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KwuiBchkuit HaIliOHAMEHUN YHIBEPCUTET TEXHOJIOTIN Ta AW3aHHy

OYHKIIOHAJIBHA JIA'HOCTHUKA ITAPAMETPIB
TPUPAZHOT'O ACUHXPOHHOI'O IBUI'YHA 3
KOPOTKO3AMKHEHMUM POTOPOM

Mema. Po3pobka memody ma mexHiuHux 3aco0i@ OOCHIONCEHHS XAPAKMePUCMUK ACUHXPOHHOZO
0BUcYHA 13 KOPOMKO3AMKHEHUM POMOPOM 3 GUKOPUCMAHHAM NEPemeopiosaya Hanpyeu npocpamHo-
anapammiozo KOMNIEKcy.

Memooduxa. [ocniodicenns xapakxmepucmux ACUHXPOHHO20 OBUSYHA. NYCK OBUSYHIE NPU 3HINCEHill
Hanpysi, 0ocuiou Hepobouo2o0 X00y, HABAHMANCEHHS, KOPOMKO20 3AMUKAHHS, BUSHAYEHHS HUSKU
PIBHOMAHIMHUX napamempie O06USYHIB, 3HAMMA POOOYUX MA IHWUX XAPAKMEPUCMUK, PO32TA0 PIZHUX
Cnoco0i8 pe2yno8antsa 4acmomu 06epmaHHsa moujo.

Pezynomamu. Busnaueno munosi xapaxmepucmuky ACUHXPOHHO20 08USYHA 3 KOPOMKO3AMKHEHUM
POMOPOM NpU PI3HUX DeACUMAX poOOmMU, NPOBEOeHO 02750 HAUNOUUPEHIWUX KOMNAEKCHUX CIMeHOI8 0/
00CNI0JHCEHHSI  ACUHXPOHHUX OBUSYHIB, BUKOHAHO NOPIGHANbHULL AHANI3 eleMEeHMI8 HABAHMANCEeHHs
ACUHXPOHHO20 08U2YHA. Xapakxmepucmuku, OmpuUMaHi 08 00CIOHNCY8AHO20 OBUSYHA, € OYHCE CXOHNCUMU 00
8USIAI0Y CIMAHOAPMHUX XAPAKMEPUCTUK ACUHXPOHHUX OBUSYHIB, WO BUKOPUCHIOBYIOMbC Y 8UPOOHUYMEI,
ma y 1abopamopHux cmeroax.

Haykosa noseusna. OOIpyHMOBAHO MONCAUBICMb 3ACMOCYBANHA MOOEPHI3086AH020 CHEHOY 3
BUKOPUCMAHHAM CHEeYianbHOl cXxeMu Nepemeoprosaya Hanpyeu, wo 6 3HAuHitl Mmipi 30inbuums uac
be3znepepsHoi pobomu mpughaznoco 08ueyHa ma 3HUUMb UMPAMU eJIeKMpPoeHepeii.

Ilpakmuuna 3uauumicms. Po3podneno cmeno 0si OOCHIONCEHHS XAPAKMEPUCTIUK ACUHXPOHHO20
08USYHA 13 KOPOMKO3AMKHEHUM POMOPOM 3 BUKOPUCMAHHAM NEpemeoprosaya Hanpyeu, skuil 003801uUmb
sumipamu onip i3onayii 0OMOmMoK wodo Kopnycy i mixc ¢pazamu 0OMOMOK, nposooumu GuUNpoOYEaHHs
i30nayii 0OMOMOK w000 KOPNycy HA eleKmpuyHi MiyHicmv, Oe3nepepeHo KOHMPOMO8Amu napamempu
ACUHXPOHHO20 08USYHA 8 Npoyeci 1020 GUKOPUCMAHHA. 3A80AKU MAN02A0APUMHOCHI, eKOHOMIYHUM ma
MEeXHIYHUM NOKA3HUKAM, OAHULL CTNEHO € 3PYHUHUM ) eKCHAYyamayii npu 00CHIONCeHHI ACUHXPOHHO20 08USYHA
y mpugasnomy i 00HODAZHOMY pedcuMax, a maKoiC CHpUse Oilbl CYYACHOMY Mad OeMOHCIMPAMUBHOMY
HABYAHHIO.

Knrouoei cnoea: enexmpoosucyH, excnepumMeHmanbHUuti CmeHo, NPOSPpAMHO-ANAPAMHULL Memoo,
Po6OUT XapaKmepucmuxu.

Beryn. B nmanmii yac acMHXpOHHI €JEKTPOJBUTYHH € criokuBadamu moHan 70% Bciel
enlekTpoeHeprii B kpaiHi. JlocBix ekcruryaTarlii eleKTpOJBUTYHIB CBIAYUTH MPO BEIHMKY KUIBKICTh
BIJIMOB, 11O TPAIUISIOTHCS Y 3B'A3KY 3 aBapiiHUMHU curtyarismu. Ll{opidyHo B pe3ynbTaTi aBapiit
BUXOAATH 3 yany no 20...25 % 3acToCcOBYBaHMX aCHMHXPOHHHMX JBUTYHIB. J[0maTKOBO /10 30MTKIB
JOJAEThCSI 3HIDKEHHS EJIEKTPO- 1 TOXKEeXKO00e3MeKH, TOB'sI3aHe 3 MOXIIMBUMH KOPOTKHMHU
3aMUKAaHHIMH, SIKI MOXYTh OYyTH NMPUCYTHIMH B OOMOTIII cTatopa abo poTopa IMOIIKOHKEHOTO
€JIEKTPOJIBUTYHA.

IMocTanoBka 3aBaaHHs. /{15 BU3HAUCHHS Ta YCYHEHHS MOPYIICHHb B pOOOTI aCHHXPOHHOTO
JIBUTYHa ICHye OaraTo MeETOiB, ajie BCi BOHM MAalOTh II€BHI HEJOJIKM Ta mepeBard. Ha
CHOTOJIHIIITHIN JIEHh aKTYaJIbHUM 3aBJAaHHSIM € PO3POOJICHHS METOY, SIKUI TO3BOJIUTH BUKOHYBATH
J1arHOCTYBaHHsI aCHHXPOHHOTO JIBUTYHA y 0€3MEepepBHOMY PEKUMI B TIPOIIECi HOTo poOOTH.

Pe3yabTaTtn gociimkenHsi. B pgaHuii Wac BiICYTHS €IMHA KOHIICTIS J11arHOCTYBaHHS
€JEKTPOJIBUTYHIB.  3araJIbHONPUHHATI  3aco0M  3aXHCTy HeE 3a0e3MeuyroTh 30epeKeHHS
€JIEKTPOJIBUTYHA 1 3HWXKYIOTh WMOBIPHICTh BHUHMKHEHHS JIUIIE ACSIKUX 3 IEePepaxOBaHUX BHILE

66


https://doi.org/10.1109/5.771073

Mexamponni cucmemu. Enepeoepexmugnicms ma
Pecypcozoepesricennsn

Mechatronic Systems. Energy Efficiency &
Resource Saving

ISSN 1813-6796 print
ISSN 2617-9105 online
BICHUK KHYT/ Ne4 (136), 2019

BUMAKiB. ToMy BHHHUKAaE MoTpeda JIarHOCTUKH CTAaHY EJIEKTPOJBUTYHA B IMPOIECi HOoro poOoTH,
TOOTO (YHKIIIOHAJIBHOI JIarHOCTUKH. BiZHOCHO BeNMMKI TEPMIHM MiIX BUIPOOYBAaHHSMH, SIKi
BUHUKHEHHSI, TOOTO HE MOXYTh OyTH 3a(hiKCOBaH1 CBOEYACHO.

CydJacHi CUCTEeMH 1 METOAM MIarHOCTHKH E€JICKTPOOOIaJHAHHS MOXHA PO3JAUIUTH Ha JBi
TPYIIH.

Jlo mepmioi rpynu Halle)KaTh METOJIU TECTOBOI JTIarHOCTHKH, sIKI BUMAaraloTh (popMyBaHHS
MTYyYHUX 30yprOBaHb, 10 BIUIMBAIOTh HA JOCIIKyBaHUN 00'€KT: BUMIPIOBAHHS OTOPY 130JIAIII1,
CTPYMIB BUTOKY, BHYTPIIIIHHOTO OMOPY OOMOTOK, TAaHT€HCA KyTa JIEJICKTPUYHUX BTPAT OOMOTOK,
METO/] BUCOKOBOJIFTHOTO IMITYJILCY Ta 1H.

Hpyra rpyma BkJtouae B cebOe METOAM omepaTuBHOI a00 (YHKIIOHAIBHOI J1arHOCTHKH,
BUKOPUCTOBYBaHI B MEPIIY YEpPry IJIs €IEKTPOYCTATKYBaHHS, IO € HKEPEIOM MPUPOIHUX 30ypeHb
B IIpo1ieci poOboTH.

B nmanmit uWac TecroBe JiarHOCTYBaHHS — OCHOBHHUU BHUJ BHSBJICHHS Je(EKTiB
eNlekTpooOnagHanHa. BoHO Bu3HAuMiIO c(hOpMOBaHY CTPYKTYpPY TEXHIUHOTO OOCIYrOBYBaHHS Ta
peMoHTY 3a persiiaMmeHTOM. OJTHAK Taka JiarHOCTHKA CIPHUSE HE TIIBKHU TOTEPEHKEHHIO PO3BUTKY
pi3HUX aedekTiB, aye 1 iX nmosiBi. Hampukian, mpu mpoBeACHH] MIIAaHOBUX PEMOHTIB €ICKTPUIHHUX
MaIlTyH, TICs MOBHOTO CKJIAJaHHS, JBUTYH IMiIJAETHCS BHUCOKOBOJHTHHUM BHIPOOYBAHHSM, SKi
YUHSATH 3TYOHHMI BIUIMB Ha 130JIAI1F0 MAIIMHH, BUKJIUKAIOYH TMOSBY MIKpOJAe(hEeKTIiB B 0OMOTII, 110
PO3BUBAIOTBECS B TMPOIECI POOOTH EIEKTPOMAIIMHU TMiJ BIUIMBOM HECIPHUSTIMBUX YUHHHKIB:
HESIKICHOI eJIeKTPOCHEPrii, NepeBaHTAXKEHb, YACTUX MYCKIB 1 3yMHHOK. 3 KOKHUM BHCOKOBOJIBTHUM
BUIIPOOYBAHHSM IPH TIAHOBO-TIONIEPEKYBATBHUX PEMOHTAX YUCIIO Ne(EeKTIB 30UIbIIYETHCA, IO B
KIHLIEBOMY MiJICYMKY HPU3BOJHUTH JIO aBapiHOTO BHUXOMY 3 Jaay €JIeKTPUYHOro aBuryHa. Kpim
TOTO, KOXKHE PO30MpaHHs Ta 30UpaHHs eIEeKTPOJABUTYHA 30LIBITYE 111 MIKPO1e(DEeKTH.

Cepen 1HIUX HEAOJIKIB TECTOBOI JIarHOCTUKH MOXXHA BIJ3HAYUTH TaKOXX THMYaCOBE
MPUTIMHEHHS POOOTH, JOKH TEpPeBIpSIEThCS OO0JIaHAHHS, BIJCYTHICTH MOMJIMBOCTI 3aXHCHOTO
BIIKJTFOUEHHST OOJIaIHAHHS Tl Yac WOro poOOTH MJis 3amoOiraHHs MOBHOTO BUXOJY HOTO 3 jany,
BiJICYTHICTb KOHTPOJIIO HECHOPMAJIBHUX PEKUMIB poOOTH AaHOTO 00JIaHAHHS 1 T.JI.

Jis mepexomy 3 OOCIYroBYBaHHS Ta pPEMOHTY 3a pEriiaMeHTOM Ha PEMOHT 1
00CITyroByBaHHs 1O ()aKTUYHOMY CTaHy HEOOXiJHa peTelbHa JIarHOCTHKA eJIEKTPOOOIaTHaHHS,
IpUYOMy, 100 MIATOTYBaTHCSA 10 PEMOHTY, OakaHO BUSBUTH BCi Ae(EeKTH, LI0 BIUIUBAIOTH Ha
pecypc, 3aJI0Bro J0 BIAMOBH. 3 IHMX MPUYUH HEOOXITHO 3aCTOCYBAaHHS METOJIB JIarHOCTHKHU HE
TUIBKH THX, IO BIIHOCATHCS 10 KaTreropii PyHKIIOHATBHUX, aje 1 THX , 110 JO3BOJISIIOTH BHSBUTH
nedeKT KOHKPETHOI YacTHHH elekTpooOmamHanHa. [lo Toro >k Meroau ¢yHKIIOHATBHOT
JIarHOCTUKY €KOHOMIYHO HaHOUIBINI TMMEepeBa)kHI, OCKUIBKM HE BHMAararTh HaBiTh TUMYacOBOTO
BHUBEJCHHS €JICKTPOOOIIaIHAHHS 3 eKCIUTyaTaIlii.

JIyist MiarHOCTUKM aCHHXPOHHUX EJEKTPOJBUTYHIB B OTNEPATUBHOMY PEKHMI B JaHHA Yac
BUKOPHUCTOBYIOTHCSI KiJIbKa CIIOCOOIB JIarHOCTUKH, CEpell SKMX HaWOUIbII TOUIMPEHUHA METO.
BIOpOaKyCTHUHOI TIarHOCTUKU. ['OMIOBHMM HEIOJNIKOM TaKOro METONy € HEOOXIIHICTh
BUKOPUCTaHHA CHELiaJbHUX BIOPOAKYCTUYHMX JATUYMKIB 1 CKIAIHICTh 1X YCTaHOBKHU.

OcraHHIM YacoM B CBITI OTPHUMaJIM IIMPOKHH PO3BUTOK METOAM TIarHOCTUKU CTaHY
EJIEKTPUYHIX MAIlWH, 3aCHOBaHI Ha BHKOHAHHI MOHITOPHHTY CIIO)KHBAHOTO CTPYMY 3 HACTYITHUM
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BUKOHAHHSM CIEIIAIbHOTO CHEKTPAIbHOTO aHaIi3y OTPUMAHOTO CHTHaNy. ['iHICTh IIbOTO METOY
B TIOPIBHSHHI 3 MOMEPEAHIM — MOXUIMBICTh KOHTPOJIIO CTaHY SIK MEXaHIYHHX, TaK 1 €IEKTPUUHUX
YAaCTUH €JICKTPOJBUTYHIB MO €JIEKTPHYHOMY IapaMeTpy, a 30KpeMa, 32 CHUTHAJIOM CIIOKHBAHOT'O
CTpyMy, IO 3HAYHO CIPOIIYE YCTAHOBKY CXEMH IS JIarHOCTHUKH 1 1M030aBisie BiJ HEOOX1THOCTI
BBEJICHHA CHeliadbHUX AaT4ukiB. CyTh JaHOTO METOAY IMOJISArae B aHali3l CIEKTPY TapMOHIK
CTPYMY, CHOXXHBAHOTO €JEKTPOABUTYHOM, IIJISIXOM BHSBICHHS MEPIOAMYHO MOBTOPIOBAHUX 3MIH
curHayy Ha rpadiky, BIAMOBITHUX KOHKPETHOMY BHY IOIIKOKCHHS eJIeKTpoaBuryHa. OIHak,
yepe3 MOsSBY MOMUJIKOBUX T'apMOHIK CHUTHAIy MpPH PI3HUX MEPEHIKoAax eJNEKTPUYHOI Mepexi, 3
I IKJIFOYEHUM 710 Hel eJIeKTPOJIBUTYHOM, MOKJIMBI HEBIpHI pe3yibTaTH JiarHOCTHKU. Ha momaTox
JI0 1IOTO HEBIOMO, SIKMM OyJe rpadik CIEKTPAIIbHOTO aHaTI3y CTPyMY IPH HEeCTaOlIbHIA HAmpy3i
B MEpEXI.

CyuacHl eneKTpOTexXHIuHI 3aco0H, 1o 0a3yloTbCs Ha BUKOPUCTAHHI MPOTrPaMOBAHUX
MIKPOKOHTPOJIEPIB, JIO3BOJISIOTh HANOUIBII THYYKO peali3yBaTH 3axHCT 1 (yHKIIOHAJIBHY
TIaTHOCTHKY €JICKTPOABUTYHIB 32 iX eNIEKTPUYHUMHU MTapaMeTPamH.

Haii6inpi BAaguM METOAOM € BUKOPUCTAHHS MPOrpaMHO-arapaTHoro Komruiekcy (puc. 1.)
[1,8], m0 ckmamaeTbes 3 Komm'iorepa i HU(POBOTO MPUCTPOIO-TIOCEPEIHUKA, SKHH BHKOHYE
HEOOXI1/IHI BUMIPIOBaHHS Ta TEpenae iX J0 KOMITIoTepa. Y SKOCTI BUMIPIOBAHUX EIIEKTPUYHUX
BEJIMYMH MOXYTh BUCTYNAaTH: ONEPaTUBHUI CTPyM, CIIOKHBaHa MOTYXHICTh 1 T.1. [Iporpama, mio
BUKOHYETHCS Ha KOMITIOTEpi, TMOBHHHA, B CBOIO 4Yepry, MEBHUM YHWHOM OOpOOUTH BXITHY
iHpopMallio 1 BU3HAUUTH HAWOUIBII HMOBIPHUIN BU MOIIKOIKEHHS MPAIIOI0YOT0 eEKTPOABUTYHA
a00 3poOUTH BUCHOBOK I0J0 Horo crpaBHOCTi. Lleil merox HaiOinbm eheKTUBHUHN, OCKUIBKU
703BOJIsIE 30epiraT Ha KOMITIOTEepl BENHMKI 0a3u AaHuX 3 iH(OpMAIli€l0 MpO BiICTIIKOBYBAHHS
JMHAMIKH TOLIKO/KEHb €JIEKTPOABUIYHA 3 TIOJANBIIINM IPOTHO3YBAaHHSIM BHXOJy HOTO 3 Jafy.

Mpunag 3 ALN
A CtpymoBui
\ JaTunK
{D—/

B
C

Komn'ioTep 3

ACIHXPOHHUWIA aHanisyuMm

ABUryH nporpamHum

3abeanedeHHaM

N

Puc 1. Cxema migk/I0YeHHs] NPUWIAIiB B JiarHOCTUYHOMY POTPAMHO-aNIapaTHOMY KOMILJIEKCi
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KpiMm 1p0T0, KOMI'IOTEp € OUIBII TOTY)XKHHUM 3aco0oM 00poOku iHdopmarii, HIXK
MIKPOKOHTPOJIEp, 110, 30KpeMa, J03BOJISIE BUKOPUCTOBYBATH CYYacHI TEXHOJIOTIi, B TOMY YHCIHI 1
TEXHOJIOTIi IITYYHOTO IHTEJIEKTY, TaKi SK BUKOPHUCTaHHS INTYYHUX HEHPOHHHX MEpEX, HEeUiTKOI
JIOTIKH 1 €KCIIEPTHUX CHUCTEM.

Binomo, 1110 MarsiTHe moJie poTopa Mpamvoro aCHHXPOHHOTO €JIEKTPOIBUTYHA BILUIMBAE
HAa MarHiTHe TIoJieé HOro OOMOTKHM CTaropa, IO NPHU3BOAUTH 0 TMEPIOJUYHHUX KOJHUBAHb
SNIEKTPUYHHUX BEJIMYMH EJICKTPOJBUTYHA, TAKUX SIK CIIO)KMBAHWUH CTPYM, MOTYXKHICTh a00 Hampyra
oOMoTKH crtaropa. Ilepion maHMX KOJIWMBaHb MPOIMOPIIHHUN YacTOTI oOepTaHHs poropa. Takum
YUHOM, aHaII3yl4n GopMy rpadika cUrHaTY Oyab-sSKOi 3 €JIEKTPUYHUX BEIMYMH HA JAHWUW dYac
MOJKHA BUSIBUTH TTOIIKOPKEHHS B €IEKTPOMEXaHIYHOT YaCTUHH €JIEKTPOJABHUTYHA 1 PO3Ii3HATH HOTO
Bu. Jlus BUpIMICHHS daHOI MpoOJIeMH MOXKHAa BHKOPHCTOBYBaTH 0OaraTo pi3HHMX MiaxomiB [2-
5,9,10]. Hanpukmnan, MoxxHa moOyayBaTH anpoKCUMaLidHy (YHKIIIO MO JEKITBKOM MOYaTKOBHM
TOYKaM CHTHAJly, BiJIIMOBIJHOTO KOHKPETHOMY BHJAY YIIKO/DKEHHS, 1 B MPOLECI J1arHOCTHKH
MOPIBHIOBATH IMMOTOYHI BUMIpPIOBAaHI 3HAUYEHHS 31 3HAUCHHSAMM AaHOI (PYHKIIT 3 NMEBHOIO YaCTKOIO
noxubku. OHAK anmpoKCUMAIlisl CKIIATHUX HETIHIMHUX CUTHAJIB MIPU3BOAUTD IO BEIMKHX MOXUOOK,
SKI TOCHIIIOIOTBCSL  JTOJATKOBHMH  TEPEIIKOAaMU  CNIEKTPUYHOI Mepexki 3  MiJKII0YeHUM
EJIEKTPOABHUTYHOM.

Jlnst 3a0e3nedueH sl MIaBHOTO PEryJIloBaHHS Ta IIBUAKOAII Oyna po3poOiieHa crieliajbHa
cXeMa [epeTBOPIOBadYa HAampyry. Moro BUKOPHCTAHHS B 3HAYHIN Mipi 30i1bIIye uac Ge3mepepBHOI
pobotu Tpu(azHOTO ABUIYyHA 1 €KOHOMHUTH eJleKTpoeHeprito. IlepeTBoproBau 103BOJISIE JTOBECTH
KK mo 98%, mo mocsiraeTbest 301UIBIICHHSM 9acTOTH KoMyTarlii. MexaHiuHi peryasTopy Ha Take
He 31aTHi. [Ipy TpoeKTyBaHHI JaHOTO peryisTopa Hampyrd OyB 3poOJieHH#l Harojoc Ha
e(pEeKTUBHICTb KOHCTPYKIii, MiHIMaJIbHy COOIBapTICTh, HASABHICTh HEOOXIIHOTO 3aXHUCTY,
HETPOMI3KY KOHCTPYKIIIIO.

Cxema cTeHma Tmiependayae TPOBENEHHS MPUIMAabHO-33/aBalbHUX  BHIPOOYBaHb
CIIEKTPOABHUTYHIB 3 KOPOTKO3aMKHEHHUM Ta (ha3HUM poTopom [6].

B xonmi mpoBeneHMX eKCIEpUMEHTIB OynM OTpWMaHi HACTYIHI JaHi, [0 3aHeceHI B
HWK4YeHaBeaeH1 Taomuii (tadn. 1 — 5). HomiHanbHa TMOTYXHICT ABUryHa ckiamgae 275 Br =
0,275 kBT, HOMiHanbHa MBUAKICTH 00epTanHs aBuryHa 1500 06/xB, onip oo6moTok 0,3 Om.

Tabnuys 1
JlaHi XapakTepuCTHKH X0J10CTOI0 X0y
XX U,B I, A Po, BT
180 61 0,104046 23,8
150 73 0,115607 28,4
120 92 0,138728 32,6
90 112 0,161850 43,2
70 157 0,231214 67,0
50 220 0,404624 120

3Ha4yeHHS TOYOK B MepINiid TaOJMIll BiINOBIJAE 3HAYCHHIO TOYKH Ha PETYITIOBAIBHOMY
IPUCTPOI B YHUCIOBOMY 3HaueHHI Ha aucruiei. [ XapaKTEepUCTHKH XOJIOCTOTO Xoay Oyna
noOy/0BaHa Jiarpama, 1o MoKa3ye 3aJeKHICTh CTPYMY Ta MOTY)KHOCTI BiJl HaNpyru (puc. 2).
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Pruc 2. XapaKkTepuCcTHKA X0JI0CTOr0 X014y ABUI'YHA
Tabauys 2
3HayeHHA MapaMeTpiB IBUTYHA Y BiITHOCHUX OUHHIAX
I B.O. P B.o. U B.O.
0,128571 0,086545 0,277273
0,142857 0,103273 0,331818
0,171429 0,118545 0,418182
0,2 0,157091 0,509091
0,285714 0,243636 0,713636
0,5 0,436364 1

HactymHuM peKMMOM JBUTYHA, A0 SKOTO HOTO MEPEeBOAWIHM B XOJHi EKCIEpUMEHTY, OyB
PEKUM KOPOTKOTO 3aMHUKaHHs. PeXHM KOPOTKOTO 3aMHKaHHS POOMBCS 3aKIMHIOBAaHHSIM POTOPY
a00 TPUMYCOBOIO WOTO 3YNMUHKOIO, TaIbMYBaHHSIM, B TAKOMY PEKUMI CTPYM CTaTOpa MEPEBHIIYE
3HAYCHHS HOMIHAJIBHOTO CTpyMy B 5—7 pa3iB (Tabi. 3). Lleit pesxum € KOpOTKOYaCHHM.

Tabnuys 3
JlaHi XapaKTepUCTHKN KOPOTKOT0 3aMUKAHHS
K3 U,B PO, Bt I, A
170 65 72 0,809249
250 44 30,6 0,462428
300 36 18 0,317919

OtpumaHa 3a eKCIEePUMEHTAJIbHUMH JaHUMHM XapaKTEepPUCTUKA KOPOTKOTO 3aMUKAHHS
JOCTI)KYBAHOTO IBUTYHA HaBeeHA Ha puc. 3.
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Puc 3. XapakTepucTnKa KOPOTKOro 3aMUKAHHS
Tabnuys 4
3navenns XK3 y BiTHOCHUX OIMHHIAX
IBO PBo Uso
1 0,261818 0,295455
0,571429 0,111273 0,2
0,392857 0,065455 0,163636

Hactynmaum pexxumom OyB pexxuM poOOYOro X0y MPH 3MiHI HANPYTH >KUBJICHHS JBUTYHA

(Tabm. 5).
Tabauys 5
3HaveHHs JaHUX POO0UYOro X0ay
I, A P1,Bt U,B I, MA n, o6/xB
JIBuryn - I'eneparop I'eneparop JBuryn
0,80924855 378 29 6,3 1427
0,66473988 216 34 4.4 1448
0,57803468 126 37 2,75 1459
0,52023121 61,6 40 1 1472
0,40462428 15,4 0 0 1480

[Ticnst 3HATTS 3HAaYEHb POOOYMX XAPAKTEPUCTUK,
napaMeTpy 3 BAKOPUCTAHHSM IMaCIOPTHUX JTAHHUX JIBUTYHA.
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Tabauys 6
Ilykani napamMeTpu IBUT'YHA

P1, Bt P2, Bt 2P >Pn P2n cosQ n Mns n S
0,196465 | 182,7 | 1953 | 97,65 | 280,35 | 0,707727 | 0,741667 | 1,876204 | 0,951333 | 0,048667
0,132564 | 149,6 66,4 33,2 182,8 | 0,492332 | 0,846296 | 1,205622 | 0,965333 | 0,034667
0,100237 | 101,75 | 24,25 | 12,125 | 113,875 | 0,330273 | 0,90377 | 0,745378 | 0,972667 | 0,027333
0,081192 40 21,6 10,8 50,8 | 0,179407 | 0,824675 | 0,329579 | 0,981333 | 0,018667
0,049116 0 15,4 7,7 7,7 0,057667 0,5 0,049686 | 0,986667 | 0,013333

Tabnuys 7

ITapameTpu IBUIyHA y BiTHOCHUX OUHHMIAX

In* P2n cosd n Mpas* n S pP1*

1 1,01945455 | 0,707727273 | 0,7416667 | 1,028742 | 0,951333 | 0,048667 | 1,374545
0,82142857 | 0,66472727 | 0,492332016 | 0,8462963 | 0,661055 | 0,965333 | 0,034667 | 0,785455
0,71428571 | 0,41409091 | 0,330272727 | 0,8450397 | 0,408698 | 0,972667 | 0,027333 | 0,458182
0,64285714 | 0,18472727 | 0,179407407 | 0,8246753 | 0,180711 | 0,981333 | 0,018667 0,224

0,5 0,028 0,057666667 0,5 0,027243 | 0,986667 | 0,013333 0,056

pEr 1
LA 1,6
1, C050
Iz Hom
na,obixe| 14
1,2
i ——P1
=1
0,8 e COS
= K0
06 i Y
——n
04
0,2
0
0 0,2 0,4 0,6 0,8 1 1,2 PaBr

Puc 4. Po6o4i xapakTepucTUKHU ABUI'YHA NMOTY:KkHicTIO 0,275 KBT

CTpyM XOJIOCTOTO XOJly €JEKTPOJBUTYHA HEBEIMKHN, 1 MOMEHT 00€pTaHHs, CTBOPIOBAHUI
HUM, AyXe ONMM3bKUU 110 HYJsS, 10 MOXXHA YITKO CIOCTepiraTH Ha TpadiuHUX 3aJIeKHOCTSX.
Yactora o0epTaHHS B PEKHUMI XOJOCTOTO XOJy MailKe JOpIBHIOE CHHXPOHHIN IIBHUIKOCTI
obOepranusa. [lpym HaBaHTa)XKEHHI ACHMHXPOHHOTO EJIEKTPOJBUTYHA YacTOTa OOEpTaHHs Iajnae, a

KoB3aHHs 3poctae. Ockinbku 3pocTaiorh EPC B 00MOTI poTOpa, TO MOCKUIIOETHCS CTPYM pOTOpa 1
pocte obeprarounii MOMEHT. YUepe3 HEBEIMKUN NPOMDKOK Yacy 3HOBY BIJHOBIIOETHCS CTaH

pIBHOBAarM MiX HaBAaHTaXyBaJbHUM MOMEHTOM 1 MOMEHTOM, II0 oOepTae, MpH MNEBHiH, OUIBII

HU3bKII yacToTi o0epraHHs [7].
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Xapakrepuctuka nBuryHa np,=f(P;) sBise co6oro KpuBy, ci1abo HaxujeHY J0 Bici abciwc.
[TosicHIOETBCS 1€ TUM, 110 HaBITh MPU HOMIHAIBHOMY HAaBAHTAXEHHI, SIK MIPABHUJIO, HE MEPEBUIIYE
1-8%. PoOoTta nBUTYyHA MPU HEBETUKOMY KOB3aHHI JOCUTh €KOHOMIUHA, TaK SIK €JIEKTPUYHI BTPATH
B POTOPI MPOMOPIIiiiHI KOB3aHHIO.

KopucHa noTyxHicTh IBUT'YHA:

P, = Myw, = (%)Mznz’

ne w = 2mn, /60 — KyToBa MIBUIKICTh POTOPA;

M3 — KOpUCHUM MOMEHT Ha Bajly ABUryHa, H-Mm.

Banexnictb My = f(P;) kpuBomiHiiiHa, Tak SK 3 POCTOM HaBaHTaXeHHs P, wyactora
o0epTaHHs Ny IO 3MEHIIYETHCS.

BanexHicth ctpymy Iy = f(P;) sBisie coboro xapakTeprcTuKy, Onm3bKy 10 mpsmoi. Lle
CBIIYUTH MPO Te, L0 3 IMIJABUILEHHSIM HaBaHTAXKEHHSI CTpyM I; 30UIBLIYETbCS NPAKTUYHO
MPOTOPIIIAHO KOPUCHIM MOTYXHOCTI. L 3amexHICTh BUXOIUTh HE 3 MOYATKy KOOPJWHAT, TaK SIK
JIBUTYH B pexumi xosioctoro xoay (P,=0) BukopucToBye 3 mepexi cTpyM Xojoctoro xouy lo,
BEJIMYMHA SKOTO Y AaCHHXPOHHUX JBHUTYHIB Oinblla, HDK Yy TpaHcpopmaropiB. OcTtaHHE
MOSICHIOETHCSl HASIBHICTIO MEXaHIYHHUX BTPAT 1 TOBITPSHOTO MPOMDKKY Ha HUISIXY Mar”iTHOTO
MOTOKY ABUTYHa. CTpyM XOJOCTOTO XOAY B aCHHXPOHHHX JBUTYHaxX Moxe mocsratu 20-30% Bin
HOMIHAJIBHOTO cTpyMy [iHOM. B geskux cremialbHUX IBUTYHAX Majoi HMOTYXHOCTI BiH MOXe
JOCSITaTH 1 BETMKUX 3HAYCHb.

3anexHicth cosgy = f(P2) mokaszye: mpu MaluxX HaBaHTKCHHSAX (1 MA€ HU3bKI 3HAYCHHS
(0,2+0,3). 3 30iNbIICHHAM HaBaHTAXEHHS KOE(DIIIEHT MOTY)KHOCTI 30IIBIIYETHCS, AOCATAIOYN
makcumymy (0,75+0,85) npu HaBaHTaXXEeHHI, OJIM3bKOMY 10 HOMiHAIBHOTO. OCTaHHE TMOACHIOETHCS
TUM, 110 Tpu Oy/b-IKOMY HaBaHTa)XKCHHI JBHUTYHA, BKJIIOYAIOYH PEXKUM XOJOCTOTO XO.IY, IBUTYH
BHUKOPHUCTOBYE 3 MEpEXi HaMarHiuyrouni (peakTUBHHI) CTpyM MPHUOJIU3HO OJTHAKOBOI BETUUMHHU.
Tomy B pexumi XOJIOCTOrO XOJy 1 MPU HEBEIMKUX HABAaHTAXCHHSAX CIIOKUBAHUH 3 MEpexi CTpyM
Ma€ 3HA4YHY PEAKTHBHY CKJAQJOBY, IO 1 SIBJISETHCS MPUYMHOIO HHU3BKOTO 3HAYEHHS COSP1. 3
MiJBUIICHHSIM HABaHTAXCHHsI 30UIBIIYETHCS aKTHBHA CKIagoBa cTpymy li, 1 koedirieHt
NOTY)KHOCTI TiABUIIYeThbca. [lpn TepeBaHTaXEHHSX, IO BIANOBINAIOTH MaJMM YacTOTaM
oOepTanHs (BEIMKOMY KOB3aHHIO), COS@1 3MCHIIYETHCSA, IO TOSICHIOETHCS 30UIBIICHHSIM
1HYKTUBHOTO OMOPY OOMOTKH pOTOpa (X2s=X2s) MPH 30UTBIIIEHHI KOB3aHHSI.

3 1IbOr0 MO’KHA 3pOOMTH BUCHOBKH, IIO XapaKTEPUCTHKU, OTPUMAaH1 JUIsl AOCIIIKYBAaHOTO
JBUTYHA, € AYX€ CXO0KUMHU JI0 BUIIISIY CTAaHAAPTHUX XapaKTEPUCTUK aCHHXPOHHUX JIBUTYHIB, IO
BUKOPHUCTOBYIOTbCSI Y BHPOOHHUITBI, Ta y JlaboparopHux creHnax. Lle o3Havae, 1Mo MOHTaX,
noOy0Ba Ta MiAKIIOYEHHS BCIX €JIEMEHTIB JBHryHa Oynu 3poOiseHi BipHO. OTxe po3pobieHuit
CTEH]] MO’KHA BUKOPHCTOBYBATH B SIKOCT1 CTEHJy Il MPOBEICHHS Ja00paTOPHUX POOIT Ta 3HATTA
OCHOBHHX XapaKTEPUCTUK aCUHXPOHHUX JBUTYHIB Y MallOyTHHOMY.

BucHoBku. Po3poOka MeTomy Ta CTEHIY MIOCIIJDKCHHS XapaKTepUCTUK ACHHXPOHHOTO
JBUTYHA 13 KOPOTKO3aMKHEHHM POTOPOM 3 BHUKOPUCTAaHHSM IE€PETBOPIOBaYa HANPYTH, 1O3BOJIHUTH
BUMIPSATH OIip 130711i OOMOTOK mIoA0 Kopmycy 1 Mik ¢azamMu OOMOTOK, MPOBOAUTH
BUMPOOYBaHHS 130J1A11i OOMOTOK TIOJI0 KOPIYCY Ha eJIEKTPUYHI MIIHICTh, O€3MepepBHO
KOHTPOJIIOBATH IapaMeTpH ACUHXPOHHOTO JBHUIYHAa B TpOIECi HOro BHUKOPUCTAHHS. 3aBIsSKU
MaJIOTa0apUTHUM, EKOHOMIYHMM Ta TEXHIYHUM IIOKa3HHMKAaM, JaHUN CTEHA € 3pYy4YHUM Yy
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eKCcIuTyaTarlii mpu J0CIiHKEHHI aCHHXPOHHOTO IBUTYHA y Tpr(da3zHOMY 1 0fHO(Da3HOMY peXHMax, a
TaKOX CHpUsi€ OUTBIIT CydacHOMY Ta IEMOHCTPATHUBHOMY HaBYaHHIO

XapakTepUCTUKH, SIKi 3HATH 3 HAIIOTO JOCITI/KYBAaHOTO JBUTYHA € IyXE CXOXKHUMH JI0
BUTJISIY CTAaHIAPTHUX XapaKTEPUCTUK AaCUHXPOHHHUX JABHUTYHIB. Po3poOieHui CTeHJ MOXHa
YCIIITHO BUKOPUCTOBYBATH ISl O€3MepepBHOIO KOHTPOIIO MapaMeTpiB aCHHXPOHHOTO JBUTYHA B

po6OYOMY peKUMI SIK Y BUPOOHHUIITBI TaK 1 B JJaDOPaTOPHUX yMOBaX.
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©®YHKIIMOHAJIBHASI TUATHOCTHUKA ITAPAMETPOB TPEX®A3HBIX
ACHUHXPOHHBIX IBUI'ATEJIEX C KOPOTKO3AMKHYTBIM POTOPOM
JEMHUIIOHKOBA C. A., IJEMHUIIIOHKOB 4. B., KYJIUK T. H.

Kuesckuil nayuonanshulil ynugepcumem mexmono2uti u Ou3aina

Iens. Pazpabomxa memooa u mexHu¥eckux cpeocme uccied08anus XapaKmepucmuk ACUHXPOHHO20
dgueamensi ¢ KOPOMKO3IAMKHYMBIM POMOPOM € UCNOAb30GAHUEM Npeobpazosamenis  HaAnpsAlCceHus.
NPOSPAMMHO-ANNAPAMHO20 KOMNIIEKCA.

Memoouxa. Hccredosanue xapaxmepucmuk aACUHXPOHHO20 Osucamens: NYCK Ogueameneli npu
NOHUIICEHHOM — HANPAJICEHUU, UCCTIe008AHUE XOJOCMO20 X00d, HAZPY3KU, KOPOMKO20 3AMbIKAHUS,
onpeoeneHue pada pasiudHblx napamempos osueameinell, CHamue paboyux u Opyaux xapaKmepucmux, 063o0p
PA3IUYHBIX CROCODO08 PeSyIUPOBAHUs YACHOMbl 8PAWEeHUs U M. N.

Pesynomamur.  Onpedenenvl  munosvle  Xapakmepucmuku  ACUHXPOHHO20 — Osucamens ¢
KOPOMKO3AMKHYMbIM  POMOPOM NPU  PA3TUYHBIX PENCUMAX e20 pabomel, npoeeder 0030p Ccamblx
PACIPOCPAHEHHBIX KOMWIEKCHBIX CMEHO08 OJisi UCCLe008AHUsL ACUHXPOHHBIX Ogueameneil, 6blNoJHeH
CPABHUMENbHBIL AHATU3 DNIEMEHMO8 HAZPY3KU ACUHXPOHHO20 Osucamens. Xapakmepucmuku, noiyyeHHbvle
0Nl uccredyemoz2o 0sueamens, O4eHb NOXONCU HA CMAHOAPMHblE XAPAKMEPUCTIUKE ACUHXPOHHBIX
dgueameneti, UCNOIL3YEMbIX 8 NPOU3BOOCTEE, U 8 1ADOPAMOPHBIX CINEHOAX.

Hayunan nosuszna. O60CHO8AHA BO3MOJICHOCHb NPUMEHEHUsT MOOEPHUBUPOBAHHO20 CMEHOd C
UCNOTL306AHUEM CHEYUATLHOU CXeMbl NpPeodbpazosamens HANPSJICEeHUs, Ymo 6 3HAYUMENbHOU CHeneHU
VEeIUUUM 8pemsl HenpepvleHOL pabomul mpexghaznoeo 0su2amens U CHU3UM 3ampambol S1eKmMpOoIHePSUlL.

Ilpakmuueckan 3nauumocms. Paspaboman cmeno 011 uccnedosanusi Xapaxmepucmux
ACUHXPOHHO20 O8UeameNiss ¢ KOPOMKO3AMKHYMbIM POMOPOM € UCHOIb308AHUEM Npeodpa3zoeameis
HANPSIICEHUsl, KOMOPbILL NO38OIUM USMEPUMb CONPOMUBTEHUE UZ0TAYUU 0OMOMOK OMHOCUMENbHO KOPNYCa
u medxcoy hazamu 06MOMOK, NPOBOOUMb UCHBIMAHUS USOTAYUU OOMOMOK OMHOCUMENbHO KOPHYCd HA
QNEKMPUYECKYIO NPOUHOCIb, HENpPepbleHO KOHMPOIUPOBAMb NAPAMEMPbl ACUHXPOHHO20 Osucamens 6
npoyecce e20 UCNOAL306anus. bnacodaps manozabapumuocmu, IKOHOMUYECKUM U  MEXHUYECKUM
nokazamensim, OaHHbIN CMEHO YO0DeH 6 IKCHIYamayuu npu UCCIe008AHUU ACUHXPOHHO20 O8U2AMEls 8
mpexq@aznom U 0OHOPDAZHOM PedCUMax, a maxdce cnocoocmeyem 601ee COBPEMEHHOMY U HASTAOHOMY
0Oyuenuio.

Knrouesvie cnosa: snekmpoosueamens, IKCNEPUMEHMANbHBLL CMEHO, NPOSPAMMHO-ANNAPAMHbIL
MemMOoO, XapaKxmepucmuxu.
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FUNCTIONAL DIAGNOSIS OF THE PARAMETERS OF THE THREE-PHASE
ASYNCHRONOUS ENGINE WITH A SHORT-CIRCUITED ROTOR

DEMISHONKOVA S. A., DEMISHONKOV YA.V,, KULIK T. 1.
Kyiv National University of Technologies and Design

Purpose. Development of a method and technical means for studying the characteristics of an
induction motor with a short-circuited rotor using the voltage converter of the software-hardware complex.

Methodology. Investigation of the characteristics of an induction motor: start of motors at low
voltage, experiments of idling, loading, short circuit. Determination of a number of various parameters of
motors, obtaining of operating and other characteristics, consideration of different ways of regulation of
rotation speed, etc.

Findings. Typical characteristics of an asynchronous motor with short-circuited rotor in different
operating modes were determined, an overview of the most common complex stands for the study of
asynchronous motors was performed, a comparative analysis of elements of the induction motor load was
made. The characteristics obtained for the test engine are very similar to the standard characteristics of
induction motors used in production and in laboratory stands.

Originality. The possibility of using a modernized stand with a special scheme of the voltage
converter is substantiated. It will greatly increase the time of continuous operation of the three-phase motor
and reduce the energy consumption.

Practical value. A stand for studying the characteristics of an induction motor with a short-circuited
rotor using a voltage converter has been developed. This will allow to measure the insulation resistance of
the windings relative to the casing and between the phases of the windings; to test the insulation of the
windings for electrical strength, to continuously monitor its parameters. Due to its small size, economic and
technical characteristics, this stand is easy to operate in the study of asynchronous motor in three-phase and
single-phase modes, and promotes more modern and demonstrative learning.
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