3rigHo ykazaHoMYy 3BiTy AebeT akepesna y craBka «[lorepuara» - 2,9......3,6 1/c
(TobTo 10M3/TOm., 240 M3/m00.).

KoHLieHTpa1is Xxpomy mecTuBajeHTHOro — 17-40 mr/n [14].

KoH1eHTpal1lisl XxpomMy HMIeCTUBAJIEHTHOTO B PO3BiAYBa/IbHIN cBepayioBUHI N282y
3a6o0py — mo 280 mr/na [14].

JoBXuHa NUISIXYy Mirpatii Bif repemdadyBaHOro Ikepesa 3a0pyaHeHb (Talb-
BaHIYHOTrO 1iexy) n0 axepena 480 m, mmpuHa 30HK 10 120 m [14].

5.2 IIpoekTHi cxemu [17,28,29]

Po3rs0a0ThCsl HACTYITHI MPOEKTHI CXeMMU:

Cxema 1. V/OBMIOBAaHHS Ta KOHLIEHTPYBAHHSI XpOMY IIE€CTMBAJIEHTHOIO Ha
i0OHOOOMiIHHMX KOJIOHKAaX 3 HACTYITHMM BWJIYYEHHSIM IIeCTMBAJI€eHTHOTO XPOMY Y BU-
[JISIZIi KOHIIEHTPOBAHMX PO3UMHIB XpOMY Ta HaATpilo, YIIapKol OCTaHHbOTO 3 OTPU-
MaHHSIM TOBAapPHOTO XpOMaTy HaTpio (puc. 2).

Cxema 2. I[lomauy 3aHyprOBaJIbHMMM HacocamMu BOIM 3 «PoJHiIKa» Ha CTaHIIIIO
BOJIOOUMIIIEHHS TOC/IiIKYBAaHOTO ITiAIIPMEMCTBA 3 OJHOYACHMM 30i/IbIIIEHHSIM IIOTY-
SKHOCTi OCTaHHbBOI (pucC. 3).

Cxema 3. O6nagHaHHS «PomHika» MOPUCTPOSIMU, SIKi MO3YIOTh Y BOAY XiMiuHi
peareHTH (cynbdat 3ajisa, 6icynbdit, mipocynbdit, cynbdiT HaTpilo, JIyT) 3 HACTYII-
HMM YJIOBJIIOBAHHSIM LIJIaMy B HacCUITHUX ¢inbTpaxX. B 11boMy CIoco6i 1jiam Tak Ke
IIPOMOHYETHCS BUBO3UTHU HA 3aXOPOHEHHS (pUC. 4).

@DyHKITIOHA/TbHI CXeMM MIPUBOASITHCS Y KiHIIi 1€l cTaTTi (puc. 3 — puc. 5).

Inis cxemu, sika Tepeadavac yaOBIIOBAHHS IIECTUBAJIEHTHOTO XPOMY Ha i0OHO-
00MiHHMX CMOJIaX, BJIaCTUBi HACTYIIHI IepeBaru:

— IPOCTOTA Ta HailiHiCTh arapaTypHOro oopMJIeHHS;

— BiZCYTHICTb BigXO/iB, SIKi iTyTh HA 3aXOPOHEHHS;

— MOJIMBICTh TIOIyTHOTO YJIOBJIOBAHHS iHIIMX KaTiOHIB Ba)XKMX MeTaJiB
HiKeJIl0, Mifi, KaJiMil0, CBUHIIS;

— OTpMMAaHHSI TOBAPHOTO XPOMAaTy HATPil0 B KIbKOCTI 9 T/rof.

Ilo HeoMiKiB MaHOiI cxeMM MOXKHA BiTHECTM BUCOKY BapTiCTh Ta AedillUTHICTD
ioHo0OMiHHMX cMOJI. MeTop, moTpeOye OJHOYACHOTO 3aBAaHTAaKEHHS 5 TOH cMOJu
AIl-17 Ta ekcrutyaTaliifHy 3aMiHY CMOJI B KiIbKOCTi 1,5 T/TOf,

Kpim TOro B ;aHOMy MeTO/Ii BUTPAUYa€ThCS iIKMIT HATP B KiJIbKOCTi 2.5 T/TO/I.
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OpieHToBHA BapTicTh 3 MJIH. py6. (110 1iHaM 1991 poKy), eKcruryaTalliiiHi BUT-
patu 800 Tuc. py6./rop (1o 1iHam 1991 poky).

Jnst cxemu, sIKa repeabavae mogavy OYMCHOI BOIM Ha CTAHIII0 BOAOOUYMIIEHHS
IOCJTiAKYBAHOTO IiAIIPUEMCTBA BJIACTUBI HACTYIIHI IIepeBaru:

— MiHiMaJIbHe OYIiBHUIITBO Y 30Hi J€HAPOIAPKY.

— TIOBHE BHECEHHS BCiX TEXHOJIOTIYHUX CIIOPYZ, HA TEPUTOPII0 JOCTiAKYBAHOTO
MigIIpMEMCTBA.

Jlo HemoJIiKiB HAHOI CXeMM CJIiJ BifHEeCTM HeOOXigHiCTh PO3IIMPEHHS CTaHIIii
OUMIIIeHHS BeJMKi BUTpaTU 3ali3HUX eJeKTPOAiB — 7 T/TOH., BeJNMKi BUTpATU
enexkTpoeHeprii — 130000 kBt*rog.

Kpim Toro B maHomy cItocobi YTBOPIOETHCS BeIMKA KiJIbKiCTh IIJIaMy IPUOJImM3-
HO 40 T/rOJ, IKMit TOTPiOHO 3aXOPOHUTH.

OpieHTOBHE PO3IIMPEHHSI CTaHIIii 00iiiIeThCsI 3 BpaxyBaHHSIM KaIliTaJbHOTO
oyaiBaumTBa y 800 Tuc. pyo6. (1Mo miHam 1991 poky) 3 HACTYIIHUMM eKCITyaTaliiiHu-
vy BuTpatamu 400000 py6./pik (1o miHam 1991 poky).

[yt cxemu, sika repegdavae ooagHaHHs «PogHiKa» IPUCTPOSIMU JO3YBAaHHS B
BOJIy XiMiUHMX peareHTiB BJIaCTMBi HACTYIIHI ITepeBaru — HMU3bKi BUTPATU Ha MPOLIEC
ounineHHs. OgHaK eKCIUTyaTalliiiHi BUTpaTU MigpaxyBaTy MOXJIMBO TiJIbKU MiCJISI
BMOOPY peareHTy.

Kpim Toro, y TemnepiniHiit yac BigcyTHsI cTabisbHa BapTiCTh Ha OiMBIIICTh pea-
TeHTiB.

Ilo HeZoJIiKiB CXeMM MO’KHA BiJHECTU TPOMi3AKiCTb Ta HEHAiMHICTh iCHYIOUO-
ro ob6yiaHaHHS, HeOOXiAHICTh POOOTH 0OCTYTOBYIOUOTO ITepCOHATY B TPU 3MiHU TP
icHyIOUiif Ha 3aBO/Ii JBO3MiHHi pOOOTi.

OcTaHHil HegoJiK BJIACTUBUI TAKOX eJ1eKTPOKOATyJ/ISIIiliHil cxeMi OUMIIleHHSI.

KinpKicTp 1I71aMy, 110 BUBO3UTHCS HAa 3aXOPOHEHHS 3 YpaXyBaHHSIM 3aCUITaHHS
dinbTpiB ckiagae 200T/pik.

B pe3yibTaTi ompalioBaHHS JIiTePaTypPHUX JaHMUX Ta JAaHUX Ja60PaTOPHUX JI0-
CJIiAiB MPOIIOHYETHCS HACTYITHA CXeMa OUYMIIeHHS BoAu (puc. 2):

— KOHIEHTPYBAaHHSI XpOMY Ha iOHOOOMiHHMX YCTAHOBKAaX Ta CKMUIAHHS OYM-
III€HO1 BOJIM B CTaBOK;

— pereHepaliis iOHOOOMiHHMX KOJIOHOK;

— BUIIApPKa OTPMMAHOIO PO3UMHY XPOMATy HATPil0 CKUAAJbHUM TEIUIOM KO-
TeJIbHi 3 OTPUMMaHHSIM TOBapPHOTr'O XpOMAaTy HaTpilo.

BucHOBKM. PekoMeHIyeTbCSI 0 peastisallii MpoeKTHa cxema Ha i0HOOOMiHHUX

KOJIOHKax.
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1. OnTMMAaIbHUII IIPOEKT BUOMPAETHCS TEXHIYHMMM CJIY>KO0aMM TOCITiIsKYBAHO-
IO MiAIIPUEMCTBA Ta Y3rOAKYETHCS 3 MiCbKMM KOMITETOM IIPUPOIU.

2. PesynbraTu pinieHHs (MOJeTI0BaHHS KOHBEKTUBHO-AMUQY3iiiHOTO IepeHocy
PEUOBMHM) ITOKA3YIOTh, 1[0 HAMOIMbII BUTiIIHMII BapiaHT OTPMMAaHMIA IIPU HACTYITHUX
3HAUEHHSX TiApOoreosIOTiYHMX Ta MirpaimiiiHMX napameTpiB: 1) IpupoaHa MBUAKICTh
dinpTpanii Vi, = 0,05 v/m06.; 2) koeditieHT dinprparniitnoi nudysii I= 102 m/mo06; 3)
KOHIIeHTpallisl 3’€AHaHHS XpOMY Ha BepxHili MeXi IMOTOKY (I1i[ raJibBaHIYHUM Iie-
xoM) Co = 100 mr/n. ITpu 11boMy vepe3 25 pokiB 3’eTHAHHS XpPOMY JOCSTHYTD JIsKepe-
Jla, e KOHIeHTpallid ix ckaane 0,002 mr/m.

B 3akmioueHHsS Tpeba cKas3aTu, IO Pe3yJbTaTU MOMAENTIOBAHHS SIBJSIOTHCS [10-
CUTDb OPIEHTOBHMMM Ta XapaKTePU3YIOTh B OiNbIIil Mipi juille SIKiCHY CTOPOHY ITIpO-
1lecy 3a0pyaHeHHS Mmig3eMHMUX Boh. IIpu mpoBemeHHi MOJaibIIMX pobiT HEOOXiTHO

YIOCKOHAJ/IIOBATU MOJIe/Ib Ta YTOUHIOBATY BUXiHI TapaMeTpu.

Crasox
«ITorepua- B°A1_ ! n—l 3 Lﬂﬁ"a—i m lonnooGminni

THID I KONOHKH

lonnoobGminni f&——"2
KONONKH l

Baku 3
nyrom

i :

Exmicrs
BHNAPIOBAH- Tpancnopryioua
HR T emuicTs,
[ R
Tosapumuit l TennIonociit I
Xpomar
HaTpilo

PucyHok 2 - Cxema 1

Koaryna-
Top

Crasox Illnam Ha

3aXOPOHECHHA

«[Torepuarnii»

Cranuis

bapaba-
MM

$inerp

PucyHnok 3 — Cxema 2
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dineTp PearenTna PearentHa
€MHICTB E€MHICTB

I S
Peak- (T
TOp

Crasok
«[Torepua-
THID)

IlInam Ha
3aXOPOHEHHA

Pucynok 4 — Cxema 3

HaykoBa HOBM3Ha. 3allpOIIOHOBAHO IiAXiA Ta MeTOH IPOTHO3YBAHHS MiCIIs
3a0pyIHEHHSI BOJIOHOCHOTO TOPM30HTY Ta J0ro YHMKHEHHS Bil peYOBMHM Ta MOXK-
JIMBOCTI KOpeKTyBaHHS ITapaMeTpiB 3alIpONOHOBAHOI MO/ Ha MiACTaBi peaqbHUX
JaHux gocaimkeHb Ta EOM.
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Modeling of convective diffusion substance transfer and proposals as for development
of an automatic system for monitoring and prevention of pollution of groundwater

At the enterprise being studied, due to losses, compounds of chromium accumulated on the
soil floor of the workshop and gradually migrated in the zone of aeration of groundwater (aqui
fer). The level of groundwater in the area of the electric workshop is in the depth of around 10 m
(as measured by the Pravoberezhna Expedition), that is, the ways of migration of chromium
compounds in the area of aeration was about 10 m).

The aquifer layer is located in flood fed glacial deposits represented by sands of hetero
genous grains. The sands are overlayed by loamy sand and loam with inclusion of gravel of
basement crystalline rock.

The filtration coefficient of sands varies from 1 m to 5 m per day, and of loams, from 0.1 m
to 1 m per day. For this reason, the loam can only cautiously considered as low permeable soil
overlaying the aquafer. Therefore, it was more sound to consider a scheme of two layer aquifer,
in which the upper layer (loam) is about 1.5 m thick, and the thickness of the lower layer (sand)
is5to15m.

Hexavalent chromium pollution using a model of convective diffusive flow in an aquifer at
a given research location was studied. The flow was defined as linear. The model is formulated as
a differential equation and comprises the following variables: (C) — concentration of chromium
compounds; (t) — time of observation; (/) - coefficient of filtering (convective) diffusion; (V,)
- actual speed of filtration of the flow; (V) — existing speed of filtration of the flow; (n,) - ac
tive porosity of the soils forming the aquifer; (K) - filtering coefficient of the aquifer; (I) — hy
draulic slope of the flow in the natural environment. Real input data and values of variables
were used. Function C (x, t) was calculated and plotted, with its envelope curves determining the

maximum concentration of the substance.
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Proposals are given as for development of an automated monitoring system and avoidance
of the pollutant.
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H.B. I[leTpyiieHko
ITPOCTOPOBO-YACOBA KOMBIHATOPUKA 3BEPEXXEHHSI
PECYPCHUX ITIOTOKIB I 3HVDKEHHSI PU3UKIB
B YMOBAX HEBU3HAYEHOCTI 30BHIINIHHOI'O CEPEJOBHAIIIA

AHomayis. [TpoeHo3yBaHHS po3BuUMKY BUPOOHUYUX cucmeM B8 yMoBax Oii hakmopis 308HIUWHbO20
cepedosuLa ympyOHeHe Yepe3 HaABHICMb BeJIUKOT Ki/IbKOCMIT BXIOHOT THGopmauii, AKa nocmiliHo
3MIHIOEMbCS, T AKY 00 MO020 X BAXKO CmMpyKmypysamu. YnpasiaiHHa cnabocmpyKkmyposaHumu
cucmemamu 3a ymo8 OUHAMIYHUX 3MTH 30BHILWHLO20 CepedoBULLA He MAE PO3BUHEHOi Memodo10
214Hoi 6a3u. lMpuliHamms ynpasaiHCbKUX pilieHb NPOBOOUMbCA HA OCHOBT CMOXACMUYHUX PEKO
MeHOauili 6e3 ypaxyBaHHs pU3UKIB 1 MOX/IUBUX NOMUJIOK. Lje BHOCUMb Be/IUKY HeBU3HAYeHiCMb 1
HeadeKBAMHICMb NPULHAMMSA pilieHb, N0B'A3aHUX 3 6A2aMoKpuUMepianbHICMI OYTHOK, 6e3/11y
Yto po3mipHocmel ¢pakmopis, pi3HOCNPAMOBAHICMIO NOKA3HUKIB. BuxioHa iH¢popmayis wodo su
ABJIeHHS nNpobieM HecmabiNbHO20 PO3BUMKY PUHKY MICMUMbLCA Y CNiBBIOHOWEHHT BHYMPILWHIX
ma 308HiWHIX decmabinisytoyux ¢akmopis. OCKibKU HA NPAKMUYi OUIHKA albmepHamusu He
NOBHOK MIPOK Xapakmepu3sye AKICMb YNPABAIHHA Y CKAAOHIU cucmemi, 4acmo Kopucmyomscs
OeKiNIbKOMa OYTHKaMu yu ix KombiHamopukamu. [lpu supiweHHi 3a80aHb 0ONMUMAIbHO20 Yynpas
JIIHHA 8 AKOCMT MHOXUHU MOXAUBUX GJbMepHAMUu8 BUKOPUCMOBYIOMb KOMOTHaMOpUKy donyc
mumux ynpasniHe. B cmami 3anponoHoBAHO NpPoCMOPOBO 4ACOBY KOMOTHAMOPUKY 3HUXKeHHs
pU3UKIB (DYHKUTOHYBAHHSA CUCMeEM B8 YMOBAX HeBU3HAYeHOCMI, G MAKOX MOOepHI3ayi aszopum
my ®opoa ®ankepcoHa Ha pi3HUX Tmepauiax npuliHAMms piweHb. Mepexa MOXAUBUX nepemi
WeHb po32/10a€EMbCA AK N0B'A3AHUL opepag 3 NponycKHOK 30amHiCmM ma nomoKom 015 pebep
3 BUMOKY 8 CMiK. BnposadxeHHs memoOuKu nepexody 3 0OHIET 2IIKU OPIEHMOBAHOT Mepexi Ha
IHWY 8 MOMEHM npunuHeHHA ii peanizayii BHACNIOOK BUHUKHEHHS HenepedbayysaHo20 BNauUsY
akmopis 308HIWHB020 CepedosuULya 3abe3neyye po3nodin Pu3uKi8 Mixx KomnoHeHmamu. loka
3GHO, WO panmose BUHUKHEHHA 0OMeXeHb 3MyLYE nepelimu Ha THWY 21Ky Mepexi, 0JiA 4020 B8
mepexi nepedbayeHi 000aMKOBI BepMUKAIbHI pebpa 31 cBoiMu LIMOBIpHOCMAMU NposBy ma 81
domumu nponyckHumu 3016Hocmamu. Po3pobreHo memoodosioziyHe 3abe3nedyeHHs 30epexeHHs
pecypcHUX NOMOKIB 8 YyMOBAX 2/100AIbHUX PU3UKIB, WO NOB'A3aHE 13 CUHXPOHI3AIE (1020 BUKO
PUCMAHHS 3a/1eXKHO Bi0 CNOXUBYUX nepesaz ma BUMYLWeEHUX 3aX00i8 NOCUNEHHS YU 0OMeXeHHs
Ha BUPOOHUYY OiffIbHICMb. BukopucmaHHs KOMOIHaGMOpPUKU NpPoONOHOBAHUX BAPIAHMIB B3AEMO
01l y npocmopi cmaHis, ix peanizayii y pi3Hi MomeHmu imepayid, ix 3acmocy8aHHs 13 CUHXPOHT
3ayi€l0 NPONYCKHOi CNPOMOXHOCMT NOMOKI8 00380JIA€ 3HU3UMU PU3UKU, W0 BUHUKAIOMb npu
(YHKYIOHYBAHHI cucmem.

Knwo4osi crnosa: pusuku, mpaHcgopmauis, KoMGIHaMOpPUKA, po3nooisl pu3UKis, HeBU3HAYEHICMb
30BHIWHBLO20 CepedosuLa, CIabOCMPYKMYpPOBAHT CUCMEMU, YNPABATHHA cUCmMeMamu, YynpasiH
Hs pu3uKamu, 6a2amoKkpumepiaibHicme.
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ITocraHoBKa mpoosemMu. B ymMoBax ri106aJbHMX PU3KKIB ITPOTHO3YBATU PO3-
BUTOK CUTYyallil HaBiThb Y KOPOTKOCTPOKOBOMY iHTepBaJli cTae HeMOX/IMBUM. He3Ba-
’Kalouy Ha HU3KY IIPEeBEHTUBHMX 3aX0/IiB Ta 0OMEXYyBaJIbHUX Mip PO3BUTOK BiOyBa-
€TbCSI B YMOBaxX HEBU3HAUEHOCTI Ta Hermepea6auyBaHOCTi BIUIMBiB (aKTOpPiB 30BHi-
IIHbOTO cepeAoBUINa. YIIpaBiHHS C1a60CTPYKTYpPOBAaHMMM CCTEMaMM 3a YMOB M-
HaMiYHMX 3MiH 30BHIiIlTHbOTO CepeIOBUINA He Ma€ PO3BMHEHOI MeTO0JIOTiuHOi 6a-
3u. [IpuIiHATTS yIpaBaiHCbKUX pillleHb MPOBOAUTHCS HAa OCHOBI CTOXaCTUUYHUX pe-
KOMeH/Jallill 3a pe3y/JbTaTaMM HasIBHOTO JOCBily 3 €KCTPAMoJsIli€l0 Ha MaiOyTHi
TeHJeHIlii 6e3 ypaXyBaHHS PU3UKIB i MOKIMBUX MOMMJIOK. Lle BHOCUTD BEJIMKY He-
BU3HAUEHICThb i HealeKBaTHICTh IPUIMHSTTS pillleHb, ITOB'I3aHMX 3 6araTokpurepia-
JIbHICTIO OIIIHOK, 0e3iu4io po3MipHOCTeil (aKTOpiB, pi3HOCHPSIMOBAHICTIO ITOKA3-
HMKIB.

Merta pocmimkeHHs. Po3po6Ka IIpOCTOPOBO-4YaCOBOI KOMOIHATOPUKM 3HU-
JKeHHS pU3UKiB QYHKIIIOHYBaHHS CUCTEM B YyMOBax HeBM3HAUEHOCTi.

AHaji3 ocTaHHIX DOCTiAKeHb i myOikaiiii. HeBu3HaueHiCTh BIUIMBY 30B-
HIIIHBOTO CEpPeIOBUIIA BMCYBA€ O0COOIMBI BUMOTH A0 PU3MK-aHATi3y, IKMI1 Ma€ 3 Te-
OpPeTUYHMX CYIKeHb TpaHCHOPMYBATUCS B MPAKTUYHY HisUIbHICTh 3 YIIPaBIiHHS PU-
3uKaMu. Haiiuacriiie BUMKOPUCTOBYETbCSI TaKuUii MeTOJ, YIIPaBIiHHS PU3UKAMU, SK
CTpaxyBaHHSI CIIOKMBAUiB BiJi MOXIMBUX HECHPUSTAUBUX TOJili Ta CTpaxyBaHHS
BUPOOHMKIB, $IK 3aci6 3axMCTy Bii E€KOHOMIUHMX, TMOJNITUYHUX, MPUPOITHO-
eKOJIOTiUHMX Ta KPU30BUX CUTYalliit [1,2], SKi IPpUCYTHI y Cy4aCHOMY CBiTi.

JIJist CKOpOYEeHHST PiBHS PU3UKY Ta Pe3y/IbTaTiB MOK/IMBUX 30MTKiB, ITOB'I3aHUX
3 HEeBM3HAUEHICTIO, He CJIiJl MOBHICTIO MOK/JIaAaTUCS Ha OpraHi3alliiiHi 3ycumis gep-
SKaBHUX perynsiTopiB. HeoOXifHe peTesibHe BUBUEHHS MOSKIMBUX HOCIiB PU3UKY 3
ypaxyBaHHSIM iX iHOMBiZyaJTbHUX OCOOAMBOCTEN, a TAKOK YUYaCHUKIB PUHKY i3 po3-
POOKOIO CBOiX OpUTiHATILHUX METO/IiB YIIpaB/IiHHS pusukamu [3].

BuxigHa iHdopmaiiis 11010 BUSIBJIEHHS ITpo6JieM HeCTabiIbHOTO PO3BUTKY PU-
HKY MiCTUTBCSI Y CIiBBiHOIIIEHHI BHYTPIILIIHIX Ta 30BHIlIHIX AecTabimizyounx dak-
TopiB [4]. IHbopMmaliist SIK cKiagoBa YacTMHA BefleHHs 6i3Hecy Biflirpae BU3HaUYaIbHY
pOJIb Y 3HMKEHHI PU3UKIB, IO 3a0e3IeuyioTh KOMepliiai3aliiio mpomnosuiii. Map-
KeTUHT iHGOopMalliitHMX MPOAYKTIB Ta MOCTYT MPOSIBISIETHCS Y MOXKIMBOCTI IOCTi-
JI>KEHHSI pMHKOBOI'O CepeIoBMIlla 3a JOIIOMOTOI0 IOTOKIB iH(opMmallii Ta mKkepen ii
OTpPMMaHHS Y KOHTEKCTi HOBMX T€XHOJIOTIYHUX MOSK/IMBOCTE [5,6].

Mopeni mporHo3yBaHHs Ta OILiHOK PM3MKiB, 10 0a3yIOThCS Ha eKCIepTusi Ta
eKCTParnoJsLii TeHOeH1il, Jal0Th XOPOIli pe3yJabTaTy TiIJIbKU IJIS1 TUX BUIAIKiB, KO-

JIY He3aJIeskHi 3MiHHi Biflomi 3a3maerigb. YMoBM QYHKIIIOHYBAHHS, 110 3MiHIOIOTb-
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Csl, 3BMYLIYIOTh MePeiTy N0 MPUHIMUIIOBO HOBUX MOJEJIeil YIIPaBIiHHS Ta IIPOTHO3Y-
BaHHA [7], 3aCHOBaHMX HA BBeJEHHI iTepaliiii CTyIIiHYaCTOTO BUKOPUCTAHHS Ta pea-
Ji3anii MOXK/IMBOCTEN 3 BUMYILIEHMM ITepexoa0oM Ha iHIIi CIToco6y B3a€EMO/Iii IIpoIIo-
3UIIil Ta CIIO>KMBAHHS.

BuKnageHHsI OCHOBHOrO MaTepiaay AOCaiaKeHHs. [IpuitHATTS pillleHb Yy
CKJIQJHIN CUCTeMi ITOJIIra€ B TOMY, 110 3 HasSiBHOI MHOXXMHM JONYCTUMMUX YIIPABJIiHb
HeOoOXiTHO BUAIIMUTY KiJlbKa BapiaHTIB, sIKi € HaliKpaimyMu. [IpaBuio, SKMM BCTaHO-
BJIIOETBCS TlepeBara B MHOXMHI pillleHb, € MPUHIMUIIOM ONTUMAIbHOCTI. [Io3HauMB-
I MHOKMHY BapiaHTiB pillleHHs yepe3 () Ta ii BimoOpaskeHHs uepe3 ¢, KOKHil alb-
TepHATMBiI MOKHA MOCTAaBUTU Yy BiAIOBIAHICTb AesiKe UMCI0 ¢(X), sIke Ha3MBAETHCS
OILIiHKOIO aJIbTePHATUBMU X.

OcCKibKM Ha MPaKTUIli OliHKA aJIbTEPHATUBYM He TIOBHOIO MipOIO0 XapaKTepu3ye
SIKiCTb YIIPAB/IiHHS Y CKJIAJHIIi CUCTEeMi, YaCTO KOPUCTYIOThCS AeKiJibKoMa OlliHKaMM
yy ix koMbiHaTopuKamu. IIpy BuUpillleHHiI 3aBAaHb OINTMMAJbHOTO YIIPaBIiHHS B
SIKOCTi MHOXXWHM JTOMYCTUMMUX aTbTepHATUB BUKOPUCTOBYIOTh KOMOIHAaTOPUKY [0-
MyCTMMMUX yIIpaBiaiHb. KomMbiHaTOpMKa, 3TiIHO 3 3araJbHONPUITHITUM TPaKTyBaH-
HSIM, € BMOOPOM i pO3TaIlllyBaHHSIM €JIEMEHTIB 3 MHOXMHM BiIIIOBiZHO M0 3aJaHUX
TIpaBMJI, TIPU IIbOMY KOKHE 3 IIPaBMJ/I BU3HAUAE JIeSIKY BMOIpKY 3 eJIeMeHTiB BUXiTHOI
MHOKMHM, SIKe Ha3MBAEThCSI KOMOiHATOPHOI KOHQirypaiieo. KombiHaTopHi MeTo-
Il 3aCTOCOBYIOTHCSI IO 6araThboX 3aBIaHb Teopii rpadis.

KomMbinaTopHa OnTMMisallisi — Iie DOCTiIKeHHS ONTUMi3allii AMCKPEeTHUX Ta
KOMOiHAaTOpPHMX 00'€KTiB, BOHA MOYMHAIACS SIK YaCTMHA KOMOIHAaTOPMKM Ta Teopii
rpadiB, a mi3Hillle Mepeiflia y CaMOCTIHMIA PO3Ii MPUKIAAHOI MaTeMaTUKU Ta
iHbopMaTUKM, MOB'SI3aHMII i3 MOCTIIKEHHSIM oOIlepalliii Ta Teopi€lo aaropUTMIB.
CpOroHi KOMOIiHATOPUKM BUKOPUCTOBYETHCS IJISI BUPIIIEHHS TPAHCIOPTHUX 3a-
BIaHb [8,9], ckyalaHHs UIaHiB BUPOOHMIITBA Ta peastisallii MpoAyKILii.

[Tpu rocTaHOBIIi 3aBAaHb ONTHMMi3allii MOTPiOHO TepIll 3a BCce BUSHAUUTU METY
VIIPaBJ/IiHHSI Ta BCTAHOBUTHU, SIKMUMM 3MiHHMMM MO’KHA OIIEPYBaTH SIK KepyHOUuUMMMU
nmapaMeTpamu. [lani HeoOXigHO 3HANTM ONMTUMAIbHMUIA CIIOCIO Aiit, 1110 3abe3mneuye ii
JIOCSITHEHHSI Ta 3aBIAHHS MHOXMHMU JTOIYCTUMMMUX BIUIMBIB, IO BiZoOpaskaloThCsl HA
Oesniui kepoBaHUX 3MiHHUX. [Ipy MOOYNOBI MaTeMaTUUYHUX MOJe/ieil CTUKAIOThCS 3
HeOoOXiTHiCTIO 00JTiKy CKIaJHMX B3a€EMO3B 'SI3KiB, SIKi BIUIMBAIOTh HA TOCSITHEHHS T10-
CTaBJE€HUX IIJIE.

BayknuBa BiIMiHHICTh ITOOYIOBM MaTeMaTUUHMX MOJeJeil CKIagHUX CUCTEM
TIOJISITA€ B TOMY, 1[0 MOJETIOBaHHS ¥ifje He 3BepXy Bif 1y106aabHOI GYHKIIII Ta BUi-
JIEHHSI OCHOBHMX YaCTMH, a 3HU3Y, 3 TTOOYI0BY MOe/eil OKpeMUX MPOLIECiB i HYDKHIX
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iepapxiunux piBHiB. Ha OCHOBi pO3yMHOIO yCK/JIaJHEHHSI MOAEIOITHCS BCe OibIi
MOJIyJIi Ta cucTemMa B IijioMy. IIpy moOymoBi CTPYKTYpPHOI CXeMM CUCTEMU BUSIBIISI-
€TbCS HASIBHICTh ITOCJTiJOBHOTO ab0 Mapasie/ibHOTO XapaKTepy 3'€HAHHS YaCTUH CU-
CTeMU, BUIINSIOTbCS CMCTEMOYTBOPIOIOUi (paKTOPM, OCHOBHI Ipoliecy, YMOBM iX ic-
HYBaHHS Ta CTPUOKOIIOMiOHMII XapakTep 3MiH. IIpy BupillleHHi 3aBIaHb 3HMKEHHS
PU3MKiB 32 YMOB HEBM3HAUE€HOCTI OTOYYIOUYOTO CepegoBUIIA JOBOAUTHLCS PO3TJsiaa-
TU He caMy CUCTeMy, a ii opmaibHMI1 oruc, TO6TO MoAenb. MaTeMaTUyHa MO/Ie/b
— 1Ie OINC TepeObiry MpoleciB MOBOIO aJITOPUTMIUHMX ITPOIIeciB 3 popmMysiamMu i Jiori-
YHMMM Tlepexogamu. JIOriuHi mepexony MOXKYThb BimOyBaTyucs Han BepOaJbHO ONMU-
CyBaHMMM ejieMeHTaMu. MoXkiIuBa peasisallisi TPbOX OCHOBHUMX BUIIB Mopesieii:
OITMCOBI, HATYPHI Ta 3HAKOBI.

[Ipy mobymoBi MaTeMaTMUYHOI MoOpesi, IMO JeXKUTh B OCHOBi ITPOCTOPOBO-
YacoBOi KOMOiHATOPUKM, MOXXHA BUKOPUCTOBYBATH BCi Tpu Tumnu mopeneii. I'padoBe
300paskeHHSI 3B'SI3KiB, IO BiZHOCUTBHCS OO0 3HAKOBUX MOJeiel, BUKOPUCTOBYEThCS
IIpY OOYIOBi pyXy pecypCHMX ITOTOKiB B CHMCTEMi, ITigAaHOi BIUIMBY 30BHIiIIHbOTO
cepenoBUIA, HATYpPHE - IPU BM3HAYEHHI IMOBIPHOCTI 3aMiHM YaCOBUX BiJlJTiKiB I10-
CJTiDOBHICTIO CTaHiB, BepbasbHe - MpM BU3HAUYEHHI iepapXii iHTepBaiB OMCKpeTHU3a-
I[ii HAa pi3HMX PIBHSIX Ta iTepallisx yIpaBiiHHS. Take KOMILJIEKCHE BUKOPUCTAHHS
BCiX TpPbOX TUIIIB MoOZesieii J03BOJISIE BUBUMUTU KOMOIHAaTOPUKY ab0 BapiaTMBHICTb
KOJTyBaHHSI OTHMM 3HaKOBMM OITMCOM MHOXMHM KOHKPETHUX BapiaHTiB MOBEeiHKMU
CUCTEMMU.

g peasmizaliii KoMOiHAaTOPUKY, CIIPSIMOBAHOI HAa 3HMKEHHS PU3UKIB YIIpaB-
JiHHS, HEeOoOXiJHO MaTeMaTU4YHy MOJelb HamOBHUTU iHdOpMalli€lo Mpo 3HAUEeHHS
di3nMuHMX BenmMumnH, KoedillieHTiB, MapaMeTpiB, KOHKPeTHUX BUiB QYHKIIiN i ore-
patopiB. Mogenb 6e3 HammOBHeHHSs iHQopMalli€io, 10 BiAMOBiIa€ MOOAMHOKINM pea-
JIbHIiN cuTyarlii, 6yme 3arasbHo0. [Ipy mobymoBi Mmopesneir KoOMOiHATOPMKYM TTPOIIECiB
yIIpaB/IiHHS B CJ1a00CTPYKTYpOBaHUX 3a[jauax JOBOIUTHCS 3illITOBXYBATUCS i3 BUCO-
KMM piBHeM abcTpakilii, ToMy 110 B ii OCHOBI IMOK/Ia7eHi iMOBipHiCHi ySIBJIEHHS PO
XapakTep JOCTiIKyBaHMX TIpolieciB. BimoMocTi, oTpuMaHi pu 1ibOMY, MOKYTb OyTHU
3aCTOCOBHI 10 BCiX KOHKPETHUX CUCTEM MapameTpiB, 1[0 MICTATbCS B HUX. Lli piBHIi
abCTpakilii MOXKyTb YTBOPIOBATHU 11iJIi iepapXiuHi CTPYKTYpH, Y SIKMUX TTepeXifl 10 KOH-
KpeTHOi iTeparlii yrpaBiiHHSI BimOyBaTMMeThCSI IUIIXOM IT€pPETBOPEHHS 3arajbHOi
MO/IeJli Ha KOHKPEeTHY, IO OCSITaeThCs ii HalloOBHeHHSIM iHdopMalli€lo Ta € OCHOBOIO

KOMOiHAaTOPUKIN.
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Komb6iHaTopuka 6e3mocepeqHbO IIOB'S3aHa 3 iMiTalliifHMM MOIEIOBaHHSIM,
KOJIYM HEMOXK/IMBE 3aCTOCYBaHHSI MaTeMaTUYHOIO BUpillleHHS 3aBIaHb B YyMOBax He-
BU3HAYEHOCTI.

OcHOBHOMO crien}iko MOJe/I0OBaHHS CKIAaIHUX CUCTEM € Y3TO/IKeHHS iTepa-
1i}i YIIpaB/IiHHS, 110 CTAHOBJISITH B3a€MOIIOB'sI3aHi Mopesi rpadoBoi CTPYKTypH, y
SIKMX BUXOJY OOHUX MOJeJIeil CTaloTh BXogaMu iHIKuX. Taki cKaagHi AMHaMiuHi cuc-
TeMM (OPMYIOTHCS B pe3y/IbTaTi HeTiHiiMHMX B3a€MOZiii 0e3Jivi HecTalliOHApHUX
TIPOILIECiB, IO PO3BMBAIOTHCS Y ITPOCTOPi Ta yaci. Po3pobka MeToniB i Momesneii miaT-
PUMKM MMPUIHSTTS pillleHb B YMOBaxX TePUTOPiaJIbHO PO3IOAiIeHUX MPOILeCiB € 10-
CUTh CKJIAJHMM i HETPUBiAJIbHUM 3aBIAHHSIM. YCi B3aeMO/ii BimOyBalOThCS Y MeKax
JlesIKO1 TepUTOpiaJIbHO PO3MOJiJieHol cucTeMMu. B mpuHIMIII Taky Mopelb MOKHa
mooynyBaTy Ha Oe3repepBHOMY 6asuci, ajie ii HEMOXIMBO BUKOPMUCTOBYBATU [IJISI
aHaJi3y MPOCTOPOBUX 06jIacTeit B peaJbHOMY Uaci TOMy IapaMeTpu CTaHy IpecTa-
BJISIIOTHCS Y BUTJISIAI YOTUPUBUMIPHOTO €BKJIiIOBOTO ITPOCTOPOBO-YaCOBOTO KOHTU-
HYYMY.

BHYTpilIHI Mi’>KKOMITOHEHTHI 3B'SI3KM CUCTEMMU ONMUCYIOTHCS 3a JOIMOMOIOK0 Ki-
HIIeBOro rpada, BepIiMHaMM SIKOTO € KOMIIOHEHTM Mojeti. SKio Bci pedbpa rpada
3a7laHi BITOPSIAKOBAHMMM ITapaMu, Takuii rpad Oyae opieHTOBaHMM.

Cucrtemyu yIpaBJiHHS MalOTh i€papxiuHy CTpPYKTypy. Haii6inbin MmoiunpeHoio
iepapxiyHOIO0 CTPYKTYPOIO € TpMUPiBHEBA CUCTeMa yIIpaB/liHHS. BepxHili piBeHb BU-
pilllye 3aBAaHHSI OpraHi3ailiiiHo-eKOHOMIUYHOI'0 XapaKTepy, cepenHil 3/1i/iCHIO€ KOH-
TPOJIb, IpUIAMAE ONepaTUBHI pillleHHS BiAIOBiAHO M0 iHQopMallii, 110 HAAXOOUTb,
HIDKHIiT 3a6e31euye 6e3mocepeIHE YITpaBIiHHS.

Oprasni3satiis pinieHHs repegoayvae:

— JEeKOMIIO3MIIiI0 aJibTepHAaTUB Ha BJIACTUBOCTI, 3pYYHi [IJIsI OPiBHSIHHS;

— paHXXyBaHHS I[X BJIACTUBOCTEN 3a BasK/IMBICTIO;

— BUOip KpUTePiiB Ta omepailiiii mepeBaru;

— 3aTBepIyKeHHS eKCIIepTHUX MPOolleayp AJIs1 OLIiHKM BJIaCTUBOCTEI];

— TIPUITHSITTSI OCTaTOYHOTO pillleHHSI.

Jlo opraHi3ailii IPUITHSATTS pillleHb 3aTy4alThCS:

— ocoba, sIKa MpuitMae pillleHHsI — BOHA ITOBHICTIO BiTIOBigae 3a BUPIIIeHHS
3aBIaHHS,

— KOHCYJIbTaHTH, SIKi 0OTOBOPIOIOTH IMPOMisKHi Ta OCTAaTOUHi pe3yabTaTH,;

— @eKCIIepPTH, SIKi MPOBOASTH OLIiHKY, ITOPIBHSIHHS Ta paHKyBaHHS IpeJicTaBie-
HUX OKPeMMUX CTOPiH aTbTepPHATUB;

— CHeniajicT 3 BUKOPUCTAHHS TEXHIYHMX 3aC00iB.

ISSN 1562-9945 (Print) 69
ISSN 2707-7977 (Online)



«CucreMHi Tex”osorii» 1 (138) 2022 «System technologies»

VY cutyallii HeBM3HAYEHOCTi TOBOAUTHCS MPUIIMAaTH pillleHHs, O/IM3bKi 10 IMPO-
CTUX, BiIOYBA€ETHCSI Ipyda AEKOMITO3UILiSI abTEPHATUB, PAHKYBAaHHSI BJIACTUBOCTEI
3a CTyleHeM BasKJIMBOCTI 3 BUKOPUCTAHHSM iHTYIIil Ta JOCBiAy. 3aCTOCYBaHHS Ma-
TEMaTUYHUX METOZAIB YCK/IaAHEeHe, OCKUIbKM BifCYyTHICTh UiTKOlI MOCTAaHOBKM 3a-
BIIAHHS Ta TOYHOI BUXigHOI iHbOopMmallii Bee 10 HeIOCTOBIPHOCTi pe3y/bTaTiB.

OO6MiH mymMKaMy B €KCIIEPTiB MOXKe OyTHM BiJIbHMM Ta perjiaMeHTOBaHuM. [Ipu
BiJIbHOMY CITiIKYBaHHi psifi eKCIIepTiB MOXKe TOMiHyBaTU HaJ iHIIMMM, perjiaMeHTO-
BaHe CIIJIKYBaHHS BMMarae CKJIagHIIOoI opraHisanii, Koy Crio4aTKy JYMKU BUC/IOB-
JIIOI0ThCS 6€3 0OGTOBOPEHHSI, a uepes AesSIKUIA Yac AVCKYTYIOThCS.

AHai3 Ta ympaB/liHHS B YMOBaxX HEBM3HAUEHOCTI IOTpebye BUpillleHHS 3HAU-
HOI KiJIbKOCTi ONTMMIi3allifiHMX, OaraToOKpuUTepiaabHMUX 3aBHaHb, 3a7aU MepPEXKeBOro
IJIaHYBaHHS, TPAHCIOPTHUX 3aBIaHb, 3aBIaHb PO3MillleHHSI.

BusiBjieHHSI BCbOTO CIeKTpa PU3MKIB € IonepeaHbolo ¢a3oi 3abesrneyeHHs
6e3mekn. SIKIIO € ySIBIEHHS PO Hebe3IeKy, MOKHA YHMKHYTU PU3UKIB Ta MPOTHU-
crosiTv imM. YacTuHa pU3MKiB MOKe OyTM mepefaHa CTPaxOBMM OpraHi3allisiM, BKIIO-
yauy CTpaxyBaHHS MaliHa, MeIuJHe cTpaxyBaHHs. HeobximHicTh Kinacudikaiii pu-
3MKiB IMOSICHIOETHCS OakaHHSIM IlependoaunTy Ta nepeadoaunTyi HeCIPUSITIUBUIA pe-
3yJIbTaT.

VrpaBiiHHS pU3MKaMM 38 YMOB HEBM3HAUYEHOCTi 03HaYa€ HEOOXiIHICTh BMOOPY
BapiaHTa pillleHHs, KO aJbTepHATMUBA MIPUMHSITTS pillleHb Ma€ 6e3J1iu pe3yibTaTiB,
JIMOBIpPHOCTI SIKMX HeBigoMi.

OmHMM 3 MepCcrneKTUMBHMUX HAIPsIMiB aHaji3y Ta yIpaBjiHHS PO3BUTKOM 3a
YMOB HEBM3HAUY€HOCTi i HEOJHO3HAUHOCTi 30BHIIITHBOTO CepeqoBUIllA € Teopis rpa-
¢diB 3 BUKopucTaHHIM aniroputmy @oppa-dankepcona [10-12].

VrpaBiiHHS TpU [ii 30BHILIIHBOTO CepedoBMUINA, IO MOCTiTHO 3MiHIOETHCS, 3
HACTaHHSM 3MiH BUPIIIYETHCS 3 BUKOPUCTAHHIM ajroputmy dPoppa-danikepcoHa.
Mepexka MOKIMBUX TepeMillleHb PO3IISIHAEThes SIK MmoB'si3anuii oprpad G(V,E) 3
TIPOITYCKHOIO 3[IaTHICTIO c(u,v) Ta moTokoMm f(u,v) = 0 ms pebep 3 u B v. HeobximHO
3HAMTU MaKCMMAaJIbHUIA MOTiK pecypciB i3 gkepesa S y CTiK t.

Ha Ko>XHOMY KpOIIi aITOPUTMY IJIsI BCiX MOTOKIB AiIOTh iJeHTUUHI YMOBU

e f(u,v) € c(u,v), TOOTO TOTIK 3 U B V He TIepeBUIILY€E MTPOMYCKHY 30aTHICTh;

o flu,v) = flv,u);

o 2f(U,V)=0«——foxion(Ul) = fouxion(U) OIS BCiX By3JiB U OKpiM S u t. TOOTO MOTIK He
3MiHIOETHCS ITPU TIPOXOIKEHHI Uepe3 BY301J1;

e TIOTIK Y Mepeki TOpiBHIOE CyMi ITOTOKIB BCiX IYT, iHIMIEHTHUX CTOKY rpada.
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BignosigHo mo anroputMmy ®opaa-dankepcoHa Mepexka CIPUIIMA€EThCS SIK T10-
B'si3aHMI1 oprpad, opieHTOBaHMII B OMHOMY HaIPSIMKY. AJITOPUTM T03BOJISIE BIOCKO-
HaJINTY 3a4avy JIIHIHOTO MporpaMyBaHHs. BiH BMKOpPMUCTOBY€E BJIAaCTUMBOCTI 30epe-
>KeHHS$I [IOTOKY Ta € MCeBAONOiHOMIaJIbHUM.

IHimianisalisi Mepesxi BimOyBa€ThCsS HACTYIIHMM UMHOM. Y KOKHOMY JIAHIIIOTY
Mepexki BM3HAUAETbCS HaliMeHIe 3HaueHHS 1jisi pebep. [ns imentudikarii myr y
Mepexki HaCTYIHI iHilianiszaiii ayr MmomiissoThCcsl Ha 1ie uyuciao. HacuyeHHST Mepexi
BiIOYBA€ETHCS 3a HATIPSIMKaMM IyT. AJITOPUTM ITOUMHAE POOOTY 3 HYJIbOBOTO MOTOKY i
KOKHO1 iTepaliii 36isbinye 7oro BenmuuHy. [TOTiM BeJuumHa IIOTOKY iT€paTUBHO
301/IBIIYETHCS 3@ TOTIOMOTIOIO TTOITYKY IIIJISIXY, B3JOBK SIKOTO MOXKHA HAiCIaTy SKO-
Mora OiJIbIINIA MOTIK.

ANTopuTM TOYMHAE POOOTY 3 HY/IHOBOTO ITOTOKY i KOKHOI iTeparlii 36iibIye
MOTiK Mepexki, TOKM Ayra Mepexi cTaHe HacuueHOo. [IoTik B Mepexi, OJisl SIKOi He
MO’KHA TTOOYAYyBaTM JIAHLIIOT, IO 30iJbINYETHCSI, € MaKCUMaJbHUM. IIpu 1mo6ymoBi
MepexKi Bifl mskepesia OO0 CTOKY BUKOPUCTOBYETHCSI pO3CTAHOBKA MITOK. Lle He0OXimHO
IJISI TOTO, 1100 BM3HAUYUTU BEJIMUMHY ITOTOKY, SIKa MOKHA 3MiHUTU IOTO 3HAUEHHS.

Jis1 3HaXOAyKeHHs JIaHIIIora, B3JOBX SIKOTO MOXXHA HAIMPaBUTU MOTIK, 110 IOC-
TYTIOBO 301/IbIITY€ETHCSI, BUKOPUCTOBYETHCSI PO3CTAaHOBKA MiTOK. KOskHiit my3i mpumnu-

CYETHCS Bara, 0 3aIMCyeThCs yepes apid Ha pebpi BuximHoi mepesxi (puc. 1).

PucyHok 1 — Anroputm ®@oppa-®PaikepcoHa

Konkpetusarisg 3actocyBaHHs anroputmy doppa-®ankepcoHa Ha Pi3HUX iTe-
pallisiX IPUIHSTTS pillleHb MMOB'sg3aHa 3 KOMOGiHaTOpMUKO. MeTomosoriuHe 3abe3re-
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YyeHHS 30epekeHHsI PeCypCHMX ITOTOKIB B YMOBAX IVIOOAJbHMX PU3MKIB IOB'sI3aHe i3
CMHXPOHI3alli€l0 JI0T0 BUKOPUCTAHHS 3aJIEXKHO BiJ, CIIOXKMBUYMX ITepeBar Ta BUMYyIle-
HUX 3aXO/IiB ITOCUJIEHHS UM 0OMEeKeHHS Ha BUPOOHMYY HisVIbHiCTh.

AHaJIi3 CTaTUCTUYHOI 3BITHOCTI AO3BOJISIE MPOBECTH iHilliami3allilo Ta BU3HAUM-
TU Baru ayr oprpada mepexi (puc. 2).

PucyHok 2 - IHiiani3anisi Ta BU3HaueHHs Baru Ayr oprpada mepesxi

e vi — Baru ayr, 1, 2, ..., 7 — eTanu po3BUTKY

[MpukiIagy MOKIMBUX peastisalliii 3alpOIIOHOBAHOI KOMOIHATOPUKM B Pi3HMIL

yac NMpuUIMHeHHs BUPOOHMUOI is/TbHOCTI HaBeleHi Ha puc. 3-5.

(Loav ][ Day 2 ” Day 3 ] [ Day 4 ][ Day 5 ][ Dav 6 ][ - ]

17/42

PucyHoK 3 — Peasizaliisi KoMGiHATOPMKY 3HAXOMKEHHS MaKCYMMaJIbHOTO PeCypCHOTO

MOTOKY MoaudikoBaHOi Mepeski (mpukiag, 1)
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[ Day | ][ Day 2 “ Day 3 ][ Day 4 ][ Day ][ Day 6 ][ Day 7 ]

PucyHoK 4 — Peartizailist KoMOiHaTOPUKY 3HAXO/IKEHHS MAaKCMMaJIbHOTO PECYPCHOTO

TOTOKY MOAM(piKOBaHOI Mepexi (MmpuKaz 2)

Lot J(Comz J(Coms J(owve J(oas J{Lows J( w7 ]

PucyHok 5 — Peartizaifisi KoMO6iHaTOPUKY 3HAXO/IKEHHSI MaKCUMMaJIbHOTO PeCypCHOTO

MOTOKY MoaudiKoBaHOI Mepexi (Mpukaz 3)

B ymoBax rino6aJbHMX PU3MKIB HE BapTO PO3PaxOBYBATM JMIle HAa OOMH Ha-
MPSIMOK PO3BUTKY. ParToBe BUHMKHEHHSI 0OOMeXkeHb 3MYIIIy€E MIepeiiTy Ha iHIIy TiIKy
Mepexi, I Yoro B Mepeki mepemdaueHi JOOATKOBI BepTUKaIbHI pebpa 3i cBOiMM
IMOBIpHOCTSIMM TIPOSIBY Ta MPOMYCKHUMM 3Ii6HOCTSIMU. OCKiJIbKM 3MiHA CUTYyallii
Mae€ HernepembauyBaHMII XapaKTep, epexis 3 ogHiel TiJIKM Ha iHIITy MOsKe BifOyBaTu-
Cs1 CLIOHTAHHO, 1110 BiloOpakeHO HASIBHICTIO Y BUXiHI Mepeski moxminx pebep, 110
MalOTh CBOIO CIIPSIMOBAHICTh Ta BJACHi Barosi KoedillieHTH.
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3yIMHKA PO3BUTKY OYAb-SIKOI TiIKM MPOBOAUTHCS CUHXPOHHO 3 MOMEHTaMU
BUMHMKHEHHSI 0OMeXKeHb i TaKOK MOsKe OyTH 3pobseHa Ha Oyab-sKiii iTepaliii mpoire-
cy peasnisalii y 6yab-sIKMii MOMEHT 4acy. ToMy HasiBHa KOMOiHaTOpMKa peastisailiii.
OckinbKM peasni3ailisi Takoro MoudikoBaHOTO MPOAYKTY BilOYBA€THCS Y Pi3HUX Mi-
CIISIX, TO TaKa KOMOiHaTOpuKa 6y/ie OpieHTOBAHOIO B Yaci.

BucHOBKM. BripoBafykeHHSI METOAMKM Tepexoay 3 OAHI€l TiIKM Opi€eHTOBAHOI
MepexXi Ha iHIIIy B MOMEHT IIPUMNMHEHHS 11 peasti3allii BHACIiIOK BUHMKHEHHS Herle-
penb6auyBaHOrO BIUIMBY (paKTOpPiB 30BHIIIHBOTO cepemoBuila 3abe3rneuye pPo3mOmia
PU3UKIB Mi’)Kk KOMITOHEHTaMMU.

BukopucTaHHsS KOMOiHaTOPMKM ITPOIIOHOBAHMX BapiaHTIB B3a€MOJiil y mpoc-
TOpi CTaHiB, iX peasi3allii y pi3Hi MOMeHTHM iTepaliiii, iX 3aCTOCYBaHHS i3 CMHXPOHi-
3alli€l0 MPOMYCKHOI CIIPOMOSKHOCTI MOTOKIB J0O3BOJISE 3HU3UTU PU3UKHU, IO BUHU-
KaloTh IpY QYHKI[IOHYBaHHI CUCTEM.
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Spatio temporal combinatorics of resource flows conservation and reduction of risks
in conditions of uncertainty of the external environment

Management of non structured and weakly structured systems for the impacts of the dy
namic changes is not have a developed methodological basis. Management decisions are made
on the basis of stochastic recommendations based on the results of existing experience with ex
trapolation to future trends without taking into account risks and possible faults. It is not neces
sary to introduce a great lack of value and inadequacy of acceptance of solutions, related to a
wide range of criteria for assessments, without a wide range of factors, and highly direct indica
tors. When modeling management in the conditions of uncertainties of the environment, which
are constantly changing, a large variety of source data is possible.

The development of methods and models to support decision making in terms of geograph
ically distributed processes is a very complex and non trivial task. All interactions take place
within a territorially distributed system. Such model can be built on a continuous basis, but it
cannot be used to analyze spatial areas in real time.

To reduce the level of risk and the results of possible losses, it is necessary to carefully
study the possible carriers of risk, taking into account their individual characteristics, as well as
market participants with the development of their original methods of risk management. The
initial information on identifying problems of unstable market development is contained in the
ratio of internal and external destabilizing factors. Information as an integral part of doing
business plays a key role in reducing the risks that ensure the commercialization of proposals.

Decision making in a complex system is that from the available set of acceptable controls,
it 1s necessary to identify several options that are the best. The rule that establishes the ad
vantage in many solutions is the principle of optimality. When solving problems of optimal con
trol as a set of valid alternatives use the combinatorics of acceptable management.

An important difference between the construction of mathematical models of complex sys
tems is that the modeling is not above the global function and the allocation of the main parts,
and below, with the construction of models of individual processes and lower hierarchical levels.
Larger modules and the system as a whole are modeled on the basis of reasonable complexity.
Combinatorics 1s directly related to simulation modeling, when it is impossible to apply mathe
matical solutions to problems in conditions of uncertainty.

A perspective area of analysis and management of development under conditions of uncer
tainty and ambiguity of the external environment is graph theory using the Ford Falkerson algo
rithm. Control under the action of constantly changing environments with the onset of change is
solved using the Ford Falkerson algorithm. The network of possible movements is considered as a
connected digraph.

In the conditions of global risks it is not necessary to count only on one direction of devel
opment. The sudden emergence of restrictions forces to move to another branch of the network,
for which the network provides additional vertical edges with their probabilities and bandwidth.
As the change of the situation is unpredictable, the transition from one branch to another can
occur spontaneously, which is reflected in the presence in the source network of inclined edges
that have their own direction and their own weights.
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The introduction of the method of transition from one branch of the oriented network to
another at the time of termination of its implementation due to the unpredictable influence of
environmental factors ensures the distribution of risks between the components.

The use of combinatorics of the proposed options for interactions in the state space, their
implementation at different moments of iterations, their application with the synchronization of
flow throughput can reduce the risks arising from the functioning of systems.

Keywords: risks, transformation, combinatorics, risk distribution, uncertainty of the exter
nal environment, poorly structured systems, systems management, risk management, multicrite
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V.V. Spirintsev
CHOOSING THE OPTIMAL ENVIRONMENT FOR VISUAL DEVELOPMENT
OF A GRAPHICAL USER INTERFACE

Abstract. Adobe Experience Design, Sketch, Figma are the most common visual GUI development
environments. In this paper, a comparative analysis of these most popular tools is carried out in
accordance with the specified criteria. Choosing the right visual development environment allows
to create the most accurate, realistic interface prototype, as well as increase the efficiency of the
project.

Keywords: software, interface, web design, prototyping, UX, UL

Problem Statement. The rapid development of the web industry of the mod-
ern service market requires certain customer-oriented marketing solutions to in-
crease competitiveness in the context of a low entry threshold and high efficiency.
The trend now is an updating approach in the organization of the software product
development process because a huge number of web products has no response from
a customer due to a poor marketing strategy, which must include the creation of an
attractive and convenient design for a target audience. It is important for developers
to correctly highlight their uniqueness and advantages, and also to lure to visual
content taking into account the maximum working convenience for the product user
and maximum coverage of the consumers’ needs of different categories. The solu-
tion to these problems in the web industry is Web design — a direction of web devel-
opment and a type of design, the tasks of which include the design of user interfaces
for sites or web applications. A significant link between the idea and the final user
interface is the visual development environment for graphical user interfaces.

The selection of an appropriate visual development environment makes it pos-
sible to create the most accurate and realistic interface prototype, to competently
build joint work between a developer and a designer, to reduce time and labor costs,
and also to increase the efficiency of work in the project.

Analysis of recent research. The work [1,4,5] investigated features of web de-
sign development and the basics of modern web technologies. Work [2] dealt with
the specifics of the interface design (UX design) methodology and its basicconcepts
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in terms of modern practical representations. The review and comparison of user in-
terface visual environments (UI, UX) were discussed in the work [3]. However, the
scope for further improvement and development of the issue is not yet exhausted
and needs to be considered.

Purpose of the work. The purpose of this article is to summarize and systema-
tize the results of the research in order to solve the problem of selecting the optimal
environment of visual development of a graphical user interface.

Main part. It is customary to separate two areas of web product design:
Ul-design and UX-design.

Ul is an abbreviation that stands for User Interface. It is a direction ofdigital
product development that comprises work on the visual presentation of a
brand/site/application or service. Ul-design examines the market, customers, mod-
ern trends and creates a new brand style based on competitors andpreferences of a
consumer. In this way, we get high-quality and balanced marketing promotion by
utilizing the attraction by general product visuals.The user interface is the graphical
structure of an application. It consists of basic structural elements (buttons, texts,
images, text input fields, etc.) with which the user interacts and it also includes
screen layout, transitions, interface animation, and every micro-interaction. The
main goal is to achieve an optimal solution for memorizing the type of web product
and to prolong the time of its use. This work is for user interface designers (UI-
designers). They are related to aesthetics and must make ensure that the application
interface is attractive, visually stimulating the user, and corresponds to the main
topic, which in turn should be consistent with the goals and objectives of the appli-
cation. To summarize, Ul-designers create the appearance of the application inter-
face and are responsible for the product’s allure.

Main features of UI-design:

— applies only to digital products;

focuses on the elements with which the user directly interacts;

— creates an ideal combination of fonts, color palettes, shapes, and anima-
tions;

— the result is a product that satisfies the user’s aesthetic preferences.

UX stands for User Experience. User experience is defined by how users interact
with the application, how effectively user interplay is organized with the user inter-
face elements created by Ul-designers.

Such a discipline as UX-design encompasses a variety of related sciences. It

contains elements of psychology, business skills, analytical skills, understanding of
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how contemporary services, applications and technologies work. These types of pro-
fessionals are expected to provide a range of skills to create an ideal experience for
potential users.

UX-designers are responsible for determining how the user interface works,
plans interface work.They define the interface structure, functionality, organization
and communication of all parts of the application.

Main features of UX-design:

— isused in digital and analog products;

— focused on the client’s user experience — from acquaintance with the prod-
uct to the last interaction with it;

— creates the structure of the future application reducing all possible difficul-
ties encountered by the program users;

— the result is a product that helps people solve their problems.

Each direction of UX/UI design is essential because if the product is only con-
venient to use but completely visually unbearable, the client will choose a competi-
tor with a less convenient interface but a more acceptable to the eye. In the opposite
direction, it works the same way.

All aspects of the visual product saturation design have to be projected before-
hand. After the process of creating the product’s functionality and its tools has be-
gun, you can start making layouts of the concept and visual content of your web
product.

First of all, it is necessary to start with UX-design and create a prototypelayout
of the location of the main elements of interaction with the user, and then to begin
to study the palette, combinations and small details to make the own brand style.

It is worthwhile to define the visual elements of your brand in advance. It is
worth more time on Ul-design. It is necessary to choose fonts, colors, repeating ele-
ments design, icons and the highlight of the style. For this purpose, the most popu-
lar competitors and their styles are carefully studied. An in-breadth analysis is per-
formed on the selected solutions in order to create something similar, familiar but
unique. This will make it easier for the client to move from the competitor to your
solution.

The production of the user interface can be roughly divided into phases [3]:

1. Formation and development of user scripts (drawing diagrams, tables);

2. Creation of the conditional framework of the future layout (preliminary
sketches of an interface are created without specification, filling of details and styl-
ing);
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3. Devising design layouts of the project as close as possible to the final prod-
uct (creation of a real static layout);

4. Animation development in the layouts;

5. Implementation of user interaction.

Currently, there are many web design applications: Balsamiq Mockups, Web-
flow, Photoshop, Axure RP, Justmind, Figma, Adobe Experience Design, InVision
Studio, Sketch [7-12]. The presented applications are as multipurpose as possible
and permit the creation of mock-ups and prototypes of interfaces flexibly and accu-
rately. Mock-ups are images that are used to show a customer the design of a corpo-
rate style in real-world objects. Usually, they are ready-made files in PSD format
with layers allowing a designer to superimpose design elements on the photo of an
object.

However, the most popular among them are the following applications: Adobe
Experience Design, Sketch, Figma.The comparative analysis of the above-mentioned
products will be carried out according to the criteria which, in our opinion, are the
most significant for product selection: system requirements, costs of use, interface,
possibilities of project editing and joint work, performance, features of prototyping
and moisture design, plugins and integration, speed of development. Consider each
of these criteria in more detail.

System requirements (operating system). Figma and Adobe XD are support-
ed both on PCs with different operating systems and on mobile devices. Sketch is on-
ly supported on Macintosh systems.

Cost of use. Paid subscription for 1 user Adobe XD - $9.99 (if you do not have
a Creative Cloud membership), Figma - $12, Sketch - $99(one-time payment, one
free update per year, if you want to use new features - $79 per year). At the same
time, free version of Adobe XD and Figma(as opposed to Sketch) have a wide range
of functionality and capability to create full-fledged models and prototypes.

Interface. Interfaces of the software are largely very similar, as Figma and
Adobe XD interfaces are based on Sketch.

Project editing. The performance of a designer’s work is directly dependent on
the choice of a tool with a well-thought-out editor because the main time expendi-
tures are directed precisely at project management. In Sketch, there is a Smart layout
feature that allows to automatically resize a layer when the length/size of the con-
tent changes (for example, the window size automatically adjusts to the text size).
Figma offers a similar Sketch feature set in this area and additionally provides auto-
matic features to reordering content with drag-and-drop. Adobe XD has a Content-
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Aware layout attribute that helps to fill layers when content size changes and it is a
unique feature compared to layer functions in other tools. Adobe XD offers an in-
dentation function that provides filling content when editing. The possibility to au-
tomaticallyadjustthe vertical position of the layers as the content height changescan
be a significant time-saver. Figma has small advantages in this area.

Collaboration and teamwork. All three applications allow one team to work
on a project and provide ways to share files. In the context of this article, we will fo-
cus on the collaborative functions that exist in the default programs without in-
stalling additional plugins.

In Sketch, files are stored on the cloud. In Sketch, the project must be separate-
ly loaded into the Sketch Cloud service from where it will already be available to oth-
er users. It is also possible to write versions. Historically, Sketch has been combined
with other instruments such as Invision or Zeplin for collaborative functions such as
joint design using and sharing. Sketch is developing to provide better versions of
these features but is still behind its competitors in 2021.

Figma was originally created as a real-time collaborative web application that
allows multiple users to view/edit the same file simultaneously. The real-time ed-
it/preview function is convenient in the sense that anyone viewing a project will al-
ways see the history of recent changes. In addition to quick collaboration, Figma also
has a version management system, a design and testing system that works alongside
other tools.

Adobe XD launched its own collaborative editing feature as early as November
2019 with attributes such as multiplayer editing and file version control. Besides, XD
has the same collection of exchange functions as other tools. Figma and Adobe XD
automatically generate a project link to share with the team.

Performance. The use of an impressive number of artboards/frames, external
plugins and graphics resources in the file can significantly affect the productivity
and efficiency of the presented tools. An analysis of the use of Sketch and Adobe XD
showed a low level of interaction with a file containing more than a few dozen edit-
ing areas on a single canvas as well as performance problems when using third-party
plugins. The main set of productivity problems of Abode XD was fixed by regular up-
dates. The performance of Figma is less dependent on hardware because it is a
browser tool (there is a desktop version, which is most likely a web application shell)
and in most cases gives high productivity while using.

Features of prototyping and motion graphics. Figma and Sketch were origi-
nally conceived as static design-layout applications, while Adobe XD had the ability
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to bind screens together to make low-precision prototypes. Figma and Sketch also
added prototyping in 2017 and 2018, respectively. Sketch supports screen links to
create an interactive prototype using hotspots. The prototype can be previewed lo-
cally or shared with others via Sketch Cloud. The presence of the functions “fixed
position during scrolling” and “keeping the scroll position after clicking” allow to
make more complex prototypes with click-through, and put Sketch on the same level
with Invision.

Figma has almost the same set of prototyping aspects as Sketch. The main dif-
ference is in the transition effects that provide the Smart Animate function (auto-
matic animation of the state of two frames) and permitmore composite prototypes
and transitions between frames.

Adobe XD has a more powerful collection of prototyping and motion design
tools than Sketch and Figma. The availability of Auto-animate tool and voice proto-
types make it possible to realistically reflect the animated experience of the future
user. The use of Auto-animate in combination with user gestures provides interac-
tion between artboards, opening up excellent attributes of prototypes such as pro-
gress indicators, carousel animations, lists and cards.

Plugins and integration. All three tools come with their plugin ecosystems.
However, thanks to the huge plug-in library that is constantly replenished Sketch
has no equal, and the software supports integration with various third-party applica-
tions and services, including other software for creating interfaces, such as Invision.
Adobe XD launched its plug-in ecosystem in 2018. It may not yet be on the same lev-
el as Sketch but due to a good marketing strategy, the company quickly attracted de-
velopers to run and fill its plug-in ecosystem. So the dynamics of development look
promising. Plug-ins in Figma have been supported since August 2019, and their
amount is lower than its competitors but existing plugins have the potential to use
and are effective in integrating with various services.

Rate of development. Al three applications have a high rate of updating (on
average 1 major update per month) so it is difficult to identify a leader. Based on the
analysis, it can be concluded that all three of the software considered effectively
meet the challenge of forming a high-quality user interface design. Adobe XD is the
best at motion graphics and actively developing its plug-in system but unfortunately
in other basic functions is inferior to its opponents. Sketch is an excellent native ap-
plication with the ability to create more composite prototypes (such as voice-input
triggers) but it can be a problem for many users to support only software on iOS.

From the point of view of prototype development, Figma is a superior platform for
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several reasons: it is constantly updated and developed, has accessible functionality
even without subscription purchase, is supported on most platforms, having an ef-
fective interface to work in a team. However, it is necessary to take into account the
fact that without a stable connection to the network, Figma service cannot be used.

As an example, consider the prototype developed in Figma (Fig.1), which was
implemented using a wide variety of basic instruments. Due to simplicity and in-
formativeness in use, a low threshold of entry, even a basic collection of tools will be
enough for the user to make a full layout of the site page in a few hours.

contact us

you are
DIFFERENT

Figure 1 — Example of the design layout in Figma

Conclusions. The modern market of visual development environments of the
graphical user is saturated with various applications that are complex and give an
opportunity to produce mock-ups and interface prototypes flexibly and accurately.
Despite this, there is an issue withsoftware selection. It is the choice of a suitable
visual development environment that permits devising of the most accurate, realis-
tic interface prototype, allows to properly build joint work between a developer and a
designer, diminishes the time and labor costs, and also raises the productivity of the
work in a project. In this work, a comparative analysis of the three most popular
tools (Adobe Experience Design, Sketch, Figma) was carried out and there were their
pros and cons.
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0O.V. Kravets, R.I. Peka
APPLICATION OF ANSYS
TO SOLVE THE PROBLEM OF INDUSTRIAL HEAT ENGINEERING

Abstract. With ANSYS actual problem of industrial heat engineering are solved: the combined
problem of hydrodynamics and heat exchange in the flow around the NACA 23012 profile by in
compressible subsonic turbulent flow when heating / cooling its surface.

Key words: software package, thermal calculation, temperature, non isothermal flow around the

profile.

Introduction. To determine the temperature and heat flux fields in the practi-
cally necessary problems of industrial heat engineering, a differential energy equa-
tion is solved, to which unambiguous conditions are added. If the studied process is
simple, that is can be described by a linear equation, then the problem is solved by
analytical methods. But in most practically necessary cases the studied processes are
nonlinear, and it is necessary to apply numerical methods. The task is increasingly
complicated if the studied processes involve the combined action of several factors,
such as non-isothermal motion of a liquid or gas. In this case, a system of nonlinear
differential equations of motion has to be added to the energy equation, which is
very difficult to solve. The use of automated software package, such as ANSYS, can
greatly facilitate such tasks by reducing time and costs.

Analysis of recent research and publications. Application of the ANSYS to
solve the two-dimensional problem of inverse thermal conductivity presented
in [10]. The authors emphasize that heat flow measurement is important in a num-
ber of industrial applications. Direct measurement heat flow is not an easy task, and
sometimes even impossible; at the same time temperature measurement is much
simpler and more viable in different areas of application. Estimation of heat flux us-
ing temperature measurement data requires solving the problems of reverse thermal
conductivity with several unknown. The proposed solution is based on minimizing
the sum of squares of errors between the calculated temperatures and the measured
values relative to unknown heat fluxes in combination with Tikhonov regularization
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to overcome the incorrectness of the problem and achieve a stable calculation, is
used to demonstration of the efficiency of the algorithm used in comparison with
two numerical experiments developed using ANSYS.

The authors of [6-7] use the hydrodynamic module FLUENT of the ANSYS to
solve a complex connected problem of hydrodynamics and heat exchange using al-
ternative solar energy. In [7] a numerical study of the solar system of chimneys is
presented — a new method of production electricity. In this case, solar radiation is
used to increase the temperature and buoyancy of the air flowing through the sys-
tem, in order to accelerating the speed of its flow. By converting thermal energy into
kinetic energy of air movement, solar chimneys have a number of different applica-
tions, such as ventilation, passive solar heating and cooling of buildings, drying of
solar energy and electricity production; they are often used as a system conversion
of energy from solar to mechanical by means of the turbine established on a way of
an air current which converts kinetic energy of an air stream into electricity. Numer-
ical analysis is performed on a three-dimensional model of air flow, and control
equations are given using the "k-epsilon" model turbulence. To verify the results ob-
tained in [6], the problem of a solar chimney-pipe using the k-s model of turbulence
in two-dimensional wording. The distribution of solar tube wall temperature pro-
files, velocity and air temperature fields is given.

The study [8] is devoted to determining the parameters of fluid flow taking into
account heat transfer in a spiral microchannel, the design of which using numerical
functions were obtained using Computational Fluid Dynamics (CFD) software
ANSYS 14. Also for analysis and verification Minitab 17 software was also used, the
comparison with the results of the calculation of which showed a good match for the
values minimum pressure drop and intrinsic resistance of the spiral microchannel.

The problem of contamination of heat exchangers during heat utilization of in-
dustrial waste is considered in [13]: a numerical study of deposition processes and
removal of ash in tubular beam heat exchangers for heat recovery of industrial waste
using a comprehensive model of pollution, integrated with CFD structure and dy-
namic calculation grid in ANSYS FLUENT.

A comparison of analytical, experimental and numerical studies of different
thermal systems in the field of mechanical engineering is given in [12]. Processes are
investigated heat transfer, convection and radiative heat transfer in one-, two- and
three-dimensional stationary and non-stationary systems by comparing analytical
and experimental solutions with numerical ones using parametric analysis of finite
elements of the ANSYS package.
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In [5] a comparison of the results of numerical and experimental methods on
the problem of local induction heating for steels hot stamping is carried out. Elec-
tromagnetic-temperature communication simulations were performed using ANSYS
software. Simulation results were tested during experiments and showed a satisfac-
tory match.

Thus, a review of recent studies shows that the use of automated software al-
lows much more detail and it is less expensive to study the field of the required val-
ues for the process under consideration.

The purpose of the study: to verify and prove the feasibility of using software
package ANSYS to solve practically necessary problem industrial heat engineering by
comparing the obtained numerical results with the known data of other authors and
by other methods.

Presentation of the main material of the study. At the first stage of research
the procedure of verification of the ANSYS software package (FLUENT module),
when solving the problem of finding the optimal mode of heating / cooling of the
surfaces of the profile NACA-23012 on criteria of minimum aerodynamic drag and
maximum lift when flowing it subsonic incompressible turbulent flow using a test
problem of the same class on free convection in square cover was carried out.

The second stage of research is devoted to the verification of the ELCUT soft-
ware package in solving the problem of determining the thermal field of induction
heater with two-layer inwall for four pairs of inwall materials.

Application of the ANSYS to solve the problem of optimizing the heating
of the surface of the NACA-23012 profile during around its subsonic incom-

pressible turbulent flow.

In Fig. 1 the results of testing the algorithm on the known problem of free con-
vection in a square cavity are given. The first column (Fig. 1, a, c, e) contains iso-
therms according to the obtained calculated values of the ANSYS, the second column
(Fig. 1, b, d, f) — the results of [1]. Verification was carried out according to three val-
ues of the Grashof number: Gr = 10% (Fig. 1, a, b), Gr =10* (Fig. 1, c, d), Gr = 10°
(Fig. 1, e, f).

Based on the satisfactory results of verification of the applied ANSYS algo-
rithm, the problem of flow around aerodynamic profile NACA-23012 viscous incom-
pressible fluid for Reynolds numbers belonging to the range from 10* to 107 for two
formulations: in isothermal setting, as well as in the presence of heating / cooling of
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the profile surface is considered. The initial system of equations and boundary con-
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ditions of the problem of profile flow cited in [11].

!

e f
Figure 1- Verification of the ANSYS algorithm on the problem of free convection in

a square cavity: a,b - Gr=10%c,d - Gr=10%¢e,f - Gr=10°

To verify the applied algorithm, the value of the lift coefficient in the isothermal
formulation [11] was compared with the corresponding the results of [9] at Re = 4.4-10°.
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The difference did not exceed 3.6%, which allows us to say about the adequacy of the
algorithm used, in particular, and ANSYS, in general.

The influence on the lift and drag of the profile from the temperature differ-
ence of the upper and lower surfaces: it values were chosen equal to 30, 60 and 100
degrees.

Thus, the optimal aerodynamic characteristics (minimum drag and maximum
lift) when flowing around the profile NACA-23012 viscous incompressible subsonic
turbulent flow are realized by heating the lower surface of the profile and cooling the
upper surface at maximum from the investigated temperature difference AT = 100 K;
these results completely coincide with the theoretical conclusions of [4]. Flow pat-
tern and pressure distribution over the surface of the profile in this case is illustrated
in Fig. 2-3 and Fig. 4-5 respectively.

Figure 2 Velocity field for the profile flow problem with heating at AT = 100 K

e 0.1 (m)

Figure 3. Vector speed diagram for the profile flow problem
with heating at AT = 100 K
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Figure 4. The pressure field for the profile flow problem
with heating at AT = 100 K

[} 0.5 (m)

Figure 5 - Isobars for the profile flow problem with heating at AT = 100 K

The presented results were tested at the XXI, XXII International Conferences
"Man and Space" [2-3].

Conclusions. In the course of performance of the set task the following types
of works were carried out and conclusions were received:

1) the algorithm for calculating the fields of velocities and temperatures in the
combined problem of hydrodynamics and heat transfer during flow non-isothermal
viscous incompressible turbulent flow profile NACA-23012 taking into account the
heating / cooling of its surfaces was created;

2) testing of the created algorithm is carried out:

- on the problem of free convection in a square cavity for three values of the
Grashof number Gr = 103, 10%, 10° in order to compare with the results of [1];
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— on the isothermal problem of flow around the profile NACA-23012 in order to
compare with the results of [9];

- on the non-isothermal problem of flow around the profile NACA-23012 in
order to compare with the theoretical conclusions of [4];

3) the velocity and temperature fields in the combined problem of hydrody-
namics and heat transfer during the flow of non-isothermal incompressible viscous
turbulent flow profile NACA-23012 in order to find the optimal mode of heating /
cooling of its surfaces according to the criteria of minimum aerodynamic drag and
maximum lift using the ANSYS Workbench software package are calculated;

4) built:

— for the problem of free convection in the cavity — isotherms at Gr = 103, 104
105,

— for the problem of profile flow - velocity, pressure and temperature fields,
vector velocity diagrams, as well as pictures of isochors, isobars and isotherms at
Re =10*+ 107, AT = 30, 60, 100°C;

As a result of the conducted researches the maximum difference between the
numerical solutions received at use of ANSYS software complex, and similar data of
other works, did not exceed 3.6%. Thus, the expediency of using ANSYS to solve ac-
tually and practically necessary problem of industrial heat engineering.
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3acmocysaHHa npo2pamHo20 Komnaekcy ANSYS
00 po38’A3aHHA 3a0a4i NPoMUCI0807 mennomexHiKu

Po32na0aembcs po38°a30K 3a0a41 NPOMUC/IOBOT mensiomexHiKu 3a 00NOMO200 NPO2PAMHO
20 komnnekcy ANSYS. CnonyyeHa 3a0aya 2i0poOuHamiku ma mensoobmiHy — npo 0o3syKose my
pbyneHmHe obmikaHHa npogino NACA 23012 Hecmucnusoto B’3K0t0 piOUHOK — po38’A3aHa 3a
donomozorw nakemy ANSYS Workbench. [Jna 3a0ayi nposedeHa sepucbikayis ompumaHux pe
3y/IbMamis WASXOM NOPIBHAHHA iX 3 BI0OMUMU OQHUMU GHAN02TYHUX 3a40aY THUWUX asmopis abo
3a THWUMU MemoouKamu.

Ileka Pycian IBaHoBMY — MmaricTp, kadeapa aeporigpoMexaHiku Ta eHepromaco-
riepeHocy, [JHiMpoBCbKNIA HalliOHAJIbHUIT YHiBepcuTeT iMeHi Osecs 'oHuapa.

Kpasenp OsieHa BosmogumupiBHa — kaH[. ¢i3.-maT. HayK, JOLIEHT, IOLeHT Kade-
pU aeporiipoMexaHiky Ta eHepromacoriepeHocy, JIHITTpOBCbKMIT Hal[iOHAJIbHUI YHi-

BepcuteT imeHi Onecst [oHuapa.
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I.A. Masyp, M.O. lllep6inin
JOCHIII)KEHHSI IVUHAMIYHUX ITPOLIECIB
YV T'TAPOCUCTEMI 3ATUCKAHHSA HITABU CETMEHTHOTI'O PO3MOTYBAYA
ATPET'ATY YKPVYIIHEHHS PYJIOHIB TE3A 20-114

AHomauyis. Poboma npucssayeHa 00CaiOxeHHI0 OUHAMIYHUX NPOYeCis, o BUHUKAOMb y 210pocu
cmemMi MexaHi3my nepemiujeHHs ma 3amUCKAHHA Wwmabu y ceecMeHmMHOMy po3Momysadi azpe2a
my yKkpynHeHHs pynoHig (AYP) TE3A 20 114. [locsio ekcnayamayii ceemeHmHoe0 po3mMomysaya
AYP po3momysaya noka3as, w0 00HUM 3 (1020 HeAONiKIB € He3a008IIbHA poboma 2idpocucmemu
3amUCKaHHA wmabu, y AKill cnocmepizatomescs Ni0BULYEeHHT OUHAMIYHT HABAHMAXeEHHS. 3anpo
NOHOBAHO Mamemamuy4Hy mMooesb O0CHIOKeHHA OUHAMIYHUX npoyecis y 2idpocucmemi 3amuc
KaHHA Wmabu y cecMeHmMHOMyY po3MomyBsayi 3 ypaxys8aHHAM X8USbOBUX Baacmugocmel 0o82ux
eidpomacicmpaned. B xo0i peanizauyii mamemamuyHoi modeni y npoz2pamHomy cepedosulyi
Simulink MATLAB BUKOHAGHO OOCNIOXeHHs pexumis pobomu 2idpocucmemu MexaHi3my 3amuc
KaHHA wmabu. byno scmaHoseHo, wjo Ha Npu KiHYi po6o4y020 ma 380pOMH020 X008 MeXAHI3My
3GMUCKAHHSA PYJIOHY Y KIHUEBUX NOJIOKEHHAX BUHUKAomb y 2idpocucmemi OUHAMIYHT HABAHMA
JKeHHs AKi 0CA2aomb MaKCUMAaabHO donycmumux 3Ha4deHb. OKpiM moeo BCMAHOBJIEHO, WO Y ne
pi00 p0o320HY NOPUWIHSA 210pOYUNTHOPY npu pobo4oMy ma 380pOMHOMY X00i, X04a 1 He BUHUKAOMb
Hebe3neyHi HABAHMAXeHHS, 00HAK CNOCMepi2armbCs CMPIMKI KOUBAHHSA MUCKY Y NOPOXHUHAX
2idpoyuniHopy. Y pesynbmami 00CniOKeHHA nepexioHux npoyecis y 2idpocucmemi po3momysaya
3 Pi3HUM 4ACOM CnpayboBYBAHHS 210pOPO3N00iNbHUKA Y10 peKOMeHO0BAHO (020 payioHaNbHUL
Yac cnpayboBYBAHHA AK NpU BIOKpUMMI , Max i 3akpummi.

Kntoyosi cnosa: poamomysay cezmeHmHul, 2i0pocucmema, muck, 3ycuans, 2iopopo3noodiibHUK,
4ac cnpayboBYBAHHSA, HABAHMAXEHHA OUHAMIYHI, NPpoyecu nepexioHi.

ITocraHoBKa mpoo6emMu. 30iIbIIIEHHSI BUPOOHMIITBA 3BApPHUX TPYO B OCTaHHI
POKM 0OYMOBJIEHO TE€XHiKO-eKOHOMIUYHMMM IepeBaraMmu 1iboro MeToay. 3BapHi Tpy-
61 BUTOTOBJISIIOTh Ha 6€3yNMMHHMX arperarax, 1o MpaioTh 32 HeCKiHUeHHOO cXe-
Mo (popMyBaHHS i 3BapioBaHHS. 3aCTOCYBaHHSI TaKMX arperaTiB 3a0e31euye HU3bKY
cobiBapTicTh TPyO, MO3BOJISIE IIOEAHYBATH B OIHil Ge3mepepBHiit TEXHOJIOTIUHI JTi-
Hii, IK BUTOTOBJIEHHSI caMoOi Tpy6u, Tak i ii peayKyBaHHS, KaJiOpyBaHHS, HAHECEHHS

3aXMCHMX ITOKPUTH i Tax Jaji.

© Masyp LA., lllep6inia M.O., 2022
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Oco6mmBe 3HaUeHHST HAOYJIO YIOCKOHAJIEHHST YCTaTKyBaHHS TPyOOe/IeKTpO3Ba-
proBanbHoro arperaty (TE3A) 20-114 3 MeTO10 NigBUIEHHS OOUHUYHOI TPOLYKTUB-
HOCTi, 3HVDKEHHS BUTPAT Ha JOMOMIXKHI orepailii 1o IiJroToBIi IITaboBOi 3aroTiBiIi
o ¢hopMyBaHHSI TPyOM 3a paxXyHOK pallioHaJbHOI KOHCTPYKIIii MeXaHi3MiB i migBu-
I[eHHST HaJiifHOCTi iX By3:iB. [Ipyu 1ibOMy BeJiMKa yBara MpUIISETbCS AOCTiIP)KEHHIO
MIUTaHb, SIKi CIIPSIMOBAHI Ha TOJINIIeHHS AMHAMIUHMX XapaKTePUCTUK TigpaBIiyHUX
CUCTeM arperaTy Ta 3HV>KeHHSI HAaBaHTa>KeHb B HeCTaIMX peskMmMax poOOTH.

VY TexHOJIOTiuHii JiHii 3 BUMpoOHMUIITBA TPyO mMasoro miamerpa IIpAT «IHTep-
nain-HMT3» BcTaHOBJIEHI HACTYMNHiI arperaTtu: arperar II03[0BXXHbOTO pi3aHHS
(AIIP), arperat ykpyrnHeHHs pysioHiB (AYP) ta yotupu TE3A, 3 Hux Tpu ctanu TE3A
20-76 1 oguH ctaH TE3A 20-114.

AYP BuKkoHye€ oriepallii 3 YKpyIIHEeHHS IOpi3aHMX I10JIOC HIJISIXOM CTUKOBKMU,
3BapIOBAaHHS i HAIIOBHEHHSI HAKOIIMYYBaYiB HEOOXiJHOIO KiJIbKiCTIO MOJIOCK IJ1s1 O6e3-
nepepBHOi pobotu B moTtorli TE3A, poboTa SIKOro CyTTEBO BIUIMBAE HA POOOTY BCiX
yotupbox TE3A B 11iomy.

B AVYP 3acTOCOBYETbCS CEIMEHTHMII pO3MOTYBau MITaby 3 KOHCOJbHMM bOapa-
6aHOM i 1OJATKOBOIO OIIOPOI0, AOCBiM eKCIUTyaTallii IKOro rnokasas, 1[0 OAHUM 3 OC-
HOBHMX 110TO HEJIOJIiKiB € He3a0Bi/IbHA POOOTA TigpoCuCcTeMM 3aTUCKAHHS MTabu. Y
rizpocucTeMi 3aTMCKAHHS IITA0M CIIOCTEPIiraloThCs IiABUINEHHI AMHAMIUHI HaBaH-
TaKeHHSI, SIKi MPU3BOAATh OO BUXOAY 3 JIaAy BY3JiB Ta eJeMeHTIB TipOCUCTEMMN.
KoMItoHOBKa rizpocucTeMy 3aTMCKaHHS MITabu (puc. 1) BUKOHAHA 3 KOHCTPYKTUB-
HMX Ta TEXHOJIOTiUHMX MipKyBaHb, 0€3 ypaxXyBaHHS BIUIMBY JIOBXWH TPYOOIIPOBO/IiB
Ha XapaKTep AMHAMiUHMX MpoILieciB y rimpocuctemi. Kpim 1poro, y rigpocucremi 3a-
CTOCOBYIOTBHCSI 30JI0OTHMKOBI TiIpOpO3NOAiTbHUKM 3 €JIeKTPOTiapaBliuHUM KepyBaH-
HSIM, Yac COpalbOBYBAaHHS KOTPUX MTPAKTUUHO He MifJIsira€ peryjroBaHHIO.

AHasti3 ocTaHHIX gocaimKkeHb i myomikami. /11 OLiHKY SIKOCTi po60oTH Tif-
pOCUCTEMM CerMeHTHOTo po3moTyBaua 1mrtabu AYP TE3A 20-114 B mpolieci nmpoexk-
TYBaHHS ITOBMHHA OyTM 3a6e31eueHa MOK/IMBICTb BM3HAUEHHS BIUIMBY KOMIIOHYBA-
JbHUX pillleHb i KOHCTPYKTMBHMX MapaMeTpiB TiipoesieMeHTiB, MIBUAKOXiAHiCTb,
HailHicTh i gKicTh poboTu. Hagani mpu ekcruryarailii i MogepHisailii cerMeHTHOTO
po3MoTyBaua AYP TakoX BUHMKAE HEOOXiAHICTb TPOBECTH LN PSIJl YTOUHIOIOUMX
pO3paxyHKiB.

lapocucrema cerMmeHTHOTO po3MoTyBadya AYP MicTUTh AOBTiI Marictpast, TO
TIpM aHaUTi3i MepexiTHMX IPOIleciB HEOOXiTHO BPaxOBYBAaTU XBMJIbOBI sBuina. Kpu-
TepieM JJIs1 HEOOXiHOCTi 00JIiKy PO3MOAiIeHUX TTapaMeTpiB € CITiBBiTHOIIEHHS Mixk
XapaKTepHMUM YacoM 36ypeHHSs i yacoM mpo6iry akyCTUUHOI XBWIEIO JOBXUHM Ma-
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rictpauti [1]. SIKmo 11i XapaKTepHi yacyu CyMipHi, TO XBWIbOBI sIBMIIIa HEOOXiTHO Bpa-
XOBYBaTH.

B po6orax [1-3] 3anmponioHOBaHi MiAXoAu 040 BpaxXyBaHHS BIUIMBY XBUJIbOBUX
MIPOLIECiB MiJ, Yac MOe/JIBaHHS TigAponpuBoaiB. TeopeTuuHi Ta eKcriepMMeHTalbHi
IOCTiIKeHHsI OAMHAaMiuYHMX MpPOILeCiB B TiApoCUCcTeMax 3 ypaxXyBaHHSM XBUJIbOBUX

Mpol1ieciB B Tpy60IIpoBOAaxX po3risHYTO B poboTax [4-9].

1 — pyxoMa KapeTka; 2 — HepyXxoMa KapeTKa; 3 — TiApOLUWIiHAp nepeMillleHHS Kape-
TKM Ta 3aTUCKAHHS PYJIOHY; 4 — TiApOIMIiHAPY IIeHTPYBaHHS PYJIOHY,
5, 6 — TiIZPOPO3MOAIIBHUKM; 7 — HACOCHA CTAHIIis
PucyHok 1 - IIpuHIIMITOBA cXeMa TiApaBaiuHOI CUCTEMU

CEerMeHTHOro po3MoTyBaua pynoHiB AYP TE3A 20-114

Ha migcraBi aHasnisy mMaTeMaTUUYHMUX MOJeseil, 3aCTOCOBYBAaHMX B IPAKTUIL
IMHAMIYHUX PO3PaXyHKiB peasibHUX TifpocucTtem [1-8], MOXHaA 3pOOUTH BUCHOBOK,
10 B SIKOCTi MaTeMaTUYHOI MOJiei, sika BpaX0OBYe OCOOIMBOCTI KOHCTPYKILii i pobo-
TU TiIPOCUCTEMM 3aTUCKAHHS IITaby cermeHTHOro posmoryBaua AYP TE3A 20-114,

IIOLIJIbHO BUKOPUCTOBYBATHU CUCTeMY OudepeHIiaJbHMUX PiBHSIHb B MPUBATHUX I1O-
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XiTHUX 3 HeJIIHIMHMMM i HecTallioHapHUMM KoedillieHTaMM, IIepeTBOPEHUMM KiHIle-
BO-Pi3HUIIEBMM METOAOM B CUCTEMY 3BMUAHMUX AudepeHliaTbHUX PiBHSIHb 3 rpa-
HUYHMMM YMOBAMM, OIIMCAHUMM are6paiyHuMy piBHIHHSMMU. Lle mae MOKIMBICTD
CTBOpEeHHs 06a30BOi AMHAMIUYHOI MOJesi, sIka J03BOJISIE 3 BMCOKOIO AOCTOBipHICTIO
aHa/Ii3yBaTM IOBEAIiHKY TiIpOCUCTEMM MeXaHi3My 3aTUCKaHHS MITaby y CEerMEHTHO-
My PO3MOTYyBaui PYJIOHIB, SIKa MiAJA€TbCS BIUIMBY Pi3HOTO XapakTepy B IIMPOKOMY
Jiara3oHi peskuMHMUX napaMeTpiB. EdhekTMBHMM 3aco000M pO3B’sI3aHHS TaKoi 3amadi
€ BUKOPUCTaHHS MporpaMHoro cepemopuina Simulink MATLAB.

Merta pociigykeHHs. Ha cbOrofHilliHii yac, akTyaJIbHOIO 3aJiauelo IMpyu Mpoek-
TYBaHHI Ta AOC/iIKEHHI TiAPONPUBOAY 3 JOBIMMM HAMipHUMMU TiAPOMAaricTpaisiMmmu
3aJIMIIAETHCS MIBUAKE i BcebiuHe BUSIBIEHHS BIUIMBY CTPYKTYpU MPUBOIY, JOTO Ma-
paMeTpiB i mapaMeTpiB HaBAaHTAa)KEHHSI HAa XapaKTEePUCTUKU TepexiIHMX IPOIIECiB.
Tomy, MeTOI0 PoOOTU € MOCTiMKEHHS AMHAMIUHMUX ITPOIIECiB B iCHYIOUiil Tigpocuc-
TeMi MexXaHi3My 3aTUCKaHHS MITabu y cerMeHTHOMY po3moTyBaui AYP TE3A 20-114
Ta po3po6Ka 3aXO/IiB IO iX 3HMKEHHIO. Y BiAITOBIIHOCTI 3 MOCTaBIEHOI0 METOI BU-
pillleHi HaCTYITHI 3aBIAHHS: po3po0bieHa MaTeMaTUYHa MOJIe/b JOC/IiIKeHHS AMHa-
MiUHMX MPOILIECiB Y TiipoCcHCcTeMi MexaHi3My 3aTUCKAaHHS; BUKOHAHI TeOpeTUYHi J10-
CJTiIKeHHS peXXMMiB POOOTHM TiIpOCUCTEMM Y TIEPiOIM PO3TOHY Ta raJbMyBaHHS; pe-
KOMeH/I0BaHi pallioHabHi peskuMM poOOTH TiIPOCUCTEMMN.

BuknageHHsI OCHOBHOTO mMaTepiaiy. Po3rissHeMo po3paxyHKOBY CXeMYy Tif-
pOCUCTEMM MeXaHi3My 3aTMCKaHHS IITabM y cerMeHTHOMY po3moTtyBaui AYP TE3A
20-114 3 HaCOCHMM IIPMBOOM, KOTpa HaBedeHa Ha puc. 2. YBech IIMKJI poOOTH Tif-
pPOCUCTEMM 3aTUCKAHHS PYJOHY y CeTMEHTHOMY po3MoTyBadi AVP ckiamaetnbcs 3
IBOX ha3: pobOYOro Xomy Ta 3BOPOTHOTO X0y, MIJIST KOKHOTO 3 SKMX XapaKTepHa

CBOSI CTPYKTYpa TiipoMexaHiuHOi CUCTeMM.
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PucyHOK 2 — Po3paxyHKOBa cXeMa TiipOCHMCTeMM MeXaHi3My 3aTHMCKaHHS IITabu
cermeHTHOro posmorysaua AVP TE3A 20-114

[Tpu ckIagaHHi MaTeMaTUYHOTO OIMMCY IPOIIECiB, SIKi MTPOTUKAKOTh Y Tiipocuc-

TeMi MexaHi3My 3aTMCKaHHS 1ITabu, 32 OCHOBY OYyJI0 B3ITO METOAUYHY 6asy cTBOpe-
Hy C.M.Ko>keBHiIKOBMM Yy po6OTi [4], Ta Y TofaibIlioMy po3BUHeHY y poborTi [10]. [Tpu
CTBOpEHi MaTeMaTMYHOTO OIMCY IIPOIIEeCiB, SKi MPOTUKAIOTh Y TifpocucTeMi Oyin
TIPUIAHSTI HACTYITHI TIPUITYILEeHHS :

— TUCK pOOOYOi PiITHY CTBOPEHMIT HACOCOM ITOCTiAHMIA;

— BTpaTU PiAMHU Yy TiApOCUCTEMI BiJICYTHI;

— HaBeAeHMI1 MOAYJib MPYKHOCTI rilpomaricTpasneil He 3aJIeXXUTb BiJl TUCKY

Ta TeMIeparypyu pobouoi piguHu.
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MaTtemaTuyHa MoZeJib JOBroi rigpomaricTpaii SIK CMCTeMM 3 pO3IOieHUMU

rapaMeTpamu, IJisl HeCTAJIOTO PyXy pPeaibHOl TPYKHO1 PiIMHU, OTIMCYETHCS PiBHSIH-

a_P:_p.(@+L.M.VJ;

HAMMU [3]:

OxX ot 2.d

0 ov M
PB__

ot 15),4

Ile P —TUCK PiAVHY Y TigpomaricTpani; V —IBUAKICTb PiAMHM y TigzpoMaricTpanti; A,
d —-koediuieHT rifpaBaiyHOro OMOPY Ta AiamMeTp Tigpomarictpani; X, t —BiAMmoBigHO
KOOpAMHATa MepeTUHy TriApomaricTpasi Ta yac; p—IiiIbHiCTh pobouoi piguHu; C—
IIBUKICTh PO3IMOBCIOJI)KEHHS TIPYKHOI XBWJII Y TiipoMaricTpasii Ta BU3HAYAETHCS 3

BUPAKEHHS:

c=E/p.

Tyt E -ycepenHenuii Mmomyab 06’€MHOI TIPYKHOCTi pigvHM y rigpomarictpaiti
BU3HAUAETHCS 3 BUpakeHHs [11]:

d -1
E= i+

E, &E,

TyT Ep , E; —Monynb npy>xHoCTi pinyHu Ta Martepiany Tpy6onposoay; d Ta & -

IiaMeTp Ta TOBIIMHA CTiHKM TPYOOITPOBOY.

st pitmeHHs cucteMmu (1) B MaTeMaTU4Hil MOJiesli BUKOPUCTOBYEThCS KiHIle-
BO-Pi3HUIIEBUIT METO/I IMepeTBOPEHHSI PiBHSHb B MPUBATHUX IOXiTHUX B CUCTEMY
3BMYaiHuX audepeHliiHux piBHAHb. PiBHSHHS (1), mepeTBOpeHe TaKUM UYMHOM,

3aMUIIeTbCs OIS i-TO1 OiISTHKY j-TOi riipoMaricTpasti y BUTJISIL:

dvij _Pi-1j~Pij  Sij .
= — . ‘Vi j . Vi ].’
dt p-k; 2-k; ’ ’
] J 2)
dpi;
Ttk (Vi = Vier):
e i, j—HOMep OiNSHKM Ta iHJEeKC TiApoMaricTpati; E-’i,j —TiapaBaiuHMUi ormip i-Toi

IUISTHKM j-TO1 riipoMaricTpari; E]- —TpUBeJIeHNI1 MOJY/Ib MPYKHOCTI [IJ1s1 j-TO1 Tifl-

pomaricTtpanti; ki—mar IVCKpeTu3allii, SKuUii BU3HAYAETHCSI 3 BUPAKEHHS:

]
rigpomaricrpati.

k]- = L]- / n; Li Ta N; —JOBXMHA Ta YMCJIO TiITHOK PO3OUTTS j-TOI
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[IBUAKICTH Pyxy poboUOoi pigviHm B i-Tiit mingHLi j-Toi rimpomarictpani moske
OyTM BUpaskeHa Y BUTJISIII:

v::-F (3)

L) p

e fj —IJI01JA MIONIEPEeYHOTO Tepepisy j-Toi riipoMaricTpali.

"i’i B

[TincraBuB (3) y (2) Ta, 3pOOMBIIM II€PETBOPEHHS, OTPUMMAEMO MaTEMAaTUUYHY

MOZeJIb TiApoMaricTpasti 3 po3InoaiieHMMH apamMmeTpaMu:
dQi; _fj (Pini—piy) &

dpij _
J_ T (0..-0. -

) \i7] ’

Qi

(4)

Is1s1 eeKTMBHOTO BpaxyBaHHS XBUJIbOBUX BJIACTMBOCTEN OKpeMMX rigpomaric-
Tpaseii y Mofesi nepenbadeHnii BuoOip pailioHaJbHOrO IIary AMCKpeTM3allii Ha oc-
HOBi aHai3y AMHAMIiUHOI peakilii rimpomaricTpasai Ha BIUIMB 30ypeHHs, XapaKTep-
HMIA [J1s1 JAHOTO TiIpomnpuBoay. B IKoCTi Takux BIIMBIB 30ypeHHSI B yMOBax HacocC-
HOTO MMPMBOJAA HaltuacTillle 3@ BCe BUCTYIAIOTh MPAKTUUYHO MUTTEBE CIIpallbOBYBaH-
HSI KEPYIOUMX eJIeMEeHTiB Ta paIlToBa 3yIIMHKA poOOUYOro opraHy Ha IIpM KiHIIi #ioro
pyxy. Takum unMHOM, IJ151 KOXKHOI 3 TiipoMaricTpaseii 6yio B3sITO palliOHaJbHe YiC-

JIO JTIiJITHOK PO30OUTTS kj, 1110 3a0e3meyuye 3ajaHy TOYHICTbh MOZETi.

VYMOBOIO COpsITaHHSI ABOX CYMDKHMX JiJITHOK € PiBHSIHHS BUTpPAT Ha iX MeXi,
TOOTO: Qi,j = Qi—l,j = Qi—Z,j'
3MiHa TUCKY Y BiAIMOBIAHUX MOPOKHMHAX MOPIIHEBUX TiAPOLUMIIHAPIB ONUCY-

€ThCSI IUBEPEeHLITHMMM PiBHSIHHSIMMU:

dpy _ Ex .(o _E d_X]
11 I ’
dt Vr? +x-F, dt

dpy; = Ex [F .%_O j
11 |»
dt VL% +x-Fy dt

)

Ie Py 1 Py —TUCK B NOPIIHEBi i IITOKOBIN mopoxkHuHi rimpouuninapa; F i Fy, -
poboua IIoIIA MOPIIHS TigPOIMITiHAPA Y ITOPIIHEBIi i IITOKOBIl TOPOKHMHAX; Vr([) i

0 . . . . . ] .
V|;; ~TT0YaTKOBMIi 06’€M TOPIIHEBOI i IITOKOBOI MOPOKHUHM TifpounIiHapy; Q i
Q,;; —~BUTpaTa pob0u0i PiAMHY B TIOPIIHEBI i IITOKOBII MOPOKHMHI TiApOMIIHAPa;
X —KOOpAMHATA MOJIOKEHHST pO60UYOro OpraHy IiaponuiHapa.
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Pyx pob6ouoro opraHy MexaHi3My 3aTMCKaHHS IITaby CErMEeHTHOTO pO3MOTYBa-

ya AYP onucyertbcs:

d2x h ( dx
dt?

— |+ U(%,t) +Pyp (x,1) +
) .

. dx
+(TTp.yn + TTp.H ) mgn[aj — Py + PrgFir =0,
Ie m, X —maca Ta IepeMillleHHsI pyXOMMX YacTMH pobouoro oprany; h i U(X,t) -

Koe(illieHT B’SI3KOTO TepTsl Ta HaBaHTasKeHHSI Ha poOoOUMil opraH, TTp.H iT

TP.ym
CUJIA TEPTS B HANIPSIMHUX KapeTK! Ta B YI[IIbHEHHSIX.

'paHMYHMMYM YMOBaMM [JISI CUCTEMMU PiBHSIHD (2), (4)-(6) € BUpakeHHS, IO SIB-
JISTIOTh COO0I0 BUTPATHO-HAITiPHI XapaKTePUCTUKY BiAIIOBITHMUX KEPYIOUMX ITPUCTPO-

iB:

7

e Qp.i i Hp.j —BeIMUMHA i Koe@illieHT BUTpATH Kpi3b BiATIOBiIHMIT KepylOunii mpu-
CTpili; fp.i(p,t) —IUIOIi MPOXiAHUX TMepeTUHIB BiAMOBIAHMUX MPUCTPOIB Y (PYHKITii
TUCKY Ta 4acy; Pj_q i Dj ~TUCK Ha KiHI[eBUX JiISTHKAX BiITIOBiHUX TPYOOIPOBO/IiB.

TakoX, TPaHUYHUMM YMOBAMU [IJISI CUCTeMU PiBHSIHB (2), (4)-(6) € BUpaskeHHS

BUTpAT Y BiATIOBIJHUX MTepeTMHAX rigpomarictpaneii:

®)

ae OLC.i—Koed)iLLiGHT BUTPATHU Kpi3b BiAgIoBigHuit TpybOIpOBiz; fi —IUIONIi ITPOXif-
HUX TIEPETUHIB BiIMIOBiAHMX TPYOOIIPOBO/IiB.

JlJ1s1 ageKBaTHOTO MO/JIeII0OBaHHS AMHAMIUHMX SIBUILL B TiApOCUCTEMI MeXaHi3My
3aTUCKAHHS 1Tabu cerMeHTHOro po3MoTyBaua AYP HeoOXilHO BpaXxOByBaTu He pa-
MITOBICTh COpallbOBYBAaHHS 30JI0THUKOBUX TiApOPO3IOAiTbHUKIB, MO MTPOXiJHOTO

MIepeTUHY SIKUX 3MIHIOETHCS 10 3aKOHY [12]:

pmax

IpU BigKpUTTI fp.i(p,t)z p.i ti;
(0]

)

: _ gmax t
mpu 3akputTi fy ;(p,t)=fp5 [1—g}

-
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e fg}flx —MaKCMMaJbHa IUIOINIA IPOXiJHOTO MEepPeTUHY TiApOpO3MOAiIbHNUKA;
fp.i (p, t) —3MiHa IUIOIi IPOXiJTHOTO MTePeTUHY TiAPOPO3IOAIIbHUKA.

[TpuiiHATI 3HaUYEHHS TTOCTIMHMX MTapaMeTPiB riApoCUCTeMM HACTYITHI:

Py =6,3 MITa ; p, =0,1 MITa; m = 4600 xr; E; =94,985-10~* m?;

Ey =61,819-10* M*; x=0,500 m; Ly =L; =20 m; kj =5;

fj=f; =f,=314-10" m*; E, =1,6-10° ITa; E; =2,0-10'! IMa;

p=912 kr/m>; h=37,89-107; T, =10,1 KH; Ty =20 KH; &5 = 7;
i =0,35; ppi =0,65.

[ToBHY cucTeMy PiBHSIHB (2), (4)-(6) 3 rpaHMuHMMM yMoBaMu (7)-(9) 3pydHO pe-
anizyBaty Ha [IEOM 3a gonomororo craHgapTHux metofiB Pynre-Kyrra. Y xofi pea-
Jisalii cucTemu piBHSHBb Yy IporpamHomMy cepemoBuili Simulink MATLAB, 6ynn
OTPUMAaHi pe3yJbTaTU OOCTII)KeHHS OIMHAMIUYHMX TIPOIECiB B TigApocucTeMi MexaHi-
3MY 3aTMCKaHHS MITabu. Pe3yabTaTy JOCTiIKeHb HaBeeHi Ha pucC. 3 AJj1st po6b0yvoro i
3BOPOTHOTO XO/Iy MeXaHi3My 3aTUCKaHHS IITa0Mu.

By/10 BCTaHOBJIEHO, 11O Ha IMPM KiHIli po60YOro Ta 3BOPOTHOTO XOMIiB TiIpOIM-
JIHAPY MeXaHi3My mepeMillleHHSI Ta 3aTUCKaHHS PYJIOHY Y CETMEHTHOMY PO3MOTY-
Baui, y KiHI[eBUX TOJIOXKEHHSIX BUHMKAE paIlTOBA 3yNMHKA MOPIIHS TiAPOLMIIHAPY
Ha YXOPCTKUI1 ynop (KPUILIKU TiApOUMIiHAPA), 10 TPU3BOAUTH A0 paliTOBOTO HaBaH-
TaKeHHS Ha pi3bOoBe 3’€JHaHHSI KOPITYCY TigpolwIiHApa 3 Kpuiikamu. [Ipu 1ibomy,
HaBaHTaXeHHSI, SIKi BUHMKAKTh Yy TiIPOCUCTEMI, HOCATAIOTh MaKCMMaJabHO IOOMYC-
TUMMX 3HaUeHb. OKpiM TOro, Hamu 6yJI0 BCTAHOBJIEHO, 1110 Y TTepioji pO3roHY MOPIII-
HS TiZpOLWIIHAPY TTpU po60YOMY Ta 3BOPOTHOMY XO/Ii, XOua i He BUHUKAIOTh Hebe3-
MevyHi HaBaHTa)KeHHS, OOHAK CIOCTEePIraloTbCs CTPiMKi KOJMBAHHSI TUCKY Y IMOPOXK-

HUHAX TiApOUMIiHAPY, 0 MPU3BOAUTD A0 MPOMMUBAHHS 30JIOTHUKIB TigpOopO3Iomi-

JIbHUKIB.
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PucyHOK 3 — Pe3ynbTaTyt JOCTiIKEHHST PEXXMMiB pOOOTHU riipocucTeMu MexaHi3My
3aTUCKAHHS IITabM cerMeHTHOro po3MoTyBaua AYP 1mipu pobouomy xofi (a)
Ta 3BOPOTHOMY X0/ (0) TiApOoUMIiHaApY

[Tpu mocnimkeHHI IMHAMIYHMX OPOILECIB y TiApOCUCTeMi 3aTUCKAHHS PYJIOHY
TpyU 3BOPOTHOMY XO[i OyJI0O BCTAHOBJIEHO, 1110 KoeillieHT AMHAMiYHOCTI Tigpocuc-

Temu cknagae 8,2/6,3=1,30, Ta mocsirae rpaHMYHO HOMYCTUMMX 3HauYeHb. Byio

MOKa3aHo, 110 MPY 3BOPOTHOMY XOZi MeXaHi3My y KiHLI€BUX IOJ0XXEHHSIX BUHUKAE
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parnToBa 3yIIMHKA MOPIIHS TiAPOUMIIHAPY Ha JKOPCTKUI yIIOp (KPUIIKY TiAPOLMIiH-
Iipa), [0 MPU3BOAUTH 10 PAIITOBOIO HABaHTaKEHHSI.

Buxonsuy 3 Bullle CKa3aHOro, HeOOXiHO BM3HAYMTY PalLliOHAJIbHI PeKMMU pO-
60TU TiZpocucTeMy MexaHi3My 3aTMCKaHHS MITabu 3 MiHIMaJIbHUMM OVMHAMIYHUMU
HaBaHTaXeHHAMM. HaMu OGyme posriasimaTucsl palioOHaJIbHMIA Yac CIIpalibOBYBaHHS
KEepYyoUuoro 30JIOTHMKOBOTO TigpoposnomibHuKa. IIuTaHHs 30iibIeHHST yacy 3a-
KPUTTS Ta 30ibIIeHHST 60 3MEeHIIeHHS IUIOIi TPOXiHOrO IepeTUHY 30JI0THMKOBO-
IO TiIpOPO3MOAiIbHMKA PO3IISIAATUCS He Oyae TOMYy, IO 1ie Mpu3Beae A0 3MiHM SIK
KOHCTPYKTUBHMX TaK i TEXHOJIOTiUHMX ITapaMeTpiB MexXaHi3My 3aTMCKaHHS IITabu.
3amaua 1mosisira€ y Tomy, o6 peKoMeHAyBaTy TaKuii pallioHa/JIbHMI Yac CIIpallboBY-
BaHHS 30JIOTHUKOBUX TiIPOPO3NOAI/IbHMKIB, IPU SIKOMY IMHAMiUHi HAaBaHTa>KeHHS Y
rizpocucTtemi 6y 6 HaltMeHIIMMU.

Pe3ynbTaTy JOCTiIKeHHS! IMHAMIUYHMX IIPOIIeCiB, 110 BimOyBarOThCS B TiIpoCu-
CTeMi MexaHi3My mepeMillleHHS Ta 3aTUCKaHHS PYyJIOHY Y CE(TMEHTHOMY PO3MOTYyBadi
AYP TE3A 20-114 Ha moyaTKy po604oro Ta 3BOPOTHOTO X0y 3 Pi3HMMM BapiaHTaMu
CIIpallbOBYBAaHHSM KepYIOUOTo TiipopOo3NoAibHIKA, TPeICTaB/IeHi Ha puc. 4.

Pe3ynbTaTy DOCTIMKEHHS PEXMMIB pOOOTH TigpocucTeMy MexaHi3My Iepemi-
IIIeHHS Ta 3aTUCKAHHS PYJIOHY Y CeTMeHTHOMY po3MoTyBaui AYP rpu BiZKpuTTi Ke-
pYyIOUoro TiZpopo3MOoAiIbHMKA Ha MOYaTKy pobouoro (puc. 4, a) Ta 3BOPOTHOTO
(puc. 4, 6) xomy, B 3aJIeSKHOCTI Bif yacy #1oro cripaiibOByBaHHSI, CBiluaTh MPOTE, 110 Y
rizpocucreMi BimOyBarOThCS SIKICHO OJHAKOBi AMHAMIiUHI MpoIllecu, KOTPi Bimpi3HsI-
IOTbCS TUIBKM YacOM iX IMPOTiKaHHS. BuUxopsuy 3 oTpMMaHMX OAHUX MOXKHA OiATU
BMCHOBKY, 1110 HaltOi/IbIl HEMMPUIATHUMM € Uac CIIpallbOBYBaHHS TiIpOPO3IOAiIbHMA-
Ka 3a 0,05 cek ta 0,10 cexk. IIle MOXKHA TOSICHUTH TUM, 1[0 YaC HAOOPY TUCKY Y ITOPO-
KHMHAX TiApOLWIIHAPY OJIS1 TIOJ0AaHHS cuil oropy ckiaagae 0,07 cek, mpu 1boMy B
MepuomMy BUITAAKY TiApOpPO3IOAiIbHUK BXe IOBHICTIO BiAKPUTUIA, & B IHIIOMY -
Maitke MOBHICTIO BifkpuTuit. ToMy, MOUMHAIOTh BiiOyBaTMUCS 3HAYHI KOJMBAJbHI
IVHAMIUHI IIpoIecu y rigpocucTemi sIK Ipy podOUYOMY Tak i Mpy 3BOPOTHOMY XOZi.
[TepeximHi mpouecu y TiApoCUCTEMI MPU Yaci CpaibOBYBaHHS TiIpOPO3NOAiTbHMKA

3a 0,15 — 0,30 cex IKiCHO OAHAKOBI, IK ITPM POOOYOMY TaK i IIpM 3BOPOTHOMY XOZ.
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6)
PucyHOK 4 — Pe3ynbTaTy JOC/iI)KEHHS IepexXiJHMX MPOoILieciB y TiApocucTeMi
Ha MoYaTKy po60Yoro (a) Ta 3BOpOTHOrO (6) XOAY B 3aJI€KHOCTI BiJl yacy BigKpUTTS
30/I0THMKOBOTO TiApOpO3TOaiIbHMKA:

1) vac cmpaupoByBaHHS — 0,30 cek; 2) yac crpanpoByBaHHS — 0,25 cek;

3) uac crpanboByBaHHS — 0,20 cek; 4) yac crpauboByBaHHs — 0,15 cek;

5) yac cripaniboByBanHS — 0,10 cek; 6) yac cipanboByBaHHS — 0,05 cex

Pe3ynbTaT JOCTIIKEHHS IMHAMIUYHMX IIPOIIECiB, IO BilOYBAIOTHCS B TigpOCH-
CTeMi MeXaHi3My IepeMillleHHS Ta 3aTUCKaHHS PYJIOHY Y CETMEHTHOMY PO3MOTYyBaui
AVP TE3A 20-114 Ha npukiHIli po6040ro Ta 3BOPOTHOTO X0y 3 pi3HMMM BapiaHTa-
MM CITpallbOBYBAHHSIM KepPYIOUOTO Tiipopo3IoiibHIMKA, IIpeicTaB/eHi Ha puc. 5.

Pe3ynbTaTt JOC/IIKEHHS PEKMMIiB POOOTHM TipoCHCcTEMM MeXaHi3My IepeMi-
IIeHHS Ta 3aTUCKAHHS PYJIOHY Y CETMEHTHOMY po3MOTyBaui AYP mpu 3aKpuUTTi Ke-
PYIOUOro Tigpopos3MnoniJibHMKAa Ha MPUKIiHI pobodoro (puc. 5, a) Ta 3BOPOTHOrO
(puc. 5, 6) xomy, B 3aJIe5KHOCTI Bif 4acy i0ro CripalibOByBaHHS, CBiI4aTh MpoTe, 110 Y
rizpocucTemi BigOyBarOThCS SIKICHO OJHAKOBi AMHAMIUHI IpoIlecy, KOTpi Bipi3HsI-
IOTBCS TiJIBKM YaCOM iX MPOTiKaHHS. 3 OTPUMMaHMUX JaHMUX MOXKHA BUIHOY, IO Hali-

OB HEMPUIATHMMM € Yac CIIpallbOBYBaHHS rigmpoposmnofiibHuka 3a 0,05 cexk Ta
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0,10 cexk. Ile MoykHA MOSICHUTU TUM, IO MiCJISI 3aKPUTTS KePYIHOUOTO TiIpOPO3IOoi-
JIbHMKA 3 BKa3aHMMM peXMMaMM CIPallbOBYBAaHHSI BiH BUKJIMKAE Yy TiApoOCUCTEMi
BJIACHiI KOJIMBAHHS PiIMHM 3 3HAYHO OiJbIIOI0 aMILIITYH0IO SIK IIPM POOOYOMY TaK i
IpY 3BOPOTHOMY XO0Ji. [lepexigHi mpouecn y rigpocuctemi mpu yaci CripalibOByBaH-
HS Tigpopo3smnoainbauka 3a 0,15 — 0,30 cek sIKiCHO OJJHAKOBi, SIK IIpM pOOOYOMY TaK i

IIpY 3BOPOTHOMY XOZ|.
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PucyHok 5 — PesynbTaTut JOCTiIKeHHS TTepexiTHMUX MPOIIeCiB y TiipocucTeMi Ha
MIPUKiHIII po6oUoro (a) Ta 3BOPOTHOTO (0) X0y B 3aJIEXKHOCTI BifT 4acy 3aKpUTTS 30-
JIOTHMKOBOTO TiIPOPO3IOi/IbHMKA
1) yac cripauboByBaHHs — 0,30 cek; 2) uac crpaiboByBaHHS — 0,25 cek;

3) uac cripaniboByBaHHS — 0,20 cek; 4) yac crpaiboByBaHHS — 0,15 cek;

5) yac cipanboByBaHHS — 0,10 cek; 6) yac cripaiboByBaHHs — 0,05 cex

BucHoBKM. 3a pe3y/ibTaTaMy TEOPETUUYHUX OOC/IIKEHb IepexXiJHUX MpolLieciB
y Ti[pocucTeMi cerMeHTHOro po3MoTyBaua AVP nokasaHo, 110 Haibiabll He Mpuaa-
THUMM € Yac BiIKPUTTS Ta 3aKPUTTSI Kepylouoro rigpoposmnoaiibuuka 3a 0,05 cexk ta
0,10 cek K mpM poboYOMYy, TaK i IIpu XoaocTomMy Xoxi. [Ipu 1bomMy Uaci cripaiiboBy-
BaHHS Yy TigpocucTeMi BMHMKAIOTh 3HAUHI BMCOKOYACTOTHI KOJMBAJbHI MpPOLIECH.
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ITokaszaHo, 110 HAMOIIBII TPUIHSIITHUM € Yac CITPalibOBYBAaHHS TiIpOPO3MOMiIbHMKA
3a 0,15 - 0,30 cek, mpu SIKUX He CIIOCTePiraeThCsl 3HAUHMX KOJIMBAJIbHUX ITPOIIECIB SIK
Ipy poOOYOMY TaK i IIPY 3BOPOTHOMY XO/Ii.

3 HaIlol TOYKM 30pPY, MOXJIMBO PEKOMEHIyBaTy HACTYIIHI 3aX0Ay 3 YOOCKOHA-
JIEHHS TigZpoCUCTeMM MeXaHi3My IlepeMillleHHSI Ta 3aTMCKAaHHS PYJIOHY y CEerMeHT-
HOMY po3MmoTyBau AVYP. Ilo-nepiie 3aMicTh 3aCTapuinx 30JIOTHUKOBUX TiApOpPO3IIO-
IiIbHUKIB 3 4acOM cITpanboByBaHHS y 0,35 cek 3acTOCYyBaTM 30JI0THMKOBI Tipopos-
MOOIIbHMKY, SIKi MaloTbh vac crpanpboByBaHHS 0,20 cek. Ilo-mpyre, 3sMiHMTM Yac
CIIpPalbOBYBAaHHS HOBMX TiApPOPO3MNOi/IbHMKIB 3 eJIeKTPOTiApaBliYHMM KepyBaHHSIM
HACTYITHMM YMHOM: Yac BiIKPUTTS rigpoposmnominbuuKa mosuueH 6yt 0,20 cek, a
yac 3akpuUTTs — 0,15 cek, sIK 1mpyu podouoMmMy Tak i 3BBOPOTHOMY XOZIi.

JIITEPATYPA
1. I'mukmaH Bb.®. MaremaTuueckue MOAEJM ITHEBMOTUAPABIANYECKUX CUCTEM /
b.®.'nukman—- M.: Hayka, 1986. — 368 c.
2. Xyxkosckuit H.E. O rugpaBandeckom ygape B BOJONPOBOAHbIX Tpybax / H.E. XKy-
KOBckuit — M.: JI.: T'octexuspar, 1949. — 412 c.
3. Tapko JI. M. IlepexongHble mpoLecChl B rMApaBandeckux mexannsmax / JI.M. Tap-
KO. — M.: MamnHocTpoenue, 1973. — 163 c.
4. KoxkeBHuKkOB C.H. DjieKTpOHHOE MOAe/JMpOoBaHue TUAPABINYECKUX YCTPOCTB C
Y4eTOM BOJTHOBBIX ITpolieccoB B TpybompoBoge / C.H. KoxkeBHukos, B.®. Ilemar,
B.M. Jlo6ona // T'maponpuBoa U TMAPOITHEBMOABTOMATHMKA: PecIl. MeKBe. Hay4H.-
TexH. 6. — 1986. — BbIm. 22. — C. 117-123.
5. Hemuposckuit 1.A. O peajsibHOM ITOCTPOEHUM MaTeMaTUUYeCKOi MOJe/In TIpu UCC-
JIleIOBaHUM BOJIHOBBIX ITPOIECCOB B TpybompoBoge / U.A. Hemuposckuii, JK.IT. [Ty-
caHiok, B.A. YepHsbiii // T'ugpornpmuBod U rMApPOMHEBMOaBTOMAaTHKa: Pecri. mexse[.
Hay4YH.-TexH. c6. — 1986. — BbII. 22. — C. 60-64.
6. Hdycantok JK.I1. MaTemaTuuHa Mofesib IJis iMiTalliliHOTO AOCTIIKEHHS B cepeno-
Buili MATLAB Simulink rizpaBiiuHoro npuBojy rocTynaabHOIO PyXy 3 JOBrOI0 Ha-
nipHoto rigpomnidiero / JK.II. dycaniok, O.B. Iepi6o, C.B. Penincbkuii [Ta iH.] // Bic-
HUK BiHHUIIBKOTO MOiTeXHIYHOTO iHCTUTYTY. — 2016. — N2 3. — C. 108—115.
7. Oycantok JXX.II. MaTemaTuHa MoOAe/b Ta aArOPUTM AOC/TiIKEeHHS OMHAMIKM Tif-
pONpUBOAY KOBIIIA HEITOBHOIMMOBOPOTHOI'O €KCKaBaTOpa 3 ypaxXyBaHHSM XBUJIbOBUX
TIpolieciB B HaIipHiii rixposninii / JK.I1. [ycaniok, O.B. ITetpos, O.B. Iepi6o [Ta iH.] //
BicHuK BiHHMIIBKOTO MOTiTeXHIUHOTO iHCTUTYTY. — 2015. — N2 3. — C. 121—128.
8. lepi6o O.B. ImiTauiliHe qoc/igKeHHs TipaB/JIiuHOrO MPUBOAY MOCTYIMAAbHOTO PY-
XY 3 IOBT'OI0 HallipHOM rigposniniero / O.B. Iepib6o, JK.IL. Oycantok, C.B. PeniHCh-

ISSN 1562-9945 (Print) 111
ISSN 2707-7977 (Online)



«CucreMHi Tex”osorii» 1 (138) 2022 «System technologies»

KUii [Ta iH.] // BicHMK BiHHMUBKOTO MOJITEXHIYHOTO iHCTUTYTY. — 2017. — N2 1. —

C. 85—92.

9. IlerpoB O.B. MaTemaTnyHe MOAEIIOBAaHHS POOOUMX IIPOLIECIB Y TiIpONpMBOIi Uy-

TAMBOMY A0 HaBaHTaKeHHS 3 TOBTMMM pobounmu rigpodinismu / O.B. ITetpos, JI.T.

Kosnos, XK.I1. [IycaHiok [Ta iH.] // 36ipHMK HAyKOBUX ITpallb BiHHMIIbKOTO HallioHA-

JIbHOTO arpapHoro yHiBepcurtery. Cepis : TexHiuni Hayku. — 2014. — N2 1. —

C. 187—192.

10. Masyp I.A. JlocnigKkeHHS IMHAMIYHMX MPOLECiB Y TiApoCUCTeMI MeXaHi3My 3a-

TUCKaHHS MITaby JBOKOHYCHOIO po3mMoTyBaua pynoHiB TE3A 159-529 / I.A. Masyp,

[.0. Wlenyapko, M.I. ITetpoB // Cuctemni TexHonorii. — 2020. — Bumn. 2. — N2 127. -

C. 25-44.

11. ITomos [I.H. HecTtanimoHapHbie ruapoMexaHnyeckue rpoueccol. — M.: MammHoc-

TpoeHue, 1982. — 240 c.

12. Masyp L.A. [locnigkeHHS IMHAMIYHMX HaBaHTaXXeHb Y TiIPOCUCTEMI BepTUKAb-

HOT'O TiZIpaB/IivYHOrO MPOIIMBHOTO Ipeca TpyOoIpecoBOTro BMpOOHMIITBA // MeTasny-

pruyeckasi ¥ ToOpHOpyAHas NPOMBINLIEHHOCTDb. — 2018. - N2 7. — C. 119-126.
REFERENCES

1. Glikman B.F. Matematicheskie modeli pnevmogidravlicheskih sistem /

B.F.Glikman- M.: Nauka, 1986. — 368 p.

2. Zhukovskiy N.E. O gidravlicheskom udare v vodoprovodnyih trubah /

N.E. Zhukovskiy — M.: L.: Gostehizdat, 1949. — 412 p.

3. Tarko L. M. Perehodnyie protsessyi v gidravlicheskih mehanizmah / L.M. Tarko. —

M.: Mashinostroenie, 1973. — 163 p.

4. Kozhevnikov S.N. Elektronnoe modelirovanie gidravlicheskih ustroystv s uchetom

volnovyih protsessov v truboprovode / S.N. Kozhevnikov, V.F. Peshat, V.M. Loboda //

Gidroprivod i gidropnevmoavtomatika: Resp. mezhved. nauchn.-tehn. sb. - 1986. -

V.22.-P.117-123.

5. Nemirovskiy I.A. O realnom postroenii matematicheskoy modeli pri issledovanii

volnovyih protsessov v truboprovode / I.A. Nemirovskiy, Zh.P. Dusanyuk, V.A.

Chernyiy // Gidroprivod i gidropnevmoavtomatika: Resp. mezhved. nauchn.-tehn.

sb. — 1986. - V. 22. — P. 60-64.

6. Dusaniuk Zh.P. Matematychna model dlia imitatsiinoho doslidzhennia v

seredovyshchi MATLAB Simulink hidravlichnoho pryvodu postupalnoho rukhu z

dovhoiu napirnoiu hidroliniieiu / Zh.P. Dusaniuk, O.V. Deribo, S.V. Repinskyi [ta in.]

// Visnyk Vinnytskoho politekhnichnoho instytutu. — 2016. — N2 3. — P. 108—115.

112 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (138) 2022 «System technologies»

7. Dusaniuk Zh.P. Matematychna model ta alhorytm doslidzhennia dynamiky
hidropryvodu kovsha nepovnopovorotnoho ekskavatora z urakhuvanniam
khvylovykh protsesiv v napirnii hidrolinii / Zh.P. Dusaniuk, O.V. Petrov, O.V. Deribo
[ta in.] // Visnyk Vinnytskoho politekhnichnoho instytutu. — 2015. — N2 3. —
P.121—128.

8. Deribo 0.V. Imitatsiine doslidzhennia hidravlichnoho pryvodu postupalnoho
rukhu z dovhoiu napirnoiu hidroliniieiu / O.V. Deribo, Zh.P. Dusaniuk, S.V.
Repinskyi [ta in.] // Visnyk Vinnytskoho politekhnichnoho instytutu. — 2017. — N¢ 1.
— P. 85—92.

9. Petrov O.V. Matematichne modelyuvannya robochih procesiv u gidroprivodi
chutlivomu do navantazhennya z dovgimi robochimi gidroliniyami / O.V. Petrov,
L.G. Kozlov, Zh.P. Dusanyuk [ta in.] // Zbirnik naukovih prac Vinnickogo
nacionalnogo agrarnogo universitetu. Seriya : Tehnichni nauki. — 2014. — N¢? 1. —
P. 187—192.

10. Mazur I.A. Doslidzhennya dinamichnih procesiv u gidrosistemi mehanizmu
zatiskannya shtabi dvokonusnogo rozmotuvacha ruloniv TEZA 159-529 / I.A. Mazur,
D.O. Sheludko, M.I. Petrov // Sistemni tehnologiyi. — 2020. - V. 2. - N2 127. -
P. 25-44.

11. Popov D.N. Nestacionarnye gidromehanicheskie processy. — M.: Mashino-
stroenie, 1982. — 240 p.

12. Mazur I.A. Doslidzhennya dinamichnih navantazhen u gidrosistemi vertikalnogo
gidravlichnogo proshivnogo presa trubopresovogo virobnictva // Metallurgicheskaya

i gornorudnaya promyshlennost. — 2018. - N2 7. — P. 119-126.

Received 12.01.2022.
Accepted 18.01.2022.

Investigation of dynamic processes in the hydraulic system of clamping the staffs of the
segment unwinder of the unit of aggregation of rolls pipe welding machine 20 114

In the technological line for the production of small diameter pipes used segment unwind
er staffs with a cantilever drum and additional support. The experience of its operation has
shown that one of its main shortcomings is the unsatisfactory operation of the hydraulic system
clamping staffs. In the hydraulic clamping system of the staffs there are increased dynamic
loads, which lead to the failure of components and elements of the hydraulic system. The layout
of the hydraulic clamping system of the headquarters is made for design and technological rea
sons, without taking into account the influence of pipeline lengths on the nature of dynamic
processes in the hydraulic system. In addition, the hydraulic system uses spool hydrodistributors
with electro hydraulic control, the operation time of which is practically not subject to regula
tion.
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Based on the analysis of known mathematical models for the study of dynamic processes
in hydraulic systems, it was concluded that as a mathematical model that takes into account the
design and operation of the hydraulic clamping system staffs finite difference method in a sys
tem of ordinary differential equations with boundary conditions described by algebraic equa
tions. A basic dynamic model has been created, which allows to analyze with high reliability the
behavior of the hydraulic system of the clamping mechanism of the staff in the segment unwind
er of the rolls, which is exposed to different nature in a wide range of mode parameters.

Simulink MATLAB software environment was used to effectively solve this problem. During
the implementation of the mathematical model, a study of the modes of operation of the hy
draulic system of the clamping mechanism of the staff was performed. It was found that at the
end of the working and reverse strokes of the clamping mechanism of the roll in the end posi
tions there are dynamic loads in the hydraulic system that reach the maximum allowable values.
In addition, it was found that during the acceleration of the piston of the hydraulic cylinder dur
ing operation and reverse, although there are no dangerous loads, but there are rapid fluctua
tions in pressure in the cavities of the hydraulic cylinder. Theoretical studies of the modes of op
eration of the hydraulic clamping system of the staff in the segment unwinder with different op
erating times of the control valve. As a result of the study of transients in the unwinding hydrau
lic system with different operating times of the hydraulic distributor, its rational operating time
was recommended, which is 0.20 seconds when opening and 0.15 seconds when closing.

Masyp Irop AHaToOMiii0BUY - K.T.H., JOLIEHT, YKPaiHCbKUI1 AepsKaBHUII YHiBepCU-
TEeT HayKM i TEXHOJIOTIJA.
Illep6inin Makcum OJIeKCaHAPOBUY - CTYIIEHT, YKpPAiHChbKUII TepsKaBHMIT YHiBep-

CUTET HayKM i TEXHOJIOTilA.
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I.V. Ponomarev
DEVELOPMENT OF AN AUTOMATED SYSTEM
FOR CLUSTERING TEXT DOCUMENTS

Abstract. Grouping texts into groups similar in content is a common task in various fields of hu
man activity. Text document clustering is used to automatically categorize text documents, filter
emails, group web pages in search engines, and so on. Automation of this process can signifi
cantly reduce the time spent on this task.

Keywords: clustering, text mining, TF IDF, HDBSCAN, tokenization, lemmatization, stop words,
PYTHON.

Formulation of the problem. Data mining is the process of identifying inter-
esting and useful patterns and relationships in large amounts of data [1]. This area
combines statistics and artificial intelligence tools with database management to
analyze large digital collections known as datasets.

Data mining is widely used in business, research, public security and many oth-
er areas. For example, in the field of modern Internet marketing, various parameters
of consumers are analyzed (age, interests, etc.) and personal recommendations are
formed for certain groups of people and for each person individually. Mobile opera-
tors process a large amount of data in order to identify people who can switch to an-
other operator and offer them certain advantageous offers.

Text Mining is engaged in obtaining information from text collections. It
covers a wide range of related topics and text analysis algorithms from various fields,
including information retrieval, natural language processing, machine learning, etc.
Text mining does not deal with databases, but with electronic libraries and corpora
of texts (sets of texts, metadata, as well as grammatical and other rules used for
language research).

Purpose of the research. It is necessary to analyze the methods and algo-
rithms of text clustering and to develop an automated text clustering system for
grouping text files by their content.

Main part. Clustering is the process of dividing a set of data objects (or just
data or observations) into subsets. Each subset is a cluster such that the objects in

© Ponomarev 1.V., 2022
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the cluster are similar to each other but different from the objects in the other
clusters.

There are methods that are specific to the clustering of text documents:
clustering of relative frequencies of words in documents (TF-IDF), clustering with
suffix trees, thematic modeling, Scatter-Gather approach.

The analysis of text document clustering methods allowed to choose the
clustering of relative word frequencies in documents (TF-IDF approach), which has
the following key advantages:

- does not require the use of complex metrics to calculate the distance between
signs;

- flexibility of the approach, namely the possibility of using different
algorithms of cluster analysis to achieve the desired results, including algorithms
that work with an unknown initial number of clusters.

The central idea of this approach is to group documents by topic, which are
determined by the most commonly used words in a particular document for the
entire collection of documents [2].

Modern clustering algorithms, such as k-means algorithm, BIRCH, DBSCAN,
HDBSCAN, STING, are analyzed.

The HDBSCAN algorithm was chosen as the clustering algorithm [3]. This
choice is justified by the fact that:

- the algorithm performs "hard" clustering. In the case of publications that
should belong to one group, this is a logical choice.

- the algorithm works with an unknown number of clusters;

- the algorithm requires a minimum number of parameters: one really
influential parameter is the minimum number of elements in the cluster;

- the ability of the algorithm to find "noise" - points that do not belong to any
of the clusters;

- hierarchy of clusters is not required for the task.

Python programming language was chosen for the development, for which
many effective libraries for data mining and natural language processing have been
created.

The process of clustering text documents takes place in the following sequence:
pre-processing of texts, formation of the TF-IDF matrix, application of the clustering
algorithm.

Tokenization and lemmatization were performed using spaCy library tools. The

TfidfVectorizer class of the scikit-learn library was used to create the TF-IDF matrix.
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#TF-IDF
tfidf = TfidfVectorizer (lowercase=False, preprocessor=PrePr

oc,
strip accents=True, tokenizer=TokenizerLemmatizer, max df=0.85
, min df=3) vectors = tfidf.fit transform(list of texts)

The HDBSCAN class from the hdbscan library was used to implement the
clustering.

#Clustering
res = hdbscan.HDBSCAN (min cluster size = minfiles.get(),
min samples=2) .fit (vectors)
labels = res.labels
clusters = len(set(labels)) - (1 if -1 in labels else 0)
noise = list(labels) .count (-1)

Figure 1 shows the result of clustering one of the sets of texts.

Clustering results
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Figure 1 — The result of clustering a set of texts

Thus, the program copes well with the task of clustering text documents in
most cases. The best results are observed for texts that differ greatly in content and
are approximately the same in size. Problems arise with texts that are small in size
or combined with some common theme, in which case a custom stopword
mechanism can be used to improve clustering.

Conclusions. The issue of clustering text documents has been studied and on
the basis of selected technologies a program has been developed for grouping text
files into folders according to their content. To do this, we used tools for building the
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TF-IDF matrix, implemented in the scikit-learn library, and natural language
processing tools implemented in the spaCy library. The implementation of the
HDBSCAN algorithm from the hdbscan library, which was previously tested on sets
of numbers, was applied.
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Po3pobka asmomamu308aHoi cucmemu Kaacmepu3ayii mekcmosux 00KyMeHmis

[pynysaHHs meKkcmig y 2pynu CXOXUX 3a 3MICMOM € 4acmum 3aB0AHHAM Yy pi3HUX 0baac
msax moocbKoi diansHocmi. Knacmepu3sauia mekcmosux 00KYMeHMi8 BUKOPUCMOBYEMbCA OS5
aBmoMamuyHoi Kamezopu3ayii mekcmosux O0OKyMeHmiBs, Giibmpayii 1UCMIB HA eNeKMPOHHY
nowmy, epynysaHHs 8e6 CMOPIHOK y NOWYKOBUX cucmemax i mak dani. Asmomamu3ayis 0aH020
npoyecy 00380/15€ ICMOMHO CKOPOMUMU 4ac, Wo BI0BOOUMbCA HA U0 3a0ayy.

IcHyrome memodu, Wo € cneyugidyHuMU 018 KAacmepu3ayii came meKcmosux OOKyMeHmiBg:
Knacmepu3ayis 8I0HocHUX Yacmom cnig y dokymenmax (TF IDF), knacmepu3sayia 3a 00nomozor0
cyikcHux Oepes, memamuy4He MoOenOBAHHSA, nioxio Scatter Gather. Y yux memodax 3acmoco
BYIOMbCA CyYyacHi anzopummu Kaacmepusauii, maki sk anzopumm k cepeoHix, BIRCH, DBSCAN,
HDBSCAN, STING.

Memoto docnidxeHHs € po3pobKa asmomMamu308aHoOi cucmemu KAacmepu3sayii mexcmosux
00KyMeHmiB 01 2pyNyBaHHA MeKCmoBux ¢alinis 3a ix 3Micmom.

posedeHuli aHaniz memoodis Kaacmepusayii mekcmosux 0oKyMeHmis 003801uU8 obpamu
Kaacmepu3ayito 8iOHOCHUX Yyacmom cnig y 0okymeHmax (nioxio TF IDF), axkul mae Moxausicme
3aCMOCYBAHHSA PI3HUX ANI20pUMMIB KJACMEPHO20 AHANI3Yy 018 00CA2HEHHS BAaXaHUX pe3ysbma
mig, y momy 4uciai an20pummis, WO NPaylooms npu HesiooMit no4amxosil KiibKocmi Kaacme
pis. LleHmpanbHoi 10e€0 Yyb020 niOxXody € 2pynyBaHHA OOKYMeHMIi8 3G memamu, AKI BU3HAYA
IoMbCSA HAUOBINbW YKUBAHUMU CIOBAMU Y KOHKpPeMHOMY O0KYMeHmi BIOHOCHO YCiei KoeKyii 00
kymeHmis. [lpouyec knacmepu3auyii mekcmosux 0oKymeHmis 8i06YBAEMbCA Yy HACMYNHil nocai
dosHocmi: nonepedHs 0bpobka mekcmis, ¢opmysarHa mampuyi TF IDF, 3acmocyBaHHs aneo
pummy Kaacmepusauii. Y akocmi aneopummy kaacmepusayii ob6paHo aneopumm HDBSCAN, wo
npayroe npu Hesi0oMill KiIbKOCMI Kaacmepis.

Ana po3pobku asmomamu308aHOi cucmemu BUKOPUCMOBYEMbLCA MOBA NPO2PAMYBAHHS
Python, 0n15 siKoi cmBopeHo 6e3niy ehekmusHUX 6i6110meK 0/18 THMeaeKmyaabHo20 aHam3y 0a
HUX ma 06pO6KU NPUPOOHUX MOB.
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B pobomi OocnidxeHo numaxHs Kaacmepu3ayii mekcmosux OOKyMeHmis, po3pob/ieHo
npoepamy 0415 2pynyB8aHHA MeKcmosux ¢adnig y nanku 3a ix 3micmom Ha ocHos1 nioxody TF IDF.

ITonomapboB Irop BosoguMupoBuy, KaHAUAAT TEXHIYHMX HAYK, AOLEHT Kadenpu
eeKTPOHHUX OOUMCIIOBAIBHUX MaIMH (akynabTeTy Gi3uKu, eneKTpOHikM Ta
KOMIT FOTepPHUX CUCTEM ITHITIPOBCBHKOTO HalliOHAJIbHOTO YHiBepCUTETY

im. O. 'oHuapa.
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A.L. Ivon, V.F. Istushkin
USE OF THE DIGITAL IMAGES FOR MEASUREMENT OF SMALL PLANAR
OBJECTS GEOMETRIC PARAMETERS WITH HIGH PRECISION

Abstract. Web application for measuring of the sizes and the area of small planar objects use the
scan data of digital images has been created. The application has a means of programmatically
change the sizes of image. The influence of the digital image sizes on the measurement accuracy
was investigated. It is shown that with an increase in size by a factor of 6 7, the relative error
at measuring of the length is no more than 0.25%, and at the measurement of of the area is no
more than 1%.

Keywords: digital image, determination of parameters by scan data, measurement of area and
length.

Statement of the problem and purpose of research. In science and technol-
ogy, it is often necessary to measure the sizes and area of small surface objects of
materials and industrial products. The dimensions of such objects are usually a few
millimeters or less. Such objects, in particular, include small electrodes used in the
study of varistor materials at high electric currents [1].

It is impossible to measure the dimensions of planar objects with conventional
measuring instruments, such as micrometers, since they are inseparable from the
surface and have a flat shape. As shown in [2], the measurements can be performed if
the surface with such objects is photographed by a digital camera and the appropri-
ate processing of the digital image is performed. Processing consists in scanning the
coordinates of object. With a known image scale, based on the scan data, the dimen-
sions and area of a planar object can be calculated. Since the absolute error in scan-
ning digital images is £1 pixel, this makes it possible to ensure high measurement
accuracy at a high resolution of digital photocamera.

The purpose of this work is to create a program for measuring, based on scan
data, the sizes and areas of small planar objects and to study the possibility of in-
creasing the accuracy of measurements at increasing the dimensions of the digital
image by programmatically way.

© Ivon A.IL, Istushkin V.F., 2022
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Major part. Measurement of the geometric parameters of a digital image object
is performed by scanning coordinates. To convert the scan data into parameter it is
necessary to define the scale of image. For this purpose use the scale segment of dig-
ital image with a known length Lc. If coordinates in pixels for the ends of such seg-
ment have the values (xIc, ylc) i (x2¢c, y2¢), then the scale Mc is determined as

M, = Le . (1)
\/(ch —Xoc)? + (Yac — Yac )2
When measuring the size L of a digital image object, coordinates are scanned at
two points on its boundaries. If the values of coordinates are (x1, y1) i (x2, y2), then
the length of object is calculated by the formula:

L=ML\/(X1_X2)2+(V1—YZ)2- (2)

Taking into account the scanning error +1 pixel, the relative measurement er-

ror ¢, is determined in this case as

S, =1 2 :100% (3)

B \/(Xl - X2)2 +(y1 - y2)2

When measuring the area S of object, the coordinates are scanned along the

contour enclosing the object. The Gauss formula [3] use for S calculation:

2

s ML
2

N-1
XNYL—X YN+ Z(Xi Yitr — Xiz1Yi ﬁ . 4)

i=1
Taking into account the error of scanning +1 pixel, it can be shown that the rel-
ative error at measurement of area Js is determined as

N-1 g :
42\/(Xi —Xi:1) "+ (i = Yisa)

s =+—= — 100% 5)

Xn Y1 =X YN + 206 Yin Xi+1yi){

i=1

A program for measuring the size and the area of small planar objects must re-
alizes the algorithm of image processing, which consists of the following stages: 1).
Loading the image to a screen of computer; 2). Scaling of the image; 3). Scanning the
coordinates of object; 4). Calculation the value of geometric parameter and the error
of its measurement based on the scan data.

To implement the described algorithm, a web application was created using the
languages HTML5, CSS3, JavaScript and the Canvas technology. We used the Canvas
technology to visualize the scan points on a digital image using vector graphics. Any
Internet browser can be used as a software environment for a web application.
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To control the processing of raster images, the web application interface has a
toolbox containing visible and hidden blocks with the necessary fields of form and
the buttons. The program opens hidden blocks at processing stages when these
blocks are needed. For working with the large images web page of application has a
canvas of 10000x7000 pixels. The top-left corner of canvas is positioned at the top-
left corner of browser window with the coordinates (0, 0). The same coordinates of
the upper left corner for images embedded in canvas the program ensures at the first
stage of processing algorithm.

Scanning is carried out by clicking the left mouse key in the selected point of
digital image. The coordinates are read at event "mouseup”. This event launches a
script that puts the scanned data in arrays of program and draws a white circle in the
scan point of digital image. Script connects neighboring scanning points by the
straight lines of white color. The program allows user to correct the scan results.
Correction is performed by removing the coordinates of the last scanned point from
the arrays and clears the visual display of this point in canvas. Correction allows the
user to carry out repeated scanning more correctly.

The scripts serving various stages of the processing algorithm have the means
for checking the filling of form fields and performing scanning. They form the mes-
sages to user when form fields are not filled, filled incorrectly, or when scanning has
not been completed.

After completing the coordinates scanning for measured object, the program
calculates geometric parameter and relative error of its measurement using the for-
mulas (2) - (5). The results of calculation are displayed in the hidden form fields of
toolbox. In fig. 1 is shown the view of program web page at the final stage of pro-
cessing at measuring the area of small electrode on the surface of varistor disk. For
determine the scale of image M;, segment of the rule 20 mm long was used. The val-
ue of scale was 36 um/pixel.

The digital image presented in fig. 1 has the dimensions determined in the
graphic file. Therefore, the relative error in measuring of the area for electrode with
diameter of 3 mm is quite large ~ 6%. According to equation (3), the relative error in
measuring the length decreases with increasing of the object sizes. Therefore, when
the resolution of monitor screen is constant, one should expect a decrease in the
measurement error with an increase in the size of testing digital image.
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Figure 1 - Web page of the application on final processing stage, when measure the

area of planar object. The digital image has its original dimensions
presented in graphic file

It is possible to control the size of image by programmatically means if to use
the "width" property of the Image object of language JavaScript. For this purpose, the
program was supplemented with two scripts that are executed when the buttons "In-
crease of sizes" and "Decrease of sizes" (Fig. 1). The script executed when the "In-
crease of sizes" button is pressed increases the current width of the image by multi-
plying on 1.05 the value of program variable w, which stores the image width. The
script executed when “Decrease of sizes” button is pressed decreases the width of
the image by multiplying on 0.95 the value of w. This allows the user to resize the
digital image.

Fig. 2 shows results of measuring the planar object area when the image is en-
larged of 7 times. In this case the scale of digital image is 5.1 um/pixel. As it can be
seen at the increasing of image size takes place the significantly increasing in meas-
uring accuracy. The value of relative error at measuring of electrode area is less than
1%.

The scale of the digital image M;, defined in um/pixel, practically is the division
value for measuring device and determines the absolute error at the length meas-
urement. Since the value of scale M, = 5.1 um/pixel when the size of digital image is
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increased by 7 times then the accuracy of length measure exceeds the accuracy of
standard micrometers with a division value of 10 um.

Scallng
Length measurement
Area measurement
Correction
Clear canvas

Measurement of area
Area:
4.203%0.037 mmxmm

Error: 10.88 %

Calculate area

Increase of sizes
Decrease of sizes

Figure 2 - The web page of appllcatlon after measuring the planar object
area when the image is enlarged of 7 times

The program was used to study the dependence of absolute error at the length
measuring and the relative errors at measuring of the size and area of planar objects
from the magnification of digital image. The value of magnification was calculated
as the product of 1.05x1.05x1.05x ... with the number of multipliers equal to the
number of the "Increase size" button pressing. The measurements were made for dif-
ferent magnifications by means of the program described above. The results are
shown in fig. 3.

As can be seen, the absolute and relative errors at the measurement of geomet-
ric parameters decrease with increasing of digital image sizes. This gives a possible,
by means of increasing the image size by a factor of 6 - 7, to obtain a relative error in
measuring the length of planar objects less than 0.25% and a relative error in meas-
uring the area less than 1%.
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Figure 3 - Dependence of the absolute error at the length measuring (a) and the de-
pendences of relative error for measuring the length (1) and area (2) (b) from the

magnification of digital image sizes

Conclusions. By means of the languages HTML, CSS, JavaScript and Canvas
technology web application for measuring the dimensions and area of planar objects
of digital images by scan data has been created. The application has a means for pro-
grammatically resizing the image. It is shown that when to increase the size of image
by a factor of 6-7, the relative error at measuring of the length is no more 0.25% and
at measuring the area is no more 1%.
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BukopucmaHHsa yugposux 306paxxeHb 01 BUMIPIOBAHHA 2e0MemMpUYHUX hapamempis ma
JIUX NJIGHAPHUX 06'€KMi8 3 BUCOKOIO MOYHICMIO

JocnidxeHo moxnusocmi BUKOpUCMAHHA pacmposux (Yugposux) 306paxeHsb 014 BUMIT
PIOBAHHS 3 BUCOKOK MOYHICMIO PO3MIpUB 1 NAOWI MAaux naaHapHux ob’ekmis. Bumipsmu 2eo
MempuyHi napamempu makux o6’eKmis 38uUYaliHUMU THCMPYMeHMamu, Hanpukaao, Mikpomem
pPamMu HeMOX/1UBO, OCKIJIbKU BOHU HeBi00i/IbHI BIO NOBEPXHI 1 Marms naocKy gopmy. Lugposi
300paxkeHHs, ompumMaHi 3a AoNOMo20t0 LuUppPoBoi homokamepu 0arMb MOXIUBICMb BUKOHAMU
BUMIPIOBAHHS NPO2PAMHUM WJISAXOM, BUKOHABWU CKAHYyBAHHA KOOpOuHam o06’ekmis. OCKilbKU
NOXUBGKA CKAHYBAHHA He nepesulyye +1 nikcesnb MOXHA 3a6e3nequmu BUCOKY MOYHICMb BUMIPIO
BAHHS.

Memoto pobomu € cmsopeHHs 3acobamu nodaHHsA iHpopmayii 8 mepexi IHmepHem npuk
N1adHo20 web dodamky (npozpamu) 014 BUMIPIOBAHHA PO3MIPIB 1 NAOWT NAAHAPHUX 06'€KMIB 1
00CNIOXEeHHA MOXAUBOCMT NIOBULEHHA MOYHOCMI BUMIDIOBAHbL 30 PAXYHOK 301/bWEHHS po3mi
pi8 Yuposo2o 306paKeHHA NPO2PAMHUM LUJIAXOM.

lpoepama peanizye anzopumm 06pobKU YuGPOBUX 300paxeHb, SKUli CKNA0AEMbCA 3 3a8d
HMaXeHHS 300paXXeHHS, MacWmabysaHHs, CKAHYBAHHA KOOPOUHAmM 00'€Kmy i pOo3paxyHKy Ha
niocmasi 0aHUX CKAHYBAHHA 2e0MempuyHo20 napamempy, W0 BUMIPIOEMbLCA. [N pO3paxyHKy
naowi n1aHapHux 06’ekmis sukopucmaa gopmyna layca.

lpoepama mae 3acobu 015 3MIHU PO3MIpPiB LUPHPOBO20 306PAXKEHHS NPOSPAMHUM LUSIXOM.
HocnioxeHo 8naus po3mipis 306paxxeHHs Ha MOYHICMb BUMIPIB. [I0KA3GHO, WO Npu 361/1bLWeHH]
po3mipis 8 6—7 pasis BIOHOCHA NOXUOKA BUMIPIOBAHHSA 00BXUHU CKAAOaE He binbuie 10,25 %,
BUMIPIOBAHHSA naowi He 6inbuwie #1%. Lje 06ymosieHo 3MeHWeHHAM abCcotomHoi noxubKu sumi
PIOBAHHSA 00BKUHU Npu 361/bLWEHHT pO3MIpiB YUpPOB020 300paxeHHS, OCKI/IbKU NOXUOKA (1020
CKAHYBAHHA 1 NiKceslb 0CMAEMbCA He3MIHHOI.

IBon Onekcanap IBaHoBMY — [OKTOp (i3MKO-MaTeMaTUIHMUX HayK, mpodecop,
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HanbHMI yHiBepcuTeT iM. O. ['oHUapa.
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A.L. Ivon, V.F. Istushkin, Yu.V. Krikunenko
WEB APPLICATION FOR RESEARCHING THE BRIGHTNESS DISTRIBUTION
OF PIXELS IN DIGITAL IMAGES

Abstract. Web application (program) for testing the distribution of pixel brightness along the
line segment specified by user on a digital image is described. The application was created using
the languages HTML5, CSS3, JavaScript and the Canvas technology. Investigations of the pixels
brightness distribution of digital images of analog oscillograms were performed. On the basis of
these investigations the criteria necessary for organizing automatic (software) scanning of the
oscillograms digital images at measuring the parameters of electric signals were determined.
Keywords: digital image, RGB code, determination of parameters by scan data.

Statement of the problem and purpose of research. As shown in [1, 2], the
use of digital images of analog oscillograms allow significantly increase the accuracy
of measuring the parameters of electrical signals. The relative error in measuring of
instantaneous voltages and time intervals at using the digital images of analog oscil-
lograms has a value no more +2%, as in digital oscilloscopes and frequency
meters [1]. This is due to the fact that the absolute error of coordinates scan of digi-
tal image objects does not exceed + 1 pixel. Therefore at high resolution of a digital
photo camera used to obtain the images of analog oscillograms, it is possible to en-
sure high accuracy in measuring of the electrical signals parameters when for pro-
cessing of such images use applied web applications [1, 2]. The algorithm for pro-
cessing of digital images consists in scaling them using the scan data of the calibra-
tion signals, and calculating the measurable parameter, based on the scan data of
image with oscillogram of the tested signal and the scale of this image.

Scanning of a digital image can be performed manually by click of the left
mouse key in selected point or automatically by the programmatic way. The criterion
for selecting the scanning point by programmatic way can be color or brightness of
pixel. In automatic scanning of digital images of analog oscillograms the scanning
criterion can be the brightness of pixel, since the pixels located in the center of os-

cillogram line have the maximum brightness.

© Ivon A.lL,, Istushkin V.F., Krikunenko Yu.V., 2022
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In this regard, the aim of this work is to create an applied web application for
testing the brightness of pixels of a digital image, which allows you to build the dis-
tribution of pixel brightness along the line selected in the image and determine the
pixel with maximum brightness in this distribution.

Major part. For creation of web application the languages HTML5, CSS3, Ja-
vaScript and Canvas technology were used. To obtain information about RGB code of
pixels in scripts of web application the ImageData object [3] was used. Information
about the contribution of the basic colors (red, green, blue) to the RGB code was ob-
tained using the properties “data [0]”, “data [1]” and “data [2]” of this object. The
pixel brightness value was calculated as the sum of contributions of the base colors.
The distribution of pixels brightness was recorded along a segment of vertical
straight line with thick of 1 pixel drawn by pressing the left key of mouse. The scripts
of program serving this stage of digital image processing register the coordinates of
the one end of line segment (X, y») by the “mousedown” event, and the coordinates
of other end (x», Ve) by the “mouseup” event.

The getlmageData() method was used to scan the basic components of RGB
code of pixels. This method with “data []” properties is used in script that scans the
components of RGB code of pixels. This script organizes a loop with step of 1 pixel
along a segment of vertical line bounded by points with coordinates (x», y») and
(x», Ve). Based on the scan data, it calculates the brightness of each pixel for this
segment. The values of y-coordinate and the corresponding to they brightness of
pixels save into arrays of program. This data is used to draw a brightness distribution
curve on the image embedded in canvas by means of the Canvas technology.

Taking into account the above, the web-application for studying the brightness
distribution of pixels in digital images realizes an algorithm consisting of the follow-
ing stages: 1). Loading the digital image of analog oscillogram into a browser win-
dow and embedding it into canvas; 2). Drawing a vertical line segment along which
the brightness distribution is investigated; 3). Scanning the RGB code of the pixels
on this segment and calculating their brightness; 4). Building the brightness distri-
bution along the selected segment of line.

In fig. 1 shows the view of the application web page at the final stage of imple-
mentation of the above algorithm.
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Figure 1 - Web-page of the application with the brightness distribution curve along
the segment of vertical line highlighted in the digital image

The web application interface has a toolbox containing form fields and buttons
(Fig. 1). For implement vector graphics using the tag <canvas>, a canvas has dimen-
sions of 2300x1750 pixels was created. The canvas is positioned absolutely and has
indent of 0 pixels from the left and top sides of browser window. Tag <canvas> con-
tains three event handlers. The event handler “onMousemove” initiates the script to
indicate the current coordinates of the cursor and display them in the hidden form
fields of the block located in the upper left corner of the browser window (Fig. 1).
The event handler “onMousedown” runs a script that registers the coordinates (xu,
yb) of the upper end of the vertical line segment and the event handler “onMouseup”
runs a script to register the coordinates (x, ye) of its lower end. For read the cursor
coordinates these scripts use the properties “pageX” and “pageY” of the “event” ob-
ject.

In the upper right corner of the browser window there is a block with a “file”
form field and a “Download” button. The “file” form field is used to select a graphic
file of digital image in the computer’s file system and load it into the browser win-
dow. The tag <input> that creates this field has the event handler “onchange” that
runs the web application script for loading the image into the browser window. This
script uses the methods and properties of the object FileReader for this purpose. For
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embedding the image into canvas the Download button is used. When this button is
pressed a script executes that embeds the image into canvas using the method
drawImage().

In the lower left corner of the browser window there is a toolbox for scanning
the RGB code of pixels, plotting the distribution of pixel brightness and determining
the coordinates of the pixel with maximum brightness.

The scanning of RGB code along the line segment selected by user carries out
when the “Scan” button is pressed. At pressing the button “Brightness distribution”
a script is executed that draws in black color the line segment selected by user and
the relative brightness distribution along its using the means of Canvas (Fig. 1). This
script calculates the values of relative brightness rbr for each pixel in the line seg-

ment using the formula:

_ 300 (br —bryy,)
(] ’

rbr (1)

where br is the current value of the brightness for pixel lying on the line seg-
ment, brmin is the minimum value; brmna is the maximum value of the bright-
ness for pixels in the scanning range y» <y <ye. The multiplier 300 in formula
(1) defines the length of horizontal line segment of 300 pixels along the X-axis
of canvas. The relative brightness is needed to plot the brightness distribution
curve on canvas described by the function rbr = f(y), where argument is the y
coordinate of canvas, and the value of relative brightness is displayed in pixels

along the x coordinate of canvas (Fig. 1).

As seen in Fig. 1, in the scanning range y», <y <Yy, the largest values of
brightness have pixels lying on the line of signal oscillogram. Among them is
the pixel with maximum brightness. Its coordinates Xmw=xb and yma corre-
spond to the instantaneous value of signal voltage at the time point deter-
mined by the x, coordinate. The script running when the “Maximum bright-
ness” button is pressed defines the coordinates (Xma, Yma) using the brmg rela-
tive brightness value. It draws a horizontal segment with length of 300 (brax -
brmin)/brmax pixels from a point with coordinates (Xmax, ymax). These coordinates

open in the upper left corner of browser window (Fig. 2).
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Figure 2 - Web page of the application after selection of the brightest pixel in scan
interval. This pixel has selected by the programmatic way

Thus, the scripts of web application described above can be used to organize
automatic (programmatically) scanning of digital images of analog oscillograms at
measuring the parameters of electrical signals. Criterion for the programmatically
selection of digital image points corresponding to instantaneous voltage values on
the line of signal oscillogram at scanning of pixel RGB code is the maximum bright-
ness of a pixel lying on a vertical line of 1 pixel thick crossing the oscillogram line.

Conclusions. Using the HTML, CSS, JavaScript languages and the Canvas tech-
nology, a web application (program) for testing the distribution of pixel brightness
along the line segment specified by user on a digital image has been created. The
program allows the user to create a segment of straight line along which the bright-
ness distribution is registered, it determines the coordinates of points in which the
brightness has maximums and builds a spectrum of brightness. The program has
spectrum filtering tools that leave the lines with the highest brightness. The user can
set the number of such spectrum lines at his own discretion.

The studies of brightness spectrum for digital images of analog oscillograms
have been performed. Based on these studies, the criteria for choosing pixel coordi-
nates for organizing automatic (software) scanning when measuring the parameters
of electrical signals by digital images of oscillograms were determined.
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Web 3acmocyHok 014 0ocnioxeHHA po3nodiny Ackpasocmi nikcenis yugposux 306pax<eHb

OnucaHo npuknadHul web 3acmocyHok (npozpamy), npusHayeHull 014 mecmysaHHA po3
nodiny Ackpasocmi nikcenis pacmposux (Yugposux) 306paxeHb 83008X BIOPI3KA NPAMOT NiHiT
3a0aH020 KopucmysayeM. 3acmocyHoK cmsopeHo 3acobamu mos HTML5, (SS3, JavaScript i mex
Honoeii Canvas. Poboma npozpamu noYUHAEMbCA 3ABAHMAXEHHAM paAcmposo20 306paxeHHs 00
BiKHa Gpaysepa, (aiin sKo2o0 Kopucmysay obpupae y ¢aiinosili cucmemi komn'tomepa. [na 3a
BAHMAXeHHSA 300paxeHb BuKopucmaxi memoodu i snracmusocmi 06’ekmis Filelist, File, FileRead
er ma Image mosu JavaScript. [Jna peecmpayii 8Hecky 6a308uUx KOMNoHeHmis8 (4YepBOHOI, 3es1e
HOi i cuHboi) 0o RGB kody kosbopy nikcenis sukopucmari memoo getImageData() i 06’'ekm Im
ageData. fickpasicme nikcesis BU3HAYAEMbCS AK CyMa BKAAOTIB 6a308uUx KomMnoHeHmi8 RGB Kody.

llpozpama Hadae Kopucmysayy MOXAUBICMb 3a0amu BIOPI30K NPAMOT NiHIi, B300BX K020
peecmpyemsca po3nodin Ackpasocmi. Lle 301(CHIOEMbCS WAAXOM HAMUCKAHHA KAABIWT MUWI 8
moyyi 300paxeHHs, wo 8i0NoBIOae noYyamky BiOpi3Ky i BIONYCKAHHA KAABIWT 8 MOYYi HA KIHYT
8idpi3ky. [lpoepama su3Hayae KOOPOUHAMU MOYOK B3008X NHIT CKAHYBAHHA, AKUM 810N08I0A
oMb Makcumymu sckpasocmi i 6yoye cnekmp sckpasocmi. BoHa mae 3acobu 015 ¢inempysaHHs
cnekmpy, AKi 3anuwarome NiHil 3 Hal6inbwor sckpasicmio. KinbKicmbs makux AiHil Kopucmy
8a4 MOXe 3a0amu Ha CBOE PO3YMIHHS.

BukoHaHT 00CniOXeHHs cnekmpy SCKpasocmi yugposux 306paxeHb AHAN0208UX OCYUIO2
pam, Ha niocmMasi AKUX BU3HAYeHT Kpumepii Bu6Opy KoopOuHam nikcenig 01 opeaHizayii asmo
MAamu4yHO20 CKAHYBAHHSA NPpU BUMIPIOBAHHT Napamempis efeKmpuyHuUX CU2HANIB 3 YUGPOBUX 30
6paxeHb AHAM0208UX OCYUIO2PAM.
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M.I'. bepgHuUK
MATEMATHUYHA MOJEJIb I METO/I PIINIEHHS V3ATAJIbHEHOI 3ATAUI
JIPIXJIE TEIIVZIOOBMIHY 3PI3AHOI'O KOHYCA

AHomauis. ¥ cmammi snepuwe noby0osaHa mamemMamu4yHa Mooesib po3paxyHKy memne
pamypHuUx noaig 014 3pi3aH020 KOHyca y Bu2iA0i Kpaltosoi  3ada4i mamemamuyHoi ¢i
3UKU 018 2InepbONiyHO20 PIBHAHHA MenaonposioHoCMI 3 epaHuyYHuUMu ymosamu Jipixse,
a MaKox 3HalideHo memnepamypHe nose y 8u2isoi 36IKHUX psois.

Knwo4vosi cnosa: komnaexcHuli pad Pyp'e, kpatiosa 3adaqa [ipixne, iHmezpansHe nepem
sopeHHA Jlannaca, Yac penakcayii.

ITocranoBka mpoosemu. Ha choromHiiHii meHb IiHa OOTiYHMKIB O/ pakeT
6/1M3bKO 5-7 MibiiOHIB mosapiB. Bara o6riunmka Falcon 9 3 miameTtpom 5,2 meTpa
6/m3bK0 1,9 ToHHN. [0 BMOOPY TEII0BOro 3aXMUCTy OOTiUHMKA MiAXOASTh 3 0COOJIM-
BOIO PeTeJIbHICTIO, aJ;Ke OOTiUYHMK ITOBMHEH 3aXMIIATY BiJl aepoAMHaMiYHOTO Harpi-
BY, BiZ BMIIpOMiHIOBaHHS, Bif repenapiB Temmeparypu. Hampuknan, Falcon Heavy
MIPOXOJIUTDh 3BYKOBUIi 6ap'ep mpubaM3Ho HA BUCOTi 10 KM, i ITOTIiM po3TaHSETHCS 10
7-8 maxiB (2-3kM/c). Ha iMX BMCOTaxX MOBITPSI BCe IIle JOCUTD IIiJIbHE i BiOYBa€ThCS
CUJIBHUIA PO3irpiB Bif aepoaMHAMiYHOrO HArpiBy OOTiUHMKA 3i IBUIKMUM OXOJIO-
IKeHHSIM Y BepXxHix 1mapax atMocdepnu [1,2]. Teuii 3 Beaukumu umucjiamu Maxa cy-
TIPOBO/IKYIOTHCS Ta3oAMHAMIYHMMM Ta (i3uko-ximiunumu edexramu. Ilpu o6Ti-
KaHHI 3aTyIUIEHOTO TiJIa YTBOPIOETHCS yAapHa XBUJIS, sIKa BiAXOOUTD Bif Tijla, 3a/iu-
IIAI0YMCh B OKOJIUILI TOOOBOI TOUKM MPAKTUUYHO €KBiIMCTAHTHI iioro moBepxHi. di-
3UKO-XiMiuHi eekTy 0O6yMOBJIeHiI 3pOCTaHHSIM TeMIlepaTypu, CIIPUUYMHEHHi Talib-
MYBaHHSIM ras3y 3a yJapHOIO XBuelo. [Ipu 11boMy BilOyBa€eThCS Mepexis KiHeTUIHOI
eHeprii MOoToKy, 110 Habirae B TEIJIOBY, 30YIKYIOTbCS KOJIMBAIbHI CTYIEeHSI CBOOO
MOJIeKYJI Ta3y, MOYMHAETHCS MO0 Ayucolliallis i HaBiTh ioHi3allis. Kpim Toro, ripu Be-
JIUKUX IBUAKOCTSIX, BIUIUB CKIHYEHHOCTI BeJIMUMHM MIBUAKOCTI MOIIMPEHHS Teria
Ha TeIJI00OMiH CTa€ MOMiTHUM.

Ocb yomy 10 umciia rmpobseM, 1o MpeicTaB/sIe BeJIMKUI TeOPeTUIHMI i ITpaK-

TUYHUI iHTepec, BiTHOCUTHCS ITpob/ieMa BUBUEHHS TeMIlepaTypHUX ITOJIiB, [0 BU-
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HMKAIOTh B OOTIYHMKIB JIJISI pakeT, [0 MalTh (OpMY 3pi3aHOro KOHyca, sIKiit obep-
TAE€THCS HABKOJIO CBOEI OCi, 3 ypaxyBaHHSIM CKIHYEHHOCT] BeJIMYMHU IBUAKOCTI I10-
IIMPEHHS TeIlia

AHaJti3 ocTaHHIX JOoCaiaKeHb i myGJsiKanii. AHasi3 mpaib [3-6] mokasas, 1110
TEeIUIOOOMIH B Tijlax o6epTaHHSI, SIKi 00epTalOThCsI, BUBUEHMIA B JAHMIA Uac IIe HeJo-
CTaTHbO. B [6] moka3aHO, 1110 YMCeIbHI MeTOA NOC/IIKeHHS HeCTaliOHapHUX He-
OCeCMMEeTPUYHMX 3aJad TeIUIOOOMiHY IMJIiHApA, SIKiii 00epTaeThCsl, € He 3aBXKIU
eekTUBHMMM, SIKIIIO MOBA i€ MPO OOUMCIEHHS MPU BeIUKUX HMIBUAKOCTIX 0bep-
TaHHS, a BiIOMi Mo/iejIi He Jal0Th 3MOTY 00UMC/II0OBaTM TeMIlepaTypy B OOTiUHMKAX
IS paKkeT, 3 ypaxyBaHHSIM KyTOBOi MIBUAKOCTi 06epTaHHS Ta KiHI[EBOiI IMIBUAKOCTI
MOLIMPEHHS Teria.

MeTa crarTi. [l MOJe/NIOBaHHS TeMIIepaTypHOrO IOJSl CJIif, MpeacTaBUTHU
dbopmy 0OTIiUHMKIB IJIsI paKeT y BULJISIAI 3pi3aHOr0 KOHYCA, i 3p0OUTH PsIL, PO3YMHMUX
CIIpoIieHb. MeTol0 pobOTH € IMOoOymoBa HOBOI MaTeMaTMUYHOI MOJesi pO3paxyHKY
TeMIlepaTypHMX IOiB [JIs 3pi3aHOr0 KOHYyCa, sSIka Hab/IKeHO MOJeNoe TeMIiepa-
TYpy B OOTiYHMKIB [IJI1 pakeT, Y BUIJISAII KpaioBoi 3aiavi maTreMaTuyHoi Qi3uku a
TaKOXX 3HAXO/IP)KeHHS pillleHb OTPUMMaHO1 KpaiioBoi 3a7aui.

BukinazeHHsI OCHOBHOTO MaTepianry JocCaiaKeHHs. Po3risiHeMo po3paxyHOK
TeMIlepaTypHOro IO 3Pi3aHOro KOHyCa Yy UWIIHAPUYHINA CUCTEMi KOOpPAU-
HaT (r,qo, Z) Bucotoro N 3 TBipHOIO NiHielo r=~&(z)=R+2z-tgA (puc.l).

Z

A
X
v :

PucyHok 1- 3pisaHuii KOHyC 3 TBipHOIO JTiHi€ew I = &£(2)

VY moyaTKOBMIT MOMEHT Yacy TeMmrepaTypa KoHyca rmoctiitHa Gy, a Ha GiuHiii
TTOBEpXHi BijoMe 3HaueHHsSI TemmepaTypu V ((p, Z) . Ha Topuax Biflomi 3HaUeHHS Te-
MIIepaTypu Gl(r,(p) i Gz(r,(p) npu z=0 iz =h BignosizHo. B [6] oTpumaHoO y3a-
raJibHeHe PiBHSIHHS MepeHOCy eHeprii Ajsl pylliifHOro ejleMeHTa CYLiJIbHOTO cepe-
IOBUILIA, 3 YpaXyBaHHSIM CKiHUEHHOCTi BeJIMUYMHM HIBUAKOCTI IMOIIMPEHHS Teruia.
3rigHo [6] y3aranbHeHe piBHSIHHS 6ajaHCy eHeprii TBepAoro Tija, sike 00epTa€eThCsl,
3 IIOCTiffHOI0 KYTOBOW IBUAKiCTIO @ HaBKoyo oci OZ, TerutodisnyHi BIaCTUBOCTI
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SIKOTO He 3ajiexkaTh Bif TeMIlepaTypy, a BHYTPIllIHi IKepesia TeIlia BiACyTHi, B IWJIi-
HAPUYHIN CUCTEeMU KOOPAMHAT MPUIAMAE BUTIIS,:
oT oT o°T o°T 0T 10T 10T o°7T
yCi—+ow—+r7, +w =Mttt
ot 0] or° ror r°op° oz

ot Opot (1)

Jle ¥y —LIIJIbHICTh cepefoBunia; C— MMUTOMAa TeIUIOEMHICTb;7, — 4Yac peaclii,

T(r,(p, Z,t) — TeMmIeparypa cepemoBuia; A — KoedillieHT TeruionposigHocTi; t -
yac.
MaTemaTM4HO 3aa4ya BU3HAUEHHS TEMIIEPATYPHOTO MOJISI KOHYCa CKIaJa€ThCS

B iHTerpyBaHHi AudepeHIiaJIbHOIO PiBHSIHHS TeruionposigHocTi (1) B obmacti
D={r.¢, 2,t)[r(0,£(2)) ¢ €(0,27),z2<(0,h),t €(0,0) |, mo 3 ypaxysaHHAM Tpu-
MHATUX OOIYIIEHb 3aMUILIEeTbCS Y BUJLI:

9 0 ; 82‘9+ra) 0 —a-{820+1%+i626+629} (2)

ot od¢ ot® ' o’ ror r’og’® ozt

ogot
3 MMOYAaTKOBMMM YMOBaMM

g(r’qp, Z’O): 0, M =0
ot (3)
i TpaHMYHUMM YMOBaMM
0(£(2),0,2,t)=G(p,2), 4)
Q(F,(D,O,t):@(r,go), Q(r,(o,h,t):A(r,(p), (5)
QZT(r,gp,Z,t)—GO o . a:i_ o ]
ne T —G, BiZHOCHA TeMIlepaTypa Tija; cy KoeillieHT TeM
repaTypoIpoOBiAHOCTI;

T = MV (0,2).G,(1,0).G, (1, 0)}5 Gle2), O(r,0) Alr ) € C(0.27).

rp

Toni pineHHs KpaitoBoi 3amaui (2)—(5) Q(r,(p, z,t) € IBiui HerepepBHO Oude-
peHLilioBaHUM 3a I,¢,Z, OOVH pa3 3a t B obnacti D i HerepepBHUM Ha D [103],
TOBTO Q(r,go,z,t)eCz’l(D)ﬂ C(ﬁ), a QyHKIIii G(go,z), A(r,go), @(r,qo), H(r,go,z,t)
MOXYTb OyTY pO3KJIaJieHi B KOMIUIeKCHUI psia Oyp'e [7]
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o(r,p,2,t) 0.(r,z,t)
Glp.z) | & G,(2)

Al) =2 A -exp(ing)

r, , (6)
o(r

o
P) 0,(r)

ned,(r,z,t)=60"(r,z,t)+i6%(r,z,t), G, (z2)=G"(z)+iG?(z); i - ysBHa ouHmIs;
©,(r)=0.(r)+io(r) A,(r)=A%(r)+iAT(r)

3 orIsimy Ha Te, IO H(I’,go, Z,t) dyHKIIisS mijicHa, Hagaxi 0OMesKMMOCST pO3IJIsi-
JIOM 6’n(I’,Z,t) ons n=0,1,2,..., TOMy IO 6?n(r,2,t) i an(r,Z,t) OyayThb KOMIUIEKCHO
cupsbkeHumu [7]. [ligcTaBasioun 3HaueHHs QyHKII 3 (6) ¥ (2)- (5), omepskumMo

cucreMmy audepeHIliaTbHUX PiBHSIHD

(i) _ 29(0) Apm) 2 (1) M 2 2 () 7
96! +9£')9n‘““”+rra 92 +rr9é"60” 40 9; L 100, n—zé’é')+a 9; (7)
ot ot ot or r or r 0z
3 II0OYaTKOBUMU YMOBaMI/I
. 00"(r,z,0
6\ (r,z,0)=0, 26/(r.20) _, 8)
ot
i I'paHNYHUMMU YMOBaMI/I
6V(£(2),2,t)=G(z), 6V(r0,t)=0V(r), 6" (r,h,t)=A%(r), )
e 9V =—en; F=on;m =2 m,=1 i =12

Isist po3B’si3aHHS KpaiioBoi 3amaui (7)-(9) 3aCcTOCOBYyEMO iHTerpajbHe IepeT-

BOpPEHHS:
(i) =[] Qeter £.2)- p- f (0, 2)do (10)
D
BnacHi pyHKIrii Q(un’k, p,z) i B/IacHi 3HaUeHHS 4/, 3HAXOMATHCH i3 PO3B’SA3KY
3a/1a4i:
’Q, 16Q 1’ Q
8r2 ror r2 < Q
Ql#,,,r0)=0, Qls,,,r,h)=0, Q(un,k,é(z),z)zo. (12)

BnacHi QyHKIii Q(,un’k ' O Z) i BnacHi sHaueHHs g, (11)- (12) HaXoAATHCS 110

dbopmynam, sKi mpuBeeHi B [8], a hopmyna 06epHeHOro ITepeTBOPEHHS Ma€ BUTJISI :
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= Qlu,.p.2) .
f(p2)= e (1 )- (13)
2ol p.2)

3aCcTOCOBYEMO 10 cuCcTeMM nyudepeHIiaJibHUX PiBHIHD (7) iHTerpaabHe IepeT-

BopeHHs (10). Y pe3ynbTaTi ogepskyemMo cucteMmy avdepeHIliaibHUX PiBHSIHD

do" N dg(mi) d2oW _ o
n +9(') e(mi)_l_z- n +7 n__g. QI) 2 e(l) 14
dt n |: n r dt r d t2 ( K lun,k n ) ( )
3 IOYaTKOBMMM YMOBaMU
_ 00 .t
Hn(')(ﬂn,k’t)zoi L”'k):o ’ (15)
ot
. 10 E(2),2) _ . 0 rz) .
e Qg)k _ _J-r Q(/un,k (2) )Gr(]')(Z)dZ—j.r Q(:un,k )grfl)dl‘
’ 5 or 1 oz

KpuBoJiHiliHMIT iHTErpaa 06UMCII0ETHCS TT0 3aMKHEHOMY JOJATHO Opi€HTOBA-

HOMY KOHTYpY (puc.2.)

L

-
th

PUCYHOK 2 — 3aMKHYTMIi KOHTYD i3 TBipHOIO I' = ¢(Z)

3acToCOBYEMO A0 cucteMyu audepeHIiaaTbHMUX PiBHSIHb (14) C MOYATKOBUMM

ymoBamiu (15) iHTerpanbHe mepeTBopeHHs Jlamiaca [9]:
f(s)=[f(r)e™ dr
0

. . . . =(i).
B pesyabTati ofiepxKyeMo cucTeMy anrebpaiuHux piBHSAHD BifHOCHO 6, :

=~ = = = ﬁ(i) =i
590 +9§'>(9n<mi> +z'rSt9n(m‘))+ 7,8°0" = qn{ g 9“)}, (16)

2
ae qn,k =a nk.

Po3B’s3aB11y cucteMy piBHSIHB (16) ofepKyeMoO:

=0 O (7,52 +5+q,, J+(1) " onQ") 1+ 57.)  (i1=1.2)

(17)

n

(rrs2 +S+0,, )2 +o’n*(1+sr7, )
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3acToCOBYIOUM 10 300paskeHHsT GyHKIIIN (17) dopmynn 06epHEHOTO MepeTBO-
peHHs Jlamtaca [9], omepskyeMo opuriHaiu QyHKITi:

(:unk’ ) ank( ){ ( j)[(zrrsj +1)+7ra’ni]+ﬁﬁ(31 )[rra)n—(ZTrsj +1)i]}'
-(esjt —1)+Z4:§n,k(sj ){fz(nlf((sJ )25, +1)-7,ni]+ QC)(s, Jr,on+ (275, +1)-

=3

(evt 1), (18)
0.2(u,, ,t)= P (s, ){~ A(s, (2r,s, +1)+7,0ni]-Q% (s, Jz,on— (27,5, +1)i]}-

€ -2+ ¢, (5, -2, )-[2r,s, +1)-r,0ni]-84 (s, )-[ron +(2r,s, +1)]}

—

e -), (19)
0.5s;"a .
ne Gy (SJ. ): (ersj +1)2 +(r,a)n)2 , @ 3Ha4YeHHs S; And j=1,2,3,4 BU3HAYAIOTHCS 32
dbopmynamu
o (rra)ni —1)i\/(l+ Tra)ni)2 —4r.q, . - (rra)ni +1)i\/(1—z'ra)ni)2 —-4r.q,,
v 27 A 27 '

r r

Takum uMHOM, 3 ypaxXyBaHHSIM (opmys obepHeHUX IiepeTBOpeHb (6) i (13)
OJlep>KyeMO TeMmIlepaTypHe IoJjie 3pi3aHoro KOHYCa, sIKiii 00epTaeThCsl 3 MOCTiTHOIO
KYTOBOIO IIBUAKICTIO @  HaBKoJO oci OZ, i3 ypaxyBaHHSIM KiHIIeBOI IIBUIKOCTI

IMOMIMPEHHS TellJia:

ro,z ' [a t)+i M exp(in
ofr,¢,2,t)= Zw Zl[é’n (10 1) 4107 (s, )]HQ(ﬂn,k,r,ZX\z X (ing),

e gn(l)(yw ,t), gn(z)(,un’k ,t) BM3HAYaIOThCA 3a Gopmynamu (18), (19).

BucHoBku. Briepiiie mo6ymoBaHa MaTeMaTMUHa MOJie/Ib PO3paxyHKy TeMrepa-
TYPHUX IOJIiB [IJIs1 3pi3aHOT0 KOHYCA, sIka HabGIMKeHO MOJeII0E PO3IO/IiJl TeMIlepa-
TYPHUX TOJIiB, SIKi BUHMKAIOTh B OOTiUHMKAX JJI1 pakeT, 3 ypaxyBaHHSIM KyTOBOIi
IIBUIKOCTI 0OepTaHHS Ta KiHIIEBOI MBUIKOCTI IOIIMPEHHS TeIIa Y BUTJISIAI Kpaiio-
BOi 3ajaui maTreMaTU4HOi Pi3MKku 115 rirnepObosiyHOro piBHSIHHS TEIIONPOBigHOC-
Ti 3 rpaHMYHMMM yMoBamu [lipixime. B po6oTi mobymoBaHe HOBe iHTerpasbHe Iepe-
TBOPEHHS [IJIsI IBOBUMMiIPHOTO KiHIIEBOTO IPOCTOPY, i3 3aCTOCYBAHHSIM SIKOTO 3Hali-
IeHO TeMIlepaTypHe ToJie Yy BUIISAI 301KHOTO psimy. 3HaleHuit PO3B’SI30K MOKe
3HAMTY 3aCTOCYBAHHS [IJIS1 IPOTHO3YBAHHS MOX/IMBO1 BEJIMYMHU TEPMOMEXaHIiYHUX

HaIpYyT, CIIPUSITU MMPaBUIBHOMY BMOOPY TEXHOJIOTIUHUX MTapaMeTpiB, 00'€KTMBHOTO
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KOHTPOJIIO, TO03BOJISIE HAMITUTY IIISXM BIOCKOHAJIEHHS TEIUIOBOTO 3aXMUCTy O0OTiu-
HMKIB JIJISI paKeT.
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Mathematical model and method of solving the generalized
dirichle problem of heat exchange of a cut count

The choice of thermal protection of the rocket fairing is approached with special care, be
cause the fairing must protect against aerodynamic heating, radiation, temperature changes.
Currents with large Mach numbers are accompanied by gas dynamic and physicochemical effects.
When flowing around the blunt body, a shock wave is formed, which departs from the body, re
maining in the vicinity of the frontal point almost equidistant to its surface. Physico chemical
effects are due to rising temperatures caused by the inhibition of gas by the shock wave. At the
same time there is a transition of kinetic energy of a stream rushing in thermal, fluctuating de
grees of freedoms of gas molecules are excited, its dissociation and even ionization begins.
Therefore, among the problems of great theoretical and practical interest is the problem of
studying the temperature fields arising in the fairings for missiles in the form of a truncated
cone, which rotate around its axis, given the finiteness of the rate of heat propagation.

In the article the mathematical model of calculation of temperature fields for a truncated
cone is constructed for the first time which approximately models distribution of temperature
fields which arise in fairings for rockets, with
taking into account the angular velocity and the final speed heat distribution in the form of a
boundary value problem of mathematical physics for hyperbolic equation of thermal conductivity
with boundary conditions Dirichlet. A new integral transformation for a two dimensional finite
space is constructed, in the application of which the temperature field in the form of a conver
gent series is found. The solution found can be used to predict the possible value of thermome
chanical stresses, to promote the correct choice of technological parameters, objective control,
allows to identify ways to improve the thermal protection of fairings for missiles.

Bepauuk Muxaiiio 'eHHagifioBUY - TOKTOP TeXHIUYHMX HayK, mpodecop Kadempu
IIPOTrPaMHOIO 3a0e3MeueHHs KOMIT'IOTepHMX cucTteM, HalioHaJlbHMII TeXHiuHMI

yHiBepcuteT "[JHIMPOBChKA MOMiTEXHIKa".

Berdnyk Mykhailo Hennadiiovych - doctor of technical sciences, professor,
department of computer systems software, National Technical University Dnipro
Polytechnic .

142 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (138) 2022 «System technologies»
DOI 10.34185/1562-9945-1-138-2022-14
UDC 004.38

O.A. Lytvynov, M.O. Lytvynov
ON PRACTICAL ASPECTS OF USING OF THE FRAME-BASED SENTENCE
PATTERNS IN INTEGRATIVE COMPUTER-AIDED
LANGUAGE LEARNING SYSTEM

Abstract. The given work is devoted to resolution of the problems appeared during the attempt to
build an integrative system using frame based patterns. The main problems resolved in the work
are as follows. Words reordering, effective error handling, general rules of transformation, effec
tive scenario description.

Key words: frame, frame based paradigm, second language acquisition, language learning sys
tem, integrative approach.

Actuality. There are three key classes of CALL systems connected to three lan-
guage learning approaches: behavioristic, communicative, integrative [2, 3, 4]. The
systems of the first type do not allow enough authentic communication to be of
much value and are focused on “drill and practice” principle [1]. Communicative sys-
tems try to involve the computer system encouraging students to generate original
utterances rather than manipulate prefabricated language. From the point of view of
communicative systems developers, making the system flexible to a variety of stu-
dent responses causes the creation of an environment in which using the target lan-
guage feels natural. Integrative systems are based on two technological components
- multimedia computers and the Internet [1]. The main features of such systems are
as follows: authentic linguistic environment simulation using the media which
makes it natural to combine reading, writing, speaking and listening in a single ac-
tivity; individual approach to each student; focusing on the content the students are
interested in. The typical integrative system is Dustin program developed by the In-
stitute for Learning Sciences at Northwestern University [5, 6].

The paper [7] represents a formal description of the scenario of the scenario-
based integrative language learning system. The description is presented in a com-
pact form and based on mathematical background. It allows to understand the spe-
cific and potential can be achieved by the system; a set of operations should be con-
sidered; phases of evolution of such systems; make a flexible architectural solution.

© Lytvynov O.A., Lytvynov M.O., 2022
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According to [7] the scenario can be represented as a set of steps. The key element of
the step is a message which passes a meaning of the event to the user. The message
consists of a number of projections of the message: text, formula, video-clip, audio,
image, diagram, virtual agent actions etc. There are two types of the messages: task-
oriented messages which cause interrupts of the flow requiring user reaction and
context-oriented messages. Context-oriented messages form a background to make
a natural involvement of the user into communication based on task-oriented mes-
sages (Fig. 1).

time

Figure 1 — The flow of the messages: context-oriented messages prepare
the background for task-oriented message

Each task was defined as a 3-tuple “task definition - a set of weighted correct
answers — a required time to perform the task”.
A set of weighted answers forms a pattern P/ which provides a set of pairs “ex-
pression - value”.
Pl =4: {{ssv)|s €S/, veEQ}, PPCEP (1)

And there was also introduced an operation ) which can estimate a certain ex-

pression against a pattern of answers.
- v,3s: (s,v) € P/
pisqly = {03 €
0,As:(s,v)EP

To make the interconnection between the user and the system more natural

2)

and effective means making the system flexible to a variety of student responses.
This claim gets the developers faced the issue of a huge number of probable variants
of acceptable answers connected to one task, considering their completeness, ac-
ceptability etc. It is obvious that this problem cannot be resolved simply by the
enumeration of all the available variants. Even in connection with a simple sentence
we have a huge number of variations: more or less acceptable, more or less complete
etc. Thus, there should be applied a usable mechanism of patterns able to help
teachers to describe a huge number of variants using compact structures.
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The paper [8] was devoted to resolving that problem. The solution is based on
frame-based paradigm [9], according to which each sentence can be represented as a
number of ordered slots (terminals and non-terminals) connected with the terms
(variants of expression parts represented by the slots). Some slots are strongly re-
quired to be filled with the values others are optional ones. The collection of re-
quired slots forms the semantic core of the expression: the meaning cannot be
passed if the slot is not filled with a proper value. Slots can be connected to a num-
ber of alternative values — the terms with the same meaning, some of which can be
regarded as preferable. Some of these values can also be described by the complex
structures(frames) but mostly they are equivalent to a word or a number of words.
The order of the slots allows us to build syntactically right sentences.

Frame can be defined as a set of slots (Fig.1).

C =der S 3)
We can describe the structure of slot as an ordered set of facets.
Si =der Pi» P; EPES Py X P, X .. Py (4)

Domains represent the axes of slot’s definition. For example, @, can represent
the type of slot {terminal, nonterminal}, ®, — number restriction used to describe
the number of relationships of a particular slot that individuals can participate in
etc.

We can say that two frames are similar if the sets of sentences generated by
those frames are similar.

The language we use to describe the frames is very closed to IC (immediate
constituent) patterns improved with new semantic marks. The description seems
simpler and more understandable than the variant of pure frame-based language de-
scription. “<...>” — defines the borders of the slot. An asterisk (“*”) placed before the
denoted axis (the name of the terminal slot, e.g. Q, T, Tt, S) means that the slot is
optional, “!” before the axis declares that the slot is required. The names of the slots
can be selected randomly, their role is to represent a number of alternative slot val-
ues. Notably, that any part of the expression can be transformed into slot, means the
slot is not connected to grammar structures (part of speech etc.). The value of the
slot can be represented by the frame having some slots (Tt1 = today <*Tt>).

Let’s look at the example.

<HFQ ><*T ><IS >

QI=as you're aware {.1}

Q2=as you know {.2}
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T1=today <*Tt> {.3}
Tt1=in the evening {.1}
S1=we're going to be looking at your career options {.5}

Such frame produces the following set of sentences (decimal numbers in square
brackets denotes the value of acceptance of the phrase):

We're going to be looking at your career options [.5]

Today we're going to be looking at your career options [.8]

Today in the evening we're going to be looking at your career options [.9]

As you know we're going to be looking at your career options [.7]

As you're aware we're going to be looking at your career options [.6]

As you know today we're going to be looking at your career options [1.0]

As you're aware today we're going to be looking at your career options [.9]

As you know today in the evening we're going to be looking at your career op-
tions [1.1]

As you're aware today in the evening we're going to be looking at your career op-
tions [1.0]

It is obvious, that the adding of only one required slot with two alternative val-
ues will double the number of generated sentences.

Task definition. The attractive idea of using such patterns suffers from follow-
ing disadvantages. First, some of the languages have rigorous sentence structure
(e.g. English, Japnese), others more flexible (e.g. Ukrainian, Russian), but it would
not be a mistake if we say that every language allow to change words order in defi-
nite scope of restrictions (even the restriction of the sentence to 7-10 words). The
question is how to process that type of allowable words moving. The next question
considers some general rules of interpretation, e.g. according to the rule of indefi-
nite article “a” becomes “an” before the word started with the vowel. When we have
optional slots which can be excluded from the interpretation, we can face the situa-
tion when the result sentence can have such general rules mistakes. Of course, they
could be solved by the rigorous frame description, but it would require more time of
a person responsible for frames description and, therefore, could undermine the idea
of simplicity of the system. Third question connected to error handling. When the
user chooses a wrong word or a part of phrase instead of the right one, he/she have
got the notification that his answer is incorrect and, in the best variant, how the
most closed proper answer is looked like. But usually, users want to get some expla-
nations about why the provided variant is not right. How to process the situation

making the system more usable and friendly, increasing its interaction-orientedness.
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The last question is how to embed patterns in scenario scripts, how to make the pro-
cess of scenario construction simpler and more effective. These are the questions the
given work is devoted to.

Main part. First problem mentioned above connected to the ability of an ex-
pert (a person responsible for making and maintaining the patterns) to describe the
allowable combinations of slots considering words conversions and reordering with-
out significant efforts. In general, we face the situation when one sentence should be
described by several frames. These frames can be connected to the same set of slots
and in that case, we have got the clones of the same fame differed by the composi-
tions of the slots. But this solution does not cover the range of situation connected
with the problem. A more proper solution would be to assume that some of those
frames could have their own sets of slot values and even introduce new slots.

In general, we impact with the structures which partially connected to the
source set of slots and its values.

Sj=aer Fl =aer f1 |75 [ f 1 1f7, 5 €€ (5)

where s; — a sentence from the set of sentences & which is described by the set of

frames F/. User’s answer in response of proposition to provide the version of the
sentence can be connected to only the one of the frames, and the expression
Fl=gr {7, | f7, | . f?, |.. | f/, means that using “|” sign to separate alternatives.
3s,es(f,)—3f, = nsces(fl) (©6)

Formula (6) defines the rule of sharing slots among different frames. It states

that if a frame from the set of frames F/ has a slot, that slot can also be used by the

other frame from the same set. 5( f k) expression means the slots of the frame, and,

consequently, 8 means function that transforms a frame into the set of slots which
the frame consisted of, more precisely, it can be defined by the expression s: f — 5.
3s;es(f,) ~vf e F\fI,.s; e s(fl)) (7)
Formula (7) defines the rule of existence of the slots which belongs to only one
frame.
Different types of frames are shown in Figure 2. First can be regarded as the
basic one. Second is the modification of the first one differed only by the slots order.
Third is the frame which shares partially only one basic slot (only s»3* part) and

adds new slot s4 to the set of slots.
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Figure 2 — Evaluation of the parts of the expression

To demonstrate the problem and the features of the provided solution let’s see
some examples. In brackets, we indicate a solution to the problem using the method
mentioned above.

English examples:

1. The boy quietly went out <> The boy went out quietly. (Slots reordering)

2. After seeing the film, we discussed it <> We discussed the film after seeing it.
(Slots reordering).

3. A lot of people worked for that plant <> There worked a lot of people for a
plant. (Slots reordering plus additional terminal slot “There”).

4. T have never seen such a beautiful park before < Never before have I seen
such a beautiful park (Slots reordering).

5. I would have felt better, if I had stayed at home « I would have felt better, if
had I stayed at home (Slots reordering and excluding “if” from the second frame).

6. Jack wouldn’t take a taxi at night to go home, if he could stay at our place <
Jack wouldn’t take a taxi at night to go home, if could he stay at our place (Slots re-
ordering and excluding “if” from the second frame).

7. It wasn’t a big problem for Mark « For Mark it wasn’t a big problem (Slots
reordering).

8. The only person visible was the soldier near the castle’s gates <> The only
visible person was the soldier near the castle’s gates (Slots reordering).

French examples:

1. Malheureusement, nous n’avons pas la possibilité de la faire <~ Nous n’avons
pas la possibilité de la faire malheureusement (Slots reordering).

2. Hier, il a plu < Il a plu hier (Slots reordering).
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3. Dans ce pays, la neige est rare <> La neige est rare dans ce pays (Slots
reordering).

Chinese examples:

1. 5 K¥Fk T1E 8,45 K TIE (eng. I'm working today) (Slots reordering).

2. 1 RMA T M1 K (eng. They take a bath every day) (Slots reor-
dering).

However, provided solution suffers from a problem of manual definition of the
frames. In most cases the problem is not severe, but it needs time and efforts from
the person responsible for frame creation and maintaining. The variant of the solu-
tion is to provide a set of rules. For example, for the adverb applied to the entire sen-
tence (see French examples) we can define a rule represented by the Formula (8).

< Adv > o S\Adv < S\Adv o < Adv = (8)
where <= Adv = is the slot of the adverb type and S\ Adwv is the rest of slots of the
frame without the slot <2 Adv . Operator = here denotes the composition of slots.

To apply the rules, we need to mark the slots we want to be processed by the
special markers making them typed slots. Thus, we will have two kinds of slots with-
in the system: typed and untyped. The result of processing is the set of frames with
reordered slots generated by the system according to the order defined by the rule.

To make the system flexible we can introduce two types of rules: public and
private. Public rules are always applied by the system in all cases, excluding situa-
tions when the expert rejects the public rule for a frame set. Private rules should be
selected and attached manually by the expert to the set of frames. Experts can define
public rules for the language they are working with and private rules for the sentenc-
es.

The next question considers the rules of interpretation, e.g. according to the
rule of indefinite article “a” becomes “an” before the word started with the vowel. It
seems to be better to apply the generic set of rules of transformation for each lan-
guage according to which generated sentences could be refined. Another variant is to
attach the set of such rules to each frame. The most flexible solution is to use the
combination of above two approaches: first apply generic rules set and then the spe-
cific one.

The next problem is connected to error handling. To add the notification
mechanism, we need to add erroneous variants to the set of slot values, but instead
of marking them with a weight we should mark them with “error” modifier adding
the text of the error or in a more general case adding the reference to the explana-
tion to avoid the doubling of the same text among different slots of different frames.
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To understand the necessity of the feature let’s see some examples. English ex-
ample. The user used “investigate” term instead of “research” in the phrase “we will
be also researching the international market”. So, his answer was “we will be also inves-
tigating the international market”. Without error handling feature the system returns
that the variant is not right and the mark for that variant is equaled to zero. When
we add error handling the situation will be processed more effectively and user will
be informed about the error. It could be a sentence with error explanation with ex-
amples. For example: “to investigate means to inquire into or study in order ascertain
facts without methodology. E.g. to investigate the causes of natural phenomena, to inves-
tigate the foregoing issues. To research means to search or examine something with con-
tinuous care.”.

French example. The user used “ decouvrir” term instead of “explore” in a
phrase “Explorer la jungle s'est avéré étre un défi pour nous tous.”. In response he/she
will get the following explanation: “Explorer quelque chose, c'est traverser une région
inconnue pour en apprendre davantage ou pour examiner quelque chose. Par exemple,
Les biologistes étaient ravis d'explorer la nouvelle terre; elle a exploré les objets de preés
pour que rien ne passe inapercu. Par contre, découvrir, c'est trouver quelque chose ou
acquérir des connaissances ou prendre conscience de quelque chose. Par exemple, le
radium a été découvert par Marie Curie; nous avons découvert un joli petit chalet a la
périphérie de la ville. ”.

Thus, we can see that the system with proper error handling becomes more in-
teractive, communication-oriented. It is notably, that even the right variants can be
accompanied with commentaries letting the user understand why the score of
his/her answer is not so high as it was expected.

And the last problem mentioned by the task definition is how to make the pro-
cess of scenario description easier and convenient for the expert. It must, ideally, be
the plain file without databases and editors. In other words, databases and editors
can be regarded as extended version of the base one which based on the use of plain
text file.

The structure of the scenario that we propose is shown in the following

listing 1.
Listing 1

Victor [en] Ok, I'm here.  [animation:placed emotion:glad place:window]

Victor [en]  [animation:walking emotion:glad place:door animationSpecif-
ic:nowait]

Alex [en]  [animation:placed emotion:thinking place:window1]
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Victor [en]  Hello, sir. Do you speak English? We are from New York Times.
May I ask you some questions? [animation:talk emotion:glad]

Paul [fr] Bonjour. Je ne parle pas anglaise. Je ne parle que frangais.
Quelles questions?

Alex [en]  He doesn’t speak English. Only French. What are the questions?

Victor [en]  Well Iwant to talk about strikes and manifestations.

T [fr] <HFQ >IN ><IV ><IVV >< IS>

QI=Alors{.1}

NI=je {.1}

V1= voulais {.2}

VVI= qu’on parle {.3}

SI=de la greve <et *K> {.4}

K1= des manifestations{.2}

The scenario consists of two parts: context and tasks. Each task relates to the
frame set and suggests the user answer. The structure of the context sentence can be
defined as a tuple <actor, language, phrase, modifiers block>. Sometimes, depending
on the role, actor does not have any phrase to say but have modifiers block which de-
fines his behavior within the system. For example, let’s take a look at the line

Victor [en]  [animation:walking emotion:glad place:door animationSpecif-
ic:nowait]

According to the modifiers the actor whose name is Victor should go to the
door from his initial place with glad emotion, and he can start talking only after he
takes his place. Details of what modifiers can be used in scenarios and how they are
processed by the system are out of scopes of the article.

The step of the scenario of the Task type always starts with letter T (means
Task) accompanied by the language identifier and a frame set described using the
script language which we already know.

As we can see, the method provided is rather simple, based on the plain file. Of
course, we can build editor and save this scenario into database, but the editor and
the database cannot be regarded as an integral part of the scenario management sys-
tem.

Summary. The work provides some variants of solutions of the problems ap-
peared during the attempt to build an integrative system using the model represent-
ed in [8]. To make the system more adoptable to the expert needs we introduce some
methods which would help making a set of frames with reordered slots more effec-
tively: additional set of frames which can the share slots among each other and with
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the basic one, public and private rules of frame transformation. To make error han-
dling more convenient for end-user we propose to include erroneous variants of an-
swer into the list of the slot values attaching detailed description of the error, the
same method could be used for detailed description of the right variants with low
weight. We also provide a mechanism of interpretation rules which could be used for
refining the text built by the system using frames. In the end we provide a way to de-
scribe the scenario using plain text including task steps which based on frames. We
hope that all the described aspects of the problems and their solutions will help de-
velopers to make integrative systems more interactive, communication-oriented and
effective.
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lMpakmuyHi acneku 3acmocyB8aHHA hpelimosux wWabNoHi8 pe4yeHs 8 HMe2pamus
Hil niHesicMuyHit cucmemi

AHani3 ocmaHHix docnioxeHb ma nybaikauid. IcHyoms mpu Kkao4osi kaacu cucmem CALL,
nos’sa3aHi 3 mpboma nioxodamu 00 BUBYEHHS MOBU: BixesiopucmcbKul, KOMyHIKaMUBHUL, iHMe
epamusHull [2, 3, 4]. Cucmemu nepwoeo muny He 30CepeleHl HA NPUHYUNi «mpeHylcs i
npakmukyi» [1]. KOMYHIKGMUBHI cucmemu HAMA2aMbCA 3a7y4UmMu KOMn'tomepHy cucmemy,
3a0xo04yt04U cmyO0eHmig BUPIWYBAMU OPU2THA/bHI 3ABOAHHA Y CepedoBulyl, 8 AKOMY BUKOPUC
MAHHSA YiboBOT MOBU € NpUpOOHUM. IHMe2pamusHi cucmemu 6a3yomMbCs HA 0BOX MexXHO/021Y
HUX KOMNoHeHmax — mynbmumeoiliHux komn'tomepax ma InmepHemi [1]. OcHoBHUMU 0C061UBO
CMAMU MAKux cucmem €: MOOeNOBAHHA ABMEHMUYHO20 MOBHO20 cepedosuwia 3a 00NoMo20l0
3aco6i8 media KOHmMeHmy, Wo pobums NPUPOOHUM NOEOHAHHSA YUMAHHS, NUCbMA, 20BOPTHHA Ma
ay0itoBaHHA 8 00HIl OianbHOCMI; THOUBIOyanbHUL NidXi0 00 KOKHO20 YYHA; 30CepeoKeHHA Ha
3micmi, AKud yikasums cmydeHmis. Tunosot iHmMe2pamusHow cucmemoto € npozpama Dustin,
po3pobseHa Incmumymom Hayk Hag4yaHHA [TisHiyHO 3axioHo20 yHisepcumemy [5, 6].

Y pobomi [7] npedcmasneHo ¢opmansHuli onuc cyeHapito iHmMe2pamusHoi cucmemu Ha
BYaHHA Mosu. BidnosioHo do [7] cuyeHapili moxHa npedcmasumu y 8u2is0i HaboPy KPOKIs.
Knto4yosum enemeHmom KpoKy € noBiOOMIEHHS, SiKe nepedae ceHc nodii kopucmysayesi. 108100
MAIeHHA CKNA0aemsCs 3 pAOY Npoekuyilt nosidoMaeHHA: mekcmy, ¢opmynu, 8ideoposauka, ayoio
mouwo. IcHye 08a munu nogidomseHb: N0BIOOMICHHSA, OPIEHMOBAHT HA 3aBOAHHSA, AKI BUKIUKA
IOmMb nepepusBaHHA NOMOKY, WO BUMA2AE PEaKYisi KOpUucmysa4ig 1 KOHMeKCMHO OPIEHMOBAHI
nogioomneHHs. KoHmMeKCmHO OpiEHMOBAHT NOBIOOMAEHHS ymBoplowmb (OH 0114 NPUPOOHO20
3a/1y4eHHA Kopucmysa4a 00 CNiJIKyBAHHA HA OCHOBI NOBIOOMJ/IeHb, OPIEHMOBAHUX HA 3GBOAHHA.

3pobumu B30€EMO38'A30K MIX Kopucmysadem i cucmemolo GibW NpUpoOHUM T echekmus
HUM 03HQYae 3pobumu cucmemy 2Hy4Ko 01 pi3HOMaHimHux 8ionosioell yyHis. 0YeBUOHO, U0
Yto npobsiemy HeMOX/IUBO BUPILIUMU NPOCMO NepepaxysaHHam ycix 0ocmynHux sapiaHmis. Ta
KUM YUHOM, C/TI0 3aCmMOCy8amu KOPUCHUU MexaHi3Mm wabioHis, 30amHuli donomo2mu 84umesnio
onucamu sesnu4e3Hy KifbKiCmb BaAPIaHMIi8 30 00NOMO20I0 KOMNAKMHO20 KOHCMpYKYil. Po3s's
3aHHI0 yiei npobaemu 6yna npucssyeHa cmamms [8]. PiweHHs 6a3yembca Ha napaduemi Ha ocC
HoBi ¢hpelimy [9], 3210HO 3 AKOK KOXHE peyeHHs Moxe Oymu npedcmasiieHo y Bu2/A0i psdy
8NOPAOKOBAHUX CIOMI8 (MepMiHanis 1 HemepMiHaig), N0B’A3aHUX 13 mepMiHamu (BapiaHmamu
yacmuH supasy, npedcmasneHumu cromamu). eaki cnomu HacmiliHoO NOBUHHI 6ymu 3aN0BHeHT
3HAYeHHAMU, THWI € Heo608'a3KosuMU. Konekyis HeobXIOHUX C/I0MiB ymBOPIOE ceMaHmuyHe 50
PO BUPA3Y: 3HAYEHHA He MOxe 6ymu nepedaHo, AKWO C/I0M He 3an0BHeHUL HAJeXHUM 3HaYeH
HAmM. Cromu mMoxyms 6ymu nos’sa3aHi 3 HU3KOK GJbMepHaMUBHUX 3HAYeHb — MepMiHiB 3 00HA
KOBUM 3HAYEeHHAM, 0K 3 AKUX MOXHA BBAXAMU Kpawumu. [JeaKi 3 yux 3Ha4yeHb MaKox MOXHQ
onucamu cKkAadHumu cmpykmypamu (¢pelimamu), ane 30e6i/1bLI020 BOHU eKBIBANGHMHI CI0BY
ab6o Kinbkom cnis. [lopsadok po3maulyBaHHs cromis 00380/5€ Ham byOysamu CUHMAKCUYHO Npa
BUJIbHI pEYEHHS.

Mosa, sKy mu Bukopucmosyemo 014 onucy ¢pelimis, Haeadye wabnoru IC (6e3nocepedHix
CKNA00BUX), NOKPAUWEHUX HOBUMU CeMAHMUYHUMU no3Haykamu. Onuc 30aembca npocmiwum 1
3pO3yMiNiWIUM, HDXX BapiaHm 4Yucmo ¢ppeliMoBO20 MOBHO20 ONUCY. «<...>» — BU3HAYAE MeXi
cnoma. 3ipoyka («*»), po3miujeHa neped no3HayeHow BICClO (HA38a MepPMiHANbHO20 ComYy,
Hanpuknao, Q, T, Tt, S), 03Ha4ae, wjo cnom € Heob608’a3ko0BUM, «!» neped mum, K BiCb 020/10UIYE,
wo cnom HeobxioHud.
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Po3znanemo npuknad.

<*Q><*T><IS>

Q1=as you're aware {.1}

Q2=as you know {.2}

T1=today <*Tt> {.3}

Ttl=in the evening {.1}

S1=we're going to be looking at your career options {.5}

Takuli ¢ppelim cmsoptoe HacmynHuli Habip pedeHs (0ecAMKOBI YUCAA 8 KBAOPAMHUX OYX
KAax N03HA4armb 3HaYeHHA cnpuliHAmms ¢pasu):

We're going to be looking at your career options [.5]

Today we're going to be looking at your career options [.8]

Today in the evening we're going to be looking at your career options [.9]

As you know we're going to be looking at your career options [.7]

As you're aware we're going to be looking at your career options [.6]

As you know today we're going to be looking at your career options [1.0]

As you're aware today we're going to be looking at your career options [.9]

As you know today in the evening we're going to be looking at your career options [1.1]

As you're aware today in the evening we're going to be looking at your career options [1.0]

Bu3HayenHs 3a0ayi. lpusabnusa ides BUKOpUCMAHHA ¢pelimis cmpaxoae 8i0 HACMynHUX
Hedonikis. [lo nepwe, He Byde NOMUJIKOI, AKWO MU CKAXXeMO, WO KOXHA MOBA 003BOJISIE 3MIHIO
s8amu nopA00K CN1iB y peyeHHT (Hasimb obmexeHHA npono3uyii do 7 10 cnig). [lumaxHa nonseae
8 mMomy, sK 0bpobumu makuti mun donycmumux gapiaHmis. HacmynHe numaxHs: 3a2aabHi npa
8uUJIa MpaHcgopmayii, Hanp. 3a NPasuUIOM HEO3HAYeH020 APMUKAA «a» CMAE «an» nepeod c1o
BOM, W0 NOYUHAEMBCA 3 20710CHO20. Tpeme numaHHs, nos'a3aHe 3 06pobKoto nomunok. Koau Ko
pucmysay subupae HenpagusabHe €080 A60O YacmuHy ¢pasu 3amicme NPasusibHO20, BiH/BOHA
ompumye nogidomaeHHs, Wo Lio2o 8I0N0BIObL HENPABUJIbHA 1, B HAUKPAWOMY BAPIAHMI, AK BU
2N190a€ Halbinbw 3aKpuma nNpasusibHa 8ionosiob. Ane 3a3suyall Kopucmysayi Xxo4yms ompu
Mamu nosiCHeHHs, YoMy HaoaHuli BapiaHm HenpasunbHul. Ak obpobumu cumyayito, pobasyu
cucmemy OifiblW 3pYYHOIO Ma OPYXHbOK, NiIOBULYOYU i opieHmayito Ha B83aemoodit. OCmaHHe
NUMAHHA — AK onucamu wWabIoHU 8 CYeHapiax, AK 3pobumu npoyec nobyoosu cyeHapit npoc
miwum ma egpekmusHiwum. Came Yum NUMAHHAM 1 npucssyeHa oaHa poboma.

lonosHa yacmuHa. llepwa npobnema, 32a0aHa sulye, NOB'A3aHA 31 30aMHICMI0 ekcnepma
6e3 3HayHUX 3yCcusib onucysamu 0onycmumi KOMOIHAYIi cIOMIiB 3 ypaxyBaHHAM nepemsopeHHs
CiB 1 3MIHU NOPAOKY. 3a2a/10M MU CMUKAEMOCSA 3 CUMYAUIED, KOU 00He peyeHHs Mae bymu onu
CaHo Kinbkoma gpetimamu. Lli ppelimu moxHa niokmoyumu 0o 00H020 T Mo20 X Habopy cromis,
1 8 YybOMy BUNAOKY MU OMPUMAEMO KJIOHU OOHIET 1 MI€Ei X CMpyKmypu, Wo BIOPI3HAOMbLCA 3a
KOMNO3uyielo ciomis. Anle ye pilueHHS He 0XONJIIOE KO0 cumyauili, nos's3aHux i3 npobiemoro.
binbw npasunsHUM piwieHHAM 6y10 6 npunycmumu, wo OesKi 3 yux ¢pelimis MoxXyms mamu
B/1GCHT HABOPU 3HAYeHb C/IOMIB T HABIMb BBOOUMU HOBI C/IOMU.

00Hak HaoaHe pilleHHs Cmpaxoae 8i0 npobsemu pyyHo20 BU3HAYeHHs @pelimis. Y 6inb
wocmi sunadkis npobsiema He € ceplio3Hoto, ase nompebye yacy ma 3ycunb 8i0 ocobu, 8ionosi
0a/bHOT 3a CMBOPeHHS ma 00C/y208yYBAHHSA KAapKaca. BapiaHm po3s’s3aHHs — Hadamu Habip
npasuJ.
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lJo6 3acmocysamu npasusa, HaM NOMPIOGHO NO3HAYUMU CIOMU, KT MU X04emMo 0bpobumu,
cneyianbHUMU Mapkepamu, wob 3pobumu ix HabpaHumu cromamu. Takum YUHOM, MU MAMUMEMO
0s8a BuUOU c/OMiB y cucmemi: muni3osaHi ma HemunosaHi. Pesysnbmamom 06pobKu € Habip
¢pelimig 13 nepeynopA0OKOBAHUMU CIOMAMU, 32eHePOBAHUMU CUCMeMOt0 BI0N0BIOHO 00 NOPAOKY,
BU3HAYEHO20 NPABUJIOM.

o6 3pobumu cucmemy 2Hy4YKOK, MU MOXeMO 88ecmu 08a munu nNpasus: nyéaiyHi ma
npusamHxi. 3a2a1H000CMYNHI NPABUA 3aBXOU 3aCMOCOBYIOMbCA CUCMEMOK Y BCIX BUNAOKAX,
3a BUHAMKOM cumyauid, KoJiu ekcnepm BIOXUA€ nybaidHe npasuso 014 Habopy gpelimis. lpu
BaAMHI Npasuna NOBUHHI Bymu 0OpaHi ma npuKkpinieHi spyyHy ekcnepmom 0o Habopy ¢pelimis.
Ekcnepmu moxymb 8u3Haqyumu ny6aiyHi npasuna 015 MOBU, 3 AKOK BOHU Npayloome, 1 npusa
MHI Npasuaa 015 peyeHb.

HacmynHe numanHa po3anadae npasusa mpaHcgopmayii. 30aemscs, Kpawe 3acmocysa
mu 3az2anbHuli Habip npasun mpaxHcopmayii 0518 KOXHOT MOBU, BION0BIOHO 00 AKUX CMBOPEH]
peqeHHs MOXHa 6yno 6 ymoyHosamu. IHwud sapiaHm — npukpinumu Habip makux npasus 00
KOXHO020 Kaodpy. Halibinbw eHy4YKUM pilLUeHHAM € BUKOPUCMAHHA KOMOTHAYIT 0BOX BULE3A3HAYE
Hux nioxo0iB: cno4Yamky 3acmocysamu 3a2aabHull Habip npasus, a nomim cneyugiyHud.

Hacmynxa npo6nema nog'sa3aHa 3 06pobkoto nomunok. Llo6 dodamu mexaHi3m cnosiujeHs,
Ham nompibHo dodamu NoMusKosi sapiaHmu 00 HAbopy 3HA4YeHb COMIB, ajse 3amiCme Moo,
W06 no3Hayamu ix 8az2ok, MU NOBUHHT NO3HAYUMU iX MOOUGTKAMOPOM «errory, 000aK4u mexkcm
nomusiku a6o 8 6isblW 3a2a1bHOMY BUNAOKY 000AK0YU NOCUNAHHS HA NOACHEHHS, W06 YHUKHYMU
NO0BOEHHA 0OHO20 1 MO20 X MeKCMy MIX pPI3HUMU CI0Mamu pi3HUX Kaopis.

OcmaHHs npobsiema, npo AKy (i0embCa y BU3HAYEHHT 3AB0AHHS, NOJIA2AE 8 MOMY, K 3p0
6umu npouec onucy cueHapito fe2wum i 3py4yHum 015 exkcnepma. B ideani ye mae bymu npocmudi
¢atin 6e3 6a3 0aHux i pedakmopis.

Cmpykmypa cyeHapito, AKY MU NPONOHYEMO, NOKA3AHA 8 HACMYNHOMY icmuHzy 1.

JlicmuHe 1.
Victor [en] Ok, I'm here. [animation:placed emotion:glad place:window]
Victor [en] [animation:walking emotion:glad place:door animationSpecif
ic:nowait]
Alex [en] [animation:placed emotion:thinking place:window1]

Victor [en] Hello, sir. Do you speak English? We are from New York Times. May I
ask you some questions? [animation:talk emotion:glad]

Paul [fr] Bonjour. Je ne parle pas anglaise. Je ne parle que fran3zais. Quelles
questions?

Alex [en]  He doesn't speak English. Only French. What are the questions?

Victor [en] Well I want to talk about strikes and manifestations.

T [fr] <*Q><IN><!V><!VV>< !S>
Q1= Alors{.1}

Ni=je {.1}

Vi=voulais {.2}

V1= qu'on parle {.3}

S1=de la gruve <et *K> {.4}

K1= des manifestations{.2}

ISSN 1562-9945 (Print) 155
ISSN 2707-7977 (Online)



«CucreMHi Tex”osorii» 1 (138) 2022 «System technologies»

CueHapil cknadaembca 3 0BOX YACMUH: KOHMeKkcmy ma 3as80aHb. KoxHe 3a80aHHA B1IOHO
cumsbcs 00 Habopy Kaopis i NPoONOHYe B8ION0BIObL Kopucmysaya. CmpyKmypy KOHMeKCMHo20 pe
YeHHA MOXKHA BU3HAYUMU SK KOpMeX <akmop, Mosa, ¢pasa, 610k moougikamopis>. IH00i, 3a
JIeXXHO 810 pOJi, AKMOP He MOXKe CKa3amu X00HOi (pasu, ane mae 610Kk Mooughikamopis, KUl
BU3HAYae (1020 nosediHKy 8 cucmemi. Kpok cueHapito muny Task 3a8x0u NOYUHAEMbCA 3 Aimepu
T (o3Ha4ae 3aBOAHHA), WO CynpoBOOXKYEMbLCA 10eHmugikamopom mMosu ma HabopoMm Kaopis,
onucaHum 3a 00NOMOo2010 MOBU CUEHAPIiB, AKY MU BXKe 3HAEMO.

Ak 6ayumo, 3anponoHosaHuli memod Oocume npocmudll, 3aGCHOBAHULI HA 3BUYALHOMY
¢adn.

Pestome. ¥ pobomi HagedeHO OesiKi BapiaHMU pO3B8'A3AHHS 3a0aY, WO BUHUKAU Ni0 4ac
cnpobu nobyoosu iHMe2pamusHoi cucmemu 3a 00NoMo20t0 MooeJi, npedcmasneHoi 8 [8]. lljo6
3pobumu cucmemy 6i/bLI NPUCMOCOBAHOK 00 Nompeb ekcnepmis, MU BBOOUMO OesiKi Memoou,
AKI donomoxyms 3pobumu Habip ppelimis i3 nepeynops0KoBaHumMu ciomamu OinbL egekmus
Ho: dodamkosull Habip ¢pelimis, AKi MOXymb OiIUMU COMU MiXX COO0K mMa 3 OCHOBHUMLU,
nybniyHUMU ma npusamHuMu npasusamu mpadcgopmauii kadpy. o6 3pobumu 06pobKy
NOMUIOK GiNiblW 3PpY4YHOI 01 KIHUeB020 KOpUCmyB8aya, Mu nponoHyeEMO BKAOYAMU NOMUKOBI
sapiaHmu 8i0N08i0I 00 CNUCKY 3HA4YeHb C/I0MIB 13 O0KAAOHUM ONUCOM NoMusaku. Mu makox
HaOaeEMO MexaHi3M npasus iHmepnpemauyii, AKUl MOXHAG BUKOPUCMOBYBAMU O/ YMOYHEHHS
meKcmy, CmBOpeHo20 cucmemolo 3a 0onomozoko pelimis. HanpukiHyi mMu Haoaemo cnoci6
onucamu cyeHapili 3a onoMo200 NPOCMO20 MeKCMY, BKAKYAKYU KPOKU 3aBOAHHS, AKI 6a3y
tombcs Ha ¢pelimax. Cnodisaemocs, wo BCi onucaHi acnekmu npobsem ma ix supiwieHHs 0ono
MOXyYmb pO3po6HUKAM 3pobumu THmMez2pamusHi cucmemu 6inblW THMEPAKMUBHUMU, KOMYHIKA
YidiHumMu ma egpekmusHuUMU.

JIntTBuHOB OyieKcaHAP AHATOJIIIOBUY - KAaHIUAAT TEXHIYHMX HAYK, TOIEHT Kade-
IpU eJIeKTPOHHUX OOUMC/IIOBA/IbHMUX MallMH JHIMIpONeTpOBChKOTO HalliOHAJbHOTO
yHiBepcurerty im. O. ['oHUapa.

Lytvynov Olekcandr Anatoliyovich - candidate of technical sciences, associate
professor, associate professor of the department of Electronic Computing

Machinery, Oles Honchar Dnipro National University.

JIntBuHOB Muxaiyio OeKCaHAPOBUY — CTYJEHT, JHIMPONeTPOBCbKMIT HalliOHA-
nbHU yHiBepcuTet im. O. ['oHuUapa.

Lytvynov Mihailo Oleksandrovich - student of the group KI-21m-1 of the faculty
of Physics, Electronics and Computer Systems, Oles Honchar Dnipro National
University.
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O.b. I'nuneuko
IMITALIIMHE MOJIEJTIOBAHHS BATATOIIOTOKOBOI APXITEKTYPU

KOMIT'IOTEPHOI CUCTEMU 3ACOBAMU ANYLOGIC

AHomayis. Po3ensHyma MoxXaugicms ma 0cobusocmi BUKOPUCMAHHS THCMpyMeHmy imimayid
H020 ModenoBaHHA 6izHec npouecis AnylLogic 01 0ocnioxeHHs Komn'tomepHux cucmem. [Toby
dosaHa ma docnioxeHa iMimayiliHa Modesb 6a2amonomoKoBUX 064YUCTeHb 8 MyJIbMUNPOYECcop
HIl KoMn'tomepHili cucmemi, W0 NPAYLOE 8 pexxumi Nooiy 4acy.

Knwo4osi cnosa: imimayiliHe MOOeIt0BAHHS, KOMN'tomepHa cucmema, 6a2amonomoKoB8icMe.

ITocranoBka nmpoomemu. CyyacHi KOMIT'IOTEpPHi CHUCTeMU TPeACTaBIsSIIOTh CO-
0010 OOIIMPHMIT K/TaC TEXHIUHMX 3ac00iB, SIKi ay’Ke HEeIPOCTO aHa/Ii3yBaTH, HOCITi-
JKyBaTy Ta IMPOEKTYBATH 3aBASIKM 1X MiABUIIEHOI CKIaaAHOCTi. [Ipy MmomentoBaHHi Ta
IOCJiIKeHHI TaKMUX CUCTEM, SIK, BJIaCHe KaXKyuH, i OyIob SIKMX iHIIUX CHMCTEM, He 30-
cepeKyI0ThCSI Ha BM3HAUEHHI TOUHOTO XapaKTepy PoOOTH KOXKHOTIO 3 iX eJIeMEeHTiB.
HaTomicTh HOCHIIKYIOTH JIOTIKYy Ta XapakKTep B3aeMOJii LMX eJeMeHTIiB Mpu
pO3B’sI3aHHI MOKJIaJeHX Ha CUCTeMY 3a7lay, MalOuy Ha MeTi BM3HAUeHHSI TaKuX 3a-
TaJIbHMX XapaKTePUCTUK KOMIT'IOTEPHOI CUCTEeMH, SIKi 3a0e3IeyaTh HaMBUIIY ITPOIY-
KTUMBHICTh ii poboTu. lle mo3BoJIsI€E AOCITIIKYBaTM KOMIT'IOTEPHI CMCTEMM 3aCTOCO-
BYIOUM J0Ope po3pobsieHi MeToAy Ta MigX0oAu IO MOEIIOBAHHS CUCTEM 3arajJbHOIO
NIpU3HAUYeHHS, HallpUKJIa, METOAM iIMIiTaliiiHOrO MOJIe/II0BaHHS cucTeM [1,2].

ImiTaliiine MoAe/I0OBaHHSI B OCTaHHIl Yac CTa€ HaOi/IbII MOIIMPEHNM CIIOCO-
O60M JIOC/IiIKeHHST ITpolLieciB 00pobky iHdopmallii B KOMII'IOTepHUX CUCTeMaxX. YCIi-
Xy iMiTalLiiHOrO MOME/NIIOBAHHSI KOMIT'IOTEPHMUX CHMCTEM CIIPUSIE Te, 0 BOHM A00pe
dbopMasti3yloTbCsl Y BUIVISIAI CUCTEM MacoBOTO 0OC/ayroByBaHHSI [3]. Bymb sKy
KOMIT'IOTEpHY CMCTeMY MOKHA PO3IJIAaTy B TepMiHax Teopii cucTeM MacoBOro o06-
CJIYTOBYBAHHSI SIK B3a€MOIIOB’SI3aHY CYKYITHICTh 3aIlMTiB Ha 0OCTYyrOBYBaHHS (TpaH-
3aKTiB), pecypciB (KaHajiB 00CJyrOBYBaHHS), UepT A0 pecypciB (HAaKOMMUYyBauiB) Ta
aJAropUTMYy (IIpaBuUJI) OGCITYTOBYBaHHS.

MeTot0 IOC/IiIKeHb B TeOpii cucTeM MacoBOro OOCIyrOBYBaHHS € BU3HAUEHHS
TaKMX XapaKTePUCTUK Ta MapaMeTpiB CUCTeMMU, IIpU SIKUX 3abe3reuyeTbes ii Haii-

6isib1l edekTUBHE GYHKIIIOHYBaHHS. OLiHUTY e(eKTUBHICTh POOOTH CUCTEMU MOK-

© T'mmnenko O.b., 2022
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Ha BM3HAUMBIIM B IIPOIECi MOJIeII0BAaHHS IHTEHCUMBHICTb BXiJHOTO MOTOKY TPaH3aK-
TiB, KoedillieHTM 3aBaHTa’KeHHS KaHa/IiB 00C/IyTOBYBaHHSI, CepeIHIO Ta MaKCMMasb-
HY JOBXMHY UYepr B HaKOIIMUYyBayax, 4aC 3HAXOIKeHHS TPaH3aKTiB B CUCTEMi, KiJib-
KiCTb BiZMOB Ha 00C/IyrOBYBaHHSI, TOIIO. [IJIsT po3B’sI3aHHS Ii€i 3amaui Hajuacriie
3aCTOCOBYIOTh IMPOTPaMHi 3ac00M iMiTallifiHOrO MOIe/TIOBAaHHSI CUCTEM, IO TO3BO-
JITIOTh BUPOOUTM peKoMeHallii o0 ONTMMaJbHOI ITOOYIOBY CUCTEMM Ta OpraHi-
3amii ii pobotu. OmHUM 3 Hajinepiyux 3aco6iB MoOAeII0BaHHSI CUCTEM 3araJbHOTO
npusHaueHHs 6yB GPSS World [4], sikuii i moTernep He TiJlbKM He BTPATUB CBOEi aKkTy-
aJIbHOCTI, ajie i cepep iHIIMX, OIBII CyYacHMUX IPOrpaMHMUX 3aCO0iB MOAETIOBAHHS
CHUCTEM IEeMOHCTpPYE HaibiNbIl JOCTOBipHI pesynbTaTu. HaTomicTh, Taki cydacHi
nporpaMHi rmakeTtu sik Arena [5] Ta AnyLogic [6] BUKOPUCTOBYIOTbh HaiiOiIbI 3pyu-
HUI )11 KOPUCTyBava Bi3yaJbHMI MigXim 10 CTBOpeHHS Mojesei i € Hapa3si 6esme-
PEUHMMU JIiiepaMM B Ta/Ty3i IIpOrpaMHMX 3aC00iB MOIE/TIOBAHHST CUCTEM.

AHaJi3 ocTaHHIX JOCTiAKeHb Ta myouikamii. [IporpaMHi iHCTpyMeHTH iMi-
Tali/IHOTO MOJIe/IIOBAaHHSI CTBOPIOBAINMCH SIK YHiBepcasbHi 3aC00M TOC/IiIKEHHST CU-
CTeM 3arajibHOro Mpu3HaYeHHs. BOHM cTa/iM BUKOPUCTOBYBATUCS IJ1s1 MOAeMI0OBaHHS
KOMIT'IOTEpPHMX CHCTEM OApasy SIK TiIbKM B LIbOMY 3’sIBMJIacs rotrpeba. TpaguiliitHo
IJIS1 MOJIeJIIOBaHHSI KOMIT'I0TepHMX cucTeM 3actocoByBanmm GPSS World [7], opgHaxk
1ieji iIHCTPYMEHT ByKe He BiJIIOBiJa€ CydacHMUM ITigxomaM M0 iMiTalliliHOro MOJeio-
BaHHS i MOBMHEH OYTM 3aMiHeHMIi iHIIMM, OiJbII JOCKOHAIMM 3aCO0O0M MOAENIo-
BaHHS, HAMPUKIaA, TakuM sK AnyLogic. [Ipo6siema B Tomy, 1110 AnyLogic Texx po3-
pPOOJISIBCS SIK YHiBepCcaJbHMIA 3acib, SIKMif MMOTIiM MPUCTOCOBYBABCS 10 TIEBHUX Trajy-
3eii BUKOPUCTAHHS AOJAaBaHHSIM CrieliiajgisoBaHux 6i6mioTek. Tak, HAIPUKIAI, OJIsT
TIOJIETIIIEHHSI CTBOPEHHSI MOJIeJieit cucTeM B Oi3HECOBii ramaysi, B MEeBHUX TaTy3sIX
BUPOOHMIITBA, B JIOTiCTHUIIi, HA TPAHCIIOPTi, TOIIO, € BiAIOBiAHI 6i6/ioTeKM 3i creri-
aji3oBaHMMM HaboOpamMM iHCTPYMEHTIB MojenioBaHHS. OmHAK, /IS IOC/TiIKEeHHS
KOMIT'IOTepHUX CUCTEM He iCHY€ a Hi crelfiasi3oBaHux 6i6mioTek, a Hi OKpeMux iH-
CTPYMEHTIB MOJie/IIOBaHHS. ToMYy, MOJIeTIOBaHHSI KOMIT IOTEPHUX CUCTEM 3acobaMm
AnyLogic 3 BUKOpUCTaHHSIM CTaHIApTHMUX 6ibioTeK, HaMpuKIazd, 6i6ioTekn Moze-
JIIOBAHHS MPOIIECiB, € aKTyaJIbHOIO 3a/Ia4yelo.

MeToO10 JOCTIIKEHHSA € MOJe/I0BaHHS 0araToOroOTOKOBMX OOUMC/IeHb B
KOMIT'IOTEpHili cuCTeMi 3 BUKOPUCTAHHSIM CTaHAApPTHMUX 3acO6iB IPOrpaMHOro Iia-
keTy AnyLogic. Mogenb mo6yIoBaHO Ha OCHOBI BUKOPUCTAHHS JliarpaMu CTaHiB, 3a-
MIPOITIOHOBAHOI B po60Ti [8], ajle MOMMOBHEHOI Ta YCKIAIHEHOI JjIs1 peatisaliii po6oTu
6araTornpolecOpHOi CUCTEMM B PEXUMI MTOAITY Uacy.
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BuknageHHsI OCHOBHOrO Marepiajly AOCTiAKeHHS. 3ajauveio OyIb-sIKOi
KOMIT'IOTepHOI cucteMu € edeKTUBHE Ta HajiliHe BMKOHAHHS 3aBIaHb KOPUCTYBa-
yiB, [IJIT YOro Tpeba paliiOHAJbHO PO3IOLIISATY MiK 3aBIAHHSIMM HAasIBHI pecypcu
CHMCTEMM — Yac IPOIECOPHMX eJIEMEHTIiB Ta 00CST mam’sITi 3armam’SITOBYIOUUX MPU-
CTPOiB. 3 TOUKM 30pYy OIlepalliifHOI CMCTeMM KOXKHe 3aBIaHHS KOpPUCTyBada € Mmpoiie-
COM, SIKU1 TOTpeOy€e BUKOPUCTAHHS pPecypciB KOMIT'IOTEPHOI CHMCTeMM i KOHKYPYE 3a
pecypcu 3 iHIIMMM MPOLLeCamMy, 10 3HAXOASITHCS B CUCTEMi B TOV K€ MOMEHT 4Yacy.
Jlsis1 3a6e31eueHHs] BUKOHAHHS TIPOIleCcy orepailiifHa CUcTeMa CTBOPIOE OOUH abo
IIeBHY KiJIbKiCTh iCHYIOUMX OJJHOYACHO ITIOTOKIB, SIKMM B3Ke Oe3I10cepegHbO BUIIJISI-
€TbCS YaC MPOIECOPHUX eJIEeMEHTiB, HeOOXiJHMI1 JIsT BUKOHAHHSI pparMeHTiB Ipo-
IPaMHOTO KOZY.

[ToTik K AMHAMiYHMIT eJleMeHT CUCTeMM BBOIAUTHCS IO CUCTEMMU IIPU iOro
CTBOpPEHHIi, mepexoAuTh ITiJ, 4aC 3HaXOKeHHS B CMCTeMi Bif, OMHOI0 CTaHy A0 iHIIO-
TO i BUBOOUTBCS 3 CUCTEMM TP 3aBepIleHHi cBoei poboTu. ITic/is cTBOpeHHS MOTiK B
CTaHi TOTOBHOCTI [0 BMKOHAHHS CTA€ y Yepry A0 MPOLIECOPHOTrO eJieMeHTa Pa3oMm 3
iHIIMMM TIOTOKaMM Yy BiAMOBigHOCTI [0 ¥oro mpioputety. Koanu migxonouTts yepra,
MOTiK 3aXOIUIIOE MPOLIeCOPHUI e/IeMeHT i MOYMHAE BUKOHYBATUCS, 10 IMITY€ETbCS
3aTPMMKOIO0 TIOTOKY B IPOLIECOPHOMY eJieMeHTi Ha [Jesikuii MpOMikKOK 4Yacy. I[Ipu
1IbOMY, Ha 3MiHy MOTOKIB (IIepeMMUKaHHSI KOHTEKCTY) TeX BTPAYa€e€ThCs MeBHMIA Yac.
Ha BMKOHAHHS MOTOKY BUIMSIETbCS KBAHT Yacy, Mic/sl 3aBepllieHHs IKOro TMOTiK 3a-
JIUIIIA€ TIPOLECOPHMUI eJIeMEHT i 3HOBY CTA€ 0 Yepru y CTaHi roToBHOCTI. Lle moBTO-
PIOETHCST pa3 3a pa3oM, IOKM He Buiijle MOBHMIA yac, MOTPIOHMIT IJIST BUKOHAHHS
MIPOrpaMHOTrO KOAY MOTOKY. IIpoiiec BUKOHAHHSI IOTOKY He € HellepepBHUM, OCKiJib-
KM TIOTiK OIepye JaHMMM, IO SIKi Tpeba 3BepTaTHUCS IO IMaM’sITi, 34iliICHIOBATH OIle-
pailii BBeJleHHsI/BMBeIeHHS i3 3a/TlyUeHHSIM 30BHIIlIHiX MPUCTPOIB, TOIIO. SIKIIO BU-
KOHAHHSI TaKoi omepaliiii morpebye 3HAYHOTO Yacy, IMOTiK 3BiJIbHSE MPOIIECOPHMIA
eJleMeHT [I0 3aBepIIeHHs BUAIJIEHOrO /IS HbOrO KBAaHTY Yacy, MOCTYMal4uch HACTY-
ITHOMY Y 4ep3i, i Mic/sl 3aBepIleHHs orepailii 3aliMae OCTaHHE Miclle (B 3a/1e3KHOCTI
Bi mpiopuTeTy) y Uep3i MOTOKIB Y CTaHi TOTOBHOCTI.

[To6ymyeMo 3acobammu AnylLogic Mojenb KOMIT'IOTEPHOI CUCTEMM 3 OIHUM
MPOLIECOPHUM eJIeMEeHTOM, Ha SIKOMYy BMKOHYIOTbCSI [IBa MOTOKM. BiamoBigHa miar-

paMa KOMIT'I0TEpHOI CMCTeMM MoKa3aHa Ha puc. 1.
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PucyHok 1 — Jliarpama BUKOHaHHS ABOX MMOTOKIB HA OAHOMY IIPOLIeCopi

bi6mioTeka MopenmoBaHHS IporeciB AnyLogic BMKOPMUCTOBYE OMCKPETHO-
MIOAi€BMI MiaXia IO MOIeI0BaHHS, ajle KOKeH AMHaMiuUHMI eJleMeHT CUCTeMU, TOO-
TO MOTIK € He TPOCTUM TPaH3aKTOM, a areHTOM, [0 Ma€ IMeBHi BJIaCTUBOCTi, HAIIPU-
KJIaJl, HOMep IMOTOKY, piBeHb IIPiOpUTETY, YaC BUKOHAHHSI, TOIIO, TA METOM, SIKi 3a-
JaloTh [ii HaJ areHToM. [IpMUITyCTMMO JIJIsS CIIPOIIEHHSI, 110 BCi IIOTOKM MOTPEOYIOTh
OJHAKOTO Yacy Ha BUMKOHAHHS, He MOTPeOyIOTh B3a€EMO/Iii, a ITic/Isl 3aBepIIeHHS BU-
KOHAHHS KOKHOTO MOTOKY BiH BUAAJISIETHCSI 3 CUCTEMM 3 OLHOYACHUM BBEIE€HHSIM Y
CUCTEMY TaKOro 3K ITOTOKY 3 IIeBHOr0 mKkepesa. To6TO B Takiii cuCcTeMi ITOCTiiiHO BU-
KOHYIOTBCSI JIBa He3aJIesKHi MOTOKM. [IJ1s1 3a6e31eueHHsT TTOCTiifHOI MPMUCYTHOCTI IT0-
TOKY B CMUCTeMi B Aiarpami Ha puc. 1 BMKOPMCTAHO JiBa [ikepesia areHTiB — OJOKU
source_init Jj11 CTBOpeHHSI CaMOTr0 IepIIoro MOTOKY Ta source A5 BBeeHHS 10 CUC-
TeMM HACTYIMHMX MOTOKIB 32 BUKJIMKOM (PYHKIIii inject() pu 3aBepilieHHI BUKOHAH-
HS YeproBOro MOTOKY.

Yepry moOTOKiB B CTaHi I'OTOBHOCTI 1O BMKOHAHHSI MOJE/IO€ OJIOK Jiarpamu
thread_queue, a gj1s1 BpaxyBaHHSI BUTpAT Yacy Ha IlepeMMUKaHHSI KOHTEKCTY TIpU BU-
60pi 3 yepru HACTYIIHOTO MOTOKYy 3a mpaBuiaoM FIFO (abo 3rigHo 3 mpiopuTeToM
areHTiB) Npu3HauUeHuit 6J10K context delay. [Iyig imiTanii BUKOHAHHS ITOTOKY ITpoIie-
COpPHUM eJIeMeHTOM BUKOPUCTOBYEThHCS OJI0K fiarpamu exe _delay, 110 3aTpMUMYeE I10-
TiK Ha MMeBHMI1 TPOMIXKOK YacCy MiX IMOC/TiJOBHMMM 3B€pHEHHSIMU [0 ITaM’SITi.

Hexait MOTiK mpy BUKOHAHHI B CCTeMi ITOBMHEH 3BepTaTMCs 110 HeOOXinHi aa-
Hi 10 TIPUCTPOIB MaM’SITi TPbOX BUJIIB — Kelll-MaM’sITi, TOKaJIbHO1 MaM’sITi IPOoLecop-
HOTO eJIeMeHTa Ta BiaqeHol maM’siTi, Ika MOXXe BUKOPUCTOBYBATUCS CIILJIBHO 3 iH-
MMM TIPOIIECOPHMUMM eJIeMeHTaMM CUCTeMMU. 3a 3aTPUMKM TMaM’sITi BilIIOBigaiOTh
6ok giarpamu cach_delay, local delay Ta remote _delay.B pasi ycrmixy nouryky ma-
HUX B Kelll- ab0 B JIOKaJIbHil mam’sTi, MOTiK IIPOJOBKY€E BUKOHAHHS B IPOI€COPHO-
My eJIeMeHTi, a B pasi mpomaxy MOTiK 3BiJIbHSIE IPOLIECOPHMIT eJIeMeHT i Mic/s 3a-
TPUMKU 3BEPHEHHS [10 BiJa/IeHO] ITaM’sITi CTAa€ B Yepry 40 MPOLLeCOPHOro eJleMeHTa
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Yy CTaHi TOTOBHOCTI 0 BMKOHaHHS. [IOTiK TaKOX 3BiJIbHSIE MPOLIECOPHUI eJIeMeHT
Tic/IsI 3aKiHUeHHSI BU/IiJIEHOTO [IJIs TIOTOKY KBaHTY yacy, abo Imic/is 3aKiHUeHHSI TIOB-
HOTrO 4Yacy BMKOHAHHS MMOTOKY. B mepuiomy BMUITaAKy IOTiK OBEPTAETHCS O YepTU
TOTOBMX [0 BUKOHAHHS MOTOKIB, @ B APYrOMY — BUIAISIETHCSI 3 CUCTEMMU OJIOKOM
sink. Jloriky po60TM IIPOIIECOPHOrO eJieMeHTa BM3HAUYaKTh OJIOKM [diarpamu
slice_time_test, exit_test, cach_test Ta local_test,sgKki 3MyIITylI0Tb areHT 3MiHUTU Map-
HIPYT IPOXOJIKEHHS CYCTEeMM 3a IMOBipHiCTIO 460 3a JIOTiYHOI0 YMOBOK BMKOPMUCTO-
BYIOUM OMlepaTopyu aJITOPUTMIYHOI MOBMU Java.

B pa3si MoaenoBaHHS CUCTeMM 3 BeJIMKOIO KiJIbKiCTIO MOTOKIB Ta MTPOLIECOPHUX
eJleMeHTiB miarpama, IofiObHa 300paskeHoi Ha puc. 1 crae HaATO TPOMI3IKOIO.
AnyLogic mo3BoJisie 06’emHaTH 3B’I3aHi OJIOKM AiarpaMy CTBOPUBILN HOBUIT HECTaH-
JapTHMI OJIOK, 1[0 3HAYHO CITPOIIY€E BUTJISII JiarpaMy CUCTeMM 30epiraroun JIOTiKy ii
dbyukuionyBanHs. CTBOPUBILM HOBi GJI0KM MOJei IJIsl AKepejia IMOTOKIB Ta IIpolie-
COPHOTO eJIEMEHTA OJIePsKMMO CIIPOIIEHY Iiarpamy, 300pakeHy Ha puc. 2.

thread source 1

processor_1
ready_queue  hold_queue remote_queue remote_delay

thread source
time_inSystem_1 sink 1

ol —

PucyHok 2 - Jliarpama 3 HeCTaHIApTHMUMM O6JI0KaMu

3 BUKOPUCTAHHSIM HOBUX 0JI0KiB miarpamu thread source Ta processor MoskHa 3
JIETKIiCTIO  TMOOyayBaTM  MOMAeIb  0araToOIOTOKOBOI Ta  6GaraTompoliecopHoOi
KOMIT'I0TepHOi cucteMu. Ha puc. 3 mokasaHuii po3moA T 4acy Ha BUKOHAHHSI [TOTOKY
B CMCTEeMi 3 OJTHUM IIPOLIECOPHUM eJIeMeHTOM JIJISI Pi3HOI KiJIbKOCTi ITOTOKIB PiBHOTO
MpiOpUTeTY, SIKIIO KOXKEeH IMOTiK BUKOHYEThCSA 3a 100000 TakTiB. KOKHOMY MOTOKY
BUMINSIETHCS /IS BUKOHAHHS KBAHT vacy B 500 TakTiB, a MepeMMUKaHHS KOHTEKCTY
MOTOKIB TpMBa€ 2 TakTu. Yac BMKOHAHHS MOTOKY MiX ABOMa IOCTiILOBHUMU 3Bep-
HEeHHSIMM [0 MaM’sTi € BUIIaJKOBOK BeJMUMHOIO, sIKa PIBHOMIPHO pO3IOjijieHa Ha
intepBati [10, 50] TakTiB. 3aTpMMKa 3BepHEHHS [0 Kelll-1aM’sITi BU3HAUAETbCS TPU-
KYTHUM PO3IOJIJIOM BUIIAAKOBOI BeJIMYMHM Ha iHTepBadi [1, 4], 3aTpuMKa J10Kaab-
HOI mam’sTi — TPUKYTHMM PO3MNOAIIOM Ha iHTepBasi [8, 32], a 3aTpuMKa BiagaseHol

am’siTi — TPMKYTHUM PO3IOAIIOM Ha iHTepBasi [90, 240] TakTiB. YacTKa yCHilIHUX
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3BepHEHb A0 Keml-nam’sTi ckiaagae 0.85, a yacTka yCHilTHUX 3BepHEHb 10 JIOKAJIbHO1

ram’siTi B pasi mpomaxy Kem-mam’sti gocsirae 0.8.

0.25 0.25
0.2 0.2
0.15 0.15
0.1 0.1
0.05 0.05
0 0
150,000 200,000 250,000 300,000 350,000 400,000 300,000 400,000 500,000 600,000 700,000 800,000
@ Po3nopin yacy BUKOHAHHS NOTOKY B CUCTEMI @ Poznogin Yacy BUKOHaHHS NMOTOKY B CCTEMI
a) 6)
0.25 0.25
0.2 02
0.15 0.15
0.1 0.1
0.05 0.05
0 0
600,000 800,000 1,000,000 1,200,000 1,400,000 1,600,000 1,000,000 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000
@ Poznonin Yacy BMKOHaHHA NMOTOKY B CUCTEMI @ Posnopin 4acy BUKOHaHHS MOTOKY B CHCTEM
B) r)

PucyHok 3 —Po3mnozisl yacy BUKOHAHHS Ha OJHOMY ITpOLIeCopi:

a) IBOX, 0) YOTUPbHOX, B) BOCbMMU, T) IITICTHAAIISITA ITOTOKIB

Ha puc. 4. npogeMOHCTPOBAHO Aiarpamy Mojesi CUCTeMU, B SIKUi1 16 MOTOKiB

BMKOHYKOTbCAI Ha 8-mn IIpOoLeCOPpHUX eJIeMEeHTax.
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thread_scurce_1

-
thread_source 3
thread_source 4
thread_source 5
thread_source_§
thread_source T
thread_source 8
thread_source 8
thread_source 10
thread_source_11
thread_source 12
thread_source_13
thread_source_14
thread_source_15

thread_source 16

ready_gueue hold_queus sslect proc_1 remote_gueus remots_del

-

PucyHok 4 — Jliarpama BUKOHaHHS 16-TU MTOTOKIB 8-MM MPO1IeCOPHOI0 CUCTEMOIO

Posnopin yacy Ha BUKOHAHHSI 16 MOTOKIB B CUCTEMi 3 Pi3HOIO KiJIbKICTIO MPO-

1IeCOPHMX eJIEMEHTIB ITOKa3aHuii Ha puc. 5.

025 02
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0.2 0.3
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PucyHoK 5 —Po3mnofin yacy BUKOHaHHS 16-TM MOTOKIB Ha:

a) oJHOMY, 0) ABOX, B) YOTUPHOX, T) BOCBMM IIPOIlecopax

BucHoBku. He3Bakaroum Ha Te, mo0 AnyLogic mpu3HauYeHUil MepeBakHO IS
MO/JIe/TIOBAaHHS Oi3HeC-TIPOIIeCiB, 1eil MporpaMHuMii iHCTPYMEHT iMiTalliifHOro Mmoe-
JIIOBAHHS CUCTEM 3araJibHOTO IPU3HAUEHHS BUSIBJISIETCS MysKe KOPUCHUM TIPU J0C-
JIiJIKeHHi KOMIT'IOTEpHMX cucTeM. bibaioTeka MomentoBaHHs mpolleciB AnyLogic mae
BCi HeOOXiHi eleMeHTH [IJIs1 MOOYIOBY Mopesieit cucteM oO0pobku iHpopMmaliii, a Bi-
3YaJIbHMIA ITiAXia 10 MOAeIoBaHHS T03BOJISIE BimoOpa3suTy mpoliec o6pobKu iHdop-
Maillii B 3pyuHilt rpadiuniit dopmi. [iarpama mobymoBaHoi B pobOTi Mojeti
KOMIT'IOTEpPHOI CUCTEeMM AOCTATHHO CKIAAHOI apXiTeKTypM A€ HAaOUYHEe YSBJIEHHS
IIOJI0 XapaKTepy Ta 0COOJMBOCTEN Ipoliecy 06pobKky iHdopMmaliii, a omepikaHi xapa-
KTEPUCTUKM KOMIT'IOTEPHOI CcUCTeMM — KOeillieHTM BUKOPUCTAHHS ITPOIIECOPHUX
eJleMeHTiB, OMHaMiKa uepr, pO3IMOAiJl 4aCy BMKOHAHHS IMOTOKIB B CUCTeMi Ta B
OKpeMMX ii AiJITHKaX, TOIO, NO3BOJSIOTh BU3HAUUTU HalOiIbil eekTUBHY KOHI-
rypaiiitfo cucTemMu, apaMeTpu ii eleMeHTiB Ta peskuMM ii poboTH.
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Simulation modeling of a computer system multithreaded architecture using AnyLogic

The simulation is the most effective way to investigate information processing in computer
systems. Computer system simulation is advantageous due to the fact, that such class of systems
are well formalized in the form of queuing systems. Any computer system can be considered in
terms of queuing system theory as an interconnected set of requests for service, system re
sources, queues to resources, and rules of service.

The problem with the study of computer systems is that the existing simulation software
tools have been developed as universal tools for the study of general purpose systems. There are
no specialized libraries or separate modeling tools for the study of computer systems. Therefore,
modeling computer systems based on the use of standard libraries of such a modern modeling
tool as AnyLogic, and the possible creation of elements of a specialized library is of great im
portance.

The objective of the paper is to model multithreaded computing in a multiprocessor com
puter system using Anylogic software. The designed computer system diagram enables us to
have a deep insight into all details of information processing, and the obtained characteristics of
the computer system, such as CPU usage coefficients, queue dynamics, distribution of thread exe
cution time in the system, etc., allow us to determine the most effective configuration of the sys
tem, the parameters of its elements and operation modes.

I'nunenko Osekciit BopucoBuu — K.p-M.H., TOIEeHT Kadeapyu eeKTPOHHUX 00-
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O.A. Lytvynov
ON TRANSACTIONAL BUSINESS LOGIC DESIGN

Abstract. The given work is devoted to the task of transactional business logic design. Additional
layer responsible for transaction processing is introduced to make the architecture of the system
more flexible and robust, testable and maintainable.

Key words: Domain Driven Design, business logic layer, Clean Architecture, transaction
processing.

Actuality. Information system developers often face the task of implementing
transactional business rules. And while the specific of transaction processing at the
DBMS level is well-known (Read Committed, Repeatable Read etc.), the question of
implementing transactions at the level of software components seems open and the
decision on how to design and implement transactional business logic remained the
prerogative of developers.

Today there are several possible practical implementations of transactional
business logic: using Unit Of Work pattern (UoW) [1, 2]; using SystemTransactions
library [3] provided by the .NET platform offered a ready-made solution (namely
TransactionScope class); direct implementation of transactional logic using stored
procedures stored within the database.

At first glance, the stored procedures variant seems to be the best solution of
the problem, because stored procedures provide higher performance and security
levels in comparison with others. But there is one problem that outweighs the bene-
fits: according to the method tasks for which business logic is responsible got smeared
among several layers: database level, DAL (data access layer) and business logic layer.
Hiding business rules within stored procedures significantly reduces the system re-
sistance to changes (e.g., in case of changing database provider developers face the
necessity to rewrite all stored procedures, which, firstly, will take a lot of time, and
secondly, it will not always be implemented effectively), and secondly, to understand
the implementation of business logic rules, a developer cannot rely only on the ap-
propriate layer (i. e. partly the rules will be implemented in the layer of business log-

© Lytvynov O.A., 2022

166 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (138) 2022 «System technologies»

ic, and partly in the stored procedure), which violates one of the most important ro-
bust software development principles - separation of concerns.

Unit of Work is a pattern provides a mechanism to escape the problems men-
tioned above by using logical transaction, i.e. atomicity of transaction is the respon-
sibility of UoW object. Practically it means that we have a class responsible for trans-
actions realization: committing or approving, rejecting or rolling back DB-oriented
operations. Thus, the methods of the repositories responsible for entity changes, in-
teract with that UoW object, which, in its turn, connects the commands to be exe-
cuted to a given transaction (e.g. IDbTransaction realization). In this case, to commit
the block of DB-oriented operations done by the methods of repositories we need to
call commit method of UoW, and without that call the command block will not be
executed. The advantage of the approach is that the transaction logic is concentrat-
ed in the business logic layer (application layer), meeting the separation of concerns
principle. However, the execution of each transaction requires creating a separate UoW
with a set of dependencies (at least a bunch of repositories), which can lead to significant
costs in a multi-user system: the number of objects associated with the processing of the
transaction increases in direct proportion to the number of transactions, facing the risk
of decreasing performance. The use of ORM systems (NHibernate, Entity Framework
etc.) seemed not always efficient: the logic of optimizing the execution of operations
is not always transparent, and it is impossible to correct or modify the specifics of
ORM transactions processing.

The TransactionScope class from the System.Transactions library provides an
easy way to mark a block of code involved in a transaction hiding details of realiza-
tion and making the definition of transaction as easy as it is possible. Due to its ease
of use and efficiency, it is very convenient to use this mechanism to implement
transactional business rules. TransactionScope has a number of advantages, namely:
it makes the implementation of ACID transactions simple (i.e. no need to write an
explicit "rollback" code or cleanup); it can coordinate resources such as databases,
message queues and transaction file systems within one transaction; it automatically
detects an external transaction and obtains its support. As a disadvantage, it is
"heavy" and absolutely hidden, so it cannot be an optimal variant for the systems focused
on high performance.

Task definition. Advantages and disadvantages of the above approaches led us
to the idea of the solution which would be rather flexible and adoptable to the needs
of software developers.
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Main part. The solution is based on introduction of the additional Transaction
Manager component responsible for transaction processing. This layer is used by the
business logic layer and interacts with the data access layer (repositories) to perform
data operations. It can be thought as an analogue of Entity services facade in terms
of service-oriented architecture, or as a component superstructure above DAL layer
responsible for transactions processing. The architecture of the system with the ad-
ditional layer responsible for transactions processing is shown in Fig.1.

As we can see in the fig.1. Transaction Processing Layer can be connected not
only to DAL but also to the Services and Utilities units to perform, for example, dis-
tributed transactions as necessary.

The question of its location is debatable: on the one hand, this component is a
part of DAL, on the other it is a service of BLL. It is more correct to talk about some
intermediate layer between DAL and BLL, which is responsible for implementing
transactions. Each possible transaction is implemented as a method of this compo-
nent. To perform a transaction that component uses a bunch of necessary reposito-
ries. Of course, these methods can only serve as access points (i.e. gateways) to the
objects of the corresponding type, which are, in those turn, directly responsible for
the specifics of transactions hiding implementation details and related resources
(e.g., repositories).

The creation or, more specifically, assembly of the transaction manager
seemed to be the task of a special class-factory, which is responsible for resolving
the dependencies and providing all necessary resources to the manager (e.g. objects
that implement specific transactions, repositories, etc.). In our opinion, providing of
Transaction layer does not mean that all DB-oriented operations should be passed
through that layer, simple operations can be performed by the repositories without
any transaction mechanisms engagement and it differs provided approach from the
approach of SOA Entity services [4]. From the DDD (domain-driven design) point of
view, it can be considered as a service responsible for transaction processing. As we
can see, the transaction manager is connected only with those repositories, which
participate in the transaction processing.
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Business logic layer

( Transaction processing layer )

Services Utilities Data Access Layer
Repository;

Repository,

Repository;

Repository,

Figure 1 — The architecture of the system with the Transaction Processing Layer

To compare the classical business logic layer organization according to Clean
Architecture approach [5] with the proposed one let us see fig.2 and Fig.3. It is sug-
gested that RegisterBookUseCase depends on transaction which involves two reposi-
tories (IDeliveryRepository and IBookRepository) and a component responsible for
logging transactional operations (ILogger). In this situation, according to [4], trans-
actional logic processing will be the responsibility of the use case component. To
change the transactional logic mechanism means to change each component it uses
(e.g. to use TransactionScope instead of IDbTransaction). To test the transaction
logic means to test use case component. The second solution (Fig.2) is seemed to be
more flexible: the part responsible for transaction processing is separated from busi-
ness logic and its modification and testing does not depend on the use case.
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< Transactional logic >

IDeliveryRepository
RegisterBookUseCase IBookRepository
GetBookCollectionUseCase ILogger
WriteOffBookUseCase
i ek RegisterBookRequest
T
|OutputPort

Figure 2 — Classical use case organization according to [5]

< Transactional logic >

[DeliveryRepository

RegisterBookUseCase TransactionProcessingManager IBookRepository

ILogger

RegisterBookRequest

T
|OutputPort

Figure 3 — Use case organization using Transaction processing layer

Since all requests for transaction implementation will pass only through one

Transaction Manager object, there is an obvious need for asynchronous methods im-
plementation. In the generalized variant, we can consider a variant of transaction

managers pool that can be used to distribute the load, but even that variant seems

more effective than UoW, where a full set of objects for each connection is created.
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< Transactional logic >

RegisterBookUseCase [TransactionProcessingManager TransactionProcessingManagerPool
RegisterBookRequest
TransactionProcessingManager
I
[OutputPort

Figure 4 — Use case organization using Transaction processing managers pool

Another controversial issue is the possibility of having several transactional
Managers (i.e., horizontal decomposition of the manager). The fact is that real pro-
jects have hundreds of tables in their databases and can reach up to a thousand ob-
jects and most of them can participate in transactions. However, it is rare that a use
case or even a group of use cases of a particular type deals with hundreds of entities.
Hence, a variant of distribution of transaction managers by contexts related to dif-
ferent types of users seems to be the best solution (Fig. 5).

< Transactional logic >

RegisterBookUseCase IBookTransactionManager
IDeliveryRepository
BookTransactionManeger IBookRepository
RegisterBookRequest ILogger

I
[OutputPort

Figure 5 — A variant of transaction managers distribution
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Conclusions. At present, transactions are a very powerful mechanism for im-
plementing business rules and the success of their use depends on the approaches
chosen by the developer. Each of the above approaches has its advantages and disad-
vantages. The choice depends on the subject area, business requirements and com-
plexity of the project being developed. In this work, we consider the approach with
introduction of additional layer of abstraction responsible for transaction processing
that can be effectively applied if standard approaches are not suitable for some rea-
son.
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Acnekmu po3pobku mpaH3akyiliHoi 6i3Hec no2iku

AkmyanbHicme. [leped po3pobHukamu THpopMayiliHux cucmem 4acmo nocmae 3a8OAHHS
BNPOBAOKEHHA MPAH3aKyiliHoi 6i3Hec no2iku. I xoya cneyugika o6pobKu mpaH3akyil Ha pisHi
CYb/] dobpe Bidoma, numaxHaA peanizayii mpaH3akyili Ha piBHI NPO2PAMHUX KOMNOHeHmMis 30a
EMbCA BIOKpUMUM, O PilUeHHS Npo me, AK po3pobumu ma peanizysamu MpaH3akyilHy 6i3Hec
JI02IKY. 3a/IUWANACA NPepo2amuBor po3pO6HUKIB.

Cb0200HT ICHYE KiNIbKA MOXAUBUX NPAKMUYHUX peanizayili mpaH3akyiliHoi 6i3Hec no2iKu:
sukopucmarHsa wabnoHy Unit Of Work (UoW) [1, 2]; 6i6niomeku SystemTransactions [3]; 6e3
nocepeoHs peanizauyis MpaH3akyiliHoi no2iku 3a donomo2oto 36epexeHux npouedyp, wo 36epi
2aombcs 8 6a31 0aHux. KoxeH 3 iCHylo4ux BapiaHmis Mae c8oi nepesazu ma HedoniKu. Tak, npu
XOBYBAHHSA 6i3HeC npasus y 36epexeHux npouedypax 3HAYHO 3HUXYE CMIliKicmb cucmemu 00
3MiH, @ no Opyee, W06 3po3ymMimu peanizayito Npasusn 6Gi3Hec N02iKU, PO3POOHUK He MOXe NoK
nadamucs nuwe Ha 8i0nosioHuUll piseHb Gi3HeC JI02IKU (YacmuHa no2iku byde 3Haxooumucs 8
wapi 6i3Hec N02iKU, a YacmuHa y 36epexeHux npouyedypax). BukopucmauHs wabnoHy UolW
cnpoujye niompumKy cucmemu, 36iabLye ii 2HyYKicmbs ma 3mo2y adanmayii 0o 3MiH, ane BUKO
HAHHA KOXHOT mpaH3akyii sumaeae cmsopeHHs okpemoz2o UoW 3 Habopom 3anexHocmel, wo
MoXe npuzsecmu 00 3HAYHUX Bumpam Yy 6azamokopucmysaubkiti cucmemi. Knac
TransactionScope 3 6i6niomeku System.Transactions 3a6e3neyye npocmudli cnoci6 nosHayumu
610K KOOy, AKull bepe y4acms y mpaH3axyii, npuxosyro4u 0emani peanizayii ma MakcumaabHo
nosie2ulyoYU BU3HAYEHHA MPAH3aKYii, ase € pecypcoMiCmMKUM KOMNOHEMOM 3bl CKpUMOIO BHYM
DILHBOIO JI02TKOK, MOMY He MOXe bymu onmumanbHUM 8apiaHmom 0718 cucmemM, OPiEHMOBAHUX
Ha BUCOKY npOoOyKMUBHICMb..

lpobnema. [lepesazu ma HedoiKU BUU4E3A3HAYEHUX NTI0X00T1B Npuseau Hac 0o idei piweH
HA, AKe 6yn10 6 docums 2Hy4YKUM 1 NpUCMocosaHum 00 nompeb po3pobHUKIB NPO2PAMHO20 34
6e3neyeHHs.

OcHosHa 4YacmuHa. PiweHHA 3acHosaHe Ha BBedeHHT 000amMK0BO20 KOMNOHEHMaA
Transaction Manager, wo 8idnosidae 3a 06pobKy mpaH3akyil. Llel piseHb BUKOPUCMOBYEMbCA
pisHem 6i3Hec 02iKU 1 B83aEMOOiE 3 pisHem docmyny 00 OaHux (cxoBuwaMU) O BUKOHAHHS
onepauyiti 3 daHumu. Mo2o moxHa posanadamu SK KoMnoHeHmHy Hadbydosy Had pisHem DAL, wo
8i0nosioae 3a 06pobKy mpaH3akyil. PiseHb 06pOOKU MPAH3AKYI( MOXHA NIOKAYUMU He MiJlb
ku 0o DAL, a (i do wapis cnyx6 ma ymuaim 018 BUKOHAHHSA, HANPUKAAO, PO3N00iJIeHUX MPAH3a
KUili, AKWOo uye HeobxioHo. KoXHa MOXIuBa MPAH3aKUIs peanizosaHa sk Memoo Ub020 KOMNO
HeHma. [Ins BUKOHAHHA MPAH3aKYii yell KOMNOHeHM BUKOPUCMOBYE Kyny HeobXIOHUX peno3u
mopiis. Ui memodu moxyms cayxumu nuwe moykamu docmyny (mobmo wnw3amu) 00
06’ekmis BIONOBIOHO20 Muny, fKI, y CBOIO yepay, 6e3nocepedHbO BiONOBIOaOMb 3a cneyugiky
MpaH3akyid, wo npuxosyloms demani peanisayii ma nos’a3axi pecypcu (Hanpuknao, penosu
mopii).
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OckinbKu BCT 3anumu Ha peanizayito MpaH3axkyili 6yoyms npoxooumu mifbKu yepe3 00UH

06’exkm Transaction Manager, icHye oyesudHa nompeba 8 peani3ayii AcCUHXPOHHUX MemoOis. B
Y3a2a/1bHeHOMY BapIaHMI MU MOXXeMO Po32AHymU BAPIAHM nNyJy MeHeoxepis mpaH3akyil, AKul
MOXHA BUKOpUCMoByB8amu 015 po3no0isy HABAHMAXeHHS.

IHwumM  numaHHAM €  MOXAUBICMb  HAABHOCMI  OEKINIbKOX — MPAaH3aKUIUHUX
meHedxepis (mobmo 2o0pu3oHmMansHa deKomMnouyis meHeoxepa). Cnpasa 8 momy, Wo peanbHi
npoekmu mMarms COmHi mabauyb y csoix 6aszax 0aHux i Moxyms 0ocseamu mucsyi 06'ekmis,
1 61/1bWITICMb 3 HUX MOXXYymb 6pamu y4acme 8 MpaH3akyisx. Ane cumyauis, y AKid use case (npe
yedeHm) abo Hasime 2pyna npeyedeHmis BUKOPUCMOBYE 0 peanizayii comHi cymHocmel
mpanasemsca piokKo.

BucHosku. B daHull yac mpaH3akyii € 0yxe nomyxHUM MexaHi3MOM BNPOBAOXKeHHs 013
Hec npasus i ycnix ix BUKOPUCMAHHSA 3aieXums 810 nioxodis, 06paHux po3pobHukomM. Y yili po
6omi Mu nponaHyemo nioxio i3 8Be0eHHSAM 000amMKOB020 PiBHA ab6CMpakyii, wjo sionosioae 3a
06po6Ky mpaH3akyil, SKUl MOXHA eheKmuBHO 3aCcmocysamu, SKWO CMAHOapmHi nioxoou 3
AKUXOCb NPUYUH He N10X00AMb.

JIutBuHOB OyieKCaHAP AHATOIIIOBUY - KaHIUOAT TeXHIUHMUX HAYK, MOIEHT Ka-
denpu eeKTpOHHUX 00UMC/IIOBAIbHMUX MalllvH JIHIiIIPOIIeTpOBChKOTO HAIliOHATIbHO-

ro yHiBepcutety iM. O. ['oHuapa.

Lytvynov Olekcandr Anatoliyovich - candidate of technical sciences, associate
professor, associate professor of the department of Electronic Computing Machin-
ery, Oles Honchar Dnipro National University.
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SOFTWARE FOR PROCESSING AND ANALYSIS
OF EXPERIMENTAL DATA IN RESEARCHING OF GAS SENSORS

Abstract. Representation of structural elements, appearance and use of software for processing
experimental data on the kinetics of the response of resistive gas sensors based on the KWW
stretched exponential function model algorithm. The developed software allows the use of input
data in the form of text files or Excel spreadsheets, which include special applications of measur

ing equipment.

When using applications, the application of the concept of using various software packages and
environments is most effective for each task of data processing and analysis.

The software allows the subsequent loading of data to measure the kinetic sensitivity of the gas
sensor with the fixation of the parameters for measuring the level of its measurement (tempera

ture sensor, partial pressure of the gas increase). The processing results can be represented by
the dependences of the parameters of the KWW function on the operating parameter.

The application provides services such as data entry using Excel spreadsheet programs; calcula

tions in the mathematical package "Mathcad"; test examples of the use of computational algo

rithms and the transmission of reference information texts from circulation and the Internet.

Key words: algorithm, extended exponential function, gas sensor, kinetics, response, protection,
calculation parameters

Introduction. At present, the development of hardware and software gives the
prospect to form a technical and information environment for the development and
implementation of intelligent information-measuring systems for non-destructive
testing of physical and physicochemical properties of materials [1,2].

Intellectualization of information and measurement systems (IMS) allows ex-
panding the functionality of IMS and increasing the efficiency and accuracy of re-
search and control technology. An urgent issue in this direction is the creation of
software for processing experimental data, which includes elements of their analysis
in accordance with the existing, usually complex in a mathematical sense, theoreti-
cal models.

One of these tasks at the moment is the processing of the analysis of experi-
mental data of measurements of gas-sensitive parameters of semiconductor sensors

© Tonkoshkur A.S., Lozovskyi A.S., 2022
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in their study and application. The functional characteristics of sensors are deter-
mined by the static gas sensitivity (response), the times of detection and relaxation
to the initial state and their dependence on the concentration of the active gas and
temperature ... One of the directions for obtaining this and additional information is
the study of the kinetics of sensor recovery after detection [3,4]. An effective means
of obtaining information on the parameters of kinetic processes that determine the
features of the electrical conductivity of gas sensors is the analysis of the response
kinetics using the phenomenological model of the extended exponential Kohl-
rausch-Williams-Watts function [5-7].

It should be noted that the solution to this problem is associated with a number
of difficulties associated with processing large amounts of data, the need to use
complex algorithms and computer technology to ensure acceptable accuracy of cal-
culations, etc.

The solution of this problem at the first stage of application development for
the implementation of the algorithm for calculating the parameters of the Kohl-
rausch-Williams-Watts model for one kinetic dependence of the relaxation of the
sensor response after elimination of the active gas was considered in [8]. The next
step in the computerization of the processing of several of these kinetic dependen-
cies, which distinguish some parameters of the measurement mode (for example,
temperature or partial pressure of the active gas). Its logical result should be certain
dependences of the model parameters on the used mode factor and visualized on the
screen.

The solution of the problem naturally requires the improvement of the men-
tioned application by creating software corresponding to the formulated consumer
functionality.

Problem statement. The article presents the elements of the structure, user
interface and elements of technology for using software with the participation of the
user based on a specialized window application. The software is designed to process
the experimental kinetic dependences of the response of gas-sensitive sensors, cal-
culate their parameters using the extended exponential function of Kohlrausch-
Williams-Watts, determine and visualize the dependence of the latter on the param-
eters of the measurement modes.

Structure diagram. The software based on the application given in [8] and ap-
plied program modules, which are documents of the well-known mathematical pack-
age Mathcad and an Excel spreadsheet and has a generalized structure shown in
Fig. 1.
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Main window

Intermediate window

Menu Intermediate window Algorithm 2
Data input 2

| Exit | IE |Calculation|
|Description|
Intermediate window
Data input 1

Intermedia‘!emﬂndow
Algorithm 1
| Werkshop | Data
|Calcu|ation|

|Descri pti onl

Figure 1 - Block diagram of software for processing experimental data of studies of

Help

the kinetic dependence of the response of a gas sensor

As shown in fig. 1, the software consists of the Menu and Help sections, similar
to those given in [8], and four intermediate menus. The first two of them are de-
signed to enter the initial information (experimental data) Data Input 1 and 2, and
the other Algorithm 1 and 2, containing subsections that correspond to solutions to
the problems of finding the parameters of the gas sensor under study and plotting
their dependence on this or that factor.

The components of the library subsections (Mathcad documents) are presented
in two versions: test and open for modification by user, and contain a description file
for the corresponding method.

As additional services, the scheme provides for the possibility of directly calling
the Mathcad mathematical package and exiting the program, as well as being ac-
quainted with the user's manual and going online to obtain additional literature da-
ta.

The main menu of the package links all sections.

Design of the user interface window. The environment for the operation of
the described software product is the Windows operating system. Navigation be-
tween sections is carried out using buttons and menus of various levels (main, in-
termediate and operating menus) [9].
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To control the processing of the initial data, the Package Monitor is used,
which is written using the C # language and the Windows Forms Application project
type of the Visual Studio platform. The applied program modules of the library of
computational algorithms, as already mentioned, are documents of the well-known
mathematical package Mathcad (version 13). In addition, the application uses uni-
versal tools for working with files with extensions such as .xls, .docx and .pdf.

The main elements of the main window are buttons with labels, which mean
assignments (Fig. 2).

@ Calculating the parameters of sensors = |

SENSORS

Entering the n-th value of the input parameter x
Data entry for the n-th value of the input parameter x

Data processing for the n-th value of the input parameter x

Dependences of the parameters of the KWW-function on the input parameter x

Figure 2 - Main window of the user interface

Pressing the buttons «Entering the n-th value of the input parameter x» and
«Data entry for the n-th value of the input parameter x» call up intermediate menus
(Fig. 3), where the layout of the input and output information is indicated, and the
opportunity is given to go to the windows of the program «Excel», one of which con-
tains data for testing («Test»), the other allows you to enter the experimental data
intended for processing («Data»).

The remaining buttons «Data processing for the n-th value of the input param-
eter x» and «Dependences of the parameters of the KWW-function on the input pa-
rameter x» (Fig. 4) are designed to go to the intermediate windows of the same
name, contain a short description algorithms and a menu of the following three
items, which initialize actions in accordance with the block diagram in Fig. 1:

«Test» call the Mathcad package window with a test case (does not allow any
changes);
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«Calculation» call the Mathcad package window with a similar file used to pro-
cess the experimental data loaded for processing;

«Description» of opening a .pdf file with a detailed description of the selected
method.

(D Dats ente i ) i |

' | |
{Z) Entering the n-th value of .. [ =N ACT ﬁl itk >
-y m LEET PN S<taax
Task - "
| t[sec] S
[nagHaa Beraska PazmeTka cTp — A 8 ’
X beta(x) tmc[X}[SE!C] S[}(x) | 2 00053187 00339924
1 5 3 a | 3 00196373 00389918
14 0029456 0,0389893
1 423 N S 0,0392747 0,033987%
2 . | 6 00430933 00389845
F=~ | 7 0058912 003389809
L | )
i
N
3a 3b

Figure 3 - Intermediate windows for switching to reference pdf-file windows
and test and working windows of the «Excel» program for setting
the value of the measurement identification factor (a)
and entering the corresponding experimental data (b)

The first of these algorithms provides the processing process with the partici-
pation of the operator entered in the window Fig. 3b data in accordance with the al-
gorithm described in [3,4,8] for one (corresponding to a specific value of the argu-
ment) studied kinetic dependence in the environment of the Mathcad package
(Fig. 4a). The purpose of the second algorithm is to fix and accumulate an array of
values of the parameters of the Kohlrausch-Williams-Watts function that approxi-
mate the observed kinetics of changes in the resistance of the sensor under study,
followed by visualization of their dependences on a given factor (Fig.4b).

The main window also contains a toolbar with two buttons «Menu» and «Help».
The Menu button contains two items. When you select the first of them, «Open
Mathcad», Mathcad will be launched or the screen will ask you to select the Mathcad
launch file yourself. When you select the second item «Exit», the application will be
closed. The Help button also contains a two-item menu. The item "User's Manual"
opens the document with the user's manual. The item «Workshop» launches a
browser to access the Internet.
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r@ Data processing for the n-th value of the input parameter x
Task -
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Figure 4 - Intermediate windows for switching to reference pdf-file windows or test
and working windows of the Mathcad program for processing measurement data of
individual kinetic dependencies for a given value of the measurement identification
factor (a) and graphical presentation of the dependence of the calculated values of
the parameters of the KWW function on the values of this factor after processing
several specified kinetic dependences (b)

It should be noted that before using the described software product on a specif-
ic computer, you must install it together with the standard mathematical package
Mathcad, Excel, a browser and reading tools for files with the .pdf extension. Setting
up the product presented here comes down to writing in the Visual Studio environ-
ment the corresponding file addresses in its monitor, which contain specific software
implementations of computational algorithms from its library
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Algorithms of calculation. The algorithm for servicing the presented software
for processing experimental data based on an application for calculating the parame-
ters of a gas sensor using the extended exponential function of Kohlrausch-
Williams-Watts includes the following operations:

1. Data entry using the above user interface.

1.1. In the window «Entering the n-th value of the input parameter x», in the
first column of a new Excel table, load the value of the factor x (temperature, partial
pressure of the active gas or the physical parameter of the sensor under study),
which is the argument of the dependencies of the parameters of the Kohlrausch-
Williams function. Watts, approximating the observed kinetics of changes in the re-
sistance of the sensor under study (Fig. 3). The rest of the column fields (specified
parameters) will be filled in because of the processing.

1.2. In the «Data entry for the n-th value of the input parameter x» window,
load into the Excel file table of the experimental data S (t) obtained as a result of
measurements of the relaxation part of the kinetic dependence of the resistance re-
sponse at the specified value of the factor x (Fig. 4).

2. In the window «Data processing for the n-th value of the input parameter
x», initialize the process of calculating the parameters beta, tREC and S (0) for the
given value of the factor x. The calculation algorithm is described in detail in [8]. Its
features are

2.1. Entering factor x values

2.2. Determining the row for the next entry in the table in Fig. 3 calculation
results

2.3. Implementation of the settlement process under the control of the opera-
tor. (its main task is to correct the choice of the interval of the required form for cal-
culating the beta parameter).

2.4. Writing the obtained parameters for the value of the factor x in the table
in Fig. 3.

3. Repetition of points 1 and 2 for all values of the factor x.

4. By activating the button «Dependences of the parameters of the KWW-
function on the input parameter x» go to the window of the same name of the Man-
hcad package, where 4.1. initiate loading of the table fig. 3 and visualization in the
form of graphs of the calculated dependences of beta, tREC and S (0) on the used fac-
tor x.

Conclusions. A version of specialized software for processing data from exper-
imental studies of the kinetic dependences of the response of gas-sensitive sensors,
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based on their approximation by the known model of the stretched ponential func-
tion of the Kohlrausch-Williams-Watts function, is presented.

The software is based on the complex use of dissimilar software products and
provides the following service functions for processing and analyzing the specified
data:

- data entry using Excel spreadsheets;

- calculations in the mathematical package "Mathcad" of the specified parame-
ters;

- visualization of the obtained dependencies in the form of graphs;

- providing the necessary textual information about the used calculation algo-
rithms and test examples of their use;

- Internet access if necessary for additional information.
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Mpozpamue 3a6e3neyeHHs 06pobKU ma aHanisy
eKcnepumMeHmanbHuUx 0aHux 00CNi0XeHb 2a308UX CEHCOPiB

Memoto pobomu € po3pobka npozpamHo20 3ab6e3neyeHHs 015 06POOKU eKcnepuMeHmasb
HUX OQHUX KIHemuKu BI02YKY pe3ucmuBHUX 2a308UX CEHCOPIB HA OCHOBI as20pummy Mooesi po
3msazHymoi ekcnoHeHyiliHoT ¢yHkuii Konbpaywa Binssamca Yommca.

Y cmammi HasedeHo enemeHmu cmpykmypu, iHmepgelcy ma mexHosno02ii BUKOPUCMAHHA
npo2pamHo2o 3abezneyeHHs. Po3pobreHuli 0odamok 003B0JIA€ KOpUCMYyBaYesi BUKOPUCMOBY
samu BxiOHi 0aHi y Bu2aA0i mekcmosux ¢alinis abo ¢alinis enekmpoHHUx mabauyb Excel, aki
(hopmylombCa BUMIPIOBAILHOK anapamyporo, wo 6e3nocepedHb0 3aCmMocoBYEMbCS.

lpu cmsopeHHi npoepamHo20 3abe3nedeHHs 3aCMOCOBAHO KOHUENYT0 BUKOPUCMAHHSA pi3
HUX Npo2pamMHuUX nakemig ma cepedoBull, HalbIbW eheKmuUBHUX HO KOXHOMY emani 06pobKu
ma aHanisy OaHux.

EnekmpoHHul 000amok Ha0aEe MOXUBICMb NOCNTI00BHO20 3ABAHMAXEHHA OGHUX BUMIPHO
BAHb KIHEMUYHOI 3anexHOCMI Bi02YKY 20308020 CEHCOPA 3 (YIKCAYIEID 3HAYeHb napamempis pe
Xumy ii BUMIpIOBAHHA (memnepamypa ceHcopa, napyianbHUll MUcK akmusHo2o 2asy). Pesyns
mamu 06pobKu npozpamu € 3anexHumu napamempamu GyHkyii Konspaywa Bineamca Yommca
810 pexumHo20 napamempa.

Hooamok Haoae maki yHKUTI, K BBeOeHHA OaHUX 3a 0NOMO200 NPO2PAMU eSleKMPOHHUX
mabauys Excel; pospaxyHku 8 Mamemamu4yHomy nakemi Mathcad; mecmosi npuknadu sukopu
CMAHHA 00YUCTIIOBAIbHUX AI20pUMMIB Ma HAOAHHS HeobXiOHOi mekcmosoi 00BiIOK0BOT THEOP
mayii i3 BHympiwHix oxepen ma InmepHemy.

Peanizytombcs cepBicHi (yHKUTT, KT 00380/1510Mb NPOBOOUMU 06POOKY 2pynu eKcnepume
HMAbHUX KIHeMUYHUX 3anexHocmell i o0epxysamu 0aHi (y 8 mabauydHoMy yu 2pagiyHomy su
enAoi), AKI IoCmMpyloms BNAUS MO20, YU THWO20 hakmopy Ha (i3uKo XiMiYHI npoyecu, wo xa
PAKmepu3yomsCs napamempamu Mooesi po3msazHymoi eKCnoHeHYiaIbHOT QYHKUTT.

ToHxkomKkyp OnekcaHap CepriiioBuu - npodecop Kabenpu EOM, [THImTpoBCbKMit
HallioHa/IbHMI YHiBepcuTeT iMeHi Osecst ['oHuapa.
JIo3oBcbkuii AHapiit CepriioBuy - acrnipanT Kadgeapu EOM, IHiMpoBChbKMUii Halli-

OHa/IbHUI yHiBepcuTeT iMeHi Osecst ['oHYapa.
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N.O. Matveeva
COMPARATIVE ANALYSIS USING NEURAL NETWORKS
PROGRAMMING ON JAVA FOR OF SIGNAL RECOGNITION

Abstract. The results of the study of a multilayer persertron and a radial basic neural network for
signal recognition are presented. Neural networks are implemented in Java in the environment
NetBeans. The optimal number of neurons in the hidden layer is selected for building an effec
tive architecture of the neural network. Experiments were performed to analyze MSE values, Eu
clidean distance and accuracy.

Keywords: composite materials, neural networks, multilayer perceptron with back propagation
training, radial basic neural network, defect, function of activity.

Introduction. At conducting non-destructive control of composite materials it
follows to take difficult relief of surface into account them. The manufacturing tech-
niques of fibrous composites, usually, do not provide for mechanical processing. The
surface scanning process is complicated by various types of noise [1, 2].

When analyzing signals, we obtain information on the presence and size of de-
fects. For the decision of such tasks neural networks are used, what actively develop
lately, own universal and adaptive properties and provide high efficiency of recogni-
tion [1, 2].

In the article is a using programming language Java for neural network creat-
ing. Java is the most widely used programming language. It allows you to develop
projects on one computer and run them on many different machines supporting the
java environment. In addition, when artificial intelligence processing is part of an
enterprise application, no other  language can compete  with
Java [3, 5+ 7].

Problem definition. The purpose of this work is to conduct a comparative
analysis when creating a multilayer perceptron and a radial-basic neural network in
the JAVA language for recognizing electromagnetic signals.

Main part. Each artificial neural network is a set of simple elements - neurons
that are connected in some way. The particular form of executable network data
conversion due not only characteristics of neurons that make up its structure but al-
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so its architectural features such as topology interneuron links directions and meth-
ods of information transfer between neurons and learning tools| 3, 4].

Multilayer neural networks of direct distribution are nonlinear systems that
enable better qualified than conventional statistical methods. Multilayer perceptron
(MLP) has a plurality of input nodes that provide the input layer with one or more
hidden layers of neurons and output layers. Each neuron of MLP which learns based
on back propagation algorithm has nonlinear smooth activation function often use
nonlinear logistic sigmoid function type or hyperbolic tangent [3, 4].

The construction of a radial-basis function (REF) network involves three layers
with entirely different roles. The input layer is made up of source nodes that connect
the network to its environment. The second hidden layer applies a nonlinear trans-
formation from the input space to the hidden space. The output layer is linear, sup-
plying the response of the network to the activation pattern (signal) applied to the
input layer.

Radial-basis function (RBF) networks and multilayer perceptrons are examples
of nonlinear layered feedforward networks. They are both universal approximators.
It is therefore not surprising to find that there always exists an RBF network capable
of accurately mimicking a specified MLP, or vice versa. However, these two networks
differ from each other in several important respects [4].

1. An RBF network has a single hidden layer, whereas an MLP may have one or
more hidden layers.

2. Typically the computation nodes of an MLP, located in a hidden or an output
layer, share a common neuronal model. On the other hand, the computation nodes
in the hidden layer of an RBF network are quite different and serve a different pur-
pose from those in the output layer of the network.

3. The hidden layer of an RBF network is nonlinear, whereas the output layer is
linear. However, the hidden and output layers of an MLP used as a pattern classifier
are usually all nonlinear.

4. The argument of the activation function of each hidden unit in an RBF net-
work computes the Euclidean norm (distance) between the input vector and the cen-
ter of that unit. Meanwhile, the activation function of each hidden unit in an MLP
computes the inner product of the input vector and the synaptic weight vector of
that unit.

5. MLPs construct global approximations to nonlinear input-output mapping.
On the other hand, RBF networks using exponentially decaying localized nonlineari-
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ties (e.g., Gaussian functions) construct local approximations to nonlinear input-
output mappings [4].

When scanning composite materials using an eddy current transformer, there
is a smooth change in the waveform from unimodal with a maximum amplitude (de-
fects exceed the control zone) to bimodal with the highest dips. Such changes are
modeled using the expression [1]:

v(x) = exp(—1,5x%) — k " exp (—3x?) (1)

In article [2] a multilayer perceptron(MLP) with a back-propagation algorithm
was used for signal recognition. Researches were conducted to determine the best
network parameters, such as: activation functions of input and hidden neurons and
determining the number of neurons in the hidden layer. Hyperbolic tangential acti-
vation function (Hypertan) and logistic sigmoidal activation function (Siglog) were
used in experiments.

The network learning process includes setting values weights and bias of net-
work to optimize network performance. Setting performance for networks with di-
rect propagation is determined by the mean squared function (mse) between the
outputs of the network (a) and targeted outputs (t) and defined by the formula [2, 3]:

mse(a, t) :% Lt —ay)?
(2)

Parameters MSE (2) and accuracy was used for evaluate the neural network. The
parameter accuracy is formed on the basis of the real and estimated data provided by
the neural network.

After training and testing neural network the network object can be used to
calculate the answer for any input value.

The graph (Figure 1) shows a comparison between the real (black line) and the
estimated (green line) signal values for multilayer perceptron.

The neural network works well and the accuracy value varies between 80%
and 97%.
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For comparison we will use radial basis neural networks. The learning quality
criterion for a radial-basic network is the Euclidean distance between the vectors xi
and x; , which defined by:

d(?fpxj) = [E}Ll(xik - Xjk)z]lfz 3
where xi and x; are the k-th elements of the input vectors X; and X, respectively.
Correspondingly, the similarity between the inputs represented by the vectors xi and
X is defined as the reciprocal of the Euclidean distance d(xi, xj). The closer the indi-
vidual elements of the input vectors xi and x;. are to each other, the smaller the Eu-
clidean distance d(xu, xjx) will be, and therefore the greater the similarity between the
vectors xi and xj will be.

There is a large class of radial-basis functions; it includes the following func-
tions that are of particular interest in the study of RBF networks:

e Multiquadrics: f(x) = (1 + x"2)¥%; “4)
e Inverse multiquadrics: f(x) = 1/(1 + x2)¥/?; (5)
e Gaussian function: (x) = exp (—x?). (6)

Studies were carried out - various activation functions (4) + (6) were used and
the number of neurons in the hidden layer was changed. The output for all cases
used a linear function. Euclidean distance was used to test the quality of training.

Initially, the experiments were carried out on ideal signals without noise. The
results of sets for unimodal (Table 1) are shown below.
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Table 1

Research of unimodal signals without noise

Number of neuron in

Activation function

Euclidean distance

hidden layer
6 GAUSS 0.00872626318992018
6 SQUARE 0.08726263189920182
6 INSQUARE 0.1429747138353948
9 GAUSS 0.00998969534147190
9 SQUARE 0.08526263187720182
9 INSQUARE 0.009995887400215548
13 GAUSS 0.001951243722342713
13 SQUARE 0.08756263184420182
13 INSQUARE 0.21417024639925641

The study of the neural network at Euclidean distance showed that the use of

the Gaussian function in the hidden layer is more efficient for solving such prob-

lems. Graphs signal recognition (Fig. 2) based on the Gaussian function in the hid-

den layer and linear at the output in the unimodal signal are given below.
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Figure 2 — Graph showing comparison between real (black line) and estimated

(green line) by radial-basis neural networks

To understand the effectiveness of the neural network in recognizing signals

with noise, it is necessary to conduct testing, during which the neural network will
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learn from signals with a fixed noise level, and testing for different noise levels (Ta-
ble 2).

Testing will be performed from 0 with a noise step of 0.05. The maximum noise
we can reach is 0.3.

Table 2
Recognition of signals with different noise levels
Noise levels Euclidean distance
0.05 0.009925824698545417
0.1 0.009991145568174346
0.15 0.05113776373180032
0.2 0.06806558483945598
0.25 0.07761553684062489
0.3 0.08647269230634994

Testing was performed as follows: Noise with an average value of 0 and a
standard deviation from 0 to 0.2 in increments of 0.05 was added to the input vec-
tors. For each noise level we calculated and constructed histograms the expected
class along with the classification estimated by the neural network

Conclusions. Recognition tasks belong to one of the most frequently used
types of supervised tasks in the fields of machine learning/data mining, and neural
networks proved to be very appropriate for application to such problems.

Training network on different sets of signals with noise allowed to teach her to
work with distorted information, which is typical when conducted non-destructive
testing in real conditions.

After conducting a comparative analysis between a multilayer perceptron and a
radial basis neural network, it can be concluded that a multilayer perceptron is bet-
ter suited for recognizing electromagnetic signals.

The root mean square error is two orders of magnitude lower than for the radi-
al-base neural network. Multilayer perceptron shows an accuracy of 85-97%.
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MopigHANbHUU AHANT3 NPU BUKOPUCMAHHT HElIPOHHUX MepeXx
3anpo2pamosaHux Ha mosi Java 014 po3ni3HABAHHA CU2HANTB

3adaqa sBusHayeHHs OegpekmHOCMi BUPOOIB 1 YXBANHHA pilleHHA w000 ix npudamHocmi
NoB8'A3aHa 3 THMeHCUBHUM BUKOPUCMAHHAM MI00CbKO20 1HMenekmy U k8anigikosaHoi npayi. Bu
COKY ehekmuBHicmb 018 BUPILIEHHSA YI€i 3a0ayi npoOeMOHCMPYBANU WMy4Hi HelpoHHT Mepexi,
BUKOPUCMAHHA AKUX npu nposedeHi HepylHIBHO20 KOHMPOJID KOMNO3UMHUX Mamepianis oyxe
akmyasnsbHe.

B 3anponoHosaHili cmammi npoBoOUMbCA NOPIBHANbHUL AHATI3 BUKOPUCMAHHSA 6a2amo
Waposozo nepcenmpoHa ma paodianbHo 6a3uUCHOT HelipOHHOT Mepexi 01 Po3Ni3HABAHHSA Gopmu
e/leKMpOMazHIMHo20 cuzHany. Popma cueHany Hadae THopmayi w000 00BXKUHU ma po3ma
WyBaHHA Oeghekmis y KOMNO3UYILTHUX MAmMepianax.

HelipoHHi mepexi cmsoprlosanuce 3acobamu mosu Java. [Jns cmeopeHHs onmumasbHoi ap
XimeKmypu Mepexxi npoBOOUALCH eKCnepuMeHmu 3 KiIbKICMI HelpOoHIB8 Yy NpuXo8aHoMy wapi ma
3MIHIOBA/IUCH QYHKYTT akmusayii.
bazamowaposuli nepcenmpoH NoKkazas Kpawji pesyasmamu 01 po3ni3HasaHHs cueHanis. Cepe
OHbOKBAOPAMUYHA NOMUJIKA HA 0BG NOPAOKU HUXYA, HIX 018 padianbHO 6a3UCHil HelpoHHIL

mepexi. baeamowaposuli nepcenmpoH nokasye moyHicmes 85 97%.

MarBeeBa Hartasis OnekcaHzpiBHa — OOIEHT Kadeapyu eJeKTPOHHUX 00UMCIIIO-

BaJIbHMX MalllMH [IHIMPOBCHKOTO HallioHAJAbHOTO YHiBepcuTeTy im.Osecs ['oHuapa.
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EFFICIENCY OF FRAGMENTED FRAMES TRANSMISSION
IN IEEE 802.11 COPMUTER NETWORKS

Abstract. In an analytical form, the dependence of the MAC efficiency of frames transmission on
the coefficient of their fragmentation is obtained, taking into account retransmissions of dam
aged frames, the number of which changes in accordance with the noise level. When the noise
intensity is high, the dependence of transmission efficiency on the fragmentation factor has the
extreme character.

Key words: computer networks IEEE 802.11ac/ax, transmission efficiency, frame fragmentation,

bit error rate.

Introduction. At the present time, there is an intensive development on fifth
and sixth wireless networks generations (IEEE 802.11ac, IEEE 802.11ax) [1]. One of
the priorities of these technologies is their use for the automation of production
processes in mechanical engineering, metallurgy and a number of other industries.
The need arises to safely and conveniently connect hundreds and thousands of elec-
tronic devices to corporate network in accordance with their operational and engi-
neering requirements. Traditionally, these needs are met through problem-oriented
technologies, but nowadays, corporative Wi-Fi is increasingly been chosen as the in-
ternal platform for such networks, due to its significant advantages in speed, scale
and ease of management.

A common factor that reduces the efficiency of wireless networks is the in-
creased noise level in the shops of industrial enterprises, due to the operation of
technological equipment. In addition, the intensity of thermal noise, which increas-
es with temperature, must also be taken into account [2].

The peak speed of a wireless network is determined by: the channels band-
width, the density of subcarriers, the number of spatial streams, the amount of
housekeeping data per transmitted symbol. Increasing the data transfer rate in the
IEEE 802.11ac and IEEE 802.11ax networks to several Gbps necessitates the use of
extended channels with a width of 160 MHz, which leads to an increase in the noise
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power in the channel. Improving the coding, that is, moving from 256 QAM to 1024
QAM increases the data rate. However, being denser, subcarriers are more suscepti-
ble to mutual interference. Therefore, 1024 QAM technology provides speed im-
provements at a shorter distance from the access point and under normal conditions
the signal to noise ratio decreases sufficiently fast as the coverage area with a single
access point is expanded.

Thus, the use of modern high-speed technologies for wireless data transmis-
sion in industrial conditions requires the development of methods and means to in-
crease the noise immunity of computer networks.

Problem statement. It is necessary to determine the possibility of increasing
the efficiency of the transmission of fragmented frames in Wi-Fi networks with an
infrastructure topology, taking into account the retransmissions of frames distorted
by interference.

Main part. We will carry out our research within the framework of using the
distributed coordination function (DSF) [3].

For an ideal data transmission channel, when there is no noise and in each cy-
cle only one station transmits a frame, and the ACK receipt from the access point ar-
rives without delay, the throughput Si; can be expressed as follows [4]:

S'd — Ldata (1)
TDIFS + Tﬁ + Tdata + TSIFS + TACK + 25 ’

where Liua is the data size of frame in bits ; To; =0 - (CW,;, —1)/2, where o is the

idle slot duration; CWhn is the minimum (initial value) of the contention window;
SIFS and DIFS are the interframes intervals; ACK is the acknowledgment frame; ¢ is
the propagation delay.

It is known that an increase in the noise immunity of transmitted data with a
significant noise level is achieved by reducing the size of the frame data field or by
its fragmentation. In [5], we modified formula (1) to calculate the transmission effi-
ciency Q of frames fragmented with a coefficient k :

S T

Q - _ data ’ 9
R Tin + k(TSIFS + TACK + TMAChdr + 25) +Tdata ( )

where T, =Tpes + Ty + Torvnar» Tervnar and Thacnar are headers of PHY and MAC lev-

els respectively; R is the physical rate.

For the parameters corresponding to the IEEE 802.11ac standard, we calculated
the dependences Q(R,k). The results show that the value of the efficiency Q de-
creases significantly with an increase in physical rate R. This is primarily due to the
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growth in the contribution of the total duration of the transmitted service infor-
mation Tsy, which does not change with the physical rate increasing, while the
transmission time of the actual data Tu., decreases.

The study carried out in [5] does not take into account the probability of frames
distortion and need of retransmission.

For a more objective evaluation of the process of frames transmitting with the
possibility of their distortion, we propose, as a first approximation, instead the pa-
rameter Q to use the parameter U:

U :Q'(l_ Pfe)’ (3)
where P is the probability of frame distortion during transmission.
P.=1-(1-p,)", 4)

where p, is the bit error rare (BER) for discrete-time memory less Gaussian chan-
nel [6], L is the frame data size.
Table 1 shows the values of U(R,k) at BER=10* and L=12000 bit.

Table 1
Modified parameter of frames transmission efficiency
R, Mbps v
k=1 k=2 k=3 k=4 k=5
54 0,133 0,200 0,207 0,198 0,187
100 0,091 0,131 0,131 0,124 0,115
200 0,054 0,074 0,074 0,068 0,062
300 0,038 0,052 0,051 0,047 0,043
400 0,029 0,040 0,039 0,036 0,030
600 0,020 0,028 0,027 0,024 0,022
800 0,016 0,021 0,020 0,019 0,017
1000 0,013 0,017 0,016 0,015 0,013
1200 0,011 0,014 0,013 0,013 0,011

Graphs of U versus k at different values of the physical transmission rate R are
shown in Fig.1.
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Figure 1 — Dependences of the modified efficiency parameter U on the frames frag-
mentation coefficient k at different values of the physical transmission rate R

At the next stage of research, we took into account the number of retransmis-
sions of frames, distorted by interference during transmission. With this, we calcu-
lated the MAC efficiency of the network Q by the formula:

Tdata
Q=1 T ®)
where the value of Ty denotes the denominator (2), and
Tx = m(Tdata +TACKtimeout) ’ (6)

where m is the number of retransmissions, Tackimeou 1S the timeout value of waiting
for acknowledgment of data frame successful reception. We took this timeout to be
120 ps.

Let us consider the procedure for determining the number of retransmissions in
stages for a given BER level using an array of N, frames.

At the first stage (m =1), the average number of successfully transmitted frames
will be:

Ng; =No(1—Py). (7)
At the second stage (m =2):
Ngz =(Ng = Ng) - (1—Pg) = NoP 1-Py). ®)
At the third stage (m =3):
Nss = [No _(N51 + st)]'(l_ Pfe) = Nopfi(l_ Pfe) . )
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In general

Ny = NoPE P (1= Py,), (10)

where N, is the number of successfully transmitted frames at the m-th stage of

Sm_

transmission.
The sum of frames successfully transmitted at m stages will be:

Ny, = Ng; +Ng, + Ngz+...+ Ng, =
=No@—P )1+ Py + Pfi + Pfi +..+ Pf(em_l)]- (11)

The expression in square brackets is the sum of the terms of a decreasing geo-
metric progression with the first term a;=1 and the denominator q =Pf. From here:

Ny, = No(1-Pg). (12)

The number of retransmission attempts m we can approximately calculate from
the condition No-Ns,=0,01Np. In this way:

m 2
=T 5. (13)
Ig Pfe
Substituting (13) into (5) and taking into account (6), we obtain:
Tdata
Q= > . (14)

TZ |g P (Tdata ACKtimeout)

fe

Figure 2 shows the graphs of dependences Q(k) at different levels of BER. The
physical data transfer rate is equal to R = 54 Mbps.

Comparing the plot in Fig.1 for R = 54 Mbps and the plot in Fig.2 for BER=10*
and the same rate, we see that they are similar.

As follows from the Fig.2, a decrease in the noise intensity not only increases
the efficiency of frame transmission Q, but also changes the character of the de-
pendence Q(k) from extreme to monotomcally decreasing.

At the same time, the dependence at high noise intensity (BER=10%) is the
greatest practical interest. As can be seen from the corresponding plot, here the
maximum value of the transmission efficiency Q is observed when the fragmenta-
tion coefficient is k =3 for the standard size of the frame data field.
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Figure 2 — Dependences of the MAC - efficiency of frames transmission Q
on the coefficient of their fragmentation k at different noise level (BER)

Conclusions

1. In an analytical form, the dependence of the MAC-efficiency of frames
transmission on the coefficient on their fragmentation is obtained, taking into ac-
count retransmissions of damaged frames, the number of which changes in accord-
ance with the noise intensity.

2. At a high noise intensity, corresponding to the level of bit error rate BER=10"
*, the dependence of the transmission efficiency on the fragmentation factor has the
extreme character. The maximum efficiency for a standard frame data field size cor-
responds to a fragmentation factor of 3.
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EgpekmusHicme nepedayi ppazmeHmosaHux ¢pelimis
8 KomntomepHux mepexax IEEE 802.11

00Hum 3 npiopumemis o Wi Fi mepex namoeo i wocmoeo nokoniHe (IEEE 802.11acax)
€ iX BUKOPUCMAHHA 01 ABMoMamu3auyii MmexHon0214HUX Npoyecis Ha BuUpobHUYmMBI. BuHuKkae
HeobXxiOHiCMb 6e3neyHo20 1 3py4H020 NIOKIIDYEeHHS COmeH T MUCSY eleKmMPOHHUX npucmpois 0o
KopnopamusHoi mepexi y 810N0B8I0OHOCMI 3 iX eKCnayamayilHuMu ma iHXeHepHUMU BUMO2aMU.
3azansHum pakmopom, AKul 3HUXYE EpekmuBHICMb pobOMU MAKUX Mepex € niosuujeHul pi
BeHb WYMY B Uexax BUPOOHUYUX NiONpuUEMCMB BHACAIOOK pobomu MexHO/0214YHO20 YCmamkKy
BAHHS, W0 BUMA2A€E pO3p0bKU 3acobi8 nidBULYEHHS 3aB8a00CMILiKOCMT KOMN IOMepPHUX MepeXx.

B cmammi docnioxyembca MOXUBICMb NI0BULEHHS ehekmusHOCMT nepedayi O0aHux 3a
PaxyHoK pazmeHmayii ¢peliMis 3 ypaxyBaHHAM NOBMOPHUX nepeday BUKPUBAeHUX (pelimis,
KIIbKICMb SKUX 3a7eXumsb 810 iHmMeHcusHocmi wymy. [JokasaHo, wo npu 36i1bWeHHT KilbKocmi
6imosux nomunok daHux, wo nepedarmscsi (BER), He minbKu 3MeHWyembsca egekmusHiCmb
nepedayi pelimis, ane U 3MTHIOEMbCA xapakmep 3anexHocmi echekmusHocmi 8i0 KoediyieHma
pazmeHmayii 810 MOHOMOHHO CNAOHO20 00 eKcmpeMasnbHo20. [lpu UybOMY BUPILGBHY POJIb
mym 810i2pa€ 3MIHEeHHA KiJIbKOCMI NOBMOPHUX nepeday, AKAa BUPAXXeHa Yyepe3 IMOBIPHICMb BU
KpusneHHs (ppelimy 0aHoi 0osxuHU. Makcumym epekmusHOCMi ON151 BUCOKOTHMEHCUBHO20 WYMY
(BER=10*), npu cmandapmHiii dosxuHi nosis daHux ¢pelimy 8idnosidae KoegiyieHmy ¢pazme
HmMayii wyo 0opisHIOE 3.

Xangenbkuii Bomogumup CepriiioBu4 — JOKTOp TeXHIUYHMX HayK, Ipodecop, 3a-
BilyBau Kadeapu 37eKTPOHHUX O00UMCIIOBAIbHUX MaIlMH JJHIIpOBChKOTO HallioHa-
JIbHOTO YHiBepcuTeTy imeHu Onecst 'oHuapa.

CiBuoB /Imutpo IlaBinoBmu — 3aBimyBau JiabopaTopii KOMIT'IOTEPHOI iHKeHepii
Kadeapu 3MEeKTPOHHUX OOUMCIIOBATBHMX MallMH JIHITPOBCHKOTO HAaIlliOHAJbHOTO
yHiBepcuteTy imeHn Osecst ['oH4apa.

Khandetskyi Volodymyr Sergievich — Doctor of Sciences, Professor, Head of
Computer Systems Engineering Department of the Oles Honchar Dnipro National
University.

Sivtsov Dmutro Pavlovich - Head of Computer Engineering Laboratory of Com-
puter Systems Engineering Department of the Oles Honchar Dnipro National Univer-
sity.
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PE®EPATHU

YK 004.048

Mapturenko A.A. Mpo6nemu npaktuyHoi peanisauii CYBJ] B AKOCTi 0CHOBHOr0 KOMMNO
HEHTa iHTeNeKTYaNIbHOT CMCTEMU MIATPMMKU NPUMHATTA pilleHb ans igeHTUdiKayii KynbTyp
Hux LiHHOCTeW // CucTemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKMIA 30IpHUK HAYKOBMX MpaLlb.
Bunyck 1(138). — xinpo, 2022. - C.3 - 12.

Y cTatTi po3rnagaeTbca NUTaHHSA BMOOPY i NpakTUyHoro BukopuctanHa CYBJ, sk ocHOBHOro
KOMMOHEHTA THTENEKTYaNbHOT CUCTEMU MILTPUMKM NPUIAHATTA pileHb iaeHTUdIKaLiT KyNnbTypHUX
LiHHocTel. HaBofATbCA BUMOrM A0 KOMMNOHEHTIB 1HTENEKTYANbHOT CUCTEMU MiATPUMKN NPUNHATTSA
pilleHb, aHani3 iCHYIUYMX PilleHb i THCTPYMEHTapito ANA BMPilEHHA NOCTABAEHOro 3aBAaHHA. Ta
KOX Bif3HAYAETbCA CKNAAHICTb 1 KOMMIEKCHICTb MifXOAY BUPiWEHHS MOCTABNEHOr0 3aBAaHHS,
BW3HaYeHi NepcneKkTUBM Ta WASAXW MOAANbIIOTO AOCTIAXEHHA i PO3BUTKY AAHOT NpeAMEeTHOoi 06
nacri. Takox B po6oTi 3anponoHoBaHuit nigxig Buoopy CYB[, ans ICMNP IKL 3 Toukn 30py cuctemu
MacoBOro 006CNyroByBaHHA. TaKWM YMHOM PO3MNALAETbCA MNUTAHHA HE TifbKU CTBOPEHHSA i
36epiraHHsa gaHux mictutbcs B bJl, ane i nuTaHHa po6OTU KOPMCTYBaYiB i NPOLIECiB, WO MATUMYTb
cnpasy 3 ICNMP IKL. [ns BupiweHHs noctaBneHoro B poboTi 3aBfaHHs byna obpaHa CYB MySQL i
phpMyAdmin sk iHCcTpyMeHT po3pobku i apgmiHicTpyBaHHsa BJl. Y cTaTTi TaKoX CTaBNATbLCA 3aBAAHHA
AN NOAANbLIOro BUBYEHHS i BUPilLEeHHS npobnemu npakTuyHoi peanisauii CYB[, B IC.

bubn. 20, puc. 4.

YIK 004.9

XepHosuii B.B. InopmauiitHa TexHosOriA anpoKcumauii po3mipiB Ha3eMHUxX 06'€KTiB //
CucTtemHi TexHonorii. PerioHanbHuWit MixBY3iBCbKUIA 30ipHUK HayKoBMX npaub. Bunyck 1(138). —
[Hinpo, 2022. — C.13 - 25.

B poboTi pocnigxeHo i po3pobneHo Mmigxig Ao reHepauii ceMaHTUYHMX Man 3a AOMNOMOrol0
FIMOOKUX HEMPOHHUX MEPEX, 3, TAKOX, 3aNpPONOHOBAHO aBTOMATU30BaHY TEXHOJION 0 00pobKHM ce
MaHTUYHUX KapT Aas anpokcumauii disnmyHmux po3mipiB HazemHux 06'ekTiB. OTpUMaHi pesynbTaTy
CBiAYaTh, WO 3anNpONoOHOBaHa apXiTeKTypa HEMPOHHOT Mepexi Mae NPOAYKTUBHICTb MOPiBHAHIO 3
THWMMKM CyYaCHUMM PillEHHAMM Ta MOXKe OyTW 3acTOCOBaHa [ 0OPOOKM 306paXkeHb HafBUCOKOT
PO37iNbHOI 3[aTHOCTI BMKOPUCTOBYIOYM OMUCaHy B pobOTi METOAoNorilo MiAroTOBKM AaTaceTy.
3pobneHo BUCHOBOK, L0, HEMPOMepeXa € [OLiNbHO ONTUMi30BaHOW Ans poboTu 3 po3pobieHoto
TEXHONOTi10 anPOKCKUMaLLii po3MipiB Ha3eMHUX 06'EKTIB.

bi6n. 13, Tabn. 2, puc. 1.

YK 621.391

lLlepbakos A.T., Mopo3 b.I. MaTemaTMyHa Mofenb OTPUMAHHA CTEPEOCKONiYHOro 306pa
YKEHHA 3 feKiNbKOX WWMPOKOKYTHUX Kamep niTanbHoro annapary // CuctemHi TexHonorii. Perio
HaNbHUI MiXBY3iBCbKMI 30ipHMK HaykoBuMX npaub.  Bunyck 1(138). — [uinpo, 2022. -
C.26 — 35.

3anponoHoBaHa MaTeMaTMyHa Mofeslb OTPUMAHHSA CTEPE0300paXeHHSA 3 [EeKiNbKOX WMPOKO
KYTHUX Kamep. PO3rnsHyTi METOLM YCYHEHHS AUCTOPCIT 3 WMPOKOKYTHUX 06'eKTUBIB "punb'aye oko"
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npu nobynosi cTepeonaHopamu. MokasaHo, Wo TakU Miaxin € Hanbinbw edeKTUBHUM AN BUKO
HaHHS KNIOYOBUX 3aau.

bi6n. 15, dpopm. 3

YK 004.5+ 004.78+ 004.823

Kypon'atHuk 0.C. MopenioBaHHA cueHapito Aianory AnA CUCTeMU BUABNEHHA 3aN031YeHb
Ha OCHOBi KonbopoBoi mepexi Metpi // CuctemHi TexHonorii. PerioHanbHMii MiXBY3iBCbKMiA
36ipHUK HayKoBKX npaub. Bunyck 1(138). — AHinpo, 2022. — C.36 — 47.

Po3rnsHyTo feski 3acobu dhopmanisalii cueHapito fianory B pamkax npolecy po3pobku iH
Tepeiicy KopuctyBaya. BukoHaHa iHTepnpeTauis KOMNOHEHTIB KONbOPOBOi Mepexi [etpi B
TepMiHax CKIafoBUX CLUeHapito Aianory Ta npouecy poboTu nporpamu. 3 BUKOPUCTAHHAM anapaty
KONbOPOBMX Mepex nobyaoBaHa ClEeHapHa Moaenb aianory. Ha ii ocHOBi peanizoBaHo iHTepdeiic
KOpPWUCTYBaya CUCTEMU BUABEHHA 3ano3nyeHb. BugineHo oCHOBHI nepeBaru BUKOPUCTaHHS KOJb
OpOBUX MepeX Npu po3pobLi iHTepdency KOpUCTyBaya, B TOMY Yuchi ons dpopmanisalii gianory.

bi6n. 11, 1in. 3.

YOK 519.281:621.317.088

IrHaTkin B.Y., Top6iituyk M.I.,.JynHikos B.C, HOwkesuy 0.M. MoaentoBaHHA KOHBEKTUBHO
Audy3iliHoro nepeHocy pe4yoBUHM Ta NPONO3uLii LWOA0 PO3pOOKM aBTOMATU30BAHOT CUCTEMU
KOHTPONA Ta 3an06iraHHA 3a6pyaHeHHI0 nig3emHux Bog // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMi1 30IpHUK HayKoBMx Npaub. Bunyck 1(138). — OHinpo, 2022. — C.48 - 64.

3a ponomoroto Mofieni KOHBEKTUBHO Audy3iliHOro NOTOKY Y BOAOHOCHOMY FOPU30HTI BU3HA
YEHOro Micus JOCNiMKEHO 3a0pYAHEHHS LWECTUBANEHTHUM XPOMOM. OTiK BU3HAYEHMII fK NiHiN
HU. Mogenb sBnsie coboto audepeHLinHe piBHAHHA i BMillye Taki 3miHHi: (C) — KOHUeHTpauis
3regHaHb  xpomy; (t) — vac cnoctepexenHs; ([) — koediuieHT dinbTpauiiiHoi (KOHBEKTUBHOT)
andys3ii; (Vn) — pincHa wemnakicts GinbTpauii notoky; (V) —icHyloua wenaKicTb hinbTpaLii noToky;
(na ) — aKTMBHA NOPUCTiCTb NOpiA BofgoHOCHOrO ropu3oHTy; (K) — koedilieHT dinbTpauii BogoHoC
Horo ropu3oHTy; (I) — rigpaBniYHU HAXWUN NOTOKY Y NPUPOAHMX yMOBax. Mpu LbOMY BUKOPUCTaHI
peasibHi BXifiHi faHi i 3Ha4eHHs 3MiHHWX. Po3paxoBaHi Ta nobynoBaHi rpadiku dyHkuin C (x, t), ge
3rMHaNbHi BU3HAYal0Tb MAKCUMabHE 3HAYEHHSA KOHLIEHTPALiT pe4oBMHU.

HapaHi npono3uuii wono Metony YHUKHEHHS Bif, peyoBMHM Ta po3poOKM aBTOMATU30BaHOT
CUCTEMMW KOHTPOJIO Ta YHUKHEHHA Bif 3a0pyaHI0040i pe4oBUHN.

bi6n.30, in.4.

YK 519.1

MeTpyweHko H.B. MpocTopoBo YacoBa koMOGiHaTOpMKa 36epeXKeHHA peCcypCHUX NOTOKIB i
3HUXKEHHA PU3UKIB B YMOBaxX HEBM3HA4YeHOCTi 30BHiLIHbOro cepeaoBuia // CucTeMHi TexHO
norii. PerioHanbHU MiXBY3iBCbKUI 301 PHIUK HayKOBUMX Npaub. Bunyck 1(138). — [Hinpo, 2022. -
C.65 - 78.

porHo3yBaHHA CTanoro po3BUTKY B YMOBax (haKTOPiB 30BHIlWHbOrO CEpeAoBMLL3, LWO
NOCTIHO 1 HEKOHTPO/ILOBAHO 3MiHIOETCS, € HETPUBIANLHOIO 3afa4el0, NPY BUPILIEHHT AKOT B TOMY
YMCNi BUKOPUCTOBYIOTBCA 1 MAaTEMATUYHI MeToAM i Mofeni, NoB'A3aHi ¢ Teopieto rpacdis. 3anpono
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HOBaHa MOfieNb 30epexeHHs PECYPCHUX NOTOKIB i 3HWXEHHSA BNAUBY HECTabiNIbHOTO 30BHiLIHBLOMO
cepefoBuLa 33 gonomoroto moaudikosaHoro anroputmy ®opaa PankepcoHa.

bi6n. 12,in. 5.

YK 004.774.6

CnipiHues B. B. Bubip ontumanbHoro cepeaoBuiya ana BisyanbHoi po3pobku rpaciuHo
ro intepgency kopucrysaya // CuctemHi TexHonorii. PerioHanbHuUi MiXBY3iBCbKMWIA 36ipHUK Hay
KoBux npaub. Bunyck 1(138). — JHinpo, 2022. - C.79 - 87.

Adobe Experience Design, Sketch, Figma € Haii6inbl nowmpeHnMu cepefoBuLLaMK Bisyasb
HoT po3pobkM rpadiyHoro iHTepdeiicy KopucTyBaya. B paHiit poboTi 3ailicHEHO NMOPiBHANbHUIA
aHaMi3 UMx HaibinbWw nonynsapHMX THCTPYMEHTIB BiANOBIAHO A0 3afjaHMX KpuTepiiB. Bubip
BIANOBIAHOIO CepefoBMILA Bi3yanbHOI PO3POOKM [JO3BONAE CTBOPUTU MAKCMMANIbHO TOYHMIA pe
aniCTUYHWIA NpoTOTUN iHTEpPdEiiCY, @ TaKOX 36iNbWNTH eeKTUBHICTb POGIT y NPOEKTI.

bi6n.12,in.1.

YOK 534.075.8

Kpaseup 0.B., Neka P.I. 3acrocyBaHHs nporpamHoro komnnekcy ANSYS no po3s’AasaHHs
3af,ayi npomMucnoBoi TennotexHiku // CuctemHi TexHonorii. PerioHanbHMit MiXBY3iBCbKMiA 36ip
HUK HayKoBKX npaub. Bunyck 1(138). — AHinpo, 2022. - C.88 - 97.

Po3rnspaeTbcs po3B‘A30K 3afadi NPOMMUCIOBOT TEMIOTEXHIKM 33 AOMOMOrO0 NPOrPaMHOro
komnnekcy ANSYS. CnosnydyeHa 3apada rigpogvHamiku Ta TennooOMiHy — Npo A03ByKoBe TypOy
neHTHe 06TiKaHHA npocdino NACA 23012 HeCcTUCIMBOIO B'A3KOI0 PifIMHOI — PO3B'A3aHa 33 OMNOMO
roto nakety ANSYS Workbench. [Ina 3agaui npoBeseHa Bepudikalisa oTpUMaHMX pe3ynbTaTiB WA
XOM MOPiBHAHHA iX 3 BIAOMMMMW AAHMMM aHANOTYHMX 33Aay iHWMX aBTOPIB ab0 3a iHWWUMU METOAM
Kamu.

bi6n. 13,1in. 5.

YOK 621.226

Masyp L.A., Wep6iHiH M.0. JocnipkeHHA AMHAMiYHMX npoueciB y rigpocucremi 3aTuc
KaHHA WTabu cerMeHTHOro po3mMoTyBaya arperarty YKpynHeHHs pynoxie TE3A 20 114 // Cu
CTeMHi TexHonorii. PerioHanbHWi MiXBY3iBCbKMI 30IpHUK HayKoBMX npaub. Bunyck 1(138). -
[OnHinpo, 2022. — C.98 — 114.

Po3rnsHyTi BigoOMi MaTeMaTUyHi MOAeNi AOCNIAXKEHHS AMHAMIYHKMX NPOLECiB Y FiApocUcTeMax
3 ypaxyBaHHAM XBMIbOBUX MPOLECIB B [OBruUX riapoMarictpansx. 3anpornoHOBAHO MATEMATUYHY
MOAENb AOCHIKEHHA AUHAMIYHKUX MPOLECIB Y MApOCMCTEMi 3aTUCKAHHS PY/IOHY Y PO3MOTYBauYi ar
peraty YKpYnHEeHHs pyNoHiB. BUKOHAHO TEOPETUYHI AOCHIMKEHHS peXxuMiB pobOTH rigpocucTemm
3aTUCKAHHA PYNOHY 3 Pi3HUM YacOM CMpaLbOBYBAHHS KEpYOYoro rifpopo3nofinbHuka. B xomi fo
CNifXeHb BCTAHOBMIEHO PaLiOHANbHMIA Yac ChpalboBYBaHHA riApOPO3NOAINbHUKA KU CKNaaae
0,20 cek npu BigkpuTTi Ta 0,15 CEK Npw 3aKpuTTi.

bi6n. 12, 1in. 5.
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YK 004.421
MoHomapboe I.B. Po3po6bKa aBTOMaTU30BaHOT CUCTEMM KnacTepu3auii TEKCTOBUX AOKY

MeHTiB // CucTemHi TexHonorii. PerioHanbHMiA MiXBY3iBCbKMI 30IpHUK HAyKOBMX npalb. Bunyck
1(138). - [luinpo, 2022. — C.115 - 119.

LlocnigeHo NWUTAHHA KnacTepu3auii TEKCTOBUX [OKYMEHTIB, po3pobieHo nporpamy Ans
rpynyBaHHA TeKCTOBMX halNiB y Nanku 3a ix 3MicToM Ha ocHoBi nigxoay TF IDF.

bi6n. 3.,in.1

YK 004.42

IeoH 0.I., IctywkiH B.®. BukopuctaHHA umgpoBux 306paxkeHb AN BUMipIOBaHHA reo
MeTPUYHUX NapameTpiB ManuxX NJaHAPHUX 00'EKTIB 3 BUCOKOI TOUHicTIO // CuCTeMHi TexHO
norii. PerioHanbHUi MiXBY3iBCbKUI 301 PHUK HAyKOBUX npaub. Bunyck 1(138). — AHinpo, 2022. —
C.120 - 126.

CrBopeHo npuknagHui web fopgatok Ans BMMIpOBAHHA PO3MipiB 1 MAowWi nnaHapHUX
00'eKTiB UMDpPOBKUX 300paxeHb 3a AAHMMU CKaHyBaHHA KOOPAWHAT. [lopaTtok Mae 3acobu, pns
3MiHM po3MipiB 300paXeHHs NPOrpamMHUM WAAXOM. [ocnifKeHO BNAUB Po3MipiB 300paxeHHs Ha
TOYHiCTb BMMipiB. [loka3aHo, Wo npu 36inblieHHi po3mipiB B 6-7 pasiB BigHOCHa NoxubKa
BUMipIOBAHHS AOBXUHM He Ginblie 0,25 %, BUMiptoBaHHSA nnolLi He Ginble 1%.

bi6n.3.

YK 004.42

IBoH 0.I., Ictywkin B.®., KpukyHeHko H0.B. Web 3acTocyHoKk ans pocnigxeHHA po3noginy
AcKpaBocTi nikcenis ungposux 306paxkeHb // CuctemHi TexHonorii. PerioHanbHUit MiXBy3iBCb
Kunit 36ipHMK HaykoBMX npaub. Bunyck 1(138). — [Hinpo, 2022. — C.127 - 133.

OnucaHo web 3acTocyHoK (nmporpama) fis TeCTyBaHHA PO3NOAiNny ACKPABOCTi MiKCeniB y3
[OBX 3aJaHOr0 KOPUCTyBayeM Bifpi3ka npsMoi NiHii Ha uMdpoBomy 300paxeHHi. 3acTOCYHOK
cTBOpeHo 3acobamm moB HTML5, (SS3, JavaScript Ta TexHonorii Canvas BukoHaHi AocigKeHHs
PO3MOAiNy ACKPaBOCTi MiKceniB uudpoBux 300paXkeHb aHANOrOBMX OCLUIOrPaM, Ha MiACTaBi AKUX
BM3HAYEHO KpuTepii, HeOOXiAHI ANA opraHisalii aBToMaTMYHOro (MPOrpamHOro) CKaHyBaHHA Lnd
POBUX 300paXeHb OCUMAOrPaM NPy BUMipIOBaHHi NapaMeTpiB eNeKTPUUYHUX CUTHANIB.

bi6n. 3,in. 2.

YOK 517.958:519.63

bepaHuk M.I. MaTemaTyHa moaensb i MeToA pileHHA y3aranbHeHoi 3agayi [lipixne ten
noo6miHy 3pi3aHoro KoHyca // CuctemHi TexHonorii. PerioHanbHU MixBY3iBCbKMit 3GIpHUK Hay
KoBux npaub. Bunyck 1(138). — iHinpo, 2022. — C.134 - 142.

MobyaoBaHa MaTeMaTMYHA MOAENb PO3PAxXyHKY TEMMepaTypHUX MOJiB B 3pi3aHOMY KOHYCI, 3
ypaxyBaHHAM KiHLEBOT WBMAKOCTI NOWMWPEHHA TENa, AKUN 00epTaETbCs, Y BUMNAAI KpanoBoi 3a
Aayi matematnyHoi isuku ansa rinepboniyHoro piBHAHHA TennonpoeigHocTi. [lobyaoBaHe iHTE
rpanbHe NEepeTBOPEHHs A/ ABOBMMIpPHOrO  KiHUEBOrO  NPOCTOPY, i3 3aCTOCYBaHHAM SKOro
3HaleHO TeMmnepaTypHe none y BUrAAAi 36iHUX paaiB no dyHKuiam Oyp'e.

bi6n. 9,in. 2.
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Y[1K 004.38
Jiuteuros 0.A., JiuteuHos M.0. MpakTu4Hi acneKkTu 3acTocyBaHHA (hpeitMOBUX WABNOHIB

peyeHb B iHTerpaTUBHi niHrBicTMYHiN cuctemi // CuctemHi TexHonorii. PerioHanbHMiA
MiXBY3iBCbKMI1 36IpHUK HayKoBMX npaLb. Bunyck 1(138). — OHinpo, 2022. — C.143 - 156.

B po6oTi NpONoHYETHCA BUPillEHHS NPO6/ieM CTOCOBHO NPAKTUYHOIO 3aCTOCYBaHHA peinmo
BMX WABMOHIB B iHTEPOraTMBHIN NiHIBICTUYHIN cucTemi. KnioyoBi npobnemu, Wo po3rnsaatoTscs B
po6oTi: Npobiema nepemilleHHs CNiB y peyeHHi, edhekTMBHa 06pobKa NOMWUNOK, 3aranbHi NpaBuia
TpaHcdopMaLii, edhekTUBHMIA onuc cueHapito. OnucaHi npobnemMu Ta 3aNpoNOHOBaHi BapiaHTK Lo
[0 X BUpilIEHHA [03BONSAOTL CTBOPIOBATU iHTEPOraTMBHI CMCTEMM GiNlbl IHTEPAKTUBHUMMY, edek
TUBHMMM Ta KOMYHIKALiAHO OPiEHTOBAHWUMM.

bi6n. 9. in.2. Tabn.

YK 004.272.43

MHunenko 0.b. ImiTayinHe mopenioBaHHA 6araTonoOTOKOBOT apXiTeKTypU Komn'loTepHoi
cuctemm 3aco6amu AnyLogic // CuctemHi TexHonorii. PerioHanbHMiA MixBY3iBCbKUIA 30IpHUK Hay
KoBux npaub. Bunyck 1(138). — IHinpo, 2022. — C.157 - 165.

Po3rnapaerbcs MOXAMBICTb Ta cneuudika BUKOPUCTAHHA THCTPYMEHTY imiTauiinHoro moge
ntoBaHHs 6i3Hec npouecie AnylLogic ans gocnimkeHHs Komn'loTepHKUX cucteM. 3acobamu Anylogic
nobyA0BaHO iMiTaLiiiHy MofieNnb 6araToNnOTOKOBMX 06YMCNIEHb B MyNbTUMPOLLECOPHIN KOMN'IOTEPHIN
CUCTeMi, WO NpaLoe B pexxumi noginy yacy. NMposegeHo HU3KY KOMN'IOTEPHUX CTAaTUCTUYHUX EKCMe
PUMEHTIB, fAKi AAOTb MOXMBICTb BM3HAYMTM ONTUMANbHI napameTpu pobOTM AOCNigKYyBaHOI
KOMN't0TEPHOT CUCTEMMU.

bi6bn. 8, in. 5.

YK 004.38

JiuteuHos 0.A. AcneKTn po3po6Ku TpaH3aKLinHoi 6i3Hec noriku // CuctemHi TexHonorii.
PerioHanbHMit MiXBY3iBCbKMIt 30ipHUK HayKoBKX npaupb. Bunyck 1(138). — Axinpo, 2022. - C.166
- 174.

[laHa poboTa npucesyeHa 0co6MBOCTAM NPOEKTYBAHHA TPAH3aKLiiHOT 6i3Hec noriku. Bee
[I€HO [OLATKOBMIA Wap, Wo BiANOBifae 3a 06pOOKY TpaH3aKLiid, i onucaHo BapiaHTW HOro KoHiry
pauii: 6a30Buit MeHemKep TpaH3aKLii, Myn MeHeakepiB 06pPOOKM TpaH3aKLil, rOpU3oHTaNbHA Ae
KOMMO3MLUia MeHepKepa TpaH3aKkuii. BrnpoBageHHs wapy pobuTb apxiTeKTypy cuctemu Ginbl
HYYKOIO Ta HaAiNHOL, NiABMLLYIOYM TECTOBAHICTb Ta 3iOHICTb NIATPUMYBATM CUCTEMY.

bibn. 5. in.5. Tabn.

UDC621.31

ToHkowkyp 0.C., JlozoBcbkuii A.C MporpamHe 3a6e3neyeHHA 00poOKM Ta aHani3y ekcne
PUMEHTaNbHUX AAHUX AOCNIAXKEHb ra3oBux ceHcopiB // CuctemHi TexHonorii. PerioHanbHUi
MiXKBY3iBCbKWIA  30ipHUK  HAyKOBMX MpaLp. Bunyck 1(138). - [Hinpo, 2022. -
C.175 - 184.

Y cTaTTi po3rnAafanTbCa eNemMeHT CTPYKTYPH, iHTepdeicy Ta TeXHONOrii BUKOPUCTAHHSA Npo
rpamHoro 3abesneyeHHs o 06pOOKM eKCnepuMeHTaNbHUX LAHUX KiIHETUKM BifryKy pe3ucTUBHUX
ra3oBux ceHcopiB. CTaTTA CKNAAAETLCA i3 CTPYKTYPHOT AiarpamMm nporpamu — MiCTUTb NPU3HAYEHHS
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po3ninis nporpamu; posginy AusanHy iHTepdency KOpucTyBaya [AEeTaNbHO OMUCYETLCA MOXU
BOCTi i EMOHCTPYIOTLCA NPUKNALM BIKOH NPOrpamu; a TaKoX anropuTM BUKOPUCTAHHSA MPOrpamMHo
ro 3abe3neyeHHs 1 po3paxyHKy NOCTABNEHOr0 3aBAAHHS.

Y BUCHOBKY aBTOpPY LU pa3 KOPOTKO OMUCYBATUMYTLCA MOXMBOCTI PO3p06IEHOr0 NPOLYKTY,
BUKOPUCTOBYBAHi HUM (YHKLii, Taki K BBeAEHHS AaHMX 3a [OMOMOrOl0 €NeKTPOHHUX Tabnuupb
«Excel»; po3paxyHku B maTtemaTMyHoMy naketi «Mathcad» 3apaHux napameTpis; Bi3yanisauito
OfePIKAHMX 3aNeXHOCTeN y BUrNALI rpadikis; HafaHHA TeKCTOBOT iHopMaLii Npo anroputMm po
3paxyHKy, WO BUKOPUCTOBYIOTLCA; JOCTYN A0 IHTEpHEeTY 3a HEOOXiAHOCTI ANA OTPUMAHHSA J0OAATKO
Boi iH(hopMmaLii.

bi6n. 9,in. 4.

YK 004.42:543.572.3

MatBeeBa H.O. MopiBHANbHUI aHANi3 NPM BUKOPUCTAHHI HEMPOHHUX MepeX 3anporpa
MOBaHUX Ha MOBi Java ana po3ni3HaBaHHA curHaniB // CuctemHi TexHonorii. PerioHanbHuMi
MiXBY3iBCbKMI  30ipHUK HAyKOBMX Mpalib. Bunyck 1(138). - [Hinpo, 2022. -
C.185 - 191.

HaBeneHo pe3ynbTaTv gociifKeHHs 6araTowapoBOro NepcepTpoHa Ta pagianbHo 6asucHOi
HelipOHHOT Mepexi Ana po3nizHaBaHHA curHaniB. HeilpoHHi Mepexi peanizoBaHi Ha Java B cepe
posuwi NetBeans. [Insa nobynosu etheKTMBHOT apXiTEKTYpU HEMPOHHOT Mepexi nifoupaeTbes on
TUManbHa KiNbKiCTb HEMPOHIB y NPUXOBAHOMY wWapi. bynu npoBefeHi eKCNepuMeHTH ANs aHanisy
3HavyeHb MSE, eBKNi0BOT BiACTaHi Ta TOYHOCTI.

bi6n. 7,in. 2, Tabn. 2

YK 681.3.07

XaHpeubkuit B.C., Cisuos [.M. EdpektuBHicTb nepepaui pparmeHToBaHux cpenmiB B
komn'toTepHux mepexax IEEE 802.11 // CuctemHi TexHonorii. PerioHanbHWii MiXBy3iBCbKMiA
36ipHUK HayKoBKX npaub. Bunyck 1(138). — Axinpo, 2022. - C.192 — 198.

B cratmi pocnipxkyerbca moxnueictb nigsuweHHs MAC edeKTMBHOCTI nepepayi AaHux 3a
paxyHOK (parmeHTauii ¢peiimiB 3 ypaxyBaHHAM NOBTOPHMUX NepeAay BUKPUBAEHNUX QpenMiB, Kinb
KiCTb AKUX 3aN1€XUTb Bifi IHTEHCMBHOCTI WyMmy. [1py BUCOKiI IHTEHCUBHOCTI LWYMY 3aNeXHicTb edek
TMBHOCTI Nepefayi Bif koedilieHTa GparmeHTaLii Mae eKCcTpeManbHUIM XapaKTep.

bi6n. 6, in. 2.
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UDC 004.048

Martynenko A.A. Problems of the practical implementation of a DBMS as the main
component of an intelligent decision support system for the identification of cultural
values // System technologies. N 1(138) Dnipro, 2022. P.3 - 12.

The article discusses the issue of the choice and practical use of a DBMS as the main
component of an intelligent decision support system for identifying cultural values. The re
quirements for the components of an intelligent decision support system, an analysis of exist
ing solutions and tools for solving the problem are presented. It also notes the complexity
and complexity of the approach to solving the problem, certain prospects and ways of further
research and development of this subject area. Also in the robot, an approach is proposed for
choosing a DBMS for IDSS ICV from the point of view of a queuing system. Thus, the issue of
not only the creation and storage of data contained in the database is considered, but also
the issue of the work of users and processes that will deal with the IDSS ICV. To solve the
problem posed in the work, the MySQL DBMS and phpMyAdmin were chosen as a tool for the
development and administration of the database. The article also poses tasks for further study
and solution of the problem of practical implementation of DBMS in IS.

Bibl. 20, pic. 4.

ubC 004.9

Zhernovyi V. Land object size approximation informational technology // System
technologies. N 1(138) Dnipro, 2022. P.13 - 25.

In this work, an approach to the generation of semantic maps using deep neural net
works has been investigated and developed, and an automated technology for processing se
mantic maps for approximating the physical dimensions of ground objects is proposed. The

results obtained indicate that the proposed neural network architecture has performance in
comparison with other modern solutions and can be used to process ultra high resolution im
ages using the dataset preparation methodology described in the work. It is concluded that
the neural network is expediently optimized to work with the developed technology for ap
proximating the sizes of ground objects.

Bibl. 13, Tab. 2, Fig. 1.

UDC621.391

Shcherbakov A., Moroz B. Mathematical model for obtaining a stereoscopic image
from several wide angle cameras of an aircraft // System technologies. N 1(138) Dnipro,
2022. P.26 - 35.

A mathematical model for obtaining a stereo image from several wide angle cameras
was proposed. Methods for eliminating distortion from wide angle “fisheye” lenses when con
structing a stereo panorama were considered. It was shown that this approach was the most
effective for performing key tasks.

Ref. 15, form. 3.
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UDC 004.5+ 004.78+ 004.823
Kuropiatnyk 0. Modeling of Dialogue Scenario for the Text Borrowing Detection Sys
tem Based on the Coloured Petri Net // System technologies. N 1(138) Dnipro, 2022.
P.36 — 47.
Some means of formalizing the dialogue scenario within the user interface development
process are considered. The interpretation of the components of the color Petri net is per

formed in terms of the components of the dialogue scenario and the process of the program
work. A scenario model of dialogue was built using the apparatus of coloured nets. Based on
it, the user interface of the borrowing detection system is implemented. The main advantages
of using coloured net are highlight for the development of the user interface, including for
the formalization of the dialogue.

Bibl. 11, fig. 3.

UDC 519.281:621.317.088

Thnatkin V.U., Horbiichuk M.I., Dudnikov V.S., Yushkevich 0.P. Modeling of convective
diffusion substance transfer and proposals as for development of an automatic system
for monitoring and prevention of pollution of groundwater // System technologies.
N 1(138) Dnipro, 2022. P.48 — 64.

Hexavalent chromium pollution using a model of convective diffusive flow in an aquifer
at a given research location was studied. The flow was defined as linear. The model is formu
lated as a differential equation and comprises the following variables: (C) — concentration of
chromium compounds; (t) — time of observation; ([1) — coefficient of filtering (convective)
diffusion; (Vn) — actual speed of filtration of the flow; (V) — existing speed of filtration of the
flow; (na ) - active porosity of the soils forming the aquifer; (K) - filtering coefficient of the
aquifer; (I) — hydraulic slope of the flow in the natural environment. Real input data and val
ues of variables were used. Function C (x, t) was calculated and plotted, with its envelope
curves determining the maximum concentration of the substance.

Proposals are given as for development of an automated monitoring system and avoid
ance of the pollutant.

Ref.30, fig.4

ubC519.1

Petrushenko N. Spatio temporal combinatorics of resource flows conservation and
reduction of risks in conditions of uncertainty of the external environment // System
technologies. N 1(138) Dnipro, 2022. P.65 —78.

Forecasting sustainable development in conditions of constantly and uncontrollably
changing environmental factors is a non trivial task, in the solution of which mathematical
methods and models related to graph theory are used. A model for preserving resource flows
and reducing the influence of an unstable external environment using a modified Ford
Fulkerson algorithm is proposed.

Bib. 12, pic. 5.

UDC 004.774.6

ISSN 1562-9945 (Print) 209
ISSN 2707-7977 (Online)



«CucreMHi Tex”osorii» 1 (138) 2022 «System technologies»

Spirintsev V.V. Choosing the optimal environment for visual development of a
graphical user interface // System technologies. N 1(138) Dnipro, 2022. P.79 - 87.

Adobe Experience Design, Sketch, Figma are the most common visual GUI development
environments. In this paper, a comparative analysis of these most popular tools is carried out
in accordance with the specified criteria. Choosing the right visual development environment
allows to create the most accurate, realistic interface prototype, as well as increase the effi
ciency of the project.

Bibl. 12, ill. 1.

UDK 534.075.8

Kravets 0.V., Peka R.I. Application of ANSYS to solve the problem of industrial heat
engineering // System technologies. N 1(138) Dnipro, 2022. P.88 —97.

The solutions of industrial problem heat engineering with the using of software complex
ANSYS are considered. The connected problem of hydrodynamics and heat transfer — about
subsonic turbulent flow of NACA 23012 profile by incompressible viscous liquid — solved with
the ANSYS Workbench package. For problem the verification are carry out of the obtained re
sults by comparing them with known data of similar problems of other authors or by other
methods.

Bibl. 13,il. 5.

UDC 621.226

Mazur I.A., Shcherbinin M.0. Investigation of dynamic processes in the hydraulic sys
tem of clamping the staffs of the segment unwinder of the unit of aggregation of rolls
pipe welding machine 20 114 // System technologies. N 1(138) Dnipro, 2022. P.98 — 114.

The known mathematical models of research of dynamic processes in hydraulic systems
taking into account wave processes in long water mains are considered. A mathematical mod
el for the study of dynamic processes in the hydraulic system of roll clamping in the unwinder
of the roll aggregation unit is proposed. Theoretical researches of modes of operation of hy
draulic system of clamping of a roll with various time of operation of the operating hydraulic
distributor are executed. In the course of research the rational time of operation of the hy
draulic distributor which makes 0,20 sec at opening and 0,15 sec at closing is established.

Bibl. 12, ill. 5.

UDC 004.421

Ponomarev I.V. Development of an automated system for clustering text documents
// System technologies. N 1(138) Dnipro, 2022. P.115 - 119.

The issue of clustering text documents has been studied, a program has been developed
for grouping text files into folders according to their content based on the TF IDF approach.

Bibl. 3., Fig.1.
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UDC 004.92
Ivon A.L., Istushkin V.F. Use of the digital images for measurement of small planar

objects geometric parameters with high precision // System technologies. N 1(138)
Dnipro, 2022. P.120 - 126.

Web application for measuring of the sizes and the area of small planar objects use the
scan data of digital images has been created. The application has a means of programmatical
ly change the sizes of image. The influence of the digital image sizes on the measurement ac
curacy was investigated. It is shown that with an increase in size by a factor of 6 7, the rela
tive error at measuring of the length is no more than 0.25%, and at the measurement of of the
area is no more than 1%.

Bibl. 3, illu. 3.

UDC 004.42

Ivon A.L, Istushkin V.F., Krikunenko Yu. V. Web application for researching the
brightness distribution of pixels in digital images // System technologies. N 1(138)
Dnipro, 2022. P.127 - 133.

Web application (program) for testing the distribution of pixel brightness along the line
segment specified by user on a digital image is described. The application was created using
the languages HTML5, CSS3, JavaScript and the Canvas technology. Investigations of the pix
els brightness distribution of digital images of analog oscillograms were performed. On the
basis of these investigations the criteria necessary for organizing automatic (software) scan
ning of the oscillograms digital images at measuring the parameters of electric signals were
determined.

Bibl. 3, illu. 2.

UDC517.958: 519.63

Berdnyk M.H. Mathematical model and method for solving the generalized Dirichlet
problem of heat exchange of a truncated cone // System technologies. N 1(138) Dnipro,
2022. P.134 -142.

A mathematical model for calculating temperature fields in a truncated cone, taking in
to account the final velocity of rotating heat, is constructed as a boundary value problem of
mathematical physics for the hyperbolic equation of thermal conductivity. An integral trans
formation for a two dimensional finite space is constructed, using which the temperature
field in the form of convergent series by Fourier functions is found.

Bibl. 9,ill. 2.

UDC 004.38

Lytvynov 0.A., Lytvynov M.0. On practical aspects of using of the frame based sen
tence patterns in integrative computer aided language learning system // System tech
nologies. N 1(138) Dnipro, 2022. P.143 - 156.

The given work is devoted to resolution of the problems appeared during the attempt to
build an integrative system using frame based patterns. The main problems resolved in the
work are as follows. Words reordering, effective error handling, general rules of transfor
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mation, effective scenario description. Described aspects of the problems and their solutions
will help developers to make integrative systems more interactive, communication oriented
and effective.

Bibl. 9, ill. 2. tabl.

UDC 004.272.43

Gnilenko A.B. Simulation modeling of a computer system multithreaded architec
ture using AnyLogic // System technologies. N 1(138) Dnipro, 2022. P.157 - 165.

The possibility and specifics of using AnyLogic business process simulator for the study
of computer systems are considered. Using AnylLogic software tools, a simulation model of
multithreaded calculations in a multiprocessor computer system was designed to operate in
the time sharing mode. Results of computer statistical experiments have been obtained,
which make it possible to determine the optimal parameters of the computer system under
study.

Ref. 8, fig. 5.

UDC 004.38

Lytvynov 0.A. Aspects of developing transactional business logic // System technol
ogies. N 1(138) Dnipro, 2022. P.166 — 174.

The given work is devoted to the task of transactional business logic design. Additional
layer responsible for transaction processing is introduced and the variants of its configuration
has been described as follows: basic transaction manager, transaction processing managers
pool, horizontal decomposition of the transaction manager. Introduction of the layer makes
the architecture of the system more flexible and robust, increasing testability and maintaina
bility of the system.

Bibl. 5,ill. 5. tabl.

UDC 621.31

Tonkoshkur A.S., Lozovskyi A.S. Software for processing and analysis of experimental
data in researching of gas sensor // System technologies. N 1(138) Dnipro, 2022.
P.175 - 184.

The article discusses the elements of the structure, interface and technology of using
software for processing experimental data of the response kinetics of resistive gas sensors.
The article consists of a structural diagram of the program contains the purpose of the sec
tions of the program; section of user interface design describes in detail the features and
demonstrates examples of program windows; as well as the algorithm for using software to
calculate the task.

In conclusion, the authors once again briefly describe the capabilities of the developed
product, the functions used by it, such as data entry using «Excel» spreadsheets; calcula
tions in the mathematical package «Mathcad»of the given parameters; visualization of the
obtained dependencies in the form of graphs; providing textual information about the calcu
lation algorithms used; Internet access if needed for more information.

Ref. 9, fig. 4.
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UDK 004.42:543.572.3

Matveeva N.O. Comparative analysis using neural networks programming on JAVA
for of signal recognition // System technologies. N 1(138) Dnipro, 2022. P.185 - 191.

The results of the study of a multilayer persertron and a radial basic neural network for
signal recognition are presented. Neural networks are implemented in Java in the environ
ment NetBeans. The optimal number of neurons in the hidden layer is selected for building an
effective architecture of the neural network. Experiments were performed to analyze MSE val
ues, Euclidean distance and accuracy.

Bibl. 7, ill. 2, tabl. 2.

uUDC 681.3.07

Khandetskyi V.S., Sivtsov V.S. Efficiency of fragmented frames transmission in IEEE
802.11 computer networks // System technologies. N 1(138) Dnipro, 2022. P.192 - 198.

In an analytical form, the dependence of the MAC efficiency of frames transmission on
the coefficient of their fragmentation is obtained, taking into account retransmissions of
damaged frames, the number of which changes in accordance with the noise level. When the
noise intensity is high, the dependence of the transmission efficiency on the fragmentation
factor has the extreme character.

Ref. 6, fig. 2.
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