TOB «TEXHIYHWM YHIBEPCUTET «METIHBECT MOJNITEXHIKA»
dakynbTeT aBTOMaTM3aLii BAPOOHULTBA Ta LNPPOBUX TEXHOSOTIN
Kadenpa aBTomaTtuaadii, enekrpo- Ta pobOTOTEXHIYHMUX CUCTEM

ABTOPE®EPAT
kBanidikauinHoi poboTun
Ha 34000yTTS OCBITHBOrO CTYNeHs marictpa
3a nNigcymMKamMy BUKOHaHHSA
OCBITHbO-NPOMdECINHOI Nporpamu
«Komn'toTepHe KOHCTPYOBAHHSA MEXaTPOHHMUX CUCTEM»

3a cneuianbHicTio 133 Nany3eBe mawmnHObyoyBaHHS

Ha Temy «MopaepHi3auis BUKaTHOro eneMeHTy BUCOKOBOJIbTHOI
KoMmipku KPY-2-10»

3n06yBay Bonognmup MOICEEB

Kpusun Pir 2024



KBanigpikauinHot mMarictepcbkolo poboTO € pyKonuc.

Pobota BuWKOHaHa Yy TexHiyHomy yHiBepcuteti «METIHBECT
MONMTEXHIKA»  Ha  kKadpegpi  aBTOomMaTM3auii, enekTpo- Ta
POBOTOTEXHIYHUX CUCTEM.

KepiBHUK: Linmban borgaH Muxannosuu,
O.0epX.ynp., AOUEHT, JOUEHT
Kadbeapw aBTomaTtuaauil,
eneKkTpo- Ta PODOTEXHIYHUX CUCTEM

3axucT Bigbygetbca 06 rpyaHa 2024 p. o 18:00 rog Ha 3acigaHHi
eK3amMmeHaLinHol KOMICil. (https://teams.microsoft.com/l/meetup-
join/19%3ameeting_YzUOOTg1ZDctODhINSOOMjUWLTK2NjYtZDZiZmIx
Z|BiYTk5%40thread.v2/0?context=%7b%22Tid%22%3a%221f6a60da-
12a6-4028-9d77-a98fa5¢c6b40f%22%2c%2201d%22%3a%2277c2500a-
6967-4dab-bab5-8e8029a27710%22%7d).

EnekTpoHHa Bepcis aBTopedepaTty posmilieHa B |HCTUTYyUiNHOMY
pernosutapii TOB «TEXHIYHUMA YHIBEPCUTET «METIHBECT
MOJUTEXHIKA» 29 nuctonaaa 2024 p.
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3AFAJTbHA XAPAKTEPUCTUKA KBAMI®IKALIMHOI POBEOTU

AKTyanbHIiCTb TeMun pob60TU. AKTyarnbHICTb JaHOI KBanidikauinHol
poboTn nondrae y HeobXxigHOCTI  BOOCKOHANeHHs npoueciB Yy
€HEepreTUYHin ranysi 3 MEeTOK €eKOHOMII 4Yacy Ha npoBeaeHHs
perrnameHTHUX onepadin 3agns 36inbleHHs onepawinHoi ePeKTUBHOCTI
Ta NOSINWEHHA YMOB rpaui nepcoHarny.

NMoctaHoBKa npobnemu. lgoed  BNpPOBagXEHHA  CUCTEMM
aBTOMaTU30BaHOIO BKOYEHHS Bi3ka BMMUKada 6-10 kB BucokoBonbTHOI
komipku KPY-2-10.

Meta pocnigxeHHA. Po3pobka Ta aHania wmetodiB  Ans
niaBuWeHHa  edeKTUBHOCTI  npouecy onepaTuBHUX  MNepeMuKaHb,
po3pobka Ta MoLentoBaHHA aBTOMAaTU30BaHOro efleKTPUYHOro NpmBoaa
MeXaHi3My BKOYYBaHHSA Bidka BUMKMKaya 6-10 kB.

3apauyi pocnigkKeHHs:

— NpoaHanisysaTu ICHYO4Y 6aasy BUCOKOBOJSIbTHOIO
enekTpoobriagHaHHA NiANPUEMCTBA;

— BMBbpaTn onTuUManbHi Ta HanyacTiwe BUKOpPUCTaHi mogeni Ta
TUMNN KOMIPOK BUCOKOBOJSIbTHUX A5 NodarnbLlol MoAepHi3aLlil;

— po3pobutn anroput™ poboTU aBTOMATU30BAHOI CUCTEMMU
KepyBaHHA Ta  OMepyBaHHA  BMMMUKA4YeM  BUCOKOBOSIbTHUM  —
KOMyTauilHUM eneMeHTOM KOMIpK1 BUCOKOBOIbTHOI KPY-2-10;

— MPOBECTUN ekcnepuMeHTarnbHi JOCNIKEHHS.

OOG’ekT pocnigXeHHA — eNneMeHT KOMMMEKTHOro po3rnoAinb4voro
NPUCTPOIO BUCOKOBOSIbTHOI NiACTaHUIl — BI3OK BUMUKa4da 6-10 kB.

MpepmeT gocnipgxXeHHA — OOCNIOKEHHS ICHYOYMX NPUBOAIB BIi3KIiB
BUCOKOBOJIbTHUX BMMMUKadiB komipok KPY-2-10, ix Hefgonikie Ta
ocobnmBocTen ekcrnnyaTadi.

Pe3ynbTatn Ta o6GrpyHTYBaHHS iX HOBU3HU / iHOBaLUiNUHOCTI. Y
KBanigikauinHin marictepcbkin poborTi:

— MpoaHanisoBaHo  CyyacHi BugM Ta  TMNM  BUMMUKaJiB
BUCOKOBOJIbTHUX;

— JOCnigpKyBanuCb Cy4acHi TunM Ta BUMOWM  BUCOKOBOJSIbTHUX
KOMIpOK, MPUCTPOI aBTOMaTu3auil Ta KepyBaHHS, CUCTEMU MOHITOPUHTY
Ta ynpaBniHHS;

— NpoBefieHe [OOCIIMKEHHS, WO BKMAYano adanisa BBy
LUBMOKOCTI BKOYYBaAHHS Bi3ka Ha TemnepaTypy Ta nepexigHum onip
CUIOBUX KOHTAKTIB BUMMKada 6-10 kB;

— 3anpornoHoBaHa MOLEpHi3auia npuBoda BKOYYyBaHHS Bi3Ka
BUMMKa4da 6-10kB komipkn BucokoBosibTHOI KPY-2-10.

CTpyktypa Ta obcar pobotu. PoboTa cknagaetbcs 3i BCTyny,
5 posainie, BWCHOBKIB, CMWUCKY BUWKOPUCTaHUX [Kepesi, 2 [Aodarkis.
3aranbHnn obcar pobotTn cTtaHoBUTbL 63 CTOPIHOK, poboTa MICTUTL



34 pucyHka, 6 Tabnuub. CnMCOK BMKOPUCTAHUX DKepen CKnagaeTbcs 3
10 pxepen.

OCHOBHA YACTUHA KBANI®IKALINHOI POBOTHU

EHepreTnyHi cuctemu nignpuemcts YKpaiHM CKnagatTbCA 3
poanoginbumx npuctpoie 6-10 kB, ki 3actapinu 8K TexHIYHO, TaK i
MopanbHO. [lepeBaxHa OiNblWICTb BUCOKOBOMBTHUX KOMIPOK 6ynu
po3pobrieHi wWe B padsaHCbKi 4Yacum Ta noTpedyrTb MoAepHisauii.
30Kpema, MacrisiHi BUMMUKadi, WO BMKOPUCTOBYIOTBCA B TaKMX KOMipKax,
MalTb HMU3KY HeOonikiB: ekornoriyHa Hebesneka 4epe3 HasABHICTb
TpaHcopMaToOpHOro Macna, Besivka Bara, CKrnagHiCTb B 06CNyroByBaHHi
Ta BIACYTHICTb 3anacHMX 4acTuH. Lle 3ymoBntoe HeOBXIAHICTb 3aMiHM X
Ha Cy4acHi BaKyyMHi BMMMKadi Ta aBTOMaTu3aLil npouecy BKOYYBAHHS |
BUKOYYBaHHSA Bi3Ka.

CyyacHi npomwucrioBsi nignpMemctea BUMararOTb BUCOKOrO PIiBHA
HaLINHOCTI eHepronocTtayaHHs, OCKiNbkM Oyab-ski nepeboi B noaadi
eneKkTpoeHeprii - MOXyTb  CMPUYUHUTM  3HA4Hi  (piHaHCOBI  BTpaTwu.
OcobnuBo Ue CTOCYyeTbCs  MIANPUEMCTB  TiPHMYO-MeTanyprinHoro
KOMIMIeKCy, Ae TEXHOSOrIYHI NpoLuecu TiCHO NMoB’A3aHi 3 BUKOPUCTAHHAM
MOTY)XXHOr0 enekTpoobrnagHaHHA. ToMy MoAepHi3auis enekTpu4HmnX
CUCTEM, 30KpeMa KOMMMEKTHUX PO3MOAiNibYnx NPUCTPOIB, € BaXXUBUM
HanNPSMKOM NiABULLEHHA e(PeKTUBHOCTI BUPOBHULTBA.

[locnimkeHHs po3noyaTto 3  aHanidy ICHYH4YMX pPO3No4inbYmnx
NPUCTPOIB, LLIO eKCcriyaTylTbCA Ha nignpuemMmcTsi. byno BnsHa4veHo, wWo
HaunowupeHiwnmmn € kKomipkn KPY-2-10, ocHalleHi BuKOYyBaHUMM
BuMmkadamm BMI1-10. OcHoBHI npobrnemn, 3 SKUMW CTUKAETbCSA
OoOCnyroByrouMM NepcoHan, — LUe 3HaudHi 3ycunns, HeoOXxigHi Aans
nepeMilleHHs Bi3Ka, a TakOX YacTi BiAMOBM MeXaHi3My BKOYYyBaHHS.
BukopuctaHHa pydHOro npusody AN NepeMillleHHs Bi3ka CTBOpPHOE
OOLaTKOBEe HaBaHTaXEHHA Ha MepcoHan, Lo nNiaBuLLYE  PU3KK
TpaBMyBaHb, OCOBGNMBO nMig 4Yac npoBedeHHA aBapiHuMx pobiT abo
perriameHTHOro TeXHIYHOro obcrnyroByBaHHs. Y Xo4i aHanidy po3rfsiHyTo
M iHWIi BapiaHTN MoaepHi3auil, cepen SKUX BMpPOBaKEHHS 4YepB’s’4HOro
NpPUBOAY 3 eNieKTpoaBUIyHOM A9 aBToMaTmaauil npouecy nepemieHHsd
BUMMKa4a.

TeopeTndyHa 4YacTMHa [OOCHIMKEHHS BKMYana nopiBHANbHUN
aHani3a MacnaHux i BakyyMHUX BUMMUKadiB. BCTaHOBMEHO, WO BaKyyMHi
BUMMKaYi MalOTb CYTTEBI NepeBarn: MeHLWi rabaputn i Bara, BiACYTHICTb
HeobxigHOCTI B TpaHcdopMaToOpHOMY Machi, figBuLLEHa WBUAKOAIS,
Ginbwwnn pecypc poboTtn. Kpim TOro, BakyymHi BUMMKadi He nNoTpebyoTb
perynsapHoro o06CnyroByBaHHsl, WO [A03BOSIIE 3MEHLUMTM BUTPATU Ha
TEXHIYHY ekcnnyaTtauito obnagHaHHa. BogHouac, X BapTiCTb BuLUA,
NpoTe EKOHOMIYHUM edoeKT Bif, IX BNPOBaPKEHHSA KOMMEHCYE Lien HeosiK
3a paxyHOK 3MeHLLUEHHSA eKcrnnyaTaLuinHux BuTpar.
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HacTynHuMm eTanom cTano MoAesSitoBaHHA MeXaHi3My BKOYYBaHHS
Bi3ka BMMMKa4a. BukopuctoByoun nporpamHe cepegosuule SolidWorks,
NPOBEOEHO pO3paxyHKW, SKi  go3sonunu  nigibpatm  onTUManbHi
napametpu npueoay. OCHOBHUI aKUEHT 3poBneHo Ha BU3HAYEHHI CUMN,
HeobOXxigHOI aOns nepemilwleHHs Bi3ka, Ta Bubopi BignosigHoOro
enekTpoaBuryHa. 3anpornoHoBaHa KOHCTPYKLUiS [O03BOMSAE  3HAYHO
3HU3UTU HaBaHTaXeHHS Ha O0OCnyroByruMM NepcoHan i NigBULWMUTHU
be3neky ekcnnyaTtauii. Kpim Toro, 6yno po3rnsHyTo MOXIMBOCTI
iHTerpauii aBTOMaTM30BaHOI CUCTEMWU KepyBaHHS, $Ka [JO03BOJSIsE
34INCHIOBaATUN OAUCTaHLiINHE KepyBaHHA MeXaHi3MOM BKOYYBaHHS.

Y kBanicikauinHin poboTi 6yno nposBeneHO aHani3 cydacHux Tunis
Ta BMAiB KOMyTaUiNHMX anapartiB 6-10 kB, npoaHanizoBaHo iX NPUHLUNK
Ta MeToAu KepyBaHHSA Ta aBToMaTu3auil.

Ana yboro 6yno npoBeaeHo rmmnboke OOCNIAKEHHS iICHYOUYMX Ha
nigctaHuiax YkpaiHn, Ta Cy4YaCHMX Ha PpUHKY TuniB Ta Buais
KomyTauinHux anapatiB 6-10 kB. [ocnigpkeHHss Oynu cnpsiMmoBaHi Ha
BMBYEHHS X MPUHUMNY KepyBaHHSA, Geaneui npaui nepcoHany. lig 4ac
OOChiMKeHHs Oyno BuUSABMEHO, WO Pi3Hi Mogeni MakwTb Manxke
OLHAKOBMI MPUHLMN KepyBaHHA Ta BKOYYBAHHSA B pobOYe MONOXEHHS,
OZIHaKOBI NepcnekTuBM MoaepHisadii. Lli napameTtpwu BigirpatoTb Kro4oBy
porfb Yy BU3HAYeHHi e(eKTUBHOCTI OnepaTMBHOIO €efieKTPOonocTavyaHHs
cnoxueadyam. byno npoaHarnizoBaHO KOHKpeTHi npobnemu, siki nos'sasaHi
3 ekcnnyartauieto BuMmukadiB 6-10 kB, Bknroyarwum X HagivHICTbL Ta
BUTpPaTM Ha obBCnyroByBaHHS, ONEPaTUBHICTL BUKOHAHHS perfamMmeHTHUX
pobiT — onepatMBHUX nepemukaHb. [ocnigkyBanucb  CydacHi
KOMyTaUuiHi anapaTtu Ta CUCTEMW aBTOMaTMU3aUil Ta KepyBaHHS HUMU —
iHO3EMHMX Ta HauioHanNbHUX BUMPOOHMKIB. [1nsa Toro, wob TeXHIYHUI CTaH
eHepreTMyHoro enekTtpoobnagHaHHA He noripwyBaBcs nig  4ac
ekcnnyaTauii, Ansa CcTtabinbHOro Ta HKICHOrO enekTponocTavyaHHs
cnoxusadie, 6yno npoBedeHO AOCHIMXKEHHS, L0 BKKOYaNo aHania
BNSIMBY LUBUAKOCTI BKOYYBaHHA Bi3ka Ha TemnepaTtypy HarpiBaHHSA
CUITOBMX KOHTAKTIB Ta nNepexigHMM onip B 30Hi KOHTaKTy. TakoX,
BUXOOAYM 3 pe3ynibTaTiB BUMIPY, YCTAHOBMEHO WO OMTUMarbHUM
BapiaHTOM 4acToTM oBepTaHHs Bany MexXaHi3My BKOYYBaHHSA Bi3Ka €
yactoTa, dka cknagae 0,5 obeptn Ha cekyHay. Ons BupileHHA Uiel
npodbnemun 6yno 3anponoHOBaHO BCTAHOBSIEHHS HA NPMBOA BKOYYBAHHS
Ta BMKOYYBaHHSA nepefaBasnibHOI NacoBol nepedadi 3i LWKiBAMWU: MEHLUNN
piameTtpoM 50 mm, 6inbwuin giametpom 140 mm. Poboumm opraHom uiel
cuctemm Oyoe motop-peayktop  ECM250/030U10 3 4actoTow Ha
BMXigHOMy Bany peayktopa 200 xB™, noTyxHicTb gsuryHa 600BT, wo
3a0BOSIbHAE poO3paxyHKoBi NapameTpu. Lle p[ossonutb oTpumaTu
cTabinbHi NOKa3HMKN LLIBMAKOCTI BKOYYBAHHSA Bidka B poboye MOMNoXeHHS,
WO 3MEeHWWUTb BUNAAKM HarpiBaHHs CUMNOBMX KOHTAKTIB nig 4ac
BKOYYBaHHSA, @ TakoX 3abe3neuntb HaginHUIA KOHTAKT B 30HI NPUNsSIraHHs
CUITOBMX KOHTAaKTIB BMMMKa4ya i3 cuctemoro LuH. byno pospaxoBaHo
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HeobXigHI napamMeTpu nepefadi, MexaHidHi XapakTepucTuku npueoaa
nicna nigbopy BCiX HeOOXiAHUX KOMMOHEHTIB. Po3pobneHo mopens,
nobynosaHy B cepenosuLli CAMNP SolidWorks, B sikin 6yno BigobpakeHo
BCi HeoOXigHi BYy3nuM Ta MexaHismMm ana peanisaudii  igei. [Onsa
nigTBepakeHHA ePEKTUBHOCTI BNPOBaXEHHS L€l CUCTEMU NMPOoBeAEHO
€KOHOMiYHe OOrpyHTYBaHHA MOAEpPHi3aLii, WO BKAYae aHani3 BapTOCTi
Ta NigBULIEHHSA onepatuBHOI  e(EeKTUBHOCTI 3  BMpPOBaLXEeHHS
MOAepHI30BaHOro obnagHaHHs.

EkcnepumeHTanbHa  YacTuHa  OOCHIOKEHHS nepenbavana
BUNpobyBaHHA MofepHi3oBaHoi cuctemn. OTpumaHi  pesynbTaTtu
nokasanu, Wo 3acToCyBaHHA aBTOMAaTU30BaHOroO MNPUBOAY BKOYYBaHHSA
O03BOMAE CKOPOTUTU Yac NepeMillleHHs BUMMKada 3 3 XBUNMUH 00 45
cekyHq. Lle osHayae 3HaudHe nigBuLEHHA edeKTUBHOCTI NpoBeadeHHS
onepauin 3 06cnyroByBaHHA Ta PEMOHTY BUCOKOBOSIbTHOrO o6nagHaHHs.
Kpim TOro, yCyHeHi pu3uku TpaBMyBaHHS nepcoHany nig 4Yac pobotun 3
Ba)XKMMW Bizkamun. 3aranbHuin KoediuieHT HaginHOCTI MexaHi3mMy 3pic Ha
23%. JJopaTtkoBO Oyno BiA3HA4YeHO, WO 3acCTOCYyBaHHS 3anponoHOBaHOIo
MEeXaHi3My Crnpuse 3MEHLLUEHHIO MeXaHIYHOro 3HOLlYBaHHA Bi3ka Ta
KOHTaKTHOI rpynv BMMMKaya, L0 NO3UTUBHO BMNSIMBAE Ha [OBrOBIYHICTb
obnagHaHHS.

EkoHOMIYHMI aHani3 BnpoBamXeHHA MOLEPHI30BAHOMO MexaHi3my
nokasaB 3Ha4yHe 3HWKEHHA BUTpPAT Ha TexHidHe o6cnyroByBaHHA
BUCOKOBOSIbTHUX KOMIPOK. 3ararfbHi €KOHOMIiYHi BTpaTu 4epes3 MNpocToi
enekTpoobnagHaHHa Ha nignpuemcTsi ctaHoBunu Big 20080,2 oo
25817,4 ponapis 3a 3MiHy. BnpoBampKeHHs 3anpornoHOBaHUX 3MiH
O03BOMAE CKOPOTUTM Ui BTpatm Ha 32%, wo 3abesnevye LWBUAKY
OKYMHICTb NPOEKTY npoTarom 8 micauis. Takox Oyno npoaHanisaoBaHo
MOXITMBOCTI [O04aTKOBOI ONTUMI3aLil BUTpPaAT 3a PaxyHOK 3HWXKEHHS
€HeprocrnoXuBaHHS MOJEepPHI30BaHOI cuctemu. BukopuctaHHs
eHeproeeKTUBHNX eneKTPOOBUryHIB Yy CKrnagi aBTOMaTU30BaHOIO
npuBoay [O3BOSISE 3HU3UTUM eHeprocrnoxumeaHHa Ha 18%, wo B
OOBrOCTPOKOBIN  MEPCNEeKTMBI  TaKoX  CAPUSIE  E€KOHOMIl  KOLITIB
nignpuemMcTea.

OxopoHa npaui € HeBiO EMHOK CKNagoBok JocrnigkeHHs. Mig vYac
pobOTNU 3 BUCOKOBOSIbTHUM OONagHaHHSAM BUHUKAE PU3UK YPaKEHHS
eNeKTPUYHUM CTPYMOM, MEXaHIYHUX TpaBM Ta BMSIMBY LWKIAINBUX
YMHHMKIB. ABTOMaTu3auia npouecy BKOYYBaHHA Bi3ka BUMMKa4da
O03BOSSE MiHIMI3yBaTU KOHTAKT NMIOAUHU 3 HEDE3NeYHUMN enemeHTamu
eneKkTpoycTaHoBKN. BnpoBagpkeHHA CUCTEMU OUCTaHUIMHOIO KepyBaHHSA
OOOATKOBO 3HWXKYE PpuU3MKM Ans  nepcoHany. Kpim Toro, 6yno
3anpornoHOBaHO HWU3KYy 3axodiB WoAo niaBuLWEHHA piBHA ©e3neku,
BKIOYAOYM  BCTAHOBMIEHHA  O0OATKOBMX  3aXMCHUX  €eKpaHiB i
BNPOBaKEHHA Cy4YaCHUX CUCTEM [iarHOCTUKM TEXHIYHOro CTaHy
obnagHaHHS.



Taknm 4YMHOM, MoAepHi3aLiss BUKATHOrO enemMeHTa BUCOKOBOSbTHOI
koMipkn KPY-2-10 no3Bonsie He Tifbky NiABULMTM HaQiMHICTb | 6eaneky
poboTK enekTpoobnagHaHHA, ane n CyTTEBO 3HU3UTU EKOHOMIYHI BTpaTK
nignpuemcTea. 3anponoHoBaHa aBTOMaTuU3oBaHa CUCTEMA BKOYYyBaHHS
3abe3neyvye 3MeHLUEHHA 4Yacy Ha onepauii, nigBuLLEHHS KoediuieHTa
HaAINHOCTI Ta 3HaA4YHy eKOoHOMIK KowTiB. Lle niaTBepaXye OOUINbHICTb
BNPOBaMXKEHHA OaHOro MNPOEKTY B MNPOMUCIIOBMX ymoBax. [loaoaTkoBo
BNpOBaXXEHHA  aBTOMAaTU30BaHOl CUCTEMW  KepyBaHHS  CTBOPHOE
nepeaymoBu AN1S noganblloil iHTerpauil HOBITHIX TEXHOMOrIN, WO MOXe
CYTTEBO MOKpALUTK 3arasnbHi BUPOOHMYI Npouecu Ta nigBuLLMTN pPiBEHb
aBToMaTu3auil nignpnemMcTaa.

BUCHOBKU

[Mig 4yac po3pobkn kBanidikauinHoi poboTn Ha NigNPUEMCTBI
ripHnyogobyBHOI ranysi, 6yno suasneHo npobremy, gka Npu3BoanTbL A0
3HaYHMX EKOHOMIYHMX BTpaT a TaKoX CTaHOBUTb Hebeaneky Anda
npauiBHUKIB, $Ki ekcnnyaTyloTb enekTpoobnagHaHHa abpuk Ta
Kap’epi., i 4S5 OTOYYHOUMX.

Ana BupiweHHa uiei npobnemn 6yno 3anponoHOBaHO BNPOBaAUTU
MOAepHi3aLito  KoMipkM  BucokoBomnbTHOI  KPY-2-10  komnnekTHoro
po3noaineyoro npuctporo 6 KB, a came Bi3ka BuMMMKaya. Ls
MOZepHi3auis [03BONINTb npawiBHMKam KepyBaTu BigaanexHo
Hebe3neyHuM enekTpoobnagHaHHAM, nojanblle BAPOBaKEHHS Ta
po3pobka CUCTEMM aBTOMATM30BaHOI MEPEBIPKM BCiX OpraHiB Ta
anapatiB komipkn KPY-2-10 [o03BOMUTbL YHUKHYTU MNOMWIKOBUX 4ii
npawiBHUKIB.

OpHuMm i3 BapiaHTiB peani3auil — MOHTaX Ha NPUBOA BKOYYBaHHSA Ta
BUKOYYBaHHA MepefaBanbHOI nacoBol nepedadi 3i LWKiBAMW: MEHLLUN
giameTtpom 50 MM, Ginbwwuin giametpom 140 MM, poboynm opraHom Uiel
cuctemn 6yae wmotop-peayktop ECM250/030U10 3 vacTtoToro Ha
BUXigHoMy Bany peayktopa 200 xB™, noTyxHicTb asuryHa 600BT, wo
3a0BOJSIbHAE PO3paxyHKOBI NapameTpu.

BnpoBagpkeHHA cuctemMn aBTOMATU3OBAHOINO BKOYYBAHHA Ta
BUKOYYBaHHA Bi3Ka BMMMKa4a BMCOKOBOSIbTHONO A03BOSMUTL BUPILLUTU
npobnemy Ao0BroTpmBanux MpPOCTOIB Mif Yac onepaTtvBHUX NeperoBopiB
MDK  3a4igHUM  eneKkTpPOoTexHIiYHUM  nepcoHasnoM, [OOBroTpusannm
NnepeMilleHHsAM npauiBHUKIB MK pobounmMmn micusaMm Ons BUKOHAHHS
onepaTuBHUX NEPEMUKaHb.

OTxe, nig 4Yac po3pobku kBasnigikauinHoi poboTn, Byno BUABIEHO
npobnemy, sika nNpM3BOAUTL [0 3HAYHUX EKOHOMIYHMX BTpaT Ta Ao
3Ha4yHMX Hebesnek Ha NigANPUEMCTBI ANnsA NpauiBHUKIB.

BucokoBonbTHe enekTpoobnagHaHHA, €K MpaBumo, CTOITb Ha
camMOMy MoyaTKy npouecy npaues3faTtHOCTI TEXHONOMYHUX NPUCTPOIB Ta



arperaris, i, Ik HAcnigokK, 0yab-AKi 3MiHW Y NPOAYKTUBHOCTI MOXYTb CTaTH
NnoYaTKOM JTAaHLOroBOI peakuil Ana HACTYMHUX TEXHOMOMYHUX NPOLECIB.

[HBECTULINHWIA  KaniTan B MOPIBHAHHI  3i 30UTKOBICTIO, 4KY
3abes3neyytoTb 3acTapini TeXHONoril, cknagae He 3Ha4yHy 4YacTuHy Bi4
BCbOro obcsary BupobHuytea. Ha npuknagi gabpukmn 6yno BusBrieHo, LWo
nepiog okynHocTi cknagae Bcboro 0,5 gobu pobotn habpukn Ha NOBHY
3aBaHTaXEHICTb.

MEPENIK MYBNIKALIN 3A PE3YJIIbTATAMW BUKOHAHHA
KBANI®IKALIMHOI POBOTWU

1. Tsymbal B.M., Moiseiev V.. Modernisation of the rolling
element of the high-voltage cell KRU-2-10. International scientific
conference “MININGMETALTECH 2024 — The mining and metals sector:
integration of business, technology and education”. conference
proceedings (November 28-29, 2024. Riga, the Republic of Latvia). Riga,
Latvia: “Baltija Publishing”. 2024. Vol. 2. P. 111-114. URL:
https://doi.org/10.30525/978-9934-26-506-8-153

AHOTALIA

Moicee Bonogumup Iroposuy. MogepHisauist BUKATHOMO efiEMEHTY
BUCOKOBOSbTHOI KOMipkn KPY-2-10. - KeanidpikauinHa npaus Ha npasax
pykonucy.

KBanicikauinHa poboTa Ha 3000yTTA OCBITHLOIO CTYMNEHS MaricTpa
3a cneuianbHicTio 133 «lanyseBe MawwunHoOyayBaHHA». Ol
«Komn'toTepHe  KOHCTPYtOBaHHA  MexaTpoHHMX cuctem» - TOB
«TEXHIYHU YHIBEPCUTET «METIHBECT MOMNITEXHIKA», Kpusui
Pir, 2024.

[ns OOCArHeHHs1 nocTaBfeHol MeTu HeobxigHo 6yno BUPIWNTK
HaCTYnNHI 3agaui:

- MpoaHarnisysaTu ICHYHOYY basy BWCOKOBOJSIbTHOIO
enekTpoobnagHaHHA nNignpueMCTBa;

- BUBpaTM onTMMmarnbHi Ta HaWdacTile BMKOPUCTaHi mogeni Ta
TUMNN KOMIPOK BUCOKOBOSIbTHUX AS1S1 NodarnbLlol MoaepHi3allil;

- po3pobutn anroputm poboTM aBTOMATU3OBaAHOI CUCTEMMU
KepyBaHHA Ta  OMepyBaHHA  BMMMUKA4YeM  BUCOKOBOSIbTHUM  —
KOMYyTaUiMHUM €NeMEHTOM KOMIPK/M BUCOKOBOSIbTHOI KPY-2-10;

- NPOBECTU eKCnepuMeHTaribHi JOCILKEHHS.

O6’ekT OocnigkKeHHA — eneMeHT KOMMMEKTHOro po3noainbyoro
NPUCTPOK BUCOKOBOSbTHOI MigCTaHLUil — Bi3OK BUMUKaya 6-10 kB.



[MpeomeT OocnigkKeHHA — OOCNIIKEHHS ICHYHYMX MPUBOAIB Bi3KiB
BUCOKOBOSIbTHUX BUMMMUKadiB koMmipok KPY-2-10, ix Hefgonikie Ta
ocobnmBoCTeNn ekcnnyaTadil.

Y npoueci BUKOHAHHSA LOCHIgKEHHA Oynn BUKOPUCTAHI HACTYMHI
MeTOoaMu: TenmnoBi3inHMA 3aMmip, 3amMip OMNopy MepexigHOro KOHTakTy,
CUCTEMHUIN aHari3, KOMN' IoTEePHE MOAENIOBAHHSA, METOAN oNTUMI3auil.

B nepwomy posgini npoBeseHO aHarnia  Cy4yaCHOro CraHy
eHepronocTadaHHs NPOMMUCIIOBUX NIANPUEMCTB, WO NpaLoTb HA OCHOBI
BUCOKOBOJSIbTHMX KOMIpOK Hanpyrot 6-10 kB. Po3rnsiHyTo OCHOBHI TuMnn
KOMyTauinHMX anapaTtiB, 4HKi BWUKOPUCTOBYIOTbCA Yy PO3MNOA4inbvnx
NPUCTPOSIX, X KOHCTPYKTUBHI OCOONMBOCTI Ta MpuHUMON poBOoTMW.
OnncaHo npobnemn ekcnnyartauil BMKOYYBaHMX BUMMUKaYiB, 30Kpema
TPyAHOLi 3 1X NepeMilleHHSM, BUCOKUA piBeHb (i3n4YHOro 3HOCy, a
TakoXX OOMEXeHIiCTb Y 3anacHuMx YactuHax. [MpoaHanizoBaHO BNAMB LNX
dakTopiB Ha HafiMHICTb eHepronoctadyaHHs Ta 6e3neky nepcoHany.
Bu3HauyeHO OCHOBHI HanpsiIMKM MoAepHi3auii obnagHaHHs, 30Kpema
MOXIIMBICTb 3aMiHM MacCSHUX BMMMKaYiB Ha BaKyyMHi aHanoru Ta
aBTOMartm3auilo npouecy BKOYYBaHHSA i BMKOYYBaHHA Bi3ka. BuasneHo
OCHOBHi MepeBarn TakuMX 3MiH, BKIlOYauM NIiABULLEHHS LWBMAKoA4il
KOMyTauiHOro npolecy, 3MEHLUEHHS eKcnnyatauiiHux BuTpat Ta
NnoKpaLleHHs YMOB npaui 06CnyroByo4oro nepcoHany.

B Agpyromy po3gini po3rnsiHyTO TeopeTUdHi OCHOBU po6oTU
BMCOKOBOJIbTHUX BMMMKaMIB, MEXaHi3aMiB X  ynpaBniHHA Ta
aBToMaTu3auil. [lpoBegeHoO geTanbHUM aHani3 iCHYK4YMX pPo3nodifibymx
npuctpoie 6-10 kB, X enemMeHTHOI ©a3n Ta penenmHoro 3axucTy.
30iNCHEHO MOPIBHANBbHUIM aHarsi3 MacrsiHUX Ta BaKyyMHUX BUMMKaYiB, y
SIKOMY BW3HAYEHO IXHi OCHOBHi XapaKTepUCTUKWN, rnepeBarn ta HeJoniKu.
MacnsHi BUMMKayi MaloTb BULLY Macy, cknagdiwe obcnyroByloTbCs Ta
MiCTATb Hebeane4vHe Ans OOBKiNMsS TpaHcdopmaTopHe macno. BakyymHi
BUMMKaYi € Oinbll HagiHMMK, OOBroOBiMHMMUW Ta eHeproedeKTUBHUMM,
Wo pobuTb iX AouiNbHMMM AOn9  BNPOBaAKEHHA B MPOMMCIOBUX
cuctemax. [locnigpkeHo MexaHiaMu BKOYYBaAHHS Bi3ka Ta NpoaHaniaoBaHo
IX Hegonikn, cepen SKMX 3HauYHi (PidnyHi 3ycunnga, HeobxigHi gong
nepeMilleHHsl, a TakoX PWU3MK TpaBMyBaHHA mnepcoHany. BusHadeHo
MOXIMBI WNAAXM aBTOMaTu3aLil Lboro npouecy, 30Kpema BUKOPUCTaHHS
eneKkTponpmMBogy 3 4YepB'AYHUMM MeXaHi3MOM, L0 [OO03BOJSISE 3HAYHO
NOKpaLLMTKN 3pYYHICTb Ta Be3neky poboTu.

B Tpetbomy po3gini  BuknageHo nporpamMy Ta  MeTOAUKY
NPOBELEHHS  eKCNepUMEHTarlbHUX  OOChigKeHb  MOAepHi30BaHOro
MEeXaHi3My BKOYYyBaHHS Bi3ka BMMUKada. BusHayeHO  KO4OBI
napamMmeTpu, Lo Nignsrann ouiHui, BKIIloYaym WBMUAKICTb NEPEMILLEHHS,
HaBaHTa)XEHHA Ha NPuYBIL Ta 3aranbHi ekcnryaTauiiHi XapakTepUCcTUKn
cuctemu. MpoBegeHo  MaTeMaTuyHi  PO3pPaxyHKM  MeXaHiYHUX
BflaCTMBOCTEM nNpuBOAY, WO [OO3BONUMAO BU3HAYUTM  ONTUMAIbHI
napamMmeTpu enekTpogsuryHa. 3mogenboBaHO poboTy cuctemmn y

~



cepepoBui SolidWorks, wWwo gano 3amory ouiHUTK 11 npaues3gaTHICTb Ta
ePeKkTUBHICTb. 3a peaynbTatamuM €eKCNepUMEHTIB BCTAHOBMEHO, WO
MOAEPHI30BaHNN MeXaHi3M BKOYYBaHHSA [O3BONISAE CKOPOTUTU 4ac
nepeMileHHs Bi3ka 3 3 XBUNMWH 00 45 ceKkyHAd, WO nigBuLLYyeE 3ararnbHy
eeKkTUBHICTb pobOTK KOMIpKW. Big3HayeHO 3MeHLIEHHA i3nyHOro
HaBaHTaXXEHHA Ha NepcoHan Ta 3HWXEeHHA PU3nKIB TpaBMyBaHHS Nig vyac
ekcnnyaTadil.

B 4yertBepTtOMy po3ginii HaBegeHO po3paxyHKM eKOHOMIYHOro
edeKkTy Bifl BNPOBaKEHHA MOLEPHI30BaHOI CUCTEMU BKOYYBaHHSA Bi3Ka
BMMMUKa4da. [NlpoaHanisoBaHO €KOHOMIYHI BTpaTu, SIKi BUHUKAOTb 4epes
NpocCToI enekTpoobrnagHaHHA, BUTPATU Ha TeXHIYHe obBCnyroByBaHHS Ta
peMOHTU. Po3paxoBaHO BapTiCTb MOAEPHi3aLil, O BKOYaE 3aKyniBmto
eneKkTponpMBOAIB, IX MOHTaX Ta HanawTyBaHHA. BM3HayeHO OKynHIiCTb
NPOEKTY, sKa CTaHOBUTb npubnuaHo 8 mMicqauiB. PesynbTaTtu
€KOHOMIYHOro aHarnisy niareepavnu, LWo MOAEPHi3auid [03BOSISE
3MEHLUNTN BTpaTK Yepes NpocToi obrnagHaHHA Ha 32%, a TakoX 3HU3UTK
BUTpPaATU Ha obcnyroByBaHHs  KOMIpoK. [logaTKoBO  BpaxoBaHO
NOTEHLNHY EKOHOMIO eneKTpoeHeprii, Wwo 3abe3neyvyeTbCca 3a paxyHoK
BUKOPUCTaAHHA eHeproeekTUBHMUX NPUBOIIB.

B n'atomy posgini po3rnsHyTo nuTaHHA ©Gesnekwn ekcnnyaTtauii
BMCOKOBOJSIbTHOrO obnagHaHHs Ta 3axo4M LWOO0 3HUXKEHHSI PU3KKIB N4
nepcoHany. OnucaHo OCHOBHI Hebe3neyHi dakTopu, SKi MOXYTb
BUHMKATM nNig 4Yac poboTUM 3 BUCOKOBOSIbTHUMW BUMMUKaYaMu, Ta
po3rnsiHyTo cnocobu ix MiHimisauil. OcobnuBy yBary npuaineHo
pu3MKkam, MNoB’si3aHUM 3 PYYHUM MEPEMILLEHHSM Bi3Ka BMMMKaA4a, LWO
MOXEe  CNPUYMHATM  Pi3MYHI  nNepeBaHTaXeHHA Ta TpaBMyBaHHS
npauiBHUKIB. 3anponoHOBaHe aBTOMATU30BaHE PILLEHHS 3HAYHO 3HUXYE
Li pU3uKn, ycyBawun HeobOXiOHICTb 3aCTOCYBaHHA 3HAYHUX (DI3UYHUX
3ycunb. OnncaHo 3axoam 3 enekTpobesneku, Lo BKIKYaKTb Jo4aTKOBE
3a3eMJIEHHs,, KOHTPOJSIb PIBHA Hanpyrm Ta BNPOBaPKEHHA CUCTEMMU
OUCTAHLUINHOrO  KepyBaHHsA. 3anporoHOBaHO pekoMeHzauil  wono
BAOCKOHANEHHs iHCTPYKUIN 3 TexHiku 6e3nekn Ta opraHisauii HaB4YaHb
ONs  nepcoHany, LWo npauloe 3 MOLEpPHI30BaHMM 0b6nagHaHHAM.
BrnpoBamkeHHsT aBTOMAaTU30BaHOI CUCTEMW BKOYYBAHHS HEe  TiflbKU
niaBuULLYE eeKkTUBHICTb POBOTM KOMIPOK, @ 1 CyTTEBO MOKPALLYE YMOBU
npaui, pobnsym npouec kepyBaHHA BuMMUKadeM 6Ginbll OesneyHMM Ta
3pyYHUM.

KntoyoBi crnosa: enektpoobnagHaHHs, BUCOKOBOSIbTHA KOMipKa,
KOMMMNEKTHUI PO3MNOAiNbYnn NPUCTPIN, BUKOYYBAHUN €NEMEHT, MacClsaHUN
BUMMKAY

ABSTRACT

Volodymyr Moiseev. Modernization of the retractable element of
the high-voltage cell KRU-2-10. - Qualification work on manuscript rights.
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Qualification work for obtaining a master's degree in specialty
133 "Industrial mechanical engineering". Educational Programme
"Computer design of mechatronic systems" - LLC "METINVEST
POLYTECHNIC TECHNICAL UNIVERSITY", Kryvyi Rih, 2024.

To achieve the goal, it was necessary to solve the following tasks:

- analyze the existing base of high-voltage electrical equipment of
the enterprise;

- select the optimal and most frequently used models and types of
high-voltage cells for further modernization;

- develop an algorithm for the operation of an automated system for
controlling and operating a high-voltage switch - a switching element of a
high-voltage cell KRU-2-10;

- conduct experimental research.

The object of the study is an element of a complete switchgear of a
high-voltage substation - a 6-10 kV switch trolley.

The subject of the study is the study of existing drives of high-
voltage switch trolleys of KRU-2-10 cells, their shortcomings and
features of operation.

In the process of conducting the study, the following methods were
used: thermal imaging measurement, measurement of transition contact
resistance, system analysis, computer modeling, optimization methods.

The first section analyzes the current state of power supply of
industrial enterprises operating on the basis of high-voltage cells with a
voltage of 6-10 kV. The main types of switching devices used in
switchgear are considered. The problems of operating withdrawable
switches are described, in particular, difficulties with their movement,
high level of physical wear, as well as limited spare parts. The impact of
these factors on the reliability of power supply and personnel safety is
analyzed. The main directions of equipment modernization are
determined, in particular, the possibility of replacing oil switches with
vacuum analogues and automating the process of rolling in and rolling
out the trolley. The main advantages of such changes are identified,
including increasing the speed of the switching process, reducing
operating costs and improving the working conditions of service
personnel.

The second section considers the theoretical foundations of the
operation of high-voltage switches, their control and automation
mechanisms. A detailed analysis of existing 6-10 kV switchgear, their
element base and relay protection was carried out. A comparative
analysis of oil and vacuum circuit breakers was carried out, which
determined their main characteristics, advantages and disadvantages.
Oil circuit breakers have a higher mass, are more difficult to maintain and
contain environmentally hazardous transformer oil. Vacuum circuit
breakers are more reliable, durable and energy efficient, which makes
them appropriate for implementation in industrial systems. The
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mechanisms for rolling the trolley were studied and their disadvantages
were analyzed, including significant physical effort required for
movement, as well as the risk of personnel injury. Possible ways of
automating this process were determined, in particular, the use of an
electric drive with a worm mechanism, which allows significantly
improving the convenience and safety of work.

The third section presents the program and methodology for
conducting experimental studies of the modernized mechanism for rolling
the trolley of the circuit breaker. The key parameters to be assessed
were determined, including the movement speed, the load on the drive
and the general operational characteristics of the system. Mathematical
calculations of the mechanical properties of the drive were carried out,
which made it possible to determine the optimal parameters of the
electric motor. The operation of the system was modeled in the
SolidWorks environment, which made it possible to assess its
performance and efficiency. According to the results of the experiments,
it was established that the modernized rolling mechanism allows to
reduce the time of moving the trolley from 3 minutes to 45 seconds,
which increases the overall efficiency of the cell. A decrease in the
physical load on personnel and a reduction in the risk of injury during
operation were noted.

The fourth section provides calculations of the economic effect of
implementing the modernized system of rolling the circuit breaker trolley.
The economic losses arising from electrical equipment downtime,
maintenance and repair costs were analyzed. The cost of modernization
was calculated, which includes the purchase of electric drives, their
installation and adjustment. The project payback period was determined,
which is approximately 8 months. The results of the economic analysis
confirmed that the modernization allows to reduce losses due to
equipment downtime by 32%, as well as to reduce the costs of
maintaining the cells. In addition, the potential electricity savings
provided by the use of energy-efficient drives were taken into account.

The fifth section considers the issue of safety of operation of high-
voltage equipment and measures to reduce risks for personnel. The
main hazardous factors that may arise when working with high-voltage
circuit breakers are described, and ways to minimize them are
considered. Particular attention is paid to the risks associated with
manual movement of the circuit breaker trolley, which can cause physical
overload and injury to workers. The proposed automated solution
significantly reduces these risks, eliminating the need for significant
physical effort. Electrical safety measures are described, including
additional grounding, voltage level control and the implementation of a
remote control system control. Recommendations are proposed for
improving safety instructions and organizing training for personnel
working with modernized equipment. The introduction of an automated
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rolling-in system not only increases the efficiency of the cells, but also
significantly improves working conditions, making the process of
controlling the circuit breaker safer and more convenient.

Keywords: electrical equipment, high-voltage cell, complete
switchgeatr, rolling-out element, oil circuit breaker
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