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BiHHULBKHI HALIOHATIBHUI arpapHUi yHIBEpCHTET

JOCJIIPKEHHSA NIOIIKO/’KEHb ACUHXPOHHUX IBUT'YHIB 0,4 KB

AHomayis B cmammi npoaHanizoeaHi ocobausocmi ekcnayamayii enekmpuuHux odsuzyHie (E/J]) Ha
nidnpuemcmeax azponepepobHux nionpuemcmeax YkpaiHu. 3eepmaembcsi ysaza Ha me, wo 6iaa 95 % enekmpuuHux
deuzyHie yux nidnpuemcms ckaadaroms mpugpasHi ma 00HOPA3HI ACUHXPOHHI 08U2YHU 3 KOPOMKO 3AMKHYMUM POMOPOM
Ha kaac Hanpyau 380/220B. E/] ekcnayamyrombcsl 8 ckaadHUX yMosax nidsuujeHoi eos102ocmi, 3anuieHocmi, nepenadis
memnepamyp, Yacmux nyckis, nepesanmasiceHs i m. n. [Ipukaadamu € ekcnayamayis E/] Ha nyHkmax nep8uHHoi 06po6ku
3epHa, Ha MEAapUHHUYbKUX hepmax [ Komnaekcax, nid 4ac supobHUYmMea yykpy ma emaHoy.

Ile cmeopioe nepedymosu nepeduacHozo nowkodxceHHs EJl. B ymosax wupokoi asmomamu3sayii mexHono2i4Hux
npoyecie enposadxcyromocs cucmemu online monimopuHney mexuiunozo cmany (TC) E/. Lle cyuacHi mikponpoyecopHi
cucmenmu. Ix npozpamme 3a6esneuenns peanisye cknadui ma iHPOpMAMUEHI a120pUMMU 8U3HAYEHHS NOMO4HO20 cmaHy EJ]
HA OCHOB8I aHA/1i3y NOMOYHUX 3HAYEHb Jia2HOCMUYHUX napamempis.

0o0Hak, nomoyHi 3Ha4eHHs He 8cix diaeHocmuuHux napamempie E/] gidomi Ha momenm eusHaueHHs TC. Tomy
3acmoco8yromucs ix npo2HO3HI 3HAYEHHS.

Asmopamu 3anponoHosaHo oyiHroeamu nomounuli TC E/] ananizyrouu 3Ha4eHHs koegiyieHma {020 3aAUWK08020
pecypcy. 3HauyeHHs1 yux koegiyiecnmie 3miHolOMbCcs1 6i0 18.0. (dsuzyH cnpagHuli) do 0s.0. (dsuzyH HecnpasHuil). Ha
npukaadi, nokKazaHo 3acmocy8aHHsi Npo2pamMHoz20 3abesneveHHs, a came, Anfis pedakmop dodamky Fuzzy Logic Tool Box
nakemy npukaadnux npozpam Matlab 0151 cmeopeHHss mamemamuyHoi modesai koegiyiecHma 3aauuwikogozo pecypcy E/.
3a3Hauaemvcs, WO noxubka HABYAHHS Modeai, sKA TI'pyHMyemuvcsi Ha 582 po3easHymux 6apiaHmax cnoJyveHb
diazHocmuyHuUXx napamempie ma 8idnosidHux imM 3Ha4eHHsIX 3aauwkogozo pecypcy E/, He nepesuwye 0,00288 s.0. (0,2%), a
Ha mecmosili subopyi (4,1%).

Katouosi caoea: enekmpuvHuii 0sugyH, mexHidHull cmaH, 0iazHOCMYBAHHS, NOWKOONMCEHHS, CMamop, pomop,
Hellpo-Hevimke Moden08aHHsl, kKoediyieHm 3aAUWK08020 pecypcy, PYHKYIs1 HANeHCHOCMI

O.E. RUBANENKO, A .A. VIDMISH

Vinnytsia National Agrarian University
INVESTIGATION OF DAMAGE TO 0.4 KV ASYNCHRONOUS MOTORS

Abstract The article analyzes the features of operation of electric motors (ED) at the enterprises of agro-processing enterprises of
Ukraine. Attention is drawn to the fact that about 95% of electric motors of these enterprises are three-phase and single-phase asynchronous
motors with a short-circuited rotor for voltage class 380 / 220V. ED are operated in difficult conditions of high humidity, dust, temperature
changes, frequent starts, overloads, etc. Examples are the operation of ED at primary grain processing points, on livestock farms and
complexes, during the production of sugar and ethanol.

This creates the preconditions for premature ED damage. In the conditions of wide automation of technological processes systems
of online monitoring of a technical condition (TS) ED are introduced. These are modern microprocessor systems. Their software implements
complex and informative algorithms for determining the current state of ED based on the analysis of current values of diagnostic
parameters.

However, the current values of not all diagnostic parameters of ED are known at the time of determination of the vehicle.
Therefore, their predictive values are used.

The authors propose to evaluate the current vehicle ED by analyzing the value of the coefficient of its residual resource. The values
of these coefficients vary from 1v.o. (engine working) up to Ov.o. (engine defective). The example shows the application of the software,
namely, Anfis editor of the Fuzzy Logic Tool Box application of the Matlab application package to create a mathematical model of the
residual resource factor ED. It is noted that the learning error of the model, which is based on 582 considered variants of combinations of
diagnostic parameters and the corresponding values of the residual resource of the ED, does not exceed 0.00288 USD. (0.2%), and in the test
sample (4.1%).

Key words: electric motor, technical condition, diagnostics, damage, stator, rotor, neuro-fuzzy modeling, residual life factor,
membership function.

IMocranoBka mpodaemn. ArpomnpomucioBuii kommuiekc (AIIK) € Baromoro CKJIaJoBOIO YacTHHOIO
ekoHOoMikn Ykpainu. Cepen IHIIMX 3a7a4 Led KOMIUIEKC 3aliMaeTbcsi BUPOOHMITBOM Ta MEPEpOOKOI0
clIbchKOrOCIIofapehbkoi npoaykmii puc. 1 [1].

Ha puc.1 noka3zani: a), 6) — oOnagHaHHsA M’ SICOKOMOIHATY; B), T) — €IeBaTOpa, a), XK), K) — KOMIUIEKCY JIIs
CYLIIHHS 3€pHA; JI) — MOJIOKO 3aBOJLY.

Sk 3a3HaueHo B [1] «Ha choronHi arponpomMucioBuii komruieke (AIIK) € oxHiero i3 HaliOLIbII BaXKIIMBUX Ta
CTIHKHX 3a CTaOIIBHICTIO HAIXOKEHD IO OI0/HKETY CKJIaIOBUX HAIlIOHALHOI €eKOHOMIKH YKpaiHm».

AIIK € T1micHOIO  BUPOOHHUYO-EKOHOMIYHOIO  CHCTEMOIO, O00’€¢qHyroud B co0l  HHBKY
CLTBCHKOTOCIIOIAPCHKHX MMiAIPHEMCTB CIPSIMOBAHNX HAa OTPUMAaHHS, TPAHCHIOPTYBaHHA, 30epiranss, mepepooKy Ta
pealtizaiiro ciIbCbKOT0CIoaapchKoi mpoaykitii [1].
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a
Puc. 1. O6;1aHaHHSA NiANPUEMCTB, 1110 00POOJISIIOTH CLIbCHKOIOCIOAPCHKY MPOIYKIiI0

VYkpaiHa € He Juile BUPOOHMKOM Ta MOBYAJIBHUKOM CLIBCHKOTOCIIONAPCHKOI CHPOBHHHM, @ 1 CydacHOI
BHCOKO TexHojoriunoi mnpoaykuii mianpuemcts AIIK. Pucoro 1ux MiANpUEMCTB € TIOCTiIHHE TEXHIYHE
nepeo30pOoEHHS, SIKE MOJISITae y 3aMiHi 3aCTapijoro, Maaoe(eKTUBHOTO 00agHaHHS Ha OUTBINI sSKICHE 1 HaIHE, 10
BiJIMOBiae cydacHUM BuMoram. Lle m03BOJIs€ TOKpaNIUTH HAMIHHICTh Ta SKICTh BUPOOHMIITBA, 3MEHIIUTH
c00iBapTICTh MPOYKIIii.

3 Meror aBTOMaTH3alii BHPOOHMITBA HAa TaKUX IIJIPUEMCTBAX, ULIMPOKO 3aCTOCOBYIOTHCS
enextpoasurynu (EJ]) pisHoi motyskHOCTI, Hanpukian, acuaxponHi EJ] narnpyroro 380 B 3 KOpOTKO 3aMKHYTHM
poropom. Taxkux EJl monax 95%.

Haxanps ix ekcruryaTamiiiHa HagildHICTB II€ 3aJHMIIA€TbCS HEAOCTAaTHBOK. [IpoTe Ha cydacHoMy eTarri
PO3BHUTKY arpoIpOMHUCIIOBOTO KOMIUIEKCY JAEPXKaBH CYTTEBOIO HEPEUIKOAOI0 sl 3a0e3MeyeHHs] HaJIe)KHOTO PiBHS
KOHKYPEHTOCIPOMO>KHOCTI I IIPHEMCTB Ta BUPOOJICHOT HUMH IPOIYKIIT HA 30BHIIIHBOMY PHHKY € BUCOKHI piBEHb
BUTPAT EJICKTPUYHOI €Heprii Ha BUPOOHHUIITBO CimbChKoTocmomapchkoi mpoxaykmii [1]. Tomy Bce Oinblie yBaru
NPUIUIAETECA  aJbTEPHATUBHUM  JDKEpellaM  CJIEKTPOSHEpTii:  COHSYHHUM  €JNeKTPOCTAHINsIM,  MaluM
TiPOENIEKTPOCTAHITISIM, BITPOBUM enekTpocTaHmisM [2, 3]. Takox MaioTh Miclle BTpaTH CHPOBHHH IIiJ] dac
nepepoOKH  CUTbCHKOTOCMONAPCHKOT  MPOAYKINii, BHKJIMKAHI TMOMIKOKEHHSM oOmagnanHs [4]. o Takoro
00TaHaHHS MOXHA BiAHECTH 1 enekrpuuHi aeuryau (E).

YacTo eneKTpOIBUTYHH BUKOPHUCTOBYIOTHCS Ha MEXaHI30BaHMX BUPOOHWYMX TUISHKAX TAaKUX, SIK: ITyHKTH
NepBUHHOI 00pOOKM 3epHa, Ha TBApMHHHUIBKHUX (epMax i KOMIUIeKcax, I1iJ] yac BUPOOHMITBA I[yKpY Ta €TaHOIY i
T.IL
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BimMoBH enekTpoaBUryHiB [§] BHKIMKAIOTH MOPYIICHHS TEXHOJOTIYHMX TPOIECIB, IO 3aBAAE BiAIyTHOL
IIKOJM HAPOJHOMY TOCIIOJApCTBY 4Yepe3 HEIOBHPOOJICHHS, NCYBAaHHS Ta MOTIPIICHHS SKOCTI mponykiii. Takox,
MOPYIICHHS TEXHOJIOTIYHOTO IMKIYy Ha arpornepepoOHOMY MiANMPUEMCTBI BUKJIMKAE€ 3MCHIICHHS BHTOTOBICHOI
MPOAYKIIil, HepalliOHAJIbHE BUKOPUCTAHHS CHEPTETHYHHUX PECYPCIB 1 T.II.

R
|
o
-
A

- i

Puc.2. Haciaku nopyueHHst TeXHOJIOTiT Ha nTaxodadpuui

KpiMm Toro, Ha BiTHOBJICHHS eJCKTPOJABUTYHIB BHTPAYA€ThCSI BEIMKA KIUTBKICTH MaTepialiB
(0OMOTYBaIBHOTO TIPOBOJY, EICKTPOTEXHITHOI CTaI, 130JAMIHHOTO MaTepiary), eleKTpoeHeprii Ta pobodoro Jacy.

AHali3 IpUYrH BiIMOB €IIEKTPOABUTYHIB CBIIYUTH IPO TE, IO, HE3BAXKAFOUM HA BAXKKI YMOBU POOOTH B
CLTBCEKOMY TOCHOJAPCTBI, MEPEBaXKHY OUTBIIICTh 3 HUX MOXKHA OyII0 30€perTH: IMpH SKICHOMY iarHOCTYBaHHI; IpU
BYaCHOMY BHUBEJICHHI B PEMOHT; 32 YMOBH IMOOJQXJIMBUX yMOB ekcrutyatauii EJI, mo marooTh nedeKkTu Ha paHHIH
cTanii pO3BHUTKY; 3a PaxyHOK BIPOBAJKCHHs on-line cucreM Bu3HA4eHHs motouHoro crany EJI; mpu dikcamii
0oOIpyHTOBaHO 3aMiHHTH, a0o BUBeCTH B peMoHT EJI, 3 BpaXyBaHHSIM BHUMOI Ta MOJMJIMBOCTEH TEXHOJOTiYHOTO
NpolLIeCcy Ha arpornepepoOHOMY MiAIPHEMCTBI.

BpaxoByroouH BeIUKY KUIBKICTh B3a€EMHO BILUTMBOBUX JIarHOCTUYHUX mapameTpiB EJI, 3 MeTOIO crpoIieHHs
OLIHIOBAHHS IIOTOYHOTO TEXHIYHOTO CTaHy NMPOIOHYEMO BUKOPHCTOBYBATH IHTETPaIbHAN NIarHOCTHYHUI MapameTp
— KOe(ii€HT 3aJIUIIKOBOTO PECypCy.

BonHouac, ckiagHO BU3HAYAaTH TEXHIYHUI craH mpamorodoro EJI, ajpke meski AiarHOCTHYHI MapameTpu
MOJKHA BHMIPIOBATH Yy BIKIIOYEHOTO a00 posziOpanoro EJI (Hampukiax, BUMipIOBaHHS OMOPY 130JAMii 0OMOTKH
CTaTopa MEraOMMETPOM 200 BHMIpIOBAaHHS JiaMeTpa Bally pOTOpa IIiJ MiJIIUITHUKOM 3 METOIO0 BHSBICHHS NMPUYHHH
BiOparii) [5—7]. ToMy BU3HaAuUeHWII B TEeMIIi TPOLECY, 3a TAaKAX YMOB, TEXHIUHHWH cTaH mnpamorouoro EJl e
MIPOTHO30BAaHNM — HEYiTKUM. [yl ioro BH3HA4YEHHS BapTO BUKOPHCTOBYBATH METOAM Ta 3ac00i HEHpO-HEUiTKOTO
MO/ICTIFOBAHHS.

Tomy npoGema MiJBUIIEHHS SKOCTI eKCILTyaTallii eJeKTPOABUTYHIB Ha arpONPOMHUCIOBOMY BUPOOHHUIITBI
LIJISIXOM TOKPAILEHHS SIKOCTI 1X J1arHOCTYBaHHS aKTyaJibHa 1 Ma€ BEJIMKE HapOIHOTOCIIOIAPChKE 3HAUCHHSI.

MeTa JoCIizKeHb MOJSATae Y MiIBUILEHI SKOCTI BU3HAYEHHS MOTOYHOTO TEXHIYHOTO CTaHy B yMOBax He
3aBX/IH BIJIOMUX, HEYITKMX B3a€EMOBIUIMBIB PI3HUX TEXHIUYHHMX HapaMeTpiB eIEKTPUYHHX JBUTYHIB Ha IX TEXHIYHHUN
CTaH 1 B IKOMOT'a TOYHIIIOMY MPOTHO3yBaHHI AMHAMIKH PO3BUTKY HOIIKOKeHb E/JI.

ITig yac JOCTIHKEHb PO3B’sI3yBAJIMCh HACTYIIHI 3aaadi:

— aHayi3 (akTOpiB M0 BUKIMKAOTH NomkopkeHHs EJl Ha mignpuemcrsax AITK;

— npuunHU BuBeneHHs EJ 3 excrutyaTanii;

— ¢opmyBaHHs Ta O0OpOOKa CTATUCTHYHHMX JaHMX [P0 MOmKOMKeHHs EJI Ha migmpHeMcTBax
arpornepepoOHOi ramysi;

— po3po0Ka MeToly BU3HAYCHHI TeXHIYHOro cTany EJl B yMOBax HEMOBHOTH IMOYATKOBHX JJAHHUX.

AHaJi3 nocaigxkenb Ta nyoJaikamiii. [lomkoxxyBanicts EJI.

[MomkomxyBanicTs ocmimKyBaHux EJl 3yMoBieHa TakUMH OCOOJIMBOCTSIMH 1X €KCILTyaTalii, SIK: HOMHJIIKH
B BuOopi E/] Ha cranii npoexTyBanHs abo mig yac ekcruryaranii (micis 3aminu EJI, micis nepeMoTyBaHHS 0OMOTKH
Ta 3MEHUIEHHS KoedilieHTa KOPUCHOI [ii), HU3bKMH pIiBEHb OOCIYrOBYBaHHS Ta PEMOHTIB (BHKIMKaHHUN
HEJIOCTaTHhOIO KUIBKICTIO Ta KBali(iKali€ero INepcoHaly, BiACYTHICTIO Cy4acHOTO PEMOHTHOTO OOJagHaHHS),
HECIIPUATIMBI YMOBH OTOYYIOUOTO CEPEAOBHIIA (3aHA/ATO BHUCOKA, a00 HM3bKA TEMIIEpaTypa, BHCOKA BOJIOTICTh,
BEJIMKI KOJMBAHHS TEMIIEPATYPH 1 T.II.), TSDKKI PEKUMU eKCILTyaTalil (MexaHiuHi mepeBaHTa)XeHHs, HepiBHOMIPHUH
rpadik HaBaHTaXXEHHS, YacTi IYCKW), ITOHAJ HOPMOBAHI IOKAa3HWKH SKOCTI €JEeKTpOeHeprii (IepeHampyrH,
HAQ/ICTPyMH, HU3BKI HAlpyTH, HECHHYCOINHICTh, HECHUMETpIis), HU3bKAa HAAIHHICTD BHYTPIIIHBOTOCIIOJAPCHKHX Ta
PO3MOAITBYNX CLTBCHKHX eNeKTpoMepex [5—10].

[Tmr Ha MimHAX (puc. 3), Ha eneBaTopax, MyHKTaX NEpBUHHOI EepepoOKH 3epHa, B KOMOIKOPMOBHX IIeXax,
BEJIMKA BOJIOTICTh 1 MPUCYTHICTh arpeCHBHUX Ta3iB B TBAPUHHHUIIBKUX MPUMIMICHHAX, Pi3Ki KOJMBAHHSI i 3HAYHE
3HIKCHHS TEMIepaTypH B 3MMOBHM dYac Ha BIiIKPHUTIH TepuTOopii, BHUCOKAa TeMmIepaTypa B KOTEIBHHUX i
3€pPHOCYIIMJIKAX 1 T.II. HOTIPIIYIOTh SKICTh MAaCTWJI y MiAIIMITHHUKAX (MPU3BOAMTH IO MOIIKO/KEHHS ITiANIMITHUKIB
(puc.4) Ta 1o 3pocraHHs BiOpauii Bairy poropa, kopnycy EJl Ta 10 3pocTaHHs cepeAHbOro KBaApaTUIHOTO 3HAYESHHS
BiOPOIIBUAKOCTI Vims), SKICTh JIAKOBOi 130JAIi1 OOMOTOK, MOJIXJIOPBIHUIOBOT 130JsMii HPOBOIIB IKHBIICHHS,
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BUKJIMKA€ OKHUCIICHHA KOHTaKTiB OpHO (3pOCTae MepexigHMi Omip KOHTAaKTIB) i T.I. BpHO — GJIOK pO3KIFOUEHHS
MOYATKiB («HAaYaD» — poc.) 0OMOTOK [6—S8].

a) 0)

Puc.4. IlomkoakeHHs AeTaaeil MiAMHNHUKIB.

Ha puc. 4 nokaszani: a) — 3ur3aromnoiOHI TMOINKO/KEHHS KUThI KYJIBKOMIAIIMUITHAKA BHACHIIOK
MPOXOKEHHS 110 HbOMY €JIEKTPUYHOTO CTpyMy ( HMOBIPHO Taka KapTHHA YIIKOJDKEHHsS BUHHKIA TOMY, IO Yepes3
HiMIAIHAK TPOXOIUB BEIMKHUN EJIEKTPUYHUH CTPYM, 1 OJHOUACHO IiJIIMITHHUK Ii/IaBaBCSI OCbOBUM KOJIMBaHHSM);
0) — MOIIKO/KEHHS CerapaTopa); B) — 3a0pyJHEHHH i IIHITHUK.

a) B)
Puc. S. TlomkomkeHHs izousinii 00MoTku cratopa EJI: a) — kopoTke 3aMHUKaHHS NTPOBOJIiB O Hi€l 00MOTKH B na3y craTopa; 0) —
nporopaHHs i3o/suii npoBoJiB o1Hi€i 00MOTKH; B) — KOPOTKe 3aMHKAHHS IPOBO/IB 0/Hi€l 00MOTKH 3 KPOMKOIO IIa3y CTaTopa

Puc. 6. Inmi nomxopskenns E/I: a) — momko/izkeHHs] KOHTAKTIB OpHO; 0) — MOIIKO/ZKEeHHS POTOPA; B) — MOMIKO/KeHHs KPHJIbYATKH.
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Mpuuunu BuBeneHuss EJ[ 3 exkcmayaranii. Hempumyctuma KoHIEHTparisi aMiaky, CipKOBOJHIO,
BYIJIEKUCIIOTO ra3y B TBAPMHHUIBKHUX NPUMILIEHHSIX PyHHYIOTb 130JISI1[1I0 0OMOTOK.

3a TakMxX YMOB 3MEHINYEThCS aKTHUBHUI omip i3omsmii oOMorku cratopa (R), 3poctae Temmneparypa
7000BHX MOBEPXOHb OOMOTKM craropa t; Ta Temmeparypa xopmycy EJl t», 3poctae ctpym I, mo nporikae uepes
obmotky cratopa EJI. Tlomkomkenns: oxonomkenns: EJl Takox NpU3BOANTH 70 3pOCTaHHS TEMIIEPATypu KOPILyCy
EJ] to. IlomkomKeHHs cTani craropa BUKIMKAae 3pOCTaHHS CTPyMy CTatopa B pexumi xonoctoro xoay EJ] — L Ta
3pocTaHHs NOTYXHOCTI Xos0cToro xoay E/l — Pk, 1o HarpiBy xopmycy E/JI (t2).

[ig gac mpoBeneHHS IOCTITHOTO OOCTEKEHHS Ta IUIAHOBO-TIONEPEIKYBaJbHUX PEMOHTIB ENEKTPHIHHUX
nBuryHiB Ha cemu miampuemcTtBax AIIK Oymo BusBieno Bixm 18 mo 29 ommumme EJl Ha KOXHOMY, IO MAaroTh
neeKTH, TKi MOXKYTh IIPUBECTH 10 BiIMOBH /T 9ac poOOTH.

Yacro 1me MOMIKOKEHHS IMiJIINIHAKIB, 130J1ii 0OMOTKH cratopa Ta poropa [11, 12]. 3 172 oguHUIB
BUOipKoBo obOcTexxernx EJ] BusBneHi nedekTr po3MOAUIHIICE TaK, SK IIe MoKa3aHo B Tabmumi 1 Ta Ha puc.7. dus
oOCTe)XeHHs BUOMpANUCh JIMIIE Ti JBUTYHH, CIPAaBHUA TEXHIYHUH CTaH SKHX, BHUKINKaB CYMHIBH Y
EKCIUTyaTyIo4oro MEepCOHANY 3a 30BHIIIHIMUA O3HAaKamMu. J[0 TakuMX O3HAK BIAHOCSITHCS: IIYM, BiOpallisi, Harpis,
TPUBAIIMI1 Yac MycKy, 3aHIKEeHa IIBUIKICTh 00EpTiB Baly poTopa i T.IL.

Tabmuus 1
BusiBienni nedgexru EJI
. . Kinbkicth
Byson EJ] Hedexr AlarsocTHmi TIOLIKOPKCHb
rapaMmeTp o
oIl %
IMomkomkeHHs (a3HOi Ta MDKBMTKOBOI | OIip i30Jmii 0OMOTOK cTaTopal 57 30
130715111 [1], MOM.
. pi3HHIA CTpyMiB
OO6puB B 00MOTIII cTaTOpa (bassix o6MOTOK, %. 3 2
: 3.8
Crarop BibOparis cratopa ta xopmycy EJ] f/{fﬁmcyB B HAnpAMEKAx X, ¥, 2, 9 5
[eperpiB 0OMOTKH cTAaTOpa Ta KOPIYCY Temmepatypa®’ 10GOBHX HactiH 15 9
00MOTOK Ta Koprycy, °C.
Ieperpis cTamni craTopa Temeparypa’ I;Opnycy, CTPYM 5 3
xonocroro xony' EJI [4], °C.
3a0pyaHeHHS
i [TomkoKEeHHsI BEPXHBOTO KUIBII
H.Illfl;HI/IKI/I [NomrkomKEeHHs. HIDKHBOTO Ki JIBITS BiOPO3CYB KOPITyCY, MKM 59 34
[MomkoKeHHs cenapaTopa
[TomKkomKEeHHsI 3aXUCHOTO KiJIbIIsl
Bibparist potopa Bi6pPO3CYB®, MKM. 5 3
OOpuB cTepkHIB ab0 TOTaHWII KOHTaKT 3 | 3MEHIICHHA KUTBKOCTI 0O0epTiB
KOPOTKO 3aMKHYTHMH KuUIbIsiMu Ourstdoi | Bama E/I, %.
kimiTkd.  HarpiB  poropa.  3MeHIICHHS 2 1
Potop 00eptiB Bama portopa Ha moHany 10% Bix
HOMIHAJIbHOI.
3HOIIyBaHHSA LIUIKU Baly Ml | 3MEHIIEHHs JiamMeTpa IIHHKH
MAITATHIKAMHA Baiy g migmmnHukamu  EJI, 3 2
MKM.
3aknuHIOBaHHS ~ TypOiHM  BeHTMIATOPa, | Temneparypa kopmycy EJI, °C.
MOIIKO/KEHHS jonaren TypOiHH,
mpokpyudyBaHHs portopa EJl BigHOCHO 5 3
Bermunstop Typ6iHI§, neperpi}i EI.[, 3a0pyAHEHHS
Jlonarei Ta 3aXMCHOT PeliTKH
Bibpo3cyB, MKM.
Bibparris [MoHag HOpMOBaHHW IIYM IiJ 5 3
gac pobotu, ab.
Harpis KopILycy, OILIaBJIECHHS Ta | Omip koHTakTIiB <0,05 OMm.
bpHO OKUCJICHHs INIWIBOK, 3POCTaHHS OIOPY 9 5
KOHTaKTiB B OpHO
Pazom 172 100

BepxHi iHIekcH, mpuBeeHi B Ta0nuii | MaroTh HACTyIHE MOSCHEHHS:
—  JlomycTtuMmuii omip 130J1A11ii 0OMOTKH CTaTopa HANPYTrow A0 1 KB eneKTpoaBUTYHIB 3MIHHOTO CTPYMY Mae
Oytu He MmeHmuM 0,5 MOM nipu Temnepatypi 10-30 °C.
—  Bignosigao no Hopm MEK nepekic 3a ctpymom a3 EJ] He nepesutye 5%.
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Jomyctumuii Biopo 3cyB s EJ] tunmy AIP 100 S2, motyxwictio 4 kBT, 9actoToro o6eptiB 3000 006. / XB.
Ta Micisl KanpeMoHTy — 80 MKM.

I'pannuHa TemmepaTypa OOMOTOK CTAaTopa €JIEKTPOJBHIYHIB IO OOJIYBalOThCs cepii A B 3aXHIIEHOMY
3aKpUTOMY BUKOHaHHI 3-5-ro rabapuTiB, 1110 MaroTh 130JsLito kiacy A — 95°C.

Temneparypa Ha HOBEpXHi OBUI'YHIB B crajioMy pexxumi Ha 15-20°C Hmk4ye TeMmieparypd OOMOTOK.
[TinBuIeHHST TEMIepaTypH ABUI'YHIB BUKIMKaHO 301JIbIICHHSM CTPYMY B OOMOTKAX CTaropa B HOPiBHSIHHI
3 HOMiHaNbHOIW. TOMy /UII KOHTPONIO 3a poOOTOI0 JBUIYHIB mOTyXHicTio 40 kBt 1 Bume
BCTaHOBJIOIOTHCS AMITIEPMETPH.

MicueBuil HarpiB akTHBHOI CTali CTaTopa BigOYBae€ThCsl 4Yepe3 BUTOPSIHHS 1 OIUIABJICHHS CTalli MpH
KOPOTKMX 3aMHKaHHSIX B OOMOTII CTaTropa, a TaKoX IPU 3aMHKaHHI JIUCTIB CTaJIM BHACIIIOK TOPKaHHS
poTopa 3a cTaTop mix yac poboTH IBUTYHA ab0 BHACITINOK pyWHYBaHHS 130JIALIT MK OKPEMHUMH JINCTAMHU
cranu. O3HaKaMH 3adillaHHA POTOpa 3a CTAaTOp € UM, iCKPH 1 3amax rapy; akTHBHAa CTalb B MICIIX
TOpKaHHS HaOyBa€ BUTILAY TIOJNIPOBAHOI TIOBEPXHi; 3'ABISETBCA TYMiHHS, IO CYNPOBOIKYETHCS
BiOpartiero nBuryHa. [IpHauHOO YiIUISTHHS €: TIOPYIISHHS HOPMAJIBEHOTO 3a30pY MiXK pOTOPOM i CTaTOPOM B
pe3ynbTaTi 3HOUIYBAaHHS MiAIIMITHUKIB, HENPAaBHIBHOI iX yCTAHOBKH, BHACIINOK BEIMKOTO BUTHHAHHS
Bairy poTopa, aedopmarii crani craropa abo poTopa, 0THOCTOPOHHBOT'O MPUTATAHHS POTOpa JI0 CTaTopa
4yepe3 BUTKOBI 3aMUKaHHS B OOMOTIII CTaTopa, BHACIIJOK CHJIBHOI BiOpawii poTopa, sKWi BH3HAYaIOTh
LIYTIOM.

EnexTponBUryH NepexoAuTh B PEXHM XOJOCTOTO XOJAy, KOJIM 3 HOro Baly 3HIMalOTh pobodye
HaBaHTAXXCHHS. B IbOMy BUMaJKy MOKHAa BH3HAYMTH TaKi BaXJIMBI mapamerpu QyHkuionyBanHs EJI, sk
CTpYM HaMarHiuyBaHHs, IOTYKHICTb 1 Koe(il[iEHT BTpaT B eJeMEHTaxX NPUBOAY. AJie TOJIOBHE — B PEXUMI
xonocroro xony [3] moxna Bu3HaunuTH crnpasHicTe EJ[. [lns tpudasznux acuaxponnux EJ] moTyxHicTio
Bix 1,5 no 5,5 kBt npu yacrori 3000 06epTiB 3a XBUIHMHY JOMYyCTUME 3HAUYEHHS CTPYMY XOJOCTOTO XOIy
He TIOBUHHE TIepeBUILyBaTH 45% Bin HOMiHampHOTO cTpyMy E/JI.

OcnabneHHsl TIpecyBaHHSA aKTHBHOI CTajli OCepAs, IO NPH3BOAWUTH O 3pPOCTaHHS BiOpawii Kopmycy
craropa. BiOpartist TuCTiB cTami ocepAs MPU3BOIUTH 0 PO3BUTKY KOHTAKTHOI KOpo3ii MeTanmy. KoHTakTHa
KOpO3isi pyHHY€ i30JAMiI0 JMCTIB CTadi, IO HPU3BOAUTH MO 3aMHUKAHHSA Ta IO JTOJATKOBOTO HArpiBy
oceps.

BukpuBieHHs oci Baiy (BiIXWJISHHS BiJl CMIBBICHOCTI IIMHOK IiJ| MANIMITHUK HE IOBUHHO OyTH Oliblie

0,015 mm[4]).

Onuc iarHOCTUYHUX MapaMeTpiB, SKi XapakTepu3yloTh AedeKTH NpuBeleHi B Tabuuii 1, moka3aHuil B

Tabnuui 2 [14].

Tabmums 2
Onuc AiarHOCTHYHUX NapaMeTpiB.
1arHOCTUYIHHH OnuHuns Hopmartushe Cuporene
A A . 1 P TTo3nauenus pott YMOBHE
napameTp BHMIipIOBaHb 3HAYCHHS MMO3HAYCHHS
Omip 307117 0OMOTKH
P H MOwm > 0,5 R X1
craropa
Bibposcys KOpITyCy MKM <80 Sk X2
ITepexic a3HHUX
PEK] ¢ % <5 Al X3
CTpYMiB cTaTopa
Temmeparypa 0OMOTOK
patyp °C <95 fer X4
craropa
Temneparypa Kopiycy °C <75 te X5
Bibpo3scys poTopa MKM <80 Sp X6
Bi B
.6p030y . MKM <80 Su X7
i INTAITHAKIB
Bibposcys TypOiHH MKM <80 . Xs
OXOJIODKCHHSI
Temneparypa 6pHO °C <75 ts X10
Crpym 00MOTKH 3aJICKUTH BiJl
A Ier X1
craropa EJl

Jis kpamoro po3yMiHHS alNTOPHUTMY [iarHOCTYBaHHS BBEAEMO IHTErpajibHi JIarHOCTHYHI IapaMeTpH
(AIT), 3smMenmryroun monepeanto Kinbkicts 11 3 gecaru no mectu.
OTXe MPOMOHYEMO METOJ BH3HAYCHHSA TexHiuHOro ctany EJl B yMOBax HENOBHOTH NOYATKOBHX JaHUX,
SKUH [IUIIXOM BHKOPHCTAHHS HEHpPO HEYITKOTO MOAETIOBAHHSA JTO3BOJISIE OTPUMATH ITOTOYHE 3HAYCHHS KOEQIIiEHTY
3aMIIKOBOro pecypcy EJl i B 3aleHOCTI Bi pe3yabTaTy 3poOWTH BUCHOBOK Tpo oaMH 3i ctaHiB EJI: cripaBHUiA, 3
HE3HAaYHUMHM BIJIXWICHHSMH IapaMeTpiB, IepenaBapiiHui, aBapiiHMH Ta 3MEHIIUTH MOXMOKY HPOTHO3YBaHHS

CTaHy.
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Tabmuns 4
Cropomena Tadauus nomkomkesb EJI

. . KinbkicTh BUBeIeHUX 3
JllarHOCTUYHMN apameTp —
Byson KOEQIIEHT 3aJIUIIKOBOTO PECypCy cxcrutyaraui B/l
OJIMHUIIb %
OOmoTka  craropa KoedimieHT 3a1MIIKOBOTO pecypcy 0OMOTKH 57 31
cTaTopa, Ki
Crainb craropa KoeditieHT 3amuIKoBOro pecypcy crali craTtopa, 7 4
K2
TiqmunHuKH KoeilieHT 3aMuImKoBOro pecypcy miIimHUKIB, 49 27
K3
Potop KoeilieHT 3aIMIIKOBOTO pecypey poTopa, K4 21 12
Oxo0noIKeHHS KoeimieHT 3aIHIIKOBOTO pecypcy CHCTEMHU 19 11
OXOJIOKCHHSI, K5
BpHo KoediieHT 3aIMIIKOBOTO pecypcy OpHO, Ko 29 15
Pazom 172 100

OpHO, 15%, Kg + Ky, 31%, o6MoTKa

cTaTropa

J—
oxonokeHHA, 11%, K

/" \

Ky, 4%, cTans

potop, 12%, Ky cTaropa

—

Puc. 6. Jiarpama nomkopazxens EJ{

K3, 27%, MIMIITHAKA

BucHoBku
Pesynbratu aHamizy (hakTopiB 10 BUKIHKAOTH momikomkenHs EJl Ha mignpuemcrax AIIK e migBuiena
BOJIOTICTb, IIEPENaIn TEMIIEPATYp, BiOpallis, HepeHanpyry, IepeBaHTaKEeHHsL.
Haituactimumu npuunHamu BuBeneHHs EJl 3 ekcruryartarii € TMONIKOPKEHHS MIiANIMITHUKIB Ta 130JISMii
00MOTKH CcTaTopa.
Cratuctuuni gaHi mpo momkomkeHHs EJ[ chopmoBani Ha ocHOBI gochimkeHs EJl migmpueMcTs
arporiepepoOHO1 rary3i YKpaiHu.
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