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AHAJIN3 TEIIJIOBOI'O COCTOsIHUA PETYJIMPYEMOI'O
ACHUHXPOHHOTI'O ABUT'ATEJIA
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Odecckuil HAYUOHATbHBI NOTUMEXHUYECKUL YHUBEpCUmem
2
bepnunckas wkona s3koHoMuKu U npasa

Annomauusa. Onpedenenvt cemelicmea memMnepamypHvix Xapakmepucmux, npeocmagiaiowux cooou
3a8UCUMOCIIU Nepespedos KOHCMPYKMUBHBIX Yacmell YaCOMHO-Pe2yIupyemo20 acUHXPOHHO20 08ueamers
Om MOMEHMA HA2py3KU OJid PA3HBIX YACMOM RUMAIOUe20 HANPAXCEeHUR. Dmu XapaKxmepucmuky conocmas-
JIeHbl C AHANOSUYHBIMU XAPAKMEPUCMUKAMU, NOJYYEHHbLIMU 6 pe3Vbmame Menai08blX 9KCHEPUMEHMOS.
Buvinonnen nepexoo xk memnepamypHuim pecyiuposounviM xapaxmepucmukam. Teopemuuecku u sKcnepu-
MEHMANLHO PACCMOMPEHbl MePMOOUHAMUYECKUe NPOYeCcCbl NPU pabome pezyiupyemozo npusood Ha 3a0aH-

HYI0 Maxozpammy.

Knwueswie cnosa: pezyﬂupyeMblﬁ LZCMHXpOHHblﬁ ()euzameﬂb, IKBUBAJIEHMHAA menjoeas cxema, ua-
CmommHoe ynpaejieHue, nepezcpee obmomku cmamopa, nepeecpees I’ZO()LMMI’IHMKCI, mepModuHamutteCKue

npoyeccol, IKCnepumernmajbHble UCcre008anUsl.

BBeaenne

OKcIUTyaTallMOHHAsE HAJeKHOCTh 3JIEKTpUYe-
CKMX MAalllMH 3aBUCHT OT UX TEIUIOBOTO COCTOSHHS,
MOCKOJIbKY OOJIBIIUHCTBO MPEKIECBPEMEHHBIX BBI-
XOJIOB W3 CTpPOS acHHXPOHHBIX apurateneit (All)
BBI3BAaHO YCKOPEHHBIM CTapEHUEM H30JIIUU 00OMOT-
KM cTaTopa BcleICcTBHe meperpena. Jlomyctumast
Temreparypa HarpeBa oOMoTku A/l orpaHHYMBaeTCs
KJIACCOM HarpeBOCTOMKOCTH HPUMEHSEMBIX H30JIs-
LIMOHHBIX MaTepuanoB. OTHocutensHO YacTo AJl
BBIXOJSIT M3 CTPOS W3-32 TMOBPEXKICHHUN IOJIIINII-
HUKOB, OJHON W3 NPUYMH Yero sBJSIETCS HX mepe-
rpeB. Ilpu MoOBTOpHO-KPaTKOBPEMEHHBIX U IEepeMe-
KAOIUXCSl PEXMMaxX Harpy3KH BO3HHKAIOT Tepe-
XOAHBIE MPOLECCH, XapaKTepU3YIOLIHecs 3Hauu-
TeNBbHBIMU YBEIMYEHUSAMH 1oTepb AJl u, Kak crien-
CTBHE, CYNICCTBEHHBIM pOCTOM TeMIepaTyp €ro
KOHCTPYKTHBHBIX 3JIEMEHTOB.  Perynmpyembie
acuaxponusle apuratenu (PAJl) paborator B pas-
JUYHBIX TOYKAaxX JTMara3oHa peryarupOBaHUs, Xapak-
TEPUBYIOIIUXCS Pa3HbIMH 3HAYCHHSMHU TEIUIOBBIX
MOTEPb M OTBOJIA TEIUIA B OKPY>KAIOILYIO CPEIy MpH
W3MEHEHUH YaCTOTHI BpAILlEHHs JIBUTATENIEH C caMo-
BeHTWIsAIMEH. [Ipn TermmoBoM pacuere PAJl momxk-
HBI OBITH YUYTEHBI HE TOJBKO M3MEHEHHS BEITMYHHBI
Harpy3ku COOTBETCTBEHHO 3aBHCHMOCTH MOMEHTa
COIIPOTHBIICHUSI OT CKOPOCTH, HO U ITapaMeTpOB TH-
TAIOIIEH JBUTaTeIb AIEKTPOIHEPTUH, NOJIy4aeMOU
ot npeobpazosarens yactorel (1Y) (BenmumHa u
YacToTa HalpsbKeHHS, €ro TapMOHUYECKUH coCcTaB).
[TosToMy amanu3 TermoBoro coctostHus PAJI, kak B
CTaTUYECKUX, TaK W B JUHAMHYECKUX pPEeXHUMax

© Ilerpymmun B. C., [Tnotkun 1O. P.,
Slkumen; A. M., Enokraes P. H., 2020

HEOOXOIUM TIPH UCCIICIOBAHUSAX PaOOTHI PEryIHpPY-
€MBIX JIEKTPOIPHBOIOB.

[IpobnemaM, CBSI3aHHBIM C aHAIKU30M TEILUIOBO-
ro coctosHuss PAJl u TemynoBBIMH pacueTamH, IIO-
CBSIIICHBI psi padoT [1-8].

Henb padoTsl. TeopeTnueckoe U IKCIICPUMEH-
TaJIbHOE OIPENEIICHUE NIEPETPEBOB HEKOTOPBIX KOH-
CTPYKTHBHBIX 31eMeHTOB PAJ] B cTaTHueckux u au-
HaMUYECKHX PEXKUMaXx.

MaTepHa.m)l U peE3yJIbTaThI HCCJ’IeI[OBaHHﬁ

B mpaxTuke TemaoBbIx pacdeToB OM mupokoe
paclpoCTpaHEHUE TMONIYYHJI METOJl 3KBHUBAJIIEHTHBIX
teroBeix cxeM (OTC). OH ocHOBBIBaeTCS Ha XO-
pomo pa3paboTaHHON TEOpUM IIEKTPHUECKHX |
TEIJIOBBIX LENEH U MO3BOJSIET ONPENEISITh CPEIHUE
temneparypsl dacteil AJl. Ilo merogy OTC anek-
TpUUecKas MallliHa MPeCTaBIIsAEeTCS B BHUJE CHUCTe-
MBI OJHOPOJHBIX Tel (2JIEMEHTOB), B TMpejaenax
KOTOPBIX YCJIOBUS TEILUIOOTAAYMU OCTAIOTCSI IIPUMEpP-
HO TIOCTOSIHHBIMH. PeanbHble TEIIOBbIE CBSI3U MEXK-
Iy OT/AETHHBIMU YacTAMU MAIIMHbI PECTABIAIOTCS
B BHJE TEIUIOBBIX MPOBOAUMOCTEH OO CONMpPOTUB-
JeHui. 11 KaXJIoro aHaJu3UpyeMoro »3JIEMEHTa
TeMIepaTypa IpUHUMAETCS TTIOCTOSSHHON BETUYMHOMN
U paBHOW cpeaHeMy 3HaueHHIO. CunuTaeTcsd, YTO
OXJIAXK/ICHHE MAIIMHBl CUMMETPUYHO U PABHOMEPHO
B IoTepeyHoM ceueHuH. [t pacdera Taxxe IMpH-
HUMAIOTCSl  CJIEAYyIOIIHe YMPOILIEHHUS: KOPOTKO-
3aMKHYTBIH POTOP MpPEICTaBIsieT COOOH OJUH 3iie-
MEHT, OXJaKJICHHEM TOPIIEBbIX ITOBEPXHOCTEH cep-
JNEYHHKOB CTaToOpa, pOTOpa MOXKHO TpeHeOpedb.
JlomyckaeTcsl, 4TO TENJIOBBIE MPOBOJAMMOCTH HE3a-
BUCHMBI OT TeMIeparypbl. B 3Tom ciydae 3amaua
cBoauTcs K nuHedHOoU. Ilpencrarnennas Ha puc.l
OTC nmna Al ucnomuenns 1P44 u cnocobom oxia-
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xknaenus IC0141 moskeT OBITH KMCIOIL30BaHa JUIs
aHajM3a TEIIOBOI'O COCTOSHMS IBWIrateiis B IHHA-
MH- YECKUX PEKHUMAaX, a TIPU UCKITFOUCHUH TEIUIOBBIX
emkocteir C, 3HaUEHUS KOTOPBIX 3aBHCAT OT HC-
MOJIb3yEMBIX MATEpPHAJIOB M WX T€OMETPUYCCKHX
pa3MepoB, U B CTATHYECKUX PEIKUMAX.
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Puc.1 DxBuBaneHTHas TermioBas cxema AJl

B COCTaB OTC BXOASAT  DBJIEMCHTHI,
OTPAXKAIOIIUE U3MEHSIOIIUECS M0 BEIWYHHE MOTEPH
B PAa3NUYHBIX YaCTAX MamHMHbL. VX 3HaueHUs

IMOJIy4YCHBI B pe3yibTaTe SJICKTPOMAruuTHOI O
pacyeta. B nannoit 3TC ucnonb3yroTcs CaeayoLue
TCIUIOBBIC MIPOBOIMMOCTH: A1 — MEXIY

CepACYHMKAMHU CTaTopa ¥ poTOpa Yepe3 BO3IYLIHbIHN
3a30p; A3 — OT Meau OOMOTKH K CEpICUHHUKY
cTaropa Mo M30JISIUHU Ma30BOH 4acTH 0OOMOTKH; Ajg
— OT MaKeTa CTaTropa K cTaHuHe (U1 3akphIThIX AJl);
A, — or 71000BBIX uYacTed OOMOTKM cTraropa K
BHYTPEHHEMY BO3AYXYy; Azs— OT aKTUBHOH 30HBI
poTopa K BHYTpPEHHEMY BO31YyXY; A, — OT T0OOOBBIX

qacTteil Oenuubeil KIEeTKH K BHYTpPEHHEMY
BO31YXY; Aszs — TEIUIOBas MPOBOAMMOCTH OOMOTKH
craropa B AaKCHaJbHOM HamNpaBieHUH; Asg—

MTPOBOIMMOCTH OT BHYTPEHHETO BO3/lyXa K CTaHHHE;
As7 — OT BHYTPEHHETO BO3/1yXa K TOJIIAITHUKOBBIM
IIUTaM; Ag7 — MEXIY CTAaHUHOU u
MOAIIUITHUKOBBIMH IUTaMu; Ago — OT 00myBaemMoin
MOBEPXHOCTU CTAHUHBI K OXJAXKJAIOIIEMY BO3IYXY;
A7p — OT MOJUIMIHUKOBBIX  IIUTOB K
OXJIAXKIAIOIIEMY BO3IYXY. IToTtepu B
KOHCTPYKTHUBHBIX djeMeHTax AJ][ u TermmoBbie

IIPOBOJUMOCTH, 3HAYEHUSA KOTOPBIX 3aBUCAT OT
4aCTOTBI BpallcHUS, n3Mensaored. Takue
MPOBOAMMOCTH  W300paXEHBI HAa CXeMe Kak

nepeMenHbie. [IpoBoamMocTH, M300paKeHHBIE Kak
MEpEMEHHbIE  MYHKTUPOM,  H3MEHSIOTCS  IpU
CaMOOXJIAKJEHHN W OCTAIOTCS HEU3MCHHBIMHU IIPHU
00/lyBe HE3aBUCHMBIM BEHTHJIATOPOM. Mcrosnb3ys
3HaueHus moTepb (AP, — TOJIHBIE MOTEPU B CTAIU
craropa, AP, =AP, ;+AP.; — CyYMMapHBbI€

JJIEKTPUYECKHE M MarHuTHBIC IOTEPU B POTOPE,
AP, — DIEKTpUYECKHE TIOTEPH B JIOOOBBIX YACTAX

oOMOTKM  cratopa, AP, —  DJIEKTPUYECKHE
oTepu B Ma30BBIX YaCTAX OOMOTKH cTaTopa
(AP, ;=AP+AP,), AP,— BHYTpCHHHE BCHTHJII-

nuoHHble moTepu; AP’ = AP,.K,, — rpeomue
MEXaHHYECKHE MOTEPH B IOJUIUIMHUKAX, I1e K, —
Ko3h(UIIMeHT ydeTa MEXaHHYeCKHX IOTEph),
OIPEIEIISIOTCS TEMIIEPATYPbl CEMH  KOHCTPYKTHB-
HBIX 3JIEMEHTOB MAIMHBI: MMaKeTa CTaJd CTaTropa,
Ma30BOM 4acTh OOMOTKH CTaTopa, poTopa, CTAHUHBI,
BHYTPCHHETO BO3/yXa, MOIIIUITHAKOBBIX IIHTOB,
1060BO# gacTH 00MOTKHM cTaTopa (01, @, ...,07).
BexkTop MeperpeBoB KOHCTPYKTHBHBIX
olmeMeHToB  [©]  ompenmensiercss B pesyibTaTe

peleHus ypaBHEHHUS:
[©]=[A]" [aP], (1)

rie [A] — MaTpHIla TPOBOANMOCTEH; [AP] — BEKTOP

IpCromux MoTepb B COOTBETCTBYIOIICM 3JICMCHTC.
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TermnoBol pacdeT BBITOJIHAETCS IS KaxXI0TO
3a/1aBa€MOro napaMmerpa peryJupoBaHUs U U3MEHeE-
HHs HAarpy3Kd Ha Baily asurarens. Ilo pesyiabratam
pacdera MpoU3BOIUTCS MOCTPOCHUE CEMEINCTB 3aBH-
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CUMOCTEH TemmepaTyp MeperpeBoB KOHCTPYKTHB-
HbIX 3JeMeHTOB PAJl pu M3MEHEHUU Harpy3Ku JUIs
pa3IMYHBIX TMApaMETPOB  PETYIUPOBAHUS, MPHU
HaJIO’)KEHUU Ha KOTOPBIC XapaKTEPUCTUKU MEXaHU3-
Ma, OCYIIECTBIISIETCA MepPexo/l K TEeIIOBBIM Peryiu-
POBOYHBIM XapaKTepUCTHKaM. TakuM o0pa3om, Io-
JMy4aroTCsl XapaKTePUCTUKUA M3MEHEHHS MPEBBIIIC-
HUSl TEMIepaTyp KOHCTPYKTHBHBIX 3JeMeHTOB PAJ|
HaJ TeMIIepaTypoul OXJIaKAarouleil cpelbl BO BCEM
Jara3oHe peryJIupoBaHus Mpu paboTe MpUBOja Ha
OTIPEJICIICHHYIO 110 BEJIMYHMHE U XapaKTepy Harpy3Ky.

Ha xadenpe snexrpuieckux mamuH OIeccKoro
HallMOHAIBHOTO TOJUTEXHUYECKOTO YHHUBEPCUTETA
paspaborana mporpamma DIMASDrive [9], mo3Bo-
JISFOIIasl MPOBOJUTH JJEKTPOMATHUTHEIE, SJIEKTPO-
MEXaHWYECKUE, TEIUIOBBIE PACUEThl PEryIHPyeMbIX
ACUHXPOHHBIX )Z[BI/IFaTeJ'Iel\/'I.

boum IPOBECHEI TEOPETUUECKHUE u
9KCHEPUMEHTAJIbHBIE  HCCICAOBAHMS  TEIUIOBBIX
HokaszaTelaell - TeMmmeparypsl J1000BOH dyacTu

OOMOTKH CTaTOpa U TeMIEepaTyphl MOIIIUITHAKOBOTO
muTa acuHxpoHHoro npurarenst AMNP71A2V3 c
CaMOOXJIAKICHUEM. IIntanne JBUTaTEIs
o0ecreynBanoch YaCTOTHBIM IpeoOpa3oBaTenieM
Altivar 28  Telemecanique. BxomHoe ceTeBoe
JUHEHHOE HANpsHKEHHWE BO BpEMs SKCIEPUMEHTa
cocraBmsuio 380 B. [IpeobpazoBatens wMen
crnenytomue Hacrpoiku: U,,,=400B u f,,,= 50 I'n,
gactota Moxynsiuu 4 kI'm. XapakrepucTuku ObUIH
WCCIIE/IOBAHbI JUIS 3aKOHA YacTOTHOTO YIIPaBIICHHS
U/f = const. DkcrniepuMeHTalbHBIC TEMIIEpaTypHbIC
3aBUCUMOCTH  IIOJIyYEHBI C  HCIIOJIb30BaHUEM
BCTPOCHHBIX B COOTBETCTBYIOIINE KOHCTPYKTHBHBIC
QIIEMEHTHI JIBUTATENs HUPPOBBIX TEMIIEpPaTypHBIX
narankoB DS18B20 ¢upmer Dallas Semiconductor u
CHELNAIN3UPOBAHHOTO MPOrPaMMHOT0 00ecreueHHs
TreeWork. Ha puc.2 mnpeactaBieHbl TEILIOBbIC
XapaKTepPUCTUKH, MTPEJICTABISIONINX cOO0 3aBUCH-
MOCTH  COOTBETCTBYIOIIMX  IIEPErPEeBOB  OT
HArpy30YHBIX MOMEHTOB, IpPH 3HAYCHHUSX YacCTOT
30l'm u 50I'T. AHaIOTUYHO TIOCTPOECHBI TETUIOBHIE
XapaKTePUCTUKHU MPH APYTHX YaCTOTaXx.

[Ipu mocTpoeHHH TEIUIOBBIX PETYIUPOBOYHBIX
XapaKkTepUCTUK TPHUHATO, YTO MPHBOJ padoTaeT Ha
mudToByr0 Harpy3ky ¢ momeHtoMm 2 H-m (79 % or
M,,,) B TpedyeMOM nuama3oHe peryIupOBaHUsI
1600 + 3800 06/muH.

Ha puc.3 mpencraBieHbl 3aBUCUMOCTH TEMIIE-
paryp neperpeBoB JJI000BOW YacTu 0OMOTKHM CTaTopa
W TOJINIMITHUKOBOTO IUTA TIPU PETyJIUPOBAHUM, T10-
Jy4eHHBIE C MOMOIIBI0 MaTeMaTH4ecKoro MOJIeIH-
POBaHUs, a TAKKe IKCIECPUMEHTAIILHBIM ITyTEM.

HecranmonapHbie TemIOBbIe pacyeThl BBIIOJ-
HSIOTCSI  PEIIeHueM CHCTeMBbl  TuddepeHnras-
HBIX YpaBHEHHW#l TemoBoro  Oamanca [5,7],
KOTOpas B MaTpuyHOH (opMe NIpeacTaBisieTcs
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Puc.3. 3aBucuMocTn TemmepaTyp neperpeBos
KOHCTPYKTUBHBIX 31eMeHTOB PA/I:
1 — 3KCTIepUMEHT;
2 — MaTeMaTHYeCKOe MOJICIIMPOBaHHE,

B cucreme nuddepennuansHbIx ypapHenuii [C|

— MaTpuna TEIIOEMKOCTEH COOTBETCTBYIOIIINX
KOHCTPYKTHUBHBIX JJICMCHTOB, Ha KOTOPBLIC
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ycnoBHO pa3zouBaercs A/l
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Pemenue »TOM cHUCTEMBI MMEPBOTO TMOpPAJIKA,
Hanpumep, MetonoMm Pynre-Kyrtra, mo3Bomsier pac-
CMOTPETh U3MEHEHUE TEMIICPATYP KOHCTPYKTUBHBIX
aneMeHTOB Al Ipu mepexomHbIX MpoIieccax.

Ha puc.4 npencraBieHbl TEOPETUUCCKHUE 3aBH-
CUMOCTH TEMIIepaTyp NEperpeBoB J00OBOH 4YacTh
OOMOTKH CTaTopa W MOIIAITHUKOBOTO IINTA ACHH-
xponHoro nsurarenst AUP71A2Y3 npu HeycraHo-

BUBHIEMCS PCKUME, a TAKIKEC SKCIICPUMCHTAJIbLHBIC

XapaKTePUCTUKU.
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Puc.4. 3aBucuMocTy U3MEHEHHS MIEPETPEBOB
KOHCTPYKTUBHBIX deMeHToB PA /] mutst 3amanHoi
TaxorpaMMbl YaCTOTHI BpaIllEHHs ABUTaTEIs:
1- skcriepuMeHT;

2 — MaTeMaTH4ecKOe MOJICIIPOBaHHE,;

TemmepaTypbl OOMOTKH CTaToOpa, MOJIIUITHU-
KOBOTO IIUTA U OKPY)KAIOIIEH Cpelibl B XOJIE IKCIIe-
PUMEHTa W3MEPSUIUCh C MOMOIIBIO ITUPPOBBIX Tep-
MOJaTYMKOB. J[Burarenp paboran B IepeMeKaro-
HIEMCSl PEKUME S8, ONMUCHIBAEMBIM CIICAYIOIIUM 00-
pazom: B nukie 3 mepuoga mo 60 mwua: FI-1,2;
0,194 xBt, 1428 o6/mun, 33,3%; 0,371 kB,
1995 o6/mun, 33,3 %; 0,267 kBT, 1705 06/MuH,
33,3 %.

BriBoabI

[IpeBbimenust TemmnepaTyp J000BO# dacTu 00-
MOTKH CTaTOopa U MOJUIMITHUKOBOT'O IIHUTAa IOBBIIIA-
IOTCSl C POCTOM HAarpy3KH Ha BaJly W NPH MEHBIINX
3HAQYCHUAX [1apaMETPOB PEryJIMPOBAHUA HMEIOT
OOJIbIIINE 3HAYCHUSI.

[lorpemHocTn MeXay pe3yiabTaTaMHu MaTeMa-
TUYECKOTO0 MOJCITUPOBAHUS U HKCIIEPUMEHTA MOsC-
HAIOTCA JONMYIICHHUEM IIPpHU MOJACIMPOBAHNN 0CeBOU
TEIUIOBOM CHMMETpPUH, B TO BpeMs KakK MpPH JKCIIe-

PUMEHTE BBIMOJHSINCH 3aMephl CO CTOPOHBI Baja,
3aBeloMO 0oJiee BHICOKHE, €M CO CTOPOHBI BEHTH-
JSTOpA.

PerynupoBo4Hble TemmepaTypHble XapaKTepu-
CTHKHM TIOKa3bIBAIOT 3allac IO TIeperpeBy J00OBOU
gacTH OOMOTKH CTaTOpa M MOAIMINITHUKOBOTO IIUTA B
paccMaTpuBacMOM JAMANa30HE PEryIMPOBaHUs TpPU
3a/1aHOM HAarpys3Ke Ha Bally U KJIACcC€ HArpeBOCTOM-
KOCTH n30Js11uu B.

AHajoruuHeiM 00pa3oM MOTYT OBITH  pac-
CMOTpPEHBl ~ PETyJIHPOBOYHBIC TeMIepaTypHbie
XapaKTepUCTUKH TIPH APYTUX HArpy3Kax M Juara-
30Hax peryJIupoOBaHuUsI.

TepMoarHaMUUYECKHE XapaKTEPUCTUKU OIpe-
JENAIOTCA TaxorpaMMaMH Harpy3Kd B MOTYT OBITh
IIOCTPOCHBI ISl Pa3HBIX TEPEMEKAIONINXCS PEXKH-
MOB.

CHIKEHWIO TorpemHocTell  OymeT cmocood-
CTBOBATH y4eT MPH MOJIEIUPOBAHUN TEIIOBHIX IIO-
TEPh OT BBICIIUX BPEMEHHBIX TAPMOHUYECKUX B IH-
TaIOIIEM JIBUTATEIb HAIIPSHKCHUH.
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THERMAL STATE ANALYSIS OF ADJUSTABLE SPEED INDUCTION MOTOR

V. Petrushin?, Y. Plotkin?, A. Yakimets', R. Yenoktaiev!
'Odessa National Polytechnic University
2Berlin School of Economics and Law

Abstract. An equivalent thermal circuit is presented, which makes it possible to analyze the thermal
state of a speed-controlled induction motor fed by a PWM voltage-source inverter in static and dynamic
modes. It is taken into account that the losses in the structural elements of the engine and thermal conduc-
tivity, the values of which depend on the speed, change at different points of the control range. The tempera-
tures of seven structural elements of the machine are determined: the stator steel package, the groove part of
the stator winding, the rotor, the frame, the internal air, the end shields, and the frontal part of the stator
winding. Theoretical and experimental studies of thermal indicators - the temperature of the stator winding
frontal part and the temperature of the bearing shield of the AIP71A2 induction motor with self-cooling
were carried out. The temperature characteristics are determined, which are the dependences of the over-
heating of the structural parts of a frequency-controlled induction motor on the load torque for different fre-
guencies of the supply voltage. These characteristics are compared with those obtained from thermal exper-
iments. Non-stationary heat calculations are performed by solving a system of differential heat balance
equations. The transition to temperature control characteristics has been completed. Thermodynamic
processes are considered theoretically and experimentally during the operation of a controlled drive at a
given tachogram. Thermodynamic characteristics are determined by load tachograms and can be plotted for
different intermittent modes.

Keywords: adjustable speed induction motor, equivalent thermal circuit, frequency control, overheating
of the stator winding, overheating of the bearing, thermodynamic processes, experimental studies.

AHAJII3 TEIIJIOBOT'O CTAHY PEI'YJIBOBAHOI'O ACHHXPOHHOTI'O IBUT'YHA

1 . 2 . 1 1
B. C. llerpymun-, 1O. P. ILnotkin®, A. M. SIkimens-, P. M. €HokTaeB
1 o . o . . o .
OoecbKuil HaYiOHAILHULL ROIMEXHIYHUL YHIGEpCUmem
2 . .
bepnincora euwya wikona ekonomixy ma npasa

Anomauia. [Ipedcmagneno exgisanreHmuy menyogy cxemy, wo 0a€ MOICIUBICMb NPOGOOUMY AHANI3
MEeNnI06020 CMAHy Pecyib08aHO20 ACUHXPOHHO20 OBUSYHA 6 CIMAMUYHUX | OUHAMIYHUX pedcumax. Bpaxoey-
€MbCA, WO 6MPamu 8 KOHCMPYKMUGHUX eleMeHmax 08UcyHa i meniogi npogioHOCMI, 3HAYEHHA AKUX 3djle-
JHcamsv IO uacmomu 00epmans, 3MIHIOIOMbCA 6 PI3HUX MOYKAX 0iana3ony pecynoganus. Busnauaromovcs
memnepamypu cemu KOHCMPYKMUGHUX eleMenmie MauuHy: naKkema cmaii cmamopa, na3oeoi Yyacmunu 00-
MOmMKU cmamopa, pomopa, CMAaHuHu, 6HYMpiuHb020 NOGIMpsl, NIOWUNHUKOBUX wumis, 1000601 yacmuHu
obmomxku cmamopa. IIpogedeno meopemuuni ma excnepumeHmanvHi 00CIiONHCeH s, MenIo8UX NOKA3HUKIG -
memnepamypu 100060i 4acmunu O0OMOMKU CIAMOpa i memnepamypu NiOWMUNHUKOBO20 WUMA ACUHXPOH-
Hoeo osucyna AIP71A2Y3 3 camooxono0xucenHsam npu HCUGIEHHI 1020 8 Pe2yibO8AHOMY eAeKMPONPUBOOi 6i0
yacmomuozo nepemeoprosaia. Busnaueno cimelicmea memnepamyprHux xapaxmepucmux, wo npeocmagisi-
10mb c00010 3ANeHCHOCMI Nepezpisié KOHCMPYKMUGHUX YACMUH YACHMOMHO-Pe2YyIb08AH020 ACUHXPOHHO20
08USYHA 810 MOMEHMY HABAHMAICEHHA OJisl PI3HUX 4acmom dcueisyoi nanpyau. Lli xapaxmepucmuxu 3ic-
MABNeHO 3 AHANO2IYHUMU XAPAKMEPUCTNUKAMU, WO OMPUMAHI 6 pe3ylbMmami menjiosux eKCnepumeHmis.
Hecmayionapui mennogi po3paxyHxu GUKOHYIOMbCS PIUEHHAM cucmemu OughepenyiaibHux piGHHb Menio-
6020 banancy. Bukonano nepexio 00 memnepamypHux pe2yno8anvHux xapakmepucmux. Teopemuuno i exc-
NEPUMEHMATILHO PO3STAHYMO MEPMOOUHAMINHI npoyecy npu pobomi pe2yibo8ano20 npueoody Ha 3a0aHy ma-
xozpamy. TepmoouHamiuni Xapakmepucmuxu UIHAYAIOMbCSA MAX0ZPAMAMU HABAHMAICEHHS | MOJXCYMb O)-
mu noby008awi 015l PI3HUX NEPEMINCHUX PeHCUMi6. 3anponoHo8ana MemoouKa auanizy menioeozo cmauy
ACUHXPOHHO20 OBUZYHA, WO NPAYIOE 8 CKAAOI Pe2yNb08AHO20 eAeKMPONPUGOOY, MOdice OYmu GUKOPUCHAHA
0ns 8UOOPY AbO NPOEKMYBAHHS 08USYHA OJIs1 MAKO20 NPUBODY.

Knwuogi cnoea: pecynvosanuil acuHXpoHHULl O8USYH, eKBIGAIEHMHA MENI06A CXemd, YACMOmHe Ynpas-
JiHHA, nepespie 0OMOMKY CIMamopa, nepespié NiOWUNHUKA, MepMOOUHAMIYHI NPOYecU, eKCnepuUMeHmabHi
00CiOCEHH .

IMonyueno 14.04.2020
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