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Posenanymo euou npucmpois Konmponio i 3axucmy acuHXpoHHUX eNeKmpoOs8UcyHie ma ix HedoNiKu. 3anponoHosea-
HO NpUCmpiii KOHMpOJo PYHKYIOHALHO2O CMAHY | 3aXUCHY ACUHXPOHHUX e1eKMPOOSUSYHIE 6I0 ABAPIUHUX PeNCUMIE

podbomu.

IMocranoBka npodemu. Ha croronni 6inbme 50 %
€JIEKTPUYHOI eHeprii, 1110 BUPOOIISIETHCS Y CBITI, CIIOKUBa-
€TBCS ACMHXPOHHHMMH enekTpoxsuryHamu [1, 2]. Take
PO3TIOBCIOPKEHHS 11l €JIEKTPOABUTYHH OTPUMAIH 3aBISKU
BHCOKIH KOHCTPYKIIHHIN HaAidHOCTI Ta TOPIBHSHO He-
3HAYHIA BapTOCTi BUTOTOBJICHHSI.

B Toi1 ke gac excrutyaTariifHa HaZiHHICTh ACHHXPOH-
HHUX €JIEKTPOABUTYHIB SK y MPOMHUCIOBOMY, TaK i arpor-
POMHCIIOBOMY BHPOOHHUIITBI HEBHCOKA: HIOPIYHO BUXO-
JSITh 3 JIaZy Ta PeMOHTYIOTbCs 6im3bko 30 % 3a3HaueHHX
€JIEKTPOABHUTYHIB.

OCHOBHOIO NMPUYHMHOIO MEPEIIACHOTO BUXOMY €JIEKT-
POIBUTYHIB 3 JIally € HEBEJIMKA KUIBKICTh HAJIMHUX 3aCO-
0iB KOHTPOJIIO iX (DYHKIIOHAJTHHOTO CTaHy 1 3aXUCTy Bif
aBapiifHuX pexxuMiB poboTH. Tomy po3poOka HOBHX abo
yJIOCKOHAJICHHS iICHYIOUMX TEXHIYHHUX 3ac00iB Oe3nepeps-
HOTO KOHTPOJIIO (PyHKIIOHAILHOTO CTaHY 1 3aXUCTy elleK-
TPOIBUTYHIB B MpOIleci IX eKCIDTyaTamii € OJHUM 3 Haii-
BXMBIMIMX HANPSAMKIB ITIBUIICHHS EKCIUTyaTaIliifHOT
HaIIMHOCTI OCTaHHIX.

AHaJi3 ocTaHHiX nocaimkensb i myoaikaniii. B mam
9ac ISl KOHTPOIIO 1 3aXUCTY aCHHXPOHHHX EJICKTPOJIBH-
T'YHIB Bi/l aBapiiHUX peXHUMIB pOOOTH 3HAXOAATH 3aCTO-
CyBaHHS NPUCTPOI, SKi MOXKHA PO3JIUTUTH Ha JEKLIbKa
BUJIIB: TEIUIOBI 3aXMCHI MPUCTPOT (TEIUIOBI pesie, TEIoBi
PO3YIMIIOBAYi); CTPYMO3ANIEKHI 3aXHMCHI MPUCTPOI (IU1aB-
Ki 3aMOODKHHUKH, aBTOMATHYHI BUMHKAYi); TEPMOUYYTIHBI
3aXMCHI MpUCTPOl (TEpPMOPE3UCTOPH); MPUCTPOI 3aXUCTY
BiJl aBapiil B eNEKTpOMEepexi (pene HAIpyTd i KOHTPOIIO
(a3, MOHITOpH Mepexi); MPUCTPOT MAKCUMAITBHOTO CTPY-
MOBOT0 3aXHUCTY, €IEKTPOHHI CTPYMOBI pere; KoMOiHOBa-
Hi ipucTpoi 3axucty [1].

[Ipore, Hemomiky, SAKi BIACTHBI BKa3aHUM MPUCTPO-
siM, OOMEKYIOTh 1X BUKOpHCTAHH [1].

Ha migcraBi mpoBeAeHOro aHaiily MOXKHA 3pOOUTH
BHCHOBKH MO 3arajbHi HEHONIKH BiJOMHX IPUCTPOiB
KOHTPOJIIO 1 3aXHUCTy AaCHHXPOHHHX EJEKTPOJBUTYHIB
[1-4]: neBumnpaBmana BUOIPKOBICTh CIIPAIIbOBYBAHHS; Bijl-
CYTHICTh BIZICTPOIOBAaHHS BiJl MpPOIECY IYCKY; HEYy3ro-
JOKEHICTh CTPYMOYacoBOI XapaKTEPUCTHKU 3 IepeBaHTa-
JKYBAIFHOIO KPHBOIO JBHI'YHA; HEMOXKJIMBICTb BiJIKIIIO-
YEHHsI 3arajlbMOBaHOTO POTOpa 3a NEBHUH MiHIMaJILHUN
yac; BiJICYyTHICTb CUTHAJy IPO IOYATOK IIePEBAHTAKEHHS;
HE3/IaTHICTh TOYHOTO BH3HAYEHHS KPUTHYHOTO TeIlIa,
HaKOMMYEHOTO JIBUTYHOM Ta iH.

Jo HemomikiB OINBIIOCT] BiTOMUX €IEKTPOHHUX IPH-
CTPOIB KOHTPOJIIO (YHKIIOHATBHOTO CTaHY 1 3aXHCTy ach-
HXPOHHHX €JIEKTPOIBHUTYHIB MOkHa Bimaectd [1, 3, 4]:
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HU3bKY (QYHKIIOHABHICT, HEOOIPYHTOBAHICTH yCTAaBOK
CIPAaIbOBYBAHHS 3aXWCTy, Maly IIBHIKOIIIO, 3acTapii
CXEMOTEXHIYHI PIllIeHHsI 1 eleMeHTHY 0a3y Ta iH.

Merta cratTti. MeToro naHoi pobotu € oOrpyHTyBaH-
HS 1 po3poOKa MPHUCTPOIO KOHTPOJIO (PYHKIIIOHAIEHOTO
CTaHy Ta 3axXHCTy AaCHHXPOHHHUX €JEKTPOJBUIYHIB Bil
aBapiiHUX PEXHMIB POOOTH 3 METOH MiABHINCHHS iX
eKCIUTyaTaIifiHoi HaliiHOCTI.

OcHoBHi Matepianm npocaimkennsi. Ha minmcrasi
aHajizy poOOTH BIJOMHMX HPHUCTPOIB 3aXUCTy Ta YMOB
eKCIUTyaTallii aCHHXPOHHUX €JEeKTPOJABUTYHIB OyiH c¢o-
PMyJIBOBaHI BHMOTH O HPHUCTPOI KOHTPOIIO (yHKIIiO-
HaJIbHOTO CTaHy i 3aXMCTy aCHHXPOHHHX €JCKTPOIBHUTY-
HIiB BiJl aBapiifHUX PEeKUMIB POOOTH, B IKOMY Iependoaye-
HHH KOHTPOJIb HACTYITHHUX AiarHOCTUYHHX IapaMeTpiB:

- TeMmepaTypH i30mii 0OMOTKH CTaTopa eNeKTPOJ-
BUT'YHA;

- CIIOYKMBAHOTO €JIEKTPOABUTYHOM CTPYMYy IO (hazax;

- (ha3HOT HamIpyTH MEpexi;

- IIBUJKOCTI TETJIOBOTO 3HOIIYBAHHS 130JISIIII.

Kpim TOrO0 nmpucTpiii HOBUHEH:

- MaTH MOXJIMBICTb MOCTIHOTO MOHITOPUHTY TeMIIe-
paryp i30Js1ii OOMOTKH CTaTopa 1 TeMIepaTypy HaBKO-
JIMIIHBOTO CEPEJOBUINA, HANPYTH MEPEXKi, CII0KUBAHOTO
€JIEKTPOJBUTYHOM CTPYMY, 3aJIMIIKOBOTO Pecypcy 130Is-
mii Ta BioOpaXKeHHs pe3yNbTaTiB Ha IMH(PPOBOMY iHIUKA-
TOpI;

- MaTH JOCTATHIO IIBUIKOMIIO i BHCOKY 3aBa/l03aXH-
LIEHICTD;

- MaT Majie eHeproCIOKIUBaHHS;

- MaTH MOXIMBICTh aBTOMATHYHOTO BiJKIFOUCHHS
€JIEKTPOJIBUTYHA Y pa3i BUHUKHEHHs aBapiifHOro pexxumy
poborty;

- OyTH peai30BaHHUI Ha CyJacHi# eJeMeHTHIH 0as3i.

JlaHuM BHMoOTraM BiJIOBia€ 3ampoNOHOBaHUI TpH-
CTpiif KOHTPOJIO (PYHKLIOHAIBFHOTO CTaHy i 3aXUCTy acH-
HXPOHHHUX €JIEKTPOJIBUTYHIB BiJl aBapiiHUX PEXUMIB pO-
6otu (puc. 1) [3].

[puctpiif mpu3HAYEHUH IS KOHTPOIIO (YHKIIOHA-
JBHOTO CTaHy, 3aXUCTy 1 BIJKJIIOUCHHS EJICKTPOJIBUTYHA
BiJl Mepexi 3MIHHOTO CTPYMY Y BHIIaJKaX 3HIKEHHS a0o
3pOCTaHHS HANPYTH B MEpexi HIK4e abo BHUINE 3aJaHUX
3Ha4eHb; INPH HEOE3NEYHOMY 3pPOCTaHHI CII0)KUBAHOTO
CJICKTPOJBUTYHOM CTpyMy M0 (hazax; mpu HeOE3MCUYHOMY
NEePEeBUIICHH] TeMIIepaTypu 130JsMii OOMOTKH cTaTopa;
Ipyu  HeOEe3NMeyHOMY 3pOCTaHHI IIBUAKOCTI TEIJIOBOTO
3HOIIYBaHHS 130Ji1il OOMOTKHM cTaropa acHHXPOHHOTO
€JICKTPOJIBUT'YHA.
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Pucynox 1 — INpucTpiit KOHTPOIFO (QYHKIIOHATBHOTO CTAaHY 1 3aXHUCTY
ACHHXPOHHHX €JIEKTPOIBUTYHIB BiJ aBapiifHIX PEXUMIB POOOTH

Ha puc. 1 300paxeHa cxema MPUCTPOIO KOHTPOIIO
(YHKI[IOHAJILHOTO CTaHy 1 3aXUCTy aCHHXPOHHHX €JIeKT-
POJBUTYHIB BiJ| aBapiiHUX PEKHUMIB POOOTH.

[pucTpiif ckIamaeTbes 3 MIKPOKOHTpOJEPY 8, mep-
BHHHOTO BHUMIPIOBAJILHOTO TEPETBOPIOBaYa 1 Temriepary-
pu 0OMOTKH craropa, OJIOKy 4 KOHTPOJIIO TeMIIEepaTypH
0OMOTKH CTaTopa, NIepBUHHAX BUMipPIOBATHHUX IIEPETBO-
proBadiB 2 CTpyMy, Y SKOCTi SKHX BUKOPHCTaHI iHTerpa-
JBHI IePEeTBOPIOBAYi CTPYMY, OJIOKY 6 KOHTPOIIO CTPYMY,
070Ky 5 KOHTPOJIO HAmpyTrH, NEPBHHHOTO BHMIpIOBAJIb-
HOTO TIEPETBOPIOBadYa 3 TEMMEpaTypH HaBKOJIHUIIHBOTO
cepelloBUINa, OJIOKY 7 KOHTPOIIO TEMIIEpaTypd HaBKO-
JIMIIHBOrO cepeioBuIla, 070Ky 11 KOHTpOJIO BHUTpaTH
pecypcy i30is1iiil, roquHANKa 18 peaabHOro uvacy, OJoKy
14 cBiTi0BOI curHamizaiiii, 6J0ky 15 3BykoBOi curHasi3a-
ii, 6ioxy 16 mudposoi inaukarii, 6ioky 17 pene, 010Ky
9 mam’siti, 6stoky 10 BBOAY aHHMX, KOMYTaLii{HOTO MOPTY
12 ta 610Ky 13 KHBICHHS.

[Mpuctpiit mpamroe HacTymHUM YiHOM. KOHTpOINE Te-
MIepaTypy CTaTOpPHOI OOMOTKH ENEKTPOJBHUIYHA 3ilc-
HIOETHCSI TIEPBUHHUM BHMIPIOBAILHUM IIEPETBOPIOBAYEM
1 TemmepaTypw, KU 3MIHIOE CBiil OIip MpH 3MiHI TEM-
NepaTypy CTaTOPHOT OOMOTKH €IEKTPOJIBUTYHA.

EnexTpuuHuii curHay B aHaJoroBiit ¢opmi motparn-
JIsi€ Ha OJIOK 4 KOHTPOJIIO TeMIEpaTypr OOMOTKH CTaTopa,
3 SIKOTO TICJsI IEPETBOPEHb HAAXOANUTh IO MIKPOKOHTPO-
nepa 8.

Pa3oM i3 1uM BiIOYBA€THCSI KOHTPOJIb TEMIIEPaTypu
HaBKOJIMIIHBOTO CEPEIOBHIAa NEPBUHHUM BHUMIpIOBaIIb-
HUM IIEPETBOPIOBAYEM 3 TeMIepaTypH, KU 3MIHIOE CBil
OIlip TPH 3MiHI TEMIIepaTypH HaBKOJMIIHBOTO Cepeno-
Bumla. ENeKTpuYHA CHTHAN B aHANOTOBIH (opMi moTpa-
IUIsA€ Ha OJIOK 7 KOHTPOJIIO TEMIEpaTypH HaBKOJIHIITHHOTO

91

CEepeJIOBHINA, 3 AKOTO IMICIA MEePEeTBOPEHb HATXOIHUTH 0
MIKpPOKOHTpoJiepa 8.

Y HBOMY 3IiMCHIOETHCSI BH3HAYCHHS IMEPEBHUICHHS
TEeMIIepaTypyu OOMOTKH CTaTopa aCHHXPOHHOTO EJIEKTpPO-
JIBUTYHA Ta MOPIBHSHHS HOTO 3 YCTaBKOIO 3a TeMIIepaTy-
PO¥O 3a CIeliaIbHOK Mporpamoro. B pesynbrati goro ¢o-
PMYETBCSI CUTHAJ YIPABIIHHS, SIKHHA MTOJIAEThCS 10 OJIOKY
17 pexne.

3 Onoky 17 cWrHan HagXOAWUTH JO KOJa >KUBJICHHS
KOTYIIKH €JIEeKTPOMAarHiTHOTO IIycKada aCHHXPOHHOTO
SJICKTPOJBUTYHA Ha Horo BimkiodeHHs. [loBropHmii 3a-
ITyCK €JIEKTPOABUTYHA MOXHA 3J[IIICHIOBATH IIPH 3HM)KEH-
Hi TeMIepaTypy CTaTOPHOI OOMOTKHU HIDKYE, HiXK TpPaHHY-
HO JomycTuMa temmeparypa Ha 10...15 °C.

3acToCyBaHHSI Y MPUCTPOi OJOKY KOHTPOJIO TEeMIIe-
patypy HaBKOJHIIHBOTO CEPElOBHINA JA03BOJISIE BUMIPIO-
BaTH Ta MEPETBOPIOBATH 3HAUCHHS LLOT'O MapamMeTpy, 10
Jla€ 3MOT'y BU3HAUaTH MEPEBUILEHHS TEMIEpaTypu 00OMo-
TKH CTaTOpa aCMHXPOHHOTO €JIEKTPOABHIYHA 1 3aCTOCO-
ByBaTH caMe HOro 3Ha4YeHHS /I MOPIBHSIHHS 3 MIPUILYyC-
THMHUM B TIOJANTBIIIH pOOOTI MPHUCTPOIO y YACTHHI aBapiii-
HOTO BIJKJIFOUEHHS.

[lepBuHHI BUMIipIOBalbHI MEPETBOPIOBAYL 2 CTPYMY
mo ¢aszax acCHHXPOHHOTO E€JIEKTPOJBUTYHA BCTAHOBIIIO-
FOTBCS TIiJ] BiIIOBITHUMU IIPOBOJIAMH, IIIO JKUBJIATH €JICK-
TpoaBHUTyH. [Hopmamis 3 KOXXHOTO IepeTBOproBada 2
CTPYMYy Y BHIJIAZI CICKTPUYHOIO CUTHAIY B aHAJIOTOBIMH
(dhopMi HATXOAUTH A0 OJIOKY 6 KOHTPOJIIO CTPYMY, 3 SIKOTO
TTiCIIS IEPETBOPEHb HAXOAUTh 10 MIKPOKOHTpoJepa 8, ie
3IIICHIOETHCS 3a CIENIaNbHOI MPOrpaMol0 TOPIBHSIHHS
Horo 3 ycTaBKoOIO 3a cTpyMoM. B pesyinbrari woro ¢popmy-
€TBCSI CUTHAJI YIIPABIiHHS, KU MOJaeThest 10 010Ky 17
pere.



3 Onoky 17 curHan HagXOAWTH O KOJia >KUBJICHHS
KOTYLIKH eJIEKTPOMArHiTHOTO IIycKaya aCHHXPOHHOTO
€JIEKTPOJIBUTYHA Ha HOTO BiJIKITFOYECHHS.

brok 5 KOHTpoOJIIO Hampyru BUMIPIOE 1 TIEPETBOPIOE
HaNpyry S>KUBJICHHS acCHHXPOHHOTO €JIEKTPOABHUIYHA B
iHpOPMATUBHUK ENEKTPUYHUA CHUTHAJ, SIKUH Ul Toja-
TBII0T 0OPOOKM HAIXOJHUTH IO MIKPOKOHTpojepa 8, ne
3IIMCHIOETECS 32 CIICLIANBHOK MPOrPaMOI0 TOPiBHAHHS
HOT0 3 YCTaBKOIO 33 HAIPYTOI.

B pesynbrari 9oro GpopMyeThCs CHTHAN YIpPaBIIiHHSA,
AKUHA TOHaeThest 10 Omoky 17 peme. 3 6moky 17 curran
HaJIXOIHUTh IO KOJa KUBJICHHS KOTYIIKH €JIeKTPOMAarHiT-
HOTO MyCKauya aCHMHXPOHHOTO €JIEKTPOJABHUIYHa Ha HOro
BIIKJTFOYEHHS.

VY mpoueci poOOTH aCHHXPOHHOTO EJIEKTPOABHUIYHA
nuQpoBUil curHal 3 TOAWHHMKA 18 peasbHOrO 4acy Haj-
XOAUTH A0 MIKPOKOHTpoOJepa 8, KyIu MOTPAIUISE TaKOX
iH(pOpMaIis ITPo MOTOYHE 3HAYEHHSI TEMIIEPAaTypH 0OMOT-
KM CTaTopa acCHHXPOHHOTO EJIEKTPOABHIYHa 3 Oloky 4
KOHTPOJIIO TEMIEPaTypH OOMOTKH CTaTtopa. Y MIKpOKOH-
TpoJiepi 3MIMCHIOEThCA 3a CIEMiaJbHOI MPOTPaMoI0 po3-
PaxyHOK 3HaYeHHS 3AUIIKOBOTO PECypCy i30Js1Iil 00Mo-
TKH CTaTopa eJICKTPOJBHUIYHA, SKE HAIXOOUTh y 010K 11
KOHTPOJIIO BUTPATH PECypcCy 130JALii [y Bi3yalbHOTO Bi-
JI0OpakeHHS 3 METOI0 BpaXyBaHHS IIbOI'0 3HAYEHHS Yy I10-
JAIBIIIHA eKCIUTyaTallii eleKTPOABUIYHA.

Biiok KOHTPOJIIO BUTpATH pecypcy 130JIiil pa3oMm i3
TOAMHHUKOM PEATbHOTO 4Yacy i MIKPOKOHTPOJIEPOM J0-
3BOJISIE 31MCHIOBATH Bi3yalbHUH KOHTPOJIb 3aJHIIKOBOTO
3HA4YEHHS pecypcy i30i1swii 0OMOTKH CTaTopa acCHHXPOH-
HOTO €JIEKTPOJIBUTYHA 3 METOI0 BpaxyBaHHS IIbOTO 3Ha-
YeHHs Y MOJaJIbIIii eKCILTyaTanil elneKTPOABUTYHa.

brnok 14 cBitioBoi curHamizanii BizoOpaxae iHpOp-
MalIlifo MpO eKCIUTyaTalliiHII PeKUM POOOTH aCHMHXPOH-
HOTO EJIEKTPOJABHUTYHA: HOPMAIbHUHA, aHOpPMAIBbHUI abo
aBapiiHuii, a Onok 15 3ByKOBOi curHami3aIii croBimae
PO BIAKIIIOYEHHS EJIEKTPOJABUTYHA Y pa3i aBapiifHOTO
pexuMy poGotu. Jlisi HakomuuyBaHHS Ta 30epiraHHs
JUCKPETHOI iH(opMalii Mpo 3HAYEHHS MIarHOCTHYHHX
rapamMeTpiB aCHHXPOHHOTO €JEeKTPOJABUTYHA Yy (yHKIIi
4yacy Ta BIJKIIOUEHHS EJIEKTPOABHUIYHA TependaueHui
6110k 9 mam’sITi.

Jlist BBOJy NaHUX II0/I0 KOHCTPYKTHBHHUX, PEXHUM-
HUX 1 eKCIUTyaTaliiHWX IapaMeTpiB eNeKTPOABHIYHA i
KEepyBaHHSI TPHCTPOEM B cxeMi nependadeHuii 6gok 10
BBOJ/ly naHuX. [ oOMiHy TaHUMH MK IPUCTPOEM 1 Tep-
COHAJBHAM KOMIT FOTEPOM Tepea0adeHIt KOMYTAIliiHIH
noprt 12.

EnextpuuHe >KUBICHHSA ENEKTPOHHUX OJOKIB MpH-
CTPOTO 3IHCHIOETECSA Big OJIOKY 13 >KHUBJICHHS.

BucHoBkH. 3amponoHOBaHHUN NPHUCTPil KOHTPOIIO
(YHKI[IOHAJILHOTO CTaHy 1 3aXUCTy aCHHXPOHHHX EJIeKT-
POABUTYHIB BiJl aBapiiiHUX PEXKHUMIB POOOTH H03BOJISIE
MOBHICTIO BUKOPUCTOBYBATH MEPEBAHTAKYBaJIbHY 3/1aT-
HICTh €JIGKTPOJBUIYHA B MEXaxX HOMYCTUMHUX IEpeBH-
LIeHb TEMIIEPATypH; KOHTPOJIIOBATH TEMIIEpaTypy i30Js-
1ii OOMOTKHM cTaTopa i TeMIepaTypy HaBKOJIMIITHBOTO Ce-
PElOBHINA, HANPYTY MEPEXi, CIIO)KUBAHOTO €JIEKTPOJIBH-
TYHOM CTpyMy, 3JIMIIKOBOTO pecypcy i3zoismii i, mpu
HeOe3NeyHuX iX 3HauYeHHSX, aBTOMAaTHYHO BiIKIIOYAaTH
€JICKTPOJBUTYH, LIO J03BOJISIE 3aXUCTUTH HOro Bix Oc-
HOBHUX aBapiifHUX PeXHUMiB pOOOTH.
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AHHOTAIIHSA

YCTPOMCTBO KOHTPOJISA
OYHKIINOHAJIBHOT'O COCTOSIHUA
N 3AIATHBI ACUHXPOHHBIX
DJIEKTPOJIBUTATEJIEN OT
ABAPHUMHBIX PEXXKUMOB
PABOTHBI

Ksurtka C. A., Boek A. 1O,
Ksutka A. C.

Paccmompenut 6uodvl ycmpoiicme KOHmMpoas u 3auju-
Mbl ACUHXPOHHBIX JJleKmpoogusamenell u ux Hedocmam-
Ku. IIpednosiceno ycmpoucmeo KOHMpOas PYHKYUOHALb-
HO20 COCMOSIHUA U 3aUUMbl ACUHXPOHHBIX JJIEKMPOOGU-
2amesnetl Om a8aApPULIHbIX PeXCUMo8 pabomol.

Abstract

THE CONTROL DEVICE OF
THE FUNCTIONAL STATE
AND PROTECTION OF
ASYNCHRONOUS ELECTRIC
MOTORS FROM
EMERGENCY OPERATION
MODES

S. Kvitka, A. Vovk,
A. Kvitka

The types of devices of control and protection of in-
duction motors and their faults. The proposed device con-
trol the functional state and protection of asynchronous
electric motors from emergency operation modes.





