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B.B. I'narymesko, [1.0. MupoceHKo
MATEMATUYHA MOJEJIb TOITIOJIOTTYHOI CTPYKTYPU
MICBKOI MEPEXXI BOZIOIIOCTAYAHHSA

AHomauis. [ina epeKmusHO20 ynpasaiHHA MICbKUMU MepeXxamu 8000NOCMAYaHHA KOMYHANbHUM
nionpuemcmsanm, AKi 3a6e3nedyoms 8000NOCMAYaHHA ma 80008i08edeHHs (Hadani — KT «Bo
00KaHaN») HeobXIOHe BUPIWEHHSA HACMYNHUX 3a0a4:  BUKOPUCMAHHA Mono2pagidyHux kapm
macwmabis 1:500, 1:1000, 1:2000, y cknadi AKuUX € SK Ha3eMHa 3a6y008a, MaK i CyMiXHi nio3e
MHI KOMYHIKauii; — 210pasaiyHi po3paxyHKU mepexi B0OONOCMAYAHHA O/ BU3HAYEHHA CMAHY,
aHani3y ma onmumizayii Cmpykmypu mepexi; onepamusHe YCyHeHHs asapiliHux cumyauid ma
BIOHOBJIGHHSA MepeX1 NiC/A YCYHeHHA asapii; KOHMPOJab Ma YynpasaiHHA AKICM0O NUMHOi 800U,
HAsBHICMb NPUNAdi8 KOHMPOIO MUCKY, BUmMpamu ma n’esomempis; ABMOMAMU308aHe ynpas
JITHHA HACOCHUMU CMAHYIAMU; eKOHOMIS eHepaopecypcis; 1HBeHmapu3ayia mepexi. Komniex
CHe BUPIWEHHS Yux 3a0a4 30ilCHIEMbCA 13 3ACMOCYBAHHAM 2e0THGOPMAYIUHUX MexHOa02il,
mMameMamuy4Ho20 MOOeMOBAHHS Mepexi B000NOCMayaHHs. B pobomi 3anponoHosaHo mamema
MuyHy Modesib MonoJI02iYHOi CMpYKMypu mMepexi 8000N0CMAYaHHA, BU3HAYeHO 6a3u 2eonpoc
mopoBux 0aHuUx Npo 06’ekmu Mepexxi ma B3AEMO3B’A3KU Lux 06'€kmiB 3 BPAXYBAHHAM MON002i
YHOTi cmpykmypu Uiei mepexi 01A 3a6e3neyeHHs 2e0TH(HOPMAYiliHO20 Ma MamMeMamu4yHo20 MO
0e/ll0BAHHS 210paBATYHO20 CMAHY Mepexi B0OONOCMAYaHHS, BUpiWeHHs 3a0ay 06pobKku asapili
HUX cumyauid, KOHMpPOJIK AKOCMI NUMHOT BOOU, ONMUMI3ayii Mepexi, eHep2o3bepexeHHs.
Knioyosi cnosa: mepexa sodonocma4yaHHA, Mamemamuy4yHa Mooesib, 2e0iHGopMayitiHa cucmema,
210pasaiYHUll PO3PAXYHOK, AHANI3 Mepexi, ONMUMaibHa CMpyKmMypa mepexi 8000N0CMAYAHH.

ITocTaHOBKa 3aBAaHHA. B cyyacHOMY CBiTi BOOOMOCTaYaHHSI MiCbKUX TEPUTO-
piii cTae CkIagHIMIMM 3aBJAHHSIM yepe3 3POCTAaHHS HAceJeHHS, 3MiHM KJIiMarTy Ta
MIBUIKMUIT PO3BUTOK MicbKOi iHGpacTpyKTypu. I'iapaBiiuHmii po3paxyHOK Ta aHai3
CUCTEM BOJIOTIOCTaUYaHHS CTAIOTh HEBiJ]'€MHOIO YACTMHOIO BUPIIIIEHHS I[UX TTPO6JIeM.
Y 1IbOMY KOHTEKCTi pO3BUTOK reoiHdOpMalliliHUX CUCTEM BUSIBJISIETHCS BasKIUBUM
iHCTpyMeHTOM 1151 3a6e3reueHHs] e(eKTUBHOCTI Ta OMTMMIi3allii QYHKIIOHYBaHHS
MiCBKMX MepeXX BOJOMNOCTaYaHHS. 3aCTOCyBaHHS B KOMYHAJbHUX MiATIPUEMCTBAX
KIT «BogokaHan» reoiHgopMaliiiiHoi CuMCTeMM TiipaB/IiuHOTO PO3paxyHKy, aHaIi3y

Ta ONTHUMI3allil MiCbKMX MepeXX BOJONOCTaYaHHS A03BOJISIE KOMIJIEKCHE BUPillIeHHS
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3a7a4u e(eKTMBHOrO aBTOMAaTU30BAHOTO YIIpaB/IiHHS MiCbKMMM MepexkaMyu BOLOIIO-
CTavyaHHS.

AHaji3 ocTaHHIX JOCaimKeHb i myoOsikanii. B my6mikamisx [1-3, 6-11] Bu-
3HAyeHi:

- MaTeMaTU4YHa MOJeJIb MepeXki BOJOMOCTaYaHHS;

- BUKOpPUCTaHHS Tomorpadiunmx kapt macmrabiB 1:500, 1:1000, 1:2000 pjst
OTpUMaHHS IIPOCTOPOBOI iHdOpMallii IIpo 06’eKTU Mepexki BOJOMOCTaYaHHS;

- MepeJiik 06’€KTiB MepexXi BOIOIIOCTaYaHHS i3 CK/IaIOM TeXHIUYHMX Ta rpadiu-
HUX [TapaMeTpiB;

- METOMKM Ta aJITOPUTMU MPOBEAEHHS TiApaBaiuHMX PO3PAaxXyHKIB - MOBipOY-
HOT'O Ta KOHCTPYKTOPCHKOT'O PO3PaXyHKiB;

- HaBeAeHI MPUKIAOM TiApaBIiuHMX PO3PAaXyHKIiB i3 BUKOPUCTAHHSIM Tpaau-
1IilfHOI MaTeMaTUYHOI MOJIieJli MepesKi BOJOIoCTayaHHs - TOMoJIoriuyHoro rpada [4].

Tomnosoriunnit rpad, sIK agekBaTHa MOe/b BimoOpaskeHHs Ha IUIOIIMHI Mpoc-
TOPOBOI CTPYKTYPU MiCbKOI Mepexki BOAOIIOCTauYaHHSs, BU3HAYa€ 00’€KTU Mepexi, ixX
B3a€MO3B’SI3KM, CIOCIO BimoOpaskeHHSI TOIOJOTiYHOI CTPYKTYPM Mepeski Ta pe3yib-
TaTU TigpaBiaiyHMX po3paxyHKiB. Tomosoriunmit rpad € opieHTOoBaHMM rpadomM 3
MOMiYeHMMM pedpaMy Ta BepIIMHAMM Ta TPAAUIIIIHO BUKOPUCTOBYETHCS IJIST TIPO-
BeJleHHS po3paxyHKiB (puc.1l). CKIagoBMMM 4YaCTMHAMM MepeXXi BOOOIOCTAauYaHHS B
TpaAuIiliHi/i MaTeMaTUYHii MOJIeJTi € HAaCTYIHI 00'eKTM: HacocHa cTaHiliss HC-2; By-
30J1 — KOJIO 3 HOMepOM BY3Jia; AiJsiHKA BOAOTOHY; abOHEHT, IT03HaUeHM CTPIIKOI i3
3HAUEeHHSIM BimOOpy; AOMATKOBi 00’€KTH, SIKi He BKa3aHi Ha puc.l, — 3acyBKa, AaT-
YUK.

B nomnepenHix pob6oTax /I. MupoceHKa BCTAaHOBJIEHA B3a€EMHO-OJHO3HAYHA Bi/I-
MOBiAHICTh YMOBHMM 3HaKaM TOIIOJIOTiYHOTO rpady BiAMoOBiAHUM 06'eKTaM Mepexi,
a came:

- BepirHaM rpada BiMMOBigal0Th HACOCHA CTaHIIis, BY3/IM, aDOHEHTH,

- pebpam rpada BiIIOBigaIOTh OiITHKY BOLOIOHIB;

- MiTKaMy BepIIiMH € Ha3Ba HACOCHOI CTaHIIii, HOMepu By3JiB. [Ij1s1 aDOHEHTIB
MiTKaMM € iX obcsiru Bimbopis Q, j1/c;

- TI0YaTKOBOIO BEPIIMHOIO 1bOT0 Tpacda € HacoCHa CTaHIIisl, HACTYIIHI BepIIIu-
HU — By3/i1 a60 aboHeHTH. [Ipy 11bOMY Ha BepilnHi-ab0oHeHTa rpad 3aBepIryeThCs, a
BEPUIMHU- BY3JIM € MIPOMDKHMUMM i TIOB'SI3YIOTh AiJISTHKM BOOOTOHIB B €IMHY MEPEXY.
[TpoMixkHi By3/1M BifIIOBialOTh KOJOASI3sIM/KaMepam, ITo3HaueHuM Ha Tororpadiu-
Hil1 KapTi CBOIMM YMOBHMMM 3HaKaMu;

- Ha pebpax - OiJITHKaX BOAOTOHiB BU3HAUE€Hi HACTYITHI MiTKI:

4 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»

e CTpiJIKa BCTAHOBJIIOE OpieHTalliio rpada. HampsiM cTpijiku BKa3ye HaAIPSIMOK
TOTOKIB BOAM BiJi BUTOKY-HACOCHOI CTaHIlii 10 CTOKiB-aOOHEHTiB ab0 A0 BepIIMH
rpada - By3iB;

« 3Bepxy pebpa rpada BkasyeTbcs BUTpaTa Boau Q, ji/c, 10 MPOTIKaAE IO il
JJISIHIII BOJOTOHY i liaMmeTp BOAOTOHY;

e 1iJ pebpoMm rpada Bu3HaUeHa MOBXKMHA IIITHKM B KiomeTpax L, KM, TMCK
Hm;

e IIBUIKICTb NPOTiKaHHS BOAU V, M/C.

Jyist mo6ymoBy MG POBOiI MOJIeTi TOIMOJIOTiYHOI CTPYKTYPM MepesKi BOIOIOCTa-
YaHHS BUKOPUCTOBYIOThCS Tororpadiuni kaptu macmtabis 1:500, 1:1000, 1:2000, Ha
SIKMX YMOBHMMM 3HaKaMy TomorpadiuHux IaaHiB [5] «po3TallloBaHi» eJleMeHT! Ha-
3eMHOI Ta Mifg3eMHOi 3a6y0BU TepuUTOpii HaceseHOro MyHKTY. HeBin’eMHOIO yacT-
KOIO IIMX IJIaHiB € CKJIaJ0Bi YaCTMHM — BUINEBKa3aHi 00’€KTM Mepeski BOIOMOoCTa-
YaHHS, a TaKOX iX KaprorpadiuHi Ta TexHiuHi mapamerpu. ®parmeHT Tororpadiv-
Horo riany y M1:1000 HaBegeHuit Ha puc. 2.
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PucyHnok 1 — TpaauiliiiHa MaTeMaTU4YHa MOZeJ/Ib MepexXi BOIOIIOCTaYaHHS

OO6’ekT Mepexi MalTh rpadiuHi aTpuOyTH - YMOBHI 3HaKM ToOIoOrpadiuHmx
riaHiB [5] Ta HerpadiuHi aTpubyTM — TexHiuHi mapamerpu. g BigmoOpaskeHHS Ha
TornorpadiyHmux riaHax o06’eKTiB Mepeski BOJONOCTaYaHHSI BM3HAUEeHi MepcoHabHi
YMOBHi 3HaKM, SIKi pO3TalllOBYIOTbCSI B CBOiX IMapax LM@poBOi BEKTOPHOI TOMOTpa-
diu"oi kaptu macmtaby 1:500, 1:1000, 1:2000 Ta maioTh kKoopauHatu X,Y, Z-
LEHTPOIIM AUCKPETHOTO YMOBHOI'O 3HaKy (KOJOAs3b, 3aCYyBKa, HACOCHA CTaHLis, Ia-
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TUMK, AOOHEHT) a60 KoopauHaTt X,;,Y;, Z; IOYaTKy, KiHIISI Ta BY3JIOBUX TOUYOK ITOJIi-

JIiHI1 1181 JIIHIFTHOTO YMOBHOT'O 3HAKY (Ii/ISTHKM BOLOTOHIB).

PuicyHOK 2 — @parMeHT eJIeKTPOHHOI BeKTOpHOi TonorpadiuHoi kaptu M1:1000

BukopucTaHHs 11 TipaB/JIidYHUX PO3pPaxyHKiB TOMOJIOTiYHOTO Tpada Ta ToIo-
rpadiuHMX KapT Ma€ HACTYIIHi CYyTTEBI HEHOJiKM, a came:

- B CTPYKTYpi TOMOJIOTiYHOTO rpada He nepembavyeHa HasIBHICTb J01a-
TKOBUX 00’€KTIB — PETyJSITOPiB TUCKY Ta BUTPATU — 3aCyBOK, IIPWIAZiB Peryiio-
BaHHS TUCKY Ta BUTPATU, IPUIaZiB KOHTPOJIIO TUCKY Ta BUTPATH;

- B CTPYKTypi TOIOJOTiYHOrO rpada He BM3HAUEHA PO3TaaysKeHO-
Ki/JiblleBa Ta CeTMeHTHA CTPYKTypa MepeXXi BOIOIIOCTauaHHS;

- BimoOpaskeHHs Ha TororpadiyHux KapTax TOMOJIOTiYHOI CTPYKTYpU
Mepexki Ta pe3y/bTaTiB rigpaBJIiuyHMUX PO3PaxyHKiB He IepeadayeHo JIereHa0I0 -
CKJIaOM YMOBHMX 3HaKiB TomorpadiuHux miaHiB [5]. I UbOro HeoOXimZHO
CKJIaJaHHS CcIielniajgi3oBaHUX KapT MepesKi BOJOIIOCTauyaHHS.

MeTa mociaigskeHHsI. MeTO10 JOC/TiIKeHHS € po3pobKa MaTeMaTUYHOI MoiesTi
TOTIOJIOTIYHOI CTPYKTYPU MepeXXi BOJOMOCTauaHHsI, SIKa JO3BOJIMTb YCYHYTU 3a3Ha-
YyeHi HeJIOJIiKM, 30KpeMa ITiABUIINTD SIKiCTh BiJOOpaskeHHSI Ta JOCTOBIpHICTh rigpa-
BJIIYHMX PO3PaXyHKiB.

Buxknaa oCHOBHOro marepiaxy. AHaji3 OHOBJIEHOI CTPYKTYPH TOTIOJOTiYHOTO
rpacda, oro JeKOMIIO3MILisl i CIiBBiIHECEHHS i3 CKIaJOBMMM YaCTMHAMMU MeEpexi —
il 00'eKTaMM, BCTAHOBJIIOE HACTYITHY B3a€EMHO-OTHO3HAUHY BiMOBigHicTh. CKIaI0-
BMMM YaCTMHAMM Mepeki BOJOIOCTAUaHHS € HACTYITHiI 00'€KTM: HAaCOCHA CTaHILis;
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BY30J1 — KOJIOZsI3b/KaMepa (HaJali — KOJIOAsI3b); OUJITHKA BOJOTOHY; peryasitop Q-H
Butpatu Q Ta THcKy H (3acyBKa, peryiasiTop TMCKY/BUTpaTH, 11aioa, ..., Hagasai — pe-
TYJISITOP); aOOHEHT; JaTuMK (IIPMJIa) KOHTPOJIIO TUCKY/BUTPATU BOaM (Hamasli - AaT-
yKK). BepmmHam rpada BiAIOBimalOTh HACOCHA CTaHIIisI, KOJIOAsI3i, aboHeHTH. Peb-
pam rpada BiAIOBiZaOTh OIITHKM BOJOTOHiIB. MiTKaMy BepIIMH € Ha3Ba HACOCHOI
CTaHIlii, HOMepyu KOIOofs3iB. [IJisT abOHEeHTIB MiTKaMM € iX HOMepHu, HaliMeHyBaHHS
abOHEeHTiB, MicTa BPi30K abOHEHTIB OO0 Mepexi — «3ipouku». [IouaTKOBOIO BepIIy-
HOIO 11bOTO I'pada € HAaCOCHA CTaHILis, HACTYITHI BepIIMHM — KOJIO/sI3i 800 aBOHEHTH.
IIpy 1bOoMy Ha BeplIMHi-abOHeHTa Ipad 3aBepIIYETHCS, a BEPIIMHM-KOJIOAA3i €
MIPOMIXKHMMMU i MOB'SI3YIOTh OiJITHKY BOJIOTOHIB B €AMHY Mepexky. Ha pebpax - misistH-
Kax BOJIOTOHIB BM3HAueHi HACTYITHI MiTKU:

e (CTpiJiKa BCTAHOBJIIOE OpieHTallito rpada. HampsiMm cTpijiku BKa3ye HaAIPSIMOK
IIOTOKIB BOJM BiJ, BUTOKY-HACOCHOI CTaHIIi IO CTOKiB-aOOHEHTiIB ab0o A0 BepIIMH
rpada - KoJIo[isI3iB;

e 3Bepxy pebpa rpada BKasyeThcsl BUTpara Boau Q, ji/c, 1O MPOTIKA€E MO Iiit
JUISIHIII BOJOTOHY i liaMmeTp BOAOTOHY;

e Imig pebpom rpada 3a3HavalOTLCS AOBXKMHA MiISIHKM B KiomeTpax L, K,
TUCK, Hm;

e IIBUAKICTb IIPOTiKaHHS Boau V, M/C.

[indpoBa maTemMaTMUHA MO/Ie/Ib TOTOJOTIUHOI CTPYKTYpU Mepexi Ma€ po3ra-
JTY’KeHO-KiJIbIIEBY CTPYKTYPY, SIKa CKIaJa€ThCS i3:

- po3TaITy;KeHUX (TYIiKOBUX) IiJITHOK, SIKi JOCTABJISIIOTh BOAY abOHEHTaM Bif
IOITHOK MariCTpaJbHMX ab0 3aKi/JIblIOBaHMX BOJIOBO/IIB;

- MaricTpajJbHUX IiISTHOK, SKi 3a0e3MeuyiTh JOCTaBKy BOAM Bil HACOCHOI
CTaHIii O DIMISTHOK KiJblieBUX miarpacdis abo Mo po3rajy>keHMM AiJsHKam 10 abo-
HEHTIB;

- KimbueBux migrpadis, SIKi CK/IagalThCs i3 OiITHOK BOOOBOIB, 00’ JHAHNUX B
KiJIBIIEBY CTPYKTYPY, sIKa 3abe31euye MOCTavyaHHS BOIM IO BCiii TepuUTOpii Hacese-
HOTO ITyHKTY. AGOHEHTU OTPUMYIOTh BOAY I10 PO3Taay>KeHUM IiITHKaM, MigKIioue-
HUM [0 KiJIbIIEBUX JUISTHOK.

VKpyIHeHa cxema pOo3TalTykeHO-KiJbI[eBOi CTPYKTYpU NpuBeneHa Ha Puc.3. ta
CKJIQZA€ThCS i3 HACTYITHMUX YaCTUH:

- xona 3 uudpamu 1,2,3,4,5 — Bysau Mepexi. [TouaTkoBuit Byson — HacocHa
CTaHIIis;

- BCi JiHii, SKi 3’€AHYIOTh BY3/IM MepeXi Mik co6010 Ta abOHEeHTaMu, MaloTh
«CTPiJIKM», SIKi BU3HAYAOTh HAIIPSIM TOKY BOJIN;
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- TOABOEHA JIiHISI CMHBOTO KOJIbOPY MiXX HacocHow craHili€o Ta Bysiom 1 —
MaricTpajbHUI BOAOIPOBIL;

- TOBCTA JIiHiSl 4epBOHOI'0 KOJIbOPY — TPAaCU OiJISTHOK Kijlellb;

- OJIMHApHIi TOHKI JIiHii YOPHOTO KOJIbOPY — PO3TaTy>keHi Ai/ISTHKY 10 aboHeH-
TiB;

- Al.1,Al.2,...,A5.2 — aboHeHTH;

- «3ipoYKM» - MicTa Bpi30K aOOHEHTIB 10 MEPeKi;

- KOJIO 3 IepexpecTsIM BCepearHI BM3HAYa€ HASIBHICTb HA OiISHIN, MiAK/I0Ye-
Hili 10 By3Ja, peryJasiTopiB TUCKY Ta BUTPATU — 3aCYBOK, IIPUJIAAiB peryJaoBaHHS TU-
CKY/BUTpPATH, 11aii0, TOIIO;

- 6ykBa K - ximou Q-D-L-H-v-hk po3paxyHKOBMX 3HaU€Hb TiipaB/lIiuyHOIO pPO3-
pPaxyHKYy 3rigHo puc.l;

- OykBa F — 3HaueHHs (GaKTMUHOTO 00CITY BigOOpy BOAM aOOHEHTOM.

A2. A; 2
HacocHa ALl A;.l X{ F A
cTaHuis F /(
€3 g

<..--- \ ;(\*

F\i : A5.2
4.2 v

PucyHOK 3 — YKpYITHEHa CXeMa pO3TaTy>KeHO-KiIbII€BOi CTPYKTYpU

TOIIOJIOTiYHOTO rpady

Tpacu TpybompoBOZiB MalOTh CerMEHTHY CTPYKTYpY, e KOXHUI CerMeHT Yy
ckinani: «Bysom-Butok»-mingHka TpyoormpoBopa-«By30/-cTOK» Yy BiAImoBimHOCTI 10
opieHTanii Toka Boau. Ilepmmit By3en-Butok — HacocHa cTaHIlisl, KiHIeBi By3au-
CTokM — abOHEeHTH, TPOMikHi By3am-Butoku ab6o Bysmmu-CToku — Koyioas3i/kKamepu.

IndopmariiiHo-rpadiyHa cxema AeTalipoBKU KOJIOSI3s € ioro rpadiyHum aT-
pMOYTOM, SIKMIT BU3HAYAE PO3TATYKEHHS B TOIOJIOTiUHil CTPYKTYpi Mepexki BOOII0-

CTauaHHS, a TAKOX CKJIa[, 3aIlipHOI apMaTypu Ta Ipuiais.

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



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»

st mobymoBy Ly poBOi MOIesIi PO3raIy>KeHO-KiJIbIIeBOI CTPYKTYPH TOIIOJIO-
riuHoTro rpady BUMKOPUCTOBYIOThCS HM(POBi BeKTOpHi TomorpadiuHi KapTy HACTYII-
HUM YMHOM:

- 3a pe3yJbTaTaMM reofe3vUYHMX BUITYKYBAHb Ha TororpadiuyHy KapTy HaHO-
CSIThCSI 00’€KTY MepeXXi BOJOITOCTaYaHHST BUILIEBKA3aHMMM YMOBHMMM 3HaKaMU;

- 3a a”Hayi3oM iHQOpMaliiHO-rpadiuHMUX CXeM JeTaJipOBOK KOJIOMASI3iB BUSB-
JISETHCSI HASIBHICTb PeryssiTOpiB TUCKY/BUTpPATHU Ta riipaHTiB. [Ipy HassBHOCTI pery-
JIITOPiB iX YMOBHI 3HAaKM HAHOCSIThCS Ha TOJJIiHII0 TiISTHKY BOOOTOHY 0iJisT yMOBHO-
IO 3HAKy KOJIOASI3S B MiCIli Bpi3Ku TpyOM BOJIOrOHY B KOJIOA3i, BKa3YyIOThCS iX mia-
MeTpU Ta MPOILEHT BiAKPUTTS;

- MpM HasIBHOCTI TilpaHTy YMOBHMI1 3HAK KO/JIOAsI3s Oe3 rigpaHTa 3aMiHIOETh-
Cs1 HA YMOBHMI 3HaK KOJIOMSI3S 3 TilPaHTOM;

- IS BCiX 00’€KTiB Mepeski BOJOMOCTaYaHHSI BM3HAUAIOThCS 3HAUEHHS TeXHi-
YHUX Ta rpadivyHMX IMapamMeTpiB;

- BM3HAYAEThCS OpieHTalis rpada - HampsIMOK MOTOKY Boau. HampsiMok 1mo-
TOKY BKa3y€ThCS CTPUIKOIO HaJ, MOJIIIHIE OiITHKY BOAOTOHY B Hampsimy Bif, Bysia-
BUTOKY - HACOCHOI CTaHIIii/KOJIOAsI3sI M0 Bysa-CcToKy - Kojmoasi3si/aboHeHTa;

- ¢opMyeTbCs MaTpUllS iHIiAEHIIili BepUIMH i KOHTYPiB.

TpaauiliitHo MaTpulls iHIiAeHI[iii BepIIMH i KOHTYPiB BUKOPUCTOBYETHCS MIJISI

pPO3paxyHKYy Ki/lblieBUX migrpadis Ta Mae BULIST, [4]:

ull u12 ulI 0
t21 t22 tZI VZ I+1
t31 t32 t3| V3 I+1 (1)
tk+11 tk+:l 2 tk+1| tk+l|+1
ne k - uncno BepinH, | - 4MCIo AiASTHOK Mepexi, u;; (j = 1, ..., [) - HOMepa JiJISTHOK,

Vi (i =2, ..., K+ 1) - HOMepa BepuH, t;;= 1, SIKIIO OiJITHKA U;;3'€IJHAaHA 3 BEPUIMHOIO
Vi1 Ta 3'€IHAHHS He PeryaleThCs; tij = 2, IKIIO AiJSSHKA U;; 3'€AHaHa 3 BePIINHOIO
Vi+1 T PETYII0ETHCS 3aCYBKOIO.

V MaTpulli iHIiIeH1Ii/i BCTAHOBIIOETHCS 3B'I30K MiXK AUITHKaMM (KOHTypamm) i
By3JlaMM (BepIlIMHAMM) MepesKi 3 ypaxyBaHHSIM (PaKTMUHOI IUIOIIi TTOTIepeuHoro Ie-
pepi3y 3aCyBOK, BU3HAUAETHCSI OPi€HTAIlisl TOMOJIOTiYHOrO rpada - cripsiMyBaHHS I10-
TOKiB BOAY BiJi BUXO/IiB HACOCHOI CTaHIIii 0 BepuInH, 6e31ocepeaHbO MMOB'I3aHUX 3
HAaCOCHOIO CTaHIli€l0 pebpamu, BU3HAYAETbCS CTPYKTYypa PO3IOJiJIEHUX Ta Kijblie-

BUX Tigrpadis.
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[s1st mobymoBM creliajli3oBaHOi KapTy Mepexki BOAOIIOCTauaHHS i3 po3raayske-
HO-KUIbLIEBOIO TOIIOJIOTIYHOK CTPYKTYPOIO Mepexki Ta il BUKOPUCTAHHS [JISI IPOBe-
IleHHSI TiIpaB/liuyHMX PO3PaxyHKIB jjereHaa TonorpadivyHoi KapTyu 3MiHIOETbCSI Ha Ha-
CTyMHe: -Ha TomorpadiuHiii KapTi OCTalOThCSl TiIbKM ITapyu Ha3eMHOi 3a0ymoBu,
00’eKTM Mepexki, ITiKeTu Ta i30/1iHii penbedy, Bci iHII mIapy 3aKpUBaIOThCS; -BCi [Ii-
JISHKM MepeXi KOIbopaMy PO3MOAUISIOThCS Ha PO3TalykeHi — 3e/1eHOr0 KOJIbOpY,
KiJIbIIeBi — KpacHi, MaricTpajibHi - CMHi; -B MicTax Bpi3Ku abOHEHTIiB A0 Mepexi
BCTAHOBJIIOETHCSI MMO3HAYKA «3ipOUKa»; - HAJ KOXXHOK HiJSTHKOIO BCTAaHOBJIIOETHCS
TO3HAUKOI0 «CTpiJIKa» Opi€HTallisl TOIOoJOoTiuHoro rpady B HampsMKy Bin «By3sna-
Butoka» mo «Bysna-Croky». Hauanbuuit «By301-BUTOK» — HACOCHA CTaHIIisl; - Hal-
MMCY HaJ 00’eKTaMM Mepexki — iX TeXHiuHi a00 po3paxyHKOBi mapaMeTpu.

@parmeHT 11MGPOBOI MO/ pO3raay>KeHO-KiJIbIIeBOi TOMOJIOTiYHOI CTPYKTYpU
Mepexki BoAoIocTayaHHs MicTa [IHimpopyaHe HaBeeHMiT Ha puc.4, Ae CUHIM KOJIbO-
POM BM3HAU€Hi MaricTpajabHi OISHKY, YePBOHMM KOJIbOPOM BU3HAUEHi JiISTHKM Ki-
Jiellb, 3eJIeHMM KOJIbOPOM BM3HAUeHi IiJITHKM PO3raly>)keHMX YaCTUH Mepexi, «3ipo-
YyKaMl» BU3HAUeHi BPi3KM Mepexi J0 aboHeHTiB. I3 puc.4 BUAHO, IO ITOCTaYaHHS
BOJY 110 Mepexki MPOBaAUTbHCS MOCIiIIOBHO B HAIIPSIMY TOKY BOJM I10 AiITHKAM Mari-
CTPaJbHMX Ta KiJIbIIEBUX YACTUH MepPeXi; JoCcTaBKa BOAM OO0 AOOHEHTIB IMPOBATUTHCS
IO OISTHKAM pO3Traay>KeHUX YaCTUH, SIKi MiJKII0Yal0ThCs Y BYy3/1aX-KOIOAS351X Mari-

CTpajbHMX ab0 KiJbIIeBUX YaCTUH MePeXKi.
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PucyHok 4 — ®parmeHT 11MppOBOI MO/Ie/Ti TOMOOTiUHOI CTPYKTYPU MepesKi

BOAOIIOCTaYaHHS

Ha puc.5 HaBefeHMiT IPUKIIAL, PO3Taly>KeHb Mepexki BOAOMOCTaYaHHS Ha JIii0-

yiit Mmepexi M.BinbHSIHCBK. CTpisika KOPUYHEBOTO KOJIbOPY — YMOBHMI 3HAK 3aCYBKMU,
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SIKMIA PO3TalIOBaHMI1 6iJisT KOJIOASI3sT Ha BOJOBO/I 3 60Ky migkmoueHHs. Hudpu +500,
+50 Hap cTpinKkamu - JiaMeTpu 3aCyBOK.

Ha enekTpOHHiVi BeKTOpHii HU@POBiii KapTi 3a0e3IeuyeTbCs OIHOYACHE
OTPMMAaHHS TeoIpPOCTOPOBOI iHGopMallii Mpo po3TalryBaHHS Mepexki BOJOIOCTa-
yaHHS, TpadiyHOro aTpubyTy — CXeMM AETalTipOBKM KOJIOAS3S Ta TeXHIUHMX Mapa-
MeTpiB (puUC.6).
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PucyHOK 6 — IIpuKkaj 3aCTOCYBaHHS eJIeKTPOHHOI BEKTOPHOI 1IMMPOBOi KapTu

BuUCHOBKM i mepcneKTMBY MOSAIBIIMX JOCTiIKeHb. B po6oTi 3ampornoHo-
BAaHO MaTeMaTUYHY MOJe/ib TOTIOJIOTiYHOI CTPYKTYPU MepeXi BOJOMOCTaYaHHS, BU-
3HAUeHO 6a3y reonpoCTOPOBMUX AAHUX MPO 06’€KTU MepeXi Ta B3a€EMO3B’SI3KM IUX
00’eKTiB 3 BpaxXyBaHHSIM TOIIOJIOTiUHOI CTPYKTYpM Ili€i Mepesxi Ajsi 3ab6e3reueHHs
reoindopmalliifHOro Ta MaTeMaTMUYHOTO MOIeTI0OBaHHS IipaBaiuHOTO CTaHy Mepexi
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BOJIOIIOCTaYaHHSI, BUPIIIeHHS 3a7a4 00pOOKM aBapiiiHMX CUTYaIlili, KOHTPOJIIO SIKOC-
Ti MMTHOI BOAM, ONITUMi3allii Mepexi, eHepro3oepeskeHHsI.
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Mathematical model of the topological structure of the urban water supply network

To effectively manage urban water supply networks, utility companies providing
water supply and drainage (hereinafter referred to as KP "Vodokanal") need to solve the
following problems: - use of topographic maps of scales 1:500, 1:1000, 1:2000, which in-
clude both ground-based buildings , as well as adjacent underground communications -
water supply and sewerage, electrical networks, gas supply networks, heat supply, com-
munications, etc.; - hydraulic calculations of the water supply network to determine the
condition, analysis and optimization of the network structure; - prompt elimination of
emergency situations and resumption of the network after the emergency is eliminated; -
control and management of drinking water quality; - availability of pressure, flow and
piezometer monitoring devices; - automated control of pumping stations; - saving energy
resources; — network inventory. A comprehensive solution to these problems is provided
by a geoinformation automated water supply network management system. Automated
network management is carried out using geoinformation technologies, mathematical
and geoinformation models of the water supply network. The work proposes a mathemat-
ical model of the topological structure of the water supply network, defines geospatial da-
ta bases about network objects and the interrelationships of these objects, taking into ac-
count the topological structure of the network to provide geoinformation and mathemati-
cal modeling of the hydraulic state of the water supply network, solving problems of
emergency processing, monitoring the quality of drinking water, and optimizing the net-
work, energy saving. To construct a digital model of the branched-ring structure of a top-
ological graph, digital vector topographic maps are used as follows: - based on the re-
sults of geodetic surveys, water supply network facilities are marked on the topographic
map with symbols; - analysis of information-graphic diagrams of well details indicates
the presence of pressure/flow regulators and hydrants. If there are regulators, their sym-
bols are applied to the polyline of the water supply section at the symbol of the well at the
point where the water pipe is inserted into the well, their diameters and the percentage of
opening are indicated; - if there is a hydrant, the symbol for a well without a hydrant is
replaced with the symbol for a well with a hydrant; - for all objects of the water supply
network, the values of technical and graphic parameters are determined; - the orienta-
tion of the graph is determined - the direction of water flow; — a matrix of incidents of
vertices and contours is formed.
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B.M. JIboBKiH
BUKOPUCTAHHS ITPYUHIIUIIIB CUCTEMHOI'O AHAJII3Y
ITPU PO3POBII IHTETPOBAHOI'O CEPEJOBUIIIA
IMPOTHO3YBAHHS 3ABPYJIHEHOCTI ITOBITPS

AHomauyis. Y OaHili pobomi npoeHO3yBaHHS 3a6pyOHeHOCMi nosimps OOCHIOXKYEMbCA B8 KOH
meKcmi MeHWw 00CAI0XeH020 3a6pyOHI08a4Ya NOBIMPSA, SKUM € OI0KCUO a3omy, 3 BPAXYBAHHAM
8NAUBY HA (1020 KOHUeHmMpAyit asmomobinbHO20 mMpagiKy HA OCHOBI NPO2HO30BAHUX 3HAYEHb,
WO He po321a0a€eEmbCs 8 THUWUX TCHYYUX 00CTIOXeHHAX. Mema pobomu nonszana 8 0ocioxeH
Hi BNUBY BUKOPUCMAHHA CUCMEMHO020 NnidXxo0y HA MOYHICMb NPO2HO3YBAHHSA 3a6pyOHeHoCmi
nosimps diokcudom azomy. [IposedeHe ekcnepumeHmasibHe 00CNIOKEHHA BKA3YE HA me, Wo BU
KOpUCMAaHHS Nioxo0y, Wo 6a3yembsCs Ha NPUHYUNGX CUCMEMHO20 aHAi3y, 003BOJSE NIOBULUMU
MOYHICMb NPO2HO3YBAHHSA 3a6pyOHeHOCMi NoBimps 010KCUOOM a30my 3a PaxXyHOK BUKOPUCMAH
Hs 8 AKOCMI BXIOHUX O3HAK MOOe/i NPO2HO30BAHUX 3HAYeHb aBMoMOob6IIbHO20 Mpagiky 3amicme
3Ha4YeHb 3a MUHYT nepiodu.

Knwo4osi cnosa: npozHo3ysaHHs 3ab6pyoHeHoCmi nosimps, 010KCUO a3omy, KOHUeHmpauyis 3a
6pyOHI0BaYa, MAWUHHe HABYAHHSA, cCUCMeMHUl aHani3, asmomobinbHul mpagik, 0osza Kopom
KoyacHa nam’sme, cepeOHs abCoomHa NoXubKa.

ITocraHoBKa mpoosemu. I[Ipo6seMy eKOJIOTii Tak UM iHaKIlle BIUIMBAIOTh Ha
SKUTTSI KOSKHOI CyYacHOI JIIOOMHM Y CBiTi. JIo Takux mpobyieM 30KpeMa BiJHOCUTbHCS
3a06pyaHeHicTh MOBiTps. KoxkeH 3 3a0pyAHIOBAUiB Ma€ CBiii BIVIMB HA CTaH 3J0POB’S
JIIOOVIHU, TIPU YOMY KPUTUUHMI BIUIMB MOXE IOCSITaTUCS He TiJIbKMU, SKIIO BiH AOB-
TOCTPOKOBMIA: JIIOJMHA He 060B’SI3KOBO TTOBMHHA ITepe0yBaTy MPOTSITOM BChOTO POKY
B €KOJIOTIYHMX YMOBaxX 3 BeJIMKUM CepeJHbOPIUYHMM BMICTOM BiAIIOBiZHOI
pPEUOBUHIU.

3abpyaHeHHS TIOBITpsI Ma€ KPUTUUYHMI BIUIMB Ha 300POB’S JIIOMeN, ajiKe Imif-
BUIITYE CMEPTHICTb Uepe3 pecllipaTOpHi, ceplieBO-CyAMHHI 3aXBOPIOBAHHS, YCK/Ia/l-
HIOE MIPOTiKaHHS 3aXBOPIOBaHb i JIIKyBaHHS BiJ iHMeKIiVi HUKHIX AUXaTbHUX ISI-
XiB, BUITQJKiB IlepequyacHMUX I10JIOTiB, IO BiAIIOBITHO € OCHOBHMMM IPUUYMHAMMU
CMepTHOCTi abo yckIafgHeHb y I1100aIbHOMY BUPaKeHHi [1].

3rifHO 3 pekoMeHaaLissMu BcecBiTHBOI opraHisailii 340poB’s [1] BMICT y MOBi-

© JIboBKiH B.M., 2024
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Tpi DiOKCUAY a30Ty, SKUil PO3IJISIIAEThCS B 1Iiii poOOTi, mpoTsAroM rnepiogy B 24 ro-
IVHY Ma€ CTaHOBUTHU 25 MKI/M®, ajie SIKIO PiBeHb CMEPTHOCTI, 110 BiIIIOBiga€ 1IbO-
MY 3Ha4eHHI0, BCTaHOBJIOBaTy piBHUM 100, TO y BUIIaAKy, SIKIIIO BMICT 3a TaKuii mne-
piog mocsirHe 50 MKr/m®, piBeHb CMepPTHOCTi oIiHIO€Tbcsl ¥ 102, a 3a HOCSITHEHHS
120 mkr/m® — 107. Tok KOJIMBaHHSI BMICTY AiOKCUAY @30Ty HaBiTh Y KOPOTKOCTPOKO-
BOMY IIepiofli BasKJIMBO IIPOrHO3YBAaTM SIKOMOTA TOUHiIe: (PaKTMUHO KOXXHA HACTYII-
Ha TOJMHA MOXe BKa3yBaTy Ha BUSIBJIEHHS TAKOTO TPUBAJIOTO Mepioay MigBUIIEHOTO
BMICTy 3a0pyAHIOBaya, BM3HAYAIOUM HEOOXiTHICTh MPUIHSTTS pillleHb ISl 3MeH-
IIEHHS BIUIMBY Ha 3[0POB’S JIIOAVHN.

AHai3 ocTaHHIX mOCTHiAKeHb i myOmikamii. Ha maHuit MOMEHT iCHY€E DS
po06iT, 30kpema [2-6], B SIKMX 3alIpOIOHOBAHO pillleHHS 11100 TPOrHO3YBaHHS BMIiCTY
3abpyHIOBaYiB y MOBITpi. Y poboTax [2-4] BUKOPUCTOBYIOTHCSI MOZeENi Ha OCHOBIi
rpadoBUX 3rOPTKOBUX HEMPOHHUX Mepesk 3 TiOpuAHMM BUKOPUCTAHHSAM iHIIMUX ap-
XiTeKTyp, ajie OJis BpaXyBaHHS TPOCTOPOBUX CITiBBiHOIIIEHb, 3apaJy YOTO TaKi MO-
IleJli CTBOPIOIOTHCSI, HEOOXiJHO MaTy PO3TaTy;KeHy CUCTEeMY CTaHIlii BUMMipIOBaHHSI,
sIKa He 3aBXAyM HasiBHA. BigmmoBigHO B yMOBax 0OMEXKEHOCTi JaHUX Ta PecypciB, 10
PO3IISIHAaIOThCS B JaHiil poOOTi, 3aCTOCOBYBAaTH TaKi Mozesli HedoIiJIbHO abo HeEMO-
SKIMBO. TaKOK CJIi; BUOKPEMUTH, IO TIPU IIbOMY OMMCaHi MOJie/li MIPOrHO3yBaHHS He
CTOCYIOThCSI BCiX 3a0pyIHIOBaUiB OAHOYACHO, TOOTO 3a3BMYail He € YHiBepCaTbHMUMINA.
3okpemMa OOHMM 3 3a0pYIHIOBaUiB, SIKMII MEHII AKTUMBHO PO3IJISHAAETHCS IIpU
pO3B’Si3aHHI 3a7adi IIPOTHO3yBaHHS, € [ioKcua a3oTy. MoOKHA BUOUIUTU
po6oTH [4-6], B SIKMUX MOJeJi TIPOrHO3yBaHHSI 3alpOIIOHOBAaHI caMe MJis TiOKCUIY
a3oTy. Y 1uX poboTax 3aCTOCOBYIOThCSI Pi3HI MOJe/li MalllMHHOTO HaBUaHHS, 30Kpe-
Ma B po6OTi [4] mociIkeHO 1o/leHHe TTPOrHO3yBaHHSI Ha OCHOBI Mojiesieit TIMO0oKMUx
HefpOHHUX MepeX 3 apxXiTekTypamu TpaHcdopmep, HoBra KOpoTKouacHa IMam’siTh
a6o long short-term memory (LSTM), InceptionTime, ResNet, XceptionTime,
MiniRocket, y po60Ti [5] mporHO3yBaHHS Bil0YBA€THCS MOTOJMHHO, & B OCHOBi BUKO-
PUCTOBYIOTBCS IITYUHI HEMPOHHI Mepexi, y po6OTi [6] MpOrHO3yBaHHS BUKOHYETHCS
Ha HACTYIMHi 6 TOAMH Ha OCHOBI JIBOHAIIpaB/ieHnX 3ropTkoBux LSTM. [lepeBakHO Ta-
Ki Mojiesti 6a3yl0ThCsI Ha BXiTHMX O3HaKaX, M0 SKUX HajeXaTh KOHIIEHTpaIlis 3a06py-
IHIOBayYa B IOBITpi B MmomnepeaHi MoMeHTH. [l0JJaTKOBO y pob6oTax [5-6] BUKOpUCTAaHO
MeTeOopOJIOTiUHi AaHi Ta maHi Tpadiky, rmpoTe Tpadik MOJA€ThCS Ha BXiJl 32 MUHYJII
rOOMHM, a He 3a TOAMHMU, Ha SIKi BifOYBAaeTbCsS MPOTHO3YBAaHHS, IO € HEIOJIiKOM,
3BajKal0uyM Ha Te, 10 caMme Tpadik y Ieif yac BIUIMBA€E Ha 3a0pyIHEHHS MMOBITpS Ha
BUxO0i Mogeni. Ha ycyHeHHS 11bOTO HeoJiKy (BpaxyBaHHs Tpadiky 3a HaCTYIIHi To-
IVIHMU SIK pe3yJibTaTy MPOTHO3YBaHHS) HAIPaBI€HO JaHe OOCiI)KeHHS.
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MeTta poGoTu mossirasia B OOC/TiIKeHHi BIUIMBY BUMKOPUCTAHHSI CUCTEMHOTO
MiIX0ly HAa TOYHICTh MTPOTHO3YBAHHS 3a0pyIHEHOCTI MOBITPS OiOKCUAOM a30Ty.

BukiageHHsI OCHOBHOTO MaTepialy JocaigkeHHA. [I[porHo3yBaHHST 3a0py-
JHEHOCTI TOBITpS AIOKCUAOM a30Ty € 3aJavyer0 MPOTHO3YBAHHS 4acOBOrO psay. Y
KJIACMYHii1 ITOCTAHOBILI 1Ii€i 3a7a4i HeOOXiJHO 3a 3HAYEHHSIMM KOHIIEHTpallii JioK-
CUAy a30Ty B IOBITPi HAa CTaHIIil BUMipIOBaHHS D 3a MUHY/MI Iepiof, 4acy BUKOHATU
IIPOTHO3yBAaHHS KOHIIEHTpaIlil AiOKCUAY a30Ty B MOBITPi B HACTYMHMIA Mepiof Jacy.
YV TakoMy BMUIAAKy BXilHi O3HaKM IpeJCcTaBieHi HAOOPOM MOCTiAOBHUX 3HAaueHb
KOHIIeHTpaIlil JiOKCHMIY a30Ty B MOBIiTpi mpoTarom Hf TOOMH, SIKi € MOCTiZOBHUMMU.
Pe3yibTaTOM IPOTHO3YBAaHHS € KOHIIEHTPAIlisl JiIOKCUIY a30Ty B MOBITPi MPOTATOM
HacTynHux HP ronyiH. ToO6To 3HaYeHHS BXiTHMX i BUXiTHMX O3HAK Yy IiACYMKY dop-
MYIOTb YaCOBMI1 psifi, IpeICcTaBAeHMi1 3HaUeHHsIMM, 110 BiamnosigaoTs Hf + HY moc-
JIiIOBHUM TOAMHaM. Y BUIIAAKY, KOJIM KUJIbKICTh BXiJHMX O3HAK BiJIIOBiIa€ KiJIbKOCTI
BUXiTHMX O3HAK MOeJsii, TOOTO YacoBi TOPpM3OHTHU CITiBmagawTs (HF = HY), BUxo-
IUTb, o Hf + H? = 2HF.

IOBUTYHM BHYTPIilIHBOTO 3TrOpaHHS € OAHUM 3 TOJOBHMUX [Kepesl MiOKCUIy
a3oTy [7]. Tomy jioriyHO0 € HEeOOXiAHICTh BpaxXyBaHHS JaHOTO BIUIMBY B MOJeJi Ipo-
THO3YBaHHS 3a0pyIHEHOCTi MOBITPSI MiOKCHMIOM a30Ty. Take BpaxyBaHHS 3a3BUYaii
BUKOHYETHCSI HA OCHOBi BM3HAUeHHS aBTOMOOITbHOTO TpadiKy, sSIKMit JOja€ MeBHY
IITHKY, 6e31ocepeIHbO MOB’SI3aHy 3i craHiieo D. IIpoTe BaskJIMBUM € Te, IO P
MMPOTHO3yBaHHI KOHIIeHTpallii JioKCuay a3oTy B HactynHi Hf + 1, HF + 2, ..., Hf + HF
TOIVMHM OCHOBHMIA BIJIMB HAa TaKy KOHIIEHTPAIIil0 3/i/icHI0E 06cIT TpadiKy BiAmNoBi-
gHo B HF + 1, Hf + 2, ..., Hf + + Hf roguuu, a He B 1, 2, ..., Hf roguHM BiAIIOBigHO.
3BuyaitHoO, 110 3HaueHHs Tpadiky B HF + 1, HF + 2, ..., H' + Hf ronyiH1 HeBigoMi B Mo-
MEHT IPOrHO3yBaHHSI 3a0pyAHEHOCTi MOBITPsI, TOMY [IJIsl IbOTO HEOOXiTHO MmoIepe-
ITHHO BUMKOHATM IPOTHO3YBAHHSI aBTOMOOi/IbHOrO Tpadiky. [Ipu cucteMHOMY pO3T-
N1 OB’ I3aHUX TIP006JieM 3 TaHOI MOXKYTb OyTM CTBOpeHi abo Bske HasIBHI Mojeti
TIPOrHO3YBaHHSI, 30KpeMa IIPOrHO3YBaHHSI aBTOMOOGIILHOrO Tpadiky, ajske M1 CYKy-
MHICTh MOJEJei 30KpemMa BiJHOCUTBCS 10 3a[auU KepyBaHHSI, TVIAaHYBAHHS IisJIbHOC-
Ti, IPUIHSATTS pillleHb y MicTi. HasIBHICTb CYKYITHOCTI TaKUX MOJeJiel JO3BOJISIE PO3-
TJs1IaTY BiATIOBiAHY iHbOpMalliliHy TEeXHOJIOTIIO SIK I[ITICHY B CKJIaJi iHTETPOBAHOTO
cepeloBuUIIA MPOTHO3YBAHHS 3a0pyIHEHOCTI MOBIiTPsI. 3aIIPOIIOHOBAHO IS IIPOTHO-
3yBaHHS 3HaueHb TpadiKy BUKOPMUCTOBYBATU METOZ, IPOTrHO3YBaHHSI aBTOMOOiIbHO-
ro Tpadiky B yMoBax 06MeXXeHOCTi JaHuX Ta pecypciB [8].

[yist TI06ymoBU Mojiesieii MPOTHO3yBaHHS 3a0pyIHEHOCTi MOBITPSI MiOKCUIOM

a30Ty MOXYTb BUKOPMCTOBYBAaTHUCS Pi3Hi apXiTeKTypH, IIpoOTe B JIaHiil poOOTi po3r-
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JISIIAETHCST BUTIAIOK OOMEXEHOCTi JaHMX Ta pecypciB, TOMy 6a30Ba Mozesb MO0y 0-
BaHa Ha ocHOBi LSTM. Takwuit Bubip 00yMOB/IeHMIT 30KpeMa i TUM, 1[0 MeTa PoOOTH
MOB’s13aHa 3 [OOCJII)KEHHSIM BIUIMBY BMKOPUCTAHHSI CMCTEMHOIO MiAXOA4Yy Ha TOY-
HiCTb MporHosyBaHHs. ToMy nmoctaTHbo BuUKopuctaHHsi LSTM sk 6a3oBoi moperni,
ajie JOCTiaKeHHS Pi3HMX BapiaHTIB BXiTHMX O03HAK, ITOB’SI3aHMUX 3 TpadikoMm.

OxpimM TOro BUITaJIOK OOMEXEHOCTi TaHUX Ta PecypciB XapaKTepu3yeThCs Ta-
KOX i TMM, IO CTaHIlii BUMipioBaHHS Tpadiky Ta 3a0pPyIHEHOCTI ITOBITPS HE OXOII-
JIIOIOTH BCi MOTPiOHi JIoKallii, a BiMOBiMIHO MOXYTh He OXOIUTIOBATM i OAHI Ti cami
IOIITHKY, TOOTO HAa ONHIil iJSHIII BMMipIOE€ThCSI 3a0pYIHEHICTD IOBITPS JiOKCUIOM
a30Ty, ajie He BUMIipIOEThCSI aBTOMOOiTbHMIT Tpadik. Toi posrisiHyTe BUIlle IMUTaH-
HSI BUOOPY BXiTHMX 03HAaK HaOyBa€ MOoTpebdu M01aTKOBOIO BperyaoBaHHsI. JIJIsI IbOro
OyJI0 BUKOPUCTAHO METOJ BMOOpY BXiIHMX O3HAK Ha ocHOBi Random Forest. s
IIbOTO MPM CTBOPEHHI KOKHOI MOJIeJTi ITPOTHO3YBAaHHS 3a0PYIHEHOCTi MOBITPS TiOK-
CHMIOM a30Ty IS BimIMOBigHOI cTaHIii D BimOyBaBcst BUOip MakCMMyM 2 CTaHIIii BU-
MiplOBaHHSI aBTOMObOiIbHOTO Tpadiky Ha ocHOBi meTony Random Forest 3 dopmy-
BaHHSM HiIMHOXMH B%P. TakuM 4MHOM BU3Hauvanmcs cTaHiii B, ob6csir aBTOMOOi -
JAbHOrO Tpadiky 3a SKMMM MaB HalOIIbIINMI BIVIMB Ha 3a0pYIHEHICTh ITOBITPS M1iOK-
CUIIOM a30Ty 3a cTaHilieio D. [I;1s1 BU3HAUeHHS TaKOro BIUIMBY BUKOPUCTOBYBAIUCh
abo maHi aBToMOOibHOTO Tpadiky 3a 1, 2, ..., Hf roguH Ot Mmojesieit 3 10JaTKOBY-
MM O3HAaKaMM Ha OCHOBI MMHYJIMX 3Ha4eHb, a60 HakTMUHO 3adiKCOBaHi 3HAUEHHS
o0csry aBToM0o0biIbHOTO Tpadiky 3a HF + 1, HF + 2, ..., H" + HF roguH.

[yt mepeBipKy e(heKTUMBHOCTI 3aIpOIIOHOBAHOTO pillleHHS 6yJI0 BUKOHAHO €K-
CIIepMMeHTa/IbHe TOCiIKeHHS, /ISl SIKOTO BMKOPMUCTAHO AaHi PO aBTOMOOiTbHMIA
tTpadik [9] Ta 3abpymHeHicTh MOBITPs Aiokcumom asorty [10] B micti Manpun, (Icma-
Hisl), IKi OCTymHi yepe3 [lopTan BiAKpUTUX gaHux Maapuacbkoi micbkoi pagu [11].
3 MX JaHUX BUALJIEHO 3aIluCH, SIKi CTOCYIOThCS nepiony 3 1 ciuns 2019 poky go 30
BepecHst 2022 poky. Lli maHi 6y710 po3moaijieHo Ha HaBYaJIbHi, BajligalliliiHi Ta TeCTOBi
y criBBigHOIIEeHHi BimmoBigmHo 60 %, 20 %, 20 %. Ha ocHOBi 111X gaHux 6yJ10 CTBOpe-
HO i HAaBUEHO 3 TUIIM Mofesel IS KOKHOI CTaHIlii BMMipiOBaHHSI 3a0pYyIHEHOCTI
TIOBITPSI AiOKCUAOM a30TY:

— MOJeJli MPOrHO3YBaHHS KOHLIEHTpAllil AiOKCUAY a30Ty Ha HACTYMHI 6 TOOAVH
Ha ocHOBi LSTM 3 BMKOpUCTAHHSIM 3HaU€Hb KOHIIEHTpAllii IioOKCUAY a30Ty 3a MUHY-
ni 6 roguH (LSTM-base);

— MOJeJTi TIPOTHO3YBAaHHS KOHIIeHTpallil JiOKCUIY a30Ty Ha HACTYITHI 6 TOOAVH
Ha ocHOBi LSTM 3 BUKOpUCTaHHSIM 3Ha4eHb KOHIIEHTpaIlii JiOKCHUIY a30Ty Ta 00CSTy
aBTOMOOITbHOrO TpadiKy 3a MUHYJII 6 TOAMH 3a CTAHIISIMM BUMipIOBaHHS, Bimi6pa-
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HUMM 17151 KOXKHOI Mogesti okpemo (LSTM-traffic);

— MOJeJi IIPOrHO3yBaHHS KOHIeHTpalil JiOKCKUAY a30Ty Ha HACTYIIHI 6 TOAVH
Ha ocHOBi LSTM 3 BUKOpUCTaHHSIM 3HaueHb KOHIIeHTpallii JioKCKuAy a30Ty 3a MUHY-
JIi 6 TOOMH Ta 3HAUeHb 00CSITY aBTOMOOi/IbHOTO TpadiKy 3a HACTYIHI 6 TOOUH, OTPU-
MaHMX IUISIXOM ITPOTHO3YBaHHS 3a MeTOAOM [8], 3a CTaHL[isIMM BUMIipIOBaHHS 3 Mifl-
MHOXMH B, BimiopaHumu s KoskHO1 Mopesti okpemo (LSTM-predicted-traffic).

Pe3ynbTaTy eKCIIepMMEHTAJIbHOTO AOCTiIKeHHs mpuBeneHi B Tabnauii 1. s
OIIiHIOBAHHSI MOJIeJieli BUKOPMCTAHO ITOKa3HMK CepeaHboi abCOMI0THOI MMOXMOKM abo
mean absolute error (MAE).

OTpuMaHi pe3yJabTaTy MPOAEMOHCTPYBaIN, IO CcepeaHsl abCOMI0THA MOoXMOKa
IJIsI MoJiesti 6e3 momaTKoBuX BXigHux o3Hak (LSTM-base) 6ysa mokpaiieHa Ha 3 % 3a
BUKOPUCTAHHS SIK JOJATKOBMX BXiJHMX O3HAK 3HaueHb 0OCATY aBTOMOOiITbLHOTO
Tpadiky 3a Munyi 6 ronuH (LSTM-traffic).

3a BMKOPUCTAHHS IMPOTHO30BaHMX 3HAUe€Hb aBTOMOOiNbHOro Tpadiky (LSTM-
predicted-traffic) cepemnst abcomoTHa 1moxmbka Oyia MoKpalleHa Ha 5 %, a B Haii-
Kpaiomy Bunaaky — Ha 10 %. [TopiBHIOI0UM BUKOPUCTAHHS 3HaUeHb Tpadiky 3a Mu-
HYJIi TOAMHM Ta MPOTHO30BaHMX 3HAUeHb, BAPTO TAKOX BKa3aTy Ha Te, IO OKpPiM
3MEeHIIIeHHS cepelHbOi abCOMIOTHOI MOXMOKM BilOy/IOCh 30i/IbIIEHHS KiJIbKOCTI CTa-
HIIi/i BUMipIOBaHHS, IJISI IKMX OY/IO IOKpaIlleHO 3HAueHHsS cepeaHbOoi abCOMI0THOI
TTOXMOKM, SIKe BUSIBMIIOCh MEHIIIMM 3a 6a30BY MOJie/ib TiJIbKM y 2 BUIAAKax. Yce 1ie
JI03BOJISIE CTBEP/IKYBATU IMPO AOLJbHICTb CTBOPEHHSI iHTErpOBAHOrO CepeloBUIIA
TIPOrHO3YBaHHSI 3a0pyIHEHOCTI MOBITPSI 3aMiCTh ITOOYIOBM OKpPEMMUX HE3B’SI3aHUX
Mogesieit. [Ipy 11boMy OTpUMaHMii pe3yabTaT MPOTHO3YBAHHS 3aJIEKUTh TAKOX i Bifl
TOYHOCTi ITPOrHO3YBaHHS aBTOMOOi/IbHOTO Tpadiky. Citi po3ymiTH, 110 B IaHiit Mo-
CTaHOBIIi 3a7a4i PO3IJISIIAE€ThCS caMe BUITAJ0K 0OMEXKEeHOCTi JaHMUX Ta pecypciB, TO-
My MOJeJli, SIKi BUKOPMCTOBYIOThCSI IJIs1 IIPOTHO3YBAHHS aBTOMOOiIIBHOTO Tpadiky
BIM3HAYAIOTHCS B YMOBAaX, KO CKJIAIHICTh TaKUX MoZeseli Mmae 6yTu oOMeskeHOlo, a
IaHi mpo Tpadik HasIBHI HA 00MeKeHOMY IIPOCTOPi, 110 Ma€ IeBHMIi BIUIMB i Ha TOY-
HiCTbh MO/IeJielt IpOrHO3yBaHHS aBTOMOOi/IbHOTO Tpadiky. 3 iHIIIOTO 60Ky 3arajbHMit
aBTOMOOITbHMIA TpadiK TiIbKM YAaCTKOBO BM3HAUa€ 3a0pyIHEHICTh MOBITPS TiOKCHU-
oM a30Ty. BiAnoBigHO IaHi eKcriepMMeHTalIbHi JOC/TiAKeHHs BKa3yloTh Ha Te, 1[0
camMe B yMOBaxX OOMEXEHOCTi JaHMX Ta pecypciB OyJ0 TOCSTHYTO ITOKpaIeHHS
OTpPMMaHMX pe3yabTaTiB MPOrHO3YBaHHS 3a0PYIHEHOCTI MOBITPSI MiOKCUIOM a30Ty
3a BUKOPUCTAHHSI MPUHIMUITIB CUCTEMHOTI'O aHasli3y Ta BpaxXyBaHHS HassBHUX 3B’SI3KiB
MiK MOJeJSIMM TPOTHO3YBaHHS 3a0pyAHEHOCTI TOBITPS Ta aBTOMOOIIBHOTO

Tpadiky.
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Tabmuig 1
Pe3yibTaT eKCIepuMeHTaIbHOTO AOC/TiIKeHHSI ITPOTHO3YBaHHS 3a6pyIHEHOCTI
MOBITPSI AiOKCUAOM a30Ty

Howmep cranii MAE pjnst LSTM- MAE pjyist LSTM- MAE pjyist LSTM-
BUMipIOBaHHS base traffic predicted-traffic
1 0,03156 0,03412 0,03642
2 0,03585 0,03535 0,03322
3 0,04641 0,04366 0,04436
4 0,03634 0,03607 0,03747
5 0,06193 0,05997 0,05825
6 0,05002 0,04921 0,0477
7 0,04449 0,04165 0,04231
8 0,05408 0,05167 0,05069
9 0,05137 0,05165 0,04783
10 0,04794 0,04431 0,04452
11 0,04491 0,04368 0,04322
12 0,05863 0,05724 0,05355
13 0,05451 0,05547 0,05379
14 0,06211 0,05703 0,05697
15 0,05283 0,04967 0,04889
16 0,0454 0,04532 0,04488
17 0,05254 0,05334 0,05086
18 0,03527 0,03854 0,0342
19 0,04348 0,0417 0,04087
20 0,04331 0,0421 0,04152
21 0,05669 0,05356 0,05351
22 0,04317 0,03836 0,03886
23 0,05001 0,04672 0,04567
24 0,05213 0,04989 0,04746

BucHoBku. IIpoBefeHMit aHasi3 IpobieMy IMPOTHO3YBAHHS 3a0pymaHEHOCTi
TOBITPSI IIOKCUIOM a30Ty B KOHTEKCTi OCTaHHiX MPOBeAeHMX NOCTiI)KEeHb T03BOJIMB
BCTAHOBUTH, IIIO Ti/IbKYM B JESIKMX 3 3aIIPOIIOHOBAHMX Mo esieli Tpadik BpaxoBYEThCS
SIK BXiJIHI 03HaKM, ajie BUKOPUCTOBYIOTbCSI BUK/IIOUHO 3HAUeHHSI, 3a(ikCOBaHi B MU-

HyJi niepioau vyacy. Toni HaBiTh KO MapayesbHO iCHYIOTh MOJeli IPOTHO3YBAaHHS
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aBTOMOOiIbHOr0 Tpadiky i 3a0pymHEHOCTi MOBITPS MiOKCUIOM a30Ty, iCHYIOUi
3B’SI3KM MiXX pe3yJibTaTaMy BMKOPUCTAHHS LIMX MO/iejieli He BPaXxOBYIOTbCS CUCTEM-
HO.

BpaxoByioun, 1110 Ha 3a0pyAHEHICTb MOBITPS B IEBHY r'OAVHY BIUIMBAE aBTOMO-
6ibHMI Tpadik He 3a MMUHYJII TOAVMHM, a 32 IIOTOYHY, Y POOOTi OyJIO JOCTiIKEHO, SIK
BIUIMBAE BMKOPMCTAHHS IMPOTHO30BaHMX 3HAUe€Hb aBTOMODOi/IbHOTO Tpadiky Ha Ipo-
THO3YBaHHS 3a0pyIHEHOCTI IOBITPsI SJiOKCUIOM a30Ty ITOPiBHSIHO 3 BUKOPUCTAHHIM
3HaueHb Tpadiky 3a MUHY/I roguuu. s 1poro 6yJi0 CTBOPEHO MOJENi Ha OCHOBI
LSTM TifbKM Ha OCHOBi KOHIIEHTpallii 3a6pyaHIOBayYa 3a MMHYJI TOAVHM, 3 HOJAT-
KOBMM BMKOPMCTAHHSIM 3HA4eHb aBTOMOOUTbHOTO TpadiKy 3a MMHY/I TOAMHMU Ta
OTPpUMaHMX IISIXOM IIPOrHO3yBaHHS. OCTaHHIl 3 MepejiiueHMX BapiaHTIB Mojenei
TIpeJICTaBJISIB CMCTEMHMI TiXif, OCKiJIbKM 6e3rocepegHbO 3aCTOCOBYBAB iHIIIi iCHY-
I0Ui B cepedoBUIIi TPOTHO3YBaHHS Mojesi. CTBOpeHi Mopesi 6y/iu IMOPiBHSIHI B IIPO-
1leci eKCIepyMMeHTaIbHOTO JOC/iIKeHHST Ha OCHOBI IaHMX, 3i6paHux y micti Man-
pU/I.

BuKOpuUCTaHHS Migxomy, o0 6a3yeThbCsl Ha MPUHLMIIAX CUCTEMHOIO aHasi3y,
JIO3BOJISIE MiABUIIMTY TOUHICTb MPOTHO3YBAaHHS 3a0pyIHEHOCTI MOBITPS AiOKCHUIOM
a30Ty, CTBOPIOIOUM JIJIS IIbOTO iHTErpoBaHe cepeoBMUIle IMPOTHO3YBAHHS 3a0pymHe-
HOCTi ITOBITPSI, sIke 06’eiHy€e B co0i iHpopMalliliHi TeXHOJIOrii MPOrHO3yBaHHS aBTO-
MOGibHOTO TpadiKy Ta MPOTHO3YBaHHS 3a0PYIHEHOCTI ITOBIiTPS.
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Application of the principles of systems analysis for the development of
environment for integrated air pollution forecasting

Air pollution forecasting is a well-known scientific problem, but nitrogen dioxide is
not often considered as a pollutant in the problem. Traffic, presented by vehicle emis-
sions, is one of the main sources of air pollution by nitrogen dioxide. Some existing inves-
tigations take traffic into account as input features for forecasting models but traffic is
presented by values measured during previous hours. Therefore, separate models are
created and trained for every air pollution measurement station. Trained forecasting
models are not used systematically and models for forecasting other indicators are not
applied. But air pollution over current hour is caused by traffic mostly at the same place
over the same hour but not over previous hours. Therefore, it is important to investigate
how usage of forecasted values of traffic impacts on air pollution by nitrogen dioxide in
comparison with usage of traffic values measured over previous hours. This task is con-
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sidered in the paper.

The objective of the study is to investigate impact of system approach on accuracy
of forecasting air pollution by nitrogen dioxide. Three types of forecasting models based
on long short-term memory were created to investigate such an impact. These types in-
clude models with concentration of nitrogen dioxide over previous hours as input features
and two types of models with additional input features presented by values of traffic over
previous hours and by forecasted values of traffic over output hours correspondingly. The
last type of models presented application of systems approach, as it uses other models
available in the integrated forecasting environment. Experimental investigation allowed
to create and train models as well as to compare the results of the models on the datasets
representing car traffic and air pollution in Madrid. Application of the approach based
on the principles of systems analysis increases accuracy of forecasting air pollution by
nitrogen dioxide. It enables to create integrated air pollution forecasting environment,
which combines information technologies of traffic and air pollution forecasting.

JIboBKiH Basnepiit Muko/samioBu4 — KaHIMOAT TeXHIYHUX HAYK, OOLIEHT, JOIEHT
Kadeapu rmporpaMHuX 3aco6iB, HarioHanbHMIT YHiBEpCUTET «3aropi3bKa MoMTiTeXHi-

Ka», 3amopixcks, YKpaiHa.

Lovkin Valerii — Ph.D., Associate Professor, Associate Professor of the Department
of Software Tools, National University «Zaporizhzhia Polytechnic», Zaporizhzhia,

Ukraine.
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B.B. Barpiii, P.B. BosomuH, O.0. JKynbkoBcbkuii, H0.B.YibsiHOBCbKa
IMITAIIIMTHE MOJEJTIOBAHHSI CUCTEMU KOHTPOJIIO
IMICUXOPI3IOJIOITYHOI'O CTAHY JIIOAVHU HA OCHOBI HEBEPBAJIbHNUX
EKCTPAJIIHTBICTUYHUX XAPAKTEPUCTUK

Anomayis. [1i0 4ac po3mosu 0OUHA HEOOHAKOBO cnpuliMae HesepbanbHi cuzHanu. O0HT — 6inbLW
YymJiusl, THWI — MeHW, WO MOXHA Nnos’a3amu 31 cgepor KomyHikayii, 0ocsidy 3 ¢ikcayiero ma
pO3WUpPOBYBAHHAM HeBepOabHOT KOMyHIKayii. HesepbanbHa KOMYHIKAYis mMa MOBHA KOMYHi
Kayis nepedbayaroms 380pOMmHili 38'330K. BiH MOxe Oymu no3umusHUM, WO Cnpusmiaugo sniu
BAE HA B3AEMHICMb MIX CNIBPO3MOBHUKAMU, Ma He2amusHul, W0 NOpoOXYE 0eCMPYKMUBHI B83a
eMuHu. Mosa noOuHU onepamopa € dyxe Hepo30ipaUBO ma Micmumse y cobi 6azamo nepeul
KOO, 0715 npudyleHHs AKUX HeobxiOHO BuKkopucmosysamu adanmusgHy ¢inempayito. Came maki
cucmemu po32iaHymo 8 pobomi.

Takox npoaHani3o8aHo Ginempayito Ha ocHosi inbmpy BiHepa 015 po3nizHasaHHsA, i0eHmugi
Kayii ma KoHmposo ncuxogisionociyHozo cmaxy (1PC) onepamopa Ha ocHOBI HesepbaNbHUX
eKCMPAniHeBICMUYHUX XapaKmMepucmux.

Knioyosi cnosa: imimayiliHe MOOen0BAHHS, NOOUHA 0nepamop, HesepbasibHi eKCmpaniHesicmu
YHI Xapakmepucmuku, ginsmp Binepa, cxema 10eHmudpikayii, adanmusHa ¢inempayis.

ITocraHoBKka mpoosemu. Ha TernepinrHiii yac MoCTiitHOTO Aiajory JIIOAVMHU Ta
KOMIT'I0T€pa, KOJIY CTBOPIOKOTHCSI CUCTEMM LITYYHOTO iHTENEKTY, iCHye 3HaUHUI MO-
IIUT Ha CUCTEMU IHTEeJIeKTyaJTbHOTO KOHTPOJIIO Ta CUCTEMU «IKOAMHA-MaIIMHa». Taki
CUCTEMU € IyKe CKIAOTHMMMU i IOTpeOyIoTh aHami3y Ta gocmimkeHHs. Ilyosmikariii,
IPUCBSIYEHI iMiTalilHOMy KOMIT'IOTEPHOMY MOJEII0OBAHHIO CUCTEMU KOHTPOJIIO
[1®C nmogmuumn, MpeacTaBieHi TOIOBHMM UMHOM y poboTax [1-3].

OcHoOBa cucTeMM [iajOrOBOTO CITIJIKYBaHHS JIIOJAVMHM Ta KOMIT'I0OTepa 1ie CUCTe-
Ma MepeTBOPeHHS «MOBa-TeKCT». BMKOpMCTAHHS 1li€i cucTeMu € 6a3010 IJjis1 CTBO-
pPEHHS CUCTeM MOBHOTO KepyBaHHSI Komm’'loTepoM. Ha BimMiHy Bif cucTeM, 110 Ipa-
I[IOI0Th 3a MIPUHLIMUIIOM imeHTMUdiKallii oJHOKpPaTHOI BiAIOBiAi KopMcTyBaya Ha 3a-
IIAT Ta IMPOIO3UILiI0 a60 MUTAHHS 3 6a3M MapoJIiB, HEOOXiTHO PO3IMIMPUTU MOBHMIA
inTepdeiic komm’oTepa. [IO1iJbHO, a0¥ KOMI'IOTep MMPMUIIMaB KOMaHIM Bil omnepa-
TOpa Ta BUKOHYBAB iX TiJIbKM Y BMUIIAIKY, KOJIM I0JIOC Ta oro TeMOp BimIoBigae 3a-

peecTtpoBaHoMy B 6a3i. Taka cucTemMa OO3BOJIMTb PO3MEXYBATM [OOCTYII [0

© Barpiit B.B., Bonomnu P.B., XKynbkoBcbkuit O.0., YabsiHoBcbKa 10.B., 2024
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KOMIT'IOTepa Ta 3abe3meunTy O6e3IeKy IJis KOPUCTyBada, 36epertu ioro KoHdigeH-
1iliHIiCTh 260 36epertu Moro ocobmcTi JaHHi. [IpOBiBIIM aHa/Ii3 MOBHOI aKTMBHOCTI
orepaTopa, CTaJio 3p03yMiJIo, [0 HEOOXigZHO po3poOUTH CHUCTEMY KOMaHIHOIO Ke-
pPYBaHHS Ta IepeTBOPEHHSI «MOBa-TEeKCT» Y IOTOIi 31MuTOi MOBU. Lle 3aBOaHHS BU-
pillIyIOTh 32 PAXYHOK IMOPiBHSHHS CJIiB KOMaH/I Ta € YaCTUMHOIO Ipo6eMu aBTOMAaTy-
YHOTO PO3Ii3HaBaHHS Ta PO3YMIiHHS MOBM JIIOAMHK-OIIepaTopa [3].

AHaji3 ocTaHHIX JocaimKeHb i myoikami. IIpoaHasisyBaBIIm pisHi cucre-
MM MOBHOTO HiaJIOTy «TI0AMHA-MallIMHa», MOKIMBO IIPUIATH OO BUCHOBKY, III0 6ara-
TO CUCTEM [O3BOJISIIOTH OIlepaTOpy IMpaloBaTy 0e3 IonepegHbOro HaJaIlTyBaHHS.
IIpoTe, Taki cucTeMyM Ha/JAIITOBAHI Ha MOJIIIIEHHS SIKOCTI pO3ITi3HaBaHHSI MOBM Ta
roJIOCy ITic/isI HaBYaHHS. He3aexXHicTh Bif ormepaTopa B TaKMX CUCTeMax AOCSITa€Th-
s 32 paXyHOK BMKOPMCTAHHS 3BYKOBMX €TAJIOHIB JIJIsI HAai10i/IbIl BUKOPUCTAHUX CJIiB
Ta TeMOpiB rosociB onepaTopis. [IJisl BUMAIKy YaCTOTO Ta TPUBAJIOTO «CITiITIKYBaHHSI»
JIIOAVHY 3 TIePCOHAIbHMM KOMIT'I0TepOM Yy BJl HaKOMMUUYETHCSI CTATUCTUKA apTUKY-
JISIIiHOI AisUTbHOCTI Ta OCOOJMBOCTI omepaTopa Ha OiMbIIMX 00CSIrax MOBHMX Oa-
HUX. [I7 IMX CUCTeM OyKe BaKJIMBUM € 3HaYHE CKOPOUYEHHS KiJbKiCTb AOIYIIeHUX
TTOMMJIOK.

[Ipo6neMa miasory JIOOMHM Ta KOMIT'IOTEpPA € YaCTUHOIO 3araibHOI MpobaemMu
IIJISI CUCTEM IITYYHOTO iHTeeKTy. 3a OCHOBY TaKMX CUCTEM [iaJIoTOBOTO CITiIIKyBaH-
HSI JIIOAVIHY Ta KOMIT' I0Tepa JIIraloTh CUCTEMM IIePeTBOPEHHS «MOBa-TeKkcT». Ha 6a3i
TaKMX CUCTEM MOKe OyTM CTBOpeHa CHMCTeMa MOBHOIO KepyBaHHSI KOMII'IOTEPOM.
AHasi3 1mokasaB, 1[0 Ha BiAMiHY BiJi TeKCTOBO-3aJeKHUX CUCTeM igeHTUdiKallii, y
cUcTeMax i3 JiaJoroBMM MeTOJOM peasli3yeTbCsl He TiJIbKM OAHOKpaTHA BiAIOBiIb
ormepaTopa Ha 3anmuT abo MUTaHHS 3 6a3M MapoTiB, aje i PO3MMPEHHS Jioro IMOBHO-
IIiIHHOTO MOBHOTO iHTepdeiicy. Komm’toTep npuiiMae KOMaHIy BiJ oriepaTopa Ta BU-
KOHY€ IX TUIBKM B TOMY BMIAJIKy, SIKIIO TOJIOC CITiBIIafga€ 3 3apeecTpoBaHum y B]I.
Lleit aHani3 € epeKTUBHMM B YMOBax peajibHOI MOBHOI aKTMBHOCTI oreparopa.

JliTepaTypHuit oS mMoKasaB, IO IS PO3POOKM CUCTEM KOMAaHIHOTO Kepy-
BaHHS I IepeTBOPEHHS «<MOBa-TeKCT» Y MTOTOIIi 3/TMTOI MOBM HEOOXiTHO BUKOPMCTO-
BYBaTM «MeXaHi3MI» aBTOMaTMUYHOIO PO3Ili3HaBaHHSI Ta PO3YMiHHS MOBM OmepaTo-
pa. IIpore, 1i «MexaHi3MKu» MalOTh AesIKi HeIOJiKM, OB’ I3aHi 3 BEeJIMKOIO KiJIbKiCTIO
3aBaj. BimmiTumo, 1o mJis pilleHHS TakKuX 3a7ad HeoOXigHO BMKOPUCTOBYBAaTU B
HMX GUIbTpallii TOJI0COBUX TaHUX [3, 4].

Meta pocaigkeHHs1. MeTow poboTH € BUpilleHHs 3amad ¢iabTpaliii rojaoco-
BUX JAHUX Yy CUCTeMax MOJe/II0BaHHS KOHTPOJIIO «JII0IHA-0IlepaTop» Ha OCHOBI He-

BepOabHMX eKCTPATIHIBICTUYHMX XapaKTePUCTUK IJIs1 iMiTaLiiHOTO MO e TI0BaHHS
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cuctem KOHTpoutto [1OC moaHu.

BuknageHHsI OCHOBHOIO MaTepiany JocaigsKeHHs. JIIogu mif yac po3MOBU
HEOJHAKOBO CIIPUIiMalTh HeBepOaabHi curHammu. OmHi — OiMbII YyTAMBI, iHIN —
MeHII. CIIpUHATTS 1Ile MOXKHA TOB’SI3aTH 3i cpeporo KoMyHiKallii, mocBiny 3 ¢ikca-
1Ii€0 Ta po3mm@pPoByBaHHIM HeBepOaabHOI KOMYHiKallii. HeBepbaibHa KOMYyHiKa-
IisT Ta MOBHA KOMYHiKallisl Ilepe6avaioTh 3BOPOTHI 3B'130K. BiH Moske OyTHU MO31-
TUBHUM, SIKUJ CIIPUSITJIMBO BIJIMBA€ HAa B3a€EMHICTh MiX CITiBpO3MOBHMKAaMM, Ta He-
TaTUBHMUIA, SIKUI TIOPOAKY€E OEeCTPYKTUBHI B3aeEMUHU. TOAi mapTHEPU pO3APaTOBAHO
CIIJIKYIOTBCS Ta MOAAI0Th HETaTUBHI CUTHAJIN.

OpnHe i TeX caMe CJIOBO MOskKe OYTM BMMOBJIEHE 3 BUMKOPUCTAHHSM Halpi3HO-
MaHITHiIMX BiATiHKiB. Lli BiATiHKM Mepenal0ThCs 3a JOMOMOIOI0 MiMiKM, )KeCTiB Ta
iHTOHAIIi/1. 3 BUKOPUCTAHHSIM I[bOTO CITiBPO3MOBHMKM BiloOpakaloTh HAMTOHIII T1e-
peIBU JIIACHKOTO HACTPOIO Ta MOYYTTiB.

IaHi mocaigkeHHST TPOBOOMIINACS B aKYCTUYHO i30/IbOBaHili ayauTopii, me 6ymm
TIPUCYTHI ABa omepaTopa — «eKCIepuMeHTaTop» Ta «OUKTOop». [Ipu gociimkeHi 6ymo
BUKOPUCTAHO MporpaMHe 3abe3mneuenHsi: Wavelab (Demo version), Goldwave (Demo
version), Matlab (Demo version).

ITim yac mpoBemeHHSI pOOOTM BMKOHAHO 3aIlIC KOMAHAHMX CJIiB 3@ OTIOMOTOIO
MikpodoHY Yy mporpamMHomy cepemoBuili Wavelab i3 wacToTolo puckpermsaiiii
16 xI'11, MoHO, 16 6iT.

Bynb-sikuii curHasl, SIKMii 3MiHIOETbCSI B 4aci, MOXXHA TMpeACTaBUTU y BUTTSAI
BEKTOPY 3 KiJIbKiCTIO BiJIJTiKiB, piBHUMM JOOYTKY #Or0 JOBKMHM Ha YacCTOTY AMCKpe-
TH3allii. BUKOpucTaBIIM e MOKIMBO MPOBECTU CTATUCTUYHI MOCTiIKeHHSs, a caMy
pPOOOTY 3pyYHO BUMKOHYBATH JIJISI MACUBIiB OJTHAKOBOI TOBXKMHMA.

Opepskumo 10000 BigmikiB curHamy. JJOBXuHaA TMM4YacoBOro iHtepsany y 0,6 ¢
KOMaHM — 1@ MaKCMMYM. B SIKOCTi CTaTMCTUYHUX XapaKTEPUCTUK BUOMPATICS TOY-
KOBi OIIiHKM. Pe3ynbTaT BUMIipy Oy[b-s1KOi1 Gi3UHOI BeJIMUMHYU — CTPYMY, HaIIpyrH,
II[iIBHOCTI, TUCKY 1 iHIIIMX — MOSKJIMBO TPAaKTyBaTH, SIK 3HAUEHHS AesIKO1 BUMaJKOBO1
BEJIMUMHU X, SIKQ XapaKTepU3y€eThCS IIIbHICTIO pO3MoAiny imoBipHocTeit W(x).

Haityacriie BurpaBaaHi NpuUIyIeHHs Ipo 1[iIKOM KOHKPeTHUIT BuI, QYHKIIi:

(x-M (x))°
1 - 202
W (X) = ——¢e i
oN2rx

Ie M(x) Ta 6 — BiAmnoBiZHO MaTeMaTuyHe ouikyBaHHS (MO) i cTaHAapTHe BigxuiaeH-
Hs (CB) x.

[Ipu 1bOoMy IIpUPOAHO OIliHIOBAaTU He ¢GyHKIIil0 W(x), a BCcbOro ABa ii nmapamMer-
pu — M(x) i 6, ki BOaso il XxapakTepusyTb. 3p03yMijio, KO 3aKOH W(x) He € HOp-
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MaJIbHUM, TOJi mapameTpiB M(x) i ¢ HeJOCTaTHbLO [JIsI IOBHOTO ITOJAHHS IIPO Bjac-
tuBOCTI CB X. OgHak 11 y 1bOMY BUIIa[KYy JaHi [IapaMeTpu I10 CBOil BaXJIMBOCTI CTO-
SITh Ha MePIIOMY MiCIIi.

[To3HauMMO CIIoCTepeXXyBaHi 3HaYeHHSI BUNIaAKOBO1 BemumHyu CB:

N D

Ix MoxkHa posrisigaTyt Ik N «ek3emIuisapiB» CB x, To6To N He3anexHux CB, KoskHa

X0 X, X

3 SIKMX pO3IIOJijieHa 0 TUM >Xe 3aKOHaM, 1110 i CB x. [To3Haunmo d OIiHKYy ITapamMeTpa
a. Bynb-sika OIliHKa, 110 00UMC/II0E Ha OCHOBI MaTepiany (1), mpeacTasisie co6010 QyH-
Kiito BeamumH Xi, Xz, Xn:
a=a(X,;, X,,...X,)

i, 0T>ke, cama € BUIIAAKOBOIO BeaMUMHOI0. TaKy OliHKY YacTO Ha3MBalOTh TOU-
KOBOIO, OCKiJTbKM Ha ITPaKTHUIIi BOHA SIBJISIE COO0I0 €I/1HE BUITAIKOBE YMCIIO.

Po3sriisHemo dbopMysn Ajist 06UMC/IeHHS] TOUKOBUX OI[iHOK ITapaMeTpiB.

MareMaTuuHe OUiKyBaHHSI € 3BaXEHUM cepefHiM apudMeTMYHUM YCiX 3Ha-

YeHb BV[H&,Z[KOBO'I' BeJIMMUMHUNU:
1 N
M (x)=—> X,
N o

Huicniepcist cayxutsb ajist xapakrepuctuky CB Bif meHTpa posnoginy. ucrepcis
JIIOPiBHIOE MaTeMaTMUYHOMY OUiKyBaHHIO KBaapaTa CB Bif 1ieHTpa ii MaTeMaTUYHOTO

OUiKyBaHHS:
D(X)=MI[X =M (X)]*.

TakosK 115 oLiHKM BigxuieHHs CB Bif 1leHTa pO3IOaiay BUKOPUCTOBYETHCS Ce-

o (X)=+/D(X)-

VY namomy Bunaaxky N=1000. Tomi o6uMcaIMMO IaHi OIiHKM, BUKOPUCTOBYIOUM

peIHbOKBAIPATUYHE BiIXMJIEHHSI:

Matlab. [Ing migBuieHHS Mepenikog03axmILeHOCTi MiICMCTeMM PO3Mi3HaBaHHS I'0-
JIOCOBMX KOMaHJ, olepaTopa BMKOPUCTOBYEMO BiHepiBCbKY (ilbTpallilo CUTHAJIIB.
[l BUXiZHOTO CUTHATy BUKOHAEMO HAKJIaIeHHS 6iJIoro IryMmy.

Ha puc. 1 306paskeHi MOpiBHSIIbHI pe3y/IbTaTy IIPOBEAEeHUX eKCIIePUMEHTIB.
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sigl (134611 real, Fs=1) 4

Com

Time (a] 2000 4000 BO00 B000 10000 12000 14000

a) 6)

PucyHok 1 — ITopiBHSIIbHI eKcIiepyMeHTabHi JaHi:

d

| -3

a) — BUXiIHMIA CUTHAIT; 0) — 3aIIyMJIEHU CUTHA

VY nmopanplioMy po3IJISHEMO CIIEKTPa/ibHi XapaKTePUCTUKM CUTHATY Ta 00UMC-
numo criekTpu cymiri Gz(f) i nepemkoau Gn(f) (puc. 2).

Ha puc. 3 mpeacrasieHo rpadiku amporcumariii ¢inbTpy Binepa (34, 100, 250
MOPSIZIKiB).

SIk BUOHO, Halikpale HabM/KeHHS mae 250 MopsoK, AJIsl SIKOTO Io0YyIayeMo
rpadiku dinbTparii (puc. 4).
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PucyHoK 2 - I'padiku oniHok cyminri Gz(f) i nepemkoau Gn(f).:
a) OIiHKa CIeKTPiB MOTYKHOCTi MepemikKoAy Ta cyMili; 6) ouinka AUX ¢inbTpy;

B) olliHKa HeoOxigHOi AUX dinbTpy BiHepa

AYX CUHTE3MPOBAHHOMD BUHEPOBCKOTD dUNLTPE H
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PucyHOK 3 — 3a/IeXXHiCTh Yyacy 00UMc/IeHb Bif, poO3MipHOCTiI MaTpuili:
a) armporcuMaiiis AUX (34 nmopsinok); 6) armporeumaiiist AUX (100 ropsinok);
B) armrpokcumaltiis AUX (250 rmopsigok)
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PucyHok 4 — Pe3ynbrat dinbrpariii

PesynbpraT pmanekwuii Bif, igeany, TOMy IO CUTHAJ IIOTAaHO CIIPUIIMAETHCS Ha
ciyx [5]. Onast Toro, abu mokpamiaty ¢iabTpallilo MOXXHa BUKOPUCTATU aAalTUBHY
dinbTparito. BXigHnuit curHas € 3araJibHUM IJ1s1 JOC/IiI)KyBaHOI CUCTeMM Ta /IS ajia-
NTUBHOTO (inbTpa. BiH CIYKUTD /i1 afalITUBHOTO (QiabTPy 3pa3KOBUMM CUTHAJIOM.
[Tpoiiec aganTailii — TMUMYacOBUI, a YaCTOTHI XapaKTepUCTUKYU PibTPy MparHyThb A0
BiATIOBIAHMX XapaKTEePUCTUK CUCTEMU. BUXiTHMUI CUTHaJI CUCTEMM HAAXOOUTb Ha
BXiJl alalITUBHOTO MiJIbTPY i € 3pa3KoMm 151 aalITUBHOTO dijlbTpa.

[TpocTesxkuMo, SIK aganTUBHUI (IIBTP BUKOPUCTOBYE iHGopMaliito, aas ¢op-
MYBaHHS BUXIJHUX CUTHAJIIB [6, 7].

BapianTu cxem aganTuBHUX GibTPIB IMpeICcTaBIeHO Ha puC. 5.

Jocnigxysada
CHCTEMS
ADanTUBHWIA
o= dineLTp
Bxig Apa3aok
: Bi M
ﬂﬂ-ﬂl‘ll,q}I{:.fEE 'IJ: Fgﬂ,HI'ITHEHHH
Wacucrema | | dineTp .
)
3pasok
a) 6)

PucyHok 5 — Cxemu afanTUBHUX PibTpiB:

a) mpsiMuit GiabTp; 6) 3BOPOTHIN QiabTP

AnanTuBHMIT QinbTp Ma€ ABa BXOAM: HA OJVH BXiJl TOJAETbCSI CUTHAJI i3 BXOTY
IOCJiIKyBaHOI CUCTEeMM, a Ha Apyruii — 3 BuUXOZy. TakuMM UYMHOM, aAalTUBHUI
dinbTp Mae gocTaTHLO iHGOpPMaILii IOI0 XapaKTePUCTUK MOCTiIKyBaHOI CMCTEMMU.

Hauni mpocTexxumo, IK aganTuBHUL QinbTp hopmye BuXimHmii curHat. s 1bo-
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ro 3a6e3neynumo onepaTopa CUCTEMOIO MOBHOTO 3B's13Ky. MikpodoH cripuitMae MOB-
HUI CUTHAJ, SKUI HEMUHYYe € CUJILHO 3aluyMIeHUM. Llelt iym He MOXIMBO 3HSTU 3
MOBHOTO CUTHajy, ajie MOXJIMBO BUKOPUCTOBYBATM iHILMIA, KOHTPOJbHUII MiKpO-
¢doH, gK MOKa3aHO Ha 3araybHii cxeMmi (puc. 6). Il cxema GifbTpye Ta IepeTBOPIOE
pi3Hi crioTBOpeHHH [3, 5, 6].

[wepeno

( curHany / ;D
el
7

Lamay
CHHana

[P
Al

Wrsx 1/ Y i gri Bl
o ___ TIEREAADY] FOMCCEHA
fxepeno 4 M [ AnanTvermi cHnan

Damaar
Mepakags

PucyHok 6 — CTpyKTypHa cXeMa NpUAYILIeHHS [IyMy

3 BUKOPUCTAHHAM adalITUBHOI'O (l)iHpry

BurmaakoBi IyMoBi mpoiiecu, sIKi CIpuitMaroTh aBa MiKpooHM OyayTh KOpe-
JbOBaHMMM. BOHM BUXOISTH i3 3araibHOTO IyKepesia, a MIYMOBUI CUTHAJI He KOpe-
JIIOETHCS 3 KOPUCHUM MOBHUM CUTHAIOM.

[IpoaHasnisyBaBIM puc. 5 i puc. 6, MPUXOANMO A0 BUCHOBKY, IO 3a JOTIOMOTO0I0
aJanTMBHOTO (GiIbTPY MOXXHA BUPIMIMTY 3aBAAHHS IPSIMOi imeHTUdIKaIlil «q0CTi-
IKyBaHOI cucteMu». L imenTudikaliist ma€ MOXK/IMBICTh TePETBOPUTD LITYM Ha IIJISI-
XY Bif, I>kepera IIymMy 0 AATUMKy CUTHATY («IISX 1»).

«['omoBHMII» BXigHUIA CUTHA — 1€ CUTHAJbHO-IIIYMOBA CyMIlll 3 BUXOJy OCHOB-
HOTro MiKpogoOHa, a IIIyM 3 BUXOAY AOJATKOBOrO MikKpodoHa — «IomoMikHUit». Illy-
MOBMI1 CUTHaI Bif, momaTKoBoro MikpodoHa (puc. 6) MOskHa Ha3BaTU <«BXiTHUM»
(input) ITo-iHIIOMY #10r0 Ha3sUBAKTb «OIMOPHMUI», B aMepPUKAHCbKIiil JiTepaTypi —
reference.

BigmiTumo, 1m0 agantuBHMUI QibTp HamMaraeTbCsl MEPEeTBOPUTU BXiTHUIL CUT-
HaJI SIKHaOsKkue mo 3pas3ka. OCKiIbKM B BXiZHOMY curHajIi (isbTpa KOpelboBaHa
JiIIe IIyMOBa CKJIaZ0Ba 3pa3KOBOr0 CUTHATY Y PEXXUMIi, 110 BCTAHOBUBCS, TO HA BU-
xoni dinbTpa Oyme BUXOAUTU OIliHKA IIYMY, 11O MPUCYTHS B 3pa3kKOBOMY CUTHAJI.
Lleit BUXimHMit curHat, MoTpiOHMIA JIuIle SIK JOITOMIKHMI 3aCib 1)1 omepsKaHHS ApY-
roro BUXiJJHOTO CUTHAJy, TaK 3BAHOTO CUTHAy «IMOMWIKU». BiH PO3paxOBYETHCS SIK
Pi3HUIISA MiK 3pa3KOBMM CUTHAJIOM Ta BUXiTHUM CUTHAIOM afJaliTUBHOIO QibTpy.

«[ToMmunka» — 11e OUMIEHMIA BiJ, IIIyMy MOBHMUI1 curHaia. Takum 4MHOM, afar-

TUBHMIA QibTP, KPiM ABOX BXO/IiB, IIOBMHEH MAaTy JABa BUXOAM. 3a IIOCTaBJIEHMM 3a-
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BIAHHSIM, «TOJIOBHMM» BUXiTHMM CUTHaJIOM € OUYMIEHWUI Bif IIyMiB MOBHUI CUT-
Has. BiH € pi3HMIeBUM (Pi3HUIS MiK 3pa3KOBUM CUTHAJIOM i APYTUM BUXITHUM CUT-
HaJIOM aallTUBHOTO QibTPY)

Ipyruit BUXigHUI CUTHAI aJanTMBHOTO (ifbTpa € «IormoMixkHMM». BiH BUKO-
HY€ POJIb OL[iHKM IIIyMY, SIKMI1 MacKy€e€ MOBHMIA curHaj. lleit curaan 6ygemMmo Ha3uBa-
TU «ITyMOM, HaBeIeHUM A0 BXOAy TrojJ0BHOTO Mikpodona» y(k), iioro 3HimMamTh 3
BUXOIYy KepoBaHOro (PibTpy, TAKOXK 11eif CUTHAI MOK/IMBO BU3HAUUTU SIK «BUXiTHUIA
curHam» abo, output.

CTpyKTypHa cxema aJanTuBHOTO QibTPY MpeacTaBieHa Ha puc. 7. Cam GiibTp
CKJIaJIA€ThCS 3 TPhOX KOMIIOHEHTIB: (ibTp, 110 MIepedymoBY€EThCS, 610K (aJITOPUTM)
ajarraliii, kepyounii mapaMmeTtpamMmu GijJibTpa, a TAKOX 0JIOK PO3PaxyHKY.

x(K) y(K) dfk)
—»  QinbTp

HanawysaHHs

kaeigieHTIR ‘ v
Anroputm
agantauil

Hon. gawi

PucyHok 7 — CTpyKTypa aganTUBHOIO PiIbTpy

OmnopHuMit ryMmoBuit curHas x(k) oopobsietbest ginbTpom. Ilicas o6pobku B pe-
3yJbTaTi BUXOAUTD BUXiTHMIT curHan y(k), ikuit MOPiBHIOETHCS 31 3pa3KOBUM CUTHA-
soM d(k). PisHUITI0O MiK HMMM YTBOPIO€E curHaa mommiiky e(k). OcCHOBHa 3ajiaua aga-
MITUBHOTO QisibTpa MoJsrae y MiHimisallii MoMmUIOK BiITBOPEHHST 3pa3KOBOTO CUTHA-
ay. Biok aganTaltiii micsss 06poOKM KOSKHOTO BiJIJIiKy aHajIi3ye CUTHAJ IMOMMWIKK. J10-
IaTKOBIi [AaHi, [0 HAAXOASTH i3 PibTpa, BUKOPUCTOBYIOTH SIK Pe3ybTaTH OJ1s1 aHai-
3y Ta MiICTPOIOBaHHS napaMeTpiB (KoedillieHTiB) GQiNbTpYy.

IcHye 1Ie oAMH BapiaHT afamTallii, MPM SKOMY OMOPHUIA IIIYyMOBMUIA CUTHAI He
BUKOPUCTOBYEThCS. Lleii peskum pob0TH HasuBaeTbCs ciinow axpanTaiiieio (blind
adaptation) abo HaBuaHHsIM 6e3 BunTess (unsupervised learning). Toxi, y iiboMy BU-
MajaKy MOTpiOHO mesika iHdopMallisi Mpo CTPYKTYPY KOPUCHOTO BXiJHOTO CUTHAITY
(HampuKIaa, 3HAHHS TUITY i1 TapaMeTpiB BUKOPUCTOBYBaHO1 MoayJsiiii). Ciina aga-
TITallis € 61/IbII CKIAAHUM O0UMCTIOBAIbBHUM 3aBIaHHSIM, HixK afanTailisi 3 BUKOPUC-
TaHHSIM 3pa3KOBOTO CUTHAIY.

BimmiTumo, 1m0 GinbTp, SIKMi MOKa3aHo Ha pUC. 7, BUKOPUCTOBYIOTh HaityacTi-
mre. OnHielo 3 MmepeBar LbOT0 BapiaHTa € CTilKiCTh MpU OYIb-SIKMX 3HAYEHHSIX KOe-

dimienTis. [IpoTe aJropuTM aganTailii BHOCUTb OO CMCTeMM 3BOPOTHMI 3B's130K. To-
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IIi agarnTMBHA CUCTeMa B L[IJIOMY MO3Ke CTaTy HeCTiliKOI0.

BucHoBKM. B po60Ti BUKOHAHO BUpilleHHs 3amau QiabTpallii roJocoBuUx ma-
HUX CUCTEMM MOJIEIOBAHHSI KOHTPOJIIO «II0AMHA-0IIepaTOpP» Ha OCHOBI HeBepOab-
HUX €KCTPaJTiHIBICTUYHUX XapPaKTePUCTUK OIS iIMITAlliiHOTrO MOAE/NIOBAHHS CUCTEM
KoHTposo [IOC monuuu. [TpoaHanizoBaHo MeTonau GinbTpallii rojsocy ornepatopa
st ominky [1OC moauHy Ha OCHOBI HeBepOaJIbHMX eKCTPATiHIBiCTUUHUX XapaKTe-
PUCTUK.

IIpeacraBneHo dinpTparito Ha 6a3i GiIbTpy BiHepa, po3IISIHYTO CTPYKTYpHi
cxeMu imeHTMUdiIKallii 3 BUKOPUCTAHHIM aJalTUBHUX (QiIbTPiB, cXema IMpUayIIeHHSs
IIyMYy 3 BUKOPUCTAHHSIM aganTUBHOrO (PiibTpy Ta cxema IJjis1 afanTUBHOI GisbTpa-
1Iii TOJI0COBMX KOMAaHJ, oriepaTopa.
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Simulation modeling of the system of managing the psychophysiological state
of a person based on non-verbal extralinguistic characteristics

Today, when artificial intelligence systems are being created, the time of constant
dialogue between humans and computer, there is a great demand for intelligent control
systems and human-machine systems. These systems are very complex and require anal-
ysis and research. The publication is devoted to the simulation computer modeling of
control of the psychological and physical state of a person.

The basis of the human-computer dialogue system is the speech-to-text conversion
system. The use of this system is the basis for the creation of computer language control
systems. Unlike systems that work on the principle of identifying a single user response to
a request and a proposal or a question from a password database, it is necessary to ex-
pand the language interface of the computer. It is necessary for the computer to accept
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commands from the operator and execute them only if the voice and its timbre match
those registered in the database. Such a system will allow you to differentiate access to
the computer and ensure security for the user, preserve his privacy or save his personal
data. After analyzing the speech activity of the operator, it became clear that it was nec-
essary to develop a system of command control and «speech-to-text» conversion in the
fused speech stream. This task is solved by comparing the words of the commands and is
part of the problem of automatic recognition and understanding of the operator's human
language.

On the basis of such systems, a computer language control system can be created.
The analysis has shown that unlike text-dependent identification systems, systems with a
dialog method implement not only a one-time operator response to a query or question
from the password database, but also the extension of its full-fledged language interface.

The computer receives commands from the operator and executes them only if the
voice matches the one registered in the database. This analysis is effective in the context
of real-life speech activity of the operator. The literature review showed that for the de-
velopment of systems of command control and "speech-to-text" transformation in a
stream of fused speech, it is necessary to use "mechanisms" of automatic recognition and
understanding of the operator's language.
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B.IO. Kamrras, O.C. llleBiioBa
THOOPMAIIITHA TEXHOJIOI'S ITOIIEPETHHBOI OBPOBKU
CVIIYTHUKOBUX 30BPAJKEHD
3 BUKOPHUCTAHHSIM 3rOPTKOBOI HEMMIPOHHOI MEPEXI

AHomauyis. OcmaHHIMU poKamu 3pocia nompeba y CynymHUKOBUX 300paxeHHSA BUCOKOT npocmo

pOBOi po30ibHOT 30amHOCMI Yyepe3 iXHI0 BAX/IUBICMb Y NPAKMUYHUX 3ACMOCYBAHHAX, MAKUX AK
3em1e8nopAO0KYBAHHA, HABI2AYIS, eKOM02IYHUU MOHIMOPUH2 Ma po3pobKa THGpacmpyKmypHux
npoexkmis. Memoou naHwapneHiHey € egpekmusHuUMU 3acobamu 301/bLWEHHS NPoCmoposoi po3

0i/IbHOT 30amHOCMi 6a2aMOKAHAIbHUX 300paXeHb. X04Ya ICHYE 3HAYHA KiJIbKICMb 3anNponoHo8a

HUX G/120pUmMiB NAHWapneHiHay, ase Xo0eH 3 HUX He MoXe bymu yHiBepcanbHUM 01 BCiX mu

nis 0am4uKis ma 0eMOHCMpYE pi3Hi pe3ysabmamu. Y cmammi nposedeHo 02150 memodis 3um

ms cynymHUKoBUX 306pakeHb BUCOKOT NPpOCmMopoBoi po30isibHOI 30amHOCMI, @ MAKOX 3anpono

HOBAHO THEHOPMAUIliHy MexHOI02i10 NonepeOHbOi 06POOKU LUPPOBUX CynyMHUKOBUX 306paXeHb
3 BUKOPUCMAHHAM 320pMK0OBOi HelipoHHOT Mepexi. Lle do3sonuno epekmusHo sunydyamu dema

JIl MeKcmypu ma npocmoposi 3a/1eXHOCMI, @ MAKOX JIOKAJIbHY Ma He/loKaAbHy iHgpopmayito. B
pobomi nopiBHIOBANUCS pe3ysbmamu 3anponoHOBAHOT MexHo02li 3 ICHylYuMU Memooamu na

HwapneHiHay, makumu Ak Gram Shmidt, HSV, Wav+HSV, ATWT, AWLP, BDSD, Brovey, HPF. Pe

3yIbmamu mecmyB8aHHsA, NPOBEOeH020 HA BOCbLMUKAHANbHUX 300PAXEHHAX, OMPUMAHUX cynym

Hukom WorldView 2, niomsepdxytoms, wo 3anponoHosaHa mexHonozia (ERGAS=0.32,
RMSE=0.286 SSIM=0.71, PSNR=37.60) 00380/15€ 0ocsemu BUCOKOi cneKmpasbHOi ma npocmo

pOBOT SKOCMT 6a2aMOKAHAbHUX 306paxKeHb ma nepesepulye iCHyYi Memoou.

Kntoyosi cnosa: nonepedHs 06pobka, 31umms 306paxeHsb, 320pMKOBA HEUPOHHA Mepexa, cne

KmpanbHa iHhopmayisa, npocmoposa 30amHicme.

ITocraHoBKa 3aBHaHHs. 3 ypOaHisalli€lo Ta 3pOCTaHHSIM iHTepecy M0 reoiH-
dbopmaliiitHux cuctem, TOUHUX KapTorpadivyHmMx AOC/iIKeHb Ta €KOJOTiUHOTO MOHi-
TOPUHTY, BUHMKAE HEOOXiTHICTh Y BAOCKOHAJIEHHI METOIB 3IUTTS HUPPOBUX CYITy-
THUKOBMX 300paskeHb BMCOKOI PO3/i/IbHOI 3MaTHOCTI [IJIsI OTPUMMAaHHS Oi/IbI meTasti-
30BaHMX Ta iHGopmaTuBHMX 300paskeHb [1]. CymyTHUKOBiI 306pakeHHSI BMCOKOTO
IIPOCTOPOBOTO PO3Pi3HEHHSI MAalOTh BeJIMKUIA ITOTEHIIias AJ1s1 BUpillleHHsI pi3HOMaHi-
THUX 3aBIaHb, ajie iXHE BUMKOPUCTAHHS YaCTO OOMEXKYETHCS HMU3bKOI AMHAMiKOIO

KOHTpacTy Ta oOMekeHO CIeKTpajabHow iHdopmaiiieto. OTHUM i3 K/IIOUOBUX eTa-

© Kamrras B.IO., [llemosa O.C., 2024
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IIiB ITONepeaHbOi 0OPOOKM CYITyTHUMKOBUX 300paskeHb € iXHe 3JUTTS, abo IaHIap-
TIeHiHT, 0 BK/IIOYAE B cebe moegHaHHS maHxpomaTtuunux (I13) Ta 6araTokaHaIbHUX
300paskeHsp (b3), sKi Xou i MalOTh HMKYE IIPOCTOPOBE PO3Pi3HEHHS, Hi’K IMaHXPOMa-
TUYHI, IIPOTE MiCTSITh CIIEKTpaabHY iHGOpMaIlilo, IO € HEBi/l €MHOIO YaCTMHOIO aHa-
Ji3y 3eMHOI ToBepxHi [2, 3]. MeToAau naHIIapreHiHry He JMile HiABUILYIOTb IPOC-
TOPOBY PO3[Ii/IbHY 3[IaTHICTh OTPMMaHMX 300paskeHb, ajie i 36epiraloTh CIIEKTPaIbHY
inpopmariro. Takuii migxim mJ03BOJISIE OTPMMATH MOBHIII Ta 6iybil iHGOpMaTHUBHI
IaHi IJ9 MOAAJbIIOTO TeMaTUUYHOIO aHasli3y AaHUX (BUSIBJIEHHS, pO3Mi3HaBaHHS
00'exTiB, Kacudikalliro 3eMHOT0 IIOKPUBY, TOLIO).

AHaji3 ocTaHHIX JOCTiIKeHb i myosikanin. Byio mpoBefeHoO 3HAUHY Kijlb-
KiCTb HAYKOBMX HOOC/iIKeHb, IPUCBSIYEHUX BUPIillIeHHIO TTp06ieMU 3/IUTTS CYITyTHU-
KOBUX 300paskeHb. Ili mocimkeHHST MOXXHA PO3MiIIMTM HA IBi Tpymu: TpamuIliiiHi
MeTOIM OIITMMIi3allii Ta MeToau, 110 6a3yThCs HA TIMOOKOMY HaBYaHHI. MeToq iH-
TeHCUBHICTb-BiATiHOK-HacuueHictb (HSV) [4, 5], aHa/si3 TOJOBHMX KOMIIOHEHT
(PCA) [6] Ta mepeTrBopeHHs I'pama-IlImigra (Gram-Schmidt) [7], meTon Bposeii
(Brovey), Tomo - TpamuiiiiHi metomu. i mMeTomyu MO3BOJISIIOTH OOCSTTU BUCOKOI
IIPOCTOPOBOI PO3Mi/IbHOI 3JATHOCTI, ajie MPU3BOIATh OO0 3HAUHUX CIHEeKTpPaJbHUX
CIIOTBOpPEHb. 3 iHIIOr0 6GOKY, METOIM, 10 OAa3yIOThCSI Ha aHaTi3i MHOXMHHOI pO37Ii-
JIbHOI 3[IaTHOCTI, TaKi SIK BeiBJeT-1epeTBOpPeHHs [5], QinbTpyu BUCOKMX YACTOT Ta
y3arajbHeHa mipamina Jlamiaca [8], MOXyTb 36epiraTu crieKTpayibHy iHbopMarliiio,
aje MalTh MPOCTOPOBI CMOTBOPeHHS. [lomMpeHMM € MeTOAM MaHUIapIeHiHTy Ha
ocHoBi cTuckaHHs (CS) [9]. Hemonikom MeTony € Te, 1110 BiH MOTpe6ye BeJNKOI Kisb-
KOCTi HaBUaJIbHMX 300pakeHb 3 BUCOKOIO PO3[IiJIbHOIO 3[IaTHICTIO, SIKi MOXYTb OYyTHU
HemoCTyNHMMM. Iy BupinieHHs 1iiei mpo6iemu, Gya0 3almpoOrOHOBAHO BUKOPUC-
TaHHSI KOMOIHOBaHMX MeTO/IiB, TakuX sIK Revisited AWLP, kepoBaHoro ¢inbTpa, TO-
mo. Lli MeTogy mpusHaueHHi )i 30i/IbIIEHHS IMPOCTOPOBOI 3JAaTHOCTI 300paskeHb
npu 36epeskeHHi crieKTpaabHOI iHdopMmaliii. Ajie, eKcliepMMeHTaJbHO TOBeeHO, 1110
1[i METOAM BCe OJHO MPU3BOJATh A0 MEBHUX CIEKTPaIbHUX i MTPOCTOPOBUX CIIOTBO-
pEeHb.

OcTaHHIM 4acoM BejiMKa yBara nNpuIUISIETbCS METOIaM MaHIIapIieHiHTy Ha OC-
HOBI ITMO0KOTO HaBUaHHS. ABTOpM [10] 3ampornoHyBa/i METOIUKY CAMOKOJYBaHHS
3 HM3BKMM pPiBHEM IIYMY JJISI OTPUMMAHHS CITiBBiTHOIIEHHS MiXX 300paskeHHSIMM 3
BJMCOKOIO Ta HU3bKOK PO3MAiTbHOI 30AaTHICTIO 3a JOIIOMOTOI0 TIMOO0KMX HEfPOHHUX
Mepexx. B po6oTi [11] 3acTocyBanu 3ropTkoBi HeiipoHHi Mepesxi (CNNs) mo ob6sacti
TAHIIAPIEeHIHTY, 10 3HAYHO MOKPAIIUIO0 MPOAYKTUBHICTbh aJrOPUTMY ITOPIiBHSHO 3
TpaguiliiHuMu mMetogamu. ABTopu [12] Bupimmau mpobaemy BTpaTu iHdopmartii
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MiJl yac BWIy4eHHS 03HaK Ha OCHOBi HelipOHHUX MepexX. B pobori [13] 3amporoHo-
BaHO mMojesb PanNet fjis crieKTpajbHOTO 36epekeHHs Ta MPOCTOPOBOro MoKpalieH-
HS TIEPBUHHUX JAaHUX.

He3Bajkatouu Ha 3HAYHi JOCSTHEHHS BUpIIlIeHHS 3a/1a4 MOIlepeaHboi 00pOOKM
CYIIYTHUKOBUX 300pa’keHb, iCHYIOUi MeTOAM IaHIIapIIeHiHTy Bce Ife MaloTh CBOi
obmeskeHHS Ta Hemosiku. HemocTaTHS TOUHICTD, apTedakTy Ta BTpara getaneil Mo-
KyTb BUHMKATU Yepe3 HeIIOBHE BpaxyBaHHS B3a€MOZil CIIEKTPAJIbHUX Ta IIPOCTOPO-
BUX XapaKTepUCTUK 300paskeHb. MeToOy Ha OCHOBi IJIMOOKOr0 HaBUYaHHS, MOKpa-
IIYIOTh SIKICTh 3/JIMTUX 300pa’keHb, HiK TpaAuIliiiHi MeTOOM, aje MalTh BUCOKY
CKJIa[IHiCTh 00UMCIeHh HA 300paskeHHSIX BMCOKOI PO3/Ii/IbHOI 3IaTHOCTi Ta He Bpaxo-
BYIOTb aJaIlTallil0 pO3MipHOCTi KaHaTy.

MeTa gociaimkeHHs1. MeTo0 TOCTiIKeHHS € po3pobka iHdopmaliiftHOi Tex-
HOJIOTii TorepenHboi 06p0o6KM LMGPPOBUX CYNMYTHUKOBUX 300paskeHb 3 BUKOPUC-
TaHHSIM 3TOPTKOBOI HEIPOHHOI Mepexi, sKa 3maTHa e(eKTUBHO BWIy4YaTyu AeTasli
TEKCTYpU Ta MPOCTOPOBi 3aJI€5KHOCTI, a TAKOX JIOKAJIbHY Ta HeJIOKaJIbHY iHpopMa-

11i10. Lle J03BOMUTH MOKPAIIUTM TOYHICTh Ta AeTasli3allil0 OTPMMaHMX 300paskeHb.

Bukiag oCHOBHOro Martepiany. 3arajbHa CTPYKTypa 3alpoIlOHOBaHOI iHGO-
pMalliliHOI TeXHOJIOTI] Mpe/icTaB/leHa Ha PUCYHKY 1 Ta BK/IIOYA€ TaKi eTaly: 3aBaH-
TaKeHHS TTepBMHHUX IUEPPOBUX CYNMYTHUKOBUX 300pakeHb; 3aCTOCYBAaHHS reoMeT-
pUUHOi, pagioMeTpuuHOi, aTMOCcepHOi KOpEeKIIiit; a TaKoK OGJIOKYy HEeifpOHHOI Me-
pexi, sKuit CKIagaeTbCs 3 BUBUEHHS T00ajbHOI iHGoOpMallii Mpo TeKCTypy Ta
OTPMMAaHHS IIPOCTOPOBOI iHGOpPMAaIlii 3 KOXKHOI CMyTH 300paskeHHSI 110 KaHaJIaxX.

CrnouaTKy 3aBaHTa)kyeMo OaraTokaHajibHe B Komro3uilii RGB (Kanamu 5-3-2)
Ta MaHXpOMaTUJYHe 300paskeHHsT KocMmiyHoro anapaty WorldView-2. IToTiMm BUKOHY-
€MO ps[, KOpEeKIliii, CIIpsIMOBAaHMX Ha YCYHEHHSI Pi3HOMAaHITHMUX CIIOTBOpEHb, IO
MOSKYTh BUHMKATH ITiJi 4ac 3/iOMKM Ta repeaadi 300pakeHb 3 Kocmocy. ['eomeTpnu-
Ha Kopekilist 1InMppoBUX CYIMyTHUKOBUX 300pakeHb € BasKIMBUM €TarloM Iorepe/-
HbOi 0O6POOKM 711 YCYHEHHSI CIIOTBOPEHb, 1[0 BUHUKAIOTh Y 300paskeHHSIX uepes re-
OMEeTpPUYHi 0COOIMBOCTI Mpoliecy 3i1oMKM. MaTeMaTMUHO MepepaxyHOK 3HaUeHb Ii-

KCeJIiB MOKHa BMpasuTu 3a gornomororo dbopmynu [14, 15]:

=X x—2+ AX
S

y , (D

+ Ay

X

=Y X

y
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e X, ,Y, - KOOpAMHATY IiKcess epBYHHOIO CYIIyTHMKOBOIO 300pakeHHs, X

inp 2 inp ro )

Y., - KOOpIMHATHU IiKCeJs IiC/Is reOMeTPUYHOI KOpeKilii, s, , s - KoediluieHTn mo

corr

ocsix XTaY, Ax, Ay - 3CyB IO BiATIOBITHMM OCSIM.

HacTynHuit eTarn BK/IIOUYAE MPoOIeC MepeaycKpeTusailii, SKuit moJsrae y Macii-
tabyBaHHi b3 mo po3mipis I13 [5]:

P,y )=a-PKx y)+b-Px +1,y)+c-P(x, y+1)+d -P(x +1, y+1) (2)

OMHE 300paKEHHS

=

\ leoMeTpUYHa KOpEeKLis |

‘ PagiomeTpryHa kopekuis |

1
l ‘ ATmoccepHa kopekuin |
1

I Niperiwenns iH(hbopMaTUBHOCTI HA OCHOBI HEMPOHHWUX MEpEX

EEARETIER |

Hsial *
x Mary

ESMEEREN I

de——\ —

. | —
! Deony
e 3G
conv
3x3

Konkaterauin — 151 —|p

PucyHok 1 - CxeMa 3aIpoIioHOBaHOi iH(popMalliiiHOi TeXHOIOoTii

PaniomeTpuuHa KOpekliisi, ClipssMOBaHa Ha BUIIPaB/ieHHS BIUIMBY aTMocdep-
HMX YMOB Ha ONTUMYHUX 300pakeHHsIX. O Hi€10 3 MOIIMPEHUX MTPO6JIeM B ONITUYHOMY
OVUCTAHLIIMHOMY 30HAYBAHHI € XMapHUI TOKPUB, SIKUI MOKe 3aBa’kaTu CIIOCTEpe-
’KeHHIO 3eMHOiI IToBepxHi. [lepiil 3a Bce, BasKIMBO BUKOHATH BiTHOCHE pajiioMeTpuy-
He Ka/libpyBaHHS /1 MiHiMi3allii BIIMBY ux apTedakTis [14]:
p-A

q = : 3)
B
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Ile q - pagioMeTpUYHO BUIIpaBJIeHi JaHi JaTuyuka, p - HeoopoobJieHi JaHi JaTumnka, A -
3CYB TeMPSIBYU JIJISI KOHKPETHOTO CYITyTHMKOBOTO 300pakeHHsI, a B - BimTHOCHMIT Koe-
dilieHT miacuIeHHs JaTUYMKa.

AtMocdepHa kopekilist B3 mossirae B repeTBOpPeHHi paZlioMeTPUUYHO CKOPUTO-
BaHMX ITiKCeJIiB 300paskeHHsI Ha CIIEKTPaJIbHY SICKPaBicTh BEPXHBOIO IIapy aTMocde-
pU 3 MiHIMaJIbHMM 3HaueHHSIM. [IJis1 1IbOTO BUMKOPUCTOBYETHCS 3arajibHe PiBHSIHHS,

sIKe BpaxoBYe€ IapaMeTpy Tejieckora Ha BucoTi 770 km cyrmyTHuka WorldView-2 [14]:

Lmum (A)(1- 1))+L,,u) 4)

(A4 (A

B(A) =

Jle B(1) - CIIeKTpaJibHa SICKPaBiCThb BEPXHbOTO IIapy aTMocdepu, L(1) - BUMIipsiHe
CIIeKTpaJibHe BUITPOMiHIOBAaHHSI Ha MOBEPXHi 3eMJTi, (1) - KoeillieHT mpoITyCKaHHS
aTMocdepu, L, (4) - CIIEKTpajbHa SCKPaBiCTb aTMOChepu, L (1) - HiACBiYyBaHHA

aTMmocdepn.

[Ticsisg Toro, IK BUKOHAHO reOMeTPUYHY, paZioMeTpUUHy Ta aTMochepHy Kope-
Kilii, oTpumMyemo HOBi OaraTokaHanbHi (B3 _00p) Ta manxpomaTtuuHdi (II3_06p) 30-
o6paskeHHs. [lani BUKOPUCTOBYEMO IIi 300paskeHHSsT OJIs1 IMiABUINEHHS iXHbOi iHGOp-
MaTMBHOCTi 3a JIOIIOMOTrOl0 HelipoHHOiI Mepesxki. CriouaTky 3o00paskeHHs 13 006p i
b3 06p cerMeHTYIOTbCSI Ha HiASSHKM OJHAKOBOTO PO3Mipy, 1[0 He MepeTUHAIOThCS.
[ToTiM KomyeTbCS iXHE MOJIOXKEHHS JJISI CTBOPEHHS ITOC/TiIOBHOCTI IiJITHOK 3 000X
300paykeHb. 1i maTum 306paskeHb BMKOPUCTOBYIOTHCS SIK BXiJHI O3HAKM TEKCTYPU.
Iani, 03HaKM BUIUISIOTHCS 3a JOMOMOIOI0 3TOPTKM 3 x 3, i MPOEKTYIOTbCS Ha TPU
KOMIIOHEHTH, SIKi HeoOXimHi Ajsi BigmoBimHoro TpaHcdopmatopa: Q (3amuTt), K

(xmrou) 1 V (3HaueHHs) [16]:

Q=x w, ®)
K =X W, (6)
V= X-W,, ()

me X - BeKTOp BIaCTMBOCTe} maTya, w_, W, - MaTpud Bar obnacri I13, w, - maTpu-

151 Bar obsacti B3.

BukopuctoByoun Q Ta K [jis OIIHKM CXOXKOCTi MiXkK 03HaKamu, M1 GopMyemMO
MaTpUIN0 acoliainii. I[ToTiM MHOXMMO 1110 MAaTPULIIO acollialiiii Ha MaTpUIIIO acollia-
it PAN-300paskeHHs (03Haka V). Lle m03BoJIsie OTpUMATH OCTAaTOUYHY 3BasKeHY Kap-
Ty 03HAK KapTu. J[0AaTKOBO BBOJIUTHCS TePEXiTHMIA 3B'I30K, 1100 YHUKHYTY BTPATH
indopmarrii. HapeiTi, Bci 3reHepoBaHi KapTu 0COOAMBOCTEl MaTUiB 3HOBY 3IMBA-
IOThCSI PA30M 3a JIOTIOMOTOK0 KOAYBAaHHS MO3MIIii, 00 OTpUMMATH OCTAaTOUYHY KapTy
0CO6JIMBOCTEN TEKCTYPHU.

40 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»

HacTymnHa rizika HelipOHHOI MepesKi J03BOJISIE TPUMAaTH BiMIOBiAHY ITPOCTOPO-
By iHQopmalliio KOXHOTO KaHaay 300pakeHHs. CIOYATKy 3aCTOCOBYEMO TOUYKOBY
3ropTKy 1 x 1 st OTpMMaHHSI KOHTEKCTHOI iHGopMaliii MiXk pisHMMM KaHa/IaMM Ha
piBHI ITiKCeJIiB, a MOTiM BUKOPUCTOBYEMO INIMOMHHY 3TOPTKY 3 X 3 IJISI OTPMMaHHS
IIPOCTOPOBOrO KOHTEKCTY B3A0BK HAMpPsIMKY KaHasy. Ilicjis 1iboro oTpumany iHdo-
pMallifo 3ropTKM PO3MAiJSIEMO Ha IIMOMHY IS TTOAa/IbIIIOT0 BUKOPUCTAHHS y BEKTO-
pax Q,KiV:

X = Concat (/I3 _ nos ,b3 _ nog ) (8)

X - pe3ynbTytoue 306paxkeHHs miciis 3auTTs [13 ta B3.

OTpuMaHi 3BaskeHi KapTy 03HAK KOKHOTO (pparMeHTa iHTETpyIOThCSI pa30M JIJIst
CTBOPEHHSI HOBOTO CMHTE30BaHOr0 300paskeHHs1. Lle 3006paskeHHsT TpefCTaBIIsIE CO-
6010 KOMOiHaIli0 iHDopMallii ITpPo TEKCTYPY Ta MPOCTOPOBY 3[MATHICTh ITAHXPOMATH-
YHOTO Ta 6araToKaHaJIbHOTO 300paskeHb. Lle mo3Bossie oTpuMaTH OibIl iHpopmaTu-
BHe 300paskeHHs, MOPiBHSIHO 3 IePBMHHUMMU JTaHUMMA.

ExcriepuMeHTa/IBHI pe3yiabTaTh. B po60Ti BUKOpMCTaHO 16-po3psiaHi CTaH-
IapTHI MyJIbTUIOCTIAOBHOCTI piBHA 2 3i cyrmyTHMKa WorldView-2. 1Ii maHi MicTSITb
OTHOCMYTOBi MMaHXpOMaTMUHi Ta 8-CMYroBi GaraTokaHajbHi 300paxkeHHSI. Po3mip
KOKHOTO 300paskeHHsI ckiagae 599 Ha 576 mikceniB. Ha pucyHKy 2 HaBeleHO Iep-
BUHHI CYITyTHMKOBI 300paskeHHSI Ta ITiC/Isl 3alpOIIOHOBAaHOI B po60Ti TexHosorii. Cu-
HTe30BaHi 300pakeHHSI XapaKTepu3YyIThCsl 30iJbllIeHOI0 PO3MAiTbHOI 3[AaTHICTIO,
IIpU IIbOMY JIOKAJIbHi 36i/IbIIIeHi YaCTMHM He JeMOHCTPYIOTh SIBHOTO PO3MMUTTS KOH-
TYpiB, IO CBiAUYUTb MMPO BUCOKY SIKiCTb MaHIIapreHiHry. s ouiHkyu eheKTUBHOCTI
3aIIpONOHOBAHOI iH(POopMaIliifHOI TeXHOJIOTii 3 iCHylIoUMMM, 06paHOo CiM MeTOIiB IJIsT
nopiBHsiHHS: HSV  (Hue, Saturation, Value), Adaptive Tonal Weighting
Transformation (ATWT), Adaptive Weighted Linear Prediction (AWLP), Brightness-
Difference-Based Saturation-Difference (BDSD), Brovey Transform, High Pass
Filtering (HPF), Ta kKomb6iHaIlito BeiiBieT i3 metogom HSV (Wavelet + HSV).

BukopuctaHo KpuTepiit MakcuMasibHOiI iHQOPMATUBHOCTI AJIST OIiHKM SIKOCTi
300paskeHb. EHTpoOIIisT, MOHATTS B Teopii iHdopmariii, € ogHMM 3 iHCTPYMEHTIB /IS
BUMipIOBaHHS KiJbKOCTi iHdopMaliii B 300pakeHHsIX. BoHa BM3HAUa€ThCSI HA OCHOBI
JIMOBipHOCTi BUHMKHEHHS Pi3HMX 3HaueHb ITiKCeJIiB y 300pakeHHi i XapaKTepusye

iMOBipHiCHY MTOBeiHKY [ixkepesa iHdopMmariii [2, 15].
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PucyHoK 2 — CyITyTHMKOBI 300paskeHHsI KocMmiuHoro anapaty WorldView-2:
a) maHxpoMaTuuHe; 6) 6araTokaHasbHe (Kanamm 5-3-2);

B) ITicJIst 0OpOOKM 3aIIPOIIOHOBAHOI TEXHOJIOTi 1

Ha pucyHKy 3 HaBegeHO 3HaYeHHs eHTPOITii AJIs1 TPaaAULiiHMX MEeTO/IiB 06p06-

KM 300paskeHb Ta 3aIIPOIIOHOBAHOI TeXHOJIOTI].

3Ha4YyeHHs eHTponii NS pi3HUX MeToaiB

8.0 1 7.91

7.46 7.49

I 7.27 7.28 7.29 7.93 7.28
6.5 I
6.0 : . II

EHTponia
-~ ~
o w
| |
~
N
o
~
-
~

MeToan

PucyHok 3 - I'padiuHe nmpefcTaBieHHs 3HaueHb €HTPOTTi1

3a pesyJbTaTaMy 3HaU€Hb PUC.3 MOXKHA 3POOUTH BMCHOBOK, 1110 3aITPOITIOHOBA-
Ha TeXHOJIOTisSI Ma€ HaliBuIlle 3HAUEHHSI eHTPOIIii, 0 CBiTUMTh TpO Oi/bIly pi3HO-
MaHiTHICTb Ta CKJIAJIHICTh iHGOpMAallii B OTpMMaHOMY 300pa’keHHi MOPiBHSIHO 3 iH-
MMM MeToAaMu 00pOOKM.

KoedinienT kopesnsiii (CORR) € BaskaMBUM iHCTPYMEHTOM 11 KiJIbKiCHOI OI1i-
HKU CTYTIeHs BiJIIOBiAHOCTI MiX ABOMa HabopaMu JAaHUX, Y HAIIOMY BUIIAJKY - MikK

CMHTE30BaHVM Ta OpI/II‘iHaJIbHI/IMI/I 306pa)KeHHHMI/I. IIei1 mMOKa3sHMK A03BOJISIE BU3HA-
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YUTU, HACKIJIBKM 3/IUTe 300paskeHHsI BiATBOPIOE OpUTiHAJIbHI HaHi. Bucokuit Koedi-
IIiEHT KOpeJIsIii CBiTUMTh PO Te, IO 3/IMTe 300pakeHHs To0pe BiITBOPIOE OPUTiHA-
JIbHI 1aHi, TOOTO BOHO Ma€ BUCOKY CXOXiCTh 3 opuriHasioMm [4, 5]. YV Tabauii 1 HaBe-

neHo 3HaueHHs1 KoediieHTy CORR.

Tabmuig 1
3naueHHs koedirienTy CORR
MeTtoau Kananu
R G B

HSV 0.87 0.84 0.85
ATWT 0.59 0.61 0.63
AWLP 0.64 0.65 0.66
BDSD 0.60 0.61 0.64
Brovey 0.53 0.50 0.54
HPF 0.55 0.56 0.58
Wavelet+ HSV 0.90 0.86 0.86
3anponoHoBaHa TexHO- | 0.97 0.96 0.96
JIoTis

AHnanizyroun gaHi 3 Ta6s.1, meTom HSV meMoHCTpye BUCOKMIT piBeHb KOpEJISIIii
1711 BCiX TpboX KaHauiB (R, G, B), 110 cBigunTh Mpo mo6pe 30epeskeHy CIeKTpaabHy
iHpopmartiro micast 3aUTTSI 306pakeHb. Metogu ATWT, AWLP, BDSD, Brovey Ta HPF
MaloTbh HMKUI 3HaUeHHS KopeJisiiii mopiBHSIHO 3 MeToaoM HSV. Ile BKasye Ha MeHIITy
e(eKkTUBHICTh IMX METO/IiB Y 30epeskeHHi CIeKTpaabHOi iHdopMallii mig yac 3auTTs
300paxkeHb. Meton Wavelet+HSV Mae BucoOKuii piBeHb KOpeJsiiii, [0 CBiAYMUTD PO
Jobpe 30epeskeHHs CIIeKTpaJIbHOI iH(popMallii. 3aITpoITIOHOBAaHA TEXHOJIOTisI JeMOH-
CTpYy€ HaMBUILMIA PiBeHb KOpeJsIil [Jis1 BCiX TPbOX KaHAJIB, IO CBIMUNUTD PO ii BU-
COKy e(eKTUBHICTb y 30epeskeHHi CIeKTpaJbHOI iHhopMallii Ta 36epeskeHHs JeTai-
3allii 300paskeHHSs.

KoedilieHTH cTpyKTypHOI cxoxkocTi 306pakeHb (SSIM) ta PSNR (Peak Signal-
to-Noise Ratio) € BaskmMBMMM MeTPUKaAMMU JIJIS1 OLIIHKM SIKOCTi 300paskeHb. SSIM aHa-
Ji3y€ CTPYKTYPHY MOMIOHICTh MiXXK OPUTiHAJIBHUM Ta 0OpPOOJIEHMM 300paskeHHSIMM,
BU3HauUaouM epekTUBHICTb MeTOiB 06po6KkM, Tomi sk PSNR BuMipioe SIKicTb BifT-
BOPEHHS 300paskeHHs IMic/ast KoMIipecii a6o 06po6Ky. 3HaUeHHS IIMX METPUK HaBe-

eHo B Tabuii 2.
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Tabmauig 2
3HaueHHs koedirienTiB SSIM Ta PSNR

MeTonu SSIM PSNR

Kananu Kanamu | Kanamu | Kananmu

R G B R G B

HSV 0.49 0.46 |0.45 |17.85 16.75 17.35
ATWT 0.48 0.50 |0.51 |13.92 14.45 14.93
AWLP 14.32 | 14.77 | 15.22 | 0.46 0.48 0.48
BDSD 0.50 0.51 |0.51 | 13.85 14.38 14.88
Brovey 0.40 0.40 (041 |13.14 13.16 14.07
HPF 0.44 0.46 | 047 |13.30 13.82 14.29
Wavelet+ HSV 0.56 0.54 |0.52 |23.12 22.96 22.95
3anmpornioHoBaHa TexHOJ0- | 0.71 0.65 |0.67 |37.60 | 38.38 38.93
ris

Koedinient SSIM mae Kpailili ITOKa3HMUKM [71s1 3aIIPOIIOHOBAHOI TE€XHOJIOTII, 110

CBiUMTD PO BUCOKMIA PiBEHb CTPYKTYPHOI MOAIOHOCTI MisK CMHTE30BaHMM Ta OpU-

TiHaJbHMM 300paskeHHSIMM. 3HaueHHs KoedirieHTy PSNR 1171 3arporioHoBaHOi TeX-

HOJIOTii BKa3ylOTb Ha BMCOKY SIKiCTb BiITBOPEHHSI 060p006IeHNX 300paskeHb ITOPiBHSI-

HO 3 opuriHasibHuMHU. A 1 MmetofiB AWLP i Brovey, 1eMOHCTPYIOTh 3HAUHO MEHIIII

3HaueHHsI PSNR, 1110 BKa3ye Ha Oi/bIll BeJIMKi BTPATU SIKOCTi BilTBOPEHHSI.
Metpuxu ERGAS (Relative Dimensionless Global Error in Synthesis) i RMSE
(Root Mean Square Error) BUKOPUCTOBYIOTbHCSI IJIsI OL[iHKM TOUHOCTi 0GPOOKM Ta Bif-

TBOpPEHHS 300paskeHb. Ha puc.4 HaBe#eHO KilbKicHi mokasHuKM MeTpuk ERGAS Ta

RMSE.
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ERGAS Ta RMSE
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PucyHoK 4 - I'padiune npeacrapienHs meTpuk ERGAS tTa RMSE

AnHaunizyioun oTpuMaHi pesyabTaTu 3 puc.4, 3HaueHHss ERGAS ta RMSE n1s 3a-
IIPOIIOHOBAHOI TexHoJjorii Ta Metony Wav+HSV € HaliMeHIIMMM OPIBHSHO 3 iHIIN-
My meTogamu. Ile cBiguMTh MPO BUCOKY TOUHICTh CMHTE3Y Ta BiATBOPEeHHS 300pa-
’KeHb 3a JOIOMOTOI0 IIMX MeTOAiB. 3 iHIIOro 60Ky, 3HaueHHSI ERGAS Tta RM SE nis
metoniB HSV, ATWT, AWLP, BDSD, Brovey i HPF cBiguaTh mpo MeHIIy TOYHICThb
3JIMTTS 300paskeHb.

YV nopiBHSJIbHOMY aHaji3i pisHuMx metofiB 3auTTa WorldView-2 306paskeHb
(Puc.5), MO>KHA MOMITUTY BiAMIHHOCTi y SIKOCTi CMHTe30BaHUX 300paskeHb. MeTonu
ATWT, AWLP, BDSD Ta HPF neMOHCTpYIOTh 3HaUHi IPOCTOPOBi CIIOTBOPEHHS, i 3a-
rajibHe 300pakeHHsI BUIJISAIAE pO3MUTUM. Brovey i HSV - po3smutTsi Konbopis, a
CIIOTBOPEHHSI TTepBMHHMUX KOJIbOPiB TpaBM Ha 300paskeHHSX CTal0Th oueBUAHUMM. L1i
apredakTy 3HMKYIOTb iHOOPMATUBHICTb 300paskeHHS Ta POOJISATh 1OTO MEeHII MPu-
OaTHUM [J151 TOJAJIbIIIOTO BUKOPUCTAHHS B OAATKAX, e BAK/IMBA TOUHICTh KOJbOPY
Ta gertanisainisg. Gram-Shmidt Ta Wav+HSV, xoua 6113k4i 32 IIpOCTOPOBOIO CTPYKTY-
pOI0 Ta CIeKTpaabHUM 36epeskeHHSIM, ajie BCe Ie JeMOHCTPYIOTb TPOCTOPOBE PO3-
MUTTS. CuMHTe30BaHe 300paskeHHS IiC/IsT 3aIIPOIIOHOBAHOI TEXHOJIOTii JeMOHCTpPYeE
BUCOKY iHOOPMATUBHICTb, UiTKICTh Ta JeTaji3allilo 6e3 MOMITHOTO PO3MUTTSI KO-
JLOPiB 260 MTPOCTOPOBUX CIIOTBOPEHb.
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PucyHok 5 - ITopiBHSIHHSI pi3HUX METOMIB 3/IUTTSI:
a) Gram-Shmidt; 6) HSV; B) Wav+ HSV; r) ATWT; 1) AWLP; e) BDSD; €) Brovey;

k) HPF; 3) 3anporioHoBaHa T€XHOJIOTis

BUCHOBKM i mepcrneKTUBM MOJAMBIINX AOCTiAKeHb. B poboTi 3ammpomnoHo-
BaHO iHMOpMalliliHy TeXHOJIOTil0 IoIepeaHbOi 00pOOKMU LMPPOBUX CYITyTHUKOBUX
300paskeHb 3 BUKOPUCTAHHSIM 3arOPTKOBOI HEMiPOHHOI MepeXxi, sika 37aTHa e(peKTu-
BHO BWJIyYaTy JeTajli TEKCTYpU Ta MPOCTOPOBi 3a71€KHOCTI, @ TAKOXK JIOKAJIbHY Ta He-
JoKanbHy iH(opMartiito. Lle mo3BoaNMIO, Y TMOPIBHSIHHI 3 KJIaCMUHUMMU METOHaMU
3JIUTTS, 3MEHIINTK apTedaKTy Ta aBTOMaTU3yBaTH IIPOIleC 0O6POOKYM CYITyTHUKOBUX

300paskeHb.
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Information technology of satellite imagery pre-processing using
convolutional neural network
With urbanization and the growing interest in geographic information systems,
precision mapping, and environmental monitoring, there is a need to improve methods of
fusing high-resolution digital satellite images to obtain more detailed and informative
data. Satellite images with high spatial resolution hold significant promise for addressing
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a variety of issues. However their utility is frequently constrained by limited contrast dy-
namics and restricted spectral data. Pansharpening methods are effective means of in-
creasing the spatial resolution of multichannel images using panchromatic ones. Alt-
hough there are a significant number of proposed pansharpening algorithms, none can
be universal for all types of sensors and demonstrate different results. The paper reviews
the fusion methods of high spatial resolution satellite images and proposes an infor-
mation technology for preprocessing digital satellite images using a convolutional neural
network. It made it possible to effectively extract texture details and spatial dependencies
for local and non-local information. The paper compares the results of the proposed
technology with existing pan-sharpening methods, such as Gram-Shmidt, HSV,
Wav+HSV, ATWT, AWLP, BDSD, Brovey, and HPF. The results of testing conducted on
eight-channel images acquired by the WorldView-2 satellite confirm that the proposed
technology (ERGAS=0.32, RMSE=0.28b SSIM=0.71, PSNR=37.60) allows for achieving
high spectral and spatial quality of multichannel images and outperforms existing meth-
ods.
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O. CusoHeHKo, JI. boxkyxa
BUSABJIEHHS OB’€EKTIB HA 30BPAJKEHHI B IIOTOKOBOMY PEXXNMI
ITPU BUKOPVICTAHHI YOLOVS5 i FASTER R-CNN

AHomauis. [Ina BUKOHAHHA W00eHHUX 3aB0AHb (BUABIEHHA NOPYWeHb Npasus 00POKHbLO20 Py
Xy, WoOeHHe BUAB/IGHHA HAMOBNY MA MOWO0) MOXymb BUKOPUCMOBYBAMUCS 6e3NiIOMHUX N
manbHux anapamis. [lopisHAHHA nioxodis YOLOvS 1 Faster R CNN Hadae moxaugicme BUpilWEeHHS
npobsaemu HU3bKOT MoYHOCMT 6e3niNomHUX NIMAAbHUX anapamis y susBaeHHI yinel.

Y yili pobomi posensdaemscs moxausocmi 360py ma aHOmMyBaHHs BION0BIOHO20 HAGOPY OAHUX
0J15 HABYAHHS, HABEOEHO oNuUC HalibinbwW nowupeHux modenel YOLOV5 i Faster R CNN sBussneHHs
06'ckmis, @ MAKOX HaseOeHi pe3ybmamu HABYAHHA 1 8anidayii Ha 316paHomy Habopi OaHUX.
Ans nopisHaHHS pe3ybmamis 0BOX pi3HUX MoOesell 2/1UGOK020 HABYAHHSA 015 BUSBAEHHA yinell
3acmocoBaHo HU3KY CmaHoapmHux mempuk. Ha ocHosi ompumaHux nid 4ac ekcnepumeHmy pe
3y/Ibmamis nponoHyemscs Bubip Halibinbw B8i0N0BIOHOT MoOeni O BUPIWEHHS BU3HAYEHOT
npobsemu.

Knto4yoBi cnoBa: MalWwmMHHe HaBYaHHs, BUsBneHHa 06'ekTiB, Faster R CNN, YOLOvV5, BusiBneHHs B
NOTOKOBOMY peXUMi, Komn'toTepHui 3ip, bnJlA.

ITocraHOBKa mpooIeMu

IMounHawouy 3 20-TO CTOITTS, BUSIBJIEHHSI 00'€KTIB CTAJI0 BAXKJIMBUM pe3yJbTa-
TOM OOC/i/I>KeHb B KOMII'I0TEpHOMY 30pi. LIs1 3amaua mupoKo pO3BUBAETHCS i 3aCTO-
COBYETHCS [IJISI BUSIBJIEHHS TPAHCIIOPTY, BUSIBJIEHHS ITIilIOXOMIB i 6e3MiJIOTHOrO BO-
OiHHS. 3 MigBUILEHHSM TOYHOCTI 300pakeHHSI aJITOPUTMM BUSIBJIEHHSI 00'€KTiB Ha
OCHOBIi 3rOPTKOBUX HEIIPOHHMX MepeX MOCTYNOBO CTAal0Th aKTyaJbHUM HaIlPSIMKOM
IOCJIiIKEeHb.

TexHoJtorist 6€3MiIOTHUX JiTaTbHMX arapaTiB (BrJIA) ctana BakInBoIo cheporio
3aCTOCYBaHHS JAPOHIB 3 MOMIMOJIeHMM BMBUEHHSIM BiJITIOBiTHOI Teopii Ta MpakTUKM.
3i CTBOpeHHSIM BUCOKOTOYHUX JATUMKIB i PO3BUTKOM CYMi’KHMUX TE€XHOJIOTil MIpOay-
KTUBHICTb BIIJIA MOCTiliHO MOKPAILyEThCSI.

BuxopucranHs iHpopMalliiiHMX TeXHOJIOrii Ta IMiaX0[iB MallMHHOTO HaBYaHHS
MO>XKe BUPIIINTU 3aBAAHHS aBTOHOMHOTO MOAbOTY BriJIA 32 yMOB 3HMKHEHHS CUTHA-

1y GPS, Opi€eHTYIOUMCD JIMIIIE HA IL[iJb.

© Cusonenko O., boxxyxa JI., 2024
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AHaJti3 ocTaHHIX JOCTiIKeHb i myoJTiKaii

MaiHHe HaBYaHHS IMPOKO 3aCTOCOBYETHCSI B KOMII'IOTEPHOMY 30pi Ta 06po-
O11i 300paskeHb. PiBeHb PO3BUTKY MAIIMHHOIO HaBUYAHHS Ta HASBHICTh PiSHOMAaHIT-
HUX KOMILJIEKCHUX MOJeJieli MOXYTb JO3BOJUTYU 3 TOCTATHbOI TOUHICTIO BUSIBJISTU
Ha 300paskeHHi MOTPiOHY LiJb.

TouHicTb Mogesi Moxke 6YTM OOHUM 3 OCHOBHMX MOKAa3HMKIB, HA OCHOBIi SIKOTO
MOKHA 3POOMTM BUMCHOBOK ITPO NMPUIATHICTh MOMEI IS ii MpaKTU4YHOI eKcITyaTa-
1ii. OgHaK 3 ypaxyBaHHSIM cIielGiky BMUSIBIEHOTO 3aBOaHHS, TAKOXX BapTO 3BEPHY-
TU yBary Ha IBUIKICTh pOOOTYM MO/IEJTi, OCKiJIbKYM € HEOOXiTHICTh 00pOOIEHHS JaHUX
y IMMOTOKOBOMY pexkuMi. [Ipy 3aHaATO MOBroMy o6po6/IeHHI JaHMX MOJIE/UII0 MOKHA
OTpUMATU HeaKTyaJIbHY iH(hOopMaIlilo.

IJ1s1 mOCTii>KeHHST MOKIIMBOCTE) BUKOPUCTAHHSI MAllIMHHOTO HaBYaHHS B MPU-
KJIQ[Hil 3amadi posIyISIHYTO MBI TPyIIM MoOzesieii po3mni3zHaBaHHs 00'ekTiB: YOLOVS5 i
Faster R-CNN. Po3risiHyTO Taki XapaKTepUCTUKU [UX MiAXOMiB, SIK IIBUAKICTb i TOU-
HiCTb BUSIBJIEHHSI IJIs1 BUOOPY HAMKpaIoi MOIei sl BUPillleHHS IIPUKIATHOTO 3a-
BIAHHS a00 IJIg ITOJaJIbII0I KOMOiHaIi1 iX.

OO6uaBi apxiTeKTypy HaJIesKaThb 0 TPYIIM 3rOPTKOBUX HEMPOHHUX MeEpeXK, sIKi €
HaMOiIBII MOMMUPEHNMM JITOPUTMAMU TJIMOOKOTO HaBYAHHSI, IO 3aCTOCOBYIOThH Ki-
JbKa HaATOYHMX IIapiB i oOuMcaeHb. AJITOPUTMU HAZAlOTh ePeKTUBHI CII0COOu BU-
JYUeHHS O3HAK, a TAaKOX € HalKpallMMm BMOOPOM JJISI BUpIillIeHHS MPo6jeM BUSIB-
JIeHHS 00 '€KTiB.

[ToTouHi migxoayu 3 BUKOPMUCTAHHSIM METO/iB INIMOOKOrO HaBUAHHS JIS1 3a7a4
KIacuikailii Ta perpecii 06'eKTiB MOKHA PO3IiINTK Ha ABi KaTeropii.

IlBoeTariHi MeToAu, SIKi IpeAcTaBaeHi TakKuMK apxiTekrypamu, sik R-CNN, Fast
R-CNN i Faster R-CNN. CnouaTKy BUKOPUCTOBYEThCSI CEJIEKTUBHMIA MONIIYK ab0 Me-
pexy perioHanbHUX npuiyiieHb (RPN) mjist BuminieHHS perioHiB iHTepecy - obsac-
Telt, SIKi 3 BMCOKOIO IMOBIpHICTIO MiCTSITh ycepeauHi cebe 06'ekTu. Hamasti 3a morio-
MOroio KiacudikaTopa BU3HAYAETHCS KIac 00'€KTa Ta 3a JOIIOMOIOI0 perpecopa BuU-
3HAuYalThCSl 0OMeKyBalibHi paMku. Lleii MeTon Mae BMCOKY TOUHICTb [3], aje mpu
IIbOMY OOMEsKEeHMIA y IIBUAKOCTi BUSIBJIEHHS.

o iHmoi KaTeropii HajeskaTh OJHOETAITHI aATOPUTMU, SIKi TIpeACcTaByeHi pi3-
Humu Bepcismu YOLO Ta iH. Li afiropuTMu He BUKOPUCTOBYIOTh OKPEMY MepesKy
II7Is TeHepallii perioHiB i IPyHTYIOTbCS HA MeTO/axX perpecii, mepernsigaroum 300pa-
SKeHHS 1iTKoM. OCKiJIbKM 11i aJITOPUTMU He BUKOPUCTOBYIOTh RPN, IBUIKICTb BUSIB-
JIeHHS BUIIA, ajie TOUHICTb BUSBIEHHS, 0COOJMBO MaJuxX 00'€KTiB, He TaKa BMCOKA,

K'Y ABOETAITHUX METO/IiB.
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MerTa mocaimKeHHs

MeTow OOCTiIKeHHS € aHali3 apXiTeKTypHMX pillleHb HaMOiIbII MOIIMPEeHUX
Mopesieit BusiBiieHHST 00'ekTiB YOLOVS i Faster R-CNN 119 mo6ymoBy MoJesti Ioao
MOKpAIlleHHs MIBUIKOCTI i TOYHOCTI BUSIBJIEHHS 00 €KTiB B IMpPUKIaAHii 3amaui abo
IJIsSI TIOAAJIbIIOI KOMOiHAaIlii iX. MeToio HOC/TiIKeHHsI € OTPUMMAaHHS pe3y/bTaTiB Ha-
BUaHHS i Bajigaii Ha 3i0paHoMy HabOpi JaHKX.

Faster R-CNN € ajiropyTMOM BUSIBJIEHHSI 00'€KTiB Ta CKJIaJAEThCS i3 YOTUPHOX
YacTMH: Mepeyka BuIydeHHs o3Hak (feature extraction network), Mmepeska perioHasnb-
HUX OpumyileHb (region proposal network), o6'emHaHHsI perioHiB iHTepecy (Rol
Pooling) i moBHO3B's13HMi map. Faster R-CNN 11e rokpaiiieHa Bepcisti anropuTmis R-
CNN i Fast R-CNN. Pi3uuiig Mi>k HUMu B Tomy, 110 aaroputm Faster R-CNN yHukae
BUKOPUCTAHHSI OOUMCIIOBAJIbHO TOPOTOrO aarOpUTMY CeJIeKTUBHOTrO MOUIyky [2].
3amicTh 1bOro BuKopucToBye RPN mist ctBopeHHsT obiacreit KaHuauaaTiB. RPN mae
3MOTY BM3HAUaTU MPUIYIIEHHS Ha OCHOBi 03HAK BChOTO 300paskeHHs 3a OJVH IIPO-
Xim, 110 Ja€ 3MOTy VHUKHYTM IOBTOPHMX OOYMC/IE€HD i 30i/IbIIy€ IBUAKICTD BUSIB-
JIEHHSI.

YOLO mnpornoHye HOBY i/Iel0 pO3B'sI3aHHSI 3a7a4vi BUSIBJIEHHSI 00'€KTiB 3aBISIKU
TIepeTBOPEHHIO 3a7aui Ha perpeciitHy. YOLO - ogHOeTaItHMi1 aJrOpuTM TIMOGOKOTro
HAaBYaHHS, SIKMII BMKOPUCTOBYE HAATOYHI HENPOHHI MepexXi [Jis BUSBIEHHS
06'exTiB [1]. [cHYIOTb pi3Hi Bepcii 1iboro anroputmy. YOLOV1 ginuTh 306paskeHHS Ha
KOMipKM pO3MipOM N Ha n OJHAKOBOTO po3Mipy. KokHa KoMipka CiTKM BifmnoBigae
3a BMUSIBJIEHHS LIEHTPY 00'ekTa BcepeamHi koMipku. KoskHa KoMipKa Moske Tepemba-
ynuTU (PiKCOBaHY KiJIbKiCTh 0OMeKyBaJbHMX paMOK 3i 3HAUEHHSIM AOCTOBipHOCTI
(confidence score). KoxkHa o6mexkyBajibHa paMKa MIiCTUTb y C00i 5 3HaueHb: KOOp-
JIMHaTa IeHTPY 3a BicCio abciyc, KoopAaMHaTa IeHTpy 3a BicClo OpAMHAT, BUCOTA pa-
MKM, IIMPUHA PAMKM Ta 3HAUEHHS OCTOBipHOCTI. ITic/isg BM3HAUeHHSI 0OMesKyBasb-
Hux pamok YOLO BuMKOpHUCTOBYe TepeTuH Hajn o6'eqHaHHsIM (IoU), 1mo6 BubpaTu
HaoinbIm migxoasii. s BugaseHHs 3aiiBMX PaMOK BUMKOPUCTOBYETHCS HEMaKCU-
ManbHe npuayiieHHs (NMS). YV YOLOv2 6yr1o gogaHo nmakeTHy HopMastisaiiito (batch
normalization) pa3om 3i 3ropTKOBMMM IIapamu AJ1s1 30iIbIIeHHS] TOYHOCTi Ta 3MeH-
IIeHHSI MOXIMBOCTI mepeHaBuyaHHs. Y YOLOv3 maricTpaibHa Mepeska BUITyYeHHS
o3Hak (feature extraction backbone) Darknetl9, ska moraHo BUSIB/sIa MaJIeHbKi
00'exTH, 6yna 3amiHeHa Ha Darknet53 gjst BupimieHHs 1iei mpobisemu. Y YOLOv4
3HOBY OYyJIO 3aMiHEHO MaricTpajbHy Mepexy BuiyudeHHs o3Hak Ha CSPDarknet53,
1110 3HAYHO MOJIMIINIO BUAKICTb i TOUHICTh asiroputmy. YOLOVS - Haibinbin mo-

JIeTIIIeHa Bepcisl 3 momepenHix, sika BUKOpUCTOBYe ¢peiimBopk PyTorch 3amicTh
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Darknet. Takosk y Hei 6yy0 momaHo HoBuit map dokycy (focus layer), sikuit 3amiHUB
repiri Tpu mapyu marictpaabHoi Mepexxi YOLOV3, 1110 g03BoINIO0 30iIbIINTH IIBU/I-
KiCTb IIpY MiHiMa/IbHMX BTPAT Y TOUHOCTI.

BukiageHHsI OCHOBHOTO MaTepiaaxy JOCHiIKeHHS

[MinroToBKa HaBYaJIbHOI'O HAOOPY JAHUX.

[T HaBYaHHS MOJeJieli IJIMOOKOro HaBUYaHHS IMOTpiOHa BejmKa BUOipKa 30-
OpaskeHb IJIs1 OTPUMAaHHS TOCUTb epeKTMBHOI Moneti. IcHye 6e3i1iu pisHuX HabopiB
IaHUX, OJHAK 6y/10 06paHo Habip maHux Kitti.

3arayiom 6ys1o 3i6paHo 550 300paskeHb njig HaBuaHHS i 105 300paskeHb 1IJis Ba-
ngigamii (puc. 1).

PucyHnok 1 - IIpuknaau 306paskeHb HaBUaJIbHOTO HAOOPy JaHUX

Takosk 6ys10 3i6paHo Habip maHuX i3 573 300paskeHb 3 HOBOTO MiCIlSl pO3Tallly-
BaHHS JJIT OCTAaTOYHOI Bajigaliii Mozese.

AHOTYBaHHS 300paskeHb.

OCKibKM BMKOPMCTOBYBAHMIA METOJ, PO3Mi3HABaHHSI 00'€KTiB € Pi3HOBUIOM
METOIy HaBUaHHS 3 BUMTeJIeM, BUHMKAE HEOOXiTHICTh IepemaBaTy Mopdesi iHdop-
Mallifo Ipo Miclle po3TallyBaHHSI 0OMeXYyBaJIbHUX PAMOK Ilijieli Ha 300paskeHHi. To-
My, AJis aHOTyBaHHsI 300paxkeHb nepenbdaueHo BukopuctaHHs Roboflow, skuit gae
MOSKJIMBICTb He TiJIbKM po3MidaTy 300paskeHHsI, a i1 eKCIIOPTyBaTH aHOTOBaHi Habo-
pu maHux y pisHux popmarax. Lleit migxin rnmpuckopoe mpoiiec, ockiabku YOLOVS i
Faster R-CNN maioTb pi3Hi ¢popmaTy aHOTAILiiA.

[TouaTkoBa KOHQIrypailis eKcriepMMeHTaaAbHOTO CTeH/Ia.

HaBuanHg i Bamigaiiito mojeseit nmpoBofeHo Ha raTdopmi Google Colab, sika
mae KoHdirypariieo: OC Ubuntu 18.04, rpadiunmit mpoitecop NVIDIA Tesla T4,
npouiecop Intel(R) Xeon(R) CPU @ 2.20ITu. Ha nmaTdopMi BUKOPUCTOBYETHCSI MOBA
nporpamyBaHHs Python i dpeiimBopk PyTorch. [Iyiss HaBuaHHS Ta Bamigaliii Moaeneit
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BUKOpHUCTAaHO O0ibmiorekn yolovs i detecron2 mmast YOLOv5 i Faster R-CNN
BiIMIOBigHO.

Jl7is ToKpallleHHSI pe3y/ibTaTiB HaBYaHHS 00paHO Byke MOIlepefHbO HaBueHi
mogpeJi. biomiorekolo YOLOV5 HamaoThes 5 pi3HMX IepeaHaBUeHMX Ha HAOOpi ma-
Hux Kitti mopesneii, $IKi BiApPi3HSAIOTbCS PO3MipOM, MIBUAKICTIO BUKOHAHHS i
TOYHICTIO.

O6pano YOLOv5m, Tomy 1110 BoHa mopiBHSIHO 3 YOLOV5s Mae HabaraTo 6ibIry
TOYHICTh i He BTpayae MBUAKOCTI, a mopiBHSIHO 3 YOLOV5] Ma€e Tpoxu MeHIy TOY-
HiCTb, BTpavalouy IIpu LIbOMY B IIBUAKOCTI. bibmoTekoio detecron2 HamaeTbcsl Be-
JIMKa KiUIbKICTh TMepeaHaBUEHMX Mofeseii Ha pi3HuMX Habopax AaHuX (KiTbKiCTh
ernnox-20, po3mip makery-16, mBuakictb HaBuaHHS-0.001, momeHTyM-0.9, ckopo-
yeHHs Bari-0.0005).

Kpurepii olliHiOBaHHS.

JIJ1s1 TIOPiBHSIHHS Pe3yJIbTATiB ABOX Pi3HUX MOeselt TMO0KOro HaBYaHHS JIJIst
BUSIBJIEHHSI 1IiJIe}i 3aCTOCOBAHO HU3KY CTAHAAPTHUX METPUK, SIKi BUKOPUCTOBYIOTh
IIJIST OLIIHIOBAHHSI MOJeJieli MalllMHHOTO HaBYaHHS. € BCbOro 4 MOXJ/IMBI pe3yJbTaTu
ITi [T Yac BUOiIeHHS] 00MeKyBaJIbHMX PAMOK i BUSIBJIEHHS 00'€KTa: iCTMHHO MO3UTUBHI
(TP) - pesynbTaT 0O3Havae, O MOJEIb KOPEKTHO BU3HAUMIA TTO3UTUBHUI KJIac, ic-
TUHHO HeraTuBHi (TN) - pe3yabTaT 03HAvaE, 110 MOJe/Ib KOPEKTHO BU3HAUYM/IA Hera-
TUBHMIA KJIac, XMOHO mo3uTuBHi (FP) - pe3yabTaT O3HAYae, 0 MOJIe/Ib HEKOPEKTHO
BU3HAuUWIA MO3UTUBHMI Kiac i xubHO HeraTusHi (FN) - pe3yibTaT O3HAuae, 0 MO-
Jle/lb HEKOPEeKTHO BM3HAuUMIa HeraTMBHMI Kiiac.

V 11ii1 3a1a4i OJHOK/IACOBOTO BUSIBJIEHHS TO3UTUBHUM KJIaCOM € 00’€KT, a Hera-
TUBHUM 3aJHii ¢oH. Takum unHOM, TP - BipHe BUsBIeHHS 00’ekTa, TN - BipHe BU-
ssBfeHHs (QoHY (1ieii TTOKa3HUK He BUKOPUCTOBYETHCS, OCKIJIbKM 00JIaCTh 3aHbOTO
(dhoHY He BUAIMSIETHCS ITiJT YaC aHOTYBaHHS), FP - HEKOpeKTHe BUSIBJIEHHS 00°ekTa, FIN
- BiICYTHICTb BUSIBJIEHHS.

JlJ1s BU3HAUEeHHSI HaJIe>KHOCTI pe3yabTaTy 10 OJHI€l 3 YOTUPHOX I'PYIT BUKOPUC-
TOBYETbCSI MeTpuKa IOU, sika € BigHOIIIeHHSIM 00J1acTi TepeTuHy 40 06sacTi 06'e/-
HaHHS KOPEKTHOI Ta IepeadayeHoi 0OMeXXyBaIbHUX PAMOK.

Ha ocHoBi oTpumanux pesynbTaTiB TP, FP i FN o6uuc/ieHi cTaHAapTHI MoKa3-
HUKU: TOUHiCTb (Precision), moBHOTa (Recall) i cepennst TouHicTb (AP). Takox po3pa-
XOBAaHO OKpPeMO KiJIbKiCTh KafpiB, SIKYy 3[aTHa 00pOOUTHU MOAesb 32 OAHY CEKYHIY
(FPS).

TouHicTh BM3HAYAE BiIHOIIEHHS YMC/Ia KOPEKTHO BUSIBJIEHMX 00'€KTiB 0 Bciei

KiJIbKOCTi BUSIBJIEHMX 00'€KTiB i 06umcioeTbes 3a popmyioio Precision=TP/(TP+FP).
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[ToBHOTa BM3HAYA€E BiTHOIIEHHS YMCjIa KOPEKTHO BUSBJIEHMX 00'€KTiB 40 BCiX 00'eK-
TiB Kjacy i o6umcioeTses 3a hopmynowo Recall =TP/(TP+FN). CepenHs TOUHiCTb AP
BM3HAYAETHCS IUIOIIEI0 IMiJi KPpMBOK TOYHOCTi-MIOBHOTYM i BU3HAYAETHCS SIK iHTerpas
BiJ dyHKIIii p(r) Ha BiApi3Ky [0;1], ne p —TOUHICTb, I —TIOBHOTA.

KpuBa TOYHOCTi-TIOBHOTM IMOKAa3y€ 3a/I€KHICTh 3MiHM TOUHOCTI IIPY 3MiHi IMOB-
HOTM I Pi3HUX MMOPOTOBMX 3HAUeHb. Y IIbOMY JOC/TiIkKeHHi Tpadikyu KPMBUX TOU-
HOCTi-TIOBHOTM ITOOYZOBAHO HA OCHOBi HIMPOKO BMKOPUCTOBYBAHOT'O ITOPOTOBOTO
3HaueHHs IOU, mo gopiBHIoe 0.6.

CepefHsI TOUYHICTh € OJHI€I0 3 HAMOI/NbII BUKOPMUCTOBYBAHMX METPUK IJISI BU-
3HAUEeHHS SKOCTi MOAesi BUSIBJIeHHST 00'€KTiB. IIpyu 1IbOMy cepelHsI TOUHICTbh MOXe
MIiCTUTU Pi3Hi MeTpuKM 3ajeskHo Bim IOU. Haibinplll BUKOPMCTOBYBAHMMM € 3Ha-
yeHHs AP ripu IOU He meHie 0.5 i cepeqHe 3HaueHHST AP TPy TOPOTOBUX 3HAYEHHSIX
IOU B miama3sowi Big 0.5 7o 0.95 3 kpokom 0.5, siki mo3HauarThcst AP@.51 AP@.5:.95
BiJITIOBiHO.

KinbKicTh KaApiB Ha CEKyHIY - Ile OCHOBHMII IOKA3HMK IIBUIAKOCTI MOJEJIi.
31ebinplIoro BBaXkaeThCsl, o0 NMoKasHMUK FPS Buie 30 mocTaTHii A9 BUMKOHAHHS
BUSIBJIEHHSI B TIOTOKOBOMY PEXXMMI.

[TopiBHAHHS pe3yJabTaTiB po60TM Mojeneii. Po3smip HaBUeHMX MoOeeii
YOLOV5 i Faster R-CNN ckiaB 40.2 MbB i 230.8 Mb BignosigHo. ITicjist HaB4aHHS MO-
Ilesli TpoTecTOBaHi Ha MepIiIoMy BastifaliitHoMy Habopi (Tab:n. 1, puc. 2) .

Tabmuig 1

PesynbTaTyt Bastigailii Mmozeseit Ha mepuioMy Habopi JaHux

ApxiTeRTVpa TounicTe, % | [loBHOTA, % | AP@.5, % AP@.5:95, % | FPS, K/c

YOLOVS 93,6 93,7 9% 50,2 56,5
Faster R-CNN | 94,2 92,8 95,1 51 6,56
56
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YOLOvS Faster R-CNN

YOLOV5

(a) (©6)
PucyHOK 2 — (a) KpuBi TOUHOCTi-TIOBHOTY MoOeJieli mic/is Badifallii Ha mepiuiomMy Ha-

6opi maHux; (6) Bisyasisaris micis Bamigailii Ha repioMy Habopi JaHuX

YOLOV5 mae nokasHuku AP@.5 i FPS Buii Ha 0.9% i 49.94 x/c BignoBizHO,
HiX y Faster R-CNN. IIpu ubomy Faster R-CNN mae mokasuuk AP@.5:.95 Bummii Ha
0.8%, Hixk y YOLOV5. MoykHa 3po6UTH BUCHOBOK, 1110 YOLOVS5 mBu/IIe CripaB/seThb-
Cs1 3 BUSIBJIEHHSIM i Ma€ OiJIbIIly TOUHICTb 3a HeBeJIMKOro MoporoBoro 3HaueHHs loU, a
Faster RCNN 36epirae 6i1bIry TOUHIiCTb ITifI 4ac rependoauyeHHs paMoK, sIKi Oiybiie
36iraroThCs.

Hani mopeni OynuM NOpoOTeCcTOBaHi Ha [JpyroMmy BajifauiiiHomy Habopi
(Tabs. 2, puc. 3).

Tabauis 2
PesynbTaTy Bastifallii Mojiesieit Ha Apyromy Habopi JaHux
ApxiTeRTVpa TogHicTB, % IMoBHOTA, % | AP@.5, % | AP@.5:.95, % FPS, K/c
YOLOVS 89,3 79,9 86,1 34,1 100
Faster R-CNN 89,2 81,4 87,7 40,9 6,1
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YOLOv5 Faster R-CNN

F.l.stt‘l’

(@) (6)
PucyHOK 3 - (a) KpuBi TOUHOCTi-ITOBHOTHM MOZeJieli mic/is Bajdifaliii Ha Ipyromy Ha-

6opi ganux; (6) Bisyasisaris micis Basmigaiiii Ha Apyromy Habopi JaHMUxX

[Ipu oTpMMaHHI 300pakeHHSI 3 HOBOTO MiCIISI PO3TaIlyBaHHSI TOUHICTb IBOX
Mopeieii 3MmeHinnacs, mporte Faster R-CNN Mae moka3HUK cepelHbOI TOUHOCTi BU-
muit, Hixk YOLOV5 Ha 1.6% Ta 6.8% nna AP@.5 ta AP@.5:.95 BignoBigHo. 3 11boTO
MO>KHa 3p00OUTM BUCHOBOK, 110 Faster R-CNN mae 6iibIi riinboke HaBUaHHS, IO 10-
3BOJISIE HE TaK CMUJIbHO BTPAavaTy TOUHICTh IIPY OTPUMMAaHHI 300pa’keHHs 3 HOBUM Ce-
peooBUIIEM.

Faster R-CNN He 3a70BO/JIbHSIE BUMOTAM BUSIBJIEHHSI B TIOTOKOBOMY PEXUMIi,
TIpOTe JTa€ 3MOTY IOCUTb TOYHO BU3HAUaTH 00'€KTM B HOBOMY cepeJloBuIIli 6e3 moHa-
BUaHHS. lleit aJiropuTM IMiAXOAUTH Y TUX BUIAIKAX, KO ITOTPiOHO BUSIBJIEHHS TOY-
HMX 00MEeKyBa/IbHMX PAMOK i BUSIBJIEHHSI B Pi3HUX cepeloBUINaxX 6e3 rmonepegHboro
JIOHAaBUYaHHS.

YOLOVS5 3a/10B0JIbHSIE BUMOTaM BUSIBJIEHHSI B TIOTOKOBOMY PeXMUMi, TIpU 1[bOMY
36epirae mOCUTh BMCOKY TOUHiCcTh. OlHAK MPM OTPMMaHHI 300pakeHb 3 iHIIMM ce-
peoBHUILlEM MOXKe BTPATUTU TOUHICTb BUSIBJIEHHS SIK IIPU IIOPOTOBOrO 3HAUYEHHS
IoU, mio mopiBHioe 0.5, Tax i 3a BeJIMKUX.

BucHOBKU

V pesynbTati gociimKeHHs 3i0paHO Habip maHMX i3 KaMmep Bimeocriocrepe-
>KeHHSI i TpoaHOTOBaHe 3a JornoMoroio RoboFlow. I'osoBHI pecTaBHMKY OBOX TPYTI
anropuTMiB BusiBjieHHS 06'ekTiB YOLOVS5 i Faster R-CNN HaBueHi 3 BUKOPUCTaHHSIM
MiITOTOBIEHOTO HAabopy AaHux. EkcriepyMeHTaabHMM UMHOM OTPUMAaHO METPUKMU
Mopeseit. Pe3yabTaTy IoKasajiu, 1o o6uaBi Moesli MaloTh CBOi IlepeBaru Ta Helo-
JIikM, 06MABI Momei 3aCTOCOBHI AJ1s1 pisHMUX 3aBHaHb. Faster R-CNN 306epirae BMCOKY
TOYHICTh 3a Pi3HMUX BXiTHMX JAHUX, aJie P IIbOMY Ma€ IMOBiJIbHY IBUIKICTh 06P006-
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KU, 110 He Ja€ 3MOTU 1i BUKOPUCTOBYBATY /i1 BUSIBJIEHHSI B IOTOKOBOMY PesKMMi.
YOLOV5 Tpoxmu BTpaua€ TOUYHICTh Ha HOBUMX Habopax maHux, mamounm AP@.5 i
AP@.5:.95 Ha 1.6% i 6.8% BinnoBigHo, Hixk Faster R-CNN, mpoTe Bosiofii€ MBUIKIC-
TI0O 00pO0JIeHHS B KijlbKa pa3iB BuUIOI0, Hixk Faster R-CNN, 110 mae 3Mory BUKOPMC-
TOBYBaTH ii Jis 06pOOKM B ITOTOKOBOMY peskumi. He3Baxkarouu Ha Te, mo YOLOVS
BTpavya€ TOYHiICTh HA HOBOMY HaboOpi maHMX, rMokasHuka AP mae 6yTu JOCTaTHBO JJIsI
BUPillIeHHST 3aBIAHHSI OOUMCIEeHHS KiJIbKOCTi 00’€KTiB, IMOXMOKa OOUYMCIIEHHS 3 Ta-
KO0 TOUHICTIO BBaKAETHCSI MOIMMYCTUMOIO. SIKIO B3SITU IO YBaru, Mo JOCTiIKyBaHe
cepeJoBUIlle 3 TUIMHOM Yacy He 3MiHIOETbCSI, TO MOXHA JOHABUMTU MOJeNb IJIsi
OTPMMAaHHS OiJIbIII TOUHMX PE3y/IbTaTiB.
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Detection of objects in the image in streaming mode using YOLOvS5 i Faster R-CNN

The accuracy of the model can be one of the main indicators, on a basis of which it
is possible to conclude about the suitability of the model for its practical operation. How-
ever, taking into account the specifics of the identified task, it is also worth paying atten-
tion to the speed of the model, since there is a need to process data in streaming mode.

To investigate the possibilities of using machine learning in an applied problem,
two groups of object recognition models considered: YOLOv5 and Faster R-CNN.

The purpose of the study is to analyze the architectural solutions of the most com-
mon object detection models YOLOv5 and Faster R-CNN to build a model to improve the
speed and accuracy of object detection in an applied task or further combine them.

A total of 550 training images and 105 validation images collected. A dataset of
573 images from the new location also collected for final validation of the models. The
use of Roboflow provided for image annotation, which allows not only to mark images,
but also to export annotated data sets in various formats. Training and validation of the
models carried out on the Google Colab platform. The platform uses the Python pro-
gramming language and the PyTorch framework. The yolov5 and detecronZ2 libraries for
YOLOVS5 and Faster R-CNN, respectively, used for model training and validation.

To determine whether the result belongs to one of the four groups, the IOU metric is
used, which is the ratio of the intersection area to the area of the union of the correct and
predicted bounding frames.

The size of the trained YOLOv5 and Faster R-CNN models was 40.2 MB and 230.8
MB, respectively. The models tested on the second validation set.

As result of the study, a set of data from video surveillance cameras collected and
annotated using RoboFlow. The main representatives of two groups of object detection
algorithms YOLOv5 and Faster R-CNN trained using the prepared data set. The results
showed that both models have their advantages and disadvantages, both models are ap-
plicable for different tasks.
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A.®. Topos1ii
BUKOPHCTAHHS HEUITKOI JIOTIKU JIJISI AHAJII3Y COLIIAJIBHO-
EKOHOMIYHOTI'O 1OBPOBYTY HACEJIEHHA

AHomauis. Cmamms po3Kkpusae Hosul nioxio 0o aHanizy 006pobymy HacesneHHs 3a 0NOMO20k0
meopii HeYimKux MHOXUH. Mema 00CiOxeHHA Noaiseae 8 po3pobyi ma 3acmocysaHHi Memooo

J1021i, 3ACHOBAHOI HA HeYImKil Js02iyi, 014 KINbKICHOI OUIHKU ma aHam3y CouyianbHo

eKOHOMIYH020 006pobymy 2pomadsiH. OCHOBHe 3aBOAHHS BKIOYAE pO3POOKY Memo0i010214H020
nioxody, nobyoosy mooeni 018 oyiHKu 0obpobymy ma po3pobKy pekomeHOayili 018 NAAHYBAHHS
CoyianbHO eKOHOMIYHUX cmpameeil. B aKkocmi pilueHHs nponoHYEMbCSA BUKOPUCMAHHA HEYIMKOT
JI02TKU, KA 003B0JIAE KpaLye 8paxosysamu HeOOHO3HAYHOCMI ma HesU3Ha4yeHoCcmi 8 0aHUX Npo
006pobym HaceneHHsA. Y docnioxeHHT npedcmagieHo demanbHuli onuc po3pobaeHoi Mooesi, o
BK/IOYAE (POPMYBAHHSA NTH2BICMUYHUX 3MIHHUX, BU3HAYEHHS mepM MHOXUH 1 po3pobKy npasus
8UB00Y. Lji komnoHeHmu 00380s14t0mb MoOeni adanmysamucs 00 PI3HUX YMOB 1 munig OaHuXx,
3a6e3neyyl0yu eHy4YKICMb 1 WUPOKe Nnojie 3acmocyBaHHs memooy. [JocnioxeHHs maKox niokpe

CJII0E BAXIUBICMb GHANI3Y YUHHUKIB, WO BNIUBAIOMb HA 006PO6YM HACeNeHHs, MaKux K 00Xo

Oou domozocnodapcms, Bumpamu Ha MeOUKaMeHmu ma Xap4y8aHHs, piBeHb 0CBIMU, CMAH Xum

J1a, 3Ha4YeHHs 0cobucmozo e2ocnodapcmsa ma iHwi. ABmopu BKa3ylmb Ha OUHAMTYHICMb BNUBY
yux ¢akmopis i Ha HeObXIOHICMb ix pe2ysiIApHO20 OHOBJEHHS 0718 NIOBULYEHHS MOYHOCMI npo

2H0318. Pe3ynbmamu 00cnioxeHHs 0eMOHCMpyoms, WO po3pobieHa Modens 3a6e3neqye GifbLu
MOYHI ma 06I'PyHMOBAHI NPO2HO3U PIBHA COUIANbLHO eKOHOMIYHO20 006pobYymy NOopiBHAHO 3
mpaouyiliHumu memooamu. Ompumani 0aHi MOXXymb bymu BUKOPUCMAHT O NAGHYBAHHS COUT

a7bHO eKOHOMIYHUX cmpameeili Ha MIKPO ma MAKPOPIBHAX, CNPUSIOYU PO3pobYT eekmuBHUX
3ax0078 015 nidsuujeHHs 0obpobymy HaceneHHs. Cmamms BHOCUMb 3HAYHUL BKIAO y PO3BU

moK Memodi8 aHai3y CoyianbHO eKOHOMIYH020 006pObYmMY, NOKA3YYU NOMeHYian Heyimkoi
JI02TKU AK THCMpyMeHmy 071 niOBULYeHHS MOYHOCMI NPO2HO3YBAHHA mMa Po3poOKU 06rpyHmMo

BAHUX COUIA/IbHO @KOHOMIYHUX NONITMUK.

Knioyosi cnosa: Heyimka noeika, dobpobym HaceneHHs, 0oxodu domozocnodapcms, paszugixka

Yia 0aHux, NTH2BICMUYHA 3MIHHA, KPUMEPIaIbHa Mampuys.

ITocraHOBKA NMpo6eMu. AKTYaabHICTh AOCTiIKeHHS M0JISITa€ B TOMY, 1[0 3a-
OesIeyeHHsI COLlia/IbHO-eKOHOMIUYHOTO JO6POOYTY HaceleHHs € OJHi€l0 3 KIOYOBUX
3a,a4 JlepskaBHOI MOMITUKY Oy[b-sK0i KpaiHu. CyyacHi eKOHOMiUHi yMOBM, XapakK-

TepU3YITbCSI BUCOKMM piBHEM HEBM3HAUEHOCTI Ta AMHAMIUHICTIO, 110 BMMAarae Bifl
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HAYKOBIIiB Ta IPAaKTUKiB PO3POOKM HOBUX iHCTPYMEHTIB aHaIi3y Ta MPOTrHO3yBaHHSI.
HeuiTka sorika, IK MeTOH, aHaTi3y JaHUX, J03BOJIsIE eeKTUBHO IPaIOBATy 3 HEUIT-
KMMM, HEOTHO3HAUHMMM JaHUMM Ta iHQopMalli€io, o He MOe OYTM TOUHO KBaH-
TudikoBaHa, ajie Bifirpae BaskaMBY PoJib B OILIiHII COIliaTbHO-€KOHOMIYHOIO CTaHY.
Lleit meTom MoXKke 3a6e3meunTH GibIII TOUHE Ta THYYKEe MOAETIOBAHHS COLiaIbHO-
€KOHOMIUHMX IIPOIECiB, TO3BOJISIIOUM aHAJIITUKAM Kpallle pO3yMiTy Ta MPOrHO3yBa-
T HACTiAKM Pi3HUX IMOJITUYHMX pillleHb Ha 0Op0oOyT Hace/leHHsI. B KOHTEKCTi IJ1o-
6asizartiii, 3MiH y CBiTOBil/f EKOHOMIIli Ta TOCTifHOTO 3POCTAaHHS COIlia/IbHOI HEpiB-
HOCTIi, JOC/TiI’)KeHHSs, 1[0 BUKOPUCTOBYIOTh HEUITKY JIOTiKY AJI aHa/li3y COlliaJbHO-
€KOHOMIYHOT0 T00pOoOyTYy, CTAalOTh OCOOJMBO aKTyaJbHMMM. BOHM AOIOMAaraioTh
imenTHdikyBaTy Ta aHaAi3yBaTM CKJIAAHI B3a€EMO3B’SI3KM MiXK EKOHOMiYHMMM ITOKa-
3HMKaMM Ta COIiaJIbHUM A0OpOOYTY, BpaxOBYIOUM Pi3Hi IPyIM HAaceJeHHs Ta iX MOT-
pebu.

TakMM UYMHOM, BMKOPMUCTAHHSI HEUYITKOl JIOTiKM B aHajli3i ColiaJbHO-
€KOHOMIUHOTI0 100pOoOYyTY MO3BOJISIE 3POOUTH OLIIHKY OiJIbIII KOMIUIEKCHOIO Ta MYJIb-
TiAMCUUIUTIHAPHOK, BPaXOBYIOUM He TiJIbKM €KOHOMIiUHi, ajie ¥ colliajibHi, KyJbTyp-
Hi Ta iHIIi acIeKTH, 110 BIVIMBAIOTh Ha SIKICTb SKUTTS Jiomeit. lle cripusie po3poobiri
6inb11 epeKTUBHMX CTPATETIN COLiaTbHO-€eKOHOMIYHOTO PO3BUTKY Ta MOKPAIEHHIO
YMOB XXUTTSI HaceJIeHHSI Ha Hal[iOHAJbHOMY Ta peTiOHaJIbHOMY PiBHSIX.

AHajti3 ocTaHHiX JocaigKeHb i myosmikanini. Sk 3a3HauaoTh [1, 4] 3a6e3re-
YeHHSI COLiaJIbHO-eKOHOMIUHOTO 00pOoOyTy HAceJeHHSI € Y3royKeHOIO isIbHiCTIO
CYCITi/IbCTBA IIIOJI0 3MEHIIEHHS BIUIMBY COIiaJIbHUX PU3UKIB 3 METOI 3arobiraHHs
TIOTipIIeHHI0 YMOB COIlia/ibHOI Oe3meKky 3arajoM Ta HalOilbIl ypasauMBUX BepCTB
HacejeHHS. [T BM3HAuUeHHS pPiBHSI J00pPOOYyTYy 3aCTOCOBYETHCS CUCTEMaA
00’€eKTMBHMX IIOKa3HMKiB, (3aCHOBAaHMX Ha COULiaJIbHMX CTaHOapTax), Ta
Cy0’eKTUBHMX, (BPAaXOBYIOTb SIK KiJIbKiCHi, a ¥ SIKiCHi OIIiHKM piBHS COlliaJibHOI 3a-
XUIEHOCTI, SIKi BUMipSITU BasKKO).

TeopeTMKO-MeTO0IOTiUHI 3acayi eKOHOMETPUUHOIO MOJIeTI0BaHHS OIliHIO-
BaHHS COIlliaJIbHO-eKOHOMIUHOTO 106p00OyTy Hace/leHHS po3pobiisioTh: [2, 3]. Cepen,
poGiT y rasmy3i HewiTKoi Jioriku ciif Big3HaumTy my6srikarii [10], 3 HewiTKoi Kiacre-
pusallii Ta posmi3HaBaHHS 00pasiB 3 HEUiTKOrO BMCHOBKY Ta HEUiTKOTO
iHTerpainy [11, 13] 3a HeuiTKOO JIOTiKOW0. AJie, He3BaXKalouy Ha BeJIUKY KiJIbKICTb Te-
OpeTUUHMX POOIT, MPUKIaAHE 3HAUEHHS HeUiTKUX Mojiesieil TpUBaInii yac CTaBUIO-
cs mig cymHiB. HelocTaTHbO pO3KPUTUM acIeKTOM TeMaTUKM 3a/JIUIIA€ETbCS KOM-

TUVIEKCHUIA Ta CUCTEeMAaTUYHUI aHaTi3 COL[laJIbHUX PU3MKIB, X SKiCHA OIL[iHKA Ta MPO-
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THO3YBaHHS; iHTerpajabHa OLiHKA OCSTHYTOI'O PiBHSI 1OOPOOYTY HacejJeHHS Ha 3a-
CaJax BUKOPUCTAHHS HEUiTKOI JIOTiKN.

Meta pociimkeHHss. OCHOBHOIO METOIO AOCJIiI;KeHHS € po3poOKa Ta arurika-
i1 MeTOHOJIOTil Ha OCHOBI HEYiTKOI JIOTiKM IJIsi OLIiHKM Ta aHaji3y COLiaJIbHO-
€KOHOMiYHOT0 J0OpOOYTY HaCeIeHHSI.

3aBAAHHS ITOC/iIKEHHST: pO3pOOUTM METOIOIOTiUHMIA iIXil Ha OCHOBI HEYiT-
KOI JIOTiKM, 1110 BK/IIOYa€ (OpMYyBaHHS JIHTBICTUUYHMX 3MiHHUX, BU3HAUEHHS TepM-
MHOXWH Ta PO3p0OOKY ITpaBM/I BUBOY IIJISI aHAUTi3y JaHUX ITPO JOOPOOYT HAace/IeHHS ;
IOOyayBaTy MOJEJb Ha OCHOBI HEUITKOiI JIOTiKM JJjI1 OI[iHKM pPiBHS COIliaJIbHO-
€KOHOMIYHOTO A00pOoOYyTYy Hace/lleHHs, sIka MOXKe aJallTyBaTUCS OO0 Pi3HMX YMOB Ta
TUITIB JAHMX; PO3POOUTHM pPeKOMEH/Allii 100 3aCTOCYBaHHSI PO3pP00IeHOI Moei
IJIsT TIOKpallleHHSI TIpolleciB IJIaHYBAHHSI Ta BTiJIeHHS COIiaJibHO-€KOHOMiUHMX
CTpaTeriii Ha MiKpo- Ta MaKpPOPiBHSIX.

BukiageHHsI OCHOBHOTO MaTepialy JOCTiaKeHHs. Y cdepi eKOHOMiKM BU-
BUEHHS IIpo6iemMu g06po0OyTy BKIOUAE imeHTMdiKaIlil0 KiJIbKOCTi JI0MIe, sIKi MOT-
pe6yIoTh MATPMMKY, aHai3 iXHiX MaTepiaJbHMX YMOB Ta OLiHKY (iHAaHCOBUX 3aCO-
0iB, HeoOXimHMX mJIs1 3a6e3meueHHs 1i€i maTpuMKu. Ocob/MBO 1ie CTa€ BaK/IMBUM,
KOJIM OIOIKeTHI KOIITY 0OMEXKeHi, 10 POOUTh IIiJIecIIpsIMOBAaHICTh HaJaHHS IOIIO-
MOT'M KPUTUYHMM acIlIeKTOM. Y IIbOMY KOHTEKCTi 3’SIBJISIETbCSI CKJIQAHICTh aJieKBaT-
HOi OIiHKM T06POOYTY SIK HA PiBHiI OKpeMMx 0cCib, Tak i JOMOroCroAapCTB B IiJIOMY,
BPaxOBYIOUM HEIIOBHOTY Ta HEOJHO3HAYHICTb AOCTYIMHOI iHdopmarii. Hampukian,
MOKe iCHyBaTM 3HAUHA PO3OiIKHICTh MiK CY0’€KTMBHUM CIIPUIAHSTTSIM iHIMBiIOM
CBOro 100po6YTY Ta #0ro 06’eKTMBHOIO OIliHKOIO [8]. Xoua cTaHAapTHI CTaTUCTUUHI
METOIM MOXYTb OyTM KOPUCHUMM, MU ITPOIIOHYEMO BMKOPMUCTOBYBATU METOIM He-
YiTKOI JIOTiKM JIJIsI pO3B’SI3aHHS ITOi0HMX 3a1a4.

B poboTi mpencraBieHo Habip KpUTepiiB AJIs OLiHKM JT0OPOOYTY, BKIIOUAIOUN
BU3HAUEHHS 1X BJIACTUBOCTEN, a TAKOX MPUKIAAM KOHKPETHMUX PO3paxyHKiB. OCHO-
Ba 3allpOMOHOBAHOTO MiIXOAY MOJISITa€ B BUKOPUCTAHHI KOHIIEIIlil HeUiTKOI JIiHTBiC-
TUYHOI 3MiHHOI, Jialta30H 3HAY€Hb SIKOi ITpeICTaB/JIeHNii yepe3 Habip TepMiHiB, Ha-
MpUKIAA, BUKOPUCTAHHSI 3MiHHOI «PiBeHb MOXOMy» 3 MOKJIMBMMM 3HAUEHHSIMU
«Husbknii», «CepenHiii» Ta «Bucokmii».

HocaimkeHHST BUIIISIE P YMHHUKIB, 1[0 BIUIMBAIOTh HA TOOPOOYT HAaCEIeHHS,
BK/TIOUAIOUM BU3HAUEHHS JOOPOOYTY 3a pPisHUMM KPUTEPiSIMU, TUIT JOMOTOCIIOHapC-
TBAa, Y SIKOMY >KIBe MeHCiOHep, BUTpaTy Ha MeIMKaMeHTM Ta XapuyBaHHS BiIHOCHO

JIIOXOy, MPOMNOPILIiI0 HEMPALIIYMX WIEHIB Y JOMOTOCIOAAPCTBi, OCBITY, CTaH YKUT-
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Jla, 3HAaYeHHSI 0COOMCTOTrO TOCIIOIAPCTBA, TUIT HACEJI€HOTO MYHKTY, PU3UK aJIKOTOJTi-
3MYy Ta CTaTh OCOOM.

BapTo migkpecsmTu, 1m0 nepesik ¢GakTopiB, 10 BIUIMBAIOTh Ha OI[IHKY J00OPO-
OyTy, Ta iX BIUIMB MOXXe 3MiHIOBAaTHUCS 3 IVIMHOM 4Yacy. 30KpeMa, IOMOTroCroiapcTBa
3 MpaloYMMM YWieHaMy MalTbh HaWBUINMII OOXid Ha OyIIy HaceJleHHS, SKUil Ha
TPeTMHY TepeBUINy€E NOXiA y AOMOrocrnomapcTBax 6e3 meHcioHepiB. HalimeHmnit
JOXiJI, Bil3HAYa€ThCSI B JOMOTOCIIOAAPCTBAX, A€ I0JIOBA € HeMpallolouuM IMeHCioHe-
pPOM, OCOOJIMBO SIKIIO B CiM’i € 3aJIeXKHi 0C00M, TaKi SIK iHBaJIiaM Y1 HEIIOBHOJIITHI,
IIpY 1IbOMY II€HCisI CTa€ TOJIOBHMM [yKepejioM oxonay. [1oxoay TaKuMX HOMOTOCIIO-
IapCTB MOXYTb 3HAYHO MiABMUIIYBATUCS 3@ PaXyHOK AOIMOMOIM Ha [JiTei, 1iJbOBO1
COIIiaJIbHOI IMATPUMKM, HOXOMiB Bil 0COGMCTOro rocrmomapcTBa, ¢GiHaHCOBOI ITiAT-
PUMKM BiJ, poauuiB Ta iHWOro [2]. OgHak, BiACyTHICTb CTATUCTUYHMUX JAaHUX 3HAUHO
YCKJIaJHIO€ aHaJIi3 CUTYyallil cepe[i MeHCioHepiB.

[is1 po3po6OKYM MoAeJIi OLIiHKYM PiBHSI TOOPOOYTY HA OCHOBiI HEUiTKOI JIOTiKM MU
IIPOIIOHYEMO BMKOPUCTOBYBATHM HACTYIIHI BXiHi JIHIBICTUMYHI 3MiHHi 3 TpalmelieBu-
IHUMM 260 TPUKYTHUMU GQYHKIIISIMY TPUHAIEKHOCTI [5]:

— piBeHb JOXOMiB I'POMasIHMHA;

— 3arajJbHMII IOXiJ] JOMOTOCIIOAapCTBa;

— piBeHb 3a0IIaKeHb, BKIIOUHO 3 BAPTiCTIO 0COOMCTOTO MaiiHa;

— YaCTKy BUTpAT HA MeINYHi MoTpedu;

— YacCTKy BUTpAT Ha XapuyBaHHSI.

Ha mouaTkoBOMY eTarli 1Ii (pakTopu 6yayTh BBaXKATHUCS OOHAKOBO BasK/IMBUMIA.
DyHKITIT TpUHAIEKHOCTI MOXKYTb OYTM ITpeACTaB/IeHi 32 TOIMIOMOIOI0 TpallellieBu/I-
HUX (QYHKIMA 3 BU3HAYEHHSIM TepMiHiB SIK «Hu3bkuit», «CepemHiii» Ta «Bucokmii».
s dbopMmyBaHHSI TparelrieBMaHOI QYHKIIT MPMHAIEKHOCTI MOTPIOHO BU3HAUUTHU

yOTMpU MapameTpu: a, b, ¢, d [14].
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Pucynok 1 — ITapameTpu TpamnelienonioHoi dyHKIlii o1jiHkM piBHS 106p00YTY [14]
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Ha pucyHky 2 mpepacTaBieHO ilocTpallifo rpadikiB QyHKIII TpUHAaIeXHOCTI
IJIs1 TIHTBiCTMUHOI 3MiHHOI «PiBeHb moxomy» i3 Habopom TepmiHiB {Husbkuit, Cepe-
IHil, Bucokuii}. BaskamBo BiAMITUTH, 1[0 TPUKYyTHA (PYHKIIiSI TPMHAIEKHOCTI MOXe
OyTM PO3IJISIHYTA SIK CIlellia/IbHUiT BUMIAOK Tparerienoaionoi gyHkiiii, e mapame-
Tpu b i ¢ € imenTnuHuMu. 1151 Kateropii «CepenHiii» mapameTpu QYHKIIii MpuHaie-
KHOCTi (BMpa)keHi B TUCSiUaX TPUBEHb) BCTAHOBJIIOIOTHCS HACTYIHUM YMHOM:
a=8,b=15c=15,d=2417].

@OyHKIIis

[IPVMHAIEKHOCTI Huspkuit CepepHiii BuCOKMit

0 10 20 30 40 50  Hoxox

X

PucyHok 2 - IIpuknan GyHKITii BIaCHOCTI JiHTBiCTMYHOI 3MiHHOI1

«PiBenb goxony» [7]

Po3pobka mopeneii 3 BUKOPMCTAaHHSIM HEUiTKOi JIOTiKM Moske OyTu 3AilicHeHa
3a JOIOMOTIOI0 Pi3HMX MeTOAMK. Y cdepi eKOHOMIKM AJIs1 aHajIi3y peHTabeabHOCTi
iHBeCTHUIIiii YacTO BOAIOTHCS A0 METOHY, SIKMii 6a3yeTbCsl HAa BCTAaHOBJIEHHI Habopy
eBPUCTUYHUX TPaBWI, a00 TaK 3BAaHMUX MPONYKIMHUX TPABUI, TUITY <«SKIIO-TO».
OcHoBHa TpobsieMa TaKoro MigX0oIy MoJsra€ y rmoTpebi BM3HAUEHHST BEIUKOI Kijlb-
KOCTi eBPUCTUYHMX MPABWII, OOCIT SIKMX CKJIAIHO TepeadoaunTy 3a3gajerigb. B po-
60Ti MM ob6pany MeTOAMKY, sIka CHMPAETLCS Ha aJTOPUTM, ONTUMAIbHUI 3 TOUKU
30py MMPOCTOTU Ta 3PYYHOCTi BUKOPUCTAHHS, SIKMIT JIETKO iMIIJIEMEHTYETbCSI Y TIPO-
rpaMHOMY 3abesnedyeHHi, TakoMy sk Excel, Ta He moTpebye CTBOpeHHS BeIMKOi Ki-
JIBKOCTI MPOAYKIiAHUX TTpaBu [5].

OriHKa puU3MKy MOTPAIUITHHS B KaTeropito OifHMX BM3HAUAETHCS 3a JOIIOMO-
rol0 3MiHHOI g, 0OUMC/IEHHS SIKO1 3[iMICHIOETbCS 3TigHO 3 (POPMYJIOI0, MPUIATHOIO
IJIs1 TporpamMHoOro 3abe3mneueHHs Matlab. Takok BaXkJiMBO 3a3HAUUTH, 1110 pe3y/ibTa-
T MOJE/TIOBAHHS 3HAUYHOI MipOI0 3aJIeXKaTh Bif BMOOpY TUITY Ta mapameTpiB QPyHK-

11ii mpuHanexxHocTi. Jetani knacudikartiii miei 3MiHHOI TpeicTaB/eHi y Tabnili 1.
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Tabmmuig 1
Knacudikartiist BuXimHoi 3MiHHOI1 MO/IeJTi OIiHKY PiBHSI JOOPOOYTY

[HTepBas 3HaYeHb 3MiHHOI HeuiTka nigMHOXMHA
CTymiHb HU3b-
[0 - 0,3] . PUSUKY IobpobyTy
Kuit
(0,3-0,7) CTyniHb cepenHs| PU3UKY HobpobyTy
CTyImiHb BUCO-
[0,7 - 1] . PUSUKY oo6pobyTy
KUt

B Meskax IOCTaB/ieHOI 3ajadvi IpeacTaBisSIETbCS METO[ MPOTHO3YBaHHS, IO
BKJIIOUA€ HACTYNHI nepioau [12]:

1) BctaHoBeHHS yHiBepca/ibHOI MHOXMHM U, sIKa IpecTaBiise co00I0 miarma-
30H MiXX MiHiMaJbHMMM Ta MaKCMMaJIbHMMM BapiailisiMmy piBHS XKUTTEBOTO CTaHAAP-
Ty HaceJIeHHSI.

2) INogin yHiBepcanbHOI MHOXMHM U Ha JeKibKa piBHUX 3a JOBXMHOIO iHTep-
BaJIiB, 1110 MTOKPMBAIOTh 3HAUEHHS Bapialliii, acollilfioBaHi 3 pi3HMMM PiBHSIMM 3pOC-
TaHHS PiBHSI JOOPOOYTY HAaCceJIeHHS].

3) 3amaHHS A1 OMMCY Bapialiii piBHSI KUTTSI HaCeJeHHS 3a JOMOMOrOI0 JIiHT-
BICTMYHOI 3MiHHOI Ta BU3HAUEHHS BiOITIOBIAHMX JIIHIBICTUMUYHMX 3HAUYeHb IIi€i 3MiH-
HOi, TOGTO CTBOPEHHS HAOOPY HEUiTKMX MHOKMH F(t).

4) ®a33udikallis BXigHMX OJaHKX, sIKa Iepeabavae MmepeTBOPEHHS TOUHMX UMC-
JIOBUX 3HAUeHb Yy HeuiTKi. Lleif mpoiiec m03BoJsI€ BimoOpasmUTy SIKiCHE PO3YMiHHS
TEeMITiB 3pOCTaHHS PiBHSI JOOPOOYTY HaceleHHS Y BUIISIAI PYHKIIiV TPUHATEXHOCTI.
BcraHoBieHHsT ITapaMeTpa w>I1, 10 BimoOpaskae yacoBMii MPOMIKOK, IO Ilepemye
IIOTOYHOMY POIli; pO3paXyHOK MaTpUIli HEUiTKUX BigHOIIeHb Rw(t) Ta BU3HAYEHHS
IIPOTHO3Y PiBHSI JOOPOOYTY HaceeHHs Ha HACTYITHUIA PiK.

5) Hedassudikailiss oTpMMaHOTO pe3yabTaTy, a caMe IepeTBOPEeHHSI HeUiTKUX
3HaueHb HA3aJl y TOUHI YMCI0OBiI TTOKa3HUKK. [Ipuknan peanisaiiii 3a3HaueHOI MeTO-
IVKU OJIs1 aHaUTi3y piBHS J0OpOOYTY HaceJeHHSs IpeicTaBAeHO Yepe3 MpukKiIaz 3 00-
MEKEeHOK  KiJIbKICTI0 JaHMX, SK T[epmuii KpOK y BUpillleHHI 3amadi
IIPOTHO3YBaHHA [6].

V tabnuili 2 HaBeoeHO OMHAMIiKy 3MiH y PiBHi J0OpoOyTy Hace/lleHHS KpaiHu,
sIKa CJIYTY€ OCHOBOIO JIJisI CTBOPEHHSI «PEeTPOCIIEKTUBHOTO MMPOTHO3Y», a TAKOX MOKa-
3aHO 3MiHM B OOPOOYTi HaceJIeHHS BiJl Iepioay o mepiony.
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Tabamuig 2
JuHaMika Ta BigIoBigHi Bapiallii piBHS 106po0OyTy HaceIeHHSs

PiBeHb moxony Lo
: Bapiaris L -
[lepion,| Ha 1 moguny daszsudikarlist Bapiairii
(TpH.)
(TpH.)
Al 7282,6 0
A2 A2={(0.02/ul), (0.03/u2), (0.04/u3), (0.06/u4),
7437,2 154,6 (0.12/u5), (0.27/u6), (0.79/u7)}
A3 A3={(0.6/ul), (0.92/u2), (0.34/u3), (0.14/u4),
7464,8 27,6 (0.07/u5), (0.04/u6), (0.03/u7)}
A4 A4={(0.75/ul), (0.78/u2), (0.27/u3), (0.12/u4),
7487,6 22,8 (0.06/u5), (0.04/u6), (0.03/u7)}
A5 A5={(0.98/ul), (0.39/u2), (0.15/u3), (0.08/u4),
7496 8,4 (0.05/u5), (0.03/u6), (0.02/u7)}
A6 A6={(0.78/ul), (0.27/u2), (0.12/u3), (0.06/u4),
7496,4 0,4 (0.04/u5), (0.03/u6), (0.02/u7)}
A7 A7={(0.52/ul), (0.98/u2), (0.39/u3), (0.15/u4),
7526,8 30,4 (0.08/u5), (0.05/u6), (0.03/u7)}

ITig «Bapialiieto» 3a meBHMII IIepiod pO3yMilOTh 3MiHY B PiBHi 10GpOOYTY Mmopi-
BHSTHO 3 TIOoIepeaHiM pokoM. [IJist BCTaHOBJIEHHS VHiBepcaabHOro Habopy U criouar-
Ky MMOTPiOHO BM3HAUYMTM MiHiMajbHe Ta MaKCHMMajbHe 3HAUY€HHS 3MiH IIPOTSITOM
aHaJIi30BaHOTO Mepiofy, Mic/s Yoro AJ1s1 BCTAHOBJIEHHS 3PYUYHMX TPAaHUILb iHTepBaTY
otig BubpaTty 3HaueHHsI D; Ta D, (SIKi € momaTHUMM unciaaMmu). BinmoBigHo, yHiBep-
canbHMit Habip U MoxkHa BUsHAUUTHU SIK U: U = [Vipin — D1, Vipax + D3], e Viin = 200 €
MiHiMaJIbHOIO 3MiHOMWO (y 7 mepiofi), Vmax = 154,6 € MakcMMa/ibHOI0O 3MiHOIO (Y 2
nepioni), D1 = 200, D; = 400. TakuMm 4MHOM, YHiBepcaabHuit Habip U 6yme maTu BU-
risp: U=[0, 77700].

Ha gpyromy erami rmoTpi6bHO momiimTu yHiBepcanbHuit Habip U Ha gekinbKa iH-
TepBaliB, sIKi MalOTh OAHAKOBY JOBXUHY. Y 1IbOMY BUTIAJIKY, YHiBepcaabHMit Habip U
MOJJIEHO Ha CiM iHTepBasiB 3 OJHAKOBOIO HOBXMHOW: ul=[0, 11100], u2=[11100,
22200], u3=[22200, 33300], u4=[33300, 44400], u5=[55500, 66600], u6=[55500, 66600],
u7=[66600, 77700]. BasxxiMBO BigMiTUTH, 10 CcepelHsI MOXMOKa MPOTHO3YBAHHS 3a
MEeTOAOM HeUiTKMX YaCOBUX PSIIiB € MiHIMaJIbHOIO, TOMY CJIiJl BKa3aTu cepeaHi TOU-

KU LIMX iHTepBasiB.
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TpeTiif KPOK MoJiIra€ B CTBOPEHHI HAOOPY HEUiTKMX MHOXMH B YHiBE€pPCaJbHO-
My Habopi U. «Bapiariis piBHsS g006poOyTy HaceqeHHS» € JIHTBiCTUYHOI 3MiHHOIO,
sIKa BKJIIOYAE JIIHTBICTMYHI 3HaYeHHSI, TaKi sIK ay>ke Hu3bkuit (IIH), Husbkuii (H), 6e3
3miH (B3), cepenHiit (C), Hopmanbumii (H), Bucokuit (B) Ta myxxe Bucokuit (IB) pi-
BeHb 3POCTaHHS A0OpOoOyTY HaceneHHs. KoskHe JIIHIBiCTMUHE 3HAYEHHS aCOIiI0ETh-
sl 3 HEUITKOI0 MHOKMHOIO, sIKa 3a MeBHUM ITPaBUJIOM BifoOpaskae 3mMicT 3MiHHOI [9].
Hamnpukian, JiHrBicTMUHE 3HAUEHHS «OyKe HU3bKUII piB€Hb 3POCTaHHS J0OpOOYTY
HaceJIeHHS» MIpeJiCcTaB/leHe HeuiTKO MHOXMHOW <[IH, [0, 11100], A;>, ne A; — ue
HeuiTKa MHOXMHA, 1[0 OXOIUTIOE miana3oH [0, 11100] 3 yHiBepcambHOro Habopy U.

HeuiTki MHOXUHM Al, A2,..., A7 y yHiBepcaabHOMY Habopi U BM3HAUAIOTHCS 3a
IIOTIOMOTOI0 (hopMYyJIn:

1

(u,) = , 1
() = Tent )] (1)

ne:
V - Bapialii, BKa3aHi B Tabym1ii 2;
U, — cepeHi TOUKM BiITIOBiAHMX iHTepBaJliB, 3HaUEeHHS IKUX ITpeacTaBieHi (1);
C - 1e cTaja BeJIMYMHA, BUOpaHa TaKMM UYMHOM, 11100 3a0e31eunTy repexis Big Tou-
HUX YMCIOBUX 3HAUEHbD 10 HEUiTKMX, TOOTO iX BMillleHHS B Aiana3oH [0,1].

KokHa HeuiTKa MHOXMHA A; TIpeficTaBaeHa yepe3 BimHoIIeHHs (U A (ui)/ui), oe
ui Hanexutb U, 1 u A (ui) BapioeTtbcs B mexax [0,1].

A =, (ulu)u elU,u, (u)el0,1] (2)

Skumo y dpopmysi (1) Ik 3HaYeHHSI 3MiHHOI V NIpUIHSTH CepelHi TOUKM BiiIO-
BiIHMX iHTepBaJliB, TOAi HEUiTKi MHOXVHU A; (i=1,7) O6yayTb BU3HAUEHi TakKUM Uu-
HOM:

Al={(1/ul),(0.45/u2),(0.17/u3),(0.08/u4),(0.05/u5),(0.03/u6),(0.02/u7)}

A2 =1{(0,45/ul),(1/u2),(0.45/u3),(0.17/u4),(0.08/u5),(0.05/u6),(0.03/u7)}

A3 ={(0,17/ul1),(0.45/u2),(1/u3),(0.45/u4),(0.17/u5),(0.08/u6),(0.05/u7)}

A4 =1{(0,08/u1),(0,17 /u2),(0,45/u3),(1/u4),(0,45/u5),(0,17 /u6),( 0608/ u7)} 3)
A5 ={(0,05/u1),(0,08/u2),(0,17 /u3),(0,45/u4),(1/u5),(0,45/u6),( 0,17 /u7)}

A6 ={(0,03/ul),(0.05/u2),(0.08/u3),(0.17/u4),(0.45/u5),(1/u6),(0.45/u7)}

A7 ={(0,02/ul),(0.03/u2),(0.05/u3),(0.08/u4),(0.17/u5),(0.45/u6),(1/u7)}
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Ha pucyHKy 3 moka3aHO NMpukaaay 6esnepepBHMUX (PYHKIIil MpUHATIEXHOCTI
IJIST HEUITKUX MHOXWH A;, SIKi JeMOHCTPYIOTh pi3Hi piBHi Bapiallii mo6po0yTy Hace-
JIeHHS$I, OTMCaHi yepe3 JIIHIBICTUYHY 3MiHHY.

YeTBepTuit Kpok mossirae y dasudikailii Bapiaiiit, oTpMMaHMX Ha IepPIIOMY
Kpolii. /Ijis1 1bOTOo, SIKIIO Bapiallis Ajs rnepioay i ctTaHoBUTh Vi, i Vi HalexXuThb 10 iH-
TepBaJy U; 3 YHiBepcaabHOI MHOXMHM U, TO QYHKIIiSI TPMHANIEXHOCTI UA; (Uj) OJist
JIlaHOTO iHTepBaJIy U; BU3HAYAETHCS BiAMOBiAHO M0 hopmy/in, 3 BpaxyBaHHsIM V = V..
Lle o3Hauae, 10 3 YHIBEPCAJIbHOI MHOXWHM BUIIISIETHCS iHTEPBaJ, SIKMUI BKIIOYAE
obpany Bapiarmito. Pesynbpratu dasudikailii ajis Bcix aHa/lli3oBaHUX MEPioAiB Mmpe/-
cTaBjIeHi B Tabuii 1, me A™ € HeUiTKMMM MHOXXMHAMM, 10 BiZIIOBiZalOTh Bapiali-
sIM 3a pik t = mn. 1151 cripoiieHHs y Tabauili 1 mokasaHi juille ocTaHHi ABi uudpu

KOXKHOTO TIepiofy.

pai(ui)
1
0,9
+A1
0,8
» A2
0,7
A3
0,6
A4
0,5
A5
0,4
A6
0,3 ——
A7
0,2 —m—

0,1

0 T T T T T
5550 16650 27750 38850 49950 61050 72150

PucyHOK 3 — @yHKIIii HaJe;KHOCTi 3HaY€Hb HEUiTKMX MHOXXMH JIIHTBiCTUYHOI

3MiHHOI «Bapiallist piBHSI 4OOpOOYTY HaceeHHs» (ITOOYI0BaHO aBTOPaMM)

Ha m’ssToMy Kpolii moTpi6HO BU3HAUYMTM 6a30BMil IIepiosl w, IKMii BapilO€ThCS B
Meskax I<w<I, me | — 3arajibHa KiJIbKiCTh IIepiofiB, 110 BKIIOYAKTHCS A0 aHai3y i me-
penyioTh MOTOYHOMY Itepiomy. Buxomsun 3 1ibOoro 6a3ucy, TOOTO iCTOPUMUHMX TaHUX,
PO3PaxoOBY€ETHCSI MaTPULST HEUITKMX BigHOCKUH R.(t), Ha mifcTaBi siKoi GopMyeTbCs
nporHo3. ITic/is BCTaHOBJIEHHSI W CTBOPIOETHCS OIepalliiiHa matpuis — ixj O¥(t) (me i
— KUIbKICTh PSIAKIB, IO BiJIIOBiIAa€ KiJIbKOCTI IMepioAiB B IMOCHiZOBHOCTI t — 2,
t—-3 ..., t—w;j— KiJIbKICTb CTOBIIIIiB, 1[0 BiAMIOBia€ KiJIbKOCTi iHTepBaJIiB Bapiallii)
Ta KpuTepiasibHa Matpuusl 1xj K(t) ojist mepiony, 10 NporHo3yeThcs t (OQHOPSIIKOBA
MaTpuiid, sIKa BimoOpaskae HEeUiTKy Bapiallifo piBHS J0OpOOYTYy HaceJIeHHS 3a Pik t —
1). Hammpuknaz, Bubupaoouu w=>5, MOXJINBO TTOOYAyBaTH OlepalliiiHy MaTpuIlo 4x7,
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O’(t) nng aHaIi3y HEUiTKOi Bapialiii piBHSI 1OOGPOOYTY HaceeHHs 3a OCTaHHi 4 mepi-
OIIM 10 t, a TAKOK KpuUTepiambHy MaTpuiiio 1x7 K(t), sika rmpeacTaBiisie 00010 HEUIiTKY
Bapiailito 3a pik t — 1. TakuM 4MHOM, IIpMU W=>5 aHasi3yeThCs iHGopMallis 3a 6 rormne-
penHix rnepionis.

Cranuit IpOrHO3 € KJAIYOBMM aCIIEeKTOM COLiaIbHO-€KOHOMIYHOTO TIJIaHyBaH-
HsI, OCKUJIbKYM BiH J103BOJISIE TIPOTHO3YBAaTU MaibOyTHil NOXiJ Hace/lleHHs, CTPYKTYpY
3a BIKOM Ta CTaTTIO B Mpalle3JaTHOMY Billi, @ TAKO)X €KOHOMIYHO aKTUBHY YaCTUHY
HaceseHHs. Lli mapameTpu BpaxXxOBYIOThCSI MIPM PO3POOIi HAYKOBO OOIPYHTOBAHOI
cTpaTerii CoIia/ibHO-eKOHOMIYHOTO PO3BUTKY Ta BM3HAUeHHI KOMILJIEKCY 3aXOliB
IJIs i1 BTUIEHHS, 30KpeMa B KOHTEKCTi IIPOrHO3yBaHHS CUTYyallil Ha PUHKY Ipali B
MaiiOyTHbOMY.

BucHoBku. [loC/migKeHHSI BU3HAUA€ SIK 3aCTOCYBaHHS TeOpil HEUITKUX MHO-
SKMH MOXKe CIIPUSITM KpalloMy PO3YMiHHIO CK/IQAHMX COILiaJbHO-eKOHOMIYHUX MpPO-
1eciB Ta peHOMEHiB, HaJalOUM MOXJIMBICTh BpaxyBaT¥ HEOOHO3HAUHICTb i HEBU-
3HAYEHICTh, I[0 YaCTO CYIPOBOMKYIOTh MOCTYIIHI JaHi PO JO0OpPOOYT HaceleHHS.
MeTop OIiHKM piBHSI TOGPOOYTY HaceJeHHs, IIpeICTaBIeHMI y JOC/TiIKeHHi, HaTa€e
MOK/IMBICTb IIPOTHO3YBaHHS JeMorpadiyHux 3MiH Ha PUMHKY Mpalli, BKIYaI4n
3MiHM B 3arajibHiil UMCceJIbHOCTI HaceJeHHs, KiJIbKOCTi mpaliesgaTHUX 0cib Ta eKko-
HOMIYHO aKTMBHOTO HaceJIeHHS, BUKOPMUCTOBYIOUM HeuiTKi yacoBi psaau. OpHiewo 3
KJIIOUOBMX OCOOJIMBOCTEN 1IbOTO METOMY € IOTO CITPOMOSKHICTh POOUTM ITPOTHO3M Ha
OCHOBi 06MexkeHO1 ab0 HeUiTKOi ITouaTKoBOi iHdopmailii. Bukopucranmii miaxia mo-
3BOJISIE BpaXOBYBAaTM iCTOPMUYHI TaHi PO AMHAMIiKy HaceJIeHHSs AJis1 Oyab-sIKOro Iie-
piomy, IO ITiABUIIYE TOUHICTh ITPOTHO3iB IIOA0 MaiOYTHbBOTO CTAaHY PUHKY IIpalli.
Ha ocHOBIi 11boro metomy 6y/au po3pobiieHi creliiajaizoBaHi aITOPUTMM Ta IIPOrpamM-
He 3abesmeueHHs, SIKi JO3BOJWIM aHa/Ii3yBaTy BeJUKUIA OOCIT CTATUCTUUYHMUX Ma-
HMX, IIOPIBHIOBATM OTPMMAaHi 3a JOMOMOTOI0 HEUiTKOI ITPOTHOCTUYHOI MOJesi pe-
3yJbTaTH 3 JAHUMM, OTPUMAHUMM 32 iHIIMMM MeTOaMu IMPOTHO3yBaHHS, i 3po0UTHU
BJYCHOBOK ITpO e(eKTMBHICTh 3aIIPOIIOHOBAHOIO METOMY /IS aHaJIi3y piBHS H0OpO-
OyTy HaceJeHHS KpaiHu.
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Use of fuzzy logic for analyzing the socio-economic well-being
of the population
The article reveals a new approach to the analysis of population welfare using the
theory of fuzzy sets. The purpose of the study is to develop and apply a methodology
based on fuzzy logic to quantify and analyze the social and economic well-being of citi-
zens. The main task includes the development of a methodological approach, the con-
struction of a model for assessing well-being and the development of recommendations
for planning socio-economic strategies. As a solution, the use of fuzzy logic is proposed,
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which allows better consideration of ambiguities and uncertainties in the data on the
well-being of the population. The study presents a detailed description of the developed
model, which includes the formation of linguistic variables, the definition of term sets,
and the development of inference rules. These components allow the model to adapt to
different conditions and types of data, providing flexibility and a wide field of application
of the method. The study also emphasizes the importance of analyzing factors that affect
the well-being of the population, such as household income, expenditure on medicine and
food, education level, housing conditions, the importance of personal economy and oth-
ers. The authors indicate the dynamic influence of these factors and the need for their
regular updating to increase the accuracy of forecasts. The results of the study demon-
strate that the developed model provides more accurate and reasonable forecasts of the
level of socio-economic well-being compared to traditional methods. The obtained data
can be used to plan socio-economic strategies at the micro and macro levels, contributing
to the development of effective measures to improve the well-being of the population. The
article makes a significant contribution to the development of socio-economic welfare
analysis methods, showing the potential of fuzzy logic as a tool for increasing the accura-
cy of forecasting and developing sound socio-economic policies.

Keywords: fuzzy logic, population welfare, household income, data fuzzification, linguis-
tic variable, criterion matrix.

HOoposui Anam ®egopoBud - acripadT Kadeapyu KibepHETUKM i TPUKIATHOI MaTe-

MaTUKM YXropoacbKoro HailioHasibHOTO YHiBepCUTETY.

Dorovtsi Adam - Phd student of the Department of cybernetics and applied
mathematics, Uzzhorod National University.
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C.0O. Kupunos
IMPOEKTYBAHHS BATATOITPOAVKTOBUX TPAHCITOPTHUX MEPEX 3
OUCKPETHUMU ITIOTOKAMMU MATICTPAJIBHNX JAHHUX

AHomauis. Cmamms 30cepedxyembCa HA AHAMI3T ICHYI0YUX 00CTIOXeHb 1 nybaikayil y yid eany
31, 38epMaroYU yBa2y Ha BHECOK 3aKOPOOHHUX Ma BIMYU3HAHUX BYEHUX Y po3pobKy modenel ma
Memo0QiB ynpasaiHHA Mepexesumu pecypcamu. binbwicme 0ocnioxeHb hoKycyemscs Ha Oemep
MIHOBAHUX MOOe/AX ma MoOessx, w0 6a3ymbCs Ha MameMamuyHUX 3acadax meopili Macosozo
06c/1y208yBAHHA MA BUNAOKOBUX MAPKIBCbKUX Npoyecis. ABMop BKA3y€E HA HeOOCMAamHicmsb ic
HYY020 MaMeMamuyHo20 THCmpymMeHmapit 015 MOOeNOBAHHA mMa AHANI3Y (YHKUIOHYBAHHS
6a2amonpodyKkmosux Mepex 3 OUCKpemHUMU NOMOKAMU, W0 BUMA2AE PO3POOKU HOBUX Mame
mamuyHux mooesel i Memodis. Memoto 00CniOxeHHA € po3pobKa ma aHani3 egpekmusHuUX Nio
x0018 00 NPOEKMYBAHHA 6A2amMonpodyKmMosuUX MPaHCNOPMHUX Mepex 3 0C06UBUM (OKYCOM HQ
OUCKpemHUX NOMOKAX Ma2icmpanbHUx 0aHux. ABmMop 3a3HAYae, Wo ye BKIYae 8 cebe po3pob
Ky HOBUX nidxo0i8 ma mMemodis 0/1f e(heKmuUBHO20 YNPasAiHHA ma onmumisayii po3nodiny pe
CypCiB, @ MAKOX MOOMOBAHHA Cneyu@iKu OUCKPemHUX NOMOKIB Y KOHMeKCmi MazicmpasabHuX
MPaHCNoOpmHuUX cucmem. Baxknusoro 4acmuHoto 00CNIOKeHHA € CMBOPeHHA 1EpAaPXiIYHOT CmpyK
mypu cucmemu 014 aBMOMAMU308aHO20 YNPABAIHHA pecypcamu ma po3nodizioM NOmMoKis y se
JIUKOMacwmabHux mepexax. ABmop HA20/I0WYE Ha HeobXxiOHoCMi po3pobKu Memodoioaii, aKa
IHMe2pye Bxe ICHyt0YT 00CASHEHHSA Y Uil 2any3i ma 003B80/14€ eheKmMUBHO Po38’A3ysamu nNpax
muy4Hi 3a0ayi, noB’A3aHi 3 00820CMPOKOBUM PO3BUMKOM, NOMOYHUM NAAHYBAHHAM ma onepa
MUBHUM yNnpasiiHHAM y MaACmMabHuUx mepexax. Taka Memodoso2ia MAae BKAYAmMuU Mooeni pi3
HUX piBHIB a2pe2yBaHHs ma 6ymu npudamHot 015 BCIX PIBHIB IEPAPXTYHOT CMpyKmMypu mMepexi.
JocnioxeHHa maKox BKAKYAE po32/1a0 MamemamuyHux modeneli ma anzopummis 014 MOOeso
BAHHA MA AHANI3Y QYHKUIOHYBAHHA MHO20NPOOYKMOBUX Mepex 3 OUCKpemHUMU NOmMoKamu.
Knto4osi cnosa: mpaHcnopmHi mepexxi, Ma2icmpaibHi 0aHI, KI1Ac Nomoky, Koonepayis mpaHcno
PMHUX NOMOKI8, MGMeMamuyHa Mooeb

ITocraHoBKa mpooieMu. TpaHCIOPT Ta 3B’SI30K OYJI0 BM3HAUEHO SIK KJIIOYOBI
CEeKTOPU IJiI PO3BUTKY €KOHOMiKM YKpaiHu. s migBuiiieHHs ix e)eKTUBHOCTI He-
00XigHO CTBOPUTY TIPUKJIAJHE MaTeMaTU4YHe IporpaMHe 3abe3IevyeHHs], sike AOII0-
MOKe B OIITMMi3alii TpPaHCIIOPTHUX TIPOIeCiB Ta po3pobii iHdopmaliiiHo-
QHATITUUHUX CUCTEM [IJI TIOKpallleHHS YIIpaBJliHHS, 06p0O0KM Ta PO3IOIiy TpaHC-

TIOPTHUX TOTOKIiB. BaskiuBicTh 11i€i mmpobaemMu [jis MPUCKOPEHHS PUHKOBUX TPaHC-

© Kupwuos C.O., 2024

ISSN 1562-9945 (Print) 75
ISSN 2707-7977 (Online)



«CucreMHi Tex”ouorii» 1 (150) 2024 «System technologies»

dopmariit B YkpaiHi, 0cobauBo y cdepi nepepe3eHb APiOHONMAPTIHMX BaHTAXKiB,
Tpu3BeJia 10 BUMBUEHHS] MaTeEMaTUYHOTO MO/Ie/IIOBAHHS Ta MPOEKTYBAaHHS OaraTom-
PONYKTOBMX KOMYHIKalliifHMX MepeX i3 IMCKPeTHMMM ITOTOKaMM APiOHOMAPTiitHUX
BignpasiaeHb. CydacHi Ta 3alylaHOBaHi KOMYHiKalliliHi MepexXi 3a3Buuait MalTh 6a-
raToOpiBHEBY CTPYKTYPY, 110 BM3HAYAETHCS aiMiHICTPAaTUBHUM PO3IIOIiJIOM TEPUTO-
pii, yrmpaBJIiHCbKOIO i€papxi€io, TeXHOIOTiIIMM OOpPOOKM Ta pPO3IO/iTy BaHTAXIB Ta
indopmatiiii [7]. Taki Mepexi, IK MpaBUI0, CKIaJal0ThCS 3 BEPXHbOTO PiBHS — Mari-
CTpaJbHOI PO3MOAIJIEHOI MepesKi Ta HMKHIX PiBHIB — 30HAJIbHMX Ta BHYTPIIlIHIX Me-
pexx. IIpoekTyBaHHSI 6araTOpiBHEBMX KOMYHIiKalliiHMX MepeXX Ma€ BpaxOBYBaTU
0COOJIMBOCTI CKJIaSHMUX CUCTEM, TaKMX SIK HeMOXK/IMBICTh ITOBHOI IleHTpasi3allii 00-
pob6KM iHdopMaliii Ta yrpaB/iHHS B OAHiNi maHi. [le BuMarae cTBOpeHHS iepapxiu-
HOI CTPYKTYpU CUCTEMM JJjisI aBTOMATM30BAHOTO YIpPaBJiHHS pecypcaMmiu Ta po3Iio-
JIiJIOM MOTOKIiB y Mepesxi.

AHai3 ocTaHHIX DOCTiAKeHb i myoOsikami. Y raaysi Teopii IpoeKTyBaHHS
MacIITabHMX MepeXkeBUX CTPYKTYp Hayka 30araTmiacs 3HaYHMM TeOPeTUYHMM Ta MpaK-
TUYHMM [IOCBiJIOM Yy BMPIllIeHH] 3aBIaHb CTPYKTYPHOTO aHali3y, CMHTe3Y, ONTHUMI3allii Ta
YIpaB/IiHHS OTOKaMM B 0araToIpOAyKTOBMX Mepexkax. BaskinBuit BHECOK Y PO3POOKY
Mofeneii Ta MeTOHiB VIIPaBIiHHSI MepekeBMMM pecypcaMy pO3IJISHYTO B
pobotax [1, 2, 4, 11]. BinbliicTb HOC/imKeHb 1IMX aBTOPiB (POKYCYETHCS HA JIeTepMiHOBA-
HUX MOJIE/ISIX Ta MOMEJISIX, 3aCHOBAaHMX Ha MaTEMaTMUYHMX 3acajiax Teopiii MacoBoro 06-
CJTYTOBYBaHHSI Ta BUITQJKOBMX MapKiBCbKMX ITPOIIECiB. Y I[MX pobOTax 3a3Buuait mepe-
6auaeThCs, 10 TTOTOKM ab0 JeTepMiHOBaHi, a00 CTalliOHapHi ITPOTITOM MEBHMX YaCOBUX
repiofiiB posnogity pecypciB. OHaK peasibHi ITOTOKM HE MAlOTh LIMX BJIACcTMBOCTEN. [I0
TOTO 3K Y Gi/IBIIIOCTI BUIIAAKIB MIOTOKM Ta MapaMeTpy eJIEMEHTIB MepeXi € TMCKPETHUMMU
BeMuMHaMu [3]. [CHyrounii MaTeMaTUIHUI iHCTpyMEeHTapiii /11 MOAE/IIOBAaHHS Ta aHa-
Ji3y (PyHKIIIOHYBAaHHS 6araToOIPOAYKTOBMX Mepex i3 AUCKPETHUMM ITOTOKaMM IIie Hefo-
CTaTHbO PO3BMHEHMII. [IOTPiGHO CTBOPEHHSI HOBMX MaTeMaTMUYHMX MOJeJIeii i MeToIiB
BUPIIIEHHS], 110 BPaxOBYIOTb HEMAapKiBCbKMUIT XapaKTep BUIIAJKOBMX ITPOIIECiB, HEOTHO-
piIHICTb, HECTAIIOHAPHICTb Ta AVICKPETHICTD MOTOKIB Y TAKMX MepeXKax.

MeTta pociigskeHHs. ['0JJOBHOIO METOIO AOC/Ii/IKeHHS Y CTaTTi € po3pobKa Ta
aHami3 eeKTUBHUX MiIX0/iB IO MPOEKTYBAHHS 6araToMpoayKTOBUX TPAHCIIOPTHUX
Mepesk. OcobBa yBara MpuIiasSETbCSI MepeskaM, 1o OMePYITh 3 IMCKPETHUMM I10-
TOKaM#, 3 aKIeHTOM Ha MaricTpasibHi AaHi. lle mepenoauae BMBUeHHST crieliku
IUCKPETHUX MOTOKIB B KOHTEKCTI TPAHCIIOPTHMUX CUCTEM Ta PO3POOKY Mopeseii st

OITMMIi3allil pO3MOAIY peCypCiB Ta YIIpaBaiHHS [IOTOKAMM.
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BuknageHHsI OCHOBHOTO MaTepiaay JOCHiIKeHHs. BaXMBUM cTae 3aBOaHHS
PO3POOKM TIPUKJIATHOTO iHCTPYMEHTApilO0 [1JIsT ITPOEKTYBAHHS 6araToONpOSyKTOBMX TPAHC-
MOPTHMX MepesK. LI MeTomo/1oriss Ma€e iHTerpyBaTy BXe iCHYI0Ui TOCSITHEeHHS B 11iii raaysi
Ta HAJATU MOKIMBOCTI 11 e()eKTUMBHOTO PO3B’SI3aHHS Pi3HOMAHITHMX MPAKTUIHNUX 3a-
nad. OcobmBuit aklleHT poOUThCS Ha 3aAauax, 110 CTOCYIOThCSI JOBTOCTPOKOBOTO PO3BM-
TKY, TIOTOYHOTO TJIAHYBAaHHSI, 8 TAKOK OIepaTMBHOIO YITPaB/IiHHS BeIMKOMACIITaOHUMM
MepeskaMy, SIKi OTepyIoTh 3 AVMCKPETHMMM IMOTOKAMM Ta MalOThb OVICKPETHI ImapameTpu
CBOIX efleMeHTiB. Taka po3paxyHKOBA ITpaKTMKa IMOBMHHA BKIKOYATM MOZEJI Pi3HUX PiB-
HiB arperyBaHHsI Ta OyTM IIPMAATHOIO JIJIs1 BCiX PiBHIB iepapXiuHOi CTPYKTYpy Mepexi. [1st
36epeskeHHsT €HOCTI CTPYKTYpy opMastizaliii 6yaemMo BUKOPUCTOBYBATH /IS BU3HAUEH-
HSI IIPOCTOPY TPAHCIIOPTHMX IMTOTOKIB TEPMIHOJIOTII0 ajredpaiunmx cucteM. Toi, ITpocTip
«aKTMBHMX TPAHCIIOPTHMX ITOTOKiB» B Mekax 6araToIpOIyKTOBOI TPAHCIIOPTHOI MepesKi
MOXKHA TIPeJICTaBUTHU y BUTTISIAI 6araTo0CHOBHOI Mojerti [6]:

L= (PLCLFT LRG0, ®

ne P, — 6e3/1iu TpaHCIIOPTHMX TOTOKIB, SIKi BUKOPMCTOBYIOTBCS ITpU cMHTe3i, Cy — 6e3/1iu
K/IaciB TPaHCIIOPTHUX MOTOKiB, F — ceMaHTUUHMIA Tireprpad-pelriTka koorepartiii, T —
0e3J1iu TUITIB B3a€MO/Iii TPAHCIIOPTHMX ITOTOKIB, L — MOBa 0OMiHY MOBiIOM/IEHHSIMM B 6a-
raTOITOTOKOBIi cucTeMi, RA — 6e3J1iu BifHOCHH MiK IToToKamu, Q4 — 6e3J1iu onepailiii, Bu-

3HAYeHNX HaJl TOToKaMy. OCHOBOIO CHCTeMM € 06’emHanHs Y ¢ YT V2V L

Ha 11bomy piBHi ¢hopmartizaliii K1ac MOTOKY MOKHA PO3IJISIIaTV CUHOHIMOM ITOHSIT-
TSI «POJTi», B3SITOI Ha cebe MOTOKOM. IIOTiK, 110 pO3IJISIIAE€ThCS SIK «aKTUBHUI 00’€KT», B
TIpOLIeCi CMHTEe3Yy BUKOPUCTOBYETHCS /IS MOJIETIOBAHHS 00’€KTiB IpeaMeTHOI 006/1acTi,
HaJIeHUX IesIKUMU XapaKTepUCTUKaMu, TaKUMu, sk [8, 11]:

1) aKTUBHICTb, 3IaTHICTD IO OpraHi3allii Ta peaiisariii [iii;

2) peaKTUBHICTb, 30ATHICTh CIIPUIAMATM CTaH MDKHAPOJIHOTO Ta MAKPOEKOHOMIUHO-
IO CepeOBUIIIA;

3) aBTOHOMHICTb, BiTHOCHA He3aJIeXXHICTh BiJl HABKOJIMIITHbOT'O CEPeIOBUIIIA;

4) TOBapUCHKICTb, 1[0 BUIIMBAE 3 HEOOXiTHOCTI BUPIITyBaTH CBOI 3aBJaHHSI CITJIbHO
3 iHIIMMM yYaCHMKaMM TPaHCTIOPTHOI Mepexi;

5) LizecnpsIMOBaHICTb, sIKa TIepeadavac HasIBHICTb BJIACHMX KepesT MOTMBAIlii, a B
Oi/TBIII IIMPOKOMY TIJIaHi, 0COOIMBIX iHTEHIIIOHATbHUX XapaKTePUCTUK.

[TepepaxoBaHi XapaKTepUCTUKA MiAKPECTIOITh XapaKTep IMOTOKY SIK BiIKPUTOI, aK-
TUBHOI CCTeMM, OCHOBHA yBara B $IKii1 MPUIUISIETbCS «IIPOLIeCY B3a€EMO/Ii1 TPAHCIIOPTHUX
TIOTOKIB SIK IIPUYMHY BUHUKHEHHS CUCTEMU 3 HOBUMMU SIKOCTSIMI» [4]. TIOTiK BK/ItOUa€ Ha-

6ip BIaCcTUBOCTE}, a00 SIKOCTEA, 1110 JO3BOJISTIOTh iHTEPIIPETYBaTH JesiKi CYTHOCTI 3 Mofie-
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Ji IpenMeTHOI 06J1acTi, i Habip IMpaBMII OBEIIiHKM, IO TO3BOJISIIOTh IIOTOKY POOUTY aK-
TUBHI [ii )11 JOCSTHEHHS IOCTaB/IeHMX I1ijieil. Bu3HaumMo ejiemeHT 6e3/1idi TpaHCIIopT-
HJX IOTOKIB SIK OKpEMOTO ITOTOKY:

i

p

A

=(0.,2,,¢,,M .,v,0), @)

me % — BuXigHa cMcTeMa IIOTOKY, LIO IpeCTaBIsSe Mojelb 00’€KTa 3 MpeIMeTHO-

opieHTOBaHOI 6a31 ab0 iHIIOro 06’€KTa 3 IMO3HAYEHMMM MHOKMHAMM BXiTHMX i BUXiTHMX

. . . . S )

BIUIMBIB, [TPeCTaBHMKOM iHTepeciB SIKOTo MOTIK €, B OKpeMOMY BMIaAKy, J: < “&, %i —
. 0 i C.

CTaH ITIOTOKY, AK€ BU3HAYA€TbCA K Ha61p 3HAaUE€Hb XapaKTEePUCTUK = ; ' — KjaC IIOTOKY,

c,eC,.

; 0 — TIOK&KUMK TOJIOSKEHHSI IIOTOKY B IIpocTopi, O — Mpolieaypa neperoBopis 3 I10-
TOKaMM, SIKi TiepeOyBaloTh Ha TOMY K PiBHi IIPOCTOPY v, 3 METOI0 BCTAHOB/IEHHSI KOMYHi-
Kallilt, abo, B Gi/IbIIT 3araJIbHOMY CEHCi, MOfIe/Ib KooIlepaliii IToToKy. IToTik Moske mpe/icTa-

BJISITU SIK MOZEJIb MeTU, OKpeMy ITicucTeMy Se € 5S¢

, TaK i 6e3/1i4 TPaHCIIOPTHMUX ITOTO-
KiB, SIKi IPeJCTABJISIOTh MiJIcCTeMM abo 6e3/Tivi iHIIIMX TPaHCTIOPTHMX MOTOKIB [9]. Kiac

ITOTOKY Ca BU3HAUMMO HaCTyITHMM UYMHOM:

3
c" ={c,.c

Ie GG} HaliMeHyBaHHS Kiacy, © " — Gesniu TiIB B3aeMOii, MigATpUMYyBa-
HMX TIOTOKaMM JAaHOTO Kiacy, M, — Mofie/lb MEHTaJIbHMUX XapaKTePUCTUK ITOTOKY, TOOTO
OIMC TIO3MIIii Ta MparHeHb MOTOKY B IPOIIeCi CMHTE3Y, SIKi HaK/IaAaloTh OOMesKeHHsT Ha
TIPOLIeC BCTAHOBJIEHHS KOMYHIKallill 3 IHIIMMM [IOTOKaMM Ta IMOBEIiHKY [IOTOKY B IIPOLIeCi
JIOCSITHEHHSI ITOCTaB/IEHOI METH.

BupinieHHs KaciB TpaHCIIOPTHUX MOTOKIB BiATIOBiIa€ BUM3HAUEHHIO BMKOHYBAHMX
IIOTOKOM poOJieit i MiATpMMyBaHMX B3aeMOZil. [IJi1 BuUpillleHHS 3aBIaHb ITPOEKTYBaHHS

6ynemMo BUIIISITY TP KJIaCu TPAHCIIOPTHMX TOTOKIB [2]: ATA — MOTOK a6CTPaKTHOI MeTH

k

(o) = (0. =5.")

(0, = E) , ACA — IOTOK KOHKPETHOI MeTHu * @ 9 , AP — TIOTOK peaJti3aliii
Iepapxist B3aeMozii KaciB TPaHCIIOPTHMX ITOTOKiB MOsKe OYTH ITpe/icTaBIeHa HACTYITHOIO

cxemoro (puc. 1.).
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ATA (Eo)

AP (S'e)  }» <« AP (S:)

- L e e e e e e e e e e e e - ————
JL
ATA (Ed)
ACA (V) ACA (v*,)

PucyHok 1 - CTpyKkTypa B3a€MO/IiI0UMX TPAHCIIOPTHMX ITOTOKIB

y 6aI'aTOI'[p0,ZLYKTOBI/IX TPpaHCIIOPTHUX MepeXKaX

JlJi1 BU3HAUeHHS MEHTAJIbHUX TPAHCIIOPTHMUX MOTOKIB ITPOMTOHYEMO BUKOPUCTOBY-
BaTM CeMaHTUKy MOxuBMX cBiTiB B CTL-yoriui. [IpencraBiasieMo Moaenb MeHTa/IbHUX
XapaKTepPUCTUK TPAHCTIOPTHMX MTOTOKIB 3 MiATpUMKOI0 Mozerti Kripke:

M =W,E,U,B,G,I,®D), 4)

Ie W — HeoOMesKeHa KiJIbKiCTb «CBiTiB», E — BeJMKa KiJIbKicTh TuIiB, U — MHOKMHA (op-
My, B, G, I — BigHOIIIEHHSI, TTOKA3yIOTh IIOTOYHY CUTYAIlil0 Ha MHOXKIHY «0e3JTiui CBiTiB»
(lepeKoHaHb, 6a’kaHb i HAMipiB) TPAHCIIOPTHUX MOTOKIB (B, G, I: w — 2%), @ — MHOXMHA
aTOMAapHMX BUCIIOBJIIOBAHb.

EleMeHT 3 «6e3J1iuuIo CBiTiB» JOMMUCYETHCS Y€TBiPKOIO:

w= (T, A,,S,F,) )

ne T, — BeJIMKi MOMEHTM 4acy, B SIKUX iCHY€ «0e3J1id CBiTiB», Ay — YACTUHHUI MOPSIIOK Ha
T, Sw, F 3anae BkasaHi Twx T, E i BU3Haua€ pe3y/bTaTH, IOB’I3aHi 3 TUM, 1110 BM3Haua-
I0ThCSI MK IBOMa MOMEHTaMM 4acy.

Y MHOKMHI BiTHOIIIeHHSI R; BU3HAUMMO MHOXKMHM HEUiTKMX BiTHOCMH €KBiBaJIeHT-

HOCTel R 1 HeWiTKMX BiIHOIIIEHb YaCTKOBOTO MOpsAKy P Ha Xs. BaKIMBiCTh BUAIEHHS
caMe IIMX JIBOX KJIaCiB BiTHOCHA 3 TOYKM 30py MOKJIMBOCTEN aHa/li3y OTPUMMaHUX pe3yib-
TaTiB Oysia rmokasaHa paHiiie [5]. BiTkpuUTTSI MOKIMBO BUKOPUCTOBYBATY MiXX eJleMeHTa-
MM BCepenyHi BUAIEHMX MiAIIPOCTOPiB, TaK i MK ejleMeHTaMM Pi3HMX MiAIIPOCTOPIB i
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6e3mocepeHbO MiXK CaMMMM TPUBATHMMM IIPOCTOPAMM, TOOTO 3a[alOTh TOITOJIOTiO

[10, 12]. KokHa iTepaliis 3MiH CTaHLil TPOEKTYBAHHS CKJIAA€ThCS 3 HACTYITHMX €TalliB:

. . . (S.} .. y e

1). Koskuuit 3 eyleMeHTiB MOOYIOBaHOI MHOXKUHM e ¢ KOMOiHalliel0 00’eKTiB i
JleJierye MIOBHOBasKeHHST OKPEMOMY IMOTOKY.

2). Be3jtiu TpaHCIIOPTHMX MOTOKIB, IO IPEICTaB/ISIIOTh 00’€KTM JaHOi KOMOiHAIIii

{ S E } E’ 1 1 gwi
CTBOPIOE HiAPOCTIp .

3). TloTOKM OfHi€l YaCTUMHU MPOCTOPY Y0 BumarawTh 1oOyIOoBM KOOIIepaTMBHOI
CTPYKTYPU BiJHOCHO ITOEAHAHHS NEKUTBKOX BUIbHUX BXiJHUX Ta BUXiJHUX BIUIMBIB.

4). YV BUMNagKy HEMOKIMBOCTI ITPOAOBXKEHHS KOoIepalliii, KOXKHMIA 3 KOOIlepaTuB-
HJX MaTepiasiiB ITIOPOIKY€E MOAEIb LIVIUX «aKTUBHUX TPAHCIIOPTHUX ITOTOKIB».

5). Y BumaaKy HEMOXKIMBOCTI yUacCTi B KOOIIEPATUBHMX CTPYKTYpax IOTOK GopMye
HOBY MHOXVHY TPaHCIIOPTHMX IMOTOKIB Y BiIMIOBIAHOCTI 3 MOJE/ISIMM LIJINX.

[TobymyemMo Mofielb MEHTATbHMX XapaKTePUCTUK TPAHCIIOPTHMX ITIOTOKIB, KOHCTPY-
KTMBHOI ITOC/TiAOBHOCTI MIiii 3a JOCSITHEHHSIM LIIX TPOEKTIB. [IOTOK MOXKe 3HaXOAUTHUCH B

OJHOMY 3 KiJIbKOX CTaHiB:

W= {«Free», «Ready», «Collaboration process», «Installation», «Legal Collaboration»,

«Generation»}.  (6)

Mogenb «aKTUBHMX TPAHCIIOPTHMUX TOTOKIB» MPOIOHYETHCST OMMCYBATU HACTYITHUM
YMHOM (TaoJI. 1).

B Tabmuii 2 mpencTaB/ieHa MOJENb IepexiJHUX CTaHiB «aKTUMBHUX TPAHCIIOPTHUX
TTIOTOKiB» ITpy 3a6€e3I1eUeHHi PO3BUTKY CKIATHMX €KOHOMIUHMX CUCTEM.

MiX «aKTMBHMMM ITOTOKaMIM» B MEXax 0araTOIPOIYKTOBOI TPAHCIIOPTHOI Mepeski
BCTAHOBJIIOIOThCSI B3a€EMO/Iii TUITY «3’€IHAHHS». [I7s1 MOJe/MI0OBaHHSI KOomepalliii TpaHC-
TIOPTHUX TIOTOKIB BUKOPMCTOBYETHCS MOIM(IKOBaHMI MPOTOKOJI KOHTPAKTHUX MeEpeX,
SIKMIA BiTKpMBAE B TIPOLIeCi BiOOPY 3asiBKM Ha 3alMTaHHS, SIK iHIIliaToOp, TaK i yYaCHUK
Koorepaiiii. IHilliloe Koorepallilo «aKTUBHMUIA MTOTIiK», 1110 Ma€ BAACHI BiJIbHI BUXOOU, SIKU
PO3IIMPIOE MPOMO3UIIiI0 BCIiX iHIIMX TPAHCHIOPTHMX IMOTOKIB Y MEXaxX CUCTEMN. YUACHUKNA
PaHXYIOTh IPUITHSATI 3as1BKM Ta BUKOHYIOTh HalKpaIly MpOITO3UIIil0, PO IO MOBiIOMIISIE
inirtiaTop [1]. IHittiaTop paHskye oTpMMaHi BiATIOBi/i Ta MigHiMae Ha BUIIIi PiBHi OiIbIII BU-
TiJTHY ITPOIIO3UIIit0, IIPO 1O MOBiIOMIISIE YUaCHUKIB.
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Ta6mmig 1

Omyc MeHTaIbHUX XapaKTePUCTUK TPAHCTIOPTHMX IMMOTOKIB

B CKIMagHMX TPAHCIIOPTHUX CUCTEMAX

Wi ‘free’
) ‘ready’
W= (ww,,w,w, w,w, ) :Collabortation process’
Wy connection’
Ws ‘end collaboration’
Wi ‘aim generation’
e ‘job received’
2 ‘send request’
E={e.e,.e.e,.e es :requestreceived’
es partner selected’
es ‘communicate need’
a ‘model defined’
a; ‘free impacts’
D = {ai’ a,,a,,4,, as} as ‘have a question’
a, ‘have a request’
as ‘cooperation is possible’
(have(X E)A ~super(X,E,Y)— reject_proposal(X,E,Y))
B (have ) — call _proposal (X ,E,Y))
B(hav ) A propose(Y,X,E) — collect (X ,E,Y))
U B (have A refuse(Y ,X,E) — reject(X,E,Y))
B (have(X , E)/\ super (X ,E,Y ) — accept_proposal(X ,E,Y ))
B (accept_proposal (X ,E,Y ) — connect(X,E,Y))
I (connect(X,E,Y))

Tabauis 2

Mogesnb nepexiTHMX CTaHiB «aKTUBHMX TPAHCIIOPTHMX ITOTOKiB» IIPU 3a6e31eueHHi

PO3BUTKY B CKIIAOHNX TPAHCIIOPTHUX CUCTEMaX

Ilotounuini  |a; .
az as ay as HoBuii cTan
CTaH
Wi W2
W2 W3
W3 Wy
Ws
Ws
Wy W3
Ws We
We Wi
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BucHOBKM. B Meskax ITpoBeIeHOro AOCTiIKEHHSI OYy/I0 y3araJlbHEHO MEeTOIMYHMIA
Ta AHATITUKO-TIPUKIAIHMIA MOCBiA (opMaIbHOrO OMMCY IIPOIIECiB KOHIIEITYaTbHOIO
ITPOEKTYBAHHS CKJIAIHMX 6AraToMpoayKTOBMUX TPAHCIIOPTHUX MepPeX 3 IUCKPEeTHUMMU
MOTOKaMM MariCTpajJibHMX JAaHMX Ha 3acajax MOMETIOBAHHS Ta IpeAcTaB/ieHHs. Byrno
PO3pPOOJIEHO AITOPUTMIUHI BapiaHT dopMaJtisariii s moOymoBM iHTeIeKTYaJIbHOI I10-
TOKOBOi 06araTorpoayKTOBOI TPAHCIIOPTHOI Mepexki, sIka OHOYACHO MOKE CMHTe3yBaTu
pisHi eKoHOMiuHi cpepy abo iHiLIaTMBY 32 IPUHIMIIOM BigOOpy Kpallyx BXiTHMX I1apa-
MeTpiB eKOHOMiUHMX MiIcuCcTeM. 3aITpoIIOHOBAHO (hOPMaIi30BaHMIA OIMNIC «CepeIoBMUIIA
IIPOEKTYBAHHST», HA OCHOBi BU/IiJIEHHS ITIPOCTOPIB 00’€KTIB i TPAHCIIOPTHMX MOTOKIB. ITo-
6ynmoBaHa Mojiesib 6a3y 3HaHb CUCTEMM CUHTE3Y Y BUIJISIZI «IIPOCTOPY 00’€KTiB», B SIKii
BUJISIIOTHCS ITPOCTIpP iHBapiaHTHMX ITOHSITD i ITPOCTIp MpeiMeTHO-OPiEHTOBAHMX OHSITh,
II0 BK/TIOUAE 6a3y CTPYKTYPHMUX €JIeMEHTIB, SIKi BUKOPUCTOBYIOThCSI TIPM CUHTE3i TpaHC-
MMOPTHMX MMOTOKIB.
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Design of multi-product transport networks with discrete bus data flows

The article considers the importance of transport and communication as key sectors
for the development of the economy of Ukraine, as well as the need to create applied
mathematical software for the optimization of transport processes and the development
of information and analytical systems. Special attention is paid to the development and
study of multi-product communication networks with discrete flows of small
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consignments, which have a significant impact on market transformations in Ukraine,
especially in the field of transportation of small consignments. The study focuses on
modern and future communication networks, which, as a rule, have a multi-level
structure determined by the administrative division of the territory, management
hierarchy and technologies for the processing and distribution of goods and information.
The authors of the article emphasize the need to design multi-level communication
networks, which would take into account the complexity of the system, as well as the
impossibility of complete centralization of information processing and management in
one link. The article also focuses on the analysis of existing research and publications in
this field, paying attention to the contribution of foreign and domestic scientists to the
development of models and methods of network resource management. Most research
focuses on deterministic models and models based on the mathematical foundations of
mass service theories and random Markov processes. The authors indicate the
inadequacy of the existing mathematical tools for modeling and analyzing the functioning
of multi-product networks with discrete flows, which requires the development of new
mathematical models and methods.The purpose of the research is the development and
analysis of effective approaches to the design of multi-tracks pipeline transport networks
with a special focus on discrete trunk data flows. The authors note that this includes the
development of new approaches and methods for effective management and optimization
of resource allocation, as well as modeling the specifics of discrete flows in the context of
trunk transport systems. An important part of the research is the creation of a
hierarchical system structure for automated resource management and flow distribution
in large-scale networks. The authors emphasize the need to develop a methodology that
integrates already existing achievements in this field and allows to effectively solve
practical problems related to long-term development, ongoing planning and operational
management in large-scale networks. Such a methodology should include models of
different levels of aggregation and be suitable for all levels of the network’s hierarchical
structure. The study also includes consideration of mathematical models and algorithms
for modeling and analyzing the functioning of multi-product networks with discrete flows.
Keywords: artificial intelligence, cloud computing, neural networks, fuzzy sets, net-
work parameters, input connections, combinatorial model, reference situations.

KupunoB Cepriit OnekcaHapoBuUu - KaHAUAAT Qi3MKO-MaTeMaTUYHUX HAyK, I0-
LIEHT, IOIeHT Kadeapy MaTeMaTuKu, Gi3MKu Ta acTpoHOMii OmechbKOro HalioHa/lIb-
HOT'O MOPCBHKOTO YHiBEPCUTETY.

Kyrylov Serhii - Candidate of Physical and Mathematical Sciences, Docent,
Associate Professor of the Mathematics, Physics and Astronomy department Odessa
National Maritime University.
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JI.C. Kopsikina, [I.€. JIybeHelb
CHUCTEMHMUM AHAJII3 TA MATEMATHUYHE MOJETIOBAHHS YACTKOBO-
JBOETAITHUX ITPOLIECIB PO3ITIOAITY MATEPIAJIbBHUX ITOTOKIB

AHomayia. Po3ensHymo 4acmkoso dsoemanHull npoyec po3nodily mamepianbHUX NOMOKI8 Yy
JI02ICMUYHill cucmenmi, enleMeHmamu AKOT € NiONpUEMCMBA, wo supobsAomMb nesHy NPooyKyik 1
30ilicHiotoms ii 36ym abo 6e3nocepedHbo cnoxusayam, abo 4Yepe3 po3nodinbyi yeHmpu. llpu
ybomy nepedbayaemsCs, WO nNonum Ha nNPoOyKUilo HenepepsHO po3nodineHull no Bcil
mepumopii deskoeo pecioHy. Mema pobomu  3a6e3neyeHHs 3HUXEHHA MPAHCNOPMHUX MQ
opeaHizayiliHux sumpam, nos’s3aHux i3 36ymom ma 36epieaHHAM 20moB8oi npodyKyii, 0
Mepexi BUPOOHUYUX NIONPUEMCMB W/ISXOM po3pobieHHs Modesel 1 Memodis onmumizayiliHux
3a0a4, AKI 00380/71AMb BU3HAYAMU KIJIbKICMb, MICMKICMb 1 KOOPOUHAMU PO3MILYeHHA
po3nodinbyux yeHmpig 1 nposooumU Op2aHi3auyilo J102ICMUYHUX Npoyecis, PayioHasbHO
po3n00ifiAYU MPAHCNOPMHI Ma MamepianbHl NOMOKU MIX YCiMa Y4ACHUKAMU /1021CMUYHO20
npouecy. AxkmyanbHicms pobomu 006yMOBAEHA CMBOPEHHAM MepumopianabHO po3noodiNeHuUxX
bazamopisHeBux KOMNAHIl, SKi 30iliCHIOIOMb NOBHUL YUK/ BUPO6HULMBA 810 3420MiB/T CUPOBU
HU 3 (1020 KOMNJIGKCHUM BUKOPUCMAHHAM, BUNYCKOM NPpoOYKYii 00 mpaHcnopmyBaHHs KiHyesum
Cnoxusayam yepes po3nooisiby4i yeHmpu.

MamemamuyHe 3abe3neyeHHs CGHOPMYNbOBAHUX 3A0aY PO3MIU4EHHS Po3nodiny po3pobiieHo 3
BUKOPUCMAHHAM OCHOBHUX NOJIOXeHb meopii HenepepsHUX 3a0ay onmumasnbHO20 po3bumms
MHOXXUH, meopii dsoicmocmi, memodis NiHIHO20 NPO2PaAMYBAHHA MPAHCNOPMHO20 muny, cy
yacHux anzopummis HedughepeHyiliosaHoi onmumizayii. [lpedcmasneHi modeni i anzopummu
00380/1A10Mb BUPILLYBAMU HU3KY NpobsieM cmpame2iyHo20 NAAHYBAHHSA, W0 BUHUKAKMb Y BU
PO6HUYIL, coyianbHill ma eKoOHOMIYHIl cchepax OisnbHOCMI.

Kntoyosi cnosa: 6azamoemanti n02icmuyHi npoyecu, 30HyBAHHA mepumopil, MamemamuyHa
mMoo0eJib, 3a0ayi po3MileHHs po3nodiny, cCUCmeMHUl aHAMi3, oNMuMi3ayis.

IToctaHoBKa mpoo6semMu. Y CydyacHOMY CBiTi K/IIOUOBY poJib Y 3a0e3IeueHHi
eeKTUBHOCTI Ta CTaJ0T0 PO3BUTKY Pi3HOMAaHITHUX Ta/y3eil Bilirpae JoricTuka, sika
BU3HAUYAETHCS SIK HiSIbHICTh 3 HACKPI3HOTO YIIPAaBIiHHS MaTepiaJibHMMU OTOKaAMMU,
[0 BKJIIOYAE YIIPABJIiHHS ITPOIECOM JIOBEJIEHHS ITOTOKY /10 BUPOOHMUIITBA, IIPOXO/I-
’KeHHSI TIOTOKY BCepeyHi BUPOOHUIITBA, NOBeIeHHS TOTOBOI MPOAYKILii 10 CITOKMU-

Baua, SIK Ha TPbOX 3a3HaYeHMX AUISIHKAX, TaK i ycepeanHi KOXXHOI 3 HMX. OCTaHHil
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eram, TMPUUYOMY He Yy BiIpuBi, a B I/IMOOKOMY CUCTEMHOMY B3a€MO3B'SI3KY 3
MorepegHiMM eTarnamMu, € IIpeaMeTOM BMBUYEHHSI PO3IOAIIbYOl JIOTICTMKM. 3amadi
ONTHMI3allii 6araToeTartHUX PO3MOMiIbUMX IIPOIECIB CKIAMAI0Th HMHI aKTyaJIbHUI
HampsSIMOK HAyKOBUX [OCTiIKeHb B IIiii cdepi, OCKiTbKM BK/IIOUAIOTh B cebe
KOMILJIEKCHI IIpoLiecy pO3MNoAiTy Ta pO3MillleHHSI pecypciB.

Posnopinbua JOTiCTMKA OXOIUIIOE TIJIaHYBAaHHS, KOHTPOJIb Ta YIIPaBJ/IiHHS
TPAHCIOPTYBAHHSIM, CKJIaAyBaHHSIM  Ta  IHIIMMM  MaTepiaJibHMMM  Ta
HemaTepiaJbHMMM OmepalissMu, 10 3AiJACHIOITHCS B IIPOILieCi JOBeOdeHHS TOTOBOI
MPOAYKIIii A0 CIIOXKMBAaya y BiIOBIIHOCTI 3 iHTepecaMy Ta BUMOTaMy OCTaHHbOTO, a
TaKOX Ilepenaui, 36epiraHHs Ta 00poOKM BigmomimHoi iHgopmamii. [IpuHIMIIOBA
BiIMiHHICTbh PO3MOMAiIbYUOI JIOTICTUKM Bif 30yTy Ta MPOJAKy MOJSITAE B CUCTEMHOMY
B3a€MO3B'I3Ky PO3IOMIIbUMX TIPOIECIB 3 BUPOOHMUMMM Ta 3aKyIiBeIbHUMU (Y
CeHCi YyMIpaBJ/iHHS MaTepiaJibHUMM IIOTOKaMM), CUCTEeMHUIA B3a€EMO3B'SI30K YCiX
dyHKIIili ycepeIyHi caMOT0 PO3IOIiay.

Ckiazn 3agay po3MOAiIbUOl JIOTICTMKM Ha MiKpPO- Ta MakKpOpiBHSX pi3Hmii. Ha
piBHI migMmpueMcTBa, TOOTO Ha MiKpOpPiBHI, JIOTICTMKA CTaBUTh i BUPIllye KOHKPETHI
3aBIaHHS: IJIAaHYBAHHS ITPOIleCY peasti3allii; opraHisailisi OTpuMMaHHS Ta 0OpOOKMU
3aMOBJIEHHS; BMOip BUIY YITAaKOBKM, OpraHi3allis BMKOHAHHS iHIIMX OIlepalliii, 1o
be3rocepeIHbO  IlepeayiOTh  BiIlBAHTa)KEHHIO; OpraHiszailis  BigBaHTa’KeHHS
MIPOJIYKIIii; TOCTaBKa Ta KOHTPOJIb TPAHCIIOPTYBAHHS iHIIIe.

Ha MakpopiBHi po3mofinbua JOTicTMKa BUPIllye MUTAHHS TMPO: BUOIp cxeMu
pO3MOAUly MaTepiaJbHOTO IMOTOKY; BM3HAQUE€HHS  OITMMAaJbHOI  KiJIbKOCTI
pPO3MOAIMbUMX LIEHTPIB (CK/IAAiB) Ha TepuTOpii, 110 0OCTYTOBYETHCS; BM3HAUEHHS
OINITMMAJIbHOTO MiCIisl pO3TallyBaHHS PO3IOAUIBYOTO I[EHTPY (CKIamy), psip iHIINMX
3aBJaHb, TOB'SI3aHMX 3 YIIPABIiHHSIM IPOLIECOM MPOXO/KEHHS MaTepiaJbHOrO IO-
TOKY I10 TEPUTOPIi paitoHy, obmacTi, Kpainu. CaMe po3B’sI3aHHIO 3a/4a4 ITONIYKY CXe-
MM ONITMMAaJIbHOTO PO3IO/IiTy TPOAYKIlii Ha IIJIIXY Bif, BUpOOHMKA OO CIIOXKKMBaya Ta
eeKkTUBHOI opraHisallii TPaHCIIOPTHUX MepeBe3eHb MiXX Y4aCHMKAMM 11bOTO Mpolie-
Cy IIpMCBsiUeHa JaHa poboTa.

OO6'eKT [AOCHImKEHHS — YaCTKOBO-ABOETAIIHMIA PpO3MOAiA MaTepiaJbHUX
TOTOKIB Ha CTafil peasisaliii rOTOBOI MPOMYKIIii.

[IpenmeT pocChimXkeHHS — MoAedi Ta MeTOAM ONTUMAJIbHOTO PO3MillleHHS
CTPYKTYPHUX €JIEMEHTIB JIOTICTUYHUX CUCTEM 3 YACTKOBO-ABOETAITHMM PO3MOAIIOM
MaTepiaJibHUX pecypciB.

AHami3 ocraHHiX FOCTimKeHb i myoOsmikamii. HaBememo orisim meKimbKox
HaYyKOBMX ITyOJTiKaIliii, IKM1 JeMOHCTPY€E Pi3HOMAHITHICTD MMiAXOIiB Ta METO/IB, IO
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3aCTOCOBYIOTHCS JIJIS PO3B'sI3aHHS 6araToeTarrHUX 3a4ay4 JIOTiCTUKA. Bif muckpeTHUX
0 HermepepBHUX MofeJiel, BiJl CTOXaCTUYHOIO IIpOrpamMyBaHHSI OO AVMHAMIUHUX
MiAXO0MiB, Ii JOCTiI)KeHHSI BHOCSITh BaK/JIMBUIA BHECOK Y PO3YMiHHS Ta ONTMMIi3allilo
CKJIaAHUX JIOTICTUYHMX MPOIIECIB.

B pob6ori [1] aBTOpM aKIeHTYIOTh yBary Ha pi3HMX acIieKTax MOJeI0BaHHS Oa-
raToeTalHUX 3aJa4 PO3MillleHHSI, BKIIOUAlUM BIUIMB reorpa@ivyHoOro IoJioKeHHS,
iHppacTpyKTypH, JOCTYIIHOCTI po60Y0i cvyy Ta iHIMMX (aKTOpiB HA e(eKTUBHICThb
BUpoOHMIITBA. OKpeMoO 3a3HaueHO IIpob6JieMy PO3MipHOCTiI, I[0 BUHMKAE IIpU
pPO3B’sI3aHHi 3aJay Yy MOUCKPEeTHill II0CTaHOBIli, KOJM KiJIbKiCThb 00’€KTiB, IO
PO3MIIITYIOThCSI, € BEJIMKOIO.

V mocnimkeHHi [2] po3po6sieHO MaTeMaTUUHMIA arapar AJisl IBOeTallHUX 3a7au
ONTUMAJIBHOTO PO3MOIiTy MHOXVH 3 JOAATKOBUMMM OOMEKeHHSIMMU. ABTOpPMU ITPOIIO-
HYIOTb iTepaTMBHMIA aJTOPUTM [Jis PO3B'sI3aHHS CchOpPMYJIbOBAHOI 3ajadi, 10
6a3yeThCsl HA BUKOpUCTaHHI moaudikaliii anroputmy lllopa Ta MmeTomy MOTeHITiaiB
JIJISI pO3B'sI3aHHS TPAHCIIOPTHOI 3a/1ayi.

B crarTi [3] po3rnspaeTbcsl 6aratoerarnHa CTOXacTUYHA 3ajayva, sIka iHTeTpye
HEBM3HAUYEHICTh PO3BUTKY XBOPOOM Ta PO3IIOIiJ pecypciB IJisi KOHTPOJIIO 3a Craja-
XOM iH(eKIi/iHOI XBopoOu. Mopmenb ONTMMIi3ye PO3MOAiA IEHTPiB JIiKyBaHHS Ta
pecypciB, MiHiMi3yl0ulM 3arajibHy OUiKyBaHY KiJbKiCThb HOBUX iH(iKOBaHMUX, Bpaxo-
BYIOUM MIPYU [[bOMY CIIPaBeJIMBICTb PO3MOALUTY PeCypCiB.

HocnigxkeHHs1 [4] TIporoHye 6araToeTanHy, OaraTomnepioguuyHy MoAesb
3BOPOTHOI JIOTICTUKM 3 PillIeHHSIMM 1IOA0 po3MipiB mapTiii. OCHOBHI HeBM3HauyeHi
(dakTOopy BKIIOYAIOTH KiJIbKICTh Ta SIKiCTb TIOBEpHEHb, MTOMUT. BUKOpUCTaHHS METOIY
MOMEHTIB IS TeHepallii AMCKPeTHOTro Habopy clieHapiiB J03BOJISIE IIPEICTaBUTU
OpUTiHaJIbHUIT HellepepBHUIA PO3IO/IiJ CTOXaCTUUHMX ITapaMeTpiB.

NuHamiyHMIiI [OiaxXig OO0 PO3MILIEHHSI MIChbKMX PO3IOAUIbYMX II€HTPiB
pO3T/siIaeTbcsl B poOOTi [5]. ABTOpM IPOIIOHYIOTh METO/, SIKMit IepeTBOpPIoe Oara-
TOeTarnHy AMHAMiuHy 3a/1auy pO3MillleHHSI Ha 3aJjauy HaliKOPOTILOTro IIJISIXY B Teopii
rpadiB, 10 [03BOJISIE 3HANTM OINTUMAJAbHY IOCAILOBHICTD IOMHAMIUYHOTO
PO3MillleHHS 3 HalfHMYXY0I0 CYKYITHOI BapTiCTIO 32 BeCh IJIaHYBaJIbHUIA TTepiof.

VY pob6oTi [6] TpoBemeHO CUCTEeMaTUUHMIE OTIJISAH JIiTepaTypu 3 YIIpaBIiHHS
orepalisMu B cdepi pO3yMHOI JIOTiCTMKM. ABTOpPM BU3HAUAIOTh IPOTAJIMHU B
IOCTiIKEeHHSIX Ta TPOTIOHYIOTh HATIPSIMM MaiOyTHIX JOC/iIsKeHb Y 11ili ranysi.

AHaJi3 pi3sHMX METOJiB pO3B'SI3aHHS 3a7au OaraToeTarHoi ONTMMIi3allii ITij

HEeBM3HAUEeHICTIO IIPOBEeLEeHO Y CTaTTi [7]. ABTOpM HaMaralThCs IHTerpyBaTyi MeTOIU
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B €AVHe IIijie, IO [O3BOJIIE OiJbII KOMILIEKCHO IiIXOOUTU IO HPUIAHSTTS
TOC/TiAOBHMX PillleHb B YMOBaX HEBM3HAYEHOCTI.

IaHa poboTa MpuUCBsUYeHA MOJENI0OBAHHI0O YaCTKOBO-ABOETAITHOTO PO3IOLiTY
MaTepiaJibHMX pecypciB B IBOpPiBHEBMX JIOTICTUUHMX cucTemMax. Ha BigmiHy Bif
3aa4i ONTMMAaIbHOTO PO3OUTTSI MHOXKMH 3 TOJaTKOBMMM 3B’SI3KaMM, sIKi po3pobiie-
HO [JIJIs1 Yac OMMCY JBOETANTHUX eBaKyallilfHUX MPOI1eciB i MpecTaBieHo B poboTi [8],
TYT PO3TJASAAETHCS MPOLeC PO3MOiy MaTepiaJbHUX MOTOKIB y CUCTEMI, CTPYKTYP-
HUMM ejleMeHTaMM SIKOi € BUPOOHMUI MiANPMEMCTBA, SIKi MOXYTh 30yBaTU CBOIO
IIPOAYKIIifo abo 6e3mocepenHbO, ab0 yepe3 cBOi po3mnominbui medTpu (PII), onTu-
MaJibHa KiJIbKiCTb i MiCTKiCTh SIKMX Ma€ OyTU OlliHeHa y IpOolLieci aHasIi3y MOMNUTY Ha
MIPOIYKILiIO i BITIOJOOAHHS 100 BMOOPY CIIOCOOY #0r0o 3ag0BOJIeHHS (besmocepes-
HbO BiJ BUpoOHMKaA a60 uepe3 PII) criokuBaviB, sIKi MEIIKAIOTh y TIEBHOMY PerioHi.

Merta pociaimKeHHSI. 3HMKEHHSI TPAaHCIOPTHMX Ta OpraHi3alliiiHMX BUTpAT,
TIOB’SI3aHMX i3 30yTOM Ta 30epiraHHSIM IOTOBOI MPOMYKILii, AJIsT Mepeski BUPOOHUUMX
i ATIPUEMCTB IIUISIXOM pO3p0o0JIeHHSI Mozesieli i MeTOIiB ONTMMIi3alliliHMX 3a1a4, SIKi
IO3BOJISITh BM3HAUYaTM  KUIbKICTb, MICTKICTb 1 KOOpPAMHATU  PO3MillleHHS
pO3MNOAUIbYMX IeHTPiB 1 MPOBOAMUTM OpraHisallilo JIOTICTUUHMX IIPOIIECiB,
pallioHa/JIbHO PO3MOIiISII0UM TPAHCIIOPTHI Ta MaTepia/ibHi ITOTOKM.

BukinageHHsI OCHOBHOTO Mmartepiany. Po3risHeMo Mepexy BUPOOHUYMX
MiATTPUEMCTB, SIKi BUITYCKalOTh OJIMH i TOV camMuii MPOAYKT, IIOMUT Ha SIKUIi Herepe-
PBHO PO3MOJiJIeHMI Ha 3aAaHil TepuTtopii : . YacTMHA CIIOXXMBAYiB Ma€ MOX/IUBICTD
i Bimmae mepeBary 3akyIaTu IIPOIYKT Oe3locepefHbO Yy BUPOOHMKA, peliTa
KOPUCTYETHCS IMOCTYTaMM HaMOIMKUIOTO PO3IOIAIIbUOrO HEHTPY. 3ajava I0/IsIra€ B
pO3MillleHHI MeBHOI KiJIbKOCTi PO3MOAUIbYMX I€HTPiB Ha TepuTopii perioHy i
BY3HAUEHHi MaTepiaJibHUX MOTOKIB B JIAHITIOKKAX TUITY «BUPOOHMK — CITOKMBAU» Ta
«BUPOOHMK — PO3MOMIIbYMII LIEHTP — CIIOKMBAa4» TaK, aby MiHiMi3yBaTy 3arajbHi
TPaHCIIOPTHI i BUPOOHMYI BUTPATH YCiX YUACHUKIB PO3IIOIiIBUOTO ITPOIIECY.

BinnmoBigHO 10 TepMiHOMOrii, MPUIAHATOL B JIOTICTUIII IIIO0 BU3HAUEHHS PiBHS
KaHaJIiB PO3IOiY B JIAHIIOXKKAX ITOCTAaBOK, OyJIeMO Ha3uBaTy BUPOOHMKIB IIeHTpa-
MU HYJIbOBOTO PiBHS, @ PO3IO/i/IbYi IIEeHTPYU — LIEHTPaMM MepIIoro piBHS.

[l TI00yI0BY MaTeMaTUYHOI Mopesi 6yieMO BMKOPMCTOBYBATM TaKi MO3HA-
yeHHS: [} — TepuTOpis perioHy, 3amaHa reorpadiuHMMM KOOpAMHATAMMU TPAHUIIb;
dcon- TepUTOpisl, fie MOXyTb OyTM pO3MillleHi LIleHTpM Iepuoro piBHS; p(x) -
GbyHKIIiS, 1[0 OMMCY€E TOMUT Ha MPOIYKILiI0 B TOYIli X MHOXMHM () (BUM3HAUAETHCS
IIJISIXOM MapKeTMHIOBUX OOC/TiIKeHb HaCeJIeHHI0), oamH./M?; u(x) — 6e3po3mipHa
dbyHKIlis, sgKa mpuitMae 3HaveHHs Bim 0 mo 1 i 3amae 4yacTKy HaceJieHHS, sIKa
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3aJI0BOJIbHSIE CBOI ITOTPEOM Yy IMPOAYKIIii, 3aKyIIOBYIOUM ii y BUPOOHMKA i CAMOCTifHO
TpaHCopTywun; N — KUIbKICTh LIEHTPIB Mepiioro piBHS; M — KiJIbKIiCTh LIEHTPiB

HYJIbOBOTO PiBHS; S — 3arajibHMIA IIONUT Ha MPOAYKIIiI0 HA 3afaHil Tepurtopii {2, ox.;

T, = (rfl)rJ Iéizj’r) — KOOPAVHATHU i-TO LEHTPY r-To PiBHS; b — MOTYXHiCTH\MiCTKiCTb
i-ro umentpy r-ro pisus, r = 0,1, on.; c/(x,7!) - Bapricte TpaHcmopTyBaHHS
MPOAYKIil Bif i-ro LieHTpy I-ro piBHSI OO TOYKM X € (), TpH./om.; cfj (x, 'rf') -
TPAHCIOPTHI BUTPATU HA JOCTABKY MPOAYKIIil Bif LEeHTPY rf B TOUKY x € [);, ne [2; —
TePUTOPIs], SIKa OXOIUTIOE HAJGIVKUNMX /0 7] criokuBauiB; c;; (77, 7/") - Bapricts me-
peBe3eHHSI TPOAYKIIil Big LEHTPY rf IO LEeHTPY 'rf , TpH./Om.; af — BapTICTb
36epiraHHs NMPOAYKIi Ha CKIagax LEHTPY T), po3paxoBaHa Ha OJHY OOVHUIIIO TIO-
IIATY, TPH/Of.; 2;— 30Ha BiANOBimAIbHOCTI LEHTPY T ; 2; j — TepUTODis, 3aKpirieHa
3a LEHTPOM rf , 3 IKOI CITOKMBavi MOKYTb 3aJI0BOJIbHSITY CBiii TOIIUT Oe3I1ocepeIHbo

3a pPaxXyHOK HEHTPY 7!

i TaK 10

UM, 025 =0, mes(R:N ;) =0, s=j, s,j=LM; vy i=1LN;j=1M-
KIJIBKICTb IIPOAYKILii, IKa TPAHCIIOPTYETHCS Biﬂrf,uo T, o

3a/1/151 OLiIHKM MiCTKOCTI IIeHTPiB MepUIOro PiBHS T, MOTPIGHO BU3HAUUTH 30HY
ix obcimyroByBaHHs (2, , i = 1,2,..., N, s9Ki ckiamaoTb po36utTs 2 i, y CBOIO uepry,
PO30MBAIOThCS HA 30HU [2;1,02:5,..., 23, 3 IKUX NIESIKi CITOKMBAYi CaMOCTIifHO 3aKy-
TIOBYIOTb IIPOAYKIIIO Y BilTIOBiAHUX LIeHTpax To, T3, ..., Tjy.

Hexait £} - xmac Bcix MOKIMBUX po36uTTiB @ = {02,,02,..., 2y} MHOXUHY 2

Ha N migMHOXMH, a s KoxHoro [ = 1,2,..., N Kjac Z,}'f — KJIaC BCiX MOXXIUBUX

pPO36UTTIB MHOXMHM (2; HA M TiAMHOXMH:
o= {Ct = {0, 2y} UL, 0 = 0, ”195(-955 N -Qij) =0, s#j,sj= m}
Toni
MM ={c={¢p .o} GEZMI=1N, UL, 2, =0, mes(2,nN,) =0, i #q; i.q =
im)
BM3HAUAE KJIaC BCiX MOXKIMBUX po30UTTIB {2 Ha NM migMHOXMH.

3apmaua: moTpiGHO 3HAKTK Take po3oUTTS ¢ = {¢;,{s, ..., Cy} MHOKMHU () Ha

NM nigMHOXMH i BM3HAUMTM Taki T' = (T{T{), V= {'Vllx---J'Vij:--wv_-‘\.'_-‘;{} Ta
V_Num = {V_Numy;,},i = 1,N,i = 1,N, k = 1,K, 3a sixux
F(¢, v, v,V_Num) — min, (1)

F((:_J Tfl v, VN'um) - 51 ;\':1 Zle _{QU.(CL'I(X' Tf) + {15) (1 T u(x))p(x)dx +
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B, B0 B e (e vy + By T By fy, (e8 (1) + af) ux)p()d,

i BUKOHYIOTbCSI OOMEsKeHHSI

-rf}l-(l - u(ﬂc’))p(x)dx = Zifil'lf'ijJ i=1,N, (2)
:;:1 _fﬂij_ H(X)p(x)dx + 'VU = b)?, j = 1‘ J“Lnf‘ (3)
¢ € LM, v e Rfy v €NV, )

me By, fa B3=0, Bi+ P57+ 5+ 0 - szamani koedinieHTH, gKki BU3HAYAIOTDH
npioputeT gopankis; LAY - Kknac BCix MOXIMBMX PO36GUTTIB MHOXMHU ) Ha NM
NiZMHOXMH; ¢ — eJIeMeHT Kijacy Z_;;.”'M; R~ NM-BuMipHMIt IPOCTip HEBim eMHMX
IiMICHUX YMCel.

B dyHKiioHani nepiunii i TpeTiit JOJAHKM BPaXOBYIOTb BUTpPaTU Ha TPAHCIIOP-
TyBaHHSI 6e3IocepeaHbO OO0 CIIOKMBAUiB, BilBAHTaKeHHS Ta 30epiraHHs MPOIYKITii

JIJIST LIEHTPiB rf Ta rf BiIMOBiAHO; APYyTUii AOOAHOK OIMCY€E TPAHCIIOPTHiI BUTpaATH,
TMOB’$S13aHi 3 JOCTABKOK MPOAYKIIil Bif r}} hifo} 'rf . YmoBu (2) i (3) 03HauaroTh, 1110 BECh

TIONUT Ma€ OyTU 3a[I0BOJIEHMIT Y TOBHOMY 00csI3i; (4) — YMOBU OOITyCTMMOCTI IITyKa-
HUX BEJIUUNH.

[louaTkoBa iHQoOpMAallisi PO CTPYKTYPY JIOTICTUYHOI CUCTEMM i MONUT Ha
MpOAyKIlito 00yMOBJIIOE pi3Hi BapiaHTH 3amaui (1) — (4), Hanmpukiaaz: 3 GikCOBaHUMMU
IIeHTpaMM TepIIOro piBHS, 3 OOMEKeHHSIMM Ha iX MOTYKHOCTi i 6e3 TakMx yMOB.
MoskHa mpumyctuTu, mo PII B3arani HenmoTpioHi. Toxi mometio 6yme 3BuuaiiHa He-
repepBHa 3aja4ya ONMTUMAaIbHOTO pO36UTTsS MHOXMH [10].

3amaua (1) — (4) mepembayae HeOOOB’SI3KOBE BUKOPUCTAHHSI MPOMIKHUX
IIeHTPiB B GaraToeTartHili TPaHCIOPTHO-JIOTICTUYHI/ MepexKi, a TOMy € pPO3IIUpPEH-
HSM Kjlacy HelepepBHMX 3ajlauy ONTUMAaJbHOTO PO3OUTTS MHOXWUH 3 JOJATKOBUMU
3B’s3Kamu [2].

Buokpemumo Bunamoxk 3agadi (1) - (4), Kojiu MOXKHA 3[iJiCHUTU JeKOMITO3UIIil0
3amavi, TO6TO Po36MUTH ii Ha JeKiabKa MOCTiTOBHMX 3a7au. Taka cUTyallisi MOXKIMBA
3a TIpUITYILeHHS PO Te, 10 CIIOKMBaY, SKUit 6e3rocepeIHbO 3aKyIIOBY€E TOBAp Y BU-
pOOHMKA, HaJa€ IepeBary TOMY 3 HUX, SIKMii 3a0e3meuye MiHiMaJIbHi BUTpaTH Ha
TpaHCIIOPTYBaHHS i BigBaHTaxkeHHs. ToAi 3a7aua Moske OyTy po3B’sizaHa y 2 eTarnu:

1. Bcst TepuTopis po36mBaeThcsl Ha M 30H, KOXKHA 3 SIKUX 3aKPiIlTIOETHCS 3a
1eHTpoM 0-ro piBHS. 3 HMX 3[ifiICHIOETHCS TPAHCIIOPTYBAHHS IPOMAYKIIii BJIACHO
CIIOKMBavYaMM. BiAIIOBiZHO MO ONTMMAJbHOIO PO3OUTTS TEPUTOPii OOUMCITIOIOTHCS
TIOTOKM, SIKi BUXOASITh 3 IIeHTpiB 0-T0O piBHS. 3BiCHO, iX 00CSTM HE MOXKYTh II€PEBU-

IIyBaTU MOTYKHICTb LIEHTPIB.
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2. BM3HAYaEThCS KiJIbKICTh pecypcy, IKMii Moxke OYyTU JOAATKOBO MPUITHSTHUIA
LIEHTPOM IePIIOTO PiBHS, 3HAXOAMMO MICIS iX pO3TallyBaHHS (SIKILO BOHM HEBigOMi
3a34aeriap) i po36uBaemMo TepuTOpiro Ha N 30H IJis1 360py IMPOAYKTY B IIEHTPaAx
TepIIoro PiBHS i MOAAJBIIOrO PO3IIOAiNY i BiiIpaBKY A0 CIIOKMBAUiB.

3anuinemMo MaTeMaTUYHi TOCTAHOBKY BKa3aHMUX 3a7ady.

3ajaua 1. 3HaitTu Take po36urTs w, = {02.,,02.5, ..., 2.} MHOXuHEM 2 HA M
MiAMHOXXMH, 3a TKUX

F,(w) — min,
M

F,(w) = Z L .cj“(x, Tf) n(x)p(x)dx;

j:l |

( ux)p(x)dx = b?, j= 1M,
Ja,

w e I
3a OoNTUMaJbHMM pO3B’SI3KOM 3amadyi 1 po3paxOBYEMO HEBUKOPUCTAHY

MOTY)XHICTb LIEHTPiB 2-TO PiBHSA:

b =b— | w@pr)dx, j=1H

2
i popMy/TI0EMO HACTYIIHY 33/1a4y.
3agaua 2. IToTpi6HO BWM3HAYMTM Taki T.,...,Tk, 3HANTM Take PpO3GUTTS

w=1{N,,02,,...,0y} wmuHOkuHM (! Ha N MIMHOXMH 1 BeJIMYMHU
v ={vi1, o Vigs vV b, 1= 1,N,i = ﬁ, 3a SIKUX
Fy(@,7,v) = min,
Fy(@,7',v) = By XL B [, (el (o t) + af) (1= u(x) ) p () dox +
+5; ?:1 Zf:l Cfi (Tf TJ?) "Vijs
fﬂl.(l —u(x))p(x)dx =¥, vy;, i=1N,
Z?':ﬂ’t,f = bf j=m,
@ €ZY, vERM T eV
HeoOxigHuMu i mocTaTHiMM yMOBaMM pO3B’SI3HOCTI BUXiJIHOI 3a/adi, a TaKOX
3amau 112, € HACTyIHe CIiBBiHOLIEHHS:
.rﬂp(x)dx = Zle ij-
SIKIIIO yMOBa He BMKOHYETHCS, TO, MOKHA BBeCTU ab0 dikTuBHMII 11eHTp 0-TO
piBHS, 260 PO3MIMPUTY MHOKMHY, III0 PO30MBAETHCS, 10 MEBHOI 3BasK€HOI IUIOII, 3a
aHAJIOTI€I0 Nepexoay Bif BiAKPUTOIL 4O 3aKpUTOI MOZeJIi TPAaHCIIOPTHOI 3aayi.
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3amava 1 € KJIaCMYHOI HelepepBHOIO 3a/1a4el0 ONTUMAIbHOTO PO3OUTTS MHO-
KMH 3 00MeskeHHSIMM Ha ITOTY>KHOCTI IIeHTPiB, AJIs ii pO3B’I3aHHSI BUKOPMCTOBYEMO
BimmoBigumii mertom 3 [10]. MaremaTuuHe 3abe3leueHHs IOBOETANTHUX 3a4ad
PO3MIillleHHSI-PO3MOAiy TUITY 3ajadi 2 pPo3po6seHO 3 BUKOPUCTAHHSIM OCHOBHUX
IIOJIO’KEHD Teopii HemepepBHMX JIHIMHUX 3a7a4 ONTMMAJIbHOTO PO3GUTTSI MHOXKMH,
Teopil ABOICTOCTI, a TAKOX METO/iB PO3B’SI3aHHS 3a7ay JIiHIIHOrO IMporpamyBaHHS
TpPaHCIOPTHOrO TuUiy. B po6oTi [2] mokasaHo, 1o GhopMyIOBaHHSI 6araToeTarHoi
TPAHCIIOPTHO-JIOTICTUYHOI 3a4adi y BUIVISAAI 33a4adi HeCKiHYeHHOBMMIipPHOI
OITMMi3allil AOIiJIbHO, KOJM KiJIbKiCTh CIOXMBAUiB AyKe BejuKa. 3aCTOCyBaHHS
pO3p0o06JIeHOTO0 Y BUIlle3a3HaueHilt poO0Ti MaTeMaTUYHOIO arapaTy A€ MOXKIMUBICTh
3HAMTU ONTUMAJIbHMII PO3B’SI30K [ABOETAMHOl 3ajaui pO3MillleHHS-pO3MNOoaiy B
AHAJIITUYHOMY BUIJISIAL, SIKMIT MICTUTh MapaMeTpH, IO € PO3B’SI3KOM IOMOMiKHOI
ONTMMi3alliifHOI 3aJaui 3 HEerJaJKol I[iTbOBOI0 (YHKIII€I0 MEeKiJTbKOX 3MiHHMX.
ITepamiiiHnii airopUTM pO3B’SI3aHHS 3a7advi 2 po3pobeHO Ha OCHOBIi iHTerparlii r-
anroputmy H.3. [llopa Ta MeTOay IOTeHIIialiB.

AjiropuTMM  pO3B’SI3aHHSI BMXIAHOI 3a4adi 3a YMOBM MOKIMBOCTI il
IeKOMIIO3MIIii mporpaMHO peasizoBaHi B cepemoBuii Visual Studio 2022 Ha moBi
C#. IIpogeMOHCTpyeEMO POOOTY aJITOPUTMIB Ha MOJETbHMX 3aaUax.

[TizroToBUMii eTar 06pPOOKYM eeKTPOHHMX KapT MOJISITa€ y BUAAIeHHi 3 KapTu
MiCIIb, III0 He HajexXaTb TePUTOPii perioHy 3a AOIoMOorow rpadiuyHoro pemakropa.
Hani BBOAUTHCS MPSIMOKYTHA CUCTeMa KOOpAMHAT, OOpaBIM ITOYATOK BimJIiKy i
MacIITabHy OOMHMINIO TaK, aby perioH, IO pO3IJISAAEThCS, MOBHICTI0O MiCTMBCSI B
npsaMoKyTHUKY 1 = {(x;,x5): 0 = x; = 12; 0 = x, = 12}. O6nacts 2, sika mae Oy-
T MOAi/IeHa Ha 30HM BiAIIOBiAaJbHOCTI LIEHTPiB MEePIIOro pPiBHS, Ha BCiX PUCYHKaxX
It BUisieHa SICKpaBMMM KOJIbOPaM.

UncenpbHa peasiszaliis ajJroOpuTMiB Iepemdavae OMCKpeTU3allil0 3aJaHoi
o6sacTi. JIjst 06uMc/ieHHs] KpaTHUX iHTerpajiB 3aCTOCOBYEThCS KybaTypHa (popmyiia
Tpaneliii. O6UKCIOBaNbHI eKCIIepMMeHTH Oy/iu MpoBeJeHi 3a HaCTYITHUX 3HaueHb
MTOXMOKM Ta mapameTpiB r(a)-anroputmy: ¢ = 3, £ = 0.0001.

B ycix HaBeieHUX HIDKUE MOAEIbHUX MPUKIALAX BBAXKAEThC, IO [IEHTPU 000X
piBHIB 3aJlaHi; CyMapHi MOTY>KHOCTI MiATIPUEMCTB HYJIbOBOTO PiBHSI CTAHOBJISITH OJI-
HY YMOBHY OJIMHMIIIO; CYMapHMii MOMUT HA TEPUTOPii, 1110 pO3IISIAAETHCS, TAKOX

mopiBuioe 1 ym. op. [ns oGumcnenHs oymkuin cf(x,1;) Ta  cf(1;,1;)
BMKOPUCTOBYEThCA MeTpyuka Minkoscbkoro c(x, v) = ((x; — y;1)? + (x; — y,)P) P 3

KOHKpeTHUM napamerpom p. ®yukiist p(x) = 1, u(x) = 1/3 mna Bcix Towok obacri
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{), 10 O3Hauva€ pPiBHOMipHMIT TONUT Ha TMPOAYKIiID i IepeBaru (MOKIMBOCTI)
CIIOXXMBAYiB II0/0 CIIOCOOY J0T0 3a0BOIeHHS, [5; = [, = [, = 0.5.

MogpesnbHa 3agaua 1.

Buximui mani: N =5, M = 4; ti= (6.336; 3.234), 15 = (7.634; 3.124), 174 =
(9.482; 3.806), T) = (9.394; 4.928), T = (8.404; 4.466); 1= (2.681; 3.432), To= (1.672;
5.676), T3 = (5.556; 5.302), T3 = (10.12; 4.224); b° = (0.281; 0.082; 0.407; 0.228).

Ins dyuxuiii ¢! (x, ;) Ta c?}- (7:,7;) mapameTp meTpuku MiHKoBcbKOro p = 1 Ta
p = 2 BignosigHo, al =0, i = 1,5; a’=0, j= 1,4;

Ha puc. 1 nipeacTaBiieHO ONTMMaibHe Po30UTTS TepuTopii f2. [Ipu ubomy mpa-
BOPYY 3a3HAUYEHO BiIMOBIAHICTH KOMBOPY 30HM LIEHTPIB [i, j] = (7], If), o ii obcy-
TOBYIOTb. A caMe, Ta YaCTMHA HacCeJeHHs, SIka BOJi€ 3aKylOBYBaTU CaMOCTi/iHO
MpOIyKIii y BUPOOHMKA, KOPUCTYETHCS MOCIYTaMU L@HTPY ’r}}. [Tepmumnit ingexc i y
MO3HAYlli 0O3Hayae, U0 CIOXMBAUi 30HM BiATIOBiZHOTO KOJbOPY CKOPUCTAKTHCS I0-

CJTyramMu po3IOZiIbuoro eHTpy T..

BignmosimHicTb
KOJIbOPY 30Hi [1,]]

. 4 4)
(3.4]
B (5.4]
I 24)
2.3
(1.3]

PucyHoKk 1 — OniTumasibHe po30UTTSI TEPUTOPIi Ta cxeMa IIepeBO30K pecypcy Mixk

[IeHTpaMu MepIloro Ta HyJIbOBOTO PiBHIB y 3a7a4i Mo/ie/ibHil 3agaui 1

3HaueHHs 1iboBoro GyHKIioHany 7.48703. YMOBHaA KiJbKiCThb MPOJAHOIO
MPOJYKTY ILIEHTPamMy IepHIoro PiBHS Opu ILbOMY cKaaida 3 TouyHicTio 0.001: b' =
(0.173; 0.133; 0.092; 0.118; 0.148). Ha puc.1 Takox 3a3HaueHi iCTOTHi 3B’SI3KM MiX
[IleHTpaMM HYyJIbOBOTO Ta Mepuioro piBHiB. KinbKicHa BelnuyMHA MOPOAYKTY, IO
MIPSIMY€E BiJl [IEHTPiB HY/JIbOBOTO PiBHSI O LIEHTPiB IEpPIIOTO piBHSI OTpMMaHa Ha-
cTymHa: v,; = 0.1731,v,; = 0.1045,
Vo2 = 0.029, vz, = 0.056, v3; = 0.036, vy; = 0.118, v.c = 0.1486, pemrta
v;; = 0. TIpo KOpeKTHICTb pOGOTM AJrOPUTMIB CBiIUMTb CyMa LIMX BEJIVYMH, SIKa

nopiBHIoe 0.667 (IBi TpeTUHM BiJ, yCbOTO MOIIUTY, PO3MOAiIEHOT0 Ha TePUTOPII).
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MopenbHa 3agaua 2.

Buxinui mani: N = 4, M = 7; ti= (5.918; 3.718), 75 = (9.46; 3.85, 74 = (8.646;
4.818), T = (7.942; 2.508); 7%= (5.83; 1.936), T5= (2.618; 3.586), 75 = (4.312; 2.684),
79 = (10.01; 4.356), T2 = (9.284; 6.292), T2 = (6.864; 4.95), T2 = (4.334; 5.478); b° =
(0.086; 0.249; 0.201; 0.112; 0.055; 0.077; 0.217). IOna byukuiit cl(x, ;) Ta c?j (15, 77)
rapamerp MeTPUKU MiHKOBCBHKOTO p=1 Ta p=1 BiZMOBigHO,
al=0,i=14a’=0j=17

Ha puc. 2 mpencTaBieHO ONTHMMaIbHe PO3OUTTSI TEPUTOPIi 2 i BKa3aHO 3B’SI3KM
IIEHTPiB MepIIoro Ta HyJbOBOTO eTamiB. YMOBHA KiJIbKiCTh BUBE3€HOI'O MPOAYKTY 3
LIeHTPiB IepILIOro piBHS IPM LibOMY cKjasa 3 TouHicTio 0.001: bt = (0.206; 0.145;
0.203; 0.11). 3naueHHsI 1ibOBOro (QyHKIiOHATY 9.44497. KinbKiCHI BeJIMUYMHU
iCTOTHMX 3B’SI3KiB MiX I[I€HTPaMy HYJIbOBOTO Ta MEePIIOTrO PiBHIB OTPMMaHi TaKMMMU:
vy, = 0.0851,v,; = 0.1215,

Vo = 0.0339,v,, = 0.1117,v3; = 0.176,v5: = 0.0278,v,, = 0.0669,v,; = 0.0439,
pemrra v;; = 0.

BignosimHicTh
KOJIbOPY 30Hi [i,]]

5]
| 3.4]
[2.4]

I 4 4]
[2.6]

I (3.6)
I (4.6
I [1.6)
1.1]

PucyHOK 2 — OniTuMasibHe po30UTTS TEPUTOPIi i cxema mepeBO30K pecypcy Mix

LIeHTpaMM MePIIOro Ta HYJIbOBOI'O eTaIliB MOe/IbHiii 3amaui 2

3apmauva 3.

BuxinHi mani: N = 3, M = 6; 1= (7.392; 3.124), 15 = (7.766; 4.18, T4 = (9.438;
3.938); 1= (5.852; 1.738), 19= (4.444; 3.102), 13 = (2.948; 4.62), 15 = (10.23; 5.698),
70 = (8.844; 6.67), T2 = (6.006; 5.412); b® = (0.211; 0.058; 0.127; 0.176; 0.238; 0.188);
p=2 Ta p=1 BiZmmoBimHO ISt cl(x, 1) Ta i (11, 77),
al=0i=13a’=0 j=16

Ha puc. 3 mpencTaBieHO ONTUMaIbHe PO3OUTTS TepUTOpii f2 i BKa3aHO 3B’SI3KU

LIEHTPIB IEePILIOr0 Ta HYJbOBOTO €TAaIliB; pelliTa OTPMMAaHUX BEJIUNUYMH: bl = (0.225;
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0.208; 0.232); 3HAUYEHHS 11i/IbOBOTO dyHKIIiOHaATY 15.28643;
vy, = 0.1434,v,, = 0.0438,
Vi3 = 0.0379,v,5 = 0.0892,v3, = 0.028,v,5 = 0.0242,v;5 = 0.2048,, v, = 0.0955,
Hm v;; = 0

BUCHOBKM Ta NepcnekKTUBM MOJAIbIINX AOCTiAKeHb. [IpefacraBieHa Mmare-
MaTMYHA MOZeab YaCTKOBO-ABOETAIIHOTO IIPOIeCcy PpPO3MOAiy MaTepiaJbHUX
TOTOKIB Y TPaHCIIOPTHO-JIOTICTUYHIN CUCTEeMi, CTPYKTYPHUMMU €JIeMEeHTaMM SIKOI €
BUPOOHMYI ITiAIIPUEMCTBA, IO 3HiMICHIOIOTH BUPOOHMIITBO OZHOrO 1 TOIO CaMOIO
MIPOAYKTY i peasi3yioTh itoro abo 6esmnocepeaHbo, ab0 Yepe3 po3IO/iibyi IeHTPH.
[Tpy uboMy mepemdayaeThCs, IO IOMUT HAa MPOIYKIIii pO3MOAieHUII HellepepBHO

Ha AesKiil TepuTopii.

BignmosimHicTb

KOJIbOPY 30Hi [i,]]

[3.4]
I 2 4]
[2.5]
I 2 6]
. [1.1]
I [1.6)
.2

PucyHOK 3 — OnTMMasibHe pO30UTTS TePUTOPIi i cxeMa mepeBO30K IMPOIYKTY MixkK

LIeHTpaMM MepIIoro Ta HyJIbOBOTO eTalliB MOJIe/IbHi 3amaui 3

Peasti3oBaHO MeTO/I pO3B’SI3aHHSI OKPEMOTI'0 BUITAAKY ITOOYI0BAaHOI MOIesTi, KO-
JIM BOHA 3BOAMTBLCS MO [ABOX ITOCAIAOBHMX OIITMMi3allilfHMX 3a7au: KJIaCUMYHOIL
HerepepBHOi 3ajavi ONTUMMAJIBHOTO PO3OUTTS MHOXMH 3 OOMEXKEHHSIMM i
IBOETAITHOI 3aJaui po3MillleHHS po3momiry. Peasnisaliiss momesni 3abesmneuye 3HU-
SKEHHSI TPAHCIOPTHMX Ta OpraHisalliifHMX BUTpAT Ha 30yT Ta 36epiraHHsS TrOTOBOI
MPOIYKIIil HA BCiX eTamax JOTiCTUYHOIO MpOLieCy, AJO3BOJISIIOTh BUPIITYBATU HU3KY
Mpo06JieM CTPATEriuHOro IUIAaHYBAaHHS Y BUPOOHMYIN, COILiajbHili Ta €KOHOMiuHii
cdhepax misIbHOCTI.

[lomanpmr  JOCHIMKEHHST TIOB’SI3aHi 3  PO3POOKOI i  TEOPeTUUHUM
OOT'PYHTYBaHHSIM MeETOIy PO3B’s3aHHSI COPMY/IbOBAHOI 3amaui 3 PO3MillleHHSIM
IIEHTPIB, i po3poOKa IMPOrpamMHOro 3abesrneyeHHs BMUpIilleHHS TaKMX 3aBIaHb i3 3a-
aydyeHHsIM ['1C-TexHOOriT.

P0o60TYy BMKOHAHO y paMKax JIep>KaBHOI OIO/IKETHOI TeMaTHKM 32 HOMEpPOM
0123U100011.
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Systems analysis and mathematical modeling of partially two-stage processes
of material flow distribution

The partially two-stage process of material flow distribution in a logistics system is
considered, which consists of enterprises that produce certain products and sell them di-
rectly to consumers or through distribution centers. It is assumed that the demand for
products is continuously distributed throughout the territory of a certain region. The pur-
pose of the work is to reduce transportation and organizational costs associated with the
sale and storage of finished products for a network of production enterprises by develop-
ing models and methods of optimization tasks that allow determining the quantity, ca-
pacity, and coordinates of distribution centers and organizing logistics processes, ration-
ally distributing transportation and material flows among all participants in the logistics
process. The relevance of the work is due to the creation of territorially distributed multi-
level companies that carry out the entire production cycle from raw material procurement
with its comprehensive use, production of products to transportation to end consumers
through distribution centers. The mathematical support of the formulated placement-
distribution tasks is developed using the basic provisions of the theory of continuous
problems of optimal subset division with the placement of subset centers, duality theory,
linear programming methods of the transport type, modern algorithms of non-
differentiable optimization. The presented models and algorithms allow solving a whole
range of strategic planning problems that arise in the production, social, and economic
spheres of activity.

Key words: multi-stage logistics processes, area zoning, mathematical model, loca-
tion-allocation problems, system analysis, optimization.
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N.O. Matveeva, A.M. Papanov
DEVELOPMENT OF A CYBERPHYSICAL SYSTEM
FOR MONITORING FIRE SAFETY

Abstract. The Megamart company's cyber physical fire safety system was developed with the
possibility of flexible changing types and sets of functions performed by reprogramming. system
uses RFID technology with the development of a computer network. The computer system allows
for the system's technical and software modernization, as well as ensures the fulfillment of all
functions of the technical assignment. The system was validated using a model of the corporate
network scheme using the program Cisco Packet Tracer program.

Keywords: cyber physical system, RFID technology, IoT.

Introduction. Cyber-physical monitoring systems are used in many areas of
life. From simple indoor temperature control systems to complex and multi-
component systems. As these systems become more complex and the number of
functions they perform increases, the management process becomes more and more
complex. Also, the costs of maintenance of service personnel, repairs and mainte-
nance are increasing rapidly. However, there are many automation tools that control
some types of systems, such as heating, ventilation, microclimate support, lighting,
fire alarm, smoke filtration, entry/exit control, but the management and mainte-
nance of all these systems requires the presence of appropriate personnel.

Using a cyber-physical system for monitoring office premises is a new type of
service. The principle of the cyber-physical system for monitoring provides a com-
pletely new approach to the organization of workplaces and the security of office
premises, stores and hypermarkets, in which the efficiency of operation and reliabil-
ity of management of all subsystems increases due to the combination of software
and hardware.

A cyber-physical system (CES) is a mechanism controlled or monitored by com-
puter algorithms and closely related to the Internet and its users [2]. The compo-
nents of the CFS interact at different temporal and spatial levels and may have dif-
ferent, different from each other, behavior models. They interact with each other in
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different ways that can vary depending on the context. CFCs are somewhat similar in
architecture to the Internet of Things (I0T), but they have a higher level of intercon-
nection between physical and computer components.

Task definition. The aim of this article is the process of developing a cyber-
physical system of fire safety the company Megamart based on RFID technology with
the construction of a computer network.

Main part. The fire protection system is a complex set of technical and organi-
zational measures aimed at preventing dangerous fire situations and limiting mate-
rial damage. It includes various components such as automatic fire extinguishing
systems, warning and evacuation systems, water supply systems, etc. The Internet of
Things (IoT) refers to a system of interconnected objects that could collect and
transmit data over a wireless network without the need for human intervention.

The firefighting equipment industry is being revolutionized by Internet of
Things technology. By connecting to a wide-coverage LPWA network or even a cellu-
lar network, 10T for fire safety provides the opportunity to improve preventative
measures and speed up fire response.

Networks that combine various IoT technologies can be installed anywhere on
the scene of a fire to share and transmit data to protect the firefighting team. Often,
IoT integrates with existing alarm systems, personal safety equipment, and fire-
fighting equipment with minimal changes to simplify the fire department's moderni-
zation process.

Lightweight RFID trackers capable of determining the location of team mem-
bers at any time. They can be easily integrated into any combination for permanent
communication with a centralized network. By monitoring the location of each team
member in real-time and combining them with thermal imaging, commanders can
begin to create a detailed location map and provide precise guidance on operations.
RFID, or radio frequency identification, is a technology that uses a wireless method
to read the unique identification numbers of objects or people using radio waves.

The basic principle of operation is that the reader sends out a radio wave that is
received by one tag. The tag receives energy and responds with a signal of the same
frequency, modulating it according to the information stored in its memory. The
reader receives this signal, recovers the information and identifies the tag. A higher-
level identity system then verifies this data and guides further actions. This system
is attractive because it allows contactless interaction between the reader and RFID
tags without limiting the position of the object with the tag. The operating range of
the RFID system is divided into several types: short-range identification (reading at

ISSN 1562-9945 (Print) 101
ISSN 2707-7977 (Online)



«CucreMHi Tex”ouorii» 1 (150) 2024 «System technologies»

a distance of up to 20 cm), medium-range identification (from 20 cm to 5 m) and
long-range identification (from 5 m to 100 m).

The use of RFID systems is especially relevant for companies engaged in the
production, supply and sale of various goods. [11].

The main hardware components of this system are:

1. RFID reader (scanner) - a device for receiving data from the corresponding
tags or cards;

2. RFID-tag (card) - an information carrier with a unique identifier of the em-
ployee;

3. Wi-Fi router - required to transfer data from the scanner to the database server;

4. Database server - used to store and process employee authorization data.

In accordance with the technical requirements, the address space
10.22.185.0/21 was used to implement the fire safety system of the Megamart com-
pany. Address block 10.0.9.0/24 was used to address channels between routers. The
IoT device network is configured in the address space 209.165.200.0/24.

The cyber-physical system fire safety of the company Megamart uses the EIGRP
dynamic routing protocol according to technical requirements. This protocol is dis-
tance-vectored and uses an autonomous system numbered 9.

During the configuration of routing on the routers of this cyber-physical sys-
tem, the bandwidth of 128 Kb/s, the cost metric of 7500 and the channel speed of
128000 are set on the serial interfaces, in accordance with the technical require-
ments.

To ensure network functionality, secure remote access to active network devic-
es, interaction between nodes from different VLANs, and automatic IP address as-
signment using the DHCP protocol are also tested.

Internet of Things objects facilitate interaction between systems, people, and
services to develop computationally intensive autonomous applications. The com-
puter network of the fire protection system for the Megamart office uses IoT cloud
computing technologies.

A fire sensor detects a flame by checking the property and detecting if the value
of the IR property is within the range in which the sensor looks at the fire and emits
a digital signal.

The first step is to select a network gateway for the system - the DLC100 (Home
Gateway) router, which supports the IoT server.

The second step is to select and connect IoT devices. "Smart" fire safety items

for the Megamart office are connected to the WiFi network supported by the
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DLC100. To connect to the network on things, the following are configured: SSID,
authentication method, authentication key, obtaining an IP address by DHCP, then
the specified IoT server.

The second step is to select and connect IoT devices. "Smart" fire safety items
for the Megamart office are connected to the WiFi network supported by the
DLC100. To connect to the network, the following are configured: SSID, authentica-
tion method, authentication key, obtaining an IP address by DHCP, then the speci-
fied IoT server (Fig. 1).

® fNerekrop sornio 1. - a X
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Files Bandwidth 300 Mbps
INTERFACE MAC Address 0001.433A.80BE
;| __restEtherneto SSD FreSmoky
[ Wireless3 Authentication
O Disabled O wep WEP Key
O wea-pPsSK ® WPA2-PSK PSK Pass Phrase | Papanovi2318
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O 802.1 Method: MDS v
User Name
Password
Encryption Type AES v

Figure 1 — Configuring the interface of the wireless device

After completing the settings, the "smart" things of the fire safety system will
be displayed on the IoT server.

The configuration of connecting "smart" things to the IoT server is shown
(Fig. 2 and Fig. 3).
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Figure 2 - Configuring the connection of "smart" things to the IoT server
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Figure 3 - "Smart" things on the IoT server

In the third step, the algorithms of the fire protection system are executed. Al-
gorithms are written on the [oT server using its web interface as a script.
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When receiving a signal from a smoke or carbon dioxide sensor, the ventilation
system and siren are activated. Upon receiving a signal from the fire detector, water
sprinklers and a siren are activated.

The fire detector detects the flame, checks the value of the "IR" property in the
appropriate range, and the detector examines the fire and outputs a digital signal.

A carbon dioxide detector detects the level of carbon monoxide. It will work
when the level of carbon monoxide in the surrounding air is 20%.

The smoke detector will trigger when it detects the smoke environment varia-
ble at 40%.

ToT Server - Device Conditions Home | Conditions | Editor | Log Out

Actions Enabled] Name Condition Actions
Match any:

[asau gumy_11 Alarm is true
Nasau gumy_1.3 Alarm is true
Dasau aumy_1.4 Alarm is true

L

: Set Cvpewal. On to true
v Naeau gumy_1.2 Alarm is true

L

L

ﬂ| M Yes Smok_ON Set CucTema seTuAsAUil Status to High

Byrnekkcndr ras 1.2 Alarm is true
Byrnexucnudii raz 1.3 Alarm is true

Set Cupenal. On to false
Set CucTema BeHTUAALI Status to OFf

=

_ Edit _ Remove \ es off v IoT3 On is true

Match any:

Nasau qury_11 Alarm is false i
Nasauy auey_1.3 Alarm is false
Oagau gumy_1.4 Alarm is false
Nasauy aury_1.2 Alarm is false
Byraekucnuid raz 1.4 Alarm is false
Byrnecucnnia ras 1.2 Alarm is false
Byrnexucnui ras 1.3 Alarm is false
Byrnekucnuia raz 1.4 Alarm is false

Set Cvpekal. On to false

| Edit I Remove | (Yes Smok_off Set Cucrema seHTwnALil Status to OFf

® % = s 8 ® 8 =

Match any:
Set Pozmpuck 1_2 Status to true

Edit | Remove ||Yes Fire_on |+ [evexTop sorHio 1. Fire Detected is true  |Set Poznpuck 1.2 Status to true
» [eTexTop sorHio 1.2 Fire Detected is true  [Set Cvperal. On to true

Match all:
Set Poznpuck 1_2 Status to false

- Edit | Remove ] Yes Fire Off |« fdetextop sordio 1.2 Fire Detected Is false [Set Posnpuck 1.2 Status to false
i i + [leTexTop Borio 1. Fire Detected is false  |Set Cupexal. On to false

Figure 4 — System operation scenario

When the conditions specified in the scenario for triggering the system's sen-
sors are met, the corresponding executive devices are activated.

Conclusions. The development of the components of the cyber-physical sys-
tem for fire safety of the company Megamart was carried out, which is based on the
use of standard components of modern RFID technology with the development of a
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computer network based on CiscoTM network equipment for the main network
nodes.

The settings for the given network topology were calculated, standard interfac-
es for communication channels and exchange protocols were selected, the topologi-
cal scheme of the computer system was calculated, the routing settings of the com-
puter network were calculated, and the simulation and verification of the operation
of the cyber-physical fire safety system was performed.
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Po3poo6ka Kibep@i3uuHoi cucmemu MOHIMOPUHZY NO}CEHCHOT Oe3neKu

CnpoekmosaHo Ho8y Mepexcy 0151 hidpo3diny ipmu «Megamart», aka 6yde 3acmo-
cogysamu y ssKocmi KoMnoHeHmie niomepexcy Ha ocHosi RFID-mexuonoezii. /Ins uv020
po3pobaieHo HeoOXidOHy cheyupikayito 0751 BUKOPUCMAHHSL anapamdux 3acobis
KOMN’1omepHoi cucmemu, y momy uucii 3 Habopy cmaHoapmuux npucmpois, HeoOXioHux
015 360py i nepedaui danux. BukoHaHo 8ubip 8i0nogioHozo (i3uuHozo cepedosuiya, sike
BUKOPUCMOBYEMbCS 0151 peanidauii KoMn’romepHoi cucmemu, i3uuHuUX nopmis 3'€0HaM-
HS JiHill 38°43KYy, He00XiOHUXx Onsl opzaHi3auii niOKII0UEeHHSI Mepexcesux npucmpois 0o
IHWux npucmpois y mepexci i dodamkosux 8y3/is, siki 6X001mb 00 CKAady KOMN’omepHoi
cucmemu. 30ilicHeHO 8UbIp Mepexcesux NPUCMpPOi8 i KOMNOHEHMIB, HeoOXiOHUX O/ 3a-
0080J1EHHSI MEXHIUHUX 8UMO2 0J1s1 NPOEKMOBAHOI KOMN I0MEPHOT Mepe(i.

BukoHaHa po3poOka KoMNoHeHmi8 KibepdizuuHoi cucmema 0ns1 noxcexcHoi be3ne-
Ku ¢pipmu «Megamart», Ka 0CHOBAHA HA BUKOPUCMAHHI CMAHOAPMHUX KOMNOHEHMI8
cyuacHoi RFID-mexHonozii 3 onpayreauHsim nobydosu Komn’romepHoi kibepgizuuHoi
cucmemu Ha 0CHo8i mepexces020 00naoHaHHs ¢ipmu CiscoTM 07151 0CHOBHUX Mepexcesux
8y371i8.

BuKkoHaHo po3paxyHoK HaaawimyeaHv 0y 3a0aHOi Monojiozii mepexici, 00paHo
cmaxdapmui iHmepeeticu 01 KaHanie 368’13ky ma NPomoKoau 00MiHy 01 HUX, po3pa-
X08aHA MONOJI02IUHA CXeMa KOMNI0MepHOI cucmemu, po3paxo8aHi Ha1aumy8aHHs Ma-
pwpymusayii KoMn’iomepHoi Mepexci, a makox BUKOHAHe MOOeN8aHHs i nepesipka
pobomu KibepgizuuHoi cucmema noxcexcHoi 6e3neku 0as ipmu «Megamart» Ha 0CHO8i
RFID-mexHono2ii.

MarBeeBa Haramiss OnekcaHapiBHA — [O1eHT Kadeapy eleKTPOHHUX 00UMCIIIO-
BaJIbHMX MallIMH [JHIMPOBCHKOrO HalliOHAJIbHOTO YHiBepcuTeTy iMmeHi Onecst [oHUapa
ITananoB OnekcaHap — ctyaeHT rp. KI-22-m-1 dakynbTeTy pi3uki, e1eKTpOHIKM Ta

KOMIT IOTEPHUX CUCTeM , JIHINpOBCbKUI1 yHiBepcuTeT iMeHi Osiecss 'oHuapa
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A.l. Ivon
SOFTWARE FOR INVESTIGATION OF STATISTICAL PARAMETERS
OF MICROSTRUCTURE OBJECTS

Abstract. Using the languages HTML5, (SS3, JavaScript and Canvas technology, the software for
processing of the electron microscopy data has been created. The software allows obtaining the
information about statistical parameters of microstructure objects using the scanning data of
bitmap obtained by electron microscope.

Keywords: web application, bitmap, scanning, electron microscopy, histogram.

Statement of the problem and purpose of research. The data about micro-
structure of materials usually get by electron microscope [1]. Electron microscopy
data are bitmaps containing the information about statistical parameters of micro-
structure objects: crystallites, pores and phase inclusions. These parameters are the
average sizes of microstructure objects, their standard deviation and the statistical
distribution law obtained usually in the form of histogram.

When the scale of bitmap is known the measuring of objects parameters it is
possible by means scanning of there coordinates. This requires the appropriate soft-
ware. Because using the software for bitmaps scanning gives an absolute error of *1
pixel, the measurement of the objects parameters can be performed with high accu-
racy (the relative error is not more than £1%) [2]. Significant opportunities for creat-
ing of such software have the means using in the Internet: formatting languages
HTML, CSS, object-oriented programming language JavaScript and Canvas technolo-
gy for using the vector graphics on web pages. The environment for executing pro-
grams created by such means is the Internet browsers.

The purpose of this work is to create the software for studying the statistical
characteristics of the geometric parameters of microstructure objects based on scan-
ning data of bitmaps obtained by electron microscope.

Major part. With a known scale M. of a bitmap obtained by electron micro-
scope, it is possible to measure the dimensions of a microstructure objects by scan-
ning of their coordinates [2].

© Ivon A.lL., 2024

108 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»

In this work, a statistical sample of N sizes was formed on the basis of scanning
the coordinates of each microstructure object of the same type in four points located
on its boundary. In this case, for each object, two sizes L; and Li; were obtained
which were added to the statistical sample N. If the coordinates of the four points
are (x1, ¥1), (x2, ¥2), (X3, ¥3), (X4, ys), then the sizes L; and Li.; were calculated by the
formulas:

L= M = %,)% + (Y, - ¥,)° )

L= M (X = X024 (7 - v (2)

At scanning the different quantity of similar objects of microstructure, it is

possible to obtain the statistical samples with different quantity N of sizes Li. This

allows to studding the dependence of statistical parameters of objects on the size of

statistical sample N. Average size L., of microstructure objects and its root-mean-
square deviation o, were calculated as:

Loty 3)
av_NiZ::l i
1 N )
o, =t FZ(Li—La\/) . (4)
i=1

The histogram allows obtaining the information about statistical law of object’s
size L; distribution. For build a histogram it is necessary to to determine the maxi-
mum L. and the minimum Lnin values of object size in the random sample N. The
number of histogram intervals k was determined by the Sturges formula [3]:

k=1+|log , N |. (5)
The length of the histogram interval AL calculates by the formula:
L -L .
AL = —mx — —mn (6)
k

The probability P; when the size of object L; is falling into the interval LmintjAL <

Li <Lmint(j+1)AL (0 <j <k-1) was calculated as
P,=nyN, (7)
where n; is the number of L; values hits into interval j of histogram.

In view of the above, the algorithm of program for processing the bitmap of the
microstructure obtained with an electron microscope includes the following stages:
1). Selecting file of bitmap in the computer's file system and loading it into a browser
window; 2). Embedding bitmap into a canvas in order to visualize the results of
scanning by means Canvas technology; 3). The scaling of bitmap; 4). Scanning the
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coordinates of microstructure objects; 5). Creation of a selection of N sizes L; by cal-
culating according to formulas (1), (2) on the base of arrays containing the scanned
coordinates; 6). Calculation the values L., and o, by formulas (3), (4); 7). The con-
struction a histogram of size distribution for studied microstructure object; 8). Out-
put the results of processing.

The interface of program is implemented as a web page (Fig. 1). It contains a
toolbox in the top right corner of the browser window, which consists of the blocks
"Image upload" and "Processing blocks". To the left of the toolbox block there is the
navigator for view the current coordinates of cursor. These coordinates are displayed
in pixels in the hidden fields of forms. The "Build histogram" button is intended for
launching the program script provides building of histogram. For histogram con-
struction an additional canvas uses in the web page. It locates in the lower right cor-
ner of the browser window and has the sizes of 700x450 pixels. The main canvas for
embedding the bitmap of microstructure located in the top left corner of the browser
window and has the sizes of 1050x780 pixels.

The "Image upload" block contains a form field of the "file" type. The button
«Choose File» of this field supplies the user to select a file of bitmap in the computer
file system. When he presses the "Download" button, the bitmap is embedded into
canvas for providing its further procession.

The "Processing blocks" block contains buttons "Scaling”, "Creating a statistic
sample", "Correction”, "Reset" and an empty space where the hidden blocks "Scale
definition" and "The average size" are located. These blocks are opened at the corre-
sponding stages of the program algorithm. Scaling of bitmap performs after pressing
the "Scaling” button. When the button "Creating a statistic sample" is pressed, the
block "The average size" is opened. This block allows the user to create by scanning
the statistical sample N of the sizes L; for objects in investigated microstructure. The
button "Correction" allows correction the scanning results. When this button is
pressed, the coordinates of the last scanned point are removed from the coordinate
arrays and its image on the bitmap is erased. The "Reset" button is intended for
complete clearing of the coordinate’s arrays, clearing the forms fields for results,
erasing the visual display of scanning points and removing the histogram from the
additional canvas. This allows performing the statistical analysis for other object of
microstructure.
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Figure 1 - Web page after loading the program

The program begins from bitmap loading at pressing the "Choose File" button.
The user selects necessary file in standard “Windows” window and presses the
"Open" button in this window. Then image builds into canvas at click the "Down-
load" button.

When pressing the "Scaling" button, the program opens the hidden block "Scale
definition" (Fig. 2). This block contains a form field for entering the value of calibra-
tion length "L¢ =" and the button "Calculate". The user must enter the value of cali-
bration length L indicated on bitmap of microstructure and scan the ends of seg-
ment corresponding to this length. Scanning is performed by pointing the cursor to
the selected point of bitmap and then clicking the left mouse key. In this case the
"mouseup” event starts a script that reads the coordinates x;, yi of point using the
“event” object properties "pageX" and "pageY" of the JavaScript language. The coor-
dinates are written to the corresponding arrays of program. After clicking the "Cal-
culate" button, the scale value M, of bitmap calculates and shows in the hidden field
of the "Scale definition" block. Fig. 2 shows the program web page at the final stage
of bitmap scaling.

Note that Fig. 2 shows the raster image of microstructure tin dioxide (SnO,)
based varistor ceramics. The main microstructure objects of this ceramics are the
crystallites of SnO, and pores.
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Figure 2 - Web page of program at the final stage of bitmap scaling

For go to the stage of objects coordinates scanning in bitmap the user must
click the "Creating a statistic sample” button (Fig. 2). This hides the “Scale defini-
tion” block and opens the “The average size” block (Fig. 3). This block contains the
hidden fields preceded by the inscriptions “Sample size N =”, “Size L., =, “Standard
deviation =”. These fields are assigned to output of the sample size N, the average
size of microstructure object L,y and the standard deviation of the sizes a1, respec-
tively.

Scanning performs for each microstructure object in four points of its bounda-
ry. The program marks the scanning points with red circles connected by white lines
(Fig. 3). When the "Calculate" button is pressed, the program script calculates the
average value of the object size L., and its standard deviation oi. based on the statis-
tical sample N. The values of N, L.y, oi. output to the hidden fields of form in "The av-
erage size" block (Fig. 3). At pressing the "Build histogram" button, the histogram of
sizes distribution is built.  Fig. 3 shows the view of program window at the final
stage of procession at study the statistics of SnO; grains sizes distribution in SnO,
based varistor ceramics (the statistic sample of SnO, grains sizes N=52).
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Figure 3 - Web page of program at the f1nal stage of investigation the size distribu-
tion of SnO; grains in SnO; based varistor ceramics (N = 52)

Described program has possibility to scan the coordinates of different objects in
bitmap of electron microscope and to obtain the statistic samples with different N.
This gives possibility to investigate the dependence of static parameters on the sam-
ple size N. Fig. 4 shows the program window at the studing the distribution of grains
size in SnO; based cersmics for varistors when the statistic sample is N = 520.

At pressing the "Reset" button, the arrays for storage of scanned coordinates
and the form fields for results output are cleared. This enables the user to perform
statistical studies of other objects of microstructure. Fig. 5 shows a program window
after study the statistics of pore size distribution in SnO; based varistor ceramic.
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Figure 4 - The program web page with results of study the distribution of grains sizes
in SnO; based varistor ceramics (N = 520)
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Figure 5 - The program web page with results of study the distribution of pore sizes
in SnO; based varistor ceramics (N = 104)
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Conclusions. On a basis of means for presenting information in the Internet
(the languages HTMLS5, CSS3, JavaScript and Canvas technology) an applied web ap-
plication has created to study the statistical parameters of the materials microstruc-
ture objects. The web application gives possibility for users to measure the average
size and it standard deviation for objects of electron microscop raster images and to
build the histogram of sizes distribution. For measuring uses the coordinates of ob-
jects, which user obtains by click in select points of the microstructure bitmap ob-
tained by an electron microscope. The environment for using of software is the In-
ternet browsers.
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IIpozpamme 3a6e3neueHHs 0151 00CiOHCEHHA CMamMUCMu4YHUX napamvempie

00’ekmie mikpocmpykmypu

IH(opmauio npo mikpocmpykmypy mamepianie ompumyroms 3a 0aHuMu ejeKkm-
POHHOI MIKpOCKONii 1K pacmposi 300paxceHHs. Taxi 300paxceHHs, npu 8i00MOMY MACUU-
mabi, HaA0arMv MOXCUBICMb BUMIpIMU PO3MIpU 00°€KMi8 MiKpocmpykmypu (Kpucma-
Jimie, nop, ykpannieHs (a3, mouio). CmamucmuuHe subupaHHs po3mipie 00380.151€ doc-
Aidumu cmamucmu4Hi xapakmepucmuku ub020 napamempy. BumipieaHHs po3mipie
MoxycHa 30ilicHumu Ha nidcmaesi daHuX CKAHYBAHHS KOOPOUHAM 00°€KMi8 MiKpOCmpyK-
mypu. Take ckaHysaHHss nompebye po3pobKu 8i0n08idH020 NPO2PAMHO20 3ab6e3neueHHs
(I13).

Memoio pobomu € cmeoperus 3acobamu HTML5, CSS3, JavaScript i mexHonozii
Canvas I13 0na docnioxiceHHs CMamucmuuHux napamempis 06°eKmie MikpoCmpykKmypu:
cepedHb020 po3mipy, cepedHbOK8aAdPAMuUUHO20 8i0XUNIEHHSI pO3MIPY ma 2icmozpamu po-
3nodiny po3mipis. /Ins 8umipio8aHHs po3mipie 00°eKmy MiKpoCmpykmypu 8UKOHYEMbCs
CKAHYBAHHS KOOPOUHAM 8 YOMUPbOX MOUKax 1i020 2paHuyi. 3a yumu KoopouHamamu
011 0KpemM0o20 00°€kmy MIKpOCmMpyKmypu po3paxosyromscs 0ea po3mipu. Ilpu ckaHy-
8AHHI pi3HUX O0OHOMUNHUX 00°€KMi8 MIKPOCMPYKMypu CMEOPHEMbC CMAMuUCmMuyHe
8ubOUpaHHa po3mipie 06’emom N. I[Ipozpama HA0AE MOXCUBICMb CMBOPH8AMU CMamu-
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cmuuHe 8ubuparHs 6yov K020 06°emy N. Ile 00380s15€ docnioumu 3anexcHicmes cmamu-
cmuyHux napamempis 8id N.
Inmepaeiic npozpamu peanizoeaxo y euensadi eed-cmopiuku. IIpozpamuum cepedo-

guujem 0ns ii BUKOHAHHS € Opay3epu mepexci [HmepHem.

IBon Onekcanap IBaHOBMY — NOKTOp (isMKO-MaTeMaTUMUHMX HAyK, Mpodecop,
npodecop kadeapu eJIeKTPOHHUX O0UMCTIOBAIBHMX MalllyvH, [JHIITpOBChKMIT Hallio-

HanbHMI yHiBepcuTeT iM. O. 'oHuapa.
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V.V. Spirintsev, O.V. Spirintseva, M.O. Mykhaylenko
WEB-ORIENTED APPLICATION FOR KEEPING A DENTAL CHRONICLE FOR
RECORDING AND ANALYSING THE STATE OF THE ORAL CAVITY

Abstract. A web-based application for keeping dental records is proposed for effective
monitoring of the patient's oral cavity. The application provides the opportunity for the
patient to keep his own dental history in order to increase the level of responsibility, in-
terest and awareness of the state of his own health, which can be a good motivation. It
also increases the level of diagnosis and further treatment by providing access to the en-
tire clinical history of the patient. The client-server architecture model, MVC design tem-
plate, JavaScript programming language, HTML, SCSS preprocessor, MERN program-
ming stack, which included such modules as MySQL, Express(.js), Node.js, React, were
used to implement the application.

Keywords: web-oriented application, JavaScript, SCSS, MERN, MySQL, Express(.js),
Node.js, React, MVC, BEM methodology, oral cavity.

Formulation of the problem. Today information technologies simplify peo-
ple's lives in various spheres, issues and industries. Medicine does not stand aside.
While constantly developing it requires the introduction of modern technologies and
developments in order to optimize and improve existing processes such as diagnosis,
treatment, organization of appointment schedules, communication between doctors
and patients, work of clinics, disease histories management, conducting surveys for
scientific analysis, control of medication intake, monitoring of one's own body pa-
rameters, etc. Dentistry is no exception. It's a field that is an important component
of medicine and has a significant impact on human life.

Despite all available developments and technologies, there are still a large
number of issues that require improvements and the implementation of universal
solutions. They are the problem of complicated diagnoses due to untimely seeking
help, the increase in the number of diagnoses due to the careless attitude of patients
to the care of the oral cavity and postponement of periodic visits to the doctor,
speeding up diagnosis based on previous treatments and tests that can be viewed in
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one application, independence of the treatment process from the change of the doc-
tor, existing cases of neglecting a detailed description of the performed procedures
by the doctor.

All these issues can be solved by the approach proposed in this work. It is based
on the possibility of keeping of the appointment records by both the doctor and the
patient. This makes it possible to not only improve understanding during treatment,
contribute to the improvement of its quality and productivity, but to increase the
level of responsibility and awareness of the patient about the state of his own health.
An important aspect is also the possibility to monitor not only the treatment pro-
cesses, but also the performed analyses. Especially this applies to the graphical
presentation of information such as photographs of the oral cavity.

In addition, there is a need to develop modules for monitoring healthy habits
aimed at oral care. The problem of understanding the current state of the oral cavity
is solved by means of its graphic 2D model, which displays the main dental proce-
dures and the patient's level of compliance with standard hygiene rules such as the
frequency of tooth brushing.

Analysis of the latest research. The presented developments in this field can
be classified according to the following categories such as reference books [1], educa-
tional as well, those that remind you of brushing your teeth [2], those that teach you
to brush your teeth [3-5], questionnaires [6-8], those that aimed at managing the den-
tal journal and planning the work process [9, 10], diet diaries [11]. There is the latest
study that use an artificial intelligence to detect dental diseases using the analysis of
panoramic images in real time [12].

The analysis of the available existing solutions showed the following: most of
the considered applications developed for the dental industry are mobile
applications; the considered applications are focused primarily on specialists, not on
patients; many of the listed developments do not provide cross-platform
functionality; lack of a comprehensive solution to the tasks. Taking into account the
above-mentioned features the development of a patient-oriented web application
for keeping dental records, forming the habit of responsible care for one's oral cavity
and organizing the treatment process on the part of the doctor is relevant.

Web-orientation provides a number of advantages over mobile applications.
They are cross-platform, ease of updating, flexible integration options with all
services, security, efficiency, a single base. In turn, patient orientation is not only an
effective motivational tool for compliance with rules and recommendations, but also

a mean to make a person more knowledgeable and healthy.

118 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»

The goal of the work. The purpose of this article is the development of a web-
based application for maintaining a patient's dental history to ensure the possibility
of effective oral cavity monitoring.

Main part. The developed web application is based on a three-level client-
server architecture consisting of clients, a central server and a database server. This
architecture was chosen due to easy sharing of resources and data between plat-
forms, flexibility, availability, extensibility and scalability.

During application development, the MERN programming stack was taken as a
basis due to a number of its advantages such as cost-effectiveness, SEO support, bet-
ter performance, open source, easy switching between the client and the server. In
the classical sense, the components of this stack include the MongoDB database, the
Express (.js) web framework, the React (.js) interactive library and the Node (.js)
server framework. However, in the developed application the MongoDB database was
replaced by the MySQL relational database. The final structure of the applied stack is
presented in Figure 1. Additional modules were also used, including nodemon,
dotenv, jsonwebtoken, bcrypt.js, cors, cookie-parser, axios, etc.

As the programming pattern MVC (Model-View-Controller) was chosen. The
implementation of the MVC template was added at the expense of the MERN stack
as follows. The view element is the client part developed using React.js; controller el-
ement represents classes developed on the server side of the application using
Node.js; the developed methods, including CRUD operations, are responsible for the
model element and the connection with the database. Also, the BEM (Block Element
Modifier) methodology belongs to the technologies that were used in the develop-
ment of this application. This is a component approach to web development, based
on dividing the interface into independent blocks. Due to this approach, the naming
of structural elements and the structure of the interface files were organized.

My ;‘[ I_[.
. . i -
[ | } | baza ganmx

re—— L
|

Figure 1 - Structure of the applied programming stack

The application programming language is JavaScript. It was chosen because
this language is intended for web-oriented development and is the basis of the
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MERN stack. In addition, for the application development, the HTML markup lan-
guage was used to build the frame of the pages and SCSS preprocessors were used for
pages design. The SCSS preprocessor is to speed up the development; it became
more productive especially with the use of the BEM methodology.

Purpose and structure of the application. The developed application has the
following purposes:

- maintaining a dental chronicle of the patient's oral cavity, followed by graphic
visualization of the current state;

- doctor’'s management of treatment processes;

- tracking of existing symptoms and complaints about the user's state of health;

- control of the expiration date of toothbrushes replacement and monitoring of
the number of teeth cleanings per day.

The developed application is called "Dental Diary" and is based on the follow-
ing modules:

— the observer's diary is an additional part of the "Dental Diary", which is aimed at
monitoring the dynamics of the evolution of previously indicated symptoms;

— tooth brushing diary is an additional part of the "Dental diary" system, which
stores data on brushing teeth, which the user enters through the form;

— the patient's diary is a structural part of the "Dental Diary" application, which
is intended for keeping a personal dental chronicle of each participant and consists
of the elements such as treatment, record and procedure;

— toothbrush replacement log is an additional part of the "Tooth Diary" system,
which stores data about the time of toothbrush use;

- patient log is the main part of the "Dental Diary" system, which is available
only to specialists in the dental field, and is intended for keeping the clinical history
of each patient who has granted access for this purpose.

In general, there are "doctor" and "patient" types of users in the system. Access
to application functions depends on the type of user. The logical structure of the ap-
plication consists of such web pages as main page, registration page, authorization,
personal account, patient log, patient diary, brushing diary, observer diary, treat-
ment, record and procedure. The application file structure consists of client and
server parts. The first one is located in the "frontend" directory and has a structure
according to the requirements of using the React library, including "node_modules",
"public" and "src" folders. "src" directory contains the implementation of the presen-
tation element according to the MVC pattern. The file structure in the "src" directory

is based on the BEM methodology using the Flex approach in which each block of the

120 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»

interface corresponds to a separate directory. The server part is located in the
"backend" directory and includes the main application launch files such as index.js
and App.js. Controller files are placed in the "controllers" directory, and navigation
files are in the "routers" directory. Database connection is implemented in the
"dbconnect” directory. Additionally used Node.js modules are located in the
"node_modules" directory. The described file structure is presented in Figure 2-3.

Vv DIPLOMA2 v v DIPLOMA2

function.s

iabl

age

tmentDiary

Js inde

{} pac
{} pac

Figure 3 - Expanded file structure of the client part

The structure of the database is shown in Figure 4. It consists of 14 entities and
4 views. Entities are 'Access’, 'Diary’, 'Doctor', 'File’, 'Mouth part', 'Procedure’,
'Scope’, 'System procedure’, 'Cleaning record’, 'Symptom', 'Record’, 'Toothbrush’,
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‘Treatment’, 'User'. Representations are 'Diary Data’, 'Treatment Data’, 'Record Data'

and 'Procedure Data'.

" user
duser INT ] symptom v
username VARCHAR(4S) T dsymptom INT
id_acoess INT
emal VARCHAR 45) sympont_name VARCHAR(ES)
H— user_id INT -
password VARCHAR 100) ‘ Gy G INT EEEEERER leval_pain FLCAT
usartype VARCHARS) = | sympom_date DATE
birthday CATE | symptom_datestart CATETIME | record_brushing ¥
se VARCHAR 10) %’ | diary_d INT id_brushing INT
vorkadress VARGHAR(100) [ — EyEa) | > brushing_date CATE
spacialzation VARCHAR(ES) 1 : namber_of_times INT
phone VARCHAR(4S) - * £ | EHETE puE morning_check INT
» diary ¥ P e ater_meals INT
iddiary INT l before_sieep INT ] toothbrush ¥
T user_id INT 1o = diary ;ZN’ idtoothbrush INT
r—l diy e WRCHAE) [T T T T T e 1 | = = | > diary_d INT
1 B — ) | hardness VARCHAR( 100)
A | ] treatment | M emsAmAS sl A e s m st —j  colr VARCHAR(45)
j doctor_info % | idtreatment INT stat_date CATE
i id_doctor INT L g trexment_name VARCHAR(100) | end_d=e CATE
| doctoe_phone VARCHAR(45) | teeth_record X start_date trtment CATE I procedures i status INT
‘ docrr_acras VARGHAR1OD) | | ! recrd INT | & s _ame e oaTE “"""’_‘"ﬁ;:'mmm >
| & docer_name VARCHAR 45 | |7 decme i@ INT >'_I Giary G INT proc_name {200)
| docror_speciaity VARCHAR45) | | recrd date DATE > | Shpwoc.typs VACHAN 300}
‘ wser_id INT L{< exment_id INT »
> rating VARCHAR(100) T 7] oral_cavity_parts ¥
record_adress VARCHAR(100) ) | id_or_cav_part INT
e < prescripton VPRO-MR‘ASO;. : T = I patname VARGHAR(100)
e INT 3 Flt _'A idprocedure INT b _! . »
file_name VARCHAR(100) | procedures_id INT T
tile_daw CATE >|.— —————— PRESE ENSBENNE )N is secard ki AT b ] procedure_area ¥ |
file_adress VARCHAR(100} | comment VARGHARI4s0) [ | d_area INT |
procedure_id INT ; > I_|€ procedure_id INT B — — _I
> or_cav_part_id INT

»

Figure 4 - Physical model of the database

Application interface. According to the logical structure, the client interface
of the application was developed. It is shown in Figures 5-7. An important element
of the application is a graphic 2D model of the current state of the oral cavity. De-
pending on the entries made in the "Patient's Diary", the display of the model
changes. The appearance of the model can also be enhanced by brushing teeth.
Three dental operations are currently available. These are adhesive tooth restora-
tion, tooth extraction and pulp extirpation or root canal surgery.

All data is to be entered using forms. It is possible to add files such as dental
images to the procedures. File format should be jpg or png. In addition to the graphic
model of the oral cavity, the output data also has a presentation in the form of cards
such as treatment, records and procedures, records of cleaning or replacing tooth-

brushes.
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Figure 5 - Interface design: a) Treatment page; b) Procedure page and Doctor Search

form; c) Record page; d) patient's diary

a B C
Figure 6 - Interface design: a) observer's diary and toothbrush creation form; b)
tooth brushing diary and a form for filling in data on brushing teeth;

¢) toothbrush replacement diary

ISSN 1562-9945 (Print) 123
ISSN 2707-7977 (Online)



«CucrtemHi TexHosorii» 1 (150) 2024 «System technologies»

TEETHDIARY-

\etf
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Figure 7 - Interface design: a) main page and authorization page;
b) registration page; c) viewing the procedure file and the patient log

Each entry can be edited or deleted. One of the data views can also be called an
information panel, which shows current data on the last visit to the dentist, the last
professional cleaning, the last toothbrush change, the number of teeth in the oral
cavity and the number of teeth brushing today.

Conclusions. The paper proposes a web-based application for keeping dental
records for recording and analyzing the state of the oral cavity. The practical signifi-
cance of the developed application is to provide users with a convenient motivation-
al tool for oral health care and monitoring. The user of the "patient" type is provided
with the following functionality as registration and authorization, keeping records of
treatment processes, viewing attached image files, tracking the frequency of brush-
ing teeth and changing toothbrushes, monitoring the appearance of symptoms and
health complaints. The user of the "doctor" type is given the opportunity to keep and
view the history of treatment of patients who have given their access. Further devel-
opment of the proposed research has several directions. They are expanding the
range of display of performed procedures on a graphic model; creation of the "Cal-
endar of Appointments" module for convenient planning of the doctor's work sched-
ule; implementation of the comparative analysis of certain type images and for a
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certain period of time; implementation of communication between the doctor and

the patient with the possibility of making an appointment through the system.
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Be6-opienmoeanuii 3acimocyHoK 6edeHHs1 0eHIMAIbHOI XPOHIKU

0/ 3anucy i aHanizy cmaHy pomoeoi NoOpoXCHUHU
3anponoHo8aHo 8e6-opieHMOoBaHuUll 3aCMOCYHOK 0/ epeKmuU8H020 MOHIMOPUH2y
ma 002180y 3a CMaHom pomosoi NopoXcHUHU nayienma. Po3pobaeHuii 3acmocyHoK mMae
HacmynHe Npu3HaueHHs: 6e0eHHSI OEHMANbHOI XPOHIKU CMAHY POMOB0i NOPOHCHUHU Na-
uieHma, 3 no0anbUIOW 2papiuHOi 8i3yanizayiero NOMOUHO20 CMAHY; 8€0eHHS NIKYBANbHUX
npouecis nikapem; 8idcmexeHHs HAsIBHUX CUMNMOMiI8 ma ckapz Ha cmaH 300po8’s y Ko-
pucmyeaua; KOHMpoJib CNJAUBAHHS. MePMIHY 8UKOPUCMAHHSL 3aMiH 3YOHUX WiMOK ma
MOHIMOpUHe KiibKicmi uucmoxk 3y6ie Ha deHb. 3az2anom 8 cucmemi Hass8HO 08a MUNU Ko-
pucmysauis: aikap i nayieHm. 38uuatiHomy Kopucmysauy HadawomsCcse HACMYnHi yHKYi-
OHANbHI MOXIUBOCMI: peecmpayisi i asmopu3ayis, 8edeHHs 3anucié nNpo JiKyeanvHi
npouyecu, nepeznsad 000aHux ¢paiinie 3HIMKIB, 8i0cmexceHHs uacmomu uucmku 3y0ie i
3MiHU 3YOHUX WiMOK, MOHIMOpPUH2 NOSIBU CUMNMOMI8 ma ckape Ha 300pos’s. Kopucmy-
gauy muny Jikap, HadaemoCsi MOXIUBICMb 8eCu I nepeznsidamu icmopiio JiKy8aHHs
nayienmis, wjo Hadanu ceiti docmyn. [Ins peanizauii 3acmocyHky 6yn0 8UKOPUCMAHO MO-
denb KJiEHM-Ccep8epHOi apximekmypu, wabion npoekmyesarus MVC, mosa npozpamy-
eaHHs peanizayii JavaScript, HTML, npenpouecop SCSS, cmex npozpamysaHHss MERN,

akuti ekawuue HacmynHi modyni: MySQL, Express(.js), Node.js, React.

CnipiHnesn B'sstuecsiaB BacuyiibOBUY - K.T.H., IOLIEHT, JOLeHT Kadeapu mporpaMHoO-
ro 3abe3mneueHHsT KOMIT'toTepHux cucteM HTY "IHimpoBchKa IOJIiTEXHIKA .
Cnipinnena Osbra BosmogumupiBHa — K.T.H., IOIIEHT, AOLIEHT Kadeapy eJIeKTPOH-
HUX OOUMCIIOBAIbHMX MaliMH JIHIMIpOBCHKOTO HAIlliOHAJIbHOTO YHiBEpPCUTETY iMeHi
Onecs 'oHuapa.

Muxaitienko Mapist OnekcaHapiBHa — marictp, HTY "[IHinpoBcbKa MoJiTexHika" .

Spirintsev Viacheslav Vasyliovych - candidate of technical sciences, associate pro-
fessor, associate professor of computer system's software department of the Dnipro
University of Technology.

Spirintseva Olga Volodymyrivna - candidate of technical sciences, associate pro-
fessor, associate professor of Computer Systems Department of the Oles Honchar
Dnipro National University.

Mykhaylenko Maria Oleksandrivna - master of the Dnipro University of Technol-
0gy.

126 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»
DOI 10.34185/1562-9945-1-150-2024-12
UDC 536.212: 699.059

0.V. Kravets, K.V. Makhonina
THE INFLUENCE OF THE MATERIAL AND THE THICKNESS OF THE
INSULATION LAYER ON THE HEAT FLOW THROUGH A MULTI-LAYER
EXTERNAL WALL PANEL OF A RESIDENTIAL BUILDING

Abstract. Solved the actual problem of heat flow research through a multi layer external wall
panel of a residential building, depending on the material and thickness of the heat insulating
layer.

Key words: multi layer external wall panel, heat flow, thermal insulation material, temperature,
insulation of a residential building.

Introduction. Taking into account the limited non-renewable organic energy
resources on Earth, as well as the insufficient power of renewable energy sources,
the issues of energy conservation, in general, and heat preservation in residential
premises, in particular, become actual. Heat losses in the room can be significantly
reduced thanks to properly selected heat-insulating materials and the optimal thick-
ness of the corresponding layer of the multilayer external wall panel. This direction
of research contributes to solving the problem of energy saving, which is urgent for
Ukraine, one of the most important directions of technical policy in the field of con-
struction.

Analysis of recent research and publications. Industrial and residential
buildings must meet certain requirements, the main of which include: durability, re-
liability and economy. At the same time, the fulfillment of thermo- and physical
laws is of great importance when studying the influence of the environment on the
microclimate inside the room and vice versa when there is a wide use of new build-
ing materials and technologies. External enclosing wall panels affect heat flows that
are lost by the house in the cold period of the year and enter the premises in the
spring and summer period. At the same time, a thermal calculation is carried out, in
the process of which the temperature field and heat flows are calculated, after which
the thermal insulation condition of the enclosing structures is evaluated, that is, the
heat absorption of the room is determined.

© Kravets 0.V., Makhonina K.V., 2024
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In [3], a one-dimensional numerical model was developed that characterizes
the coupled heat exchange between a three-layer wall and a closed cavity. This mod-
el is applied to study the passive control and stability of the indoor air temperature
of a closed cavity that can simulate a living space. The exposed wall consists of a
phase-changing material enclosed in a rectangular container and framed with insu-
lating and building material. Numerical analysis was carried out using an implicit
finite-difference scheme. Numerical simulations were performed with three types of
phase-changing material. The results showed that for indoor air temperature stabil-
ity and control, the choice of phase change material is based on its melting point,
which is preferably chosen close to the thermal comfort temperature and with signif-
icant latent heat. The authors assure that the presented calculation algorithm can be
extended to the multilayer wall and the porous layer of the multilayer wall and used
to determine the optimal position and thickness of the layer of the phase-changing
material.

Daily characteristics of air temperature near the surface and the surface energy
balance of building massifs under different environmental conditions are studied
in [5]. Direct solar radiation, wall height, and wall orientation are important factors
that affect diurnal variations in wall surface temperature. Two types of buildings
were studied: the "hollow" model means hollow concrete buildings and the "water"
model, whose walls are partially filled with water. In the course of research, it was
found that the water model has a smaller average daily temperature range in the
room than the hollow model due to heat accumulation. This study can provide ex-
perimental data to validate numerical and theoretical models for research on the in-
fluence of climatic conditions on the thermal quality of building structures.

Ecological buildings and ecological projects require architectural designers to
improve existing basic building codes and regulations in order to improve the overall
energy efficiency of the building, optimize the ventilation of the building, minimize
the environmental impact during the life cycle and create a comfortable living envi-
ronment.

The work [4] presents a study of the influence of the geometric dimensions of
the room on air ventilation in it, taking into account the heat exchange between the
human body and the environment. Solar effects were taken into account only on the
roof of the building. The results showed that the presented technique can help in
ventilation design and reasonably predict the ventilation flow. The method devel-
oped in this study can be extended to design and analyze other types of natural ven-

tilation in buildings.
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Composite-aluminum honeycomb panel is a reliable construction heat-
insulating material; its advantages: a small value of the coefficient of thermal con-
ductivity, low weight and high plasticity. This material can be used as insulation for
brick and panel buildings in order to create light, high-strength and heat-insulating
external walls. However, the application of composite aluminum honeycomb panels
in practice is still not well researched because it is difficult to determine the optimal
core size and number of layers with the best structural organization and the least
heat transfer.

In the article [6], three main mechanisms of heat transfer are systematically
analyzed for a composite-aluminum honeycomb panel: thermal conduction, thermal
convection, and thermal radiation. The influence of the geometric dimensions of the
cell, including its height and wall thickness, on the process of heat transfer in sta-
tionary conditions was investigated by experimental methods.

With the help of the ANSYS software, taking into account the experimental da-
ta, a liquid-solid heat transfer model was created for the composite-aluminum hon-
eycomb plate in order to simulate the steady-state heat transfer characteristics of
single-layer and multi-layer composite sheets. As a result of the comparison, it was
found that the values of the effective thermal conductivity of the composite-
aluminum cellular panel under different boundary conditions and different geomet-
ric parameters are basically consistent with the experimental data.

Thus, the review of the latest research shows that, despite the diversity of re-
search on the thermal efficiency of the external walls of buildings, the issue of
choosing the material for the thermal insulation layer of multilayer wall panels and
their geometric dimensions remains actual.

The purpose of the study: to determine the dependence of the amount of heat
flow through a four-layer wall panel of a residential building on the material and
thickness of the heat-insulating layer.

Presentation of the main material of the study. Calculated cases of the loca-
tion of building materials in the layers of the wall panel and their coefficients of
thermal conductivity are presented in the table 1.
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Table 1

The location of building materials in the layers of the wall panel

and their thermal conductivity coefficients i, kcal /(m -h -grad )

Wall panel layers
. Concrete in- Thermal in- |Concrete out-
Material Cement fibro- .
ner textured . sulation lay- | er textured
of a layer lite
layer er layer
Layer thick- 55, 70, 90,
80 70 40
ness, mm 110, 200
Number
a layer
. Y 1 2 3 4
Calculation
case numb
mineral wool
1 plates
0,060
peat insula-
2 tion plates
0,055
building
3 felt
0,050
1,400 0,130 1,400
urea-
formaldehyde
foam
4 )
plastic
(mipora)
0,045
polystyrene
5 foam
0,040

The scheme of the arrangement of layers in a multilayer wall panel in rela-

tion to the interior and the environment is shown in Figure 1.
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Figure 1 - Scheme of a multilayer external wall panel:
1 — concrete inner textured layer; 2 — cement fibrolite;
3 — thermal insulation layer; 4 — concrete outer textured layer

Figure 2 shows a graph of the heat flow through a four-layer wall panel for
five cases of a thermal insulation layer.
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Figure 2 - Heat flow through a four-layer wall panel depending on the material and
thickness of the heat-insulating layer:
1 — mineral wool plates; 2 — peat insulation plates; 3 — building felt;
4 - urea-formaldehyde foam plastic (mipora); 5 — polystyrene foam

ISSN 1562-9945 (Print) 131
ISSN 2707-7977 (Online)



«CucreMHi Tex”ouorii» 1 (150) 2024 «System technologies»

The value of the heat flow Q of the curves in Figure 2 was obtained using the
method described in [2].

Analysis of the curves in Figure 2 shows that reducing the heat flow through a
multilayer external wall panel can be done in two ways:

— first, by increasing the thickness of the heat-insulating layer (at the same
time, the optimal option is considered when the tangent to the curve in Figure 2 is
almost horizontal at the selected thickness value);

- second, by choosing a heat-insulating material with the lowest possible coef-
ficient of thermal conductivity. Among the listed materials is polystyrene foam.

The presented results at the XX International Conferences "Human and Space”
[1] were tested.

Conclusions. In the course of the task, the following types of work were carried
out and the following conclusions were obtained:

1) the problem of heat preservation and the need to use heat-protective coat-
ings were considered;

2) the methodology and basic principles of conducting thermal calculations of a
multilayer flat wall were studied;

3) stationary calculations of temperatures and heat flows through a four-layer
flat wall using five types of heat-insulating materials were carried out;

4) graphs of the dependence of temperature and heat flow (given in the work)
on the thickness of the multilayer wall, which allows to optimally choose a heat-
protective coating and determine the thickness of the heat-insulating layer of the
multilayer outer flat wall of a residential building were constructed;

5) ways of reducing the heat flow through a multilayer flat external wall panel

of a residential building are proposed.
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Bnnue mamepiany ma moswiuHu menjoi3onayitiHo2o npowapky Ha menioeuti

nomik Kpi3e 6azamouiaposy 3068HilllHI0 CMiHO8Y NAHE/Ib HCUIMJI08020 OYOUHKY
Bpaxosytoyu obmexeHicmbs Ha 3emsi HeBIOHOBHUX OP2aHTYHUX eHepeopecypcCis, a MaKoX
HeooCmamHio NomyxHicms BIOHOBHUX eHep200Xepes, aKmyaabHUMU CMaiome NUMAHHA Npo
eHepa030epeeHHs, 83a2aJ, 1 30epexeHHs mensia y )XumJsaosux npumilyeHHsx, 30kpema. Cymme
B0 3MEHWUMU Menjosi BMpamu y NpUMILieHHT MOXHA 3aB0SKU NPaBUIbHO NidibpaHum mensoi
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30/14iliHUM Mamepianam ma onmumasbHili MoBUWUHU BIONOBIOHO20 NPOWAPKY 6azamowaposoi
30BHIWHbOI cMiHOBOT naxeni. [aHuli HanpamMok 00CNIOXeHb CNPUSE BUPTLIEHHIO AKMYyabHOT 011
YKpaiHu npobnemu eHepzo3bepexeHHs, 00HOMY 3 HAUBAXAUBILIUX HANPAMIB MexHIYHOI noaimu

Ku 8 2any3i Oyo0iBHUYMBA. AHAI3 OCMAHHIX 00CTIOMeHb 1 NyOiKayili c8I0YUMb, WO 8 HANPAMKY
eHepeo3bepexeHHs byoisesb NPOBOOAMbLCA Pi3HOMAHIMHI OOC/NIOXeHHS, a came: menioobMiH
MDX MPUWApoBo CMIHKOK MA 3aMKHEHOK0 NOPOXHUHOK, AKA MOOEIOE NPUMILYEHHS,; 3MIHA NO

JIf memnepamypu nosimpa nobau3y nosepxHi ma nosepxHesull eHepeemuy4Huli 6anaHc 6ydige

JIbHUX MACUBIB 3 PI3HUX YMOB HABKOJUWHLO20 cepedosulya,; 00CNIOKeHHA BNnausy 2eomempuy

HUX pO3MIpiB NPUMILEHHS HQ BEHMUJAYII0 NOBIMPS B HbOMY 3 YPAXYBAHHAM Mena006MiHy MiX
minom OUHU Ma HABKOUWHIM cepedoBuuiem,; BNUB HA Npouyec menjonepedayqi ceomempuy

HUX pO3MIpi8 KOMNO3UMHO G/IOMIHIEBOT CMIiNbHUKOBOT naHeni. Ane, 8paxosyloyu pi3HOMAHim

HICMb Mennoi30AAYiliHUX Mamepianis, 3aUWAMbCA AKMYaabHUMU NUMAHHA Nno ix subopy ma
BU3HAYEHHIO 2e0MempPUYHUX PO3MIPIB NPOLWIAPKIB MenioBoi 130Ayii 6a2amowaposux 308HILLIHIX
CMIHOBUX 020p00XeHb. Memoto 0aHoi pobomu € BCMAHOBACHHS 3ANeXHOCMT BeNUYUHU MenJsio

8020 NOMOKY Kpi3b 4OMUPULWIAPOBY CMIHOBY NAHENb XUma08020 OyOUHKY Bi0 Mamepiany ma
mOoBWUHU Menoi30aayiliHo20 npowapky. B pobomi po3anaHymo npobnemy 36epexeHHs menaa
ma HeobXiOHICMb 3aCMOCYBAHHS Meno3axucHUX NOKpummis; nposedeHo CMAyioHapHi po3pa

XYHKU memnepamyp ma menJiogux NOMOKIB Kpi3b 6a2amowaposy Nnaocky CMiHKY 3 BUKOPUC

MAHHAM n'asmu pi3HosudiB mensoi3onayiliHux mamepianis; nobyoosaHo epadiku 3anexHocmel
mensi08020 NOMOKy 810 MoBWUHU 6a2amowaposoi CMiHKU, Wo 003B80JIS€E ONMUMAIbHO Ni0i6

pamu mensio3axucHe NOKpUMMA ma BU3HAYUMU MOBWUHY Mennoi3onayiliHoeo wapy 6azamo

WapoBsoi 308HIWHLOT NIOCKOT CMIHKU XUMJI08020 6YOUHKY; 3GNPONOHOBAHO WAXU 3MEHIWEHHS
menJsi08020 NOMOKY Kpi3b 6azamowiaposy NAOCKY 30BHIWHIO CMIHOBY NAHEb KUMJ0B020
OYOUHKY.

Kpasenp Onena BosmogumupiBua — kaHz. ¢i3.-MaT. HayK, IOIEHT, TOLEHT Kade-
pU aeporiipomMexaHiku Ta eHepromaconepeHocy, [JHipoBCbKNUii HalliOHAJTbHUIA YHI-
BepcuTteT iMmeHi Onecst 'oHuapa.

Maxonina Kapuua BomogumupiBuaa — 6akanaBp, Kadeapa aeporiipomMexaHiku Ta
eHepromacoriepeHocy, [IHINpOBCbKMI HalliOHJIbHUI YyHiBepcuTeT iMeHi Ouiecs
l'onuapa.
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M.I. Tverdostup
ON MEASURING THE COMPONENTS OF INDUCTIVE IMPEDANCE
USING THE THREE VOLTMETER METHOD

The possibilities of the three voltmeter method for measuring inductance and its active re
sistance, as well as their frequency characteristics, are investigated. It is established
that that in the frequency ange up to 100 kHz, the measurement error of inductance is no
more than 0.3%, active resistance 8.7%, and quality factor 5%.

Keywords: inductance, resistance, impedance, three voltmeter method, measurement, frequency
response, quality factor, approximate measure.

Introduction. Among the methods of measuring inductive impedance, the
three voltmeter method [1, 2] is used at industrial frequencies (50, 400 Hz) to de-
termine the power consumed by the receiver of electrical energy, its active re-
sistance, reactance, and total resistance. Comparison of the Q-meter and bridge
methods used to measure impedance components in a wide frequency range with
the three voltmeter method shows that the latter has an undeniable advantage -
operational simplicity and convenience, which means that to measure the receiver
parameters, it is enough to determine the voltage in three sections of an electrical
circuit consisting of an electrical energy receiver and a series-connected reference
active resistance.

Objective. To evaluate the capabilities of the three voltmeter method for
measuring the components of inductive impedance and determining their frequency
characteristics in the range above industrial frequencies.

The main part. Fig. 1 shows the equivalent circuit of the measuring circuit (a)
for determining the components of the inductive impedance by the three voltmeter
method and its vector diagram (b), where E is the voltage is the harmonic oscillator,
R, is the reference resistance, L, r are the inductance and active resistance of the
measured impedance z., U, Ux are the voltage drop across the reference resistance
and the measured impedance, Ui, U: are the reactive and active components of the
voltage Uy, I is the current in the measuring circuit. The impedances of the induct-
ance z, and the measuring circuit z are as follows

© Tverdostup M.I., 2024
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Figure 1 - Measuring circuit (a) and its vector diagram of voltages

and current (b)

Z,=Vr? + w?I?, (1)
z=y(R, +1)? + w?I?, (2)

where w is the oscillation frequency of the harmonic oscillator E. For a series circuit,
the impedance values can be represented as

z,=R,U./U,, z=R,E/U,. (3)

The following system of equations follows from (1) to (3)
Vr2+ w?l?2=R,U,./U,, 4)
VR, +1)% +w?l?=R,E/U,, (5)

whose solution allows us to obtain expressions for the active component of the in-
ductive impedance

R, E?-UZ
2 Tz

-1 (6)

and its inductance

== | —=(—=—1)%. (7)

From the last two expressions, it follows that the values of r and L can be found
by measuring the voltages E, U,and U,, followed by calculation according to (6) and
(7). It should be noted that the found components of the inductive impedance r and
L will be real and positive if the following conditions are met

U2+ U2 =E? = (U,+U,)?, (8)
on the vector diagram (Fig. 1b), this means that the angle a can take on values in the
limited range m/2 € a < 1.
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To determine the possibility of measuring the components of inductive imped-
ance, the measuring circuit was assembled according to Fig. 1a. Coils from a set of
exemplary inductance measures of type L - 0170 of class 0.2, category III, were used
as the measured impedance. The measurements were performed at a frequency of 1
kHz with a B7-27A/1 voltmeter using a I'3-118 harmonic oscillator. An exemplary
resistor of the MJIT-2 type with an active resistance of 1475 Q (at a frequency of 1
kHz) was chosen as an exemplary resistance R,.

Table 1 shows the measurement results, where L, is the nominal value of the
inductance reference measures; Ly, ro are the actual values of the inductances and
active resistance of the measures obtained by the bridge meter E7-8; L, r are the in-
ductance and active resistance of the reference measures determined by the method
of three voltmeters.

Table 1
Measurement results of exemplary inductance measures
Lo,
mH| 0,2 0,5 1 2 5 10 20 50 100 200
L,
mH|0,201 [0,501 | 1 |1,999 4,997 | 10 |20,01| 49,9 | 100 |199,9

I,
Q | 1,612 (1,944 | 2,97 | 4,73 | 9,98 | 20,6 | 75,2 | 125, | 294 | 241

5
L,
mH| 0,225 | 0,518 | 0,997 | 1,984 | 4,907 | 9,99 | 19,9 | 49,9 [99,97 | 200,5
8

Q | 1,499 | 1,999 | 2,987 | 4,948 11,67 | 20,7 | 76,92 | 125, |292,7 | 217,6

Using the least squares method, linear regression equations for inductance
were obtained L = f (L)

L=-0,0641+1,0026L, 9)
and active resistance r = @(r)
r=1,0182 +0,9601r,; (10)
at a significance level of 0.001, the correlation coefficients were for induct-
ance 1 = 1, for active resistance 1. =~ 0,9983; standard deviation of a single
measurement of inductance o; =0,1168 mH, active resistance
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o, =6,5419 Q, the average relative error of inductance measurement was 0.3%,
and of active resistance - 8.7%.
The results of the frequency response study are shown in Fig. 2.

Q#lgr§ L,mH

432412
120 L{] 5 mH
r
1004 2.8 410 0 =880
1] Qo - 140
80 2,448
604 2.046
- e L Bl
404 1.644
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Figure 2 - Frequency characteristics of the inductance L, active resistance r and
quality factor Q of the reference inductance measure L,

The experimental frequency dependences of the inductance L, active resistance
r, and Q factor were determined in the range of 0.1-100 kHz. A reference measure
with an inductance of L, = 5 mH, an ohmic resistance of 8.8 Q and a Q factor of 140.
The obtained dependences show that in the frequency range from 0.1 to 30 kHz,
the active resistance r and inductance L remain practically unchanged with devia-
tions within the experimental error. After 30 kHz, the active resistance r begins to
increase its value, which can be explained by the growing influence of the proximity
effect and the skin effect. An increase in inductance L is also observed due to the
shunting effect of the distributed capacitance of the coil and the measuring circuit as
a whole, which form a parallel circuit with the inductance with a certain natural res-
onance frequency f,. Asthe frequency f increases at f< f,, the impedance of the
parallel circuit increases, which causes an apparent increase in the inductance L.
This phenomenon introduces an error in the determination of inductance at fre-
quencies close to the coil's natural resonance frequency. The error can be reduced by

taking into account the value of the distributed capacitance, which requires consid-
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eration of a slightly different equivalent circuit diagram of the measuring circuit,
which takes into account the interturn capacitance of the measured coil, input ca-
pacitances of measuring devices and connecting conductors. Frequency depend-
ence of quality factor Q =2nfL/r of the tested reference inductance measure has a
maximum of Q = 133 at a frequency of f = 30 kHz, the value of which differs by 5%
from the Q-factor specified in the reference measure passport.
Conclusions. The results of the study allow us to draw the following conclu-
sions:
- the method of three voltmeters is sufficiently simple to measure the compo-
nents of inductive impedance at fixed frequencies above industrial ones; in the range
up to 100 kHz, the relative error in determining inductance is no more than 0.3%,
active resistance - 8.7%, and quality factor - 5%, which corresponds to the accuracy
class of the used measuring devices;
- the method allows obtaining an informative characteristic in the form of fre-
quency dependencies of the active resistance and inductance; this makes it possible
to select a frequency range in which the interfering effect of the distributed capaci-
tance is insignificant, as well as to find the optimal frequency at which the induct-
ance quality factor is maximum;
- further improvement of the accuracy of determining the actual values of the
inductive impedance components is possible by taking into account the shunting ef-
fect of the distributed capacitance.
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ITpo eumiproeanHs CK1a008UX iHOYKMUBHO20 iMNedaHcy

MemoodomM mpuwox 60jbimmempie

Memo0 mpbox sonbmmempis 003B0/IA€ BU3HAYAMU CKNAO0BT THOYKMUBHO20 iMNedaHcy
BUMIPIOBAHHAM HANpyz Ha 00C/I0XYBAHOMY IMNEOAHCI, Ha emas0HHOMY AGKMUBHOMY 0Nnopi 1 Ha
BUX001 Oxepesa 2apMOHILIHOI Hanpyeu, AKe Xusums BUMIpIOBA/bHe KO10. [IposedeHo aHani3
BUMIPIOBA/IbHO20 KOJIa 00 Memody mpbOoX BObMMempis, 3Hal0eHi MamemMamuyHi supasu O
PO3PaxyHKYy aKMuBHO20 onopy 1 THOYKMUBHOCMI AK CKAA008BUX 00CNIO0XYBAHO20 TMNEOAHCY 34
pe3ybmamamu 8uMipy mpbox Hanpye. lLjodo senuquH Hanpye Ha 00CNIOXYBAHOMY IMNEOAHCI,
Ha emanoHHOMY aKMUBHOMY 0Nnopi i Ha BUX00i Oxepesna 2apMoHIliHOi Hanpyau 06rpyHMOBAHA
YMOBA, Npu BUKOHAHHI SKOi ompumadi pe3ynemamu 6yoyms OilicHumu. Memodom mpbox
B0JIbMMeEmpI8 eKcnepumeHmanbHo B8 diana3oHi 0o 100 kly su3Ha4yeHT 4acmomHi xapakmepu
CMUKU GKMUBHO20 0NopYy, THOYKmMuUsHocmi i do6pomHocmi emanoHHOi KomywKu 13 Habopy 3pa3
Kosux Mip THOykmusHocmi 13 3a30ane2iob sidomumu napamempamu. ExcnepumeHmanbHi
YacmomHi 3a/IeXHOCMI BKA3YIOMb HA HAABHICMb OIIAHKU NOCMIUHO020 3HAYeHHS CKAA00BUX
iMnedaHcy Ha Hu3bkux yacmomax. Ha yacmomax 6inbwe 30 kl'y HAasABHI OiNIAHKA 3POCMAHHA
aKMUuBHOi CK1a00Boi 13 3a Bnausy egexkmy 6aU3bKOCMI 1 CKIH epekmy ma OiNFHKA YSBHO20
30i/1bLUEeHHS THOYKMUBHOCMI 13 3 BN/AUBY PO3N00iNeHoi eMHOoCcmi Komywku. OmpumaHi xapak
mepucmuku 003B8o/Stlomb  Bubpamu 0ianasoH 4Yacmom, B8 AKOMY 3asaxaryuli 8nauB
po3n00iieHoi EMHOCMI MIHIMAJIbHUL @ MAKOX BU3HAYUMU ONMUMGJLHY Yacmomy, npu AKil
006pomHicmb THOYKMUBHOCMI MAKCUMAbHA. BiOHOCHA noxubka BU3HAYeHHS THOYKMUBHOCMI
cknana 0,3%, akmusHo20 onopy — 8,7%, dobpomHocmi — 5%.

TBepagocTtyn Mukosa IBaHOBUY — [OIIEHT, K.T.H., IOIEeHT Kadeapu eJIeKTPOHHUX
00UMCITIOBAJIBHMX MalllMH JIHiITTPOBCHKOTO HAIliOHAJIBHOTO YHiBepcUTeTY iMeHi Omecs

l'oHuapa.

Tverdostup Mykola Ivanovych - Associate Professor of Computer Systems Engi-
neering Department of the Oles Honchar Dnipro National University.

140 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»
DOI10.34185/1562-9945-1-150-2024-14
UDC 004.415.2

I.V. Ponomarev
CREATION OF A DECENTRALIZED APPLICATION FOR
SALES OF IMAGES USING IPFS

Abstract. Decentralized applications are more secure and reliable than centralized applications
because they do not have a single point of failure or control. However, storing big data on the
Ethereum blockchain is very expensive and, therefore, it is necessary to use special solutions for
this. The development of a decentralized application for selling images using IPFS decentralized
storage is considered.

Keywords: Decentralized application, blockchain, Ethereum, server, smart contract, Web 3.0, URL,
IPFS, Web3, MetaMask.

Formulation of the problem. An image selling application must be always
available to customers, reliable, protected from attacks and falsifications. Central-
ized applications have a single central server for processing information and storing
images, which is the main point of failure of the entire system.

Therefore, for reliable operation, a decentralized application is needed, based
on blockchain technology without a single master node, with control distributed
among many nodes of the user network. Creating such an application is possible us-
ing the existing Ethereum blockchain platform based on smart contracts. Contracts
are stored inside the Ethereum Virtual Machine (EVM) and can be accessed simply by
accessing the blockchain network node [1, 2].

The decentralized application can be accessed through a web page that access-
es the smart contract using a special library.

The web page itself, as well as all its components, such as images, CSS or JavaS-
cript files, can be placed in storage such as the user's local computer or centralized
hosting. At the same time, such storage remains a possible point of failure for the
entire application, which is not completely decentralized.

And the problem of fault tolerance of the entire application remains unre-

solved. However, there are decentralized information storage and transmission envi-

© Ponomarev 1.V., 2024
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ronments, such as IPFS, Swarm or Filecoin, that make the application completely de-
centralized [3].

Purpose of the research. It is necessary to consider the possibilities of creat-
ing a completely reliable application based on the Ethereum platform. To do this, the
image selling application must use the decentralized IPFS information storage and
transmission environment.

IPFS provides opportunities for decentralized and free storage of files of any
type. Therefore, the application logic will be located inside the Ethereum blockchain,
and the data will be in IPFS, which will lead to a greater degree of decentralization
and independence of the application.

When developing an application, it is necessary to take into account the fea-
tures of connecting and working with IPES.

Main part. There are two main approaches for creating web applications:
centralized, often called Web 2.0 architecture, and decentralized, which is based on
Web 3.0 architecture.

Web 2.0 architecture contains a client and a server. The client sends an HTTP
request to the server and receives a generated HTML page in response. When
interacting with page elements, it can re-initiate requests to the server. The server,
in turn, receives requests and processes them in accordance with its algorithms. All
information of such a web application is located in a database located on the server.

Web 3.0 represents the next generation of the World Wide Web, which is based
on blockchain technology. The main feature of Web 3.0 architecture is decentraliza-
tion and tokenization. Intermediaries are eliminated, such as centralized servers
that store program data or logic. Instead, the application logic is represented by one
or more smart contracts. Smart contracts are stored within the blockchain and can
be accessed simply by accessing a node on the blockchain network.

In a centralized architecture, most information found on the Internet is hosted
on centralized servers. To get information, you need to indicate where to look for it.
For example, when a user wants to download an image file, he must specify the exact
Uniform Resource Locator (URL) of that file. The disadvantage of centralized storage
is that the server may be unavailable or have limited access.

Although the Ethereum blockchain supports large storage capacity per block,
storing large files requires high costs. These shortcomings have limited the applica-
tion of many blockchain applications.

Therefore, a new data storage technology was developed, the Interplanetary

File System (IPFS), a peer-to-peer distributed file storage system and transfer proto-
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col for file sharing. Instead of specifying where to look for information, the user
specifies what he wants to find. For each file, when uploaded to the network, its
unique hash is calculated, which is used to access this resource. This mechanism has
the following positive properties:

« hash search is fast,

« the file cannot be changed without the knowledge of other users and

« no duplicates of the same file.

IPFS can store any type of data, from a simple test file to full-fledged programs.
Typically, the hash code is stored on the blockchain via a smart contract and then
provided to the user.

It should also be noted that, like blockchain, files uploaded to the IPFS network
cannot be modified. After all, after the change, it will be a completely different file,
with a different hash. When you make changes to a file, a new file is downloaded,
which will link to its previous version, which also remains on the network. IPFS
works in such a way that if, when calculating the hash of a downloaded file, it was
discovered that the file had already been downloaded previously, the system simply
returns a link to the file that has already been downloaded to the network, without
creating duplicates. This approach is certainly justified, because the network is not
clogged with hundreds of copies of the same data [3].

Let's look at the features of working with decentralized IPFS storage.

The algorithm for accessing a decentralized application can be described as fol-
lows. When a user in a browser wants to access an application, he must contact the
IPES node from where he gets the application's web page. It contains control ele-
ments, upon interaction with which the corresponding JavaScript scripts are
activated.

For interaction between the browser and the blockchain, the Web?3.js library is
used, which allows you to work with Ethereum network nodes using the Remote Pro-
cedure Call (RPC) protocol [3]. Thanks to the Web3.js library, you can use JavaScript
language syntax to call smart contract functions. The library packages calls to the
smart contract into transactions, which are then transmitted to the service provider,
which in most cases will be the MetaMask cryptocurrency wallet. Next, the service
provider can directly contact the Ethereum blockchain and transfer the finished
transaction to it. In response, the client side receives data from the smart contract,
which then, displaying the result, will make requests to the IPFS node to obtain the
data (Fig. 1).
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Figure 1 — Architecture of a decentralized application on the
Ethereum blockchain using IPFS storage

An Image structure is created in the smart contract to store data about the im-
age loaded into the application. This structure defines a cid field that contains the
hash of the image returned after loading it into IPFS. When you add it to a URL with
the structure "http://localhost:8080/ipfs/", you can get this image.

Since the application data will be located on the IPFS network, you must first
configure a local IPFS node in the client part of the application. When a new image is
uploaded to the application, the onSubmitHandler() function is called.

async onSubmitHandler (event) {

event.preventDefault () ;
const form = event.target;

const files = form[3].files;

const file = files([0];

const ipfs = create({ url: "http://127.0.0.1:5001" });
const result = await ipfs.add(file);

this.props.uploadImage (
result.path,
parselnt (this.price.value),
this.description.value

144 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHosorii» 1 (150) 2024 «System technologies»
) ;
form.reset () ;

}

First, the image file is received from the form. An object is created to interact
with IPFS. To do this, first import the “ipfs-http-client” library, then call the cre-
ate({url:""}) method, which is passed the address listened to by the IPFS node. This
method returns the ipfs object used to load data into the IPFS network. The ipfs ob-

ject calls the add() method, which is passed the image file received from the form.
The add() method returns the hash of the image.

Next, a call is made to the smart contract function uploadNewImage(), which
records this hash and other parameters of the new uploaded image. The advantage is
that the smart contract stores a unique hash of the image, so there cannot be two
copies of the same image.

Conclusions. The features of creating a decentralized application for selling
images on the Ethereum blockchain platform using decentralized IPFS storage are
considered. Availability and reliability of the application is achieved by placing
smart contracts with the logic of the application on network nodes in the blockchain,
and the client interface, data and images in IPFS storage.
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CmeopeHHa deueHmpanizo8aHozo 000amky npooaxcy 300paxiceHs
3 euxkopucmanuam IPFS

odamok npodaxcy 300paxceHb 3asxo0u mae Oymu O00CMynHUM OISl KJIEHMIB,
HadiliHum, 3axuweHum 6id amak ma panvcugikayiii. Llenmpanizosana apximekmypa
0n1s dodamky He nidxodums, OCKiNbKU MA€E €OUHULl yeHmpanvHuii cepsep 01 00poOKU
iHpopmayii ma 306epizanHs 0aHux, sIKUll € OCHOBHOK MOUKOI0 8i0MO8U BCIEl cucmemu.
Tomy, Onsa HaditliHoi pobomu, nompibeH deyeHmpanizoaHuii do0amox, 3acHO8aHuUll Ha
mexHon02ii 610KueliH 6e3 E0UHO20 20J108H020 8Y3/1d, 3 YNPABIIHHAM, PO3NOOLIEHUM MiX
O6azamoma 8y3namu Mepexci Kopucmyeauis.

Cmeopents makozo dodamky moxiuge 3a donomozorw 6saokuetina Ethereum Ha

0a3i cmapm-kKoHmpakmis, siki 36epizaromscsi 6cepeduHi gipmyanvHoi mawiuHu Ethereum
ma docmynHi npu 36epHeHHi 0o ey3na OnoKkueliH Mmepexci. [locmyn 00
deyeHmpanizosaHozo do0amky MOXHa ompumamu uepe3 8e0-CMopiHKY, Ka 3a 00NoMo-
2010 cneuianvHoi 6ibniomexu 36epmaemaucsi 0o CMapm-KoOHMpaxkmy.
(gaiinu moxcyms 6ymu po3miwjeHi 8 maxkux cxo8uujax K JOKAIbHulli Komn'romep Kopu-
cmysaua abo yeHmpanizosauuii xocmuHe. Taxi cxo8uwja 3a1UUIAEMbCS. MOKIUBOK MOU-
Kow 8idmMo8u 8cb020 dodamka, i npobaema cmitlikocmi 00 8i0M08U 3ANULUAEMBCS HE
BUPIWUEHOH).

lna  eupiwieHHs uiei  npobnemMu  NPONOHYEMbCS  BUKOPUCMOBY8AMU
deueHmpanizosare cepedosuuie 36epizants ma nepedaui daHux IPFS.

IPFS Hadae moxcnusocmi deyeHmpanizoeanozo 36epizanHs ¢atinie 6yob-1K020 mu-
ny. Ilpu po3pobui dodamky 8paxo8ynmuscsi 0coOIUB0CMI NIOKIOUEHHsT ma pobomu 3
IPFS. Ina Kox#HO20 (patiny npu 3a8aHmaxceHHi 8 mepexcy O00OUUCTIEMBCS 11020
YHIKanoHUli  xewi, sKum 8i00y8aemocsi 38epHeHHS 00 Ub020 pecypcy. Xew-Kod
30epizaemovcsi 8 OJI0KUeliHi 3a 00NOMO02010 CMapmM-KOHMpakmy, d nomiM Haoaemocs
Kopucmyeauesi.

Hocmynnicms ma HadiliHicms deyeHmpanizosaHozo dodamky npodayicy 306pay;cets
00C2a€EMbCS 3a PAXyHOK PO3MIUWEHHS CMAPM-KOHMPAKmie 3 J102ikoio pobomu Ha 8y3/1ax
mepexi 8 0J0KueliHi, a KJIIEHMCbK020 iHmepdelicy, daHux ma 3006paxeHsb Y cx08uuli
IPFS.

ITonomapboB Irop BomoguMupoBuY - KaHIAUAAT TEXHIUHMX HAYK, JOLIEHT Kade-
pU eJeKTPOHHMX OOUMCIIOBATBHUX MAaIIMH (akyabTeTy (i3uKu, eIeKTPOHiKM Ta
KOMIT'IOTepHUX cUCTeM [IHIMPOBCHKOTO HalliOHAJIbHOTO yHiBepcuTteTy iM.O.['oHUapa.

Ponomarev Igor Volodimirovich - candidate of technical sciences, associate pro-
fessor of the department of electronic computers of the faculty of physics electronics
and computer systems ofthe Oles Honchar Dnipro National University.
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A.S. Tonkoshkur, A.S. Lozovskyi
ALGORITHM FOR COMPUTER PROCESSING OF KINETIC DEPENDENCES OF
THE RESPONSE OF A GAS SENSOR WITH INTELLIGENT COMPONENTS

Abstract. The purpose of the work is to develop an algorithm using intelligent components that
will allow processing of experimental data of response kinetics of resistive gas sensors based on
the algorithm of the model of the stretched exponential function of Kohlrausch Williams Watts,
without operator intervention. The problems of implementing full automation of the
information measuring system for the study of the main characteristics of gas sensitive sensors
the selection of the most informative time interval are describe. The algorithm for processing
the experimental kinetic dependence of the response of gas sensors based on the model of a
stretched exponential function with intelligent components that allow choosing the most
informative time interval from the processed kinetic dependences is present.

Keywords: algorithm, stretched exponential function, gas sensor, response, parameter
calculation, automation, information and measurement system.

Introduction. The study of the kinetic dependences of the gas sensitivity of
gas sensor materials allows us to obtain more accurate and detailed information
about their characteristics, which is important in their search and practical use [1-3].
These dependencies are also of interest for monitoring finished gas sensors.

In practice, such measurements are fraught with some difficulties. This process
usually takes a long time and requires multiple cycles of processing and analysis of
large amounts of experimental data. To eliminate routine operations associated with
the processing of experimental data, to increase the speed, accuracy and information
content of the research process itself, it seems relevant to automate it using com-
puter technology. In [4, 5] the prospects for solving such a problem by creating a
specialized information and measurement system (IMS) are shown.

It should be note that one of the key components of the software of such IMS is
the algorithmization of experimental data processing processes based on appropri-
ate mathematical models [6-9]. For primary processing of data obtained from studies
of gas sensors in [1, 4, 5], a phenomenological relaxation model is used based on the
stretched exponential function Kohlrausch—-Williams—-Watts (KWW)
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f(t)=exp[-(t/T)P], where t - time, p and 1 — parameters [10, 11]. It use to describe the
kinetics of relaxation dependences of the response, in particular, at the stage of res-
toration of the gas sensitivity of the sensor.

As shown in [1], the use of this approach allows us to obtain significantly more
information about the phenomena that determine the phenomenon of gas sensitivi-
ty of sensor materials. The data presented in [4] indicate the reality and effectiveness
of computer processing of a significant amount of data in the process of carrying out
the physical and chemical measurements under consideration.

However, the data processing algorithm used in this work does not allow the
implementation of complete automation of the IMS for studying the main character-
istics of gas-sensitive sensors. The main reason for this is the need to select a seg-
ment from the time dependence of the main parameter - sensitivity to the active gas,
the data of which allows one to correctly estimate the parameter 3 of the KWW func-
tion, which approximates the kinetics of sensor recovery. These actions require the
operator's direct participation in the data processing process. It should be note that
in [12] an algorithm is proposed that makes it possible to exclude the participation of
the operator in the process of processing and primary analysis of response kinetics
measurement data. However, in this method, the value of the amplitude parameter
SO of such a stretched exponential function must be determined independently,
which is not always possible.

As is known, one of the rapidly developing areas of ensuring the automation of
computer processing of measurements is the use of artificial intelligence tools and
methods [13]. These methods are used in systems for monitoring the physical prop-
erties of various materials [14, 15], measuring mechanical quantities (aircraft posi-
tions) [16, 17], testing and analyzing faults of electronic devices [18], etc.

In this paper, an algorithm based on a stretched exponential function with in-
telligence components is proposed and justified, which makes it possible to exclude
the participation of the operator in the process of processing and primary analysis of
measurement data of the response kinetics of resistive gas sensors.

Description of the algorithm. As already indicated, the advantage of the algo-
rithm for processing and primary data analysis used in [1, 4, 5] is the absence of any
additional assumptions. Only the results of measurements of the kinetic dependence
of the sensor response S(t) are used. Accordingly, the approximating dependence
used as a model for the primary phenomenological analysis of the experimental ki-
netic dependences of the response of a gas-sensitive sensor in the area after removal

of the active gas was assume to be represented in the form
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5(t)=S50- exp[—(t/r)ﬁ] ) (1)

In accordance with [1, 19], the mathematical procedure for finding the value of

the unknown coefficient  includes the following operations:

- numerical determination of the derivatives d log S(t) / dt based on the exper-
imental kinetic dependence of the form (Fig. 1) and representation of this depend-
ence in coordinates tx[d log S(t) / dt] and log S(t);

- visual selection of the area above the specified dependence, where the ac-
cepted model is applicable (i.e., the dependence becomes straight, and the coeffi-
cient f itself is the tangent of its angle) and calculation of the value

B=A { tx[d log S(t) / dt]}/ A log S(b); 2)

Representation of the initial kinetic dependence in the selected area in coordi-
nates In S(t) and t* (B - already known) and approximation of this dependence by a
straight line allows you to determine the values of the remaining parameters of the
KWW function using the following formulas

=[-AInS(t) / A (t*)]# ; SO=exp{In S(t)+(t/)"}. (3)

The disadvantages of the algorithm under consideration, such as significant er-
rors associated with the operation of numerical differentiation, the need to support
the data processing process by a qualified operator when choosing the most informa-
tive time interval in the experimental kinetic dependence. One of the possible means
of overcoming shortcomings, as well as in selecting analytical expressions that de-
scribe the dependence of these parameters on the influence of one or another factor
specified by the research program, seems to be the use of components of methods
that are known for solving artificial intelligence problems [20, 21].

Below it is proposed to use this approach to determine the parameters of the
KWW function that approximates the experimental kinetic dependence and their
dependence on one or another factor x. This algorithm eliminates the need for oper-
ator participation in the process of analyzing intermediate data.

A description of the main operations of the algorithm under consideration can
be present as follows.

1. The entire time range of each (i-th) experimental dependence S(t) is divided
into several intervals with a sufficient number of points for the numerical determi-

nation of the time derivative (for example, n=4).
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2. These intervals are considered independent and are used to calculate several
(n) sets of values for each of the parameters of the approximating KWW function
(B, SO, 1). These sets can be presented in the form of tables {B;}, {SOx; } n {t;}. Index
k corresponds to the number of the factor value, the influence of which is study in
this experiment (for example, temperature T). This index varies from 0 to (m-1),
where m is the number of processed dependencies corresponding to different factor
values. Index j is the number of the selected time segment of the relaxation depend-
ence. j=0, 1, , n-1 (in the example given n=4), k=0, 1, ..., m-1 (m=5).

It should be noted that the parameter values (B, SO, 1), found in different time
intervals have some scatter, the presence of which can be associated with the influ-
ence of both a random factor and the general degree of approximation of the de-
scription of relaxation processes of this type using the KWW function.

Based on the data from each interval of the experimental relaxation depend-
ence, the coefficients of the approximating expression of the form (1) were deter-
mined using the well-known least squares method [22].

The measure of the quality of the approximation was the root-mean-square er-
ror of the approximation, divided by the empirical average value (coefficient of vari-
ation), which is determined for each section of the relaxation dependence using the

formula
| _Np—1[ C i N .
\;zijo [s}{—snk,j-exp[—tt}{;r;{,jj]] J(Ng—1)
Vi = TS 4)
Z1'=D '\k-"""\'k

where t} and S} - are the time and response values for the j-th section of the k-th

kinetic dependence (at the value of the operating measurement factor xi. Ni — is the
number of experimental points of the k-th kinetic dependence.

To select the optimal section of each relaxation dependence, the condition of
minimum value of the corresponding root-mean-square error of approximation was
used, that is, the rule, which for the k-th kinetic dependence has the form

IF vy i = mm(vh ),-), THEN the jm-th set of parameter values is selected. (5)

It should be noted that to improve the quality of approximation, the size and
location of the selected optimal area can be changed using other logical algorithms
(for example, they can be expanded or shifted).
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The numerical values of the parameters Bi, SOk and 1« selected in this way are
used to analyze their dependence on the influence of the variable operating meas-
urement factor x.

3. The choice of the type of formulas that analytically represent the dependen-
cies B(x), SO(x) and 1(x), can be based on dividing them into two most general clas-
ses: monotonic (decreasing or increasing) and having an extremum. It was assumed
that in the studied range of factor values, monotonic ones can be approximately de-
scribed by the simplest regression equations of the form

f1(x,a0,al) = ald + al, (6)

f1(x,a0,al,a2) = a0 +al-x + a2- x?, (7)

and those having an extremum - by the formula

Bs(x.a0,al,a2) = al-exp {_

:::x—al}z]
2-a3?

)
If necessary, a number of approximating functions can be expand and change.
For the parameters of the KWW function parameters SO, t you can also use similar
approximations and procedures for their determination.
The values of the coefficients a0, al and a2 found by the least squares method,
i.e. by minimizing the function

Fi(al,a2,a3) = YXi25[Px — Bi(xx,a0,al,a2)]?, )

where [=1,2,3.

Analysis of the optimal use of approximating expressions (6)-(8) can be carried
out on the basis of calculating the corresponding coefficients of variation avg’:Z} using
formulas similar to expression (4). The notation z takes the values (3, SO and r, re-
spectively.

The justification for the final choice of the type of approximating formula thus
made in accordance with the simplest production rules of the form (3):

IF v = min(v,”), THEN the Im-th approximating formula selected. (10)
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Test results. An example of the experimental kinetic dependence of the re-
sponse at the stage of restoration of a resistive gas sensor sample shown in Fig. 1.

S(t) 2r ]

ol 1 1 1 |
0 100 200 300
t,s
Figure 1 - Typical relaxation curve of the response of a gas sensor sample when
restoring its original state. Experiment — thick curve of gray circles, approximation

by a stretched exponential function - solid thin line

Below are illustrations of the actions that are implement by the described algo-

rithm (Figures 2 and 3).

0.5
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t xd[log S(t)]/dt
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log 5(t) th, [s]

Figure 2 - Response relaxation curve
Fig. 1 in coordinates {tx[d log S(t) / dt]
and log S(t)}. Mugs are an experiment.

Figure 3 - Response relaxation curve
Fig. 1 for different time intervals in

coordinates {InS(t ) utf }.
Linear approximations at different

time intervals (indicated by The remaining designations correspond

numbers 1, 2, 3 and 4) - solid line to those adopted in Fig.2.

As can be seen from Fig. 2, the entire curve can be represented by linear de-
pendencies in each of the 4 intervals, which allows using expression (2) to find the
corresponding values of this parameter B (k is the index of the processed kinetic de-

pendence, j is the interval index).
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The unknown parameters t u SO were determined by applying formula (3) for
each selected interval and the corresponding, already found, values Bi; (Fig.3).

Substituting the values {Bx;}, {SO; } 1 {t«;} into expressions (4) made it possible
to obtain optimal values of the KWW - function parameters corresponding to condi-
tion (5) for each experimental kinetic dependence. In Figure 1 shows one of these
approximations for comparison. As a result, tables of optimal values of the KWW pa-
rameters of the approximating functions {Bi=Pi;m}, { SOk =SOk; } and {tx =t } were ob-
tained. At the next stage, in accordance with the operations outlined in the third
paragraph of the algorithm under consideration, the selection of analytical functions
B1(xy,a0,al,a2), is made, which most accurately reflect the studied trends in

changes in these parameters from the influence of a given factor (temperature).

The results of processing and analysis of data from experimental studies of the
kinetics of the gas sensor recovery response and its dependence on temperature are
shown in Fig. 4.
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Figure 4 - The influence of temperature on the stationary (maximum) value of the
response SO (a) and the parameters that determine the relaxation process:
characteristic time t (b) and the elongation index of the duration of this process 8
(c) of a sample of zinc oxide ceramics with the addition of silver oxide (1,5 wt.%)
after exposure to methane (relative concentration in air 0,005%). Circles — values
obtained based on the proposed data processing, triangles — data [12], dotted line

— approximation results
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As can be seen, the given values of {Bi«}, {SO}, {t} and their dependences on
temperature are in satisfactory agreement with data obtained by other
methods [12, 23], as well as existing concepts [1].

Conclusions. An algorithm for processing the experimental kinetic depend-
ence of the response of gas sensors is propose based on a model of a stretched expo-
nential function with intelligent components that allow you to implement the
choice:

- the most informative time interval of the processed kinetic dependencies for a
more accurate assessment of all model parameters;

- optimal analytical expressions for representing trends in the influence on the
parameters of the specified dependence of one or another external factor character-
izing the measurement conditions.

The proposed algorithm seems promising for the implementation of automa-
tion of data processing when constructing and using information-measuring systems
for studying gas-sensitive sensor materials and monitoring the parameters of gase-
ous media based on them.
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AJlzopumm Komn'tomepHoi 00po0OKuU KiHemu4HUX 3ajexcHocmeli 8i0zyKy
2306020 CeHCOpa 3 iHMeaeKMyawibHUMU KOMNOHEeHmamu
Memotw pobomu € po3pobKa anzopummy 3 8UKOPUCMAHHIAM iHMeleKmyanibHUMu
KOMNoHeHmamu, ujo 0o3801ums 3abe3neuysamu 00poOKY eKcnepumMeHmaibHux 0aHux
KiHemuKu 8i02yKy pe3ucmueHuUx 2a308UX CEHCOPI8 HA OCHOB8I a/120pummy Mooesi po3mse-
Hymoi exchoHeHyitinoi ¢yHkuii Konvpaywa-Binesmca-Yommca, 6e3 empyuaHHs onepa-
mopa.
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Y OaHiti cmammi po3ensdaromscs 0C06U80CMI anzopummy 01 po3paxyHky napa-
Mempim HeoOXiOHUx 0t 00poOKU eKcnepuMeHmaivHux daHux 01 eupiwieHHs 3adau
asmomamu3ayii docniorceHb mamepianie 011 2a304YMAUBUX CEHCOPIB.

YV cmammi onucano npobaemu peanizayii nogHoi asmomamu3sauii iHpopmauitiHo-
BUMIPHBANTLHOI cucmemu 01 00CNLIOHEHHSI OCHOBHUX XAPAKMEPUCMUK 2a304ymausux
ceHcopis, a came 8ubOOpy Halibinvw iHpopmamueHoz0 iHmepsaaty uacy ma onmuMaibHux
aHalimuuyHux 8upasie ys6JeHHsl MmeHOeHUili enaugy napamempié 3a3HaueHol
3a7eHHOCMI Mo020 YU [HWO020 308HIWHBL020 UUHHUKA, WO XApakmepusywoms ymMosu
gumipiosaHHsi. HasedeHo anzopumm 00poOKU e€KCNEPUMEHMANbHOI — KIHEMUuHoi
3anexcHocmi 8i02yKy 2a308uUx CEHCOPi8 HA 0CHOBI Modesli pO3MmsA2HYMOi eKCNOHEHYiaNbHOT
(QyHKUil 3 iHmMenekmyanvHuMu cKkaadosumu, SIKi 00380J10Mb BuUOpamu Hatibinvui
iH(popmamueHuii iHmepean uacy 3 00po0bJieHuUX KiHemu4uHUX 3aiexHocmelti.

BuxopucmaxHs 3anponoHo8aH020 ai20pummy y3200HyEMuvCcsl 3 OaHUMU, OMpUMa-
HUMU THWUMU Memodamu, a maxkox iCHyluUMU KOHYenyisimu.

Anzopumm sudaemovcsi nepchekmueHum 011 peanizauii asmomamu3sayii 06poOKu
JdaHux npu no6ydosi ma 3acmocy8aHHi iHQOPMauUiliHO-8UMIPIOBANbHUX CUCeM OJisl
00CNI0HCEHHS 2a304YMIIUBUX CEHCOPHUX Mamepiaris.

Tonkoshkur Oleksandr Serhiiovysh - professor of department of ECM, Oles
Honchar Dnipro National University.

Lozovskyi Andrii Serhiiovysh - assistant of department of ECM, Oles Honchar
Dnipro National University.

Toukomkyp OsekcaHzap CepriiioBuu - npodecop kabeapu EOM, [IHiNpoBCbKUIi
HallioHa/JbHUI YHiBepcuTeT iMeHi Onecst 'oHuapa.
Jlo3oBcbkuii AHppiit CepritioBuu - acmipaHT kadenpu EOM, [IHIiNpoBCbKMit

HallioHa/JbHUI YHiBepcuTeT iMeHi Onecst 'oHuapa.
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B.C. Xanpgeupknii, H.B. Kaprienko
AHAJII3 EOEKTUBHOCTI BJIOYHOI ITEPE/IAUI ®PEIMIB
YV KOMITIOTEPHUX MEPEJKAX IEEE 802.1

AHomauyis. [lpoaHanizosaHo MexaHiam 6704HOi nepedayi ¢pelimis y 6e30pomosux
Komn'tomepHux mepexax IEEE 802.11 DCF 3 iHgppacmpykmypHot monosociet. Y 3axuuyeHomy
peXuMi BU3HAYEHO 3aNeXHICMb NPONYCKHOI 30amHocmi mepexi 810 wBuUOKocmi nepedayi 0aHux
i Kinbkocmi ¢ppelimis y 6s0ui. [lokazaHo, wjo mexaHizm 67104HOi nepedayi pelimis cymmeso
301/1bLLUYE NPONYCKHY 30amHicmb Mepexi, 0c06/1uB0 8 0ianNa30HT BUCOKUX WBUOKocmell nepedadi.
llpu nomimHomy 36in1bWeEHHT THMeHcUBHOCMI 3aBad nepedaya b6JI0KIB YCKNAOHAEMbCA. Bxe npu
BER=10° i kinbkocmi ¢ppeiimis noHad 10 y padi BUNAOKI8 BUHUKAE HEObXIOHICMb 30iliCHeHHS no
BMOpHUX nepeday BuKkpusneHux y 6soyi ¢peiimis, a npu BER=10° nosmopHux nepeday cmae
6azamo 1 pe3ysbmyloya nponyckHa 30amHICMb Mepexi CMae He3Ha4yHolwo.

Knwouosi cnosa: 6e3opomosi komn'tomepHi mepexi IEEE 802.11, 6n04Ha nepedaya ¢pelimis,
nponyckHa 30amHicms, THMeHCUBHICMb 3a8a0.

Beryn. B iHGpacTpykTypHUX cXemax 0e3qpOTOBMX KOMIT'IOTEPHUX Mepex
WLANS, gki 6a3yiTbcsi Ha BukopuctaHHi ¢yHKiii DSF (distributed coordination
function) i mexanizamy CSMA/CA, ctanuis STA (STAtion) nocuiae ¢ppeitMm y BUNIaAKy
3BiJIbHEHHSI KaHaJTy mepeadi mic/s odikyBaHHs 3akiHueHHs1 DIFS (distributed inter-
frame space) iHTepBany i pob6oTu MexaHi3My BubOopy cioty mis repepadi (backoff
mechanism). Ko 1ei ¢ppeitM € KOPeKTHO MPUMHATUM TOUKa JocTyiry AP (Access
Point) Bigcunae 3sopotHo KBuTaHIlilo ACK (ACKnowledgment) micjisi KOpOTKOro Mmi-
skdperimoBoro inTepBany SIFS (short inter-frame space). Ileit iHTepBan € HeoOXiz-
HuM ¢ismuHomy piBHIO (PHY) AP nj1g riepexony Bif cTaHy mpuitoMy y CTaH mepepadvi
noBigomseHHs. Yci iHmii craniii WLAN BigTepMiHyIOTh 60pOTHOY 3a JOCTYII A0 Ka-
Hany 10 3aBepiieHHs nepenaui ACK nosigomienHs. ITicas uporo yci STAS o4ikyiOTh
3akiHueHHs iHTepBany DIFS Ta anymoTh backoff — miumnbHMKM [OJ1S TTOUATKY Ha-
CTYITHOTO payHIy nepenaui gpeiimy.

V BUMIAJKy KOJi3ii UM MomKomKeHHS ¢peiiMy 3aBagamu AP He Moske TeKOmy-
BaTU (peitm i He rmocunae 3BopoTHO ctaHilii ACK. CtaHuis-BignmpaBHUK STA ouikye
omepxkaHHsl noTeHLiiHOro ACK 1o 3akiHYeHHSI BiIIOBiZHOrO TalimayTy, i y pasi
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onepskaHHS TMounHae mnpoienypy backoff mepen mepegauero. TpuBasicTh CIOTY, 110
BUKOPUCTOBYEThCS B Tipolieci backoff, 3ameskuTh Bif MBUAKOCTI pobOOTUM TeXHiKMU
(di3MuHOro piBHS.

ITocranoBKa 3amauvi. Ha ocHOBi aHasisy MexaHi3My 6104HOI repenaui ¢peii-
MiB y 3aXMIIEHOMY PEXMMi BU3HAUMUTH 3aJI€KHICTh IPOITYCKHOI 3AaTHOCTi 6e3apo-
TOBOI MepeKi BiJi MBUIKOCTI Mmepenavi JaHuX i KiJibKocTi ¢ppelimiB y 61011i. Po3srisi-
HYTU BIUIMB iHTEHCMBHOCTI 3aBaji Y KaHaIi Mepefadi Ha BeJMUYMHY MPOITYCKHOI
3J1aTHOCTI.

OcHOBHa YacTHHA. B imeasibHOMY BUMAIKY, KOJIM B KaHaJli BiICYTHI MOMMWJIKMA i
He TPaIuISIIOThCS KOJIi3ii B OyAb-sIKOMY IMKIIi Mepefadvi, akTMBHOIO € TiJIbKM OFHA
STA, saxka 3aBxmu Mae Binknamenmii (backlogged) dpeitm nns nepepaui. Ileit
BigkmageHuit peiim 3HaxoauTbCst B yep3i Mixk MAC i iioro cycigHiM BUIIMM piBHEM
ouikyoun BiarpasieHHs. CepenHs TpuBaIicTh mmpoiiecy backoff mopiBHioe:

o-(Cw . -1)

TCV\T = 2 ’ (1)

Jle ¢ MO03HAva€ TPUBAIICTb BUILHOTO CI0TY, CWhin — MiHiMa/ibHa JOBXMHA KOHKY-
peHTHOro BikHa. [Ipu 11bOMY ifmeasibHa MPOITyCKHA 3MaTHICTh KaHATy MOKe OyTU BU-

3HaUeHa 4K

DCF L data

ideal 1 L , (2)
T .. +T —+T 4T 4T, +26

DIFS [ PHYhdr R SIFS ACK

w
Il

Ie Laaua — IOBXMHA TONST HaHUX bpeiimy, Travher — JOBXMHA 3aT0JI0BKY (Pi3MUHOrO pi-
BHS ¢peiimy, R — di3MuHa MBUIKICTD Iepenadi JaHuX, 6 — Yac nepemadi CUrHaJIy 110
KaHa/ly 3B’ SI3KY.

[l 3MeHIIleHHsT HaKJIaJHUX BUTpaT OyB 3alIpoIIOHOBaHMII MeXaHi3M Iepenaydi
3 BUKOpPUCTAHHSIM Oso0KiB ¢peiimiB [1, 2]. Lleit mexaHi3m mepenbavae, 1m0 610K
dbpeitmiB, mpM3HaAUEHUX OJHOMY OJiepXKyBauy, Moske OyTH BimmpaBieHuit 6e3
MiaATBepIKeHHS (PakTy KOPEKTHOTO IMPUITOMY TOUKOIO ToCcTyny AP KoxkHOro ¢dpeiimy
okpemo. ITicsist BignpasieHHs 610Ky BignmpaBHUK (STA) ¢opmye i Bigmpasiise 1o AP
Block ACK Request (BAR) dpeiim i3 3anmTom HOMepiB ppeiimMiB y 610111, SIKi YCITIITHO
npuiiHsTi. ITicst nboro AP Binmosimae Block ACK (BA) ¢peiimom.

BiouyHa mepegava B 3aXMIIEHOMY peXMMI Mepembavae HacTyImHe. BimmpaBHUK
(STA) 3maraeThcst 3a JOCTYN IO KaHaIy [jis Tepiinoro dpeitmy 610Kka. SIKI0 BiH BU-
rpaB 3MaraHHs 3a AOCTYI, TOYMHAETHCS Tepenava mnepiioro ¢gpeimy, i micas ogep-
>kaHHs migTBepmkeHHss ACK Ha HbOro i KOpOTKOro po3giibHOro iHtepBany SIFS,
craHiisg STA mepenmae mimmii 610K (QpeiimMiB, SIKUii CYIIPOBOIKYETHCS CIIY>KOOBUM
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dpeiimom BAR. ITic/ist 11bOTO Iepemavya MPUIMHSIETHCS OO0 ofepykaHHS BA dpeiimy
Bim AP. ITicisa omepskaHHsI BA dpeiimy, migTBepaKyiouoro KOpeKTHUI IIPUitoM yCbo-
ro 6JI0Ky UM 10TO YaCTMHU, BiATIpaBHUK MOUMHAE HOBMII eTall 3MaraHHs 3a AOCTYI

o KaHay. Cxema 6/10uHOI Iepenadi ¢ppeitMiB rokasaHa Ha puc. 1.

DIFS backoff PHY.y. |frame SIFS | ACK | SIFS PHY:q. | frame

SIF5 PHYqq, frame | SIFS | s = PHYha, frame | SIFS | BAR | SIFS BA

Pucynok 1 - Cxema 1nepegaui 6J10Ky ¢peitmiB

SIKII0 3aXMCHUIT MeXaHi3M He BUMKOPUCTOBYETHCS, TO HABiTh Y BUMAIKY, KOIU
rOJIOBHMI ¢peiiM OJIOKY 3HAXOOUTbCS y KOMi3ii 3 dpeiiMaMm, sSIKi IepemarThbCs
iHIIMMM CTAHIiSIMM, IIi CTaHIIii OYIyTh IMPOIOBKYBATH ITepenauy dhpeiiMmiB y 6J10Kax i
KOJIi3ii 6yyTh TpMUBaTH, MOKM He Oyae BM3HaueHuit caM GakT Komizii. Lle Moke 6yTu
MPUYMHOIO CYTTEBOTO 3MEHILeHHS TPOAYKTUBHOCTI Mepefavi JaHux [2].

[Tpunyctumo, mo iHbpacTpykrypumii gjomeH WLAN mictuth N cTaHIIii, SKi
BUMKOPUCTOBYIOTh OJHAKOBi IMIBUAKOCTI mepenaui dpeiimiB. Yci BOHM TreHepylOTb
Tpadik 0gHAKOBOIO MPiOPUTETY i, TAKMM YMHOM, MAIOTh PiBHi iMOBIpHOCTI BUTpaTU
3MaraHHs 3a JOCTYN A0 KaHamay. MM TaKOX MPUIYCTMMO, IO CTaHIIii MpaIioioTh B
yMOBaxX HacCUMUYEHHS, TOOTO OJIOK € 3aBXKIM TOCTYITHUM B uep3i mis nepemadi. Crif
3ayBaXXUTH, IO TIpMU ITiepefadi CTaHIlii CTUKAIOThCS 3 OJHAKOBUMMM KaHaJIbHUMU
yMmoBamu, To6To nmapametrp 1mrymy BER (Bit Error Rate) y kKaHa/li € omfHaKOBUM [J1sT
yCiX.

VY BUIIaAKy HE3HAYHOTO IITyMY ITPOITYCKHY 34aTHICTh MepeXXi TPy BUKOPUCTAaHHI

MexaHi3my 6;104HO1 epeadi (puc. 1) MOskHa BUPA3UTU HACTYITHUM YMHOM:

(k +1)- L.
Sk = b (3)
Tors + TCW— Tk T Tges +(K+DTo + T + Ty +To, +20
me k — 1e KinbKicTb GpeitMiB y 6710w, Tr = Toupar + o+ Tgps .

R
sl OLIiHKM 3HavyeHb Sy BUKOPMCTOBYBAJIMCh HACTYMHI AaHi, HaBedeHi B [1, 3]
st rexHosoriit IEEE 802.11n,ac: SIFS = 16 us, TpuBajiCTh 4aCOBOTO CJIOTY — 9 us,
DIFS =34 us, PHYhdr = 20 us, CWmin=16, 26=0,7 us, TBAR =21,8 us, TBA =31 us.
I'padiku 3aneskHocTteit Si(R) i S(k, R) HaBeJleHi Ha puc. 2.
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PucyHOK 2 — 3ajieXXHiCTh IMPOMYCKHOI 34aTHOCTI MepexKi S Bif MBUIAKOCTI R mpu
nepenaui okpemuMu ¢peitmamu Si(R) i 6;10kaMu 3 TPbOX Si=3( R)

i ’satn Si-s( R) ppeiiMiB B 3aXUIIIeHOMY PesKMUMi

I3 rpadikiB BUAHO, 1110 MeXaHi3M 6/I09HOI nmepegadi ¢ppeiiMiB CYyTTEBO 306ibIITye
MIPOMYCKHY 3[aTHICTh Mepexi. Lleit epeKT moCMII0eThCS IIPY GibIl BUCOKMUX IIBU/I-
KOCTSIX epeaaui.

Jl7iss OibIll JeTa7bHOTO BM3HAUEHHS BIUIMBY IapaMeTpy K Ha IMPOIMYCKHY
3MATHICTh MepexXi IT00ymOoBaHI 3aJEeXXHOCTi [JS TPbOX IIBUAKOCTEN Iepemavi
R =108, 270, 432 Mbps (puc. 3).

I3 rpadikiB BUAHO, [0 Ha MOYATKOBMX eTamax CIIOCTEPIira€TbCsl CYyTTEBE 3PO-
CTaHHS IPOITYCKHOI 3HAaTHOCTI Mepexi S i3 30i/bllIeHHSIM KiJIbKOCTi ¢peiimMiB k y
repegaBaeMomMy Ojomi. Asyte mami rpacdiku CTalOTh OiBII ITOJOTMMM, TOOTO
CIIOCTEPIraeTbCs iX BXOIKEHHSI B PEXMM HacuueHHs. ['paHMYHe 3HAUYeHHS S Tpu

k—oo mopiBHIO€

S L data

koo = , (4)

L
data
T PHYhdr + + T SIFS

200
180 /r_‘_‘———n—- +*
160

140 ~

R=432 Mbps

R=270 Mbps

120

100 ~

R=108 Mbps
80 - — At ——t———————¢
60 f’r
a0 : : : : .  k
a 20 40 60 B0 100 120

PucyHoK 3 — 3a/eXHOCTi ITPOITYyCKHOI 3aTHOCTi Mepeski S rpu 6/10uHiii
nepenayi Bij KiibKocTi k pelimiB y 6101 i mBUAKOCTI R mepemayvi
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36iblIeHHS] iHTEHCMBHOCTI 3aBaj, B OTOUYIOUOMY CepemoBMINi 6e3apoTOoBOI
MepesKi IIPUBOAUTH IO TOTO, IO YaCTKa IOIIKOIKEeHMUX TPy nepenavi gpeitMmis cTae
MOMITHOIO. IIpy 11bOMY 36i/IbIIIEHHST JOBXKMHM TepeJaBa€MoOro MacMBY AaHUX IIPU-
BOJIUTH JI0 30iIbIIEHHST iMOBipPHOCTI iX ITOIIKOIKEHHSI.

IMoOBipHicTh ycmilHOi (6€3MOMMIKOBOI) Iepenavi 610Ky gaHux Block Frames
Error Rate (BFER) 3 BuCOKMM CTyrlieHeM AOCTOBiPHOCTI MOKHA BM3HAUUTU HACTYII-
HUM YMHOM [4, 5]:

P, = (1-P.)1-P,)=(1-P.)1-P,)", (5)
ne Pc — 11e iMOBipHiCTh KOJTi3il B ileaibHOMY KaHasli; P — iMOBipHiCTb BUKPUBJIEHHS
IaHux 6y10Ky 3aBagamu nipu nepemadi (BFER); P, — iMOBipHiCTh BUKPUBJIEHHS OJTHO-
ro 6iTy maHux, uu, iHakiie, BER [6]; L — 3arajbHa JOBXMHA MacuUBY JaHUX OJIOKY B
6iTax.

[IpoaHanizyeMo BIUIMB iHTEHCMBHOCTiI 30BHIIlIHIX 3aBaf, 4M, iHaKIlIe KaXyuMu,
piBHS MOMMJIOK Y KaHaJTi 3B’3Ky, Ha iMOBipHICTb yCIIillIHOI Tepemadi 6J10Ky dpeii-
MiB. OCKiJbKHM, BifmoBigHO 10 (5), BIVIMB iMOBipHOCTE KOJIi3iit Pc i 30BHIIIIHIX 3aBaf
P, 3nivicHI0€TbCS Ha Ps OKpeMoO [7], TO MO’KHa He BTpavyalouy SJOCTOBIPHOCTI aHalIi3y
MPUPIBHITYU Pc 00 HyS.

VY Tabn. 1 HaBeJeHO 3HAUEHHS iMOBiIpHOCTi 06e3MOMMJIKOBOI mepemadi OJIOKY
dbpeitmiB Ps nipu pisHUX 3HAUeHHSX k 171 Tpbox piBHet P, = BER =107, 10, 107, {k
BUIHO 3 HaBeIeHMX B TAOJMII maHMX, rmepemaua 010Ky Bxe rpyu BER=10¢i k>8y
pSAni BUNIAAKIB MPU3BOIUTh OO0 HEOOXiMHOCTi 31i/iCHEHHS MOBTOPHUX mepenau BU-
KpuBJIeHMX y 61011i ¢dpeiimis, a mpu BER = 10° i k > 3 B3araii mae majio ceHcy, 60 pe-
3yJbTyIOUa IIPOMYCKHA 3JaTHiICTh Oyae Manomw. Tomy y BUIIAAKYy 3HAYHOI
iHTeHCUMBHOCTI 3aBaj, I01i/IbHO GOpMyBaTH 6JI0KM 3 HEBEJIMKOIO KiIbKicTio PpeiimiBb,
BPaxOBYIOUM TAKOX IIPUPOAY 3aJIEXKHOCTEN, ITpeACcTaBlIeHNX Ha pUC. 3.

BucHoBKu. [IpoaHanizoBaHO MexaHi3M 0JI0UHOI Tepenayi ¢bpeitMiB B 6e30po-
ToBMX KoMIT'loTepHx Mepexxkax IEEE 802.11 3 iHppacTpyKTypHOIO TOIIOJIOTI€I0, SIKi
6a3yioTbcs Ha BukopucTaHHi @yHkiii DCF y pamkax mexaHismy CSMA/CA. V 3axu-
I[eHOMY peXuMi BM3HAUEHi 3aJeKHOCTI MPOMYCKHOI 3JaTHOCTI Mepexi Bif
IIBMAKOCTI Tepemadi AaHMX i KiJIbKOCTI ¢peiitMiB y 6j01[i B yMOBaxX He3HAuHOIi
iHTeHcuBHOCTI mrymy. ITokasaHo, 10 MexaHi3M 6JI04YHOI Iepenadi ¢ppeiiMiB CYyTTEBO
30i/IbIIIy€ TIPOITYCKHY 30aTHICTh Mepexi. Ileit edeKT MoCMII0eTbCS 3 MiABUIIEHHSIM
IIBUAKOCTI Ilepeaadi.

[Ipu 306inbllIeHH] KiabKOCTi (peiimiB y Osomi 3a mexi 20-40 dpeiimis, B
3aJIeXKHOCTI  BiJ, IIBMAKOCTI Ilepedaui, 3pOCTaHHSI TIPOMYCKHOI 3IaTHOCTI
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YIIOBI/IbHIOETHCS i B TOAJIBILIOMY ITePEXOAUTD Y PEKMM HaCUUeHHSI.

OpnepskaHi pe3yabTaTy ITOKAa3ylOTh, 110 MPM 30iJbllIeHHI iHTEHCMBHOCTI 3aBa/l
nepenava OJIOKIB yCKIagHSIEThCS. Bike mpy BER=10°1i k > 8 y psiai BunaakiB BMHMUKAE
HeOOXiHICTh 3i/iCHEHHSI TIOBTOPHMX Ilepefau BUKPUBIEHMUX B OJoli dpeitmis, a
npu BER=10"° i k >3 moBTOpHMX Ilepenay CTa€ Oarato i pe3yabTyioua ITPOIYCKHA
3IATHICTh MepexXi Oyne HeBesnKow. ToMy y BUITaAKy 3HAYHOI iHTEHCMBHOCTI 3aBaf,
IOLIJIbHO (popMyBaTy GJIOKM 3 HEBEJIMKOIO KiJIbKiCTIO PpeiiMiB, BpaXxoBYIOUM XapakK-
Tep 3anexxHocrein S (R, k).

Tabmuig 1

3anexxHoCTi Ps Bif k 1ipy pi3Hiii iHTeHCUMBHOCTI 3aBaj Py

BER=P,=10"'

Ps 10999 | 0,998 | 0,996 | 0,995 | 0,994 | 0,993 | 0,990 | 0,988 | 0,982 | 0,976 | 0,965

K 1 2 3 4 5 6 8 10 15 20 30

BER=P,=10°

Ps | 0,988 | 0,976 | 0,965 | 0,953 | 0,942 | 0,931 | 0,908 | 0,887 | 0,835 | 0,787 | 0,697

k 1 2 3 4 5 6 8 10 15 20 30

BER=P,=10°

Ps | 0887 | 0,787 | 0,697 | 0,619 | 0,549 | 0,487 | 0,383 | 0,301 | 0,165 | 0,09 | 0,03

k 1 2 3 4 5 6 8 10 15 20 30

JIITEPATYPA
1. Li T. Performance analysis of the IEEE 802e block ACK scheme in a noisy channel /
T. Li, Q. Ni, T. Turletti, Y. Xiao // Proc. IEEE Broadnet 2005.-Vol.1.-Oct. 2005.-
P.511-517.
2. Li H. Throughput and delay analysis of IEEE 802.11e Block ACK with channel er-
rors / H. Lee, 1. Tinnirello, Y, Yu, S. Choi // Proc. 2nd Int. Conf. on Communication
Systems Software and Middleware. — Jan. 2007. — P. 406-418.
3. Chang Z. Performance analysis of IEEE 802.11ac DCF with hidden nodes / Z.
Chang, O. Alanen, T.Huovinen, T. Nihtila, E.H. Ong, ], Kneckt and T. Ristaniemi
//IEEE 978-1-4673-0990-5/12/2012. - 5 p.
4. Khandetskyi V.S. Modeling of IEEE 802.11 computer networks at increased inter-
ference intensity / V.S. Khandetskyi, N.V. Karpenko // Radio Electronics, Computer
Sciences, Control. — 2022. — No.2. - P.132-139.

ISSN 1562-9945 (Print) 163
ISSN 2707-7977 (Online)




«CuctemHi TexHosorii» 1 (150) 2024 «System technologies»
5. Khandetskyi V.S. Optimizing the action of IEEE 802.11 computer networks at sig-
nificant level of bit error rate /V.S. Khandetskyi // System Technologies. - 2023. —
No.1 (144). — P.36-43.
6. Ouyang M. Optimal interference range for minimum Bayes risk in binomial and
Poisson wireless networks / M. Ouyang, W. Shi, R. Zhang, W. Liu // EURASIP Journal
on Wireless Communications and Networking. — 2019:247. - 12 p.

7. Bozkurt A. Optimal delay analysis for real-time traffics over IEEE 802.11 wireless
LANs / A. Bozrurt // EURASIP Journal on Wireless Communications and Networking.
- 2016:19. - 11 p.

REFERENCES
1. Li T. Performance analysis of the IEEE 802e block ACK scheme in a noisy channel /
T. Li, Q. Ni, T. Turletti, Y. Xiao // Proc. IEEE Broadnet 2005.-Vol.1.-Oct. 2005.-
P.511-517.
2. Li H. Throughput and delay analysis of IEEE 802.11e Block ACK with channel er-
rors / H. Lee, 1. Tinnirello, Y, Yu, S. Choi // Proc. 2nd Int. Conf. on Communication
Systems Software and Middleware. - Jan. 2007. — P. 406-418.
3. Chang Z. Performance analysis of IEEE 802.11ac DCF with hidden nodes / Z.
Chang, O. Alanen, T.Huovinen, T. Nihtila, E.H. Ong, J, Kneckt and T. Ristaniemi
//IEEE 978-1-4673-0990-5/12/2012. - 5 p.
4. Khandetskyi V.S. Modeling of IEEE 802.11 computer networks at increased inter-
ference intensity / V.S. Khandetskyi, N.V. Karpenko // Radio Electronics, Computer
Sciences, Control. — 2022. — No.2. — P.132-139.
5. Khandetskyi V.S. Optimizing the action of IEEE 802.11 computer networks at sig-
nificant level of bit error rate / V.S. Khandetskyi // System Technologies. — 2023. -
No.1 (144). — P.36-43.
6. Ouyang M. Optimal interference range for minimum Bayes risk in binomial and
Poisson wireless networks / M. Ouyang, W. Shi, R. Zhang, W. Liu // EURASIP Journal
on Wireless Communications and Networking. — 2019:247. - 12 p.

Bozkurt A. Optimal delay analysis for real-time traffics over IEEE 802.11 wireless
LANSs / A. Bozrurt // EURASIP Journal on Wireless Communications and Networking.
-2016:19. - 11 p.

Received 12.02.2024.
Accepted 16.02.2024.

Analysis of the efficiency of block frame transmission
in IEEE 802.11 computer networks
In infrastructure schemes of WLANs wireless computer networks, which are based
on the use of the DSF (distributed coordination function) function and the CSMA/CA
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mechanism, the station STA (STAtion) sends a frame if the transmission channel is re-
leased after waiting for the end of the DIFS (distributed interframe space) interval and
operation of the slot selection mechanism for transmission (backoff mechanism).

In case of collisions or damage to the frame by interference, the AP cannot decode
the frame and does not send it back to the ACS station. The sending station STA waits for
the receipt of a potential ASK before the expiration of the corresponding timeout, and in
case of receipt, starts the backoff procedure before transmission. The duration of the slot
used in the backoff process depends on the speed of the physical layer technology.

To reduce overhead, a transmission mechanism using frame blocks was proposed.
This mechanism assumes that a block of frames intended for one recipient can be sent
without confirming the fact of correct reception by the AP access point of each frame sep-
arately. In this case, the sender (STA) competes for access to the channel for the first
frame of the block. If it wins the access competition, the transmission of the first frame
begins, and after receiving the ACK acknowledgment for it and a short SIFS separation
interval, the STA transmits a whole block of frames, which is accompanied by a BAR ser-
vice frame.

The mechanism of frames block transmission in wireless computer networks IEEE
802.11 DCF with infrastructure topology has been analyzed. In protected mode, the de-
pendencies of network throughput on data transmission rate and the number of frames in
a block are determined. It is shown that the mechanism of block transmission significant-
ly increases the network throughput, especially in the range of higher transmission rates.
With a marked increase in the intensity of interference the transmission of blocks be-
comes more complicated. Already with BER=10° and the frames number of the order of
10 and more, in some cases there is a need to retransmit distorted in a block frames, and
at BER=10" there are many retransmissions, so the resulting network throughput be-
comes small.

XaHzenbkuii Bomogumup CepriiioBu4 — JOKTOp TeXHIYHMX Hayk, Ipodecop, 3a-
BimyBau Kadenpu eeKTPOHHUX 00UMCIIOBAIbHUX MallluH JIHiTTpOBCHKOTO HalliOHa-
JIbHOTO YHiBepcuTteTy iMmeHi Osnecst [oHuapa.
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L.IO. Binmoyc, O.0. T'ony6eHKo
EHEPTOCITIOJKMBAHHS IIKOJI B YMOBAX HEITOBHOI 3AVIHSITOCTI JJISI
PIBHUX PEXXUMIB OITAJIEHHS ITPUMIIIEHD

AHomayia. ¥ cmammi po32n1A0a€EmbCA aKmMyanbHa npobaema 3HUXEHHA eHep20CNOXUBAHHA 8
VKpaiHcbKux wKonax. JocnioxeHHs (OKycyembca Ha eHepeoeeKmuBHOMY BUKOPUCMAHHI
WKIZIbHUX NpOCMOpiB 8 YMOBAX HENOBHOI 3alHAmocmi npumiweHs. Memodu aHani3y sKIOYQ
lomb eHepeemuyHe moolentosaHHs 8 DesignBuilder. OcHosHi pe3ynbmamu nokasyoms, Wo
PO3MILeHHS KAACHUX KIMHam 00Ha Hao 00HOK 3a6e3nedye HaliBully eHepeoepekmusHicms, Ha
22,3% BULWY NOPIBHAHO 3 THWUMU KOH@ieypauiamu. Takox BuSBAeHO, ujo 6e3 mModepHizayii
0naoBabHOI cucCmemMu HeMOX/UBO 3abe3neqyumu KOMEPOPMHI yMosU y X0JI00HT nepiodu. Pe
3ybmamu yiei pobomu Baxusi 015 po3pobku cmpameeili ynpasaiHHA WKIbHUMU Npocmopa
MU 8 YyMOBAX HENOBHOT 3aliHAMOCMI NPUMILLeHb.

Kntoyosi cnosa: cnoxusaHHs menjiosoi eHepeii, eHepeemuyHe MoOetoBaHHSA 6y0isesb, meniosa
13071415 6ydisens.

BcTyn

B ocraHHi poku nepen YKpaiHOIO ITOCTa/JI0 6arato BUK/IMKIB. BiifHa He ymiine
3aBajia BeJIMKUX 30MTKiB, ajie i1 B 3HAUYHil Mipi 3MiHM/Ia ITOBCSIKIEHHSI.

HaBuayibHMI1 ITpoLiec B IIKOJIAX TaKOX 3a3HaB BeJnue3HuX 3MiH. [lloHaliMeHIIIe
1,7 minbiioHM AiTelt iMMmirpyBanau 3a KOpAOH [1], pemrta 3iTKHyJAach 3 3HAYHUMMU
npob6sieMaMy B HAaBYaJIbHOMY ITPOIIEC.

IucTaHllil/iHe HaBYaHHS CTaJI0 OAHMM 3 BUXOJIB 3 CUTYallii, IpoTe MeBHa rpyrma
IIKOJISIPiB HE Ma€ MOXJIMBOCTI HOPMaJbHO HABUATMUCh B JOMAIIHiX yMoBax. [Ipu
IIbOMY K 3Ha4He CKOpPOUEHHS KiJIbKOCTi Y4YHiB CTaBUTb IIif, MUTAHHS MOIIbHICTh
eKCIITyaTallii 6ymiBesb MKiTbHUX 3aKIaiB B peXXMMaxX JOBOEHHOIO Yacy.

IlaHHa CTaTTs, CTaBUTh 3a METY OOCTIAUTUA aJIbTePHATUBY TUIIOBOMY PEXKUMY
eKcITyaTallii OymiBesnp IIKiJI, MO0 e(peKTUBHO 3aA0BITbHUTY MOTPEOM IIKOJISIPIB,
IIpY 1IbOMY CKOPOTUBIIIM €HePTrOCIOKMBAHHS IITKOJIN.

B 0CHOBI migxomy JeXXUTb BUKOPUCTAHHSI YaCTMHM HaBUYaJbHUX KJIACiB B YMO-

Bax 3aKOHCepBOBaHOI IMIKOJIM, @ TAKOXX Ma€ a METY 3alIpOIIOHYBATU OIITHMMAaAJIbHE
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PO3MillleHHSI TaKMX MPUMIileHb I Makcumisaiii ekoHomii. OcobuBa yBara
MIPUIIISIETHCS aHATI3Y e(eKTUBHOCTI BUKOPMCTAHHSI EHEPTOpPeCypCiB.

B mopasnbiiomy, 1ie DOCTiMKEHHS MOKe OyTM BMKOPUCTATU IJISI OINTMMIi3sallii

BUTpAT Ta MigBUIIEHHS e(eKTUBHOCTI yIIPaBIiHHS MKITBHUMM ITIPOCTOPAMMA.
AHaJti3 ocTaHHIX JOCTIIKeHb 1 Imyo riKai

V KOHTEeKCTi Cy4yaCHMX BUMKJIMKIB, IO CTOSThH Mepejl OCBiTHIMM yCTaHOBAaMMU,
30KpeMa y IMTaHHiI ONTuMi3allii BUKOPUCTAHHS WIKIIbHMX NPUMillleHb B YMOBax
HEeIIOBHOI 3ai{HSTOCTI, B&XKJIMBO 3BEPHYTU yBary Ha OCTaHHI HayKOBi JOC/IiIKEHHS B
1iJi ramysi.

HepaBHi gociigskeHHs B 006/1aCTi ONTUMI3alii cucTeM onajieHHs, BEHTWIAILII Ta
KOHJMI[IOHYBAHHS MiJKPeCaI0Th 3HAYHMIA TMOTeHIiaJl 3HM)KEHHSI eHepProcCIIOXu-
BaHHS B IIKiIIbHMX TIPUMIllIeHHSIX. BUKOpUCTaHHS iHTeIeKTyaJbHUX CUCTEM, SIKi
aJlanTyIOThCS A0 peajibHOTO UlMC/Ia J0eil Y IpUMillleHHi, TO3BOJISI€ He TiJIbKU 3HU-
’KyBaTU BUTPATU Ha eHeprilo, aje i MiATpUMyBaTy ONTUMAaIbHUIT MiKPOKJIiMaT JIJist
YYHiB i BUnTesiB [2-4].

OxpeMi IoCii>KeHHST aKlleHTYIOTh YBary Ha BaXXJIMBOCTi CTBOPEHHST KOMQOPT-
HOTO HAaBYAJIbHOTO CepenoBMINA, 3BEPTAlOUM yBary Ha Taki mapaMeTpH, SIK SIKiCTb
noBiTps (piBeHb CO;), TemIiepaTypy, BOJOTiCTb, i OCBiT/IeHiCTb [5-9]. [6] mpuainse
OCHOBHY yBary TeIjioBoMy KOMGOPTY B JOMIKIIbHMM HaBYaJdbHUX 3akiajax, B [7]
TOCITIIKYEThCS BIUIMB TEIVIOBOTO 3aXMCTy Ha KOM@opT, a [8] Ta [9] dpoxkycytoTbcs Ha
SIKOCTi MOBiTpsi. KOHTpO/Ib IIMX mapaMeTpiB MOKe 3HAYHO MOKPAILUTY YMOBHU Tepe-
OyBaHHS YUHIB y IIKOJI, IO, B CBOIO Yepry, MO3UTUBHO BIUIMBAE HA iXHE 30POB'S,
6J1aroroyyysi Ta HaBUa/IbHY e(PeKTUBHICTb.

BuxkopuctanHsa  iHHOBAILliMHMX  TEXHOJIOTIYHMX  pillleHb, TaKuxX  $IK
iHTe/eKTya/JbHi CEHCOpM Ta CUCTEMM VIIPaBIiHHS OyOiBASIMM, MOXe HagaTu
KepiBHMITBY IIKiJ iHCTPYMEHTM IJjisI OiJIbII TOYHOTO MOHITOPMHTY i amamTarii
MIKIJTBHOTO TTPOCTOPY IIiJi 3MiHHI MOTpe6u, MpoTe TaKi MOCTimKeHHS X OibII aKTy-
a7IbHMMM 3a YMOBM HOPMaJIbHOI ekcIuryaTamii  OymiBmi. IIpoTe peasisariis
iHTe/leKTyaJIbHOTO KepyBaHHSI MiKpOKJIiMaTOM OY[iBJli € HEITPOCTOIO 3a/lauero 3 TOU-
KM 30py amapaTHoro 3abe3mneuenHs [10].

[Ipu 11bOMY X icHY€E BiguyTHMUIT TedillUT OOCTiIKeHb, TPUCBSIYEHUX THYUYKOCTI
BUKOPUCTAHHS ITPOCTOPY B INKOJIAX, OCOOIMBO Y KOHTEKCTi HEITOBHOI 3aifHSITOCTI.
[leperuianyBaHHS TIpUMillleHb [JISI CTBOpEHHS 6araTOQyHKI[iOHAJbHMUX 30H, SIKi
MO’KHA afarTyBaTy ITiJi pi3Hi IMOTpebdu, BimKpMUBa€ MUISIXM IS Gibll e(peKTUBHOTO

BUKOPMCTAHHSI pecypciB i mpoctopy. Ile TakoX BKIOYaE B cebe MOXKIMBICTH
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OITMMi3allil eKcIuTyaTallii Juile 4YaCTUHU NPUMIllleHb 3a/JIe’KHO Bifl IIOTOYHMUX I10-
Tpeb LIKOJIN.

V3arajbHIOIOUM, MOKHA CTBEpKYBaTM, IO CYYaCHi JOCTiIKeHHS B 00JacTi
ONTMMIi3alil yMOB eKCIUlyaTalii IIKUIbHMX IMPUMILIEHb Yy CBIiT/JII HENOBHOI
3aiHSTOCTi BiIKPMBAIOTh HOBI IEPCIIEKTUBU MIJIS MiABUIEHHS e(eKTUBHOCTI BUKO-
PUCTaHHS PeCcypCiB i CTBOpEHHS ONTUMAJbHUX YMOB [JISI HAaBUaHHS i PO3BUTKY
YUHiB.

MeTa gociaigKeHHs

MeTol0 p[aHOro [HOCHIIKEHHSI € BUBUUTU MiAXOAM OO BUKOPUCTAHHS
MpUMillleHb 3a YMOBM HEIIOBHOI 3aiHSITOCTI Ta HagaTM peKoMeHHallii om0
HaliOibII eHeproeeKTUBHUX pillleHb B IIbOMY IUTaHHi.

OCHOBHi MaTepianu JOCTiIKeHHS

OO6'ekTOM [OOCHIMKEeHHS € iMmiTaliiiHa Momenb OymiBai  cepeaHbOi
3araJibHOOCBITHbOI IIKOJIM, IO 6asyeThCsl HA peanbHO icHywoUilt Oyzismi C3III
po3TamoBaHoi B IBaHO-®paHKiBChKii obsacTi. IlIkosa Mae Tpu MOBEPXM Ta TUIIOBY
ons mkin H-momibny ¢opmy. Pik mobymoBu 1966. 3aranpHa I1wiomia OymiBiai
1959,35m2.

OropomKyroui KOHCTPYKIIii 6yAiB/i MalOTh HACTYIIHY KOHirypaiiito:

e CcTiHM — yepBoHa Heria 0,525m 6e3 JOIaTKOBOI 1308111}

e BikKHa — MeTaJIOIJIaCTMKOBUII Mpodisb, ABOKaMepHi (3aMiHa BiKOH ITPOBO-
IuIacs HelllogaBHO);

e ITifyiora — migjiora Imo rpyHTy, 6eToHHa rmrta 0,25M, ¢iHinr; nmpuBegeHmit
KoeditiieHT Terutonepenaui 0,31B1/(M2K),

e 1ax — GeroHHa runTa 0,25m, 6iTyM.

Omip oropo/iskeHb OyAiBIIi TIpeacTaB/ieHnit B Ta61.1.

OmnaneHHs1 3a0e3IevyeHe BJIACHOI0 Ta30BOI0 KOTeJIbHEI0, CMCTeMa TeIIONOCTa-
yaHHS — BOJSIHA, OBOTPYOHAa, CUCTeMa MeXaHiuyHOi BeHTWISIii Ta pekymeparii
BiACyTHS.

[Ipu 11boMy, OyAiBJIS PO3IISIAAETHCS B YaCTKOBO «3aKOHCEPBOBAHOMY» CTaHi,
TOOTO, cucteMa omnajeHHs Ta I'BII OymiBii He eKCIUTyaTyeThCsl, a OiJbIIiCTh
MPUMIllleHb 3a/IMIIAI0ThCSI HEOTIA/IIOBAIbHUMMN.

3 OymiBai BUIINSIETbCS OJIOK KIAciB 3 IUSITM KJIaciB, SKi MOXYTh OyTHU
BUKOPUCTaHIi i1 TepeOyBaHHSI B HUX YUHIB, Ta IMPOMOHYETHCS PO3TSIHYTU OITU-

MaJIbHe PO3MillleHHS AiTel B TPbOX i3 HUX.
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OmnaneHHs LMX NpUMillleHb 3a0e3IeuyeTbCsl HarpiBayamu Ajisi 3ab6e3redyeHHs

KOMMOPTHMX YMOB IlepebyBaHHS [IiTeii B MPUMillleHHSIX 6e3 HeoOXiTHOCTi eKcrutya-

TYyBaTy CUCTeMY OIaJIeHHS IIKiJIbHOTO 3aK/Iay.

3 MeToI0 y3araJbHeHHsI pe3yJbTaTiB, OTOPOKYIOUi KOHCTPYKILii OyiBi 6yan

IOBeleHi 1o

MiHiMaJIbHUX
IOBH B.2.6-31:2016 [11,12].

peaJibHOI Ta MPOMOAeIbOBaHOI Oy/IiB/Ii HaBegeHa B Tabauii 1.

3HAa4YeHb

3TiJHO

IBbH

PisHUIT MK TeIodisMIYHMMM BJIACTUMBOCTSIMU

B.2.6-31:2016 Ta

Tabmuisg 1

KoedilieHT Teruionepenaydi oropomKyBaabHUX KOHCTPYKILiiA,

BUKOPUCTaHi B Mmogensx, Br/(m?K)

Twun oropoaskeHHs

[cHyrOUNii CTaH

IBH B.2.6-31:2016

IBH B.2.6-31:2021

30BHIIIIHI CTiHU

0,8

0,303

0,25

BiKHa

1,67

1,33

1,11

Iax

0,89

0,167

0,143

JoctiIKeHHsT TPOBOAMIOCh HA OCHOBI €HepreTMYHOI0 MO/Ie/TIOBaHHS OYIiBJIi B
nporpaMmHomy cepepoBuii DesignBuilder [13].

DesignBuilder mo3Bosisie MpOBOAUTM AMHAMiuHe MOJEIIOBAHHSI €HepPTOCIIOKM-
BaHHSI OyAiBJi 3 ypaxyBaHHSIM [I€TaJbHOTO BimoOpaxkeHHsS IpadikKiB MPUCYTHOCTI
Jmonei, obJagHAHHS Ta OCBiTIeHHS. Takox, IMporpaMa BpaxoBye IIePeTONM MixkK
MIPUMIILIEHHSIMHU, 1[0 KPUTUYHO IJISI JAHOTO JOCTiIsKeHHS.

IOo Toro 3k, DesignBuilder mo3BoJisie BUMKOPMUCTOBYBATM TIOTOJHI HaHHI
kiimatuyHoro @aiity IWEC [14], 10 BpaxOBYIOTb TeMIepaTypy 30BHIIIHbOTO
TIOBITpS1, BIUVIMB BiTPY Ta COHIISI B Cy6-TOAMHHMX YaCOBMX iHTepBaJiax.

B wmingx mocmimkeHHs 3 OymiBiai OyB BUIiIEHMI OGJOK 3 ISITM HaBUAJIbHUX
KiMHaT (puc. 1.).

Peripe3eHTaTMBHiI MpUMillleHHS MalOThb OIIIOBaJAbHy IuIomy 45-48m2%, B
3aJI€’KHOCTi BiJi pOo3MillleHHs MpuMillleHb. [loma cTiH, 1[0 KOHTAaKTyIOTh 3 Heolla-
JIOBAJbHUMM MPUMILIEHHSIMM cgrae 75,5M2, mJomja 30BHIIIHbOI CTiHM He
nepeBuirye 30m?, ckiHHS 3a7aHe Ha piBHI 30%.

KnacHi KiMHaTH 1119 moCTimKeHHS 6y oOpaHi 3 psimy MPUUMH:

e B OyzmiBii oOmeskeHa KiJbKiCTh KJIaCHMX KiMHAT PO3TallOBaHMX OAVH-Ha-
IHOIO;

e Po3mip o6paHMx KiMHAT € perpe3eHTaTUBHUM [IJIsI TaHOi OYIiBIi;

e [IpuminieHHsa crpssMoBaHi Ha ITiBmeHb, TOOTO, IJIS LIMX IPUMIllleHb COHSYHI
TEeIIOHAAXOIKEeHHS € MaKCMMa/IbHUMMU.
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Hapauti, myist moganbIioro gOC/iIsKeHHs, Oyau po3pobiieHi 4 KoHdiryparii po3-
MillleHHSI eKCIUTyaTyeEMUX IIpUMillleHb OAHe BiJHOCHO OJHOro. 3allpONOHOBaHi
KoH(pirypailii HaBeIeHi Ha pPUCYHKY 2.

Pucynok 1 - JlocnimKyBaHi npuMillieHHs1 6yaiBi

a B B a 7]
B
a) B)
B B
5] a 7]
a
B) r}

a) be3 KoOHTaKTy 3 laxoM Ta Mmifjioroio (KoHpirypaiiist A);
0) KOHTaKT 3 OJHi€I0 30BHIIIHHOIO CTiHOIO Ta IMiayioroio (KoHpirypartist B);
B) 6e3 KOHTAaKTY 3 30BHillIHiMM cTiHaMu (KOHirypaiiist B);
') KOHTaKT 3 OJHi€l0 CTiHOMO Ta JaxoM (KoH@iryparirisi I')
PucyHOK 2 — 3amporoHOBaHi MPUKIAAN PO3MillleHUX TPUMIillleHb
TIpY HEITOBHIii 3aifHATOCTi OYyIiBITi

KoxkHa 3 gocmimkyBaHux KoHirypailiii Mmae cBoi mepeBaru, a came:
e KoHpirypalisi A — npuMilieHHsI KOHTAaKTyIOTb B OLIBIIOCTI 3 HeoMaaoBalb-
HYMM IPUMIIIIeHHSIMMU, BiZICYyTHICTh KOHTAKTY 3 JaXOM Ta IMiiJIOTOI0 10 TPYHTY.
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e Kondiryparist b — BigcyTHiCcTbh KOHTAKTY 3 JaXoM OyIiBJjIi, JOCTYI IO OZHOTO
3 MPUMIllleHb BilOYBa€ThCSI Uyepes Iepinit moBepx OymiBiIi.

e Kondirypaiiis B — MiHiManbHa KiJIbKiCTh KOHTAKTy 3 HeOMNaJ0BaJIbHUMU
MIPUMIIleHHSIMMU, TIOTEHIIiViHI TeMJIOHAAXOI)KeHHS BiJl 1axy.

e Koudirypariis I' — BiACyTHICTb KOHTAKTY 3 MiJIJIOrO0 10 TPYHTY, ITOTEHILi/iHi
TeIUIOHAIXO/I;KeHHS Bif maxy OymiBi.

[l TIpUMillleHb, IO eKCILTYaTYIOThCsI, Oyu po3pobiieHi rpadiku MpuCyTHOCTI
JII0JIeil, BUKOPUCTAHHS OCBIT/IEHHS Ta 00/1afHAHHS, a TaKOX rpadik onaseHHs (puc.
3) 3 ypaxyBaHHSIM TUIIOBUX CBSIT Ta KaHiKYyJI.

Tabauig 2

I'padik BUKOpuUCTaHMUI OJ1s1 IPUMIllleHb 3 IIPUCYTHICTIO JII0Ie

[IpucCyTHICTB OO, BUKOPUCTAHHS
Cucrema omnajieHHS obOsalHaHHS Ta OCBIiTI€HHS

Buxigui Ta Buxigui Ta
T'oguHa IMu-IIT cBATKOBI nHi | ['omgmHa ITH-TIT | CBATKOBI AHI
00:00-6:00 | BimimxkHeHo | BimimMmkHeHO 00:00-6:00 0 0
6:00-7:00 16C BigiMKHeEHO 6:00-8:00 0 0
7:00-15:00 | 20°C BigiMKHeEHO 8:00-15:00 100% 0
15:00-16:00 | 16°C BigiMKHeEHO 15:00-16:00 0 0
16:00-24:00 | BigimkHeHO | BimiMmKHeHO 16:00-24:00 0 0

B npumillieHHSIX BBeeHO peryaloBaHHS OIMaJTBIbHUX MPUIAIiB 3 LiTbOBUM
piBHEM TemIiepaTypu IOBITPsI BCTaHOBJAeHOMY Ha piBHi 20°C 3rigHo 3 [15].

B 1iyisix eKoHOMii, MIPOIOHYETHCS TOBHICTI0O BMMMKaTM HarpiBaui 3 16:00 go
6:00, ockinbKM OyAiBI/IsI 3aKOHCEPBOBAHA Ta PU3MK MOIIKOIKEHHS OyIiBJIi BiJICYTHIIA,
MpoTe, 3a ABi roAVHM A0 MOYaTKy HaBUaJIbHOTO IMPOIeCy MPOIIOHYEThCS MPOTpiBaTh
MIPUMIlIIeHHS [JIS1 AOCSATHEHHS HOPMAJIbHOTO PiBHSI TeMIlepaTypy Ha MOMEHT IpU-
OyTTS JIIOIE.

[lepuiiM KpPOKOM B  [JOCTIIKEHHi CTaJ0 BM3HAUeHHS e(eKTUBHOCTI
pO3MillleHHsI IPpUMIillleHb Ha OCHOBI €HeproCIIOXXMBAHHSI CMCTEMOIO OIajeHHS OJs
OyzaiBesb 3 TPbOMAa PiBHSIMM TeILIOi30/Is1Iii 3TajaHMMM BuIle. Pe3yibTaTu Moenio-

BaHHS CIIOKMBAHHS CUCTEMOIO OMaJIeHHS B PiUHOMY 3pi3i HaBe[leHi Ha PUCYHKY 3:
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45
40

35

3
| I
20

Kondirypauis A Kondirypauija b Kondirypauis B Kondirypaujal

]

CnoxKMBaHHA Ha ona’aeHHA, KBT*roa/m3
L

W Ges 3onauii w [BH 2016 mBH 2021

PucyHok 3 — [IMTOMe CIO>XKMBaHHS €Heprii CUMCTeMOIO0 OIaJIeHHs IJIS1 Pi3HUX

KOHirypailiii po3MileHHs MPUMillleHb Ta Pi3HMUX PiBHIB i30ss11ii 6ymiBmi

AHaJti3 piyHOro CIIOKMBaHHSI €Heprii Ha onajeHHs Mokasye, 1o, KoHdirypaitiis
B € Haiikpaloio 3 TOYKM 30py eHeproedeKTMBHOCTi, MOKa3ywuu SK MiHIMyM Ha
8,5% MeHIlle CHOXMBAHHS BigHOCHO iHmMX Bapiaiiin (22,3% BigHOocHO A, 8,5%
BigHOCHO b Ta 16% BimHOCHO I).

Take TMoOKpalleHHS BUKJIMKAHO MEHIIOK 3HAa4YHO IIJIONIEI0 OTOPOIKYIOUMX
KOHCTPYKIIilf 110 KOHTAKTYIOTh 3 HEOMATIOBATbHUMM NPUMIIEeHHSIMU.

o Toro >k, BapiaHT B OUiKyBaHO € HaMOiJBII YYTAMBUM [0 MOKpaIleHHS
TerI0i30/s1ii Oy/IiB/i, OCKiIbKM KOHTAKTye 3 gaxoM. IlokpaieHHs no piBHS IBH
2016 poky 3MeHIIIye CIIOKMBaHHS eHeprii Ha 17,7%, a mo piBHs [IBH 2021 poky Ha
20,2%.

Koudirypatiiss A nmpusBoguUTh [0 HaAMOIMBIIOrO CIOXMBAHHS eHeprii. Takum
YMHOM, MOKHA 3pOOUTM BMCHOBOK, 1[0 €KCILTyaTallisl Juiiie OAHOTO MoBepxy OyIiBIi
He € eeKTMBHUM pillleHHSIM, TUM CaMMM, BUK/IIOYAIOUM BUKOPUCTAHHS, HAIIPUK-
Jan, psay OpUMillleHb Ha MepiioMy ITOBepci 3 MeTO0 MOJIIMIIeHHS JOCTYMY 10 HaB-
YaJIbHUX KJIaCiB.

Koudirypartiii b ta I' € 6i13bKMMM 110 €HEPTOCOXMBAHHIO, TOOTO, COHSIYHI Ter-
JIOHAJIXOI)KEeHHS Ha JaxX He MepeKpUBalTh BTPATU yepe3 OTOPOIKYH0Ui KOHCTPYKIIii.

o Toro K, 3i 30i/bIIeHHS] PiBHS 130JIs1lii OyAiB/Ii Pi3HUIIST MiK MMM BUITAAKAMU
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3HIKYEThCA (8,2%, 3,8% Ta 3,6% njst OymiBiii 6e3 i30/411ii, yTeIraeHoi 40 HOpMaTUBY
2016 Ta 2021 pokiB BiAIOBigHO), IO Ta€ 3MOTY IMPUITYCTUTH, IO [JIs1 OyAiBeTb 3 BU-
COKMM piBHEM i30is11ii gaxy pexkum I' 6yme 6i/bII BUTiTHUM.

[HIIMM BasKIMBUM YMHHUKOM 1151 MOKJIMBOCTI BIPOBAIKE€HHS TaKUX PEXMMIB
eKcIUIyaTallii 6yaiBesb € KoOM(POPTHICTh mepeGyBaHHS JII0ei B IPUMillleHHSIX.

[yt 1boro Ajisl BUMAAKy B, K HaiOiibil edeKTMBHOTO MPOBEeIEeHMIt aHasi3
TeMIlepaTypy TIOBITpSI Ta pafialiiiiHoi TeMIlepaTypu, SIK pelpe3eHTaTUBHUX
MOKa3HMKIB TepMiuHOI KOMMOPTHOCTI B IIpUMillleHHi B TOYaCOBOMY 3pi3i.

KonuBaHHS TeMIlepaTypy IMOBITpS Ta pajialiiiiHOI TeMIlepaTypu [OJisi KOSKHOTO
3 MPUMIIleHb JIJISI HAaXOJIOMHINIOl 400K cepeln HaBYaJbHUX OHIB (3a pe3yabTaTaMu
MOJe/NIOBaHHA 1ie 9 ciuHg) gocaimkyBaHoro poky (2020p.) mnpuBedeHi Ha
pucyHKkax 4 ta 5:

25 0

[
(=]

—&— TemnepaTypa NosiTpA, KimHaTa a

—
(%3}

-10 Papiauilina Temnepatypa, kimHaTa a

TemnepaTypa nosiTpAa, KimHaTa 6

iy
(=]

-15
——— PaiauiiiHa TemnepaTtypa, kimHata 6

—k— TemnepaTypa NoBiTPA, KiMHaTa B

BHyTpiwHi Temneparypu, °C
HagkoauwHA Temneparypa, °C

-20
PapiauiliHa Temnepatypa, KimHaTa B

0 : i -25 = TeMMepaTypa 30BHILHLOIO NOBITPA

S P PSPPI SFPFPFSFFPSESPS
ST ST AT 9T BT BT DT KV AT YT g

FoauHa

PucyHok 4 —TemmepaTypa IOBITps Ta cepeHs pajialliiiHa TeMIiepaTypu
IIJIS HaiXOJIOHIIIO1 100U POKY, BUMAA0K Oy/iBai 6e3 izonsiii

—e— TemnepaTypa NosiTpA, KiMHaTa a

-10 PapiaujiiHa Temnepatypa, KimHaTa a
Temnepatypa NoBITPA, KiMHaTa 6

-15
PapiaujitHa Temnepatypa, kimHata 6

20 —&— TemnepaTypa NOsIiTpA, KiMHaTa B

BHyTpiwHi Temneparypu, °C
HaBKoaWwHA Temneparypa, °C

—us— Pagiauiiina Temnepatypa, KimHaTta B

0 -25 = Temepatypa 30BHIlLHLOTO NOBITPA

O O ] L O O (8] (5} O O
ISR U RS R ORI

vy

[oauHa

PucyHok 5 — TeMmmepaTypa IOBITpS Ta cepeHs pajialiiliHa TeMIlepaTypu IJis
HalXOJOAHIIIOI 06U POKY, BUITAAOK OyiBii yTeruieHoi go Bumor JIJBH 2016 poky
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AHani3 mokasye 3HauHe 3HMK€HHS pafiallifiHol TeMmIiepaTypy BiIHOCHO TeM-
repaTypu BHYTPIlIHbOTO TIOBITpS, sIKa B Halripmomy BapiaHTi (OymiBiast 6es
isonawii, KimHara B) gocsrae 8°C B uacu nmepeGyBaHHS JIi0fei B 6YIiBIi, 1110 3BiCHO,
He € KOMDOPTHMMM YMOBAMM.

CuTyallilo Mmoxkpainye 36iaplIeHHs i30/111ii OyaiBji, TAKMM YMHOM, MOKHA J0-
cartu Temnepatypu 10°C gj1g 1ibOro camoro BUIAAKY.

Buxopsium 3 OTpMMaHMX pe3yibTaTiB, BOPOBAIKEHHS TaKUX pEXUMIB
3aMfHATOCTi 6e3 IonepeaHbOi MOAEepHi3allii OyaiB/Ii He pEKOMEHAYEThCS, BUXOISIUM 3
MipKyBaHb KOM(OPTHOCTI ITepeOdyBaHHS B IPUMIIlEHHSIX.

Takoxk Ha rpadikax MOMiTHe pi3Ke 3pOCTaHHS TeMIlepaTypy IOBiTPs B KiMHaTi,
110 CBiOUMUTBH PO BUCOKY MOTY>KHICTh NPUIALIB OraneHHs. Pe3ynbTaT cumysisinii

MOTY>KHOCTI CMCTeMM OTla/IeHHSI HaBeJleHi Ha pPUCYHKY 6:
14000
13000

12000

10000
900
800
. I Il
6000

Kondirypauja A, Kondirypaujia B, Kondirypauja A, Rondirypauia B, Kondirypauja A, Kondirypauia B,
Ge3 isonauia fe3isonauia izonAauia arigHo izonauia 3rigHo i3onauia arigHo i3onAua 3rigHo
NBH 2016 NBH 2016 JABH 2021 NBH 2021

|—=
i
o
S

MoTy¥KHICTb, BT
=

(=)

(=]

H [TPUMILLEHHA a MpUmilleHHA 6 B TIPUMILLEHHA B

PucyHoOK 6 — Heob6xifHa MOTYKHICTh CUCTEMM OTIaJIEHHS TTPU BIIPOBA/IKEHHI 3aX01y

HeobximHa MOTYKHiCTb KOMMBAETHCA Bif 7,3 mo 13,4 KBT. TakMM YMHOM, pPeKO-
MeHAYyBaTy 3alPOTNIOHOBAHI pPeXXMMM eKCIUTyaTallii MO>KHa B JBOX BMUMAJIKaX: SIKIIO B
OymiBJIi HAsIBHA CMCTeMa LIEHTPATi30BaHOTO OIAJIEHHS 3 PeryJioBaHHIM Ha Ipuia-
Jlax oTajieHHs], 800 32 YMOBM CYTT€EBOTO 30i/IbIIeHHS TTOTY>KHOCTI JIOKAJTbHUX OIaJTI0-
BaJIbHUX MpPUIaJiB.

OcCKinbkyM GifbIII TUIIOBMM BUIIQJIKOM € TeIUIOBAa IMOTY)XXHICTh OMaa0BaTbHUX
TIpWIaAiB B IpUMillleHHi 6;1M3bK0 2KBT. AHaJTi3 BHYTpPIillIHiX TeMIIepaTyp JIJisl BepTHu-

KaJbHOTO pO3MillleHHSI NpUMillleHb 3 TUIIOBOI TMOTYKHICTIO ONaJI0BAJIbHUX
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MpuWiagiB Ta AoBedeHMMM A0 MiHimanbHMX BuMor JIBH 2021 oropomkyBaJbHUMU

KOHCTPYKIIiSIMM HaBeJleHO Ha PUCYHKY 7:

12 0

[
=]

—®&— Temneparypa NoeiTpA, KimHaTta a

-10 PapiaujiiHa Temnepartypa, KimHaTta a

TemnepaTypa NoBiTpA, KimHaTa 6
-15
PapgiaujiiHa Temnepartypa, KimHata 6

50 —k— Temnepartypa noeiTpA, KimHaTa B

BHyTpiwHi remneparypu, °C
[=1]
HaBKoAUWHA Temnepatypa, °C

—ui— PafjaujiiHa Temnepartypa, KiMHaTa B

25 e ToMOEPATYPA 30BHIWHLOMO NOBITPA

foamnHa

PucyHok 7 —TemmepaTtypa IOBITpS Ta cepeHs pajialliiiHa TeMIiepaTypu

IIJISI HAlXOJIOMHIIIOI 106U pOKyY, BUIIAOK OyAiBIi 6e3 i30/siii

[Tpu BUKOpMCTaHHI 2KBT onanoBa/ibHUX MPUJIAAiB CUCTeMA ONaJIEeHHST He MOsKe
3aJI0BUIbHUTM MiHIMa/IbHy TeMIepaTypy IIOBITps IIpM MHepepuBYACTOMY PeXUMI,
HaBiTbh B BUITIAJIKy JOOpe i30/1bOBaHOi OY/IiBIIi,

CepenHs pafialliiiHa TeMrepaTypa TaKoX He BiAIoBimae KoMm@OpTHUM yMoO-
BaM.

Ockinbky TIpwiIaAy OIajieHHS He MOXYTb 3aJ0BUIBHUTU KOMMOPTHI YMOBMU
TIpy TiepepuBUYaCTOMY rpadiky omajeHHs, TaKOX Oy/M IMpoaHali30BaHi TeMIepary-

pU JJisI IOCTIMTHOTO peXXumy oranaeHHs (puc. 8).
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z b —&— Temneparypa MnoBiTpA, KiMHaTta a
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T 12 10 qé PapiauiiiHa TemnepaTypa, KimHaTa a
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o = Temnepatypa noeiTpA, KimHaTta 6
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5 3 PapiauiiiHa Temnepatypa, KimHaTta 6
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= g —d— Temnepartypa NoBiTpA, KiMHaTa B
z 4 20 &
- 9 £ —i— PafjauiiiHa Temnepatypa, KiMHaTa B

0 95 e T MMEPaTyPa 30BHILLHLOTO NOBITPA
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PucyHok 8 — TemmepaTypa MOBITpS Ta cepefHs pajialiiliHa TeMIiepaTypu s

HalXO0JOAHIIIOI 106 POKY, BUITAAOK OYIiBIIi 6e3 30l
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HaBiTh npu moctiiiHoMmy rpadiky omnajieHHsI, B epioay mepedyBaHHS OO B

MpUMillleHH] TemMIlepaTypa IOBiTps He Jocsira€ MiHiMaabHuX HopMaTuBHUX 18°C.
BucHOBKU

CyuacHi ymoBM B YKpaiHi, 0co6/iiMBO 3 orisimy Ha gemorpadiuHi 3miHu Ta
BILJIMB BiliHM, CTAB/ISITh HOBI BUKJIMKMU Ilepe[] CMCTEMO OCBiTH, 30KpeMa B KOHTeKCTi
eekTMBHOTO  BMKOPMUCTAHHSI Ta  VIPABAiHHA  IMIKITBHMMM  IIPOCTOPaMM.
HocnigskeHHs, IpoBeeHe B paMKax Ili€l CTaTTi, BUCBIT/IIO€ MOTEHIIiaa ONTMMi3allii
pPeXXMMIiB eKCIUTyaTallii mKibHMUX Oy/liBeb B yMOBax HEIIOBHOI 3aifHSITOCTI, 3 METOI0
3HVDKEHHSI €HEepProCroXXMBaHHS Ta 3a0e3reyeHHs] KOM(MOPTHUX YMOB /151 YUHiB.

AHasi3 eHepreTMYHOro MOMEIIOBAaHHSI B IMPOTPaMHOMY CepeJOBUIIi
DesignBuilder moka3sye, 110 BapianTy KoHpirypailii K1aCHMX KiMHAT MOXYTb 3HAUHO
BIUIMBATK Ha eHeproedeKTUBHICTh OymiBii. Hampukian, nas BapianTy 6e3 i3onsiiii,
PO3MIIlleHHSI MPUMIIlleHb B PSIJ TOKa3ajJio IIMTOME CIOXMBAHHS Ha OIaJIeHHS
41kBT*rog/m?, njist po3MileHHs «IiTeporo I'» 34,8kBt*ron/m?, a 111 BEpTUKAJIbHOIO
po3minieHHs 31,8kBt*rom/m?.

Haijikpaiii pe3yabTaTi 3 TOUKM 30py eHeproedeKTUBHOCTI Oy OTpUMaHi JIJIs
KoH(irypailii posmimeHHsT KiMHAT OJHA-HaJ-OOHOI0, MepeBepIIMBIIM BapiaHT 3
pPO3MillleHHSIM TPbOX KiMHAT Ha cepeJHbOMY IMoBepci Ha 22,3%, Ta KOMOiHOBaHi
KoHirypalii Ha 8,5% Ta 16%. Takuit pesyabTaT [OOCATAETbCS 3a PaAXyHOK
MiHiMi3allil0 KOHTAaKTy 3 HeONa/JIlOBaHMMM MPUMIIIEHHSIMM Ta MaKCMMAaJbHOTO BU-
KOPUCTaHHS COHSIYHMX TeIUVIOHAAXOAKeHb. BomHouac, MoaepHi3allisl Terioi3onsiii
oymiBimi migBuinye edeKTUBHICTb BUKOPUCTAHHS eHeprii Ta 3abesmneuye OisibIil
KoMdOpTHi yMOBM [Ji/1s1 TepeOyBaHHS YUHiB.

BepTukasbHe po3MillleHHS TaKOX 3a0e3rieuye 6iibil KOMMOPTHI YMOBM Tepe-
OyBaHHS B IIPUMIillleHi B IOPiBHSHHI 3 iHIIMMM KOHirypaiisivMm.

[IpoTe, BaK/IMBO MigKpPeCIUTH, IO Oe3 BiAMoBimHOI MoaepHi3alii 6ymiBii, BU-
KOPUCTaHHS OOMEXeHUX MpUMillleHb MOyke He 3abe3ledyBaTy HalIeXHUX YMOB
KoMGOopTy, B XOJOAHi mepioau. s OOCTiIKyBaHMX KiMHAT (Tiomia 45-48m?)
HeoOXiTHA TOTYKHICTh OMaJTIOBAIbHUX MPUIAiB, 10 MOTPeOYIOThCS MIJis 3abe3rie-
yeHHSI KOM(POPTHMUX YMOB BapitoeTbes Bif 7,5 mo 10,5kBT B 3a/ieXXHOCTi Bif piBHS
isonsuii, mo B 3-5 pas3iB Oinblle 3a CTaHZAPTHY ITOTYKHICTh OMaIIOBaJbHUX
MIpUIAJiB AJ1s1 TAKOTO TUITY TPUMIllleHb.

3abe3neueHHsT KOMGOPTHMX YMOB 0e3 MojepHisallii cucTeMu omajeHHs B
XOJIOAHI Mepiofi pOKYy HEMOX/IMBE HaBiTb IIPU BUCOKMX MMOKA3HMKAX TEIIOi30/sIIil

OymiBii Ta mocriftHomy rpadiky orajeHHs.
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Takum 4MHOM, BITPOBA/IKEHHSI YACTKOBOT'O BUKOPUCTAHHS OYIiB/Ii HAaBUIbHUX
3aKJafiB, He 3BakalouM Ha BUCOKMUII IIOTeHIias 30epeskeHHSI eHeprii He Moske
3aOBIJIBHUTY YMOBM KOMMOPTHOCTI Y4HiB 6e3 BiIMOBiZHMX ITOKpaileHb. IIpore,
npu Bubopi KoHpirypalii posmilieHHsT TpUMIillleHb, BAPTO 00MpaTU PO3MillleHHS
MIPUMIIlleHb OHe-Hal-OOHMM, SIK 3 TOUKM 30py eHeproedeKTUBHOCTI, TaK i 3 TOUKHU
30py TEIJIOBOrO0 KOM(OPTY.

YV MaitbyTHbOMY, TaKi TOCTiIKeHHSI MOXYTb CIYTYyBaTy OCHOBOIO [IJISI PO3POOKM
KOMILJIEKCHUX CTpaTeriii ympaBJiHHS IIKIIBHMMMU MOPOCTOPaMM, IO BPaxOBYIOTb
3MiHHi YMOBM BMKOPMCTAHHSI OyAiBe/sb Ta 3a0e3MeUyi0Th ONTUMAaJIbHE ITO€IHAHHS
eHeproe@eKkTUBHOCTi, €EKOHOMIUYHOCTi Ta KOMGOpPTY IJjs Y4YHIiB Ta mepcoHany. Pe-
3yJIbTaT 1bOTO JOCHIMKEHHS MOXYTb OYTM KOPUCHMMM JIJjIsI  IIKiJTbHUX
agMiHicTpaliit, MiclleBMX OpraHiB YIIpaBJ/IiHHSI OCBIiTOI0, a TaKOX IS pO3POOHMKIB
TIOJIITMKY B rajy3i ocBiTH i eHeproeeKTUBHOCTI.

B HacTynmHMX [OOCHIAKEHHSIX MPOMOHYETHCS OOCHIAMTU BIUIMB  130J11i1
BHYTPIlIHIX CTiH OyAiBJIi, IMiABUINEHHS MOTYKHOCTI OMNAJIOBAJIbHUX IPWIALiB Ta
ONa/ieHHSI HEeKOHIMIIIOHOBAaHMX KiMHAT [0 IIeBHOTO piBHA TeMIlepaTypu Ha
eHeproe@eKkTUBHICTh Ta YMOBM KOMGOPTY B IIPUMIIIIeHHSIX JIe PO3MIillleHi JIIOIN.
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Energy consumption of the school under conditions
of partial occupancy for different heating modes

The challenges facing the Ukrainian education system, particularly in light of de-
mographic changes and the impact of war, are examined in this research. It highlights
the potential for optimizing the operation modes of school buildings under conditions of
partial occupancy to reduce energy consumption and ensure comfortable conditions for
students.

Energy modeling analysis using DesignBuilder software shows that the configura-
tion of classrooms significantly impacts the energy efficiency of buildings. The best results
for energy efficiency were achieved with rooms stacked on top of each other, outperform-
ing the variant with three rooms on the middle floor by 22.3%, and mixed configurations
by 8.5% and 16%. This efficiency is due to minimized contact with unheated premises and
maximized solar heat gains. However, without appropriate building upgrades, the use of
limited spaces may not provide adequate comfort conditions in colder periods. For the
rooms studied (45-48m?), the required heating device capacity to maintain comfortable
conditions varies from 7.5 to 10.5 kW, depending on the level of insulation, which is 3-5
times more than the standard capacity for such spaces.

Providing comfortable conditions without upgrading the heating system in cold pe-
riods is unfeasible, even with high levels of building insulation and a constant heating
schedule. Therefore, implementing partial use of school buildings, despite their high po-
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tential for energy savings, cannot satisfy student comfort needs without corresponding
improvements.

Future research could provide a foundation for developing comprehensive strategies
for managing school spaces, considering variable building usage conditions and ensuring
an optimal combination of energy efficiency, cost-effectiveness, and comfort for students
and staff. The findings can be useful for school administrations, local educational au-
thorities, and policymakers in education and energy efficiency. Further studies are sug-
gested to explore the impact of internal wall insulation, increased heating device capaci-
ty, and heating unconditioned rooms to a certain temperature level on energy efficiency
and comfort conditions in occupied spaces.

Keywords: thermal energy consumption, building energy modeling, thermal insu-
lation of buildings.
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YK 528.235:681.3:628.1

lHaTyweHko B.B., MupoceHko [.0. MarematuyHa Mogenb TOMONOFiYHOT CTPYKTYPU
MicbKoi Mepexi BogonocTayaHHA // CuctemHi TexHonorii. PerioHanbHUit MiXBY3iBCbKUIA 361pHUK
HayKoBux npaupb. Bunyck 1(150). — Axinpo, 2024. — C.3 - 15.

3anponoHOBaHO MaTeMaTUYHy MOAE/b TOMONOMYHOT CTPYKTYPU Mepexi BOJOMNOCTaYaHHs, BU
3HaueHo 6a3u reonpoCcTOPOBMX AAHMX MPO 00'EKTU MepeXi Ta B3aEMO3B'A3KM LX 00'EKTIB 3 Bpaxy
BaHHAM TOMOJIOMYHOT CTPYKTYPY Li€i Mepexi ans 3abe3neyeHHs reoiHdopmaliiiHoro Ta Mmatema
TUYHOrO MO[ENIOBAHHA TpaBAiYHOro CTaHy MepeXi BOAONOCTayaHHs, BUPilLEeHHs 3aaady 06pobKu
aBapiliHUX CUTyaLil, KOHTPOIO AKOCTI MUTHOT BOAM, ONTUMi3aLlii MepeXxi, eHepro3bepexeHHs.

bi6n. 11, puc. 6.

YK 004.896

JlboBkiH B.M. BMKOPUCTAHHA NPUHUMMIB CMCTEMHOrO aHanisy npu po3pobui
iHTerpoBaHoro cepefoBuLia NPOrHo3yBaHHA 3abpyaHeHocTi noBiTpa // CuctemHi TexHonorii.
PerioHanbHuWit MixBY3iBCbKMI 30GIpHUK HayKoBMX mpaub. Bunyck 1(150). — [Owinpo, 2024. -
C.16 — 24.

MporHo3yBaHHA 3a0pyAHEHOCTi NOBITPA AOCHIAXKYETHCA B KOHTEKCTI MEHL AOCNiAXKEHOrO 3a
OpyAHiOBaYa MOBITPS, AKMM € MAIiOKCMA A30Ty, 3 BpaxyBaHHAM BMJMBY Ha WMOro KOHUEHTpaLilo
aBTOMOGiNbHOrO Tpadyiky Ha OCHOBi MPOrHO30BaHUX 3HAYEHb, IO HE PO3rNAJAETHCA B HLIMX
iCHyIOUMX foCnigeHHAX. MeTa po6oTu nonsArana B AOCHIAKEHH] BNANBY BUKOPUCTAHHSA CUCTEMHO
ro nigxody Ha TOYHiICTb MPOrHO3yBaHHA 3abpyAHEHOCTI NOBITPsA Aiokcupom aszoty. lpoBeneHe ek
CrepuMeHTaNbHe JOCNiIKEHHA BKA3Ye Ha Te, WO BUKOPUCTAHHA NifXO0Ay, o 6a3yeTbCA Ha NPUHLM
Nax CUCTEMHOrO aHanisy, [O3BONAE MiABMILMTM TOYHICTb MPOrHO3yBaHHA 3abpyAHEHOCTI NoBiTps
AIOKCWMA0M a30Ty 3a PaxyHOK BUKOPUCTAHHA B AKOCTI BXIJHWUX 03HaK MOAENT NPOrHO30BaHMX 3Ha
YeHb aBTOMOOiNbHOMO Tpaiky 3aMicTb 3HaYeHb 3@ MUHYJTI Nepioau.

bi6n. 11, Tabn. 1.

YOK 616 093

barpiii B.B., BonowwuH P.B., Xynbkoscbkuii 0.0., YnbaHoscbka H0.B. ImitayinHe mogenio
BaHHA CUCTEMM KOHTPONI Ncuxoi3ioNoriyHoOro CTaHy NIOAUHM Ha OCHOBi HeBepGanbHUX
EKCTPaniHrBicTUYHMX XapakTepuctuk // CuctemHi TexHonorii. PerioHanbHWil MiXBy3iBCbKMiA
36ipHMK HayKoBMX npaupb. Bunyck 1(150). — IHinpo, 2024. — C.25 — 35.

3apas, Konu CTBOPIOIOTLCA CUCTEMU LITYYHOTO THTENEKTY, iCHYE 3HAYHUIA NONWUT HA CUCTEMM
iHTENEKTYaNbHOr0  KOHTPONIO, CUCTEMW «NloAMHA MawuHa». B poboti 3actocoBaHo metop,
KOMaHAHOT CUCTEMM B PEXMMi OAHOKPATHOrO AOCTYNYy [0 O6'€KTy, WO [J03BOASE [OCATTH
HeobxifHOro edekTy yepes CKNAAHICTb HABYAHHA CUCTEMM i aHaNi3y KOPOTKUX Kioyosux ¢pas.
BupiweHo 3agavy inbTpauii ronocoBux AaHUX y CUCTEMAX MOLENIOBAHHA KOHTPOMIO «/HOAWNHA
onepaTop» Ha OCHOBi HeBepOaIbHUX EKCTPANiHIBICTUYHUX XapaKTEPUCTUK ANA iMiTaliliHOro Mofe
ntoBaHHaA MNOC niopgnHu. MawmrHa cnpuitMae KOMaHAM Bifi KOPUCTYBaYa M BUKOHYE iX TiIbKW B TOMY
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BUNAJKY, fKWO rojoc onepatopa BiANOBifaE 3apeecTpoBaHoMy. [laHa 3ajaya € 4YacTUHOW
3aranbHoi Nnpo6aemMn aBTOMAaTUYHOIO PO3Mi3HABAHHSA Ta PO3YMiHHA MOBMU.

bi6n. 10, in. 7.

YK 528.235:681.3:628.1

KawraH B.10., Wesuosa 0.C. IHdopmauiitHa TexHonorisa nonepeaHboi 06po6KU cynyTHU
KOBMX 3HIMKIiB 3 BMKOPMCTaHHAM 3rOpTKOBOI HeWPOHHOT mepexi // CuctemHi TexHosnorii.
PerioHanbHMI MiXBY3iBCbKMI 36ipHUK HaykoBux npaub. Bunyck 1(150). — [Owinpo, 2024. -
C.36 - 50.

3anponoHoBaHo iHdopMaLliliHy TeXHONOril0 nonepesHboi 06pOOKM LMGPOBUX CYNYTHUKOBUX
3HIMKiB 3 BUKOPUCTAHHAM 3aropTKOBOT HEPOHHOT MepeXi, ika 34aTHa edheKTMBHO BMAYYATK aeTani
TEKCTYpU Ta NPOCTOPOBi 3aNEXHOCTI, @ TAKOX JIOKaNbHY Ta HeloKanbHY iHdopmauito. Lie no3sonu
110 NOKPALWMUTM TOYHICTb Ta A€TANI3aLi10 OTPUMAHKX 300paKeHb.

bi6n. 16, puc. 5.

YK 004.021, 004.042, 519.688

CusoHeHko 0., boxyxa Jl. BuABneHHA 00’€KTiB Ha 300paKeHHi B MOTOKOBOMY peXuMi
npu BukopuctaHHi YOLOv5S i Faster R CNN // CuctemHi TexHonorii. PerioHanbHUA MixBY3iBCbKMiA
36ipHUK HayKoBUX npaub. Bunyck 1(150). — AHinpo, 2024. — C.51 - 60.

Y poboTi HaBeaeHi pe3ynbTaTi aHani3y Haibinbw nowmpeHux mogeneit YOLOvS i Faster R
CNN BusBneHHs 006'eKTiB, eTanu 360py Ta aHOTYBaHHA BiANOBiAHOrO HaboOpy AAHUX AN HABYAHHS,
pe3ynbTaTh HaBYaHHA i Banigauii Ha 3ibpaHoMy Habopi faHux. [Ins NOpiBHAHHSA pe3y/ibTaTiB BOX
Pi3HWUX Mofieneit rMbOoKOro HaBYaHHA A1 BUABIEHHSA LiiNei 3aCTOCOBAHO HU3KY CTaHAAPTHUX MEeT
pUK. Ha OCHOBi OTPUMAHMX Mif Yac eKCnepuMeHTY pe3ybTaTiB 3anponoHOBaHUI BUGip HalbiNbL
BiANOBiAHOT MOAENi ANs BUPilIEHHS BU3HAYEHOT Npobiemu.

bi6n. 3,in. 3, Tabn. 2.

YK 519.6:656.1

Joposui A.®. BUKOPUCTAHHA HeYiTKOT NIOriKM ANA aHanisy couiaNbHO €KOHOMiYHOro
A06po6yYTY HaceneHHs // CuctemHi TexHonorii. PerioHanbHU MiXBY3iBCbKUI 30IPHUK HayKOBMX
npaub. Bunyck 1(150). — AHinpo, 2024. — C.61 - 74.

3anpornoHOBaHO 3aCTOCYBATH METOJ, HEYITKOT oriku Ans Ginblw eheKTUBHOrO aHani3y Heoa
HO3HAYHOCTE y AaHWX Npo LOOPOOYT HaceneHHs. byna o6rpyHTOBaHa Mofenb, fika 6a3yeTbcs Ha
CTBOPEHHi NIHFBICTUYHUX 3MIHHUMX, BUSHAYEHHT TEPMiHONOMYHMX MHOXMH Ta po3pobui npasun aas
aHanizy. AKLLEHTOBAHO YBary Ha aHani3i KN4oBKx (HaKTOPiB, WO BMNIMBAKTL HA PiBEHb XUTTA Ha
CENEHHS, BKIOYA0UM LOXOAM LOMOrOCNOAAPCTB, BUTPATH HA IIKU Ta XapyyBaHHSA, OCBITHi piBeHb,
CTaH XWT0BMX YMOB, BXXIMBICTb 0COBUCTOr0 rocnofaptoBaHHs Towo. OTpuMaHi pesynbtaTy, BUS
BUNKUCA GiNblW TOYHUMM Ta BUNPABAAHWUMM, HIX Ti, WO OyNM OTPUMaHi 3a AONOMOrOK KNACUYHMX
meTofiB. BMKOpUCTAHHSA OTpPUMMaHMX [aHWX Yy NNaHyBaHHI COLiabHO €KOHOMIYHMX CTpaTerii
A03BOIIE PO3POONATU eheKTUBHI iHILIaTMBM AN MOKPALEHHs [0OpobyTy HAaCeneHHs Ha Pi3HuX
piBHSX.

bi6n. 14,1in. 3., 1a6n. 2
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YK 519.6:656.1
Kupunos C.0. MpoeKTyBaHHA 6araTtonpoayKTOBUX TPAHCMOPTHUX MepeX 3 AUCKPETHU

MMM NOTOKAMM MaricTpanbHuUx AaHHUX // CucTemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKMiA
36ipHMK HayKoBMx npaub. Bunyck 1(150). — IHinpo, 2024. — C.75 — 85.

Bynn po3pobneHi anropuTMiyHi MeToLM AN CTBOPEHHS PO3YMHKUX 6AraTonoToKoBUX Garato
NPOAYKTOBUX TPAHCMOPTHUX MEPEeX, 3[0aTHUX iHTerpyBaTM pi3Hi €eKOHOMiYHi cekTopu abo
iHiLiaTMBK WNAXOM BifOOPY HaMKpaLMX BXiAHUX NapaMeTpiB 3 EKOHOMiYHUX NigCcMCTEM 3a AOMOMO
rolo NoTOKOBOro Nigxody. byno 3anponoHoBaHO aeTani3oBaHMii ONUC «MPOCTOPY MPOEKTYBAHHSAY,
3aCHOBaHUI Ha BU3HAYEHHi obnacTeit 06'eKTiB Ta TPAHCMNOPTHUX NOTOKiB. Po3pobneHa mogens 6a
31 3HaHb 1 CUCTEMMW CUHTE3Y NPeACTaBeHa y BUMNALT «NPOCTOpY 06'€KTIBY, e BUOKPEMITIOIOTHCA
06nacTb yHiBEpCasbHUX MOHATb Ta 00/1aCTb NPEAMETHO OPiEHTOBAHWX MOHATb, BKIOYAKYM 6asy
CTPYKTYPHUX KOMMOHEHTIB, AIKi 3aCTOCOBYOTLCA Y CTBOPEHHT TPAHCMOPTHUX NOTOKIB.

bi6n. 12,1in. 1., 1abn. 2

YK 519.8

Kopswkina JI.C., JlybeHeub [.€. CUcTeMHMIA aHani3 Ta MaTeMaTUyHe MOAENIOBAHHA YacT
KOBO ABOETaNHUX MnpoueciB po3noainy martepianbHux notokiB // CuctemHi TexHonorii.
PerioHanbHMit MiXBY3iBCbKMI 30ipHUK HaykoBMX npaub. Bunyck 1(150). — [Owinpo, 2024. —
(.86 - 99.

Po3rnsHyTO 4acTKOBO ABOETAMHMIA NpoLeC po3noginy martepiasbHUX NOTOKIB Y NOFICTUYHI A
cucTeMi, eneMeHTaMm SKOT € NiANPUEMCTBA, WO BUPOONSAIOTL NEBHY NPOAYKLIto i 3aiiicHI00TS 17 30yT
abo 6e3nocepenHbO CNoXuMBayaM, abo yepes posnoginbyi ueHTpu. MNpu LboMy nepefdavaeThCs, WO
NONMUT HA NPOAYKLit0 HenepepBHO PO3NOAINEHUI NO BCiil TepuUTOPii Aeskoro perioHy. Meta po6oTu

3a0e3neyeHHs 3HMMKEHHS TPAHCMOPTHUX Ta OpraHizauilHMX BWTpaT, MOB'A3aHMX i3 30yTOM Ta
36epiraHHAM roTOBOi NpoAYKLii, ANA Mepexi NiANPUEMCTB WNAXOM pO3POONEHHS Mopenei i
METOAIB ONTMUMi3auiiHMX 3apay, AKI [O3BONATb BM3HAYATU KibKiCTb, MICTKICTb 1 KOOPAMHATM
PO3MiLLEHHA PO3NOAINbYNX LLEHTPIB 1 NPOBOAUTM OpraHi3aLito N0riCTUYHUX NPOLECIB, PaLiOHaNbHO
PO3NOAINAYM TPAHCMNOPTHI Ta MaTepPiaNbHi NOTOKM MiX yCiMa y4aCHUKAMM NOTiCTUYHOrO NpoLecy.

bi6n. 10, 1in. 3.

YK 004.77; 658.7

Marteeesa H.0., ManaHos 0.M. Po3po6ka Kibepi3anyHoi cuctemMn MOHITOPUHTY NOXKEKHOT
6e3neku // CuctemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKMiA 30ipHUK HayKoBKMX npalb. Bu
nyck 1(150). — Aninpo, 2024. — C.100 — 107.

3pilicHeHo po3pobKy KibepdizuyHoi cucTemu noxexHoi Gesneku dipmm «Megamarty 3
MOXIMBICTIO THYYKOT 3MiHM BUAY Ta HAOOPY BUKOHYBAHMX QYHKLIiA WAAXOM NepenporpamyBaHHs.
KibepdisnyHa cuctema 3actocoBye RFID TexHonorito 3 onpautoBaHHsM KOMN'lOTEPHOT Mepexi.
Komn'toTepHa cucTemMa A03BONSE 3AIACHIOBATM TEXHIYHY i NpOrpamMmHy MoaepHi3alito cuctemu, a Ta
KOX 3abe3neyye BMKOHAHHA BCix (PYHKLiM TexHiYHOro 3aBpaHHA. PoboTa cuctemn nepesipeHa 3a
AIONOMOrol0 MofEeNi Cxemu KOpropaTMBHOT Mepexi i3 3acTocyBaHHsm nporpamu Cisco Packet
Tracer.

bi6n. 9.,1in. 4.
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YK 004.42:621.317.351
Ison 0.I. MporpamHe 3abe3neyeHHA ANA AOCHIAMKEHHA CTAaTUCTUYHUX NapameTpiB

006’ekTiB MiKpocTpyKTYpH // CcTemHi TexHoMOrii. PerioHanbHuii MiXBY3iBCbKMiA 30ipHUK HayKO
Bux Npaub. Bunyck 1(150). — fHinpo, 2024. — C.108 - 116.

MeToto po6oTu € cTBopeHHs 3acobamu HTML5, CSS3, JavaScript i TexHonorii Canvas N3 gns
AOCTiAXEHHS CTaTUCTUYHUX NapaMeTpiB 006'EKTIB MiKPOCTPYKTYPU: CEPEAHbOr0 PO3Mipy, CEPeAHbO
KBaApaTMYHOrO BifXMJEHHA PO3Mipy Ta ricTorpamu po3noginy po3mipiB. [na BMMiploBaHHA
pO3MipiB 00'€KTY MiKPOCTPYKTYPU BUKOHYETbCA CKAaHYBAHHA KOOPAWMHAT B YOTUPLOX TOYKAX MOrO
rpaHuLi.

bi6n.3,1in.5.

YK 004.42

CnipiHues B.B., CnipiHuesa 0.B., Muxaitnenko M.0. Be6 opieHTOBaHUIl 3aCTOCYHOK BepeH
HA [AEHTanbHOT XPOHIKM ANA 3anucy i aHaniy craHy poToBOi NOPOXHUHM // CucTemHi
TexHonorii. PerioHanbHUI MiXBY3iBCbKMIA 30ipHMK HayKoBUX npaub. Bunyck 1(150). — [Hinpo,
2024. - C.117 - 126.

3anponoHoBaHO BeO OPiEHTOBAHMIA 3aCTOCYHOK Ans eeKTUBHOTO MOHITOPUHTY Ta fOrnsamy
3a CTAHOM POTOBOT MOPOXHMHM NalieHTa. [Ina peanisauii 3acTocyHKy Oyno BUKOPUCTAHO MOAeNb
KNi€EHT cepBepHOi apxiTeKTypu, WabnoH npoektyBaHHs MVC, mMoBa nporpamyBaHHs peanizauii
JavaScript, HTML, npenpouecop SCSS, ctek nporpamysaHHs MERN, sikuid BKAOYMB HACTyNHI Mopyni:
MySQL, Express(.js), Node.js, React.

bi6n. 12,in. 7.

YK 536.212:699.059

Kpaseub 0.B., MaxoHiHa K.B. Bnaus matepiany Ta TOBLUHM Tennoi3onauiHoro npowap
Ky Ha TennoBui NOTiK Kpi3b 6araToliapoBy 30BHilLHIO CTIHOBY NaHesNb }KUTIOBOro GYAUHKY
// CuctemHi TexHonorii. PerioHanbHWii MiXBY3iBCbKUI 30IpHUK HayKoBKX npaub. Bunyck 1(150).
— [lHinpo, 2024. — C.127 — 134.

3a [onoMoroio iHXeHepHOT METOLMKM CTaLiOHAPHOTO TEMIOBOTO Po3paxyHKy 6aratowaposoi
MNOCKOT CTIHKM PO3Pax0BaHO NoiA TeMnepaTtyp Ta TEMNOBUX NOTOKIB KPi3b YOTUPULIAPOBY NOCKY
CTIHKY 3 BMKOPUCTAHHAM N'STW Pi3HOBUAIB TENNOi30NALiHUX MaTepianiB; noOyAoBaHO rpadiku
3aNeXHOCTel TeMnepaTypy Ta TENJI0BOro NOTOKY (HaBefeHo B pOOOT) KPi3b YOTUPMILAPOBY CTiHKY
Bifl TOBLUMHM TENNO3AXUCHOrO NPOLIAPKY, WO [O3BONSE ONTUMANLHO NiAibpaTh Tenso3axmucHe no
KPUTTA Ta BM3HAYUTU TOBLUMHY Tennoi3onsauiiiHoro wapy 6araTolapoBoi 30BHilHBOI MIOCKOT
CTIHKM XXUTNOBOrO OyAUHKY.

bi6n. 6,in. 2, Tabn. 1.

Y[IK 621.382.08(035.5)

Teeppoctyn M.I. Mpo BUMipIOBaHHA CKNAA0BUX IHAYKTUBHOrO iMneAaHcy MeTOAOM TPbOX
BONbTMeTPiB // CuctemHi TexHonorii. PerioHanbHMit MiXBY3iBCbKMI 36IpHUK HAyKOBMX MpaLib.
Bunyck 1(150). — [lHinpo, 2024. - C.135 - 140.
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BM3HayeHO MOXIMBOCTI METOAY TPbOX BONLTMETPIB AN BUMipPIOBAHHA iHAYKTUBHOCTI, aKTUB
HOTO OMOpY, A TAKOX X YaCTOTHUX XapaKTepucTuK. BctaHoBneHo, Wo B Aiana3oHi yactor go 100
Kl noxnbKa BUMiptoBaHHS THAYKTUBHOCTI CTaHOBUTL He Ginblue 0,3%, akTuBHOro onopy  8,7%.

bi6n. 2,1in. 2, Tabn. 1

YK 004.415.2

MoHomapboe I.B. CTBOpeHHA feLeHTpanizoBaHOro A0AATKY NPOAAXY 300paKeHb 3 BU
KkopuctaHHam IPFS // CuctemHi TexHonorii. PerioHanbHMiA MiXBY3iBCbKWII 30IpHMK HAyKOBKX
npaub. Bunyck 1(150). — iHinpo, 2024. — C.141 — 146.

Po3rnspatoTbcs 0co6MBOCTI CTBOPEHHSA AELEeHTPaNi30BaHOro AoAaTKy Npofaxy 300paxeHb
Ha OnokyenHi Ethereum 3 BuMKOpWUCTAHHAM [peleHTpanizoBaHoro cxosuiwa IPFS. OnucyeTbes
MiXnnaHeTHa (aitnoBa CMCTEMa, fiKa € OAAHOPAHrOBa pPo3nofdineHa cuctema 36epiraHHsa dainie Ta
NPOTOKON nNepefayi [Ans  ChinbHOro BMKOPUCTaHHA ainie. Po3rnsgatotbcs  0cob6nMBOCTI
NiaKNOYEHHA Ta po6oTY 3 lelieHTpanizoBaHnUM cxoBuiyem IPFS.

JlocAraeTbcs NOBHA AeLeHTpani3aLis AoaaTKy, OCKiIbKM CMApT KOHTPAKTW 3 IOTiKO poboTy
3HaXoAATbC BCepeAuHi OnokyeitHa Ethereum, a paHi Ta  KnieHTCbkMiA  iHTepdeiic y
AeLeHTpanizoBaHomy cxosuie IPFS.

bion. 3.,in.1.

YK 004.8

Tonkowkyp 0.C., NlozoBcbkuii A.C. Anroput™m KOMN'loTepHOT 06POBKM KiHETMUHUX 3anex
HOCTe BIiArYKY rasoBOro CeHcopa 3 iHTeNeKTyasbHUMU KomnoHeHTamu // CuctemHi
TexHonorii. PerioHanbHUI MiXBY3iBCbKMIA 30ipHUK HayKoBUX npaub. Bunyck 1(150). — OHinpo,
2024. — C.147 - 157.

HaBeneHo anroputm oO6pobKM eKcnepuMeHTaNbHOT KiHETUYHOT 3aNeXHOCTI BiAryKy rasoBux
CEeHCOpiB Ha OCHOBI MOAENT PO3TArHYTOT eKCNOHEHLiaNbHOT PYHKLIT 3 iHTENEKTYaNbHUMU CKNAA0
BUMW, sKi [03BONAIOTL BMOpaTM HaGinbWw iHOPMATUBHMI iHTEpBaN yacy 3 00pobneHMX
KIHETUYHMX 3aneXHocTeil. BUKOpUCTaHHA 3anpONOHOBAHOrO aNropUTMYy Y3rOKYETbCA 3 AAHUMY,
OTPUMAHMMM THWMMKU METOAAMM, A TAKOXK ICHYIOUMMMN KOHLENUiaMU. ANrOpMTM BUAETLCA Nepcnek
TUBHMM [N1f  peanizauii aBToMaTtu3auii 06poOKM paaHux npu noOYAOBI Ta 3acTOCYBaHHi
iHpOpMaLinHO BMMipIOBaNbHMX CUCTEM ANA AOCTIKEHHSA ra304yTIMBUX CEHCOPHUX MaTepianis.

bi6n. 23,1in. 4.

YK 681.3.07

XaHpeubkuit B.C., Kapnenko H.B. AHani3 ecdeKktuBHocTi 6noyHoi nepepaui ppenmis B
komn'lotepHux mepexkax IEEE 802.11 // CuctemHi TexHonorii. PerioHanbHWN MiXBY3iBCbKUM
36ipHMK HayKoBwMx npaupb. Bunyck 1(150). — iHinpo, 2024. — C.158 — 165.

MpoaHanizoBaHo MexaHi3m 6104HOT nepefayi hpeimie B 6€34pOTOBUX KOMM IOTEPHUX Mepe
wax IEEE 802.11 DCF 3 iHdpacTpyKTypHOlO TOmonoriet. B 3axuileHOMYy pexuMmi BU3HAYeHi
3a1€XXHOCTI NPONYCKHOT 3[4aTHOCTI MepeXi Bif LWBMAKOCTI nepeaayi AaHux i KinbKoCTi dpeiimiB y
onoui. MokasaHo, Lo MexaHi3mM 6/104HOT Nepefayi dpeiMie cyTTeEBO 36ibLIYE NPONYCKHY 3AATHICTb
Mepexi 0co61BO B fiana3oHi 6inblW BUCOKMX WBMAKOCTEN nepepayi. Mpu nomiTHOMY 36inblWeHHi
iHTEHCMBHOCTi 3aBaj nepepada 6710KiB ycknagHaeToes. Bxe npu BER=10 6 i kinbKkocTi ¢dhpeimis

nopsaky 10 i 6inblwe y pafi BUNagKiB BUHWKAE HEOOXiAHICTb 30iACHEHHS NOBTOPHMX Nepeaay BUK
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puBieHux B 6noui dpeiimis, a npu BER=10 5 noBTOpHMX Nnepepay cTae 6arato i pe3ynbTyioya npo
NYCKHa 3A4aTHICTb MEPEXi CYTTEBO 3HUKYETHCS.

bi6n.7,1in.3., 1abn. 1

YIK 620.91

binoyc I.10., Fony6erko 0.0. EHeprocnoXXUBaHHA WKOAM B yMOBAaX HEMOBHOT 3aMHATOCTI
ANA  pisHMX pexumiB onaneHHA npumiweHb // CuctemHi TexHonorii. PerioHanbHWM
MiXKBY3iBCbKMI1 30ipHMUK HayKoBMX npaub. Bunyck 1(150). — AHinpo, 2024. — C.166 — 181.

Y cTaTTi po3rnAfaeTbca akTyanbHa NpobneMa 3HUKEHHA EHEProCrOXMBAHHA B YKPATHCbKUX
wkonax. JocnigxkeHHs hOKYCYETbCA HA eHeproedeKTMBHOMY BUKOPUCTAHHI WKiNbHUX NPOCTOPIB B
YMOBAX HEMOBHOT 3alHATOCTI NpUMilLeHb. MeToau aHanisy BKNIOYAOTb eHepreTUYHe MOAEIOBAHHS
B DesignBuilder. OcHOBHi pe3ynbTaT MOKa3yioTh, WO PO3MilLEHHA KNACHUX KiMHAT OAHA Hap
ofHOlO 3abe3nedyye HanBuly eHeproedeKTUBHiCTb, Ha 22,3% BMLY MOPIBHAHO 3 iHWMUMK
KoHdirypauisamu. Takox BUABNEHO, Wo 6e3 MOAepHi3aLii onantoBasbHOT CUCTEMU HEMOXIMBO 32
6e3neynTn KoMOopTHi YMOBU Y XONOAHT nepioan. PesynbTaty Liei poboTn BaxnuBi ans po3pooKu
cTpaTerii ynpaBaiHHA WKINbHUMU MPOCTOPAMM B YMOBAX HEMOBHOT 3aHATOCTI NPUMiLLEHb.

bi6n.15.
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UDC 528.235:681.3:628.1
Hnatushenko V.V., Myrosenko D.0. Mathematical model of the topological structure
of the urban water supply network // System technologies. N 1(150) Dnipro, 2024.
P.3 - 15.
A mathematical model of the topological structure of the water supply network has
been proposed, geospatial data bases on network objects and the interrelationships of these

objects have been determined, taking into account the topological structure of the network to
provide geoinformation and mathematical modeling of the hydraulic state of the water supply
network, solving problems of emergency processing, drinking water quality control, network
optimization, and energy saving.

Bibl. 11, Fig. 6.

UDC 004.896

Lovkin V. Application of the principles of systems analysis for the development of
environment for integrated air pollution forecasting // System technologies. N 1(150)
Dnipro, 2024. P.16 — 24.

Air pollution forecasting problem is considered for nitrogen dioxide which is less fre
quently investigated as an air pollutant. Traffic, presented by forecasted values, is taken into
account as input features for forecasting models. It differs this paper from existing investiga
tions. The objective of the study is to investigate impact of system approach on accuracy of
forecasting air pollution by nitrogen dioxide. Experimental investigation of the approach
based on the principles of systems analysis increases accuracy of forecasting air pollution by
nitrogen dioxide. It is caused by usage of forecasted traffic values as input features instead of
values over previous hours.

Refs. 11, table 1.

UDC 616 093

Bagriy V., Voloshin R., Zhulkovskyi 0., Ulianovska Yu. Simulation modeling of the sys
tem of managing the psychophysiological state of a person based on non verbal
extralinguistic characteristics // System technologies. N 1(150) Dnipro, 2024. P.25 - 35.

At present, when artificial intelligence systems are being developed, there is a signifi
cant demand for intelligent control systems, man machine systems. In this work, the method
of a command system in the mode of single access to an object is used to achieve the required
effect due to the complexity of system training and analysis of short key phrases. The paper
solves the problem of voice data filtering in human operator control modelling systems based
on non verbal extralinguistic characteristics for simulation modelling of human PPS. The ma
chine accepts commands from the user and executes them only if the operator's voice match
es the registered one. This task is a part of the general problem of automatic speech recogni
tion and understanding.

Ref. 10, im. 7.
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UDC 528.235:681.3:628.1

Kashtan V.Yu., Shevtsova 0.S. Information technology of satellite imagery pre
processing using convolutional neural network // System technologies. N 1(150) Dnipro,
2024. P.36 - 50.

An information technology for preprocessing digital satellite images using a convolu
tional neural network has been proposed. It is effective in extracting texture details and spa
tial dependencies, in addition to capturing local and non local information. This technology
has enabled us to improve the accuracy and level of detail in the obtained images.

Bibl. 16, Fig. 5.

UDC 004.021, 004.042, 519.688

Syzonenko 0., Bozhukha L. Detection of objects in the image in streaming mode us
ing YOLOv5 i Faster R CNN // System technologies. N 1(150) Dnipro, 2024. P.51 - 60.

The paper presents the results of the analysis of the most common YOLOv5 and Faster R
CNN object detection models, the stages of collecting and annotating the appropriate data set
for training, the results of training and validation on the collected data set. To compare the
results of two different deep learning models for target detection, a number of standard met
rics are applied. Based on the results obtained during the experiment, the selection of the
most suitable model for solving the specified problem.

Bibl. 3,ill. 3, table 2.

UDC519.2:330.4

Dorovtsi A. Use of fuzzy logic for analyzing the socio economic well being of the
population // System technologies. N 1(150) Dnipro, 2024. P.61 - 74.

It is proposed to apply the method of fuzzy logic for a more effective analysis of ambi
guities in data on the welfare of the population. A model based on the creation of linguistic
variables, the definition of terminological sets and the development of rules for analysis was
substantiated. Attention is focused on the analysis of key factors affecting the standard of
living of the population, including household income, expenditure on medicine and food, ed
ucational level, the state of housing conditions, the importance of personal management, etc.
The obtained results turned out to be more accurate and justified than those obtained using
classical methods. The use of the obtained data in the planning of socio economic strategies
allows the development of effective initiatives to improve the welfare of the population at
various levels.

Bible 14, fig. 3, tabl. 2.

UDC519.6:656.1

Kyrylov S. Design of multi product transport networks with discrete bus data flows
// System technologies. N 1(150) Dnipro, 2024. P.75 - 85.

Algorithmic methods have been developed to create smart multi flow multi product
transport networks capable of integrating different economic sectors or initiatives by select
ing the best input parameters from economic subsystems using a flow approach. A detailed
description of the "design space" was proposed, based on the definition of areas of objects
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and traffic flows. The developed model of the knowledge base for the synthesis system is pre
sented in the form of "space of objects", where the area of universal concepts and the area of
subject oriented concepts are distinguished, including the base of structural components
used in the creation of transport flows.

Bible 12, fig. 1, tabl. 2.

ubC519.8

Koriashkina L.S., Lubenets D.Y. Systems analysis and mathematical modeling of par
tially two stage processes of material flow distribution // System technologies. N 1(150)
Dnipro, 2024. P.86 —99.

The partially two stage process of material flow distribution in a logistics system is con
sidered, which consists of enterprises that produce certain products and sell them directly to
consumers or through distribution centers. It is assumed that the demand for products is con
tinuously distributed throughout the territory of a certain region. The purpose of the work is
to reduce transportation and organizational costs associated with the sale and storage of fin
ished products for a network of production enterprises by developing models and methods of
optimization tasks that allow determining the quantity, capacity, and coordinates of distribu
tion centers and organizing logistics processes, rationally distributing transportation and ma
terial flows among all participants in the logistics process.

Bibl. 10, ill. 3.

UDC 004.77; 658.7

Matveeva N.O., Papanov A.M. Development of a cyberphysical system for monitoring
fire safery // System technologies. N 1(150) Dnipro, 2024. P.100 - 107.

The Megamart company's cyber physical fire safety system was developed with the pos

sibility of flexible changing types and sets of functions performed by reprogramming. system
uses RFID technology with the development of a computer network. The computer system al
lows for the system's technical and software modernization, as well as ensures the fulfillment
of all functions of the technical assignment. The system was validated using a model of the
corporate network scheme using the program Cisco Packet Tracer program.

Bibl. 9., fig. 4.

UDK 004.42:621.317.351

Ivon A.L. Software for investigation of statistical parameters of microstructure ob
jects // System technologies. N 1(150) Dnipro, 2024. P.108 - 116.

The purpose of the work is to create using HTML5, CSS3, JavaScript and Canvas software
technology to study statistical parameters of microstructure objects: average size, root mean
square deviation of size and histogram of size distribution. To measure the dimensions of the
microstructure object, coordinates are scanned at four points on its border.

Bibl. 3,il. 5.
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UDC 004.42

Spirintsev V.V., Spirintseva 0.V., Mykhaylenko M.0. Web oriented application for keep
ing a dental chronicle for recording and analysing the state of the oral cavity // System
technologies. N 1(150) Dnipro, 2024. P.117 - 126.

A web based application for effective monitoring and care of the patient's oral cavity is
proposed. The client server architecture model, MVC design template, JavaScript implementa
tion programming language, HTML, SCSS preprocessor, MERN programming stack with such
modules as MySQL, Express(.js), Node.js, React were used to implement the application.

Bible 12, fig. 7.

UDK 536.212:699.059

Kravets 0.V., Makhonina K.V. The influence of the material and the thickness of the
thermal insulation layer on the heat flow through a multilayer external wall panel of a
residential building // System technologies. N 1(150) Dnipro, 2024. P.127 — 134,

With the help of the engineering method of stationary thermal calculation of a multi
layer flat wall, the fields of temperatures and heat flows through a four layer flat wall were
calculated using five types of heat insulating materials; graphs of the dependence of temper
ature and heat flow (given in the work) through a four layer wall on the thickness of the heat
shielding layer are plotted, which allows you to optimally choose a heat shielding coating and
determine the thickness of the heat insulating layer of a multi layered outer flat wall of a res
idential building.

Bibl. 6, il. 2, tabl. 1.

UDK 621.382.08(035.5)

Tverdostup N.I. On measuring the components of inductive impedance using the
three voltmeter method // System technologies. N 1(150) Dnipro, 2024. P.135 - 140.

The possibilities of the method three voltmeters to measure inductance, a resistance,
and their frequency characteristics. It is found that in the frequency range up to 100 kHz, the

inductance of the measurement error is not more than 0.3%, resistance 8.7%.

Bibl. 2, ill. 2, tabl. 1.

UDC 004.415.2

Ponomarev I.V. Creating a decentralized application for selling images using IPFS //
System technologies. N 1(150) Dnipro, 2024. P.141 - 146.

The features of creating a decentralized application for selling images on the Ethereum
blockchain using IPFS decentralized storage are considered. Describes the interplanetary file
system, which is a peer to peer distributed file storage and transfer protocol for file sharing.
Features of connecting and working with IPFS decentralized storage are considered.

Complete decentralization of the application is achieved, since smart contracts with
work logic are inside the Ethereum blockchain, and data and the client interface are in the
decentralized IPFS storage.

Bibl. 3., Fig.1.
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UDC 004.8

Tonkoshkur A.S., Lozovskyi A.S. Algorithm for computer processing of kinetic de
pendences of the response of a gas sensor with intelligent components // System tech
nologies. N 1(150) Dnipro, 2024. P.147 - 157.

The algorithm for processing the experimental kinetic dependence of the response of
gas sensors based on the model of a stretched exponential function with intelligent compo
nents that allow choosing the most informative time interval from the processed kinetic de
pendences is give. The use of the proposed algorithm is consistent with data obtained by oth
er methods, as well as existing concepts. The algorithm seems promising for the implementa
tion of automation of data processing in the construction and application of information and

measurement systems for the study of gas sensitive sensor materials.

Bibl. 23, ill. 4.

UDC 681.3.07

Khandetskyi V.S., Karpenko N.V. Analysis of the efficiency of block frame transmis
sion in IEEE 802.11 computer networks // System technologies. N 1(150) Dnipro, 2024.
P.158 - 165.

The mechanism of frames block transmission in wireless computer networks IEEE 802.11
DCF with infrastructure topology has been analyzed. In protected mode, the dependencies of
network throughput on data transmission rate and the number of frames in a block are deter
mined. It is shown that the mechanism of block transmission significantly increases the net
work throughput, especially in the range of higher transmission rates. With a marked increase
in the intensity of interference the transmission of blocks becomes more complicated. Already
with BER=10 6 and the frames number of the order of 10 and more, in some cases there is a
need to retransmit distorted in a block frames, and at BER=10 5 there are many retransmis
sions, so the resulting network throughput becomes small.

Bibl. 7, fig. 3, table 1.

UDC 620.91

Bilous I., Holubenko 0. Energy consumption of the school under conditions of partial
occupancy for different heating modes // System technologies. N 1(150) Dnipro, 2024.
P.166 — 181.

The article examines the current problem of reducing energy consumption in Ukrainian
schools. The study focuses on the energy efficient use of school spaces in under occupied
conditions. Analysis methods include energy modeling in DesignBuilder. Key results show
that stacking classrooms on top of each other provides the highest energy efficiency, 22.3%
higher than other configurations. It was also found that without upgrading the heating sys
tem it is impossible to provide comfortable conditions during cold periods. The results of this
work are important for the development of strategies for managing school spaces under con
ditions of under occupancy.

Bibl. 15.
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