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Abstract. The main directions of improving the energy efficiency of dual-power electric drives
are considered. The rational structure of the traction electric drive for dual-powered rolling
stock of Ukrainian railways is selected. The ways to increase the efficiency of the converter
are determined. The directions of improving the quality of consumed electric energy and
increasing the efficiency of the electric drive are indicated. The reasons for the increase in
power losses in traction converters are shown. Recommendations for selecting the
parameters of power transistors for completing traction converters are given. It is
recommended to use the parallel connection of 4Qs converters to the common load to
increase the power factor and reduce the emission of high-frequency harmonics into the
contact network.
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AKTYAJIBHICTh JI0CJTiIKEHHS MoJjIsirae 'y HEOoOX1AHOCTI 1 ABUIICHHS
edexkTuBHOCTI [BOcUcTeMHOT0 EPC, sikuii MoXke mpaioBaTH K Mpy 3MIHHOMY CTpyMi
3 Harpyroto 25 kB, Tak 1 nocTiiiHOMY Npu Hanpy3i y KOHTakTH1A Mepexi 3 kB. Jlocia
3aCTOCYBaHHS PI3HUX CHUCTEM EJIEKTPUYHOI TATHM CBIAYUTH MNP0 TEPEBAKHE
BUKOPHUCTAHHS CUCTEMH 3MIHHOT'O CTPyMY IPOMHUCIIOBOI YacTOTH Hampyroro 25 kB .
JloBxkuHa enekTpudikoBaHUX AUITHOK YKpaiHW, M0 MPaIiol0Th Ha TMOCTIHHOMY
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cTpyMi ckiaaae 6ausbko 50,8 % Bij 3aranbHOi A0BkMHH [1]. BpaxoByroun BapTiCTh
pOOIT Ta HEMOXJIUBICTh B KOPOTKHM TEPMiH MPOBEACHHS PEKOHCTPYKINI MUISTHOK
MOCTIHHOTO  CTPYMy  JOLJIBHUM €  BHUKOPUCTAaHHS  0araTOCUCTEMHOTO
enektpopyxomoro ckiaxy EPC. bararocucrtemuunit EPC moaBiiHOTO KUBJICHHS 3
ACHHXPDOHHUM TSATOBHUM TIPHBOJIOM SIBIIIETHCA HA JaHUW dYac  HAWOUIBII
NEPCHEeKTUBHUM Yy KpaiHax €Bpomnu. [locTynoBe BHpoBa/pKEHHS Ha 3ali3HULISX
VYKkpaiHu  HOBITHBOTO, BHUCOKOeheKTHUBHOro JjBocucreMHoro EPC e BaxiauBum
dbakTopoM MABUINEHHS €(EKTUBHOCTI 3aJi3HUYHUX TEpeBe3eHb. BrpoBamkeHHs
HoBoro EPC BuMarae piieHHs psAlly akTyaJbHUX HAyKOBO-TIPAKTUYHHUX 3a7ad 3
BHOOPOM CTPYKTYPH CXE€M CHJIOBHX EJIEKTPUYHUX KU, MIIBUINECHHAM KoeQilieHTa
MOTYHOCTI, K.K.J., TOKpPAaIIEHHSIM Maco-Ta0apUTHUX MOKA3HUKIB CUJIOBOi YaCTHHU
TATOBOTO TIPUBOJAA JJIs IMABHUINCHHS IMBUAKOCTI pyxy. BaXXnImMBUM Takox €
3a0e3nedyeHHs] HeoOX1JHOTO PiBHS eJeKkTpoMarHiTHoi cymicHocTi EPC Ta mpuctpois
KOJIIITHOT aBTOMATUKH, 3HW)KEHHS PIBHS 3aBajl, SIK1 3/1aTHI COPUYUHSTH 3011 B poOOTI
IPUCTPOIB KOJIHHOT aBTOMATHKHU Ta 3HWXKYBATH O€3MEKy PyXy IMOi3/iB.

MeTow pobdoTH € BH3HAYEHHS OCHOBHMX  HAIPSMKIB  M1JBUILIEHHS
€Heproe()eKTUBHOCTI  €JIEKTPONPHUBO/IIB  IMOABIMHOIO KUBJIEHHS. B  TAroBux
enekTpornpuBogax cyyacHoro EPC BHKOpHUCTOBYIOTBCS HOTUPHOX KBajpaHTHI (4qS)
MEePETBOPIOBaYl Ta aCUHXPOHHI TAroBl ABUTYHU (ATJl). BoHu MaroTh HacTymnHy
CTpYKTYpy (pucyHok): tsroBuid Tpancdopmarop (TT); 4qS meperBoproBay; jJaHKa
noctiiiHoi Hanpyru (JITIH); aBroHomuwuii inBeprop Hamnpyru (AlIH); acunxponHuit
TsiroBuit nBUryH (AT/]); TsaroBa 3yOuacta nepenaya (3I1).OcHOBHUMHU TTOKa3HUKAMU
EHEPreTUYHOI €(PEKTUBHOCTI TATOBOTO EJIEKTPONPUBOY € KOE(DIIIEHT MOTY>KHOCTI,
koediient kopucHoi aii (KK/[) Ta xoediieHTH COTBOPEHb BXIJHOTO CTPyMy Ta
Harnpyru. KKJI enektponpusona 3anexuts Big KK/ enemMeHTiB CTpyKTypHOi cXeMH,
AK1 MaroTh HacTynHi 3HaueHHs: TT —nrr =97 %; 4qS neperBoproBava— ngs= 96,5 %;
JAHKH MOCTIHHOTO cTpyMy — Nymn= 99,25 %; AIH —nam= 93,25 ; AT mar= 96.5;
TATOBOI 3y0uacToi nepeaadi —1n= 98,5 % [2].

[Ipu Bkazanmx 3HaueHHsX BTpar 3aranbHUl KK]I TsaroBoi enexTpomnepenaui
€JIEKTPOBO3a 3MIHHOTO CTPyMy 3 AaCHUHXPOHHUMH TSATOBUMHU JBUTYHaAMU Oy[e
I[OpiBH}OBaTI/II Nex= NtT* NQs* MimH * NAIH * NATH ‘N30 /1 0020,82

OtpuManuii pesyabTar CBiIUuThH, 1Mo 30uIbieHHs KKJ[  enmekTponepenaui
MOXHAa JIOCSATTH 3a paxyHOK yaockoHaneHHs TT, 3MeHIIeHHS BTpar B 4qS
neperBoproBauax ta AIH.
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BaxxnuBUM HanpsMKOM MOKPAIEHHS SIKOCTI CIIOKUBAHOT €JIEKTPUYHOT eHeprii
ta miaBumieHHs KKJ[ enextpornpuBoga €  BUKOPUCTaHHS MpPU TEPETBOPEHHI
€JICKTPUYHOI €HEepril MiJIBUILIEHOT YacTOTH. B HOBIM cXemi IpH KUBJICHHI JBUTYHIB
EPC Big Mepexi 3MIHHOTO CTPYMY BUKOPHUCTOBYETHCS JIaHKA IM1ABUIICHOT YaCTOTH, SIKa
CKJIQJA€EThCH 13 Oarato 0OMOTKOBOTO TpaHC(hopMaTopa Ta aBTOHOMHHUX 1IHBEPTOPIB, AK1
KUBJISATH BIAMOBIAHI OOMOTKHM TpaHC(popMaTropa HANpPyror MIJBHUILEHOT YacCTOTH.
Buxopuctannas 6aratoda3zHux CHUCTEM 3 JIAaHKOIO MiABHUIIEHOT YacCTOTH JO3BOJIE
3MEHIIUTH MacorabapuTHI MOKa3HUKU (PUIBTPIB 1 TpaHchopmaTopa. Bukopucranus
TpuGa3HOro TATOBOTO TpaHcPopMaropa IMiJIBUIICHOT YaCTOTH 3MEHIIUTh BTPATU
MOTY>HOCT1 Y MardiTomnpoBo/ii MPUOJIU3HO B TPU pasu, y MOPIBHSIHHI 31 BTpaTamu
MOTY>HOCT1 Y MarHiTonpoBoi TpudasHoro TpanchopmaTopa NpoOMHUCIOBOI YACTOTH.

3meniieHHss BTpaT B 4qS mneperBoproBauax Ta AIH Moxe Oytu mocarHyTo
OOMEXEHHSIM TPAaHUYHOI YacTOTH TMEPEeMHUKAaHHS TPAH3UCTOPHUX KIIOUIB Ta
MpaBIWJIBHUM BHOOPOM  MPWJIAIiB 32 JIOMOMOTOI0 TACIOPTHUX XapaKTEPUCTHK.
JlomycTiMa yacToTa KOMYTalli HamiBOPOBIAHMKOBUX KIIOYIB  OOMEXYEThCS
TEMIIEpaTypOl0 HarpiBy HamiBIPOBITHUKOBOTO KpHUCTAly, a OTXe, BTpaTaMu
MOTYXHOCT1 B TPWJIAJi, OCHOBHY YaCTHHY SKUX CKJIQJal0Th BTpPaTH B MPOBIIHOMY
CTaH1 MpUJaay Ta BTpaTH, BUKIMKAHI IEPEMUKAHHSIM MIPUIIAJTY 1 3aJI€KaTh B/l CTPYMY
HABaHTa)XCHHA. B pe3ynbTari BCTAHOBJICHO, 10 32 KOMYTAIlIHHUMU BIACTUBOCTSIMU B
nianazoHi ctpyMiB HaBaHTaxkeHHs 200...600 A IGBT 65 kmacy BUpOOHHMIITBA
koMmmadii Infineon OunbII TPUIHATHI Ui BUKOPUCTaHHS iX B IEPETBOPIOBaYaX
nopiBHsHO 3 IGBT Takoro *x kiacy BupoOHuITBa KoMmanii ABB. J{ns npaBuiibHOTO
BUOOPY TPAHWYHOI YACTOTH HEOOXIIHO BUKOHYBAaTH aNpPOKCHUMAIlII0 TMACIOPTHHUX
JTAaHUX HAIMBIPOBITHUKOBUX KITFOYIB, SIKI MOKA3yIOTh 3aJIEKHICTh KUTBKOCTI JKOYIIB
€Heprii, Mo BUAUIIETbCS MPU OJHOMY BMHUKAHHI-BUMHKAHHI TPWIATY BITHOCHO
BEJIMYMHU CTPyMy HaBaHTaxeHHs [3]. Bukopucranusa 4qS nepeTrBoproBada J103BOJISIE
OTpUMaTH KOE(PIIIEHT MOTYKHOCTI IEPETBOPIOBava OJM3bKUM J0 OJUHHUIIL.
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INomoBauM HeposikoM cxem EPC moaBiHOTO >KUBJICHHS € IMITYJIbCHUM B1JO1D
eHeprii 3 BTOPUHHOI OOMOTKM TpaHchopmaTopa BXITHUM 4qS mepeTBOpOBAYEM,
QITOPUTMOM pOOOTH SIKOTO 3aKJIAJCHO KOPOTKOYACHE 3aMHUKaHHS OOMOTKH st
MiBUIICHHS HAMPYTd MPOMDKHOI JaHKU. Taki 3aMUKaHHA CTBOPIOIOTH IMITYJIBCH
CTpyMy, fKI € JDKEpeJIOM IIUPOKOTO CHEKTPY BHCOKOYACTOTHHX TapMOHIK Ta
CIIOTBOPIOIOTH HANPYTy Ta CTPyM Mepexi. BcTaHOBIEHO,1110 3MEHIIEHHS aMILTITY U 1
CHEKTPY HEOCHOBHMX TapMOHIK, $KI BUKIMKaHI POOOTOI0 YOTHPHUKBAJIPAHTHOTO
[EepEeTBOPIOBaYa HEOOX1THO 3aCTOCOBYBATH iX IMapalieJibHE BKIIIOUEHHS HA 3arajibHe
HaBaHTaXeHHA. [Ipu 1boMy mapasieIbHO BBIMKHEHI NEPETBOPIOBAYl IMPALIOIOTh 31
3MIILIEHHSIM 110 (ha3i MOJIEIIOI0UO01 HANPYTH a00 3 PI3HUMHU KPaTHOCTAMU MOAYJISLIT [4].

BucHoBok. BcraHoBieHO, 1[0 paliOHAIBHUM JJIsi 3ali3HUIL YKpaiHu €
noctynoBe BrnpoBajkeHHsT EPC moaBIHHOTO JKMBIEHHS 3 ACHHXPOHHUM TSITOBUM
OpuBOAOM. AHam3 CTpyKTyp cwioBux cxeM EPC mnoaBiHOro »HUBJIEHHS 3
ACMHXPOHHUM TSTOBUM IPUBOJOM JI03BOJIMB BHM3HAUWUTH HAWOLIBII palllOHAIBbHY
CTPYKTYpy TAroBoi enekrponepeaaul asocuctemHoro EPC. BcranoBieno, mio
pallioHaJbHUM  CIIOCOOOM  TOKpAIllEHHS MAaco-rabapuTHUX Ta EHEPreTUYHUX
MOKA3HUKIB TATOBOTO MPHBOJA € 3HIDKEHHS Macu TATOBOTO TpaHcopmaTopa 3a
PaxyHOK MIABUIIEHHS YaCTOTH BX1AHOI Hanmpyru. Bu3zHaueHO criocoOM MiJBUILEHHS
KK/I Ta koedilieHTa NOTYKHOCTI IEPETBOPIOBAYA.
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Abstract. The paper considers ways to improve the energy efficiency of auxiliary electric
drives of the VL80K electric locomotive by modernizing their power supply system and
optimizing their operating modes. A functional diagram of the modernized power supply
system for machines has been developed. The modernization involves the replacement of
electric machine phase number converters with modern static converters based on IGBT
transistors. A functional diagram of the control system for the auxiliary electric drive was
also developed in this work. The control system provides regulation of the performance of
auxiliary drives depending on the current load of the electric locomotive components and the
ambient temperature.

Keywords: Electric locomotive, auxiliary machines energy efficiency, static phase number
converter, control system

AKTYaJBHICTh TOCTiI?KEHHS TI0JIIrac y ToMy, 110 enekTpoBosu cepii BJI80, €
OCHOBOIO JIOKOMOTMBHOI'O TMapKy BaHTaXHUX EJIEKTPOBO3IB 3MIHHOIO CTPYyMY
Vkpzamizuuil.  JlomomikHi  mammHM  enekTpoBo3iB  BJISOK  xuBnsThCA
HECUMETPHUYHOIO HaIpyTolo, SIKY 3a0€3MeuyIoTh €JIeKTPOMAIIIMHHI
dazoposmieruitoBayi. [Ipu oMy B cTaTopax TpudaszHUX ABUTYHIB CTBOPIOIOTHCS JIBA
00epTOB1 MAarHiTHI NOJIs— MPSME B HAPAMKY 00€pTaHHs poTopa Ta 3BopoTHE. Ha Bany
pOTOpa 3BOPOTHE MOJIE CTBOPIOE TAJIbMIBHUM MOMEHT, SIKMI J10JJaTKOBO HABaHTAXKY€
€JIEKTPUYHY MAaIlMHYy, 301JbIIY€E CHOXXKUBAHHS CTPyMy Ta CKOpOUYye ii MOTOpecypc.
JlocBil eKcrulyartarii CBIIYWTh MPO HHU3BKY HAIIMHICTD CHUCTEMHU >KUBJICHHS
JOTIOMDKHUX €JIEKTPOnpuBO/IiB. KpiM TOTO, iCHYI0Ua CHCTeMa KUBJICHHS TOTTOMIKHHIX
MAaIlliH HE J03BOJISIE 3a0C3MEUUTH iX POOOTY B EKOHOMHHX pekumax [1, 2].
Po3paxyHku BUTpaAT €JIEKTPOCHEPTii, MOKa3ajy, 10 TOTMOMIKHI MAIlIMHUA CIIOKUBAIOTh
npubau3Ho 10% eneprii, 10 BUTpAYAETHCS Ha TATY M0i3/11B. 3HAYHUM BTpaTaM eHeprii
CIPUSIE BIJICYTHICTh CUCTEMH THTENEKTYAJIbHOTO YIIPaBIIHHS JTONOMIKHUM MalluHAMU
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enexkTpoBo3y BJISOK B 3anexHOCTI BiJ HaBaHTaXEHHS BY3JIB €JEKTPOBO3a Ta
TEMIIepaTypyd HABKOJUIIHBOTO cepenoBuiia. Hanpukiaa, MOTOpP-BEHTUIISATOPU
OXOJIOJIPKEHHSI TATOBUX JBHUTYHIB TMPAIIOIOTh 3 HE3MIHHOIO MPOIYKTHUBHICTIO SIK B
peXHUMI TSITH, TaK 1 B pexuMi Xojoctoro xoxy (Buoiry). [Ipu mpomy HeedeKTHUBHO
BUTPAUYAETHCS EJIEKTPOCHEPTisl Ta 3MEHIIYEThCS PECypc MOTOpP-BEHTUIISATOPiB. B
3B’SI3Ky 3 UMM MOJIEpHI3allisl CHUCTEMU S>KUBJICHHS Ta YMNPABIIHHS JOMOMIKXHUM
€JIEKTPOIPUBOAOM MAa€ aKTyallbHE 3HAUYCHHS.

MeTtor0 po60oTH € po3po0Ka CUCTEMU >KUBIICHHS IOTTOMIXKHUX €JIEKTPOIIPUBO/IIB
enexTpoBo3a BJISOK 3 mokpamiennmu nokazHukamu eHeproedekTuBHOCTi. OIHUM 13
HAmpsIMKIB ~ PILICHHS 1i€i 3a7adi € BUKOPUCTAHHS Cy4YacHHMX MEpETBOPIOBAdiB Ta
aBTOMATH3AIllsl PEKUMIB pOOOTH €IEKTPUYHUX MaliH. JIOMOMDKHI €IeKTPOIPUBOIN
€JIEKTpOBO3a 3a0e3MeuyloTh HAJaHHS pyXy BUKOHAaBYMM MEXaHI3MaM PI3HOTO
(YyHKI[IOHATPHOTO  TNPU3HAYEHHS  —BEHTWISATOpaM, HacocaM, KOMIIPEcopam.
HaitedekTuBHIIMM crmocoOoM €KOHOMIT eHeprii, Je TOoTpiOHE peryJroBaHHS
IIPOIYKTUBHOCTI BUKOHABUMX MEXaH13MiB Ha 0a31 €JIeKTPOIBUTYHIB 3MIHHOTO CTPYMY
€ 3aCTOCYBaHHS PETyJIbOBAHOIO AaBTOMATH30BAHOTO EJIEKTPOMPHUBOAA 3MIHHOTO
cTpyMy [3, 4]. BrpoBakKeHHsS TaKOTro €JIEKTPONPUBOJIAa HA MEXaHI3Max 3
KBaJ[paTUYHUM HABAHTAXKEHHSIM (HACOCIB, BEHTUJIATOPIB) 103BOJISIE JIOCATTH €KOHOMI|
enektpoeneprii 10 30 — 70 %. ABToMaTH30BaHI €IEKTPOIIPUBOIN MOIIISIOTHCS HA JIBI
MIATPYIY — PO3IMKHEHI Ta 3aMKHYTI. Tak ik peryatoBaHHs 4aCTOTU 0OEpTaHHSA
MEXaHi3MIB BiJIOYBa€ThCS 3aJICKHO BiJl 30BHIIIHIX BIUIMBIB (TEMIIEpaTypH,
ctpymy HaBaHTaxeHHs TEJl), ToMy B po0OTI pO3TISIAaETbCs 3aCTOCYBaHHS
PO3IMKHEHOTO  aBTOMAaTH30BaHOro  ejleKkTponpuBody. @DyHKIIOHaIbHA CXeMa
MOJIEpHI30BaHO1 aBTOMATHU30BaHOT CUCTEMHU KHUBJICHHS JIOTIOM 1 KHAM
€JIEKTPONPUBOJIOM TMpUBEACHA Ha PUCYHKY. MojepHizaiis mnependayae 3aMiHy
CJIEKTPOMAIIMHHUX  TEpPETBOPIOBadiB  uuciaa (a3 CydaCHUMU  CTaTUYHUMU
nepeTBoproBadamu Ha 0asi IGBT TtpansucropiB. Cucrema yrpaBiiHHS 3a0e3medye
PEryJIIOBaHHS MPOAYKTHBHOCTI TOMOMIXKHUX TIPUBO/IIB B 3aJIEKHOCTI BiJ] CTPYMOBOTO
HaBaHTA)XXEHHS BY3JIIB €JEKTPOBO3a Ta TEMIEpPaTypyd HABKOJIMIIHBOTO TOBITPS.
Cucrema XKUBJICHHS BKJIIOYA€ BUMPSAMIISIY OJHO(A3HOI HANIPYTH B, NPOMIXHY JIaHKY
nocriiiHoi Hampyru Ud i3 3rmamkyrounM ¢QinbTpoM 3@, aBTOHOMHHE 1HBEPTOP
Haripyru  AIH , 610k ymnpaBiiHHS 1HBepTopoM BYVI ta cuctemy ynpasiiHHs CV.
[IpuBenena cxema 3abe3nevye nepeTBOpeHHs 01HO(Aa3HOT 3MIHHOT HAPYTH OOMOTKH
BJIACHUX MOTpeO TAroBOro Tpancpopmaropa yactoToro 50 'l y 3MiHHY TpudaszHy
HAmpyry 3MIHHOI YacTOTH, fKa MOJA€TbCA HA CTaTOpU TpU(PA3HUX ACHHXPOHHHUX
IBUTYHIB M  NOMOMIKHUX MammH. PerymroBaHHs 4YacToTH oOepTaHHS POTOPIB
€JICKTPOJIBUTYHIB, SIKI TMPUBOMASTH B [II0 BEHTHJIATOPH Ta HACOCH 3IIMCHIOETHCS
3MIHOIO YacTOTH CTPyMy, IO TIOJIA€ThCSA B OOMOTKH CTaTopiB mmx MamuH. [lpu

YaCTOTHOMY PETyJIFOBaHHI YaCTOTH OOEpPTaHHS POTOPIB HEOOXITHO TaKOXK 3MIHIOBATU
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BeNMUMHY Tpuda3zHoi HaAmpyrw, sSKa TOJAEThcsl Ha OOMOTKH cratopa. Lle
3abe3neuyeTbes B AIH 3 IUPOTHO-IMITYJIbCHOIO MoayJisiieto (LITIM).
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Pucynok — @yukyionanvna cxema MooepHi308aHoi a6MomMamu308anoi cucmemu
JHCUBTIEHHS OONOMINCHUM eeKMPONPUEOOOM

B cuctemy ymnpasninas CY HaaxoasTh CUTHAIM BiJl JaTYUKIB CTPYMY ITep,
JIaTuuKiB Temnepatypu trep, 1°C Ta curnan 3aBganss Us. Bpesynbrati 00poOku 1ux
curHaiiB GopmyeTbes curHai ynpapmiHHS Usg , 1m0 mocTynae B OJIOK yIpaBJIiHHS
1HBEPTOM, SIKUM B CBOIO UEPTy BUPOOJISE IMIYJIbCH yHpaBmiHHs Kirodamu ATH.

BucnoBok. IlponoHoBaHa cxeMa [Jjsi MOJEpPHi3allii CUCTEMH >KUBJICHHS
ACUHXPOHHUX TPUBOMAIB JIOMOMDKHMX MeXaHi3MmiB enekTpoBo3iB  BJISOK i3
3aCTOCYBAHHSM aBTOHOMHOI'O 1HBEpPTOpa HANpyrd Ja€ 3MOTY: 3HU3UTH BUTPATH
EJIEKTPOCHEPril  JOMOMDKHUM  €JIEKTPONMPHUBOAOM,  3a0€3MEUYUTH  KUBJICHHS
ACMHXPOHHUX MAaIllMH CHMETPHUYHOI CHCTEMOIO0 Tpu(da3HUX HampyTr, IUIABHO
pEryJoBaTH 4acTOTy OOEpTaHHS BEHTHJIATOPIB, HACOCIB B 3aJIE)KHOCTI B CTPyMYy
HABaHTA)XCHHS, TEMIIEpaTypH MOBITPS Ta TEMIIEPATYPHOTO CTaHy OOIaIHAHHS.

Po3pobsiena cuctema ympaBiaiHHA Ja€ 3MOTY [MIJBHUIIATA E€HEPreTUUYHY
e(EeKTUBHOCTI €JEKTPOBO3a IIISXOM 30LIBIICHHS KOoe(illleHTa KOPUCHOI Iii Ta
MIIBHUIIUTH HAAIHHICTh pOOOTH EJICKTPUYHUX MAIIIHH.
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Abstract. Today, the technology based on lithium chemical current sources has already
developed quite significantly. However, concerns about the service life and worries about the
duration of charging are one of the fundamental reasons that prevent the popularization of
these modern electric energy storage devices. A reliable strategy for non-destructive fast
charging is absolutely necessary for the further development of technologies. The considered
main reasons, which lead to irreversible battery degradation due to lithium deposition, must
be taken into account when determining such a strategy. And the analysis of existing methods
Is taken into account.
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HAKOIMUYYBaJIbHOI 3aTHOCTI MPOTITOM SIKOMOTra OUIBIIOIO TEPMIHY BUKOPUCTAHHS
npu 3a0e31eyeHH] HAMKOPOTIIIOi TPUBAJIOCTI 3apPSIIKH.

Metor0 poGoTH € TIPOBEACHHS aHAII3y ICHYIOUHX CIIOCOOIB 3apsy JITIEBUX
aKyMYyJISITOPiB, 3’SICYyBaHHS iX MepeBar Ta HEAOJIKIB, a TAKOK BU3HAYCHHS HANOUIBII
BJIAJIOTO 3 TOYKH 30pY 30€pEKEHHS Pecypcy METOY.

AKTUBHUN PO3BUTOK I'eHEepallii Ha OCHOBI BIJHOBJIIOBAHMX JDKEpEN €HEeprii, a
TaKOX MMPAarHeHHs 3MEHIIUTH 3a0pyIHEHHS TOBK1UISI NOTPEO0Yy€e BUKOPUCTAHHS CUCTEM
30epiranHs BupoOJieHoi eHeprii. Ha manuii yac TeXHOJIOT1T HAKOMMMYESHHS €JICKTPUIHOT
eHeprii He CTOSITh Ha MICITl, a IITBUJIKO Ta THHAMIYHO PO3BUBAIOTHCS 1 HA CHOTOTHIIIHIMI
JICHb BXKE JOCUTh 3HAYHOT'O PO3BUTKY Ha0yJ1a TEXHOJIOT1sI HA OCHOBI JITIEBUX XIMIYHUX
JDKepeN cTpyMy. AKyMYJSITOPH JaHOTO THIy MalOTh Taki MepeBaru, siKk TPUBAIUN
TepMiH CIyKOW, e(EeKT BIICYyTHOCTI Mam'siTi, E€KOJOTIYHICTh, BHUCOKA CHEPris
aKyMyJisITOpa 1 IIUIBHICTh TOTYXKHOCTI, IO CTaj0 KpaluM PIIMICHHSIM IS
akyMyJSITOpHOi cucteMu. OJHAK HAsBHICTh MOOOIOBAHHS MPO TEPMIH CIYKOM Ta
XBUJIIOBAHHS MPO TPUBAIICTH 3apSAJKU € OJHIEI0 3 (yHAAMEHTAIBHUX MPUYUH, IO
HEPELIKOIKAIOTh PO3MOBCIOPKEHHIO, TIOJAIBIIOMY PO3BUTKY Ta MPOCYBAHHIO JAHUX
CyYaCHHUX HAKONHUYYBaylB €JEKTPUYHOI €HEprii, HaBiTh HE JAMBIISIYMCH HA BIJHOCHO
HEBHCOKY BapTICTh, sIKa MOCTIHHO 3HIKY€EThCs [1].

TpanuuiiiHi MeTOAM IIBUAKOI 3apsIKd MOXYTh BHKJIMKATH MpoOJieMH 31
310pPOB'AM Ta 0€3MeKor0 akyMyasiTopa. ToMy Il TOAATBIIOT0 PO3BUTKY TEXHOJIOT1M
BKpail HeoOXiJlHAa HaJilHA CTpaTeris IMIBUJKOI 3apsaliKU, sKa HE MpU3BEIE 0
pyiiHyBaHb. BinkianeHHs JITIIO MMiJl Yac MBUJKOI 3apsSAKUA MOBUHHO OyTH TEPILIOIO
po0JIEMOIO ISl BUPIIICHHS, OCKIJIBKH 11€ MOXE HE TIIbKM BUKJIHMKATH JIeTpaaallito
aKyMyJisiTopa, aje ¢ TMpU3BECTH JO0 CEpHO3HUX TpodjeM 13  Oe3MeKoro.
BucokomBukicHa 3apsiika, 3apsjika MpU HU3bKIA TeMIieparypi Ta mepe3apsiaka
MPU3BOAATH JI0 HE3BOPOTHOI JAerpajallii akymyJsTopa 4epe3 BIIKJIaICHHS JITIIO.
HaiikopoTiuii yac 3apsaku Moke OyTH TOCATHYTHI BUKIIFOUHO 32 YMOBH 30€pEKEHHS
IUTICHOCTI aKyMyJIITOpa, SIKa MOJKJIMBA JIMIIE MPU BUKOPUCTAHHI ONTHUMAIBHOTO
3apsAHOTO CTPYMY.

[lin OIiHKOIO CTaHy aKyMyJSTOpPIB CIiJi PO3YMITH 3HAXO/KEHHS TOYHOTO
3HAYeHHS HACTYMHHUX BEJIWYUH: CTaHy 3apsdy, €MHOCTI Ta BHYTPIIIHHOTO OIODY.
[lepmie B OCHOBHOMY BHKJIMKAaHO OOMEKEHOIO €MHICTIO aKyMyJjsiTopa, a Ipyre
NOB'A3aHE 3 TPUBAJIUM YacOM 3apsiIKU Yepe3 ii HU3bKY MBUIKICTb. X04a 30UTbIICHHS
€MHOCTI aKyMYJISITOpa MOX€E MPOJIOBKUTH TPUBAIICTh pOOOTH Ha OJHIN 3aps/ll, ane
1€ TAKOXK 30LTBIITUTE 1 9ac 3apsaku. TomMy po3poOKa TEXHOIOTIT IMBUAKOI 3apsIIKK Ma€e
BEJIMKE 3HAYCHHS JUIA OUIBIIOT0 TOMMPEHHS Ta MOMyJspu3alii TEeXHOJOTIl
HAKONMYEHHS eNeKTpuuHoi eHeprii. HeoOrpyHTOBaHe X MiABUIICHHS MOTY>KHOCT1 Y
IpoLeci 3apsAAKd aKyMyJIsiTOpa HEMUHY4Y€ MpPHU3BEIE /10 MEperpiBy Ta 3HIKEHHS

MOKa3HUKIB 370POB's. 3aMOpyKOI0 yCIiXy Ha pa3si € 0ajaHC [UX JABOX MHUTaHb [2, 3].
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Bxxe po3pobiieHO MeToaM, SKI JIO3BOJISIOTH BIJICTEKYBATH  ITiJIBUIICHHS
TEMIIepaTypyd Ta CTApiHHS aKyMyJisiTOpa IMiJl Yac 3apsiKd, a MOTIM 3HWXYBaTH
MiBUIICHHS TeMIlepaTypH, o0 yMOBUIBHUTH CTapiHHSA akymyisaropa. Cam ke
poboumii Tpoliec aKyMyJATOpa BKJIIOYAE TaKl XapaKTEPUCTUKH, SIK €JICKTPUYHI Ta
TeMIIEpaTypHi, a TakKOoX cTapiHHA. J[ns KopucTyBada HEOOXigHO 3a0e3mednTH
MIBUAKICTh 3apsiIKi 3 MaKCUMaJIbHUM 3aTPUMYBaHHSAM CKOPOYCHHS TEPMIHY
BUKOPUCTaHHS. 3BUYAWHUN pEXUM 3apsA/IKM BpPaxOBY€ BIUIMB Yacy 3apsiKu Ta
MiBUILIECHHS TEMIEpaTypd Ha BHYTpPIIIHI mapaMmeTpu akymynsaropa. Ilpore,
KUIBKICHOTO OIMCY MOBEIHKH aKyMYJIsITOpa IIPU CTapiHHI HE iICHY€e. ToMy 11e muTaHHS
TOCIIIKY€EThCSI HUHI 3 ypaxXyBaHHSM OaraToKpuTepiaabHOI ONMTHMI3aIlii 3apsaKH.
MeToto TIpH ITbOMY € JOMOTTHUCS B MPOIIEC] 3apPSIKHA ONTUMAIBLHOTO BapiaHTY, IKUM €
30UTBIIIEHHST IBUAKOCTI 3apsIKH TPH OJHOYACHOMY 3HIDKCHHI IT1JBUINEHHS
TEMIIepaTypy 3apsAKd B OJIMHULIIO 4Yacy 1 3HIKCHHS IIBUJKOCTI CTapiHHS, L0 €
B3a€EMOCYIIEPEUSIMBUMH 3a]]a4aMH.

Pexxumu 3apsanku MOAUISIIOTECA HA TACHMBHY Ta aKTHBHY 3apsiky. Mertoau
MACUBHOTO PEKUMY 3apsIKM BKJIIOYAIOTh TakKl BUAMW: MOCTIMHUN CTpyM, IMOCTIHA
HaIpyra, NOCTIMHUNA CTPYM 1 IIOCTIHA HaIpyra, 0araToCTyNEeHEeBUI MOCTIMHUNA CTPYM
1 IMOYJbCHUN pexuM 3apsaku. [linx Jyac 3apsakyd NOCTIMHUM CTPYMOM ICHY€E PU3HMK
nepezapsiakd. [lpu 3apsami MOCTIHHOI HAMpPYrol Ha pPaHHIX CTadisiXx MOXe
BUHUKHYTH HMOBIPHICTh NIEpEeBaHTAKEHHS CTpyMOM [5].

HaiiGinpmr  mMpOKO  BUKOPUCTOBYBAaHUM  PEKUMOM  3apsJIKM  JITIEBUX
aKyMYJISITOPIB € TOCIHIIOBHE 3aCTOCYBaHHS PEKUMIB 3apsily MOCTIMHUM CTPYMOM 1
MOCTIMHOI Hampyroro. JlaHuil MeToa MPOCTUH Ta 3pyYHUH B YIpaBIiHHI. Y LBOMY
PEXKUMI BUKOPUCTOBYETHCS TMTOCTIHHUN CTPYM IS 3apSIIKH aKyMYJIsTOpa 0 HAPyTH
BIJIKJIFOUEHHSI, a OTIM BIJI0YBAETHCS IEPEMUKAHHS PEKUMY MOCTIHHOT HAPYTH, TOKU
CTPYM HE 3MEHIIHUTHCS 10 MIHIMAJIBHOTO MOPOTOBOTO 3HAYCHHS. Xo4a I1e TMPOCTIIIe
peanizyBaTd B CHCTEMI KEpPyBaHHS aKyMyJsITOpa, IPOTE CTajisl MOCTIHHOI HANpyTH
BUMaratuMe Oulbllle dYacy Ha 3apsaaky. KpiM Toro, mi3HS CTadis 3apsaku
CYIPOBOJKYETHCS CHJIBHOIO peEakIli€ro Mmojisipu3aiii. SKkmo cuiapHa peakiiis
moJIsIpH3allii, 11e TaKOX MPU3BEIE A0 TOro, IO aKyMyJSITOp HE OyAe IOBHICTIO
3apsiKEHUN. Y 3B'SI3KY 3 IIUM, 3'sIBUJIACS BEJIMKA KIJIbKICTh ONTUMI30BAaHUX CTPATET1i
3apSIKH.

Y  pexumi  3apanku  0araTOCTyMIHYaCTUM  MOCTIMHMM  CTPYMOM
BUKOPHUCTOBYETHCS 3apsKa BEIIMKUM CTPYMOM JUTSl BIKITFOUCHHS HAIPYTH HA paHHIN
cTazaii 1 3MEHUIYEThCS CWJIa CTPYMY Ha MI3HIMINA cTafii, 00 3MEHIIUTH e(EeKT
noJisipu3artii. Xo4a Takuid MiaxiJl CKOpOUye€ Yac 3apsIKH Ta ITiIBUILICHHS TEMIIEPATYPH,
IPOTE 3apsiiHa EMHICTh BIAMOBIAHO 3HIKY€EThCS [7].

Jnst  migBuineHHS e(QEeKTUBHOCTI 3apsaku OyB 3ampoNOHOBAHWUN METO]

IMITYJIbCHOI 3apsiIKM, SIKUH J03BOJIAE 10HaM JITIIO PIBHOMIpHO AUGYHIYBAaTU IO
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BCbOMY aKyMyJsITOpY 1, TakMM UMHOM, TOM'AKIIyBaTu mossgpusauito. Ilpu
IMIIyJIbCHOMY METOA1 3apsiAKM CTPYM 3MIHIOETbCS 3 II€BHOKO YacToTOK. BiH
e(eKTUBHO 3HMXKY€E BTPATH B aKyMyJSITOpi. Xoda Bapiallisi 31HCHIOETHCS 3 MEBHOIO
YacTOTOI0, BCE K TaKU 3aUIIAE€THCA BAXKO BHU3HAYUTU ONTHUMAJbHY YacTOTY
IMITYJIBCIB 1 CHITy CTpyMy. BcTaHOBIEHO, 1110 BUKOPUCTAHHSI IMITYJIbCHOTO CTPYMY JJIs
3apAAKUA Ta PO3PSAKK aKyMYJISITOPIB MOXKE€ 3HAYHO MOKPAIIUTH NPOAYKTHUBHICTD
aKyMYJIATOPiB, OJJHOYACHO MIJBUIIYIOYM iX Oe3mneKy Ta cTabuIbHICTh. Yac 3apsaku
pealti3yeThCs 3a paXyHOK 3MIHM aMIUNITYAM 3apsiAy Ta CWIIM CTPYMY, ajl€ HUM BaKKO
epexkTuBHO KepyBaTH. OCKUIBKM HIBUAKICTh 3apsAAKU BIUIMBAE Ha 4ac 3apsiiKu Ta
TPUBANICTh IMKITY, LIMPOKO BHKOPUCTOBYETHCS CTparTerisi OaraToCTymiHYacTOl
3apsKU TOCTIHHUM CTpyMoM [5, 6].

Pexxum macuBHOI 3apsiIKM B OCHOBHOMY 3aCHOBAaHMM Ha JOCBIOl Ta
eKCIIEpUMEHTax ONTHMI3alii 3apsaku akymyjsaTopa. [l JOCATHEHHS MeTH
onTHUMi3allii BAKOPUCTOBYIOThCS (DiKCOBaHI 3a/laHi CTpyM Ta Hanpyra. He icHye 4iTko1
METH ONTHUMI3alli 3apsAgKd, TOMY 3acTOCOBYBaTH 1 KOHTPOJIIOBATH IIpOLEC 3a
JIOTIOMOTOI0 CUCTEMH YTIPABJIIHHS aKyMYJISITOPOM CKJIAHIIIIE.

1006 yTOYHUTH METy ONTHUMAIbHOI 3apsAAKA B aKTUBHOMY PEXKHMI, y SIKOCTI
napameTpiB ONTUMI3AIIl] 3apsIIKU BUKOPUCTOBYIOTHCS: MIJIBUILLIEHHS TEMIIEPATYPH, 4aC
3apsAJIKH, BTpaTa €MHOCTI, BHYTPIIIHS aKTMBHA PEYOBHMHA 1 BTpaTa BHYTPILIHBOIO
3amacy JiTito. MeToj 3apsiIKu 3 HEUITKUM KEpYBaHHSIM MOKE €(EKTUBHO 3HU3UTU
HiABUILEHHS TEMIIEPATypU aKyMyJATOpa Ta OJHOYACHO CKOPOTUTH 4ac 3apsKu.
OnHak 1mpu bOMY HE BPaXOBYETHCS CTapiHHs akymyJsitopa [4].

[cHyrO4l MeToaM 3apsANKH 3a3BHYail ITHOPYIOTh €(EeKT CTapiHHS aKyMyJsTopa.
binbuiicte MpocTO BpaxoBYIOTh TeMIepaTypy. Takuii MiaxiJ He BCTAHOBIIOE 3B'A3KY
13 BHYTPILIHIM CTaHOM akymyJisiTopa. CTapiHHS aKyMyJISITOPIB PO3TJISAAETHCS JIUIIE
K 3HIDKCHHS €MHOCTI aKyMyJsiTOpa, SKa BBaKAETHCSA E€IUHOIO XapaKTEPHCTHUKOIO
BU3HAUYEHHSI OTO CTapiHHS.

[Ipu mocnimkeHH] CTpaTterii 3apsaaKu aKyMyJaTopa, KpiM MUTaHb ONMTUMIi3allii
qyacy 3apsAlku a0o mojspu3ailii, HeoOX1JHO MPUAUIITH HaleKHY yBary mpooOsiemi
30UTBIIIEHHS TEPMIHY HOTO Cityk0u. OCKUIbKM BTPATH €HEPTil aKyMyJIITOpa B IpoIieci
3apsAJIKU 301IBIIYIOTHCS, BIANOBIIHE MOTIPIIEHHS €MHOCTI aKyMyJiaTopa Oyae myxe
CEpPHO3HUM.

3apsaHuil CTpyM Ta MiJBUIICHHS TEMIEpaTypu aKyMyJsTopa, a TaKoX HOTo
CTapiHHS BIUTMBAIOThH OAMH Ha oHOTO. [Iporec 3apsaaku akyMyasTopa MOKHA YMOBHO
PO3AUIMTH Ha J[BA IIMKJIM B 3aJIEKHOCTI BiJ 3MIHHM 3apsSIHOTO CTPyMYy B PI3HHI Yac
3apsaAkd. Y mepuioMy LUK, 100 33J0BOJIBHUTA BUMOTH IIBUIKOI 3apsaku
aKyMyJISITOpa Ha paHHIM CTajil, BIH Ma€ BEJIUKUN 3apsiAHUA CTPyM, 1 BiJIOBITHE
NiBUIICHHA TeMmmeparypu 30uiblnyeTbed. Ha meBHOMy erami  TemmepaTtypa

3HIDKYETBCS 4Yepe3 OOMEXKEHHs BTpaT 3/I0pOB's, TOMY CTPyM 3apsiiKu TaKOX
30



3MeHIlnyeThess. Konu Temmeparypa 3HIXKYEThCS 1 BTpaTH 370pOB'S  CTalOTh
CTaOUIbHIIINMH, TTOYMHAETHCA APYTHA LUK, IO CYNPOBOKYETHCSA MIABUIICHHSIM
TEMIIEpaTypu Ta BTpaTor0 310poB's. Ha 3akmrounomy eTami 3apsakd, KOJIH
TEeMIIepaTypa Ta BTPATH 3/I0pOB's CTaOLIbHI, HACTAE TIEP10] BUIIOTO 3aPSTHOTO CTPYMY
JUTSI TOCSATHEHHS TIIBUAKOT 3apSIIKH.

Btparta 310poB'ss MOCTyoBO 30UIBIIY€ETHCS 13 30UIBIICHHSIM TTMOMHU 3apsiIKU.
Benuka MBHUIKICTH 3apsSAKd CYNPOBOKYETHCS CEPUO3HMMH BTpaTaMU 3/I0POB'S.
Btpara 31m0poB's npu 3apsii He TUIBKH 30UIBIIY€E MIBHAKICTH BTPATH 37I0POB'S B
OJIMHHUIIIO Yacy, ajie TAaKOXK B1IOOPAKAEThCA B CYKYITHUX BTpaTaX 3/0POB'S HAIPUKIHII
3apSIKH.

BucnoBok. B pe3ynbTaTi MpOBEAEHOTO aHANI3y ONTHMI3allii 3apsaku
aKyMyJISITOpa 3 TOYKH 30py MPOTIKAHHS CTApiHHSA BU3HAYCHO, [0 MEXaHI3M CTapiHHS
Oy’)Ke CKIagHuM 1 B3aemople 3 iHmMUMU (akTopamMu TmoBeniHKU. Kirouem mis
JIOCSITHEHHSI 3JI0POBOI 3apSIKU € PO3YMIHHS TOTO, SIK BIIPOBAIUTH MEXaHI3M CTapiHHSA
B onTuMi3aiito 3apsaku. [lutanHs 30a1aHCOBAHOCTI ENEKTPUYHMX Ta TEIJIOBUX
dakTopiB, a Takok ¢akTopa CTapiHHA Ma€ BUPIIIAIbHE 3HAYCHHS JUIS TOCSTHEHHS
IHTEJICKTYJIbHOT 3apSIKHU.

[HTenekTyanbHe Ta 0e3ne4He s 370pOB'S YIPABIIHHS 3aPSAKOI0 aKyMYJISITOPIB
MOXJIMBE HUISIXOM 3aCTOCYBaHHS 0araTOCTYIIHYACTOI MOJENI 3apsiiKu MOCTIMHUM
CTPYMOM, IO BPaxOBY€ Yac 3apsIKH, ITIBHUINCHHS TEMIIEpATypyu Ta CTapiHHSI, SKE
BUKOPUCTOBYETHCS SIK METa OMTUMI3alIii.
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AKTYaJIbHICTh JIOCJI/UKEHHSI 3YMOBJIEHAa Npo0JeMaMu €Hepro30epeKeHHs .
KoykHa kpaiHa nrykae cBOi MIJITXW BUPIMIECHHS, ajie TOYOK JOTHKY B MPOIIEC] MONIYKY
yumano. EdektuBHa (opmynia eHepro30epekeHHs B €BPONMEHCHKUX KpaiHax — IIe
IpaBUJIbHE MMOETHAHHS 3aKOHOJIABYOi MOITHKH Ta €KOHOMIYHUX BaXKEJiB, TAKUX SK:
Jiep>KkaBH1 CyOCH/iT, OTTIOAATKYBaHHS, ONITUMI3AIlISl CTPYKTYpU Tapr(]iB Ha EHEPTOHOCI].

MeTo0 po6oTH € aHali3 eHepro3oepiraroyux 3axoJIB JJis YCIIIIHOIO
BUKOPHUCTAHHS B CYYacHiil eHeprocuctemi YKpaiHu.

[IpoOnema 3abe3neueHHs] eHepPro30epeKeHHs Ta eHeproe()eKTUBHOCTI B YKpaiHi
aKTyasi3yBajacs 3 Ha0yTTsIM YKpaiHoro HezalieskHOCTi. CucTema I1aHOBOi EKOHOMIKH
CPCP ne mnepenbavania 3aiikaBJIE€HOCTI B €KOHOMIi BUTpayaHHS EHEPrEeTUYHHMX
pecypciB, OCKIIBKY Ha TOU Yac KpaiHa JOoCTaTHbO Oylia 3abe3neueHa pecypcamu. [licns
posnany Pansucekoro Corozy VYkpaiHa crana KpaiHOW, 3aJI€KHOIO Bl CTYIEHS
IMIIOPTY TAJIMBHO-CHEPTETUYHUX PECYPCIB TMOCTaja HEOOXIMHICTh IOCTIHHOTO
0e3nepeOiitHOro eHepro3ade3neueHHs HalllOHATbHOI €eKOHOMIKH.

OnHuM 3 TOJIOBHUX HANpPsIMIB €KOHOMIT €HEPropecypciB € eHepProe(eKTUBHICTb,
sKa B CBOIO YEPry CIpHUs€ 3MEHIICHHIO BUTPAT EJICKTPOCHEPrii Ha BUPOOHHIITBO
OJIMHHUII TIPOYKIlii, BAPTOCTI MOHOBIIOBAHUX JKEPEN €HEPTii, BUKHUIIB IIKIITTUBUX
PEYOBHH 1 3poCTaHHs TapudiB HA €IEKTPOCHEPTIIO K JUIsl MPOMUCIOBOCTI, TaK 1 JJIs
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HaceneHHs. [liBuieHHsI eHeproeeKTUBHOCTI HOCATAETHCS MIITXOM YIPOBAKEHHS
y BUPOOHUY1 MPOLIECH HU3KU OpraHi3allifHuX 1 TEXHIYHUX 3axoiB [1, 2].

VY xpainax €C, Kanagu ta CIHA nHampukinmi XX cToniTTs Oyja HMpoBeAcHA
aKTMBHA Jep>KaBHA TIOJITHKA IIOJAO0 EHEPro30epeKeHHs, IO JO3BOJHIO IM
3ekoHomMuTH Outbiie 40% nDaIMBHO-EHEPreTHYHUX pecypciB. MiHiCTepCTBOM
enepretuku CIIA y 1992 p. 6yB po3pobiiennii koMIuiekCHUM ToKyMeHT Energy Act,
SIKWW BUCBITIIFOE OCHOBHI1 ITpo0JieMH €Hepro30epeKeHHsI Ta IJIAXHY iX BUpIiIIeHHS [3].

VY po3BUHEHUX KpaiHaX CBITY OCHOBHUM €JIEMEHTOM €(EKTHBHOI'O MEXaHI3MY
YIpaBJIIHHS €HEPro30epeKCHHAM € aJMIHICTpaTUBHE ympaBiaiHHA. BoHO oXoruioe:
MapKyBaHHs, cepTudikaiiio, CTaHIapTU3aIlilo, HOPMYyBaHHS, 3a00OpOHY Ha
3aCTOCYBaHHS MTEBHOI TEXHIKH Ta TEXHOJIOT1MH.

J7is TOCSITHEHHSI METH €HEepPro30epeKeHHs B MPOBIAHUX KpaiHaX CBITY YCHIIIHO
3aCTOCOBYIOTH TaKi €KOHOMIYHI IHCTpyMEHTH [3]:

- nuepeHIIFOBaHHS MTOJaTKOBOTO HABAHTAXKEHHSI;

- Or0/I>KeTHE Ta 1o3a0io/KeTHE (hiHAHCYBAHHS 3aX0/11B 13 €HEPro30epeKeHHs;

- MUJIbTOBE KPEJUTYBaHHS;

- Iep>KaBHI 3aKyMiBIIL;

- nudepeHiiroBanHs TapuiB 1 I[IH HA EHEPTOPECYPCH Ta EHEProeHEeKTUBHY
IPOAYKIIIO;

- p1HAHCOBI IHCTPYMEHTH Ta Mepeiaya npas BIACHOCTI.

BucHoBoKk. JIoCSTHEHHSI BUCOKOTO PiBHS €HEProe(EeKTUBHOCTI MOKIIMBE JIUILIE Y
TOMY BHWIIQJKy, KOJIM JepXaBa 3allpONOHYE MIIMPUEMCTBAM JUBEPCUPIKOBAHY
CUCTEMY CTHUMYJIIB 1 0OMEXEHb Yy c(hepl eHEpProCnoKUBaHHSI.

[TinBuiieHHsS eHeproepeKTUBHOCTI Ha MATPUEMCTBI € HEMOXKIIMBUM 0€3 CHCTEMU
E€HEePreTUYHOTO MEHEKMEHTY Ta (DaxiBIliB y cepi eHeproz0epekeHHs. Y IpaBiIiHHS
E€HEepPro30epe)KCHHSAM CIPHUSE IMMJABUIICHHIO KIHIIEBUX PE3ylbTaTiB JIISUIBHOCTI
MIIPUEMCTBA, IMJABUIICHHIO CEHEPreTHYHOI Oe3NeKu, 3HWKEHHIO BHUTpaT, Ta
3HIDKEHHIO PIBHS HETaTMBHOTO BIUIMBY HAa HABKOJMIIHE CEPEOBHILE YHACIHIIOK
BUKOPHUCTAHHS €HEPTrOPECYpCIB.
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Abstract. The paper analyzes the possibility of applying pulse-width voltage regulation
methods on the traction motors of domestic locomotives. This is possible by making changes
in the electric circuit of the locomotive, which will lead to the improvement of technical and
economic characteristics of locomotives.
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AKTYaJIbHICTh J0CJiI2KeHHSI 3yMOBJIEHA HEOOXITHICTIO MOJIEpHI3allii TATOBOIO
MPUBOJy BITYM3HSHUX JIOKOMOTHBIB JJIi TMOKPAIICHHS TEXHIKO-€KOHOMIYHUX
MOKa3HUKIB Ta €EKOHOMII €JIEKTPOEHEPTTIi.

Mera  poOorm  monsirae 'y  y3arajJlbHEHHI  BIJIOMUX  IMITyJbCHUX
€JIEKTPOMEXAaHIYHUX CUCTEM JJI1 BUKOPUCTAHHS IX Y TATOBOMY MPUBO/I BITYU3HIHUX
JIOKOMOTHBAX.

[3 30iUIbIIEHHAM PO3MIpIB TEPEBE3€Hb 1 MOTY>KHOCTI €JIEKTPOBO3IB 3HAYHO
3pOCTalOTh TATOBI CTPYMH, a OT)KE, BTpaTH HANpyru Ta €JIEKTPUYHOI €Heprii B
KOHTaKTHIM Mepexi. Y 3B'SI3Ky 3 LIMM Ha HaWOUIbII BaHTa)KOHAIPYKEHUX JIISTHKAX
3aJII3HULb, €JIEKTPpU(PIKOBAHUX Ha MOCTIHHOMY cTpyMi Hanpyrowo 3000 B, BuHHKaIOTh
obmexxeHHs B pyci moi3AiB. [1{06 yHUKHYTH 11bOTO, IOBOJIUTHCS 301JIBIITYBATH TLIOILY
nepepizy KOHTAKTHOI TMiJBICKH, YHCJIO ITJICTAHINM, IO TIOB'SI3aHO 3 BEJIUKUMU
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IPOLIOBUMHU BHUTpAaTaMH, a TOJIOBHE - 31 30UIBIICHHSM CIOXHBAHHS Je(PILUTHUX
MatepialiiB, HAPUKJIIA Mi/Il.

S0 6 MoskHa OyJ10 MiABUILUTH HAMIPYTy B KOHTaKTHIN Mepexi, MPUITyCTUMO, B
2 pasu, TO TIPW PO3TAIIyBaHHI IMICTAHINK 1 T XK€ IUIONI Tepepidy KOHTAKTHOI
MiJBICKM BTPATH HANPYTH Ta €NEeKTpoeHeprii y Hiil 3meHmmucs 6 B 4 pazu. Illo x
3aBakae MiABUIIUTHU Hanpyry? Hacamnepen 1e 6e3mocepeiHiil eeKTpUYHHUM 3B'I30K
KOHTaKTHOI MEpPEeXi 3 TATOBUMHU JBUTYHAMHU, CHEPreTHUYHI Ta rabapuTHI MapaMeTpu
AKUX TOTIPIIYIOTHCA MPU MIABUIICHHI HANpyru. YCYHYTH ILI€M 3B'SI30K, a OTXKe,
MBULIUTH HAIIPYTY B KOHTAKTHIM MEpexk1 MOCTIHOTO CTPYMY J03BOJISIIOTH CUCTEMU
IMITyJIbCHOTO PETyJIIOBaHHs. 3aCTOCYBaHHSA TaKUX CHUCTEM BIJKPUBAE MPHUHIIMIIOBY
MOJKJIUBICT, BHOOpY palliOHaJIbHOIO 3HAYEHHS HANpPyTd B KOHTAKTHIA Mepexi 1
HAIpPYTH TATOBHUX JABUTYHIB HE3aJE€KHO OJMH BiJ OJHOTO.

VY pa3i 3acToCyBaHHSI CHCTEM IMITYJIbCHOTO PEryJIOBaHHS BUXOJUTh 1CTOTHA
€KOHOMIsI €JIEKTPOEHEPrii, 0COOIUBO ISl €IEKTPOPYXOMOIO CKJIaay, MPaIIOI0uoro 3
YacTUMU 3yNUHKaMU. EKOHOMIsS JOCSraeThCsi BHACHIIIOK YCYHEHHS PEOCTaTHOIO
IYCKY 1 3aCTOCYBaHHSl PEKYIEPATUBHOIO TaJbMYyBaHHS O HU3bKUX HIBUAKOCTEH,
MOJIIIIIICHHS] BUKOPUCTAHHS 34IMTHOT Bard B pe3yJIbTaTl YCYHEHHsI KOJMBaHb CUJI TSTU
1 TaTbMyBaHHSI, BIACTHUBUX CTYMIHYACTOMY PETyIIOBaHHS.

IMmysbCHE perytoBaHHs HANIPYTH A03BOJISE JOKOPIHHO 3MIHUTH CXEMY CHIIOBUX
K1JI €JIEKTPOBO3Y, a TAKOK JIAHIIOT1B yIPaBIiHHSA. MOXIUBICTh PETYIIOBATH HAIIPYTY,
IO MiJABOJUTHCSA JI0 TATOBUX JBUTYHIB €JIEKTPOBO3IB MOCTIMHOTO CTpyMy, POOUTH
HENMOTPIOHMMU TIEperpynyBaHHs IBUTyHIB. KpiM Toro, 6e3nepepBHa TpaHchopmarlis
HAIpPYTH, 311MCHIOBaHA B MIEPETBOPIOBAYI, 1110 I03BOJISIE HA BUXO/I1 HOTO CTAaO1II3yBaTH
CTPYM 1 HAMpyTry, 10 MIABOAUTHCS 0 TSATOBUX JIBUTYHIB, HE3AJICKHO B HANIPYTU B
KOHTaKTHI Mepexi. TuM caMuUM MOJErmyeTbcsi aBTOMAaTU3alllsl MPOLECIB MyCKy 1
€JIEKTPUYHOTO TATbMYBaHHs, & TAKOXK 37[IHCHEHHS] aBTOMAaTUYHOTO KEPYBaHHS MOi3/IIB,
B pE3yJbTaTl YOTO MOJINIIYETHCS BUKOPUCTAaHHS TITOBUX 1 TajJbMIBHUX 3ac001B
€JIEKTPOPYXOMOTO CKIIAMY.

B ocrtanHi poku Bce OuTbllie 3aCTOCYBaHHS 3a KOPJOHOM 1 Yy HAac OTPUMYIOTh
CUCTEMH IMITYJIbCHOT'O PETYJIIOBAaHHS HANpPyTH TATOBUX JBUTYHIB MOCTIHOIO CTPyMy
B peXUMaxX TATH Ta EJNEKTPUYHOTO TajdbMyBaHHS. Taki CUCTEeMH pO3poOJieHi ams
MariCTpaJIbHUX  €JEKTPOBO31B, €JIEKTPOMNOI3/lIB, METPOMNOJITEHYy 1 MICBKOIO
EJIEKTPUIHOTO TPAHCIIOPTY.

JIisi mepeTBOpeHHs MOCTIMHOI Hampyrd OAHOrO 3HAYEHHS Hampyra iHIIOro
3HAYEHHS 3aCTOCOBYIOThH CIICIIaJIbHI IMIYJIbCHI TIEPETBOPIOBAYi, BUKOHAHI Ha 0a3i
tupucTopiB. 1i meperBoproBadi MEPIOJWYHO TMIAKIIOYAOTh TATOBI JBUTYHU JIO
KOHTaKTHOI MEpeXi Ha KOPOTKI MPOMDKKH 4acy. TakuM 4MHOM, €JIeKTpUYHA CHEPTis
710 ABUTYHIB HAQJAXOJAUTh Y BUIJISI/II KOPOTKOYACHUX 1IMITYJIbCIB.
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[TosicHuMo, sIK TIpalltoe IMIyJIbCHUM TiepeTBoproBad. CriemianbHUM NPUCTPIN, 110
IpaItoe K KJII0Y, MEPIOANYHO MIPUEHYE TSITOBUM TBUTYH 10 KOHTAKTHOTO MPOBOAY 1
MOTIM BifgKItodae ioro. [ToCaimOBHO 3 TATOBUM ABUTYHOM BKIIFOUCHHH IPOCEIH JJIS
3TJIa/DKyBaHHS TyJbCAIi CTPyMy, a NapayielbHO IBUTYHY - Ji0J, Ha3BaHHUM
3BOPOTHUM. 3aMUKaHHS 1 pO3MUKAHHS KJt04Ya BiA0OYBAIOTHCSA 3 IEP100M TTOBTOPEHHS.
[IpoTsiroM TMEBHOro MNPOMDKKY 4Yacy KIIOY 3aMKHYTHH, B peElITYy Yacy - BIH
po3iMkHeHUl. CepelHe 3HAYEHHS HANpPYTM Ha TATOBOMY JIBUTYHI 3aJ€XKHUTh Bijl
CITIBBIJTHOIIIEHHS BeJMYnH. OTXKe, 3MIHIOIOYHM 3HaueHHs (a00 Te ¥ 1HIIE 0JIHOYACHO),
MO>KHA PETYJIIOBATU CEPEIHE 3HAYCHHS HAIIPYTH, 110 MiJBOAUTHCS 10 IBUTYHA. SIKIIIO,
30epiraroum HE3MIHHHUM IE€Pi0J1, 3MIHIOBATH IHTEPBAJ, MPOTATOM SKOTO ITiIBOJUTHCS
70 NBUTYHA HaNpyra KOHTAKTHOI MEPEXi, TO OACPKMMO TaK 3BaHE HIMPOTHO-
IMITyJIbCHE PETYJIIOBaHHS. 3aJMIIAI0YU TOCTIMHUM 1 3MIHIOIOYM IHTEpBAN MEPioj
IPOXOJIKEHHS IMITYJIbCIB, OTPUMYIOTh YaCTOTHO-IMITYJIbCHE PETYJIFOBAHHS.

IMIynibCHE peryiitoBaHHS HalpyTyd TATOBUX JBUTYHIB 3a3BUYail MOENHYIOTH 3
IMITyJIbCHUM PETYJIIOBAaHHSIM CTPYyMy 30y/DKeHHS. ICHYIOTh CHCTEMH PO3JIIBLHOTO 1
CYMIIIEHOTO PETYJIIOBAHHS CTPYMY SIKOPsI 1 CTpyMy 30y keHHs. [1lo0 3MeHuT Macy
(po3mipu) peakTopiB 1 KOHIEHCATOPIB, 3HAYHy 4YacTKy Macu OOjaJHaHHs
MEPETBOPIOBAYIB, 3a3BMUail BAOMPAIOTh JOCUTh BUCOKY pOOOUY 4aCTOTY IMITYJIbCIB (10
400 I'm). 3 METOK 3HMKEHHS BCTAHOBJIEHOI IMOTY>KHOCTI IMEPETBOpPIOBaya, TATOBI
JIBUTYHH 3’ €THYIOTb ITOCJIiTI0BHO.

3acTocyBaHHS TEXHOJOTIi MIHUPOTHO-IMITYJILCHOTO PETYJIOBaHHS HANpyTU s
YKUBJICHHS IBUTYHIB MOCTIMHOTO CTPYMY 3 MOCIIJOBHUM 30Y/DKCHHSIM Ha BITYU3HIHUX
JIOKOMOTHBAX JTO3BOJISE:

1) CyTT€BO 3HU3HMTH 3aTpaTH EJICKTPOCHEprii Ha JKUBJICHHS TATOBOIO
EJIEKTPOTIPUBO/IY €JIEKTPOBO3a;

2) 3abe3neunTH HeoOXiIHY IJIaBHICTh PETYJIFOBAHHS CHUIIH TSTH;

3) BBeieHHS 4acTKOBOTO Ta IMOBHOTO aBTOMATH3MY Yy IPOLECI PeryJiOBaHHS
napaMmeTpiB pyXy B HE 3aJICKHOCTI BiJl YMOB €KCILTyaTaIli.

BucnoBok. B pe3ynbrari mpoBENEHOrO aHali3y CTOCOBHO BHUKOPHCTAHHS
IUPOTHO-IMITYJILCHOTO PEryJIIOBaHHS HANMPYTH Ha BITUU3HSHUX JOKOMOTHBAX OyIJi0
BCTAHOBJICHO, 10 JTOCTIIKEHHSI MOXJIMBOCTI BUKOPUCTAHHS IIMPOTHO-IMITYJILCHOTO
PETYJIIOBAaHHSAM HANpyrM Ha TATOBUX JBUTYHIB JIO3BOJUTH ICTOTHO CKOHOMHTH
enexkTpoeHeprito, ocooauBo aisa EPC, mo nparroe 3 yactumu 3ynuHkamu. ExoHoMmis
JOCATAETHCSI BHACIIOK YCYHEHHSI PEOCTATHOTO MYCKY.
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Abstract. To reduce the environmental and climate impact on the environment, along
with increasing the efficiency of diesel exhaust gas cleaning systems for locomotive
engines, it is also necessary to modernize them, for example, to switch to more
environmentally friendly gas fuels. Particular attention should be paid to the
conversion of locomotive diesel engines to available gas fuel mixtures. The paper
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analyzes the use of gas fuel ethylene produced from bio ethanol for diesel motors of
locomotives.
Keywords: locomotives, diesel motors, gas fuel, ethylene, bio ethanol.

AKTYaJIbHICTh JOCJIIsKEHHS 3yMOBJIEHA HEOOXITHICTIO CYTTEBO CKOPOTHTH
BUKH/IY Y TTOBITPSI TOKCHYHUX 1HTPEIEHTIB, @ TAKOK MTAPHUKOBOTO JBOOKHCY BYTJICIIIO
3 BUXJIOMHUMH Ta3aMH JU3EIbHUX arperaTiB 3ali3HUYHHUX JTOKOMOTHUBIB. OcobinBe
3HAYEHHS MPUAUIIETHCS MEPEBOAY AU3EIbHUX JBUTYHIB JIOKOMOTHBIB Ha TaKi ra3oBi
najguBa, sIKi MatOTh OyTH BUPOOJICH] 3 BITHOBIIOBAIBHUX O10JIOTIYHUX pecypciB, OyTH
OUIBIII E€KOJOTIYHO O€3MeYHUMH, 3a0e3NeuyBaTh EKOHOMIIO MaJIMBO-MaCTHIIBHUX
MatepialiB 1 0yTu piHaHCOBO peHTa0eTbHUMMU.

Metoro poGoTH € AOCTaiIKEeHHs TapaMmeTpiB poOOTH AMU3EIBHOTO IABUTYHA,
MOJICPHI30BaHOTO TiJ] Ta30B€ MajbHE, HA CTCHIOBIN YCTAHOBI. Y SKOCTI Ta30BOIO
najvBa BUIPOOYBaHMM Ta30MOMIOHUN €TWIEH, SKUW BUPOOJSABCS KaTaJITUYHOIO
JIET1IpaTaIli€l0  €THJIOBOTO CIHUPTY, 3A00yTOro mepepoOKOr0 BiJIHOBIIOBAIBHHUX
O10JIOTIYHHUX pEeCcypciB Ha KOMIIAKTHIN YCTaHOBIl, SKa BXOAWJIAa JO CKIaIy
MOJIEpH130BaHOT0 JIU3EJIbHOTO arperary.

Bukuau 3ami3HUYHUX JIOKOMOTHBIB Yy TIOBITPS JU3CIbHUMH JBUTYHAMU B
CepeIHbOMY Ha | KI' THU3eJbHOr0 MajbHOTO MPUOIM3HO OLIHIOIOTH SIK: BYTJIEBOIHI —
1,4 r; CO — 10 1; okcuau a3oty — 44 1, caxka — 1,3 1 [1, 2]. TunoBi Mapku TEILIOBO3IB,
AK1 HAaHOUIBII NOIIMPEH1 HA TepeHax YKpaiHu, Takl sk MarictpaibHi, 2TE121 (2950
kBT, 6ak - 7,5 M%), 2TE10M (2250 kBT, 6ak - 7 M%), 2TE116 (2250 kBT, 6ak - 7 M%),
M62 (1500 kBT, 6ax - 7 M%) MaroTh B cepelHLOMY BHTPATy AU3EILHOrO mnanusa 850
kr/roauny, manesposi TTM4 (750 kBr, 6ak - 3,3 M%), TEM2 (1200 kBT, 0ax - 5 m3),
YME3 (1350 kBT, 6ak - 6 M®) — 350 kr/roguny. ToOTO, I CKOPOYEHHS €KOJIOTiYHOTO
Ta KJIIMAaTUYHOTO BIUIMBY Ha HABKOJIMIIHE CEPEOBHUIIE Pa3oM 13 MiJABUIICHHSIM
€(DEeKTUBHOCTI CUCTEM OUYMIICHHSI BUXJIOMHUX Ta3iB JU3EJIbHUX JIBUTYHIB TEIJIOBO3IB
MOTPIOHO TaKOX MPOBECTU iX MOJIEPHI3ALI0, HANpPUKIaA, MEPEBECTH Ha OuIbII
€KOJIOTTYHO Oe3reyHi ra3osi naiuea [1-5].

Oco0nuBy yBary ciij 3BEpHYTH Ha IEPEBEACHHS IU3ENIB JIOKOMOTHUBIB Ha
JIOCTYIIHI Ta30Bl TMaJWBHI CyMIII, OKpeMmi 3 SKHX HaBeneHi y Tabmumi 1. Jlns
JOCIIIJKEHHSI Ha CTEHJIOBIN yCTAHOBII, MPEJCTaBICHIA Ha pUCyHKY 1, Hamu OyIo
o0paHO €TUJIOBUH CHHUPT, a TAKOXK HPOAYKT HOro KaTaliTHMYHOI JAerigparamii —
razonoiOHui etuseH. Tak siK 1e MPOAYKTH, BUTOTOBJICH] 3 KIIMAaTUYHO O€3MEYHHUX
BITHOBJIIOBAJIbHUX  Ol0oOriyHUX pecypciB. [lopiBHsANBHI  pe3ysibTaTh  HAIIOTO
TOCIIJKEHHS. pa3oM 13 JOCTYHNHUMHU JaHUMU 3 JIITEPaTypHUX JKEpPEd HABEIEHO Y
Tabsmi 2.

[lepeBenenHs MU3ENbHUX ABUTYHIB 3aJi3HMYHUX JIOKOMOTHBIB € CKJIQJIHOIO
HayKOBO-TEXHOJIOTTYHOIO 3a7a4eto. Lle peanizyeThcst ABoMa ciocobamu:
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- IepeBeICHHS IM3EIIHOTO IBUTYHA Ha MOJIBIHY CyMIIII MAJTUB THU3ENIbHE MaJIHBO
(IIT) mmoc ra3zoBe manuBo y cmiBBigHOmIeHHI: JII — 25-45%, ra3oBe mnaiibHe
(HampukIam, eTWIeH, MeTaH, aMoHiak) — 55-75%. Y mpoMmy BHUManKy au3elbHUN
JIBUTYH TepepoOIsieThess MiHIMaIbHO [1, 2];

- IEPEBEICHHSI TU3EIHLHOTO ABUTYHA HAa YHCTO Ta30BE MaJbHE MOTPeOye 3HAYHOI
MOJICpHI3aIlli arperary, CyTTE€BOIO 3HIKCHHS KoedillieHTa CTUCHEHHS IaJIMBO-
MOBITPsAHOI cyMiri (3 22-23 10 9-12), a Takok BCTAaHOBJICHHS CBIYOK 3arajieHHs [1, 3,
4]. Ha cTenaoBiii ycTaHoBIIi OyJI0 peali3oBaHO APYTuil BapiaHT.

Emaron e 2 0 , n
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\_ Emaron | Emuner Boda 3
I i
14 o )
p I o
s I = f ‘ 1
7 12 2= Boda e, .5
6. AN == ﬂ:JTL
: ) v, ' [lpadyxmu napoboi
N p KOHBEDCII emanony
/ g 4 Kl
S
bax emarony
. |

Pucynox 1 — Cmenoosa ycmanogra 011 00C1iodcenHs napamempis pobomu
MOOEpHI308aH020 Ni0 2a308¢ NAlbHe OU3ETILHO20 O8USYHA'
1 — nepeobnaonanuii na eazose nanuo ousenvbHuUll 08UcYH, 2 — OAK 05 0XO0JI00HCYIOUOT
piounu; 3 — padiamop, 4 — pedyKkmop pe2yar08ants MUCKy 2a308020 NAJILHO20 (€MUEHY),
5 — 6ax emunosoeo cnupmy (cuposuna 011 8U2OMOBIEHHS 24308020 NALHO20-EMUNEH)),
6 — enekmpuyHnull Hacoc 05l NOOA4i emanory,; 7 — pe2yaamop mucky, 8 — mepmoximiyHul
peaxkmop, 9 — euxnonua mpyba, 10 — peaxmop xamanimuunoi OYUCMKU BUXIONHUX 2A316
8i0 NOx; 11 — enywnux; 12 — kamanimuunuil pekmop oe2iopamayii emauosly 8 emusien,
13 — 800sHull X0NM00UNLHUK-KOHOEHCamop, 14 — 6ak 051 CKOHOeHCOBaHOI 800U
(¢hazopo3zoinbrux), 15 — aocopbep 01 MOHKO20 CYULiHHA emuleH)y Ha MOJEKVIAPHOM)Y CUmIi
«ZSM-5»

BucHoBok. 3a pe3yibTaTaMu BHKOHAHOTO OIJIALY JIITEPaTypHUX JDKEpeN Ta
BUIMIPOOYBaHb MEPCIEKTUBHOTO Ta30BOI0 TNalWBa — €TWIEHY Ha CTEeHIl 3
MOJIEpHI30BAaHUM IIiJ] Ta30B€ MajbHE IU3EJIBHOMY JBUTYHI MOTYyXHIcTIO 18 kBT

BCTAaHOBJICHO:
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Tabauys 1 — Ilepcnexmusni nanuea 0 OU3EAbHUX 08USYHIB TOKOMOMUBLE

[TamuBo/HopMu | Hopmanbna | Tuck [inbnicTs | Himkua Eneprernu- | CtBope
TOYKA npu PIOVHE TIPH | TEIJIOTa Ha HHS
kuminng, °C |20 °C, | 15°C TOpiHHS, mibHICTE | COg,

Oap MJIx/KT M]Jx/n kr/T"JTx

Boyens (H2) -253 - 71 120 8,5 0

Mertan (LNQG) -162 - 450-510 50 22,5 56

[Tponan (LPG) -42 7,5 (10) 550 46 22,5 60

Eranon +78 aTM. 800 26,4 (32,2) | 17,3 (20,3) 67

Etunen (C2H4)

(LNG) -101,5 - 580-590 46,4 26,9 73

Juns. MaJibHE

HFO (Heavy | Binbme 160 aTMm. 920-1010 40 35 80

Fuel Qil)

Tabnuys 2 — IlopisHAannsa nepcneKmuHux 2a308ux naius (emuieH, Memat, nponaw) 3
MUNOBUM OU3ETbHUM NATUBOM ma cnupmamu 8 ousenvHux /[BC

HailimenyBanHs Eranon | Etunen Meran Junsens- [Ipoman Meranoun
JIM3EJIBHOTO MAIBHOTO CKparul. CKpamj | He majbHe | CKparul.

Bapricts, €Bpo/kr 0,2-0,3 0,45-0,8 0,1-0,35 | 09-1,2 0,4-0,75 | 0,15-0,25
Tewr. Tepm. 350 400 800 700 500 320
rasudikarii, °C

Maca Kr moBHOTO

0aka ImajuBa, KT

- MaricTpajabHOTO 11600 6608 6069 7575 6600 18174
- MAaHEBPOBOTO 9280 5310 4896 6060 5335 14508
06’em baxy, m>:

- MaricTpaJbHOTO 14,5 11,2 11,9 7-7,5 12 23,3

- MAHEBPOBOT'O 11,6 9,0 9,6 5-6 9,7 18,6
Bapricts 1 3anpaBku,

€BPO:

- MaricTpajabHOIro 3480 5286 2124 9042 4545 4543

- MAHEBPOBOI'O 2784 4248 1714 7272 4001 3627

- HaWOUIBII €KOJIOTIYHO Ta KIIMATUYHO OE3MEYHHM Yy SIKOCTI MajiiBa Ta30BOTO

AU3CJIbHOI'O0 IBUTYHA JIOKOMOTHBAa € CTHJICH, SIKUM ICHCPYIOTh 3 BiI[HOBJ'IeHOFO

010JIOTT1YHOTO pecypcey (3 €TUIIOBOTO CIIUPTY) Oe3mocepeIHhO Ha OOPTY TeI1oBo3y. Lle
JI03BOJISIE TIOBHICTIO MPUITMHUTHA BUKUAM CaXi, a TAKOXK CKOPOTHTH BHKHIU 1HIIHX

TOKCUYHUX 1HTpeAieHTIB Ha 27-35%);

- 3aMiHa TOBApHOTO HA()TOMPOAYKTY — AU3EIHHOTO MAJIbHOIO Ha ra3omnoiOHMA

OloeTusieH J03BOJISIE EKOHOMHUTH Ha OJHIET 3aIpaBili 0aKy MaricTpajibHOTO TETIOBO3a

10 150 tuc. rpuBeHs, a MaHeBpoBOro — 110 110 Tuc. rpuBeHsb.
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Abstract. The signatory states of the Paris Climate Treaty have agreed on a plan to reduce
CO2 emissions, recognized as the main source of greenhouse gases. In 2019, maritime
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transport contributed to 4% of CO2 emissions. Currently, almost all maritime transport
worldwide relies on internal combustion (diesel) engines. In January 2022, the EU European
Commission acknowledged nuclear power as a clean energy source contributing to the
reduction of greenhouse gas emissions. Although the technology exists to build nuclear-
powered naval vessels, it is not widespread in the civilian fleet due to the high cost of nuclear
power plants and a limited number of manufacturers. The adoption of nuclear-powered ships
could be incentivized by the EU's carbon footprint taxes, which have already been approved.
This involves imposing a special tax on each product based on the amount of CO2 emissions
generated during its production and transport.

Keywords: naval nuclear ship, carbon neutrality, sea transportation, energy efficiency,
transport.

AKTYaAJIbHICTh AOCJII:KEHHsI 3yMOBJIEHAa BUMOramu 3HU3UTH Bukugu CO2 B
atMocepy, o6 30epertu eKOHOMIYHY MPUBAOIUBICTh MOPCHKUX TMIEPEBE3CHb.

MeTtoro pod0TH € IPOBEAEHHS OrJISA0OBOTO aHAII3Y, AKUH Oy/le EKOHOMIYHUH Ta
€KOJIOTIYHUN €(deKT BHUKOPUCTAHHS MOPCHKHX aTOMOXOJIB Y HUBUIBHUX IJISAX JUJIS
NIEPEBE3CHHSI BAHTAXIB HA OKEAHCHKHX MPOCTOpPAX.

BukopucTtanHs HUBUIBHUX MOPCBKMX aTOMOXO[IB MOKE€ MaTH MOTEHIIAHUN
BHECOK Y JIOCSITHEHHS 3asIBJICHUX I[JIEH BYTJIEIIEBOT HEUTPATBHOCTI B KOHTEKCTI PI3HUX
chep, Takux sIK TPAHCIIOPT, €EHEpPreTHKa 1 Hayka. OCh JIeaKl MOXKJIMBI HAMPSIMKH, JI€ 111
aTOMOXOJH MOXXYTh OyTH BUKOPUCTAHI IJIsl JOCSTHEHHS BYTJICIIEBOT HEUTPAIBHOCTI:

B ramysi TpaHcnmopTy MOXYyTb OyTH BHUKOPHCTaHIHA MOPCHKHX NEPEBE3CHHSX.
3amiHa TpaaUIIHHUX CY/IEH HAa aTOMHI MOX€E JIOMOMOTTH 3MEHILUTH BUKUIH BYTJICIIO
[1], siki BMHHUKAIOTh BiJ] CyJ€H Ha OCHOBI BYIJICBOJIHIB. ATOMHI CyJHa MOXYTb
npairoBatu 0e3nepepBHO 0e3 HEO0OX1THOCTI JIs TOMOBHEHHS MAIbHUM, 1110 3MEHIITY€
3aJIEKHICTh BiJl BYT'UIbBHUX YU HATOBUX JHKEPEI EHEPTii.

B rany3i eHepreTuku aTOMHI aTOMOXOJIM MOXYTh OyTH NEPETBOPEHI B MOPCHKI
€JeKTPOCTaHLIi I BUPOOHUITBA €JEKTPOCHEPrii, sKka NOTpiOHAa Mg PIZHHUX
3aCTOCYBaHb, 30KpeMa JIJIs 3apsKaHHs eIeKTPUIHHUX CyJIeH UM HaBiTh 3a0e3meueHHs
€JIEKTPOEHEPT1l Ha MPUOEPEKHUX TEPUTOPIAX.

B ramysi gocnmimxkeHHS Ta Haykd. B po3pi3i HanmpsAMKy MOCTIIKEHHsS OKEaHiB
aTOMHI aTOMOXOJM MOXYTh CIYXXUTH SK 0a3u I JOCHIPKEHHS OKeaHIiB 1
JOCTIKEHHS KiiMaTy [2]. BoHn MOXYyTh BUKOPHUCTOBYBATH CBOIO aBTOHOMHICTbH JJIS
TPUBAJIOro nepeOyBaHHS B MOPCHKUX 30Hax 1 300py JaHUX, IO CHPUSIE HAIIOMY
PO3YMIHHIO 3MIH KJIIMAaTy Ta IHIIMX MOPCHKUX sBHUIL. B po3Mmipi HampsMky
€HEpPreTMYHOi e(QEeKTUBHOCTI BHUKOPUCTAHHS AaTOMHUX AaTOMOXOJIB MOXke OyTu
YaCTUHOI cTparerii 3MeHmeHHss BUKWAIB CO2 Ta IHIMX MIKIAJIUBUAX PEUYOBHH,
crpusitoun €(EeKTUBHINIOMY BHKOPHUCTAHHIO €HEprii MOPIBHSHO 3 TPaJAUIIHHUMU
JoKepeaMu TTaTbHOTO.

BaxxnnBo BpaxoByBaTH €KOJIOTT4HI Ta O€3MEYHI aCTIEKTH BUKOPUCTAHHS aTOMHUX
TeXHOJIOT1i. X0oua aTOMHI aTOMOXO1 MOXYTh IOMOMOTTH Y 3MEHIIIEHH1 BUKU/I1B, IXHE
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Oe3neyHe ympaBJiiHHS Ta YHHUKHEHHS MOXJIMBUX aBapiil Ta BUTOKIB PaJilOaKTUBHUX
PEYOBHH € KPUTUYHUMU aCIIEKTAMM JIJIsl YCIIIIHOTO BIPOBAHKEHHS 1[1€1 TEXHOJIOTI.

BukopuctanHs aTOMHOTO KOMEPIIIMHOTO MOPCHKOTO TPAHCIOPTY MOXKE MaTh
KUJIbKa €eKOHOMIYHHX TI€peBar, Xxo4a Taki MPOEKTH BUMAaraloTh 3HAYHUX 1HBECTHUIIIH Ta
BpPaxOBYIOTKCS 3 OTJIsTy Ha O€3MeKy Ta eKOJIOTIIO.

ATOMHI aTOMOXOJU MOXYTh OYTH OUIbII €(PEKTUBHUMH Yy BHUKOPHCTaHHI
HaJLHOTO TMOPIBHAHO 3 TpajulliiHUMH cyaHamMu [3], OCKIIBKM BOHU MOXYTh
IpalroBaTu Oe3NepepBHO HA OJHOMY 3aBAHTAXKEHHI SJIEPHOTO MAIBHOTO MPOTITOM
TPUBAJIOr0 4Yacy. 3MEHIICHHS BUTpPAT Ha TNaldbHE 1 MOTpeOy B 3yNMUHKAX st
JI03aIPaBKA MOKE MPU3BECTH JI0 3HUKEHHS BUTPAT HA EKCIUTyaTalliio 1 MiABUIIICHHS
KOHKYPEHTOCTIPOMOXKHOCTI [4]. ATOMHI CyJHa MOXYThH IpaIfoBaTH aBTOHOMHO Ha
BEJIMKI BiJICTaH1 0€3 HEOOX1THOCTI JJI 3yMMMHOK Ha J03aIPaBKy, 0 MOXE TIPU3BECTH
70 3MEHIIICHHS BUTPAT Ha 4Yac 1 30UIbIIEHHS €(PEKTUBHOCTI MEPEeBE3CHb. ATOMHI
aTOMOXOJIM MOKYTh MaTH BEJIUKY IIBUKICTb, IO CIPUSIE IIBU/IIIN JOCTABII TOBAPIB,
MO MOXXe OyTH BaXKIMBUM YUHHUKOM JUIS JESKUX Taly3ed IMPOMHCIOBOCTI.
BukopuctanHs aTOMHUX TEXHOJOTIH MOXE CHPUSITH 3MEHIICHHIO BHUKHU/IIB
MapHUKOBUX Ta3iB Ta IHIIUX MIKIJJIMBUX PEUOBHUH, 110 BAXXJIUBO JIJIs BIJMOBIIHOCTI
€KOJIOTIYHUM CTaHJapTaM Ta PEryssuisiM. ATOMHI CyJIHa MOKYTh MaTH JIOBTUH TEPMIH
CITy>KOU MOPIBHSHO 3 TPAAUIIHHUMH, III0 MOKE B1JIOOPA3UTHCS HA 3arajlbHUX BUTpaTax
Ha yTpuMaHHs ¢G0Ty, BaknBo BpaxoByBaTH, 10 30yHKCHHS SICPHUX TEXHOJIOTIMH,
BKJIFOYAIOYH aTOMH1 aTOMOXO/TM, BUMarae 3HauHUX BUTPAT Ha pO3pOOKY, OyAI1BHUIITBO
1 eKCIUTyaTallito, a TaKOX JOTPUMAaHHS BHCOKHX CTaHIApTIB Oe3MeKH Ta eKoJIorii [5,
6]. Takox ICHYIOTh BUKJIMKH B yIIPaBJIiHHI Pa{lI0AKTUBHUM BiJIX01aMH Ta IPUPOTHUMHU
PU3UKAMHU, 1110 TIOB'sI3aH1 3 TAKUMHU TEXHOJIOT1SIMH.

BucHoBok. B pe3ynpTaTi npoBeneHoro aHamizy, JOCTIIKEHb KOHCTATy€EMO, IO
MacOB€ BHUKOPHUCTAHHS MOPCHKHX aTOMOXOJ(iB Ha OKCAHCHKUX TPAHCIIOPTHUX JIHIAX
MOX€ 3Ha4YHO CKOPOTUTH BUKHAH CO2 MOpPCHKMM TPaHCHOPTOM. AJiE TaKk caMo L€
3HAYHO MIABUIIUTH COOIBApPTICTh TNEpeBe3eHb. CIMHUN TUIAX MNPOCTUMYIIOBATH
MOPCBHKI JIIHII TEPEeXOJAUTH Ha aTOMHUN (PIOT — moTarlii Ta MOJATKOBI 3aXOJU JI0
3a0pyIHIOBAYiB Ta iX KJIIEHTIB, SK 1€ Tpornonye €C.
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MODERNIZATION OF CHS4 ELECTRIC LOCOMOTIVES
BY INTRODUCING MODERN CONVERTERS
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Abstract. The article analyzes the design and functional features of passenger AC electric
locomotives of the CS4 series. The equipment of electric locomotives is morally and physically
outdated and requires modernization. The hourly speed of 101.5 km/h is insufficient for
passenger transportation. The electric locomotives are equipped with collector traction
motors, contact switches, and uncontrolled rectifiers. This reduces the level of reliability and
technical and economic performance of electric locomotives. The paper analyzes possible
circuit solutions and considers the option of modernizing an electric locomotive using an
asynchronous traction electric drive. The introduction of new electric drives will increase
the reliability of electric locomotives and improve their energy performance. The
electromagnetic characteristics of the electric drive were studied using a virtual model.
Keywords: electric locomotive, modernization, asynchronous electric drive, power factor,
simulation model

AKTYaJIbHICTh  JIOCHIDKEHHS  3yMOBJICEHa  HEOOXITHICTIO  TOKpAIICHHS
EHEPreTUYHUX MOKAa3HUKIB €NIEKTPOBO31B 3MIHHOTO cTpyMmy cepii UC4, axi TpuBanuii
gac rmepeOyBarOTh B €KCIUIyaTallii Ta MalOTh HU3bK1 TEXHIKO- €KOHOMIYHI TTOKa3HUKH.
EnextpoBo3u oOnagHaHi KOJIEKTOPHUMH TSATOBUMH JIBUTYHAMH, KOHTAKTHUMH
nepeMuKadYaMy, HEKEPOBAHUMH BHIPSAMIITIYAMHU, PEIICHHOI0 CUCTEMOIO YIPABIIIHHS.
Bce ue cnpuunHsie HeAOCTaTHINA piBEHb HAAIMHOCTI, 3pOCTat04l BUTPATH HA PEMOHT
Ta 3HWKYE TEXHIKO-€KOHOMIYHI MOKA3HUKH €JIEKTPOBO3iB. TATOBI €IEKTPONPUBOAU
enektpoBo3iB UC4 3 konekropHumu TtsaroBumu  asuryHamu (KTJI) 3maTthi
3a0e3nevyBaTy MBUAKICTh TOAMHHOTO pexkumy 101,5 km/Tof, 1110 HEAOCTATHBO ISt
3a0€3MeUeHHs MIBUIKICHOTO TMACaXUPCHKOTO pyXy. Husbkumii piBeHb KoedilieHTa
MOTYXHOCTI, IKUH B pexumi Tsaru piBauid 0,83 Ta croKMBaHHA HECHHYCOIIaTbHOTO
CTPyMy HETaTHBHO BIUIMBA€ HA CHEPTETUYHHI MOKA3HUKIB €HEPTOCHCTEMH 1 3HIKYE
HaJIAHICTE poOoTH enekTpoodnagHanHs EPC [1]. HasBHIiCTh 3Ha4YHOi KIJIBKOCTI
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KOHTAaKTHUX KOMYTAIlIHHUX MPUCTPOIB NEPEIIKOJKAE BIPOBAPKEHHIO aBTOMATUYHHUX
CUCTEM yNpaBiiHHI. BpaxoByroun TexHIYHMM cTaH enekTpoBo3iB UYC4 Ta
HEMOXJIMBICTh OHOBJICHHS TAPKy, MOJCPHI3AIliS 3 PEKOHCTPYKITIEI0 BY3JIiB Ma€ Ha
JAHWM 4ac aKTyaJlbHE 3HAYCHHS.

MeTto0 poGoTM € TPOBEACHHS aHami3y CXEMOTEXHIYHHUX pillleHb, SKi
3a0e3nevarh BUCOKY HAJIMHICTh B €KCIUTyaTallli Ta Kpalli eHepreTuyHi MOKa3HUKU. 3
METOI0 BUOOpPY HaAIMHOrO 1 €KOHOMIYHOTO TSTOBOIO MEPETBOPIOBAYA PO3TIISTHYTO
CXEMHI pileHHs, siki Bukopuctandi Ha EPC mpoBigHux 3akopaoHHHX (pipMm. AHami3
CXEMOTEXHIYHUX PillIeHb CBIIYUThH, 0 Ha cydyacHomy EPC HanmaeTbcs mepeBara
CJIICKTPOTIPUBOIY 3 aCHHXPOHHUMU TpUpasHumu TsroBumu asuryHamu (ATJI) [2,3].
AT/l B mopiBHSIHHI 3 TATOBUMU JIBUTYHAMH MOCTIMHOTO CTPyMY MaloTh psifl IepeBar:

- BUCOKA HAJIMHICTD B 3B’SI3KY 3 BIJICYTHICTIO KOJIEKTOPHOTO BY37a;

- IPOCTOTA KOHCTPYKIIIi;

- 3HmKeHHS MacH Ha 30 — 50% Ta BUTpaT KobopoBuX MeTaliB (Ha 40 — 50%);

- HU3bK1 BUTPATH HAa yTPUMAHHS B YMOBAX €KCILTyaTaIlii;

- notyxHictb AT/l Mmoxke OyTu 3011b11eHa B 1,5 — 2 pasu nopiBusaHo 3 KT/I.

EdextuHicte BopoBamxenHs AT/ pa3om 3 cyyacHUMHU NEpETBOPIOBaYaMU Ta
MIKpPOITPOLIECOPHUMU CUCTEMAMU KEPyBaHHS JOKa3aH1 CBITOBUM J0CBIIOM.

[lo pe3ynbrarax MNPOBEACHOIO aHAII3y MPUXOJAUMO O BHCHOBKY, IO 13
PO3MIISIHYTUX BapiaHTIB MepeBary Ciij BIAAaTH CUCTEMI, (PYHKI[IOHAJIbHA CXeMa SKOT
300pakeHa Ha PUCYHKY.

E) ~

1 AT

L2 Ch

405 T

TC2

Pucynok — @yukyionanvna cxema acunxpoHno20 msa208020 ei1eKmponpusooy

TTd =const

B 00paHiii cuctemi BUKOPUCTOBY€EThCsl TATOBUM niepetBoproBad AC-AC, sxkuii mae
BXIJTHAN YOTUPHOX KBAJPAHTHUIN TIEPETBOPIOBAY, IPOMIKHY JIAHKY MOCTIHHOTO CTpyMYy 13
3raKyounM  GitbTpoM 1 Tpudazuuii  aBToHOMHMI 1HBepTOop (AIH) 3 mmpotHo-
IMITyJTbCHOO MOYJIsLIi€r0. OCcOOIMBICTh CXEMH B TOMY, 1110 IIEPETBOPIOBaY 3a0e3neyye
poboty AT/l y pexumax TATH 1 peKynepaTuBHOTO TaabMyBaHHs. CXxeMa eJIeKTpoB03a
OararokananpHa no uucny TEJ], mo 3a0e3nedye 30epekeHHs Mpane3aaTHOCTI
€JIEKTPOBO3a MPHU BUXO/I1 3 JIaay Jt000ro 3 By3JiB. BXiJHUN 4OTUPHOX KBAJIpPaHTHUN
NepeTBOpIoBay  3a0e3neuye MEepeTBOPEHHS 3MIHHOI Hampyrd B TMOCTIHHY Ta
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cTabumi3alfif0 TMOCTIMHOI Hampyrd B TMPOMDKHIM JIaHIl IOCTIMHOI Hampyry.
ABTOHOMHUM THBEPTOP 3 HIMPOTHO IMIYJIBCHOIO MOAYJISIIEI0 JA€E 3MOTY OJIHOYACHO
peryJiloBaTH 4YacTOTy CTpyMy Ta Hampyry B ooMmoTkax cratopa ATJ[. Hotupnox
KBaJPaHTHUN TIEPETBOPIOBAY 3a0e3medye IIaBHUMA TIEPEXi] 3 PEKUMY TATH B PEKUM
pekynepariii, ToOTO, 3M1MCHIOE ABOCTOpOHHIN o00MiH eHeprieto Mik AT Ta
KOHTaKTHOIO MEPEXKEIO IUISIXOM 3MIHH KyTa 3pYIICHHS MK OCHOBHUMHU FrapMOHIKaMU
CTpYyMy Ta Hampyru. B pexxumi TATH MPU  BIACYTHOCTI 3PYIICHHS MK CTPYMOM 1
HANpyrow KoedimienTa moTy)KHocTI Ky, ~ 1, a piBeHb BHUINMX I'apMOHIK B MEPEKi

KUBJICHHS MIHIMAJIbHUNA. B peXuMi peKymnmepaTHBHOTO TabMyBaHHS KyT 3pYIICHHS
¢ = 180° 1 BinOyBa€eThcs Tepeada eHeprii 3 JaHKWA MOCTIMHOI HANPYTH B MEPEXKY.
[IpoBeneHo HOCHIAKEHHSI 3aJ€KHOCTI E€HEPreTUYHHX XapaKTEPUCTUKHU TATOBOTO
NepeTBOpIOBaya 3a JIOTIOMOTOI0 BIpTyalbHOI MOJENI, SIKa BIAMOBIA€ MapameTrpam
BY3J1iB eniekTpoBo3a YC4. B npoueci MoAentoBaHHS OTPUMAaH1 HACTYIIHI €HEPreTHYHI
MOKa3HUKU: KoediuienT notTykHocTi K, =99,99%;  Koe(ilieHTH CHOTBOPEHb
BXimHoro ctpymy Ta Hanpyru THDi1l = 1,15% ta THDud = 0,25% [4]. OtpumaHni
JaHl CBig4aTh, IO  pPEAKTHBHA CHEPris B MeEpeXkl MiHIMajabHa, a BIJICOTOK
BHCOKOYACTOTHUX TAPMOHIK B CTPyM1 HAaBaHTA>KEHHS MiHIMAJIbHHM.

BucnoBok. Buxopucranas Ha enekTpoBo3zax UYC4 acHHXPOHHOTO TSATOBOTO
NPUBOIY Yy TOENHAHHI 3 BHUCOKOC(EKTUBHUMH TepeTBoproBauamu Ha 0a3zi IGBT
TPaH3UCTOPIB  3a0e3MeunTh IUTaBHE, OE3KOHTAKTHE PETYIIOBAaHHS HAMpyTH,
BUKOPUCTAHHS PEKyNEPAaTUBHOTO TaJIbMyBaHHS Ta CTBOPUTh YMOBH IS
aBTOMATH3aIlli TPOIECY YIPaBIHHS €IeKTpoBo30oM. [Ipu 1bOMY MiJBHIIUTHCS
HAJIAHICTh POOOTH Ta MOJIMIIATHCS TEXHIKO-€KOHOMIYHI MMOKa3HUKHU €JIEKTPOBO3a.
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IMPROVING THE RELIABILITY OF DC3
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Abstract. The article analyzes the reasons for the low level of operational reliability of DS3
freight and passenger electric locomotives. Improvement of methods for diagnosing the
insulation of cables, communication lines between sensors and information processing
modules is important in improving reliability.It is shown that the nature of the transient
process in an electrical circuit when a voltage surge is applied is closely related to the
insulation parameters. Based on the difference between the forms of the transient process, it
Is possible to draw conclusions about the compliance of the monitored insulation parameters
with the permissible standards. To study the quality of insulation of electrical components, a
mathematical model was created in the MATLAB software environment.

Keywords: reliability, technical diagnostics, transient process, insulation parameters,
modeling

AKTYaJbHICTb JOCIIKEHHS 3yMOBJICHA HEOOX1THICTIO I IBUIIIEHHS HAIIHHOCTI
BaHTAKOMACAKHUPCHKUX €JIEKTPOBO3iB 3MIHHOTO cTpyMmy JC3, siki MOKJIaau moYaToK
eKCIUTyaTallli aCHHXPOHHOTO TSTOBOTO €JIEKTPOINPUBOY Ha 3aTi3HUIX YKpaiHu. Y
BUPOOHHUIITBI ~ €JIEKTPOBO3IB CHIIBHO NpPHUMMaNM Y4yacTh: HIMELUbKUNA KOHIIEPH
Siemens — nmocraBka CHIIOBOI €lIeKTpOHIKH TsaroBoro npusoay; HBO JIEB3 (dnimnpo)
— BUTOTOBJICHHS MEXaHIYHOI YAaCTHMHH Ta JOTMOMDKHHMX MamiuH; CMiISTHCHKHMA
EJICKTPOMEXaHIYHUN 3aBOJ — BUTOTOBJICHHS TSATOBUX JBHUTYHIB. B KOHCTpyKIIii
CJIEKTPOBO3a SIEMENS peatizyBaB HaOIIbII MPOrPECHBHI Ha CBIf Yac CXeMO TeXHIUHI
pimenHs npoBigHuX (ipm Himeuuwnu, SmnoHii Ta iHmMMX KpaiH, SKI KOHIEPH
MPOJIOBKY€ PO3BUBATH Ta YJIOCKOHAIIOBATH 1 B Halll yac. B nanuii vac B excrutyaTarii
nepeOyBalOTh TIIBKU JBa €JIEKTPOBO3M 3 BICIMHAAINTH, a peIITa 3HAXOIATHhCS B
HepoOoyoMy cTaHi. AHali3 MpUYUH BIAMOB enekTpoBo3iB JIC3 B ekcrutyaTariii Ta
pO3po0OKa 3aXOIB JIs MiJABUIICHHS 1X HAIIMHOCTI Ma€ aKTyaJlbHE 3HAUYCHHS.
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MeTtor0 po00TH € POBECHHS aHaI3y MPUYUH 3HUKEHHS €KCIUTyaTaliifHol
HaJIHOCTI enekTpoBo3iB JIC3, mocmimxkeHHs (akToOpiB BIUIMBY Ha O€3BIIMOBHY
po0OTY eNeKTpoBO3a Ta po3poOKa 3aX0IiB O ii IMiIBUIIEHHIO.

[IpoBenenuil aHami3 CBITYUTH, IO HU3BKUN PIBEHb HAMIMHOCTI E€JIEKTPOBO3a
SIBJISIETHCS] HACITIIKOM JT1i HACTyTHUX (PaKTOpiB:

- KOHCTPYKIIIHHI HEJOJIKH;

- HEBUKOPUCTAHHS JIIarHOCTUYHOT 1H(POpMAIlii 10 BIAXWJICHHSIM B pOOOTI BY3JIiB
€JIEKTPOBO3a, KA (DIKCYETHCS B 3alaM'ITOBYIOUUX MPUCTPOSIX CUCTEMU YIPABIIIHHS,

- HEJOCTaTHs 3a0€3MeUYEHICTh 3alaCHUMU YaCTUHAMHM Ta MaTepiaiamu;

- HasBHICTh 300iB B MpOTrpamMHOMY 3a0e3MeyeHl MiKpOMpPOIECOPHOi CHUCTEMHU
3aXHCTy Ta CHUTHAJI3aIlii;

BinmMoBu B poOOTI enekTpoBO3a y OUIBIIOCTI BUMAAKIB € PE3yJbTaTOM:
HEJIOCTAaTHLOI MEXaHIYHOI MIIHOCTI JAeTaliel, KOHTAaKTHHX €JIEMCHTIB, IaTUHKIB;
3HMKEHHS 130JIA1M11 KaOemiB, JIHIN 3B’A3Ky MK JaTdydkaMd 1 MOAYJSIMH OOpOOKH
1H(dOpMaIlii; 3H>KEHHSI CTYTICHS BITHOBJICHHS BY3JIiB HA PEMOHTax 4epes3 BIJICYTHICTh
iH(dOopMaIlii 3 IOKaJTbHUX 3aC001B JlarHOCTUKU. HaiiiHICTh eJ1eKTpoBO3a, SIK BIJOMO ,
3aKJIaTa€ThCS TP IPOCKTYBAaHHI, BATPUMYETHCSI ITPU BUTOTOBJICHHI Ta MiATPUMY€THCS
3a JONOMOIOI0 IUIAHOBO-NPO(UIAKTUYHUX PEMOHTIB B eKcIutyartarii. PiBeHb
HaJIMHOCTI €JICKTPOBO3IB B EKCIUIyaTallil 3aJieXKUTh BIiJ TNEPIOJAUYHOCTI Ta
e()EeKTUBHOCTI PEMOHTIB, a TAKOXK B1J[ IHTEHCUBHOCTI1 Horo ekcrutyataili. [ligsuimutu
HAJIAHICTh B EKCIUTyaTalii MOXJIMBO NUISXOM MOJEpHI3alli, 301IbIICHHIM
BIPOTITHOCTI BIJHOBIIGHHS Ta 3MEHIICHHS 4Yacy BigHOBJIEHHs. [lpomy crpusie
BUKOPUCTAHHS Ta YIAOCKOHAJICHHS METOJIB JIIarHOCTUKH TEXHIYHOTO CTaHY
€JIeKTpOBO3iB. B 3B’s13Ky 3 THM, 1110 3HaYHA KIJIBKICTh BIIMOB €JIEKTPOBO3a OB’ si3aHa
31 3HWKEHHAM 130JsM11 KaOemiB, €JIEeKTPUYHMX MAIlMH Ta KaHalIB 3B 3Ky MIXK
CHUCTEMOIO YTPABITIHHSA Ta JaTYAKaMH, SK TEPHIOpsSIHA PO3TIAIAETHCSA 3aaada
MOHITOPUHTY cTaHy 13ojsmii [1]. Ha 130751110 €JleKTpOyCTaHOBOK Yy Mpolieci
eKCILTyaTallii Iif0Th eJIEKTPOMArHITHI CHJIH, BiOpallisi, TeMreparypa JOBKULIS Ta 1HII
yuHHUKY. CHiJIbHA Jis 1UX (paKkTopiB MPHU3BOAUTH 10 HE3BOPOTHUX IMPOIECIB— 3MIHU
CTPYKTYpPH Ta XIMIYHOTO CKJIaay 130JIs11i1, TOOTO O CTapiHHSA 1301111

Omip 13011l — 1€ mapajeabHO BBIMKHEHUN 31 CTPYMOBEIYYOK YaCTHUHOKO
(xwinor kabento) omip. Haimpocrima cxema 3aMillieHHsT T1eJIEKTPUKa SBJsIE CO00I0
xoHzeHcarop C 13 nmapanenbHuM onopoMm R. Tomy BennunHa onopy 130J1ii, Kot 0
BEJIMKOIO BOHA HE OyJia, HEJOCTATHBO XapaKTEPU3ye CTaH 130Jiiii. [Ipu omiHui ctany
1307111117 HEOOX1THO BpaxOBYBAaTH TAKOX ii €MHICTh. [IpuHITMTIOBa cXema J11arHOCTUKA
CTaHy 13010l mpuBefeHa Ha pUCYHKY 1. CtpymompoBinHa yacThHa (0OMOTKa
MalluHu, XKWia Kabemo Ta 1H.) 300pakeHa SK I1HAYKTHBHICTH 3 TapajiesibHO
BBIMKHEHOIO eMHIcTIO C. [307s11is — mapanenbHO BBIMKHEHI B KOJO omopu R Ta

emuocti C. Ilpu BMukanHi kioya K Ha gociipkyBaHe KOJIO MOJAETHhCS CKAYOK
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HaIpyTH, 10 JIOPIBHIOE €.p.C. JHKepea nocTiHoi Hanpyru E. B koni BigOyBaeThes
nepexigHui mpouec, kUi Oyje MEepioJUYHUM 3racaroyuM B pe3ysibTaTi OOMIHY
eHeprii M>K EMHOCTSIMH 1 IHAYKTUBHOCTSIMHU €JIEKTPUYHOTO KOJIa.
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Pucynox 1 — Ilpunyunosa cxema diacnocmuku i304ayii e1eKmMpU4HUX 8)3/1i6

[lapameTpu e€J€MEHTIB KOHTYpPY MOXHa TIOB'SI3aTU 3 JA1arHOCTUYHUMHU
MOKa3HUKAMH, [0 XapaKTEePU3YIOTh CTaH 13015111 0OMOTOK: CTPyM BUTOKY Ha KOPITYC,
AKUW 3aJIeKUTh Bl SIKOCTI KOPIYCHOI 130JIs1L11; 30UIbIIEHHS €MHOCTI B PE3yJIbTaTI
3BOJIOKEHHS 130JIA1111; 3MIHA CTPyMy B OOMOTIII IIpY MIXXKBUTKOBOMY 3aMHUKaHH1 [2,3].
Jlns mpoBeAeHHS AOCHIJKEHb SKOCTI 130JIS111 €JIEKTPUYHUX BY3JIB CTBOPEHO
MaTeMaTu4yHy Mojelib B mporpamHoMy cepenosuini MATLAB. CrpykrypHa cxema
CTBOPEHOI MO/IeJIl IPEICTaBICHA HA PUCYHKY 2.

o Snubber

e 17T

Scope

v ¥

500V T

Muttimeter

c2 c3
Duty Cycle

Pucynox 2 — Cmpyxmyphna cxema mooeni 0151 00CTIOHCEeH S AKOCMI 1301Yii
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Pucynok 3 — Pesynomamu 0ocniodcents nepexiono2o npoyecy 6 eleKmpuiHoM) Ko

JlocmipkeHHsT  TOB'SI3aHO 3 OTpPUMAaHHSAM TpadiuHuX 300pakeHsb GopMu
MEPEXITHOTO MPOLIECY B €ICKTPUYHOMY KOJI1 IIPU MMOJaul CKayKa HalpyTH MPU PI3HUX
3HaueHHsIX mapameTpiB i3omsamii. Ha pucynky 3 mpuBeneHo rpadikvl Hampyrd Ta
CTPYMy B €JIeMEHTax KoJia Mpu Nojaadl Ha koyio B MOMEHT 4acy 0.01 cexyHau ckauka
Hanpyru amiutitygoro 500 B. Skmio mpoBecT psiji AOCHIIKEHb 1 OTpUMaTH HAOIp
300paxeHb MePEXiAHOTO MPOIIECy, TO MO PIZHUIN MK (PopMaMu MEPEXiTHOTO MPOIIECY
MOHa 3pOOMTH BHCHOBKHM PO BIANOBIJIHICTh CTPYMY BHUTOKY, 1HIYKTHBHOCTI Ta
€MHICHUX 3aJIKHOCTEN KPUTEPISM J1arHOCTUKH.

BucnoBok. Ha ocHOBI aHanizy mnepexiHuX MpoIeciB MOKHA 3p0OUTH BUCHOBOK
PO BIJICYTHICTh 200 HAsABHICTH AC(PEKTIB 130JAI1HHOI. MoJenb s JOCTIIKEHHS
AKOCT1 13071511011 MOXe OyTM BHKOPHUCTaHA [JJii CTBOPEHHS KOHTPOJIBHO-
BUMIPIOBAJIBHUX JIIATHOCTUYHUX cucTeMH. Hu3bkuil piBeHb HaAIMHOCTI €EKTPOBO3a
JNC3 € pe3ynbTaTtoM KOHCTPYKIIMHUX HEOJIKIB €JIEKTPOMEXaHIYHUX BY3JIB Ta
3HUKEHHSAM 130JI1111 KaOeiB, JIiHIM 3B’ 43Ky MDK JaTYMKAMHU 1 MOIYJISIMU OOpOOKH
iHopMmarii. J{ng miaBUIIEHHST HAJIMHOCTI €JIEKTPOBO3iB B €KCIUTyartailii HeoOXiHa
MOJIEpHI3aIlisi BY3JiB, MIJBUILIEHHS CTYIICHS BITHOBJIIOBAHOCTI BY3JIIB IIPU PEMOHTAX
IIUISIXOM BUKOPUCTAHHS 3aC001B JIIarHOCTHUKH.
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BAJIAHCYBAHHS TOTYKHOCTI FIBPPI,Z[HOi
BITPO-COHSITYHOI EJIEKTPOCTAHUII JUISI OB'€KTA
SAJMIBHUYHOI IHOPACTPYKTYPU
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BALANCE OF POWER OF HYBRID WIND-SOLAR
POWER PLANT FOR RAILWAY INFRASTRUCTURE
FACILITY

Mahalashvili N.D. — Postgraduate student, ivaniuk.nd@knutd.edu.ua
Shvedchykova 1.0. — Doctor of Technical Sciences, Professor,
shvedchykova.io@knutd.edu.ua
Kyiv National University of Technologies and Design
Ukraine, Kyiv

Abstract. The paper analyses the main methods and approaches to power balancing of local
railway infrastructure facilities, and considers the principle of building a hybrid control
system based on the cascade algorithm. At the moment, hybrid wind-solar power plants are
not widely used on railways in Ukraine, however, such use is quite reasonable, considering
the volume of electricity consumption and the growth of demand, and, accordingly, the cost.
However, during the operation of the proposed type of power plant, several problems may
arise related to the instability of electrical grids due to shelling, so it is worth additionally
considering the possibility of using backup energy sources, such as diesel generators or
battery packs, for backup power in case of insufficient production of electricity from wind -
and solar installations.

Keywords: hybrid wind-solar system, cascade algorithm, power consumption, renewable
energy sources.

AKTYaJIbHICTh  JIOCJI/UKEHHSI 3YMOBJIEHA HEOOXITHICTIO BIPOBAIKCHHS
30epirarouux 3ax0/iB Ha 00’ €KTaxX TPAHCIOPTHOI 1HPPACTPYKTYPH.
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MeTo10 po00TH € BU3HAYEHHS OCHOBHUX METO/IIB Ta IMAXO1B J10
OanaHCyBaHHSI MOTY>KHOCTI riOpuHOI  BITPO-COHSYHO1 €JICKTPOCTAHITIT
3aIPOIOHOBAHOTO 00 €KTA.

VYkpaiHa € OJHUM 13 CBITOBUX JIJEPIB 32 PO3BUTKOM 1HPPACTPYKTYpPH
3ai3HAYHOTO TpaHCHopTy. J3rigHo 13 3akoHoMm VYkpainu «lIpo xkputnuny
iHppacTpykTypy» Ne 1882-1X Big 16.11.2021 p. 3ami3HULSA € KPUTUYHO BAKIUBOIO Y
¢dyHkmionyBanHi kpaiau [1]. OnHUM 3 OCHOBHUX NMPHUHIIUIIIB EHEPTrETUYHOIT MOJITHKH
B 00JIaCTI €HEPro30epeKeHHs] Ha 3aJlI3BHUYHOMY TPAHCIOPTI YKpaiHU € MOCTiHHE
30UIBIIICHHS YacTKW BUKOPUCTAHHS BigHOBMOBaHMX kepen eHeprii (BJIE).
BrpoBamkeHHsT 1HHOBAIIMHUX €HEPro30epiralouyux TEXHOJOTIH 3 BUKOPHCTAHHSIM
B/IE € 4acTHHOIO KOMIUIEKCHOI TporpaMu 3 eHepro30epekeHHs YKpaamizHuii [2].
Cranom Ha cwrorogHi Bukopuctanus BJIE y 3amizanuHiil iHPpacTpykTypl YKpainu
oOMeKeHe, aJie BCe XK TaKl BUMIAJKH € 3T1IHO iHTerpoBaHoro 3BiTy AT «Ykp3anizHuiis»
[3].

banancyBaHHS TMOTY>KHOCTI TiOpUIHUX BITPO-COHSUHUX EJIEKTPOCTAHIINA 3
MIIKJIFOYSHHSM JIO MEPEXkKI € BOXXJIMBOIO 3a]1aueto JUIs 3a0e3MeueHHs CTablIbHOCTI Ta
HaJIIMHOCT1 enekTpornocTtadyanHs [7]. OCHOBHI METOIU 1 MIAXOAM J10 OaJlaHCYBaHHS
MOTY>KHOCT] BKJTFOUAIOTh:

1. Cuctemu ynipaBininHs notyxHicTio (Power Management Systems). [{i cuctemu
BUKOPUCTOBYIOTHCS ISl KOOPAHUHALIL pOOOTH BITPO- Ta COHYHUX YCTAHOBOK 3 METOIO
onTuMi3ailii BUPOOHUIITBA €NEeKTpoeHeprii. BoHM KOHTPOIIOIOTH pEeXUMU POOOTH
JLKEped1, pO3MOILUT MOTYKHOCTI Ta 3a0€3MeuyIoTh CTa0lIbHY POOOTY CUCTEMH.

2. Axymymsamis eneprii (Energy Storage). BukopucrtanHs akymynsiTOpiB
J03BOJISIE 30€piraTu HAITUIIKOBY €JIEKTPOEHEPTit0, BUPOOJIEHY BITPO- Ta COHSIYHUMHU
YCTAaHOBKAMH, 1 BUKOPUCTOBYBAaTH 1i B MOMEHTH, KOJIM BHUPOOHHUITBO €HEPrii
HenoctatHe. lle ngomomarae 30anaHcyBaTh  BHUPOOHMIITBO Ta  CIIOKUBAHHS
€JIEKTPOEHEPTii.

3. T'iopugni cucremu kepyBanHs (Hybrid Control Systems). Ili cucremu
MOETHYIOTH B COO1 pi3H1 METO/IM YIIPABIiHHS, TaKl SIK TPOTHO3yBaHHS MOTOTHUX YMOB,
IPOTHO3YBAHHS CIIOKMBAHHS €JIEKTPOCHEPrii Ta onTUMIi3allisi poOOTH TEeHEepPaTOpiB.
BoHu 103BOJSIOTH PO3MOAUISTH MOTYKHICTh MIXK BITPO- Ta COHSIYHUMHU yCTaHOBKaMU
3aJIEKHO BiJ YMOB 1 3a0€3medyBaTy CTa0lIbHE €JIEKTPONOCTauyaHHs.

4. Kowmnencauiss notyxHocti (Power Compensation). Ileit miaxia
BUKOPUCTOBYEThCS JJII KOMIIEHCAllli Bapialiii BUpPOOHMIITBA EJEKTPOCHEPrii BiJ
BITPO- Ta COHSYHMX YCTAaHOBOK. Hampukmanm, $KIo BUPOOHHUIITBO EHEPTrii Bif
BITPOYCTAHOBKH 3MEHIIIYETHCS, TO MOXE OyTH BUKOPUCTaHA J0AATKOBA MOTY>KHICTh
BIJl COHSIYHMX YCTaHOBOK JJIsi KOMIEHCAllli IbOr0 3MEHIICHHS.

5. Bukopucranus pesepBHux jpkepen eneprii (Backup Power Sources). Llew

MiX1]1 BKJIIOYa€ BUKOPUCTAHHS JHKEpeN eHeprii, TaKuX K JIU3elIbHI reHepaTopu ado
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OaTapeitHi HabOpH, JUIS PE3EPBHOTO KUBJICHHS B pa3i HEJOCTATHROI'O BUPOOHMIITBA
€JIEKTPOEHEPTii BiJl BITPO- Ta COHAYHUX YCTAaHOBOK.

VY cratTi [4] HaBeneHO KackaHy CXeMy ONTUMAIBHOT KOH(Iryparii riopumHoi
CUCTeMH BUPOOHHUIITBA EJIEKTPOCHEPTii, 1110 BPaXOBY€E BC1 BUIIIE 3a3HAUCHI TPUHIIMIIH.
MepekeBe >KMBICHHS BBa)KaTUMEMO TOJOBHUM JIKEPENIOM EIEKTPHYHOI EHEepTii.
[Ticist iboro nediuuT eHeprii po3rIsAaeThes K motpeda B HaBanTakeHH1 1yt BJIE 1
TaK Jlaji JJig HaCTYITHOTO MPUCTPOIO JPKepesa BITHOBIIOBAHOI eHeprii. [IpoBeneHHs
PO3paxyHKIB €HepreTHYHOro OaiaHcy Ta 3abe3meueHHs] BUCOKOT HAIIMHOCTI CHCTEMH
PO3BHBArOTH 11eH miaxia. Bin Takox miagrpumye SOC (State of charge — crynins 3apsiny
aKymyJsaTopa) 6atapei MiXk MiHIMATBHAM 1 MAaKCUMaJIbHIM 3HAYSHHSIMH Ta TapaHTYE,
0 I 3HAYCHHS 3aJHUIIA€ThCS PIBHUM a00 BHIMUM 3a mo4yaTkoBe 3HadeHHS SOC
Oatapei Ha MOYaTKy pOKY. AJITOPUTM MOJEIIOE Pi3HI CIieHapii, mo0 oTpuMartu
onTUMaJIbHY KUTbKICTh nocTynHux BJIE (BiTep, coHile, Ta akyMyssiTOpHa GaTapest) 1Jis
3a0e3neUYeHHs] HABaHTAXKEHHS 3 YpaXyBaHHSIM MiHIMaJIbHUX BUTPAT, 3aJ0BOJILHSIIOUN
OOMEXEHHSAM, SK pPIBEHb 3apsily aKyMmyJsTopa, OOMEXeHUH dyac poOOTH Ta
MPUITYIIEHHS, 1110 TIEPEPUBAHHS €JIEKTPOIIOCTAYaHHS HE BIIOYBAETHCS MPU HANIMHOCTI
cuctemu 100%.

BucHoBok. B pe3ynbrari NpoBENEHOTO aHai3y METO/IB OaJlaHCYyBaHHS
MOTY>XHOCT1 T1OpUAHOI BITPO-COHSYHOT €JIEKTPOCTAHIIIT JJIsi 3aJ0BOJICHHS BJIACHUX
notped 1HGPACTPYKTypHOrO 00’ €KTa 3alli3HUIl BUZHAUEHO, 110 32 YMOBHU 3POCTaHHS
MOMUTY HA EJIEKTPUYHY €HEPTiIO XKEPEIIOM KUBJICHHS aJITOPUTM 00MpaTUME JIKEPENIO
3 BIJMOBIHOIO /IO TOMHUTY TE€HEpali€lo B JaHWW MOMEHT uacy. lle 3anexutp Bif
MOTOJHUX YMOB Ta 4dacy nHA. lle miaBUIIMTH TEpMiH eKCIUTyartallii BiTpO-COHSIYHOI
€JIEKTPOCTaHLIIi, & OTXKE 1 il peHTA0ENIbHICTb.

Taxox ciij1 3a3HAUYNTH PO MOMKIIUBICTh BUKOPUCTAHHS PE3EPBHUX JKEpe
€Heprii, Takux, SK JHU3EJbHI TE€HEepaTopu [JIsi PE3EPBHOTO IKUBJIEHHS B pasl
HEJIOCTATHHOT'O BUPOOHUIITBA €JEKTPOCHEPT1] BiJ BITPO- T4 COHIYHUX YCTAHOBOK.
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Abstract. An overview of fuel cells in power supply systems was conducted. The main elements
of the combined source of electricity are analyzed, namely, the wind generator, the photocell
and the "electrolyzer - fuel storage - fuel cell" system. The effectiveness of the proposed
combined source of electricity for the autonomous mode of operation of the local object and
when connected to the distribution network is considered. The feasibility of using a system
that includes a solar battery, a wind turbine, an electrolyzer, a hydrogen tank, and a fuel cell
as an additional power source for a local facility is shown.

Keywords: photocell, wind generator, fuel cell, electrolyzer, fuel storage.

AKTyaJbHICTb  JOCJHiKeHHs1  00yMOBJIEHAa  CTPIMKHUM  pPO3BUTKOM
BITHOBITIOBaHUX JiKepen eHeprii. [lepeBakHe 3acToCyBaHHS Ha TMPAKTUIN IS
€JIEKTPOKUBIICHHS JIOKAJbHUX OO’€KTIB 3HAWIUIM COHAYHI Ta/abo  BITPOBI
enekTpocranuii. ToMy akTyaabHOIO HAyKOBOIO  33Ja4€l0 €  JOCIIJKEHHS
0COOMBOCTEH IHTETpallil 1HIIMX JKepes eHeprii, 30KpemMa MaJMBHUX €JIEMEHTIB, 10
ICHYIOUMX CHCTEM €JIEKTPOINIOCTaYaHHs Ha PiBHI JOKAJIBHOIO CIIOXKUBayva.
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Metorw po6oTH € Orisii 0OCOOIMBOCTEN 3aCTOCYBaHHS MAJMBHUX €JIEMEHTIB B
JIOKaJbHUX CHUCTEMaX EJEKTPOXKUBIIEHHS (IIPUBATHI JOMOTOCIOAapcTBa abo Mali
HEMOOYTOBI CITOKMBAYI)

Ha cporoani BiioMi JIeKiJIbKa HaMpsSIMKIB BUKOPUCTAHHS MAJMBHUX €JIEMEHTIB B
CHUCTEMax  EJCKTPOXKMBIICHHS 00 €kTiB. B OUIBIIOCTI  BUIMAAKIB  BOHU
BUKOPUCTOBYIOTHCA SIK JIOJIaTKOBE JDKEPENO JKUBJIEHHS Yy CKJIaal TIOpUIHHUX
(koMO1HOBaHUX) CUCTEM.

B po6oTi [1] 06rpyHTOBaHO JOIIIBHICTh BUKOPHUCTAHHS BOJHEBOI'O MAJIUBHOTO
enementa (I1IE) abo koMipku sk €JIeMEHTy KOMOIHOBAHOIO JDKepesia €JIeKTPUYHOI
eHeprii Jisi aBTOHOMHOTO €JEKTPOXKHMBIICHHS CIIOXKHBa4a 3>KUTIOBOTO 00’ €KTa.
OCHOBHUMHU €JIEMEHTaMH KOMOIHOBAHOTO JKEPEIIa €IICKTPOSHEPTIi € BITpOTeHEpaTop,
doTOETIEMEHT Ta cUCTEMa “eJIEKTPOIII3Ep - HAKOMMNYYyBay NaJINBa - TaJTMBHA KOMIpKa™.
[TokazaHo, 110 «...OHI€I0 3 HAWBAXIMBIIIKX MT€PEBAr BOJAHEBUX MAJIMBHUX KOMIPOK €
T€, 10 BOHU BUKOPUCTOBYIOTH BOJIEHb, SIKUH, B CBOIO UEPry, MOXKe OyTH OTpUMaHUi B
pe3yJIbTaTl €JIEKTPOJII3Y 3a paXyHOK HAJUIMIIKOBOI €JIEKTPOEHEPTIi y NMEeBHUI Mepioj
yacy, a y IIKM CIOXKHMBAaHHS €JEKTPOCHEPriss MOKE€ TEeHEpPYBaTUCS IMaJTUBHOIO
koMmipkoio» [1]. B poGoti [1] posrisHyTO e(EeKTHBHICTH 3alpOIOHOBAHOTO
KOMOIHOBAHOTO  JDKEpesla  €JIEKTPOEHEprii A  aBTOHOMHOTO  PEXHUMY
(yHKL10HYBaHHS JOKAJIBHOTO 00’ €KTA.

B po6orax [2, 3] mochimKyeThcs TiOpUIHA CUCTEMA EICKTPOKUBIICHHS 00’ €KTa,
MIIKJIF0YEHA 0 PO3MOIIIbHOI Mepexki. CucTeMa BKIIOYA€E COHSYHY OaTapero, BITPOBY
TypOiHy, €JIEeKTpoJi3ep, pe3epByap [Uisl BOJHIO Ta NaJMBHUN eleMeHT. B npomy
BUIIAJIKy MalOTh MICIIE€ HACTYIIHI ClIeHapii QYHKI[IOHYBaHHS CUCTEMU:

- BUpOOJIGHAa €JIEKTpOEHEprisl 3 BiAHOBIOBaHUX Jkepen eHeprii (BJE)
MEPEBUIIY€E MOMUT HA HABAHTAKEHHS — HAJUIUIIIOK €HEPTii MOAa€ThCS B €IEKTPOITI3Ep
1u1st 30epiranHs eHeprii'y popmi XiMIYHOT eHeprii (BOAECHb) Y pe3epByapax Jisl BOAHIO;

- HaJuMIkoBa eHepria Big BJIE nmepeBuilye eHeprito, HEOOXIIHY AJisi MOBHOTO
3apsKaHHS BOJHEBUX PE3EPBYapiB — HAJIUIIOK €HEPTIi MOJAETHCS B MEPEKY;

- reneparrisi BJIE MeHIa 3a monut Ha HAaBaHTaXKEHHS — €HEPris, 1110 30epiraeThes
B 0akax JJIsi BOJHIO, MOJAETHhCS HA TMAJIMBHUN €JIEMEHT JUIsl TEPETBOPEHHS 11 B
€JIEKTPUYHY €HEPrilo, iKa 00CITyTOBY€ HAaBaHTaXXEHHS. Y pasl HEIOCTaTHHOI reHepallli
BJIE nediuut eHeprii mOKpUBAETHCS MEPEKELO.

BucnoBok. [IpoBenenunii ormsia iHGopMaIliiHUX JKEpEN MoKaszas, M0 MaJIUBHI
€JIEMEHTH y CKJIaJi MiJACHCTEMH ‘‘eJIeKTPOJi3ep - HAKONMUYyBad MajuBa - MaJMBHA
KOMipKa” 3HAWNUIM 3acTOCYBaHHS B TIOPHIHMX COHSYHO-BITPOBUX CHCTEMax
CICKTPOKUBIICHHS JIOKAJIbBHUX 00’ €KTIB, K1 IPAIOIOTh aBTOHOMHO a00 ITiIKTFOUYEH1
10 Mepexi. BUKOpUCTaHHS TaIMBHUX €JIEMEHTIB JIO3BOJISIE YCYHYTH BUKHIU
HIKI/UTUBUX PEUOBUH B aTMOC(EPY Ta CYTTEBO 3MEHUIUTH MOTY>KHICTh BITHOBIIOBAaHUX

JOKEPEN eJIEKTPOCHEPrii.
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Abstract. This article discusses the reasons for the need to switch to alternative energy
sources, their main types, as well as promising and rarely mentioned sources.
Keywords: alternative sources, energy, minerals, ecology, environment.

AKTYaJbHICTh 10CJIiIZKeHHS 3yMOBJIEHA 3pDOCTAHHSIM I[1H HA €JICKTPOCHEPT1IO Ta
CTPIMKOMY PO3BHUTKY aJIbTEPHATUBHUX JIXKEPEN €HEPrii.

MeTtow po00TH € AOCTIIKEHHS] CUCTEMHU E€JIEKTPONOCTAYaHHsS, Y TOMY YHCII
aBTOHOMHOTO, IO MPAITIOIOTh HA COHSIYHIN eHeprii.

B ocrtanHl poku BapTiCTh MIAKIIOUEHHS 0 €HEPrOMEPEkK IEHTPAIi30BaHOTO
€JICKTPOIIOCTAYaHHS 3HAYHO 3pPOCJA, OCKUIBKM 3HAa4YHY YaCTHHY BUTpAT CTAHOBUTH
BapTICTh MPOKJIAAKU MOBITpsHUX JiHINA enekTpornepenaad (JIEIT) mpu BimmaneHomy
pO3TalllyBaHHI CHOXXHBauiB. Takox € 0e3did  Miclb, A€ MIAKIIYEHHS [0
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LEHTPAII30BaHUX MEpPEXK yTpyAHEHe ab0 HEMOXKJIMBE MO PI3HUX MPpUYUH. TomMy ais
OKpeMuX OyJMHKIB Ta HEBEJIUKHUX TIOCEJIeHb IMIJKIIOUYEHHS JI0 Mepex
[EHTPATI30BAaHOTO  EJIEKTPONOCTAa4YaHHs € JOCHTh BHUTPAaTHUM, a OTXKE —
HEpPEHTAOCIIEHAM.

HaiinomupenimuM crnocoO0oM BHpPIIIEHHS TPOOJIEMH €JIeKTPONOCTayaHHS Y
TaKUX BUMAJKaX € BUKOPUCTAHHSA T'€HEPATOpIB 3MIHHOTO CTPyMYy 3 MIPHUBOJOM Bij
OCH3MHOBOTO YM AM3EIBHOTO JABUTYHA BHYTPIIIHBOTO 3ropsiHHs (JB3). Onnak Take
pilieHHsT MOTpeOye BUCOKUX EKCIUIyaTallliHUX BHUTpAT, MOB'SA3aHUX 3 JOCTaBKOIO
JOpororo mnanuBa Ta 4YacTuMm pemoHToM JIB3. VYV 3B's3ky 3 1mm, HalOUIbII
BUIIPABAAHUM pIIICHHSIM € CTBOPEHHs TIOpMAHOI eHeprocucteMd Ha 0asi
PIAKOMATUBHOTO €JIEKTPOTEHEPATOPA, AKYMYJIATOPIB Ta COHIYHUX (POTOCTEKTPUIHHUX
Oatapet.

[Ipu pomy QoroenexTpuuHi OaTapei BUOMPAIOTHCS BUXOMASYM HE 3 MOBHHX
noTped eIeKTPOEHEPrii 3 ypaXyBaHHSIM COHAYHUX JIHIB, a JJis1 3a0€3MeUeHHs AESIKOTO0
0a30BOTO HAaBaHTAXKEHHS (HANPUKIAJ, OCBITIEHHS, XOJOAWIbHUK). lle 3HIKye
KUIBKICTh HEOOXIJIHMX COHAYHUX OaTapeil Ta akymyJnsaTopiB. SKiio eHeprii He
BHCTAYae, 3aMyCKAEThCA PIAKOMAIMBHUN eleKTporeHepatop. [[kepeiaoM COHAYHOTO
BunpomiHtoBaHHs € CoHile [3]. ¥ cy4acHMX yMOBax pO3BUTKY PUHKOBUX BIJHOCHH Y
KpaiHi, 3pOCTaHHI BAapTOCTI HEBIJIHOBIIIOBAHOIO BUKOMHOTO MaJMBa Ta 3POCTaHHI
3HAYYIIOCTI COL1aJIbHO-EKOJIOTIUHUX (PAaKTOPIB, €(HEKTUBHICTh COHSIYHOI €HEPreTUKU
HEe3MIpHO 3pocTae [2].

VY mopiBHSHHI 3 1HIIMMHU BUJAMU €HEPIeTHKHU, COHSYHA CHEPreTHUKa € OJHUM 3
HAWOUIBII YHMCTHX Y EKOJIOTIYHOMY BIJIHOIIEHHI BUIB €Heprii. Alle MOBHICTIO
VHUKHYTH TIKIJJIMBOTO BIUIUBY COHSIYHOI €HEPTeTHKH Ha JIFOJWHY Ta HABKOJHUIITHE
CEpelOBHINE TMPAKTUYHO HE BIAETHCA, SIKIIO BpPaxyBaTH BCE TEXHOJOTIYHUN
JIAHITFOKOK B1JI OTpUMaHHS MaTepiaiiB 10 BAPOOHMIITBA eleKTpoeHeprii [3].

BucnoBok. JlociipkeHHs TOKa3ayid, IO HAWOUIbII aKTyalbHUMHU € PyXOMl
CUCTEMHM 3 YIpPaBIiHHSIM Ha OCHOBI JIaTUHKIB. Ix 3aCTOCYBAHHS JIOLUIBHO IS
OyIiBHMIITBA TOMIOHWX OYIMHKIB Yy MIBACHHINA YacTWHI Hamoi KpaiHu. OCKUIbKU
KUTBKICTh COHSTYHOI pajialiii, o HaJAXOAUTh B JAHOMY paiOH1 B JIITHI MICSI[I MEHIIIE,
HIX ii KIJTBKICTh B 3MMOBE, TYT HE BUHUKA€E HECTAaul €HEeprii B XOJIOJHY NOPY POKY 1 ii
Haauky B Tery. [Ipu po3ramryBanHi OyJauHKY OUIbII HIX 3a 3 KM Bija JIiHIN
eJeKTponepeadi, Take eJICKTPONoCTayaHHsl OuIbIle BUTITHO, OCKUIBKH Yy pasi
BPaXOBYETHCS BAPTICTh MIJKIIOUEHHS JI0 3aTaJIbHOTO €JIEKTPONIOCTaYaHHS.

BuxopucranHs aBTOHOMHOTO €HEPromocTayaHHs OyJAWHKIB BIJ COHSYHHUX
€JIEKTPOYCTAHOBOK y BIJTAJICHUX MICIIEBOCTSIX JO3BOJUTH 3MEHITUTH KUIbKicTh JIETT
Ta HOBHUX €JIEKTPOCTAHIIIH, [0 MPAIfOI0Th HA OPraHIYHOMY MajuBi, 110 MO3UTHBHO
MO3HAYUTHCA CTAH HABKOJIMIIHHOTO CEPEIOBUIIIA.
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JOCJIIIZKEHHSA IMITYJIBCHOI'O TAT'OBOI'O PETI'YJIAATOPA
HAIIPYI'U EJIEKTPOBO3A 3MIHHOI'O CTPYMY
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STUDY OF A PULSE TRACTION VOLTAGE REGULATOR
FOR AN AC ELECTRIC LOCOMOTIVE

Mozol A.V. — student of group 2EEE-mag, mozola650@gmail.com
Dubravin Y.F. — PhD in Engineering, Associate Professor, u.f.dubrawin@gmail.com
Kyiv Institute of Railway Transport
State University of Infrastructure and Technology
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Abstract. The paper analyzes the voltage regulation systems for traction motors of AC electric
locomotives. At present, AC electric locomotives of Ukrainian railways are equipped with
traction electric drives with collector traction motors, which have the following main
disadvantages: step voltage regulation on traction motors, non-sinusoidal current and low
power factor. The paper analyzes possible circuit solutions and considers the option of
modernizing an electric drive with collector traction motors. It is proposed to use a 4qS
converter and a pulse-width regulator as part of the electric drive, and the main parameters
of the converters are calculated. The introduction of a new electric drive will improve their
energy performance, provide smooth voltage regulation on traction motors, and increase
operational reliability.

Keywords: 4gS converter, collector traction motors, pulse-width voltage regulator, power
factor
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AKTYaJIbHICTh  JIOCJIPKEHHSI 3YMOBJIEHA HEOOXIAHICTIO  MOKpAaIleHHS
EHEePreTUYHUX TMOKa3HUKIB enekTpopyxomoro ckiany (EPC) 3minHoro crpymy 3
KOJIEKTOPHUMH TATOBUMHU enekTpoaBuryHamu (KTJI). 3aranpHumMu HemomikaMu
TaroBux enekrponpuBoiB 3 KT/] € Hu3bKki 3HaueHHS Koe]ilieHTa MOTYKHOCTI, 1110 HE
nepeBuInyoTs B pexkumax tiaru 0,84 . CnotBopeHHs (GopMH HAmpyrd 1 CTpymy B
MEepPBUHHINA OOMOTIII TATOBOIO TpaHc(opMaropa HEraTUBHO BIUIMBAE HA HAJIIMHICTH
pobotu enektpooOnagHanHs EPC Ta moripurye eHepreTH4yHi  MOKa3HUKH
eHeprocuctemMu. BpaxoByroun Te, mo enekrponpuBon 3 KT/I Ma€ BHUCOKY
JTUHAMIYHY CTIMKICTh TIPH peaiizallii BeIMKUX TATOBUX 3YCHJIb Ha 00011 KOJIICHOI Ta
MO’K€ B MPOJOBXK TPUBAJIOTO YaCy BUKOPUCTOBYBATUCH HAa BAHTAXKHUX E€JIIEKTPOBO3aX
3MIHHOTO CTPYMY, IiJIBUILIEHHS €HEPTeTUYHHX MOKA3HHUKIB ITUX EIEKTPONPUBOIIB Ma€
aKTyaJibHe 3HaueHHs [1].

MeTow po6oTH € TpPOBEJACHHS aHam3y (akTopiB, MO0 BIUIMBAIOTH HE
eHepreTuyHy e(eKTUBHICTh Ta EKCIUIyaTalliiHy HaJiHHICTb €JIEKTPOBO31B 3MIHHOTO
ctpyMy 3 KT]] Ta momryk cxeMOTEXHIYHUX PIIIeHb JJIs X mojinimeHHss. OCHOBHUMU
OpUYMHAMHM  3HIDKEHHA — eHeproedextuBHocTi EPC  3MiHHOrO  cTpymy €
HECUHYCOINaJIbHICTh HANPYTH Ta CTPYMY 1 3HAYHUN PIBEHb PEAKTHBHOI MOTYKHOCTI,
gKa TIOB’si3aHAa 3 POOOTOI0 BY3JIB €JIEKTpOnpuBoAa [2]. 3MeHIIEHHsS BTpar B
€HeproMepeki 3MIHHOTO CTPYMY MOXHA JIOCSTTH IUISXOM 3HIDKEHHS CIOXXUBAaHHS
PEaKTUBHOI MOTYXHOCTI 1 MIJBULIEHHS SKOCT1 HAIPYTH Ta CTPYMY B TATOBIH MEpexi.
OCHOBHMM NOKa3HUKOM, SIKHUH XapaKTepU3ye CIOKMBAHHSA PEAKTUBHOI MOTYXKHOCTI €
Koe(dilieHT TOTY>KHOCTI. HenmHIMHICT, XapaKTepUCTHUK CHJIOBOTO 0OJagHAHHS
€JIEKTPOBO3a, KOMYTAIlisi CHUJIOBHUX KJIIOYIB TMEPETBOPIOBAYIB  CHPHUYMUHSIOTH
HECUHYCOITANBHICTh  HANPYTH Ta CTPyMy, TOSIBy IIHPOKOTO  CIEKTPY
BHCOKOYAaCTOTHUX TapMOHIK Ta HEAKTUBHOI TMOTYXHOCTI CIOTBOpeHb. B poboTI
MPOBEICHO  aHAN3  pPE3yJIbTATIB  JOCHIHDKEHHS  BUIOPAMHUX  1HBEPTOPHUX
nepetBoproBayiB (BIII) 3 30HHO-(pazoBuM perymtoBanHsM, cxem BIIl Ha moBHICTIO
kepoBanux IGBT-tpansucropax ta cxem BIII 3 ynockoHaseHUMH anropuTMaMu
ynpasmiaas  BIIl.  Po3rnsiHyTo Takox IMIYyJbCHI PEryJisiTOpU HAmpyrd 3
BUKOPUCTAHHSM AaKTUBHUX BHUIPSAMIISYIB CTPYMYy, KEPOBAaHUX METOJOM IIIUPOTHO-
IMITyJIbCHOI MOJyJiALii. PO3rsiHyTI CXEMOTEXHIYHI pIlIEHHS Jal0Th MOXIJIUBICTb
YaCTKOBO KOMIIEHCYBATH IHAYKTHBHHI XapakTep HAaBaHTAXCHHS €JIEKTPOBO3a Ta B
NEesK1d MIp1 TIBUIIATH KOoe(ilieHT NMOoTykHOCTI. [IpoTe, 3a1aua TOCSITHEHHS! BUCOKHX
€HEepPreTMYHUX  TOKA3HMKIB HE  BHpIIIEHA TMOBHICTIO  4Yepe3  HasBHICTb
BHCOKOYACTOTHUX TAapMOHIK BHACHIIIOK KOMYTaIlii CHJIOBHX TPAH3UCTOPIB, IO
CIPUYUHSE TIOTIPIICHHS  XapakTEepPUCTHK. PO3MISHYTO  BapilaHT  BHPIMICHHSA
MOCTABJICHOT 3a/a4l NUIIXOM BHKOPHUCTAHHS B  €JIEKTPONPUBOAL MEPETBOPIOBaya
3sMmiHHO-TIOCTIHHOTO cTpyMy (AC-JIC). CtpykTypa Tarosoro eiexrponpuBoay 3 KT/]

Ta MIMPOTHO-IMIYJLCHUM PETYIIOBAHHSM MaNpyr MpUBEeHa Ha (DYHKIIOHAJbHIN
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CXEeMl TSIroBOTO eJIeKTporpuBoay (pucyHok). Cxema TSATOBOTO €JIEKTPOIPHUBOA
BKJTFOYA€E CUJIOBUH TpaHCchopmarop, BXiaHui 4qS-nepeTBoproBay, PiIbTp, IMITYJIbCHUM
perynsitop LIIP na 6a31 IGBT-tpansucropis, TE/] , Ta cucremy ympasninasa CY. [Ipu
Takiii  CTPYKTypl TATOBOTO e€JEKTpOnmpuBOAy oTpumyemo aBocucteMuuit EPC 3
MOJIMBICTIO pOOOTH K Ha MIISHKAX €JICKTPU(]PIKOBAHUX MO CUCTEMI MOCTIHHOTO
ctpymy 3 kB Tak 1 Ha AUIsIHKAx 3MiHHOTO cTpyMy 25 kB 50 I'm.

PeryntoBanHs  Hampyru  3A1HCHIOETBCS  METOIOM  IIMPOTHO-IMITYJIBCHOTO
perymoBanHs (LLIIP) 3a nmomomororo Ttpan3uctopHoro kimroua [3]. Ilpu mpomy
HOJIIIIYIOThCA eHepreTuuHi mnoka3Huku EPC, 3HMXKyeTbCs piBEHb CHOXUBAHHS
PEaKTUBHOI MOTYKHOCTI Ta 3MEHIIYETHCS CIIOTBOPEHHS (POPMH HATIPYTH.
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Pucynok — @yukyionanvna cxema msaeco6020 e1ekmponpugooy nOCMitiHo20 CMpPYyMy 3
IMRYIbCHUM pe2yto8annam Hanpyau Ha TE/]

BucHoBok. ImmnynbcHe perymtoBanHs Hanpyru Ha TEJ] mae 3mory 3a paxyHOK
3MIHM TapaMeTpiB IMIYJIbCIB KEPYBAHHS: MEPIOAY , Yacy IMIYJAbCy 1 4acy May3u
BCTAaHOBHTH ONITUMAJILHUN PEKUM PETYITIOBAaHHS B PEKUMaX TATH Ta PEKyTIEPATHBHOTO
ranbMyBaHHs. HasiBHICTh BX1AHOTO YOTHPHUKBAIPAHTHOTO MIEPETBOPIOBaYa 3a0e3mneuye
pOOOTY TATOBOTO €JIEKTPONPUBO/IA 3 KOS(DIIIIEHTOM MOTY>KHOCT1 OJIM3bKUM JI0 OIMHUIT
3a paxyHOK 3HWIKEHHS PiBHsI CIIOKMBAaHHS peakTUBHOI eHeprii. [lepeTBoproBau Takox
3a0e3neuye TUIaBHUM MepexiJi eNeKTPONPUBO/IA 3 PEKUMY TATH B PEKUM peKyIepartii
TEJl 3 iHBepTyBaHHSM HAMpyTu MOCTIHHOTO CTPyMy Ta TIOBEPHEHHSM €HEprii B
KOHTaKTHY MEPEXKY.
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METHODS AND MEANS OF PL PROTECTION FROM
VIBRATIONS AND GALLOPING

Muzychenko D.A. — student of group MgEM-22, provedos@ukr.net
Kyiv National University of Technologies and Design
Ukraine, Kyiv

Abstract. The paper analysis and study of the full cycle of occurrence of iced deposits on
transmission lines, taking into account the influence of the wind, impact analysis and the
creation of a computer model of ice-wind loads on the transmission lines, offering methods
and types of protection of transmission lines from ice-wind loads:o

Keywords: wire transmission lines, iced deposits, ice formation, ice-wind loads, protection
from ice-wind loads.

AKTYyaJIbHICTH MOCJI/IKEHH S 3yMOBJICHA CHJIBHOIO BPa3IUBICTIO
1HOPACTPYKTYPH €IEKTPOCHEPTETHUHOT MEPEX1 Bl MOTOIHUX Ta KIIMATUYHHUX SIBUIIL.
['panuyna diHIA 1HPPACTPYKTYpU TMEpeaadi Ta PO3MOIUTY €JIEKTPOCHEPrii € TaKokK
KPUTHYHOIO, OCKLJIBKH TTOIIKOJKEHHS B OJHOMY MICIII MOX€ MPHU3BECTH 10 300iB Y
BCI€T MEPEXI.

BpaxoByroun BUCOKMH PIBEHb TSKKOCTI HACTIAKIB OKEJIETHO-BITPOBUX aBapiil y
PO3BUMHEHUX KpalHaX AaKTUBHO TPOBOJATHCS JOCHTIKEHHS Ta PO3POOKH HOBHUX
METO/I1B, 3aX0/1iB Ta MPUCTPOIB AJisi OOPOTHOM 3 OxenenHuMH yrBopeHHssMu Ha JIEIL
Ha >xanp, anamiz crany oprasizarii po3poOoK 1 BIPOBaKEHHS HOBUX €(PEKTUBHHX
croco0iB 0OPOTHOM 3 0XKEINIEITHO-BITPOBUMH aBapisSIMH HAa ChOTOJIHI B YKpaiHi
MOKa3aB, 1110 TaJTy3b HE BUKOPUCTOBYE HASIBHI HAIIPAI[IOBAHHS B 11l TaTy3l.

MeTow pod0TH € ONUC MOBHOTO LMKIY YTBOPEHHS O0KEJIETHOBITPOBUX
BIJIKJIaJICHb Ha MPOBOJIAX JIHIN eleKTporepeaaBaHHs Ta CTBOPEHHS KOMII'IOTEPHO1
MO, 3a JOMOMOTOI $KOi MOXJIMBO TOYHO Ta JETAJIbHO ONUCATH BILIUB
HABAaHTAXXEHb BIJl OXKEJEAHO-BITPOBUX BIAKJIAJEHb HA MPOBOJAM MOBITPSIHUX JIHIN
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eJICKTpoTIepeaBaHHs PI3HUX KJIaciB HAMPYTH.

3 METOH BHBYCHHS MOXJIMBUX HAMNpsIMKIB PO3POOKH 3aco0iB OOpOoTHOU 3
TJIONMyBaHHSAM TIPOBOJIB OyJ0 PO3TJISHYTO HH3KY JITEpaTypHUX Ta IMAaTEHTHHUX
MaTepianiB. BigoMocTi momo HaMOLIbII XapaKTepHUX MPEICTAaBHUKIB TPYIU
TEXHIYHUX PIllIEHb HABEACHO Yy IIBOMY PO3MALT, /e MPOBEJAEHO iX aHai3 Ta TOJIOBHI
JIaH1 10 1AM PIIISHHSIM.

Cnin 3a3Ha4YMTH, IO PO3TJSHYTI TEXHIYHI PIIIEHHS CTOCYIOThCSA JIHIN
eJICKTpOTIepelaBaHHs YChOTO Jiala30Hy 3acTOCOBYBAaHMX B CHEPIETHINl PiBHIB
HaIpyTH, aje 3AeOUIBIIOro 1€ CTOCYEThCs JiHIN Hampyrowo 35-750 kB, sxum
MIPUAICHO TOJIOBHY yBary.

Ornsan iCHyI0YMX TEXHIYHUX pilieHb (Ha OCHOBI 3araJIbHOCBITOBOTO JTOCBITY),
K1 MOYKHA BIJIHECTHU J0 APYTOTO Ta YACTKOBO TPETHOTO KJlacy, HaBeleHO B Ta0. 1.

Tabnuys 1 — O2na0 mexHiyHUX piuieHs 011 3aXUCMIB 810 2alONYBAHHS

Bupa IJ1
E Ty) =
HaiimenyBanus a ® ) z E ey Mpumirkn
IPHCTPOIO g e’ | = E S |5 § = §
: |2 |FE:z |Fizs
) = =)
=)
Kopctki mixkdasHi 3ano0iraroTh MEPEKPUTTSIM,
PO3MipKH Mupoke | Tak Tax Tax 3MEHIIYIOTh aMILTITY Ty
I'myuki MixdaszHi Tax Tax Tax 3ano0iraroTh MEPEKPUTTSIM,
pO3MipKH upoke 3MEHIIYIOTh AMILTITY Y
AepoauHamiuHi Tak Tax Tax HeoOxiaHe BcTaHOBIEHHS
croityiepu [Mupoxke Ha 25 % nporony.
OOMexeHHs
po060Y0I0 HAITPYTOIO
Excrientpuuni He menme 3-x Ha nporiH.
BaHTaX1 3 pO3Mip- Snonis Hi Taxk Taxk Ilo omHOMY BaHTaXy Ha
KaMH 3 TIOBOPOT- KO>KHY PO3MIPKY 1 Ha
HUMH 3aTHCKa4aMu KO>KHUH TPOBIJ
AR «TBicTepn»
(excueHTpuYHi CIIA Tak Tak Tak JIBa Ha TIporiH
BAaHTAX1)
AR «BiHgammepun»
(aepoarHaMivHi CIIIA Tax Tax Tax J1Ba Ha mporiH
TaCHUKH)
AeponuHaMivHi Tak Tak KinpkicTe BU3HAYaETHCS
racauku (AGC) JIOATKOBO
["acHUKYN KPYyTHIBHUX
konuBaHb (TCD) SAnoHis Hi Taxk JIBa Ha mporiH
I'acHuku ranomnyBaHHA
(GCD) SAnonis Hi Tax JlBa Ha mporin
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PosctporoBanbHi 3 a0 4 Ha TporiH.

MAasTHUKHU [Hupoxke Tax Tax Tax Heo0OximaHi niIcHIroBaIbHl
MIPYTKH 32 BUCOKOTO
TSOKIHHS

KpyTuibHi racHUKH i 2 abo 3 Ha MporiH.

«PO3CTPOIOBAYI» Jocmigni Hi Hi Taxk ExcniepuMenTanbHa oIiHka

konuBalb (TDD) 3pa3Ku TpUBAE

BucnoBok. o0 po3rasHyTHX 3ac00iB MPOTUAIl BAHUKHEHHIO TajOMyBaHHS,
CIIlJ 3a3HA4YMTH, 110 KOXKHHI 3 HUX He Mo)kHa BBakatu Ha 100% nieBum. Yci BoHH
JIOTh JIMIIE Yy TIEBHUX MEXax 1 3MEHIIYIOTh PHU3WK BUHUKHEHHS TaJIONMyBaHHS
4acTKoBO. ToMy, MOIIyK MJi€BUX TEXHIYHUX PIllIeHb Ta MPUCTPOIB BCE IIE €
aKTyajapHOIO Tpobaemoro. KiHlleBuUM pe3yiabTaToM Ma€ OyTH 3HAXOKCHHSI METOJIIB
MOBHOT MPOTHUAIl SBUILY TajOIyBaHHS JJIsl MOBITPSIHUX JIHINA €JeKTpoIepeaaBaHHs
BCiX KJIaCiB HAMpyT, 3 BpaxyBaHHIM iX 0COOJIMBOCTEN Ta XapaKTEPUCTHK.
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Abstract. Transport plays a significant role in the formation of Ukraine's energy saving
potential. In turn, railway transport is one of the largest consumers of energy resources in
the country, consuming about 5% of electricity and almost 11% of diesel fuel. In view of this,
the issue of the efficiency of use and quality of energy resources is particularly important for
achieving competitiveness and providing society with an ecologically neutral transport
alternative within the framework of the development of railway transport. That is why this
work is dedicated to researching the potential of energy saving on the railways of Ukraine
with the aim of increasing the technical and economic efficiency of railway transportation.
Keywords: railway transport, energysaving, electrification.

AKTyaJIbHiCTh TeMH. Ha chOromHinmmHii JeHh Ha 3aTi3HUIX YKpaiHU 1CHYE
HaraJibHa motpeda peopMyBaHHS 3aTI3HUYHOTO TPAHCIOPTY IMUISXOM peasizarlii
3aX0J[IB 3 YJIOCKOHAJEHHS TEXHOJOTIM NEepPEeBI3HOIO Mpolecy, IO € OJHUM 3
MPIOPUTETHUX HAMPSMKIB €HEPro30epeKeHHsI Ha 3alI3HUYHOMY TpaHCHopTi. B ocHOBI
enepreruyHoi crparerii AT «Ykp3anizauus» (qam AT «Y3») nexxutb HanpaBlIeHICTh
BCIX TEXHOJIOTTYHUX MEXaHI13MiB Ha 3HUKEHHS €HEPro€eMHOCTI raiay3l Ta BUTpaT Ha
NATUBHO-CHEPTETHYHI PECYypCH. 3a pPaxyHOK IbOTO TMependavyaeTbes 3HIKEHHS
co0iBapTOCTI MEpPEeBE3CHb BAHTAXKIB Ta MACAKUPIB 3aJI3HUYHUM TPAHCIIOPTOM abo
3MEHIIIEHHS] POCTYy COOIBapTOCTI TEPEBE3CHh NPHU POCTI BapPTOCTI MAIUBHO-
€HepreTUYHUX PEecypciB, M0 HaOyBae OCOOJIMBO aKTyaJlbHOTO 3HAYEHHS B yMOBax
BOEHHOTO CTaHy B KpaiHi. TakuMm 4MHOM, MeTOI0 1aHOi POOOTH € aHAJIi3 TOTSHITIATY

Buxnan ocHoBHOro marepiaay. OCHOBHI CTpaTeriuHi HaANPSAMKH IT1IBUILEHHS
eHeproe()eKTUBHOCTI Ta peasi3allii MOTEHLIAy €HEepro30epex eHHsl MOJAralTh B
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CTPYKTYPHO-T€XHOJIOTIYHIM TiepeOy/IoBI E€KOHOMIKM KpaiHM Ta B CTBOPEHHI
aAMIHICTPAaTUBHUX, HOPMATUBHO-NPABOBUX Ta EKOHOMIYHMX MEXaHI3MIB, IO
CHPUSAIOTH MiIBULIEHHIO €HEProe(heKTUBHOCTI Ta €HEPro30epeKECHHIO.

AKTyaslbHICTh €HEpro30epexeHHs] B YKpaiHi 3yMOBJEHA TaKUMU OCHOBHUMH
MPUYMHAMU: HEOOXITHICTIO 3a0€3MEUeHHsI CTIMKUX TEMIIB PO3BUTKY EKOHOMIKH 1
KOHKYPEHTOCTIPOMOXHOCTI ~ BITUYM3HSHUX  TOBapiB; IMOTpeOOO  3abe3nedyeHHs
HaceJeHHs KpaiHM 1 1i TOCHOJAPCHKOTO KOMIUIEKCY HEOOXIJHUMHU MaJIMBHO-
EHEPreTUYHUMHU pPECypCaMi; BaXKIMUBICTIO 30€pEKEHHS MNaJIMBHO-CHEPreTUYHHUX
pecypciB (IIEP) nis maltOyTHIX MTOKOJ1HB; HEOOX1THICTIO 3a0€3MeUeHHs €KOJIOTTYHOT
0e3mneKy; BETUKMMU, B TIOPIBHSIHHI 3 1HIIMMH KpaiHaMU, BUTpaTaMu Ha 3a0e31eueHHs
KUTTEIISUIBHOCTI; YCKJIQJHEHHSM yMOB BHAOOYTKy 1 TpancnopryBanHs [IEP;
BHCOKHMH BUTPATaMH Ha BBEJCHHS B J[if0 HOBUX CHEPTETUIHUX 00'EKTIB.

EdexTuBHE BUKOpPUCTaHHS NAJIMBHO-CHEPTETUYHUX PECYpCiB € OJHUM 3
HaWBaKJIMBIIIKX 3aBJaHb, 10 CTOSITh MEpe/] EKOHOMIKOI YKpainu. Buxosuu 3 1boro
OyJ0 po3po0JIeHO 1 3aTBEPIKEHO NOKYMEHT «EHepretnyHa crpaTeris YKpaiHU Ha
nepiofg a0 2035 poky «be3neka, EneproedextruBHicTh, KOHKYpPEHTOCTIPOMOKHICTE
(mam — ECY) [1], axuli BU3HAYa€ €HEPreTUYHY €(PEKTUBHICTH €KOHOMIKH OJHUM 3
TOJIOBHUX CTPATETIYHUX OPIEHTUPIB JOBIOCTPOKOBOI JEPKABHOI E€HEPreTUYHOI
MIOJTITUKH.

BapTto Big3HaUuTH, 10 CTPYKTYypa 3arajibHOTO MOTEHIATy €HEepro30epeKeHHs
Ma€ TaKUi BUTJISAJ: Yy NMaJUBHO-EHEPTETUYHOMY KOMIUIEKCI 30cepemkeHo 27,5 — 38,2
MJIH. T y. II. MOXJIuBOi ekoHowmii ITEP, mo B cepeauboMy cranoButh 20,9 % Bin
3arajJbHOTO MOTEHINATy €Hepro30epeKeHHs, B MPOMHCIOBOCTI — 84,8 — 94,1 MiH. T y.
1, B KOMyHAJIbHO-TTIOOYTOBOMY rocrmoaapcTBi — 17,3 — 19 MaH. T y. 1., B CUIbCBKOMY
rocriogapctsi — 4,7 — 6 MaH. T y. 0. Ta Ha TpadcnopTi 10 — 11,6 maH. Ty. 0. [2].

SIk BUIHO 3 NaHUX PUCYHKY | TpaHCHOPT BIirpa€ JOCUTH 3HAYHY pPOJIb B
dbopMyBaHHI MOTEHIIIATY €HEpro30epexKeHHs Y KpaiHu.

BigcoTok noteHuiany eHeprosbepexkeHHs, %

6,9

3,4

M lpomucnosicTb

11,5

B KomyHanibHo-nobytose
rocnopapcrso

CinbcbKe rocnogapcreo

Pucynox 1 — Cmpyxmypa 3azanbnoz2o nomenyiany enepeo3depeiceHs

B cBow yepry 3ani3HUYHUN TPAHCHOPT € OJHUM 3 HaWOUIBIINX CIIOXKUBAYiB
eHepropecypciB B KpaiHi, BUTpadarouu OJu3bko 5 % enekTpoeHeprii 1 maibke 11 %
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JU3ENbHOTO MNayiuBa. Buxoasuu 3 1bOro, eHepreTuyHa e(PEeKTUBHICTb B Cy4YaCHHX
YMOBAaX € BOXJIMBUM (DAKTOPOM IMiIBUILIEHHS] KOHKYPEHTOCIIPOMOKHOCTI YKPaTHChKHUX
3aJ1i3HULIb HA BHYTPIIIHHOMY 1 MI)KHAPOJHOMY PUHKY TPAHCIOPTHUX MOCIIYT.

BupoOHnya misibHICTD 3ali3HUYHOTO TPAHCIIOPTY BKIIOYAE B ce0e OCHOBHY
JaCTUHY — TMEpPEeBI3HUU TIpolec, TOOTO caM MpoIeC IMEepPEMINMIEHHsS BaHTaXIB 1
MacaXupiB, 1 MOB'A3aHy 3 LIE€IO AISIIBHICTIO POOOTY 1HPPACTPYKTYPHUX MIIPO3ILIIB,
K1 OOCIYTrOoBYIOTh MEPEBI3HUU Mpolec. YKPYIHEHO Il CKIIaJ0Bl YTBOPIOIOTH JBa
ka"Hanmu cnoxkuBanHa I[IEP — Tdra moi3miB 1 crarioHapHa eHEpreThka (HeTAroBi
CIIO’KMBaYl, 1110 3a0€3MeYyI0Th pOOOTY 1 pEMOHT KOJii, mepeaady eHeprii 10 MOTHATIB,
0e3mneKy pyxy i T.II.)

OcHOBHAa dYacTKa BHUTpAT MaJUBHO-eHepreTuuHux pecypciB B AT «¥Y3»
JOBOAUTHCS Ha TATY MOI3/iB. 3al3HUISIMA YKpaiHU HA TATy MOi31B BUTPAYa€THCS
ounbie 83,6 % enektpoeneprii u 6m3bko 83,3 % NMU3eNbHOrO MaauBO a00 CyMapHO B
YMOBHOMY OOUYHMCIICHHI Maike TpH UBEpTI BiJ crioxkuBaHHs ycix BuaiB [1IEP [3]. Tomy
1 yBara, B MIUTaHHI €HEPro30epeKEeHHs, 30CEPEIKY€EThCS, TEPII 3a BCE, HA OCHOBHUI
BUJT TISUTBHOCT1 — TIEPEBI3HMI POIIEC.

3 oIy Ha Taky BaXJIMBY pPOJb €HEPreTUKH B KUTTI 3aJI13HMUYHOI ramysi,
MPIOPUTETHUMHU HANPSMKAMU 1 3aBJAHHSMHU i1 €HEPreTUYHOI MOJITUKH €: — MOBHE 1
HaJlliHE EeHepreTU4YHe 3a0€3MEUYCHHS IMEPEBI3HOrO IMPOLECY; — 3HA4YHE 3HHKECHHS
nutoMoi BuTpatu [IEP B ycix cdepax misuibHOCTI: TAra moi3fiB, 1HGPACTPYKTypa,
PEMOHT, BHUPOOHUIITBO, — JIOKOPIHHE TOJIMIIEHHS CTPYKTYpPH YTMPaBIIHHS
€HEePreTUYHUM KOMIUIEKCOM Ha OCHOBI BHKOPUCTAHHS Cy4YaCHUX 1H(OpMaIIiHUX
TEXHOJIOT1, CHCTEM OOJIKy 1 MOHITOPHHTY TMajuBO- 1 EHEProOCIOXUBAHHS,
MOCWJICHHSI OCHAIIIEHOCT! 3a]i3HULb €HEproe()eKTUBHUMHU TEXHIYHUMHU 3aco0aMH 1
TEXHOJIOTISIMU; — PO3BUTOK B IUISIX 3a0€3MeUYeHHs €HeproOe3NeKu MepeBI3HOro
MPOILIECY BJIACHOI T'eHepalli eHeprii, BAKOPUCTAHHS aJIbTEPHATUBHUX IMOHOBIIOBAHUX
€HEepropecypcCiB; — 3HIKEHHS TEXHOTCHHOTO BIUIMBY Ha HABKOJIUIITHE CEPEIOBUIIIE.

OcHOBHY poJib y (hopMyBaHHI eHEpreTUYHOTO OallaHCy 1 3HMKEHHI1 K MUTOMHX,
Tak 1 aOCOJIIOTHUX TMOKa3HUKIB eHeprocnoxuBaHHd B AT «Ykp3ami3HULsDy
BIJIIFPABaTUMYTh HACTYIHI ()aKTOPH: 3aMiHA PYXOMOTO CKJIaay 1 TEXHIYHHUX 3aCO01B 3
MEPEBULIIEHUM TEPMIHOM €KCILTyaTallii Ha HOBY TEXHIKY 3 BUCOKOIO MPOYKTHUBHICTIO
Ta TOJIMIICHUMH €HEPreTHUYHUMU MOKAa3HUKAMHU;, MOAAJbIIe PO3UIMPEHHS MONITOHY
enexkTpudikaiii 3aJ1i3HULb; MIIBUIICHHS CEPEHbOI Baru 1 JUIbBHUYHHUX IIBUIKOCTEH
NOi3[[IB y BaHTAXHOMY pYyCl; IMIJIBUIICHHS HaBaHTaAXEHb HA BICh 1 3HUKEHHS
Koe(dirieHTa Tapy BaHTKHUX BaroHIB; OpraHi3ailis MPsSMyBaHHS MACAXUPCHKUX 1
BaHTKHUX TOI3/MIB 1O EHEProONTUMAIBLHUX Tpadikax pyxy 3 OCHAIICHHSIM
JIOKOMOTHBIB CUCTEMaMH aBTOBEJCHHS.

OTxe, BOXIUBUM €TarioM B Tpoiieci pedopMyBaHHS 3ali3HUIb € peami3allis

MOTEHIlIAJly E€HEPro30epeKeHHs, sKa TMOBUHHA 3AIMCHIOBATUCS dYepe3 ILIbOBI
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IHBECTHUIIIMHHI TIPOEKTU 1 TIporpamMu, MNOpsiMO abo TOOIYHO CHOpsIMOBaHI Ha
eHepro30epekKeHHs, a TAKOXK Yepe3 opraHizalliiiHi 3aX0/1 TOCIOapCTB 3aJ13HUIIb 10
eHepro30epeKeHHIO 1 MABUIICHHIO €HEPreTUYHOT €PEKTUBHOCTI IX IISITBHOCTI. 3 €0
metoro B AT «Y3» Oynu BHU3HAuU€HI OCHOBHI HAMpPSIMKU peai3allii eHepreTUu4YHOl
CTparTerii, Kl HaBe/IeH1 Ha pUCYHKY 1.2.

Ha mepion mo 2030 poky AT «Y3» miaHye BUpIlIyBaTd MUTaHHS
€HEpro30epekeHHsT 3a pPaxyHOK BIPOBAKEHHS CYyYaCHHX €Heproe(eKTUBHUX
TEXHOJIOT1M y HACTYTHUX HAMPsIMKAX: 3aMiHa 3aCTapuIoro TSITOBOTO PYyXOMOI'O CKIIaay
Ha HOBHI, OUIBII Cy4acHHH, Ta 32 paXyHOK MOKpAIEHHS MMOKa3HUKIB BUKOPUCTaHHS
PYXOMOTO CKJaay; eneKTpudikaiis Ta TEpPeBEIACHHS Ha EJIEKTPOTATY OKPEMHX
TUTBHULIG 3aMI3HUIL 3 TEPMIHOM OKYyMHOCTI a0 10 pokiB; 3amiHa 3acTapiioro
€JIEKTPOOCBITIIOBAILHOTO O0JagHAaHHS Ha CydacHe eHeprosoepiraioue; 3amiHa
3acTapuIMX KOTJIOArperariB Ta IEpPEeBEJCHHS KOTEJeHb Ha MPUPOJHUN ra3 Ta
CJICKTPOCHEPTilo; MOJIepHi3allisl O0O0JIIKy NaJIMBHO-CHEPreTUYHUX PpEecypciB  Ta
BIIPOBAKEHHSI aBTOMAaTU30BAaHUX CUCTEM KOMEPLIHHOTO 00JIIKY eleKTpoeHeprii [5].

Crnig BiIMITHTH, 110 OJHUM 3 OCHOBHUX HANpPsIMKIB pealizallii eHepreTHYHO1
ctparerii AT «¥Y3» (pucyHok 2) € enexktpudikaniga 3am3Hulb. Cepel OCHOBHHMX
nepesBar enekTpugikamnii 3aai3HHIb, B KOHTEKCTI €HEpro30epekeHHsl, € HaCTyIHE:
CKOPOYCHHS CIIOKUBAHHS MaIUBHO-EHEPTETUYHUX PECYPCIB, TaK AK I BUPOOJICHHS
€JIEKTPOCHEPTii BHKOPUCTOBYETHCS HU3BKOCOPTHE TAIMBO 1 4YacTHHA HOTO
BUPOOJISETHCS HA T1IPOCIIEKTPOCTAHIIIT 1 ATOMHIHN €JIEKTPOCTaHIIIT; eIEeKTpUYHA Tsra —
1€ €JUHUI BUJ TPAHCIIOPTY, SIKUH Ma€ BIACTUBICTh BUPOOJISATH 1 TOBEPTATU B MEPEKY
EJIEKTPOCHEPTII0 TIPU PEKYNEPATUBHOMY TaJIbMyBaHHI, SKE MiABUIILYE O€3MEKy pyXy,
CIpPUSIE 3HIKEHHIO 3HOCY TajbMIBHOTO OOJIaHAHHS; €JNEKTPU(PIKOBAHI 3aJI3HUII
MIJBUILYIOTh 3aBaHTAXEHHSI €HeprocucteM (0coOJMBO B HIYHUN 4ac), CTBOPIOIOTH
YMOBH 17151 00'€/THAHHS OKPEMHX €HEprocucTeM (TIpU bOMY BHUSIBISIETHCS MOXKIUBUM
3aKPUTH MICIIEBI HEPEHTA0EbHI €EKTPOCTAHIIIT).
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1. Enexmpudhikayia 3anizHuyb Yepaidu.

2. Texniyne nepeocHAWEHHA Ma MOOEPHIZAULR 0CHOSHIX MEXHIYHILC
32c0016 EHEP2EMUNHOZ0 Z20CHOMPEMEE JATITHUNHOZ0 HPAHCHOPHLY.

3. IHUNCEHHA CHONCUSOHHA HNLTUSHO-EHEPIEMUNHILY PECYDCLS 30 PAXYHOK
SHP 06 ANCEHHA CYLACHIY eHeP20ePeRIMUSHUY MEXHOT 0TI H
FAAITHUNHOMY MPOHCHOPHIL.

4. JHUNCEHHA CHONRCUSOHHA NATUSHO-EHEPZEMUNHIY PEcyPCis 30 PAXYHOK
enepzorfiepizawyux ma opzaniza ylliHe-MeXHITHIX 3aX0H0s.

5. SHUACEHHR FUMPIM HA HPUOGOHHA EHEP2OROCIIE 30 JOHOMOZOW
JACMOCYSAHMA HP0ZPECUSHILX CHOCODLE X sarynisnl.

6. HopMy6aHHA M KOHMPOAL 30 SUKOPUCIHOHHAM H 36eplzaHHAM
HATUSHO-EHEPZEMISHIL PecyPeis.
e -

Pucynok 2 — Ocnosni nanpsimku peanizayii’ enepeemuunoi cmpamezii AT « Y3»

3araabHi BUCHOBKH. B naHuii yac 3ami3HUI] — HAWOUIBII €KOHOMIYHUM BHJ
tpaHcropty. Cepen ycix BHJIB TPaHCHOPTY, 3ali3HUYHUNA XapaKTEpU3YETHCS
MIHIMaJbHUMH 3HAQYEHHSAMU MUTOMMX BUTPAT MaJIMBHO-EHEPreTUUYHUX PECYpPCIB Ha
OJIMHUITIO BUPOOJIEHOT poOOTH.

He3Baxaroun Ha ICHYIOUy HHU3bKY IIUTOMY €HEPrOEMHICTh 3ali3HUYHOIO
TPAHCIOPTY, MOTEHI1a]l €KOHOMIi €KCIUTyaTalliHUX BUTPAT 32 PaXyHOK CKOPOUYEHHS
BUTpAT MaJiMBa 1 €Heprii B rajy3i 1 CbOTOJHI € JOCUTh BIIYYTHHM. 3 OIJIAYy Ha
XapakTep 1 BUAM BUKOPUCTOBYBAaHUX EHEPrOpecypciB, OCHOBHHUW TMOTEHLIAI
eHepro30epe)keHHsT Ha 3alli3HUINl 30CEPEDKCHUN B ONTHUMI3ZAIlll  CIOKHBAHHS
nusnanuBa (Tsara). Buxonsuu 3 11p0r0, HAMOUTBIT BaXKJIUBUM (PAKTOPOM E€KOHOMIT
E€HEPropecypciB Ha 3AII3HUYHOMY TPAHCIOPTI € BIPOBAHKEHHS €JIEKTPUYHOI TATH Ha
0a31 IHHOBaLIMHUX TEXHOJOTIH Ta peajizallisi eHeproonTUMAIbHUX PEXUMIB POOOTH
CUCTEMHU TATOBOIO €JIEKTPONOCTaYaHHS.

BapTo 3a3HaunTy, 1110 Ha CLOTOJIHIIIHIN JIEHb BiJ 3arajibHOT MEPEK1 3aTI3HUUHUX
nopir enektpudikoBano 47 %, T1o6to O6MmM3bko 10 THCsAY KUTOMeTpiB. OCHOBHOIO
IIepeBarol0 CJICKTPUIHOI TATH € BUCOKA €KOHOMIYHICTH (BHACHIIOK OLIBII BUCOKOIO
Koe(irieHTy KOpPHUCHOI [ii), OCKIIBKU E€JEKTPOBO3 JO3BOJISIE€ 3a0€3MEUnTH OUIBIITY
TATOBY MOTY>KHICTh, MIJABULIUTH AUIBHUYHY IIBUIKICTH, MPOIMYCKHY CIIPOMOXHICTD 1
Oe3neky nepeBe3eHb. KpiM Toro, Hemae moTpedu B CXOBUINAX JJIS AIKMBA, 10 TAKOXK
CIpUsiE EKOHOMIYHOCTI BUKOPUCTAHHS €JIEKTPOBO3iB, B MOPIBHSAHHI 3 TEILIOBO3aMHU.
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Abstract. The article analyzes the reasons that affect the reliability and energy efficiency of
electric drives of AC locomotives of the VL-80k type and considers circuit solutions for their
improvement. The paper analyzes possible circuit solutions and proposes a variant of
modernization of the electric drive using an active current rectifier based on IGBT transistors
with pulse width modulation. The introduction of such a rectifier improves the energy
performance of an electric locomotive, provides smooth voltage regulation on traction
motors, and increases operational reliability. Studies using a computer model show that the
converter meets the required parameters for efficiency.

Keywords: electric locomotive, active current rectifier, pulse width modulation, power factor.

AKTYaJBHICTh  JOCTiKEHHS 3YMOBJIEHA HEOOXIAHICTIO  MOJNIMIIEHHS
HAJIMHOCTI Ta EHEPreTUYHUX MOKA3HUKIB €JIEKTPONPUBO/IIB €IEKTPOBO3IB 3MIHHOTO
ctpymy tuny BJI-80k. OCHOBHI HEIOJIKH €IEKTPONPUBOAY €IEKTPOBO3a HACTYITHI:
HU3BKHM PIBEHb HAJIMHOCTI €JEeKTPOBO31B, CHPUYMHEHUNW HASBHICTIO 3HAYHOI
KUJIBKOCTI KOHTAaKTHUX KOMYTAIfHUX €JIEMEHTIB; CTYyIIEHEBE PETyJIIOBaHHS HANpPYyTU
Ha TaroBux geuryHax (TEJ/); HekepoBaHa BWIIpSIMHA YyCTaHOBKa Ha 0asi
HaIlIBIPOBITHUKOBUX [10/1B; BIICYTHICTh PEKYyNEPATHUBHOTO TajJbMyBaHHS; HU3bKI
3Ha4YeHHs KoedimieHTa moTy)HOCcTi [1]. EnekTpoBo3um CIOXMBaIOTH 3 MeEpexi
HECHUHYCOITabHUN CTPYM, CIPHYMHSAIOTH CIOTBOPEHHA (OPMHU HAMpPyTH, IO
301JIbIIIY€ BTPATU €JIEKTPOCHEPrii Ta HEraTUBHO BIUIMBAE Ha AKICTh €JIEKTPOCHEPTIi B
CUCTEMI €JIEKTpONOCTauaHHsA. BpaxoBrouM, IO €JIEKTPOBO3M BKAa3aHOIO THILY €
OCHOBOIO JIOKOMOTHMBHOTO MAapKy BaHTAXKHUX €JEKTPOBO3aX 3MIHHOTO CTPyMy
3a3HUIL  YKpaiHW, MIJBUINEHHS  HAAIMHOCTI Ta EHEPreTUYHUX TIOKA3HUKIB
CJICKTPOTIPUBO/IIB Ma€  aKTyaJbHE 3HAUYCHHS.

MeTtor po0d0TH € IPOBEAEHHS aHai3y (PaKTOpiB, U0 BIUIMBAIOTh HA HAJIMHICTD
1 eHepreTuuHy €(PeKTUBHICTh €JIEKTPONPUBO/IIB €JIEKTPOBO31B 3MIHHOTO CTPYMY THITY
BJI-80k Ta momIyk CXEeMOTEXHIYHUX pilleHb s iX nominmeHHs. OCHOBHUMU
npuurHaMu  3HWKeHHs eHeproedexktuBHocTi EPC  enmexktpoBo3za BJI-80k €
HEJI0CKOHAJIa CUCTEMa PETyJIIOBaHHS HAaNpyTH, sKa BKIIOUAE KOHTAKTHE, CTYIIEHEBE
pEryJIoBaHHS HAPyTrd Ha TSATOBUX JABUTyHaX. Bumpsmuisia enekrpoBosa 310paHuil Ha
HEKEPOBAHUX KPEMHIEBUX J10]1aX, 110 YHEMOXJIUBIIIOE 32011 PKCHHS €JIEeKTPOSHEPTii
32 paxyHOK DPEKYIEepaTHBHOTO TaJbMyBaHHS. BUKOPUCTaHHS MOTYXXHUX, MOBHICTIO
KEpOBaHUX TPAH3UCTOPIB A€ 3MOTY CTBOPIOBATU [JISl TATOBUX E€JIEKTPONPHUBOIIB
€KOHOMIYHI Ta HaJilHI TepeTBoproBadi. B poOOTI mNpeacTaBieHO CHPOIIEHY
OPUHLIUIIOBY CUJIOBY cxeMmy enekTpoBo3a BJI-80k, enexkTponmpHuBoOJ SIKOTO BKJIHOYAE
aktuBHuil Bunpsmissd ctpymy (ABC) na IGBT tpansuctopax. ABC mae 3mory
PEryJIoBaTH KyT 3MIIIEHHS TMEPIIMX TapMOHIK CTpyMy Ta Hampyrd B OOMOTKax
TsiroBoro Tpancopmaropa (TT) Ta 3BecTH 10 MIHIMAJIBHOTO 3HAYCHHS PIBEHb
pekymneparuBHoi eneprii B komi [2,3]. [lpu mpomy KoedimieHT KopuCcHOI ii
HaOMMKAE€ThCS 10 3HAYCHHS PIBHOTO OJUHMUII. 3MEHIIYIOThCS CIIOTBOPEHHS HANPYTH
Ta BTpPaTH €JIEKTPOCHEPTii B eHepromepexi. 3aBISKH BUKOPHCTAHHIO alTOPUTMY
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mupoTHO iMnysbcHOT MoxyJsamis (LLIIM) ABC 3aGe3nedye miaBHE peryJstoBaHHS
Hanpyru Ha TEJ[ B pexxumi TSIru Ta MOKJIMBICTH BUKOPUCTAHHS PEKYNEPaTHBHOTO
raibMyBaHHs. CpollieHa MPUHIIAIIOBA CXeMa eJIEKTPOTPHUBO/IA TIPUBEICHA HA PUCYHKY
1. ABC cknamaetrbcst 3 BOCBMH IUIeUei. B KOXHE IUIede MOCTIAOBHO BKIIOYCHI
Tpan3uctopHi kmoui VT1-VT8 3 mionamu VD1- VDS .
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Pucynox 1- Cpowena npunyunosa cxema enekmponpugooa MoOepHi308aH0O20
enekmpogosza BJI-80k

Jlo Touok a,b,c,d mneuert ABC minkmtoueni BuBoau BropuHHoi oomoTtku TT, sika
CKIIQZIAEThCS 3 TPHOX YACTHH 3 KimbKicTIo BUTKIB WI1,W2 W3. B 3anexHoCcTi Bix
MPUIHATOTO AJIrOPUTMY YIpPaBIIHHS MOXXHa 3I1MCHIOBATH TpH a00 YOTUPU3OHHE
pEryJIOBaHHs HANpyrd Ha TATOBOMY eleKTpoAaBuryHi M. Ilpu BuUCOKIM YacToTi
3aMHUKaHHS Ta PO3MHUKAHHS TpaH3UCTOpHUX KirouiB Ha Buxoai ABC dopmyerscs
IMIyJIbCHA Hampyra, cepeaHe 3HadeHHs kol Ud 3alexuTh BiJ IUPUHU IMITYJIbCIB.
Bunpsmnennii ctpym B ko TEJ[ 6e3nepepBHumii 3aBnsku 3BopoTHOMY nioay VDO.
3rnapKy0Urid PeakTop 3 1HAYKTUBHICTIO Lp 3MeHInye mymnbcamiro ctpymy id B kKoo
IBUTYHA. Pe3ynbTati KOMII'IOTEPHOrO0 MOJIEIIOBAHHS €JIEKTPOIPUBOAA €JIEKTPOBO3a
BJI-80k 3 ABC npencraBiieHi Ha pUCYHKY 2.
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Pucynox 2 — Pe3ynomamu Komn 1omepHo20 MOOeN08aHHs Hanpyau,
npuknaoenoi 0o TEJ[, ma cmpymy 6 koni 0sucyna
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3 aHamizy JaHUX, OTPUMAHMX TIPU JOCIIIHKEHHI KOMITI FOTEPHOI MOJel
enexktpoBo3a BJI-80x 3 ABC mMoHa 3p0OMTH BUCHOBOK, IIIO CTYITIHb CIIOTBOPEHHS
cuHycoinanpHocTi kpuBoi Hanpyru ipu ABC ta mpu BIIl npubmm3HO 01HAKOBI,

a KoeiIiEHT CIOTBOPEHHS CUHYCOialbHOCTI KpuBOi cTpyMy npu ABC B 2—3 pazu
mentmid, Hix npu BIIT [4]. [TosicHioeThes 11ei (hakT akTUBHUM (DOPMYBaHHAM
CUHYCOIJIaJIbHOT KPUBOi CTPYMY aKTUBHUM MepeTBoproBaueM. KoedilieHT moTyKHOCTI
enexTpoBosa 3 ABC 3miHtoeTsest B Mekax Bifg 0,84 mo 0,99. [1pu po6oTi B TpeTiii 30H1
Koe(ilieHT NoTyXHOCTI enekTponpuBoaa 3 ABC Ha 19 % Buiie, HixK y €IeKTpoBO3a
3 BIIL.

BucnoBok. Bukopucranus Ha enekrpoBo3ax BJI-80x akTHBHOro BUIIpsSMIISYA
ctpymy  Ha ©0asi IGBT TpansuctopiB 3a0e3neunTh IUIaBHE, OE3KOHTAKTHE
pETyJIOBaHHS HAlpyrd Ha EJIEKTPOJIBUTYHAX, BHUKOPUCTAHHS PEKYIEpPaTHBHOTO
raJbMyBaHHS, MABUIIATHCS HAMIHMHICTh POOOTH Ta MOJIMIIUTh TEXHIKO-EKOHOMIYHI
MOKa3HUKHU €JIEKTPOBO3a.
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Abstract. The main provisions for ensuring the effective use of natural gas as a fuel for
industrial furnaces are given. The importance of using the technology of precise heating of
products and materials for saving gas, improving the quality of products and the excellence
of furnaces is shown. The positive results of the application of precise heating technology in
chamber furnaces with a rolled floor for heating large, up to 130 tons, metal cages are given.
The positive results of the application of precise heating technology in a pass-through small-
sized furnace for firing refractories are given

Keywords: precision heating technology, high-speed burners, chamber furnace, tunnel
furnace, gas saving

EdexTnBHE BUKOPHUCTaHHS TPUPOAHOTO Ta3y B SKOCTI MajdvMBa B MPOMHUCIOBUX
reyax HampsiMy 3aJIeKUTh BiJ SIKOCTI MOTO CHaIlOBaHHS 1 BIAMOBIJHOCTI MPOIIECIB
CHAJIOBAHHS 1 TEIUJIONEpeadl TEXHOJIOT1SIM TePMIUYHOT 0OpOOKH BUPOOIB 1 MaTepiaiB.
ABtopamu, B IHctutryti razy HAH Vkpainu, po3pobnena eHeproedexTuBHa
TEXHOJIOT1sI TOYHOTO HarpiBy BUPOOIB 1 MaTepiaiiB B MPOMHUCIIOBHX I€YaX CaIKOBOTO
TUITy PI3HOTO MPU3HAYCHHS. Bennke 3HaUCHHS Taka TEXHOJIOTIS Ma€ TPH TePMIvHIN
00poO11i BenmKorabapuTHUX CaJoK MeTany abo BUpPOOIB 13 IHIIMX MaTepialiB B
KaMEpHHUX Te4axX IMEepIOANYHOI Jii, OCOONMBO MpH MPOBEJEHHI CKIATHUX, OaraTo
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CTYNEHEBUX PEXUMIB HarpiBy, 3 JIOBFOTPUBAIIMMU BUTPUMKaMH. [ 1mux mneuei
nputaManHi 5-10 kpaTHi (a 1HOA1 1 BHII) KOJMBAHHS TEIUIOBOI MOTY»HOCTI. Lle
OPUBOIUTH JO PI3KOrO 3MIHEHHSI KIJIBKOCTI rasiB, MO TPilOTh, MOPYIIEHHIO iX
aepoAMHAMIKH, 301TBIIIEHHIO MMiJICOCIB HABKOJIMIITHBOTO XOJIOAHOTO MOBITPS B pOOOUnit
MPOCTIp, MIJBUIICHHIO HEPIBHOMIPHOCTI HArpiBy 1, SIK HACHIJOK, 10 301IbIICHHS
TPUBAJIOCTI MPOIIECY 1 IEPEBUTPAT razy.

He meHmie 3HaueHHs TEXHOJIOTIS TOYHOTO HArpiBy Ma€ MpPH HarpiBaHHI CalloK
BUpPOOIB B NPOXIJHUX TMeYaxX, HANPHUKIAI TYHEJIbHUX, JUISI BUNATY KEpaMmikd 1
BOTHETPHUBIB 4M JIMBapHUX (opM. Ha BIAMIHHICTH BiJl KAaMEPHUX IeUYeH MOTYKHICTh
MPOX1THOT TIeYl HE 3MIHIOEThCA B 9aci ['a3u, 1m0 TpitoTh, BiAAIOTH CBOE TEILJIO BUPOOaM
B MMPOTUTOKOBOMY PYCI IO BiTHOIIEHHIO 10 HUX. [IIBUAKICTH pyXy rasiB 3a3Bu4aii He
nepesumye 1,0 = 2,0 m/c. 3 mOCTyHnOBUM OXOJIOKEHHSIM Ta3iB TeMIEpaTypHUN
IPaJIIEHT MO BUCOTI poOodoro kanaiy 3poctae 10 250-350 °C, a iHkoyu 1 OLbIIe,
0COOJIMBO Ha HHU3bKO TEMIEPATypHUX MO3MLIsAX. Takuil TpagieHT TeMIeparyp
00yMOBJICHUI HE TUIBKU MPUPOIHUM TEMIIEPATYPHUM PO3IIAPOBYBAHHSIM IMOTOKY MPHU
TaKUX HU3BKUX IIBUAKOCTSIX HOTO PyXy, aje 1 HasABHICTIO B HIDKHIN 4YacTHHI Meyl
BIJIHOCHO BEJIMKOI XOJIOAHOI MacH BaroHETOK 1 HEPETYJIHOBAHUX IMiICOCIB XOJIOIHOTO
MOBITPS 4Yepe3 HewmuibHOCTI. Bcel mi  Qakrtopu mNpUBOAATH [0 MNOPYIICHHS
TEMIIEPATYpPHOTO PEXUMY POOOTH, 3HIKEHHIO SIKOCT1 BUpOO1B, IEpEBUTpATAM MAJIMBA.
Big’emauM ¢akTopoM B 3MIMCHEHHI TEXHOJIOTIT TOYHOI'O HArpiBy TaKOX € pPYy4YHE
YIOPaBIIHHS 00JIaIHAHHSM 1 IPOIIECOM.

HesBaxarouu Ha pi3HI YMOBH POOOTH IMX TEYEH JJIsi HUX XapaKTEpHi 3arajibHi
METOJIU JOCSTHEHHS BHMCOKOi PIBHOMIPHOCTI HAarpiBy 1 3HA4YHOI €KOHOMIi MajunBa,
TOJIOBHUMH 3 SKHUX €:

- SKICHE CTIAJIIOBAHHS Ta3y B 0OMEXXEHOMY BUIBHOMY 00'éMi poO0OUYOTO ITPOCTOPY;

- BUKJIFOYEHHS MPSMOT0 KOHTAKTY MOJYyM'st 3 BUpOOAMH 1 CTBOPEHHSI IPIIOYOTO
ra30BOr0 CEPEIOBUINA 3 3a/IaHUM TeMIIEpaTypHUM PIBHEM;

- CTBOPEHHS TPIIOYOr0 Ta30BOTO CEPEOBUINA 3 BHCOKOI PIBHOMIPHICTIO
TeMmIiepaTyp B 00'emMi po60YOro MPOCTOPY YK B OKPEMUX MOTO 30HAX;

- IHTEHCUBHA ITUPKYJIALIIS Ta3iB, IO TPIFOTh, HABKOJO CAJKU 1 Yepe3 Hel;

- 3a0€3MeUYeHHs IIIITBHOCTI pOOOYOro MPOCTOPY Medl U B YChOMY J11alla30H1 3MiH
TEIJIOBOI MOTY>KHOCTI 1 MO BCiM JOBXKHUHI pOOOYOTO KaHaTy;

- 3BMEHIIEHHS TEeIUIOBOI 1HEepIIii (yTEepiBKU Meyel 1 BATOHETOK;

- yTUIII3allis TeIJIOTH BIAXITHUX ra3iB NUIIXOM HarpiBaHHs MOBITPS HA TOPIHHS;

- aBTOMaTHYHE YIIPaBIiHHS TEIJIOBOIO POOOTOIO MeueH.

Bci i akTopu TicHO MOB’s3aHI MK COOOIO 1 KOKEH OKpEeMO B pi3HIA Mipi
BILJIUBAE HA TOYHICTh HArPiBY 1 EKOHOMIIO Ta3y.

Hampuknan, Temiosa iHepiiis GyTepiBKU 1 yTHII3aIlig TEIJia BIIXITHUX ra3iB B

OLbIINA Mipl BIUTMBAIOTh HA BUTPATHU razy, HK Ha pIBHOMIPHICTh HarpiBy. B Toit xe
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yac NIUIBHICTh TME€Ye M piBEHb aBTOMATH3allli MalOTh MNpsME BIJIHOIICHHS SIK J0
PIBHOMIPHOCTI HarpiBy, TaK 1 10 €KOHOMII ra3y.

SIxicHe craaroBaHHS ra3y B TEXHOJIOTIT TOUHOTO HArpiBy mepeadavac Horo moBHE
3rOpsSIHHSA B 0OMEXEHOMY BUIBHOMY 00’eMi poboyoro mnpoctopy neui [lum Bumoram
BiJIMOBIAAIOTH Ta30B1 NAJIBHUKH 3 MOMEPETHIM MiATOTYBaHHIM CyMIiIlli ra3y 3 HOBITPSM
1 3 migBuieHorw, 10 100 M/c, MBUIAKICTIO CTPYMEHIO MPOAYKTIB 3TOPSHHS, TaK 3BaHI
CMBUAKICHI»  maJbHUKUA. [IIBUAKICHI MaJbHUKA  3a0€3MeUyloTh  KOPCTKUN
MajorabaputHuii (paxesn, M0 3MEHIIYyE WMOBIPHICTH HOTO0 MPSAMOrOo KOHTAKTYy 3
MOBEPXHEI0 BUPOOIB 1, IK HACHIIOK, BUKIIFOYAE 1X MICIIEBE MeperpiBaHHs

BizoMuM eKOHOMIYHHUM CTHOCOOOM BHPIBHIOBAHHS TEMIIEpaTyp B poOOYOMY
IpOCTOpl TMe4Yell € I1HTEeHCHMBHA BHYTPIIIHS PEUUPKYJALis Ta3iB 3a pPaxyHOK
BUKOPHUCTAHHA KIHETUYHOI €HEprii CTPyMEHIB MPOAYKTIB 3rOPSIHHSL.

BukopuctanHs IIBUIKICHUX CTPYMEHIB MTPOJIyKTIB 3TOPSIHHS I03BOJISIE HE TUTHKH
OpraHizyBaTH IHTEHCUBHY PELUHUPKYJAIII0 Ta3iB, aje 1 MaKCUMaJbHO CIPOCTUTH
KOHCTPYKIIif0 (yTEepiBKHU Medl 1, TP HEOOX1THOCTI, BIAMOBUTHUCH BiJl HAIJIUIIIKOBOTO
MOBITPsI, IO CIPHUS€ 3MEHIICHHIO BUTpPATH NajiuBa. PelupKymsiis ra3iB HaBKOJIO
BUpOOIB, 10 HArpiBarOTh, B LIbOMY BUNAAKY 3I1MCHIOETHCS MO KOHTYPY, T€OMETpIs
AKOTO BU3HAYAETHCSI KOHCTPYKIIEIO 1 TEIJIOBOIO MOTYXKHICTIO I€Yl, TEMIEpaTypHUM
1HTEepBaJIOM 1 poOOTH, MapamMeTpaMH MIBUAKICHOTO MajbHUKA, TEXHOJIOTIYHUMU
BUMOTAMH BIJTHOCHO IIBUJKOCTI 1 pIBHOMIPHOCTI HarpiBy.

B InctutyTi razy HarionanbHoi akajemii Hayk po3po0JieH1 MBUAKICHI TaTbHUKA
I'H-250 Ta cepis nansaukiB I'Hb moTtysx#icTio Big 80 10 1500kBT.

Ha 6a3i mBunkicaux mnaneHukiB ['H-250 aBTOopm 3acTtocyBaiM TEXHOJOTIIO
TOYHOTO HArpiBy Ha 4-X KaMEPHHMX M€4aX 3 BHMKOTHHM IIOJOM 6x4M? s
TEpMOOOPOOKH METaTy, Maca SIKoro 3MiHtoBaji1ack Big 25 T 10 130 T B 3aJI€3KHOCTI Bl
notped.. Ilewi mnpusHavyeHi misg MNOpoBeACHHS Oarato CTYNEHEBUX PEXKUMIB
TEPMOOOPOOKH PI3HUX MAPOK CTaJIel 3 TPUBAIMMH, 1HOJ1 A0 72-X TOJIUH PEKUMAMHU
BUTPUMKH. [Ipu peKoHCTpyKIIi medeid MBUAKICHI MaJbHUKK OYJIM BCTAHOBJICHI B JBa
PSAU IO BUCOTI Tedi: Ha PiBHI MOAY 3 OJIHIET CTOPOHU 1 MiJl CKIICTIIHHIM — 3 JIPYyTOi.
[Ipu mocsrHEeHH1 Ha MOBEPXHI CAJAKU 3aJaHOI TEeMIEepaTypu HarpiBy 1 Mmepexojl Ha
PEXKUM BUTPUMKH BEPXHIN PsiJl MAIBHUKIB BIIKITIOYABCS, @ TATbHUKA HIKHBOTO PSIAY
MpaIoBalv B IMITYJIbCHOMY PEXUMI «BKJIHOYEHO-BUKITIOUEHO». [Ticisi peKOHCTpyKIIil
neyeil 3Ha4uHO MOJIMNIIeH] MOKa3HUKH X POOOTH: MiJABUILMIIACH PIBHOMIPHICTH HArpiBY
1o (5 +10) °C 1 KK]I neui, puc. a.
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HA NOYAmKy HA2pPi8y

Jlnsg  31iACHEHHS TEXHOJIOTHl TOYHOTO HarpiBy Ha TyHenbHIM meudi 3AT
«TemnoximmonTtaxx» (M. Crapuit Ockin) 3actocoBani mnanbHuku ['HB-80 Iliu
OpU3HaYeHa JJIsl BUIMANy JIETKOBAaroBUX TEIUIOI30ISIMHUX BOTHETPUBKUX BHPOOIB
3arajJbHOTO MPU3HAYEHHS 1 CKIAAHUX (PAaCOHHUX BOTHETPUBKUX BUPOOIB T'yCTHHOIO
JUTSL pI3HUX TEIUIOBUX arperarti. JJoBxuHa poOodoro npoctopy mnedi 24,2 M, MUpUHA
928 MM, BHCOTa IO OOKOBIN CTiHI 0 3aMKa ckjeniHHsI 928 MM. Bupobu po3minytoTh
Y BUTJISAI €IMHOTO MAaKETy Ha BaroHeTkax JoBKuHOIO 1100 MM 1 mupuHOO 850 MMm.
[Tiy onamoeTbes TPUPOIHUM Ta3oM. TemrepaTypHHUl pekuM poOOTH Teul 3MIHHUH,
00 BU3HAYAETHCS TUIIOM MPOAYKIIIi, IO BUIATIOETHCS.

Jlo pexkoHCTpyKIlli B OOKOBHX CTiHaxX 30HM BHUIady Oyjo BcTaHoBJeHO 20
nBorpoBiaHuX nanbHUKIB 11 TI1-25-15-0,5, mo 10 mT 3 Ko)KHOTro OOKY Iedi 3 KPOKOM
550 mm. B koHCTpyKIii MaJibHUKA TepeAdadyeHO 3MIHEHHS MOJIOKEHHS Ta30BOTO
CoIlJIa B3JIOBXK BiCl MajbHUKA, IO Mepeadayae peryiroBaHHS JOBXKUHU 1 JlaMeTpy
¢akeny. B ymoBax cTUCHEHOTO BUIBHOTO IPOCTOPY MIXK CAIKOIO 1 O1YHUMHU CTIHAMHU 1
B PO3pMBax MDK MaKeTaMHU YHUKHYTH TPSIMOTO TMOTMAaJaHHs MOJyM'ss Ha MOBEPXHIO
BHUPOOIB HEMOXIUBO. TOMYy AJi 3aXUCTy BUPOOIB Bl MPSAMOIO KOHTAKTY 3 (hakesriom
0 MEPUMETPY CaJKU BCTAHOBIIOBABCA My(elb, TOBIIMHA CTIHKU SIKOTO CTAaHOBUJIA
200 mm. OHAK HABITH 32 HAIBHOCTI Mydesi OpraHi3yBaTH pIBHOMIpHE HarpiBaHHs HE
BJIaBAJIOCS: PI3HUIl TeMIIepaTyp 3 OOKiB cajku ctaHoBuia Bix 5 1o 20 © C, a HUXKHI
PAIN CaJIKu HE OOIMaTFOBAIIHCS.

VY 3B'A3Ky 3 HEOOXIHICTIO MIJBHUILEHHS MPOIYKTUBHOCTI Medl OyJ0 BUPILIIEHO
yCYHYTH MyQelb, 32 paXyHOK 4YOro 30UIBIIMTH MICTKICTh BarOHETKH Ta 3aMIHUTH
MOpPaJIBHO 3acTapiyie Ta30Be 00JIaIHAHHSI [TeUl IJI TOTO, 1100 3a0€311eUnTH PIBHOMIPHE
IHTEHCHBHE HarpiBaHHs CajJKa 1 3HU3UTHU MUTOMY BUTpaTy nanuBa. J{ias 1ocsSTrHEeHHs
BHCOKOT pIBHOMIPHOCTI HarpiBy (+5 °C) Oys0 BUpillIEHO 3aCTOCYBATH BIJOMUIA CIIOCIO
BUPIBHIOBaHHS TeMIepaTyp B 00'emi TpiloyMX rasiB 3a paxyHOK iX IHTEHCHUBHOI
BHYTPIIIHBOI PEUUPKYJISLIT B MPOCTOPI MK MakeTaMy CagKd MPU BUKOPUCTAHHI
mBUAKICHUX NanbHUKiB. Ty ['HB VYV npoMy Bumaaky BiOyBa€eTbCsi HE TUIBKH
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IHTEHCUBHE MEPEMILITYBaHHS Ta YCEPEIHEHHS I'PIIOYOro CEpEeAOBHINA, aie i 3pocTae
KOHBEKTHBHA CKJIaJ0Ba B TEIUIONEpeayl BiJ] ra3iB 10 MOBEPXHI HArpiBy, 3a paXyHOK
YOro IHTEHCU(IKYETHCS Ta MPUCKOPIOETHCS HATPIBAHHS.

[Tanpaukn ['HB-80 BcTaHOBJIEHI 32 JBOPIBHEBOIO OMMO3UTHOK CXEMOIO Y
PO3pHUBI Mk MaKeTaMu CaJloK CyCiaHiX BaroHeTok. [llupuHa po3puBy MiX MakeTamu
ckianae 300 mMm. Kpok Mixk mapamu nanbHUKIB 1100 MM 3aMiCTh KOJIMIIIHBOTO KPOKY
550 mMm. Kpok Mk ocsiMU BEpXHIX Ta HUXKHIX MajgbHUKIB 390 MM. Ycboro Ha meui
BcTaHOBJIeHO 10 manpHUKIB (5 TMap) Ha M'STH MO3UIIAX 30HU BHMNATY MK MaKeTaMu
canok. IlepeBipka BUpOOIB Ha SIKICTh ITICJIS PEKOHCTPYKIIT meul mokaszaia, 10 HHU3
caJKu OOmajeHud, a BepX 1 HU3 CaJKW MO ycaill He Biapi3HsAtoTbeA. [lokazHuku
Temmeparypu 3 O0KiB neui oHakoBi. [lopiBHANBHI OKa3HUKHU poOOTH Tedi 10 (A) Ta
nicis pekoHCTpyKuii (b) mpeacrasneni B Tabauli.

Tabnuys — 3nauenns napamempis 0o (A) ma nicis pexoncmpykuyii (b) neui

Iapaetp 3HaueHHs apameTpy
A b
JloBxxmHa, M: Tedi 24,2 24,2
30HU BUOAITY 4,95 4.4
€MHICcTh BaroHeTKkH (BapianTt:meria 230 x 114 x 65
120 150
MM), IIIT. HA | BaroHEeTKy
BunmarnicTs niedi , mr./no0y:
IpY 8 MITOBXaHHSX BarOHETKH 3a 100y 960 1200
npHu 12 MTOBXaHHSAX BarOHETKH 3a 100y - 1800
Uwncio masbHUKIB 20 10
Tun nmanrHUKA 1I'TI1-25-15-0,5 I'HB-80
[ToTyxHIiCTh NaJIbHUKA, KBT 100 80
Tuck, klla: raza (HoMUHaJIbHOE) 12,0 225
IToBiTps 6,0 4.0
Bwmict CO, %, He OuIbIIIE 0,05 0,0001
Bwmict NOy, Mr/M, He Ginbie 124 124
Temneparypa 06xury (makc), °C 1550 1550
HepiBHOOMipHiCTI) HarpiBy 1o OOKOBUX MMOBEPXHSIX 520 BizcyTHS
canku,’C
KinbKicTh HEBUIIAJIGHUX BUPOOIB 1O HU3Y CaTKH, %o J0 10 0,0

Sk BUIIHO 3 HaBEAEHUX NAHUX, MOKAa3HUKUA POOOTH Ieyl MICHs PEeKOHCTPYKIi
MOBHICTIO BIJMOBIAAIOTh TMOCTABJICHUM 3aBJaHHSIM: JOBXHWHA 30HM BUMANY «IIiJ
BOrHEM» ckopoTmiiacs Ha 10 %, koprcHa MICTKICTh BaroHETOK 3011bInuiacs Ha 25 %,
MPOYKTUBHICTH Tiedl - Ha 25-67 %. 3'sBuiacss MOXKIUBICTh PUCKOPEHOTO PEXUMY
MPOIITOBXYBaHHS BaroHeTok. [lutoMa BuTpara ra3zy mpu 1iboMy CKOpoTHiIacs Ha 15-
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25%; yCyHyTI IepeKoCcHu TeMIIepaTypH 110 IIOBEPXHI CaJKa 1, IK HACJ1JI0K, TOKPAILIEHO
SKICTh BUIIAITY.

BucHoBku. TexHOIOTiSI TOUHOTO HAarpiBaHHS MaTepialiB 1 BUpOOiB 3/11iiCHEHa Ha
0a3i BITYM3HSHUX IIBUIKICHUX IMAJbHUKIB JIO3BOJISIE MIJIBHUINATH SKICTh BHUPOOIB,
nigsunmtu BumaTtHicts 1 KKJI arperaTty, 3HU3UTH BUTpaTd Ta3y 1 Moxe OyTu
pPEeKOMEHZOBaHa [0 3acCTOCYBaHHS Ha BHUPOOHMYMX 1 PEMOHTHUX JiJISTHKaX
Ykp3amizHuill.
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Abstract. The new Mireo Plus H train does not release anything into the environment except
water. It has a range of about 1,000 kilometers, can reach speeds of up to 160 kilometers per
hour and can refuel quickly. Over a 30-year lifespan, one train will save up to 45,000 tonnes
of CO2 emissions compared to traveling by car. Hydrogen belongs to the future of mobility.

Keywords: Rolling stock, Mireo Plus H, hydrogen, environment
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AKTYaJIbHICTh JOCJIIKeHHsI 3yMOBJICHA HEOOX1THICTIO 3MEHIIIEHHSI BUKH/IIB B
atmocdepy CO2 Ta BIpoBaIKEHI Cy4yaCHUX TEXHOJIOT1H Ha 3aTi3HULIAX.

MeTo10 pobOTH € OrJIsi[ Ta aHaji3 PyXOMOro CKJIaay HOBOI'O MOKOJIHHS The
Mireo Plus H and Plus B.

Bosresi nmoi3an € 0co0MMBO HEMIKITUBOO JJI KIIMATy TEXHOJOTIEI0 MPUBOTY,
OCKIJTbKM BOHU TIPAIIOIOTH 0€3 IIKiJUTMBUX BUKHUIIB Ha 3€JICHOMY BOJIHI 1 BUAUISIIOTH
JUIIE BOJISHY Tapy.

Hoswii noizx (pucynok 1) Mireo Plus H [1] ue Buminse Hidoro, okpiM Boau. Bin
Mae 3amnac xoay 01u3bpko 1000 kM, MOXKe pO3BUBATH MIBUAKICTH 10 160 KM Ha rOJAMHY
1 MOXE€ IIBHUJIKO J03aMpaBisTUCSA. 3a TepMiH ciaykOu y 30 pokiB OJUH TOI3[
3aomaauTh 10 45 000 ToH BukuAiB CO2 mopiBHSHO 3 MOi3AK0I0 aBTOMOO1IeM. BosieHb
HAJICKUTh MailOyTHHOMY MOO1TBHOCTI.

Pucynox 1 - Mireo Plus

Ha BupoOGHUIITBO 11b0TO JIOKOMOTHBA DefeparibHUM MIHICTEPCTBOM IU(POBUX
TEXHOJIOT1M Ta TpancnopTy Himewuunnu Oysno BuTpaueHo 13,74 MuIH €Bpo B paMKax
HarionansHo1 iHHOBAIIHOT MPOTrpaMu y Tally31 BOJHEBUX TEXHOJIOTIN Ta TEXHOJOTIN
nanuBHUX eneMmeHTiB. Mireo Plus H, pospobnenuit mist mpoekty H2goesRail, mae
3amac xoxy A0 800 KiJIOMETpiB, TaKy HOTYXHICTb, AK 1 MHOro eJleKTpUYHUN
OaratocekliHUI aHalor, Mae TATOBY MNOTYXHIcTh 1,7 MBT, mo 3abe3neuye
npuckopeHHs a0 1,1 m/c2, 1 MakcumanbHy MBHIAKICTH 160 KM/TOI. KiJJOMETpiB 3a
roauny [2].

OnHuM 13 KIIOYOBHUX (PAaKTOPIB, HEOOXITHUX ISl TOTO, 100 3POOUTH BOJIHEBY
TEXHOJIOT1I0 KOHKYPEHTOCIIPOMOXKHOIO 3 JU3EJIbHUM TMaJUBOM Yy TOBCSIKIEHHIN
eKCIUTyaTallii, € mpolec IBHUIAKOI 3ampaBku. [[ns mporo xommanis DB po3pobuia
HOBHMH METO/I, IKUI BIIEPIIIE 103BOJISIE€ 3alIPABIISITH BOJHEBUH MO13]] TAK CaMO IIBUJIKO,
AK MOT3]1 13 AU3ETbHUM JIBUTYHOM. Lle 0cO0M1BO BaXIMBO 3 OTJIAly HA TOUHHUM pO3KIal
perioHaJIbHUX MacaXupchbkux nepese3eHb DB. BoaeHs aiis 1moizaiB BUPoOIITUMETHCS
[3] B TroGinreni kommaniero DB Energy 3 ekoIoOrigHO YHCTOIO €JICKTPOSHEPTIEl0, SKa
OTPUMYEThCSI O€3MOcepeIHbO Bl MOBITPSIHOI JiHIT enekTponepenay. Hampukian, Ha
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MapiipyTi MK TroGiHrenom ta IldopuxaiiMom mepexis 3 AU3EIBHOrO IMajuBa Ha
npoekTHu noiza H2goesRail 1o3Bonutk ckoporutu Bukuau CO2 npubiauszno Ha 330
TOHH Ha piK. 3arajoM Ta 3alexHo BiJ MmapuipyTy Mireo Plus H moxe cxopoTtutn
BUKHIM Ha 520 TOHH Ha piK (1pu 3arabHOMY 1IpooOiry 200 000 kinometpis) [4].

BucnoBok. OrisHyBIIM Ta TMpOaHATI3yBaBIIM CyYacHI TOTSITH HOBOTO
nokojinas The Mireo Plus H and Plus B mosxHa cka3aTu, 1110 Iepexij 3 U3eIbHOIO
najavBa Ha BOJIEHb JIO3BOJUTH CKOPOTUTU BUKUAM B atMochepy CO2 npubinu3HO Ha
330 TOHH Ha piK, a IIe Ay*€e CYTTEBUM MOKA3HUK ISl aTMOC]epH.
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Abstract. A significant effect in reducing the consumption of energy resources for train
traction is provided by the correct use of locomotive power, high-quality organization of
thermal engineering work, the use of technically justified fuel consumption norms, the
introduction of automated diagnostic systems for reducing specific fuel consumption into the
technology of diesel locomotive repair. It continues to be a serious problem of planning and
rationing the consumption of fuel and energy resources in operation. Modern methods of
estimating fuel and electricity consumption cannot be considered sufficiently accurate, as
they do not fully take into account all the various factors affecting the economy of
locomotives, and very rarely use high-precision measuring and control tools. As the analysis
of consolidated data on the largest locomotive depots showed, a scientifically based and
technically perfect system of rationing, accounting and control ensures a reduction in energy
consumption by 8-10% compared to enterprises where insufficient attention is paid to these
issues..

Keywords: locomotive, traction power, energy efficiency of locomotives, regulation of fuel
consumption.

AKTyaJIbHICTh JocHigxkeHHss. HeoOXiTHICTh 3HMKEHHS EKCIUTyaTallliHUX
BUTpAT y 3aJi3HUYHIA Tally3l CTa€ Jefail aKTyalbHINIOKW. Y JOKOMOTUBHOMY
TOCIIOJAPCTBl € PE3epBH, SKI JAIOTh 3MOTY €KOHOMHUTH JHW3EIbHE MAJIMBO Ha TATY
MOi3/1iB, 3MEHIIYBaTH BUTPATH Ha MOTOYHE YTPUMaHHS JOKOMOTHBIB. HeoOximHO
MIPUCKOPHUTH BIPOBAHKCHHS PEeCypco30epirarounx TEXHOJOTIH — SK Ha CTajli
IPOCKTYBAHHS Ta BUTOTOBJICHHS, TaK 1 TIPH 3aBOJICBKOMY PEMOHTI JIOKOMOTHBIB.

MeTta po60oTH noJsira€ y BU3HAYEHHI LUISAXIB IMIJIBUILIEHHS €HEPro30epe:KeHHs
IpU eKCIUTyaTallii JOKOMOTHBIB 1 1HIIOI KPUTUYHOI 1HQPACTPYKTYpH 3al13HUIb [1].

3HauHui ePEeKT y 3HMKEHHI BUTPATH €HEPTETHUYHUX PECYPCIB HA TATY MOi3/diB
JAI0Th TIPABUJIbHE BHUKOPUCTAHHS TMOTYXKHOCTI JIOKOMOTHBA, SIKICHA OpTaHi3allis
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TEMJIOTEXHIYHOI POOOTH, 3aCTOCYBAaHHSI TEXHIYHO OOIPYHTOBAHMX HOPM BHUTpAT
najavBa, UIMPOKUM BIPOBADKEHHSIM YIOCKOHAJIEHUX IHTENEKTYaJbHUX CHUCTEM
KepyBaHHs [2, 3], 3acTOCYBaHHSIM Cy4YacHOI HaMiBIPOBIJHUKOBOI TEXHIKH B KEPyBaHH1
TATOBUMU JIBUTYHAMH.

BaxiuBe 3HaueHHS Ma€ MMiIBUILIEHHS BIAMOBITATBHOCTI BCIX PIBHAX MPAI[iBHUKIB
CIIy’KOM TIepEeBE3€Hb, MOCUJICHHS KOHTPOJIIO HAJ BUKOHAHHSIM SIKICHUX IMOKAa3HUKIB
BUKOPHUCTAHHS JJOKOMOTUBHOTO MAPKY.

TexHoJOTTYHUHN MpoIriec poOOTH TPAHCIIOPTY, SAK 1 1HIIMX Taly3edl BUPOOHUYOT
JUSTBHOCT1, HEMOKIIMBUI 0€3 BUKOPUCTAHHS €HEPrii. Y 3B'SI3Ky 3 HAsBHICTIO JeDILUTY
EHEePTreTUYHUX PECYpPCiB y KpaiHi mpolsiema eHepro30epexeHHs Ha 3aII3HUIHOMY
TPAHCIIOPTI € OJHIEI0 3 HAUTOCTPININX 1 IEPIIOYEPTOBUX.

Bukonyroun Maike MOJOBHHY 3arajlbHOTO OOCATY TeEpeBi3HOI poOOTH, IO
BUKOHYEThCS BCIMAa BHUJAMU TPAHCIOPTY, 3aJI3HUYHUNA TPAHCIOPT CIIOKUBAE
npubnusHo 15% eHepropecypcis, 10 BUKOPUCTOBYIOTHCS 3arajioM TPAHCHOPTOM. A
AKILO PO3TJISAATH BUTPATH BCIX EHEPrOPECYPCiB, TO MPUOIU3HO 5% eIeKTpoeHeprii Ta
noHanx 10% Au3enbHOrO TNalMBa BUTPAYAETHCS HAa BHUKOHAHHS 3alli3HHUYHUX
MepeBe3CHb.

B nwmx ymoBax ocoOnuBe 3HaueHHA HaOyBae po3poOKa Teopli eHepreTHYHUX
MpoIieciB B TA31 Moi3aiB. Hapsany 3 aHamizoM MeXaHIKK 1 €HEPreTUKU pyxy IMoi3ja,
BpaxyBaHHSIM CYKYIHOCTI Jii 0araThb0X BHUIAJIKOBUX 1 00 €KTUBHHMX (aKTOPIB,
CYMyTHIX TIEPEBE3CHOMY IIpoliecy, HEOOXIJHO TMparHyTu 3a0e3MmeyuTH poOOTy
JIOKOMOTHBA B PEKMMI OJIM3bKOMY JI0 ONITUMAJILHOT'O BUKOPUCTAHHS HOTO MOTY>KHOCTI
1 CUJIH TSITH.

3acTocyBaHHS THPUCTOPHUX MIEPETBOPIOBAUIB JO3BOJISIE BAKOHATH 0€3KOHTAKTHE
aBTOMATUYHE PETryJIIOBaHHS TaIbMOBOI CHIIM TI0 3a/IaHUX OOMEKEHHSX MPU 3HIKEHH1
MIBUAKOCTI, 3a0€3MEUYNTH TUTAaBHICTh MPOIECY TaIbMyBaHHS Ha CIIyCcKaX, MPOCTOTY U
3pYUYHICTh KEpyBaHHS TalbMOM. Be3KOHTaKTHE peryiroBaHHS MOXKE 3I1HCHIOBATHCS
BIUTMBOM Ha HAINPYTy H CTPyM 30yKEHHS TAroBUX ABUryHiB [4]. HaiOinbin mupoke
3aCTOCYBaHHS Ha Cy4YaCHOMY MariCTpajJbHOMYy €.p.C. OJIepKalli  CHCTEMHU
EJIEKTPUYHOTO TaJbMyBaHHS 3 HE3QICKHUM 30Y/DKEHHSM TITOBUX JBUTYHIB IPHU
BUKOPHUCTAaHHI TUPUCTOPHUX 30y THUKIB.

CTBOpEeHHS Ta BIPOBAKEHHS MPOTPAMHUX KOMIUIEKCIB IO PO3PAXyHKY
ONTHMAJIBHUX PEXUMIB YIIPaBIiHHA JIOKOMOTHBAMHU Ta PEXKUMHUX KapT, sKi
3a0€3MeUyI0Th E€KOHOMII0 EHEPropecypciB 3a paxyHOK palliOHaJIbHOTO BOIHHS
MO13/11B, HABYAHHSI MAIIIUHICTIB MPUIOMaM €KOHOMIi pecypciB Ha TATY TOi3IiB.

PoGotu B 1bOMy HampsMKy BEIyThCS Ha 3alli3HMIIX OaraThbox KpaiH.
JlemapTaMeHTOM  JIOKOMOTHMBHOTO  TOCIOJApCTBa  PO3pOOJEHO  CIeliasibHi
PEKOMEHIAITli, TPUCBIYEHI METOIUIII PO3POOKU PEXKUMHUX KapT BEJECHHS MOI3/I1B, 10
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3a0€3MeuyoTh MIHIMQJIbHI BUTpPATU JU3EJIBHOTO TajguBa ab0 eJIeKTpoeHeprii y
NacaXUPCbKOMY Ta BAHTAXKHOMY pYCi.

Binx BuUKOpHCTaHHS  €HEPrOONTUMAIBLHUX  PESKAMHHX KapT  BOJIHHS
MacaXUPChKUX MOI3MIB [5], po3pobiieHnX 3a JOMOMOTOI0 MPOTPAMHOTO KOMILIEKCY
(APM), 3a 2018 pik Tinmpku 1o JiokomMoTuBHOMY gneno KwuiB - Ilacaxupcekuit
JOCSITHYTO 3MEHILIEHHS BUTPAT €JIEKTPOEHEPT1i Ha TATY MO13/iB Y po3mipi 2,4 MiH.KBT,
mo ckiagae 1,9% Bij 3arajabHUX BUTpAT.

[cHye 1 TpOMOBXKY€E 3alUIIATUCS AaKTyalbHOIO CEPHO3HOI0 MPOOIEMOIO
IUTAaHYBaHHS 1 HOPMYBAaHHS BUTPAT NAJIMBHO-CHEPTETUYHUX PECYPCIB B €KCILTyaTallli.
Cyd4acHi METOJIM OILIIHKU BUTPAT MaJlMBa 1 €IEKTPOCHEPrii He MOXYTh OyTH BH3HaHI
JOCTaTHRO TOYHUMH, OCKIJIBKM B MOBHIA Mipi HE BPaXxOBYIOTh BCIX PI3HOMaHITHHX
¢akTopiB, WIO0 BIUIMBAIOTh HA EKOHOMIYHICTh JIOKOMOTHBIB, JyK€ PIAKO
BUKOPUCTOBYIOTh BUCOKOTOUYHI 3aCO0M BUMIPIOBAHHS 1 KOHTPOJTIO.

BrnockonaneHHss HOpMyBaHHs, TOOTO 3MEHIIIEHHS] BUTPAT MaJliBa HA OJIUHUIIIO
TPAHCIOPTHOT POOOTH, JO3BOJISIE, MOPSA 13 30UTBIICHHSM OOCSTIB MEPEBE3CHb MPU
JAaHUX MaTepiaIbHUX pecypcax, IHTEeHCU(]PIKYyBaTH MPOIIEC PO3IIUPEHOTO BIATBOPEHHS.

BucnoBok. Sk T10ka3zaB aHami3 3BEACHUX JAaHUX MIOAO0 HaWOUIBIINX
JIOKOMOTHBHHUX JIETIO, HAyKOBO OOTPYHTOBaHAa Ta TEXHIYHO JOCKOHAJa CHCTEMa
HOpMYBaHHS, O0JIIKYy Ta KOHTPOJIIO 3abe3mneuye 3HIKEeHHs eHeproButpar Ha 8-10 %
MOPIBHSHO 3 MIANPUEMCTBAMHU, 1€ IIUM MUTAHHSAM MPUIUISETHCS HEIOCTATHRO YBArH.
Oco0MBY aKTyaJIbHICTb 111 Jii MArOTh ITiJ1 4ac PO3TIsAY YMOB pOOOTH TETLIOBO3HOTO
HapKy.

Ioasika. Pobora BukoHaHa 3a miaTpuMku HarioHansHOTO (QOHAY JOCIIIKEHD
VYkpainu B Mexkax po3poOku npoekty 2022.01/0224 3a temoro «Po3poOka HayKOBHUX
3acajl KOMIUJIEKCHOTO TIJBUIICHHS Oe€3Meku, e(EeKTUBHOCTI eKCIUTyaTalli Ta
VIOpaBIiHHSA KPUTUYHUMH OO0 €KTaMU 3alli3HUYHOTO TPAHCIOPTY B yMOBax
MICIIIBOEHHOTO PO3BUTKY YKpaiHW.
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Abstract. The paper explores the possibilities and advantages of using liquefied natural gas
(LNG) as an alternative energy source for railway transportation. It is noted that to utilize
natural gas, it needs to be compressed, liquefied, or adsorbed. The primary focus is on gas-
diesel engines, which, according to research findings, can significantly reduce CO, and NOx
emissions compared to diesel engines.

The information presented in the study emphasizes the perspective and importance of
introducing gas turbine locomotives operating on liquefied natural gas into the modern
railway system to achieve greater efficiency and reduce the impact on the environment by
reducing fuel consumption and improving the quality of its combustion process.

Keywords: diesel locomotives, alternative fuel, traction rolling stock, liquefied natural gas,
energy efficiency of locomotives

AKTYaJIbHICTh JOCJIKEHHSI 3YMOBJICHA TOIIYKOM allbTePHATUBHUX BUJIIB
najauBa i 3a6e3nedeHHs eheKTUBHOCTI BUKOPUCTAHHSI TETNIOBO3IB.

Meta fgociHiIKeHHsl TIOJNSTa€e Yy BHUBYEHHI MOXJIMBOCTEM Ta TepeBar
BUKOPUCTaHHs 3pimkeHoro npupoanoro razy (CIIIY) sk ampTepHaTUBHOTO JKepena
€Heprii A 3a1I3HUYHOTO TPAHCIOPTY 3 aKIEHTOM Ha ra3oAu3eIbHUX JABUTYHAX Ta
iXHbOMY BIUIMBI Ha €PEKTUBHICTh Ta €KOJIOTTYHY CTaNICTh.

[TpuponHiii ra3 1e me ojHa aJbTepHATUBA BUKOPUCTAHHIO TU3EIHHOTO MaJIMBA.
OCKUIbKY €HEepreTHYHA IIIHHICTh MPUPOHHOTO ra3y MEHIIA a HiXK JU3ETLHOTO MMaJinBa,
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TOMY TIepe]l BAKOPUCTAHHSM Ta3y sK nmajmpa ioro notpiono ctucHy T (CNG), 3piautu
(LNG), a6o ancopoysatu (ANG).

EdexTruBHICTh TEXHOOTII TU3€TbHOTO ABUTYHA, 1110 MPAIIOE Ha Ta30BOMY MaJIMBI
ra3oAn3eILHOTO JIBUTYHA, 3a0€3MeUyEThCS BUKOPUCTAHHSAM MEHII 3a0pyIHIOIYOTO
najvBa. 3riIHO 3 TPOAHATI30BAHUMHU JIOCTIJKEHHSIMU, BHUKOPUCTAHHS JaHOT
TEXHOJIOT1I MO’K€ 3HU3UTH KUIBKICTh IIKINIMBUX BUKHUIIB 3 BIANpPaIlbOBAHUMHU
razamu npu6an3Ho Ha 70% — NOy 1 Ha 30% — CO; y nopiBHAHHI 3 poOOTOIO ABUTYHA
Ha JU3eIbHOMY HanuBi [1].

3pimxenuit abo ckparuiennii npupoguui raz (CIII) — me mpupomnuii ras,
nepeBaxHo MetaH, CHg, sikuii OyB oxosomkeHuit 10 -162°C nist 3MEHIIIEHHST HOTO
00’emy mpubmmzHo B 600 pasiB 1 mepeTBOpeHUil y piaky (Gopmy Asis MOJIETIICHHS
30epiraHHsl Ta TPAHCHOPTYBaHHS. 30€piraeTbcsi B OXOJO/PKEHHX 130JbOBAHUX
WIIHAPUYHUX pe3epByapax Juisl MATPUMKH cBoro crany. Cam mpouec 3piKeHHs
B1I0YBa€ThCS 3a MEKaMH Ha CIICIiali30BaHUX Ta30BUX IMAMPUEMCTBAX 3BIIKH Mae
OyTH JOCTaBJICHO IO JIOKOMOTHMBIB y ITUCTEpHAX, MOMIOHO JIO MPAKTHKU 3amlpaBKd
au3enbHuM nanuBoM. CIIIT He mae 3amaxy, KOJbOpY, HETOKCHYHUHN 1 HE BUKIIMKAE
kopo3sii. [Iporec 3pikeHHs nependavae BUAICHHS MEBHUX KOMITIOHEHTIB, TAKUX SIK
NWJI, KUCJIOTHI Ta3u, rejii, BoJa Ta BayKKi BYTJICBOIHI.

Bukopucranns CIII' sk roproyoi peyOBUHHU [ykKE€ CXO0XKE O BUKOPUCTAHHS
nusensHoro manuBa ([I1), ame mae psn mepeBar y BUTIIAAI 3HAYHOTO 3MEHINEHHS
BUKHUIB CO; 1 HOTO HUKYOI BApTOCTI.

CIII' BUKOPUCTOBYBaBCS SIK TaJIMBO MPOTATOM JECATHUIITH 1 ChHOTOAHI
NEPCIEKTUBHUM € HOro 3acTOCYBaHHS Ha 3aJi3HUYHOMY TpPaHCIOPTI B SIKOCTI
3aMiHHHMKA TPAAMIIIMHOTO JKepena eHeprii — TM3eIbHOro MaauBa.

Kpim TOro, ABMTYHHM IO MPaMIOOTh Ha MPUPOJHOMY Ta3l € MpUBAOIUBOIO
aJIbTEPHATHUBOIO Yepe3 3HAUYHY €KOHOMIIO, aJ’Ke I[IHU Ha JU3eJIbHE MaJuBO B €BpOIIi
Ta CBITI 3aJMIIAIOTHCS 3HAYHO BUIIMMM, HIXK HA MPUPOAHUN. BapTicTh mpupoaHOTro
rasy He 3aJIe)KUTh BiJ] KOJIUBAHb I[iH Ha CUPY Ha(TYy, a BIMOBITHO € O1IBIIT CTA01TLHUM
JHKEPENIoM eHeprii.

3rimHo 3 AochimkeHHsM, mnpoBeaeHUM EIA (YmpaBmiHHAM eHEpPreTHYHOl
iH(popMallii), CKparaeH!u NPUPOAHHIA Ta3 BigIrpaBaTUME BCE OLIBIINY POJIb B SKOCTI
najauBa JJI1 BAHTAKHUX JOKOMOTHUBIB Y HalOIMXKUl POKH.

Bukopucranus npupoaHoro raszy 3HauHO 3MmeHIinye Bukuaun CO; Ta rasis,
IIKIIJIMBUX JJIS 37I0POB’Sl JTIOJIMHKA. Y TaOnuIll 1 HaBeaeHO MOPIBHIHHS MIKITUBUX
BUKHUJIB TeIjioBo3a 1o mnpamtoe BukopuctoBytoun CIIIT sk mamuBo, Ta JaBOMa
aHAJIOTIYHUMHU TETUIOBO3aMH $Ki B SIKOCTI MajJMBa BUKOPUCTOBYIOTH au3enb. [Ipu
IIbOMY BCl TPU TEIUIOBO3W MPAIOIOTh HA OJHOMY MapIIpyTi Ta HA OJHINA 1 Tii ke
niHii [2].
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Tabauys 1 — Kinvkicmov wKioausux euKuoie meniogosa, wo npaytoe UKOPUCIMO8YIodU
CHI sk nanuso, ma menio8o3amu, sIKi 8 AKOCMI NAIUBA BUKOPUCTOBYIOMb OU3elb

Tun T0OKOMOTUBY [Tanugo Lx1THMB1 BUKHAR

NOx CO THC PM
MK 1200 LNG CIIr 1,40 2,20 3,30 0,09
Baseline Diesel JI1T 17,60 1,83 0,87 0,38
Tier 2 Diesel JI1 7,30 1,83 0,52 0,21

Y rabmuui 2 mpuBeACHI NapaMeTpH BUXIMHOT MOTYXXHOCTI Ta KUIBKOCTI
IIKIJJIMBUX BUKK/IB TEIUIOBO3IB IO MPalol0Th 3 BUkopuctanusaMm CIII' sk nanuBa Ta
TPaAUIIHHOTO TU3EIHLHOTO MajiuBa [3].

Tabauys 2 — Illapamempu uxionoi nNOMyx#cHOCmMi ma KilbKOCMI WKIOIUBUX BUKUOIG
meni0603is, wo npayrioms 3 sukopucmanuam CIII" ax naruea ma mpaouyitinozo
OU3eIbH020 NAIUBA

Bun OTVsKHICTE. K.C [IpoaykTuBHICTH/ IIx1g1UB1 BUKHON
nanuBa Y > | ed)eKTHBHICTB NOy (r/k.c.*rox) | CH® (r/k.c.*ron)
CIr 4,141 0,42 7,30 1,16
JI1 4,112 0,43 14,10 0,34
BpaxoByroun mepcrnekTUBA  PO3MIMPEHHs  1HGPaACTpyKTypu  30epiraHss,

TpaHcropTyBaHHS Ta pos3nofuieHHs CIII' cymyTHi BUTpaTH Ha BIPOBAIKEHHS
1H(PaCTPYKTYpH 3ampaBlieHHs JOKOMOTHBIB. OCOOMMBO 1€ aKTyaJdbHO JETo, IO
pO3TalloBaHl Ha HEBEJIMKHX BIJACTaHAX BlA TepMmiHaiiB nepeBaHTaxenHs CIII. Ile
OJIHIEI0 MOTEHLIATBHOIO MOXIIMBICTIO BIPOBAKEHHS € MOJEpHI3alisl 1CHYHOUHX
TeroBo3iB i pobotu Ha CIII'. Opnak 1el HanpsM noTtpedye J0AaTKOBOIO
BHBUYCHHSI.

BucnoBok. [IpoBeaeHe nOCTiIKEHHS MIATBEPHKYE AOUUIBHICTh BUKOPUCTAHHS
OPUPOJHBOTO Ta3y B SIKOCTI NAJBbHOTO Ui JKUBJIEHHS EHEPreTUYHHUX YCTaHOBOK
TEIJIOBO31B, 10 MOTEHIHHO MOXE 3MEHIIMTH €KCIUTyaTalliiiHi BUTPATH Ta BUTPATH
MPOTATOM BCHOTO JKHTTEBOTO IUKIY, @ TaKOXX 3pOOUTH 3ali3HUYHHN TPaHCIOPT B
LIJIOMY O1IbII €KOJIOTTYHUM Ta EHEProe(HEKTUBHUM.
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Abstract. This work investigates PID in photovoltaic modules, its impact on the efficiency and
lifespan of PV modules, the causes of PID occurrence, methods of mitigation, and recovery.
An analysis of the influence of various factors contributing to PID, such as temperature and
humidity, has been conducted. The importance of scientific research on PID is underscored
in the context of global efforts to combat climate change. A review of the latest research and
developments in the field of PID within PV modules, highlighting materials, designs, and
strategies developed to address this issue.

Keywords: solar photovoltaics; potential-induced degradation; PV reliability; PV
performance; PID.

AKTYaJbHICTh 10CTiI?KeHHS 3yMOBJICHA 3HAYHUM BIUTMBOM SIBHUIIIA IOTEHINITHO
ingykoBanoro noripiienns (Potential Induced Degradation, PID) Ha npogyKTHBHICTB
U CTPOK CITy’KOU (hOTOEIEKTPUYHUX MOJTYJIIB.

MeTow pod0oTH € OrJiA]l OCTaHHIX JOCHIIXEHb Ta po3poOok y chepi PID B
(OTOENEKTPUYHUX MOJYJISIX, BUOKPEMITIOIOUM MaTepiaid, KOHCTPYKLII Ta CTparertii,
PO3p00JIeH] 1J BUPIIIECHHS 1€l TPOOIeMHU.

TexHosoris GoTOBONBTATKY TPAE BAXKIUBY POJb y TIEPEXOl 0 CUCTEMH €HEPrii
3 HU3bKUM BUKHJIOM BYTJIELIO, IPOTE SBUIIE NOTEHUIHHO 1HAYKOBAHOTO MOTIPIICHHS
PID moxe cyTTeBO BIIMBATH Ha €(PEKTHBHICTH Ta TEPMIH CITykOu moayis [1,5]. PID
BUHUKAE TIPU BEIUKINA PI3HUII MOTEHITIATIB MK MOJTYJIEM Ta 3€MJICIO, IO CIIPUUNHSE
MITpALil0 10HIB Ta YTBOPEHHS MPOBIAHUX HUIIXiB. Lle mMpu3BOIUTH 10 3HUKEHHS
MIOTY>KHOCTI Ta CTBOPIOE MpodieMu it cuctemu [1-3].

HaykoBi pociimkeHHs Ta po3poOKH CHPsIMOBaHI HAa BUKOPUCTAHHS HOBHX
MaTepianiB, KOHCTPYKIM Ta cTparerii NOM'SKIIEHHA [UIs 3amno0iraHHs abo
nom'sikimennss PID. Taki po3poOku, sSK TpOBiIHI MOJIMEpH, aHTHUPEQIICKCiiHI Ta
CIIeliani30BaHl MOKPUTTS, a TAKOXK CTpaTerii MOM'SIKIICHHS, TaKl sIK 0OXiaH1 101U Ta
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MepPETBOPIOBAY1 MOCTIMHOTO CTpyMy. Po3yMiHHs pi3HHX (HaKTOPIB, sKi cripusitoTh PID,
TaKMX, SK TEMIlepaTypa Ta BOJIOTICTb, € KPUTHUYHO BaXJIUBUMHU [JISI PO3POOKU
e(eKTUBHHUX ITIIXOJIIB JI0 3aII00IraHHs Ta MOM'IKIIeHH 11i€l mpobiemu [3-5].

Taxkum gmHOM, OTJIsLA poOIT [1-5] MOKa3aB BaKIMBICTh HAYKOBUX JOCIIIKCHb
PID B koHTEKCTI riI00anbHUX 3ycuiib 10 60poThO1 31 3MiHOIO Kiimaty. [lokpamients
IIPOJIYKTUBHOCTI Ta HaAIMHOCTI (DOTOETEKTPUUYHUX CUCTEM JO03BOJIUTH 30UIBIIMTH X
BHECOK y MepeX1]] 10 CUCTEMHU €HEPrii 3 HU3bKUM BUKHUIOM BYTJICLIIO.

BuchoBok. PID craHoButh BaXJIuBY IpoOJieMy Yy Tady3l COHSYHOI
doToBobTaiKK. Moro BIIMB Ha e(EKTHBHICTH Ta HAMIHHICTH CHCTEM MOXe OyTH
CYTTEBUM dYepe3 3MEHIICHHS TMOTYKHOCTI Ta BUHHUKHEHHS mpoOieM B poOOTi
dboToenekTpuyHNX MOAYJiB. HaykoBi mOCTiIPKeHHS Ta po3pOOKH HOBHX MaTepialiB,
KOHCTPYKLIA Ta crTparerii mnom'skimieHHs PID BHSBISIOTBCS BaXKIUBUMHU IS
nojioaHHs 1iei npobiaemu. Po3yminus dakTopis, mo cnpuunHaioTs PID, BiakpuBae
MO>KJIMBOCTI JJis1 €(pEKTUBHUX METOJIIB 3aroOiraHHsl Ta TOJOJIAHHS LBOTO SIBUIIA.
JlocnmikeHHs B 1i# Tally31 MalOTh BEJIMKE 3HAYEHHSI B KOHTEKCTI TJI00AIbHUX 3yCHIIb
3 BIPOBAKEHHS HU3bKOBYTJICIIEBUX TEXHOJIOT1M.
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Abstract. An analysis of the existing defrosting systems of loose materials in railway cars was
carried out. A new efficient system of heating a heating plant with cargo in railway cars using
directed beam-exchange heat exchange is described. The working circuit of the defrosting
system is essentially a large-sized low-temperature radiator consisting of long radiating pipes
with screens located along the side walls and the bottom of the cars. The results of industrial
use and advantages of the system are given. Depending on the climatic conditions, initial
humidity and the type of frozen goods, the process of defrosting them in the wagons before
unloading through the lower openings in the wagons takes 3-4 hours.

Keywords: radiant heating, emitters, thawing of loose materials, railway cars.

OnHuM 13 By3bKHX MICLIb Y POOOTI HMIANPUEMCTB Y 3UMOBHI Yac, MOB'A3aHUX 3
OTPUMAaHHIM HACUITHUX BAaHTAXIB 3aJI3HUYHUM TPAHCIIOPTOM, € IXHE PO3BAaHTAKEHHSI.
Oco06MBO CHJIBHO 3MEP3al0Th Py, PYyJHI KOHLIETPATH, MICOK, BYT1JUIS, BalHSAK, SIK1
MEPETBOPIOIOTHCA Ha MOHOJIIT.

3acTiii BaroHiB uepe3 CKJIaAHICTh BUBAHTAKEHHS 3MEP3JIMX MaTepialliB BEIYTh J0
OpsIMUX BTpAT y BUTIAAI MTpadiB, MO BiIOMBAETHCI HAa COOIBAPTOCTI TOTOBOI
npoaykiii. ITpoctiit BUpoOHMYOr0o 00IaHAHHS Yepe3 3aTPUMKH B 110J1a4l CHPOBHUHU
npu3BOAUTh, 10 3HauHoro 3HmwkeHHs KKJ[ TexHomoriuHoro oOJagHaHHS Ta
MOTIPUIEHHSI EKOHOMIYHUX NMOKA3HUKIB pOOOTH MIIMPUEMCTBA B LIIJIOMY.

BiZHOBIIEHHA CHIIKOCTI 3MEp3JIMX BaHTaXIB 1 TMOJEreHHd Mpolecy iX
PO3BAHTAKEHHS BUKOHYIOTH JJBOMA METOJAAMM: MEXAHIYHUM JIPOOIEHHSM 1 pO3IrpiBOM
BaroHiB B TEIUIKaX. BWBaHTa)XEHHS 3 MEXaHIYHUM APOOJICHHSM TPYIOMICTKA,
MaJIONpPOAYKTHUBHA poOOTa, HE 3a0e3ledyye MOBHOTO OYMILIEHHS BaroHiB, ajpKe 0
CTIHKM KOXKHOTO Barona mpumip3ae no 20 % wMarepiany, i € OJHIEIO 3 TPUYUH
MOIIKO/KEHHS 1 CKOPOUCHHS TEPMIHY CITy>KOU BaroHiB.

3 TOYKU 30py TEIUIOBOi €(PEKTUBHOCTI HAWOULIbII €(PEKTUBHUM 3 MPOMEHHUCTE
iH(ppauepBoHe omnaneHHs. OcoOnMBICTIO 1HGpPAYEPBOHOTO ab0 MTPOMEHUCTOTO
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OTMaJICHHSI € MPSMUN TOBEPXOHb, HA fKI ¥Ae BIUIMB 1H(PpauepBOHUX MPOMEHIB.3a
naHuMu [1] ekoHOMIsS eHeprii Mpu MPOMEHUCTOMY OIaJIEeHHI MPUMILIEHb CTaHOBUTD
20-25 % mopiBHSIHO 3 IHIIUMH crIoco0amMu omnajieHHs. 1{e mosSCHIOEThCS HACTYITHUM:

1. 3BuyaiiHy (HOpMaTUBHY [ KOHBEKTHBHOI'O ONIAJIEHHS) TEMIIEpATypy MOBITPS
B TMpHUMilIeHHI MokHa 3HWKyBath Ha [-3 °C. Hampuxnan, y BupoOHHYHMX
OPUMIMICHHSAX XOpPOIIE CaMOMOYyTTs MpAaIlOIouuX JIoJed 3abe3nedyeTbes Mpu
TeMrneparypi noBiTps npudsusHo 17 °C npu npomenuctomy Ta npudiauzHo 19 °C npu
KOHBEKTUBHOMY OIaJICHHI;

2. Ilpu mpoMEHUCTOMY ONaJIeHHI HeMae HEOOXiIHOCTI MPOrpiBaTU Bech 00'eM
MOBITPA y IPUMIIICHHI;

3. CopsmoBaHe HarpiBaHHs TIOBEPXOHb TIPU HEBHUCOKIA TeMmmeparypi
3aJTUIIKOBOTO MIPOCTOPY 3HAUHO CKOPOUYE TEIUIOBI BTPATH 3 MPUMIIICHHS;

4. Butpatu Ha aKyMyJISII0 TETJIa TPUMIIIICHHSIM BIJCYTHI.

OnnuMm 13 crocoOiB OMajeHHS NPUMIIICHb 1 PO3MOPOXKYBAaHHS BaHTaXIB €
HarpiBaHHs BUCOKOTeMIlepaTypHuMu BunpoMinioBadamu. [lle B 1950-1960 pokax B
[ncturyti rasy HAHY ykpaincekumu BueHumu JleBinum A.M .1 I'peuyxoro .M.
Brepuie B CPCP Oynu po3poOienHi Oe3moiaym'siHl HaJbHUKU JJI1 ITPOMEHHUCTOIO
HarpiBy 3 nepQopoBaHOI HACAJKOK, HA TOBEPXHI SKOI CHAIIOETHCS MAIHUBO,
pozxaptorouu i1 10 temmneparyp 800-1000 °C [2].

B cBii yac Ha €HakIiBCbKOMY METAIypriiHOMY 3aBOJI OyJ0 CHOPYHKEHO
JOCTIAHO-TIPOMUCIIOBY ~ YCTAHOBKY JUJII PO3MOpPOXKYBaHHsS 3ali3HOI pynud Ta
KOHIIETpaTy y BaroHaxX BaHTAKOMITHOMHICTIO 62 193 1. 3BepXy BaroHiB MOHTYBAJIHUCS
6e3noyM'sHi maHenbH1 naabHuku ['BI1-120, 3HK3y mia 1okaMu BaroHiB — NaJTbHUKA
FOI'T-120 ITiBnenHIT'inporasy (Ykpaina) ta I'BI1-120. Po3irpiB HamiBBarony 3i
3MEP3JIMM  KOHIIGHTpAaTOM TpuBaB 3, a 3 pynoro — 2 roaunu. Ilicis 1mporo Ha
BIJIKDUTOMY MOBITP1 BiAOYyBajoCs pO3MOPOXKYBAHHSI CEPEIHbOIO LIapy Marepiairy
npotsarom 1e 2—3 roa. OJHaK JaHHUX PO MOJAJIbIIe BUKOPUCTAHHS Ha M1ITPUEMCTBI
1€l JoCTiAHOT ycTaHOBKH HeMae. KpiM Toro, 001rpiB Jeskux MaTepiaiiB (HAMpUKIIA/L,
BYTUJUISI) 3 TOUKU 30PY MOXKEXKHOI O€3MEKN TAKUMU MaJTbHUKaMU HE PEKOM €HJOBaHU.

[Ipuknang 3acrocyBaHHS TOAIOHOT cHUCTeMU I1H(PpPauyepBOHOrO OMAJCHHS B
MPOMUCIIOBOMY CEKTOpI € TaKOX OMNaJ€HHS MPOMHUCIOBOTO MIAIMPUEMCTBA
«ninpocnernmann» B micti JAninpo. s ctBopeHHs kompopTHOi Temneparypu +18
°C ma o 676 m? BctaHoBunH 13 moTy:xHuX 06irpiBadis. Taka cucTeMa BUTPHMYE
temriepatypy 10 -20 °C 6e3 kopuryBaHHsI pexumy omaineHHs. [Ipyu nmboMy BOHU He
BUKJIMKAIOTh XIMIYHI peakIlii B pe4OBUHAX, KI MOXYTbh 30€piraTucs B OMaJIOBAHUX
npuMimeHHaX. /lane 001alHaHAS MOKEK00E3EUHE 1 HE IITKOIUTh 3/I0POB'T0 JIIOIUMHH,
Kl TEX MOXYTh IMepeOyBaTH il NPIMUMH 1H(PpadyepBOHUMHU mMpomeHsMu. [lpu
BUKOPUCTAaHHI TakOro THITy OMNAaJE€HHS MNPUPICT TEMMepaTypu MO BHUCOTI OyiBIi
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ckianae Onuszbko 0,3 °C Ha MeTp IpU BIICYTHOCTI e(eKTy TIeperpiBy BEpXHbOI
YacTUHU NpuMilieHsb. Lle, B cBOo yepry, Beae 10 3HUKEHHSI BUTPAT Ha OMAJICHHS JI0
30-40%. BimMideHi mepeBaru MPOMEHHCTOTO OIMAJICHHS MalOTh BETUKI MOYKJIMBOCTI
IUIA PETYJIOBaHHS 1 Majly iHepIiiHICTS [3].

[HIIMM cydacHUM CHOocOOOM OmajieHHS MPOMHUCIIOBUX TPUMIIIECHb Ta HArpiBY
00'€KTIB € OMaJICHHS HU3BKOTEMIEPATYPHUMHU BUIIPOMIHIOBAYAMH 3 TEMIIEPATYpPOIO
noBepxHi 200—400 °C piznux konctpykiii. K.K.J[. Takux BUnpomiHioBauiB BUIIIE, HIK
BUCOKOTEMIIEpaTypHUX B 2-2,5 pa3u, Tak SK Yy HU3BKOTEMIIEPAaTypHHUX
BUMPOMIHIOBAYiB BTpaTH TeIja 3 BIAXIAHUMH Ta3aMH MEHIE, HDK Y
BHUCOKOTEMIIEpAaTYpHUX BUIPOMiHIOBauiB. J[0 TOTO X Taki BUIPOMIHIOBAYl MOXKYTh
OyTu BUKOpHCTaH1 JyUIsg 0€3[IeYHOT0 HArpiBy MOBEPXOHbB, HAIIPUKIA/, JOHHOI YaCTUHU
BaroHiB, BUKJIIOYAIOYHM TMEperpiB rajibMiBHUX MpucTpoiB. Lle € akryanbHuM aiist
HIIPUEMCTB, 5IK1 HE MAIOTh Y CBOEMY apCceHasll BArOHOMEPEKUAauiB 1 CUIIKI MaTepialiu
BUBAHTAXYIOTHCS Uepe3 CIeliaIbHI JIFOKH Y THUIII BaroHiB.

Bigomuii 1ocBig y BIIHOBJIGHHI CHUITKOCTI 3MEP3JIOT0 BYTULIS y 3aJII3HUYHHUX
BaroHax Jis BUBaHTa)XEHHS 4yepe3 HikHI JTroku Gipmu Heatstar [4]. biaoku razoBux
padlaliiHUX HHU3BKOTEMIIEPATYpHUX BUIPOMIHIOBAYEH BCTAHOBIIOIOTHCS — MIXK
3QJII3HUYUMM PiiKaMu Ta B3J0BXK 000X OOKIB BiJi OOKOBUX CTIHOK BaroHIB TaKWUM
YUHOM, 11100 1H(ppayepBOHUI OTIK TEIJIOBOI EHEPT1i OYB CIIPSIMOBAHUM MEPEBAKHO HA
HUKHIO 4YacTUHY BaroHiB. OJHaK JaHUX IO HAJIMHOCTI pOOOTH TaKUX IaHENeH,
BCTAHOBJICHUX I1iJl BATOHAMH, HEMa€. A KalliTallbHI Ta €KCIUTyaTalliiiHi BUTpATH MPU
BUKOPHUCTaHHI BEJIMKO1 KIJIbKOCTI HarpiBayiB BUCOKI, TaK K KOXKEH 3 HarpiBauiB Mae
ABTOHOMHI CHUCTEMHM Ta30-TIOBITPOINOCTauYaHHs Ta aBToMaTwku. Kpim Toro, mpu
pPO3MOpOKYyBaHHI BaroHiB 3 BaHTXaMU 32 PAXYHOK BCTAHOBJICHHS OKPEMHX
BUIIPOMIHIOBAYEH MijJ BarOHaMH ICHYIOTh PU3MKHU 3aCMIYEHHS MMaHeJeH, M0 MOXe
BUKJIMKATH aBapiiHy CUTYaIllilo.

JUist po3MOpOKYBaHHS 3MEP3JUX CUMy4YuX BaHTaxiB B [Hcturyti razy HAH
VYkpainu po3pobiieHa Ta ekcruryatyerbesi Ha [loOykcbkoMmy (epoHiKeIeBOMY
KOMOiHATI cucTeMa 00IrpiBy BaroHiB y TEIUIAKY po3Mipamu 12x5,4x90 m (puc. 1) 3
OJTHOYACHHMM PO3MIIICHHSAM 12-TH BaroHiB BaHTaXomiaioMHICTIO 1o 70 T (1Ba psau
MO0 IIICTh BaroHiB). PoOouMii KOHTYp CHUCTEMH pPO3MOpPOXKYBaHHS € IO CYTI
BEJIMKOTA0APUTHUM HU3BKOTEMIIEPATypPHUM BHUIPOMIHIOBaYEM, IO CKIIATAETHCS 3
NPOTSKHUX BUIPOMIHIOIOUHX TPyO 10BKKUHOI0 90 M 3 ekpanamu [5]. TemnoHocieM y
BUIMIPOMIHIOIOUMX TpyOax € TMpOAYKTH CHATIOBAHHA BiJ TeIUIOTeHepaTtopa 3
temmneparypoto 200-400 °C.

Ils cuctema Mae 3Ha4yHy IIepeBary Iepel paHillie BIJOMUMH CHCTEMaMHU
1H(padepBOHOTO HATPIBY— HAAIMHUN Ta O€3MEeUHUl TPOTPIiB JOHHOT YACTUHH BaroHiB.
KpiMm HarpiBy BaHTaXiIB y BaroHax 3a paxyHOK BHUIIPOMIHIOBaHHS, BIIOYBA€ThCS iX
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HarpiBaHHs KOHBEKIII€IO0, TaK SIK HArpiTe BiJ TpyO 1 €KpaHiB MOBITPS MIJHIMAETHCS
BrOpy 3a PaxyHOK MPHUPOJHOI IUPKYJAIII 1 HarpiBae BEpXHIO YACTUHY BaroHiB 1
MTOBEPXHIO BAHTAXKY.

Pucynox — Tennsix [lobysbkoco ¢heponixenesoco kombinamy: a - 306HIUHI U0
2apaxtca-po3moporcysayd 3 60Ky npuMieHHsA 01 BCMAHOBIeHHs MeNI02eHepamopie ma
8i0N08I0H020 00IAOHAHHSA,; O - BHYMPIUHI NPUMILEHHS 2APaAAHCA-PO3IMOPOAHCYBAUA 3
epitouumu mpyoamu i 8i00usaromMs eKpaHamu.

Posmipu 1py® Ta expaHiB poOOYOro KOHTYPY, iX pO3TallyBaHHS, TEIJIOBa
NOTYKHICTh TEIJIOTEHEPATOpa, PEKUM POOOTH CUCTEMHU BHU3HAUEHI 3 ypaxXyBaHHSIM
ONTHUMAJIbHOI OMPOMIHEHOCTI Ta 30€peKEHHs KOPIYCy BaroHiB Ta IMIJIIIUITHUKIB
KOB3aHHs KOJIICHUX Map B[ neperpiBy. s BUMIpIOBaHHS TEMIEPATYPH TEIIIOHOCIS
BCTAHOBJIEHO TEpMOMNAapH Ha BXOJl 1 BHUXOAl 3 poboyoro KoHTYypy. KoHTposb
TEMIIEpaTypyd KOPIYCYy BaroHiB 1 KOJICHUX Tap 3IHCHIOEThCA pajialliiHuMu
HU3BKOTEMIIEPATYPHUMHU MIPOMETPAMH.

[Ipu ognakoBMX BUTpaTax Ha OyaiBeTbHI POOOTH TPUMIIICHHS TEILIsSKA
KamiTaJIbHI Ta KCIUTyaTallliiHi BUTPATU TAaKOi CUCTEMHU ONAJICHHS 3HaYHO MEHIIIe, HIXK
IIPU BCTAHOBJIEHHI BEJMKOI KUIBKOCTI OKPEMHUX BUIIPOMiHIOBaudiB. PoOouMii KOHTYp
TaKOi CUCTEMH CKJIAZa€ThCA 31 3BUYAHNUX CTalIeBUX TPYO, HE BUMArae po3royKeHUX
CHCTEM Ta30M0CTauaHHs Ta aBTOMATUKH (B JAaHOMY BHUIMAJIKy OJMH TEIUIOT€HEpaTOp Ha
CKJIaJ] 13 IIECTH BaroHiB), MOxke OyTH 310paHa 3 BITYM3HSHUX KOMIUIEKTYIOUHMX Ta
Marepiaiisb.

Temneparypa BUIPOMIHIOIOUMX TPyO BUKIIOYA€ BUHUKHEHHS aBapiiiHOI 4w
MOKEXKOHEO0Ee3MeYHOI CUTYallil, a 3a0pyIHEHHS 1 3aMUJICHICTh TPYO JIETKO yCYBalOTHCA.
Kpim TOro, HU3bKOTEMIEPATYPHI BUIMPOMIHIOIOY] TPYOH MOXKYTh OYTH MaKCUMaJIbHO
HaOJMKEH1 10 MOBEPXOHbB, 110 HarpiBaroThes. Lle 3a0e3nedye KOMIAKTHICTH OyIiBII
teruisika. [Ipu 11bOMy B KOMITAKTHOMY MPHUMIIIEHHI POJb MPUPOIAHOT KOHBEKINT IS
HarpiBaHHS BaHTaX1B 301JIbIIYETHCS.

[IpomuciioBi BunpoOyBaHHS TakKoi CHUCTEMH TIOKazalu 11 HaAIMHICTh Ta

e(eKTUBHICTB JJI PO3MOPOKYBaHHS BaHTaXiB. TeMrepaTypa Ha 30BHIIIHIN MOBEPXHi
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O1YHUX CTIH BaroHiB 1 Ha KOJICHUX Iapax 3a BeCh Ipoliec 00IrpiBy BaroHiB B rapaxi-
PO3MOpPOXKYBadl He Jocsaraiga rpanndHux 3Ha4eHb: 90 © C mis cTid BaroHiB 1 65 °© C
JUTSL THAITUITHUKIB KOB3aHHSI, IO 3a0e3MedyBajo IUTICHICTh PYXOMOTO CKJIAYy.
3ane)XHO BiJl KJIIMAaTUYHUX YMOB, BUXIJHOI BOJIOTOCTI 1 BHUIY 3MEpP3JIHMX BaHTAXKIB
Ipolec X PO3MOPOKYBaHHS y BaroHax mepej] pO3BaHTAKECHHSIM 4Yepe3 HIDKHI JTIOKU
BaroHiB HE MEPEBUIIyBaB 3-4 TOIUHHU.

[Tap 3mep3nux martepiajiB, MPUJICTJIMK 10 CTIH 1 JHUIIA BaroHiB, BiJITaBaB 1
BIJIHOBJIFOBAB CBOIO CHUIIKICTBH BIJIMIOBIIHO /IO PaHIIIe MPOBEICHUX PO3PaXyHKIB [6].
BigznaueHo Takox, 110 MICJsl MPUIIMHEHHS IOJadl IMajuBa Ha TEIUIOTeHEepaTop 1
BUKIIIOUEHHSI CHCTEMHU pPyX TeIUla BCEPEIWHY BaroHiB BiJl BIATAHYTHUX 1 HarpiTHX
NPUCTIHHUX MIapiB TPUBAB 3a PAaXyHOK TEIUIOMPOBIAHOCTI MaTepialiB, IO Ja€
MOKJIUBICTh YOCKOHAJICHHS PEKUMY HArpiBY 3a paXyHOK IMITYJIbCHOI TI0/1a4l TTaJIUBA.

BucnoBku. Cucrema po3MOpoKyBaHHS BAHTaX1B Ha OCHOBI 3aTaJIbHOTO KOHTYPY
BUIIPOMIHIOIOUMX TPYO KoHCTpyKIli [HcTuTyTY razy HAHY mMoxxe OyTu Bukopucrana
IIpU Pi3HUX CHOCO0AaX PO3BAHTAXKEHHSI BArOHIB, BIAMOBIIAE TEXHOJIOTIYHUM yMOBaM
BUPOOHUIITBA, 3a0€3Meuye 30epeKEHHS PyXOMOI'0 CKIIay, HE BUKJIMKAE SIKICHOT 3MIHU
BAHTAXIB, MOXKexo0e3neuHa. BoHa eKkoHOMIYHA, OCKUIbKM Tependayae MiHIMaJbHI
KaliTajdbHI Ta €KCIUTyaTallliiHl BUTPATHU, MA€ PEeCypc €KOHOMIi MajuBa 3a PaxyHOK
OCBOEHHS IMITYJILCHOI MOJiaul majiuBa. Takli CUCTEMU MOXKYTh OyTH aganToOBaHi JJis
ONaJICHHS BUPOOHUYMX MPUMIIIEHb Ta BAKOPUCTAHHS PI3HUX BH/IIB MaJIMBA.
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Abstract. This work analyzes the quality of electrical energy. Indicators of the quality of
electrical energy, the impact of a decrease in the quality of electrical energy on the operation
of electrical equipment and measures to control and improve the quality characteristics of
electrical energy are presented.

Key words: electrical energy, energy quality, energy characteristics.

The purpose of the work is to analyze the current issue of energy quality, its
Impact, consequences and improvement measures to ensure the normal functioning of
modern electrical equipment.

The development of society and industry is accompanied by the growing electrical
energy consumption. The concept of quality (energy supply without distortions) of
electricity and efficiency of electricity use (obtaining the maximum useful effect from
its use) should be considered as one. For this reason, it is necessary to optimize both
energy consumption and its transmission and use, which is a guarantor of the correct
functioning of electrical equipment.

The quality of electric energy is a set of properties of electric energy in accordance
with the established standards, which determine the degree of its suitability for use as
intended.

The main quality indicators include:

- voltage deviation from its nominal value;

- voltage fluctuations from nominal;

- non-sinusoidal voltage;

- Vvoltage asymmetry;

- frequency deviation from its nominal value;

- duration of voltage dip;

- voltage pulse;

- temporary overvoltage.

A decrease in the quality of electricity can lead to the following negative
consequences:

Voltage deviations from the nominal value have a significant impact on the
operation of electric motors. When the voltage at the motor terminals decreases, the
magnetizing reactive power decreases, and at the same power consumption, the motor

95


mailto:dr.almashakbeh@gmail.com
mailto:atef@ttu.edu.jo

current increases, which causes overheating of the insulation. Increased insulation wear
leads to a reduction in motor life. With a significant decrease in voltage at the terminals
of an asynchronous motor, an “emergency stop” is possible, a sharp drop in the torque
on its shaft and a significant increase in the current in the stator windings, which can
lead to fire. A decrease in voltage also worsens the conditions for starting the engine,
since it reduces its starting torque. An increase in voltage at the motor terminals leads
to an increase in the reactive power consumed by it, which must be compensated.

In the case of long-term operation of electric motors at reduced voltage, in
particular at the level of 90% of the nominal value, the service life of the motor
insulation is reduced by 18-20%, which significantly reduces the productivity of
technological mechanisms that are driven by this electric motor. A 1% increase in the
voltage at the terminals of a conventional asynchronous motor causes an increase in
the no-load current and the reactive power consumed by the motor by approximately
3%. But at the same time, there is a transition to the non-linear part of the magnetization
curve, which is the source of the generation of higher voltage harmonics. An increase
in voltage leads to an increase in the margin of static stability of the load node.

According to the operating conditions of the network isolation, it is allowed to
increase the voltage above the nominal value for the network:

* up to 35 kV no more than 20%;

» 35-220 kV no more than 15%;

* 330 kV no more than 10%;

* above 330 kV no more than 5%.

As you know, the balance of active power in the network determines the
frequency level. With the help of control systems, the balance of active power at a
frequency of 50 Hz is ensured. If the power balance is disturbed, the frequency in the
network also changes. The reason for the imbalance can be the emergency shutdown
of generators, any element of the electrical system, switching on and off of consumers.
The distribution of power when changing the frequency differs from the optimal one,
which causes an increase in power losses and a decrease in the equipment's service life
due to overheating of the insulation.

Higher harmonics arising in networks as a result of the operation of non-linear
loads: thyristor converters; equipment that uses an electric arc cause not only losses of
power and energy, but also violations in the operation of relay protection, anti-
emergency automation, and control devices, which leads to violations of technological
processes.

The influence of harmonics on electrical equipment:

* An increase in the transported power and a decrease in the power factor of the
network;

» Unauthorized activation of automatic switches;
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* Overloading of conductors;

* Vibrations and overloading of various mechanisms;

» The emergence of instability in energy systems;

* Faulty operation of relay protection devices;

A decrease in the reactive resistance of capacitors (X, = 1/wC), which can
cause an emergency situation in automatically regulated capacitor banks installed to
increase the power factor, when the phenomenon of resonance occurs (that is, when
the inductive and capacitive reactive resistances are equal X; = X;);

* Erroneous indicators of measuring equipment;

* Obstacles in control devices.

Sources of harmonics:

* Electromagnetic and electronic ballasts of lighting systems

* Electric welding equipment

» Single-phase electrical equipment

* Electromagnetic chokes for gas discharge lamps

* Soft start devices

* Adjustable electric drives.

Measures to improve the quality of electricity:

e Organizational, which includes measures to improve operational maintenance of
electrical networks and optimize their schemes and modes. These measures are
practically inexpensive:

- measures to limit starting and operating currents of asynchronous electric
motors;

- measures to reduce the reactive resistance of the main receivers with sharply
variable shock loads, including welding equipment, induction furnaces, etc.;

- measures for the selection and uniform distribution of loads of a similar
nature;

- measures to compensate reactive power by a combined method with the
integration of compensating capacitors, installations, capacitor batteries as
close as possible to the main load;

- measures to block clogging of the network by higher-order harmonics with
the help of passive and/or active harmonic filters, including within the
framework of complete power factor correction installations.

« technical measures aimed at reconstruction, modernization and construction of
networks;

- optimization of voltage regulation laws in power centers of open networks 36—
150 kV;

- optimization of stable modes of closed networks in terms of reactive power and

transformation coefficients;
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« voltage level of power sources in the network;

- optimization of circuit breaker points of networks 110 kV and higher with
several nominal voltages;

- optimization of 6-35 kV network disconnection locations with two-way power
supply;

- optimal switching on of transformers at substations in the mode of light loads
(turning off part of the transformers; economic modes of operation of
transformers);

- installation of reactive power compensation devices on the cable line. The
devices allow you to stabilize the power factor in a three-phase network;

- replacement of high-side transformers with modern installations with on-load
tap-changer (on-load regulation) function;

- installation of compensators in the cable electrical network, synchronizing the
amount of generated power in automatic mode;

- installation of capacitor banks in the network;

« leveling of the network load schedule;

- equalization of loads of phases of low-voltage networks.

Conclusions.

As the analysis carried out in the work showed, the quality of electrical energy is
an important factor that significantly affects the operation of electrical equipment. In
practice, there are many ways to assess power quality parameters. As a rule, these
indicators are expressed in a sharp change in the amplitude of the sinusoid, which
describes fluctuations in the alternating current network. Exceeding the nominal values
by an amount not exceeding 5% is considered normal, and such parameters do not in
any way affect the operational characteristics of the electrical network. When the
deviations increase to 10%, the energy quality requires improvement, but is still within
acceptable values. If these quality characteristics are exceeded, special measures must
be taken to improve operational parameters.

First of all, at industrial enterprises it is necessary to control the quality indicators
of electrical energy.

It is also important to take into account the mutual influence of the power system
and consumers, as well as their impact on power quality indicators,

To properly take into account the mutual influence of enterprises and energy
systems on the quality of electricity, it is necessary to develop special
recommendations.
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Abstract. The decision to determine the thermal inertia of the air in the interior of a city bus
was considered for the feasibility of reviewing the use of air conditioning as a factor in
reducing energy consumption. The results of operational tests were obtained at an ambient
temperature of +25 to 34°C. It has been established that solar energy absorption and thermal
conductivity are the dominant factors in bus structures. The thermal inertia of air is an
important parameter for reducing the load during heating and cooling.

Keywords: bus cabin, thermal inertia, temperature environment.

Relevance of research. The most important factor in the transportation process
by public transport is the microclimate in the cabin. The issue of regulation and
management of air parameters in the bus cabin becomes more acute when modern
monitoring of bus operation using GPS-navigation is introduced at the automotive
companies.

The microclimate in the bus cabin depends on the peculiarities of the systems of
heating, ventilation, conditioning, and also the range of the construction parameters of
the bus itself (cabin tightness, engine location, its thermal insulation, thermal
conductivity of lining and filling materials of the side walls, passenger presence, the
degree and the type of windows glazing, conditioner management) [1].

Car air conditioners refer to the class of energy consumers which, in the presence
of internal combustion engines, directly depends on fuel consumption. One of the key
peculiarities of this approach lies in the fact that there are still not enough data in the
technical description of the suppliers or main characteristics of the transport means,
and it requires conducting additional experimental tests.

Reducing accumulation of the excess heat in the cabins of the transport means,
and providing corresponding levels of the temperature environment may favour
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increasing fuel saving, power reserve, reliability, durability, comfort of the passengers
and the driver, and transportation safety [2]. Improvements in in-car temperature
management remain key as new technologies drive consumer demand for excellence
in the transportation process. In this regard, the interior area plays the main role in
ensuring the overall thermal comfort of passengers and the driver. Thermal inertia in
the interior of public transport, as a factor of heat input in the warm period of the year,
Is decisive for calculating the performance of the air conditioning system.

The Aim of the work lies in creating technological solutions to ensure energy
efficiency when working with an air conditioner.

The analysis of approaches to the optimal microclimate management [3-7] shows
that the contemporary tendency in this sphere is the development of management
systems as to energy expenditures and comfort.

The mainstream thought that the temperature of the air inside the space (including
the space inside the passenger transport cabin) practically always coincides with the
temperature of the fencing constructions of this space. Under the conditions of the
active air conditioning of the passenger cabin such a statement remains not always
correct.

The temperature of the cabin walls and seats remains practically unchanged
within this period. Therefore, while choosing the air conditioning system in the bus
cabin, it is necessary to consider real heat inertiality of the cooled air in the conditioner
coming through the cabin. The optimal energy consumption and the heat comfort in
the cabin for the passengers can be calculated and modelled via the theory of the heat
transfer, the heat balance method and the heat transfer coefficient [8].

The heat transfer is a complex exchange consisting of its separate kinds. Based
on the theory of heat transfer there are three mechanisms of heat transfer: conductivity,
convection, radiation. The heat transfer into the bus cabin in the warm season of the
year is the dominating process due to the difficulty of the transport means construction
(windows, sides of different layers, floor, roof and doors) as all the criteria of the heat
transfer are present. The heat inertiality may be considered as the material property to
accumulate the heat and retard its transfer into the outer environment, that is it is the
level of slowness of reaching the temperature of the outer environment. Therefore, the
heat inertiality is an important parameter of the heat comfort in the bus cabin and it
favours loadings reduction while cooling the cabin with the conditioner in the warm
season of the year within the certain time.

Full-scale experimental research of the thermal loading of the passenger bus
MAZ-206 cabin were conducted while its motion on the route. The conditioner Revo
25 with the maximum volume of the air flow 4,640 m3/h and the two-channel
conditioning system [9] was installed in the bus. It was determined the temperature
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parameters of the outer air and the air inside of the cabin: temperature, motion speed,
relative air humidity.

Control measurements of the air parameters were conducted in one minute before
the stop and in one minute after the beginning of the bus motion from the stop. The
measurement points were located in the zone of the sitting passenger head in the
volumes. The research of the heat loading was conducted on the passenger bus cabin
only, as the motor compartment provides heat insulation with the thermal and noise
insulation material and padding by the perforated zinc-coated sheet, and the driver’s
stall is not adjacent with the present bus conditioning system and is not the subject to
consider in this work.

Graphic interpretation of the temperature change in the bus MAZ-206 cabin per
relevant time of the conditioner work on the route is presented in Figure 1.

30

26

25

Air temperature in the cabin, "C

24

23

5 15 25 35 45 55
Time, s

Figure 1 — Experimental confirmation of the dependence of the cooling rate of the bus
interior at an external air temperature of +31°C

It may be seen from the graph of temperature decreasing in the bus to the optimal
values (Figure 1) that it takes place by the linear dynamics of the climate stability
reproduction and it explains inertia of the air in the cabin.

The research conducted prove calculations of the reproduction duration of the
relevant temperature mode in the bus cabin, meanwhile air inertia does not exceed 2
minutes after closing the doors at the stop. It demonstrates that even at increasing heat
inertiality of the air under certain conditions twice, thermal comfort will not influence
the common microclimate in the bus cabin and it will decrease the loading on the
conditioner.
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Thus, it is practically possible to decrease thermal inertiality due to dramatic
increase in the amount of air amount that is supplied to the cabin. It is possible via
increasing the power of the ventilation or the conditioner that supplies already cooled
air. Accordingly, in some short time there is no need in supplying such an additional
portion of the air. The solution of the problem is seen in preliminary cooling in the bus
cabin at the end stop before the route performance. It, in its turn, gives the opportunity
to use the conditioner of the lower power as providing the proper microclimate is
already possible taking into account short thermal inertiality that is experimentally
proved.

Conclusion. The solution to the problem can be seen in the pre-cooling of the bus
cabin at the final stop before the flight. This, in its turn gives the opportunity to use the
conditioner of the lower power as providing the proper microclimate is already possible
considering short thermal inertiality.
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CEKIIA 5: CYYACHI TEXHOJIOT'TT Y TPOMUCJIOBOCTI

SECTION 5: MODERN TECHNOLOGIES IN INDUSTRY

OHIHKA EQEKTUBHOCTI BUKOPUCTAHHS CYYACHHUX
TEXHOJIOI'IA IJI1 3BHUKEHHA BUTPAT ITAJIMBA

Bonoapenko O.B. — marictpanT, bondarenko _ov@gsuite.duit.edu.ua
Manrwk C.B. — ct. Bukiaagad, maliuk _sv@gsuite.duit.edu.ua
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ASSESSMENT OF THE EFFICIENCY OF USING MODERN
TECHNOLOGIES TO REDUCE FUEL COSTS

Bondarenko O.V. — master's student, bondarenko ov@gsuite.duit.edu.ua
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Kyiv Institute of Railway Transport
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Abstract. The work shows the impact of using modern technologies in the design of diesel
locomotives, which determines the degree of economy, reliability in specific operating
conditions, allows to achieve optimal consumption of primary energy resources. Achieving
optimal operational characteristics, along with saving energy resources, is achieved by
improving the design of the diesel generator set, rational use of fuel and energy resources for
train traction.

Keywords: fuel, economy, modern technologies, consumption, energy resources.

AKTYaJIbHICTh  JIOCJIUKEHHSI 3YMOBJIEHA HEOOXITHICTIO BIPOBAKCHHS
Cy4YacHUX TEXHOJOTIM Ha BITYM3HSHUX TEIJIOBO3ax JJIsI MOKpAIIeHHS TEXHIKO-
€KOHOMIYHHX MOKA3HUKIB Ta EKOHOMII JU3€E€IHHOI0 NAJINBA.

MeTtor po0d0TH € aHaII3 TEXHOJIOTH MIJBUIIEHHS €(DEeKTUBHOCTI BUKOPUCTAHHS
EHEePreTUYHUX PECYPCiB HA PYXOMOMY CKJIaJll 3aji3HUIlb. B pe3ynbTaTi mpoBeaeHOTO
JIOCIIJIPKEHHSI BHSBJICHO, III0 OCHOBHHUMH €JIEMEHTAMH EKOHOMIi EHEpreTHYHHX
pecypciB MmiJ dYac eKCIUTyaTallii pyXOMOTro CKJIaay 3alli3HUIb € BHKOPUCTAHHS
Cy4YaCHHUX TEXHOJOTIH Ha TETIOBO3ax

Butpara nanuBa € oJiHi€10 3 OCHOBHHX ITPOOJIEM, 3 SIKUMHU CTUKAIOTHCS 3aJ113HUIII
VYkpainu. TennaoBo3u, fKi BHUKOPUCTOBYIOTHCA JUIsl pyXy THOI3MiB, CHOXKHBAIOTh
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BEIMYe3Hl O0OCSITM AM3ETBHOTO MNalluBa, L0 IMO3HAYAETHCA AK Ha EKOHOMIYHIN
e()EeKTUBHOCTI, TaK 1 HA HETATUBHOMY BILJIMB1 Ha JOBKLILJIS.

IcHye kinbka OCHOBHUX (aKTOpiB, SKI BIUIMBAIOTh HA BUTpATy TNalMBa
TerIoBO3iB. Jl0 HMX BITHOCATBCA Bara Mmoi3fa Ta CKJIaLy, WIBUAKICTH PyXY, TEpTA
KoJsieca 00 peiiku, CTyHiHb OMOpY MOBITPS, peiiKoBa reoMeTpisl Ta MOroIHI yMOBHU. Bci
i (QakTopu € CKIAQAHOI CHUCTEMOIO B3a€EMOIOB'S3aHUX MapaMeTpiB, SIKI CYTTEBO
BITMBAIOTh HA €(PEKTUBHICTh BUKOPUCTAHHS MaJIMBa Ha TSTY MOi3IiB.

IcHye HU3KA cI0CcO01B onTUMI3allii BUTPATH NAIMBa Y TEIUI0BO31B. OIMH 13 HUX —
YIOCKOHAJICHHSI CUCTEMHU KepyBaHHs ABUTYHOM. [IInsXxoM peryitoBaHHs mapaMeTpiB
poOOTH NBUTYHA MOJXKHA JOCATTH OUTBIT €(QEKTUBHOTO CIIATIOBAHHS MaJMBa 1, 5K
HACJIZ0K, 3HIDKEHHS HOro BUTpaTH. TakoX BaXJIMBHUM CIIOCOOOM ONTHUMI3AIli €
3HUKEHHS 3arajbHOl Baru moi3ja Ta moi3jga. 3MEHIICHHS Bard J103BOJISIE 3MEHIIUTH
HEOOXI1JIHY MOTY>KHICTh TEIUIOBO3a Ta, SIK HACIIJOK, CIIOKUBAHHS MAJIMBA.

Onrtumizariiss BUTpaTH TajMBa € OJHUM 13 KJIFOYOBUX 3aBJaHb Yy 3ajli3HUYHIN
IPOMUCIOBOCTI. TemIoBo3M € OCHOBHUMH 3acO00aMH TPAHCIOPTY ISl IEPEBE3CHHS
BaHTaXX1B 3aJI13HULIEIO, TA €()EKTUBHE BUKOPHUCTAaHHS NAJIMBa Ma€ BEJIMKE 3HAUCHHS JIJIs
€KOHOMIYHOi ~ e€(EeKTMBHOCTI Ta €KOJOrIYHOi  CTIMKOCTI  JaHOTO  CEKTopa
IIPOMHMCIIOBOCTI.

3HIDKEHHS BUTPATH TalWBa MPU3BOAUTH 10 3HAYHOI EKOHOMIYHOI BHUTOJM.
[TanuBO € OJHUM 13 OCHOBHUX BUTPATHUX (PAKTOPIB B €KCILTyaTalli TEMJI0BO31B, TOMY
HOoro onTuMizailisi MOXK€ CKOPOTHTH BUTPATH Ha MaJMBO Ta MOKPAIIUTH (PiHAHCOBI
MOKA3HUKHU 3aJI3HUYHUX KOoMMaHii. buibil eeKTUBHE BUKOPUCTAHHS MaJliBa TaKOXK
MOXX€ 30UIBIIMTH TPOMYCKHY CIPOMOXHICTh 3aJi3HUYHUX JIIHIM, 3MEHIIUTH
TUMYACOB1 BUTPATH HA HABAHTAXXEHHS Ta PO3BAaHTAXXCHHS, @ TAKOK 3HU3UTU BUTPATU
Ha 00CIIyrOByBaHHS Ta PEMOHT 00JIaIHAHHSI.

Kpim TOro, ontumizanis BUTPATH NAJIBHOIO CHPUSE CKOPOUEHHIO HETaTUBHOIO
BIUIUBY Ha JOBKULIS. TemiaoBo3W € OJHUMHM 3 HAWOUIBIIUX JHKEpENT BUKHUJIB
MAapHUKOBUX Ta3iB, y TOMY YMCI1 BYIJIEKHCIIOIO Ta3y Ta JIOKCHAY a30Ty. SHUKCHHS
BUTPATH MaJIMBA J03BOJISE€ 3HU3UTH BUKHUIM IIUX MIKIJIMBUX PEUYOBUH, 10 TTO3UTUBHO
BILJIUBA€E Ha AKICTh TOBITPS, 3/I0POB'S HACENEHHS Ta €KOJIOTIUYHY CTIHKICTh PETiOHIB,
SKUMU TIPOXOJIATH 3aTI3HUII.

IcHye KigbKa OCHOBHMX (PaKkTOpPiB, LIO BIUIMBAIOTh HA BUTpATy MajuBa Yy
Ter10Bo31B. OHUM 13 HUX € IIBHUJKICTh pyXy. Builna mBuakicTh BUMarae OiIbIION
BUTpATH NaJKBa Yepe3 301IbIICH] OMOPH MOBITPS Ta TEPTS y MICII KOHTAKTY KoJjieca 1
periku. EdexkTrBHE MIaHyBaHHS MApUIPYTIB JO3BOJISIE BAOUPATH IIBUAKICTD PYXY, L0
JoroMarae CKOpPOTHTH BHUTpaTH MajluBa. TakoXX BaxJIMBUM (akTopoM €
BaHTAKOITTHOMHICTh TEIJIOBO3a. SIK IpaBuiIO, OUIBII Ba)KKi IOI3IM CIIOXKHUBAIOTH
OlplIe MajgnBa, TOMY OINTHUMI3allisl IJIaHYBaHHS HABAaHTAKEHHS Ta OalaHCyBaHHS
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HaBAaHTA)XEHHS MDK pI3HUMHU BaroHaMH MOXYTb CIPHUSTH CKOPOUYEHHIO BUTPATH
HaJIMBA.

3arajoM ONTHMI3allisi BUTPATH MalWBa y TEIJIOBO3IB € BAXKJIMBUM KPOKOM Y
MiIBUIIEHHI €()EeKTHBHOCTI Ta CTIMKOCTI 3aJli3HUYHOI TTpoMuciIoBOCTi. Lle mo3Boise
3HM3UTH EKCIUTyaTalliiiHi BUTPATH, MOKPAIIUTH (HIHAHCOBI MOKa3HUKU TEIUIOBO3IB, a
TaK0>X OXOPOHSATH JTOBKULIA Ta 3a0€31eUyBaT CTAIUNA PO3BUTOK PET10HIB.

CyuacHi TEXHOJIOTIi BIITPalOTh BaXXJIMBY POJIb B ONTHUMI3allli BUTPATH TajiBa
TEIUIOBO31B. BUKOpPHCTaHHS HOBHUX pO3pPOOOK JO3BOJIAE 3HAYHO IOKPAILUTH
e(EeKTHUBHICTh Ta EKOHOMIYHICTh POOOTH TOI31B.

1. EnexTpoHHI cUCTEMU KEepyBaHHS.

3 TOSBOI0 EIEKTPOHHHX CHCTEM KEpyBaHHS TEIJIOBO3aMH, MOMJIMBOCTI
KOHTPOJIIO Ta ONTHUMI3allii BUTpAaTH MNajluBa 3HayHO posmmupuiucs. Lli cucremu
J03BOJISIIOTH 3/1MCHIOBATH TOUHE PETYJIIOBaHHs pOOOTH JBUTYHA, KPIM 3aiiBOi BUTpaTH
HaJBa IPU HABAHTAXEHH1 a00 B PEXKHUMI XOJIOCTOTO XOY.

2. BuxkopucrtaHHs BUCOKOE€()EKTUBHHUX JABUTYHIB.

HoBi TemioBo3u ocHaieHi BUCOKOC(HEKTUBHUMHU JBUTYHAMH, $KI 37aTHI
3a0€3Ne4YnTH BUCOKY MPOAYKTHBHICTH Ta OJIHOYACHO 3HM3UTU BUTpaTy manusa. Ll
JBUTYHH TPALIOIOTh HA OCHOBI 1HHOBAI[IMHUX TEXHOJIOTIH, TAKUX SK KOMII'FOTEpHE
YIpaBIiHHS NATMBHOKO CUCTEMOIO Ta CUCTEMH pEKyIepalli eHeprii.

3. ABTOMaTu4HE peryJItOBaHHS IIBUIKOCTI.

CucreMu aBTOMaTHYHOTO PETYJIFOBAHHS IIBUIKOCTI JO3BOJISIOTH ONTHUMI3YBaTH
PO3MOJLT MOTYKHOCTI Ta KEPyBaTU HaBAaHTA)KEHHSM Ha JIBUTYH 3aJIe)KHO Bl YMOB
excrutyatariii. Lle m03BoJisse 3HU3UTH BUTpATy MajauBa Iij 4yac poOOTH HA PI3HUX
OUISTHKAaX MaplIpyTy Ta HIATPUMYBATH ONTUMATbHUI pEKUM POOOTH.

4. IlinBuiieHa epeKTUBHICTh rajbMyBaHHS.

CyyacHl TEIOBO3M OCHAIIEHI CUCTEMaMHU PEreHEepaTUBHOIO Ta JUHAMIYHOTO
raJibMyBaHHS, SKi JTO3BOJISIIOTh BUKOPHCTOBYBATH €HEPril0, IO BHUIISETHCS TPHU
raJibMyBaHHI TOi37a, JJIs JKUBJICHHS I1HIIMX TPHUCTPOIB Ta cucteM Ha Oopty. Lle
CYTTEBO 3HIKYE BUTpATY MajKMBa Ta MOKPAILY€E EHEProeeKTUBHICTh TEIJIOBO3A.

5. BukopucTaHHS JIETKUX MaTepialliB.

3acTocyBaHHs JIETKMX MareplaiiB, TaKUX K QIIOMIHIA Ta KOMIO3UTH, Yy
KOHCTPYKIIii TEMIOBO31B JO3BOJISI€ 3HU3UTH 1XHIO Macy. Lle, B CBOIo yepry, 103BoJIsIE
3HU3UTU HEOOX1JHY MOTYKHICTh IJIsl PyXy 0i3/a 1, IK HACJIJIOK, BUTpaTa MajivBa.

BuchoBok. Jlana po0GoTa [103BOJIUTH Yy3araJIbHUTH BIJIOMOCTI CTOCOBHO
BUKOPHUCTAHHS CY4YaCHMX TEXHOJIOTiH Ha BITUM3HSHUX TEIJIOBO3aX 3 METOI0
3MEHILIEHHS BHUTpaT MAW3EIbHOIO TMajuBa, Ta IMOKPAIIEHHS eKCIUTyaTaliiHuX
MOKA3HUKIB BITYM3HIHUX TETIOBO31B.
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Abstract. This work highlights effective and promising technologies for improving the
properties of parts' surfaces. One of such technologies is diffusion saturation of carbon steel
surfaces with combined boride powder mixtures with Cu, V, Nb, Cr or Ti using chemical-
thermal reactions. Conducted studies of the tribological properties of such mixtures under
conditions of dry friction showed that the best results are achieved by boride coatings doped
with copper. Compared to the B4C coating itself, the wear resistance of boride coatings doped
with copper is 3 times higher.

Keywords: boride coatings, copper alloying, wear resistance and durability, friction
machine.

AKTyaJbHiCTh gocaigxenHsi. OIHUM 3 BaXIWBHX 3aBlIaHb Yy CY4aCHOMY
MamuHOOYIyBaHHI € BUKOPUCTAHHS HOBITHIX TEXHOJIOTIH, SKi JTIO3BOJISIOTH 3HAYHO
MIIBUIIATH 3HOCOCTIHKICTH 1 JOBTOBIUHICTh BY3IIB Ta AeTanei MmammH. [lokpameHHs
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XapaKTEPUCTUK € MOMIJIMBUM 32 YMOBHU BUKOPUCTAHHS BIAMOBIIHUX KOHCTPYKIIIHUX
MarepiaiB, fKi O ONTUMAJIbHO TMOEJHYBAJIM BHCOKY TBEPIICTh, IJIACTUYHICTh, a
BIJIMOBIAHO 1 3HOCOCTIHKICTE. TOMY Ba)JIMBOIO 3a7aueio Mepes] MaTepiaJo3HaBIIMU
€ T1JIBUIIEHHS TPUOOTEXHIUHUX XapaKTEPUCTHK ICHYIOUUX MaTepiaiiB Ta MOKPHUTTIB
abo cTBOpeHHs HOBHX. HacuueHHs MOBEpXHI METaliB OJAHOYACHO JBOMA 1 Oinible
eJeMEHTaMHu JI03BOJISIE TIOE€JHYBAaTH B OTPUMYBAHOMY MOKPHUTTI BJIACTHUBOCTI, IO
CTBOPIOIOTHCSI OKPEMUMH €JIEMEHTaMHU, 3 OCOOJIMBUMH BJIIACTUBOCTAMM X CIIOJIYK.

Tak ogHUM 3 MPIOPUTETHUX METOIB 30UIBIICHHS TEPMIHY CIIY>XOM JeTanei
MAalIuH 1 IHCTPYMEHTY € XiMiko-TepMiuHe 00pobsenHsa (XTO), sike Hagae MOBEpxHi
METaliB BHUCOKY TBEPiCTh, 3HOCOCTIUKICTbD, OMIPHICTH KOPO3ii Ta epo3ii, MiABUIICHY
KAPOCTIMKICTh M CTIMKICTh MPOTH pajianiiHoro onpomineHHs [1]. [omix 3raganmnx
npoueciB XTO ocobmuBe wmicie mnocigae nudysiiHe OopyBaHHS MeETaliB 13
noJaBaHHAM 1HIIMX JeryBaabHux enemeHTiB Cu, Cr, Nb, V Ta Ti, mo mo3Boise
3MIHUTH CTPYKTYpY 1 (ha3oBuil ckiag OOPUIHUX IIAPIB 1, IK HACIIJIOK, JOCIATTH OUIbIII
BHUCOKOi TBEPAOCTI M 3HOCOCTIHKOCTI TOBEPXHI MOPIBHAHO 3 I1HIIUMU BHJAMU
MOBEPXHEBOT0 00poOIIeHHS [2].

[IpoBeneH1 JOCHTIIKEHHS TMOBEIIHKM OTPUMAaHUX OOpPUAHMX MOKPUTTIB Ta
JeroBaHuX OOPUIHUX MOKPHUTIB B YMOBaX KOHTAKTHOTO 3HOIIEHHS MPHU CYXOMY TepTi
— koB3aHHi1 . Tak nmoBepxHi JieroBani ogHoyacHo B ta Cr, B ta Cu, B ta Nb, Bta 'V,
B ta Ti maroTh ciigyroun pe3yabTaTu: JeryBaHHs Mijaro CU 301IbITy€e 3HOCOCTIHKICT
y 3 pa3u, npu JeryBaHHi HI001€EM 3HOCOCTIMKICTh 3pocTace y 2,8 pa3u, 3 THTAHOM — B
2,4 pa3u, XxpoMOM Ta BaHajieM —y 1,5 pa3u. A B TOpIBHSHHI 3 OPOH3010 3HOCOCTINKICTh
OopuaHMX MIapiB JieroBaHuUX Miaai0 3poctae B 30 pasiB. Bukopucranus Takux
TEXHOJIOT1H € aKTYaJIbHOIO 33JJa4€H0 Ta BUKJIMKAE TEOPETUUHUMN 1 MPAKTUYHUN THTEPEC.

JIns JOCTifKeHHs BUKOPUCTANH 3pas3ku i3 craneit 20 Ta 45. Ix macuuysamu y
O0opomicTkoMy nopowky TexHiuHoro B4C 3 qodaBkamu ¢proporiacry, sik akTUBaTopy,
Ta B CyMIIIaxX MOPOLIKIB OOPMICTKOTO KOMIIOHEHTA 3 Jeryrounmu enementamu: Cu, V,
Nb, Cr, Ti.

3HOCOCTIHKICTh OTPUMAHMX 3pa3KiB BUIPOOYBaAIM HA MAIIIMHI TEPTS, TPUHIIUIIOM
Jii SKOi € 3BOPOTHO-TIOCTYNAIbHI pyXH. 3aKkpiluieHl 3pa3ku KOHTAaKTyBaIUd 3
KOHTPTLIOM , 3p00JIEHOT0 3 BIJIMYIIEHOI cTail Y 8. Bennunny 3HOCY OLIIHIOBAJIN
IpaBIMETPUYHUM METOOM, HUISIXOM 3Ba)KyBaHHS 3pa3Ka J10 1 Micisi BAIPOOyBaHHS
Ha aHamTU4HUX Tepe3ax BAJI — 200I". TepmiH 3HOITYBaHHS AJisl KOXKHOTO 3pa3ka
cknaB 300 xB. npu Harpy3ui KoHTpTiIa 49H.

Ha Bcix eramax mocCiaiPKEeHHS HalWMEHINA I[IBUIKICTH 3HOIIEHHS BHIBJIICHA B
OopuaHUX Mmapax JeroBaHux Mimao. [lopiBHSHHS 3HOIIyBaHHS OopumHux a3 3
oponzamu bP AMir 10 — 2 mokazaio, 1o 3HOCOCTIMKICTh OOpuaHNX (a3 mepeBakae
Haj Opon3amu B 30 pa3iB mpu JeryBaHHI Mijto, a 0e3 JeryBanHs - 10 15 pasis.
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BxparnieHHst Mii B CTpyKTypl OOpUAHUX IIapiB BUKOHYIOTH POJIb TBEPJIOTO
MacTwia. Taki BJIACTUBOCTI MOXYTh OyTH BHUKOPHUCTaHI B MalIMHOOYIyBaHHI ,
CYyIHOOYTyBaHHI, Xap4OBil MTPOMHCIOBOCTI , IHCTPYMEHTATPHOMY BUPOOHHUIITBI JIJIst
3MIIIHEHHS 1HCTPYMEHTY , OCHAILIEHHS JeTajeil Ta BY3IiB , IO MPAIIOI0Th B YMOBAxX
3HOCY.

BucnoBok. IIpoBeneHo aHai3 MOCIiPKEHHS 3pa3kiB B YMOBaX KOHTaKTHOTO
3HOIIYBaHHS OopuiHUX MOKpUTTIB jeroBanux Cu, Ti, Cr, V, Nb nHa ctam 20 Ta 45.
HaiikpammMu MOKpUTTSIMH B YMOBaX CyXOro TEPTsl — 3HOILIYBaHHS € OOpuaHi (a3u
FeB ta Fe,B nerosani Mijito, ki MiIBUIIYIOTh 3HOCOCTIHKICTh OOPHIHUX IIapiB 0e3
JeryBaHHs B 3 pa3u. 3HOCOCTIHKICTh OOPHIHUX MIapiB JeroBaHux Mmiawo B 30 pasi
BHUIIIA 32 3HOCOCTIUKICTh OPOH3H.
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Abstract. This research explores the critical theme of energy efficiency in industrial
production, focusing on the utilization of modern technologies to reduce energy consumption
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and minimize ecological impact. The study investigates advanced manufacturing
technologies, intelligent energy management systems, and the integration of renewable
energy sources and innovative materials to enhance energy efficiency. The examination
extends to the role of artificial intelligence in optimizing energy consumption and the
potential benefits of transitioning to renewable energy. The research also delves into the
impact of innovative materials and nanotechnologies on creating more energy-efficient
products. Integrated approaches, including intelligent supply chain management and
collaborative strategies between industries, are analyzed for their contribution to overall
energy efficiency. The study concludes with comprehensive insights, recommendations for
practical implementation, and preparation for presentation at an international conference.
Keywords: energy efficiency, industrial production, modern technologies, renewable energy
sources, intelligent energy management, artificial intelligence, innovative materials,
nanotechnologies, supply chain management, ecological impact, international conference
presentation.

AKTyaJbHICTh J10C/iAKeHHs. BuzHaueHHs eHeproe()eKTUBHOCTI B KOHTEKCTI
MIPOMHMCIIOBOI'O BUPOOHUIITBA Ta 3HAYEHHSI TEMH ISl CYYaCHOT'O CYCHUIbCTBA Ta
€KOJIOTI.

AKTyaJbHICTH NPo0JieMH. AHAJII3 3pOCTAIOYOTO CIIOKUBAHHS €HEPrii y

MIPOMMCIIOBUX TATy3X Ta BUSHAYCHHS MPOoOIeMH 3a0pyJHEHHS JOBKIUILIS Ta
HECTAJIOr0 BUKOPUCTAHHS €HEPreTUYHUX PECYPCIB.

Merta Ta 3aBaanHs. ©opMyITIOBaHHS OCHOBHOI METH JOCIIKEHHS 3MEHIIICHHSI
BUTPAT €HEPrii Ta €KOJIOTIYHOTO BIUIMBY Yy TIPOMHUCIOBOCTI Ta BHU3HAUEHHS
KOHKPETHHX 3aBiaHb, sKi ciif Bupimutu. CydacHl BUpOOHUY1 MTPOIIECH BUMAraroTh
yBaru N0 TNHUTaHb €HEProeeKTHUBHOCTI Ta EKOJOriuyHoi cTiiikocTi. [IpoGmema
3pOCTAIOYOTO CIOKUBAHHS €HEPTii B MPOMUCIOBOCTI Ta BIUIMBY Ha JOBKUUIS CTa€
BXJIMBUM acrekToM. OTKe, METOI0 IhOTO JOCTI/HKEHHS € aHali3 Ta BHU3HAYEHHS
MOKJIMBOCTEM BUKOPHUCTAHHS CYyYaCHUX TEXHOJOTINA JUIsi €(pEeKTUBHOTO 3MEHIIICHHS
BUTpAT €HEPrii Ta MiHIMI3aIli1 €KOJIOT1YHOTO BIUTMBY BUPOOHUIITBA.

AHaJI3 Cy4YaCHUX TEXHOJIOTI B 3MeHIIeHHI BUTPAT eHeprii. Orisi nepe1oBux
TEXHOJIOTiH, CHOpPSMOBAaHMUX Ha ONTHUMI3allll0 EHEPrOCMOXXKUBAHHA BHUPOOHUUYUX
MPOIIECIB Ta MPUKIAIN YCIIIIHUX peati3aiii Ta BIPOBapkeHb. EHeproedekTuBHI
TEXHOJIOTii BUPOOHUIITBA BKJIIOYAIOTh B ceOe BHUKOPUCTAHHS aBTOMATHU30BaHUX
CHUCTEM, 5Kl JI03BOJISIFOTh €(PEKTUBHIIIE YIIPABISITH €HEPTOCTIOKUBAHHSIM.
[HTEMIreHTHI CUCTEMU YIIPaBJIIHHS €HEPTIEI0 JO3BOJISIOTh B PEKUMI PeaIbHOTO Yacy
MOHITOPUTH Ta PETYJIIOBATU €HEPrOCIIOKUBAHHS HA M1 AMPUEMCTBI.

InTerpoBani cucreMu ynpasJiiHHS eHepri€lo. Posib mMTydHOro 1HTEIEKTY Ta

aHAITUYHUX CUCTEM y BU3HAUCHHI €()EKTUBHUX CTPATET1H YIPaBIiHHS €HEPTi€l0 Ta

nepeBard aBTOMAaTHU30BAHOTO MOHITOPUHTY Ta PEryJIlOBaHHS CHEPrOCIOKUBAHHS.
ABTOMAaTU30BaHI1 CUCTEMH Ta MOHITOPUHT, IHTEJIEKTYyaJbHI CUCTEMHU MTPOTHO3YBAHHS,
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e(eKTUBHE YIMpaBIiHHA BUPOOHUYMMHU TIPOLIECAMM, YTMPABIIHHSI EHEPreTUYHOIO
1H(PPaCTPYKTYpOIO, MOHITOPUHT Ta 3BITHICTH JJIs MIAMPUEMCTB.

BinnoBiaoBasnbHi  Jukepesia  eHeprii.  JIOCHIDKEHHS — MOXJIMBOCTEH
BUKOPHUCTAHHA COHSYHOI Ta BITPOBOI €HEPTii y MPOMHCIOBOCTI Ta €KOHOMIYHI Ta
€KOJIOTIYHI TIepeBard TMepexoay JO BIIHOBIIOBAaHUX JoKepen. JlocmimkeHHs
BUKOPHUCTAHHS BIHOBIIIOBAHUX JKEpEJI EHEPTii, TAKUX SIK COHAYHA Ta BITPOBA €HEpris,
B IIPOMUCJIOBOMY BUPOOHUIITBI BKa3y€e Ha MOXKJIMBICTh IIEPEX0Ty /10 OLIBIII CTAJIOr0 Ta
€KOJIOTIYHO 4YHCTOro BUpOOHHMIITBA. KpiM Toro, I1HHOBaIliiHI MaTepiaii Ta
HAHOTEXHOJIOTIi MOXYTh JIOMOMOITH CTBOPIOBAaTH OUIBII €HEpProePeKkTUBHI Ta
€KOJIOT1YHO Oe3MeYHI MPOYKTH.

InnoBaniiini martepianu. Po3rnsg BHUKOpUCTaHHS HOBITHIX MaTepialiiB Ta
HAHOTEXHOJIOTIN JJIsi CTBOPEHHS OUIBII eHeproeeKTUBHUX BHUPOOIB Ta BILIUB
IHHOBAIIMHUX MaTepiajiB Ha 3MCHILICHHS Bard Ta CIOKMBAHHS €HEprii Iij dac
BupoOHuiTBa. HanorexHomorii Ta iX BIUIMB Ha eHeproedekTuBHICTh. BuBUEHO
3aCTOCYBaHHS HAHOTEXHOJIOTIM JJii CTBOPEHHS HOBHUX MaTtepiajiiB 3 MiJBUICHUMU
BJIACTUBOCTSAMU. JIOCHIKEHO Cy4yacHl COHSYHI Marepiaiu, siki BUKOPHUCTOBYIOTHCS
JUIi  TeHepauii  enekTpoeHeprii. biomarepianmu Ta  €KoOJIOTIYHA  CTIMKICT.
EneproedextusHi nommMepu ta Komnosutu. EdekTrBHE BUKOPUCTaHHS PECYPCIB Ta
PELUKIIIHT

InTerpoBaHi cucremMu Ta yNnpaBJiHHA JAHUIOIOM NOCTAa4aHHsA. BuBueHHs
e(eKTUBHUX CTpaTerii YNpaBIiHHA JIAHIIOTOM TOCTaYaHHA i 3a0e3leueHHs
eHeproe()eKTUBHOCTI Ta poOJdb CHIBIOpaIll MDK MIAOPUEMCTBAMUA Ta iXHIM
B3a€EMOBIUIMBOM Ha 3araJlbHUH €KOJIOTIYHMK BiZOMTOK. IHTErpoBaHi CHCTEMU
YIpaBIIHHS JaHIIOTOM MOCTaYaHHS Ta CIIBIpAl MIXK MIANTPUEMCTBAMU BU3HAYAIOTh
HOBI LUISIXU JJIS JJOCSATHEHHSI BUCOKOI €(DEKTUBHOCTI B €HEPrOCIOXMBaHHI. AHai3
(1HaHCOBUX BUT1 Ta MIJIPAXyHOK E€KOHOMIi MIJAKPECIIOIOTh €KOHOMIYHY BHUIOIY
BIIPOBA>)KEHHSI €eHEProe(PEeKTUBHUX 3aXO/IB.

BucnoBok. Ils Tema mnpucBsiYeHa BHUBUCHHIO EHEProe(EeKTUBHOCTI B
IIPOMHUCJIIOBOMY BHPOOHHUIITBI 3 BHKOPHCTAaHHSIM CY4YaCHHUX TEXHOJOTIH IS
3MEHIIICHHS] BUTPAT €Heprii Ta MiHIMi3allii €KOJIOTIYHOTO BIUIMBY. AHai3yBajuCs
MepeoBl TEXHOJOI1i, 1HTEJIN€HTHI CUCTEMH YMPABIIHHS €HEPri€l0, BUKOPUCTAHHS
BIIHOBJIFOBAHMX JIPKEpEJT Ta IHHOBAIIMHUX MaTepiaiiB. 3'1COBaHO, 1110 BIPOBAIKEHHS
eHeproe()eKTUBHUX TEXHOJOTM Ta IHTErPOBAHMX CTPATEridl YIpaBIIHHS MOXKeE
CYTTEBO 3HM3UTH BUTPATH CHEPTii BUPOOHUIITBA. Pe3yabTaTh TOCTIIKEHHS BKa3yIOTh
Ha BXKJIMBICTH CIIBOpAIll MK MPOMHUCIOBUMH MIAMPUEMCTBAMU Ta BUKOPUCTAHHS
IITYYHOTO 1HTEJIEKTY JJIA ONTUMI3alli mporieciB. [IpomonyoTbes pekoMeHaamii ass
MPaKTUYHOTO BIPOBAHKCHHS OTPUMAHMX 3HaHb y cdepi eHeproedextuBHOCT. Lle
JOCIIIKEHHSI MOYKE CTaTH Ba)KJIMBUM BHECKOM y PO3BUTOK CTAJIOTO Ta €(DEeKTUBHOTO
BUPOOHMUIITBA.

111



JitTepartypa

1. Sioshansi, F. P. (2018). "Energy Efficiency: Towards the End of Demand Growth."
Academic Press.

2. Ayres, R. U., & Ayres, L. W. (2010). "Industrial ecology: Towards closing the
materials cycle." Edward Elgar Publishing.

3. Ashby, M. F., & Johnson, K. (2013). "Materials and Design: The Art and Science of
Material Selection in Product Design." Butterworth-Heinemann.

4. Gibson, R. F. (2012). "Principles of Composite Material Mechanics." CRC Press.De
Almeida, A. T., et al.

AHAJII3 CUCTEM 3AJIIBHUYHOI ABTOMATU3AIIIL SIEMENS AG

3amocman FO.M. — marictpant, Zamostyan_um@gsuite.duit.edu.ua
3aika /I.0. — acniipanr, zaika_do@gsuite.duit.edu.ua
Kuiscokut incmumym 3a1i3HUYHO20 MPAHCNOpmMYy
epoicasrnozo yrisepcumemy inhpacmpykmypu ma mexroi02ii
VYkpaina, M. Kuis

ANALYSIS OF RAILWAY AUTOMATION SYSTEMS SIEMENS AG

Zamostian Yu.M. — master's student, zamostyan um@qsuite.duit.edu.ua
Zaika D.O. — Postgraduate student, zaika_do@gsuite.duit.edu.ua
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. SIBAS (German: Slemens Bahn Automatisierungs System) comes from the
abbreviation and translates as “SIEMENS Railway Automation System”. It is designed to
optimize the performance of individual microprocessor components in rail rolling stock and
allows for digital control and monitoring in a unified communication environment, including
control of traction motors in locomotives. The first of its kind was the SIBAS 16 system and
was based on 16-bit microprocessors; the successor of this system was SIBAS 32 on 32-bit
microprocessors. Currently used in more than 7,000 rolling stock units. After the introduction
of the new concept of high-speed movement ICx, this system was no longer enough, after
which the latest generation system SIBAS PN was released. This system is based on SIMATIC
Step 7 components, widely used in industrial automation systems, SIEMENS stopped
developing its own operating system SIBAS OS, replacing it to the commercially available
hard real-time OS VxWorks, proven in the embedded systems market. The Intel 486 processor
was replaced by PowerPC, although just two years later the developers returned to the x86
architecture. And recently, the system has already been equipped with multi-core Intel Atom
processors of the Bay Trail series.

Keywords: Railway Automation System, rolling stock, SIBAS 32, PN, microprocessors.
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AKTYaJIbHICTh JTOCHII2KEHHSI 3yMOBJICHA HEOOXIAHICTIO YJIOCKOHAJICHHS
ICHYIOUMX CHCTEeM 3aJliI3HUYHOI aBTOMAaTH3allli, MOXJIUBOCTI MEPEXOIy 3 OJHIET
MIKpOMPOIIECOPHOI CUCTEMH Ha iHIITy 0e3 BeIUKUX (PIHAHCOBUX BUTPAT Ta MOMKJIUBOCTI
peecTpairii Ta MOHITOpHHTY uepe3 Web-iHTepdeiic.

MeTo10 po6oTH € aHaJi3 ICHYIOUOT CHCTEMH 3aJli3HHYHOI aBTOMaTH3aIlii Siemens
AG SIBAS 32 3 HoBuM nokodiiHHAM cucteMm SIBAS PN.

Ha3Ba mpomaykroBoi niHiliku Ta ToproBoi Mmapku SIBAS (HiMm. Slemens Bahn
Automatisierungs System) MOXOIWUTH BiJi CKOPOYEHHS, SIKE PO3MU(PPOBYETHCS Ta
nepekiagaeTbes Sk «CucreMa 3amizanuHoi apTomaTtuzarii SIEMENSy. Po3po6iieno 3
METOI0 ONTHMI3allii MPOAYKTUBHOCTI OKPEMHUX MIKPOMPOIIECOPHUX KOMIIOHEHTIB Y
peiikoBomy pyxomomy ckiaai. Cucrema SIBAS Oyna mepiioro, 10 J03BOJIHIIA
3a0e3neynTy LU(pOBE KEpyBaHHS Ta KOHTPOJIb B €IWHOMY KOMYHIKaIllHHOMY
CEpEeOBMUILI, Y TOMY YHCIIi KEpyBaHHS TATOBUMH JBUTYHAMH B JOKOMOTHBaxX. Brnache,
BOHA CTaja POJIOHAYAIbHUIICIO MTOT3HOT IIUHHU.

OcHoBa CHUCTEMHM - MPOMHUCIIOBA MEpPEX,a PEaIbHOTO yacy, sika CIo4arky Oyia
BJIacHOIO po3pobkoro koHiepHy SIEMENS AG, a moTiMm, y pe3ynbTaTi CHUIBHOI
pobotu 3 Bombardier y ckiani Mixkaapognoro coro3y 3amizauils (UIC), Bununacs B
noi3nHy mepexy komyHikariii TCN (Train Communication Network). Octanns Oyna
npuitHATa K MibkHapoauuit crangapt IEC 61375 [1].

TCN € xoMmOiHali€er0 qBoX nmpomucioBux mepexx: MVB (Multifunction Vehicle
Bus) [2,3] — 6opToBa Mepeka OAMHHUIII PYXOMOTO CKJIaay (JJOKOMOTHB, BaroH i T..I.),
TaKOX 3yCTPIYAETHCS TEPMIH «BaronHa mepexa», 1 WTB (Wire Train Bus) — noizHa
Mepexa, 110 00'eqHye MVB-dacTiHM B €1UHY CUCTEMY KepyBaHHS IO13/10M.

Cucrema SIBAS 32 nobynoBaHa Ha MOJIYJIbBHOMY IPUHIUII Ta MOEIHYE BCUISAKI
MPUCTPOI, BKIOYEHI B 3aranbHy mepexxky TCN Ta 3amigHi y Bcix cdepax moizHOI
aBTomMaTu3aiii. Sk mpuKIaguM MOXKHA HABECTU Takl MPUCTPOI, K LEHTPaIbHUI OJOK
yrpaBiiHHS (y KOHCTPYKTMBHOMY BHUKOHaHHI 6U moka3aHuii Ha puc. 1), Onoku
YOPaBIIHHS TATOI 1 TMEPETBOPIOBaYaMH, amaparypa aHaJoroBOoro Ta IH(POBOIrO
BBOJIY/BUBOAY, IO 30WMpae iH(oOpMaIlio 3 JaT4WKiB 1 KOHTPOJIIOE BHUKOHABYI
MEXaH13MH.

O6uuncnoBanbHa 0a3a MPUCTPOIB 3aCHOBaHA Ha 32-pO3pPSAHUX MPOMHUCIOBUX
npouecopax Intel 386/486, Mo mpamoOTh NiJ KEPYBAHHSIM OIEpPaLIiHOI CUCTEMU
SIBAS OS, Ta 16-61toBux MikpokoHTpoJiepiB SIEMENS SAF 80C16x. Kpim Toro, B
CUCTeMY  1HTerpoBaHi  pi3HI  (YHKIIi  HaJaro/PKEHHs,  JIarHOCTUKU  Ta
MyCKOHAJIATO/KEHHs, BKIoYaroun TecTyBaHHsS wmuHU TCN. [lnsg  po3pobku
MporpamMHoOro 3a0e3nevYeHHs] BUKOPUCTOBYEThCS iHTerpoBane cepenonuiie SIBAS G,
sKe HaJa€ 3acOo0u s ONUCy (PyHKIIN y BI3yaIbHOMY PEKUMI.
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Pucynox 1 — [Jenmpanvruti 610k kepysanus cucmemu SIBAS 32

Hoga konneniis noizna ICx nepenbdayae MOKIMBICTh AOBUIBHOI KOH(ITYypalli
MO13/1a. IOBXKMHA MO0i3/]a, KUIbKICTh NACaXUPCHKUX MICIb Ta TATOB1 XapaKTEPUCTUKU
MOXYTh OyTH JIETKO aJanTOBaHI BIAMOBIIHO 10 MOTpeO mepeBi3HUKa. e Tak 3BaHa
KoHIemniisi Powercar, 1110 BUIUJIsi€ 1Ba TUITH BaroHiB: NPUYinHi Ta TAroBl. KomOiHyoun
ix, ¢opMylOTh CKJIaJ 3 MOTPIOHMMH XapakTepUCTUKaMH. Taka THYYKICTb cTaja
HapLKHUM KaMeHeM y TMoi3Hii cuctemi komyHikaimii TCN, ockinbku mmHa WTB
BHMaArae moBHOI Iepeajipecallii mopasy, KO IPUYIIIsSeThCs a00 BITUITLTIOETHCS X04ua
0 oauH BaroH. 1o TOoro *, BOHa 0OMEeKy€ MaKCUMaJIbHY KUIbKICTh BarOHIB y CKJIAJIl 10
22. Ha 3miny WTB npuxoauts ETB (Ethernet Train Backbone) — mepeka Ha 0CcHOBI
texHoJorii Fast Ethernet. Bci 3MiHu crioHyKanu [t CTBOPEHHSI HOBOi CUTEMHU.

Cuctema octannboro nokosinHs SIBAS PN [4]. 3minu TopkHyHcs 6aratbox
KYTOYKiB CUCTeMHU (PUCYHOK 2).

SIBAS 32 SIBAS PN
WinAC
Onepaniiina SIBAS 0S
cHCTeMA VxWorks

Tiponecop ZR 486 PowerPC

Komynikamis MVB/WTB PROFINET/ETB

Pucynok 2 — [Jenmpanvruii 610k kepyeanns cucmemu SIBAS 32
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Bigkputi cuctemu ta COTS-TexHOIOTT — IPUHIMIIOB] BIIMIHHOCTI y TIXO/I1.
ITonax te mo SIBAS PN nouana rpyHryBatucs Ha komnoHeHTax SIMATIC Step 7,
0 TITMPOKO BUKOPUCTOBYIOTHCS B CHCTEMaX MPOMHCIIOBOT aBTOMATH3AIlli, KOMIIaH1s
SIEMENS npunununa po3poOky BiacHoi omepamiitHoi cuctemu SIBAS OS,
3aMIHMBIIM ii HAa KoMmepuiiHo aoctynHy OC xopcTkoro peanbHoro yacy VxWorks,
NepEeBIPEHY Ha pUHKY CHCTEM, 1110 BOY10BYIOThCA. [Iporiecop Intel 486 OyB 3amineHui
Ha PowerPC, xoua nuie yepe3 J1Ba poOKH PO3POOHUKUA 3HOBY IMOBEPHYJHUCS 10
apxiTekTypu x86. OCTaHHIM YacoM CHCTeMa BXKE€ OCHAIIY€EThCS OaratosiepHUMU
npouecopamu Intel Atom cepii Bay Trail. ®dyHkiioHanbHicTh cyMicHUX 13 S7
MIPOTPaMOBAHUX KOHTPOJIEPIB IMITYETHCS 32 JOTIOMOTOI0 ITPOTPAMHOTO 3a0€3TMEUCHHS
WinAC. Mepexa PROFINET 3abe3nedye mBHUAKICHY mepeaady MaHAX 3 YacoM
peaxiii MeHie 1 Mc, 1m0 HeoOXiiHE AOJAaTKIB y MPUBOJHUX CUCTEMAaX.

SIBAS PN mae Taki B1aCTUBOCTI:

- MOJIyJIbHICTh, MAcCIITAOOBAaHICTh, 3IATHICTh O 1HTETPAIIii;

- BI/IMOBIIHICTh MPOMUCIIOBUM CcTaHaapTam (30kpema, EN 50128);

- CIIPOIIICHHSI 3aM1HU MIPUCTPOIB (aBTOMATUYHA ajipecallis) Ta oHoBJeHHs [13;

- He3anexHicTh [13 Bij anapaTHoi mnatdopmu;

- peecTpaliisi Ta MOHITOpUHT uepe3 Web-iHTepdeiic.

[IpucTpoi K0KHOI pyXoMOi OJMHHUIII BKIItOUeHI B eAuHy Mepexy PROFINET 3
KUTBIIEBOIO TOMOJIOTI€10, BUX1T 3 IKOT 1HIII IITUHU MO>KJIMBUH Yepe3 BiJIMOBIAHI IIUTIO3H.
Tak 151 3B'13Ky 3 iHIIMMU BaroHam# icHye o3 WTB/ETB. [nto3 MVB nae noctyn
70 pI3HUX MIJICUCTEM KEPyBaHHS MOi37a, HANPUKIAA, TaKUX SIK aBTONUIOT. Mix
iHmmM, 30epexxenns mH WTB ta MVB 3a6e3nedye moBHy 3BOPOTHY CYMICHICTb 13
cuctemoro SIBAS 32, mo gae MOXJIMBICTh HE JUIIE MIAYITUIIOBATH JO CKIIaTy CTapl
BaroHW, a i BUKOPUCTOBYBATH ICHYIOUl NpPHUCTpoi 3 iHTepdeiicom MVB y HoBux
BaroHax. Takuil miaxig, Oe3nepeyHo, 3MIAKYy€ TMepexiJy Ha MPUCTPOI HOBOTO
MTOKOJTIHHS, TIPOJAOBKYIOUN KUTTEBUH ITUKIT ICHYIOUUX MPUCTPOIB, 3HWKYIOUN PUUKA
Ta 3/ICMIEBIIOI0YN BAPTICTh CUCTEMHU 3arajioM.

[MMuna TMC BHKOPUCTOBYETHCS MJisi KepyBaHHS 3 OjHIE] kabiHM OaraThbma
TATOBUMHU OJIMHULIIMH 31 CBOIMH opraHamMu KepyBaHHs. lle moxxe Oyt Kinbka
JIOKOMOTHBIB, 800 YOBHUKOBUH MM0Oi3]] 3 KaOlHAMH yIpaBIiHHS Ha KIHIAX noizaa. Jis
TU3eNbHUX Toi31B € mno3 y muHy CAN 1 KepyBaHHS TU3STbHUMH JIBUTYHAMU.

Hamni, anajoroBe Ta HUGPOBE PO3MOJUICHE BBEIACHHS/BUBEACHHSA 3 PIZHUX
JATYUKIB 1 BAKOHABUYMX MPUCTPOIB 3A1HCHIOETHCS 3a JornoMororo moayist SP DP. Kpim
TOTO, uepe3 komytatopu SP SW a6o inrepdericai moaysi PN PC/104 3abe3neuyeTncs
KepyBaHHS  JIBEpMMa, TaJIbMYBaHHSIM, TIEPETBOPIOBAYAMH  TOTYKHOCTI  Ta
enekrponBuryHamu (cuctema SITRAC), a Takox TIIKITIOUYEHHS 10 OOJIaTHAHHS
€Bpornelicbkoi cuctemu kepyBanHsa pyxom noizaiB ETCS. Cucrema mae 1 MOO1TBHUI

3B'I30K 31 CTallOHAPHUMHU NyHKTaMU 300py JaHUX, IO J03BOJIAE MPOBOJIUTHU
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BiIJIaJIieHy JIarHOCTHKY Ta MOHITOpPHHI. 3a 1IIe BIJNOBIa€ YHIBEpCATbHUN
niarnoctuunuit mpuctpii SIBAS-RDA-RT.

®i3ugHO MPHUCTPOi € HAOOpOM OJI0KIB BHCOTOIO 160 MM KOXKEH, IO MPHUETHYIOTHCS
3aJIHBOI0 CTOPOHOIO 710 KOHTAKTHOI KoJioaku MBB. MakcumanbHa KiJTbKiCTh OJIOKIB B
OJTHOMY PsTy MOpiBHIOE ABaHAMIATH. Yepe3 konoaky MBB posnoginsitoTees aBi miHii
*uBJieHHs 24 B (ocHOBHa Ta pe3epBHA), CUTHAJI CKUJAAHHS Ta BIAKIIOYEHHS, a TAKOXK
aHajoroBi Ta HM(pOBI JiHIT BBOAY/BUBOAY, 5Kl 30upae moaysb SP DP. bararonoprosi
komyTtatopu PROFINET inTerpoBani Oe3mocepeqHbO B caMi OJIOKH, TOMY HEMae
HEOOX1THOCT1 TMIJKJIIOYEHHS 1O 30BHINIHBOIO KomyTaropa. biok kepyBaHHS
cuctemoro SP CS Bifirpae BaXKIMBY posib y KOOPAUHAIT MHOKUHU MIICUCTEM, K Y
MeXax PyXoMOi OJUHHMIII, TaK 1 BChOTO MOi3/a.

OCKiTbKH KEPYBaHHS BEACTHCA B PEXKUMI PEaTbHOTO Yacy, OJIOK 3HAXOAUTHCS i
KEepyBaHHSM CIeliaibHOI onepaliifHoi cucremu VXWorks. JIo HbOTO TIpea'sIBISIOThCS
cnemianbHl BuMoru Oesneku (piBeHb SIL 2 cranmapty CENELEC EN 50128). brok
SP CS wictute iHcTpymeHTapiii SIMATIC S7 [5], mo m03BOJiss€ BUKOHYBaTH
IporpaMmyBaHHs, KOH(MIrypyBaHHS Ta J1arHOCTUKY. OyHKIIIOHATIBHICTh CYMICHUX 13 S7
KOHTPOJIEPIB IMITY€TbCsl 3a gomomororo nporpamu WinAC. ¥V kabiHl MaliuHicTa
PO3MIIIYIOThCA OJIOK KepyBaHHA Ta iHAuKaiii SP HMI, a Takox 1ieHTpanbHuii cepep
SP SR. Ha Biaminy Big SP CS, 6:10ku npanroroTs nig kepyBanHsaM Wind River Linux,
OCKUIbKM MaroTh OIbII M'sSIKI BUMOTH A0 piBHS Oe3mneku. CepBep BIAMNOBIAaE 3a
KOOPJAMHAIIIIO KUJIBKOX KaO1H MaIllMHICTa, KEPYyBaHHS 1HAUKAIIIEIO Ta JIIaTHOCTHUKY.

BucnoBok. IlpoananizyBaBimiy JBI ICHYIOYl CHCTEMH CHCTEMH 3alliI3HUYHOI
apromatuzaiii Siemens AG SIBAS 32 ta SIBAS PN npyra nae MoXIMBICTH 3a
nonoMororo 30epexxerds mMH WTB 1 MVB 3a0e3neuye noBHy 3BOPOTHY CyMICHICTb
13 cuctemoro SIBAS 32, 1110 1a€ MOKIUBICTh HE JIMIIIE MiAYIIUIFOBATH JI0 CKJIady CTapi
BaroHW, a i BHUKOPUCTOBYBATH ICHYIOUl IpPHUCTpoi 3 iHTepdeiicom MVB y HoBux
BaroHax. Takuil migxia, Oe3nepeyHo, 3MIAKYy€E Tepexisy Ha MPUCTPOI HOBOTO
MIOKOJTIHHSI, IPOIOBXKYIOUH KUTTEBUH ITUKJ ICHYIOUMX MPUCTPOIB, SHUKYIOUH PUSHKHU
Ta 3/ICMIEBIIOI0YH BapTICTh CUCTEMH B IILJIOMY.
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Abstract. This paper explains the peculiarities of refining processes at the metal-slag
interface and the mechanism of transformation of non-metallic inclusions during electroslag
remelting of metal. It is concluded that the increase in metal purity, reduction and change in
the composition of inclusions due to the reduction of oxygen in the flux and metal during the
redox reaction in the liquid bath.

Keywords: electroslag surfacing, non-metallic inclusions, cleaning, methods.

AKTyaJbHICTBb J0caimxenHs. [Iporecy BugaIeHHS HEMETAICBUX BKIIOUCHD ITiJT
gac 00poOKM MeTady IIaKaMu TPUCBSYEHO BEIMKY KUIBKICTh JOCHIIXKEHB, Y
pe3yabTaTl SKUX BU3HAYECHO YMOBH MAKCHMAJILHOTO BUAAICHHS 3 METATy IIJIAKOBUX
BKJIIOYeHb. OHAK MEXaHI3M IOTO MPOIIECY, 3arajioM, 3aJUIIAEThCA HE3'SICOBAHUM.
OmHi AOCTITHUKHA BBAXAIOTh, IO BKIIFOUECHHS BUIAJSIOTHCS 3aBISIKM CITUBAHHIO 1X Y
plOKifi MeTasieBi BaHHI, IHINI- 10 iXHE BHUAAJICHHS BiOYBA€ThCS HAa KOHYCI
EIEKTPOJIa, SAKUW TUIABUTHCS, MPUUYOMY IHTCHCHBHICTh padiHyBaHHS BU3HAYAETHCS
IIBUJKICTIO PO3YMHEHHSI YACTUHOK, IO BUXOJSATh HA MOBEPXHIO PO3AUTY METal -
nutak. Jlesiki TOCTITHUKY BBAXKAIOTh, 10 B Mporieci padiHyBaHHS BIIITPAOTh BETUKY
poJib MK(a3Hi SBUIIA HA MEXI MeTall - IJIaK - BKIIOYEHHs. [HIIl aBTOpH pOOISTH
NPUIYIIEHHS, 0 BHIAJCHHS BKJIIOYCHH MOJXKE 3aJIC)KATH BiJl yCiX IMepepaxoBaHHUX
BHUIlle (PaKTOPiB BIAMOBITHO JO YMOB MPOIIECY.
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MeTo0 pobdOTHM € TIpoBeIEeHHS Ha 0a3l JiTepaTypHUX JaHUX Ta
eKCIIEPUMEHTAJIbHUX JTOCTIIKEHb aBTOPIB, BUZHAYEHHS 0COONMMBOCTEN padiHyBaHHS
Metany npu enekrpouutakopii HammaBmi (EIIH). ¥V 6Garateox poGotax Oyio
nokasaHo, 1o B nporieci EIIIH nemeTanesi BkitoueHHs 3HaYHO TPAaHCHOPMYIOThCS. Y
CKJIaJIi BKITIOUEHb 3'SBJISTFOTHCS OKCUIM, TPUCYTHI B TIUTaKy. Tak, Imix yac Har1aBJIeHHS
Ha (iroci AHD-6 Ta AH®-29, BmicT rIMHO3eMy B METaJIl MiJIBUIIYETHCS 10 MIEBHOTO
PIBHS HE3aJIC)KHO B1J] CKJIay BKIIOUEHb Y BUX1THOMY MeTalli. 3a TaHUMH JTOCTIIKCHb,
BKJIIOUCHHS B METaJIi, IepeIlIaBIIEHOMY Ha IIUTaKYy, 110 Biamosigae cucteMi CaF,-Al,0s,
y MEpEeBaKHIM OIBIIOCTI CKIIAAI0THCA 3 KOPYHJY, X04a Y BUXIJIHOMY MeTalll TaKuX
BKJIFOUCHB HE OyI10.

[Tin gac neperuiaBy Ha ¢urroci cuctemu CaF2-SiO; y MeTaii BUSBIICHO BKITIOUSHHS
Ha OCHOB1 KpeMHe3eMy. 3a HasBHOCTI B IIJaKaxX 1HIIMX OKCUAIB, Hampukiazd, CaO,
MgO, Cr,O3; BOHM HEMHUHYYE BHSBJISIOTHCS B HEMETAJEBUX BKIIOYEHHSX. Y
pesyabtaTi EIIIH 3miHI0€THCS HE TUTHKU (POpMa 1 CKIIal BKIIOYEHb, a i TXHI PO3MIpPH.
VY pasi 3MeHIlIeHHs 3arajbHOr0 BMICTY BKJIIOYEHb Y 3JIMBKY KUIBKICTH iX MOXKE
NEPEeBUIIYBATH KIJIbKICTh BKJIIOYEHb B €JIEKTPOJI Ta KpaIlii, 110 MPOXOJUTh 4Yepe3
nutak. KigpKicTh OKCHIHHUX BKJIFOYEHb Y 3JIMBKY 3HAYHO OUIbIIA, HDK y Kparui Ta
BUXITHOMY METall, XO04Ya NPOLUEHTHUWA BMICT iX MeHIIMWA. Take mnoApIOHEHHs
BKJIIOYEHb, K 1 3MiHa XIMIYHOTO CKJIaJly, HE MOSICHIOETHCS >KOJHOIO 3 ICHYIHOUHX
rifores, 0 CTOCYIOTHCS MEXaHi3My BUIAJICHHS BKitoueHb 1ija yac EILH [1-2].

3miHa ¢opmH 1 CKIaay BKIHOYEHb Oyja HEOJHOPA30BO BiJ3HAYEHA 1 IIiJI 4ac
00poOKM MeTaly CUHTETUYHUMH HUTaKaMU. 30Kpema, IiJi 4aCc KOHTaKTy 3 BaIlHSIHO-
TJIMHO3EMHUCTUM IIIJIAKOM MIABUIIYETHCS BMICT TJIMHO3EMY Yy BKJIIOYEHHSIX, B pasi
n00aBOK y TIUIAaK JBOOKHCY THTaHy BHSBJSIOTHCS OKCHUAM 1 HITPUIW THUTaHY.
ITepepaxoBaHi pakTh MOXYThb CBIAYUTH MPO TE€, MO0 BMICT OKCHIHUX BKIIIOUYEHb Y
cTaii, 0OpoOJeHI IIJIaKOM, BH3HAYAETHCS HE CTUIBKM BUJAJECHHSM BHUXIJIHUX
BKJIFOYEHb, CKIUJIBKM CKJIAJIHOKO B3a€EMOMIEI0 METAJIEBOIO PO3IUIABY 31 IIJIAKOM.
3uukHeHHs B 3nuTkax EIIIH Bxiroduens BUXigHOrO MeTaimy Moke BinOyTHCs, abo 3a
pPaxyHOK iX IOBHOTO BHUJAJCHHS B MUIaK, a00 3a paxyHOK pPO3YMHEHHS iX Y
PO3IUIABICHOMY METATi.

HaiiimoBipHime, BII0yBalOTbCcAd 00HBAa MPOIECH, B PE3YJIbTaTl SKUX Yy PLAKINA
MeTaJIeBil BaHHI BKJIFOUCHHS SIK TaKl HE 1ICHYIOTh. BOHU niepeOyBatOTh Y PO3UYMHEHOMY
CTaHi, AUCOLIMOBAHI HA KUCEHbB 1 €IEMEHT - PO3KUCIoBay. [leski (akTh BKa3yrOTh Ha
PaBOMIPHICTh 1ILOTO MPUIYIICHHS. BMICT KHCHIO B IPOMUCIOBOMY METajli 4acTo
OyBae OJM3BKUM J0 PiBHOBaXXHOTO. Sk mpukiaa posrisaemo ctanb 0912C. Bwmict
QIIOMIHIIO, SIKUW BHU3HAYa€e BMICT y LiH cTam KHUCHIO, 3a3BHuail ctaHoBUTh 0,021-
0,052%. Y mpoMuCIOBHX YMOBaX BMICT KHCHIO B QJIOMIHIIO CTaHOBHUTH OJHM3BKO
0,003-0,004%, 1m0 MOkHa BBa)KaTW MOPIBHSHHUM 13 PIBHOBAXHUMHU 3HAYCHHSIMU,

1HaKIIe KaXKy4H, YBECh KUCEHb, HAABHUI y MeTall, nepedyBae B pIBHOBAXKHOMY CTaHI.
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[Tix yac gocmiKeHHS pO3MOAUTY BKIFOUEHD Y 3JTUTKY CTalll, PO3KUCIICHOI aJIFIOMIHIEM,
BUSBWIM, IO ATIOMIHIEB] BKJIIOUEHHS MPAKTUYHO MOBHICTIO PO3TAlIOBYIOTHCS B
MDKIEHAPUTHUX 00JIacTsAX. [HaKIe KaKydu, BOHU BUIIISIOTHCS 1] 9ac 3aTBEPIIHHS
OCTaHHIX TOPIIA MeTany, 30aradyeHux JiKBaTamH. SIKOM BKIIOUCHHS ICHYBaJIH B
piAKOMY MeTalll, IKach 4YacTHHA X 0€3yMOBHO pO3TalIoByBajiacs 0 B OCAX JICHIPUTIB.

[TonpioHenns BkiIodYeHb y pe3yabrari EIIIH no0pe noscHioeTbes came ThM, 110
B PIJIKOMY MeTajli BOHH HE ICHYIOTh. BKITIOUCHHS BUIIQJAI0Th 1] YaC OXOJIOIHKEHHS 1
KpUCTaTi3allii 3JIMTKa, a OCKUIBKM YMOBH Il IiJI Yac eJIeKTPOIIJIAKOBOI HAIUIaBKH
BIJIPI3HSIOTHCA B1JI YMOB KpHCTasi3allii 3BUYafHOTO 3JIUTKA, TO PO3MIPU BKIIOYEHD
PI3KO BIIPI3HAIOTHCS B TOMY Ta 1HIIOMY BHUIAJKY HaBiTh 3a OJTHOTO i TOTO CaMoOro
BMICTy KHCHIO 1 po3kuciioBauiB. ¥ mporeci EIIIH BinOyBaroThCsi OKHCIIIOBAIBHO-
BITHOBJTIOBJIbHI PEaKIlii, 0 IPU3BOAAThH 10 OKUCICHHS HU3KU €IEMEHTIB METaly 1
BIJTHOBJICHHSI €JIeMeHTIB Iuiaky. OCOOJMBICTh €JIEKTPOIUIAKOBOTO TMEperuiaBy, 3a
SKOTO B3a€MOJIisl B1IOYBAETHCS B PI3HUX TEMIIEPATyPHUX IMOJISX, TO-CBOEMY BILIUBAE
Ha 111 peaKIlii, 3aluIyTyI04H 3arajbHy KapTUHY Tpoliecy. Ha moBepxHi po3ainy KoHycC
€JIeKTPOJia, II0 BUTPAYAETHCS, - IUIAK TeMIlepaTypa ONu3bKa JI0 TeMIlepaTypu
IJIaBJIEHHS METaly, Ha MOBEPXHI PO3ALLY IJIAK - PiJIKa MeTajeBa BAHHA TEMIIepaTypa
nocsrae 1820-1930°C. 3a niaBUIIEHOT TeMIIEpaTypu MOMITHO PO3BUBAIOTHCA PEAKIIIT
BiJTHOBJICHHSI TaKWX €JICMEHTIB 31 IIUIAKY, SIK aJIFOMIHIHM, KaJIbIliid, MarHii Tomro [3].

BinHoBNIEHHA amOMiHIIO KpeMHieM 31 mwiaky tuny AH®-6 3a temmeparypu
1820°C maiixe B 3,2 pa3u Bullle, Hix 3a Temnepatypu 1620°C. HeoOxiaHO 3a3Ha4UUTH,
Mo 301IbIIEHHS BMICTY aJIOMiHIIO, a00 IHIIMX €JIEMEHTIB 3 IIABUIIECHOIO
CIIOPIJTHEHICTIO /10 KHCHIO HE 3HIDKY€E KOHIEHTpaIlli OCTaHHhOTO, OCKUIBKH BOHA
BU3HAYAETHCSI TUMU CaMHMH €JIEMEHTaMH, fKi BIAHOBIIIOIOTH aIOMIHIA. Y Mipy
HaIUJIaBJICHHS 3JIMTKA METaJl OXOJIOJIKYEThCS 1 32 PAXyYHOK TeMIepaTypHuX e(eKTiB
BII0OYBa€ETHCS acouiaiist OKcuiB. [Tpy boMy €1€MEHTH 3 BEJIMKOIO CIIOPIAHEHICTIO 10
KHCHIO, 110 MarTh OUIBIIMN TeMIEpaTypHUl KOEQILIEHT peakuli PO3KUCICHHS,
3'€ IHYIOTHCSl HacamImepes 3 KucHeM [4].

VY BumMaaky HaIUTaBJICHHS METaly, PO3KHCIEHOro KpemHieM Ha Quroci AHD-6,
BUIIAJIaI0Th OKCHUIM allfOMiHI0. Bunamanss 3 po3unHy HEMETaJeBUX BKIIFOUEHb MOXKE
ICTOTHO TajJbMyBaTUCSl TOBEPXHEBUMH SIBUIIAMH, 30KpE€Ma, BHCOKMM MIXK(}azHUM
HATATOM Ha MEXI1 PO3AUTy METall - TAINHO3eM. TOMy BKJIIOUCHHS TIIMHO3EMY MTOBUHHI
HaWOLIBII IHTEHCUBHO BUIUIATHUCS, a00 B KOMIUIEKCI 3 1HIIMMU BKItOUeHHs MU (CaO,
MgO, SiO;), abo mijx yac KpucTamizalii MeTainy, TOOTO B yMOBaX, KOJHU € SIKiCh
MIIKIAIKA JIJI BUAUICHHS TJIIMHO3eMY. AHAJIOTIYHUM YHHOM MOXE WTH B3a€EMOJIiS
MeTany 31 HUIaKaMM 1HIIOTO CKIiaxay, Hampukiaza 31 nuiakom tuny AH®O-7, AH®-9
TOIIO. Y I[bOMY BHUIIQJIKy B CKJaJl BKJIIOYECHB 1 3'SBISIOTHCS OKCHUIU KaJbIlif0, a0o
MarHiro. [IpoTikaHHS OKHCIIIOBAJIbHO-BITHOBHUX PpEAKIId IPU3BOJUTH JO 3MIHH

CKjlaay 1uIaKy, B HbOMY 3'SIBISIOTHCS OKCHIu €JIEMEHTIB BI/IXi)IHOFO MCTaly,
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HaIPUKIIAJ, TiJ] Yac meperiaBy MeTaiay, PO3KUCICHOro KpeMHieM, Ha ¢itoci AHD-6
B110yBa€ThCS BIIHOBJICHHS OKCH/IIB JTFOMIHIIO 31 IIUTAKY.

Ha mouaTky HamiaBieHHs 1€l mpoliec 1HTEHCHU(IKYEThCS MajoOl0 aKTHBHICTIO
KpeMHe3eMy IIIaKy. 3MIHIOEThCS TIEBHA PIBHOBAra Mi>k €JI€MEHTOM PO3KHUCIIIOBAYEM,
KHCHEM 1 aKTUBHICTIO OKCHJAY, IO YTBOPIOETbCA TiJ 4ac po3kucieHHs. [lpu
noJaIbIIi 00poOIl MeTally IuiakoMm, Hampukiafd, mija gac EIITH Ha mexi po3miny
IIJIaK - METaJ PeaKilis pO3KUCICHHs OTPUMAE MOJANBIINNA PO3BUTOK, 110 BU3HAYAETHCS
CKJIQJIOM IIJIaKy. 3BiJicH 1 3MeHIIeHHs padinyBaHHs metany min dac EIIH y pasi
3aCTOCYBaHHS LIUTAKIB 3 OKCUAAMH, 1ICHTUYHUMHU OKCHUJIaM HEMETaJIEeBUX BKIIIOUYEHb Y
BUXIJHOMY METalli, HampHUKiad, fAKIIO METal, PO3KUCICHUA  aIOMiHIEM,
neperasisierbes Ha ¢aroci AH®D 6, ctyninb padinyBaHHs fioro Oyae MEHIIUM, HIXK
i yac mepernsaBy Ha iHmomy Quroci. [IpupoaHo, SKI0 BUKOPUCTOBYBATH IILJIAKU 3
MiHIMadbHUM BMicTOM Me Oy, abo mnulaku, 1o Pi3KO 3HUKYIOTh KOHIIEHTPALO
MeOy, Hanpukiaa, OCHOBHI IUJIAKU MiJ] Yac MEPEIUIaBICHHS METAITy, PO3KUCIEHOTO
KPEMHI€EM, TO PEaKIlisl 3pyIIyBaTUMEThCS B 01K 3HW)KCHHS KUCHIO B MeTaui [5-6].

TakuMm YMHOM, BKJIIOUEHHS, IO BUSBJISIOTHCS B €JIEKTPOILIAKOBOMY METalll,
BUJIUTSAIOTHCS 3 PO3IUIABY B MPOLIECT OXOJOKEHHS 1 KpUCTam3anli piAkoi MEeTaueBoi
BaHHU. 3a0pyIHEHICTh METATy HEMETAIIEBUMHU BKIIOYCHHSIMH BU3HAYAE€THCA BMICTOM
KHCHIO B M€Tajl, KU, y CBOIO YEpry, 3aJ€KHUTh BIJl MPOLECIB B3aEMOII METaIly 1
nuiaky. Ckiaj HeMeTaJIeBUX BKIIOUEHb B €JICKTPOIIAKOBOMY METall BH3HAYAETHCS
CKJIAJIOM OKCHUJIHUX CKJIQJIOBUX IIIAKy, BUKOPUCTOBYBAHOTO JIJIsl MIEPETUIaBy. CKIAMy
IUIaKy BiJOOpakaeTbCcsl HA CKIIAJl HEMETAJIEBUX BKIIOYEHb. Y HHX 3'SBISIOTHCS
okcuau KpeMmHito. [losiBy B MeTani OKCHIIB IIJaKy B 3arajJlbHOMY BUIJISII MOJKHA
BUPA3UTH 3aKOHOM PO3MOJIIY, BIAMOBIIHO 0 SKOTO "BIJHOIICHHS KOHIIEHTpAIlli
KOMITOHEHTA B JIBOX PIBHOBAXKHHUX PIIKHX (pa3zax € BEJIMYMHOIO MOCTIHHOIO 32 PI3HUX
Horo koHIeHTpalii". PedyoBuHa, 10 PO3MOAUISETHCA, BHACTIOK acolaiii, abo
JUCOLaIlli MOKE MaTU B PI3HUX PO3YMHHHUKAX HEOJHAKOBHI PO3MIpP YACTHHOK.

Ha migcraBi cHiBBIIHOIIEHb, Yy BCIX BHMNAaAKax KOHIICHTPAIS PO3YMHEHOTO
eJIeMeHTa B OJHIN pIAMHI BU3HAYAETHCS HOTO KOHIEHTpalieo B iHmIN. Ile moxe
3HAXOAUTH B1AOOPaKEHHS MiJl Yac OIIHKK BMICTY OJHHUX 1 TUX CaMHX KOMITOHEHTIB,
pPO3UMHEHUX Y TUIaKy 1 Metani. OCKITBKM OKCHUIW, PO3YMHSIOYKHCH y MeETal,
TUCOIIIOI0Th Ha PO3KUCIIIOBAY 1 KUCEHb, TO KOHCTAHTY PEaKIlii pO3KUCICHHS 3alli3a,
ab0 Moro cruiaBiB pO3KHUCIIOBAYEM MeTalny. Y NEpeBakHiM OULIBIIOCTI BUMAJAKIB 3
NiBULIEHHSAM TEeMIepaTypu B MeETajll 30UIbIIYETHCS BMICT PO3UYMHEHOI'O OKCHIY
Me Oy 1 BIANOBIIHO MiABUUIYETbCA BMICT KuCHIO. Ilpu 3HMKEHHI Temmeparypu
BiJIOYBAETHCSI 3BOPOTHE SBUIIE - PO3UMHEHUU Yy METall OKCHJ BUTAJAE Y BUTIISII
HEMeTaJIeBUX BKJIIOYeHb. KpiM TemMnepaTypHOTo YHHHUKA, PO3YUHHICTH OKCUIY MOXKE
BU3HAYATUCS PO3YMHHICTIO HOTO0 METajeBOi CKJIaJ0BOi, HANpUKIaa, OOMexeHa

PO3UYMHHICTh KaJblll0 B CIUIABaX Ha 3aji3HIM OCHOBI € MPUYMHOIO JIy>KE€ HHU3BKOIO
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Koe(dilieHTa po3noaAuTy 1, OTXKE, MPU3BOAUTH J10 HU3BKOTO BMICTY KHCHIO 32 PaXyHOK
Nepepo3noAily HOro MK METaJoM 1 IUIAKOM, SIKIO B OCTAaHHROMY HEMAa€ 1HIIMX
OKCHIIB.

BucnoBok. [lincymoByroun HasiBHI IyMKHU 1 (pakTH, IO CTOCYIOTHCSI OUMILCHHS
METaly BiJ HEMETAJIEBUX BKJIIOYEHb y MpOIEeci 0OpoOKH HOT0 MUIAKOM, JTOXOAHMMO
BHUCHOBKY, 110 papiHyBaHHS PO3IUIABY 3A1MCHIOETHCA 32 PAXYHOK 3HM>KEHHS B METaJIl
KUCHIO. BMICT KHCHIO B MeTaji BHU3HAUYaTUMEThCS AKTUBHICTIO KOMIIOHEHTIB, IIIO
OepyTh y4acTh Y peakKIisiX po3KuciaeHHs. [Ipu po3KkuciaeHH1 BUX1THOTO METally Y BaHHI
€JIEKTPOAYTroBOi, a00 MapTEHIBCHKOI MeYl BCTAHOBIIOETHCS TIEBHA pIBHOBara Mix
€JIEMEHTOM PO3KUCIIOBAYEM, KICHEM 1 aKTUBHICTIO OKCHJTY, III0 YTBOPIOETHCS 1] 4ac
po3kucienHs. [Ipu moganpmii oOpoOIi MeTany IuiakoM, Hanpukiazd, mia gac EITH
Ha MEXI PO3JLUTY IIIAK - METaJl peakiiis PO3KUCICHHS OTPUMAE MOAJIbIINNA PO3BUTOK,
10 BU3HAYAETHCS CKJIAJIOM IIJIaKy. 3B1JICH 1 3MEHIIIEHHS padiHyBaHHS METaTy IiJ] yac
EIIIH y pasi 3acTocyBaHHS IIUIaKIB 3 OKCUJIAMHU, 1ICHTHYHUMH OKCHIaM HEMETAJIEBUX
BKJIIOUEHb Y BUX1IHOMY METalll, HAMPUKIIAJ, SIKIIIO METajl, PO3KUCICHUN aIFOMIHIEM,
neperuiaBigeTbest Ha Quroci AHD 6, ctyninb padinyBaHHS HOro Oyie MEHIINM, HIXK
M1]] Yac MepersiaBy Ha 1HIIOMY (IIrOCI.

SIKI10 BUKOPUCTOBYBATH IUIAKK 3 MIHIMAJIbHUM BMIcTOM Me Oy, abo muiaxw,
10 pI3KO 3HMXKYIOTh KOHIEHTpauiro Me Oy, Hanpukiaa, OCHOBHI LUIAKM I 4Yac
MEPEIUIABJICHHS METaTy, PO3KUCIEHOI0 KPEMHIEM, TO PEAKIIisl 3pyIIyBaTUMEThCS B O1K
3HIDKCHHSI KHUCHIO B MeTalll. TakuM YWHOM, BKIIIOUYEHHS, II0 BUSBISIOTHCS B
EJICKTPOILIIIAKOBOMY MeETalll, BUIAUISIOTECA 3 PO3IJIaBy B MPOILIECT OXOJOJKEHHS 1
KpUCTadi3aiii piIkoi METaleBOi BaHHHW. 3a0pyIHEHICTh MeETady HEMETaJICBUMU
BKJTFOUCHHSIMHU BU3HAYAETHCSI BMICTOM KHCHIO B METaIi, IKHH, Y CBOIO UepTy, 3aJI€KUTh
BIJl MpOLECIB B3aeMofii MeTtanmy 1 nwiaky. CKiag HEMETalleBUX BKIIOYEHb B
CJICKTPOIIIJIAKOBOMY METalli BU3HAYAETHCS CKIIAJIOM OKCHUAHHMX CKJIQIOBUX IUIAKY,
BUKOPHCTOBYBAHOTO IS HATIJIABJICHHS.
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Abstract: This scientific work is dedicated to the analysis of material current assets and their
significance for the financial stability of enterprises. The author explores the issues of optimal
regulation of current assets and the impact of their deficiency or excess on the financial
condition of the enterprise. The research identifies key aspects of the relationship between
current assets and turnover funds and their impact on the efficiency of current asset
management. A balanced approach to this matter is crucial for achieving financial success
and ensuring the competitiveness of the enterprise.
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AKTYaJIbHICTh JOCJIIZKEHHS TOJSIrae B HEOOXITHOCTI aHali3y MarepiaabHUX
000pOTHHX 3ac00iB Ta iX BIUIUBY Ha (PIHAHCOBY CTIMKICTh MIAMPUEMCTB Yy CY4aCHHUX
yMOBax. 3pOCTaHHS KOHKYPEHIIl Ta 3MIHM B €KOHOMIYHOMY CEPEIOBHII CTaBJIAThH
MIIMPUEMCTBA TIepe]] 3aBAaHHIM ONTHUMI3allli 00OPOTHHX 3ac00iB I JOCSATHEHHS
(biHaHCOBOTO yCHiXy Ta 30€pEKEHHS KOHKYPEHTOCITPOMOXKHOCTI.

MeTo0 po00TH € TIPOBEACHHS JOKJIATHOTO aHaji3y MarepialbHUX 000pOTHUX
3ac00iB, BU3HAYCHHS iXHBOTO BIUIMBY Ha (DIHAHCOBMM CTaH MIANPUEMCTB Ta
BU3HAYEHHS ONTUMAJIbHUX CTPATETid yNpaBIiHHS LIUMH 3aCO0AMH.

OcHoBHuU#i TekcT. OO0OpPOTHI 3acOo0M MIANPUEMCTBA MPEICTABISAIOTH COOO0IO

pecypcu, K1 3alisiHl Yy BUPOOHUYOMY IPOILIEC JIMILE OJMH pa3, 1 B MPOILIECI OJTHOTO
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BUPOOHUYOTO 1HMKIY TMOBHICTIO KOMIIGHCYIOTb CBOIO BapTICTh, BXOASYH IO
co01BapTOCTI BUTOTOBJIEHOI MNpoAyKilii. OOOpOTHI 3aco0M CKIAZAIOThCS 3 JABOX
TOJIOBHHX KaTeropii: 000poTHUX (GoHIIB i poHiB 0OepTanHs [3].

O6opotHi GOHIM MIANPUEMCTBA AaKTHBHO BHUKOPHCTOBYIOTBCS B cdepi
BUPOOHMIITBA, B TOM Yac K (OHAM O0OEpTaHHS BUKOPHCTOBYIOTHCS JJIS OIEpaIlii
00iry, Takux SIK 3aKyIiBJISI CHPOBMHU Ta MarepiajliB, a TaKOXX peai3allis TOTOBOi
npoaykiii. Po3Mip o000poTHHX (OHAIB 3a3BHYail 3aJCKUTh BiJl TPHUBAJIOCTI
BUPOOHUYOTO TPOIIECY, Y TOH 4Yac gK po3Mmip (GoHAIB 0OepTaHHS TMOB'S3aHUN 3
TPUBAJIICTIO MIPOIIECY pealtizallii MpoAyKIlii Ta B3aEMOPO3PaxyHKIB 3 KOHTpAareHTaMH.

BupoOHu4i 3amacu, B CBOIO 4epry, IpeICTaBISIIOTH COOOI0 PECYPCH, K Ha TaHHMA
MOMEHT HE BHMKOPHUCTOBYIOTbCS B BHPOOHHIITBI 1 3HAXOAATHCS Ha CKIagax
nianpueMcTBa y (opmi MaTepianbHUX 3amaciB, TaKUX SK CHPOBHMHA, MaTepialid,
HaJIMBO, KOMIUIEKTYIOUi, HarliB(haOpHKaTH, 3aracHi YaCTHHH, Tapa Ta iHiie [4].

HesaBepuiene BUPOOHUIITBO, y HAYKOBOMY KOHTEKCTI, pedepyerbes sK
KaTeropis, 110 O3Haya€ IMEeBHI MPOAYKTH a00 MpEaMETH Ipalll, Kl 3HaXOAAThCS Ha
CTaAisiX BUPOOHUIITBA Ta HE MPOUIUIA BCl HEOOXITHI OOpOOKM JUIsi 3aBepIlCHHS
BUpPOOHMYOTO IUKITY. L{e Moke BKIItoUaTu B cedbe CUpOBUHY, HaniB(paOpukaTu, AeTal,
arperartu, ado 1HIIIl KOMIIOHEHTH, SIK1 3HaXOJIAThCS HA PI3HUX €Tarax BUTOTOBJIEHHS Ta
CKJIa/IaHHS.

Butpatn MaiiOyTHIX MepioAiB, B KOHTEKCTI HIANPUEMHHUIIBKOI iSIIBHOCTI,
PO3IIISIAI0THCS SIK BUTPATH, 110 BUHUKAIOTh Y TOTOYHOMY 3BITHOMY MEPi0/Ii, ajie TXHE
¢diHaHCYBaHHS Ta MOramieHHs BiAOyayThcs B MalOyTHhOMY. L1 BUTpaTu MoxXyTh OyTH
MOB'sS3aH1 3 MIATOTOBKOIO Ta OCBOEHHSIM HOBOT MPOJYKIlI Ta, K MPaBUJIO, MAaIOTh
HeMaTepiabHUN XapakTep.

CrpykTypa 000pOTHUX 3aC001B MiANMPUEMCTBA BU3HAYAETHCS CITIBBIAHOIICHHSIM
MDK OKpEMHMH KOMIIOHEHTaMH y iX CyKymHOCTI. L{s cTpykTypa Moxe pi3HUTHCA B
3aJIEKHOCTI BiJ Tally3l MiANPUEMCTBA, aje 3arajbHy KapTUHY MOXHA OMUCATH TaK:
npUOJIU3HO JBI TPETUHU OOOPOTHUX KOIITIB MPU3HAYAIOTHCS I 000POTHHUX (DOH/IIB,
TOJI1 SIK 1HIIIA TPETUHA BUIISETHCS 11 POHIIB 0OepTaHHs [2].

OO6opoTHI 3ac00M Ha MIANPUEMCTBI POMOAUISIOTHCS BIAMOBIAHO JI0 1X JIKEPEI
(opMyBaHHS Ha BJACHI Ta MO3UKOBI. BriacHi 00OpOTHI 3aco0M YTBOPIOIOTHCS
MIIIPUEMCTBOM MPU HOTO CTBOPEHHI 3a PaXyHOK YaCTHMHM CTAaTyTHOTO KariTamy.
[IpoTsirom  omepamiiiHOi  JISVIBHOCTI  MIANPUEMCTBA 111 OOOpOTHI  3acoOu
MIOTIOBHIOIOTHCSI 32 PaxyHOK MpHOYTKy, WO 3aJHIIAETHCS B PO3MOPSHKEHHI
MIAIPUEMCTBA, a TaKOX 3a PaxyHOK 3aJydyeHHS CTIHKHX TacuBIB (HAMPUKIA],
3a00proBaHOCTEN 3a 3apIUIaTOI0, BHECKIB Ha COIlaJibHE CTpAaxyBaHHS Ta PE3€pBIB Ha
MaiOyTHI TUIaTeXi), a TaKOX 3a PAXyHOK CHelialbHOro (iHAHCYBaHHS Ta
npuOyTKoBUX HaaxomkeHb [5]. Ilo3mkoBi 000poTHI 3aco0H, y CBOIO Hepry,

MPEACTaBISIOTh COO0I0 KPEIUTH, SIKI HaJlaloTh OaHKHU 1 SIKI BUKOPHUCTOBYIOTHCS IS
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MOKPHUTTS HEIOCTATHBOI KIJILKOCTI BJIACHUX OOOPOTHHUX 3aC001B. 3a3BUYAM, JIJIs IIbOTO
BUy (IHAHCYBAaHHA BHUKOPHCTOBYIOTHCS KOPOTKOCTPOKOBI KpPEIUTH 3 CTPOKOM
MOTAIICHHS JI0 OJHOTO POKY.

OO60OpOTHI KOIITH MEPETUHAIOTH KUIbKa eTariB B mpoieci o0iry. [ounnaroun 3
MIEPIIIOTO eTaIy, 000POTHI 3aCO0H MEPETBOPIOIOTHCS 3 TPOIIOBOi (hopmu B ToBapHY. Lle
BKJIFOYA€E TMPUJIOaHHS TPEaMETIB Mpall (Takux SK BUPOOHWYI 3amacu) Ha PHUHKY
IPOMHUCIIOBUX TOBapiB Ta HaiiM poOOYOi CMiIM Ha pUHKY mnpani. Ha npyromy erami,
BUPOOHMYI 3alaCy MEPETBOPIOIOTHCS B HE3aBEPIIEHY BUPOOHUIITBOM MPOAYKIIiO, a 3
4acoM — B TOTOBY MpoayKuilo. Ha TpeTboMy eTari miAnpueMCTBO peajizy€e roTOBY
MOPOAYKINIO, 1 OOOPOTHI KOIITH 3HOBY TMEPETBOPIOIOTHECA B TPOLIOBY (QopMy,
3aBepiryoun 1uki 06iry [3]. [lepmra ta TpeTs cTafii bOTO MPOIeCy BiOyBalOTHCS Y
cdepi 00iry, BogHOYAC K APYyTa CTAIis € TIPOIECOM BUPOOHUIITBA.

EdextuBHe ympaBiaiHHS OOOpPOTHMMH 3aco0aMH TOJiATae B 3a0e3ledeHHI
ONTUMAJILHOTO BUKOPHUCTAHHS IIMX KOIITIB MiJ 4Yac BUPOOHMIITBA Ta peajizarii
POYKII 3 MiHIMAaJIbHUMHU BUTpAaTaMU Ha 0OOPOTHI 3aCO0MU.

Henocraua o6opoTHHX 3aco0iB Ha MIANPUEMCTBI MOXE MPU3BECTH O
HEMOXJIMBOCTI BYACHO PO3PaxXxOBYBATHUCS 3 IMOCTAYAIbHHKAMH, TPAIIBHUKAMH Ta
CITY>KOOBIISIMH, @ TAKOXK 3 OFOP)KETHUMHU Ta MO3a010[KETHUMH (POHAAMU 010 PI3HUX
IJIaTEeXIB 1 BIApaxyBaHb. HaBnaku, HaAMipHa KUTbKICT 00OPOTHHX 3aC001B, 0COOIHMBO
B KOHTEKCTI MOTOYHOr0 00cAry BUPOOHHULTBA, TaKOXK HE € KopucHow. Hamnuimox
000pOTHUX 3acO0IB MOKE MPHU3BECTH 1O 3aJI3HUYECHHS BUPOOHUYOTO IPOIIECY,
OCKIJIbKM TIOHAQJHOPMATHUBHI 3alacu MOXYTh 3aJUIIMTHCS Ha CKJIaJl Ta HE OyTU
BUKOPUCTAaHUMU BUPOOHMYMM TmporiecoM. lleit sBuiie Ha3uBawTh "OMEpTBIHHAM'"
3aco0iB. OCOOJMBO y Cy4acHUX YMOBAaX, KOJIM MiANPUEMCTBA ONMUPAIOTHLCS Ha BJIACHI
(1HaHCOBI pecypcH, HaJeKHE BH3HAYEHHS NOTpeOM B OOOPOTHHUX KOIITaX CTa€
KPUTUYHO BOXJIUBUM [1].

Tomy patioHaibHe OOTPYHTYBaHHSI 00CATYy OOOpPOTHHX 3ac001B, 30KpeMa
BUPOOHUYHUX 3amaciB 1 MaTepiadbHUX IIIHHOCTEH, € BaXXJIMBUM 3aBIAHHSM SK IS
OKpeMHUX MIANPUEMCTB, TaK 1 g raimy3ed B 1uiomy. [lporec BHU3HAYCHHS
OTNITUMAJILHUX 00OPOTHHUX 3aCO01B BITOMUI K HOPMYBaHHS.

AHaJii3 MatepiaibHuX 000POTHHUX 3aC001IB, BKIIIOUAE TaKl KJIFOYOBI ACTIEKTH:

1. BuruiuBae, mo 0o0OpOTHI 3acO0M TparOTh BaXJIHMBY POJib Yy (PYHKIIIOHYBaHHI
nianpueMcTBa. BoOHM  BIUIMBaIOTH Ha  3JaTHICTh  MIANPUEMCTBA  BYACHO
pO3paxoByBaTUCS 3 TOCTa4aJbHUKAMU, MpAI[iBHUKaMH Ta I1HIIUMHU (HIHAHCOBUMU
3000B's13aHHSAMU. Takok O0OpOTHI 3aco0uM BIUIMBAIOTh HA MPOIAYKTHBHICTDH
BUPOOHUYOTO TIPOIIECY 1 MOXKYTh BU3HAUYATU PEHTAOCNBbHICTH MiANPUEMCTBA [5].

2. BaxnMBUM acleKTOM aHalli3y € MHUTaHHS HOPMYBaHHS OOOpPOTHHX 3aco0iB.
Bkazyioun Ha HEOOXITHICTh PAalllOHAIBHOTO OOTPYHTYBaHHS iXHBOTO OOCSTY AJIs

3a0e3ne4YeHHs] ONTUMaNbHOrO (DYyHKIIOHYBaHHA mianpueMctsa. lle Moxke Oyrtu
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BOKJIMBUM 3aBJaHHSAM JIJI KEPIBHUIITBA ITIANMPUEMCTBA Ta (D1HAHCOBUX aHAJIITUKIB.

Takoxx, Ha HasSBHICTb JBOX CKJIaJOBUX 00OPOTHHUX 3aCO0IB - 000pOTHUX (HOH/IIB 1
¢doniB 06epTaHHs. AHAJI3 HOTO BIIHOIICHHS MOXE JOMOMOITH 3pO3yMITH, K Pi3HI
CKJIaJIOBl BIUIMBAIOTh Ha (IHAHCOBMI CTaH MIJNPUEMCTBA Ta WOTO 3/ATHICThH
BUPOOJISTH Ta peati30ByBaTH MPOIYKIIiO [6].

[Tinkpecnroroun, 10 SIK HEA0CTa4ya, TaK 1 HaJAMIP 00OPOTHUX 3aCO0IB MOXKYTh
MaTH HETaTUBHMUM BIUIMB Ha mianpueMcTBo. Hemocrtaya Moke NPU3BECTH 10
¢dbiHaHCOBUX MPOOJIEM, a HAIMIp MOXKE CIPUYMHUTH «OMEPTBIHHS» 3ac00iB. AHa3
IIUX aCMEKTIB MOYKE JIOIOMOI'TH 3HANUTH OalaHC B YIIPaBIIHHI 000pOTHUMHU 3acobamu [3].

Amnaini3 MaTepiaibHuUX 0OOOPOTHHX 3aC00IB € BXKIIMBOIO YaCTUHOIO (DIHAHCOBOTO
VOpaBIiHHSA MIANPUEMCTBOM Ta BHU3HAYae MHoro (IiHAHCOBY CTaOUIBHICTD 1
e(eKTUBHICTh BUPOOHUYOTO MPOIIECY.

BucnoBok. OTxe, aHali3 MarepiaJbHUX OOOPOTHHX 3aC00IB Mae BUPIIIAIBHE
3Ha4YeHHS /1 (PIHAHCOBOI CTIMKOCTI mianpuemMcTBa. Hemocraya un Haamip 000pOTHUX
3ac00iB MOK€ MPHU3BECTH A0 (PIHAHCOBUX TPYAHOIIIB. ONTHUMallbHE HOPMYBaHHS
000pOoTHUX 3ac001B, 0COOTUBO BUPOOHMUYMX 3aMaciB, € KJIIIOUOBUM 3aBAaHHSIM. AHai3
B3a€MO3B'A3KYy 000pOoTHUX (DOH/IIB 1 (DOH/IIB 0OEpTaHHS BU3ZHAYAE BIUIMB CKJIAJOBUX HA
(1HaHCOBHUI CTaH MiANPUEMCTBA. 30aTaHCOBAaHUI MIAX1 JO YIPABIIHHSI 000OpPOTHUMHU
3acob0amu cripusie piHAHCOBOMY YCIIXY Ta KOHKYPEHTHUM II€peBaram.
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Abstract. The possibility of improving the control of a hybrid photovoltaic system to add
object power above the consumption limit is analyzed, taking into account deviations in the
forecast of photovoltaic battery generation and load power relative to the calculated one. It
is proposed to form a battery state of charge (SoC) by regulating the power that is consumed
from the grid according to the deviation of the SoC value relative to a given schedule. This
makes it possible to limit the depth of discharge (DOD) and increase the use of PV energy on
demand while reducing the consumption from the grid. A forecast deviation of up to 20% was
considered with the possibility of increasing the load by 10%.

Keywords: remote object, photovoltaic battery, add power, schedule SoC, power consumption
from the grid, regulation by deviation.

AKTYaJIbHICTh JOCJIIKeHHsI 3yMOBJIEHa MOTPe00I0 3a0e3MeueHHs ypaBIIiHHS
dotoenexktpuuyHoo cucremoro (PEC) 3 akymynstopom (AKB) ana o0’ekry
iHppacTpykTypu [1] 3a BHUKOpHCTaHHSIM TPOTHO3Y TeHepalii (OTOCTCKTPUIHOT
Oarapei (ObB) B peasibHEX yMOBax 3a BigxwmiieHHAM reHepaiii @b Bix mporHosy Ta
HABaHTa)XCHHS BIJIHOCHO PO3PaXOBaHOTO 3HAYEHHS.
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MeTow Ppo0OTH € YIOCKOHAJEHHS YIPaBIiHHA 3 3aBJAaHHAM 3HAYEHHS
MOTYHOCTI Py, IO CIIOKMBAETHCS 3 Mepexi, nuisixom (opmyBaHHs rpadiky SOC(t)
AKP, mo mae 3abe3neunTi 0OMEXEHHS TIMOMHU po3psaay akymyssropy (DOD) Tta
3MEHIIUTH CIIOKUBAHHSI €HEPTii 3 MEPExi.

Posrnsnyto riopumgny ®EC 3 AKDB, mo BUKOPHCTOBYETHCS AJS BiIJAJIEHOTO
00’€ekTy 1H(ppaCTPYKTypH 3 0OMEKEHHSIM CIIOKHUBaHHS eHeprii 3 Mepexi [1]. 3a 1poro
nepeaoavYeHo MiABUIIEHHS MOTY>KHOCTI 00’ €KTY BHIIIE JIIMITY 1 3aBJaHHS MOTY>KHOCTI
Pyr(t) Bu3Ha"YaeThCs 3a mporao3oM renepaitii ®b Ppye(t) 3 BeO-pecypey [2] BiamoBigHO
no rtpadiky nHaBaHTaxeHHs P (t). BusnaueHHs Pgr 3IiliCHIOETBCS 3a YMOBH
3a0e3neyeHHs] KOHTPOJIbHUX 3HaueHb SOC Ha iHTepBanax rpadika HaBaHTAKECHHS.
3naueHHs (akTraHoi reneparlii @b Ppy(t) Moxxe BiapizHsITHCS Bif Iporao3y 10 20%
[3], a HaBaHTaxXeHHS Bix po3paxyHKoBoro rpadiky. Lle mpu3BoaHMTH 10O 3aifBOTO
CIOKMBaHHS eHeprii 3 mepexi abo miaBumieHHs 3HadeHHs DOD no 100%, mio €
HETIPUNHATHUM.

dopmyBanus rpadiky SOC(t) MoxxHa 3a0€3MEUNTH, SKIIO PETYJIFOBATH 3HAYCHHS
Py 3a BinxuneHHaM BuMipsiHoro SOCy 1 3aganoro 3HadeHHst SOCr 3 JTUCKPETHICTIO B
yaci At. 3a nporo

Py=PgrtAPy,

ne APy=K(S0Cr - S0Cy)=K-AS0oC, K — koedimieHT, 1m0 BU3HAYAETHCS 3TiITHO
emHocti AKB 1 mpwuitHaToMy 3HaueHHIo BigxwieHHsS ASOC (4%) 3a oOMeKeHHIM
APgSO.SPUM.

I'padix SOCg(t) mae cximuacty ¢opmy 3 kpokom At. [louyaTkoBe 3HAYCHHS
JOPIBHIOE BUMIpsSiHOMY Ha movaTok mHs (8:00), HACTYNHI BU3HAYAIOTHCS 3TITHO
PO3paxoBaHUM 3HAUYCHHSIM €HEPrii, 110 CIOKUBAETHCS HaBaHTaxXeHHsIM AW\, eneprii
rerepanii @b AWpy; 1 cnoxuBaetbes 3 Mepexi AWgri Ha moTouHoMy 1HTepBaim At;.
BuwmiproBannst SOCy 3MiMCHIOETECS HA TTIOYATKY IHTEPBAIY.

BukopuctanHs peryiroBaHHs mepeadavae momnepeaHin po3paxyHok Pggr(t).

BucHoBKH. 3anpornoHoBaHe pillIEHHs MIOAO0 PEryJIOBaHHS 3aJaHOTO 3HAYEHHS
NOTYy)HOCTI Py 3a BiaxuieHHsM 3HaueHHs SOC BigHOCcHO 3amaHoro rpadika SOC(t)
3a0e3neuye MOKIMBICTh MIATPUMAaHHS 3a7aHoro 3HadyeHHs DOD B pasi BiIXuJICHHS
nporuosy rexnepaiiii ®b g0 20% Ta 30inbeHHs HaBaHTaxeHHS 10 10%. 3HaueHHs
nuckpeTHocTi peryitoBanHs 0.5 rogunu. fAxmio renepauis @b € BuIoio 3a mporHo3
a00 HaBaHTWKCHHS MECHIIEC PO3PaXyHKOBOTO MAa€EMO 3MEHIIEHHS EHEeprii, IIo
CIIO’KMBAETHCS 3 MEPEXI.
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Abstract: in almost the entire territory of Ukraine, the exceedance of the MPC of pollutants
in the atmosphere is recorded. The most significant polluter of atmospheric air in today's
conditions (not taking into account the pollution of the atmosphere from the military
operations) is energy generation. During the formation and further development of the
country's newest heat energy market, it is extremely important to implement the most modern
energy-saving technologies and equipment in a timely manner for the rapid recovery of
Ukraine in the post-war period and the use of an environmental protection strategy for energy
development.
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AKTYAJIbHICTh JOCJIZKEHHSI BU3HAYAETHCA CYYaCHUM CTAHOM EHEPreTHUKH
KpaiHu Ta HEOOX1HICTIO CTBOPEHHSIM €KOHOMIYHUX YMOB JIJIsI BIIPOBAPKCHHS 3aX0/IiB
eKoJjiorizaiii B €Hepro30epekeHHsT KpaiHW 3 OJIHOYACHOIO 3MIHOI0 Tally3eBOi 1
TEXHOJIOTIYHOT CTPYKTYypH BUPOOHHMIITBA, IO CIIPUATHME 3MCHIIICHHIO CHEPTOBHTPAT
OJIHOYACHO 13 3MEHIIICHHSIM BUKHU/IIB B OTOUYIOUE CEPEIOBHUIIIC.

128


https://doi.org/10.1145/2674061.2675020
mailto:pt1993@ukr.net
mailto:vusocka_ti@gsuite.duit.edu.ua
mailto:pt1993@ukr.net
mailto:vusocka_ti@gsuite.duit.edu.ua

MeTo10 po00THM € aHal3 TEXHOJOTIYHMX TMPOIECIB Ta BUPOOHUYOIO
yCTaTKyBaHHS €HEProBUPOOHUIITBA JJI1 3MEHIIEHHS HEraTUBHOIO BIUIUBY Ha
OTOYYIOUE CEpEIOBHIIIE.

Y npoMucIoBii, MyHIIUNATIBHIN Ta CUTLCHKIM €HEpreTHlll YKpaiHu A0 MOYaTKy
MOBHOMACIITAOHOTO BTOPTHEHHS pOCiCbkUX Bicbk 24 mrororo 2022 poky
HaJl4yBajgoch MoHaa 250 THCSY KOTENEeHb, Kl Oyau ocHamieHi mpuommsHo 800
TUCAYAMHU KOTJoarperaTiB. 3 ypaxXyBaHHSM CHTyallli, IO CKJajacs B YKpaiHi
OYEBHUHO, IO 3HIKCHHS BUTpPATU TajvBa MpuU poOOTI IUX OO'€KTIB € OJHIEIO 3
peaIbHUX MOYKJIMBOCTEH MOMIIMIIEHHS €KOJIOTIYHOI cuTyarii B aepskani [1].

AHaJi3 eHeproBUTpaT, 10 BKIIOYAE BECh CHEPTETUYHHM UK, a caMe: BUTPATH
Ha BUJOOYTOK Ta TPAaHCIOPTYyBaHHsS MalMBa, BUTPATU €HEPrii Ha BIAcHI MOTpeOwH,
BTpaTH MpHU CIATIOBAaHHI MaluBa, BTpaTH B MEPEXax 1 y CIOXHUBauiB, MOKa3aB, 10
BUPOOHHUIITBO TEILJIOBOI €Heprii BiOyBaeThCsl BKpail Hee()eKTHUBHO MPU CIATIOBaHHI
TBEPJIOT0 NaJIMBA Ta 3 Ty’KE€ HU3bKOI €(EKTUBHICTIO NP CHATIOBAHHI MPUPOAHOTO
razy (18 - 20 %).

[TinBumenHs eheKTUBHOCTI MOXKE OyTH 3I1MCHEHO HacamIepea 3a PaxyHOK
CKOpPOYEHHSI BTpAaT y LHMKJII BUPOOHWLTBA MaJMBa, HOro TPAHCHOPTYBaHHI Ta
MIArOTOBLI. 3MEHIIEHHS BTpaT 3a0e3MeuuTh €KOHOMII eHeprii maiike Ha 15 % i,
TaKMM YMHOM, BUKHJIM B aTMOC(epy TeX cTaHyTh MeHIIMMU Ha 15%.

MopaepHi3anisi MadbHUKIB, TOMNOK Ta BUKOPUCTAHHS YTUJII3aTOPIB JTOAATKOBO
3a0e3ne4nTh MOBEPHEHHS Y UK criaimtoBaHHs 1ie maiixe 20 % eneprii. HaiiOinbia
yacTMHA BTpaT eHeprii, nmpubmuzno 50 %, npumamgae Ha TEIJIOBI MEpexi Ta
cnioxkuBayiB. [1{00 yHUKHYTH ITUX BTPAT HEOOX1THO CYTTEBO 301IBIIIUTA BUKOPUCTAHHS
KamiTaIbHUX BKJIAJIEHb HA MOJIEPHI3alli0 O0aHAHHS ajie IpoOJieMa MOJISITrae y ToMy,
1[0 3HM>KEHHSI BUKU[IB y JOBKULIS HE MOB’A3aHO MPOMOPLINAHO 13 BUKOPUCTAHHSIM
KOIIITIB, TOOTO 3HAYHI KaMmiTaJIOBKJIAJEHHS CyTTEBO Ta IMIBUIKO HE 3MEHIIATh BUKUIU
B atmMocdepy [2].

[lepexin mo JeneHTpalli30BaHUX CHUCTEM TEIJIONOCTayaHHs (7axoBi, BOYIOBaH1
KOTEJbHI, TmepedyaoBa 1  TEIUIOI30JIAMISI  CUCTEM, BCTAHOBJICHHS  CHUCTEM
MOKBAPTUPHOTO OOJIKY BUTpaAT TeIUla, MMIJABUINECHHS TEIUIOCTIHKOCTI OymiBeb),
MaOyTh, JOIIJILHO 3aCTOCOBYBATH Jisl OYIIBHUIITBA HOBOTO KUTJIOBOTO (DOHITY, a JJis
MEepPEeBaXHOI OUIBLIOCTI ICHYIOUMX O0'€KTIB B YKpaiHM Taki 3axoau € (hIHAHCOBO
He3a0e3MeYeHUMH.

HeBigkmagHoro po3B’si3aHHA BUMAaramTh NPOOJIEMH 3aCTOCYBaHHS HOBOTO
oOnagHaHHS MO0 KOHTPOJIIO 3a0pyaHEeHb aTMOchepH. Y BCiX PO3BUHEHHMX KpaiHax
MOCTIMHUN aBTOMATH30BaHUN KOHTPOJb 31HCHIOEThCS, TounHaro4u 3 70-80-x pokiB
XX cT.

Jnst Vkpainu HalOIIbI aKTyaJdbHUM € KOHTPOJIb 32 3MEHIICHHSM BHKHUJIIB

HACTYIIHUX PEYOBUH:
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- 30JI4, MUY, Caki — B Tas3ax, 1[0 BUKHUJAIOTHCSI B aTMocdepy BiJl KOTIIB 1
IIPOMUCIIOBUX TeYeH, BiJ 00JIalHAHHS XIMIYHO1, METalypriiHOi, KOKCOXIMIYHOI Ta
ripHUY0100yBHOI MPOMUCIIOBOCTI, XapuoBoi Ta HagTONepepoOHOi MPOMHCIOBOCTI,
MIPOMUCIIOBOCTI OyAiBEIbHUX MaTepiaiiB Ta aBTOTPAHCIIOPTY;

- Ta30MOAIOHUX BHUKHUIIB OKHCIB HITPOTEHY, CIpKH, KapOOHy, OeH3omipeHa — 3
KOTJIoarperariB, IMPOMUCIOBUX TIeued, JABUTYHIB aBTOMOOUIIB, OOJagHAHHS
HadTOMmepepoOHOI, METaTypPrifHOI Ta KOKCOXIMIYHOT TPOMHUCIIOBOCTI.

Cnig 3a3HauMTH, 10 HEOOXiJHA HOMEHKJIATypa AaBTOMATHYHUX NPUIIAJIIB
KOHTPOJIFO BUKHUIB B YKpaiHi BIJICYTHS, HE3aJOBLIbHA 1 1X SKICTh. ABTOMATUYHUUI
ra3oaHajizaTop Ha KaHIEPOT€HHY PEYOBHUHY OCH3OIMIPEeH y KpaiHi He BUPOOISIETHCA.
ABToMatnuHi cramioHapHi raszoaHamizatopu Ha NOyx Ta NO; (moTpelyroTh
CTaIliOHAPHOTO MiAKIIOYEHHS 10 BOAOIOCTAYaHHS Ta KaHai3aIlii), MaroTh Bary MOHAa/
200 kxr Ta HeTpaHCHoOpTaOeNbHI 1 JayXe HeHamiiHi y pobOoti. Ti cami Hemomiku
IpUTaMaHHi 1 CTalllOHapHUM aHai3aTopaM Ha BMICT okuciB SO 1 CO. 3ayBaxumo,
10 BUPOOHUIITBO HABITh TAKWUX MPHUCTPOIB MPAKTUYHO 3yMUHEHO. [[Jisi BU3HAUCHHS
okucy kapoony (CO) BUKOPUCTOBY€ETbCA NIEPEHOCHUI XpoMaTorpad tumy «I'azoxpom
3101», siKuii MOCTYMA€ThCS 3aKOPJAOHHUM aHajgoraM. BUpOOHHMIITBO TaKMX MPUIIa/IiB
TEX He3a0BUIbHE. TaKMM YHMHOM KOHTPOJIb BUKHAIB B aTMOC(EpPy, Y TOMY YHUCHI 1
«Exonorivna macnopTu3aliisi» 3HA4YHOI KUIBKOCTI MIANPUEMCTB, Ha JaHUM Yac
3MIMCHIOETHCSl AQHATITUYHUMM XIMIYHUMHU METOAAMHU 3 BHUKOPUCTAHHSM JJIsi I[bOTO
PUIIAJIIB, pO3pO0JICHUX y cepenuHi XX CT.

BucnoBok. Jlns mOMIMNIIEHHS CHUTyalii MO0 3aCTOCYBaHHSA Cy4acHOTO
eHeproe(eKTUBHOTO OOJaAHAHHS JIS PO3BUTKY EHEPreTUYHHX PECYpCiB KpaiHu
HEOOXIJTHI 3HA4YHI IHBECTHIII B €KOJOri0 eHeproBupoOHMITBa. Lle 3abe3neunTh
BiTYyTHE 3HMKEHHS TOKCUYHOTO BITMBY HA OTOYYIOUE CEPEIOBUIIC ITPH BUPOOHHIITBI
€Heprii, AacTh MOIITOBX MJisi PO3BUTKY KOMOIHOBAHMX METO[IB 1 TEXHOJIOTIH, fKi
3a0e3neyaTh 3HWKCHHS BUTPAT €HEPrOPECyPCiB 3 OJIHOYACHUM 3MEHIICHHIM BUKUIIB
y HaBKOJIMIIIHE CEPEIOBUIIIE.
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Abstract. The work analyzes the methods of diagnosing bogies of locomotives, which are
currently used in the conditions of a locomotive depot, and suggests the use of modern means
of diagnosing bogies by introducing modern indicators of bearing life. The towing unit is a
rather important element of the crew part of the rolling stock, the technical condition of which
directly affects the safety of movement. Therefore, the improvement of diagnostics of bucks is
a very important issue, which will make it possible to increase the reliability indicators of the
rolling stock and improve the safety of traffic on the railway.

Keywords: axle assembly, diagnostics, indicator, rolling stock.

AKTYaJbHICTh JOCJTiIKEHHsI 3yMOBJICHA HEJOCTaTHHOIO SKICTIO OIJISAY Ta
JIarHOCTUKOIO OYKCOBUX BY3JI1B, 30KpeMa MiIIUITHUKIB, & TAKOXK MOKPAICHHS IXHbOT
peBi3ii 3a TOMOMOT0I0 BUKOPUCTAHHS CyYaCHUX 1HAMKATOPIB PECYpCy MiIITUITHUKIB.

MeTow po00TH € TPOBEACHHS aHaMi3y IarHOCTUYHUX METOMIB OYKCOBHX
BY3JIIB, III0 BUKOPUCTOBYIOTHCS Ha TENEPIITHIN Yac Ta 3alIpOBaI KEHHS HOBUX METO/IIB.

ByKcoB1 By3/11 €1€KTPOBO3IB 32 4ac CIY>KOM 3 METOIO OLIHKH iX TPUAATHOCTI A0
MOAAJIBIIO] €KCIUTyaTalli 1 BHUIyYeHHS BUHUKAIOUMX JAE€(PEKTIB MIJUISAraloTh peBisii
nepmoro Ta pyroro 06’eMiB. [Ipu HEoOXiAHOCTI MpOBEAEHHS PeBi3ii OAHIET OYKCH
aHAJIOT1YHY PEBI31I0 HEOOXITHO MPOBOAMTH 1 JIJIS THIIOI OYKCH ITI€T K KOJIICHOT MapH.

[Ipu peBi3igx MOBMHHI BUKOHYBATUCS HACTYIHI pOOOTH: po30upaHHs OyKCOBHUX
BY3J1iB, MPOMUBKA Ta OYMINCHHS, OTJIST Ta BUMIPIOBAHHS MIIMIAITHUKIB 1 CYMDKHUX 3
HUMHM JeTajel, Mpu HEOOX1THOCTI 3aMiHa, a TaKOX 3aKjajgka CBDKOI 3Ma3Ku 1 ix
CKJIa/IaHHSI.

PeBi3ist mepuioro 06’eMy BUKOHY€ETHCS

e 1pu notroyHoMy pemonTi [1P — 3;
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® MIPU BUABJICHI CTOPOHHBOTO IMyMy (CTYKy) B MIANIMIHUKAX TPU
MPOCITyXOBYBaHH1 OYKCOBOTO BY3JIa;

® y BUIIaJIaX BUSABJICHHS Je(PEKTIB, IKi HEMOXKIIUBO JIIKBITyBaTH O€3 pO30MpaHHS
BYy3J1a, HEOOX1HO MPOBECTH PEBI3iI0, Ta y BUIMAKAX SK1 BKa3aHi BUIIIE.

[Tpu mpoBeaeHi peBi3ii mepioro 06’ eMy OyKCH po30UparoThCs 13 3aIUIIICHHIM Ha
MIUKax ocell BHYTPIIIHIX OOOWM MIAMIUIHUKIB. Y NIAIIMIHUKIB BUMIPIOIOTh
MOCaJ04H1 pajianbHi 3a30pH 1 OChOBUU po30ir Oykcu. Bci memonTOBaH1 merani
nepealoTh Ha MPOMUBKY 1 OTJISI, MICHSI YOr0 KOMIUIEKTYIOTh OKPEMO Ui KOXKHOT
oykcu. [Ipu HeoOX1AHOCTI 3aMiHH MIAMUITHUKA a00 3HATTA MOT0 BHYTPIIIHBOT 000HMU
MIPOBECTH MiA0Ip MO HATATY 13a30pax, BCTAHOBJIECHUM Y BIAMOBIIHOCTI 3 BAMOTaMH JIJIs
peBi3ii Apyroro 06’ emy. [Tpu 3aMiHi 0THOTO OYKCOBOTO TIITUITHUKA 3HIMATH 3 IITUHKH
BHYTPIIIHIO 000MMY JPYroro mianIuinHuKa miei Oykcu. JIJabipuHTHE KiJIbIIE, SIKE CTOITh
3a MiAMUITHAKAMU, I03BOJISIETHCS HE 3HIMATH.

PeBi3ist OykcOBHX By3J1B APYroro 00’eMy MpOBOJUTHCA

® [IpU TOBHOMY OTJISIZII KOJICHUX Map;

® y BCIX BUITaJIKaX BUSBJICHHS NE(EKTIB, sIKIi HE MOXKJIMBO YCYHYTU IIPU PeBI3ii
nepiioro o0’ emy.

IIpu peBizii apyroro 06’eMy, okpiM poOiT, repeadadyeHux i PeBi3ii MepIioro
00’eMy, po30Hpar0Th OYKCOBI BY3JIM TOBHICTIO 31 3HATTSAM 3 ITUHOK BHYTPIIIHIX 0014M
MIIIIMITHUKIB, JJAOIPUHTHUX KUIELb 1 KPUILIOK KOpIyciB. Bl merani mpoMHUBarOThCA,
OrJISAAI0THCS, BUMIPIOIOTHCS, MPU HEOOXITHOCTI PEMOHTYIOTHCS ab0 3aMIHIOIOTHCS
HOBHUMH. BUMIPIOIOTHCS MIANIUITHUKY, MUKW OCEH, TTOCaI04YHI Miclsd JabipHHTHUX 1
YIOPHHX KIJICIh 1 TOCAT0YH] MICIISI KOPITYCIB T I ITAITHUKH.

Jnst  mokpamieHHst mporecy  Aedektarii  OyKCOBMX — MIANIMAIHUKIB, 13
BUKOPUCTAHHSM CY4YaCHOT TEXHIKHM Ta TEXHOJIOT1M HEOOX1JHO 3alpOBAJAUTH B YMOBAX
JIeNI0 BUKOPHUCTAHHS CyYaCHUX 1HAUKATOPIB pECypCy MIALIMITHUKIB.

[naukaTop pecypcy MOIAMMNHMUKIB ( Jadl — NOpWiIaj) NOpU3HAYCHUH s
BU3HAYEHHSI TEXHIYHOTO CTaHy MIJIIMITHUKIB KOUCHHS Ha MpaIoyoMy 00JIaIHaH] 3
METOIO BUSIBJICHHS:

® MipH 3HOCY, B TOMY YHCJI1 HAsIBHICTb 1€(EKTIB, HE TOMYCTUMUX JJIs MOAANBILIOT
eKCIUTyaTallii Mo Tally3¢BUM HOpPMaMm 3HOIIEHHS MiJIIUIHUKIB KOYEHHS I10
BCTAHOBJIEHOMY 3HOCY, MEXaHIYHOMY BUTHPAHHIO 1 1HIIIMM BUAAaM 3HOCY;

® CTaHy 3Ma3KH B IiIITUITHUKOBHUX BY3JIaX;

® [IPaBUJIBLHOCTI 301PKU MIJIIMITHUKOBUX BY3J11B IPU BUTOTOBJIEHI 1 PEMOHTI;

® BXIJJHOTO KOHTPOJIFO HOBOTO 1 BIAPEMOHTOBAHOTO 00JIaTHAHHS.

3aranpHa OyJoBa TakuMX MNPWIAAIB MICTUTh I'€30KepaMIYHUN  JIATUUK,
3'€eIHyBaJbHUM Ka0esb 31 IITEKEPOM, BUMIPIOBAJIbHUN OJIOK.
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Ha pucyHKy mokaszaHa MPUHIIMIIOBA CTPYKTYpHaA CXeMa iHIUKATOPY pPecypcy
M IIIAITHUKIB

| |
JlaT9HK ———IIpeAniICHTIO BAS—— ATEHBIATOP
I |
IHTeTrpyrOIHH ITpenn3iHHHA MacmTabHHH
IepeTBOPIOBAT BHIIPAMIAT HiICHTIOBAY

Cxema BHOOPY MeX

PiOxOKpHCT ami Y=t

iHpuKarop (mucneit)

CxeMma KOHTPOJIO KHBJICHHA

Pucynox — Cmpyxkmypua cxema inouxamopy pecypcy niOuunHuKie

Cxema mpuiiaiy BiJICIKae 4aCTOTH 3BYKOBOIO Jiiala3oHy 1 3abe3neuye oOpoOKy
yIBTPa3BYKOBUX CHUTHAIB BiJ A€PEKTIB yCIX YaCTHUH IMIJUIMIIHUKA 1 OI[IHKY iX
CYKyIMHOTO 3HAQUEHHS Yy BUIVBIAI 3arajlbHOTO KPUTEPII0 CTYMEHsS 3HOIICHHS
nigmunauKa 'y OanpHi dopmi. Kputepiil cTyreHs 3HOCY BHU3HAYAETHCS MIISTXOM
MOPIBHSHHS MOKA3HUKIB JUCIUICIO TIPU MEPEBIPIl TEXHIYHOTO CTaHy MiIIMITHUKA 3
noka3HuKaMu « TeXHOJIOT1l MIarHOCTUKHU MiAIIUITHUKIBY Ha KOHKPETHE OO0JIaJHAHHS
KOpHCTyBaya.

Bu3HaueHHs TEXHIYHOTO CTaHy MiAIIUITHUKA.

[liTmMOHUKY KOYEHHS MpU poOOTI TeHEpPYIOTh TEII0, BIOpALil0 B IMIMPOKIMA
MOJIOCI YacTOT, aKyCTHUKO-EMICIHI CHUTHaJd B 3BYKOBOMY 1 YJIbTPa3ByKOBOMY
Jiara3oHi 4acToT 1 3aCHOBYIOTh €JIEMEHTH 3HOCY B1J JOPIKOK KOYCHHS 1 TLJT KOUCHHS,
€JIEeMEHTH JECTPYKIIIl 1 KOKCYBaHHS Maces, P 1bOMY HIBUIKICTh JECTPYKIIT Macel
3HAYHO 3pPOCTa€ B 30HAX MICIIEBOTO HArpiBy JOPIKOK, TUT KOYEHHS 1 y BHUIIaJKax
3arajJbHOTO TIEPETPiBY MiAMIUITHUKOBOTO By3J1a.

OcCHOBHUM CTBOpIOBadeM (OpMYyBaHHSI AKYyCTHUKO-EMICIHHOIO CHUTHally B
yIbTPa3ByKOBOMY Jl1alla30H1 YaCTOT MiAIIUITHUKOBOIO BY3JIa SBJISIOTHCA:

® XBWJII BiJl HOPMAJIBHUX 1 TIOTOPKYBAIBHUX MSATEH KOHTAKTY B MIPUTIOBEPXHEBHUX
mapax TUT 1 JOPDKOK KOYEHHS MpU OOEepTaHHI B JIIOYMX HABAHTAXKEHb 1 YHCIIA
000pOTIB;

® MIKpOyJapu BHACTIAOK MIOPOXOBATOCTI TUT 1 JMOPDKOK KOYECHHS, SIKE
MOCUJTIOETHCS B HACIIIOK KOKCYBaHHSI MacTUJIa 1 HASIBHOCTI €JIEMEHTIB 3HOIIICHHS;
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e TrigpojiHaMivyHi e(eKTH BiJ 3Ma3Ku B 30HI KOHTAKTHUX HANpyT TiJT KOYSHHS 3
JTOPIKKaMH KOYCHHS,

® IMIYJIbCHUM CHUTHAJ BiJI TTOSBYU TPIIIMH B METaJIl T1J1 KOUEHHS,

e MIKpOYJapH 1 y1apH Bij nepekaTyBaHHs 1e()EeKTHUX MOBEPXOHb (IIOIYIIIHHS,
PO3BUTI TPIIIUHHU, CKOJIH, PAKOBUHHM);

® MIKpOIEPEMIIICHHS 30BHIITHLOTO KUIBIII Y THI3/1 KOPITYCY;

® 3HOIICHHS I[OCAJKOBUX IOBEPXOHb MIJIIUIHUKA, IO CYIPOBOKYIOTHCS
MepPEMIILICHHSIM MTOBEPXH1 KUICIh BIJIHOCHO MOCAJOYHUX MICIh;

® MIKpOMPOKOB3YyBaHHS TiJ1 00€PTaHHS MO TOPIKKAX KOUECHHSI.

[TiqmMMHUKOBUIN By30J1 TEHEPYE aKyCTUKO-EMICIMHUN CUTHAM y IIUPOKIH MOJIOCI
9acTOT — JI0 JAEKUIBKOX Merarepil 3 pi3sHUMH aMIUNITyAaMH, sIKI 3pOCTAalOTh MO Mipi
pYWHYBaHHS MiAMIAITHAKA, TTOPYIICHHS YMOB 3MalllyBaHHS, 3HOMICHHS TOCAJIOYHHIX
MICIIb, 1€(EKTIB MOHTAXKY.

Hait6inpmr  1HGpOpMATUBHMM J1alla30HOM 4YacTOT I IiJIeH JI1arHOCTHKHU
nigmunHukiB € gactotd 30 — 300 xI'm. Ha 1mux dyacToTax BIUIMB IIyMIB Bij
MpalOOYnX BY3JiB MIHIMAJbHUM , 10 J03BOJISIE€ 3IMCHIOBATH J1arHOCTUKY 3
HaaiMHICTIO O1IpmIe 0,9.

AMIUTITYyIM B aMIUTITYJHO-YaCTOTHHX XapaKTEPHUCTUKAX CUTHAIY 3POCTaOTh 3i
3pOCTaHHSM HABAHTAXKEHB 1 YUCJIa 00EPTIB.

BB He3akokcOoBaHOI 3Ma3Kd Ha aMILNTYJHO-YaCTOTHUX XapaKTEPUCTHUK
[IOABIMHAI:

- BIJICYTHICTb 3Ma3KH 30UIbIIIY€ aMIUTITY/Y;

- MiAOMBKa KOHCUCTEHTHOT 3Ma3Ku a00 MOHOBJICHHSI PEXKUMY PIJIKICHOI 3Ma3Ku
3MEHIIIY€ aMIUTITYTy.

BucHoBok. B kiHIll mpoBeAeHOT poOOTH CIiJl 3a3HAYUTH, 110 BUKOPUCTAHHS
Cy4acHUX METOJIB JIarHOCTHKM, UUISIXOM 3aCTOCYBaHHsSI 1HAMKATOPIB pecypcy
MIIIUITHAKIB, MOKYTh 3HAYHO TMOKPAIIUTH OE3MEeKOBl MPU EKCIUTyaTarlii pyXoMOro
CKJIamy.
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Abstract. This work presents the results of a study of the technical condition of the frames of
locomotives of the YMES3 series that have worked for 40 years since the date of construction.
On the basis of studies of the technical condition of trolley frames and strength calculations,
the locations of trolley frames that should be subject to non-destructive testing were
determined and an analysis of the technical condition control maps was carried out. Methods
of non-destructive testing, suitable for use during the control of the technical condition of the
bogies of ChME3 diesel locomotives at various stages of further operation, were investigated.
Keywords: transport technologies, laser control, locomotive bogie.

AKTYaJIbHICTb J0CJII’KeHHs1 3yMOBJIEHA HEOOX1IHICTIO TOKPAIICHHS TeXHIYHOT
JIarHOCTUKH paM Bi3KiB TEIJIOBO3IB I1J] 4ac eKCIuTyaTallii Ta peMOHTI.

MeTta po00TH noJIsSITae y y3arajabHEHHI BIJOMOCTEN CTOCOBHO JIa3€pHO1 CUCTEMHU
KOHTPOJIIO T€OMETPUYHUX MapaMeTPiB BI3KIB TEIJIOBO3I1B.

Kontposp Ta  3a0e3neyeHHsT  CTANOCTI  TE€OMETPUYHHUX  [apaMeTpiB
BEIMKOrabapuTHUX BHUPOOIB MAIIMHOOYIYBaHHS TPH iX BHUPOOHUIITBI Ta PEMOHTI,
O0COOJIMBO y TPOCTOPOBIM CHCTEMI KOOPAMHAT, IO CHOTOJHI € TPYJOMICTKHM Ta
JIOPOTUM 3aBJaHHAM. TpajuIiiHUMU CrOCOOaMU € BUMIPIOBAHHS 3a JIOMOMOTOIO
11a0JIOHIB, JIHINOK, 32 JOTIOMOT'0I0 HATSTHYTOI CTPYHH, @ TAKOK ONTUKO-MEXaHIYHUM
MeTo/10M. TakuM BUMipaM BJIACTHUBI BEJTMKA TPYAOMICTKICTh Ta 3HAYHUH Cy0'€KTUBHUIN
¢dakrop. [Ipu 1bOMy BIZHOBJIEHHSI 3HOLIEHUX MTOBEPXOHb — BUKJIOYHO PYYHI1 OIeparii.
BukopuctanHs nazepHUX TEXHOJOTIN MiJl Yac BUPIMICHHS Li€i NpoOieMu — JTyxKe
NEePCIIEKTUBHUNA HATIPSIMOK.

[Ipu excrmyarariii JJOKOMOTHBIB IO KOHTPOJIIO Ta 30€pEKEHHS T€OMETPUUHUX

napameTpiB pyXOMOTO CKJIaay NP sBISIOTHCS JTOCUTh BUCOKI BUMOTH. HesnauHi
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BIIXWUJICHHS BiJi HOMIHAJIBHUX 3HAY€Hb BEYTh J0 3HMKEHHS XOJIOBHX 1 JMHAMIYHUX
XapaKTEepUCTUK JIOKOMOTHUBIB, a TakoX Oe3meku B ekcrutyartarii. Ilepexocu oceit
KOJICHUX Map Yy paMmax BI3KIB MOXYTb MPHU3BECTH 10 aBapidiHUX CHUTYalii.
3a0e3neyeHHs] TEOMETPUYHHUX MapaMeTpiB paM Bi3KIB NMPU BUPOOHUIITBI Ta PEMOHTI
MOB'SI3aHE 3 BETUKUMHU BUTPATAMHU.

JlazepHa BUMIpIOBaJIbHA CUCTEMA paM Bi3KiB JI03BOJISIE BUSBUTH HE3HAYH1 3MIHH
reoMeTpii paM BI3KIB Yy Iporieci iX ekcrutyatanii. Cucrema QopMye TPUBHMIPHY
cucteMy kKoopauHaT. KOHTpoJib po3MipiB pam BI3KIB 3IIMCHIOETHCS 3a JOIIOMOTOIO
BUJIMMUX JIA3€PHUX MMyYKIB MapaieIbHUM NEPEMIIICHHIM 1X Y30BK OMOPHUX JIHIHOK
3 OJTHOYACHHUM BIJJTIKOM KOOPAWHAT, IO 3aHOCATHCA 10 0a3u JaHWX KOMITIOTepa.
CremiasibHO po3po0sieHe TporpamMHe 3a0e3MedeHHs] JO03BOJIIE  OOpOOIsITH Ta
JOKYMEHTYBAaTH PE3yJIbTaTH BUMIPIOBAHb Ta MMPOBOJUTH HA iX OCHOBI PEMOHT.

JlazepHa cucTemMa KOHTPOJIO NpHU3HAYEHa JUIsi BUMIPIOBAHHS T'€OMETPUYHUX
mapaMmeTpiB Bi3KIB TEIJIOBO3IB 32 TpbOMa KOOpPJMHATaMU METOJOM MPSIMUX
BHUMIPIOBaHb y MPAMOKYTHINA CUCTEMI KOOPJAMHAT, YTBOPEHOI 3 JJa3epHUX MYUKIB:

-TI03/I0BXKHI Ta MOMNEPEUHI MapaMeTpu paMHu BUMIPIOIOTHCS Y BUMIPIOBAIBHOMY
MPOCTOPi, YTBOPEHOMY BHUMIPIOBAJILHUMHU Ja3€pHUMHU IydyKaMU BiJ JABOX 0a30BUX
B3aEMHO TMEPIECHANKYISIPHAX MTyYKiB;

-BEpTUKAJIbHI MapaMeTpU BHUMIPIOIOTbCA 1O IITAaHTEHpEHl Bixg 0a30BoO1
TOPU30HTAIBHOT TUIOIIUHM, 33JIJaHO1 Ja3€pPHUM ITyUYKOM HIBEJIPY 3 JJa3€PHUM BI3UPOM.
[lepenik OCHOBHHUX KOHTPOJIbOBAaHMX T€OMETPUYHUX TMapaMeTpiB HABEACHO Y
[IpaBunax MOTOYHOTO Ta KamiTaIbHOTO PEMOHTIB, @ TAKOXK KaMTAIBLHOTO PEMOHTY 3
npoaoBxkeHHsM TepMiHy ciyxou (TP, KP, KPIT) Ta Texo0cmyroByBaHHs TEIIOBO31B
Ta €JIEKTPOBO3IB.

Cucrema 3/11iICHIOE BUMIPIOBAHHS:

- BEPTUKAJIBHOT'O Ta TOPU30HTAILHOTO IPOTUHIB 0aNOoK;

- PI3HMIIb BUCOT IOBIJIKOBUX KPOHIITEHHIB;

- BIAXWJICHHS KJIMHOBHUX TIa3iB TOBIJKOBUX KPOHIITEHHIB BiJ CITIBBICHOTO
po3TaIntyBaHHS;

- PI3HMIIL PO3MIPIB MK OCSIMH KJIMHOBHUX Ia3iB y OyKCOBHUX OTBOpax Ta Mix
OYKCOBHUMU OTBOpPaMHU;

- BIIXWJICHHS BiJl IJIOLIMHU BHYTPIIIHIX TOBEPXOHb MOBIJKOBUX KPOHILTEHHIB.

Cucrema Moxe OyTH 3aCTOCOBaHa SIK JUIsl OI[IHKY T€OMETPUYHUX MapaMeTpiB, TaK
1 B Tpolleci PEMOHTY: MNpU KOHTPOJI MPaBUIBHOCTI MOCTAHOBKH IOBIJIKOBOTO
KPOHIITEHA HA pamy; MPHU 3BapIOBAILHUX POOOTaxX 3 BIJHOBJICHHS KPOHIITEHHIB
BaXIUJIBHOI TIepeaadl Ta 1HIIMX eJEeMEHTIB paM Bi3KiB. Lle mo3BoimTh 3abe3meunTu
SAKICTh BUPOOHMIITBA PEMOHTY 3TIIHO 3 TMpaBUJIAMU PEMOHTY, 30UIBIIUTH TEPMIH
eKCIUTyaTaIlii Bi3KiB 3arajioM Ta MiABUIIUTH O€3MeKy pyXy.
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BucHoBok. JlazepHa cuctemMa KOHTPOJIIO T€OMETPHUUHUX MTapaMeTpiB paMH Bi3Ka
JI03BOJIUTH TPOBOJUTH BUMIPIOBAHHS 3 MIJBUIIEHOI0 TOYHICTIO 1 Ha MiJACTaBl IUX
BHUMIPIOBAaHb SIKICHIIIE TPOBOJAUTH PEMOHT paMH Bi3Ka, IO MPU3BE/E 10 301IbIICHHS
MDKPEMOHTHHX MpPOOITiB, MOMIMIIEHHS XOJAOBUX Ta JWHAMIYHHX XapaKTEPUCTHK
TEIIOBO3A.
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Abstract. Rail transport is a significant source of greenhouse gas emissions, so finding
sustainable and low-carbon alternative fuels is critical to reducing its environmental impact.
Hydrogen is becoming a promising type of fuel for railway transport due to its high energy
density, zero emissions and the possibility of production from renewable sources. However,
the use of hydrogen as a fuel requires significant infrastructure development and
technological progress in the production, storage and transportation of hydrogen. In
addition, the cost and availability of hydrogen fuel remain the main barriers to its widespread
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adoption. Despite these challenges, the potential benefits of using hydrogen as a sustainable
fuel for the rail industry make it an area of growing interest and investment.
Keywords: alternative fuels, environmental safety, railway transport, hydrogen production.

AKTYaJIbHICTh JOCTiIKeHHsI 3yMOBJICHA THUM, 1110 Ha JJAHUH Yac CBIT B MOIIyKaxX
aNbTEPHATUBHOTO BUY MAaJlMBa, sIKE ACTh 3MOTY 3MEHIIUTH BUKUIU B aTMocdepy.
BoaneBe manuBO MOXeE PO3TISAATUCA AIBTEPHATUBOIO TPAAHUIIIHOMY BHUKOIHOMY
nanuBy. Lle uncTe 1 MOHOBIIOBAHE JKEPEIIO EHEPTii, sIke BUPOOJISiE JHILIE BOASHY Mapy
AK MOOIYHUI POAYKT, 110 POOUTH HOT0 Oa)KaHUM PIIIEHHSM JIJIs1 CKOPOUCHHSI BUKH/IIB
MapHUKOBUX Ta31B 1 MOM'SKIIICHHS HACIIJIKIB 3MIHH KJIiMaTy.

MeTo10 po60OTH € MPOBEIACHHS OIVISIIOBOIO aHai3y KOHIIEMIIIT Ta EPCIeKTUBU
BUKOPHUCTAHHS BOJHEBOTO NaIMBa Ha 3a]113HUYHOMY TPAHCIIOPTI.

Bonenb € eKkonorivHo 4uCTUM 1 MOKE 3aMIHUTH OCH3MH, JW3EJbHE MajJuBO Ta
Ma3yT y BCIX TUIAX TEIUIOBUX JABUTYHIB. €Bporma BKe po3noyania iHTerpyBaHHs BOTHIO
Yy CBOIO «3€JIEHY» CTpATErilo, CIpsIMOBaHY Ha O€3ByIJICIIeBE MailOyTHE KOHTUHEHTY.
VYkpaiHa TakoK MOBMHHA 30CEPEAUTUCS HA LIbOMY HOBITHROMY BHJI manuBa. Hapasi
JUTsl BUPOOHMIITBA BOJIHIO BUKOPUCTOBYETHCS 6% CBITOBOrO MpUPOAHOTO Trazy Ta 2%
Byruuist. BogeHb MOXKHa BUKOPUCTOBYBATH SIK MaJMBO 3 HYJbOBUM PIBHEM BUKH/IIB,
ajie caM BHUAOOYTOK Ta3y HE € HU3bKOBYIJIELIEBUM IPOLIECOM, SIKILO Il HOro
BUPOOHUIITBA BHUKOPUCTOBYETHCSI BHMKOIHE HaJMBO. THUM HE MEHII, EKCHEepTU
BBAXKAIOTh, IO BOJCHb MOXE CTaTH MAJUBHUM PIMICHHSAM JUIsi TPAHCIOPTHOI
1H(QPACTPYKTYpH, 30KpeMa  JOCSIITH METH - CKOPOYEHHSI BUKHIIB 3a PaxXyHOK
BUKOPHUCTAHHSA HEBUKOITHUX BHIIB MaJNBA.

[lepexin A0 3eneHOi BOAHEBOI EKOHOMIKM 3aKpiIUIeHUH Yy €BponenchbKiii
BOJHEBIA CTparerii, sika € 4YacTUHOW E€Bporenchkoro 3eieHoro kypey (€3K),
npuitHsaToro €BpomneiicbkuM mnapiaameHtoM y 2020 pomi. 3aranpna mera €3K -
3poOuTH €Bpomy KIIMAaTHYHO HEUTPAIbHOI, 3aXUCTHTH O10pI3HOMAHITTS Ta
o3eseHuTH i1 ekoHomiky 110 2050 poky. CHHXPOHI3YIOUM CBOIO MONITHUKY 3 TIOJITUKOIO
€C, Ykpaina Mae Hamip JOCATTH KIIIMaTUIHOI HeWTpaibHOCTI 1o 2060 poky [1]. dus
MIATPUMKH PO3BUTKY BOJHEBOI raiy3i Ta peaii3alli 3aTBepIKeHO01 BOJIHEBOI CTpaTerii
E€poneiicbka Komicis B aunHi 2020 poky cTBopuia €BpOnelcbKuil allbIHC YUCTOTO
BOJIHIO.

B Vkpaini BomHeBa cTparteris Bce e po3pobiserbes, ane HarioHanbHa
TpaHcropTHa crparteris, CTparerisi pO3BUTKY eHepreTMkd Ta JlopokHs Kaprta
PO3BUTKY BOJIHEBOI EHEPreTHMKM B YKpaiHi 3a0e3neuyiloTh HaJlliHYy CTpaTeriyHy
OCHOBY JUJIS TIOJIITUKH, CIIPSIMOBAHOT Ha 301JbIIIEHHS YaCTKH B1JIHOBJIFOBAHUX JKEPE
CHeprii Ha TPAHCIIOPTI HA OCHOBI OioMaIuBa, EICKTPOCHEPril Ta BoAHMO [2, 3, 4].

Ouikyetbes, mo 10 2050 poky BIIHOBJIIOBaHA E€JIEKTPOCHEPris JAeKapOoHI3ye
3HaYyHy 4YacTUHY eHepretuyHoro Oamancy €C, 30kpeMa 3aBASKH LIMPOKOMY
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BUKOPUCTAaHHIO BOJHEBOI eHeprii. BaxiaumBo mnam'stat, 10 pi3HI BUIU BOJHIO
BUPOOJISIIOTHCSL  PIBHUMM  CITOCOOAMHU 1 BIAMOBIJHO MalOTh PI3HMM BIUIMB Ha
HABKOJIUIIIHE CEPEOBHUIIIE.

Cipuii BoJileHb BUPOOJSIETHCS 3 BUKOITHOTO IMajliBa Ta BYTULIS 1 CTaHOBUTH
6mu3bko 95% BoHIO, 110 BUPOOJISIETHCS CHOTOIHI Y CBiTi. Ha anb, y mporeci ioro
BUPOOHUIITBA YTBOPIOIOTHCS MAapHUKOBI Ta3u. [[Ba HaMOUIBII MEPCIEKTUBHI BHIM
BOJHIO — 1€ OakuTHUM 1 3eneHuid. CuHINA BOJAEHb BUPOOIISIETHCS 3 BUKOITHOTO MaJliBa,
aje TMpU 1[bOMY BIJIHOBIIOETbCS BYyTJIElb. 3€JCHUN BOJACHb BUPOOISETHCA
BIJTHOBJIIOBAHMX JIXKEPEJI €HEPrii IUIAXOM €JIEKTPOJIi3y BOJIM Ha JBa aTOMHU BOIHIO 1
OJIMH aTOM KUCHIO. 3eJICHUI BOJCHb, SKUH Ha3UBAIOTh «YUCTUM BOJHEMY - € HAHOLIIBIII
MEPCIEKTUBHIUM 3 TOYKH 30py JeKapOoHizalii pIi3HUX CEKTOpiB, BKIIOYAIOUU
Tpancnopt. llle € )xOBTUI BOAEHB, SIKUI TAKOXK BUPOOISETHCS 3a JOIOMOTOIO A/I€PHO1
eHepreTuku. [IpuXmIbHUKY SEPHOT EHEPTeTUKH CTBEPIKYIOTh, 10 )KOBTUN BOJICHD €
TaKHUM K€ €KOJIOTTYHO YHUCTHUM, SIK 1 3€JICHH.

Hapasi B €sponetickkomy Coro3i mpairoe 300 enekTpostizepiB, ajie BOHH
BUPOOIISIIOTH MeHIIe 4% BiJ] 3arajabHO1 KUJIBKOCTI BOAHIO, ajie €Bporna mianye 10 2050
pPOKy 30LIBIIMTH YaCTKy BOJHEBOI €Heprii B eHepretnyHoMy Oamanci mo 13%.
JlocsITHEHHSI 1Mi€1 METH TOB'sI3aHe 3 KiTbKOMa BUKJIMKAMHU.

[To-nepie, nmotpiOben npoctip. CoHsYHA Ta BITPOBA €HEPris, sIKa BUPOOIISIE
BOJICHb, € OUIBII <JICIICHTPATI30BAHOIO», HIK €HEPrisi BUKOMHOTO MajuBa, 1 JJIs 1l
BUTOTOBJICHHS MOTPIOHO Ounbiie mioini. HoBi BITpOBI Ta COHSYHI €IEKTPOCTAHIIIT 1
BHCOKOBOJIBTHI JIIHIT €JIeKTponepesad 4acTo CTal0Th MPUUYMHOIO KOH(QIIIKTIB depes
iXHI{ BIUTMB Ha JaHAmadT, 610pi3HOMAHITTS Ta 3JJ0POB'S MiclIeBOro HacesneHHs. Kpim
TOTO, KOJM BITPOBI €JIEKTPOCTAHIIi PO3MILIYIOTECA HA BIAKPUTOMY MOPi, BOHH
BUKJIMKAIOTh IPOTECTH 3 OOKY MPEACTABHUKIB pUOHOT MPOMHUCIOBOCTI.

[To-npyre, € mnoTtpeba B Marepianax. I[HpacTpykTypa BiJIHOBIIIOBaHOI
€HEpreTMKH, Tak sIK 1 BITPOBI TypOIHM, COHSYHI MaHENl Ta JIiHII eleKTporepeaay,
noTpedye marepiaiiB, 0coOJuBO MeTamB. [lommpeHHs BITHOBIIOBAHOI €HEPICTHUKH
301JIBIITY€ TIOMUT Ha 3aj1130, AJIFOMIHIM, MiJb, IIMHK, XpOM 1 MapraHneib. OgHaK CBITOBI
3amacu JICSIKMX PyJI, OCOOJMBO Midi, BXXKE€ BHCHaXYIOTbcs. Hacrane wac, konm
BU00YTOK MiJil HOTpeOyBaTUME OUIbILE €IEKTPOEHEPTIi, BOJU, MAaTeplajiB 1 3eMil, a
IITKO/Ia HABKOJIMIITHBOMY CEPEIOBHUIIYy CTaHE HETPUHHSATHOIO.

OxkpiM MeTaniB, Juisi BUPOOHMIITBA «3€JIECHOT0» BOJAHIO MOTPiOHA OIMpICHEHA
npicHa Boja: JyIsi BUPOOHUIITBA 1 Kr BOJHIO mOoTpiOHO 9 miTpiB Boau. IlpicHa Boga
4acTo € AeIIUTOM y COHIYHUX PeTioHaX, MPUAATHUX Il BUPOOHUIITBA BoHIO. [eit
nedIIUT TOCUITIOBATUMETHCS TMiJ] BIUIMBOM 3MIHM KiIiMaTy. 3a IuX OOCTaBHH
€KOJIOTIYHO YUCTHUM BUPOOHWKAM BOJHIO Oyno O g00pe po3MICTHTHCS Tam, A€ €
MOpChKa BOIa, MPH I[bOMY BIAMOBITATIEHO TTOBOISYMCH 3 BIJXOJaMU OTPICHEHHS.

139



BukopucranHs BOJHIO Ma€ TaKOX IEPCIEKTUBU 1 B 3aJI3HUYHIA Taiys3i,
0co01MBO Ha ii HeenekTpudikoBaHUX AuUIIHKaX. [Ipubnuzno 20% 3ani3HUYHUX JTiHIN
B €BpoI1i 10Ci 00CITYTOBYIOTHCS TETUIOBO3aMH, a B YKpaiHi 11eH BIICOTOK 1€ O1TBIIIHIA.

[ToctynoBo kpainn €C po3MOYMHAIOTH BIPOBAIKYBATH BOJHEBHM TITOBUMN
pyxomuii ckman. Tak 3 2013 poky Alstom po3po0Oiisie TEXHOJIOTiIF0 JOKOMOTHBIB Ha
BOJHEBUX MAJMBHUX €JIEMEHTAaX: JBa MOTSITU HAa BOJHEBUX MAaJUBHUX EJIIEMEHTAX
yBIMIILIK B eKcIiTyaTaliro B Himeuunni Hanpukinii 2018 poky, 1 6yJI0 OroJIonieHo mpo
BBEJCHHS B eKciutyaTaiirol4 takux moizaiB y 2021 pomi [5]. ¥V 2019 pori nepiri
BoaHeBi noi3zau Hydro Flex Takosx mpoiinuin BunpoOyBanHs y BenukoOpurtanii. Ypsi
KpaiHU BUPIIIMB MOBHICTIO BIIMOBHUTHCS BiJ AM3EIBbHUX JOKOMOTHBIB 710 2040 poky,
a Ha 3MiHY iM MOXXYTbh TIPUITH MOI311 HA BOJTHEBUX MAJTMBHUX CJIEMCHTAX.

Po3BuTOK BOAHEBOTO TpaHCIOPTY B YKpaiHi moTpedyBaTMMe 4dacy. 3a
IIPOrHO3aMU, BOJICHb 1 CHHTETUYHE TTAJIMBO, OTPUMAHE 3 BOJIHIO, CTaHOBUTUME 2% BiJl
3arajbHOTO MOMUTY HAa €HEPrito B TpaHcnopTHoMYy cekTopi y 2030 porr, 13% y 2040
porti 1 25% y 2050 porii. Ha >xanb, TeMIu 3pocTaHHs BUPOOHUIITBA «3€JICHOT0» BOJIHIO
oomexeHi. lle manmuBo Oyzae B medimuTi MPOTATOM TPHUBAJIOrO 4Yacy, 1 IMOJITHKA
«3EJICHOT» MTPOMHUCIIOBOCTI MMOBUHHA BpaxoByBatu Iie. [1oku 3e1eHnii BOJACHD HE CTaHe
KOMEPIIIHO JTOCTYITHUM, MOXHa CIOJIBaTUCA, 110 PO3BUTOK y Wik ramysi Oyjae
MIATPUMYBATUCS Ha €BPONEHCHKOMY Ta HALIIOHAJBHOMY pIBHSAX. 3a OI[IHKAMH
EKCIepTiB, YKpaiHa Ma€ BEJIMKUMN TMOTEHUlad JyUisi BHUPOOHMIITBA €HEprii 3
BIJTHOBJIIOBAaHUX JDKepel Ta BUPOOHUITBA BOAHIO. CepeaHbopiuHE BHUPOOHUIITBO
«3€JICHOT0» BOJHIO B YKpaiHi CTAHOBUTH OJIM3bK0 505 MUTbAp/iB KyOOMETPiB. 3riHO
3 MPOTHO3aMH, 32 CHPHUSTIMBOI JIepKaBHOI MOJITUKU YKpaiHa Moxke BUpOOsaTH 1
MUIBApA KyOOoMeTpiB BigHOBIOBaHOTO BoAHIO 10 2030 poky, a 1o 2040 poky uei
MOKa3HUK MOXE 3POCTU JI0 5 MIIbAPAIB KyOOMETpIB.

Teputopiss YkpaiHu MOXe€ CTaTH MalJJaHYUKOM JJIsi BUPOOHHUIITBA BOJHIO HE
JUIIe IS BJIACHUX NOTped y YMCTIM eHeprii, a W i eKCIOpTy Ha PUHOK
E€poneiicekoro Corosy. Ilepir 3a Bce, po3BUTOK BOJHEBOT MAJMBHOI raimy3i B YKpaiHi
notpedye JAepaBHOI MIATPUMKH Yy BUIJISII TapMOHi3aiii 3aKOHOJABCTBA 3
€BPOIEUCHKUMHU CTaHIapTaMU Ta MPO30PHUX MPABUII OTPUMAHHS HEOOX1THUX JO3BOJIIB.

B Vkpaini gepkaBa Bxke 3poOuia pi3HI KPOKA JI PO3BUTKY CHUCTEMH
TpaHCHOPTYBaHHs Ta 30epiraHHs BOAHIO. 30Kpema, OnepaTopu Ta30TPaHCIOPTHOI
CUCTEMH PO3IJISAAIOTh TOJOBHHUM ra3onpoBi YKpaiHH, sSIK NEPCHEKTUBHUM BapiaHT
JUTSI TPAHCTIOPTYBAHHS CyMIllll BOJIHIO Ta mpupoaHoro rasy. Hadroras ta YkpTpancras
Bke OepyTh ywacTh B iHimiatuBi H2EU+Store. Bona mnepenbadae BUpPOOHHUIITBO
«3€JICHOT0» BOAHIO 3 BITHOBJIIOBAHHMX JDKEpEN €Heprii Ha 3axoji YKpaiHu Ta MOro
30epiraHHs B yKpaiHChKHUX Ta30CXOBUIIAX.

BucnoBok. BogHeBe manmBo Mo’ke BiJlirpaBaTH Ba)IJIMBY POJIb Y CKOPOYEHHI

BUKH/I1B TAPHUKOBUX ra3iB Bl TPAHCIIOPTHUX MIANPHUEMCTB, ajie HOro BIPOBAKEHHS
140



He 1M030aBjIeHE MeBHUX TPYJIHOIIIB. X04Ya TEXHOJIOTIs BCe e mepedyBae Ha paHHIX
CTaJisAX PO3BUTKY, MOTOYHI 1HIIATUBU Ta MPOEKTHU MPOKIANAIOTh MIIAX 0 OLIBII
YUCTOTO Ta CTAJIOTO MAalOYTHHOTO 3aJII3HUYHOTO TPAHCITOPTY.
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ANALYSIS OF THE EXISTING DIESEL WARMING SYSTEMS
OF THERMAL TRUCKS
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Abstract. In the work, the analysis of the existing heating systems of diesel locomotives and
diesel trains on the railways of Ukraine was performed, the classification of the heating
systems of diesel locomotives was carried out. The idea of reducing the operating time of a
diesel engine at non-nominal modes due to the introduction of a warm-up system prompted
the development of various warm-up systems. A detailed analysis of the developed systems
can show which systems are most suitable for operation in the conditions of diesel rolling
stock. The heating technology should be understood as a set of technological influences on
the power plant to maintain the temperature of its coolants at the required level.

Keywords: warm-up, diesel locomotive, system, analysis, cooling system
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AKTYAJIBHICTB JOCJIIKeHHS TIOB’s3aHa 3 TUM, 1110 CYyTTEBUI BIJIUB HA MAJMBHY
€KOHOMIYHICTh TEIJIOBO3HOT TATH 3M1MCHIOIOTH TapaMETPH 30BHINTHEOTO CEPEIOBUIIIA.
[Ipu 3HMXKEHHI TeMIepaTypu MOBITPs BUTPATHU MaluBa MiABUIIYIOThCsS. OnHI€O 3
OCHOBHHX TPHUYHMH IOTO € HEOOXIMHICTh MATPUMYBATH TEIJIOBO3HY CHEPIeTUUHY
YCTaHOBKY B «rapsyoMmy pe3epBi». B TemepimHiii yac iCHye 3HaYyHa KUIBKICTb
pPO3pO0OK I MPOTPiBy TEIUIOBO3iB. TOMY BHHHMKA€ HEOOXIJHICTh Yy MPOBEJCHI
aHaJ13y ICHYIOUMX CUCTEM Ta BU3HAYCHHI IXHBOT €()eKTUBHOCTI.

MeTor0 po60TH € IPOBEICHHS aHAII3Y ICHYIOUMX CUCTEM MIPOTPiBY TEIJIOBO3HUX
au3eniB  Juis  3a0e3nedeHHs Ouibll  €(EeKTUBHOTO BUKOPHCTAHHSA TIaluBa Ha
TEIJIOBO3aX.

3HaYHUM PE3ePBOM EKOHOMII AU3EIBHOTO MaJuBa Y 3UMOBHM NIEPi0 € 3HIKEHHS
Horo BUTpaTH MiJ 4Yac MOPOrpiBy TeIIoBo31B. Bimomo, mo s 3a0e3neyeHHs
HEOOX1JTHOTO TEIJIOBOTO CTaHy JU3EJIbHUX JBUTYHIB MIPU TaK 3BAHOMY CaMOMPOTPiBi
HEoOX171HO 0M3bK0 6% CyMapHOTo CHOKMBAHHS MaJIUBa HA TATY MOi3/1iB. Y 3UMOBHX
yMOBaX, SIK CBITYMTH MPAKTUKA €KCILTyaTallii, BTpaT 3pocTatoTh Ha 8-12 %.

Biapasy micis 3ynuHKU Ou3eNsi Ta BOJASHUX HACOCIB Y CHCTEM1 OXOJIOJKEHHS
TEIJI0BO3a BWHHUKAIOTh 30HM HEPIBHOMIPHOTO 3HIDKCHHS TEMIIEpaTypd, Yy SKHX
CTBOPIOETHCS HEOE3MeKa MICIIEBOTO 3amep3aHHs. HaituacTiie 1e TUISHKY BiIBEACHHS
BOJIM Bl Kasioprdepa B KaOlHI MAIIMHICTA Ta HUKHI NaTPyOKU CEKLIM XOJ0IUIIbHUKA,
HE3BaXKar04M Ha Te, 10 y 30H1 OJIOKY JU3EIHHOTO JIBUTYHA TEMIIEpaTypa 3aJIUIIAETHCS
BIJTHOCHO BUCOKOI0. Tak. mpu Temneparypi 30BHIIIHBOTO TOBITPs -21 °C 3a 3 roauHu
IIPOCTOIO TETUIOBO3a 3 3arIyIIEHUM JIBUTYHOM TeMIlepaTypa BoJU Yy Kajopudepa B
KaOlHI MaIIMHICTa 3HUKYETHCS J0 3 TpalyCiB, X0ua TEPMOMETPU HA BUXO/II 3 CAMOTO
JIBUT'yHa MOKa3ytoTh 42 °C.

VYci icHyroul Ta MEePCHEKTUBHI CUCTEMHU MPOrpiBYy MOKHA MOAUIATA Ha OOPTOBI
(abo BiJ 30BHINIHBOTO PYXOMOIO JiXKepesa) Ta craiioHapHi. [IpoBegemMo aHami3 mux
CUCTEM:

Camonpoepie ma 60pmosi cucmemu npozpisy.

[TepeBaroro GOPTOBUX CHUCTEM TMPOTPIBY € iX HE3AJNEKHICTH Ta MOOLIBHICTb.
CamomnporpiB Moke OyTH OpraHizoBaHUN Oy/Ib-JIe CTOSTHKH JJOKOMOTHBa. Hemomikom
€ HEOOXIAHICTh BCTAHOBJIEHHS JOJATKOBOIO OOJIaHAHHS, SIKE MOTpedye Micusd Y
CTUCHEHUX YMOBaX MAIIMHHOTO BUIIUICHHS, MPH IbOMy B TEIUIMH dYac He
BUKOPHCTOBYETHCH.

Buxopucmanns komnis-nioiepisauis.

Cucrema mporpiBy TEIJIOBO3IB MPU TapsdoMy IPOCTOI 3a JOMOMOTOK KOTJIiB-
MiIITpiBaviB 3aCTOCOBYBAJIACS HA BITYM3HIHUX TEIJIOBO3aX, MPOTE Yepe3 HETOCTATHIO
KOHCTPYKTHUBHE OIpAIIOBaHHS caMe Il TPAaHCIOPTHUX YMOB, BIJICYTHICTb
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aBTOMATU30BAHMX TMPUCTPOIB YOpPaBIIHHS Ta 3aXUCTy, BCTAHOBJIEHHS KOTJIiB-
HiIrpiBaviB.

Poboma ouzens 6e3 nasanmaoicenns.

[IporpiB 6e3 HaBaHTa)KEHHS BHUKOHYIOTb MPOTATOM Yacy, JOCTaTHHOTO
M1BUIICHHS TEMIIEpaTypH TEIIOHOCIS 10 PiBHS, 1110 MA€E MICIIe i1 Yac poOoTH TU3ems
i HaBaHTaXeHHsM. Ilicmsg 3ynuHKM Au3ens HEOOXITHUNW KOHTPOJb TEMITY
OXOJIOJKEHHS TETIOHOCISI.

Sx  BiAOMO, IS JIOCATHEHHS 3HAYHOI EKOHOMII MajvMBa  IIUPOKO
BUKOPUCTOBYETHCSI MPUMYCOBE BIAKIIOYEHHS YACTUHU IIWIIHAPIB  JBUTYHA.
PerymioBanHa cnocoOoM BIAKIIOUEHHS LWIIHAPIB HaiiOunbe e(eKTUBHO TNpHU
BEJIMKOMY Jiama3oHi MOTY)XHOCTI poOOTH JBUTYHA. ToMy CydyacHI TMOTYXKHi
TEIUIOBO3HI JBUTYHU OOJNaJHaHI MPUCTPOSIMHU BIAKIIOYEHHS muimiHApiB. [Ipm HuX
30UTbIIEHHSI LUKJIOBOI IMOJadl Yy MpaIlolouuX UWIiHApax 3a0e3nedye 3HauHe
MOJIMIICHHS TPOIIECiB MaJIuBO-TI0AaYi, IHTCHCU(DIKye pOOOUYH TIPOIIeC, ITiABHUIIYE
CEPEHIO LIUKIIOBY TEMIIEpPATYpYy.

Enexmponpoepis i3 srcuenenHsam 8io mse08020 2enepamopa.

[Ipn npoMy crnocobi BUKOPHUCTOBYETHCS €HEPris, 10 BUPOOJISETHCS TITOBUM
reHEpaTOpOM TeIIoBo3a. Jlu3enb 3amycKaeTbCsi NpPU 3HIKEHHI TEeMIIepaTypu
TEIJIOHOCIIB - BOAM Ta MAacTWJIa JI0 MIEBHOTO 3Ha4YC€HHs. Bipasy micis MmycKy Au3els
TATOBUW TEHEPATOp NPUEAHYETHCS Yepe3 KOHTAKTOPU 10 EJIEKTPOHArPiBATbHUX
€JIEMEHTIB, SIKI HarpiBarOTh BOAY, III0 3HAXOJUTHCS Y BojoHarpiBadi. [ligirpity Bogy
IpOKauyloTh Kpi3b BOJAHY cucTeMy. Ha BiIMiHy BiI HEEKOHOMIYHOTO
CaMOMpPOTpiBaHHS 32 PaxXyHOK poOOTH aAu3enss 0e3 HaBaHTAXEHHS IPHU
EJIEKTPOTIPOTPiBI BUKOPHUCTOBYETHCS MaJMil PEXUM HAaBAHTAXEHHS MOU3€Is, IO
MIPUCKOPIOE MPOTPIB 1 3MEHIIY€E BUTPATY MaJIUBA.

Bukopucmanns mennogux axymyasamopise.

BaxxnuBuM HampssMOM y  BHUpPINIEHHI MNpoOJEeMHU MPOrpiBaHHS CHUCTEMU
OXOJIOJIPKEHHS JIOKOMOTHBA € BUKOPUCTAHHS BTOPUHHOTO €HEProHOCIS — TEIMJIOBOIO
aKyMmyJisiTopa. 3aBaHHs (PAKTUYHO 3BOJIUTHCS 10 CTBOPEHHS! CUCTEMH OXOJIOIKEHHS
JIU3EIIS 3 MTUPIIKM J1alla30HOM PETyJIIOBaHHS 1i TPOyKTUBHOCTI, @ KOHKPETHIIIIE - JI0
po3mMpeHHs ii (yHKLIN Bia piBHA BUCOKONPOIYKTUBHOIO XOJOJWJIBHUKA PIBHS
e(hEeKTUBHOTO aKyMYyJIsITOpa TEIJIOTH 1 00IrpiBayva.

Cucmema ocyuieHHs padiamopHux cexyiu.

OcyIieHHS CHUCTEMHU OXOJIOJDKEHHSI BUKOHYETHCSI CTHCHEHUM TIOBITPSM 13
MTHEBMATUYHOI CUCTEMHM TEIJIOBO3a 13 MOMEPEIHIM 3MEHIIEHHsIM ioro Tucky ao 1-4
Krc/cM?. 3araibHuii 4ac OCYIIEHHS BiZIpaXxOBYBaBCs BiJl MOMEHTY BiIKPHUTTS BEHTHIISA
MiIBEICHHS CTUCHEHOTO TOBITPS 10 MOMEHTY WOro BHXOAY 13 3JIMBHOTO
TpyOOIIPOBOAY CUCTEMH 0XO0JOMKeHHs. KpiMm Toro, ikcyBaBcs 4ac OCYIICHHS TIIbKU

paglaTOpPHUX CEKIiM, II0 BIAPAXOBYEThCS 3a YacoM MPUXOJIY pPIBHS BOIU Y
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BCTAHOBJICHOMY MapajeibHO CEKIIi paaiaTopa BOJOMIPHOMY CKJIl B HUJKHIO TOUKY, IO
BIJIMOBIA€ MOBHOMY CHOpOXHEHHIO. [lics 3aKkiHUEHHS NPOLECY OCYIICHHS CEeKIi
MPOAYyBaJIM MPOTAroM 5 XB. HampukiHIll KO)KHOTO OCYIICHHS MPOBOAMBCS KOHTPOIb
SKOCT1 OCYIICHHSI pajiaTopiB 1 BOAa, IO 3aJMINaiacs B HIDKHIM TOYINl CHCTEMH,
3NIMBAJIacs Yepe3 KpaH y MipHY eMHICTh. [10TiM Bo/IsTHAa CHICTEMa 3HOBY 3alIOBHIOBAJIACS
BOJIOIO 13 (hIKCaIlI€l0 Yacy MOBHOTO 3alIOBHEHHS.

Ce30HHI MOOYi cucmemu 0X0JI00HCEHHSL.

VY 3B'3Ky 13 3HAYHUMU aMIUNTYJaMU KOJHUBAaHb TEMIEPAaTypH 30BHIIIHBOTO
MOBITPsT HEOOXIAHO BPaxOBYBaTH CE30HHI YMOBHM €KCIUTyaTallii TEIJIOBO3iB. Y IHX
YyMOBaXx MOXJIMBE BHKOPHCTAHHS  MOAYJIBHOTO  TPUHIUIY  BJIAIMITYBaHHS
XOJIOMWIILHUKA: OAWH 13 MOIYJIIB — JIITHHOTO THITY, IHIIANA — 3UMOBOTO. SIKITIO JIITHIH
MOJIyJIb MPAKTUYHO HE BIAPIZHATHUMETHCA 32 KOHCTPYKIIEIO Bl XOJOIUIBHHKIB, 110
HUH1 BUKOPUCTOBYIOTHCS Ha TEIJIOBO3aX, TO 3MMOBHI MOBUHEH OyTH pO3paxOBaHUil 3
ypaxyBaHHSM 301JIbIIIEHOT TETUIONEepeaayi B/l BOJU B HABKOJIUIITHE CEPEIOBUIIIE.

J1o 10T0 OCHOBHHUX BIJIMIHHOCTEH BIAHOCUTUMYThHCS 3aCTOCYBAHHS JIUIIIE OJTHOTO
BEHTUJISITOpA Ta YKOPOYEHUX TPYyOOK OUIBIIOro JlaMeTpy B CEKI[isiX pajaiatopa, a
TaKOX IMOBHA BIJICYyTHICTh 30BHIIIIHBOTO YTEIUICHHS CEKI[1i. Y 3BUIbHEHOMY BHACIIIJIOK
YKOpPOUYEHHSI TPYyOOK HIDKHHOMY IPOCTOPI IIAXTH JOMIBHO BCTAHOBHUTH TEIUIOBUN
aKyMyJISITOp, 110 3a0e3nedye 30epiraHHs BOAM MPU TPUBAJIOMY XOJOJAHOMY IPOCTOI
TEIUIOBO3a 3 OCYLICHUMH CEKIISIMH XOJOMIbHUAKA. 3aMiCTh IBOKOHTYPHOI CUCTEMH,
IO CKJIAJA€ThCsl 3 Tapsuoro Ta XOJOJHOTO KOHTYPIB, MOKJIMBE 3aCTOCYBaHHS
OJIHOKOHTYPHOI 31 3MIHOIO TIOCIIIJIOBHOCTI MPOKAaYyBaHHS OXOJOJKYBaJIbHOI BOJHU
yepe3 JAu3eib, OXOJIOKYyBadl OJiii Ta HAIyBHOTO MOBITps. 3aCTOCYBAaHHS OJHOTO
KOHTYPY J103BOJIUTH MOMITHO 30UIBIIMTH TEMIIEPATypy MiAIrPIBY HATYBHOTO MOBITPS
JIBUTYHA.

[TuTaHHS M10/10 MTOAOPOKIAHHS TOKOMOTHBA 3 TIOJBIHHUM KOMIUIEKTOM MOJTYJIiB
CUCTEMH OXOJIOJKEHHs, MpoOjieMu 30epiraHHs Ta 3aMIHM TAaKUX MOMAYJIIB CI1J
PO3IJIAIaTH TIOPIBHSIHO 3 OTPUMAHUMU BUTOJaMU BiJ] €KOHOMII MajgnBa Ta 3pyYHOCTI
oOcnyroByBanHsa. HalmpocTimmii nuisx iX BUPIMIEHHS — TPOEKTYBaHHS HOBHX
JIOKOMOTHBIB 13 BK€ 3aKJIaJICHUMU TPUHIIUIIAMHU CE30HHOCTI €KCIUTyaTallii.

CmayionapHi cucmemu npoepisy.

CraiioHapH1 CUCTEMU MPOTPIBY JOKOMOTHBIB Ha KOJISIX J€NO0 Hail e(peKTUBHIIIIL,
OCKIJTBKM JT03BOJISIFOTH TiaBuiuTH cymapuuid KKJI[ Bcworo mponecy mnporpisy.
JIoLUIBHO MpU IbOMY 3a0€3MEUYUTH MOXKIIMBICTH MapajielIbHOro MpOrpiBy KUIBKOX
TEIMJIOBO31B, 30Kpema pi3HUX cepid. Ha mnpakrtumi HaigacTime uisi 1IbOTO
BUKOPUCTOBYIOTH JEMOBCHKI KOTENbHI 200 €NEeKTPUYHI MiACTaHIIIi.

CramionapHe mnporpiBaHHs 3a0e3nedye OMNEPaTUBHICTh TMIAKIIOUEHHS Ta
BIJIKJIFOYCHHSI CICTEM OXOJIO/PKCHHSI IBUTYHIB TEIJIOBO31B, IUPKYJIAIIIO BOIU Yepe3

yCl KOHTYpPHU CUCTEM. Y pa3i HasBHOCTI B IHBEHTApPHOMY IMAPKY SIK TEMJIOBO31B, TaK 1
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€JEKTPOBO31B ISl MiAITPIBY TEIJIOHOCIIB TEIJIOBO31B €KOHOMIYHO JIOUUIBHO
BUKOPHCTOBYBaTH  €JIEKTPOEHEPrit0.  3aCTOCYBaHHS  CTOPOHHBOTO  JDKEpena
CJICKTPOCHEPTii Ja€ MOXKIUBICTh MPOBOAMTH MIAITPIB BOAM, MacTHUia, MajluBa Ta
KaOlHM MAaIIMHICTA, 3HU3UTH BUTpATy MajlMBa B €KCIUTyaTaliiHuX ymoBax Ha 1-2%,
MacTuia — Ha 5-6% Ta miaBUIIUTH MOoTopecypc Ha 8-10%.

I nailirojioBHiIIe, CTalliOHApHI JpKepeja €Heprii, TeIUIOBOi UM eJEeKTPUYHOI,
IPAKTUYHO HE MalOTh OOMEXKEHb 3a KUIBKICTIO Ta MOTYXKHICTIO CIOXKHMBAyiB, IO
JI03BOJISIE B XOJIOJHY IOPY POKY TPUMAaTH B TapsdyoMy pe3epBi BeCh HasSBHUMN
000pOTHUH TTApK TETIOBO3IB.

BucnoBok. IIpoBeneHuii aHami3 JO3BOJUTH Y3arajdbHUTH BiJJOMOCTI TIO
MOXJIUBUM CHCTEMaM IMPOTPIBY TEIJIOBO3HMX TU3ETIB, a TaKOX IOKaXe iXHIO
edexTuBHICTh. Takox HaBeAEHO KiacH(IKAIlio 1 EKOHOMIYHY OIIIHKY 3aCTOCYBaHHS
PI3HHX CIIOCOOIB MPOTPiBY TEIIOBO3IB.
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Abstract. The article presents a description of a test numerical simulation of the propagation
of contaminants of unspecified nature in the aquatic environment. For the purposes of the
tests, a sample watercourse geometry was prepared, and a numerical mesh consisting of 5.73
million cells was generated. It was assumed that in the inflow, the shape of the free water
surface should be tracked (described by the Volume of Fluid model), and the liquid phase
would consist of two components (utilizing the Species Model): so-called clean water flowing
in the main stream and so-called dirty water introduced into the watercourse through a side
channel. It was also assumed that there is a vegetated zone in the flow (defined using the
Porous Media Model), and time-varying boundary conditions exist at the inlets. The
simulations were conducted using ANSYS Fluent v. 2022R2 software. The conducted tests
showed that simulations of this kind are indeed feasible but are also very time-consuming:
analyzing 1 minute of flow required approximately 2 weeks of computation time when using
relatively typical computer hardware. The most challenging aspect of configuring the model
was estimating the parameters of the Porous Media Model.

Relevance of the work. Studying the impact of pollution on the natural
environment, and especially mitigating that impact, is an important aspect of modern
science and engineering. Two main trends of research on environmental pollution can
be distinguished [1,2]: predictive research and design research. The first group includes
studies on the propagation of pollutants in the environment, the effects of these
pollutants on the environment, and the duration of harmful factors' influence.
Predictive models often rely on historical data and are more accurate the more
comprehensive that data is. In the second group, we can mention the search for
solutions to eliminate or limit pollution sources, control the spread of pollutants, and
various environmental remediation methods. Research may involve continuous
interactions, as exemplified by issues related to municipal or industrial wastewater, or
singular events resulting from various disasters and accidents. In the context of
modeling, statistical models and conservative models can be distinguished. Statistical
models consider population density, industrialization levels, agricultural intensity,
geological and hydrological conditions, among other factors. Conservative models are
based on the physics of phenomena and processes, such as convection, diffusion,
dispersion, and others. Conservative models can be analytical or numerical, with the
complexity of the model and the number of spatial dimensions varying greatly. The
spatial extent of the analyzed area plays a crucial role in this [3].
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Research Purpose. The aim of the article is to gather and present information
that is helpful in creating conservative models for the propagation of contaminants in
the aquatic environment. The focus is on determining how to prepare simulation
models in this field, what mathematical models to use, and what the major challenges
are in configuring a simulation model or conducting computations.

Introduction. In the field of Computational Fluid Dynamics (CFD), there are two
main groups of models dedicated to multiphase flows: homogeneous and
heterogeneous models. It is essential to note that these models generally cannot be used
together, and one typically needs to choose between them. In both homogeneous and
heterogeneous models, interactions between the components of the mixture are defined
using additional closure sets, often related to source terms in the balance equations. It
Is good practice to formulate the problem in such a way that the number of mixtures
and components within them is kept as low as possible. An extreme example of this
approach is the so-called single-fluid models. In the work, the Finite Volume Method
was utilized, and the main system of mass, momentum, and energy balance equations
takes the form [4]:

ap . SN
( -~ T div(pv) =0

a(pv)
at

+ div(ped + pIv) = div[(T + TP + G + G] + ps.,

+ div(pvv + p7) = div(T' + %) + ps, (1)

d(pe)
at

where: p — density [kg/m?], ¥ — velocity [m/s], p — static pressure [Pa], T - unit
tensor [-], T4 — viscous stress tensor [Pa], T — turbulent stress tensor [Pa], s, — source
of forces [N/m3], e — sum of kinetic and internal energy, G* — laminar heat flux
[J/(m?-5)], ' — turbulent heat flux [J/(m?-s)], s, — sources of heat [J/(m?-s)].

The single-fluid approach can be used in two ways. In the first option, the system
of equations (1) is solved, and based on the obtained data, the possibility of a particular
phenomenon occurring can be estimated. An example of this could be assessing the
locations where cavitation might occur based on the pressure field obtained from the
simulation. In the second option, the system of equations (1) is supplemented with
appropriate closure terms for source contributions. Examples of this can be the Porous
Media Model (PMM) or the Porous Jump Model (PJM), in which an additional
resistance term is introduced into the momentum equation through a source term,
simulating the presence of a porous medium.

The homogeneous approach involves solving the system of equations (1) with the
assumption that variables such as density, pressure, or velocity in the system pertain to
the mixture as a whole. Mass or volume fractions of individual components are
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determined using additional balance equations with the same structure as equations (1).
In some variations of the homogeneous approach, such as the Mixture Model (MM) or
the Species Model (SM), it is assumed that mixing of components occurs at the
molecular level. In the Volume of Fluid (VoF) model, this kind of mixing doesn't take
place, and during the calculations, the interface between the components is tracked.
The VoF model is used for modeling flows of free surfaces or flows of two immiscible
fluids.

The nonhomogeneous approach involves each phase having its own set of
conservation equations, leading to the acquisition of individual distributions of scalar
and vector fields. Similar to before, interactions between phases are defined by
appropriate closures, such as interphase mass, momentum, or energy exchange
coefficients. It's important to note that there are two variants of nonhomogeneous
models: Euler-Euler and Euler-Lagrangian. In Euler-Euler models, the dispersed
phases are not treated as individual entities. During the simulation, only the volume or
mass fractions of the different components in the mixture are tracked. In Euler-
Lagrangian models, the background phase is modeled according to the Euler
description, while the dispersed phases are described using Lagrangian approach. This
approach allows for observing the locations, trajectories, and behavior of individual
entities during the simulation, such as solid particles in a fluid, liquid droplets in a gas
or another immiscible liquid, or gas bubbles in a liquid.

Numerical model. Fig. 1 depicts a model watercourse, which serves as the
subject of the research described in the article. The model was designed to include the
following elements: a clearly defined, narrow riverbed area; a floodplain area
containing a water plant-covered zone; technical infrastructure elements (in this case,
bridge supports and the outlet of a side channel); other bottom features (in this case,
stones or other unspecified objects lying on the bottom). The length of the watercourse
Is 85 meters, and its width varies from approximately 14 to 30 meters. The height of
the computational domain is 2 meters, and the initial water depth is 0.9 meters. For the
test, it was assumed that the shape of the free water surface should be tracked in the
inflow, and the liquid phase consists of two components: so-called clean water flowing
in the main stream and so-called dirty water introduced into the watercourse through a
side channel. Due to the general nature of the test, the type of contaminants present in
the water is not specified. Based on the described geometry, a numerical mesh
consisting of 5,725,705 cells was generated. The min. orthogonality coefficient was
0.1, and the max. skewness was 0.9.
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In the research, a transient analysis approach was employed, taking into account
gravity. The mixture was described using two homogeneous models. The VoF model
was used to describe the flow of water and air with a free surface between them, while
the SM was used to define the liquid phase as a mixture of clean and dirty water.
Special boundary conditions known as "Open Channel” were used in the study,
designed for modeling open channel flows. The vegetated area was modeled as a
porous zone using the PMM. The velocity of clean water at the main inlet was set to 3
m/s, and the velocity of dirty water at the side inlet was set to 5 m/s. Due to the test
nature of the model, the specific numerical parameter values are not very significant
and are not discussed in detail here.

Discussion. In Fig. 2, an example of the spatial distribution of the mass fraction
of dirty water is presented, colored according to velocity. The computations were
performed on a computer equipped with an AMD Epyc 7662 processor with 64 cores
and 128 GB of RAM. Due to licensing constraints, only 16 processor cores were
utilized. The tests showed that simulating 1 second of flow took approximately 6 hours
of real-time. In the test, observation of 1 minute of flow took around 2 weeks. This
outcome suggests that analyzing the dynamics or thermal aspects of flows in domains
on the order of tens of meters is indeed possible using the described tools and methods.
In several subsequent tests, the possibility of imposing variable flow conditions was
examined, such as a gradual decrease in the water level in the river and variable
velocities of dirty water inflow from the side channel. Configuring a larger number of
components or varying their participation in the inlets over time was not tested, but it
does not seem to be a problematic task. The research also included testing the
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configuration of a mass source of dirty water, simulating the decay or deactivation of
contaminants (specific details of this process were not specified; only the technical
aspects were checked).

The conducted research indicates that modeling long-duration chemical or
biological processes is currently not very realistic, at least with the use of typical,
widely available hardware. This limitation can be partially circumvented by employing
time scaling of processes, but additional research is needed to determine the
effectiveness of such an approach.

The main difficulty encountered during the configuration of the simulation model
was the lack of appropriate literature regarding the treatment of aquatic vegetation as
a porous medium with a specific permeability. The permeability coefficient is essential
for configuring the PMM assuming the applicability of Darcy's law. In the test,
estimated values were used, selected based on the author's previous research on water
flow through filtration columns filled with glass beads. The impact of PMM can be
clearly observed in Fig. 2.

Ansys
2022 R2
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Velocity Magnitude (mi...
474
4.26
3.79
3.32
2.84
237
1.89
1.42
0.95
0.47
0.00

[m/s]

contour-y-hight :
Y-Coordinate (mixture) [ m ]

0.00 0.19 0.39 0.58 077 0.97 1.16 1.35 1.55 174 1.93

Fig. 2 — An example distribution of pollutants in the watercourse

Conclusions. The following conclusions can be drawn from the results of the
present study:

a) Modeling the propagation of pollutants in open channel flows with free surfaces
on the order of tens of meters is possible using relatively typical computer
hardware. However, computation time is long, which significantly limits the
ability to analyze processes that extend over days, weeks, or even longer periods.
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b) Configuring the numerical model does not pose significant challenges apart from
estimating the permeability coefficient for the vegetated zone treated as a porous
medium. It appears that the state of research in this area is insufficient.

c) A key aspect of numerical modeling of pollutant propagation processes is the
precise determination of the number of components present in the mixed flow
and their nature. This aspect determines the choice of the global approach
(homogeneous or nonhomogeneous model) and computational variants. The
study demonstrated that combining the Volume of Fluid model in the Open
Channel variant with the Species Model, the Porous Media Model, and time-
varying boundary conditions and source terms in a domain consisting of 5.73
million cells is indeed feasible. In the broader field of computational fluid
dynamics, similar combinations are not uncommon, but the author deemed that
their application requires independent testing, and the test results can be useful
in the future as a basis for more refined simulations.
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SECTION 6: AUTOMATION AND INTELLIGENT DESIGN OF
TECHNICAL SYSTEMS
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MOBILE AND STATIONARY SYSTEMS FOR MONITORING THE
TECHNICAL CONDITION OF ROLLING STOCK DURING MOVEMENT
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Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. The article analyzes the existing systems of control and diagnostics of the technical
condition of rolling stock of railways of Ukraine. During the operation of rolling stock, its
gradual wear occurs, while overloading or malfunctions that are not detected in advance
worsen the safety of movement and increase the rate of wear. Traffic safety and reliability
depend on the quality of maintenance and repair. In the conditions of the need to increase the
speed of movement and load and increase the intervals between repairs, the existing systems
cannot fully provide continuous control and diagnostics in real time. It is necessary to
implement complex systems that will work directly on rolling stock and interact with control
objects. Mobile diagnostic systems can improve repair quality indicators by reducing the
impact of the human factor on detecting malfunctions of rolling stock during operation. The
advantage of such systems is: work in real time, systematization of received data, forecasting
of failures in the future.

Keywords: control, technical condition, rolling stock, diagnostics, repair

3ai3HUYHUM  TPAHCIIOPT Ma€ OCOOJMBE 3HAYCHHS JJi1 YKpaiHu, BiH €
3B’SI3YIOUOI0 JIAHKOIO EKOHOMIYHOI CHUCTeMHM Ta HaAIMHUM TpaHCHOPTOM IS
MUIBMOHIB TTACAYKUPIB.

AKTYaJbHICTh J0CJIiIKeHHsI 3yMOBJICHa HEOOX1THICTIO MOJIEPHi3allil pyXOMOTo
CKJIaJy, BIPOBAKEHHS Cy4YaCHHMX CHCTEM Ta TEXHOJOTIH JUIsl TiABUIICHHS
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€KOHOMIYHOi €()eKTUBHOCTI, O0€3MeKr Ta HaJIIMHOCTI poOoTH 3ami3Hullb. [Ipu mpomy
HEOOX1IHO BHpINIYBAaTH 3a7adl 3MEHIICHHS BapTOCTI OOCIYyrOBYBaHHS PYyXOMOI'O
CKJIa/1y Ta 30UIBIICHHS MIKPEMOHTHHUX MPOOITiB.

B mporeci ekcrutyaTaiiii BaXJIUBY POJb BiAIrpa€e KOHTPOJIb TEXHIYHOTO CTaHY
OCKIUIIBKH BiH JI03BOJISIE CBOEYACHO BUSIBJIATH HEJOJIIKH Ta HECTIPABHOCTI 1 yCYBaTH X
B HAlKOPOTIIUHM CTPOK HE MPHU3BOJSAYM JI0 HETATUBHUX HACIIJKIB. BcTaHOBIEHO, 1110
BOXJIMBUM HAMNpSIMOM TOKpPAIIEHHS CUCTEM TEXHIYHOTO OOCIyroBYBaHHS € OLIbII
MIMPOKE BIPOBAKEHHS 00’ €KTUBHUX T4 aBTOMATU30BAHMX METOJIB J1arHOCTUKU Ta
PEMOHTY, OCKUIBKH ITi/1 Yac 3yIMUHOK MOI3/[1B HA CTAHIIISAX, TEXHIYHE 00CITyTrOByBaHHS
HOCHUTDH CyO’€KTUBHHUI XapaKTep 1 3aJIeXKHUTh BiJl JIIOJICHKOTO (aKkTopy, Mopu A00H Ta
MOTO/THUX YMOB.

3acobM KOHTPOIIO TEXHIYHOTO CTaHy MOXKHA pPO3AUTUTH Ha TPynu 3a
HaIPSIMKAMHU:

1) CratioHapHi KOMILIEKCH SIK1 TTPAIIOIOTH M1 Yac MTaTHOI eKCILTyaTallli;

2) CranioHapHi Ta MOO1IbH1 KOMILUIEKCH 13aCO0U SIKI BAKOHYIOTh KOHTPOJIb CTaHY
1] yac MJIAHOBUX PEMOHTIB IIPU BUITyYEHH] pyXOMOT0 CKJIay 3 €KCIUTyaTallii;

3) Mo6inbH1 (pyxomi) 3aco0u sIKi KOHTPOJIIOIOTh TEXHIYHUN CTaH Ta PEKUMU
poOOTH M1 Yac eKkcIuTyaTarii.

3acoOu Tmepioi Tpynu TMEPEeBaKHO BCTAHOBIICHI Ha TMEPErOHaX 1 MOXYTh
KOHTPOJIIOBATH TaKl NapaMeTpPH:

- TeMIiepaTypa OyKCOBUX BY3JIIB,;

- TEOMETPUYHI TapaMeTPH Ta KOJIIC Ta IOBEPXHsI KOUCHHS;

- HasIBHICTB JeTajieii ab0 BaHTaxy, 1110 BOJOYATHCS;

- HEpIBHOMIPHICTb 3aBaHTaKEHHS;

- KOHTPOJIb 30BHIIIHBOTO Ta0apuTy;

- AKyCTUYHUN KOHTPOJIb.

3acoOu Apyroi Ipynu MOXyTb OyTH CTalllOHApHI Ta MOOUIbHI 1 3HaXOASATHCS B
aeno, IITO Ta nexax mOTOYHOrOo PEMOHTY 3a0€3MeuyI0Th KOHTPOJIb MPU BUKOHAHHI
PEMOHTY BY3JiB Ta JIeTalIed 3 OUIBIIOI SIKICTIO HIX IMOIMEPEIHI, Cepea HUX MOXKHA
BUJIUTUTH HACTYITHI 3aCO0U:

- YABTPaA3BYKOBI JIe(PEKTOCKOMNH;

- CTEHJIY IEPEBIPKHU Ta A1arHOCTUKHA FT€OMETPUYHUX MMAPAMETPIB Bi3KiB;

- KOMILJIEKCH KOHTPOJIIO 30BHIIIHIX TApaMeTPiB KOJIIC;

- BEpCTaTH Uil BIAHOBIICHHS T€OMETPIi MOBEPXHI KOUCHHS;

- CTPYMOBI MaIlIMHU TIEPEBIPKH €IEKTPUIHUX arapaTiB ;

- KOMIUIEKCH MEepPEeBIPKY MHEBMATUUYHOTO O0JIaJTHAHHS Ta TajlbM;

- 1HII KOMIUIEKCH HEPYHHIBHOTO KOHTPOJIIO.

Kommiekcn mepmioi Ta apyroi rpynu MarOTh CHUIBHUN HEIOMIK — BOHU HE

3a0€3MeuyoTh Oe3nepepBHUN KOHTPOJb 1 HE Jal0Th MOXJIMBOCTI BHU3HAYATH
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TEXHIYHUU CTaH B peaIbHOMY 4Yaci IMiJ1 4ac eKkcrutyaraiiii. Moo61iiasH1 a60 pyxomi 3acobu
mo30aBJICH] IILOTO HEMOJIKY 3HAXOIAThCS Oe3locepeHb0 Ha PYXOMOMY CKJIAfl 1
B3a€EMOJIIFOTH 3 00’ ekTaMu kKoHTpouto [1,2,3]. HemonikamMu cucteMm, y SKUX IEPBHHHI
MEepPEeTBOPIOBAYl JIIarHOCTUYHHUX [apaMeTpiB po3TalioBaHi Oe3mocepenHbo Ha
KOXXHOMY 00’€KTI KOHTpPOJIIO, € TPOMI3AKICTh KOHCTPYKIIii, CepelHsi HaAiiHICTh 1
ocobmmBocti npu nposeaeHHl TO 1 TIP. IcHyI0Th cuCTEMH aKyCTUYHOI J1arHOCTHUKU
[4] B ckimami skMX € OOCHTh OOMEKEHA KIIbKICTh JaT4dKiB (MiKpodoHIB) aie
eKCIUTyaTallisl TakKuX CHUCTEM HAINpHUKIIAJ B METPOIOJITEHI HEMOXKINBA Yepe3 3HAUHY
KOHIICHTPAIIIIO IITyMY sIKa BUMarae JOporoBapTiCHI 3ByKOBI IIEPETBOPIOBAYI.

HaiiGinpm BUNIpaBaaHOIO 71T JIOKOMOTHBIB Ta MOTOPBAarOHHOTO PYXOMOTO
CKJIaJy € KOMOIHOBaHA CUCTEMa MOHITOPUHTY TEXHIUHOTO CTaHy sIKa BKJIIOYA€ B ceOe
KOHTPOJIb:

- TeMIiepaTypu OyKCOBUX BY3JIB;

- BeIMYMHA BiOparii;

- IBUJIKICTh OOEpPTaHHS KOKHOI OC1 KOJICHOI Mapu;

- Baru HaBaHTAKEHHsI (JJ1s1 BarOHIB);

- MTapaMeTpH TIATOBUX MEPETBOPIOBAYIB,;

- CTaH TaJIbMIBHO1 CHCTEMU;

- CTaH JOIOMDKHHX CHUCTEM.

BucHoBku.

1. CramioHapHi cucTeMu He 3a0€3MeUyI0Th Oe3MepepBHUI KOHTPOIb TEXHIYHOTO
CTaHy.

2. CBo€yacHO HE BUSBIICHI HECIIPABHOCTI Ta HEOJIIKH 3arpOKyIOTh O€3Mell pyxy,
MPU3BOJATH 0 301JIBIIEHHS 3HOCY.

3. Kom01HOBaH1 cHCTEMH MOHITOPUHTY TEXHIYHOIO CTaHy NPALOIOTh y PEXHUMI
peaJbHOro 4Yacy 1 MOXKYTh CBO€YAaCHO BUSIBJISITU TO3AIITAaTHI PEXKUMH POOOTH Ta
HECIIPAaBHOCTI pyXOMOTO CKIIaTy.
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Abstract. The paper analyzes the use of simulation models for railway transport systems
optimization. To improve railway efficiency, the task of improving transportation is essential,
which can only be achieved through the use of modern information technologies,
transportation modeling, and forecasting. In this study we will demonstrate a model of
distribution of freight traffic on railway networks, analyze the flow of cargo and determine
the optimal number of tracks and inspector groups. Prove that simulation modeling is a
powerful tool that can provide valuable insights into the functioning of railway transport
systems, allowing transport operators to test different scenarios, optimize train schedules,
and identify areas for improvement.

Keywords: simulation modeling, optimization, railway systems, productivity, risks and
hazards.

AKTYaJbHICTh JOCJIUKEHHSI TIOJisira€ B TOMY, IO CydYacHa rjo0albHa
€KOHOMIKa HEMOXKJIMBA 0€3 MOCTIMHOTO Y/IOCKOHAJIEHHS TPAHCIIOPTHUX TEXHOJIOT1H Ta
MOKPAIICHHS B3a€MO/II1 MK PI3HUMH BUJIaMH TPAHCIIOPTY B JIAHIIOTAX IMOCTAYaHHS.
st migBuieHHsT €(EeKTUBHOCTI Ta ONTUMI3AIii (DYHKI[IOHYBaHHS 3ali3HUYHOTO
TPAHCIIOPTY BAXJIMBO BIPOBA/KYBAaTH TIEPENIOBI IHTENEKTyajabH1 TexHoJorii. Lle
JIOCSITAETHCS  3aBASIKA  PO3pOOII Ta BUKOPUCTAHHIO IMITAIIMHUX MOJAENEH, SIKi
J03BOJISIFOTH O1IBIII TOYHO MOJIENIOBATH Ta MepeadadaTd MEepEeBE3CHHS BaHTAXIB.
3acTocyBaHHA IMITALIMHUX MOJIeIed Y 3aJII3HUYHOMY TPAHCIIOPTI BUPIILY€E MPoOIeMu
NiABULIEHHS. ©()EeKTUBHOCTI, 3MEHILIEHHS BHUTpAT, Ta MOKPAIIECHHSA YIpPaBIiHHS
pecypcamu. 1li Momeni 1ar0Th MOXKIIMBICTh aHATI3yBaTH PI3HI CIIEHApPil NEPEBE3CHbD,
BpaxoByBaTH 3MIHHI YMOBH, Ta BJIOCKOHAJIIOBAaTH CTpaTerii  ymnpaBiIiHHS
TPAHCIIOPTHOIO CHCTEMOIO. TakMM YHMHOM, PO3pOOKa IMITAIIMHUX MOACIECH I
onTUMi3alii 3aT3HUYHUX TPAHCIOPTHUX CHCTEM € aKTyalbHOIO Ta BaXJIMBOIO
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3aBAAHHSM, OCKUIBKM  BOHAa  CIpHUSi€  MIJABUIIEHHIO  MPOAYKTHUBHOCTI  Ta
KOHKYPEHTOCIIPOMOKHOCTI IILOTO BUYy TPAHCIIOPTY B CYy4aCHOMY CBITI.

MeTow poboTH € po3poOKa IMITAMIMHUX MOACICH IS 3aTi3HUYHUX
TPAHCIIOPTHUX CHCTEM 3 METOI0 TMPOBEACHHS aHami3y iX (QYHKIIOHYBaHHA Ta
BUSIBJICHHS CITOCOOIB OMTHMI3aIii iX MPOAYKTUBHOCTI Ta Oe3mekm pyxy. Jlms
JOCSITHEHHS 111€] MeTH, HEOOX1JIHO BIIPOBA/KyBaTU IIEPEJOBl I1HTEJICKTYyalbHI
TEXHOJIOTIT B TaJTy31 3aTI3HUYHOTO TPAHCTIOPTY [ 1], @ TAaKOX pO3TIIsAIaTH Pi3HI ACTIEKTH
(GYHKIIOHYBaHHS 3aJi3HUYHUX TPAHCIOPTHUX CHCTEM, BKIIIOYAIOYM PO3KIAL PyXy
MOI3/1IB, B3a€EMOJIII0 PI3HUX BHJIB TPAHCIOPTY, 3arajibHy IPOMYCKHY 34aTHICThb
CUCTEMH, CTaH TEXHIYHOTO 00aHaHHs Ta iHIIl dakTopu [2].

MogpemtoBanns [3] — 11e BIATBOPEHHS MPOIIECIB, SIKi BiIOYBAIOTHCS Yy peaIbHOMY
00’exTi ab0 cucTemi HUIAXOM iXHBOI IITYy4HOI imiTarii. B cBoio wepry mim yac
IMITAI[IHHOTO MOJCIIOBAHHS JIOCTIKYIOThCSI MaTeMaTH4YHI MOJENl Yy BHIJIAII
QITOPUTMIB  KOMIT'IOTEPHUX TporpaM, SKli  BIATBOPIOIOTH  (DYHKI[IOHYBaHHS
JOCIIKYBAaHOT CHCTEMM IUISXOM IIOCHIIOBHOTO BHUKOHAHHS BEJIMKOI KUIBKOCTI
eJIEMEHTapHUX orepaitii [2, 3].

3a 1OMOMOTO0 IMITAIlIMHOTO MOJIEIFOBAHHSI MOKHA OI[IHUTU €()EKTHUBHICTH Ta
0e3reKy pyxy IMOi3[IB, 3pOOMTH MPOTHO3M Ta MPUUHATH PILIEHHS 3 METOI0
MOKPAIICHHS PO3KIIaay PyXy IOi3MiB, IO JO3BOJIMTh 3MEHIIUTH Yac 3aTPUMOK [2].
3aBASKA BNPOBAHKCHHIO IMITAIIHHOTO MOJCITIOBAHHS MOYXHA YHHKHYTH OCHOBHHUX
PU3HKIB Ta HENIACHUX BUMAJKIB HA 3aJI3HUYHOMY TPAHCHOPTI. TOMYy Ba)KJIMBUMU
KpUTEpISIMU € TMOoOya0Ba MOJENl 3 JOTPUMAHOK TOYHICTIO BXIJIHMX JaHUX Ta i
aJICKBAaTHICTIO, aJPK€ 1€ MOXK€ BIUIMHYTH Ha JOCTOBIPHICTH pE3yJbTaTiB
MO/ICTTIOBAHHSI.

OCHOBHOIO MEepeBarolo NpH IMITalIMHOMY MOJIEIIOBAHHI TPAHCIOPTHUX CUCTEM
€ MOKJTUBICTh €KCIIEPUMEHTYBAHHS 3 MOJICIUTIO, IO A€ 3MOTY O€3MeYHOT0 BUBUEHHS
Ta OTPUMAaHHS OUIBIIOrO OOCSATY KOPUCHOI 1H(OpMalli, HI’>K MOIJIM O Ji3HATHUCH,
MaHIITyJTIOI0YH 3 PEATHHOIO CUCTEMOI0. Tako BapTICTh MOB'A3aHA 3 TOMIKOKEHHSIM
oOnagHaHHS 3a1I3HUYHOT 1HOPACTPYKTYPH Ta MOXKJIMBUM BTpaTaM JIFOJICHKUX KUTTIB
abo cepilo3HUMHU TpaBMaMu POOUTH KOMOIHAIlIO JabOpaTOPHUX EKCIEPUMEHTIB Ta
MOJIeJICH peaNbHOTO Yacy Habarato OUIbII MPUHHATHUM MigxoaoM [2].

Jlns moOynoBM Ta JOCHIKEHHS IMITAIIMHUX MOJENEe BapTO BUKOPUCTATH
nporpamue 3abesneueHHss AnyLogic [4-6]. 3a momomororo AnylLogic MokHa
CTBOPUTH BEJIMKY KUIBKICTh PI3HUX MOJEJNEH, BKIIOYAOYM MOAEINI 3aJi3HUYHOTO
MapHipyTy, MPOTHO3YBAaHHSI TTOTOKIB PyXy, BU3HAYCHHSI 3arajbHOTO CEPEIHHOTO YaCy
O4iKyBaHHS, B3aEMO/Ii1 IOKOMOTHBIB Ta MO13/11B Ta 301IBIIICHHS TPOITYCKHOI 3aTHOCTI.

B nmanoMy jmochimkeHHI  COpoOeKToBaHa  Mojenb  (puc.)  po3MOALTY
BaHT)KOTIOTOKIB Ha 3aJII3HUYHUX Mepekax. B paMkax 1ociiKeHHs TPOBEICHO aHai3

NOTOKY BaHTaXiB, BU3HAYEHO ONTHUMAJIbHY KUIBKICTh KOJIM Ta TpPyH OIJIAayiB.
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Monenr Oyna moOyzoBaHa 3a jgormoMoror OyokiB Source, Queue, Delay, Service,
ResourcePool, Sink, restrictedAreaStart, restrictedAreaEnd [4-6], Bka3ani OJoku
IMITYIOTh POOOTY 3ai3HUYHOI Mepexi Ta 3a0e3NeuyyroTh B3a€EMOMII MIXK
KoMIoHeHTaMu Mozem. Ciia 3ayBaXUTH, IO BapTO TAKOX OJATH areHTIB, IO
OyIyTh BU3HAUATH 10OOBUI MOTIK MOi3/1iB, CEpeIHIN Yac 0OpOOKH MOT3/iB, KIIBKICTh
pUHMaIbHO-BIAMPABHUX KO, KUIBKICTh TPYI OTJISIauiB.

Jlns aHamizy TOTOKY BaHTaXiB BUKOHAHO CHUMYJISIIO MOJENi Ta OTPUMAHO
CTaTHCTHUKY 3a IEBHUH Tiepio yacy (puc. 1), 3a yMOBH, IO 1151 CHCTEMa HE € 17IeaTbHOI0
Ta Ma€ 3aTPUMKH.
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Pucynox — Imimayitina mooenb po3nooiny 6aHMAaMCONOMOKY

[Ticns npoBeaeHHS CUMYJIALIT OTPUMAHO KIJIbKICTh IPUHHATUX BUACHO MOI3/11B 3a
3aIaHUMU TIapamMeTpamMu 3aTPUMOK Ta 3aJaHOI0 KIJIBKICTIO KOJIH. A TaKOX y BUTJISII
rpadika OTpUMaHO CEPEIHIO KUTBKICTh Yacy MPOBEICHOTO MOI3/I0M Ha CTaHIII].

Cnijg 3a3HAaYUTH, IO MM 9ac CUMYJIAIIT MOXKHA MOOQYMTH SK KOXKHA 3asBKa
MPOXOJUTh 4Yepe3 KOXKHUK OJOK MOJEeNl Ta CKIIbKH MOI3IB MPOXOJUTH  dYepe3
pUIMaIbHO-BIAMPABHI KOJIIi MPOTSITOM 33JIJaHOTO Yacy.

3a 1onoMoror no0yA0BaHO1 IMITaLITHOT MOJIeJTl MOKHA BCTAHOBUTH IPaHUYHUN
pIBEHb HABAHTAKEHHS HA 3alI3HUYHY TPAHCIOPTHY CHCTEMY, NpOaHai3yBaTu
HACKUIbKU pe3yJbTaTH MOJEIIOBAHHS YYTIMBI O 3MiH MapaMeTpiB MOZENl Ta 3a
JIOTIOMOTOI0 OTPUMAHUX JIAaHUX ONTUMI3yBaTH MO/JI€JIb, 3MIHUBIIN KUIBKICTh KOJIIH 200
KUIBKICTh TpaiiBHUKIB. OTpuUMaHi 3 IMITaIiitHOT MOJIEINI 3HAHHSA Ta JOCBIJ MOXYTh
OyTH BUKOPHCTaHI TpPH BOPOBAHKCHHI MOJEpPHI3alllii Ta OHOBJIEHb HAa PEATbHUX
crcTeMax 3aJi3HUYHOTO TPAHCIOPTY 3 METOIO MiABUIICHHS 1X e(eKTUBHOCTI [7].

BucnoBok. B po00TI po3risiHyTO HEOOXIAHICTh MOKPAIICHHS MEpEeBE3€Hb 3
METOI0 MiABUIIEHHS €()eKTUBHOCTI €KCIUTyaTallli 3aIi3HUIb 1 BKa3aHO, 110 IMITalllifHe
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MO/JICTIOBAHHS € TIOTYKHUM 1HCTPYMEHTOM, SKUI T03BOJISIE TPOBOAMTH JOCTiKEHHS,
ONTUMI3YyBaTH PO3KJIAAM MOI3MIB Ta iAeHTU(IKYBATH 00JIACT1 IS TOKpAIICHHS B
poboTu cuctemMu. AKE BHKOPHUCTAHHS IMITAIliIHHOTO MOJETIOBaHHS  JJIA
TPAHCIIOPTHOTO IJIAaHYBAHHSA € BAXKJIMBUM JIJISl PO3YMIHHS HACIIJKIB 3MiH B Cy4aCHOMY
CepeIOBHILI B KOMIUIEKCHHX CHCTeMax. Mojeni iMiTallii ClpOMOXH1 JTOMOMOITH B
OITiHIII Oe3MeKH 1 €eheKTUBHOCTI PYXY MOi3/1B 1 3HIKEHHI Yacy 3aTpuMOK. BaxximuBumu
KpUTEPISIMU  YCITIIIHOT IMITAIliiHOI MOJENl € TOYHICTh BXIJHMX JaHUX 1 1i
aZieKBaTHICTh. Po03po0ieHi Mojeni MOXYyThb OYTHM KOPHCHUMH I aHami3y Ta
onTUMI3ZAIlli 3aJi3HUYHUX CHCTEM, CHPHUSIIOUM TOKPAIIEHHIO 1X e(EeKTUBHOCTI.
[IpomoHOBaHa MOMETH MOKE JOIMOMOTTH NPHHUMATH PIIICHHS, MOA0 MOKPAIICHHS
€(eKTUBHOCTI 3aJI3HUYHUX TPAHCHOPTHUX CHCTEM Ta 3a0e3MeUUTH OE3MEUHUN pyX
IMO13/11B.
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Abstract. The paper analyzes the challenges associated with the construction and
management of complex systems. The study explores the hurdles faced in ensuring the
seamless functionality and sustainability of complex systems. By examining these challenges,
the paper aims to contribute valuable insights to the field, fostering a deeper understanding
of the complexities inherent in the construction and management of such systems. In addition
to outlining these challenges, the paper proposes potential solutions and recommendations,
providing a comprehensive perspective on addressing the intricacies associated with complex
systems.

Keywords: complex systems, system modeling, management challenges, construction issues.

AKTYaJIbHICTh JOCHI2KEHHS TOJSra€ B TOMY, II0 B Cy4aCHOMY CBITI BEJUKa
KUIBKICTh OpraHi3aiiii Ta KOMMaHIi CTUKAEThCS 3 PISHOMAHITHUMHU BHUKJIMKAMU Ta
npoOjemMaMu, MOB'A3aHUMU 13 TOOYAOBOIO Ta YMPABIIHHAM CKJIAJHUMU CUCTEMaMHU.
JlocmimkeHHsT PO3KpUBA€E HAUTOJOBHIII MPOOJIEMH Ta MPOMOHYE MOXKIIMBI CTpaTerii
JUIS TIOJIOJIaHHS LIUX MPOOJIEM.

MeTorw pob0TH € JOCTIIHPKEHHS OCHOBHUX MPOoOJieM MOOYIOBU Ta KEPyBaHHS
CKJIQJIHUMHU CUCTEeMaMH Ta BU3HAYEHHS CTIOCO0IB iX YCyHEHHS.

Jlns Toro mo06 mpoaHaizyBaTH MPOOJIEMH TpU MOOYJIOBI CKJIAJHUX CUCTEM
CIIOYATKy BapTO BU3HAUUTH, LIO0 PO3YMIETHCSA M1J HOHATTSAM '"CKJIaJHI CHCTEMH'.
OTxe, CKJIQaHI CUCTEMH — II€ CHCTEMH, 110 MalTh 3HAYHY KiJIbKICTh €JIEMEHTIB.
EneMeHTH CKIaJHUX CHCTEM € B3a€EMO3B'I3aHHMHU Ta B3a€MOJIIIOUMMHU MIX COOOIO.
Came yepe3 HEOHOPINHICTh Ta YHCICHHICTh TaKMX 3B'SI3KIB BUHHMKAIOTh OCHOBHI
poOJIeMH TIPH MOJIEIIOBaHHI CKIAIHUX cucTeM. JJIs Toro mob mokas3aTH BCl 3B'SI3KH
Ta €JeMEeHTH Tpeba BpaxyBaTH IIO0 HE BCl 3 HUX MOXYThb OyTH BIIOMI Ta TOYHO
BUMIpSAHI. Bkl TOro, CKiIajHi CUCTEMU MOXYTh OyTH TUHAMIYHUMU Ta MOXKYTh
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3MIHIOBaTHCh 3 4YacoM, IO YCKIJIAJHIOE IXHE MOJEJIOBAaHHS Ta MPOrHO3yBaHHS
noBeminku [1].

Yepes CKIAIHICT, MPOTHO3YBAHHS BUHUKAIOTH NPOOJIEMH 3 YMPaBIIHHAM
CKJIQJIHUMHU CUCTEeMaMHM, TOMY III0 Ba)KKO 3aJaTH IUIIX MEPeXoay 10 O0aKaHOTO CTaHy,
a omke U onTumizyBaTu cuctemy. [IpoGrema ympaBiiHHS CKJIaJHUMU CHCTEMaMU
MoJIATa€ B JOCIHIPKEHH] BIUIMBY CTHMYJIIB Ha IMOBO/KEHHSI CUCTEMHU Ta KIHIIEBUH
pe3yibTaT, a TaKOoX Yy 3aCTOCYBaHHI IMX CTUMYJIB JJIA JOCATHEHHSA OakaHOoi
e(heKTUBHOCTI (PYHKIIIOHYBaHHS cHcTeMH [2].

Jlo1aTKOBOIO MPOOJIEMOIO € BapiaTUBHICTH BUMOT Ta B3a€MOJIIN MK €JIeMEHTaMHU
CKIIQIHUX CHCTEeM. 31 301IBIICHHSAM KUIBKOCTI €JIEMEHTIB Ta MIK3AJICKHOCTEH MiK
HUMU 3'SIBIISIETHCS 3HAUHA KUIBKICTh BapiaHTiB MOXKJIMBOI B3aemoii. Uepes HaaMipHY
KUIBKICTh BapilaHTIB KEepyBaHHS B pe3ydbTaTi CKJIaJHI CHCTEMHU MOXYThb CTaTu
PU3BMKOBAaHUMHU Ta MaTW HU3BKY CTpecocTidkicTs. Illo npuszBoaAMTH, 10 1HIION
po0sieMH, KOJIU CUCTEMa, HEe MOKE TTOBEPHYTHUCH JI0 CTaHy PIBHOBATH, 1 B110YBa€ThCA
il BiAMOBa, MICJIA SKOi CHUCTEMa B)KE HIKOJM HE TOBEPHETHCS JI0 CBOTO MOYATKOBOIO
CTaHy, a EPETBOPUTHCA Ha IIOCHh a0COJIIOTHO BiJIMIHHE MOPIBHAHO 3 ii MOYaTKOBOIO
Bepciero. [IpuunmHOI0 TOTaNBHOTO MEPETBOPEHHS € TE 110 3MiHA OyJb-SIKO1 3MIHHOT
MOJK€ BIUTMHYTH Ha SKUICH, 31aBajiocst 0, HEMOB 13aHN KOMIIOHEHT [3].

Jlnis ycyHeHHs1 npoOsieM 3 moOyI0BOI0 Ta KEPYBaHHSIM CKJIAJHUMHU CUCTEMaMH
MOXXHa 3aCTOCYyBaTH CHUCTEMHHMH MiAXiA. 3aBASKA CUCTEMHOMY MIIXOIy MOXHa
MOSICHUTH 1IJIE TUIAXOM TMOSCHEHHS WOro dYacTuH. JlekoMmo3swuilisi aomomarae
MOJIPIOHUTH CKJIQJIHY CUCTEMY Ha MEHIII KOMIIOHEHTH, 110 JO3BOJISIE€ aHAJI3yBaTH iX
OKpEMO Ta Kpallle PO3YMITH B3a€EMOJiI0 eJleMeHTIB cucteMu. DyHIaMeHTaIbLHOIO
npo0JIeMOI0 € piBEHb JeTali3allii Ta CKJIAJHOCTI, 10 HEOOXIAHUN IJi PO3yMIHHS
CTPYKTYpH, QyHKLII CKIagHOI cucTeMu. bo depe3 301IbIIeHHs AeTani3alii BUHUKA€e
3HOBY K TaKU CKJIaJIHICTh B YIIPABIIIHHI Ta MIPOTHO3YBaHHI il MOBeAIHKU. [[poro MoxHa
YHUKHYTH HUIIXOM palllOHai3allli Ta COpOUIEHHS PiBHA JeTani3alli, 3a0e3neuyodn
e(eKTUBHE yIPABJIIHHS Ta 3pO3yMUIICTh cucTemu [4].

B cBoto "epry € BaXJIMBUM MOCTIMHO BiJICTEKYBATH CTaH 1 BHOCUTH KOPEKTHUBU
3aBYACHO 1 4YacTO [JIsi JOCSTHEHHS OakaHwX pe3ynbTaTiB. [ 1poro BapTo
BUKOPHUCTOBYBATH TMPOTPAMHU, IO MOXYTh KEPYBaTH TaHUMH, IO TEHEPYIOTHCSI Y
BeNMKUX o0csrax. Baxnmupo, 1mo6 1i nporpamMu 3a0e3nedyBajiv IBUAKUN JOCTYII A0
iH(dopMalii, BpaxoBYyBalM CTAaOUIBHICTh Ta HAAIMHICTh, 1 Mald MOXIJIMBICTH IS
aBTOMaTH3allli 0OpOOKH.

Takoxk, BAXXIIMBO BPaxOBYBaTH aaTUBHICTh CUCTEMH JI0 3MIH Y 30BHIITHHOMY
cepenoBuiil. CydacHi YMOBH HEIMEPEPBHO 3MIHIOIOTHCS, 1 CUCTEMHU IMOBHUHHI OyTH
roTOBI N0 anmamTamii s 3a0e3nedeHHs] epeKTUBHOTO (DYHKI[IOHYBAaHHS B PI3HHX
yMmoBax. O0uparouu KiTbKa MiIKpOCTPATEriil MOYKHA CTBOPUTH Y3TOMKEHY CTPYKTYPY,

10 CTpUsIE ONITUMI3AIliT Ta aanTallii CKJIaJHUX CUCTEM.
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[Ipu MopentoBaHHI CHCTEM TPAHCHOPTHOI Traiy3l BaXKJIMBO JOTPUMYBATHUCH
CTab1JIbHOCTI, THYYKOCTI Ta aJallTUBHOCTI CUCTEMHU. TPaHCIIOPTHA Tally3b € BEJIMKOIO
Ta pI3HOMAHITHOIO CHCTEMOIO, 1110 MICTUTh B COO1 YMCIICHHI CKJIAJIOB] Ta B3a€EMOJI1T MiXK
HUMH, 110 CUJIFHO YCKJIA/IHIOE yrpaBiiHHs Heto. [[o0yoBana cuctema moBHUHHA OyTH
3/IaTHOIO He JinIe 30upatu iH(opMallito, ane i aHami3yBaTd ii B peaJbHOMY Yaci AJs
OPUMHATTS MIBUAKUX Ta TOYHUX pIlIeHb. TaKoX, BPaxXOBYIOYM MOCTIMHI 3MIHU Y
TPAHCIIOPTHOMY CEPEJIOBHIII, HEOOXIAHO PO3BUBATU CTpaTerii, SKl JO3BOJISIOTH
cucteMi e(heKTUBHO aJanTyBaTUCS 10 HOBUX YMOB Ta BUMOT. [100y10Ba Ta kepyBaHHs
CKJIQJJHUMHU CHUCTEMaMU Yy TPAHCHOPTHIA Taly3l TakoX MNOTPeOYIOTh PO3POOKHU
IHTErpOBAaHMX MIIXOJIB ANl pPO3B’sA3aHHA mpobOsieM. BpaxoByrouu pi3HOMaHITTS
KOMITOHEHTIB Ta iX B3a€EMO/I110, BAXJIMBO 3a0€3MEUUTH HE JIUIIE TEXHIYHY CyMICHICTb,
asie i KOOpPAUHAIIIIO JiH ISl TOCSTHEHHS 3arajibHUX Lijei e(peKTUBHOCTI Ta CTIHKOCTI
cucteMu. B cBoOro 4depry CTIHKICTh CHCTEM TPAaHCHOPTHOI raiy3i BU3HAYA€ETHCS K
KITFOUOBUH €JIEMEHT 3a0e3neueHHs 0e3eku Ta €PeKTUBHOCTI i€l cucTeMu. A Oe3nexa
€ HaMroJIOBHIIINM KPUTEpIEM OyIb-sIKUX TPAHCHOPTHUX INEpeBe3eHb. 3a0e3neueHHs
Oe3MeKn CTa€ BUKIMKOM, OCKUIBKH TMOTPIOHO ypaxoByBaTH 0OaraTto €JEMEHTIB Ta
B3a€MO3B’I3KIB JJIS 3a100ITaHHs HEIACHUM BHUITaJKaM.

BucnoBok. OcHOBHI ITpo0sieMu B TOOYA0BI Ta KEpYBaHHI CKJIAIHUMU CUCTEMAMHU
BKJIIOYAIOTh iXHIO BEJIUKY KUIBKICTh €JIEMEHTIB, HEOJHOPIJHICTh B3a€EMO3B'SI3KIB,
JUHAMIYHICTh, CKJIAJIHICTh Y NIpPOTHO3yBaHHI. BapiaTMBHICTP BUMOI 1 B3a€EMOJIN,
Pa3oM 13 MOKJIMBICTIO TOTAJIbHOTO IIEPETBOPEHHS CUCTEM, YCKIIAIHIOE IXHIO CTIMKICTb.
CucreMHMI TiAXiA Ta aAanTHBHI CTpATErii MOXKYTb CIYXHUTH PO3B’S3KOM IIHUX
npo0ieM Jist JOCSITHEHHS €(PEeKTUBHOCTI Ta YMPABIIHCHKOI CTIMKOCTI.
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Abstract. The article talks about digital transformation in shipping. One of the major
challenges facing shipping today is the need to adapt to the digital age. Currently, all shipping
companies are striving to make their ships more efficient and better adapted to today's
realities, but too little attention is paid to the efficiency of ports. The introduction of smart
devices capable of sharing data in real time has changed various business models and
management of supply chain operations. However, ports often do not provide all the
information necessary for efficient ship operations. On the other hand, ports often do not have
the information they require to serve effectively; when the ship arrives, whether it is delayed
or when it does not arrive at the port at all. The solution to these problems is new digital
stages in the development of this industry.
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AKTYaJbHICTh J0CTiI’KeHHs 3yMOBJICHa HEOOX1HICTIO aganTallii 10 1udpoBoi
epu. BukopucranHs 1HTENEKTYyaIbHUX MPUCTPOIB, 3[ATHUX OOMIHIOBATHCS JaHUMU B
pEeXUMI peaTbHOTO Yacy, 3MIHWIO Pi3HI O13HEC-MOeNl Ta YIpaBJIiHHS ONeparissMu
JIAHIF0’KKA MOCTaBOK. OUEBHIHO, IO € BETMYE3H1 pE3€PBU MIABUILIEHHS €()EKTUBHOCTI
poOOTH MOPCHKUX MOPTIB HUIAXOM HU(PPOBOI TpaHchOpMallii B CyTHOIIIABCTBI.

MeTorw po0OTH € MPOBEIEHHS OMKMCY TEXHOJOTIN Ta MEPCHEKTHB LHU(PPOBOro
€Tamy pO3BUTKY MOPCHKHX Ta «CYXHX) MOPTIB.

CyaHOMIaBCTBO Ta MOPTHU — 1€ 1HAYCTPIs, KA HIKOJU HE 3YNMUHSEThCS. ICHye
noCTiiiHa moTpeda B ajanTaiii, o0 BHKHUTH, OCKIJILKM OCHOBHI ITapaMeTPH IMOCTIMHO
3MIHIOIOTECSA. T1, KOMY BAA€ThCS MIBUAKO aanTyBaTUCH, 1I€ T1, XTO MAa€ KOHKYPEHTHY
nepeBary. Y HacTyNMHI pOKM HEOOXIJHICTh ajanTaili Oyje Ie HamoJerMBIIIO, 1
BOHA BU3HAYaTHMeE TJI00AIbHY KOHKYPEHTOCIPOMOXKHICTh. HacnpaBai nepiia Bennka
npoOJieMa, 3 SIKOI0 JJOBOJUTHCS CTUKATUCS CYAHOTUIABCTBY, MOB'sS3aHa 3 HEOOX1THICTIO
aganTarii 10 mudpoBoi enoxu. [ludposa abo iHTENEKTyalbHa TOCTaBKa BXKE TYT, 1
BOHA 3MIHUTh MOJICJIb YIIPABIiHHS UM Oi3HecoM. Po3yMHa focTaBka 11e He T€, 10 MU

00rOBOpPIOEMO Ha MallOYTHE, 1€ Te, 10 BinOyBaeThes 3apa3. Taki TexHosorii, sk [oT,
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TEHEPYIOTh BEIMYE3H1 OOCITH JMaHuX (BEIWKI JaHl), sSKi 30UparThCsi 3 CyJACH, 1,
3BUYAMHO, ICHY€ 0€3J114 1HIIUX 30BHIIMIHIX JHKEPeJl, sIKI MOXKYTh CTBOPIOBATH I11€ O1JIBIII
30araueHuil HaOip maHux (mani mpo moroxy, AIS, ERP, PMS rtomo) [1, c. 248].
€unHnii crnoci6 epeKTUBHO KepyBaTH LIMMHU JaHUMH Ta IEPETBOPIOBATH HEOOPOOIIeH]
CUTHAJIA Ta PO3CisAHy 1H(OpMaIlito Ha IIHHI Ta JI€BI 3HAHHS - 116 BUKOPUCTOBYBATH
MOXJIMBOCTI IITY4YHOT'O 1HTEJIEKTY Ta MAIIMHHOTO HaBuaHHA. OCTaHHE TaKOX
nependayae BUKIIOUYECHHS JIIOJUHU 3 OMepalliil CyIHOBOAIHHS, MPUYAIOBAHHS,
HABAHTA)KEHHS Ta PO3BAHTAXKEHHS.

B nanuii yac Bci cyHOIUIaBHI KOMIIaHIi MParHyTh 3pOOUTH CBOI CyjHa OLIbII
eheKTUBHUMU Ta OUIBII TMPUCTOCOBAHUMHU JIO pealiid ChorofcHHS. Xoda BCi
HAMararThCsl MONIMIIUTH €(PEKTUBHICTh CyAHA, HAATO MaJl0 yBard MNPUALISAETHCS
e(eKTUBHOCTI 3aX0Ay B MOPT, Jie Mojaibiia eheKTUBHICTh 1 MOXKe OyTH JOCATHYTA.
BukopucTtanHs 1HTENEKTYalbHOTO MPHUCTPOIO, 3[aTHOTO OOMIHIOBATHUCA JTAaHUMHU B
pEeXKUMI peaTbHOTO Yacy, 3MIHWJIO pi3HI O13HEC-MOENl Ta YIpaBIiHHS OINepalisiMu
JAHIIO)KKA TMOCTaBOK. [IpUyuMHM 1OrO HA3MBAIOTHCS  OHUGPYBaHHSIM  Ta
aBTOMATHU3AIII€I0, IO MPU3BOJAUTD JIO MMiJIBUILICHHS PO yKTUBHOCTI. L1 1Ba dakTopu
3MIHWJIM KOHIIEMIIIIO JIOTICTUYHOIO IMEPEeXOAy OIHOTO CeKTopa BiJ (DI3UYHOTO [0
mudposoro [2]. Jemarepiamizaiis HaHUX YCYHyJa JAHIFOKOK JOPOTHX (Di3MUHUX
JOKYMEHTIB, @ aBTOMAaTH3allisl MMiIBUIIMIIA PIBEHb O€3MEeKH Ta €()EKTUBHOCTI.

Y  ChOroAHINIHBOMY MPOTHO31 OCHOBHI JIOTICTHYHI BY3JIM, HPEICTaBIICHI
MOPCBKUMHU TIOPTaMU Ta «CYXUMHU MOpPTaMU», 3MIHIOIOTh CBOi Oi3Hec-TIpaBuia Ta
MOJIENIl, TIEPEXOSIYU BiJl «IIPOMHUCIOBUX YH JIOTICTUYHUX IIEHTPIB» J0 PO3BUHEHO1
KOHIIETIIII <«IHTEJNEKTyalbHUX U(POBUX TOPTIB», 3aCHOBAHOI Ha UMPOBIK
mnatdopmi Ta 10T, sika po3poOsie MOKIUMBOCTI Jisl 30UpaHHs Ta OOMIHY TaHUMU B
pexumi  peampHOoro  4acy.  OCHOBHI ~ XapaKTE€pPHCTUKH  BIOCKOHAJICHOTO
IHTEJIEKTYaIbHOTO IIU(POBOT0 MOPTY NPEACTaBJICHI B HACTYIMHHUX acrekTax [3]:

- IOEAHAHHS TEXHOJIOTIT Ta IIUPOKO TMOIIMPEHUX 3arajbHUX IMPOIIECIB
300py/pO3MOBCIOPKEHHS  JTaHUX Ta 1HdopMarllii Juisi YHOpaBIiHHA OmeparisMu
BCEpeAHI, BCEPEIHI Ta 30BHI MIOPTY;

- POIIECH MOBUHHI CHIJIFHO BUKOPHUCTOBYBATUCS HE TUIBKH OMEpaTopamu, a i
yCiM CHIBTOBApUCTBOM, YCIMa 3aIliKaBJICHHMMH CTOPOHAaMH, JCpKaBHUMH Ta
IPUBATHUMU;

- iHTEerpailisl 3 HaBKOJMIIHLOW CMapT-TepuTopieo (MIiCTO, perioH, KpaiHa) Ta
IHTEJIEKTYyaJIbHOIO TPAHCIIOPTHOIO IHPPACTPYKTYPOIO (AOPOTH, 3a13HUII, PIYKH).

OCHOBHUMH TIepeBaraMu Takoro miaxony € [3]:

- PUCKOPIOETHCA Yac BIJITYKYy Ha 3aITUTH Ta TIEPEMIIIICHHS TOBapiB Yepe3 MOPTOBi
oreparii;

- SHUKYIOThCSI BUTPATH Ha 0OPOOKY TOBapiB;

- PUCKOPIOETHCA Yac BIATYKY 3aIiKaBJICHUX CTOPIH HA CBOIX KJIIEHTIB;
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- 3SMEHILYE€ThCS BUKOPUCTAHHS MAriepoBOro MOTOKY, PO3MOAUISIOUH 1HPOPMAIIiIO
B €JICKTPOHHOMY BHUTJISIII;

- IOKPAILY€EThCS SIK 3arajibHe BIJCTEKEHHS Ta BIACTEKEHHS €(PEKTUBHOCTI;

- BiIOyBa€eTbCcAd MIABHILEHHS €(PEKTUBHOCTI, CKOPOYEHHS dYacy TpaH3UTY,
MIIBUIIEHHS CTYINEHS IHTErparlii 13 TPeTIMH CTOPOHAMH (HANpPHKJIaJ, MHUTHHII,
3QUI3HHII).

Buxopuctanus iHTenektyanpHoro pgatuumka (mpuctporo loT) mo3Bommio
OTpUMYBaTH Ta 30epiraTd BEJIMYE3HY KUIBKICTh JaHUX (BEJWKI JaH1), KePOBaHUX
XMapHOIO UM 1HIIOK ITU(POoBOIO 0a3or gaHuX. JlaHl HAAXOAATH 3 PI3HUX oOJacTen
MOPTIB, TaKUX SIK: MPUYAH, BaHTAXH1 TepMiHaIHM, BopoTa abo IT-cucremu, Taki sk
cHCTeMa CIIIJIBHOTH MOPTIB, OmepaliiiHa cucteMa TepMiHaiay Ta nudpona miatdopma
3aIliKaBJICHUX CTOPiH. Pe3yibTaToM € 4iTKe pO3yMiHHS OCHOBHOTO Oi3HEC-TIPOIIECy,
O[O0 MIJKPECI0€ HEe(DEKTUBHICT Ta CTBOPIOE NPOTHO3HY MOJENb, 3JaTHY
IIPOTHO3YBAaTH PUHOK Ta po3po0:saTi KoukpeTHi KPI [4].

Ponp aBTOMaTH3a1lli B CHUCTEMI JIOTICTUKH, OYEBUIHO, MOJISITA€ y CIPOIICHHI Ta
OPUCKOPEHHI JOCTYIy 10 TEpMIHaIy 3a JOIMOMOTrOI Omepaliil BXOAYy Ta BUXOAY,
BHACJIJIOK YOT0 MIABUINYETHCA PIBEHb OC3MEKU, OOJIK BaHTAKHUX aBTOMOOLIIB Ta
ananiz ¢opmu. lle 301IbIIYE €MHICTh MOPTY 3a TUX ke (I3UMUYHHMX MapamMeTpax Ha
JECATKH BiJICOTKIB, II0 Ma€ OE3MOCEpeqHIN Ta MIBHIKUAN eKOHOMIUHUI edekt [5].
Takoxx misi JepKaBHUX OpTraHizailiii, Takux SK MHUTHHIS, MiJBUIICHUN pIBEHb
aBTOMaTHU3aIlii Ta oru(pyBaHHS € BAXIMBUM aKTUBOM JIJISl TIOKPAIEHHS YIIPaBIIHHS
pHU3HMKaMHU, a MPU MOUTYKY KOHTEHHEPIB JIJIsl pO3CIIAYyBaHHS J03BOJISIE OOMIHIOBATHUCS
1H(MOpMaITi€r0 MI>XK MUTHHUISIMU, [0 TIepe1dayae HaCKP13Hy TPAHCIIOPTHY NEPCTIEKTUBY
PO3BUTKY.

Hacammnepen peanbHUM MUTAHHSIM 3JIMIIAETHCS T€, IO cCaMe MOPT X0Ue OCATTH,
CTaBLIM PO3YMHHM, IHIIMMH CJIOBaMHU, IO € CTpaTEeTIYHUM iMrepaTuBoM. Lls
CTpaTeriyHa MeTa MOBUHHA BUXOJUTH 32 PAMKH [IPOCTOrO MMiJIBUILIEHHS €EeKTUBHOCTI
Ta 30CEPEAUTHCS Ha IUTICHIN JOBrOCTPOKOBIHM CTpaTerii, B sIKIA JOXOAN BUTATYIOTHCS
3 PO3YMHHX IIporpam, SIKi JI03BOJISIFOTH MEPEUTH JO0 KOMIAHIW-CIOKUBAYIB MOCHYT,
OpPIEHTOBAaHUX Ha po3yMiHHA IUdpoBuX TexHousorii. Il nmpobiema yckmagHSIETHCS
BEJIMKOIO PI3HOMAaHITHICTIO, SIKA ICHYE MK TIOpPTaMU, HANIPUKIIAJ, JOCUTH MTOPIBHATH
OITOBHI 3 KOHTEHHEPHUM MOpTOM [6].

3 MOMEHTY MOSBU KOHTEHHEpHU3allil MexaH13allisl cTajga MOCTIMHUM MPOLIECOM st
BaHTQKHUX TEPMIHAMIB, OCKIJIBKM MOCTIMHO pO3po0isuiocs Oulbll  e(eKTUBHE
iHTepMOJaNbHE yCTaTKyBaHHA. T[WM HE MEHII, Bce OONAAHAHHA  MaJlo
eKCIUTyaTyBaTHCs KBaIi(hiKOBaHUM MEPCOHATIOM, TAKUM SIK KpaHiBHUKH Ta Boii. 3 90-
X CIIOCTEPITa€ThCsl CTPIMKE 3POCTAaHHS aBTOMATH3aIlll 32 YMOB 3POCTaHHS CBITOBO1
TOPTiBJi. Y TO€IHAHHI 31 3pOCTAIOYMMHU PO3MIpaMH CYJEH, 1€ CTUMYJIIOBAIO MOPTU
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MJBULIYBaTH CBOIO MPOAYKTHBHICTh, & CaM€ IXHIO MPOIYCKHY CIPOMOXHICTb 1 4ac
o0opoTty cyleH, 1o ctaio Ha 30% Oiblie, HIXK y CTaHIapTHUX TEPMiHAIB.

[HIIMM BaXXJTUBUM YUHHUKOM CTaJI0 IIMPOKE MOIMIMUPEHHS 1H(OPMALiIHHUX
TEXHOJIOT1M, IO JO3BOJSIOTH IHTETrpyBaTh 1HGOpMaliiHI Ta (I3UYHI CHCTEMH,
MOCTYIOBO TEPEXOJAYN 0 MPUHIMIMIB (PI3UYHOrO 1HTEpHETY. SIK MOPTOBi, Tak 1
IHTepMOJIaIbH1 3aII3HUYHI TEPMiHAIM MOXXYTh OyTH aBTOMAaTU30BaHi BiJMOBIIHO 10
aQHAJIOTTYHMX MPHUHITUITIB 1 TEXHOJIOT1H, OCKUIBKH aBTOMAaTH3AaIlis 00€pTa€ThCS HABKOJIO
00poOKM KOHTEWHEpIB, CTAaHJAPTHOI OJIMHUIIl HABAHTAKEHHA. TakuM YHHOM,
KOHTEHHED CTae OJMHUIICIO, HABKOJIO SIKOT OYIYIOThCS Ta OPraHi3yrThCs (PI3UYHI Ta
1H(pOpMaIliliHI CUCTEMH 0OPOOKH.

ABTOMaTm3arlisi Moke OyTH BCEOCSIKHOIO, KOJHW 3aiisHO KiJbKa €TaIliB
TepMiHAJIBLHUX Omeparliii, abo crernudiyHO, KOJM OJHOYACHO 3aisTHUH JIUIIE OJUH
eran. J[ns HOBUX TepMiHaIIB (HOBI MPOEKTH) KOMIUJIEKCHA aBTOMAaTH3allisl CTa€e
CTaHAApTOM, TOJ1 SIK ICHYIOUl TepMIHAJIM BUOMPAIOTh BUOIPKOBY aBTOMATH3AIIIIO
YaCTUHU CBOIX OIepalliif, OCKUIbKM KOMILJIEKCHA aBTOMAaTH3allisi MOXke OyTH JyxKe
PYWHIBHOIO Ta JOpPOTO0. ABTOMATH3allisl BKJIIOYAE TPU OCHOBHI BUMIpU: B MexkKax
TepMiHaIly, Horo iHTepdeiicy Ta Ha mepeJHLOMY Kpai BiTHOCHUH 13 30BHIIIHIM CBITOM
(foreland) Ta y BHyTpimHIX paiionax Ttepminany (hinterland) [5]. VYcepenuni
BAHTAKHOTO TEPMiHAILY MO>KHA aBTOMATHU3YBaTH JI€K1IbKa MTPOLIECIB.

VYrpaBiaiHHS KOHTEHHEPHUMHU MalJlaHYuKaMH OyJI0 aBTOMAaTHU30BaHO MPOTITOM
JECATUIITh 3aBJASIKA BUKOPUCTAHHIO 1HMOOpPMAIIWHUX CHUCTEM Ui YIpPaBIiHHA
yKJIaJaHHSIM BX1JIHUX Ta BUX1THUX KOHTEeHEPiB. ['opru30HTaIbHA aBTOMATHU3AIIS PYXY
BKJIFOYAa€ BUKOPUCTAHHS aBTOMATUYHUX KEPOBAHMX TpaHCHOPTHUX 3aco0iB (AGV),
TaKHX SIK IBOMICHI TpaHCTIOpTEpHU a00 YOBHUKH. LIi TpaHCTIOPTHI 3aCO0M JOCTABIISIIOTH
KOHTEWHEpHU Ha3aJ 1 BIEpes Bl aBTOMAaTH30BaHUX KpadiB-mTadenepiB (ASC), ski €
BCTAHOBIICHUMHU Ha peiKax, MOPTATbHUMH KpaHamH, IO yMPaBJISAIOTH MTaOEIsIMU
KOHTEWHEPIB, SIKI 3a3BUYall BUPIBHSAHI NEPHEHAUKYJIApHO 10 mipca. CTopoHa mipca
mrabensi BUKOPUCTOBYETHCS NIl 3aBAHTAXKECHHSI 1 BUBAHTAXEHHSI KOHTEHHEPIB, 1110
WAyTh 3 Tipca, B TOM Yac sIK CTOPOHA BOPIT MITA0ENsI BAKOPUCTOBYETHCS JIJIs1 30MpaHHs
ab0 J0CTaBKM KOHTEHWHEpiB abo BiI BOPIT TepMmiHamy. Taki pyxd 3a3BUYaAl
BUKOHYIOThCSI Ha BaHTaXIBKax Ta Imaci. [[ns aBromaTu3zaiii TepMiHaly HOTPIOHI
CUCTEMH TIO3ULIOHYBaHHS KOHTEHHEpa, $KI JO3BOJISIIOTh B OyIb-IKUH 4ac
aBTOMATUYHO BU3HAUYATH 3a JOTIOMOTOIO JAaTUMKIB pO3TAIIyBaHHS BCIX KOHTEHHEPIB B
tepminani. lle 3abe3neuye ixHe eQeKkTUBHE YIpaBIiHHSA, a camMe pOOUTH IX
JTOCTYITHAMU JTsI IIBUJIKOTO BYUTYYCHHS NIl HABAHTAXXEHHS HA CYJTHO a00 OTpUMaHHS
JUT BHYTPIIIHBOTO Po3moainy [5].

BucnoBok. B pe3ynprari mpoBeIeHOTo JOCTIKEHHS BiJ3HAYE€HO HEOOXITHICTh
3MIHU MAXO/IB JI0 PO3BUTKY CYYaCHUX MOPCHKHUX MOPTIB. JKOPCTKA KOHKYPEHIIis, sIKa

MaHy€e ChOTOJHI Ha PUHKY, Cy4acCHI BUKJIMKH, I1I0 BIUIMBAaIOTh HAa (PYHKIIOHYBaHHS
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MOPCBKHMX MOPTIB, BUMAraloTh 3MiHU ICHYIOUUX MMIJIXOAIB /10 iX po3BUTKY. JloBeneHo,
10 TPEHJIOM CBITOBOI'O TPAHCIIOPTHOT'O PUHKY € HU(POBI3ALiSA Ta IHTEIEKTyai3allis,
BiJI IKMX 3QJICKHUTH OTeparlliiiHa e(peKTUBHICTh MOPTIB 3 OTJISAY Ha Te, 110 611136K0 90%
CBITOBO1 TOPTiBJI 3aJICKUTh BiJ] MOPCHKHUX TTEPEBE3CHb.
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Abstract. This research explores the influence of Docker and Kubernetes on software
development and deployment practices. As information technology advances, developers seek
Innovative solutions to optimize processes. Containerization technologies like Docker and
Kubernetes have emerged as key players, offering speed, efficiency, and reduced resource
consumption. Docker packages applications in lightweight, portable containers, while
Kubernetes orchestrates their deployment and management. Together, they enhance
developer productivity, ensure application stability, and provide effective monitoring across
diverse environments. The combination of Docker and Kubernetes facilitates rapid
development, testing, and deployment of applications, marking a paradigm shift in modern
software engineering.

Keywords: containerization, Docker, Kubernetes, development, optimization, host,
environment

AKTYaJIbHICTh JOCJTIKeHHSI 3yMOBJIEHA THUM, [0 PO3BUTOK 1H(GOpMAIITHUX
TEXHOJIOT1i CYMPOBOIKYETHCS 3POCTAHHSIM CKJIATHOCTI MPOTPAMHOTO 3a0e3MeUeHHs,
y 3B’SI3KY 3 ITUM, PO3POOHUKH MOCTIHHO ITyKaOTh ¢(peKTUBHI Ta IHHOBAIIHI METOIH
JUTSL TIOJIETIICHHS TPOILIECIB PO3POOKH Ta pO3ropTaHHs mporpam. TexHosorii
KoHTeiHepu3aii, Taki sk [1]: Docker, Kubernetes abo Podman - BuxousiTh Ha
MepeHii TaH y 3a0e3MeueHH] MIBUAKOCTI, JISTKOCTI Ta MEHIIOrO0 CHOKUBAHHS
pecypciB y po3poOiii Ta po3ropTaHHi. [{s Tema akTyallbHa HE JMIINE B KOHTEKCTI
MIBUIIEHHS TPOIYKTUBHOCTI PO3POOHUKIB, a ¥ y 3a0e3MeueHHi CTablIbHOCTI Ta
e(eKTUBHOCTI pOOOTH TIPOTpaM y Pi3HUX CePeOBHUIIAX.

MeTo10 A1aHOT0 JOC/iIKEHHs] € BUBYCHHS Ta OIIHKA MOXJIMBOCTEH TEXHOJOTI]
KOHTEWHEepHU3allii y KOHTEKCTI pO3pOOKHU Ta PO3TOPTAHHS MPOTPAMHOTO 3a0€3MeUeHHH.
JlocmimKeHHsT CIpsIMOBaHE Ha 3'ACyBaHHS IepeBar Ta OOMEXEHb BHUKOPHUCTAHHS
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KOHTEWHEPIB s 3a0e3nedeHHs e(PEeKTHMBHOIO Ta HAJIIMHOTO MPOIeCYy pPO3pOoOKHU
Iporpam, a TaKO IUISAX1B ONTUMI3alLlli pO3rOpTaHHs MPOTrpaM y pi3HUX CepeIOBUINAX.

Konretinep [2] - e mporpamMHuii MPOAYKT, IKUHA BIpTyaJIbHO YITAKOBYE Ta 130JTFO€
JIOJATKU sl 3a0e3nedeHHs OuIblnoi MacimTaboBaHOCTI Ta JOCTYHMHOCTI B Pi3HHUX
o0YHCITIOBANIbHUX cepenoBuiax. Ha BiAMiHY BiJ BIpTyaJbHHUX MAIllWH, KOHTEHHEP
BKJIIOYAE JIUIIIE «CUCTEMY BUKOHAHHS 1 MOKJIAJAETHCS Ha ONEpalliiiHy CUCTeMY XOCTa
[2]. Lle mo3BoJII€ 3HAYHO 3MEHIIUTH OOCST MaM'sTi, HABAHTAXKEHHS Ha IIEHTPAJIbHUN
nporecop (LIIT) Ta micus ans 36epiranHs, HE0OX1THOTO JJIsI KOHTEHHEpa, 10 pOOUTh
MOXJIMBHAM IMIATPUMKY OaraTbOX KOHTEHHEpIB Ha TIM ke 1H(PpacTpyKTypi.
EdexTuBHICTh KOHTEHHepuW3alii, TakoXk BIAOMOI SK BipTyali3aiiss Ha piBHI
onepariitnux cuctem (OC), poOuTh ii MOMYyJSIPHUM METOAOM MAJisi 3a0e3reueHHs
IIBUIKOI ajamnTailii JOJaTKiB MK CEepeIOBUINAMU, HANPHKIAA, MMOYMHAIOYU Bij
PO3pOOKH 10 TeCTyBaHHs, BiJI CTajlii CTBOPEHHS 10 BUPOOHUIITBA, 00 Bi (H13UMYHOTO
cepBepa J10 BipTyalbHOT MAIlIMHU B XMApHOMY CEpBICi.

Konrelinep Mo)ke 3amycKaTucs Maibbke MHTTEBO, Habarato IIBUIIIE, HIXK
BIpTyaJlbHa MaIllnHa, 1 TaK caMO HOro MO)KHa IIBUJKO BUMKHYTH, HAMPUKIAM, IS
3BUIBHEHHS pecypciB xocta [2].

OcHOBHI KOHTEWHEpH1 TeXHOJOT1i Ha naHuid MoMeHT 1e Docker ta Kubernetes
[1]. Docker - me mmardopma Ta BUKOHABYE CEpPEAOBHIIE I KOHTCHHEpH3aIlii, 10
BUKOPUCTOBYE  apXITEKTypy KII€HT-CEpBep 3 TPOCTUMH KOMaHJaMu Ta
aBromatuzaiiero uepe3 enuuuid API, a Kubernetes - mmargopma nans 3amycky Ta
yOpaBIIHHS KOHTEHHEpaMH 3 pi3HUX BUKOHABUMX CEpeIOBUII, BKItoyaroun Docker.

Kubernetes wHapa3i € HaWMmomyJsipHINIOW TUIATGOPMOIO MJIsi  KEepyBaHHS
KOHTEIHepaMHu 13 ACKIJIbKOX MPpUYuH [3]:

1. MacmiraboBanicth: Kubernetes po3po6ieHutt 1yisi MacIITaOHUX TIPOEKTIB 1
3MaTHUHN €EeKTUBHO yIPABISATH THCIYaMU KOHTEHHEPIB.

2. IlopratuBHicTh: KoHTeliHEpH, SIKI OPKECTPYIOTHCS 32 TOTIOMOTOI0
Kubernetes, MOxXyTh 3ammycKaTUCSI TPAKTUYHO B OyAb-SIKOMY CEpEIOBUIII, OyAb TO
BJIACHUU JaTa-1IIEHTpP, XMapa abo TiOpuIHEe CEpeIOBHUIIIE.

3. KomrmiekcH1 MOKITUBOCTI MOHITOPUHTY Ta JioriB: Kubernetes Hanae 3acobu
JUTSI MOHITOPUHTY CTaHy JOJATKIB Ta 300py KypHaIIB, 1110 MOJIETIIY€E BIICTEKEHHS Ta
BUPILIEHHS POOJIEM.

4. lupoxkwuii ciextp pynkuii: Kubernetes Hagae po3mmpenuit Hadip GyHKIIIH,
TaKWX SIK aBTOMAaTUYHE BiTHOBJICHHSI, PO3MOiICHa MEpeKa, 00CITyTOByBaHHS Ta
1HIIT1, 1110 POOUTH HOTO MPUBAOTUBUM JIJIs1 PO3TOPTAHHS HABITH CKIAIHUX JIO/IATKIB.

5. AxtuBHa cnibHOTa: Kubernetes Mae BeMKy Ta aKTUBHY CHUIBHOTY
PO3pPOOHUKIB, SIKa MOCTIHHO BHOCUTH BHECKU Y PO3BUTOK Ta MiITPUMKY TUIAT(OPMHU.

B po6oTi nocnimkeno, mo chigsHe 3actocyBanHst Docker 1 Kubernetes mo3Boisie

pO3pOOHMKAM CTBOPIOBaTH, TECTyBaTH Ta pO3rOpTaTH MAOJATKA IIBUJIIE Ta
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ebextuHime. Tak sk Docker [4] 3a0e3neuye i3onsmiro goaaTkiB, a Kubernetes [5] -
ABTOMATH30BaHE yOpaBIiHHSA KOHTEMHEpaMHW Ha BEJMKIA  MaclITaboBaHiM
iHppactpykrypi. Kombinamiss Docker ta Kubernetes crana katamizaTopom 3MiH Y
po3po0Ili mporpamM, 3a0e3neuyrodyd MBHIKICTh ajgamnTallii JOJaTKIB MK pPi3HUMHU
CepeIOBUIIIAMH, BKIIIOYAIOUYH PO3POOKY, TECTYBaHHS Ta BUPOOHUIITBO.

Docker nagae psn BOyioBaHHX 3ac001B U1 3a0€3MeUeHHs O€3MeKU KOHTEHHEPIB
[4]. BuxopuctaHHsS KOHTCHHEpIB 130JbOBYE IOJATKH OJWH BiJ OJHOIO Ta BIiJI
orepaliifHOi CUCTEMHU XOCTa, 10 POOUTHh HAJ3BUYAMHO CKJIAJHUM BTOPTHEHHS abo
MOIIKO/PKCHHS 1HIIMX KOHTeHHepiB abo cuctemu B 1iomy. Tob6Tto Docker €
KaTaJli3aToOpoOM 3MiH y po3po0iIi mporpam, T03BOJISIOYH YIIAKOBYBATH JOATKH Ta TXHI
3aJIe)KHOCTI B JIETKI Ta IEPEHOCHI KOHTeWHepH. Lle 3HauHO crpoiiye po3ropTaHHs Ta
3a0e3neuye MOEAHAHHS CEPEIOBHIN Bl PO3POOKH M0 MpoAyKiii. Bemuka KigbKicTh
rotoBux oOpasiB y Docker Hub poOuts npoiiec po3poOku 1ie eheKTUBHILINM.

Kubernetes, B cBoro uepry, nojaae 1ie OUIbIIE MOXKIMBOCTEH s Oe3neku. Bin
3a0e3mneuye KepyBaHHS JOCTYIIOM, POJIEBI MOJENI Ta MOXKIJIMBICTh BUKOPUCTAHHS
CITKOBHMX TMOJITUK JUIsi KOHTPOJIIO KOMYHIKAIlii MK KOHTeWHepamu. Takoxk, mpu
po3ropTanHi Ta MOHITOpUHTY Kubernetes Ha O0pTy € 3pyuHi 3aCO0M JJIs B1ICTEKEHHS
Ta MOHITOPUHTY, K1 JO3BOJISIIOTh BUSIBJISITH Ta BUPIIIATH MPOOJIEMHU MPOYKTUBHOCTI
Ta HEBIAMOBIIHOCTI B KOH(Iryparisix [5].

BucHoBok. Y X011 HpOBEACHOTO MAOCIHIPKEHHS BUSBJICHO, IO TEXHOJOTII
KOHTeWHepwu3allii, 30kpeMa Docker Ta Kubernetes, MmaroTh 3HaUHUI BIUIUB HA MPOIECH
PO3pOOKH Ta pO3ropTaHHs MporpaMHoro 3ade3neueHHd. [1nsgxom ymakoBku 101aTKiB
y JIeTKI Ta TEepPEeHOCHI KOHTeWHepu 3a momomororo Docker Ta ix opkecrparii Ta
ynpasiiHHs yepe3 Kubernetes, po3poOHUKH OTPUMYIOTh IIBHJIKICTh, €PEKTUBHICTh T
3MCHIIICHHSI CTOKWMBaHHS pecypciB. Takum uwmHOM BUKOpHcTaHHsS Docker Ta
Kubernetes y cdepi po3poOku Ta po3ropTaHHsi Tporpam A03BOJSIE HE TUIBKU
MIJBUILUTH TPOAYKTUBHICTH Ta MIBUAKICT PO3POOKH, ajle 1 rapaHTy€e BUCOKUI PIBEHb
Oesreku Ta 3abe3nevye eheKTUBHUN MOHITOPUHT JOJATKIB Ha BEJIMKUX MacIITadax.

JlocmikeHHsT AO3BOJIUIIO BUSIBUTU TIEpEBAard Ta OOMEXKEHHS BUKOPUCTAHHS
KOHTCHHEPIB s 3a0e3nedeHHs e(PEKTHBHOIO Ta HAJIIMHOTO MPOIECY PO3pOOKHU
nporpam. OTxe, BUKOPUCTAHHA TEXHOJOTIH KOHTEWHepu3allil MpeAcTaBisie coO0k0
BOXJIMBUN KPOK y PO3BUTKY CYyYacHOI iHKEHEepii NpOrpaMHOro 3a0e3eyeHHS,
CIIPUSIOYM TPUCKOPEHHIO TPOIIECIB PO3POOKM Ta 3abe3leuyroud HaJIidHICTh Ta
€(eKTUBHICTb MTPOTpaM B Pi3HUX OOUHCIIIOBATBHUX CEPEAOBUILAX.
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Abstract. Wi-Fi and Ethernet are technologies used to connect smart devices in homes, but
these technologies were developed for other tasks. Therefore, the primary goal of this study
is to determine the relevance of these network protocols for their application in the concept
of the Internet of Things at the present time. This paper delves into the distinct advantages
and disadvantages of applications Wi-Fi and Ethernet in Smart Home environments,
exploring their complementary roles in shaping the future of home automation.
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AKTYaJILHICTh J0CJIi)KeHHsI 3yMOBJIeHA CTPIMKKM po3BuTKOoM sik Wi-Fi, Tak i
ATbTEPHATUBHUX TEXHOJIOTIM  OE3ApOTOBOTO 3 €qHAHHS, IO 3a0€3MeYyI0Th
TpaHCHOPTHI (QYHKINT B cucTemi inTepHeTy peueit (Internet of Things (1oT)).

MeTorw podotu € BusHaueHHs akryanbHocTi Wi-Fi ta Ethernet mepex mis
3B 13Ky PO3YMHHUX IPUCTPOIB PO3YMHOI'0 JOMY Ta aHasi3 nepesar it HemomikiB Wi-Fi
y koHuemnii 10T,

Wi-Fi — ne wadimonymsipHimid mpoTokos 3B’s3ky [oT, 1m0 BUKOpPHCTOBYE
crannapt IEEE 802.11 na yactorax 2,4 I'T1 1 5 [T, npononyroun mMBUAKY Nepenady
JaHUX 1 MAalOYd MOXKIJIMBICTh OOpOOJIATH BENHMKI OOCATH JHaHuUX. BiH BiIpi3HAETHCS
THYYKOIO TOTIOJIOTi€l0, TPOCTOTO0 PO3rOPTAaHHS Ta BCTAHOBICHHS, a TaKOX
(YHKIIIOHAJILHOIO CYMIiCHICTIO, IO J03BOJIsI€ Oe3mneuHo 3’ eanyBaru pimenns [oT [1].
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Wi-Fi miaTpuMyeThcss KOXHHM ILIEHTPOM KEpPYBaHHS CHUCTEMOI PO3YMHOTO
OynuHKY (11103, Xa0, cepBep) MJIs 3’ €THaHHS 3 Mepekero [HTepHeT.

B ocranHi poku 3’SBUIMCS Ha PUHKY XaOW 3 MIATPUMKOIO MiJIKIIOYEHHS 0
Mmepexi gepe3 Ethernet sk anmpTepHaTBHOTO crioco0y 3’€THAHHS. Y TaKUX BHIAJIKaX
OYEBHJIHO, IO TIEpeBary CIiJA HagaTd OUIBII HAIIHHOMY JIPOTOBOMY CIIOCOOY
3’€HAHHSA, 10 TaKOXX pO3BaHTaXHTH edip. [Ipore, cepen mpUCTPoOiB, MPU3HAYCHUX
i cucteM Smart Home posnosciopkenicts Ethernet mpotokosny nyske He3HauHa, Tak
SIK OUTBIIICTD 3 HUX HAIlIJICHI HA 3pyYHUN O€3IpOTOBUM CIIOCIO ITiIKITFOYCHHS.

Curyaris 3 Wi-Fi Tpoxu cxoxka — HOro miATprMKa B NMEPEBaXKHIM OLIBIIOCTI
MPUCTPOIB TepeadaueHa MPUCTPOSIMH, IO KUBISATHCSA BiJl €IEKTPOMEPEXKi, TaK SIK
texnonoriss Wi-Fi eneprosatpatHa. [lo Takux NpUCTPOIB BiTHOCATHCS PO3yMHI
cBiTWIbHUKH, [P-kamepn, moOyToBa TexXHiIKa IHTEPHETY peueil (TeneBi3opw,
KOHJUIIIOHEPU, YAWHUKU, XOJOJUILHUKH, MPAJbHI Ta CyIIapHI MAallUHU, BUTSKKU,
MYJIbTUBApKHU Ta 1HII MPUCTPOi, O MATPUMYIOTH BiJIajieHe KepyBaHHA U MOXKYTb
Opatu y4acTh y CIEHapisX JOMAIIHbOI aBTOMATHU3AIlii) TOIIIO.

YacTo po3yMHi npucTpoi, 1mo npamtoTs yepe3 Wi-Fi € takox mnumro3amMu s
MIJKJIIOYEHHS IHIIUX IPUCTPOIB 4Yepe3 IHIIl TEXHOJOrli Oe3MpOBIAHOIO 3B’SI3KY.
Hanpuknan, po3ymHui cBiTwisbHUKH — Yeelight migxnrodarotecss B cuctemy
aBromarm3arii uepe3 Wi-Fi 11 y Toii sxe yac € Bluetooth-nrozamu 1S T KITFOUCHHS
IHIIMX NPUCTPOiB (puc. 1).

OO W OO

IOA IOA IOA |OA |OA |OA
I[aTtHzH( Z[aTLH/IK I[aT‘II/IK XmapHu#t / 10KanbHu cepsep I[aTqI/IK Z[aTLII/IK I[aT‘H/IK

) <=,

Mapupyruzatop

Pucynok 1 — Tononocia 36’a3xy Bluetooth ma Wi-Fi npucmpois
¥y cucmemi po3ymMHo20 00My

Sk BugHO 3 pucyHky 1, Bluetooth-mpuctpoi «3ipkoro» MigKIFOYaOTECS 0
CBITHJIBHHKIB (MOKYTh OyTH ¥ iHII Bluetooth-mumro3n), siki B CBOIO 4epry «3ipKoroy»
MIIKIIOYEHI 0 MapuipyTu3atopa, a00 KIIbKOX  MapIipyTH3aTopiB,  SKIIO
BUKOPUCTOBY€EThCs TexHosoris Mesh Wi-Fi. Uepes mapiipytuzatop BigOyBaeThbes
3B’SI30K 13 cepBepoM. Y SKOCTI cepBepa MOXKe OyTH CHEIlialbHO OpraHi30BaHUN
JOKQJIBHUW CepBep, XMapHUH cepBep CHCTEMH aBTOMaTH3ailii, abo, B JESIKUX
BUMAJIKaX, Xa0 3 MATPUMKOIO JIOKAIHLHUX O0YUCIIEHb.
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Tomouorist «3ipka» € ogHuM i3 HeAomikiB 3acrocyBanus Wi-Fi B loT, skuii B
HaWOIMKIOMY MallOyTHHOMY HIKYJU HE 3HUKHE.

3aranoMm cuTyarlisi Ha PUHKY JOMAIIHhOI aBTOMATH3aIlli Taka, 110 OUIBIIICTh
NPUCTPOIB, po3pobieHux panime npamroe Ha yactorax Wi-Fi 24 T, # nmme B
OCTaHHI POKH MOYAJIM aKTUBHIIIIE 3’ SIBJISTUCS IPUCTPOT, IO MPAIIOIOTh HA 9acTOTax 5
I'Tu. Pasom i3 tuMm meBHi nepcnektuBr po3Butky Wi-Fi g loT npunic cranmapt
802.11ax, 110 3aCTOCOBYETHCS B HOBUX MPUCTPOSIX.

[Ipuctpoi iHTepHETy peuell BHUMAararoTh HU3BKOI 3aTPUMKH Ta/ab0 HHU3BKOTO
eHeprocrnoxuBanHs. 3 BupoBapkeHHsM WIi-Fi 6, 3acHoBanoro Ha cranaapti |IEEE
802.11ax, icHym4Yl pEXHMH €HEpro30epekeHHs Oyiau JOMOBHEHI HOBUMH
MexaHi3MaMu. 3’sIBHJIacs TEXHOJIOTIS IJTLOBOTO Yacy mpoOymkeHHs (target wait time
(TWT)), po3pobiiena e y nmporokoiti 802.11ah, sika 1006pe miaxoauTh Il IPUCTPOIB
0T, amxke nominuye ix eHeprocrnoxkuBanusa. WT — 1ie MexaHi3M, SIKHH J103BOJIsIE
IUTaHyBaTH OOMIH TpaikoM MK TOYKOI JIOCTYIY Ta KIIE€HTCHKUM MPUCTPOEM.
[InanyBaHHS [103BOJISIE €HEPro30epiralouyuM KIIEHTCHKUM TPUCTPOSIM 3MEHIIUTH
€HEProCIOKUBAHHS 32 PAXyHOK YiTKOT'O BU3HAYEHHS 4acy, KOJIM BOHU MOBUHHI OyTH
akTUBHUMU [2, 3].

TWT no3Bossie KIIIEHTCHKUM NPUCTPOSIM 3 miaATpuMKoro Wi-Fi 6 mepexoauTu B
PeXUM CHY Ta «IPOKUIATHCS» 3a PO3KIAAOM. MapripyTu3aTop MOKE€ BKa3yBaTH
KIIIEHTY, KOJH «CHaTH», a KOJH «IIPOKUHYTHUCS», IO JTO3BOJISE 3a0IIaUTH 3aPs
aKyMyJISITOpa, 30UTBIIUTH TEPMIH CIY>XOU aKyMyJlsaTopa B PEXUMI OYIKYBaHHS Ta
3MEHIIINTH TepeBaHTaXCHHS Mepexi [3].

Tak 3aBasxu Wi-Fi 6 3’siBunncs 6e3apoToBi mpuctpoi 10T, siki BUKOPUCTOBYIOTh
Wi-Fi six criocib 3’€1HaHHS.

YiTKkOo MOKHA BUILTMTH HacTynHi nepeBaru Wi-Fi qs [oT:

- Wi-Fi 3a0e3meuye BUCOKOIIBUAKICHHUM 3B’ SI30K 1 JIO3BOJISIE TIEPEIaBaTH BEIIUKI
00cAru JaHuX — BKIIFOYAI04H BiJE€ONOTOKM BUCOKOI PO3AUIBHOL 31aTHOCTI, IO POOUTH
fioro mis npeskux npuctpoiB [oT Oe3anbTepHATUBHUM CIOCOOOM OE31POTOBOTO
3’€JIHAHHS,

- imupoke normpenns Wi-Fi — ckinanHo 3HaiiTi OyIMHOK, B ssIkoMy He 0yJ10 0 Wi-
Fi mapmpyrtuzatopa, MmO Ja€ MOXIJIHMBICTh BHUKOPHUCTOBYBAaTH NPHCTPOI 3 IIUM
iHTEepdericom Binpazy 3 KOpoOkH, Oe3 mnpuadaHHs muI03a / Xxaba 3a yMOBH
BUKOPHUCTAHHS XMapHOTO cepBepa AJisi 00pOOKHU JaHUX aIrOpUTMIB aBTOMAaTHU3ALli].

Henomniku Bukopuctanus WiFi:

- HU3bKa €HEeProe(PeKTUBHICTH, YepPE3 IO MPUCTPOI MOTPEOYIOTH CTAIIOHAPHOTO
KUBJICHHS;

- BCI IPUCTPOI MiJKIIIOYAOTHCSA JI0 OJHOTO MapHIpyTH3aTopa Oe3MmocepeHbO
(6a3oBa cxema MIAKIIOYEHHS — 3IpKa), 4epe3 IO MPH aKTHUBHOMY BUKOPHCTaHHI

KaHamiB (mepenaui a00 3aBAHTAXKEHHI BENUKHX OOCATIB JaHUX) PpECypciB
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MapHIpyTh3aTopa MOXKE€ HE BHCTayaTH Ui 3a0e3nedeHHs CTabuIbHOI poOOTH
npuctpoiB [OT;

- OUTBILIICTH TOOYTOBUX MApIIPYTU3ATOPIB po3paxoBaHi Ha 15-20 mikiIt0ueHb, a
MPUCTPOIB PO3YMHOTO AOMY MOXKe OyTH B pa3u OibIIIe.

[IpoOneMy MoOXHA BHpINIyBaTA KyMHiBICIO OUIBII JOPOTUX 1 TOTYXHUX
MapIIpyTU3aTOPiB, ajie JOTIYHIIIe BUKOPUCTOBYBATH 1HII 1HTEpdeNcH, cremiaibHO
pU3HAYEH1 /11 BUKOPUCTAHHS B PO3YMHOMY OYJIMHKY.

BucnoBok. [IpoBeacHuit anai3 mokasas, mo Texuosoris Wi-Fi, sika Big mouatky
He Oyna mnpusHadueHa qis loT, mocrymaeTbcsi ajabTEPHATUBHUM TEXHOJIOT1SIM
oe3aporoBoro 3’ eananns (Bluetooth, Zigbee, Thread) B oprasnizartii Torosorii Mepexi,
eHeproe(peKTUBHOCTI Ta Ma€e MPOOJIEMH 3 3aCMIUEHICTIO edipy Ta MepeBaHTAKECHHIM
MapIIpyTHU3aTOpa, MPOTE 3ATUIIAETHCA aKTyaIbHOIO B KOHIENIIT [0T myist mpucTpoiB,
IO JKUBJISITHCSL BiJI €JIEKTPOMEpEXl Ta € 0e3aJbTEPHATHUBHOIO JJISl MPHUCTPOIB, IO
noTpeOyIOTh Mepeadl BEJIMKUX OOCSTIB JaHUX 13 BHUCOKOIO MIBUJIKICTIO. [IpoTokon
Ethernet miarpuMyeTbcss MiHIMAJIbHOIO KUIBKICTIO TPHUCTPOIB, SIK MPABHIIO JIMIIE
JESIKUMH [IEHTpaMu KepyBaHHs cucteM Smart Home, npote Mae OUTbIINN MPIOPUTET
3aCTOCYBaHHS B MICIISIX, JI€ Mepen0auyeHo KabelbHy Mepexy. TakuM 4MHOM OOujBa
MepeKeB1 MPOTOKOJIM MAIOTh CBOIO HILTY B KOHIIEMIII] IHTEPHETY peuei mopsi 13 O1IbII
creriajIi30BaHUMU.
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Abstract. The paper analyzes methods of digital image processing in the spatial domain
(spatial methods), which allow to improve the quality of images in order to facilitate their
visual analysis. Gradational transformation methods for image enhancement, such as linear
transformation, image to negative, and logarithmic transformation, are considered. Are
considered and modeled such processing methods in the spatial domain, as the gradation
conversion (linear and logarithmic transformation), histogram modification (equalization)
and image enhancement by using of the Laplace operator. Listings of modeling these methods
in Matlab are also presented. The simulation results are presented in the form of images and
histograms.

Keywords: digital image processing, spatial methods, logarithmic transformation, linear
spatial filtering, Matlab.

AKTyaJbHicTh AocaimkeHHss. CbOrojJHI B TEXHIII HEMae Maibke HI OJHOL
oOnacTi, sIKy B TIA 4M 1HIIIA Mipl He 3adinana 0 mudpoBa 0Opodka 300pakeHb. B
npoiiect po6oTu 3 rpadiuHUMU 300paKEHHIMU, 4d 1ie OyJie MEeAUIMHA Yh TO Oyje
aCTPOHOMIsI, JOCUTh YACTO BUHUKAE TaKa MpolJieMa sK moraHa sikicTb 300paKeHHSI.

Bucokuii piBeHb IIyMy, HHU3bKa KOHTPACTHICTb, PO3MUTICTb KOHTYPIB
YCKJIQJAHIOIOTh TPOLIEC Bi3yaJbHOTO aHaji3dy, [0 B CBOIO YEpry MOKE IMPHU3BECTH,
HAMPUKJIAA, 0 HEKOPEKTHOTO JiarHo3y JIKaps B XOJi JIarHOCTHKHA PEHTTEH-
300pakeHHs.

Omxe HaJ JaHUM MTUTaHHAM B 00J1acTi 1T (PpoBoi 00poOKH 300paXKeHb MPAIIOIOTh
daxiBIi yciXx KpaiH CBITy, 30KpeMa, METOAM TMOKpalleHHs Bi3yaJbHOI SIKOCTI
300paxkenb [1, 2] MmMPOKO 3acCTOCOBYIOThCS MpU aHajizl 300paxeHb B cdepi
MEJUIIMHY, AaCTPOHOMII Ta 1HIIUX Traay3sXx.
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Meta po0OTH mMOJATaE y 3acTOCYBaHHI MPOCTOPOBHX METOMIIB MOKpAIIECHHS
BI3yaJlbHOT SKOCTI HUGPOBUX 300pakKeHb ISl iXHBOTO BI3yaJbHOTO aHANI3y Ta
BUSIBJICHHS ~TIOTAHO TMOMITHHUX JeTaJed abo0 MmMAKPECIeHHS  BIAMOBITHUX
XapaKTEPUCTHK.

IIpocTopoBi MeTOAU MOKPaIIeHHS IKOCTi HU(pPOoBHUX 300pakeHsb. [IpocToposi
METOAM — II€ METOJHW, sIKI 3aCHOBaHI Ha MPSMOMY MAaHIMMyJIOBaHHI MIKCEIIMU
300paKeHHs.

VY 3aragpHOMY BHUIAIKy IIPOCTOPOBY OOpOOKY 300pakeHb MOXHa OIHMCATH
piBHsHHAM [1]:

9(x,y) =TLf(x,y)] (1)
ne g(x,y) — 300pakeHHS Ha BHXOJIl CHCTEMH OOpoOkH; f(x,y) — BXiJHE
300pakeHHs, a T — oreparop Hanx f, BU3HaUCHHIA B ICIKOMY OKOJIi TOYKH (X, Y) .

Po3zrisitHeMo ieski mpocTOpOBI METOAM MOKPAILEHHS 300paXkeHb.

['pananiiini neperBopeHHs. Jlo nepioi rpynu MeToAiB MOJINIIEHHS 300paXeHb
BIJTHOCSITHCA TaKi IEPETBOPEHHS SIK JIHIMHI, HAPUKIIaJI, IEPETBOPEHHS 300pa’KEHHS B
HEraTuB, JIoTapu(dMidyHe MepETBOPEHHS Ta 1H.

[Ipyn niHIAHOMY TIEPETBOPEHHI IEPEBOPOT PIBHIB SICKPABOCTI 300pa)KeHHS
CTBOpIOE eKBiBaJeHT (¢oTorpadiyHoro HeraTuBy. JlaHuwili BuUJ TEPETBOPEHHS 3
sckpaBocTsiMu B aiana3oHi (0, L-1) Bu3HauaeTbest BUpa3oM:

s=L-1-r, (2)

Je S 1 I — mikcesi 300pa)eHHsI J10 1 miciisg 00poOKH BIJIMOBIIHO.

3a gomomoror mporpamHoro cepezosuiia Matlab mposenemo MozemroBaHHS
naHoro meperBopennst [3]. Jlms mouatky B cepemoBuiie Matlab, 3a momomororo
KOMaHau imread, 3aBaHTaXUMO 300paKEHHS MICIIEBOCTI Z, 3HATE 3a JOMOMOTOIO
KBaIPOKONTEPA Ta MEPETBOPUMO HOTO 13 KOJILOPOBOTO B MIBTOHOBE Z 1, 3aCTOCYBaBIIN
dynkmiro rgh2gray. [am, BukopucToByrouM (QyHKIIIO imadjust mepeTBOproeMo
300paxxeHHs Z.1 B HETaTuB.

Jlorapupmiune neperBopeHHs. JlorapupmiuHi MepeTBOPEHHS 3aCTOCOBYIOTHCS
JUTSL pO3TATYBAHHS Jllalla30Hy 3HAYeHb TEMHHX MIKCEIiB Ha 300pakeHH1 3 0JHOYACHUM
CTHCHEHHSIM Jlialma3oHy 3HA4YeHb SCKpaBuUX TikcemiB [2]. Jlani mepeTBOpeHHs
OMHCYIOTHCSI BUPA3OM:

s=clog(1+r), (3)

e C — KoHcTaHTta1 r>0.

B cepenosuini Matlab as mpoBeneHHs Takoro MoieIFOBaHHS BUKOPUCTOBY€ETHCS
HACTYyNHUU BUpa3: g =-clog(l+double(f)).

Buno3sminenss ricrorpamu. Jlo 1pyroi rpynu MeToiB MOKpaIEHHs 300pa’keHb B
IIPOCTOPOBIM 001aCTI BITHOCATHCS TaKl MEPETBOPEHHS SIK €KBaIi3allis ricTorpamu [4].
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ExBanizariiero (JiHeapu3alli€ro) ricTorpaMu Ha3uBa€ThCs IEPETBOPEHHS BUITY:
Kk

=T =P (1) =2 k=0l (4)
i-0 io N

Jie N — 3arajibHe YKCII0 MIKCEeIiB Ha 300paeHH], n, — KIJIbKICTh TOYOK SICKPaBOCTI
r., a L— 9ucio piBHIB CKPaBOCTI.

JIist MozieTIoBaHHS TPOIECY €KBaJli3allii TicTorpaMu BigoOpa3uMo TicTorpamy
MIBTOHOBOTO 300pakeHHs Z1 (pUCYHOK).

6000 | §

4000 1

2000 E

0

TS “I

0 50 100 150 200 250

Pucynox — I'icmoepamna exsanizayii niemonogoco 306padicenns Z1

[TokpamenHs: 300paxkeHHs1 3a jonomoroio omeparopa Jlarumaca. Jlanuit Tum
MOJTMIICHHS BITHOCHUTHCS IO METOIB JIIHIMHOI TPOCTOPOBOI (PpimbTparllii Ta 103BOJISIE
BI3yaJIbHO TOKPAIIUTUA 300paKeHHs, IIJISXOM ITiJIBUIIEHHS PI3KOCTI 32 HACTYITHOIO
(dopmyoro:

g(x.y)=f(xy)+cv’f(xy), ()

ne f(x,y) — BUXIiJIHE 300pakeHHs, g(X,y) — MOKpalleHe 300pakKeHHs, a mapameTp

C IOpIBHIOE 1, SKIIO IEHTPaJbHUN KOEPIIIEHT MACKU MO3UTUBHUH, 1 C = -1, SKIIO
HaBITaKH.

BucHoBoOK. [3 mpoBeAeHOr0 MOJIETIOBaHHS MPOCTOPOBUX METOJIIB MOKPAILIEHHS
BI3yaJIbHOI SIKOCT1 IIU(POBUX 300paKeHb MOKHA 3pOOUTH BUCHOBOK, 1110 HAWKpaIUM
METOJOM y JaHOMY BHUIIQJKy MOKHA BBaKaTH TIOKPAIIEHHS 300pakKCHHS 3a
JIOTIOMOTO10 oreparopa Jlamnaca, OCKITbKY JaHUN METO pOOUTh 300paskeHHs O1IbII
PI3KIIINM, KOHTYPHU €JIEMEHTIB CTaJIM OUIBII YITKIIIUMH, 1110 B CBOIO YEPTy M1AKPECITIOE
netan 300paxxeHHs. [HII TPOCTOPOBI METOIM MOXKYTh OYyTH BUKOPUCTaHI 1 TOKa3aTu
Kpaillli pe3yJbTaTd B IHIIMX YMOBaxX IMPEACTaBJIeHHS 300pakeHb (OCBITJICHHS,
maciTad, 3D opieHTalis 00’ €KTIB).
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Abstract. This article provides an overview of research on methods of working with binary
data in scripting programming languages. In today's information world, there is an
increasing need for efficient processing of binary data, and scripting languages play an
important role in solving this task. The article considers the main approaches to work with
binary data in scripting programming languages, such as the use of bit operations, bit fields
and structures, specialized libraries and frameworks. Various methods are offered for
reading, writing, processing and converting binary data within the framework of a scripting
language.
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AKTYaJIbHICTB JOCIIKEeHHs1. Y Cy4yaCHOMY CBITI 00CST OIHAPHUX JAHUX, TAKUX

AK 300pa)K€HHA, BiJE€O, ayll0 Ta I1HINI MyJIbTUMEAiNHI (aiau 3HayHO 3pic.

[IporpamictaM 1 po3poOHHMKAM CTalo AyX e BaXJIUBO €(DEKTUBHO OOpOOIATH Ta

30epiratu 1Mo iHMopmariito, 1moEbd 3a0e3NMeYnTH ONTUMANBHY MPOAYKTHUBHICTH Ta

BHUCOKOSIKICHY po0O0Ty fonatkiB. [Ipote poboTa 3 GiHApHUMH JAaHUMHU Yy CKPUITOBHX

MOBax MPOTrpaMyBaHHs MPEJCTABIISIE CBOI 0COOJIMBOCTI Ta BUKJIMKAE MTEBHI CKJIATHOIIII.
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CKpuInToBi MOBH, Ha BiIMIHY BiJ KOMITUIFOBAHMX MOB, MalOTh O1IbIII BUCOKUN PIBEHb
a0cTpaxiiii 1 3a3BU4ail He 3a0€31euy0Th HU3bKOPIBHEBY MaHIMYJIALI0 3 O1HApHUMU
TaHUMU. Y 3B'SI3KY 3 IIUM PO3POOHUKH 9aCTO CTHKAIOTHCS 3 TPOOIeMaMu MPH YNTaHHI,
3amucy Ta 00poOIl TaKUX TaHUX.

Merta po0oTu nossirae y Bu3Ha4eHH1 HalOLTbII €PeKTUBHUX Ta 3pDYUYHUX METO/IIB
poboTH 3 OIHAPHUMU JAHUMHU y PI3HUX CKPUIITOBHUX MOBax mporpamyBaHHs. Ilicis
MPOBEJACHHA aHali3y OyayTh BHJIUICHI Kpalll TNpakKTUKH Ta PEeKOMEHaIlli, sKi
J03BOJIATH TIpodecionagaM y raaysi mporpamyBaHHs OUThIT €()eKTUBHO MPAIFOBATH 3
OlHAapHUMM JIaHWUMH, TOKpAIIUTH SKICTh CBOiX IIPOEKTIB Ta MiABUIIATH
MPOJYKTUBHICTH CBOTO KOy [1].

binapui nmaHi BigirpaloTh KIIOYOBY pPOJb y PI3HHX Taly3siX IporpaMyBaHHS,
BKJIIOUAIOYM MEPEXXHY KOMYHIKallilo, poOdoTy 3 (aiimamu Ta omeparii 3 amapaTHUM
3a0e3neueHHsIM. BUKOpHUCTaHHS CKpPUIITOBUX MOB MPOTPaMyBaHHSA g poOOTH 3
OlHApHUMM JaHUMHU € aKTyaJbHUM 3aBJaHHSM, OCKUIBKM BOHHU 3a0€3Ie4ylOTh
THYYKICTh Ta MpocTOoTy y po3podui [2]. OnHak, mepmr HDK MH IOYHEMO
BUKOPUCTOBYBATH CKPUIITOBI MOBH MPOTrpaMyBaHHs JUIsl pOOOTH 3 IIUM THUIIOM JIaHUX,
HEOOX1HO PETENIbHO TOCTIAUTH METOAU Ta MiJXOAM, SIKI MOXKHA 3aCTOCYBAaTH JIf
e(eKTUBHOT 0OpOOKH OIHAPHUX JTaHUX Yy CKPUIITOBUX MOBAX.

[lepmm kKpokoM y poOOTI 3 OlHApHUMHU JAHUMU € BU3HAUYEHHS HANOUIbII
CIPHUATIMBOTO CIOCOOY iX MOJaHHS y CKPUNTOBHX MOBaX MporpamyBaHHs. [{e Moxe
BKJIFOYATH BUKOPUCTAHHS PAJIKIB OaiTiB, yucen 3 (piKCOBAHOIO TOYHICTIO, MAaCHBIB
O1TIB Ta THIINX CTPYKTYP, MPUJIATHUX JIJIsl IEBHUX BUIAJIKIB BUKOPUCTAHHSI.

st ebexTuBHOT poOOTH 3 GIHAPHUMU JAaHUMU HEOOXITHO pO3pOOUTH METOIU
YUTAHHS Ta 3aIUCY, SKi JO3BOJIATh HAM OTPUMYBATH JOCTYM J0 PI3HUX CIEMEHTIB Ta
nomiB JgaHux. Lle Moxe BKIHOYaTH CTBOpPEHHS (DYHKIIM 1 METOMIB JJIi YUTAHHS 1
3anucy, a Tako 00OpoOKy MOMUIIOK 1 EPEBIPKY LITICHOCTI TaHUX.

Yacto noTpiOHe nepeTBOpeHHs O1HAPHUX JaHUX Y pi3HI (popMaTH Ta CTPYKTypHU
JaHUX, 00 3a0e3MeUYuTH 3pYy4YHICTh POOOTH 3 HHUMHU. JIOCHIDKEHHS METOiB
nepeTBOpeHHs Ta (OpMaTyBaHHS JTaHUX JIOMIOMOXKE HaM PO3POOUTH AITOPUTMH Ta
(GbyHKIT U1 BAKOHAHHS TaKUX OIeparliii.

OO6poOka BenuKuX O0CSTiB OIHAPHUX JAHUX MOXKE CTaTH CKJIQJHUM 3aBJIaHHSIM
yepe3 OOMEKEHHS MaM'saTi Ta MPOAyKTUBHICTE [3]. V 1ili yacTHHI JOCITIPKEHHS MU
OyzieMo JOCIIKyBaTH METO/H, 1110 J03BOJISIOTh €()eKTUBHO Ta EKOHOMHO 00pOoOJIATH
Ta 30epiraTu BeJIMKi 00CATH O1HAPHUX JAHMX.

Jlist 3a0e3nedeHHss HaWBUINOT MPOTYKTUBHOCTI pOOOTH 3 OlHAPHUMHU JaHUMU
Oyne moTpiOHa onmTUMI3aIlis KOAY Ta ajlrOpPUTMIB. Y I YaCTUHI JOCIHIKEHHS MU
BHBYATUMEMO METO/IM ONTUMI3AIlI] Ta po3pO0Ky e(hEeKTUBHUX aJITOPUTMIB JIJIsl pOOOTH
3 OlIHAPHUMU JAHUMHU Y CKPUIITOBUX MOBaX.
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BucHoBok. PoGoTa 3 OiHapHUMU JaHUMH B CKPUIITOBUX MOBaX MpOrpamMmyBaHHS
€ BOXJIMBHUM 3aBJAHHSM, II0 BUMAara€ peTejbHOro JOCHIKEHHS Ta MPOEKTYBAaHHS
METOJIIB poOOTH 3 MM THUIOM JaHuX. Lle AOocCHiIKeHHS MPOMOHY€E OTJISA Pi3HUX
acmekTiB poOoTH 3 OiHAPHUMU JAHUMHU Yy CKPHUITOBUX MOBaX, BKIIOYAIOYU
Mpe/ICTaBJICHHS JaHUX, YUTAHH Ta 3aIiC, IEPETBOPEHHS Ta (popmaTyBaHHs, poOOTY 3
BEJIMKMMU 00CATaM1 JITaHUX, a TAKOK ONTHUMI3allit0 poOoTH. BoHO cTaBUTH epe HaMu
3aBJIaHHS PO3POOKH €PEKTUBHUX METO/IIB pOOOTH 3 O1HAPHUMHU JAaHUMHU y CKPUITTOBUX
MOBAX Ta J03BOJIA€ Kpallle 3p03yMiTH MOTEHIIa Ta OOMEKEHHS TaHUX METO/IB.
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Abstract. In this work the main advantages of using application programs and computer
automated design systems (CAD systems) for the research and development of modern
mechanisms are analyzed. To effectively solve scientific and technical problems, a specialist
must now take into account the specifics of engineering problems and know the tools and
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means of computer modeling. At the current stage, 2D and 3D modeling has become a
standard for the development of design and demonstration materials in the fields of
mechanical engineering. This study highlights the features of using some popular computer
programs for the analysis and synthesis of mechanisms. The possibilities of using CAD for
the generation and modification of complex graphic objects are also shown.

Keywords: computer programs, design, mechanism, CAD systems, modeling, mechanical
engineering.

AKTYaJIbHICTh JOCHII2KEHHSI 3yMOBJICHA IIMPOKUM BUKOPUCTAHHAM IS
MPOEKTYBAaHHS MEXaHI3MIB CYYaCHHMX KOMIT IOTEPHHX MpOorpamM, fKi JO3BOJSIOTH
3MEHIIUTH KUIBKICTh TMOMHWJIOK 1 4Yac, BHUTpayeHH Ha mpoekTyBaHHSA. Take
aBTomatn3oBane mnpoekryBanHs (CAD — Computer-Aided Design) 3a6esmeuye
M1JBUINCHHS MPOIYKTUBHOCTI 1HXEHEepa, MOKpaIeHHs SKOCT1 MPOEKTa 1 CTBOPEHHS
0a3u JaHuX Jj1s1 BUPOOHUIITBA.

MeTo10 po00TH € IPOBEJCHHS MOPIBHSIBHOTO aHai3y 1 BUCBITICHHS OCHOBHUX
nepeBar BUKOPUCTAHHS TMPOTPAMHOTO 3a0e3IeyeHHs, 10 J03BOJIAE€ 1HXKEHEepaM
CTBOPIOBAaTH TMPOEKTH MEXaHI3MIB 3 TOYHUMU Ta JCTAIbHUMU TEXHIYHUMHU
KpECIEHHSIMU 1 crienr(ikauisiMu 1Jis1 IPOECKTYBaHHS Ta BUPOOHUIITBA.

HoBiTHI npukiaaaHi KOMII'FOTEPHI  TEXHOJIOTIi  JIO3BOJSIIOTH  MPAKTUYHO
peanizoByBaTH CUCTEMHI MIIXOIU 10 MPOEKTYBAHHS MAIIMH 1 MEXaH13MiB, BU3HAYATH
KIHEMaTH4HI Ta AUHAMIYHI XapaKTEpPUCTUKU MEXaHI3MIB 3a JOMOMOIOI0 CyYaCHUX
QHATITUYHUX 1 TpadoaHATITUYHUX METOMIB, BU3HAYATH ONTHUMAJIbHI TapameTpu
MEXaHI3MIB 3a 3aJaHuMH yMoBamMu poOotu [1]. Po3poOka 1 BmpoBamKEeHHS
CHelaTi30BaHUX KOMII IOTEPHUX MporpaM pO3LIUPIOIOTh MOXJIMBOCTI Bi3yani3arii
CKJIQJHUX MEXaHI3MIB 1 CIPOLIYIOTh PO3PAXyHKOBO-TpaiuHy YaCTUHY TpHU
MPOBE/ICHHI aHAIII3y 1 CHHTE3Y MEXaHI3MIB 1 MallluH.

Texnosorii aBromatuzoBaHoro mnpoektyBaHHs (CAD) Ta aBTOMaTM30BaHOIO
BupoOHuirTa (CAM — Computer-Aided Manufacturing) mupoko BUKOPHUCTOBYOThCS,
OCKIJTbKM JIO3BOJISIIOTHh JTU3aiiHEpY Ta 1HXKEHEPY-KOHCTPYKTOPY BTUIMTH 3aJyM B
€JIEKTPOHHOMY BHWIJISIII T4 OTPUMATH TOBHUM KOMIUIEKT TPAJUIIMHOI MPOEKTHOI
nokymenTaii [2]. CydacHi KOMIT'FOTEpHI CHCTEMH HaJlaloTh 3aCO0U Ta ITHCTPYMCHTH,
SKI CTUMYJIIOIOTh HOB1 METOJM MPOEKTyBaHHA, 1moOynoBu 3D Moneneit aeraneit Ta
BY3JIIB MEXaHI3MIB 1 MalliuMH. TakoX BOHAa JO3BOJISIIOTH BUBYATH B3aEMOMII0 MiX
MPOAYKTaMU BHUPOOHUIITBA B TPOIIECI MOJCIIOBAHHS YMOB I1XHBOI €KCIUTyaTarlii.
PesynbraTom npoekTyBaHHS € IHTErpadbHUN HA0Ip OMUCAHUX MOJICIICH, BITACTUBOCTEH
a00 XapaKTepHUCTHUK y PopMi, TPUAATHIN JJIs peatizarii.

[Iporpamue 3a0e3nedyeHHS MEXaHIYHOTO AaBTOMATH30BAHOTO MPOCKTYBaHHS
(MCAD) BHKOPHCTOBYIOTh y PI3HUX Tally3siX, BKJIFOYAOUU aBTOMOOLICOYyBaHHS,
OyIIBHMIITBO, €JIEKTPOHIKY, apxiTeKTypy Touo. [Ipu mNpoekTyBaHHI OKpeMHX
mexaHi3miB MCAD no3Bossie iHXeHepaM CTBOPIOBATH JBOBUMIpHI (2D) 1 TpuBUMIpHI
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(3D) moxeni 3 BUCOKOIO TOUHICTIO, TeHEepyBaTH BiptyainbHe 3D-npencraienus. Lle
J0TIOMAarae KOpUucTyBadaM po3risAaTi 00'€KT Mijl piI3HUMHU KyTaMH, a TAKOK TECTYBAaTU
1 MOJICITFOBATH MOTO TIepe]] CTBOPSHHSIM MpoToTHIY [3].

Jlis cydacHOro iH)KE€Hepa BaXKJIMBO HE TUIBKM MAaTh TPYHTOBHI 3HAHHS IPO
CTPYKTYpy, KIHEMaTHKy 1 JWHAMIKy MEXaHI3MiB, a TaKOX OpI€HTyBaTHUCS 1 B
0COOJIMBOCTSIX MPOTPAMHUX MPOIYKTIB, PO3POOICHUX ISl MPOEKTYBAHHS 1 CTBOPEHHS
MPOEKTHOI JokyMmeHTallli. daxiBil y PI3HUX Taly3sX OOMpPArOTh Ti MPOTPaMH, IO
BIJIMOBIJAI0OTh BUMOTAaM TIOCTABJICHOI Mepes HUMHU 3anadl. PosriasHeMo jaeski 3
NOMYJISIPHUX HUHI MPOAYKTIB JJI1 aBTOMATU30BAHOTO MPOCKTYBAHHS.

Onshape — 1ie equHe XMapHe pillieHHs 111 pO3POOKH MPOAYKTIB, sIKEe 00’ €THY€
CAD, kepyBaHHs JaHUMHU Ta aHAIITUKY Ha onHiN tuiatdopmi. Croromni Onshape €
cTpiMKo 3pocTtarouoto miaThopmoro CAD/PDM vy cBiTi, sika pO3BUBAETHCS B 7 pa3iB
mBuae, Hix rary3s CAD 3aramom.

Autodesklnventor — gae MOXJIMBOCTI iH)KeHepaMm 1 (axiBLsgM 3aliMaTHCS
OpOEKTyBaHHAM, 1HTerpyBatu 2D- Ta 3D-naHi B €1MHE CEpelOBHUIIE, CTBOPIOIOYU
BIpTyaJbHE YSBICHHS KIHIEBOro mnponaykry. Lle mo3Boisie mepeBiputH (opmy,
MPUAATHICTB 1 PYHKIIT BUpOOY 1IE /10 TOTO, SIK BIH OyJle CTBOPEHHIA.

Siemens NX — rHyuke i MOTY)XHE IHTETpOBaHE MPOTPaMHE 3a0E3MECUCHHS, SKE
J0TIOMarae sSKHaWIBUIIE Ta €PEKTUBHIIIE BUBOJUTU Ha PUHOK HOBI BUpoOH. NX
MIATPUMYE BCl CTaAil po3poOKH BUPOOIB: BiJl CTBOPEHHS KOHLIETITY 1 MPOEKTYBAHHS 10
BUT'OTOBJICHHS.

3azHaunmo, 10 OKpiM nepeBar koM torepHi nporpamu MCAD wmaioTh meBHi
OOMEXEHHS:

1) sapmicmo npoepamnozo 3a6e3neuenns (MPOrpaMu MOXKYTh OYTH TIOPOTUMH, 1
TOMY JOCTYII JI0 HUX MO€e OyTH 0OMEKCHHM);

2) nomyoicHicmeb 064UCI08aNbHOI mexHiKy (BEITUKI Ta CKIaTHI IPOSKTH MOXKYTh
BUMArarty MmoTyXHHX KOMIT FOTepiB, 11 e(eKTUBHOI poOOTH 3 IporpaMamu);

3) HeobxiOHicmb HasuanHs I HANPayO6anHs Haéuyox (IHKEHEPH OBUHHI BMITH
BUKOPHCTOBYBATH MPOrpaMHe 3a0e3MeUeHHS I BAKOHAHHS TIOCTABIICHUX 33]1a4);

4) senukuii 06cse danux (IPOEKTYBAHHS CKIAJHMX MEXaHI3MIB MO)KE BHMaraTH
BEJIMKOI KUIBKOCTI JaHMX 1 OOYHUCIEeHb, a 00poOka 1 30epiraHHs Takux 00 €MIB
iHpopMarrii Moke OyTH CKIIQJIHUM PIIIICHHSM).

He3Baxatoun Ha ykazaHi oOMexeHHs, (QaxiBIi Ta KoprHopauii s po3poOKu
CyYaCHHUX MEXaHI3MIB 1 MallUH €(PEKTUBHO BUKOPUCTOBYIOTH KOMIT IOT€PHI CUCTEMU
ABTOMATU30BAHOTO TMPOCKTYBaHHA, SKi JO3BOJISIIOTH CTBOPIOBATH 1 MOAM(IKyBaTH
PI3HOMaHITHI BUpPOOU, BPaxOBYBaTH YMOBU IXHBHOTO (DYHKIIIOHYBAaHHS Ta BapTiCTh
po3pobnenux Moxenei. Hampuknan, kopmopamis Caterpillar Inc. (takox Bimoma
npocto ik CAT) — amepruKkaHChKHI BUPOOHUK Oy TiBEILHOTO Ta 1HIIOTO 1HKEHEPHOTO
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obnanHanHs BUKopuctoBye MCAD 1151 MpOEKTYBaHHS BaKHOT POMHCIIOBOT TEXHIKU
(Oynmba03epiB, eKCKaBaTOPIB Ta iH.).

Ferrit s.r.0o. — wdechbkuii BHPOOHHK TIPHUYOBUAOOYBHOTO OO THAHHS
BukopuctoBye CAD nnsi po3poOKd HOBOTO TMOKOJIIHHS €()EKTUBHUX JIOTICTUYHHUX
pllIeHb JAJI TIPHUYOBHUI00YBHOI TPOMHCIOBOCTI 3 HU3bKUM €HEPIOCIOKHUBAHHSIM.

e oxuum npukiaagom € The Boeing Company — ameprkaHchbka aepoKOCMidHA
KOpIoparlisi 1 MpOBIIHUN BUPOOHUK KOMEPIIMHUX PEaKTUBHMX JIITaKiB, 0OOPOHHUX,
KOCMIYHHMX CHCTEM 1 cucteM Oe3neku. Boeing BUKOPHUCTOBYE JJIsSI CBOIX JIITAKIB Taki
nporpamMu aBTroMatu3oBaHoro npoektyBaHHs ik CATIA, Siemens NX, SolidWorks 1
Pro/ENGINEER [4]. JIns mexaHIYHOTO MPOEKTYBAaHHS Ta aHamil3y, a TaKOX s
MOJICJIFOBaHHs Ta Bizyasisalii kommnadis Boeing BukopucroBye PRO/ENGINEER.

BucnoBku. /1511 aHami3y cy4acHUX MEXaHI3MIB 1 MaIlllH, a TAKOXK AJIsI PO3POOKH
HOBMX MOJEJIell MIMPOKOIO BHUKOPUCTAaHHS HaOyBalOTh CUCTEMH KOMIT IOTEPHUX
nporpaM aBromaTtu3oBaHoro npoekTyBaHHs (CAIIP) Ta aBTOmMaTru3oBaHOrO
BUpOOHUIITBA. [CHY€ Oarato pi3HUX TUIB rporpamuoro 3adesneueHds CAIIP, 1 koxxen
Mae BIacHUU HaOIp PyHKIIH 1 MokIuBOCTel. [lepeBarn HallHOBIIUX 1IHCTPYMEHTIB 1
TEXHOJIOT1M KOMIT'FOTEPHOTO0 MOJENIOBAHHSA JAl0Th MOXJIHMBICTH PO3POOJIATH OLIbII
TOYHI Ta €EKTUBHIIII MPOEKTU. BUKOpHUCTaHHA CydacHUX KOMII FOTEPHHUX 3aCO0IB 1
CAD-cucteMm 03BOJIS€ IHXKEHEpaM 1 TEXHIYHUM JU3aifHEpPaM CYTTEBO PO3IIMPHUTH
TOPU30HTHU NPOEKTYBAaHHS, TOKPAIIUTH AKICTh MPOEKTA 1 MIJABUIIUTH NPOAYKTUBHICTD

mpairti.
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Abstract. This research delves into the exploration of electromagnetic field impacts on
microcontroller-based monitoring and control systems for electrical power supply. In the
contemporary context of power systems, ensuring the stability, safety, and efficiency of these
microcontroller systems is paramount. The study adopts a comprehensive approach,
incorporating both experimental and theoretical methodologies, to assess the stability of
system functionalities and investigate effective preventive measures against electromagnetic
influences. The research analyzes imperfect conditions, such as uncertified devices and faulty
filters, and emphasizes shielding effectiveness and proper grounding. Mitigating
electromagnetic field influences on microprocessors requires a comprehensive, phased
approach.

Keywords: electromagnetic field, electromagnetic influences, microcontroller systems

AKTYaJbHICTh JOCJIIUKEHHsI 3yMOBJIEHa THM, IO JOCIIKEHHsS BIUIUBIB
€JIEKTPOMATHITHOTO TOJIs1 HA MIKPOKOHTPOJUIEPHI CUCTEMHU MOHITOPUHTY Ta KOHTPOJIIO
CHUCTEM EJICKTPOITIOCTaYaHHS € Ba)KJIMBHUM JJIs 3a0€3MeUYCHHs CTIMKOCTI, Oe3MeKkn Ta
€()EeKTUBHOCTI Cy4YaCHUX €HEPreTUYHUX CUCTEM.

MeTo10 po6oTH € TPOBEJACHHS KOMIUIEKCHOTO aHali3y, SIKMM OXOIUIIOE SK
eKCIIEPUMEHTAJIbHUM, TaK 1 TEOPETUYHUM MIIXOAM, JUIi BU3HAYEHHS CTaOLIbHOCTI
(GyHKIIOHYBaHHSI CUCTEM Ta BUBYCHHS €()EKTUBHUX METOJIIB 3aM00IraHHs BIUIMBAM.
OCHOBHUMHU 3aBJaHHIMHU POOOTH € JIOKaJIi3allisd Ta BUSBJICHHS HACIIJIKIB 30BHIMIHIX
BILJIUBIB HA CHCTEMH.

OcrtanHl poKHM PO3BUTKY 1U(poBUx Ta I1HPOpPMAIIHHUX TEXHOJOTIN

MIKPOKOHTPOJIEPHI Ta MIKPOIMPOIECOPHI IHCTPYMEHTH CTajlu MOTYKHUMH 3aco0amu
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JUIST MOJEpHi3allii pPi3HUX O0O0'€KTIB 3alI3HUYHOTO TPAHCIOPTY, Bl MEPEXOdy [0
BIIPOBA/DKCHHS aBTOMAaTM3allli Ta HMUGPOBUX TEXHOJIOTIH y TpajuiliiiHI Tamy3i A0
PO3BUTKY  TMEPENOBUX  CHEIalli30BAHUX  CUCTEM 3  MIKPOKOHTPOJECPHUMHU
apXiTeKTypaMu Ta BUKOPUCTAHHSIM IITYYHOTO 1HTEICKTY.

OpmnHak mpo0aeMOI0 MOIEpHI3aIlii € HEBpaxXyBaHHS 0COOIMBOCTEH BUKOPUCTAHHS
MIKpPOKOHTPOJIEPHOI TEXHIKU TMPHU MPOEKTYBaHHI. BUSIBICHHS OCHOBHUX PHU3UKIB Y
MIKPOKOHTPOJIEPHIN apXiTEKTYpl 00YMOBJICHE HECYMICHICTIO OKpEMHX OJIOKIB, BY3J1iB
1 3B'A3KIB, @ TaKOXX MPUCYTHICTIO YPa3JIMBOCTEH Ta HEMPOTEKTOBAHUX OOJIACTeH, SIKi
MOXXYTh OYTH MiJiJaHl BIUIUBY €JIEKTPOMArHiTHUX mojiB. OcoOauBHil HAroJyoc
pOOUTHCS HA BIUIMBI €IEKTPOMATHITHUX TOJIB, SKI MOXXYTh BHHHMKATH BHACIIIOK
BUKOPHUCTAHHA PI3HUX TUITIB HABAHTAXEHb TA YaCTOT IOJIB.

EnexTpomarHiTHi ~ NEpeIIKOAM  BHUSBISIIOTBCS Yy  BCBOMY  CHEKTpi
€JIEKTPOMATHITHUX KOJIMBAaHb, BKJIIIOYAIOYM MiHIMaJIbHI yacToTH. Lle BKitouae B cebe
€JIEKTPOCTATUYHUHN 1 MAarHITOCTATUYHUM BILIUB IOJS HA MIKPOKOHTPOJIEPH, TaTIYUKU
eJIeKTporiepeadi, TpancPopMaTopu, HU3bKOUYACTOTHI KOMYHIKAIIHI CUCTEMH, PaIio-
1 TeJIEBI31HI TIepeaaBayl, pajiojoKalliiiHa TeXHIKa, MIKPOXBUJILOBI T4l Ta KOCMIYHI
JDKepena.

Ceprudikaniiini BUIpoOyBaHHS HAJAIOTh YITKE Ta MOBHE YSBJIECHHS PO AKICTh
€JIEKTPOMArHITHOT cyMicHOCTI. OHAaK M1l Yac WX BUIPOOYBaHb HE BPaXOBYIOThCS (Ta
1 He MOXYTb OyTHM BpaxoBaHi) MOTEHIIIIHI KOMOIHaIlli KOMIIOHEHTIB MPUCTPOIB Ha
po0OYMX MICISAX BIAMOBIIHO O KOHKPETHUX 3aBJaHb, a TaKOXX MOJIMBI BILTUBU
B3a€EMHOTO PO3TAIyBaHHS IIUX KOMIIOHEHTIB Ta iX B3a€EMHUX KaOeNbHUX 3'€IHaHb Ha
CTBOPIOBaHI IMOJISL.

JocnipkeHHsT BKJIIOYaE B ceOe aHalli3 HelJeadbHUX YMOB, TaKUX SK
BUKOpPHUCTaHHS HecepTU(iKoBaHUX MoOyToBUX npuiaiis 3 LIIIM neperBoproBauamu,
AKI MOXYTb CTBOPIOBAaTH PEAKTHUBHI CUTHAJIM Ta PE30HAHCHI YacTOTH. Takox
PO3IIISIA€ThCA MPOOJIeMa BUKOPUCTAHHS MPUCTPOIB 13 HECIIPAaBHUMU MEPEKEBUMHU
biapTpamMu, MO MOXKE NPHU3BOAUTH JO0 3HA4YHMX 3aBaj. OKpeMo pO3risigaeThCs
e(eKTUBHICTh €KpaHyBaHHS Ta MpaBUJbHA MOOYJ0BA 3a3€MIIIOIOUOTO KOHTYpa IS
3ano0iraHHsl HaBOJAOK Y BUIIAJIKy CTBOPEHHS 3€MJISIHOT TIETIII.

OcKUIbKM 3arpo3u Bij BIUIMBY €JIEKTPOMArHiTHUX MOJIB Y MIKPOIPOLECOPHUX
TpaKTaxX CUCTEM YacTO MAIOTh CKJIQJHUN Ta KOMIUIEKCHUN XapaKTep, TO 1 MPOBEICHHS
3aXOJIIB JIJIs iX 3aMoOIraHHs € €TalHUM IpoliecoM. PillieHHsI, CIpsMOBaHI Ha 3aXHUCT
OOYHUCITIOBAILHOTO TIPOIIECY Ta AJITOPUTMIB POOOTH MIKPOMpOrpaM KOHTpoOJepa
KEepyBaHHS, TAKOXX TOBUHHI MaTH KOMITJIEKCHUN TTiIX1]1.

BucnoBok. JlocnipkeHHST TOMUPEHOCTI MIKPOKOHTPOJIEPIB Y CY4aCHOMY CBITI
HIATBEPUKYE 1X BEIUKY MOMYJISIPHICTh Ta CYTTEBUI BHECOK Y cepy BUKOPUCTAHHS.

Ha cporogni BaXKO ySBUTH (PYHKI[IOHYBAHHS €JIEKTPOHHHUX MPHUCTPOiB 0e3
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3aCTOCYBaHHS MIKPOKOHTpOJIepiB. PO3yMiHHS BIUIMBY €JIEKTPOMArHiTHUX TOJIIB
CTablIBHICTh POOOTH MIKPOKOHTPOJIEPIB Ma€ BaXKJIMBE 3HAUYCHHS JIJII PO3BUTKY Ta
3aCTOCYBAHHS TEXHOJIOTIH y Cy4aCHOMY CBITI.
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Abstract. In Ukraine, there is currently no universally accepted software for designing
infrastructure objects, particularly for roads and railways. Most design organizations lack a
stable strategy for the development of CAD programs within the enterprise and typically limit
themselves to simply purchasing software without proper training in its use. After the onset
of the full-scale invasion by Russia, Ukrainian designers faced the challenge that there is no
domestic Computer-Aided Design (CAD) software in Ukraine that is independent of the
mentioned circumstances. Working with other CAD systems adopted in the European Union
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and the United States results in increased project design time, specifically in adapting project
solutions developed in these systems to the documentation system accepted in Ukraine
Keywords: CAD, road, rail, designing, restoration, infrastructure

AKTYaJIbHICTh  JOCJIPKEHHSI 3yMOBJIEHa MPOOJIEMAaTUKOIO  IIBHJIKOTO
BUKOHAHHSI TPOEKTIB BIAHOBJICHHS 1HQPACTPYKTYpH Y KpaiHu, 3pyHHOBAaHOT BHACIIIOK
30poiiHoi arpecii pocii.

MeTo10 po60oTH € TIPOBEJCHHS OTJISIIOBOTO aHaIi3y MEPCIEKTUB BIIPOBAIKECHHS
epextuBHuX BIM-TexHonoriii B VYkpaiHi Ha T BIJHOBIEHHS 1H(paCTpyKTypu
BHACJI10K 30poiiHO1 arpecii pocii mpotu YKpainu.

B VYkpaini npu npoekTyBaHHI 1HPpPACTpyKTYpHUX OO0’€KTIB, a came
aBTOMOOUIBHUX JOPIT Ta 3alli3HUIIb, HE MA€ OJIHOCTAITHO MPUUHATOTO MPOTPAMHOTO
3a0e3ne4eHHs JUIsl CTBOPEHHS TaKMX 00’ €KTIB. BUIBIIICTh MPOEKTHUX OpraHi3alliii He
MaloTh CTiiikoi ctpaTterii po3BuTky CAD-mporpam Ha miANPUEMCTBI 1 OOMEXKYETHCS,
AK TIPABUJIO, IPOCTO KYMHIBJIEIO MTporpamMu 0€3 HaJeKHOI0 HaBYaHHS POOOTI 3 HUMHU.

ABtopamu [l] mpoBemeHO aHai3 OCHOBHHX CHCTEM aBTOMAaTH30BAaHOTO
MPOEKTYBAHHS, SAKI 3aCTOCOBYIOTBbCS B YKpaiHi. 3TiIHO BHUCHOBKIB B poOoTi [1]
OPONOHYETHCS JJI1 TMOYaTKy O3HAlOMJIEHHS 3 CHCTEMaMHd aBTOMAaTH30BaHOTO
npoektyBaHHs 3acTtocyBatd AULOCAD. Takox BiMiueHO, 110 B YKpaiHi iICHY€ BeJuKa
kutbkicTh pizHux CAIIP, sxi 3a cBoiM (yHKIIIOHAIOM € 1 OUIBIN MPOCTIMI, TaK 1
CKJIQTHIIIII.

Takox nyxe BaXJIMBUM € BUKOPUCTAHHS 1HKEHEPHOI rpadiku B MPOEKTYBAHHI
NpU CTBOPCHHI Ta YIOCKOHAJICHHI IHHOBAIIMHOTO MPOAYKTY [2]. A/pke Bizyaumizamis
CTBOPEHOTO TIPOEKTY € BAXKJIMBOIO YAaCTHHOIO TPOIIECY MPOEKTYBAHHS, MPU SKOMY
MIHIMI3YIOTbCS IOMUJIKU, CIPUYUHEH] JIFOJICBKUM (haKTOPOM.

3actocyBanHs pizHuX Moy 1B mporpamu AUtOCAD Civil 3D B yB’s311i 3 iHIIMMHU
IporpaMaMH JI03BOJISIE BUPIIIYBATH CKJIaIHI 3a/a4ul MOJICIIIOBAHHS PyXy TPaHCIIOPTY
Ta pO3pOOKU CIOPY/I Ta CXEM TPAHCIIOPTHOTO By3Jia. Taka METOI0NIOT IS AicTalia Ha3BY
7D BIM [3], o ckia1aeThes 3 TeOMETPUYHUX, HABKOJIHUIITHIX, MIKPOMOJICITIOBATBHUX
MIIXOIB JJI peai3alii aHaii3y BUroJ 1 BUTPAT, KOPUCHOTO JI CIEUIAICTIB, SKi
NpUMarOTh pilieHHsT Pe3ynbTatl mokasaiu, 10 HalKpalluid cleHapii nepeadoavae
CTBOPEHHSI HOBUX €CTaKaJ 1 MiJ3eMHUX MEPEXOAiB, 00 YCYHYTH KOH(MIIKTHI TOYKH
NEPEeTHHY, 3MEHIIUTHA 3JIUTTA TMOTOKIB pPyXy TPAaHCHOPTY Ta pPO301KHOCTI Ta
0e3rmocepeHbO 3’ €AHATH HAMOUTBII 3aBaHTAXKEHI KOPUIOPH.

B Vkpaini cBoro yacy B MpOEKTyBaHHI aBTOMOOUIBHHX JOpIT, Ta YaCTKOBO
3alII3HUIB, OTpUMaB TomupeHHs nporpamuuii komruieke CREDO JJOPOT'U. Lew
KOMILJIEKC PO3pOOIISIBCS O1IOPYCHhKOIO KOMIAHIERO 32 Y4acTl BYUSHUX Pocii, O110pyci Ta
Vkpainu. [Topisatoroun moxiauBocti CREDO JJOPOI'U (Kpeno-/ianor, binopycs),
Autocad Civil 3D (Autodesk, CIIIA), MXROAD (Bentley Systems, CIIIA), Plateia
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(CGS plus d.o.0., CnoBeHis) Ta iH., BU3HAYEHO, 1110 BC1 TPOrpaMu MarOTh SIK IepeBart,
TaKk 1 HeAoJiku. Bci BOHM CTBOPIOIOTH MPOEKTHI KPECHCHHS Ta MPOEKTHY
JOKYMEHTAIlII0, AKI HEOOXiJHI AJii CTBOPEHHS SKICHOTO MPOEKTY aBTOMOOIIBHOI
noporu. Haxkanb, He BCi IporpaMHi KOMIUIEKCH aJanTOBaHi IMiJl CTAHAApTH Y KpaiHH,
IO 3BOJAUTH iX BUKOpHUCTaHHSA A0 MiHIMymy [4]. JocuTh mmpoke MOUIMPEHHS B
VYkpaini CREDO JJOPOI'M npu3zBeno 10 pU3MKiB, SIKI 3arOCTPUIUCH MICIS TTOYATKY
30poiiHoi arpecii pocii me micias 2014 poxky. Ane 3 TOro 4acy Iied mporpamMHui
KOMIUICKC I1I€ IIUPIIE BIPOBAHKYBABCS ITPU PO3POOII MPOEKTIB aBTOMOOIILHUX JIOPIT,
OCKUJIBKM BIH HaiOLIbIe OyB aJanTOBaHUM 1O YKPAiHCHKOI CHUCTEMH IPOCKTHOI
nokymeHTarlii. CbOroJH1 BUSBJICHI PU3UKU CTIA JOBOJI KPUTUIYHUMH, TOMY IIIO
BIPOBA/DKCHHS 1HIIMX CUCTEM aBTOMATH30BAHOTO MPOEKTYBAHHS € CKJIATHUM, SK
CKa3aHo B [4], yepe3 He aJanTOBaHICTh 10 YKPAaiHCHKUX HOPM Ta BUMOT .

3BakaloyM Ha BHIICHABE/ICHE, OCHOBHUMH IIJISXaMU BUPIIICHHS MpoOieMu
IPOEKTYBaHHS 3a jgoromMoror BIM-texHouoriit B YkpaiHi MOXyTb OyTH:

- CTBOpeHHs BiacHoro ykpaiHcekoro CAIIP, amanTtoBaHoro a0 HOPM
YKpaiHCHKOTO 3aKOHO/1aBCTBA;

- ctBopenHs moxyist CAIIP B cepenoBumni AutoCAD, amantoBaHOTO 10 HOPM
YKpPalHCbKOI'0 3aKOHO/IaBCTBA;

- TapMOHI3yBaTH HOPMH Ta BHUMOTH YKPaiHCHKOTO 3aKOHOJABCTBA JO HOPM
E€sporneiicekoro Corosy.

Kosken 3 BapiaHTIB Mae CBO1 IepeBarv Ta HEAOJIKH, aje B Cy4yaCHHUX yMOBax
BEJIMKOI Baru Mae mBHUAKICTb BripoBakeHHs CATIP. [{ns crBopenns BiacHoro CAITP
HEOOX1/TH1 BEJIMKI KamiTaJOBKIAICHHS Ta JOCUTh TPUBAIWN Yac BIPOBAIHKCHHS, SIKUN
Oyne 3arpaueHuil Ha HaykoBe oOrpyHTyBaHHs Mojeni CAIIP, po3poOku airopuTMiB,
CTBOpPEHHs 1HTepdelicy Ta 0a3u JaHUX, MPOXOKEHHS KIJTbKOX eTalliB ajamnTarllii,
MpoleC BIPOBAHKEHHS B €KCILTyaTallilo Ta CTBOPEHHS HaBUAJIbHOI 0a3u AJist poOOTH 3
HOBOIO CAIIP. CporomHi Takuid BapiaHT € MaJlOMMOBIPHUM, aj€ € JOCTaTHbO
nepcuekTuBHUM. [lpu 1mbomy Oyjae OTpMMaHO BIACHUW 1HCTPYMEHT JUIsl poOOTH 3
PO3pOOKOI0 MPOEKTHOT TOKYMEHTAITI].

[apMonizariiss  yKpaiHCBKHM  JepXKaBHUX OyIIBEIbHUX HOPM JI0 HOPM
€BpONENHCHKOr0 COI03Y € BaXXIMBOK CKJIAJOBOIO YKpaiHChKOI 1HTerpamii. Takuit
Mpolec Bke TpuBae ocTaHHi 10 poOKiB 1 0 CUX TMip IIe AY>KE BEIUKAa 4YacTHUHA
HOPMATHBHUX aKTiB HE TAPMOHI30BaHa 3 YKpaiHCbKUMU. Takok HeoOX1Ha HaBUaJbHa
0a3a [ BUBEJICHHS HA PUHOK Mpalli CreliaiicTiB HOBOI renepaiiii. I{e Bce TpuBanuit
IIPOIIEC TEPMIHOM IIe OJIM3BKO JECATH POKIB.

CrBopenns ykpaincbkoi CAIIP na 6a31i AUtoCAD B mannx ymoBax € HailOIbII
MEePCIIEKTUBHUM BapiaHTOM, OCKUIbKH HE MOTpeOy€e SK 3HAYHUX KamiTaJIOBKIIA/ICHbD,
TaK 1 TPUBAJOrO Yacy pO3pOOKH MPOrpaMH Ta HABUAHHS, OCKUIBKH BCS PO3pOOKa
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3BOJAUTUMETHCS /10 BUKOPUCTAHHIM 1HCTpyMeHTIB cepenoBuiiia AUtOCAD, ske Bxke
3HalioMe O1IBIIIOCTI MPOEKTYBATBLHUKIB.

BucHoBOK. YKpaiHChKiI MPOEKTYBATBLHUKH, MICHS MMOYAaTKy MOBHOMACIITAOHOTO
BTOPTHEHHSI POCii, 3ITKHYJIUCH 3 THM, 1110 B YKpaini Hemae BinacHux CAIIP, sike 6 e
3anexxano Bif 3ragaHux oOctaBuH. Po6ora 3 inmmumu CAIIP, mpuitHsiTuMH B
€Bpocoro3i ta CIIA, nmpu3zBoauTh 10 30UIbIIEHHS Yacy MPOEKTYBaHHS, a came
aganTarlii MpOEKTHUX PIlIEHb, PO3POOJICHUX B IIUX CUCTEMAaX, 10 CUCTEMHU MPOEKTHOI
JOKyMeHTallli, npuiHaroi B YkpaiHi. CtBopenns moxayiss CAIIP B cepemoBuii
AUtoCAD € HailO1IbII TIEPCIEKTUBHUM HAIPSIMKOM PO3BHUTKY, ajKe 11€ MPOCTIIIE 1
HIBU/ILIE, HIK 1HII BapiaHTU. BaxxnuBum (pakTopoMm, SIKHii CIPUSITUME PO3BUTKY TaKHX
CHUCTEM, € Iep>KaBHA MiJTPUMKA 3 YITKOIO CTPATETIETO.
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Abstract. The article analyzes the fact that in the modern world, information technology plays
a key role in the development of various industries, including railway transport. The study of
the impact of information technology on the railway industry. Consideration of the main areas
of information technology use that contribute to improving efficiency, safety and comfort in
the railway sector.
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AKTYaJIbHICTb  JOCJIIJKEHHSI 3YMOBJICHa BaXXJIMBICTIO  BHKOPHUCTAHHS
iHdopmalitaux TexHosorii (nani - IT) y cygyacHomy 3ami3HuyHOMY TpaHcmopti. B
cydacHomy cBiTi IT cTamum HEBII'€eMHOI YacCTHHOK PO3BUTKY pI3HUX cdep
roCII0/IapCTBa, 30KpeMa Tajy3l 3ali3HUYHOTIO TPAaHCIOPTY, € BOHU MAalOTh BEIUKUI
MOTEHIaN ISl TTOKpaIleHHS e(PEeKTUBHOCTI, O€3MeKu Ta KOMPOPTY IS MACAKUPIB 1
BaHTaXIB.

Metor podoTu € nociimkeHss BBy IT Ha 3ami3HUYHUN TPAHCIOPT 3 METOIO
MOKpAIIeHHs Horo e(eKTUBHOCTI, O€3MeKn Ta KOM(OPTY AJIsl MacakUpiB 1 BAHTAXIB.
AKIIEHT poOOTH POOUTHCA HAa BU3HAYEHHI OCHOBHMX HamnpsiMKiB BUkopuctanHus IT y
3aJII3HUYHIN Taly3i Ta iX BIUIMBY HA Cy4dacHy 1HAYCTpit0. [IuTaHHSIM BUKOPUCTAaHHSIM
IT na 3ani3HUII TPUCBSYEHI Mpalll TAKUX BITYM3HIHUX JTOCTIIHUKIB, ik O. IBaHoOBa, B.
[Metpenko, I. Cunopenko, H. Xpyur Ta inmmi [1-3].

CraTucThuHi JaHi MOKAa3ylOTh, IO 3HAYHA YaCTHHA BAHTAKHUX IEPEBE3CHb
TPAHCIIOPTHOIO CUCTEMOIO KpaiHH 3MiHCHIOETHCS 3aTi3HUYHUM TpaHcrnopToM. OTHUM
3 TOJIOBHUX 3aBJlaHb TOCTA€ TEHACHI[Sl 0 PO3BUTKY TPAHCIOPTHOI CUCTEMHU B OiK
3pOCTaHHSl TMOKAa3HUKIB HAAIMHOCTI (YHKLIOHYBaHHS MpuU 3a0e3MeyeHHl BHCOKOi
e(eKTUBHOCTI yIpaBIiHHSA. KOHTeHHEpHUX. E(EeKTuBHY NisUTBHICTH BITYM3HSHOTO
3aJII3HUYHOTO TPAHCIIOPTY HEMOXKJIMBO TPEICTaBUTH 0€3 Cy4acHHX 1H(POPMAIIHHIX
CUCTEM W TEXHOJIOTIH, 30KpeMa MiATPUMKUA MPUUHATTS PIIICHh MEPCOHATIOM, KU
Oe3nocepelHbO Oepe ydacTh Y TEXHOJIOTTYHUX Mpolecax nepere3eHs [4]. s mporo
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HEOOX1IHO CTBOPUTH €AuHE 1H(pOpMAIlIiHE CepeaoBHIle, SKE IOBUHHO OyTH
chopMoOBaHO Ha 0a3l CydacHUX METOJIOJIOTIT Ta MiAXO/IiB.

[lepm 3a Bce, iHGoOpMaIiiiHI TEXHOJOrIl BIUIMBAIOTh HA aBTOMATH3aIlll0 Ta
KepyBaHHS 3a1i3HUYHUM pyxoM. CydacHI CUCTEMHU KepyBaHHS IOi31aMH, 3aCHOBaHI
Ha iHTerpauii IT, 3a06e3neuytoTs TOYHICTH Ta €()EKTUBHICTH NIEPEBE3CHb.

Mo>kHa BUOKPEMUTH OCHOBHI HampsiMKUA BukopucTaHHs [T Ha 3ami3Hui Ta ix
BIUIUB Ha Cy4acHY 1HIYCTPIIO.

1. ABromatu3aiis Ta KepyBanusi. BnpoBa/ykKeHHsI CydyacHUX CUCTEM KepyBaHHS
noi3gaMu J03BOJIsIE 3a0€3MEYUTH TOYHICTh Ta IIBUAKICTH TMEPEBE3€Hb, a TaKOXK
MIIBUIIUATH OE3MEKY PYyXYy.

2. Intepuer Peueii (I0T) B 3anizunyniii [nppactpykrypi. CeHcopH, po3TaiioBaHi
Ha peilkax, CTaHLIfAX Ta BaroHax, 3a0€3MeuyroTh MOCTIMHUN MOTIK JaHUX MPO CTaH
obOnanHanHsA. lle no3Bosisie omeparopaM 3IIHCHIOBATH NPEBEHTUBHUNA PEMOHT,
YHUKATH aBapid Ta MiJBUILYBaTH TPUBAIICTb CIY>KOU 00JIaHAHHSI.

3. EnexkTpoHH1 KBUTKU Ta CUCTEMH KEpPYBaHHS MaCaXUPChKUM MOTOKOM. BoHu
pOoOJIATH MOT3AKKM OUTBII 3pydyHUMH Ta epexTuBHUMH. [lacaxkupu MOXyTh TpuaAOaTH
KBUTKHU OHJIaliH, BUKOPUCTOBYBATH MOOUIBHI JOJATKHU JJI BIJCTEXKEHHS PO3KIIATy, a
TAaKOX OTPUMYBATH MOBIJOMIICHHS PO 3MIHU y pycCl MOT3/1B.

4. be3neka 1HPOpMaLIMHUX CUCTEM Ta 3aXUCT BiJ Kibep3arpo3. OHaK, pa3oMm 13
BIpoBa/pkeHHsAM [T Ha 3ami3HUII, BHHHMKae TMOTpeda B MOCUJIEHHI Oe3leKu
1H(MOpMAaIIHHUX CUCTEM. 3aXUCT BiJ Kibep3arpo3 Ta KibepaTtak cTae mpiopuTETOM JIJIs
3a0e3ne4eHHs CTabUTLHOCTI Ta 0€3MeKU 3alII3HUYHOI IHPPACTPYKTYPH.

CBITOBUM TpPAaHCIIOPTHUM CITIBTOBAPUCTBOM BIIPOBAKYIOThCS 1HHOBAIlIHHI
1H(hOopMaLIHO-YIIPaBJIsAIOUl TEXHOJIOr1i, TOOYyA0BaH1 Ha MOJEIIOBAHHI IHTETPOBAHUX
TPAHCHOPTHUX CHUCTEM. [HTErpoBaHi TpPAHCIOPTHI CUCTEMH, y TMOPIBHSAHHI 31
3BHYAHUMU, HAJJAIOTh TIOCTYTH 3 PEryIIOBaHHS TPAHCIIOPTHUMHU MMOTOKAMH HA O1IBII
BHCOKOMY pIBHI B3a€MO/Ii1 YYaCHUKIB MPOIIECY, 3 BUILIUM piBHEM O€3MEKH Ta nepenadi
MOBHOT 1H(OpMaIIii TPO CTaH Ta MOJIOKEHHS Y IPOCTOPi 00’ €KTIB B PEKUMI1 peaTbHOTO
yacy. Bkazani cucremu HaOyu Ha3Bu «iHTenekTyanbH» (Intelligent Transport System
(ITS), # ixHe BrpoBaKEeHHS cTasio HEeBiA'eMHOIO YacTuHOO TEN-T momituku kpain
€sporneiickkoro Coro3y, a Takox Anonii, Kuraro, CIIA, Ta iHmux kpaid. [1]

BucHoBok. B pe3ynpTaTi NpOBENEHOrO aHajily, MAOCHKEHb Yy Taly3l
BUKOPHUCTaHHS 1HPOPMALIIMHUX TEXHOJIOTIH Ha 3a13HULI BUOKPEMITIOIOTHCS KIHOYOBI
HamnpsSMKH, [0 BU3HAUYAIOTH CydYacHI TEHJIEHIli Ta MEPCIEKTUBU PO3BHUTKY I[HOTO
cekTopa. 30Kpema, BUSIBIICHO, 110 aBTOMATHU3AIlis Ta KEPyBaHHS, K BOKJIUBUM aCTIEKT
BUKOPUCTaHHS 1HGOPMAIIHHUX TEXHOJOTIN, CHpHUsS€ TMIIBUIIEHHIO TOYHOCTI Ta
IIBUJKOCTI TIEPEBE3CHb, a TAKOXK 3a0e3leuye IMiJIBUIICHHS PiBHS O€3MEeKUu PyXy
moi3aiB. Takok BH3HAYCHO BaXKJIIMBICTh BIPOBAIKCHHS EJIICKTPOHHUX KBHUTKIB Ta

CUCTEM KEPYBAaHHSI MACAXUPCHKUM MOTOKOM, IO CHPOIIY€E Ta pOOUTH MOI3KHA OUTbII
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3py4HUMH Ta €()EKTUBHUMHU JJIs MacaxkupiB. OHIAMH-TIPOJAX KBUTKIB, MOOLIbHI
JOJATK! JJIA BiJICTSKEHHS PO3KJIaay Ta OTPUMAaHHS MOBIAOMIICHB MPO 3MIiHHU Y PYyCi
MOT3/1IB CTAIOTh BOKJIMBUMH YMHHUKAMU I MOKPAIIEHHS MaCaKUPCHKOTO CEPBICY.
3aranom, pe3yJibTaTy aHali3y CBIIYATh MPO MEPCHEKTUBHUN XapaKTep BUKOPUCTAHHS
1H(GOpMaLIHHUX TEXHOJIOT1H Ha 3a13HUII JJIs M1ABUILEHHS €eKTUBHOCTI, O€3MeKH Ta
KOM(OpTYy, a TaKOXK MIATBEPKYIOTh HEOOXIJHICTh IMOJAJBIINX JOCTIKEHb Ta
1HHOBAIIIH y ITbOMY HAIIPSIMKY.
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Abstract. The work proposes a universal formulation of the use of criteria for the effectiveness
of the system. The current use of methods for evaluating effectiveness is characterized by the
presence of many methods, the ambiguity and variety of the parameters used, the instability
of their values over time, the poor compatibility of these methods and the parameters of
effectiveness assessment. The use of such a mathematical parameter as a probability will
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eliminate these problems. Expansion of a single criterion to two values - efficiency with a
given supply of system stability allows you to reach a qualitatively new level of control of the
system.

Keywords: universal efficiency criteria, system control, probability as criteria.

AKTyaJbHiCTh AociailzkeHHss. CyyacHHIl piBEHb PO3BUTKY aBTOMAaTHU3aIlil
MIIIPUEMCTB Ta CHUCTEM YIMPABIIHHS SKICTIO, 3JaBajocs O, TMOBUHEH Ha3aBXIU
3aJIMIIATH PO3MOBH B MUHYJIOMY IIOJI0 HEJOCKOHAJIOCTI KPUTEPIiB €(heKTUBHOCTI Ta
axocTi. OJIHaK MpaKTHKa MOKa3ye, M0 B KOHTEKCTI HaJ3BUYAHO BUCOKOI JIMHAMIKH
MICIICBUX Ta TJIOOAJIhHUX EKOHOMIYHMX 3MIH, 0OaraTo KOMIIaHIM, MiAMPHEMCTB Ta
PI3HUX BHU/IIB EKOHOMIYHUX aCOIlIaIliil HEe JUIIEC TPUITHUHSINCS B PO3BUTKY, aJIe HABITh
30aHKpYTYBaJH.

VY BENHMKUX CHCTEMaX, TAKUX K XOJIJIUHT, TPOMHCIIOBE T AMPUEMCTBO, HASIBHICTD
BEJIUKO1 1H(pACTPYKTypHu mnependavae iICHyBaHHS Ta B3a€MO/III0 aOCOJIOTHO PI3HUX
00'eKTiB 00Ky, IPOIIECIB Ta 3aKOHIB ynpaiiHHg. KpiM Toro, 111 cucTeMa Moke MaTu
HEOJIHO3HAUHY CTPYKTYpPY BHYTPIIIHHOIO Ta 30BHIIMIHBOTO TMIAMOPSIKYBaHHS
(iepapxis). Lle crae mpUUMHOIO CTBOPEHHS CIEI1ai30BaHUX CUCTEM YIIPaBIIHHS, K1
MalOTh KOPCTKIM 3B'S30K 13 MOTOYHOIO CTPYKTYpOrO 00'€KTa, MpolecaMu 1 4acTo
MarTh HEJIOCTATHHO MPO30pPy Ta BCEOIUHY CXEMY OLIIHKM PE3YyJIbTATIB YIPaBIIHHS B
uiomy. Tomy Tema (popmMyIIFOBaHHS KPUTEPIiB €(PEKTUBHOCTI YIPABIIHHSI CUCTEMOIO
3aITUIIAETHCS AKTyaIbHOIO.

Meto1o0 pod6oTH € (DopMyTIOBaHHSA YHIBEPCAJIBHOTO MIAXOMY 10 BHU3HAYEHHS
KpUTEpiiB €(hEeKTUBHOCTI (PYHKI[IOHYBaHHS Ta YMPAaBIIHHSA aBTOMAaTH30BaHUMHU
CUCTEMaMH.

[lin yac ympaBiiHHS BEJIMKOK CHCTEMOIO J0 KpUTEPIiB e(EeKTUBHOCTI poOOTH
CUCTEMHU B ILIUIOMY Ta BCIX il HIACUCTEM (3BEpXy [0 HM)KHBOI YACTHHH 1€papxii)
HaKJIaJJal0ThCsl HACTYITHI BUMOTH.

* KoxkHa migcucremMa OyJIb-SIKOTO PIBHS CUCTEMHU TOBHMHHA MaTH BJIACHUM
KpuTepii e)eKTUBHOCTI pOoOOTH.

* Kputepii eekTuBHOCTI pOOOTH MiICUCTEM Ta MPOIIECIB TOBUHHI:

- OyTH CyMICHHMHU 10 BEPTUKAJIl Ta TOPU3OHTAI i€papXii CUCTEMH,

- MaTH MOKJTUBICTh OOYUCITUTH €(hEKTUBHICTD SIK OJTHOT BUOPaHO1, TaK 1 Oy b-sSKOi

Ipynu MiACUCTEM,

* 3aKOH yIpaBiIiHHS OBUHEH MOKJIAAaTUCS HA OOpaHuil KpUTepid e(peKTUBHOCTI
1JICUCTEMU/TIPOIIECY.

e Jlns oOuucieHHs e€(peKTUBHOCTI POOOTH CHUCTEMH B IJIOMY, HEOOXIJTHO
BUKOPUCTOBYBAaTH TMPO30pl Ta 3PO3YMUIl NPUHIUNUA JJis8 OOYMUCIEHHS 3HAYCHBb
KpUTEpiiB €PEKTUBHOCTI JJIsI BCIX B3a€MOJIIFOYMX IMIJICHCTEM Ta TIPOIIECIB.

Crin 3a3HAYUTH, IO JIJIST CYYaCHUX CHCTEM YTPABIIIHHS MEPEBAXKAIOTh KpUTEPIl

e(hEeKTUBHOCTI, 10 BKJIFOYAIOTh TaKUM MOKA3HUK, SIK BapTicTh [1,2]. ¥V ToH ke ydac, sk
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IpaBuiIo, MapaMeTpHu, SIKl )KOJHUM YMHOM HE MOB'SI3aH1 3 TPOLIOBUMHU BUTpaTaMH,
BUKOPUCTOBYIOTHCA SIK TIOKAa3HMKM HIKYOro piBHI. OcCOOIMBO 1€ CTOCYETHCS
TEXHOJIOTIYHUX cHucTeM. Lle Moxke OyTu KoedillieHT 34YEIUICHHS KoJjieca 3 JIOPOToro,
KyTOBa IIBUAKICTH 00EpTaHHS MEXaHi3My, KUTbKICTh 3001B poOOTH OJIOKY 3a IEBHUMN
MPOMDKOK 4Yacy, Toulo. binplie Toro, mpu mepeMilieHHI 3BepXy BHM3 IO ie€papxii
CUCTEMH B3a€EMO3B'A30K TOKA3HHUKIB MPOAYKTUBHOCTI 3 METOI0 ICHYIOUO1
CUCTEMU/MIJICUCTEMH BIJMOBIAHOTO PIBHS IMOCTYMOBO BTPAYAETHCSA, 1 HA HUKYMUX
PIBHSIX BIH 4acTO BUPIBHIOE 10 HyJsl. Hanpukiaz, 1jist XOJIUHTY Y¥ KOMITaHii, MeTa
HapvacrTie GopMyITHOEThCS IK MaKCUMI3allisl IPUOYTKY MiANMPUEMCTBA, aje 3a3BUYai
HEMOJKJIMBO 3’ICYyBaTH, IK KOHKPETHA aKTUBHICTh a00 BiIMOYMHOK CIIBPOOITHUKA 200
SAKOTOCH OJIOKa KUBJICHHS arperaTy BIUIMBA€E Ha Ieil MpuOyTOK.

B nanmit wac Takuii mapamerp, SK «e(EeKTHBHICTH/BapTICTb», € JIOCHUTH
MOIIUPEHUM, 1 € CIIBBITHOIICHHSIM €(DEKTUBHOCTI Ta MOBHOT BapTOCTi cucteMu. Cif
3a3HAYUTH, 1110 BiH, OJTHAK, MA€ PsiJl OUYEBUTHUX HEJIOMIKIB.

[To-nepie, BiH ciabko BIiAMNOBIAa€ BUMO31 CTAOUIBHOCTI y Yacy, OCKUIbKU
KOHIIETIIIIS «BapTOCTI» € HECTAOUIBHOIO B Yacl uepe3 HECTaOUIbHICTh HaBITh HAMOLIBII
«1Bepaux» BamoT. TooTo, $1 Big 2000 poky He nopiBHioe $1 Big 2020 poky.

[To-npyre, 11e MOKE MaTH CKJIAJHOCTI MIPH 3B’ sI3yBaHHI KPUTEPIiB €PEKTUBHOCTI
CUCTEM Yy l€epapXii Ta MIKCHCTEMHHUX 3B’si3kaX. TOOTO BHUKOPUCTOBYIOTHCS PI3HI
napaMmeTpH, SKi HEMOXKJIMBO BUKOPHCTATH Y €IWHOMY aJTOPUTMIi, OCKIIBKH BOHHU
MaloTh Pi3HI MaTeMaTU4HI 3HAYCHHS.

[To-Tpete, icHye MOCUTH OaraTo >KUTTEBUX CHUTYalllid, B SKUX JUIsI CHUCTEMHU
HaJ3BUYAHO Ba)KKO BH3HAUMUTH IMAXIJI J0 «BapTocTi». Jlo HemaBHROTO Yacy OyIio
MIPOTOJIONIEHO HAJ3BMYAaHO BUCOKUU PIBEHb KPUTEPIIO «EPEKTUBHOCTI/BUTPAT» NS
reHepailii eHeprii Ha aTOMHUX €JIeKTPOCTAHIIISIX. AJle, IK BUSBHUIIOCS, SIKIIIO BPaxyBaTH
MOBHUM JKUTTEBUA IUKJI L€l CUCTEMH, 30KpeMa pO3paxyBaTH CTaili yTuii3auii,
nepepoOKM Ta TIOXOBaHHSA PaJlOAKTUBHUX BIIXOMAIB, TO I€d TMOKa3HHUK CTae
HEOJIHO3HAYHUM, OCKUIBKM BIH TIEPEXOJWTh Yy TIUIOMIMHY OIIIHKH «ETHUYHO» abo
CHEETHYHO» 3aJIMIIATH PAJAI0AKTUBHY CHAIIMHY HACTYMHUM IMOKOJIIHHAM. [HITUM
MPUKJIAJ0M CYMHIBHOTO 3aCTOCYBAHHS KPUTEPIIO «BAPTOCTI/€PEKTUBHOCTI» € cripoda
BUKOPHCTOBYBAaTH HOTO [JIsl YCYHEHHsI €KOJIOTIYHUX KaTacTpod. Sk, Hampukmaf,
OOYHUCIUTH KUIbKICTh BUTpAT HAa «CHUHTE3» OyIb-KOro Tuiy (yopu uu dayHu, siKi
3HHUKJIA BHACTIIOK KatacTpo(du, SKII0 MU HaBITh HE YSABISEMO, SIK 1€ CHHTE3yBaTh?
[HmUMU  clioBamu, 1HOAI CKJIaAHO ab0 HEMOXJIMBO 3aCTOCYBAaTH «BapPTICTHY SK
KpuTepii edeKTHBHOCTI JUIsi CHUCTEeMH YH TIPOIeCy, 1 B IIbOMY BHUIIQJKY
BUKOPHUCTOBYETHCS IIEBHA SIKICHA OIlIHKa: «eTUYHA/HEETUYHAY,
(TIPUEMHO/HETTPUEMHOY Ta THIIIE .

[cHye mie oaumH nOyXe BaXIIMBUM HENOMIK KPUTEPIiB e(EeKTUBHOCTI, SIKi

BUKOPUCTOBYIOTHCSA Cy4aCHUMHU cucTeMaMu. E()eKTUBHICTh CUCTEMU 3aBXK/IU BXOIUTh
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y JIaJIEKTUYHY CYNEePEUHICTb 3 11 CTaOIBHICTIO. AJie, SIK B1JIOMO, T1AJICKTUYHUN T1IX1]
BUMAara€ BH3HAHHA B OyJb-SKOMY SIBHUII, MPOIEC], MpPeaMeTi HasBHOCTI JIBOX
MIPUHITUIIIB — «aKTUBHOTO» Ta «MacWBHOTO». HamMipHe migBumieHHS €PeKTUBHOCTI
CUCTEMH SK aKTUBHOTO TIPHHIIUITY 3arPOKy€ MOPYIICHHSIM 1aJeKTUYHOT PIBHOBATH 3
MaCUBHUM — ii CTaOUIBHOCTI, @ OTXKE, 3arpoKy€ IUIICHOCTI SK CaMOi CHCTEMH.
Hamnpukinan, MokHa TUMYacoOBO TaK MaKCHMI3yBaTH MPUOYTOK KOMIIaHII, 1110 Yepe3
JIBa POKHU CTaTH OAHKPYTOM. A OCKUIBKU MTAaCUBHUN IPUHIIMIT BIATIOBIIA€ 3a IITICHICTD
KOMILJIEKCY, MPOTHUCTOSYU CIHPOOM aKTUBHOTO MOPYHIMTH pPIBHOBAry, HEOOX1JIHO
BUOpATH KOHIIEMIIII0 CTaOUTBHOCTI SIK JPYTOro acmeKkTy KPHUTEPito, IO CTOCYEThCS
6e3neku abo KUBYUOCTI cucTeMU. To/1 METy MpoIiecy yNpaBIiHHS CIIiJ BiJoOpakaTu
MIEBHUM KPHUTEPIEM, KU YITKO BKJIIOYAE OOMIBA TUICUl ITUX M1aJIEKTHYHUX Bar.

Mu (opMyrr0EMO KOHLEMIII0 «CTaOUIbHOCTI/OE3MEKN» CHUCTEMHU HACTYIHHUM
YUHOM.

besneka (cTabumbHICTB) CHUCTEMM - II€ ii 3aTHICTh IOCTIHHO BHMKOHYBAaTH
HeoOX17H1 (QYHKIT Ha 3a/JlaHOMy €Talll ICHYBaHHS CHUCTEMH, TOOTO MiATPUMYBaTH
(GyHKI10HATBHICTH/3/1aTHICTh/XapaKTEPUCTUKH, HEOOX1/IH JIJIs1 BU3HAUYEHOTO eTaIy.

OdyeBuHO, HE3BKAIYM HaA TIEBHY CKIAAHICTh WOTO pO3paxyHKy, Taka
MaTeMaTU4YHa KOHIIEIIis, SIK HMOBIPHICTb, € 17IeaJbHUM KaHAUAATOM JIJIsi KOXKHOTO 3
miedei eeKTUBHOCTI/OE3NEKN KPUTEPIIO, OCKITIBKH:

* IMOBIPHICTh - 1Ie O€3pO3MipHE 3HAYEHHS, SKE€ J03BOJIIE HAM ONTHUMAJIbHO
BUPIIIUTH MPoOJieMy BUMIPY KPUTEPIiB JJIs PI3HUX M1JCUCTEM, MOJ1H, CTaHIB;

* lama3oH 3MiH KMOBIpHOCTI Bimomuid Ta octatouduit (0 ... 1);

* MOBIPHICTh TMOBHICTIO BiJNOBiJIa€ BUMO31 CTAOUTLHOCTI 3HAYEHHS 3 4acoM
(3HaueHHs, OOYMCIICHE B MOMEHT Yacy, HE 3MIHIOEThCS 3 4YacoM, Ha BIIMIHY,
HaIpUKJIaJ, BiJ BapTOCTI1);

* Po3paxyHok 3Ha4eHb JJIs 1€papXii MiACUCTEM Ta MOC1TOBHOCTI MOA1M Ta CTaHIB
MoOke 0a3yBaTHCs Ha OCHOBHUX (hOpMyJiaX Teopii HMOBIPHOCTI.

Tomi kpuTepiit «ePeKTUBHICTE/CTIHKICTBY, 110 Bi0OpaXKae AKICTh KOHTPOJIIO JIJIst
OyIb-SKOTO By3Ja lepapxii cucteMu, Moxke OyTH c(hopMylIbOBaHO K WMOBIPHICTH
BUKOHAHHS METH/3aBJIaHHA y pa3i IMOBIPHOCTI IepeOyBaHHS CUCTEMHU B HEOOX1THOMY
(yHKIL10HATBHOMY CTaH1 Ha BKa3aHOMY €Talll )KUTTs cucTeMu. OUeBUIHO, IO B LILOMY
BUIAJKY 3aBJaHHS yOpaBliHHSA OyAe 3BOAUTHBCS 1O MakcuMmizailii  000x
NPOTUIICKHOCTEH. AJle, SIK 3a3HAYEHO, PAHO YM TI3HO MiJBHUILIEHHS €()EKTUBHOCTI
NPU3BOAUTL JO0 3HIKCHHS OC3MEKH CHCTEeMH, TOMY (DOPMYJIIOBaHHS TMpHitMeE
HACTYITHUH BIJ.

OnTuManbHUW  KOHTPOJb CHUCTEMHU 3MIMCHIOETHCS MUISIXOM JOCATHEHHS
MaKCUMalIbHOI €(EeKTHBHOCTI CHUCTEMH TMPU PIiBHI 1i CTaOLILHOCTI HE MEHII
BU3HAUYEHOI. Y TOM e 4ac, yTpUMaHHs MOKa3HUKa CTa0lIbHOCTI KOMIUIEKCY B CTaHi,

HE HIDKYUHN, HDK 3a/1aHUH, € OJTHIEIO0 3 KIIFOYOBUX BUMOT /IO MiJICUCTEMH yIIPaBJIiHHSI.
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Buxopuctanas MaTeMaTHYHOTO amapaTy WMOBIPHICHUX OOYMCIIIOBaHb HAJA€E
HACTYITHI MOKJIMBOCTI IPY paxyBaHHI 3HAYEHb 3a3HAUYCHUX KPUTEPIiB.

* bynyBatu mapasnenbHi TUIKH HE3AJIEKHUX KPUTEPIiB €PEKTUBHOCTI B Mexkax
OJTHI€T iepapxii.

* 3aCTOCOBYBATH MPABHIIO OOYMCICHHS WMOBIPHOCTI Ui Oy/b-s1KOT KOMOiHaIii
HE3aJICKHUX KPUTEPIiB.

* 3acToCOoBYBaTH OJHE 1 T€ X MPaBUIO OOYHMCICHHS JIJisi KOXHOTO Iieya
KpUTEPIiB: ePEKTUBHICTH Ta CTAOUIBHICTb.

* 3acTOCOBYBaTH MPABWIO AJIA BY3IIB, 110 HAJIEXKaTh JI0 JOBUIbHOI KUIBKOCTI
HE3IC)KHUX TapalieIbHUX 1€papXiid (BUIMAI0K HAJIEKHOCTI 00'€EKTa 0/Ipa3y ACKITLKOM
HE3aJICKHUM 1€paAPXisiM).

BucnoBok. BuxopuctanHs pe3ynbTaTiB JOCHIKEHHS 03BOJIAE CHOPMYyBaATH
€IVMHUM MIAX1A 7O BUKOPUCTAHHSA KPUTEPIIO €PEKTUBHOCTI KHUTTS CHUCTEMH Ta
MaTEMaTUYHOTO amnapaTry OO4YMCIIOBAaHHS WMOTr0o 3HAYEHHS Ta TMOKPAIIUTU SIKICTh
YIPABJIIHHS CUCTEMOIO B3araji.
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Abstract. Railway transport is a key link in the transport infrastructure of Ukraine and has
important economic and strategic importance. Its main function is to ensure the specified
volumes of cargo transportation and passenger transportation by railway. The automation
system for monitoring the technical condition of signaling and communication devices as a
structural element of the railway is aimed at ensuring the quality of service and safety on the
railway.

Keywords: intellectualization, artificial intelligence, automation, modern devices, design of
technical systems, improvement of the railway road.

AKTYaJIbHICTh JIOCJIJJKEHHSl T[OJSra€ B HEOOXIIHOCTI BIPOBAIKECHHS
IHTEJNIEKTYaIbHUX TEXHOJIOTIH Ta AaBTOMAaTHU30BAHWX CHCTEM JUII MOHITOPHUHTY
TEXHIYHOT'O CTaHy CHUTHAJI3allii Ta 3B'S3Ky Ha 3ali3HUIX YKpaiHu. YMOBU poOOTH
Cy4YaCHUX MPUJIAJiB, SIKI BUKOPUCTOBYIOTHCS B CUCTEMAX 3aJI3HUYHOTO TPAHCIIOPTY,
CTalOTh BCE OUIBII CKJIAJHUMH, BUMAararouu BJIOCKOHAJICHHS TEXHIYHUX CHUCTEM Ta
METOJIIB MPOEKTyBaHHs. PO3BUTOK IHTErpOBaHMX CHCTEM IITYYHOTO IHTENEKTY B
Cy4acHUX Tally3siX MPOMUCIOBOCTI BIJIKPUBAE€ HOBI MEPCIEKTUBH IS IiIBUIIICHHS
e(peKTUBHOCTI Ta O€3MeKH 3al3HUYHOIO TPAaHCIOPTY. A  3acTOCYyBaHHS
IHTEJIEKTyalli130BaHUX METO/IIB Y MTPOEKTYBaHH1 TEXHIYHUX CUCTEM J03BOJISIE ILIBUIIIE
BIIPOBAKYBAaTH HOB1 PO3POOKH, CKOPOUYBATH TEPMIHU BUTOTOBIICHHSI Ta 3HIKYBATU
co0iBapTIiCTh MpuiiaAiB. B KOHTEKCTI 3pOCTal0uMX BUMOT JI0 KOCTI OOCIyTOBYBaHHS
Ta OE3MEeKM Ha 3aJi3HUYHOMY TPAHCIOPTI, aBTOMAaTHW30BaHE IPOCKTYBaHHS Ta
IHTEJIeKTyami3aIiss CUCTEM MOHITOPUHTY CTAalOTh CTPATEridyHO  BaXXIMBUMU
3aBJIaHHSMU.
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MeTow poGOTH € JOCHIKEHHS AaKTyaJlbHOCTI BIPOBAKEHHI CHCTEMH
aBTOMATU30BAHOTO  MPOEKTYBAaHHSA [  MOHITOPUHTY  TEXHIYHOTO  CTaHy
CUTHaJI3alIiHUX Ta 3B'SI3KOBHUX MPHUCTPOIB HA 3aJTI3HUYHOMY TpaHCropTi. OCHOBHUM
aKIEHT poOOTH CHPSMOBAaHUI Ha BUKOPUCTAHHS IHTEIPOBAaHMX CHCTEM ILITYyYHOTO
IHTEJIGKTY Ta aBTOMATU30BaHUX IMPOEKTHUX PO3pOOOK Uig  ONTHMI3allii
TEXHOJIOTTYHOTO MPOEKTYBaHHS, 3SMEHIIICHHS TEPMIH1B BUTOTOBJICHHSI HOBUX PO3POOOK
Ta MIJBUILIECHHS €(EKTUBHOCTI 3aJII3HUYHOTO TPAHCTIOPTY. Y TOM ke Yac po3B’si3aHHSA
Ii€1 3a/1a4l OB’ s13aHO 3 BEJIMKUMU TpyAHouaMu. [{le 00yMoBIeHO sIK 0COOIMBOCTIIMU
TEXHOJIOTTYHOTO MPOEKTYBAHHS, 110 TPAJAULIIMHO BBAXKAETHCA TBOPUUM IIPOILIECOM, TaK
1 3pOCTalOYMMU BHUMOTaMH Cy4YaCHOTO BUPOOHHMIITBA /0 aBTOMATH30BAHHX CHUCTEM
MPOEKTYBaHHSI.

3a ocTaHHI pPOKM BHKOPUCTAHHS CYYaCHHX KOMIT IOTEPHHX TEXHOJOTIH Yy
IPOEKTYBaHHI CTaJO KIIOYOBOIO TEHICHIIEIO JUIsl PI3HUX Traidy3ed MpPOMHUCIOBOIO
BUpoOHUITBA [1, 2]. HaykoB1 NOCATHEHHS Y PO3BUTKY CHUCTEM ILTYYHOTO 1HTEIEKTY
J03BOJISIIOTh BUKOHYBATH IMPOKUN CIEKTp 3aBlaHb, TaKWX SK aBTOMAaTH3aIlls
TEXHIYHUX KOMIUIEKCIB, THYYKUX BUPOOHMUYUX CUCTEM, ONTHUMI3allisd TE€XHOJIOTTYHUX
napameTpiB, MABUILEHHS SIKOCTI MPOIYKLIi Ta pO3BUTOK IHTEJEKTYal130BaHUX CUCTEM
JUISL TPOEKTYBAaHHS TEXHOJIOTIYHUX TmpolneciB. lle BiAKpuBae MOMXKIMBOCTI AJis
3BUIBHEHHS JIIOJWHU BiJ] PyTUHHUX 3aBJaHb Ta CTUMYJIOE€ PO3BHTOK ii TBOPYOTO
noreHriany [1-3]. [HTenekTyamizaiis IpyHTYe€ThCS Ha BHUKOPHCTaHHI 0a3 3HaHb Ta
IHTEJIEKTyaJIbHIHN MTPUMIII TPOIIECIB MPUNHATTS pillieHb, YHI(DiKaIii Ta hopmaizarii
nporeayp o0poOKu 3HaHb, po3poOIll Ta 3aCTOCYBaHHI 1HTEICKTYaJIbHUX MOJICIIeH, a
TAaKOXX Ha oOpradizamii Oe3nepepBHOro Hakonmu4yeHHs 3HaHb. lle pomomarae
BUKOHYBATH 3aBAaHHs B 00J1aCTi MpUiIaa00y1yBaHHS 3 BUILOI TOYHICTIO, IIBUJIKICTIO
Ta MiABMINEHOIO sKicTIO [1].

CyyacHi A0CTII)KEHHS OXOTUTIOIOTh METOAN BUKOPUCTAHHS IITYYHOTO 1HTEJIEKTY
B CUCTEMAaX aBTOMATHU30BaHOTO MPOEKTYBAHHS TEXHOJIOTTYHUX MTPOIIECIB Ta BIAMOBIIHI
iHcTpymenTu. Lli mocmimkeHHs BKIItOUalOTh 1HGOpMaIliiiHe 3a0e3MeueHHs Y BUTIISI1
0a3 TaHuX Ta 3HaHb, A TAKOXK MAaTEMaTUYHE, POTPAMHE Ta JIIHTBICTHYHE 3a0€3MeUEHHS
[4-6].

BueHi, fiKi KepylOThb PO3BUTKOM METOJOJIOTI] MPOEKTYBAHHS KOMI'FOTEPHUX
TEXHOJIOT1M, TPOBEIM JOCHIPKEHHS METOAIB MOJEIIOBaHHS, aBTOMATH3allil Ta
onTUMi3allii TPOEKTYBAHHS TEXHOJOTIYHUX TpoueciB. CaMe BOHM CTBOPHUIIU
dyHIaMEHT MaTeMaTU4YHOro Ta IH(QOpMalIiHOrO MoentoBaHHA BHUpoOiB. Cepen
takux BueHux — H.I'. BpyeBuua, A.Il. 'aBpum, H.M. Kanycrina ta ixmmi.

3ani3HUYHUN TpaHCHOPT B YKpaiHi BiAirpa€e KIHOUYOBY pOJIb y TPAHCHOPTHIN
CUCTEMI KpaiHU Ta Ma€ BEJIMKE €KOHOMIUHE ¥ cTpareriuyHe 3HaueHHs. OHIE0 3 HOTO
OCHOBHHX (YHKIIN € 3a0e3medeHHs] MOTpiOHMX O0OCSTiB MepeBe3eHb BAaHTaXIB Ta

nacakupiB o 3ami3Hull. Cucrema aBTOMAaTU30BAHOTO KOHTPOJIO TEXHIYHOTO CTaHY
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OPUCTPOIB CUTHAMI3alli Ta 3B’A3KY, SKa € CKJIaJ0BOI0 YAaCTHUHON 3alli3HUYHOI
1HPpacTpyKTypu, cCHOpsIMOBaHa Ha IMIABUIIEHHS SKOCTI OOCIyroByBaHHS Ta
3a0e3neyeHHs 0e3MeKH Ha 3aJT13HHUIIL.

CygacHi TIpUCTPOi TPEACTABISIOTE COOO0I0 CKIaaHI OaratodyHKIIOHAIBHI
CUCTEMH, IO PO3POOJSIIOTHCS Ta BHUTOTOBJISIOTHCS 3 BUKOPHCTAHHSAM IEPEAOBUX
MaTepialio3HaBYMX JOCSATHEHb, HOBITHIX MNPHUHIMUIIB MOOY/IOBU aBTOMATHU30BAHUX
CUCTEM, CydacHUX IH(pOpMAIIHHUX TeXHOoJorid Ta iHmoro. OCOONMBICTIO LUX
IPUCTPOIB € 30UIbIICHHS (PYHKIIOHAIBPHUX MOXJIMBOCTEH 1 3POCTaHHS YHCa iX
KOMITOHEHTIB, CKJAIHICTh Yy CXEMOTEXHIYHIH KOHCTPYKIi Ta (YHKIIOHAJIBHUX
B3a€MO3B'SI3KaX MK OKPEMHUMH KOMITOHEHTaMH [4].

CrertiaipH1 PUIIaIH, 0 BUKOPUCTOBYIOTHCA Ha 3a113HUYHUX JI0POTrax, MOXYTh
OyTH CITPOEKTOBaH1 3 ypaxyBaHH;IM pOOOTH MPU BUCOKUX a00 HU3BKHUX TeMIIepaTypax,
B MIJIBUILIEHOMY 200 3HUKEHOMY THUCKY, a TAKOXXK B YMOBaX BUCOKOT BOJIOT'OCTI.

CTBOpEeHHsI aBTOMATU30BAHOI CUCTEMHU MPOEKTYBAHHS JIJISI MEXaHOCKJIAJaTbHUX
poOIT 6a3yeThCsl HA CUHTE31 TEXHOJIOTTYHUX MPOIECIB, SIKI BUMAratoTh 3HAXOKEHHS
3arajJbHUX 3aKOHOMIPHOCTEH y Tpoliecax ckiaaanHs npuiaiis. Lle Bumarae mo0ynosu
METO/I0JIOT1i TEXHOJIOT1] CKJIaJaHHsl, 10 HEMOXKJIMBO 0€3 CTBOPEHHS 1H()OPMaLIfHOTO
MIPOCTOPY AJisl BUPOOY Ta MPOIIECIB MEXAaHOCKIAJaIbHUX POOIT 3arajioM.

3 aBTOMaTHU3All€l0 MPOEKTYBAaHHS MOB'S3aHI OCHOBHI MOJKJIMBOCTI CTBOPEHHS
HaWCKJIAHIIIUX TEXHIYHUX OO'€KTIB SK y MPOMHCIOBOMY, TaK 1 LHUBUIBHOMY
OyIIBHUIITBI. ABTOMAaTH30BaHE MPOEKTYBAHHSI JO3BOJISIE: ICTOTHO CKOPOTUTH TEPMIHU
POEKTYBaHHS 1 mepeaadi KOHCTPYKTOPChKOI TOKyMEHTAIlli y Oy1IBHUIITBO; 3HAYHO
MIJBULIUTH SKICTh KOHCTPYKTOPCHKOI Ta KOIITOPHUCHOI JOKYMEHTAIlii; TMiJBUIIUATH
TOYHICTh PO3PAaXyHKIB; MPUIHATU HaWKpallll BapiaHTH IS peajizallii Ha OCHOBI
MaTeMaTUYHOTO aHajJi3y BapiaHTIB MPOEKTY 3  OI[IHIOBaHHSIM TEXHIYHUX,
TE€XHOJIOTTYHUX 1 EKOHOMIYHUX XapaKTEPUCTUK BUPOOHHULITBA 1 €KCIUTyaTallii 00'ekTa
MPOEKTYBaHHS; 3HAYHO 3MEHIIUTH CYO'€KTHBI3M MpPU YXBaJCHHI MPOEKTHUX PILIEHb
[5, 6].

BucnoBok. JlochikeHHS, TPUCBSYEHE  aBTOMATH3allli  MPOEKTYBaHHS
TEXHIYHOTO CTaHy CHUTHaii3amii Ta 3B'S3Ky Ha 3ali3HUIN, BUABJISE BaXKIUBICThH
BIIPOBAKEHHS 1HTEJIEKTYaTbHIX TEXHOJIOT1H Ta aBTOMAaTU30BaHUX CHCTEM Y CydacHii
3aJII3HUYHIN 1HPPACTPYKTypl YKpaiHu. 3poCTaHHS CKJIAJIHOCTI TEXHIYHUX MPUCTPOIB
Ta BUCOKI BUMOTH JO IXHBbOrO (DYHKIIIOHAJy BHMMAararOTh BJIOCKOHAJIEHHS METOIB
MPOEKTYyBaHHS Ta KOHTPOJIIO IXHBOTO TEXHIYHOTO CTaHy. AKTyallbHICTh JOCTIKEHHS
BH3HAYACTHLCA HEOOXITHICTIO BIOCKOHAJIEHHS TEXHIYHUX CHCTEM Ta METOMIIB
MPOCKTYBaHHS B YMOBAaX Cy4YaCHUX BHUKIWKIB 3aJI3HUYHOTO TPAHCIOPTY.
BnpoBamkeHHST 1HTETpOBAaHHMX CHCTEM INTYYHOTO 1HTENIEKTY BHU3HA4Ya€ HOBI
MEePCIEKTUBH ISl €PEKTUBHOTO MOHITOPUHTY Ta MATPUMKH POOOTH CUTHATI3AIlIMHIX

Ta 3B'A3KOBUX TMPUCTPOIB, 10 CIHPHUSAE TIJBUIICHHIO O€3MEeKu Ta SKOCTI
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00CIIyrOBYBaHHS Ha 3aJ]i3HUII. 3aCTOCYBAaHHS Cy4YaCHUX KOMIT'FOTEPHUX TEXHOJIOTIH Y
MNPOEKTYBaHHI Ta BUKOPUCTAHHA IITYYHOTO 1HTEJNEKTY BU3HAYAIOTh HOBUI HAMPSMOK
IUIA PO3BUTKY 3aJli3HUYHOTO TpaHcHopTy. Lle BigkpuBae MMPOKI MOXKIUBOCTI JJIst
aBTOMATH3AIlli Ta 1HTEJEKTyali3alii CUCTEM MOHITOPUHTY, CIPUSIOYN ITiIBUILEHHIO
e(eKTUBHOCTI Ta Oe3MEKU NEPEBE3CHb.

OTxe, BOPOBAKEHHA CHUCTEM AaBTOMATHU30BAaHOTO MPOEKTYBAaHHS  Ta
BUKOPUCTAHHS IHTEJIEKTYaIbHUX TEXHOJIOTIH € KPOKOM Y MallOyTHE /ISl 3aJ113HUYHOTO
TPAaHCHOPTY, IO CIPHUATHME MOKPAIICHHIO TEXHIYHOTO CTaHy CHTHANi3allifHUX Ta
3B'SI3KOBUX IPUCTPOIB, 3a0€3MeUy0Yd BUCOKHI pPiBeHb 0OCIYroByBaHHS Ta O€3MEKU
Ha 3aJ113HULI.
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Abstract. The relevance of the work lies in the need to adapt the optimization methods to the
possibilities of modern technical implementation of control systems. The purpose of the study
is to bring the transients of relay control systems into compliance with the operation
conditions for precision electric drives using the modern control theory. The combination of
the principles of dual-zone velocity control, vector control of an alternating current machine,
operation in sliding modes, optimization by speed and the use of a derivative observer provide
the control system with exceptionally high functionality. The prospect of practical application
of the results is the integration into systems of optimal control of positional electric drives.
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AKTYaJbHICTh JOCJIZKeHHsI 3YMOBJICHa HEOOXIJHICTIO ajanTaiii MeTOiB
ONTUMI3AIlll CUCTEM YTpaBIiHHSA [ 1] 40 MOXKIMBOCTEH Cy4acHOT TEXHIUHOI peasizallii
acuHXpoHHUX enektponpuBoAiB (EII) 3 po3mupeHuM [iana3oHOM peryJitoBaHHS,
NpU3HAYEHUX I POOOTH Yy CKJIaAl MIBUAKICHUX CHCTEM TPAaHCIOPTYBaHHS.
[loenHanHs TPUHIMIIB JIBO3OHHOTO PEryJIOBaHHS IIBUIKOCTI, BEKTOPHOTO
yIpaBJIiHHS, KOB3HHX PEXKHMIB, ONTHMI3AIlli 3a MBUAKOMIIEID Ta 3aCTOCYBaHHS
crocTepiraya MmoXifgHOi Il OTPUMAHHS 3BOPOTHOTO 3B’SI3KYy 3a MPUCKOPEHHSIM €
epeyMOBOIO CTBOPEHHS CUCTEM BUCOKOT (PYHKIIOHATIBHOCTI.

Metow pobdoTH € MareMaTU4YHE MOJCIIOBAaHHSA, MapaMeTpUYHUN Ta
CTPYKTYpHHUH CHHTE3 pejieiHO01 cucTeMu ynpasiiHHs acuHxpoHHUM EII 3 nBo3oHHUM
PEryJIIOBaHHAM IIBUAKOCTI Ta MOPIBHSUIBHE JOCIIIKEHHS MEPEXITHUX MPOLIECIB MpHU
PI3HHX BapiaHTaX 3BOPOTHHUX 3B’S3KIB 3 METOIO BU3HAYEHHS HANOUIbII €(hEeKTUBHOTO
CTPYKTYPHOTO PIIlICHHS.
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OcHoBHUIT 3micT po0oTH. OCHOBOIO JJisi CUHTE3y CHUCTEMH BEKTOPHOIO
ynpaBiiHHS € AudepeHiiaibHl PIBHSAHHSI poOOTH acMHXpOHHOTo aBuryHa (AJl) B
CUCTEMI KOOPJAHMHAT, M0 00epTaEThCS 31 MBUAKICTIO oIS [2]. Bick U Takoi cuctemu
OpIEHTOBaHAa 3a HAMNPSIMKOM BEKTOpa IOTOKO3YEIUICHHS pOTOpa, TOMY

W,|=¥, =¥y, asics vV Bunepemkac ii na 90° . Lli piBHAHHS MatOTh BUIIISA:
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fe Zp — YMCIO Mmap moiocis, V', — MOTOKO34YCIUICHHS pOTOpa, |3 — cTpyM cTaropa,
U, — mampyra cratopa, p=d/dt, L,, — B3aemHa ingyKTUBHICTH, Rg, R, Ta Lg,L, —

aKTHBHI OMOPH Ta IHAYKTHBHOCTI craTopa i poropa, J — MoMeHT iHepuii, M, —

MOMEHT omopy, Ls — mepeximHa iHIYKTHUBHICTH CTaTopa, ® — KyTOBa HIBUIKICTbH

Relm |

poropa, ®y = sy + ® — HIBUJAKICTb CUCTEMU KOOPJHMHAT.

r Ty

VY Bumagky omntumizailii CUCTEM PO3PUBHOTO YIPAaBJIIHHS CHUCTEMa PIBHSHB
pOOOTH ACHHXPOHHOTO JIBUTYHA MAAETHCS JEKOMITO3UIT Ha JIB1 MiJICHCTEMU PIBHSHb
[2], W10 OMUCYIOTh JOWHAMIKY IIJICHCTEM pPEryJIOBaHHS 4YacTOTH OOepTaHHs U
MarHiTHOro mnoss. Ilpu mpomy, LI MiACHCTEMH PO3IJIAJAIOTHCS K HE3aleXHl, MO-
nepuie, 3aBJIsSKH TOMY, IO YaCTHHA NEPEXPECHUX 3B’A3KIB BBAXKAETHCS MOBHICTIO
KOMIIEHCOBAHOIO PEJICHHUMHU PETYJIATOPaMH B KOB3HUX PEKHMMaX, a came, JOJAHOK
+ g, B (1) 1 noganoxk — lg,®, B (2), 1 mo-gpyre, BeIWYMHA MOJIYJS BEKTOpa
NOTOKO34YEIUIeHHs poTopa Y., BBaxkaeTbcd cTaynor. OCTaHHE NPUITYLIEHHS €

OOTPYHTOBAHMM JJIsI CUCTEM 31 CTa01113al1i€10 TI0JISA, B CUCTEMaX 3 OCJIA0IECHHSIM OIS
HOTr0 3aCTOCYBaHHS MOXJIMBE 32 PaXyHOK MOBUIBHOI TMHAMIKH LOTO MPOLIECY.

Jlnst peanizanii TpUHIMIY TIATPUMKHU cTanocTi enekrpopyiitHoi cumn (EPC)
o0epTaHHs 10 CKJIaay peledHOi CUCTeMH ONTUMAaNILHOTO yrpaBiiHHs AJl BBeaeHUi
(yHKLIOHATBHUN MepeTBOpIoBay, 10 (OopMye 3aBJaHHS Ha IOTOKO3YEIJICHHS
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vammuan W,  3a  ymoBu crabumzauii EPC  Ha  HOMIHampHOMY  piBHI

Wy - @ =¥y nom - ®pom = cONSt:

«  Prnom - ®nom *
Y, = ‘co‘ , Y <Y hom- 3)

AJTOpUTMIYHUI CHUHTE3 CHUCTEMHU PETYJIIOBAaHHS MOTOKO3YEIUIEHHSA 1 CUCTEMHU
pETyJIOBaHHS IIBUJIKOCTI 13 THYYKMMM 3BOPOTHMMHM 3B’SI3KaMM, MOOYJOBAHUX 32
MPUHIIMIIOM KAaCKaJHO-TIAMOPSIAKOBAHOTO 3’€HAHHS PETyJIATOpiB OCHOBHOI U
MPOMIKHOT KOOPJIMHAT, 3/IICHUMO 13 3aCTOCyBaHHSIM MeToay N—i mepemukans [1, 3].
ANTOPUTMHU ONTHUMAJIBHOTO YIPABIiHHSA MOTOKOM 1 IMIBHJKICTIO TPH KOPCTKHX
3BOPOTHUX 3B’SI3KaX 3a MPOMI)KHUMHU KOOPJAMHATAMH MArOTh BUTIISA [2]:

Upy = lsu = ImaxSign(LPr =¥ =Ky, Isu)
Urir =Uygy :UmaxSign(l su— sy

Uro = lsv = ImaxSign((D —0—K; Isv) (5)
URja =Usy :Umax3|gn(| sv T Isv)

: (4)

e URy ;URg, — CHTHAIIM PETYIISITOPIB IIOTOKO3YCIUICHHS 1 IIBUIAKOCTI, SIKi MAFOTh

3MICT 3a/laHUX 3HAUY€Hb PEAKTHBHOIO 1 aKTMBHOIO CTPYMIB, URjr,URja — BHUXIIHI

HAINPYTU PETYJATOPIB PEAKTUBHOTO ¥ aKTUBHOTO CTPYMIB, SIKi 3aJaf0Th BIIMOBIIHI

CKJIaZIOBI Hampyru cratopa acuHxpoHHol Mammuu, K i,K,i — KkoedimienTn

yi
3BOPOTHHUX 3B’SA3KIB PETYJISITOPIB MOTOKY W IIBUIKOCTI 32 CTPYMOM; CHMBOJIOM «*)
MO3HAYEHO 33/1aH1 BEJIMYMHU, a THACKCOM «max» — PiBHI 00OMEKEeHb KOOPANHAT.

YacoBi JniarpaMu MEpeXiIHUX MPOLECIB CHUCTEMHU JTBO3OHHOTO YIIPaBIIIHHSI
mBuKicTIO acuaxpoHHoro EIl 13 perynsropamu (4), (5) Ta dopmyBayeM 3a1aHOTO
noToKy (3), oTpuMaHl Ha OCHOBI JOCHIJPKEHHS MO, HaBeAeHl Ha pwuc.l.
3ayBaXMMO, 110 peaii3alis TaKoi CUCTEMH BUMAra€e 3acTOCyBaHHA 17eHTU(IKaTopa
KOOpPJIMHAT ACUHXPOHHOI MAIlMHHM, BEKTOPHOTO aHajli3aTopa Ta MEpPEeTBOPIOBAYIB
KOOpIUHAT, Oy/10Ba 1 QYHKIIIT SIKUX € 3arajbHOBIIOMUMHU [2].

JliarpamMu CUTHAJIIB PETYJISITOPIB CBITYaTh PO iICHYBaHHS KOB3HUX PEKHUMIB Y
niJcucTeMax YIpaBJiHHS, a BIANOBIIHA CTPYKTypa 3a0e3mnedye ociabJieHHs MOJis
00epHEHO MpOoIopLIiHE YacTOTI 00epTaHHs. Lle 103Bosi€ 31HCHUTH PO3TIH 10 2®0n0m

0e3 nmepeBULICHHS TOMYCTUMOI HAallPpyTH CTATOPHUX OOMOTOK.
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Pazom 3 TUM, OTpMMaHuUi BUIJIAJ JiarpaM MOMEHTY Ta UIBHUIKOCTI €
HECHPUSTIIMBUMU JIs1 TOOYZOBU CUCTEM, III0 BUMAraioTh PIBHOIPUCKOPEHOTO PYXY,
30KpeMa, TO3WIHHNX eJIeKTponpuBoaiB [3]. 3a Takux yMOB TEMIT PO3TOHY HE
3QIIMIIAETBCS CTAaJUM B JPYTid 30HI peryitoBaHHs (puc.l) dYepe3 3MEHIIECHHS
€JIEKTPOMArHiTHOTO MOMEHTY, 3yMOBJE€HE ocnabineHHsM mnons. Lle poOuth
aKTyaJIbHUM 3aCTOCYBaHHS 3aMmiCcTh (5) CHCTEMM peTyJIOBaHHS IIIBUJKOCTI 31
3BOPOTHHUM 3B’SI3KOM 3a MPUCKOpPeHHsM [ 1-3]:

* . * A
Uy =€ = smaXS|gn(w —0— nge)
* . * A
Ure =Ugy =UnaxSignle —¢€

: (6)

Jc € — BU3HAYCHE KYTOBC ITPUCKOPCHHA.

URy (t J

URw(t! e S S TP
Hse(t) 1
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Pucynox 1 — Jliacpama nepexionux npoyecie A/ 3 0bmedxncenHsM akmueHo2o cmpymy

VY piBHsHHAX (6) 1 gani Mo3HAUKa « BKAa3ye Ha MPUHAICKHICTh BEIUYMH 1
napameTpiB J0 crocTepiraya. AJIroputm ynpasiiHas (6) y noegHanH1 3 ymoBamu (3),
(4) 3a0e3meunTh €NEKTPOTPUBOY ACTATU3M Ta 1IHBAPIAaHTHICTH O MOMEHTY OIOpY,
cTab1Ti3aIit0 MPUCKOPEHHS i MPOTHO30BaHy TPUBAICTh JUHAMIYHUX PEKHUMIB.

Peneiina cuctema ynpaBimiHHS criocTepiraya [2] BiJICTeXKy€e 3HaYCHHS BEITUUUHUA
(o(t), BOHA YTBOPEHA OJTHUM KOHTYPOM PETYJIIOBAHHS 1 OMUCY€EThCS PIBHIHHIMU:
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A

po=8 pé=4d, uz =4 = amaxsign(co— d—Kye(c-lgy —s)) (7)
e ¢ — mapaMeTpUYHUI Koe(IlieHT IpU aKTUBHOMY CTPYMI,
c= ¥, 3z,Ly, /(2JL,).
YacoBi jgiarpamMu TEpexiiHUX TPOIECIB I PEKHUMIB IOMEPETHHOTO
HaMarHiuyBaHHs Ta PO3TOHY A0 IIBUIKOCTI ® = 2®pey NpH ociabieHHi noss A/l

CUCTEMOIO yNpaBlliHHA 3 airoput™Mamu (6), (4), (3) HaBeneH1 Ha puc. 2. Y Ipyrii 30H1
CIIOCTEPITAEThCA XapaKTepHE 3pPOCTaHHSA CTPyMy, HEOOXijHe s cTadumi3aIii
AMHAMIYHOTO MOMEHTY 1 PO3TOHY JABUTYHA 31 CTAJIUM TEMIIOM.

v lt)

Teult)

upy(t)

URe(t) s

Pucynox 2 — Jliacpama nepexionux npoyecie A/l 3 pecyniamopom npuckopeHms

BucnoBok. PesynpTaT  AOCHIDKEHb TUMOBUX  JUHAMIYHUX  PEKUMIB,
NPOBEJCHUX HA MOJENIAX JIBO3OHHUX CHCTEM BEKTOPHOI'O IOJIEOPIEHTOBAHOIO
YOPaBIIHHS ~ IMIBUAKICTIO, MIATBEPIDKYIOTh  BUCOKY  €(QEKTHBHICTH  METOIY
MapaMeTPUYHOTO CHHTE3y Ta CTPYKTYPHHUX PIllICHb, BUKOPUCTAHUX JJIs MOOYI0BU
CUCTEMH PO3PHUBHOTO YIPABIIHHS K ACHHXPOHHUM €JICKTPOIPUBOIOM B IIJIOMY, TaK
1 croctepiradyeM MPUCKOPEHHS, KWW BXOJIUTH A0 Horo ckiamy. OTpuMaHa SIKICTh
MEePEXiTHUX TPOIIECIB CBITYUTH MPO OOIPYHTOBAHICTH MPOMOHOBAHOI CTPYKTYpPHOT
peastizallii CUCTEMH yNpaBIiHHS, Ky MOXHa BBa)KaTH MEPCHEKTUBHOIO I HOBITHIX
€JIEKTPOINPUBO/IIB, IO MPAIIOBATUMYTh Y CKJIa1l TPAHCIIOPTYIOUUX CUCTEM.
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Abstract. The paper presents the results of an analysis of methods for constructing emergency
warning systems for the population about emergency situations. To build effective warning
systems, it is proposed to use a comprehensive infrastructure using the media (television,
radio broadcasting, Internet, mobile communications) and an optimized network of sound
signal sources. It is shown that the use of sound signals as sources of emergency warning is
one of the key elements of the system. The relevance of the development and improvement of
algorithms for optimizing the territorial distribution of sound signal sources has been
substantiated.

Keywords: optimization of discrete systems, placement of sound signal sources.

AKTYaJIbHICTh  JIOCJIUKEHHS 3YMOBJIEHA HEOOXITHICTIO YIOCKOHAJICHHS
1HOPACTPYKTYpH CHCTEM EKCTPEHOTO OTOBIIICHHS HACEJIICHHS 3 YypaxyBaHHSIM
TEPUTOPIATBHUX 0COOJMBOCTEN. 3aCTOCYBAaHHS 3ByKOBUX CHUTHAJIB B AKOCTI JIKEpen
€KCTPEHOTO OMOBIIIEHHS € OJIHUM 13 KJIIOUOBHX €JIEMEHTIB CUCTEMHU IOIEPEKEHHSI
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HaceJeHHs y pa3l HaJA3BUYaWHUX curyaliid. ToMmy po3poOka Ta yAOCKOHAJIEHHS
QITOPUTMIB TOOYJIOBM Ta ONTHUMI3alll 1HPPACTPYKTYpH Ta TEPUTOPIATLHOIO
PO3MIIIEHHST TAKUX CHUCTEM MA€ TOCTAaTHHO aKTyaJbHE 3HAYEHHS I iHPOPMYBaHHS
HACEJICHHS PO MOSBY HEOE3MEeKH y pa3i BUHUKHEHHS HAJA3BUUYAHHUX CUTYaIlii.

MeTo10 po6oTH € aHami3 ICHYIOUYMX METO/IIB MOOYIOBH TEPUTOPIaTbHUX CUCTEM
€KCTPEHOTO OMOBIIIECHHS HACEJICHHS, BUSBICHHS 1X OCOOJMBOCTEW Ta BU3HAUCHHS
HaIPSMKIB MOJANBIINX JOCIIDKEHb JIJI ONTHUMI3allli pO3MOILTy JKepesl 3BYKOBHUX
CUTHaJIIB. BU3HAUYE€HHS MOKJIMBUX HANPsIMKIB MOOYA0BHU MOJIEJIEH Ta aJITOPUTMIB JJIst
€(EeKTUBHOTO PO3MIILICHHS JIKEPEeJl Ta MOO0YI0BU CUCTEMHU OIOBIIICHHS HACENICHHS B
yMOBax Ha/JI3BUYAMHUX CUTYAIliil.

Amnani3 iHQpPacTPyKTypHu CUCTEMH €KCTPEHOTO OTOBIIICHHS HACEICHHS MOKa3ye
Ha MOKJIMBICTh 3aCTOCYBaHHS JIOCUTH IMIUPOKOTO CIIEKTPY CYYaCHUX TEXHOJOTIN IS
ix moOyzoBu. I[lpy 1BOMY OJHUM 13 OCHOBHHUX HEOJIKIB ICHYIOUOI CHCTEMH
€KCTPEHOTO OMOBIMIEHHS € HEBIJIMOBIIHICTh MOTYXHOCTI JKEpel 3ByKOBUX CHUTHAJIIB
yMOBaM iX BHUKOPHCTaHHS, Ta HECHEKTHUBHICTb iX pO3MIIIEHHS Ha BIAMOBIIHIN
TepUTOPil MOKpUTTS. Tak, 3aHAATO BEIMKA KOHIICHTpAIIiS TaKUX 3aCO0IB OMOBIIIECHHS
Yy OHOMY MICITi MO’XE€ HETaTUBHO BIUIMBATH Ha CTaH 37J0pOB’sl HaceleHHs. ToMy B psii
JOCIIKEHb  TPOMOHYETbCS B AKOCTI  JDKEpEJT  E€KCTPEHOTO  OIMOBIIIEHHS
BUKOPHUCTOBYBAaTH 3aco0M MacoBoi 1H(opmarii: TenedadyeHHs, paaiOMOBICHHS,
[HTepHeT, MOOUTLHUI 3B’s30K 1 T. iH. [1, 2]. 3a3Haummo, mo Juis 3a0e3rmeueHHs
GyHKII1I0HYBaHHS BKa3aHUX 3aC001B BaXXJIMBE 3HAUYCHHS MAa€ HASBHICTh EHEPTETUYHOTO
3abe3neueHHs [3].

Pesynbrat mpoBeaeHUX MOCHIKEHb €(PeKTUBHOCTI (YHKIIOHYBAaHHS CHUCTEM
OMOBIIIEHHS B 3aJIE)KHOCTI BiJI iX IHPPaCTPYKTypH BKa3ylOTh Ha T€, IO OE€31pOTOBUMI
METO/I OTIOBIIIECHHS HE MO>KE IMOBHICTIO 3aMIHUTH 3BYKOB1 CUTHAJIU Ta 1HII X aHAJIOTH
[4]. Takox 3a3HAuYa€TbCS BAKIMBICTH 3aCTOCYBAaHHS METOJIB IMPOTHO3YBaHHS Ta
ONTUMI3AIlli MICIIb PO3MIIICHHS JKEpPET 3BYKOBHX CHUTHAMIB JJIsi 3a0e3nedeHHs
MOBHOTH MOKPUTTS TEPUTOPIi MOTEPEIHKEHHSI.

BaxnuBum pakTopoM e(peKTUBHOCTI CUCTEMHU €KCTPEHOTO OMOBIIIECHHS BiJIIrpae
HAsSIBHICTh B3a€MO3B’S3Ky 11 ()YHKIIOHYBaHHA 3 peakili€ro HaceleHHs. Kitoudosi
ACIIEKTH B3a€MOJll HACEJIEHHS 1 CHUCTEM OIIOBIIIEHHS Ta HAsIBHICTH JIEBHX 3aXO1B
HAIpaBJICHUX Ha 30CpPSKCHHS JKUTTS JIIOJCH po3NIAIaloThes B poOoTi  [5].
[linkpecneHo BaXJIMBICTh ONTUMI3AIll TEXHIYHUX XapaKTEPUCTHUK CUCTEMHU s
30€epeKEeHHS 3/I0POB’ sl Ta 3a0e3nedyeHHs 0e3MeKH JIFoACH.

TakuMm 4MHOM, yIOCKOHAJIEHHS aJTOPUTMIB MOOYJOBH Ta ONTHMI3alli CUCTEM
€KCTPEHOTO OTOBIIMIECHHS B YMOBaxX Ha/I3BUYAWHUX CUTYAIlll, a TAKOXX MPUETHAHHS 10
HUX aBTOMATUYHUX TPHUCTPOIB MPOTHO3YBAHHS BIJIrpac HAA3BUYANHO BaKIIUBE
3HAYCHHS JIJISl TABUIICHHS X €()EKTUBHOCTI.
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[Tpu onmTuMizariii po3MillleHHS JKepell 3BYKOBUX CUTHAJIB JJIsI MAKCUMAJIbHOTO
MOKPUTTS HEOOX1HO BpaxoBaTH LUIMK psaa (HAKTOPIB TaKUX SIK TEPUTOpPiaibHI
0COOJIMBOCTI, IITBHICTH 3a0y/I0BU, HACENEHICTh TEPUTOPIi, YAC PEAKIIil, JOCTYIHICTh
TPAHCIIOPTHO1 1H(PPACTPYKTYpH Ta iHII BaKIUBI mapameTpu. Ha 0CHOBI aUTHBHOTO
MeTOay MO0y I0BHU IMTBOBOI (QYHKITIT, MOJIETTh PO3MIIIIEHHS PKEPEIT 3BYKOBHX CHTHAJIIB
MOJAETHCS Y BUTJISI CYMHU KPUTEPIiB 13 BarOBUMHU KoedilliEHTaMU:

Ki :(kilqi1+ki2qi2+"'+kijqij+"'+ki )/m

mqlm ’ (1)
ne Ki — dyHKiis eeKTHBHOCTI MOKPUTTS LIS 1-OT0 HACEIICHOTO IYHKTY; (ij — 3HAYCHHS
napamMeTpa OIMOBIIIEHHS sl 1-0T0 HACEIEHOTO MYHKTY;

] — KUIBKICTh MapaMeTpiB, Mo po3risiaaTees; | = 1, 2, ..., m; (i = | npu HaIBHOCTI
BIJIMOBIAHOTO NTapaMeTpa; (i = 0 mpu BiACYTHOCTI apaMeTpa;

Kij — BaroBuii Koe(illieHT BIUIMBY j-0T0 mapameTpa Ha ouiHKy edektuBHOCTI; 0<k;<1;
JUTSL pO3TJISIHYTOTO BUIAJIKY IPUIUMAETHCS piIBHUM 1

Kij B peambHMX yMOBax JO3BOJISIE OUTBII TOYHO BpaxyBaTH BIUIMB IapaMeTpa Ha
3HAUYEHHS KOMIUIEKCHOTO KOeIIli€HTA.

JUist ontumizanii epeKTHUBHOCTI 1H(GPACTPyKTypu cucteMu onoBiumieHHs (1)
MIPOIMOHYETHCS 3aCTOCOBYBATH MOAN(DIKOBAaHUIN T€HETHUHUIN aJITOPUTM.

Ha mnepmomy etami 3acTOCYyBaHHS TE€HETHYHOTO AalTOPUTMY CTBOPIOETHCS
BUX1JJHA MHOKHWHA (TTOMYJISAIIS) MOKIIMBUX BaplaHTIB PO3MIIICHHS JKEPEI 3ByKOBUX
curHayiB (0COOMH) CHCTEMHU OIOBIlIEHHA. B mopanpiiomy 3a J10IMOMOTOIO
3aCTOCYBaHHS OIeparopa KpocoBepa 1 MyTarlii 13 BUXIJHOI MOyl hopMyeThes
CHUCTEMa C HOBOIO TOMOJIOTIE€I0. 3a3HAYMMO, 110 PO3MIPHICTh BUXIJHOI MHOXXHHH €
3MIHHUM NapamMeTPOM aIrOpPUTMY.

Ha npyromy eramni peanizyeTbest BUOIp 0aThKIBChKOI Mapu. 110 CKUTbKU CTBOpEHI
OCOOMHU JOYIPHBOI MOMYJISILIT HOBUHHI MaTH Kpally NPUCTOCOBAHICTh, TO BOHU ii
OTPUMYIOThH BiJl OaThKIBCbKUX OCOOUH. Jljig1 BHOOPY OaThKIBCHKOI Mapy OOMPAOTHCS
Bl OCOOMHM 3 MaKCHUMaJIbHUM 3HAYEHHSM MPUCTOCOBAHOCTI (MaKCUMaJIbHUM
3HAYCHHSM IUTHOBOT (QPYHKIIIT).

Ha TtperboMy eTami st OTpUMaHHS JOYIPHIX OCOOMH 13 OaThKIBCHKOI HapH
3aCTOCOBYETHCS OMEPATOp KPOCoBepa:

1-i1 Kpok — BU3HAYEHHSI O3UIIIi KPOCOBEpA SIK BUIIAIKOBOIO YKCHIA 13 IHTEpBAILY
[k +1; N - 1], ne kK — kinbkicTh TeHepaTopiB B cucteMi, N — po3MipHICTh CUCTEMH.

2-ii KpOK — 3aCTOCYBaHHSI OINEpaTropa KpOCOBepa: MEepecTaHOBKA CIIEMEHTIB B
MAaTPHIIi, TOOTO AJIs ABOX MATPHIlh (0aThKIBCHKMX XPOMOCOM) €JIEMEHTH 3 1HIEKCAMH,
SK1 TI0 BEPTHKAJI 1 IO TOPU3OHTAII O1bI a00 PiBHI MO3UIlT KPOCOBEpa, MIHSIIOTHCS
MICIISIMH.
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Ha yeTBepTOoMy eTami 3aCTOCOBYETHCS OMEPATOP YCMAAKyBaHHs, 1110 3a0e3neuye
3aMOBHEHHS JUIA JIEAKUX €JIEMEHTIB BIJCYTHIX BXIJHHUX TIOTOKIB 3a pPaxyHOK
BKJTFOYCHHS IIMX EJIEMEHTIB 13 0aThKIBCHKOI mapu. 3a3Ha4yMMo, IO IEH orepaTop €
J0JJaTKOBUM OIEPaTOPOM T'€HETUYHOTO aJTOPUTMY .

Ha m’aromy etami Moke TPOBOAUTHCS BUKJIIOYCHHS €JIEMEHTIB 13 BIJICYTHIMH
BX1JJHUMU MOTOKAMH 32 PAXyHOK 3aCTOCYBaHHS JJOJIATKOBOTO OINepaTopa MOKpaIleHHs
reHoTuity. Po3MIpHICTh CUCTEMHU B PE3yJIbTaTi 3aCTOCYBaHHA 1IbOTO oreparopa Oyne
MEHIIIOI0 TIOPIBHSHO 13 3aCTOCYBaHHSAM OllepaTopa yCHaJKyBaHHS. 3a3HayuMO, IIO
3aCTOCYBaHHSA JIBOX JIOJAATKOBUX OINEPATOPIB € B3aEMOBUKIIIOUHUM.

Ha moctromy erami mpoBOAuThCS BiAOIp Kpaliux OCOOMH AJisi BKJIIOYCHHS B
MOMYJIAIII0 13 3aCTOCYBaHHSM OIEpATOpPy CEJEKIii. Y JaHOMYy BHIIQIKy IOYipHI
0COOWHU BKITIOYAIOTHCS B PEHPOAYKIIWHY TpyIy, i3 ko1 ooupaeThest N “kpammx” (3
HAKO1IBIIO MPUCTOCOBAHICTIO, 200 3 MAKCMMAaJIbHUM 3HAYCHHSIM LUJILOBOT (DYHKIIIT)
OCOOMH ISl CTBOPEHHS HOBO1 MOMYJISLIII.

KputepieMm 3aBepiieHHs poOOTH alropuTMmy € 3abe3leueHHsl Hamepes 3al1aHoi
TOYHOCTI HAOJIMKEHHS 3HA4Y€Hb IJIbOBOT (DYHKIIIT Ha CYCITHIX 1TepallisiX.

[lepeBipka e(QEKTHBHOCTI Ta JOCTOBIPHOCTI aJrOPUTMY MPOBOJUTHCA Ha
peanbHUX JaHHUX, 13 3a0€3MEYEHHSIM MOXJIMBOCTI MOro KOPUTYBAaHHA Ta
BJIOCKOHAJICHHS.

BucnoBok. J[ng mnoOynoBu €(EKTUBHUX CHUCTEM EKCTPEHOrO OMOBIIICHHS
HAaCeJICHHS TPOIOHYEThCS BUKOPUCTOBYBAaTHM KOMIUIEKCHY 1H(pacTpykTypy 3
BUKOPUCTAaHHSAM 3ac0o0iB MacoBoi 1H¢opmarlii (TeneOayeHHs, pPaJgilOMOBIICHHS,
[aTepHET, MOOUTbHMIA 3B’ SI30K) Ta ONITUMI30BaHy MEPEKY JIKEPEN 3ByKOBUX CUTHAJIIB.
B sxocTi KpuTepis onTHMI3alili MPOMOHYEThCS BUKOPUCTOBYBAaTH MaKCUMyM
TEPUTOPIATBHOIO MOKPUTTS 32 YMOBH PIBHOMIPHOTO PO3MOJLITY Ta MIHIMAJIbHO
MOJKITUBOI MOTYXKHOCTI JKepesl 3BYKOBUX curHaimiB. Jjis moOynoBH ONTUMATBHOTO
PO3B’S3Ky BUKOPUCTOBYETHCA MOAU(DIKOBAHUI I€HETUYHUI aJITOPUTM, IO J03BOJISE
BU3HAYUTH ONTUMAIbHY CTPYKTYPY CHCTEMHU OTIOBIIICHHS 13 HAOUIbI €(heKTUBHUM
PO3MIIIEHHSM JKEPel 3BYKOBUX CUTHAIIB.
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Abstract. This work deals with the topic of developing a mathematical model for determining
promising directions for the development of an industrial enterprise. Significant changes in
the modern economic environment require industrial enterprises to adapt to constantly
changing conditions and ensure their competitiveness. To achieve this goal, it is necessary
not only to identify current problems, but also to predict possible directions of development
based on the analysis of available data. In this context, mathematical models can become an
effective tool for assessing and forecasting promising directions of industrial enterprise
development. The study showed that the application of mathematical methods and models
allows for an effective analysis of the current state of the enterprise, forecasting possible
directions of development, as well as optimizing the strategy of its further development.
Keywords: industrial enterprise, promising directions of development, methods of
forecasting, economic and mathematical modeling.

AKTyaJIbHICTh TeMH. B yMOBax HECTaOUTLHOCTI €EKOHOMIYHOTO CEPEIOBHUIIA T
3arOCTPEHHsS] KOHKYpEHIii, MpoOjeMa BU3HAYEHHSI TMEPCHEKTUBHUX HAIMPSMKIB
PO3BUTKY TPOMUCIIOBUX MIANPUEMCTB CTa€ 0COOJMBO aKTyallbHOI. Ha choroIHIIIHIMf
JIeHb YCHIIIHA JISUIBHICTh MPOMMCIIOBOTO MIJNPUEMCTBA 3aJICKUTh HE JIMIIE Bij
HasiBHUX y HOT0 PO3MOPSKEHHI PecypciB, a W Bl €PEKTHUBHOTO PO3MOPSIHKEHHS
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HUMHM Ha OCHOBI 3aCTOCYBaHHSI €()EKTUBHUX HOBITHIX Ba)XXEJIB yNpaBIiHHA. 31aTHICTh
MIPOMHCIIOBOTO TIANPUEMCTBA PEai30BYBAaTH 1HHOBAIIMHY AISUIBHICTh 3a0e3mnedye
MaKCUMaJIbHE BUKOPHCTAHHS HASIBHUX MOXJIMBOCTEH JUIsl OTPUMAaHHS €KOHOMIYHOTO
pe3ynbTary.

BukopuctanHs mMaTeMaTHYHHX MOJENEH JT03BOJIAE€ €(DEKTUBHO aHAI3yBaTH Ta
nepeadavyaTy IMOTEHIIMHI TEHJICHIII PO3BUTKY, IO JI0MOMAarae IMiJNnpueMCTBaAM
puiMaTH OOIPYHTOBAH1 YIPABIIHCHKI PIIIICHHS Ta 3a0€3MeUyBaTH CTIMKHI PO3BUTOK
y MailoytHpomy. Crabimzanis (PyHKIIOHYBaHHS MPOMHCIOBOIO BUPOOHMIITBA Ta
CTBOPEHHS CTIPUSATIUBUX YMOB JJIS IHTErpallii yKpaiHCbKOI EKOHOMIKH B €BPONIEHCHKY
CUCTEMY C€KOHOMIYHHUX BIJHOCHH HE MOXJIHBI 0€3 TOTYXXHOTO TiABUIICHHS
e(eKTUBHOCTI BUPOOHUYUX MPOLECIB y PI3HUX TalTy3IX EKOHOMIYHOI IiSTBHOCTI.
Tomy npobieMa ya0CKOHANIEHHS Ta pO3pOOKH METO/IIB IPOTHO3YBAHHS 1 BU3HAYCHHS
NEPCHEKTUBHUX HAMPAMKIB BUPOOHUYOI MJISUIBHOCTI MIANPUEMCTB € JIOCUTh
aKTyaJbHOIO.

OnHuM 13 OCHOBHHMX €TaliB 3/1MCHEHHS MPOTHO3YyBaHHSA € BHUOIp HaAMOUIbII
IPUUHATHOTO METOAY. AKIIEHTYIOUH yBary Ha MPOTHO3YBaHHI HAIIPsIMiB IHHOBAIIMHOT
JUSITBHOCT1 TTPOMUCIIOBUX MIAMPUEMCTB, HEOOXITHO MIAKPECIUTH, 10 caM 00’ €KT €
KOMILJIEKCHHUM, 1 TOMY MOTpeOy€e BCEOIUHOTO AOCTIIKEHHS Ta PO3POOKH METOAUYHOTO
iHCTpyMeHTapito. I[luTaHHSAM poO3poOKM MOJenel 1HHOBAUIMHOTO PO3BUTKY Ha
MPOMHCIIOBUX  MIANPUEMCTBAX, CHEHU(PIKM BUKOPUCTAHHS JAaHUX  MOJEJNEH,
dbopMyBaHHs CTpaTerid MmpoaHalli3oBaHl B poOoTax Oararbox HayKoBIIB. bymryea
JI.I., Bacunenko B.O., I'aiiBoponceka T.I'., I'pabosenskuii b.€., lukans H.B., €pina
A. M., 3aropoaus T.I1., Onekcies, A. M., ITamryta M. T. Ta 6arato iHIIMX HAYKOBIIIB
y CBOIX Mpalsgx pO3TIsAAaloTh NMHATAHHS METOAWKH TMPOTHO3YBaHHsS. B pesynbrati
MPOBEJICHOTO aHaJII3y HAyKOBHUX JKEPEJT MOXKHA BIJ3HAYMTH, 110 BUEHI 31HCHUIN
BaroMuii BHECOK y cdepy NOOyAOBH EKOHOMIKO-MAaT€MAaTHYHUX MOJENen
1HHOBAI[IHHOTO PO3BUTKY MIJANPUEMCTB, aKe ICHYIOUl MIAXOAU BPaxoOBYIOTh
cnenupiKy BU3HAYCHOI raily3i BUpOOHUIITBA, HOTO BUPOOHUYY Ta 30yTOBY JiSTBHICTS,
JI03BOJISIIOTH BU3HAYUTH OCHOBHI HAIPSIMU TOAANBIIOTO (DYHKI[IOHYBaHHS, aJi€ BOHU
MalOTh MEPEBAKHO TEOPETUUHY CTOPOHY BUKOPUCTAHHS.

MeTo10 po60TH € BUBYEHHS Ta pO3pOOKAa MATEMATUYHOI MOJEI, SIKa I03BOJIUTh
CUCTEMAaTU3YBAaTH Ta aHAII3yBaTH HAsIBHI JIaH1 IPOMUCIIOBOIO MIJIPUEMCTBA 3 METOIO
BU3HAYECHHS ONTUMAJILHUX CTpaTerii po3BUTKY, 3a0€3MEYeHHs MHOoro CTiMKOro
(YHKLIOHYBaHHS Ta MIJBUILEHHS KOHKYPEHTOCIPOMOXKHOCTI Ha pUHKY. OO0'ekToM
JOCTIKEHHS € TIPOIleC BHU3HAYCHHS TEPCICKTUBHUX HAMPSMKIB  PO3BUTKY
MIPOMHKCIIOBOTO TMIAMPUEMCTBA HA OCHOBI aHaNi3y EKOHOMIYHHMX, TEXHIYHHMX Ta
oprasizamiifHuX Moka3HukiB. JlocnipkeHHs 6a3yeThCsl HAa TTOEHAHHI METOIB aHAJI3y
E€KOHOMIYHMX Ta (PIHAHCOBUX TIOKA3HUKIB, MAaTEMAaTUYHOTO MOJICIIOBAHHS Ta
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CTaTUCTUYHMX METOJIB JIJII OOIPYHTOBAHOI OIIHKUA €(EeKTUBHOCTI Ta MPHUJATHOCTI
PO3pOOJICHUX CTpATET1id PO3BUTKY.

B naniii poOoTi 3ampomoHOBaHI HOBI MIAXOAW JO MOJCIIOBaHHSI Ta
MPOTHO3YBaHHS 1 BU3HAUEHHS MEPCHEKTUBHUX HANPSIMKIB BUPOOHUYOI ISIBHOCTI
YKpaTHCHKUX MiAMPUEMCTB T1IPHUY0-BU00YBHOT ramys3i.

Hanpy»xeHicTs BUpOOHHUYOT TISIIBHOCTI MIAMPUEMCTBA BU3HAYAETHCS 0OCsSTaMU
BUPOOJIEHOT MPOAYKIIlT KOXKHOTO BUAY BU3HAYEHOI HOMEHKIIATYPH.

[Ipu upomy oOcArM BUPOOHUIITBA BU3HAYAIOTHCSA Y TPOLIOBOMY €KBIBAJICHTI iX
CyMapHOi BapTOCTI

Es= St+ Sy + Sp, (1)
ne St — BapTiCTh BUPOOICHOT IPOIYKITIT;

Si= (Stl‘Vl +SpVo+...+ SV +...+ Stk'Vk);

Sti— BapTICTh MPOAYKIIIi 1-T0 BUY; Vi — 00csar BUpOOIEHOT MPOAYKIIIi 1-T0 BUAY;
K — KiJIbKICTh BHJIIB TIPOAYKIIT 32 HOMEHKJIATYPOIO;

St — BapTiCTh BUPOOHMIITBA CYHmyTHIX TOBapiB; Sy = (Sy1-Wi1 + Sy W2 +...+
Stj"Wj +...+ Sen*Wh); Suj— BapTicTh BUPOOHHUIITBA CYITyTHIX TOBApiB j-r0 BUAy; Wj —
o0cAar BUpoOJEHUX CYNMyTHIX TOBapiB j-TO BUIY; N — YUCENBHICTh CYMyTHIX TOBAapIB,
110 BUPOOJISIFOTHCS MIAITPUEMCTBOM;

Sp — BapricTh mocayr HamaHux mianpueMcTBoM; Sp = (Sci-F1 + Seo'Fp +...+
Scq'Fgt...+ SemFm); Scq — BapTicTh mocnmyru q-ro Buny; Fq — o0csr HamaHuX mociyr
g-ro BUAY; M — KUIbKICTh HAJJaHUX MOCITYT.

EdexTuBHICTh Tpoliecy BUPOOHUIITBA BU3HAYAETHCS BIAMOBITHOK BEJIMYHUHOIO
OTPUMAaHUX JOXO/IB

EdexTuBHICT Tpoliecy BUPOOHUIITBA BU3HAUAETHCS BIAMOBITHOK BEIMYHUHOIO
OTPUMAaHUX JOXO/1B

Ed= Edt+ Egw + Edp, (2)
ne Egt , Eaqr , Eqp — 00csrm noxoniB oTpuMaHi Bl peaii3anii BUPOOJIEHOI
POJYKIlii, TOBAPiB Ta HAJAHUX MOCIIYT.

PiBens edekTUBHOCTI TIpollecy BUPOOHHUIITBA Ta HAJAHHS MOCITYT BU3HAYAETHCS

BIJIMMOBIAHUM KO€(iIIEHTOM JIOX1THOCTI

It = Etd/St 100% (3)
Itr = Etrd/Str 100% (4)
lp= Epg/ Sp 100% (5)

3a eKCHepTHUMHU OIlIHKaMH TIOPOrOBE 3HAYCHHS Koedili€eHTa HOXITHOCTI
BBAXKAETHCA JOMYyCTUMHUM Ha piBHI 25-30%. 3Ha4eHHs 1HTETpajibHOTO KOedillieHTa
JOXITHOCTI Ta €(QEKTUBHOCTI TPOILECY BUPOOHUIITBA BU3HAYAETHCSA SK CEPEIHE
3HAYCHHS BIATIOBITHUX BEJTWYUH IS BCIX CKIIAJIOBHX.
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OcHaIleHICTh BUPOOHUYUX TOTYXKHOCTEH TIJANMPUEMCTBA CKJIAJIA€ThCS 13

KamiTaJIbHUX BKJIaJIEHb B HOr0 po30yI0BY Ta MOTOYHUX BUTPAT HA KOTO yTPUMAaHHS

Eoc = Ex+ Eon,

(6)

[HauKaTop piBHSA MEPCHEKTHUBHOCTI PO3UIMPEHHS BUPOOHMYUX TOTYKHOCTEH

MiAIPUEMCTBA BU3HAYAETHCA HAa OCHOBI PO3PaxyHKIB BIAHOIIEHHS OCHAIEHOCTI /0

e(DEeKTUBHOCTI BUPOOHUYOTO MPOIIECY

MaxkcumaiibHe
HaNOLIbBIII

3HA4YCHHAA

Iprt = Et/ Eoct 100% (7)
Iprtr = Ex/ Eoctr 100% (8)
lorp = Ep/ Eocy 100% )

1HAMKATOpa pIBHS TMEPCIEKTUBHOCTI

BHU3Ha4Ya€

eheKTUBHUN HANpPsSMOK MOJAIBIIOTO PO3BUTKY Ta PO3IMIKUPEHHS

BUPOOHUYMX TMOTYKHOCTEH MIAMPUEMCTBA, M0 TNOTpeOye HOBUX KalliTadbHHUX

BKJIaJACHBb.

3 BUKOPUCTAHHSIM 1HMX (OPMYJ MOKHA BUKOHATH HEOOXIJHI PO3paXyHKHU s
OIIIHKU €(DEeKTUBHOCTI Ta MEPCIEKTUB PO3BUTKY MPOMHUCIOBOTO MiANpUeMCcTBa [2].

Tabauys 1 — @opmanizayis 63aEmMo38's13Ki6 Midc napamempamu

ITapameTtp

BriuB Ha mepcrieKTUBHI
HaIpsIMKH PO3BUTKY

B3aeM03B's130K 3 iHIIUME MTapaMeTpamMu

3anexuThb B1J1 00CATY 3aMOBJIEHbD,

HaIpsIMKH PO3BUTKY

OO6csr BUpOOHUIITBA [Tpsvuii . . . .
KIJIbKOCTI po0040i cuiiH, 00csry pecypcis
BrnBae Ha 3aranbHi BUTpaTH
Butparu Ha BUpOOHUIITBO 3BOPOTHHIHA HiANPUEMCTBA, KOHKYPEHTOCTIPOMOKHICTb,
L[IHOBY MOJITUKY
[TigBuIye KOHKYPEHTOCIIPOMOKHICTb,
IaHOBAaIIiiHI TEXHOIOTIT [Tpsamuit BIUIMBAE HA SAKICTh MPOIYKIIii, MOKIHUBOCTI
BXOJ/PKEHHsI HA HOBI PUHKHU
. . . 3MEHIIy€ 3arajibHi BUTPATH, M1JBUILYE
ExoHoMmis pecypciB [Ipssmuii ye 3 patit, THABHIILY
IpUOYTKOBICTb, CIIPHUSIE CTAIOMY PO3BUTKY
BrnmiBaroTh Ha MMOMMUT Ha MPOAYKIIITO,
PunkoB1 ymoBH 3BOpPOTHHM I[IHOBY TOJIITUKY, MOKJIMBOCT1 PO3BUTKY
HOBUX HaIlpsIMKIB
. . BnnuBae Ha epeKTHBHICTH BUPOOHUIITBA,
VY1paBiiHHS IEPCOHATIOM [Ipsamui . . . .
MOTHBAIIIO IPAIliBHUKIB, SIKICTh MPOAYKIIii
. o Buznauae MOKXITUBOCTI 1HBECTHIIIHN Y
dinaHCOBMI CTaH . .
. [psimuii PO3BHUTOK, KOHKYPEHTOCIPOMOXKHICTB,
HiAPHEMCTBA . .
CIPOMO’KHICTB 3JIyYEHHS] HOBUX PECypCiB
BruB Ha mepcneKkTUBHI , .
[Tapamerp B3aeM03B'130K 3 iHIIUMU MTapaMeTpaMu

st TabmuIst 101moMoKe BU3HAYMTH KITFOYOB1 MMapaMEeTPH Ta iX B3a€MO3B'SI3KH, K1

BapTO BpaxoBYBaTH TMIPU PO3POOII

MaTeMaTUYHOL

MOHeHi A1 BHU3HA4YCHHA

NEPCHEKTUBHUX HAMPSIMKIB PO3BUTKY MPOMHUCIOBOTrO mianpueMcta (Tadmuis 1).
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AHaJli3 B3a€MO3B'SI3KIB MK PI3HUMH IMapaMeTpaMH BKa3ye€ Ha HEOOXIJIHICTh
YAOCKOHAJIEHHS Ta ONTUMI3aIlii AISIbHOCTI HIAIPUEMCTB, 0COOJIUBO B TaIy31 FNPHUYO-
BUI00yBHOI MPOMHUCTIOBOCTI.

Po3po6ka anroputmy OmIHKU €(PEKTUBHOCTI MOTEHIIHHUX HANIPSIMKIB PO3BUTKY
U TIPOMUCIIOBOTO MIAMPUEMCTBA MOKE OyTH CKJIQJHUM IPOLIECOM, KU BHUMAarae
aHanizy Oaratbox (QakrtopiB. BuzHaueHHsi kputepiiB omiHkd. Crodatky MOTpiOHO
BU3HAYUTH KPUTEPIii, 32 SKUMH BU OyAeTe OIIHIOBATU €(PEKTHBHICTh MOTCHIIIMHUX
HaIpsMKIB po3BUTKY. [3]. Lle MoXyTh OyTH (h1HAHCOBI NTOKAa3HUKH, TaKl SK BaJIOBUM
npuOYTOK, PEHTA0EIbHICTh 1 BUTPATH, a TaKOXX He(iHAHCOB1 MOKA3HMKH, TakKi SK
1HHOBAIIIHICTh, KOHKYPEHTOCIIPOMOXHICTb 1 COIlialbHA BiIMOBIAABHICTb.

Barosi koedimientu. IToTiM BaMm MOTpiOHO MPU3HAYUTH BaroBi KOeIieHTH IS
KOXKHOTO 3 KpUTEpiiB, 100 B110Opa3UTH iX BITHOCHY BaXKJIMBICTh AJIS MIIPUEMCTBA.
[{i BaroBi koe(illiEHTH MOKYTh BCTAHOBIIIOBAaTHCS HAa OCHOBI CTpPATEriYHHUX IIJICH
H1IPUEMCTRA.

30ip nmanux. IloTim 310path HEOOXiAHI JaH1 JJIs OIHKH KOXHOTO HAIpPSIMKY
po3Butky. lle moske Bkirouatu (piHAHCOBI 3BITH, PUHKOBI JOCIIJPKEHHS, aHaji3
KOHKYPEHTIB Ta 1HII1 BIAMOBIIHI AaHl. [4].

Po3paxyHok Moka3HHKIB. 3aCTOCyHTE BaroBi KOe(IIIEHTH A0 310paHUX JTaHHUX
U PO3paxyHKY MOKa3HHUKIB €()EKTUBHOCTI JIJIsI KOKHOTO HAmpsIMKy PO3BUTKY. Lle
J03BOJINTH BaM MOPIBHATH 1X Y paMKaxX BU3HAYEHUX KPUTEPIiB. [3].

Bubip ontumanbHoro Hampsmky. Ha OCHOBI pe3ynbTaTiB OIIHKA BHOEPITH
ONTUMAJIbHUM HAaNPSIMOK PO3BUTKY, SKUW HaWKpallle BIAMOBIAA€ CTPATETTYHUM I1JISIM
OiOPUEMCTBA 1 Ma€ HaWBUINMKA TOKa3HUK edeKkTuBHOCTL. [ig  po3poOku
MaTEeMaTHYHOI MOJENi IS IBOTO alTOPUTMYy MOYKHA BHUKOPHUCTOBYBATH METOIU
aHali3y JaHUX, MATEMAaTUYHOTO MOJIEJIFOBAHHS, TEOPIl IPUHUHATTSA pilieHb Touo. Kpim
TOTO, HEOOXIJHO BpPAaXOBYBAaTH KOHKPETHI OCOOJMBOCTI BallIOTO IMPOMHCIOBOTO
MIIMPUEMCTBA JJIsI CTBOPEHHS aJaliTOBAHO1 MOJIENI, 1110 B10Opakae HOro morpeou i
LT,

Takox MOXHa BHOKPEMHUTH BaXKJIMBE MHTAHHS 3a0€3MeYeHHS BUPOOHUYHX
IIPOIIECIiB HEOOXITHUM 1H)KCHEPHO-TEXHIYHUM Ta TEXHOJOTIYHHMM OOJaJHAHHSAM, a
TaK0XX Cy9aCHUMH TEXHOJIOTISIMH.

OCHOBHMMU HanpsIMKaMH PEKOHCTPYKIIIi Ta MOJAEPHi3allli BAPOOHUYHUX MPOLIECIB
MalOTh CTaTH:

- BIOPOBAPKEHHA HOBITHIX TEXHOJIOTIM, CHOPSIMOBaHUX Ha MIABUIICHHS
€(eKTUBHOCTI MPOIIECIB BUPOOHUIITBA,;

- BU3HAYCHHS JKEpes (piHaHCYBaHHS 3aXO0/liB, CIPSIMOBAHUX Ha OOJAIITyBaHHS
Ta PEKOHCTPYKIIIIO TiAMPHEMCTBA;

- 3aJ]y4yeHHS 30BHIIIHIX 1 BHYTpIIIHIX 1HBECTHIIM, a TaKOX BHU3HAYEHHS

OPIOPUTETHUX HANPSIMIB BUKOPHUCTAHHS (DIHAHCOBOI Ta TEXHIYHOI JOMOMOTHU ISt
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BIJIHOBJICHHS BUPOOHHUYOT 1H(PPACTPYKTYpU 1 TIABHUINCHHS PIBHA TEXHIYHOIO
3a0€3MeUeHHs MiITPUEMCTB.

3acToCyBaHHA  3alpONOHOBAaHOTO  MIAXOAY  JO3BOJUTH  ONTHMI3yBaTH
(YHKI[IOHYBaHHSI ~Ta OCHAIICHHS TMEpPCHEKTUBHUX  HAMNPSMKIB  JiSUTBHOCTI
MPOMUCIIOBUX I ITPHEMCTB.

BucnoBku. B pe3ynbrari npoBeaeHOro aHamizy, JOCHIKEHb OyJia po3rIsHyTa
TeMa PO3pOOKM MaTeMaTHUYHOI MOJENI JUIsl BU3HAUEHHS NEPCHEKTUBHUX HAIPSIMKIB
PO3BUTKY NMPOMMCIOBOTO MIAIPHUEMCTBA. JlOCHIKEHHS 1T0Ka3allo, 10 3aCTOCYBAHHS
MaTeMaTUYHUX METOMAIB Ta MOJENEW J03BOJIA€ 3A1MCHIOBAaTH €(PEKTUBHUMN aHaII3
MOTOYHOTO CTaHy MIANPUEMCTBA, MPOTHO3YBATH MOXKIJIMBI HANPSMKHA PO3BUTKY, a
TaKOX OINTUMI3yBaTU CTPATEril0 HOro MoAaabIIoro po3BUTKy. Ll Momens BpaxoBye
oOcsT BUPOOHHIITBA, TEXHOJOTTYHUN PO3BUTOK, (PiIHAHCOBUI CTaH, PUHKOBI YMOBH Ta
MOTEHINa) JIOJACHKUX PECYpCiB, IO JI03BOJISIE 3pOOUTH OOIPYHTOBAHI CTpaTeriyHi
pIIIICHHS.

3acTocyBaHHA MaTEeMaTHMYHOI MOJENl [ BU3HAYEHHS IEPCHEKTUBHUX
HaNpsSMKIB PO3BUTKY MPOMHCIIOBOTO MIJIPUEMCTBA € aKTyaJIbHUM 1 EPCIEKTUBHUM
HaIpsIMKOM JOCIIDKEHb, SKUW CHpUd€ MiIBULIIEHHIO KOHKYPEHTOCIPOMOKHOCTI
MIIIPUEMCTBA HA PUHKY, 3a0€3MeUy0un HOro CTiiike il epeKTUBHE (PYyHKIIOHYBaHHS
B YMOBAaX Cy4acHOI €KOHOMIKH.
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Abstract. One of the most important areas of application of problems of analysis and
conversion of graphic images is the construction and display of various drawing
documentation, the solution of which is directly connected with the solution of the problem of
effective conversion of compressed images. The work is devoted to the problem of developing
Image compression tools based on algorithms of vector formation and logical correction.
Keywords: video information, image coding, image compressio, logical filtering, thinning
method.

AKTYaJIbHICTb H0CTiI2KeHHs 3yMOBJICHA THM, 10 TPEJICTABICHHSAM 1 aHaJ130M
300paxkenb Ha [1K 3aiimaeThCsl B 1aHMii yac BeMye3Ha apMis JOCIITHUKIB IPAKTUYHO
y BCIX KpaiHax cBiTy. Onepxainu CBO€ pillieHHs 0arato 3ajiad pectaBpallli 1 KOpeKIii
300pakeHb, PO3POOJEHI pi3HI METOAM KOAYBaHHS 1 CTUCHEHHSI BiJI€O JaHUX,
MPAIOI0Th CUCTEMH 1 IPUCTPOI BiioOpaskeHHs rpadivHoi 1 MBTOHOBOI 1H(MOpMAITii.
Opnnak, AOCHIPKEHHS B Taly3l CTBOpEHHA e(OEeKTUBHUX METOJIB KOJyBaHHS
300pakeHb € aKTyaTbHUMHU 1 IOHUH1, TOMY III0 JJaHa MpobJieMa € OJHIEI0 3 OCHOBHUX
Ipu CTBOpPEHH1 3aco0iB i mudpoBoi mepegadi 300paxeHb; Bieo Tene(OHHOTO
3B'SI3Ky, 30UIBIIEHHS YITKOCTI 300pa’Ke€Hb, KOPEKIl NMEPEeKPYyUYEHUX MOBIJOMIICHbD,
(dbopMyBaHHS 1 NOJIMIIEHHS SIKOCTI 300pakenb 1 T.1. OTkKe 3a7a4a po3pOOKU METOLY
CTHUCHEHHS 300pakeHb, IO Tependadae MOKIIMBICTh IIBHUAKOTO TEPETBOPEHHS
CTUCHYTHX 300paXeHb € aKTyaJIbHOIO.

Metow podoTu € po3poOka 3aco0iB YIIIIFHEHHS 300pakeHh Ha OCHOBI
anroputMiB (hOPMYyBaHHS BEKTOPIB Ta JIOTTYHOI KOPEKIIii
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OcHOBHI MaTepiaau aocJikeHHsl. [CHYIOTh JEKUIbKA MUISAXIB JOCSITHEHHS
BUCOKHMX TOYHHUX XapakTepucTuk. [lo-mepie, yOCKOHalIeHHS CTapux 1 po3poOxa
SIKICHO HOBUX ITIIXO/IIB /IO BUPIMIECHHS MPOOJIeM JEKOAYBaHHS 1 30epeKeHHS KPECICHb
y uudppoBoMy Buriani B mam'sati. [lo-mpyre, momimmeHHs mnporpamHoi 06a3w,
3aCTOCYBaHHS HOBUX METONIB KonayBaHHS. OJHaK JaHW HaMpsMOK BHUMAarae
BHCOKOPO3BMHEHOT TEXHOJIOTIYHOT ©0a3u 1 moB'si3aHuil 3  (yHIaMEHTaIbHUMU
TPYJIHOIIIAMHM B TIpolieci HamucaHHs mnporpamu. [lpu po3poOui gaHoi AUIIOMHOT
poOOTH HEOOXiTHO BHUPIIIUTH HACTYIIHI 3aBJIaHHS: PO3POOUTH METOJ CTHUCHYTOTO
npeAcTaBieHHs 1HGopMallii, 3akiageHoi B 300paKCHHSX; 3a0e3MeYUTH CTYMiHb
ctucHeHHs He MeHIe 200 pa3iB; nepeadavynuTH MOXKIIUBICTD HIBUAKOTO MEPETBOPEHHS
CTUCHYTHX 300pa)XeHb; 3a0€3MEeUYNUTH MOXUIMBICTH TOJIMIICHHS SKOCTi. B sKoCTI
aHaJiora Bi3bMeMO KaHaJChKuii BeKkTopHu rpadiunuii penakrop CorelDRAW. B 1987
porti, HaitaaTi Corel imkenepu Mimens Byiton 1 [Ist Beirne po3pobuiin BeKTOpHI
UTFOCTpallii Ha OCHOBI MPOTpaMu I KOMIUIEKTY 3 BUKOPHCTAHHSIM HACTUIBHHUX
BUJIABHUYUX CUCTEM.

[Iporpama CorelDRAW Oyna Bnepiie omyomikoBaHa B 1989 pormi. Ilporpama
Oyna nobpe npuiiniara, 1 Corel ckopime 3ocepeawsiaca  Ha OPOrPAMHOMY
3a0e3nedenHi. Hemonikom aHaiiora y mopiBHSHHI 3 po3po0JIsieMOI0 CUCTEMOIO € T€ 10
Core]DRAW po3paxoBaHa Ha pi3Hi BUIU 300paXeHb 1 BAKOPHCTOBYE 3arajibHl METOIU
70 BCIX THUIIB 300paxkeHb. A po3poliiieMa CHUCTEMa pO3paxOBaHa CIEUIATBHO AJIS
KpecJeHb, KOHCTPYKTOPCHKOI JIOKyMEHTallii 1 T.n. Y Ham yac icHye mnoTpeba
3MEHIIeHHsT 00csariB  BigeoiHdopmalii a came 300paxeHb. TomMy MOXKHa
CTBEP/KYyBaTH, IO JJIS MiJBUIICHHS €(PEKTUBHOCTI Tpalli, 3HWKEHHS TPHUBAIOCTI
yacy Ha oOpoOKy iHdopmarllii, 30UIbIIEHHS] BUIBHOTO MICIS Ha >KOPCTKUX HOCISIX,
aKTYaJIbHOIO € po3poOKa cucTeMu CTUCHEHHS 1H(dopMailii. Po3pobieHa cucrema €
e(hEeKTUBHOI0, OCKIIBLKM Koe(ilieHT cTUCHeHHs nocsrae 40 pasiB. J[o Toro x, 1iHa
JTAHOTO MPOrPAMHOTO MPOYKTY € HU3bKOIO MOPIBHSHO 13 BAPTICTIO MPOTPaM-aHaJIOT1B,
1110 POOUTH HOTO KOHKYPEHTOCITPOMOYKHUM.

VY 61nbIIOCTI BUNIAJKIB B OOPOOIIOBAHUX 300pa’KEHHSX MICTUTHCS 1HOZ1 HaBITh
MeHIIIe KOpUcHOi 1H(dopmarrii, yuM HekopucHoi. KinbkicHe 301nbiieHHs iHbOpMaItii
OJICP)KYETHCSI MO HACTYIHUX TPUYMHAX: HEIJACaTbHICTh APYKY, MEPEIIKOAN TPHU
34WTYBaHHI, HEOJHOPIIHICTh nanepy adbo O6apBHOi cTpiuku [1]. [IpakTruHo Oyab-sike
OiHapHe 300pa)keHHS MOXe OyTH TMOJAaHE Y BUIJSAl CYKYMHOCTI MPAMOJIHIMHUX
BIJIp13KiB OJIMHUYHOI TOBUIMHU MI€BHOI Opi€HTAalli (BEpTUKAJIbHI, TOPU30HTAJIbHI, JI1BO-
1 mpaBoaiaroHanbHi). Takuit crocid mpeacTaBiIeHHS Ma€ MEHIY HAaJAMIPHICTh, TOMY
110 1H(OopMaIris po TOBIIMHY JIiHIN, HE MOTPIOHA TP OaraThbox aNropuTMax 0OpoOKH
300paxkeHb, HE (PIKCYETHCS.

3 ormsiay Ha BWINECKa3aHe, MEPIIMM €TaloM CTHCHEHHs BigeoiHdopmarlii €

CTOHILICHS JIIHI#, TOOTO Take MePEeTBOPEHHS, MIPU AKOMY: HE MOPYLIYETHCS TOMOJIOT1S
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300pak€HHsI, TOOTO JIIHISIM 1 By3J1aM BHXIJTHOTO 300pa)K€HHs BIJIOBIIAIOThH JIiHII 1
BY3JIU B IIEPETBOPEHOMY 300pakK€HHI; HE TMOPYIIYIOTECS OCHOBHI PO3MIpH
300pa)XeHHSI; MiCTs IePETBOPEHHS BC1 JIiHIT MAlOTh TOBIIUHY B OAMH elIeMeHT. [pyruii
€Tam ToJisira€ B 3aMiHI BHIIJICHUX TPSIMOJIHIMHUX BiAPI3KIB OJWHUYHOT TOBITUHHU
BekTOopamu. [Ipu mpoMy pacTpoBOE YSBICHHS 300paXK€HHS TEPETBOPIOETHCS Y
BEKTOPHE, 1[0 XapaKTePU3Y€EThCSA THM, 110 30€piratoThCsi HE BC1 TOUKHU PacTpa, a TIIbKU
KOOPJAWHATHU KIHITIB BUIAIJICHUX BIJIPI3KIB.

IlepeBaroro Takoro mnepeTBOPEHHS € 30UIBIICHHS IIBUAKOCTI B1JIOOpakKeHHS
300pakeHb 1 3pYYHICTh BUKOHAHHS JICSIKUX Omepalii HaJ HUMH (MacuiTaOyBaHHS,
MePEHOC, 3CyB, MOBOPOT 1 T.11.) 2, 3]. BunaakoBi mepenko iy Mpu3BOIATh 10 3HAYHOTO
3017IBIICHHS] KUIBKOCTI BUIUISIEMUX MPSAMONIHIMHUX BIAPI3KIB, IO HECYTh y cO01
HenoTpiOHy iHpopMarliito. Pe3ynpraToM IXHBOI [ii € HE3HAUHI BUCTYIIHU 1 3aTIaIMHU TI0
JOBXKHHI JIIHIH - Tak Ha3uBaHa "6axpoma'. ToMy TakuM eTarnoM yuiiabHEHHS € JIOT14Ha
¢biapTpallisi BEKTOPHOTO MPECTABICHHS 300pa’KEeHHS, 110 I03BOJISIE 3aMIHATH JIAMaHy
JHIIO0, 10 CKJIAJIA€ThCA 3 MHOXXHUHU BEKTOPIB, OJIHIEI0. 3aNpONOHOBAHUA METO]I
CTOHILICHHSI BOJIOJII€ TI€I0 IE€pPEeBarolo, IO BiH OPIEHTOBAHMM HA MOCTPIYKOBE
OTpAIlIOBaHHS PACTpa, 1110 301IBIIY€E MIBUAKOIIIO.

3anponoOHOBaHUI aJITOPUTM CTOHIIHHS peali3ye METOJ, BIAOMHH SK METOJ
"cremoBoi mokexi". OCHOBHa 17€d METOAY CTOHILICHHS MOJSrae B TOMY, IIIOO
BIJIIIYKATH Ha 300pa)keHH1 KpaiiHi 3BEPXY, 3HU3Y, CIIpaBa 1 3/1iBa €JIEMEHTH, a MOTIM
BUHECTU pIIMIEHHS TMPO MOXIMUBICT iXHBOTO  BujajeHHsA.  OCOOIMBICTIO
3aMpONOHOBAHOTO AJITOPUTMY € T€, IO 3a OJIMH MEPErJIsij YChOTO pacTpa HEOOX1THO
aHaJi3yBaTH KpaloBl TOYKH TUIBKM OAHOTO BHy. Haciigkom mporo € te, 1o s
MOBHOT'O aHaJI13y OJIHOTO IIapy KpaoBUX TOUOK HEOOX1THO YOTHUPH MEPETJISIU BChOTO
pacTpa.

[{r0 0cOONMBICTh MOXHA BIIHECTH 0O HEIOJIKIB pPO3pOOJEHOTO aIrOpUTMY.
Hactymaum erarmoM € oOjep’kaHHS BEKTOPHOTO TIPEACTABIICHHS CTOHIIIEHOTO
300pakeHHs1. JIJisi bOTO OpraHi30BY€THCSA MOPSJIKOBE CKaHYBaHHS, METOIO SKOTO €
MOIIYK mepiioi oauHuYHOT Touku. Konmu Taka Touka 3HaijeHa, GopMyeThbCsl HOMEP
BekTopa N 1 3amaM'aTOBYIOThCSI KOOPJIMHATU MoYyaTKy mporo Bektopa (V[N,1]:=j 1
VIN,2]:= 1) 1 xoopauHatu mnoBepHeHHs 11, jl. BukopucroByBana mporeaypa
CKaHyBaHHS MPU3BOJAUTH JI0 TOTO, IO MPOJOBXKEHHS JIiHII 31 3HANUJEHOT OJMHUYHOL
TOYKHU MOKJIMBO TUIBKY BHU3 110 BEPTUKAI, IO AlaroHai BIIiBO 1 BIPaBo, TOOTO TIIIbKU
3a YMOBH HassBHOCTI OAMHUYHUX TOouoK A[il+1, j1-1]=1, A[il+1,j1] =1 ab6o AJil+1,
j1+1] = 1. Skmo Takux TOYOK HE BUSBICHO, TO OJMHUYHA TOYKA A[1, j] BUTUPAETHCS.
VY mpoTUBHOMY BHITAJIKY 11 TOYKA € TIOYATKOM III€ OJTHOTO BEKTOpa 1 ii 3HUIIYBATU HE
ciiaye. Jlami 3MiiCHIOETHCST TIOCIIIOBHUN TIEPETIISA 1 aHATI3 BiIPI3KIB BIPABO, BHU3
BHU3 TI0 JIiaroHaJji BIiBO 1 BHU3 T10 JiaroHail MpaBopyy.
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BuchHoBok. Y po60Ti 0yB BUpOOJIeHN aHATITUIHUHN OIS TEXHIYHOT JIITepaTypH
3 MUTaHb CTUCHEHHsI 300pakeHb, B PE3yJIbTAaTl SIKOTO BHUSBJICHI HEJOJIKH 1CHYHOUHX
METO/IIB 1 MOCTaBIICHI 3a7a4i Ha TTOAAJIBIIE JOCTIKEHHS. BiAMOBITHO 10 TOCTaBICHUX
3a/a4 1 Ha OCHOBI MPUUHATHUX METOJIB iX pIIIeHHs, OyJTu po3pOoOJIeHI alrOpUTMHU:
MOTOHIICHHS JIiHIA O1HApHOTO 300paskeHHs; (POPMYyBaHHS BEKTOPIB; JOTIYHOT KOPEKITii
BEKTOPHOTO TIPE/ICTaBJICHHS OiHApPHOTO 300pa’keHHHI.
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Abstract. This work deals with the impact of artificial intelligence on computer graphics.
Today's challenges require a fresh look at the essence of human cognition of the surrounding
activity. Artificial intelligence plays an important role in this process. The ability to simulate
and reproduce the dynamics of our world in virtual space is essential. Artificial intelligence
allows creating new interactive three-dimensional virtual spaces for the automotive industry,
as well as for projects in virtual reality. This paper analyzes how artificial intelligence affects
the development of computer graphics.
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AKTYaJIbHICTh JOCJIPKeHHsI 3YMOBJIEHA BaXKJIMBICTIO CYYaCHUX TEHJICHIIIN
PO3BUTKY KOMIT'IOTepHOi rpadiku s (QopMyBaHHS 1 PO3BUTKY TIpadidHux
KOMITETEHTHOCTEH MaiOyTHIX 1H)KEHEPIB 1 (haxiBIliB TPAHCIIOPTHOI TaTy3i.

MeTow po0dOTH € BHUCBITJIICHHS OCHOBHUX IIepeBar 1 MOXJIMBOCTEH
BUKOPUCTAHHSA IITYYHOIO IHTENEKTY, a TaKOX aHali3 WOro BIUIMBY Ha PO3BUTOK
KOMIIT IOTEpHOT rpadiku 1 po3poOKy HOBITHIX KOMII IOTEPHUX MIPOTPAM.

HITy4HM IHTENEKT SIK TaTy3b 3HAaHb HACTUIHKU IIIBUIKO PO3BUBAETHCS 1 ITUPOKO
BUKOPUCTOBYETHCSI B CYy4aCHOMY CBITI, IO TEPMIH IITYYHUH IHTEIEKT» Ha JyMKY
aBTopiB ciaoBHuKa Collins Dictionary Moske MaTu 3BaHHSI «CJIOBO poky» [ 1]. 3a nanumu
BUJIABHUIITBA, BUKOPUCTAHHS I[HOTO TepMmiHy y 2023 porri 30UTBIIMIOCHE Y YOTUPHU
pasu. Collins nosicHroe TepMmin «artificial intelligence» («mTydHUN THTENEKT») Tak:
«Al — me BIITBOPEHHSI TMCUXIYHOI [ISJIBHOCTI JIIOJJUHU 3 BUKOPHUCTAHHAM
KOMIT'IOTEpHUX mporpam». OOIpyHTOBYIOUM Take BH3HAYCHHSA, MPEICTABHUKU
OpUTAaHCHKOTO CJIOBHUKA MOSICHIOIOTH, IO caMe€ Taka Ae(diHIIis JTOCTaTHhO YITKO
nepeaae cepio3HICTh BUKIIMKY, IO CTOITh Mepe JIIoACTBOM [1].

[Mtyuynnit intenexkt (L) BukopucTOBYIOTH y pi3HMX Tanmy3sx. Hanpuxmnan,
kopuctyBadamu 11l € Menunmua (miarHOCTUKA 3aXBOPIOBaHb, MPOMO3UIIT METO/IB
JKyBaHHs, PO3POOKM JIKIB, aHadi3 MEIUYHHX JaHUX), BUPOOHUITBO (KOHTPOJIb
AKOCT1 MPOIYKIIi, ONTUMI3AIllsl BUPOOHUYOI JIiHIi, BUSBIECHHS e(PEKTIB MPOAYKIIii),
¢iHaHcH (mporpaMu IS BUSBICHHS IIAXpaicTBa, YINPABIIHHA pU3UKAMH Ta
MIITPUMKH  KJIIE€HTIB), TEXHOJIOTISI aBTOHOMHOTO BOJIHHS (JOIOMOTAa BOIISIM
aBTOMOOWIIB, 3aMO0IraHHs JTOPOKHBO-TPAHCTIOPTHUX MPUTOJ, 3MEHIIEHHS 3aTOpIB),
00poOka mpupoAHOi MOBHU (pO3Mi3HABaHHS MOBH, MEPEKIIAJl, 4aT-00TH).

I Ty4HMit 1HTEIEKT BIUIUBAE 1 HA PO3BUTOK KOMIT 10TepHOI rpadiku. 3okpema, BiH
JI0TIOMAara€e CTBOPIOBATH KPEaTWB: BiJl HOBUX MIPU(PTIB 10 TEKCTIB 1 KapTUHOK. Ha 11e
3BEpHYJIM yBary MpaliBHUKU JW3ailHEpChKOi 1HAYCTpli 1 BukopuctoBytoTh I B
poOori. [Ipu niarorosui rpadiyHoi iHGopmalli KoM OTEP BUCTYNAE B POJI1 MAPTHEPA,
SKUM JOMOMAara€e 3 KOHKPETHHUM 3aBlaHHsM. Llel «IuTydyHWil» MapTHEP MOXKE
BUKOHYBATH HEOOXI/IHI PyTHHHI 3aBJIaHHS.

I my»ke 3ameXuTh BIJ SIKOCTI JaHUX, HA SKMX BIH HABUCHHMM, Ta BIJl TOTO,
HACKUIBKM I[IKaBl 3aBJIaHHsS TIiepe]] HHUM TMOcCTaBlieHl. Helpomepexi MOXYTh
J3HABaTHCS OUIbIIE 1 BIAOCKOHATIOBATUCS 3a PaxyHOK OOCATY HaHHUX, IO
30UTBLIYETHCS 3 YacoM, 1 OUIBIIOTO BUKOpHUCTaHHS. L{lMM BOHU BIAPI3HAETHCS BiJl
TeHEPATUBHOTO TU3aiHYy, SKUI CTBOPUIIHU IIJISTXOM IMIPOrPaMHOTO KOJIUHTY.

Y KOHTEKCTI IITYYHOTO 1HTEJIIEKTY TEPMiH «T€HEPATHUBHHID BUKOPUCTOBYETHCS
JUTSL aJTOPUTMIB, sIKI MO’KHAa BHUKOPHUCTOBYBATH JJII CTBOPEHHS HOBOTO KOHTEHTY.
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Hamnpuknan, HaiimomyssipHilio (OpMOI0 T€éHEpaTUBHOTO IITYYHOI'O IHTENEKTY B
Hami gH1 € ChatGPT — me yar-60T, AKuii 03BOJISIE KOPHCTyBayaM CTBOPIOBATU
nucbMoBrid KOHTEHT. ChatGPT Ta #ioro ekBiBameHTH, Taki sk Microsoft Bing ta
Google Bard, peBomoIioHI3yIOTh BUPOOHUIITBO TEKCTY Ta IHIIUX THUIIB KOHTEHTY.
3acTocyBaHHS TaKMX 4aT-0OTiB, 3aCHOBAHHUX Ha BEJIMKUX MOBHUX MOJENSIX, MOXKE
3/1aTUCS MPAKTUYHO HEOOMEKEHHUM.

Hanpukinaz, yaT-60TH MOXXYTh CTBOPIOBATH TPOTPAMHUI KOJI, TOJII SIK POTpaMu
NEPETBOPEHHS TEKCTY B 300pa)KEHHS Ta TMEPETBOPEHHS TEKCTY Yy BIAEO 31aTHI
CTBOPIOBATH (DOTOpEATICTUYHI 300pakKeHHS YSIBHUX CUTYaIliH.

[Tonepeny 30BciM iHIIE MallOyTHE, HIXK Te, KE MOXKHA OyJIO mepeadaduTu pik
ToMy. HesmiueHHa KUIBKICTH CIOCOOIB KUTTS Ta raiay3eidl MPOMHUCIOBOCTI OyIyTb
3MyIIeHI aJanTyBaTUCS. Bin BBeAGHHS MJaHUX JO TBOPYOTO XYA0KHBOTO
CaMOBHPXEHHS. 37a€ThCs, OUIBIIICTh BHJIB JISUIBHOCTI OyAyTh IijJ 3arpo3oro,
ONTHUMI30BaHi a00 1HIIIKUM YUHOM 3MIHEHI.

[TomupeHHs MTY4YHOTO IHTENEKTY Y 0araTboX TEXHOJOTTYHUX Traly3aX 3yMOBIIIOE
3MiHU 1 B 1HkeHepHi rpadimi. [HcTtpymentn Il MoxHa BHKOpPHCTOBYBAaTH B
TEXHIYHUX KPECICHHSX JII ONTHUMI3allii Ta MPUCKOPEHHS IMPOILECY MPOCKTYBAHHS.
[Ipoananizyemo Jeski 3 MOKIIMBUX 3aCTOCYBaHb 1HCTpyMeHTIB LIII y 11iif ramysi.

1. InctpymenTu 111 MokHA BUKOPUCTOBYBATH JJI MIJBULLEHHS €()EKTUBHOCTI Ta
TOYHOCTI KpecieHHs. OJHUM 13 NMpUKIaAiB € BUKOpUCTaHHs 1HCTpyMmeHTiB LI nms
aBTOMATUYHOTO cTBOpeHHs 3D-moneneit 13 2D-KpecieHb.

2. lITy4Huil 1HTEIEKT MOXE JOMOMOITH TOKPAIUTH SKICTh TrpadiyHOrOo
300paK€HHsI, aBTOMATHUYHO BUSBJISIIOYM Ta BUMIPABIISAIOUN TOMUIIKH.

3.B imkeHepHiii 1 [au3aiiHepCHKIA Tpadimi MTYyYHUH I1HTENEKT MOXKHA
BUKOPUCTOBYBATH JUII aBTOMATHUYHOI ONTUMI3AIlli Ta KOPUTYBAHHS IPOEKTIB, 1100
BOHM BIJIIIOBIIAJIA IIOCTaBJICHUM BUMOTI'aM.

4. Ins ontuMizanii Au3aiHy 1 po3podseHoro npoekty inctpymentu LI moxHa
BUKOPUCTOBYBaTH IMpu BHOOPI (opmMu abo KOHCTPYKIIIWHUX MarepiamiB, sKi
MOKPAILYIOTh IU3aiH.

Cnin 3a3Ha4yuTH, 110 MPU BUKOPUCTAHHS 1HCTPYMEHTIB IITYYHOTO 1HTEJICKTY B
1HXKEHEpHiH rpadili TakoX BUHUKAIOTH 1 MEeBHI npobieMu. OHIE0 3 HUX € Te, 110
JTOCATHEHHS] BUCOKOT TOYHOCTI MOJIEIi MOTpeOy€e MOonepeIHhOro HaBYaHHsI MITYYHOTO
IHTEJIEKTY Ha BENUKHUX oOcsArax naHux, 00 iHcTpymeHTH LI He 3aBXIu MOXYTh
iHTeprnpeTyBaTn ab0 CTBOPIOBAaTH CKIJIAJHI TEXHIUHI KpecieHHs. [Hma mpobiema
noysirae B Tomy, 1o moxeni Il wacTto Bakko iHTepmpeTyBaTH, 1 1€ YCKIIATHIOE
PO3YMIHHA IXHIX pillleHb. [HCTPYMEHTH IITYYHOTO 1HTEJEKTY 1HOA1 MOXYTh JaBaTu
HECIO/IIBaH1 Pe3yJIbTaTH, K1 He OyiH mepeadoadeHi po3poOHUKOM.

Ha cydacHomy etarii Bke € NMPUKJIaAX MPOrpam, 10 BUKOPUCTOBYIOTh IITYYHHI

IHTEJIEKT JIJI1 CTBOPEHHS TEXHIYHUX KPECIICHb.
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XopomwmmM npukiagoMm € Solidworks — momynspHe mporpamHe 3a0e3nedeHHs
CAIIP, sixe BUKOPHUCTOBYIOTH Y BUPOOHMIITBI Ta Tpu MpoekTyBaHHI. Solidworks
BUKOPHUCTOBYE IITYYHHM 1HTEJIEKT 1 MAIIMHHE HABYAHHS JJIs1 ONTUMI3allli TEXHIYHUX
KpECJICHb NUIAXOM aBTOMAaTH3allii MOBTOPIOBAHUX 3aB/JaHb, TAKUX SK BHU3HAYCHHS
po3mipiB. [luzaitHepchki pimenHs HoBoro mokoniHHs B Solidworks Cloud
BUKOPUCTOBYIOTh 1HCTPYMEHTH JM3aliHy Ha OCHOBI IITYYHOTO IHTENEKTY 3a
JIOITIOMOTOI0 aCUCTEHTA Ju3ainy [2].

[amum mpukitagoMm € Fusion 360 Big Autodesk — me mporpama juisi CHJIbHOI
poboTH 1 00pOOKH JaHUX, sIKa BKIIIOYA€E (PYHKIIIO T€HEPATUBHOTO IU3alHY.

Takox B Autodesk € Bemmki ycmixd B JOCTIDKEHHI IITYYHOTO I1HTEIICKTY.
Kowmmanis Autodesk y 2018 pori 3acHyBana mabopatopiro Autodesk Al Lab B pamkax
Autodesk Research, mo npoBoauth GyHIaMEHTAIBHI Ta MPUKIAIHI JOCTIIKCHHS B
rajiy3i IITY4HOTO IHTEJNEKTY 1 MAIIMHHOTO HAaBYaHHA, CIIBOPAIIOE 3 BiJIOMUMU
opraHi3allissMu Ta my0JIiKy€e epe0Bi JOCIIHKEHHS B ray3i ITYYHOTo iHTeneKTy [3].

[Ipuknagom moxe ciyryBaTu nociimkeHHs Point2Cyl — peBepc-1HKUHIPUHT
moeneit CAIIP Ha ocHOBI HEOOPOOIIEHOT TeOMETPii, IO € TaBHHOIO JOCIIITHULIBKOIO
npobaemoro. Point2Cyl cnutbHumu 3ycriuisiMu 31 CTeH(QOPICHKUM YHIBEPCUTETOM 1
KAIST migifimoB A0 1i€i npoOiieMH, pO3KIAaBIIM XMapud TOYOK Ha EKCTpY3iiHI
UWTIHAPH, sKI NOBHICTIO penarytorbcsi B CAD. Ockuibku Maiike Oyab-sSKHi
rpadiuHMii 00'€KT MOKHA BIJICKaHYBaTH Ta IEPEBECTU B XMApy TOYOK, TO LI METOJ €
JOCUTh YHIBEPCAIbHUM.

[TepcnexktuBHumu € takoxk nociimxeHHss CAPRI-Net, ne pos'sizanu 3amauy
3BOPOTHOTO 1HXXHMHIPHHTY Yy cmiBmpari 3 YHiBepcutetoM CaiiMmona @peiizepa,
3alpOINOHYBABIIM MamuHI B3ATH 3D-00'€eKT sIK BXiJHI JaHi, PO3KJIAcTH HOTO Ha
NpUMITUBHI QopMu, a noTiM BuBectH mMoaenb CAD. Lle no3Bosnsie MalmMHi BUBYATH
KOMITAKTHE Ta IHTepIpeToBaHe HesiBHE npeacTaBieHHs mojeni CAIIP 6e3 narnsany.

UynoBUM NOPUKIALOM CHIBIOpall MK JIOJbMH Ta poOOTaMH 31 IUTYYHUM
inTenexkTom € mpoekt Hive. Ile Oyna cmiBopamst Mk Autodesk ta [HCTHTYTOM
obuucmtoBanibHoro nuzaitny (ICD) mpu Illtytraprcekomy yHiBepcuteTi. Merta
noyiAraga B TOMy, 100 mOOyJayBaTH CIEIialli30BaHy TPUBUMIPHY IIOBEPXHIO,
BUKOPUCTOBYIOUM 0aMOyK 1 MOTY3Ky [4]. Mamuau Ta poOoTH, 1110 BUKOPUCTOBYIOTh
IITYYHUHN IHTENEKT, OyJIM HAMHATI SIK KEPIBHUKU OYIIBHUIITBA BUCOKOI'O PIBHS, TOYHI
MaIIMHICTU Ta TEXHIKU 31 CKJIaJlaHHs cTpyH. Ha mpotuBary upomy, Jitoau BUOUPAIH 1
MaHIIyJIIOBAJIU y>K€ HENPAaBUJIBHUMU IIMaTOukamMu 0aMOyka. Pazom Oyina ctBopeHa
CTPYKTYpa, sIKy HEMOXKJIUBO OyJi0 0 moOyxyBaTH 6€3 CIiBIIpalll JOAUHH Ta IITYYHOTO
THTEJICKTY.

BucnoBku. HaykoBa nocnimauibka poOoTa B Tamy3six 1HXXEHEpHOI rpadiku
PO3IIMPIOE KOJIO 33J]1a4 3 ypaxyBaHHSM HOBITHIX TEXHOJIOTIH. | 3 4acoM 11e mpu3Bene

JI0 TIOSIBU HOBUX MPOTPAMHUX MPOIYKTIB, 1[0 3HAYHO CHPOCTIATH POOOTY 3 rpadikoro,
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MOKpaIyoud e€(peKTUBHICTh, TOYHICTh 1 SKICTh 300pa)K€Hb Ta CIPUSIIOYN CITIBIIpalll
MDK 1H)XKEHEpaMu Ta JU3aiiHEpaMHu.

[actpymentu Il mponmoHYOTH YHCIEHHI MOXKIWBOCTI IJIi BHKOPUCTAHHS B
mporieci mpoekTyBaHHsA. BukopucroBytoun I1II, MokHa 3aomamutu 9ac i JOCITTH
KpaluxX pe3yJbTaTiB MPU CTBOPEHHI 300pakeHb 3aco0aMMu KOMIT I0TEPHOI Tpadiky.
Opnak BaxJIMBO, 100 KOPUCTYBad MaB IPYHTOBHI 3HAHHS IIOAO HPOEKTHHUX
TEXHOJIOTIA 1 pPO3yMHO iX BHUKOPHUCTOBYBaB. lle eauHuii CIroci0 MOBHOIO MipOIO
BUKOpucToBYyBaTH nepesaru LI B mporneci npoektyBanHs. BaxirBuM kpokom € BUOIp
npaBuwiIbHUX 1HCTpYMeHTIB LI nnsi kokHOTO eTamy mpolecy MPOeKTyBaHHS, 1100
3poOuTH poOOTY €PEKTUBHIIIOI Ta JOCATTH OaKaHUX PE3yJIbTaTiB.
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Abstract. The article analyzes the impact of digital technologies on higher education. It is
noted that the use of electronic educational platforms, distance learning and immersive
technologies transform university education, making it more accessible and effective. The use
of big data and analytics for curriculum adaptation, the role of electronic libraries and
communication tools, as well as the application of blockchain technologies in education are
also discussed. The importance of interactive technologies and the use of artificial
intelligence is emphasized. It is noted that digital technologies contribute not only to the
improvement of teaching and administration, but also stimulate innovation and change the
paradigm of higher education. It points out certain disadvantages, such as unequal access,
high cost of technology and technological dependence, and proposes strategies for solving
them.

Keywords: digitalization; didactics of higher education; "digital natives"; educator's digital
competence; technological evolution.

AKTYaJIbHICTh JOCTIMKEHHs 3yMOBJE€HAa THM, II0 LHU(PPOBI TEXHOJOTI B
YHIBEPCUTETCHKOMY CEPEIOBHUILI BIIITPAIOTh 3HAUYILY POJIb Y MOMIMIIEHH] HABYAHHS,
JOCIIIKEHb, AIMIHICTPYBAaHHS Ta IHIIUX ACTIEKTIB YHIBEPCUTETCHKOTO KUTTH.

MeTow po00TH € TPOBEICHHS aHaNi3y BIUIUBY HU(PPOBUX TEXHOJOTIH Ha
HAaBYAJIBHUM TIPOIIEC.

3MiHU B MIPOBIIHUX TEXHOJIOTISIX B HAIIl Yac BIOYBAIOTHCA B IIBUJIKOMY TEMITI
0co0MBO B 1H(MOPMAIIHHO-KOMYHIKAIMHUX TEXHOJOTIAX, IO CTalOTh JIXKEPEIOM
PO3BUTKY JIFOJIMHU Ta BOPOBAKYIOTHCS B YC1 CpepH AiSUIBHOCTI, & MEPIIOYEPTOBO 1 B
OCBITHI TMpollecH. 3MIHM B Tally3l OCBITM Ta YHIBEPCUTETCHKOMY CEPEIOBHUIII
HeMOXJIMB1 0e3 1udpoBoi TpancdopMmallii OCBITHROTO TPOIECY, /€ TMepeadadeHo
BUKOPHUCTAHHS MOTEHITIATY HASBHUX ITU(DPOBUX TEXHOJOTIH.
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[udposizarisa Ha 2023 pik € ogHuM i3 romoBHux npioputetie MOH [1] 1 Bxe
IPaIlOI0Th HOBO-CTBOPEHI MPOEKTH I (PpOBOi TpaHchopmallii, a came: IHHOBAIIHHUMI
OCBITHIH 1 poBHi MPoeKT «Mpist» [2]; BceykpaiHchKka mkoja oyaiH [3]; exnHa
JiepKaBHA eJICKTpOHHA 0a3a 3 muTaHb OCBiTH [4]; HallioHaIbHA €IEKTPOHHA HAYKOBO-
inpopmariina cucrema (URIS) [5]; SELFIE [6]; «E» mokymentu B [lii [7] , Tomro. Le
BKa3ye€ Ha T€ 1110 B1I0YBAETHCS IHTEHCUBHUHN PO3BUTOK ITU(PPOBHUX TEXHOJIOTIH B KpaiHi
Ta 11 OCBITHIX 3aKJaJax.

Hwxye BH3HAueH1 JAesiki 3 OCHOBHUX AacCHEKTIB BUKOPUCTAaHHA IU(POBUX
TEXHOJIOT1 B YHIBEpCUTETax YKpaiHH, B TOMYy uucii JlepkaBHOMY YHIBEPCHUTETY
iHGpacTpykTypH Ta Texnonorii (AYIT):

EnexTpoHHi HaBYabHI IIaTGOPMH: YHIBEPCUTETH BUKOPUCTOBYIOTH EIEKTPOHHI
CUCTEMH yMPaBIiHHS HaBYAHHSA, J€ CTYJECHTH MOXYTb OTPUMATH JOCTYH JIO JIEKIIii,
3aBJaHb, TECTIB Ta 1HIMX MarepianiB. [lomynspHi miatrdopmu BiIroyaroTe Moodle,
Google Classroom, Blackboard, Canvas Ta in1mi.

JlucTaHLiliHEe HABYaHHS: 3 PO3BUTKOM 1HTEPHET-TEXHOJIOT1HM YHIBEPCUTETH CTaJIH
IPOINOHYBAaTH KypCH OHJIAWH, IO JAa€ MOXJIMBICTh CTyJ€HTaM HaBYaTHUCS B Oyb-
AKOMYy Micll cBiTy. Lle 0co0IMBO aKkTyaabHO B Cy4aCHHX YMOBAax, KOJM MOOLIBHICTh
cTaja KJIIOYOBOIO B YMOBAX IMaHJIeMil Ta BIMHMU.

Buxopuctanas BipTyaldbHOiI Ta JOMOBHEHOI peajbHOCTI: y HaBYAIbHUX
IporpamMax BHKOPHCTOBYIOTh BIpTyasibHI Ta JIONOBHEHI PEAJbHOCTI ISl CTBOPEHHS
IMEPCUBHUX HaBUalbHUX cepefoBuil. lle Moxke OyTH KOpPHCHHM JUisi HaBYaHHSA B
00J1aCTl TPAHCMIOPTHUX TEXHOJIOTIH, 1HXKEHepii, MEAUIIMHHU, apXITeKTypHu Ta IHIIUX
IPEIMETIB.

bir-gaTa ta aHayiTHKA: YHIBEPCUTETH BUKOPUCTOBYIOTh AHAJIITUKY JJI1 BUBUECHHS
JAHUX MO0 aKaJeMIYHOI YCIIIIHOCTI CTYJEHTIB, 100 BJOCKOHAJIWTH HaBYaJbHI
nporpamMu Ta 3a0e3ne4yuTH OIbll €(EeKTUBHY MIATPUMKY CTYAEHTIB, B TOMY YHCII
PpO3p0o0JIeH] crielialibHi TUCIUILIIHY.

Enextponni 616110TeKH Ta JpKepesia: YHIBEPCUTETH NMEPEXO0ATh Bl TPAAUIIIITHIX
0107110TeK 110 EJNEeKTPOHHUX pecypciB. CTyIeHTH MOXYTb OTPHUMATH JOCTYH JI0
€JICKTPOHHUX KHUT, HAYKOBUX JKypHAJIIB Ta 0a3 JaHUX.

KoMmyHikalliiini Ta CHUJIBHOTBOPYl 1HCTPYMEHTH: BUKOPHUCTAHHS €JIEKTPOHHOI
MOIITH, 4YaTiB, (OpyMiB Ta IHIIMX I1HTEPAKTUBHUX IHCTPYMEHTIB IOJIETUIYE
KOMYHIKAIIIF0 MI’K CTYJICHTaMU Ta BUKJIaladyaMHu.

TexHosorii OMOKYeilHY B OCBITi: OJIOKUYEHH MOKe OyTH BHKOPUCTAHUW HJIsi
3a0e3nedeHHs] O€3MeKn JTaHUX CTYJIEHTIB, TOCTOBIPHOCTI BHUJIa4yl AUIUIOMIB, a TaKOXK
JUTSI CTBOPEHHS CUCTEM ayTeHTHdIKAIl Ta aBTOpU3aIlii.

TexHomorii MTYYHOrO 1HTENEKTY: BUKOPUCTAHHS alNTOPUTMIB MAaIIUHHOTO
HaBUaHHA IS aJanTarlii HaBYAJBHUX MAaTeplaliB 0 I1HAWBIAYaTbHUX TMOTPEO

CTYJICHTIB, a TAKOX JJIsI aBTOMAaTHU3allli aIMIHICTPAaTUBHUX TpoI1ieciB. Takl TeXHOJIOT1i
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CIIPUSIOTh MOJEpPHI3aIlll YHIBEPCUTETCHKOTO HaBYaHHSA, pOOJATh MOro OUIBII
JOCTYITHUM Ta €()eKTUBHUM JJIsI CTYACHTIB 1 CIIPUSIOTH PO3BUTKY 1HHOBAIIIA B OCBITI,
HIMPOKO PO3MOBCIOKEHI B €BpOIeiChKUX KpaiHax [7].

[Ipore sKIo miACyMyBaTH B LIJIOMY IIi aCleKTH 3 BHUKOPUCTAHHS HUPPOBUX
TEXHOJIOT1H, TO MOYKHA BHJIUTATH PSJ HEJOJIKIB 3 SKUM CTUKAETHCSI YHIBEPCUTETCHKE
CEpEe/IOBHUILIE, a CaME:

HepiBHOMIpHUI JOCTYI: HE BCl CTYJI€HTU MAIOTh PIBHUM JIOCTYM /10 Cy4aCHHUX
TEXHOJIOT1. Y AESKUX perioHax 4d COIlalbHUX TPy MOXE BUHUKATH HEPIBHICTH Y
BUKOpHUCTaHHI IU(POBUX pecypciB. L{e MokHA BUPIIUTH IISTXOM BBEICHHS [IPOTrpam
MiATPUMKH, 10 HaJlaBajdu O CTyJEHTaM MOKJIUBICTh OTPUMATH AOCTYI O HEOOX1AHOT
TeXHIYHOI 1H(pacTpyKTypu Ta npuctpois. lllo moxe BkitouaTH B cebe 3HMKKU Ha
KOMIT'IOTEepH, OE3KOIITOBHUI MJOCTYN [0 MPOrpaMHOrO 3a0e3leueHHs Ta 1HII
miATpUMytodi 3axoau. AGO0 K po3poOka HUPPOBUX IIEHTPIB HA KaMITyCl JJIst
3a0€e3Me4eHHs JOCTYITY 1O KOMITFOTEPiB, IHTEPHETY Ta IHIIUX TEXHIYHUX PECYPCIB s
BCIX CTYJICHTIB.

Bucoka BapTICTh TEXHOJIOTIM: BIPOBAKEHHS Ta MIATPUMKA IUGPOBUX
TEXHOJIOT1d MOe OyTH BUCOKOIO BapTICTIO AJiA yHIBepcUTETIB. Lle Moke cTBOproBaTu
poOJIeMu ISl 3aKJIaJIIB 13 0OMEXEHUM OropKeToM. {1151 BUpiIeHHs Takoi mpooieMu
YHIBEPCUTETH MOXKYTh BXKMBATH PAJl CTPATETIH, TaKl SK: TPAHTH Ta (PIHAHCYBAHHS,
MapTHEPCTBA 3 TPOMUCIIOBICTIO. AOO € CTBOPEHHS PECYPCHUX LIEHTPIB JJIsl CHIJIBHOTO
BUKOPUCTAHHS TEXHIYHMX 3aC00IB Ta EKCHEpPTH3W, 100 YHIBEPCUTETH MOTIHU
00'eTHYBaTH 3yCHIUIA Ta CHIJIbHO BUKOPUCTOBYBATH PECYPCH.

Buknuku 3 peanizaili€elo 1HHOBAIlM: BOPOBAKEHHS HOBHUX TEXHOJIOTIH MOXe
3yCcTpiuaT OMip Cepell BUKIIAMAyiB 1 CTYyACHTIB, 110 MOXE YCKJIAJHIOBATH IPOIIEC
iHHOBaIil. BUKOpPUCTaHHA THYYKOTO Ta IMOCTYIOBOTO MIAXOAY 10 BIPOBAIKEHHS
TEXHOJIOT1/ Ta MOYMHAHHS 3 MJIOTHUX MPOEKTIB Y1 0OMEXKEHOTO BIIPOBAHKEHHS MOXKE
JaTH MOXJIMBICTh OIIHUTH €(EKTUBHICTH Ta BHECTH KOPEKTUBU. 3aTyyEHHs
BUKJIaJIa4yiB Ta CTYACHTIB JI0 MPOIIECY PO3POOKH Ta BUOOPY HOBHX TEXHOJOTIH MOXKE
1BHUIIMTH BJIACHY BIJIIOBIIAJIBHICTD Ta 3aI[iKaBJICHICTh YYACHHUKIB.

TexHosOT1YHA 3aJEXKHICTh: 3aJICKHICTH BiJl IU(DPOBUX TEXHOJIOTIA MOXKE CTATH
npoOJeMOI0 Yy BUNAAKY TEXHIYHUX 300iB ab0 BIACYTHOCTI JOCTYHY A0 MEPEXKI.
PesepBHe 3a0e3neueHHs Ta aBapiiiHe BIAHOBJICHHS, BUKOPUCTAHHS JJOKAJIbHUX CUCTEM
30epiraHHs JaHUX Ta PE3epPBHE KOIMIIOBaHHS, 3MOXKE 3a0€3MEYUTH JOCTYT IO BAXKIJIUBOI
iH(popMaIii HaBITh PYU TAMYACOBOMY BIJICYTHOCTI 3'€/IHAHHS 3 MEPEKEIO.

[Ipu BUKOpHCTaHHI €NIEKTPOHHUX CUCTEM YIPABJIIHHS HaBUaHHS, 3aKJIaU YaCTO
BUKOPUCTOBYIOTh 3MiliaHi (GOopMH, i€ TPOIECH BIAOYBAIOThCS HANPUKIAA Ha
miaTdopmax sik Moodle Tak 1 Google Classroom, 1110 € 1y’ke He 3py4HO, OCKITTBKH 11€
PO3MOPOIITY€E yBary y4acHHKIB OCBITHBOTO mporiecy. lle MokHa BUPIIIUTH TUISIXOM

nepeoprasizanii caMoro OCBITHBOTO IMpolecy abo K CTBOPEHHSIM CBO€1 YHIKaJIbHOT
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maThopMu 13 3allydeHHSIM Ta MIATPUMKOIO cepBepy YHiBepcutTeTy. Tak camo
BUKOPUCTaHHSI y HaBUAJIbHUX MporpaMax BIpPTyaJbHOI Ta JOMOBHEHOI PEaIbHOCTI
JI03BOJISIE JTOTIOBHUTH YHIBEPCUTETCHKE cepeloBuIle 1H(OpMAIIi€0, MO0 TMOJETIIye
PO3yMIHHS CKJIQTHUX KOHIICTIIIH Ta MOHSATb.

JlepxaBHuil yHiBepcUTET 1H(PACTpyKTypu Ta TexHoioriii (M.KuiB) Takox
3a0e3nedye BIPOBAKEHHS Yy CBOIX HAaBYAJIBHUX MpOrpaMax pi3HI MpOrpaMHi
3a0e3neueHHs], HAPUKIIaA, JJI1 MOJICTIOBaHHS Ta aHali3y JAUHAMIYHUX CHCTEM, IIO0
JIO3BOJIIE CTBOPIOBATH PI3HOMAHITHI MOJIEJl, BKJIIOYAIOYM MOJACII BHUPOOHUYMX
IpOLIECIB, JIOTICTUYHUX JIAHIIOTIB, TPAHCIOPTHUX CHUCTEM, TOINO, SKI MOXHa
IHTErpyBaTu 3 IHCTPYMEHTAaMHU Ta IUIaT(GOopMaMH, IO CHEIiaTi3yloThCsl Ha po3pooii
BIPTYyaJbHOI Ta JOMOBHEHOI PEabHOCTI.

binpuricTs moAgiOHUX MPOEKTIB BXKE aKTUBHO BIPOBAKYIOTHCS B YHIBEPCUTETH
KpaiHH, IPOTE 3arajoM 3HaHb Ta HABUYOK 3 BUKOPUCTAaHHS TaKUX HE JocTaTHbo. Lle
MO>KHA BHUPIIIUTH MIITXOM OpraHizailii MbKHapoaHuX (GopyMiB, KOHPEPEHIIii, TOIIO0
3a71s1 Mpo¢eCIHHOrO CIUIKYBaHHS 3 KOJEraMH Ta OOMiHY KpalluMHU NMPaKTHUKaAMU Y
rpynax creriajibHUX IHTEPECIB.

BucnoBok. IIpoBeneHo anami3 HUQPOBUX TEXHOJOTII B YHIBEPCHUTETCHKOMY
CEpEIOBHUIL, BCTAHOBJIEHO OCHOBHI aCIIEKTH BUKOPUCTAaHHS IIU(PPOBUX TEXHOJIOTIN B
yHIBepcUTeTaX YKpaiHW, BU3HAYEHO HEAOJIKM Ta 3alPOIIOHOBAHO IEBHI PIMIECHHS
II0JI0 1X YCYHEHHS.
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PO3POBKA AJITOPUTMY HEUYITKOI KJIACTEPU3 AL
OB'€EKTIB HA OCHOBI MEPEKI KOXOHEHA
TA HOT'O TIPOI'PAMHA PEAJIIBALIIS
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DEVELOPMENT OF THE ALGORITHM FOR FUZZY CLUSTERING
OF OBJECTS BASED ON THE KOHONEN NETWORK
AND ITS SOFTWARE IMPLEMENTATION

Rudnytska D.l. — master's student, rudnytska_di@qgsuite.duit.edu.ua
Kokryatska N.I. — Ph.D., Associate Professor, kokryatska ni@gsuite.duit.edu.ua
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Abstract. In this paper, an analysis of object clustering methods was carried out, their
advantages and disadvantages were considered, and a program for modeling object
clustering using neural network algorithms based on the Kohonen neural network was
developed. The simulation program is capable of clustering the objects on which the neural
network was trained. Testing of the system showed reliable implementation of the object
clustering process.

Keywords: cluster analysis, Kohonen neural network, modeling program, protection systems,
the algorithm of the neural network system.

AKTYaJIbHICTh JOCJIIKEHHs] 3yMOBJIEHA TUM, IO 3 KOXXHUM JIHEM TEXHIKa
IPOTPECy€ y PO3BUTKY, TOMY € aKTyaJIbHUM 3aCTOCYBaHHS HEMPOHHHMX MEpEX ISl
pO3B’si3aHHS  CKJIAOHMX 3afady. € Oararo MOMKJIMBOCTEW 3aCTyBaHHS ILITYYHUX
HEHPOHHUX MEPEXK TaKuX sIK: MEPETBOPEHHS TEKCTY y (POHETUYHE MOAAHHS, SKE 3a
JOTIOMOTOI0  BXKE€ IHIIMX METOMAIB TEPETBOPIOETHCA B MOBY; PO3II3HABAHHS
PYKOIIUCHUX JIITEP; KOHCTPYIOBAHHS CUCTEM CTUCHEHHS 300pakeHb.

VY BCiX Mepexkax BUKOPHUCTOBYIOTh MEPEXY 3BOPOTHOTO MOMIMPEHHS. 3BOPOTHE
MOIIMPEHHS] € CHUCTEeMAaTWYHUM METOAOM I HaBYaHHS OararomapoBUX MEpex, 1
TUM caMuUM Tiepeboproe oOMexeHHs. TakoX TPOBOIUTHCS KIACTEPHHUM aHali3.
ANTOPUTMHU KJIACTEPHOTO aHaNi3y BIAPI3HAIOTHCSA OUIBIIOI pizHOMaHITHICTIO. Lle
MOXYTb OyTH, aJTOPUTMHU, IO peaji3yloTh MOBHUH Mepedip CroaydeHb 00’ €KTIB a00
3MIMCHIOIOUl BWITAJIKOBI PO3OMBKHM MHOXXHMH 00’€KkTiB. Pi3HOMaHITHI mpouesypu
KJIACTEpHOTO aHallizy BXOMATh JO CKIaJAy MPAaKTHYHO BCIX CYyYacCHUX TaKeTIiB
NPUKJIAJAHUX IPOrpaM JJisi CTATUCTUYHOI 00pOOKHM OaraToMipHUX JaHUX. 3a/1a4l 1aHO1
poOOTH TOJISITAIOTh y: 3M1MCHEHHI PO3POOKH MPOTpaMHHUX 3acO0IB KIacTepu3allii

227


mailto:rudnytska_di@gsuite.duit.edu.ua

00’€eKTiB; BUOOPY aHAJIOTy JO0 MPOTPAMHOr0 3a0e3MeUeHHs KiacTepu3allii 00’ €KTiB;
BUOOpPY MeETOJy  Kjactepuzalli 00’€KTiB; po3poOlll  aaroputMy poOoTu
HelipomepeskeBoi cucteMu. OTxe 3a1a4a po3poOKH alropuTMy HEUITKOI KitacTepizarii
00’€exTiB Ha OCHOBI Mepexi KoxoHeHa Ta fioro mporpaMHa peatisallis € akTyaabHO¥O.

MeTo10 pod0TH € po3poOKa MporpaMu MOJIEITIOBAaHHS KilacTepu3allii 00’ €KTiB 3a
anroputMoM KoxoHnena

OcHoBHi MaTepiaju xocaigkeHHs. 3a/1a4i KjIacTepu3ailii 00'eKTIB B JaHUM yac
€ aKTyaJIbHUMH 33Jja4aMu 1HpopMalliiHuX TexXHoiorii. OCHOBHA Tpo0siemMa MoJjsrae B
TOMY, 0 YaCTO HEMOXXJIMBO aJ€KBaTHO BU3HAYUTU O3HAKH, HA OCHOBI SKUX CIIiJI
3MIMCHIOBATH KjacTepm3arito. Jiis 3amad, Juist SKUX Taki 03HAKW BIA€ThCS BUIIIUTH,
MITY4YHI CHCTeMH KiacTepusalii HaOylIM 3HAYHOTO TOMIMPEHHS Ta IIUPOKO
BUKOPHUCTOBYIOThCS. MeToau Kiactepus3aiii 00’€KTIB Ta TEXHIYHI CHCTEMH, IO
peani3yloTh Il METO/IU, IIUPOKO BUKOPUCTOBYIOTHCA Ha MpakTHili. Peamnizaiiis MeTo/1iB
KJacTepu3ailii HeoOXiTHAa B AaBTOMATH30BAaHUX CHUCTEMax, MPU3HAYCHHUX IS
BUKOPHUCTaHHS B pi3HUX cdepax, 30KpeMa B CUCTEMax 3ali3HUYHOI aBTOMaTUKH. Taki
3aCTOCYBaHHA TE€OPii KJIacTepu3allii, sIK KIIaCTEepHUN aHalll3 (TAaKCOHOMIs), BUSIBIICHHS
3aKOHOMIPHOCTEH y MHOXHMHI €KCHEPUMEHTAJIbHUX JaHUX, MPOTrHO3YyBaHHS PI3HUX
MPOLIECIB, SBUII ITUPOKO 3aCTOCOBYIOTHCS TAKOK B HAYKOBHX JOCIIKECHHSIX.

AJTOPUTMU KJIACTEPHOTr0 aHAJI3y BIAPI3HAIOTHCS OUIBIIOIO pI3HOMaHITHICTIO. Le
MOXYTb OyTH, aITOPUTMH, IO Peai3yl0Th NOBHUI Mepedip croiayyeHb 0O€KTIB abo
3MIMCHIOIOUl BHUIAJIKOBI pPO30MBKUA ©Oe3miui 00€kTiB. Pi3HOMaHITHI Tpouexypu
KJIACTEPHOTO aHalli3y BXOJATH MO CKJIaAy MPAKTUYHO BCIX CYYaCHHUX IIAKETiB
MPUKJIAJHUX TIPOTPaM JJisi CTATUCTUYHOI 00poOKu OaratoMipHux manux [1, 2]. OTxe,
CYyThb TEXHIYHOI NpOoOJeMH, sIka BHHHMKJIA Ha Cy4YaCHOMY €Tall PO3BUTKY HayKu
MoJisirae B TOMY, IO BIJCYTHE Take NporpamHe 3a0e3nedyeHHs, sike O J03BOJISIIO0
IIBUJIKO Ta SIKICHO KJIACTEPU3YyBaTU 00’ €KTH.

Ha ocHOBI KJ1lacTepHOro aHaiizy MOXHa pO3pOOJIATH THUIIOJIOTI0, 3A1MCHIOBATH
KJacudikailito; MPOBOJAUTH JAOCTIIHKEHHS JOIIBHOCTI 1 MPABOMIPHOCTI TPyIyBaHHS
00'ekTiB; (hopMyBaTH TIMOTE3M; 3MIACHIOBATH iXHIO TEpeBipKa, MOCIIKYBAaTH YU
CIpaBeUIUBUMHU OYyJlyTh TPHUIYIIEHHS MPO HASBHICTH Tpyn abo IXHIX THIIB Yy
JOCTIDKYBaHUX JaHUX. B SKOCTI aHajory BizbMeMo mporpamumii komiuieke “Neural
Network Toolbox ”, sikuit BUKOPUCTOBY€ETHCS s KitacTepu3allii 00’ektiB. O0IaCTh
3aCTOCYBAaHHS aHAJIOTy — CHCTEMH 3aXHCTy 3 BUKOPHUCTaHHIM BJIACHOTO ITU(POBOTO
MJMNUCY, CUCTEMH PO3Mi3HaBaHHS 00’ €KTIB Ta BITHECEHHS iX JIO MEBHOTO KJIacTepy.
["onoBHUM HEAOIIKOM CHCTEMHU aHAJIOTy € HeBEJIMKA TOUHICTH po3mizHaBaHHs (80%).

[Ile ogHMM HEAOIIKOM JAaHOTO MPOTPAMHOTO KOMIUIEKCY € HWOTrOo IMOPIBHSHO
BEJIMKA BapTICTh, M0 POOUTH MOTO0 HEAOCTYMHUM i OUIBIIOCTI KOPUCTYBadiB.
Krnacrepu3aiiist HaIeXuTh 10 TPOOIEMH CerMEHTaIll1, 3a UM M1X0A0M PO3TOIISIOTh

3amucyu 10 pi3HMX Tpyn abo cerMmeHTiB. Kiacrepuzailiss BiApi3HSEThCS Bij
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kiacudikaii TuM, 10 U1 TPOBEACHHS aHaI3y He MOTPIOHO MaTH BUALICHY LIJIBOBY
3MiHHY. P03B’s13aHHS 3a1a4i KjacTepu3allii Jornomarae Kparie 3po3ymita aaHi. Okpim
TOTO, TPYIMyBaHHSM OIHOPITHUX €JIEMEHTIB 3MEHIIYIOTh IXHIO KUIBKICTh 1 THM
MOJICTIIYIOTh aHali3. Pi3HOMaHITHI MpOLEAypH KJIACTEPHOrO aHali3y BXOIATH O
CKJIaZy MPAaKTHYHO BCIX CyYaCHUX TAKETIB MPUKIIATHUX MPOTpaM ISl CTATHCTHYHOT
00poOKkM GaraTomipHUX JIaHMX. PO3poOKy mporpaMHOro KOMIUIEKCY MOKHA PO30UTH
Ha Takl Imia3aaayl:

- po3po0Ka MeTo Iy HelipoHHOI Mepexki KoxoHeHa;

- po3po0OKa anropuTMy Bizyaiizarlii cuctemu (iHTepdercy).

Mepexa KoxoHeHa ckiaaeTbes 3 JBOX IIapiB - BX1IHOTO Ta BUX1THOTO.

EnemenTtn camoopranizoBaHoi kapTu (iHIIa Ha3Ba MEPEXi) pO3TAIMIOBYIOTHCS B
ABOBUMIpHOMY TmpocTopi. HaBuanns mepexxa KoxoHeHa 3A1HCHIOETBCS METOAOM
II0CJI1JOBHUX HAOJIMKEHD.

Anroputm Koxonena — itepamiitauii. Ha ko)kHOMY Kpolii 3/1IHCHIOETHCS 00poOKa
BX1JTHUX JAHUX, JJIS SKUX BU3HAYAIOTh CHHANITUYHI Baru, 3a SIKUMH B110yBa€ThCS TXHS
KJ1acTepizartis.

[Ticnst mpen'siBIEHHS TOCTATHBOIO YMCJIa BXIJIHUX BEKTOPIB, CUHANTHUYHI Baru
MEpEeKi BU3HAYAIOTh KJIacTepu. Baru opraHizoByIOThCS TakK, 110 TOMOJOTTYHO OJIU3bKI
BY3JIM UYTJUBI /10 CXOXHMX BXIJIHMX curHaimiB. Ha pucynky 1 mnokaszaHi 30HH
TOIOJIOTIYHOTO CYCIJICTBA HEMPOHIB Ha KapTi o3HaK. NEj (t) - MHOKHHA HEUPOHIB, SKi
BBAXKAIOTHCS CyCiJlaMU HEHPOHA j Yy MOMEHT 4acy t. 30HH CyCiICTBa 3MEHIITYIOThCS 3
gacoMm [3, 4].
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Pucynox 1 — 3onu mononociunozo cyciocmea Ha kapmi 03HAK Y PI3HI MOMEHMU 4acy

[Taker Neurolmage MFC Application cknamaeTbca 3 1HTEpOpeTaropa —
MOJICIBHOTO CEpEe/IOBHINA, IO Mae TepMiHaIbHUM 1HTepdeiic, sampa (HaOOpPy
HAWUIPOCTIIIMX CTAHIAPTHUX oneparlii, GyHKIIN 1 mpouexyp sl OOUHUCIICHb).

s toro, mo6 modyaysatu o0’ext B makeri Neurolmage MFC Application,
MOTPIOHO BBECTH BX1AHI JAaH1, a MOTIM 3pOOMTH BIAMOBIAHI Aii 111010 HOrO HAaBYAHHSI.

ANTOpPUTM HaBYaHHS MEPEXKI:
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1) BciM Baram CHHAIICIB MEpPEXi MPUCBOIOIOTHCS 3HAUYCHHS BUIIAJIKOBHM YHHOM 13
mianazony [-0.5,+0.5];

2) Ha BXiJ Mepexi IMOAA€ThCS HABYAIBHUN BEKTOP 1 OOYHMCIIOETHCS BHXIJ
KOXHOT'O HEeHpoHa sIK anredpaivyHa cyma Horo 3BaKeHUX BXO/IIB,;

3) y Mozeni BUKOPHCTaHH METOJI HaBUaHHs HelpoHHOI Mepexi KoxoneHa, ne
BUKOPUCTOBYEThCSI O€3MEpEepBHUNM CUTHAN, i1 OOYUCICHHS MOMUIKH KOXXHOTO
HelpoHa, TOOTO BIJIHIMAETHCS BUXITHUM CUTHAI, SIK anreOpaiuyHa cyMa Horo 3BaKeHHUX
BXOJI1B, 3 HEOOX1JTHOTO BUXO/TY;

4) KOperyloTbcs Bard Mepeki Tak, 00 MIHIMI3yBaTH IOMUIIKY (BEIHYHHA
JO0ITyCTUMOI ToMHIITKU Mepeski piBHa 0.001);

5) MOBTOPIOIOTHCS KPOKH 13 PYTOTO 1O YeTBEPTHH JTOTH, TIOKH 3arajibHa OMHJIKA
MEpeKi He CTaHe MEHIIe MPUIYCTHMOi, 3adaHoi B JaHid Moxemi. Benmmunna
PUITYCTUMOI TTOMHJIKH 3MIHIOETHCSI 3 METOIO €KCIIEPUMEHTY .

BucnoBok. Po3poOneHuii anroputM mae JeKiibka piBHIB OOpOOKM BX1JAHOTO
noBijomyieHHdA. [Ipu NPOXOKEHHI KOXKHOTO PIBHS €JIEKTPOHHE IOB1IOMJICHHS
OTpUMY€E TIEBHUH KOCQIIIEHT, SKUUA 3MIHIOETBCS 3 MPOXOKEHHSIM BCIX pIBHIB
¢iapTpamii. B 3aeXHOCTI BiJ HOTO BEIMYUHH, TOBIAOMIICHHS NOTpaIUisie ado y namnky
BXIJIHI TIOBIIOMJIEHHsSI a00 cmam. Po3poOka Takoro ajiroputMy € HOBUM PiBHEM
¢1apTpalii cnamy 1 He BUKOPUCTOBYETHCS B )KOJIHIN 3 ICHYFOUHUX IIPOrPAM.
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Abstract: In these theses consider important aspects using of artificial intelligence (Al) in
order to increase the reliability and efficiency of information and control systems in transport.
Modern transport infrastructure faces increasing demands for safety and traffic optimization.
Al is becoming a key tool for solving these tasks in the future. This publication examines the
issues of forecasting and management of technical equipment, optimization of routes and
schedules, monitoring of safety, development of autonomous vehicles and processing of large
volumes of data, as well as their impact on improving the reliability and safety of
transportation systems. This publication highlights the importance of using Al to achieve the
goal of creating reliable and efficient transportation systems in light of today's requirements
and the challenges of our future.

Keywords: Artificial Intelligence, transport management, information and management
systems, structures of information, security, reliability, optimization.

AKTYAJBHICTb JOCTIAKEHHs 3yMOBJIEHA 3pOCTAaHHAM TPAHCIOPTHOTO MOTOKY,
CKJIQJIHICTIO CYYacCHUX TPAHCIOPTHUX CHUCTEM, 3a0e3MeueHHSIM Oe3NeKu Ha Jopo3i,
notped B e(PEeKTHBHOMY BUKOPHCTaHHI pecypciB Ha TPAHCHOPTI JJIS I1IBUILIECHHS
HaJIHOCTI 1H(POPMALIIHO-KEPYIOUUX CUCTEM Ha TPAHCIOPTI.

MeTow pod0THM € TPOBEJACHHS OTJSAOBOTO aHANI3y Y BUIVISIAL JIEIKUX
NEPCHEeKTUB  BUKOPHUCTAHHS INTYYHOIO IHTENEKTY B 1H(OpMaiiHO-KEepYHOUHX
CHUCTEeMax Ha TPAHCIOPTI JyIs MIBUILCHHS X HAAIHHOCTI.

IlocTtanoBka mnpoGJeMu: Y CydacHOMY CYCHUIbCTBI TpPaHCIOPT Bigirpae
KJIFOUOBY POJIb Y PO3BUTKY 1 BIUTUBAE HA SIKICTh HAIIOTO XUTTs. Pazom 3 1ium, 3pocrtae
BAMOTa JI0 HAJIMHOCTI Ta €PEKTUBHOCTI 1H(HOPMAIITHO-KEPYIOUHX CHUCTEM y chepi
Tpadncnopty. OmHaK, Il CHUCTEeMH CTHKAIOThCS 13 YHCICHHUMH BUKIMKAMU Ta
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npobsemamu. OCHOBHOIO cepejl HUX € 3a0€3MeUeHHS HaIIHOCTI Ta Oe3MeKu pyxy, a
TaKOX MoTpeda B MOCTIMHINA onTUMi3allii (yHKIIIOHYBAaHHS TPAHCIOPTHUX CHUCTEM Y
3MIHHHX YMOBaX, JI¢ BpaXOBYIOThCS Tpadik, MOTOJHI YMOBH, TEXHIYHI HEMOJAAKH Ta
iHOon  ¢akropu. Y 1bOMY KOHTEKCTi, KIIOUYOBUM acCMEKTOM € MOXKIIUBICTh
BUKOpHUCTaHHA mTy4YHOrO iHTenekTy (L) ans BupimeHHs muX BUKIKKIB.

30kpemMa, TpaJMIliiiHI METOIU YIPABIIHHSI Ta MOHITOPUHTY MOXYTb BUSIBUTHUCS
Hee(PEKTUBHUMHM TIPU TaKid pi3HOMaHITHOCTI Ta 00cs31 iHpopmarllii. ToMy cboroaHi
BUHHMKA€ HEOOX1IHICTh B 3aCTOCYBaHHI IMEPEIOBUX TEXHOJIOTIHM, 30KpeMa IITYYHOIO
1HTEJIeKTY, K 1HCTPYMEHTY, KM MOKE MOKPAIIUTH HAAINHICTh Ta MPOAYKTUBHICTD
1H(pOpMaLIHHO-KEPYIOUNX CUCTEM Ha TPAHCIOPTi. TakuM YWHOM, OCHOBHA Mpodiema
MOJIATa€ B 3HAXO/DKCHHI CHOCOOIB BUKOPUCTAHHS IITYYHOTO IHTEIEKTY MAJIs
JOCSITHeHHSI WX IIUICH, 3 ypaxyBaHHSAM yCiX BUMOT 1 BHKJIHKIB, III0 CTOSTh TEPE
CyYaCHUMH TPAHCIIOPTHUMHU CUCTEMaMH.

OcHoBHi maTepiaau aocaimkenns. [tyunnii inTenekt (ILI) B maitOyTHROMY
CTaHE HEOOXIJHOI CKJIAJ0BOI0 Cy4YacHUX I1H(QOpMaIiifHO-KEpyIOUUX CHCTEM Ha
tpaHcnopti. Buxopuctanns Il B 1npoMy KOHTEKCTI MOK€ 3HAYHO IIABUILUTH
HaJIHHICTh 1 €()EKTUBHICTh TaKMX CUCTEM. TOMY € aKTyaJlbHHUM pO3IJIS JESKHX
ACIEKTIB BUKOPUCTAHHS IITYYHOI'O IHTEJIEKTY ISl IABULIEHHS HaIMHOCTI CTPYKTYP
1H(pOpMAIIHHO-KEPYIOUUX CUCTEM Ha TPAHCIIOPTI.

Buxopucranns I Ha TpaHcnopTi 1ONOMOX€E B MallOyTHOMY JJIA:

1. ITporHo3yBaHHs 1 yIPaBIIHHS TEXHIYHUM 00JIaTHAHHSIM
[T mo>ke OyTH BUKOPUCTAHUM SISl IPOTHO3YBAHHS MOKJIMBUX TTOJIOMOK Ta 3001B

B PI3HUX CKJIQJOBUX TPAHCIIOPTHUX CHCTEM, TAKUX SIK JOKOMOTHUBHU, aBTOOYCH, JTITAKU
TOIIO. 3a A0TIOMOTOI0 aHai3y nanux, LI moxe nmepenbaunTu moTeHITiHHI podIeMu
Ta JIOTIOMOTTH BXXHUTH 3aXOIIB MEepPea TUM, K BOHU CIPHYUHSATH CEPHO3HI HETaTHBHI
Haciiaku. bibmie toro, I Moxe aBTOMaTU3yBaTH MPOIEC YNPABIIHHS TEXHIYHUM
oOnagHaHHSAM, WLIO0 JO3BOJIIE BYACHO pearyBaTM Ha NOTEHLINHI mpoliemMu Ta
3amo0iraT iX po3BUTKY.

2. OnTuMizariii MapiipyTiB Ta PO3KJIaaiB

Ha tpancnoprti HamifiHICTh 1 €(pEKTUBHICTh PYXy TIparoTh BaXauBY poib. LI
MOKe OyTH BUKOPHUCTAHHUH JJI ONTHUMI3aIlli MapHIpyTiB Ta PO3KIaAiB TPAHCIIOPTHUX
3ac00iB. AJITOPUTMH MAIIMHHOTO HABYaHHS MOXYTh aHaJli3yBaTh BEJIUYE3HY
KUTBKICTh JaHUX, BKJIIOUYaro4u 1H(opMmaiiro mpo Tpadik, MOrojJHi yMOBH Ta IHIII
dakTopH, 110 BILTMBAIOTH Ha pyX. Lle m03BoNsSE TUTaHYBaTH MapUIPyTH Ta PO3KIIATU
TaKUM 4YUHOM, 1100 3a0€3MeYuTH MAaKCUMAJIbHY HAJIAHICTh 1 3pYYHICTh IS
MacaXHpiB.

3. MonitopuHry 6e3nexu
T moxe OyTH BUKOPUCTAHU JJII MOHITOPUHTY O€3MEeKH TPAHCTIOPTHUX CUCTEM.

Cucremu BiIEOCIIOCTEPEKEHHS Ta OOpOOKH 300pa’k€Hb MOXXYTh aBTOMATHYHO
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BUSBIATA IOPYLICHHS IIPaBUJI JOPOXXHBOIO pPyXy, a TakOX HAI30pUTU 34
naca)KUPChbKMMHU OTOKaMHU Ha CTaHLIsIX Ta B aeponiopTtax. I Takoxk Moke BUABIATH
Mi03p1Ty aKTHBHICTh Ta CHPHUSATH MOIMEPEDKECHHIO Ta BUSBICHHIO TEPOPUCTUUHHX
3arpos.

4. KepyBaHHsI aBTOHOMHUMH TPAHCIIOPTHUMU 3ac00aMu
Buxopuctanuss I B po3pobii aBTOHOMHUX TpPaHCIOPTHUX  3ac00iB

(aBTOHOMHHX aBTOMOOWIIB, JIPOHIB TOIIO) € III€ OJHHUM CIOCOOOM ITiJIBUIIICHHS
HaJiiHOCTI TpaHcropTHUX cucteM. Cucremu Il  103BONSIOTP  aBTOHOMHUM
TPaHCIIOPTHUM 3aco0aM MPUAMATH PIIICHHS Ha OCHOBI PeajbHOr0 Yacy Ta pearyBaTH
Ha 3MiHHI YMOBH Ha 70po3i. [le mormomarae yHUKHYTH TOPOXKHIX MPUTOJT Ta TABUIIYE
3arajJbHUN PiBEHb OC3MEKH.

5. O6poOKH BEMKUX 0OCSTIB JaHUX
TpaHCOPTHI CUCTEMHM HAKOMUYYIOTh BEIWYE3H1 0O0csru nanux moaeHHo. I

MOKe OyTHU BUKOPUCTaHUH JJIs1 OOpOOKHM IUX JaHUX 1 BUIIJICHHS I[IHHOT 1H(pOpMAIIii.
AHani3 1aHuX MOXKE JOMOMOITH BUSIBUTH TE€HACHLIIT, HOKPAaLUTH BUPOOHUYI ITPOLIECH
1 3a0€e3MeunTy OUTBII TOYHE YIIPABIIHHS CUCTEMAMHU.

OCHOBHUMU HANPAMKAMU OOCTIONCEHHS €

1. TIlpoBeneHHs aHamizy BIUIMBOBHX (akTopiB Ha (YHKIIOHYBaHHS
1H(OpMaIHO-KEPYIOUUX CUCTEM Yy c(epl TpaHCHOPTY Ta CTBOPEHHS METOJIB iX
€()eKTUBHOTO KEPyBaHHS.

2. Po3poOka cucteMu MOHITOPUHTY Ta CEHCOPIB JJIs 3a0e3MeUYeHHs HaIiHOCTI
byHKIIOHYBaHHS 1HPOPMAIIHHO-KEPYIOUMX CUCTEM Ha TPaHCIOPTI.

3. BukopucrtanHsi MTYy4YHOTO IHTEJEKTY Ta METO/IB MAlllMHHOTO HABYAHHSI JIJIS
CTBOPEHHSI MO/IEJIei MPOTHO3YBAaHHS Ta aHAJI3y BEJIMKUX OOCSTIB TaHUX.

4. Po3poOka anropuT™MiB i ONTHUMI3alli poOOTH 1H(POpPMaALIHHO-KEPYIOUUX
CUCTEM y TPAHCIIOPTHOMY CEKTOPi.

VY 11bOMY KOHTEKCTI, TOJIOBHOIO MPOOJIEMOI0 € MOTpeda y MiABUIIEHH] HAAIMHOCTI
Ta €(QEeKTUBHOCTI 1H(POPMALINHO-KEPYIOUMX CHUCTEM B Taly3l TpaHCHOPTy 3a
JIOTIOMOTOI0 CYYaCHUX METOJIB ONTHMI3aIlil Ta MepeoBUX TexHOoJoTii. Po3B's3anHs
i€l mMpoOJeMU € KPUTHYHO BaXIUBHM JUIsl 3a0e3reueHHs O€3MeKd Ha JI0po3i,
3MEHIIEHHS KIJIbKOCTI JIOPOYKHIX IIPUIOJl Ta HENACHUX BHITQJKIB, a TaKOX IS
3a0e3ne4eHHs] BUCOKOE(EKTUBHOI Ta 0€3MEeUHOI TPAaHCIOPTHOI IHPPACTPYKTYPH.

BucnoBku. Otxe, Bukopuctans L1 B TpancnopTHiM raimy3i J03BOJIUTH:

1. I moxe anHamizyBaTH BeIWKI OOCSITM JaHMX MPO PyX Ha Joporax Ta
nporHo3yBatu Tpadik. Lle 103Bossie onTUMI3yBaTh pyX Ha JOPOTax, YHUKATH 3aTOPIB
Ta 3MEHIIUTU Yac OYIKyBaHHS Ha CBITIO(Opax.

2. I po3pobmsie onTUMambHI MapHIPYTH IS TPAHCHIOPTHUX 3aco0iB,
BpPaxoBYIOUU pi3HI (hakTopH, Taki K Tpadik, MOTOHI YMOBHU Ta Npu3HaueHHs. [le
JoToMarae BoIisiM Ta acakupam 3a01a/KyBaTH dac Ta MajuBo.
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3. LI moxe BiACHIIKOBYBAaTH PyX TPAHCIOPTY Ta pearyBaTd Ha HaJA3BUYailHI
cuTyallli, Taki K aBapii a00 MOpyIIEHHs MpaBWI AOPOKHLOro pyxy. Lle mimBuirye
piBEHB O€3MEKU Ha JI0PO3i.

4. 1111 BUKOpUCTOBYETHCS MIJIs1 PO3POOKH aBTOHOMHHX TPAHCIIOPTHUX CUCTEM, SIKi
MOKYTh CAMOCTIHHO MPUHMATH PIllICHHS Ta KEPyBaTH TPAHCIIOPTHUMU 3acobamu. Lle
MO’K€E 3HU3HUTH KUTBKICTh aBapiid, MOB'SA3aHMUX 13 IIOJCHKUM (DaKTOPOM.

5. I anamizye maHi 3 CEHCOpIB Ta JaTUYMKIB Ha TPAHCIOPTHHUX 3aco0ax, IO
Jl0TIoMarae rmomnepeKyBaTi TEXHIYHI TOJIOMKH Ta 3a0€3MeuyBaTh peryysipHe TEXHIUHE
00CITyrOByBaHHS.

6. LI onTrmizye BUKOPUCTAHHS MaJIMBa, EHEPrii Ta IHIIUX PECYPCiB, 3HIHKYIOUU
BUTPATH Ta BUKUIU B aTMOC(eEpy.

Bukopucranns I s migBuieHHs HAIIAHOCTI CTPYKTyp iHdOpMaIliiiHo-
KEpYIOUMX CHCTEM Ha TPAHCHOPTI MITKPECIIOIOTh BaXXJIUBICTH HOro i1HTErparii B
TPAHCHOPTHI CUCTEMH JUIsl MIJBUIIEHHS HAAIMHOCTI Ta €(EKTHUBHOCTI, IO CIPHUSE
MOKPAIICHHIO TPAHCIIOPTHOI IHPPACTPYKTYpH Ta 3a0€3MEUCHHIO OS3IIeKH Ha JOporax
B MaiilOyTHHOMY.
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Abstract. The paper considers the pyramidal methods of direct and inverse Q-transformation.
Considered examples of implementation of methods based on transformed numerical data.
The work is devoted to the problem of developing tools for implementing the pyramidal
transformation based on the Q-transformation.

Keywords: Q - transformation, direct Q - transformation, inverse Q - transformation.

AKTYaJIbHICTh J0OCTIIZKEHHSI 3yMOBJICHA TUM, 1[0 3 POCTOM OOYHCIIOBATHHUX
pecypciB Ta PO3BUTKOM IITYYHOTO I1HTEJIEKTY BHUHHMKAE€ HEOOXIIHICTH JOCIIIKEHb
napajieTbHUX METOJIB, SIKI 0a3ylOThCSi HAa BHUKOPUCTAHHI HEUPOHHUX MEPEK.
[lepeBaroro BUKOPHCTAHHS TaKMX METOJIIB €. BOHM MPAIIOIOTh aHAJIOTIYHO MO3KY
JIOJIMHU; JAl0Th MOXJIMBICTh BHKOHYBATH IapajeiibHI OOYHCIICHHS, 10 3HAYHO
MPHUCKOPIOE BHPIIICHHS] TOCTABICHUX 3a/ay; JAl0Th 3HAYHO Kpall pe3yibTaTH 3a
pPaxyHOK IMONEPEeIHbOr0 HaBYaHHS Mepexi. Haliyactime B omnucy 300pa)keHHs
BUKOPHUCTOBYIOTh HOTO YacCTHHHU, a HE BCE 300pakKCHHS B IJIOMY, TOMY TIepen
CKJIQZICHHSIM OIMCY BUKOHYETHCS CETMEHTamis 300pakeHHs. [[nsg mosjermeHHs
MOJIANIBIIIOTO aHAJI3y MOXKHA PI3HUMH CIIOCOOAMM CITPOILEHO MPEJCTaBISATH Pi3HI
YaCTUHU 300paXCHHsS, HaMpUKIaJ 3a JOMOMOTOK  omeparii KOHTYPHOTO
npenapyBanus [1, 2] 1 Q-nopiBHSHHS [3] MOXHA TOCUTH MPOCTO iX MPEICTABIATH 32
JIOTIOMOT'OI0 OTTUCY B3a€MO3B'SI3KYy O1HAPU30BaHUX MperapaTiB. B pe3ynbrari 00pooku
OTPUMYETHCS CTPYKTYpa CHIBBIIHOUIEHb O1HAPHUX MPENapaTiB, KA OMKUCY€E BUALICHI
YaCTUHU 300pa’KE€HHS, 1X BJIACTHUBOCTI 1 CMIBBIIHOIICHHS MiX HUMHU. Komu icHYIOTh
KOMITAKTHI OMHUCH MOJieNied 300pakeHb, $KI ONUCYIOTh KJIacu 300pa)keHb, TO
300paKeHHsI, K€ aHa3ye€ThCs, BIMHOCUTH JO TAKOTO KJacy, JJIS SIKOTO MOJKHA
BCTAaHOBHUTH BIJIMOBIAHICTH MiJK OIMCAMH 300payKeHHS 1 MOJEI.
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MeTo10 poGOTH € JOCHIIHKEHHS METOAIB MPsIMOro Ta 3BOpPOTHOro Q —
MePETBOPEHHSI.

OcHoBHI MaTepianu aociaiTzkeHHsl. Po3ristHEMO CYTHICTH TipamigaJbHOTO
MepETBOPEHHS iH(pOopMaIlii Ha MPUKITAIax MPSIMOTO Ta 3BOPOTHOTO QQ — IMepeTBOPEHHSI.

[Ipsme Q — meperBopenHs. Hexail 3amaHe oIHOBUMIpHE 300pa)XCHHS, SKeE
omnucane KoopauHatamu sickpaBocti: M= (0012-2-20450).

1. 3akoayeMo 3ajaHe 300pakeHHS, 3aMIHIOIOUM KOXKHY TOYKY JBOMa OiTamu:
SKITO0 KoopauHaTta aojatHa - 10, Bix emHa - 01 HynboBa - 00. OTpuMaemMo HaCTyIIHY
nociigoBHicTh: 00 00 10 1001 01 00 10 10 00. Ha3zBeMo naHy MOCIiJOBHICTh MACKaMHU.

2. 3HaiineMo cepeaHi apupMETHIHI 3HAYCHHS:

+(j) )

nomathe - A = 3 ,BimemHe - A =-2

3. BigaiMeMo BiJ1 KO’KHOT KOOPJIMHATH 3HAWICHI Cepe/THI 3HAUCHHS: BiJl JOJIaTHOI
— J0J1aTHI, BiJ] B/l €MHOI - Bil éeMHE. OTpUMa€EMO TaKUil pe3yJibTarT:

M=(00-2-1000120).

4. TToBTOproroun Kpoku 1 — 3 oTpumaemMo Taki pe3ysbratd (Tadnuui 1 Ta 2).

Tabauys 1 - Pe3ynomamu 8i0HIMAHHS CepeOHiX 3HAYEHb

i1 Cepenni
Aij ) 3HAYCHHS
1 2 3 4 |5 6 7 8 9 10 (D) ()
A A
1 |0 0 1 2 -2 -2 0 4 5 0 3 -2
2 |0 0 -2 -1 0 0 0 1 2 0 1.5 -1.5
310 0 -05 | 05 0 0 0 -05 | 05 0 0.5 -0.5
4 |0 0 0 0 0 0 0 0 0 0 0 0
Tabnuys 2 — Pe3ynomamu KoOy8aHHs
Kpok 1 2 3 4 5 6 7 8 9 10
+- + - + - + - + - + - + - + - + - +-
1 00 00 10 10 01 01 00 10 10 00
2 00 00 01 01 00 00 00 10 10 00
3 00 00 01 10 00 00 00 01 10 00
4 00 00 00 00 00 00 00 00 00 00

3BopotHe Q — mepeTrBopeHHs. JlaHe TEpeTBOPEHHS TOJIArae B OTPUMaHHI 3a
CepeaHIMH 3HAYCHHSMH Ta MacKaMH 3 JICIKOIO TOYHICTIO TIOYaTKOBOTO 300paKEHHS.
CyTHICTh JaHOTO MEPETBOPEHHS IMOJATaE B HACTYIMHOMY. CITIOYaTKy MaTpHIIS, KOO
OMHCYETHCS 300pPaKCHHS, € HYJIhO0BOIO. [IOTIM 3a MOPSAAKOM aHANI3YIOTh MacKd
KOXHOTO KpOKy. Skimio macka piBHa 10, To 10 eleMeHTy MaTpHIli J0JaI0Th J0IaTHE
cepeaHe apudmeTnyHe aHoro Kpoky, skimo 01 - Bijg emue. Ilicis BUKOHaHHS BCiX
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KPOKIB OTPUMYIOTh TOYaTKOBE 300paxkeHHs. PosrisHeMo 3a JaHUMU BUIIE
HaBejgeHoro npukiaay. Crouarky macuB Oyae takum: M = (00000000 0 0).
AHanizyeMo rmonapHo 61TH OTPUMaHUX y IPSIMOMY TIepeTBOpeHHI Macok. Ha nepiomy
kporti 00 (Tabmuns 2, kpoku 11,12) - nogaBanHs He BUKOHYyeMO. Tpets mapa piBHa 10
(Tabmung 2, kpok 13) - HEOOXITHO A0 TPETHOTO EJIEMEHTY MacHBYy (MaTpHIli, SKa
onucye 300paxeHHs) 10JAaTH CEPEIHE 3HAYEHHS MepIIoro Kpoky, TooTo 3. I1'siTa mapa
piBHa 01 - HEOOX11HO JOoAaTH — 2. Pe3ynbTaT MepeTBOPEHHS 3BEAEMO 10 Ta0IuIll 3.

Tabnuys 3 Pezynomamu 360pomuozo () - nepemeopeHis

Kpoku EneMenTn MmacuBy Cepenni 3HauCHHS
1] 2 3 4 5 6 7 8 9 10 (D) ()
A A
0 00 0 0 0 0 0 0 0 0 - -
1 00 3 3 -2 -2 0 3 3 0 3 -2
2 0 0 |15 15 -2 -2 0 35 | 45 0 1.5 -1.5
3 00 1 2 -2 -2 0 4 5 0 0.5 -0.5

BuchoBok. Y po00Ti HaBEIEHO AJITOPUTMHU MPSMOro Ta 3BOPOTHOro Q —
MEPETBOPEHHS, SKI MPOUTIOCTPOBAHO HABEICHUMH NpPHUKIaJAaMH. AHaNI3y0uu
TaOJIMYHI JaH1 MOKHA 3pOOUTH BUCHOBOK PO TE, 1[0 YUM MEHIIHNI pOo3Mip BIKHA, TUM
TOYHIIIE BUKOHYEThCA OOEpHEHE mnepeTBOpeHHA. [Ipu mamiii KUTbKOCTI KpPOKIB Ta
BEJIMKOMY pO3Mipi BIKHAa pO3MIp MaMm sTi, SKUHA HEOOXITHUN i 30epexeHHs
pe3ynbTaTiB Q — MEpeTBOPEHHS € HEBEJIMKUM 1 3MEHIIYEThCS MpPHU 301IbIIECHHS
po3MipiB BikHa. [Ipy 1IbOMY TOYHICTH OOEPHEHOTO MEPETBOPEHHS 3MEHIIYETHCS.
HaBmaku, npu BeNMKIA KUIBKOCTI KPOKIB MPSAMOrO IEPETBOPEHHS TOYHICTh
3BOPOTHOTO TiepeTBOpeHHA. OO eM mam sTi il 30epeKeHHs Pe3yibTaTiB MPU LIOMY
3pocTtae, 1 (paiin pe3ysbTaTiB MEPETBOPEHHS MOXKE 3alHATH OLIbIIE MaM sTi HDK (aiin
BUXI1JTHOTO 300paKEeHHS.
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Abstract. This paper analyzes methods of improving the efficiency of Web-sites. This topic is
very relevant today, as the Internet is filled with millions of sites. The main methods of web-
site promotion are presented. Their directions of research and implementation of methods of
increasing the efficiency of Web-sites are described.
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AKTYaJIbHICTh J0CJIIIZKEHHSI 3yMOBJICHa TUM 110 B Cy4acHOMY CBITI [HTepHeT
BiJIIrpa€ KIFOUOBY pOJib B KOMyHikaiii Ta oOMiHi iHpopmariero. BEb-caiitu cranu
HEBIJI'€MHOIO YaCTHUHOIO O13HECY, OCBITH, Ta TPOMAJIChKOT aKTUBHOCTI. OIHAK, TPOCTO
HasiBHICTh BEDB-caiiTy He rapaHTye Horo e(peKkTHBHOCTI. Y IIbOMY JOCIIKEHHI
PO3IIIIHYTO METO/TH, SIK1 CTIPSIMOBaHi Ha miaBuileHHs epextuBHocTi BEB-caiiTis.

MeTo10 po00TH € miABUIIEHHS €(DeKTUBHOCTI BEO-CalTy BaXKIJIMBOIO 3a]1a4€HO0 J1JIs
3a0e3nedeHHs] 3aJ0BOJICHHSI KOPHUCTYBadiB, MOKPAIIEHHS KOHBEPCli Ta 3arajbHOIO
ycrixy mnpoekty B IHTepHeTi. JlochimKkeHHs METOAIB MiABHINCHHS ¢(EeKTUBHOCTI
BEB-caiiTiB MoOke OXOIUTIOBaTHM PI3HI AacHeKTH, ICHYIYl Ha pI3HUX PIBHSX,
BKJIFOYAIOYM TEXHIYHI, IU3aHEPChKI, KOHTEHTHI Ta MAPKETUHTOB1 aCIIEKTH.

[Tepmium  kpokoM y BaockoHasieHHI BEb-caiity € anamiz Tpadiky Ta
KOPUCTYBAIIbKOTO JOCBiAY. BaXIuBO BU3HAUMUTH, SKI CTOPIHKHA BIJBIIYIOThHCS
HaWJacTIIe, a TaKOXK SKI caMe €JIEMEHTH CTBOPIOIOTH MO3UTUBHUN YU HETATUBHUU
JIOCBiJ TSI KOPUCTYBadiB. 3a JOMOMOTOI0 IHCTPYMEHTIB BeO-aHAITUKH, TaKUX SK
Google Analytics, MmoxHa 310paTHl I[IHHI JaHl Ta BU3HAYUTH MOTCHITIAHI MICIS IS
BJIOCKOHAJICHHS.

238



OpHiero 3 KIIOYOBUX TEHACHIIIN B CydacHOMY [HTEpHET-cepeIOBUIIII € 3pOCTaHHS
BUKOPHUCTaHHA MOOUTbHUX TpucTpoiB. Ontumizaiis BEB-cality mig MoOuibHI
miaTthopmu ctae HeoOximHicTio. lle BKIOYae amanTUBHUN OW3aifH, IIBUIKE
3aBaHTAKEHHS CTOPIHOK HA MOOUIPHUX Mepexax, Ta 3abe3leueHHs 3pydHOTO
KOPHCTYBAIIbKOT0 1HTEpdelicy Ha PI3HUX pO3Mipax eKpaHiB.

[TomrykoBa onrtumizanis (SEO). SEO Busnauae, Hackinbku jierko BEB-caiit
3HAXOAUTHCS B TMOIIYKOBUX CHCTeMaxX. BaXJIMBO BpaxoByBaTH KIIIOUOBI CJIOBA,
ONTUMI3yBaTH METATETH, BUKOPUCTOBYBAaTHM IOCWJIAHHS Ta IHII CTparerii s
MOKPAIICHHS MO3HUIIIHA Y TIOITYKOBUX pe3ynbTaTax. lle He Tiabku 30116 Th BUTUMICTD
BEB-caiity, ajne it mpuBepHe OLIblIIe IIJIOBOI ayIUTOPIi.

CriBrnparist 3 COIIaIbHUMU MEpeKaMH MOKE 3HAYHO IIJIBUIIUTH €(DEKTUBHICTD
BEb-caiity. Peximama Ta myOmikamii Ha TONyJISpHUX IUIaTGopMax MOXYTh
3a0e3neunTH JOJATKOBUM Tpadik Ta 3aIy4UTH HOBUX KOPHUCTYBauiB. BaximBo
CTBOPUTHU I[IKaBUM Ta aKTyaJlbHUN KOHTEHT JUIsl CHUIHHOT, IO JOMOMOXKE 3aTyYUTH
yBary Ta miTpUMyBaTH 1HTEpEC.

OCHOBHUMH HampsMKaM{ I JOCHIDKCHHS Ta BIPOBAKEHHS METOIIB
niaBuiieHHs epextuBHOCTI BEB-caiiTiB €:

Amnani3 kopuctyBauiB (User Analysis):

- BUBYEHHA LUIBOBOI aynuTopii. PO3yMiHHS XTO € LIIBOBOIO ayAUTOPIEIO, iX
BIKOBI Ta reorpadiuHi XapakKTEPUCTUKH, IHTEPECH Ta MOBEIHKA B IHTepHETI.

- aHaJi3 TOBEMIHKM KOPUCTYBadiB Ha CalTi 3a JOMOMOIOI aHATITHKU.
Buxopucranas 1HCTpyMeHTIB BeO-aHamiTuku, Takux sk Google Analytics, mns
BHUBUYCHHSI TOTO, SIK KOPUCTYBayl B3a€MOJIIOTH 13 CATOM, Ha 10 BOHU HaiyacTiiie
KJIIKAIOTh, SIK TOBIO MepedyBarOTh Ha CTOPIHIII TOIIO.

- BU3HAYEHHSI KJIFOUOBUX TOYOK KOHBepcCii Ta (pakTopiB, IO BIUIMBAIOTh HA HUX.
BusnadeHHs 1ITbOBUX KOHBEPCIMHUX TOA1N Ta BUBYCHHS iX €(PEKTUBHOCTI.

Ontumizaris [IBuakocti (Performance Optimization):

- ONTUMI3alllsl 3aBAaHTAXKEHHS CTOPIHOK JUISl  TOJIMIIEHHS  IIBUJKOCTI
3aBaHTaXECHHS. BukopuctanHs iHCTpyMeHTIB, Takux sik Google PageSpeed Insights,
JUISL OIIIHKM IIBUJKOCTI 3aBaHTAXXEHHSI CTOPIHOK Ta BXKWUTTS 3aXOAiB s il
TIOJTITIIIICHHS.

- ukopuctands CDN (Content Delivery Network) ninst eextuBHOTO po3mnoairy
KOHTEHTY. BUKOpUCTaHHS TEXHIK KEIIyBaHHS JJiA 30€pEKEHHs KOIi CTOPIHOK Ta
pecypciB Ha CTOPOHI KOPUCTyBaya.

Mobinbna [octymnHicts (Mobile Responsiveness):

- BIIEBHEHICTh Y TOMY, 1110 Be0-CaiiT ONTUMI30BaHUM AJi1 MOOUTBHUX MPUCTPOIB.
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- po3poOKa aJanTUBHOTO JW3alHy IS PI3HUX pPO3MipiB eKkpaHy. Po3poOka
MU3aiiHy, SKUM aBTOMATHMYHO QJanTyeThCcs O PI3HUX PO3MIPIB  €KpaHiB,
3a0€e3Meuyoun 3pyuHy HaBiraiito Jjisi KOPUCTYBauiB HA MOOUTBHUX MPUCTPOSIX.

Bwmict Ta SEO (Content and SEO):

- onTUMIi3alis KOHTeHTY s mnomrykoBux cucteM (SEO). JlocmimkeHHs Ta
BUKOPHCTAHHS KJIFOYOBHX CJIiB, SIK1 BIATIOBIIAIOTH 1HTEPECAM IUIBOBOI ayAUTOPIi.

- po3poOKa SAKICHOrO Ta IIKaBOTO KOHTEHTY sl KopucTyBadiB. CTBOpEHHs
[ikaBoro, iH(GOPMAaTUBHOTO Ta YHIKAJIbHOTO KOHTEHTY, SKUWA NpPUBEpPTAE yBary
KOPHCTYBayiB.

TectyBannss ta Omntumizanis Konsepcii (Conversion Rate Testing and
Optimization):

- BUKOpucTaHHA A/B TecTyBaHHS [ OLIHKM pI3HUX BepCld CTOPIHOK.
[TopiBHSIHHA 1BOX BEPCii CTOPIHOK, OO BU3HAYUTH, SIKA 3 HUX MPALIOE Kpallle 1010
KOHBEPCii.

- ONTHUMI3allisl €JIEMEHTIB CTOPIHOK JJIs MiaBUINCHHS KoHBepcii. IlocTiiine
BJIOCKOHAJICHHS BUIJIAY Ta B3a€EMOJII €JIEMEHTIB CTOPIHKM JJI1 MaKCHUMi3allii
KOHBEPCii.

Buxopucranns Texunounoriit (Technology Implementation):

- BIPOBAPKCHHS HOBITHIX TEXHOJOT1H, Takux sk PWA (Progressive Web App)
JUTSI TIOJIIMIIIEHHSI B3a€MOJIT 3 KopucTyBaueM. Bukopucranus texnosorii PWA nns
3a0e3nevYeHHs] MOXJIMBOCTEH O(dIaliH-poOOTH, MIBUAKOCTI Ta 3pYy4YHOCTI IS
KOPHUCTYBayiB.

Mapxketunr Ta Pexnama (Marketing and Advertising):

- edeKTUBHE BUKOPUCTaHHS MHUGPOBUX  MAPKETUHTOBUX  CTpPATETIH.
BukopucranHs iHTepHET-MapKETUHTY, TaKOTO SK KOHTEKCTHAa peKjama, COIialibHi
MepexXi Ta eJIEKTPOHHA MOILTA, JIs IPOCYBAaHHS BEO-CalTy.

- BUBYCHHS pPE3yJbTATIB KaMIaHId Ta iX BIUIMB Ha €(QEKTUBHICTb CaMTy.
BuBueHHs eeKTHBHOCTI pEKJIAMHUX KaMITaHiil Ta iX BITUBY Ha KOHBEPCIIO.

besneka (Security):

- 3a0€e3MeUeHHs BUCOKOTO PIBHA O€3IMEKH Il 3aXUCTy 1H(hOpMaIlii KOpUCTYyBaviB.
Buxopucranns SSL-mmdpyBaHHs, 11100 BeCb 00MiH 1HPOPMALII€I0 MK KOPUCTYBaueM
1 cepBepoM OyB 3am@poBaHuil. PeryssipHi OHOBJIICHHSI TPOTPAMHOTO 3a0e3MeYeHHS
Ta 3aXO0JI1 JUIS 3aI00IraHHS MOXKJIMBUM 3arpo3aM Oe3IeKH.

JlocmiKeHHsT IUX acCIeKTIB Ta BIPOBAKEHHS BIAMOBITHUX 3aXO0/IB MOXYTh
cpusTH TokpanieHHo edektuBHOcTi BEB-caiiTy 1 3a0e3neuntu Kpamuii JTOCBIf
KOpPHUCTYyBaua, 0, B CBOI YEpry, MOXKE IMO3UTHUBHO IMO3HAYMTHCS Ha TOKa3HUKAX
KOHBepCli Ta ycHimHOCTI npoekty. L{i miaxoan B CyKymHOCTI MOXYTh HMO3UTHUBHO
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BIUITUBAaTH Ha e€(EKTUBHICTh BeO-calTy, 3a0e3meuyrouyd Kpamui JOCBiA s
KOPHCTYBaYiB Ta MiJBUIIYIOYN HOTO KOHBEPCIITHI MOXJIUBOCTI.

BucnoBok. /{ocmipkeHHs MeToiB minBuieHHs edektuBHOCTI BEB-caiitiB — me
MOCTIMHUNA TPOIEC, OCKIIBKA TEXHOJIOTHi Ta BUMOTHM KOPUCTYBauiB MOCTIIHO
3MIHIOIOThCSI. AHai3 Ta BIPOBADKCHHS HOBITHIX MAXOAIB J0 BeO-po3poOKH,
onTUMI3aIls 111 MoO1IpHUX T1aTdopM, SEO Ta comianbHa akKTUBHICTH € KITFOUOBUMH
KoMIToHeHTamMu ycrimuaoro BEB-nipoekty. BripoBapkeHHST ITUX METOIB J03BOJIUTH
MOKPAITUTH KOPUCTYBALIBKUM JOCBII, 301IBIITUTH Tpadik Ta JOCITTH OUIBIIOTO YCIIXY
B [HTEpHET-TIpOCTOPI.
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MATEMATHUYHI MOJIEJII KOB3KOI'O MOHITOPUHI'Y
EJEKTPUYHUX MEPEX 3AJII3BHULIb HA OCHOBI
IHTEJIETAJIBHOI KOMIIIOTEPHOI CUCTEMM PETTHA

Cmacwok O.1. — n.1.1., ipod., ostasuk177@gmail.com
Kuiscvkuti incmumym 3anisnuuno20 mpancnopmy
epoicasrnozo ynisepcumemy inppacmpykmypu ma mexHo02iu
VYkpaina, M. Kuis

MATHEMATICAL MODELS OF KOVZKY FOR MONITORING
ELECTRICAL FUNCTIONS BASED ON REGIN INTELLIGENT
COMPUTER SYSTEM

Stasiuk O.1.— Doctor of Technical Sciences, Professor, ostasuk177@gmail.com
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. An analysis of the problem of innovative transformation of railway power supply
networks was carried out. Conceptual approaches to the formation of a new model for the
intellectualization of power supply networks have been developed. Differential models of
intelligent synchronous vector measurements have been proposed that make it possible to
determine the comprehensive information content of the primary data. Based on the concept
of smart energy, a set of differential models and methods for intelligent harmonic and
correlation analysis of anomalous and transient processes occurring in power systems has

241


mailto:ostasuk177@gmail.com
mailto:ostasuk177@gmail.com

been developed. The results of intelligent slippery monitoring and identification of normal
and abnormal modes are presented.

Keywords: System, monitoring, diagnostics, control, power supply, identification,
optimization, power consumption, measurements, information conten.

AKTyadbHicTh Jaociimkennsi. CydacHi TEHACHIT HAYKOBUX OCIHIKEHb Y
cdepi pO3BUTKY CBITOBOI €IEKTPOSHEPTETUKH MUISIXOM 1HHOBAIIHO-1HBECTUIIIMHOTO
MEPETBOPEHHS CHUCTEM EJICKTPOIOCTa4aHHSI TICHO TOB'S3aHI 3 I1HTEJIEKTyasl3alliero
CHEPreTHYHUX CHCTEM, IO 0a3yeThCs Ha 3arajbHOBH3HAHMX y cBiTi SMART Grid-
TEXHOJIOTISIX, @ TaKOXX MPUHIMUIIAX CAaMOBITHOBJICHHS, CaMOPETyJilii, €IUHOTO
1H(popMaIItHOTO MPOCTOPY Ta 1H. MPEJCTABIISIE CAMOKOHTPOJIIOIYY, aHATI3yI0Uy Ta
3BITYyIOUY IHTEJEKTyalbHy TexHoJioriro [1]. 3acTocyBaHHS  TOCKOHATIIIHX
IHTEJIEKTYaIbHUX 3aC00IB  KOMM'IOTEPHOTO aHadi3y Ta BI3yaJbHOTO TOJIAHHS
00po0JsieHo1 Ta NMepBUHHOI 1H(OpMAaIIi BIAKPUBAE MOXKIMBICTh BUSBICHHS JHKEpes
HU3bKOYACTOTHUX KOJIUBaHb, X TUIIIB, 0COOIMUBOCTEH, (hOPM, MICI[b BUHUKHEHHS Ta
XapaKTEPUCTUK AHOMAIbHUX PEXKUMIB, a TaKOX MeEX TOTOYHOI CTIHKOCTI
€HEeProcucTeMu. AHaJi3 OCTaHHIX HAYKOBHX ITyOJTiKaIlii OKa3as, 110 MePCIEKTUBHUM
€ HampsMo, Mo 0a3yeTbcs Ha CTBOPEHHI HOBOI 1HHOBAIIMHOI MoOjeNll B SKIH
B1I00paKalOThCSl IHTErpallisi CydaCHUX HAyKOBHX, 1HXKEHEPHUX Ta OpraHi3alliiHHUX
pimieHb y cdepl KOMMI'IOTEPHUX, MEPEKEBUX Ta IHTENEKTYyaJIbHUX TEXHOJIOTIH
BKJIIOYAIOYM PE3YJbTAaTH B3a€MOIHTErpALlll TOMOJOrI EJIeKTPUYHOI CUCTEMHU Ta
apXITEKTYpHU 1HTEJIEKTYaJbHOI KOMI'IOTEPHOI , Kl TPAJULIAHO HaJeXaTh JI0 Kiacy
TBOPYHX.

Metow poGoTM € OOrpyHTyBaHHS TpOOJEeMH oOpraHizailii 1HHOBAIIHUX
KOMI'FOTEPHUX CUCTEM BCEPEKUMHOTO 1HTEJIEKTYaJIbHOTO CIM3bKOIO MOHITOPUHTY
CICKTPUYHUX MEPEeK 1 CHIOBOTO EIEKTPOOOIagHAHHS, a TaKOX CTBOPEHHS
nudepeHIialbHUX ~ MaTeMAaTMYHMX  MOJENed 1  METOMIB  1HTEJIEKTYaJlbHOTO
TapMOHIMHOTO 1 KOPEJALIMHOro aHami3y aHOMaJIbHHMX 1 MEPEXIJTHUX MPOILECiB, L0
MPOTIKAIOTh B EHEProcucTeMax.

[IpoBeneno anami3 mpobOJieMH 1HHOBAIIMHOTO  TIEPETBOPEHHS  MEPEXK
€JICKTPOIIOCTAYaHHS 3aJII3HUIIb Ta TX €BOJIIOIIIT, 1110 T03BOJIMIIO HAYKOBO OOIPYHTYBATH
HAMPsIMOK HAYKOBHX JOCIIKEHb, IOB'S3aHUX 13 CTBOPEHHSM I1HTEICKTyaJIbHUX
KOMIT'IOTEPHUX MEpeX Ta IHTENEKTyallbHUX CHCTEM eJEKTPOIOCTauyaHHs, IO
0azyerbcst Ha SMART Grid texHosorisix. CopMyIbOBaHO KOHIICTITYaIbHI MiAXO0IN
dbopMyBaHHS HOBOi MOJENl IHTEJIEKTyasi3allii MEpeX eJIeKTPOIoCcTayaHHs,
JOMIHAHTHOIO OCOOJIMBICTIO SIKOi € ()OpMYBAaHHS Ta HAKONMYEHHS HOBHUX 3HAHb Y
BIJIMOBITHIN MpeaMeTHIH raimy3i. OOrpyHTOBaHO METOIM OpraHi3allii IHTEeIeKTyTbHIX
KOMITFOTEPHUX CHUCTEM ISl YNPaBIIHHA CKJIQJHUMH CHEPTEeTHYHUMH O0'€KTaMu,
IpoLecaMu Ta SIBULIIAMH, 1110 KOHIIETITYaJIbHO 0a3yI0ThCsl HA BUKOPUCTAaHH1 HEOOX1AHOT

a00 HaJAMIPHOT NPOYKTUBHOCTI OOUHCIIEHb Y Oy Ib-SKiM TOUIll YA CETMEHTI TOIMOJIOT1i
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o0'ekta. ba3zyrounch Ha KOHIIEMIII PO3YMHOI €HEPIreTUKH, PO3POOJIEHO CYKYMHICTh
nudepeHIiaTbHX ~MaTeMaTUYHUX MOJeJIe Ta METOAIB TapMOHIMHOTO Ta
KOPEJSLIHHOTO aHalli3y aHOMAJbHHUX 1 MEPEeXiJTHUX MPOIIECiB, IO MPOTIKAIOTH B
€HeprocucTeMax, BU3HAYCHHS OKPEMHX TapMOHIMNHUX CKIAJOBUX CTOXAaCTUYHHUX
MPOIIECIB X OCOOJIMBOCTEH, IO BIAKPUBAE TOAATKOBI MOKJIMBOCTI JJISI BHPIIICHHS
npoOjieMr  IHHOBAI[IMHOTO  TMEpeTBOpeHHs. Ha  OCHOBI  1HTEIEKTYyaJbHOTO
KOMIT'IOTEPHOTO  KOMILIeKcy «PeriHay OTpUMaHO Ta HaBEIEHO pe3yJbTaTH
1HTEJICEKTYyaJIbHOTO MOHITOPUHTY Ta ieHTU(]IKAIII] IITATHUX Ta aHOMAJIBHUX PEKUMIB
CUCTEM €JIEKTPONOCTaYaHHs 3a113HUIIb MOCTIMHOTO Ta 3MIHHOTO CTPYMY, pe3yJIbTaTh
IHTEJIEKTYaIbHOTO MOHITOPUHTY TSATOBUX TPaHC(HOPMATOPIB, & TAKOXK €IEKTPHUUHOTO
oOJyagHaHHS.

BucHoBok. Y pe3ynbTaTi MPOBEACHUX IOCTIIKEHb OOIPYHTOBAHO HAIPSIMOK
HAYKOBUX JIOCHI/I>KE€Hb, MOB'SI3aHUHN 31 CTBOPEHHSIM IHTEIEKTYAIbHUX KOMITIOTEPHHUX
MEpEeX Ta IHTEICKTYyaIbHUX CHCTEM €JIEKTPOINOCTauYaHHs, SKUM 0a3yeThcs Ha
sarasbHOBU3HaHUX y cBiTi SMART Grid Ttexnomorisix. CdopmyiboBaHO
KOHIIETITyaJIbHI MiAX0au (OpPMYyBaHHS HOBOI MOJIEIl 1HTENEKTyali3alii Mepex
€JIEKTPOINOCTAYaHHs ~ 3aji3HMIb. PO3pO0JEHO  CYKYIHICTh  JU(epeHLIATbHUX
MaTeMaTUYHUX MOJEJed Ta IHTENEKTyaJlbHUX METOAIB TapMOHIMHOIO Ta
KOPEJSIIAHOrO aHajizy aHOMAJbHUX Ta MEPEeXIJHUX MPOILECIB, IO MPOTIKAIOTh B
eHeprocuctemMax. HaBeaeHo pe3ynbTaTH 1HTEIEKTYaIbHOTO CIU3bKOTO MOHITOPUHTY
Ta i71eHTUdIKAI] IITATHUX Ta aHOMAJIBHUX PEKUMIB CUCTEM €JIEKTPOIMOCTauYaHHS.
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IMPROVING THE CONTROL QUALITY
AND TRACTION PROPERTIES OF ELECTRIC DIRECT
CURRENT LOCOMOTIVES
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Abstract. The experience of using locomotives shows that the efficiency of their operation can
be significantly increased through more complete use of the coupling mass, the power of
traction electric motors and improvement of traction electric drive control systems. The
existing schematic solutions and control algorithms do not allow to fully realize the potential
capabilities of the traction rolling stock both in terms of the use of the coupling mass and
electrical equipment. One of the main roles here is played by uneven use of engine power.

A method of reducing unevenness of current distribution has been developed, the principle of
operation of the regulation system has been proposed, which allows to obtain an increase in
load currents and moments of motors installed on trolleys, which are loaded as a result of
dynamic redistribution of loads.

Keywords: locomotive, traction power, traction electric motor, locomotive control.

AKTYaJIbHICTh JOCJi2KeHHS 3YMOBJIEHA MOCTIITHOIO BHMOTIOIO JI€pXaBU Ha
3MEHILIEHHS BUTPAT MaJMBO-€HEPreTUYHUX PECYpPCIB Ha TPAHCHOPTYBAHHS, 30KpeMa
Ha TATY NOi3/1B. SIKICTh KEpYBaHHS TATOBUM €JIEKTPOIPUBOIOM €JIEKTPOBO3Y HAIIPSIMY
BIJIUBA€ HA BUTPATH EJEKTPOCHEprii Ta Ha coOiBapTiCTh mepeBe3eHb. [loTpiOHO
BIIPOBA/PKYBAaTH HOBI MIIXOIU 0 KEPYyBaHHS TATOBUM €JIEKTPOIPUBOJAOM Ha OCHOBI
HOBOI Cy4YacHOi eJIEeMEHTHO1 0a3u.

MeTtor0 po6oTM € TMiABHUINEHHS CTYNEHS BHKOPUCTaHHS TIOTY)KHOCTI
€JICKTPOBO3iB Ta CKOPOUEHHS BHUTPATH €JIEKTPOCHEPTii 3a paxyHOK 3MEHIICHHS
HEPIBHOMIPHOCTI  CTPYMOPO3MOUTY MDK TMapajeJbHUMH TPyHamMu  TSATOBHUX
€JIEKTPOJIBUTYHIB Y CHJIOBOMY JIAHIIIO31.
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OpnHi€er0 3 yYMOB COIIAIbHOTO W EKOHOMIYHOTO PO3BUTKY YKpaiHU €
BJIOCKOHAJIIOBAHHSI TPAHCIIOPTHOIO OOCIYroBYBaHHS. Y pIIIEHHI LBOTO 3aBIaHHS
BXJIMBA POJIb HAJECKUThH 3aJI3HULIAM, K OJHUM 3 HAHOUIBII MOTYXKHUX 1 TEXHIYHO
JOCKOHAJIMX BHUAIB BaHTAXHOTO TpaHcHopTy. Po3pobka ¥  BUPOOHHUIITBO
BHCOKOC(DEKTUBHUX TEXHIYHMX 3acO0IB 3alli3HUIb, 30KpEMa, PyXOMOTO CKJIaTy 3
1BUIIEHUMU TATJIOBO-CHEPTeTUYHUMU MOKa3HUKAMU, € BAXKJIMBUM
HapOJHOIOCIIOAAPCHKUM 3aBAaHHsIM [1].

JIOoCBiJT BUKOPUCTaHHS JTJOKOMOTHBIB ITOKa3ye, 10 €()hEeKTUBHICTh iXHbOI POOOTH
MO>KHA ICTOTHO 30UIBIIUTU NIJISAXOM OlNbllle TOBHOTO BUKOPUCTAHHS 3YIMTHOI MacH,
MOTY>KHOCTI TSTOBUX E€JEKTPOJABUTYHIB 1 BIOCKOHAJTIOBAHHS CHCTEM KEpyBaHHS
TSATOBUM €JICKTPONPUBOIoM [2, 3]. IcHYr0Ui CXeMHi pillIeHHs i arOpUTMH KepyBaHHS
HE JI03BOJIAIOTH MOBHICTIO Peasli3yBaTy MOTEHIIHI MOXKIUBOCTI TATOBOT'O PyXOMOTO
CKJIaJy SIK y TUJIaHI BUKOPHUCTAHHS 34INMHOI MAacH, TaK 1 €JNEeKTPOyCTaTKyBaHHS [4].
OnHy 3 OCHOBHUX DPOJIEH TYT Tpa€ HEPIBHOMIPHICTh BUKOPUCTAHHS MOTYKHOCTEH
nBuryHiB. lle oOyMOBI€HO HEMHUHYYMMH BIAXWJIEHHSMH XapaKTEPUCTUK TSATOBHUX
€JICKTPOJIBUTYHIB, MapaMeTpiB PE3UCTOPIB, J1aMETpiB OaHJaXiB KOJICHUX Tap IO
KpyTax KaTaHHS U 1HIIUX MPUIHNH, 00YMOBICHIUX KOHCTPYKTHBHUMH, TEXHOJOTTYHUMHA
i excrutyaraniitaumu dakropamu [3].

HepiBHOMIpHICTH CTPYMOPO3MOLIY B CUIIOBOMY KOJ1, KPIM MOTIPIICHHS TATOBUX
1 TaTbMIBHUX BJIACTUBOCTEH PYXOMOI OJMHMITI 32 YMOB BUKOPUCTAHHS CHJT 3UCTUICHHS
KOJIC 3 peiikamu, BU3HAYA€ BIAMIHHICT, YMOB HarpiBaHHs OOMOTOK, III0 BIUIMBA€E Ha
TEPMIH CITyKOH 130JIS1I11 Ta BCI€T €JICKTPUYHOT MAIIIMHU B ILIIOMY .

JIJist TOCSITHEHHSI TOCTaBJIEHOI METH TPOBEJCHO aHalli3 CTAaTUCTUYHHUX JaHHUX
1010 pOOOTH EJEKTPOBO31B MOCTIMHOTO CTpyMy. BcTaHoBiIeHO, 10 B mpoleci
eKCIUTyaTallii eJIeKTPOBO31B MOCTIMHOTO CTPYMY HEPIBHOMIPHICTH CTPYMOPO3MOALTY
MIXK MapajeJbHUMHM JIAHLIOraMUu TSATOBUX JBUTYHIB aocsrae 4-12%. Ile oGymoBiaeHo
Hacammepe] pi3HUIICI0 MArHiTHUX TIOTOKIB JBUTYHIB. HaiOuibml CcXuiIbHI [0
HEPIBHOMIPHOTO CTPYMOPO3IOALTY JIOKOMOTHUBHU, SIKUM Y TIPOIECI PEMOHTIB OyJo
3aMiHEHO OAWH a00 KIJIbKa TATOBUX €JEKTpoJABUTyHIB. llosicHIOeThCS —11€
HEMOJKJIUBICTIO MIPOBEACHHS SIKICHOTO MI00PY apaMeTpiB KOJTICHO-MOTOPHUX OJIOKIB
32 YMOB JIETIO 4Yepe3 BiJCYTHICTh JOCTATHHOTO PEMOHTHOTO (GoHAY. TakuM 4mHOM, Y
MaiiOyTHbOMY MOJKJIMBE MOJAJble MOTIPUIEHHS MapaMeTPiB CTPYMOPO3NOAUTY Y
EKCILTyaTOBaHUX €JIEKTPOBO3iB.

Po3pobieno  cmoci®O  3MEHIIEHHST  HEPIBHOMIPHOCTI  CTPYMOPO3MOILTY,
3aMpONOHOBAHO MPUHIIAI POOOTH CUCTEMH PETYJIIOBAHHS, 10 JO3BOJISIE OTPUMYBATH
301IbIICHHS CTPYMiB HaBaHTa)KEHHS Ta MOMEHTIB JIBUTYHIB, BCTAHOBJICHUX Ha Bi3KaX,
SK1 B pe3yJIbTaTi IMHAMIYHOTO MEPEPO3NOILTy HAaBAHTAXEHb JIOBAHTAXYIOTHCA. biiok
perymoBanas ctpymy skops (BPTS) € monyns IGBT, BrmtoueHuit 3 GanactoBUM

PE3UCTOPOM IMapaICIIbHO O0OMOTKAM SIKOPIB.
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BucnoBok. [lpu 3acTocyBaHHI 3alpONOHOBAHOTO CIIOCOO0Y HAa TPAaHUYHUX TIO
3UCIUICHHIO  pEeKUMaxX poOOTH  3AIMCHIOEThCS  MIJABUIIEHHA  €(EeKTUBHOCTI
BUKOPHUCTAHHSA 34IITHOT MacH eJIeKTpoBo3a. [lepepo3noin HaBaHTaKeHb B KOJICHUX
map Ha PEeWKW TMpU peaizamii CHIW TATH TPU3BOJUTH 10 TOTIPIIEHHS TATOBHX
BJIACTUBOCTEH JIOKOMOTHBIB 1 camMe WOTro HACHiIKH YyCyBa€ MPHUCTPIA, IO
npornoHyeTbes. Koaum JOKOMOTHB peanidye Ccuily Tird, mo Hmwkde Ha 8-10%
MaKCHUMaJbHIH M0 34eTUIeHHI0, OJIOK KepyBaHHs BUKOHYE BUPIBHIOBAHHS CTPYMIB IO
rikax. [TpakTM4HO JOIIFHO BUPIBHIOBATH CTPYMU IIPH MIEPEBUILICHH] IXHBOT P13HUII
13 - 15 A jys mOJIeTHIEHHS PEXUMY POOOTH CHIJIOBOI €JIEKTPOHIKH M 3HUIKECHHS
BapTOCTI KEPYIOUHX €IEMEHTIB, KJIAC TOYHOCTI SIKUX MOKHA 3MEHIITUTH.
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Abstract. The article provides a classification of measurement information systems.
Measuring information system — a set of measuring equipment, control, diagnostic and other
technical means combined to create signals of measuring and other types of information with
the aim of providing it to the consumer in the required form or automatically performing
logical functions of control, diagnosis, identification.

Keywords: measuring information systems, metrology, sensors, automatic control systems,
systems of technical diagnostics, pattern recognition systems, control, diagnosis.

AKTYAJBHICTh JOCTIIKeHHs 3YMOBJICHA IIMPOKUM 3aCTOCYBAaHHSM TaKHX
CUCTEM Yy DPi3HUX cdepax, BKIOYAOUM IPOMHUCIOBICTb, MEAMIMHY, HAyKy Ta
TEXHOJIOT1i. PO3BUTOK Cy4acCHHX TEXHOJIOT1M Ta BUMOT 10 TOYHOCTI Ta €(EeKTUBHOCTI
BHUMIPIOBaHb CTBOPIOIOTH HEOOXIAHICTh Yy TMIHOOKOMY pO3yMIHHI Ta CHCTEMaTh3allii
BUMIPIOBATBHUX 1H(POPMAIIIHHUX CUCTEM ISl BIOCKOHAJICHHS SKICHUX Ta KUIbKICHHX
XapaKTEPUCTUK BUMIPIOBaHb, OMTHUMI3allli MPOIIECIB YMPaBIiHHSI Ta KOHTPOJIO 3a
JIOTIOMOT'OI0 BUM1PIOBAJILHO-1H(OPMAIITHUX CHCTEM.

MeTtorw podoTH € cucTemMaTH3alis, PO3yMIHHS PI3HOBU[IIB Ta CTPYKTYP TaKUX
CUCTEM 3 METOI0 ONTHUMI3alli IXHbOTO BUKOPUCTAHHA B PI3HUX 00JaCTIX. A TaKOX
BJOCKOHAJICHHSI ICHYIOUMX CHCTEM Ta PO3POOKM HOBHX METOJIB, LIO CHPHUSITHME
MOJAJIBIIOMY PO3BUTKY BUMIPIOBAJIBLHOT TEXHIKU Ta 1HPOPMALIIMHUX TEXHOJIOT1M.

Knacudikarist BIC € BaxnmuBUM 1HCTPYMEHTOM ISl BCTAHOBIICHHS TEPMIHOJIOT ],
MOB's13aHO1 3 BUMIproBaiabHO iHpopMariiiaumu cuctemamu (BIC), Ta cucremarusartii
oOImuUpHOTrO MaTepialy 3a TMPUHIUIOM iXHBOI CTPYKTypu. BiamoBigHo A0
npusHayeHHs1, BIC MoxHa po3aUTMTH HA YOTUPH THUIIH:

a) BumiproBasibHi cuctemu (BC);

0) cucremu aBToMatuyHOro koHTpoio (CAK);
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B) cuctemu TexHiyHOi miarHocTuku (CT/I);

') cucTeMu po3i3zHaBaHHs 00pasis (CPO).

OcHOBHa Ta KIJIIOUOBa BIAMIHHICTP MK BUMIPIOBaJIbHUMH, KOHTPOJHHUMH,
JIarHOCTUYHUMHU Ta PO3MI3HABAIbHUMM CHUCTEMaMH TMOJIATa€E y IXHIA MeTI
BUKOPHUCTAHHA MPOIIECiB OTpUMaHHs 1H(popMaIlii, 1 11e Bi1oOpaxaeTbes, Mepeaycim, B
aITOpPUTMAX iX (DYHKI[IOHYBaHHS.

Y Metposorii Ta BUMIPIOBaJIbHIM TEXHIIl BBAXAEThCA, IO B IpoIECl
BHUMIPIOBAJIBHOTO €KCIIEPUMEHTY HEOJAMIHHO BUKOPUCTOBYIOTHCSI BUMIPIOBAJIBbHI Ta, SIK
NpaBujIo, OOYMCIIOBAJIbHI TpolEAypy. BumiproBaibHi MNpoIEAypH BKIIOYAIOThH
MacmTabHI TIEPETBOPEHHS, TOPIBHSAHHSA BUMIPIOBAJbHUX BEIMYMH 3 MIpaMH,
nepenavy, 3amaMm'siTOBYBaHHS Ta OTPUMAaHHS YHCIOBUX 3HAa4eHb LUX BEJIUYUH.
OOuunciroBaigbHl MPOLEAYpH BKIIOYAIOTH MaTeMaTH4YHI TEPEeTBOPEHHS LU(POBHUX
CUTHAJIIB ITi/1 YaC BUMIPIOBaHb.

Merta KOHTPOJII0, JIarHOCTUKH Ta PO3Ii3HABAaHHS 00pa3iB BIIPI3HIETHCS:

a) Ilig yac KOHTPOJIIO BCTAHOBIIOETHCS BIMOBIIHICTh XapaKTEPUCTUK 00'€KTIB
iXHIM HOpMaM.

0) IIpu niarHocTUIll BUBHAYAETHCS MICIIE 1 TPUYMHU B1IMOB 00'€KTIB.

B) Ili1 yac po3ni3HaBaHHS BU3HAYAETHCS, 10 AKUX KJIACiB HajlexkaTh 00'€KTH, SIKI
JOCITIIKYIOThCHL.

[Ipouiecr KOHTPOIIO, AIAarHOCTUKHU Ta PO3Mi3HABAHHS OOpa3iB MalOTh CIIUIbHY
METOJI0JIOTIYHY OCHOBY, OCKUIBKH B KOXKHOMY 3 HUX 3JIIHCHIOIOTHCS BHUMIpPIOBAIbHI
npoueaypu. KoHTposib BU3HAYAETHCS K MPOLIEC YCTAHOBJIEHHS BIAMOBIIHOCTI MIXK
ctanoMm 00'ekta koHTposto (OK) i BcranoBieHumu Hopmamu. Ilin dac KOHTpOIIO
BU3HAYAETHCS, JO SKOi 3 HOPMOBAHMX SIKICHO BIJMIHHUX Taly3edl HaJeXKUTh
posrisinyBanuid ctaH OK. BaxxivBo BiJ3HAUWMTH, IO TPU KOHTPOJI HEOOOB'S3KOBO
3HATU YUCJIOBI 3HAYECHHS KOHTPOJbOBAHUX BEJIWYMWH, 1 3 11€1 TOUKU 30py KOHTPOJIb
MO3K€E PO3IJIAIATUCS SIK OTlepallis CTUCHEHHS 1HpopMmallii. ¥ cucreMax aBTOMaTUYHOTO
KOHTPOJIIO 3HAYHA KUIBKICTh BEJIMYMH KOHTPOJIIOETHCS, 1 BUMIPIOBAIIbHI MPOIEAYPHU
BKJIFOUAIOTh OIlepallii IMOPIBHAHHSA OJCP)KaHUX YHCIOBUX 3HA4YeHb 13 3aJaHUMU
HOpMaMH (yCTaBKaMMm).

Cuctemu aBromatuyHoro KoHTposito (CAK) y cydacHOCTI MOAUISIOTHCS Ha JBa
TUIU: Ti, SIKI BUKOHYIOTh O€3MepepBHUN KOHTPOJb MapameTpiB 00'€kTa, 1 Ti, IIO
BUKOPUCTOBYIOTh IMCKPETHUN MOCIIJOBHUM KOHTPOJIb IIUX MapaMeTpiB. Y CUCTEMI 3
Oe3nepepBHUM KOHTPOJIEM MapaMeTpiB 00'€kTa, sika MpejCcTaBlieHa Ha puc. 1 KoxeH
KaHaJI KOHTPOJIIO BKJIOYae mopiBHIOBambHUN mipuctpiid [1I1 ta mpucTpiii ingukarii
BimxwieHHss [B. KinbkicTh 1HMX TPHUCTPOIB y KOXHOMY KaHaTl 3aJeXKHUTh BIJ
BCTAHOBJICHUX TPaHUIh BUMIPIOBAHHS TapameTpa, SKi MOXYTb OyTH BiJ OJHOI 110
JOTUPHOX: TIOMEpe/HKyBaIbHA '"MeHIe", momnepe/pKyBaibHa "Ouibine', aBapiiiHa

"MeHie" Ta apapiiina "6uabiie". [Iponeaypa BupobiienHs Ta 30epiranis Hopm H moxe
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OyTH CIUTHHOIO JJISI IEKITbKOX KaHAIB a00 1HAMBITYaTbHOIO JJIsI OKPEMHUX KaHaJiB.
CuctemMu 3 Oe3lepepBHUM KOHTPOJIEM BHUMAararoTh Oulbllie oOOJIaHAHHS 1
BUKOPHUCTOBYIOTHCS JIUIIE JJI KOHTPOJIO HAMOIBII BIAMOBITATBHUX MMapaMeTpiB, J1€
He0OXiTHa BUCOKA HAMIWHICTh Ta MIBUIKICTh BUIa4l PE3yIbTaTiB KOHTPOJIIO.

[TII.+——»{ IB:

[1I1, » [B.

Pucynox 1 — Cmpyxkmypna cxema oonoeo kanany CAK 3 b6eznepepenum konmposem

CucreMu aBTOMaTHYHOTO KOHTPOJIIO 13 JUCKPETHUM IOCIHIIOBHUM KOHTPOJIEM €
HAWOUIBII MOIMTUPEHUMH, OCKUIBKA BOHM BHUMAararoTh MEHIe oOJagHaHHS 1, OTXKE, €
Ot nemeBmMUA. CTPYKTYypHA CXe€Ma Takoi CHCTEMH Npe/CcTaBlieHa Ha puc. 2.
KoHTpoJibOBaHI BEJIMYMHU, NEPETBOPEHI B YHI(PIKOBAHI CUTHAIM, TakKl SIK Hallpyru
Ul...Un, uepe3 BuMiproBaibHuil komyTtarop BK mocinigoBHO mnoparoTbes Ha
nopiBHIoOuMii npuctpiit [1I1, 1e BoHU MOpIBHIOIOTHCS 3 HOpMaMU. SIKIIO JIsl OJTHOTO
KOHTPOJIHOBAHOIO NTapaMeTpa iICHYIOTh Pi3HI HOPMH, TO HOPMA MOKE 3MIHIOBATHUCH 111
4ac KOHTPOJIIO 1BOTO TapaMmeTpa. 3MiHYy HOPMHU Ta MEPEMUKAHHS BUMIPIOBAIILHOTO
KOMyTaTopa 31HCHIOIOTh 3 JOTIOMOTO0 MPUCTPOIO KepyBaHHs. 3aci0 BioOpakeHHs
iHdopmartii (3I11) Moxe BKITIOYATH MPUCTPOT JIs BIIOOPaKEHHSI BIAXUIIEHD (3aralibHi,
IpyIoOBI Ta 1HIMBIAyalIbH1) Ta IPUCTPOI HU(DPOBOTO peecTpyBaHHA. OKpiM BUCHOBKIB
PO CTaH KOHTPOJIbOBAHOTO mapametrpa, 3III Takoxk reHepye Ta peecTpye HOMEp
KOHTpoJboBaHoro mapametrpa (Big IIIT) Ta wac HactanHa mojii (Big MPUCTPOIO
dbopmyBaHHs curHaiiB yacy [1OY).
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Pucynox 2 — Cmpyxmypna CAK 3 ouckpemnum xonmponiem
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Henonikamu 1iux cucteM € 3HayHa BUTPATHICTh Olepaliii KOHTPOJIO, OCKIIbKU
4acToTa MPOBEACHHS KOHTPOJIO BHU3HAYAETHCS 3 YpaxXyBaHHAM EKCTPEMaIbHHX
TUHAMIYHUX BIJIACTUBOCTEH KOHTPOJIHOBAHUX TMapaMmeTpiB. Y TOHW Ke dbac, udepes
BIJICYTHICTh JIOCTaTHIX MOIMEPEIHIX BIIOMOCTEN MpO JUHAMIYHI BIACTHBOCTI 00'€KTa
a00 HEMOXKITUBICTh MOOYI0BU cucTeM aBToMaTtndHOro KOoHTpoo (CAK) BiAMOBITHO
70 1IMX EKCTPEMaJbHUX BJIACTHUBOCTEM MOXK€ BUHUKHYTH CHUTYyalllsf, KOJU OJAWH YU
JNeKUIbKa TMapaMeTpiB BUMAYTh 3a MeEXlI HOPM Y 3B'3Ky 3 OYIKYBaHHSM
00CIIyroByBaHHsI, 1 MOKe OYTH MPOIYIIEHUH Tepe1 aBapiiiHuii abo HaBITh aBapiiHUN
peXUM pobOTH 00'€KTA.

CAK, 1o BUpOOISIOTHCS TPOMHUCIIOBICTIO, 3a3BUYall € KOMOIHOBAHUMH, TOOTO
HaWBXKJIMBIIII TapaMeTPH KOHTPOJIOIOTHCS Oe3MepepBHO, a 3a BCIMA IHIIAMHA
napaMeTpamu 311CHIOETbCS HEeMePEPBHUN TUCKPETHUN KOHTPOIIb.

OcCHOBHMI METOJ| BUSIBJICHHS BIJIMOBHUX TEXHIYHHX €JIEMEHTIB 1 MOMUJIOK Y
peanizalii mporpaM TeXHIYHUX 00'€KTIB MOB'sI3aHUMN 3 palliOHATBLHOIO Ta €(hEKTUBHOIO
METOJUKOI0 BUKOHAHHS OIEpaliil KOHTPOJIO, 110 JO3BOJIAE€ BUPILIMTH 3aBJAHHS
J1arHOCTUKY 3 NPUITYCTUMUMH BUTpaTamMu. OCHOBHA META TE€XHIUHOI 1arHOCTUKHU -
BUBYEHHS ()OPM 1 3aKOHOMIPHOCTEN MPOSIBY BIAMOB 1 MOMUJIOK, pO3p0o0OKa METOMIB 1
3ac001B iX BUSABJICHHS Ta JIOKadi3allii B 00'€KTax A1arHOCTUKH.

Cuctemu TtexHiyHoi giarHoctuku (CTJl) po3auisitoTbess 3a  HUIBOBUM
MPU3HAYEHHSM Ha J1arHOCTUYHI Ta MPOTrHO3YI0Yl. J[1arHOCTUYHI CUCTEMH MPU3HAYEHI
U1 BCTAHOBJICHHS JI1arHO3Y, TOOTO JAJIs1 BUSIBJICHHSI HECIIPABHOCTI 200 MiATBEPAKEHHS
CIIPaBHOCTI 00'€KTa, MO MEPEBIPSETHCA. 3 IHIIOTO OOKY, MPOTHO3YBaJIbHI CUCTEMU
CTaBJISITh Tiepes] COO0I0 OLIBIN CKIIAAHE 3aBAaHH - Iepe10adeHHs MOBEIHKHU 00'€KTa
B MalilOyTHOMY Ha OCHOBI pe3yJIbTaTIB MONEPEIHIX MEPEBIPOK.

3a xapakTepoM MpoIeAypHu BHAAdl OIIHKK cTaHy o0'ekta miarHoctuku CT/I
MOAUIAIOTh HA CTATUCTUYHI i J€TEpPMIHOBaHI. Y BUMNAJKYy CTATUCTUYHOI OLIHKU CTaHy
o0'eKkTa pilIEHHS TPUIUMAETHCS HA OCHOBI BUMIPIOBaHb 200 MEPEBIPOK CUTHAIIB, 5Kl
xapakTepu3yoTh 00'ekt. [Ipum peTepMiHOBaHIM OIlIHII MapaMeTpu o00'€kTa, IO
NEPEeBIPSAETHCS, TMOPIBHIOIOTHCS 13 MapaMeTpamMud o00'€kTa, W0 TPUUHATHN 3a
3pa3KoBU. 3a3BHYaid, 3aMICTh 3pPa3KOBOr0 00'€KTa BUKOPUCTOBYIOTh CHUTHAIH, SIKI
IMITYIOTh MOT'0 MOBEMIHKY, 1 1l CHTHAJIM 30€piratoThcs y BianoBiaHux npuctposx CT/I.

[cHytOTH pI3HI BUAM TEPEBIPOK, TaKl SK (PyHKIIOHAIbHA, aNrOPUTMIYHA Ta
JOT1YHO-KOMOIHaIiiHa. Y (DyHKI[IOHAIBbHIM NEpeBIpIl BUSBISETHCS Mpale3]aTHICTh
00'ekTa, MepeBIpsAIOYN HASBHICTh CUTHATY Ha HOTO BUXO/I1 TPU HAJIXOJKEHH1 CUTHAITY
Ha BXIJ[; BIJCYTHICTh BHXIJHOTO CHUTHAJIy BBAXKAETHhCS BIIMOBOIO. AJTOpUTMIYHA
MepeBipKa, BIATOBIAHO 10 alroputMy poOOTH 00'€kTa, TEpeBipsie TOCIIiTOBHICTH
BUKOHAaHHS (yHKIIH. JIoriuHO-KOMOiHAaIlIliHA TTepeBipKa, TAKOXK BiJJoOMa SIK TECTOBA,
JI03BOJISIE€ BUSIBISITU HECTIPABHOCTI Ha Oy/b-IKOMY PiBHI. Y 1IbOMY BHUMAJKy Ha BX1]
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00'ekTa, SKHI TEPEeBIPSETHCS, IMOJAOTh CHELIAIBHUN J1arHOCTUYHUM TECT Ta
CrieliaJIbHI CTUMYJTIOIOY1 CUTHAJIH.

HatickmamHimow YacTHHOI 3aBAaHHS TPHU JIarHOCTHUIN € TOIIYK BY3ia, IO
BUKJIMKAaB HecmpaBHiCTh. KoxxHa mocnifoBHa mepeBipka MOBHHHA BUKOHYBATHCS 3
ypaxyBaHHSM (DYHKITIOHATEHOT 3HAYYIIIOCTI KOXKHOTO BY3JIa, BITHOCHUX IMOBIPHOCTEH
MO>KJIMBUX MPUYMH HECIIPABHOCTEM, BITHOCHUX BUTPAT Yacy Ha 3/[1CHEHHS MIEPEBIPKU
1 oTpuMaHoi panime iH(opMmarii. ICHYIOTH pi3HI METOAM ONTHUMI3allli Iporpam
JI1arHOCTHUKH, 1110 PO3POO0JIeHI Ha OCHOBI 3a3HAYCHUX MPUHITUIIIB.

OnHa 3 MOXKIIMBUX CTPYKTYPHUX CXEM CHCTEMH TE€XHIYHOI J1arHOCTUKU T0JIaHa
Ha puc. 3. Iadopmaris Bixm 06'ekta miarHoctuku (OJ]) wepes matumkm ([[1-/In) i3
CTaHIapPTU30BAHUMH BHUXIJHHUMH CHUTHaJIaMd Ta BUMIiproBanbHuil komyTtatop (BK1)
mocTymae Ha npucTpiit koutpoito napametpis (ITKII). ITKII Bxirogae B cedbe mpuctpoi
BUMIPIOBAHHSI Ta TMOPIBHSHHS TMapamMeTpiB 3 HopMaMu. Pe3ynbrat KOHTPOJIO
nepenarThes 10 npucTporo o0pooku (I10), 1e MoKy Th OyTH MOPIBHSHI 31 3pa3KOBUMU
pe3yibTaTamu, 30epeKeHUMHU B OTIEpaTUBHOMY 3amaM'atoByrouomy mpuctpoi (O3I1).
Kpim Toro, B O3II moxke OyTu 3amucaHa mporpama MepeBIipKd, sika HaJAXOAHUTH Bijl
npuctpoto BBeaeHHs nporpamu (I1BIT) yepe3 npuctpiit po3noainy (BK2) inpopmarrii
(ITPI). ITPI Takox kepye pobOoToro reneparopa crumyntorounx curHaiis (I'CC) Tta
BUMIproBajgbHOro komyrtaropa (BK2), na Bxix sikoro nonarotscs Hanpyru Big I'CC. Li
Hanpyru, 3 BuxoliB BK2, mneperBoprororbest mneperBoproBavamu (II11 — IIn) y
BIJIMOBIAHI CUTHAJIH, K1 BIUIMBAIOTh Ha O0'€KT JIarHOCTHKHU. Taki CUTHaId MOXYThb
OyTH SIK €JIEKTPUYHUMH, TaK 1 HeeneKTpuuHuUMU. [lonanusa iHpopmMmarllii onepaToposi
(O) 3miiicHIOETBCA 3a omoMororo 3aco0y moxanHs iHbopmariii (3I7). 3anexxHo Bifg
OTpUMaHoi 1H(popMallii, onepaTop MOXxe BTpydaThcs uyepe3 npuctpiid kepyBanHs (I1K)
Ta BHOCUTH 3MIHH y TiporpaMmy nepesipku Ha 1 7BII.
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Pucynox 3 — Cmpykmyphna cxema cucmemu mexuiuHoi 0iaeHOCMUKU
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ITim TepminoMm "oOpa3" MaeThcsi Ha yBaszl Ha3Ba MPOCTOPY O3HAK, B SKOMY
BIJI0OpaXaroThCsl 3arajbHl BJIACTUBOCTI BHUJAUIEHOI 3 MEBHOK METOK MHOXUHU
o0'exTiB. Po3mizHaBaHHA 00pa3iB, 3 I1HIIOTO OOKYy, € MPOLIECOM, MiJ Yac SIKOTO
BCTAHOBITIOETHCS BIIMOBIIHICTh MK 00'€KTaMu, IO PO3MI3HAIOTHCA, 1 oOpazamu. [s
BIJIMOBIAHICTh (POPMYETHCS Yepe3 MOPIBHAHHA O3HaK O0'€KTIB 1 00pasiB, a pillIeHHs
PO HAJICKHICTh PO3IMi3HABaHHA OO0'€KTIB 10 TMEBHOIO 00pa3y MNpUUMAEThCS 3a
JIOTIOMOT'OI0 AJITOPUTMY.

OTxe, SKIIO OOMEXHUTH yBary JHIIE€ NpolecaMd BUMIPIOBaHHS, KOHTPOIIIO,
JIarHOCTUKM Ta PpO3Mi3HaBaHHS o0pa3iB, sAKI BUKOHYIOThCS 3 MaTepiaJbHUMH
o0'ekTaMi, MO>XHa BU3HAYUTH CHUIbHI PUCH CTPYKTYp, ajl€ BOJHOYAC BHUALTUTH
PI3HUIIIO B aJITOPUTMAX IXHBOI peanizaliii.

[cHyBaHHS B CUCTEMaxX BUMIPIOBaHHSI, KOHTPOJIIO, IIATrHOCTUKY Ta PO3MI3HABAHHS
o0Opa3iB 00J1aJHAaHHS O0YUCITIOBAILHOT TEXHIKH, TaKe SIK MIKPOIPOIIECOPH, MIKPO- Ta
MiHI-EOM, mnepcoHalibHI KOMIO'IOTEPHU, € BAXKIMBOIO XapaKTEPUCTHUKOIO IS
kinacudikaiii. Y 3B'A3Ky 3 I[UM, BUHHMKJIHM JIBA OCHOBHI HaIlpsiIMU PO3BUTKY B IUX
obacTsx: a) BUMiprOBalIbHO-o0uncatoBaibHl Komiuiekeu (BOK); 6) xomm'rorepHo-
BumiproBaibHi cuctemu (KBC).

BucnoBok. Knacudikaniss BAMIpIOBAJIbHO 1HPOPMALIIMHUX CHCTEM € KIIFOUOBUM
€TanoM B Oprasizaulii Ta PO3BUTKY CYYaCHHX CHUCTEM BHMIPIOBaHb. 31ACHIOIOYU
CHUCTEMAaTHU3AIIII0 IIUX TEXHOJOT1i, MOKHA BUAUIUTH PI3HOMAHITHI M1JIXOAW Ta METOH,
IO CHOPUSIOTh ONTHUMI3AIll BUMIPIOBAIBHUX MPOLIECIB Y PI3HUX raiy3sx. BaxiuBo
BpPaxOBYBaTH PO3BUTOK TEXHOJOTIH OOpOOKM JaHMX, aBTOMAaTH3allli, a TaKOoX
BUKOPUCTAHHS Cy4YaCHHUX 3ac00i1B IITYYHOTO IHTENEKTY Ta IHTEPHETY peder y
BUMiproBaHHsAX. Kiacudikaiiss BUMiIprOBaIbHO 1H(GOPMALIITHUX CUCTEM J0NOMAarae
BIIOPSIIKOBYBAaTH PI3HOMAHITHI MIAXOAUW Ta PECYPCH, CHPHUSAIOUN €(PEKTUBHIIIOMY
BUKOPUCTAHHIO BHUMIPIOBaHb JUIsl JOCSTHEHHS KOHKPETHMX IJIe y Hayll,
MIPOMUCIIOBOCTI Ta 1HIIUX chepax.
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Abstract. This paper explores the pivotal role of optimization models as partial solutions in
the system analysis process. It highlights their significance in understanding and enhancing
complex systems. Through a comprehensive discussion, this paper demonstrates how
optimization models contribute valuable insights to decision-making in various fields.
Keywords: optimization models, system analysis, partial solutions, efficiency, resource
allocation, trade-off analysis, process synchronization.

The relevance of the study. System analysis is instrumental in comprehending
intricate systems. It provides a structured approach to evaluate components,
interactions, and overall behavior. Optimization models offer a mathematical
foundation to tackle specific aspects, thereby aiding in the holistic analysis of complex
systems [1].

The purpose. The purpose of this essay is to elucidate how optimization models
act as indispensable tools within the system analysis process. By focusing on partial
solutions, these models enable a more detailed examination of components, resources,
trade-offs, and process sequences.

Main text.

Component Efficiency

e Optimization models facilitate the enhancement of individual components

within a system. Consider an example in the manufacturing industry, where a
complex production line consists of multiple machines. An optimization
model can be employed to determine the optimal operating parameters for each
machine, taking into account factors such as production speed, energy
consumption, and maintenance schedules. By fine-tuning these parameters,
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the overall efficiency of the production line can be significantly improved,
leading to higher throughput and lower operational costs [2].

Resource Allocation

In industries where resources are finite, such as logistics and supply chain
management, optimization models play a crucial role. For instance, in a
distribution network, the allocation of goods to different warehouses and
transportation routes can be optimized to minimize transportation costs while
ensuring timely delivery. This involves considering variables like
transportation capacity, demand patterns, and inventory levels. The result is a
streamlined operation that maximizes resource utilization and minimizes
waste.

Trade-off Analysis

Optimization models excel in situations where trade-offs between conflicting
objectives need to be carefully balanced. Take the example of a construction
project where the goal is to minimize construction time while also keeping
costs within budget. An optimization model can analyze various construction
schedules, considering factors like labor availability, equipment utilization,
and material delivery times. Through iterative simulations, the model
identifies the schedule that strikes the optimal balance between time and cost,
ensuring the project's success.

Process Synchronization

In complex systems, especially those involving interconnected processes,
synchronization is paramount. Optimization models can be employed to
determine the optimal sequencing and timing of these processes. For instance,
in a manufacturing plant, the production schedule can be optimized to
minimize idle time and maximize the utilization of resources. By
synchronizing operations such as material handling, machining, and assembly,
the overall throughput of the plant can be significantly improved.
Furthermore, optimization models find extensive application in fields beyond
engineering and technology. In economics, they are used to optimize
production levels and pricing strategies for businesses. In healthcare, they
guide resource allocation in hospitals and optimize patient scheduling.
Environmental planners use them to design sustainable urban systems that
minimize resource consumption and pollution.

Integration of Partial Solutions

The real strength of optimization models lies in their ability to integrate into a
broader system analysis framework. Partial solutions from different models
can be combined to create a comprehensive understanding of the system. For
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example, in a large-scale industrial plant, optimization models can be applied
to individual processes, and their solutions can be integrated to form an overall
plant-wide optimization strategy. This integration allows for a holistic
approach to decision-making, where the impact of changes in one area on the
overall system can be evaluated [3].

Conclusion. Optimization models serve as crucial partial solutions in the system
analysis process. By addressing specific components, resource allocation, trade-offs,
and process synchronization, these models provide a deeper understanding of the
system. When integrated, these partial solutions offer a comprehensive view,
empowering decision-makers to make informed choices for system improvement. In
essence, optimization models are indispensable tools in the pursuit of efficient and
effective system analysis.
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Abstract. The modern context of Ukraine's development cannot be considered without taking
into account the influence of information technologies and the updating of data on the owners
of autonomous systems. A high level of information provision, scientific and technical
progress and the introduction of advanced technologies require the development and active
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The relevance of research. In the modern world, humanity is going through a
period of scientific and technical revolution, where electronic computing technology
Is the main pillar. This technique gives rise to a new type of technology - information
technology, where information acts as "raw material” and "product”. Even with the
inclusion of material and energy processing processes, it is the information that defines
the new dimension of technological progress that is important.

Production and information technologies do not arise by themselves, but arise as
a result of technologization of social processes. This process involves the purposeful
influence of man on various fields of production for their transformation with the use
of machinery.

An information technology toolkit is one or more interconnected software
products for a specific computer. Here you can highlight word processors, desktop
publishing systems, spreadsheets, database management systems, electronic
notebooks, electronic calendars, as well as other information systems for finance,
accounting, marketing and expert systems.

Information is becoming the basis of a profitable business, and proper information
processing and database management is a necessary resource for managers. However,
databases containing information about partners and customers lose relevance over
time, and the information itself becomes old.

An autonomous system (AS) is a connected group of IP addresses defined by one
or more Internet operators that has well-defined routing policies. Here, the term
"prefix" is synonymous with "CIDR block". Autonomous systems arise due to the
technologization of social processes and are used to manage the routing of IP packets
on the Internet.

The main research materials.

The history of information technologies began long before the beginning of the
20th century and the formation of informatics. The initial origins of this history can be
traced back to the invention of mechanical computing machines and the development
of mathematical theories that led to the formation of modern concepts and computers.
The active development of information systems began in the 1960s, parallel to the
emergence and development of the first information systems.

The rapid development of the IT sector in the late 1990s was caused by large
investments in Internet infrastructure and services. In Ukraine, V.M. Glushkov, the
founder of the Institute of Cybernetics of the National Academy of Sciences of
Ukraine, played an important role in defining the IT development strategy and bringing
this industry into the global context.

The process of establishing informatics as a scientific discipline began in 1895,
when the International Bibliographic Institute was founded in Brussels. Cybernetics,

which developed actively after the Second World War, was defined as the general
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science of control and communication in various systems, including artificial,
biological and social.

The concept of "autonomous system (AS)" is related to the border gateway
protocol BGP. BGP is used for routing between autonomous systems, and each system
has a unique number, which in 2012 was proposed to be recorded in 32-bit form.

At the stage of machine resources (50s - 60s), the main goal of IT was to increase
the efficiency of data processing with the help of already formalized or weakly
formalized algorithms. During the programming phase (mid-1960s to early 1980s), the
emphasis shifted to saving human resources by reducing the cost of machine
operations. The stage of the latest technologies (early 80s) is characterized by the
concept of auto-formalization of users' professional knowledge and intellectualization
of all forms of interaction with technical means.

PLM (Product Lifecycle Management) is a strategic approach to enterprise
management that uses interoperable solutions to support the presentation of product
information throughout its creation, implementation, and operation, integrating human
resources, processes, and information. Here, a product is understood not only as a
product, but also as performed works (services).

It was found that computer science represents an extensive field of education and
a dynamic environment based on advanced achievements in the field of information
systems and technologies. Recently, this direction has been developing in the direction
of greater intellectualization, which is confirmed by the emergence of innovative
directions, such as cyber-physical systems, robotics, metadata taxonomy, cognitive
modeling, virtual and augmented reality, machine learning technologies, quantum
engineering, identification technologies (RFID), systems of functional network
visualization and others.

Information technology is a process that uses various means and methods to
collect, process and transmit data in order to obtain a new level of information about
the state of an object, process or phenomenon. Depending on the field of application,
information technologies are divided into information technologies of input,
processing and storage of information by functional areas; information technologies of
information protection; information technologies of production process management.

Computer information technology has gone through several stages of
development, such as the stage of machine resources, the stage of programming, the
stage of new information technologies and the stage of high information technologies.
These technologies have a number of characteristics: a high degree of dismemberment
of the process, systemic completeness (integrity) of the process, regularity of the
process and ambiguity of its phases.

A product lifecycle management (PLM) solution connects information and

people, helping them work efficiently and harmoniously. PLM allows the integration
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of various divisions of the enterprise, including accounting, finance, research and
development (R&D), manufacturing, capital construction, material supply,
maintenance and repair. PLM also enables collaboration with partners, contractors,
customers, and service providers. The implementation of PLM technologies involves
the creation of a single information space that unites automated systems to effectively
solve the tasks of engineering and production planning.

Conclusions. The proposed innovative model for updating the details of owners
of autonomous systems and IP addresses takes into account modern trends and
requirements in the field of network technologies, aimed at improving the efficiency
of management and use of Internet resources.
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Abstract. The provided study focuses on addressing the research question: how can
computational content-based models enhance the efficiency of semantic information
retrieval? The central concept is that by employing data abstract and clustering techniques
in collaboration with human interaction through manually generated queries and visual
exploration, the performance of semantic search can be enhanced.
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The relevance of the study. Semantic information retrieval is relevant in the
context of the ever-growing volume of data on the Internet. Traditional search systems
often struggle to consider the semantic meaning of queries, leading to ineffective
results. Semantic search involves understanding the meaning of words and context,
enabling a more precise determination of user intent and providing more relevant
search results. Its application in search systems, especially in the fields of artificial
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intelligence and natural language processing, makes information retrieval more
productive and convenient for users.

The purpose. The aim of this research is to highlight the development of natural
language processing technologies for information retrieval, as well as to achieve a
better understanding of linguistic structures and user intentions.

Main text. The increase in the volume of information has led to the complication
of user information search. The task of information retrieval is a classical problem in
computer science. Despite active research in this field for quite some time, the
efficiency of modern search systems is far from ideal. As a result, search systems are
constantly being improved, and new approaches are being developed. In recent years,
significant attention has been given to information search based on semantics. In
analyzing information on this topic, three main approaches to semantic search were
identified: result clustering, syntactic and semantic search, and consideration of
semantic relationships between concepts. Some approaches enhance the semantic
power of search mechanisms by combining traditional keyword search with subsequent
result clustering. Others rely on the results of syntactic and semantic analysis of texts,
considering the principles of natural language communicative grammar theory, where
the meaning of a query is determined by the set of its constituent syntactic units.

The two approaches mentioned improve search accuracy by correctly interpreting
semantic concepts and resolving ambiguities in terms of the polysemy of interpretation.
However, they only find documents where at least one word from the query is present.
If a document does not contain any words from the query, it will not appear in the
search results. To overcome this limitation, the third approach is used — search based
on semantic relationships between concepts.

When comparing semantic search approaches with traditional keyword search, it
can be noted that theoretically, they have several advantages over traditional
approaches in terms of increasing the relevance of obtained results, as they consider
the content as a whole rather than individually. The old approach of search systems
focused solely on keywords, resulting in varying reliability of results. Modern search
systems use semantics to search for associations between different words, attempting
to reflect human communication. Thus, the search system can produce results that more
accurately match the user's query context.

The main drawback of semantic search approaches compared to traditional
keyword search is that content processing algorithms depend on the specific
characteristics of the analyzed natural language. Special algorithms need to be created
for different natural languages, considering their syntactic and semantic features, word
relationships, etc. Therefore, implementing semantic search approaches in systems is
a complex and labor-intensive task. It is challenging to definitively answer the question

of whether it is better to formulate a search query using a set of keywords or a natural
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language question. Perhaps the best solution is a combination of both, where search
systems must understand various forms of queries. For this purpose, it makes sense to
transform a user's natural language query into the corresponding set of keywords.

It is also worth noting that recently, there has been significant progress in semantic
search using artificial intelligence, which has accelerated due to advancements in
machine learning and natural language processing technologies. Key directions of
development include Al learning, the use of deep neural networks for text analysis, and
the application of advanced algorithms for recognizing and understanding relationships
and context between words and phrases.

Conclusion. The development of semantic search through artificial intelligence
opens new possibilities for efficient access to information and its analysis in the online
environment. This contributes to improving user experience, providing accurate and
relevant search results, and suggests that soon, this search method will become the
most promising and rapidly advancing, as the one who possesses information holds the
world.
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Abstract. Machine learning (ML) helps analyse large volumes of data and consider for
various factors that influence the markets, such as economic events, political decisions and
news. However, there are numerous challenges associated with the use of ML in stock trading,
related to the subject area and its features. The most influential factors in the development of
ML systems are considered: market volatility, overfitting and underfitting, historical
anomalies, data delay. It is also necessary to single out the problems of identifying features
for the formation of the ML model: insufficient data, multicollinearity, lack of relevant
features, economic and fundamental interpretation. However, when operating ML models,
they can become victims of manipulative data in the news and especially social networks.
Keywords: Automated Trading Systems, analysis of news and social media, overfitting,
underfitting, historical anomalies (“black swan™), multicollinearity, GIGO

AKTYaJIbHICTh /IOCJiZKEHHSI 3yMOBJICHA 3POCTAIOUOI0 CKJIAJHICTIO PHUHKIB,
TOPTOBIIl MOBUHHI aJanTyBaTUCA JO YMOB, IO IMOCTIMHO 3MIHIOIOTHCS. MalluHHEe
HaBUaHHS JIO3BOJISIE€ aHANI3YBAaTH BEIMYE3HY KUIBKICTh JAaHUX 1 BUIUISATH BaXKIJIWBI
CUTHAJIA cepejl IIyMy, IO JoroMarae npuiMatu o0TpyHTOBaHi pimeHHs. Takox Ha
Cy4YaCHUX PUHKAX IIBUJKICTh Tpa€ BUPIMIATLHY POJb. MalllMHHE HaBUYaHHS JT03BOJISE
pPO3pO0IATH aBTOMATHU30BaH1 TOProBl CTpaTerii, SKI MOXKYTh pearyBaThd Ha PUHKOBI
noJii B MIJIICEKYH/IaX, 1110 HaJla€ KOHKYPEHTHY MepeBary.
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MeTto10 po0d0TH € OTJIsi] OCHOBHUX TE€HAECHIIH PO3BUTKY MAIIMHHOTO HABYaHHS
B O1p»KOBIM TOPTIBJII Ta HAPOCTAKOUO1 MPOOJIEMATUKH MOB’SI3aHOT 13 KOHKYPEHITIEIO Ta
HEBH3HAYEHICTIO MaliOyTHIN YNHHUKIB.

Marmmaae HaBuanHs (MH) crano BaKIIMBOIO CKIIAIOBOIO OIpyKOBOI TOPTIBIIL, JIe
TOYHICThH Ta MIBUAKICTH MPOTHO3YBAHHSA I[iH aKI[ii 1 BAJIIOT MOXYTh BU3HAUUTH YCIIX
a6o Henauy. MH nonomarae aHasni3zyBaTy BEJIUKI 0OCSATH JJaHUX Ta BpaxOBYBaTH Pi3HI
dakTopH, 110 BIUIMBAIOTh HA BAJIIOTHI PUHKH, TaKi K €KOHOMIYHI IMOJli, MOJITUYHI
pILICHHS Ta HOBUHH. AJI€ CJIiJl 3a3HAYUTH, IO HE JOCIIKY€EThCS BILUIUB CaMOi MOJIEI
Ha PUHOK 1 B3araji BICYTHICTh BEJTMKHUX TPOILIEH — BeIMYe3Ha CTPYKTYpHA MepeBara
[1]. Ochb nesixi momeni MH, siki BAKOPUCTOBYIOTHCS

BusiBnenns tpenziB Ta natepHiB: MH Moxe 1omoMorTy i1eHTu(iKyBaT TPEHIH
HAa PUHKY Ta Pi3HI MaTepHH MOBEAIHKH IiH, Taki SIK rpadikd CBIYOK Ta MaTepHU
TEXHIYHOrO aHamizy. Mojem MOXyThb MIyKaTH Il MaTepHU B peaJbHOMY daci 1
BUKOPUCTOBYBATH X JIJISI IPUMHSATTS pillieHb[2].

VYopasninaa pusukamu: MH  MoXe J0OMOMOITHM  OLIHUTH PU3UKU  Ta
BOJIATWJIBHICTh HAa PUHKY, 110 JI03BOJISIE IHBECTOPAM BHU3HAYATH ONTUMAJIbHUI pO3MIp
MO3HUIIIT Ta 3aXUILATU ceOe B BETUKUX BTPAT.

AHaJli3 HOBUH 1 comiaibHUX Meaia: MH mMo)ke BUKOPUCTOBYBATH aHai3 TEKCTY
JUIA BiJCTE)KEHHS HOBHH Ta COIIABHUX MeJia 3 METOIO0 BHUSIBICHHS TOTO, K BOHHU
BIJTMBAIOTh HA PUHOK.

ABtomatu3zoBaHa Toprisisi: MH 103BosIsie cTBOprOBaTH aBTOMATH30BaH1 TOPrOBi
CUCTEMH, SKI MOXYTh CaMOCTIHHO BHKOHYBATH TOPTiBENbHI oOIepalli Ha OCHOBI
MEBHUX CTPATETid 1 CUTHAIIIB.

Amnani3 noprdens: MH Moke BUKOPUCTOBYBATHUCS JIJIs1 ONTUMI3ALIIT CTPYKTYpH Ta
nuBepcudikamii nmoprdens 1HBECTOpa, MO0 3HU3UTH PUSUKA Ta 30UIBIIATU
MOTEHI[IHY MPUOYTKOBICTb.

[Ipote icHYIOTh UMCIIEHH]1 BUKIIUKH, MOB's13aH1 3 BUKOpUcTaHHsIM MH B GipkoBiii
TOPTiBIIl, TTOB’sI3aH1 13 MPEIMETHOIO 00JIACTIO Ta HOTO OCOOIMBOCTSIMHU.

BonatunpHicTs puHKy: DIHAaHCOBI PHUHKH  BIJIOMI  CBO€IO  BEJIHMKOIO
BOJIATHUJIBHICTIO, IO POOMTH TepeadadyeHHs IH akIliid 1 BaJlOT JOCUTh CKJIAIHUM
3aBAaHHAM. Mojelni, HaBYE€HI Ha MOMNEPEHIX TaHUX, MOXYTh HE BpaxOBYBATU
HE3po3yMJIi @00 BKpail BaXKKi MO, K1 BIIOYBAIOTHCA Ha PUHKY.

[lepenaBuanns  (overfitting) Ta HegonaBuanHs (underfitting): Mogpeni
MAaIIMHHOTO HaBUaHHS MOXYTh OYTH CXWJIbHI J0 TIepeHaBYaHHs, KOJIM BOHU HAIMIPHO
MIPUCTOCOBYIOTHCS 10 HAaBYAJIBHUX JAHUX 1 HE MOXYTh y3arajJbHIOBaTH J10 HOBHX
JaHuX. 3 1HIIOTO OOKYy, HEJOHaBYAHHS B1JI0OYBA€THCS, KOJM MOJENIb HEAOCTAaTHBHO
HaBYCHA 1 HE MOKE IIPABUJILHO TIepe0ayaTy HaBYaIbHI JIaHi.
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3aTpumKka qaHuX: Y O1p>KOBIM TOPTIBIII MIBUIKICTh peaKIlii HAa HOBUHU 1 MOJIi Ha
PHHKY JTyKe Ba)KJIuBa. 3aTpUMKa B JIOCTYIIL JI0 IaHKX a00 B 00poOI11i MOXKE NMPU3BECTH
710 BTpar.

[cropuuni aHomanii: @IHAHCOBI PUHKUA MEPIOJUYHO BUHHUKAIOTH aHOMAJbHI
CHUTYallli, Taki K "4OopHUi1 1e01p" MOI11, IKI HEMOXKIIMBO MepeA0aYUTH 32 JOTIOMOTOI0
ICTOpUYHUX JIaHUX. MalllnHHE HaBYaHHS HE 3aBXIM MOKE BPaXOBYBAaTH TaKi MO/IIi.

Ocb nesKi KII0YOBI aclieKTH mpodaemMaTuku Bubopy o3Hak (feature selection) ass
dbopmyBanns moaeni MH B koHTekcTi GipskoBoi Toprisii [3]:

Henocrarnicts panux: Jlng ycmimHoOro BHOOPY O3HAaK HEOOXiAHO MaTu
JO0CTaTHBO OOCSHKHHIM Ta pempe3eHTaTuBHMU Halip nanux. [IpoTte OipkoBi daHi
MOXYTh OYyTH JOpPOTMMH Ta CKJIaAHUMHU Yy 300pi. HemocTaTHICTh AaHUX MOXKe
00OMEKUTH MOKJIMBOCTI BHOOPY KOPUCHUX O3HAK.

MynbTHKOIIHEApHICTh: MyJIbTUKOIIHEAPHICTh BUHUKAE, KO JIEKUIbKA O3HAK
CHJIBHO KOPEJIOITh OHA 3 0J1HOI0. L{e Moxe cipuunHuTH poOIeMH TPU BUSHAUEHHI
Baru KOKHOI O3HAaKW B MOJIEJNI, OCKUIBKM Ba)KKO CKa3aTH, fKa caMe O3HaKa BHeEcCIa
BKJIA]I.

BincyTHicTs peneBanTHUX O3HaK: He BCl O3HAKM MOXKYTh OYTU KOPUCHUMHU ISt
nependadeHHs pyxy IiH Ha pUHKY. BaxIuBO BiACISATH O3HAKH, K1 HE MAIOTh BIUIMBY
Ha PUHOK, 1 BUOpaTu Juuie Ti, sK1 AiiicHO € iHpopmaTtuBHuMH (“‘Garbage in, garbage
out!”(GIGO) [4]).

Exonomiuna Ta ¢yHmameHtanbHa iHTeprnperais: [leski 03HaKu MOXYTh MaTu
€KOHOMIYHY a00 ¢yHIaMEHTAIbHY OCHOBY, fKa MOSICHIOE iX BIUIUB Ha PHUHOK.
BaxxnuBo MaTu rimbOoke po3yMiHHS IUX 3B'S3KIB JIJIsl MPABUJIBHOTO BUOOPY O3HAK.

PobGacTHicTe 0 mymy: Bip»oBi JaHi MOXKYTh OyTH 3alIyMJIEHHUMH Ta MICTUTHU
BUIIAJIKOB1 KOJMBaHHSA. Mojenl MOBHHHI OyTH poOacTHUMH [0 UIyMy, 1 BHOIp
HEKOPUCHUX O3HAK MOJKE ITiIBUIIUTH Yy TIUBICTh JI0 IIIyMY.

B3aeM03B's130Kk 3 yacoM: Y OipOBIM TOPriBJl Yac Ipa€e BaXKIUBY pOJb, 1 AESKI
O3HAaKH MOXYTh OyTW 3MiHHUMHU B yaci. [lpaBunpHa 00poOka Ta BUOIp O3HAK 3
YaCOBHUMHU 3aJICKHOCTSIMU MOKe OyTH CKJIaJHOIO 33a4elo.

OOpobOka TeKCTy Ta MPUPOITHOT MOBU: AHaJI3 TEKCTY Ta PO3YMIHHS TIPUPOIHOT
MOBH - 1€ CKJIQJHI 33/1a4l B MAIIMHHOMY HaBYaHH1, OCKIJIbKM TEKCT MOXE BUMaratu
KOHTEKCTYaJIbHOTO PO3yMiHHSL.

Kpim Toro Benukoro npobsiemMoro € o0poOKa HOBUH OCKUIBKH JOCUTh BUCOKUMN
piBeHb MaHIMyJslii B Mepexi IHTepHeT, HagaHHS HeIOCTOBIpHOi iHdopmaryi, ii
MEepPEKPyUYyBaHHS 3 METOI0 MAaHIMMyTrOBaHHs. Po3pi3HATH J0CTOBIpHY iH(MOpMAILiio
HaJA3BUYAMHO BaXKKO.

BucnoBok. 3actocyBanHs rtinmbokoro HaBuaHHs (Deep Learning), 30kxpema
HEWpOHHI Mepexi 31 3ropTkoBuMH Tmapamu (CNN) Ta peKypeHTHI HEUPOHHI MepexKi

(RNN), MOke TOKpaIIUTH TOYHICTh MPOTHO3YBAHHS IiH ()IHAHCOBUX THCTPYMEHTIB,
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Moneni rimboKoro HaB4aHHsS MOKYTh aBTOMaTHYHO BU3HAYATH CKJIAJHI 3aJIEKHOCTI
B faHuX. Bukopucranus o0pooku npupoanoi MoBu (NLP) no3Bosisie MH ctBoproBatu
MOJIETI1 71l BUSIBJICHHSI HOBUH Ta CyCIUIbHUX MOJ1H, K1 MOXYTb BIUTUBATH Ha PUHOK.
AJie Take MOJICTIOBAHHS BCE 1€ HE CIIPOMO>KHE BUSIBUTH CUTYaIlil0 "dyopHOTO Jedens’
Ta BUSBJISTH MaHIMyJIATHBHI BIUIMBU HA PUHOK, 110 MOXE MPHU3BECTH TO CYTTEBHUX
30UTKIB.
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Kpanesuu A.B. — 6anakaBpaunT, andrew.kralevich@gmail.com
Jlepoicasnutl ynieepcumem inghpacmpykmypu ma mexmonoziil
VYkpaina, m. Kuis

USING NEURAL NETWORKS TO DIGITIZE DATA
FROM LABORATORY DEVICES

Kralevych A.V. — bachelor's student, andrew.kralevich@gmail.com
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. The paper analyzes the use of neural networks to obtain data from devices that do
not have a direct connection to computers. Thanks to the proposed method, it becomes
possible to cheaply and universally collect, analyze and use data without human intervention
allowing the process to be automated. This method allows you to extend the life of working
old devices, increase the level of automation of input data and reduce the human factor, which
will increase the overall efficiency of work.

Keywords: Artificial Neural Network, automation, instrumentation, stator field asymmetry
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AKTYaJIbHICTh JOCJiIKEHHsI 3yMOBJICHA TUM III0 B HamuX jJabopaTopisx, Ha
BUPOOHUIITBI 1 HA POOOUNX MICISIX € 0arato MpuiIaaiB, sIKi JOCI YCHIIITHO BUKOHYIOTh
cBOIO (YHKIIIIO, aje SKI He MAalOTh MPSIMOTO MiAKIIOUEHHS a0 Komm'torepa. [Ipore,
Iporpec He CTOITh Ha MICIll 1 IPAKTHUYHO yC1 OOYHMCIIEHHS, JOKYMEHTH 1 JIaHl MU
IIPOBOIMMO, 30epiraeMo 1 00po0IsIEMO Ha KOMITHOTEp1, a HEe Bpy4uHY. KyIiBIIsi HOBUX
PWIAJIB 3 MOXIJIMBICTIO TX MIAKIIOYEHHS O€3MOCEPEIHbO 10 KOMIT'IOTEpa HE 3aBXKIU
JIOIIJIbHA 3 MPUYMHM BUCOKOI I[IHM YCTaTKyBaHHS NpHU 1€ mpaiorodomy. byio 0
edeKTUBHIIIE TIepeJaBaTH JaHl 13 CTapuX MPHJIAIIB BiIpa3y Ha MOTpiOHE MicIle B
KOMIT'FOTEPI JIJIs TX aBTOMAaTHYHOT 00pOOKH, 0€3 yJacTi JIFOIUHH.

Metor0 po6oTH € aHaii3 MOXKIMBOCTI CTBOPEHHS MPHUCTPOIO (32 JOMOMOTOIO
BIIPOBA/XKEHHSI HEUPOHHOI MEPEKi), 10 JO3BOJISIE aBTOMATUYHO MPOYUTYBATH JaH1
OyIIb-sSIKMX TIPUJIAJIIB 1 3aBaHTAXKYBATH 1X B HEOOX1HUH (ailn Oy1b-aKoro popMaTty Ha
koMI'toTep. Cam MpUHIUI POOOTH HEHPOHHOT MEpeXKi B 111 pOOOTI pO3TIISAATHCS HE
Oyne, JIuile TPUKIIAHUN MPUKIIa]l BUKOPUCTAHHS.

Croepiry s Xouy HaJaThd OCHOBHY MOCHIJOBHICTH Jiii, BUKOHAHHS $IKOi JacTh
HeoOX1qHUM pe3ynbTar. [li3Hime X, s po3MOBIM MpPO caM MPHUCTPIM 1 mporpaMmy-
HEUpOMeEpexKy, 110 MPaIIOI0Th Y 3B'SA3IIl.

1. YcranoBka. O0namTyBaHHs po3Mi3HABAHHS 3HAUYEHb O11s1 IPHJIAJ0BOI ILIKAJIH.
[Ipuctpiit (3asie’kHO Bif BUOpaHOTO anroputmy) dotorpadgyBaTUMe Ha BJIACHY MiHI-
KaMmepy MOoKa3aHHS MPpUiIaay;

2. BinnpaBka orpuManux nanux (dotorpadiit) Ha KOMI'IOTEp, B KOHKPETHUMN
daiin abo micie;

3. PosmizHaBaHHS MporpaMMON-HEMPOMEPEKOI MO OTpUMaHuX (oTorpadisx
MOTPIOHUX JAAHUX 1 MEPETBOPEHHS 1X B 3BUYANHUN KOMITIOTEPHHUM TEKCT (TaOIuIto,
YHCII0, 3HAYEHHS 1 TaK Aaii);

4. ABTomMaTHYHE BUBEIECHHSA OOpOOJICHHX HeWpomepexkero AaHux B Microsoft
Word, Microsoft Excel, Oynb-sxy Teky (mpu He0OX1HOCTI - 3 I0AaBaHHSIM 4acy, KOJIU
111 AaH1 Oy OTpUMaHi).

Takum unHOM B1AOYBaTUMETHCSI aBTOMaTUYHA NIepeiaya 1 00poOKa JaHuX 3 0y ib-
SIKOT'O0 BUOpAHOTO MpuJialy 0e3 y4acTi JHOIUHH.

AJte 110 moTpiOHE JJIsi CTBOPEHHSI TAKOTO MPUCTPOIO?

Cam 1o co01 npucTpiii He € MPUHIMIOBO HOBUM. OCHOBHI 1OTO KOMITOHEHTH:

- Kamepa 3 MOKITUBICTIO 3HOMKH;

- akymyJsiTop (abo 1HITIE KEPENo KUBJICHHS ) 1711 aBTOHOMHOT po0O0TH;

- MOJYJb 3B'S3KY 3 KOMITIOTEPOM 1 MOXJIMBOCTI TMepeaadl JaHuX (HAMpUKIIA,
Bluetooth- moxys).

VYce iHIIE — OMIIIOHATBHO, OCKUIBKU MPECTABIISE MOJICPHI3AIIII0 1 JOTTOBHEHHS
710 OCHOBHOTO TPUCTPOIO.
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Takuit npucTpiii MoxkHa abo 310paTh caMoOCTiiiHO, a00 BHUKOPUCTATH BXKE
icHytoul Mojieni. [Ipu caMocTiifHOMY CKi1aaHH1 MOXJIMBO JOOUTHUCS IIHU BCHOTO B 5-
7 monapiB CIIA (mo kypcy Ha muctoman 2023 poxy).

[Ipore, y BiAMIHHOCTI BiJ MPUCTPOIO, IPUHLIMIIOBO HOBUM € caMme Mmporpamma-
HEeWpoMepeka, sKa JO03BOJSE TMPOUYNUTYBAaTH aOCONMIOTHO OyIb-iKi 3a371ajeriib
3aKJIajeHi BUOW JaHWX. Y TOMY YHCII - TPOYHUTYBAaTH IOKA3aHHS MPHIAJIB TIO
dotorpadii. Lle moxyTh OyTu sik pororpadii 3 BimdOauckamu, doTtorpadii moraHoi
aKocTi abo rpyna ¢ororpadiii. IlpaBuibHO HaBYeHAa HEHWpOHHA Mepeka 3/aTHa
PO3Ii3HABaTH HABITh PYKOMHUCHI YHCIIa 1 TEKCT.

Ha xomm'toTep BCTaHOBIIOETHCS HEOOXiJIHA MpOrpaMMa-HEHUpPOHHAs Mepeka (s
MPOIOHYIO0 HAMHMCAHHA MOAIOHMX MporpaM Ha Kojl mporpamyBanHs Python, mpote,
OCKIJIbKH TIPOTpaMa € JIMIIE peajTi3amiero MaTeMaTHIHOT MOJIENI, 11 MOYKHA peaizyBaTu
Ha OyAb-sIKIi 1HIIIM MOB1 TporpamMyBaHHS.) 1 3a7al0TbCs HEOOXIJTHI MapaMeTpu.
[Iporpama gictae noctyn o Teku (dainy) 3 pororpadismu, 316panumu 3 [Ipuctporo,
nourHarouu anaiiz. Cam 1o co0i aHai3 BUMIISIIA€ OCh TaK:

MMIST file: ClsersiMixeriDocuments Disser\Soft WMNIST_ExperimentsMNIST Recoanize ™| ...

— lcon Edit Pane (25 X 28) — Presviewy

— Recognition resuft

9

‘ Recognize ‘ ‘ Clear ‘ ‘ QK ‘ ‘ Cancel ‘

9

Pucynox 1 — Ilepeknao pykonucnoeo mexcmy Ha yugposuii 3a 00NOMO20I0 HeupomepexCi

[Ticas anamizy 1 BUSIBJICHHS HEOOXITHUX YUCIOBUX (UM OYKBEHHMX, TAOJUYHUX)
JaHUX, TporpamMa aBTOMATUYHO Teperac oOpoOsieHl naHl y Oyab-aKuil BHOpaHU
JIOKYMEHT, (paiin, TabauiIto.

MosxnuBocTeil 06poOKkK JaHuX 6araTto. Ix MOKHA Bifjpa3y 3aHOCHTH B TaOJIHIIIO
Microsoft Excel, ne mponucani ¢hopMmynu Biipasy BHIAIYTh PE3yJIbTaT HEMPSAMHX
BHUMIpPIOBaHb.
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[Ilo came royioBHe, moaiIOHA aBTOMAaTH3aIlld BHUKIIIOYAE JIOACHKMH UYMHHHK 1
3HUXKYE MOTPIIIHICTD (TPOTE, HE BUKIIFOYAE Ti.)

[ToniOHy 3B'I3Ky MpHUCTpiii-HEMPOHHA Mepeka HAHOIMKUYMM YacoM sl IJIaHYIO
3i0patu s mabopartopii HJAKTI 1 mepeBipuTu Ha TpakTHI JOIIBHICTH LIBOTO
METOSY.

Co0iBapTicTh TMPUCTPOIO (Pa3oM 3 MPOrpaMoI0 - HEUPOMEPEKEI) OPIEHTOBHO
nopiBHIO€ 10-15$/11T., 110 SBHO JCIICBINE 3a KYIIBIIO HOBUX MPUJIAIIB.

BucHoBok. 3arajioM € MOXIIMBICTh CTBOPUTH HEIOPOTHI, aBTOHOMHMH Ta
3pYYHHMM I eKCIuTyaTalii mpucTpii, KUl MokHa Oyjie BUKOPUCTOBYBATH B Oyib-
aKoMy Micii 1 Oyab-skux mpuiafiB. EdexTuBHICTE poOOTH, 3 TOTOMOTOIO
JIENeTyBaHHS CIIOCTEPE)KCHD, MIJABUINUTHCS, a JIIOJACHKANA YWHHUK HaBIAKH —
3HIDKYyBaTUMeThbca. Helipomeperka cama 1o cobl € IIHHUM 1HCTPYMEHTOM
MalOyTHBOTO, SIKUW Y Oy/b-IKOMY BHUMAJKy aKTUBHO BIIPOBA/>)KyBaTUMETHCS B HAIIIE
KUTTA. Milt aHaji3 — ojiHa 3 0314l MOXKIMBOCTEH 3aCTOCYBaHHS TaKOTO CHUJIILHOTO
IHCTPYMEHTY Ha MPAKTHUIll. 3alpONOHOBAHUM MHOIO MPUCTPIN MOXKHA SK 3aBTOJIHO
MOJIEpHI3YBaTH 1 JOCATATH OUIbII BUCOKUX PE3YJbTaTIB, 110 O3HAYAE TEPCIICKTUBY
JOCJIIKCHHS Ta TOKPAIEHHSI TaHO1 TEXHOJIOT11.
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Abstract. The paper analyzes the use analog logical elements for building control systems
electromagnetic linear stepwise devices. As the main node management reviewed circuit
design implementation and operation of an analog converter using whom analyzed
informational input signal, memorized its maximum is compared with the current input
signal and at its change a control signal is generated linear stepper device . The features
of the operation of analog operational amplifiers in an analog converter for generating
control signals are considered. Defined time formation impulse control across parameters
elements analog converter circuits .

Keywords: analog converter , control system , linear stepper device.

AKTYQJIBHICTh  JOCJHI’KEHHS1 3YMOBJIEHAa IIHPOKUM BIPOBAKEHHSAM B
BUPOOHUYMI TpOLEC aBTOMAaTHU30BAHMX 3ac00IB  BHUPOOHMIITBA HAa  OCHOBI
€JIEKTPOMArHITHOTO MPHUBOAY 3 BHUKOPHCTAHHSIM B SIKOCTI BHUKOHYIOYOTO OpraHy
JHIMHOTO KPOKOB1 IPUCTPOIO.

Metow po0dOTH € TIPOBEICHHS OTJIAI0BOTO aHali3y Ta PO3poOKa CXeMO -
TEXHIYHOYHOI peaji3ailii aHaJloroBOro MEepeTBOproBavya il TMOOYJOBH CHCTEMH
KepyBaHHS JIHIHHUM KPOKOBUM MPUCTPOEM.

[Ipn anamizy poOOTH BHUKOHYIOUOIO MEXaHI3My 3 JIIHIHHUM KPOKOBUM
npuctpoeMm (JIKII) mpu nepecyBaHHi HOro pyxoMoi JJaHKH Y BBIMKHYTHUX OOMOTKax
BinOyBaeThcss 3MmiHa cTpymy [1, 2], sSKy MOXKIMBO BUKOPUCTATH B SIKOCTI
iH(dopmaniiiHoi curnany ans kepyBanus JIKII.

[Ticns anamizy po6otu JIKII [3, 4], ans BIACTIAKOBYBaHHS BX1IHOTO CUTHANy B
cuctemi kepyBanHsi JIKII moxHa BukopucTtatu anajmoroBuil meperBopioBau (All).
Pospobnennii All ckianaetses 3 1Box onepaiitaux miacmioBadiB (OIT) DAL ta DA2,
CXEMOTEXHIYHA peajizailis SKOro HaBe/eHa Ha puc. 1.
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Pucynok 1 — Cxemomexniuna peanizayisi anano208020 nepemsopiosayd

Jlist BiaciikoByBaHHs 3MiHU (popmu BxigHoro curHainy Bukopuctan OIT DA1, a
JUTSI 3aram’ SITOBYBaHHS HOTO MaKCUMaJIbHOTO 3HaYeHHs - koHaencarop C1. iog VD1,
HE Ja€ MOXJIUBOCTI po3psay Cl, koiu BXIIHMM CHTHal CTa€ MEHIIUM HIXK
3amam’sitoBanuit Bxigauid. pyruit OI1 DA2 - moBToproBay, 10 3MEHBIITYE MOXHOKY
JCTEKTYBaHHA MAaKCHMaJIbHOTO 3HAYCHHA BXIJHOTO CHUTHaIIy, sfKa OOyMOBJIEHA
HaIMpyTro0 3MIIIEHHS HYJIS, BXITHUMU CTPyMaMU Ta KIHIIEBUM 3HAUCHHSIM I1JICUITICHHS
OIl DAL. lle no3Boisie OTpUMaTH HajliHE JIHIMHE 3amam’ sITOBYBaHHS 3HAYEHHS
Hanpyru Ha koHaeHcaTopl Cl. 3aznauumo, mo OIl DA2 takoxx Moke BUKOHYBaTu
dbyHKIII0 cxeMH 3CcyBY. 3cyB piBHs BuxigHoi Hanpyru OIl DA2 moxHa oTpumaTu
HUIAXOM HOro po30ajlaHCyBaHHsI BIJHOCHO HYJIbOBOTO IOJIOKEHHS 32 JJOTIOMOTOIO
onopy R3. Ilpu Buxkopucrtanni AIl B cucremu kepyBanns JIKII, minycoswuii Bxig DA2,
PO3MHKAETHCS 1 HA HHOTO TOJAETHCS CUTHAN 3 BUXOJY IMEPETBOpIOBada «CTPYM —
HaIpyray sikuii BBIMKHYTUI B 00MOTKH KepyBaHHs JIKII.

[Ipouec 3apsany xonnencaropa Cl BinOyBa€eTbCs HACTYIIHMM YMHOM, CHUTHAN 3
Bxoy OIl DA106yMOBIIIOE MPOTIKAHHS 3apSIHOTO CTPYMY Kpi3bh BUXIJIHI JIAHIIOTH:
OIl DAl — nion VD1 - xonnencarop C1. PoGoua Touka mioga VD1 3wminrgyerbest B
00J1acTh (IUISHKY) 3alMUpPaHHs TPU 3MEHBIIIEHH] BX1JHOTO CUTHATY 1 CTPYM KPi3b 101
VD1 — 3menbmyerbcsi. B MomeHnT wacy t; [1], mHampyra Ha konaeHcaropi C1l
NepeBuILy€e BX1IHY Hanpyry 1 aiox VD1 3mimyeTsest B 06macth BiAciuku. [Ipu pomy
t; = 2,3R; Ry C./ (Rq + Ry ), nme Ry,R; - BHyTpimmmii omip niona VDI ra
Bxiguuii omip OIT DA2, BignoBigHO.

ITpu 3akpuromy mioxai VD1 BinOysaethes po3psa konaencaropa C1 na omip Ry i
yac pospsay - T,, HIopiBHIOE: T, = 2,3R; C; . Bpaxosyrouu, mo Ry, > R, 3MiHa

(3MeHIIeHHsT €MHOCTI) KoHzaeHcaropa Cl, MPU3BOAUTL IO 3MEHINEHHS T, , IO

nigsuurye epextuBHicTh kepyBanHs JIKII.
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BucnoBok. B pe3ynpraTi mnpoBeneHoro anainmizy 3aco0iB kepyBanHs JIKII,
pO3pO0JIeHUI aHAIOTOBUN TIEPETBOPIOBAY, 110 J03BOJISE 32 JIOMIOMOT0I0 HECKIIATHUX
CXEMOTEXHIYHUX PIIIeHb 3HAUYHO CHPOCTUTU MoOymoBy cucremu kepyBanHs JIKII,
3MIUCHATH €(EeKTUBHE BIJICTIAKOBYBAHHSA BXITHOTO 1H(GOPMAIITHOTO CHUTHATY 3
oomotok JIKII Ta kepyrouuch ioro 3miHamu opranizyBaTu kepyBauHs JIKII B
3aJIEKHOCTI B1J] MOJIO’KEHHS MOTO PyXOMOT JJAHKH.
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ANALYSIS INTO THE STRENGTH OF THE HATCH COVER OF
AN OPEN WAGON TRANSPORTING CONTAINERS
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Ukrainian State University of Railway Transport
Ukraine, Kharkiv

Abstract. The study deals with the investigation into the possibility of transporting containers
in the open wagon the floor of which is formed by hatch covers and the determination of their
strength. The following two load modes for the hatch cover were taken into account: the
vertical load on the hatch cover through the fitting stop and the vertical and longitudinal
loads. This has proven that the transportation of containers in the open wagon the floor of
which is formed by hatch covers is not permissible. The study conducted may contribute to
the development of recommendations on using open wagons for transportation of containers.
Keywords: open wagon; load on the hatch cover; strength of the hatch cover; container
transportation.
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AKTYaJBHICTh JOCJIJGKEHHSl 3yMOBJEHa THUM, W10 3ali3HUYHA Taly3b €
JBUTYHOM PO3BUTKY €KOHOMIKH Oaratbox KpaiH. J{s 3a0e3nedeHHs: cTaOlIbHOCTI 11
(YHKI[IOHYBaHHS Ta TOJANBIIOTO PO3BUTKY BAXKIMBUM € BIPOBAIKCHHS B
eKCIUTyaTallil0 TPAHCIOPTHHUX 3aco0iB 3 MOKpAallleHUMHU XapakTepuctukamu [1, 2].
OpnuM 3 HAMOLTBII TOMUPEHUX TPAHCTIOPTHUX 3aC001B B MIKHAPOAHOMY CIIOTyUEHH1
€ MOJYNbHi, 30KpeMa, KOHTEHHEpH. IX IepeBe3eHHs 3aj1i3HMYHUM TPaHCIOPTOM
3JIIACHIOETHCS HA BaroHax-Iuardopmax.

VY 3B’s3Ky 3 IHTEHCHU(]IKAII€0 KOHTEHHEPHUX MEPEBE3€Hb, @ TAKOX HECTAUECIO
BaroHiB-IJIaTGOPM J1iCTaNI0 MOLUIUPEHHS BUKOPUCTAHHS HAliBBAarOHIB IS IIEPEBE3EHb
KOHTeiHepiB. [y KpirmieHHs! KOHTEHHEPiB Y HalliBBaroHax Ha iX MiJIOTy MOHTYIOThCS
(GITUHTOBI YMOpHW, 1JEHTHYHI OO0 THX, [0 BHUKOPHUCTOBYIOTHCS Ha BaroHax-
mnatgopmax. 3ae0UIBIIOTO i1 TaKUuX IIJIed 3aCTOCOBYIOThCA TIIYXOJIOHHI
HamiBBaronu. OJIHaK TapK HaMiBBAaroHiB CQOPMOBAHUN 1 3HAYHOIO KUIBKICTIO
HaIBBaroHiB, MiJJOra SIKUX yTBOpEHA KPHUIIKaMH PO3BAHTAKyBaJbHMUX JIOKIB. J{is
MOJKJIMBOCTI I€PEBE3€Hb KOHTEWHEPIB Yy TaKUX HAIMIBBaroHaxX, Ba)XJIUBUM €
IPOBEACHHS JIOCII)KEHb B 3a3HAUCHOMY HAIPSIMKY.

MeTor po0OTH € BUCBITICHHS PE3YJIbTATIB BU3HAYEHHS HAIPYKEHOTO CTaHy
KPUILIKH JIFOKAa YHIBEPCAJIBHOTO HaIlIBBArOHA MPU NEPEBE3EHHI B HbOMY KOHTEHHEPIB.

OcHoBHMi TekcT. 11 TOCTIIKEHHSI MOXKIIMBOCTI NIEPEBE3EHb KOHTEUHEPIB Y
HaliBBaroHax, MIUIOTa SKHUX YTBOPEHA KPUIIKAMU PO3BAHTAXyBAJIbHUX JIIOKIB,
JIOLIUIBHUM € TIPOBEJIEHHS 1i pO3paxyHKy Ha MIIHICTh. 3 I[I€I0 METOI0 MO0YyI0BaHO
IIPOCTOPOBY MOJICIIh THIIOBOT KPHUIIIKH JIFOKA HamiBBarona kouii 1520 mwm.

Jlo cxilamy Takol KpHWILKH JIFOKA BXOHISATh KapKac, SIKUM YTBOPEHHUM JBOMA
MOTIEPEYHUMH TI0SICaMH, IBOMA TTOB30BKHIMH, TIJIAHKA JI0 SIKOT KPITIISATHCS TPH METIi,
7Ba KPOHIUTEHHW JUIsl 3aludpaHHs KpUILKH JIIOKa, TOOTO YTpUMaHHA 1i Yy
TOPU30HTAJIbHOMY CTaHi. OOIIMBKA KPUILIKK YTBOPEHA METATIEBUM HIECTUTO(DPOBAHUM
JUCTOM, SIKMM Mae ToBmMHY 5 MM. [loOyaoBy mpocTopoBoi Mojeni 3iHCHEHO Yy
nporpamuomy komrriekci SolidWorks (puc.).

[Ipu mpoBeneHH1 po3paxyHKIB A0 YBard NPUNHHATO JBA PEKUMH HAaBAHTAKCHHSI
KPHILKH JIIOKA:

- Jisl BEpTUKAITLHOTO HABAaHTA)XKCHHS, 3yMOBJIEHOTO BEPTHUKATHHUM CTATHUYHUM Ta
JMHAMIYHAM HaBaHTKEHHSIM,;

- Jlisl BEPTUKAJIBHOTO Ta MOB3/I0OBKHBOI'O0 HABAHTAXKEHBb HA (PITUHTOBUI YIIOP, 1110
Mae€ MiCIe TIpU MEePEMIIIeHHI KOHTEHHEPa B YMOBaxX €KCIUTyaTalliiHUX PEXUMIB PyXy
BaroHa y CKJaji rnoizja.

CTOCOBHO MepUIOro pEeXUMY HABAaHTAKEHHS — BEPTUKAJIbHE CTATUYHE
HABaHTa)XXCHHS BH3HA4YeHO, sK 1/4 Barm OpyTrro KOHTeWHepa. [lyis BU3HAUCHHS
BEPTHUKAIBHOTO THHAMIYHOTO HAaBAaHTAKEHHS MPOBEJICHO MaTEMAaTUIHE MOJICTTIOBAHHS
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BEPTUKAIBHOI JWHAMIKHM KOHTEHWHEpa, pPO3MIIIEHOT0o B HamiBBaroHi. Jlis 1poro
chopMOBaHO MaTeMaTU4YHY MOJENb, $SKa ONHUCY€ KOJUBAHHS IiJCKaKyBaHHS
HaIliBBaroHa, 3aBAaHTAXXEHOTO KOHTCWHEpaMH, TMPU TEPEMIMIECHHI CTHUKOBOIO
HepiBHICTIO 3, 4]. Cama KoJIis TP IIbOMY PO3TIISIHYTA SIK MPY>KHO-B’3Ka.
Po3paxyHok mpoBeneHO Ha TpHWKIAAl HamiBBarona wogeni 12-757, sxwid
3aBaHTaXEHO JBOMa KOHTEWHepaMu, macor OpyTrro 24 1. BpaxoBaHo, 10 Ky30B
BaroHa CIMPAEThCS Ha JaBa Bi3KM Mojeni 18-100 3 BiAMOBIZHMMM THapamMeTpaMu
pecopHoro mijBilTyBaHHs. HepiBHICTH KoMl omucyBanacs KOCIHYCO1TaJIbHOIO

byHKITIERO.

S —
\/\ = \

=
_—
—

s

Pucynok — Ilpocmopoea mooens kKpuwiku 11oKka 3 himuneo8um ynopom

Bupimienns cucremu nudepeHuiaibHUX PIBHAHb 3IHCHEHO Y MPOTrpaMHOMY
komriekci MathCad. [lpu 3aBmaHHi CTapTOBUX YMOB BpaxoBaHO, IO MOYaTKOBE
nepeMileHHsT Ky3oBa 3 KoHTeiHepamu popiBHioe 0,004 M, BizkiB — 0,003 m [3].
ITouaTkoBa IMIBUIKICTH 3aKjajajnacs OMWM3bKOIO 10 HyJs. Ha miacraBi mpoBeneHUX
pO3paxyHKIB OTPUMAHO TMPUCKOPEHHS, SKI [IIIOTh Ha Ky30B HaIlllBBaroHa,
3aBaHTaKEHUI KOHTeliHepamu. IIpuckopeHHs, sSKe Jic Ha KoHTelHep cknamgae 1,6 m/c2,
OTpumaHa BeTMYMHA TPUCKOPEHHS BpaxoBaHa MPH PO3paxyHKax Ha MIITHICTh KPHUIIIKH
JIIOKa, sIKa CIpuiiMae HaBaHTa)XEHHs B (GITUHTOBOTO ynopy. [Ipu 1isomMy 3acTocoBaHo
METOJI CKIHYCHHX eJieMeHTiB. Po3paxyHok 3aificaero y SolidWorks Simulation.

Pesynbratu po3paxyHKy moKasaliu, 0 MaKCUMalbH1 HANIPYKEHHSI BUHUKAIOThH B
NeTI KpUIIKK Jioka 1 ckiagaioth 404 Mlla. Otpumani HampyXeHHS BHUII 3a
JOMYCTUMI Maii>ke BIIBIY1 [D], 110 JOBOJIUTH HEMOKIIUBICTh TAKOI CXEMHU MEPEBE3CHb
KOHTEHHepiB. MakcuManbHl MepeMILIEHHs] B KPUIII JIIOKAa BUHUKAIOTh Yy KYyTOBIN
YaCTHHI JIUCTA, PO3MIMICHIH TPOTWICKHO BiA (PITUHTOBOTO YIOPY 1 CKJIaJar0Th
15,6 mm.

Ha nmocnigyrouomy erami 371HCHEHO pO3paXxyHOK KPHIIKH JIFOKA NP Jii HA Hel
MOB3/IOBKHBOTO HAaBaHTAXKEHHS BiJ (piTHHroBoro ymopy. Ilpu npomy BelnyuHy
MOB3/I0BKHBOTO HABAHTAXKCHHSI BU3HAYCHO 332 MAaTEMATHYHOIO MOJIEIUIIO, HABEJIEHOIO
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y momepeaHiii poOotTi aBTopiB [6]. Ha mijgcraBi mpoBeIEeHUX PO3PaxyHKIB,
NPUCKOPEHHSI, K CKJIaJ0Ba JWHAMIYHOTO HABAaHTAXXEHHS, SIKE J[lI€ HA KOHTEHHEpP Yy
MOB3IOBXHIM mromuni cknano 31,3 m/c?. Po3paxyHOK HPOBENEHO I BHUIIAIKY
“puBKa”, TOOTO IMITYBaBCs pyX BaroHa y CKJaji moizza.

BcranoieHo, 1110 MakCUMalbHI Hapy>KeHHS BUHUKAIOTh, 3HOBY K TaKH, y METIi
1 ckimagaroth Ounpmie 570 MIla. OTpumaHa BenudMHA HANpPyKEHHS MEPEBUIILYE
JTOMyCTUME OiIbIle HiXK y JBa pa3u [5]. MakcuMmalibHI TEpeMilieHHs MpU JIaHii
PO3paxyHKOBIM CXeMi TaKOX BHUHHUKAIOTh Yy 3alllpHOMY KPOHIITEHHI 1 CKJIAJal0Th
omu3pko 13 mMMm. OTxe TepeBe3eHHs KOHTEWHEPIB y HalliBBaroHax, MIJJIora sIKUX
chopMoOBaHa KPUILIKAMU PO3BAHTAKYBAJIbHUX JIIOKIB, HE € JOITYyCTUMOIO.

BucHoBoK.

1. JlocmigxeHO MIIHICTh KPHUIIKH JIIOKa MPU CHPUHHATTI BEPTHKAIBHOTO
HaBaHTa)KEHHS BiJl (DITUHTOBOTO yriopa. BcTaHoBIeHO, 1110 MaKCUMAaIbHI HAIIPYKEHHS
BUHUKAIOTh B TETJII KPUIIKHU JroKa 1 ckiagaoth 404 Mlla, mo Buie 3a 1omycTumi
Maike BIBI4i. MakcUMalibHI TIEPEMIIIEHHS] BHUHHUKAIOTh y KyTOBIM YacTHHI JIUCTA
KPUIIIKY JIIOKA 1 IOPIBHIOIOTH 15,6 MM.

2. JocmiKeHo MIIHICTh KPUIIKK JIFOKA MPU CHPUUHSATTI BEPTUKAIBHOTO Ta
MOB3/I0BXKHBOTO HABAaHTAXKEHb BiJ (PITUHTOBOro ynopa. MakcumanbH1 HalpyKEHHs
BUHMKAIOTh y TMETJl KPHUIIKK JIoKa 1 ckianawTs Outsme 570 MlIla. Otpumana
BEJIMUMHA HAMPYKEHHS MEPEBUIIIYE I0ITYCTUME O1IbIIE HIXK Y JIBa pa3u. MakcuMalibHi
NEepeMIlIeHHsT MPU JaHId pO3paXxyHKOBIM CXeMl TaKOXX BUHHUKAIOTh Y 3alipHOMY
KPOHIIITEHI 1 TOPIBHIOIOTH OJU3bKO 13 MMm.

[IpoBeneni MOCHIKEHHS JTOBOJASTH, 110 TIEPEBE3CHHS KOHTEHHEPIB Y
HaIllBBaroHax, Mijyiora sikux c()OpMOBaHa KPUILIKAMU PO3BAHTAXKYBaJIbHUX JIIOKIB, HE
€ IOTYCTUMOIO.
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WAGON BODY WITH SANDWICH PANEL WALLS
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Abstract. It is proposed that the strength of the box wagon body and the safety of the freight
transported can be improved by introducing sandwich panels as body components. This
solution was substantiated by means of modelling of the transverse load of the box wagon
body. The results of the research can serve as the basis for the development of
recommendations for designing modern box wagon structures with improved technical and
operational characteristics.

Keywords: box wagon, sandwich panel, dynamic load of the wagon, strength of the body.
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AKTYaJIbHICTh JOCJTiUKEHHS 3YMOBJIEHAa THUM, IO YTPUMaHHS iIEPCHKUX
NO3UIINA 3alI3HAYHOTO TPAHCIOPTY HA PUHKY TMEPEBI3HUX MOCIYr BHUMArae
BIIPOBA/DKEHHS B €KCIUTyaTallil0 Cy4aCHUX KOHCTPYKIINA TPaHCMOPTHUX 3ac001B [1 —
3]. lIpu npoexTyBaHHI TAaKUX TPAHCIIOPTHUX 3aC001B TOBUHHI BPaXOBYBAaTHCSI BUMOTH,
AK1 CIIPSIMOBaHI HE TUTBKM Ha MOKPAILIEHHS 1X MIITHOCTI, a 1 CXOPOHHOCTI MEPEBO3UMUX
BaHTaXIB.

OmuuM 13 HAWUNOIIMPEHIIIMX THUINB BaroHiB, SKUM Ha JaHUM dYac
BUKOPUCTOBYETHCS JUIsl TIEPEBE3€Hb BAHTAXIB, WIO0 MNOTPEOYIOTh 3aXUCTy BiJ
aTMOC(EepHHUX OMaJliB € KPUTI BaroHW. 3aKpiIUICHHS BAHTAXKIB B HUX 3/1MCHIOETHCS
31e01IBIIIOT0 3 BUKOPUCTAaHHSAM OaratooOepTOBHX 3aco0iB 3akpirieHb. BHacmimok
HEHAAIMHOCTI 3aKpIIUIEHHs BaHTaXIB MOXKE MAaTH Miclie iX MOJATIMBICTh B KY30Bi,
00yMOBJIeHa €KCIUTyaTallliHUMHI HaBaHTaKEHHSAMU. Lle BUKIMKae K MOUIKOMKEHHS
BaHTaXIB, TaK 1 CKJIAJIOBUX Ky30BiB KpuUTUX BaroHiB. Kpim Toro, taka obcraBuHa
BHUMAarae BIIIIKOyBaHHS 30MTKIB BJIACHUKAM BaHTaXIiB, a TAKOX J0JIATKOB1 BUTPATH
Ha PEMOHT BaroHiB. ToMy akTyaJlbHUM MOCTA€E MUTAHHS YIOCKOHAJICHHS KOHCTPYKITIi
KPUTOTO BaroHa JJisi MOKPAIIeHHsI HOTO MIIHOCTI IUISIXOM 3MEHIICHHS TUHAMIYHHUX
HaBaHTAXEHb, 110 AIIOTh B €KCILTyaTallii.

MeTow podOTH € BUCBITIEHHS OCOOJIMBOCTEW MOINEPEYHOI HABAHTAXEHOCTI
Ky30Ba KPUTOI'O BaroHa 31 CTIHAMH 13 CEH/IBIY-TIaHEIIEH.

OcHoBHMii TekcT. /[ 3a0e3meyeHHs CXOPOHHOCTI NEPEBO3UMUX BAHTAXIB Y
KPUTUX BaroHax MpOIMOHYEThCS BIPOBAPKEHHS Y AKOCTI CKJIAJIOBUX 1X CTIH CEHJIBIY-
nauneneit [4, 5]. Ilpu nboMy KOHCTPYKIIiSi KOXKHOI 3 TIaHEJeH BKIIOYAE JBa METAJIEBI
JIUCTHU MK SSKUMH 3HAXOJIUTHCS EHEPTONOTINHATILHUN MaTepiall.

ITepenbavaeThes, mo naneni OyayTh 3iiomMHUMU. Lle M03BONMUTH 3AiMICHIOBATH
MOJIEPHI3aL0 ICHYIOYOr0 PyXOMOTr'0 CKJIaly MpHU MPOBEAEHHI MOro peMOHTY. Takox
L€ CIPUATUME MOJETIEHHI0 TEXHIYHOro OOCIYroByBaHHs a00 PEMOHTY CaMuX
MaHesie y BUMaJaKy BUHUKHEHHS TaKOi HEOOX1AHOCTI.

J1yist oOTpyHTYBaHHS 3aCTOCYBAHHS CEHJIBIU-TIaHENEH Y SIKOCTI CKIIaJ0BHX Ky30Ba
KPUTOIO BaroHa NPOBEICHO MaTeMaTUYHE MOJENIOBaHHS WOro IOINepevHol
HaBaHTa)xxeHOCTI [4]. BpaxoBaHo, 1110 Ky30B KPUTOI'O BaroHa 3aBaHTAXCHUH YMOBHHUM
BaHTa)XEM 3 BUKOPUCTAHHIM IMOBHOT BAHTAXKOM1AHOMHOCTI.

Po3B’s130k MaremMaTHyHOT MOJEl 3A1MCHEHO METOJ0M Bapiallii JOBUIbHHUX
MOCTIHHUX TIPH TIOYATKOBUX YMOBax, PIBHHX HYyJII0. Po3paxyHOK MpoBeneHO Ha
OpUKJIaal KpuToro Barona mozeni 11-217 na Bizkax 18-100.

Ha miacraBi mnpoBeeHUMX pPO3paxyHKIB BCTAHOBJIEHO, IO MaKCUMaJbHI
IPUCKOPEHHS, [Ki JIF0Th Ha Ky30B KPHTOTO BaroHa CKIagarTh 1,8 m/c2,

OTpumana BemnyrHa TPUCKOPEHHS Maiixke Ha 4,3% HuXK49a 3a Ty, 1110 JIi€ Ha Ky30B
KPUTOrO BAaroHa THHOBOI KoHCTpykuii (1,88 m/c?). Po3paxyHOK peani3oBaHO HpH

3HAUYEHHI KOe(ILIEHTY >KOPCTKOCTI €HepromoriauHaibHoro marepiany 2,5 kH/m Ta
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koedimienti B’si3koro omopy 3,0 kH - ¢/m. Jlani mapaMeTpy BH3HAYEH1 IUIIXOM
MOCJIIJIOBHOTO Mepedopy 3a YMOBU JIOTPUMAaHHS MPUCKOPEHb B MEXaX JOMYCTUMMX
3HAYECHb.

Busnauene  nusIXoM = MAaTeMAaTHYHOTO — MOJCTIOBAHHS  TPHUCKOPCHHS
BPAXOBYBAJIOCS IIPH PO3PaxyHKaXx HA MIIHICTh Ky30Ba KPHTOrO BaroHa. loro
npocTopoBy Mojenb ctBopeHo B SolidWorks. Ilpu nboMy n0 yBaru He NpUWHATO
caMOYIITbHEH1 ABepl, OCKIJILKK BOHU MAIOTh IIAPHIPHY B3a€EMO/IiIO0 3 Ky30BOM. T0OOTO
IPOCTOPOBA MOJIEIIb BPAXOBY€ €JIEMEHTH KOHCTPYKIIii, sIK1 dKOPCTKO B3a€EMOIIOTh MIXK
co0oro.

Po3paxyHok Ha MIIHICTH 3IIHCHEHO 3a METOJOM CKIHUYEHUX €JIEMEHTIB B
SolidWorks Simulation. CkinyeHo-eJleMEeHTHa MOJIC)Ib YTBOPIOBAJIACS TETpacapaMHu.
OnTuMalbHy YHUCEIbHICTh €IEMEHTIB BU3HAaUEHO rpadoanamiTuyHuM cnocodom. [Ipu
IOMY X YHCENbHICTh ckiana 540546, a By3miB — 185983. MakcumansHuil po3mMip
enemeHTy gopiBHioe 100 MM, wiHiManeHuUM 20 MM. 3akpiljieHHS MoJeni
3MIIMCHIOBAJIOCS 32 TOPU30HTAIBHI MMOBEPXHI IT"ITHUKIB. Martepian KOHCTPYKIIIi Ky30Ba
— ctasib Mapku 0912C. CTOCOBHO ceH/BIU-TIaHENIEH — METaJIeB1 JIMCTU CKIIAAAI0ThCA 31
crami wmapku 09[2C, a eHepromorjJiMHaJIbHUKA Marepial MpeacTaBICHUN
MHOAIOMIHIEM.

MakcumanbHl HampyXeHHS NpH LbOMY 3a(IKCOBAaHO B 30HAX B3a€EMO/IIi
XpeOToBO1 Oanku 31 mBOpHEBUMHU. Bonu cknamu 168,3 Mlla Ta He mepeBHILYIOTH
nonyctumi, siki s Il pospaxyHkoBoro pexxumy gopiBHoOTE 180 MIla [6].
MakcumanbHl HampyKeHHST B CEHJBIU-TIAaHENsAX ckianu Onusbko 145 Mlla. [lani
HaANPY>KEHHS BUHHUKAIOTHh Y JIMCTI MaHelNi, O SIKOTO Oe3MOCepeHbO MPUKIATAIOCs
HAaBAHTAXKEHHA. MakcuMallbHl TiepeMilleHHs] 3a(iKCOBaHO B CEpEOHIM YacTUHI
xpe0ToBoi O6amku — 12,1 mm.

Takox B paMKax JOCHII)KEHHS] BU3HAYEHO IOJIS1 PO3MOAUICHHS NPUCKOPEHbD, SIKI
TIIOTh HA Ky30B KPUTOTO BaroHa. BcTaHOBIIEHO, IO MaKCHUMabHI MPUCKOPEHHS TIPH
IIbOMY BUHHUKAIOTh B PaMi KPHTOro BaroHa i ckiagarote — 1,68 m/c?. B cennsiu-
maHeNsax 3 OOKy iX HABAHTAXKEHHS IPUCKOPeHHs ckiaamu 1,5 m/c?. OTke pisHHISA Mix
pe3yibTaTaMd  BH3HAYEHHS TMPUCKOPEHb MATEeMATHYHUM Ta KOMIT FOTEPHUM
MOJICIIOBaHHSIM CTaHOBUTH 60,6%.

BucHoBok.

1. IIpoBeaeHo MaTeMaTUYHE MOJIETIOBAHHS MOMEPEYHOT HABAHTAXKEHOCTI Ky30Ba
KpUTOTO BaroHa. BctaHoBjeHO, 110 MaKCUMaJlbHI MIPUCKOPEHHS, K1 J1I0Th Ha Ky30B
KPUTOTrO BaroHa CKIagarTh 1,8 m/c?. JlaHa BeaMuMHA NPHCKOPEHHS Maibke Ha 4,3%
HIKYa 3a Ty, 0 JIi€ Ha Ky30B KPUTOTO BaroHa TUIIOBOT KOHCTPYKIIIi.

2. IIpoBeneHo po3paxyHOK Ha MIIHICTh Ky30Ba KPUTOTO BaroHa. MakcuMaibHi
Halpy>KeHHS TpH IboMy 3a(iKCOBaHO B 30HAX B3aeEMOIi XpeOTOBOI Oamku 3i

mBopHeBUMH — 168,3 MIIa. OnHak 11 HanpyKeHHS HE EPEBUILYIOTh IONYCTUMI Ta €
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HIDKYUMU 32 HUX Ha 6,5%. MakcumanbHl MepeMillieHHsI 30CepeKeHl B CEepeIHIM
YaCTHHI XpeOTOBOT Oayiku 1 ckiianu 12,1 M.

Pesynbrati TpoBEeNEHUX MOCHTIKEHb CTaHYTh MATPYHTSIM JJIsi CTBOPEHHS
pEKOMEHAlIA 00 TPOEKTYBAHHS CyYaCHUX KOHCTPYKIIM KPUTHX BaroHiB 3
MOKPAIICHUMH TEXHIYHUMH Ta eKCIUTyaTaIl[iiHUMU XapaKTEPUCTHKAMHU.
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RESEARCH OF PROPERTIES OF ALTERNATIVE REFRIGERANTS FOR
REFRIGERATING EQUIPMENT OF AIR CONDITIONING INSTALLATIONS
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Dyachenko V.S. — bachelor's student, dyachenko _vs@gsuite.duit.edu.ua
Ishchenko V.M. — Candidate of Technical Sciences, Associate Professor,
ischenko vm@aqsuite.duit.edu.ua
Kyiv Institute of Railway Transport
State University of Infrastructure and Technologies
Ukraine, Kyiv

Abstract. The work is devoted to the replacement of the ozone-depleting refrigerant with an
alternative refrigerant in the existing refrigerating equipment of air conditioning units of
passenger cars. The most important criteria are defined for evaluating the quality of
alternative refrigerants. The considered properties of refrigerants that do not contain
chlorine atoms and are considered completely ozone-safe and the possibility of their use as
alternatives. There is a need for further theoretical and experimental research into the use of
alternative refrigerants.

Keywords: Passenger car, air conditioning unit, refrigeration equipment, refrigerant,
criteria, potential

AKTYaJIbHICTh  JIOCJiUKEHHSI 3yMOBJICHA  3aMIHOI0  O30HYPYHHYIOUHX
XOJIOZIOAT€HTIB Ha aJbTEpPHATHUBHI B XOJOAWUJIBHOMY OOJIaJHAHHI YCTaHOBOK
KOHJMII0HYBaHHS MOBITPS MaCaKUPCHKUX BaroHIB.

MeTo0o poGOTH € TPOBEJACHHA OMISAOBOTO  aHali3y BJIACTHUBOCTEH
aNbTEPHATUBHUX XOJOJOAreHTIB [Jis 3aMIHM O30HOPYMHYIOUMX XOJIOJIOAreHTIB B
XOJIOMUIILHOMY OOJIaJIHaHHI YCTAHOBOK KOHAMIIIOHYBAHHS TOBITPS MAaCa’KUPCHKHUX
BaroHiB.

XonoaunpHe OO0MaJHAHHS YCTAHOBOK KOHAWLIOHYBAHHS TIOBITPSI J103BOJISIE
HiATPUMYBAaTH B MACaXUPCHKOMY BaroHi MOTPiOHI TeMIepaTypHO-BOJIOTICHI YMOBU
IPU M1ABUILEHHI TEMIIEPATypH 30BHIIIHBOTO MOBITPS 1 Jii COHSYHOI pajiarlii.

B nmapokommpeciifHOi XOJOAWJIBHOI MAIIMHU YCTAHOBKU KOHJMIIIOHYBaHHS
noBiTps Tuny MADB-II macaxxupcbkoro BaroHa B SIKOCTI XOJIOJAOAreHTY paHille
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BUKOpHCTOBYBaBcs xyaaoH 12 (R12). BiamosigHo 3 MoHpealbChbKUM MPOTOKOJIOM Ta
BHECEHUX JI0 HbOTO IMONPABOK, BUKOPUCTAHHS O30HOPYHHYIOUHMX XOJIOJOATEHTIB /10
AKUX HanexkuTh R12 3ynuueno. Bubip anbTepHAaTHUBHOTO XOJOJ0AreHTY JUIS 3aMiHH
R12 B xonoaunsHOMYy 00JIaiHAHHI CTAa€ KOMIPOMICOM MiXk €KOJIOr0-€HEePreTHIHUMU
MOKa3HUKAaMH XOJI0JI0areHTa, 0e31meKor0 Ta BapTiCTIO.

3rilH0 IUX TMOJOXEHb I 3amMiHu R12 posrnsgaioTbess SK  MOKIIUBI
aNbTEPHATUBHI XOJIOJJOAr€HTU 3 TMOTEHIlajJoM pyiHyBaHHS o30HY ODP = 0 Ta
noTeHmiagoM riaoOansHoro mnoremainas GWP < 2500. Jlo Takux HanexaTb
XOJIOZIOATeHTH, 110 HE MICTATh aTOMIB XJIOpY Ta BBaXXalOThCS IOBHICTIO
o3oHo0e3neunumu R134a, R152a, R125, R404a, R407C, R410A.

J171s po3B'si3aHHS [ILOTO MTUTAHHS BUKOPUCTOBYEMO KPHUTEPIi TPAAHUIIIIHOI OLIIHKH
MOKA3HUKIB albTEPHATUBHUX XOJIOJAUIBHUX areHTIB Ta KOMII'IOTEPHE MOJICIIOBAHHS
Busnayaemo HaWOLIbII BaromMi KpuTepili g OIIIHKA SKOCTI aJdbTEPHATHUBHUX
X0JIOZ0AreHTIB. TaKuMU €. eKOJIOT1YH1 TTOKa3HUKH, TUCK KOHACHCAIIIT, pI3HUIIS THCKY,
XOJIOMUIIbHUN KoedimieHT. JlJig aHamizy eKOJIOT14HO1 JOLUIBHOCTI 3aCTOCYBaHHS
XOJIOMUJIBHUX areHTiB BUKOPUCTOBYIOTh TakKl MapaMeTpu: MOTEHLIal PYyWHYBaHHS
o3ony ODP (Ozon Depletion Potential); morenmian rio0aJbHOTO MOTEILIIHHS
(mapamukoBoro edekxry) GWP (Global Warming Potential) adbo HGWP (Halocarlon
Global Warming Potential). ITorenmian pyiinyBanHs o3oHy ODP Bu3HawaeThcs
HAsBHICTIO aTOMIB XJIOPY B MOJIEKYJI1 XOJIOAWIBHOIO areHTy 1 IPUIAHATUHN 32 OAUHUIIO
g R11 ta R12.

AOcoI0THE 3HAYEHHSI pOOOYOTO THUCKY KOHJCHCAIIl BIUIMBAE HA HAIIMHICTH Ta
e(deKTUBHICT POOOTH KOMIIpECOopa XOJOAWJIBbHOI MamuHu. Yum  OuUIbIINN
aOCONIOTHUM THUCK KOHJEHCcAIli TUM OUIbIllE HABAaHTAXEHHS HA MEXaHI3M pyXy
KOMIIpecopa Ta 3HOC Horo getaneil. KpiM Toro 301/1bII€HHS HaBaHTaXEHHS 301IbIIYy€
CIO’KMBAHHSI KOMITPECOPOM KIJIBKICTh €JIEKTPOEHEPTTIi.

Pi3HuLs THCKY CyTTEBO BIUIMBAaE€ Ha €(EKTUBHICTb POOOTH KOMIIpECOpa YUM
OuIbIlIe PI3HUIL MIK TUCKOM B KOHAeHcaTopi Pk Ta TMckoM y BumapHuky Pg, Tum
YyMOBU POOOTH KOMIIpECcOpa € OUIbII BaXKUMH, Ta 3O0LIBIIYETHCA TEPETIKAHHS
XOJIOJIOTEHTY 3 OOKy BHCOKOTO THCKY B OIK HHM3BKOTO THCKY, [0 3MEHIIYE
XOJIOIONPOTYKTUBHICTD.

EdexkTuBHICTh XOMOAMIBHOT MAIIMHU 3 TOYKH 30py BUPOOHHUITBA XOJOIY —
OIIHIOETHCS XOJOIUILHUM KOE(IlIEHTOM, SIKUH SBJISIE COOOI0 BITHOIIEHHS KIJTBKOCTI
TEIIa BiJIBEJICHOTO BiJ CEPEIOBUINE, IO OXOJOKYEThCS (KOPHUCHUN XOJIOAMIbHUIMA
e(eKT) 70 TEIJIOTH, EKBIBAJICHTHOT BUTPAUYCHI# 30BHIIIHIA pOOOTI MPH JaHOMY LHKIII.
Takum YMHOM cCUCTEMa OXOJIOKEHHS € OUTbII e(PEeKTUBHOIO, YAM MEHIIE KUTbKICTh
eHeprii HeoOXi/IHa BUTPATUTH HA BUPOOHUIITBO BUSHAYCHOI KIIBKOCTI XOJIOAY .

BpaxoByroun 10CBi monepeaHiX JOCHIKEHb Ta PUHOK XOJIOA0AreHTIB Y KpaiHu

it 3amMiH R12 B XOJIOAMJIBHMX MAlllMHAX YCTAHOBOK KOHJMIIOHYBAHHS MOBITPS
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NacaXUPChKUX BaroHiB MOJKJIMBO PO3IJISAATH OJHOKOMIIOHCHTHI XOJIOJ0areHTH
R134a Tta cymimesi R407C ta R410A.

Xonomoarent R134a mae morenmian pyiHyBanHs 0300y ODP = 0. ITorentian
rinoOansHoro norerwniufasa it R134a GWP = 1300, R407C GWP =1980, R410A GWP
= 2340. Xomomoarentr R134a Mae camuii HH3BKUH IIOTEHIliad TJIOOAIHLHOIO
IIOTCILTIHHSA, Ta BIAMNOBIAHO MOr0 HETATUBHUM BILJIMB Ha KJIIMaT 3eMIJIl € HAaMEHIIIHIA.

Ha mijcraBi po3risiHyTHX BaroMUX IMOKa3HUKIB albTEPHATHBHUX XOJIOA0ArcHTIB
MOHa 3pOOUTH BUCHOBOK MPO MiHIMAJIBHUHN BIUIMB XojojoareHTy R134a Ha kimimat
3emuTi, HU3BKHM poOOYNi THCK B CUCTEM1 XOJIOWIBLHOI MAIlIMHU, 1110 BU3HAYA€ BUOIP
xonogoareHTa R134a mns 3amiau R12 B xonmommnabHOMY OONagHaHHI yCTaHOBKU
KOHMIIIOHYBaHHS MOBITPS MaCaKUPCHKUX BarOHIB.

BucHoBok. B  pe3ynpTaTi  mpOBEACHUX  JIOCHIDKEHb  BJIACTUBOCTEH
albTEPHATUBHUX  XOJIOJAOAreHTIB €  MIACTAaBM  PO3IISAAAaTH  JUISI  3aMiHHU
030HOpPYHHYIOUOro xojojgoareHta R12 B XojoauinbHOMY 0O0JIaJIHAHHI YCTaHOBOK
KOHJIMIIIOHYBaHHS TOBITPS MacaXUPChKMX BaroHiB XxojojgoareHT R134a 3
noTeHIianoM pyrinyBanns o3ona ODP = 0.
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Abstract. The work is dedicated to ensuring the ability of the ventilation system of the air-
conditioning systems of the passenger car to maintain the necessary temperature and
humidity parameters of the air while creating comfortable conditions for passengers.
Considered types of ventilation systems of passenger cars, their advantages and
disadvantages, functioning with heating and cooling systems of climate installations in
different periods of the year of operation of passenger cars. The system of automatic
operation of climate installations of passenger cars during ventilation does not provide for
regulation of air humidity, therefore there is a need for further development and improvement
of systems for automatic control of operating modes.

Keywords: Passenger car, air conditioning system, ventilation system, comfortable
conditions, parameters, automation system.

AKTYaAJbHICTh T0CTiI?KEHHS 3yMOBJIEHA CIIPOMOXKHICTIO CUCTEMOIO BEHTHIISAIIIT
KJIIIMATUYHUX YCTAaHOBOK JOTPUMAHHA HEOOXIAHUX TEMIEpPaTypHO - BOJIOTICHUX
napamMeTpiB 30HM KOMQOPTY B TACAKHUPCHKUX BaroHax B yMOBax TJI00abHOTO
MOTETUTIHHSL.

Metow po0dOoTH € TMNPOBEIEHHSA OMISIIOBOIO aHam3y (YyHKIIIOHYBaHHS
yCTaTKyBaHHS CHCTEMHU BEHTHJIALII KIIIMAaTUYHUX YCTAHOBOK MACAKUPCHKUX BaroHiB.

BenTunisiis moBiTpss B MacaKUPCHKOMY BaroHl - 1€ MPOIEC 3aMIHU TOBITPS
3CepeIMHU BaroHa Ha 30BHIIITHE TTOBITPs 30arayeHoro KucHeM. Po3pi3HIOIOTH 1Ba BUIH
BEHTWISIT MacaXUPCHKOTO MPUMIIIICHHSI BaroHa: mpupojHa i Mexaniuna. [Ipupoana
BEHTUJISILIA 3MIMCHIOETHCS 32 JIOMIOMOTOI0 OYJb-KUX HEPYXOMHUX MPHUCTPOIB 1 HE
noTpedye BUTpaT eHeprii. MexaHiyHAa BEHTWISIIS 3AIHMCHIOETHCA 3a JOMOMOTOIO

PYXOMUX MPUCTPOIB 1 MOTPEOYE MOCTIMHUX 3aTPAT CHEPTii.
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Haitbipim nmpoctuii cnocid mpupoHOT BEHTHIIAIII BaroHIB — BIIKPUTTS BIKOH.
[lepeBaru 11010 crocoOy: MpocTa BEHTUJIALIS;, BUCOKA MPOAYKTUBHICT; HE TOTpeOye
3arpat eneprii. Hemonmiku: MOXIHMBICTh BUKOPUCTAHHS TUIBKH B TEILTY MOPY POKY; HE
MOKJIIUBO TE€pPMOOOpOOIIOBaTH TOBITPS; BIJCYTHICTH 3aC0O0IB 3aXMCTy BiA MUY,
MO>KJIMBICTh BUHUKHEHHSI MPOTSIT1B.

binem nmockoHanmumu 3aco0aMM  IPHUPOJHOT BEHTWIAIIT € AedIeKTopH.
JledekTopu BCTaHOBIIIOIOTHCS Ha Jaxy BaroHa. J[ifoTb BOHH 3a MPUHILIUIIOM €(eKTy
exekiii. [Ipu pyci BaroHa B BepxHiil yacTHHI JIedIeKTopa BUHUKAE PO3PIIKEHHS,
MOBITPS 3 MACAXUPCHKOTO MPUMIIICHHS BCMOKTYEThCA B TpyoOy mediekTopa i1
BUXOJIUTH B aTMOchepy.

[lepeBaru aeduiekTopa: MOXKe MPAIIOBATH MPOTATOM POKY; MPOCTa KOHCTPYKIIL.

Henoniku neduexkropa: HU3bKa MPOYKTUBHICTb, MPAIIOE JIUIIIE IIPU PyCl BaroHa
1 CTBOPIOE PO3PIIHXKEHHSI TIOBITPS B BaroHi.

B cydacHux macakXMpChKHUX BaroHax MPHUPOJHA BEHTHIALISA HUITXOM BITKPUTTS
BIKOH 3aCTOCOBYETHCS JIJIsl IPOBITPIOBAHHS BaroHIB IT1]] 4ac iX B1ICTOIO, KOJIU CUCTEMA
MEXaHIYHOI BEHTWIALI HE BKJIIOYECHA.

JlediekTopu 3aCTOCOBYIOTHCS AJII OpraHi30BaHOTO BUAAJICHHS MOBITPS yepes
TyaJeTH.

MexaHiyHy BEHTWISALIIO 3a MPUHIUIOM pPOOOTH MNOAUISIOTH HAa IPHUTOYHY,
BUTSDKHY 1 IPUTOYHO-BUTSIKHY .

[IpuTouHa BEHTWIAIIS MOJA€ TOBITPS MEXaHIYHO, a BUJAISETHCS TOBITPS
MPUPOIHIM HUIAXOM Yepe3 1e(IeKTOpH, HEIILIIbHOCTI, BIAKPUTI ABEPI TA BiKHA.

BuTtskHa BEeHTUIIALIS BUAAISIE TTOBITPS 3 BarOHA MEXaHIYHO, a MOJIA€ThCSI TTOBITPS
B BaroH MPUPOJIHIM HUISIXOM.

[IpuTOYHO-BUTSIKHA BEHTHJIALIS TOJA€E TIOBITPS B BaroH 1 BHUIAJSE IMOBITPS 3
BaroHa MEXaHivHo.

KpiM TOro po3pi3HSIOTh MEXaHIYHY BEHTWIALII 3 PELMPKYJsLielo 1 0e3
PELUPKYJISIIT MOBITPA. Penupkysiis — e moBepHEHHs BiIPAIbOBAHOTO TMOBITPS HA
BCMOKTYIOUM CTOPOHY CHCTEMH BEHTWIALII JJIsi TMOBTOPHOTO BUKOPUCTaHHS.
Penmpkynsiis 7103BoJisSi€ BUKOPUCTATH ISl OXOJIOJKCHHSI TOBITPSI XOJOIUIbHY
MalllMHy MEHILIOI MOTY>KHOCTI, OUIbII KOMMAaKTHY, MEHILIOK Macoi 1 MEHIIUMU
3aTpaTaMu eJEKTPOCHEPrii Ha MPUBIJ arperaris.

B Baronax 3 HEmoOBHUM KOHJIUIIIOHYBAaHHSAM TOBITPs (MIOBITPS Mepe MOAaueo B
NaCKUPCHKUN CaJIOH HE OXOJOKYEThCsS). Penupkymsmis, sSK TpaBUiio, He
3aCTOCOBYETHCS. Y BHITaKax MaCaXKUPCHKUX BaroHax 3 KIIMAaTUYHOK YCTaHOBKOIO
3aCTOCOBYETHCS JIMINE TPUTOYHA BEHTWIAIIS 3 PEHUPKYJSIIEI0 TOBITPS, SKa
3abe3neuye:

- Oararopa3zoBuii OOMIH TMOBITPs, 3aBISKH SKOMY B IOBITPS BaroHa
MICTUTBCSI HEOOX1/THA KUIbKICTh KMUCHIO 1 HE MIABUIIYETHCS BUIIE JIOMYCTUMOI HOPMHU
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BMICT BYIJIEKHCJIOTO Tra3y, OakTepid 1 MWy, IO CTBOPIOIOTHCA B PE3yJIbTarTi
3HAXO>KEHHSI B IPUMIIIICHHS BaroHa Maca)upis;

- PyX HOBITpS B MiCIli Iepe0yBaHHA MACaXHPIB;

- TUCK TIOBITPSI BCEPEIMHI BaroHa, 1o NepeBuIye aTMOChEpHUA, 1 3aBaXKae TUM
CaMHUM MPOCOYYBAHHA Yepe3 HEUIUIBHOCTI MITY 1 HeOOpOOIEHOTO MOBITPS;

- OXOJIO/IPKEHHS TIOBITPsI BCEPEMHI BaroHa pa3oM 3 MPAIIOI0Y0I0 XOJIOAMIBHOIO
MAIIMHOIO KJIIMAaTUYHOI YCTaHOBKH;

- 00IrpiB MOBITPS 3a JOMOMOTOIO BOJISTHOTO €JIEKTPUYHOTO Kajopudepa pa3oMm 3
CHUCTEMOI0 00IrpiBYy BaroHa.

B cyuacHuX KIIMaTHYHUX yCTaHOBKAxX MacaXHUPChKUX BaroHiB poO0OTa CUCTEMU
MEXaHIYHOI IPUTOYHOI BEHTUJIAIT MOB's13aHa 3 GYHKIIOHYBAHHSAM CUCTEM OMaJICHHS
Ta OXOJIO/HKCHHS.

OyHKIIOHYBaHHS CUCTEMH BEHTHIJIALIT Ta OTAJIEHHS B3UMKY 3MEHIITY€ HACHYCHHSI
MOBITPST TapaMu BOJIOTH, 10 3YNHUHSE€ KOHACHCAIII0 BOJOTM Ha TMOBEPXHI
OXOJIOJKEHUX €JIEMEHTIB OTOPOJKEHHS Ta BIKOH. BIITKy, 30BHIIIHE MOBITPS, IO
HOJJAETHCSI B BATOH OXOJIOMKYETHCS B MTOBITPOOXOJIOIKYBaUul XOJOUIBHOI MAIlIWHHU,
1[0 CTBOPIOE KOM(OPTHI TEMIEPATYPHI YMOBH MAaCAKUPaM.

[Ipp poOOTI KIIMATUYHOI YCTAHOBKM MACaKMPCHKOIO BaroHa KUIbKICTb
30BHILIHBOTO TOBITPS, IO MOJAETHCA HAa OJAHY JIOAMHY, NOBMHHA OyTH HE MEHII
25 m*/c BmiTKy Ta 20 M3/c B3uMKy. [IIBUAKICTE pyXy MOBITPSI B MICISX 3HAXOKCHHS
nacaxxupiB He noBuHHa nepepuinyBatu 0,20 M/c B3UMKY, a pu poOOTI XOIOAUIBHOI
MaruHu BIiTKy — 0,25 m/c.

Pexxum pobOTHM cydacHMX KIIMAaTUYHUX YCTAHOBOK IMMAaCaKUPCHKUX BaroHiB
PETYIIOETHCA CIEIIATbHOIO EJIEKTPUIHOIO aBTOMATHKOTO.

Pexxum poOOTH KIIMAaTUYHMX YCTAHOBOK MACAKUPCHKUX BaroHIB MOXHA
KJacu(ikyBaTH 3a TphOMa O3HAKAMU:

- 10 PETYJIIOEMHUM TapaMeTpaM MOBITPS; TEMIEPATypi; BOJIOTOCTI a00 pa3oM 1o
JIBOM LM TIapaMeTpam - TETUIO3MICTY.

- 10 XapakTepy npoiecy oOpoOKU MOBITPS: KaMEpH 3aMOPOKEHHSI Ta OCYIIICHHS,
KaMepH 3 BUKOPUCTAHHSIM TETUIOOOMIHY;

-0 cxeMi 00poOIli MOBITPsA: MNPUTOYHI Kamepu (0e3 BHKOPHCTAHHS
PEIMPKYJIALil); KaMepd 3 TMOCTIHHUM a00 3MIHHUM PO3MIpOM  TIEPBHHHOI
PEIMPKYJIALIT; KaMEpH 3 MOABIHHOIO PEIUPKYJIAIi€0 (TIOCTIHHOIO Ta 3MIIIIAHOIO).

Cucrema aBTOMATHMKH KIIMAaTHYHMX YCTAaHOBOK TACAXUPCHKUX BaroHiB B
TEMEePINIHIN Yac 3/11MCHIOIOTH MPOIEC ABTOMATUYHOTO PETYTIOBAHHS POOOTH X CUCTEM
1O MIATPUMAHHIO TEMIIEPATypHU MOBITPS B MPUMILIEHHSAX BaroHa Ta HE nependavyaroTh
pEryJIoBaHHs BOJIOTOCTI MOBITpA. BiAHOCHA BOJIOTICTH MOBITPS B NPUMINICHHSIX
Barona Moxe ckianatu Bij 30% mo 60%, 1110 He 3a1I0BOJIbHSIE Cy9aCHUM KOM(POPTHUM
yMOBaM macaxupaM. ToMy BHHHMKae TMoOTpeda MOJAJIBLIOTO PO3BUTKY Ta
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YIOCKOHAJIEHHS CUCTEM aBTOMAaTHUYHOTO YIIPABJIiHHS PeKUMaMU pOOOTH KIIIMATUYHUX
YCTaHOBOK MacCaKUPCbKUX BaroHiB.

BucnHoBok. B pe3ynpTaTi nOpoOBEACHHX  JOCHIIKEHb  (DYHKIIOHYBaHHS
YCTaTKyBaHHS CHCTEMHU BEHTHJIALII KIIMAaTUYHUX YCTAaHOBOK IIOAO JOTPUMAaHHS
TEMIEPATyPHO-BOJIOTICHUX MAapaMeTpiB 30HU KOM(POPTY B MAaCaKUPCHKOMY BaroHi B
YMOBax TIJ100AJIbHOTO MOTEIUIIHHSA BUHHUKAE MOTpeda MNOJANbIIOTO PO3BUTKY Ta
YJAOCKOHAJICHHS CUCTEM aBTOMAaTHYHOTO KEPYBAaHHS PEKUMaMU ii poOOTH.
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MODERNIZATION OF THE WORM DRIVE OF THE TOOL
MAGAZINE OF THE MACHINING CENTER
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Abstract. Three-dimensional models of the main units of a multi-operational drilling-milling-
boring machine equipped with a vertical disk tool magazine are presented. An innovative
approach of the Creo Parametric computer-aided design system was used in relation to
complex body parts of the basic units of a metal-cutting machine such as a machining center.
An analysis of the technological process of manufacturing a worm drive shaft, implemented
by a tool in the form of a cutting head with a modified profile, was carried out. For this
purpose, analytical dependencies have been proposed, on the basis of which the design
parameters of the new design of the cutting head have been calculated.

Keywords: machining center, 3D modeling, worm gearing, cutter head, secondary cut-in

AKTYaJIbHICTh JOCJIIKEHHs1 3yMOBJICHA JeAalll HIMPIIMM 33aCTOCYBaHHSAM
0araro()yHKIIOHAJbHOTO YCTaTKyBaHHS 3 AaBTOMATHUYHHUM YMPABIIHHSIM MPOLECY
0o0poOKM JneTaneil y pi3HUX MAIIMHOOYIIBHMX rany3sx. TeHAEeHIiss BUKOPUCTaHHS
IPUCTPOIB aBTOMAaTUYHOI 3MIHU I1HCTPYMEHTIB 3a paxyHOK IHCTPYMEHTAJIbHHX
Mara3uHiB MIPU3BOUTH 10 HEOOX1THOCTI IEPEXOTY A0 CTBOPEHHS Cy4YaCHUX 00pOOHMX
IIEHTPIB.

MeTtow podoTH € MOJEpHi3allis KOHCTPYKIIi MPUBOJHOT YaCTUHU JTUCKOBOTO
IHCTpyMEHTAJIbHOrO MarasuHy o0poOHoro 1eHtpy (OIl), sika mHpUBOAUTH M0
30UIBIICHHST TPAIE3AaTHOCTI METajIopi3ajlbHOTO OOJIaIHAHHS Ha TMIANPUEMCTBAX
MaIIMHOOYA1BHOT TalTy3l.

Bubip tumy Ta KOHCTpyKIii iHCTpyMeHTaIbHOTO Marasuny (IM) 3amexuTs Bin
KOMITOHYBaHHsI 0OpOOHUX IIEHTPIB, TUTIOPO3MIPIB Ta CTYIEHsI aBTOMaTu3alli. Y pasi

BUKOPHUCTaHHS OaraToomnepariiiHuX BepcTariB 2 Ta 3-TO TUMIOPO3MIPIB I 00poOKU
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KOPIYCHHUX JIeTajeil YacTille 3aCTOCOBYIOTh JIUCKOBI 1HCTPYMEHTAJIbHI Mara3uHu
(AIM). Ili MarasuHd XapaKTePU3YIOTHCSA JIETKICTIO 3aBaHTAKCHHS Pi3aJIbHUX
THCTPYMEHTIB Ta TApHUM JOCTYIIOM JI0 HUX; MIHIMQJIBHUM YacoM, 1[0 BUTPAYAETHCS
Ha 3MiHY IHCTPYMEHTY; BUCOKOIO HAIMHICTIO Ta HAWMEHIIIUM YHCJIOM KOOPJIUHAT MPH
3MiHI IHCTPYMEHTY.

Jliist 6araToornepanifHoro MeTanopi3aibHOr0 BEPCTATy CBEPIHIIbHO-(pe3epHO-
pPO3TOUYBAJIBLHOTO THUIY 3 BEPTUKAIBHOIO BICCIO IIMUHIEIS 3aCTOCOBYETHCS
KOMITOHYBaHHSI, OCHAIIEHE JUCKOBUM MarazmHOM 3 BEPTHUKAJIBLHOIO BICCIO OOepTaHHS
nucka [1, 2]. KinbKicTh 1HCTPYMEHTIB BCTaHOBJEHHMX y THi3gax IM 3a3Budail He
MEePEBUITYIOThH 18 IHCTPYMEHTIB 3 OTHOPSTHIM PO3TalTyBaHHSIM.

Y pob6oti posrmsiHyTO BapianT Ol BepTHKaTbHO KOHCOJIBHOTO THITy MOJEII
CBMII®4 3 nuckoBum IM. Ha manomy BepcTaTi MOXKHA MPOBOJIUTH CBEPIAJIIHHS,
3CHKEpPYBaHHS Ta PO3TOPTAaHHS, PO3TOYYBAaHHS TOYHUX OTBOPIB, TOB'SI3aHUX
KOOpJIMHATaMM, a TaKoX (pe3epyBaHHs Ta NUTIYBAHHS MO KOHTYPY 3 JIHIHHOIO Ta
KPYTOBOIO IHTEpIOJISIIE0 3 KepyBaHHsAM Bin cucremu 3 UIIY [3, 4, 5]. Puc. 1
nokazanuii po3po6sieni aBropamu 3D npoexkt MC y cepenosuiiii CAD Creo Parametric

Pucynok 1 — Tpusumipni mooeni OL] 3 incmpymeHmanbHUM MA2a3uHOM:
a — KOMNOHYB8AHHS, O — cXemMa MOHMAHCy

VY KOHCTpyKIIi BepcTrara mependavyaerbcss pO3MIIICHHS AUCKa MPaBOpyY Bij
IITUHJIeNTbHOI 0a0Kku. 3MiHA 1THCTPYMEHTY 3JIIMCHIOETHCS 3a JIONMOMOIOK0 MEXaHIYHO1
PYKH — aBTOONEpaTOpa, 0 3HAXOJIUTHCA MK JUCKOM Mara3uHy Ta IIIMUHAEIBHOIO
6abxoro. [IpuBin AJig MOBOPOTY 3MIMCHIOETHCS BIJ TIAPOLMIIHAPA Yepe3 3yOuacTo-
peiKkoBy Ta 3yOuacTty nepenady [6].

[Ipy DpUMHATTI CKJIAJHUX NPOEKTHUX pIIIEHb y 3aJadax KOHCTPYIOBAHHS
kopnycHux getainei (Puc. 2) 6a30BuX By3/iB BepcTata OyB BHUKOPUCTAHO HOBUU
¢yukiionan CAD Creo, HazBanuii «CnaakyBanHs» [7]. 3a J0MOMOTOIO IIHOTO
¢ynkuionany «CnaakyBaHHS» BHUPIIIYEThCS 3aBJAHHS HEBIAMOBIIHOCTI KOPIYCHOI
JIeTal, 10 CTBOPIOETHCS KOHCTPYKTOPOM 1 JIMBApHOiI JE€Taili, 110 OTPUMYETHCS Ha
ctanii BurotoBieHHs. [Ipu 1bOMYy AOBHU3HAUEHHS NAaHUX NPO €JIEMEHTH JIMBApPHOI
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dhopmu (1aH1 TPO YCAAKY, 3a0KPYTIAECHHS BHYTPIITHBOTO TPOQ IO Ta 1H) 31HCHIOETHCSA
3a JI0NOMOTror0 (hOpMyBaHHS TaHUX T€OMETPIi Ta TUITY €JIEMEHTIB JIMBAPHOT MOIEI.

a
Pucynok 2 — Kopnycni oemani acpecamie eepcmama:
a — N0BOPOMHO20 cMoa, 6 — WNUHOENbHOI 201068KU

[Tpame3maTHiCTh 1HCTPYMEHTAJIBHOTO MarasuHy 3ajeKHTh Bif e(QeKTUBHOI
poOOTH YEpB'SYHOTO MPUBOAY. Y CTaTTI 3alpONOHOBAHO HOBE PIIICHHS IIOAO
TEXHOJIOT1 BUTOTOBJICHHS! MOJEPHI30BAHOI KOHCTPYKIT uepB'ska. [l nOoCATHEHHs
MoauGiKoBaHOTO NPOo(dUI0 YepB'sika 3HAWEHO TaKWil BapiaHT Pi3ajibHOI T'OJIOBKH,
KU BHKJIIOYa€ BTOPUHHE BpI3aHHA I1HCTPYMEHTY. 3aBJaHHS 3BOAUTHCA 0
3HAXOJ/KEHHSI TPAHUYHO JOMYyCTHMOTO MIiHIMAJIbHOTO JlaMeTpa 1HCTPYMEHTYy , TpU
SKOMY BTOPUHHE pi3aHHA Oy/e BukiIodeHo. ['padiuHo 1e BigoopaxkaeTres Ha Puc. 3

Futiming

dy

ﬂ#&%ﬁi&-h\-— :

‘_?’_,,,_

b,

Pucynok 3 — J]o eusnauenus minimanvbno2o diamempy 3a yMo8u
8I0CYMHOCMI BMOPUHHO20 PI3AHHSL

Pimenns piBHsaHHA (1) Ioa0 £y, Aa€ OIyKaHe 3HAUYEHHS MIHIMAJIBHO MOKJIMBOTO
niameTpa 3y0opi3HOi TOTOBKH Oy =2 F iy, IPU SIKOMY BTOPHHHE pi3aHHA Oyne
BIJICYTHE:

d. zb12+ra1'(ral'tg7_2'b1)'tg}/ (1)
T b -cosy—2-r,-siny
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ne b1 — J0BKMHA Hapi3aHOT YaCTHHU YEPB’SIKA; a1 — pajiiyC BEPIIUH YePB’sIKa; y
— AUTAIBHUM KYT TiAHOMY BUTKIB YepB'dKa.

Po3pobniennii B cTarTi MaTeMaTHUYHHUI amapar € aHaJiTHYHOK OCHOBOIO
TEXHOJIOTIYHOI 1HHOBaIlli B TIpoleci BUPOOHUIITBA MOAM(DIKOBAHOTO MPOQIITIO
yepB'ska.

BuchoBok. B pesynapTaTi mpoBEAEHOrO aHajaizy Ta JOCHIIKEHb OTpHMaHI
HACTYIHI pe3yJIbTaTH:

1. Po3pobnaeno 3D TpOEKT OCHOBHUX KOMIIOHEHTIB MEXaHI3My 3MiHH
IHCTpyMEHTY  OaraToomnepaiiifHOro  BepcTarta  Ha  OCHOBI  JTUCKOBOTO
IHCTPYMEHTAJILHOTO Mara3uHy 3 €eMHICTIO 14 IHCTpyMEHTaIbHHUX OJIOKIB.

2. 3actocoBadi B mporieci 3D MoienroBaHHs CKIQAHUX KOPITyCHUX BUPOOIB HOBI
¢dynkuionanu cucreMu Creo, 3aCHOBaHI Ha MPOLEAYPl «CIATKyBaHH, sIKa BUPIIIY€E
npo06sieMy HEBIAMOBIIHOCTI JA€Talli CIIPOCKTOBAHOT KOHCTPYKTOPOM Ta BUTOTOBJICHOIO
JMBApHOIO 3aroTiBJICI0 3 YCAJKOK, 3a0KPYIVIEHHSMHU Ta yxXxuiaamu. JloBU3HAu€HHs
JaHUX MPO €JIEMEHTHU JIMBApHOi (OPMHU 3A1MCHIOETHCS 3a JTONOMOIO0 (OpMyBaHHS
XapaKTEPUCTHK T€OMETPIi Ta TUITY €JIE€MEHTIB JIUBAPHOI MOJEI.

3. CrBopeHo MaremarnyHe 3a0e3MeYeHHs MOO0YyJ0BM  MOAU(PIKOBAHOI
KOHCTPYKIIi TPUBOJHOI YEpB'sIYHOI NIepeiaydl IHCTPYMEHTaIbHOro Marasuny. Ha mii
aHATITUYHIN 6a31 3aMpONOHOBAHO TEXHOJIOTIYHE 1HHOBAIlIHE PIIICHHS, MOB'A3aHE 3
npo(UTFOBaHHAM PI31IEBOI TOJOBKU JJisi Hapi3yBaHHS YepB'AKa 3 OMYyKJa-yBITHYTHUM
npodisem.
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ON SOME METHODS OF DETERMINING MOMENTS
OF INERTIA OF IRREGULARY SHAPED OBJECTS
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Abstract. The purpose of this work is to analyze some ways of determining the moments of
inertia of solid bodies of irregular shape. The moment of inertia is an important inertial
parameter for modeling the dynamics of the movement of vehicles or their elements. Dynamic
models with such parameters are used in the study of stability and controllability of
movement. For objects of irregular shape, it is advisable to use experimental methods when
determining the moments of inertia. This work examines the features of some methods that
can be used to automate the design of elements of vehicles, typical mechanisms of
technological machines and in other branches of mechanical engineering.

Keywords: moment of inertia, experimental methods, oscillations, dynamics of rotational
movement, torsional pendulum, Trifilar and bifilar suspension mechanism.

AKTYaJIbHICTh 10CTiI2KeHHS 3yMOBJICHA BAXJIMBICTIO BUBHAUYEHHS JIOCTOBIPHUX
3HAYE€Hb MAaCOBO-THEPIIIHUX MTapaMeTPiB pPyXOMHUX 00’ €KTIB (30KpeMa, TPaHCTIOPTHUX
3ac001B) JJIsI TOCHIIKEHHS CTIMKOCTI PyXY, INIABHOCTI X0y, KEPOBAHOCTI 00’ €KTA.

MeTo10 po60TH € BHUCBITICHHS OCOOJMBOCTEM JESKUX CIIOCOOIB BHU3HAYCHHS
MOMEHTIB 1HEpIIi 1J11 00’ €KTIB HEMPaBUIIbHOI (POPMH.

Jist  TBepaMX TN, SKI  3AIACHIOIOTH  OOEpPTATIbHUIA  pPyX  BaXKIUBOIO
XapaKTEPUCTUKOIO PO3IMOAUTY MAacH € MOMEHT iHepIlii. BignmoBigHO 10 OCHOBHOTO
3aKOHY IMHAMIKK 00€pTaJIbLHOTO PYXy MOMEHT 1HEpIIii BU3HAYA€ BEIMYUHY KPYTHOTO
MOMEHTY, SKUH € HEOOXiMHUM JUisi OOepTaHHsS O00’€KTa 3 TEBHUM KyTOBUM
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IPUCKOPEHHSIM HaBKOJIO 3ajaHoi oci. Lleil mapamerp HaneXuTh 10 TPyNu Maca-
IHEePIIMHUX XapaKTEPUCTHUK, Kl CYTTEBO BIUIMBAIOTh HA TaKi SKICHI MOKA3HHUKH, SIK
CTIHKICTB pyXY, IUIABHICTh X0y, KEPOBaHICTb.

Ockinpky Maibke BCl CydyacHI TPaHCIOPTHI 3acOOM, TEXHOJOTIYHI MaIlIUHH 1
TEeXHIYHI IPUCTPOT MAIOTh Y CBOEMY CKJIaJIi €JIEMEHTH, 110 3MIMCHIOIOTh 00epTaTbHUN
pyX, TO 3ajJlaya BH3HAYEHHS OCHOBMX MOMEHTIB 1HEpIlli Ma€ 3HAYEHHS Ui PI3HUX
rajgy3ed, 10 JOCHIDKYIOTh MeXaHluHui pyx. IlocTiliHe MiABUINEHHS BUMOT 0
TPAHCHIOPTHUX 3aCO01B 1 TEXHOJOTIYHUX MAIIMH Ta MPUCTPOIB, IPArHEHHS OKPAIIUTH
iXHI1 eKCIUTyaTaliifiHi BIaCTUBOCTI IPU3BOIATH /10 HEOOX1THOCTI BCEOIUHOTO BUBYEHHS
IUHAMIKM O00epTalbHUX eJeMEHTIB. ToMy BH3HAYEHHS JOCTOBIPHMX 3HAuY€Hb
MOMEHTIB 1HEPIlIi PyXOMHUX 00’ €KTIB € aKTyaJIbHOIO MPHU JOCIIHKCHHSX.

Ha migroroBdomy etami moOyJ0BM MaTeMaTHYHOI MOJENl BH3HAYCHHS Maca-
IHEPIIINHUX MapaMeTPiB PyXOMUX 00’ €KTIB MOKHA 31HCHIOBATH TAKUMH OCHOBHUMU
METOJIaMH: AHAITUYHUM, 33 JOTOMOIOI0 TMPUKIAJHUX KOMIT IOTEPHUX Mporpam i
cucteM aBromatu3oBanoro npoexktyBaHHs (CAIIP) Ta ekcniepumenTtansho [1, 2].

Sxmo gocmimkyBaHui 00'eKT (TBepe TUIO0) Mae GopMmy, SIKY MOKHA OMHCATH
MaTEeMaTHYHUMH HECKJIAJIHUMHU (PopMyliaMu (HAMpHUKIaA, AUCK a00 MPSMOKYTHA
IJIaCTUHA), TO MOMEHT IHEpIIi MOXHa pO3paxyBaTH, BUKOPHUCTOBYIOYM IpaBUIIa
iHTerpyBanHs. /{1 00’ €kTIB HEMpaBUWIbHOI (POPMH AHAIITUYHE BUSHAYEHHS] MOMEHTY
iHepuii yCcKkIaaHaeThes [3], OCKUIBKH 11e TOTpedye TPOMI3AKUX PO3PAXYHKIB. Y TaKUX
BUIIAJKaX I[IepeBary HaJalTh EKCIepUMEHTaJbHUM MerodaMm. llpu 1mpomy
MOIIUPEHUMU 3 HUX € METOJI KPYTUIIbHUX KOJMBaHb, METOJ] MAATHUKOBUX KOJIMBAHb,
METOJI TIOCIIIJOBHOTO BHUMIPIOBAHHS TMEPIOAy KOJIMBaHh MAasSTHHKA HABKOJIO JIBOX
nmapajelbHUX OCed, MeToa Tmajardoro Tsrapis. IlpakThka mokasye, IO
eKCIIEPUMEHTAJIbHI MasiTHUKOBI METOIU € HAaUO1IbIIT EKOHOMIUHUM [2].

BunpoOyBanHs 01piJIIpHUM MasiTHUKOM IIHPOKO BUKOPUCTOBYBaM 1ie 3 1930-
X POKIB [l BU3HAYEHHSI MOMEHTIB 1HEPIi JIITAaKiB, OCKUJIBKH II€H CIOCIO MPOCTUH,
Oe3reyHuil 1 Ma€ BIAHOCHO BHUCOKY TOYHICTh. BipUISpHMI MasSTHUK CKIAIAETHCS 3
TECTOBOTO 00’€KTa, MIABIIIEHOTO HA JIBOX JIPOTaX MEBHOI JOBXKHHH, K1 PO3JALICHI
BifgcranHto D. [Ipu rpaBitaniiiHux BUIPOOYBaHHSAX MAITHUK Oy/1€ KOJMBATHUCS BIIEPE]T
1 Ha3zaJ HaBKOJO TOPU3OHTANBHOI Oci. [y BUMpPOOYyBaHHA HA KPY4YEHHS MasTHUK
KOJIMBAETHCS HABKOJIO BEPTUKAIBHOI OCI.

Tpudinsgpuuii miaBic sABise co000 Kpyriy miaTdopMy, MIABIILIEHY HAa TPhOX
CUMETPUYHO PO3TAIIOBAHUX HUTKAX, YKPIMIEHUX Yy KpaiB 1€l T1uatgopMu.
[TnaTdhopma Moske 3A1HCHIOBATH KPYTHIIbHI KOJIMBAaHHS HABKOJIO BEPTUKAIBHOI OCI, 110
MPOXOAUTH uepes ii cepeauny. LlenTp mac matopmu npu bOMy EPEMIIIAETHCS IO
oci obepranns. Ilepiog KonuWBaHb 3aJeKUTh B BEIUYMHU MOMEHTY 1HEpIIl
mwiathopmu. Meton TpuduISIpHOTO MiNBICY MOJSTa€E B TOMY, IO TUIO MiJAAIOTh

KOJMBAHHSAM HaBKOJIO jesKkoi ocl. [Ipu 1poMy nepioa KOJAMBaHb TUIA 3aJI€KUTH BIJT
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HOT0 MOMEHTY 1HEpIIii. 3HaI0Yu Nepioj1 KOJIMBaHb, MOYKHA BU3HAYUTH MOMEHT 1HEPITIi
TiJa 32 GOPMYJIOLO:

| =m-A-T?

ae M —wmaca Tina, A — mapameTp TpUQUIAPHOTO MiBICY,

T — mepioa KoJMBaHb IIATHOPMHU.

Crnin 3a3Ha4YWTH, IO TMPH 3aCTOCYBAaHHI EKCIIEPHUMEHTAIBHUX MAasTHUKOBUX
METOJIIB  PO3PaxOBaHMW  MOMEHT  IHEpIi  3aJeXUTh B  KOHCTPYKINT
EKCIIEPUMEHTAIbHOTO MAasTHUKA, WOTO HaJjalllTyBaHHS, pPO3MIPIB 1 TOYHOCTI
BHMIpIOBaHb [2].

BucHoBku. MoOMEHT iHEpIii € BaXJIWBUM I1HEPUINHUM TapaMeTpoM s
MOJIEJIIOBAHHS TUHAMIKH PYXy TPAaHCIIOPTHHUX 3ac001B 200 €JIE€MEHTIB TEXHOJIOTTYHHUX
MallMH Yd TEXHIYHUX MPUCTPOiB. JMHaMiuHI MOJENl 3 TaKUMH IapaMeTpamu
BUKOPUCTOBYIOTh IMPHU JOCIIKEHHI CTIMKOCTI Ta KepoBaHOCTI pyxy. s o0'ekTiB
HEenpaBuWIbHOI POpPMU MTPU BU3HAUECHHI MOMEHTIB 1HEPIIi JTOIIBHO BUKOPUCTOBYBATH
€KCIIEpUMEHTaIbHI MeTOAN. Tako 11 MeToau €()EeKTUBHO BUKOPUCTOBYIOThH 1 IS
00’€KTIB, SIK1 € HEOJTHOPITHUMH 32 CKJIaJ0M KOHCTPYKUIHHUX MaTepiamiB. [loegHanHs
€KCIIEPUMEHTAJIbHUX JOCIIKEHb 1 PO3PaxyHKIB 3ac00aMU Cy4aCHUX HPHUKIAJTHHUX
KOMIT IOTEPHUX MIPOTrpaM MOKHA BUKOPUCTOBYBATH MPU aBTOMATH3allli TPOCKTYBaHHS
TUTIOBUX MEXaH13MIB 1 MallIUH.
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OB’EKTU ITOPIBHAJIBHUX JOCJ/IIIKEHDb BI/IPI3AHHA TPYbD
PI3IAMMU I JUCKOBUMHU OPE3AMMU 3CEPE/IMHUA 1 330BHI
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OBJECTS OF COMPARATIVE RESEARCH OF PIPE CUTTING WITH
CUTTERS AND DISC MILLS FROM THE INSIDE AND OUTSIDE

Kryvosheia V.R. — graduate student, vlad.krivosheya2017@gmail.com
Kuznetsov Yu.M. — Doctor of Technical Sciences, Professor, info@zmok.kiev.ua
National Technical University of Ukraine "lhor Sikorsky
Kyiv Polytechnic Institute™
Ukraine, Kyiv

Abstract: The study of pipe cutting with internal and external cutters and disc cutters
considers various aspects and parameters taken into account in the comparative analysis of
two methods of pipe cutting, including cutting speed, cutting quality, equipment and tooling
costs, resources and material losses, accuracy and repeatability, requirements to the
preparation of the material, technical limitations, impact on the environment and safety,
economic profitability and specificity of specific tasks. This allows you to determine which
method and method of cutting pipes best meets the needs and conditions of a particular
production or task.

Keywords: cutting, pipe, disk cutter, cutter, machine.

AKTYyaJbHICTh H0c/aigxeHHs. [Ipy BUpoOHUIITBI JieTaneil 3 JOBrOMIpHUX TPYyO
KIHIIEBOIO 1 YaCTO JIIMITYIOUOIO € OTepallisl BIIpi3aHHs, TOMY BUOIp METOAY BIpi3aHHS
Ma€ BEIUKE 3HAYCHHS JUIsl 3a0e3reueHHs €EeKTUBHOCTI BUPOOHUIITBA 1 3MEHIIICHHS
€HEeProCUPOBUHHUX BUTpAT. Ha cbOroHINIHIN 1€Hb ICHYIOTh Pi13H1 METOU BiIp13aHHS
3 BUKOPUCTaHHSM PI3HUX 1IHCTPYMEHTIB, TEXHOJIOTIN Ta MaIlIMH. Y CBITOBIN MPAaKTHUII
KpIM 3arajbHONPUHHATUX METOJIB PO3PI3KH (BIAPIZHUM Pi3lLieM, AUCKOBOIO (pe30io,
CTPIYKOBUMHM  MNUJaMH, aOpa3uBHUMHM KpyramMd Ta 1H.) JyXe IIMPOKO
BUKOPUCTOBYIOTBCA ~ TakKoXK  (I3UKO-XIMIYHI ~ MeToau  (€JIEKTPOICKPOBHUH,
€JIEKTPOKOHTAKTHUM, Ta30BUM, aHOJAHO-MEXAaHIYHUH, TIa3MOBHH, YJIbTPa3BYyKOBHIA,
BOASIHUM CTPyMEHEM, HampaBlIeHUM BHOYXOM TOIIO) Ta PO3pi3Ka MJIACTUYHUM
nedhopMyBaHHIM (KJIIMHOBUMH JIMCKOBUMHU, TUIOCKMMH HOXKaMH Ta 1H.). KoxkeH 13 mux
METO/IIB Ma€ CBOI CHJIbHI Ta cjJaOKi CTOPOHM Ta MEBHI OOMEXEHHS Yy 3aCTOCyBaHHI
[3,4].

[Ilo A0 OAHOWIMUHACIBHUX 1 OaraTOIIMHUHACIBHUX TOKAPHUX aBTOMATIB
HAWUNOIIMPEHIIIUM € METOJl BiJpi3aHHS pi3ueM [2], ajge B OCTaHHIA Yac €
aJIbTEPHATUBOIO METOJ Bipi3aHHSI TOHKOCTIHHOKO JUCKOBOIO (Ppe30to, 110 Mae CBIA
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npuBoj o0epTanHs. [Ipudomy BijpizaHHS MOXe 31HCHIOBATHUCS 3CEPEMHU UM 330BHI,
1110 BIJIOBiIa€ pi3HUM cxemaM pizaHHs [1,6-8].

Merta po0GoTu mosiAirae B TOPIBHSAHHI METOIB BiApi3aHHA TPyO pI3LsAMHU 1
JTUCKOBUMH (ppe3aMy 3CEpeIWHU 1 330BHI I BU3HAYCHHS HAHOUIBII ePEKTHBHHUX
MIIXO/IB BUTOTOBJICHHS neTajneit 3 TpyO. JlocmipkeHHs cupsiMOBaHEe Ha BU3HAYCHHS
nepeBar, HeI0J1KiB Ta XapaKTEPUCTUK KOKHOTO METOJTy B PI3HUX YMOBAX 1 JIJIsl p13HUX
3aBAaHb. OCHOBHI 11111 BKJIFOYAIOTh BUBYEHHS IIBUIKOCTI1 Pi3aHHA, SIKOCTI P13y, BUTPAT
Ha 00OJIaJIHAHHS Ta MaTepiajy, BIUIMBY Ha HABKOJHIIHE CEPEIOBHUIIE Ta €KOHOMIUYHOT
BUT1JIHOCTI 000X METO/IIB B KOHKPETHUX YMOBaX BUPOOHMIITBA.

J1J1st MOPIBHSIILHUX TOCIIKEHB BiZIpi3aHHs TPYO Pi3LsAMHU 1 JUCKOBUMH (Hpe3amu
3CepeIrHU 1 330BHI BXXJIMBO MPOAHAIIZYBATH 110 OOpAaHUM ITapaMeTpaM pi3HiI cXeMu

(puc.1-3).
Hwxue HaBe[ieH1 HACTYIIHI MapaMeTpH:
. [IIBUAKICTh p13aHHS.
. SIKiCTh BiJIpi3aHHS.
. TouHICTb.
. [IpOJTlyKTUBHICTb.
. TexH14H1 OOMEKEHHS.
. EKoHOMIYHA BUT1JIHICTb.
. ’'Hy4KiCTh 3aCTOCYBaHHS.
. JIOBrOBI4HICTb.

O© 00 NO O WN B

. EXOJIOTIYHICTB.
. besmnexa.

el
= O

. CyMICHICTh Ta MaTepiaii.

Pucynok 1 — Biopizanus ouckosoro gpe3oto 3306Hi
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Pucynok 3 — Biopizanuus pizyem 3cepeounu

BucnoBok. B pe3ynbTaTi mpoBeneHOro anaiizy M oTpuMaeMo 1H(opmMailito, sika
JIOTIOMOKE€ BU3HAYUTU HAWOUThIT e(EeKTUBHUN METOJ BIiJpi3aHHS Tpyo s
KOHKPETHHUX 3aBJIaHb 1 YMOB. byyTh oTpuMaHi MOPIBHMJIBHI JIaH1 100 HIBUIKOCTI
pi3aHHs, AKOCTI pi3y, BUTPAT Ha OOJIalHAHHA Ta MaTepialid, BIUIMBY Ha HABKOJMIIHE
CEpeIOBHUILE Ta €EKOHOMIYHOI BUTITHOCTI st 000x MeroxiB. Lls iHopmania crane
OCHOBOIO ISl IPUMHATTS OOTPYHTOBAHUX PIIIEHb IIOA0 BUOOPY METOAY BiApi3aHHS
Tpy0 y KOHKPETHHX BHUPOOHMYMX YyMOBax 1 [UIsl JOCATHEHHS ONTHMAaJTbHHUX
pE3yJIbTaTIB.
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NIIBUIIEHHS EOEKTUBHOCTI MEXAHIYHOI OBPOBKHU
CTAUJII AISI 420
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INCREASING THE EFFICIENCY OF MECHANICAL PROCESSING
OF AISI 420 STEEL

Lymar O.0. — Cand. Sci. (Phys.—Math.), Assoc. Prof., mnaulimar@gmail.com
Lebedev Yu.O. — student, bibouiskra0@gmail.com
Ishchenko P.P. — student, pavloishchenko413@gmail.com
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Abstract. The robot has discovered the ability to form wear-resistant coatings that are applied
to variable multifaceted plates in order to enhance the durable characteristics of cutting tools
in the minds of continuous precision of heat, corrosion high-grade metals on AISI 420 steel
butts in a wide range of cutting modes. A wear-resistant coating was applied to the turning
cutter on carbide plates using the Bulat 3T installation using the plasma phase condensation
method with ion bombardment. The optimal cutting conditions for processing heat-resistant
steel have been identified, as well as the influence of cutting speed on the durability of the
cutter.
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Keywords: machining, turning cutter, replaceable insert, wear-resistant coating, precision,
durability characteristics.

AKTYaJBbHICTh JOCJTI’KEHHs1 3yMOBJICHa aKTyaJbHOIO MPOoOJIeMOI0 0OpoOKH
KApOMIITHUX MaTepialliB y Cy4acHOMY MamimHOOyayBaHHI. MexaHidHa 0OpoOKa
BaXXKOOOPOOJIIOBAHUX, KAPOMIIIHUX MaTepialiB BEAECThCS HAa aBTOMATHU30BAHHUX
CUCTEMaXx, aBTOMAaTU30BaHUX BEPCTATHUX KOMIUIEKCAX, a TAKOX Ha Bepcrarax 3 UITY.

ToxapHhi pi3ii, 110 BUKOPUCTOBYIOTHCS Ha TAKOMY yCTaTKyBaHH1, IOBUHHI MaTH
BHCOKI CTIMKOCHI XapaKTepUCTUKU. 3HOLIYBAHHS Ta MOMAJBIINN BUXIA 3 JIaqy pi3is
MPU3BOAUTD J0 30UTbIIEHHS BUTpAT Ha 00poOKy. Lle moB's3ano 3 ThM, 10 MOCTiiHA
3aMiHa PIXKYy4Oro 1HCTPYMEHTY, 1 B MOJAJIbIIOMY, MiIHAJIArOXKEHHS TArHE 32 c00010
MpocTiii OOJagHAHHSI, a OTKe, 30UIBIICHHS BapTOCTI MEXaHIYHOI OOpPOOKH.
Baxxko0o0OpoO110BaHICTh JKApOMIIIHUX JIETOBAHUX CTajiell 0OYMOBIIIOETHCS BUCOKOIO
B'SI3KICTIO, TBEP/AICTIO, MIITHICTIO Ta 1HITUMU (PI3UKO-MEXaHIYHUMH BIACTUBOCTSIMHU.

[Ipu mexaHiuH1l 0OpOOIl TOYIHHIM Ba)KKOOOPOOIIOBAHUX METAJIIB, IEPEBAKHO
BUKOPUCTOBYIOTh pI3IIl 31 3MIHHUMH IUTACTHHAMH, IO HE IMepeTouyioTbes. Ha
CHOTOJIHIIIHIN J€Hb OJHUM 3 OCHOBHHMX IUISIXIB PO3BUTKY Ta BJIOCKOHAJICHHS
pPLKY4Oro I1HCTPYMEHTY € BHKOPUCTAaHHA OaraTOrpaHHUX IUIACTUH, WO HE
MEePETOUYIOTHCS, 13 3HOCOCTIMKUM MHOKPUTTSAM [1-6]. 3acTOoCyBaHHS TakMX IUIACTUH
MIJBUILY€E €(PEKTUBHICTh iX 3aCTOCYBaHHS 1 BU3HAYAETHCA HE TUIBKH MarepiajaoM
HAHECEHOT0 3HOCOCTIMKOrO TMOKPHUTTS, ajie W ONTUMANBHICTIO IMiJI00pY Pi3ajbHOIO
IHCTPYMEHTY 3aJIe)KHO BiJl MaTepiaiy, 1o 00poOIsieThCs.

MeTow aaHoi poOOTH € MiJBUINECHHS 3HOCOCTIMKMX XapaKTEPUCTUK DIl 3
BUKOPUCTAHHSM 3MiHHOI 0araTorpaHHOl IUIACTHHU, 110 HE TIEPETOYYETHCS, B YMOBaX
0e3repepBHOro TOYIHHS KAPOMILIHUX KOPO31MHOCTIMKUX MaTepiaiB.

ExcniepuMeHTanpH1 JOCHKEHHS TpoBOAMIKCS Ha Beperarti Zenitech WM 660 3
BUKOPUCTAaHHSAM PIKYYUX IHCTPYMEHTIB, IO OCHAIIEHI 3MIHHUMH I'STUTPAHHUMU
IUTACTHHAMH, 10 He mneperouyroThesi mapok T15K6, TSK10, sxi maroTh BHCOKI
CTIMKICHI XapaKTepUCTUKH TpU 0OpOOIIl KapOMIIIHUX KOPO3IWHOCTIMKUX cTanei. 3a
OCHOBY 3HOCOCTIMKHMX TOKPUTTIB OyJIO NPUUHITO 3aCTOCOBYBAaTH OJHOIIAPOBI
HOKPUTTS HIiTpua TuTaHy TIN, sSKi HAHOCWJIM Ha TBEPAOCIUIABHI IUIACTUHHU, Ha
ycranoBli «bymar 3T» wmerogoMm KoHAeHcalii 3 TIa3MoBOi a3 3 10HHUM
6omOapayBanssm (KIb).

HocnipxenHss npoBoguincs mia yac oopoOku crami AISI 420 y mmpoxomy
mianma3oHi pexxumiB - pizaHHSA.  JKapocTiiika KOpO3IMHOCTIMKA CTajlb  IIMPOKO
3aCTOCOBYETHCS B PI3HUX TMPOMHUCIOBUX HAMpSIMKax, a caMme: CemapaiiiHux Ta
TEMJI0BUX (IIBTPIB, BUTOTOBJICHHSI PECOP, 3HOCOCTIMKHUX TMPOKIAJAOK Ta KPITUICHb,
BHUMIPIOBAJIBLHOTO 1HCTPYMEHTY, MPYKHUH, 1[0 BUKOPUCTOBYIOTHCS B POOOTI MPUCTPOIB
npu Temmneparypi 0au3bko 450°C. Ta iH.
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Bxoai ekcnepuMEHTaIbHMX JAOCHIIKEHb, W10 TMPOBOIWINCS B yMOBax
Oe3MmepepBHOr0 TOYIHHS, OYJIO BCTAHOBJIEHO, IO TMPH BUKOPUCTAHHI 3MIHHUX
M'ATUTPAHHUX TBEPIOCIUIABHUX TUIACTHH, IO HE MEPETOUYIOThCSA, 3 HAHECEHUM
3HOCOCTIMKMM  TOKPUTTSM  HiTpua  tutaHy [IN  30impmryBanmm — CTiHKiCHI
XapaKTEPUCTHKH PIKYUJOro IHCTPYMEHTY JI0 IBOX pas3iB.

[IpoanainizyBaBIIM €KCIEPUMEHTAIbHI JaHl OyJ0 BCTAHOBJIEHO, IO MpHU
mBUAKOCTI pizaHHs V = 170 M/XB 1 BUIlle Ha IM'STUTPAHHUX IUIACTHUHAX, IO HE
NEPETOUYYIOThCSA, 0€3 MOKPUTTS CIOCTepiragocs HamumnaHHsa cTpyxku, (Puc 1) mio
PU3BOWIIO 0 MOJATBIIOTO 1i 3pUBY Ta YTBOPEHHS JYHOK. Pixkyuuil IHCTpyMEHT, 1110
OyB OCHAIICHWI 3MIHHUMH T’ SITUTPAHHUMU IUIACTHHAMH, IO HE MAIOTh MOKPHUTTIB,
M17/1aBaJIMCS aKTUBHOMY a0pa3MBHO-MEXaHIYHOMY 3HOIITYBAaHHIO B YMOBax aAre3iiHoi
B32€EMO/IIT IHCTPYMEHTAIBHOTO MaTepiary 31 CTPYIKKOIO.

B nporieci mexaniuHoi 00poO11i Mpy BUKOPUCTAHHI Pi311iB, 1110 MAIOTh 3HOCOCTIHMKI
MOKPUTTS CIIOCTEPITraioch 3MEHIIEHHS ITUPUHY TUIONIAJKU KOHTAKTY JI0 TPhOX pasiB,
BIJINOBIJIHO 3MEHILEHHS TUIOMIAJKA KOHTAKTy CTPY>KKH 3 TIEPEIHbOIO MOBEPXHEIO
TOKApHOTO PI3IIs, 10 MPUBOJWIO /IO ICTOTHOTO 3HIKEHHSA Koe(illieHTa TepTs Ta
3MEHIIEHHS KOePIIiEHTa yCaIKU JPYKKH.

Pucynok 1 — 3minna n’amuepanna niacmuna T15K6 6e3 TiN nokpumms.
V=175 m/xe

Bxoai ekcnepuMeHTalbHUX JOCHIIKEHb OYJI0 BCTAHOBJICHO, IIO 3a PaXyHOK
3aCTOCYBaHHsI 3HOCOCTIiKOro MOKpUTTs TIN Ha N'SITUTpaHHUX HENEPETOYyBaHUX
TBEPAOCIUIABHUX IUIACTUHAX [5, 6] ICTOTHO 3MIHUBCS XapakTep 3HOCY pPOOOYMX
MOBEPXOHb PLKYYOro IHCTPYMEHTY, IO BIUIMBA€ Ha 3HWKEHHS I1HTEHCHUBHOCTI
MPOTIKaHHA a0pa3UBHO - MEXaHIYHOTO 3HOITYBAHHS 1 HAJIMIIAHHS CTPYKKH.

B pesynbrari excrnepuMeHTaIbHUX JOCHIIXKEHb MPU 00poOIll BaKKOOOPOOHOI,
XKapoMillHoi, Kopo3ziitHocTiiikoi crtami AISI 420 nmosenmeno [1, 2], mo B mporeci
TOYIHHS, TPU OJHAKOBUX pPEXKUMax pi3aHHS, TOKapHI pi3ii, mo Oyjau OCHAaIleHI
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3MIHHUMU IUIaCTUHAMU, 3 TiN - MOKPUTTAM, CTIHKICHI XapaKTePUCTUKHU Pi3aJIbHOTO
IHCTPYMEHTY IMiABUITYIOTHCS MPAKTUYHO JI0 JIBOX pasiB, B MOPIBHIHHI 3 PI3ISIMHU, 1110
HE MalOTh MOKPUTTIB.
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TPUBOJIOTTYHI BJIACTUBOCTI KOMIIO3UIIMHOI' O
IHOKPUTTS HA OCHOBI CIIJIABY III'-10H-01 I3
BKIIOYEHHAM JUCITIEPCHUX PA3

Jyzan C.0. — n.1.1., ipod., khadi.luzan@gmail.com
Hayionanonuu mexuiunuii yHnigepcumem « Xapri6CoKuul NOAIMEXHIYHUL IHCIUMY M »
VYkpaina M. XapkiB

TRIBOLOGICAL PROPERTIES OF COMPOSITE COATING BASED
ON PG-10N-01 ALLOY INCLUDING DISPERSED PHASES

Luzan S.A4. — Doctor of Technical Sciences, Professor, khadi.luzan@gmail.com
National Technical University «Kharkiv Polytechnic Institutey
Ukraine, Kharkiv

Abstract. It was established that under the conditions of wear on fixed abrasive particles, the
wear resistance of composite material (CM) (10% modifying composite material (MCM) +
90% PG-10N-01) is 1.5 times, and CM (20% MKM + 80% PG) -10N-01) is 1.7 times higher
than the PG-10N-01 alloy. This is due to the introduction of MKM, which contributes to the
formation of new centers of crystallization during surfacing and, as a result, leads to the
grinding of the structure. The nickel-based plastic matrix PG-10N-01 redistributes stresses,
providing conditions in which solid components occupy a favorable position. Thanks to this,
a local increase in contact pressure is eliminated and the probability of detachment of hard
wear-resistant particles is reduced.

Key words: composite material, SHS process, borides, wear resistance, surfacing, structure,
phase composition.

AKTYaJbHICTh I0CHilkeHHs. B 1anuii yac ogep>xaB po3BUTOK HOBUI HAIIPsIM —
3aCTOCYBaHHS /Ui BITHOBJICHHS JI€TaJe HAIUIaBICHUX MOKPUTTIB, MOAU(PIKOBAHUX
KOMITO3UIIIMHUMH MaTepiajJaMu, 3 METOI0 MIJBHINCHHS iX 3HOcocTiiikocti. IIpore,
MOpSAZT 3 HIUPOKUMH JOCIIKEHHSIMU TPOIECIB TEPTS 1 3HOIIYBaHHS MarepialiB 3
TOMOTEHHOIO 1 MIKPOT€TEpOTEeHHOI0 CTPYKTYpOIO [1, 2], 3HONIYyBaHHS KOMIO3UITIIHIX
mare-piamB (KM), mo wmicTaTe kapOil THUTaHy 1 IHIII 3HOCOCTIMKI MaTepiaiu
JIOCITIJIDKEH] HETOCTATHBRO.

Meta poboTH TONIATAaE B TPOBEJICHHI MOPIBHSUIBHOTO aHAMI3y CTPYKTYpPHO-
¢dazoBoro craHy, MIKPOTBEPIOCTI, TPUOOJOTIYHUX BIACTUBOCTEH 1 MeEXaHI3MIB
3HOIITYBaHHS TIPU BUMPOOYBAHHIX B YMOBaX TEPTsS KOB3aHHS, BIUIUBY 3aKPITJICHUX 1
HEXOPCTKO 3aKpIMUICHUX abpa3svBHUX YACTHMHOK HAIUIABIIEHUX yTOBUM CIIOCOOOM
NOKPUTTIB KoMIo3uliiitHuM matepianom (KM) Ha OCHOBI MOPOUIKOBOrO Martepiairy
cuctemu Ni-Cr-B-Si, MmoaudikoBaHoro marepiaioM, M0 MICTUTh OOpHUIMA TUTaHY,
XpoMy 1 oTpuMaHoro 3 3acrocyBanHsiMm CBC-nporecy.
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Buxiaan ocHoBHoro wmarepiaay. HaiiGiapin nonyJisipHUMU €  CKIIQH
KOMITO3UIIIMHUX MaTepiajiiB Ha OCHOBI TuUTaHy. lle TOB'S3aHO 3 BHCOKUM
€K30TepMIuHUM e(PeKTOM peakxiiii yTBOpeHHs kapOiay 1 AuOOpUAY TUTAHY 3 €JIEMEHTIB,
10 3a0e3Ievye MMUPOKUi BUOiIp MaTepiany 3B's3ku [1].

ToMy B SIKOCT1 BUX1THUX MaTepialiB IJIsl OTPUMAHHS KOMITO3UIIIHHOTO MaTepiay
BUKOPHUCTOBYBaJIM Noponiku Tutany Mmapku BT1-0, 6opy B, Byrnemnto mapku [IM-15 3
METOI0 CHHTE3yBaHHs KapOimy 1 aubopuay TuTaHy. Kpim Toro, mjs 301IbIICHHS
TEIJIOBOTO €(heKTy B MPOILIeci CHHTE3y KapOiTy 1 AMOOPHYy TUTaHY B MEXaHIUHY CYMIIII
BBOJIUTHCSl TepMoOpearyrouuid nmopomiok amoMminia Hikemwo [1T-HA-01, amrominieBa
myapa (mopomok) I[TATI-1 TOCT 5494-95 i okcun 3amiza FepOs.

OO0paHi KOMIIOHEHTH 3MINTYBAJINCA, 1 OTPUMaHa MOPOIIKOBA CyMiIll iAaBaiacs
MEXaHIYHIA aKTHWBaIlli, fKa 3IHCHIOBANAcS B IUIAHETAPHUX KYJIHOBUX MIIMHAX
AT'O-2.

OTpumaHHS KOMIO3UIIKHOTO MaTepially 3A1MCHIOBAJIOCS B JBa eramu: 1) 3Mi-
myBaHHs nopomkiB Ti, B, C, Fe;Os3, Al 1 iX cmisibHa MeXaHOAKTHUBAIIis, J0/1aBaHHS
3B'I3YI0UOT0 — KJIet0 Mapku «MeTunan», popMyBaHHS HWIIH/PA 1 CYIIKA, 1HIIIFOBAHHS
CBC-nportiecy, B X0/Il IKOTO CHHTE3YIOThCSI YaCTKU OOPUAOB TUTAHY, XpOMY Ta 1H.; 2)
JIpOOJIEHHS CIeKa 1 3MIIIYBaHHS OTPUMAHOTO MOPOIIKY 3 MPOMHCIOBUM MOPOIIKOM
mapku [1I-10H-01 TYVY 322-19-004-96, mexaHoakTuBallisi OTPUMaHOI MOPOIIKOBOT
CyMilll; TIOAaBaHHS B MEXaHOAKTHUBOBAaHY IMOPOIIKOBY cymiml piakoro ckia 'OCT
13078-81 no HaOyTTA HElO MAacTONOAIOHOTO CTaHy.

JlocnimkeHHsT MIKpOCTPYKTYPH HaIUIaBJICHOTO MOKPUTTS noporikom [11'-10H-01
MoKa3aJii, 110 BOHA Ma€ JEHIpiAHuil xapaktep (puc. 1, a). MikpocTpykTypa
HarnaBiaeHux nokputtiB KM (10% MKM + 90 % III'-10H-01) sBnsie coGoro
MatpuuHuii Marepian — cmias [1I-10H-01, B skomMy piBHOMIPHO pO3MOIIEH] TBEPII
BKJItOUeHHs (puc. 1, 0).

Pucynok I — Mikpocmpyxmypa naniasieHux nOKpummie:
a—IT-10H-01; 6 — KM (10% MKM +90% I1I-10H-01);
6 — KM (20% MKM + 80% I1I-10H-01)
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Sk mokazanu pe3yiabTaTi peHTIeHO(a30BOTO aHAI3y IMMHU YaCTKaMHU € JUO0pHT
tutany (TiB2), 6opun Hikento (NizB), okcuau Tutany (Ti0) Ta 3amiza (FesO4) st KM,
o Mictuth 10% MKM (puc. 2, 6), 1 aubopuny tutany (TiB,), 6opuny xpomy (CrB),
o6opuny Hikeno (NizB) u okcuay tutany (TiO) st KM (20% MKM + 80% I1I'-10H-
01) (puc. 2, B) [3].
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Pucynox 2 — Penmeeniscoka ougpaxmoepama nanaasnenux wapis: I11-10H-01 (a); KM
(10% MKM + 90% IT-10H-01) (6); KM (20% MKM + 80% IIT-10H-01) (s).
JlocmiKeHHsT  MIKPOCTPYKTYpU — HAIUIaBJICHHUX CKaHYIOUOMY
JSM-6390LV mnoxka3anu, 0 BOHAa Ma€ THUIIOBY
MOpQoJIOTiIo, fKa (POPMYETHCS HA TMOBEPXHI METady B MpOIECl KpUcTam3aili 3
CTIPSIMOBAHUM BijiBeIeHHSAM Teruia (puc. 3, a, 0) [3].

mapiB  Ha

€JIEKTPOHHOMY  MIKPOCKOITI

XimiyHMM ckiaa 1-3 cBIIYUTH OpO MPUCYTHICTH B MOKPUTTI enemeHTiB B, O, Ti,
Cr, Ni (puc. 3, B). lle miarBepaKye pe3yIbTaTd PEHTTEHO(A30BOTO aHATI3Y, SIKAM
OyJ10 BcTaHOBIIEHO HasBHICTH (a3, TiB,, CrB, NisB, TiO.

Criektp B C 0 Si P Ti Cr Fe Ni
1 1750 | 14,70 | 7,10 0,81 0,24 9,63 8,99 19,43 | 21,60
2 19,17 | 15,22 | 8,38 1,14 0,41 4,50 5,36 19,36 | 26,46
3 16,13 | 15,11 |5,18 0,72 0,24 5,53 5,00 18,39 | 33,70

6

Pucynok 3 — Mikpocmpyxkmypa (a, 6) i ximiunuii ckiao (mac.%) naniagneno2o nokpummsi

KM (20% MKM + 80% IIT-10H-01) (s).
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®dotorpadii  HAMJIABJICHOTO  TOKPUTTS, 3HATI B PEHTICHIBCHKOMY
xapaktepuctTuuHoMy BunpomintoBanHi Ti, Cr, Ni, C, B, O, Si, Fe, cBiguath npo 10cuTh
PIBHOMIpHHIA PO3IOJILT WX €JIEMEHTIB (puc. 4).

TiKal CrKat MiKad CKal_2

BKai_2

5 6 iKa1 7 eka 8
Pucynox 4 — Posnooin enemenmie 6 nokpummi. 1 —Ti; 2 —Cr; 3 — Ni;
4-C;5-B;6-0;7-Si;8—Fe.

TpuOonoriudi BAACTUBOCTI KOMIO3ULIMHUX MOKPUTTIB, OTPUMAHHUX JYyTOBUM
HaIUJIaBJICHHSAM, JAOCHIDKYBAJIMCA B yMOBax aOpa3MBHOIO 3HONIYBAHHS 1 TepTH
KOB3aHHS.

Ha puc. 5, a npencrapiieni pe3yibTaTd BUIPOOyBaHb HAIUIABJICHUX MOKPUTTIB Ha
3HOCOCTIMKICTh 3a JIOTIOMOror MamuHu TepTss MI 3a cxemorw AHCK-KOJIoKa Ipu
nuToMoMy HaBaHTaxkeHH1 8 MIla ta mBuakocti koB3anHa 0,7 M/c B cepenoBHIII
1HyCTplajgbHOT OJii.

U11'10-3,
MMm3/em2-¢ A
A : 2‘0 -
0,008 1 ] ¢ __
£ 15 1
0,006 A E
£ 10 -
0,004 1 :
£ 05 -
0.002 A g
=
T 0
0 — 1 2 3
1 2 3
a 0

Pucynox 5 — 3nococmitikicms nannasnienux 0y208um memooom mMamepiaiis 8 npoyeci
HOpMAaNbHO20 mepmsl (a) i yMo8ax 6NIu8y 3aKpinieHux YacmuHox abpasugy (0):
1 —cnnas III-10H-01; 2 — KM (10% MKM + 90% I1I-10H-01);
3— KM (20% MKM + 80% III-10H-01).
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Ak mokazanu pe3yibTaTd BUIPOOYyBaHb, y MOPIBHAHHI 31 caMO(IIOCOBAHUM
crutaom  mapku  [II-10H-01  3nococtiikicte KM ckmany (10% MKM  +
90% III'-10H-01) 36inemmnacs B 2,1 pasu (0,0038:10° i 0,008-10° mm3/cm?c
BIZIMOBITHO), a 3HOCOCTIMKICTh KM ckmany (20% MKM + 80% III'-10H-01) B 2,35
pasu (0,0034:101 0,008-107 mm3/cm?-¢ BigmoBinHO) BixnosigHo (puc. 5).

BunpoOyBanHs Ha abpa3uBHE 3HOITYBaHHS JOCIIKYBaHUX MaTepiajiB B yMOBax
P TEPTI O 3aKpiIieH1 abpa3ruBHI YaCTUHKHU OIliHIOBaJIU BianoBiaHo 10 ['OCT 17367.
Pe3ynbpTaTi BUnpoOyBaHb Ha TEPTS O 3aKPIIJICHI YaCTKU MPEACTaBjIeH Ha puc. 5, 6. B
SIKOCTI KOHTPOJBHOIO MaTepiany BukopuctoByBaBcs cruiaB I[II-10H-01, #oro
3HOCOCTIHKICTh OyJia IPUIHATA 33 OJIUHUIIIO.

Sk cBiq9aTh pe3yIbTaTH BUMTPOOYBAaHb HA 3HOCOCTIMKICTh HATUTABJIICHUX TyTOBUM
METOJIOM MaTepialtiB, abpasuBHa 3HococTiikicTh KM (10% MKM + 90% I1I'-10H-01)
B 1,5 pazi, a KM (20% MKM + 80% I1I'-10H-01) B 1,7 pa3iB nepeBuliye moKa3HUK
st camourociBaoro crutay [1T-10H-01.

VY BuKOHaHUX paHimie podorax [1, 2], mokazaHo, IO OCHOBHOI CTPYKTYPHOIO
CKJIAJIOBOIO HIKEJIEBUX CaMO(UIIOCIBHUX CIUIAaBIB € Y-TBEpJAUN PO3YMH HA OCHOBI
Hikemo (y-Ni), skuii mae I'TIK rpatu, 1 eBTekTHKa, 10 cKiaaaeTrhes 3 Y-Ni 1 dazu
o6opuny NizB, 110 BianoBijlae OTpUMaHUM pe3yJibTaTaM PEHTTeHO(})A30BOro aHajizy
(puc. 2, a).

BucHoBok. 3HOCOCTIHKICTb HAIJIaBJICHUX TyroBUM MeToioM KM, 110 mictats 10
1 20% MKM, B mpoueci HopMampHOTO TepTs B 2,1 1 2,35 pa3su mnepeBulrye
3HOCOCTIHKICTh camoduitociBHOTO criaBy mapku [11'-10H-01.

Takum YUHOM, HasIBHICTh B HAIIaBJICHHOMY MOKPHUTTI Aubopuay tTutany (TiBy),
oopuni xpomy (CrB) i mikemro (NisB), okcuni tutany (TiO) Ta 3amiza (FezOa)
MIPU3BOIUTH J0 3HIKCHHS IHTCHCUBHOCTI 3HOIITYBAHHS B PI3HUX YMOBaX TEPTH.
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MMPOBJEMHW OBPOBKHU JIETAJIEM THITY TLI
HOBEPHEHHA B YMOBAX MAIIUMHOBY AIBHUX
BUPOBHUIITB
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CxioHoykpaincbKull HayioHantbHull yrisepcumem imeri Bonooumupa J/lans
VYkpaina, M. Kuis

PROBLEMS OF PROCESSING PARTS TYPE OF BODIES
OF ROTATION UNDER CONDITIONS MECHANICAL
ENGINEERING PRODUCTION

Melkonov H.L. — Ph.D., Associate Professor, g.melkonov78@gmail.com
Eastern Ukrainian National University named after Volodymyr Dabhl
Ukraine, Kyiv

Abstract. The article presents the results of research into problems solved in machine-
building enterprises. Studies have shown that more than 85% of the parts of the machined
parts of the body of rotation. The problem associated with jet crushing during turning is
revealed. To solve this problem, a technology of thermofriction turn-milling has been
proposed, as well as a universal device designed and manufactured to supply the proposed
method.

Keywords: processing, detail, production, mechanical engineering, parts processing.

AKTYAJBHICTh JOCTIIKEHHS 3yMOBJIEHA 3aBJAaHHSIM CYYaCHOI'O PpO3BUTKY
iHTeHCU(DIKalid BUPOOHUITBA 3 YpaxyBaHHSIM JOCATHEHb HAayKOBO-TEXHIYHOIO
nporpecy. Temnu HayKOBO-TEXHIYHOTO MPOTpecy 00YMOBJIEHI IEPEBAXKHO PO3BUTKOM
MaIuHOOyAyBaHHSA. Y CydyacHOMY MAalIuHOOYIIBHOMY BHPOOHHIITBI OCOOJIMBO B
TIpHUYO-METATYPriiHOMY KOMIUIEKCI, BCE€ OlUIbIE 3aCTOCYBaHHS 3HAXOJATh
KOPO31MHOCTIMKI Ta »KapOMIIHI CTajl Ta CIUIaBU, 00poOKa SKUX TPATUIIMHUMU JIJIs
3aBOJIIB croco0aMu MexaHIyHOi oOpoOka TOB's3aHa 3 TMEBHUMH TPYIHOIIAMH.
3HOLIYBaHHS P13aJIbHOTO IHCTPYMEHTY Jy’Ke BUCOKE. J{J1s1 00poOKHM Takux MaTepiaiiB
B OCHOBHOMY 3aCTOCOBYEThCS  pI3Il, OCHAIllEHI IUIaTIBKAMU 3  JIOPOTHX
IHCTPYMEHTAJIbHUX MaTepiaiB.

MeTtow podoTH € po3poOKa Ta 3aCTOCYBaHHS HOBHUX pecypco30epiraroumx
TEXHOJIOTIH  TepMOMPUKIIHOT OOpoOKM Ha MaluxX MBUIAKOCTSIX, 30KpeMa
KOMIUIEKCHHM  Crmoci0  OOpoOKM  30BHINIHIX  IWUNHAPUYHUX  MOBEPXOHB
TepMODPUKIIIHHUM (PPE30TOUCHHSIM.

JlocmmkeHHs moKa3aiu, o outeine 85% aeraei, mo magaThCI MEXaHIuHIN
00poOI1l B yMOBaxX BHUIILE3TaIaHUX 3aBOJIIB, HAJEKUTh JETANISIM TLI0 o0epTaHHsS abo
MaloTh 30BHIIIHI TyTronoAiOHI MOBEPXHI, Ki 00pOOJIA€THCS TOYEHHSM Ha TOKapHHUX
BepctariB. [IpocToTa HamaroJKeHHS BEpCTATiB, MOXIUBICTh 3a0e3MeUeHHs
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HEOOX1THOT SKOCTI Ta BUCOKOT MPOJAYKTUBHOCTI € OCHOBHUMH TE€pEBAaraMu TOKapHUX
BepcTariB. TokapHOIO 00pOOKOI0 MOXKHA 00pOOUTH O€3 BUHSATKY pi3HI MPOdI.

OnHak OCHOBHHMM HEJOJIIKOM TOKapHOi OOpOOKH € ApOOJICHHS CTPYXKKH, IO
BHUKJIMKAE JOJATKOBI TPYIHOIII 3 OOCIYyrOByBaHHS BEPCTATIB, 30KpeMa Mpu 00poOITi
3aroTOBOK 13 MaTepialiB, 0 YTBOPIOIOTH TOBTY CTPYKKY. [Ipu ToUiHHI Taka CTpYKKa,
HAMOTYIOUM Ha pi3ellb 1 3aroTiBjIO, IOTIPIIye SKICTh OOpOOKHM Ta TICye aeTrai
Bepctata. Kpim Toro, noBra 3amiyTaHa CTpyKka HeOe3leuHa Jisi BepCTaTHUKA.
Bupanenns ctpyXku B TJaHOMY BHUIIQJKY € CEPHO3HOIO MPOOIEMOI0, 1 1HOI1 TOTPIOHO
3YMUHATH BEpCTaT ISl KOO OUYMILICHHS.

Ha cywyacHomy eTami HayKOBO-TEXHIYHOTO TMPOTPECY MIIHICTh, B'S3KICTb,
TBEPICTh Ta 1HII XapaKTEPUCTHUKNA BUCOKOMIITHUX MAaTepiajiB 3pOCTAIOTh HACTUTLKH
IIBUJIKO, 1110 00T AHAHHS Ta IHCTPYMEHTH, SIKI Ma€ BUPOOHUIITBO, Y PsI/i BUMIA/IKIB HE
JI03BOJISIFOTH 3/11IMCHIOBATH BUCOKOE(EKTUBHY OOPOOKY.

JIJist IMpPOKOro BIIPOBA/KEHHSI BUCOKOIIPOIYKTUBHOTO CIOCOOY JeTalieid THITY
TII0O 0o0epTaHHs  (GPE30TOUCHHSM, MEPEIIKOHKAE BIJACYTHICTH  HEOOX1AHOTO
BEpPCTATHOTO 00J1aIHAHHS Ta MaJI0 BUBYEHICTh JAHOI TEXHOJIOT1].

B ymoBax MamuHOOyAIBHUX TiANPHEMCTB, 1€ B OCHOBHOMY BUKOPHUCTOBYIOTHCS
yHIBEepcajbHE BepcTaTHE OOJaJHaHHS, 1 mpolsema Iie Noripuryerbes. Bupimenns
i€l mpoOJieMH MPU3BENO 0 CTBOPEHHS pecypco30epiralounx TEXHOJOTI 00poOKu
JeTanei Tuio oOepTaHHs, 30KpeMa OOpOOKM 30BHIMIHIX LHJIIHAPUYHHUX MOBEPXOHb
TepMOPPUKIIAHUM (pe30ToueHHSIM [1], a TakoX YHIBEpCaJIbHOTO MPUCTPOIO IS
3IMCHEHHS crioco0y TepModpuKIiitHOro ¢ppe3oToueHHs Ha 0a31 TOKAPHUX BEPCTATIB
32 YMOB MalIuHOOYIBHUX MIAIPUEMCTB [2].

BuchoBok. Pe3ynbpTaTu AOCHIDKEHHS CTaHy mpoOsemMu oOpoOku Ta
BUTOTOBJICHHS J€TaJie B yMOBaxX MamnHOOYaiBHUX TianpueMmctB PK mokasamu, 1o
oinbie 85% neranei, MO MIATAIOTHCA MEXaHiuHIM 00poOlli, BIAHOCATHCS JIETAISAM
TUITy TUT oOepTaHHs a00 MarOTh 30BHIIIHI AYTONOA10HI NOBEPXHI, sIKI 00pOOIseThCA
TOYCHHSM Ha TOKapHUX Bepcrarax. IcHye mpoOiema, moB's3aHa 3 JAPOOJICHHAM
CTPYKH TIPH TOKapHii 0OpoOIll Ta BUHUKHEHHS YJapPHOTO HABAHTAKEHHS Ha pi3ellb
Opy TOYEHHI TMEPEPUBYACTHX IMOBEPXOHb OOEpTaHHS (HAMPUKIAN, 3 PI3SHUMHU
KaHaBKaMH, MiIHYTPEHHSIMU Ta T.11.). JlaHi mpoGiaeMu HaBOISITh:

- IOJATKOBUM TPYIHOIIAM 3 00OCIIyTOByBaHHS BEpCTaTiB, a TAaKOXK HE IpoOsieHa
CTPY’Ka, HAMOTYIOUM Ha pi3elb Ta 3aroTiBIIO, MOTIPUIYE SKICTh OOpOOKU Ta Tcye
JeTaji BepcTara;

- 10 3HUKEHHS TTOKA3HHKIB MMOPCTKOCTI 00POOKH;

- IAJIHHS CTIMKOCTI IHCTPYMEHTY.
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Abstract. The method of ensuring gas quality considered in the current paper involves the
use of a block-type gas drying installation as part of a low-temperature separation
installation and a source of artificial cold. As the latter, it is envisaged to use a freon-
refrigerating unit. The study shows that the proposed block gas drying units can be unified
for different gas productivity and are characterized by relatively low capital and operating
costs. The main advantages of the introduction of gas preparation block installations and the
scheme of connecting the installation to the existing line are presented. Based on the results
of the economic efficiency indicators, it was established that the use of a block gas drying
unit is a profitable project with the value of the accumulated reduced free cash flow of almost
843 thousand USD.

Keywords: freon refrigeration unit, gas drying, separation, payback period, gas distribution
system

AKTYaJbHICTh JOCJTIIKEHHSI 3YMOBJICHA 3HAYHUM CTYIEHEM BHCHAXEHOCTI
poaoBHII Ta cTaHOM HasiBHOro oOnamgHanHs YKIII', koTpe Bce yacrimie He J03BOJIsE
3a0€3MeUYnTH TOCTaYaHHS KOHIWIIMHOTO Ta3y MPOMHUCIOBUM CIOXHBadaMm. Tomy
TE€MaTHKa MOJIEpHi3allii IOBEPXHEBUX CUCTEM 300py CBEPUIOBUHHOI MPOAYKIIIl 3 TUM
00 TOJOBXHUTH €KOHOMIYHO JOIJIbHY EKCIUTyaTallll0 OJU3bKUX J0 BUCHAKCHHS
POJOBUIIL € aKTyaIbHO0, 30KpEMa JIJI KpaiH 4ui HaJipa po3poOIIsIOTHCS TPUBAJIMI Yac.
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MeTo10 pod0TH € BH3HAUYCHHS €()EKTUBHOCTI TEXHOJIOTIi MiJATOTOBKH Ta3y 3a
PaxyHOK 3aIlpOBa/PKEHHS YCTAaHOBKHM OCYIIKM OJOYHOrO THIy B YMOBaX HU3BKOIO
IJIACTOBOTO THUCKY, SIKUA Ma€ Miclle Ha OUIBIIOCTI POJOBHIN Ha MI3HBOMY eTarl
po3pooku. [IpeacTaBnene AOCTIIKEHHS BUPIIIY€E MPAKTUYHY 3a/1ady 13 3a0€3MCYCHHS
TEMIIEpaTypu TOYKH POCH Ta3y 3a BOJOTOIO 1 BYTJIEBOAHSAMHU MeEpel MoJayero Moro
CIIO’KMBAYaM.

JI1s1 HOCSITHEHHST METH, HEOOX1JHO BUPIIIIUTH 3a/1a4il:

- JIOCHIAUTH KEPHOBUH Marepial Ta MPOBECTH TEXHOJIOTIUHI PO3pPaXyHKHU
HEOOX1THOT TeMIepaTypy HU3bKOTEMIIEpaTypHOI cenapariii;

- PO3pOoOUTH pPEKOMEHJAIlli CTOCOBHO YIOCKOHAJICHHS ICHYIOUOI CHCTEMHU
MIATOTOBKY Ta3y 3 OMISAYy Ha BUMOTH Kojekcy razorpancnopTHoi cuctemu (I'TC)
POJIOBHIIL, OJU3BKUX O BUCHAKCHHS,

- BU3HAYUTU EKOHOMIYHY JOIUIBHICTh 3alpOBaHKCHHS 3alpONOHOBAHUX
YAOCKOHAJIEHb TEXHOJIOT1YHO1 JIiHIT MiITOTOBKH rasy.

VY pobori [3] mociiKyBaiu MPoIiec MAroTOBKY MPUPOAHOTO ra3zy. BugoOyBHuit
ra3 MaB 3HAUYHUUA BMICT a30Ty, Tedil0 Ta BYIJIEKUCTIOro rasy. s mocarHeHHs
PUHKOBHMX BHUMOT y TEXHOJIOTIYHY JIHIO MIATOTOBKHU a3y OyJo BKIOYEHO YCTaHOBKY
OYUCTKM Ta OCYUIKM Ta3y, siKa JI03BOJIMJIA 33J0BUTBHUTH BHMOTH HOPMAaTHBHUX
JOKYMEHTIB. DakT O4YMILEHHS Tra3y Oyllo NIATBEPIKEHO XpomaTorpadiyHuMm
JOCIIKEHHSAM. HeBUpIlIeHUM NHTAHHSIM 3alUIIWIACh €(EKTHBHICTh YCTAaHOBKHU
OCYIIKU ra3zy Ipu BUIOOYBaHHI 3 BUCHAXKEHUX POJOBUIII.

ABTOpH poOO0TH [4] 3a3HAYAIOTh, 1110 MOXKHA JOCATHYTH 3MEHIIICHHS IIK1JTUBUX
BUKHJIIB 10 aTMOC(hepH BiJ CHIATIOBAHHS MOMYTHOTO Ta3y y (dakeirbHOMY amOapi Jist
YOro 3aCTOCOBYIOTH OCYIIKY Ta3y crmocoO0M HHU3bKOTEMIIEpaTypHOI cemapariii Ta
JIOIATKOBI KOMIpPECOpHiI ycTaHOBKU. [lo3a yBaroro 3aluIIaeTbcsi €KOHOMIYHA
JOLIIBHICTh BUKOPUCTAHHS JOJATKOBUX KOMIIpecopiB. Y [5] po3risizaeTbes podoTa
TPUCEKLIMHOI HA()TOra30Boi aIcOPOLINHOI YCTAHOBKH MO OYUILEHHIO Ta OCYUIL rasy.
Takox y poOOTI HaBeneHO NPUOIM3HUN PO3PAXYHOK KAMITAIbHUX BHUTpPAT Ha
CIIOPYJIKEHHS aJICOPOIIIHOI yCTAaHOBKHM Ta IMOKa3aHa i1 eKOHOMIYHA €()EKTHUBHICTb.
Tum He MeHII, B i poOOTI HE PO3TIIAIAIN BapiaHTy MOOLTEHOT YCTAaHOBKH 3aMiCTh
KamniTaJbHOTro OyAIBHUIITBA, III0 OYEBUIHO CKOPOTHUIIO O BUTPATH.

Y [6, 7] mnpoanamizoBaHi OCOOJMBOCTI TEXHIYHUX pIllIEHh HACOCHO-
KOMIIPECOPHUX arperaTiB Ta iX BIUIMB Ha €EKTUBHICTh CEMapyBaHHS BYTJICKHCIIOTO
ra3y, ajie KOHTEKCT AOCII/PKEHHSI HE BKJIIOYaB YMOB HU3BbKHX IUIACTOBHX THCKiB. B
po0oTi [8] HaBOAUTHCS BEIMYMHA OIEpAIlIMHUX BHUTPAT HAa POOOTY YCTaHOBOK 3
OCYIIKHU Ta3y, 110 KOPUCHO IS Mi100py O0IaHAHHS, ajie BOJHOYAC HE TOCIIIKEHOIO
3aUIIMIACh CHUIbHA po0OTa YCTAHOBKHM OCYIIKH 13 ICHYIOUOIO TEXHOJIOTTYHOIO
JIHI€FO, III0 MAaTHME MICIIe Ha MPAKTHII].
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I'imoTe3a mociipKeHHs ToJISITae y TOMY 110 BiJl KalliTaJbHOTO Mepeo0IaHaHHs
JIHIT TIATOTOBKYU T'a3y MOXHA BIIMOBUTUCS Ha KOPUCTh MEPI0IMYHOTO BUKOPUCTAHHSI
MOOLTFHOTO arperary, sSIKMid TakoX 3a0e3ledyBaThMe MapaMeTpu skocTi razy. Ha
KOPHCTh HAaBEJIEHOI T1OTE3U TOBOPUTH (aKT 3aJICKHOCTI MapaMeTpiB AKOCTI ra3y Bif
e eKTUBHOCTI 3aX0/11B IHTeHCU(DIKaIliT BUIOOYTKY, KOTP1 MPOBOIATHCS HA TOCIITHOMY
POJIOBHILI Ta 3aBXK]IM HOCSTh TAMYACOBHM XapakTep.

B pamkax npocnimkeHHs OyJi0 MPOBEACHO KOMIUIEKCHUN KPUTHYHMM aHami3
HOPMaTUBHOI 0a3u Ta OCTAaHHIX JOCIIIKEHb 3a0e3neueHHs aKocTi raszy. [IpoBeneHo
TEXHOJIOT1YHI PO3pPaXyHKH Ta JOCITHYTO 1HKEHEPHOTO PIIICHHS MPUKJIAIHO1 3a/1a4l 13
OLIIHKH €()eKTUBHOCTI BJJOCKOHAJICHOT TEXHOJIOT11 OCYIIKH ra3y Ha MPUKIIai JOCTIHOT
YCTaHOBKHM KOMIUIEKCHOI MiJTOTOBKU ra3y. ¥ XO/i po3paxyHKiB OyJ0 BHUKOPHUCTaHO
aKTyaJdbHI TIOKa3HUKH PO3POOKH IOCTITHOTO POJOBHUINA Ta TEOJOTIYHI KapTH
IPOJYKTUBHUX TOPU3OHTIB.

Jlist 3a0e3nedeHHs] KOPEKTHOCTI 3ICTaBJCHHS Ta OO'€KTUBHOCTI NPUNUHATTA
pIIIEHHS IOJ0 JOIUIBHOCTI TPOEKTIB, BUKOPUCTAHI €JIMHI TPUHIMIKA OIIIHKU
ekoHOMIYHOi  edexTuBHOCTI. OIllHKA EKOHOMIYHOI €(EKTUBHOCTI  MPOEKTY
MIPOBOJIUTECA HA OCHOBI YHMCTOrO TPONIOBOrO TOTOKY BiJ ONepauiiHOi Ta
IHBECTUIIMHOI  ISUTBHOCTI  (PI3HULISI MK  HAJIXO/KCHHSMU 1  BUILUIATaMH),
CKOPUT'OBAHOI'O Ha MOJIATKOBI BIPAaXyBaHHS.

JUist aHami3y MpPOEKTIB BHKOPUCTAHO HOMIHAIbHI TpOIIOBI MOTOKH, TOOTO
IPOIIOBI TOTOKH, 110 KOPUTYIOThCS Ha piBeHb 1HQIAMIT. [IporHo3ni iHaekcu 1HGIAIIT
BU3HAYEHO PUHKOBUMHM JOCIIDKCHHSIMH Ta aHaTII30M MIAIPUEMCTBA. byab-sKux
THIIMX 1HAEKCIB 1HGIISIIT He 0y110 BUKOprcTaHo. OOJIiK 3MIHU BapTOCTI TPOIIIEH y Yaci
MPOBEJCHO MUIAXOM 3aCTOCYBaHHS JMCKOHTHOTO (DAKTOPy A0 YHUCTOTO MOTOKY
rpouIoBUX KoWTiB. OKpIM TOTrO, BpaXOBAHO BILIUB aMOPTH3allli HAa TPOIIOBI MOTOKU
MPOEKTY. AMOpTH3allisl pO3paxOBaHa TIILKM Ha 1HBECTHUIIII, 10 PO3TISIAIOTHCA B
MPOEKTI BIJAMOBIIHO JO YMOB TMOJATKOBOIO OOJIKY, IO BHUKOPHCTOBYETHCS
1ITPUEMCTBOM.

3a pe3ysbTaTaMu TOCIIIKEHb BUAO0YBHUM ra3 TOCUTh CyXU 3 BUCOKHM BMICTOM
metany 91,74-92,12 % ™mo:., BMICT €TaH-TIPONaH-OyTaHOBUX (pakxiliii He3HAYHUH 1
cknanae 4,60—4,33 % mon. Bmict Byrnesonuis C5+ He Bucokmii — 10 13,6 r/m®. 3a
Bmictom azoty (0,13-0,30 % wmos.) BuIOOYBHUN Ta3 BIAHOCUTBCSA [0
HU3BKOA30TUCTUX. BMICT ABOOKHMCY Byrielo ckiagae 2,98 1 3,02 % , npu BUCOKHUX
poOOUMX THCKaX MOXKE BHUKJIMKATH sBHUINA KOpPo3ii obOnamHaHHs. CipKOBOJICHb B
mpoOax He 3adiKCOBaHUH.

Bix piBHS MiATOTOBKM MPUPOTHOTO Ta3y HA MPOMUCHI 3aJeKUTh €(EeKTHUBHICTh
MOJIaJIbIIOTO TPAHCIOPTYBAHHS ra3y 1 BIANOBIAHICTH (DI3UKO-XIMIYHUX TOKa3HHUKIB
ra3y BUMOTaM WOTO CIOKHMBYOI I[IHHOCTI BIJMOBIAHO 0 MOTpeO PI3HUX KaTeropin

CIIO)KUBAYIB.
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Takum ynHOM, AJs 3a0€3MeYeHHs] TEXHIYHUX YMOB HaJaHHS Ta3y CIOXKHWBAaYeM
HEOOX1JTHO 3aCTOCYBAaTH TEXHOJOTII0 MOro OCyulyBaHHS. YMOBH TPaHCHOPTYBaHHS
MPUPOIHOTO Ta3y HE MOTPeOYIOTh MOBHOTO BUAAJIEHHS 3 HHOTO Bojiord. HeoOximHo
nuie 3a06e3MeUnT MATPUMKY TEMIIEpaTypyu TOYKH POCH BOJIOTH Ta BYTJIeBOAHIB. [Ipu
3HIDKEHH1 TEMIIEpaTypu Tasy, lie HE Ma€ MEPEeBOAUTH Ta3 3 HEHACHUUYEHOTO CTaHy Y
HAaCUYECHUH, MPYU YOMY MOKJIMBE BUILICHHS KOHJIEHCOBaHO1 (ha3u 31 CKIIay rasy.

Jlist 3a0e3nedeHHs] SKICHUX T[MOKa3HUKIB Tra3y, L0 TOJA€TbCI B MEPEKI,
IIPOIOHYETHCS MPUNHATH OJIOUHY YCTaHOBKY ocymiku razy (YOI') B ckiajii yCTaHOBKH
HuszbkoTemneparypHoi cenaparii (HTC) Ta ¢peoHOBO-XOI0IUIBHOI YCTaHOBKU
(OXYVY). Taka TexHOJOTIS 3/MaTHA 3a0€3MEYUTH SKICHY MIATOTOBKY Ta3y B YMOBax
HU3BKOTO THUCKY, MOXe OyTH yHi(ikOBaHA AJsl Pi3HOI MPOIYKTHBHOCTI MO ra3y Ta
XapaKTepU3y€eThbCS TMOPIBHSIHO HEBEJIMKUMH KamiTaTbHUMHU Ta EKCIUTyaTalliHUMU
BUTpaTaMu.

JUis  MOXJIMBOCTI  ONEPaTHUBHOIO  BHUPILICHHS  NPOOJEMHU  JIOKAJIbHUX
[EPEBAHTAXEHb HAIBHUX CUCTEM MIATOTOBKH T'a3y MPOMOHYETHCS PO3POOUTH TEXHIYHI
pIIIEHHS AJIs1 BOPOBAIKEHHS MOJIEJIBHOTO PSAY MaJIoradapUTHUX OJIOUHUX YCTAHOBOK
nigroroeku razy (6mouni VIII') mpomyktmsmictio 100, 200 Ta 300 THC. M%/100y.
brouny VYIII' Mo)XHa MIBUIKO 3MOHTYBaTH Ha NEPEBAHTAXEHOMY O0’€KTi, a MICIs
3HIDKEHHSI O0CATIB Ta3y /0 MPOEKTHUX NOTyx)HocTel cramionapuoi YIII', Omouny
VIII" MoXHa NEPEeMICTUTH Ha 1HIIHIA NIepeBaHTaKEHUI 00’ €KT (pUCYHOK 1).

[TlinroroBky ra3zy Ha Omouniii YIII' mpomoHyeThCcsi 31HCHIOBATH METOIOM
HU3bKOTEMIIEPATypHOI cenapalli 13 3aCTOCYBaHHSIM JPKEpesia IITYYHOTO XOJIOAY —
(bpeoHOBOT XOJIOIUIBLHOI YCTAaHOBKH. Taka TeXHOJIOTis 3a0e3MeYnTh MiATOTOBKY a3y
no Bumor Kopekcy I'TC mogo temneparypu Touku pocu no Boal (TTPB) ta mo
ByrieBogusM (TTPByri), Ta Mmoxke OyTu peasiizoBaHa B MajorabapuTHOMY OJIOYHOMY
BUKOHAHHI.
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Pucynox 1 — Manozabapumna 6104na ycmanosKka 07151 00CAIOHCEHHS C8ePOTIOBUH

[Ipononyethes kommuiekTauia YIII™ tppoma O1okamu: 6510k cenapariii rasy, 0J0K
oxoso/pkeHHs ra3y 1 6ok ®XVY. i 610ku OyayTh MOHTYBaTHCh Ha icHytouiil YKIIT
1 popMyBaTH JOAATKOBY TEXHOJOTIYHY JIHIIO ISl MIATOTOBKHU JOJIATKOBUX 00’€MIB
razy. B pas3i morpe6u Omnouny VYIII' MoxkHa mnepeMicTUTH Ha IHIIMH 00’ €KT.
3ampoIrOHOBaHUN BaplaHT TEXHIYHOTO IMepeocHameHds 2-1 pociignoi  YKIIT
XapaKTEepU3y€eEThCsl JIOAATHUM 3HAYEHHSM HAKOMWYEHOTO MPUBEJACHOTO BUIBHOTO
rpouioBoro notoky (NPV), TepMiH OKyHmHOCTI MPOEKTHUX KaliTaJbHUX 1HBECTULIN
csrae 3 poku. OTpuMaHi pe3yJbTaTH PO3PAXYHKIB TEXHIKO-€KOHOMIYHUX MOKA3HUKIB
PEKOHCTPYKIIi JIiHIi MIATOTOBKU Ta3y MOXYTb OyTH €(EeKTUBHO BHUKOPUCTaHI Ha
YCTaHOBKax MiITOTOBKH Ta3y, /e 00poOJISEThCS MPOAYKIIisl CBEPIJIOBUH POJOBHUIL HA
MI3HIN cTafll ekcruTyaTallii. Y BHUIaiKaxX, KOJW ICHYI0Ul TEXHOJIOT14HI JIiHIi HE MalOTh
CIIPOMOXHOCT1 3a0€3MeYUTH MoJady KOHIUIIHHOTO Ta3y 0 PO3MOAUIBYOT MEPEXKI,
BUKOPHUCTaHHS OJIOYHUX YCTAHOBOK OCYIIKH BUSIBIISIETHCS €KOHOMIYHO JIOIIIBHIIITNIM
3a KarTalbHe TiepeobiiafHaHHI TEXHOJOTTYHUX CIIOPY/I.

BucHoBok. AHami3 3pa3KiB KepHy Ta Mpo0 CBEpAJIOBUHHOI MNPOIYKIIi
JO3BOJIAIOTh 1ACHTU(DIKYBATH JOCHIIHUN 00’€KT, SIK POJOBHUINE Ha Mi3HIA cTajli
po3poOku. Takox HasiBHa mpoOjieMa peTporpajHOi KOHJEHCAIlll, M0 YCKIAIHIOE
JOCSITHEHHSI Ta30M KOHJUWIIAHUX TmapamMeTpiB. Po3paxyHkamMu BCTaHOBJICHO
HEOOXITHICTh 3aCTOCYBaHHS HU3bKOTemIeparypHoi cemaparii npu —-20 °C Ta
TEXHOJIOT1] OCYIIIKH ra3y.

Ha ocHOBI HasBHOTO pillleHHS TEXHOJOTIYHOI JHIT 3ampornoHOBaHe i
YAOCKOHAJIEHHS OJIOYHOIO YCTAHOBKOIO OCYIIKM Ta3y 3 (PPEOHOBOIO XOJOAMIIBHOIO
ycTaHoBkoIo. Ile mokpalieHHs TeXHIYHO 3a0e3nedye YMOBH HU3bKOTEMIEPaTypHOI

cenapailii. TakoX ycTaHOBKa € MOOUIBHOIO Ta J03BOJISIE ONEPATUBHO pearyBaTH Ha
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THMYAacOBI1 MepeBaHTakeHHs y JiHii. L1 B1acTuBicTh ii poOOTH 3a40BOJIBHSIE YMOBAM
BUCHQXCHUX POJOBHUII, HA SKUX MPOBOAATHCS AaKTHUBHI 3aXOAu I1HTEHCHU(]IKaIlii
BUIOOYTKY 3 TUMYacoBUMHU epekramu. TakuM YMHOM KamiTallbHE NEepeOoCHAICHHS
psay 00’€KTIB ra30TPaHCIOPTHOI CHUCTEMH MOXKHA 3aMIHUTH KUTbKOMa OJIOYHUMU
YCTaHOBKAaMHM, KOTPi 3T HO rpadiky THMYACOBO MPAIIOIOTH HA KO)KHOMY 3 00’ €KTIB.

[IpoBeneHO €KOHOMIYHI PO3PAXyHKH, SKUMH BCTAHOBJICHO BAPTICTh TEXHIYHOTO
nepeocHaIeHHs: 0MHoro 006’ekta y 6mu3bko 507 THC. y.0. BUKOpUCTOBYIOUH METON
PO3paxyHKy HAKOIMMYEHOTO JAWCKOHTOBAHOTO TPOIIOBOTO IMOTOKY, OyJI0 BU3HAUYEHO,
IO 3alpONOHOBAHE MEPEOCHAIICHHS € OKYIHHM IPOEKTOM 3 TEPMIHOM 3 pOKH. 3
1HIIOr0 OOKY OKYIIHICTH KaIliTadbHOTO MEPEOCHAIIEHHSI YCTAHOBOK MIATOTOBKH ra3y
B3araji He HacTymae. TakiuM YMHOM TOKa3aHO mepeBaru 0J0YHOI YCTAaHOBKU OCYIIKU
ra3y, sika JO3BOJIAE€ MPOJOBKHUTUA TEPMiH MMOAayl KOHIUIIIHOTO rasy B MEpPExy 3
POJIOBHUII] Ha MI3HHOMY €Talll eKCILTyaTarlii.
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Abstract. This research addresses the urgent need for countering Iranian kamikaze drones,
particularly the Shahed-136, used by Russian aggressors against Ukraine. Despite
intercepting 70% of these low-speed, low-altitude drones, the high cost of anti-aircraft
missiles poses challenges. The study focuses on analyzing cost-effective turret installations
on mobile platforms, offering advantages in ergonomics and workspace over traditional
setups. By providing insights into trailer-mounted turret solutions, the research aims to
enhance Ukraine's air defense against drones efficiently and affordably.

Keywords: Iranian drones, Shahed-136, air defense, turret installations, mobile platforms,
cost-effective solutions, drone interception, Ukraine, Russian aggression.

AKTYaJIbHICTh JaHOT0 JIOCIIPKEHHS 3YMOBJIEHA 3aCTOCYBAHHSIM 1pAaHCHKHUX
naponiB-kamikamze Shahed-136 pociiickkumu arpecopamu. [lns  VYkpainn 1e
IPEACTaBIISAE€ CEPHO3HY MPOOJIEMY, OCKUIBKH Il IPOHU BUKOPHUCTOBYIOTBHCS ISl aTak
Ha O0'€KTU €HEPreTUYHOi IHPPACTPYKTYpU Ta CUCTEMH MPOTUIIOBITPSIHOI OOOPOHHU.
Tak, mo 70% O0e3NUIOTHUX JIITAJILHUX amapariB 30MBAIOThCA, aje I 1bOro, SK
MpaBUJIO, TOBOAMUTHCS BUTPAdyaTH JIOPOTl PAKETH , AKI MEpeayCiM MpU3HAYEHI s
JIKBIJIALI] KPUIATUX 1 OTICTUYHUX PaKeT.

MeTo10 po60TH € TPOBEICHHS OTJISTY Ta aHAJI3y ICHYIOUHX YCTAHOBOK, TypeJeil
Ta TIaThopM I iX MIBHAKOTO TEPEMINICHHS Ha MO3UIlii 1 X KOHCTPYKTHBHHUX
0COOJIMBOCTEH 3 MEPCIEKTUBOIO MIMPIIOTO BIPOBAHKEHHS TAKOTO 00JIaIHAHHS Cepe/T
MoOUTEHUX Boruesux rpym [1I10.

"[[Taxeau" mpeacTaBisiOTh COOOI0 MOBITPSAHI LI 3 HU3bKOIO HIBUIKICTIO PyXY,
SIKI aKTUBHO BHKOPHCTOBYIOTh TaKTUKY HHU3BKOTO TOJBOTY Ta MOCTIHHO 3MIHIOIOTH
CBOi MapuIpyTH JIJII YHUKHEHHS ypakeHHs. Yac Bij yacy BOHHU 3/1HCHIOIOTH OOJIIT,
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3MIHIOIOYM HANpsSMOK 3 OJHOTO OOKYy Ha 1HIIMH, MO0 YCKIAAHUTH 3aBIaHHS 3 iX
3HEIIKOJKEHHS HAIIUM MPOTUIIOBITPSIHUM 3ac00amM 000pOHU. AJie XOPOILIUM € T€, 110
JUTS 1X ypaXKE€HHS IOCTaTHRO ¥ 3BUYailHUX aBTOMATIB, TPOTE HAOUIbII €()EKTUBHUMU,
cepel CTpuIelbKoi 30poi, OynyTh BenuKokaniOepHi KyiemeTu. [1i1 yac Bopoxux aTak
BOiHM OyKBaJIbHO 3aJ1ITal0Th Ha no3ulli. [I{oiHO 1poHN NpOTUBHUKA 3aXOSITh Y 30HY
ypakKeHHsS, BOTOHb BIJKpWMBAIOTh 3 YyCIX CTBOJIB. Ilicisi 1bOro MOBITpsSHA IIUTH
NEPETBOPIOETHCS HA PO3KUIAHY Macy OOJOMKiB Ha 3emii. [Ipote, skuio 3BMuaiiHUN
aBTOMAT MO>KHA 3 JIETKICTIO HABECTH Ha I1JIb 1 MPUILIIUTUCH, TPUMAIOYH HOTO B pyKax,
TO 3 BEJIMKOKAJIOEpPHUM KYJIEMETOM TaK MPOCTO Bke He Buiine. i1 1bOro iICHYIOTh
Typedi, SIKi SIBJISIOTh CO0010 (haKTHUYHO OIMOpY 13 JBOMA MIApHIpaMH Ta KPIIUICHHAM
OJTHOTO YM JIBOX KyJIEMETIB. 3a/1auei0 TaKOro MPUCTOCYBaHHS € MOTJIMHAHHA Biadi,
PO3BaHTAKEHHA pPyK Ta IHIIUX YAaCTHH TiTa oOImeparopa, TOOTO 3a0e3leueHHs
MaKCUMaJIbHO KOMGPOPTHUX YMOB I CTPUILOM U, SK HACHiJIOK, 30UIbIICHHS
MPUIIIBHOCTI Ta TOYHOCTI BOTHIO, III0 B CBOIO UEPry MPU3BEJE 10 OUIBIIOrO MIAHCY
30UTTS TOTEHIIIHHO 3arpo3jMBOTO MOBITpIHOrOo 00’ekty. Taki Typeni MoxHa
BCTAHOBJIIOBATH Ha PI3HOMAaHITHI BHUCOKOMOOUIBbHI TUIATPOPMU-TIPUYETH a TaKOXK
0e3nocepelHbO Ha aBTOMOOWTI MiABUIIIEHOT TpoxiaHocTi (Puc. 1).

Pucynox 1 — Bucoxomobinbna niamgopma-npuyin ma
niameopma, saKa 6CMAHOBIEHA HA NIKANT 8IONOBIOHO

Tak, npuknaan MoAiOHOr0 BUKOPUCTAHHS TypeJied BXKE JaBHO MOXHA 3yCTpITU
cepeq MoOUTbHUX BOTHeBUX Tpyn (Puc.2). 1 BOHM A0CTaTHRO HEMOraHo cede
3apeKOMEHJlyBalu cebe B poOOTI, M0 MIATBEPUKYETHCA PIZHOMAHITHUMU
doTo/BineopecypcaMu, SKi 4acTO TPAIUIIOTHCS B HOBHHaX. KpiM TOro, OCHOBHOIO
MepPeBarol0 TaKWX CTIHOK € iXHS HaJHU3bKa BapTICTh (B MOPIBHSHHI 3 PaKETHUMU
KOMIUIEKCaMH) 32 paXyHOK IX MPOCTOTH KOHCTPYKIIi. 3BIACH MaeMO yJIbTpa ACIIEBUN
Ta JOCTaTHHO €(QEeKTHBHUN BapiaHT OOpoThOM 13 OE3MUIOTHUMHU JIITATBHUMU
anaparamu (BIIJIA), a mpu meBHOMYy Be3iHHI HaBITh 3 KpWUJIAaTUMHU pakeTamu (€
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3adiKCOBaHI BUMNAJAKK). MU MaeMO BEJIMUYE3HY TEPUTOPIIO Ta YK€ Maly KUIbKICTh
3PK, ToMy Take pilieHHs JOIMoMarae 3armoBHUTH 111 “poOUIH” B MIPOTUIIOBITPSIHOMY
3aXUCTI.

Pucynok 2 — Typeni ecmanoeneni na nikanax

OpanHak, MU BBRXKA€EMO, 1[0 BUKOPHUCTAHHS MIATGOPM-TIPHUEITiB 3 BCTAHOBICHUMHU
Ha HUX TypeJsiMU, Mae 0araTo mepesar, MOPIBHSAHO 13 TPAIULIHHUM MOHTYBaHHSIM B
Ky30B mikana. [Ipuyin gae BeJMKUil mpocTip Uil MEpEMILLEHHsT CTPUIbLS Ha Bci 360
rpaayciB. Kpim Toro 30uibIieHHST poOOYOro MpOCTOPY MPHU3BOIUTH 10 Kpamioi
E€pPrOHOMIKH Typelli, 1 B CyMi II€ BCE HabaraTo IOJErIIy€e MpoIecC MPUIIIOBaHHS 1
BEJICHHS 1111 B OyIb-SIKOMY HaIpsMKy. Takok MpU4in € CaMOCTIHOIO OJUHUIIEIO, 1110
J03BOJISIE aBTOMOOUII0 BUKOHYBATH 1HIII PI3HOMAHITHI 3ajadyl MijJ 4ac BIJICYyTHOCTI
MOBITPSHOT 3arpo3u. €IMHUM HEIOIIKOM TaKOro PIIICHHS MOXKe OyTH Jenio MEHIla
MaHEBPEHICTh Ta MPOXIAHICTh, B MOPIBHAHHI 3 CAMOCTIMHIUM BUKOPUCTAHHSAM MIKaIa.
[Ipore ¥ Ha mikam TEX MOXKHA BCTAHOBUTH PO3KIAIHY MIaTdOpMy, sika JO3BOJIUTH
3HAYHO 30UIBIIUTH MPOCTIP AJIS CTPUIBLS M PO3MIUPUTH KOMMDOPTHHI CEKTOP CTPLIHOU
Mminimym a0 180 rpamyciB 3amicte 30-40 rpamyciB B TpaaulliiHOMY BHUKOHAHHI 3
MIPOCTO 3aKPIIICHOIO TyPEJUTIO B KY30Bi.

BucHoBoOK. Y miICyMKy, JOCIIJKEHHSI BUSBUIIO, IO 3aCTOCYBAaHHS 1pAHCHKUX
npoHiB-kamikanze Shahed-136 pociiicbkiMH arpecopaMu CTBOPIOE CEPHO3HI BUKJIUKH
st YKpaiHv, 30KpeMa JUisi €HEepreTHMYHOi 1H(QPAcCTpyKTypu Ta HPOTUIIOBITPSHOL
000poHU. AHaIII3 Typeneil Ha MOOUTbHUX MIaT(hopMax CBIAYUTH PO IXHIO MOTEHLIMHY
e(eKTUBHICTh y BUPIIICHH] I[bOTO 3aBJIaHHs. BCTaHOBJIEHHS TaKOro 00JIaHAHHS Ha
miKanu Ta MmIaThOopMHU-TIPUYENH J03BOJISIE 3a0e3rneuyBaTti e(PeKTUBHY CTPLILOY Ta
MaHEBPEHICTh, POOJSYM 1€ €KOHOMIYHO-€(DEKTUBHUM Ta THYYKHM PIIICHHSIM IS
BIJINOBIJII HAa 3amMyCKW IPaHCHKUX JpoHiB. HeoOximHO B HAWKOPOTIINI TEPMIHU
HaJMaroAWTH B YKpaiHl BHUPOOHUIITBO Typeled Ha MOOUIbHUX IaTdopmax,
3aTy4MBIIM (axiBIiB 1 BUILTMBILY NOTPIOHI KOIITH 3 AEPKABHOTO OIOJIKETY.
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Abstract. The work evaluates fatigue strength of a tank wagon boiler in the event of corrosion
using computer simulation tools. The possibility of extending the service life of a tank wagon
for the transportation of chemical cargo based on model 15-1443-14 with an exceeding
normalized service life has been considered. It is proposed to use the method of calculated
estimation of the resource of tank wagon with an exhausted service life. The nature of the
change in the tank wagon boiler shell thickness due to the action of corrosion on changes in
the fatigue strength reserve factor is determined. During calculations, the impact of stress
amplitudes from vertical dynamic forces and amplitude levels during impact interaction of a
tank wagon is taken into account.

Keywords: tank wagon, boiler, service life extension, calculation method, fatigue strength

AKTYaJIbHICTh JIOCJIXKEHHSI 3YMOBJIEHA 3HOLIEHICTIO MapKy BaHTaXHOIO
PYXOMOTO CKJIay, IO CTaHOBUTH MOHAM 80% 1 HEOOXITHICTIO BUPIIICHHS OKPEMHUX
MUTaHb, MOB’I3aHUX 3 MOYKJIMBICTIO MPOJIOBKEHHS TEPMiHY CITyKOW BaroHiB, CTPOK
CIIyOM SKMX BXKe BUuepnaHo. [IpofoBXeHHS MOAANIBIIOTO TEPMiHY EeKCILTyaTarlii
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TaKMX BaroHIB 3aJIEKUTh BiJl iX TEXHIYHOTO CTaHy, y 3B’A3Ky 3 YUM IMPOBOJIUTHCA
TEXHIYHE J1arHOCTYBaHHsS 3a BHM3HAUCHHM peErjaMeHTOM poOiT. Pesynbratu
TEXHIYHOTO /1arHOCTYBaHHS BaroHiB-IIUCTEPH JJIs IEPEBE3CHHS XIMIYHUX BAHTAXIB 3
MOHATHOPMOBAHUM TEPMIHOM CIYKOW CBig4aTh MPO T€, IO BOHU MAlOTh 3HAYHI
KOPO3i1ifHI MOIIKOKEHHSI HECYUHX €JIEeMEHTIB Ta KOTJa, 110 0e3MocepeIHhO BILUIMBAE
Ha Hampy>XeHo-e(opMoBaHUM CTaH KOHCTPYKIIii Ta Oe3MeKy eKCIUTyaTallii.

MeTow podOTH € OIlIHKA pecypcy KOTJIa BaroH-IMCTEPHH JIJIsi TIEPEBE3CHHS
XIMIYHHUX pedoBUH Mojeni 15-1443-14 na 6a31 moOy10BaHOT KOMIT FOTEPHOT MOJIEI 3a
KPUTEPIEM BTOMHOT MIIIHOCTI, IKUHM 3HAXOJUBCA B €KCIUTyaTallli 10 MOMEHTY HaCTaHHS
3aKiHYE€HHS HOPMATHUBHOTO TEPMiHY CIIy>kOu (24 poku) Ta BU3HAYCHHS MOMJIUBOCTI
MPOJOBKEHHSI TEPMIHY CIYKOHM 3a YMOBH BHHUKHEHHS KOpPO3li MeTaly y pi3HHX
YaCTUHAX MOTr0 OOOJIOHKH.

B yMoBax mukiiuHOi Aii 3HAKO3MIHHMX HaBaHTa)XX€Hb, K1 J1IOTh 3 BHCOKOIO
IHTEHCUBHICTIO, Yy HaWOUIbII HABaHTAXKEHHX MICHAX KOTJIA BaroH-IMUCTEPHU
YTBOPIOIOTHCA BTOMHI TpiluHU. [losiBa BTOMHUX TPIIIMH Ha TOBEPXHI KOTJIAa MOXKE
OyTH HACJIIKOM BHHUKHEHHS KOPO3ii Bif Jii XIMIYHUX BaHTaXIB, sIKI MIEPEBO3SITHCS
BAaroH-IMCTEPHOIO BIPOJIOBXK il TepMiHy eKciutyaTauii. Bimomo, mo 3 yacoM B
eJIeMEeHTaX KOHCTPYKIIi, MOIIKOJKEHUX KOPO3I€E BIIOYBAlOTHCS  MPOLECH
MEePEPO3NOALTY JIOKAIBHUX HANpyXeHb, IO B CBOI 4Yepry IMPHU3BOIUTH JIO
MTOCJI1JIOBHOTO 3pOCTaHHS PiBHS HAIlPY’KEHb B OCHOBHOMY METaJll Ta 3BapHUX IIBaX, a
TaKOX BUHUKHEHHIO THMYACOBHUX 30H JIOKAJIbHOI KOHIIEHTPAIIii 31 30UTbIIEHHSIM P1BHSA
JIOKaJbHUX HAMPYKEHb. 3POCTAHHS PIBHS HAIMPY>KEHb MOXE JOCATATH BEIUYHH, SIKI
OyIyTh 3HAYHO MEPEBUIIYBATH MEXY TIMHHOCTI MaTepiamy.

B npoueci npoBeeHHS TEXHIYHOTO A1arHOCTYBaHHS BarOH-IUCTEPH, SIK PABUIIO,
BUSIBJISIIOTh HACTYIHI OCHOBHI MICII BHUHUKHCHHSI TIONIKO/DKCHb KOTJa BaroH-
IIMCTEPHU: THUIIA Ta 30HA 3BAPHMX IIIBiB MPUBAPIOBAHHS JTHHUII 10 OOMYAMKU KOTJIA;
30Ha CIUPaHHS HIDKHBOTO JIMCTA KOTJIA HA JIKHEBI OMOPH; 30HU TOPU3OHTAIBHHX
3BapHHX IIBIB HIXKHBOTO 1 OIYHOTO JINCTA; 30HHM 3BAPHUX IIBIB B MICHSX KPITJICHHS
(hacoHHUX JIam 0 KOTJa; 30HA 3BAPHUX IIBIB Y MICIISIX IPUBAPIOBAHHS TOPJIOBUHHU 10
oOWYalKku KOTIa.

BpaxoByroun pe3yibTaTd aHali3y TEXHIYHOTO [JIarHOCTYBaHHA MiJ 4ac
MIPOBEICHHS TOCITIPKEHb BTOMHOT MIITHOCTI KOTJIa BATOH-IIUCTEPHHU 3 BUKOPHUCTAHHSIM
3ac001B KOMIT FOTEPHOTO MOJIENIIOBAaHHSI OCOOJMBY yBary MpUIUIEHO TUM AUISTHKAM
KOHCTPYKIIi KOTJa, /Ie OyJIM BUSBIICHI BTOMHI MOIIKO/KEHHS METAIy.

BiamoBinHo 10 MEeTOAY AOCTIKEHHS BTOMHOI MIITHOCTI KOTJIa BarOH-IUCTEPHH
pPO3paxyHOK OIMOpPY BTOMI BHUKOHYBaBCS 3 BH3HAYEHHSM Koe(illieHTa 3amacy
omopy [1]. Ilig gac mpoBeneHHs] PO3paxyHKIB B JaHii poOOTI MPHUHHATI HACTYIHI
MPUITYTIICHHS

- MapaMeTPOM, SIKUM BU3HAYAE ITUKIIIUHY MIIHICTh € KO€(ILIEHT 3aracy onopy

BTOMI;
317



- HAKOTIMYCHHSI BTOMHHMX PYWHYBaHb 3JIHCHIOETHCS 3a JIIHIMHOIO TIMOTE3010
TiJICYMOBYBaHHS BTOMHHUX ITOIITKO/’KCHbD;

- KOPO31MHMI 3HOC MeTajia KOTJia BaroOH-UUCTEPHU € PIBHOMIPHO PO3MOILIIEHUM
10 1OT0 MTOBEPXHSIX;

- BTOMHI MOIIKO/DKEHHS Martepially KOTJIa BaroHa BiIOyBalOThCS B yMOBax
PY>KHOTO Je(OPMYBaHHS.

JUis  KOHTPOJBHMX 30H KOTJA BAaroH-IMCTEPHH OyJI0 BH3HAYEHO MEXKY
BUTPUBAJIOCTI MPU CHUMETPUYHOMY ULHUKII 1 PEKHMMI HAaBAHTAXKEHHs Mpu 0a30Bii
KinbkocTi nukiiB — 107, BennuuHa aMIDITY M MHAMIYHOTO HAIPY/KEHHS YMOBHOTO
CUMETPUYHOTO ITUKITY, TPUBEJICHA 10 0a30BOT KUIBKOCTI IIMKJIIB, sSIKa €KBIBAJICHTHA 32
JUEI0  TIOWIKOJUKEHHS JIACHOTO pEXUMY eKCIUIyaTallliHUX HAaBaHTAXKEHb 32
PO3paxyHKOBHI TEPMiH CIIy’KOM BpaxoByBaJla PiBEHb aMIUIITY]l HANpyXeHb Bif Jii
BEPTUKAIbHUX JMHAMIYHUX CHJI Ta PiBEHb aMIUITYJ HampyXeHb MpU yAapHIA
B3a€MO/Iii BaroHa-IUCTEPHH.

[Tpu moOymoBi KOMIT FOTEPHOT MO/IeNi B porpamHomMy komiuiekci SolidWorks [2]
Ta TPOBEJACHHI pO3paxyHKy OyJIM BpaxoBaHi: T'E€OMETPUYHI pO3Mipu 00’ €KTY
JTOCITIIKEHHS, MACOBO-1HEPIIITHI XapaKTEPUCTUKHU KOTJIA B 3aBaHTAXKEHOMY CTaHi (Tpu
pETJIaMEHTOBaHIM KOHCTPYKTOPCHKOIO JTOKYMEHTAITIEI0 BAaHTAXKOIIMOMHOCTI BaroHa
— 66 T.), (MP13UKO-MEXaHI4YHI BJIACTUBOCTI MaTepially, TOBIIMHU OKPEMUX CKJIAJOBUX
€JIEMEHTIB KOTJIa, B 3aJIE)KHOCTI BiJl BEJIMYMH KOPO31MHKUX MOIIKOKeHb. [lo0yaoBaHa
ciTka mMojem OO0O0JIOHKH KoTjia ckianaerbes 3 540440 enementi, 1015310 By3mis.
Tetpaenp Mae: MakCUMalbHUNW po3Mip eneMeHTa 48 MM, MiHIMaJbHUN PO3MIP
eJIeMeHTa 8 MM, CIiBBIJHOLIECHHS 301IbIIEHHS pO3MIPIB €JIeMEeHTa CTAaHOBUTH — 1,4.

Ha pucynky 1 mpuBeneHa po3paxyHKOBa CXeMa MNPUKIAACHUX CHJ B Jii
CTAaTUYHUX HAaBAHTAKCHb.

Pucynox 1 — Pospaxynxoea cxema CRUpaHus ma NpukiadeHHs Cuil
811 Oii cmamu4yHux HA6AHMANCEHD:
1 — pobouuii muck 6 komni; 2 — maca saumadsicy, 3 — NPUCKOPEHHS BIIbHO20 NAOIHHSL,

4 — @ixcayia komna Ha eleMeHMax CRUPAHHL.
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B xoni mpoBeneHHS AOCHIIKEHb MOJETl KOTJa BaroH-IMCTEPHU OTPUMaHI
3HAYCHHS HANpyXEeHb y HANUOUIbII HaBaHTAXKEHUX 30HAX BiJ [Ii CTATUYHUX CHII. 3a
JIOTIOMOTOI0 METOJly 30HJyBaHHS pPO3PaxoBaHl cepelHboapuMETUYH1 3HAYCHHS
cepel HalOUIbIIMX HAMIPY>KEHb ISl 5-8 NUITHOK HaBKOJIO HAIIPYKEHUX 30H.

HaiiGinpmri  3HaueHHS ~ €KBIBAJCHTHUX  HANpPy»XEHb TMPU  CTATUYHOMY
HaBaHTa)XEHHI BIJIMIYCHI IS 30H JIGKHEBUX omnop Ta aaumia — 71,4 Mlla 1 73,8 MIla
BianoBiAHO. [Ipu xopo3ii MeTandy KoTjia TIMOMHOI0 3 MM BEITUYMHU €KBIBaJCHTHHUX
HaIPY>KEeHb 3HAXOAATHCS Y MEXKax: JiJisl JiekHeBux onop — 97,2 MIla; nns gawm — 114
MITa.

Ha pucynky 2 mokaszaHo parMeHTH HaIpy>KeHO-IAe(hOpPMOBAHOTO CTaHy KOTJIa
OJIHOTO 3 BapiaHTIB pO3PaxyHKY MPH MOSIBI KOPO31i MeTamy:

0)
Pucynok 2 — ®@paemenmu nanpysceno-oegpopmosanozo cmamy Komid
npu Kopo3ii memany enubuHow 3 mm:
@) npu cMamu4HoOMy HABAHMANCEHHI, 0) 8i0 Oii N03008IHCHLOI YOAPHOT Culu

EkBiBasieHTHI Hampy>KeHHS BiJ [1i MO3/I0BXXHBOI yAAPHOI CHUJIU BEIUYHMHOIO
3,8 MH oTpumMaHni NUIIXOM PO3paxXyHKy METOI0M CKIHYEHHUX €JIEMEHTIB KOTJIa BarOH-
muctepan [3]. HaiiOunpini 3HaueHHS BENIWYMH [MX HANPYXXEHb MPU BiJICYTHOCTI
KOpO3ii ckianu Jjisi: 30HU jroka — 121 MIla, dhaconnux nan — 85,8 Mlla, nexxHeBux
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onop — 123 Mlla, guum — 152 Mlla. [Ipu HasgBHINA KOpo3ii MeTaTy TIIMOUHOKO 3 MM
BEJIMYMHU €KBIBAJICHTHUX HAIPY>KE€Hb Y PO3TJISTHYTHX 30HaX 3pOCIIN Y CEpEIHROMY Ha!
35 MIla nns 3ouu moka; 33,2 MIla nns paconnux nam, 44 MIla nist nexxHeBUX O1Op,
58 Mlla nnst qHAL.

Y BIANOBIIHOCTI 3 METOAOM pPO3paxyHKy BTOMHOI MIITHOCTI KOTJIa OyJio
BPaxOBaHO CYMapHY KIJBKICTh ITUKJIIB BEPTUKAJIbHUX JUHAMIYHUX CHJI, SIK1 J1IOTh Ha
BaroH-IIUCTEPHY 3a TepMiH CiaykOu. lle M03BOJMMIO BU3HAYUTH BIUIUB 3MiH
HaIpy>KeHO-1e(POPMOBAHOTO CTaHy KOHCTPYKIIi KOTJIa 3a POKaMHU 3 ypaxyBaHHSIM
3MiH TOBIIIMHH HOTO 000JIOHKH. Pe3ynbpTaTi po3paxyHKy Koedilli€eHTiB 3a11acy BTOMHOL
MIITHOCTI JIUII HAHOULTBII HEOE3MeYHUX 30H NPH BHHUKHEHHI KOPO3ii MOKa3aHWid Ha
PHUCYHKY 3.

24 T---m--
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1
1
22 mmmmm-- R it
1
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1
1

24 26 28 30

| ¥5]
(8]

34 36
t, pokn

—4—00nacTh MOKA —#-0O6nacTe (acoHHHX Nar
O6nacTh NeXXHEBHX ormop ——HopMaTHBHE 3HAYCHHS
O0macTe THUITA

Pucynox 3 — JJunamixa 3min koeghiyienma 3anacy 6momHoi MiyHocmi Komia
8G2OH-YUCMEPHU 3 NOHAOHOPMOBAHUM MEPMIHOM CILYIHCOU NPU BUHUKHEHH]
KOpOo3ii Mmemany enubuHow 3 Mm

BucnoBok. B pe3ynbTaTi IpoBEAEHOT0 JTOCTIIKEHHS 32 METOJ0M OLIIHKU OTOPY
BTOMI KOTJIa BCTAHOBJIEHO, 1110 KOE(II[IEHT 3amacy BTOMHOI MILTHOCTI JiJIsl KOHCTPYKIIIi
BAaroHIB-IIUCTEPH 3 KOPO3IMHUMH TOIIKOIKCHHSMHU TIUOWHOI MOHaA 3 MM, SKl
MOXKYTh BUHUKATH y MICIISIX HAOUIBIINX KOHIIEHTPAIlI HAPYKEHb 000JIOHKU KOTJIA,
3HAYHO MEHIIWWA HDK JOMycTUMe HOopMmaTuBHE 3HaudeHHs — 1,8. Lle cBiquuth mpo
HEOOX1THICTh 3aMiHM KOTJIA JIJIi BHPIIICHHS MOXJIMBOCTI IOAAQIBIIOI €KCILTyaTallii
BAaroH-IIMCTEPHU, TEPMIH CIIyKOU AKOi OyJI0 BUYEpHaHO.
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Abstract. The means of control of typical and composite bodies of gondolas, which will
prevent the possible loss of bulk cargoes and increase the level of train traffic safety, are
considered. To expand the functionality of gondolas by adapting them to the transportation
of goods that require protection from atmospheric influences, the use of a removable roof
made of composite material is proposed. When designing highly loaded parts with complex
geometry, the application of combined solutions is considered.

Keywords: freight car, gondolas body, control devices, universal gondola, train traffic safety.

AKTYaJIbHICTh JOCJHIIoKeHHs. YK€ TpUBAIUNA 4yac HaWOIbIn 3aTpeOyBaHUM
TUTIOM BaHTA)XHOTO BaroHa B €KCIUTyaTallii € HamiBBaroH. Hecyda KOHCTPYKIlisS IbOTO
BaroHa CKJIQJAa€ThbCsl 3 paMH Ta Ky3oBa. HalOuUTbll HABAaHTAKEHHUM PEKUMOM
il excruTyarallii € MaHEBPOBE CIIBYAApsSHHS BaroHiB. BapTo ckazartu, 110 BHACIIJIOK
MepioAUYHOI i TMOB3JOBXKHIX HABAaHTAXXEHb HA paMmy IIBBaroHa Ta KYy30B,
NiBUILIEHUX IIBUJIKOCTEH CIIBYJapsiHb B YMOBAaX MaHEBPOBUX pOOIT Ta IHIIMX
eKCIUTyaTal[liHUX PEXUMIB MOXKYTh MaTH MICIE Taki MOIIKOJKEHHS, K TPIIIMHH,
nedopmariiii, 0OpUBHU 3BapIOBAIBHUX IIBIB TOMIO.

[lutanHs onTuMizalii Ta YJOCKOHAJICHHS Ky30BIB BaHTa)XHUX BaroHiB
BUCBITNIIOIOThCA y Tryomikari [1, 2, 3, 4]. 3a3HaueH1 yJOCKOHAJICHHsI Op1EHTOBAHI Ha
MO/IOBXKEHHSI CTPOKY €KCIUTyaTallii BaroHiB. ABTOPH CTaTTI MPOBENIM aHATITHYHUN
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orJisil myOJTiKaIii 13 muTaHb 3a0e3MeueHHs MIITHOCT1 HECYYUX KOHCTPYKIIIH BaroHiB 3a
eKCIUTyaTalliHUX PeXXUMIB HaBaHTaXEHb [5, 6, 7, 8].

AmHani3 mitepatypHux mkepen [1-8] mosBossie 3poOMTH BHUCHOBOK, IO JIOCI
NUTaHHS TOKPAIICHHS MIIHOCTI HECYYHMX KOHCTPYKIM BaroHiB IIJISIXOM
YAOCKOHAJICHHS OCHOBHHUX HECYYHX €JIEMEHTIB Ky30BIB 1 BHUKOPHCTAHHSIM
HAIlOBHIOBAUiB B iX CKJIQJIOBUX HE BHCBITIIOBaiucA. Lle 3ymMoBiItO€ HEOOXI1THICTH
3M1MCHEHHSI BIMOBIIHUX JOCTIPKEHb Ta HAIpaIlloBaHb Y 3a3HaY€HOMY HaIlpsIMi.

MeTo10 pod0TH € aHal3 OCOOJMBOCTEH KOHTPOIIO KOMIIO3UTHHX KYy30BiB
HaIiBBaroHiB. J[Jis MOCATHEHHS IMOCTaBJICHOI MeTH, TpeOa BUKOHATH PsJ 3aBJaHb:
MTOCWJICHHSI HECY40i METAJICBO1 KOHCTPYKIIii KOMITO3UTHUMH €JIEMEHTAMU, PO3TIISTHYTA
TEXHOJIOTIS BaroHHOTO YKPUTTS 3 TMOJIMEPHUX KOMIIO3MIIMHUX MaTeplaiiB Jyis
HaIiBBaroHiB.

[Tpu mpoekTyBaHHI BUCOKOHABAHTAKEHUX JIeTaJIel 3 KOMIUICKCHOIO T€OMETPIEI0
JIOIJIBHO 3aCTOCOBYBAaTH KOMOIHOBaH1 PIllIEHHS, HANpUKIaa TMOCHIEHHS HECy4oi
METAJICBOI KOHCTPYKII KOMIO3UTHHUMHU enemeHTtamu (puc. 1). IlocuneHHs
aJTIOMIHIEBOTO MiApaMHuKa MaTepianamu Hexcel 103BoHIIO JOCITTH 3HMKEHHS Macu
Ha 50% NOpIBHSAHO 3 PIBHOIO 32 MILHICTIO METaJEBOI0 KOHCTpYyKLiew. KpiM 1poro,
BUNPOOYBAHHS MOKa3ajy 3HAYHE 3HM>KEHHSI HU3bKOYACTOTHHUX BiOpaliidi Ky3o0Ba Hpu
BHKOPHCTaHHI TAKOTO CIIOCO0Y MTOCHIICHHSI.

Pucynox 1 — I[locunenns necyuoi memanegoi KOHCMpPYKYii KOMNOZUMHUMU
enemenmamu

Konu HeoOXigHO JOMOTTHUCS TOCHIICHHS Ky30Ba Ta 30UIbIIEHHS KOPCTKOCTI Ha
KpyudeHHs1, 0e3 301IbIIeHHsI MacH, BUKOPUCTOBYIOTh €JIEMEHTH 3 BYTJICHAIIOBHEHOTO
nojiamizy.

3 KO’)KHUM POKOM CIIOCTEPITraeThCs MIMPII 3aCTOCYBAHHS JETAlCH 3 MOTIMEPHUX
kommnosuiiitaux marepianis (IIKM) y pi3Hux ramy3sx BupoOHuurBa. Bce uacriie
MOKHa TOOAYUTH KOMIIO3UTHI JieTal y BUpoOax He JIMIIE aBialliiHOT 9 KOCMIYHOI
MIPOMUCIIOBOCTI, a 1 aBTOMOO1J1e0y, Ty BaHHS.
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Jlns posmpeHHsT (PYHKIIOHAJIbHUX MOJKJIMBOCTEH HAMiBBaroHiB IIISAXOM iX
ajanTaiii A0 TEepeBe3eHb BaHTaXIB, 110 MOTPEOYIOTh 3aXUCTy BiJ aTMOchepHHX
BIUTMBIB 3aCTOCOBYIOTh 3HOMHI gaxu. Takox 1yt (GyHKIIIOHATBHUX MOYKIJIMBOCTEH €
TEXHOJIOT1Sl BATOHHOTO YKPUTTS (pHC. 2 ).

Pucynox 2 — Baconne ykpumms 0soutapoge (3068HIiWHIl wap - NOaAinponiier,
BHYMPIWHIL - NOJIIeMUJIEH,).

BaronHe yKpuUTTS BUTOTOBIISETBCS 3 JIAMIHYIOYOIO TOJIIPONUIEHY, 3
BUKOPUCTAHHSM TEXHOJIOT1i repmeru3aiii mBiB. JlaHuWi BapilaHT YKPUTTS OLUIbII
JOLIUIBHUA y BHUKOPUCTAaHHI I TPAHCIOPTYBAHHS BAaHTAXIB Yy BLAKPUTOMY
HaIlIBBAarOHI HACUIIOM «3 T1pKOIO». L{e MOSACHIOETHCS THM, L0 32 PAXYHOK TAKOTO BUY
3aBAHTAXKEHHS YKPUTTS HATATYETbCA HA BaHTaXlI Ta HAKONWYCHHS OMaiB, 1
MOTIa/JaHHS BOJIOTY Ha BaHTaX MiJ 4ac MPOMIKHOIO IPOCTOI0 BaroHa BUKJIFOUEHO.

MoskHa BUKOPHCTOBYBATH BaroHH1 BKJIQJUIII K1 MPU3HAYCHI JJIs HAIliBBaroHiB
MEPEBE3CHHS CUIMKUX BAHTAX1B HACUIIOM Yy BIJKPUTUX 3aTI3HUYHUX HAIliBBaroHax,
3a0e3Meyuyrour 3aXUCT BAaHTAXYy B1J BIUIMBY HABKOJIMIIHBOTO CEPEIOBUIIA, BUKIIIOUAE
HOT0 pO3MWICHHS IUIAXOM MPSIMyBaHHS, HE JOITyCKae 3a0pyAHEHHs, IK BAHTaXY, TaK
1 pyxoMmoro ckiamny. JlBomapoBuil BarOHHMM BKJIQJWIN 13 JIAMIHOBAHOTO
MOJIIMPONIJIEHOBOr0 MOJIOTHA BUCOKOI HIUIBHOCTI (30BHILIHIN 11ap) Ta MOJIETUICHOBOI
IUTIBKM (BHYTPILIHIA LUJIBHO3BAapHUM I1ap). 30BHIIIHI IIBH BKJIAJIKU J0JATKOBO
3aXMINEH] JIMITKOI BOJIOTOCTINKOIO CTPIYKOIO.

BucHoBok. B Hall yac eKOJIOT1YHICTD, 3HH)KEHHSI BUKHU/IB Ta 3HH)KEHHS MacHu
TPAHCTIOPTHUX 3aC001B € HEOOX1THUM IS 3ami3HUIl Y kpainu. [Ilupoke Bukopucranus
noniMepHux komnozuuiHux matepianiB (IIKM) y macoBomy BaroHoOyayBaHHI Ta
aBTOMOOUTIBHOMY BHPOOHMIITBI, TOSIBOI0 HOBUX MaTepialliB Ta 3ac00iB KOHTPOJIIO.
Opnnak y 60poTh0i 32 MiHIMAJIBHY Macy Ta MepeIoBi MaTepiaau He ¢ 3a0yBaTH PO
€KOoJIOTif0. PO3BUTOK BTOPHMHHOI TEPEpOOKH KOMIIO3HWTIB — 3aBJaHHS HE MEHII
BXKJIMBE, HIK JIOCSATHEHHSI BUHSITKOBUX MOKA3HUKIB KOHCTPYKITIH.
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Abstract. A popular trend is the use of hand-held 3D scanners, with the help of special 3D
scanning software ScanViewer, thanks to which engineers will be able to compare the 3D
model with the original CAD model to establish deviations. 3D scanners are used to measure
body geometry in various types of production activities. The technology of large-scale
industrial 3D-scanning has no competitors both in the speed of data processing and in the
accuracy of the resulting model. It will be especially useful for organizations that
manufacture and operate large-sized equipment, as well as monitor the process of building
operation.

Keywords: freight car, gondolas body, control devices, universal gondola, train traffic safety.

AKTYyaJbHICTB A0cCaimkeHHs1. OcOOIMBOCTI TPUBUMIPHOTO KOHTPOJIIO TEOMETPIi
TUIIOBUX KY30BiB Ta JieTajieil Ha ChOTOIHINIHIHN JICHB € Ty’Ke 3aTpeOyBaHOO IMOCIYTO0.
3 foro IOMOMOTroK0 MO>KHA TapaHTOBAHO OTPUMYBATH ONTHUMAJILHUI pe3yJbTaT, 1110
JI03BOJISIE BUTOTOBJISITU HAWOUIBIN CTIMKI 0 3HOCY JAeTali. TeXHOJOTii MOCTIHHO
PO3BUBAIOTHCSA, TOMY JOLLUIBFHO 3aBXIU KOPUCTYBATUCS MEPEIOBUMH MiAXOJaMH, 32
JOTIOMOTORO SIKMX OYJIe MOXITUBICTB IIOKPAIYBaTH SIKICTh BUPOOJICHOT poayKiii [1, 2].

3acTocyBaHHA TMpPWIAIB KOHTPOJIO JJig THUIIOBUX Ky30BIB HAalliBBaroHiB
BarOHHOTO TOCIIOIAPCTBA Ha Y Kp3ali3HUIll. 3aCTOCYBaHHS 3aC001B KOHTPOJIIO Ha/IaCTh
3MOTY BHpINICHHS TMpoOJeM TEXHIYHOTO CTaHy HaIBBAaroHiB y Tmporeci ix
eKCIUTyaTarlii TMoB’s3aHe 31 3MIHOK BCI€El CHCTEeMH PEMOHTY 1 TEXHIYHOTO
oOCTyroByBaHHSI ~ BaroHiB, a TakoXX 3 [IOKa3HMKaMH  HaJIIHHOCTI  Ta
KOHTPOJICIIPUAATHOCT1 BaroHiB, 110 3aJICKUTh Bl iXHbOI KOHCTpYKIIii. CripaBHUM CTaH

pYXOMOro ckjgaay, 1o nepedyBae B €KCIUlyaTallli — HEOAMIHHA yMoOBa MoOro
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HOpMaJIbHOTO 3MICTY [ 3, 4, 5]. BianoBiaapHICTh 3a SIKICTh BUKOHAHOTO TEXHIYHOT'O
0o0CITyroByBaHHs, PEMOHTY Ta O€3leKy pyxXy BaroHiB TMOKJIAJa€TbCs SK Ha
MpaliBHUKIB, K1 6€3M0CepeIHbO 3A1HCHIOIOTh TEXHIYHE 00CITyrOBYBaHHS Ta PEMOHT,
Tak 1 Ha MaWCTPiB, HAYAJIBHHKIB 3aBOIB, JCTO, MaCTEPEHb, MyHKTIB MiATOTOBKU
BaroHiB JI0 MEPEBE3€Hb Ta MMyHKTIB TEXHIYHOTO 00CIyroByBanHs [ 6, 7, 8 |.

MeTo10 po60TH € aHaITI3 3ac001B KOHTPOJIIO TUIIOBUX Ky30BiB HaIliBBaroHiB. J1Jis
JIOCSITHEHHSI TTOCTaBJICHOI METH, PO3TJIIHEMO MPUCTPOI Ui KOHTPOJIO TeoMeTpii B
PI3HUX Tally3s1X BUPOOHHUIITBA.

KoHTpoms sikocTi cripsMoOBaHUN Ha BUMIp ra0apuTIB BUPOOHUUMUX YACTHH JIJIs
MEPEeKOHaHHs BIAMOBIAHO A0 sKICHUX BUMOT. lle HeoOXimHe, anme ckiagHe A
BUPOOHHMKIB 3aBAaHHS y Tpoiieci BupoOHuirea. [l{ogo 3a0e3nedeHHs SKOCTI TOYHUX
MEXaHIYHUX YaCTHH, TO MEPEeBipKa IKOCTI € BUKIIOYHO BaXKIHBOIO.

[HXeHepyu KOHTPOJIIO SIKOCTI HECYTh BIAMOBIAAIBHICTH 32 BUSIBJICHHS TTOMUJIOK,
10 BUHUKAIOTh Y MPOIIEC] BAPOOHUIITBA, Ta 31HCHIOIOTH KOPUTYIOU1 i1 JIJIs1 yCyHEHHS
nedektiB. TpanuuiiHuii BUMIpIOBAIIbHUN Npuiaa (KOOPIAWHATHUNA BUMIPIOBATLHUN
IIpUJIaJ) HE JIUIIIE TOPOTUH, a i CTUKAETHCS 3 KUTbKoMa nepemkoaamu. Llogo Burayroi
Ta M'AKOi TOBEpPXHI, A€POPMOBAHMX Ta BEJIMKOTa0APUTHUX MPEAMETIB MOBHI
TPUBUMIPHI JaHl BaXKKO BUXOJSATh, IPOLEC BUMIPY MOXKE OyTH IIBUAKAM BHACIIJOK
MEXaHIYHOTO PyXY, TaKHWA KOHTAKTHHW BHMIP BUKIWKAE MEXaHIUYHE 3HOITYyBaHHS
30H/IIB 1 MIOBEPXHIO NIPEIMETIB.

TexHos0T14 Ja3epHOTr0 TPUBUMIPHOTO BUMIPY TOYHO 1 €PEKTUBHO BUPINIYE Pi3HI
npo0ieMu BUMIpIOBaHHA CKJIaaHuX jeraneil. Pyunuit 3D-ckanep Scantech (puc. 1)
pobuth BuUCOKOsiKiCHI 3D-Bumipu 0e3 Oynb-akux OOMEXKeHb uepe3 podoue
CepeqoBHINE. 3a JOMOMOTOI0 PEKHUMY MapalelbHUX CHHIX Ja3epiB A CKIaIHOI
reoMeTpii Ta pexuMy OJHIET JTiHIT JJIs TIIMOOKUX OTBOPIB. 3a JOMOMOTOIO MIBUIKOTO 1
MJIaBHOTO CKAHYBAaHHS BIIOYBA€ThCS MOBHA JAeTali3allisl Oyb-IKOi CKJIaJHOI JeTali.
Bucoka mBHAKICTH CKaHyBaHHS 3a JOMOMOTOI0 YEPBOHOTO Jiazepa Ta BHCOKA
JeTajgizamis 3a JOTOMOTOI BHUKOPHUCTAHHS CHHBOTO Jaszepa MIMCHO 17eaibHO
MOEHYIOTh IMIBUAKICTh 1 BHUCOKY JeTamizaimito. bararompomeneBuil mnazep st
OTPUMAaHHS XMapH TOYOK 3 TOBEpXHI 00'ekTa. 17 mepexpecHuX cuHIX Jazepis, 2 8§00
000 BuMiprOBaHb B CEKyHAY Ta oOjacTh ckanyBaHHs 700*600 MM 3a0e3meuyroTh
miaBHe Ta edextuBHe ouudpyBaHHa 3D. Cucrema BUMIPIOBaHHS JOMNOMAarae 3
METPOJIOTIYHOK TOYHICTIO 3a(IKCYyBaTH KOXXHY JAETallb 1 B HAaWKOPOTIIMA TEpPMiH
nooynyBatu 3D-moxpenb. Taki Oe3koHTakTHI JiazepHi 3D ckaHepw 3A1MCHIOIOTH
3aXOIUICHHS TOYHUX JAaHWX. 3a JIOIOMOTOI0  CIICIIAJIBHOTO  MPOTPAMHOTO
3a0e3neueHHs st 3D ckanyBaHHs ScanViewer, 1HXX€HEpU MOXYTh 3ictaBisitd 3D
MoJieb 3 opuriHaabHO0 CAD-Momern o a1 BCTaHOBJICHHS BiIXuJeHb. ScanViewer
0e3KoITOBHE Mporpamue 3abe3nedeHHs 11t 3D-kouTposto. [licns ckanyBaHHS aeTani
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PUJIaJIOM, aBTOMAaTUYHO (POPMYETHCS AKT MEPEBIPKU JIs MOJATBIIOTO0 MOHITOPUHTY
BUPOOHUYOTO MIPOLIECY.

Pucynoxk 1 - Pyunuii 3D-cxkanep Scantech

TpuBumipHe ckaHyBaHHS OO0'€KTIB 3HAYHO CHPOIILYE KOHTPOJb MPOMYKIIT
Ta BiIOpaKOBYyBaHHS HesAKiCHUX Jneraieil. 3D-ckaHyBaHHS JO3BOJIIE€ 3HIMATH
MOKA3HUKY 3 JIeTajeil IpiOHOTO pO3MIpy 3 OISy Ha HaliMEHII OCOOJUBOCTI iXHbBOI
reomeTpii.

BucnoBok. Bukopucranus npuiamiB Ta MPUCTPOIB IS KOHTPOJIO Te€OMETpii
KY30BIB Ha 3aJlI3HUI, SKi CYTTEBO €KOHOMJISTH Yac Ta MIHIMI3YIOTh TPYJIOBUTPATH
MEePCOHANTy, CKOpPOUYIOTb BUTpPaTH Ha TEXHIYHE OOCIyrOBYBaHHS Ta PEMOHT
BaHTQKHUX BaroHIB, a TaKOXX MOKPAIIYyIOTh YMOBH POOOTH OTJIsa4iB-PEMOHTHHKIB
BaroHiB Ta CJIFOCAPIB 3 PEMOHTY PyXOMOTO CKIIamy.
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JOCJIIKEHHS AKOCTI YIIPABJIIHHSA JBOMACOBOI
CUCTEMMU 3 HIIBICOM BAHTAKY

Illeguenko C.I. — x.1.H., schevschenko@ukr.net
Ilonynan €.B. — k.1.1H., polupan_ev@snu.edu.ua
Yeprkawun I. A. — 3100yBau BuIoi ocBitH, icerkasin221@gmail.com
CxioHoykpaincbKull HayioHantbHull yrisepcumem imeri Bonooumupa /lans
VYkpaina, M. Kuis

INVESTIGATION OF THE QUALITY OF CONTROL
OF A TWO-MASS SYSTEM WITH CARGO SUSPENSION

Shevchenko S.1. — Candidate of Technical Sciences, schevschenko@ukr.net
Polupan Y.V. — Candidate of Technical Sciences, polupan_ev@snu.edu.ua
Cherkashin I.A. — student, icerkasin221@gmail.com
Volodymyr Dahl East Ukrainian National University
Ukraine, Kyiv

Abstract. The aim of the study is to find such a law of change of the controlling braking force
acting on a lifting machine with a flexible suspension of the load during braking, in which its
fluctuations are minimal, taking into account the reduction of the braking time of the lifting
machine as a whole. To achieve it, the following tasks were solved: a mathematical model of
a lifting machine with a flexible suspension of the load was compiled; a control law was
determined in which the fluctuations of the load after stopping the system would be minimal,
taking into account the reduction in the stopping time of the system as a whole.

Keywords: the law of control, the amplitude of the rocking of the load, the braking time, the
angle of deviation of the load, optimal control.

VY nockoHasieHHs Ta PO3pOOKa HOBHX KOHCTPYKIIM BaHTAXOMITMOMHUAX MAIIUH 1
MEXaHI3MIB HEPO3PUBHO TMOB'A3aHI 3 MIABUINEHHSM MIBUIKOCTI PYyXy, IO 3HAYHO
BILJIUBAE HA CHCTEMH 3 THYYKHUM ITi/IBICOM BaHTaXXy, BHACJIIIOK 301JIbIIIEHHS aMILTITY T
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roro posrovayBanHs. lle yckmamHioe Horo oOpoOIIOBaHICTH 1 MPU3BOJIUTH 0
30UIBIIIEHHS] BUPOOHWYOTO 1KY [1].

AKTYaJbHICTh [IOCJiI’KeHHsA 3yMOBJICHA THUM IO TPU PO3TOHI Ta 3YMHHII
PI3HUX CHUCTEM 13 THyYKHM MiJBICOM BAaHTaXy CIOCTEPIraeThCsi HOTO PO3TOiIyBaHHs
micas 3ynuHKd. J7is 3HMKEHHS aMIUTITYJud PpO3TOMIYBaHHS 3aCTOCOBYIOTH pi3HI
CUCTEMHU Ta MPWIAIU, SKI JO03BOJISAIOTH 3MEHIIWTH aMIUTITYydy, aje IMpU LbOMY
30UIBIIYIOTH TIPOIIEC 3yNMUHKH [2].

MeTo10 po60TH € 3HAXOKEHHS 3aKOHY YIPaBJIIHHS, MPU SKOMY B IBOMACOBIH
CUCTEMI 3 THYYKMM TIiJBICOM BaHTaXy BHUKIIOUUTH HOTO pO3roMyBaHHS 1
3a0e3MeYnTH MiHIMAIbHUMA Yac 3yNMUHKH. J{JIs1 CIIPOIIEHHS BUPIMICHHS MOCTaBJICHOI
3a/1a4i pO3ALIMMO i1 Ha JAB1 IPOCTII. Y MepIriil 3HaX0JUTUMEMO TaKHii 3aKOH PO3TOHY
CUCTeMH, 100 Yy MOMEHT JOCATHEHHS HOMIHAJIBHOI HIBUAKOCTI PYXy IOTaCUTH
KOJIUBaHHS. Y Jpyrid 3HAXOAMTHMEMO TAaKUI 3aKOH TajlbMyBaHHS, 1100 MOTacUTH
KOJIUBaHHS HAINPUKIHLI TaJlbMyBaHHS cUCTeMH. PO3B'si3aHHSA mepIIOro 3aBJaHHS
CHPOIy€ BUPILIEHHS APYroro 3aBJaHHs, OCKUIBKHM [OYAaTKOBI YMOBH ISl APYTOTro
3aBAaHHs (KpiM MOYATKOBOI MIBUJIKOCTI) Oy Iy Th HYJIbOBUMHU. KpiM TOTO, 111 3aBIaHHS
€KBIBAJICHTH1, TOMY BUXI1JHE 3aBJaHHS PO30MBAETHCS HA JBA OJHAKOBI.

Jns BHUBEACHHA PIBHAHb PYXY
v Haloi Mojeni (puc.) CKOPUCTAEMOCS
IIPUHIUIIOM ["ayca HalMEHIIOTO

- npumycy [3]. Jns Hamoi cuctemu, B
SIKIH € HelaeaalbHUN 3B'SI30K,

CKOPHUCTAEMOCS METOJIOM HAJUIMIIKOBUX

o) KOOpJIMHAT, 00 3HAaWTH POOOTY peakiii

\ (poboTy cunu Tepts). JlaHa cucrema Mae

/"\i ™ JBa CTymeHl cBoOOAM Ta  OAWH

N HelgeanbHuil 3B'si30k. ToMmy BBeaemo
TPU KOOPAUHATU:X, Y U (.

3anumemo  Gopmysy  OpUMyCy

HaIllOl CUCTEMU:

1m, g
Pucynox — Pospaxynxoea mooens
0yx0860i cucmemu

Lo w1 NN e L
Z=§m1(x1— m1> +Em1<J’1+m_1_g) +§m2(x2+x1) +§m2(y2 +Y1—9)

2 =3 [0my 4 ma) - (524 52) + (s +32) = 2 (4 - (u = ) + 5, +myg))]

3anumumo Gopmysy Mepexoy Bifl 1eKapTOBUX KOOPJAMHAT A0 y3araJbHEHHX:
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X1 = x,j&l = x,

YVi=YV1 =Y
x, =1 - sin(p);

%, = 1[¢ - cos(p) — ¢* - sin(@)];
Y2 =L cos(g);

y, = =@ - sin(p) + ¢* - cos(p)];

;1 ( u+f)2+(..+N )2+
—2m1 * my y my g

1
+§mz[(5c' +U[¢ - cos(@) — ¢? - sin(p)D? + (=U[¢ - sin(p) + ¢* - cos(p)] + 7 — g)?]

OO6uncaMMo NOXiAHI 32 y3aralbHEeHUMHU KOOPAMHATAMHU:

0z Lou+
£=m1(x_

= (my + my)x& —u + uN + m,l (d) -cos(p) — ¢? - sin((p)) =0
0z

N
P my (37 +— = g) + m,(=1[@ - sin(p) + ¢* - cos(p)] +y; —g) =0
y my

D) tma(s 4116 - cos() — 52 - sin(e)]) =

my

Tax sik HaKmageHuU 3B'I30K HE AO3BOJISIE My Mepemimartucs B31oBx oci Oy, To 1
nepia, 1 Ipyra NoxigHa MEepeMIIIEHHS My MO0 LbOMY HAaNpsSAMKY JOPIBHIOBATUMYTb

Hymo. ToMy nepenuieMo apyre piBHAHHS Tak:

0Z
oy - N Mg+t m,(—1[¢ - sin(p) + ¢ - cos(p)] — g) = 0

peaxkiris N:
N = (my + my)g + myl[¢ - sin(p) + ¢? - cos(¢)]

CknazeMo piBHSIHHSA JJIs1 TPETHOI y3arajibHEHOI KOOPIUHATHU:

% - (% + U[ - cos() — @2 - sin(p)]) (lcos(p)) + (_l 9% cos(p) ] g) X
@ x(—Isin(¢))

= myl2¢ + mylicos(p) + myglsin(p) =0

[ToBHa cucTeMa piBHSHD 3aIUIICTHCS TaK:
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(m+my)x—u—f+ mzl[gb - cos(p) — @2 - sin(go)] =0 (1)
myl?@ + mylicos(p) + myglsin(p) =0 (2)
N = (my +my)g + m,l[¢ - sin(@) + @? - cos(p)] 3)

ne f - Tarenmifina ckiraoBa peaxiis Bij 3B's13Ky, y; = 0.
Jls Toro, m00 BU3HAYUTH sika criia TepTs f Oyae Koiau MBUIKICTh M1 JOPIBHIOE
HYJIIO, IPUPIBHIEMO Ta oTpuMaemo: x = 0.

f = (my +my)x + myl[d - cos(¢) — ¢ - sin(¢)]
TakuM 4MHOM, CUJIa TEPTS:

0 (N<O0)
f= —sign(x)uN (x # 0wuau f* > uN)

fr=myl[p - cos(p) — @2 -sin(p)] (x=0uf"<uN)

Buxingne 3aBnaHHs, HaBITH MICHs pO3OUTTS Ha JBI Mija3agadi, AY>Ke CKJIAJHE.
HeoOxiaHO 3HaTH Takuil 3aKOH 3MIHHM CHJIM U 1100 NEPEBECTU MAsTHUK 3 OJHOTO
CTaHy B 1HIIMHA, TOTaCUBUIN KOJUBAHHS.

[lepuie cnpormieHHs — BupilaigbHe. BapitoBaTUMEMO INPHUCKOPEHHSM My, a HE
cwiolw U. ToMy crnoyaTky BHUpINIYBAaTUMEMO PIBHSIHHA, SIKE ONUCYE MAaATHUK Y
HEIHEepU1HHIA CUCTEeMI BIIJTIKY, MTOB'A3aHO1 3 LIEHTPOM Mac Mj.

myl? g + mylicos(@) + myglsin(p) =0

[ToTiM, MiACTaBUMO PIIIEHHS OTPMMAHOIO PIBHSHHS IIOJI0 KyTa PIBHAHHS, SIKE
BXOJUTH cuja U. TakuM YMHOM, MU 3HAHJIEMO 3aKOH 3MIHHM LI1€1 KEPYIOUOi CHUIIH.
Jpyre CrpoIeHHs — JiHeapu3y€eMO 1€ PiBHAHHSA MasATHHKA i TIOJLIMMO Ha M, 1
TOJIl OTPUMAEMO:
@ + W’ = a,
e w? = % ia= —%

Tpete cripolilieHHs — MPUIMEMO CUITy TEPTS MiJ] 4ac pyxy mjp MOCTIHHOO:

f=—ug(lm; +my).

3a kpuTepiit onTUMI3alii NPUIMEMO aMIUTITYly PO3TrOMyBaHb BaHTaXy MicCIs
3YMUHKHU. YSIBUMO, IO CHCTEMa 3yNMUHWIACA. TOJl BaHTaX HA TPOCI € 3BUYAWHUM
MaTeMaTUYHUM MasTHUKOM. Koiu KyT BIAXWUJICHHS BaHTaXy MaKCHUMaJlbHUHM, HOTO
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KyTOBa IIBUAKICTh JOPIBHIOE HYJIO. Tak sIK €Hepris KOJuBaHb 30€piraeTbcs, TO
IPUPIBHSIEMO €HEPril0 BaHTaXy Ha TpOCl B KiHII TaJbMyBaHHS T 1 MOMEHT
MaKCUMAaJIHHOTO BiXWJICHHSI BAHTAXY BiJ] TOJIOKEHHS piBHOBary. e 3anumierses Tak:

0oPhar _ 9°(1) | 0B*(@)
2 2 2

Takum YMHOM, 3aBAaHHS IICPCIIUIICTLCA Y BI/IFJ'ISII[iI

_ P 03*@

> > min

]*

1106 BucHOBUTH J* yepe3 ynpaBiiHHS &, BUPIIIMMO PIBHSHHS PyXy MasTHHUKA B
HEIHEepUIHHO1 cucTeM1 BIUTIKY MeTo1oM Jlarpanka [4] Bapiaii€ro NOCTIMHUX:

@+ wie = a.
3aranpHe pilIeHHS OJHOPITHOTO PIBHSHHS BiIOME:
@ = h, cos(wt) + h,sin (wt).

BianoBigHO 10 1IbOrO METOAY CIIJ NPUIMYCTUTH, 110 hi 1 hy — e PyHkii yacy.
[Ipu peskux NpunmynieHHAX s QUX QYHKIIH BIpHA CUCTEMA PIBHSHB:

h, cos(wt) + h, sin(wt) = 0,
a(t)

—h, sin(wt) + h, cos(wt) = 0

L{s cuctema piBHSIHb Ma€ PIIIICHHS:

a(t)

h, = ——Zsin(wt)
)

h, = ?Cos(wt)

Bupasumo nam dysKiionan J* depe3 oTpumaHe pilleHHS, TOMI 3 METOMY
MOCTIMHUX Bapialliii BUTJIMBAE, II10:

@ = hy cos(wt) + h,sin (wt)
¢ = —wh, sin(wt) + wh,cos (wt)
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Tomy J* nepenuierscs sK:

2 2,,2 2
1
= (hy cos(wt) + h, sin(wt))? + > (—wh, sin(wt) + wh, cos(wt))?

2
w
= = (h + 13

3 I[OI'0 BUXOUTH II1O:
J*>min o (h? + h3)|;=r > min

BuchoBok. B pe3ynpTari mpoBeACHOr0 aHaiily, JOCTIKEHb JJIi BUPIIICHHS
OTO 3aBJAaHHA MOXHa 3aCTOCYBaTW MeTOJ PiTima, mnpencTaBUBIIM (PYHKIIIIO
OPUCKOPEHHS Mi K cyMy paxy. [Ipm mpomy MU oTpumaeMo JAesikuii Habip
KOe(ILIEHTIB Cij, sIK1 1 Oy yTh BU3HA4YaTH ONTUMAJIbHE YIIPABIIHHS IPUCKOPEHHAM M1
1, OT)K€, BU3HAYATHU ONTUMAJIbHUI 3aKOH YIPABIIIHHS BCIEIO CUCTEMOIO.
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EXPERT KNOWLEDGE BASED ON THE DIAGNOSTIC
OF WIND FARM EQUIPMENT
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Abstract. In recent years, the theory and practice of activities in the realm of technology
applications have advanced quickly. Reliable diagnostic systems halt their investigation of
technical issues. The approach to operational solutions is intended to establish a logical and
pictorial picture of the process of technical equipment renovation. This type of modelling acts
as the foundation for developing analytical activities, regulations, and relationships that are
used while updating technological features. Specialized knowledge bases, which are
multidimensional data sets, are critical in the operation of technical gadgets. These sets are
based on diagnostic information sets that are accessible and functioning in line with
particular rules and analytical linkages. A collection of algorithms was developed for this
aim in order to generate scientific information about running service providers. The
knowledge base in expert systems, commonly known in the literature as the hypertext system,
Is a type of information set that is employed in the process of knowledge management and
control in intelligent systems. A knowledge base can be defined using information from the
literature: "A knowledge base in an expert system is a computer system for collecting,
organising, and retrieving data from a set of information already collected.”

Keywords: wind farm, diagnostic model, structure, the expert knowledge, parameters, facts.

Functional structure of wind farm equipment. The diagram in Figure 1
illustrates the configuration of an onshore wind farm, comprising three turbines that
are linked to the primary power supply point (PSP) through block transformers (BT)
and medium voltage (MV) lines. The wind farm's generated power is then transmitted
to the national power system (NPS) via a high-voltage line (HV) that connects to the
connection point (CCP).
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Fig. 1 — Block diagram of a wind farm connected to the national power grid, where: WF
(wind farm), EW (wind farm), MV Line: internal power supply line (medium voltage), MV
Switchgear: switchgear consisting of 5 bays: Bay no. 1: voltage measurement bay; Bay no.

2: compensation choke bay; Bay no. 3: auxiliary transformer bay; Bay no. 4: power
transformer bay; Bay no. 5: 3 x EW linear bay; Tuz: earthing transformer; ST1: power
transformer station; HV Switchgear: overhead switchboard (high voltage); GPZ: main

power supply point

Functional and diagnostic model of wind farm quipment. The diagnostic
assessment of these things relies on functional and diagnostic models of technical
gadgets. The wind farm model identifies seven distinct functional components, as
depicted in Figure 3. In each assembly, a subset of its essential functional components
has been discovered. Table 1 presents the computed collection of fundamental elements
{ei;} within the wind farm model, which establishes its overall configuration [1].

Figure 2 displays the functional and diagnostic model of the wind farm system
that was developed and used to establish a baseline from which diagnostic and
reference signals could be extracted. X(ei;)} is a set of diagnostic signals, and
a complete list may be seen in Table 2.

Structure of the expert knowledge base for wind farm equipment. A
comprehensive knowledge base is now being developed to cater to the specific
requirements of the wind farm operation monitoring and safety system. The subsequent
section outlines the proposed knowledge base for a wind farm structure of moderate
capacity. This structure has five Vestas V90 2.0 MW wind turbines, which are
interconnected to a Main Load Point (MLP) through two 20 kV power lines. These
power lines function as the internal energy infrastructure for the wind farm [2].
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Fig. 2 — Functional and diagnostic diagram
of a wind power plant, where: E1: generator
drive system; E2: synchronous generator
system; E3: generator magnet system; E4:
power regulator system; E5: electric energy
converter system; E6: voltage coordinate
converter system and current; and E7: MV

transformer unit

Tab. 1 — List of functional units and basic elements of the tested facility designated in the
diagnostic study

Facility teams

Basic elements of an object

Symbol Description Symbol Description
e11 |turbine shaft stabilization unit
€12 |main gear
E: |generator drive system e13 | gear temperature control system
e1s |clutch
e1s | generator brake
€21 |synchronous generator
E> [synchronous generator system
e22 | generator temperature control system
es1 |magnet winding
Ez | generator magnet system es» | excitation voltage regulation system
es3 | matching system
es1 | PWM inverter assembly
Es [power regulator system
es2 | generator power regulator
Es electric energy converter es1 [controlled rectifier
system esp | inverter
_ &1 Voltage coordinate converter
Es voltage and current coordinate ' assembly Ua, Ug, Uc
converter assembly e current coordinate converter
2 |assembly Ia, Is, Ic
e MV transformer temperature control
E; |MV transformer assembly ’ system
e72 | MV transformer assembly
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Tab. 2 — Presents the collection of diagnostic signals, denoted as {X(ei;)}, which have been
determined within the wind farm model

Grounding transformer

Facility teams The set of diagnostic signals {X(ei;)} determined in the wind farm model
E: €11 1,2 €13 €14 €15
E2 €21 €2,2 %) %) %]
Es €31 €32 €33 %) %)
E4 4,1 €4,2 %) %) %]
Es €s,1 €s,2 %) %) %]
Es €6,1 €6,2 %) %) %)
E7 €71 €72 ) %) %)

M
‘ GPC !
I e e e e e e e e e = |

| |
i : Field 1 Line 110KV | :
I I Power transformer I
‘ EWI |— I |1
[ | Field 2 !
: Line 20kV I Voltage measurement I :
' Ew2 I Field 3 1| Field1
I I Compensation choke ; I PCC
| | |
! ! Field 4 |1
| — : Line 1 EW 1-3 ||

|
| | Field 5 L
I |
I I Iy
| |
| |

Fig. 3 — Block diagram of a wind farm, where EW 1-3 is the wind farm,
MCP is the main collection point, MPSP is the main power supply point,
FW is the wind farm, and PCC is the common connection point

In the process of developing the wind farm operation and safety system, a total of
306 facts were generated. These facts refer to the group-defined parameters of various
components, devices, and assemblies that are essential for assessing the technical and
functional state of the entire wind farm. This includes the wind farm itself, as well as
the medium voltage (MV) and high voltage (HV) power networks and associated
devices, and the grid connection point (GCP). The research yielded a total of 109 rules
that delineate the many functional phases of a wind farm. The diagram presented below
illustrates the representation of the block structure of a wind farm within the expert
system that has been developed.

Experimental fact structure of the knowledge base for wind farm equipment.
In order to establish the factual details pertaining to the wind farm (as depicted in
Figure 3), a comprehensive analysis was conducted on the fundamental components
of the wind farm. This examination resulted in the identification of two primary
functional and structural entities, namely the wind farm itself and the MCP substation.

337



Subsequently, basic blocks comprising typical parameters of devices, networks, and
installations were acquired for each functional and structural unit. The wind farm has
identified blocks A—P:

- A —environment and external conditions,

- B — network,

- C — turbine stopping system,

- D — hydraulic system,

- E — wind guidance system for the gondola,

- F — turbine communication system,

- G — connectors,

- H — protection automation,

- | — system for setting the angle of attack of the rotor blades,

- J— cooling and heating system,

- K — transmission,

- L — block transformer,

- M — controller,

- N — gear,

- O — generator,

- P —rotor.

The facts for the Main Collection Point (MCP) are divided into the following
blocks:

- Q — outflow linear field,

- R —field of the compensation choke,

- T — field of own needs,

- U — voltage measurement field,

- S — power transformer field,

- W — general signaling.

Knowledge base rules structure for wind farm equipment. The establishment
of parameters encompassing the entirety of the wind farm, including wind turbines,
medium- and high-voltage power grids (MV and HV), and the Main Collection Point
(MCP), facilitated the formulation of factual information. This information served as
the foundation for the creation of 109 regulations governing the designed supervision
system and ensuring the safe operation of the wind farm. Regulations were established
to govern the formation of all constituent units, along with the incorporation of
information derived from other units, facilitating the establishment of an
interconnected web of interdependent associations [3]. The rules are expressed in the
form of relations, specifically for the variable W. If Q is true, then Z will also be true.

1. Ordinal number (which defines the number of rules that follow).

2. Result (specifies the final outcome for a specific rule based on the formula).
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Name (specifies the supplied rule's name).

Category (defines a certain block).

A set of replies ({yes, no}).

Block (defines the block symbol for which the rule was written).

Mathematical description (explains how the rule was developed).

Verbal description (describes potential causes of damage or a specific operating

situation).
Response (determines if the rule is followed).
Conclusion. The development of expert knowledge bases presents a complex
technological and informational endeavour. When constructing knowledge bases, a
substantial quantity of engineering data is required, including the analysis of the
design, functioning, and upkeep of the equipment under examination. In addition,
possessing a comprehensive understanding of information technology in the context of
construction is vital, along with the capacity to gather, document, and evaluate data
within knowledge repositories.
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IMPACT OF THE FREIGHT CAR MAINTENANCE
AND REPAIR SYSTEM ON THE LIFE CYCLE COST
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Abstract. One of the main requirements for a railcar fleet is its reliability and safe operation
throughout its entire life cycle. In turn, the life cycle cost of a freight car is determined by
many factors. However, an important factor that directly affects the life cycle cost of a freight
car is an effective rolling stock maintenance and repair system.

The efficiency of freight cars is determined not only by their initial cost, but also by the costs
of maintenance and repair during their service life. The life cycle of a freight car is defined
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as a sequence of stages, starting with research during the development and design of a car
and ending with the termination of its operation and subsequent utilization.

Keywords: life cycle, railway rolling stock, scheduled repair, freight car, maintenance
system, operation cost.

Relevance of the work. An effective maintenance and repair system for rolling
stock reduces the costs associated with the maintenance and repair of freight cars,
highlighting the relevance of the research.

Research Purpose is to determine the impact of the rolling stock maintenance
and repair system on the life cycle cost of freight cars.

Freight cars are one of the most important components of the railroad industry,
ensuring the smooth transportation of goods. The cost of a freight car's life cycle is
determined by numerous factors, one of which is an effective rolling stock maintenance
and repair system [1].

The life cycle of railcars, as part of a complex rail transportation system, is a key
aspect that determines the efficiency and economic profitability of the rail industry.
The life cycle cost of freight cars includes not only the cost of their production, but
also all stages of their operational life, as well as the cost of their disposal and
environmental impact.

The first stage of the freight car life cycle requires significant financial, technical
resources and includes the following main stages, namely:

- design (at this stage of the life cycle, the technical requirements and prospective
characteristics of new railcars are determined, and the design of the railcar is
developed, including its construction, dimensions, materials and other technical
details);

- production (in accordance with the approved project manufacturing railcars in
accordance with the approved project, using special equipment and technologies for
assembly and welding of components, quality control at each stage of production);

- testing (conducting various tests, such as strength tests, brake tests and other
technical inspections, to determine the compliance of railcars with standards and safety
regulations);

- delivery of the railcar to the customer.

The second stage of the freight car life cycle is the operation stage. At this stage,
the cars are subjected to regular maintenance and repairs to ensure their smooth and
safe operation.

The freight car maintenance and repair system is a key aspect of ensuring the long
and efficient operation of a vehicle and directly affects the life cycle cost of a freight
car. Repairs are aimed not only at eliminating damage that has already occurred, but
also at preventing possible malfunctions through regular maintenance. This becomes a

valuable aspect in the context of reducing the overall cost of a freight car over its life
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cycle. Firstly, an effective maintenance and repair system helps to keep the freight car
in the best possible condition. This not only contributes to transportation safety, but
also avoids large repair costs in the future. Regular maintenance and scheduled repairs
help to identify problems at an early stage, when they can be fixed at a lower cost.

The main aspects of the impact of the freight car maintenance and repair system
on the life cycle cost include quality of maintenance, which affects the efficiency of
railcar operation. Regular and high-quality maintenance of railroad rolling stock can
increase the reliability and service life of railcars by reducing overdue and unscheduled
repairs. Another important aspect is safety, which is characterized by one of the main
reasons for the careful maintenance and repair of freight cars. Effective repair
contributes to the safety, durability and cost-effective operation of the vehicle. It is
known that the majority of accidents and incidents in transportation are caused by
technical malfunctions [2-5].

This approach is key to the sustainable development of transport infrastructure
and ensuring the best use of resources.

The third stage - utilization - becomes important in the context of environmental
issues. Proper railcar disposal includes the recovery and recycling of materials for
further use. This helps to reduce the negative impact on the environment and use
resources efficiently.

Conclusions. Key aspects of effective life cycle cost management include
optimizing production processes, introducing innovations in maintenance and
modernization, and developing and implementing environmentally friendly recycling
technologies. All of these aspects are related to the efficiency and sustainable
development of the rail transportation industry. Ensuring an efficient railcar life cycle
requires a systematic approach, taking into account all stages and combining technical
and economic solutions. Such an approach can guarantee the sustainability and
competitiveness of rail transport in today's environment.
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VIRTUAL TRACK GENERATED FORCES AND THEIR
RELATIONS TO REAL WORLD FEEDBACK
ON A RACING SIMULATOR
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Abstract. Virtual racing games offer an immense amount of data calculated from their physics
engine. These physics engines are often so complex that wind resistance, tire temperature,
brake fade and many more simulated real-life parameters are brought into account during a
virtual track lap. All these features have an effect on feedback. This paper quantifies this
subjective feedback into real world data by comparing generated acceleration values to
measured angular speed values on a six degree of freedom motion platform. As it is shown,
this data can in fact be quantified and accurately measured.

Keywords: motion platform, simulator racing, vehicle driving forces

Relevance of the work is greatly related to sim racing and its ever so expanding
prominence in e-sports.

Research Purpose is to quantify and assess feedback forces while driving on a
virtual track in a six degree of freedom motion platform.

Virtual racing forces are derived from real life forces in a car on a track. As it is
known in the simulator racing world these virtual values are almost identical to their
real life counterparts. Therefore, studies based on real life track racing can be directly
used for virtual racing theory. This paper will focus on forces directly affecting the
driver. These forces are not the same hand in hand as overall vehicle forces [1]. Since
the driver has their own inertia and even though a racing seat provides a high amount
of stability, the driver doesn’t feel the same forces which are exerted on a car. For
example a cars body roll during cornering, where weight is transferred more to the
outside tires, is barely felt as an angular tilt by a driver and more as centrifugal force,
pushing him or her out of their seat [2]. For humans it’s hard to accurately determine
at what angle a car is rolling at on a corner due to an overwhelming amount of
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centrifugal force. What this means is that meticulously calculating and converting each
and every force exerted on a cars chassis is not a worthwhile effort. Subtle movements
increase overall immersion levels.

Acceleration

.HI
//, \:\
1= / R

Braking

Figure 1- Example traction circle showing acceleration, braking and a left hand turn.

As shown in Figure 1, a traction circle where g-force is usually a sum of
longitudinal, lateral and vertical forces is used to convey what forces are felt inside a
vehicle on a track.

Figure 2 — 6 DoF motion platform

Figure 2 shows the motion platform in which simulated values are retrieved from.
It offers six degrees of freedom, which include three linear movements longitudinal,
lateral and vertical and also three rotational movements around each aforementioned
linear axis [3]. It consists of three pairs of linear electric actuators. Each actuator has a
250 [W] DC motor which rotates a 16x4 trapezoidal thread leadscrew that can provide
+ 200 [mm] of travel from its nominal position.

The live for Speed PC game was chosen as an accurate racing simulator. Its
physics engine is renowned as an almost perfect virtual representation of a real life
driving experience. FIyPT is a computer program which interprets live data from any
game with a physics engine and converts virtual forces into positional data for
actuators. It also serves as a plotting program for virtual g-force values. This data is
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then fed into a PID motor controller [4], which in this case are three sets of Arduino
Uno’s running SMC3 code, one for each pair of actuators.

[/ AN

Figure 3 — Location of measuring device and its coordinate system

Figure 3 shows how data was collected from the simulator. A mobile phone
running Phyphox which captures angular velocity, from the phones built in gyroscope
and accelerometer. A baseline lap was performed and recorded, then replayed
measuring the phones sensor data. These outputs were saved in CSV files and then
graphed into plots. The base of this study consists of comparisons between virtual g-
force plots and real life angular acceleration plots.
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Figure 4 — Recorded longitudinal data
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Figure 4 represents acceleration data from a standstill. What can be interesting are
individual dips during overall acceleration. These can be seen in both plots. Each dip
represents a gear shift. This is a subtle, yet pronounced force caused by sudden lack of
torque transmission to a cars’ wheels. As it can be noted the simulators movements
reflect this small feature and it characteristic points can be compared.
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Figure 5 — Recorded right hand turn data

Moving on to lateral data, Figure 5 represents a right hand hairpin turn. Similar to
the previous plots, these also closely resemble one another. The virtual acceleration
plot can be read as follows, the overall force on the top half of the plot is greater than
its lower half. This means that a successful turn has been completed, although the
bottom half represents a left hand turn. This is due to slight steering correction when
exiting a turn. Several dips also confirm that aforementioned adjustments were made
during the turn. Each and every one of these points of interests are represented on the
linear angular velocity plot. It is important to mention that the angular velocity plot
seems to be inverted, this is due to the feeling of being pushed out of your seat outwards
during a turn [5].

Conclusions. A simulator as its name suggests can only simulate real life forces.
Each and every motion platform has limited peak g-force values due to its construction.
In this case a combination of leadscrew pitch, DC motor rated torque and RPM dictate
this peak acceleration value. In order to achieve a somewhat realistic illusion, a
program coverts g-force into platform angles and angular velocity. It uses the users
own inertia to simulate constant acceleration forces. For example, a seat tilted forward
represents braking, as real life braking tends to push the driver forward out of his seat.
Each motion is an illusion caused by simple laws of physics. This fortunately can be
quantified and examined by comparing plots of virtual generated force values to
measured angular velocity values.
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THE ANALYSIS OF THE PHASE COMPOSITION
OF X2CrNiMoN22-5-3 STEEL
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Abstract. The paper presents a complex analysis of the phase composition of duplex steel
X2CrNiMoN22-5-3 based on X-ray diffraction method. The measurements were carried out
using CuK, characteristic radiation. As part of the experiment, lattice parameters, residual
stresses and lattice distortions were determined by using the Bragg equation and the
Williamson-Hall method. Diffraction profiles were described by the Pearson VII function
using Origin software. The structures of gamma iron and alpha iron was modeled to generate
diffraction patterns in the PowderCell software. Research shows, that the tested steel is richer
in ferrite (58.75%) than in austenite and residual stresses (type 111) induced most likely by the
rolling process are compressive.

Keyword: X-ray structural analysis, X-ray diffraction method, duplex steel, Bragg’s law,
phase identification, lattice parameters, lattice distortions.

Relevance of the work: Quality control of steel products.

Research purpose: is to perform complex structure analysis of the duplex steel
and determine phase share, lattice constants, size of crystallites and lattice distortion
by using the X-ray diffraction method. Research includes the determination of: phase
identification, determining the size of lattice constants, determining the size of mosaic
blocks (subgrains separated by low-angle boundaries), determination of lattice
distortions and determination of the residual stress gradient (111 type).
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Main text. Ferritic-austenitic steel is characterized by high mechanical properties,
good corrosion resistance, weldability and formability. The chemical composition and
heat treatment parameters greatly influence the microstructure, which consists of
approximately half austenite and half ferrite, thus providing the best characteristics of
chromium ferritic steel and chromium nickel austenitic steel. Duplex steels are mainly
used in welded structures because they are generally considered to be easily weldable
materials, but there are known examples of specific technological problems that have
resulted in large financial losses related to repairs and testing of welded joints.

These problems are related to the difficulties of obtaining a duplex structure (50%
ferrite and 50% austenite) in welded joints, especially in multi-pass welds when
welding thick sheets [1].

XRD measurements were carried out with a copper anode with a weighted
average wavelength of Jcuk, = 1,541874 [A].

The recorded diffractrogram was characterized by a high amplitude of the
diffraction background. Therefore, a smoothing procedure for the measurement data
was used. In the next stage, the diffraction background was removed assuming its linear
distribution. Grading of the diffractogram was performed. For this purpose, structural
models of ferrite and austenite were developed based on literature data [2]. As is
known, ferrite and austenite have the structure of iron a and iron y, respectively, with
lattice parameters: 2.88 and 3.56 [A]. Preparation of structural models enables quick
identification of diffraction reflections and description of their so-called Miller
indicators. These indicators tell us about the distance and orientation of the crystal
planes relative to the axis of the crystallographic system.

The profile of each diffraction reflection was described by the Pearson VII
function according to formula (1) [3].

W2m

1(20) = Ly 1 e
Wz+<w(m)_1>-(z@—2@o)2]

1)

m — shape factor,

w — full width at half maximum,

Imax — maximum intensity of the peak,
0 — reflection angle.
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Figure 1 — Separation of two peaks of the diffractogram with the Pearson function VII.

To determine the percentage of phase volume: determine the integral intensities
of individual reflections, which correspond to the areas under the peaks. Next match
and sum the integral intensities of reflections corresponding to individual phases. At
the end determine the phase contribution based on formula (2) [4].

v, __Iiila 1009 )

it latZid 1y

V., — percentage of ferrite,

l,, Iy — integral intensity of the reflection coming from ferrite and austenite,

n —number of reflections coming from ferrite,

m — number of reflections coming from austenite.

The lattice constant is one of the basic parameters defining single-crystalline and
polycrystalline solids. An accurate measurement of the lattice constant can be obtained
using the quadratic form of the Bragg equation for a regular system (3) [5].

AZ

sin?@ = 1az (h? + k* + 1%
o

A — wavelength of X-ray radiation,

hkl — Miller indexes,

0 — reflection angle [rad.],

o — lattice constant in the regular system.

Determination of the crystal lattice constant is performed by approximating points
for angles different from 90°. One of the extrapolation methods is the use of the
Nelson-Riley function, which is also considered the most accurate method (4) [6].
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Figure 2 — Approximating function for austenite.

The Williamson-Hall method assumes that the width of diffraction reflections
consists of the sum of the reflection widths, which is related to the influence of lattice
distortions P, and depends on the size of crystallites Pk. Lattice distortions in the
Williamson-Hall method are described by formula (5) [7]

b
4-tg0o

€ — value of lattice distortions,

Bz — width of reflection related to the influence of distortions.

The ferrite/austenite content in duplex steel should range from 40 to 60%, so the
determined value (58.75%) is within the given range. The obtained results and
literature comparison are presented in Table 1.

Table 1 - The obtained phase share result compared to the correct range

Va — Obtained phase volume of ferrite [%] | Correct percentage share of ferrite/austenite
in duplex steel [%]

58,75 40-60

The comparison of the results with literature data shows that the calculated value
of the lattice constant for both phases of the tested sample is correct. The lattice
constant of chromium-rich ferrite has a value higher than that given in the model and
is slightly outside the range given in the literature, but this is not a ruling error.
Austenite is within the literature range, but there is a large difference from the default

value of the molecular model, which may be due to the high chromium content. The
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microstructure of X2CrNiMoN22-5-3 steel is correct. The results are summarized in
Table 2.

Table 2 — Comparison of the obtained value of the lattice constant with the values of
the model and the literature

-- a, — Value of lattice |Lattice constant of the|] Value given in the
constant [%] model cell [%] literature [%] [1]
Ferrite 2,889 2,866 2,86-2,88
Austenite 3,612 3,564 3,58-3,62

The last counted elements were the crystallite sizes and lattice distortions for both
phase components. Using the Williamson-Hall method, both of these values could be
calculated for each of the phases. Austenite crystallites are approximately 40% larger
than ferrite crystallites. A negative result of lattice distortion indicates that compressive
stresses occur in the steel, and in ferrite they are approximately twice as high as in
austenite. The results of both phase components are summarized in Table 3.

Table Ne 3 — Summary of crystallite size and lattice distortion results

- D — Crystallite size [%] ¢ — Lattice distortion [%]
Ferrite 73,76 -0,38
Austenite 103,76 -0,193

Conclusions. The conducted research shows, that the tested steel is richer in
ferrite (58.75%) than in austenite, but still retains the duplex structure appropriate for
this grade. The lattice parameters of chromium-rich ferrite and austenite are slightly
higher than the lattice constants of alpha and gamma iron, which is probably due to the
high chromium content (~22%). The residual stresses (III type) of both phase
components are compressive, and they are twice as high in ferrite than in austenite.
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Abstract. Virtual reality is a notable tool for simulation, entertainment, and human-computer
interaction. This technology is frequently used recreationally in conjunction with exercise.
This study's primary goal was to assess how well novice users performed an intermittent and
continuous assessment in a virtual environment that was specifically created for this purpose.
The article's introduction outlines the fundamentals of virtual reality. Subsequently the tools
used to create the virtual environment are shown, along with the description of its appearance
and usage guidelines. Also explained how the participants' attempts were graded and
assessed. In this setting, the laws of natural physics governing mobility and interactive
functions with the surroundings were mapped. The study's methodology and an analysis of
the test findings, which were administered to eight participants who had never used virtual
reality before, are presented in the following section. Two groups of test subjects were
developed, one of which had intermittent training and the other, continuous training. After
comparing the outcomes of these groups, it was determined that the intermittent training in a
virtual reality setting was more advantageous.

Keywords: VR, UNITY, programming, shooting range, reaction and accuarcy, intermittent
and continuous tests, immersy

Relevance of the work is conditioned by the use of virtual reality (VR)
technology. This modern technology is gaining more and more application in the
creation of special measurement environments, on which relevant research, tests are
carried out. This work shows an example of the possibility of using VR to create any
testbed and conduct analyses with use of it.

Research Purpose is to assess performance of first contact users attempting in
continuous and intermittent test in specially created virtual reality environment.

An interactive computer-generated place that replicates the user's experience of
presence in a virtual world is called a virtual reality environment. VR goggles and
controllers are examples of special gadgets that let users immerse themselves in
experiences that stimulate their senses—sight, hearing, and touch. What sets virtual
reality apart from other conventional methods of information presentation is its ability
to create the illusion of presence in a virtual environment [1]. Virtual reality has proven
its applications in sports [2], where it may be used to address movement analysis,
capacity, and even training, as well as health-promoting physical activity.
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Virtual environments can be created using various types of programming
environments. Some of them are more programming-friendly, while others require
more knowledge and skill from the developer. UNITY is one of the environments that
has a friendly and intuitive graphical interface, uses the C# programming language,
and has more active user’s community than the other environments. For these reasons,
it was decided to choose this environment to arrange the virtual testbed.

The created environment had to be user-friendly for those who were colliding
with virtual reality for the first time. Therefore, a simple-to-use virtual shooting range
have been created, where participants had to demonstrate their reflex and accuracy
while shooting at targets. It was an arena with basic functions, without much variety
such as recoil, reloading weapons, etc.. Despite its simplicity, there is no problem with
conducting tests on it. The shooting range (Figure 1) includes such elements as a gun,
targets, a scoreboard and a start/stop button. Each participant's task was to grab the
gun, get ready to start the game, press the start button, and then complete the task. The
task was to shoot eight appearing points at different locations in the shortest possible
time with the greatest possible accuracy. After completing the trial, the obtained results
were displayed on the front wall (in front of the participant). The score of the
participant consists of time in which one managed to hit a given target, as well as the
number of rounds needed to nail each point. Based on this data, the result of the
completed trial was calculated.

SUNHEESTF~COUNEER

Figure 1 — Shooting range appearance; 1 — area where results appear, 2 - target,
3 - weapon, 4 - start/restart button

The study included four subjects performing a continuous test and four subjects
performing an intermittent test. The difference between both tests is that in the
intermittent test, three attempts were made one day and another three equally a week
later. The continuous test, on the other hand, consisted of taking six attempts one after
the other on same day. Each of the test participant wore a VR headset for the first time.
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The headset used in the trial was an Oculus Quest 2 (Facebook Technologies, LLC. 1
Hacker Way, Menlo Park, CA 94025, USA). The results of these groups can be
compared and evaluated as to which type of training is more beneficial for this type of
user. Table 1 shows the average results obtained by the two test groups, and Figure 2
shows these results in column charts.

Table 1 - Average performance of groups in each approach

Test type Intermittent Continuous
Average score
Attempt 1 42,42 38,01
Attempt 2 73,62 53,59
Attempt 3 116,96 66,49
Attempt 4 61,21 67,80
Attempt 5 94,64 83,02
Attempt 6 126,29 90,09
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Figure 2 — Average score of both groups in each approach:
a — intermittent test, b — continuous test

Classic computer tests were used to make similar measurements. When the white
squares showed up on the computer screen, the subjects were instructed to hit the
corresponding keys on the keyboard [3]. The testing process is comparable to what is
done with virtual reality.

Conclusions. The virtual environment developed to evaluate whether intermittent
or continuous training is superior is presented in this research. This was assessed using
the outcomes that were attained following six attempts. Those who finished the task
faster and with fewer tries received higher scores.

Based on the results, both groups began at a fairly low level (with scores within
40 points), and by the time they tried again, they had nearly doubled those levels. The
intermittent test group had a notable increase in their score on the third try, effectively

hitting the upper bound of the average level at 116.96 points. Considering that this is
353



only the third attempt, this is already an intriguing outcome. However, despite an
increase in their average score, second group’s performance remained subpar in the
third, fourth, and fifth tries, scoring between 60 and 80 points. In the meantime, first
group experienced a significant decline to the weak level following a week-long hiatus.
However, they recovered to the better level in the subsequent trial, scoring 94.64
points. The continuous training group improved their average score level once more in
the last trial, reaching their best score of 90.09 points for the entire test. In the most
recent trial, intermittent group achieved a high level of up to 126.29 points by primarily
earning the highest individual scores to date.

In summary, participants who paused the study for one week at the halfway point
saw improved outcomes compared to those who did not. We can deduce that
intermittent group performance improved over the one-week vacation. This group had
time to recover, rest, and contemplate back on their previous performances. In
comparison to other group, which did not have a break, their performance improved
dramatically when they returned to the study after the break.

These results imply that efficiency and productivity may benefit from regular
pauses and relaxation. When you return to training, you will be better able to
concentrate on the work at hand since you will know what to expect, which gives you
the chance to recover and prevent burnout.

It is significant to remember that the findings listed above are merely conjecture
based on the information gathered. The results may also be impacted by variables like
the participants' motivation, their physical attributes or manual dexterity, and how
quickly they become accustomed to the surroundings. More in-depth investigation or
analysis would be required to have a more comprehensive knowledge.

Due to the way it was built and the formal usage requirements, it was not feasible
to compare these results to a genuine shooting range. The authors hope to confirm these
results in future research.
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CEKIIIS 9: METPOJIOTIS TA IH®OOPMAIIIMHO-
BUMIPIOBAJIbHI TEXHOJIOT'II

SECTION 9: METROLOGY AND INFORMATION
AND DIGITAL TECHNOLOGIES

METPOJIOTTYHE 3ABE3IEYEHHS IHOOPMAILIMHO-
BUMIPIOBAJIBHUX CUCTEM
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METROLOGICAL SUPPORT OF INFORMATION
AND MEASUREMENT SYSTEMS
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Abstract. This study conducts a review and analysis of the metrological support of
information and measurement systems, and also offers recommendations aimed at improving
the accuracy and reliability of measurements in these systems. Based on the conducted
research, recommendations were formulated to improve the metrological support of
information and measurement systems. One of the main directions of the recommendations is
the development and implementation of new methods and technologies of metrological
support that take into account the specifics of these systems. The need to improve the
calibration and verification procedures of information and measurement systems to ensure
more accurate and reliable measurements was also suggested.

Keyword: metrology, information and measurement systems, calibration, certification,
accreditation

AKTyaJIbHICTBh J0CJTi:KeHHsA. Metposoriune 3abe3nedeHHs iHGopmariiiiHo-
BUMIPIOBAJIbHUX CHUCTEM BIJIrpa€e KJIKOYOBY POJIb Y CydyaCHOMY CBITI, € TOYHA Ta
J0CTOBipHA 1H(MOpMAIliSE € OCHOBOIO JJI YXBAJICHHS TJIO0ATBHUX PIllleHb. Y CBITII
IIBUJKOTO PO3BUTKY TEXHOJOTIA Ta HapOIMyBaHHS O0OCSTYy BUPOOHHUIITBA Ta
BUKOPHUCTAHHS WX CUCTEM, 1X HAAIHHICTh Ta TOYHICTh CTAIOTh KPUTHYHO BAXKITMBUMU
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dakTopamu. B ymMmoBax rioOamizarii msg mpoOjieMa cTae Jaenaii akTyaldbHIIIOH,
OCKUIbKH BIJ HEl 3aJeKUTh MOXJIMBICTh MOPIBHIOBATH PE3yJIbTaTH BUMIPIOBAHb,
OTpUMaHi y pi3HUX Ja0OpaTopisiX Ta yCTAaHOBAX Pi3HUX KpaiH. be3 mporo 3araapHOTO
CTaHAAPTy MIDKHAPOJHE CIIBPOOITHUIITBO Ta CHUJIBHUN aHaNi3 JaHUX CTaloTh
HEMOJIMBUMU.

Meta po0oTHM TOJISITa€ y JNOCTIKEHHI OCHOBHMX AacCIleKTiB aJICKBaTHOCTI Ta
TOYHOCTI BUMIPIOBaHb B iH(POpMaIiTHO-BUMIPIOBAIBHUX CUCTEMAX, a TAKOXK IMOIITYKY
IUISIX1B T4 METOIB IMIBUIIIEHHS X METPOJIOTIYHOI HaIIITHOCTI.

Mertponoriune 3a0e3nedeHHs  1HQOpMAIIHHO-BUMIPIOBAIPHUX CHCTEM €
BOKJIMBUM AaCIIEKTOM CY4YacHOi HayKH Ta TEXHOJIOTii. MeTposoris - 1e Hayka Ipo
BHUMIPIOBAHHS Ta BUMIPIOBAJIbHY TEXHIKY, a 1H(OpMaLiiHO-BUMIPIOBAIbHI CUCTEMH -
[[e KOMIUIEKCHE OOJlaJJHaHHs Ta TMporpamMHe 3a0e3leueHHs, MpHU3HAYeHI s
OTpUMAaHHS Ta 00pOOKHU JaHUX, OTPUMAHHUX 32 JOIIOMOTOI0 BUMIPIOBAILHUX MPUIIAIIB
[1]. MeToro MeTpOJIOTiYHOTO 3a0e3MeUeHHS TAKMX CUCTEM € 3a0e3MeYeHHSI BUCOKOT
TOYHOCTI Ta HAJAIHHOCTI BUMIPIB.

[HdopmaltiitHO-BUMIpIOBaJIbHI CUCTEMH € KOMIUIEKCAMU, IO BKJIKOYAIOTh
BUMIPIOBaJIbHI MPUJIaAH, IPOrpaMHe 3a0e3MeUYeHHsl Ta anapaTHO-IMPOrpaMHl 3aco0u
s 300py, 00poOKM, aHamily Ta T[OJIaHHS OTpPUMaHMX JaHuX. BoHu
BUKOPUCTOBYIOTBCSI B PI3HUX OO0JACTSIX, TAKUX SIK MPOMUCIOBICTb, TPAHCIOPT Ta
MEUITMHA, I KOHTPOJTIO Ta YIPABIIHHS PI3HUMHU ITapaMeTpaMH Ta MPOIECaMHu.

Mertponoriune 3abe3nedeHHs B 1HPOpPMalIHO-BUMIPIOBAJIBHUX CHCTEMaXx
BIJIIFPAa€ KJIIOYOBY pOJib y 3a0€3MedeHH] TOYHOCTI Ta HaAiiiHOCTI BuUMIpiB. BoHO
BKJIFOYA€ HACTYITHI aCIIEKTHU:

- MerposioriyHa arecTtallis: TPOILEC, BHACIIJIOK SKOTO BCTaHOBIIOETHCS
BIJIMOBIHICTh BUMIPIOBAJIBHUX MPUIAIIB Ta 1H(YOPMaALIHHO-BUMIPIOBAIBHUX CUCTEM
BUMOTaM METPOJIOTIYHOT TOYHOCTI Ta HanmidHocTi [2]. B pamkax MeTposioridHoi
aTecTalii MpoBOAATHCS KamOpyBaHHS Ta BepUQIKallisl BUMIPIOBAIBHUX MPUJIAIIB, a
TaKOX aHaJ13 CUCTEMAaTUYHUX Ta BUIMAIKOBHX MOXUOOK.

- CucreMa SKOCTi: MeTpoJioriyHe 3a0e3nedeHHs iH(opMaIliiiHO-BUMIPIOBAIBHUX
cucTeM moTpeldye po3poOKH Ta MIATPUMKH CHUCTEMH SKOCTI, $Ka TapaHTye
BIJIMOBIAHICTh BUMIPIOBAJIBHUX TPWIAAIB Ta CUCTEM METPOJIOTIYHUM BHUMOTaM Ta
cranaapraM. Lle Bkiltouae BCTAaHOBIJIEHHS POLEAYP KOHTPOJIIO SIKOCT1, METPOJIOTTYHY
CTaHAApTU3AIlII0 Ta MOHITOPUHT MPOILECIB BUMIPIOBAHHS.

- Ceprudikamiss Ta akpeauTallis: BaXJIUBUMH aCIEKTaMHU METPOJIOTTYHOTO
3a0e3nedueHHs  1HGOPMAIIHHO-BUMIPIOBAILBHUX  CUCTEM €  cepTtudikamis Ta
akpenutartis. Ceptudikaiis maATBEpKY€E BIAMOBIIHICT, BUMIPIOBAIBHUX MPUIIAIIB
Ta CHUCTEM TII€BHUM BHUMOTaM, a akKpeJAuTaIlisl BCTAHOBJIIOE Ta IMIITBEPIKYE
KOMIIETEHTHICTb JTa00paTopii 1100 MPOBEACHH METPOJIOTIYHUX BUIPOOYyBaHb [3].
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[HdopmaliitHO-BUMIPIOBAJIbHI CUCTEMU IIHPOKO 3aCTOCOBYIOTHCS B PI3HHMX
rajgyssix, TaKuX SK T[POMHUCIOBICTh, MEIUIMHA, HayKa Ta TexHosorii. Bonu
BUKOPHUCTOBYIOTHCSL JJI1 YHPABIiHHSA Ta KOHTPOJIO PI3HUX MapameTpiB 1 MPOIECIB,
TaKHX K TeMIepaTypa, TUCK, IIBUAKICTH 1 T. . 3aCTOCYBaHHS IIUX CHCTEM JI03BOJISIE
MiABUIINTU €(PEKTUBHICTD Ta O€3MEKy POOOTH, a TAKOXK 3a0€3MEUUTH BUCOKY TOUHICTh
BHUMIPIOBAaHUX BEJIMYMH.

[IpoGiiemMu Ta BUKIMKH Yy METPOJIOTIYHOMY 3a0e3neueHHl iHdopMalliifHo-
BUMIPIOBAIBHUX CUCTEM:

HesBaxaroun Ha mepeBard Ta IIUPOKE 3aCTOCyBaHHA 1H(opmaliiiHo-
BUMIPIOBAJIbHUX CHUCTEM, ICHYIOTH 1 TeBHI mpoOiemu. Jleski 3 HUX BKIIOYAIOTh
KOMIUIEKCHICTh Ta CKJIQJHICTh CHUCTEM, a TaKOX BHCOKI BHUMOTH JO TOYHOCTI Ta
HAIIAHOCTI BHUMIpIB. BaXIMBUMH BUKIMKAMU € TaKOX CTaHIApPTHU3AIIsS Ta
rapMOHI3aIlisi METPOJIOTIYHUX MPOIEAYP Ta METO/IIB, a TAKOXK 3a0€3MeUeHHs repeaadi
Ta CyMICHOCTI JIaHUX M1k PI3HUMH 1H(HOPMAIIHHO-BUMIPIOBAIbBHUMH CUCTEMaMHU.

BucnoBok. Metponoriyne 3abe3nedyeHHs  1HQOpPMalIHO-BUMIPIOBAIbLHUX
CUCTEM € BXKJIMBUM KOMIIOHEHTOM YCIIIIITHOT pOOOTH B CyYaCHHUX rajy3siX HayKHu Ta
TEXHOJIOT1i. 3aBJSKM MPABWIBHOMY METPOJIOTIYHOMY MiAXOAY Ta 3a0€3MeUYEeHHIO
BHCOKOI TOYHOCTI BHUMIPIOBaHb, MOXHa JOCATTH ONTHUMAalbHOI poOOTH Ta
MaKCUMaJbHOTO BUKOPUCTAHHS MOTEHLIATY 1HGOPMALIITHO-BUMIPIOBAIBHUX CUCTEM.

HacamkiHenp, aKTyaJdbHICTh JIOCHIIKEHHS METPOJOTIYHOrO 3a0e3MeueHHs
1H(MOpMAaIITHO-BUMIPIOBAILBHUX CHUCTEM HE MOKHA HeEJOOIliHIoBaTH. Bing HBOTO
3aJIeKUTh MIKHAPOJHE CHIBPOOITHUIITBO, HAJIIWHICTh Ta JOCTOBIPHICTH PE3YJIbTaTIB
BUMIpIOBaHb, Oe3mneka Ta eQeKTHBHICTh pPI3HUX Taimy3ed misuibHOCTI. CyuacHe
CYCHUIbCTBO AeAalll OUIbILIE 3aJIEKUTh Bl 1H(HOPMAIITHO-BUMIPIOBAJIbHUX CUCTEM, Ta
HOro TOYHICTh 1 HAAIMHICTh CTAIOTh KJIHOUOBUMHU YMHHUKAMU II0JI0 MOTO YCHIIIHOTO
(yHKLIOHYBaHHS Ta PO3BUTKY.
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DETERMINATION OF WATER CONTENT IN DIESEL
FUEL USING OPTICAL MICROSCOPIC METHOD
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Abstract. A simple yet accurate and informative method has been developed for the
guantitative determination of water content in diesel fuel. This method also allows obtaining
the distribution of the mass water content across globule diameters, which is essential for
analyzing the processes of water separation from the fuel.

Keywords: optical microscopic method, diesel fuel, water globules.

Bonga mnotpamuise B aAu3eNbHE MNalMBO NPAKTUYHO HA BCIX eramax Horo
TPAaHCIIOPTYBaHHS, 30€piraHHs, HAJIMBAHHS Ta 3alPABKU. Y JU3EIbHOMY MBI MOXE
OyTH TPUCYTHS Y BUTJISAAI PO3YMHEHOI BOJIM, BOJOMAJIMBHUX €MYJbCiH (Y BUTIISII
KpareJihb) Ta MAToBapHOoi Bou (y BUTIISAA ocany). OcoOauBui iHTEpeC BUKIIMKAE BOJA
B TAJIMB1 y BUIJISAAI BojonaauBHoi eMyubeii [1]. s BUBYCHHS 3arajibHOi KiTBKOCTI
BOJAM, PO3MOAUTY 3a BHUJAMHU Ta JUCIEPCHOTO CKJIAAy BOJOMAIMBHHUX EMYJBbCIH
3aCTOCOBYIOTH PI3HI METOAM (BOJIOMETPUYHUM, A1EIIEKTPUYHUMN, CEIUMEHTALIHHUN
Tomo) [2].

OpHak 111 METOAU MAarOTh HHM3KY CYTTEBUX HENONIKIB (HU3bKY TOYHICTH Ta
BUMAaraloTh BUKOPUCTAHHS CKJIAJIHOTO OOJiafiHaHHs). ToMy Ba)JIMBO pO3pOoOUTH
IPOCTHH, a BOAHOYAC JOCHUTh TOYHHMM 1 1HOOPMATHBHUN METOM JOCIIIKCHHS
BOJOIMAJIMBHUX CyMIIIEH Ta OTpUMATH 1HPOPMALIIIO 00 3MICTY BOAH B TU3EIBHOMY
MajuBl, JUCHEPCHOCTI BOAM Ta 3MiH Yy BMICTI Ta JAMCIEPCHOCTI BOAM MijJ Yac
nepekavyyBaHHs. Y 1iil poOoTI 3p00JIeHO cripoOy PO3POOUTH ONTUKO-MIKPOCKOIIIYHUAN
METOJI OTPUMAaHHS KUIbKICHOI 1H(opMalii Mpo CTaH BOJONAJIMBHOI €MYJbCIi Ta
OTPUMAHO TaKi JaHi JJ JU3EJIbHOTO MajnBa.

Bbyna nmpoBenena cripo0a BU3HAYUTH KUTBKICTh BOAM Y BOJOMAIMBHIN eMyJIbCii 3a
JOTIOMOTOK0 ONTUKO-MiKpockomiyHoro merony [3]. Cnowatky OyJio MiIrOTOBJICHO
BOJIONIAJIMBHY €MYJIbCito 3 kKoHIeHTpatiero 0,05%. [Ipoba 11iei emynbcii 00'emom 10 mut
OyJya rmepeHeceHa B ONTUYHO MPO30PY KIOBETY.
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3Bakaro4M Ha Te, 110 IIILHICTh BOJY Ta IIIILHICTH MAJMBA BIAPI3HAOTHCS, KarlIl
BOAM TiJ] BIUIMBOM CUJIM TSDKIHHS TOCTYIOBO OITyCKAJIMCS Ha JHO KIOBETH. Tomy
MiKpockom 0yJio c()OKyCOBaHO Ha JHI KIOBeTH. [ ToOynu Boau, SKi BiAKIAIaIMCS Ha
JTHO, MaJT! Pi3HUH JiaMeTp.

[TimpaxyHOK KiJTBKOCTI TJIOOYJT BOJM BUKOHYBABCS IUISIXOM CIIOCTEPEKCHHS TIPH
30UIBbIIIEHH] MacIITady X8 B IIECTH 1HTEpBajax aiaMeTpiB, kpatHux 14. IToyaTkoBuii
iHTepBait 0-14 MkM OyJi0 MOIIEHO HA TpU HepiBHI migiHTepBanu (0-2,8; 2,8-8,4; 8,4-
14 MKM), B KOXXHOMY 3 SIKMX TJ100yJM BOIU OOUYMCIIOBAIWCS MPU 301IBIICHHI
maciTady x40. [le 103BoauI0 oTprMaTH Macy TJI00yJ BOAM Ui KOXKHOTO JlaMeTpy,
a MOTIM MiICYMyBaTH Macy BOJIM B BUBYCHOMY 00'eMi.

OCKiTbKM HIBUAKICTh OCIAAHHSA TJIOOYJT BOJM 3aJIEKHUTHh BiA iX JiaMeTpa, TO
MMOYAaTOK BUMIpPIOBaHb OyB 3IIHCHEHWU MICHsI 1HTEpBaIy dYacy, HEOOXIIHOTO IS
OCiIaHHs TJIOOYJ BoAaW JiaMeTpoM 1,4 MKM (MiHIMaJdbHUN 1iaMeTp 100yl BOJH,
(ikcoBaHMI B IIMX BUMIpaXx).

1106 o1iHUTH Yac 1O 3aBepIleHHs OCaHKEHHS r100YyJl BOJU Ha JHO KIOBETH 1
BU3HAYUTU OOCST P1IMHU HAJ ITOJIEM 30pY, HEOOX1IHO 3HATH BUCOTY MaJIMBA B KIOBETI.
3Har04YM BHYTPIMIHINA J1aMeTp KioBeTH Dy 1 manuBa B Hiid V,, BA3HaYalIl BUCOTY LIapy
nanvBa 3a GopMyIio:

4.V,
h=—"7=L
r-D" (1)
3natou h 1 giamerp nosis 30py D, 06'eM niepersissHyToro moJist 30py BU3Ha4YaBCsl SIK:
7D
V”P- = 4 h ' (2)
Kinbkicte 06csriB momiB 30py B 1 MJ nanusa:
1000
K=——

np.

Cepennst KUTBKICTh TTI00YJ BOAM ISl KOKHOTO 1-TOTO 1HTEPBAIy B OJTHOMY TOJIi
30py:

2%,
ch.i = = ! (4)

n
ne Xj - KIIbKICTb I7I00yJI BOAM 3a/1aHOTO pO3MIPY B J-TOMY MOJI€ 30py, LIT.;
N - KUTBKICTh MEPETIISTHY THX TOJIIB 30Dy .
Kinpkicts r100yn Boau B 1-My 1HTepBajdi B 1 MJ manuBa OOUMCIIOETHCS 3a
dbopmyor0:
Xi = K°ch_i . (5)

OOcsr, 3aiiHATHN BOJIOIO B 1 MJI asivBa, BU3HA4YaBCs 3a (hOpMYJIOH0:
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- ZXidfpj
Vg :#’ (6)

JI€ M - KUIBKICTb 1HTEPBaNIB pO30UTTS; dcpi - CEpeaHii JiameTp 1100y BOAU B 1-
My IHTE€pBaJIi, MM;

[Tpu anasizi 0OBOAHEHHS MU3EIHHOTO MAJMBa 1 BUBHAUYCHHI KOHIICHTpAIlii BOJH B
BOJIOTIAIMBHIM €MyJIbCli MAIOTh CIIPaBy HE 3 KUTbKICTIO YaCTUHOK BOJIM a00 TX MacOBOIO
YaCcTKOIO, a 3 iX 00cAroM, To4HIme 00'éeMHOIO0 YacTKoio - C,, IKa BHU3HAYAETHCS 3a
dbopmyiioro:

C :L-IOO% (7)

v )

V +V

m Ve
ne Vi - 00'eM nanuBa, B AIKOMY BU3HAYA€THCA KOHIIEHTPAIIS BOJAU (IJI HAIIOTO
BUNAAKy Vi = 1000 mm3).

OTpuMaHo cymMapHy Macy BOJIM, 1110 JaJI0 3HaYEHHs KoHIleHTparlii, pieHe 0,009%,
TOOTO B 5 pa3iB MeHLIe, HIX Oyno nonano. Taka po301>KHICTh BEIMYHUH KOHLIEHTpALIN
BOJIM MOKa3aja, 10 B JIaHIi MOCTAHOBIL €KCIIEPUMEHT HE BPaXOBYye (PakTop, KUl Mae
BUPIIIAJIBHY POJIb.

Jnist 3'scyBaHHs 11i€1 00CTaBUHU OYJI0 BUBUEHO KAPTUHY TJIO0YJ BOAM, 1110 OCLIH
Ha JTHO KIOBETU B BHUJILICHIN JUISHII TOJIA 30pYy MiKpockona. byio BctaHOBiIEHO, 1110
JOCIIKYBaHUHN (PparMeHT KapTHUHH 100y BOJAM HE MOCTIHHUM 1 YUCIIO TJI00YJIT BOJIH,
IO CIIOCTEPEIKYETHCSI, 3MEHIIYEThCS 3 YacoM. ToMy MoOrjo OyTH BiJHOBIEHO
CIpaBXHE 3HAYCHHS OOBOIHEHHS TaJIMBa TIPH ONTUIHUX BHMIPIOBAHHSIX.

Bbyno BuCyHyTO mpumnymieHHs, 10 3HUKHEHHS 3 TIOJIS 30PY OKPEMUX TII00YI BOAH
MOB'SI3aHO 3 THM, IO y TJIOOYJ, Kl OCUIM Ha JHO CKJISIHOI KIOBETH, MOCTYIOBO
PYHHYETBCS €MYJIBIYIOUHH 1Iap, MICIIST Y0T0 I100YIM BOJIU PO3TIKAIOTHCS 11O ITOBEPXHI
CKJISHOTO JIHA KIOBETH TMiJ IIapoM TMajvMBa Ta 3HUKAIOTh 3 moist 3opy. lle
MIATBEPAWIIOCS THM, IO MICIs 3JIMBY TMaJWBa 1 MOBTOPHOTO CIIOCTEPEKEHHS JHA
KIOBETH B MIKPOCKOII, OyJI0 BUSBIICHO PO3TEKII Kparii BOAU HEMPABUIBLHOT (OPMH,
MEXI1 SIKMX I1]1 [IapOM NajanBa OyJiv HEBUPA3HI, IO 1 3yMOBIIOBAIIO "e()eKT 3SHUKHEHHS
rio0yn" 3 moiis 30py (puc.la).

"EdexT 3HMKHEHHS TI00ya BoAM' B MaiKBl OyB TOJIOBHOK MPUYHMHOIO, SKa
3aBa)kaJia paHillle BUKOPUCTOBYBATH I METOJ JJII OTPUMAHHS TOYHUX KiJTbKICHHX
JaHMUX II0A0 BMICTY €MYyJIbIOBaHOI BOAM B MaJIUBI.

Crpo6a 3ano0irTé po3TiKaHHIO T100YJ BOAM 1O CKIISIHHIN IMOBEPXHI JIHA KIOBETU
Oyna 3po0JieHa NUITXOM HaJaHHS 11l TOBepXHi rigpododHoro xapakrepy. Jis 11poro
JTHO KIOBETH OyJIO MOKpPUTE TOHKMM IapoM Qropormiacty-4, mo OyB JTOCTaTHBHO
ONITUYHO MPO3OPHM ISl BAAUMOTO CBiTIA. L{e MOBHICTIO YCYyHYJIO PO3TiKaHHS TI00YI
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BOJIY T10 CKJISIHIM TMOBEPXHI1 JHA KIOBETH IIiJ] IIapOM MaJIUBA, 110 CIPUSIIO CTa0LI13aIi
KapTUHH OCUICHHX 7100y Boau (puc. 10).
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Pucynox 1 — I'mobyau 600u 6 ousenvHomy naiusi, Wo ociiu Ha OHO KIOGemu: a - OHO

Kiogemu 6e3 hmoponiacmosoz2o nokpummsi, 6 - OHO Krogemu NOKpumo gpmoponiacmom-4
(konyenmpayisi 6oou 6 ouzenvromy nanusi 0,05%, 30invuwenns x 60)

[Ticns uporo Oynv MpoBeACHI MOBTOPHI BUMIPIOBAHHS 3aTaJIbHOI KITBKOCT1 BOJIU
BOJIONAJIMBHOI €MYJIbCIi, 1 0yJI0 OTpUMaHO 3Ha4Y€HHS ii KoHUeHTpatii Ha piBH1 0,047%,
110 Oys0 OJU3BKUM JI0 KOHILIEHTpaIlil Boau, nogaHoi Ao nanusa (0,05%). [dami Oynu
BUI'OTOBJIEHI BOJIONAIMBHI eMyJbcCii 3 kKoHUeHTpamismu 0,1% 1 0,2%, 1 mpoBeneHi
no/110H1 BUMIpIOBaHHs KOHIeHTpatlii Boau. OTpumani 3HaueHHs cranoBuiu 0,113% 1
0,22%. Y Bcix Bumaakax po30ikHICTH cTaHOBWIa 10%. OTxe, yCYHEHHS BIUTUBY
e(eKTy pPO3TIKaHHS IJI00YJ BOAM JO3BOJISIE OTPUMYBATH KUIBKICHY 1H(GOpMAIIiO TIPO
BMICT BOJY B NAJIMBI 3 3a34aJIET1Ibh BU3HAYEHOIO TOYHICTIO.

BucnoBok. BigznaunMo, 1o B pamkax JaHOi poOOTH pPO3pOOJIEHO MpsSMUN
KUTBKICHUM €KCIpec-MeTOJI BU3HAYEHHSI BMICTY BOJM B Ju3elibHOMY mainubi. Lleit
METOJ] JI03BOJISIE TAKOK OTPUMATH PO3IOIIJI MAaCOBOTO BMICTY BOJM 3a JlaMETpaMu
1100y, 1110 He0OX1HO MPHU PO3TIISI POIIECIB cemapallii BOJIHU 3 MajuB.
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BUMIPIOBAJIbHU MATHITOPE3UCTUBHU EJTEMEHT

Hawko Bb.I'. — 6akanasp, bodya20030909@gmail.com
Cmonaninoe B.I'. — x.1.1., nou., 701 _701@ukr.net
Kuiscokuti nayionanvhuil yrisepcumem mexnonio2il ma Ou3aumy
VYkpaina m. Kuis

MEASURING MAGNITORESISTIVE ELEMENT
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Abstract. The paper analyzes the use galvanomagnetic phenomena in thin magnetic films
with their interaction with electromagnetic fields. For a magnetoresistive element using
galvanomagnetic phenomena in thin magnetic films, the useful signal is determined effect
parametric transformation electromagnetic field, total tensor resistance whom changes
according to magnetization films sensitive element, allows implement change tensions
magnetic field by electric by using excitation circuits. The functional diagram of the
measuring device is presented magnetoresistive element and circuit design implementation
on semiconductor elements to control it.

Keywords: magnetoresistive element , electromagnetic field, excitation circuit

AKTYaJIbHICTh JOCJTIIKEHHSI 3yMOBJICHa PO3POOKOI0 €JIEMEHTHOI 0a3u Ha
OCHOBI raJIbBAHOMATrHITHUX SIBUII] B TOHKUX MAarHiTHUX TUTIBKAxX ISl BUMIPIOBaHHS Ta
KOHTPOJIIO €HEPTreTUYHHUX NapaMeTPiB CUTHAIIIB.

Merorw  pobdoTH €  TPOBEIEHHA  OIISAOBOrO  aHaimizy  poOOTH
MarHiTOPE3UCTUBHOIO €JIEeMEHTA JJIsl BAMIPIOBAHHS €HEPTE€TUYHUX CUTHAIIB.
[IpucTtpoi Ha OCHOBI MarHITOPE3UCTUBHUX €(EKTIB 3HANUIIUIM MTUPOKE BUKOPUCTAHHS
pHu po3poOIli eIEMEHTHOT 0a31 TIEPETBOPIOBAYIB €HEPTii eJeKTPOMAarHiTHOro moJst [1,
2]. MarnitopesuctuBHi enemeHTdn (ME) siki BHKOPHCTOBYIOTH TajbBaHOMArHITHI
SBUIIA B MArHITHUX IUTiBKaxX JUISA SIKMX KOPWCHUW CHTHAJ BH3HAYAETHCH €(DEKTOM
MapaMeTPUYHOTO MEPETBOPECHHS €JIEKTPOMArHITHOIO IMOJIsl, TEH30p MUTOMOIO OIMOPY
SIKOTO 3MIHIOETHCS Y BIAMOBIIHOCTI JO 3MIHM HAMarHi4€HOCTI TUTIBKU Mif €10
MarHiTHOTO MOJis [2] T03BOJIsIE pealli3yBaTy 3MiHY HaIPy>KEHOCT1 MiMarHi4yr4oro
noutst Hy e1eKTpUIHIM MIJITXOM 32 IOMTOMOTOI0 CXeM HOoTro 30y IKEHHS.

OyHKITIOHAPHA CXE€Ma BHMIPIOBAHOTO MAarHiTOPE3UCTHBHOTO  €JIEMEHTA
HaBelleHa Ha pucyuky I, ne Bnacno ME ckiamaeTbest 3 40TUPHOX, TOAIOHUX TI0 hopMi
710 TETJI, TIIOK sKi 3’€MHaHl y BiApi3ku. KokHa Tijika CKIagaeThesi 3 TBOX CTPIUOK
3’€JHAaHUX MOCIIAOBHO MITHUMHU MPOBIIHUKAMU SIKI YTBOPIOIOTh UYTJIMBUM €1E€MEHT
[1]. [Ipu Takiit koHdirypanii ME mae BUTIISI pe3UCTUBHOTO €JIEKTPUYHOIO MOCTY.
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B ckmagi cxemm 30ymkenHs ME 3HaxonsThes: OMOKu KepyBaHHA 1 Ta 2,
cumuctopu VS1- VS6, omepamiiinuii migcumoBad DAL, pesuctopy R1 — RG,
kouaencaropu Cl — C7, kamopuMeTpuyHa rojliBKa BHMIpIOBaya MOTYXHOCTI - 1,
HAHOBOJIBTMETp — 2.

Biok 7‘
KepyBaHHS
1 VSs VSs I

Bnok
KepyBaHHS]|
2

Pucynox 1 — @ynkyionanvha cxema 6UMIpIO8AHO20 MACHIMOPE3UCMUBHO20 eJleMeHmd

PerymoBanHa (a30BUX CHIBBIAHOLIEHb HEOOXIJHO MNPOBOJUTH B JIAHIIO31
ctpymy — I ME, 3a pmomomoror komyrtaTopa, IO CKIAIAETbCA 3 KOMYTYHOUHX
cumuctopiB VS3- VS6 Ta OmokiB kepyBanHs 1 Ta 2. [ToBopoT ¢asm, mo HeoOXigHuH
st poootn ME opranizoBanmii 3a 101momMororo moueproporo nepemukanus VS3- VS6
ta VS4- VS5, a BuMipioBajibHa YacTHHA TMPEACTaBICHA KaJOPUMETPUUYECKOIO
rOJIOBKOIO BUMIpIOBaya MOTYXHOCTI — 1.

B cxemi ME Takox Bukopucrani, OamactHi kouaeHcatopu C4, C5,
Hu3bkouacToTHi ¢inmbTpu R5C6, R6C7, HaHnoBombT™METp — 2 Ta enemeHTH (a3o0BoOi
kopekmii R3, R4, C1, C2, C3 sxi miakmoveHi A0 (a30KOPETyoUoro JaHIora Ha
onepaniitaoMy migcwroBadi DAL 3 cumucropamu VSlra VS2, nHaBanTaxkeHoro Ha ME
JUTSI BIATIOBIHOTO BKJIFOYEHHS (Da3u CTPyMy B UyTJIMBOMY €JIEMEHTI.

[TapameTpu (ha3okoperyrvoro JIaHIIOTa HAMPYTH MiAI0paHi TaKUM YMHOM, 1100
KOMITEHCYBATH 3CyB a3y Mi>K MarHiTHUM TOJIEM 1 HAMArHiueHiCTIO Y (pepomarHiTHii
il ME, To6T0 @) = —Opy -

BucHoBok. B pe3ynbpTari mpoBeIEeHOTO aHamily pO3MIISIHyTa CTPYKTypa
BHMIpPIOBAJIFHOTO MAarHiTOPE3UCTUBHOTO €JEMEHTa Ta HaBeJeHa (yHKIIOHAIbHA
cxema Il Horo 30y/KEHHS, IO JO3BOJISAE€ TOJIIMIIATHA TPOIEC BUMIPIOBAHHS Ta
JHIAHICTh BOJBTAMIIEPHUX XaPaKTEPUCTUK Yy BChOMY Jl1alla30HI BUMIPIOBAHb.
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Abstract. The paper analyzes the study of metrological characteristics and the possibilities
of using a precision computer tool to improve the accuracy and quality of manufactured
products and to optimize production processes. With the development of industry, the
requirements for the accuracy and quality of manufactured products are increasing. High
accuracy of measurements and adaptation of results to the requirements of modern
production can be provided by a precision computer tool, such as a computer caliper. Having
analyzed the increase in the accuracy of measurements when using a computer caliper, we
can conclude that the use of a precision computer to increase the accuracy of measurements
Is appropriate and relevant, because it will ensure the manufacture of high-precision and
high-quality products.

Keywords: caliper, metrological characteristics, measurement accuracy, precision computer
tool

AKTYaJbHICTh A0CJiZKeHHsI 3yMOBJICHA 30UIBIIICHHSAM BUMOT J0 TOYHOCTI Ta
AKOCT1 BUTOTOBJIEHOI MPOJYKIIi Ta mnepexij BUpOOHULTBA Ha BUMOTrU 1HIycTpii 4.0.
Bucoky TOuHICTh BUMIPIOBAHHS Ta afanTalliio pe3yJbTariB BUMIpPIB 10 iHaycTpii 4.0
MOKe 3a0e3MevuyBaTh KOMITIOTEPHUIM 1HCTPYMEHT BHCOKOI mMperu3sii. TakuM 4uHOM
OyJl0  TpPOBEACHO  aHal3  Cy4YacHOTO,  IHHOBAI[IHHOTO,  BUCOKOTOYHOTO
mranreHuupkysigs  komm'totepHoro  HHIIIITK. 3acTtocyBaHHS IITaHTEHIIUPKYJIS
KOMIT'FOTEPHOT0 J03BOJISiE KOPUCTYBAUy: MPOBOJUTH BUMIPU IPOAYKIIii BUTOTOBIEHOT
3 PI3HOTO Marepiandy; MPOBOJUTH BUMIPH TPU PIZHUX TeMIeparypax AeTail Ta
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HABKOJIMIITHBOTO CEpeIOBHUIIA; aBTOMAaTUYHO OMNpPAIlbOBYBATH Ta BUBOJUTU JaHI Ha
KoMm'torep a0o iHmI 3aco0u 3B's3ky. BOygoBaHi (QyHKIIIOHAJIBHI MOKJIUBOCTI
IITAaHTCHLIHUPKYJS KOMITFOTEPHOIO JIO3BOJISIOTH OTPUMYBATH PpE3YyJbTaTH BHCOKOI
TOYHOCTI Ta ONTUMI3YIOTH 30ip 1 aHami3 [AaHUX TakK, SK IITaHTCHIMPKYJb
KOMIT'FOTepHHM aganTtoBanuit 11 iHxycTpii 4.0. Tomy mocmimkeHHs B Iil 00J1acTi €
aKTyaJIbHUM Ta MepcreKTUBHUM.[1.4]

MeTor pod0OTH € BUBYEHHS METPOJOTIYHUX XapaKTEPUCTUK Ta MOXKIUBOCTEH
BUKOPHUCTAHHS MPEIU31HOTO KOMIT'IOTEpHOTO 1HCTpYMeHTa Takoro, sk KT mus
MIJBHUINEHHS TOYHOCTI 1 SKOCT1 BUTOTOBJICHOI MPOAYKIII Ta ONTHUMI3allii MPOIECiB
BUpPOOHUITBA. BpaxoByiouu, M0 IITAaHTCHUUPKYJIb KOMI'IOTEPHHH 371€01JIbIIOTO
3HAaXOJIUTh CBO€ 3aCTOCYBaHHS Yy PI3HUX Tally3sX, BKJIIOYAIOYM BUPOOHHIITBO
MIKpOEJIEKTPOHIKH, MAalIMHOOYIyBaHHS, METANyprilo, MEAWIMHY Ta I1HINI, Je
KPUTHUYHO Ba)XJIMBE BUMIPIOBAHHS 3 BHCOKOIO TOYHICTIO. Lle MOCHiPKeHHsS Takox
BKJIIOYAa€ aHali3 TepeBar Ta HENONIKIB, $KI BJIACTUBI  KOMITIOTEPHOMY
IITAaHTCHIUPKYIIIO.

Htanrennupkyas komn'wrepuuii LHIIITK. MaiiGyTHe meTposiorii nossrae
B PO3BUTKY Ta BJIOCKOHAJEHHI METOJIB 1 3ac001B BHUMIPIOBaHb 3 BUKOPUCTaHHSIM
IHTEJIEKTyaIbHUX 1 MEPEXKEBUX TEXHOJIOT1HM, OCKUJIBKH LEH PO3BUTOK € OCHOBHOIO
CKJIAJIOBOIO B YNPABIIIHHI BUPOOHHUIITBOM. 3 PO3BUTKOM IPOMHUCIOBOCTI 3pOCTAIOTh
BHMOTH JI0 TOYHOCTI Ta SIKOCT1 BUTOTOBJIEHOI MPOAYKIIii. BUCOKY TOUHICTh BUMIPIB Ta
aJanTaniio pe3yJbTaTiB /10 BUMOI CY4acHOTO BUPOOHMIITBA MOXKE 3a0e3ledyBaTu
NPEeU31MHUN KOMITIOTEPHHUM IHCTPYMEHT, TAKUH K IITAHTCHIIMPKYJIb KOMIT FOTEPHUMN
HIIIITK [3].

[Hranrenuupkyns komm'totepuunid HIHITK (puc.l) — ne yHiBepcabHMIA,
IHHOBaUIMHUM, TPEHU3IMHUM, [UTAHTEeHIHCTPYMEHT 3 OaraTtuMm (PyHKIIOHAJIOM,
MPU3HAYEHUN [JI1 BUMIPIOBAHHS 3 BHUCOKOK TOYHICTIO 30BHIIIHIX 1 BHYTPIIIHIX
pPO3MIpIB NPEIMETIB, @ TAKOXK TJIUOMHM OTBOPIB. 3aBISKH NPOCTIA KOHCTPYKIIII,
BHCOKIM TOYHOCTI BUMIpIB, ananTaiii A0 iHAycTpii 4.0 Ta 3py4yHOCTI y BUKOPUCTAHHI
BiH € ONTUMAJILHUM IS IPCIM3IHHUX BUMIPIB Ha Cyd4aCHOMY BUPOOHHMIITBI [2].

N\ ¥ MICROTECH

e-FORCE 1-20N

Pucynox 1 — LlImaneenyupkyns komn'romepnuti LLIITK (3aeanvruti 6uensio)
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OcHoBHI niepeBaru Ta PyHKIi ITAaHTCeHIIUPKYJIIS KOMITIOTEPHOTO’

- Bukopucrtanis KoMI'toT€pHOTO MOAYJS 3 KOJIOPOBUM CEHCOPHHUM JIUCILIICEM
Ja€ MOXKJIUBICTh OTPUMATHU AMCKPETHICTh | MKM. Ta BHCOKY TOYHICTH BUMIpPIB 3
MOXHOKOI0 0 5 MKM, IO pOOUTH IEH 1HCTPYMEHT 1I€aIbHUM JIJIsl 3aCTOCYBaHb, JI€
BKJTMBI HQJ[3BUYAIHO TOYHI BUMIPIOBaHHS [3].

- Mozyib KOHTPOJIIO 3yCHJUISA HaJa€ MOKJIUBICTh BHUMIPIOBAaTH 3 OJHAKOBUM
sycwnis Big 1 1o 20 H. s dyHkiis gonmoMarae niBUIIUTH CTaOUIBHICTD 1 HAAIHHICTD
BUMIPIB, OCKUIBKH JIO3BOJIIE YTPUMYBATH IMOCTiIMHE 3YCHJIIS IMiJI YaC BUMIPIOBAHb.
Takuii MOy b KOHTPOJIIO 3yCHIIJISL OCOOJIMBO KOPUCHUM MPU BUMIPIOBaHHI TOYHHX 1
Mpenu3iiiHuX po3MipiB, e HEOOX1JHA CTaOUIbHICTD Ta HalIHHICTh BUMIPIOBAHb [3].

-  @OyHKIIS MaTeMaTU4YHOI KOMIIEHcalli MOXHOKH TMpH  KaniOpoBaHHI
MTaHTeHIUPKYJIS. L5 QyHKITIST BUKOPHUCTOBYETHCS JJIs1 KOPUTYBAHHS BUMIPIOBATHHUX
pe3yJbTaTiB HA OCHOBI BIJJOMHX MOXMOOK a00 BIAXUJIEHB, SIKI MOXYTh BUHUKHYTHU
yepe3 pi3Hi (PakTopu, Taki SK 1HCTPYMEHTAJIbHI MOXHUOKH, TEeMIIEpaTypHl 3MiHH,
CTPYKTYpH1 200 €JIeKTPOHHI BIUTMBH TOIIO.

- MoxnuBicte BpaxyBanHsi TKJIP (temmeparypHoro koediiieHTa JIiHIHHOTO
PO3LIMPEHHS) MaTepialy JAeTajl A YOTUPbOX T'PYIl: TBEPAl CIUIaBH, CIUIAB 3aii3a,
CILJIaB Mi/JI1, CTJIaB altoMiHiio [3].

- HasBuicth BOymOBaHOiI maM'sTi [Jii 30€peXKEHHsI pe3yJbTaTiB BUMIPIB €
BOXIUBOIO (yHKIieto. L dyHKuis no03Bosisie 3py4yHO 30epiraTd Ta apxiByBaTu
BUMIPIOBAJIBHI IaH1 JIJIsl TOJIAIBIIIOTO aHAII3Y, TIEPEBIPKU Ta JOKYMEHTYBaHHS [3].

- Oyukuii [IP/HEnp Min/Makc. O6uBi 1i ¢yHKIIIT CIPOITYIOTh BUMIPIOBAHHS 1
JO3BOJIIOTH KOPUCTYyBayaM IIBU/IIIE Ta 3 TOYHICTIO BUSHAYUTH BiIOBIIHICT 00'€KTA
3a1aHuM mapameTpam. e 0co6MBO BaXIMBO B BUPOOHUIITBI Ta KOHTPOJI1 SIKOCTI, JI€
HEOOXITHO BUKOHYBAaTH BENUKY KUIBKICTh BUMIPIB 1 JOTPUMYBATHCA KOHKPETHHUX
CTaHJApPTIB sIKOCTI [3].

- besnpoTtoBuit Moaynbs 3abe3neuye nepenauy gaHux Ao 50 M y mporpamHe
3abe3nedenHs s Windows, Android ta IOS mpuctpoiB. L{i MOKIMBOCTI 103BOJISIOTH
KOpUCTyBauaM OUIBII 3pyYyHO Ta €(QEKTUBHO TMPAILIOBATH 3 KOMI'IOTEPHUM
MITAHTCHIIUPKYJIEM Ta BHKOPUCTOBYBAaTH iX Yy PI3HHX cdepax, BKIOYAIOYU
BUPOOHHUIITBO, 1HKEHEPIIO, KOHTPOJIb SKOCTI Ta HAYKOBI AOCTIKEHHS [3].

Komm'toTepHmil IITaHT€HIMPKYJIb BI3HAYAETHCS HE JIMIIE BUCOKOIO TOUYHICTIO Ta
YHIBEPCAJIBHICTIO, ajieé € €KOHOMIYHO BUTIHUM JIJI1 BUPOOHUIITBA. 3aBISIKU BUCOKIM
TOYHOCTI Ha PIBHI M'ATh MIKPOHIB, LIed IHCTPYMEHT MOX€E 3aMIHUTH HaOIp 3 LIECTH
OKpPEeMHUX MIKPOMETpPIB, SKI TaKOX MAalOTh aHAJOTIYHY TOYHICTH BUMIpIOBaHb. lle
COpUs€ 3MEHIIECHHIO PHU3UKY MOMWIOK, CHPOIICHHIO po00Yoro mpouecy s
OTIepaTOPIB, IO POOUTH MPAIIO OUTBIII JIETKOIO Ta KOM(OPTHOTO.

BucnoBok. [IpoananizyBaBiiy miBUIICHHS TOYHOCTI BUMIPIB NP 3aCTOCYBaHHI

koMmm'torepHoro mranreHuupkyas [HIITK, wmoxxHa 3poOUTH BUCHOBOK, IO
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BUKOPHUCTAHHS MPEIU3IMHOTO KOMITIOTEPHOTO 1HCTPYMEHTa BIAKPHUBAIOTh HOBI
MOJIMBOCTI B 00JacTi BUMIPIOBaHb 1 ONTHUMI3allii BUPOOHUITBA. Tak sk Ied
IHCTPYMEHT Ma€ Taki TepeBard: BHCOKA TOYHICTh BUMIPIOBaHb; YHIBEpCaIbHICTD;
amanramisa a0 iHAycTpii 4.0; CKOpOUEHHS 4Yacy Ha BHUMIPH; MOXIIMBICTH KOPEKIIil
BUMIPIOBAJILHUX TApaMeTpiB; MPOCTOTa BUKOPHCTAHHS Ta 3MCHIICHHS BHUTPAT Ha
3aKYITIBIIIO IHCTPYMEHTY.

OT)Xe, BUKOPUCTAHHS TMPEUM3IMHOTO KOMII FOTEPHOTO 1HCTPYMEHTY ISt
I1JIBUIIICHHS TOYHOCTI BUMIPIB € JTOLUIBHUM Ta aKTYaJIbHUM, TOMY IIIO 11€ 3a0€31eUnTh
BUT'OTOBJICHHS BUCOKOTOYHOI Ta SIKICHOI MPOYKIIii.
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Abstract. The article describes and analyzes the technical characteristics when choosing a
coordinate measuring machine for measuring precision parts in modern production. 10 main
criteria for choosing a coordinate measuring machine are considered, which will reduce the
risks when choosing a coordinate measuring machine by the customer, technical specialists.
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The analysis of 10 main criteria gives an understanding that the introduction of new
technological solutions for measuring precision parts of the body by the contact method can
help in choosing a more suitable coordinate measuring machine for setting tasks for precise
measurements.

Keywords: Coordinate measuring machine, 3D measurements, measurement accuracy,
selection criteria, modern production.

AKTYaJIbHICTh  JOCJTiIKeHHSI 3yMOBJICHa JIOIUIBHICTIO  BHKOPUCTAHHSI
yHIKaIbHUX MopTadbHux 3D KoopauHaTHO-BUMIipIoBaibHUX MamuH (Haiai — 3D KBM)
JUISl BUMIPIOBaHHS TIpele31iHuxX aeTajiei (puc.).

Pucynox — Ilopmanvna 3D koopounamuo-eumipio8aibha MauiuHa

CydacHe BUpOOHHMITBO MPELUU31IMHUX KOPITYCHUX JieTael NoTpedye TOCTYITHOTO
Ta I0CTOBIPHOTO 3D METPOIOriYHOTr0 KOHTPOJIIO AJIs1 HOBCSIKAEHHOTO BUKOPUCTAHHS Y:

-MEXaHIYHHX IIeXax;

-IAPO3A1IaX KOHTPOJIIO SIKOCTI;

-30MpabHUX AUTBHULIAX;

- IUTBHUIIX BX1THOTO KOHTPOJIIO MPOAYKIIT 3a KOOTIEpaIli€ro.

st 3D BuMiproBaHb TMPEIU3IMHUX KOPIMYCHUX JAeTalied ChOTOJHI HANWOUIbII
noiiibHO oOpaTtu kKoHTakTHI 3D KBM uepes Halikpaiiie CriiBBIAHOIICHHS SKICTh/II1HA.
CoporonHi 0e3xkoHTakTHUN 3D BUMIpIOBaY Ma€ MOXUOKY 3HAYHO OUTBIITY HIXK MOXUOKHU
piBHOLIHHUX KOHTakTHUX 3D KBM, TomMy HajaeTbcs mepeBara KOHTAaKTHUM BHJIaM
BUMIpPIOBaHb.

MeTtoro pod0TH € 03HAIOMIIEHHS 3 TOKPOKOBUM ainroputMom odpannsa 3D KBM
3riiHo 10 T OCHOBHUX KPHUTEPIiB, 1110 OyIe KOPUCHUM JIJISi: IHBECTOPIB Ta KEPiBHUKIB
MIIITPUEMCTB,; (HaxiBISIM MIAIPUEMCTB, CTYJIEHTAM Ta BHKJIa/1auyaM 3a CIeIiaIbHICTIO
1H(DOpMaIITHO-BUMIPIOBAJIbHI TEXHOJIOT11. TaK0X PO3TIIIHYTO Ta BU3HAYECHO IepeBaru
Ta HeAodiku npu oopanui 3D KBM.

Kpwurepiii 1. [Tokazauku po6o4y0i 30HM NpU BUMIPIOBAaHHI JIeTanei.

Jlo o6oB’s3k0BUX KpuTepiiB onTuMizaiii KBM 3apaxoByroTh Tpu MOKa3HUKU
nepeMIICHHS:
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- IEpEMILIEHHS 32 KOOPAUHATOIO X;

- IepEMILIEHHS 32 KOOPAUHATOO Y

- IepEeMIILIEHHS 32 KOOPJUHATOIO Z.

Bumoru o 6axkanux pobounx nepemiiieHs 3a koopanHatamu (X, Y, Z) 3aexartsb
BiJl BUMIPIOBAaHUX pO3MIpiB Ta rabapuTiB BHUMIPIOBAHOI JETalli 3 ypaxXyBaHHSIM
JIOBKMHU BUMIPIOBAJIBHUX IIYITIB Ta 1HAEKCAIlll TOJI0KEHHS BUMIPIOBAJILHO1 T'OJIIBKH.

baxxano ctBopuTH MeTposioriuHi pe3epBu 3D BuMipioBaHb 3a TpbOMa
KOOpJAMHATAaMU JJI1 BCIX KOHKypeHTHuUX BapiaHTiB KBM (X, Y, Z) Ha Bumamaok
HACTYITHUX BUMIPIOBaHb OUIbIN rabapuTHUX Jerajieil. HeoOrpyHToBaHe 301IbIIICHHS
00’ eMy po0O0Y0i 30HM BUMIPIOBaHb YCKIIAAHIOE MPOIIEC, TOCHITIOE TTOXUOKY Ta CTPIMKO
301BIIYE cOOiBapTicTh 3D BUMIpIOBaHb.

[Toxaznuku mepeminieHb X, Y Ta Z pO3MISLIAIOTHCS SIK TPU OKpPEMi TOJIOBHI
KpUTEpii, MOMDK SKUX HaWBaKIUBIIIUM IIOKa3HUKOM € BEpTHKajIbHA BICH Z
(moMOKEeHHsSI BEPTHKAIbHOI BUMIpIOBaIbHOI KoJoHM KBM HaiiOuibmioro Miporo
oOMEXy€e MOXJIMBOCTI BHUMIpIOBaHb Ta0apuTHUX JleTajeil) Ta TO3JI0BXKHE
nepeMilIeHHs 3a BicClo X, 0OMexxeHe nopraibHoro KoHcTpykiliero KBM. Tlonepeuna
Bicb Y HaAWMEHIN BaXXJIWBA, OCKIIBKA € MOXJIHBICTh HE3HAYHOTO KOHCOJBHOTO
PO3MIIIIEHHSI BUMIPIOBAHO1 J€Tall 32 MeXXaMu poO0YOro CTOIY.

Kpwurepiii 2. BnacHi pernmaMeHTOBaH1 epeMilIeHHS.

3a BIICYTHOCTI CTaHJapTy Ha PEKOMEHI0BaH1 PO3MIpH MOKA3HUKIB MEPEMIIIEHb
y3JI0OBXK OPTOTOHAJBLHUX OCEH pi3HI BUPOOHUKH TporoHyroTh KBM i3 BiacHumu
periiaMeHTOBaHUMHU TIEPEMIIIIEHHSIMU 3a TpboMa ocsiMu (X, Y, Z) 115 3D BUMIpIOBaHb.
Oxkpim 3a0e3redeHHs OaxaHo1 BUMIPIOBaJIbLHO1 30HH 32 ocsiMU X, Y, Z TaKOX JIOLIIBHO
BpPaxoBYBaTH OakaHy MaKCHMaJbHY TOBXHHY BHMIpPIOBaHb Yy BUTJIAI TMPOCTOPOBOT
miaroHaim L.

JloBkrHa MpPOCTOPOBOI ailaroHani L € TuM po3mipoM, [KUH HEOOX1THO
BpPaxoOBYBAaTH MijJ 4Yac OOYMCIIEHHsS HailOuibmoi moxuOku BuMiptoBaHb KBM 3a
MacOPTHOIO (POPMYJIIOI0 TOXUOKH.

KpuTepiii 3. O6pannsa Mixk pyunumu abo apTomaruzoBanumu KBM.

ABTOMaTH30BaHE MEPEMIIICHHS Y BUMIPIOBAJIBHIN 30HI IIPUCKOPIOE Ta CIIPOIIYE
3D BuMiproBaHHSI Ta CYTTEBO 3MCHIIIYE MOXHOKY BUMIpPIOBaHb IMUISIXOM 3MEHIIICHHS
Ccy0’€KTUBHOTO BIUIMBY omneparopa. [{ina aBromatuzoBanux koHTakTHUX 3D KBM Ha
35-50% Oinbllia 3a LiHY aHAJIOTIYHUX PYYHHUX, MPOTE L€ KOMIEHCYETHCS 3HAYHO
KpauMu (YHKI[IOHAIbHUMHA Ta METPOJOTIYHUMU MOKa3HUKaMH. [ KUIbKICHOTO
MOPIBHSHHSA Py4HOTO ab0 aBToMaTu4HOTO nepeMimieHHs 3D KBM BukopucToByeThCs
MIIX11, KOJM aBTOMaTUYHE TIEPEMIIICHHSI KOMYEThCS K «1», a pydHe mepeMileHHs
KOJy€eTheA K «O».

KpuTepiii 4. OcHoBHa noxn6ka KBM.
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OuikyBany nacnopTHy noxuO6ky KBM npouinbHO npusHayatu y 2,5-3 pasza
MEHIIIOI0 HIXX BIJMOBIIHI JOMYCKA BUMIPIOBAHMX JeTajiedl. 3a3BHyYail MacropTHI
noxuOkr KBM maroTe BUTIISA TIHIMHOT (DYHKIIIT:

Gi =gi + Li/ki,

ne:

apryMeHT Li BiMoOBijae MakCUMaJIbHIN JOBXWHI BUMIPIOBAHOI 30HU (JOBXKHUHI
IIPOCTOPOBOI AiaroHanm napanenenineaa X Y Z);

MOYAaTKOBY MOXUOKY gi Ta KoedillieHT Ki BU3HA4Yar0Th 3a KaTajoraMu BUpOOHHUKIB
KBM.

[ToxnOku Big 3amoBHMKAa Go Ta moxuOkm Gi 3a (opmyrnamm MOXMOOK 13
KOHKypeHTHuX mnpomno3unii KBM wmaroTeh OyTH y3romkeHi 3a €IMHHX YMOB
MOPIBHSHHSI.

Bupo6HuKky nponoHyoTh KiJibka piBHIB penu3iiHocTi it KBM, moxubka skux
BIJIpI3HSETbCS TOMDK co0Ooto Ha 20-50% depe3 BUKOPUCTAHHS CHEIIaIbHUX
BUMIPIOBAJIBHUX TOJIOBOK Ta JIATYMKIB, CHEIIAIbHUX IIKAJ 13 MEHIIOK JTUCKPETHICTIO
3D BiIiKY.

[ToxnOku pyunux koHTakTHUX 3D KBM 3a3Buuaii Ha 10—20% 01161111 32 TOXUOKH
aBTOMAaTHYHUX KOHTaKTHUX KBM ananoriuHux jiamna3oHiB Ta TUCKPETHOCTI.

Kpwurepiii 5. J[MCKpeTHICTh BIIUTIKY JIHIMHUX LIKaJ.

HuckpetHicTs BiTKY JiHIHHUX miKan (1,0 mxm/ 0,5 mxm/ 0,1 MKM) BUpOOHUKH
¢ikcyroTh y katamorax KBM, ajie nUCKpETHICTH K 3HAUYIIMM KpUTEPiil onTUMI3aIlii
HE BPaxoOBYEThCS, 00 11e TOKAa3HUK B)KE BPaXOBaHO y 3araiibHii moxubii KBM.

Kpwurepiii 6. HaBanTa)xeHHs Ha CTiJ.

[leli moka3HUK € Majl0O3HaYHUM, OCKUIbKM BHpoOHMKM KBM mnepenbavarorh
MIIHICTh Ta KOPCTKICTh CTOJAa Y 0a30Biil KOMILJIEKTAIlli BIAMOBIAHUMU JO0 rabapuTiB
BUMIPIOBAHOI JI€TAaII.

3aMOBHHMK CaMOCTIMHO BHU3Ha4a€ OakaHe HaBaHTKEHHS QO Il yTpUMaHHS
BUMIpIOBaHOi AeTani. B ocobnuBux Bumagkax 3D BUMIpIOBaHb BaXKKUX JieTajei
(macoro 5006000 xr) Bupoonuku 3D KBM BUKOpHCTOBYIOTH CHeEIliajbHI CTOJHU 3
MOCUJICHUM OTIOPOM 1 3 aCMOPTHUM HaBaHTaKEHHSIM Q1.

J11st BUMiprOBaHHS HAIBAXKKUX TA0APUTHUX JETaleH JOMIIBHO BUKOPUCTOBYBATH
yHiKanbHI moptaibHi KBM 31  BCTaHOBIIEHHSIM  BEJIMKOTa0apUTHOI  AeTall
0e3nocepeHbO Ha MiJIJIOTY.

KpuTtepiii 7. O6panus mMix 1HTYiTUBHUM TporpaMHuM 3a0e3nedeHnsm (I113) ta
TpaaAuIitHIM TiporpaMHnM 3a0e3neueHHsM (TI13).

Ile#t BuOiIp € mnpuUHIUIIOBUM, OCKUIbKkM 3D BuMiproBaHHS MOOYy/IOBaHI Ha
CKJIaJHUX Oarato(akTOpHUX MaTeMAaTUYHUX OOYMCIIEHHSX, SKI MOXYTb CYTT€BO

yckiaaaioBat Bukopuctands 3D KBM. Tpaaumiiini 113 gt KBM marots goBoui
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CKJIQJIHUH, HE 3aBXKJM OYEBUIHMI IIISX BUKOPUCTAHHS, IO mepeadayvae migBUILIEH]
BHUMOTH JIO OTIepaTopa.

Bumorn 10 KopucTyBada TpaaWLIHHOTO MPOTPAMHOTIO  3a0€3MEUYCHHS:
00O0B’sI3KOBa BHCOKa IMOYaTKOBa KBasi(ikallisi orepaTopa IMOYaTKOBE HaBUaHHS
oreparopa MpOTAroM 4—8 TWXKHIB Jis BUKOpPUCTaHHS ckiamgHoro TII3 BukItogHO
wiatHi notouyHi oHoBieHHs TII3 Ta pomaTkoBe HaBYaHHS omneparopa y pasi
MIJBHUINEHOI CKJIQTHOCTI OHOBJIEHb BHUCOKA KBalihiKallisd Ta JIOSJbHICTh OIepaTopa
KBM (Big 115010 32JI€KUTH €(heKTUBHICTE3D BUMIpIOBaHb).

Cnix TakoXX BpaxyBaTH CKJIQJHICTb, BEJIMKI TPsSMiI BUTpaTH y pa3l 3aMiHU
IITAaTHOTO oOlleparopa, opraxizamii apyroi 3miHu 3D BuMipioBaHb, y BHIAJKy
3BUTHHEHHS (3 JOJIATKOBUMH MPSIMUMH BUTPATaAMH HA HABYAHHS ).

HosgitHi inTyiTuBHi 113 qmst KBM (yci mogeni aarmiiicekux KBM Aberlink ta
onHa 1exoBa mojenb itamiickkoi KBM Dea) marots 3Mory 3a 2-3 poOoui JHI
HABYUTHUCS BUKOPUCTAHHS Ta MPOrpaMyBaHHsS JJisi MOBHOLIHHUX 3D BUMIiprOBaHb
HaBITh 3 TOYATKOBUM PIBHEM 3HAHb.

[Tpuknagom II13 € cmaprdonu, siki He MOTPeOYIOTh CHEIIaJbHUX HABUYOK Ta
HaBYaHHS, TOMY JIOCTYITIHI HaBITh JUISl I ITMPIYHUX AITEH.

Kpwurepiii 8. L{ina.

3aMOBHMK 3aBXKJIU Ma€ JIMITHY IIHY Ro, y Mexax axoi nepeadaueHo npuadatu
HeoOx1qHy KBM. 3 MeTor0 NopiBHAHHS YC1X KOHKYPEHTHUX IIHOBUX Mpono3uiii Ri
s 3anoBHeHHs BuUOopy KBM BukopucToByroTh 0e3po3mipHi moainu (Ro—Ri)/Ro:

- MO MAarOTh 3HaK «+» y BUMAAKY, KOJIM JIMITHA I[iHA 3aMOBHHMKa Ro BuIa
HIX I[iIHA KOHKYPEHTHOI rpomo3uilii Ri;

- TIOJITM MAIOTh 3HAK «—» y BUIIAJKY, KOJIM JIIMITHA I[iHA 3aMOBHMKa R0 MeHIna
HDX Il1HAa KOHKYPEHTHOI npono3uiiii Ri.

Kpwurepiii 9. Butpatu Ha notoune oociyropyBanss 3D KBM.

[lopiuHi KOHCYyJbTaIlli, CEpBIC, MOJEpHi3allisl, IUJIAHOBE Ta MO3aIlJIaHOBE
kaniopyBanss 3rigHo 3 [SO 17025 npoTtsrom ycsoro tepMiny Bukopuctanuss KBM
(1020 pokiB) MOXxyTh HaOmmkatucs 1o 1iHu «R» 3a KBM. JlomiibHO BCTAaHOBUTH
JIMITA BUTpPAT Ha TMOTOYHE OOCITYyroByBaHHsA (r0) Ta OaxaHO OTpUMAaTH BIJ
noctadyaibHUKIB 3D KBM KOHKYpEeHTH1 MPOMO3HIIli CTOCOBHO BapTOCTI OYIKYBaHHX
BUTpAT (11).

Kpwurepiii 10. Maca, raGapuTHi po3Mmipd, BUMOTH JI0 €JIIEKTPOMEpEXi Ta
CTUCHYTOI'O MOBITPSl TOIIO. 3aMOBHUK MOKE BpaxyBaTH iXx ab0 M 1HII MOKa3HUKHU
BIJIMOBITHO /10 YMOB Bukopuctanus 3D KBM.

BucnoBok. MeTposoriyHUT KOHTPOJIb € KIHIICBOIO BHUPOOHUYOIO OTEPalli€lo,
ToMy sikicHi 3D BuMiplOBaHHS 3MEHINYIOTH COOIBapTICTh BHUPOOHHIITBA Ta
M1BUIIYIOTh KOHKYPEHTOCIIPOMOKHICTh TIPOIYKIIii, III0 0OCOOJIMBO BAXKJIMBO B yMOBax

BIICBKOBOTO CTaHy, Ta CBITOBOI KPU3H.
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Abstract. The paper analyzes general information about the organization of metrological
support. Metrological support in health care facilities is inextricably linked with the quality
of measurement indicators through the use of appropriate measuring equipment. Widespread
use of measuring equipment in medicine has led to the emergence of a new field of instrument
construction - medical instrument construction, and the specifics of medical measurements
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AKTYaJIbHICTh JOCHiIKeHHsI 0a3yeThbcsd Ha TOMY, IO B YKpaiHi MPaKTUYHO
BIJICYTHS TIPAKTHUKA METPOJIOTIUHOTO 3a0€3MEUCHHS B 3aKJIaJ]aX OXOPOHH 370POB’SI.

MeTo10 po6OTH € TIPOBEACHHS OTJISAIOBOTO aHAJI3y MUTaHHS METPOJIOTTYHOTO
3a0e3MeyeHHs.

Mertposoriune 3a0e3leyeHHs] B 3aKjiaJaX OXOpPOHH 3/I0pPOB’Sl HEPO3PHUBHO
NOB’si3aHE 3 SKICTIO MOKAa3HUKIB BUMIPIOBaHb LUISIXOM BHKOPUCTAaHHI BIAMOBIIHHMX
3ac001B BUMIPIOBAJILHOT TEXHIKH.

[IIupoke po3nOBCIOKEHHS 3ac001B BUMiproBasibHOI TexHikU (3BT)B MenuuuHi
NpU3BEJIO J0 BUHUKHEHHS HOBOI Tainy3l MNpuiafoOyAyBaHHS - MEIAUYHOTO
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npuiaao0yayBaHHs, a cnenudika MEIUYHMX BHUMIPIOBaHb CIIOHYKajla BUJJIUTH B
METpOJIOTii HOBUM HAaNpSIMOK - MeAWYHY MeTposoriio. Crenudika MeIUIHUX
BUMIPIOBAaHb TIPOSIBIISIETBCSI SIK B OCOOJIMBOCTSIX BHUMIPIOBAHHS, CTBOPCHHS Ta
3aCTOCYBaHHS 3aC00iB BUMIPIOBAJIIBHOI TEXHIKH JJIS OIIHKKA MEIMKO-010J0TI4HUX
MIPOIIECIB 1 CTaHIB, TaK 1 B OCOOJIMBOCTSX iX €KCILTyaTarii.

3aco0u BUMIpPIOBAHHS MEIWYHOTO TMPU3HAYEHHS, B OCHOBHOMY BHUMIpPIOBAJIbHI
pWIaau, MOKHA PO3IAUIMTH HA TPU TPYIHU 3a CIIOCOOOM HOPMYBAHHS X Jl1alla30HIB
BUMIPIOBaHb 1 XapaKTEPUCTUK TOUHOCTI.

[lepmia rpyma - mnpuwiaau, TpagyioBaHi Oe3MOCEpeHBO B OJUHHULAX THX
(G13MYHUX BEJIWYMH, 3HAUCHHS SIKUX € KIHIEBOIO BHMIpPIOBAIbHOI 1H(OpMAIli€lo, 110
JI03BOJISIIOTH 3pOOUTH MEIMYHUI BUCHOBOK (TepMOMETp, AuHaMoMeTp). pyra rpymna
- IpUJIaIv B MPOMDKHHUX BEIMYMHAX, BUMIP 3HAYEHHS SKHX 1€ TOTPIOHO MEPETBOPUTH
B OCTaTOYHY 1H(OPMAIIIIO 32 JIOMOMOTOI0 1HIIIOTO MpUiIaay ado IUIIXOM 00UYMCICHHS
(boToenexkTpuyHi KosopuMmeTpu). Tpers rpyna - HMpuiIaad, Ais SKUX XapaKTepHe
ySIBJICHHS 1X METPOJIOTIYHUX BIACTHUBOCTEH 3a JOMOMOTOIO0 JOMOMIXKHUX BEIUYHUH 1
napameTpiB (eneKTpokapaiorpad).

OpHi€ro 3 HaBAKIIMBILIKX 3aBAaHb MEIUYHOI METPOJIOTIi € po3po0Ka METO/IB 1
3aco0iB, SIK1 JO3BOJISTH JIJISi BCIX MEAUYHUX BUMIPIOBAIBHUX MPUJIAJIIB JOMOTTHUCS
TaKoro BHUpa3y IMapaMeTpiB TOYHOCTI, SIKI MPU JOTPUMAHHI METPOJIOTIYHUX BHUMOT
OynyTh nocuTh 1H(OpPMATUBHI JJsi Jikaps. Big TOYHOCTI iX TMOKa3aHb 3alieKUTh
NPaBWIBHICTh [1arHO3y 1 €(QEKTUBHICTh IMPU3HAYECHOTO JIiKapeMm JiKyBaHHs. He
BUIIaJIKOBO HAa BUMIPIOBaHHS, SIKi 3aCTOCOBYIOTHCSI B MEIMIIMHI Ta OXOPOHI 370POB's
MOIIMPIOETHCS cepa IepKaBHOTO PETyIIOBaHHS 3a0€311eUCHHS €IHOCTI BUMIPIOBAHb.

B nanwmit yac MeauuHi BHUMIPIOBAaHHS B OUIBIIOCTI BHUMAAKIB MPOBOIUTH
MEIUYHUI TMepcoHan, SKUW HE € TEXHIYHO MIATOTOBJIEHUM. TOMYy JOLIIBHO
CTBOPIOBATH MEAWYHI MpUIaaH, TpaayloBaHl B OAMHULAX (PI3UYHUX BEJIUYUH,
3HAUYEHHS SKUX € KIHIIEBOIO MEIUYHOI BHUMIPIOBAJIbHOI 1H(MOpMalieo (mpsami
BUMIPIOBAHHS).

HeoOxigHicTh TOETHYBAaTH CYTHICTh MEIUYHOTO METOJY JOCTIHKEHHS 3
TEXHIYHUMH XapaKTEPUCTUKAMH KOIITH BUMIpIB, IO 3aCTOCOBYETHCS JJIsl peatizallii
LOIO METOJY, € OJHIEI0 31 CeHUPIYHUX OCOOJMUBOCTEH MEIUYHOI METPOJIOTii. 3
METPOJIOTIYHOT TOYKH 30py, B Ha3Bl 1 MPU3HAYEHHSA KOKHOTO 3aco0y BHUMIPIOBaHb
NOBUHEH OyTH YITKO B1JI0Opa)K€HUH MOTro (P13MUHUIA 3MICT H 3a3HAYEHO, sIKa Pi3uyHa
BEJIMYMHA M1JIAra€ BUMIPIOBaHHIO.

Menuko-(hi310J10T14HI SBHINA 1 X MapaMeTpH, siKi MOKYTh OyTH 0e3mocepeaHbo
BUpaXeHI B (I3WYHUX BEJIMYMHAX TIPU BHUMIPIOBAHHI BIAMOBIAHUMH 3aco0amMu
BHUMIPIOBaHb (TaKi sIK TEMIEpaTypa Tija, sika BUMIPIOEThCSI MAKCUMAITbHUM PTYTHUM
TEPMOMETPOM, KOHIICHTpAIllil BOJHEBHUX 10HIB, fKa BUMIpPIOEThCS pH-MeTpowm,
JUXallbHI 00CATH, BUMIPIOBAHI CHIPOMETPOM), JIETKO MiAJIal0ThCS METPOJIOTTYHOTO
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HOpPMYBaHHs. Y 1IMX BUNAJKaXx HEMae TPYAHOUIIB y BUOOpI Ha3BW Mpuiamy, IO
BIJIMOBIAA€ MOro NpPHU3HAYEHB), SIKE B PIBHIM Mipi BIAITOBYBaJO O 1 Jikaps 1
METpOJIOra.

Opnak y OaratboxX BHIIAJKaX METOJMKAa BHMIPIOBaHb Mependavae BU3HAUCHHS
MEeIUKO-(i310JIOTIYHUX TOKA3HUKIB, IO HE HOCATH YITKOTO (PI3WYHOTO 3MICTy, a
3aCTOCOBYBaHI ISl i peaiizaifii KOIITH BUMIPIB BU3HAYAIOTHCS, 0a3yHOUUCh Ha I
METOJIMIIL, IO YCKJIAIHIOE METPOJIOTIYHE HOPMYBAHHS 1X XapaKTEPUCTUK 1 PO3POOKY
METO/1y METPOJIOTIYHOTO KOHTPOJIIO.

[Ipy npsMux BUMIPIOBaHHAX (HI3UYHUX BEJIWYMH HEMae TPYJIHONIIB Yy ix
MeTpoJioriune 3abe3nedeHHs. [Ipu HenmpsMuX X BHUMIipax. KOJW BHKOPHUCTOBYIOTH
3B'SI3KY, HasABHI MK (DI3UYHUMHU BEIUYUHAMH, a00 3aJIEKHICTh OYyIb-AKOi (13UYHOT
BEJIMYMHU BiJ IIyKaHoi, He (I3WYHOI0 BEJIMYMHHU, BHUHUKAIOTH TPYIHOII
cnenudiuHOTO Xapaktepy (NMpUKIa[ 3 BHU3HAYCHHSM KPOBOHAINOBHEHHS CYJIUH
KpPOB'I0).

Heo6xi1Ho TakoX BiI3HAYUTH OCOOJIUBICTH MEIUYHUX BUMIPIOBAIBHUX 3aCO0IB,
SKa IMOJISITa€ B CHEIIaIbHUX BUMOTaX JI0 CAaHITAPHO-TIT€HIYHUM Ta TOKCUKOJIOTTYHUMHU
MOKa3HUKaMHM, [0 30BHIIIHIX YMOB €KCIUTyaTaiii 1 10 3a0e3MeYeHHsI €HepreTUYHOl
Oe3IeKu.

3 orisAy Ha BHINEBHKIAJICHE, 10 OCHOBHUX 3aBJIaHb BJOCKOHAJICHHS CHCTEMH
JIEP’KaBHOTO KOHTPOJIIO SIKOCTI, €()EKTUBHOCTI, OE3MEKN MEIUYHUX BUPOOIB MOKHA
BIJTHECTH:

- CTBOPEHHS BIJMOBIIHOI €EKTUBHOI 3aKOHOJJABUOT Ta Taly3eBOi HOPMATUBHOT
0asu;

- TIJIBUILICHHS JII€BOCT1 HASIBHUX MEXaH13MIB KOHTPOJIIO CTaHy MEUYHOT TEXHIKH,
10 eKCITYaTy€eThCs B 3aKJIa/IaX OXOPOHHU 37I0POB'S;

- (hoopMyBaHHS MEPEIIIKIB MEAUYHOT TEXHIKH, sIKa 3aCTOCOBYETHCS NJIs1 HATaHHS
BIJIMOBIAHUX MEAUYHUX MMOCTYT

- CTBOPEHHS CHCTEMH 30BHIIIHBOTO I1 BHYTPIIIHROTO KOHTPOJIO SIKOCTI
IPOBEJACHHS JIIKYBaJbHO-AIarHOCTUYHUX 3aXO0JIB 3 BHKOPHUCTAHHSAM MEIMYHOI
TEXHIKH.

BucnoBok. B nanuii yac nepkaBHa KOHTPOJBHO-I03BUIbHA cUCTEMa y cdepi
MEIUYHUX BHUPOOIB B MPaBOBOMY, OpraHi3alliHOMY, KagpOBOMY H (piHAHCOBOMY
BIJIHOIIIEHH] BUMAarae MoJiajblioro BJOCKOHAJICHHs. Psi BaX/IMBUX HAIPSIMKIB poOIT
10 ii BIOCKOHAJICHHIO BUMAarae KOOpAUHAIli 3yCHJIb BIAMOBIIHUX MIAPO3ALUTIB anapaTy
MO3 Ta opraniB ynpaBJiHHS OXOPOHH 3I0POB'S.
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Abstract. Technical (in particular, sorting yard) stations are considered as complex
technological systems due to the multitude of functioning technological lines: processing and
passing of passenger trains, transit freight trains, disbanding and formation of warehouses,
processing of local wagons.

Each of these lines’ functions within conventional limits and, at the same time, interacts with
other lines. The process is stochastic, since the duration of technological operations for
processing trains and wagons is probabilistic. In addition, the stationarity and reliability of
the operation of the lines and the entire technological system is significantly affected by the
significant unevenness of the incoming flows, which in most cases are subject to an
exponential (or gamma) distribution with a variation of about 100%.

Keywords: Sorting yard, passenger trains, simulation modeling, technological process.

Relevance of research such a complex process in the complex is difficult, and in
some cases impossible, to study with analytical models, since most of the functions are
non-analytical, and the set of all states of the system will exceed tens of thousands.
Simulation modeling can be considered one of the few research tools in such situations.

The purpose of the work is creating a simulation model.

The beginning of the development of any model is the establishment of its goals,
a set of initial parameters and limitations. For simulation models, in addition, it is
important to justify the principle (order) of simulation and the collection and further
analysis of simulation results [1]-[3].

For example, for a technological line for the processing of transit trains (with a
change of locomotive and without a change in the mass and length of the train), the

entire service process of one application (transit train processing) can be conditionally
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divided into the following elements:
1) the arrival of a train occupying the entrance of the transit park;
2) operations on fencing the warehouse, uncoupling the train locomotive, transfer
of transport documents;
3) technical and commercial review;
4) coupling of a train locomotive;
5) departure according to the nearest free thread of the schedule.

All the specified operations are performed sequentially by the gradual transition
of the application between the phases (elements) of the corresponding technological
process. In practice, each operation, as a rule, does not begin immediately, but only
after the readiness of the relevant services or technical devices. Therefore, an essential
part of any processing of an application in the railway QS is the cumulative ease of
waiting for the execution of operations [4]-[6].

The simulation process, in accordance with the technological process of
processing trains, will represent a gradual transition of the application through the
program blocks of one of the free channels. Each of the blocks corresponds to a certain
technological operation. The time of stay in each of the blocks will correspond to the
time (set or calculated) of the duration of the corresponding technological operation.
The boundary of the phase transition between technological operations will correspond
to the moment of transition of the application from one block to another (Fig. 1).

port in port out port in port out port in port out
No 1 No 1 No 2 No 2 No m No m
Unit No 1 Unit No 2 Unit No m
2 of application of application [z ® ® ® -EH of application [
: delay - delay : : delay I
i Atdcluyl ; Atdcluyl i i Atdclay m E -
tin Qs [out.: lin. tout. tin. tout Qs

unit I unit 2 unit 2 unit m

Application processing simulation, ¢

Fig. 1 — Discrete-event transition of the requirement through the elements of the
technological process

This principle allows you to programmatically fix the moment of entry of the
application into the program block, which will correspond to the beginning of the
corresponding technological operation, and the moment of exit of the application from
the block, which will correspond to the completion of the technological operation. In
essence, the collection of results consists in recording the moments of the transition of
applications between certain blocks (between the phases of processing train depots),
which will later allow processing of data, determining the probability of failure and the

376



continuity of the functioning of railway transport systems. The duration of an
application in a certain block is defined as the difference between the moments of entry
into the next block and the moment of entry of the application into the settlement block:

At =t it 2o TP Z=1, 2, ..., m, (1)

dalay z inunit z+1

where t;, .. . IS the moment of entry of the application into block z; t,, . ,..— the

moment of entry of the application into block z +1. This moment of time coincides
with the moment of exit of the application from block z.

Conclusion. One of the few methods of complex assessment of complex
stochastic technological processes in railway transport systems is simulation modeling.
To study the reliability of the functioning of the technological lines of the sorting
stations, the most convenient and effective is the discrete- event method, in which the
process of simulating the processing of trains will represent the gradual transition of
the application through the corresponding software blocks. Applications are held in
blocks for a time that corresponds to the duration of technological operations. This
principle allows you to programmatically fix the moment of entry of the application
into the block of the program, which will correspond to the beginning of the execution
of the technological operation, and the moment of the exit of the application from the
block, which is the completion of the technological operation.
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