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! kaun. TexH. HayK., gon. HY «3anopisbka mositexHika»
2 1-p. TexH. Hayk., mpod. HY «3anopi3bka HomiTeXHiKa»

IPUETHAHHSA BIITHOBJIIOBAJBHUX JXKEPEJ EHEPIIi J1O
IMPOMUCJIOBUX EJIEKTPOMEPEXK

OGcsru eneKkTpOeHeprii, M0 TeHEPYIOThCS BiMHOBIIOBAHUMH JDKEpEaMH
€Heprii, y CBITI 3arajoM MocTiifHO 3pocTaroTh. Ha chOro/Hi eHepris CoHIIS 1 BIiTpY
CTa€ OJTHOIO 3 TOJIOBHUX aJIbTEPHATUB CTBOPEHHS YACTOI Ta OE3MEUHOT EHEPTeTHKH.
ToX, OKpiM BHKODHUCTAHHS 3a3HAUYCHHX JDKepen JUisl  iHAWBIIyalbHOTO
eHeprozabesnedyeHHs: 4d OyJIIBHUITBA €JEKTPOCTAHIIIN 3arajibHOTO MpPU3HAYESHHS
iX moyanM aKTMBHO BHKOPHCTOBYBATH Y CBOIX BJIACHMX MEpEKax HaBITh HesAKi
JIOCUTB TTOTY>KHI TPOMHUCIIOBI TianpuemcTsa [1].

3BICHO, 1110 3 TEXHIYHOT TOYKH 30pY 0 €JIEKTPOMEPEXKI MiIMPUEMCTBA MOXKHA
MIJKTIOYMTA TOCTATHIO KITBKICTh 3a3HAYCHMX MOTY)XHOCTeH. OmHaK Iie MOXKe
BHECTH CYTTEBY HEBHM3HA4YEHHICTh HOrO €HEPrOCUCTEMH, MOTIPUINTH 1i HAAIHHICTD
Ta eHeproeekTuBHicTh. OCTaHHE OOYMOBJIEHO THM, LIO BapTICTh IHTErpaiii
BiJIHOBJIIOBAaHUX [DKEpPE] B CHEProcHUCTeMy IiANPUEMCTBA 3a3BHYaAil MEPEBHIIYE
JONYCTUMY Yy TIOPIBHSIHHI 3 TPaMLIHAM eHepro3ade3neueHHsIM.

3 orysiy Ha BUIlIe3a3HAuCHE 1 HA 3alporoHOBaHKK B poOoTi [2] miaxij momo
nudepeHIiamii CroKuBaviB eJIeKTPUUIHOI eHepril MPOMHCIOBUX IiIIPHEMCTB 32
JKOPCTKICTIO BHUMOT IIOJO 1i SIKOCTI, JIOTIYHAM € CTBOPEHHS JBOX OKPEMHX
JIOKaJbHUX Mepex. Jxepenom mepiioi 3 HuX Oyiu O BITPOYCTaHOBKU 3 OIHUMH
JIUIIe TeHepatopaMu 0e3 OJIOKIB 3a0e3nedeHHs SIKOCTi eJIeKTPOCHeprii B3araii, a
JPYTOi — COHSYHI €JEeKTPOCTAHIIT Ta BITPOYCTAHOBKH MOCTIHHOTO cTpymy. ToOTo
ocTaHHS (PaKTUYHO TTOBHHHA OYTH MEPEXKEIO MTOCTIHHOTO CTPYyMY.

Jo mepmmioi 3 mux Mepex MoxHa Oyrno 6 mpuenHaTH HEOOXiAHY KiTBKICTH
CIIOKMBAYIB E€JIEKTPUYHOI EHEeprii, sIKi He MOTPeOyIOTh SKICHOI eIeKTpOeHepTii,
TaKWX, HANpPUKIAN, SK Te4i Omopy, AYTOBi CTaJelIaBWiIbHI MeYi, yCTAaHOBKU
eleKTpoHarpiBy Tomo. Jlo mpyroi Jk: CIOXWBadi ENEKTPOEHEPTii MOCTIHHOTO
CTpyMy, Taki SIK 3BapIOBaJbHI YCTaHOBKH, ABUTYHH IIOCTIHHOTO UM, HAaBiTb,
3MIHHOTO 3 YACTOTHHM KEpPyBaHHSAM CTpyMy Tomlo. JIOINBHICT TaKoro
MiIKTIOYEHAS] OCTaHHIX pPO3TIHYTa, A0 pedi, B podoti [3]. bnok-cxema
{CTpyKTypHa cXeMa} 3alpOIOHOBAHOTO NPHEIHAHHS MMOHOBIIOBAJIBHUX IDKEPE
eHeprii yepe3 3a3HaueHi JIOKABHI MEpEXi M0 EeIEKTPOMEPEk IMPOMHUCIOBHX
I IIPIEMCTB HaBeJIeHa Ha puc. 1.

3anpororoBaHa cxema mnpuegHaHHs BJIE 10 Mmepexx miampueMcTB depes
3a3HAYEHI B3a€MOITOB'3aHI JIOKaJIbHI MEpPEeXi Jla€ MOXIIMBICTh HE 3a0e3medyBaTu
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SIKICTh OUTBIIOT YACTHHU 3T€HEPOBAHOI HUMHU €JICKTPOSHEPTIl i BUKOPUCTOBYBATH
JIMIIE JBa IHBEPTOPU 3HAYHO MEHINOI TOTYXHOCTI, CYTTEBO 3MEHIIMBIIN
C00iBapTiCTh MPOEKTIB, IO PEaTi3yOTHCS.

Cnomueasi
HeakicHo!

- enexTpoeHepril
. h JNokaneHa mepema aMIHHOro CTpyMYy 3
HEAKICHOK eNeKTpoeHeprien

Bitporesepatopu
AMIHHOTD CTRYMY

IHeepTOp 3
EWM cTpoBHepril Bunpamnay MOOMDIKOBAHOD
i . CHHYCOIA0H0

Bitporenepatopn
NOCTIAHOMD CTPYMY

[

e .
S ﬂ NokansHa mepexa NOCTIAHOTD CTRYMY

Ly | w En}anpouepextﬂ Mepewesui
nocTiiHoro nignpuemcrea IHBEpTOp

CouauHi naveni crpymy

Pucynok 1 — briok-cxema miKITIOUeHHs IIOHOBITIOBAILHUX [DKEPENT eHEePrii 10
€JIEKTPOMEPEKi IIPOMHUCIIOBOTO IMiIPHEMCTBA.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
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MAHEBPYBAHHA HABAHTAKEHHAM ITPOMUCJIOBUX
HIIIPUEMCTB 3AJISI SMEHIIEHHSI BAPTOCTI CIIOKHTOI
EJIEKTPOEHEPT 1i

HeoOxinHicTp 3a0e3neyeHHs] eHepreTM4Hoi Oe3nekd YKpaiHH, a TaKoX
Mepexi/ 10 HU3bKOBYIJICIICBOI SHEPreTHKA HEMHUHYYE MPU3BOJIUTH J0 MTOCTIIHOTO
3pOCTaHHS YaCTKH BiJJHOBIIOBAIBHUX JKEpEI eHeprii B 00'eIHaHIi eHepreTHYHii
cucteMi Ykpainu. HaiioHampHOI pajioro 3 BiJHOBJICHHS YKpaiHW Bij HACHiJKiB
BiliHM OyB po3poOienuii "[IpoekTom rutaHy BiHOBIEHHS YKpaiHu", 3TiHO 3 KM
1o 2032 poky B YkpaiHi mnaHyeTbcs 30yayBaTu HOBi 00'ekt BJIE motyxHicTiO
no"an 10 I'Br [1]. Jng nporo motpibHO Oyne 3amyunTtH iHBecTHLill moHaxy 11
mipa. gon. CHIA.

Ane B TOW ke Yac, HEOOXiOHO 3a3HAYMUTH, IO OOCATH T'eHeparlii
enexrpoeHeprii o0'ektamu BJIE cyTTeBO 3aexaTh BiJ TOTOIHUX YMOB, Y 3B SI3KY 3
YUM TOTIPIIYIOTBCS TEXHIYHI MOJMJIMBOCTI IHTErpaiii COHSYHHX Ta BITPOBHX
€JIEKTPOCTaHLil B eHeprocucremy kpainu [2]. KpiM croxacThyHOro xapakrepy
reHepaiii, BigOyBalOTbCS TAKOXK MEPIOJMYHI OOMEXKEHHS MO0 3alydeHHs
MOTY>KHOCTI COHSIYHHMX Ta BITPOBUX €JIEKTPOCTAHLIN B 00'€/IHAHy €HEProCUCTEMY
4yepe3 pi3Ky 3MiHYy HAaBaHTa)XECHHsI B OCTAHHIM B HACIIJIOK PaKeTHUX OOCTPLIIB
00’€KTIB eHepreTHYHOT iHYPACTPYKTYPH.

Takum umHOM 3pocTaHHsi reHepauii BJIE, HeBIINOBIAHICTH 3asBIEHOrO
CHOKUBAaHHS (paKTHYHOMY, II€BHA HOTO CTOXACTHYHICTh IPH3BOIATH JI0 CYTTEBUX
pO30KHOCTEH MiXK MOTOJMHHUMHU 3asIBICHUMH OOCSTaMd TMPOJaxy Ta KYIIBIi
eJlekTpoeHeprii Ha puHKy Ha noOy Hanepen (PJIH). Lle B cBotO uepry nmpu3BoauTh
JI0 HEOOXIJIHOCTI BpETYJIIOBaHHsI 3a3HAYCHUX HEBIAMOBITHOCTEW (HeOanaHCiB) Ha
OalaHCYIOYOMY PHHKY, 1[0 BUMAara€ J0JaTKOBUX (hiHAaHCOBHX BUTPAT.

Jns crioxuBadiB, sIKi BITHOCATBCA IO TpymH «A» (oOmagHaHi cECTeMaMu
ACKOE/AC3]I), dakthuuHa BapTiCTh €JIEKTPOCHEPril BH3HAYAETHCS 32 I[IHAMH
PIH ©a motouHi o0OCSTH CHOXHWBAHHA HUMH €JEKTPOEHEeprii Ta IHIIMMHU
CKIIQAOBUMH (OPMYITH KOMEPITIITHOT IPOTIO3UIIi] TOCTAYaIbHHAKA

n

Z [Wz '(CPﬂHi +Cocir + Cocp + Croer ) + Wi, - CHEii|
B = i=1 ,
W

aAKm
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JIe N - KUTbKICTh TOJMH Y Micsri; WdakT - GpakTHUHE CIIOKUBAHHS €JIeKTPOCHeprii
3a MicsIk, KBT-rom; Wi - moroanHHe CIiosKUBaHHS elekTpoeHeprii, kBT rox; WHB
i - moroauHHUI Hebananc enekrpoeHeprii, KkBr-rom; CP/IH i - moroauaHa 11iHa 3a
enektpoeHeprito Ha PHJI, rpa/kBt-ron; COCII - tapu¢ Ha mocnmyru 3 mepenadi
enekrpuyHoi eHeprii, rpa/kBr-rom; COCP - tapud Ha mociyru 3 po3mojity
enektpuuHoi  eHeprii, TpH/kBr-rog; CIIOCT - wmapxka mocTadalbHHKa,
rpu/kBt-rox; CHb i - morojuHHa 11iHa 3a HebanaHe, rpH/KBT ToI.

Ha npomucioBux miZImpUeMCTBax € 6arato CoXXHBaviB eNeKTPHYHOT eHepril,
SIKI MalOTh MOJKIIUBICTE OOMEXYBAaTH TPHBAJICTh CBOEI POOOTH YW MEPEHOCUTH Il
Ha IHII TOJAWHHU BIPOJORXK J00M. Taki CrokuBadi MOXYTh 30UTBIIYBATH BJIACHE
CIIOKUBAHHS ~ CJIEKTPOCHEPrii y TOMMHH MIHIMaTbHOTO HABAHTAXKEHHS Ta
3MEHIIYBaTH HOTO y MIiKOBI TOAWHM 0€3 CYTTEBOTO BIUIMBY HA TEXHOJIOTIYHHIN
mporiec. TakiM  YHHOM, BHKOPHCTOBYIOYM  CIIOKHBAYi-pETyNATOPH ISt
MaHEBpYBaHHS HaBaHTa>XCHHAM Hi}alI/ICMCTBO MOXE HE TiJ'lI)KI/I TMMOKpalrTH
¢dbopmy noboBoro rpadika, ame ¥ 3MEHIIMTH HeOalaHCH EJICKTPOSHEpPril, sKi
BUKJIMKaHI 3 3a3HAUCHUX BHILE NPUYMH. B pe3ysibraTi MOXKHA CyTTEBO 3MEHILIMTH
BUTpaTH 3a CIIOXKUTY IIiJIIPUEMCTBOM E€JIEKTPUYHY eHeprito. MOoXIMBOCTI
HiANPUEMCTBA IIOJ0 MaHEBPYBAaHHS HAaBaHTa)XEHHsSM 3ajlexarh BiJ 0OaraTbox
¢dakTopiB, a came: BiJI XapakKTepy TEXHOJOTIYHUX MPOLECIB, MOTYKHOCTI Ta
KUIBKOCTI  CIIOKMBaYiB-peryysaTopiB Tomo. HeoOXigHo 3a3HauMTH, IO MOBa
WaeTscst He Mpo OOMEXeHHs pOOOTH CIOXKHMBAYiB eJIEKTpOeHeprii, a mpo
METOI0JIOTIF0/METOAMKY BHU3HAYEHHsI CIIOXKHMBAYiB-PEryJISITOPIB, SIKI MOXYTh OyTH
BUKOPHUCTaHI JJI1 MaHEBPYBaHHS HABAHTAXKECHHAM 0€3 IOPYIIECHHS TEXHOJIOTYHOTO
porecy.

B pesynbrari 3allydeHHs CIOXHMBAYiB-pPEryJISATOPIB O MaHEBPYBaHHS
SNIEKTPUYHIM HABAaHTAKEHHSAM IPOMHUCIOBOTO IJNPUEMCTBA M. 3arlopiioKs
BapTicTh HeOanaHcy 3MeHImIacs Ha 29%, 1o IpU3BesIo 10 3MEHIIEHHS BapTOCTi
I000BOrO CIIOXKMBaHHS enekTpoeHeprii Ha 1,94%. L1 BenuumHa MOXE CYTTEBO
BIJIPI3HATUCS B 3aJEKHOCTI BiJ CTYINEHIO CIHIBHAIiHHA BHUXIAHOTO MpoQiito
HaBaHTAXKEHHS MiAMpPHEMCTBA 3 TMOroauHHUMH HiHamu Ha PJIH, 3acTocyBaHHs
HOTr0 MAaHEBPOBHUX MOXITUBOCTEH MO0 3aIIPOTIOHOBAHOTO MiIXOY

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. “IIpoexrt Ilnany BigHOBIEeHHS YKpainn” HarioHambHa paga 3 BiIHOBICHHS
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(Hata 3Bepuenns 11.03.2024).
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OCOBJMBOCTI TEXHIYHOI EKCILTYATAIIIl CYTHOBUX € IMHUX
EJEKTPOEHEPTETUYHUX CUCTEM

PO3BUTKY HAyKOBHX OCHOB TEXHIYHOI €KCILTyaTailii OKpEeMHX eJICMEHTIB
CYJIHOBHX €JIEKTPOCHEPIreTHYHUX CHCTEeM, SIK IIe MpoaHami3oBaHo B 1 posmini,
NPUCBSUEHO BEJIUKY KUTBKICTh HAYKOBHUX POOIT. B psili 3 HUX PO3KPUTO B3a€EMHHIA
BIUIMB OKPEMHUX EJIEMEHTIB €JIEKTPOCHEPreTUYHHX CHUCTEM Ta iX rpyn (30Kpema
00’€IHaHUX TPYH €JIEMEHTIB IepPeTBOPIOBAY-IBUTYH, NBUTYH-IpeOHa YCTaHOBKA,
JIM3eNb-TeHepaToOp) Ha 3arajbHy CEHEPreTHUHY e(EeKTUBHICTh MPOMYJIbCUBHOI
cuctemu cynna. [Ipore, sk Mmokasye MmpakTHKa TEXHIYHOI eKCILTyaTarii cyJIHOBUX
€IMHUX E€JEKTPOCHEPreTUYHUX CHCTEM, BOHM € OUIBII CKIagHUMH 32
MOJKJIMBOCTSIMU €HEepro30epekeHHs, HiXK 00’ €lHaHI TPyNU €JIEMEHTIB, 3 SKUX i
CUCTEMH CKIaialoThes. JlaHa oOcTaBMHa NPU3BOMMTH JI0  HEOOXiIHOCTI
JOCTI/UKCHHS CY[HOBHX €IMHUX EJNEKTPOCHEPreTHYHUX CHCTEM 3 METOI0
OTPUMAaHHS MaKCUMaJIbHO MOJIMBOTO TIOTEHLIaly eHepro30epeKeHHs 3a paXyHOK
pETyJIIOBaHHS HE TIIBKA KOXKHOTO €JIEMEHTY OKpeMO, a i peaisarlii B3aeMHOTO
BILIMBY €JIEMEHTIB CUCTEMHU Ha 3arallbHUi PiBEHb CIIOKUBAHHS €HEPTIii.

Bupimmti  3aBAaHHS ~— MIJIBHUIIEHHS  €HEPreTMYHOl  e()eKTUBHOCTI
eJIEKTPOCHEPTETUYHOT CUCTEMH MOIIMBO TIJIBKA KOMIIIEKCHO — PO3TJISOaloun
HEOOXIIHUI pEeXUM POOOTH BCi€l ENEKTPOSHEPreTUYHOI CHCTEMH 3arajioM, 3
ypaxyBaHHSM PEXXHAMIB palliOHaIBHOI poOOTH 11 CKIIaJJOBUX KOMITOHEHTIB 32 YMOBH
peamizamii TMOTEHIiaTly eHepro3OepeKeHHA 3a pPaxyHOK B3a€MO3B’SBKY MiXK
eneMeHTaMd. HeBpaXyBaHHSI OCTaHHBOTO TBEPPKEHHsI HA MPAKTHII NPH3BOIHUTH
IO cWTyamii, KOIA CKOHOMIYHHA pEKUM pPOOOTH  OKPEMHX  BY3JB
eJIEKTPOCHEPIreTHYHOI YCTAHOBKM Ta ONTHUMAJIbHE EeHeproe(eKTHBHE KepyBaHHS
HUMH HE T[pPU3BOIUTH 10 EHeproeeKkTUBHOrO pEeXUMy poOOTH  BCi€l
€JIEKTPOSCHEPTeTUIHOI CHCTEMH, 0, SK HACIIAOK, 30UIBIIy€E CIIOKUBAaHHS TAJIBA.
AHAJOTIYHO, pEXUM pPOOOTH [M3els Ha CeKOHOMIUHIM  XapaKTepHCTHIN
31e0IIIBIIIOT0 MPHU3BOAUTE J0 POOOTH IHIMX EJIEMEHTIB eNeKTPOCHEePTreTHIHOI
YCTaHOBKH HE 3 MaKCHMAIIbHUM TIOTESHIIAIOM SHEepro30epekeHHS..

Bukopucranus KOMILIEKCHOTO miaxomy 1010 KepyBaHHS
SNICKTPOCHEPIETUYHOI0 CHCTEMOIO, IIPH SKOMY pPEaNi3yeThCsl MAaKCHMAIIBHO
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MOJJIMBHI eHeproeeKTHBHUI pexuM poOOTH BCi€i cHCTEMH HpH AOTPHMaHHI
TEXHIYHUX IIOKa3HWKIB eKCIUIyatalii CcyJgHa, TpUYOMY KOXHHH  BYy30I]
€JIEKTPOCHEPTETUYHOI CHCTEMH TIIpalloBaTHME y pEXHMI, SKHH 3abe3nedye
MaKCHMIi3allil0 eHepreTHYHOrO MOTEHIIialy BCi€i CUCTEMH JI03BOJIUTH ITOBHOLIHHO
peasyisyBaTH TOTEHIiaJl €HEpro30epekeHHsl BCi€l IPONMYIBCUBHOI YCTaHOBKH.
Takuii WiOXiJ MOXIMBO peali3yBaTH 3  ypaxyBaHHSM  CHHEPreTHYHHX
BJIACTHBOCTEH BCi€l €IEKTPOSHEPTeTUYHOI CUCTEMH, KOJNM TIpH BHOOpPI pPEKHMIB
KEepPYBaHHSI TEIUIOBUM JIBUTYHOM, CHHXPOHHHM T'€HEPaTOpPOM, IEepPETBOPIOBAYEM
YaCTOTH, CUCTEMOIO BJIaCHUX MOTPeO CyaHa, IBUTYHOM I'peOHOI YCTaHOBKM BKa3aHi
MOTEHIlia)ly, a 3 OISy peaizaii EHEPreTUYHOr0 IMOTCHINaly  BCi€i
€JIEKTPOCHEPTeTUYHOI CUCTEMH, EHEepreTH4YHa eQEeKTUBHICTh SIKOI ITOBHHHA
MaKCHMI3yBaTUCh JIMILE SIK JUIS CYKYIHOI Ta HenofiiabHoi cucremu. [Ipu npomy
peadtizanis OKpeMHX 3a7a4 3a0e3Me4yeHHs] eHeproe()eKTHBHOCTI BKa3aHUX BY3IIB €
HeoOXiAHOO JIIe Ui 3a0e3Me4eHHs peati3alii eHepreTHYHOro NOTeHIiay BCiel
€JIEKTPOEHEPTETUYHO1 CUCTEMH.

VK 692.92
Maxuin I1.B.
KaHJ. TeXH. HayK., ol. HY «3amnopi3bpka mnosiTexHika

B3AEMO/IISA MIKPOITPOIIECOPHUX ITPUCTPOIB KEPYBAHHS TA
IHNEPBUHHOTI'O OBJIAIHAHHS EHEPTETUYHUX OB’€EKTIB

st xepyBaHHsI 00OJNaHAHHSM €HEPreTHYHHX 00’€KTiB HEOoOXiHa mepenaya
iHpopMalii 10 HEeHTpiB yrnpaBiiHHS. s [HOrO YacTO BUKOPUCTOBYIOTH Tepenadi
BHCOKOYACTOTHY 00poOKy miHii  enektpomepenau  (JIEIT). Tlpu upomy
BukopuctoByetbest (Gaza JIEIL, y skoi Ha cTpyM TIPOMHCIOBOI 4acTOTH
HAK/IAJa€ThCs BHCOKOYACTOTHUI CHUTHAI. To6to iHpoOpMaliliHUI CHTHAT
MOJIYIIIOETBCSI  CTPYMOM BHCOKOi yactoTh, mepenaerbes mo JIEIIL, a motim 3a
JIOLIOMOTOK0  Ta 3aropo/KYyBaJbHUX  (UIBTPIB, KOHJCHCATOPIB 3B’SI3Ky Ta
BHCOKOYACTOTHOI anapaTypH JAeMOJETIOETHCS Ta IIOCTYIAE Y IIPUCTPOI KepyBaHHSL.
[Ipu npoMy MarOTh MicIie €JIeKTPOMATHITHI MEPEIIKOH, 0 BHHUKAIOTH B IPOIIEC]
nepeaadi iHpopmarii, a 1e 3aTpyaHse poOOTy MpuiiMadiB B LEHTPI KepyBaHHSI.
[lepemrkomy, MmO BHHHUKAIOTH, Y IIPOBOAAX, OOYMOBJIEHI EIEKTPOMATHITHUMHU
MOJISAMH HABKOJIO HUX 3 HIBUJAKO 3MIHHUMH NapaMeTpamu Ta mymamu. Lllymu B
NpOBOJaX HA BXOJOl CHCTEMH MOXXHA YMOBHO pO3AUIMTH Ha JBa BHIM:
midepeHmiitanit mym (DM), mo 3Haxomuthcs Mk mpoomamu JIEIT Ta
cuHbpazauii mrym (CM), sxuii BusBisieTsest Mk ¢azamu JIEIT Ta 3emmero. i Buan
IIyMiB XapaKTepHI U IMITYJbCHHX JDKEPENl JKHBICHHS Ta BHHHUKAIOTH IIPH
KOMYTaIlisIX B eHeprocuctemi. st MpoBeaeHHsI TOCTIPKeHb BIUIMBY IMEPEIIKO]] Ha
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nepexpady  iHdopmMarii  BUKOPHCTOBYEMO  MaTeMaTHYHOI  Mojenmi  Juisd
PO3IOBCIO/PKEHHS €JIEKTPOMArHiTHUX MEpelIKoJ: CUCTEMY pIBHAHb MakcBeiuia
JUTSl MarHITHOTO TIOJISL:

rotH =] | 1)
divB=0 Q)

ne H — BeKTOp Halpy>KeHOCTI MarHiTHOTO TIOJIS;
J - cymMa ryCTHHHU CTPYMIB IIPOBIAHOCTI IEPEHOCY Ta 3MIICHHS,
B -BekTop iHAYKIIi MArHITHOTO IOJISL.

s OLHKK BIUIMBY napasutHoi EJIC, mo oO0yMOBJI€Ha IOTOKOM
pO3CitoBaHHS B KOHTYpI, po3p00JIcHa iH)KEHEpHA METOIUKA PO3PaXYHKY

PO3anyHOK IMPOBOAUTHCS HaCTyl'IHI/IM YUHOM BH3HAYAETHCA Hal'[py)KeHiCTb
MarHitHoro moys Hs:

I-
6, 3)

£

ng

2) Gyayerses sanexuicte H = f(4¥)| mo omucye posmogin Bexropa
HAIPYKEHOCTI;

3) mo no6ynosanomy rpadixy H = f(¥.¥) B sananiit Touni smaxomutees
3HAYCHHS MOAYJISI BEKTOPY HAIPYKEHOCTI MarHiTHOTO IOJIS;

4) iHAyKUis B 1M TOYII BU3HAYAETHCS 110 GOPMYJIi:

B=p-py.-H (4)

J€ |\ — Mar”iTHa MPOHUKHICTh CEPEOBHILA;
wo = 4m-1077 T'm/M — MaruiTHa mocTiliHa;

5) po3paxoByeMO MOTiK PO3CIIOBaHHSI, 110 IPOHU3YE KOHTYP:
P =B-5 i 5)
ne @s— noTik po3cisHH, BO;
6) BuzHauaeThea EJ[C, mo HaBOIUTHCSA B KOHTYPI:

E= 444 (6)

He E —mnapasutaa EJIC, B;
eb = |— xoedimieHT 3B’ 53Ky .
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TakuM YMHOM JUIS JTOCIHIKEHHS! BIUTMBY IIEPEIIKOJ], IO BUHHUKAIOTH HPHU
nepepadi iHgopMallii Bil €eHEPreTHYHOTO 00’€KTy 10 JUCHETYEPCHKOTO ITyHKTY
MoBHHHA OyTH TIOCTaBJeHa 33jJada MO PO3paxyHKy €JEKTPOMAarHiTHOrO MO Y
KO’)KHOMY KOHKPETHOMY BHITQ/IKy 3ac00iB Iepeaadi CUTHaIB.

CIIMCOK BUKOPUCTAHHOI JIITEPATYPH

Crorauit b.C. Mukponpoieccopasie cucteMbl B 3Hepretuke/ b.C. Ctoruuii,
B.B. Poroza, A.B. Kupunenko. - Kues ,,Haykosa qymka”,1998r.-230c

YK 628
3abonoTHuit A.Il.
KaHJ. TeXH. HayK., ol. HY «3amnopi3bka nomitexHika»

MOJEPHI3ALIS CLIbCBKOI KOTEJILHI

Haniitna, ekoHOMiYHa 1 Oe3nedHa poOOoTa KOTeNbHI 3 MIHIMAIBHUM YHCIIOM
00CIyrOBYIOUOTO TEPCOHATY MOXeE 3MiHCHIOBATHCS JIMIIC 38 HASBHOCTI CHCTEM:
ABTOMATUYHOI'O PEryJIFOBaHHs, aBTOMAaTUKH 6C3HCKI/I, TeHHOTeXHi‘IHOFO KOHTPOJIIO,
CUTHaJTI3allli Ta yIpaBIiHHS TeXHOJIOTTYHUMH MPOLIECAMH.

Y peKoHCTPYHOBaHOI KOTEJbHI IPUBE/ICHa aBTOMATH3Allisl IBOX KOTJIIB TUITY
«PETPA», sKki mnpamiooTh Ha ajbTepPHATUBHOMY BHJI MalMBa - COJOMI,
aBTOMATH3allis JOMOMIXXKHOT0 00JIaJIHAHHS Ta By3J1a 00Ky TETJIOBOI €Heprii.

[punagu TEMIOTEXHIYHOrO KOHTPONIO TPHUHHSTI y  BIIMOBIAHOCTI 3
HACTYNHUMH NPUHLIUIIAMU:

a) mapaMeTpH, CIIOCTEPEeKEHHA 3a SKUMH HEOoOXigHEe I IPaBHIIBHOTO
BEJICHHSI TEXHOJIOTIYHOTO Tpolecy 1 3/iHCHEHHS TMepelllyCKOBUX Orepallii,
BUMIPIOIOThCS B peKuMi on line;

0) mapameTpH, OOJIIK SKUX HEOOXITHHUU AJIsl TOCIIOAaPChKUX PO3paxyHKiB a0o
aHaiizy poOOTH O0ONaJHAHHS, KOHTPOJIOTHCS CAMOIUCHUM Ta IiJCYMOBYIOYHM
MIpUJIaIAMH;

B) mapaMeTpH, BUMipIOBAHHS SIKUX MOJXKE IMPH3BECTH IO aBapiiHOTO CTaHy
o0JiaHaHHSI, KOHTPOJIOIOTHCS CUTHAI3YFOUNMH TIPHIIaIaMu.

3aBHaHHSAMU ABTOMATUYHOTO DETYJIOBaHHS TEIUIOKEPEN €: IMiATPUMAHHS
TeMIepaTypd BOIM, IIO MOJAETHCS B TEIUNIOMEPEXYy, Ha 3aJaHOMY DiBHI, IO
BHU3HAYAETECS BIMMOBIOHO JO OIANOBANBHOTO Tpadika TpH EKOHOMIUHIM
CIIAFOBaHHI BHKOPHCTOBYBAHOTO IajMBa 1 cTabimi3amii OCHOBHHX HapaMeTpiB
poOOTH KOTENBHI.

Temneparypa BoOmM, INO TMOAAETHCA B TEIUIOMEPEXKY BIAMOBIAHO 3
ONAOBATGHAM TpadikoM, MITPUMYETHCS Ha 3aJaHOMYy PIiBHI «XOJOTHHM
mepenycKy». Bka3zaHa BUTpaTa BOIHM, HE3aJEKHO Bi KUIBKOCTI MPAIFOIOYMX
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KOTJIIB, 3a0€3MeUyETHCS PETYIITOPOM BUTpATH (KJIanaHOM Ha JiHIT peupKyJIsLii),
SKI OTPHUMYIOTH IMITyJIbC IO TIE€penagy THCKY MK KOJEKTOpaMH MpsMOTO i
3BOPOTHOTO MEpEeXeBOI BOAM KOTIIB. Perymstop mi/pkuBieHHS 3a0e3nedye
MiATPUMKY 331aHOTO TUCKY B 3BOPOTHOMY TPYOOIIPOBO/Ii MEPEKHOT BOJIH.

Kommnekrom 3aco0iB yrpaBiiHHS 3a0e3redyeTbes Oe3rneka poboTH KOTiia
LIISIXOM TPUITUHEHHS [T0J1avi MaluBa Mpu:

a) BIAXWJICHHS TUCKY BOAM HAa BUXOJ 3 KOTJIA;

0) 3MEHIIEHHS BUTPATH BOJM Yepe3 KOTe;

B) MiJIBULIIEHHI TEMIIEPATypH BOJIH 32 KOTIOM;

T') 3HIDKEHHS TUCKY TIOBITPS;

JT) aBapifHO0 3YIHHII JUMOCOCa;

€) HeCIIpaBHOCTI KijT 200 3HUKHEHHS HAIIPYTH B CXEMi aBTOMAaTHUKHU OE3MEKH.

Omneparii 3 mycky 1 3yNUHKH KOTJIa BiIOYBAaKOTHCS aBTOMATHYHO «BiJ
KHOTIKW». ABapiiiHMH CHTHaJl 3yNWHKH KOTJIa BUHECEHHH HA LIMT aBTOMATH3allii
KOoTina. Y KOTEJIbHHX BCTAHOBJIOIOTH IMOKAa3yK4i MPWIAAW sl BUMIPIOBaHHS
TEMIIepPaTypy BOJM B IOJIAI0UOMY 1 3BOPOTHOMY KOJIEKTOpaXx.

Kum nporo, y xoTenbHi NOBHHHA OyTH HependadeHa peecTpalis HaCTYIMHUX
napaMeTpiB: TEMIIEPaTypH BOJM B OJaBaJIBHUX TPYOOIPOBOAAX TEIIOBOI MEPEXi,
a TaKoX y KOXKHOMY 3BOPOTHOMY TpyOONpPOBOJI Ta BUTpaTh BOJM, IIO WJe Ha
I1JPKUBIICHHS TEIIOBOT MEPEKI.

VK 620.91
Jliym 10.B.
KaHJ. TeXH. HayK, noll. HY «3amopi3bka MmosiTexHika

NEPCHEKTHBHU PO3BUTKY BIJHOBJIIOBAHOI EHEPTETUKHU B
YKPAIHI

Cutyarlis B eHeprocucteMi YKpaiHU JyKe CKJIaJHa Ta HecTabllbHa, depe3
MOCTiHHI aTtaku 3 OOKy arpecopa. 3HHINEHHS KPUTHYHOI iH(PaCTPyKTypH,
OKymMallis, eHepreTHYHU TEepOpH3M BHECIHM CYTTEBI HETaTWBHI 3MiHU y cdepy
SHEPreTHKd KpaiHW, B TOMY YHCIi B Taly3b BiJHOBIIIOBAHOI €HEPreTHKHU, siKa
pO3BHBANAcs 10 MOYATKYy LIMPOKOMACIITAOHOTO BTOPTHEHHA. TOMY MiATpHMKA
MOJAJIBIIOTO PO3BUTKY BiJHOBIIOBAHOI EHEPreTHKU Ha0yBa€ BEJIMKOTO 3HAUCHHS B
YMOBax ChOTOICHHS. Y 3B's13Ky 3 1tuM BimiTKy 2023 poky BepxoBra Pana yxsammna
3aKoH PO BHECEHHS 3MIiH J0 JESKHX 3aKOHIB YKpaiHW IIOAO BiTHOBICHHS Ta
3eneHoi TpaHcdopMmarlii eHepreTuuHoi cucteMu YKpaiHu. KirodoBi momoskeHHS
bOro 3aKoHY MependadaroTh:

1. 3ampoBa/pKeHHS CHCTEMH MIATBEPDKCHHS MOXOIDKSHHS eJIEeKTPHYHOI
eHeprii, ska BupoOJIeHA 3 BINHOBIIOBAHMX JDKepel. Takmid  MeXaHi3Mm
(YHKIIOHYBAaHHS PEECTPY TapaHTI INOXO/DKEHHS € aHaJIOTiYHHM 3 THM, IO
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3anpoBa/UKeHI B KpaiHax, 1o € wieHamu Enepretnunoro CrhiBTOBapucTBa Ta
€Bpocoro3y. ['apaHTil MOXOIKEHHS € HEOOXITHIMH JUISl IIATBEPPKEHHS TOTO, [0
TOBapH 1 NOCIYrd, NPH BHUPOOHMITBI SKMX Oyna CHOXXHTAa eNeKTPOSHEepris,
3aJMIIal0Th MEHIIMH BYTJIeNeBHH ciif. TakuM YWHOM, MOKHA CKazaTH, IIO L€
OIIMH 3 IUIAXIB 3HIDKCHHsSI HEraTHBHOTO BIUIMBY Ha HABKOJMIIHE CEPEIOBHIIE.
KpiMm 1mporo me momaTKoBe JDKEpENO JOXOAIB JJIsl BHUPOOHUKIB '"3eneHoi"
€JICKTPOCHEPTii.

2. 3ampoBaKEHHST MOXKIIMBOCTI TIEPEX0y ICHYFOUMX BUPOOHUKIB 3 3€JI€HOTO
tapu¢y Ha feed-in-premium. Feed-in premium (FIP) — ne MexaHi3M MiATPUMKH,
SIKMY TIepedavae IoraTy BUPOOHHUKOBI JOAATKOBUX KOIITIB IO PUHKOBOT I[iHU Ha
enekTpoeHeprito. Taka normyata mMoxe OyTu sk (ikcoBaHOIO 3a mepioa, Tak i
3MIHIOBaTUCh B 3aJIEKHOCTI Bil puHKoBUX LiH. FIP ctumymoe B/IE pearyBatu Ha
LIHOBI CHUTHAJIM PHHKY Ta BUPOOJIATH ENEKTPOSHEPTiI0 caMe TOJi, KOJIH iCHYE
BHCOKHI TOMUT a00 K BUPOOHHIITBO 3 1HIIMX JDKEPEN CHepril He MOKPUBae Horo.
FIP cnpusie miaBuiienHto piBHs iHTerpauii BJIE no puHKy enextpoeHeprii, mo
NPU3BOJUTH 0 OUTBII €(EeKTUBHOTO MOEAHAHHS MOCTAYaHHS €JIEKTPOeHeprii Ta
TIIOIIUTY.

MinimanbHi 3Ha4eHHs QikcoBaHoro FIP BCTaHORBIIOIOTH PiBEHb TOXOIIB, SKi
rapaHTOBaHO OTpUMAaEe BUPOOHMK. Y pO3BMHEHMX KpaiHax pasom 3 FIP ichye
HaBITh MOJMJIMBICTh OTpUMATH Oinbin Jgoxoau nopiBHsHo ao FIT. Tak moxe
CTaTUCS y CUTYaIlisIX, KOJIM PUHKOBI I[IHK TIEPEBUIIYIOTh BiAnoBiquuii pisens FIT.

3. HaganHsi MOXJIIMBOCTI BIJIHOBUTH TIOIIKO/DKEHY reHepanito BJIE 3i
30epesxkeHHsM 3eneHoro Tapudy. 4. YactkoBy 3MiHYy MexaHi3My MpOBEACHHS
ayKuioHiB Juisi OyxiBHuITBa reHepauii 3 BJIE. 3 onHi€i cTOpoHM 3HMKYIOTBCS
Oap'epu Uil BXOJY YYaCHHKIB B ayKIiOH (IPUOUPAETHCS BUMOTa MATH 3eMENbHY
JUISTHKY Ta JOTOBIp HA TpPHEIHAHHSI), a 3 IHIIOI - OPraHi3aTop ayKIiOHY MOXe
OUIbII THYYKO CTABUTH BHMOTM MIOJO NpEAMETY 3aKylKd Ha ayKIiOHI -
BCTAHOBIIOBATH KOHKPETHI TOAMHU a00 mpodinb HaBaHTAXEHHS, 3a SKUW Oyxe
CIUIA4yBaTUCh ayKIliOHHA IiHa. KpiM TOro, miaTpuMKa 3a pe3yabTaTaMu ayKI[iOHY
Oyne HamaBathch He y Burisai feed-in-tariff, a y Burmsmi feed-in-premium
(KOHTpAKTH HA PI3HUIIIO 3aMiCTh (DIKCOBAHMX IIATEXKIB).

5. 3ampoBaKEHHST MOXIIMBOCTI YYacTi CHOXHBAdiB y HaJaHHI MOCTYT Ha
PHUHKY €JIeKTPOEHEPrii uepe3 arperatopiB. Arperatopu 00'e JHYIOTh CIIOKHBAYiB Ta
HEBEJMKUX BHPOOHHUKIB €NEeKTPOCHEPTrii y MOCh Ha KINTAIT BipTyaJlbHOI
eNIEKTPOCTAHIII{, SKa MOXeE KyIyBaTH Ta NPOAABATH EJIEKTPOCHEPTil0, a TaKOXK
HaJaBaTH iHIII TOCITyTH HA PUHKY €JIeKTPHYHOI EHeprii.

6. CTBOpeHHSI MeXaHi3My CaMOBHPOOHUIITBA, SIKMHA Ja€ 3MOTY CIIOKHBa4aM
BCTAaHOBIIIOBATH TIeHEpalil0 Ul BIAaCHUX MOTpeDd, peITy  HECIIOXHTOl
€JIEKTPOEHeprii MpoAaBaTH CBOEMY IIOCTA4aldbHHUKY. [pomri, OTpuMaHi Bif
MIPOJAXy E€IEKTPOCHEPTil, HAIIPABIAIOTHCS HA OILIATY CIIOXHUTOI €EKTPOCHEPTil Ta
TapuQiB Ha TPAHCIOPTYBAHHSI €JICKTPHUIHOI €HEpTil, a 3aJIUIIOK TPOIIeH CIIOKUBAY
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MOJKE BHUBECTH Ha BJacHMH OaHKIBCHKMH paxyHOK. 3a3HaueHHI MeXaHi3M JacTh
CTHUMYJIM JUIsS BCTAaHOBJICHHS TEHEpallii B MICISIX CHOXWBAaHHS Ta, BiANOBIIHO,
PO3BUTKY PO3IIOAITIEHOI TeHeparii.

7. 3aKOH TPOJOBXKYE Ha OJWH PIK CTPOK MPOTATOM SKOTO MOXYTh OyTH
moOynoBani BEC (BiTpoBa eHepreTka) 3a 3eJCHHM TapupoM. TakuM YHHOM,
HaJaHO MOXKJIMBICTh IHBECTOPAM, SIKi Uepe3 BiiiHy HEe 3MOTJIM peatizyBaTH MPOEKTH
3 OyniBaunTBa BEC, 3aBepmmTy peaizamiio X MpoeKTiB.

B mizcymky MokHa ckasaTd, IO 3arajibHOIO TEHJCHIIEI0 TTOBOEHHOTO
PO3BUTKY Ta BimOymoBH Oyzae 30inbIeHHS a0y enekrpoeHeprii 3 BJE y
3araJbHOMY eHeproOamanci. LlpoMy chpusTUMYTh YCYHEHHS (QiHAHCOBUX 1
3aKOHO/IaBUMX OOMEXEHb PO3BUTKY BiJHOBJIIOBAaHOI TeHepallil, pPO3IIMPEHHS
MOXKJIMBOCTEH ekcropTy enekrpoeHeprii 3 BJIE Ta BpaxyBaHHs “3esieHOT0” KypCy,
SIKM{ OpPIEHTOBAHUH Ha “4UCTy” EHEPreTUKY.

YVIK 621.311
Hpsiuenxo B.B.
KaH/I. TeXH. HayK., foi. HY «3anopi3bka nomirexHika»

OILIIHKA CTPYKTYPHOI HAJIIMHOCTI CUCTEMHA
EJIEKTPOIIOCTAYAHHS

CucTteMH eJeKTPOIOCTaYaHHs MOEAHYIOTh Yy CO0l BEJIMKY KUIBKICTh PI3HHX
TEXHIYHUX IPUCTPOIB 31 CKIAJHUM XapaKTepOM B3a€MO3B'S3KIB Ta 3B’S3KU 13
30BHIIHIM cepeoBuileM. Po0oTa LUX NPHUCTPOIB Mae BUIAJKOBUII Xapakrep,
00yMOBIICHHUH BIUIMBOM BEJIMKOIO KUTBKICTIO BUIIAJKOBHX (PAKTOPIB.

HuHi npoeKxTyBaHHS CHCTEM €JeKTPOIIOCTAadaHHs, 3a3BH4al, BeleTbcs 0e3
KUTBKICHUX OLIIHOK iX HaAidHOCTi, TOOTO Ha "skicHoMy" piBHi. Takuii piBeHB
IPYHTYETbCS Ha PO3MOAICHHI NpUHMAYiB eJEeKTPOeHeprii 3a KaTeropiero
0e31epebifHOCTI Ta pEKOMEHJAIIISIMU LIOJI0 BUOOPY CXEM eNeKTPONOCTaYaHHs IS
KOXKHOI Karteropii BiamosimHo. Teopis HamilfHOCTi, IO 3acHOBaHAa Ha Teopil
WMOBIpHOCTEH Ta MAaTEeMAaTHYHOI CTAaTHCTUKH, Ta OOYMCIIIOBAallbHA TEeXHIKa
JO3BOJISIOTH 00'€KTHBHO 3POOHTH OIIHKY HAMIHHOCTI CHCTEM €JIeKTPOIIOCTAYaHHS
Ha KinpKicHOMY piBHi. [Ipm KimBKICHIA OIHIN Iix HATIHHICTIO CHUCTEMHU
€JIEKTPOIIOCTaYaHHI PO3yMIOTh WMOBIPHICTh TOTO, IO cHCTeMa mepedyBaTume B
MeXax TeXHIYHHX HOPM IPOTATOM BH3HAYEHOTO IIEPiOdy Yacy 3a 3aJaHHX YMOB
eKCILTyaTallii.

HapiifHicTs cHCTEMH eJNEKTPONOCTadaHHS 3aleKATh SK BiA HAIIHHOCTI
OKpeMHuX iI eIIeMEHTIB, TakK i BiJ piBHA iX pe3epBYBaHHS, IO BigOWBa€ThCS Ha
KoHQirypamii cxemn. B mammit Wac HaOynM IIMPOKOTO TIOMIMPEHHS METOIN
BU3HAYCHHS HAJIMHOCTI CHCTEMH, SIKi TPYHTYIOTBCS Ha PO3OHUTTS CHCTEMH Ha
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(bYHKIIOHAIIBHI €JIeMEHTH. PO3paXyHKOBHI €JIEMEHT XapaKTepU3YEThCS TaKHMH
OCHOBHHMMH CTATUCTHYHUMHM MMOKA3HUKAMH Ha[IHHOCTI:

- TapaMeTp TOTOKY BigMOB (A4), 1/pik — cepemHsi KUTBKICTH BiJMOB 3a
OMHHITIO Yacy (3a3BHUail Ha PiK);

- CepemHiil yac OJHOTO BiJHOBJICHHs a00 3aMiHU €JIEMEHTa, IO BHMIIOB 3
nany, (ts), TomuHa/l BiTHOBIICHHS, IIeH Yac BKJIFOYAE Yac Ha IOIIYK i YCYHCHHS
HECTIPaBHOCTI OJTHOTO €JIEMEHTa;

- IapaMeTp MTOTOKY HaBMUCHHUX BIIKIIOUEHb (A,y), 1/piK - cepenHs KUTbKICTh
BIJKJIIOYEHh Ha pIK OJHOTO €JeMEHTa Uil TPOBEACHHS  IUIaHOBO-
oTepe/KYBATBHOTO PEMOHTY;

- CepeHin Jac OJIHOTO HaBMHCHOTO BIIKIIFOYEHHS (tap),
roauHa/l BiIKIFOYEHHSI.

3HAIOYM CTaTWYHI MOKAa3HWUKH HAIIIHOCTI i-TO eNeMeHTA A, lasis Anmpis Inpi
MOJKHA 3HAHUTH CTATUCTUYHY WMOBIPHICTH HEpOOOUOro CraHy i-ro enemeHTa (g;),
SK:

i = (asi + qupi- (1)

WIMOBIpHICTD BUXOJy 3 JIajy i-ro elieMeHTa 3a MPUYUHO aBapii (Gae) Ta 3a
NPUYMHOK [UIAHOBO-MIOMEPEKYBATIBHOTO PEMOHTY (gypi) BH3HAYAIOTHCS 34
dbopmynamu:

Jasi = asitasi/ 8 760; 2)
Qupi. = Aapitupi/ 8760. (3)

Cratuctnyny HMOBIpHICTE pOOOYOro CTaHy i-ro €JIeMEHTa p;, BU3HAYAIOTh
SIK:

Pi=1-qusi. 4

OCHOBHMMH TpPUIIYLICHHAMH Y pPO3paxyHKaX CTaTUCTHYHHUX ITOKA3HHKiB
HaJIHHOCTI OKPEMHUX €JIEMEHTIB Ta CHCTEMH €JIEKTPOIIOCTAYaHHSI B IILJIOMY €:

- BIIMOBJIEHHSI €JIEMEHTIB CHCTEMHM HE 3aJI€KUTh OJUH BlJ OJHOTO;

- IMOBIpHICTH BiIMOB 3aJIC)KHTh BiJl Yacy eKCIUTyaTallii, TOOTO: A, = const
(BMacTHBICTP CTAIlIOHAPHOCTI MTOTOKY BiTMOB);

- WMOBIpHICTP BUHUKHEHHS OJHOYACHO IBOX aBapiii Maia (BIACTHUBICTh
OpIMHAPHOCTI MTOTOKY BiJIMOB);

- yac 0e3BiAMOBHOI pOOOTH 3HAYHO OUTBIINIA 32 Yac BiAHOBICHHS.

IcHye xinpKa aHANMITHYHUX METOMIB PO3PaxXyHKY HAMIIHOCTI CHCTEM
eJeKTporocTayaHdsa. HaiOimpn mommpeHi MeTo I, 110 BUKOPHCTOBYE CTPYKTYPHI
NEPeTBOPEHHSI CXEMH, 1 METOJ, SKHH BHKOPHCTOBYE (OPMYITy IOBHOI
HWMOBIpHOCTI.

MeTon CTPYKTYpPHUX HEPETBOPEHD 3BOMATHCS A0 MOCIITOBHOTO "3ropTaHHs"
CXiTHOT CXeMH [0 MepeTBOpeHHs ii ab0 B JAHIIOKOK IIOCIIMOBHO 3'€IHAHUX
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6710KiB, a00 B CYKYITHICTH MapaJiellbHO 3'€JHaHNX OJIOKIB. 3HaBIIM HMOBIPHOCTI
BUXOJY 3 JaJy KOXKHOTO OJIOKY, HMOBIPHICTh BUXOJY 3 JIaJy CHUCTEMH B LIJIOMY
po3paxyeTbcss abo sSK cyma HMOBIpHOCTEH BHUXOXNy 3 Jagy OJokiB (mpu
MIOCITIIOBHOMY 3'€THaHHI 1X y cucteMi), abo sik 100yTOK IMX WMOBipHOCTEH (TIpn
mapanenpHoMy 3'enHaHHi). [TocTmiOBHO 3aCTOCOBYIOYM IIi MpaBIiia OOYHCIICHHS
BHUXOJy 3 Jany J0 KOKHOTo OJIOKY, Oyje 3HaiJIcHO WMOBIPHICTh BHXOMY 3 JIaay
CHUCTEMH Yepe3 HMOBIPHOCTI BUXOJY 3 Jlany CJEMEHTIB, IO BXOIITh O Hei.
MeTosoM  pPEKOMEHIYEThCS  KOPUCTYBAaTHCS 32 BIJCYTHOCTI B CHCTEMI
ENIEKTPONOCTAYaHHS Pe3ePBYBaHHSI.

Mertoa, 10 BHKOPHCTOBYE (HOpPMyNy MOBHOT HMOBIPHOCTI, 3BOJMUTHCS IO
MEPeTBOPEHHST BHUXIMHOI CXEMH INOAO BCIX MOXIHBHUX CTaHIB pE3epPBHUX
MEPEeMHUYOK, OOYMCICHHs BCiX Map WMOBIPHOCTEW BHXOMY 3 Jay CXEMH Ta
BiJIMIOBIIHOTO CTaHy NepeMHYOK. IMOBIpHICTH BHXOJY 3 JIaJy CHCTEMHU 3arajiom
PO3paxOBYETHCS K CyMa MapHUX JTOOYTKIB BHIIEBKA3aHHX HMOBIPHOCTEH.

1106 JIOCITIIUTH HUISIXU 1 IBUIIEHHS HaIIHOCTI CHUCTEMH
€JIEKTPOIIOCTaYaHHs, MOTPIOHO BUKOHATH 0araTto po3paxyHKIB pi3HMX BapiaHTIB
cxeM. [y ckopoueHHsT BUTpAT 4yacy Ha PO3paxyHKH Oyia CTBOpEHa Mporpama,
QITOPUTM SIKOT OITMPAETHCS HAa BUILEOMHCAHOMY ITiIXO/I.

Cepen 0e3miui  TEXHIKO-€KOHOMIYHMX XapaKTEPUCTHK (YHKI[IOHYBaHHS
CUCTEM EJICKTPOIIOCTaYaHHs 00'€KTIB BHPILIAIBHY POJb BiABOIUTHCS HAIIHHOCTI.
Po3pi3HsIOTH J1Ba BUAM HAAIMHOCTI EHEPrETUYHUX CHCTEM: PEYOBHHO-EHEPTETUUHY
Ta CTPYKTYpHO-(QYHKI[IOHATIBHY CXeMHY. [1JIsi cCHCTEeM eNeKTporocTayaHHst 00'€KTiB
JOpYrHii BUJ HAgIMHOCTI € BH3HAYanbHUM. KilbKiCHA OI[IHKA CTPYKTYpHO-
(yHKLIOHAIBHOT HAIIMHOCTI CHCTEM €JIeKTPOIOCTAa4YaHHs J03BOJISIE BHUPILIYBaTH
3amady iX aHamizy Ta CHHTe3y 3 TONIAY EKOHOMIYHOI e(eKTUBHOCTI.
OOunciroBajibHa TEXHIKAa Ja€ MOXJIMBICTh CKOPOTHTH BHTPaTH 4Yacy Ha
po3B'sa3aHHs i€l 3ana4l 1 HaBiTH QopmamnizyBaTd. HoBuil minxin 10 po3B’si3aHHs
3a1a4l OLIHKK CTPYKTYPHOI HAJIMHOCTI CHCTEMH eJIEKTPOIOCTa4yaHHs Ha 0Oa3i
(bopmyiu MOBHOT HMOBIPHOCTI JTO3BOJIUTh Y TOAANBIIOMY JOCHIIJUTH BIUIUB CXEM
€JIEKTPOIIOCTAYaHHS Ha TEXHIKO-€KOHOMIYHI TOKa3HUKHU €JICKTPUIHUX MEPEK.

YK 621.3
Tlomos. B.B.
KaH[I. TeXH. HayK, noi. HY «3amopi3pka mosiTexHiKa

OIITHKA BTPAT EJJEKTPOEHEPTIi ¥ IIEXOBHUX MEPEKAX
EJIEKTPOIIOCTAYAHHSA

Jdns BuOOpYy ONTHMAaJIbHOTO BapiaHTa CXeMH MeEpeXi IEXOBOTO
€JIEKTPOIIOCTaYaHH I, He0OXiTHO BU3HAUNTH BTPATH EICKTPOCHEPTil y il Mepekax.
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TouHe BH3HAuYCHHS BTpaT 3a iHTepBald 4Yacy T MOXKJMBO TNpPH BiOMHX
nmapamerpax R i A Py i ¢ynxkuiit gacy I(t) i U(t) Ha Bcbomy iHTepBadii. [Tapamerpn
R i APy 3a3Buuaii BizoMi, i B po3paxyHKax iX BBa)XKalOTb IOCTIHHUMH. AJie mpu
I[BOMY OIip MPOBOJHKMKA 3aJICKUTh Bijl TeMIepaTypu. [Hpopmallist mpo pesKUMHUX
mapametrpax I(t) i U(t) e 3a3Buyail jwmine Juis JHIB KOHTPOJIBHHUX 3amipiB. Ha
OLIBIIOCTI TiACTaHIiKA 0e3 00CIyroByIOHOro IEpCOHAly BOHH PEECTPYIOTHCS 3
pasu 3a KOHTpOJIbHY 100y. L1 iHpopMallis € HETTOBHOIO 1 0OMEKEHO TOCTOBIPHOIO,
TaK SK BUMIpH TMPOBOMATHCS aMapaTypor0 3 MEBHHM KJIACOM TOYHOCTI 1 He
OJTHOYACHO HA BCIX MiACTAHIIAX.

VY 3anexHocTi Bij MOBHOTH iH(oOpMalii NMpo HaBaHTaXEHHS EJEMEHTIB
Mepexi Ui pO3paxyHKiB HABAHTAXKYBaIbHHX BTPAT MOXYTh BHKOPHCTOBYBATHCS
TaKi METOJIH:

- METO/IH MOENIEMEHTHHX PO3PaXyHKIB;

- METO/IM XapaKTEePHUX PEKUMIB;

- METOIU XapaKTepHUX mi0;

- METOJIY YHMCJIa TOIUH HAHOIIBIINX BTPAT T;

- METO/IM CEepe/IHIX HaBaHTaXKEHb, BUKOPHCTOBYIOTH ()OPMYIIY;

CraTucTUYHI METOAM, SIKIi BUKOPHCTOBYIOTH PErpeciiiHi 3aJeKHOCTi BTpaT
€JIEKTPOEHEPTii BiJ y3arajlbHEHHX XapaKTEPHCTHK CXEM 1 PEXUMIB €JNEKTPHUHHX
MEPEK.

[lpyu BuKOpHUCTaHHI CTATHUCTUYHHUX METOMAIB BTPaTH EJIEKTPOCHEprii
PO3paxoBYIOTb Ha OCHOBH CTIHKMX CTaTUCTHYHUX 3aJIe)KHOCTEH BTpaT BiX
y3araJbHEHUX [apaMeTpiB Mepei, HalpUKiIal CyMapHOTO HaBaHTAKEHHS,
CyMapHOi JIOBXXHHH JIiHIH, unciia migctaniii i T.m. Cami X 3aJIeKHOCTI OTPUMYIOTh
X OCHOBI CTATUCTUYHOI OOPOOKM MEBHOT KIIBKOCTI CXEMOTEXHIYHUX PO3PAXYHKIB,
JUISl KOYKHOTO 3 SIKMX BiJIOMI pO3paxoBaHe 3HA4YEHHS BTPAT i 3HAYCHHS YMHHHKIB,
3B'I30K BTPAT 3 SIKUMH BCTaHOBIIOETbCA. CTATHCTHYHI METOIM HE IO3BOJIAIOTH
HAMITUTH KOHKDETHI 3aXO0/I1 110 3HHKEHHIO BTPAT. IX BUKOPUCTOBYIOTh ISl OLIHKH
CyMapHUX BTpaT B Mepexki. Ajle NMpu LbOMY, 3aCTOCOBaHI M0 Oe3iidi 00'€KTiB,
HANPHUKIAI JiHii 6-10 kB, 103BONSIOTH 3 BEIMKOIO HMOBIPHICTIO BUSIBUTH Ti 3 HUX,
B SIKMX 3HAXOJATHCS MICIS 3 I IBHIIEHHMH BTpaTaMu. Lle 1ae MOXIIMBICTH CHIIBHO
CKOPOTHTH 00CAT CXEMOTEXHIYHHX pPO3paxyHKiB, a ODKe, 1 3MCHIINTH
TPYIOBUTPATH HA 1X MPOBEICHHS.

[Ipy mpoBenmeHHI CXEMOTEXHIYHHX pO3PAaXyHKIB pSA BHXITHUX JAHUX 1
pe3yjbTaTh PO3PaXyHKIB MOXKYTh MPEICTABIATHCS B HMOBIpHICHOT (opmi,
HampuKIaJ y BUMISAAI MaTeMaTHYHHX CIOIIBaHb i JWCIEpCiid. Y MUX BUIMAAKAX
3aCTOCOBYETBCS amapar Teopii WMOBIPHOCTEH, TOMY IIi METOIM HAa3WBAIOTHCS
IMOBIpHICHIMH CXEMOTEXHUYHUMH METOIAMHU.

Mepexi 0,38 kB eHeprocucteM XapaKTepU3YIOThCS BIHOCHOIO MPOCTOTOIO
CXeMHU KOXHIN JIiHi1, BEIMKOI0 KUTBKICTIO TAKWX JIiHIM 1 HU3BKOIO JOCTOBIPHICTIO
indopmarii mpo HaBaHTaXeHHA. [lepepaxoBaHi GakTopu poOIATh HEIOUUIPHAM Ha
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JAHOMY eTali 3acTOCyBaHHS JUIS PO3PAaxyHKIB BTpaT €IEKTPOCHEeprii y mux
MepekaX METOJiB, aHAJOTIYHHX 3aCTOCOBYBAaHHM Yy Mepexax OUIBII BHCOKHX
Hanpyr i 3aCHOBAaHMX Ha HASBHOCTI iHQopMaLii Mpo KOXKEH eNeMEHT Mepexi. Y
3B'I3Ky 3 I[MM HAOy/M TMOIIMPEHHS METOJW, 3aCHOBAHI HA IMPEACTABIICHHI JIHIN
0,38 kB y BuTIISA1i €KBiBaJEHTHUX OIOPIB.

YK 629.92

Kymnarin 1.0.!, Kynarina H.A .2, Ilpuiimak A.J.3, Uy6 K.M.3, Tanymxka A.O.%,
Kyninmr O.0.5, JTyn P.B.6

! 1-p. Texn. Hayk., mpod. HY «3anopispka momirexHika»

2 imxk. KIT «HBK «Ickpa»

3cryn. rp. E -111cn HY «3anopi3bka mosiTexHikay
4cryn. rp. B3 -111cn HY «3anopisbka HomiTeXHIKay»
cryn. rp. E -511cn HY «3anopi3bka nosiTexHikay
6 cryn. rp. E3 -110cn HY «3anopisbka nomiTexHikay»

OCOBJMBOCTI BAKOPUCTAHHSI TEOTEPMOJIBHOI EHEPTETUKH

[TpoBeneHO OIIHKY Te€OTEepMabBHUX PECYpCIB Ta TEXHIYHO JOCSIKHOTO
€HEepPreTHYHOro0 TOTEHI[Ially TeoTepMalibHOI eHeprii Juisi yMoB YKpaiHu i3
BUOKPEMJICHHSIM HAHOUIbII NPUIATHUX AT PO3BUTKY I'€0TEPMANIbHOI CHEPreTHKH
perioniB. HarosomyeTrbcsi Ha JOIIIBHOCTI Ta MEPCHEKTUBHOCTI BUKOPHCTAHHS
JJAHOTO BHUJY BIJIHOBJIOBaHOI e€Heprii B yMoOBax JeiUUTy TpaMIiitHUX
€HEeproHOCIiB.

OcTaHHIMH pOKaMH YCI MU € CBiJKAMH TOTO, SIK MOCTYIIOBE 3MEHILICHHS
3amaciB TpaJMIiHHUX E€HEPrOHOCIIB y CBITI CHOHYKA€ JIIOACTBO JO TOIIYKY Ta
€(EeKTUBHOTO OCBOEHHSI HOBUX, AJIbTEPHATUBHUX JUKEPEJ EHepril — HeTpaJAnuIliHHIX
Ta BIJIHOBJIOBaHMX. YKpaiHa HAICKUTh A0 eHeproaedinuTHUX KpaiH i
3aJI0BOJIBHSIE IOTPEOU B IIEPBUHHUX MAaJWBHOCHEPTETUYHHUX PECypcax 3a paxyHOK
BIIACHOTO BHAOOYTKYy He Oimbmie, HiK Ha TpeTuHy (0€3 ypaxyBaHHS eHeprii
ATOMHHX EJEKTPOCTaHI(ii). Y 3B'3Ky i3 IIMM BUKOPHUCTAHHS BiJHOBIIOBAHUX
JDKEepell eHeprii € OJHMM 13 HaHOUIBII BAXKJIMBHX HAIPIMIB JEPKABHOL
SHePreTHYHOI ITOJIITHKH, SIKa ITepeadadae He JIMIe 30epekeHHs eHeprii 3a paxyHOK
3a0LIQ/DKEHHST  TPAAWLIHHMX  [AJIMBHO-CHEPIeTHYHHX  pecypciB, ame i
3a0e3nedyeHHss yMOB /I MAaKCHMAalbHO €QEeKTHBHOTO {i BHKOPHCTAaHHS 1
MOKPALICHHS CTaHy JOBKIJLIS.

Sk cBiguaTh JOCTiMHKEHHS, 30Kpema, (axiBHiB [HCTUTYTY BiTHOBIIOBaHOI
enepretukn HAH Ykpainu, 3aranpHuil pidHAN TEXHIYHO JOCSHKHUN eHepreTHIHHUNA
MTOTEHIliaJl TTOHOBIIOBAHUX JDKEpeN eHeprii B YkpaiHi (BiITpoeHepreTHKa, COHsITHA
€HEepreTHKa, Majia TiJpOCHepreTrKa, Ol0CHEepreTHKa, Te0TepMatbHa EHEepreTHKa 1
€HepreTuKa JOBKIJUIS) CTAHOBUTH Bix 93 1o 98 MiNbHOHIB TOH y MEpepaxyHKy Ha
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YMOBHE TaJIMBO, a Ie Omm3bko 50% 3araqbHOTO €HEepProcroXMBaHHS Y KpaiHu
ChOTOZIHI. 3a ONTHUMICTHYHUMH IPOTHO3aMH, NPH 30€pekKEeHHI 1 IMOCIiIOBHOMY
po3BUTKY HasBHOI Oa3u YkpaiHa mo 2030 poky moxe nocsrta 30% piBHS
3aMillIeHHS TPaIUIiHHUX JHKEPEs NOHOBIIOBAHIMH JDKEpEIaMH eHeprii.

OueBumHO, 10 32 HASBHOCTI HAa TepuTOpii YKpaiHM 3HAaYHUX 3aracis
reoTepMalbHOI €Heprii PO3BUTOK T€OTEpMaJbHOI EHEPreTHKH € JOIUIBHUM Ta
nepcrekTuBHUM. IIpakTuka 6araThbOX KpaiH CBIJUHTH, 110 BUKOPUCTAHHS JaHOTO
BUJy BIJHOBIIIOBaHOI €HEprii € €eKOHOMIYHO BHTIJIHMM, 3HAYHO 3HIXKYE 00CATH
BHUKOPHMCTaHHS TPaIULiHHAX BU/IiB TAJIMBHUX PECYPCIB.

3 orysay Ha BUCOKY €(PEKTUBHICTh, CKOJIOTIYHICTh, PETiOHATBHY 3HAYUMICTh
1 BEJIMKUH CyMapHHH IOTEHIia]d reoTepMallbHUX PecypciB, Ha Cy4acHOMY eTarri
roctae HeoOXiIHICTh ITPOBENICHHS BIAMOBITHUX HAYKOBHX ONPAIIOBAHb 1 JUIsl YMOB
VYkpainu.

Crnin gomaTtd, IO ICHYIOYI CHOTOJHI OIIHKHM IMOTEHIANy TreoTepMajbHUX
pecypciB, B ToMy uHcii 3axiiHOrO perioHy YKpaiHu, MOTpeOYIOTh MOJaJIbIIOrO
JOCIIIJDKEHHSI, TEperyisily Ta YTOYHEHHS 3 METOH BH3HAYEHHs IMEPCIEeKTHB IX
roCIOJaPCHKOr0-eKOHOMIYHOT0, €KOJIOTTYHOTO 1 COIIaJIbHOTO BIUIBY Ha PO3BUTOK
TEPUTOPIi.

VIK 621.311

IlIpam O. A.!, Ceepryn A. B. ?

! kanp. Texu. Hayk, nou. HY «3anopisbka noyitexHikay
2 acn. HY «3anopi3bka NoJiTeXHiKa»

NIJBUIIEHHS AKOCTI EJEKTPUYHOI EHEPI'TI B MEPEKAX
MMPOMHUCJIOBUX TIAITPUEMCTB

YacrotHo-perynboBani enexrpornpusou (UPII) mmpoko BUKOPUCTOBYIOTHCS
Ha TNPOMHCIOBUX MiANpueMcTBax. LIsi TeXHoJOris BiJirpae Ba)JHMBY pOIb Ha
Cy4YacHUX IPOMHCIIOBHX IIiANPHEMCTBAX, IO3BOJIIOYM €(EKTHBHO KEepyBaTH Ta
eKCILUTyaTyBaTd pi3HOMaHITHI €JIeKTPHYHI MaIiHH, T ABUIITYBATH
eHeproe()eKTUBHICTh, HAAIHHICTh Ta 3a0€3MeuyBaTH ONTHMAJbHI PEXKUMH POOOTH
eJIEKTPOTEXHIYHUX KOMIUIEKCiB Ta cucteM [1-3]. baratro mpomucioBux
CHOKHMBAYiB  €JEKTPOCHEpril TMpamioTh 31 3HAYHO 3MIHHUM  rpadikoM
HaBaHTaXeHHS. [0 HUX BiTHOCSATHCS KOHBEEPHU, HACOCH Ta iH. 3actocyBaHHS YPII
JUIA TaKUX CIIO)KABAYIiB JIO3BOJIAE IIBUIIATH TOYHICTH 1 PO3IMMPUTH [iama30H
PETYIIOBaHHS, 3HU3UTH CIOKMBAHHS CNEKTPUIHOI CHEPTii, 3a0e3MeUnTH TIaBHAN
ITyCK JBUTYHIB, 30UTBIIMTH TEPMIH CITy>KOM MEXaHIYHOI YACTHHHU €JICKTPOIIPUBOIY
iT.a[2-3].

Opnak BB YPIT Ha SKiCTB eneKTpoeHeprii € KOMIUICKCHUM THTaHHAM 1
MOJKE MaTH HETaTHBHUM BIIJIMB Ha HM3KY MOKA3HWKIB SIKOCTI EJIEKTPOEHEeprii.
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30iTbIICHHS KUTHKOCTI HAIIBIIPOBITHUKOBUX CIIEMCHTIB B CIICKTPUYHAX MEPExkKax,
BUKOPHCTaHHS IOTYKHAX HPHIMadiB eJIeKTPOCHEpril 3 HEeNIHIHHUMH BOJIBT-
aMIIEPHUMH XapaKTEPUCTUKAMU IPU3BOJUTH 10 TOPYIIEHHS EIeKTPOMAarHiTHOi
CYMICHOCTI 4epe3 IIOSBY BHINUX TapMOHIHHMX CKJIAJOBUX 1, BIAMOBIIHO,
CIIOTBOPEHHSI CUHYCOTIalIbHOT KPUBOI HAPYTU Ta CTpyMmy [3, 6].

Jnst mOpiBHAHHA Ta OLIHKK KoedillieHTa CIIOTBOPEHHS CHHYCOINaJIbHOT
KPHBOI Hampyru Yy BHYTPIIIHBOLEXOBIH Mepexki 13 CHOXHBa4aMH, IO
BHKOPHCTOBYIOTh YaCTOTHO-PETyJIbOBAaHUN NMPHBOA Oylia po3poliieHa iMitarmiiHa
MOJIEITB.

Pucynok 1. — ImiTaniiina Moziesib pparMeHTa CUCTEMH €JIeKTPOIIOCTAuYaHHS 3
inauBinyansaunmu YPIT

OtpuMaHi miJg dYac MOJENIOBaHHS pe3yJbTaTh I[OKa3alH, IO IpH
BUKOPHCTaHHI I1HJMBIyaJIbHUX 4YaCTOTHO-PEryJIbOBAaHUX IPHUBOMAIB KoeDIillieHT
CHOTBOPEHHs cHHycoinanpHOI kpuBoi Hanpyru Ky (THD) ckmamae 2.30 %. B
CHEKTPaJIbHOMY CKIIaJli MepeBaxarTh 5-Ta, 7-ma, 11-ta Ta 13-Ta rapmoHiku, 10
XapaKTEePHO I 6-TH MyJIbCHOTO BUNIPSAMIIYA.

CIIMCOK BUKOPUCTAHOI JITEPATYPU
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JOCJIIKEHHS AKOCTI EJIEKTPUUYHOI EHEPT'TI B MEPEJKAX
CIIOKUBAYIB 3 EJIEKTPOAYI'OBUMHU ITEYAMHU

Ha meranypriiinnx 3aBojiax eJeKTpUYHA TOTYXHICTb JYrOBHX Ieded Moxe
cranoBuTH 10 85-90% motyxHocTi mo nexy i go 20-60% mo mignmpueEMCTBY B
minomy. Jlyrosi craneniaBWiIbHI Iedi — [€ IOTYXKHI CIIOXKHMBadi EJIeKTPUYHOI
€Hepril, CIIPaBIIsAIOTh ICTOTHUI BIUIMB Ha SKIiCTh €JIEKTPUYHOI €Hepri, BUKINKAIOUYN
CIIOTBOPEHHSI HANpyrd Yy BHUIVISAAI HECUMETPil, CIIOTBOPEHHS CHUHYCOiAadbHOI
KPHBOI, BiIXWJIEHb Ta KOJIMBaHb HaNpyrd. BcTaHOBIIEHO, IO NIMPOKO MOMIMPEHUM
BUJIOM CIIOTBOPEHb B EJIEKTPUYHUX MepekaX € BHUIl IapMOHIKW.. J[yrosi medi
3MIHHOT'O CTPYMY I'€HEPYIOTh BHUIII FAPMOHIKK 33 PaXyHOK 3aTPUMKH 3allaTFOBaHHs
OYTH, HEIHIAHOCTI  BOJBT-aMIICPHHX  XapaKTEPUCTHK Jyr Ta  IYHOIO
Tpanchopmatopy. BoHu reHepyrorh sk HemapHi (3,5,7,9-ta iHIm), Tak 1 mapHi
(2,4,6,8 Ta iHII.) TApMOHIKM CTPyMy. BeIHYMHH IMX TapMOHIMHHMX CKJIaI0BHX
HOCSITh BHMITAIKOBHUI XapaKTep, TOMY IUIS 1X BH3HAYCHHS HEOOXimHO abo po3poOka

MaTeMaTHYHUX Mojeneil, abo eKCHepHMEHTANbHI BHUMIpIOBaHHA. Tak sK
eJIEKTpUYHA Jyra € HEIIHIHHUM OIOPOM, IO 3MIHIOETHCS B dYaci, TO ii omuc y
YacOBOMY IHTEpBaJi MPOCTilIEé HiXK MO dYacToTi. YacoBi METOOM aHAm3y €
OCHOBHHMMHM IPH JOCIIDKEHHI BIUIMBY IYTOBOTO HAaBaHTAXXEHHS Ha EJNEKTPHUHY
Mepexy. JJsi JOCHipKeHHs MIYHOI eNEeKTPUYHOI AYyTH 3aCTOCOBYIOTHCS 4YacoBi 1
CHEKTPaJIbHI METOIM aHaI3y.

Cnektp Hemapuux BI' medeill mocTiHHOTO CTpyMy 3aleXuTh Bia (a3HOCTI
BHIPSIMIISTYIB 1 BUBHAYAETHCA 32 HACTYITHUM BHPA30M:

n=k-p=xl (1)
Jie p — MyJIBCHICTH mepeTBopioBaya; k=1,2.3...

BennunHu HemapHMX TapMOHIK JAYyroBUX TMEYUB IOCTIHHOTO CTPyMY
BH3HAYAIOTHCS 32 HACTYITHIM BHPa30M:
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— SI'[T

] P ¥ S
™ \/g-n-U

HOM (2)

ne S;;; - MOTYXHICTh IIYHOTO TpaHC(OpMaTOpa,

n - HOMEep TapMOHIKU CTPYyMY,
Usow - HOMIHAJIBHA HAmpyTa JyroBOI MeYi.

PesynmpraT  po3paxyHKy ~— BHIIMX ~ TapMOHIK  CTpyMy  JYTrOBHX
CTaJITIJIABUIIBHUX TTe4eil y pi3HUX pexnmax [2] HaBeneHo y tabmwmmi 1.1.

Tabmung 1.1 - [IpoueHTHU# CKi1aj BUIIMX TapMOHIYHHUX CKJIaJJOBHX CTPyMY Y
JYTOBUX CTaJICIUNIABUIIBHUX Me4ax

[Topsmok rapMOHIMHUX CKIIAJTOBHX
Tun neui [Mepion miiaBku CTPyMy

2 3 4 5 7 9

JII-5 Posmiasienus 701112 27 | 89 | 49 | 1,3
PadinyBanHs 37122122 |43 |27 09
JII-10 PosmiaBieHus 80| 9,2 2 28 | 1,6 | 0,7
PadinyBanHs 201 4,0 1,1 |45 1,2 0,2
JI1-25 PosmmaBnenus 95| 48 | 4,8 6 1,31 0,2
PadinyBanHs 201 301103 (291,203
JI1-50 PosmiaBnenus 6,1 44 |29 | 54|57 | 14
PadinyBanHs 19108 | 0,7 | 3,1 | 29| 0,8
JIT-100 PosmmaBnenus 5172123155121 1,0
PadinyBanHs 27| 3,2 14 | 1,1 | 1,0 | 0,5
JI1-200 PosmmaBnenus 6,8 | 5,1 42 126 | 0,7 | 0,3
PadinyBanHs 30124 ] 08 | 0,6 021 0,2

TakuM 4YMHOM Ui pPO3paxyHKy TapMOHIMHUX CKJIaJ0OBHX HANpyrd Ta
KoeQillieHTa CIOOTBOPCHHS CHHYCOIZaJbHOI KPHBOI HAmpyrd  HEOOXiTHO
PO3TIISAIATH CXEMY €JICKTPOIIOCTAaYaHHsI 3aBOJIy Ta OTO HABaHTAXKECHHS

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. ICTY IEC 61000-2-2-2001. EnextpomarHiTHa cyMmicHicTb. YacTrHa 2.
EnexrpomarnitHe otoueHHs. Po3min 2. PiBHI cymicHOCTI Al HU3BKOYACTOTHHX
KOHJIYKTUBHUAX 3aBajl Ta CHTHAJIIB CHUCTEM MEpEJaBaHH B HU3bKOBOJIbTHUX

€JIEKTPOIIOCTaYalIbHAX cHcTeMax 3aranbHoro npusHadeHus (IEC 61000-2-2:1990,
IDT).
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2. XKexenenko M. B. KauecTBo 31eKTposHEpPruM Ha IPOMBIILIEHHBIX
npempusatisix / M. B. XKexemenko, M. JI. Pabunosuu, B. M. Boxko. - K.
Texnuka, 1981. — 234 c.

YK 692.92

Maxuin I1.B !, Ipyxxo 1.C.2

! kanp. TexH. HayK., gou. HY «3anopiszbka momitexHika»
2cryn. rp. B-513m HY «3anopi3bka HosiTexHika

JOCIIIKEHHSA PEXKUMIB POBOTHU CUCTEMUA
EJEKTPOIIOCTAYAHHA 3ABOAY «JHINMPOCITEIICTAJIb»

OCHOBHHMI1 TEXHOJIOTIYHUI MpOLIEC Ha IMiJIPHEMCTBI TOJATAE B MOETAIHIH
00po01i MeTamy. MeTai, 10 NOCTABISAETHCS Ha MIANPUEMCTBO, IIPOXOAUTH KiJIbKa
cTajiiii 00poOKH JUIsi BUTOTOBJIECHHSI BiMOBITHOT MPOIYKIIii.

TakuM 4YMHOM, 110 OCHOBHHMX CIIOKMBa4iB €JEKTPOEHeprii Ha 3aBoji
«/lHinmpocrercraniby BiTHOCATHCS: JYrOBi €NEKTpOIeyi, AyroBi BakyyMHI meui,
IHAYKIIHHI Medi, 1edi eeKTPOILIaKOBOT0 1 BaKYyMHO-AyTOBOT'O TIeperlIaBiB.

TexHonoriuauii mporec BHPOOHMITBA 3aBOJY € Iy)XKe EHEPrOEMHHX
3aBraHHs, 3a0e3MeyeHHsI HaJliiHOCTI €JIEKTPOIIOCTAYaHHS 3aBO/LY
«/lninmpocrierictayib BUPOOHHMIITBA 3 HAWMEHIIMMH BTpaTaMH eJIeKTPOeHepril €
aKTyaJbHOIO 337a4eIO.

CucreMa eNeKTPONOCTa4YaHHS 3aBOAy «JlHIpocHelcTanb» € CKIagHOo, a
JDKEPEJIOM eNIEKTPOeHepTil € miacTaHiist «M-5», mo otpumMye sxuBieHHs «J1 — I».

[IpoBeneno aHam3 MOMKITUBHX PEeKHMIB poGotu CHCTEMHU
€JIEKTPOIIOCTAYaHHsI MPU JKUBIIEHHI B migcTaniil «/I — JI», konu cekii ta Mix
[IMHHI BUMHUKa4l Ha miactaniii «JI — JI» BKIrOYEHI 1 KUBICHHS 3M1HCHIOETHCS 3
TpbOMa IapaJeIbHO BKIIOYEHHMH aBTOTpaHC(OpMATOpaMHu, a TaKOX  KOJIH
CeKI[IifHI BUMHKA4l BIJKIIOYCHI, 1 )KMBJICHHS KOXXHOI 3 JIHIA MPOBOAMUTBHCS BiX
OKpeMoro aBTOTpaHc(hopMaTOpa; Py BKIIOYEHOMY 1 BiOKIIOUYCHOMY IOJIOXKEHHI
CEeKLIHOTO BMMHUKada Ha mAacTaHIii «M-5». JlocmimKeHHS MpoBeAeHI INpu
MaKCUMAJIFHOMY 1 MiHIMQJIBHOMY PEXXUMi €JIeKTPOCIIOKUBAHHS.

Jnst mpoBeseHHS OCIiIKEHb CHCTEMH EJEKTPOIIOCTaYaHHS B aBapiiHOMY
pexuMi poOOTH MPOBEAEHO PO3PaXyHOK CTPYMiB Tpu(azHUX 1 ogHO(AZHUX K.3.
IIPH Pi3HUX CXEMaX ENeKTPOIOCTaYaHHs (epOCIIIIABHOTO 3aBOY.

PiBeHb CcTpyMiB K.3. BHUHIIOB My>K€ BUCOKHH, IPUIOMY piBEHb OJHOGDAZHUX
K.3. IepeBUNMB K.3. JIJIs 3HWKEHHS PiBHA TpU(a3HUX K.3. PO3TIIAHYTA MOKIUBICTh
BUKOPHUCTaHHS JUIMUIPHOI aBTOMATHKH, IO [i€ HAa BIOKIIOYCHHS CEKIIHHUX
BuMHuKa4yiB Ha mmHax 150 kB, B pe3ynpraTi 4oro 3MeHIIyBajach KiJIBKICTh
JIQHITIOTIB M1DKUBIIEHHS K.3.
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Jdns  3HWKEHHS  piBHA  CTpyMiB  omHO(MasHMX y  HeWTpanb
aBTOTpaHC(OpPMATOpiB  BKIIIOYANMCS  peakropu. [IpoBenmeHi  JTOCIHIKEHHS
3HWKEHHSI PiBHS CTPYMIB K.3.Ha 3€MJIIO BiJ] OIIOpY peakTopa.

B pe3ynbTati goCiipKeHHS] 00paHO ONTHMaIbHE 3HAUCHHS OIOPY peaKkTopa.

Ha ocHOBI mpoBeeHNX JOCIIKEHb 00paHUid ONTHMAIBHUN PEXUM poOOTH
CHUCTEMH EJIEKTPOIIOCTayaHHsl ()epOCIUIABHOTO 3aBOAY 3 TOYKH 30py MIiHIMyMy
BTpaT IOTYXXHOCTi, pO3paxoBaHi aBapiiHI pEeXHUMHU PpOOOTH  CHCTEMH
€JIEKTPOITOCTavaHHs Ta 00paHi 3aX0J¥ JJIsl 3HW)KEHHSI CTPYMIB K. 3.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. TlpaBuya ymamTyBaHHsS eJIEKTpoycTaHOBOK: [naBa 4.2. Posmoninbui
YCTAHOBKH 1 mifcTaHuii Hampyrotoo moHaja kB / Minnamusenepro Ykpainu. K:
HIIIP, 2017 — C. 473- 530.

2. Iieusik I'.T". Tlepexigni nporecu B cucteMax enekrpornocradanns / [.T.
[TiBusik, B.M. Bunocnascekuii, A.5l. Pubanko, JI.I. Hecen. — /IainpomneTpoBchk
HarrionanbHa ripuuya akagemis Ykpainu. 2000.- 573c.

YK 621.311

Hbsuenxo B.B.!, Cipa B.A.2

! kan. Texu. Hayk., gou. HY «3anopizbka HostiTexHikay»
2cryn. rp. E-111 HY «3anopizbka oJliTeXHiKa

CKJIAJIOBI BTPAT EJIEKTPUYHOI EHEPT'Ii B EJJEMEHTAX
CHUCTEM EJIEKTPOIIOCTAYAHHSA

OnHier0 3 yMOB pAIliOHAJIBHOTO EHEPrOCIIOKHBAHHS € 3a0e3NeueHHs
TEXHOJIOTIYHUX 1 BUPOOHUYUX MPOLECIB 3 MIHIMAIILHUMHU BTPATaMH €JICKTPHUYHOT
edeprii (BEE). s 1poro HeoOXiJJHO Ha MMOYATKy BHUKOHATH aHaJli3 OCHOBHHX
ckianoBux BEE B enementax cuctemu enekrponoctadanss (CEI) i mpenctaButi
iXHI0O KIacH(ikamiro, sKa MOXE IIPOBOAWTUCS 3a PI3HAMH KaTEerOPisMH:
XapakTepoM BTpar (TMOCTiHHI, 3MiHHI), KJIacCAMH HAIPyTH, TPYIaMH EJIIEMEHTIB,
BUPOOHWYMMH MiApo3fainamMu. lle macTe MOMJIIMBICTH 30CEpEIUTH yBary Ha
HAKOLIBII e(PEeKTUBHUX MIAX0aX MO 3MEHIICHHIO [IUX BTPAT.

OnHier0 3 XapakTepHUX OCOONMBOCTEH (YHKIIOHYBaHHS EIEKTPHYHHUX
CHCTEM € Te, IO KUIBKICTh BHPOOJEHOI €Heprii 3aBXIW TOPIBHIOE KiTBKOCTI
CITOXKUTOI, TOOTO B KOXXHHI MOMEHT 4acy iCHy€ TOYHHUI OamaHC TSl aKTUBHOL Ta
peakTBHOI eHeprii # moryxkHocTi. TpaHCOpTyBaHHS 1 TIEPETBOPEHHA
€JIEKTPUYHOI €HEepTii 3aBXKIM BiIOYBAETHCS 3 BUTpaTaMH caMoi eHeprii. BHacmimok
OBOTO Jieska 1i dYacTHHA BHUTPAYAETBCS HA TPAHCIOPTYBAaHHSA TIO JIHISX

eJeKTponepenadi i TmepeTBOpeHHsT B TpaHcopmaropax. Jims OLIbIOI WiTKOTO
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PpO3yMiHHS (DI3WYHUX SIBUII, IO BiZOYBAaIOTHCS B €JIEKTPUUHUX MEpEXax, IMopsy 3
BHPa3OM «BTPATH EJIEKTPUYHOI €HEeprii», IUPOKO BXKMBAETHCS TEPMIH «BUTPATH
€JIEKTPUYHOI €Heprii B EeNeKTpUYHMX Mepexax Ha ii TpaHCHOPTYBaHHD»,
«TPaHCIIOPTHI ~ BUTpPAaTH  €JEeKTPOeHeprii» abo  «TEeXHOJOTiYHI  BUTpaTH
€JIEKTPOEHEPTIi».

PiBeHb WX BTpaT BU3HAYAETHCS KUTBKICTIO TIEPEIaHOl €HEpTii, mapaMeTpaMu
MIPOBOIB i TpaHCc(OPMATOPIB, PIBHAMH HANpyr y HEHTpaxX >KUBJIEHHS, HAasBHICTIO
MIPUCTPOIB KOMIIEHCAlii pPEakTUBHOI IMOTYKHOCTI — TOOTO TEXHIYHHM CTaHOM
Mepexk 1 piBHeM ix exciutyaramii. Lleid Bun BTpar 3a3BHYail Ha3MBAETHCS
TEXHIYHUMH BTpAaTaMW 1 O3HAYa€ BHUTPATH EJIEKTPUYHOI €HEprii B eleMeHTax
Mepex TpH ii mepenayi, po3noAiJIeHH] 1 TepeTBOPEHH.

TexHiuHi BTpaTH eNeKTpOSHEpTii BKIIOYAIOTh BTPATH XOJOCTOTO XOAY B
TpaHcopmaTopax, y OaTapel CTaTHUYHHX KOHJICHCATOPIB 1 KOMIIEHCATOpaX, Y
LIYHTYIOUMX PeaKTOpax, CHHXPOHHUX KOMIIEHCaTopax (YMOBHO-TIOCTIHHI BTpaTH),
a TaKOXXK HaBaHTa)XyBaJIbHI BTpaTH Ha HArpiB APOTIB IIPH Mepeaadi Mo HUM eHepril
(yMOBHO-3MiHHI BTpatH). Jlo TEXHIYHMX TaKOX BIHOCATH BTPATH Ha KOPOHY B
JiHisX. PiBeHb TeXHIYHMX BTpaT 3aJeXWTh BII peXUMy poOOOTH, CKIaxy
Ipalioodoro oOjagHaHHS 1 3MiHM HOro TEXHIYHOTO CTaHy B TIPOIecCi
eKCILUTyaTallil, a TAKOXK KIIMaTHYHUX YMOB.

Inma 4YacTMHa BTpaT, 3yMOBIEHA CTAaHOM KOMEpPLIHHOro  OOJiKy
€JIEKTPOCHEeprii, Ha3MBA€ThCS KoMepliiiHumu BTpatamu. Lle BpaxoBana 3
MoXuOKOIW  (IOJATHOIO YM  BiJ’€MHOIO) YacCTUHA KOPHCHO  BIJIYIIEHOT
enektpoeHeprii. [loxubka € Hac/iKOM TOYHOCTI BUMIPIOBaHHS eJIEKTPOSHepril i
pO3paxyHKiB 31 cnokuBauamu. KomepiliiiHi BTpaTH eJeKTpOeHepril Ha MPaKTHIl
BKJIIOYAIOTh HACTYITHI CKJIAJIOBI:

AWk = AWy + AWt + AWp,

ne AWyp — BTpaTH 3a paXyHOK €KCIUTyaTalliiiHOI HEeIOCTOBIPHOCTI BUMIPIOBaHb;
AWrp — BTpaTH 3a paXyHOK TOYHOCTI BUMIipOoBaHb, AWpp — BTpatu 3a paxyHOK
IPSMHX PO3KPagaHb.

Bemmanaa AWy 3anexuTh Bil piBHS 1 OpraHisamii eKcInlyaTamii cucTeM
BuMiproBaHHs. [0 mi€l cki1agoBoi MOKHA BiTHECTH BTPATH, BUKIMKAHI BiAMIHOIO
peXuMiB poOOTH KiI BHMIPIOBAIBHUX TpPAaHC(HOPMATOPIB Bi HOPMATHBHUX,
ITOMHJTKAMH TIPH 3HOMIII Ta IiepeJaBaHHi iHpopMarllii Ta iH.

Brpatn 3a paxyHok TouHOCTI BUMiptoBaHb (A Wrz) 00yMOBIIE€HI BUKOHAaHHAM
BUMIpIOBaHb TMpHJIAZaMH 1 CHCTEMaMH, TOYHICTh BHMIPIOBaHb SKHX 3a
MMaCIOPTHUMHU [TAHUMH HE BIANOBigae MOTpiOHMM periameHTaMm. Hampukman,
BTpaTd, 0OYMOBJICHI HEBIAMOBIIHICTIO KJIACY TOYHOCTI TpaHC()OPMATOPIB CTPyMY,
HaIpyTH eNeKTporiurmibHIKIB BuMoraM [1YE, mepxkaBHUM i ramy3eBHUM HOpMaM i
CTaHIapTaM Ta iH.
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Brpatu 3a paxyHOK npsiMux po3kpananb (AWjp) oOyMOBIICHI HABMHUCHUMH
3MiHAMH B KOJIaX BHUMIpPIOBAIBHUX TpaHC(HOPMATOpiB CTPyMy, HaIpyTH,
BHUMIPIOBAIGHUX KOJAaX 1 EJEKTPOJIYMIIBHUKAX; MiJKIIOYEHHSIM HpHiiMadiB
CJICKTPOEHEPrii B O0OXil EJICKTPOIIYMIBHUKIB, a TaKoXX 3MiHa JaHUX B
iH(OpMaIIfHUX CUCTEMax 3 METOI0 TEepPEeKpYUYEHHs BEJIIMYMHY BUMiproBaHHS. Lls
CKIIaJioBa MOXe OyTH OOYMOBJICHa BIiJICYTHICTIO OpraHisamii i KOHTPOJIIO
HECAaHKI[IOHOBAHOTO JIOCTYIYy 10 BHMIpDIOBAIBHHX Ta IHQOpMAUiHUX CHCTEM
00miKy 00csTiB enekTpoeHeprii. KoxHWI 3 IUX BHOIB BTpaT — TEXHIYHUX 1
KOMEpILIHHUX — Ma€ CBi 0OTPYHTOBAHUI PiBEHB.

Hanpuxknaz, y nirounx Mepexax oOIpyHTOBAaHHMH piBEHb TEXHIYHHMX BTpAT —
e iX BiJIHOCHE 3HAYeHHs, PO3pPaxOBaHE /ISl BU3HAUCHOTO 4Yacy MO ICHYHOUYHMX
HABaHTa)XEHHSX BIAINOBIJHO 110 CXeM 1 MapameTpiB Mepexi, sSKi BiJIIOBIIAIOTH
peadtizanii BCiX €KOHOMIYHO OOIPYHTOBaHHMX TEXHIUHMX 1 OpraHi3allifHuX 3aXO0[iB
IO 3HIDKCHHIO BTPAT elIeKTpoeHeprii. ToOTO I BeIMUMHA JOPIBHIOE PI3HUIN MiXk
(aKkTUYHUMHM TEXHIYHHMH BTpaTaMH B Mepexi 1 3aralbHUM e]ekToM Bif
BIIPOBA/DKEHHS BCIX TEXHIKO-€KOHOMIYHO OOIPYHTOBaHUX 3aXOJiB 31 3HM)KEHHS
BTparT.

Jnst aHamizy 3BITHUX BTpaT CIiJi 3aCTOCOBYBaTH EKOHOMIYHI KpUTEpii.
BTpaueHa rpuBHs 3aJIMIIAETHCS BTPAYEHOIO HE3aJIEIKHO BiJI TOTO, 3 SKOT IPUYMHH 1
Jie BiH BTpaueHH. AJie X JUisi TOro, o0 MpuiAHATH HaOLIbII eeKTHBHI 3aX0u
I0/I0 3HWKEHHSI BTPAT, HEOOXIJHO 3HATH, JIe 1 3 SIKMX IPUYMH BOHU BiOYBaIOTHCS.
VY 3B'SI3Ky 3 IIMM OCHOBHOIO 3a[a4€l0 PO3PaxXyHKy 1 aHaJi3y BTpaT € BU3HAUCHHS 1X
JICTANBHOI CTPYKTYPH, BUSIBICHHS KOHKPETHUX MICIb BTPAT y MEPExXi Ta OIiHKa
MOXJIMBOCTEH X 3HMKEHHS 10 eKOHOMIYHO BUIIPABJAHHUX 3HAYEHb.

Hus CEIl meranypriiiHoro 3aBoay piuni BTpatu enektpoeneprii y CEII
ckiragaiote  6400,6 MBrron/pik.  Ilpu  piyHOMY  CIOXKHBAaHHI — aKTHBHOI
eNleKTpoeHeprii Ha koMmOiHati - 217201,6 MBT-To1/pik, BTpaTH DOPiBHIOOTE 2,9 %.
Aue x Taka, sikOu He3HayHa BenuunHa BEE, BimoBiae rpomioBoMy eKBiBaJCHTY
— 43,9 mumn.rpu/pik. Ananiz ctpykrypu BtpaT CEIl mokasaB, mo HaiOimbmn ii
3HaUCHHS NPUXOAATH HA LEXOBi elIeKTpuuHi Mepexi (38 %), HacTyIHI 3a HUMH —
1exoBi TpaHchopmaTopHi miactanuii (29%), mo pasom Hazoupye — 67 % Bix
cymapuux BEE.

Hus CEIT mexaHi4HOTO 3aBO/y BTpATH JOPIBHIOTH 326,6 MBT-TOA/piK, 1110
ckiagae 1,3 % Big piYHOTO CHOXMBaHHSA aKTHBHOI €NEKTPOCHEprii i BiAIoBizae
IPOILIOBOMY eKBiBaJieHTY — 2,2 MIH.TpH/pik. Amnami3 ctpykrypu Btpar CEII
MOKa3aB, IO HauOumemm 11 3HadeHHs Ha BiaMiHy Big CEIl wmetamypriitHorO
KOMOIHATy NpUXOIATh Ha 1eX0Bi TpaHcdopmaropHi mincranii (71 %), HacTymHI
3a HUMH — IeXOBI enekTpuyHi mMepexi (23%), mo pazom Hazompye — 94 % Bin
cymapuux BEE.

3amina npoBigHukiB y mizomy o CEIl metamypriiiHOTo 3aBOIy CHPUATHMY
samxeHHI0 BEE nma 796,3 MBtron/pik (Ha 21,8%), mo moTtpedye 3amydeHHs
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KalliTaJIOBKJIAJEeHb Y po3Mipi — 24,8 MIIH.TPH, ajie IPOCTHI CTPOK OKYITHOCTI MpH
upomy ckiane — 4,5 poxu. 3amwkerHs ke BEE mansa CEII mexaniuHOTO 3aBOIY Y
LiJOMY IIpU 3acCTOCYBaHHI BKa3zaHOi 3aMiHM B o0cs3i — 52,2 MBrrogp/pik (Ha
16,3%) notpebye 3,617 MiH.TpH, sKi OKymuIsAThes 3a 10,1 poku, M0 MOPIBHSHO 3
METATyprifHAM 3aBOJIOM HE € CKOHOMIYHO JTOIUTEHHM.

i pe3ynpraTH BKa3ylOTh, IO Il HEOJHO3HAYHICTH B OJAHOMY H TOMY K€
caMoOMy eHepro3OepiralodoMy 3axoji IyXe 3aJeKUTh BiJl EHEPreTUYHHX
XapaKTepPUCTHUK MiANpueMCTB. ToMy SIKICHMH aHani3 BTpaT €JEKTPHUYHOI eHeprii y
CEIl no3BONUTH peTenbHO MiAINTH O CKIaJlaHHsS PporpaM eHepro30epesKeHHs Ha
MPUEMCTBAX Y €JIeKTPOIOCTauaHHi.

YK 621.311

Hpauenxo B.B.!, Bpa6eus O.C.?

! kanj. Texu. Hayk., gou. HY «3anopizbka HoJiTeXHiKay»
2cryn. rp. B-111 HY «3anopi3bka moJliTexHiKa»

JOCJIIKEHHSA BIIVIMBY KOHCTPYKTUBHOI'O BUKOHAHHA
3A3EMJUIIOBAYIB HA EKOHOMIYHY JOHIVIBHICTD
3AZEMUIIOBAJIBHOI'O ITPUCTPOIO

3a3eMIICHHS € BaXXIMBUM 1HXXEHEPHUM acIeKToOM, sKuil 3abe3mnedye Ge3mexy
Ta HaJiliHy poOOTY EJNEKTPUYHHUX CHCTeM W oOyiagHaHHs. Ll TexHiuHa mpakThka
cTajla HEBIJI'€EMHOI0O YacCTHHOK Oynb-fKOro OyIiBEJIbHOTO MpOeKTy abo
eKCIUTyaTalliIiHOTO ~ CepellOBUINA, 1€  BHKOPHCTOBYETbCS  CICKTPOCHEPTis.
IlpoBexeHHi AOCTIIKEHHS 3 METOI BH3HAYMTH IApaMeTPU 3a3eMITIOBAIBHUX
npuctpoiB (3I1) st ICHyrOUMX Ha CHOTOJHI BapiaHTiB iX KOHCTPYKTHBHOTO
BUKOHaHHSI Ta BCTAHOBUTH 3JIE)KHOCTI MK KOHCTPYKIII€IO, OMOPOM Ta LIHOO
3a3eMIIIOBANIGHOTO TPUCTPOI0. [IpakTW4Ha IHHICTH pE3yJbTATIB POOOTH —
BU3HAYEHHS E€KOHOMIYHO ONTUMAJIIBHOrO BUKOHAaHHA 31 mug 3a3eMiroBauiB i3
cTaneBUX TPyO, KyTOBOI Ta MPYTKOBOI CTali Pi3HUX PO3MIpIB B CYYaCHUX YMOBAX
PHHKY.

3rigTHO  HOPMAaTHUBHOI  JOKYMEHTallii, Omip BBaXXa€ThCS OCHOBHUM
napaMeTpoM JUTs BU3HAYEHHS SKOCTI 3a3eMIIIOI0YOTO IPHCTPOro. Takuii MOKa3HUK
permaMeHTye HaIiifHicTh BHPOOHWITBA OCHOBHUX (YHKIIA 3a3eMITIOI0UUX
eneMenTiB. DakTopu, SKi BIUIMBAIOTH HA OIIp 3a3eMJICHHS: IUIOMIA KOHTAKTY
3a3eMITIOIOYMX ~ ENEKTPOMiB 3 TIPYHTOM («CTIKaHHS» CTPyMy); THTOMHHA
EJIIEKTPUYHHHA OTTip IPYHTY (p).

Jns BHUKOHAHHS JOCTIDKCHb PO3TIIINANNCSA HACTYIHI KOHCTPYKTHBHI
IapaMeTpy 3a3eMJIFOBAdiB: JOBXIHA Ta TEXHIYHI XapaKTEPHUCTUKA 3a3EMITIOBAYIB.
3HaliIeHO eKOHOMIYHO ONTHMAalTbHy KOH(]Irypamiro KOHCTPYKIIii 3a3eMIItoBada Ta
BiJICTaHI MK 3a3eMJIIOBAYaMH, 10 HEOOXiTHO BUKOpHCTaTh Ui oaepskanHs 311 3
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ormopoM R < 4 Owm, 3a yMOBH BUKOPHUCTAaHHS y CYIJHKY 3 NHUTOMHM OIIOPOM
PO3TIKaHHIO eNeKTpHYHOMY cTpyMy p = 150 OmM'M [ 1exy po3Mipom
72 M % 36 M. 1)1 IIbOTO BUKOPUCTAHO MaKeT MporpamMHoro 3abesneueHus Excell.

OnTtuMmizamis  Oynma 3poOfieHa Ui HACTYHHHMX — KOHCTPYKITH: s
3a3eMiIfoBavyiB 3 KyToBOi craimi 3 po3mipamu 40 MM X 40 MM X 4mwm,
45 MM % 45mM % 4mmM, 50 MM X 50 MM X 4 MM JOBKHHOIO 2,5M Ta 3 M; TpyOa
craneBa 57 MM X 3,5 MM, 60 x 3,5 MM JOBXHHOIO 2,5M Ta 3 M; IpPYTKOBa CTaJlb
miamerpiB 10 MM, 12 MM Ta 14 MM TOBXHHOFO 2,5 M Ta 3 M.

AmHasti3 pe3ynbTaTiB po3paxyHKiB HaJaB HACTYITHI BUCHOBKH.

Jnst Garatbox Croco0iB KOHCTPYKTHBHOI'O BHKOHAHHS 3a3€MJIFOBAJIBHOTO
MIPUCTPOIO JOCsTHEHHS onopy R < 4 Om 3a yMOBM BUKOPHCTAaHHSI KPaTHOCTI
BIJICTaHI MiX 3a3emiitoBadaMu k = 1 € HEMOXKIIMBHM 4Yepe3 HHU3BKUI KOeQillieHT
BHUKOPHMCTaHHS 3a3eMJTIOBaya JJisl TAKOTO 3HaYeHHS K.

30UTbIICHHST KPATHOCTI BiJICTaHI MK 3a3eMJIIOBAYaMH IPU3BOJHUTH 5K JO
3MEHIICHHSI JIOBXKMHHM 3a3€MJIIOBAJIbHOTO TPHCTPOI0 32 PaxyHOK 30UIbIICHHS
Koe(ilieHTa BUKOPUCTaHHS, TaK 1 JI0 3MEHIIEHHS BapTOCTI 3a3eMJIIOBaJbHOIO
npuctporo. Tak sSK MakCHMMaJbHO NPUIYCTHME 3HaueHHs KpaTtHocTi k = 3, me
3HAYCHHA € OIITUMAJIbHUM AJIsL 6yﬂb—${KOFO 3a3€MJIIOBAJIbHOT'O ITPUCTPOTO.

Po3TanryBaHHs 3a3eMIIIOBAadiB II0 KOHTYPY € €KOHOMIYHO HEAOLUIBHUM Ta
MOXE BHKOPHCTOBYBATHCS JHIIE M THX BHIIAJKaX, KON pO3Mip 00’€kTy, IO
3a3eMJIIOETHCS, HE O3BOJISIE BUKOPUCTATH PO3TAallyBaHHA y psiay. s Bumamka
3a3eMJICHHS LIeXy po3MipoM 36X72 M Take OOMEXEHHS He € TIMCHUM Jyisi OyIb-
SIKOTO 3 PO3IVISIHYTUX KOHCTPYKTUBHUX peauizariit 311.

HaiiOunpl eKOHOMIYHO JOLUIBHUM € BUKOPUCTaHHS B SIKOCTI 3a3eMJIIOBava
MIPYTKOBOI CTall, TaK sIK 3a3eMIIIOBadi 3 KyTOBOI CTalli Ta CTajeBUX TPyO MaroTh
OLIBIIY BapTICTh 32 PIBHUX 3HA4YEHb JIOBXHUHH 3a3eMIIIOBAIIEHOTO TIPUCTPOIO 1 HOro
onopy. EkoHOMIYHO ONTHMaNbHUM JUIs 3a3eMIiIIoBaya 3 onopoM R < 4 Owm € iioro
BUKOHAaHHS 3 MPYTKOBOI cTam aiametpoM 10 MM Ta moexkuHOM0O 2,5 M a60 3 M i3
KpaTHICTIO BiJICTaHi MiX 3a3emiltoBadyamu k = 3, HeoOXiqHO OyJie BUKOpHCTATH 6
abo 5 3azemutioBadiB BiAMOBiMHO. JIOBXKMHA 3a3eMITIOBAIIBHOTO TPHCTPOI0 CKIIAJIE
45 m, nina — 1,03 tuc. rpH.

VY mpoueci 3milicHeHHS poboTH OYyJ0 BH3HAYEHO MapaMETPH 3a3eMIIFOBAiB
JUIA ICHYIOUMX Ha CHOTONHI BapiaHTIB iX KOHCTPYKTMBHOTO BHKOHAHHS Ta
BCTAHOBJICHHS 3aJIE)KHOCTI MK KOHCTpyKIi€to, omopoMm Ta miHoo 31 musa
MOJAJIBLIOTO HOTO MPOEKTYBAHHS.

Pesynpratn poOOTH MOXHa pPEKOMEHAYBAaTH I 4Yac MPOSKTYBaHHA
3a3eMJICHHS I 00’ €KTiB 3 Pi3HUMH JHITHAMHI po3MipamMH Ta 3 Pi3HUMH BHIAMHU
eJIEKTPOYCTaHOBOK.
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YK 621.3

Mimenko B.JO.!, Benmenxo A.A.2

Lacucr. HY «3anopisbka moitexnika»

2 cryn. rp. E-512 HY «3anopi3bka MoJiTeXHiKa»

1010 MOKJIMBOCTI EKOHOMII EJJEKTPUYHOI EHEPI'II ¥
MOBYTI

B Hamr yac Bce OUIbIN aKTyadbHHM IOCTA€ MUTAHHS €KOHOMIl eNCKTPUYHOL
eHeprii came MoOyTOBUMH criOkMBayaMu. Po3pobieHo 6arato pekoMeHaallii moao
MPaBUJIBHOTO 1 PalliOHaJbHOTO BUKOPHCTAHHSI eEKTPOCHEPril cepesl SKUX MOXHA
BUOLTUTH:

- He 3ajumiaiiTe eJEeKTPONpHIagy y pEeXUMI OYiKyBaHHS. byab-sxuid
€JICKTPOIIPUJIA IMiT'eTHAHUI IO MEPEXi BCE PIBHO CIIOKMBAE CHEPTIIO.

- edeKTHBHE BUKOPHCTAaHHS elleKTponpuiaaiB. He Mae ceHCy KHIT'SATHTH
MOBHUH YalHUK, KOJIA BaM MOTPIOHO 3aBapUTH OJIHY KPYXKKY Yaro.

- 3aMiHa CTapuX JJaMIOYOK PO3)KapIOBaHHS Ha HOBI — eHeprozoepiratoui;

- Ta iHIIe.

Takox B yMOBax BiJICyTHOCTI LIEHTPaTI30BAHOTO I'apsiyOro BOJIONOCTAYaHHs
y CYCHUIBCTBI BHUHUKa€ 0araTo MHUTaHb I[IOJ0 pPAa[iOHAIBHOTO BHUKOPHCTAHHS
Ooiiyiepa 3 TOYKM 30py MiHIMI3allii BUTpaT Ha OIUIATY EJIEKTPHUYHOI EHeprii.
CyuacHi no0OyToBi 6oiisepu MaroTh NOTyXkHicTh Bif 1,1 kBt 1o 1,5 kBt. 3aranom
Lle HEBENMKa IOTYXHICTh OJHAK 3 BpPaxyBaHHSIM TPHBAJIOrO dacy Horo podotu
3arajibHe CIIOXKMBAHH 32 Micsib cTaHOBUTH IoHan 100 kBrroa. Cuix 3a3HaunTi,
o [ed MOoKa3HUK OyJe KOJMBATUCS B 3aJIeKHOCTI Bifl IOPU POKY, OCKIIBKU
TeMIIepaTypa BXiJHOT XOJIOIHOI BOJIU pi3HAa.

IcHytoTh GaraTo JyMOK, IO Kpallle HarpiBaTd Boay y Ooiijiepi B Houi, a
BJICHb BUMHKATH 3 MEpEeXi, 00 BiH HE CIIOKUBAB EJICKTPOSHEPTiI0 B PEKHUMI
ouikyBaHHs. B Takomy BHIaiKy HEOOXiJHO BpaxoByBaTH psn (akTopiB: -
HAsBHICTh IBOX30HHOTO JIUMIJIBHUKA €NEKTPUYHOI eHeprii (mpu Horo BiACYTHOCTI
IJaTa 3a eJIEeKTPOSHEpriro OnHakoBa); - 00'eM Ooiyepa (UM BHCTAYHTH 00 €My
raps90i BOAM JUIA CHOXXHBAHHS MPOTSATOM [HS); - OyJICHHI 3BHYKH CIOXKHBAUiB
(KUTBKICTh 0Ci0 B POMMHHI, pO3HOPSIIOK THS WieHIB ciM’i); - Ta iHme. Takox
BBAXAIOTH, 110 NpH 3aJaHUX HU3BKMX TeMieparypax Ooinepa (+50°C)
CIIOKUBAHHS EIIEKTPUYHOI eHeprii meHmre. Lle Tak i € OCKITbKM MEHIIa Pi3HHUIA
MDK BXITHOIO 1 33aJaHOI0 TEMIIEPaTypoOr0 BOIH, OIOHAK CIiA TaM STaTH M0 IpU
IHTEHCHBHOMY BHKOpPHCTaHHI Ooliyiepa B TaKOMY peXHMi dac Horo pobotu Oyne
OlmpImmMii TIpM OJHAKOBI HOMIHAJNBHIA TOTYXKHOCTI, a 3BiACH 1 BHUTpara
€JIEKTPOSHEePTii.

B nmanmii wac B HayKOBii JiTepaTypi HE 3yCTpidaeTbcs OOIPYHTOBAaHUX
peKOMEHaMii MO0 AOMUIBHOCTI BHOOPY TOTO UM IHIIOTO PEXHMY poOOTH
Goiinepa At MiHIMI3aIil BUTPAT €NEKTPUYHOTO €Heprii I pi3HUX MOOYTOBHX
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cnoxuBaviB. ToMy HEOOXiZHO MPOBECTH KOMIUIEKCHI JOCIIKEHHS JUIS KOXKHOI
TPYITH TOOYTOBHX CITOKMBAYiB 3 YPaxyBaHHSM BCiX MOXKJIMBUX BapiaHTIB 3 METOIO
y3arajbHEeHHs Ta TOPIBHSHHS PEANBHUX 00CATIB CIIOXKUBAHHS €NIEKTPUYHOT eHeprii
mo0yTOBUM OOIJIEpOM Ta MOXKIIMBOCTI HOTO €HEProe)EKTUBHOTO BUKOPHCTAHHSL.

YK 621.31

Toxapes J1.0.!, JTliym 0.5,

Ueryn. rp. E-113 HY «3anopi3bka NojiTexHika»

2 kaH/1. TeXH. HayK, nou. HY «3anopisbka nomiTexHika»

OCHOBHI HAITPAMKH HIABUINEHHA EHEPI'OE®EKTUBHOCTI
CUCTEM EJIEKTPOIIOCTAYAHHA

VYkpaiHa BiJTHOCUTBbCS A0 €HeproaedilMTHUX KpaiH, SKa 3aJ0BOJILHSE CBOI
noTpeOu B MAIMBHO-EHEPTETHYHUX pecypcax 3a PaxyHOK BIIACHOTO iX BUAOOYTKY
meHmn, HiXK Ha 50 %. BuaoOyTok BIacHMX NalMBHO-EHEPIeTHYHUX pECYpCiB
NPOBOJIMTHCS B TaKWX TIPHUYO-TEOJOTIYHUX yMOBaxX, SKi poOIsATh  iX
HEKOHKYPEHTO3AaTHUMHU 3 iMHOpTOBaHI/IMI/I MAJIMBHO-CHEPICTUIHHUMU pECypCaMU.
HenocratHiit 00csT BIacHUX €HEProHOCIIB 3MYIIy€e YKpaiHChKY BIaqy NpUiMaTH
pillieHHS MIONO 3HAYHOTO X iMIopTy. B ymMOBax CKOpOuYEHHS! CBITOBHX 3amaciB
BYIJICLIO TA 3pOCTAHHA Ha HUX L(iH, BUPILICHHS €HEPreTHYHUX MpoOieM Juiie 3a
JIOLIOMOT'OI0 IMITIOPTY € HeNOCTaTHIM. Buxomsuu i3 1bOro, OJHUM i3 OCHOBHHX
3aBJaHb YKPATHCHKOI AEPKaBH € CYTTEBE 3MEHILECHHS Hee(DEKTUBHOTO CIIOKHBAHHS
eHepreTnuHuXx pecypciB. [lopsa 3 MM eeKTHBHICTh BHUKOPUCTAHHS ITaJIMBHO-
€HEepPreTHYHUX PeCypCiB B EKOHOMII YKpaiHu Ta collianibHil cdepi ayKe HU3bKa.

EHeproemHicTh BaJOBOTO BHYTPIIIHBOTO MPOIYKTY B YKpaiHi Ha ChOTOJHI
OUIbIll, HDX BJBIYI BHUINA 332 EHEPrOEMHICTh MPOMHKCIOBO PO3BHHYTHUX KpaiH
3axigHoi €BpOITH 1 IPOJIOBXKYE 3POCTATH.

OCHOBHI ~cTpaTeriuHi HampsMK{ MiJBUIIEHHS eHeproeeKTHBHOCTI Ta
peamizamii TOTEeHIIaTy eHepro3OepeXeHHs TMONATaloTh B CTPYKTYpHO-
TEXHOJOT1YHIH TepeOyIoBi eKOHOMIKH KpalHH Ta B CTBOPEHHI aIMiHICTPaTHBHUX,
HOPMAaTHBHO-IIPABOBHX Ta €KOHOMIYHMX MEXaHI3MiB, IO CHPHUSIOTH ITiIBUIICHHIO
eHeproe(h)eKTUBHOCTI Ta eHEPro30epeKeHHIO.

CrtpykTypHO-TeXHOJNOTiUHa mepeOymoBa €KOHOMIKH KpaiHH B HUIOMY, ii
OKpEeMHUX Taiy3ei, MiIIpueEMCTB Ta TEXHOJOTIYHUX TIpoIeciB mependadae
BUBEICHHA 3 pPOOOTH MOpPadbHO 3acTapijioro Ta (i3WYHO 3HOIIEHOTO
yYCTaTKyBaHHs, [pPUIIMHEHHS BHUIYCKY HEee(EeKTHBHOI (3 TOYKH  30py
€HEPrOBUKOPUCTAHHS) TPOAYKLii 1 BHOPOBA/PKCHHA HOBITHIX TEXHOIOTIH,
oOnamHaHHS Ta MOOYTOBUX IPUIAIIB.

[IprHINTIOBOIO YMOBOIO TMiIABHUIINECHHS €HEProe(EeKTHBHOCTI € CTBOPEHHS
Takoi 3aKOHOJABYOI Ta HOPMATHBHOI 0a3M BHMOT JI0 CHEPrOCHOXHBAaIOYHX
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TEXHOJIOT1/, MAIlIMH Ta YCTATKyBaHHS, sKa 3p0o0Hia O HEMOXKIIMBOIO EKCILTyaTalliio
B KpalHi CHEPreTHYHO Hee(DeKTUBHUX TEXHOJOTIH, MAIlIMH Ta YCTAaTKyBaHHS, 110 HE
BiJIMTOBIIAIOTH CBITOBOMY PIBHIO.

OmHa 3 aKkTyasbHMX 3a/1a4 CHOTOJCHHS IIOJIsira€ B ITiJBHUIICHHI
eHeproe(eKTUBHOCTI CHCTEM €JIeKTPOIIOCTaYaHHSL. [MpoGnemaruka
eHeproe()eKTUBHOCTI 3yMOBJIEHAa 3arajlbHOCBITOBOIO EHEPIeTUYHOI0 KPH30I0,
301IBIIEHHSIM BIUIMBY €JIEKTPOCHEPTeTUKH Ha E€KOJIOTIIO, 3arajlbHOI0 TEHAEHIIIEI0
MIOIIYKiB pillleHb 3aBIaHHS MiJABUIIEHHS €HEProe(eKTHBHOCTI y PI3HUX Tally3sX,
30Kpema i eHeproeeKTHBHOCTI CHCTEM eJIEKTPOIIOCTaYaHHSI.

BrpomoBk  OCTaHHIX  JNECATWIITH  BIiMOYJMCA  B@XKJIMBI  3MIHH Y
XapaKTePUCTUKAX ENIEKTPUIHOTO o0 JHAHHS MICBKHX CHCTEM
ENIEKTPOMOCTAYaHHSI, HACIIIKOM SKHX CTAJO 30LTBIICHHS BIUIUBY XapaKTEPUCTHK
ENIEKTPONpPUIIMAYiB HA MapaMeTPH PEKUMIB MICHKUX CHCTEM €JIEKTPOMOCTAYaHHSI
Ta 3arOCTPEHHsI MPOOJIEMH IXHBOI eHeproe(eKTUBHOCTI. 3’sIBHJIACh TEHJEHIIIS 10
30UIBLIEHHS HAJHOPMATHBHUX BTpPAaT EJIEKTPOCHEprii B MICBKHX CHCTEMax
ENIEKTPOMOCTAYaHHS 1 K HACHIZOK 3POCTAHHS HECHUMETPHUYHOCTI HABAHTAKCHHSI
(a3 y TpudasHux cucremax eleKTpONoCTaqyaHHs BHACIHIIOK 30UIbIIEHHS KiIbKOCTI
Ta MOTY>KHOCTI HENMHIHHUX 0HO(a3HUX eJIeKTPONpHiiMaYiB.

HanHopmatuBHi BTpaTH - Lie mpsiMi (iHAHCOBI 30MTKH €IEKTPOMEPEIKEBUX
KOMIIaHii (KoMmaHii piBHS ONEPaTOpiB CHCTEM PO3MOALLY ), IS SIKMX mpoliema
3MEHIICHHsI BTPaT OCOOJMBO akTyallbHa. BenuumHa BTpAT eJNeKTPUYHOI eHepril
0e3rocepe/IHbO TOB'A3aHa 3 CHEProe()eKTUBHICTIO SK MICHKHX PO3MOAIIBHUX
MepeX, TaK 1 MICBKUX CHCTEM eJIEKTPONOCTa4aHHs B IioMy. OCHOBHUMHU
€JIEMEHTAMH, SIKi BIIMBAIOTh Ha BEJIMYMHY BTPAT € CHIIOBI TpaHc(hOpMaTopu Ha
MIJICTAHIIISAX Ta JiHIT eNneKkTpornepeaadi .

[TigBuieHHs eHepProeeKTUBHOCTI MICHKHX CUCTEM €JIEKTPOIIOCTAYaHHSI:

1. TlpoBomuTH IUIAHOBY 3aMiHy TpaHC(HOPMATOpPIB 31 CXEMOIO 3'€THAHHS
Y/Yy, omip HYIbOBOi IOCHIOBHOCTI SIKMX XapaKTEPU3YEThCS  BEIHKOIO
BEJIMYMHOI0, HA TPaHCHOPMATOPH 3 MATUM OIMOPOM (TpaHCHOPMATOPH 31 CXEMOIO
3'ennanus Y/Zy).

2.  BuxopucroByBaTH  CHMETpPYBaJbHI  NIpUCTpoi, BOyZOBaHI B
TpaHchOpMaTOPH 31 CXeMOIO 3'eqHaHHI 00MOTOK Y/ Y.

3. 3a eKOHOMIUYHMM OOTPYHTYBAaHHSM BHKOPHUCTOBYBATH MPUCTPOi 3
QJITOPUTMOM aBTOMATHYHOTO IIEPEMUKaHHS 0JJHO(A3HUX HaBAHTAXKEHb.

3 MEeTO0 3HMKCHHS MaJiHHS HAIPyTU Ta PiBHSA BTpPAT MOTYKHOCTI, a TAaKOX
3a0e3neveHHs] paioHATFHOTO 3aBAHTAXKCHHA TpaHCPOPMATOPIB Ta IiABUIICHHS
ixaporo KKJ[ 3actocoByBatm Taki 3axomW, SK BIAKIIOYEHHS YaCTHHU
€JIEKTPUYHOTO OONaJHAHHS, ITePeMUKAaHHS Ha IHIN JpKepena Uil JOCSTaHHS
ONTHMAIBHOTO CTYMEHS 3aBAHTAXKCHHS UL OUTBIIOI KUTBKOCTI TpaHC(HOPMATOPiB
PO3MOIITEHOI MEpeXki, a TaAKOXX BH3HAYCHHS ONTHMAIBHOTO MICIST PO3MHUKAHHS Y
CXeMaX 3 JIBOCTOPOHHIM YKUBJICHHSIM.
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YK 621.311.4.031

Onexcienxo M.M.!, Jliymr 10.B.?

Leryn. rp. E-513 HY «3anopi3bka MOMITEXHIKA»

2 kaH/1. TeXH. HayK, goi. HY «3anopisbka nomirexHika»

BOJHEBI A3C B YKPATHI. AHAJII3 CYYACHOI'O CTAHY TA
HNEPCIIEKTUBHU PO3BUTKY

€BpOCOI03 HAMOIIKIMM YacoM Mo30yaeThes Au3eiabHuX aBTo. Jlo 2035-ro B
€C ix yxe He mpomaBaTuMyTh. A 10 2040-ro — i OeH3uHOBi. B Ykpaini x i3 1
ciunst 2027 poky 3a00pOHSATH BBE3CHHSI 1 MEPIIy PEECTPAIIi0 BXHBAHUX JTU3CIBHIX
aBToMOOILTIB, a 3 2030 poky — OCH3WHOBUX 1 HOBHX IM3EIbHHUX. Y €BpPOCO03i B
HaKOMOKYl IT’SITh POKIB aBTOMOOLUNBHI mepeBe3eHHs1 Ha BincTaHi B moHaj 300 kM
MaloTh MEPeHTH Ha 3aTi3HUII. YKpaiHa aBTOMATHYHO TPHEAHAETHCS IO Ii€l
TPaKTHKH.

VYxpaina mae Hamip 30iiblIyBaTH KibkicTh BopHeBux A3C B kpaini. Lli
IUIaHK TiepeA0davyaroTh CITBIPAI0 3 MDKHAPOJHUMH MapTHEpaMH Ta iHBECTHUIT B
PO3BUTOK iH(pacTpyKTypH. Lle BaIMBHi KPOK IO PO3BHTKY CTaJIOi €HEPreTHUKH,
OCKUIBKH 1€ OyZie CIIPHUSTH 3HW)KEHHIO BUKHJIIB MapHUKOBUX Ta3iB Ta OOPOTHOI 3i
3MIHOIO KJIIMaTy, IIO MPU3BE/Ie O MOMIMIIEHHS SKOCTI TOBITPs Y BEJIMKUX MICTaX,
nuBepcudikaiii JpKepes eHeprii Ta 3MEHIIeHHIO 3aJIeKHOCTI BiJl BHKOIHOTO
MaJIMBa, a TAKOX OyJe CIIPUATH CTBOPEHHIO HOBUX POOOYHX MICIIb.

BomneBi A3C — wme cmenianizoBaHi 3ampaBkd, € TPaHCIOPTHI 3aco0u
MOXYTb 3allPaBJIATHCS BoxHEM. BogeHb MoXke BUKOPUCTOBYBATUCS SIK HAJIHMBO IS
BOJHEBUX MAJMBHUX €JEMEHTIB, SKI TEeHEpYIOThb EJEeKTPUKY IS JKUBJICHHS
JIBUTyHA. MOXKHA BUAUIMTH PsiJ TEepeBar, Taki sIK €KOJIOTTYHICTh, €()eKTUBHICTB,
LIBHJKA 3ampaBka. BoXHEBI aBTOMOOLTI HEe BUKWAAIOTH INKIIJIUBHX PEYOBHUH,
TIJIBKM BOAY, WO € YHACTHM MPOJYKTOM 3TOPSIHHS BOJHIO B MajMBHIM a0o
KOMOIHOBaHil eJEeKTPOXIMiYHINA crcTeMi. beH3MHOBUIT ke aBTOMOOLIL BUKHJIAE B
atMocepy Omuzpko 4,4 metpuuni TomHu CO2 nHa pik. lle ekBiBaJeHTHO
cranfoBanHio 1840 ranmoHiB OeH3MHY. Bo/THEB] MaMBHI €IEMEHTH MalOTh BUCOKHI
KoeillieHT KOpHCHOI Jii. 3ampaBka BOJHEM 3aiiMae MEHIEe 4acy, HiX 3apsjika
Oartapei enekTpoMoOiIg , Ta aBTOMOOLTI HAa TAKOMY HaJIMBI MOXYTh IPOIKIKATH
3HAYHIi BiICTaHI Ha OTHOMY 0aKy.

TunoBa BogaeBa A3C wmaiOyTHROrO cama Oyne TEeHEpPYBaTH TalUBO.
[otpiben Oyme mmmie cTpyM miasl eixeKTpoxisy. Jmst mporo cTaHIMii BKPHIOTH
COHSYHMMH TTaHensMu. Ha Oinpimi 3ampaBku, SKi HE BCTUTATUMYTh BUPOOISITH
BOJIEHB y IOCTaTHIX oOcsrax, Horo miaBO3UTUMYTH y OanoHax. Hamami reHepyBatu
majbHe 3MOXYTh He e A3C. EnexTponiz — mporiec TOCTyIHAH TaM, Jie € Boja
i cTpyM. 3a HasABHOCTI COHSYHOI CTaHIlIi UM BiTporeHepaTopa OyIb-sSKa KOMIIAHis
MOXXE caMa 3ampaBUTH CBif TpaHcmopT. OYeBHIHO, IO, 1€ TMEPCIIEKTHBA Ha
HaOmok4i pokiB Tak 20. A no 2030-ro Ykpaina 3000B’s3amacst CKOpOoTHTH 65%
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MAPHUKOBUX BHKHIIB MOpiBHAHO 3 1990-M. Binrak, moTpiGHI MBHUAKI METOIH.
Hacamnepen ciif odikyBaTH €KOHOMIYHHUX CTUMYJIB JJIsI aBTONEPEBI3HUKIB, SIKi
MawpTh MIoHaliMeHme mepeldTd 3 KamA3iB Ha €Bpo-6 abo eIeKTpOTAry.
[HCTpYMeHT [uIst 3amikaBieHHS € — KapOoHHMI moxaTok. Hapasi ne 3—4 eBpo 3a
Merpuyny  ToHHY CO,. OpHak  mocTymoBo  Horo  BHBEIYTh  Ha
cepennboeBporneickkuii piBeHb — 60-80 eBpo/TonHa CO». TOX KOHKYPEHTHUMH
3aJMMIIaThCs Ti, XTO BYACHO IIE€PEJTAIITYEThCS HA BOJEHb, 3ali3HHUIIO a00 Ha
€JIEKTPUKY. AJIe K BapTO 3a3HAYUTH, IIO 1€ JOCHTH JOporo. EjekTpoBaHTaiBKH
KOIITYIOTH O61u3bK0 200 THC. 1071., B TOM Yac, sSIK BOJAHEBI — Bijg | MITH €BpO.

SIKIIO TOBOPHUTH TIPO CHTYaIlilo, sIKa CKJanacsi Ha ChOTOIHI, TO BOJHEBI
aBTOMOOIJII CTHKAIOThCS 3 JISSKMMU BHKIMKaMu. BupoOHHMIITBO, 30epiraHHs i
po3MoNi BOMHIO MOTpedye BEIMKHX 1HGPACTPYKTYpHHX 3ycmib. Kpim TOTO,
BOJIEHb € JIOCHTh PIJIKICHUM Y IIPUPOAI 1 HOro BHPOOHUIITBO 3a3BHYaii BUMarae
BUKODHCTaHHsI eHeprii. Alle He3Bakaloud Ha e, B YKpaiHi Tex 3 sBHiacs
MOXIIMBICTB 3aITPaBIISATH BOJHEBI MaIlIMHU.

Ha mnouatrky Bepechsi 2023 poky Eneprernuna acomiamiss «YkpaiHCbKa
BOJHEBa paza» ceprtudikyBana mnepiinii B YKpaiHi BoxHeBUil aBToMoOinb. Ha
JaHui MOMEHT B YKpaiHi € JBa BOJHEBMX aBTOMOOUIA. [lodaTok pO3BHTKY
BONHEBOI 1H(GPACTPYKTypH — 1€ HOBHHA €Tal y PO3BUTKY aBTOMOOLIBHOT
MIPOMHMCIIOBOCTI Ta y chepi alIbTepPHATHBHUX JKEPEIT EHeprii.

Hanionansha mporpaMa po3BHTKY BOAHEBOTO TPAHCIIOPTY PO3POOISAETHCS
MinicTepcTBOM eHepreTuku Ykpainu. Ilporpama Oyme CTHMYIIIOBATH PO3BHTOK
BOJHEBOTO TPAHCIOPTY, BKIIOYAIOYM BHUKOPUCTaHHS BOJHEBHX MaJMBHHX
€JIEMEHTIB ISl aBTOOYCIB, BAHTA)XKIBOK Ta JIETKOBUX aBTOMOOLTIB. O4iKy€ThCS, 10
kinbKicTh BomHeBuX A3C B YkpaiHi OyJie CTpiIMKO 3pOCTaTh MPOTATOM HACTYITHUX
POKiB. 3a mporuo3amu ekcreptis, 10 2030 poky B Ykpaini moxe OyTu 30yJ0BaHO
Big 100 no 500 BommeBux A3C. Lli A3C OyayTh po3TallioBaHi Ha OCHOBHHX
aBTOMAricTpajsix, a TaKOX Yy BEJIMKHX MicTtaXx. BaprticTe OyniBHHIITBA OJHIi€l
BoHeBoi A3C Moxe csiratu Bij 1 10 5 MUIBIOHIB €BpO.

YK 621.311

Ipam O.A.', Bonmupes JI.B.2, Tonimyk B.C.?

! kann. Texn. Hayk., gon. HY «3amopizbka momiTexHika»
2 cryn. rp. B-513m HY «3anopizbka IoJIiTeXHiKa»

SMART GRID B CUCTEMAX EJIEKTPOITIOCTAYAHHS

3a ocTaHHI JeKidbKa POKiB HaOyIM TOMyISAPHOCTI y CBITI cuctemu Smart
Grid, Tak 3BaHi po3ymHi Mepexi. Smart Grid — 1€ eNmeKTprUYHA Mepexka, IIo
perynoe Ta KOHTpOJIe cebe cama. BoHa 31aTHa NpUiiMaTH EIEKTPOCHEPTilo 3
OyZp SIKOTO JpKEpesia Ta NepeiaBaTh ii CIOXKMBady 3 MIHIMAJbHUM BTPYYaHHSIM
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mozeii. Taka Mepeska 31aTHa cama BU3HAUMTH CTaH MEpEXi Ha CBOIX AUISHKAX Ta B
pasi moTpeOM TepeHANpaBUTH EICKTPOCHEPTil0 TaKMM YHHOM abu 3amo0irtu
aBapifHUM BiJIKITIOYCHHSIM.

Cucrema 30mpae iHGOpPMAIIF0 TPO BUPOOHUIITBO W  CHOXKHBAHHS
€JIEKTPOEHeprii, M0 J03BOJIsiE ES(PEKTUBHO PO3MOJUIITH  EHEpropecypcH,
3a0e3rnevyyBaTd HaJiWHICT X CIOXKMBaHHSI Ta €(QEKTUBHICTh BHKOPHUCTAHHS.
CrpykrypHa cxema mepesxi Smart Grid 300pakeHa Ha puc. 1.

Smart Grid % %I
| AES2002FX SN,

Control Center o
O-Ring )
L Q'ES—Z(MZFXVSS
IES2042FX-SS
SCADA <

‘Control Center
SCADA e, Communications

Power Generation

RES-P3242GCL Series
Transmission

Smart Metering

Distribution

Pucynok 1 — CtpykrypHa cxema cuctemu Smart Grid.

Huns  mnepenaui  indopmarii mix enementamu Smart Grid MOXyTh
BUKOPHCTOBYBATUCS PI3HI THUMM 3B'I3KY: HH3bKOYACTOTHI KOHTPOJBHI Kabeni,
BHCOKOYACTOTHI ~ KoOakcianbHi  KkaOemi, JPOTH  BUCOKOBOJIBTHUX  JIHIN
eJIeKTpoIiepeiadi, ONTHYHI Kabeli, CIPsMOBaHI 3aXUILEHI PaiOKaHAM Ta 1H.

Uepes JfemieBU3Hy 1 JOCTYNHICTh HAMOUIBIIY MOMYNSPHICTE OTPUMAIH
Mepexesi Texnounorii Ethernet/Internet. ¥ Taki Mepexi depe3 BOyJOBaHi MojaeMu
T TKITFOYA0OThCS pi3HOMaHITHI €JIeKTPOHHI JTATYHKH, BUMIPIOBAIIBHI
MEePETBOPIOBAYI, MIKPOIIPOIECOPHI JIUMIBHUKA Ta IHIII TPUIAJU. ABTEPHATHBOIO
MAHOMY BapiaHTy € OITOBOJIOKOHHI KaHAIM 1 pi3HI TEXHOJIOTii CYy4acHOTO
0€31pOTOBOTO 3B'SI3KY.

Buxopucranast Smart Grid B eHepromepekax 3amo0irae MacoBUM
BIIKITIOYEHHSM, TAKUM YHHOM 3a0€3MeUyroud CTaOUTbHE KUBICHHS CIIOKHUBAYiB.
KpiMm TOro, taka cumcrema [IO3BOJSIE JIeTHIE IHTETPYBaTH B EHEPrOCHCTEMY
BiJTHOBJIIOBaHI JDKEpEIa eHeprii, IMiIBUIYI0YN B LIOMY il eHeproe()eKTUBHICTh Ta



40

eKoJIoTiuHicTh. ToX, YKpaiHa Mae KpUTHUHY MOTpeOy BIPOBAPKEHHS PO3YMHHX
€HEepProcUcTeM sl BiAHOBJIEHHS EHEPreTHYHOIO CEKTOpY Ta 3MEHIICHHS
HETaTUBHOTO BIUIMBY HA HABKOJIMIIHE CEPEOBUILIE.

YK 621.365

Kymnarin 1.0.!, IlIpam 0.0.2

! 1-p. Texn. Hayk., mou. HY «3anopi3bka mojtiTeXHika»
2 cryn. rp. E-112 HY «3anopi3bka MoyiTexHika»

30HAYBAHHJ IIVTASMEHHOI'O ITOTOKY I YAC IOHHO-
IJIASMEHHOI MOIU®IKAIIIL TIOBEPXHI CKJIA

30HIOBHH METOMl € OJHWUM 3 HAWOIMBII IIMPOKO BHKOPUCTOBYBAHHX Ta
iHGOpPMATUBHUX METOJIB JIaTHOCTUKH IIJIa3MH, SKWI JI03BOJIIE BWU3HAYUTH 1l
JIOKaJIbH1 XapaKTePUCTUKH.

Junst mocnijpKeHHsT po3MOJUTy MOTEHI[ialy, TeMIepaTypyd 1 KOHIEHTparil
IMNO3UTUBHUX YaCTUHOK IIO MNEPETUHY IJIa3MOBOI'0 IIOTOKY BHUKOPHUCTOBYBAJIA
ONIMHUYHUI ENIEKTPUYHUI 30H, SKHH NpPEACTaBIsie cO00I0 BOJIb(PPAMOBUHN JpIT
niametpom 0.3 MM i 3aBJOBXKKH 2 MM, TIOMIIIEHUI B alyHI0BI i30isiTopu ( puc. 1).
Enexrpuunuii 30H1 BBOJUJIM B IUIA3MOBHUIT MIOTIK 32 JOTIOMOTOI0 €JIEKTPOMArHiTy,
IO J]a€ 3MOTY 3 BUCOKOIO IIBUJIKICTIO 1 TOYHICTIO PO3MICTHTH 30H]] y TI€BHI TOUIII
IUIa3MOBOT0 NMOTOKY. [TnaBHe perynioBaHHs BUTPHUMKH Yacy nepeOyBaHHS 30HAA B
IJIa3MOBOMY TOTOLII JIaBaJi0 3MOTy BOEperTy Horo BiJi MOMIIMBOTO MEpEerpiBaHHS.
Peectpamito moOKa3aHb €JIEKTPUYHOTO 30HAA 3MIHCHIOBAIM 3a JIONOMOIOIO
30BHIIIHBOTO IPUCTPOIO aHajoroBo-um¢poBoro mneperBopeHns JIA-50USB 3
MOJAJBIIMM OOpPOOIIEHHSM CHIHAITY 33 JOIIOMOTOI0 IIEPCOHATBHOIO KOMII'IOTepa.

VY pe3ynbTaTi 30HAYBaHHS IIa3MOBOTO MOTOKY OyJIO OTPUMAHO 3aJIeXKHOCTI
CTyIeHs 10HI3allil Ta KOHIEHTpAIlil MO3UTUBHUX 10HIB MaTepiajy BIPOBaHKEHHS
Bil TeMmeparypu. BcTaHOBIEHO, M0 B pa3i BHUKOPUCTaHHS PO3POOJIEHHX
IJIa3MOTPOHIB JJISL OpraHizallii MpoIecy 10HHO-TIIa3MOBO1 0OPOOKH MOBEPXHI CKIIa
ICTOTHO  TiIBUIIYETHCSA  KOHICHTpAIis  TMO3WTHBHUX  IOHIB  MaTepiamry
BIIPOBADKEHHS Ta CTYIIIHb 10HI3aLlii IIA3MOBOTO TIOTOKY.

Ha mincraBi mpoBeseHOro 30HIYBaHHS IUIA3MOBOTO ITOTOKY BCTaHOBJICHO
TPaHUYHI BEIMYMHH CHJIM CTPYMY IUIA3MOBOI yTH 32 MaKCHMAJIbHOI KOHIIEHTpALil
ioniB: mpu crpymi 100...105 A KoHIEHTpamis iOHIB MiJi CTAaHOBUTH
1,2916:108 cm, nmpu ctpymi 104...110 A KoHueHTpamis iOHIB KOGAmbTy -
1,21-1013 em.
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Pucynok 1 — [IpunimumoBa cxema ycTaHOBKH Ui 3HATTI BAX oamHOYHOTO
€JIEKTPUYHOTOo 30H1a: 1 — aHox; 2 — Katox; 3 — anyHJoBI TpyOKH; 4 — Bonbhpamuii
JpIT

VIIK 621.3
Iomos. B.B.!, Meuskos H.0.2, Ba6anin.L.IT,

! kann. Texn. Hayk, mom.HY «3anopi3bka momiTexHiKay»
2ctyn. tp. E-111 HY «3anopisbka nomitexHika»
3 cryn. rp. B-112cn HY «3anopisbka nomitexHika»

BUBIP OITUMAJIBHOI'O BAPIAHTA EJIEKTPOIIOCTAYAHHS
IOEXOBOI MEPEXKI

Bubip cxemMm 1EXOBOTO E€NEKTPOIIOCTAYaHHS 3IIHCHIOETHCS —IIIISIXOM

BI/IpiIHeHHﬂ TaKUX IIMTAaHb:
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- BUOIp 4nciia BY3JiB HAaBaHTa)XEHb, iX po3TanryBaHHs i posmnoxiry EIl mo
By3JlaM HaBaHTa)KCHHS;

- BUOIp CXeMH KUBJIIUOI 1 PO3NOIIHUOT MEPEXK;

- BUOIp KOHCTPYKTHBHOTO BUKOHAHHS IIEXOBOI MEPEKi;

- BUOIip mepepiziB MPOBOIHUKIB [IEXOBOT MEPEXKI;

- pPO3paxyHOK BTpAT €JIEKTPOCHEPTii B elleMEHTaX eX0BOI MEPEeKi;

- PO3paxyHOK KaIliTaJbHUX BHTPAT, CKCIUTyaTallilHUX BUTPAT i 3BENCHHUX
BUTpAT.

3rifHO peKOMEH/IAIH pajlialbHy CXeMY JKHBICHHS TOIIIBHO 3aCTOCOBYBATH
JUisl oCTaTHRO TOTYXHUX EIl, 0COONHBO SKIIO BOHM KOMIAKTHO pPO3TAIIOBaHI
(HacocHi, KOMITPECOPHI CTaHIii, BeHTWIAIIHHI CHCTEMH, TolIo). Takox, pajiaibHy
CXeMy JIOIJIbHO 3aCTOCOBYBAaTH sl skuBieHHs ElN, siki moTpeOyroTh KepyBaHHS B
XOJIl TEXHIKO-€KOHOMIYHOT0 Tporieca (Tedi omopy, 3acyBKa TPyOOIPOBOIIB i T.1I.).
MarictpanbHa cXeMa KUBJICHHS 3 BUKOPUCTAHHSAM PO3MOMUTBHUX HIHHOMIPOBOIIB
3aCTOCOBY€ETHCS IS PIBHOMIPHOTO PO3TOMIICHHS] HaBAHTAXKEHHS y 1exax,ne EIl
MaJIoi Ta CepeIHbOT MOTYKHOCTI pO3TAIIOBaH1 OJIM3BKO OJIMH JI0 OJTHOTO.

MaricTpaibHi CXeMH € 3pYyYHUMH JJIsl €IEKTPONOCTa4YaHHsI MAIMHOOY AIBHIX
BUPOOHMLTB, e neperpynyBanHst EIl, 3MiHM TEXHOJIOTIYHOro Mpoleca — SIBUIIA
JIOCTATHBO PO3MOBCIOKEHI.

Jo mepeBar paialibHAX CXE€M HAJIEKWUTh: MiJBUIICHA HAAIHHICTh
eJeKTporiocTayanHss  (mpu  aBapii y  OKMBISI4IA  JIHIT  HOPYUIyeThCs
esiekTporioctTayanHsi obmexxkenoi kinbkocti EIT abo okpemoro EII), raHyukicts
MepeXi BIJHOCHO MOXJIMBOTO pO3IIMpeHHs Mepexi (st HoBux rpyn EII
MPOKNAJAI0Th OKpPeMi CaMOCTIiiHI JKMBISYI JIiHIT), a TaKoX MOJMIJIHUBICTh
3aCTOCYBaHHS aBTOMAaTH3allii Ha CIOPY/KEHHs Ta OpraHi3amii JOIUIbHOTO
KepyBaHHs pexxuMom podotu EIL.

Henmonmikamu pajiaJbHUX CXeM € TIOYaTKOBI KaIliTallbHI BUTPAaTH Ha
CHIOPY/IXKEHHSI Mepexi, HasBHICTh Beiukol kuibkocti mad PY-0,4 kB KTII,
00yMOBIICHO 3HAYHOIO KIJIBKICTIO JKHBJISTYMX JIiHIM, mo migsuinye Bapticts KTIT i
30inblye i1 rabapuTy.

Henomixamu MaricTpaltbHUX CXeM € HHKYa HAIHICTh eNEKTPOIIOCTauYaHHSI B
MOpIBHSHHI 3 pafiaJbHAMHK cXeMaMH (TIpH TMOIIKOKEHI MaricTpalli BTpadaloTh
skuBneHHs O6arato EIN, ski 10 Hel miIKITioYeHi ), HEMOXKIIMBICTh B ISIKUX BHITAIKaX
3aCTOCYBaHHS aBTOMATH3AaIli{ i BHKOPUCTAHHS AUCTAHIIHOTO KePyBaHHS.

OnTuManpHUN BapiaHT IIEXOBOTO EJEKTPOIIOCTAYaHHS BHOWpPAETBCS 3a
YMOBH 3a0€3NeUeHHS MiHIMATFHIX 3BEACHUX BUTPAT.

Ha 3BeneHi BUTpaTH 11eX0BOi MepeKi BIUTMBAIOTh HACTYITHI MIOKA3HUKH:

kimpkicte EIl 1 iX HOMiIHambHa MOTYXXHICTh, $Ka XapaKTEPH3YETHCS
BiIHOCHOIO aKTHBHOIO ITOTYXHICTIO 1 C€peaHhO3BAKEHNM 3HAUCHHSIM KoedilieHTa

norysxkHocti (FOSP ,);
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peXUM €JIEKTPOCTIOKUBAHHS EIL, SIKAH XapaKTepU3y€ETHCS
cepeIHbO3BAKEHIM 3HAUCHHSIM KOoe]illieHTa BUKOPHCTaHHS;

CHIBBITHOIICHHS MK BEJIMYWHOIO Tapu(y Ha EJIEKTPOCHEeprii i MATOMOIO
BapTOCTI KaOeJIbHO-TPOBITHUKOBOI MPOAYKIii, MUTOMOI I[iHA IIMHO TPOBOJIB i
L[IHA Ha CHJIOBI ITYHKTH TIPH iX PI3HOMY BUKOHAHHI.

JIOIiNIBbHICT, BHKOPHCTaHHS PO3MOJMUIBHUX IIHHOIPOBOAIB 3POCTAE MPHU
30inpmenHi umcia EIl, 3MeHmEHHS X BIAHOCHOI MOTY)XHOCTI 1 3MEHIIEHHS
KoeillieHTa BUKOPHCTAHHSI.

YK 621.3

Ipuxuo B.JL.!, Bpa6ens O.C.2, Cipa B.A.?
lctapur. Buki. HY «3anopisbka moyitexHikay
2ctyn. rp. E-111 HY «3anopi3bka HOTiTEXHIKay»

KOMITEHCALIISI PEAKTUBHOI IOTYKHOCTI B MEPEXKI
EJIEKTPOIIOCTAYAHHSA ITPOMUCJIOBUX ITIITPUEMCTB

KomrmeHcalisi peakTUBHOI IOTY)XHOCTI € OJHUM 3 Hale(pEeKTUBHIIMX
eHepro30epiralounx 3axofiB, SKAH JO3BOJSIE 3HU3UTH BTPAaTH AaKTHBHOI
eJIeKTpoeHeprii mpu 1 mepenaBaHHi, pO3MOJUTY Ta IEPETBOPIOBAHHI Y
TpaHcpopMaTopax MEpeXi eJIEKTPONOCTaYaHHS IPOMHUCIOBUX IiJIPHEMCTB 32
PaxyHOK 3HI)KEHHS BEJIMYMHM PEAKTUBHOI MOTY)KHOCTI, IO IEPEAAEThCA depe3
€JIEMEHTH EJIEKTPHYHOT MEPEexKi.

BcraHoBIieHHS TPUCTPOIB  KOMIIEHCAIlll PeaKTUBHOI MOTY)KHOCTI B MEpe)ax
MIPOMHUCIIOBUX MIAMPUEMCTB CTHMYJIFOETHCS SHEPrONOCTAYANIBHOI OPraHi3alliero
LUISIXOM BU3HAYEHHs ONTHMANBHOTO Koe(illieHTa pPEeakTHBHOI IOTYKHOCTI

(tg'?b omr) B PEXHMi MaKCUMAJIBHOTO HABAHTAXKEHHS, SIKMH BCTAHOBIIOETHCS B
JIOTOBOpPI ~ HAa  MOCTA4YaHHS  EJIEKTPOCHEprii MK  EHEeprocucTeMol0  Ta
MiJIPUEMCTBOM. Y pa3i TMEpeBUIICHHS 3aJaHOT0 Koe(illieHTa peaKTUBHOI
MIOTY’)KHOCTI B PEXUMI MaKCHMAaTbHUX HABaHTAXXCHb 30UTBIIYETHCS BEIHMYHMHA
Tapu(HOI CTaBKM OIUIATH  EJEKTPOSHeprii Ha BEIMYUHY MPOMOPIIHHY
MEPEBUILCHHIO 32/ITAHOTO KOe(illieHTa PEaKTUBHOI MOTYKHOCTI.

3aranpHa TOTYXKHICTh MPUCTPOIB KOMIIEHCAIii PEaKTHBHOI IOTY)KHOCTI
BHU3HAYAETHCS HA OCHOBI 3a0e3medeHHs OalaHCy pEakTHBHOI MOTYXKHOCTI Ha
rpaHumi  OamaHCOBOI  HANEXKHOCTI:  CHEProlmocTavyalbHa  OpraHizamis  —
T IIPHEMCTBO, 332 YMOBH 3a0e3ledeHHs 3aJaHoro Koe(imieHTa peakTHBHOL
MTOTY>KHOCTI B PEXXUMI MAKCUMAaJIHHOTO HaBAaHTAXKCHHSI.

3anpornoHoBaHO MeTOH BHOOpY omThManbHOTO BapianTta posmoxiry KPIT 3a
YMOBOIO MIHIMAJIbHUX 3BEJCHUX BHUTpaT. PO3INSHEMO CyThb 3alpoOIIOHOBAHOTO
MeTo[a.



44

Bub6ip npuctpoi KPII npoBoanThCS B Takiil MOCIiJOBHOCTI:

- st koo KTTI BU3HAYa€eThCs ONTUMANBEHIN KOS(Illi€eHT 3aBaHTaKCHHS;

- Bu3HaudaeThcst noTyxHICTh HKY 3a ymoBoro 3abe3rnedeHHs! MPOITyCKHOL
3IaTHOCTI TpaHCc(hopMaToOpa 3a PCaKTHBHOIO IMMOTYKHICTIO;

- BHM3HAYa€ThCSl pI3HHLS TNPUBEJCHUX BUTpaT sl BapiaHTIB 3
BHKOpHCTaHHsM i1 0e3 BukopuctanHs Kb Ha croponi HH tpanchopmaropa.

3MiHIOIOUHM Y BapiaHTaX BHUXI/IHI JaHi (YUCIIO 1 MOTYXHICTh TpaHC(HOPMATOpPiB
KTII, BapTicTh €IeKTpOeHeprii 1 Tak Jaji) MOXKJIMBO BH3HAYEHHS ONTUMAaJIbHOTO
BapiaHTa BHOOPY 1 pO3MO/iTy KOMIEHCYIOYHX IPUCTPOIB, IO Bi/IIOBi1a€ BUMO3I.

32 = 3,»11'1-1

3anponoHoBaHUi MeTO/1 BUOOPY KOMITIEHCYIOUUX IIPUCTPOIB JO3BOJISE:

- BU3HAUUTH ONTUMAJBHUN BapiaHT PO3MOALLY KOMIIEHCAIil peaKTHBHOI
noryxHocti Ha croponi HH i BH tpancdopmaropis KTII;

- BH3HAQUUTH  ONTHMA&JbHE YHCJIO 1  HOMIHQJIBHY  IOTYXXHICTh
TpaHchOpMaTOPiB;

- BU3HAYUTH E€KOHOMIYHY €(EeKTUBHICTh BiJ BIPOBADKEHHS KOMIIEHCAIT
PEaKTHBHOI OTY>KHOCTI;

- (¢opManizyBaTd pO3paxyHOK KOMIIGHCAlii PEaKTHBHOI TMOTY)XXHOCTI B
KOMILIEKCI 3 BHOOPOM IHILKMX €JIEMEHTIB EJIEKTPHYHOT MEpPexi.

Hanuit meron Moxe OyTH BUKOPDHCTaHWI $K Ha CTaiil HpPOEKTYBaHHS
€JIEKTPOIIOCTAYaHHs, TaK 1 MPH OLIHIOBaHHI €(EeKTHBHOCTI €JIEeKTPOIOCTauYaHHs
MTPUEMCTBA, SIKE 3HAXOIUTHCS B EKCILTyaTallii.
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CEKIIA «EJEKTPHYHI MALLIAHW»

YK 621.3.013.1
SApumbam /1.C.
I-p TexH. Hayk, mpod HY «3amopi3pka momTexHika

OCOBJIMBOCTI JOCJLJIKEHHSI HABAHTAKEHOI'O CHJIOBOI'O
TPAHC®OPMATOPA 3ACOBAMH IIU®POBOI'O JIBINHUKA

Cunosi tpancpopmaropu (CT) mpamroroTh MpU 3MIHHOMY HAaBaHTaXKCHHI,
CIOPUYMHEHOMY  THKOBMMH  MepiofaMH  CIOXKHMBaHHS  €JIEKTPOCHeprii,
KITIMATHYHUMH YMOBaMH, PEXKHMaMH poOOTH reHepaiii Ta croxkuBadamu. Ha
BiAMiHY BiJ 1dpoBoi Mozeni, M(poBHi ABIHHUK BpPaxOBy€ HAaBaHTa)KEHHs Ha
cusioBuil Tpancdopmatop. TemreparypHuii cTaH TpaHchopMaropa, a TAKOX HOro
KOMIIOHCHTIB, OCOOJIMBO €JICKTPOI30JIAIIIHIX CUCTEM Ta OOMOTOK, sIKi HaiOIIbIIe
HiNAa0ThCSl TEIUNIOBOMY BIUIMBY, 3aJISKUTh BiJ] pIBHS HaBaHTaXeHHS abo
HIepEeBaHTAKCHHSL.

Kpim Toro, mpoiecu INepeTBOPEHHs eNeKTPHYHOI eHepril y AOCIiTHUX
pexumax, Takux sk Hepoboumit xig (HX) 1 koporke 3amukanus (K3),
BIJIPI3HSIOTBCS BiJ POOOTH CHJIOBOrO TpaHcdopmaropa miJ HaBaHTAKEHHSM. Y
pexumi pociigHoro HX 3apisHi juiie oOMOTKH, IO MiIKIIOYEHI N0 JpKepesa
JKUBJICHHSI, TOJI SIK OOMOTKHM i1HIIOT CTOPOHM HANpyrd PO3IMKHEHI i He OepyTh
y4acTh y mporecax neperBopenHst eHeprii. [lig wac mocmigHoro K3 Hanpyra Ha
CTOPOHI JKUBJICHHS 3a3BHYaii 3HAYHO MEHIIA 32 HOMIHAJIbHI 3HAYECHHS, 2 OOMOTKHU
Ha IHIIH CcTOpOoHI 3aMKkHeHi. TOMy MarHiTHHH TNOTIK HE KOHIEHTPYEThCS B
MAarHiTHi# cuctemi TpaHchopmaTopa, y BIIMIHY Bi poOOTH CHIOBOTO
TpaHcopMaTopa Il HaBaHTAXKESHHSIM.

Takum ymHom 1mdposa TiHe (LUTO He Moxke BigoOpa3uTH yCi mpolecH y
CHJIOBOMY TpaHC(opMaTopi Ta IX B3aeMO3B’s30K. Yepe3 e mIs CHIIOBHUX
TpaHcpOpMaATOPIB B yMOBAX €KCIUTyaTallil € 0COOIMBO BaXKIIMBUM 3aCTOCOBYBAHHS
uudposux asiiauki (LI/1). 3aBasku L[J] MoxHAa BU3HAUMTH B3a€EMOJIiI0 KOHTYPIB
HaMarHidyBaHH 1 pO3CifoBaHHA MiJ yac HaBaHTaxkeHHS CT, a TakoX JIOKaJi3aIliio
MICITb TIEPETPIBY.

s peamizanii Mmarematranoi mogneni L] enextpomarnitaux mpornecis y CT
y pobounx pekuMax HaBaHTa)KEHHS 3aCTOCOBYBAIINCS HECTALIOHAPHI PiBHSHHS Y
(OPMYJITFOBaHHSIX BEKTOPHOTO MArHITHOTO MOTEHIIIay 3 MATeMATHYHOIO MOJEILTIO
Jxuica-ATTepToHA IS TiCTEPE3UCHUX XapaKTEPUCTHK EINeKTPOTEXHITHOI CTall y
3 BiAMOBI1THAMH TOYATKOBUMH i TPAaHHYHIMH YMOBAMH.

[pu po6oti CT mig HaBaHTax)eHHsM st L1J] emexTpoMarHiTHUX TpoOIeciB
OpaJmcs cTalioHapHI 3HAYCHHS TEMIIepaTyp.
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[eoMeTpuyHa mpPOCTOpOBA AacUMETpis IiackuX MarHiTHuX cucteM CT
0OyMOBIIIOE  aCHMETpif0 1 HECHHYCOINHICTh TpH(a3HOI CHUCTEMH CTPyMiB
HaMarHiuyBaHHs IIPH CHMETPUYHOMY HaBaHTa)KCHHI.

Peanizaist 3D L[l cuUMETpUYHO HABAaHTAXXCHOTO AKTHBHHMH OMOPaMHU
tpudaznoro CT 3xilicHroBanacs y ctpykrypi 3aco6iB [I0 COMSOL Multiphysics.

YMOBOIO 3aBepHICHHS pPO3paxyHKy OyJlO0 BCTaHOBIJICHHS MEPEXiTHOTO
MpoLecy, SIKMH BHHUKAE Michs MiakimoueHHs HaBaHTaxeHoro CT mo mxepena
KUBJICHHSL.

Hdns  3abe3meveHHss 30DKHOCTI OOYHCIEHb NEpEeXiHMX IPOLEciB MO
MOYaTKOBMM yMOBaM OyJio peajli3oBaHa MOJIENb JKUBJIEHHS 3 PETYJIbOBAHOIO
HaIpyTolo.

Hocmimkennss 1] HaBaHTtaxeHunx MmaciusHux Tpudasaux CT 3
TPUCTPY)KHEBUMH MAarHiTHUMHU CHCTEMaMH 3[iHcHIoBajocs aist Hanpyru BH 6,3
kB, 20 xB i 35 xB. Baninauist nanux BunpoOyBans LI/l y pexxumi HOMiHaJIBHOTO
AKTUBHOI'O HABAaHTAXCHHS Oyja TMpOBEACHA NUIAXOM  gociipkeHHs 1IJ]]
TpudazHoro cyxoro Tpancpopmartopa knacy Hanpyru 0,4 kB i nmaGopartopHumu
JIOCITIJPKEHHSIMH H0ro poOoTH.

IIpu nabopaTOpHUX OOCTIHKEHHSAX TpaHcdopmaTopa 3IiHCHIOBAIOCS
ocumnorpadyBanas ¢a3HuX CTpyMmiB 1 Hanpyr Ha crtoponax BH i HH, 3
OJIHOYACHUM BHMIPIOBAHHSIM CTPYMIB, Hampyr 1 akTUBHHX HOTYXXHOCTEH
TpaHcgopmaropa.

[opiBusiHHs panux gociipkeHHs [IJI 1 maGopaTopHux BUIPOOYBaHb
0Ka3aJo, 10 NIPU HOMIHAIILHOMY HaBaHTaXXCHHI BiAXuiIeHHA Mix ctpyMmamu LT i
eKCIIepIMEHTAJIBHO BUMIpsHI cTpyMaMu He nepesuiryBainu 0,42% i Bianosimamu
KJIacy TOYHOCTI NpWiIafiB BUMipioBaHHA. Binxwienus Hampyru cxiano 0,15%,
axtuBHOI noTy>xHocTi Ha BH i HH — 0.45% 1 0.49%.

e miarBepmxye wmoxmBicTh 3actocyBanHsi [/ CT st Bu3HAueHHs
eKCILTYaTaIlIIIHOTO PeCypCy 1 BTPAT pecypcy y Mpoleci eKCIuTyaTailii.

Hocmimkenns LIJ] npoBoaumucs aist cumerpuynoro HaBantakenHs CT. 3a
Horo pe3ynpTaTaMu OyJI0 BU3HAYEHO PO3MOJIIIM €Heprii MarHiTHOTO MoJisi B 00’ €Mi
O0aka TpaHcopmaropa, BHU3HAYEHO CKJIAJOBI HAMarHiuyBaHHS Yy CTpyMax
JKUBJIEHHS, 1X TapMOHiMHMI cxman, emektpuuni mapametpu LI CT min
HaBaHTa)KCHHSIM.

s yTouHEeHHS mapaMeTpiB KOHTYpiB HaMarHiayBanHs HaBaHTakeHoro CT 1
TapMOHIHHOTO CKIIaay CKJIAAOBOI HamarHidyBaHHs y cTpymax CT Oymo mpoBeneHo
Bemmki obOcstu mocmimkenHs [/ Ile mo3BomuTh po3poOWTH MiAXOMU IS
3aCTOCYBaHHS y CHCTEMaX MOHITOPHHTY Ta fiarHocThku CT.

[/ mo3BONAIOTH BH3HAYMTH PO3MOAUTM INUTOMHX BTpaT y eJIeMEHTax
obmoTtok CT, 1 yTOYHEHHS TEIJIOBUX PEKUMIB, BU3HAUCHHS HAaHO1TBIT HATPITHX
€JIEMEHTIB 1 CTaHY 130JIAMi{ KU BU3HAYAE CTPOK CKCILTyaTallii.
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MODELING OF A REACTIVE POWER COMPENSATOR WITH AN
INDUCTIVE BATTERY

In the modern world, increasing attention is paid to the issues of energy
conservation and ensuring high quality power supply. One of the key aspects of
ensuring efficient and reliable supply of electricity to consumers is optimal
compensation of reactive power [l]. This study examines an innovative
compensation device, namely, a reactive power compensator using an inductive
energy storage device.

In Ukraine, capacitor installations are the most common for reactive power
compensation, both with and without the possibility of adjustment, while
synchronous and static thyristor compensators are used less frequently. However,
capacitor banks have their disadvantages, including sensitivity to higher
harmonics, overvoltage and elevated temperatures, and the requirement for special
switching and switching circuits.

To analyse the new reactive power compensator, a computer model was
developed using the Matlab and Simulink package. The general structure of this
model is presented in Figure 1.
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Figure 1 - The general structure the model

The Source block simulates the operation of a three-phase power frequency
network, and the Filter block is a three-phase L-shaped low-pass filter. The IGBT
block contains a three-phase bridge with IGBT transistors (Fig. 1), and the RL
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block contains an active-inductive load (a choke with a gap). The Control block is
responsible for controlling transistors.

Load 1-3 blocks model a three-phase active-inductive load, and Breaker 1-4
blocks model three-phase switches. The V-IMes.1-3, V and I blocks are designed
for measuring currents and voltages, and the Power 1-3 and PQ blocks are for
measuring active and reactive powers.

Blocks Scope 1-8 are used to display data, RMS 1 - to calculate the effective
value of phase A current, and THD 1, 2 - to calculate the coefficients of higher
harmonics of voltage and current of phase A.

The Gain, Integrator and Pulse blocks are used to calculate the average value
of the inductor current, and the Switch 1, 2, Const 1, 2 and Clock blocks are used
to control how the compensator is turned on and off.

This computer model provides the ability to study the operation of the
compensator under various conditions thanks to flexible adjustment of the time
parameters for turning on and off the blocks. This allows you to check the
effectiveness of the compensator under different loads and changing network
operating conditions. The selection of model parameters is made taking into
account the requirements for electromagnetic compatibility and the physical
implementation of the device. Calculations of reactive and active resistances of the
model components are carried out taking into account the optimization of
parameters to ensure the necessary characteristics of the compensator.

The diagrams presented in Figure 2 display data for a time interval of 0.02 s,
which corresponds to one period of mains current fluctuation. These graphs show
the phase voltage and current curves, as well as the inductor current and its average
value. There is a phase shift of the phase current by 90° forward relative to the
voltage (in electrical degrees), as well as the presence of ripple of about 3%. The
amplitude of the phase current approximately corresponds to the average value of
the inductor current.
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Figure 2 - Data for a time interval of 0.02 s, which corresponds to one period of
mains current fluctuation
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Additional calculations and analyzes carried out using computer modeling
confirmed the efficiency and reliability of the VAR compensator, and also
confirmed the compliance of its parameters with the requirements of electrical
standards and regulations.
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STUDY OF THE MAGNETIC FIELD DISTRIBUTION OF AN
ASYNCHRONOUS MOTOR AT DIFFERENT HEIGHTS OF THE SLOTS
OF THE SHORT-CIRCUITED ROTOR

The existing methods of calculating electromagnetic fields allow to reduce
the time for determining the values of mathematical data, in particular, using the
finite element method. It is considered more effective, but not always simpler. A
certain number of programs have been created to solve this issue.

One such program is FEMM 4.2 (Finite Element Method Magnetics). A
convenient interface and ease of use allow you to quickly master the program even
without special knowledge of graphic editors.

The purpose of this work is research using the FEMM 4.2 program. physics
of electromagnetic processes in an asynchronous motor (AM) with a short-
circuited rotor type 4A225M8U3 at different heights of the grooves of the short-
circuited rotor.

The initial data for calculating the magnetic field are: geometric dimensions,
characteristics of materials and environments, current densities in the windings, as
well as boundary conditions that are introduced to obtain an unambiguous solution.

According to the results of the simulation of the magnetic field of AM with
an increased height of the rotor grooves, the energy indicators were calculated.
Losses in the rotor winding of the new design are reduced. As a result, the useful
power and efficiency increase, while the total losses remain approximately
unchanged.

Thus, for an asynchronous motor type 4A225M8U3, an increase in the height
of the rotor groove by 32% led to an increase in their cross-section, which in turn
led to an increase in the efficiency of the motor by 0.19%.
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According to the results of the study of 4A4A225M8U3 using FEMM, the
most accurate parameters were obtained, which more reliably reflect the actual
process.

Increasing the height of the grooves of the short-circuited rotor makes it
possible to increase the cross-section of the grooves of the rotor, which leads to an
improvement in the energy performance of AM.

YK 621.313
Sytik O.V.
PhD (EM) NU “Zaporizhzhia Polytechnic”

AN OVERVIEW OF TDS SOFTWARE: FEATURE AND FLEXIBILITY

TDS is a comprehensive software package that offers a user-friendly and
configurable environment. It provides all the tools needed to design competitive
transformers for the current market conditions.

Supported by MECHGUIDE and CREO-automation, TDS facilitates the
verification of mechanical and seismic stability and streamlines the preparation of
production drawings. This package significantly simplifies and accelerates
engineering tasks. It enables a reduction in the number of highly experienced
engineers required or allows engineers with moderate qualifications to enhance
their skills through package use.

The TRDO software database enables users to generate a standard tender
variant of a preliminary design with just a few clicks and within half an hour. It
includes numerous tools that enhance efficiency and speed, such as a built-in
database containing data from IEC, IEEE, and GOST standards, as well as charts
and reports. Additionally, it features editors for electrical and hydraulic connection
diagrams, along with an extensive database incorporating IEC, IEEE, and GOST
specifications.

TDS stores comprehensive transformer design information in a collection of
XML files accompanied by XSD schema descriptions. This method of data storage
allows for seamless integration of input and output data into existing software
design tools or the creation of custom tools based on TDS. It features built-in
databases containing material properties, standard test voltages, cooling system
components, and insulation structures, all of which are easily editable and
configurable.

Although it is recommended to use the complete package with all modules,
TDS is highly scalable and can be easily reconfigured to include only the specific
modules that are needed by the user. This flexibility allows users to tailor TDS to
their specific requirements, optimizing their use of the software according to their
project needs.
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The design workflow may proceed as follows:

- TRDO calculates impedances and currents, but TRANSMAG-2D offers
more precise calculations, requiring users to define branches and create connection
diagrams.

- Winding insulation can be checked for impulse tests using BIL in
TRANSMAG-2D, necessitating corresponding connection diagrams as input.

- To assess main insulation, TDS generates a model for TELAX2D. Users
can select a structure from the database or input it manually. AC potential
distribution requires a corresponding connection diagram, while impulse potential
distribution is automatically derived from BIL.

- Coolant flow rates and pump operation correctness can be calculated in
TR-HYDRAULIC, requiring users to input the hydraulic connection diagram for
the cooling loop. Other heating modules can function without it but with reduced
accuracy.

- ELMAG-3D module in TDS allows for basic stray loss calculations,
requiring users to input standard structure elements into TDS tables. Core,
windings, currents, and rectangular tank are generated automatically. For more
precise calculations, users can utilize a standalone version that imports geometry
directly from 3D CAD software.

- WELDINST assesses mechanical stability under short-circuit conditions,
necessitating the input of corresponding connection diagrams.

- Mechanical calculations and seismic stability are performed separately by
ANSYS with the assistance of the MECHGUIDE package.

- To leverage validated structural solutions and expedite production
drawing creation, one can utilize CREO automation.

VK 621.313
Cononosnikosa T.I1.
crapul. Buki. HY «3anopi3bka momitexHika»

EJEKTPOEHEPIETHUKA ITIJT YAC BOMOBUX JIIIA

24 motoro 2022p. eHepreTHYHy CUCTEMY YKpalHW BiI'€IHAIN BiJ] CIUIBHOI
eHeprocuctemu p¢ Ta OLIOpyCi, B KOTpiit YKpaiHa 3amumanacs e 3 paJsiHChKUX
gaciB. | OykBanpHO dYepe3 TpH TIKHI BIHHH yKpaiHChKa €HEprocucreMa
CHHXpOHi3yBasacs 3 eHeprocucremoro €C.

Sk 3aBxau TpaHCQOPMATOPHI MIACTAHIII € 1 Oy HAWBKIIMBIIIAM BY3JIOM
3B’S3Ky MIDK BHpPOOHMKAMH Ta CIOXHBAdYaMH €IIEKTPUYHOI eHeprii. 3a
MixHapOJHUM TYMaHITApHUM IIPAaBOM HamaJa Ha Taki 00 €KTH 3a00pOHEHWII 3a CT.
52 Tlepmoro JlogaTkoBOTO MPOTOKONY A0 JKeHeBCHKIX KOHBEHIIIH Bin 12 cepmHs
1949 p. Tobro nrobe HaMaraHHA 3HUIIUTH CEHEPIeTHYHY CHCTEMY MOXKHA
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KBaJIi(hiKyBaTH SIK MOPYIICHHS 3200pOHH HaradiB Ha 00’ €KTH KPUTUYHOI IIUBIJIBHOT
iH(pacTpyKTypH, HEOOXiTHOT TS BIPKHBAHHS HUBITBHOTO HACEIICHHS.

Jo npyroi BoeHHOi 3uMu YKkpaina go0pe miarorysaiacs. 3Ha4YHO MMOCHITMIIA
CHUCTEMY TPOTHIIOBITPSHOI 00OpOHH, MMOOyAyBaja KpyTHil (Qi3MYHMI 3axuCT
JIOBKOJIa €Heprood’ €KTiB, PaKTHYHO MEPUIOI0 Y CBITI.

Ta HaBeCHi BOPOr 3HOB 3MiHMB TAKTHKY. MIOTO yJap CTald TOUKOBHMI,
TOOTO Ha OAHY TEIUIOBY CTaHIIII0 BOPOT CKEPOBYBaB BiJpa3y IEKiIbKa YyAapHHX
0e3MmioTHUKIB a0o pakeT. Tak KpaiHa-TEpOpPHCT Hamarajacsi Ta HaMaraerbes i
3apa3 MpPOOHUTH MPOTHIIOBITPSHY 0OOPOHY B KOHKPETHHX pErioHaxX MPOMHCIOBUX
LIEHTPIB.

OmHuM i3 HalBXJIMBIIIMX €TamiB YKPaiHCHKOI CHEPreTHKH € IUIaHOBa
PEMOHTHA KaMIIaHis Ha aTOMHHX CTaHIIifAX, i SKIO el MPOIeC BUMAAE Ha Yac
JITHBOI CIIEKH, TO Ae(IIUT MOTYKHOCTI B €JIEKTPOMEPEXKi 3pocTe B pa3u. «BiiTky
MOXKE BHHUKHYTH TaKa CHUTYyallis, IO B Hac yJaomMa He Oyle eJIeKTPHUKH», —
HONepeHKAIOTh EKCIIEPTH 3 eHeprode3neku aHamituuHoro ueHtpy DiXi Group.
Tox mpum BiACYTHOCTI 3amaciB B Mepexi 1i JoBeeThCs IMIOPTYBAaTH.

Ta He3Bakarouu Ha 1€ HA MIAMPUEMCTBI «ATOMEHEProMain, po3mnoyanocs
BUPOOHMIITBO KOMIIOHEHTIB SICPHOTO TMallBa JUIsl BITYM3HSHUX aTOMHHX
eHeproOuoki. Ilpoext e crinbaum ans HAEK «Eneproatom» i ameprkaHCBHKOT
kommaHii Westinghouse.

Ha cTBopenHst BmacHOi JiiHIIT 3 BUPOOHMLTBA SIEPHOTO  MalvBa
«Eneproatom» rmuanye BuitH y 2026 poui. YkpaiHa craja IEpIIOl y CBITI
KpaiHOI0, siKa BiJ]MOBHBIIMCH BiJi POCIHCHKOTO SJICPHOTO MajKBa, NepeBesia CBOI
aTOMHI €HEeproOJIOKN PaASHCHKOTO AM3aliHy Ha sAepHE MaluBO aMEPUKaHCHKOTO
BupobOHuka Westinghouse.

2) UYepes wmicsibs noBHoMacmtabHoi BiiHE — 31 Oepesnst 2022 poky —
BcecBiTHst acomiarfisi opraHizailiif, M0 €KCIUIyaTyIOTh aTOMHI eJIeKTPOCTaHIil
(BAO AEC) nepeBena ykpaiHChKi aTOMHI enekTpocTaHiii 10 [Tapu3pkoro neHTpy.
Panime ykpainceki AEC Bxomuim 1o MockoBcbkoro neHtpy BAO AEC Bin
MOMEHTY CTBOPEHHS 11i€i opraHizaiii y 1989 poii.

3) Ha Yopuoobmnbscrkiit AEC pociiiceki okymanTa nepedyBanu 36 mHiB.

3amopizbka aTOMHA E€JIEKTPOCTAHIIS 3alUIIAETHCA OKYIMOBAaHOK 3 4-T0
6epesns 2022-ro i JOHUHI.

[icas 3AEC pocilickka apMis Hamarayiacsi B3ATH Il CBiif KOHTPOJb TaKOX
[liBmeHHOYKpaiHChKY aTOMHY cTaHdio, ogHak 3CY po30wim NpOTHBHUKA Y
Bosnecencbky (MicTo postamoBaHo 3a 30 KiTOMETpiB Bif CTaHIi — pexd.) Ta
BiIKMHYIH HOTO 32 MuKomaiB.

IIYAEC HeomHOpa3oBO cTaBajia 00’€KTOM pOCIHCHKMX pakeTHHX arTak. 16
KBITHSI, 5-TO Ta 26-TO YepBHSA POCIHCHKI KPHJIATi PaKeTH MPOJETIIN Ha KPUTUIHO
HU3BKIH BHCOTI Hanm cranmiero. lle 3adikcyBamm kamepu CHOCTEpEKCHHS,
indopmaris 6yna nepenana 1o MATATE.
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19 BepecHsI mig 4ac 4eproBOro pakeTHOTo yjaapy 1o MukonaeBy Ta 00iacTi
OJlHa 13 POCIHCHKHX pakeT BHaja Ta BUOYXHyJa Ha TPOMHCIOBOMY MalJaHUIMKy 3a
300 wmerpiB Bim sgepHuX peaktopiB  [liBaeHHOyKpaiHCBKOI  aTOMHOI
€JICKTPOCTAHIII.

i Ta ymMano iHIMX i POCIHCHKMX OKYMAaIlifHUX BIMCHK CyIepedarh
KaTerOpUYHii 3a00poHi OyNb-IKUX HamajiB Ha 00’ €KTH IiJBUIICHOI HEOE3IEKH,
30KpeMa Ha aTOMHI €JICKTPOCTaHIIil, PO MmO HaeThcs B cTaTTi 56 J[omaTkoBOro
nipotokody I no XKeneBchkux kouBeHwii Bix 12 ceprus 1949 poky.

4) Bmepme B ictopii He3anexHol YkpaiHu B Jsmcromani 2022 poky Ha
ykpaincbkux AEC cripaiitoBaB aBapiiiHHI 3aXKCT, BCI €HEProOIOKH aBTOMATHYHO
Bigrmounimcs. Lle cranocs 4epes cipiuiHeHe pakKeTHUMH 00CTpislaMy 3HHKEHHS

VK 669.04

Herpuk O.A.!, Ietpuk B.B. 2

! xaHJI. TeXH. HayK., fon. HY «3amopi3bka nosiTexHika
2cryn. rp. E-250 HY «3anopisbka mostiTeXHiKay»

MPIOPITETHICTb BUSHAYEHHS EHEPTETUYHOT'O IOTEHLIAJTY
BUKOPHCTAHHS MOBIYHOI MPOIYKIII B IKOCTI AJIMBA
(MMOBLAOMJIEHHS 1)

[MutaHHs 3acTOCYBaHHS AJbTEPHATUBHUX NAIMB IIPH BUPOOHMIITBI €HEpril €
CTpaTeriyHUMHU W YCHIIIHO BHPIIIYIOThCS OaratbmMa KpaiHamu y CBITi, OCKIJIBKU
JIO3BOJISIE  PO3LIMPUTH EHEPreTHYHy 0a3y, 3HHU3UTH 3aJeKHICTh Bl CTaHY
MIPUPOJIHUX pecypciB (y TOMY YHCII HPHUPOJHOTO Ta3zy) i KOJIHMBaHb I[IH HAa HUX,
3MEHIIUTH 3a0pyIHEHHs HABKOJIUIIHBOTO CEPeIOBHIIA.

Yci 3aKOpIIOHHI JIOCATHEHHST B OOJIACTI BHUKOPHCTaHHS allbTEPHATHBHUX
nanuB 0a3yloThCs HAa JIOBIOCTPOKOBIM cTpaTerii BIPOBAHKEHHS AIbTEPHATHBHUX
€HEeproHoCiiB 1 4iTKil 3aKOHOAaB4Yil 0a3i, 110 HEe TUIPKM BHU3HAYAE EKOJIOTIYHI
BUMOTH, aJie 1 CTUMYIIIO0Ue TXHE 3aCTOCYBaHHSL.

Ha tenepimniii yac icHye 6araTo pi3sHHX THUIIB KOTJIIB Ta JDKEpeEN majanBa. Y
KOXXHIA po0OOTI BOHH pPO3TIAJAIOTECS OKPEMO 3 BHKOPHUCTAHHSAM PI3HHX
YHI(pIKOBAaHUX METOMMK, 10 HE J03BOJISIE BUKOHATH OIIHKY Ta aHANi3 MK HUMHU.
Tomy HeoOXimHO po3poOUTH  yHiIQIKOBaHY METOOUKY OIIHKH TEIJIOBOI
e(EeKTUBHOCTI, sIKa JO3BOJMUTH JUIs PI3HUX BHUIIB MalMBa Ta CHEPreTHYHUX
YCTaHOBOK 3HAUTH iX €EKTUBHICTb.

IpyHTyrourch Ha iHopMarii BIaCHMX JOCIIKEHHSX MOXKHA CKA3aTH, LIO
CHOTOHI OiTBIIICTh KOTEThHP BUKOPHCTOBYIOTE Y SIKOCTI TMAjJMBa MPUPOIHUH ras3.
O0'exTH KOMYHaIBFHOTO ()OHIY B OUTBIIOCTI BUTIAIKIB ITiIKITFOYCHI 10 IEHTPATBHOL
MepeXi OmnajeHHS MiCTa a00 BHKOPUCTOBYIOTBCS CNEKTPUYHI KOTIH (Ta30Bi
KOTJIH).
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3BakarouM Ha MOXJIMBICTH 3YNHMHKH MOJadi MPUPOTHOTO Ta3y € PpH3HK
MpUNMHEHHS (QYHKIIOHYBaHHS JIAHMX arperariB. biomanuBHi KO, IO
MIPAIIOIOTh Ha TBEPAOMY 010-TTanBi MOXKYTh CTaTH ajIbTEPHATUBOIO IS KJIACHYIHOT
cucTteMH onayneHHs. [Ipy nboMy, po3MIsAAaloYy abTEPHATHBHI BUIM MAIUBA CIiJ
3BEpHYTH yBary Taki napamerpu sk KKJI KoTiiB Ta BUTpaTH Ha MajuBo.

[Ipy mOpiBHSHHI HIKYOI TEIUIOTH 3TOPSIHHS abTEPHATUBHUX BH[IB MAIUBa
(Pucynok 1) nHaiiBuma — y meiieT 3 JyWnuHHSA coHsmHUKY (20,2 MIDx/kr) Ta
nesutet 3 conomu (18,0 MJIx/kr), nami ¥ine - Tpicku 3 nepesunu (10,4 MDx/xr),
MiHIMaJIbHE 3HAYCHHS TEIUIOTH 3TOPSHHS HAJICKUTh CTEOCUIAIM KyKypymsu (6,5
MJIx/kr). 3a eneMeHTapHUM CKIJIQJIOM TajHuBa IIEJETH 3 JIyIIMWHHS COHSIIHHKY
JIy’KE CXOXKI Ha MEJIETH 3 COJIOMH, a CTeOeIUTl KYKYPYA3H IyXe OIHM3bKi 0 TPICKH 3
nepeBuHU. Hipkya TeruioTa 3ropsiHHS B HUX TeX Ayke Onmsbka. OgHak mpu
MOPIBHIOBaHI y CTEOEUTIB KyKypyJI3U BOHA HaWHIDKYA 3 YCIX ajJbTePHATHBHHX
BUJIB manuBa. [Ipy 1pOMY CiiJl BiI3HAYUTH OCOONMBHUI BILUIMB BOJIOTOCTI Ha
TEIJIOTBOPHY 3JAaTHICTh MOOIYHOI MPOAYKIii: 31 30UIBIIEHHAM BOJOTOCTI TEMJOTa
3TOPSIHHS 3HUKYETHCSL.
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Pucynox 1 Temnora 3ropsHHS Pi3HUX BUIB aTHBa

Hunst toro, mo0 OIIHUTH — sIKEe MAajMBO € OUTbII e(EeKTUBHUM Ta MEHIIE
BUTPAaTHUM Y BIAMOBIJHOCTI 10 CHOTOJCHHS Yy POOOTI BUKOHAHO aJarlTaiito
ICHyIOUMX METOAMK BH3HAYCHHS EHEPreTHYHOr0 NOTEHLIAy BHKOPHCTAHHA
MOOIYHOI MPOAYKIii B SKOCTI MajvBa IJisi BH3HAYaHHS CHEProe(peKTUBHOCTI Ta
JOLTTBHOCTI i1 BUKOPUCTAHHS Y SIKOCTI JKepelia eHeprii.

Po3paxyHKn BUKOHYBaJMCS Ha TPHKJIadi MApOBOrO KOTJIA 3 TPHUPOTHOIO
OUPKYJILAIi€I0, TPOXYyKTHBHICTIO 13,9 KT/C, 110 BUKOPUCTOBYETHCS Ha TEXHOIOTIUH1
MOTpeOr TMPOMHUCIOBHUX MIJIPUEMCTB, y CHCTEMaX OIAJCHHS, BEHTWJIAMII Ta
rapsI0To BOMOIIOCTaYaHHS. Po3paxyHKH BHKOHaHI IS YCiX Ta30XOMiB KOTEIBHOL
YCTaHOBKHM, BPaxOBYIOUM BEIWYMHH HAUIMIIKY TMOBITPS B KOXHOMY 3 HHX.
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EnHTanbmnii moBiTps Ta MPOIYKTIB 3rOpSHHS MiAPaXOBYBAIMCS JUIS yCiX Ta30Xo/iB
YCTaHOBKM 3TiHO 3 NPHUHHATAMH HAUIMIIKAMH TIOBITPS Ta MOMJIUBHMHA
Temriepatypamu. Pe3yipratn po3paxyHKiB IpuBe/eHi B Tadumi 1.

Tabmuns 1— Pesynpratit po3paxyHKiB

HaiimenyBanHs
BEJIMYUH

Bun manusa

ra3

TTamuBo

On. BUMIpy
[Tpupoanuit
[leneru 3
JYITUHHS
COHSIIIIHHMKA
Tpicka 3
JICPEBUHA
[lenetn 3
COJIOMH
Crebmna
KyKYpyA3u

Hwuoxua termnora
3TOPSHHS
pobouoro

najJmBa
Koedimient
nepepaxyHKy
TCIJIOTHU
3TOPSHHS Y - 1,00 1,71 3,33 1,92 5,32
BIJHOIIIEHH] 10
MIPUPOJIHOTO
rasy
Koedimient
KOPHUCHOT il
KOTEIbHOL
YCTaHOBKH
Burtpara nanusa
KOTEJIBLHOIO Kr/c 1,12 1,95 4,28 2,30 6,97
YCTaHOBKOO
Butpara nanusa
KOTEJIHHOIO
YCTaHOBKOIO 3 KT 127,7 221,0 485,7 260,8 791,0
ypaxyBaHHSIM
KK]I
IlanuBHUI
KoeQiIieHT

IIutoma BuTpaTa
p m3/T'kain
ra3y Ha

BupoOuenns TE (xr/T'xam)
ITuroma BUTpaTa KT 154,89 | 157,75 | 175,80 | 164,55 | 179,97

MJIx/kr

W
JA
o

20,2

_.
2
~
—
%)
&
[

% 92,26 90,7 80,2 86,2 78,80

- 1,18 0,69 0,35 0,61 0,22

131,26 | 228,62 | 502,29 | 269,76 | 818,04
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ym. nammBa Ha 1 | y../'kan
I'kan
BupobneHoi TE
BapricTs
MajauBa, 1o rpua/T'xan | 1837,6 | 1143,1 | 1004,5 | 1483,6 | 2045,1
BUTPAYaETHCS

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Onedipernxo O.M. BukoprcranHs 6i0-TaJIMBa y )KUTJIOBO-KOMYHAIBHOMY
TOCIIONAPCTBI K 3aci0 MiABUIICHHS CKOJOTO-CHEPreTHYHOI OE3MEeKH pETiOHY:
Mexani3Mm perymroBanHs ekoHoMiku, Ne 4, T. 2, 2009- C.257-265.

2. Pawlak-Kruczek H, Ostrycharczyk M, Zgoéra J. Co-combustion of liquid
biofuels in PC boilers of 200 MW utility unit. Proc Combust Inst. (2013) 34:2769—
77. https://doi.org/10.1016/j.proci.2012.08.010.

3. Yang HH, Arafath SM, Lee KT, Hsieh YS, Han Y Te. Chemical
characteristics of filterable and condensable PM2.5 emissions from industrial

boilers with  five  different fuels. Fuel 2018. - 232:415-22.
https://doi.org/10.1016/j.fuel.2018.05.080
4. ToprisesnbHi MaiTaHIUKHA https://tripoli.land/kukuruza/stebli;

https://bioopt.com.ua/ua/p65546799-pellety-luzgi-podsolnechnika.html;
https://flagma.ua/uk/products/triska/;

5. Tapupm wa r1a3 B  VYkpaini y cepnai 2023  poky
https://index.minfin.com.ua/tariff/gas/ (nata 3Bepuenns 03.08.2023).

YK 669.04
[etpuk O.A.
KaHJ. TeXH. HayK., ol HY «3amnopi3pka mositexHikay

HPIOPITETHICTh BUSHAYEHHS EHEPTETHYHOI'O HOTEHLIAJTY
BUKOPHCTAHHS MOBIMHOI MPOIYKIII B SIKOCTI TAJIMBA
(MOBLAOMJIEHHS 2)

AnbTepHaTHBHA E€HEpPreTHKa CIPsIMOBaHA HAa BUPIMIEHHS [BOX BaJIMBHUX
mpobsieM — eHeproe()eKTUBHOCTI Ta €KOJOTIYHOI OE3MEKH, SIKi € KIIFOUOBUMH IUIS
VYkpaiau. AJbTepHATUBHE TAUBO — II€ TBEpIE, PiAKE Ta Ta30BE MAIMBO, SKE
€ aJbTePHATHUBOIO (3aMiHOI0) BIAMIOBIAHUM TPAIWIIIfHAM BHIAM TainBa i sKe
BHPOOIAEThCA (BUAOOYBAETHCS) 3 HETPAAUIIIIHAX JHKEPEN Ta BUOIB €HEPTreTUIHOT
cupoBuHH. 1li BUmM mannBa MOXYTh OYTH MTOBHICTIO BUTOTOBIJIEHI a00 BHIOOYTI 3
HeTpaIULiHHUX HKEPEI i BUAIB eHEPTeTUIHOI CHPOBIHH.
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biomMaca € BiJHOBJIOBAaHOK CHPOBHHOK, BOHAa € MICIICBHM BHIOM
AIIbTEPHATHBHOTO MAJIMBa, a OTXKE il BUKOPUCTAHHS 3MIIHIOE CHEPreTHYHY Oe3MeKy
Ta MPUBOJE [0 CHEPreTHYHOI He3ale)KHOCTi KpaiHu. biomaca, sk mamnuBo s
OMAITIOBAJBHUX KOTIIB, B MEPIILY Yepry, MPeCTaBlIeHa IepeBaMu Ta iX BiJIXOJaMH
(bpukeTH, siKi BUTOTOBISIFOTHCS 3a PAaXyHOK MPECYBaHHS MOJPIOHEHOTO JepeBa,
JCPeBHUH TMHJ, [0 OTPHUMYETHCS 3 CHPOBHHHOTO BHCYIICHOTO Martepiany,
PO3KOJIOTOTO Ha YacTKH), COJIOMOIO, CTE€ONaMH KyKypyI3H Ta €HEepreTHYHUMHU
pOCIIMHAMHU, a TAKOXK IENTiTaMU (HEBEIHKI TPaHyJIH), IKi BUPOLIYIOTHCS CIIEIiaIbHO
JUTSL IIAX ITeH.

VYci 3aKOpIOHHI JOCATHEHHS B O0JAacTi BHKOPHUCTAHHS albTePHATHBHUX
nanuB 0a3yrThCs Ha JTOBMOCTPOKOBIM cTpaTerii BIPOBAPKEHHS allbTePHATHBHHUX
EHEeProHOCIiB 1 WYiTKi 3aKOHOAaBUii 0a3i, MO HE TUILKA BU3HAYAE CKOJIOTIYHI
BHMOTH, aJie 1 CTUMYJIIOI0YE TXHE 3aCTOCYBaHHSL.

3BaXkaloud Ha MOMIIMBICTh 3YIHMHKH IOJa4i MPUPOAHOTO Ta3zy € PH3UK
OpUNHMHEHHsT (QYHKI[OHYBaHHS JIAHMX arperariB. biomanuBHI KOTIHM, IIO
NPAIIOI0Th Ha TBEPIOMY 0i10-TTAJTMBI MOXKYTh CTATH aJbTEPHATHBOIO JUTS KIIACHYHOT
CUCTEMU OITaJICHHS. HpI/I ObOMY, PO3IIIAa09YH aHbTepHaTI/IBHi BUOW ITaJIMBa CJ'[i}I
3BEpHYTHU yBary Taki napamerpu sk KKJI KoTiiB Ta BUTpaTH Ha MajuBo.

Hnst Toro, mo0 OIIHUTH — sIKE€ MajMBO € OUTbII e(EeKTUBHUM Ta MEHIIe
BUTPaTHUM Y BIANOBIJHOCTI JO CHOTOJCHHS Yy pPOOOTI BUKOHAHO aJarTalliio
ICHYyIOUMX METOAMK BH3HAYEHHS CHEPreTHYHOr0 MOTEHLIATy BHKOPHCTAHHS
noOIvHOI MpoayKiii B SIKOCTI MajuBa JJisi BU3HAYAHHS EHEProe(eKTUBHOCTI Ta
JIOLLTBHOCTI 11 BUKOPUCTAHHS Y SIKOCTI JPKepelia eHeprii.

AHati3z oTpuMaHuX pe3yabTaTiB, HaBeaeHuX y [loBigomiienHi 1, nokasye, 1o
32 YMOBH PO3paxyHKYy IMHTOMHX BHUTPAaT yMOBHOro nanuBa Ha 1 I'kanm temsoBoi
eHeprii 3 ypaxyBanusMm KKJ[ obnamHaHHs, Ha MEpIIOMY MICII CTOSATh MENETH 3
JYIINWHHS COHAIIHMKA, Ha IPYrOMY - IIEJIETH 3 COJIOMH, a JaJli BXKe HIyTh Tpicka 3
JepeBUHU Ta cTebna KyKypya3u. IIpy 1boMy 3TrOpsSHHS TaKOTO MaJIBa IPUBOJE 10
smeHenHs KKJ] arperaty. 3aneHicTh MUTOMUX BUTPAT YMOBHOI'O MajivBa Ha 1
I'kan TertoBoi eneprii Big KKJ| koTna mpu pisHHX BHJaX MajlvBa MPUBEICHO HA
pHUCyHKy 1.

Crix 3a3Ha4MTH, 0 BapTicTh OiomanyBa HE 3aJMINAETHCS MOCTiifHOW. BoHa
KOJIMBAETHCS MPOTATOM BCHOTO POKy. Hampukian, IiHM Ha TeNeTd 3 JIyIITAHHS
COHSIIHHUKY TOCTIHHO 3MIHIOIOTECS TPOTSIroM poky. Lli KonmBaHHS MOB’s3aHi
HacamIiepe] 3 HAacTpPOSAMH HA PHUHKY LIONO LIH Ha KIACHYHE IajibHE, TakKe 5K
TIPUPOJHUMA ra3, a TAKOXK 3 MOYATKOM Ta 3aKiHYCHHSAM ONAIOBAaJIbHOTO Mepiony,
KOJIA TIOIAT Ha TAJUBO OCOONMBO CTpiMKHA. Takoxk AWHAMIKa I[iH 3aJIEXKUTH BiJl
MOYaTKy 300py BpOXKaro, KON 30UTBIITYETHCS KUTBKICTh IPOMIO3UITIN Ta OaKaHHSIM
BUPOOHHKIB SIKHAWIIBHUIIE IMPONATH CTapi 3almach Ta MIATOTOBUTH CKIAJCHKI
NPUMILIEHHS JO0 HOBOro mnpoaykry. llle oamH Baxinp, SKUH BIUIMBAa€E Ha
IHOYTBOPEHHsS, II€ BOJOTICTh MPOAYKTY. Bim BONOTOCTI TMeIUIET 3aleXHTh
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TEIUIOTBOPHA CIIPOMOJKHICTB, & 3HAYMTH 1 €(EeKTUBHICTH BCi€i yCTaHOBKH. Tomy,
JUISL  TATPUMAHHS MiHIMaJIbHOI BOJIOTOCTI TpPOXYKTYy Tpeba MiATpUMYyBaTH
ONITUMAJIbHI YMOBH 30€piraHHs i JOAATKOBO BUTPAYaTH Ha OMAIIIOBATH CKJIAJICBKIX
MIPUMIILEHb.
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a3 conmmi YUIHHNE  CPERMER COROMIL  KYRVPYIT

COMMEITHMED

B BARTCTh AT, I BEHTPSBETRER
=E=Koefiueeinr Kopacieot 10 KoTeaniol yermmmen, Y

PucyHok 1 - 3aiexHicTh TUTOMUX BUTPAT BapTOCTi naynmea Ha 1 ['kai TersioBoi
eneprii Bix KKJ] xomia npu pi3HUX BHJaX ManuBa

Y poboTi mpoBeaeHO aHalli3 eHePreTUYHOro MOTEHIIAY MOOIYHOT MPOAYKIii
B SIKOCTI MajvBa y TOPIBHSIHHI 3 KIACHYHUMH BUJaMHU mnanuBa. OOIpyHTOBaHO
JOLIJIBHICT, BUKOPHCTAHHS aJTbTEPHATUBHUX BUAIB NajJWBa IS ONAIOBATIBHUX
CHCTEM 3 TOYKU 30py 3MEHIICHHS BUTpAT Ha ONMaJeHHs MpuMimeHb. [Ipu npomy
CHiJl BiJ3HAYMTH, 110 OioMaca € BiJHOBJIIOBAHOIO CHPOBHHOIO, BOHA € MiCIEBUM
BUJIOM AJbTEPHATHBHOTO MMAaJMBa, a OTXKE 1l BUKOPHCTAHHS 3MILHIOE CHEPIeTHYHY
Oe3neky Ta IPHUBOAEC [0 EHEPreTHYHOI HE3alIeXHOCTI KpaiHdh. 3acTOCYBaHHS
TMEJUIET € OJIHUM 13 IUIIXIB MePeXo/ly Ha €HEeProoliaHi TEXHOIOT1I.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Onediperko O.M. BukoprcranHs 6i0-aJIMBa Yy )KUTIOBO-KOMYHAITBHOMY
TOCMOAAPCTBI SIK 3aci0 MIJBUINEHHS EKOJOTO-€HePreTUYHOI OE3MeKH perioHy:
Mexanizm perymroBanHs ekoHoMikw, Ne 4, T. 2, 2009- C.257-265.

2. Pawlak-Kruczek H, Ostrycharczyk M, Zgoéra J. Co-combustion of liquid
biofuels in PC boilers of 200 MW utility unit. Proc Combust Inst. (2013) 34:2769—
77. https://doi.org/10.1016/j.proci.2012.08.010.

3. Eneprernuna ctparteris Ykpainm Ha mepiox go 2035 poky «besmeka,
eHeproe()eKTUBHICTh, KOHKYPEHTOCIIPOMOXKHICTEY», CXBaJleHa PpO3MOPSKESHHIM
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KabGinery MinictpiB Ykpainu Bin 18 cepmus 2017 p. Ne 605-p. 73 c. URL:
file:///C:/Users/dovga/Downloads/f469391n10.pdf (mara 3Bepaenns 03.03.2024)

4. TopriensHi MalTaHYNKH: https://tripoli.land/kukuruza/stebli;
https://bioopt.com.ua/ua/p65546799-pellety-luzgi-podsolnechnika.html;
https://flagma.ua/uk/products/triska/;

5. Tapupm wHa Ta3 B  VYkpaini y cepmnai 2023  poky
https://index.minfin.com.ua/tariff/gas/ (nara 3sepaenns 03.08.2023).

YK 621.313
Jlankina C.O.
acuct. HY «3amopi3bka mosiTeXHiKa

CTEH/J AJIs1 TIPOBEJIEHHSA JIABOPATOPHUX POBIT

PO3BUTOK BiJIHOBIIOBAHUX JDKEPEN E€HEpPrii CTae NMPIOPUTETHHM Y BCbOMY
cBiTi. HamioHanpHuii TaH [iif 3 eHeproe)eKTHBHOCTI B KpaiHi mepemdavae
BIIPOBAJ/DKCHHsI ~ 3aco0iB, ski  OyayTh  COpsAMOBaHI  Ha  IIiABUIICHHS
eHeproe()eKTUBHOCTI, «3a0e3NeueHHs IOCTYIY JO CyYacHUX JpKepen eneprii» [1],
JekapOoHizalil exoHoMikd. TakuM YMHOM 3pOocTaE HEOOXIJHICTh BHBUYECHHS
MIPUHIIMIIB POOOTH Ta XapaKTEPUCTUK (POTOCICKTPHUYHUX MIEPETBOPIOBAYIB eHEPTii.
Y SKOCTI HABYAJIBHOTO CTEHJY TMPOIOHYEThCs cxema (puc.l) mabopartopHol
YCTAHOBKH 13 MaJIOMOTY>KHOIO COHSYHOIO MAaHEJUTI0, ISl JOCIIKEHHS MPOLECiB,
110 BiI0OYBaIOTHCS MPH [IEPETBOPEHHI CBITOBOT €Heprii B eJekTpudHy [2].
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Pucynoxk 1 — Cxema mabopatopHOi yCTaHOBKA

Ha pucynky 1:
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- TIOJIKpHUCTaliYHA COHSYHA MaHeNb Mae xapakrepuctuku P =40 B, Unx =
22 B;

- KoHTpousep 3apsany Juta 20A 12B/ 24B;

- aKyMyJIATOp, pO3paxoBaHuil Ha Hanpyry 12 B;

- imBeprop 12B-220B;

- aMIepMeTpH, BOJIbTMETPH;

- razopospsana gammna JIHAT 250Bt 3 apocenem Ta I3I1.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Posnopsmxenns Kabinery MinictpiB Ykpainu Bin 29.12.2021 Ne 1803-p
"ITpo 3aTBepmxeHHs HarioHansHOTO TUIaHy Jii 3 eHeproeeKTHBHOCTI Ha Mepiof
1o 2030 poky".

2. Kommanisn «Saen». CxemMH CHCTEM Ha OCHOBI COHSYHHX OaTapei.
https://saen.com.ua/novosti/samyie-rasprostranennyie-shemyi-sistem-na-osnove-
solnechnyih-batarey/

YK 621.313
Jwomiuesa I'.B'!, Tamymka I J1.!
lcrapm. Bukn. HY «3anopisbka nojitexHikay

PO3POBKA CTEH/JY 3 BUBYEHHSA TA JOCILIKEHHSA POBOTH
ACHHXPOHHOI'O JBUI'YHA

[MiaroToBka ¢axiBiiB 3 €JIEKTPUYHUX MAIIMH 1 anapaTiB moTpedye HaJlaHHs
3m00yBauaM BHUIIOI OCBITH CYYaCHHX TEOPETHYHUX 3HAHb y TMOEJHAHHI 3
MPAaKTUYHOI MiATOTOBKOW. B cyuacHMX peaiisix BHILIOI OCBITH, BCECBITHs
MaHJeMis, MMpOKoMaciiTabHa pociiickka arpecis, iHOM CKIamHO 3a0e3neurTH
HeoOXiHUMHU 0a3aMu TPaKTUKH 3/100yBadiB OCBiTH. TOMy aKTyaJbHUM CTa€e
IPOBEACHHS HABYaHHSA HA JIaOOpaTOpHOMY OOJanHaHi, HAONMWKEHOMY IO
PpeasbHOTO IPOMHUCIIOBOTO 00JIaTHAHHS.

3 METOI0 OCHJICHHS] BUBUEHHS TE€Opii 1 MPaKTHKH 3 SIEKTPUIHUX MAIIH, Ha
Kadeapi eNeKTpUYHNX MAIIMH OYJIO IPOBEACHO OHOBIICHHS CTEHAY 3 BUBYECHHS Ta
JOCTIDKEHHS poOOTH aCHHXPOHHUX OBUTYHIB. CTEH/I TO3BOJISE:

- BUBYHMTH KOHCTPYKLII Ta NPHUHIMIN POOOTH aCHHXPOHHHUX MAIIWH.

- BuUnpoOyBaHHS TPHU(HA3HOTO ACHHXPOHHOTO IBUTYHA 3 (Da3HUM POTOPOM B
pEeKHMax XOJIOCTOTO XOJy Ta KOPOTKOTO 3aMHKaHHS, IIO JO3BOJSIE BHUBYUTH
napaMeTpyd acCHHXPOHHOTO JBUTYHA B PEXKHUMAx XOJOCTOTO XOAy Ta KOPOTKOT'O
3aMHKaHHS, XapaKTEPUCTHKHA ACHHXPOHHOTO IBUTYHA, TOOYZIOBaHi 3TiIHO JOCIHiIiB
XOJIOCTOTO XOJY i KOPOTKOT'O 3aMHKaHHSI.
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- BUNPOOYBaHHS TpudasHoro ACHHXPOHHOTO JIBUTYHA 3
KOPOTKO3aMKHEHHM  pPOTOPOM  METOAOM  O€3IOCEepPEeIHBOr0  HaBaHTaKECHHS,
03HAHOMHUTUCH 3 METOJIOM IPOBEJICHHS BUIPOOYBaHb ACHHXPOHHOTO JIBUTYHA
METOZIOM Oe3M0CepeJTHROTO HAaBaHTAKEHHS, 3HATH 1 BMITH OyayBaTH poOodi
XapaKTePUCTHKX AaCHHXPOHHOTO JBUTYHA, BH3HAYaTH HOMIHAJbHI JIaHHI
BUNIPOOYBAaHHOTO JABUTYHA.

BUNpoOyBaHHS Tpu(a3sHOrO ACHHXPOHHOTO JABUTYHa B OXHO]A3HOMY
peXuMi, Ta O3HAHOMHTHCH 3 OCOOJMBOCTSMH IyCKy U poOOTH TpH(a3HOTO
JIBUTyHa B oaHO(a3zHOMY peXuMi; TpoaHaiizyBaTH poOoYl XapaKTepUCTHKU
JIBUTYHA B OJHO(A3HOMY PEXHMI.

Crenn Oyno o00nagHaHO Cy4YaCHHMMH  KOHTPOJIbHO-BHMipIOBaJbHUMU
MpUJIaJaMy, SKi JO3BOJSIIOTH OTPUMYBATH OCIMJIOTpaMH CTPYMIB Ta Harlpyrd y
peXUMI peasbHOTO Yacy 3i 30epekeHHsIM a0 Tepeaucio MAacUBIB JTUCKPETHUX
JAHUX JI0 MEePCOHAIBLHOrO KoMl toTepy. IlepeadaueHa MOXKIUBICTD i €THAHHS
JO CTeHJYy acCHMHXpPOHHMX [BWTYHIB pi3HOi moTyxHocTi. Lle no3Bosse
BUKOPHCTOBYBATH CTCH]] HE TUILKH JUIsl HABYAHHSI aJie 1 JJIsl IPOBEJICHHS HayKOBHX
JIOCITI/DKeHb, CHPSMOBAaHMX Ha JOCIHI/DKEHHS PEKHMIB POOOTH aCHMHXPOHHHX
JIBUTYHIB, JIIarHOCTYBaHHS HECITPABHOCTEH Ta BU3HAYCHHSM NUISAXIB IMOKpPAIICHHS
X ebekTUBHOCTI Ta HAAIHHOCTI.

Juist 3a0e3neueHH s qUCTAHIIHOTO HABYaHHS Ha TAHOMY CTEH/II, IUIaHY€EThCS
HOro mojaiblilla MOJEpPHI3allisl 3 MOMJIMBICTIO BIJJIAJICHOTO DPEXUMY pPOOOTH
3aBJISIKH JIOCTYITY IO Mepexi Internet.

VIK 621.314

Hasapenko 1.A.!, JTazopxko I1.0.2

! kann. Texn. mayk, mon. HY «3amopizbka momitexHika»
2 texniunumit qupexrop T'K «IadpaCdepar

METOJIUKA PO3PAXYHKY JOBI'OBIYHOCTI APMOBAHHUX
MHNONEPEJHBOI30OJIbOBAHUX TPYH JJISI CHCTEM
TEIVIOIIOCTAYAHHSA

ApmyBaHHS TpyO BHCOKOIIPOYHHMH MaTepiajlaMd — CTaJICBOIO IIPOBOJIOKOIO,
JIEHTOIO, CKJIIOBOJIOKHOM 200 CHHTETHYHHMHU HUTKaMH — Tependadae ABi OCHOBHI
imi: 30iIbIIEHHS MIMHOCTI, IO 3a0e3nedye MiABUIIEHHS pOOOYOro THUCKY
TpyOompoBomy, abo mpm 30epekeHHI MOro eKCIUTyaTalliiHUX MapaMeTpiB
(pobGoumii THCK, Temreparypa eKCIUTyartallii) 30UIbIIEHHS TEPMIHY CITyKOU
TpyOOIIPOBOIY.

B ymoBax, KonH B SIKOCTI apMYIOUY0i CHCTEMH 3aCTOCOBYETHCS BUCOKOMIITHHMN
BHCOKOMOJYJIBHUIM MaTepiaj, apMylodya CHCTEMa CTBOpPIOE uisi cebe Bce, Mo
BHHHKAE BiJ J1ii 30BHINIHBOTO THCKY Ha HAaBaHTa)KCHHS, ITOJIMEPHI ImapH, y ¢hopMi
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MaJoi redopmarii cucTeMy, HaBaHTa)KEH]1 He3HAYHUMH 32 BEJIMYMHOIO HAarpyTu. Y
3B'SI3Ky 3 IIMM, KOPOTKOYAacHi MiIlHI BJIACTUBOCTI TakWx TpyO B Iepury dYepry
BH3HAYAIOTHCS BIATIOBITHUMM XapaKTEpUCTUKAaMH HITH, a BHOIp apMyrodol
cucteMu (MIIHICTD HITH Ta i KUIBKICTB) MOXe OyTH HpOBEJEeHHN, MPaKTHYHO, 03
ypaxyBaHHI MIIIHOCTI JieopMarii Ta XapaKTepHCTHK MOJIMEPHUX IapiB.

[puiiHsaTHii MeTon po3paxyHKy apMOBaHUX TpyO [103BOJISiE BU3HAYUTH
«pYyHHIBHE» THUCK, T. €. BEJIMYMHY, III0 BU3HAYAEThCS IPU BHUIIPOOYBaHHI 3pa3ka,
HaBaHTa)XyBaHUM THCKOM, [0 301IBIIYETHCS 3 TOCTIHHOIO MBHIKICTIO.

Juist TpyOOIpoBOAiB 3 MOJIIMEPHUX MaTepialliB HEOOXIIHUI piBEHb TPUBAJIO]
MII[HOCTI, SIK BIJIOMO, BU3HAYA€TBhCS 1 PO3PaxXOBYETbCS 3 ypaxyBaHHIM
TUMYacoBOTr0 (pakTopa BIIMBY HANpyrd, OI0 BUHHMKAE BiJl BHYTPIIIHBOTO THCKY.
IcHye cTaHmapTH30BaHU Y CBITOBIM MPaKTUIII METOJ] BU3HAUEHHS POOOYOTr0 TUCKY
3a HaJAIMHUMH TOKa3HUKaMu Matepiany Tpybonposoay (MRS), reomerpuynumu
po3MipamMu TpyO i TeMITepaTyporo eKCILIyaTallii.

Jnst po3paxyHKy [OBrOBIYHOCTI Oyna BHMKOpHCTaHa HAacTyllHAa METOJIUKa
(ACTY 32415-2013)

CyMMapHe piuHe MOMIKOKEHHsI, %, BU3HAYAIOTh 32 (POPMYJIIOI0

a,
TYD=Y—*
t!
e a; - 9ac Ail TeMIepaTypyu IpOTAroM pokKy, %o;
t; - 4ac OesmepepBHOI [Iil TemmepaTypH, sika TpyOa Moxe BuHWTH 0e3
py#HYBaHHs, BUpOXCHE B 4acax abo pokax.

Cpok ciyx0u TpyOH € BEeTMYUHOIO 3BOPOTHOT i CTAHOBUTH

s oo Dy wfe
* T TYD !

Oxpemuii yac poOOTH TPyOOIIPOBOLY AT KOXKHOI TEMIIEPaTypH PO3PaX0OBaHO
3a (hOpPMYJIOI0 TEMIIePaTypPHO-YaCcOBOI 3aJIKHOCTI MILHOCTI apMOBaHHX TPYO.

B npomy BHUIaIKy THMYACOBA 3aJICKHICTh MMPOYHOCTI ONHCYETHCS PIBHIHHAM
BUILY

logt =A+B/T +Clogo +Dloga /T

Iie ¢ — 9ac eKcIuTyararii (CpoK CITy:x0m), d;

o — HanpyxeHHs, MIla;

T — tremneparypa, K.

A, B, C, D — xoeirtieHTH, 110 BU3HAYAIOTH MIIHICTh MaTepiay.

BuKOpHCTOBYIOUH BHIIEBKAa3aHUN MPHUHLHIT PO3PAXyHKY, MOXKHA IPOBECTH
MepeBipKy MpHAaTHOCTI BHOpaHOro TpyOOmpoOBOMXYy B  3aJaHMX YMOBax
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eKcIuTyaTarii abo BuOpaTH napamerpu TpyOOIpOBOAY sl YMOB €KCILTyaTarlil, sKi
BuMararotecs. OfHaK Ui apMOBaHOI TPyOM HeE ICHYe MOHSTTS «HAINPYKEHHS B
CTiHII TpyOW», Tak SIK BCi IIapyW 0araTtomrapoBOi KOHCTPYKIl HaBaHTaKeHI IO-
pizHomy. Tomy BuHIIEeBKa3zaHa XapaKTepUCTHKa JUIS apMOBaHUX  Tpyo
PO3paxoBYeEThCS B 3aJIEKHOCTI BiJI yacy 10 pyHHYBaHHSA BiJ] THCKY 1 TeMIlepaTypH.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. MixnepxaBHUI cTaHIapT TPYOH 3 TEPMOIUIACTIB JUIsS TPaHCIIOPTYBaHHS
pianHHMX 1 razononioHux cepeponuy ('OCT UCO 161-1-2004)

2. MixknepkaBHUH CTaHIapT MaTepiaiy TePMOIUIACTHYHI I HaIlipHUX TPpyO
i 3’emnyBanpaux netanei (I'OCT UCO 12162-2006) eBporneiicbkuii cTanaapT (en
50 9080 )

3 €poneiicekuii crangapt (ISO 9080:2012) «TpyOHI cucTeMH 3 MIIACTUKY —
BU3HAUYECHHS JIOBIOCTPOKOBOI TIiJJpOCTATUYHOI CTIKOCTI TpPyO 3 TPMOCTATUYHHX
MarepiaiiB METOJIOM €KCTPAIOJISIii
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JIIATHOCTHUKHU TA YIIPABJIHHS MIKPOMEPEXI IOCTIMHOI'O
CTPYMY 3 BUKOPUCTAHHSAM AJI'OPUTMIB MAILIMHHOT'O
HABYAHHSA

Mikpomepexi nocriiiHoro crpymy (MMIIC) € nepcrieKTHBHUM pillIEHHSIM
JUISl PO3BUTKY albTEPHATUBHOI EHEPTETHKH, K CKIIAJI0Ba PO3IOJIICHOI reHepailii.
OnHak, y TOpIBHSHHI 3 CHCTeMaMH 3MIHHOTO cTpymy, amiarHoctika MMIIC e
OLIbII CKJIAJHILIIOK JIJIsl BUSIBIICHHST HECIIPABHOCTI Ta 3amoOiraHHs Cepio3HOTO
momKoKeHHA. 1le 00yMOBIIEHO THM, IO Ha 3aXHCT IMPUCTPOIB MOCTIHHOTO MMOTOKY
BIUTMBAIOTH JBi JOJATKOBI HpoOleMH, a caMe 3a3eMJICHHS Ta BiICYTHICTb
MIPUPOTHOTO IEPEXOy CTPYMY depe3 Hyb. [1].

BukopucTaHHs METOIIB MAIIMHHOTO HABYAaHHA IS BU3HAYEHHS HETIONaIoK i
onTuMi3arii po6oTu cucteMu KoHTporo i iHTerpanii MMIIC B 3aransHYy Mepexy,
€ TepeayMOoBa HaIIHOI Ta CTaoi pOOOTH MIKpOMEPEKi.

Ha cporommimHifi IeHs iCHy€ Kilbka KOMEPI[IMHHX pilleHh MAIIWHHOTO
HaBYaHHS, SKi BHUKOPHCTOBYIOTBCS  JUIL  JIaTHOCTHKH Ta  YIPaBIiHHSA
MiKpOMepe)kaMH, ajie BOHH HE € JOCTYIHUMH [UIi MaJuX CyO €KTIiB
rocriomaptoBanas. i Takux cy0’ €KTIB TOCMONAPIOBaHHS HEOOXiIHI aNTrOPUTMHU
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MAIIMHHOTO HABYaHHS JUIsl IIaTHOCTUKH HEMOJIAA0K ¢ HAaWMEHIITHMMH MePelIKOIaMU
Ha NUIIXY BOPOBADKEHHS Ta KOMeplliami3arlii.

Jnsi CTBOPEHHsI QJNTOPUTMY MAIIMHHOTO HABYaHHS JUIsl JIarHOCTHKH Ta
ynpasniaass MMIIC nporoHyeTbcsi TPOBEACHHS CTaHAApTH3alii KOMIIOHEHTIB
MIKpOMEpEKi BHKOPHUCTOBYIOUM KOHIEMIIil0 OyniBenbHUX OnokiB [2], mio
JIO3BOJIUTH CTBOPHTHU HaBYaIbHY 0a3y NaHUX 3 peajbHIX BUMipIOBaHb.

BrpoBamxennst iepapxiunoi cuctemu MMIIC 3abesnedye  edekTHBHE
(YHKIIIOBaHHS! MIKPOMEpEXi, BKIIOYAIOUHM PiBHI JJIsl KepyBaHHS, MOHITOPHHTY,
0e3IeKy Ta KOOpAMHAIIl eHepreTHYHUX Tpotecis [3].

MopentoBanHst HecrnpaBHocted MMIIC  nnst  HaBYaHHS — ATOPUTMIB
npoBosAth BukopuctoByroun PSCAD/EMTDC. Pe3ynbTaTUBHICTH TPEHOBAHHX
QITOPUTMHU TEPEBIPSIOTECA 3 BHKOPUCTAHHSM PEATbHUX JAHUX TPO TMOMMUIKH
MMIIC.

€ nocnikeHHsI e(EeKTUBHOCTI PI3HUX aJTOPHUTMIB MAIIMHHOTO HaBYaHHS
JUIs cucteM JiarHocTukH i koHTpomo MMIIC. [locnimKyBanuch alroputM Ha
OCHOBI MeTOjy OnopHHX BekTopiB (SVM), HaiBHHOro OaeciBa kiacugikaTop
(NB), nepeBa pimens (DT), naiiommxuoro uentpouga (NC) i anroputma
Oaratornraposuii nmeprentpod (MLP). 11i anroputmu 3acTOCOBYBAIHCH 10 310paHuX
JaHuX BiJ (pakTHYHOT MIKpOMEpEXi MOCTIHHOro cTpyMy. JlaHi Mpo HecnpaBHOCTI
knacu(ikyBaJIuCh Ha OCHOBI TUIYy HECIIPAaBHOCTI Ta CTIHMKICTI 0 HECIPaBHOCTEH.
SVC, NC i MLP anroput™Mu MOXYTb BUSIBUTH HECIPaBHICTb 1 KilacH(iKyBaTH THII
HecnpaBHOCTI 3 TouHicTio 100%. AJyie Hal0iIbII MPOXYKTUBHMM B BH3HAYEHI
knacudikaiii HeCIpaBHOCTI HA OCHOBI SIK THITy HECIIPaBHOCTI, TaK i CTIHKOCTI 110
HECIIPAaBHOCTI MaB ajroput™ OararomapoBuii nepuentpor (MLP) [4].

AJNTOPUTMHM MAIIMHHOTO HAaBYaHHS Ha 0a3i METOJy OMOpPHHX BEKTOPIB
(SVM) st giarHoctuku Ta ynpasiinas MMIIC, ne pe3ynbraTi BBUMIpIOBaHb BiJl
KOHTPOJIbHUX IATYUKIB MOPIBHIOIOThCS 13 KiIacH(iKaTopaMu Ha OCHOBI METOIY
OMOPHHUX BEKTOPIB, AJSl MPUUAHATTS DILIEHHs 3TiAHO 3aKIaJCHOTO AITOPUTMY €
OLIBII TPOCTUMH IS BIIPOBAJKEHHA[ S ].

Posrnsmaroun NOpPiBHAHHS BUKOPHCTAaHUX MOJENEH MAIllMHHOTO HaBYaHHA 3
TOYKH 30py BIIPOBADKEHHS Ta KoMepmianizamii, MLP moxxe OyTu ckiiagHuMm depes
i1 CKIIAAHY CTPYKTYPY 1 UYTIMBICTH IO «3aIIyMJIEHOCTI» MaHuX. Y To# "ac sk SVC
Moke OyTv e(heKTHBHHM JUisi 3aBJaHb JIHIHHOT ab0 HemiHIHHOI Kiacuikarlii,
Takoxx SVC 3a3Buuaif BUMarae MeHIIe 004nCIIeHb OpiBHAHO 3 MLP, mo 3HmKae
BUMOTH 110 OOYHMCIIOBAHOI MOTY)KHOCTI arapaTHOTO0 KOMIUIEKCY IIarHOCTHKH 1
kepyBanas MMIIC.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH
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OIIHKA CTAHY I3OJIALII CHJIOBOIO TPAHC®OPMATOPA

Jlyisi BUMIpIOBaHHS €MHOCTI Ta KOE(DII[IEHTY JIENeKTPUYHUX BTPAT CHCTEMU
i3oumsatii Tpancdopmaropis (CIT) pospobiieHo neBHuii psij tectiB. Sk npasuiio CIT
CKJIaJaeThcsl 3 manepoBoi i3oisimii Ta Macna. KoedilieHT mienekTpuyHHUX BTpAT
(K/IB) Bu3Hauae 3MiHY CIHIBBIIHOIIEHHS aKTUBHOI Ta PEAKTUBHOI CKIIAJOBHX
CTpyMy, Ha sIKy BIUIMBAIOTh CTPYKTypa i3osuii Ta ii posmipu. Ouinky crany CIT
BUKOHYIOTh JIJIsl BA3HAYCHHS] HEOOXITHOCTI POBEJCHHS MEBHUX MPOQITaKTUIHIX
Iiid, CHpsSMOBaHMX Ha YHUKHEHHS HeOe3NeKn BHXOIYy 3 Jiagy CHIIOBOTO
TpaHchopMmaropa, yepes Horo mpsMe IMOMKOIKEHHS a00 IOIIKOKEHHS BHACIIJOK
panToBux HeOaxkaHmx 300iB B eHeprocuctemi. BumiproBamas KJ/IB cmpuse
MiIBUIIEHHIO O€3MeKH Ta HagiMHOCTI poOOTH CHIIOBHX TpaHC(hOpMATOpiB 1
€HEPreTU4YHO1 CUCTEMHU.

Bumpo6yBanass CIT mpoBOIUTHCS 3MIHHOIO HAIPYTrOl0 3 BHUMIPIOBAHHSM
emHocTi Ta K/IB B i30msamii. 3a pesynbTaTaMu BUMIpIOBaHb BH3HAYAIOTh CTaH
i30JsI1ii  BiTHOCHO BoJsiorocTi, Opyay Ta ii BHyTpimmHBOi cTpykTypu. Ilig dac
pobotn cmioBHMIA TpaHC(HOpMATOp IMIJNAETHCA TEPMIYHMM 1 MEXaHIYHUM
HaBaHTAKCHHSIM, BIUIMBY BOJIOTOCTI 1 TeIUia, SKi MPU3BOAATH O ITiBUIICHHS
poGouoi Temmepatypu. IlinBumieHHs pobo4oi TeMmepaTtypd HPH3BOIHUTH JIO
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noripueHHs  gienexkTpuuHux Xxapakrepuctik CIT 1 mpumBuanrye i crapiHHS.
3minn xapakrepuctik CIT 36imbmrytors KJIB 1 BHKIMKalOTh HarpiBaHHS, IO
MIPU3BOIUTH 10 moxanbmioro 30ursimeHHs KJB. Perymsapra nepesipka KJIB moxe
JIO3BOJIUTH TepeI0aunTy Ta YHUKHYTH BiIIMOBH TpaHc(opMmaropa.

K/IB 0OMOTOK 3ajeXHTh BiJl €EMHOCTI, OOpY Ta 4acToTH. 3HadeHHs KJ/IB
MOJYTh JIaTH JIMIIIE KapTHHY 3arajbHOrO CTaHy TpaHcdopmaTopa i He JO3BOJISIOTh
BH3HAuaTH JIoKasbHi cinabki micis CIT.

Ha mpaktuni BumiproBanHst emHocTi Ta K/IB BHKOHYIOTH 3a JIOIIOMOTOXO
micta [llepinra.

Jiist 1BOOOMOTKOBHX TpaHC(hOPMATOPiB BUMIpIOBAaHHS OMOpY 1301l Tpeda
npoBoauT Mixk ooMoTkamu BH Ta HH, Misk 00MOTKaMH Ta 3a3€JICHOI0 YaCTHHOIO.
s TpboxoOoMoTKOBHX TpaHchopMaTopis: ooMoTku BH BigHocHO ooMoTok CH Ta
HH, oomotku HH BimnocrHo oomorok BH ta CH, k0XHOT OOMOTKM BiJHOCHO
3a3emuieHoi yacTuHH. /st aBroTpancdopmaropis: oomoTkr HH BiqHOCHO 00MOTOK
BH ta CH, oomorox BH ta CH BigHOCHO 3a3emiieHoi wacTuHH, oOMoTkn HH
BiZIHOCHO 3a3eMJICHOT YaCTHHH.

Tobto, icHye aBa pexxumu BuMiptoBanHs KJIB: 3 3a3emiieHHsM Ta Ge3.

TaHreHc kyra [ieJCKTPUYHUX BTpPAT € 3MIHHOK, IO 3aJCKHUTh BiJ
TEMIIePaTypu, TOMY pe3yJbTaTH BHUMIPIOBAaHb IEPETBOPIOIOTHCS HA ETAIOHHY
temreparypy 20 °C 3a JOIOMOroro MornpaBoyHOro KOoedilieHTy 13 BUKOPUCTAHHSIM
Jiarpam.

KopuryBanbHuii KoedillieHT MHOXXHTBCSI HA BUMIPSIHE 3HAYCHHS KoedillieHTa
JIENeKTPUYHUX BTpaT, MI00 OTPUMATH 3HAYeHHS Koe(illieHTa HieNeKTPUYHHX
BTpAT IIpU €TAJIOHHII TeMIlepaTypi.

Ouinka crany CIT 3a 10mOMOroro rpaHHYHHX 3HAYEHb NO3BOJISE JOCHTH
no0ope BU3HAYMTH 3aralibHUi CTaH 130isil. B Toif ke 4yac BOoHa HE J03BOJISIE
BU3HAYUTU 3MIHM Y HEBEJNUKIA YacTHHI 130JsLii dYepe3 YacTKOBHH po3ps,
JIOKaJIbHUI TIEperpiB, BOJIOTICTh 200 MONIKOKEHHSI.

I'pannuni 3HauenHs: KJIB HOpMYyIOTh BiJTHOCHO TeMIIEpaTypH, PiBHS HANPYTH
Ta MOTY>KHOCTI CHJIOBOTO TpaHCchopMaTopa.

Amnami3z BukoHyBaBcs 3a gammmMu 1TOB  HIL[ "3T3-CEPBIC" mna
TpaHcopMmaTopiB kiacy Hanpyru 35 kB motyxnictio 4...40 MBA. Jlnsa neskux
TpancpopmaTopiB, K/IB HabmmkaBcst 10 KPUTUYHUX 3HAYEHD, 1[0 MOXKE CBIIYUTH
mpo migsumeny Bosoricte CIT. Byno mpoanamizoBano KB mis pisHux Tumis
CHJIOBUX TpaHC(OPMATOPIB IPH PI3HUX TeMIlepaTypaxX BUMipIOBAHHSL

Hns ouinku ctany CIT HeoOximHO Bu3HauaTH He Tuthku KJIB ame i #ioro
TpeH 1, oOpaBmm 3a BuxigHe 3HaueHHS K/IB, BUMipsiHe BUpOOHUKOM.

Jns BuzHadeHHS T1oBHOI oriHkk crady CIT HeoOXigHO TPOBOIUTH
TECTYBaHHS HAIPYTOK MOCTIHHOIO CTPyMy Ta METOJOM BiJHOBJICHHS HalpyTH.
Herpanamis CIT moxxe npusBoant 1o 30insmensast K/IB. Ha ocHoBi 3a3HaueHnX
KOMIUIEKCHUX 3aXOIiB, KOe(iIli€HTIB TEMIEPATYPHOTO KOPETYBaHHS Ta TPAHUIHHUX
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3Ha4eHb MOKHA 3pOOMTH BUCHOBOK, III0 /Uil 00paHOi BUOiIpKHM TpaHC(OpMAaTopiB,
3navyeHHs KJ/IB € kpanmmu 3a gomyctuMi Kputepii Oe3meyHoi eKcruTyaTartii.

YK 621.3.013.1

Spum6bam JI.C.!, Kyuepssuii A.B.%, Knmumos O.®.2

! 1-p Texn. Hayk, nmpo HY «3amnopi3bka MomiTeXHikay»
Zacn. HY «3anopizbka momiTexHikay»

OITHKA 3AJIMIIIKOBOI'O PECYPCY HAIEPOBOI I30JIALIIT HA
OCHOBI HEUITKOI JIOT'TKA

CyuacHa exoHOMika BHMarae Oe3nepeOiifHOro IMocTayaHHs eNeKTPOeHepril
CHOXHBAaYaM, sKE TICHO TMOB’S3aHO 3 TMOCTIHHOIO POOOTOK  CHIIOBUX
TpaHcpopmaTopiB. ToMy, OCHOBHI By37mM CHJIOBHX TpaHC(OpMaTOpiB MOBUHHI
BYACHO OOCTYTrOBYBATHCS JUIS JOCATHEHHS MPOEKTHOTO, & B OKPEMHX BHITAJKaX
NOHA/ TIPOEKTHOrO0 TepMiHy ciyx0u. Tepmin ciyxOu TpanchopmaTopa
BU3HAYAEThCS  TEPMIHOM  CiayxOu  Horo  i3omsmii.  Cucrema  i3ossrmil
TpaHcopMaTopa B IpOIECi eKCIUTyaTallil 3a3Ha€ HU3KW HABAaHTAKEHb, TAKHX SIK
€JICKTPUYHI, TepMiuHi, MexaHiuHi Ta ekonoriudi. Yepe3 ue TpaHchopMaTopu He
MOJXYTh IPAIIOBATH MPOTSIrOM IPOEKTHOro TepMiHy ciyxOu. Tomy HeoOXimHO,
00 eKCIUTyaTyIo4i opraHizalii MmocTiiiHO KOHTPOJIIOBAIIM CTAH CUCTEMH 130JIsLii
CHJIOBOTO TpaHchopmaTopy.

Cucrema i3omsuii TpanchopMaTopa, B OCHOBHOMY CKIIQIA€TBCS 3 JIBOX
CHeliaIbHUX MAICNEKTPUYHUX CEPEIOBHIL,; 130Js1iiHe MiHepajabHE Maclilo, i0HHa
MPOBIJIHICTh SIKOTO 3MIHIOETHCS, 1 MPOCOYEHHI MacioM marip (abo mpec-KapToH),
TEPMiH CIy)OU SKOro OOMEXEHHUH HaBiTh 3a ileadbHUX YyMOB. DYyHKIIOHYBaHHS
TpaHchopMaTopy 3a3BHYail 3aJeKUTh BiJ CHPABHOIO CTaHy HOro CHCTEMH
i30omsmii. OCHOBHMM €NEMEHTOM KapTOHy Ta [amepy € Iemtonosa. bymo
BCTAHOBIICHO, 10 ICHYE MpsiMa 3aJIeKHICTh MIXK MEXaHIYHOI MIIIHICTIO Ha PO3pUB
ManepoBOi ENIONI03M Ta BIAMOBIAHWM 3HAYEHHSIM CTYINEHS moiiMepm3arii. Sk
MIPaBWJIO, CBIKHIN IIEIIOIIO3HAN MaIlip Ma€e 3HaUYeHHS CcTymeHs monimepu3arii 1200,
AK€ JeI0 B3HWKYEThCS IIJ] 4Yac HaBaHTAXCHHA. [IpM 3HA4YeHHAX CTyNeHs
nomimepu3atii 200 TepMiH ciykO0u HEeT0I03HOT0 Haepy 3aKiHIyEThCS.

Kpadr-nanip/uenrono3anii mamip BTpadae MINHICTP Ha PO3PHB, KONH BiH
MiITAa€ThCA CTapiHHIO, 1 B TIEBHUH MOMEHT HE BHUTPHUMY€E HAIPYTH KOPOTKOTO
3aMHKaHHS. MeXaHi3M TICYBaHHS Marepy AOCHTH CKIaJHUHA i CHIIBHO 3aJIC)KHUTH Bif
pobodoro cepemoBumia. Ilim wac cTapiHHS LEJIONI03a PO3KIANAETHCA HA Pi3HI
PEYOBHHHM, BKIFOYaOUd (ypaHoBi crmonyku, kuciord, CO2 i CO. Li moGiuHi
NPOOYKTH YacTKOBO PO3YMHHI B Macli Ta 3a3BHYAil XapaKTepU3YIOTBCS SK
IHIMKATOPH CTapiHHS LEJIONO3M 1 TOKAa3YIOTh KIHEb TEPMIHY CITy>KOH CIIIOBHX
TpaHchOpMaTOPiB.
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OcTtaHHIM YacoM 3’SBJIIETHCS BCE OLIBIIE JOCHI/KEHb CIPSMOBAaHUX Ha
BHU3HAYCHHS KiHI[S TEPMiHY CITyKOU CHIIOBOTO TpaHchopMmaropy. B omaux podoTax
SK KpUTEpii BHUKOPHCTOBYETBCS CTYyMiHb Moisipu3amii, B iHmWMX, BoHn
BHUKOPHCTOBYIOTH CTYIiHb NOJiMEpHU3allii, B iHIIMX - CIIBBIIHOIICHHS JBOOKUCY
BYIJIELI0 Ta OKWCY Byryemto. OCTaHHIM 4YacoM IIMPOKOTO PO3IOBCIODKEHHS Y
SIKOCTI METO[IiB OOYHUCIICHB JUIsl OLIHKK CTaHy CHCTEMH 130Jsinii HaOym HeHpoHHI
MepeXi, HeviTKa JIOTiKa, HeHpOHHA HeYiTKa CHCTEeMa, METO| OIOPHHUX BEKTOPIB,
BeliBeT-Mepeka. Mogeni, mo 0a3yloThCcs Ha LUX METOJaX BHKOPHCTOBYIOTH
OKCH/I BYTJICIIO JUISl OLIIHKY JIeTpajiallii marnepoBoi 1IeIoI03H.

Mertoro ociipKeHHs1 OyB MOHITOPHUHT CTaHy CUCTEM 130JIAIII1 32 I0MTOMOTOI0
HEYiTKOI MOJENi, sIKa BCTAHOBIIOE 3B’SI30K KOHIIEGHTpAIil OKHCY BYIJIELO,
JIBOOKHUCY BYyTJIEI0 Ta (pypdhypoity 3i 3HAUEHHSM CTYIICHS MMOJIIMEPU3allii.

BukoprcTaHHs HEYiTKOT JIOTIKHU JJIs1 aHaJi3y CTaHy 130111 TpanchopmaTopa
JI03BOJIsIE €()EKTUBHO OLIHIOBAaTH HOro Ipale3faTHICTh 4Yepe3 MOHITOPHHT Ha
ocHoBi Fuzzy-Logic. Mogeni Fuzzy-Logic, ska BHKOPHCTOBYETbCS IS
MOHITOPUHTY CTaHy MaclITHOTO CHJIOBOTO TpaHcdopMmaropa, TOBUHHA BiIOBIAATH
KPUTEPISIM: BUMIPIOBAaHHS CYTTEBOTO TMOTIpIICHHS CTaHy TpaHchopMaTopa,
BOXJIMBOCTI IapaMeTpiB, sKi BHUKOPUCTOBYIOTbCA [UI BH3HAUCHHS CTaHy
TpaHcopMaTopa; BiAMOBIHOCTI Jiana3oHy BUOOpPY BUMIPIOBAHOI BEIMYUHH, IO
MICTUTB OYy/Ib-SIKy HEOJIHO3HAUHICTh, OB’ SI3aHY 3 BUMIPIOBAHHSIM.

3a poromororo MATLAB 0ysa po3pobiieHa cucTeMa HEYiTKOIrO JIOTiYHOTO
BHCHOBKY, sIKa NIEPETBOPIOE BC1 BXI/IHI JaHi Ha pi3HI Habopu (QyHKIIH HaleKHOCTI
JUIs aHawi3y i3oismii  TpancopMaTopiB Ta IarHOCTHKHM IX CIIPaBHOCTI 3a
JIOIIOMOTOI0 Ha0Opy MpaBWII, MIO BPaXOBYIOTh HEYITKICTh BXIJHHX Ta BHXIIHHX
JaHHX.

HeuiTki Mozeni 3acHOBaHI Ha pi3HUX (YHKIISIX HAJIEKHOCTI 1 MiJrOTOBIEHI
JUIs TIEPEBIPKU CTaHy TpaHchopMaTopa 3a A0MOMOroro 3HaueHHs DP.

CucTeMa HEYITKOTO JIOTIYHOTO BUCHOBKY OYAY€EThCS 3a JIOIIOMOTOI0 Habopy
JIHTBICTUYHUX  TNPaBWI, sKi  (OPMYIOTBCS 32  JIOTIOMOTOK  ICHYIOYOTO
CHIBBIIHOIIEHHSI MIDK OKHCOM BYIJICI[I0, JBOOKCHJIOM BYyTJelo, Gpypdyponom Ta
3HaYeHHAM CTymeHs mnomimepm3arii. Lli mani Oymo mamamo TOB "HII[ "3T3-
CEPBIC™.

Bukopuctanus npoueaypu Aedasudikaiii HaJano 4iTke 3HAUCHHS CTYHEHs
moriMepu3alii Ha BUXO/I, 3 IKOTO BUBOANTHCS CTaH 130JIAII11.

Hns Bepudikamii Momeni BHKOPHCTOBYBAIMCH CKCIIEPUMEHTANbHI [aHi,
KIiHIIEBUH pe3yNbTaT CHCTEMH OOpPE y3TOKYETHCA 3 BXiTHIMH TapaMEeTPaMU.

Po3pobnena cuctemMa HEUITKOI JIOTiKM BH3HA4a€ (i3UYIHUI CTaH CHCTEMH
130JIS111T 32 3HAYEHHSIM CTYIICHS MOJIIMepU3aIliii.

Buxigni mani mMojeni JaroTh 4iTKE 3HAYEHHS CTYICHs IONIMEpu3alii, ske
MOXKHa BHKODHUCTOBYBAaTH JUIi BW3HA4YEHHS CTaHy IIalepoBOl  i30Jswil
TparcdopmaTopa. Ha Buxozi Mozeni — cTaH CHCTEMH 1301111
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[NopiBHSIHHS MDK EKCHEPUMEHTAJIBHUMH pPE3yJbTaTaMd 1 pe3ylbTaToM
PO3pO0IIeHOT HEUITKOI MOJIENTi TOKA3aJI0, O CTaH CHCTEMH i30JI1i1, OTpUMaHUil 3a
JIOTIOMOTOI0 HEYiTKOT MOJIETi, Bi/INOBiIa€ eKCTIEPUMEHTAIBHOTO PE3yIbTaTY.

BucHoBku

Y po0oTi BUKOPHCTAHO KOPEJIALII0 ICHYFOUOTO CITiBBIJHOIIEHHS MK OKHCOM
BYTJICIIO, JBOOKCHJIOM ByTJElo0, GyppyporaoM Ta 3HAYCHHSIM CTYICHS
IoJTiMepHU3allii K TOKa3HWKa CTaHy CHCTEMH 130JISIIIii CHIIOBOTO TpaHC(OpMaTopy.
Pesysnbrati po6OTH MOXHA OyTH BHKOPHCTOBYBATH SK OCHOBY ISl TOJQIBIIHMX
JOCTI/PKCHb B HAIIPSIMKY PO3POOKH CHCTEMU MOHITOPUHTY CTaHY CHCTEMH 130JIAIIi1
B MaclITHUX TpaHc(hopMaTopax 3a JIOMOMOTOI0 HEUiTKOI MoAeii. 3arporoHoBaHa
MOJIeNIb BU3HAYa€ CTaH 130Jsiwii TpancdopmaTopa i lae JoOpHid MPOrHO3 3HAYCHHSI
CTyINEHs TMOJiMEpu3allii Ha OCHOBI KOHIICHTpAIii Tra3iB OKCHUIY BYIJICINO,
JBOOKcHIy Byriento i ¢pypdyporny B Mmaciai. Moaenb Moxe OyTH BHKOpHCTaHa
OI[IHKM HEOOXiMHOCTI TEXHIYHOrO OOCIYyroBYBaHHsS MACISHOTO CHJIOBOTO
TpaHcopMaTopa B 3aJIe)KHOCTI B CTaHy Ta Iyl 30UIBIIEHHS TEPMiHY HOTo
eKCILUTyaTallil.

VK 621.365.5

Spum6bam JI.C.!, Trotronnux I1.0.2

! 1-p Texn. Hayk, mpod. HY «3anopisbka noiTexHika»
2 acn. HY «3anopizbka NoJiTeXHiKa»

HNIIBUINEHHSA E@EKTUBHOCTI MOAEJIIOBAHHA
EJJEKTPOMAT'HITHUX ITPOLHECIB IHAYKTOPIB MYHAIUTYKA
MPECY

Jns  migBUIIEHHS SKOCTI  BYTUIBHO-IrpadiToBOl MpoayKLii HeoOXiaHe
JOTPUMAHHS TEXHOJOTIYHOTO MpOILeCYy Ha BCIX cTamisx BupoOHuUNTBa. Jlis
BUPOOHMIITBA BYTUILHO-TPadiTOBUX OJIOKIB OCOOJMBO BAXKIIMBE 3HAUCHHS Mae
Ipolec BHUTOTOBJICHHS iX 3aroTOBOK, OCKUIBKM IIOPYIICHHS TEXHOJOTIYHOTO
MIPOIIECY Ha BOMY €TaIli MOKE IMPU3BECTH 10 3HIKEHHS SIKOCTI TOTOBOI IPOAYKITii
1 J0 MapHHUX BUTPAT Yacy i pecypciB.

®dopmyBaHHS 3aTOTOBOK BYTLTbHO-TpadiTOBUX OJOKIB BiIOYBA€THCS IUITXOM
NpeCcCyBaHHA depe3 MacuBHI MyHIUTYKH. [l yHUKHEHHS ITOBEPXHEBUX 1
BHYTPIIIHIX PO3PUBIB 3aroTOBKM HEOOXimHO 3abe3mednTH  CTabOiIBHICTH
TEMIEPATYPHOTO TIONII Ha BHYTPIMIHIM MMOBEpXHI MYHANITYKa TIpecy NpH
MIPOXOJDKEHHI BYTIIBHO-TpadiToBoi Macw. Jlms IbOr0 MYHIIITYKH 0OJaTHAHO
CIIEIiaTbHOI CHCTEMOIO IHAYKIIIHHOTO O0ITpiBY IPOMHUCIOBOI YaCTOTH.

Jns migsumeHHS e(eKTUBHOCTI poOOTH aBTOMATH30BAaHOI 1HIYKIIHHOTO
HarpiBaHHS 1 BHCOKOI TOYHOCTI TEMIIEPAaTypHHUX PEKUMIB HEOOXiTHO MPOBOIUTH
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06arato CKJIaJHAX 1 JOPOTHX EKCIIEPUMEHTIB Ha [I0YOMY TEXHOJIOTIYHOMY
obnagHaHi. ATbTEpHATHBOIO € MPOBECHHS KOMIT FOTEPHOT'O MOJICTTFOBAHHSI.

B momepennix ocCHipKeHHS aBTOpamMu OyJI0O pO3pOOJEHO TPUBHUMIpHY
€JIEKTPOMArHiTHy MOJIENb, sIKa BijoOpakae CcKIagHy OaraTOKOMIIOHEHTHY
KOHCTPYKTUBHY OyJIOBY IHIYKTOpiB, HENiHIHHICTh (PI3MYHMX BIIACTUBOCTEH HOTO
CKJIaJIOBHUX Ta I peajizallisi Ha OCHOBI METO/ly CKIHUEHHHX EJIEMEHTIB.

Peamizamist miei Mozeni [03BOJSIE 3 BHCOKOKO TOYHICTIO BH3HAYUTH
MapaMeTpH IHIYKTOPiB, SKi HEOOXiHI JJIs aBTOMATH30BAaHOI CUCTEMHU KepyBaHHS,
asie BOHA MoTpedye 3HAYHMX BHUTpAT Yacy Ta oOYMCIIOBaJIbHUX pecypciB. Lle He
JI03BOJISIE T{ BUKOPUCTOBYBATH IIPU POOOTI CHCTEMH aBTOMAaTH30BAHOTO KEPYBaHHS
B PEXHMI peaJbHOro 4acy, Ta 3HayHO OOMexXye ii BUKOPUCTAHHS B 3aJladax
MMOMAJBINOI  OMTUMI3AIT JUI1 TMiABHIICHHS ©()EKTUBHOCTI KOHCTPYKTHBHOTO
BUKOHaHHS iHIyKTOPIB.

Tomy MeToro poOOTH TaHOi PoOOTH Oyia po3podKa MiaX0My IS MiBUIICHHS
004K CITIOBANBHOT €DEKTHBHOCTI peasti3allii TPpMBUMIPHOI eJIeKTPOMAarHiTHOT MO/IeNi
IHIYKTOPIB.

basyrounch Ha monepeaHixX TOCIIMKEHHSX, MO0 OIIHKH KpailoBUX e(eKTIiB
HO6OBI/IX HYaCTHHaAX O6MOTOK Ta TMPUWICTIUX J0 HUX YaCTHHAX MaCUBHHX
IHAYKTOpIB OyJI0 BUPIIIEHO 3aCTOCYBaTH METOJ JEKOMIIO3MIi pO3paxyHKOBOT
TPUBUMIPHOI MOJIeNi 1HIYKTOpa BIaj0 anpoOOBaHWII aBTOpaMHM Ha I1HIIHMX
€JIEKTPOTEXHIYHHUX [TPUCTPOSIX.

MogesntoBaHHS IPOBOUIIOCH LISl TOBHOI PO3PaXxyHKOBOI MOJIENI 1 AJIsl TPhOX
OKpeMHX Mojeneil 30H aexoMmnosuilii. Po3mipy J00OBMX 30H BU3HAYAIKMCH 32
pe3yibraTamu peaiizaiii MMOBHOT MOJENi, KOJM BIUIMB KpaloBuUX e(dekTiB y
LIEHTPAJIbHIN YaCTHHI CTaBaB MiHIMaJIbHHIM.

Takuii miAXix JO3BOJMB TPOBOIUTH MOJIENIOBAHHS EJICKTPOMArHITHUX
MpOLIECiB Yy LEHTpaJbHI 4YacTWHI IHIYKTOPY Yy IIOCKO-TIapajelbHOMY
HAOJMKEHHI, 110 3HAYHO CKOPOTHJIO BHTPATH Yacy Ta OOYMCIIOBANBHI pecypcu y
MOPIBHSHHSI 13 TPUBUMIPHUM MOJICTTFOBAHHSIM.

[opiBHSHHS ~ pe3yNbTAaTIB PO3PaxXyHKy TIOJNIB BEKTOPHHX MAarHITHUX
MTOTEHI[iaJIiB TOKAa3aJio, M0 HAaWOLIbII MOXMOKH XapakTepHi IS CHONXYYEHHS
CTPYMOIIPOBIAHUX 30H aje BOHHU HE MEepeBUILYIOTH 1,2%.

BimnocHi moxuOkm g oOmacti IHAyKTOpPY Ta Horo mimoOmacteir He
nepeBunytoth 0,335% s eneprii marnitHoro mosts, 1,12% - st enekTpuyHuX
BTpart, 1,2% 10,4% - w1 Moxyins 1 ¢a3u nmafiHHs HAIPYTH.

3acTocyBaHHS METONy JEKOMITO3MIN JJO3BOIIUIO 3 BHCOKOK TOYHICTIO
MIPOBOJIUTH MOJETIOBAHHS €JIEKTPOMATHITHUX TIPOIECIB 1 3SMEHIIIMTH BUTPATH dacy
y noHax 10 pa3iB Ta 3HU3UTH BEMOTH 10 OOYNCITIOBATEHUX PECYPCIB.

TakuM 4YWHOM, BIEpIIE 3aCTOCOBAHO METOJ IPOCTOPOBOI JEKOMITO3MIIIL
PO3paxyHKOBOI 001aCTi IHIYKTOPY MYHIIITYKA MIPECy MPH peaizamii TpHBIMipHOL
MOJIET eJIEKTPOMAarHiTHUX mporeciB. Lle 103BOMMI0 iCTOTHO 3HU3UTH BUMOTH JI0
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00YHCITIOBANIBHUX PECYPCIB Ta BHTpAaTH YacH Ha peajii3alilo y IOpIBHSHHI i3
TPUBUMIPHHM MOJICJIIOBAHHSIM E€JIEKTPOMArHITHUX IPOIECIB Ul TTOBHOI 00JACTI.
Burcoka TOYHICTH 3alpOITOHOBAHOIO METO/AY JO3BOJUTH IPOBOAWTH ITONAIIBIII
JOCIII/DKEHHSI CHCTEMH IHAYKIIHHOTO O0IrpiBy MYHILITYyKa Mpecy, HMpPOBOIUTH
ONTUMI3allil0 KOHCTPYKLii IHAYKTOPIB Ui WiABUIIEHHA iX EHEPreTHYHOI
e(hEeKTUBHOCTI.

YK 621.3.013.1

Spum6am JI.C.!, Babkina O.10.2

1-p TexH. Hayk, mpod HY «3anopizbka mosiTexHikay
2 cryn. rp. E-912m HY «3anopi3bka IMoTiTeXHIKay»

AHAJII3 3YCHJIb B OBMOTKAX TPAHC®OPMATOPA 1ITPU
KOPOTKOMY 3AMUKAHHI

CunoBuii TpaHc(pOpMaTOp € KIOYOBUM OOJaJHAHHIM U1 NEPETBOPCHHS
eHeprii B eHeprocucteMi. HamifiHiCTh poOOTH CHJIOBOTO TpaHchopMaTopa Mae
Jly’Ke BEIIMKe 3HA4YeHHs /sl 3a0e3nedeHHs Oe3neKku i HaiHHOCTI eHEPrOCUCTEMH.
OnHi€r0 3 OCHOBHUX MpPUYMH aBapiil mpu poOOTI CHIOBUX TpaHC(OpMATOpiB €
nedopmartii  0OMOTOK, BHKJIMKaHI HEJIOCTATHBOI 3AATHICTIO IMPOTHCTOSTH
KOPOTKOMY 3aMHKaHHIO. TOMy akTyaJbHHM 3 IPAKTHYHOI TOYKH 30py € MUTaHHSA
JIOCJIIJPKEHHST MIITHOCTI 1 3/]aTHOCTI BUTPUMYBATH OOMOTOK BUTPUMYBATH KOPOTKI
3aMuKaHHs. Yepe3 BHCOKY BapTICTh 1 CKJIaJHICTh BHUIIPOOYBaHHS OOMOTOK
TpaHc(hopMaTopa Ha KOPOTKE 3aMHKaHHS IIMPOKO BHKOPUCTOBYETHCS UHMCEIIBHE
MOJICNIIOBAHHSI Ta PO3PaxyHKH HA OCHOBI eMIipu4HUX (opmyi. Y poOoti mis
PO3paxyHKy MEXaHIYHHUX BJIACTUBOCTE OOMOTOK CHJIOBOTrO TpaHcdopmaropa 110
kB 3acTocoBaHO MOENIOBAaHHS EJIEKTPOMATHITHOTO IIOJII Ha OCHOBI PIBHSHB
MakcBemta. BusHaueHo Ta MpoBeAEHO aHai3 PO3MOAITY 3yCHJIb B OOMOTKax
CHJIOBOTO TpaHc(opMaTopa mpu KOPOTKOMY 3aMHKaHHI.

JocmipkeHHsT TPOBONWIIMCH [UISL  CHIJIOBOTO  TpaHcdopMaTopy —KilacoM
Hanpyru 110 kB, motyxsictio 100 MBA.

[lpun po3paxyHKY eJNEKTPOMATHITHHX XapaKTEPHCTHK OOMOTOK 3aJaBaBcs
CTPYM KOPOTKOTO 3aMHUKaHHA AK (QYHKIUIsA 9acy. MakCHMaIbHUH CTPYM KOPOTKOTO
3aMHUKaHHS BHHHKA€ 32 YMOBH TPH(A3HOTO KOPOTKOTO 3aMHKAaHHS, SIKE MOXe
MIPU3BECTH 10 HANTIPIINX MOIIKOKEHb CHIIOBOTO TpaHC(opMaTopy.

Hns crpomeHHs peamizamii MatemMaTwdHOi Mozeni Oyno  3poOieHo
MIPUITYIIEHHS TPO IOCTATHICTH JBOBHUMIPHOTO MojemioBaHHA. Posrmsmanace 2D
CKIHYEHO-€JIEMEHTHAa MOJENb BICECHMETPHYHOIO €JIEKTPOMArHiTHOTO TIONIs B
TparchopmaTopi.

3a pesynbpTaTaMH PO3paxyHKy BH3HAYallach KapTHHA PO3MOILTY pamianbHOI
Ta 0CbOBOI CKJIAIOBOI IHAYKLIi PO3CISHHS ISl IKOBUX 3HAYCHBb CTPYMY KOPOTKOTO
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3aMUKaHHs. byno BU3Ha4YeHO, 0 iHIYKIis PO3CIsTHHS MK 0OMOTKaMH BUCOKOI Ta
HU3bKOT HAaNPyrd BHWINA, HDK B iHIIMX YaCTHHAX OOMOTOK. Po3moain ckimamoBux
THYKITIT

3a pesyJibpTaTaMH MOJEJIOBaHHS OyJlI0 BH3HAUCHO akciajlbHa Ta pajialibHa
CKJIaJI0Bi €JIEKTPOMAarHiTHOI CHIIH.

HecnpagnicTs, o BuHHKAE pu K3, BUKITHKaHa HEPIBHOMIPHHUM PO3ITOJIOM
TIOJIS1 PO3CISIHHSI 3HAYEHHS Ta HAIPSMOK OCHOBOI €IEKTPOMArHiTHOI CHJIM KOXKHOI
koTymkd obMotrkn BH Ta HH BigpissstoThcs. XapaKTEepUCTUKH PO3MOJITY
ENIEKTPOMATHITHOT CHJIM KOTYIIOK BHCOKOI Ta HHM3bKOi Hampyrd momiGHi. Bepxs
YacTHHA OOMOTOK MiIIA€ThCS i1 €NEeKTPOMAarHiTHOI CHJIM, CIIPSIMOBaHOI BHU3, a
HIDKHIA KiHEIb MiJTAEThCSA CJICKTPOMArHITHIA CHJIi, CIpSMOBaHii yropy. Takum
YHUHOM OOMOTKH ITi/Ial0THCS] CTUCHEHHIO 3 000X KIHIIIB /IO CEPEAUHU.

TakdM YHHOM, MJIS PO3PAXyHKy MEXaHIYHHX BJIACTHBOCTEH OOMOTOK
cusoBoro Tpanchopmaropa kimacom Hampyru 110 kB, moryxwictio 100 MBA
3aCTOCOBAHO 2D CKIHYEHO-EJIEMEHTHY MOJEIh BICECHMETPUYHOTO
€JICKTPOMArHiTHOTO IOJIS B TpaHcopMaTopi. Bu3HaueHO Ta MPOBEICHO aHai3
po3moniny 3ycuib B OOMOTKax CHJIOBOrO TpaHcdopmatopa MpH KOPOTKOMY
3aMUKaHHI.

BusHaueHo po3moain iHAyKHii pO3CISHHS B JIOCHIPKYBaHid o0iacTi,
BCTaHOBJIICHO, L0 MDK OOMOTKaMH BHCOKOi Ta HHU3bKOI HANpYrd IHAYKIis
PO3CilOBaHHS BHUIIA, HDK B IHIIMX YacTHHaX oOMOTOK. BepxHiii kiHenb 0OMOTOK
MiJIaeThes il eJIeKTPOMATrHITHOI CHIH, SIKY CIIPSIMOBAHO BHU3, & HIIKHIH KiHElLb
MIJJIAEThCS €IEKTPOMATHITHIN CHJIl, SIKYy CHPSAMOBaHO yropy. Takum 4uMHOM JBi
OOMOTKHM MiJJIAI0TBCSl CTHCHEHHIO 3 000X KIiHIIB JO cepeauHu. MakcumalbHa
Halpyra BHUHUKa€ B cepeluHi OOMOTKM HH3bKOi HANpyrd, a MaKCHMajbHe
3MilIeHHS BiZIOYBA€ThCS B KiHII OOMOTKM BHCOKOI HANpyTd MiJ €0 OChOBOT
€JIEKTPOMATHITHOT CHIIH.

YK 621.313

Jankina C.O.!, Hunywranos I.M.2, Bornan JI.C.2
Vacuer. HY «3anopisbka IOmiTEXHIKa»

2 cryn. rp. E-272cn HY «3anopisbka nonitexHika

PO3POBKA MATEMATHUYHOI MOJIEJII ACHHXPOHHOI'O IBUT'YHA

JlocmipKeHHsT aCMHXPOHHOTO JIBUTYHA JIO3BOJUTH pEali3yBaTd MpoIiec
MPOEKTYBAHHSI OKPEMOTO MPUCTPOIO, BiUYTH OOMEXKEHHS, 110 HAKIAJAIOThCS Ha
CHUCTEMY CHCTEMH CTaHAapTH3aiii B MPOMHCIOBOCTI. [IpoekTyBaHHS came
ACHHXPOHHOTO JBUTYHA JI03BOJISIE YHUKHYTH CYTO MEXaHIYHUX MUTAHb — BIJICYTHIN
KOJIGKTOp, KOHTAaKTHI KUIbIM, OUTKH. Y TOW caMHii dYac caMe BiH JOCI
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BHUKOPHCTOBYETHCSI Yy TIPOMHCIOBOCTI. TpH(asHuil acHHXpOHHHH JBUTYH €
HAWMOIUPEHI MM IBUTYHOM 3MiHHOTO CTPyMY.

MaremaTiiHe MOJETIOBAHHS EJEKTPOTEXHIYHHUX IIPOIECIB Ta MPUCTPOIB,
aHaJIi3 MOXIIMBUX BapiaHTIB iX ONTHUMI3aIlil ChOTO/IHI HAYaCTIIIe TICHO MOB'I3aH1
3 YAOCKOHAJICHHSIM PI3HHX TEXHOJIOTIH, IO 103BOJISIIOTH 3HU3UTH BUTpPATH SK Ha
BHUPOOHHIITBO, TAK 1 IPU €KCILTyaTallii.

MeTtoro maHoOi poOOTH € pO3poOKa MAaTEeMAaTHYHOI MOJCTI PEKUMIB
acuHXpoHHOTrO sBuryHa (AJl) Ta pospaxyHOK Tmycky. IllomepenHbpo mepen
MOJIENIIOBaHHSIM OyB 3pOHEHHMH PO3PaXyHOK OOMOTKOBHX ITapaMeTpiB JBUTYHA 32
TPaJULIHHOI0 METOAMKOK 13 3aCTOCYBaHHSIM MAaTeMaTHYHOI  INPOrpamu
SMathStudio. Bynu Bu3HaueHi onopu 0OMOTOK CTaTopa Ta poTopa, iHAYKTUBHOCTI
00OMOTOK cTaTtopa Ta pOTOpa, IHAYKTHBHICTH B3a€MOIHAyKIii. Po3paxyHkoBa
MOJIENIb 3BOJIUTHCS JI0 PO3B'sI3aHHA TU(EepeHIliaJbHUX PIBHSHB, 110 OMHUCYIOTh PYyX
poropa asuryHa. IlepexinHi mpolecH mpH MycKy XapaKTepU3yHOThCS CHCTEMOIO
PIBHSHB!

Ud = E'd -Xys'l.q,

dE'y _EYy ¢ p Xs-X's |
dE’ E' Xc-X'

9 =_q'S'E,dM'id’
dt Td] Td]

3MiHa YacTOTH OOEPTaHHS PYXOBOTO HABAHTAIKECHHSI:
d’s __ dS . do
TJ_2=TJ—:TJ_:ma'mC,
dt dt dt )
MozentoBaHHsI TPOBOAMMO y TporpamHOMy 3aco0i MatLab. Ilicns
MOJICTIIOBaHHS MH OTPHMAEMO IIOKa3d CTPyMy CTaTopa Ta pOTOpa, KYTOBY
LIBUJKICTh, MOMEHT, a TaKOX rpa(ik IIBUAKOCTI OOEpTaHHS JBUTYHA. 3a
pe3ylbTaTaMH MOJENIOBAHHS OTPUMAJM, L0 Yac BCTaHOBJEHHS HOMiHAJIbHOI
MIBUAKOCTI 00€pPTaHHS CTAHOBUTH TPOXH Oinbire 1 cekyHau. Yac BCTaHOBICHHS Ha
HOMIHAJBHUN pEXUM pOOOTH CTaHOBUTH 1,04 cexyHAW, Ta IBUTYH BUXOAWTH Ha
HOMIHAJIBHY YacTOTy 00epTaHHA — 976 00/XB., IO BiANOBIa€ PO3paXyHKAM.

CIINCOK BUKOPUCTAHOI JIITEPATYPH

l.MeToquuHi BKa3iBKM 1O BHKOHAHHA KYypPCOBOTO TIPOEKTY 3 IWCIUILTIHI
“Enexrpuuni mamman” 3a TeMOt0 «[IpoekTyBaHHS aCHHXPOHHOTO IBHUTYHAa» IUIS
crynenTiB 141 «EnexTpoeHepreTnka, eneKTPOTEXHIKA Ta €IEKTPOMEXaHiIKa» yCiX
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¢bopm HauanHs /Y. [1..0. Jliteimos, T.€. JliBuyk, - 3amopixoks: HY
«3artopi3pka mositexHikay, 2020. — 66 c.

2. IIpoekTyBaHHS TpU(a3HUX aCHHXPOHHHUX JBUTYHIB 3 KOPOTKO3aMKHEHOIO
o0MoTKOI0 poTopa [TekcT]: HaB4. TMOCIOHHMK [UI1 CTYA. EICKTPOTEXH.
cneniansHocTel | / B. 1. Minux. — Xapkis : HTY «XTII», 2009. — 99 c.

3. MATLAB User Guide. — The MathWorks, Inc., 2014

YK 669.04

Kyssmenko A.A.!,I'y6pienxo C.1O. 2

! crapm. Buki. HY «3anopi3bka moJtiTexHikay»

2 cryn. rp. B-251cn HY «3anopizbka nomiTexHika»

AHAJII3 EHEPTOE®EKTUBHOTI BCTAHOBJIEHHSA
T'A30MA3YTHUX NAJBHUKIB TUITY T'MI' B KOTEJIBHIMI
YCTAHOBII BM-35M

I'azoma3yTHi mansHukM THIy I'MIT, mo BUpOONAIOTHCS CepiiHO 3aBOAOM
TanninHa “lmpMapuH”, BUKOPHCTOBYIOTHCS B arperaTax i3 BUpOOHHUIITBOM HapH JI0
20 T/ron. BTopuHHI Ta MEepBUHHI HOBITPSHI pEricTpu - Lie Imarei 3 MPSIMUMH
JIONATSMH, BCTAaHOBJIEHUMH IIiJ{ KyTOM 45rpaj., BHKOPHCTOBYIOTHCS IJIS CKPYY-
BaHHsI NOTOKIB NOBiTps. Lli pericrpu OyBatoTh 3 paBUM Ta JIIBUM 00EPTaHHSIMH.

Tabmuus 1 — Texuiuni XxapakrepucTuky nanbHukis [ MIT

HaiiMeHnyBaHHs
napamerTpy

I'MI'-1,5 I'™MI'-2 I'MI™-4 I'MI'-5

HominanpHa Temmiosa

MOTYHICTh, MBT 1,74

2,33 4,65 5

HominanbHuil THCK razy
nepea najabHUKoM, Klla
(xkrc/cm2)

5(0,05 | 3,6(0,036) | 3,8(0,038)

HowminaneHUI THCK
MMaJJMBHOTO MacH mepe
nagpHuKOM, MIla
(xkrc/cm2)

1,6 (16) 2,00 (20)

Howminaneauii THCK

mapu, MIla, (krc/cm2)

0,10...0,15
(1,0...1,5)

0,10...0,20
(1,0..2,0)

Jopxuna (akerna 3
HOMIHAJTBHUM
HaBaHTAKCHHIM Ha
Ma3yT, M, He OibIe

1,6

2,2

2,5

2,3
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B raszomasyrtHux mnampHukax ['MIT TIOBiTpS TEepBHHHE Ta BTOPHUHHE
3aKpYUy€ETHCS JIOMAaTKOBUMH anaparaMy B oJH Oik. ['a3 momaeTses 3 KiJIbIIeBOTO
KOJIEKTOpa 4epe3 OTBOPH MAJIOTO JiaMeTpa, 3aJIe)KHI BiJl TEIUIOTH 3TOPSHHS Tazy.
[anpanku 'MIT BHITYCKarOTh TEIIOBOKO MOTYXkHIicTIO 1,5; 2; 4; 7 I'kaw/ron. s
PO3IUIIIOBaHHS Ma3yTy BHKOPHCTOBYIOTH IapoOMeXaHiuHi ()OPCYHKH 3 THCKOM
Ma3yTy (2...5) at™, THCK mapu cTaHoBUTH (0,6...2) aTM.

[epesaroro audy3iHHUX MaIBHUKIB € BEIUKI MEXI peryioBaHHs (BiICyTHS
HeOe3meKka MPOCKOKY TOoayM's), Oe3rmeyHa poOoTa MpH MPaKTHYHO HEOOMEKEHil
TEMIIepaTypi MigirpiBy MOBITPs, BUCOKUH CTYMiHb YOPHOTH (paKena, MOXJIHUBICTH
poboTH 0e3 AyTTS Ta NPH HU3BKOMY THUCKY rasy.

Jlo HeMOMIKIB BiTHOCATHCS HEOOXIAHICTh JCAKOTO IMiIBUIICHHS Koe(illieHTa
Haamuky nositps (o = (1,1...1,15)) MOpIBHSHO 3 KIHETHYHHMH MaJIbHUKAMH,
HWKYl TEIUIOBI HANPYTd TOMKOBOTrO 00'€My Ta TOTIPIICHHS YMOBH JOTOPSIHHS B
XBOCTOBIM YacTHHI (akena. PosnmmoBanpHa yacTiHA (OPCYHKH Ma€ KaMepy, Mo
3aKpydye, 3 KuUIbkoMa KaHanaMmu. [IpoayKTHBHICT MeXaHi4yHOI (HOpPCYHKH
3aJIeKUTh BiJl PO3MIpYy comia, THCKY Ta B'I3KocTi. [lpm MexaHiYHOMY
PO3IIIIIOBAHHI SIKICTh OCTAaHHBOTO 3aJIEKUTh BiJl THCKY Ma3yTy, IO CTBOPIOETHCA
HacOCOM.

Jlo mepeBar MexaHiYHHUX (DOPCYHOK BITHOCHUTHCS BHCOKAa CKOHOMIYHICTH
CHAJIIOBAHHS, M0 JIOCSTAETHCS.  XOPOLIMM  PO3MOPOILICHHSM 1  HHU3BKHM
po3nantoBaHHsAM. Hemomiku MexaHIYHHX (OPCYHOK: HEOOXIAHICTH IiIBHINCHOL
IIIBHOCTI Ma3yTONPOBO/IIB; MOK/IMBICTh 3aCMIUCHHS PO3MKIIOBAYIB; HOTIPIICHHS
YMOB HOPMAaJIbHOT pOOOTH B HEBEJIIMKMX MEXKaX PEryJIIOBaHHS HABAHTAKEHHS.

[IpoayKkTUBHICT, MEXaHIYHOT (POPCYHKH MOXKHA pEryJIIOBAaTH, 3MIHIOKOYH
[TOYATKOBHMI THCK Ma3yTy a0 MpoXimHuil mepepi3 po3mmiaoBaya. [lepuumii crocio
Hee(eKTUBHUI, TOMY II[0 3HMXKCHHS] TUCKY MPU3BOJIUTH IO MOTIPIICHHS PO3IUITY.
MiHimManeHHI THCK Ma3yTy mepen (opcyHkamu Mae Oyta He Mmenme 1 MIla.
Jliana3oH perysroBaHHs 3MIHOIO TUCKY 3a3BU4aii He nepesuirye 30%.

Hpyruii crocib — 3MiHa IPOXITHOTO Mepepi3y — YCKIAIHIOE KOHCTPYKIIIIO
(GOpCYHKHM MPH BIAHOCHO HEBEJMKIM 3MIiHI BHXIOHOTO IIEpepi3y PO3MUIIOBaYa.
IHomi perymioBaHHS MPOMYKTUBHOCTI 3MIHCHIOETHCS IIUIAXOM  BiJAKITFOUEHHS
JacTHHM (OPCYHOK Oe3 3MiHHM THCKy Tmepen GopcyHkamu. Ha KoTembHUX
YCTaHOBKaX BEJIMKOI TOTY)XHOCTI TaKe PEryJllOBaHHS MOXE IPU3BECTH JIO
CYTTEBUX TEMIIEPATyPHHUX IIEPEKOCIB y TOMKOBIH Kamepi.

OTxe, BUKOPHUCTAHHS Ta30Ma3yTHHX HanbHUKIB Ty IMI' B KOTenpHIii
yctaHoBIi BM-35M mokpamrye MpOAyKTHBHICTH Ta HAAIHHICT KOTEIBHOL
YCTaHOBKH.

CIIMCOK BUKOPHUCTAHOI JITEPATYPU
1.3uxoB A.K. ITaposi i BogorpiitHi kotmu. - Kuis: Buma mkoma, 2017, - 128
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2.CrenanoB /I.B., Kopxenko €.C.,bomnap JI.A. KortempHi ycTaHOBKH
MIPOMHMCIIOBHX HiAMIPUEMCTB: HaBu. 1ocib. - Binanms: BHTY, 2011. - 120c.
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Kysbmenko A.A.! 3aiines A.C. 2

! crapm. Buki. HY «3anopizbka mosiTexHikay»

2 cryn. rp. E-250 HY «3anopi3bka MOMTEXHIKA»

AHAJII3 EHEPTOE®EKTUBHOCTI BUKOPUCTAHHS
JBOCTYINIHYACTOI KOMIIOHOBKH ITAPOIIEPETPIBAYA B
KOTEJIbHIN YCTAHOBIII E-35-40

B nanomy mocimimkeHHI poaHai3oBaHO TepeBaru Ta YMOBH BUKOPUCTaHHS
JBOCTYHIHYAcTOT KOMIIOHOBKH mnaporneperpiBada (I1I1) npu KOHCTpYKTHBHOMY Ta
TEIUIOBOMY PO3paxyHKax KOTelnbHOI ycTaHOBKM E-35-40 mpu BHKOpUCTaHHI B
SIKOCTI MaJIMBa MPUPOHOTO ra3y 3 ra3onpoBoay Yrepchk — JIbBIB.

1. ITixBuiieHHs e()eKTUBHOCTI TETUIOBOTO MPOIECY

BukopucranHs nBoctynindactoi komrnoHoBku III1 no3Bonsie onTUMaibHO
BUKOPUCTOBYBATH TEIUIOBY €HEPTil0, sIKa TeHEPYEThCA B IPOLIEC] 3rOPSIHHS aIuBa
B KoTenbHil ycranoBui E-35-40. Ilepumii cTyniHb neperpiBaHHs mapu J03BOJISIE
MIJBULIMTH TEMIIEPATYPy HapH 10 MEBHOIO PiBHS, a JAPYTUil CTYIiHb JOJATKOBO
30inbLIye 1m0 Temepatypy. Lle no3Bonsie oTpuMaTi Oliblie KOPUCHOT poOOTH 3
OJHOTO KyOIYHOrO MeTpa MajiBa — MPHPOJHOTO rasdy, L0 3MEHIIYE BUTpATH i
MiJBULILYE €(PEKTUBHICTh KOTEJIBHOI YCTAHOBKH.

Hacuuena BonsHa mapa 3 OapaGaHa KOTEJNBHOI YCTaHOBKH 31 CTYIEHIO CY-
xocTi X = (0,98...0,99) o cTenboBUM TpyOaM HaJIXOJUTh B MEPIINil CTYMIHb I1e-
perpiBaHHs, MICIA YOO IPOXOJUTH Yepe3 KOHBEKTHBHHUH IMOBEPXHEBUH MapOOX0-
JIOJDKYBa4 B JIpyTHid cTymiHb neperpiBanHs. [1I1 BcTaHOBIeHWIT B KOHBEKTHBHIM
LIaXTi KOTENBHOI YCTAaHOBKHM 3a (heCTOHOM, XapakTep posrauryBanHs TpyO III1
kopunopauid. Ilpn mpoMy HampsaM pyxy BoIsHOI mapu mo tpy6ax III1 mpoTmiex-
HUI HapsMy PyXy HPOIYKTIB 3TOPSHHA, TEIUIOTA SKUX 1 € JUKEPEIOM TeIJIOTH
TeperpiBaHHs.

OTtxe, IBOCTymiHYacTa KOMIIOHOBKA TapoleperpiBada IJO3BOJISIE KOTEIBHIN
ycraHoBli E-35-40 MakcuManbHO e(h)eKTHUBHO BUKOPHCTOBYBATH TEILJIOBY €HEPTilO
MajnBa, M0 B pe3yJbTaTi 3MEHIIYE BTPATH TEIUIOTH 3 BiIXiAHUMH Ta3aMu (2 Ta
i IBUIIY € KOe(ili€eHT KOPUCHOI il KOTeNBHOI ycTaHOBKH ] Ky.

2. TlimBUIIEHHS TeMIepaTypH MapH A CIeU(ITHIX IPOIECiB

VY neskux BUPOOHWYMX Iporiecax abo TEXHOJOTIYHUX yCTAaHOBKAX MOTpiOHA
mapa 3 BHCOKOK TeMmIiepaTyporo. Hampuknan, ais BHKOPHCTaHHS Yy IIpolecax
TepMiuHOI ~ OOpOOKHM,  XIMIYHHX  peaKIifax abo  ImA  KUBIICHHS
BHCOKOTEMIIEPATYPHOTO IapoBOTO TypOoreneparopa. JIBocTymiHYacTa



77

komrionoBka [1I1 1o3Bose mocsarTé MOTPiOHOI TeMnepaTrypy mapH, 1o poouTs ii
iIeabHUM DpIIIEHHSM JUIS TAaKUX BHMOIJIMBHUX 3acTOCyBaHb. TakuM YWHOM,
JBOCTYIIHYACTa KOMITOHOBKA 3a0e3neuye THYUYKICTh B 00poOIli mapy, alanTyodn
il TemMIiepaTypy ijJ KOHKPETHI BUMOTH BUPOOHHIITBA.

3aBIsKM Iiii MOXIIMBOCTI KOTEJIbHI YCTaHOBKH MOXYTh C€(EKTUBHO BH-
KOPHCTOBYBATHCS B PI3HUX Taly3sX MPOMHCIOBOCTI, 3a0e3Medyoun HeoOXiaHui
PiBEHb TEMIEpaTypH HapH JUIsl piI3HOMaHITHUX MPOLECIB.

3. IligBuieHHs HaIfHOCTI Ta €PEKTHBHOCTI KOTEIBHOI YCTAHOBKH

Bukopucranns nsocrynindactoi komroHoBky [1I1 Moye 3HAYHO MMiqBUIMTH
HaJIHHICT Ta e(EeKTUBHICTh (YHKIIOHYBaHHS KOTENIBHOI YCTaHOBKU. 3aBIISKH
JIBOM €TaliaM IIeperpiBaHHs, KOTEJbHa YCTAaHOBKAa MOXKE MpAIlOBaTH OiJbII
cTabimbHO B pI3HMX yMOBax eKciUryartainii. BukopucraHHs mnpuHUMITY
peryJfoBaHHS ~ TeMIEpaTypH Ieperpitoi mapu 3a paxyHOK YCTaHOBKH
KOHBEKTUBHOTO TTOBEPXHEBOTO IapOOXOJIOJUKYyBada B «pPO3CIYKY» MiX JBOMa
crynensmu [II1 cropusie MiABUINEHHIO HATIMHOCTI CHCTEMH PETYJIIOBaHHS
KOTeJIbHOI ycTaHOBKU E-35-40.

KpiMm Toro, 3MeHIIEHHs HEOe3MEeKH YTBOPEHHs KOHAGHCATy Ta ONTHUMi3a-Iis
TEIUIOBOTO OOMIHY CIIpHsE MiJBHIICHHIO 3arajibHOI HamidHOCTI cuctemu. lle
JIO3BOJISIE 3HU3UTU BUTPATH Ha OOCIyrOBYBaHHS Ta PEMOHT Ta 3abe3medye Oeare-
peOiitHy poOOTY KOTENIbHOI YyCTAHOBKH MPOTATOM TPHBAJIOTO MEPIOTY.

4. ExoHOMI ITajiMBa Ta 3MEHIIICHHS BUKUIIB

OnHi€o 3 OCHOBHUX HepeBar BUKOPUCTAHHS JIBOCTYIIHYACTO! KOMIIOHOBKH
[T € MOXJIMBICT, 3MEHIIEHHS BHUTpAT Ha MajdMBO. 3aBASKU MiJBULICHIH ede-
KTUBHOCTI TEIJIOBOI'O MpOIecy Ta ONTuMi3aulii TeruioBoro oOMiHY, KOTelbHa
YCTAaHOBKAa MOXK€ BHKOPUCTOBYBAaTH MEHIIE TMalWBa JUIs TeHepallii HeoOXiaHoi
KITBKOCTI Tapd. 3MEHIIEHHS BHKOPHCTAHHS IIalBa TAKOX IPU3BOIUTH 0
3MeHnIeHHs BUKHAIB CO2 Ta {HIIMX IIKIAJIMBUX PEYOBHH, IO BUKUIAIOTHCS B
aTMocdepy miJg dYac 3ropsHHS mamuBa. Lle crpusie 3MEHIIEHHIO HEraTHBHOTO
BIUIMBY KOTEJIbHOI YCTAaHOBKHM Ha JOBKIJUISA Ta CIPHs€E MOKPAIIEHHIO €KOJIOTTYHOL
CTIKOCTI BUPOOHUIITBA.

OTmxe, BUKOPHCTaHHA IBOCTYIIHYacToi KoMmnoHoBku III1 Moke 3HauHO
CHPHATH 3MEHIICHHIO €HEePrOBUTPAT, IMOKPALIEHHIO IIPOXYKTHBHOCTI Ta HaAilHO-
cTi KoTenpHOo1 ycTaHoBKH E-35-40, a TakoX 3MEHIIEHHIO HEraTHBHOTO BIUIMBY Ha
JTOBKIJIIIS.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
1.3uxoB A.K. ITaposi i BogorpiitHi koTmm. - Kuis: Buma mkouma, 2017, - 128

2.CrerranoB /I.B. KoTenmpHi yCTaHOBKH TMPO-MHCIOBUX MiATIPHEMCTB: HABY.
[oci6 [Tekcr] / A.B. Cremanos, €.C. Kopxenko, JI.A. bomnap JI.A. - Binaums:
BHTY, 2011. - 120c.
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EHEPI'OE®EKTHUBHICTS POSMIIIEHHA B PO3CIUKY CTYIIEHIB
BOJSTHOT O EKOHOMAM3EPA TA IMOBITPOITIIITPIBAYA B
KOTEJIbHINA YCTAHOBIII E-75-40I'M

B cyuacHux kotenpHMX ycTraHoBkax —THny E-75-40I'M BuxopucTaHHs
TEIUIOTH  TPOAYKTIB  3TOPSIHHS ~ 3aBEpUIyeThC B €KOHOMaifzepi  Ta
noBiTpomiirpisaui. B exoHoMaii3epi miairpiBacThcsi MOKMBHA BOJA 1 vacTilie
BCHOTO BiJIOyBaeThcss 1i 4YAaCTKOBE BHUIMAPOBYBAHHS. Y  MOBITPOIirpiBayi
3IIHCHIOETBCSL MIJIrpiB  TMOBITPs, IO TIOAAETHCS B TONKOBY Kamepy Juis
cnamoBaHHs nanuBa. [ligirpiB MOBITPS, W0 HAAXOAUTH B TONKOBY Kamepy,
iHTeHcu(ikye panianiiiHe TEIUIOCIPUIHATTS €KpaHiB 1 3HWXKYe BTpaTH Bij
XIMIYHOTO i MEXaHIYHOT'0 HEIOMaJIiB Ma1Ba.

ExoHOMIYHO BHTiHiIIE, 00 TeMIiepaTypa MiAirpiBy MoBiTpsi Oyia BHIIOIO,
HDK TeMmIepaTtypa MOKHBHOI BOJM IIICJIsi €KOHOMaiizepa. 30iJbIICHHS MOBEPXHI
HarpiBaHHsI MMOBITPOMiAIrpiBaYa MpH MiJBHINCHIN Temneparypi MiAirpiBy MoBiTps
KOMIICHCYEThCSI 3MEHIICHHSM OibIl JOpOroi 1 BIJOBIAANBHOI TOBEPXHI
HarpiBaHHs eKOoHOMaiizepa. KpiM 1bOro, 30UIBLICHHS TEMIIEpPaTypu HiAirpiBy
noitps Ha 100 °C mixBuinye npudinsno Ha 50 °C Temneparypy ropiHHs MajivBa,
IO COpUsiE€ 3MEHIICHHIO HEOOXiJHUX MOBEPXOHb HATPIBaHHs, PO3TAIIOBAHUX Y
TOIKOBIH Kamepi, 3a paxyHOK iHTeHcHuDiKallil paialiiiHoro TeroooMiny.

Temmneparypa miAirpiBy MOBITPsI MPH OAHOCTYMIHYACTOMY KOMIIOHYBaHHI
simitoBaHa. [Ipu MpOTUTOYHOMY pycCi MIPOAYKTIB 3TOPSIHHS 1 MOBITPSI TeMIlepaTyp-
HUI Hamip y MOBITPOMIIrpiBadi Oe3NepepBHO 3MEHIIYEThCS, IOUYMHAIOYH 3

’

. . . L. 6
XOJIOZIHOTO MOTO KiHIIS, JIe ISl PI3HMILS Ma€ HaiOuIblie 3HaueHHss At~ = Lyx =ty 10

At™ =1, —1;, - Ha TapsHOMy KiHII, 1€ #,,1,,1, Ta f, - TEMIEPATypPH XOJIOIHOTO

MIOBITPS, MIAIrPITOTO TOBITPS, IPOAYKTIB 3TOPSHHS TEpel MOBITPOMiAirpiBadeM i
micist Hporo, °C.

TaxuM 4YWHOM, TP IIABUIICHHI #, CepenHili  po3paxyHKOBHIA
TEMOEpaTypHUH Hamip IMIBUAKO 3MEHINYETHCS 1 BiINOBITHO 30LIBIIYETHCS
HeoOXi/THa TOBEPXHS HAarpiBaHHS MOBITPOIiAirpiBada. 3HIKESHHS TEMIIEPATyPHOTO
Hamopy BU3HAYAETHCS TUM, IO 00'€M i TEMJIOEMHICTh TPOIYKTIB 3TOPSHHS, SKi
TpifOTh, OiNBINI, HDK Yy TOBITPS, IO HarpiBaeThCsA. MaKCHMAallbHY TeMIepaTypy
MiIITPiBY MOBITPSA IS OJHOCTYIIIHYACTOTO KOMIIOHYBAHHS MOKHA BHU3HAYHTH 3
BUpasy
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a)n(t;z_t;t):(té_tyx)me (1)

ne ty=t, — A" w, = (am —Aa,, — Atypye )VnCn -BOJUTHHI €KBiBAJICHT TTOBITPSL;

@, =Vgo,Cco, +VN,Cn, + (ayx - I)V,:Cn +Vy20CH20 -BOISHUH €KBIiBaJCHT

MIPOIYKTIB 3TOPSTHHSL.

Po3B's3annst piBHsHHA (1.1) nae 3Ha4eHHS MaKCUMAaJbHOI TeMIIEpaTypu
MiJIrpiBy NOBITps. 3a yMOBaMH €(heKTHBHOCTI TEIMJIOOOMIHY TEMIepaTypHHUI HaIIp
Ha Traps4oMy KiHIi mosiTpomigirpiBaya mae O0ytu He Hiokue (50...60) °C, i Toxi,
HalpUKIag, 3a YMOBH w,/@,=07 opepxyemo t,=270°C. Ilopmamblue
MiJBULIEHHS ~ TeMIlEpaTypd IIrpiBy TMOBITPS Ui OJHOCTYIIHYACTOTO
KOMITOHYBaHHSI HEpallioHaJIbHE, TOMY 1[0 CIIPHYHMHSIE 3MEHILICHHS TEMIIEPAaTyPHOTO
HAIoOpy Ha TapsiyoMy KiHII MOBITpOMiAirpiBaya i BiJNOBIAHO 301NBLICHHS HOTO
HoBepxHi HarpiBauHs. [Ipu nesikoMy 3Ha4YeHHi f, BUXOAUTH Af, =0 i nojansiie

MiJIBUIIEHHS TEMIEPaTypH TMOBITPsI HEMOXJIMBE. Y pa3i BHCOKOTO MiAIrpiBy
HOBITPsl HEOOXiJHE 3aCTOCYBAaHHSA IBOCTYMIHYACTOI KOMIIOHOBKM €KOHOMaiizepa i
MOBITPOIAirpiBaya, TOOTO JOTPIiB MOBITPsI B 001aCTi OLIBII BUCOKOT TeMIIEpaTypH
MPOJYKTIB 3ropsiHHsA. [Ipy mpoMy 3a yMOBaMH TeriooOMiHYy B eKOHOMan3epi Ta
TEXHIKO-€KOHOMIYHUMH MIPKYyBaHHSIMU TeMIlepaTtypa MiJirpiBy TMOBITpS 3a
MIEPIINM CTYTIEHEM MoBiTpomiairpisaua, °C, mpuiiMaeTbcs

1 =1, +(30..40), )

!

Ie t,, - TeMIepaTypa IOXKHUBHOI BOJM Ha BXO/Ii B eKoHOMaif3ep,°C.

e
= oy

T
zi‘ '|

T Yy ~ —
| ¢ f }

2) 8
Pucynox 1 - Cxemu 0THOCTYITIHYACTOI Ta TBOCTYIIHYACTOI KOMITOHOBKH (15t E-

75-40TM)

)
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AHAJII3 BUKOPUCTAHHSA 'OPU30HTAJIBHOI'O
MMAPOIIEPET'PIBAYA B KOTEJIbHIN YCTAHOBIII E-50-40I'M

[TepBUHHMI KOHBEKTHBHHI IaporeperpiBay, 3a3BU4ail, BCTAHOBIIOIOTH Y
TOPU30HTAIILHOMY JWMOBIJIBITHOMY KaHalli MK TONKOK Ta KOHBEKTHBHOIO
IIAXTOK MPU TeMIEpaTypi NPOAYKTIB 3ropsHHs nepen Hum (900...1000)°C.
[Mapome-perpiBau i meperpiBy mnapud B KOTenbHiM ycraHoBii E-50-40I'M
BUKOHYIOTh 3 TOPU3OHTAJIbHUX 3MIMOBHKIB, pO3TAIIOBAHMX Yy OIYCKHIN
KOHBEKTUBHIN IIAXTi, NMPUYOMY IOYATKOBA TeMIlepaTypa MpPOAYKTIB 3TOPSHHS
nepesl HUM He TIOBUHHA Tepesuiysatu 850°C.

Po3ramyBaHHsi 3MiIHOBUKIB Yy TUIOUIMHI, NEPIEHANUKYISAPHIA MIMPUHI JH-
MOBIJIBIIHOTO KaHaIy, IPU3BOIKUTh JI0 HEPIBHOMIPHOTO TEIIOBOTO HABAHTAXKECHHS
3MIHOBHUKIB 10 IIMPHHI AUMOBIJIBITHOTO KaHANy. B pe3ynbrari TerioBe HaBaHTa-
KEHHS OKpeMHUX 3MillOBHKIB MOXe IMepeBuIyBaTi cepenne Ha (10...20)%. V mux
yMOBax Juis 3a0e3redyeHHs] HOpMalIbHOI poOOTH MaporeperpiBada Horo pos3miss-
I0Th Ha YaCTHUHU 3 MEPEeMIlllyBaHHIM Iaph B KOJEKTOpax 10 HaIXOJpPKeHHsS il B
HaCTYIIHY YaCTHHY.

3MIHOBHKH BEPTHKAIBHOTO TapoleperpiBada, 3a3BU4ai, pO3TAlIOBYIOTH Y
KOPHIOPHOMY MOPSAKY Ul 3a0e3MeUeHHs] MOXKIMBOCTI JIETKOTO iXHBOTO OYH-
IICHHSA BiJ 30BHIIIHIX 3a0pyJHEHP Ta 3MCEHIICHHS HEOE3MMEeKH 3alUIaKOBAHOCTI.
3MifoBHK mapomneperpiBada 3a3BM4ail BAKOHYIOTH 3 IBOX IMapajellbHO BKIIOYCHUX
mo mapi TpyO, IO AO3BOIISIE PO3MICTHTH y rabapurTax IUMOBIIBITHOTO KaHAITY
Oimpmry TOBepXHIO HarpiBaHHA. [IIBHIKICTE TPONYKTIB 3TOpPSHHS y M-
MOBIIBITHOMY KaHaJIi 3aJIMIIAETHCS TaKOIO XK, 5K 1 P OAWHAPHOMY 3MiHOBHKY, a
IIBUKICTD AP 3MEHITYETHCS y 2 pa3i.

Ha pmc. 1 moka3zaHO KpiluleHHS BEPTUKAIBHOTO IapolieperpiBaya.
BeprukaneHi 3MIHOBHKM TiABIMICHI 10 KapKacy MOBepxHi HarpiBaHHs. IligBicka
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3MIHOBHUKIB 37IHCHIOEThCS 3a JIONIOMOTOI0 3aKpiIIeHOTo Ha Oammi kapkacy. J{is
3a0e3redyeHHs] NEeBHOI BiZICTaHI MK 3MIMOBMKaMH Ha HIDKHI INETJ 3MiHOBHKIB
KJIaJyTh MUCTAaHLIMHI TpeOIHKM 3 BOTHETPUBKOTO YaBYHY Ta 3aKpIILIIOIOTH iX 3a
JIOIIOMOT'OI0 XOMYTIB 3 BOTHETPUBKO] CTaIi.

Ha puc. 2 300paxkeHa cxema mapomneperpiBaya 3 TOPH3OHTAIEHUMH
3MIHOBHKAMH, CIPSIMOBAHMMHU TaKAM YHHOM, 100 3a0€3MEUYHUTH PiBHOMIpHE TXHE
00irpiBaHHS B HANPSIMKY MTOTOKY ITPOIYKTiB 3rOPSHHS.

[MapomeperpiBayi 3  TOpPU3OHTAIBHMMH  3MIHOBHKaMH,  3a3BHYA,
3aCTOCOBYIOTH JUISl BTOPUHHOT'O TIEPETPiBY MapH, a TAKOXK y KOTEIBHUX YCTaHOBKAX
HEBEJIMKOI MOTY>KHOCTI, HAIPHKJIaJ B KOTeNbHiN ycraHosii E-50-40I'M.

+ rodecvu mpy®

N

Tie
a:2

Pucynok 1- Cxema naporneperpiBaua 3 BEpTHKaJIbHUMH 3MiilOBHKaMu: 1-3MiOBHK;
2-niBiCHI TUIAHKK; 3-BepXHi 3TUHU TPYO; 4-CTENboBI TpyOH; S-AMCTAHIIHHI
rpeOiHKY; 6-OMOpHI TIAHKH.

lopu3oHTaNBHI MaporeperpiBadi JETKO JPEHYIOTHCS, IO YCYBAE€ TPYAHOLI],
HOB'I3aHI 3 BHOAJCHHSIM BOAM 3 TPYyO0 MpH BEPTUKAILHOMY PO3TAIIyBaHHIO
3MilioBUKIB. OJIHAK TOPU3OHTANIBHI MaporeperpiBaui Oinble 3a0pyTHIOIOTHCS
BiJTHOCHO 3HOCY Ta MAIOTh CKJI/IHIIIy KOHCTPYKIIiO KPITUJICHHS 3MiHOBHKIB.

Yy 2

Pucynok 2 - Cxema maporeperpipada 3 TOpH30HTAIEHAMHA 3MilfOBUKaMu: 1 -
TIePIIHNA CTYIIHB IMaponeperpiBaya; 2- 6apaban; 3 i 6 - migBicHI Tpy6H; 41 8 -
MIPOMiXkHI KOJIEKTOPH; 5 - BUXi/THA KaMepa; 7- APYTHH CTYIiHb maponeperpiBayia; 9
-KOJICKTOP IiIBICHUX TPYO
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EHEPTOE®EKTUBHICTh BUKOPUCTAHHSA TPUCTYIIIHYACTOI
CXEMM BUITAPOBYBAHHS B KOTEJBHIA YCTAHOBIII E-25-15TM

B cy4yacHOMY iH)XXEHEpHOMY JAUCKYpCi e()eKTHBHICTh BUKOPHUCTAHHS €HEeprii
CTa€ KIOYOBUM (paKTOPOM MPHU MPOEKTYBAHHI Ta EKCIUTyaTallil TeIJIOBUX CUCTEM.
B koHTekcTi OapaGaHHMX KOTENBHHX YCTAHOBOK i3 HPUPOJHOIO LUPKYIISIIELO,
TaKuX SIK KoTenbHa ycraHoBka E-25-15 I'M, me ocobmmBo axtyansHO. OmHEM 3
OCHOBHMX 3aBJaHb YIPaBIiHHA TaKUMU CHCTeMaMH €  3a0e3medeHHs
ONTUMAJIBHOTO DIBHS KOHIIEHTpaLii coieil y Boai. Bucoka koHIeHTpalis coinel
MOXe CIIPUYMHUTH YTBOPEHHS HAKHUILY, 1[0 HETraTUBHO [IO3HAYUTHCS HA TEIJIOBOMY
0oOMiHI Ta MapoNpOAYyKTUBHOCTI CUCTEMH. ToOMy, Al MIATPUMKHA ONTHMAaJIbHUX
YMOB, MepeadadeHo CHCTeMy MNpPOJYBaHHsS, IO J03BOJISE BUAAJATH 3aliBi COJi
Pa3oM 3 YaCTHHOIO BOJIH.

BesnepepBHe mpoayBaHHS, SK MPABHJIO, BUKOPUCTOBYETHCS IS ITOCTIHHOTO
KOHTPOJIIO DIBHS pPO3YMHEHHX cosieil B cuctemi. lle 3abe3meuye piBHOMipHE
BUJIAJICHHS COJIeW 3 Micls 1X HaWOLIbIIO KOHIEHTpAlii, MO CIpHsE IiATPUMIILL
ONTUMAJbHUX YMOB y 0apabaHHMX KOTEJIbHHX YCTAHOBKaX. 3 IHIIOrO OOKY,
nepioAnYHe NPOAYBAaHHS BHKOPHCTOBYETBhCS Ul BUAANCHHS NUIaMy Ta IHIIMX
BiIKIIaIeHb 3 €JeMeHTIiB cucTteMu. lle HEeoOXimgHO I MIATPUMKH ONTHMAIBHOT
e(eKTHBHOCTI Ta MapOIPOIYKTHBHOCTI KOTEJIBHOI YCTaHOBKH.

EdextuBHICTh mpoayBaHHS, TOOTO BENIWYHHA MPOAYyBaHHS P, BHpakeHa y
BiZICOTKaX, BU3HAYA€THhCSA SIK BiJHOLICHHS BUTPAaTH HPOIyBHOI Boau Dnp 10
HOMIHAJIBHOI MTAPOIPOAYKTHBHOCTI KOTEIBHOI yCTaHOBKU D, %

P=Dnp/D x 100

Burpara noxwusHOi Bogu D, TIpH Oe31IepepBHOMY IPOAYBaHHI CKIATAETHCS 3
CyMH TIapONpPOAYKTHBHOCTI D Ta BUTpaTH MpoayBHOI Boau D,,. 1le BaxmBo mmst
3a0e3nmeveHHs] CTajoro piBHA BOAM B CHCTEMi Ta ONTHMAlIbHUX YMOB ii
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¢yHkuionyBaHHA. OOUYHCIEHHS KiITBKOCTI BOJM, 110 BUIAJSETHCS 3 MIPOLYBaHHSM,
BHUKOPHCTOBYETHCS JJIsl €()EKTUBHOTO YIPABIIHHS CHCTEMOIO NPOIyBaHHS. Bona
BpaxoBy€ KOHIIEHTPAIilo CoNeil y BOMI Ta KUIBKICTh PEYOBHH, IO BiJKJIAAAIOTHCS
Ha MOBEPXHAX HarpiBaHHA. 30Kpema, ¢opMyia it KUIbKOCTI Boau Dy, Kr/c, 110
BUJAJSIETHCS 3 IPOYBaHHIM

DusSne =D S 1 +anSnp +D Soma

1€ Sne; Sui Sup - CONEBMICT IOXKUBHOI BOJM, TApH Ta IIPOAYBHOI BOJH, MI/KT;
Soms - KUIBKICTH PEYOBUH, IO BIJKIAJAIOTHCS Ha TMOBEPXHAX HArpiBaHHS,
BiJIHECEHA 10 1 KT mapH, 10 OTPUMYETHCS, MI/KT.

B koTenpHHX ycTaHOBKax cepenHboro THcKy tumy E 25-15 I'M kinmbkicTb
COJIeH, 1110 BUHOCSTHCS Mapolo, He3HAYHa, 1 wieH DS, MOXHa MPHUPIBHSITH JI0 HYJIS.
Binkmanenss comneli Ha TOBepXHi HarpiBaHHS! IPH HOPMaJIbHOMY BOJHOMY PEKHMI
KOTEJIbHOI YCTaHOBKU HE JONYCKA€ThCS, 1 WieH DS,u; TAaKOXK Mae JOpiBHIOBATH
HyJ110. Toi KINBKICTh BOJIM, IO BUAAISETHCS 3 IPOILYBAHHSIM, KI/C

an: Dy Sne /Snp =D Sm/(Snp‘ Sne)~
Tob6t0, %
P = Sue X100/(Snp- Sne).

TakuM 4iHOM, S(PEKTUBHE yIPaBIiHHS IPOLYBAHHSIM T03BOJISIE 3a0€3MCUNTH
ONTUMaJbHY €(QEeKTHUBHICTh Ta MapONPOAYKTUBHICT, OapabaHHUX KOTEIbHUX
yCcTaHOBOK. EHepretnuHa e(EKTHBHICTh BHKOPHCTAaHHS INPOLYBAaHHS TaKOXK €
Ba)XJIMBUM acrekToM. KoeH Kirmorpam HpoayBHOI BOOU HPH3BOIUTH 0 BTPATH
TEIUIOTH (, 1110 HeOOXiZHO BPaxOBYBaTH MpH IUIAHYBaHHI Ta ONTUMI3allii poOoTH
crucreMu, KJK/Kr

q = (hup —hue /s

1€ Hup 1 hne - €HTATIBINT IPOYBHOT Ta MOXKUBHOI BOJH, KJ[ /KT
- KOS(DIIIEHT KOPUCHOT il KOTENBHOI YCTaHOBKH.

Takox cmig 3a3HAYMTH, IO CTYIIHYACTE BHUIAPOBYBAaHHS BOIM MOXKE OyTH
e(eKTHBHIM METOJOM 3MCHIICHHS BHTpPAT BOOM Ta IIiJBUINEHHS TEIUIOBOT
e(eKTUBHOCTI cUcTeMH. BOHO 103BONs€ €(EeKTHBHO BHIANSATA COJI 3 BOJM,
3MEHIIYIOYH IIPY [EOMY TEIIJIOBi BTPATH.

OTxe, ynmpaBIiHHS MPOAYBaHHSAM y OapabaHHMX KOTEIHHHX YCTAaHOBKAaX €
CKIIQJHUM 3aBIaHHSM, SKE BHMAara€ ypaxyBaHHS pi3HOMaHITHHX (HaKTopiB,
BKIIIOYAIOYN SIKICTh BOJAW, €(EeKTUBHICTh CHEPrOBUKOPHCTAHHA Ta 3arajbHY
MapOIPOLYKTUBHICTH CHCTEMH.
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CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Txauenko C.M., Cremanos /JI.B., Bomnap JILA. KoTenpHi yCTaHOBKH:
nasu.moci6. [Texer] / C.J. Tkauenko, JI.B. Crenanos, JI.A. Boanap - Binmuis:
BHTY, 2016.-185c.

2. Amabocekuii  O.M., bBoxenko M.®D. IIpoekTyBaHHS KOTEJICHb
npomucioBux mignpuemcts. [Teker] / O.M. Anaboscrkuii, M.®. Boxxenko. Kuis:
Buma mixomna, 1992. - 207 c.

YK 621.311.25

3akpescrkuiit M.!, Kornaposa 0.0.2, Bonpaperko B.B.2
Vacn. HY «3anopi3bka NosiTeXHiKa»

2 cryn. rp. E-263 HY «3anopi3bka MojiTeXHika»

3 crapu. Buki. HY «3anopisbka moJliTeXHikay»

MOJIEJJFOBAHHS COHSIYHOI EJIEKTPOCTAHIIIL B 3ATTIOPI3bKIN
OBJIACTI 3A JJOIOMOI'OIO SYSTEM ADVISOR MODEL

Crnio>xuBaHHsI eHeprii B CBITI cTano 3pocTae. Lle mpu3BoauTh A0 30UIbIICHHS
CIHOXMBAaHHS BHMKOIIHOIO IajuMBa Ta 3POCTaHHSA EKOJOTIYHUX IpolneMm.
BukopucranHs coHsuHOI eHeprii Juisi TeHepalii eJeKTPUYHOI He Hece KoM
HABKOJIMIHBOMY CEPEIOBUIILY 1 KOXKHOTO POKY 301J1bIIy€EThCS.

CoHsYHa EHEeprisl € YUCTOI aIbTEPHATHBOIO CBITOBUM NOTpedaM y eHeprii, i
TOMY BUKOPHCTOBYETBCS BCE O1IIbIIIE.

YacTtka cBiTOBOI BiqHOBIIOBANBHOI eHepreTuku y 2023 poui cranoBuia 12%
BiJ 3arajipHOI renepaiiii. [Ipornosyerscs, mo no 2030 poky BoHA 30LIBIIMTBCS J0
33%. 301IbLIy€eThCS KUIBKICTh KpaiH CBIiTY, 10 BCTAHOBIIOIOTH 1 BUKOPHCTOBYIOTh
KOHLIEHTPYIOUH COHS4YHI TexHoiorii. Maibke 90% TakuxX TEXHOJOTiH € COHSAYHI
€JIEKTPOCTAHIIIT 3 mapaboIIYHIMHU KOHIIEHTPATOPaMHU.

VYkpaiHa 10 MOBHOMACIITAOHOTO POCIHCHKOrO BTOPIHEHHS Masia PO3BHHEHY
CHCTEMy TeHepallil eJeKTPUYHOI EeHeprii, fKa BKII0Yalla aTOMHI, TEIJIOBI Ta
TiAPOENEeKTPOCTaHIii, IIHPOKO  BIPOBADKYBAIACH  CIEKTPOCTAHIi, IO
BUKOPHCTOBYIOTh BiJHOBIIOBaJBbHI JpKepena eHeprii. Hespakaroum Ha crammit
PO3BUTOK BiTHOBIIOBAJIFHOI €HEPreTHKM B YKpaiHi, Ii BUKOPHCTAaHHS MOXKXHA
BBKaTH MiHIMAJIGHUM BiJl HAIBHOTO MOTEHIliany. 3rigHo mporpamu [Ipesnnenra 3
BITHOBIICHHS YKpaiHH NPIOPUTET Yy PpO3BUTKY CHEPTETHKH OyIe HaIaBaTHUCh
BIIPOBAKEHHIO TEXHOJIOTIiH BiTHOBIIOBAHOI CHEPTETHKH.

HesBakaroun Ha BHaNWii OMHT y peami3allii MPOEKTIB ENEKTPOCTAHINH 3
BUKOPDHCTaHHSM BiJHOBIIOBAaHHX JDKEpEd, TPH pPO3pOOIi HOBUX IPOEKTIB
3aIMIIAIOTECS KiJTbKa OOMEXEHbB: 3aCTapilicTh KapT 3 MOTCHUIIHHIMH THTOMAMHA
pecypcaMu BiIHOBIIOBAHOI €HEPril; KapTH CTBOPEHI 3a JOTIOMOTO0 reorpadigaoi
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iHTEeproyALii JMaHuX, MO0 OOMEXye iX BHKOPHCTAHHS IPW aHANI31 MOTEHmiamy
BiJTHOBJIIOBAHOTO JpKepena Juisl KOHKpeTHOi reorpadiuyHOi MiCIEeBOCTI Ha
MiJIrOTOBYOMY €Tarli MPOEKTY; HAsBHICTh ICHYIOUMX BHUMIPIOBAIBHHUX CTAHIIIH HE
JI03BOJISIE BUPILIUTY ITF0 Tpo0IIeMy.

VY nonepenHix IOCHi/KEHHSIX aBTOpamy OyJo 3alporoOHOBaHA METOAMKA
BU3HAYCHHS TOTEHIIANYy COHSYHOI €Heprii, sKa J03BOJSE 3 BUCOKOK TOYHICTIO
BH3HAYaTH TIOTOJMHHI CYMH BCiX KOMIIOHCHTIB COHSYHOI pamiarii Ha
PI3HOOPIEHTOBAHMX MPUAMAIBHUX MOBEPXHSX, SKi KOPUCHI ISl MPOCKTYBaHHS
(boTOCTEKTPUYHUX 200 TEMIOBUX COHSYHHX YCTAHOBOK.

Y poboTi MpoBENCHO BHU3HAYCHHS IMOTOJMHHOI COHSYHOI pasiamii Jyis
3amnopi3pKkoi o0xacTi, siKy Oyino BuUKopucTaHo y SAM, ska iMiTye mapaOonidHy
COHSTYHY €JIEKTPOCTAHIIIFO.

[TapabomiuHa COHsIYHA ENEKTPOCTAHIlS € HAWOUIBII TEPCHECKTHBHOIO
COHSTYHOIO TeXHOJIOTiEer. B poOoTi Oyi10 npoBeieHo BUOIp nmapaMeTpiB i KIFOYOBHX
€JIEMEHTIB NapaboJIiuHOl COHSYHOI eJIEeKTPOCTaHIlii, HEOOXIHUX AJIsl pO3POOKH 3
BUKOPUCTaHHAM SAM.

TennoHocHa pigrHa MOBUHHA BUOMPATHCH BUXOASTYH 3 POOOYHX TEMITEPaTyp,
MaTh BHCOKY TEPMOCTAOUIBHICTh, TEMIIEpaTypa IUIABJICHHS, THCK Mapy NOBUHEH
HiAXOAUTH A0 POOOYOro Jiana3oHy TeMIIepaTyp.

Tun xojekropa OOUPAETBCS BUXOISIYM 3 BapPTOCTi, JIETKOCTI MOHTaKYy,
YKOPCTKOCTI KOHCTPYKIIii, TPOAYKTUBHOCTI, IMTOMOI Bard.

OCKIUIBKY MPOIYKTUBHICTH KOJEKTOPY 3aJICKHUTh Bijl PECHBEPY, TO HEOOXiTHO
peTesbHO MiIOUpaTH HOro TUN 3 ypaxyBaHHAM KOe(Ili€HTIB MPOMYyCKaHHS Ta
BUIIPOMIHIOBAaHHSA,  IOMJIMHAIOYOl  3JATHOCTI, BHTpaT Ha  HpUAOAHHS,
00CIIyroByBaHHS Ta TPAaHCIOPTYBAHHS

VY pasi BUKOpHCTaHHSI HAKOIMYEHHS TEIUIa, MO0 YHUKHYTH 3aJIe)KHOCTI BiJl
COHIISl Ta 3aJI0BOJIBHUTH TOTPEOW, KOJNM 1€ HEOOXIAHO MOTPiOHO BUKOHYBATH
nigbip cucremu 30epiranHs. baxaHo, 1100 TEMIOHOCIH y KOJEKTOpax Ta CHCTEeMI
30epiraHHs OyB OJJHAKOBHH, TOJI TS 3aps/PKAHHS Ta PO3PsKaHHs Oy/ie moTpiOeH
JILIe OAUH pe3epByap.

Bubip mapoBoi TypOiHu Tpeda 3IiiiCHIOBATH BUXOASYHM 3 i €)eKTUBHOCTI Ta
THYYKOCTi poOOTH.

Po3Mmip TepuTopii 0oOHMpaeThCS BHUXOISMYM 13 IMOYATKOBOI BCTAHOBIEHOI
MIOTY’KHOCTI 13 BpaxyBaHHSAM ii MOAaibIIoro 30iMbIIEHHS Yy pa3i moTpebu. s
cTabUTFHOCTI POOOTH cTaHMii i 3a0e3MeYeHHs CIIOKUBAYiB, MOXKHA TepeadadnTi
JIOATKOBY Ta30By reHepanito Ha piBHi 10...15%.

Y Takomy Bumaaky mporpamMa SAM 103BONISE TIPOBECTH aHANi3, SK
PO3MOIITNTH TEIIOBI HAKOTIMYYBadi Ta BUKOITHI PECYPCH, 3 YPaxXyBaHHSIM PEKUMIB
iX BUKOPUCTAHHSL.

3 BUKOPHCTAHHSIM BHKOITHOTO TAJIMBA IIOPiYHE BUPOOHHUIITBO CHEPTii MOXKe
3pocTatyl Ha Maitke 15%, a KoedinieHT MoTyXHOCTI — Ha 5,2%.
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3aranpHy BapTicTh Tpeba BHU3HAYATH 3 ypaxyBaHHSIM (DiHAHCOBOTO
3aKOHO/IaBCTBA, PIBHIO iHQJIAMII, BiICOTKOBOI CTaBKH, TOLIO.

YK 621.3.013.1

Hisuykx A.A.!, JOpos J1.0.%, Cononosnikosa T.I1.>
Uerym. rp. E-211 HY «3anopi3bka NOMTEXHIKA»

2 cryn. rp. E-212 HY «3anopi3bka MoMiTeXHiKa»

3 crapur Buki. HY «3anopi3bka momiTexHiKa»

MOJAEJIOBAHHSA TEMIIEPATYPHOI'O ITOJIA OJHO®A3ZHOT'O
TPAHC®OPMATOPY

Hapitina po6oTa eHeprocucteMu norpedye B mepily 4epry HaaiiHoi podoTn
TpaHcpopmaTopHoro obOnamHanus. CraH TpaHcdopmaropy Ta TepMiH #Horo
eKCIUTyaTallil BH3HAYAETHCS CTAHOM cUCTeMH i3oiisii. HalOinbpimmii BIUMB Ha
BTpATy 130JALIHHUX BIACTUBOCTEH 1 pyHHYBaHHS 130JIALli1 OKa3yIOTh TeMIepaTypHi
pexuMu poOOTH, OCOOIMBO X mepeBHIIECHHS. J[Is NpoeKkTyBaHHS HaIiHHUX
CUJIOBUX TpaHC(OPMATOPIB Ta MOMIMBOCTI MOJENIOBaHHS IX 3aJMIIKOBOTO
pecypcy HeoOXiJIHO TPOBOJMTH MOEJIOBAHHS TEIUIOBUX MPOIECIB, SIKi
MPOTIKAIOTh OpU  poOOTI  TpaHcdopmaropy [yiss BH3HAYEHHS PO3IOJLTIB
TEMIIEpaTyp B €JIEMEHTaX Ta BHYTPIIIHbOMY MPOCTOPI TPaHC(HOPMATOPIB IMpH
pI3HHX peXHMax pPOOOTH Ta JIOKAJBbHUX TOYOK MaKCHMMaJIbHUX TeMIeparyp i
PO3poOKH 3axOA;iB WIOAO iX 3HIKEHHSA. 3a3BHYail A NPOBENEHHS TEIIOBUX
PO3paxyHKiB BUKOPHCTOBYIOTh CXEMH 3aMiLICHHS, TApaMETPH AKUX BU3HAYAIOTHCA
Ha OCHOBI EMIIIpHYHMX 3ajexHocTeil. [ljis cy4acHMX BHMOT 10 TOYHOCTI 1
JIOCTOBIPHOCTI PO3PaxyHKIB TAKHH IMiJIXi/1 BXKE 1X HE 3aI0BOJIBHSIE.

Po3Butky HaOyBaroTh miaxomu, MO 0a3ylOThCS HA METOJAX HYHUCEIbHOTO-
MOJICTIIOBaHHS TEMIIEPaTypHOTO CTaHy TpaHcpopmaropa. JIs TpoBeneHHS
MOJICJIIOBAHHSI TEIUIOBUX MpOLECIB B TpaHcdopmaropi 0OOB’SI3KOBO MOTPIOHO
MIPOBECTH IOIIEPETHE MOJISIIFOBAHHS eJICKTPOMArHiTHUX MPOLECIB JUIs BU3HAYCHHS
JDKepedl TeTuIa IS TETUIOBOT MOJIEIT.

Mertoto poboTtu Oyna po3poOKa Ta peaizalliss MOJIEINi TEMIIEPaTypPHOTO MOJIS
TpaHchopMaTopy.

Jns copormeHHsS MPOIECY MOJCTIOBAHHS 1 MOXIIMBOCTI TOPIBHSHHA 3
eKCIICpUMEHTAIbHUMHI JAHUMHA B JaOOpaTOpHUX YMOBAaxX B SAKOCTI 00 €KTY
JocHimKeHHs 0yiro obpano onrohazHmid TpaHchopmarop Tumry NDK-25, 230/36.

Jns copomieHHs Mporiecy MOAEToBaHHS Oyio oOpaHo mporpamy Femm.
MopentoBaHHS TPOBOMMIIOCH y  IHIOCKO-TIApaliecIbHOMY — HAaONWDKeHHI.  3a
pe3ylbTaTaMH MOJICIFOBAHHSI MarHiTHOTO MOJS BHU3HAYaIUCh JDKEpeNna TeIUIOTH
JUTS KOJKHOTO BHTKAa OOMOTKH Ki OYJIH BUXiJHAMHU TAHUMH JIJIST TETUIOBOI MOJENI.
[Ticnst mpoBeACHHST MOJIETIOBAaHHS TEIUIOBHX IMPOLIECIB i BU3HAYCHHS TEMIIEPaTyp
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JUIL KOXXHOTO BHTKAa OOMOTKHM BHKOHYBAaBCS I€pEpaxyHOK eJNeKTPOMAarHiTHOi
MoOJeNli 3 KOPUTYBAaHHSM EJEKTpO(I3MYHMX BIACTHBOCTEH OOMOTOK IS
OTPUMaHHX TemrepaTyp. Taki po3paxyHKH BUKOHYBAIHCH IO THX IIip, MOKH HE
OyJI0 TOCATHYTO YMOBH «CTaJIOCTI», KOJIM PI3HUIISI TEMITEpATyp MIX iTepanisMu He
TIePEeBHIIyBaJIa 3a/IaHOT TOXUOKH.

Peamizarist Takoro migxoay /MO3BOJIMIA CYTTEBO IIJBUIIUTH TOYHICTH
MOJICNIIOBaHHSI ~ TeMIIEpaTypHOro Moist  onxHo(pa3sHoro TpaHchopMaropy y
MIOPIBHSAHHI 13 IH)KEHEPHUMH METOIMKAMH.

BucHoBxku.

Bukopucranns mporpamu  Femm  103BONMIO TNPOBECTH  PO3paxyHKH
TEIJIOBUX TMONIB ofaHO(a3HOro TpaHcHopMaTOpPy i3 BHCOKOK TOYHICTIO.
Bukopucranuii minxig MoXKHa B TOAQIBLIOMY 3aCTOCYBaTH JI0 IHIIMX THIIIB
TpaHcpopmaTopiB. ToMy 3aCTOCYBaHHS YHMCEIBHOIO MOJCIIOBAHHS TEIIOBUX
MOJIB TpaHC(HOPMATOPIB € €PEKTUBHOI OCHOBOIO TEMIIEPATypHHUX PO3PaxXyHKIB i
BU3HAUYCHHS TOUOK JIOKAJIbHUX NIEPETPiBiB.

VK 621.365.32
Trotionank O.B.
acr. HY «3anopi3bka moiTexHika

MOJEJIOBAHHS MAT'HITHUX IT1OJIIB B EJIEKTPOKAJIBIIMHATOPI

OCHOBHUM KOMITOHEHTOM IIPU BUTOTOBJICHI BYT'UIbHO-TPaiTOBOI MPOIYKIIil
€ TepMoaHTpanuT. s JOCATHEHHS HEOOXiTHOTO PIBHSI MUTOMOTO €JIEKTPUYHOTO
OIIOpY, aHTPALMT MiJNAIOTh MPOLECY MPOKATIOBAaHHA. /I OUUILEHHS aHTPALUTY
Bil CIpKM BHKOHYIOTh KaJbLMHAIl, SKHHA 3IICHIOETBCS B  CIEIiajJbHUX
OIHO(A3HUX EJIEKTPOIIeUax — eJIeKTpoKaJIbuHaTopaX. KoHCTpyKIii Takux meueit
JOCUTh JIOKJIAIHO OMNHCAaHO B TEXHIYHIH umiteparypi. J[lusg miaBUIIEHHS
e(eKTUBHOCTI TMpOIeCy KalblMHAIii HEOOXiJHO TPOBEIEHHS 3HAYHOI KUIBKOCTI
eKCIIEPUMEHTAIBHUX JOCIIKeHb HA TII0YOMY TEXHOJOTIYHOMY OOJIQJHAHHS, IO
YCKIaMHSAETHCSA 3HAYHUMHU (DIHAHCOBUMHU BUTpaTaMu. AJIBTCHaTHBOI MOXe OyTd
MPOBEJICHHS ~ MOJENIOBaHHS  (PI3MYHMX  MOPOLECIB, MO0  MPOTIKAIOTh B
€JIEKTPOKAIBIIMHATOPI BiJl 9aC pOOOTH.

Mertoto pobotu Oyna po3podOka eIeKTPOMArHiTHOI MOJET, sika BimoOpaxkae
KOHCTPYKIIIIO €JeKTPOKAIBIIMHATOPY, HETMIHIHHICTh (I3UYHUX BIACTHBOCTEH IOTr0
CKIIQIOBHX Ta ii peani3ailis Ha OCHOBI METOIy CKIHUEHHUX CIIEMEHTIB

BicecumeTpryHy JBOBHUMIpPHY T€OMETPHUYHY MOJEIb €JIEKTPOKAIBLIUHATOPY
Oyno peanizoBano B mporpami FEMM. Ilpu cTBOpeHi Mopeni eNeKTPpOMAarHiTHUX
MPOIECiB, 3alaBallUCh IapaMeTpiB, KOEQIIEHTH 1 OMUCH 3aNeKHOCTEH
€JIEKTPOMATHITHUX BJIACTHBOCTEH. 3a/1aBaCh BiATIOBIAHI TPAHWYHI Ta TIOYaTKOBI
YMOBH.
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[Iporec enekTpOMarHiTHOTO IMEPETBOPEHHS CHEPTii B CIMEKTPOKAIBITHHATOPI
OTMCYETHCS CHUCTEMOIO DPiBHsIHb MakcBemna Peamizartiss Momeni Oynma 3mificHeHa
METOJIOM CKIHYCHUX CJICMCHTIB.

3acTocyBaHHS ~ MaTeMaTHYHOI ~ MOJETI  JO3BOJIMJIIO  BH3HAYMTH  Ta
MpoaHaNII3yBaTH PO3MOJIJ MUTOMOI TEIUIOBOI IOTYXXHOCTI eJiekTpomiB. Jlis
MPOBEJICHHS TOJANBIINX JOCTIDKEHb 3 TIONIYKY HOBOTO OUTBII €(PEKTHBHOTO
KOHCTPYKTUBHOTO BUKOHAHHSI €ICKTPOKAIBIIMHATOPY MOJIEIb EICKTPOMArHiTHOTO
ITOJII HEOOXIHO JOIOBHUTH MOJICJUTIO TEIUIOBHX mpoleciB. He3pakaroun Ha Te,
0 CICKTPOKAIBIMHATOP Ma€ Maike CHMETPUYHY OYIOBY JIOCIIIKECHHS
€JICKTPOTEIUIOBUX TMPOIIECIB  JOIIBHO OyJe MPOBOJUTH 3 BHKOPHUCTAHHIM
TPUBUMIPHOI MaTeMaTHYHOI MOJEN, IO Peali3yeThCs METOAOM CKiHYCHHUX
€JIEMEHTIB 1 JJO3BOJISIE BPaXOBYBATH CKIIAJHY 0araTOKOMIIOHCHTHY KOHCTPYKTHBHY
OyZIOBY €JICKTPOKAJBIIMHATOPIB, HENIHIAHICTE (I3MYHMX BJIACTUBOCTEH WOTO
CKJIaJIOBUX.

YJIK 621.318.1
[IBeus B.O.
crya. rp. E-913m HY «3amnopi3bka mositexHikay

METOAH NIATHOCTHKH CHJIOBUX TPAHC®OPMATOPIBTA
MOKJ/IMBOCTI IX BIOCKOHAJIEHHSA

be3 cunoBux TpancopMaTOpiB HEMOXIJIMBA POOOTA Cy4acHOT €HEPreTHKH.
IxHs (yHKITis TIONATAE B HEPETBOPEHHI eNEKTPUYHOI €Hepril Ha Pi3HUX eTamax: Bijl
reHeparii 10 crokuBaHHs. B YkpaiHi cymapHa MOTYXHICTh TpaHC(HOPMATOpIiB B
€HEeprocUCcTeMi  3HA4YHO MEPEBHIYE MOTYXKHICTh  YCIX  EJIEKTPOCTAHIIIN.
Tpancdopmaropu BiIirpaioTh KIIOYOBY pOJib B HAIIHOCTI Ta €KOHOMIYHOCTI
POBOTH €NEKTPUYHUX MEPEXK. IX XapaKTepMCTHKH Ta MapaMeTpH BILIMBAKOTH Ha
pexumu poboTU Bei€el eHeprocucTeMu. Biuiue TpaHcopMaTopiB NPOSBISIETHCS K
B HOPMAJIBHUX, TaK i B aBapifHUX peXuMax.

Tpancdopmaropu He nwMile BIUIMBAIOTh HA EHEProCHCTEMY, a U cami
3a3HAIOTH BIUIMBY 3 ii OOKY.

Pizni mpomecu, mo BigOyBarOThCA B €HEPrOCHUCTEMI, BIUIMBAIOTH HA POOOTY
TpaHchopMaTopiB.

I'muboke po3yMiHHS poOOTH Ta BILTUBY TPAHC(HOPMATOPIB MAE 3HAUCHHS IS

- e(eKTHBHOTO YIIPaBIiHHS €HEPTOCUCTEMOIO;

- MIABHMINEHHS 11 HAJQIHHOCTI Ta €KOHOMIYHOCTI;

- 3abe3neyeHHs Oe3nepediifHOTo MmocTavaHHs eNeKTPOCHEPTil CTIOKUBaYaM.

B Vkpaini Ta B €Bpomi 3araioM axkTHBHO pPO3POOIISIOTBCS  Ta
BIIPOBADKYIOTHCA HOBI CHCTEMH [IaTHOCTYBaHHS CHIJIOBHX TpaHC(HOpPMATOpPiB.
Cepen HMX KOMIUIEKC AIarHOCTYBAaHHS OCHOBHOI i30ismii TpaHcopMaTopiB Ha
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0a3i iH(opMariiftHO-TiarHOCTHIHOTO KomIuiekey «Perinay, cuctemm SAFE-T,
TDM, CYM-TO. Icuyroth Takox po3podku CIIIA Ta kpaiH €Bpocoro3y (CHCTeMHU
TPAS, Siemens TMDS, ABB TEC, AREVA T&D MS 3000) [1].

OnHak OiNBLICTh IMX CHUCTEM JAIaTHOCTYBaHHS MalOTh BHCOKY BapTiCTh,
TOMY IX yCTAaHOBKa OOMEXXYETHCSI JIMIIE ITOTY>KHUMH HOBUMH TpaHCc(opMaTopaMu.
Bunukae motpeba B po3poOIli Ta YAOCKOHAJIGHHI MOJENCH 1 METOMIB
JliarHOCTyBaHHS JUIsl TpaHC(HOPMATOPiB MaJIOl Ta CePEHBOI MTOTY)KHOCTEH, 8 TAKOXK
TpaHcOpMaTOpiB 31 3HAYHUM TepMiHOM cilykOu. B ymoBax BiiiHM B YKpaiHi
JIarHOCTHKA Ta INBUIKICTH JiarHOCTYBaHHs CHJIOBHX TPaHC(OpPMATOpPIiB CTa€ Iiie
OiMbIl  BaXIJIMBOIO, aKe BiA 1XxHBOI Oe3mepebiiiHOT pPoOOTH  3aNekKHUThH
€HEeprornoCcTayaHHs JKUTTEBO BXKIMBUX 00’ €KTIB.

IcHyroui MeTomu aiarHOCTyBaHHs (BiOpalliifHUii METOJ], BU3HAUYEHHSI BMICTY
PO3UMHEHHX y Macii rasiB, BHSBJICHHS YaCTKOBUX PO3PSiB, aHAJI3 MEpeXiJHUX
(GyHKIIH 32 JONOMOrOI0 IMIYJIBCHOT Ta YacTOTHOI XapaKTEPHCTHK) HE 3aBKIU
JIAl0Th 3MOTY JIOCTOBIPHO OI[IHIOBATH TEXHIYHHI CTaH TpaHC(OPMATOPIB B YMOBaX
eKCTLTyaTallii eNeKTPUYHHX MEpEeXK. IX anrOpUTMHM POBOTH BPAXOBYIOTH JIHIIE
IPaHUYHUI KOHTPOJIb 32 BUMIPSIHUMHU AiarHOCTHYHHMH MapaMeTPaMH.

Po3poOka HOBHX Ta YAOCKOHAJICHHS ICHYIOUMX MaTeMaTHYHUX MOJeNel i
METOJiB BU3HAUEHHS Ta aHaji3y MAIarHOCTHYHUX IIapaMeTpiB CTaHy CHJIOBHX
TpaHc(hOpMATOPIB B EIEKTPUUHUX Mepexax Harpyrow 6 — 110 kB e nanzBuuaiino
aKTyaJbHOIO. AJDKE 1€ JO3BOJIUTE!

- MIJBUILIMTH JOBrOBIYHICTH TpaHC(OpMATOPIB;

- TMOKpAaIMTH piBeHb IX TEXHIYHOro OOCIYroByBaHHs B mpoleci
eKCILTyaTallil;

- 3MEHIIUTH eKCIUTyaTaliiiHi BUTpaTH;

- MIJBUIIMTH HAIHHICTH POOOTH E€JIEKTPUUHUX MEPEXK;

- TOKPAIKTH SIKICTh €JIeKTPOCHEPT i,

- MIJBUIIMTH HAJIIHICTh Ta OE3MEUHICTh POOOTH EHEPTOCUCTEMH.

IIepcnexkTuBU PO3BUTKY:

- po3poOKa cHCTeM [IarHOCTYyBaHHS, 10 BPAaXOBYIOTh  KOMILIEKC
IIarHOCTUYHUX MapaMeTpiB Ta JUHAMIKY iX 3MIHH;

- CTBOPEHHS CHCTEM JMialHOCTYBaHHS 3 aJaNTUBHUMH aJTOPHTMAMH
po0oTH, 10 BPaxOBYIOTh OCOOIUBOCTI eKCILTyaTamil TpaHC(HOPMATOpiB;

- po3poOKa CHCTEM [iaTHOCTYBaHHS, SKi MOYXHA BHKOPHCTOBYBATH ISt
TpaHchOpMATOPIB MAIOT Ta CEPEHBOI MOTYKHOCTEH, a TAKOXK TpaHCHOPMATOPIB 3i
3HAYHUM TEPMIHOM CITy>KOU.

VYkpalHcbki Ta 3apyODKHI HAyKOBII 3pOOHIIN 3HAYHUA BHECOK Y PO3POOKY
METOIiB AIaTHOCTYBaHHs CcTaHy ciioBux TpancdopmatopiB. Cepen Hux: CTOTHIN
B.C., AnexceeB B.A., CokonoB B.B., Paccanbcekmii A.H., ObcsuuikoB A.T.,
Hap’sa JLLA., JIeBoB M.IO., Koctepes M.B., Bmosixo B.I1., Comens M.D.,
Mopaxosua A.T'., [TomsxoB M.A., PycoB B.A., Typkot B.A., X Kuoneprikos C.B.,
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Hdacman I'M., Boss P., Ecknauer E., Gysi R., Knab H.J., Leibfried Th., Marks J.
Ta iHOI. 3aBASKK poOOTI IUX HAYKOBIB JIarHOCTHKA CHJIOBUX TpaHC(HOPMATOpiB
cTayia OUTBII TOYHOO Ta HAJIHOLO, IO JO3BOJIMIIO MOepeIuTH OaraTo aBapii [1].

B.B. I'padko, [1.0. Bepe3Huupkuil po3risiiagy METOAW JAiarHOCTYBaHHS
TpaHcopMaTOpiB BIACHHUX TOTpeO Ta CHCTEM TEXHOJIOTIYHUX 3aXHCTIB
eHeproOJioka TerioBoi enekTpocTaHmii. Suyn M.A. nocnmigpkyBaB  criociO
iMIyJbecHOTO AedexTorpadyBaHHs CHIIOBOrO TpaHcdopmaTtopa 3a 30ymKEHHS Y
HBOMY BJIACHHX 3araCHHX KOJIMBAaHb IEPIOANYHIMH IMITyJIbCAMH MOCTIHHOT HAIpyT
[2,3].

Po3poOka HOBHX Ta yJOCKOHAJIEHHS ICHYFOUMX METOJIB JIIarHOCTYBaHHS €
MEPCIIEKTUBHAM  HAIIPSIMKOM ~ JIOCHi/PKeHb. HeoOXiqHO BIpOBa/KyBaTH HOBI
METOJM JiarHOCTYBaHHS, sIKi O MOIJIM BUKOPHCTOBYBATHCS Ul TpaHC(HOPMATOPiB
MaJIoi Ta CepeIHbOI MOTYKHOCTI, @ TAKOK TPaHC(HOPMATOPIB 31 3HAUHUM TEPMIHOM
ciryx0u. BaxximBo criiBnpairoBati 3 yKpaiHChKMMU Ta 3apyOiKHUMH HAyKOBISIMU
JUIsSL pO3pOOKM HOBUX Ta YJOCKOHAJICHHS ICHYIOYMX METOJIB JiarHOCTYBaHHS
CHJIOBUX TpaHC()OPMATODIB.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Tlputuckau [B. Mogeni Ta MeTOAM MAIaTHOCTYBaHHS CHJIOBUX
TpaHchOpMaTOpiB B €IEKTPUUHKX Mepexax Harpyrowo 6 — 110 kB: aBropedepat /
I.B. Ilputuckau. - Kuis - 2015. - 24 c. http:/surl.li/shbuf

2. JiarHoctyBaHHs TpaHc(hOpPMAaTOpiB BIaCHMX NOTped Ta CHCTEM
TEXHOJIOTTYHUX 3aXHCTIB EHEPro0oKa TermioBoi eJIeKTpocTaHLii : MoHorpadis / B.
B. I'padko, 1. O. bepesnunpkuii. - Binauig : BHTY, 2010. - 124 c.

3. Suyn M.A. IMnysibCcHe MiarHOCTYBaHHS TEXHIYHOTO CTaHy CHIJIOBHX
TpaHc(HOpPMATOPIB 32 XapaKTEPUCTUKAMH BIACHUX 3aracHUX KoiuBaHb / M.A.
Suyn. // EnekrpoeHepreTruHi Ta enexkTpoMexaHiuHi cuctemu - JIbBiB : HYJIII,
2020. - C. 61 - 66. http://surl.li/shcjy
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JOCJIKEHHA HAIMHOCTI POBOTH TPAHC®OPMATOPIB

TpanchopmaTopn BHUKOPHUCTOBYIOTBCA TIpW TIepedadl Ta  PO3MOJILTi
eJIeKTPUYHOi eHeprii. BoHM € HEeBiJ €MHOI0 YaCTHHOK EHEePreTHYHOI CHCTeMH
VYkpaian. be3 TpancopMaTopiB HE MOXKIIMBaA Tiepeiada eIeKTPUIHOI EeHeprii Bij
SJIEKTPUYHNX CTaHIIA [0 CIOXXWBAa4YiB Ha 3HAYHY BiJICTaHb, HE MOMJIMBHH ii
PO3MOIII MK CHOXHBadYaMH Ta 00 €KTaMH, MiJKITIOUYCHHS HHU3HKOBOIBTHIX
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CIOXXMBAyiB, BUKOHAHHS OyJIb-IKUX POOIT B €NIEKTPOTEXHIuHIN ranys3i. B ymoBax
CBOTOJICHHSI CHJIOBI TPAaHC(HOPMATOPH 3aJMIIAIOTHECS aKTYaJbHHUMH 3aBISKH CBOIN
Ba)KJIMBOCTI ISl €JICKTPOIIOCTAYaHHS IIPOMHUCIIOBOCTI Ta OHOBJICHHS] €HEPTeTUYHOT
iH(pacTpyKTypH.

KoHcTpykiist TpaHchopMaTopa TOBONI CKIaJHA Ta BKIIOYAE TaKi OCHOBHI
YaCTHUHU:

* AKTHBHA YaCTHHA;

* TpaHchopMaTOpHU OAK, CHCTEMa OXOJIOKCHHS;

* BHCOKOBOJIbTHI Ta HU3bKOBOJIBTHI BBOJIN;

* JIOAaTKOBA araparypa.

Jlo OCHOBHHX €IIEeMEHTIB aKTHBHOI YacTHHH Oy/b-SIKOTO TpaHchopmaTopa
BiJTHOCSITBCSI MarHiTHa cucTeMa abo OCTOB Ta OOMOTKH, SIKi B CBOIO 4epry MaroTh
KOHCTPYKTHUBHI OCOOJIMBOCTI, III0 BIUIMBAIOTh HAa THI TPaHC(HOPMATOPIB IIe Ha
eTamni IMPOEeKTyBaHHS. Y BIMOBITHOCTI J0 THIy, KJacy Hampyrd Ta rabapuTiB
TpaHcopMaTopa BCi €JIEMEHTH OKpIM €JEeMEHTIB aKTHBHOI YaCTUHH MOXYTb
3MiHIOBAaTHUCh.

KOHCTpYKTUBHUMH OCOONMMBOCTAMH Ta (hakTopamu BIUIMBY Ha poOOTY
TpaHcopMaTopa, BCTAHOBJICHHSM MPUYUH HEC(PEKTUBHOTO BUKOPUCTAHHS
TpaHchopMaTOpHOro 0O0IaTHAHHS, PO3POOKOIO 3aXOMIB MO0 ONTHMI3amil X
eKcIuTyaTalii 3aiimanuch Taki HaykoBui sk [lamaika [O.A., Jlymenko LM,
Komenenxo €.B., Huran I[1.C., Pomantok 0. @., Conomuak O. B., ®enopis M. ﬁ.,
SAuyn M. A., ®inimonenko H. M., ®inimonenko K. B. Pobotu mumx aBTOpiB
MPOIEMOHCTPYBAJIM 10 BiOIp TpaHC(HOPMATOPIB 3 BHKOPUCTAHHSIM KIACHYHUX
METOIMK BHUKIMKAE IOXWOKM Ta MPU3BOAUTH OO 3aBHILICHHA HOMIHAIBHOT
MOTYKHOCTI.

Astopu [1] mponoHyTh Ui 11 3HW)KEHHS PO3POOJIEHY HUMH METOIUKY
BUOOpPY TOTYXXHOCTI TpaHC(HOPMATOPIB MICHKHX EJIEKTPHYHHUX MEpex, sKa
BpaxoBy€ MPOTHO30BaHI MOKa3HUKH PEXUMIB pOOOTH OOJaHAHHS, THII
CIOXXMBAYiB, HABAaHTAXyBaJbHY 3IAaTHICTH OOJaIHAHHS, MapaMeTpu pPEXUMY
poOOTH Ta OTOYYIOUOTO CEpPEe/IOBHUINA, MOCTIHHY 4Yacy HArpiBy ICHYIOUHX THIIB
TpaHcHOpPMATOPIB, SKi MOXYTh OYTH MPHUUHATI J0 BCTAHOBICHHS, JOLLUIBHHUIA
piBEHb KOMIICHCAIlil PeaKTUBHUX HaBaHTaKeHb. AJie I TpaHcHOpMATOpiB SKi
BUKOPHUCTOBYIOTBCSI 11 OCOONMMBUX MOTPEO MiANpHeEMCTBA IS METOAWKA HE
IT1IXO/TUTb.

Metonuka sxa npencrasieHa aBtopamu 0. @. Pomanmok, O. B. Conomyax,
M. M. ®denopis [2] cTOCYeThCs TibKM 3HMKYBATBHHX MiACTAHIIH 10 Ga3yeThCs
Ha BHU3HAYCHHI TpaHUYHNX EKOHOMIYHMX HaBaHTaXEHb TpaHc(OpMATOpiB Ta
aHAN3y 3aJeKHOCTEH IMX HABAHTAXCHb B TEXHIYHUX XapaKTCPUCTHK
enekTpoobnamHaHHg, (opM TpadikiB eNeKTPUYHUX HaBaHTAXKEHb Ta CaMol
BapTOCTI €JIEKTPUIHOI EHepTii.
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Astopu ®inimonenko H. M. ta ®inimonenko K. B. [3] mpu mocmimkeni
MPUYUH Ta CTATHCTHKU MOUIKODKEHb CHIIOBUX TPaHC(HOPMATOPIB 3ayBasKHIIU, LIO
MOUIKO/DKEHHSI TPaHC()OPMATOPIiB MAIOTh 3HAYHMII BIUTMB Ha 3arajbHy HaJIiiHICTh
€HEProCHCTEMH TOMY Ba)XKTHBO BXKMBATH 3aXOJiB JUIS MiATPUMKH IMPaIe3AaTHOCTI
TpaHcopMaTopiB OE3MOCEPEIHBO MEPe Ta MiJl Yac iX eKCIuTyarartii.

Jist BU3HAUeHHSI TEXHIYHOTO CTaHy CHIIOBHX TpaHchopmaTopiB SiyH M. A.
[4] 3anpomoHyBaB METOJ MiJl CYyTh SIKOTO MOJIATAE B TOMY, IO HAa OJTHY 3 0OMOTOK
TpaHchopMaTopa uepe3 MoCiJIOBHO BBIMKHEHHUI KOHICHCATOP MOJAETHCS IMITYJIbC
Hanpyru (30HAYIOYMH IMITYyJbC) 1 OJHOYACHO OCHMIOrpadyeThCcsl Hampyra Ha
BHUMIipIOBAIEHOMY oropi RH, BBiMKHeHOMY B onHy i3 (a3 apyroi ooMotku. [{ns
BU3HAYCHHS CTaHy BHUIPOOYBaHOTO TpaHC(HOPMATOpa 3aCTOCOBYIOTH MPHHIIHIT
MOCIiI0BHOTO JiehexTorpadyBaHHs, IKHA MOJSTae B TOMY, 10 ociuiorpadyBaHHs
BUKOHYIOTh MEPiOAMYHO, 30KpeMa Miciass KOXHOTO K.3., BKJIIOYAIOYH i
Hanaro uKyBaibHi. OTKe, KpUBY JOCIIKYBAIBHOI HAPYTH 3HIMAIOTh ABiYi Ha JIBI
Pi3HI ocuMIIOrpamMu: AJIs MONEPEHBOTO TIarHOCTYBaHHS BOHA € Jie(heKTorpaMoro, a
JUTSl HACTYITHOTO — HOMOTPaMOIO.

BpaxoByroun MpoBe/CHI MOMepeIHi JOCTIHKSHHS MOYKHA 3pOOUTH BUCHOBOK
Ipo Te IO 3alpOIOHOBAaHI METOAM AOBOJI YacTO € He JOCUTh e(EKTHBHHMH,
3aliMaroTh 0araTo 4yacy, BKJIIOYAIOTh 3a0araty KUIBKICTh 3aJisTHUX MPHIAJIB Ta SK
HACNIZOK  30UIBUIYIOTH  BAapTICTh  JOCHIKEHb.  AJie  IOIIKO/DKYBaHICTh
TpaHc(hOpPMATOpIB 3aJMIIAETHCS 1 3apa3 He IMOBHICTIO JIOCHipKyBaHOK. Ha
HaJidHICT, pOOOTH EHEpProcHCTeMH B I[UIOMY BIUIMBaE poOOTa  BCIX
TpaHcpOpMaTOpiB, TOMY HEOOXIAHO MPHUIUIATH OCOOJIMBY yBary MOHITOPHUHTY
iXHBOTO CTaHy Ta CBOEYACHOMY IMIITPHUMAHHIO 1X mpaue3faTHocTi. [ligBuieHHs
HaJidHOCTI poOOTH TpaHcHOpMAaTOpiB € e(EeKTHBHHM 3aXOJ0M 3aroOiraHHs
aBapiiiHuX HachiakiB B cucteMi O0'elHaHa eHepreTHYHa CUCTeMa YKpalHU TOMY €
JOCHUTb BXJIMBUM Ta aKTyaJbHHM 3aBIAHHSAM BHBUYEHHS Ta JOCIIUKEHHS POOOTH
1 OKpEMHX EJIEMEHTIB.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
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4.5uyn M.A. ImmynecHe JiarHOCTYBaHHsSI TEXHIYHOTO CTaHy CHJIOBHX
TpaHC(OpPMATOPIB 332 XapaKTEPUCTHKAMH BIIACHHUX 3aracCHUX KoJMBaHb / M. A.
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CUCTEMA ITPOTHO3YBAHHS 3AJIMIIIKOBOI POBOTH
TPAHC®OPMATOPA 3A JOIIOMOI'OX0 HEMPOHHOI MEPEXI

OnHi€ro 3 HaWBaXIMBILIMX MO/IN, 10 CIPUYMHHUIA IIUPOKE BUKOPHCTAHHS
eJIeKTpOeHeprii, crTama  po3poOka  cuioBoro  TpaHcdopmaropa.  Cuiosi
TpaHCHOPMATOPH € KIIOYOBHUMHU KOMITOHEHTaMH Oy/Ib-SKOT €HEPreTUYHOI CHCTEMH,
BOHHM BHUCTYIAIOTh SIK 3B'I30K MIDXK JDKEpellaMu €Hepril Ta eJeKTPUYHOI0 MEPEKErO.
Ta crapiHHS HQPACTPYKTYpH ENEKTPOCHEPreTHYHUX CHUCTEM OCTaHHIM YacoM
CTaJO MpPEeIMETOM CEepHO3HOrO 3aHENOKOEHHA 1 BHUKIMKY. BukopucranHs
YCTaTKyBaHHS B EKCIUTyaTalllHHUX YMOBAaxX, L0 IEPEBHILYIOTh KOHCTPYKTHBHI
XapaKTEePUCTUKH, 30KpeMa CHJIOBUX TPaHC(HOPMATOPIB Y €NEKTPOMEPEKi, MOKYTh
IIPU3BECTH A0 Henepen0auyBaHuX BiAKIIOYEHb CHCTEM eJIeKTPOKUBIICHHS, 10 Ma€e
Cepio3Hi comianbHi Ta eKOHOMIYHI HACIIKH.

[IpoGnema po3paxyHKy 3aJIMIIKOBOT poOOTH TpaHc(opMaTopiB BUCBITIEHA Y
0araTbOX TMpaIiX BITYM3HIHUX Ta 3apyODLKHMX HaykoBIiB. Ha cporomHi
3aCTOCYBAaHHS MaTEMAaTHYHUX MOJeNield HEWiTKOi JIOTIKH € HMIMPOKO MOLIMPEHUM
METOIOM [UIS BH3HA4YECHHS 3aJIMIIKOBOTO pecypcy TpaHcdopmaropa. OcrtaHHI
KiJIbKa JECSTHIIITh (axiBii PO3pOOJISIFOTH Pi3HI MOJEN HEYIiTKOI JIOTIKH 3 METO0
OIIIHKU CTaHy TpaHCc(OpMaTopiB.

Mertoro maHoi cTarTi € moOyIoBa CHCTEMH MIATPUMKH MPHHHATTS PIIIEHb
MIPOTHO3YBAHHS 3aJIMIIKOBOI POOOTH TpaHc(opMaTopa 3a JOTIOMOTOI0 HEHpOHHOT
Mepexi. BukoprucTaHHS MeToJa HEUYITKOrO JIOTIYHOTO BHUBEIEHHS [I03BOJISIE
BH3HAYHUTHU CTPOK 3aJHMIIKOBOI pOOOTH TpaHCHOpMaTOpa.

3amporoHOBaHO KOMIUIEKCHHN MiAXiA OI0A0 TOOYIOBH MOJENi OLIHKA
3aJMIIKOBOIO pecypcy TPaHC(HOPMATOPIB, SKUH I'PYHTYETbCS Ha KOMIUIEKCHOMY
BpaxyBaHHI Pi3HOOIYHUX JIaTHOCTUYHUX MApPaMeTPiB.

Jdns  [NOCATHEHHS NpPakTHYHOTO  3HAYCHHS  3aJMIIKOBOTO  TEPMiHY
eKCIUTyaTarii 3a JOMOMOTOK CHCTEMH HEYITKOTO IJIOTiYHOTO BHCHOBKY Oyia
MIPOBEJICHAa HOpMaJIi3amist BXiqHuX manux. Lle Oymo 3aiiiCHeHO MUITXOM 0OMEeKEHHS
IapaMeTpiB, SIKi BU3HAYAIOTh HOPMAIIbHI Ta eKCTpEMalbHi Jiama30Hu.
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Mozenb OIiHKY 3aIUIIKOBOTO TEPMIHY CITy>KOM CTBOPIOETHCS 32 JIOITOMOTOI0
IHCTpYMEHTY HEYITKOTO BHCHOBKY, SIKHI IHIIIIOETBCS TIPH PO3PAXyHKY MAECSITH
IHTETpPOBAaHUX KyMYJSTUBHHX (DAaKTOpIB, IO BKa3ylOTh Ha 3aJMIIKOBHHA pecypc
TparcopmaTopa. 3MiHHI KIACH(DIKYIOTBCS 33 PI3HUMH  KIacHDiKaIliaMH.
OcraTouHe 3HAYEHHS OLIHKU 3JIMIIKOBOTO PECYPCY € JIHTBICTUYHHM BHXOIIOM
MOJICTi HEYITKOi Joriku. Po3mojiiieHi BXimHI JaHI 0a3ylOThCS Ha IOE€THAHHI
KOXKHOTO 3 (PaKkTOpiB MiJ MOJENi HION0 OIIHOK, Bar Ta BIUIMBY Ha 3aJUIIKOBY
poboty TpanchopmaTopa.

[IporHozyBaHHsT TepMiHy ciyxOu TpaHchopmaropa 3abe3rneuye HOro
HaAilHHy poOoTy 06e3 KaracTpo(iyHUX BiJIMOB, aBapiHUX BiJKIIOUEHb Ta BUXOJY 3
naxy obnagnanHs. CBoeyacHa OliHKa 3aJIMIIKOBOIO TEPMiHY €KCIUTyaTallii akTHBIB
Moyke OyTH 3/1iHiCHEHI IIUIIXOM BUMIPIOBaHHS IApaMETPiB, IO BIUIMBAIOTh Ha HOTO
3aJIMIIKOBUHA pecypc. A 3HaHHS 3aJIMIIKOBOTO TEPMiHY poOOTH TpaHCchHOpMAaTOpiB
3ano0irac BUHMKHEHHIO TaKMX TEXHIYHUX mpoOnem. ['pymyBanHs dakrTopi, siKi
BiZIOOpaXkatoTh poOO4i XapakTEpUCTHKH Ta CTaH TpaHcdopmaropa, CHUIBHO 3
JAHUMH TEXHIYHOTO OOCIYTOBYBaHHS MOXXYTh NPH3BECTH JO TOYHOTO IPOTHO3Y
3aJIMIIKOBOTO ~ TEPMiHy KOPHUCHOTO BHKOpPHCTaHHS TpaHcdopmaropa. A
BUKOPHCTaHHS METOJNy HEYITKOI JIOriKM 3HAa4YyHO TMOKpallye 1 po3LIHpse
MOXITMBOCTI 3aITpOIIOHOBAHOI €KCIEPTHOI CHCTEMH JIIsl MPABUIIBHOI JIarHOCTUKH
TpaHchopMaTopiB.

YK 621.318.1
Jomuunauii .B.
crya. rp. E-913m HY «3amnopi3bka mosiTexHika

MATEMATHAYHUI AHAJII3 TPOLECIB B CACTEMI ITYCKY
CHHXPOHHOI'O JIBUT'YHA

Marematuunuii  aHayi3 OpOLECIB B CHCTEMi MYCKYy CHHXPOHHOTO
SNIEKTPUYHOTO [BHTYHA B 3aralbHOMY BHUIIAJKy JyXe CKIaIHE 3aBIaHHS,
00yMOBIICHE 3MIHOIO €JIEKTPOMATHITHOTO CTaHy ABUTYHA B IIMPOKOMY Jiana3oHi.

IcToTHOrO CHpOIIEHHS MaTeMaTH4HOI MOZENI MOXKHA JOCATTH 32 PaXyHOK
MIePETBOPEHHSI 3MIHHUX 1 CHCTEM BiTHOCHHUX OJHHUIIb.

Hafiyactimme CcHHXpOHHI MAaIIMHHA MOJETIOIOTECS Ha OCHOBI PIiBHSHB,
3alMCaHUX B OCSAX, HEPYXOMHX ILIOA0 poTopa AaHoi MammHH. [lepeTBopeHHIO
MiUIATal0Th CTPYMH, HANPYTH 1 MOTOKOIICTIICHHS cTatopa. 1o0To cucteMa
I(epeHITiaTbHAX PIBHAHD B TMPSMOKYTHIM, >KOPCTKO TOB'SI3aHIM 3 pPOTOPOM
KOOpAWHATHIA cHcTeMi ocell «d,q,0». PiBHSHHS mepexogy OO0 OPTOTOHAIBHOL
CHUCTEMH KOOPAMHAT MAalOTh BHIJIS AaHAJOTIYHHN PIBHAHHAM ACHHXPOHHOTO
JBUTYHA, 3aMiHIOIOUN (KYT MDXK BICCIO 1 CTPyMOM) Ha y:
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3 2 2z
id=—| iA-cos y+iB-cos| y—— |-cos| y+—
2 g [y 3) [7 3 H

3 2z 2
ig=—| iA-sin y+iB-sin| y—— |sin| y+—
q ) 4 [7 3 ] [7 3 H

st sIBHOTIOMIOCHOTO TpH(a3HOTO CHHXPOHHOTO JBWUTYHA OOMOTKa SKOPS
SIKOTO PO3MIIIYETECSI Ha CTAaTopi, OCHOBHE TIOJIEé CTBOPIOETHCS OOMOTKOIO
30yKCHHS, PO3TAIIOBAHOI0 HA pOTOpi. MarHiTONpoRBiJ MalIMHA Ma€ JIBi Bicl
cUMeTpii - TOB3IOBXKHIO 1 momepeuyHy. Porop MammHH MiCTUTH JAeMIiepHy
(myckoBy) OOMOTKY.

BpaxyBaTu Bci YMHHHMKM NIpW aHaji3i mpoueciB, mo BigOyBarotecs B CJI,
MOXHA 32 JIOTIOMOTOI0 CKJIaJIHIX CHCTEM PiBHSHD Ta PillleHb aHAJI3 SKUX BUKIHKAE
iCTOTHI TpyaHoOUIi. B TakoMy BHIaJKy AOLIJIBHO MPHHHATH AESKI 1/€alibHi YMOBH,
IpU SKUX MOXKHA MPOCTIIlIe PO3IMIISHYTH IMPOLECH, IO BiOYBaIOTHCSA B JBUTYHI,
0€3 ICTOTHOTO CITOTBOPEHHS 3arajibHOT KAPTUHHU SIBHILL.

OCHOBHI JIONYILEHHS, 10 BIIHOCATHCS 10 PO3MOALTY TOJNIB 1 Xapakrepy
NPOLIECIB B MAIMHI:

1. MarniTHe mone B MOBITpstHOMY 3a30pi. TpHBHMIpHE MarHiTHe moie B
HOBITPSTHOMY 3a30pi PO3IJISIA€ThCs K IJIOCKOMapaleibHe. 3aMIHUTH peajbHe
10JIe PO3PaxyHKOBUM MOYKHA, BUXOJISIUM 3 TOTO, 10 enekTpopyiuiiina cuia (EPC)
Oy/1b-SIKOTO TPOBITHUKA SKOPS 1 €IEKTPOMArHITHE 3yCHIUIS, 1O JIi€ HA TPOBIHHUK,
BU3HAUYAIOTHCSl TIJIBKMA IHTErpajbHUM 3HAUEHHSM TMOJsl Y3IOBXK MPOBIJHHUKA
MallHHH.

2. MarnitTHe 10Je OOMOTKM 30y/KeHHs. SIKip MalMHM HpUHAMAaEThCs
rnagkuM. [Ipy JOcHiDkeHHI BpaxoBYEThCS CHOTBOPEHHS IO, OOYMOBIICHE
3yOusmu  sikopsi. KpuBa mmonsi BBaXKaeTbCsi CHHYCOIaNbHOK. MarHiTHa BiCh
00MOTKH 30y DKEHHS CITIBIAJIA€ 3 TI0/I0BKHBOIO BICCIO MAIIIHU.

3. MarnitHe moyne OOMOTKM crTaTopa. MarHiTHi oci (a3HuX 0OMOTOK
3pylieHi o0 oxHa oaHoi Ha 1200. MarHiTHa MPOBIAHICTh 3MIHIOETHCS Y3JIOBXK
KOJIa BHACTIJIOK 3MiHHOTO 3a30py 3 nepiogoM 1800. TTonsiMu BUIIMX MPOCTOPOBUX
rapMOHIHHIX CKJIaJIOBUX, 00yMOBJICHUX OCHOBHOIO TrapMOHIHHOI0
HaMarHiuylo4or0 CHJIOI0 MOXKHA 3HEXTYBaTH, OCKUIBKM BOHHM AalOTh HEBEIMKI
MOTOKOUICIICEHHS. Y CHHXPOHHHX MalliHAX HOPMAJIbHOT'O BUKOHAHHS OOMOTKOBI
KOe(ILIIEHTH Psy BHIIMX FAPMOHIMHMX HAMATHIuyHO4YMX cuil Maii. ToMy MoxHa
HEXTYBaTH ACHHXPOHHHUMH MOMEHTaMH, SKi CTBOPIOIOTH BHIII IPOCTOPOBI
rapMOHIHHI Tmons1. MarHiTHe mojie, CTBOpeHe CTpyMaMH OOMOTOK cTaTopa,
pO3MOIiNieHe B MOBITPSHOMY 3a30pi Y3IOBXK KoOJia cTaTopa i 3MIHIOETBCS IIO
CHHYCOITAIEHOMY 3aKOHY 3 MIEPi0I0M, PIBHUM MOIBITHOMY TOIIOCHOMY HiJICHHIO.

4. MarnitHe mone AeMnepHUX KOHTYpiB. PO3MONiLT KOHTYPIB B CTPHKHSIX
nemiipepHOi OOMOTKH peabHOI MAIIMHU Ma€ CKIIAJHUN XapakTep. Y MaIlnHi, o
iZeanizyeTsCs, pO3MOIii CTPyMiB B AeMI(epHiii 0OMOTIII B MOBITPIHOMY 3a30pi
NPUAMAETHCS 17ICATBHUM.
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5. BnimB BUXpOBHX CTPYMIB i ricTepe3rcy He BPaXOBYETHCSI.

6. BIumB HaCHYCHHS CTaJi TAaKOXK HE BPAXOBYETHCSL.

Jani ymMoBH, XO4Ya i BBa)KQrOThCS I1JCabHUMH, HEC BHKIUKAIOTh 3HAYHI
BIIXWJICHHS BiJl PEalbHOCTI. B peampHHX yMOBaxX CHHXPOHHHU IBUTYH IPAIIO€
3a3BMYall Ha BUTWHI XapaKTCPUCTUKA HEPOOOYOTrO XOay, i HACHUYCHHS CTali
Heesmke. CrieriaibHa (hopMa MOTFOCHOTO HAKOHECYHHMKA B IBHOIOJFOCHIHA MaIlHI
poOuth (GopMy TIOJNS NPAKTUYHO CHHYCOINAJIBHOK, TOOTO BIiIXWJICHHS Bif
CHUHYCOITATBHOT (hOpMH 3TiTHO HOpMaM He mepeBuirye 5%. da3n 0OMOTKH MAKOTh
piBHI apaMeTpHu.

YAK 621.313

Bana6anos I. A.' , Crenanos M. A.%, Jlemuenko T. M.3, Konsna JI. B.3
leryn. rp. E-913m HY «3anopisbka NomiTexHika»

2ctyn. rp. E-213m HY «3anopisbka nosiTexHika»

Seryn. rp. E-212cn HY «3anopi3bka MoTiTeXHiKay»

BIIJINB YACTOTHOI'O KEPYBAHHS HA I30JI1IIO OBMOTKH
ACHUHXPOHHOT O IBUT'YHA

AcunxponHi nBurynu (AJ]) Haifuacrinie 3aCTOCOBYIOTBCS B IPOMHCIIOBOCTI
Ta Ha TPAHCIOPTI 3aBISIKM CBOIM MPOCTOTI Ta HajiiHOcTi. OnHak edeKTHBHE
YOPaBIiHHA HUMH € JOCHTh CKJIQJHMM 3aBJAaHHAM 1 BHMAarae CTBOPEHHS
CHeliaJIbHUX CHCTEM YIPABIIHHSA. 3 PO3BUTKOM CHJIOBOI HAIIBIIPOBIIHUKOBOI Ta
MIKPOIIPOLIECOPHOI TEXHIKH CTAJI0 MOXKJIMBHM CTBOPEHHS NMPHUCTPOIO YACTOTHOTO
PETYIIOBaHHS EJIEKTPONPHUBOIOM, IO JO3BOJISIE TOYHO KEPYyBAaTH LIBUAKICTIO Ta
MOMEHTOM EJIEKTPOABUTYHA 3a 3aJaHUMH MapamMeTpaMH y TOYHIM BIAMOBITHOCTI
0 XapakTepy HaBaHTaxeHHS. CHoci0 4YacTOTHOrO METONy peryJIIOBaHHS
mBHAKOCTI AJl 3abe3mnedye TUIaBHE PETYJIOBaHHS IIBUAKOCTI B IHIKPOKOMY
Jliana3oHi, a MeXaHI4Hi XapaKTePUCTHKN MAIOTh BUCOKY HKOPCTKICTb.

OpHak 3aCTOCYBaHHS 4aCTOTHOTO KepyBaHHS AJl Mae HEraTHBHI CTO-POHH.
[lepeTBOproBaYi YaCTOTH € YCTAaHOBKH, IO MIiCTSATh MPUCTPOI CHIIOBOI €IIEKTPOHIKI
3 HENTiHIHHUMH BOJBTAMIIEPHUMH Xapakrepuctukamu. [Ipomecn xomyrarii IGBT-
TPAH3UCTOPIB, IO BUKOHYIOTh T'€HEPAIlil0 BHXITHOI YaCTOTH, CYNPOBOIKYIOTHCS
CTPUOKOITOMIOHOI0  3MIHOIO TAapaMeTpiB JIAHITIOTIB, TEHEPYBaHHAM BHIINX
TapMOHIK, IPU3BOIATH IO CIOTBOPEHH (HOpM HAMPYTH Ta CTPyMy, SK Y Mepexi
€JIEKTPOIIOCTaYaHH, TaK 1 B €JIeKTPOABUTYHaX. Brucoka yactota komytaitiit IGBT-
TPAH3HUCTOPIB MOXKE OyTH NPUYMHOIO IMOSBH XBWJIb IEPEHANPYTH 3 YaCTOTOIO
rapMoHik g0 5 MIm. Ha Takmx d9acrorax OOMOTKa CTaropa Ma€ BHIIIAL
KOMIUIEKCHOI 0araToJIaHKOBOI CHCTEMH 3 MaJiM €MHICHHM OIOPOM, IO HIYHTY€E
Ha «3emiio». llell eMHICHWI IIYHT € NMPHUYMHOI0 OUMBIIOCTI MEpEeHANpyTH, 0
3'IBISIFOTHCSI B MEPIIMX BUTKAaX OOMOTKH 1 MPU3-BOIATH O CTapiHHA 130iil Ta
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CKOPOYCHHS TepMiHy CIyXOW. PerymoBaHHS BHXIJHOI YacTOTH Ta HANpPyTH
3MIHCHIOETBCS. B IIEPETBOPIOBAdl YAaCTOTH 3a PaXyHOK BHCOKOYAaCTOTHOTO
LIMPOTHOIMITYJIECHOTO KpyBaHHs. OTprMyBaHa (opMa KpUBOT BUXIHOI HAIIPYTH €
BHCOKOYACTOTHOIO JBOIOJIIPHOIO TIOCIIZOBHICTIO NMPSMOKYTHUX iMImynbciB. [Ipu
BucokuxX (3a3Buuaii 2...15 k[m) rtakroBux uacrorax IIIIM, B oOmoTkax
€JIEKTPOJIBUTYHA, BHACTIJOK IX BIAaCTUBOC-TeH, M0 (QiIBTPYIOTh, TEUyTh
cuHycoiganbHi ctpymu. OpHak, OpAMOKyTHa (opma IMITyJbCiB Hampyrd i
BHACJI/IOK IOTO — KPYTHH (PPOHT HAINPYTH 3 MMM 4acOM HapOCTAHHS — TAKOXK €
MPUYMHOI0 TOSIBU CTpUOKIB TmepeHanpyr. Lli mepeHampyrm MoOXyTh OyTH
JOCTATHIMH JUIi BUHHUKHEHHS YaCTKOBOTO pO3psily abo KOPOHH B CTATOPHii
oOMoTII. Y pa3i MiJl KOPOHOI PO3YMIIOThCS TOBEPXHEBI PO3PSAX B 130JALIl
0OMOTKH eNeKTpUYHOT MaiuHd. Harmpyra BUHHKHEHHSI KOPOHH — 11 MiHiManbHa
MpUKIAJeHa HAmpyra, y SKOMY BHHHUKAIOTh YacTKOBI po3psia, TOOTO. Iie
HAaHWKYMH pIBEHb IMPUKIIAJIEHOI HANpPyTH, IO € TMPUYMHOIO 10HI3allil MOBITpPS
JOBKOJIa NPOBiAHHUKIB. bomOapayBaHHSA ioHaMH 1, SIK HACHIJOK, BIJHMB O30HY
NPU3BOJUTh JI0 €po3ii OpraHiyHOl MOBEPXHI JieNeKTpHKa HOTH, JIOKH HOTO
€JIEKTPUYHA MIIHICTh HE CTaHe HW)KYOK 33 aMIUNTYLy NepeHanpyrd i Tomi
BiZOyBaeTbesl mpoOid i3omsuii. Yac g0 mpoOOI0 3HAYHO 3MEHIIYETHCS IpU
JOCSITHEHH] HANpYTH, IO MEPEBHIIY€e MOYaTKOBY HANPYTy KOPOHU NpH poOOodYiid
Temreparypi. B ocHoBHOMY Tpo0oro i3ousilii BiOyBaeThCcsl B KiHII BHTKA, 1€
JPOTH PI3HUX KOTYIIOK MOXKYTh BCTYIIUTH B KOHTaKT.

IcHyIOTH pi3HI MeTOAM BHpILICHHS M€l npoOieMu. 3HIDKEHHS HECH-
HYCOIAHOCTI HaNmpyrd Ta CTPyMy B Mepexki MPOBOAUTHCS MUIIXOM 3aCTOCYBaHHS
CHeliallbHUX  «HEHAaCUYyBaHUX»  TpaHC(OPMATOPIB, CHJIOBHX  PO3ALIOBUX
TpaHc(hOpMATOpiB, MEPETBOPIOBAUIB 3 BHUCOKOI IYJBCHICTIO, (UIBTPYHOUHUX
MIPUCTPOIB (JTiHINHI Apocesi, akTUBHI Ta MacuBHI (UILTPH, MarHITHI CHHTE3aTOPH,
AKTHBHI KOHAWI[IOHEPH rAPMOHIK). [HIIIMM pIIIEHHSIM € 3aCTOCYBaHHSI KOPOCTIHKUX
MIPOBO/IIB 1 IPOCOYYBAILHUX MaTepialliB, sIKi paHille BUKOPHCTOBYIOTHCS TUIBKH Y
BHCOKOBOJIBTHUX EJIEKTPHYHHMX MaIllMHaX 1 TpaHchopmaTopax. [Ipu BUTOTOBIEHHI
BHCOKOBOJIBTHUX OOMOTOK IIMPOKE 3aCTOCYBaHHS 3HAXOMASATh APOTH 3 MOJIIMIHO-
¢roporacToBoi MIBKOBOIO i30isimieto. KomOinalis momiamiay ta (roporiaacty
JO3BOJISIE CTBOPUTH TOHKY HATPIBAIIGHOCTIMKY 130JIAIII0 3 BHCOKAM 3HAYCHHSM
€JIEKTPUYHOI MilHOCTI. HasBHICTH (TOpOIUIacTy J03BOJSIE TMPH BUTOTOBICHHI
IpOTY 3poOWUTH cIiKaHHSA i30Msmii. OJHAK TEXHOJOTiS BUPOOHHIITBA MPOBOIIB 3
IUTIBKOBOIO  130JIAIII€I0 TOCUTH TPYIOMICTKA, 1 TPOBOIM, IO OTPUMYIOTHCS,
BOJIOMIIOTH JIOCHUTH BEIMKOIO TOBIIMHOKO i30JIAIil i BUCOKOIO BapTicTio. B manmit
Yac TMEepCHEKTHBHUM HAIpsSIMOM € BHKOPHCTaHHS e€MallbOBaHHX OOMOTYBaJbHHX
MPOBOMIB KOPOHOCTIHKOTO BUKOHAHHSA. Tak, HampUKIag OIBEHIAPCHKOIO
kommaHiero VonRoll BUpOOIAIOTECS CIemianbHi eManboBaHi IPOTH KPYTJIOTO Ta
MIPSAMOKYTHOTO TIepepi3iB, CTIHKI A0 Mii YaCTKOBUX PO3PAIIB, IKi 3aCTOCOBYIOTHCS
caMe B OOMOTKax HHM3bKOBOJIBTHHX CJIICKTPUYHHX MAllWH. BHKOpHCTaHHS Takux
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JPOTiB JI03BOJISIE 3MEHIUUTH TOBIIMHY 130J11ii Ta TaKUM YHMHOM 3MEHIIUTH
rabaputu OOMOTOK. /ISl TOJINIIEHHS BJIACTUBOCTEH CHCTEMH 130Jsmii MoXke
BUKOpHUcTOBYBaTHCA Jak KO-916, mo 3acTocoByeTbcsd ISl HPOCOYEHHS
€JIEKTPUYHUX OOMOTOK MamMH. BiH Mae BHCOKI Ii€JIeKTpUYHI XapaKTEPUCTHKHU 1
KOPOHOCTIMKICTh, IIO MpPakTHYHO HE 3MIHIOIOTBCS IIiJ] BIUINBOM BHCOKOI
TEMITepaTypH.

YK 621.313
Mansnes JI.C.
cryn. tp. E-211 HY «3anopi3bka MoiTeXHIKa»

BUKOPUCTAHHA EJIEKTPOJABUI'YHIB B ABTOMOBLIAX

B cy4yacHOMY CBiTi BUKOPHUCTaHHS €JIEKTPOJIBUTYHIB y aBTOMOOLISX CTae BCe
O1IBLIOI0 TEHJCHIII€I0, 0 JUKTYEThCS €KOJIOTTYHUMH BUMOI'aMH Ta MOTpedaMu y
crasoMy po3BuUTKy. lLleii TpeHa Bin3HAayaeThCss B JBOX OCHOBHUX METOJaX
3aCTOCYBAHHS: 3 BHKOPUCTAHHSM aKyMyJSITOpIB a00 B TIOpUAHUX MOJIENSX, e
€JIEKTPOJIBUTYH TOEJHYETHCS 3 JBUTYHOM BHYTpilmHboro 3ropsiHHs (IB3). Lle
3abe3nedye MOOUIBHICTE aBTOMOOIIB, CXOXKY Ha 3BHYAliHI, ajie e(EeKTHBHIIIE
BUKODUCTOBY€ IIaJIMBO 3aBIIKH ONTHMAJBHOMY pexuMy pobotun J[IB3 sk
reHepartopa enextpoeHeprii. [1ogiOHI TEHIEHLIT TAKOX CHPUSIOTH MOIMYJISpH3alii
BUKOPHCTaHHSI YMCTHX JDKEpEJ €Hepril, TaKMX SK BITPSKH, COHSYHI MaHeNdi Ta
T1IPOENIeKTPOCTAHIIIT.

Y enexTpoMOOUISIX TEpPEeBaXHO BHKOPUCTOBYIOTh ACHHXPOHHI JBUTYHH,
OCKIUJIbKM BOHHM TIPOCTI Ta HajiiiHi, aje TaKoX MOXYTh BHKOPHCTOBYBATHCS
CHUHXPOHHI, KPOKOBI Ta JBUTYHH IOCTIHHOTO CTPyMY, KOXXEH 3 SKHX Ma€ CBOI
nepeBard Ta HEJONIKA 1 BUOMPAEThCS B 3AJICKHOCTI BiJ] KOHKPETHHX YMOB.
3arajioM, BUKOPHCTAHHS €JEKTPOJABUTYHIB Yy aBTOMOOLISX € HEBIIBOPOTHUM
TPEHJIOM, SIKHA 3MIHIO€ 00JIMY4si aBTOMOOITBHOT TPOMHUCIIOBOCTI.

VY ribpumHuX TPaHCHOPTHUX 3aco0ax eJIeKTPOIBHUTYH cIiBmparioe 3 JIB3.
IcHytoTH KiNBbKa BapiaHTIB iX BUKOPUCTAHHS: MapanenbHa cxema, ae JIB3 Ta
eJIEKTPOJIBUTYH OJJHOYACHO IPHBOJATE y PyX KoJjeca; IMOCHiioBHa cxeMa, ae B3
reHepye eJeKTPOSHEePTilo, sSKa )KUBUTH eJICKTPOIBUIYH; Ta IIOBHOIPHBIIHA CXeMa,
ne JIB3 mpuBoauTh y pyX IepeaHi Kojieca, a eNeKTPOIBUTYH — 3a/1Hi.

VY  enekTpoMOOUTSIX ENeKTPOABUTYH € €IMHHM JDKEpPEeIIoM eHeprii, sKke
KUBUTBCA 3 aKyMmyisiTopHoi Oatapei. Ilim dWac HaTWCKaHHS Ha TeAanb Ta3y
€JIEKTPOMOTOP OTPUMYE 3apsiz Big OaTapei i HOYMHAE MPALIOBATH, 1110 IPUBOAUTH B
pyx xouneca. Ilig yac raapMyBaHHS €NEKTPOJBUTYH MOXKE JIATH SIK TEHEPaTop, IO
3apsIpKae aKyMyJSITOpHY Gatapero 3a paXyHOK peKyIepaTUBHOT eHeprii.

BuxopucTaHHs eNeKTPHYHUX JBUTYHIB Y TPAHCIIOPTi 3a0e31meuye abCOIOTHY
€KOJIOTIYHICTh 33 PAaxXyHOK BIJICYTHOCTI BHKHIIB BHXJIOMHUX Ta3iB, HU3bKI
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eKCIUTyaTalliifHi BUTpaTH 4epe3 JOCTYIHICTh JENIeBOI EeJIEKTPOCHEprii, a TaKoX
rmaakuii 1 Oe3mrymHUE pyX. Bucoki aumHaMidHI XapaKTEpHCTHKH JI0JAIOTh
koM(bOpTYy B KEpyBaHHI. Y BHIAAKy TiOpUIHHX aBTOMOOLUIIB  TakKOX
crocTepiraerbes 3HWKeHHs BUKUAIB CO2, 1110 CIIpHsIE €KOJIOTTYHO YHCTOMY PYyXY.

Bci 11i yMOBH CHIPUSIOTH PO3BUTKY €JICKTPUYHHX JBHUTYHIB Ta aKyMYJISATOPIB,
IIPOTE OCTAaHHI Hapa3i € OCHOBHOIO MPOOJIEMOI0 y iX BUKOPHCTaHHI uepe3 BEJHKY
KUIBKICTh BHKHIIB IIiJl 4Yac BHPOOHWIITBA Ta MOJANBINOI mepepoOku. I[Ipote
MOJANIBIINK PO3BUTOK Y MallOyTHbOMY MOXKE HallaTH EJIEKTPOMOOUISIM CYTTEBY
nepeary Han 3BuuaiiHumu JIB3. CyuwacHi enektpomsuryHu Maroth KKJ[ B
miamasoHi Big 85% mo 95%, mo 3HayHO mNepeBuilye mokasuwkw J[B3, ne BiH
cTaHoBUTH B cepenHboMy Big 30% mo 40%. 3 mopanbiiuM pPO3BUTKOM Ta
YIOCKOHAJICHHSAM  €JICKTPOMOOITI  MOXYTh CTaTd €(QEeKTUBHHUM  3acO00M
TPAHCTIOPTY ISl OZEHHUX IepeMilieHb. HaBiTh Ha CHOTOHINIHIN JeHb X MOXKHA
4acTo 3YCTPITH Yy MICBKOMY TpPaHCIIOpPTi, TaKOMy SIK MeETpo, aBToOycu abo
€JIEKTPHYKH.

VK 621.313
Skrypka O. S., Filchakov M. S.
student gr. E-213m NU “Zaporizhzhia Polytechnic”

METHODS OF DIAGNOSING DAMAGE TO ASYNCHRONOUS MOTOR
WINDINGS

Asynchronous motors (AM) often work at elevated temperatures, humidity,
dustiness and gassiness of the working environment, commutation overvoltag-es
and technological overloads, which reduces the resource of their work. In the vast
majority of cases, AM failures occur due to damage to the stator and rotor
windings. Therefore, timely identification of the location and degree of damage
will prevent their development, reduce recovery time, reduce mainte-nance costs,
avoid equipment downtime, and increase the efficiency of en-gines and production
mechanisms.

To date, the following methods of diagnosing AM are known:

1 The method of continuous monitoring of the state of the stator and rotor
windings of AM based on the data of measurements of phase cur-rents and voltage.
Symmetrical components of stator currents and voltages, as well as the consumed
active power and the angle of inclination of the mechan-ical characteristics of the
electric motor in the area of working slips are used to assess the technical condition
of the AM. The method allows you to avoid diagnostic errors in the presence of
pulsations and harmonic components in the supply voltage. Disadvantage: the
measurement results are evaluated ac-cording to a complex diagnostic criterion,
which does not allow localization of the damage.
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2. The method involves measuring the phase values of current and voltage
stator winding, and by the magnitude of the pulsations of the third harmonic is
made conclusion about the degree of damage to the windings. To implement the
method, it is necessary to measure the values of zero-sequence currents and
voltages, which is possible only when the wind-ings are connected in a "star"
scheme, which is not used in powerful AMs.

3. The method is based on the analysis of the starting current in the stator in
one of engine phases. In the process of diagnosis, everyone is com-pared of the
previous amplitude value of the phase current with a subsequent one, and the
resulting difference can be used to judge the presence of winding defects.
Disadvantages: implemented only in startup mode.

4. The method of measuring instantaneous values of two phase currents in
constant mode of operation under load. Presence of damage is determined by the
appearance of the phase instantaneous values, which determines the dependence
between the instantaneous values of the phase currents AM. Dis-advantage:
diagnosis is performed under load, clear criteria for determination are not specified
damage to the rotor windings.

5. The method based on the analysis of the external magnetic field (EMF)
consists in the analysis of the change in the magnetic induction (ZMI) of the ZMI
AM, which is a the total magnetic field created by the different frequencies of the
magnetic field of the motor and the screen. The presence of damage to the rotor
winding causes the appearance of spatial harmonics in the ZMI, the order of which
is lower than the order of the fundamental one, and which largely determines the
level of the ZMI AM. Disadvantage: complexity of research and low accuracy of
research results.

6. According to the method, an alternating current electromagnet with a
magnetizing winding and a measuring winding is connected to the test rod. The
value of MRS at a constant supply voltage is a diagnostic sign of the con-dition of
the rod. Disadvantage: the need to derive AM from the technological process and
disassemble it to install measuring equipment.

7. The method based on the thermal action of the electric current and the
supply to the rotor rings of a voltage at which the value of the current in the rods
exceeds the nominal value. A thermal imager is used as an observer of the thermal
state of the rotor rods. The condition of the rotor rods is judged by the heating
temperature during current flow through them: undamaged rods heat up more than
broken ones. Disadvantages: the need to supply large cur-rents, the need to
disassemble the engine.

8. A method based on the analysis of the electromagnetic moment spectrum.
The method involves measuring the phase currents of the stator in the idling mode
of the AD, determining the electromagnetic torque and com-paring a significant
number of harmonics of the spectrum, which change for a certain frequency range.
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Disadvantage: the need to take into account losses in the engine steel for
calculations, which causes the complexity of calculating the electromagnetic
moment.

The analysis of methods for diagnosing damage to AM windings showed that
each of the methods has both advantages and disadvantages. Methods that require
the installation of special equipment, removal of the diagnostic object from the
technological process, disassembly of the engine, and repeated checking of the
diagnostic results using several diagnostic signal processing methods can be
considered ineffective.

YK 621.3.013.1
Kpyroas O.M.!, Tepemernko A.B.!
Ueryn. rp. E-212 HY «3anopi3bka MoMiTeXHiKa»

BU3HAYEHHSA TAPAMETPIB OJHO®A3ZHOI'O TPAHC®OPMATOPY

OnHodasHi TIOHMIKYBaJIbHI TpaHchopMaTopu MaroTh HIMPOKE
PO3MOBCIO/DKEHHS 1 CTajaWi MONMUT. BOHM TpW3HAYEHI IS KUBJICHHS JIAHIIIOTIB
KepyBaHHsl ¥ IHIMKalii OOJIaJHAHHS, JUIS BUTOTOBJIICHHS aBTOHOMHHX JDKEpEI
JKUBJICHHSI W OCBITJIEHHS B JIQHILIOTax 3MIiHHOro ctpymy wyactotoro 50 I
Hanpyroto 220/380 B. Iukonu peski BUPOOHMKM HE 3a3HA4YalOTh IMOBHUX
MAcIOPTHUX [AHUX, HI0 YCKJIAAHIOE IX migdip mix motpedbu cnoxwuada. s
OpIEHTOBHOTO BH3HAYEHHSA IX IIapaMeTpiB MOXKHA BHKOPHCTOBYBATH METOIM
YHCENFHOTO MOJICJIIOBAHHS €JICKTPOMArHiTHOTrO mojsi. J{iist crpomieHHs peanizaiii
YHCENBHUX METOMIB PO3PaxyHKy MOXHa 3aCTOCOBYBAaTH  CIIelliali3oBaHe
nporpaMHe 3a0eslieueHHs. B pa3i MOXKIMBOCTI TPOBEACHHS MOJEIIOBAHHS Y
JIBOBUMIPHOMY HaOMKeHi MojiHa BuKoprcToByBatH 113 Femm.

Mertoro poboTu Oyina peasizailisi MOJIENi MArHITHOTO OIS ISl OAHO(A3HOTO
MOHIDKYBAJIBHOTO TPaHC(HOPMATODY.

B sxocti 00’exTy mocmimkeHHs 0yno o0paHo onHO(A3HUI MOHKYBaIHHHUN
tpancopmaTop NDK-25, 230/36, reomeTpuuHi po3mipu OyJI0 B3SATO 3 KATaJIOTy.

Jns po3paxyHKY MarHiTHOTO IIOJISI 3aCTOCOBYBAJIOCH JIBI MOJEIN Y TIOCKO-
mapajenpHOMy HaOMMKeHI, sKi BigoOpakanyd TMOB3IHOBXKHIA IMEpPeTHH — Ui
pO3paxyHKy mapaMeTpiB HEepoOOYOro XOmy Ta IONEpPeYHUH MEepeTHH — It
PO3paxyHKy MapaMeTpiB KOPOTKOTO 3aMHKaHHS. [yl KOYKHOI MOJeNIi 3aB/IaBajiCh
BIIACTHBOCTI MaTepialliB Ta CTPyMOBI HaBaHTa)KEHHSI.

Bci po3paxysku mpoBoamimchk B mporpami Femm, sika mae BOymoBaHWi
IHCTpyMEHTapill, SKUH [O3BOJSE BU3HAUMTH TIapamMeTp HepoOodoro Xomy Ta
KOPOTKOTO 3aMHKaHHS. 3a pe3yjbTaTaMH pPO3PAaxyHKy OylI0 BH3HAYEHO CTPYyM
HEepoOOYOro XoIy, BTpaTH HEpoOOYOro Xoiay, HaIpyry KOPOTKOTO 3aMHUKaHHS Ta
BTpaTl KOPOTKOTO 3aMHKaHHSA. [ MepeBipKd aJeKBaTHOCTI Ta JOCTOBIPHOCTI
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pe3yibTaTiB  OyJI0 TPOBENCHO TMOPIBHSHHS OTPUMaHUX pe3yjibTaTiB i3
€KCTIIEPUMEHTAIBHIMH, OTPUMAaHUMH Yy J1a0OpaTOpHUX yMOBax. BinxuiieHHs He
mepepunyBaino 1,3%, mO Tpo JOCTATHIO TOYHICTH PO3paxyHKy. Po3pobneHy
MOJIENIb MOJKHA Oy/ie BUKOPHCTOBYBATH JUIsl BU3HAYEHHS ITapaMeTpiB HEPOOOIOro
X0y Ta KOPOTKOTO 3aMHUKaHHsI TpaHC(OpMAaTOpPiB JaHOTO TUITY 1HIIOT ITOTY>KHOCTI.
BucHoBkwu.

3acrocyBaHHs NporpamMu Femm [yisi BU3HAuUeHHsS! MapaMeTpiB HEPOOOUOTro
X0y Ta KOPOTKOTO 3aMHKaHHs OJHO(Ma3HUI MOHIKYBaJbHUX TpaHC(HOPMATOpiB
nae no0pi pesynapTatu. BepudikoBana moaens tpanchopmaropy NDK-25, 230/36
B I13 Femm Mo»Ha BUKOPHCTOBYBATH JUI BU3HAYCHHS MapaMeTpiB JIAHOTO THITY
1HIIOT TIOTY>KHOCTI Ta HAIIPYTH.

YK 621.313

Berezhetsky S.0.!, Chumakov K.S.2

!student gr. E-212 NU “Zaporizhzhia Polytechnic”

2 student gr. E-213sp NU “Zaporizhzhia Polytechnic”

ANALYSIS OF METHODS FOR REACTIVE POWER COMPENSATION
IN ELECTRICAL NETWORKS

One of the main aspects related to improving the quality of electricity in
industrial networks, both at the design stage and at the operation stage, is the issue
of reactive power compensation. It covers the selection of the most effective
compensation sources, the calculation and management of their capacity, and the
determination of placements in the network.

Effective reactive power compensation in industrial networks includes
various aspects aimed at increasing the economic efficiency of electrical equipment
and improving the quality of consumed electricity. This includes the selection and
calculation of compensation devices taking into account the specifics of the
network.

Active and reactive power represent significant differences in terms of
electricity generation and consumption. Basically, electrical receivers consume
active power, and losses in the network and equipment lead to small losses of
active power. However, reactive power losses in the network can be comparable to
the reactive power consumed by electrical receivers.

Synchronous generators in power plants play an important role in balancing
reactive power in electrical networks. However, if the active power production
decreases, there is a need to increase the reactive power production. This may lead
to the transfer of some generators to operate at a reduced power factor.
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To reduce the consumption of reactive power from the network, reactive
power compensators are used, such as capacitor banks, synchronous compensators,
motors and static reactive power sources.

At an enterprise, reducing reactive power consumption is achieved by various
methods. These may include natural approaches, such as regulating the operation
of electrical receivers to reduce the impact on the electrical network, as well as
special compensating devices installed at certain points in the electrical supply
system.

The widespread use of valve converters in industry requires solving the
problem of limiting their influence on the power grid, primarily the issues of
reactive power compensation.

The use of valve converters in industry is widespread, but this raises the need
to solve problems associated with their impact on the electrical network. One of the
key tasks is reactive power compensation.

It is especially difficult to cope with this task in networks with a high content
of higher harmonics generated by nonlinear loads. Traditional reactive power
compensation methods designed for sinusoidal currents and voltages may
encounter technical difficulties in such conditions.

Studying the operation of capacitor units in the presence of higher harmonics
is important for assessing the possibility of their use in industrial electrical
systems. Practice shows that capacitor banks operating at a non-sinusoidal voltage
can fail due to overload with higher harmonic currents. Connecting capacitor banks
to the busbars of a substation that supplies power to a powerful valve load can lead
to resonance with the network inductance, which also negatively affects their
operation.

Currently, static reactive power compensators are being actively introduced,
which are an effective means for compensating reactive power in power systems.
These devices have several advantages, such as speed, reliability, and the ability to
control reactive power without the use of rotating parts.

One of the key advantages of static compensators is their ability to compen-
sate for reactive power without delay, which allows for more accurate and effi-
cient control of energy processes. This is especially important in networks with
rapidly changing load or high levels of unbalance.

In addition, static compensators ensure voltage stability in the electrical
network, which helps to increase the efficiency of electrical installations and
improve the quality of electricity. These devices can also perform the function of
filtering higher harmonics and reducing voltage asymmetry in the network.

Due to their advantages, static reactive power compensators are actively used
in various industries and energy sectors to optimize the operation of electri-cal
networks and increase their reliability.
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YK621.318.1
Comory6 C.L
cryn. rp. E-212 HY «3amnopi3bka MOTiTEXHIKa»

AHAJII3 HEOBXTJJHOCTI JIATHOCTYBAHHS EJIEKTPHUYHUX
JABUI'YHIB

Cepen TOJOBHHMX CKIQJOBUX €JIEKTPOMEXaHIYHOro OOJaJHAaHHS, IO
noTpeOyIOTh BHpIIIEHHS 3aj1adi WiABUINEHHS 1X HaAIdHOCTI, 0COONMBO Y
MCIIPEMOHTHUI TepioJ, B Mepuly 4Yepry, HEeOOXiJHO BUIUIMTH eNEeKTPUYHI
nsuryHu sik nocriinoro (JII1C), Tak i 3MiHHOTO cTpyMy: acMHXpoHHUX (AJ]) Ta
cunaxponnux aBuryHiB (C/I). Takox BaxuBUM € 3amava giarHoctyBanHs JI1C,
SIKI TAKOXK MAIOTh BUCOKHUH BiJICOTOK aBapiiHOCTI.

MoskHa BHUIUTUTH PsT MOXKJIMBHX IiIXOJMIB MiABUIICHHS HafiiHOCTI EM:
PO3BUTOK HOBUX IMiJXOJIB TPU pO3pOOII MICISIPEMOHTHOI JiarHOCTHKH
€JIEKTPUYHOTO O0JIaJIHAHHS; PO3POOKY 1 BIPOBa/KEHHSI 3ac00iB MOHITOpHHTY EM
y Tpoueci IX OJKHTTEBOTO UHMKJI; PO3pOOKY 1 BIPOBA/PKEHHS MPUCTPOIB
iHTenekryansHoro 3axucty (I3) EM. A ne, y cBoio uepry, mpu3BOAUTH J0 3MiHU
eKCIUTyaTallIiHUX  XapaKTePUCTHK  CHUCTEM  DEryllIloBaHHS Ta  PEXHUMIB
€HEProCIIOKUBAHHS CHJIOBOTO YCTAaTKyBaHHA. ToMy [AiarHOCTMKa HapameTpiB,
BU3HAUYEHHsI peanbHoi poboro3natHocti EM B micispeMOHTHUI mepioa — 3aaadya
Oe3rocepeIHbO 3a0e3neueHHs 30epeKEHHS eNICKTPUYHOTO YCTATKyBaHHSL.

3 gpyroro OOKy, MiJBUIICHHS  HAJIIHHOCTI  €JIEKTPOMEXaHIYHOTro
YCTaTKyBaHHS HEPO3PHBHO 3B’S3aHO 3 HENEPEpBHUM KOHTPOJEM IapaMeTpiB
TEXHIYHOTO CTaHy (YHKIIOHYIOUMX MEXaHi3MiB, TOOTO, MPOOJIEMOIO TEXHIYHOI
niarHocTuky B3araimi. JIocBix mMokasye, IO YIPOBAKEHHsS 3aCOOIB JIIarHOCTUKU
CTaHy € OJHMUM 3 HaWBOXJIMBIIIMX YHHHUKIB ITiIBUIICHHS EKOHOMIYHOI
€(EeKTUBHOCTI BHKOPHUCTOBYBAHHS MAIllMH 1 MeXaHi3MiB Yy BHPOOHUITBI. Y
Cy4acHMX yMOBax IPH3HAYCHHs [IarHOCTUKH IOJISra€ He TUIBKK Y BUSBICHHI BXKe
BUHHKIIUX, CKUTBKH B MONEPEHKEHH] MOMIIMBHUX BIJIMOB 1 HECIIPABHOCTEH, a TAKOXK
B MIITPUMII ONTHMAIFHUX HACTPOWOK eKCILTyaTallifHAX XapaKTEPUCTHK Y
BCTaHOBJICHUX BHMOTaMH TEXHOJIOTIYHOTO IIpOLEcy, B IPOTHO3YBaHHI IX CTaHy 3
METOO MTOBHIIIIOT0 BUKOPHCTOBYBAHHS JTOPEMOHTHOTO 1 MICIAPEMOHTHOTO PeCypcy
BHKOPHCTOBYBAHOTO €JIEKTPOTEXHIYHOTO 1 TEXHOJIOTIYHOTO yCTaTKyBaHHS. Teopis
1 TpakTHKa JIiaTHOCTHKH PO3BHBAIOTHCS HA OCHOBI peaiizamii MPHUHITUITIB
0e3po30ipHOCTI, YHIBEpCAIBHOCTI METOHIB 1 3aco0iB, 3a0e3meueHHs BHCOKOI
ONepaTUBHOCTI I1X BHUKOpHCTOBYBaHHS. Lli mepepaxoBaHi 3amadi, a TaKOXK
BH3HAYCHHS peaNbHOI mpamne3gaTHocTi EM 1 cuctemMu el1eKTpOIpUBOAY, B IILIOMY
PO3B'S3YIOTHCS i3 3aCTOCYBAHHSAM €KCIDTYaTalliiHOTO MOHITOPHHTY.

IcHytoua kmacuikarliss METOIB JIarHOCTHKY €IIEKTPUYHUX MAIIMH BKIFOYAE
pAA  HACTYIHUX IMIAXOMIB: PO3BUTOK HOBUX IMOXONIB TPH  PO3poOIi
MCIAPEMOHTHOI ~ [IIarHOCTUKH  €JIEKTPUYHOTO  OONAmHAaHHSA; PO3pOOKy i
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BIIPOBA/UKEHHS 3aco0iB MoHiTopuHry EM y mpormeci iX >KHUTTEBOTO IHMKILY;
PO3pOOKY 1 BIpOBaKEHHS IIPHCTPOIB iHTENeKTyanbHoro 3axucty (13) EM.

3 gpyroro 0OKy, IIJBUINCHHS HAMIAHOCTI  EICKTPOMEXaHIYHOTO
yCTAaTKyBaHHSI 3B’S3aHO 3 Oe3MepepBHUM KOHTPOJIEM IIapaMeTpiB TEXHIYHOTO
cTaHy (DYHKIIIOHYIOUMX MEXaHi3MiB, TOOTO, MPOOIEMOI0 TEXHIYHOI IiarHOCTHKH
B3arami. JIocBig mokasye, 0 yIpOBapKESHHS 3aCO0IB IIarHOCTHKHU CTaHY € OJHUM
3  HalBOXUIMBIIIMX YMHHUKIB  IIJIBUIIEHHS EKOHOMIYHOI  e(eKTHBHOCTI
BUKOPHCTOBYBAaHHSI MAalllMH 1 MEXaHI3MIB y BUPOOHHMITBI. Y Cy4acHHX yMOBax
MIPU3HAYEHHS MIarHOCTHKM IIOJISITa€ HE TUIBKM Y BHSBICHHI BXX€ BHHUKIHX,
CKIJIbKM B TONEPE/KEHHI MOXJIMBUX BiZIMOB 1 HECNIPaBHOCTEH, a TakoX B
MIATPUMII  ONTUMAJIBHUX HAJAroJDKEHb EKCIUTyaTalliiHUX XapakTepUCTHK Y
BCTaHOBJICHHX BUMOTaMH TEXHOJIOTIYHOTO IPOILIECY, B MPOrHO3YBaHHI iX CTaHy 3
METOI0 TOBHIIIOTO BUKOPHCTOBYBAaHHS 10 PEMOHTHOrO 1 TiCiS PEMOHTHOTO
pecypey BUKOPUCTOBYBaHOTO €JICKTPOTEXHIYHOTO i TEXHOJIOTIYHOTO
ycTaTKyBaHHs. Teopis 1 NpakTHKa JIarHOCTUKH pO3BHUBAIOTBCS Ha OCHOBI
peasmizanii npuHIMIIB 0e3p030ipHOCTI, YHIBEPCAILHOCTI METOIB 1 3aco0iB,
3a0e3rneyeHHs] BUCOKOI OMEpaTHBHOCTI ix BUKopHCTOByBaHHs. Lli mepepaxoBaHi
3ajayi, a TaKo» BHM3HAYEHHs pealbHOI mpaine3natHocTi EM po3B's3yroTees i3
3aCTOCYBAHHAM €KCIUTyaTal[iHHOr0 MOHITOPHHTY.

3amaua AIarHOCTHKU - BHUABIATH JAe(EKTH Ha paHHIA crafii pO3BHUTKY,
CIIOCTEpIraTd 1 MPOTHO3yBaTH IXHIM PO3BUTOK, IUIAHYBATH PEMOHT MAalIMHH. A
SKIIO CTaBHUTHCA 3ajadya Iepexofy Ha OOCIyroByBaHHA 1 PEMOHT MallMH II0
(akTUYHOMY CTaHy, TO 3aJaya JIarHOCTUKU CTA€ JOCUTH CKIAJHOIO - HEOOXIIHO
BUSIBJIATH BCl Ae(DeKTH HA paHHIN CTafii pO3BUTKY. A Te, 110 HeMae JIe(eKTiB, sKi
PO3BUBAIOTHCSL PANTOBO (KPiM MPUXOBAHUX AE(EKTIB BUTOTOBICHHS 1 MOHTAXKY) -
1€ BXKe JIOBEJICHO, IIPUHAIMI, /Il POTOPHUX MAIIKH .

YK 621.3.013.1

Tepemenko S.11.!, Oniitnuxk JI.C.2

Ueryn. rp. E-272 HY «3anopisbka IOTiTEXHIKa»
2 cryn. rp. E-273 HY «3anopi3bka I0JITEXHIKa

PO3POBKA LUA-CKPHUIITA VIS TIOBYJ10BU MOJIEJII CHJIOBOI'O
TPAHC®OPMATOPY Y IIPOI'PAMI FEMM

IcHye meBHWI mepemik TPOrpaMHUX 3aco0i ISl TPOBENCHHS YHCEIBHUX
OOYHCIICHh MATHITHAX TIOMIB y PI3HUX EIEKTPOTEXHIYHUX MPHUCTPOsSX. BoHu
JIO3BOJISIIOTh BPaxOBYBATH pPEAIbHY T€OMETPII0 MPUCTPOIB Ta HENMiHINMHI MarHiTHI
BIIACTUBOCTI (pepoMarHiTHUX marepiamiB. Cepen Takux 3aco0iB  IIMPOKOTO
po3moBciokeHHsT Habyma mporpama FEMM. Bonu peainilye MomeirOBaHHS
JMBOBUMIPHHUX EJCKTPUYHUX, MATHITHUX 1 TEIJIOBUX MO HA METOJHI CKIHUCHHHX
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esleMeHTiB. L[poro BHCTayae /It aHai3y €NeKTPOMArHiTHUX IMPOIECIB B CHIIOBHX
TpaHcopMmaTopax.

[Tpu Buxopuctanui nporpamu FEMM xopucTyBady J0CTaTHBO 1MOOYTyBaTH
reoMeTpuuHy i GismdHy Mogensb, sika Oyne BinoOpakaTh KOHCTPYKIIIO CHIIOBOTO
TpaHcopMaTopy 1 BiIacTUBOCTI MarepianmiB. [Ipu HEOOXIAHOCTI BUKOHAHHS
0araToBapiaHTHUX pO3PaxyHKIB TIOB’S3aHMX 13 HEOOXiTHICTIO BapilOBaHHS
BJIACTHBOCTEH, T€OMETPHYHMX MapaMEeTpiB, PO3MIPIB CYTTEBO 3pOCTAIOTH BUTPATH
yacy Ha ix peanmizamito y nporpami FEMM. e nutanHs MOXXHA BUPIIIUTH 3aBITKU
aBTOMAaTHU3alii MpoILecy CUHTE3Y TeOMETPHUYHHX Ta (DI3UUYHUX MOJENEH CHUIIOBOTO
TpaHcopMaTopy Ta OOpOOKM pE3yJbTaTIiB pPO3paxyHKy. Jlias MbOro MoXHA
Bukopuctati MoBy LUA iHTerpoBany y crpykrypy nporpamu FEMM. Ckpuntu
JUISL CMHTe3y Mojeseldl cuioBoro tpaHcdopmaropy Ta OOpOOKM pe3ysbTariB
pO3paxyHKy Kpallle pO3AUITUTH Ha JIBa OKPEMHX, OCKUIbKH 00OpOoOKa pe3ysbTaTiB
MOJISIIIOBAHHSI 3aJIe)KUTh BiJl KIHIIEBOTO PE3YNbTATY, KWl MOTPiOEH iHXKEeHepy, B
TOH Yac sIK CKPUIT UL CHHTE3y Mozelel Oy/ie yHiBepCaJIbHUM.

Metoro poOoTH OyJl0 HAaIMCaHHS CKPUNTY Ul CUHTE3Y T€OMETPHYHHUX Ta
¢izuuHUX Mojenel TpudazHoro cuioBoro Tpanchopmartopy B nporpami FEMM
JUTSL pEXKUMY HEPOOOYOTo XOy.

CkpunT BUKOHYE HacTymHi nii: ctBopeHHs ¢aitny mporpamu FEMM ta
MIPUCBOEHHS OMY IMEHI, 3UMTYBaHHsI JaHUX 3 (pailily BUXiTHUX TAHWUX, CTBOPEHHS
reoMerpii  po3paxyHKOBOi 0OJIacTi, 3aBJIaHHs  BJIACTUBOCTEW  eJIEMEHTaM
TEOMETPUYHOI MOJENi, CTBOPEHHS EJICKTPUYHMX Kil OOMOTOK Ta 3aBIaHHA
CTPYMIB, 3aBJIaHHSI PO3MIPY CITKM CKIHUYEHHHX €JIEMEHTIB, 3allyCK PO3pPaxyHKy Ta
30epiranHs (aiiy po3paxyHKy.

Po3poOnennii  ckpuUNT HaJa€ IIMPOKI MOMIJIMBOCTI y  CTBOpPEHHI
PO3paxyHKOBUX Mojienieil Tpu(azHOro CHUIOBOTO TpanchopMaTopy B Mporpami
FEMM s pexumy HepoOOYOro XOAy 1 € yHIBEpCabHMH 3 TOYKH 30py
FeOMETPUYHUX  pO3MIPIB Ta  CTPYKTypH  €JIEKTPOMArHiTHOI  CHCTEeMH
TpaHCHOPMATOPIB 1 MOKE BUKOPUCTATHCH JJIsl peatizallii 3a1a4 onThuMi3arii.

Y]K621.318.1
Pomanos A.C.
cryn. rp. E-212 HY «3anopi3bka momiTeXHiKa»

BU3HAYEHHSI TAPAMETPIB CXEM 3AMIINEHHA ACHHXPOHHUX
JBHUI'YHIB

Y panmit wac Bigomo moHax 50 MeTOHiB BHW3HAUCHHS MapaMeTpiB
ACHHXpOHHMX MalmMH. YacTHHA 3 HHX IPYHTYEThCS Ha BHPAKCHHAX I
€JIEKTPOMATHITHUX TIOJNiB Y 30HI €JIeKTPOMEXaHIYHOTO TEPEeTBOPEHHS EHeprii i
Yyepe3 CKIaJHICTh MAaTeMaTHYHOTO OMHCY MAa€ PsiJi CIPOLIEHb, IO HE JO3BOJISE
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ypaxyBaTH 0arato SBHIL, SIKi MAalOTh MicCIle B pPEalbHUX aCHHXPOHHHX IBUTYHAX.
Binpma x yacThHa 3 PO3ITSIHYTUX METOAIB 0a3yeThCcsl HA aHawi3i Tiei abo iHIIOl
3actynHoi cxemu AJl. IIpy boMy BHKOPHCTOBYETBCS UM PSA 3aCTYIHUX CXEM:
T-monibHi cxemu (3 ypaxyBaHHsM i 6€3 ypaxyBaHHSI aKTHBHOTO OIOpY), CIIPOIIEHa
I-nmonibna cxema, cremiajabHI 3acTyNHI CXEMH, 3alpOIIOHOBaHI Pi3HUMH
JOCIIiTHUKaMHU.

Crin 3a3Ha4MTH, IO caMe IO MapamMeTpax CXeM 3aMiIeHHS 3IIHCHIOETHCS
pPO3paxyHKH NAacCHMOPTHUX JaHUX, CTATHYHUX 1 JUHAMIYHHX XapaKTepHCTHK,
AHAJI3YETBCS EHEPrOCIIOKUBAHHS, TPOBOAUTHCS CHHTE3 CHUCTEM KEepYyBaHHS.
Amnai3 Jpkepen, MPUCBSIYCHUX NMHUTAHHSM BH3HAUSHHsS MapaMeTpiB aCHHXPOHHHX
JIBUTYHIB, YKa3y€ Ha BiJICYTHICTh MPOCTOTO W HAIII{HOTO METOJy, SIKWA B yMOBax
TMICJIIPEMOHTHUX BUIPOOYBaHb JI03BOJIMB OW 3 JOCTATHBOIO TOYHICTIO BU3HAYHTH
BCI MapaMeTpy CXeMH 3aMillleHHs, BKIIIOYAIOYH MapaMeTpH, IO XapaKTepU3yHTh
BTpaTH y CTaJli cTaTopa i poTopa.

BigcyTHICTh TOCTOBIpHUX METOJIB JUIsSi BU3HAYECHHS MTApaMeTpiB, K MMOKa3ye
aHaii3, OOyMOBJIEHE WparHeHHsSM OJIepXKaTH pPe3yJIbTaTH 3 HaWMpPOCTIIINX
3aCTYIHUX CXEeM, IEePEHECEHHX 3 Teopii onucy mpoleciB y TpanchopmaTopax [1],
1[0 He BiIOMBAIOTH peajibHi MPOLECH, SKi IPOTIKAIOTh y ABUTYHI.

CkJamHOCTi, OJIHAK, BU3HAYAIOTHCS HE TPYJIHOIIAMU 3aBJIaHHS CaMOirono
co0i, a HEKOPEKTHICTIO Ti€l 3aCTYIHOI CXeMH, Ha sIKid OyJayeTbcs Ta abo iHIIa
KOHILIEMIiSI BU3HAYEHHs MapamerpiB [2]. YTOYHMMO Lie MOJOXKEHHS MHUIIXOM
aHaJi3y BiIoMoi cxemu 3amiteHHs (puc. 1).

R, X, X,

=]
Pucynok 1- T-moxibHa cxema 3aMileHHs! aCHHXPOHHUX ABUTYHIB

B nmamiit cxemi R; Ta R, — BiOmOBiAHO aKTHBHMIMA OImip TEepBUHHOI U
HaBEJICHWH aKTHBHUH OITip BTOPHHHOI OOMOTOK; X7, X, — BimmosimHO THAYKTHBHHAN
omip pO3CiIOBaHHS NEPBHHHOI W HaBeIEHWH IHAYKTUBHHKA OIip BTOPHHHOI
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obmoTkH, Ru, X, — BIIMOBITHO OIIip, €KBIBAJICHTHUI BTpaTaM y CTali, i HaBeAEHUH
B3a€MHUH IHAYKTUBHUH OITip.

OueBnHO, 10 cXeMa 3aMillleHHs] Ha puc.]l He BpaxoBye 3MIHHHX BTpaT y
crami (Ru=const ) 1 TPUIYCKAE MOXJIUBICTh TOYHOTO BHUMIPY BCIMYUHHU
MpoKoB3yBaHHs. CxeMa TakoX He JJ03BOJISIE BpaxyBaTH BTPATH y CTali poTopa i ix
3aJIeKHICTh BiJ YACTOTH IIepeMarHiqyBaHHs MarHiTOIPOBOY pOTOpa.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Ponpkun J[.M.. O HEKOPPEKTHOCTH HEKOTOPBIX MPEJCTaBICHUNH CXeM
samemenus AJ] [Texct] / Pogpkun JI.U., 3mop W.E., Yepnsiii A.IL, Cucrok I'.1O.
[IpoGnemMbl co3fanusi HOBBIX MalMH M TexHoioruit. Hayunsie tpymet KITIW. —
Kpemenuyr: KI'TIM. —1998. — Bpm.2. — C.135 — 138.

2. Pompkun JI.M. Komrmekchl aisi 3KCOpPeCcC—IMArHOCTUKU JIBUTATeNeit
nepemenHoro toka [Tekct] / Pompkun /.M., Yepnsit A.Il., Kamunos A.IL,
bapsunok /[.B., Xapamxsu A.A., 3nop W.E., Hukutuna A.B., XXusopa B.D.,
Bemunuxo T.B. C6. mayun. tpynos HI'Y. — lnenponerposck: P HI'Y. — 2003. —
T.2,Ne17.—-C. 110 - 121

YK 621.313
AremmnH A. 0.
crya. rp. E-211 HY «3amnopi3bka mosiTexHikay

MOJIE/IIOBAHHSI TUHAMIKHA MATHITHUX ITOJIIB ¥ CHJIOBUX
TPAHC®OPMATOPAX 3 YPAXYBAHHSIM HEJITHIMHUX E®EKTIB I
HNEPEXIIHUX ITPOLIECIB

CunoBi  TpaHcopmaropu €  KIIOUOBUMH  CKJIAJOBUMH  CHUCTEM
eNIEKTPOIIOCTaYaHHs, 3a0e3neuyroun e(eKTUBHE IEPETBOPEHHS EJIEeKTPHYHOI
eHeprii i 3a0e3meuyroun CTaOUIBHY pOOOTY eNeKTpUYHHX Mepex. JuHamika
MarHiTHUX THOJIB Y CHJIOBHX TpaHC(hOpMaTOpax Mae BEIMKE 3HAYCHHS UIA IXHBOI
epexTuBHOI poboTH Ta HajaiiiHOCTI. OCOOJIMBO BAKIMBUMH € MOJICIIOBAHHS
HeNHIHHUX e(eKTIB 1 MepeXiJHUX MPOIeCiB, AKI MOXYThb BHHUKATH IIiJ] 4ac
pobotu TparcdopmaTopa.

HeniniiiHi edekTd B MarHiTHUX CHUCTEMax TPaHCHOPMATOPIB BKIHOYAIOTH
HaCcHYeHHS MAaTHITHHX MaTepianiB, sKe BiIOyBaeThCS MpPH IOCSITHEHHI IIEBHOTO
piBHA MarHiTHOI HampyxkeHocTi. Lle Moke mpu3BogUTH OO0 3MIH Y
XapaKTEePUCTHKAX TpaHCPOpMAaTopa, 30KpeMa JI0 CIIOTBOPEHBb CTPYMIB 1 HAINPYTH.
Jns TpaBHIIBHOTO MOJENIOBAHHA TAKUX SBUII HEOOXiJHO BHKOPHCTOBYBATH
MaTeMaTH9HI MOJENi, $Ki BpPaXxOBYIOTh HENiHIHHI BIACTHBOCTI MAarHITHHX
MaTepiaiB.
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[Nepexinni mporecn B CHIIOBHX TpaHc(OpMaTopax BHHHUKAIOTH HpPH 3MiHI
pexuMy  poOOTH, 30KpeMa Il 4Yac BKIIOYEHHS a0o  BiAKITIOYCHHS
TpaHcopMaTopa, a TakoX IPH KOpOTKOYacHUX 300sx y mepexi. Lli mporecu
MOXYTh MaTH CYTTEBUH BIUIMB HAa CTPyMH 1 Hampyrd B 0OMOTKax
TpaHchopMaTropa, L0 BHUMAarae JASTAIBHOTO MOJEIIOBAaHHA Ul 3a0e3leueHHS
cTablIbHOT pOOOTH Ta 3aXUCTY €IEKTPUYHIX MEPEX Bifl IepeHanpyTH.

Jist MozietoBaHHS IMHAMIKH MarHiTHUX TIOJIIB y CHJIOBUX TpaHC(opMaTopax
3 ypaxyBaHHSM HENHIHHUX e(eKTIB i MepexiJHuX MPOIECiB BUKOPUCTOBYIOTHCS
pizHi miaxoau. OauH i3 HAWNOMIMPEHINMX — 1€ YHCENbHE MOJENIOBAaHHS 3a
JOIIOMOTOI0  TpOrpaMHUX  3aco0iB, ski  0a3yloThcss Ha  PO3B'sI3aHHI
TU(epeHIliaTbHAX PiBHIHL MaKCBeIIa Ta BiAMOBITHUX MAaTEeMAaTHYHUX MOJCIICH
MarHiTHuX MarepianiB. Taki nporpamMu JO3BOJISIOTH aHATI3yBaTH 3MiHM MarHiTHUX
MOJIB y peaJlbHOMY dYaci 1 BpaxoByBaTH pI3HOMaHITHI yMOBH eKCIUTyaTamii
TparchopmaTopa.

Kpim Toro, aig Oi7b1I TOYHOTO MOJETIOBAHHS MOXYTh BUKOPHCTOBYBATHCS
€KCTIIePUMEHTANIbHI JaHl 3 MarHiTHUX BHMIpIOBaHb Ta XapaKTepH3allil MarHiTHUX
MarepiaiiB, MIO JO3BOJISE YJOCKOHAIUTH MaTeMaTH4HI MOJAENi 1 IiJBHIIUTH
TOYHICTB ITPOTHO3YBaHHs poOOTH TpaHchOpMaTOpa B PI3HUX YMOBAX.

VY3aranpHIOIOYM, MOAENIOBAHHS [IMHAMIKM MAarHiTHUX IIONIB y CHIJIOBHX
TpaHchopMaTopax € BXKIMBUM HANpPAMKOM JOCHi/KEHb, CIPSIMOBAaHUM Ha
MOJIMIIEeHHS. e(EeKTUBHOCTI, HAMIHOCTI Ta OE3MeKU eNEeKTPUYHHX MEpPEXK.
BpaxyBaHHst HeJTiHIHHUX €(EeKTIiB 1 IepexiTHUX MPOLECIB JO3BOJISIE ONTUMI3yBaTH
KOHCTPYKIIiIO TpaHc(opMaTopiB Ta po3poluisiTi e(eKTUBHI CTpaTerii yrnpasimiHHs,
10 CIPUSIE MiABUIICHHIO IXHBOT IPOAYKTUBHOCTI Ta JOBrOBIYHOCTI.

VK 621.318.1
Hinenko B.A.
crya. rp. E-272 HY «3amnopi3bka moiTexHikay

PEAJIIBAIISA MOJIEJI TPAHC®OPMATOPA TA BUSHAUEHHA 11
ITAPAMETPIB BMATEMATUYHOMY ITAKETI MATHCAD

Huns peamizanii Mozeni B matemMaTnyHoMmy mnaketi MathCAD  HeoOximHO
3aBJaHHS MMACIOPTHUX NAaHWX TpaHcdopmaTtopa. TpamuiiiiHuii Habip macmopTHUX
nanux tpanchopmaropa [1]:

S, - HOMiHaJIbHA IIOBHHU MOTYKHICTB;

U

Hanpyru;

1u>U, - Aitode 3HaYeHHs JiHIiHOT Ta (asHOI NEPBMHHOI Ta BTOPHUHHOL
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P _,P_ - axtuBHIi 3HadYeHHs BTpaT HEPOOOYOro XOAy Ta KOPOTKOTO
3aMUKaHHS;
U1, - Hampyra Ta CTpyM HepoOOYOro Xoiy, BH3HA4eHi B JONAX Bil

HOMIHAJNBHOTO 3HAYCHHS TIEPBUHHOI HANPYTW Ta CTPYyMY, SKi 3aBAAIOTBCS Yy
BiZICOTKaX;

m - KUTBKICTh (ha3 TpaHchopMaTopa;

f - wactoTa nuToMOi HanpyTH.

s T-moaiOHOT cxemu 3aMillieHHs TpaHC(hopMaTopa 3 MOCiIOBHOIO TIKO0
HAMarHiuyyBaHHs  PO3paxyHOK MapamMeTpiB  BigOyBaeTbcss B HACTYIHIN
TTOCITi IOBHOCTI:

S

1. BusHauaeMo HOMiHaJIBHY MOBHY TTOTYXHICTh ojHiei Gazn S W= —=

2. Bu3HavaeMo HOMiHaJIBHE Jitoue 3HauCHHs (ha3HOT HAIPYTH HA MEPBUHHIHN

UlH
croponi U, = T
m

3. Jlitoue 3HA4ECHHS HOMiHATBHOTO MEPBUHHOTO cTpymMy [, =

1n
U(ﬁ
4. Jlitoue 3HAYEHHS HANPYrd KOPOTKOTO 3aMHUKaHHS Ha OJHIM a3l

U,=e. U,

K3
5. B gocmigi KOPOTKOrO 3aMHKaHHS B TEPBUHHIA OOMOTII IPOTiKae
HOMIHAJIBHUH CTPYM Ta IIOBHHH OMip KOPOTKOTO 3aMUKaHHs (puc. 1).

U
Zyy = =

1

1n

Ipu 1EOMY Kpi3h TiIKy HAMArHidyBaHHS MPOTikae cTpyM, sikmii B 1/ i -e,

pa3iB MEHIIMI HOMIHATHHOTO 1 TOMY BIZIMBOM TaKO1 T1JIKH HEXTYEMO.

6. AKTHBHHH OITip KOPOTKOTO 3aMHUKAHHS, SIKHI XapaKTepU3y€e OMIUYHHUHA OIIip
OOMOTKM 32 TEIUIOBUMH BTpaTaMH KOPOTKOTO 3aMUKaHHS. I[lOTyXHICTH BTpaT
KOPOTKOT'O 3aMUKaHHS Ha OAHY (a3y.

P, = —PK
K1 =
m

I akTHBHHIA OTTip KOPOTKOTO 3aMIKaHHS
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r =LK1 Py
K3 12 - Iz
g My

7. IHZ[yKTI/IBHI/Iﬁ Ol'[ip KOPOTKOI'O 3aMUKaHHS BU3HAYA€THCA 3a IPAMOKYTHUM

TPUKYTHUKOM OIIOPIB.
_ [ 2
X3 =\ 2k ~ i3

8. AKTHBHUI Ta IHIYKTHBHUI OMIp PO3NOJIISIOTECS PIBHO MiXK TIEPBHHHOIO
Ta BTOPMHHOIO CTOPOHAaMH 3 BpaxyBaHHSM IPHBEICHHS BTOPHHHOI CTOPOHH JIO
IIEPBUHHOL

"

n=r, =0,5ry x5 = x5, =0,5xy

3BijicK BU3HAYAEMO 1HIYKTHBHOCTI PO3CIIOBaHHSI BTOPHHHOI OOMOTKH
U 2
7 2 _ | You '
Ly, =Lg, -ny = Ly,

1n

Ta 1l aKTUBHUH OITip

2

; U
n=rony =6
U
1n
9. CtpyMm HepoOOYOro X0y 3HaiIeMO SK BiAMOBIIHY JIOJIO TOBHOTO CTPYMY
Iwc = lx ’ Iln

10. Ctpym HepoOo4oro Xxoiy TNpOTIKAE B MEPBUHHIK OOMOTHI mpHU
pO3IMKHEHI BTOPHHHIM OOMOTIII Ta TpH >KUBICHHA BiA [DKepena HOMiHaJIBHOI
Hanpyru. [loBHUI omip HEPOOOUIOTO XOIy

2
Z _ U<D _ Uln
HX lx H
11. AkTBHa YacTHMHA ITOBHOTO OINOPY HEPOOOYOro XOAy BH3HAYAETHCS
TEIJIOBUMH BTpaTaMH Ipu HepoOodomy xoji. BTpatn Hepobouoro xomy Ha OIHY

Pazy



112

OCKIUIBKH NIPH [IBOMY TPOTIKa€E CTPYM HEPOOOYOTo XOJy aKTHBHA CKJIaZoBa
0I1opy HEpoOOUOro Xo1y

2

_P_P-U,
HX 2 2 2
Ilu lx.Sn

12. PeakTriBHa CKJIaJj0Ba MTOBHOTO OIOPY HEPOOOYOTO XOIY PO3PaxOBYETHCS
3a TPUKYTHHKOM OTIOPIiB

13. IHAyKTUBHICTB IEPBUHHOT OOMOTKH

_ xHx

=
24
14. Ockiibki TOBHHMK Omip HEpPOOOYOro XOAy CKIAJAEThCS 3 TUIKH
MEPBUHHOT OOMOTKHM Ta 3 TIIKM HAMarHidyyBaHHsS MOXHA pO3paxyBaTH MapaMeTpu
T'JIKK HAMarHiuyyBaHHS

Rﬂ =TIy — 1

L,u = Ll _LSl

Ha npoMy eTami TUIOBHI pO3paxyHOK MapaMeTpiB €KBIBAJIIEHTHOI CXEMH
3aMIIICHHS MOJKHA BBa)KaTH 3akiHueHHM [2]. OmHaK I cXxeMa 3aMIIIeHHS, sKa
aJICKBaTHO BiJIOOpa)kae SIKOCTI Ta XapaKTepHCTUKU TpaHchopmaTopa SK
€JIEKTPUYHOI MammHU abo eJeMeHTa CHUCTEMH eleKTPOo30epekeHHsS, HE 30BCIM
KOPEKTHA JJIs1 BAKOPUCTAHHS il B MOAEIIOBAHHI.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Sryn B.I1, K onpenenenuto mapameTpoB Moeneii Tpanchopmaropos/ B.I'.
Aryn, E.B. Aryn.// CBTnoTexHnka ta enekrpoerepretaka. — 2014. - Ne2. — C. 52 —
64.

2. Pompkun J.U., Yepnsni A.IL., Kamaros A.IL., bapeunok JI.B., XapamksH
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YK 621.313
Taitgam K.C.
cryn. tp. E-211 HY «3amnopi3bka MOTiTEXHIKa»

EJEKTPOEHEPTETUKA YKPATHM I1J] YAC BIMHA

Enextpoenepretnka — ogHa 3 0a30BUX raiy3edl MaJMBHO-EHEPTETUYHOTO
KoMIUiekcy Ykpainu. EnektpoeHepris € yHiBepcaJbHUM BHJIOM €HEprii, sKy
BHUPOOJISIFOTH IIISIXOM BUKOPUCTAHHS €HEPreTHYHHUX PECYPCIB Ha eJIEKTPOCTAHIIISNX
pi3HOrO THITY, 00’ €JJHAaHNX y BiJOBIIHI €HEPTETUYHI CHCTEMH.

Enepretnka Ykpainu nepeOyBae B ctaHi BiitHu 3 24-ro moToro 2022 poky 3
MMOBHOMACIITA0HUM BTOPTHEHHSIM Ha TepuTopito Ykpainu. IleBHi pimenHs Oynu
BXKE BiANpaIboBaHi Ha TepUTOpisix Ykpainu y 2014p., ne paHiie Benucst akTHBHI
00iioBl Aii Ha TMMYacOBO OKYIOBaHMX TEPUTOPIsX. B Toil ke wac, ykpaiHCbka
EHEePreTUKa 3YCTPLIACS 3 TIEPETiKOM HOBHUX, IIE OLIBIIN 3arpO3/IMBUX BHKIIHKIB, SK-
TO: sAACpPHHUH Tepopu3sM i3 3axoruieHHsAM 3amopizbkoi  AEC, uywncieHHi
MOUIKO/DKEHHSI KPUTHYHOI 1H(pacTpykTypu (ENeKTpUYHI 1 Tra30BI Mepexi),
aBiauiiini ynmapu; 3pyiHoBani Oxtupcbka i Kpemenuynpka TEL, kputnune
3HIDKCHHS TIONUTY Ha SHepreTUYHi NPOAYKTH y 3B’S3KY 3 BHi3[OM HAceJeHHS i
OpUNMHEeHHAM OizHecy Ha 35%, HalOlnblle 3HMKEHHS PIBHA OIIAT B
€HepreTU4Hiil cucTemi, Ta pilleHHS (HE IUBISYMCHL Ha 00iOBI mii Mo Bcii
TepUTOPii KpaiH!) NPOJOBKYBATH CHHXPOHI3AI[II0 EHEPreTHYHOI CUCTEMH Y KpaiHu
3 eHeprocucteMoro KoHTHHEeHTanpHOT €BpONH.

OtpumanHs VYKpaiHOIO cTaTycy KaHaugaTa Ha BcTynm a0 €C CTaBUTH
JIOJIATKOBI BUKJIMKM JJIsl €HEPreTHKA Ta PEryJIoBaHHs Ili€i ramy3i. Y BepecHi
2022p. BepxoBHa Paja yxBanuia B MepIIOMY YWTaHHI MPOeKT 3akoHy Ne5322
moo0 iMruieMenTanii B Ykpaini Pernmamenty €C Nel227/2011 mpo 1uimicHicTb 1
mpo3opicte onToBoro eHepretmyHoro puHky (REMIT), skuit mae Ha wmerti
3ano0iraTy 3J0BXUBAHHSIM Ha PUHKY €JIEKTPHYHOT eHeprii.

Uepe3 pociiichki pakeTHI yJapy Ha €HepreTH4Hy iHPpacTpyKTypy KpaiHwu,
MOCTA0IOETEC  €KOHOMIYHA ~ aKTHBHICTh, CKOPOYYETHCS BHPOOHHIITBO Ta
30LIBIIYIOTECA BUTpATH OizHecy. Haiibinmpime cTpaxnmaroTh MeTamypridHi Ta
BUIOOYBHI MiANIPHEMCTBA, XapuyoBa IMPOMHCIOBICTh 3 MepepoOKH M’SICHUX Ta
MOJIOYHHX MPOIYKTIB.

I TyT BUHUKa€e MUTaHHSA, K BOEPETTH EHEPrOCUCTEMY IIifl Yac BitHU?

Ha nepxaBHOMY piBHI, i 3aX0Iy TMOBHHHI OyTH peaii3oBaHi B paMKax
3akony VYkpaiam «[Ipo pHHOK eNeKTpHYHOI eHeprii» i3 BpaxyBaHHSIM
€BPONENUCHKOTO Ta YKPATHCHKOTO 3aKOHO/IABCTBA Y cepi NepKaBHOI JOTTOMOTH.

IaauBinyanpHU piBEHB, SK-TO, IPOMHUCIOBI CIIOKWBAYi HE IMOBHHHI YEKATH
pimeHp Ypsmy 1 CcaMOCTIHHO MOXYTh BHpIIIyBaTH MHUTaHHA 3a0e3redeHHs
eNeKTpoeHeprier. bo mis MeranypriiHOro 3aBofy, €JEKTPOCHEPTis — KIFOYOBHI
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pecypc, SKHH BIJIMBAa€E Ha COOIBApTICTh MPOAYKHii 1 KOHKYPEHTOCHPOMOXKHICTH
nignpuemcTBa. CaMOCTIHHO YKJIagaTH KOHTPaKTH Ta KyIyBaTH EJIEKTPOEHEPTiio
HaIpsMy Y BUPOOHHKIB — II€ 1 NIJISIX CAMOCTIHHOTO CaMOBPSTyBaHHS KpaiHU.

Orxe, eHepreTHka — Ile HE JMIIE CHpaBa CaMUX EHEPreTHKiB Ta Ypsidy.
CriokuBadi Ta 0i3HEC MOXXYTh 3pOOUTH BJIACHUW BHECOK B CHEPreTHYHY O€3MeKy
Ta He3aJleKHICTh YKpaiHu. B cBoro uepry, ypsay HiYOro HOBOTO BUTQ/yBaTH He
notpibHo. Yci HeoOXigHI MeXaHi3MH ISl PO3BUTKY Tajly3i Bke mependadeHi
3aKOHOM.
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CEKIIA «EJJEKTPOIIPUBOJ TA ABTOMATHU3ANIA ITPOMUCIIOBUX
YCTAHOBOK»

YK 620.179.14

Kosnos B. B.!, Ha6okosa O. B.2

! kanp. TexH. HayK, noiu. HY «3anopisbka nosiTexHiKa»
2 nou. HY «3amopizbKa NoTiTEXHIKa»

MATHITOCTPUKIII: MIHYCH 1 IIJIIOCH

MarHiToCTpUKIlisS II¢ SBHUIIE, SIKC TOJArae B TiM, IO MPH 3MiHI CTaHy
HaMarHiueHoCTi Tija oro 00'eM i JIiHIHHI pO3MipH 3MIHIOIOTHCS. MarHiTOCTPHUKIIS
BigkpuTa aHmidcekuM ¢izukom [[xeiimcom JDxoynem B 1842 poui i BUKIIMKaHa
3MIHOIO B3a€MO3B'SI3KIB MiXK aTOMaMH B KpHCTaTiuHii pemritiii. BoHa o0ymoBiieHa
B33aEMOJIIEI0 €JIEKTPOHHUX CIIMHIB aTOMIB MarHiTHHX MaTepiajiB i3 30BHIIIHIM
Mar”iTHUM rosieM. [Ipy IbOMy MIHSIETBCS BIICTAaHb MIDK aTOMaMH B KPHCTaJIiIYHIH
PpewiTi, o MPU3BOAUTH 10 Jedopmallii Matepiany.

MarHiTOCTPHUKIIIIO OIIHIOIOTh 3HAYCHHSM BIJHOCHOI aedopmallii 3paska B
HAIPSIMKY Marditaoro momst Al/l .

Bona mposBisieTbCsl B OCHOBHOMY y (DepOMArHiTHHX Martepianax, TaKuxX siK
3aJ1i30, KOOAJIBT, HIKENb 1 TX CIIJIaBH.

MarsitocTpuKIisi MOke OyTH pO3JIiJieHa Ha JBa OCHOBHI TUIIH: CIIOHTaHHA U
inaykoBana. CHOHTaHHA MAarHITOCTPHKINSL TOB'i3aHa 3 YNOPSJIKYBaHHIM
MAarHiTHUX MOMEHTIB Yy JIOMEHax MaTepiajly IpU Iepexoji 4epe3 TeMIieparypy
Kropi.

[HmykoBaHAa MAarHITOCTPHUKINS TOB'A3aHa 3 TEPEOPIEHTALIEI0 JOMEHIB IIi[
Ji€10 30BHIIHBOTO MAarHITHOTO HOJIS.

MarHiToCTpUKIlisl MOXKe OyTH SIK TO3JOBXHBOI, TaK 1 MOMEPEYHOI, 3aJIe)KHO
BiJl HANPSIMKY JiepopMalrlii 1010 MarHiTHOTO MOJISL.

MarHiToCTpUKIIiS - 1€ IiKaBe i BaXKJIMBE SBUIIIE, SIKE MA€ SIK MTO3UTUBHI, TaK 1
HETaTUBHI CTOPOHHU.

Hamnpukiazx, BoHa HEraTHBHO BIUIMBA€E HA POOOTY €IEKTPHYHMX MAILIHH.

MarHiToCTpUKIiA € OAHIEIO i3 NMPHYMH BHHUKHEHHS IIyMy W BiOpamiil y
TpaHcpopMaTopax. 3MiHHE MATHITHE IOJIe B OCep/i TpaHchopMaTopa MPUBOAUTH
O TepioguyHOi 3MIHM HOTO pOo3MipiB, IO BUKIMKAE MEXaHIUYHI HANpYyTH B
00MOTKax, Kopryci i kpimenHsx. Li HampyTi mpuBOIATE 10 3BYKOBHX KOJIMBAHb,
SIKI pO3MOBCIO/DKYIOTHCS B HABKOJIMIIHIHA TIPOCTIp.

[Tym TpaHCcdopMaTopa 3aleXUTh Big 0araThox (hakTopiB, TAKMX SK YaCTOTA,
aMIuTiTyma ¥ (opMa MarHiTHOTO TOJNS, THUH 1 PO3MIp CepIevYHHKa, Marepian i
KOHCTPYKIIisl 0OMOTOK, CITOCiO KPIIJICHHS i 0XOJIOHKEHHS TpaHchopmaTopa.
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[ym TpanchopmaTopa Moxke OyTH 3MEHIICHUH IUITXOM BHOOPY MaTepiaiy 3
HU3BKOIO MarHiTOCTPHKIIEIO, ONTUMI3alii reoMeTpii ¥ TeXHOJIOoTii BUTOTOBJICHHS
ocepns, NOJINIIEHHS 13oysii ¥ gemndipyBaHHS OOMOTOK, BHKOPHCTaHHS
AQHTUBIOpaliTHUX MI/ABICIB 1 eKpaHyBaHHS.

MarHiToCTpUKIISl TAKOX BIJIMBAa€ Ha poOOTY aCHHXPOHHUX ABUTYHIB (A]]),
0co0JIMBO Ha iXHIH MOMeHT oOepraHHs. Ilpym BMHKaHHI JBUTYHa B MEpEXYy
BUHHMKAa€ 3MIiHHE MarHiTHE TIOl€ B CTaTopi i pOTOpi, SKE BHUKIHMKAE
MarHIiTOCTPHKINHHY jaedopMalifo iX eJIeMEHTIB, IO MNPHBOIUTH [0 3MiHU
1HIyKTUBHOCTI OOMOTOK 1, OTK€, JI0 3MiHUA CTPYMY i MOMEHTY 00CpTaHHSL.

Marnitoctpukiiss B AJl 3anexuTh BiJl Takux (HaKTopiB, SIK aHI30TPOIis
MaTepiaiy, Halpy>KeHICTh 1 4YaCTOTa MarHiTHOTO IOJIsl, TEMIEepaTypa, MBHIKICTh
oOepTaHHs i HaBaHTaKEHHS.

Bona Moxe OyTH 3MeHIIEHa WLIIXOM BHOOpY Matepially 3 HH3BKOIO
MarHiTOCTPHKIIE, TONIIIICHHS SKOCTI BHTOTOBJICHHS i 300pku craTtopa U
pOTOpa, 3HWKEHHS FApMOHIK Y XKMBIIA4il Hanpys3i i cTpymax.

3 iHmIoro GOKy, MarHiTOCTPHKIIisl JTO3BOJISIE CTBOPIOBATH Pi3HI NPUCTPOI U
HepeTBOpIOBayl eHeprii, 3acHOBaHI Ha 3MiHI po3MipiB 1 (opmMu MarHiTHHUX
MarepianiB. BoHa IIMPOKO BUKOPHCTAETHCS B TEXHILll MPU BUTOTOBJICHHI PI3HHX
NpWIaZiB:  MAarHITOCTPUKIIHHMX  JaTYMKIB, TEPETBOPIOBAYIB, pPE30HATOPIB,
yIBTPA3BYKOBUX MPUIIAAIB (QUIBTPIB 1 cTabLIi3aTOPIB 4aCTOTH B PaAiOTEXHIYHHUX
MIPUCTPOSIX, MATHITOCTPUKIIMHUX JIHINA 3aTPUMKH 1 HILE.

ToMy BUBUYEHHSI MArHITOCTPHKIII € aKTYaJIbHOIO 1 MIEPCIIEKTHBHOIO 33/1a4€t0
JUISl €TIEKTPOTEXHIKH.

VK 620.179.14

Kosnos B. B.!, Ha6okosa O. B.2

! kann. Texn. Hayk, mom. HY «3anopisbka mosmiTexHikay»
2 pou. HY «3anopizbka HOJTiTEXHIKa»

E®EKT BLULZTAPI TA MOI'O BUKOPUCTAHHSA

Edexr Bimmapi Ha3BaHo Ha decTh itamidcekoro ¢isuka Emimio Bimrapi, sxwit
BimkpuB me sBumEe B 1865 pori. SBume Takok Ha3yBalOTh MAarHITIIPYKHUM
edexrom. Moro ¢isuuna cyTh monsrae B 3MiHi MarHiTHOI HPOHMKHOCTI, a TAKOXK
MOB'SI3aHMUX 3 HEIO MAarHITHUX BJIIACTHBOCTEH ITiJ BIUTMBOM MeXaHi4HIN aedopmartii
3pa3KiB, sIKi BUTOTOBJEHI 3 epoMaraeTukiB. [Ipn HakmameHHI Ha pepomarHiTHHI
3pa3oK MOCTIHHOTO MPYXHOTO 3YCHIUIST HAMAarHI9eHICTh MATHITHOTO TOJIS 3pa3Ka 31
301TBIIEHASIM MEXaHIYHOI HAaNpy)KEHOCTI CHOYATKy 3pOCTa€, MPOXOAMTH depes
MakcuMyM (Touka Bimmapi), a motiMm yOyBae mo Hymsi Ha madHiM mpuHIHAI
6a3yeThcs poOOTa MarHITONPYKHUX BUMipPIOBAIEHUX TIEPETBOPIOBAUIB.
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Juist mpukitagy MOXKHA TISIHYTH Ha TETII TicTepe3ucy IepMaiolo i HiKelo B
yMOBax Jiii MEXaHIYHOTO PO3TSTaHHS Ha BUTOTOBIICHI 3 JIAHUX MaTepialliB 3pa3Ku.
[Ipn posrsranHi 3pa3ka 3 HIKEIIO, 3 POCTOM HAIpyrd PO3TATAHHS - METIA
ricrepesucy HaxwisieTbes. Lle 3HaumMTh, M0 YMM OLIBIIE PO3TATAHHS HIKETO —
TE€M MEHIIE HOro MarHiTHa MPOHMKHICTh. 3aJIMINKOBA IHAYKIIS MpPU PO3TSTaHHI
HIKEJIEBUX 3pa3KiB TaKOX 3MEHIIYEThCS. A OChb KOJM PO3TATYIOTH 3pasoK 3
mepMaior, (opMa Horo meTi TiCTEpe3UCy HAOIMKAETHCS JIO TMPSIMOKYTHOL,
Bi/JIMIOBIIHO MAarHiTHa MPOHHUKHICTh MEPMAJIOI0 TIPH PO3TSATaHHI 301JbIIYETHCS Ta
3aJIMIIKOBA 1HIYKIis TaKOX 3pocTae. SIKIo Harpyra 3MiHIOEThCS 3 PO3TATAHHS Ha
CTHCHEHHSI, TO 1 3HAaK 3MiHM MarHiTHUX IapaMeTpiB 3MIHIOEThCSl Ha TIPOTHIIEKHUH.

[Mpuunna mnposBy edexry Bimmapi y ¢epomarHeTMkax INpH MeXaHIUHIN
nedopmanii monsrae B HactynmHoMy. Komn Ha QepomarHeTwk i€ MexaHiuHa
Halpyra, TO BOHa 3MIHIOE HOTro JIOMEHHY CTPYKTYypy, TOOTO MeXi JIOMEHIiB
3MIIIAI0ThCS, IXHI BEKTOPH HAMarHi4eHOCTI moBepTatoThes. Lle monioHo 0 edekry
HaMarHidyBaHHS oOcepis CTPyMOM. JSIKIIO JaHi MpoIecd MaloTh OJHAKOBHI
HampsiM, TO MAarHiTHa TIPOHUKHICTH 3pOCTa€, SKIIO JK HAmpsiM IPOIECiB
IPOTHIIEKHO — 3MEHIIYETHCSI.

lle sBUIE BHKOPUCTOBYETHCS Uil BUTOTOBICHHS MAarHiTOCTPUKIIIHHUX
pe30HATOPIB, Y SIKUX BUHUKAE MEXaHIYHUN PE30HAHC ITiJ] Ii€I0 3MIHHUX MArHiTHHUX
noJiiB. MarHiTOCTPUKLIHHI PE30HATOPU MOXKYTh OyTH BUTOTOBIIEHI JJIsl 4AaCTOT JIO
100 k't i HABITH BUIIE i HA UX YAaCTOTaX 3HAXOMATH COO1 Pi3HI 3aCTOCYBAHHS LIS
crabimizamii yacToTH (aHaJOTYHO I'€30KBapLaM) sl OJCPIKAHHS YIbTPa3BYKIB 1 T
Oyn.

3 mo3uIii MarHiTONpy:KHHOrO e(eKTy, MaTepial MOXXKHA XapaKTepH3yBaTh
TAKUM [apaMeTPOM sIK KOeilliEHT MarHiTONPY>KHOI Yy TIHBOCTI. BiH siBisie c00010
BiJTHOIIEHHS 3MiHM BiJHOCHOI MarHiTHOI MPOHMKHOCTI 3pa3ka J0 WOro BiJHOCHOI
nedopmarrii

_Ap/p
Al M

a00 10 MPHUKIAAEHOT MEXaHIYHOT HAlIPyTH

_ Ap/p
kg === 2)

A OCKITBKM BIIHOCHA 3MiHa JOBXHWHA W MEXaHIYHAa Hampyra 3B'a3aHi
3axoHoM ['yka, To 11i KoedimieHTH 3B'A3aHi OIWH 3 OAHUM depe3 Moayib FOxra:

ky =E k. 3)
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3MiHa MarHiTHOI IPOHUKHOCTI Martepiany IpH Horo aedopmariii Moxe OyTn
MIEPETBOPEHE B €IEKTPUYHMIN CUTHAJ 3a JOTOMOTOI0 IHAYKTHBHOT'O BHMipIOBAaHHS
(iHmykTHBHE 200 IHyKTUBHE TIEPETBOPECHHS).

Bimomo, 10 iHIYKTUBHICTH KOTYIIKA Ha 3aMKHEHOMY OCEpIli IMOCTIHHOTO
TIEpPETHHY OOUHMCITIOETHCS 32 HACTYITHOO (DOPMYJIOIO:

L=p-o"—. “4)

cep

SIK1Io Wi Ji€r0 SKOiCh 30BHINIHBOT CHIIM MAarHITONMPOBi (OCeps KOTYIIKHU)
neopMyeTbesi, TO 3MIHATBCS MO0 TEOMETPHYHI pO3MIpM Ta MarHiTHa
MPOHMKHICTb. TakuM YMHOM, TIIpM MeXaHiuHid gedopmarii 3MIHIOETHCS
IHJYKTHBHICTb KOTYIIKU. 3MiHY 1HAYKTHBHOCTI MOKHA OOYMCIIUTH 3a JIOITOMOTOI0
nudepeHIiroBaHHs oneperHbol Gpopmynu

dL dL dL

AL=— -Au+—-AS+——-Al_,, . 5
aw M Tas diy, ®)

Hns depoMarHiTHUX MatepialiB i3 CHJIBHO BHpakeHUM edekroM Bimmapi
MOYKHa 3HEXTYBATH 3MIHOIO T€OMETPUYHUX PO3MIPIB, TOOTO BBAXKATH, 1I0:

ALZé'Au:L'k“'A:L.kG.G' (6)

dp lcep

Y  BuUmaiKy  B3a€EMOIHAYKTHMBHOI'O  BHMIPIOBAIBHOTO  NEPETBOPEHHSA

3MIHIOETHCS B3a€MHA 1HYKTHBHICTh KOTYIIOK:
AM=dﬂ~Ap:M'k“'A:M~kG~G. @)

dp lcep

Edexr Bimapi 3acToCOBYIOTh B Cy4aCHUX MarHiTONPYKHUX BUMIPIOBAJIbHUX
IIepPeTBOPIOBAYAX, SIKi JO3BOJIIOTH BUMIPIOBATH 3HAYHI CHUIM ¥ THCKH, MEXaHI4HI
Hampyru # gedopmaiii B pi3HUX 00'€KTiB. Y TOPIBHSHHI 3 TEH30METPUYHUMHU
JaTYUKaMH, 5K  3a3BHYail  BUKOPHCTOBYIOTH JUIA  BHMIDIOBaHHS  CHII,
MarHITONPY>KHI TATYNKA BiAPI3HAIOTHCS MiJBUIICHOI HAMIWHICTIO W piBHEM
BHXITHOTO CHTHAIy, a TAaKOX TO3BOJISIOTh BUKOPHUCTOBYBATH OLUIBII MPOCTI CXEMHU
BUMIpIOBaHHS. BoOHM 3HAWIUIM 3aCTOCYBaHHS B THX OOJIACTSIX TEXHIKH, M€
MIPe ' IBISIFOTHCS TiABUINEHI BUMOTH JI0 HAIIMHOCTI Y 3B'A3KY 3 EKCIUIyaTaIli€lo B
TSDKKUX YMOBaX.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

I. KozmoB B.B. [luHamiuHi  XapaKTEepUCTHKA  MAaTHITONPYKHHUX
meperBoproBauie / B.B. Kosmo, B.®. besotocHmii, O.B. Ha6okoBa, M.JIL.
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AntonoB / Bicauk HamionaneHoro texnignoro yHaiBepcurety "XIII". Cepis
Texnika Ta enextpodizuka BUCOKHX Harpyr. - 2016. - Ne 14, - C. 5-9. - Pexum
nocrymy: http:/nbuv.gov.ua/UJRN/vcpitevn_2016_14_28.

YK 620.179.14

Kosnos B. B.!, Ha6okosa O. B.2

! kanp. TexH. HayK, gou. HY «3amopisbka moymrexHika»
2 nou. HY «3anopizbka NOJTiTEXHIKa»

3ACTOCYBAHHSA MOCTA YITCTOHA U1 BUMIPY
HEEJIEKTPUYHHUX BEJIMYNH

Mict VYitcToHa sBisie cOOOI0 €JIEKTPUYHY CXEMY, MPH3HAYEHY /sl BUMIipy
3HAYEHHs EJIEKTPUYHOTO OIopy. YIepiie jaaHa cxema Oyia 3alporoHOBaHa
OputancbkuM ¢izukom Cemtoenem ['antepom Kpicti B 1833 pori, a B 1843 poui
BOHA Oyna BAOCKOHaJeHa BUHAXiqHUKOM Yapib3om YirctoHom. [IpuHumn pobotu
JIAHOT CXeMH CXOXKUH 3 JII€I0 MEXaHIYHHX aNTeKapChbKUX Bar, JIMIIE MOPiBHIOIOTHCS
B I[bOMY BHIIAJKy HE CHJIH, a CIICKTPHYHI MMOTEHI[IaH.

Cxema Mocta YircTtoHa (puc. 1) MICTHTH ABI BITKH, HMOTCHIIAIH CEPEOHIX
BHUBOAIB (D 1 B) SKHMX MOPIBHIOIOTHCS B MPOLIEC] TPOBEACHHS BUMIipiB. OnHa 3 BITOK
MOCTa MIiCTHTh y co0i pe3uctop R,, 3HAUCHHS OIOPY SKOTO HEOOXigHO

BU3HAYUTH.

Pucynok 1 - [Ipuanmmnosa cxema Mocta YiTcoHa

IIporunexHa BiTKa MICTUTh PeocTaT R; - 3HA4YEHHs ONOPY SKOTO MOKHA

perymoBaTd. MiX cepeHIMH BHUBOJAMH BIiTOK IMJAKIIOYAIOTh iHIuUKatop G, y
SKOCTI SIKOTO MOKHa BHKOPHCTOBYBATH TalbBaHOMETP, BOJBTMETp, HYJIb-
iHIUKaTOp 200 aMmIepMeTp.

SIKmo B MOMEHT PiBHOBarW 3HAYCHHS TPHOX 3 OIMOPIB BiIOMi, TO 3HAYCHHS
YETBEPTOr0 MOXKHA OOYMCIHTH (BUMIpATH). BHCOKa TOYHICTE BHUTOTOBJIEHHS
OTMOpIB 1 BENHMKA YYTIHWBICTb HYIBOBUX IHIWKATOPIB 3a0€3MEUyIOTh TOYHE
BHUMIipIOBaHHS 3HAYCHHS HEB1IOMOTO OTIOPY.



120

Jnst piBHOBarm MoOCTa HEOOXiJTHO, 10O IOOYTKH OIOPIB MPOTHIICKHHUX
rieyeit Oynm piBHI MiX cO0OIO:

R-R3=Ry-R, (n
abo
R R3
R =—=. 2
. R, 2

VY Xofli BUMipIOBAJIBHOIO MPOIECY OMip peocTaTa Ry MOCTYNOBO 3MiHIOIOTh

JIOTH, TOKH IHJMKATOp HE TMOKaXe HyJb. Lle 3HAYNMTh, IO MOTEHIIATN CepPEeIHIX
TOYOK MOCTA, MiXk SKUMH BiH ITiJKTFOUCHHUH, TOPiBHIOKOTH OJIMH OJJHOMY, 1 PI3HHIIS
MOTEHI[iaJIIB MiK HUMH JOpIBHIOE HyNM0 (MicT 30amaHcoBano). Komu crpinka
iHAMKaTOpa BiAXWUJIEHA B Tiil ab0 iHIMI OIK BiJl HYJIsI, IIe 3HAYUTH HIO KPi3h HHOTO
npoTikae cTpyM (MicT He epebyBae B OaaHci).

SIKII0 3HAYEeHHS TPHOX OIOPIB MOCTA BIJOMI 3 JIOCHTh HEBEJIHKOIO
HOTPIIIHICTIO, TO IIyKaHUH omip R, Oy/e 3HaieHO 3 TOCUTh BUCOKOIO TOYHICTIO.

OnopoM rajbBaHOMETPA MOKHA 3HEBAXKHUTH.

Mict VircToHa MOXeE MpalfoBaTh W Ha 3MIHHOMY cTpyMi. J[ist mOCSrHEHHs
pIBHOBaru MOCTOBOI CXEMH Ha 3MIHHOMY CTpymi HOOYTKH ITOBHHX OITOpIB
MPOTHJICKHUX IUICYSH MOCTA MOBHHHI OYTH PiBHI MiX c000r0. MOCTH 3MIHHOTO
CTPYMy 3aCTOCOBYIOTh JJISl BUMIPY TOBHHX OITOPIB, 1HIYKTUBHOCTEH, €MHOCTEH,
B3a€MHOT iHAYKTHBHOCTI. [lOrpiliHIiCTh TpH BUMipaX MOCTOBHM METOJIOM MOXE
oytu noseneno 1o 0,01% i HaBiTH MeHIIE.

VY TenepiHiii Yac BeJIMKE MOIIMPEHHS OJEPKYIOTh MOCTH 3 aBTOMATUYHHM
3piBHOBAXyBaHHAM. IX BMKOPHCTOBYIOTH B THX BMIA[KaX KOIM IOTPIOHO MaTu
Oe3mepepBHI MOKAa3aHHs i 3aIIMC BUMIPIOBAHOT BEIHYHNHH.

Mict ViTcTOHA 0 CYTi YHIBEpCAIbHHUH, 1 3aCTOCYEMO aX HisIK HE TUIBKH IS
BUMIpIB OIOPiB PE3WCTOPIB, aje ¥ [UId 3HAXOMKEHHS CaMHX PI3HHX
HECNIEKTPUYHUX IMapaMeTpiB, MOCUTH JMINEe I00 caM JaTduK 3MiHIOBaB CBil
CHTHAJT TIPOITOPIIIHHO BUMIPIOBAHOMY HapaMeTpy.

Ilupoxke TTOIIUPEHHS oJepKam TATYAKA 13 BOYyIOBaHUMH
TEH30METPUYHUMH EIIEMEHTAMH.

Illo sBisie co0OI0 TEH3OMETPHYHUI enaeMeHT? 3a3BHuail Iie TMPYKHUH
€JIEMEHT 31 CIUIaBy MiAi ¥ HIKENo, eIeKTPUIHUHN OIip SKOI MPSAMO IPOIMOPIIHHO
BHHUKa04O0i Aedopmartii.

OCKiJTbKM HaBiTh IS CIUIABY MiIi ¥ HIKEIIO 3MiHA OIMOPY IiJ BIDIMBOM
nedopmariii Iyke Malo3HauHa, TO HEOOXIAHO 3aCTOCYBaHHS IIiACHITIOBAYIB.
CydacHi BUMIiprOBasibHI Tpuiagy Ha 0a3i Mocta YiIiTCTOHA 3BHYAHO 3HIMAIOTh
ITOKa3aHH 3a JIOTIOMOTO0 aHAJOTO-IU(PPOBUX MEPETBOPIOBAYIB, ITiIKITFOYSHUH 0
IU(ppPOBOTO OOUYHMCITIOBATHHOIO OONAAHAHHS, TAaKOMY SIK MIKPOKOHTpoJep i3
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BIIMTOI0O TIPOTpaMolo, sKa 3AIHCHIOE JliHeapu3alito, MacmrTaOyBaHHS U
MEPETBOPEHHS OTPUMAHMX JaHWX Yy 4YHCENbHE 3HA4YeHHS BHMIpPIOBaHOI
HEeJICKTPUYHOI BEJIMYMHM Yy BiAMOBIIHUX OAMHHIAX BUMIPY, @ TaKOXX KOPEKIiO
morpinHoOCTed 1 BUBeNeHHs iHopMmamii y nudpoBomy Buai. PosmicTuBmm B
omHOMY a00 MAEKITBKOX MICISIX TEH30METPHUYHI JaTYMKH, MAaEMO MO>KIMBICTH
BiJICJIIIKOBYBaTH CKJIaHi eopmartii.

TeH30aTUMKK ~ JO3BOJSIIOTE  KOHTPOJIOBATH  3yCWIUIS, Bary, THCK,
mepeMilieHHs, nedopmaliito camy mo co0i, BiOparito Ta iHme. TeH30MeTpH4HI
JaTYHUKH - OJTHE 13 cCaMUX KOPUCHUX BUHAXO/IB y cepi aBTOMaTH3a1li1.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Kosno B.B. Hepaspymatommii 3Kcrpecc KOHTPOJIb MEXaHMYEeCKHUX
Hanpsokennii / B.B. Koszios, B.®. bezorochuii, O.B. Habokoa / EnexrpoTtexHika
ienexkTtpoMexanika. - 2013. - Ne 1. - C. 8-11. - Pexum pocrymy:
http://dspace.nbuv.gov.ua/bitstream/handle/123456789/146298/02-
Bezotosniy.pdf?sequence=1.

VK 62-83:681.5

Kynuuna E.M.!, TTuposxok A.B.!,Ocanquuii B.B.!, Hazaposa O.C.!, Kynunuu M.E.?
! kan. Texu. Hayk., nou. HY «3anopizbka HosiTeXHika»

2cryn. rp. B-311cn HY «3anopisbka nomitexsika»

YCTAHOBKA 3 OTPUMAHHA ®IVTAMEHTY 3 IINTACTHKOBHUX
IJIAIIOK

Inpyctpiss 4.0, abo YeTBepra NIPOMHUCIIOBA PEBOJIOLIsS, BiI3HAYAETHCS
BIIPOBADKECHHSM I1HHOBAIIHHUX TEXHOJOTIH, $Ki TpaHCPOPMYIOTh BHPOOHHYI
MPOLIECH Ta MiJBHIIYIOTh 1X e(PeKTUBHICTh. OMHIEI0 3 KIIOYOBUX TEXHOJIOTIH B
LIbOMY KOHTEKCTI € aJZIUTUBHI TexHouorii, abo 3D-npyk, sSKUil Bigirpae 3Ha4HY
POJIb Y PO3BUTKY CY4acHOi IIPOMHUCIIOBOCTI.

Xoua mepmi 3D-mpuHTEpH OyiM [IyKe JOPOTUMH, ajie 3YCHIUISIMU
eHTy3iacTiB Ta amatopiB 3D-mpyky Oymm cTBOpeHi OromxeTHi Bapiantn 3D-
npunaTepiB. OCOOIMBO CTalM TOMMPEHHMH MPHHTEPH, IO IIPAIOIOTH II0
texronorii FDM, ne BuOynoByeThcs ApyKoBaHUN 00'€KT Ha poOodiil mmaTdopmi 3a
JOTIOMOTOI0 PO3IUIABJICHO] IDIACTUKOBOI HUTKH ((iTaMeHTy), sKa MOCTymae 3
excTpyaepa (apykyrodoi roxieku). Hampukmazg nie taki 3D-npuHTEpH, KiHeMaTHKa
SIKHX T0OyTOBaHA HAa TAKWX TEXHOJOTISIX, TakuX K Prusa, Ultimaker, MakerBot Ta
iami. Tomy MoxHa ckazath, mo 3D-Ipyk Bke CTaB AOCTYHMHHUN JJIST TOMAITHBOTO
Ta 0(iCHOTO 3aCTOCYBaHHS. AIle TIpH OJHOPA30BOMY ITOCHJIBHOMY BKJIAJICHHI Y
npunbanHsa abo moOymoBy 3D- mpuHTEpa, IpyK 00’€KTIB JOPOTHI depe3 BEIUKY
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BapTICTh BUTPATHOTO Matepiany: QimaMenty. ToMy ayxe HarajapHOIO IMOTPEOOIO €
3MEHIICHHS IUX BUTpaT. OJHUM 3 IUIXIB 10 [BOTO € BUTOTOBJICHHS (DiaMEHTY 3
HipyYHUX ab0 MONIMPEHNX MaTepialliB, HAMpUKIIaN 3 IiacTHKoBuX PET-msmok.

Temoro 1iei poboTH € po3poOka ycTaHOBKHM Jjis BUTOTOBICHHS 3 PET-
IUIAIIOK (piTaMeHTa JJIs MTOJANBIIOTO BUKOpHCTaHHS y 3D-ApyKy, Mo mependadae
TaK0X PO3pOOKY ii CHCTEMHU aBTOMATUYHOTO KEPYBaHHSI.

Po3poOka BkItoUae B cede HACTYIHI ETaTIH:

- po3po0Ka KOHIIEMIIiT YCTAHOBKH;

- pO3p0o0OKa CTPYKTYPHOI CXEMH YCTAHOBKH;

- po3poOKa (YHKIIOHATBHOT CXEMH CUCTEMU KepyBaHHS;

- BUOip poOOUMX MeXaHi3MiB, BHKOHABUYMX MEXaHI3MIB Ta IIPUBOIiB;

- BUOIp €JIEMEHTIB CUCTEMH KEepyBaHH: Ta JJOIOMIKHOI €JIeKTPOHIKH;

- po3po0OKa eNeKTPUYHOT IPUHIIUIIOBOI CXEMH CHCTEMHU KepPyBaHHS,

- po3po0Ka mpOrpaMHOTo 3a0€3MEUCHHS CHCTEMU KePyBaHHS,

- BUTOTOBJICHHS JIOCIiIHOTO 3pa3Ka,

- HaJIATOJKEHHS TOCITiTHOTO 3pa3Ka;

- JIOOTpAIfOBaHHS OCIIMHOTO 3pa3Ka 3 ypaxyBaHHAM pe3yJIbTaTiB
HaJIArO/IKEHHS;

- pPo3po0OKa KiHIIEBOT'O BapiaHTy YCTaHOBKH;

- po3po0Ka eKCILTyaTaliiHOl JOKYMEHTALlIl;

- BU3HAYCHHS MOJAIBIIMX KPOKIB JUIsl YJIOCKOHAJICHHS YCTAaHOBKM Ta Ii
CHCTEMH KepyBaHHS.

B xoxmi BukoHaHHS poOOTH Oyna 3aTBep/PKEHa KOHICHIlsl MO0YA0BU
YCTAaHOBKM 3 BHKOPUCTAHHSM €JIEMEHTIB, sIKi BUKOPHUCTOBYIOTBCS TPH MOOYIOBI
MacoBuX 3D-NpUHTEPIB: KPOKOBI IBUTYHH, EKCTPYICPH, KOTYILKH, HAPABIISIOU, a
TaKOX 1Mo0Oy/J0Ba CUCTEMH KepyBaHHs Ha 0a3i KoHTpolsiepa Arduino.

Ha pucysky 1 npencraBieHa CTpyKTypHA cXeéMa YCTaHOBKH.

Ononickysay Hapiaka nonocu Ekctpyaep MoTanka
NNSAWOoK inamenTa hinameHTa

-

Cuctema kepyBaHHsA

Pucynok 1 - CTpykTypHa cXxema yCTaHOBKA

3rigHO CTPYKTYPHOI CXEMH yCTaHOBKA CKIJIAZIAETHCS 3 OMOJICKYBaya IUTAIIOK
3 IPUBOIOM IOJayi TUISIIKH, HACOCOM BOJM Ta KIIAIIAHOM, BY3J1a HApi3KH MOJIOCH 3
IUBIIIKA 3 MPUBOAOM pi3aHHA Ta MOJAdi MOJOCH Ha EKCTPyHAep, eKcTpylepa 3
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TEPMOTOJIIBKOIO Ta MPHUBOJIOM TPOTATYBAaHHSI OTPUMAHOTO (PITAMEHTY, MOTAJIKA
roTOBOTO (hiyTaMeHTa Ha KOTYIIKY 31 CBOIM IMPHUBOAOM. Bcima 1My By3laMu Kepye
cucrema KepyBaHHs Ha 0a3i Arduino.

Hapasi BUKOHYIOTBCS iHIII eTarmu PO3POOKH B MEKax O3HAYCHO! KOHIICTIIi
YCTAHOBKH.

YcraHOBKa Ta cHUCTeMa, IO PO3POOINSETHCS, JIO3BOJIUTH OTPUMATH
YCTaHOBKY, sfKa Moxe OyTh 3i0paHa 31 CTaHAAPTHUX €JIEMEHTIB MacoBux 3D-
MIPUHTEPIB, & TOMY MOXe OyTH JIETKO TOBTOpEHA 3a BIJTHOCHO HEBEJMKI KOIITH.
Bukopucranns PET musimiok mo3BoiuTh oTpumartu jemeBuil ¢inament mis 3D-
IpyKy. BukopucTtanHs 1i€l yCTaHOBKM Ha Kadeapi, KpiM OTPUMAaHHS JCHICBOrO
¢inamenty no xadenpansHoro 3D- nmpuHTEpa, A03BOJIUTH CTYy/JAEHTaM BHBYATH HA
bOMY TPUKIAAI MIKPOIPOIIECOPHI CHCTEMHM KEpyBaHHsS, IIATOBI JBUTYHH Ta
CUJIOBI KOMYTATOPH JI0 HUX, a TaKoK TexHoorii FDM 3D-npyky.

YK 621.317

Jees C.I'.!, ITanactok O.€.2

! crapu. puxit. HY «3anopizbka nosiTexHiKay»

2 cryn. rp. E-610 HY «3anopisbka nositexHikay

JABOPATOPHUM CTEH/I 3 BABUEHHSI CEPBOITPUBO/IIB BILJIA

Mertorw poboTu € BUOIp Ta OOIPYHTYBaHHSI TEXHIYHUX PillIeHb, HEOOXiIHUX
IUIsl CTBOPEHHS JIaOOpAaTOPHOTO CTeHAA M BHUBUCHHS CEPBOIPHUBOAIB, IO
3aCTOCOBYIOTBCSI B Oe31IOTHHX JiTanbHux anapatax (BILTA).

KepMoBuii cepBOmpHBiJ - MPHUCTPI Ui KepyBaHHS IOJIOKEHHSIM PIi3HUX
enemenTiB BILUIA, 30kpeMa pyXOoMHUX aepoJMHAMIYHUX MOBEPXOHb, MIAC] Ta IHIIUX
eneMeHTiB. CepBONPHUBO/ € MAIOTa0apUTHIUM MPUBOIOM 31 3BOPOTHIM 3B’S3KOM 1
Ma€ B CBOEMY CKJIaJl €JIEKTPOIBHUIYH, PEIyKTOp, JaTYHK 3BOPOTHHOTO 3B 53Ky Ta
OJIOK KepyBaHHSL.

CyuacHi cepompuBoga BIUIA mozinsioTs Ha aHamorosi Ta nugposi. Bonun
MOXXYTh MAaTH HANpyTy >KUBIEHHS Bix 4,8 B mo 6 B, abo mimsumeny mo 8,4 B,
BIIPI3HAIOUMCH JOIMYCTHMUM 3yCWUIAM Ha Bady. Big KOHCTpyKmii, 3HAYEHHS
Hampyry Ta HaBaHTAKCHHS MOXYTh 3MIHIOBATHCH AWHAMIYHI Ta CTAaTHYHI
XapaKTePUCTUKH CEPBOIPHUBO/IA.

Jnst BUBYEHHS TapaMeTpiB Ta XapaKTEPUCTHK CEPBOIMPUBOAIB B KOHKPETHUX
YMOBax po3po0JICHO CTEHI.
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Bnok
HaBaH TameHHA

« « Bnok
Aammk Kv'raQ CepaonproAQ
U

nosopoty |
/ / '

Baok
KepyBaHHA

Bnok ocunorpada |

Pucynok 1 - Cxema 1abopaTopHOro CTeHIa

KepyBaHHsI CTEHIOM 3IIHCHIOETHCS MIiKPOIPOILIECOPOM, SIKHI 3a0e3medyro
(opMyBaHHSI KEPYIOUOI'O CHTHAJy Ta BHMIPIOBAHHS CTATUYHHUX XapaKTEPHUCTHK,
JUTS BiIOOpaskeHHsI SIKMX IMependaucHo aucried. s BUMIpIOBaHHS JUHAMIUYHHX
XapaKTepUCTHK  TiependavyeHe  MiJAKIIOYEHHS  JIBOKAHAJIBHOTO  I(POBOTO
ociiorpada. BumiproBaHHS KyTa [OBOPOTY IPOBOIMTHECSA 3a JOMOMOTOIO
BIZIMOBIMHOTO JaTynka. Biok JKMBJEHHsI 3a0e3nedye Hampyry >KUBICHHS JUIS
cepBonpuBoiB Bix 4,8 B 10 8,4 BojibTa ¢ HaBaHTa)XeHHM 10 3 A.

[IpakTtiuHa UWiHHICTE pe3yJabTaTiB pPOOOTH TONATa€ B BUKOPHCTaHHI
pO3pO0JIEeHOTO CTEeHJAa B Ja0OpaTOPHOMY IIPAaKTHKYMi TNpPH BHBYEHHI Kypcy
«IHpOopMaLiiHO-BUMIPIOBAIBHI IPUCTPOI».

VIIK 681.527.2
Ocauuii B.B.!, Hazaposa O.C.!, Oneiiniko M.O.?

! kann. Texn. Hayk, mom. HY «3amopisbka mosiTexnikay
2 acn. HY «3anopi3bka NOJTiTEXHIKa»

KOMIT’IOTEPHE MOJAEJIIOBAHHSI CUCTEMH ABTOMATHYHOT' O
KEPYBAHHSI MOCTOBUM KPAHOM

MocToBi KpaHH BUKOPHUCTOBYIOTBCSA B 0araThox cepax AisLTFHOCTI TAKUX SIK
OyHiBHHIITBO, CKJIaJM, CTaJelUBapHI 3aBOAM Ta IHINI IPOMHCIOBI KOMILIEKCH.
Tomy po3pobka eeKTHBHOI CHCTEMH KepYBaHHS LIMMH MEXaHI3MaMH € BaYKIIMBUM
(haxTopoM Oe3TeKH Ta MPOAYKTUBHOCTI.

OpHiel0 3 BIACTHBOCTEH KpaHiB, M0 MOXXE HETATUBHO MO3HAYUTHCH Ha
0e31evyHOMY pPyCi, € CXHITBHICTh BaHTaXXy J0 PO3TOHIyBaHHA. 3OBHINIHI 30ypeHHS,
TakKi SK BITPOBE HaBaHTaKEHHs a00 3MiHA MBUIKOCTI PyXY UM TPAEKTOPii, MOKYThH
BUKJIMKATH KOJMBAaHHS BaHTAXYy, IO POOUTH TOYHE MO3HMILIIOBAHHS CKJIAJHOIO
3aa4uero IS OrepaTopa.
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[[Iupoke BUKOPUCTAHHS MOCTOBHX KpaHIB Ta HEOOXiJHICTh IOIIYKY METO/IB
3HWKEHHSI HeOa)KaHUX KOJIMBaHb POOUTH aKTYaJIbHOIO 33/1a4€t0 PO3POOKH CHCTEMHU
ABTOMAaTHYHOTO KEPYBaHHS MOCTOBHM KPaHOM i3 3BOPOTHIM 3B’S3KOM JPyTOi Mach
JUTSl MOXKITMBOCTI JIeMII(pyBaHHS KOJIMBaHb Ta TOYHOTO TIO3UIIIFOBaHHSI BaHTaxy [1].

Meta pobotn - po3poOKka Ta JMOCTI[KEHHS KOMIT'FOTEPHOI MOJei
ABTOMAaTU30BaHOI CUCTEMH KEpyBaHHsI NOZUIIIHHIM €JIEKTPOIPHBOJOM MOCTOBOTO
KpaHy i3 CJIAKYIOYUM MTPUBOJIOM Y BHYTPIIIHBOMY KOHTYPI.

B skocTi JaTYMKiB 3BOPOTHOTO 3B’SI3KY [UISi BU3HAYCHHS ITOJIOKEHHS MOCTY
KpaHa BUKOPHCTOBYBATHMYTHCS JIa3epHI JATUMKH JalbHOCTI. J[Isi BH3HaueHHs
TMTOJIOXKEHHSI BAaHTA)Xy BUKOPHCTOBYBATHMETHCSI CHCTEMa MAIlIMHHOTO 30DY.

Cuctema KepyBaHHS € JBOKOHTYPHOIO, Ji¢ BHYTPIIIHIA KOHTYp €
CIIIKYIOYOI0 CHCTEMOI0 KEepPYBaHHS MOCTOM KpaHy, a 30BHIIIHIA € MO3HUIIHHOIO
CHUCTEMOIO KEpYBaHHs, L0 CIyTye JUIs BIJICJIJKOBYBAaHHS CTaHy BaHTaXy Ta
mojaui 3aBJlaHHs KepyBaHHs Ha BHYTpIIIHIA KOHTYp. BukopucranHs paHOl
CTPYKTYpH KepyBaHHs 3a0e3liedye TOUHE TO3UIIIFOBaHHs BaHTaXy, HiBEJIOBaHHS
KOJIMBAaHb, BUKIIMKAaHUX PYXOM KpaHy Ta 30BHIIIHIMH 30ypeHHsIMH [2, 3].

Jns 3a0e3neyeHHs] OakaHWX CTATHYHMX Ta JUHAMIYHHUX XapaKTEPUCTUK
KEpyBaHHS 30BHIIIHIM KOHTYpOM BHKOpHCTOBYeThcs I1IJ[-perymsTop, Ha BXin
SIKOTO TIO/IAETHCS 3aBJIAHHS MOJ0KEHHS BaHTAXY Ta 3HAYCHHS HOro (hakTU4HOTO
MIOJIO’KEHHS 13 CHCTEMH MaIIMHHOTO 30DYy.

Ha pucynky 1 moka3ana (¢yHKIIOHaJbHA CXeMa KepyBaHHS MOCTOBHM
KPaHOM.

0. pn Mg, w, duy b M U Uy b Ay
o A e 1 F N
v A @ AT w, Al i P 7 @>

Cmdhpoani enexmponpuliod Nepuwo! Macy

Mosuiinud enexmpenpuliod doyeol Macy

Pucynok 1 - @yHKmioHampHa cXeMa CIIiAKyto4doro npuBoxy, ae PIT - perymsrop
nontoxkeHHs;, PIII - perymsarop mBuakocti; PC - perymsatop ctpymy; CK - cumoBuit
KomyTatop; /1 - Mozens qBUryHa

BucHoBku. BuUkOopuCTaHHS JBOKOHTYPHOI CHUCTEMH KEPYBaHHS MOCTOBHM
KpaHOM 3a0e3redye BHCOKI TOKa3HUKH SKOCTi, IO JOCATAE€THCSA 33 PaXyHOK
BUKOPHCTaHHS 3BOPOTHHX 3B’S3KIB JATUYHWKIB TIOJIOKEHHS MOCTY KpaHy Ta
BaHTaXy. ImiTariiiHa MOJIeIh MOCTOBOTO KpaHy MOKe OyTH BHUKOpPHCTaHA ISt
JOCTIDKCHHS 3aMKHEHUX CUCTEM KEepyBaHHS Ta IIPU PO3POOIIi CHCTEMH KepyBaHHS
(i3ngHOTO 00’ €KTY 1 3HAXOKEHHS ONTHMAIBFHUX HATAIITYBaHb PETYIISTOPIB.
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AHAJII3 TEPEBAI' TA HEJIOJIIKIB HEYITKUX CUCTEM
KEPYBAHHS EJIEKTPOITPUBOJAMUA

[Ipu BUOOpI HaJAMITyBaHHS PETYJIATOPIB CTPyMy Ta HIBUAKOCTI IIMPOKO
3aCTOCOBYIOTBHCSI KJIACHYHI, SIKi MalOTh HE3MIHHY CTPYKTYpy Ta IapaMeTpH, MpH
BOMY BOHHM 3a0e3leYyloTh ONTHMAJIBHUH pEeXUM poOOTH 32 IEBHUMHU
kputepismu. [lpu BpaxyBaHHI 30yprOIOYMX BIUIMBIB, $IKi BHHUKAIOTh IpU
PI3KO3MIHHOMY HaBaHT)KeHHI a00 MPH HETHIIOBHX UM aBapifHUX CHUTYyalisX, IIi
PETYISATOPH MAlOTh IIEBHI HENOJIKH, SIKHX MOKHA YHUKHYTH, BHKOPHCTOBYIOUYH
0a30Bi MPUHIUITH HETiTKOI Joriku [1].

Hampuknaa, BUKOpUCTaHHS KOHTPOJIEpPA HEYITKOI JIOTIKA y 30BHIIIHBOMY
KOHTYpl Ui PEryjioBaHHS IIBHAKOCTI POTOpa IOKpallye IWHAMIYHUN BIOTYK
IIBUAKOCTI Ta JIOMIOMAara€ HaJAIITYBaTH IPOMOPIIIHHO-IHTETPATbHAN PETYIISTOP
[2]. ¥V craTTi [3] HaBeneHO pe3yibTaTH PO3POOKH Ta ITOCIIIKCHD IHTEIEKTYyaIbHOI
CHCTeMH KEepyBaHHS EJEKTPOIIPHBOJOM MaricTpaibHOTO enekTpoBo3a JIC3, ska
ycyBae (pUKIIAHI aBTOKOIMBAHHS 3 ypaxXyBaHHSM KPHBH3HM IUIIXY HAa OCHOBI
TEXHOJOTii KOMIT IOTEPHOTO 30py. Y MdOCHipKeHHI [4] po3pobneHo riOpumHmii
HEUITKAH TPONOpPLiHHO-IHTETPaTbHO-TIOXITHUNA KOHTPOJIEP, SKAN peali3yeThCs B
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MOJIeJi KEpYBaHHS CHHXPOHHHM JIBUTYHOM 3 TMOCTIHHMM MAarHiToM, IO
MPU3BOAUTH JO CTBOPEHHS HOBOT MOJIENI KEPYBAHHS JUIS €IIEKTPUYHOTO PYIHOBOTO
JBUTYHA, 10 IPUBOJUTECS B Ail0 CHHXPOHHUM JIBUTYHOM 3 MOCTIHHAM MAarHiTOM.
VY crarri [5] Ha OCHOBI 0a3uM JaHMX pPO3POOJCHO MOJCNIb MPOTHOCTHYHOTO
QITOPUTMY 1M imeHTH(iKamii BUTBHOTO XOIy B €JIEKTPOMEXaHIYHUX IPUBOJAX
moJboTy. Y cTaTTi [6] YAOCKOHAJNEHO CHCTEMY MiarHOCTHKHM CTaHa XOJIOJHOI
MPOKATKH IUISIXOM BBEICHHS J0 11 CKIIay HEUiTKOI CHCTEMH MPHHHSATTS PilllCHHS
Ha OCHOBI 0a3W MJaHUX TPO €JEeKTPOMEXaHIYHI TPOIECH EeIEeKTPOIPHUBO/IIB
PO3MOTYBaJBHOIO MeXaHi3Ma 1 KJiTi, WI0 TONepe/pKae aBapiiiHuil cTaH,
00yMOBIIEHHIT OOpHBOM CMYIM MeTaly, HIO INPOKATYeEThCs. BUKOpHCTOBYIOUH
MOBHY YHOPSJAKOBaHY iH(pOpMaIif0 Ta JOCBIJ eKcIutyaTalii MokHa (opMyBaTH
TEXHIYHI Ta TEXHOJIOTIUHI PIIIEHHs IOJ0 MOJEPHI3allii JIF0UY0oro Ta po3poOKu
HOBOTO TEXHOJIOTIYHOTO OOJIaJIHAHHSI Ta CHCTEM aBTOMAaTHYHOIO KepyBaHHs
eJleKTponpuBoamu [7].

Otxe, HEUiTKI CUCTEMH KepPYBaHHs €JIEKTPOIIPUBOJIAMU MAIOTh SIK [EpeBary,
TaK 1 Heomiku. HeuiTki cucTeMu kepyBaHHS J103BOJISIOTH BPaXOBYBAaTH HEUITKICTh
Ta HEBU3HAYEHICTh B CHUCTEMI, IO POOMTH 1X €(PEeKTHBHHMH B YMOBax, € TOYHI
MaTeMaTU4HI Mojeli CKkiaaHi abo HeMoxuBi. HediTki cucteMu MOXYTh JIETKO
aJIaliTyBaTUCSI 10 3MiH Y CEpelIOBUIIII, TAKUM SIK 3MIHU y MapameTpax CUCTeMH abo
30BHIIIHIX YMOBaX. BUKOpHCTaHHS HEUITKMX MpaBWil 1 0a3 3HaHb JO3BOJISIE
IHTErpyBaTH €KCIEPTHI 3HAaHHS B CHCTEMY KEpYBaHHS, L0 MOXXE MMOKPALIUTH ii
e(eKTUBHICTh B PI3HUX cHUTyalisix. HewiTki cUCTEMH MOXYTh OYTH MEHII
YyTIMBUMHU [0 IIyMy Ta HEPELIKOJ Yy MOPIBHAHHI 3 KJIACHYHUMH aJTOpPUTMaMH
KepyBaHHS, 10 poOUTH iX e(QEeKTHBHHUMH B pealbHHX yMoBax. HamamTyBaHHS
HEYITKUX CHCTEM KEpyBaHHS MOXe OyTH CKIAQJHHM 3aBIAHHSM, OCKIJIbKA BOHU
BHMAraroTh BU3HAYCHHS IMpaBWJ Ta MapaMeTpiB B 3MIIIAHUX JHTBICTHYHHX-
YHCJIOBUX TepMiHAX. BHKOPHCTAaHHS HEWITKHX CHCTEM KepyBaHHS 4acTO BUMAarae
BEJIMKOTO 00CATY BXIMHMUX JaHUX JUIs MPaBHIILHOTO ()YHKIIOHYBaHHS, IO MOXeE
OyTu mpo0IeMol0 y BUNIAJIKy OOMEXeHUX pecypciB. Peanizallis HEUiTKHMX CHCTEM
MOXE€ BHMAaraTH 3HAYHUX OOYMCIIIOBAIBHHMX DECypciB, OCOOMMBO  HpH
BUKOPHCTaHHI CKIAJHUX alTOPUTMIB a00 BENMHMKHX 00csATiB HaHuX. HempaBuibHe
BHU3HAYCHHS MPaBWI a00 MapaMeTpiB MOXE IMPU3BECTH 0 HEMPaBHIIBHOI poOoTh
CHUCTEMH, IO MOTpebye YBaKHOCTI MpPH TMPOEKTYBaHHI Ta PO3pOOIl HEUITKHX
CHCTEM KepYBaHHSL.
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PO3POBKA ABTOMATHYHOI CUCTEMM ONIPUCKYBAHHS 3
YPAXYBAHHSIM OB’€MY KPOHHU POCJINHU

ABTOMAaTHYHI CHCTEMHU OOMPUCKYBAaHHS OyBalOTh pyYHHMH a00 MAIITHHAMH.
KinpkicTe piAMHU B HHUX KOHTPOIIOETHCSA JIFOJMHOIO, IO MOXXE IPUBECTH 10
Nepe3BOJIOKEHHSI, HEJOCTATHBOTO 3BOJIOKEHHS a00 HEHABMHUCHOTO MEXaHIYHOTO
MOLIKODKEHHS POCIINHH.

ToMy mIs KpOH POCIMH HEBEIHKOTO po3Mipy o6’emom 0.01 - 1.00 »°
PEKOMEHIOBaHO BHKOPHCTOBYBATH MiHIOMPHCKYBadi, SIKi POMPHCKYIOTH PIUHY B
KPOHI POCIIMHY Yepe3 BU3HAUYCHHH Yac IEBHUM 00'€MOM piIuHU.

ABTOMAaTHYHA CHCTeMa MiHI OONMPHCKYBaHHS BKIIFOYae 0araTo KOMIIOHEHTIB,
ayie HAMBXKIIMBIIIMMHU € Hacoc Ta KoHTpoliep. OCHOBHI XapaKTepUCTHKH HAcoca -
mofada pimmHM 3.6 I1/XB; KOHTposiepa - KpOK dacy | cekyHma. 3 HasBHHX
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XapaKTepUCTHK Ta BUKOPUCTOBYIOUM MeETOX JIiHiMHOI iHTepnomsmii [1]
PO3PaxoBaHO 3AJICKHICTH Yacy PoOOTH HACOCY BiJl HEOOXITHOTO 00'eMy DiIMHH,
IO MTOJAETHCA, 1 KU 3aJICKUTH BiJ 00'eMy KpOHH pociiiHH. Po3paxoBaHi nani
MIPEICTaBICHO B Ta0mmIi 1.

Tabmung 1 - PesynbraT po3paxyHKy

HasBa noka3nuka Jani
OG'eM KpOHH POCIHHH, M 0,02 0,04 0,06 0,08 1,00
[Momava piguHM 3 HACOCY, JI/C 0,06 0,12 0,18 0,24 0,30
Yac obnpucKyBaHHs, C 1 2 3 4 5

BucHoBOK. BuKOpHCTOBYIOUM aBTOMaTH4YHY CHCTEMY OONpPHUCKYBaHHS, sKa
BpaxoBye 00’€M KpPOHM POCIMHHM, MOXXHa HE TiJbKA MOAABaTH palliOHAIbHY
KIJIBKICTh PIIUHU JUIS 3BOJIOXKEHHSI JIMCTSHOI MacH POCIMHH, alle W YHUKHYTH
MEXaHIYHUX MOIIKOIKCHb POCIIHH.
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orJisil CYJACHHUX IMTAHb MOJEJIIOBAHHSA
EJIEKTPOITHEBMATHYHUX MEXATPOHHUX CUCTEM

MexatpoHika - 1le HOBa 00JIaCTh HAyKH 1 TEXHIKH, 0 3a0e3redye BUPOOHU Y1
MIPOIIECH, 3aCHOBaHI Ha KOMIUIEKCHOMY BHKOPHCTAaHHI 3HAHP y Taly35IX MEXaHIKH,
€JIeKTPOHIKM, aBTOMATHKH Ta iHpopMmauidHuX TexHonorii. Ilpu momemroBaHHI
MEXaTPOHHHUX CHCTEM IIePCIEKTHBHHM BBa)KA€ThCS MIAXiM, MPH SKOMY 3arajibHa
MEXaTpOHHA CHUCTEMa PO3TILIAAETHCS IK KOMOIHAIliS OKPEMUX CHCTEM, SIKi MalOTh
CIITBHI MaTteMaTW4Hi a0o0 (i3W4HI XapaKTepuCcTUKU. [licis IhOTO KOXKHY 3
OKpEeMHX 4YaCTHH CHCTEMH MOXKHA MOJENIOBAaTH 3a JOIMOMOTOK  Pi3HHX
MPOTPaMHMX 1 amapaTHUX 3aco0iB, SKi HaWKpamle MiAXOIATh U JOCIHIHKEHHS
MeBHUX ocobimBocTel 1iei cuctemu. OQHAK IpH IIHOMY Ma€e 30epiraTucs 3B’S30K
OKpPEMHUX CHCTEM OJIHA 3 OIHOIO.
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Yacto pywiiiHa cuia y MEXaTpOHHIH CHCTEMi CTBOPIOETHCS 3a PaXyHOK
€JIEKTPUYHOTO a00 TMHEBMAaTHYHOTO NpHBOAY, abo ix komOinamii. KepyBanHs
UMH YaCTHHAMH 3JiHCHIOEThCS 338 PaXyHOK CHCTEM aBTOMATHYHOTO KEPyBaHHS.
Jlnst oprasizaiiii mpaBUIIbHOT B3a€MOIil MHEBMATHYHUX Ta CCKTPHUYHUX CJICMEHTIB
3 peNeiHO-KOHTAaKTOpHOIO ab0 MiKpOIIPOIIECOPHOIO CHCTEMOIO Tpeba 3HATH
TEXHIYHI MapaMeTpH IMX CHCTEM Ta BMIiTH HalaroKyBaTd iX 3a JIOMOMOTO0
IHCTPYMEHTAIILHOTO TIporpaMHoro 3adesnevueHHs [1]. Hanpuxnan, y miit crarti [2]
3alpONOHOBAHO  y3aralbHEHWH MIAXiZ JUIsl MOJCNIOBAHHS Ta KEPyBaHHS
MOJIOXKEHHSIM  Kparuti.  Mosens  TepeBipeHa  eKCIEpUMEHTaJIbHO  Ta
BHKOPHUCTOBYETHCS B cepil KOHTPOJIEPIB JiHIHO-KBaPATHYHOTO PETYIIOBAHHS 3
KiJIbKOMa BXOJ[aMH Ta KilbkoMa Buxojamu. KOHTpoliepr OTpUMYIOTh 3BOPOTHHIMA
3B’S30K BiJi KOMIT FOTEPHOTO 30py Ta MPHBOMATH y [0 €IeKTPOMHEBMATHUYHI
MepeTBoproBavi, MO0 3al0e3meunTH OaxkaHi pyxW Kpamenab. Y TMiAXOmi 10
KepyBaHHs,  3alpoONOHOBaHOMY B  cTatri [3], JMHAMiYyHA  MOJEINb
€JIEKTPOITHEBMATUYHOTO ~ TPUBOJAY  3a3HAae  HAOMMKEHOi  JliHeapu3amii 3
BUKOPHUCTAHHSAM pO3KJIaJaHHA B psig Teisopa mepmoro mopsaky Ta HUISIXOM
oOunciieHHsT BIANOBIMHUX Matpuip Sko0i. Y crarti [4] omucaHo mporpamy,
po3pobneny B PROLOG, sika BHKOHYe CHUMBOJIIYHE OOYHCIIOBAJILHE
MaHimyroBaHHs kKaptamu KapHo, 1100 OTpUMAaTH HaOip ONTHMi30BaHUX JIOTTYHHX
PIBHSIHB, SIKi JO3BOJISIOTH KEPYBaTH MHEBMATHYHUMHU a00 €NEKTPONHEBMATHYHUMHU
cxeMaMu. Y JIOCHiDKEHHI [5] 3anporoHOBaHO HOBHIA CIIOCIO MOJIEITIOBaHHSI pOOOTH
6araToMo/yJIbHOI aBTOMATUYHOI CUCTEMH 3 JIBOPIBHEBOIO CTPYKTYPOIO MOJEII, Jie
nepumii piBeHb BIATBOPIOE BUKOHAHHS HEOOXIAHMX CTATHYHHMX 1 AMHAMIYHUX
XapaKTepPUCTHK OKPEMUX MPHUBOJIB, 00'€KTOM JIPYroro piBHs € JIOTiYHA B3aEMOJis
BCIX MPHCTPOiB, MIO BXOIATH N0 ii ckiany. Y [6] po3poOiieHHi MporpamHO-
armapaTHUH KOMIUIEKC, IO J03BOJISIE PO3BUHYTH 3HAHHA Y rajly3i MeXaTpOHIKH Ta
OTpUMATH TPaKTUYHI HAaBUYKA TPH BUKOPUCTAHHI Ta  HAJAro/pKEHHI
eJIEKTPOITHEBMATUYHOIO  OONajHaHHA, NO00YJOBI peNelHO-KOHTaKTOpHOI —Ta
KOHTPOJIEPHOI CHCTeM KepyBaHHs. Po3po0Oka IHCTpyMEHTIB, SIKi BKIIIOYAIOTh y ceOe
amapaTtHy Ta MOpOrpaMHy YaCTHHH, 3acoOM MOJENIOBaHHS Ta Bi3yamizamil
TEXHOJIIOTIYHAX IIPOIECIiB Ta CHCTEM, KEepyBaHHS SIKMMH MOXKHA 3IIHCHIOBATU
0e3mocepeIHbO BIIACHOPYY Ta AWCTAHIIKHO [HTepHET-3ac00aMH € aKTyaJIbHOIO
3a/avero AK IS OpraHi3allii HaBYAIBHOTO CEPeNOBHUINA, TaK 1 IS PO3IIMPEHHS
MOTEHI[iaJly ~MPOBENCHHS HAYKOBHX  JOCTIKeHb. OTXe, MOJETIOBaHHSA
SNIEKTPOITHEBMATHYHNX MEXAaTPOHHUX CHCTEM Ta CHCTEM KEepyBaHHS HHMH 3
IHTENEKTYaThbHOIO CKJIAOBOI0 BiMITparoTh (PyHAAMEHTAIBHY POJIb Yy OCATHEHHI
Lineit cramoro po3BUTKY NUISIXOM 3aMiHM Ta MIATPUMKH JIFOJCHKOI MisIIBHOCTI,
CIIPUSIHHIO {HHOBAIliSIM, TTOKPAIICHHIO BiIAJIEHOTO JOCTYITy Ta BIOCKOHAJICHHIO
MOHITOPHHTY.
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AKTYAJIbHI IUTAHHA BUKOPUCTAHHS THTEPIIOJISAIIL TA
AITPOKCUMAIII Y HAYKOBHUX JOCJIIIKEHHAX

Ampokcumarist (Jat. approximate - HaOmIDKaTH) - HaONMKEHE BHUPAaKCHHS
Oyap-SKAX BeIWYMH (200 TEOMETPHYHMX/MATEMATHYHHUX OO'€KTiB) dWepe3 iHII,
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KPHBHX JIHIH - JaMaHUMH, ippallioHaJIbHUX YHCET - PalliOHATbHIMH, HEIIEPEPBHUX
¢yHKuii - MHOTOWIeHaMH [1].

Komr'totep Moxke 30epiratu faHi 3 yciMa HEpiBHOCTSMH 1 TTOXHOKaMu, JUIs
HBOTO IIe He Mae 3HaueHHs. [Ipore moamHa mpamoe 3 iHpopMmamieto, 1 i
3pyuHille, KoY Ha0ip TaHWX MOXKHA omnmcatd QyHkKuiero. OnHe 3 3aBJaHb HAYKH
PO JaHi - MPOTHO3YBaHHA. SIKIIO HaOip pe3ysbTaTiB MOXKHA OnUcaTH (QyHKILiErO,
MIpOTHO3yBaTH Jieriie [2]. MeToau anpokcumariii 10rmoMararoTh iHTEpIIOIIOBATH Ta
EKCTpAITlOJIIOBaTH JlaHi. ANpPOKCHMalis - 3arajlbHUA TEpMiH: IHTEpHONALIS Ta
EKCTPAMOJIALS BBAKAIOTHCS 11 ITiIBUJAMH.

[HTepromsiilisi - I[e 3HAXO/KEHHS HEBIJOMHUX MPOMIKHHUX 3HAYCHb 32
JIOTIOMOT'OI0 JIEKITBKOX BiZIoMUX. YacTo AJIsl TOYHUX PO3PaxyHKIB MOTPIOHO MaTH
MiJ pyKOI NpOMiKHI JaHi. Pi3HOMaHITHI MeTOAM IHTEpHoJsLii JornomMararoTh
3HAWTH 1X 1 CKJIACTH TOBHY KapTHHY. Pe3ynpTar OoTpUMYEThCS HAOIMKEHUM JI0
peasbHOCTI B 3alEXKHOCTI Bijg oOpaHoro meroxmy. I[HTeproiroBaTH Jieriie Ha
anpOKCUMOBaHUX KpuBHX. Komu € mpocto HaOlp TOYOK, SIKM HE ONMCAHHN
(byHKII€O, JTyXKe CKIAIHO Tepea0auynuTH, 0 3HAXOAUTHCS MOCepeInHi. A SKIIO €
npuOIM3Ha (QYHKIIS, sIKa MOSCHIOE, K PO3MOALISIOTECS TOUKH, JIETIIE TPUITYCTHTH
IPOMIXKOBI 3HAYEHHSL.

BucHOBOK. AmpokcuMmallisi J103BOJIsiE HAONMIKEHO BHpaXaTH CKJIIAJHI
BEJIMYMHKU 4epe3 MpocTiln abo BiJOMi, 3pOOMBIIM 1X OUIBII 3pO3yMIJIMMH Ta
onHopimHumu. Ile ocobmuMBO BakiIMBO mHpu  poOOTI 3 HepiBHUMH abo
HEMepepBHUMHU JaHMMHU, SIKi HOTPeOyIOTh M1aaKol GpyHKUIT i aHamizy.

InTepnossiiis, 3 CBOro 0OKy, J03BOJISE 3HAXOAUTH MPOMIXKHI 3HAUYEHHS MIX
BIIOMUMH TOYKaMHU JAHUX, IO € BaXJIMBUM Ul NOOYZOBU MOBHOI KapTHHH a00
JUIs. TIPOTHO3yBaHHsI 3HaueHb B MaiiOyrtHbomy. Lleii MeTom crae ocoOnuBO
KOPUCHUM Y BUIAJKaX, KOJU HAOIp NAHUX JUCKPETHHUH 1 HE MICTUTh JOCTaTHBOI
iHpopMalii TpoO TPOMIXKHI 3HAYCHHS. 3aCTOCYBaHHS IIMX METOMAIB MOXe
MOJITIIUTH Po0OTy 3 HabOpaMH JaHMX, 10 HE MAIOTh 4iTKOI (DyHKIIOHAIBHOT
¢bopMu, 1 JOMOMOITH MOKPALIMTH TOYHICTH Ta JOCTOBIPHICTH pE3YJIbTATiB
HAYKOBHX JIOCHI/DKEHb. Takuil MiAXiJ Ja€ 3MOTy 3pOOHMTH aHaNi3 JaHUX OUIbII
CHCTEMATH30BaHUM Ta €(DEeKTHBHUM.
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METOJOJIOI'TYHI IIIAXOAN HAYKOBOI'O JOCJIIKEHHSA
PO3MIIOALTY TEMIIEPATYPHUX HABAHTAKEHBb B CUCTEMAX
3BY/UKEHHA BII'YHOI'O EJIEKTPOMATHITHOT'O IIOJISA
MNOTY KHUX CUHXPOHHUX MAILIINH

ToTyXHi CHHXPOHHI MAIIMHH BHKOPHUCTOBYIOTHCS 3 METOK 3abe3rmeyeHHs
JUPEKTUBHOTO  3aBIaHHs 1  cTa0umi3amii  TEXHOJOTIYHHUX  MPOIECIB B
€JIEKTPOMETAYPril, Ui KUBJIEHHS IMPHUBOAIB NMPOKATHUX CTaHIB, 1HAYKIIHHUX
medeil Ui BUTOTOBJICHHS CIICLIaJIbHUX CIUIaBiB, Ha(TOBidH Ta ra3oBiii
IIPOMUCIIOBOCTI Ta iH. 3a0e3neuyroud CTaOUIbHICTh TEXHOJOTIYHHX MPOLECIB B
caMHMX MalllMHaxX BiAOYBAIOTHCS Ay)Ke CKJIalHI HECTAlliOHApHI eIeKTPOMAarHiTHI
npolecH, sKi B TOBHIH Mipi TOTpeOyOTh MOJAJBIIOrO JOCTIDKEHHS Ta
BpaxyBaHHs IPH pO3poOL HOBUX THIIIB MAIlMH. AKTYaJIbHICTh PO3POOKH HOBHUX,
Oinbil epeKTUBHUX, METOAIB JOCIIJDKEHHS HECTAlllOHAPHUX EJIEKTPOMArHiTHUX
MPOLIECIB MOJSIra€ B TOMY, IO Ii Mpoecd 30y/UKYIOThCS Crelu(iyHuMu
peXUMaMH pPOOOTH EJEKTPOTEXHOJIOTIH, KOHCTPYKILIE Ta MpOLECcaMH, MI0
BiIOyBalOThCS B CHHXPOHHHMX MallMHax. SIK MpaBuiio, mpu po3poOili HUX MalliH
BHUKOPHCTOBYIOTHCS 1HKEHEPHI METO/IM PO3PaXyHKY €JIEKTPOMArHiTHUX, TETUIOBUX,
BHCOKOBOJIBTHUX, €JEKTPOAMHAMIYHUX, BIiOpaliiHUX Ta iH. MPOILECIB B OCHOBY
SKMX TIOKJIAJIEHO TEOPeTUYHI METOJM, SIKI KOPerylThCs BiIOBITHUMHU
HaIBEMITIpHYHUMH KOe(illiEHTaMH B 3aJIeKHOCTI Bijl IEBHOTO KOHCTPYKTHBHOTO
BapiaHTy, o po3pobnseTbes. [Ipy 1boMy, HAMOUTBII BPa3IUBI PEXUMH POOOTH
MalliH [PaKTHYHO BpaxyBaTH HE MPEACTABIAETHCS MOXJIMBHM. ToMy IIpH
po3poditi [epxaBHUX CcTaHIApTiB i HOPMATHBHO-TEXHIYHOI JOKyMEHTamii Ha
JOITyCTAMi KOPOTKOYACHI PEXXUMHU POOOTH, IO MPU3BOAATH IO MOTiPIICHHS YMOB
poOOTH, BPaxOBYIOTHCS MOXKIHBOCTI TEOPETUYHMX METOMIB (TOYHICTH, BILIMB
CYKYNHOCTI 1HIMX (akTOpiB Ta iH.), TEXHOJOTIYHI MOXJIMBOCTI BHpPOOHWKa Ta
YMOBH eKCIuTyatarii. [Hmmmu cioBamm, 1ie € KOMIPOMICHHN TOKYMEHT, SIKHH, Ha
JaHWA MOMEHT, 3a/JI0BOJIBHAE TMIPOSKTHY OpTraHi3amiro, po3poOHHMKa Ta
eKcIuryaTamito. Takuii cTaH Mae Miclle Maibke y BCiX KpalHax TeXHIYHOI
CITUTBHOTH.

[lpu BupimieHHI NHUTaHR ONTHMi3alii TEXHIKO-€KOHOMIYHHMX ITOKAa3HHKIB
MOCTIHHO BUHUKAIOTh MUTaHHS [I0JIO ITOIIYKY «HAyKOBO-TEXHIYHOT'O KOMIIPOMICY»
MDK HH3KOIO TIPOIIECiB, IO BiIOYBalOThCSI MiXK 3OBHIIIHIMH IapaMeTpaMu
(>KUBIIEHHS), BHYTPIiIIHIMH (TTOJIOBI, €JIEKTPOMAarHiTHI, BACOKOBOJIbTHI, TETIJIOBI Ta
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iH.), mO BiAOYBAIOTECS B YCTAaTKyBaHHI Ta Marepianamu (eneKTpodizuuHi
XapaKTEePUCTHKU CTaJeH, 1307smii, BiIcTaHeH) i3 SKUX BUTOTOBIISIFOTHCSI aKTHBHI 1
HEAKTUBHI JIETaJi KOHCTPYKIIII.

Amnaii3 aBapiiHOCTI 1 yMOB €KCIUTyaTalii CHHXpOHHAX MAallllH M0Ka3aB, 10
HaAMOLIbIII ITIOKa3HWKM BIIMOB MAalOTh Miclle B MeETalypriiHiii Ta Ta30Bid
MIPOMUCIIOBOCTI. HaiOimpIn MONIKOHKEHHST MaroTh MicIle B JIOOOBIM YacTHHI
cucTeMH 30y/KEHHS OIry4oro eJIeKTpOMarHiTHOTO IOJIsI pO3CitOBaHHS (0OOMOTOK).
I[Ipy 1upoMy, HaA MACTAaBI aHANI3Yy JICICKTPHUYHUX BIIACTHBOCTECH 130JIAIIT
BCTaHOBJICHO, II0 TEIUIOBI NEPEBaHTaXEHHS BITPOJIOBXK OOMOTOK HE PiBHOMIpHI
(po3paxyHKax BBa)aeThcsi PIBHOMipHMUM). HepiBHOMIpHMIT pO3NOAIN TEIUIOBHX
MepPEeBaHTaXEHb EJIEMEHTIB KOHCTpPYKIIii Ta iX MOCTiiHa 3MiHa TPHU3BOIMUTH IO
MOCTIHHUX 3MiH MEXaHIYHMX 3yCHJIb MDK aKTHBHUMH Ta HEAKTHBHUMH
€JIEMEHTaMH KOHCTpPYKIii. Aye ciii MaTh Ha yBa3i, IO TEIUIOBI TPOLECH €
HACJIIZIKOM EJIEeKTPOMArHiTHUX IPOIECiB, 5Ki, B CBOIO 4epry, 30Y/KYIOThCS,
30BHIIHIMH [TapaMETPaAMH.

TakuM YMHOM, HEPIBHOMIPHHI PO3IIOJII TEMIIEPATYPHUX IOJIIB MPU3BOIUTH
10 (GopMyBaHHsI HH3KM HeOaxaHHX (DaKTOpiB, IO MOTIPUIYIOTh TEXHIYHUH CTaH
CHHXPOHHMX MAalllMH B YyMOBax eKcIiyarauii. /JIOmigbHO BiA3HAYMTH, IO
PO3paxyHKH TEIUIOBUX HaBaHTa)XEHb POTOpa BUKOHYIOTBCS Ha MIJCTaBI CXeM
3aMillleHHs. 1 JIO3BOJIAIOTH BU3HAYMTH YyCEpEIHEH! 3HA4YeHHS TeMmIeparyp B
OKpEMHX TOYKaX aHi30TPOIHUX CEpPelIOBUII (CTalieid, 130J1s11i1), 1110 He BiIIOBiIaE B
MOBHIN Mipi IifICHOCTI 1 MPU3BOAUTD JI0 TIEBHUX MOXHOOK. [1Jisi oTpuMaHHs OUIbII
TOYHHUX METOJIB PO3PAaXyHKIB, 10 Mipi 3pOCTaHHS MOTYXHOCTI B OJIMHUIII MaIlWH,
BUKOPHCTOBYBAJIMCh ~ YKMCEJIBbHI METOAM Ta METOA KIHIIEBUX E€JIEMEHTIB
€JIEKTPOMATHITHUX MPOLECIB Ta MOCIIIYIOYNX TEMIIEPATyPHUX HaBaHTaKeHb. [Ipu
LBOMY PO3PAaXyHKHd BHKOHYBAIUCH JJIS yMOB POOOTH MalIMHH B CHHXPOHHOMY
peXuMi. AKTYaNbHICTh JOCHIPKEHHS 3YMOBIIEHO BHUMOTaMH IIPAKTHKU MO0
MiABUIIECHHS HAAIHHOCTI CHHXPOHHHMX MAIIMH Ta 3a0€3MEYeHHS ONTUMAaJbHHX
YMOB pOOOTH BIAIIOBITHUX TEXHOJIOTIYHHUX MIPOIIECIB Y IPOMHUCIOBOCTI.

HaykoBa HOBH3HA MOJISITA€ B PO3pOOII METOIONOTIYHKX TT1IXO/IIB Ta METO/IIB
HAYKOBOTO JIOCII/DKEHHSI PO3IOIUTY TEMIIEpaTypHUX HABaHTaXXEHb aKTHBHUX
€JIEMEHTIB B MOE€IHAHHI 13 €JIeKTPOMAarHiTHIMH IPOIIECaMH, IO BiIOYBalOTHCS B
MIOPO>KHUHI CHHXPOHHOT MaIlIMHH.

B poGoTi mpomoHYETbCA METOAONOTIYHHAN MiAXiA PO3PaXyHKY TEIJIOBUX
HaBaHTA)KCHb €JIEMEHTIB KOHCTPYKIi CHHXPOHHOI MAIIMHMA BiAIOBITHO O
(hopMyBaHHS EJEKTPOMATHITHUX TMPOIECIB, MO 30yMKYIOTbCS 30BHIIIHIMH
rmapaMeTpaMi HaBaHTXXCHHA (KUBJICHHS 1 MEXaHIYHOTO) Ha IIACTaBi eImop
€JIEKTPOMATHITHOTO IIONISi  PO3CIFOBAaHHS, JOAATKOBUX BTpaT (MICHEBHX 1
3arallbHUX) Ta TEMIEpaTyp B HaWOUIBII XapaKTepHUX MICISIX B JIOTiYHIN
TTOCITi JOBHOCTI 1X ()OPMYBaHHS 1 IPOSIBY.
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MarteMaTH4Ha MOJICTb CIEKTPOMATHITHHX MPOLIECiB BUKOPUCTOBYETHCS IS
3HAXOJPKCHHS HaWOLIBII BPa3JIMBHX MICIlb B aKTHBHHX | HCAKTUBHUX EJICMEHTAaX
KoHCTpyKuii. IIpy 11bOMy BpaxoBYIOTBCS BILUIMBH 30BHIMHIX (hakTopiB. OTpuMani
pe3yJbTaTH BUKOPHCTOBYIOTHCS B SIKOCTI TOXIJHMX B MaTeMaTW4Hill Mopeni
TerutoBoro noJjst. TermioBa MoieNb MpencTaBisie co0o0 HeNiHilHe audepeHtiiine
PIBHSHHS TEIIONPOBIAHOCTI B SIKiil BTPAaTH B OJUHMII 00’ €MY MPSIMOIPOIIOPITIHO
BIUIMBAIOTh Ha pe3yjibTaT. AHai3 1 CHHTE3 MOOYIOBM MaTeMaTH4YHOI MOAeNi
TEIUIOBOTO MOJIS T0KAa3aB, II0:

- BpaxoOBYBAaTH XapaKTE€pHi PUCH KOHCTPYKIii He € JOUIJbHUM BHACIIIO0K
CYTTEBOTO YCKJIAJHEHHS MATEMATHYHOT MOJICITI 1 BiAMOBITHUX TEIJIOBUX MOTOKIB;

- B3a€MHHUH BIUIMB aKTUBHHMX 1 HEAKTHBHUX €JIEMEHTIB Ha TEIUIOBE II0JIE
MAaIlIMHA TPaKTUYHO HE MPEACTABISETHCS MOXKIIMBUM;

- B SKOCTI TIOYaTKOBUX YMOB CKOPHCTaTUCh MiCIEBUMH BTpataMH B
HaKOLIBII XapaKTEepPHUX TOYKAX MPU CTAIOMY PEKUMI CTATUYHOI CTIHKOCTI;

- B SIKOCTI TPaHMYHHX YMOB BHKOPHCTOBYBATH YCEpEIHEHI I'€OMETPUYHI
PO3MIpH eJleMEeHTa, IO TOCIiKY€EThCS.

ToMy mnpu BuUpILIEHHI MOCTaBJIECHOTO 3aBJaHHS IOIJIBHO CKOPUCTATHCh
HaCTYITHUMH NPUITYTICHHAMUA!

- Crarop u pOTOp PO3IIAAAIOTHECA B SKOCTI CAMOCTIMHHX 1 HE3aJIeKHUX
JDKEpEIT TeTIOBOT eHeprii;

- KpuBH3HOIO aKTMBHHUX €JIEMEHTIB KOHCTPYKLIT HEXTY€EMO;

- Pimenns Moneni oTpUMyeMO B JEKapTOBIH CHCTEMI KOOpDIUHAT B CHILY
MOBHOI CUMETPIT MAIIMHHU 1 CHPOIIEHHS PO3PaXyHKIB;

- BeHTumamiiiHi mpouecH BBaXKAIOThCA TAKHUMH, IO 3aJOBOJNBHSIOTH
HOPMATHBHIN JIOKYMEHTALT 010 MOKIIUBHX [IEPEBAHTaKEHb (CTaINIT);

- BmimB  0OXONOMKYIOWOTO  CEpelOBHINA  BPAaXOBYEThCA  LUIIXOM
BUKOPHCTaHHS BIAMOBIHUX KOperyto4n Koe(illieHTIB Terionepeaayl BiIoBiIHIX
MIOBEPXOHb.

Ha nmepmmii mormsa 34a€ThCsl, MO JOCHTh BENHMKa KUIBKICTH NPUILYIIEHB
MpU3Be/ie J0 JOCUTh BEITMKUX MOXHOOK B KiHIIEBOMY PE3yJIbTaTi, ajie 3 TOYKH 30py
B3a€MHOTO BIUIMBY HpUPOAH (i3MUHUX MPOIECiB, MO BiAOYyBaIOTHCS B MAIIHHI,
BOHM MAalOTh CEHC B MaTeMaTHW4HIHA ITOCTAHOBII MaTeMaTH4Hol Mozaemi. Tak
HAMPHUKIaM, i3 (I3UYHOI TOYKH 30py KPUBHM3HA aKTHBHHX CJIEMEHTIB Maibke He
BIUTMBA€ HA PO3MOMIT TEIUIa B HACHIJOK CHMETpii Ta JOCTaTHBO BEIMKHX
TEOMETPUYHUX po3MipiB. ToMmy BHpIIIEHHS 3aBIaHHA B NEKapTOBIA CHCTEMI
MIPaKTAYHO HE BiIPI3HAETHCS BiJl PE3YNbTaTiB, IO OTPUMAEMO B IHIIHMX CHCTEMax
BIIITIKY.

B BapiamiiiHiii MOCTaHOBIII PiBHAHHS TEIUIOMPOBITHOCTI TIEPETBOPIOETHCS IO
CyMH OKpPEMHX DKEpell y BHUIIIAMl iHTerpo-Tu(epeHIIHHOrO PIBHIHHA B MeEXax
MOYATKOBUX 1 TPAaHWYHUX YMOB, IO JIO3BOJISIE OTPUMYBATH PE3yJbTaT B MeEXax
OCEepeTHEHNX TEOMETPHYHUX PO3MIpiB CHHXPOHHOI MammHH. Ha mpomy erami
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HEOOXIIHO BpaxoBYBATH TEMIIEPATypHUH BIUIMB HMPUMYCOBOTO OXOJIOKYIOYOTO
CEepeIOBHIIA B SIKOCTI TAKOTO, 1110 BiIOMpa€e YacTHHY TEIIOBOI €HEprii.

BupimienHs 3aBmaHHS MOXJIMBO 3BECTH JIO 3HAXO/KECHHS PO3MOALLY
TEMIEpaTyp B OOMEXKCHHX MeEXax INUIIXOM MiHIMi3amii ¢yHKIiOHaa 1
MIPEJCTaBJICHHS PIBHSHHS TEIUIOBOTO TIOJIA y BUIJISAI MaTpU4YHOrO piBHSHHS. B
SIKOCTI BY3JIOBUX EJIEMEHTIB MAaTpPHUIlb TEIJIONMPOBIAHOCTI - (QYHKILIS PO3MOALTY
MEBHUX MEX 1 BIINOBIIHUX KOE(DIIIEHTIB TEIUIONPOBIAHOCTI, BEKTOP HANPSIMKY
TEIUIOBOTO MIOTOKY Ta BEKTOP TEILJIOBHX JDKEPEIL.

Ha upomy eTari He0OXiAHO yBa)KHO BU3HAYUTH MOXiJHY (IIBHJKICTH) IIOTOKY
Teruia B MEBHI MOMEHTH 4acy. /i [bOTo JOLiJIBHO CKOPUCTATHCh MaTeMaTH YHUM
METOZIOM KIHIIEBHX €JIeMEHTIB. [IpM IOCATHEHHI CTajJoro pexuMy MOKIUBO
0OMEXUTUCH PILICHHSIM MaTPUYHOTO PiBHSHHSIL.

VY Bumajgkax KOJM MalldHa TPaloe NPU PI3KO3MIHHHMX EJIeKTPHYHUX abo
3MIHHMX MEXaHIYHMX HaBaHTAXXCHHSIX BHPIIICHHS 3aJadl yCKIamHIoeTbes. [lpn
HEOOXiHOCTI OTPUMAaHHSA OLIHIOIOYOTO pe3yJIbTaTy MOXKIUBO CKOPHUCTATUCD
BUPILICHHSIM JIHIHHOTO U(EpeHIiHHOTO DPIBHSHHS Jie¢ B SKOCTI IOYaTKOBOTO
napaMerpa MOXJIMBO CKOPHUCTATUCh OTPUMAaHUM BHIIE METOIOM, a BIUIMB
NepeBUIICHb BPaXyBaTH IIUIIXOM 3pOCTaHHS J0IaTKOBHX BTpAT.

VIK.621.3.011.729:681.3

3inoskin B.B.!, ITupoxok A.B.2, Menemko I.A.3, Tperskos A.B.*4,
[laxanoB A.€.5, Matsm 1.0

! n-p. Texn. Hayk., npod. HY «3anopizbka mosiTexHikay»

2 kau/. TexH. HayK, fou. HY «3anopisbka nomitexsikay»

3 puki. HY «3anopisbka MoyiTexHika»

4acn. HY «3anopizbka HOJTiTeXHiKa»

5 cryn. rp. E-311 HY «3anopi3bka IoJiTeXHIKa»

MATEMATHAYHA MOJEJIb ITIOTYKHOI'O TPAHC®OPMATOPA
CIIEHIAJIBHOI'O TPU3HAYEHHSA

IotyxHe  TpaHCpOpMATOpHE  YCTATKYBaHHS  HAaWOUIBII  MOMIMPEHO
BUKOPHCTOBYETHCSI B IPOMHUCIOBOCTI JUISi JKUBJICHHS PI3HUX TEXHOJIOTIYHUX
MPOILIECIB Ta MEePETBOPIOIOYMX MPUCTPOIB. J[JIs1 OHOYACHOTO KUBJICHHS JACKIIBKOX
TEXHOJIOTTYHUX TIPOIECIB BUKOPUCTOBYIOTHCS TpaHC(HOpMATOPH 3 PO3UCTIICHHUMHU
HU3BKOBOIBTHUMH OOMOTKaMH. TakuM YHHOM €HEpTis BiJ MEPBHHHUX OOMOTOK
OIHOYACHO TEpeHaeThCs MO JACKITPKOX BTOPHHHUX OOMOTOK, $Ki MOXYTh
3HAXOJUTHUCH 5K B PEKIMAaX HABAHTA)KEHHS, TaK i IPH BiTKIIOYCHI BiJ CIIOXHUBAYA.
[Ipy 1BpOMY, TpH J>KUBJICHI [ESIKUX TEXHOJOTIYHUX YCTAaHOBOK (IyTrOBHX
CTaJICTUTAaBUJIBHUX TI€YEeH, MPHUBOJIB MPOKATHUX CTaHIB, IEPETBOPIOBAYIB Ta iH.)
MTOKA3HUKH SKOCTI €IIEKTPUYHOI CHEPrii CyTTEBO 3MIHIOIOTHCA 1 TpaHC(HOpPMATOp
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TMIPAIIOE B PeXUMaX, MapaMeTpH SKUX (CTpyM, Harpyra, MarHiTHUH MOTIK) CYyTTEBO
MIEPEBHUILYIOTh TaKi, 10 OOMEXYIOThCS HOPMATHBHO-TEXHIYHOIO JIOKYMEHTALIIETO0.
Lle mpu3BoauTh 10 (HOPMYBaHHsS HECTAlliOHAPHUX EJCKTPOMATHITHHUX MPOLECIB,
MEePeBaHTAKCHHSIM aKTUBHUX 1 HEAKTHBHHX JeTajell KOHCTPYKII Ta aBapiiHUM
BigKIIOYeHHsM. Taki yMOBM eKCIUTyaTalii CyTT€BO BIUIMBAIOTH Ha TEPMiHU
HAJIMHOCTI TpaHC(GOPMATOPIB 3arajlbHOTO MPH3HAYCHHS. TOMy Ha IIPaKTHII
BHUKOHYETBCS JIEKIJIbKAa METOJIIB IIOJI0 TX MOJEpHi3allil sl OLIBII )KOPCTKUX YMOB
pobotn. 3 Mi€l0 METOI [OMIJNIFHO BHKOHATH BIIOBIAHI €JIEKTPOMAarHiTHI
JIOCITI/DKEHHST 1 1H)KeHEpHI pOo3paxyHKH Jjisi BU3HAUSHHS METOJIB 1 TEXHIYHHX
pilleHb TMOKpallleHHsl HajiiiHol poOoru. BupimeHHs 3aBAaHHS YCKIIaIHIOETHCS
HEOOXITHICTIO BpaxyBaHHs 3MIHHAX HABaHTAXXCHb Ta BIPOTIIHOTO XapaKTepy
CTpYMY 1 HAIIPYTH.

Jnst  BUpINIEHHS I[IMX [HTaHb BHKOPHCTOBYIOTBCS  PIi3HI  METOIH
MPOEKTYBAaHHS ONTHMAaJIbHUX KOHCTPYKTHBHUX pillleHb TpaHC(OPMaTOPHOTO
YCTaTKyBaHHS SIK 3arajlbHOTO TaK 1 CIElialbHOTO MpU3HAYCHHS. AJie Ha CTaJisx
NpUIMaNbHO-3[1aBAILHUX ~ BUNPOOYBaHb  BUSIBIISIETBCS, 110 KOHCTPYKTHBHE
pilieHHs MOTpedye MeBHOI NOPOOKM BHACIHIJIOK HEY3TODKEHOCTI 13 BUMOTaMHU
HaAiiHOT poGoTu. J[s BUpIlIEHHS OUIBII CKIaJHUX 3aBAaHb 1 ONTHMAJBHOTO
BapiaHTta TpaHC(HOPMATOPIB CIEiaIbHOTO NPU3HAYCHHS BHKOPUCTOBYIOTHCS
MeToau (DI3UYHOTO MOJICIIOBaHHS. B sikocTi Moieni BUKOPHCTOBYETHCS 3MEHIIIEHA
KOIlisl  MOTYXHOro  TpanchopmaTopa 3  BiIOOpaKEHHSIM  XapaKTEPHUX
KOHCTPYKTUBHHX pHC. TakuM YHHOM, OTPUMAaHI pe3yJIbTaTH €KCIICPHUMEHTAIBHOTO
JOCHI/DKEHHST B TOBHIM  Mipi  BiZoOpa)kaloTh  XapakTep  MPOTiKaHHS
€JIEKTPOMArHiTHUX TIPOLECIB B  PEAIbHOMY KOHCTPYKTHBHOMY  BapiaHTi.
BukopucranHs IBOr0 METOAA CBIAYNTH PO HACTYIIHE:

- ICHYIOYI METOJMKH HE B IMOBHIA Mipi BiANOBIIAIOTh TAKUM, IIO MAaIOTh
MicCIle B peaJbHOMY TpaHC(OPMATOPHOMY yCTaTKyBaHHI;

- BOHH HE BPaXOBYIOTh XapaKTEPHI PUCH €JIEKTPOTEXHOJIOTIYHOIO MPOoLecy
Ta Horo BIUIMB Ha (OPMYBaHHSI Ta IPOTIKaHHS HECTALlIOHAPHHUX €JEKTPOMATHITHUX
MIPOILIECIB;

- TOYHICTh OTPHUMAHUX PE3YNBTATIB 3aJIEKUTH BiJ CTYIICHA JIiHeapHu3alii He
JHIAHOCTI 3aJIeKHOCTI MAarHiTHOTO MOTOKY B MAarHIiTHIM CHCTEMi BiJ MarHiTHOTO
TI0JIS PO3CIIOBaHHS,

- mpouecu  mepe3OyMKEHHS  MAarHiTHOI ~ CHCTEMH  B3arali  He
Bi10OpaKaroThCS;

- PpO3paxyHOK KOXXHOTO i3 TapaMmeTpiB BHKOHYETHCA II0 BiIIIOBIIHUM
IH)KEHEPHUM METOJHMKAM 1 OTPUMAaHHS OJIHOTO i3 Pe3yNIbTaTiB BUKOPHUCTOBYETHCS
JUTS PO3PaxXyHKY iHIIOTO;

- eNeKTPOMAarHiTHa CTIMKICTh TpaHCHOPMATOPIB PO3PAXOBYETHCA TUIBKU
Ul PeXMMIB  KOPOTKOTO 3aMHKaHHS, II0 IPUHIUIIOBO HE MOXIIHBO
PO3MOBCIOKYBATH Ha TpH (a3u B CUITY iX B3aeMHOTO (izmuHoro ctany (1200).
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TakuM YHHOM, BHKOPHCTaHHS ()i3MYHOTO MOJCIIOBAHHS BUMArae IOCUTb
BEJIMKUX KOINTIB, KBaTi(iKOBaHMX (axiBIiB 1 € JOCHTH JTOBFOCTPOKOBHUM IIpH
BuKopucTanHi. lle cHoHykae 1m0 pO3pOOKM HOBHX Y3arajJbHEHHX METO/IB
PO3paxyHKy €JEeKTPOMArHITHHUX IpOIECiB B TpaHCHOpPMATOpax SK CIEIialbHOTO,
Tax i 3arabHOTO MPU3HAYCHHSL.

Meta poGoTu mojsrae B po3poOli y3aralbHEHOI MaTeMaTH4HOI MOJeNi
HECTaIllOHAPHUX €JEKTPOMAarHiTHUX IPOIECiB B TpaHc(opMaTopax CIeliaabHOro
MIPU3HAYEHHS 13 MOXIIMBUM BUKOPHCTaHHSM JUIsS MOJIEpHi3alii TpaHc(hopMaTopiB
3araibHOTO MPH3HAYCHHSI.

HaykoBa HOBHM3Ha BiJ3HauYae€ThCs pPO3POOKOIO HENIHIIHOI MaTeMaTH4HOI
MOJIeNIl HECTAI[iOHApHHUX EeJIEKTPOMAarHiTHUX IMpoleciB B  TpaHchopMaTopax
CHEI[iabHOTO MPU3HAYCHHS 13 BPaXyBaHHSAM XapaKTepPHHX PHUC PI3KO3MIHHHX
HABaHTQXeHb, 10  JO3BOJIIE  BHUKOPHUCTOBYBAaTH Ui  MOJEpHi3aril
TpaHchopMaTOpPiB 3arabHOTO MPU3HAYCHHS.

Pe3ynpTaTn JOCHIIPKEHHS IIONATAIOTH B HAcTYMHOMY. IIpomoHyeTbes
y3arajbHeHa MUCKpeTHa (B 3aJ€KHOCTI BiJ KUTBKOCTI OOMOTOK CHCTEMH
30y/DKEHHS EJIEKTPOMArHiTHOTO TOJS PO3CIIOBaHHS) MaTeMaTH4Ha MOJIENb
HECTAI[IOHAPHUX  CJIGKTPOMArHITHUX  MPOIECiB B  0arato  OOMOTOYHHX
TpaHcopMaTopax CHELiaIbHOTO TPU3HAYEHHST 3 BpaxyBaHHSIM HENiHIIHUX
3aJIeKHOCTEH Ta XapaKTepHUX PUC HAaBAaHTAXKEHHS, AKi IPU3BOIATH 10 IOTIPLICHHS
TEpPMiHIB HaJiiiHOCTI ycTaTKyBaHHs. [lpu moOyZoBI MaremaTHYHOI Mojei
BPaxOBYIOTHCSI HACTYIHI BU3HAYAIIbHI TOJIOKEHHSI:

- eJIeKTPOMAarHiTHa IHAYKIiSl B CTPUXKHI MAarHiTHOI CHCTEMH BiloOpakae
CTYIIHb 3YEIJICHHS BCIX OOMOTOK CHUCTEMH 30Y/PKEHHS €JEKTPOMArHiTHOTO OIS
PO3CitOBaHHS 1 HENiHIMHI BIACTHBOCTI;

- HeNHIMHI BIACTHUBOCTI MAarHITHOI I1HAYKIIl BiJOOpPAXalOTh CTYIIHb
nepe30yPKeHHsI MarHITHOI CHCTEMH;

- B peXUMaxXx KOPOTKOTO 3aMHKaHHS IOTYXHICTh €JEeKTPHYHOI eHeprii
MEPBUHHOT OOMOTKHM (1110 JKUBHUTHLCS BiJI MEPEKi) PO3MOAUIIETHCS MK IHIIMMH 3
BPaxyBaHHAM iX XapaKTepHHUX pUC (KJIacy HAIPYTH, IOTYKHOCTI);

- BIUIMB BUIIMX TapMOHIK (HECHHYCOINaIbHOCTi) BPAaXOBYETHCSA MUIIXOM
BUKOPHCTAHHS BIAMOBIIHUX KOS(DIIIEHTIB €KBIBAICHTHOCTI.

HeminiiiHi BIacTUBOCTI MarHiTHOI IHAYKIli BPaXOBYIOTBCS IIUITXOM KYCKOBOI
ampoKCUMAIii MoJiHOMaMy 200 MOKA30BUMH 3aJICKHOCTSIMHU.

V3aranpbHeHa ~ MaTeMaTH4YHa  MOJENb  €JIEeKTPOMArHiTHHUX  IpOIeciB
MIPEACTABISAE COOO0I0 CUCTEMY AM(EPEHIHNX PIBHAHD KUIBKICTh SIKHX 3aJIC)KUTh
Bil KITBKOCTI OOMOTOK B CHCTeMi 30Y/KCHHS EJIEKTPOMArHiTHOTO TIOJS
po3citoBanHs. KoxHe i3 pIiBHSHB CKIAJa€ThCS 13 CKIAIOBHX B3aEMHOI
ingyktuBHOCTI. IX KimbKicTh BigoOpaka€ eNEKTPOMATHITHHI 3B'S30K i3
BU3HAYAIEHUMH ITapaMeTpaMi TpaHchopMaTopa.
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HeminiliHi BIACTUBOCTI, IIO BIAMOBITAOTH MATHITHAM XapaKTCPUCTUKAM
BIJIMTOBITHOT ENICKTPOTEXHIYHOI CTadi, i3 SKOI CKIAJA€ThCS MAarHiTHa CHCTEMa,
MO>KJIMBO alipOKCHMYBAaTH KyCKOBUMHM IONIHOMaMH ab0 MOKa30BUMH (yHKIISIMH.
[Nopanpini mepeTBOpeHHsS MOJSTaroTh y (OpPMyBaHHI y3araJbHEHOTO PpillleHHS
JidepeHiHHIX PiBHSHB 3 BpaxXyBaHHSIM IOXIJHUX BiJ Yacy CTpyMy i MarHiTHOTO
MOTOKy. PimleHHs 1UX PpIiBHSAHB OTPUMYEMO Yy BHIIAI MaTpuli B SKid
BPaXOBYIOTHCSA  CJICKTPOMATHITHI 3B’S3KM  MDK  BIJNOBITHAMH  TIOKAa3HUKH
(TIepBUHHOT OOMOTKH Ta JIBOX PO3IIETICHUX ).

[Nonanbiri nmepeTBOpeHHs IMPU3BOMASATH JO OLIBII CKIIAJHUX PO3PAXYHKIB,
CKJIaJIHICTh SIKUX TOJIATA€ B CTYIEHI OTPUMaHHS BiAMOBIJHOT TOYHOCTI.

Januii MeTol BUKOPUCTAHO MPH MOJEpPHI3allii MOTY)XKHOro TpaHchopMaTopa
tuny TP/IH-63MBA 3 oJiliHUM TNPUMYCOBHUM OXOJOKEHHSIM. JlociiKeHHS
MOKa3ajdd HEOOXiMHICTh ITOCWJIEHHS NpEeCyloud 3aco0iB cuctemu 30yDKEHHS
€JICKTPOMATHITHOTO  TOJIA  PO3CIFOBaHHS Ta  I30JIALIMHUX  BJIACTUBOCTEH
BHCOKOBOJIFTHUX OOMOTOK. IIpy nboMy B HH3BKOBOJBTHHUX 0OMOTKax (azu «Bx»
HACJI/IKU JTiT HeCTal[lOHAPHUX EJIEKTPOMATHITHUX MPOIIECIB MPOSBUIIUCH BATOMIIIIE.
PoGoua Bepcisi Takoro CTaHy MOSCHIOETbCS THM, IIO TMPHU JKHUBJICHI IyroBol
cranemnaBuibHOl niedi tuny JJCH-50 mano Miciie HecMMETpHYHE HaBaHTaKEHHS
SKe TOB’SA3aHO 13 CTAHOM BIMOBIAHOIO eyiekTpoaa (OB BHIOPIB) Ta SKICTIO
MeTaneBoro OpyxTy. IIOBTOpeHHS eKCIepHMMEHTY IUIAHYEThCS B HalOmmK4e
MOJKJIMBHI 4ac 1 CYTTEBO 3AJIC)KUTH BiJl TEXHIYHUX MOMITMBOCTEH.

JIOUiIbHO BiJ3HAYMTH, 1O 3aIIPOIIOHOBAHY HAYKOBO-TEXHIUHY MaTeMaTU4HY
MOJIeIb MOXJIMBO CYTTEBO yJOCKOHAJIMTH LUISIXOM BHKOPHCTaHHS HOBHX METOAIB
MaTeMaTUYHOI CTATUCTHKU Ta TeOpii BIPOTIIHOCTI.

Ha mincraBi aHamizy OTpUMaHUX pe3yJbTaTiB MOXIHMBO 3pOOMTH HACTYIHI
BUCHOBKHU.

1. 3ampomnoHOBaHa y3arajbHeHa AUCKPETHA MaTeMaTHYHA MOZENb J03BOJISIE
BpaxoOBYBaTH 3HAYHO OUIBIIY KUIBKICTh OOMOTOK B CHCTEMi 30YIXKSHHS IOJIs
PO3CitOBaHHS;

2. MetonoJoriyauil miaxijy moOyJOBH AMUCKPETHOI MaTeMaTHYHOI MOJeni
JOLITBPHO MOJEPHI3yBaTH UIsl IOCHTIDKEHHS eJIeKTPOMATrHITHUX IIPOLECiB B
CHHXPOHHHX MaIlIMHAX;

3. BBaxaeTpcsi HEOOXigHMM OINBII PETETHHO PO3TIIHYTH MOIMBICTH
BUKOPHCTaHHS Cy9aCHHUX (HI3MKO-MATEMATHYHUX METOJIB BUPILICHHS HETiHIMHUX
iHTerpOo-mu(epeHIifHNX PIBHAHP B TMOEOHAHHI 13 MIKPOIPOLECOPHUMHA 1
MIPOTpaMHUMH 3aCO0aMH;

4. luckpeTHy MaTeMaTHYHy MOJENb JOLUUIBHO MOJEPHI3YBaTH IO
BUKOPUCTaHHS B aBTOMATH30BaHUX CUCTEMaX JiarHOCTUKH MOTOYHOTO TEXHIYHOT'O
CTaHy €JEKTPOTEXHIYHOTO yCTATKyBaHHS.
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YK 621.313.333

3inoBkin B.B.!, Pomaniuenko I'M.?, Kusornsza J1.0.3, Marsam J1.0.3,
Illaxanos A.€*

! 1-p. Texn. Hayk., mpod. HY «3amopisbka momiTexHikay»

2 crapm. Buki. HY «3anopizbka mosiTexHikay»

3 cryn. rp. E-311 HY «3anopi3bka MoyiTexHika»

BIIJINB TIEPEBAHTA’KEHb BUCOKOYACTOTHOI'O
CUHXPOHHOI'O TEHEPATOPA HA EJIEKTPOMAT'HITHI ITIPOIIECH
B JIOBOBI YACTHUHIL.

OnHo(a3zHI BUCOKOYACTOTHI CHHXPOHHI MAIIMHUA BUKOPHCTOBYIOTBCS B
Mepexax JKUBJICHHS IHAYKI[IHHUX Meueil B SKUX BHUILIABISIOTHCS BHUCOKOSKICHA
CTaJIeTJIaBUIIbHA TPOJYKIIiS  CIEliadbHOrO TPH3HAYEHHSA. 3 METOI OUIbII
ONTUMAJBHOTO BUKOPUCTAHHS aKTUBHOI YAaCTHHH EJIEKTPUYHOI €Heprii B TaKux
Mepexax BHKOPUCTOBYIOTBCS BIANOBIJHI €MHICHI KOHJEHcaTopHi Oarapei. Bonn
NpU3HAYEHI JJIs1 KOMIIEHcAllll PeakTHBHOI CKJIQJI0BOT MOTYXKHOCTI, 10 MOCTYyNa€e B
nid. OcoOnMBOCTI TEXHOJIOTIYHOTO NPOLECY IOJIATalOTh B TOMY, IO JKUBJICHHS
nedi 3IIMCHIOETBCS 3 BEIMKOIO KUIBKICTIO NEepeMUKaHb, SK TNPH HaJaroKeHi
KOMIICHCYIOUMX TPHCTPOIB, TaK 1 MpPU «3aBajKax» 1 «IiJBajKax» CHUPOBHUHHU.
BimoMo, 1mo yMoBH pOOOTH CHHXPOHHHMX MAIIMH HOJATAIOTH B JOAEPIKaHi
MocTiiHOI 00epTOBOi MIBUIKOCTI, ajie B HAIIOMY JOBOJI 4acTi MOPYIICHHS IUX
YMOB TPHU3BOJSATH J0 TEIUIOBOTO MEPEBAaHTAXKEHHS 1 BIMPAIIOBAHHS aBapiiHUX
cucteM. B mitepaTypHuX IpKepenax poO3IVISIA€ThCS AEKUIbKA NMPUYUH TEIJIOBOTO
nepeBaHTaXeHHS. Jlo HHMX BIIHOCATBHCSA 3MEHIICHHS NPECYl0uYM KIMHIB, Ta iX
3MIIIEHHS, IIOMIKO/DKEHHS 130iAmil B Micli BHBOMIB OOMOTOK 13 IIasa,
MOIIKOPKEHHST 0OMOTOK CTaTopa i pOTOpa Ta iH, IPU BIACYTHOCTI aHAJ3y MPUYHH
1 HacmigkiB. HaiOlnpin JiTepaTypHHUX JDKEpesl TPHCBSYEHI aHallizy NpUYdH
CHHXPOHHHMX MAalllMH B Ha()TO-XIMIUHIA IPOMUCIOBOCTI. BBaxkaeThes, 1m0 B mux
BUITAJIKaX ITOPYIIEHHS TEXHIYHOTO CTaHy MAIlMHH BUHHMKA€ BHACIIJOK Ail JESKHX
MEXaHIYHHX IPOIIECiB, IO BiIOYBAIOTHCS B MPOCTOP] MammHU. MU BBa)XaeMo, 10
OCHOBHOIO TPHUYHMHOIO HErapas/iB CIiJ BIAIIYKYBaTH B JOCIHIDKEHI 3MiHEHHS
XapakTepy MPOTIKaHHS EIEeKTPOMATHITHHX mporeciB. JificHO, mpy HaBaHTaKeHi
MAaIIrHU B i IpOCTOpi MAIOTh MicIle Oiryde eJIeKTPOMAarHiTHE I0Je PO3CIFOBaHHS
SKe BIUIMBA€ HA IMOTOYHUI CTaH aKTUBHUX 1 HEAKTHBHHX EJIEMEHTIB KOHCTPYKIIi.
[Ipu HaOmmKeHI OO BUTPHOMY (YaCTKOBOMY BIAKIIOYEHI IS IO 3aBaHTAKCHHS
Ievi) X0oy MAIlWHU TIEPeBaXKa€ i HATPYTH, IO MPH3BOIUTH 10 HABAHTAKCHHS
130151101, a TpH Tepenadi akTHBHOI TOTYXHOCTI - TepeBaka€ BIUIMB OIS
pO3CiIOBaHHS, MO MPHU3BOMUTH IO 3POCTAHHS MICIEBUX BTpPAaT B OOMOTKaxX i
HEAKTUBHHUX JeTansx KOHCTpykmii. Lli momaTkoBi BTpath i € OCHOBHUMH
IDKepellaMi  3pOCTaHHS TEIIOBOTO IEPEBAaHTAXXEHHS ENEMEHTIB MAIIMHU IPU
3pOCTaHHI IMapamMeTpiB HaBaHTaXEHHS. Taki peKWMH MPU3BOJIATH IO MOPYILCHHS
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CTaTHYHOI CTIMKOCTI CHHXPOHHOI MAIMHH, M0 TOTPeOye IOJAIBIIOTO
JOCIIDKeHHS iX BIUIMBY Ha MOTOYHUIT TEXHIYHHI CTaH.

AKTYyaJbHICTh JOCHTI/DKCHHS CIPSIMOBYETHCS BHMOTaMH MPAKTHKH OO
BCTaHOBJICHHSI NPUYMHHO-HACTIIKOBUX (PAKTOPIB B ITOEAHAHHI i3 MPOTIKAHHIM
(I3MYHUX TIPOIECiB, IO NPOTIKAIOTH B CHHXPOHHIM MallMHI TpPU 3MIHHHX
HABAaHTAKCHHSX.

JIOLiTIBHO BiJ3HAYUTH, IO TaKi MPOIECH MAIOTh HACTIIKH KYMYJISATHBHOTO
e(eKTy, TOMy BOHH JIOBOJI YacTO HE CIPHUHMAIOTHCS 10 YBaru IIPH PO3TILSLIL
MIPUYUH aBapiiiHOTO BUXOY 13 Ty eNeKTPOTEXHIYHOTO YCTATKYBaHHS.

Merta nociipKeHHs [TOJISITAaE B JTOCHI/PKEHH] PI3HUX PEXHMMIB HaBaHTa)KEHHS
CHHXPOHHOI MalIMHK TIpU O KUBIICHHI TEXHOJOTIYHMX JIHIA IHAYKIIHHUX
TEXHOJIOT1i BUTOTOBJICHHSI BUCOKOSIKICHUX CTajIeil CIeIialbHOro MPU3HAYCHHSL.

OO0’€KTOM JOCTI/DKCHHST € HECTaI[lOHApHI EJeKTPOMATHITHI MPOIECH, IO
30yIKYIOTBCSL OITYyYMM EJICKTPOMArHITHUM TOJIEM pPO3CIIOBaHHS Ta TEIUIOBI
HaBaHTAKCHHS HAOLIbII BPa3IMBUX €JIEeMEHTIB CHHXPOHHOT MAIINHH.

AmHauri3 1 cHHTe3 BIUIMBY OKPEMUX BHJIIB HABAHTAXKEHHSI JieTajell KOHCTPYKIIii
JI03BOJISIE BCTAHOBUTH HEPIBHOMIPHHUI PO3MOJIIT MEPerpiBiB, Ta eNeKTPOANHAMIYHI
3yCHJUIS, IO BIUIMBAIOTh Ha ENEKTPOJIMHAMIUHY CTiiiKicTe. [Ipu iH)kKeHepHHX
po3paxyHKax pO3MOAINY TEIUIOBOIO HABAHTAXKEHHS CHHXPOHHUX MalluH
BBXKAETHCS, 1110 TEIUIO PO3MOBCIOKYETHCSI B aHI30TPOITHOMY CEPEIOBHILI 13 SKUX
BUTOTOBIISIIOTBCSL  130JIAALIHHI, AKTHBHI Ta HEAaKTHBHI JeTami KoHCTpykuii. Ha
MPAKTHI Taki PO3paxyHKH HE 3aBXKAU CIIBINAJAIOTh i3 JIIHCHUMH TEIIOBUMHU
HaBaHTAXCHHSAMHU.

Pesynbrat  nmocnifpkenHs. [lpu  BupileHI HAyKOBO-NIPAaKTHYHHX 3alad
BUKOPHCTOBYIOTHCSl YHMCENBHI METOAM BUPIIICHHS PO3MOJIULY TEMIIEPaTypHOTO
MoJjisl Ha MiJACTaBi MICHEBUX BTpaT Ta JIOKAJbHUX MEPErpiBiB Ui PI3HUX
KOHCTPYKI[IHHMX ~eJeMEeHTiB. IX MeToro € BMOIp HaHGIIbII ONTUMAILHOTO
KOHCTPYKTUBHOTO pilieHHs. [Ipy mpoMy MaTreMaTH4Ha MOJETb IPEACTABIISE
c000I0 CHHTE3 MiX eJIEKTPOMArHITHUMH 1 TETUIOBUMU TipoliecaMu B mepiny depry
BUKOHYETBCSI €IIEKTPOMATHITHI IPOLIECH, Ha TX MiJCTaBl BAKOHYIOTHCS PO3PaxyHKU
TEIJIOBUX IOJIIB, IO MAIOTh MICII€ B TOPOKHHUHI MAIIFHH.

[ocninoBHICTD JOCTIHKEHHS IMOIATAE B HACTYITHOMY:

- Ha TepmioMy eTami BUKOHYIOTBCS JOCHIDKEHHS HECTalliOHapHHIX
€JIEKTPOMATHITHHUX IIPOIIECiB Ta MiCIIEBUX BTPAT B HAMOIIBII BPa3IMBUX MICIISIX Ha
IiICTaBi CTATUCTHKH 1 PO3yMiHHS IIPOTIKAHHS IPOIIECIB,;

- Ha JpyroMy eTami JOCIiKyBaJlFCh TEIUIOBI MTePeBaHTAXKEHHS B HANOLIBII
BpAa3JIMBUX MICISX BiIIOBITHUX €JIEMEHTIB KOHCTPYKIIil;

-Ha TpPeThOMY, Ha IIJICTaBi MOIMEPETHIX pPe3yNbTaTiB, PO3PAXOBYBAINCH
BIJITOBIAHI TEIJIOBI IO BHXOISIYM 13 MAaTEMAaTHYHOI TEMJIOBOI MOJENI, B Kl B
SIKOCTI TIOXITHUX MAHWX BHKOPHCTOBYBAIMCH: KOE(IIIEHT TEIUIOMPOBIIHOCTI Ta
TEIJIOEMHOCTI, TEMIIEpaTypa, MiCIIeBi BTpaTH, Yac MPOTIKaHHS MPOIIECy.
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BukoprcToByroun MeTOJ| KIiHIIEBHX €JIEMEHTIB BHPIIICHHS 3[IHCHIOEMO B
JICKapTOBIM CHCTEMI KOOPIUHAT, a B OKPEMUX BHUITaJIKaX - INIOMIHHI (X) Ta (y).

PesynbpraTi MOJEIIOBaHHS TEIJIOBOTO HOJSI CHHXPOHHOI MaimuHu Triry BI'O
1500-500 mpy HOMiHaTPHOMY HaBaHTAXKEHI ITOKa3aJIl HAaCTYyITHE:

- HalO1IbII BPAa3JIMBUM €JIEMEHTOM MAIlMHU € JIOOOBA YacTHHA JIe TETJIOBE
TIepeBaHTaKEHHSI IEPEBUIILY€ HOPMOBaHI 1Sl Kiacy i30ismii «E»;

- HaliOinmpnle TIepeBUINEHHS  TeMmeparypd OOMOTKH  poTopa B
KOPOTKOYaCHOMY MepeBHIEeHI Hanpyru jgocsraioth 850C, a mpu HOMIHATBHOMY
HaBaHTaxkeHi - 780C;

- TemmepaTypa 3yOlliB poTopa He nepeBuIiyBaia 66°C.

B pexuMax HajamTyBaHHS U YaCTUX KOMYTallidl MEPEMHKAIOYHX MPUCTPOIB
TEMIIepaTypHi MOKa3HUKHU TIepEeBUIIyBaJIM, TaKi, 0 NpuBeneHi Bumie Ha 15-21°C i
CHMHXPOHHA MalllHa TIPaIOBaJIa B PEXUMIi IIOPYLIEHHS CTATHYHOT CTIHKOCTI.

VK. 621.3.019:621.313

3inoskin B.B.!, Menemxo .A.2, Tapapin O.B.%, ITinonpuropa K.B.4,
XKusormnsan J1.0.°

! n-p. Texn. Hayk, npo¢. HY «3anopisbka nomirexsika»

2 puknagad HY «3anopisbka MojiTexHikay

3 acn. HY «3anopizbka HoJiTeXHiKa»

4cryn. p. E-312¢cn HY «3anopizbka moJiTexHikay

5 cryn. rp. E-311 HY «3anopisbka moJHiTexHika

METO/U ABTOPEI'PECIi B CUCTEMI BIBPOJJIATHOCTUKH
IMOTOYHOI'O TEXHIYHOI'O CTAHY EJIEKTPOTEXHIYHOI'O
YCTATKYBAHHS

HapiiiHicTs po0OTH BCIiX BHIIB €IEKTPOTEXHIYHOTO YCTATKYBaHHS 3aJICKUTh
Bil BIPOBADKEHHS HOBUX MIKPOIPOIIECOPHUX 1 TIPOTPAaMHUX  3aco0iB
MIaTHOCTYBaHHA ~ iX  IMOTOYHOTO  TEXHIYHOTO  cTaHy. Ha  mpaktumi
BUKOPHCTOBYIOTHCSI TPHpIBHEBA CHCTEMa OILIHKA TEXHIYHOTO CTaHY HOTYXKHHX
TpaHcHOpPMATOPIB. HA MEPIIOMY PIBHI PEECTPYIOTHCS TMEPEBHILCHHS MOKA3HUKIB
SIKOCTI €NIEeKTPUYHOI eHeprii, Imo >KWBUTH TEBHE YCTaTKyBaHHi. Ha npyromy -
3arajJbHUN piBEHb HIyMy Ta B CIHEKTpi OKTaBHHX dYacToT. Ha tpeTtbomy
BUKOHY€ETBHCS aHaJi3 PEakTHBHOI CKJIAJO0BOI OMOpPY KOPOTKOTO 3aMuKaHHSA. [lpu
MIePEeBUIICHI CYKYITHOCTI X MapaMeTpiB BiHOCHO MOYATKOBHUX, a00 TaKWX, IO
mpuBeleHI B HOPMATUBHO-TEXHIUHIA  TOKYMEHTaIlii, BBAaXKAETBCSA, IO
YCTaTKyBaHHS Ma€ MEBHI BIAXWIICHHA B KOHCTPYKIi 1 mMomanpia ix eKcIuTyaTamis
MIpHU3BEJIE 0 aBapiHOTO BUXOY i3 Jamy.

BuxoprcToByIOTBCS 1 IHIN METOIHM OIIHIOBAaHHS TOTOYHOTO TEXHIYHOTO
CTaHy YycTaTKyBaHHS. Jl0o HHMX BIZHOCSATBCS BHMIPIOBAaHHS Ji€IEKTPUIHUX
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BJIACTHBOCTEH 130JI411i1, OXOJIO/PKYIOUOI OJii, YaCTKOBHX PO3PSNiB B MOPOXKHHHI
yCTaTKyBaHHS, EICKTPUYHIX PO3PS/IiB HA BBOJAX Ta iH.

B 3ampormoHOBaHii JOMOBiAI PO3MNIAAAETHCS MOXKIMBICTD BHKOPHCTAHHS
MaTeMaTW4yHOi MoOJesi aBToperpecii B CHCTEMi BiOpOIIarHOCTUKH HOTOYHOTO
TEXHIYHOTO CTaHy €JIEKTPOTEXHIYHOTO YCTaTKyBaHHS.

AKTyanbHICTh TOCTIDKCHHS IMOJIATAE B YAOCKOHAJICHI METOMIB JiarHOCTHKH
€JIEKTPOTEXHIYHOTO YCTaTKyBaHHS, IO JO3BOJISIE YNEPENUTH aBapii MIIIXOM
OIIIHIOBaHHS IIOTOYHOTO TEXHIYHOTO CTaHy.

HaykoBa HOBHM3Ha JOCSITA€ThCSI IUIIXOM BIPOB3KEHHS MaTeMaTHYHOI
perpeciiiHoi Mozeii BiOpamiii TMEBHOrO eJleMEHTa KOHCTPYKIII B ITOE€THAHHI
BiAMOB1HOT iH(GOPMAIIHHO-[IarHOCTHYHOT MIKPOIPOIIECOPHOT CUCTEMH.

3 ¢isuuHOi TOYKM 30py BiOpaIliiiHI MPOIECH MPOSBISIOTHCS Y METaTICBUX
JeTaNsAX KOHCTPYKII BHACHIZOK TPOTIKAaHHS E€JIEKTPOMArHiTHUX IPOIECIB, IO
30yKYIOTBCSL ~ CICKTPOMATHITHHM  IOJIEM  PO3CIIOBaHHSA B IOPOXKHHUHI
eJIEKTPOTEXHIYHOTO YCTATKyBaHHs. IX iHTEHCHBHICTh 3a1€XKHUTh Bijl HOCTIHHOT Yacy
NEBHOTO KOHCTPYKTHUBHOTO eyieMeHTa. [Ipu HasBHOCTI mociaOlieHHs MPEeCcyrunx
3yCUJIb €JIEMEHT KOHCTPYKIIT MOXKE OTPUMATH NEBHY CBOOOAY PyXy B 0OMEXEHUX
MeXax, [0 NpPU3BOJMUTH A0 IEBHOro piBHA BiOpamid. ToMy € MOXIUBHM
BUKOpHCTaTH 1€l (i3MUHUH NOpOLEC B CYKYHMHOCTI 3 MiIKpPOMPOLECOPHUMH 1
MPOrpaMHUMH  3acO00amMH  JjIsl  JTIarHOCTUKK MOTOYHOTO TEXHIYHOTO CTaHy
eJIEKTPOTEXHIYHOIO YCTaTKyBaHHS.

TakuM 4YMHOM, HaM HEOOXIIHO PO3POOHTH INEBHY MaTeMAaTHYHY MOJETb
BiOpalliii TEeBHOro ejeMeHTa Ta iH(pOpMaliiHO-BUMIPIOBAIBHY CHCTEMY B
MOEJHAHHI 13 MIKPOIPOIIECOPHUMH 1 HpPOrpaMHHUMH 3acobamu  Bizyamizamii i
aHaJi3y moTo4HOI iH(opMallii. AHai3 MoJsrae B MOPiBHIHHI MOTOYHOI iH(opMAaIil
PO MOKa3HUKK BiOpalliii B MOPIBHIHHI 13 TAKUMH, IO MPHUBEACHI B JEpKaBHUX
CTaHJapTaX Ta HOPMATHBHO-TEXHIYHIA JOKyMeHTalil. TOYHICTh HOTOYHOTO
aHaJi3y 3aJeXKHUTh BiJ KUIBKOCTI JAaTYMKIB, II0 BHMIPIOIOTH pIBHI BiOparii,
MIPUCTPOIB 0OPOOKH MOTOUHOT iH(OPMAILii Ta CTYIEHS TUCKPEIUTALIIl.

3 MareMaTW4HOI TOYKM 30pYy OLIHIOBAaHHA IOTOYHHX I[apaMeTpiB
aBTOperpecii 3pyd4HO CKOPUCTATUCH pimeHHsM piBHAHHS FOma Yokepa. B ocHOBI
METOJla BHKOPHCTOBYIOTHCS PEKYPEHTHI BIACTHBOCTI KOpesAidHOl (pyHKIil
mapaMeTpyd $KOi 1 TOYHICTh BHU3HAUYAIOTHCS BUXOISYM 13 BHMOT TIPAKTHKH.
OCKiJBKHM Ha MPAKTHIl HE MOXKJIMBO BH3HAYUTHUCH 13 TIOYATKOBHMH 1 TPaHUIHUMH
YMOBaMH TIpH pIlIEHHI MaTeMaTHYHOiI MOZENi, TO IOLIIBHO CKOPHUCTATHCH
KpUTEPIEM KIHIEBOI IMOXHOKH SKUI JO3BOJISIE BCTAHOBUTH ONTHMAJbHI 3HAUYCHHS
BIAMOBIIHOTO TIapaMeTpa 1 TMOPANOK aBTO perpeciiHoi ¢yHKHii, Ta 00’eM
HE0OXiTHOI KIJTBKOCTI TaHWX 13 MHOKHHU PEe3yIbTaTiB BUMIipIOBaHHS.

BukopucToByrOUM MaTeMaTH4YHY MOJIETbh aBTOPETPECiiHOTO  aHAI3y
3aIPONOHOBAHO METOJMKY IPAKTHYHOIO OI[IHIOBAaHHS IIOTOYHOTO TEXHIYHOTO
CTaHy eJIEKTPOTEXHIUYHOTO YCTaTKyBaHHS CTPYKTypHa CXeMa SIKOi IpUBeleHa Ha
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pucyHky 1. Ha mpoMy pHCYHKY NpUIHSATO HACTYIHI MMO3HAYECHHS: | - MaTYMKU IS
BHMIpIOBaHHS BiOpalliil, 10 BCTAHOBIIOIOTHCS y BIAMOBITHUX MICISX JieTai, abo
30BHINHBOTO KOPITyCY; 2 - Y3TO/DKYIOUM CICKTPOHI abo MIiKpOIIPOIECOpPHI
€JIEMEHTH; 3 - TMepeTBOpIoBaui eyekTpuuHoi iHpopmamii B 1mmdpoBy; 4 -
iH(opMaIisl y BiANOBIJHOMY JIOTIYHOMY KoOJi; 5 - 00poOKa iH(opMariii BiNOBiAHO
JO TOMAJBIIOTO aHamizy; 6 - NporpaMHO-JIOTIYHMK Onok Kiacudikamii; 7 -
BiOpamiiiHuii 00pa3; 8 - 60K MOPIBHSHHS MOTOYHOI iH(OpMaIii i3 TOYaTKOBUMH
a00 TakuMH, IO HOPMOBAaHI HOPMATHBHO-TCXHIYHOIO JOKyMCHTAIli€o; 9 -
BiOpallifiHe MmoJyie BiJMOBITHOTO eleMeHTa a0o vactuHu; 10 - 010K 30epeeHHs
indopmanii; 11 - Onok Bizyamizauii po3mojiy iHTEHCHMBHOCTeW BiOparii; 12 -
JMCTaHIiiHa epeaaya iHpopmaii (MoTOYHOI Ta Takoi, o 30epiranacs).

!

%
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Pucynok 1 - CTpyKkTypHa cxemMa aBTOMaTHYHOT'O aHaJi3y

PoGoTa 3ampomoHOBAaHOTO HAYKOBO-TEXHIYHOTO pIIICHHS MOJNATaE B
HaCTYIHOMY:

B mepury 4epry HeoOXiJHO BH3HAYHTUCH 13 00 €KTOM JOCIHIDKCHHS Ta
HalOITBII XapaKTepHUMH MICISIMH B SIKMX THPOSBISIIOTHCS HAWOUTBIIN piBHI
BiOpariii. 3 mi€r0 MeTOIo Iepe10aueHO BCTAHOBJICHHS IIEBHOI KiIJTBKOCTI JATYHKIB B
nmeBHUX Micipix. Hampuknan, B Oami moTykHOTo TpaHchopMmaropa IOIIEHO
BCTAHOBIIIOBATH JIATYMKH 13 YOTUPHOX CTOPIH Ta Ha MoBepxHi. OOpoOKa MOTOUHOT
iH(hOpMallii 3IHCHIOEThCS HE3aJIKHO BiJl IHIINX 30H BCTAHOBJIICHHSI IATYHKIB.

[lepsurna iHdopMmarmis Bim KoxkHoro martumka cepiit (I, I, 1ID)
mepepoOIIe€ThCA BiANOBITHO A0 TPH3HAYAHHS BimmoBigHUX OnokiB (2 - 7) i1
MOCTyTIae Ha BiAmoBigHUI 010K 30HU (9) me dhopMyeThcs BimMmOBimHE BiOpamiiiHe
nedopmariiiiae moie.
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I3 6mokiB (9) Biamosimaux 30H (I, II, III) indopmamis moctynae Ha O;OK
30epexenHs iH@opmarii (10) i ogHOYacHO Ha OJNOK Bi3yami3amii pPO3MOIiTY
inTeHcuBHocTel (11) Ta Gyok qucTaHiiHOT nepenadi iHGopMartii.

TakuM YMHOM MOJJIMBO OTPUMATH IHOTOYHY iH(OpMaIilo PO HAasBHICTH
BiOpaliif B MEBHUX MICISIX €JEKTPOTEXHIYHOTO yCTaTKyBaHHS Ta IepeadaunT ix
MOJTANIBIINI PO3BUTOK Ta YIIEPEUTH aBapiifHUI BUXI] 13 Jaiy.

VK 621.3.078.3

Pa6inin O.A.!, Pa6inin A.A.', Kpucan 10.0.?

Vacn. HY «3anopi3bka NosiTeXHiKa»

2 kaHJ1. TeXH. HayK, goil. HY «3anopisbka nosiTexHiKa»

PO3POBKA CXEMMU KEPYBAHHSA EJIEKTPOKAPOIO 3 IBOMA
EJIEKTPOIITPUBOJAMM 110 ITPUHIUITY PIBHOTAT'U

B paHuii 4ac eneKTpokapu CTalOTh BCe OibII MOIMYJSPHUMH Y cdepi
TPAaHCIIOPTY, TPUBEPTAIOUM yBary JIO CBO€l €KOJIOTIYHOI JIPY)KHOCTI Ta
eHeproeexTrBHOCTI. OHUM i3 KIIFOUOBUX aCINEKTIB €()eKTHBHOCTI €JIeKTPOKapiB
€ eJIEKTPOIIPUBO/I, SIKHI 3a0e3redye pyx aBToMoOLs. Po3risiaeTbes enekTpokapa
3 JIBOJABUTYHHEBHUM IIPUBOOM I10 IIPHHIIUILY PI3HOTATH.

JBopyxoBuii mpuBiL B eneKkTpokapi mependavae HasSBHICTH  JBOX
€JIEKTPOJIBUTYHIB, KOXEH 3 SKUX BIJIIOBI/IA€ 32 pyX MEBHHUX KOJic Bi3ka. [IpuHImmn
poOOTH TAaKOro TMPUBOAY AHAIOTIYHMNA NPHUHLIUIY pPI3HOTITH, J€ KOXEH
€JIEKTPOJIBUTYH MPAIIOE HE3aJEeKHO BiJl 1HIIOTO, MO 3ale3rmedyye OuUIbIl TOYHE
KEpYBaHHS Ta IiIBUILIECHY €(PEKTUBHICTb PYXY.

Koun aBTOMOOILIb pyXa€eThest MpsiMO, 00OU/IBA ENEKTPOBUTYHH BKIIFOUAIOTHCS
OJIHOYACHO, 3a0e3revyrour piBHOMIpHE o0OepTaHHs 000X Koiic. OnHak, Kou
€JIEKTpOKapa MOBEpTa€, IIBHJAKICTh OOEpTaHHS 30BHIIIHBOTO Kojeca Mae OyTu
OLIBIIO0, HIX BHYTPINIHBOTO, 100 3a0€3MeYUTH IUIABHHN MOBOPOT. Y LBOMY
BUITAJIKy IIBHIKICT KOXKHOTO KOJIECa PETYIIOEThCS HE3aJIEKHO IUIAXOM 3MIiHU
MOTY’KHOCTI, II0 TIOIA€THCS Ha SJIEKTPOIBUTYH.

VY manomy mpoexTi Oyim BuOpaHi ais gocminy aBa asuryHa ZWG36 XF15F
motyxHicTio Ha 400BT, mms kepyBaHHS IBUTryHamMu Oynu oOpaHd napaiiBep
asuryna GT20200313-9G150.

Vst cuHXpOHi3allisi BUKOHYETBCSI Ha HAJIAaro DKy BaibHil miati Arduino Due.
[lepemaua curHaiB 3BOPOTHOTO 3B SI3KY 3 JpaiiBepa ABUTYHA BiNIPaBIATHCS IICIISA
00po0Oku iHBepTytounM O1okom LIATT 4725.

Jns 6inpmioi 306a7aHCOBAHOCTI Ta MPSIMOT KOPETYEMOCTI €NeKTpOKapu OyIio
JOJJAHO J1Ba KPOKOBHX IBUTYHA Ha OOMIBI CTOPOHH KOJIC, SK MEpPEeBipKH poOOTH
MIPUMITHBHOI iMiTamii KypcOBOi CTIHKOCTI.
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BinbimicTs 3acToCcyBaHb €IEKTPOKAPH MAIOTh HA BEJIMKHX IMiAIPUEMCTBAX JUIS
TIepeBEe3CHHS BaHTaXiB ab0 MepcoHaly Mo IexaM abo poOOYMM MUTBHHUISIM TOMY
HEeOoOXiIHO MaTH OCHOBHI II€peBaru IBOPYXOBOTO MMPHUBOJTY BKIIIOYAIOTH ITiJIBUIICHY
CTIMKICTP Ta MAaHEBPEHICTh EJNEeKTPOKapH, a TaKOX IIOKPAIIeHHH pO3IOJILI
MOTY>KHOCTI MK MepeiHIMH Ta 3amHiMK Kojecamu. KpiM Toro, Takuii mpuBiza
J03BoIIsIE €(DeKTHBHO BUKOPHCTOBYBATH €HEPrito OaTapei, mo crpusie 301IbIIeHHI0
3aracy XoJy eJIeKTpOKapH.

AN 4T725
® @

5 bnox cxema J_W Auzpa
re. @ 1 DC36/48V 450W GT2020038-96150 :
Ardano (e 8iMy 3 - Bl ZWG36 XFI5F

2 brw cxan || 4008m npy 488
v Mwmkwmw/ztumw Bueya
g -+ DO36/48V 450w GT20200313-96 150

Lxadcma

irodaufad
DraWanT

BIl ZWG36 XFISF 4008 npy 488

5 AKG sa20muc0 wayayeoe 36489 B0 w0~ 1204

s

Pucynoxk 1 brok-cxema kepyrouoi YaCTHHH Ta €JIEKTPOIIPUBOILY €ICKTPOKApH

Po3pobieHo cxemy Ta anroput™M poOOTH eNEKTPOKapH 3 IBOABHUTYHEBUM
MIPUBOIOM, II0 BUKOPUCTOBYE IPHHIIMI [ii THITY PI3HOTATH.

Cxema Ta anropuT™M pOOOTH E€JIEKTPOKApH 3 IBOPYXOBHM IIPHBOIIOM OYB
pO3pobIeHN 3 ypaXyBaHHIM ONTHMAaIbHOI CHHXPOHI3aIlil poOOTH 000X NBUTYHIB
Ta aBTOMAaTHYHOTO NMEPEMHUKAHHA MK HHUMH 3aJI€XKHO Bl YMOB PyXy Ta BHMOT
BOMis. AJNTOpUTM KepyBaHHS TakoX TIiependadae CHCTEMY MOHITOPHHTY Ta
PETYIIOBaHHS MapaMmeTpiB poOOTH ABUTYHIB U ONTHUMAbHOI €(PeKTUBHOCTI Ta
NPOOYKTHBHOCTI ~ €NEeKTpOKapu. KepyBaHHS BHKOHYETBECS 33  JOIIOMOTOIO
JpKOMcTHKA a00 «CTiKay
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TakuM 4MHOM, €IEeKTPONPHUBOJ ENEKTPOKapa 3 ABOJBUTYHOBHM IIPHBOJIOM 1
MIPUHIMIIOM Jii 32 THIIOM PIi3HOTATH € IHHOBALIfHUM pIIICHHAM, sSKe 3a0e3redye
ONTUMAJBbHY IPOIYKTUBHICTH 1 €PEKTUBHICTD PYXY.

YK 621.365: 625.365.3.036.7

Koporox JI.M.!, Bacunsena €.B. 2, Kpucan 10.0.
Ueryn. rp. E-310 HY «3anopisbka HOmiTEXHIKay»

2 crapun. Buki. HY «3anopi3bka moJtiTexHikay

3 kaHn. TexH. HayK, goiul. HY «3anopisbka nosiTexHiKa»

MOJIEJIIOBAHHSI MEXAHIYHOI YACTUHMU EJEKTPOIIPUBOIY
TATOBUX ATPET'ATIB

PerysnboBani acunxponni nsuryHu (A/l) B emekrporpusoni (EIT) Tsaroeux
arperariB BUKOPHCTOBYIOThCSI MOPIBHSIHO HEJAaBHO. XapaKTEpHOIO PUCOI0 AaHOTO
TUIy MEXaHi3MIB € Te, MO0 BOHM (YHKIIOHYIOTh NHpPH JIOBUIBHO MIHJIMBHX
MOMEHTaX iHepIlii Ta Onopy Ta BUMara€ 3Ha4HUX MyCKOBMX MOMeEHTIB [Ipu 1pomy
B MEPeXiHUX TNpolecax pPEeryJboBaHi MapaMeTpu MOXYThb JOCATaTH OUTBIINX
3Ha4YeHb, L0 CYTTEBO IO3HAYAETHCS HA HAMIHHOCTI, TOYHOCTI Ta IIBUAKOIIT
enektpomexaniunux cucrem (EMC). IIpu po3poOiii anroputMiB kepyBanust EMC B
OLIBIIOCTI BUIIAJIKIB HEOOXIZHO BpaxoByBaTH He TuUIbku nuHamiky EIl, ame i
JUHAMIKY MexaHiuHoi uacTuHd. OjHE 3 OCHOBHUX 3aBJaHb IIPU CTBOPEHHI
BucokonuHamiunux EMC monsirae B MiIBUILEHHI X NIBUAKOAIT i TOYHOCTI MpH
OJIHOYaCHOMY 3MCEHIICHHI MacorabapuTHHUX TNapaMeTpiB, 3 YypaxyBaHHSIM
0o0MEeXeHb IIepPeBaHTaXEHb 110 CTPYMY i MOMEHTY, LIO JO3BOJIAIOTH YHHKHYTH
nepeadacHoro 3Hocy 1 Buxomy EMC 3 many. Ilpore pimenHs uiei 3amadi
YCKIIAIHIOETHCSI BILIMBOM PSIIy YAHHUKIB, Cepell SIKMX CIILI BUALIATH HENHIHHICTD
1 HECTAI[IOHAPHICTh MapamMeTpiB 00'€KTY KepyBaHH:L.

Tsarosi arperatu (TA) MiCbKOrO TPaHCIIOPTY EKCILUTyaTYIOThCS Ha JIHIsX 3
KOPOTKMMH  IIEpEeroHaMH MDK  3yIMMHKAMH Ipd  TIOPIBHAHO  BHCOKHX
eKCIUTyaTaIliifHOI Ta TeXHIYHOI MBUAKOCTSIX. [JOCITTH 3HAUHUX MIBUIKOCTEH PyXy
pu OOMEXEHHUX PO3Mipax IMeperoHiB MOXKIIMBO TUTBKHA B TOMY BHIAAKY, SIKIIO TA
BOJIOZIi€ BUCOKUMH JAWHAMIYHIMH MMOKa3HUKAMH 1 3[aTHUI PO3BHUHYTH BiAIOBITHI
MIPUCKOPEHHS MPH MyCKY 1 yIOBUTbHEHHS TalbMyBaHHI. MakcuManbHI 3HAYCHHS
OUX MOKa3HUKIB OOMEXeHI TPaHNYHUMH 32 3aJaHUX YMOB PyXy CHJIAMH TSTH 1
TaJIbMyBaHHS, SKi JIIMITYIOTBCSI B 30HI HU3BKUX 1 CEPEIHIX MBUAKOCTEH, a B 30HI
BHCOKMX IIBHUIKOCTEH - yMOBaMH, HEOOXimHUMH sl 3a0e3ledeHHs HaiitHOl
pobotu TATOBHX MammH [1].

EnexTponpuBoJ TATOBHX arperaTiB IOBHHEH 3a0€3MEeYHTH MaKCHMAJBHO
MOJKJIBE 3YCIUICHHS IPHUBITHOTO Kojeca (KOJjic) 3 ToBepXHero (peiikamm) 3a OyIb-
SIKMX KJIIMaTHYHUX YMOB 1 OyIb-sIKOTO CTaHy KOHTAKTHHUX ITOBEPXOHb [2]. 3HauHMHA
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BIUIMB Ha peajli3alifo rpaHWYHUX 32 YMOBAaMH 3YEIUICHHS TATOBUX 3YCHIIb HaJae
BHJ TAroBOI XapakTepucTuku Fy=f(V) Bu3HauyBaHOIO KpiM IHIIMX YMHHHUKIB
€JIEKTPOMEXaHIYHUMH  XapaKTepUCTHKaMH  eJIeKTpoABUTYHIB.  HaiiGinbima
BEJIMYMHA CHJIU TATH MTOTPiOHA NP PYIICHH] 3 MICIS 1 IIPH PO3TOHI.

B ymoBax excruryaranii TA pa3om 3 BeIWYMHOIO CHIIM TArU Fr HE MeHIIe
3HAYEHHS Ma€ BEIWYMHA IMBHIKOCTI pyxXy V, IpH SKi LS cUiia TATH MOXe OyTH
peamizoBaHa. Tomy s OINIHKM eKCIUTyaTallifHUX sIKOCTe TsaroBoro EIT
HaBaXJIMBIIIE 3HAYSHHsS Mae Xapakrep 3ajexHocti Fr=f(V), sxy 3a3Buuait
MPEJCTaBISIOTh B TpadiYHOMY BHIVIS/II 1 HA3UBAIOTh TATOBOIO XapaKTEPHUCTHUKOIO
[3]. Tlpu pyci TA, BUHUKAIOTH Pi3HI B3aEMOJIl 3 NUISXOM 1 HABKOJHUIIHIM
MOBITPSIHUM CEPEIOBUIIEM, BHACIIIOK YOr0 3MEHIIYEThCSI MIBUIKICTE pyXy. Taki
B3a€MOJIii TOPOKYIOTh CHIIM ONIOPY PYXY.

JocnimKyBaTy BIUTMB YHCIEHHUX YMHHUKIB Ha BEJIMYMHY OCHOBHOI'O OTIOpY 1
AQHAJIITUYHO BCTAHOBUTH 3aJICKHOCTI BIJ] MOCTIHHO 3MIHHHUX YMOB pPOOOTH
PYXOMOTO CKJaay MPakTUYHO HEMOJIIMBO. 3 i€l MPUYMHK MUTOMHUII OCHOBHUIA
omip arperaty OTPUMYIOTh €KCIHEpHUMEHTaJIbHUM [uisixoM. /[l wiel metn
IPOBaJATHCS CIElialbHI JOCIHiAM B yMOBax eKCIUTyartauii. Pesynpratu nocminis
MaTeMaTU4HO OOpOOJISIOTH 1 Ha X OCHOBI CKJIQJAIOTh eMITIpUYHI (OPMYIH UIs
BU3HAYECHHS BEJIMYHMH MHTOMOTO OCHOBHOTO OIOPY.
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DIAGNOSTICS OF THE ELECTRIC MOTOR DURING ITS OPERATION
AND PREDICTION OF ITS RESOURCE

Carrying out a variety of tasks in industry, electric motors are key elements in
many systems, providing motion, actuation and energy. However, regardless of
their power and reliability, electric motors are subject to wear and tear and can
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become a source of problems that can lead to accidents, failures and unplanned
stops in the production process. That is why it is important to carry out diagnostics
of electric motors during their operation, and not only during scheduled
maintenance periods. This allows you to detect potential problems in time, avoid
accidents and maintain the reliability and efficiency of production processes.

Electric motors are subject to wear and tear, like any other equipment. To
identify problems in a timely manner, units are tested. To do this, several methods
for diagnosing electric motors are used. Identifying hidden problems in electric
motors that can be corrected can optimize motor efficiency and performance.
Timely maintenance extends service life and prevents problems from reoccurring.
Common methods for diagnosing electric motors:

Static testing is performed while the engine is offline. It can determine the
condition of the insulation and electrical circuit of the motor. Dynamic analysis is
performed while the engine is running. It can identify problems related to power
quality, motor performance and loads. Together, these motor diagnostic techniques
will paint a picture of the motor's health and provide information to predict
potential problems. Approximately 80% of electric motor failures occur due to
malfunctions of the interterm insulation system. The insulation begins to wear
down as the coils rub against each other due to the movement that occurs when the
engine starts. Insulation can further deteriorate due to the formation of chemical
deposits, which are usually found when the engine is over-lubricated. Static testing
using modern technologies helps determine whether there are problems in the
electrical circuit of the unit. This is the most informative method for diagnosing an
electric motor. With its help, the following problems are solved:

- Checking the winding resistance

- Ground continuity test

- Polarization test

- Line or step voltage tests

- Test for voltage surges and short circuits.

The suite of technologies for dynamic analysis includes portable analyzers
and monitoring systems. They have been designed to measure power quality,
motor performance, overcurrent or current imbalance, and torque characteristics.

The use of both methods of electric motor diagnostics guarantees a complete
identification of faults and weak points of the motor. Based on the data obtained, a
decision is made on the need for engine repair and maintenance.

Electric motor maintenance: During maintenance of electric motors, the
insulation resistance of the motor and bearings must be checked. If the insulation
level does not meet the standards, the windings are dried. Electric motor
maintenance includes the following operations:

- cleaning the engine from dirt and dust,

- checking the serviceability of grounding,
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- serviceability of mounting of the electric motor and individual elements,

- measuring the degree of heating, noise and vibration levels,

- checking the reliability of the contact connection,

- elimination of identified faults,

- calculation of the insulation resistance coefficient.

The characteristics of the premises, as well as the machines with which the
electric motors interact, significantly influence the maintenance time of the
devices. You should also take into account the fact that engine maintenance can
only be performed in a specialized place. But there are cases when electric motors
are serviced at home. For example, the commutator is cleaned, or the old brush is
replaced. Regular engine maintenance will help prevent breakdowns or prevent
unwanted engine problems. Electric motors, as well as their parts, require technical
inspection and testing every 6 months. If regular maintenance is observed, the
efficiency of the electric motor itself can be maintained. As a rule, malfunctions of
electric motors occur due to wear and tear of the material, aging of parts, as well as
violation of the rules for the technical use of mechanisms. A timely technical
inspection of the electric motor contributes to the most accurate determination of
the cause of the malfunction, which determines the success of the repairs necessary
to eliminate the breakdown of the electric motor.

Therefore, performing regular diagnostics and maintenance on electric
motors while they are running plays a key role in maintaining the reliability and
efficiency of production processes. The integrated use of static and dynamic
diagnostic methods allows us to identify potential problems and eliminate them
before emergency situations occur. Regular maintenance, in turn, extends the life
of electric motors and prevents unwanted problems from occurring. This approach
to equipment management not only ensures the safety of the production process,
but also increases its efficiency and economic benefits.
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LED-LIGHNING TECHNOLOGIES

An LED is a semiconductor device that emits light when an electric current
and a certain chemical reaction are passed through it. The first LEDs appeared in
1962, emitting only low-intensity infrared light and were used as indicator lamps in
expensive laboratory or electronic test equipment. Later developments created
LEDs of different colors and expanded their use, and the advent of white LEDs
made the latter suitable for indoor and outdoor lighting. Today, almost all modern
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technology uses LEDs of one type or another. They can be found in remote control
circuits for consumer electronics, medical devices, calculators, digital watches,
kettles, coffee grinders, TVs, refrigerators, washing machines, radios, flashlights,
computers, smartphones, and cars.

A light-emitting diode (LED) works on the basis of the electroluminescence
effect. The basic principle is that when an electric current passes through a
semiconductor crystal, the electrons and holes formed by the admittance recombine
and emit photons of light. This process creates visible light that has a specific color
depending on the semiconductor material used. Thus, LEDs generate light by
directly converting electrical energy into light without significant energy loss to
heat, making them energy-efficient and long-lasting light sources.

Let's look at the advantages and disadvantages of LED bulbs. The most
important advantage of LEDs is their energy efficiency and economy. The energy
efficiency or light output of a light source is the ratio of energy consumption to
light output. The less energy a lamp consumes and the more light it produces, the
more energy efficient it is. In addition to energy efficiency, LEDs provide
maximum durability compared to other solutions. For example, the service life of
an LED lamp is up to 50,000 hours, which is equivalent to 11 years of operation at
12 hours of work per day. LED lamps last even longer - up to 80 and even 100
thousand hours, which is more than 20 years without periodic lamp replacement.
These figures are significantly higher than the service life of other products. LED
lamps and matrices light up almost instantly (in microseconds) and reach their
maximum light output immediately after switching on. They are not afraid of
frequent switching on and off, unlike incandescent and fluorescent lamps, which
fail faster when switched frequently, or high-intensity discharge lamps that take
time to warm up, cool down and restart.

Since LED lamps do not contain mercury, they do not pose the same risk to
human health and the environment as traditional mercury fluorescent lamps.
Mercury can be hazardous to human health and ecosystems, especially if the lamp
is broken or improperly disposed of. In addition, the efficiency of LED lighting
helps to reduce electricity consumption compared to other light sources. Since
electricity is generated from a variety of sources, such as coal, oil, or gas, reducing
electricity consumption helps reduce greenhouse gas emissions and other harmful
substances into the environment.

However, even the most high-tech devices usually have certain drawbacks,
and LEDs are no exception. The high cost of LED lamps and lamps is traditionally
considered one of the first. Of course, if compared to incandescent lamps and
energy-saving lamps, the cost of LED devices will indeed be higher, but it has long
been proven that the long service life, lack of maintenance costs and economical
electricity consumption ensure a quick payback of the products. Among other
disadvantages, we can note the dependence of the durability of the lamp on the
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quality of manufacture, high requirements for the quality of heat dissipation, and
sensitivity to voltage.

LED solutions have a wide range of color temperatures (from warm to cold),
have a high color index, allow you to individually select the color of lighting,
taking into account the characteristics of the interior or exterior, and adjust the
brightness and temperature of the light, choosing a more comfortable glow in
accordance with the functionality of the room or place of application.

LEDs are a modern and promising light source that is already widely used in
various industries. They are characterized by high energy efficiency, durability,
low heat generation, and low emissions. LEDs can also be easily controlled and
adapted to different lighting needs, making them an ideal choice for home,
commercial, and industrial use. Thanks to ongoing technology improvements,
LEDs continue to become even more efficient, safe, and affordable for everyone.
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IMITALITHA MOJIEJIb YACTOTHO-KEPOBAHOI'O
ACHHXPOHHOI'O IBUT'YHA

IIpu pmocnmimkeHHi nepexigHux pexumiB — enektporpusony (EIT) 3
ACHHXPOHHUM JIBUTYHOM (AJ]) BUHMKAE HEOOXITHICTD B OOJIKY €JIEKTPOMArHiTHUX
1 eIIEKTPOMEXaHIYHUX MPOLIECIB B caMiil MammHi. Oco0rBa HEOOXiIHICTh B IbOMY
BUHHUKA€E TIPH JOCHI/DKEHHI INBUAKAX MPOLECIB, KOJM BEJIHKAN B3a€EMOBIUIMB
MEXaHIYHOTO 1 eJIEKTPOMArHiTHOIO WPOLECIB, MPHU JOCHIPKCHHI B3a€MOJIT
JoKepena 1 IBUryHa 1 Tak jganmi. Taki JOCHiIKeHHsS MOXKHA MPOBOJUTHA HA OCHOBI
BUPILIEHHS HENHIMHUX TU(pepeHIIabHAX PIBHSHb, 0 onucyoTh AJl [1-4].

InTerpanis HemHIHHUX AUPEPSHIIATBHUX PIBHSIHB 0€3 ICTOTHUX CIPOIICHb 1
JOITYIIEHh MOKIIMBO TUTBKU Ha €JIEKTPOHHHUX oOumcoBanbHuX MammHax (EOM).
Ilpn npoMy pilIeHHS BHKOHYETHCS B YHCENBHOMY BUIJIAI IS KOHKPETHHX
mapaMeTpiB TOCTIIKYBaHOTO O00'€KTy, TOMY TaKdhi CHOCIO MOCHiIKEHHS Mae
0araTo 3araJlbHOroO 3 eKCIIePHMEHTATBHUM.

Ha sxanp, cknmamHicts ¢i3uuHux mporeciB B AJ] poOUTh MOXIUBHM 1
TMOLITBPHAM TiUTbKM HaOmmkeHHH ix ommc. CrymiHe HaOMIKEHHS ITOBHHEH
3a0e3nedyBaTd TOYHICTh, HEOOXigHY HE TUIBKM [UI1 SKICHOTO —aHaNi3y
JOCTIKYBaHOTO SIBUIIIA, aJie 1 U1 BU3HAYEHHS HOTO OCHOBHHX ITapaMeTPiB.

OCHOBOIO MAaTEeMaTHYHOIO OIHCY ACHHXPOHHOTO ENEKTPOIPUBOAY, 5K 1
BCSKOTO EJIEKTPOMEXAHIYHOTO TIepeTBOpIOBada eHeprii, € audepeHIianbHi
PIBHSIHHS €IEKTPUYHOI 1 MEXaHIYHOI piBHOBarM CHCTEMH, a TaKOX pPiBHSHHS
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TIEPETBOPEHHSI E€JIEKTPOMArHiTHOI eHeprii B MexaniuHy. [Ipore Tounmii omnmc
peasbHOI aCMHXPOHHOI MAIlMHM, IIO IIPEJCTABISAE CYKYIHICTh CKJIAJHHUX
TPUBUMIPHUX EJIEKTPUYHMX 1 MAarHITHAX JIQHOIOTIB 3 PI3HOI0 MAarHiTHOIO
MIPOHMKHICTIO, 3a JIONIOMOTOI0 pIBHAHH MakcBena BUSBISIETBCS JIOCTATHBO
ckiIagHAM. ToMy TIpH JIOCIIJDKEHHSX KOPUCTYIOTHCS CIPOIICHHMH YSIBICHHSIMHU
mpo (i3u4Hi mporecy B MalllUHI, TPUOIM3HO BPaXOBYIOUH, a B JAESIKUX BHIAJIKaX i
B3arajli He pO3MIAAAlOYM BIUIMB 3MIHHOTO HACHYCHHS MAarHiTHOTO JIaHI[IOTa,
e(eKTy BHUTICHEHHSI CTpyMy, BTpaT B CTali, IOJIrapMOHIYHOTO CKJIaxy CTPYMIB i
IHIIMX YMHHUKIB. PIBHSIHHS, 3amicaHi 3 TaKMMH CIPOILYIOYMMH JOMYIIEHHSIMH, €
JUIe HaOJNMKEHOI MaTeMaTHYHOI MOJIEJUTIO peajibHOi MalluHU, ajie y 0araThox
BHIIA/IKaX BOHM ONKCYIOTh SIBUINA B MalIMHi 1 11 HOBEAIHKY 3 I[IJIKOM JI0CTaTHBOIO
JUTS IPAKTUYIHUX IUTeH TOYHICTIO.

Juist 3anucy audepeHIiaTbHuX piBHSIHb aCHHXPOHHOT MalllMHU Hal3pyy4Hille
BUKOPHCTOBYBATH METOJ] DPE3yJbTYIOUMX MPOCTOPOBUX BEKTOPIiB, IO HalyB
noumpenHs [1-4]. B y3aranbHeHil cucteMi KOOPIMHAT, 110 00EPTaETHCS 3 IESKOI0
HIBUIKICTIO @, AugepeHifianbHi piBHAHHA AJ] B 3arampHiii (opmi MaroTh
HACTYIIHUM BUIJIALL.

. d . ;
u, =i +[ , + jog 1Y,

dt (1

. : d . ;
Uy =15, + [Z + jlog — o),

M :glm[‘i’lil]

d
Jy—o=M -M
Zdt C

Ie Uiy, i), i) MATTEBI 3HAUYEHHS IPOCTOPOBHUX BEKTOPIB HANPYTH, CTPYMIB 1
MOTOKO3YCIUICHHSI CTaTopa (pOTopa); ri) - AKTUBHI 3HAYEHHS OMOPIB craTtopa
(potopa); @ - KyToBa MIBHAKICTH oOepTaHHs poropa; Js - MPUBEACHUH 10 Baly
JIBUTYHA CyMapHUIl MOMEHT iHeplii; M - eleKTpOMarHiTHUil MOMEHT IBUTYHA; M¢
- MOMEHT, 00OYMOBJICHU 1 HABAHTAKCHHSIM.

3py4HICTh TPUIHATOI (JOPMHU 3aMUCY PIBHSAHDb B 3HAYHIN MIpi 3aJ€KHUTh BiJl
BHOOpPY KyTOBOI IIBHIKOCTI K CHCTeMH KoopauHat. Ilpm mocmimkeHHi
€JIEKTPOMATHITHHUX IMTEePEXiAHUX MPOIECIiB 3aCTOCOBYIOTHCS 3a3BUYAN TPU CHCTEMU
KOOpAWHAT: CHCTeMa d, ¢, HepyXoMa MIOAO0 poTopa (w,= m); cucreMa a, f,
HepyxoMma mono crartopa (w.=0); cuctema x, y, Mo oOepTaeThCS B MPOCTOPL 3
CHHXPOHHOIO KyTOBOIO MBHUAKICTIO (10,= ®0).

epmi Tpu piBasiHHEA (1) BigoOpa’kalOTh YMOBH €JEKTPHUYHOI pPiBHOBAIH.
Bonn cmnpaBemmBi 32 YMOBH CHHYCOIZaJbHOTO pO3MOIUTY B IPOCTOpI
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MAarHiTOpyIIiHOI CHJIM 1 MarHiTHUX iHAYKIiH. YeTBepTte piBHsAHHS (1) BinmoOpakae
YMOBY MeXaHIYHOI piBHOBaru ANHAMI4HOI CHCTEMH.

I[Ipn pmocmimpkenni B mepmioMy HaOmokeHHI pexnmiB  pobotn  EIT
MIPUHAMArOTHCS HACTYITHI AOMYIIEHHS: MarHiTHE KOJIO MAIllMHA HEHacCH4eHe; SBHIA
ricrepesucy, BUXpPOBI CTPYMH 1 BTpaTH B CTaji BiJCyTHI; aKTHBHI OIOpH i
1HIyKTUBHOCTI KiJI TOCTiliHI; MarHiTHAa MPOBIIHICT MO KOJY 3a30py MOCTilHA 1 HE
3aJIeKHUTH BiJI TOJIOKEHHS POTOPA.
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AKYCTHUYHA EJIEKTPOHIKA

AXycTHYHA eNEeKTpOHIKa - po3[il (PYHKIIOHAIBHOI MIKPOEIEKTPOHIKH,
3aCHOBAaHMH Ha BHKOPHCTAaHHI IT'€30€JICKTPUYHOTO SBHINA, a TaKOX SBHIL,
MOB'SI3aHUX 13 B3aEMOJIIEI0 SIEKTPUYHUX ITOJIB 13 aKYCTHYHUMH XBUJISIMH HAIIPYTH
B '€30€JIEKTPUYHOMY HaIliBIPOBIJHUKOBOMY Matepiaii. B ocHOBHOMY, aKyCcTHYHA
€JIEKTPOHIKA 3aiiMaeThCS TEPETBOPEHHSAM aKyCTHYHHX CHUTHAJIB B EIEKTPUYHL
CHUTHAJIH, a eJICKTPHYHUX CUTHAJIB - B aKyCTUYHI CUTHAJN. 3BEPHEMO yBary Ha Te,
IO 1€ BU3HAUYCHHS CXOKe 3 BH3HAUCHHSM OITOCNICKTPOHIKH, A€ HIETHCS Ipo
B3a€MHE IIEPETBOPEHHS ONTUYHHX 1 €JIEKTPHYHUX CUTHAIB.

Ha puc. l,a moka3aHo CTpyKTypy €JIeMEHTapHOi KOMIpKHA KBapiy IO
CKIIQA€ThCA 3 3 MOJIEKYJ MIOKCHIY KpEeMHilo. 3a BIICYTHOCTI nedopmarlii HeHTp
Bard TO3WUTHBHUX 1 HETATHMBHHUX 10HIB 30iraeThcs (i0HM KpPEMHIIO ITO3HAYEHI
IJTIFOCOM, 10HM KHUCHIO - MiHycoM). HaTnckaHHS Ha KpHCTan y BEpTHKAIEHOMY
HanpsMKy (puc. 1,0) TpW3BOMMTH IO 3MIIIEHHS TO3WTHBHHUX 10HIB BHH3 1
HETaTUBHUX 10HIB Bropy. BiAmoBigHO, Ha 30BHINIHIX €NEKTPOMAX CTBOPIOETHCS
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pi3HI/III$I HOTCHHiaJ'IiB. POSFJ'IHHyTe SIBUIIC HA3UBAETHCA MMPAMUM H'ESOGHGKTpI/I"IHI/IM
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Pucynok 1 — CTpyKTypa eleMeHTapHOT KOMIpKH KBapily: a — 3a BiJICYTHOCTI
nedopmallii; 6 — mpsAMe m'e30eICKTPUYIHE SBHUILE

[cHye TakoX 3BOPOTHHH M'€30€()eKT, KO MPHUKIIAICHA HAPyTa MOJSIPU3YE
n'e30KpucTan (KBapl, MarHeTHTOBAa Ciib, TypMaliH Ta 1iH.) 1 3MiHIOE HOrO
TCOMETPUYHI PO3MIPH 3aIE€KHO BiJ MOJAPHOCTI. SIKIO Ha M'€30KpHCTAN J0AATH
3MiHHY HAlpyry, TO MEXaHi4Hi KOJIMBaHHS TEBHOI YacTOTH, SKa 3aJIEKUTHh Bil
PO3MIpy KpHCTaja, MOPYUIYIOThCS. SIBHINA MPSMOro i 3BOPOTHOrO M'€30€(eKTy
Bimomi pgaBHo. [lpore Jmmie B OCTaHHI  POKH, 3aBISIKM  PO3BHUTKY
HAITIBIIPOBIHMKOBOI TEXHIKM Ta MIKpPOEJIIEKTPOHIKH, BIAJOCS CTBOPUTH SIKICHO
HOBI (DYHKI[IOHATIbHI aKYCTUYHOCICKTPOHHI IIPHCTPOL.

OmHuM 3 OCHOBHHMX  NpPUCTPOIB  aKyCTHYHOI  EJEKTPOHIKH €
esiekTpoakyctiuHuid mincuioad (EAY). ix € nBa BHAM: 00'eMHO-XBHIIBOBI Ta Ha
MIOBEPXHEBUX XBHILIX

Ilomix exexmponis
exio - e euxio i
RS =]+
2| Bl 2]
I Tt Hm .ff".
PAVASEES
s 4 r-:_‘l":f:mwm X617

a a
Pucynok 2 - Cxema MoBepXHEBO-XBILIHOBOTO ITiICHITIOBaYa

Haii6inpIn mepcrieKTHBHUMU B IbOMY HampsMKy € EAY Ha moBepxHEeBHX
XBIWIAX. bymoBa Takoro miACcHWIIOBadYa HaBEIeHa Ha pHC. 2,a. 3a JIOMOMOTOIO
BXiZHOT TpaTKW TIepeTBoproBada (puc. 2,0), SAKy HAMWIEHO Ha IIOBEPXHIO
1’ e3okpucrany (Ile), B HbOMY 30yKy€eThCS akycTHYHA XBUIISL. Ha meBHil minsHIT
MMOBEPXHA IT'€30KPHUCTAlla CTHKAETBCS 3 TOBEPXHEIO  HAIiBIIPOBITHUKOBOT
IJIACTHHM, B sIKiH 3aBasku mkepeny (E) mpotikae ctpym.
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Taka B3aeMozisi aKkyCTHYHOI XBWJII 3 TIOTOKOM €JIEKTPOHIB OyJie BinOyBaTHCs
B 30HI ITOBEPXHEBOTO KOHTAKTy M'€30KpUCTana i HamiBmpoBigauka. Came B mid
o0macTi BitOyBa€eThCs aKyCTUYHE TIOCHIICHHS CUTHAIY, SIKHH 3r0/I0M 3HIMA€ThCS Y
BUTJISI/II TIOCUJIEHOI 3MIHHOI HaNpyTW 3 BHUXIJHOTO MEPeTBOPIOBaYa, IO MpAIioe B
PEXHMi 3BOPOTHOTO M'€30€(DEKTY.

[epeBara moBepxuneBux EAU mnossirae B ToMy, IO I’€30€JEKTPUYHI Ta
HAITIBIIPOBIAHMKOBI MaTepiaim MOXyTb OyTH pi3HuMH. [lepimii 3 HUX TOBHHEH
MaTd BHUCOKI IT'€30€JEeKTPUYHI BJIACTUBOCTI, APYIWil - 3a0e3neuyBaTH BHCOKY
PYXJIUBICTh €NEKTPOHIB. B SKOCTI HamiBNIPOBIAHUKOBOIO MIapy B TaKUX
MiJICHITIOBAaYaX 3a3BUYali BUKOPHUCTOBYETHCS MOHOKPUCTAN KPEMHIIO N-THITY
TOBIMHOO OJIU3BKO | MKM, BUPOIIEHUH Ha candipoBiil miKIaaLi eniTakcialbHUM
MetonoM. lleii matepian mae muromuii omip mopsinky 100 OmecM i pyXiuBicTh
HociiB 3apsamy mo 500 cm?/(B). JowxuHa poGodoi yacTUHM moBepxHi EAY
CTaHOBUTH O01M3bKo 10 MM, nmpuHa - 1,25 MM, MOTY>KHICTh IOCTIHHOTO CTPYMY -
6mu3pko 0,7 BT. AKyCTUYHO-ENEKTPOHHI MPHUCTPOi € JOCHTh MEPCIEKTUBHUMM,
0CO0JIMBO ISl IMPOKOCMYTOBUX 1 HajBUcokoyacToTHUX (HBY) cxem.
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3D - IPUHTEP JJIAA BY JIBHULITBA

[pouec pobotn 3D-mpunHTEpa MOBTOPIOE 3BUYAiiHE OyAiBHUITBO. CrIOUaTKy
CTBOPIOETHCS TIPOEKT, TOTIM Ha OydiBeTbHOMY MAaWIaHUYUKy 3BOIHUTHCS
(dbyHIaMeHT, B I[bOMY BHIIQJIKY, BiH BUKOHY€EThCS 13 erau. [Ipoiiec KoMIT'toTepHOTo
MOJICTIOBaHHA Tpyd OyMIBHUIITBI TaKWX CIOPYJ € HAWBaXIUBIMIOW YaCTHHOIO.
Amxe BCi etanu OyIiBHUIITBA OyIMHKY JTOBIPSHI IITYYHOMY IHTEIIEKTY .

lonoBHa mepeBara monsrae B TOMy, L0 Iponec OyIiBHULTBA XXUTIA CTA€E
JIETIEBIINM, a IIBU/IKICTh 3BEICHHS 00'€KTiB 301TBIIY€THCS.

3a JOMOMOTOI0 TOYHHX PO3PAXYHKIB MOXKHA CTBOPUTH iA€anbHI OMOpPHI 1
HECy4di KOHCTPYKIII M TeBHOI IUIONIi, iAea’dbHO CHiAyBaTH KBagpaTypi
MIPUMIIIIEHHS 3TiIHO 3 IPOSKTOM, a TOJIOBHE, CTBOPUTH i/ieallbHO piBHI cTiHu. Kpim
TOTO, 3a mormoMoroi 3D - npyKy BHAeThCS CTBOPHUTH ifealbHO PiBHY OCHOBY,
MIPUYOMY JTOCHTH MIBHJIKO.
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CyTHicTb mporecy OyAiBHUIITBA.

JinsHKa po3YMIIA€THCA 1 BHUPIBHIOETHCS 3a JOIMOMOTOI0 CTaHIapTHOTO
oOnajHaHHs, BOHA NMOBMHHA OYTH iJ€aJIbHO PiBHOIO, 00 Ha Hei MoXkHa OyIo
YKIJIACTH TapalieNIbHI HarpsiIMHI pedKH Uit ApyKapcbKOI MallMHU 1 MOTIM Ha Hel
po3mimyetrbcss 3D - mpuHTep. Po3uMH, sSKHEi Mae BIACTUBICTH IIIBHUIKOTO
3aTBEpIKYBaHHS, IIOAAETHCS IMiJl TUCKOM Ha TOJOBKY NpPUHTEpAa, 3BiAKA BiH
PIBHOMIPHO pO3IOAUISIETHCS BiJ HACAAKH 1O poOouUiil moBepxHi. J{piGHO3epHUCTHI
PO3UMH, SIKMH BHKOPHUCTOBYETHCS B IIPHUHTEpaX, BIJPI3HSAETHCS BiJl 3BUYAHHOTO
0eToHy.

['olOBHUM elleMEHTOM HOBOBBEIEHHSI € €KCTpyJep, BCTAaHOBJIEHMH Ha
pyxomiii matdopmi, sSKuld 3abe3neduye TOIIapoBe HApOI[YBaHHsS CTBOPIOBAHOTO
oO'exta. BuaapnroBaHHS ~ KOHTPOJIIOETHCS  KOMITIOTEPOM 1 3iHCHIOETHCS
BIJIMIOBITHO JI0 3a3/aJICTi/Ib CTBOPCHIM TPUBUMIPHINA MOJIEIII.

Y OyniBelnbHOMY TpPUHTEPI HEMAa€ HEOOXIMHOCTI BHUKOPHUCTOBYBATH
HarpiBaIbHUK  elleMeHT. beToHHa cymilnl moJaeTbcs — Oe3nocepesHbo 3
OCTOHOMIIIIAIIKH, 33 JOMOMOTOI CICIiaJbHUX HACOCHHUX CHCTeM. Taki BepcTaTH
JIAI0Th MOXIJIMBICTB 1/1eallbHO BUPIBHATH KIIAJKy, a B JESKUX BHIQJIKaX 3AJIHIIUTH
OTBOPH JIs €JIEMEHTIB apMaTypH.

VYcranoBka 3D-npunTepa

JoBxuHa pobouoi 30HM craHoBUTH 150 mertpiB, a mmpuna - 10. Taxwuid
MIPUHTEP 3JaTHHUI 32 KiJIbKa JIHIB HAJPYKyBaTH OYiBIIIO BUCOTOIO 6 METpIB.

B mpoueci ckmamannss 3D - mpuHTepa 3HamoONATBCS  HEOOXiHI
KOMILICKTYOYi:

- Pama. i TmxkicTh, SKICTP 1 CTAGUIBHICTD BH3HAYAIOTH MOJaJIbIIy
€KCILTYaTaIli 0 PUCTPOIO;

- Hanpsamuui Ba;

- HInuneku MS. Jlist cknamanHs 3HaOOUTHCS 2 MITYKH, BOHU MMOBUHHI OyTH
i71eabHO PIBHUMH.

- Kommiekr miammnHukiB, Myt i peMeHiB;

- Mexaniunnii oOMexxyBau. BaximBa pgetanb, 0e3 SIKOI HE peani3yeThes
MIPOIIeC eKCIUTyaTallii;

- Hucmneii. o6 3i6patu 3D-ipuHTEp, MOTPiOEH MOHITOP 3 KapIpiIepoM.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Bynisenpuuii 3d - npunTep: BeO-caiiT. Pesxum moctymy: https://stroika-i-
remont.info/stati/3d-pechat-betonom-odin-iz-podhodov-k-avtomatizacii.

2. CyuacHa apxitektypa xwutna / JLI'. baxunaceka Ta in. Bicauk. 2017. 1.5,
c. 13-17.
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I'EOTEPMAJIBHA EJIEKTPOCTAHIIA

PoGoTa reoTepMasbHOI E€JIEKTPOCTAHINI 3aCHOBaHA Ha BHKOPHCTaHHI
TEIUIOBOTO MOTOKY 3 Hajp 3emuti. [Jist Hboro OypHUTHCS CBEPIOBHHA, TMNIMOWHA SIKOT
csira€ 10 NEKiIbKOX KijgomerpiB. [loTiM yepe3 Liei KOJOsI3b MPOXOJMUTH rapsua
BoJsia abo map, SIKUil TUCHE Ha TypOiHy, obepTatoun ii. [Ticist nporo potop TypOiHM
MMOYMHAE TPUBOAUTH B PyX T€HEPATOp, SIKMH MEPETBOPIOE MEXaHIYHY EHEprito B
CJICKTPUYHY.

l'eotepmanbHi enekTpocTaHiii MawoTh psija nepesar. I[lo-mepiue, BOHU €
€KOJIOTIYHO YUCTUM JDKEPEJIOM €Heprii, Tak SK He BUAUISIOTH IIKIJJIMBUX Ta3iB i
BigxoxiB. ITo-mpyre, reorepMasibHa €HEprisi € BIYHUM JDKEPEIOM, TaK SIK TEIJIo
BCEpeMHI  3eMili  TMOCTIHHO CTBOPIOETBCS 1 € HeBuueprmHuM. llo-Tpere,
reoTepMallbHi eJIEKTPOCTAaHIIi MOXKYTh IIPallOBaTH LIIUH piK 1 OyTH He3aleKHUMU
BiJl IIOTOJIHUX YMOB, 110 3a0e31euye cTablIbHICTh B €HePronocTayaHHi.

CyTHicTb mporecy.

l'eoTepmanbHa eNEKTPOCTaHIisE BUKOPHCTOBYE TEIUIO, IO 30epiraerbcs
BcepeauHI 3emiti, Ui BAPOOHMIITBA eJleKTpoeHepril. BoHa mparifoe 3a IpUHIUITOM
BUKOPHCTaHHSI TEIIOBOT €HEPril, OTPUMaHO]I 3 reoTepMallbHUX PECYpPCiB.

B mepmry uyepry mpoBOIAThCS BHIIYKYBaHHS Ul BH3HAYGHHsS HAasBHOCTI
reorepMaibHuX pecypciB. [lpu X BusIBICHHI NPOBOASTHCS OypoBi poboTH 3
BUJI00YTKY rapsidoi Bou a00 mapu 3 HaJp 3eMJI.

OtpumaHa rapsda Boja abo map HaJIXOOHUTh B CHCTEMY TEIUIOOOMIHHHUKA, /1€
Horo Temneparypa 3HWKY€eTbCs. [10TiM OTprMaHuil TEMIOHOCIH BUKOPUCTOBYETHCS
JUIsl HarpiBaHHs po0o4ol pedoBHMHM (3a3BHYail amiaky abo (QpeoHy), sKa
BUIIAPOBYETHCS 1 PyXa€ThCS 110 TYPOIHHOMY LIUKITY.

Typbina obGepraeTscs BiA yaapy mapw, sika IpUBOAUTH ii B pyXx. ObepTraHHs
TypOiHH TeHepye B TEHEepaTopi eNEKTPHYHUHA CTPyM, SIKHHA TOTIM IOJAETHCA B
Mepexy. [loTiM oxonomkeHe pobode TijO MOBEPTAETHCS B TEIUIOOOMIHHHUK, i€
3HOBY HArpiBa€ThCS Tapsu0r0 BOJOIO a00 Maporo i UK HOYMHAETHCS 3HOBY.

Boun MoxyTe mpamroBaté Oe3nmepepBHO 1 CTaOiIBHO, MO POOHTH iX
AIBTEPHATHBOIO TPAIUIITHIM JKEpeTaM eHeprii.

l'eoTepmanbHa eHepris - Ie TEIJIOBAa €HEPris, ska 30epiracTbcs BCepeuHi
3emuri. Lle BinOyBaeThCS Yepe3 BUCOKY TEMIIEpaTypy, sKa MPUCYTHS B MaHTI1 3emiti
1 HarpiBae IPYHT i BOAY ITiJl IOBEPXHEO.

Enexrpocranmis 3 6e3mocepeTHiM BUKOPHCTAHHIM IPUPOIHOI Tapu

HafinpocTimoro 1 JOCTyIIHOIO TeOTEPMAIIBHOID — ENEKTPOCTAHINEI €
€JIEKTPOCTAHIIIS 13 MAapOTypOiHHOIO YCTAHOBKOIO IIPOTHTHUCKY.
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[IpupomHa mapa 31 CBEpIUIOBHHH TOJA€ETHCS OC3MOCEPEIHRO B TYpOiHY, a
MOTIM BHUKHJAETBCA B atMocdepy abo B MPHUCTpiH, IO BIOBIIOE I[iHHI XiIMi4HI
pevoBuHHM. BropmHHa mapa abo mapa 3 cemapatopa ITOAA€EThCS B TypOiHY
MPOTUTHUCKY. Y TaKiii CXeMi CIJIOBa yCTaHOBKA Ipaloe 0e3 KOHICHCATOPIB, 1
HeMae HeOOXIHOCTI B KOMITPECOpi JIjIs BUJAJICHHS 3 KOHJICHCATOPIB ra3iB, IO HE
KOHJICHCYIOTECS. Taka yCcTaHOBKAa HAMIPOCTINIA, 3 MiHIMAIIGHUMH KaIliTAIBHAMH 1
eKCIUTyaTalllfHUMU BUTpaTamMu. BoHa 3aiiMae HEBENUKY IUIONLY, Maibke HeE
BHMAarae JOIMOMIDKHOTO OOJNIafHaHHs, ii JIETKO aJanTyBaTH SK IOPTATHBHY
reoTepMalIbHy eJIeKTPOCTAHIIIIO.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. The Australian Renewable Energy Website: BeO-caiit. Pexum mocTymy:
http://acre.murdoch.edu.au/ago/.
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E®EKTUBHICTDb CYIIEPKOHJIEHCATOPIB 3A PAXYHOK
BYTI'JIEHEBUX HAHOTPYBOK TA OKCHUAIB IIEPEXITHUX METAJIIB

CynepKkoHeHCATOpU - L€ TiHa 3aMiHa aKyMyJIATOpHHM OatapesM. Bomm
CTAalOTh JOCTYIHIIIMMH, 32 pPaxyHOK CBOiX IepeBar (BENUKHH LMK <«3apsf-
PO3psi1y, IUPOKKH JAiana3oH podounx temmepatyp, Bucokuit KKJI Ta in.). Tomy ix
BUKOPHCTaHHsI y cepi aJbTepHATUBHOI €IEKTPOCHEPTeTHKU Jiesialli Oyze TiNbKu
3pOCTaTH.

3apa3  3’ABWIMCH ~ HOBI  CIOCOOM  MIiJBUIIEHHS  €(EeKTUBHOCTI
CYNEPKOHJCHCATOPH 3a paxyHOK BHKOPHCTAaHHs KOMOIHAIll OaraTomapoBux
HaHOTPYOOK 1 OKCHAIB mepeximgHux MeTaniB. OZHUM 3 MAXOIIB € 30UThIICHHS
IJIOIIi TIOBEpXHi, OI0 3a0e3rledye eHEepreTHuHy e(QeKTUBHICTh eJNeKTpo.a.
3a3Bu4yali B SKOCTI OCHOBH €JIEKTPOHIB IPOMHUCIOBHX CYIEPKOHICHCATOPIB
BUKOPHUCTOBYIOTBCS Pi3HI BHIM BYTJICHIO (aKTUBOBAHE BYTULIA, Tpad)eH, BYTIICIeBl
HaHOTPYOKH Ta iHIII BapiaHTH), 3 BUCOKOIO MTHTOMOIO TLIOILEIO TIOBEPXHI.

Ha crorogmimHiii neHP MEPCHEKTUBHAM BapiaHTOM TaKMX TMEPeXiTHUX
METalliB € OKCHAW MAapraHilio, sSKi MalTh BHCOKY IHUTOMY €MHICTh, HHU3BKY
TOKCHUYHICTB 1 COOIBapTICTh BUPOOHHUIITBA.

KoMmno3utHuit Matepian Ha OCHOBI OaraTomapoBUX BYTJCHEBUX HAHOTPYOOK
Ta OKCHIY MapraHilfo 3 JOJaBaHHSIM Ba)XKOI'O METalTy PEHIl0 Ma€ BHCOKY €EMHICTB,
TOOTO HAaKONWYCHWH 3apsii Ha OAMHUIIO MAacH € OIHIEI0 3 OCHOBHHX
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XapaKTepPUCTHK TaKWX MarepianiB. YUnm Oumblne 3apsyly KOMIIO3UT MOXe
HAKOIMYHUTHU 32 KOPOTKUH Yac i Bijy1aTd, TUM OlIbIIa HOro epeKTHBHICTD.

[TixBHUIIYIOTh €1eKTPOXiIMiuHI BJIACTHUBOCTI MUIIXOM MiAOOpY ONTHMAaJBHOT
TEeMIIepaTypu OOpOOKM KOMIIO3UTY 1 IMOJAJIBIIOTO JOJaBaHHS OKCHAY BaXKKOTO
MeTaJly PEeHilo, IO Ma€ KiJIbKa CTYICHIB OKUCICHHS, K 1 Mapraneis. OKCUJ peHito
(ikcyeTbCsl TOOMM3Y HAHOYACTHMHOK MAapraHIlo i J03BOJAE 30UIBIIMTH YacTKy
ENIEKTPOXIMIYHO aKTHBHOTO OKcuay Maprauioo Mnl; nusixom 101aTKOBOTO
okucnenns Mno,,

3aBAsSKH I[bOMY TAaKHWA Matepiajd OUThIN CTAOUIBHHMNA MM Yac IUKITIYHHX
TECTIB 3apsaay-po3psaay. Takuii BUCOKHI pe3ysbTaT 00YMOBICHHHA CHHEPTETHYHUM
e(hpeKTOM, 1110 AOCSTAEThCS MTOETHAHHIM BIaCTHBOCTEW OKCHJIIB MapraHiio i peHito,
a TaKOXX BYTJICIICBUX HAHOTPYOOK. 3 OJHOTO OOKY, I1¢ IPU3BOAMUTE 10 30UTBIIICHHS
BHECKY OOOPOTHHX €JEeKTPOXIMIYHHMX TPOLECIB B MUTOMY €MHICTb, 3 IHIIOTO -
JIO3BOJISIE TIOMITHO 301JIBIIUTH BHECOK IOJBIHHOIO €JIEKTPUYHOrO WIapy IpH
HaAKOIMYEHHI 3apsy.

ChOrofiHi CyNepKOHAEHCATOPH BUKOPHCTOBYIOTBCSI B  aJIbTEPHATHBHIM
€HepreTulli, TPAHCIIOPTHUX CHUCTEMax, MOOYTOBHX HAaKONMMWYyBayax eHeprii, B
IMITYJIbCHUX JDKEpesax JKHBIICHHs, SIKI T€HEpYIOTh BEJIMKY KUIbKICTh eHeprii 3a
KOPOTKMII dYac Ta IHIMX Taly3sX Hayku 1 TexHikd. [ligBummeHHs ix
eHeproeeKTUBHOCTI € BAXIMBUM JUIs 0arathoX cdep, OCKUIBKH TeHepallis
MOTY)KHOTO IMITYJIbCY €HEPrii € OCHOBHUM 3aBAaHHSIM CYIIEPKOHJICHCATOPIB.

Byrnenesi HaHOTpYOKH € MEPCHEKTHBHMM MaTepiajioM, IIO0 IpPeCTaBIIsIe
co00¥0 IIITIHIPUYHY CTPYKTYPY, CTBOpEHY 3 rpadeny (ByrieueBoi rparku). Hano-
TPyOKH XapaKTepU3yIOThCsl BUCOKOI MIIHICTIO 1 IIUIBHICTIO, MPH LBOMY iX
TOBIIMHA MEHILIE JIOJACHKOI BOJOCMHM. MO)KHa CKa3aTH, W0 Le «MaTepiann
MaiiOyTHBOTO», a/pKe HpH J0/aBaHHI B MEBHE CEPEIOBHUIIE HEBEIMKUX OOCSATIB
pedoBuHH (Bcboro 1-3% Bim 3arampHOro 00CATY) HAHOTPYOKH 3HA4yHO
MOKPALIYIOTh XapaKTEPUCTHKH LEOTO CEPEIOBHIIIA.

BararoctiHHi HAaHOTPYOKHM CKIIQJAIOThCA 3 JCKIJIBKOX KOHIIEHTPUYHO
MOB'I3aHUX BYIJIELIEBUX HAHOTPYOOK. BOHM MaloTh HOBXHHY BCHOTO KiTbKa
MIKpOMETpiB (U1 MOPIBHSIHHA, JiaMeTp JOACHKOI BOJIOCHHHU CTAaHOBUTH ONM3BKO
50 mikpometpiB) mpu miametpi menme 100 HaHOMETpIB (BeIMUMHA HETIOMITHA OKY
— 10 MinBlOHIB HAHOMETPIB B OJHOMY caHTUMeETpi). bararomapoBi HaHOTPYOKH
Kpame NpOBOIATH CTPYM, a iX TIOBepXHsS XiMiyHO iHepTHa. bararocTiHHI
HaHOTPYOKH € HafOIBII BUTITHOIO PEYOBUHOIO TSI BAKOPUCTAHHSA Y BUPOOHUIITBI
CYTIepKOH/ICHCATOPIB.

CIINCOK BUKOPUCTAHOI JIITEPATYPA

1. Kapycic, Hixomaoc; Tarmarapxuc, Hikoc; Tacis, Dimitrios (14 gepBHs
2010). «CyuacHi TOCATHEHHS B XIMiUHIA MOMUQIKAIli BYTJICIICBUX HAHOTPYOOK».
Ximiuni Biaryku. 110 (9): 5366-5397.
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2. «SWCNT-1: CeprudikoBanuii eTaJoOHHHH MaTepiaq i OJHOCTIHHHX
BYyTJIEL[eBUX HaHOTPYOOK - HamionansHa nocminaunbka paga Kanaany. Kananceka
HaI[iOHAJTbHA JIOCITi THUIIBKA paja. 7 muctonana 2014,
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TPOTYAPHA IIVIMTKA PAVEGEN, 1110 BUPOBJISI€
EJIEKTPOEHEPTTIO

s TexHOJIOTiA HaMKpamie MAXOAUTh JUIs OaraTOJMIOAHUX IIINIOXITHUX
BYJIMIIb CY4acHUX MeramnodiciB. Lle mepuiuii 3HauHuid KpoK JUisl JIIOAEH Ha HUISIXY
JI0 OTPUMAaHHS YMCTOI €HEeprii CKpi3b, ¢ € TPOTyapHa IMTKa. BepXHs MOBEpXHs
IUTMTKOBOTO OJIOKY BHrorosieHa 3i 100% nepepoonenoi rymu. OcHOBa TUTMTKH Ha
80% ckianaethbes 3 nepepobennx matepianiB. CucteMa J103BOJISIE MOJIEPHI3yBaTH
ICHYIOUI ITOKPHUTTS TPOTYapiB, a TAKOX MOXKE OYTH BUKOPHCTaHA MPH Oy IiBHUIITBI
HOBHUX MIIIOXITHUX JIOPIXKOK.

[TnuTka npu3HaveHa Ui BATPUMYBAHHS PI3KMX HaBaHTaKCHb Ha BIIKPHUTHX
JUISTHKaX 3 BHCOKOIO MPOXIJAHICTIO. BOIOHENIPOHMKHICTh TUIMTKH J03BOJISIE
BUKOPHCTOBYBATH ii SIK Ha BYJHMIII, TaK 1 BCEpeIWHI MpUMIilEeHb. ArperaTtd, o
BUIYCKAIOThCSl, TOBHICTIO  BIJIOBIAIOTh  €BPONEHCHKUM  BHMOTaM,  IIO
MPE'SBISIOTECS 10 OyAb-SKOT MPOAYKLIi, IO pPO3MILIYETHCS HA PUHKY
€Bponenchkoi eKOHOMIYHOT 30HH.

CyTHicTb mporiecy.

[HHOBamiliHa IUIMTKAa BHUTOTOBJIEHAa 3 THYYKOTO, BOJOHENPOHUKHOIO
MaTepiajy, OTPUMaHOTO B PE3yJbTaTi MepepOOKH BHKOPUCTAHMX aBTOMOOUIBHUX
IIKH, 0 HaJa€ ILUTUTIlI JOBrOBIYHOCTI Ta pOOUTS il CcTilikoto 10 ctupanHs. Kopmyc
IJIMTKA BUTOTOBJIIEHUH 31 cCremiadbHOI HEpKaBifodoi cTali i mepepoObIeHoro
moimMepy 3 HHU3BKAM BMicTOM Bymiemtoo. Ilpn HaTWCKaHHI BepxHIM Kpait
3TUHAETBCS HA 5 MUTIMETpiB, 1 3MylIye BOYZOBaHHWU IEPETBOPIOBAY BHPOOISITH
eNIeKTPUKY: OJMH KpPOK JONOMOXE CHCTeMi TeHepyBaTH Onm3bko 7 Bm
€JIEKTPOEHEPTii B 3aI€KHOCTI BiJl Baru JIFOIIHU.

Enexrpoeneprito moxna 30epiraTi B JiTieBiii OaTtapei abo HampaBisATH
0e3mocepeIHFO Ha OCBITICHHSA PEKJIAMHUX BUBICOK, BITPHH, aBTOOYCHHX 3YITHHOK
ToImO. [1est monsrae B ToMy, 100 >KUBUTH BYJIMYHI JIIXTapi Ta BUBICKH HA BYJHIISX
MiCTa €HEePTi€r0 KPOKIB JOACH.

Ls TexHOMOTIS BIAPI3HAETBCA BIA TPAAWIIHHUX  IT'€30CTEKTPUIHUX
meperBoproBauiB. [l'e3oreHepaTopd BHMAaraloTh «BHUCOKHX IIiKiB». YacoBuit
MIPOMIDKOK MDK IIKaMH YCKJIAQJHIOE TepexiJ] Ha MOCTiHHMHA cTpyM. TexHomoris
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Pavegen ckopodye MpOMIXKH MK «ITiKaMu» 1 JIO3BOJSIE OTpHMaTH Oiiblie
MTOCTIHHOTO CTPYMY.

s MeTomuKa € riOpuaHOIO 1 103BOIIsIE €(PEKTHBHO BIIOBIIOBATH Ta 30epiratu
€Heprilo Micis Toro, sIK BOHa Oyia mepeTBopeHa Ha |2-BombToBHH (igep. Bin
CXOXKHUH Ha I'€30 THUM, 10 BEPXHil JIMCT TUIMTKH BIAXUISIETHCS HA 5 MM 1 el pyx
TIEPETBOPIOETHCS B EJIEKTPHKY.

B pesysbrari TEXHOJIOTIS JO3BOJISIE TIEPETBOPIOBATH KIHETUYHY €HEPIil0 B
€JIEKTPUYHY, 5Ky MO)KHa 30epiraTé Uil MOAAIBLIOT0 BUKOPHCTaHHS B PI3HUX
nuix. [llopasy, Koium XTOCh HACTymae Ha IUIMTKY, 3-TiJ HIT 30HpaeThes
BiJIHOBJTIOBAHA €HEPTIs.

[T'SITh MIMTOK JKUBIIATH BYJIMYHI JIiXTapi MpoTaroMm yciei Hoi. [TnuTku Takox
MOYTb HaJICWJIATH JlaHi 0€3/IpOTOBUM CIIOCOOOM 3aBJISIKM €HEprii KPOKiB i, TAKUM
YHHOM, OyTH IHTETPOBaHHMH B CHCTEMH PO3YMHOTO MiCTa.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Tporyapna nuutka Pavegen, reepytoua enekrpoeneprito. Enexrpuk [Hdpo
(electrik.info) (nata 3BepHenHs 26.11.2023).

2. https://electrik.info/main/news/1138-trotuarnaya-plitka-generiruyuschaya-
elektroenergiyu (mata 3BepHeHHs 26.11.2023).
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YJbTPA3BYKOBE 3MIITHEHHS BAJTY TYPBIHHU

3MIlHEHHS METaJiB € MEepPCIEeKTUBHUM HAMpaBICHHSAM  MiJABUIICHHS
HAJIMHOCTI, JOBrOBIYHOCTI 3 OJHOYACHHUM 3MEHIIEHHSAM METAJIOEMHOCTI Ta
cobiBapTocTi Jerajell MaminH, NpUiadiB Ta oONagHaHHS, IHCTPYMEHTY Ta
TEXHOJIOTIYHOTO OCHAMICHHS. Y Psfi 3MIITHIOBATBHIX TEXHOJOTIH 0co0IMBe Miciie
Iocila€  yabTPa3ByKOBE 3MIITHEHHS. J3MIIHEHHS METaldy YJIbTPa3BYKOBOIO
00pOOKOI0 Ma€ psii OCOOTUBOCTEH: BUCOKA €(EeKTHBHICTh; MOXKJIHUBICTE 0OpOOKH
BHUpPOOIB, SIKi HE MiATAIOTHCA 3MIITHEHHIO B iHIIHI c11ociO.

o mepeBar ynpTpa3ByKOBOTO 3MIITHEHHS CIIiJ] TAKOXK BiJHECTH MOXJIMBICTH
JUTS TIEBHOTO KIIAaCcy JeTajel CTBOPEHHS MOBEPXHEBOTO, 400 00'€MHOTO HAKIIENY Ta
ix komOiHamii. [Ipy 1BOMY mOCATA€THCS BHUTIAHE PO3MOIUICHHS BHYTPIIIHBOI
HalpyTd y MeTali 1 TAKUHA CTPYKTYPHHH CTaH, NPU SKOMY BIA€THCS MIIBHIINTH B
IBa-TPU pPa3W 3amacd MIIHOCTI JeTaliedl, M0 WpaIiolTh MpH 3MIHHHX
HaBaHTAKCHHSIX, 1 30UTBIIMTH TEPMiH IXHBOI CITy>KOH B IECATKH pa3iB.
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CyTHICTB mporiecy.

3ByK - mpyxHa aedopmariis, IO MOIMPIOETHCS Y CEPEAOBHII SK XBHJIL.
[py>xHa XBWIA - epioYHa, Y IPOCTOPI Ta Yaci, 3MiHa CTaHy CepeIOBHUINIA.

3MiHa CTaHy CepeloBHIIA, IO TIEPiOJMYHO TOBTOPIOETHCS B  Haci,
HA3UBAIOTHCS KOJMBAHHSM, a YacTHHA CEpEIOBUINA, 3alHATOI XBHIIEIO,
HA3UBAETHCS 3BYKOBHUM TIOJIEM.

[Ipn mommpeHHI TPYXKHOI XBWJII B CEpENOBUINI BHHHKAIOTH MEXaHI4HI
nedopmarntii CTUCHEHHS Ta 3CYBY, SIKI IEPEHOCATHCS XBHJICIO 3 OJHIET TOYKM
cepelioBHINA B iHINY, NPH IBOMY Ma€ Miclle IMEpPEHECEHHsS EHepril NpyKHOi
nedopmallii 6e3 MOTOKY PEUOBHHU.

VYbTpa3ByKOBE yCTaTKyBaHHS

3Mil[HEHHS Bally MPOBOAATH B OOMEXEHUX 00csArax 3a paXyHOK KiHETHYHOI
eHeprii T, 10 3MIiNHIOWTE. [l 3AiCHEHHS MpOLEeCy 3aCTOCOBYETHCS
CTaHJapTHA amnapaTypa:

1. YibTpa3BykoBi reneparopu - ¥Y3I'-2-M, Y3I'-3-4M;

2. MarzitocTpHKIiiHI nepeTBoproBaui Tuy [IMC-15A-16.

PoGouum TinioM € KynbKu giameTpoM Bix 2,35 mo 2,50 mm 3a OCT 3722-81.

VYcranoBka Y3V ckmamaeTeCsi 3 yABTPa3BYKOBOTO  Te€HEpaTopa,
MarHiTOCTPUKIIIHOTO NepeTBOPIOBAYa, IpUcTpoi JUIs 3aKpITUICHHS
MAarHiTOCTPUKLIHHOTO MEpeTBOPIOBAaYa 3 KOHIIEHTPATOPOM, pOOOHOro CToNy i
3BYKOI30JIF0OI040T0 KOXKyXa.

VpTpa3ByKOBUM IeHEpAaTOp NPU3HAYEHUH U IEPETBOPEHHS €IEKTPUYHOI
eHeprii npomucioBoi yactotu (50 I') B elieKTpHUYHY €HEpTil0 yJIbTPa3BYKOBOI
YacTOTH Ta JKUBJICHHS MarHiTOCTPUKIIIHOTO NepeTBOpIOBaYa.
MarHiTOCTpUKIIIIHUIT ~ TIepeTBOPIOBAaY  MEPETBOPIOE  EJIIEKTPUYHY  CHEPIilo
yIABTPa3BYKOBOI ~ YacTOTH B  MEXaHIYHy €HEprif0 MPYXHHX KOJUBaHb
yIBTPA3BYKOBOI YacTOTU 1 Mepelac I{i KOJMBAHHs 3aKpIIZICHOMY XBHJIEBOAY 3a
JIOLIOMOTOI0 Pi3b00BOT MITMMIIBKK Ha BUMPOMIHIOBAJIBHOMY TOPIIi TEPETBOPIOBAYA.

XBuneBiZ (KOHIEHTPATOp) IMpU3HAYEHHWH I TOCWICHHS, IEPeTBOPEHHS
eHeprii  ynbTPa3BYKOBUX  MpPYXHHX  KOJIMBaHb  MAarHITOCTPHKIIHHOTO
IIepeTBOPIOBaYa CEPEIOBHUIII Ta KyJIbKaM, IO 3HAXOIATECSA B poO0TIOMY 00CsI3i.

OCHOBHUMH XapaKTEePUCTHKAMH, IO BHU3HAYAIOTH SKICTH OOpOOKH, €:
gacToTa KommBaHHA - 17...44 k[ 1, ammiTyaa konuBaHHS - 8...20 MKM.

Pexnmu 3minHeHHs. ONTHMAaNBHUR pEXUM OOpOOKH B yIBTPa3ByKOBOMY
mom, mo 3abe3ledye OTPUMAaHHS 3aJaHOTO 3 eKCIUTyaTalil Baly SKOCTI
MOBEPXHEBOIO MIApy 3IIMCHIOETHCS PETYNIOBAHHAM OCHOBHHX IapaMeTpiB
nporecy:

- Eneprii Ta 9acToTH yAapiB KyIbOK;

- Po3Mipy Ta KiJIbKOCTi 3aCTOCOBYBAaHUX KYIBOK;

- TpuBamicTs mpomecy.
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BukopucranHs cTaHAapTHOI YJIBTPa3BYKOBOI amapaTypw, a TakoX Maia
KUTBKIiCTh pOOOYMX T, HEOOXiHA JUIA 3MiHCHEHHS TMPOIECY, i BITHOCHO BHCOKA
MIPOYKTUBHICTH TA YHIBEPCAIBHICTH YJIBTPAa3BYKOBHX YCTAaHOBOK I03BOJISIE Pi3KO,
B 20..40 paziB, 3MEHIIMTH TPYJIOMICTKICTh TIPH BIIPOBA/DKEHHI IPOIIECIB
3MIiIHEHHS Y BUPOOHHIITBO.

IMoBepxHi JneTanmi, JAe CiTalOTh MiTINIAITHUKYE, HEOOXiJTHO 3MIIHIOBATH.
[poBiBIM po3paxyHKU Ta 3pOOHMBIIM HaBaHTAXKEHHS BUIHO, 110 JETATb HOTPiOHO
3MIIHIOBaTH Ie W y Miclli HaWOUTBIIOT KOHIIGHTpaIlii Hampyru. Tomy
pexomenyeThesi BBecTH Y 3I1 KynbkaMu 10 6a30BOT0 TEXHOJIOTIYHOTO MPOIIECY.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. VYnabprpa3sBykoBe 3MiI[HeHHs Jeraned wmammH: BeO-cat. URL:
https://extxe.com/2797/ultrazvukovoe-uprochnenie-detalej-mashin/ (nata
3BepHeHHs: 15.10.2023).
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IOHHO-TIJIA3MOBE 3MIIHEHHS IIJIITAITHAKOBUX CTAJIEHA

BakyymHi 10HHO-TIJIa3MOBI METOJM TOBEPXHEBOTO 3MIIIHEHHS MOBEPXHI
JieTaeil BKIIFOYaloTh B ce0e HACTYIHI MPOIEeCH:

I'enepanist (hopMyBaHHS) - KOPIYCKYIAPHOTO IIOTOKY PEYOBHUHH; HOro
aKTHBAI[il0, TPUCKOPeHHsI Ta (OKYCYBaHHS, KOHJCHCAII0 1 3aKIajJeHHS B
MOBEepXHIO Jeranei (migkianok). lleit mpomec MOXIMBHIA HUIIXOM HOTO
BUIIAPOBYBAHHS 1 PO3NMJICHHSL

BunapoByBaHHs1 mepexii KOHJEHCOBaHOI (asu B map BiAOyBaeTbCs B
pe3ynbTaTi mojadi TEeIIOBOI €Heprii IO PEedoBHHI, IO BHUIMAPOBYETHCS. Jleski
PEYOBHHHU TIEPEXOIATh B ra30MoaiOHNN cTaH, MUHAIOUM piaky (asy. Lleit mpomec
Ha3UBA€ThCS CyOMiMAaIIi€ro.

HarpiBanHs MaTepiay, KA BUIIAPOBY€E PEUOBHHY MOXKeE 311 HCHIOBATHCS:

- 32 paxyHOK BHJUICHHS TeIUIa NPU IPOXOJDKCHHI ENEKTPUYHOTO CTPYyMY
Yyepes Marepial, sIKHii BUTIApPOBYEThCA, a00 Yepe3 BUITAPHUK;

- B pe3ynbTaTi OoMOapIyBaHHS IMTOBEPXHI METATy MPHCKOPEHHM IOTOKOM
€JIEKTPOHIB (eTEKTPOHHO-TIPOMEHEBHI HArpiB) a00 KBaHTaMHU €IIEKTPOMATHITHOTO
BHITPOMIHIOBaHHSI (JIa3epHUI HATPIB);

- BUCOKOYaCTOTHHM €JICKTPUIHUM MATHITHUM T0oJIeM (iHIYKIIHHIA HATPiB);

- CIIEKTPUYHOIO TYTOIO.
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CyTHICTB mporiecy.

Oco0IMBUM THITOM ITiAIIAITHUKIB € i IITUITHAKA 3 TPUIIIAPOBUM BKJIQIUTIIEM
1 TIOKpUTTSM TIOBEpXHI KOB3aHHS, 10 HAHOCHTBCS METOJOM KaTOIHOTO
po3muIIeHHs, TOOTO 10HHO-TIA3MOBOT'O HAIIMIICHHSI.

[Ipouec HaHeceHHS TOKPUTTA 3/IHCHIOETBCS Yy TJIMOOKOMY BaKyyMi.
Crnoyatky Kamepy BaKyyMyIOThb, a ITIOTIM HallOBHIOIOTh HEBEJIMKOIO KUJIBKICTIO
iHepTHOTO Ta3zy. B kamepi po3TalmoBaHO aHOJ, KAaToJ 3 METAJIEBUM IIOKPUTTAM i
IHATHAK 3 TOTPIHHUM BKJIQIWIIEM, HA SIKUH HAHOCUTHMETHCS TTIOKPHUTTSI.

PexkuM 3MIIHEHHS MOYMHAETHCS 3 TOTO, IO MK aHOAOM 1 KaTolIloM
MOJIA€ThCS Hampyra. EjlekTpoHu NMpHCKOPIOIOTHCS y OiK aHoAa 1 10HI3YIOTh MpH
LOMY aTOMHU iHepTHOro ra3y. [IO3WTHBHO 3aps/KEeHI aToOMH IHEPTHOTO Trazy
MIPUCKOPIOIOTECST y OIK KaToay Ta BHOMBAIOTH ATOMH 13 METaJeBOrO ITOKPUTTS
katoay. [Ipu 1bOMYy BHBUIBHIOIOTHCSI BTOPHHHI €JIEKTPOHH, SIKI B CBOIO 4epry
1OHI3YIOTh aTOMH IHEPTHOTO Ta3y. BuXoauTh cyMinr i3 BUIBHHX €JIEKTpPOHIB,
NO3UTHBHUX 10HIB 1 HEWTpaJbHUX YAaCTHMHOK IHEPTHOrO Tra3y, sika Ma€ Ha3By
crarfioHapHoi a3mMu. HelTpanbHi aTOMH BUOWTI 3 METAJICBOrO MOKPHUTTS KAaTo/aa
OCiIaloTh Ha TOBEPXHI MiJIIIMITHAKA, YTBOPIOIOYM TOHKWH, ane MIilHHWA I1ap
METAaJIEBOTO MIOKPUTTSI.

['oTOBe MOKPUTTA Mae ApiOHO3EPHHUCTY, BHUCOKOAUCIEPCHY CTPYKTYpy 1
BiIMIHHO TPUMA€EThCS HA HECYUiil OCHOBI. 3a paxyHOK JpiOHOi BEIMYMHU 3epHA,
OTPUMAaHMH LIap Ma€ 3Ha4YHy MILHICTh, BUCOKY MEXY MILHOCTI IIPH PO3TITyBaHHI
Ta 3HOCOCTIHMKICTB. J[0 TOTO K 1[I MOKPUTTSI MOXKYTh OYTH 3 TYTOIJIABKUX METAJIIB,
CIuIaBiB, 00 XiMIYHUX CIIOJYK.

[lepeBaramu € opep)<aHHS MOKPHUTTIB TpU TeMIleparypi MiAKIaJKA

80...100°C ; mpocTa TexHoMOTisA OTPUMaHHS iHTEpPMETANI/IB, a TAKOXK HIiTPUIIB Ta
KapOiiB CTEXIOMETPUYHOTO CKJIy; TOBIIUHA MOKPUTTIB MOXXE 3MIHIOBATUCH BijI
0,01 mo 20 MkM; piBHOMIpHE HAHECEHHs TIOKPUTTIB Ha JeTali CKJIaJHol
reoMeTpudHoi (JOPMH; TOKPUTTS He MOoTpedye (iHimmo1 00poOKy.

TTigmUIHUKY 10HHO-IUIA3MOBOTO HAIMJIEHHS BCTAaHOBIIIOIOTHCA B OLIBIIICTH
JBUTYHIB Beayunx aBTOBHpOOHUKIB: Audi/VW Serie TDI (1,9/2,0/2,5/4,0/5,01),
6ensunoBi aeurynu Audi (6,01 (W12) /1,81 (225 PS)), MAN: D2865, BanTaxiBKku
Mercedes-Benz: BR 400, BR 500, BR 900, nerkosi aBromo6ini Mercedes-Benz:
CDI-Motoren BR 600, PSA Serie HDI: 1,4/1,6/2,0.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. IMnemriBues H. B. Katonne nanwnenns 1968, 343 c.
2. Hinesko A. M., JlurauoB A. €., Kypakiu 1. b. Bimus myukiB 3apsmpkeHnx
YaCTHHOK Ha MIOBEPXHIO METAIIB i cIIaBiB: HaBY. moci6. Bua. Xapkis, 2007. 184 c.
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METOJUKA BUKOPUCTAHHA PECYPCIB IHTEPHET Y
HABYAJIBHOMY INPOLECI NIAI'OTOBKU BAKAJIABPIB

CydJacHe BHKJIAJaHHS B YHIBEPCHTETI BKe He Oa3yeTbcs BUKIIOYHO Ha
TEKCTOBHX JOKyMEHTaX, KpeWzi, TaHdYipii JUIs CTBOPEHHsI UTIOCTpaiiii Ta
roJIOCOBOMY BHKJIanaHHi Marepiany. CydyacHe BUKIAJAHHS € MYJIbTUMEIIHUM Ta
BHUKOPHCTOBYE DPECypcH IHIIMX BHKJIaAawiB Ta OnorepiB. [Ipo macmrad mux
pecypciB CBIMUMTH TOHW (akT, MO0 KOXXKHY XBWIMHY Ha BIJICOXOCTHHT Yyoutube
sanucyetsest 300 yaciB Bimeo [1]. Lle o3Hawae, mo MH 3MOXEMO MPOTJISHYTH
tineku 1/(300%60) -yacTnHy MaTepiany M0 30epira€TbCsi MPU YMOBI SIKIIO MU
Oynemo nporusiiat y pexxumi 24/7. 1o 3BicHO He € peanbHuM. ToMmy € pobnema
NOUIYKYy Ta Binbopy wMartepiany. Mera poOOTH — CTBOPEHHS METOJMKH
BUKOPHUCTAaHHSI pecypciB [HTepHeT.

Skuo Habpatu y Opaysepi Oyab SIKMH TEpMiH 3 KypCy, IO BHBYAETHCS TO
orpuMaeMo ©Oarato wMmartepianiB Tak 3amuT «Tpanzucrop» nae 5 580 000
pe3yjbTaTiB  cepeA SKUX € THIIOBI JieTani3oBaHi 3anmuTu. Hanpukmaa: sk
Tpansucrop mnpairoe? (how transistor works?). Ycworo mputmuzuo 81 200 000
pe3yibratiB, B Tomy uucai 3 570 000 Bimeo. lnst Toro, mo0 obpatu Haiikpaiie
BiZIeO CIOYATKy CIiA 3BEpHYTH YyBary Ha Ha3By Ta aBTOpa pecypcy, Iary
CTBOPEHHSI, KIIFOYOBI MOMEHTH BiJIe0, a Micis BXOQy B oOpaHe Bifieo — Ha HOro
TPUBANICTh, KUIBKICTH IiJIUCHUKIB, TEPErIAiB Ta KOMEHTapiB, IMEpEeNiK YCiX
BiJICO I[LOTO aBTOPA, HASIBHICTh CXOXKOI'0 KOHTEHTY. [licis 3amycka Bifieo 3BEepHITh
yBary Ha SIKICTh UIIOCTpaliii, HasABHICTh aHIMallil, SKICTh JUKTOPCHKOTO
CYIPOBOKEHHS Ta MOBY BHKJIaJJaHHSL.

Hanpuknan, aBrop Bimeo “Transistors Explained — How transistors work” e
The Engineering Mindset. Lleii aBrop Mae 3,37 muH. mianucHukiB, 293 Bineo, ski
00’eHAH] y TICHITUCTH 32 TEMAaTHKOIO Ta KATETOPisIMU: HOBI, OMYJISIPHI Ta CTapi.
[lin wac meperyiagy OKpeMHX BiZeO HaJ JOCTYIHI TaKW IMOKA3HUKH SKOCTI SIK
KUTBKICTB TIEPETJIAIB Ta TEPMiH iCHYBaHHS IIHOTO BifI€O.

3amnporoHOBaHa MeTOIHKa Oyja BHKOpPHCTaHa /il TIOIIYKYy pecypciB
IaTepHer mns miatpuMku Kypcy «OCHOBH €JIEKTPOHIKA Ta MIKPOCXEMOTEXHIKID)
UIA CTyHeHTiB crmemianbHOCTI 141 «EmekTpoeHepreTrka, eJICKTPOTEXHIKAa Ta
€JIEKTPOMEXaHIKay.
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TEXHOJIOI'TYHI OCHOBHU CTBOPEHHS MATEPIAJIIB JIUIA
JIEJJEKTPUYHOI'O EKPAHYBAHHSA BUMIPIOBAJIBHUX
TPAHC®OPMATOPIB

B enextporexHili Ta paaioTeXHIlli NIMPOKO BUKOPHCTOBYIOTHCS MaTepialy,
AKi MalOTh BHCOKY Ii€NeKTPUYHY IPOHHMKHICTb, a TaKOXX IIPOBIAHICTH, IO
3aJIeKHUTh Bijl HAPYXKEHOCTI eNEKTPUYHOro moiisl. [IpukianmoM Takux martepialis
MOJKHA HABECTH BCJIMKUI KJIaC CErHETOCICKTPHUKIB, B TOMY YHCII THTAHAT Oapiro
BaTiOs;, a Takox pafioOTeXHIYHy KepamiKy Tomo. Y  BHCOKOBOJIbTHIN
€JIEKTPOTEXHIIl HaWOUIbIIOro MOoUMpeHHs HalOyjM Martepiajiu Ha OCHOBI OKCHIY
uuMHKy ZnO, 10 € OCHOBOK JJisi BUTOTOBICHHS BapUCTOPIB Y HENHIHHUX
oOmexyBadax nepeHarpyru [1, 3]. Bapuctopu Ha OCHOBI OKCHJY LIMHKY MaroTh
OIHOYAaCHO BHCOKY (mopsaky 1500 1  Oinblie) BIIHOCHY Ji€NEKTPUYHY
MPOHHUKHICTh Ta MPOBIAHICT, MO 3pPOCTA€ BiJl MAIOr0 3HAYEHHS /O piBHSA
MIPOBIIHMKA MPU JIOCATHEHH] HAMIPYTOIO IIEBHOTO TOPOroBOro piBHsl. J[o BUMOT, 110
MPe'sBISIOTECS IO MaTepiaiiB JUisi BUTOTOBJICHHS Ji€IEKTPUYHUX EKPaHiB,
MEPEeBAKHUM TOKAa3HUKOM € TEXHOJIOT1UHICTh, TOOTO MOMIIMBICT CTBOPEHHS
cKIagHUX (GOpM Ta TMOKPUTTIB. Takoro edexty HEMONIIMBO JOCSTTH, SIKIIO
BUKOPHCTOBYBATH, HAMIPUKIIAJ, PAAIOTEXHIYHY KepamiKy, IPOTE LIIKOM MOMIIHBO
32 YMOBH 3aCTOCYBaHHS KOMIIO3UTHHX MaTepiajiB Ha OCHOBI CHIIKOHY,
€MOKCHHOTO KOMIIayHay Tomo [1, 2].

Bimomi 3 omyOiikoBaHUX DKEped MPUKIAON 3aCTOCYBAHHS KOMIIO3MTHHX
Mmatepiaiis [1, 3], sixi cTBopeni Ha 75...80 % 3 mMopoIIKy MIKpOBapHCTOpIiB Ta Ha
20...25 % — 3 enokcuaHOTO KOMIayH ia. MiKpoBapHUCTOPHUI HOPOIIOK MOXe OyTH
OTPUMAHHN 10 BXE ICHYIOUIM TEXHOJOTiI BHTOTOBIICHHS BApUCTOPIB IS
00MeXyBadiB IePEHATIPYTH, SKIIO BUKIIOUYUTH CTAIIIO IPECYBAHHS NUTIHIAPUIHUX
TaOneToK. BnacTWBOCTI JI€roBaHOr0 OKCHAY LHHKY, IO CIYyKHTh JUIS
BHUTOTOBJIICHHSI BapHUCTOPIB, BiIOMi — II¢ BHCOKA IieNICKTPUYHA MPOHUKHICTH, IO
nocsirae 1500 BiZHOCHMX ONMHHMIG i OLNbBINE, a TaKOXK MPOBIAHICTH, MPAKTUIHO
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HYJIbOBa y CJIAOKOMY €JISKTPHYHOMY ITOJIi Ta MIBUAKO 3pOCTaroua MpU JOCSTHEHHI
ITOPOTOBOTO PiBHS HANIPY>KEHOCTI.

Hanpuxnazx, npu BukoprcTaHHI TablIeTOK BapHCTOPIB JAiaMeTpoM 28 MM Ta
BHUCOTOI0 9 MM TIpH HM3BKIH Hampysi eMHicThb cTaHoBmia 1032...1036 n®, mo
JIO3BOJIMIIO  OOYHCIIOBATH JII€NEKTPUYHY TPOHHMKHICTH MaTepialy Ha piBHI
1704...1711 BiAHOCHUX OJMHUIIG. [HIIII 3pa3Ku TEMOHCTPYBAIH K MeHIry (10 600
BiTHOCHUX OJIMHHIIB), TaK 1 OLTBLIY JieNeKTpUYHY HPOHUKHICTH [3, 4]. Pazom 3
JEeIeKTPUYHOIO TPOHHUKHICTIO, TIOTYXHUM 3ac000M ISl KEPYBaHHSI PO3IIOILUIOM
€JIEKTPUYHOTO TIOJsS € HelNiHiiHa TpOBigHICTh. EKCIEpUMEHTH, HaBeleHi B
myOumikanisx [3, 4] moka3yroTh, 10 HelliHiiHA MPOBIIHICT, BIACTHBA MaTepiaiaM
BapUCTOPIB, MPOSBISETHCS TAaKOX Yy ApiOHOAMCIIEpCHUX (OpMax 1 KOMITO3HILIIX
TakuxX (OpM 3 NOJIMEPHUM CIONY4YHUM. [IpH 1IbOMY KOHIIEHTpaIlisl HAIIOBHIOBaYa
Mae Oyt MmeHmon 3a 70 — 75%. Otxe, OCHOBOIO TEXHOJOTII CTBOPEHHS
MaTepiajgiB s JieJeKTPUYHUX €KpaHiB € BHUTOTOBJEHHS KOMIIO3HWINI 3
HOJIMEPHOTO CIIOJYYHOTO 3 BiJIHOCHO HHM3bKOIO AIEIEKTPUYHOI NPOHUKHICTIO Ta
JPiIOHOIMCIIEPCHOTO HAIOBHIOBaYa 3 BHCOKOIO JIIENIEKTPUYHOI MPOHUKHICTIO Ta
(ab0) TPOBIMHICTIO, IO HENIHIWHO 3aJIEKHTh BiJl HANPYKEHOCTI €IEKTPUYHOIO
THOJIS.
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AHAJII3 3AJTAYI MYJIbTUITOJIbOBOI'O MOJIEJTFOBAHHSI
MMPOLECIB 3HOCY IEJIOJO3HOI 130JIA1111 CHJIOBOI'O
MACJIOHAITIOBHEHOI'O TPAHC®OPMATOPA

[IpeameT poboTH: cTaH LENION03HOI 13071511, Ikl Ge3rmocepeIHbO BILUTUBAE
Ha pecypc CHJIOBOro TpaHchopmatopa. I[IporHO3yBaHHS Ta OIIHKAa CTaHy
IEITFONI03HOT 13011111 BUMArae 3aCTOCYBaHHS KOMIT'FOTEPHOTO MOJICITFOBAHHSI.

Merta poOOTH € MiJBUIIEHHS TOYHOCTI POTHO3YBAHHS IILUIIXOM MEPEXOY 110
BHUKOPHCTAHHS MOJTEOBUX MOJIETICH.

3aBraHHsAM pOOOTH € aHaji3 3aBJaHHS MYJBTHIIOIBOBOTO MOJIEIIOBAHHS,
OTJISIL JIITEPATYPH OO Pi3HUX MOJEEH.

[TapanensHo icHye npoOnema, sika MOTpeOye BHUPINIEHHS Ta YTOYHEHHs, a
came — (akTop MPUKIAJIEHOTO 3yCHIUISI O ILIEFOJI03HOI 130Ms11ii B KOHKPETHHIA
MOMCHT 4acy SIKUM HE BHUKOPUCTOBYETHCA B CYUACHUX MOACJIAX.

VY cyudacHOMY CBITI HaJ3BHYAiHO CKIIQJHO YSBUTH (YHKLIOHYBaHHS OYab-
kol cucreMun 0Oe3 enekrpoeHeprii. 3abe3leueHHs CTaOUIbHOI — CHCTEMHU
€JICKTPOXKUBJICHHS Ma€ BeJMKe 3Ha4eHHs. HaiiiHICTh cHIoBHX TpaHCc(opMaTopiB
€ BUpimanbHUM (akTopoM Juiss 3abe3nieueHHsT (YHKIIOHYBaHHS OyIb-sKOI
CHUCTEMH  EJIEKTPOXXMBICHHS. B CBOlO  uepry, HaIifiHICTh  CHJIOBHX
TpaHC(HOPMATOPIB 3aJEKHUTh BiJ] SKOCTI LENIONO3HOT 130JIAMil, IO MiIA€ThCS
OIIIHI[I CTAHY Ta MPOLECY CTAPIHHS.

JocmimKeHHsT M0N0 IIBUAKOCTI CTAapiHHS LIENIONO3HOT 130JS1Iii CHIOBHX
TpaHC(OPMATOPIB BHKOHYEThCSI OaraThMa HAyKOBISIMA TI0 BCbOMY CBITY JUIs
BU3HAYEHHs1 (DaKTOpiB, sKi BIUIMBAIOTH Ha MPOLEC IPUCKOPEHHS CTapiHHS
Lemono3Hol i3omsmii. CydyacHi MoJeNi AUTSATHCS 3a MOJSIMH, SIKI BIUIMBAIOTh HA
TIPUCKOPEHHS CTapiHHA He0I03Ho1 i30mii. [1]:

1. BB i IBUIIEHOT TEMITEPATyPH.

2. BB BotorocTi B IENI0I03HiH 1307l Ta TparchopMaTOpHOMY MacIIi.

3. BrutuB kucHio B 06aky TpanchopMaTopa.

4. BrumiB IpOAyKTiB CTapiHHS Macla.

5. BrumB mMexaHiuHUX (BiOpallifHUX) HABaHTA)XEHb Ha IEIOIO3HY 130JIAIII0
TparchopmaTopa.

[IpoanamizyeMo cydacHi MOJENi CTapiHHS LIENTIONIO3HOI 130JMii Macio-
HAIIOBHEHEHHX CHUJIOBUX TPaHC(HOPMATOPIB:

Monenpb necTpykuii mipoii3zy 0a3yeTscs Ha piBHSHHI AppeHiyca o € OTHIM
3 HaWOLIBII MOMMPEHUX IS OIIHKK CTaHY Ta IIBHUIKOCTI CTApiHHS IETIOJIO3HOI
i3omsmii. Mojenb 0a3yeTeCsi Ha TOMY IO IIBHAKICTH CTapiHHS IPOMOpIIiiiHA
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eKCTIOHEHIIaNbHiH  ¢GyHKOil Bix Temmeparypu. Y 1889 poumi Appeniyc
3aMpoIOHYBAB PIBHSHHS, SKE OMUCYE 3aJICKHICTh IMOCTIHHOI MIBUAKOCTI peaxiil
BiJ TemriepaTypu [1].

-E
k=AxeRT (1

Je k — KOHCTaHTa IIBUJAKOCTI peakiii; 4 — MOKa3HUK CTapiHHS, 00yMOBIIEHOTO
BILIMBOM BOJIOTH, KMCIIOT Ta KHCHIO, TOX'; E — eHepris akTHMBallii JUIs MPOLECy
TEIUIOBOTO CTapiHHS Tamepy y TpaHcopMaTropHoMy wmacihi, kJ[/Monb; R
MoJisipHa razoBa ctaia J[x/mons/K; T — Temneparypa, °C.

[IpoananizyBaBum MoJiesb BUIHO 3 (hOPMYJIH, IO AaHa MOJIENIb HE BPaxoBy€
BIUTMB BOJIOTOCTI B IEJFOJIO3HIN 130Ms1ii Ta TpaHC(HOPMATOPHOMY Macii, BILIHB
KUCHIO B 0aky TpaHcgopmaropa, BIUIMB MPOJIYKTIB CTapiHHS Macia Ta BIUIUB
MeXaHIYHUX  (BIOpalliiHMX)  HaBaHTaXXEHb  Ha  LEIIOJNIO3HY 13050
TpanchopmaTopa.

Mopenb aecTpykuii Tifpomizy BoHa 0a3yeTbcs Ha CTENEeHI 3BOJIOXKEHOCTI
EJTFOI03HOT 130 il [1].

to+T
L(tp,t0 +T)=; [V(Kw )dt 2)
10

ne L(toto+T) — CKOpOYEHHSI CTPOKY CIyXOM i30isuii B iHTEpBami 4Yacy, SIKMA
MOYMHAETHCS B MOMEHT fo Ta Mae TpuBaiictb T; V — BiJHOCHa IIBHJIKICTH
CKOpPOYEHHSI CTPOKY CIIyxO0u i301siii TpanchopmaTopa; Kw— xoe(illieHTH BIUIUBY
BOJIOTH Ha CTAapiHH 13011111 TpaHcopmaTopa, BIAMOBIIHO.

[NpoananizyBaBIM MOJETb BUIHO 3 (OPMYJIH, IO JaHA MOJENb HE BPAXOBYE
BIUIMB ITiABUIIECHOI TEMIIEPaTypH, BIIUB KHCHIO B 0aKy TpaHC(hOpMAaTopa, BILUIMB
MPOAYKTIB CTapiHHS Maciia Ta BIUIMB MeXaHIYHUX (BiOpamiiHUX) HABaHTaKEHb Ha
LIEJIONIO3HY 1301111110 TpaHchopmaTopa.

Monens AecTpyKIii OKHCIEHHS BOHa 0a3yeThcs Ha TOMY IO KUIBKICTH
KUCHIO B Oari TpanchopMaTopa Ta OKHCICHHS Macna B 0aky TpaHchopmaropa
eKCIIOHTEeHI1aJIbHO MPUIIBH/IIYE CTAPiHHA LEIIONI03HOI 130ismii TpancgopmaTopa
(1]

to+T
L(tg,to+T)=— | (KA,-V02 )dt 3)
T 0
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ne Ka, Ko — xoedilieHTH BIUIMBY KHCHIO Ta PO3YMHHHMX KHCJIOT Ha CTapiHHA
i3o1smtii Tpancdopmaropa.

[IpoananizyBaBmm MoJiesb BUIHO 3 (hOPMYJIH, 110 AaHa MOJIENIb HE BPaxoBy€
BIUIMB MI/IBUIIEHOI TEMIIEPAaTypH, BILIMB BOJIOTOCTI, BIUIUB NPOAYKTIB CTapiHHS
MacJjia Ta BIUIMB MEXaHIYHUX (BiOpaliiiHNX) HaBaHTa)KEHb Ha LIEJIOIO3HY 130510
TpanchopmaTopa.

[Momaposa Mojens [2] IPYHTYEThCS HA KOHIIEMIIIT aKTHBHOT MacH i MICTUTD Y
co0i pi3HiI YNHHHKH, TaKi SIK TEMIIEPaTypa, BOJIOTICTh, KUCHEBE OTOUESHHS 1 THCK.

to+T
L(tg,t0 +T):? [(VoVy, Vg )dt @)
0

ne Vk — BiIHOCHA MIBUAKICTH CTapiHHA 130JALIT,II0 3aJIEKUTH Bl CTYNEHS
OKHUCJICHHS TpaHC(HOpMATOPHOrO Macia;, Vw — BIJHOCHA IIBHIKICTh CTapiHHS
130JIsI11i1 B 3aJIE)KHOCTI BiJI CTYIEHS BOJIOTOCTI Namnepy; Ve — MBHIKICTh TEMIOBOTO
3HOCY 130umsii; T — TpUBaNICTh YaCOBOTO IHTEPBAIY.

3rizHO 3 (GOpMyNOI0, HABEACHOIO BHIIE, JaHAa MOJEIb HE BPAaXOBYE BILIMB
MexaHiuHuX (BIOpaliiiHMX) HaBaHTa)KEHb Ha MPOLEC CTapiHHS IEIFOI03HOT
i3oumsi1ii TpanchopmaTopa.

BucHoBok poOotu: VY 1bpoMy JOCHiDKEHHI OyB TIpOBEACHHI aHali3
aKTyaJbHUX MOJEJCH BHU3HAUCHHS PECYPCHHUX XapaKTePUCTHK LETF0I03HOL
i3oumsitii TpaHcdopmaropis. 3 OTPUMAHKUX Pe3yJbTATIB BUHO, 1110 iICHYIOYI MOJEII,
BUKOPUCTOBAHI I MPOTHO3YBaHHS CKOPOYEHHS TEPMiHY CIY)KOM LEeNT0I03HOT
130111111, HEe BPaxOBYIOTh (DAKTOP MPHUKIAJECHOTO 3yCHIUIS IO LETFOI03HOT 1301811
B KOHKPETHHH MOMEHT 4Yacy, IO MOXKE HEraTUBHO IO3HAYUTHCS Ha CTPOKY
cityx0u TpanchopmaTopa.

Jdnst po3poOku HOBOI Mojesli HEOOXiZHO TepedTH 10 BUKOPHCTAHHS
MOJBOBUX MOJEJNEH, OCKUJIbKM JIMIIE BOHH MOXYTh ONHCATH CKJIQJHUH
HEPiBHOMIpHUIT TPOCTOPOBUIT PO3IIOALN OB, IO BIIMBAIOTH HA MPOIEC CTapiHHS
i3o5sttii. s po3poOku OiLTbIn TOYHOT Moieni Tpeba BUKOPHUCTAHHS MIOJIB BIUIUBY
MiIBUIIEHOI  TEMIIepaTypd, BOJOTOCTI B  LENIONO3HIA  3omsmii  Ta
TpaHcPOpMaTOPHOMY MacJi, KUCHIO B 0aky TpaHchopMaTopa, MPOAYyKTIB CTApIHHS
Macia, MEXaHIYHHX (BiOpamiifHMX) HaBaHTa)XEHb Ha IIENIONO3HY 130JIAIII0
TparcopMaTopa Bce IIe € HEOOXiTHMM JUIS TMOBHOTO NPOTHO3YBAaHHS CTaHY
130JsI1ii 3 ypaxyBaHHSIM IPOCTOPOBOI HEPIBHOMIPHOCTI PO3MOALTY TMONIB, SIKi
BIUTHBAIOTH HA CTAPIiHHS 130JIAIIii.
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MIABUIIEHHA IKOCTI EJIEKTPOEHEPT'Ii TA3OTYPBIHHUX
YCTAHOBOK (I'TY) 3A JOITIOMOI'OIO METOJIB
KOPOTKOCTPOKOBOI'O ITPOI'HO3YBAHHSA ITOTYKHOCTI
EJIEKTPUYHOI'O HABAHTAKEHHS

Huni sKicTh 3a 4YacTOTOK eNEKTPOEHeprii, 110 BHUPOOJSIETbCS IpU
aBTOHOMHIH po6oTi ['TY y 6arathox pexxrmax He BiJIIIOBIa€ BUMOTaM rajly3eBuX i
JIep>)KaBHUX CTaHJAPTIB.

Jlnist miABUILEHHS SIKOCTI €JIeKTPOeHEePril 3a paXyHOK MiJBUIIEHHS TOYHOCTI
MIATPUMAHHS YaCTOTH OOEpTaHHsS BUIbHOI TYypOiHM (POTOPY CHHXPOHHOTO
reHepaTropa) IPOIOHYEThCA JONOBHUTH aJTOPUTMH KEPYBaHHS JIAHKOIO 3
HEYITKUM IIPOLIECOPOM, SIKUI1 OyJe BUKOPUCTOBYBAaTH METOIM IMPOTHO3YBAHHS I
BU3HAYEHHS HaBaHTA)XXCHHS y HACTYIIHUH MOMEHT 4acy (IO AEKiTbKOX XBHJIHH).
Ha pucynky 1 mokazaHa cTpyKTypHa cXeMa IMPUCTPOIO KEPYBaHHS Ta30TypOiHHOIO
YCTaHOBKOIO Ha OCHOBI cxemH [l]. BimpmIicTh anropuTMiB MPOTHO3YBaHHS
SNIEKTPUYHOTO HABAHTAKEHHS, PO3POOJICHHX B ENEKTPOCHEPreTHLli, SBISIOTH
cobor0 KOMOIHAIII0 PI3HUX CTATHCTUYHUX Mporenyp. ICHyooTs wMeTomu
MIPOTHO3YBAHHSA, y AKUX 3AIMCHIOIOTH BUAUICHHS TaK 3BaHOI 0a30BOi CKIIAIOBOI y
3MiHaX HaBaHTaXEHHA. KpiM [OBOTO € METoAM, Yy SKMX 3MIiHH HaBaHTaXEHHS
PO3IIIIAIOTHCS K BUIIAAKOBHI mpouec. OfHAK TOUYHE MOJICIIOBAHHS € CKPYTHHM
Yyepe3 HeNiHIHI Ta CKIAJHAX BITHOCHH MK HAaBaHTaXKEHHAM 1 (axkTopamu, Bil
SIKUX BOHO 3alIe)KUTh. MH, B SKAX BOHO 3aNeXHTh. KpiM I[hOr0 MOTpPiOHO
3ayBa)KUTH, [0 HasiBHI METOIM MPOTHO3YBAaHHS €NEKTPUYHOTO HaBaHTA)KCHHS He
MOXXYTh IPAIIOBaTH 13 "3amrymiueHUMHA" a00 HETTOBHUMH JaHUMH, y TOH 4Yac SK y
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peasbHOMY JKUTTI YacTO JOBOAMTBCS MAaTH CIIPaBy caMe 3 TaKolo iH(OpMaiero.
ToMy HeoOXimHI HOBI MiIXOAM, METOAM [UIS TPOTHO3YBAHHS EIEKTPUYHOTO
HaBaHTa)XEHHS, SIKi O MOTJIM BpaxOBYBaTH JlaHi Pi3HOTO POy, BMIJIH MPALIOBATHU 3
HETOYHHMH, HEIMOBHUMH BXIJHUMH JI@HAMH. TIPallOBaTH 3 HETOYHUMH,
HEIOBHUMH BXIiTHUMH JTaHUMH.

Heuitkni KepyBaHHa |
npouecop 3anyckom
KepyBaHHa
3YNUHKOIO <
Perynsrop %
| NPUCKOPEHHA Ycraska no NpucKopeHHio
MpucTpin Perynstop - YcTaska no noTyxHocti
B _B“6°Py . LWBUAKOCTI . Bumipana enextpiuna
MIHIManbHOro ‘ NOTYAHICTL
HanawTyBaHHSA|
Manneo M NOTYHHICTL
osirps lasosa
BumiploBanHs TeMnepaTypu
TemnepaTtypa 30BHILIHLOMO NOBITPS > Typ6iHa T -
ArnocdepHuit THOK BumipioaHHs 4acTomm >
> GoepTantn
Ycraska no
Perynstop (e Temneparypi
Tenmeparypu |ef——+
- Ycraska no ypi
BHA BHX. ragis
-

Pucynok1 — CTpykTypHa cXeMa NpHCTPOI0 KePyBaHHS ra30TypOiHHOO
YCTaHOBKOIO

OnHUM i3 TaKMX HOBUX ITIAXOJIIB, IO PO3BUBAIOTHCS € METOJ, 3aCHOBAHUI Ha
HEYITKIM JIOTWI[l Ta HEWpPOHHUX Mepekax, L0 JICTaB Ha3By HEUITKI HEWPOHHI
Mepexi. dUiTki HeHpoHHI Mepexi. Takuii MeTox Moke BHUKOPHUCTOBYBATU
3a3maneriib  BimoMy iHQopmailito, BYMTHCS, 3700yBaTH HOBI  3HAHHI,
MIPOTHO3YBATH, BUKOHYBATH Kiacuikaiiro 00pa3iB 1 KpiM [[bOr0 HEUITKI HEHPOHHI
Mepexi € J0CTATHHO HAOYHUMH ULl KOPHCTYBaya.

BukopucTaHHsl HEUITKOrO IMponecopa Ta METOiB IPOTHO3YBAaHHS, TO3BOJISIE
MiIBUIIUTH SKICTH EIEKTPUYHOI eHeprii, sKy BupoOmste I'TY y mmpokoMmy
miarma3oHl KOJIMBaHHS HaBaHTAKEHHS.
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RESEARCH AND IMPROVEMENT OF TECHNICAL CONDITION
ONLINE MONITORING FOR 110 KV TRANSFORMER EQUIPMENT
UNDER OPERATIONAL VOLTAGE

The creation of smart power grids is a global trend. New requirements for
"smart" equipment affect all scientific branches including designing of electrical
machines, apparatus, switchgears, substations and electrical power plants. Further
improvement of the operational reliability of electric power grids in the conditions
of trend to "non-maintained" electrical objects is impossible without online
monitoring system (OMS) of high-voltage electrical equipment.

The technical condition, the actual electric power system design in Ukraine,
modern trends to modernization and intellectualization of the electric power
industry also arise a number of new tasks for operational diagnostics:

reduction of operational costs and improvement of the technical stability of
the energy system;

estimation of the current state and forecasting of the remaining life of
equipment for planning the distribution of financial assets in conditions of aging of
the equipment, especially during the war period and enemy missile attacks on the
energy infrastructure of Ukraine;

automation of diagnostics for the creation of substations without permanent
maintenance personnel and the creation of so called smart-grids in Ukraine.

The specified provisions determine the relevance of the scientific and
practical task and define the following tasks:
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creation of theoretical base and practical implementation for a set of
equipment for creating a OMS based on the monitoring unit (MU) with a fixed list
of parameters (hereinafter MUFP).

development and improvement of mathematical models, expert assessments,
methods of determining and analyzing diagnostic parameters of the condition
transformer equipment (TE) under operatinal voltage to extend its service life, as
well as to reduce the level of maintenance costs.

development of a structure with improved technical and economic indicators
and maximal usage of Ukrainian equipment.

In work [1], the authors performed an analysis of systems for monitoring the
concentrations of gases dissolved in transformer oil for the purpose of use in OMS
during the operation of power TE, possible reasons for discrepancies in the results
of the analysis of the concentrations of gases dissolved in oil, performed by
stationary gas analyzers and laboratory chromatographs, were investigated. It was
found that all gas analyzers are able to record a trend in equipment deterioration,
which is the main task of online monitoring. Extended interpretation of the
equipment condition should be carried out in the presence of readings from the
device for monitoring the amount of combustible gases by taking samples and
analyzing them with the help of a portable analyzer, which allows to estimate
concentration of each diagnostic gas. Therefore, taking into account the positive
operational experience of monitors that control the sum of the concentrations of
combustible gases (TCGC) and the moisture saturation of TE oil in Ukraine, USA
and the countries of the European Union, it is possible to make the conclusion, that
the most economically and technically justified solution for dissolved gases
monitoring in110 kV TE is TCGC-monitors. TCGC-monitors are the best way to
upgrade the level of diagnostics of TE and reducing the costs of OMS for this class
of the equipment.

The values of diagnostic parameters are determined based on the statistical
data about damages of high-voltage equipment, which makes it possible to estimate
parameters with a high "specific weight" that are used for frequently occurring
defects. These include: moisture content in oil, concentration of gases, insulation
power loss factor (tan-delta), and the fourth parameter can be either the acid
number, or the content of mechanical impurities, or the breakdown voltage.

An analysis of mathematical models was carried out for the purpose of their
application in OMS, as a result of which a list of input signals of MUFP,
distribution of MUFP signals was formed, for correct and effective diagnosis of the
state of TE, which ensures a reduction in the emergency of the monitored
equipment, accounting and forecasting of the residual life, optimization of the
operational modes of high-voltage equipment, on this basis, increasing the
reliability, decreasing of pre-emergency and emergency modes of transformers,
autotransformers and reactors during operation, as well as minimizing the
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influence of the human factor on the processes diagnostic parameters measuring,
processing, transmission and storage.

The scheme and design of the MUFP have been developed. The efficiency of
the development is ensured by reducing the cost of production of monitoring
systems, due to the use of a fixed list of parameters and models that ensure
maximum diagnostic efficiency

LIST OF REFERENCES
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JIATHOCTUKA YIIKOIKEHHSI KOHTAKTIB [TIPUCTPOIO
PET'YJIIOBAHHS HATIPYT'Y NI HABAHTAYKEHHSM (PITH)

[pucTpoi perymntoBaHHs Hapyrd TpaHCHOPMATOPIB MiJ HaBaHTAKEHHIM
(PTIH) € opnuiei 3 HaWOIMBII BaroMMX IMPHYUH aBapiil TpaHcdopmaTopHOTO
obOmanHaHHs. ['ONIOBHOIO IPUYMHOIO MOMIKO/pKeHHs1 mnpuctpoiB  PIIH e
MIOIIKO/DKEHHS KOHTAKTIiB PUCTPOIO. [10IIKOKEHHS XapaKTepHe ISl KOHTAKTHHX
3'€lHaHb, 0 PO3MUKAIOTHCS, ajle PIIKO MEPEMHUKAIOTHCS Ta TPUBAJIO IPOBOIATH
ctpyM. Jlo Takux MOXyTh OYyTH BiJHECEHI IOMOMDKHI KOHTAKTH, HEPYXOMi
KOHTAKTH, BTHYHI KOHTAKTH, & TAKOXX TOJIOBHI KOHTaKTH KOHTAaKTOpa (IIYHTYIOi).

Y nouvatkoBiii cTaiii nedexTy BiIOYBA€TbCS YTBOPSHHS Ha IMOBEPXHSIX
MONiIMEpHOI  130JAMIKHOI TUTIBKH (MACISHHHA [UIaM), IO 3MEHIIyE KiTbKICTh
KOHTAKTHUX IOBEPXOHB 1 BiAMOBIAHO 30UTBIIyE OMip KOHTaKTy Ta MEpEerpiB Han
MacJIOM.

3 MigBUIIEHHSIM TEMIIEPaTypH YTBOPIOIOTBCA BYTJICIICBMICHI ITPOIYKTH
Mipoii3y Macia, Jami BiOYBAa€ThCA €po3is TOBEPXOHb 1 KOKCOYTBOPEHHS.
30imbpIIeHHST TOBIIMHY IUTIBKH 30UTBIIyE TPOOWBHY HANPYTy MiX KOHTaKTaMH,
BHUKIIMKAIOYH 3aJICKHICTh BEJIMYMHU OIOPY BiJl CTPyMY.
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3a JaHMMH TIPOTPECYIOUMH PICT TUTIBKM 1 TEMITEpaTypu CIOCTEpIraeThest
micyst  30LIBLIEHHS TIEPEXiTHOro ONMOpY KOHTAKTiB, B TPU-I'ATh pa3iB, IO
BiJIIOBi1a€ 301IBIICHHIO TIEpErpiBy MPHOIN3HO B J1Ba i OLIBIIE pasy.

Ha nepiit cranii gedexr npencrasise co6oro0 000pOTHHIT Ipolec — MpocTa
€aMO03a4MCTKa KOHTAaKTiB 332 JOMOMOTOI0 0araTopa3soBOro NEpeMUKaHHS J03BOJISE
BIIHOBUTHU BUXIJHUN CTaH KOHTAKTIB.

Epo3is KOHTAakTiB Ta YTBOPCHHsI KOKCY XapakTepH3ye He3BOpOTHHH (0e3
LITYYHOI MEXaHI4YHOI 3a4MCTKH) CTaH, MPH SIKOMY TEPEXiTHAHN orip 301IbIIy€eThCs
B 10 i Oimbime paziB. Ha wiif crazii mepeMHKaHHS KOHTaKTIB MOXKE CHPHYMHUTH
301IbLIEHHS 00CATY MOIIKOPKEHHSI.

[HTEHCHBHICTh HAPOCTAHHS TUTIBKH 32 OJHAKOBUX IHIIMX YMOB 3aJICKHUTh BiJl
KOHCTPYKIIii Ta Martepially KOHTAKTiB Ta SIKOCTI TpaHC(OPMAaTOPHOIO Macia.
Hocsin pemontis HIL[ «3T3-Cepsic» moka3aB, M0 IHTCHCUBHIIIE BilOYBAETHCS
CTapiHHS KOHTAKTiB B Majo cTaOUIbHOMY Macii i 0COOJMBO B Macii, IO MICTUTh
AKTHBHY CIPKY.

30inbIIEHHS] TEepPeXiJIHOr0 ONOpy KOHTAKTIB, MOXE OyTH BH3HAYEHO Y
BUIIAAI BUMIPIOBaHHS ONOPY OOMOTOK NOCTIHHOMY cTpyMy. bepyun no ysarwm,
HaIpPUKJIIaJl, TIOYATKOBY BEJIMUMHY onopy KoHTakTHOI mapu 150-200 MxOm. Bumip
Mae BUSBUTH 3MiHY onopy Ha Benuuuny 600-1000 MxOm.

Tomy BUMipIOBaHHS OIOPY OOMOTOK 3a CTaHIAPTHUMH CXEMaMH MOXKe OyTH
e(eKTUBHHUM, SIKIIO BJacHUW omip oOMoTku He mnepeBuirye 0,1 Om. B inmomy
BUIAJIKy NOTPiIOCH BUMIp OMOPY PEryJIOBaIbHOTO KOHTYPY.

BcraHoBiieHO, 10 3aJIeXHICTh OMOPY BiJl BEIMYMHHA CTPYMY IMPH BHUMIpI
Moke OyTu cuMmnToMoM aedexTHoro crany. Hanpukiaz, y mporeci noripiieHHs
KOHTaKTy HpoOHMBHA Hampyra IUIiBku 30unbiiyersest Bif 0,2-0,6 B (HopmasibHuii
craH) 10 1-4 B (nedextHuii ctan).

HocBin cmocrepexxeHb 3a JeEKTHHMH  amapaTamMd  [0Ka3aB, IO
JIarHOCTYBaHHS TaKOX MOJIIMBE CIIOCTEPEKEHHsIM 3a 3MIHOK MapaMeTpiB
MEPEeXiJHOTO0 TMPOIeCYy IpU 3aCTOCYBaHHI TIOCTIMHOI HANpyru 3a paxyHOK
301IBIIEHHS TIOCTIHHOTO Yacy i3-3a 30LIbILICHHS OMOPY KOHTAKTIB.

CumnroMoM Ae(DEeKTHOTO CTaHy € MiABUIINCHHS TEMIEpaTypy KOHTAKTIiB
Bumie 3a 100-105°C. VY peskux Bunaakax AeeKTHHH CTaH MOXe OyTu
inenTrdikoBaHU MiBUIIIEHHS TeMIlepaTypH Ha noBepxHi 6aka PITH npuctaBHOTO
THITLY.

HaiiOinbin  eekTUBHEM 3acO00M € aHaji3 pO3YMHEHHMX Ta3iB Y
TparchopmaTopraomy Macii. [lpu mpomMy cif Opat 10 yBard, 0 Ta3d aKTUBHO
yTBOpPIOIOTRCS Tipu Temreparypi Bumie 400-500° C, a mBUAKICTE yTBOpEHHS ra3iB
3aNIeKATh HE TITBKK BIJ TEeMIIEpaTypH, ajie 1 BiJ HarpiToi IMOBEpXHi, sKa,
HaINpUKIa, Ul KOHTAKTIB JAMEJIBHOTO THITY TIOPIBHSHO MaJa.

[MomiTHe BHIiNEHHS HArPIBHUX Ta3iB i OCOONMBO ETWIEHY MOXe OyTh
CHUMITTOMOM 3HAYHOTO TOTipIIIEHHS CTaHy KOHTaKTiB.
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®ipma TJh2b (CHIA) edexTHBHO BHUKOPHUCTOBYE JUIS AIarHOCTHKH CTaHy
koHTakTiB PHIT MikpockomivHuMil aHali3 MEXaHIYHUX JOMIMIOK. AHAJI3 KiITBKOCTI,
cKkiIagy Ta Mopdosorii YacTHMHOK JO3BOJSIE BHU3HAYUTH CTalil0 PO3BUTKY
yimko/pkeHHs. Ha 6a3i aHamizy ra3iB i yacTMHOK (ipMa po3poOmiia eKCcHepTHY
nporpamy TACA, mmpoxo 3actocoByetbest B CIIA, Kanani, Anrmii, ABctpasiii ta
IHIIMX KpaiHax.

YK 621.3.08

Caxuo O.A.!, Illuno C.1.2, ITerpenko.B.M.3, Kikasenp M.O.?
! kanp. TexH. HayK, goiu. HY «3anopisbka nosiTexHiKa»

2 crapur Buki. HY «3anopi3bka MomiTeXHIKay

3 cryn. rp. B-813m HY «3anopi3bka IMoTiTeXHiKay»

MIJABUIIEHHS EKCIUTYATAIIMHOT HAJIMHOCTI TA PECYPCY
KOMIIJIEKTHUX TPAHC®OPMATOPHUX MIJICTAHIIINA 10/0.4 KB

CyuacHi BUMOTH [0 NOAiJIMBOrO BHKOPUCTAHHS PeCypciB, TEHJAEHIIi 10
o0cIyroByBaHHs OOJaJHaHHS 3a HOro (PaKTWYHMM TEXHIYHHM CTaHOM, a HE 3a
IUIAHOBO-TIEpIOAMYHUM  TpadikoM, HEOOXiIHICTh MPOrHO3yBaHHS  BiIMOB
oOnajHaHHs Ul IUIaHYBaHHS Ta €(EeKTHBHOIO PO3MOLTY (IHAHCOBHX aKTHBIB
€HepromiANPUEMCTB CTABJSITh HOBI 3aBJAHHS IMPH EKCIUTyaTallii KOMILICKTHHX
posnoxinpunx mincranuid (KTIT) 10(6)/0.4 kB. HaiiOinbl BaKIMBOIO YacTHHOIO
takux KTII € cunosi macio HamoBHeHI TpaHcdopmaropu. Haiibinbimn cyyacHuM
METOIOM I IBUIIICHHST eKCIUTyaTaliifHol ~ HagIHHOCTI  Ta  pecypcy
TpaHc(h)OPMATOPHOro OOJAaJHAHHS € 3aCTOCYBaHHS CHCTEM HENEPepBHOTO
KOHTPOJIIO TEXHIYHOTO CTaHy TpaHC(hOpPMATOpiB, ajie 3BHYAKMHI CHCTEMH, IO
3aCTOCOBYIOTBCSI JUISi MOHITOPHHTY TEXHIYHOTO CTAaHy MaricTpajbHHX MiJCTAHIIN
Ta TEHEPYIOUYMX EJIEKTPOCTaHIll, MOXYTh MaTH I[iHY, 10 OyZe B JEKUIbKa pa3iB
nepeBuIyBaTH 1iHy camoro TtpaHcdopmartopy KTII-10/0.4 kB, mo pobuts ix
3aCTOCYBAHHS HEJOLIEHAM i HEMOXKIUBUM. TakuM 4HHOM (OpPMY€ETHCS HAYKOBO-
NpaKTHYHE 3aBJAHHS — PO3poOKa TaKoi CHCTEMH HEIEePEPBHOTO KOHTPOJIIO, MIO
Oyze BUKOHYBaTH 3aBIAaHHS 3 IIABHINCHHS HAIIHHOCTI eKCIUTyaTallii Ta pecypcy
KTII-10/0.4 kB, ame Oynme MaTu NpHHHATHY WiHYy. Buxomsum 3 HOpMaTHBHOI
JOKyMEHTalil TpaHCcOpMATOpH MOBHUHHI OyTH OONaJHAHHI ABTOMATH30BAHOIO
CHCTEMOIO, IO MOBHHHA BimmoBimHo Mo m. 5.11.15 [1] BupimyBatm 3amadui
TIarHOCTUKH CTaHY 1 pO3paxyHKy pecypcy TpaHC(POpPMAaTOpiB, a camMe BiNIIOBiTHO
JI0 HACTYIHHUX BUMOT [2]:

— KOHTPOIOBATH mapameTpu 3TigHo m. 10.1.1, Mo XapakTepu3yrTh PekuM
pobotu TpanchopmaTopy 30kpema: Hampyry oomorku HH, ctpym oomoTtku BH,
TeMIIepaTypy TpaHC(HOpMaTopy, TeMIIepaTypy OTOUYIOYOTO CepeIOBHIIA;
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— CTCXKUTH 32 TEMITEPATypHUM PEKUMOM CKCILTyaTaIlii TpancopMaTopa st
3armo0iraHls MPHUCKOPEHOTO CTapiHHSA i30MAIii  BiamoBimHO 10 1.6.17, Ta
3a0e3rnedyBaT po3paxyHOK (PaKTHYHOTO CTApiHHS 130JIAIi] JUIS OLIHKK pecypcy
TpaHchopMaTopy Ta PeKUMY HOTO SKCILTyaTaIlii;

— CTEeXHWTH Ta BYACHO TIONEPEPKYBATH TMPO TeperaBapiiHi 3HAYCHHS
TeMIepaTypH BEpXHIX IIapiB Maclia 3 BpaxyBaHHSAM  HaBaHTAXKCHHS
TparchopmaTopa y BianoBigHOCTI 110 11.10.1.14;

— @ikcyBatn Ta 30epiratm iHQoOpMalil0 TMPO XapakTep HaBaHTAXEHHS,
PIBHOMIpHICTh HABaHTAXCHHsS (a3 Ta MOXKJIMBOCTEH MIOJ0 IMEPCHABAHTAXCHHS
BignosigHo mo m.10.3.3;

— 3a0esmedyBaTH TMepPCOHAT iH(OPMAIE U1 TPOBAKCHHS MOTOYHUX
PEMOHTIB TpaHC(HOPMATOPY 3aJIEKHO BiJl HOro (paKTUUHOTO CTaHy BIOBITHO 0
m.14.1.1 3 BUKOPUCTAHHSAM CHCTEMHOTO IiIXOY JO OI[iHKH TOTOYHOTO TEXHIYHOTO
cTaHy TpaHcdopMaTopy BiamoBiaHo mo0 1. 11.2.2.3.

Takum 4ymHOM Oyno po3pobieHo Ha OJOK MOHITOPHHTY, IO Mae
XapaKTepUCTHKU, BKazaHi B Tabm.l. bnoku Oyno BBemeHO y JOCHIIHY
eKCILUTyaTallito, AJIs IOCHiPKeHHs e(peKTMBHOCTI X 3aCTOCYBaHHSI.

Tabmuns 1 — XapakrepucTHku 00Ky MOHITOPHHTY TpaHC(hopMaTopy

Ne [TapameTtp 3Ha4YeHHS
1 [TapameTpu JIaHITIOTIB KU BJICHHS 220 B, 50 I'm; (30 BA)
BM:
2 PoGoya Temneparypa noBitps 90 . 445

HaBKOJHUIIHBOTO cepeaoBuia, °C
3 | Cryninb 3axucty obononku JJCTY

EN 60529:2018, e ripiiie IP54
4 | MoxIMBICTh CHHXPOHI3aMIT Yacy Tak (GPS, NTP)
5 dopmyBaHHSI TEPIOANIHIX
iy MECCEHIXKEPH, eNIEKTPOHHA TIOILTA,
aBTOMAaTHYHHX 3BITiB Ta .
SMS-TI0B1JOMJICHHS
nonepeKeHb
6 | UYacrora onuTyBaHHs/apXiByBaHHS; 10c/10xB
BXIJIHUX CUTHAJIIB
7 | Maca ta rabapuru (ILIxBxI") 6oky 21 xr
MOHITOPUHTY 500x400x220
8 [MapameTpu, 110 KOHTPOITIOIOTHCS — KOHTPOJIb (PAKTUIHOTO Ta

KaJICHIAPHOTO PeCypciB TBEPIOT
13011111 0OMOTOK;

— OIlIHKa Ta TMIPOTHO3
HaBaHTa)XXyBAJIbHOI 34aTHOCTI;
— pO3paxyHOK TeMIlepaTypu
HaOUIBII HAarpiTOl TOYKH
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0OMOTKH;
— BIIXWJICHHS Ta TApPMOHIMHHN
cknan Hanpyr 0,4 xB;
— gepryBaHHs (a3, MiX(azHi KyTH
Hanpyr 0,4 kB;
— BIJICTEKEHHS Ta CUTHAJII3ALlis
PO BIAXHMJICHHS Ta CTaH
TpaHchopMaTopy.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. TexHiuHa eKCIUTyaTallisl €JIeKTPUYHUX cTaHliil i Mepex. [IpaBumna: TKJ]
34.20.507-2003 [Tekct]. — K.: PIOPE, 2003. — 688 c.

2. Tpancdopmaropu cuiosi. Tunosa iHCTpyKIis 3 ekcruryatanii: COY 40.1-
21677681-07:2009 (Haxaz MIIEY 27.03.2009 Ne 180) [Texct]. — MIIEY — Kuis,
2009 - 113 c.
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JOCJII)KEHHSA TA AHAJII3 3ACTOCYBAHHS HEHPOHHUX
MEPEXK Y IPOMHUCJIOBOCTI

B inpopmariitnux texnomnorisx (IT) mryuna Heitponna mepexa (ILIHC) — 1e
cUCTEeMa amapaTtHoro Ta/abo MpOrpamMHOro 3abe3ledeHHs, Mo0yIoBaHa 3a
MIPUHIIMIIOM pOOOTH HEelpoHIB y moacbkomy Mo3ky. LITHC, ski Takok Ha3uBaroTh
MPOCTO HEWPOHHUMH MEpEKaMH, € PI3HOBUIOM TEXHOJIOTIT TIIMOOKOTO HaBYaHHS,
10 TAKOX ITiATAIA€ i MOHATTS MTYYHOTO iHTeNekTy, abo LI

[Mo6 3amumiaTucs KOHKYPEHTOCIPOMOXKHHUMH Yy CyYacHid TJI00aimbpHIN
€KOHOMIIIi, BHPOOHHKaM HeoOXiITHO MOCTIHHO 3abe3medyBaTi TapaHTiio SIKOCTI, a
TaKO)XK 3HIDKYBATH BUTPAaTH Ta TEPMiHM BUTOTOBICHHS cBO€i mpomykmii. Ile
LTFOCTPY€ThCS BUMOTOI0 KIIIEHTIB 1O BHUPOOHHKIB KOMIIOHEHTIB OTPHMATH
akpenutamiro [ISO 9001. Ormxe, mailOyTHs OIliHKAa BHPOOHHKIB, WMOBIpHO, BCE
OinbIIe TPYHTYBAaTUMETHCS HE Ha IXHIX MaTepiaibHUX KalliTaThbHUX aKTHBaX, a Ha
TOMY, HACKUTBKH TTIMOOKMMH, NIMPOKAMH Ta CyYaCHUMH BBKAIOTHCS TXHI 3HAHH,
moB's3aHi 3 nponecamu [1]. Kpim 30epekeHHst X 3HaHb, HEOOXiTHO, MO0 BOHU
OyJH JIeTKO JOCTYITHI IMPOKOMY KOJy CITiBpOOITHHKIB ycepearnHi KOMIIaHii, moo
320e3MeYNTH MOXUIUBICTh €(EKTHBHOTO TMapajelbHOT0 MPOEKTYBaHHS, IO
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JI03BOJIUTH KOMIIaHI1 TOCATTH HEOOXiTHUX BUTPAT Ta CKOPOUYCHHS Yacy BHKOHAHHS
poOiT.

MoHiTopuHr 1 O0OCIYyroByBaHHS MalOTh BHpIlIaJbHE 3HAYCHHS JUIS
3a0e3rnevyeHHs] MPOJYKTUBHOCTI Ta HAMIHHOCTI MOZENed HEHpOHHHX Mepex Yy
BUpOOHUITBI. OCh KiJIbKa KIIFOYOBUX ACIICKTIB, sIKi CJIiJl BpaXOBYBATH:

— MOHITOPUHT TPOJYKTHBHOCTI: BIJICTEKYIOTECS KIFOYOBI ITOKA3HUKHU
MIPOAYKTUBHOCTI ~ MOjeliedl  HEeWpoHHOI  Mepexi, Taki K  TOYHICTb,
3amam’sITOBYBaHHS Ta OIliHKAa. HajamToBYIOTHCS BIiJIIOBIJHI CHOBIIIEHHS PO
3HA4Hi 3MIHU IPOAYKTHBHOCTI, SIKI MOKYTh BKa3yBaTH Ha IPOOIEMH 3 MOJIEILIIO;

— BHKODHCTaHHS PECYpCiB: BIJCTeXKYIOTbCS BHKOPHCTaHHS PpECYpCiB,
Hanpukiax: II1, mam’aTi Ta TpadiuHOro mporecopa, mod MEePeKOHATHCS, IO
MOJIeNli HE TEePEeBaHTaXYIOTh CHUCTEMY, 3aCTOCOBYETHCS ONTHMI3allisl PO3MOALITY
pecypciB Ha OCHOBI MOJIeNIeii BUKOPHCTAHHS,

— BWSBJICHHS Jped(y JaHMX: BiICTEKYIOTHCS BXIJIHI JaHI IS BHSIBJICHHS
JpeidiB y po3noisi AaHUX, SIKI MOXYTh BIUIMHYTH Ha MPOJYKTUBHICTH MOJIEII.
3anpoBa/UKyIOTECS MEXaHI3MU Ul TOBTOPHOTO HaBuyaHHS a00 MOBTOPHOTO
KaniOpyBaHHs MOZIeJIeH Y pa3i BUSIBIICHHSI 3HA4YHOTO JIpeidy;

— BUSIBJICHHSI Aped(y MoJeli: BiJICTeXYIOThCS pe3ylbTaTH poOOTH MOJEI,
o0 BUSBUTH Jpeiidu B MOBEIHII MOJEN 3 4acOM, BUKOPHCTOBYIOTHCS TaKi
MeToau, sk A/B-tecTyBaHHs Ta CTaTUCTUYHMW aHami3, 00 TMOPIBHATH
e(eKTUBHICTH MOJIelTi 3 0a30BOIO JIIHIEID;

— aHaJi3 TOMMJIOK: IIPOBOJUTHCS aHaJ3 MOMUJIOK, 3POOJICHUX MOZEIIIO,
1100 BU3HAYMTH IIA0JIOHU Ta TUIIOBI JKEpea MOMUIIOK;

— KOHTpOJIb Bepcii MoJeli: BiJCTEXYIOThCSI pi3HI Bepcii mopeneit i
BiJMOBIHI HaBuaybHi JHaHi. Lle 103BoNsie TOBEpHYTHCS 10 TONEPEIHIX BEpCiid,
SIKIIIO BUHUKAIOTH ITPOOJIEMH 3 TIOTOYHOIO MOJIEIUIIO;

— MOHITOPHHT Oe3MeKH: BIJICTEXKYIOThCS 3arpo3u Oe3Ielli, Taki sk arpecHBHi
aTaku a0b0 BHUTOKM JAaHUX, SIKI MOXYTh BIUIMHYTH Ha MLIJTICHICTE a00
KOH(]I1ICHIIIHICTh MOJIeel 1 JaHuX;

— TIOCTiliHE BIIOCKOHAIICHHs: Oe3NepepBHE OIIHIOBAaHHS Ta BJIOCKOHAICHHS
MoJIeJleii Ha OCHOBI ITaHMX MOHITOpHHTY. lle MOke BKIIOYATH NepeHaBYAHHS
Mojiesieli HOBUMH JTaHUMHU 200 OHOBJICHHS apXiTeKTypH MOMEINI;

— IOKYMEHTAIlil Ta BEICHHSA JKypHAJIB: PEECTpaIlis MpOIeciB HaBUYaAHHS,
OIIIHIOBAHHA Ta PO3TOPTAaHHS MOJENi JOIOMara€ y BHpIMIEHHI mpobieM i
3a0e3nedye BIATBOPIOBAHICTE;

— BIJICTeXKEHHS BIJIOBIIHOCTI: MPOBOJUTHECS TEpPEeBipka Ha BiAMOBIIHICTH
IIEBHUM HopMaM 1 ctaHmaptam, TakuM ssk GDPR a6o HIPAA, simctexyrouu
BUKOPHUCTaHHS JAHUX 1 TOBEIIHKY MOJIEI.

BrpoBamkeHHST IMX METONIB MOHITOPHHTY Ta OOCIyrOBYBaHHS 110 MOJEINI
HEHPOHHHX MEpEeX JO3BOJSAE WIABHIMTHA NPOAYKTHBHICTh, HANIMHICTH Ta
BiJIMTOBITHICTh HOPMATHBHUM BHMOTaM Y BUPOOHUYNX CEPEIOBUIIIAX.
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3acTocyBaHHS METOJIB INTYYHOTO IHTENEKTY, TAKUX SIK HEHPOHHI Mepexi,
MIPOIIOHY€E BUKOPHUCTOBYBATH TIOTSHITIHHO MTOTYHi 3aCO0M JIJIsT ONTHMi3aIlii BUTpAT
Ta CKOpPOYEHHs Yacy BHKOHaHHS pOOIT 3a paxyHOK BKIIOYEHHS CYYaCHHUX
QITOPUTMIB Y paMKax pEKOMEHIAmid 3 TPOEKTYBaHHS BHPOOHUIITBA IS
BiJIMTOB1THOT'O TIPOIIECY.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Cho, H.S. Attificial neural networks in manufacturing processes [Text] /
H.S. Cho, M.C. Leu // IFAC Proceedings Volumes. — 1998. — 31(15). — P. 529-537.

V]IK 621.314
Adanacses O.1.', Anamunk K.C.2, Uepesyra €.C.2, I1luxos 1.B.2
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Zcryn. rp. E-413m HY «3anopizbka NosiTeXHiKay»

3ACOBH OLIHIOBAHHS TIOKA3HUKIB HAJIIMHOCTI
BOJIANIMHUX KOHCTPYKIIIIA HA KJIACH HAIIPYTH (10-330) KB

B posnoainsaux npucrposix (PIT) 3 knacom HoMiHanbHUX Hanpyr Big 10 no
330 kB Bay<JIMBOIO YaCTHUHOIO, SIKa OKa3ye BIUIMB Ha MMOKA3HUKU €KCILTyaTaliiHOol
HaAJIHHOCTI MOXJIMBO paxyBaTH OINOPHO-I30JSIIIMHI TMOKPHUINKK Ta IPOXIiJHI
i3ossaTopu. TOMy MiJBHILEHHS BHMOI JO EKCIUTyaTalliiHOT HaJiHHOCTI TaKHX
YaCTUH eJICKTPUYHUX alapaTiB € JyXKe BAKIUBUM Ta aKTyaJIbHAM 3aBIAHHIM MPU
MpoeKTyBaHHI sk camux P, Tak i KOMILIEKTYIOUMX 1X €EKTPUYHUX alaparis.

VY 3aranpHOMY BUMAJKy MiJl TEPMIHOM HAAIAHICTh 130JSILIHHOT KOHCTPYKIIT
(IK) cnig paxyBaTd BJIaCTHBICTh EJICKTPHYHOTO amapaTy BUKOHYBaTH 3aBJaHi
¢byHKIiT B yMoBax 30epiraHHsl BIACHUX eKCIUTyaTallifHUX ITOKa3HHWKIB Ta
napameTpiB y BCTAaHOBJIEHHX MeEXaX BIIPOAOBK (PIKCOBAHOTO MPOMDKKY 4Yacy
excrutyaTanii [1]. V Oinbinocti Bunankis IK MOKIMBO BiTHECTH 10 €IEMEHTIB, 10
HE BIJHOBIIOIOTBECSA Yy Tporeci poOOTH, HANpHUKIAA MpOXigHWN abo omopHWMit
130JI1TOp, OMOpHA 130JIsLIiiHA TOKPUINKA BUMIPIOBAILHOTO TpaHchopMaTopa
tomo. Jlmst Takux IK HamifiHICTP MOXKIMBO BHU3HAYUTH 32 JOMOMOTOI0 HHU3KH
MMOKa3HUKIB. Haibinpime BHUKOPHCTAaHHS OTPHMANH TAaKH TIOKA3HHUKH, SK
HampalfoBaHHSI 1O BiJIMOBH, CTPOK O€3BiIMOBHOI CIyXOH, SIKi, Y CBOIO HYepry,
BH3HAYAIOTHCSA SKICTIO Ta TOBIIMHOIO JiCIEKTPHUKIB, PIBHEM EIEKTPUYHOTO,
TEIJIOBOTO, MEXaHIYHOTO HaBaHTaXeHHS Tomo. [lapamerpu HaBaHTa)KCHHS B
MpoIieci eKCIUTyaTallii eIeKTPUYHHX arnapaTiB HecTaOUTRHHHA XapaKTep, TOMY iX
peanpHy mifo Ha TepMiH ciayx0u IK OmHWTH HOCTaTHRO CKIIAJHO, TOMY Ha
MPAKTALll MOXJIMBO 3pOOWTH TUIBKH TPHONHM3HE BH3HAYCHHS iX pIBHIO 3
BU3HAYECHOI HMOBIpHICTIO. B 1UX yMoBaxXx 3pydYHO KOPHCTYBATHCS TaKHMH
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HMOBIDHICHUMH ~ TIapamMeTpaMH, SK  HMOBIpHICTH  0e3BiIMOBHOI  mpari,
IHTEHCHUBHICTH BiZIMOB Ta I'yCTWHa HMOBiIpHOCTI BiaMoB [1, 2]. g mpaxTnaHMX
pO3paxyHKiB Ii  MMOKAa3HUKH  HAMIHHOCTI  3aBHAIOTBCA  MaTeMaTHYHUMU
CHIBBIIHOLIEHHSIMH JUII OOPaHOTO TEOPETUYHOI'O 3aKOHY PO3MOJITY BHIIAAKOBOI
BENMYMHU. B SIKOCTI Takoro 3akoHy TpH po3paxyHKy Hamifinocti IK 3pyuno
BHKOPHCTOBYBATH HAMPAIIOBAHHS 10 BiIMOBU 200 HANPYTY MEPEKPHTTSL

SIK OKa3yroTh CTATHCTHYHI JIaHi IOJ0 €KCILTyaTallil eleKTpooOIalHaHHS y
ctpykrypi PII Bucokoi Hampyru [2, 4], pe3y/ibTaTd BUMIpPIOBaHHS DPO3PSAHUX
HAMpyT i30JITOPIB TpHU 3a0pYyJHEHHI y MPHPOJHHX YMOBaX MOKAa3ykTh, IO iX
BIIXMJICHHS MOYKJIMBO OMKMCATH HOPMAJILHUM 3aKOHOM po3mofiny. Y pobdorax [2, 5,
6] MiJKpeCIIOEThC, 10 Y HOpMaJbHOMY pexuMi poboTu IK mis HUX XapakTepHO
PI3KO HEOAHOPINHI eNEKTPUYHI MONsL. Y TakMX yMOBax BelW4yMHa KoedirieHTa
Bapiallii npy 3acTOCYBaHHI HOPMAJILHOTO 3aKOHY PO3MOALTY 3HAXOAUTHCS y MexKax
(0,03 — 0,06). Omnax B ymoOBax eKCIUIyaTallii BHACTIJOK BIJHOCHO BHCOKOI
HagidHocti IK MaroTh Miciie BiTHOCHO Maji WMOBIPHOCTI iX MEPEKPUTTS, IO
MNpUBOJUTL A0 TOr'0, IO CEKCICPHUMCHTAJIBHO Hi}ITBep]lI/ITI/I HOpMaJ'IBHI/Iﬁ 3aKOH
po3Monily JyXe CKiIamHo. B TakMx yMoOBax MOXIIMBO 3pOOHMTH BHCHOBOK O
yCiueHHI 37iBa (30Ha MalMX HampaloBaHb) HOPMAIBHOTO pPO3MOAUTY B
eKCIUTyaTaliifHoMy pexxkumi. Toai Ui omiHkK noka3HukiB HaxiiHocTi IK B sikocTi
TEOPETUYHOTO MOJKJIMBO BHKOPHCTOBYBATH SK 3CIYCHMH HOPMallbHUM, Tak 1
sorapuMivHO-HOpPMAIILHUH 3aKOHH po3noaity [2 — 6].

Jdust  migTBEpIDKEHHST — MOXIIMBOCTI  3aCTOCYBaHHS  JIOTapU(MIYHO-
HOPMAaJIBHOTO 3aKOHY pO3MOJUILy B psiii poOIT aBTOpIB MPOBEJCHO HHU3KY
JIOCIII/DKeHb II0JJ0 BH3HAYEHHS IapaMeTpiB YCIYEHOro Ta JIorapu(MidHO-
HOPMAJIBHOTO 3aKOHIB pO3MOALTY, SKH OU HE CYNepedydsid HOPMAaIbHOMY
posmoxiny. OLiHKY Ta aHaji3 BUIE O3HAYEHUX 3aKOHIB PO3IMO/LTY MPOBEICHO Ha
OCHOBI 3pIBHSIHHS OCHOBHHX IapaMeTpiB HajiiHocTi [1], sSKMMU € TycTHHA
posmoiny BiiMoB (Harpyr nepekputts) f{U) Ta MOBIpHOCTI 0€3BiIMOBHOI Iparli
P(U) 3a yMOBOI0 pIBHO3HAYHOCTI IBOX MEPIIMX MOMEHTIB PO3MOALIIB, TOOTO
MaTeMaTUYHOTO OYiKyBaHHs Ta mucrepcii. J[ns pimieHHs MOoCTaBieHOi 3ajadi
pO3pOOICHO aNrOpuTM pO3paxyHKy Ta CTBOPEHO HEoOXimHe mporpaMHe
3abe3neyeHHst Low.L-LN.2 Ha OCHOBI SKOrO BH3HA4€HI IOKa3HHUKH
eKCIUTyaTaIlifHOl HAIIMHOCTI OMOPHO-130JSAIIMHNX TOKPHUIIOK BHUMIiPIOBABHIX
TpaHC(HOPMATOPIB Ta OMOPHUX 130JIATOPIB. PO3p0o0IEHO METOMMKY BH3HAYCHHS
MmapaMeTpiB TEOPETUYHUX PO3MOAUIIB HAa OCHOBI JaHWX EKCIIEPUMEHTAIBHUX
JOCTIHKeHh a00 CTaTUCTHYHOI iH(popmamii Ha ocHOBI MoHiTOpuHTY mpari IK B
KOHKPETHHX YMOBaX eKCILTyaTallii.
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YK 621.3.08
Caxno O.A.!, Ckpynceka JI.C.2, Octanenko B.IO.%, Baxmerses B.B.*
' kann. Texn. Hayk, nom. HY «3anmopisbka IoTiTeXHIKa»
2 crapu. Buki. HY «3anopizpka HoJIiTeXHiKa»
3cryn. rp. E-813m HY «3anopizbka HOTiTeXHIKa»
4cryn. p. E-413m HY «3anopisbka noniTexHika»
NIABUIIEHHS EKCILTY ATAIIAHOI HAIIMHOCTI
BUMIPIOBAJIBHUX TPAHC®OPMATOPIB CTPYMY 330 — 750 KB

BumiproBanpHi MaciIoHanoBHEHI TpaHchopMmaTtopy Ha kiacu Hampyru 330-
750 kB € omHUM 3 HAOLTBII PO3MOBCIOIKEHAM Ta aBapiiHO-HEOE3IEYHUM THIIOM
amapaTiB pO3NOIUTHYMX TPUCTPOiB. EKcryaTamis Takux TpaHchOpMaTopiB He
MOBMHHA BigOyBaTHCS 0€3 NMPHUCTPOIO KOHTPOJIO 130IAIiil, IO CHTHANI3yE MPO
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YaCTKOBMH MpoOil i30i4wii, Ta BHUMHKAae TpaHC(HOPMATOp MPH ITOLIKOKEHHI
i3oJmsii 10 MOBHOTO MPOOOIO 130JIALIMHOI KOHCTPYKIIi, IO aHaJorii 3 BUMOTaMHu
[IpaBun ynamryBanHs enexTpoyctaHoBoK (IIYE) y wacTuHi excrutyaranii BBoaiB
Ha kiacu Harpyru 500 kB Tta Buine.

Ha mincTaBi mbOro 3’sBISIETHCS HEOOXITHICTH YAOCKOHATIOBAHHS IIIOYOT
CHCTEMH EKCILTYaTAIIHOI IATHOCTHKU caMe TaKOro 00JIaTHaHHS, IO JaCTh 3MOTY
CBOEYACHO BiJIOpaKOBYBaTH JAc(EKTHI anmapaTH ITiJ 9ac iX ekcIuryaTamnii. JJokymeHT
[2] pexoMmeHIye BHpOBAKECHHS KOHTPONIIO CTaHy i30smii TpaHchopmaropis
CTpyMy Mia poOoUor0 HampyToro s kiaciB Hanpyru 330 kB Tta Buie.

ABTOMAaTH30BaHW#  Oe3MepepBHUI  KOHTPOJIb  TEXHIYHOTO  CTaHy
BHUMIpIOBAIBHUX TpaHC(HOPMATOPIB Ma€ TIepeBary mnepes nepioJuIHIM KOHTPOJIEM
Ta MPOBOAUTHCS IIiJ] 3HIKCHOI BHIPOOYBaJbHOK Hampyror. KoHTpomb mina
po6oUoI0 Hampyrow a03Boisie BikcyBaTH AeDEKTH, BUSIBICHHS SKHX HEMOXKIHBE
il 3HWKEHOI0 BUMPOOYBAIBHOK HAMPYTOI0, & MEePioANYHICTh aBTOMATH30BAHOTO
KOHTPOJTIO Ha TIOPSIOK MEPEBHUIIYE TEPiOJ] PO3BUTKY Ae(eKTy. Y IOCKOHATIOBAHHSI
CUCTEMU JIAarHOCTHKHU HEMOKITUBO 3HACHUTH 0e3 BITPOBAKEHHS
ABTOMATH30BaHOTO OE3MEPEePBHOTO KOHTPOJIIO 33 CTAaHOM YCTaTKyBaHHS. JIOCBijq
eKCIUTyaTalil NOoJiOHMX CHCTEM IIOKa3y€, M0 JIOCTATHbO €(QEeKTUBHUM Ta
€KOHOMIYHO-OOTPYHTOBAHUM IiJIXOJIOM JUIsl MTONIEPEXKeHHsI aBapiiHUX BUIIAJIKiB
amnapariB 3 KOHJICHCATOPHOIO 130JIALIIE€I0 € BUSIBJICHHS YaCTKOBOTO ITPOOOIO 1301111
Ta 3a0€3MEeUCHHs ONIEPATUBHOrO 1H(POPMYBaHHS IIEPCOHAIY Uil BYUACHOTO BHBOMY
amapara 3 eKCIuTyaTanii.

Buxonsguu 3 BHIIEHABEECHOTO, IS I ABUILIEHHSA HaAiliHOCTI
(YHKIIOHYBAaHHS EJNEKTPUYHUX MEpEeX, CTaHIii Ta EeHEePreTUYHOi CHCTeMH
Ykpainu, 0coOIMBO y Mepioj BICHKOBOTO CTaHy, MPOMOHYETHCS BIPOBAIKEHHS
st TpanchopmatopiB ctpymy 750 kB Ta 330 kB 3acobamu s HemepepBHOI
JMIarHOCTUKU ~ CTaHy  i30Msmii  BHUMIDIOBAIBHMX  TpaHChopMaTopiB 3
KOHJICHCATOPHOIO 130JISII€I0 Tl pOOOYOI0 HAMPYTOr (IIPUCTPOSMH TIPHEHAHHS
Ta OJlOKaMM  aBTOMATH30BAaHOI'O  KOHTPON Ha  0a3l  HEpPaBHOBICHO-
KOMIIeHcaliiiHoro Meroxy). Taki OJIOKM MOXyTh 3a0e3ledyBaTd KOHTPOJb
TEXHIYHOTO CTaHy i30Awii MmiJg poOOUOr0 HANMPYTroK Ta JIOKAIBHOI CHUTHATI3ALIi
crany (0 TPHHLOUINY — HOPMAaIbHUIY, «IE€pelaBapiiiHMil»), 3 MONAIBIINM
OiAKIIOYEHHSAM X 0  HasBHUX/NOJAIBIIMX  IEHTPATi30BaHUX  CHCTEM
HENEPEepPBHOTO KOHTPOJIO eHeprood’ekTiB. CTPYyKTypy CHCTEMH HaBEICHO Ha
puc.1.



186

BFT-3300k8

TEVA L

TRV NG N
Birponamt

Tpachogiaen

huasin

Aganrap
PRI e

Onopa

DK MEHTENHTY Savow 5485
amneuns 2208, 307y Hiamngwmn 2208, 507y

Uewrpamumit finox
MOMITCRIHTY BHMIPKEATS
TpasabopKaTapiA BFTT-3306H

OB SAFET

#sgngesin 2208, 507

CWCTEMHA LUA®A 3 APM ONEPATOPA 3 AOK T crami, migaaaen
CBK SAFE-T HOpH TR TA DRI

BF-7506
TPATIA MO FRATIA NE N
[
TobIORpECE
Kopotiea ETOpIHNID:
‘annogin
AgamTED
(npwcrpiil npnegsens)
Onopa
Enar MaHiTERrY semank KS-48:
Wngnews 2208, 507y Hocmsewmen 2208, 507y
Lignrpansnit Gnox
MONTOpINTY BHMIDCOARL
TpamcpopiaTapiE EFTI-750e8
CBK SAFET
Hummannn 708, 50N

Pucynoxk 1 — Ctpykrypa cuctemMu

CIIMCOK BUKOPUCTAHOI JIITEPATYPA

1. IlepeBipka i3omsmii TparcdopmaTopis ctpymy 330 — 750 kB mig pobodoro
Hanpyroto: COY-H MIIE 40.1.46.301-2006 [Texct]. — Odim. Bun. — K. : [PIOPE :
M-Bo nanuBa Ta enepretuku Ykpainn, 2006. — 31 c.
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YK 621.313
Tyma JI.P.!, Canponos 1.1.2, Moxnau P.E.3, Tarapuyx T.B.*
Yeryn. rp. E-413cn HY «3anopi3bka MOJTITEXHIKa»
2ctyn. rp. KHT-523 HY «3anopi3bka MoTiTeXHiKa»
33ap.m1a6. HY «3anopi3bka IoTiTeXHIKay
4 kaHz. TexH. Hayk, nou. HY «3anopisbka momiTexHikay»
®IBUYHE BUMIPIOBAHHS MATHUTHOTI'O IOJIA 1BOX
MMPOBO/IHUKIB

v Cy4acHOMY CYCIIIBCTBI €JICKTPOMArHITHI TOJIst IUPOKO
BUKODHUCTOBYIOThCS B PI3HHX CHCTeMax 1 TMPUCTPOsIX. BHBYCHHS IXHIiX
BJIACTHBOCTEH Ba)KIIUBE JUIS IH)KEHEPHUX 1 HAYKOBUX 3aCTOCYBaHb, AAal0YU 3MOTY
ONTUMI3yBaTH ¥  YJOCKOHAJIOBATH CJICKTPOOONIaqHaHHsA. MarHiTHi 1o
BUKOPHCTOBYIOTBCSI JUISL peajizallii pi3HUX CHCTeM KepyBaHHs, HalpUKIA, UIs
JUHAMIYHOT CTa0limi3amii MaHIMyJIsTOpiB LUISXOM 3MIiHM MAarHiTHOTO MOJIL.
Hatunkn Xoyna BUKOPUCTOBYIOTbCS JUIsi  O€3KOHTAKTHOIO  BHUMIpPIOBaHHS
NOKa3HUKa EJIEKTPOMArHiTHUX TOJMIB, MO3UI[IIOBaHHS Yy 0araTboxX CHCTEMax,
JIOTTOMAararoyu IMiABUIIATH e(PEeKTUBHICTH 1 TOUHICTH [1].

Y ubOMy JOCHIJDKEHHI BHKOPHUCTOBYIOTBCS CHCTEMa 3 TPhOX JaT4MKIB
Xomna, ski po3MimieHi mo pi3HuX mwonmHax. OmuH gatunk XoJula BHMIPIOE
MarHiTHE TMOJie y TOPU3OHTANbHINA IUIONMHI, JPYyrHid [Matduk Xoja — y
BEPTUKAIIbHIN TUIOIIMHI, a TPETii JaTunk XoJula — y MJIOMIMHI, epIeHANKYISAPHIN
JI0 TIepUIMX ABOX (puc. 1).

Pucynoxk 1 — Po3mimenns qataukiB Xoiia y TPhOX IIIOMIMHAX

Y  BuMIpIOBaHHI BHKOPHCTOBYETBCS MOAYJIb Ha MIKPOKOHTpOIepi
STM32F103C8T6 (puc. 2), 10 SKOT0 MiAKIIOYAIOTECA AaTunka Xoiuia. Ha mmaty
MO/IaTETbCS JKUBIEHHS (Hampyra Bim 3,3 mo 5B), mns poGotm Momyns, Ta
T TKITFOYAETHCS. MOIYJh JI0 MIKPOKOHTpOJIepa 3a gonoMororo apotis: SDA, SCL ta
GND. SDA ta SCL - me minii iHTepdeticy 12C, ski BUKOPHUCTOBYIOTHCS IS
mepenadi JaHUX BiJl MOIYJISl 10 MiKpOKOHTpOJIepa.
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Pucynok 2 — Moaynb Ha MikpokoHTposepi STM32F103C8T6

Harunkn Xosa, 3a MapkyBanHsM HW-101G MaroTh BUCOKY YyTJMBICTB i
BUMIpDIOIOTH ~MarHiTHe Tmole 3 po3auIbHOI 37aTHicTIo | MKTn.  Bonwm
BHUKOPHCTOBYETBCS ISl PI3HUX HpOrpaM, BKIIOYAIOYM BHMIPIOBaHHS MarHiTHOTO
T0JIS 3eMUI, IETEKTYBaHHS MarHiTiB, KOHTPOJIb MOJIOYKEHHS TolIo [2].

Monyne BukopucToBYE npoTokod 12C ans 34nTyBaHHS NaHUX 3 JaT4uKa
Xomnma, SKMA BHMIPIOE MAarHiTHE IOJie B TPbOX HampsMKax. BOynoBanuii
MmikpokoHTposiep STM32F103C8T6 00poOisie i JaHi Ta B3a€EMOIE€ 3 IHIIUMH
HOPUCTPOSIMH. MIKPOKOHTpOJIEp TAKOXK IMIATPUMYE pi3Hi iHTepdelich i Moxe OyTn
3amporpaMoBaHuii  3a  gomomoror miaardgopmu  Arduino. JlaTyMk OIS
aBTOMAaTUYHO KalTiOpyeThCS IIUIAXOM T'eHepallii CUTHaJLy Ta aHalli3y MaKCUMAaJIbHHUX
1 MIHIMQJIbHUX 3HAUeHb HANpYr 3a TpboMa ocAMH. lle nae 3Mory BU3HAYUTH
koedilieHTH MaciuTaOyBaHHS Ta 3MIIICHHS JUIS KOXHOI OCi BUMIpIOBaHHS,
3a0e3Mnevyodd TOYHICTh BUMIPIOBaHb.

Dopmynu aist oOuncnenHs koediieHTiB MaciTabyBaHHS Ta YCyHEeHHs [2]:

max,—min

215 ’ (1)

scale, =

+ .
oﬁsetx — w S (2)

JIe Max, miny — MaKCUMallbHe Ta MiHIMaJIbHE 3HaYeHHsI HanpyTH, B.

[Micns  oOumcneHHss  koeillieHTIB ~ MacmTabyBaHHs Ta  3MIIICHHS
MiKpOKOHTPOJIEP 3aIMCYe iX B eHeproue3anexny nam’ ate (EEPROM) momyns mis
30epeskeHHsT Mpu repe3aBaHTaxkeHHi. L[i koedillieHTH BHKOPUCTOBYIOTBCS IS
MIEPETBOPEHHS CHPHX MAHWUX Bl MATYMKIB XOJUIa B OJWHHUII MAarHiTHOTO ITOJIA.
ABTromMaTnyHe KamiOpyBaHHS JAaTYMKIB HA MOXYINI TIJBUIIyE TOYHICTH
BHUMIpIOBaHHSI Ta YCYBa€ 3MIIIEHHS B 3HAUEHH:X [2].

[Tmardopma s BUBYEHHS MArHITHOTO TOJNS TPOBIIHMKIB 3aCHOBaHA Ha
MexaHi3mi 3D-nipunTepa. [IpoBiTHIK MOMIIIA€ThCA HA MMOBEPXHIO IIATPOPMH, JIe
Ha HBOTO MOJAETHCS )KUBJICHHS. MOIyJb NaT4nka XOJjIa BCTAHOBIIOETHCS 3aMiCTh
coIula IPUHTEPa i 38 CUTHAJIOM IEePeMILIAEThCS 3a 3aJaHUMH KOOpIMHATAMH Ha
BiAcTani | MM Haj TWIOMMHOIO BHMIproBaHHs. [lokasaHHs natunka Xoma
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3YUTYIOTBCSl 3 YaCTOTOIO, OOpPAaHOIO 3a JIOMOMOTOIO NPOTPaMHOTO 3a0e3redyeHH .
CTeHJ Kepy€eThesl eNeKTPOHHOI0 TiaToro Arduino Uno 3 4McIeHHUMH BXOJAMH i
Buxomamu Ta USB-po3’eMoM IS i AKITFOUSHHS 10 KoMI 1oTepa [3].

Pucynok 3 — nmata Arduino Uno

Arduino Uno nigrpumye moBy nporpamysants C/C++ i BOynoBany Arduino
IDE, mo fae 3MOry JIerko 3aBaHTaXyBaTH KOJ 1 BiACTEXYBaTWU pe3yJbTaTd B
pexuMi peanbHOro yacy. BiH Takok HiATpUMYye IIMPOKHMH CIEKTP JOAATKOBUX
6i0sioTek 1 MOIyJiB po3uMpeHHs [4], 10 JOAAITh HOMY (YHKI[IOHAIBHOCTI:
Arduino Uno BukopuctoBye intepderic USB st nepenadi JaHuX Ha KOMIT 10T,
0 Jla€ 3MOry IepenaBaTH JaHi B peasbHomy 4aci Ha [IK. I'padiku, orpumani
MiCJIsi  BUMIPIOBAaHHS MAarHITHOTO TIOJI 33 JIOIOMOTOK I[BOTO  MOJYJIS,
BUKOPHCTOBYIOTHCS JJIsl aHAJI3y Ta Bi3yaizalil pi3HUX BIACTUBOCTEH MarHiTHOTO
OIS, SIK-OT npOCTopOBHﬁ PO3MOII 1 3MiHU B Yaci.

Jdns mepeBipkd poOOTH CHCTEMHM IaT4UKIB Ta OTPUMAHHS posnoznny
MarHiTHOr0 IOJIi BHKOPHUCTAIM HACTYIIHY CHCTeMy: 1Ba IIPOBIAHMKH, SKi
BCTaHOBJICHI MapajieIbHO OJIMH J0 OHOTO (puc. 4).

Pucynok 4 — JIBa npoBigHuKa JiaMeTpoM 2 MM

I'padix marHiTHOrO MOISI OAHOTO TPOBIAHMKA (PHC. 5) € 3aNeKHICTIO
MAarHiTHOI IHAYKIII Bif BiAcTaHi A0 mposinanka. Ha rpadiky BuIHO, 10 MaraitHe
M0JIE CITOYaTKy 301NbIIyeThCSI 1 JOCSTra€e MakCUMyMy B JAESKiil TOdYIi, a MOTIM
MTOYMHAE 3MeHITyBaTcs. Lle moB’s3aHe 3 THM, 110 MOOIN3Y MPOBITHUKA MarHiTHE
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roJie popMye 3aMKHYTI JIiHIT MardiTHOI IHAYKI{, aje Ha BEIMKUX BIJICTAHSX II0JIE
TTOIAPIOETHCSL.

PucyHok 5 — MarHiTHe 1osie 0HOTO IPOBiTHUKA

[TpoBeaeHO MOCHIIKEHHS MArHITHOTO TOJS JBOX MPOBIIHHKIB, KOJIU
JaTYUKK PO3MIILEH] 0 LEHTPY MPOBIAHHUKIB Ta 31 3cyBOM Ha 2 MM y OiK Bim HHUX.
dopma KkpuBOi Mae 3aJeXKHICTh BiJ BiJCTaHI MDK MpPOBIJHUKaMH, JiaMeTpa
MPOBIIHKUKIB, CHIIM CTPpyMy Ta iHIMX (aktopiB. OmHAK y LIJIOMY IiJICyMOBaHa
KpHBa MaTUME CXOXi OCOOJMBOCTI 3 KPUBOKO OJMHOYHOTO MPOBIJHMKA, aje 3
OLIBIIMMY aMILTITYJAMH MIKiB Ta MiHIMyMIB (puc.6).

[lizcymoBytoua KpvBa JIBOX HPOBIJHHUKIB 3 OJHOCHPSIMOBAHUM CTPYMOM
BUSBIIETHCS CXOXKOIO 3 KPUBOIO OJMHOYHOTO IPOBiZHHMKA, TOMY ILIO B LEOMY
BUIA/IKy MArHITHI ITOJIs, CTBOPIOBaHI KOYKHUM MPOBITHUKOM, CKJIaJaroThCs. SIKIo
MPOBIIHUKKM 3HAXOMATHCS JOCUTH OJIM3BKO OJMH 10 OJHOrO0, TO MArHiTHI TOJ,
CTBOPIOBaHI KOXKHUM TPOBITHUKOM, B32EMOIIFOTh OJIMH 3 OJTHUM [5].

° 10 20 30 0 50 ),
T

Pucynok 6 — PeanbHa mizicymMoBaHa KpiBa ABOX IMPOBIAHUKIB
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Takum urHOM, Ha OocHOBiI 3D-mpuHTepa Ta enekrponHoi miuatk Arduino Uno
CTBOPEHO MIPHUCTPIH sl KUIBKICHOTO aHai3y MarHiTHOTO MOJISl y IPOCTOpi JUis
pi3HEX cucTeM. SIK mpHKIan, PO3MISHYTO pO3MOAUT MAarHiTHOTO TIOJS, IO
CTBOPIOETHCS JIBOMA MPSIMUMHU NPOBITHUKAMH T4 BHSIBICHO TOYKY MaKCHMAJIbHOT
MAarHiTHOI B3aeMOIii.
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2cryn. rp. E-410 HY «3anopizbka I0JTiTeXHiKay»
3cryn. rp. E3-410 HY «3anopisbka I0JITEXHiKa»

JBAHAJIATAP®AZHUIN BUMTPAMJIAY, K JIXKEPEJIO )KUBJEHHS

Bumpsmisagi 3 BETHKUM YMCIOM Tyibcalin (p = 12, 24 1 Tak mami)
BUKOHYIOTECSI 3 BHKOPHCTaHHSIM KUIBKOX IISCTHITYJIbCHHX CXeM (HaivacTime
MOCTOBHX), sKi 32 HM3BKHX U 3'€qHYIOTHCS MapajeNbHO, a IPH BUCOKUX —
mocrigoBHo. [Ipy mapajensHOMY BKIFOYEHHI MOCTOBHX CXeM (pHUC a) BTOPHHHI
obMoTkH TpaHchopmaTopa 3'eqHyIOThCS B A 1 Y Tak mo0 0OMABI BEHTHIIBHI TPYTIH
BI'l i BI'2 sxuBnstbes Bif IBOX Tphox(a3sHUX cucteM, U SKUX 3CYHYTI OIVH Bif
0oHOTO Ha KyT 30°.

3piBHsIbHAN  peakTop 3P cmpuiiMae pI3HHIIO MHUTTEBUX 3HAYCHD
BUIIPSAMIICHUX HATPYT U4l 1 Ugp, 320€3MMEUYIOUN UM MapaielbHy poboTy 000X
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BEHTWJIBHUX Tpym. [lpu mboMy 3 BuIpsMiieHOTO U BHKITIOYAIOTHCS TapMOHIKA
mopsaky 6, 18, 30 i Tak maimi, sSK i rapMOHIKH TopsAAKy S5, 7, 11, 13 i tak mami 3
KPHUBOI CITO)KUBAHOTO BiJI MEpEXki CTPyMy, TaK IO CXEMa MPaIoe B 12-yTbCHOMY
pexumi. KoedimieHnT mynbcariiii BHaciitok nporo craHoButs ¢ = 0,011, T00TO HE
outerie 1,1 %. dopMa CHOKHUBAHOTO BiJl MEpPEeXi CTPYMY MaKCHMAJIBHO
HaOJMKeHa JI0 CHHYCO1H.
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Pucynok 1 — ba3oBi cxemu JIBaHa IS TUITYJILCHOTO BUIIPSIMJIAYA: & — IapajieibHe
3’¢IHaHHS; O — ITOCHIOBHE 3’ € qHAHHSL.

[ocninoBHe 3'emHanHst qBox Tpudasznux mocrie BI'l ta BI'2 nmokazaHo Ha
pucyHky 6. s cxema ocobmuBO BHTiZHA NpU BigHOCHO Bucokux (moHan 800 B)
Harpyrax. Bona mpamioe, sk 1 cxema 3 IapajeJbHHM BKJIFOYSHHSIM BHIIPSIMHUX
MOCTIB, y 12-mynbCHOMY pexuMi. BIIMIHHICTH TONISTae JUIIEe B TOMY, IO
BunpsiMiieHe Uy 2 pasu BUIIE, a BUIIPAMICHUH CTPYM y 2 pa3u MeHIIe, HiK IpH
napajebHOMY 3'€THAHHI Ta OZHAKOBUX CHJIOBUX €JIEMEHTIB.

JBa 12-mynabCHUX BHIOPAMIISAYA, KOXKEH 3 SKUX CKIAJA€ThCS 3 JIBOX
Tpua3HUX MOCTIB, TpPU IKHUBJCHHI B TpU(a3zHOI CHCTEMH HAmpyr uepe3
TpaHcpopMaTop, O Mae 3cyB mo (a3l BEKTOPIB HAMpyr OAHOWMEHHHX (a3
BTOPHHHMX OOMOTOK 1O (a3i BEKTOPIB HANpPyr OAHOMMEHHHUX (a3 BTOPHHHHX
obmoTok 1o ¢asi Ha kyT 150°, mpaiooTs y 24-nynbcHuii pexum. [Ipu npomy
BUXOIM O0OX TIEPETBOPIOBAYiB 3'€MHYIOTHCSA TMapajedbHO dYepe3 TpeTid
3pIBHSJIBHUN peakTop. AHAJIOTIYHO MOKHA OTPUMATH 36-IIyJIBCHUNA PEXUAM 3a
JOTIOMOTOI0 TPHOX 12-ITyJIbCHUX BHITPSIMIISTIB.

Bumnpsmirsadi 3 BEMHKOIO KUTBKICTIO IMTyJIBCHOCTI CXEMH MalOTh Mali ITyJIbCamii
BUIIPSIMIICHOT HAallpyTH Ta HE3Ha4yHI CIIOTBOPEHHS CHOXXKHBAaHOTO cTpymy. OnHak
Jiesika He CUMETPIsl B YIIPaBIIiHHI, s5Ka 00yMOBIIEHAa BEJIHUKOIO KUTBKICTIO BEHTHUIIB,
BHCOKa BapTICTh 1 TaK Jali YCKIAJHIOIOTH peati3amio 3a3HA4YeHUX IepeBar Ha
TIPaKTHIIL.
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CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. KazaukoBchkuii, M.M. ABTOHOMHI IEpeTBOPIOBaYl Ta IEPETBOPIOBaUi
yactotn: HaBwanpHuii mocibuuk [Texcr] / M.M. KazaukoBcbkuil. —
Huinponerpoebk: HI'A Ykpainu, 2000. — 197 c.

2. Tlob6emam, K.K.CunoBi HamiBIpOBITHMKOBI HpWIaAX 1 IEPETBOPIOBaYI
enektpuuHoi eHeprii: Hapuanmpauii mocionuk [Tekcr] / K.K. IlobGemam, B.A.
Casaraenko — Kuis: KIII im. Iropst Cikopebkoro, 2017. — 244 c.

YK 621.313

Antonosa M.B.!, ITonos C.I1.2 Ipanuenko M.T. 2, Jlpura O.A. 3
! crapm. Buki. HY «3anopizbka mosiTexHiKay»

2cryn. rp. B-410 HY «3anopi3bka mostiTexHikay

3 cryn. rp. B-411 HY «3anopi3bka noJtiTexHika»

MPAHIUII )KUBJIEHHS IBUT'YHIB IOCTIMHOIO CTPYMY

BaxnuBy ponb B peanmizamii miaHiB enekTpudikaiii Hamoi KpaiHu rpae
€JNEKTPUYHUI TpPUBIA, SKU B HAIl 4Yac € OCHOBHMM BHJIOM MPUBOJIY
HAMpIZHOMAHITHIIMX BUPOOHMYMX 1 TPaHCIOPTHUX MEXaHI3MIiB, MOOYTOBHX
MPUJIAJIB, IPUCTPOIB BOJO- 1 Ta30MOCTAYaHHSs, 3acO0IB TeNeBi31IMHOI 1 KOCMIYHOT
TEXHIKH, MEJMYHOI arapaTypH 1 Tak Jaji.

Jisi BUKOHaHHSI PI3HOMaHITHUX 1 4YHCEeNbHMX (YHKIIl elIeKTPOIprUBO.I
BUPOOJIsIE MEXaHIYHY EHEPrilo 32 PaXyHOK €JIEKTPHUYHOI eHeprii, 0 0JepKy€EThCs
HUM BIJl JpKepesa eJeKTPHYHOI eHepril. MexaHiuHa eHeprisi, 110 BUPOOISIETHCS 1
PETYIIOETECS ENEeKTPUYHUM IIPUBOJIOM IIePEIAETHCS PI3HUM BUKOHABYMM OpraHaM
po0oYMX MalIMH 1 MEXaHi3MIB 1 IPU HEOOXIJHOCTI PEryNIOETHCS BIAMOBIIHO 0
TEXHOJIOTTYHUX BUMOT, JI0 PEXKUMIB POOOTH BUKOHABYOTO OpraHy.

3a paxyHOK ojiep»aHoi eHeprii BUKOHABUMI OpraH 3IiHCHIOE HEoOXiTHHUI
MEXaHIYHHH pyX, 3a0e3ledylodud THM CaMHUM BHKOHAHHS BHPOOHMUYUX 1
TEXHOJNOTIYHHX  OIEepaliii: TIepeMilleHHs BaHTaXiB, OOpOOKy [eTaiew,
TPaAHCIIOPTYBaHHS piauHU a00 razy.

Haii6impIn mpocTo 3MiHCHUTH peBepC IBUTYHA MOCTIHHOTO CTPYMY, V SIKOTO
cTaTop i3 MOCTIMHMMH MarHiTamu. JlOCTaTHRO 3MIHUTH TOJSPHICTD KUBIICHHS,
100 potop movaB obepTaTHCS y 3BOPOTHHUHA OiK.

Cknagnime 3AiHCHAUTH pEeBEPCYBaHHS JBUTYHAa 3  CIEKTPOMArHITHUM
30ymKeHHSIM (TIOCHIOBHUM, TapajelbHuM). SIKIO MPOCTO 3MIHUTH MOJISPHICTH
HaIpyTH XUBJICHHS, TO HampsM oOepTaHHA poTopa He 3MiHuThes. 1106 3minnTH
HampssMOK OOEpTaHHs, JOCTATHHO IIOMIHATH TOJSPHICTh JHIIE B OOMOTII
30ymKeHHs ab0 JIHIIe Ha MIITKaX poTopa.
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Junst 31ilicHeHHST peBepcy ABHTYHIB BEJIMKOI HMOTY)KHOCTI TTOJISIPHICTH CITiJ
3MiHIOBaTH siKopi. Po3puB OOMOTKM 30y/KEHHS MPAIIOI0YOMY MOTOpPI MOXe
MIPU3BECTH /10 HecnpaBHOCTI, Tak sk EPC mae minBuineHy Hampyry, ska 37aTHA
MTOIIKOAUTH i30JsIif0 oOMoTok. Il{o mpu3Bese M0 BUXOAY CICKTPOABHUTYHA i3
nany.

Junst 31mificHeHHsT 3BOPOTHOTO HAaIlpsMKy OOEpPTaHHS pOTOpa 3aCTOCOBYIOTH
MOCTOBI CXEMH peJjie, KOHTAaKTOpaxX YM TpaH3UCTOpax. Y pa3i MOXKHA 1 peryJoBaTu
IIBUJIKICTh OOCPTAHHS.

YK 621.313

Anrtonosa M.B.!, Auapycimmn M.B.2, Boaus B.B.2, 3axapos B.B.2
! crapm. Buki. HY «3anopizbka moJtiTexHika»

2 cryn. rp. B-410 HY «3anopi3bka moJliTexHikay

INEPCIIEKTUBU PO3BUTKY EHEPT'ETUKHA

CTpyKTypHI IIepeTBOPEHHSI B €KOHOMIIli YKpaiHH, B PO3BUTKY i1 €HEPreTHKH,
nepea0avyaloTh HE TUIBKH 1i cTabumi3allio, a W iICTOTHE MOAAJbIIUA PO3BUTOK, B
Mepiuly 4Yepry 3a paxyHOK BHPOOHMIITBA HOBHX MarepialliB, KOMILICKTYHOUYHX
BUPOOIB, BHCOKONPOJYKTHBHUX EJIEKTPOYCTAHOBOK sl 3a0€3MEUeHHsT BHUITYCKY
OLIbII KOHKYPEHTOCIIPOMOXKHOI IPOTYKITiT.

Hamiuenunit xypc B peamizaiii HUX MpPOrpaM MOMIIMBHH TUIBKH 32 YMOBH
LIJIECIPSMOBAHOTO TEXHIYHOTO nepeo30pOeHHs €JIEKTPOOOIIa THAHHS
PO3IOIUIBHUX MIPUCTPOIB €IEKTPOCTAHIIIHN 1 MiACTaHIIH, TTOCHJIEHOMY HPOBEICHHI
MoOJIepHi3alii y BITYU3HSHOMY EHEPro-eJIEKTPUYHOMY KOMILUIEKCI, BiIHOBJICHHI
HAYKOBO — TEXHIYHOTO 1 TEXHOJOTIYHOTO MapuTeTy YKpaiHH Ha CBITOBOMY PHHKY
JIOCSITHEHDb HAyKH 1 TEXHIKH.

HaiiBaxxuBinry pojb B IBOMY MpOILECI BiJirparoTh MEPETBOPIOBAIBHO-
PO3IIOMIBHI  €JIeKTPOYCTAaHOBKH. BOHHU SIBISIIOTH COOOI0 CYKYIHICTh MAIIWH,
amapaTiB, JIiHIN eNeKkTpomepenadi Ta JOMOMDKHOTO oOOmamHaHHS (pasoM 3
MIPUMIIIEHASIMH 1 CIIOpPYyAaMH, B SIKHX BOHH BCTAaHOBJICHi), 32 JOTIOMOTOI0 SIKHX
MIEPETBOPATH EJIEKTPOCHEPTil0 B 3PYYHHH [UIA Tepenadi 1 CIIOKWBaHHS BUI,
mepemaloTh il Ta  POMOAUIAIOTE  MDK  crnoxkuBadamMu.  CyKyIHICTB
€JIeKTPOYCTAaHOBOK Ui Tepefadi 1 po3mOIily eNeKTpOEHEeprii Ha3WMBaroTh
CIeKTPUYHIMH MepekaMd. BOHM CKIAZAaroThCS 3 MIACTAHIlIN, PO3IMOALIHYMX
MIPUCTPOIB, CTPYMOIIPOBO/IB, TMOBITPSIHUX 1 KaOSMBHUX JiHIHM, IO IPaIffOIOTh Ha
BHU3HAYCHINA TEPUTOPII.

[pwifom 1 po3momin eneKkTpoeHeprii Ha MiACTaHIl 3IIHCHIOETBCS B
PO3MOIINEHIX TPUCTPOSIX, a ii mepenadyy — 3a JJOMOMOTOI0 TOKOIIPOBOJIOB,
MOBITPSHUX 1 KaOenpHHUX JiHiIA. CTpyMONpOBOAM, B 3aJIEXKHOCTI BiA BHUIY
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3aCTOCOBYBAaHMX IPOBIMHMKIB, MIAPO3IUILIOTh Ha THYYKI 1 KOpCTKi (mpm
BHUKOPHCTaHHI IIMH).

CraOinpHe 3pOCTaHHS EJEKTPOCIOXMBAaHHA Ta IIOCHJICHHS PEXHMIB
BUKODHCTaHHSI  €JIEKTPOEHEpTii  MPU3BOAWTH JIO 3MiHM  PO3PaxXyHKOBHX
HABaHTa)XEHb B PI3HHUX €JIEMEHTaX PO3MOMUIBHUX HMPUCTPOIB, ENEKTPHYHUX MEPEK
i TpaHcdopmaropHuX miAcTaHiii. Tak, Hanpukiaa, IIOCTYIIOBHH II€pexin
mpoBigHOrO B YKpaiHi mignpuemMcTBa 3 BUpoOHUNTBA cTtanied BAT 3amopixkcranb
Ha 3aMiHy NPHPOJHOTO Ta3y Ha EJIEKTPOCHEPril0 MPU3BOAMUTH IO MiJBUIICHHS
MMUTOMOI Barm €JEeKTPOeHEeprii B eHepreTMuHOMY OajlaHci IiJIpPUEMCTBA.
HacninkoM 1poro mpoliecy € HeMUHYYi TIepeBaHTAKEHHS], BHACIJIOK YOI'0 TOCTPO
IOCTa€ MUTAHHS PO HEOOXIAHICTh MO/IEpHI3allil ICHYFOUMX €JIEKTPHYHUX MEPEXK.

Buxonsuu 3 11bOT0, TOJIOBHUM € PO3pOOKa CXEMH 1 KOHCTPYKIIIT IMiJACTaHIIi
ru0OKOro BBOAY Oe3MmocepeHbO Ha PO3HOALIBHY IiJICTAHIII0 CTaJeNpOKAaTHOIO
uexy. Take TexHiuHe pilICHHs JOJATKOBO BHUMara€ MOJAEpHi3allii po3moaiibunx
npuctpoiB 150 kB i 35 kB By31oBuii ®uBUIBHOT MiACTAHIIIT 3 METOIO MiIBUILCHHS
il MPONYCKHOI CIPOMOKHOCTI 1 MiZBHINEHHS HafdiitHOCTi. Lle nqocsraeTbes Muisixom
BUKOPHCTAaHHSI Cy4YacHOi amapaTHoi 0a3u i MOJEpHI3alli€l0 B)Ke BCTaHOBICHOTO
eJICKTPOTEXHIYHOro 00JaJHaHHSA B yMOBaX MiHIMAJbHUX KalliTaTOBKJIAJCHb 1
MaKCHMaJIbHOTO BHUKOPHCTaHHSI €JEKTPOTEXHIYHOro OONaJHAHHS BITYM3HIHHX
BUpoOHUKIB. [IpuiiHsiITE TEXHIYHE pIllIeHHS JIO3BOJIMTh 3HU3UTH BTpPaTH
€JIEKTPOEHEPTii B PO3MOIUILHUX MEpexax Harpyrow 6 kB.

VK 621.3

Maxkaperko A.C.!, TTonsxos M.O.2

Leryn. rp. E-410a HY «3amnopizbKa moyiTexHika»

2 1-p Texu. Hayk, npod. HY «3anopizbka mojiTexHikay»

JIOCBIJ 3ACTOCYBAHHSI NAKETY OPENPLC J1J151
MPOEKTYBAHHSI KOHTPOJIEPHUX CUCTEM KEPYBAHHSI

VY mpoekTax HMPOMHCIOBOI aBTOMAaTH3allii BUKOPUCTOBYIOTHCS IIPOMHUCIIOBI
KOHTpoJepH, ski mporpamyrorscs moBamu LD, SFC, FBD, ST, IL 3a crangaptom
MEK 61131-3. BuBueHHs [IUX MOB JyKe YCKJIAJIHEHO TOMY 110 (DIpMOBI MakKeTH
IIPOTpaMyBaHHS Ta KOHTPOJIEPH KOIITYIOTh JAy>KE IOPOTO.

Metoto poOOTH € MOCHIPKEHHS MOIJIHNBOCTI 3aCTOCYBaHHS Y HABYAJIHHOMY
TIpoIIeci MArOTOBKY OakanaBpiB makeTy mporpamyBaHas OpenPLC.

Y Xomi TecTyBaHHS NaKeTy MIOCHPKEHO K BOyIOBaHI NPUKIAIN Big
Tpamuniitaoro murotiaaga LED 10 mporpaMyBaHHS CKiHUEHHX aBTOMATIB CHCTEMH
KEepyBaHHS.

VY pesynbTaTi MOCHTIMHKEHHS BHUSABICHI HACTYIHI TEpeBard, siKi JO3BOJISIOTH
pexomenayBatn maker OpenPLC s BUKOpPHCTaHHS B HAaBYaJBHOMY IpOIECi
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MIrOTOBKM  OakanaBpiB 3a  cremianpHICTIO 141  «EnexTpoeHepreTrka,
€JIEKTPOTEXHIKa Ta eIEKTPOMEXaHIKay:

1. MOXJMBICTF BHUKOPHUCTOBYBAaTH yci I'siTb MOB 3a crangaprom MEK
61131-3 Ta pPoOOMTH MYJNBTHMOBHI NPOEKTH, OOMIHIOBAaTHUCH iH(pOpMAIi€ 3
SCADA — cucteMoro.

2. HasBHicTh BOYZOBaHOTO CHUMYJISITOpa JUIS TIEPEBIPKH MPOTPAMHOTO KOJY,
i’ eqHaHHS 00’ €KTy KepyBaHHS yepe3 BipryaiasHuit COM nopr.

3. MOXIMBICTD MPOTOTHITYBaHHS HPOEKTIB ITPOMHUCIIOBOI aBTOMAaTH3alii 3a
JIOTIOMOTOI0 TIOUIMPEHUX Ta He AOoporux Iar ApnayiHo. ToOTo mpoektu, mo
HaIMCcaHi MOBaMH IIPOMHCIIOBHX KOHTPOJIEPIB BUKOHYIOThCS y IIaTax ApAyiHO Ta
IHIIMX.

4. Be3KOIITOBHICTh IAKEeTy, 3pY4YHWH iHTepdelc KOopucTyBaya, HasBHICTb
MIATPUMKH TPOIIECY BUKOPHCTAHHS MaKeTy Yy BHIVISAL YaTy NMpOrpaMH, HasBHICTh
BEJIMKOI KUJTbKOCTI BOYIOBAaHUX MPHUKJIAIB, HASBHICTh JOKYMEHTAIlIT KOPHUCTYBAya.

5. Bemuka kinbkicTh BOynOBaHUX (PyHKIIOHANbHUX ONOKIB Ta MOXIIHMBICTH
CTBOPIOBATH BJIACHI OJIOKH, Ty4YKa CTPYKTypa OpraHizarii mporpamu.

[TepenbavyaeTbcsi BUKOPUCTOBYBaTH makeT mnporpamyBaHus OpenPLC y
JTUIUTOMHIA poOOTHI OakamaBpa [Uis PO3POOKH IPOrPaMHOIO 3a0e3MeyCHHs
€JIEMEHTIB CUCTEMU KepyBaHHsI TPAHCIOPTHHM pOOOTOM.

VIK 621.316

Iycs B.M.!, XKopusx JI.B.2, T'aspikos €.M.3, Jlexnros P.B. *
Vacn. HY «3amnopisbka nosiTexHikay»

2 kaH[1. TeXH. HayK, goil. HY «3anopisbka HogiTeXHiKa»

3 cryn. rp. E-813m HY «3anopizbka MojiTexHiKay»

4 cryn. p. E-413m HY «3anopizbka MoJTiTeXHiKay»

JIEJJEKTPUYHE EKPAHYBAHHA AK METO/I IIIIBUINEHHA
POBOTO3JJATHOCTI BUCOKOBOJIbTHUX BUMIPIOBAJIBHUX
TPAHC®OPMATOPIB

HienexkTpuyHe eKpaHyBaHHA — 1€ TEXHIYHHHA WPUIOM, IO O3BOJIIE
KEpyBaTH PO3MOJIJIOM eIEKTPHYHOTO TIOJIS B TAKKX HMPUCTPOSIX, SIK BUCOKOBOJIBTHI
ra30HANIOBHEH] BBOJIH, €1era3oBi TpaHC(HOPMATOPH CTPyMY, KOJIOHKOBI BUMHKAUi,
a TakoX ONOpHI Ta JiHIMHI KOMIIO3UTHI 130JIATOPH BHCOKOi HAIpPyTH.
BuxopucToBytoun IieNeKTpUYHI OOOJOHKM 3 MaTepiamiB i3  CHemiadbHO
MiTiOpaHUMHU ~ BIACTABOCTSIMH, BHSBISIETBCS MOMIIMBAM  3amO0ITTH  BUXOIY
CHJIBHOTO EJICKTPHYHOTO TOJS B 00NacTi Ta30BOi 130JIii 3a MeXi amapaTy B
TOBITPs. TUM caMuM 301UTBIITYETHCS €IEKTPUYHA MIIHICTH 30BHINTHBOI 130711 Ta
BUHUKA€ MOMJIMBICTh 3HIKEHHS DPO3MIpIB 1301I0I0Y0I OOOJIOHKH, MOKpAIICHHS
Maco-rabapuTHUX XapaKTEePHCTHK BHCOKOBOJIBTHOTO HpHCTporo. ExpaHyioua mis
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JeIeKTPUYHOTO €KpaHy Moke OyTH 3acHOBaHa HAa BHCOKIH JlieNeKTpHUHIN
MIPOHUKHOCTI MaTepially, 3 SKOTO BUTOTOBJIEHHH €KpaH, a TAaKOX Ha BIIACTHBOCTI
LBOTO MaTepially TMepexXOAuTH B TPOBIAHUA CTaH MiJg Mi€l0  CHIBHOTO
€JIEKTPUYHOTO ITOJISI.

CTBOpeHHS KOHCTPYKINH Ha 0a3i TakuX MaTepiayiB 3 BHKOPUCTAHHSIM
ICHYI0UMX TEXHOJIOTIH /103BOJIsIE€ €()eKTUBHO BHPIBHIOBATH HAIPY>KEHICTh MOJA, a,
BIIMOBIIHO, 1 TiJBUIIATH POOOTO3JATHICTE BHUCOKOBOJIBTHHX BHMIPIOBAITBHHUX
Tpa"chopmaTopis.

Skmo Marepian  JIEICKTPUYHOTO €KpPaHy SBISE COOOI0  1JcalTbHUMA
JIEeNEKTPHK, SIKUH HEe Mae Oy/b-sKy MPOBIIHICTh, TO TAKUH Ji€NEeKTPUK, BHECEHUN
y 30BHIIIHE €JEKTPUYHE I10JI€, MOJSPU3YETHCS Ta BHOCUTH 3MIHM 10 CTPYKTYpH
oJ1sl. 3aJIeXKHO BiJ] KOHCTPYKIIii BACOKOBOJIBTHOTO MPHUCTPOIO, 11l 3MIHU MOXYTb SIK
3MEHIIMTH, TaKk 1 30UIBIIMTH ENeKTPUYHY MINHICTh 130JISIil, NpUYOMY
BH3HAYAILHY POJIb y OMY BHIIAJKy Ma€ JieJeKTpUYHa NMPOHUKHICTh Martepiaiy.
Yum Oinplua JieeKTpUYHA TPOHUKHICTh, TUM OLIbIIE MOJIIMBICTH KepYBaHHS
€JIEKTPUYHHUM TI0JIEM 1 TUM OLIbIIOrO eeKTy 301IbIIeHHS eIeKTPUYHOT MIITHOCTI
3oyl MokHa JocsrHyTH. OTke, €eKTHBHE 3aCTOCYBaHHS Ji€NEKTPUYHHX
€KpaHiB MOXXJIMBE 32 YMOBH HAasBHOCTI MaTepialiB i3 BUCOKOIO JIENIEKTPUYHOIO
IPOHUKHICTIO.

[Ile OuTbLI CHJIBHIMIMM 3aCO00M JUIsi KEPYBaHHS CJICKTPUYHUM TIOJNEM €
3aCTOCYBAHHS Ji€JIEKTPUYHUX EKPaHiB, 1110 MAIOTh BJIACHY MPOBIAHICTh, TOCTATHHO
BUCOKY JUIl BHECEHHS JOAATKOBUX 3MiH JI0 CTPYKTYPH 30BHIIIHBOTO MOJIS, IPOTE
JOCUTb Mally, 11100 HE CTBOPIOBATH y BUCOKOBOJILTHOMY IIPUCTPOI NPOOiH 130111,
HQUIMIIKOBE HArpiBaHHs, €JEKTPOoJi3 Ta iHm HeOaxkaHi sBuia. BpaxoByroun
JIIoul PeXUMH eKCIUTyaTallii BHCOKOBOJIFTHOTO OOJNaJHAHHS, ONTUMAJIbHUM
BapiaHTOM € 3aCTOCYBaHHsSI MaTepiajiB, sSiKi HE MalOTh CKUIbKU-HEOYAb MOMITHY
MPOBIAHICT TIpU pOOOYiH HAmpy3i, IPOTe MEPEXOAsiTh Yy CIA0OMPOBIAHUN CTaH
MpU KOPOTKOYACHIM mii IMIyJNbCHUX mepeHanpyr. Taki marepianu Bigomi Ta
TPUBAIMN Yac 3aCTOCOBYIOThCS JJIsl CTBOPEHHS HENIHIHHHX OOMEXyBadiB
MepeHanpyr. A MOXJIMBICTh CTBOPEHHsSI Ta 3aCTOCYBAaHHS TAKMX MaTepialiB sK 3
BUKOPHCTaHHSM BHKIIOYHO e(QeKTy MOJPU3aIlil, TaK i TaKUX, sIKIi MAlOTh BJIACHY
MIPOBITHICTD, IO HENIHIAHO 3aJIEKUTH BiJl HAIPYTH €IEKTPUIHOTO OIS, JO3BOJISIE
pO3pOOIATH BUCOKOBOJBTHI BBOAW ISl BHUMIPIOBAJIBFHHX TpaHC(HOpMATOPIiB IO
750 B.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. AdanacpeB, O.I. Enexrtpmuni amapatn Bucokoi Hampyru [Texct] /
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AHAJII3 MOXJ/IMBOCTI NIIBULIEHHA SAIKOCTI MOCTAYAEMOI
CIIO’KMBAYAM EJEKTPOEHEPI'TI HAIIPYT'OIO 0,4 KB

Enextpuuni Mepeki HHM3bKHX HaNpyr, BiJl SKUX MKUBJSATHCS OIHO(A3HI
no0yTOBI CIIOXKUBaui € TpU(ha3HUMH MEpeKaMH 13 TIIyX03a3eMIICHOI HEHTpaLIo
(mepeBakHa OLIBIIICTD SAKKX B YKpaiHi — 13 cuctemoro 3a3emiieHst TN-C). Ctanom
Ha ChOTOJHI B YKpaiHi 3HaYHa YaCTHHA TaKUX MEPEX € 3HOLICHOIO, BKIIOYAIOUH
CHJIOBI 3HMKYBAJIbHI TpaHC(HOPMATOPH, MOBITPsIHI JIiHIT, KaOeIbHi JiHii, 3aXUCHI,
3'eIHYBaJIbHI Ta KOMYTAIlilHI anapaty. 3a3Ha4YeHi eNeKTPHYHI MEePexi MPAKTUIHO
BHPOOWIIN CBill PO3PaXyHKOBHM TEXHIUHHUI pecypc abo HaOMIKAIOThCS IO TaKOTO
CTaHy Ta JaBHO MOTPeOYIOTh PEKOHCTPYKIIi 1 MOJIepHizallii, 0 BUMarae 3HAYHUX
¢iHaHcoBUX 3aTpat. Takox CIijJi BpaxOBYBaTH, 110 PO3MOALIEHI MEPEXKI PAIIOIOTh
B IIEPEBAHTAKCHOMY PEXKUMI, [0 HE TIJIBKH ICTOTHO CKOPOYy€e TePMIH iX CITy>KOH,
ane i 3HIKye ix HagmiiHicTh. Lle BimOyBaeTscs depe3 Te, mo 3a octanHi 20-25
POKIB iCTOTHO 3pOCiia CHOXXHBaHA MOTY>XHICTh MMOOYTOBUX CIIOXKHBAUIB, B 3B'S3KY
31 30UTBIIEHHSIM y HUX KUTBKOCTI TOOYTOBUX EJICKTPOTIPIIIAMIB Ta IX TOTYXHOCTI, a
BCTAaHOBIICHA MPOEKTHA MOTYKHICTh TAKMX MEPEX 3alHIIMIAci Ha KOJIHIIHBOMY
piBHi. OKpeMo cIi BpaxyBaTH, IO HE3aJOBUIEHUI CTaH EIEKTPUIHUX MEpPEeX B
VYkpaidi CnpuYMHEHUHA 3HAYHUMH PYHHYBAaHHSIMHU €NEKTPUIHUX TiACTAHINN, JIHIHA
eJIeKTpOIepeIaBaHHsl Ta 1HIIOI IHQPACTPYKTypH BHACHIIOK OOWOBHX Iiil, mpHu
YoMy IOBTOPHI pYHHYBaHHS HE MOXYTb OyTH BHKIIIOYCHI, a TOMY 332 YMOBH
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3a3HaYeHUX (PAKTOPIB 3pOCTAE YUCIIO aBapiii, MOB'I3aHUX 3 TIOSIBOKO HEJOMYCTHMHX
BiJIXHJICHb HAIIPYTH.

Ha enexTpoTexHiYHOMY pPUHKY YKpalHH HOMEHKIATYPa HHU3bKOBOJBTHOI
amapaTypy MpE/CTABICHA SK BITYM3HSHHMH TaK i 3aKOPJIOHHUMH BHPOOHHUKAMHU.
Ha croromni mi amapatm € [JOCHUTHh PI3SHOMaHITHUMH SK 32 TEXHIYHUMHA
XapaKTepUCTHKAaMH, TaK 1 32 coco0OM TEXHIYHOI peaii3aiii, KOHCTPYKTUBHUM
BHUKOHAHHSM, allTOPUTMaMU POOOTH, OCOONIMBOCTSAMH HANIAIITYBaHHS TOLIO. BoHK
3MIHCHIOIOTh  3aXUCT  OAHO(A3HUX  CHOXMBAYiB  IIUIIXOM  BiAKIIIOUEHHS
HABAHTA)KCHHS BiJl aBapiiiHOI MeEpeXi JKUBICHHS, 3a0e3MeuyloTh MOBTOPHE
MiJKITIOYCHHST CIIOKUBAYIB 0 MEPEXKi KUBJICHHS, 1[0 MOXIMBE JHUINE 332 YMOBH
HOpMaJi3alii y Hil HaIpyTH.

Hu3bKOBONIBTHI ~ amapaTh aBTOMATHKH Ta 3aXHCTy 3a3BHYail  MaroTh
KOMOIHAI[i}0 JIBOX CKJIAJOBHX — EJCKTPOHHOI Ta CHJIOBOI JJISI KOMYTAIlii KoJia
criokuBava. Ha choromHi HaWOIIBII TOMMPEHUMHU € MIKPOIPOIIECOPHI pere,
ABTOMATHYHI BHMHKA4i, KOHTAKTOPH TONIO. BHKOpPHCTaHHS MIKPOKOHTpOJEpa
(MK) abo wikponpornecopa (MII) mo3Boisie BUpOOHHMKAM Takoi amapaTypu
HAAUATH iX JOAATKOBUMHM (YHKILISMH, TAKUMH SK pPEryJIOBaHHS IOpPOTiB
CIIpallbOBYBaHHS; PEryJIIOBaHHSA Yacy aBTOMATHYHOI'O ITOBTOPHOI'O BKIIFOUCHHS
(AIIB); BuUMipIOBaHHSI CTPyMY 1 Hamlpyrd i, BIANOBIIHO, BOHH MOXYTh MaTH
BOYZIOBaHMI 3aXUCT BiJ NEpeBaHTaXXEHb MO CTpyMy. Pene neskux BHUPOOHHUKIB
MOXYTb MaTH MOJJIMBICTh PETYJIIOBAHHS YacCy 3aTPUMKH BiIKIIIOUCHHS CIIOKMBa4a
BiJl Mepexi y pasi aBapiiiHOi cuTyalii; BOyOBaHUH JIYMIBHUK €JIEKTPOCHEPTii;
BHYTPILIHIA TEPMO3aXUCT peJie; Mam’aTh aBapiiHUX MOJiH (4ac 1 3HAYEHHS
rapameTpiB MepekKi B MOMEHT 3HEXKHMBIICHHS ); BOY/IOBaHHIA 3aXUCT BiJI IMITYJIbCHUX
MIepeHaIpyT; BOJIbT-aMIIep Ta BATMETPH.

[IpoBenenuit ananiz mpoOJIEMATHKH 3aXUCTy OAHO(A3HHX CIIOKHBAYIB Bil
HEIOIYCTUMUX BIIXMJIEHb HANpPyTH >KUBJICHHS, aHali3 YyTIMBOCTI CydYacHOI
moOyTOBOI TEXHIKM JI0 HEJAONMYCTUMHX BIJIXHJICHb HAIPYTd 1 BCTAHOBJIEHO, IO
HaMEHIIl YyTJIMBUM JI0 3HW)KEHHSI HanpyrH € enekrpornodyroBa texHika (EIIT) 3
IMITYJIbCHUMH  OJIOKAMU JKMBIICHHS, OCKUTBKM Taki OJIOKM MalOTh INHPOKHA
nmiamasoH Hampyru ckuBieHHs (Bim 100 B mo 240 B). B amapatax 3axucty Ta
KepyBaHHSI HU3BbKOI HAIIPYTH MOPIr CIPALbOBYBAHHS 110 CTPYMY CIIiI BUKOHYBAaTH
perynsoBaHuM. Yac cHpanbOBYBaHHS CTPYMOBOTO 3aXHCTy BCTaHOBIIIOETHCS
3TiTHO 13 3aJIOKHOI0 3aXHCHOK XapaKTEPHCTHKOK CIIPAlbOBYBaHHS. [lpu
MepeBaHTaXXEHHI CIiJ peami3yBaTH (YHKIIO OIOBIIICHHS KOPUCTyBada IIPO
IepeBaHTaKEHH. SIKII0 CTpyM i Hagali IepeBHUIy€e BCTAHOBJIEHUH TOPIT, TO pelie
HaIpyTH BiTKIIOYAIOTh HABAHTA)KEHHS, a TPH HEOOXiMTHOCTI (YHKIIIS 3aXHCTy I10
CTpyMy MoOke OyTH BIIKIIOYEHA NPOTpaMHO Yy HamamTyBaHHsX. lle mo3Boiste
PO3paxoBYBaTH aKTHBHY, PEAKTHBHY 1 HOBHY HOTY>KHOCTI.
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PucyHnok 1 — HU3bKOBOJIBTHI allapaTé aBTOMATHUKH Ta 3aXHUCTY

Chinkyroud 3a Cy4yaCHUMH TEHJCHIISIMU JO JOMAlIHbOI aBTOMaTH3alil 1
po3BuTKy cucteM "Po3ymHuii aAiM", SK J0IATKOBY (YHKIIIO MOXHA
pexoMeHyBaTH BOyAOBaHY (YHKIIIO BIJJAJIEHOTO KEpyBaHHS 3a pPaxyHOK
JIOZIATKOBOTO BCTAaHOBJICHHS MOJYJII0 0e3lpoToBoi mnepenadi  naHux Wi-Fi.
Ockinbkn 06araTo(yHKI[IOHAJIbHE anapaTtd HU3bKOI HANpPYrH OKpIM  (yHKIIH
KOHTPOJIIO HANPYT'M BUKOHYE TaKoX IHIN (YHKIII, TO 1ie TOTpedye NOAaTKOBUX
pecypciB mam’siTi MIKpOKOHTPOJIEPIB, TAKMM YHHOM HEOOXiJHO TMependadnTi
BCTAaHOBJICHHS JOJATKOBOIO MOAYIIO TaM’sTi B CydYacHHX araparax 3axucry,
KepYBaHHs Ta po3oiny Hu3bKoi Hanpyru 10 0,4 kB.
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POLYMERIC INSULATORS AS SPECIAL DESIGNS FOR HIGH
VOLTAGE EQUIPMENT OF SUBSTATIONS

Electrical insulators are very important parts of sub-stations and distribution
and transmission lines within the electric power system. In the early days,
insulators were made of ceramic and glass materials. The first non-ceramic
materials were used for insulation and the very first polymer insulators were
developed to improve performance where ceramics did not perform well [1, 2].

Generating Extra High Voltage
S : Transmission Line
tation (EHV 345KV — 765kV AC)

P 7
-7 ademoind. NS o Distribution $35kV Sub-Station  _+ @'/
b7

High Voltage
Transmission Line
@  (HV 69KV - 230kV)

Figure 1 — Substations and power distribution lines in the power system

A polymeric insulator consists of a fiberglass core rod covered by rubber
housing and weather-sheds of polymer such as silicone rubber,
polytetrafluoroethylene, EPDM (ethylene propylene diene monomer) and equipped
with metal end fittings. Polymers, sometimes called composite insulators, are made
of at least two insulating parts — a core and housing equipped with end fittings [2,
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4]. Polymeric insulators have many advantages over ceramic and glass insulators:
good performance in contaminated environments, lightweight, vandal resistant,
easy to handle, and maintenance free. Because of these properties, they gained
popularity worldwide and sparked a series of manufacturing and design
improvements that led to the polymer insulators of today. Polymer transitioned
from a premium high-cost insulator to today’s lower cost insulator when compared
to porcelain or glass [3, 4].

MacLean Power Polymer (Reliable) insulators from the German company
Rosenthal contain MPS Rosenthal "Blue" silicone compound. This silicone has
been tested by the longest field and laboratory compound tests in the industry and
remains the main line of MPS insulators to this day. For many years, MPS has
been a leader in technological advancement and manufacturing improvement
(Smart Fit Corona Rings, PST Seal, CR E-Glass and Stacked Sheds). The
advanced features and benefits of the APEX Generation isolator, along with
support for MPS applications, promise even greater performance [4].

CR E-Glass
Stacked Sheds

PST Seal

Corona Ball

Crimped End Fitting

MPS Suspension

Insulator
End Fitting Design

APEX Ganeration

Corona Ball / Forged Steel

End Fitting Attachment

Compression / Crimp

Core Material

Corrosion Resistant E-Glass

Sealing System

PST (Muiti-Level) Seal

Sheath Protection

Stacked Sheds

Corona Ring

Smart Fit Corona Rings

Silicone Formulation

Same MPS Formulation

Figure 2 — Design of MPS Insulator [4]
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VJIOCKOHAJIEHHSI KOHCTPYKIII MOAYJbHOI'O JIOTTYHOTI'O
KOHTPOJIEPA CUCTEMMU BE3IIEPEPBHOI'O KOHTPOJIIO
TPAHC®OPMATOPHOI'O OBJIAJITHAHHA 13 BUKOPUCTAHHAM
TEXHOJIOI'IH 3D JIPYKY

Cucrtemu Oe3nepepBHoro koHtposo (CBK) npusHaueni s 30upaHHS,
00poOKu, BinoOpakeHHs1 Ta 30epiraHHs iHpopMalii, O XapakTepu3ye poOoUmii
CTaH CHJIOBOTIO TPAHC(OPMATOPHOTO 00T JHAHHS B PEKUMI eKCILTyaTallii.

BaxsmBoro wactmHoro CBK € Olok MOHITOpUHTY, SIKMi 3abe3nedye
30upaHHs, 00poOKy Ta 30epiraHHsi CUTHAJIB, OTPUMAHHUX BiJl MEPBUHHUX JaTYHKIB
CUCTEMH, PO3PaXYHOK TEXHIYHHX MOKAa3HUKIB POOOTH Ta cTaHy TpaHchopmaropa
Ha 0a3l MaTeMaTHYHUX MOJIeNel Ta nepeaavy iHpopmalii 1o cuctemuoi madwu [1].

B cBoto uepry ynpasiiHHs OJIOKOM MOHITOPHHTY TEXHIYHO Peayli3oBaHO Ha
6a3i mporpamoBanoro Jsoriunoro koHTponepa (IUJIK). TJIK e 3axuienum
KOMIT'IOTEPOM, [0 BUKOPHCTOBYEThCS [UIs TMPOMHCIOBOI aBromaruzaiii. Ili
KOHTPOJIEPU MOXKYTh aBTOMAaTH3yBaTW NEBHHMH mporec, (QyHKIII0 MAlIMHU YU
HaBITh BCIO BUpOOHHUY JiHit0. Jlo nepeBar Bukopuctanus [1JIK mMoxHa BigHecTn
MOJJIMBICTh 3MIHIOBATH Ta KOINIOBATH Olepalii 4d MpolecH, 30Mparoud Ta
nepeaoyy BOKIUMBY 1H(OpMAaIilo Ta MOAYIbHICT KOHCTPYKIIII.

Mopyneunii  TIJIK  cknmamaerbess 3 AEKUIBKOX — KOMIOHEHTIB, — SIKi
MIOKIIOYATECS [0 3arajbHol CTIMKM a00 IIMHH 3  MOMKJIHBOCTIMH
BBEJICHHSI/BUBOLY, 1110 posimprotoTthest [1]. Taxi TIJIK OyBaroTh pi3HUX po3MipiB 3i
3MIHHUM JDKEPEJIOM JKUBIICHHS, 00YMCIIOBAIBHUMH MOMJIHBOCTSIMH, MOMUIHBICTIO
BBeneHHs/BuBeneHHs Tomo. IIJIK mMoxke mictuTté B c00i MOIyNTh JKHUBJICHHS,
MPOLIECOP TAa 1HII MOYJIi BBEJCHHS/BUBEACHHS, SIKI MIKIIOYCHI OJMH JI0 OJHOTO
B omui cridmi (puc. 1). KoHCTpykTHBHa MOIYIBHICTE KOHCTPYKIIi
3a0e3mevyeThcsl 13 BHKOPHUCTAHHSM CTiHOK, SIKi 3a3BHYail BHTOTOBISIOTHCS 3
MeTany.

B xoni BukoHaHHS poOOTH PO3POOICHO MOZETH CTiHOK (pHC. 2), SKHAMH
IJIAHYETHCS 3aMIHATH METaJeBi CTIHKH, IO B CBOIO YEPry JO3BOJHTH IIiABUIUTH
Oe3meunicTe Ta HamidHICTh KOHCTpYKIil [IJIK a Takok 3HW3UTH BapTiCTh HOTO
BUTOTOBJICHHSI.
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Pucynok 1 — IporpamoBanwmii joriunuii koutponep (ITIK)

Bukonanmii apyk crifiok rmactukamu PLA, ABS ta PETG, 3ailicHenuit
aHaJli3 TEeOMETPUYHUX XapaKTEPUCTUK OTPUMAHUX BUPOOIB. OJHUM 3 HEHOJIKIB
cyyacHux FDM TexHOJIOTi € BiIHOCHO HU3bKA IIBHJKICTH JPYKY, IO OOMEXYE
MOJJIMBICTh ~ 3aCTOCYBaHHS  QJUTHBHOTO  BHPOOHUIITBA  JUIi  CEpiiHOrO
BUPOOHMIITBA JieTaieil Ta BY3nliB. B mojanbimiii poOOTi MiaHyeTbcs BHUKOHATH
BUOIp ONTUMANbHUX MapaMeTpiB JpPyKy 3 TOYKH 30pYy BHpIIICHHS 3amadi
npibHOCepiiHOrO0 BUpOOHMITBA oOkpemux jeraied Ta By3nmiB [IJIK CBK
TpaHC(HOPMATOPHOTO 00JIAAHAHHS 13 32/IaHOIO SIKICTIO.

Pucynok 2 — Criiiku 30ipHOTO MO

CIIMCOK BUKOPUCTAHOI JIITEPATYPA

1. ENERGY AUTOMATION LLC [EnekrponHmii pecypc]. — Pexum
noctyny: http://www.enera.com.ua/contacts/.
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JOCBIA 3ACTOCYBAHHA IMTAKETY FLPROG JJIAA ITPOEKTYBAHHSA
KOHTPOJIEPHUX CUCTEM YIIPABJIIHHA

Y mpoekTax KOHTPOJIEPHHX CHCTEM YIpPaBIiHHS 3a3BUYail BUIIISIOTH
hardware i software. [lns JOKYMEHTYBaHHS NPOEKTHHX pilleHb Yy pasi
BHUKOPHCTOBYIOTh €JIEKTPUYHI CXEMH, Y IPYroMy — TEKCT MPOrpaMu MOBaMH THILY
3. Y BoaHOoYac Bijjomi mpuiioMH iHBepcii nuX ysBiIeHb. Tak mporpamMa MOBOIO
VHDL onucye enekTpuuHy cxeMmy HPHCTPOIO, a (YHKI[IOHAaJbHA CXeMa MOBOIO
FBD onwucye anroputm ynpaBniHHs y cuctemi. [laker FLProg nossoisie
Bi3yanizyBaTd JIOTIKYy YHOpaBliHHA MoBamMM mporpaMmysanHs FBD, LD
IIPOMUCIIOBUX KOHTpOJEpiB. Y Mili poOOTI OMUCAHO JIOCBIJ| 3aCTOCYBAHHS IIBOTO
nakery JUis TPOEKTYBaHHS MPUCTPOIB pPO3YMHOTO OyAMHKY Ta CHUCTEM
IPOMUCIIOBOT aBTOMaTH3alii. @parMeHT rpadivHoro npeacTaBiIeHHsT PO3po0IeHOT
IpOrpaMH YIIpaBIIiHHS HaBEJIEHO Ha puc. 1.

e
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Pucynoxk 1 — @parmenT rpadigaoro npenctaBieHas nporpamMu FBD

[Iporpama BuKOHY€E aHami3 iHpOpMAIil Bix maTaukiB. Po3pobieHy mporpamy
3aBaHTA)XEHO B MPOTOTHUIT MIPUCTPOIO YIPaBIiHHS — muaTty Apayino. Ha migcrasi
JocBimy 3actocyBaHHs nakety FLProg MoxxHa BuAinmMTH HOTo mepeBaru:
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1. ITakeT € MpoOrpaMHUM ITPOYKTOM, IIO BiJIbBHO PO3IOBCIOKYETHCSL.

2. Po3pobneHi B makeTi Mporpamy 3aBaHTaKYIOThCS B 0araTo IOIMyJISIPHUX
MIKpPOKOHTPOJIEPHUX IUIAT, BKIIOYAIOUHN TIaTH ApyiHo.

3. IlpencraBneni B makerti rpadiyHi MOBH MPOTpaMyBaHHS BHCOKOTO PiBHS
MICTATh BEJIMKY KUTBKICTh (PYHKI[IOHAIEHUX OJIOKIB, JO3BOJSE KOHGITypyBaTH
rmapamMeTpd TUIOBUX TPUCTPOIB, MO CIpPOILIYE IPOTPaMYyBaHHS CHCTEM
MTPOMHMCIIOBOT aBTOMATH3AIIii.

4. OrpumaHu#l Wi yac BUKOPUCTAHHS IMAKETy JOCBiA OyJe KOPUCHHUM IpU
OCBO€EHHI (pipMOBHX MaKeTiB MPOEKTYBaHHS IPOMHCIOBHX KOHTPOJIEPIB.

e no3Bonsie pexomenayBath maker FLProg nms BuKOpuCTaHHS B
HaBYAJIbHOMY TIpOIleci MIArOTOBKM OakaiaBpiB 3a cremiajbHicTIO 141
"EnexTpoeHepreTrka, elIeKTpOTEXHIKa Ta elNeKTpoMexaHika".
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CEKIIA «PI3UKA»

YK 378.091.33 — 027.22:53
JIo3oBenko O.A.
KaHJ. 1eJ. HayK., pou. HY «3amopi3bka nosiTexHika

AHAJII3 EKCIEPUMEHTAJIbBHUX JTAHUX ITEPINIOKYPCHUKAMM:
INICTh HAMCKJIATHIIINX 3AIIMTAHB

[Mounnatoun 3 2017 poky nabGopatopHi poOoTH 3 (i3MKM ISl CTYAEHTIB
nepuioro  Kypcy (Qaxynprery iHpopMamiiHOi 0Oe3neku Ta  eJIeKTPOHHHUX
KoMyHikauiii HarionansHOro yHiBepcuTeTy «3aropi3bKa MOJTeXHiKay 0a3yloThes
Ha Kkypci «[lomyk isnyHuX 3akoHOMipHOCTEH» [1-2]. BukopucToBytoun Teopito
noeranHoro (OpMyBaHHS PO3yMOBHX JIiff, aBTOpPU I[bOTO KypCy aaanTyBaiu 12
nabopatopHUX poOIT, sIKi JO3BOJISIIOTH HABYUTH CTYJCHTIB OCHOBaM aHaI3y
€KCTIIEPUMEHTAIBHUX JaHUX IIOCTYOBO, BiJl BIJHOCHO TIPOCTHX MPOLEAYP
(BU3HAYEHHsI MOXMOKM IMpU 0aratopa3oBHX MPsMUX BUMIPIOBAHHSX) JIO OLIbII
CKJIaJHUX (BUKOPUCTaHHS iZiel 1HTENeKTyallbHOro aHaiizy nanux). EdexTuBHICTD
BOTO KypCy TNepeBipsuiacs MPOTArOM TPHOX POKIB 1 OTPUMAaHi JaHi MOKa3au
3HAYHUN O3UTHUBHUN BILIUB.

VY wiii my0sikanii MU MPEICTaBISIEMO PE3YJIBTATH, 10 OyJIM OTPUMAaHI Iij Yac
oHJlaliH-BuKIaganHs y 2021-2023 pokax. Mu He 3MIHIOBAIM 3MICT Kypcy, aie
3aMICTh peasbHOrO 00JIaIHAHHS CTYJICHTH BUKOPHCTOBYBaiM (potorpadii, Bineo ta
cumysii. Ha mouaTtky K0XHOTO J1a00paTOpHOTo 3aHATTS BUKIanay (depe3 Zoom)
KOpOTKO OOroBOpIOBaB 3i CTyJEHTaMHU BIJIOBiAHY 0a30By iHdopmamio Ta
IIPE3eHTYBAB YEProBy 1/e10 MO0 aHaJi3y eKCIIepUMEHTANbHUX NaHHUX. [IpoTsarom
HACTYMHUX [JBOX TH)KHIB CTYACHTH TIIOBUHHI OyJIM 3aKIHYUTH BHUKOHAHHS
nabopatopHoi poOOTH, 3aBaHTAXUTH 3BITH Ta MNPOWTH KOpOTKUil Tect (3-5
3anuTanb) y Moodle. 1li TecTr Ta 3aKNIOYHHMI TECT HANPUKIHII CEMECTPY
JIO3BOJIMII HaM 310patu iH(OpMaIlilo Mpo Mpolec 3MIHK PO3YMIHHS CTyJIEHTaMU
OCHOBHHX MOHSATh aHali3y EKCIIepUMEHTAJIbHUX JaHUX. B mimomy, 3amuTaHHS
TECTiB He OyJIM CKIAIHAMH IS CTYICHTIB 1 y JaHiil poOOTI MU 30cepeuMocs Ha
LIECTH 3 HUX, 10 BUSBHJIACS HAaHCKIIaJHIIIMH.

Sx BugHO 3 Tabmumi 1, 3a TppoOMa 3amHUTaHHAMH OYJIO BHUSBIIEHO 3HAYHY Pi-
3HHII0 MDK KUTBKICTIO MIPaBIJIBHUX BiAMIOBiNEH ofpa3y micis BUKOHAHHS poOOTH
Ta y KiHIOI ceMecTpy (3ammrtamHs 1.2, 2.3 Ta 5.1). He 3Baxaroun Ha Te, 0
MPOTATOM 3aHATH CTYJCHTaM HaJaBaMCs MOSCHEHHS Ta NMPUHANMHI OAWH NPUK-
max, OUTPII HIK IIONIOBMHA CTYIEHTIB Majla IOMITHI TpyOHOIm. HampukiHii
CeMeCTpy CUTyalis 3 LUMH 3allUTaHHSMH 3HAYHO MOKpAIWiacs, IO He € He-
CITOMIIBaHUM, OCKUTBKH CTYJICHTH Malll BUKOHYBAaTH BiNMOBIMHI Mii B HACTYITHHX
mabopaTopHUX poOOTaX.
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Jnst iHOmMX Tpbox 3amutaHb 3 Tabmumi 1 (2.5, 5.2 Ta 5.3) Mu He Gaunmo
3HAYHOTO 301TBIIEHHS PaBUIBHUX BiAMOBiAEH y mincymMKoBoMy TecTi. OcoOmmBo
HEOYiKyBaHUM OyJIo Te, IO, BIANOBIJAlOYM Ha 3alMTaHHA 2.5, MOMiTHA YacTHHA
CTYJICHTIB 3a0yBaJia Ipo KBaJpaTHUI KOPiHb, HE UBJITYHCH HA Te, IO BiAMOBIAHA
(dhopmyia Oyiia HaBelIeHa B TEKCTi 3alMTaHHS SK mmiakas3ka. [llogo 3amurans 5.2. Ta
5.3, siKi BUMarajy 3acTOCYBaHHS IpadiqyHOro METO/Iy OLIHKHU JOBIpYOTO iHTEPBAIY
JUISL TIapaMeTpiB MpsSMOi, TO TYT CTYAEHTH 3a0yBaj TIPO OCTaHHINH KpoK
MIPOLIEyPY — BpaxXyBaHHS 3arajibHOI KUTBKOCTI €KCIIEpIMEHTAIBHUX TOYOK.

Tabmuns 1. KinbkicTh NpaBHIIBHHX BIANOBiAeH, HaJaHUX CTYAEHTaMH IpH
MIPOXOJKEHHI TECTIB 0/Ipa3y Iiciisi BAKOHAHHS pOOOTH Ta B KiHIII CEMeCcTpy

Howmep Tecr micns 3akJrou-
3amnu- 3MiCT 3anuTaHHs BUKOHAHHS | HHUl TECT
TaHHS nab. podotn | (N =76)

OxpyTriIeHHS eKCIIepUMEHTAIbHOTO pe- 64
12| o rary: srcota  5.03240.04329 (). | 363 7260%) | g4
Bu3HaveHHs BiHOCHOT MOXUOKH MEBHOTO
23 BMMip}OBaHH? 3a rpadikom, Ha KOMY 35363 (56%) 62
JUTSI KOSKHOT TOUKH BKa3aH1 pUCKU (82%)
IHTEpPBAJIB.
Bu3HaueHHs TOXUOKU TpH
0aratopa3oBUX MPSIMUX BUMiPIOBaHHSIX 45
2:3 (BimnoBigHa Gopmysia Oyna HaBeJeHA SIK 30363 (48%) (59%)
1 Ka3Ka)
BusnauenHns mapametpis b i X0 y piBHsH- 53
5.1 Hiax y =kx +biy=k(x +x0) 3a 16 346 (35%)
. (70%)
JIOTIOMOTO10 rpadika
BusnauenHs goBipuoro iHtepBaty s X0 a4
5.2 3a JOIIOMOT'OI0 HaBEJICHOTO ekciiepuMeH- | 32 3 68 (47%) (58%)
tanpHoTO rpadika (y = k(x +x0))
Bu3HaueHHs A0BIpYOTo iHTEpBATY [Uisi b 13
5.3 3a JOIIOMOTOI0 HaBEJICHOTO ekciiepuMeH- | 27 3 68 (40%)
. _ (57%)
tanpHOrO rpadika (y = kx + b)

OtpuMaHi pe3ynbTaTH MOXYTh OyTH BHUKOPHCTaHI 1HIIMMH IOCIHiTHHUKAMHA
i 9ac po3poOKH SK Ta0OpaTOpHUX, TaK 1 TEOPETUUIHMX KypCiB, TIOB’S3aHUX i3
aHAJII30M EKCIIEPUMEHTAIBHUX 200 CTATUCTUYHUX NaHWUX. Y MOJANBIIOMY poboTa
i3 BIOIIYKaHHA CKIAIHWX JUIA CTYNICHTIB 3alUTaHb Oyne pO3IIMpeHa Ha JAPYTy
YacTUHY Kypcy.
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INNOVATIVE PROCESS FOR THE PRODUCTION OF ALUMINIUM-
ZIRCONIUM LIGATURES

The development of the use of various products based on aluminum alloys is
determined by the availability of appropriate manufacturing technologies or the
possibility of developing such technologies, taking into account their technical and
economic efficiency. Achieving high performance characteristics of aluminum
alloys depends on the use of suitable alloys. All these aspects are also limited by
the requirements to achieve economic efficiency.

Two methods have been developed and tested for the production of
aluminum ligatures with rare and rare earth metals: the direct alloy method and the
aluminothermic reduction of metals from their salts and oxides (aluminothermic
method).

The aluminothermic method for producing aluminum-zirconium ligatures
allows the use of existing industrial equipment without the need for modernizaton,
due to similar temperature conditions of the processes. This fact is significant when
making decisions about the development of a new technological processes [1-4].

The purpose of this research was to develop a technological process for the
industrial production of aluminium-zirconium ligatures using equipment that is
already used at the plant for the production of conductor and cable products of
“Croc GT” LLC without any modernization. Additionally, it was necessary to
achieve comparable rates of production and consumption of the ligatures in the
holding furnace used for the preparation of electrical aluminium ligatures with the
addition of zirconium.

The temperature range for preparing the aluminum-zirconium ligatures in the
auxiliary furnace should be in the range of 850...900 °C, and the temperature of
complete dissolution of zirconium from the alloy in the aluminum melt in the



210

holding furnace should also remain in this range. These conditions must be
accompanied by an appropriate time for complete dissolution, comparable to the
time it takes to fill the holding furnace with molten aluminum from the shaft
furnace.

The required composition of the Na, K, Al-Cl, F-ZrO, slag melt system was
selected on the surface of aluminum in an auxiliary furnace to achieve a technical
result. The obtained wire rod fully complies with European requirements for wire
made of heat-resistant aluminum alloy used in overhead power line wires [5].
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PYX EJIEKTPOHA MI’K KOAKCHAJIBHUMHA KATO/IOM I AHOIOM
Y CXPEHIEHUX EJIEKTPUYHOMY TA MATHITHOMY ITOJISIX

Liero momoBimmro MU TPOAOBXKYEMO MmodaTy paime [1, 2] pobory mo
BIIOCKOHAJICHHIO METOJIUKH JIA0OpPaTOPHOTO MpaKTUKyMy Kadenpu ¢izmkun. Mu
MePeTJIIHYN Teopiro o nmadopaTopHoi poboth Ne25 «BuMmiproBaHHS ITHTOMOTO
3apsAoy eNeKTpOHa» 1y MiACYMKY 3HAWNUI HOBUHM, OUIBIN TOYHHHA 1
0OTpYHTOBaHHH CIIOCIO OTPUMAHHS PE3yNIbTaTYy.
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Y po0oTi BUKOPHCTOBYEThCS BaKYYMHHUH O] 3 KOAKCIaIbHAMHU KaTOJOM 1
AHOJIOM, SKUH TOMIIIYIOTh BCepeanHY coyieHOina. CONeHOi CTBOPIOE OIHOPIIHE
MarHiTHe Toje B, crpsMoBaHEe MapayieIbHO OCi J1i0/la, B TOW Yac SK EICKTPUIHE
nonie E Mae panianbHUi HanpsIMOK.

Hac mikaBUTh TpOCTOpOBa KapTHHA v (1) pamiaibHOI KOMIIOHEHTH
IIBUIKOCTI €JIEKTPOHIB, 30KpeMa BEIMYHMHA I1i€1 KOMITOHCHTH Ha MOBEPXHI aHOY.
Ha xaromi (r=0) panmiaipHa KOMIIOHCHTa IIIBUJKOCTI €MITOBAaHMX CJICKTPOHIB
po3moineHa 3a MaKkcBeom:

J"I‘Jl,?

fv,)=e 2T (1)

Jie m — Maca eJeKTpoHa, k — ctaia bonbumana, T — Temneparypa. PiBHsSHHS [uis
pazianbHOT 1 TaHTeHIIaIbHOT (00epTAIbHOT) MIBUAKOCTI EIEKTPOHIB MAIOTh BUIJISA

1;ﬂ —E——Bvr,
dr m
ave_ e
dr _mB’ (2)

JIe e — 3apsi/i eNeKTPOHA.

AHona (r=R) pocsAraloTh €JEKTPOHHM, SIKI MalOTh JOCTATHIO BEJIUYUHY
nouatkoBoi mBuakocti (1), Taky, mo6 v, (R) = 0. AHomuumii CTPyM BH3HAYAECTHCA
3a (hopMyJII0t0

I,=en [v,(R)f(v,)dv,, 3)
JIe 1 — KOHIIEHTPAI[isl eMITOBAHUX €JIEKTPOHIB MOOIU3Y TIOBEPXHI KaToa.
[HTerpyBaHHs MPOBOAUTHCS 33 BCIMA 3HAUCHHSIMH I0YaTKOBOT IIBUIKOCTI, 32

AKHX eIeKTPOH J0csTae aHoja. Po3B’sa3yloun cucTeMy piBHAHB (2) BimHOCHO Uy (1),
3Haxomumo V. (R) i oTpuMyeMo U aHOIHOTO CTPYMy BHpa3

mr§

Zel e
L=Cf’ J —(;) RZe mr dv,, @)
ne C — crana, U — aHoHA HATIpyTa,
eB\2 o 2eU feB\? o _ 2eU
— - [—= =
(m) R m ’(m) R m ’

0, (f)z Rz <22,

m m

Vg =

&)

Jlerko GauntH, mo s OyIb-sIKUX 3Ha4eHb U 1 B, sKi 3aI0BOJBHSIOTH YMOBI

eR® . .
= 2—82, aHOJHMI CTpYyM Mae oOOHy 1 Ty K caMy BEJUYUHY
m
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?FHJE- -
log= Cfom e_ﬁv,,dv,. = %C . e nmo3Bomsie 3amponoHyBaTH HACTYIHHUH CIIOCIO
3HAXO/HKEHHSI TUTOMOTO 3apsiay.

Criouatky BctanoBioemo U=0, B=0 i Bumiproemo I,q. Jlami BCTaHOBIIOEMO
ske-HeOyb 3HAUeHHS Halpyrd, BiOMiHHE BiJ Hyns, Hampukiaza, U=30 B.
3MiHIOEMO B, mouyMHAOYM 3 Hyws, i BUMiproemo [;. 3a rpadikom 3anexHOCTI
I,=f(B) (puc. 1) ana crpymy I, =I,; 3HAaXoOMMO BiIMOBiAHE 3HAUEHHS
MarHitHoro moist By. PospaxoByemo nutomuii 3apsiz 3a GopMyIioro

I,

Iai?

| —

0 By B

PucyHok 1 — 3anexHicTh aHOJHOTO CTPYMY J1i0Jia BiJl MArHITHOTO IOJIS COJICHOIIa
3a Harpyru UL

2= 5)

m R-Ey
3anpornoHoBaHMil CroCi0 3HAXOMMKCHHS MHUTOMOTO 3apsay CJICKTPOHA
1o30aBJIeHUI HEMOMIKIB monepeHporo [3], B sIkOMy po3paxyHKoBa (opMyiia Mae
CYMHIBHE OOIPYHTYBaHHS, a BU3HAYaIbHA BeMMYMHA (KPUTHYHUN CTPyM) HE Mae
YITKOr0 BH3HAYEHHS 1 TOMY HE MOXe 3a0e3NeunTH 3all0BiIJIBHY TOYHICTh

PO3PaxyHKYy.
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PO3PAXYHOK TEIIVIOITPOBITHOCTI AAK IHCTPYMEHT
CYYACHOI'O EHEPI'O3BEPEX KXEHHS

HaranbHe UTaHHS Cy4acHOTO CBITY — JIOLIJIbHE BUKOPUCTAHHS €HEPrOHOCITB
Ta eKoHoMisi eHepropecypciB. OnuH i3 HaiieeKTHBHINIMX METOJIB Cy4acHOro
eHepro30epexeHHs — 11e 30epeKeHHs TeHePOBaHOT0 TeIIa.

[ToHsATTS TemonpoBigHOCTI € (yHOaMEHTOM Juisi OyJllb-SKOTO CYy4acHOTO
cnemianicta B 00NacTi EHEPreTHYHHX CHCTEM. PO3paxyHOK eHepreTHYHHX
YCTAHOBOK, pOOOYMX MPOILECIB, TEIJIOBOTO 3aXUCTy MOBHICTIO IPYHTYEThCS Ha
Teopil TeronposigHocTi. Teopis mMPOKO MiAKpimieHa OaraTbMa NpPUKIAIaMU
PpOOOTH peaNbHUX CUCTEM.

TennonpoBigHicTh — Lie OJMH i3 MPOCTUX BUJIB TEIUI00OMiHY. PosrisHemo
BUINANOK TEIUIONPOBIAHOCTI 1 TeIulonepeiadi 4epe3 IUIOCKY CTiHKY B
OJTHOBUMIPHOMY TEMIIEPATYyPHOMY IOJIi. 3arajioM CTPOTO OJHOBUMIPHHX CHCTEM
He iCHye. AJle Iy’ke 4acTO B MPaKTUYHO BKIMBHUX BHUIAJIKAaX, 3 JOBOJI BUCOKOIO
TOYHICTIO CUCTEMY MOYKHA BB)KATH OJTHOBHMIPHOIO.

Po3risiHeMO ONHOpIAHY Ta 130TPOIHY CTIHKY TOBIIMHOK O 31 CTaluM
KoeillieHTOM  TeronpoBigHOCTI A. Ha  30BHIIIHIX MOBEpXHSIX  CTIHKH
HiATPUMYIOTECS CTAIUMH TeMIlepaTypu ty 1 twe. llpum 3amaHuxX ymoBax
Temmnepatypa Oyae 3MIHIOBAaTHCh TUIBKH B HAaMpsMKY, MHNEPHECHAUKYISIPHOMY
IJIONMHI CTiHKU. SKmio Bick OX HampaBUTH TMEPICHIUKYISAPHO IO IUIOMIMHU
CTiHKH, TO TEMIIepaTypa B HapsiIMKy oceit OY ta OZ Oyne 3anumaTrcs CTalIok:

gr  dr
oy 6z

ey

VY 3B’sa3Ky 3 1M, JudepeHiiiiHe piBHSHHS TEIUIONPOBITHOCTI A JTAHOTO
BUMAJIKY 3aMHIIETHCS Yy BUTIISIII
8t

—=0. )

I'panmani ymMoBH B HaHiit 3a1a4i cHOpMYITIOEMO HACTYITHIM YHHOM:



214

pu x=0 ; t=t,,;, TpA X=3, I=ty2. 3)

PiBusiHEsA (2) Ta ymoBH (3) HalOTh MOBHE MaTeMaTHYHE (DOPMYIIOBAHHS
JMaHOi 3amadi. Y pe3ynbTaTi pPO3B’sA3Ky IIOCTABIICHOI 3ajavi ITOBHHEH OyTH
3HAWJICHUN PO3MOJIT TeMIEpaTypH Yy TUIOCKIHM CTiHI, TOOTO f=f(x), Ta OTpHMaHa
¢dopMmyna sl BU3HAUECHHS KIJIBKOCTI TEIUIA, IO MPOXOAUTH 3a OJUHUII0 Yacy
yepe3 CTIHKY. 3aKOH pO3MOJUTY TEMIEpaTyp IO TOBIIMHI CTIHKM 3HAWJIEMO B
pe3yibTaTi HoABiIHHOTO iHTerpyBaHHs piBHsHHS (2). [lepie iHTerpyBaHHs na€:

¢, 4)

dr

[Ticns gpyroro iHTETpyBaHHS OTPUMAEMO:

3 piBHsHHSA (5) BUILUIMBAE, IO MPU CTAJIOMY KOE(DIliEHTI TEMIONpOBiIHOCTI
TeMIepatypa B CTIHIII 3MIHIOETbCS TO JiHiliHOMY 3akoHy. Crami C; ta C, B
piBHsIHHI (5) BU3HAYAIOTHCS 3 TPAHUYHUX YMOB:

npu x=0, 1=t,,1, Ta Co=t1; (6)

[
pH X=3, I=ty2, Ta C} = —%x. @)

[Mixcrasnstoun 3HadeHHst KOHCTAHT C) 1 C» B piBHsHHS (5), OTPUMYEMO 3aKOH
PO3IOITY TeMIepaTypH B JaHiil IUIOCKIN CTIHII:

_ Gua—Twe

X (®

t= th
OCKiJIbKU TYCTHHA TETIJIOBOT'O IIOTOKY BU3HAYAETHCSA SIK
de
-4(2) )
Gur =) ©
TO 3 ypaxyBaHHsM (4) Ta Bupasy st Ci OTpUMaeMo:

i
Qw = 5 (twl —ty2 ) (10)

3 piusaHS (10) MOXHa 3pOOHUTH BHCHOBOK, IIO MHTOMHI TETUIOBHU MOTIK,
[0 TPOXOIHTH 3a OAWHUIIO Yacy, IPSIMO MPOMOPHIHHUA TETUIONPOBITHOCTI A,
pI3HHUII TeMrepaTyp Ha 30BHIIIHIX MOBEPXHAX CTIHKH (f,/—tw2) Ta OOEpHEHO
MIPONOPIIIHUH TOBIMIMHI CTiHKA O [1].

Bigaomenus A/3, Br/(M*'K) Ha3uMBaroTh TEIUIOBOIO IPOBIIHICTIO CTiHKH, a
obepreny BemmuuHy O/A, (M*K)/BT, — TepMiYHHM OIOPOM TEILIOIPOBIIHOCTI
CTiHKH [2]. BUKOPHCTOBYIOUH MOHSTTS TEPMITHOTO OTOpPY, (OPMYIY PO3PAXyHKY
T'YCTHHH TEIJIOBOT'O IIOTOKY MOYKHA IIPEJICTABUTH Y BUTIIII:

(1 —Lyn)
v = %’ (11)
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ne R = &/A — tepmiunnii omip [2].

3arajpHa KUTBKICTH TEIDIOTH, IO MEPEIacThCs Yepe3 CTIHKY IUIomer S 3a
OJIMHUIIIO Yacy, BU3HAYAETHCS HACTYITHUM YHHOM:

A
GwS =5 (tyy — t2)S. (12)

Mpuxaan 1. Jlana Monmenb MoOXe, HampHKiIadg, OyTH 3acTOCOBaHA JJis
PO3paxyHKy IOTOKY TeIljIa Yepe3 BIKOHHY pamy, SIKIIO TEMIIepaTypa B MPUMilCHHI
i Ha30BHI CYTTEBO HE 3MIHIOEThCS. 3 MEBHUMH HAOMMKCHHSIMH B I[bOMY BHITQJIKY
CHCTEMY MOJKHA BB)KATH CTAI[IOHAPHOIO OJHOBUMIpHOI0. CKIIOMAKET y BiKHI MOXKe
OyTH 3aIIOBHEHUIA:

1) noBitpsm 3 koedinienTom termonposinHocti A=0,025 Bt/m'K (HopmasbHi
YMOBH),

2) apronom 3 A=0,0164 Bt/m'K, ta kpuntonom 3 A=0,0095 Br/m-K.

BukopucToByloun O3Ha4yeHHs TepMmiuHoro omopy 1 dopmyny (11),
NpuxoaAuMoO A0 BHCHOBKY, IO IPH OAHAKOBUX 3HAUYCHHAX TEIUIOBOI'O IIOTOKY
BUKOPHCTaHHS aproHy JAa€ 3MOTY 3MEHIIUTH TOBLIMHY CKJIOIAKeTa OUIbII HIX B
1,5 pa3u y HOpIBHSHHI 3 MOBITPSIM, @ BUKOPHCTaHHSI KPUIITOHY — Olnblie HiX B 2,6
pasu.

ToOTo, pO3rnsHYBIIM [aHy MOJEIb, MM MA€MO KOHKpPETHE pIllleHHs i3
3aCTOCYBAaHHS €HEProe(eKTHBHOIO CKJIOIAKETY 3aleKHO Bil BHKOPHCTAHHS
MIOBITPsl 3aIIOBHEHHS, SIKE JO3BOJISIE EKOHOMUTH MaTepiall CKIONAaKeTy.

Mpukaag 2. Pozpaxyemo MoTpiOHY TOBIIUHY MIiHOIUIACTY JUIS YTEIUICHHS
Oynuuky. IlepeBaru 1poro marepiaily € OYEBUIHUMH, TOMY Takuil BHOIp LIJIKOM
3po3yMinuid. Po3risiHeMO anropuT™ po3paxyHKy Ha MPHUKIaAl yTeIIeHHs Oy IUMHKY
3 CHJIKATHOI Leriau (rerwionposifanicts nernmu - 0,4 Br/(mrpan), miHomiacty —
0,039 Br/(m'rpan), ToBmmua crinu 0,25 M y 3amopisbkiii obnacti. BpaxyBanus
KJIIMAaTHYHUX ~ OCOOJIMBOCTEH  MICIIEBOCTI  TPOBOJUTHCS 33  JIONIOMOTOIO
cretiaibHOro KoedilieHTa R, sSKUl Ha3MBa€ThCSI TepMOONopoM. BiH 3amaeTbes
JIepKaBHUMHU OymiBeTbHUMH HOpMamu. JlIs MiBICHHUX peETioHIB YKpaiHu
R=2,8 (M*K)/Br.

BupaxoByemo TtermoBuit omip cTiEM:  R=0,25/0,4=0,625 (M>K)/Br.
BinHiMaeMo oTprMaHe 3HAYCHHS 3 HOPMATUBHOIO ITOKAa3HHKa Ta OTPUMYEMO
HeoOXimumid TepMoomnip miHomracTy: R,=2,8-0,625=2,175 (M>K)/BT. 3Hax0auMo
HEOOXiMHy TOBIIMHY YTEIUTIOBa4a, I YOTO HOTO TEpPMOOIip MHOXHMO Ha
KoeirmieHT TermnonposigHocTi: h=2,175-0,039=0,085 M.

TakuMm YHMHOM, Ui YTEIUIGHHS CTiHHM B OJHY LTIy JOCTaTHBO IMIapy
MMHOIIJIACTY 3aBTOBIIKHU 8,5 cM. I3 0cOOMCTOTO OCBiTy MOXKHA CTBEPIKYBATH, IO
VTEIUICHHS KUTIa ONHi€l KBapTHPH ITIHOIUIACTOM TOBIIMHOI 5 CM J03BOJISIE
I IBUIIUTH TEMIIEPATypy IIPUMIIIEHHS Ha 3-4 TpaxycH.
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AmHaii3 pe3ynbTaTiB IMOKa3ye, IO PO3PAaXyHKH TEIUIONPOBIIHOCTI Pi3HUX
CHCTEM JO3BOJISIIOTH 3MEHIINTH BTPATH TEIUIA 1 MiJABUIINTH €Heproe(eKkTHBHICTH
3aCTOCYBaHHSI CyJacHUX MaTepialiB.
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OIIHKA MIITHOCTI IVTACTUHMU ITPU HETIPYKHOMY YJIAPI
HMUJIHAPUYHOI'O TUUIA

JocmimKy€eTbesl MIIHICTh 3aXMCHOI TUIACTUHM TPHU  BHCOKOLIBHJIKICHOMY
ynapi. Bu3HaueHo MiHIMallbHy TOBIIMHY IIJIACTHHH, sIKa HE PYyHHYEThCS, Ta
HaBEJICHO MOPIBHSHHSI 3 Pe3yJIbTaTaMU BUIIPOOYBaHb.

Sk mpuKiIan po3rIISTHYTO B3a€EMOJII0 KyIli 3 IJIACTHHOK Uisi OpOHEIBEepeil.
[lpu aHami3i eKcrepUMEHTAJIBHUX pPEe3yJbTATIB OOCTPITY IUIACTUHU 3aBTOBIIKH
5 MM KyJsIMH 3 TepMidyHO 3MiliHeHHM cepaeuHukom 7H10 3 aBromata AK-74 3
Bigctani 10 M, 3 movatkoBoro mBuakicTio 900...930 m/c Oyno 3a3HavyeHO, IO
pyHHYBaHHS IUIACTHHHM BiIOyBaJloCs 3a MeXaHi3MOM BHOHMBaHHS MpoOku [1]
(puc. 1), niametp npoOku OyB OJIU3bKUIA 10 KamiOpy Kyii, Ha OOl TPOOKH BUAHO
CJIIJIM TIACTUYHOI e opMaliii 3pi3y Martepiany IIac THHH.

RIS
%

e

Puc. 1 — Burnsag otBopy y mractuHi Ta BUOMTOI ipodkw [1].



217

[Ticns mpoOoto BiA Kyl 3ayMInaiacs JHIIe 3aJHs YacTHHA JOBXKHHOIO OiyIs
2...3-x pmiameTpiB. BincyTHiCTh mepenHbOI YaCTHHHU KyJli MOKHA TIOSICHUTH THM,
0 MarepiaJl TEPMIYHO 3MIIHEHOTO CepACYHMKA € KPUXKHM Ta pyHHYBaBCsl Ha
JpiOHI YaCTHMHKY NPH 3iTKHEHHI 3 TuiacTuHoto. Jledopmaris 3aHp01 YaCTUHU KyJTi
MpU3BOIMIIA 1O 30UIBIICHHS 11 JiaMeTpa Ta JiaMeTpa OTBOPY y IUIACTHHI Ha
0,5...0,7 Mmm.

Jnst BU3HAa4YeHHS NOTPIOHOI TOBUIMHM IIJIACTHHH, sKa 3abe3nedyBana O
3aXHCT Bifl KyJb, BAKOPUCTAHO PIBHAHHS PIBHOBard CHJIM 3MHHAHHS KyJi Ta CHJIN
nedopmaltii 3pi3y npu BUOHBaHHI poOkH y miactuHi. Cuita nedopmartii 3aeKuTh
BiJl BiJI’€MHOTO IIPUCKOPEHHS KyJIi IPU 3ITKHEHHI 3 TJIACTUHOIO, SIKE BU3HAYAETHCS
3aJIeKHO Bij KiHEMaTHKH Aedopmariii Kyii Ta Metany riactiHi. Crna BUOWBaHHS
OTBOpY Y IUIACTHHI BH3HAYUTHCS 3 (POPMYIHM CHIIM 3pi3y MJIACTHHU IO MEPUMETPY
MPOOKH:

F=ndbr, (1)
e d~6 MM — miaMeTp mpoOKH, OMM3BKHMN JI0 JiaMeTpa pO3ILIFOIIEHOI KyJi; T —
HarnpyxeHHs Aeopmanii 3pizy; b — TOBIIMHA TIIACTUHU.
3 iHmoro 00Ky, cuia BHOMBAaHHS MPOOKU JIOPIBHIOE MaKCUMAIbHIN cuili
3MUHAHHS KYJIi:
F=ornd*/4, 2)

ne o= 4,5 I'Tla — MmakcuMaJsbHe HapyKeHHs 3MUHaHHsI KyJii (puc. 2) [1].

XapaKkTepUCTHKU IUIACTHHH, sKa 3a0e3Nedye 3aXHUCT, MAlOTh TaKi 3HAUCHHS
[2]: ToBMHA 5,5 MM, TBepaicTh (HB) 600, mirHicts 6=2200 MI1a [2]. [Tpu ubomy
Hanpy)eHHs 3pi3y miactunu ckiaje: 1=0,6¢ =1210 MITa.

<. I'Tla

ol \
~

2 -\-.H\

[

1] : =
1] 0.1 0.2 0.3 0.4 &=

Puc. 2 — Jliarpama cTHCKY ocepis KyJIi.
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3 piBageb (1) 1 (2) oTpumaeMo MiHIMaJIbHY TOBIIMHY IUTACTHHH, SKa
BUTPUMYE y/ap KyJli TP MaKCHMaJIbHOMY Harpy)XeHHi 3MuHaHHs Ky 0=4,5 ['Tla

(puc.2):
b=c d/4r=4,510° 6107 /4'1,21-10° = 5,510 m, 3)

TakuM YMHOM, CHIpOIIEHWH METOJ| PO3PaxyHKY MIHIMAIbHOI TOBIIMHHU
3aXHCHOI MIJIACTHHU 3aJI0BLIEHO Y3TOJDKYEThCS 3 nepeBipeHUMH
€KCIIEpUMEHTAJIbHUMU pe3yabTaTamMu [2].
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ACHUHXPOHHI IBUTYHU TA CXEMM iX 3AMILIIEHHA

ACHHXPOHHI ~ MaIllMHM, 3aBASKM  MPOCTOTI  1X  KOHCTPYKIi, €
HAWITONIMPEHIIIMMHI B CYYaCHHUX EJIEKTPOYCTAHOBKAaX €NEKTPUYHHUMH MaIIWHAMH.
Sk 1 Oynmp-sika elEeKTpUYHA MaIlMHA, aCHHXPOHHA MallldHa OOOpPOTHA 1 MOXKe
MPALOBATH K B PSKUMI JBUTYHA, TaK 1 PeXKUMI reHeparopa. Bce ik, mepeBakHe
3aCTOCYBaHHS MAarOTh ACHHXPOHHI IBUTYHH, IIO CKJIAJAl0Th OCHOBY CYYacCHHX
enekrponpuBodiB. Came aCHHXPOHHI [ABHTYHH CIIOKHBalOTh Oimbmie 50 %
€JIEKTPUYHOI €HEPii, SKa BUPOOJISIETHCS YCiMa SIEKTPOCTAHIIIIMH.

[lIupoke 3acTocyBaHHS ACHHXPOHHHUX MAIlMH 3yMOBHJIO 1 3Ha4YHE
KOHCTPYKTHBHE pO3MAITTSI [MX MAIIMH B TUIAHI TIOTY)KHOCTi, HOMIHAQJIBHOI
Hanpyrd, uucia (a3, KoHcTpykmii Tomo. OjHak, HAHOUIBII MOUIMPCHHMHU €
TpudaszHi JBUTYHH, IO BHTOTOBISIOTBCS JUII MACOBOIO BHKOPHCTAHHS 3
HOMiHaIbHOIO Harmpyrow 220/380 B i HoMiHAIBHUME MOTYKHOCTIMH Big 0,06 1o
400 xBT. Y acHHXpOHHOMY IBUTYHI Tpr(azHa 0OMOTKa cTaTopa IPH KUBJICHHI Bij
MepexXi 3MIHHOTO CTPyMYy CTBOPIOE KpyroBe obeproBe mosne. Lle mone HaBOAWTH
EPC ta ctpymum B 3aMKHEHiH 0OMOTII poTOpa, IO i NPUBOIUTH JO WOTO
obepraHHs B HampsiMi il  €JIGKTPOMArHITHHX CWJI, $Ki  CTBOPIOIOTh
€JIeKTPOMArHiTHHIA MOMEHT [1].


https://dveri.com.ua/forum/index.php?showtopic=689
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BaxJTHBOIO BEMYMHOO, 1[0 XapaKTePU3ye POOOTY aCHHXPOHHOTO JIBUTYHA, €
KOB3aHHS — PI3HUIS M)XK 4acTOTaMH OOepTaHHS MarHiTHOTO IOJIA 7; 1 poTopa ny,
BUpaX€HA Yy BIJIHOCHUX OJMHUIISAX. 3TiJHO 3 TMPHHIHUIOM O0OOPOTHOCTI,
ACHMHXPOHHA MaIllMHA MO)KE IPAIIOBATH B PEKHUMI JBHTYHA Ta B PEXHAMI
reHepatopa. KpimM 1mporo, sik i y MallliH HOCTiHfHOTO CTPYMY, MOMUIUBHIA TaKoX i
raJbMiBHUH PEXUM poOOTH. Y OyIb-sSKOMY PEXHMIi Ma€ Miclie HEpiBHICTh YacTOT
o0epTaHHs poTopa i IMOJIA, TOOTO, HASBHICTh KOB3aHHS, aJUKEC TUIBKA B IOMY
BHITAJIKy KpyroBe 00epTOBe MarHiTHe 1moJie cTBopioe B poropi EPC i Ha potop nie
€JIEKTPOMATHITHUI MOMEHT. [IpH IIbOMY KOXXHOMY PEXHUMOBI pOOOTH aCHHXPOHHOI
MAaIMHY BIANOBiZa€ BHU3HAYEHWH [ialta30H 3MIiHHM KOB3aHHS, a BIJIOBIZHO 1
YacToTH 00epTaHHsS POTOpA.

Jis  oTpUMaHHS  €JEKTPOMEXaHIYHOI 1 MEXaHi4HOI  XapaKTEPUCTHK
ACHHXPOHHOTO JIBUT'YHa BUKOPHUCTOBYETHCS HOTO CXeMa 3aMillleHHs, Ha SKii KOJIOo
cTaTopa i poTopa Ipe/CTaB/IeHI CBOIMU aKTUBHUMHM U 1HJyKTUBHUMH onopamu. [1o
CyTi cXema 3aMilllCHHS aCHMHXPOHHOrO JBUTYHA aHAJOTIYHA CXEeMI 3aMilllCHHS
tpaHcdopmaropa. Sk 1 y Tpancopmaropa, aCHHXpOHHHI JABUTYH Mae T-moaiOHy
cxeMmy 3amimeHHs [2].

Binpm 3pydHOI0 IS MPaKTUYHUX pO3paxyHKiB € [-momiOHa cxema
samimieHHs. Y [-momiOHIN cxemi, [0 HaMarHiuye, rijka BHHECEHa 10 BXIIHHX
3aTucKaviB. TakKiM YMHOM, 3aMICTh TPHOX T'JIOK OTPUMYIOTH MBI TLJIKH, IEpIIa -
HaMarHiuye, a apyra - poboua. Aye JaHa Jis BUMAarae BHECEHHS J10JJATKOBOTO
KoedillieHTa, SIKUH € BIIHOIICHHSM HAIpPyTH, IO MiABOIUTHCS O IIBUTYHA, JIO
EPC craropa [2].

3a KOHCTPYKII€I0 aCHHXPOHHI ABUTYHH MOMIISIOTH Ha [(BA BUIM: IBUTYHHU 3
KOPOTKO3aMKHEHOI0 OOMOTKOI poTopa Ta 3 (hasHo 00MOTKow portopa. Ciinx
3a3HAYMTH, IO CTAaTOPH IUX [ABWIYHIB IPAKTHYHO HE BiIPI3HIIOTHCS.
dyHKIOHATBHE PU3HAYECHHSI cTaTopa 1 HOro 0OMOTOK — IHIYKTOp, IO IHIYKYE
OCHOBHE MarHiTHe I0JI€.

CraTop MAaIIMHH 3MIHHOTO CTPYMY Ma€ JOCHTh IPOCTY KOHCTPYKIiro. Bix
CKIAJa€ThCI 3 KOPIYCy, ocepas (BHKOHYETBCS 13 JIMCTIB €IEKTPOTEXHIYHOI
i3oTportHOT  cTami TOBmMHOKO 0,35 MM, TIOKPHUTHX i30JMIHHAM JIaKOM) Ta
cTaTopHOI OOMOTKH. Y  SKOCTI CTaTOpHOI OOMOTKM BHKOPHCTOBYETHCS
JBOIUIONIMHHA KOHIIEHTPUYHA OOMOTKA, CEKIlil KOXHOI CeKIIHHOI TpymHu sAKOi
OXOILTIOIOTH OJIHA OJTHY.

Porop nBuryHa 3 KOPOTKO3aMKHEHOK) OOMOTKOIO CKIIAJIA€ThCs 3 Baja, Ha
SIKMW HACaJPKEHO MAKET 3aJ1i3a 3 Ma3aMu, B SKUX PO3MIIIYEThCS 3aMKHEHA KOPOTKO
obMoTka. Taka 0OMOTKa, BOHA IlI€ HA3UBAETHCS “Oljsdye KoJieco”, SBISIE COOOI0
HU3KYy MeTaleBux (amiOMiHI€EBHX, OpOH30BHX UM  MIJHHX) CTPIKHIB,
pO3TaIIOBaHUX B Ia3ax OCEPAs POTOPa, 1 3aMKHEHHX 3 000X OOKiB 3aMUKAIOYAMHU
kinmpipamu. Ocepist poTopa HabUpaeThCs 13 TUIACTHH, SIKi IITAMITYIOTHCS OTHOYACHO
3 IUIACTHHAMH OCEpJsi CTATOPa, ajie HE MOKPUBAIOTHCS I130JIMIHHUM JAKOM, SIK
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IUTACTUHU CTATOPA, & MAIOTh JIMIIE OKCUIHY ILTBKY, SKa € JOCTATHBOI 130JISLIELO,
mo oOMeXye BHXpOBI CTpyMH. BenmumHa 1IMX CTpyMiB y poOOYOMY peKHMI
HEe3HayHa, TOMY II0 YacTOTa IepeMarHidyBaHHs Ocepis poTopa Maja. 3aMKHEeHa
KOPOTKO OOMOTKa pOTOpa y OULIBIIOCTI ABUTYHIB BUKOHYETHCS IIISIXOM 3aJIUBKU
a3iB ocepAs poTopa po3ILIaBICHUM ATIOMiHIEBUM crutaBoM. [Ipu npoMy, y aeskux
JBUTYHIB OJHOYACHO Ha 3aMHUKAIOUMX KUIBISX BiJTMBAIOTHECSA 1 BEHTHIIALINHI
JIOTIATKH.

[oBiTpsHMiA 3a30p MiXK CTATOPOM Ta POTOPOM Mae OyTH MiHIMaJbHUM 1 HE
noBuHeH mepeBuiryBati 0,5 MM, II0 € HEIONIKOM aCHMHXPOHHUX JBUIYHIB, 00
YCKJIa/IHIOE TIPOLEC CKIIA/IaHHSL.

KBampatuyna 3ayexHiCTh 00€PTOBOIO MOMEHTY BiJl HAPYTH MEPEKi € IIe
OTHUM CYTTEBUM HEJOJIKOM aCHHXPOHHOTO J[BUTYHA, a/pKE JIOCHTh 4acTo, MpH
3pOCTaHHI HaBaHTAXXEHHs, HANpyra B MeEpexXi 3HIKYETBCS, a 1€ HEraTHBHO
BILIMBA€E Ha poOOTy JBHUTYHA.

Ille oaHWM HETOJIKOM € Te, IO ACHHXPOHHI MBUTYHH MAarOTh IOCTATHIH
NYCKOBUH MOMEHT Ul MYCKy 3 HOMIHQJIbHMM HaBaHTaXCHHSM Ha Bajly, ajie B
MOPIBHSHHI 3 MYCKOBUM CTPYMOM IIefi MOMEHT HE3HAYHHi, TOMY JUIs JBHTYHIB
3HA4YHOI MOTY)KHOCTI HEOOXiJTHO MOMEHT IIiJIBUIIYBAaTH, a IIYCKOBHH CTpyM
3HWUKYBATH, 110 MOKHA 3/IIHCHIOBATH MEPEMHUKaHHIM OOMOTKH CTaTOpa 3 «31pKU»
Ha «TPUKYTHHK», BBIMKHEHHAM Yy KOJIO CTaTopa peakropa abo IycK 3
BUKOPUCTaHHSM aBTOTpaHC(HOpMATOpa.

PerymroBaHHS 4acTOTH 00€pTaHHS POTOPA ACHHXPOHHOTO JBUTYHA MOXKJIMBE
3MIHOIO Oyab-sKOT 3 TPbOX BEJIWYMH: KOB3aHHS, YacTOTH CTPyMy B OOMOTII
craTopa abo 4ucia map moitociB asuryHa. Ciin 3a3HA4YMTH, IO BCI IIi CIIOCOOH,
KpIM OCTaHHBOI'O, € HENOCTaTHHO E(PEKTUBHUMHM, a PETYNIOBaHHS YacTOTOIO
CTpyMy TOTpeOye ITOpOroBapTiCHOro oONagHaHHSA. BimCyTHICTH IPOCTOTO Ta
€KOHOMIYHOTO CIIOCO0Y PEryJIIOBaHHS YaCTOTH O0EPTaHHS aCHHXPOHHUX JIBUTYHIB
— OJIMH 13 OCHOBHHX HEJIOJIIKIB TAKUX JBUTYHIB.

OCKiJIbKM BCi CydacHI aCMHXPOHHI JIBUTYHU TIPOCTI B €KcCIUTyarailii, BOHH
MAaloTh JIETKe PETYIIOBaHHS O0EPTOBOIO MOMEHTY Ta 3IaTHICTh MiIKIIOYaTHCS
6e3mocepeIHbO 10 DKEeperta 3MIHHOTO cTpyMy. KpiM TOro, BOHH MarOTh HHU3BKY
BapTIiCTh, HU3BKY BapTICTh OOCIyroByBaHHS 1 HamidHICTh. OTXe, BHXOOIYN 3
BUIlllEHaBeJIeHUX (aKkTiB, MOXXHAa 3pOOUTH BHCHOBOK MPO HU3KY TMepeBar i
MePCIIeKTUB BUKOPUCTaHHS ACHHXPOHHOTO JIBUTYHA.
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