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Anomauia — poGoTa NpUCBAYEHA AOCTITKEHHI) BIJIMBY HEMOB-
HO(PAZHOTO PEKHMY i CTPYMOBOT0 HABAHTAMKEHHS HA TEILIOBI NPOLECH B
ACHHXPOHHOMY €JIeKTPOABHIYHI Ta Po3po0ui NpHCTPOIO 3aXHCTY TpH(pa-
3HHX ACHHXPOHHHX ¢JICKTPOJBHIYHIB BiJ aBapiiiHHX pesKuMIB poGOTH.

Knrouoei cnosa — acHHXPOHHUH €JIeKTPOJBHIYH, He MOBHO (a3-
HHi PEesKHM, CTPYMOBE HABAHTAKCHHS, IPUCTPili 3aXHCTY.

locmanoska npoGremu. ATPOIMPOMHCIOBHI KOMIUIEKC, a caMe,
BUPOOHHITBO 1 MEpepoOKy CUILCBKOTOCHOAAPCHKOi MPOAYKIIi, BIAPI3HA-
€TBCA BIJ MPOMHCIOBOTO BHPOOHHLTBA B YaCTHHI €JIEKTPOMOCTAYaHHS
THUM, 10 MEPEX] SKUBJICHHS MAIOTh BEJUKY MPOTOKHICTE, 10 OJHHX 1 THX
K€ CICKTPHYHUX MEPEK I AKIIOUEHO BUPOOHHYE 1 TOOYTOBE HABAHTAKEH-
HS, OCTAHHE MA€ ABHO BHPAKEHMI HECUMETPUYHHIH XapakTep; pIBEHb TEX-
HIYHOro OOCITYrOBYBaHHS €NEKTPOYCTATKYBAHHSA B AarpoONpOMHUCIIOBOMY
KOMIUTEKCI 3HAUHO HIDKUYMH, HDX B IPOMUCIIOBOMY BUPOOHHIITBI,

CTpox cnyk0H Cy4aCHHX ACHHXPOHHHX €JICKTPOABUTYHIB HE MEH-
e 20 tuc. roauH. e o3Hayae, Mo B CUTBCBKOTOCTIOAAPCEKOMY BUPOOHMII-
TB1, A€ CICKTPOABUIYHH, B LUIOMY, MalOTh Hanpauoands 1000...3000 ro-
JMH Y PIK, iX CTPOK CTy>OH NOBHHEH MPOAOBXKYBATHCH 7...20 pOKIB,

OOHak HA MPAKTHLI €ICKTPOABHIYHH IMPALIOIOThL 3HAYHO MEHIIE.
OCHOBHOI MPHYMHOK MEPEAYACHOTO BHXOAY €JIEKTPOABHUIYHIB 3 JIAAY €
BIAICYTHICTE HAAIHHOTO 3aXUCTY BiJ aBapiifHUX PEKUMIB POOOTH.

SKIIO eNeKTPOABUTYHH EKCILTYATYBaTH TPH HE3aA0BITBHOMY 3a-
xucti, ado 30BCIM 0O€3 HBOrO, TO iX aBapifiHICTh IOPIYHO CKJIAAAE
20...25 % 1 Ginbe [1, 2].

Ananiz ocmannix oocniovcenv. PO3rIIHEMO aBapiiiHi PEKUMH €lle-
KTPOABHIYHIB 1 IPUYMHH, IO iX CIIPUYHHIOIOTE [2].

IMepmmii 1 caMuii pO3NOBCIOUKEHNIT aBaplifHUN PEXUM CUTBCBKO-
rOCOJAPCHKUX €IEKTPOABUTYHIB — 00puB (dazu (40...50 %). [Ipu obpusi
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(a3u eNeKTPOABHIYH Maiike 3aBKAW BUXOAUTH 3 JIaAy, TOMY IO HAa ABOX
(azax BIH HE PO3TAHAECTLCA — 3AIMILACTHCA B 3arajlbMOBAHOMY PEXKHMI.
OTmxe, CTPyM B CTaTOPHI 0OMOTIN NEPEBUILYE HOMIHABHUH MPUOIH3HO Y
5 pa3, 1 0OMOTKA BHXOAMTE 3 JIaJy.

Jpyruii HeOe3neuHuii apapiiiHuil peskUM — 3aKNHHIOBaHHA po0090i
Maman (20...25 %). EnekTpoaBUTyH B TaKHX BHIAZKAX MPAKTHYHO 3aB-
MW BUXOAUTH 3 Jaay, TOMY IO CTPYM B CTaTOPHI OOMOTII MEPEBHIYE
HOMIHANBHHT y 5...7 pa3s.

Tperiii aBapiiiHuif pexkuM CUTBCBKOTOCTIONAPCHKUX €TEKTPOABUTY-
HiB — TpuBai nepeantaxkeHud (10...15 %) ski gacriwe 3a Bce 3ycTpivya-
I0TBCA TPH NPUBO/IL NOAPIOHIOBAYIB 1 Apo0apok NpH Oe3nepepBHIN moaayl
TPOAYKTY.

UYerBepTHii apapiiinnii pexnm — npodiil 130auii npu ii 3BonokKy-
BaHHI 1 MOPYIIYBaHHI 0XOJOUKEHHS €NEKTPOABUTYHIB (15...20 %).

BigoMo, mo BCi OCHOBHI aBapiiiHi PEKHUMH NPU3BOAATE OO MEpe-
TPIBY CTAaTOPHOI OOMOTKY €JIEKTPOABUIYHA, 1 AKIIO MIPUCTPI 3aXHCTY CBO-
€9aCHO HE CIPALBOBYE, TO LE B MACYMKY NMPH3BOINTE OO0 BHXOAY 3 Jlany
CTaTOPHOI OOMOTKH €NeKTpoABUTYHA [2, 3].

B namr yac B CiJIbCHKOrOCTIOZAPCEKOMY BHPOOHHLTBI A1 3aXHCTY
€JICKTPOJBUIYHIB BiJl aBAPIHHUX PEXHUMIB POOOTH BHKOPHCTOBYIOTH TEII-
JIOBI peJi¢ eNeKTPOMArHiTHUX MyCKadiB, ABRTOMATUYHI BUMHKAYi, 3aXUCT 3a
HAMPYTrOK HYJIBOBOI MOCAIAOBHOCTI, 3aXMCT 3a MIHIMAJIBHOK) HANpyrolo,
pene MaKCUMANBHOTO CTPYMY, 3aXHCT 3a CTPYMOM HYJIBOBOI MOCTIZOBHOCTI
Ta iHIe [2, 3].

IIpote, HEAOMIKH, K1 BIACTUBI BKA3aHHM IIPUCTPOAM 3axXHCTY, 00-
MEXKYIOTE iX BUKOPHCTaHHA [2, 3].

Qopmymosanns yired cmammi. JIOCTHKEHHA TEIUIOBHX MPOLIECIB
ACHHXPOHHHUX €NIEKTPOABHIYHIB Ta PO3po0Ka TEXHIYHHUX 3aC00IB KOHTPOIIO
Ta 3aXHUCTY €NEKTPOABHIYHIB BIJ aBapiiiHUX pPeKHUMIB poOOTH B IIPOLEC iX
eKcIuTyaTanli € HeoOXIOHNM Ta aKTYAIbHUAM IATAHHAM, AK€ CIIPAMOBAHE Ha
NIABHINEHHA €KCIUTyaTallifHOI HAAIHHOCTI TPU(a3HIX aCHHXPOHHUX €JIEK-
TPOABHTYHIB.

OcHosHa yacmung. 3AIACHAMO JOCTIDKECHHS K 3MIHEOETBCA Ha-
npyra Ha 3aTHCKayaxX €JNCKTPOIBHTYHA TIPH HE TOBHO (PA3HOMY PEHKHMI.
JIs 9oro MpoaHaNi3yeMO BIUTUB HE MOBHO (PA3HOTO PEKUMY HA €NEKTPOI-
BuryH cepii AHPS80A4Y3, BpaxoByloud BUXIAHI OJaHi. HOMIHAIIBHE KOB-
3aHHA sy = 0,07, KpaTHOCTI HAPYT NMPAMOI 1 3BOPOTHOI NOCTIIOBHOCTEMH X, ;
= 0,5 u k,; = 0,5, xpaTHICTD MOMEHTY 3pYIICHHA poOOYOi MAILIHHU My =
MTP/MCH = 0,3

PesynbraTi aHamizy y BUTTSAL 3aNexkHOCTEH ¢ = f(k3) 1 1 = f(ks)
HaBeJEHO Ha puc.l Ta puc.2.

OCKUTBKH KPaTHOCTI HANIPYTH CHUMETPHYHHMX CKIAJOBHX MPIMOi 1
3BOPOTHOI MOCHIZOBHOCTEH OOPIBHIOWTE OOHA OOHIH, TO B MOPIBHAHHI 3
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HECUMETPUYHUM TMOBHO (Da3HUM PEKUMOM LIEH PEXKUM € OUIbII BAKKUM:
PE3yNbTYIOUM MyCKOBHI MOMEHT JIOPIBHIOE HYJIIO, KOB3aHHS 32 OJHHX 1
THX JK€ YMOB OLIbILIE.

Takum YMHOM, Ha MIACTaBI MPOBEACHOIO JOCIHIKEHHS MOYKHA
3po0MTH HACTYIHHUI BUCHOBOK: poOOTa B HE MOBHO (Pa3HOMY PEKUMI Ha-
BIThb Maj0 3aBAHTAKEHUX EIEKTPOABUIYHIB CYNMPOBOIKYETHCS IHTEHCHB-
HUM IIPOLIECOM TEILIOBOIO 3HOCY 130JIsILLi.
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Puc.1. 3anexHiCTh 3MIHM MIBUAKOCTI TEIUIOBOIO 3HOCY 130J1Lii 0OMOTKH
ACMHXPOHHOTO €NEKTPOABUTYHA B (PYHKIIT Koedilli€eHTa 3aBAaHTAKECHHS
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K3
Puc.2. 3anexHICTh CHIM CTPYMY B OOMOTLII CTaTOpPa aCUHXPOHHOI'O EJICKT-
poaBuryHa B yHKUIT Koe(ilieHTa 3aBaHTAKCHHS
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[HIma excrtyaraniiiHa aid, CUJa CTPYMY €NEKTPOABHTYHA, B MpPO-
1ecl Horo podoTH MOXKE 3MIHIOBATHCE B 3AJICIKHOCTI BLA 3aBAHTAKCHHA PO-
004901 MAalMHK, K€ BHACALAOK BIACYTHOCTI MPHCTPOIB PErYIIOBaHHS Mae
BHITAJKOBHH XapaKTep.

3AiICHUMO AOCTI/DKEHHS TEMJIOBUX NPOIIECIB Mif MIEW CTPYMOBO-
IO HABAHTAXKCHHA, U1 9OTO MPOAHANI3YEMO BIUIHB CTPYMOBOTO HABAHTA-
’K€HHS Ha enektpoaBuryH AMP100L4Y3 npu kpatHOCTIX Hampyr 4k, = 0.9
1 ky = 0,8

PesynbraTtu aHamisy y BUNIAAL 3anexxHocTel [ = f{/3) HaBeIeHO Ha

pHC.3.
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Kz
Puc.3. 3anexHoCT] CHIH CTPYMY B 0OMOTLI CTAaTOpa aCHHXPOHHOIO €JIEKT-
POABHTYHA B (PYHKIIII KOCS(PIIIEHTA 3aBaHTAXKECHHA MMPH KPATHOCTAX HAMpyT
ki =081k; =009

TakuM 4YHHOM, ACHHXPOHHI €JIEKTPOABHIYHHU JOCHTH YYTIWBI IO
BIAXHMICHHA HANPYIH HA 3aTHCKA4aX. Y 3aBAHTAKCHHUX HA TMOBHY MOTYX-
HICTb €NEKTPOABUTYHIB MIPH 3HIKCHHI HANPYTH Pi3KO 30UIBIIYETHCH IBH-
AKICTH TEIUIOBOTO 3HOCY 130JI411i,

J1s 3aXuCTy aCMHXPOHHHX €JICKTPOABHUIYVHIB Bij aBapifiHUX pe-
KHUMIB poOoTH 0yno po3polneHo mpucTpii (puc.4), peamizoBaHuii Ha MIk-
pokontposepi (MK) Ty ATmega 16.

Ho cknagy OPHCTPOIO BXOAATH HACTYMHI ONOKM. BHMIPIOBAHHA
crpymy (BBC), Bumipropanna temnepatypu (BBT), BukoHaBumii eneMeHT
(BE), uudporoi inaukauii (LI), knaeiatypa (KJI), komyTrauiiiauii nmopt
(KIT) i 6mmok >xusnenHs (BXX).
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Puc.4. CTpykTypHa cXeMa MPUCTPOIO 3aXUCTY TPU(PA3HUX ACHHXPOHHUX
€JIEKTPOIBUTYHIB BiJl aBapIHHUX PEKUMIB pOOOTH

[Tpuznauennam Onokis BumiproBanHsa crpymy (BBCI1)...(BBC3) 1
temneparypu (bBT) € BumiptoBaHHs 1 MEPETBOPIOBAHHS TAKMX A1arHOCTH-
YHUX MApaMeTpIB, SIK CTPYM, II0 CHOXKHBAETHCS CTATOPHOK OOMOTKOIO
€IEKTPOJIBUTYHA, 1 TEMNIEPATYPH 1301141111 CTaTOPHOI OOMOTKHM, B iIHpOpMa-
TUBHUI €JIEKTPUYHUN CUrHAJ, KU JUIs MOJaiblioi 0OpoOKH HAIXOIUTh
Ha BIJIMOBIIHI TOPTH MIKPOKOHTpPOJIEpA.

MikpokoHTpoJep 3AiiHCHIOE 00pOOKY 1 NOPIBHSHHS BXiJHMX Jiar-
HOCTMYHMX MAPaMETPiB 3 BETMUMHAMH YCTABOK.

B 3a5ekHOCTI Biji 3HAUEHHSI BXIIHMX TapaMeTpiB (Imicis iX nopis-
HSHHS 13 3HAYEHHSIMM YCTABOK) MIKPOKOHTPOJIEP BUAAE YIIPABISIOYMNA CH-
THaJI ONEpaTopy MpoO CTaH €JICKTPOABUIYHA a0d0 CUrHajl Ha BIJKIIOUYCHHS
BIAMOBIZAHOTO E€NEKTPOJIBUTYHA 3a JOMOMOTOK) BHMKOHABUOTO €IEMEHTA
(BE).

B npuctpoi nepepbauenuii po3’iM s migkmoueHHs  [SP-
nporpamaropa (pu3Ha4YeHuit Ui 3a01Cy NPOrpamMm B MiKPOKOHTPOINEP) Ta
komytauiiinuii mopr (KII), mpusHayeHHsM SKOro € oOMIH JaHUMH MK
MPUCTPOEM 1 epcoHanbHUM KoMl 1oTepom (T1K).

Bu3HayeHHs BXiHUX MapaMeTpiB AI1arHOCTYBAHHS, MOPIBHIHHS iX
3 yCTaBKamH, MPUfOM Ta BUAAYa CUTHATIB YNPABIiHHS BUKOHYETBHCS 3a
nporpamoro. [Tporpamoro nependaveHuid BB JaHUX 1100 KOHCTPYKTHB-
HUX, PESKMMHMX Ta €KCIUTyaTauiiHMX 4YuMHHUKIB. [l BBOAY MAaHMX 1
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YIPaBIIHHA OIPUCTPOEM B cXeMi mepeadaveHa knasiarypa (KJI), a ing cno-
CTEPE)KECHHA 3a MOTOYHHUM 3HAYCHHAM OIarHOCTHYHHX TapaMeTpiB — mud-
poBa iHaukauia (L11). Enexrpuune >XMBNEHHA €MEKTPOHHUX OJOKIB MpH-
CTPOIO 3aiticHIOETECS Big 010Ky kuBieHHA (BXK).

Bucnosku., Po3poOneHnii mpucTpiii 3aXUCTy €NeKTPOABUTYHIB NO-
3BOJIAC 3MEHIIWTH BUXIJ ABUTYHIB 3 nagy oo 5...7 %; BHAaBaTH CUTHAJ TIPH
NEPEBUIICHHI HOMIHAJIBHOTO CTPYMY €NEKTPOABHrYHA a00 BLAKIKOYATH
EICKTPOABHIYH NPH HeOEe3MeuHHX 30LIBIMCHHAX CTPYMY(HEOES3MEUHHX
NEPEBUILEHHAX TEMIIEPATYPH 130JISM1l CTATOPHOI OOMOTKH €NEKTPO/JBH-
T'YHa), IOBHICTIO BUKOPUCTOBYBATH NEPEBAHTAKYBAIBHY 3JAaTHICTD CJICK-
TPOJABHTYHA B MEXaX AOMYCTHMUX NEPEBUINECHE TEMITEPATY PH.
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IJEKTPOABUT'ATEJIEH H PASPABOTKA YCTPOUCTBA
SAOIUTHI OT ABAPHHHBIX PEXKHMOB PABOTBI
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Anunomauus
Padora mocBsileHA HCCAETOBAHHIO BIHAHHS HENMOJHO(AZHOrO
pPeKHMA H TOKOBOH HATPY3KH HA TEIIOBBIC MPOLECCHl B ACHHX POHHOM
IEKTPOABHIATENIE H Pa3padoTKe YCTPOICTBA 3alHTHI TpeX($a3HbIX
ACHHXPOHHBIX YWICKTPOABHUTATEIC OT aBapHIHBIX PE)KHMOB PadoThI.

DIAGNOSING OF TERMAL PROCESSES OF ASYNCHRONOUS
ELECTRIC MOTORS AND DESIGN OF THE DEVICE FOR
PROTECTION FROM FAILURE MODES

S. Kvitka, O. Vovk, D. Nesterchuk
Summary
The article is devoted to the study of influence of phase failure
and current load and design of the device for protection of asynchro-
nous electric motors from failure modes.



