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ABTOpCKoOe pe3tome

CocTtosiHMe Bonpoca: TexHnyeckas peanusaunsi NpuHLMNa BEKTOPHOW opueHTaumm TpebyeT nHdopmaumm o noTokoc-
LenneHnsIX acMHXPOHHOro aApuratens. Takas uHdopMaunst SsBNsieTcsl TPYAHOAOCTYNHOW. TEH30pHbIN MeTon maTtemaTu-
YEeCKOro OrnMcaHus 3NEKTPOMEXaHUYECKMX NPOLECCOB MO3BOSISIET YCTPAHUTL YKa3aHHYy TPYAHOCTb.

MaTepuanbl u MeToAbl: ViccnenoBaHnst CTaTUYECKUX U AMHAMUYECKUX XapaKTEPUCTUK CUCTEMbI YNpaBleHUsl 3NeKTpo-
npuBoaa C BEKTOPHOW OpueHTauMein OTHOCUTENbHO HEKOHTPONMMPYEMbIX NMEPEMEHHBLIX POTOpa NPOBEAEHbI HA KOMIMbLO-
TEpPHOW MOAENnM C WUCMNONb30BaHMEM BO3MOXHOCTEN TEH30PHOro aHanusa. PaspaboTaHHbIi anropytM BEKTOPHOIO
ynpasneHusa peanv3oBaH B nporpammHon cpege Mathcad.

PesynbTtathbl: [1okasaHo, YTO CUCTEMY BEKTOPHOrO yrnpaBfieHuUs BO3MOXHO paspabotatb 6e3 nHdopmaumm o noToKoc-
LenneHnsx 1 Takas cuctema ynpaeneHns obnagaet agantuBHbIMK cBocTBamu. NpeanoxeH anroputm popMmMpoBaHus
BEKTOpa Toka cTaTopa, NOo3BONALWUA 3aaBaTb 6a30Bble NepeMeHHbIE POTOPa aCMHXPOHHOIO ABUraTensi.

BbiBoabl: MofernbHble 3KkCnepMMeHTbl NOATBEPAMIM adanTUBHbIE CBOMCTBA paspaboTaHHom BekTopHon CYJI1. Beeae-
HMEe KOPPEKTUPYIOLLEW YITIOBOM HEBA3KU NO3BONSIET OCNabuTb BNUSIHUE NapaMeTPUYECKUX BO3MYLLEHUIN B @CUHXPOHHOM
asurarene.

Knio4yeBble cnoBa: aCUHXPOHHbIN 3MEKTPONPUBOA, BEKTOPHOE ynpaBneHue, naeHTudmkaTop.

Vector Orientation of Asynchronous Motor Variables without Information
about Magnetic Flux Linkage
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Abstract

Background: Technical implementation of vector orientation principle requires the information about magnetic flux link-
age of asynchronous motors. This kind of information is difficult to access. The tensor method of mathematical descrip-
tion of electromechanical processes allows eliminating the mentioned difficulties.

Materials and methods: The research of statistic and dynamic characteristics of electric drive control system with vector
orientation according to the uncontrolled variables of rotors is carried out on the basis of the computer model with tensor
analysis. The developed algorithm of vector control is used in Mathcad program software.

Results: In the article it is shown that the vector control system may be developed without information about magnetic
flux linkages and this kind of control system has the adapted characteristics. The algorithm of stator current vector allows
setting the basic variables of asynchronous motors rotors.

Conclusions: The model tests confirm the adapted characteristics of the developed vector of electrical drive control sys-
tem. Correcting angular discrepancy allows reducing the influence of parametric disturbances in asynchronous motors.

Key words: asynchronous electric drive, vector control, identifier.

B cuctemax BEKTOPHOTO ynpaBreHus acuH-
XPOHHbIM 3IIEKTPONPMBOAOM [1] OOLIMHO MPUMEHSIOT
nmMbo gatyuky AN M3MEpPEHUst AIEKTPOMarHUTHOrO
noToka, NMMbo naeHTMUKaTopbl AN ero BOCCTaHOB-
neHus. MNMpumeHeHne gatymkoB TpebyeT M3MeHeHUst
KOHCTPYKUMM OBuratens, a npuMeHeHue ngeHtudu-
KaTOpOB MPUBOAMT K 3HAYUTENBHON YyBCTBUTENBHO-
CTW CUCTEMBI K UISMEHEHMIO €r0 MApamMeTPOB.

Bo3moxxeH npyHUMnmanbHO Apyron noaxon,
OTNMYAIOLLMICH OT BCEX U3BECTHbIX (MO HayYHbIM
nyonukauusm) u NO3BOMSAOLWMA  3HAYUTENBHO
YNYYLWIUTb Ka4eCTBO BEKTOPHOIO yrpaBneHus.

[MokasaHo, YTO CUCTEMY BEKTOPHOIO ynpaBs-
neHus BO3MOXHO paspaboTatb 6e3 nHgopmaumm
O MOTOKOCLIENSIEHMAX M YTO Takasd cucTema ynpas-

neHnss obnagaet aganTuBHbIMM CBOWCTBamu. B
OCHOBE ajanTVBHbIX CBOWCTB FEXWUT BBeAeHue
KOPPEeKTMpYIoLLEen YrioBON HEBA3KWU, KOTopas no-
3BOMnseT ocnabuTte BAMSHWME MapaMeTpPUHecKmx
BO3MYLLEHWUIN B aCMHXPOHHOM ABuraTtere.

Hy>XHO NpUHATL BO BHMMaHWE €OWMHCTBEH-
Hbln (O0YeBUAOHbIN) haKT, YTO XapakTep npoTeka-
HUS umandecknx npoueccoB B Nobon anekTpo-
MeXaHW4YecKon (dneKTpoMexXaTpoHHOW) cucteme
HW Ka4yeCTBEHHO, HWU KONUYECTBEHHO HEe 3aBUCUT
OT BblbOpa CUCTEMbI KOOPAMHAT, YTO MO3BONSET B
NMOMHON Mepe MCMonb3oBaTb BO3MOXHOCTU TEH-
30pHOro aHanuaa [2].

OudpepeHumnansHble  ypaBHEHUS  anek-
TPOMarHWUTHbIX NPOLECCOB B aCMHXPOHHOM ABWra-
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Tene (A) HyXHO npeacTaBuTb B BMAE, UHBApW-
aHTHOM K npeobpasoBaHnto koopauHaTHoro 6asu-
ca, T.e. B TeH30pHoN chopme [3]:

D(;I:S +Ryls =Us , (1)
D% 1R,y =0, (2)
¥s =Lis * Llg, 3)

g =Lalg * Lyls, (4)
MSM = Pulm 73 xIg, (5)

roe W5, Pr — abConoTHble BEKTOPbI MOTOKOCLIE-
MAeHWn cTatopa M poTopa COOTBETCTBEHHO;
Is, Ir — abcomioTHble BEKTOPbLI TOKOB cTatopa U

poTopa COOTBETCTBEHHO; Ug — abCOMIOTHbINA Bek-

TOp HanpsbkeHus cratopa; M,, — abCOMOTHbIN

BEKTOP 3neKkTpomMarHutHoro momeHta AL, D -
onepatop abcontoTHoro auddepeHumpoBanus [2];
Ly, Ly, Ly, Ry, R p, — napameTpbl AL

N3 (1)-(5) cnepyer:
D¥; , D , Dig

=L, +L —= 6

dt * dt " dt ©)

TR:—L—miA+ATR, (8)
L2

ATR = A/RAfa + AIRBTb’ (10)

Algy = -|Alg|coss, (11)

Dlg _dl- I, di, +dIBb+I d/b

_dia 13
gt dt @ A (13)

dt’

7 . i d|Alg| -
Dl __Lndia; Ly di_ooos @RI
at L, dt ? L, * dt dt

ds - di,
+|Alg|sind—i, —|Alg|cosd—2 14
|Alg|sin—5i; ~[Alg|cos 3-8 - (14)
Ao s

i P “OF . _b
sind i, |AIR|c038 p iy, |AIR|sm6 ot
dl ~R - R +

& =g xi, =0xg fp, 15
ar _ PAB AB b (15)
dl e
St = ®AeXib =0} Ia, (16)

rae I,, Iz — cocTaBnsioLMe BeKTopa Toka cTatopa
B cucteme koopauHat (CK) A, B, BpaluatoLlencs
OTHOCUTENBHO POTOpa C YINOBOW YacTOTOM mﬁB;

ia’ Tb — eanHN4YHble Ba3nCHble BEKTOpPbLI B HarnpaB-

nenun ocen CK A, B; ATR — Hens3BeCcTHas cocTaB-

nsoLLan BeKTopa Toka poTopa, B nobon MOMEHT
BpEMEHM [OMOMNHSAILAA M3BECTHYIO (OeTepMUHU-

POBaHHYI0) COCTaBMSAIOLLYIO, PaBHYO (—L,/Ly)l4,

[0 haKTU4YECKON BermuuHbl Bektopa lg; A¥gR —

HEeW3BeCTHasi COCTaB/IsloLLAas BeKTopa MoTOKoCLen-
NeHns poTopa, AOMOMHsWas AeTEPMUHUPOBAH-

HYI0 COCTaBMSIOLLYI0, PaBHYlO L, lp, A0 dhakTude-

CKOW BeNnuuuHbl BekTopa ¥r; & — yron mexay Bek-

TOpamMy HEU3BECTHOW W OETEPMWHUPOBAHHOW CO-
CTaBMSIIOLLMX BEKTOPA TOKa poTopa.

[eoMeTpUYECKUA CMbICTT MEePEYUCEHHbIX
MepeMEHHbIX WMMICTPUPYET BEKTOpHas [Aaua-
rpamma, nokasaHHas Ha puc. 1.

Puc. 1. BektopHasa gnarpamma K aHanu3y 9neKTpOMarHUTHbIX
npoLeccoB B poTope

B pesynbtate npeobpasoBaHun npu gony-
WweHun, 4to Ilg = const, MOXHO MOMy4UTb Ccne-
aytolee ypaBHeHue:

L cos off —Rz%/Acoss—%\AiR\. (17)
2 2

a L
W3 (17) cnegyeT, 4TO ecnu CKOpOCTb Bpa-
weHnst CK A, B onpegensieTca COOTHOLUEHNEM

offg="2la (18)

TO HE3aBMCHMO OT BENMYMHbI yria & CTaHOBUTCSH
CrpaBeanvBbIM YpaBHEHNE

d|A7R| R

T:_E| R|. (19)
AHanormyHo,

d|A§'R| Roi -

L] (20)

M3 (19), (20) cnepyeT, 4TO OOBLEKT ynpas-
JIEHUSI OTHOCUTENBHO MOAYNEN OTKIOHEHWN BeK-
TOPOB TOKa M MOTOKOCLUENSEHNST poTopa OT CBOUX
OEeTepPMUHUNPOBAHHBLIX COCTaBNAOLNX, pPaBHbIX

COOTBETCTBEHHO (-L,,/Ly)I4 W L]z, acumnrotu-

YecKn YyCTOMYMB C TOUKOW paBHOBECUS B Havane
KoopauHaT ¢a3oBoW NNOCKOCTU. TO eCTb Npu yCT-
paHeHuM [eWcTBUS BO3MyLlawouwero akTopa,
BbI3BABLUErO MOSIBIEHNE YKa3aHHbIX OTKIIOHEHWUW,
MPOUCXOAMNT UX YMEHbLUEHNE MO 3KCMOHEeHUuanb-
HOMY 3aKOHY C MOCTOSHHOW BpPEMEHW Lienu poTo-
pa. Takum obpasom, ecnm hOpMUPOBaTbL BEKTOP
TOKa cTaTopa, 3ajaBasi ero KOMMOHEHTbI /4 U Ig B
OpTOroHanbHbIX KoopauHatax A, B, BpawjaroLmx-
Csl OTHOCUTENBbHO pOTOpa C YrOBOW 4acToTown,
onpegensemMon Yepes camu 3T TOKOBbIE COCTaB-
nfALWmMe cornacHo BbipaxeHuto (18), n npu aTom
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N3MEHATb TONBbKO COCTaBNALWYHO /4, Noaaepxu-
Bas Bcerga MOCTOSHHOM KOMMOHEHTY g, TO AN
ACMHXPOHHOM MalWuHbl OyaeT CBOWCTBEHHbIM
BO3HUKHOBEHME peXuMa, XapakTepuaylLlerocs
cneaylowumMmn 0CobeHHOCTSAMM.

B ycnoBusix oTCyTCTBUSA BO3MYLLIEHUIA MEXAY
MOAYNAMU PaKTUYECKMX BEKTOPOB TOKa U MOTO-
KocuenneHnss potopa M COOTBETCTBYIOLLUMMW CO-
CTaBMALWNMN BEKTOPa TOKa cTaTopa yCTaHaBmu-
BatoTca 6e3nHepuMoHHble cBs3n. Kpome Toro,
BEKTOPHbIE NepeMeHHble poTopa coBnagaktT Mo
HanpaBneHUo B NMPOCTPAHCTBE C KOOPAMHATHBIMYU
ocamn A n B kak B cTaTuke, Tak U B AMHamuke. Ho
Torga u3 (5) cneayer, y4To

L2
M3M=—pn£"—2 Ig 14 (21)

TO eCTb perynupoBaHue cocTaBnstowen /4 o3Ha-
YaeT HEenoCpeACTBEHHOE perynupoBaHue arek-
TpomarHuTHoro momenTa A[l, aHanoru4Hoe pery-
NMPOBaHUI0O MOMEHTa B ABUrarterie NoCTOsHHOro
TOKa C He3aBMCUMbIM BO3OYXXOEHUEM 3a CYET U3-
MEHEHUS ToKa AKopSI.

Takum obpasom, kaHan HenocpeacTBEHHOro
ynpaBneHuss momeHToM ALl MoxeT BbiTb MOCTPO-
€H B YCMNoBUAX MOMHOro OTCYTCTBUSA UHopMaLnm
0 6a30BbIX NMEPEMEHHbIX POTOPA, MOCKOSIbKY OHU
MOryT OAHO3Ha4yHO 3adaBaTbCA Yepe3 CcocTaB-
nsowme hopMMpyeMoro no NpeanoxeHHOMy ar-
ropMTMy BEKTOpa TOKa cTaTopa.

Ecnu xe nHpopmaumsa o napameTpax poTo-
pa ALl n3BecTtHa HedOCTOBEpPHO, TO hopmmpoBa-
HMe BeKTopa TOoKa ctaTopa Mo OMMCaHHOMY BbliLLe
anroputmy B CK, BpawjaloLllenca co CKOpOCTbIo,
onpegensiemon (18), npuBegeT K TOMy, YTO He-
KOHTpONMpyeMble NEepeMEHHble poTopa OyayT
3agaBaTbce Yepes cocTaBnsowme Iy u Ig ¢ owmnob-
KaMKn Kak no moaymnto, Tak v no yriy, KoTopble ¢
TEYEHMEM BPEMEHM yxe He OyayT cBoauTbCA K
HyI0, YTO cneayeT 13 aHanmaa (17).

MosiBreHne OoTNMNYHbBIX OT Hynsa ownbok pe-
rynMpoBaHns MNepeMeHHbIX poTopa MpUBOAWT K
OTKIMOHEHVAM OUHAMUYECKMX W SHEPreTUHecKmnx
XapaKTepPUCTUK BEKTOPHOW CUCTEMbl YnpaBeHus
anektponpusogom (CY3IT) oT onTumanbeHbIX U He
[aeT BO3MOXHOCTU 3h(PeKTMBHO peanunsoBaTb
noTeHuManbHble pPeryrnmpoBOYHblE BO3MOXHOCTU
All. MNockonbKy Bapumaunn NOCTOAHHOW BpPEMEHU
uenu potopa u3-3a TEMMOBbIX U3MEHEHWUIA aKTUB-
HOro COMPOTUBIEHUS €ro 0OMOTKM BECbMA LUNPO-
KM, TO OHW B MOJSIHOW Mepe CMOCOOHbI Bbi3biBATb
yKa3aHHble Bbllle HEGNaronpusiTHole SABMEHUS.

Onsa cHWXeHUs BNUAHWUS MapameTpudeckmnx
BO3MYLLEHWNA Ha TOYHOCTb 3adaHus HEeKOHTPOMu-
pyembIX MEepeMeHHbIX poTopa HeobxoaMmo Kop-
peKkTMpoBaTb 3aJaBaeMoOe YrroBoe MorfoXeHne
CK A, B, B koTOpOW (hopmMmpyeTcs BEKTOP ToKa
cTtatopa. Torga CKOpOCTb BpalleHUs YKasaHHOW
CK bynet onpenensitbCsi N0 ypaBHEHUIO

m§B=%/A+wk, (22)

ZIB

otnuyatwemycsa ot (18) nossneHnem B npaBon
YacTn OOMOJSIHUTENBHON CKOPOCTHOW COCTaBIsito-
wen o,. BennunHa o, BbluUCNSAETCA B (PYHKUUU
YIMIOBOW HEBA3KN P MEXAY TEKYLUMM MNpOCTpaH-
CTBEHHbIM nonoxeHnem ocen CK A, B n nonoxe-
HMEM 3TUX Xe OCeln, KOTOpoe AOIMKHO 6bino Obl
UMETb MECTO B Criy4yae KOPPEKTHOro BbINOSTHEHNS
YCIOBUSA BEKTOPHOW OpUEHTaLMK:

o, = -\ tgp, (23)
~_ S s* _ ¢+

P=0aB ~PaB =P —P; (24)
rae ¢35, ¢ag — TEKyLLas U «KoppeKTHas» YImoBble
nosnuum CK A n B OTHOCUTENBHO HEMOABUKHON
CUCTEMbI OTCYETa COOTBETCTBEHHO, p, p — Teky-
Was M «KOPPEKTHas» YrroBble MO3MLMU BeKTopa
HanpsbkeHust ctatopa oTtHocuTenbHo CK A, B; A —
HacTpavBaeMbIi KO3MULNEHT yCUNeHUs B KaHane

KOPPEKTUPYIOLLIEN CBA3M MO YITOBOW HEBSA3KE.
CuTtyauuio, korga yrroBasi HEBsi3ka p OT-

NNYHA OT HYMS, WUMAMKCTPUPYET BEKTOopHasd Auva-
rpamMmma Ha puc. 2.

Is
Ai A (pis
S\ |® (0 \ -
YR _ A 1O
= Ua
p
0 P*lo Iy \|0a Atys,
Ir Ts
- U
C U, S
D *
B B

Puc. 2. BektopHasa gnarpamma Ans cnyyasi OTIIMYHOW OT Hynsi
HeBsi3ku no yrny nosopota CK A, B

|_|pI/l BblHUCIIEHUN BEJNTNYUHDI 0)55 C ncnorsb-

30BaHMEM COOTHOLWEHU (22)—(24) npouvcxoaut
YMeHbLUeHVe AnuHbl oTpeska CD no 3KCNOHEeHLM-
arnbHOMY 3aKOHY C NOCTOSIHHOW BPEMEHW, paBHON
1/.. CnepoBaTernbHO, HacTpamBasi KO3OULMEHT
YyCUNEHNs B KaHamne KOPPEeKTUPYIoLWEen CBA3M MO
YIrIOBOW HEBSAI3KE, MOXHO BNUSTb Ha AWHAMUKY
CXOAMMOCTM TEKYLLEro MpPOCTPaHCTBEHHOMO Mo-
noxenusa CK A, B ¢ nonoxeHnem CK A, B, oTBe-
YaloLWMM  KOPPEKTHOMY BbIMOMHEHWIO  YCIOBUS
BEKTOPHOW OpueHTauuu.

Ona BblMMCMEHWA YITIOBOW HEBSA3KM Mpwu
hOpPMUPOBaHNN KOPPEKTUPYIOLLErO CuUrHana o,
HeobxoamMma MHOpPMaLUss O BEKTOpe Hanpsike-
HMa cTatopa. [na onpegeneHust «KOPPEeKTHOW»

yrnoBou no3vuumn BekTopa US B CK A, B 6binu

AeTanbHO PacCMOTPEHbI 3NEeKTPOMarHUTHbIE NPo-
ueccol B ctatope Al npyu KOPPEKTHOM BbINOSHE-
HUM YCMNOBUS BEKTOPHOW opueHTauun. Metoauka
npeobpasoBaHUsA TEH30PHOro ypaBHEHUS 3rek-
Tpuyeckoro paBHoBecus Lenu ctatopa (1) ¢ yde-
ToM (3) Npu 3TOM OCHOBbIBaracb Ha COOTHOLUE-
Huax (7), (8), (13) n (14), 3anUCaHHbIX C y4eTOM
TOro, YTO NPV KOPPEKTHOM MpOTEeKaHWM npouecca

yrpaBreHns UMEIT MeCTo paBeHCTBa Alg =0 1
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Is = const. Kpome Toro, B npouecce npeobpaso-
BaHMI1 UCMOSb30BaNNCh Crieayolmne YpaBHEHUS:

_DlPs— D_i:g+[_ D_TR

, 25
dt dt " dt (25)
US = U;\ + U; = U;\I; + U;rb, (26)
di, s - =

d_? =0pg Xy = 0323 Ip > (27)
B 535 %7y =05 Iy, (28)
at

©25 = Oag + P2, (29)

rae U,, Uz — cocTaBnsiolme BeKTopa Hamnpshke-
Hus ctatopa B CK A, B npu KOppeKTHOM npoTeka-
HUN yNpaBrieHus; mﬁB — yrnoBas 4actoTa Bpalle-

Hunsi CK A, B 0OTHOCUTENBHO HEMOOBWKHOIO CTaTopa;
Q) — yrnoBas YyactoTa BpalleHust Bana AL

B pesynbtate npeobpas3oBaHM MNOMAy4YEHO
cnegywliee ypaBHeEHME AN «KOPPEKTHOM» KOM-
MOHEHTbI BEKTOPA Harpsi>KeHns rno ocu B:

Up = Liwgagla + Rilg., (30)
rae L= (L1L2 -2 )/L2 . «KOppeKTHY0» KOMMOHEH-

Ty U;‘ no ocu A MOXHO onpeaennTb, UCXOAa M3

BENUYUHBLI MOAYNS BEKTOpPA HaMpshKeHWs ctaTopa
n (30), no Teopeme ludaropa. Ucxoga n3 Benu-

4MH cocTaenslowmx U, n Ug, MOXHO BbIMUCINTD
«KOPPEKTHYI0» YroByl0 noauumio Bektopa Ug B
CK A, B, 1. e. yron p* . Tekywee 3HaveHue yrna p
MOXeT ObITb BbIYMCIIEHO, WUCXOAA M3 TeKyLlero
yrnosoro nonoxeHust CK A, B (yron (pﬁB ) 1 Teky-

Lero yrna noeopoTta (pakTU4ecKoro BeKTopa Ha-
npsbkeHusa (yron Pug ). CpaBHMBasi MOsy4eHHblE

3HayeHus p* 1 p, B COOTBETCTBUM C (24) MOXHO
onpeaenuTb BENUYMHY YINOBOW HEBA3KKU, 3aTEM B
cooTBeTCTBMU C (22) 1 (23) MOXHO BblpaboTaTtb
KOPPEKTUPYIOLLNIA CKOPOCTHOM CUrHanN ;..

Ha puc. 3 nokasaHa cTpykTypHasa cxema 6ro-
ka apgantaumm (BA), reHepupytoLLero ykasaHHbIN
KOPPEKTUPYIOLLNIA CUTHAn.

Angle

_:_’ Brok -5 B "
B } onpedeneHusi —» —1 tg > jF A s
(Pik_, yena p i
|
|

Puc. 3. Cxema cTpykTypHas 6rnoka agantaumu: U; — 6nok

BbIYUCIEHNA «KOPPEKTHOM» KOMMOHEHTbI UA no Teopeme

Mudbaropa; Angle — 6noK BbIYUCIIEHNS YINOBOW KOOPAWMHATHI
BEKTOpa Yepes ero OpToroHasibHble COCTaBNsOLWNE

[pumeHeHne npennoxeHHon cxembl BA
obecneunBaeT VHBApPUAHTHbIE XapaKTEPUCTUKU
BekTopHOM CY3Il1 no OTHOWEHUO K Bapuaumm
napamMeTpoOB aKTMBHOIO COMPOTMBIIEHMS poTopa u
WHOYKTUBHOCTU KOHTYpa HamarHudmsanusa Afl.

Bo3amMoXxHbI Opyrne BapuaHTbl NMOCTPOEHUS
BA. B yacTHOCTW, MOXXHO CMHTE3UpPOBaTb BapuaHT
BHYTpeHHeN CcTpykTypbl BA, obecneumBatoLumii
MOHWXXEHHYIO UYBCTBUTENBHOCTb XapakTepUCTUK
CUCTEMbI K OOQHOBPEMEHHOW BapuaLluun akTUBHbIX
COMpOTMBIEHN 0BMOTOK poTopa ¥ cTaTtopa.

Ha pwuc. 4 npuBegeHa CTpyKTypHas cxema
BekTopHon CYJTI1, dyHKUMOHUpYIOLWEn No paspa-
OOTaHHOMY anropuTmy.

PaspaboTaHHbIn ~ anropuTM  BEKTOPHOro
ynpaBneHusa 6bin peanu3oBaH B MNPOrpaMMHON
cpene Mathcad. PesynbTtaThbl nccnegoBaHun cra-
TUYECKNX U ANHAMUYECKUX xapaktepuctuk CYJIll
C BEKTOPHOW OpWMEHTaLMen OTHOCUTENbHO HEKOH-
TPONUpPYEMbIX MEepeMEeHHbIX POTOpa, BbINOMHEH-
HbIX Ha KOMMbIOTEPHOW MOAENu, NO3BONUNU cae-
natb BblBOJ O MPaBWUMbHOCTU TEOPETUYECKUX MO-
NOXXEHWUI, NOMOXEHHbIX B ee 0cHoBy. MogenbHble
9KCMEPUMEHTbI MOATBEPAMIM afanTUBHbIE CBOW-
cTBa paspaboTaHHon BekTopHom CYJIT.

3akntoyeHune

TexHndeckass peanusaumsi NpuHUMNA Bek-
TOPHOW OopueHTauun TpebyeT nHpopmaumm o no-
TOKOCLENSIEHNAX aCUHXPOHHOro Apuratens. Ta-
Kas uHopmMauus SABAsSeTCs TPYAHOAOCTYMNHOW.
TeH30pHbIN MeTod MaTeMaTUYecKoro ornucaHus
3NIEKTPOMEXAHNYECKUX  (SMEKTPOMEXATPOHHBIX)
MpOLLECCOB MO3BOMSAET YCTPaHUTb  YKa3aHHYH0
TpygHocTb. CucTemMy BEKTOPHOrO ynpaBfieHus
BO3MOXHO paspaboTtaTtb 6e3 mHdopmauum o no-
TokocuenneHuax. OkasbiBaeTcsd, YTO Takasd Cuc-
Tema ynpaeneHus obnagaeTt aganTUBHbIMU CBOW-
ctBamu. [lpy 3TOM MMEHHO BBEAEHWE KOPPEKTU-
pyloLlen yrnoBoM HEBA3KU MO3BOMSieT ocnabutb
BNUAHME NapamMeTpU4ecKmx BO3MYLLEHUN B aCUH-
XPOHHOM ABuraTerne.

PaspaboTaHHas CTpyKTypa cUCTEMbI BEKTOP-
Horo ynpasneHus ALl peanusyeT KOCBEHHYIO OpUEH-
TaumMio BEKTOpa TOKa cTatopa OTHOCUMTENbHO OpTO-
FOHanbHOM CMCTEMbI BEKTOPOB TOKa M MOTOKOCLEMN-
nenns potopa. OpToroHanbHas cucTtemMa BEKTOPOB
TOKa W MOTOKOCLIENNEHNS pOTOpa He KOHTPONMpyeT-
CS C NMOMOLLIbIO OATYUKOB M HE BOCCTaHaBMNMBAaETCA
C MOMOWBK UOAEHTUGUKATOPOB COCTOAHMS. [pu
pa3paboTke anropuMTma ynpasneHWs MCrnoNb30BaH
cnocob 3agaHus TPYAHOKOHTPONMPYEMbIX nepe-
MEHHBIX COCTOSIHUSI 0O0bekTa ynpaeneHus (ALl) ye-
pes ero nerko KOHTPonMpyemble KOopaAnHaTbI.

MpennoxeHHbIA cnocob NMOHMXKEHUS YyBCT-
BUTENbHOCTU BekTopHOM CYQJI1 No OTHOLWIEHUIO K
OEVCTBUIO BO3MYyLLAIOWMX (akTopoB obecneyu-
BaeT, B TOM 4uCFe, M KOMMEHCAUUI0 OEencTBus
napameTpuyecknx Bo3myLleHuin. Crnocob 3aknto-
YaeTCcs B MPUMEHEHUN HAcTpaMBaeMon KOPPEKTU-
pYyIOLLIEN CBA3W MO YriOBOMN HEBSA3KE.
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Puc. 4. Cxema ctpykTypHas CY3IN ¢ BEKTOPHOW OpueHTaLmelt OTHOCUTENBHO HEKOHTPONMPYEMbIX NepemMeHHbIx potopa: PC — perynsatop
ckopocTu; @ — chunbTp 1-ro nopsigka, POPMUPYIOLLIMI XKenaeMble AUHAMUYECKMe CBOWCTBA KaHana perynmpoBaHvst MOMEHTa; |’s| — 6nok

BbIYMCIEHNA MOAYNS BEKTOpa Toka ctatopa; 2/3 u 3/2 — 6nokun npeobpasoBaHuii OT AByxdasHon HenoaswkHon CK o, B k TpexdpasHomn
CK U, V, W n obpatHo; KI — koopauHaTHbI Npeobpa3oBaTerb, OCYLLIECTBASOWNA nepexos K NonspHOMY npeAcTaBleHnto BekTopa
HanpsikeHust ctatopa; C — gatyumk ckopocTy; ISz — 3aflaHHOe 3HauYeHue pe3ynbTUPYILLEr0 BEKTopa ToKa cTaTopa; Uy
ONCKPETHBIX CUrHamoB yNpaBreHUs KIYeBbIMU 3ieMeHTaMy aBTOHOMHOro nHeepTopa Hanpsbkenust (AVIH); Usc, Usw — curHansl sapa-
HUSA N0 CKOPOCTM M MoMeHTY; Uqc — curtan obpaTHoi CBA3u B KOHTYpe perynunpoBaHms ckopoctu; Koc — Maclutabupyowmin koadgduum-
€HT B kaHane obpaTHOI CBA3M MO CKOPOCTW; O — yron BekTopa Toka cTaTtopa oTHocutenbHo CK A, B; Qsn — anekTpuyeckasi yrrnosast
YyacToTa BpalleHusi Bana asuratens
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