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YK 621.3.08

B. 10. Kyuepyk, a.1.H., O. I'. Irnarenko, M. /I. Mosuanwk, O. B. Auapycs

Binnuyvxuti nayionansnuii mexuivnuil ynigepcumem, M. Binnuys

METO/] IHBAPIAHTHOI'O OTJIMBJIEHHS 1S IIEHTU®IKAIIL POTOPHUX
IHAPAMETPIB ACUHXPOHHUX JIBUI'YHIB

B cmammi poszensioaemvcs  guxopucmanus enemMenmié meopii  iH8ApPIaHMHO20 NO2AUOIEHHS Ols
i0enmudhixayii eHympiwHix napamempie MpuasHux KOPOMKO3AMKHEHUX ACUHXPOHHUX OBUSYHI8, SKI
HEMOMNCIUBO 6E3N0Cepednbo GUMIpAMU. AHATIMUYHO NPEOCTNABIEHO CUCEM) HETIHIHUX OughepeHyianbHux
pisuany 3a H. [icmeghano, uucenvruil po3e'sa30x akux 003607186 OMPUMAmu 3HAYEHHA MAKUX NApAMempis 5K

AKMUGHUL ONIp Ma IHOYKMUGHICMb 0OMOMOK POMopd.

Knrouoei cnosa: memoo ineapianmnozo noeaubaeHHs, iOeHmuixayis HympiuwHix napamempis,
ACUHXPOHHUL O8USYH, HENTHIUHI OUpepeHyianbri PIGHAHHS, YUCETbHUL PO36 30K,

Beryn

TpudaszHi  KOpOTKO3aMKHEHI  aCHHXPOHHI
neurynn  (AJl) 3araibHOrO  TpU3HAYEHHS €
HaHOUTBII MacOBOIO MPOYKIIIE0
SIIEKTPOMAIIMHOOY TyBaHHSI. ACUHXPOHHI
CIICKTPOIIPUBOM  CKJIaJaloTh  Omm3bko  95%
3arajibHOI  KUTBKOCTI  €JeKTpornpuBoaiB, a Al

CIOXHMBAIOTh OUTBIIE TIOJIOBHHH €IICKTPOCHEPT1I, 1110
BUPOOJsieThCsl 'y Hamiiil kpaini. Tomy edexTuBHA
OIlIHKA IMOKA3HMKIB SKOCTI IUX JABUTYHIB B MPOIECI
BUPOOHWITBA 1  micng X  BUTOTOBJICHHS
(mpuiiManbHO-3/1aBabHI BUITPOOYBAHHS), CBOEYACHA
JiarHOCTHKAa TPUYMH pO3JTaay TEXHOIOTiYHOTO
MPOLIECY € aKTyaJIbHUM 3aBAAHHSIM.

AHaJi3 OCTaHHIX JOCTiTKeHb Ta myOJikaniii

I[lpu BumpoOoByBanHsx Al HEMOXIHBO
MpOBECTH  MOpsAME  BUMIPIOBAaHHS  IapaMeTpiB
POTOPHOrO Koja (aKTHMBHHUM OMip OOMOTOK pPOTOpPY
R,, HAYKTHUBHICTH 0OOMOTOK poTOpy L, B3aeMHa
IHAYKTUBHICTh MDK OOMOTKaMHu CTaTtopa i poTopa
L,). Tomy nnsa BHU3HAYeHHS IMX [apaMerpiB
KOPHUCTYIOTBCS MeTonamu igeHTHdikamii. o nmx
METO/IiB BIIHOCATHCS METOIN 3aTyXaHHS MOCTIHHOTO
CTpyMy B CTaTOPHOMY KOJi 1 TapMOHIYHUX
KOJTUBaHb, SKi BHKOHYIOTHCSI Ha HEPYXOMili MallInHi,
a TakoX METOIH, SIKi BUKOPHUCTOBYIOTH PEXHMH
nycky Ta camoranbMyBaHHs AJl. IcHyroui meroam
[1-6] wmatoTh psx  HEOOMIKIB, 3B’S3aHUX 13
TPYAHOLIAMH BpaxyBaHHA BIUIMBY HPUCKOPEHHS,
BUPIIIEHHS TPOOJIeMH MYJIbTUMOJAIEHOCTI [UIHOBOT
¢bynkuii izeHTHdIKaLii, CKIamHICTIO peanizalmii Ta
IHIIUMH (PaKTOpaMH.

ITocTanoBKa 3aBIaHHA

B gamiii  poOOTI  HaBOAATBCS  OCHOBHI
pe3yJabTaTH BHKOPHCTAHHS METOJIY I1HBapiaHTHOIO
nornuONeHHss Tpu  igeHTU(IKalii  mapamerpiB
POTOPHOTO KOJIa KOPOTKO3aMKHEHUX AJl.

Buxiaan ocHoBHOro marepiany

[MpumycTiMo, MmO TpPOBENEHI CHOCTEPEKEHHS
OIHOI YW KITBKOX KOMIIOHEHT BeKTOpy cTany I
npotaroM dacy 7, sKi BMIIIYIOTh TOXHOKH. [ nux
CIIOCTEPEXKEHb 1 TMHAMIYHHUX PiBHSIHB IIPOLIECY

dl
—=g(1). (1)

dT
3rinno  H. J[icrepano [1], Bu3HAYMMO
OITUMAJIbHY OLIIHKY CTaHy B Yac ?, MOJIIIIICHHS i€l

OL[IHKH B Mipy  30iIbIIeHHS KUTBKOCTI
CIIOCTEPEKEHb.
Sgkmo t<T, TO 3agaya  Ha3UBAETHCS

iHTepnoysiiero abo 3rnamkyBaHHsM. [lpu =T
BOHAa HA3WBAETHCS 3aJ1a4YCl0 (PUILTPYBAHHS, a KOJIU

t >T —3amgaqero mepenbaveHHs.
B 3amauax ineHTuikaiii, ¢ OCHOBHa MeTa

HoJIsira€e y BU3HaUYeHHI HabOpy KOHCTAHT d, , 3py4HO

OonepyBaTv 3 UMK KOHCTAaHTaMU 4K 3 JOAATKOBUMU

KOOpAMHATAMH  CTaHy, SKi  3aJ0BOJBHSIOTH
O4YEeBHIHHUM JH(epeHIiabHIM PIBHSIHHSIM
da, .
—=0, i=1,2,...,k. 2)
dt
Toxmi KOHCTaHTM 4, MOXHA BKIIOUUTU B

pO3LIMpEHUH BEKTOp CcTaHy. SIcHO, mo ¢iTbTp
PO3LIMPEHOTO BEKTOPY CTaHy Jda€ He TUIbKH
ONTHUMAaJbHY OI[IHKY BEKTOpYy CcTaHy, a W

ONTHUMAJIbHY OILIIHKY BEKTOPY @ — OCHOBHY METY
inenTudikanii. 3rigno bennmany [2], BupimyeTbes
3agada  QiTpTpyBaHHS, BHUKOPHCTOBYIOUM  ijei
iHBapiaHTHOrO mMOrMHONIeHHs. Bu3HAauMMO BeEKTOp

criocrepekens I'w
w= [WI; W5 Wss WJ =
= [zA; Liles w] =IT+n,

ne I' - npssMOKyTHa MaTpHIls MOBHOTO PaHry; 1 -

3)

BEKTOP MOXHUOOK CIIOCTEPEKEHb.
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Ha ocHOBi mmx cmocTepexeHb B 1HTepBaii
[O,T] BHU3HAYAETHCSA ONTHMAJbHA OI[IHKA BEKTOPY
crany I npu =T Taka, 100 MiHIMi3yBaTh (YHKIIiFO
(I(T) T), 3a/aHy 'y

fa@) )= l(w ~TLw-TIYt+
+{10)-b. - A@(O)-b))

ne b - Haiikpama ampiopHa omiHKa I(O); A -

KBaJIpaTHYHOI TTOXUOKH

BUTJISAL

HEBUPO/DKEHA MATpUIs, 5Ka BCTAHOBJIIOE MIipy
BIIEBHEHOCTI y JIaHi¥ OIIHII.

3rigno [1], miHimi3amiss (4) mocsraeTbesi TpH
BUpIIIEHH] nudepeHLianbHuX PiBHSHB
ONTHUMAJILHOTO HENiHIHHOTO QinbTpy

;Z_;:g(e)+Q(T)FT(W—Fe) e(0)=b. )

a wMatpuus kopuryrounx koeQiuientis  Q(7)
33Z[0BOHI)H$I€ PIBHSIHHIO
=g (e)Q+Qg (e)-QI'rQ;
dT =g.()Q+Qs!(e)- ©
Q0)=A"
Tyr 1 COpOLIEHHA 3amucy 300pa)KeHo

¢=I(T"); e=argmin f(c,7); g.(e) - sxobian

e ) o ¢; “T 3Bepxy” — 3HAK TPAHCIOHYBAaHHS.
pxy p y

H. icredano

IBOX

3amaua  igeHTHdikaiii  3a
3BOAWTBCA 70 BHpIIIGHHS CHCTEMH i3
nudepeHianbHuX piBHAHB (5) 1 (6).

B [3] BuBeneHO PpIiBHAHHS IS TOXUOKH
dinbrpa H. Jicredano. [TosHaunmo uepes I =I—e
nmoxuOKy omiHku (inbTpa. Tomi moxuOka OIlIHKH

¢binbTpa 1 mae taxuii Bugx
I=[XTX'E)REIEKs. @
0
ne X( T) p03B‘;130K pIBHSHHS

KO _eyr-g ko). ©

YUHOM, 3ajaya
OZIHOYACHUM 3HaXO/KEHHSM
inentudikanii  3a  H. [icredano
BUpIIIEHH] cucTeMu piBHAHB (5) — (7).

Inentudikamito 3a  JOMNOMOTOID  METOAY
iHBapiaHTHOrO MOTMHUONEHH OyaeMo MpPOBOIAUTH
Uil aKTHBHOTO omnopy R, Ta iHIYKTUBHOCTI L,
poTopa; B3aeMHa IHAYKTHBHICTH MDK CTaTOpOM 1
poropoMm L, 1o0pe i1eHTU(DIKYETHCS 32 JOMOMOIOI0
METO/IiB TeOopii Yy TIuBOCTI [4].

[lpeacraBumMo  mepumri  4YOTUPU  PIBHSHHS
MaTtemaTruHoi mozem A/l [5] y dopmi Komri

TaKI/IM imeHTUdiKamii 3
MMOXUOKHU

MoJITae  y

A a_ Bi+u, , ©)
dt
ne
0 L 0 L
A = s m ;
L 0 L O
0 L 0 L
-R, 0 0 0
0 -R, 0 0
B= ‘ ;
0 -olL -R -olL
oL, 0 ol —-R

1= [lm ; ls/)” lra ’ lr/)’

um = L’sa , Mv/)’ , Mra , Mr/)’

3BoporHa MaTpunsg A~ MaTHMe BHUTIS

-y ~ i}
T 0 lJnl 0
LL Li : LL Lj )
0 Lr 0 _IJITL
B LL-L LL -1 |- (10)
AEl g )
m 0 T 0
LL Li ) LL Lj :
0 _14”1 0 Lr
L LL Li ) LL Lj a
[omHOX)KUMO piBHAHHS (9) HAa A~
di
—=A"Bi+A™u, (11)
dt
e
1
A'B= —X
Ler - Lm
- Lr RS Lfna)r Lm Rr Lm Lr a)r
- Lfna)r - LI‘RS - Lm Lra)r LmRr
LmRS - LS Lma)r - LY Rr - LY Lra)r
LY Lm a)r Lm RS LY Lr a)r - LY Rr
Jnst koporkozamknenoro Al u,, =u,, = 0.
Tomi A"um 3AIUIIETHCS SIK
Alu, =
Lu, Lu, ~Lu, —Lu, ]-(12)
LL L L L L L L L L L L
PosmmprMo  BEKTOp cTaHy W I SITUM
piBHSHHAM MatemMaTuuHoi Moxpeni AJl [5] Ta

napamerpamu R, i L,
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u= [Ml; Uys Uy Uys Uss Uy M7]r =
Esa; iv/)’; ira; ir/)’; a)r; Rr; Lr]
du
—= (u, u_, usﬂ) ueR’, g:R' xR >R,
dt
Jie @ - HACTYIHA BEKTOP-(QYHKIIis:

2
_ _L\-qul + Lmusuz + Lmusu:s + Lmu7u5u4 +uu,

g - 5
1 L\'u7 - Lfn
2
g, = B Lmu5ul B u7qu2 B Lmu7u5u3 + Lmu()u4 + uu,
’ LA\'u7 - Lil ,
g — LmRA\'ul — LA\'LMMSMZ — LA\'uﬁufﬁ — LA\'u7u5u4 — Lmuxa .
- ’
’ LA\'M7 - Lfn
g _ LA\'LmMSMI + LmRA\'MZ + L\'u7u5u3 B L\'u()u4 B Lmux/} .
) L\'u7 - Lil ,
_p|mp . - =
8= Lm(uzu3_u1u4)_Mo ’ 86—87—0~
J\ 2
Bu3HauuMo BEKTOp CIIOCTEPEKEHD W
W=[W.§W22W3§W4]: (13)
=lisiyis o] =Tutn,
ne i,,i,,i. - cTpyMu B oOMOTKax cratopy AJl.

3ammmemo s piBHsHHSA  (13)  MaTpuiio
noHoro paury I'. Jlns 1poro BHKOPHCTaEMO
PIBHSIHHS [1EPEXOJ1y i3 CUCTEMH KOOpauHar a, f3, 0

B peasibHy CUCTEMY KOOpJIMHAT [6]

1 0O 00 O0O0O0

-5 5 00000

I'= . (14
1B 55000
2 2

0O o0 O0O0T1TO0O0

Takum uywmHOM, 3ajmava ifgeHTU(IKamil 3a
JIOTIOMOT'OF0 METOJTy 1HBapiaHTHOro roriuoiaeHHs H.
HictedaHo 3BOAUTHCA A0 BUPILICHHS CHUCTEMH i3
TphOX JudepeHialbHuX piBHAHD (5), (6), (7). Ane
1Ii PIBHSHHS MaloTh CKJIQJHUNA MATPUYHUN BUTIIS,
10 POOUTH MPAKTHYHO HEMOXKIIMBHUM iX CIIPOIICHHSI.
5), (©6), (7)) wmoxe
3nificHioBaTuCs MerojoM Pynre-Kyrra derBeproro
MOPSIZIKY 3 TIOCTIHHUM KPOKOM A

JUis  4UCENbHOrO  JOCHIDKCHHSI allTOPUTMY
inenTudikanii  BuOpano A/l  4A71A4 i3
nmapamerpamMu  p=2, m=3, R=16,39 Om,
R,=15,08 Om, L=0,663 I'n, L,=0,7015 I'n, L,=0,624
I'm, J=0,011 KM Ilym 1

BHUIIAJIKOBOIKO BCJIMYMHOIO 3 HOpMaJIbHUM 3aKOHOM

Pimenns cucremMu

MOJIETTIOETHCS

posmoniny. [Ipuknaa pobotu merony ineHTHdIKaIl
HaBeneHo Ha puc. 1 — 3.

11.22

11.00+

10.77

10.55+

Rr (Om)

10.33+

10.11+

9.8 |
0.0 0.1 0.2 03 0.4 05 07

t (cex)

Pucynok 1 - [nenTudikaiis akTHBHOTO ornopy R,

0.97

0.91+

0.85-

Lr (Tu)

0.79+

0.72+

0.0 0.1 02 03 04 05 07

t (cex)

Pucynok 2 - Inentudikariiist iHIyKTHBHOCTI L,

2
3

71.28

2
I
-3
7

a
S
i

3
&
8
h

«
o
3
T

3aranpHa moxubka imentudixanii (%)

2
3

—T T T T T T T T T T T T T T T T

0.1 0.2 0.3 0.4 0.5 07

o
o

t (cex)

Pucynok 3 - 3aranbna noxu0ka igeHTudikaii

BucHoBkH
AHani3 pe3ynbTaTiB MOJEIIOBAHHS JIA€ 3MOTY

JUMTH BUCHOBKY, IO JaHHI adropuTM ineHTHdIKaIil
3a0e3nedye 30DKHICTh 1 JIOCTATHIO TOYHICTH JIJIS
JOCUTh HIMPOKOTO Jiama3oHy IMOYaTKOBHX 3HAYCHb
napamerpiB poropa. Asie s Horo ycminHoi poooTu
HEOOXITHUH JTOCUTh MaJIuii KPOK JUCKPETH3allii 1Mo
gacy. 30DKHICTh aJTOPUTMY 3aJeXKHUTh Bil BHOOpY
MOYaTKOBUX 3Ha4YeHb. Lle CIpUUMHIOETHCS THM, MIO
MaTemMaTuHa Mozaenb AJ] knacudikyerbcs SK
KOpPCTKa cucTeMa ¢ epeHIialbHuX PiBHSIHb.
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METOJ HHBAPUAHTHOT'O ITIOT'PYKEHU S IS HAEHTUOUKATIMA POTOPHBIX
MHHAPAMETPOB ACUHXPOHHBIX JIBUT'ATEJIEN

B cmamve paccmampusaemcs ucnonvzoganue 31emMenmos meopuu UHEAPUAHMHO20 NOZPYAHCeHUsT sl
udenmugurkayuu HympeHHUx napamempos mpex@asuvix KOPOMKO3AMKHYMbIX ACUHXPOHHBIX Ogucameretl,
KOMOopble HeB03MOIICHO HENOCPEOCHEEHHO usMepumy. AHanumuiecku npeocmagiena CUcCmema HeauHeHbIxX
ougppepenyuanvuvix ypaswenuu H. [Jucemegpano, uucnennoe peuienue KOMOPHIX NO3B0SIEM NOLYYUUMD
3HAYEHUsL MAKUX NaApamempos Kax akmueHoe COnpomugieHue 1 UHOYKmueHoCHy 00MOMOK pomopa.

Knwouesvie cnosa: memoo uH8ApUAHMHO20 NOSPYIHCEHUS, UOCHMUDUKAYUSL BHYMPEHHUX NAPAMEMPOs,
ACUHXPOHHVLIL 08Ucameny, HeluHelnvle Ougdgepenyuarvhbvie YypasHenus, YUcieHHoe peuleHue.

V. Yu. Kucheruk, DSc, O. G. Ignatenko, M. D. Molchanuk, O. V. Andrus

INVARIANT EMBEDDING IDENTIFICATION METHOD OF ASYNCHRONOUS MOTORS
ROTOR PARAMETERS

The article discusses the use of the theory of invariant imbedding to identify the internal parameters of
three-phase squirrel cage induction motors, which can not be directly measured. Analytically presents a
system of nonlinear differential equations N. Distefano, the numerical solution which allows to obtain the
values of parameters such as resistance and inductance of the rotor windings.

Keywords: invariant embedding identification method, identifying the internal parameters, asynchronous
motors, nonlinear differential equations, numerical solution.
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