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JIOKTOp TEXH. HayK mpodeccop, 3aB. Kad. aBTOMaTH3alUU
3JIEKTPOMEXAHUUECKUX CUCTEM U AJIEKTPOIPUBOJA
HannoHanbHOro TEXHUYECKOrO YHUBEPCUTETA Y KParHbI
«KTIIN» [epecaoa C. M.

JIOKTOp TEXH. HayK, podeccop, naypeat ['ocynapcTBeHHOMN
MPEMHH, 3aB. OTIEIOM MPOOJIEM YITPaBICHHsI MArHUTHBIM TI0JIEM
HayuHo-TexHu4ecKoro 1ieHTpa MarHeTu3mMa TEXHUUECKUX
oovexkroB HAHY Kysneyos b. U.

IToranenko E. M.

11e4 PobacTHbIC aarOpUTMBI BEKTOPHOTO YIIPABJICHHUS] aCHHXPOH-
ueiM nipuBojioM / TToranenko E. M., Tloranenko E. E. — 3aro-
poxse : 3HTY, 2009. —352 c.

ISBN 978-611-529-002-4.

PaccmarpuBaroTCst aarOpUTMBI KJIEMMHOT'O YIIPABJIEHUSI CKOPOCTBIO M YTJIOM
[OBOPOTa POTOpa aCHHXPOHHOro jaBurarens (AJl) ¢ HCHOIB30BaHUEM JaTIHKa
yria noBopora. (IIog KJIeMMHBIM yIpaBiIeHHEM [MOHHMAETCs yIPaBICHHE 110
H3MEPeHHsIM TOJIBKO CTATOPHBIX TOKOB M HAIPSDKEHHMIT). YIpaBiieHHe BKIIOYa-
eT QHIBTPALHIO U3MEPSIEMbIX CHIHAJIOB, OLCHKY IEPEMEHHBIX, OIUCHIBAOIIIX
padory AJl, nneHTHGHKANUIO B peaJbHOM BPEMEHH €ro HmapaMeTpoB M IIO-
IpelHocTeil aTuukoB, ()OPMUPOBAHHE YIPABISIOIMX MOMEHTOB. Pobact-
HOCTb O0ecIeunBaeTcs 3a Cu4eT HMpPUMEHEeHUs (HIbTPAllMH, aJalTHBHBIX Ha-
OmonaTeneil 1 KOMOMHHPOBAHHOTO YIIPABJICHHS C HAOJIIOJaTesIMU Heompee-
neHHOCTH. KHHTa COIepKuT OONIBIIOE KOINIECTBO AITOPHTMOB PEIICHHS KakK-
JIOM M3 MEPEUMCIICHHBIX 3a/la4 KaK 3aMMCTBOBAHHBIX U3 MHOCTPAHHBIX MCTOY-
HHUKOB, TAK M CHHTE3UPOBAHHBIX aBTOpaMU. PaboTOCIIOCOOHOCTE CHHTE3MPO-
BaHHBIX AJTOPUTMOB B JBUIaTEIbHOM U T'EHEPATOPHOM PEXMMAX, a TAKKE B
PEeXUME XOJIOCTOrO XO7a, B JAUANa3oHE CKOPOCTEH OT HOJIS 10 HOMHHAJIbHOMH
CKOPOCTH MILITIOCTPUPYETCS KOMIIBIOTEPHBIM MOJIEINPOBAHUEM.

BBK 31.291+31.261.63
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TEXHIYHUH YHIBEPCUTET
(3HTY), 2009

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

COJIEP)KAHUE

IEPEYEHb YCJIOBHBIX COKPAII[EHUM..................... 9
BBEJIEHHE ..., 10

Paznen 1. COCTOSAHUE, TEHAEHIINN
N ITPOBJIEMBI B OBJIACTU METO/IOB
YIIPABJIEHUA ACMHXPOHHBIMU

JIBUTATEJISIMU ... 15
1.1. BeiBogbl U3 pa3aena L......ccccoviieniiiiieeeeee e 25
CHHCOK JTUTEPATYPBI L c..veiiiiiiiieiiesiee et 26

Paznen 2. YPABHEHUW A PABOTHI ACUHXPOHHOI'O
JABUI'ATEJIA C KOPOTKO3AMKHYTBHIM

POTOPOM ...ttt 39
2.1. BbIBO/T yPABHEHHUH IBHIKCHHS ....veeenveeerneeeesneeeeneeennens 39

2.1.1. YpaBHEHHs OTHOCUTEIHLHO MTOTOKOCICIICHHUS
POTOPA ettt ettt 42

2.1.2. YpaBHEHUs OTHOCUTEIHLHO MTOTOKOCIICIICHHUS
CTATOPA 1.t eareeesreee sttt e sereesreesre e e sre e e snre e sereesreesresenes 47

2.2. Y4er BIUsIHUS IEPEMEHHOCTH TEMITEPaTyphl
M MATHUTHOT'O HACHIIIEHH . ...uuvervrrneerernneeersnneerennnns 49
ARG TN 275 1:100: (7133 o k31 (11 - 102 55
CIHCOK JIUTEPATYPBI 2 c..vveveeaireeieesieenseesseessresseesseesineans 55

Paznen 3. UTHOOPMAILIMOHHOE OBECINEUEHUE
BEKTOPHOI'O YIIPABJIEHUA.
(BAUMCTBOBAHHBIE METO/BI)......cccoveiiiiienieeieene 58

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

4

3.1. MeTo/pl BBIUMCIICHUS BEKTOPA COCTOSTHUS 0€3

OOPATHOM CBABH ....uveenveerieeenriesiee st s e e e 59
3.1.1. Beruucienue IOTOKOCIEIUIEHHI POTOpa 1 CTaTopa..... 59
3.1.2. BrluucneHnue CKOPOCTH M MOCTOSIHHON BpEMEHH

POTOPA cevuuiiiiiiiiiiiiiin e 61
3.2. Metonp! onieHKH BekTopa coctostaus AJl ¢

OOPATHOM CBSBBIO .....uveeeueeeesureeesureessneeesneeesnneesnnneenns 67
3.2.1. OueHka NOTOKOCIETUIEHUH POTOPA U CTATOPA ............. 67

3.2.1.1. MeTOI HU, WU..ooeeiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeaeaees 67

3.2.1.2. Metoz Ohtani, Tacada, Tanaka...........cccceeeeeennnns 70

3.2.1.3. Meton Akatsu, Kawamura.............cceevveeeeeeeeieennns 71

3.2.1.4. MeTOI HOIZ ..ottt 71

3.2.1.5. Merox Casade, Serra, Tani, Zarri, Profumo........ 72

3.2.1.6. Merox Hinkkanen, LUOMI ...........ccccoviiiiicinnnns 73

3.3. Onenka BekTopa cocTossHus AJl ¢ TOMOIIBIO

MRAS. .. "7
3.3. 1. Metom MRAS-Y .o 77
332 Metog MRAS-€ ... 79
3.3.3. Meron MRAS— (17 @) oo 81
3.3.4. OnpeziesieHue CKOPOCTH 1 MOTOKOCHEIIIEHHS POTOpa

¢ moMouipo Habmoaarens Jlysnoeprepa .........cecue... 82
3.4. OnpenenieHne HATPSHKEHUS CTATOPA «..vvevveeveerneeennss 83
3.5. Acumnrorudeckoe qudhepeHIupoBaHue C
IIOMOIIBIO HAGIIOHATEIIEH ....coeveeeeeeeeeeeeeeeeeee e 86
ICHOIN 275 1:10: (3 713y 7 k31 (11 NG B 87
CIIHCOK JIUTEPATYPBI 3 ..vvviurieneerieeenreesseesinesseesneessnesnneas 89
Paznen 4. CUHTE3 POBACTHbIX OIITUMAJIbHBIX
AJITOPUTMOB VYITPABJIEHUSA ... 93
4.1. CunTe3 pobaCTHBIX AITOPUTMOB (POPMUPOBAHHS

ANEKTPOMATHUTHOT'O MOMEHTA +..vvvveeureeesureessnneesnneess 94
4.1.1. YrpaBJieHHe CKOPOCTBIO POTOPA IBUTATEIS ...e.vveeneeens 95
4.1.2. YupaBJieHHUE MOIOKEHHEM POTOPA JABUTATENS «............ 100

4.2. CuHTE3 JOKAIBHO ONTUMAIILHOTO YIIPaBICHHS
0€3 y4eTa MAarHUTHOT'O HACBIIICHUS «...vveeeruveeeessnneees 103

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

5

4.3. CpaBHEHHE JIOKAJILHO ONTHUMAaJIbHBIX YIPaBICHUH
W CTaHAAPTHOTO YHPABICHUS .ee.vvveeeuveeerureeesnreesneeenas 112
4.4. CruHTe3 JOKAIBHO ONTUMAIIBHBIX aJITOPUTMOB
YIPABJIEHHUS C YYETOM HEJIMHENHOCTH KPUBOU

HaMarHUYUBAHUS U OTPAHUYCHUS TOKA ...covvvveeernnnnee. 116
4.4.1. MakcuMu3anyst MOAYJIS 3JI€KTPOMarHUTHOTO
MOMEHTA NP OTPAHUICHHOM TOKE CTATOPA ...vverernnvee. 118
4.4.2. MuHIMH3AIIHS TOKA CTaTOPa MPH 33 J]AHHOM
AIEKTPOMATHUTHOM MOMEHTE ...ceeerevveeesureeessnreeesaneens 120

4.4.3. BausHue HACBIIEHUST MAarHUTHOM LU Ha
XapaKTEPUCTHKHU JBUTATENS IPU (HUKCHPOBAHHOM
MO/IYJIE TIOTOKOCIETUICHHS POTOPA. v vvveerereerereerarernans 123
4.5. OnTrMU3aIMs JITOPUTMOB BEKTOPHOT'O
YIPaBJICHUS] ACUHXPOHHBIM JIBUTATENIEM
pH OONBIINX CKOPOCTSIX C YU4ETOM

OTPAaHUYCHHN TOKA F HATIPSDKEHHS ..veevvveeenreenneeennnes 125
4.5.1. OntuMusanyst CUCTEMbI IpU paboTe ¢ OOIbIIUMU
CKOPOCTIMHE ....evveeeeireeaesureeessanteeassnseeeessnseeessasseesssnsens 126
4.5.2. Pabora cucTeMBbI ITpU OrpaHUUYCHUSX TOKA U
HATIPSIKCHI ...+ vveeeevteeaeeateeeesaneeeassseeeessnseeessasseesssnsees 130
4.6. BBIBOIBI M3 PA3JIEIIA L. .eveeieiiiieeeeeiieee e e rieeea e 132
CITHCOK JTATEPATYPBI 4 ..eveeeeieeeiieesieeesetee s steeeneeee e 134

Paznen 5. CUHTE3 1 AHAJIN3 METOAOB
OUJIBTPALIT MHOT'ODA3HBIX

HEOITPEJEJIEHHBIX CUTHAJIOB........oiieeeeieeieee, 139
5.1. KuneMaTHKa BPAIAIOIIUXCS BEKTOPOB ..eevvveeenveeennnes 141
5.2. Henuneiinble QuabTpbI-HAOMIOAATENN IBYX(Ba3HBIX

CHTHAIIOB .....uveeeaereesuseeessreessneesnnesssnseesneeesnnessansessanes 144
5.3. KommiercanmonHbie pUIBTPHI ABYX(Pa3zHbIX

CHTHAIIOB ....veveeeaereesureeessreessneesnneessnseesaneeesnnesssnnessanes 151
5.4. AnantuBHBIN QUIBTP-HAOMIOAATEND ABYX(a3HBIX

CHTHAIIOB .....uveeeaereesureeessreesseeesnneessnneesanesesnnesssnsessnnes 159
5.5. Gunbrpei-HabIIOAaTENH IBYX(A3HBIX CUTHAIOB

MIPH HATTUYUH CMEIICHUN HYIICH ..vevvveeerieeeieiee e 163

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

6

5.6. KanmnOpoBka 1Byx(a3HbIX CUTHAIOB B peajbHOM

BPEMEHH ...t euuieeeeeauteeeesasteeassanseeeessanseeessanneeeesanns 170

5.6.1. Pa3paboTka METOIOB OICHKH IMOCTOSHHBIX
CMEIIICHIIH «..vveeenereeeesureeasssteeesssneeessnbeeessanneeessseeaess 170

5.7. GunbTpeI-HaOMIOAaTENN OAHO(A3HBIX CUTHAJIOB

MPH HATTUYUH CMEIIEHUN HYITCH ..vvveveveeeriiee e 176
5.7.1 Cunres HaOMIOAATENI L..ccoooveieieiiiieeieee 177
5.7.2. CUHTE3 HAOTIOMATEIIS 2. ..eeevveeiuieeeieeenieeeseeeesneeesneeans 179
5.8. BBIBOMIBI M3 PA3IEIIA 5 ..eveeeeiiiiieeeiiiiee e 181
CIIHCOK JIUTEPATYPBI 5 .eviiiiiiiii it 182

Paznen 6. OLIEHKA BEKTOPA COCTOAHUA
ACHUHXPOHHOI'O JABUT'ATEJIA........ccooviiiieiii, 185

6.1. OreHKa BEKTOPOB MTOTOKOCICIUICHUN U MX

CKOpOCTEH C MOMOILbIO0 HETMHEWHBIX

ST 001010)16: X< (<) ST 186
6.2. OrieHKa NOTOKOCHEIICHUH aCHHXPOHHBIX

JIBATATENIEH ITPU HAIMYUU TIOTPELIHOCTEN

W3MEPEHHUH TOKA U HATIPIKCHHUM ..eveeeveeernreeenreennnens 192
6.3. O1ieHKa CKOPOCTH BpAILICHHS BEKTOPA
MOTOKOCIIETUIEHUS] pOTOPa H CAMOTO POTOPA ............ 198

6.4. Onpenenenue CKOPOCTH M YCKOPEHHS pOoTOpa
ACHHXPOHHOTO JIBUTATENS C TOMOIIBIO

HaOmoaaTenei JIyDHOCPTEPA ...cevvvveerreeerreeerieee e 208
6.5. OneHka >71eMEHTOB BEKTOPA COCTOSIHHS C
MOMOIIBIO KOMITEHCAIIHOHHBIX (PHIIBTPOB. ... .vveernsee 216
6.5.1. OCHOBHOM PEYIIBTAT ....vververveveeneereessesneeseessessesesseeses 217
6.5.2. [IpuMeHeHre CHHTE3UPOBAHHBIX (DUIBTPOB ....veevvenene. 222
6.6. BBIBOJIBI M3 PA3IEIIA 6 ...eevveeniiieeeeiiiiee e 226
CIIHCOK JIUTEPATYPBE B ..eeviiieieiiiiiie et 227
Pazpen 7. UIEHTUDOUKALIMA [TAPAMETPOB
ACHUHXPOHHOI'O DJIEKTPOITPUBOJA. ... 230
7.1. CuHTE3 aNropuTMOB WACHTH(PHUKALIIH
COMPOTUBIICHUS CTATOPA ..vervveeenreesneeesreeesnneesanneesns 232

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

7

7.1.1. UneHTH(UKAINSA COMTPOTHBIICHHUS CTATOPA.

(ATTOPHTM L1.1)..eeiiiiiiiiiiie e 234
7.1.2. OnieHKa COMPOTHUBIICHUSI X IOTOKOCIICIIICHUS
ctaTopa. (ANTOPUTM 1.2)...cciiiiiiiiiiiiienieenieenieesiee e 237
7.1.3. OueHka CONpoOTHBIIEHUS CTaTopa U
notokocuemieHus poropa (Anroputm 1.3)................ 240
7.1.4. Pe3ynbTaThl MOETHPOBAHIS «.c..verververeeeneeseeseesseeeeseess 241
7.2. nentudukanus COnpoTHBIICHUS (IOCTOSHHOI
BPEMEHH) POTOPA .veeuveervrernreereesieessseesseesseesneesseesnns 247

7.2.1. OnieHKa CKOPOCTH U IIOCTOSTHHOW BPEMEHH pOTOpa

C TIOMOUIBIO AANTHBHOTO HAOJIOIATENS

(ATTOPUTM 2.1) it 247
7.2.2. OnieHKa CKOPOCTH U ITOCTOSTHHOW BPEMEHH pOTOpa

C TIOMOIIBI0 MOTU(HUITMPOBAHHOTO aJANITUBHOTO

HAOTIOAATENS (ATTOPUTM 2.2) .eiieiieieieeieieeiieeeiee e 252
7.2.3. AnanTuBHBIN HaOMIOATEh IOCTOSIHHON BPEMCHH
potopa B cuHXpOHHOM 0asuce (Anroputm 2.3).......... 257
7.2.4. HaGmroatelnb IOCTOSTHHON BpEMEHH POTOpPa
B CHHXPOHHOM 0a3uce (AJTOPUTM 2.4) .....ccvvvereennenns 260
7.2.5. HaGmromatennb MOCTOSTHHON BpEMEHH POTOpPa
B cTaTOpHOM Gasuce (ANTOPUTM 2.5).....cccveereeriennenns 262
7.2.6. O KOMITEHCAIIUH BIUSHUS WHXXEKIUU HA MPOIIECC
YIIPABIICHHSI ..vveevereeearesereeesseeesireesnessneeesneeesnneeseneenas 264
7.2.7. Pe3yabTaThl MOJETUPOBAHIS .vvevveereeeseeesseessenssnessnessns 265
7.3. OneHka mapamMeTpoB yIpaBJisieMOil MeXaHUIeCKOH
CHCTEMBI B PEATTBHOM BPEMEHM .......vveerureeernreeenreenanes 269
7.3.1. TIOCTAHOBKA BAMAU . ...vvervveeeesseesseesseessenssesssesssnessesssnes 271
7.3.2. AHaH3 BOCCTAaHABIIUBAEMOCTH
(MACHTUDUIUPYEMOCTH) CUCTEMBI ...vveeveveeeveeeeeeereenss 272
7.3.3 CuHTE3 aJalTUBHOTO HAOITIOMATEIS vvevvverevesevesereseeerenas 273
7.3.4 Cunre3 HeaJanTHBHOTO HAOTIOMATENS «vvevvvevvererereeeenss 276
7.3.5. Pe3yabTaThl MOIETHUPOBAHUS .vvevveereeesveesseesseessnessnessnas 279
7.4. BBIBOZIBI U3 PABIIEIIA 7eovvveerureeesireeesnneesneeesnreesnneee e 283
CIIHCOK JIUTEPATYPBL 7 ceerevveeeeiuieeaeeiiieeeesneeeessneeeessneees 286

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

8

Paznen 8. CUHTE3 POBACTHbBIX

KOMITIEHCATOPOB TOKOBBIX KOHTYPOB............... 290
8.1. CHHTE3 KOMITEHCATOPA ..vvveerureeenreesreeesnreessnreesnneeenas 294
8.2. CuHTe3 koMIleHcaTopa NP HAIMYHUN CMEICHHH

HYJICH JTATUMKOB TOKA ..vveeeeuureeaesanreeeessanreeesaaneeeesanns 297
8.3. Pe3ynbTaThl MOACTHUPOBAHM ..c..vvveeenreeerureeennreesneeeas 301
8.4. llpunoxenne. [IpUHLINT TEUCTBUSL CXEMBI .........e.e.e 304
8.5. BBIBOMIBI M3 PABMIEIIA 8 ..ovvveeeveeeeieeeiieesieeeseieeeeeee s 305
CITHCOK JIATEPATYPBI 8 ..ceveeeneieeeiieeieieeeeieeseeesnieeeneeee e 306

Paznen 9. OBOBIIEHUE ITOJITYYEHHBIX

PE3VIJIBTATOB ....ccooiiiiii, 309
9.1. O6mas ¢pyHKIMOHATBHAS CXeMa aCHHXPOHHOI'O

JIBUTATENS C BEKTOPHBIM YIPABICHUECM .....eeervveernnnes 309
9.2. PazienbHOE ynpaBJieHUE CKOPOCTHIO U
TICPEMEIIICHIEM ....eeeeenureeeesaureeassaneeeessanseeessaseeeasanns 314
9.2.1. YIIPABIICHHE CKOPOCTBIO .. veuverveereeeestesaeeeeseessesesseenes 314
9.2.2. VIIPABJICHUE TIEPEMEIIEHUEM ....vevveerreerreesveeseeeseeessennes 318
9.3. YHuBepcabHOE BEKTOPHOE yIIPaBIICHHE
ACHHXPOHHBIM TIPHUBOMOM ....vveeernreesnreesnreeesnneesanneesas 322
9.3.1. ®opMHpOBaHUE YHUBEPCATBHOTO YIPABIEHHU ............ 323
9.3.2. Pe3yIbTaThl MOJETHPOBAHMS «..vcevvesverveseeeeeseeseesneeseeses 325
(00 275 1:100: (3 71 3y 7 31 (11 - SRS 330
CIHCOK JIUTEPATYPBL D eeeiiiiiiiiiiiiieee et 332

SBAKIIFOUEHHUE............ooooi, 334

[punoxenne A. XAPAKTEPUCTUKU

ACHUHXPOHHOI'O JABUTATEJIA........ccoooiiiieiiiii 335

Hpunoxenne b. UCCJIELOBAHHUE

YCTOUMYUBOCTU METOAAMMU JIAIIYHOBA ............. 337

[Mpunoxenune B. IMHAMUWYECKHUE ®OUJIBTPHL............. 343

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

HNEPEYEHB YCJOBHbIX COKPAIIEHUM

— BekTopsl potuBoI/[C potopa u craropa,

i, — BEKTOPBI TOKA CTaTOpa M POTOpa,
L, L,, L, —UMHIyKTUBHOCTHU CTaTOpa, pOTOpA U B3aUMHas

WHAYKTUBHOCTb CTaTOpa U pOTOpa,;

L, =L,L" €0 -1 él 00

m-r _< C E=Z .
— -1 %1 L g) W
er - Lr Lm’ 0 u 1U

- SHGKTPOMBFHI/ITHI)H\/’I MOMCHT,

— KOJIMYCCTBO I1ap IOJIIOCOB,
, R —axTuBHBIE cCOMpOTUBIEHHS CTaTOpa U POTOPA,

— IOCTOSIHHASI BPEMEHH pOTOpa,

— BEKTOp HaIpsDKEHHS CTaTopa,
, CI) — OpTOFOHaHLHI)IfI Gasuc, Y KOTOpPOro ocb d coBHagacr

=¢c - 1> 3

C BEKTOpOM Y ,
(k, I) — OPTOrOHAJIbHBII 0a3KC, y KOTOPoro ock K coBmanaer

C BEKTOPOM Y ,

(a , b) — OpTOTOHAJIBHBIN CTATOPHBIN Oa3wc,

S — k03 urmeHT paccenBanus,

W — YIJIOBasi CKOPOCTh pOTOpa,

W, — IIporpaMMHasi CKOpOCTh POTOpa,

W, — YIJI0Basi CKOPOCTh BEKTOpa Yy B cTaTOpHOM 0asuce,

Wy — abCOMIOTHOE CKONBXKEHNUE,

Y ,Y ¢ — BEKTOpbI IOTOKOCUEIIEHUH POTOpa U CTaTopa,

«U»  —CcHMBOI OLIEHKH COOTBETCTBYIOIIEH MepeMeHHO,

ALl — aCUHXPOHHBII JBUTATENb C KOPOTKO3aMKHYTBIM PO-
TOPOM,

BY — BEKTOPHOE YIIPABJICHUE,

my — ipeo0pa3oBaTeNb YacTOTHI,

MMM — mMpOTHO-UMITYJICHASI MOLYJISLUS.
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BBEJIEHUE

B Hacrosiiee BpeMsi OKOJIIO MOJOBHHBI BhIpabaThIBAEMON
B MUpE DJIEKTPOIHEPTUN TOTPEOISIETCS aCHHXPOHHBIMHU JIBUTA-
TeNSAMH, B YACTHOCTH, AaCHHXPOHHBIMH JBUTATENSAMHU C KOPOTKO-
3aMKHYTBIM potopoM (AJl). DTO cBs3aHO C WX MPOCTOTOM, Je-
IIEBU3HOM W BBICOKOW HAJASKHOCTBIO. IlepBOHayanpHO 3TOT
JIBUTATENb M3-3a CJIOKHOCTH MPOMCXOJAININX B HEM DJIEKTPO-
MarHMTHBIX IPOLECCOB HE MpeAHa3Hayajcs AN peryaupoBa-
HUSl cKopocTH H mepemerienus. [Ipubnausurensno 80 % pabo-
taronux A/l aBnstorcs HeperynupyemMbiMu. B To ke Bpewms,
OONBIIMHCTBO TEXHOJOTHMYECKHX IMPOIIECCOB TPEOYIOT perynu-
pOBaHMS CKOpPOCTH WM mepemerneHus. llpu perymupoBanuu
ckopocTy AJl BO MHOTHX TEXHOJIOTHYECKHX MpOIIeccax MOXKHO
J0CTUYB SKOHOMHH 3jiekTpodHeprun 1o (50...60) %. B 1971 r.
HEMEIIKUI MHXeHep briallke mpeyiokuin paccMaTpuBarh pado-
Ty AJl He B CTaTOPHOW CHCTeMe KOOpJMHAT, I/ie BCe MepeMeH-
HBIE OMHCBHIBAIOTCS] TAPMOHMYECKUMHU (DYHKIHSAMH, a B CUCTEME
KOOpAWHAT, CBS3aHHOM C MOTOKOCLIEIUIEHWEM poTopa. B aToii
cHCTeMe KOOpJMHAT BCE MepEeMEHHBbIE MEHSIOTCS aHaJIOTHYHO
COOTBETCTBYIOIIIMM TIEPEMEHHBIM JBUTATENEd IOCTOSHHOIO
TOKa ¢ He3aBHCHMBIM Bo3OyxaerreM (JII1T). D10 mO3BOIISLTO
CTPOUTBH CUCTEMY YIPABJIEHHS aHAJIOTHYHO CHCTEMaM yIpaBJie-
Hust [IIT. TIockonbKy JaHHBIN IPUHLHAI YIIPABJICHUS CBS3aH C
pPaccMOTpEHUEM TOBEACHNS BEKTOPOB 3JIEKTPOMArHUTHBIX Iie-
PEMEHHBIX, TO OH B PYCCKOSI3BIYHOM JUTepaType MOITYy4YHs Ha-
3BaHHe BekTopHoro ympasieHus (BY). [dns peanusauun BY
HaJI0 3HaTh BEKTOpP MOTOKOCIEIVIEHUS U CKOPOCTh €ro Bpalle-
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HUS, @ TaKKe CKOpOcTh poropa. [1o KOHCTPYKTHBHBIM U 3KC-
TUTyaTalliOHHBIM COOOpaKEeHMsIM YCTAaHOBKA JaTYMKOB yKa3aH-
HBIX TIEPEMEHHBIX HEpalMOHaIbHA M 3aTpygHHTenbHa. Jiis
KOCBEHHOH OLIEHKH YMOMSHYTBIX MEPEeMEHHBIX HAJ0 3HATHh TO-
KH, 110 KpaiHel mepe, ABYX (a3, IVIaBHbIC TAPMOHUKHU BBIXOJI-
HBIX HaNpsDKeHWi npeodpaszoBaresneil yactorsl (ITH), HOCsIMX
XapakTep MHPOTHO-UMIYNbCHOW Mmoxymsiuu (IHHUM), u co-
MPOTUBIIEHUSI poTopa M craTtopa AJl, KOTOpbIE BCIEACTBUE U3-
MEHEHUS] TeMIIepaTypbl JIBUTATENs HEU3BECTHHI M MOTYT Me-
HATBhCA B IIMPOKHX Tpenenax. Kpome Toro, BO MHOTHX Ciiydasx
MpPHUBEACHHBIE MOMEHTHI MHEPLUH POTOpA W BHEIIHHE BO3JEH-
CTBHS Ha HEro Takke He M3BECTHHI. JTO, B CBOIO 04Yepeb, Tpe-
OyeT OlleHKM HEM3BECTHBIX MEPEMEHHBIX U MapamMeTpoB. Takum
o0pa3oM, 3a/iaua yrnpaBieHHs pa3pacTaercsi Kak CHEXXHBIH KOM.
CHOXXHOCTh ONMCAHHOW 3aJaull MpHBIEKIAa BHUMaHHUE CIelna-
JUCTOB M3 o0nacTel ynpaBlieHUsI CIOKHBIMUA O0BEKTaMU H BBI-
HyJWJa 3aHATHCS ATHMH BOMPOCAMH CIICHHAINCTOB 3JIEKTPO-
MPUBOIYMKOB. 3asadya BY oxazanmach HacTOIbKO HEOJHO3HAU-
HOH, YTO OHa MOXET OBITh pelIeHa CaMbIMH Pa3InYHBIMU CIIO-
co0aMu COBPEMEHHOW TEOpUHN YIPaBICHUS.

AnHanu3 nuTepaTyphbl MoKasall, YTO MONYYHIIH PachupocTpa-
HeHue 2 MeTojia cuHTe3a BY:

1) nns ONHOM CHCTEMBI ypaBHEHHH, OIMMCHIBAIONICH pabo-
Ty AJl, aHATUTHYECKH CHHTE3UPYIOT aJITOPUTMBI YIPABJICHUS,
KOTOpBIE 00ECTIEYHBAIOT ACHMIITOTHYECKYIO YCTOWYHBOCTH TIO-
JIOKEHUS MITH CKOPOCTH POTOPA WM UX 33JaHHON TPaeKTOPHH,

2) noyHas CUCTeMa ypaBHEHHH, onmuchiBatoias padory All,
JICKOMITO3UPYETCSl Ha PSII MOJCUCTEM, TS KaKAOW MOICHCTEMBI
CHHTE3UPYIOTCA (B 3aBHCHMOCTH OT TIO33[1a4M) aTOPHTMBI
yIpaBJICHUs, HICHTU(UKAIMY, HAOTFOIeH S, (PUIBTPALIUK U JIp.,
MOCJIE Yero ajrOPUTMbI OOBEUHSIOTCS B OJIMH aJlTOPHTM.

IlepBbIii METO IAa€T CTPOro€ J0Ka3aTeIbCTBO ACUMIITOTH-
YEeCKOM YCTOMYMBOCTH, HO TpeOyeT YHPOIIEHHs IOCTAHOBKH
3aJa4d M TPUBOJUT K CIOKHBIM QJITOPUTMaM YIPaBJICHHS.
Bropoii MeTox maer Gosiee MPOCThIE aITOPUTMBI B 0OJIEe ITOJI-
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HOIi MIOCTAaHOBKE, HO MOATBEPXKACHHE PaOOTOCIIOCOOHOCTH 00be-
JIMHEHHOW CHCTEMBI JIOCTHI'ACTCsl YMCIICHHBIM U (MJIM) HATYPHBIM
MoJienpoBanrueM. PazneneHre 3agauu ynpaBieHHsT HA OJIOKH
MO3BOJISIET CTPOUTH BCIO CUCTEMY M3 Pa3IMYHBIX OJIOKOB B KaX-
JIOM KOHKPETHOM Cilydae, UCXOJs W3 TpeOOBaHWH TOYHOCTH,
MPOCTOTHl AJTOPUTMOB, AJIEKTPONOTPEOICHUS, AUana3zoHa pe-
TYIUpOBaHMs U T. . biodHas cTpykTypa ympomiaer CHHTE3 M
OTJIaJIKy aJTOPUTMOB YIpaBJIeHHs. ABTOPBI JaHHOW KHUTH OT-
JafoT TPEeNNoYTeHuEe BTOPOMY METOAY CHUHTe3a, 4eM H 00y-
CIIOBJIEH MTOA00p MaTepuaioB KHHUTH.

ITepuop cranoBnenus BY coBmnal ¢ MOMUTUYECKUMH U KO-
HOMMYECKUMH MOTPSICEHUSIMH B cTpaHax-Beixoaunax uz CCCP.
[TosToMy mpakTU4eCKH BCE JNOCTHXKEHUS B oOnactu BY ObLiu
MOJTy4YeHBbl 3a MpeferaaMu MOCTCOBETCKUX crpaH. Ilo sxoHOMU-
YeCKUM MPUYMHAM MHOTOYHCIICHHBIE MyOnuKanuu no BY oka-
3anuch HepocTynmHbiMU B cTpanax CHI'. Llens manHo# kHUTH —
BOCIIOJIHUTh CYIIECTBYIOIIMIA TPOOEI.

[ToMuMO 3aMMCTBOBaHHBIX MaTEpHAIOB B KHUTY BKIIOUYEHBI
W OpUTHHAJIbHBIE pa3paboTku aBTOpoB U3 obmactu BY AJl, pe-
3y/lbTaThl KOTOPHIX HE YCTYMaroT pe3yibTaTaM 3auMCTBOBAaH-
HBIX MaTepuajoB. B yacTHOCTH, B pasjene 2 cocTaBieHa MaTe-
MaTu4eckass Mojieib paborel AJ] ¢ onmmcaHueM KpHUBOW Hamar-
HUYMBaHMS, OTIMYAIOMIMMCS OT TPaJUIMOHHOTO, MCIOIb3YIO-
mero ¢pynkuuo arctg. B pasgene 4, B TOM 4Kciie U ¢ TOMOIIIBIO
MOJIETN U3 pasjiena 2, CHHTe3UPOBaHbl aITOPUTMBI YIIPABICHHS
TOKaM{, MHHUMHU3UPYIOLIHE TTOTPEOIIeMYI0 MOIIHOCTh, a TaK-
K€ CHHTE3MPOBAHbI aITOPUTMBI YIIPABJIEHUS CKOPOCTHIO U TO-
JO)KeHueM, pobacTHbIE KO BCeM HewaeanbHoOCTsM. Paszmen 5
MOJHOCTHIO TIOCBSIIEH OPWUTHHANBHBIM pa3pabOTKaM aBTOPOB
1o BompocaM (GHIBTPAlMH W HAOMIONEHUS DIIEKTPOMATHUTHBIX
CUTHAJIOB U UX YAaCTOT C y4ETOM IOTPEIIHOCTEN JaTYUKOB. Pa3-
nen 6 comepXUT HOBBIE METOIbl OLIEHKH BEKTOPa COCTOSIHUS
AJl. B pazgene 7 cuHTe3upoBaHO 3 METOJa WACHTU(UKALIUN
CONPOTUBIICHUSI CTaTOpa, S METONO0B MAECHTH(HKAIUK COMpO-
TUBJICHHSI pOTOpa C ydeToM HeupaeanbHocteit [1Y, a takke 2
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IrOpUTMa HACHTHU(HUKAINN TPUBEIEHHOT0 MOMEHTa MHEPLUU
Y BHEITHUX BO3JICHCTBUIT Ha porop. Pa3men 8 coaepkuT HOBBIC
pobacTHBIE aNTOPUTMBI yIIpaBiIeHHs TOKaMu ctaTtopa. Bee cun-
TE3UPOBAHHBIC METO/bI OPUEHTHPOBAHBI HA PA0OTY B peabHOM
BpeMeHHn. B pasgene 9 coctaBiensl 0000meHHAas (YHKINO-
HaJbHAs CXeMa CHUCTEMBbI BEKTOPHOTO YMpaBieHUS U 4 KOH-
KPETHBIX cXeMbl OJioka «MneHTudukaiim u HaOJIIOICHUS», HA
OCHOBaHWH KOTOPBIX pa3paboTaHa cXxeMa YHHUBEPCAIbHOTO BEK-
TopHOro ympasieHus AJl, obecneunBaromero, padboTocnocoo-
HOCTh TIPUBOJIa BO BCEX PEKUMax pabOTHI (IBHraTenbHOM, Te-
HEPaTOPHOM, XOJIOCTOTrO XO0/a) Uil YIPABICHHSI CKOPOCTBIO M
nojoxkeHueM. [yt ynoOCcTBa M3y4eHUs] KHUTH B HEE BKIIIOUEHBI
MPHUIIOKEHHS, cofepKallne HeoOXOqUMble MaTepHalbl Mo yc-
TOWYMBOCTHU JABHIKEHUS M HAOIOAATEISIM.

KHnura He 3aTparuBaeT BONpPOCHI, CBA3aHHBIE C HEHPOHHBIMH
CETSIMHU, PA3MBITOM JIOTMKOW, T€HETHYECKMMH aJIrOpUTMaMu
u T. 1. KpoMme Toro, B KHUTY He BKJIFOUCHBI TaKHE BOIIPOCHI, KaK
npsiIMOE yIIpaBJIeHHE MOMEHTOM M MOTOKOCIEIICHHEM, OIICHKa
MepeMEeNIeHNs] U CKOPOCTH POTOpa C HCIOJIb30BAHUEM ECTECT-
BEHHOMW M (MJIM) MCKYCCTBEHHOW aHM30TPOIUH 3JIEKTPOMATrHUT-
HBIX TIPOLIECCOB, BBIABICHUE W OlEHKA HEHCIPaBHOCTEH, BEK-
TOpPHOE yIpaBlieHHe ¢ MOMOINbI0 AJl oObeKkTaMH CO CIOKHON
JMHAMHUKOH, BOIIPOCHI TOCTPOEHUS peodpa3oBaTenei YacTOTHI.
OTH BOMPOCH! TOCTOMHBI OTAENBHOr0 n3ydenus. KonuuectBo u
WHTEHCUBHOCTh NYyOJIMKAIMA TI0 3aTPOHYTOH TeMaTHKe Ha-
CTOJIBKO BEJIMKO, YTO HE BO3MOKHO BCIO MMEIOMIYIOCS MH(Op-
MaIllMI0 OTPa3uTh B JaHHON MoHorpaduu. OTOOp Marepuaia
ONpEeNIsUICS UHTEPEeCaMH aBTOPOB M €ro I[EHHOCThIO (110 MHe-
HUIO aBTOPOB).

Urenne KHUTH TpeOyeT 3HaHHA TEOPHH DIIEKTPOIPHBOJA,
JMHEeHHONW (MaTpu4HO#l) anreOpbl, COBPEMEHHBIX METOJI0B
ynpasieHus (Teopun Habmromarenei, uaeHTuuKanmm, pooda-
cTHOro yrpasiieHusi). Ciemayer OTMETHTh, YTO MPAKTUYECKU BCE
pe3ynbTaThl M0 (UIBTPAlMM, OIEHKE BEKTOpPAa COCTOSHHS M
WAEHTH(PHUKALINY TTapaMeTPOB MOTYYEeHbI C TOMOLIBIO HaOI0a-
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Tened. s ynoOCTBa YTEHUS KHUTH B HEEC BKJIFOUEHBI MPHIIO-
JKCHUA IO NCPCUUCICHHBIM BOIIpOCAM. Kuura npeaHasHavyceHa
I HAYYHBIX COTPYAHUKOB, MHXXCHEPOB, aCIIMPAHTOB U Maru-
CTpPaHTOB.

ABTOpPBI BBIpAXAIOT OJIATOJAPHOCTh PYKOBOIUTENSM Hayd-
HO-TIPOM3BOACTBEHHOr0  mpennpusatus  «lIpeobpazoBarens-
Komnnexke» Yynnosckomy A. M. u UrnatoBy A. B., coBmecT-
Has pa0boTa C KOTOPBIMH CIIOCOOCTBOBAJIA TOSIBICHHUIO JaHHOMH
paboTel. ABTOpBI TpPU3HATENbHBI peleH3eHTaM Mpodeccopam
[Tepecane C. M. u Ky3zuenoBy b. 1. 3a 1meHHble 3ameudaHus,
CIOCOOCTBOBABIIHE YITYYIICHUIO KHUTH.

ABTOpBI OyayT ONaromapHbl YMTATENSM 3a CllelaHHbIE 3a-
MeuaHUsl 110 COJIePKaHUuI0 MOHOTpaguH.
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Pasznea 1
COCTOSHHUE, TEHIAEHIUAU U ITPOBJIEMBbI
B OBJJACTHU METOJOB YIIPABJIEHU S
ACHUHXPOHHBIMU ABUTATEJISIMHA

B nacrosimee Bpems Oonee 60 % Bceil BeipabaThIBaeMOi
B MUpPE 3JICKTPOIHEPTUU TMOTPEONETCS BIIEKTPOABHIATEIIMU
[1, 2]. Haubomnbliee pacnpocTpaHEHHE MOTYUYHIH 3JICKTPOIPH-
Bomel (OI1) ¢ mBurarensmu moctossHaoro Toka (II1T) u acuH-
XPOHHBIMHU JIBUTATEIISIMH C KOPOTKO3aMKHYThIM poTopoM (AJl).
[IpryeM OKOIIO TIOJOBUHBI BBIPAOATHIBAEMONH B MHpPE 3JIEKTPO-
sneprun norpedisiercs AJl [3]. AT npumensirores uisi pery-
mupyembix OII, AJl — B ocHOBHOM, ansi Heperyaupyembix Ol
(oxomo 80 % AJl — neperymaupyembie [1]). D10 00BsAcHSETCS, C
OZIHOH CTOpPOHBI, XOPOIIMMH PEryIMPOBOYHBIMH XapaKTepu-
ctukamu JIIT m HanmuuMeMm KOMIEKTOpA, CHUXKAKOUIETO €ro Ha-
JEKHOCTb W HE MO3BOJIAIONIEro 3kcruryatuposars JAIIT B ar-
PECCUBHBIX M B3pBIBOOMAcHBIX cpemax. C Ipyrodl CTOPOHBI,
MPOCTOTOW KOHCTPYKLIMH, JEHIEBU3HOM, BBICOKOW HaJIEKHO-
CTBI0, HO TUIOXMMH PEryJUPOBOYHBIMU XapakTepucTukamu AJl.

BonbIIMHCTBO TEXHOJIOTHYECKHUX MPOIIECCOB TpeOyeT pery-
JUPOBaHUS. YTIpaBleHHE TEXHOJOIMYECKHM TPOLIECCOM C He-
peryaupyembiM JI1 ocymecTBisiercss myTeM YHpaBsieMOro H3-
MEHEHUS B CaMOM TEXHOJIOTHUECKOM Mpoliecce. B wactHocTH, B
Hacocax, KOMIIPeccopax, BEHTHJIATOpPaX — MYTeM OTKDHITUS W
3aKpBITHS 3aCNIOHOK. [lokasaHo [4—6], 4ro myTeM OTKasa OT
yIpaBJIeHUS 3aCIOHKAMH W TIepexoJia K peryJupoBaHUIO 3a
cuer A/l moxxHO monyunth (50...68) % 3KOHOMHUH  DIEKTPO-
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SHEpPrUM MO CPaBHEHUIO ¢ He perynupyeMmbiMu AJl. B cBs3u c
OONBIIMM KOJIMYECTBOM DKCILUTyaTUpyeMbix AJl, KOTOpbIe Tpe-
OyIOT peryjaupoBaHUs, BECbMa aKTyaJbHBIM SBIISETCS BOIPOC
MOBBIIICHUSI YKOHOMHUYHOCTH peryaupyembix AJl.

[Mpumenenue perymupyembix AJl mo Hawama 70-x romoB
C/Iep’KHUBAJIOCh OTCYTCTBHEM THUPHCTOPOB C MaJIbIM BpEMEHEM
BKITIOUEHHSI U BBIKIIOUeHHs. B Hayane 70-x rofoB MOSBHINCH
crequalibHble HHBEPTOPHBIE THPHCTOPHI C TPEOYEeMbIMH Xapak-
TEPUCTUKAMH, YTO OOYCIOBUJIO TMOSIBIEHHE YaCTOTHO-pery-
mupyembix OI1 ¢ AJl. OpHako ynenbHBIE MaccorabapuTHBIE 10-
Kazatenu u crouMocth DIl ¢ AJ] ObLIM BecbMa BEIIMKH H3-3a
npeoOpasoBarenell HamnpsDKEHHsI, a 10 TOKa3aTelsM cTaThye-
CKUX M JuHamuueckux xapakrepuctuk Ol ¢ AJl cymecTBeHHO
yerymanu D11 ¢ AT [7]. dns ynpasnenus: Al ucrnonb30Banuch
3aKOHBI YIIpaBJEHHUs, BIIOCIEACTBUN Ha3BaHHBIE CKaJSPHBIMU
3aKOHAMHU YIIPaBICHUS. DTH 3aKOHBI 0a3WPOBATUCH HA 3aKOHE
ynpasienus Kocrenko u/f =const m ero pa3HOBHAHOCTSIX.

CkaJIIpHbIE 3aKOHBI HCIIOJIb3YIOT CTATUYECKHE XapaKTEPUCTHUKU
AJl ¥ 1OCTaTO4YHO XOPOIIO PabOTalOT B CTAIMOHAPHBIX M MEJI-
JICHHO MEHSIOIUXCS peknMax. KpoMme Toro, 3Tu 3akoHbBI Tpe-
OyIOT 3HAHWs 3aKOHOB M3MEHEHUs Harpy3ku. [Ipum u3ameHeHUU
Harpy3Ky JIOJDKHBI MEHSATBCS U 3aKOHBI yripasiieHus. [locnennee
necaruierne 20-ro Beka 03HAMEHOBAJIOCH 3HAYUTEIBHBIMH YC-
MeXaMH CHJIOBOM BJIEKTPOHUKH. BBUIO OCBOEHO MPOMBIIIEHHOE
MPOU3BOICTBO OUIOJISIPHBIX TPAH3UCTOPOB C W30JIMPOBAHHBIM
3atBopoM (IGBT), cuiioBbIX MOjysell Ha UX OCHOBE U JPYIUX
cpencts. Bee aTo ctuMynmpoBaino pa3paboTKy HOBBIX allrOpHUT-
MOB YIIPABJICHUS ¥ CPEICTB X BHIUYMCIICHUS.

B 1971 r. corpyanuk ¢pupmbr «CUMEHC» ®. bramke [8—
10] npemtoxun HOBBIN npuHIMN yrnpasiaeHus AJl. B coorser-
CTBUM C 3THM IPUHLIUIIOM YpaBHEHUS JABM)KEHHUS paccMaTpUBa-
I0TCSL HE B CTATOPHO# (KJIapKOBCKOW) CHCTEME KOOpIWHAT, a B
cucreme koopauHar Ilapka —I'opeBa, cBsI3aHHOH ¢ MOTOKOCLE-
IUICHUEM poTopa. B 3Tol Bpalaromiencs CUCTEME KOOpAWHAT
BCE OCHOBHBIE NEpEMEHHbIE M3MEHSIOTCA HE MO0 TrapMOHHYe-
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CKOMYy 3aKoHYy, a Kak B JIIT. DTo mo3BOIUIO CTPOUTH CUCTEMBI
yrpasiieaus AJl Mo TeM e NPUHIKIAM, YTO ¥ CHCTEMBI YIIpaB-
nenust 11T, B yacTHOCTH, 11O MOAYMHEHHOMY MPHUHIMITY. DTOT
npuHnun ynpasinenus AJ] nmomyumn naspanue Field Oriented
Control (FOC) (ympasienue 1mo mojio MaImdHer). B aToM mpuH-
IUTIe yIpaBJeHus Bce MHOrodasubie (darie TpexdasHbie) mepe-
MeHHBbIE (TOKH, HAMPSKEHHUS, MOTOKOCHEIUIEHHs) (BOPMUPYIOT
COOTBETCTBYIOILIME BEKTOPHI, MOBEACHHE KOTOPBIX paccMaTpu-
BaeTcs WJIM B BEKTOPHOM BHJE, WIH B MPOCKIHAX HA JIBE OCH
Bpallaromeiicss cucreMbl KoopauHat. [1o3ToMy B pYyCCKOS3BIU-
HOU JTUTepaType ATOT NPUHIMI YIPABICHHS MOTYYnT Ha3BaHHE
«BexkropHoe ympanenue» (BY). BekropHoe ynpaBneHue Teo-
pPETHYECKH TI03BOJISUIO TOCTUTHYTH B AJ] Tex ke peryimpoBod-
HBIX Xapaktepuctuk, 4to U B HAIIT. Omnako mist peamusanuu
BEKTOPHOTO YIpaBJIeHUSI HAJO0 3HATh BeKTOp cocTosiHus AJl. B
70-x rojax S5TO TpeIaragoch JTOCTHTaTh 3a CUET YCTaHOBKH
BHyTpH A/l natunkoB Xoiia, ¢ TOMOIIBIO KOTOPHIX 3aMEpSTh
MOTOKOCIIETUIEHNE B BO3MYIIHOM 3a3ope AJl, m TaxoreHepato-
POB WJIM UMIYJNbCHBIX JAaTYMKOB, MOCPEACTBOM KOTOPBIX M3Me-
psieTcst yriioBasi CKOpocTh potopa. OIHaKoO YCTaHOBKA ATHX JaT-
YUKOB TpeboBalla 3aMEHbl WM JOpa0OTKH OrpOMHOIO Tapka
obmenpoMeinieHHbIX AJl, KOTOpbIE HEe MpeaHa3HaYaauch AJIS
peryiaupoBaHusl U He ObUIM CHAOMKEHbI dTHMH JaTuMkaMu. Ha-
JMYMe TaXOoreHepaTopa W JTaTYMKOB XOJila CYIIECTBEHHO yXY-
[IaJIM SKCIUTyaTallMOHHbIE XapakTepucTHKH A/l o cpaBHEHHIO C
JTIIT.

K nayanmy 80-x romoB ObUTH JOCTUTHYTHI OOJBIINE YCIIEXH B
00J1acTH COBpEMEHHON TEOpUH YIIPaBIICHHS, KOTOpas TIO3BOJISIET
OLIGHUTh HEWU3BECTHBIE COCTABISIONINE BEKTOpA COCTOSHUS.
[IpumeHneHne METOA0B COBPEMEHHOW TEOPUU YIPABJIEHUS IIO-
3BOJIWJIO, B MIEPBYIO Ouepellb, Oe3 crennaibHbIX JATYMKOB Olle-
HUTh BEKTOPBI TOTOKOcUeruieHus. [locie 3Toro BeKTOpHOE
yIIpaBJIEHHE C U3MEPEHUEM BEKTOpa MOTOKOCIEIIICHUS C TIOMO-
IIPI0 JIaTYMKOB MONYYMJIO Ha3BaHHE MPIMOTr0 BEKTOPHOTO
ynpasienus ([IBY) (Direct FOC (DFOC)), a 6e3 npuMeHeHHs
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JaTYNKOB MOTOKOCIICTUICHUS! — KOCBEHHOE BEKTOPHOE YIpaBJie-
nue (KBY) (Indirect FOC (IFOC)) [11-13]. Onnako B ompese-
nennu [IBY (DFOC) u KBY (IFOC) ner exnnoobpasus. Heko-
topeie aBTopsl [14, 15] nmon [IBY nonumarot ynpaBieHue ¢ He-
MOCPEACTBEHHBIM HCIIOIB30BAHUEM BEKTOPOB MOTOKOCIIEILIE-
HUS, TOJTYYEHHBIX ¢ TIOMOIIBI0 HabmonaTenei, a mogq KBY mo-
HUMAIOT yIpaBlicHHEe 0e3 sIBHOTO MCIONBb30BAaHUSI BEKTOPOB TO-
ToKocHeruieHusl. [1oCKOIBbKY CHCTEMBI C HeMmoCpeICTBEHHBIM
HU3MEpPEHHEM C ITOMOIIBIO TATYNKOB BEKTOPOB MOTOKOCIICTUICHUS
HE MOYYMJIN PACTPOCTPaHEHUs U HE UMEIOT MEePCIEKTUBBI, TO B
nanpHelleM OyaeT WMCIOoNb30BaThCs TEPMUHOJIOTHS aBTOPOB
pa6or [14, 15].

Kax B [IBY, tak u B KBY orcyTrcTBHE NaT4MKOB MOTOKOC-
LEMJIeHUs KOMIIEHCHPYETCS BBIUMCICHHAMH N0 auddepeHin-
aIbHBIM YpaBHEHHSIM, ONMUCHIBarOmUM paboty AJl, B KoTOpBIE
BXOJAT HETOYHO M3BECTHBHIC M MEPEMEHHBIE MapaMeTpbl, TaKHue
KaK COMPOTUBIICHUS POTOpa M CTAaTOpa, MPHBEICHHBI MOMEHT
WHEPIMH POTOpa, MOMEHT Harpy3ku. CoOCTBEHHbIE WHIIYKTHB-
HOCTH POTOpa U CTaTopa, a TaKKe UX B3aUMHAs WHAYKTUBHOCTh
BenencTBre A dexTa MAarHUTHOTO HACKHIIICHUS! HIMEIOT CIOKHYIO
3aBHCHUMOCTh OT TOKa HaMarHW4YMBaHUsS. B cBs3u ¢ 3THM cucte-
Mbl BY 06e3 cnennaibHBIX MEPONPUATHI SBISIOTCS OYEHb YYB-
CTBHTENIFHBIMH K HEONPENSNIEHHOCTH JTHX [apaMeTpoB.
K cuactbio, B HacTosIee BpeMsl COBpEMEHHas Teopusl yIpasJie-
HUs 00J1aJ1aeT MOIIHBIM apCEHAJIOM METOIO0B OOCCIICUCHUS PO-
OacTHOCTH (HEUYBCTBUTEIBLHOCTH) CHUCTEM YIpPaBJICHHS K pas-
Opocy MX MmapaMerpoB. DTO aJalTHBHBIC CUCTEMBI, CHCTEMBI C
MepeMeHHON CTPYKTYpOH, poOacTHbIe KOMOMHUPOBaHHBIE CHC-
TeMbI C HaOMOAATENsIMH, HEHPOHHBIE CHCTEMBI, CUCTEMBI C He-
YETKOW JIOTUKOH U JIp.

Jlist obecnieuenus nutanus AJ] B HacTosiee BpeMst UCTIONb-
3YIOTCSI HHBEPTOPBI HANIPSDKEHUS C HEPETYJIHUPYEMbIM BBIPSIMH-
TEJIeM M MIMPOTHO-UMITYJIbCHOM Moy sinueid (LIIMM), koropbie
CO3/1aI0T OOJIbIIME BHICOKOYACTOTHBIC IMYJbCAI[MH B HATpsDKE-
HUM M aKyCTHYecKue IIyMmbl. [lynbcammu  3aTpyAHSIOT
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WCTIOJIb30BaHUE HEMOCPEJCTBEHHBIX HM3MEPEHUN HANPSIKCHUS
npu ero nudpoBoil 00paboTke B KOHTpoJuiepe mpuBoza. [Ipo-
CTOe TpPUMEHEHHE AJIsl ATOW KE [EIM aHaJOroBBIX (HIBTPOB
MPHUBOAUT K UCKaKEHHAM (ha3 M aMIUTUTY TJIaBHBIX TapMOHHUK
BBIXOJIHBIX CHUTHAJIOB TpeoOpasoBatenelr yactorel ([TY), uro
CYLIECTBEHHO YXYJIIAeT AMHAMHUYECKHE XapakTepUCTUKU BY.
Jnst MCKITIOYeHHS JaTYMKOB HANPSHKEHUS U CHATHS TPOOJIEMBI
BBICOKOYACTOTHBIX MOMex B paborax [19, 20, 21, 78] Bmecto
WCTHHHOTO HampspKeHus, mofgaBaemoro Ha AJl, ucmonmb3yercs
ero MporpaMMHOE 3HaueHHe, BhIpadaThIBAEMOE MHKPOMpOLIEC-
COpOM H I0JIaBaeMoe B MpeoOpa3oBaTeNb HANpsHKEHHUS B Kade-
CTBE yIpaBlisifoliero curuaia. Kpome Toro, nagopmaius o Ha-
NPSDKEHUH U TOKE CTATOpa MOXKET OBITH MONTyueHa 110 HamlpsiKe-
HUIO ¥ TOKY 3BEHA MOCTOSHHOTO TOKa MHBEPTOPHOIO Mpeodpa-
soBatens [22, 47, 56, 80]. s y4yera BAMSHUAS W3MEHEHHS Ha-
HPSDKEHUS UTAOLIEH CEeTH Ha BbIXOAHOE HampspkeHue ITH am-
TUTHTYBl TPOrPaMMHBIX HAIPSDKEHUH KOPPEKTUPYIOTCS M0 Ha-
MPSDKEHUIO B 1€y ocTossHHoro Toka [TY. Takum oOpazom, [yis
yrpasiieHus AJ] MOXHO HCIONB30BaTh JIMIIb AATYHK CKOPOCTH
W IaTYNKH TOKOB CTaTopa.

Bompocam ympaBnenuss AJl ¢ uCHONB30BaHUEM JaT4YHMKA
CKOPOCTH TOCBSIIIEHO Oonblioe konuyecTBO pabor. [lostomy
OCTaHOBHMMCS JIMIIb HAa CHCTEMax YIPABJICHHUS C UCTIOIB30BAHH-
€M JaTYMKOB CKOPOCTH, B KOTOPBIX IPUMEHSIOTCS ClIeHHaIbHBIE
MepblI 110 obecriedeHuto podactHocT [7, 12, 17-44)].

Henocratkom KBY sBigercst cuibHasg 3aBUCUMOCTE €r0 I10-
Ka3aTeled KadecTBa OT IIOCTOSSHHOM BPEMEHU POTOPHOM LiEIu.
JlaHHOE OOCTOSITENBCTBO M HEM3BECTHOCTH IOTOKOCIICTUICHUS
MPHUBOMAT K 3aTATMBAHMIO MEPEXOAHBIX IMPOIECCOB. JDTO 00y-
CIOBHJIO TIosiBAIeHHE pabot [12, 19, 21, 26, 30, 31, 38] o Hemno-
CPEICTBEHHON OLEHKE IOCTOSHHOM BPEMEHU WJIH COLpPOTHUBIIE-
HUSI POTOPHOW Ienu 0e3 OLEHKH MOTOKOCHENJIeHus: poropa. B
pa6ore [30] 8 KBY st olleHKH MOCTOSHHON BpEMEHH  POTO-
pa HCIob30BaHa MpPOLEAypa, Jaromias B Kauectse modou-
HOT'O IPOJIYKTa OLIEHKY  TOTOKOCIEeIUIeH s poropa. [Ipu Hanm-
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quu OLICHKH TOTOKOCIEIJICHUS] pOTOpa Tpeacrasisiercs: 6o-
Jiee pallioOHaIBHBIM Hctonb3oBaTh He KBY, a [IBY.

AZIanITUBHO#M OIIEHKE MOTOKOCIEIJICHHS POTOpa M €€ HC-
noJyib3oBaHuio Juist [IBY mocBsiieHo 0oblioe KOJIMYECTBO pa-
oor [7, 14, 21, 24, 25, 27, 34-36, 39, 41-44] (cM. Takxke O6uO-
nuorpauio JaHHBIX padoT).

OcHOBHBIM HcTOYHMKOM morpemHocty [IBY sBngercs He-
TOYHOCTH OINpPEICICHHS OMOPHOr0 BekTopa (BEeKTOpa MOTOKOC-
LEIUICHHS POTOpa WIJIM CTaTopa) B CTATOPHOM CHCTEME KOOp/H-
HatT. JlJIg ycTpaHEHHs! 3TOM HETOYHOCTU IIMPOKO Mpeaiaraercs
WCTIONB30BaTh ajanTuBHbIe HaOmomatean tuma MRAS (Model
Reference Adaptive System — aganTuBHas cucTeMa ¢ HaCcTpau-
BaeMoi Mozenbio) [22, 27, 29, 34-36, 78], reHeTHueCcKHE aro-
putmbl [39], Heiiponnbie cetn [40-42], Heyerkyto noruky [40,
43, 44], nabmogarenu nepeMeHHoN cTpykTypsl [60, 79]. s
yCTpaHEHUs 3TOH ke HETOYHOCTH B pabore [28] mpemtoxeHo
UCIIOJIb30BaTh B KAa4yeCTBE CHHXPOHHOH CHCTEMBbI KOOpDIHMHAT
CHCTEMY KOOpJIMHAT, CBA3AHHYIO HE C BEKTOPOM IOTOKOCIIEIIe-
HUSI POTOpA, a C OIICHKOI BEKTOpa MOTOKOCIEIUICHHUS] pOTOpa C
moMoIpio Habmogarens. B padore [20] mis aTo# ke 1enH B
Ka4eCTBE CHHXPOHHOW CHUCTEMbI KOOPJIMHAT MCIOJIb3YeTCsl CUC-
TeMa KOOPJMHAT, CBSA3aHHAs C BEKTOPOM CTATOPHOTO TOKA.

Cy1iecTByIOT ueTblpe (pU3MYecKre OCHOBBI JUIS OINpesese-
HUSI CKOPOCTH POTOpa:

— HCTOJIb30BAaHUE TaXOr'CHEPATOPOB HJIM MMITYJIbCHBIX JaT-
YHUKOB yIJia MOBOPOTA;

— ucnonb3oBanue npotuBoI/C;

— 00paboTKa oKa3aHUi TaTYNKOB TOKA C IIEIbIO MOITYICHHS
YaCTOThI Ta30BBIX MYJIbCAIMI WM MYJIbCALUHA, 00YCIOBICHHBIX
MArHUTHBIM HACBHIIIIEHHUEM,

— WBIIPBICKMBAHKUE» MEPHOIMYECKUX CUTHAJIOB B HAIPsDKE-
Hue wim Tok [T4.

[IpuMeHeHue TaTYNKOB CKOPOCTH BpallleHUsS POTOpPa MO3BO-

JIIeT OpPTraHU30BaTh BHICOKOKAYECTBEHHOE U aJITOPUTMHYECKH
CpaBHUTENBbHO TpocToe ympasieHue AJl. OnHako Hamuuue
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JaTYNKOB CKOPOCTH CYHIECTBEHHO YXY/AIIACT 3KCIUTyaTaluoH-
HBIE XapaKTEPUCTUKHU 3JIEKTPONpUBOAA. B cBs3u ¢ 3TUM B mO-
CIITHHE JIBA JICCATHIICTUS YACISIIOCh OOJbIIOe BHUMAHKUE pas-
paboTKe alNropuTMOB BEKTOPHOTO YIIPABICHUS C UCTIOJIB30BAHH-
€M JIMIIb JAaTYMKOB TOKa W HAIPAKCHUA B CCTU NMHUTAHUA AII
WJTH, BOOOIIE, C MCTONb30BAHUEM JTHINb TATYNKOB ToKa [45-60,
71, 80, 100, 102]. Dra 3aaua HAMHOTO CIIOXKHEE 110 CPAaBHEHHIO
C YyHnpaBJI€HHEM TIIpHU HUCIOJIb30BAHUU HOATYUKOB CKOPOCTHU.
CpaBHUTENBHO MPOCTON METOJT BBIUMCIEHUS YTIIOBOW CKOPOCTH
MOXKHO MOAy4YHTh Ha ocHOoBaHuMU [81] ¢ umcmosip3oBanuem DJIC
AJl. BenenctBre HEOCTaTOYHOM TOYHOCTH MTPOCTHIX aJITOPUTMOB
ObUIM pa3paboTaHbl 0oJIee TOYHBIC, HO OOJIee CIIOKHBIC, METO/IbI.
B nux 3aa4a pemacTcsa ¢ MOMOUIbIO PA3JIMYHBIX THUIIOB H36HIO'
nareneit. B padorax [45, 54, 60] ncrmons3yroTcs HAOMOAaTETH HA
CKONB3SIIMX pekrMax. B pabore [49] nprMeHeH HaOir0qaTes b
MOTOKOCLICIJICHHSI CTAaTOpa, C MOMOIIBI KOTOPOr0 MOXKHO BBI-
YHUCIHTh CKOPOCTh poTopa. lllupokoe pacmpocTpaHeHHe Uist
OLICHKH TIOTOKOCLEIJICHHSI U CKOPOCTH POTOPa MOIYYHIIH CHCTE-
Mmbl THa MRAS [46, 48, 50, 56], rae ncnoms3yoTest Ba BEKTOP-
HBIX YPaBHEHHUS MMOTOKOCIICIUICHHS POTOpa, OJHO M3 KOTOPBIX
sBJsieTcst 0a30BOM, a BTOpOE — HacTpanBaeMoi Mozensamu. bims-
koit Kk MRAS sBnsiercst cucrema, Halieamas npuMeHeHue B Smno-
Hum [51]. Tlo cytu nena, k cuctemam tuna MRAS nmpumbIikatoT
aJlalITHBHbIC HAOJIOMATENN MOTOKOCIEIUICHUS U CKOpOCTH [48,
52, 55], rae 6a3oBoii Mojenbto siBisiercs cam AJl, a HacTpauBae-
MOIT MOJIENIBIO SIBJISICTCSI HAOIIOIaTeNlb TOKA CTATOpa U MOTOKOC-
HeMJIeHus potopa. B pabote [55] s amantanuy UCIoONb3yeT-
Cs CpPAaBHCHUC BBIXOAOB IBYX OAHOBPEMCHHO HACTPaWBACMbIX
HaOto1aTeNeil. Xopolme pe3ybTaThl M0 OIIEHKE CKOPOCTH Obl-
JHM TIOJNy4eHBI C TOMOLIBI pacumpenHoro ¢unbprpa Kanvana
[48, 52]. OmHako OHH CBSI3aHBI CO CIOKHBIMU BBIYHCIICHUSIMH.
Bce NEePEUYNCIICHHBIC MCTOAbI B TOM WJIM UHOM CTENeHU YYBCTBU-
TEJIbHBI K Pa30pocy mapaMerpoB AIEKTpoMarHuTHOH mermu Al
B 93TOM OTHOLIGHWH TIPEICTABISIET MHTEPEC OINpPEICICHHIE
CKOpPOCTHU 110 POTOPHBIM MAa30BbBIM IYyJIbCAllUsIM TOKa CTaTO-
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pa [48], KOTOpBIA, K COKAIECHHIO, UMEET CBOM HEIOCTATKH.
[peanpuHsITBl MOMBITKA JUIS TIOCTPOCHHS CHCTEM YIPABIICHUSI
AJ] 6e3 1aT4uKOB CKOPOCTH C TIOMOIIBIO HEHPOHHBIX cereil [46,
52]. Bce paccMOTpeHHbIE METObI ONEPUPYIOT YpPaBHEHUSIMU B
CTaTOPHOM cucTeMe KOoopAuHAT. VICKIIOUEHHE COCTaBIISIIOT pa-
6oter [31, 46, 59], rme BOCCTaHOBICHHE BEKTOPAa COCTOSHHS
OCYILIECTBJISICTCS BO BPAMIAIOIICHCS CHCTEME KOOpPIMHAT, CBS-
3aHHOM C MMOTOKOCIICIUICHHEM POTOpa.

Hns obecriedeHust pobacTHOCTH cUCTeM ynpasieHust AJl u
JIMaTHOCTUKU WX Pa0OTOCIIOCOOHOCTH B ITYOJIMKAIUAX MOy
pacnpoCTpaHEHHUE PErpeECCUOHHBIA PEKYPPEHTHBIM METOJ Hau-
MEHBIINX KBaapaToB [61-66], KOTOpHIil MO3BOJNISET B peabHOM
BpeMeHH orieHuBath napamerpsl AJl. bonee Toro, B padore [66]
MOJNYyYeH aJrOpUTM, KOTOPbIi, MOMUMO HACHTU(HUKALUN BCEX
napamerpoB AJl, TO3BOJNSIET BEIYUCIUTH YIIIOBYIO CKOPOCTH €ro
pOTOpa, MCIOJB3YS TONBKO JATYMKH TOKA U HANPSKEHHUS CTaTo-
pa. OTO OTKpbIBaeT MyTH MOTYYEHHUS BHICOKOTOYHOTO aJIarTHB-
HOro yrpasieHusi AJl ¢ MOMOIIBIO0 W3MEPEHHUS TOIBKO KIIEMMHBIX
MEePEMEHHBIX (HANPSHKEHUI U TOKOB).

HenocraTkoM paccMOTpEHHBIX BBIIIE AJITOPUTMOB BEKTOP-
HOT'O yIpaBJeHUs ABISIOTCA: 1) GONbIIoi 00BEM BBIYHCICHUI
IpH MPSIMOM M OOpaTHOM B3aMMHOM IPeoOpa3oBaHHWW HEIMOM-
BIDKHOM W BPAIIAIOIIEHCS CHCTEM KOOPIWHAT, 2) HalHUYhe 3a-
nas3/ibiBaHusg B (POPMHUPOBAHUH DJICKTPOMATHUTHOTO MOMEHTA.
JIst ycTpaHeHHsl 9THX HEIOCTaTKOB ObUIM MpELIOKeHbl [67,
68] anropuTMmbl ynpaBieHHs, TONy4MBIIMe HazBaHue Direct
Torgue Control (DTC) (memocpeacTBeHHOE yIpaBIEHHE MO-
MEHTOM M TOTOKOCILEIICHHEM). DTH UJIeH B MOCJIEIHES BpeMs
nonyynnu OypHoe passutue [7, 11, 69-77, 100]. AnropuT™msl
DTC ornnuaer mpocrota (Her mpeoOpa3oBaHUs KOOPAMHAT M
pEryJMpoBaHusi TOKOBBIX KOHTYPOB), POOACTHOCTh MO OTHOILIIE-
HUIO K HEONPEAEICHHOCTH TTapaMeTPOB, BBICOKOE OBICTPOJIEHCT-
Bue. HenoctaTtkom siBiseTCS HalU4YWe MyNbCAllMid B 3JIEKTPO-
MarHUTHOM MOMEHTE W TMOTOKOCIEIUICHWH, YTO CHIKAET TOY-
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HOCTHb PEryJIHpOBaHUs. JTO CO3AaeT HOBYIO MpoOiieMy B paspa-
0OTKe aJrOpuTMOB YIIPABIICHHS.

Kak Ob110 yKa3aHo B Havaje pa3jiena, CyllecCTBeHHbIM Kaue-
CTBOM DJIEKTPOJBHTraTeNs SBISETCS €ro SKOHOMHYHOCTH. Bo-
MPOCy MOBBIIIEHHUS] SKOHOMUYHOCTH A/l MpH cKansapHOM ymnpas-
JICHUH yZIeJeHO o4eHb Oonbiioe BHuManue [16, 81-88]. Ontumu-
3alMI0 HEPTronoTPeOICHNSI MOYKHO MTPOBOAUTH IMyTeM (popmupo-
BaHUS (DA30BOI TPAEGKTOPUU M PEATU3YIOLIETO €€ YIPaBIICHHS,
MpH MEePEMENIeHHH MO0 KOTOPOH MEXIy ABYMsI TOUKaMH MUHH-
Musupyercs morpebisiemass snmektposHeprus [85-89]. Takoe
yIIpaBJIeHHE Ha3bIBAETCS ONTHUMAIBHBIM B OonbmoM. [Ipu sTom
YIIPaBJICHUH DSJIEKTPONPUBOJOM MHUHUMH3HpYETCsl MoTpedise-
Masi 3a OINpPEACIeHHBIA MPOMEXYTOK BPEMEHH 3JIEKTPOIHEPTHUSI.
JpyrumM myTeM ONTHMH3ALUH SBISETCS MUHUMH3ALUS MOTped-
JSIeMOW MOIIHOCTH WJIM KaKOW-TH0O ee COCTaBISIoNIeH B Kax-
JIOM TOUYKE 3aJIaHHON TpAaeKTOpHM. Takoe yIpaBieHUE HA3bIBa-
eTCsl JIOKAJIbHO ONTUMaJIbHbIM [81-84].

OnTruManbHbIe aJTrOPUTMBI YIIPABJICHHS, TONTyYEHHbIC IS
CKJISIPHOTO YNpAaBJICHUS, HE NPUMEHUMBI Il BEKTOPHOTO
yIpaBJieHHs. JTO OOBSACHSIETCS pa3HbIMH TPUHIMIIAMU YIIPaB-
JIEHUsl U TeM, 4To o0a MPUHIMIA YIpPaBIeHUS] ONEPUPYIOT pas-
HBIMH TIEPEMEHHBIMH, CIOKHBIM O00pa3oM CBSI3aHHBIMH MEKIY
coboii. Kpome Toro, ans ympouieHusi ajJropuTMOB BEKTOPHOTO
yIIPaBJICHHUS B MOJABJISIONIEM OOJIBIIMHCTBE CIy4aeB HaMarHH-
YUBAIOIIYIO COCTaBJISIIOIIYI0 CTATOPHOI'O TOKA JENar0T TOCTO-
suHO# [90-93], uro ycTpaHser HEOOXOMUMYIO Uil ONTHMH3aA-
MU CTENEeHb CBOOOIBI W HE TIO3BOJISIET OCYLIECTBIATH JIOKAJb-
HyI onrtuMuszanuio. IIodToMmy JIOKaNbHOM ONTUMU3ALMM 110
MOIIHOCTH BEKTOPHOTO YIPAaBJIEHUS MOCBSIIEHO CPaBHUTEIHHO
masio pador [27, 90-96, 101, 102]. B patore [90] cdopmynu-
POBaHBI yCIOBHUS, TP KOTOPBIX MOXKHO OCYIIECTBHTH ONTHMH-
saiuto. (He co BceMu ycinoBHSMU MOXKHO coriacutbes). B [91]
MPEUIOKEH IKCTPEMAJIBHBIN TTOMCKOBBIA METOJ NYyTEM HEMNO-
CPEACTBEHHOTO 3aMepa MoTpediisieMOil MOIHOCTH, YTO MPHBO-
JIAT K YXYALUICHHIO TOYHOCTHU yrpasienus. Padotsr [92, 93] mo-
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CBSILIICHBl MAaKCHMH3ALUH JICKTPOMAarHUTHOIO MOMEHTA C yd4e-
TOM OrpaHMYEHHH TOKA W HANPSHKEHHs, KOTOpBIE, OIHAKO, HE
JAI0T aHAJTMTUYECKOro pereHus. B cratbe [27] monydeHo mpo-
CTOC aHAJMTHYECKOE BBIPAXKCHHE MPOrPAMMHOTO HW3MEHEHHS
MOTOKOCIICIUICHHSI POTOpa B 3aBHCUMOCTH OT 3JIEKTPOMArHHT-
HOro MomeHTta. B padorax [94-96] cuHTE3UpOBaHbI aHAIUTHYE-
CKHE TIPOrpaMMHBIC BBIPaKCHHSI HAMArHUYMBAIOIICH U MOMEHT-
HOHM COCTABISIFOLIMX TOKA CTaTOPa, MHHUMHU3UPYIOIIUE Pa3iIiy-
HBIE COYCTAHHs BHJOB IOTEPh MOUIHOCTH. B orTimume ot [27],
MOJYyYCHHBIE BBIPAXKEHHSI POOACTHBI MO OTHOIICHHIO K HETOYHO-
CTH 3HaHHsI B3AUMHON MHIyKTUBHOCTH.

[IpoBenenHblif aHAIN3 MOKA3BIBACT, YTO MPEATIOKEHO OOIb-
II0€ KOJIMYECTBO Pa3HOOOpa3HbIX aJrOPUTMOB yIpaBJeHHs, 00-
JaJaroIMX Pa3IMYHBIMU KauecTBaMU. BhIOOp TOro MM MHOIO
aJITOpUTMA YIPABIICHUS JIOJDKEH OCYIISCTBISTHCS HUCXOMAS M3
CIIEAYIOIINX TpeOOoBaHMIA:

1) nuana3oH peryJaupoBaHus CKOPOCTH;

2) TOYHOCTH OTPAaOOTKU MPOrPaMMHBIX 3HAYECHHUI CKOPOCTH;

3) paboTOCITOCOOHOCTE MPH MAJTBIX CKOPOCTSX;

4) BpeMsi EPEXOAHOr0 Mpolecca NPy To/Iaue CTYIEeHYaToOro
3aaI0LIET0 BO3IEHCTBHUS;

5) cTapT noj Harpys3Koii;

6) pobacTHOCTh (HEUYBCTBHTENBHOCTH) MO OTHOIIEHUIO K
HEOINPEJEIEHHOCTSM [TapaMETPOB U BHELIHUX BO3ACHCTBUMY;

7) MUHEMU3ALHUS DJICKTPONOTPEOICHUS KaK B TEPEXOHBIX,
TaK ¥ B YCTAHOBHMBIIHMXCS PSKUMaX P PA3IMYHBIX HArpy3Kax;

8) MUHHMaITbHOE BIMSHUE HA TOYHOCTh BKIIOYCHHS U COPO-
ca Harpys3KH;

9) ObIcTpOTA TOTOBHOCTH K paboTe Mociie BKIIOUEHHS IBH-
raTe’s;

10) MEHUMAITEHOE KOMUYECTBO JaTUUKOB,;

11) MuUHMMAITBHBIA 00BEM BBIYHCIICHUH;

12) criocoOHOCTh BOCCTaHABIMBATH CBOK PabOTOCIIOCO0-
HOCTB IOCJIe COOCB B CHCTEME HJIH TPEKPAICHUs TI0/1a4yy MMUTa-
HUsI 0€3 TIOBTOPHOTO Mepe3annycka CHCTEMBI.
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CpaBHeHHE pa3NUYHBIX AITOPUTMOB YIPaBJICHUS O4YEHb
Tpynoemko. OgHako mo 1. 11 MoxxHO nath pekomenaanuu. Ilo-
CKOJIbKY HEU3BECTECH BECh BEKTOpP COCTOSIHUSI CUCTEMBI, a TaKKe
HEHM3BECTHBl 3HAYEHHS psijia ero mapaMerpoB, TO alTOPUTMBI
yIIpaBJICHHUS COJlepKaT HaOMIOAATENH, PEACTABISIONINE COOOi
crcTeMbl TuddepeHITHanbHBIX (B MEKPOITPOIIECCOPE — Pa3HOCT-
HBIX) ypaBHEeHHU. HekoTopbie 3BEHBbsI peryisropa TaKkkKe OIH-
CBIBAIOTCS CHCTeMaMH ypaBHeHWi. M3BecTHO, 4yTO 0OBEM BHI-
YHCIICHUH MPONOpIHOHANEH KBaIpaTy MOpsKa periaeMon crc-
TeMbl ypaBHeHHil. [109TOMY Hal0 CTPEMHTBCS K YMEHBIICHHUIO
MOpsIIKa CHCTEM YpaBHEHWH pETyISITOpOB W Halmojartenei,
PACIIEIUICHUIO allTOPUTMOB Ha PsiJi HE3aBUCHMBIX TOICHUCTEM
WM TIOJICUCTEM C OAHOCTOPOHHUMH CBsi3siMH. Kpome Toro, npu
BEKTOPHOM YIIPAaBJICHHH OCYILECTBISIETCS HEOJHOKPATHOE Mpe-
00pa3oBaHue CHCTEM KOOpAWHAT (HEMOIBIIKHOM B MOABHKHYIO
M Hao0OpOT MO PAa3IMYHBIM MEPEMEHHBIM). DTH Mpeodpa3oBa-
HUS UCIIOJIB3YIOT CUHYCHBIE B KOCHHYCHBIE ()YHKLIUH, BCIIEICT-
BHE 4ero TpeOyIT 0oibinoro odbema BhruucieHHH. [loaTomy
HAJ0 CTPEMHTHCS YMEHBIINTH KOJMYECTBO NPeoOpa3oBaHU
KOOp/IMHAT.

Haunbonpmmm n@ana3oHOM peryaupoBaHusi 001agaloT ajro-
PHUTMBI, HCHIOJNB3YIOIIME AJISI OLEHKA BEKTOpa COCTOSIHUS JIBHTa-
Tenst pacumpenHbie GpuwibTp Kanmana [175] u natmopatenu Jly-
srbeprepa pabot [55, 149, 150, 167, 176]. OxHako 3Ty anropuT-
MbI 00JIAJIat0T OOJIBIION BBIYUCIUTEIBLHON CIOXKHOCTHIO. Kpome
TOTr0, YCTOHYUBOCTH PaOOTHI IBUTATENS C STUMH aITOPUTMaMHU He
rapaHTHPOBAHa.

Bonee moapoOHO TexHHUECKast CTOpOHA MyONUKAIMi IMpo-
aHaTM3NPOBaHA B MOCIEAYIONINX pa3zenax.

1.1. BeiBoab! u3 pazaena 1

CraenanHblid 0030p JIMTEpaTyphl MO3BONSIET HAMETHThH Clie-
JYIOIIME HAIlpaBJIEHUs UCCIIEIOBaHUI !
— yueT BIUSHUSA OTPaHUYEHUN TOKAa M HANpPSDKEHUS B JUHA-

muke AJl;
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— INOJIY4€HUEC NPOCThIX AJTOPUTMOB YIpaBJICHHA, MUHHUMU-
3UPYIOLIMX AJIEKTPOMOTPEOIICHHE C YIETOM OrpaHUueHHU I TOKa 1
HaIpsDKEHUS,

— obecrieueHre POOACTHOCTH KOCBEHHBIX METOJIOB OIpelie-
JICHUSI CKOPOCTH poTopa (MOBBIIICHUE MX TOYHOCTH) IO OTHO-
HICHHIO K pa30pocy mapamMeTpoB CHCTEMBI,

— YMCEHBILICHHE HIDKHEH TpaHUIbl pabouero auana3oHa CKO-
pocreii poropa A/l npu yrpasiieHur 6€3 JaTYUKOB CKOPOCTH;

— CTapT O/ HArPY3KOW;

—pa3paboTka W HCCIICNOBAaHHE METOMOB HACHTU(HUKAIINH
nmapameTpoB AII JJI1 JUAarHOCTUKH HUX COCTOAHUA U BBIABJICHUA
HEUCIPaBHOCTEH;

— yBenm4eHne ObICTPOACHCTBHS PEryIsSTOPOB TOKOBBIX KOH-
TYpOB;

— pa3paboTKa YHHBEPCAJIBHOTO BEKTOPHOI'O YIPABJICHHS
00eCIeunBaroIero, paboToCoCOOHOCTh MPUBOJIA BO BCEX pe-
’KHMax padoThl (ABUraTEIbHOM, T€HEPATOPHOM, XOJOCTOrO XO-
711a) JUIsl YIPaBICHUSI CKOPOCTBIO U TIOJIOKECHUEM.

Ananu3 myOnuKaluii Mo BEKTOPHOMY YIPABJICHUIO acHH-
XPOHHBIMU ABUTATCIIAMU mokKasal.

JUIsl CHHTE3a M aHaJlu3a COBEPIICHHO HE HCIOJIb3YIOTCS
CTATHYECKHE XapaKTEPUCTUKHU JBHUTATENCH, IIUPOKO HC-
MIOJIb30BABIINECS JUIS CKAJISIPHOTO YIIPABIICHHS;

TOJIBKO KJIACCHUECKHE METOJbI aBTOMATUUECKOrO YIpaBJie-
HUS HE B COCTOSTHUU O0ECIICUNTh BEKTOPHOE YITPABJICHHE;

B BEKTOPHOM YIIPABIICHUH IIHPOKO MCIIOIB3YETCS COBpE-
MCHHasd TCOpUA yHpaBJICHHA, a TaAKXKEC MHTCHCUBHO IIPO-
BOOATCA HMCCIICAOBAHHA IJIA MPUMCHCHUA BBICOKOMHTEII-
JIEKTYQJIBHBIX METOJOB YIIPaBICHUS, TAKUX KAK HEUPOH-
HBIC CCTHU, pasMbITasd JIOTMKA, TCHCTUYCCKUEC aJITOPUTMBI.
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Pasznea 2
YPABHEHUE PABOTHBI ACUHXPOHHOI O
ABUT'ATEJISA C KOPOTKO3AMKHYTbBIM
POTOPOM

2.1. BoiBOJ ypaBHeHHH IBUKEHHUS

Jlnst BCeCTOpOHHEr0 HccieqoBaHusl paboThl aCHHXPOHHOTO
JIBUTATES ¢ KOPOTKO3aMKHYTBEIM portopoM (AJ]) morpedyrorcs
pasnuuHble (OpPMBI ypaBHEHWH ero ABMKeHHs. OOBIYHO IS
YIIPOLIEHUS YpaBHEHHUsI IBMKeHHs Tpexdasnoro Al mpuBoasT-
csl K ypaBHEHHSIM dKBHBaJIeHTHOTO NByX(pasnoro AJl. Dtot me-
pexon HeomHo3HayeH. [103ToOMy MPUMEHSIOT pa3iu4yHbIe KpH-
TEpUH SKBUBAICHTHOCTH. B KauecTBe TaKOBBIX HamOojee 4acTo
WCTIONB3YIOTCSL 2 KPUTEPHSL:

1) paBeHCTBO MOTPEOISIEMBIX MOIIHOCTEH Tpex($azHOro u
SKBHBAJICHTHOTO JIByX(ha3Horo AJl,

2) paBeHCTBO (ha3HBIX TOKOB M HANPSHKEHUN B Tpex(a3HOM
u aByx¢aznom AJl.

OTH cily4aW OTIMYAIOTCS MOCTOSHHBIMU Kod(dduimenTamu
MPOMOPIUOHANBHOCTH MEXKIy (ha3HBIMUA TEpEeMEHHBIMH H T10-
TpeOsieMbIME MOITHOCTSAMU. [Ipn oOpaTHOM mepexoae oT Mo-
nenu nByxdaszHoro A/l x TpexdazHoll MoJeIH OTINYNE HcUe3a-
er. B nannol pabore OyneT MCIOIb30BaThCs KPUTEPHIl paBeH-
CTBa MOTPEOJIAEMBIX MOIIIHOCTEH.

ITycTh Xa, Xo, Xc — EpEMeHHBIC (TOKH, HANPSHKCHHSI, OTO-
KOCIIeTUTeH s ) Kax ok u3 (a3 cratopa. C yuerom casura as
Ha 120° 3T mepeMeHHbIe MOXKHO MPEICTaBUTh B BHUJC TPEX
BEKTOPOB C PE3yAbTHPYIOUIMM BEKTOPOM. DTOT PE3yJIbTHPYIO-
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M BEKTOP MOXKHO Pa3liOkKHUTh HA JIBE COCTABISIONIME Xa, Xp
BJIOJTb OCEil OPTOrOHATBHOM CHCTEMBI KOOPAUHAT (a, ff), )KeCTKO
CBSI3aHHOM CO CTaTOPOM ABHUIATCIIA. Ecnu MEPEMCHHBIC TOAYN-
HAKOTCA 3aBUCUMOCTHU

Xa % + % =0, (2.1)

TO UMEIOT MECTO CIISAYIOIINE COOTHOIIeHH s [1]:

X, :\F’ Xar %=1 L (6, +2%); (22)

%
8
=
1]

m

DOOY

N~
o<

Q1O

\/7§2 — xb = (2.3

B obmem ciydae npu

Xt % +% 10 (2.4)
MUMEIOT MECTO COOTHOMIECHUS [1]
2& L 1% =Lk x)
3ga 2Xb 2Xcﬂ1 b \/E b ch
1
%= =0 % ) (25)
2 J2 0 21 3. J2_ 6
= |— + — - = |—C- — + + -
Xa 3§Xa zxoaxb \/; 2Xa 2Xb ZXOE
21 3. 2 0
==& =X - — — X = 2.
Xe 3§2Xa 2)(b"'2XoB (2.6)

Crnemyer 3aMeTHTh, YTO 3HAYCHUS YUCICHHBIX KOA((HUIIMEHTOB
B BeIpaxkeHusx (2), (3), (5), (6) 3aBucsT or 3Ha4YCHHs BHIOpaH-
HOro corjacyromiero kodgp@uimeHTa MeXay IepEeMEHHBIMU
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Tpex(a3HOro W SKBHBAJICHTHOTO IBYX(a3zHOro IBUTATEICH.
B Hamem ciiydae cornacyronuii koaGUIMeHT oTBeyaeT NHBAa-
PHAHTHOCTH MOIIHOCTEH Tpex(a3HOro H 3KBUBAIECHTHOI'O
nByx(asHoro apuraTenei.

[Tpu mony4yenun TpeOyeMbIX ypaBHEHHI paOOTHI 32 OCHOBY
Oepytcst ypaBaenus (2-28), (2—32)—(2-34) pabots! [1], 3amnu-
CaHHbIC B POU3BOJILHO BpAIAIOIIEHCss CO CKOPOCTBIO Wy OpTO-
TOHAJIBHOM crcTeMe KoopanHaT (U, V) B BHIE

UU:RSiSJ+pySJ-kaSV’

uv:Rsisv+ PY o TWY >
0= Rriru +py ru - (Wk' nW)y rv?

O:Rrirv+ py rv+(Wk' nW)y rus (27)
ysu:Lsisu+Lmiru7 yS\I:LSiS\I+LmiI’V'
Yw= Lriru + Lmism Y= I-rirv + LmiSV' (28)

B (7), (8) uHumekcsl «S» M «'» yKa3pIBalOT HA CTATOP U POTOP;
«U», «V» — Ha NPUHAIIGKHOCTh MPOCSKIIMU BEKTOpa Ompese-
JICHHOH OCH; U — HampsbKeHue craropa; Lm — B3auMHasi HHIyK-
THUBHOCTh pOTOpa W ctartopa; I, y, R, L — Tok, morokocierie-
HUEC, COIIPOTUBJICHUEC U CO6CTBCHH3$I UHAYKTUBHOCTD, n — Ko-
JIMYECTBO Tap IMOJIOCOB; @ — YIJIOBas CKOPOCTh pOTOpa, P —
orieparop nuddepeHnnpoBanusl, Wy — CKOPOCTh BPAIICHUS CHC-
TeMbl KoopauHar (U, V).

[pencraBum cootHouieHus (7), (8) B BEeKTOPHO-MaTPHYHOM
Bujie. Jlist 3Toro BBeeM 0003HAYCHHSI

u—@“@ |—§.Ug y _élsug y _é’rul;l
-—e w'Te uw s ™ u: r— U
&0 &0 0" §nl
g4 0 A e
E=§ E I=f 13 (2.9
o 1 & 04

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

42

C y4eTroM KoTopbix ypaBHeHus (7), (8) 3amuceiBatoTcs B BUIC
u= Rsls + py s +Wk‘Jy s’
By . =-Ri, - (w, - nw)ly ; (2.10)
y=Li.+L.., ¥y, =Li, +L.. (2.11)

mr?

U3 (11)

ir =Li6/ r” Lmis)! Y. =%6/ s” SLsis)' (211(9

T

B cootBercTBHU € pa60TaM1/1 [2-5] Oyner npuHuMaThCs

{LLhL L L LY = const. (2.12)

s—m?’—r—m?’

IIpy BEKTOPHOM YyHpAaBIECHUM B YPABHEHUSAX JIBUOKCHUS
06I)I‘IHO HCIOJIB3YIOT OJUH U3 TPEX BEKTOPOB HOTOKOCHGHHGHI/IﬁZ

1) BeKTOp MOTOKOCIIEIICHHsI POTOPA,

2) BEKTOp MOTOKOCIIETUIEHHS CTaTOPA,

3) BEeKTOp HAMArHUYHMBAIOIIETO MOTOKA.
B nanHo# pabore OymyT paccMOTpEHbI, Kak Haubosee pacrpo-
CTpaHEHHbIE, TOIBKO MepBbIe 2 caydasl.

2.1.1. Ypasnenusn omnocumenbHo ROMOKOCHEnAeHUA
pomopa
HUckmrouast u3 (10) ¢ momorsto (11) Y s u iy, momydnm

L
py é"l RSI sp(les) Wng—y +SLS|S%L—, (213)

éE u Loy
Py , =-a—+ W, - nw)Jy , +—2i. (2.14)
g a T

B (13), (14) npuHsATH cClienyole onpeaeaeHus it Kodd-
(unmenra paccesnus (¢) U IOCTOSHHON BpeMeHU poTopa T !

2
s =1- L , T :i, (2.15)
LsL, R
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MPHUYEM B COOTBETCTBHUH ¢ [2—5)]
s =const£0,2. (2.16)
[MpupasHuBas npassie yactu B (13), (14), Haitnem

2u

Sp(les) - eRs + Rr%_ﬂ

. 6
- w,sLJi, +i%E- mMdy | +u. (2.17)
Lr gT %]

[onmyuum BeIpakenue npotuBoIC A/l e. ComocraBiss
ypaBHenue (4) pabots [6] ¢ ypaBHennem (13), MOXKHO 3amucaTth

e=u- &is' S p(LSI ) WkS LS‘]I _%(pyr +Wk‘]yr)' (218)

Cootnomrenns (18) mpu wy = 0 CoBMamarOT ¢ aHATOTHYHBIMA
coorHormeHusmu pador [7, 8, 9]. Tloacranorka Py, u3 (14) Bo
BTOpOE paBeHcTBO (18) maer

&
gnWJ - —:y R —T ig (219
Lr %]

Cnenyer oTMeTuTh, uTo Bhipaxkenue (19), xors u sBisercs
OOILIMM JUTS BCEX CHUCTEM KOOPJHMHAT, HE 3aBHCUT OT CKOPOCTH
BpAIICHHS CHCTEMbI KOOPIMHAT.

Haiee motpedyroTcs ypaBHeHUs pabotel A/l, 3anucaHHbIC B
CTATOpPHOI cucteme KoopauHaT (&, f) ¥ CHHXPOHHOH cucTeme
koopauHat (0, ), CBI3aHHOM C BEKTOPOM IMOTOKOCIICTIIICHHUS
poropa y . Jlis nony4eHus ypaBHEHMH B CHCTEME KOODJMHAT

(o, p) B ypaBuenusix (13), (14), (17)—(19) cnenyer nonoxuTh

euu_ é,u .0
=0, Uu=a 7 sFi=a =y =8 I 2.20
R NI &
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B pe3ysbTaTe 4ero 0yJaeM uMeTh

py =[u- Ri-s pLill> (2.21)
py gan- TE% + #m , (2.22)
e et
8 2 H
+—§—- wi$ +u (2.23)
9
e=u- Ri-s p(LSi):% y , (2.24)
02
=Lm J-— tREMY 2.25
e= gnw ;y RgL_rbl (2.25)

Jis monydenus ypaBHeHHME paborel AJl B CHHXpPOHHOMH
cucreme koopauHar (d, g), CBSI3aHHOI C BEKTOPOM MOTOKOCIIE-
IUICHUSI POTOpA Y ; M BPAIIAIOLICHCS CO CKOPOCTBHIO (o, B ypaB-
Henusix (13), (14), (17)~(19) cnenyer MonoXuUTh

éL,u . . é4u & 4U
W, =W,, U= g i=i=a U’yr'y:éodtll (2.26)
Y, ) da () é0u

(npenmonaraercst, 4yTo ock 0 COBHIajaeT ¢ BEKTOPOM IMOTOKOC-
nemiaeHus, Bcaeactsue uero Y ,° 0). B pesynprate Oynem

UMCEThb

@ &
—d1- Ri- L J_ |_.'r (2.27)
 =gi- Ri-sp(Li)-w, 1 y +s ImL

m
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éE u L.
py =-a—+(W,- nw)Jgy +—=mi, (2.28)
g-ITr ° u Tr

é 2 N
s p(Li)=- R +R o2 i~ ws Lai+ 2= nwady +u, (2.29)
g éL g L &t 2
. . . L
e=u- Rji-s p(Lj)- ws LSlerm(g/ +w,Jy ), (2.30)
.. .2
I-r r g I-r a
C yuerom Beipaskenus J u3 (9) u Toro, urto y ,° 0, u3 mar-

puuHoro ypaBuenwus (28) cremyer

1 L .
Wy =- ?ry d +?rrn|d’ (2:32)
Lol (2.33)

W, - nWi=w, =
0 sl ’
Try d
rae depe3 Wy 0003HAUCHO aOCONIOTHOE CKOJBKEHHE POTOpa
OTHOCUTEIIBHO CHHXPOHHOM crcTeMbl KoopauHar (d, ).
Mexay mpoekiusmu cucreM koopauHaT (a, f) u (d, Q)
MMEIOT MECTO CIISIYIOIINE COOTHOIICHHUS:

&U_, OU 60 &0
e, u— e, U e u-"se, U
adl &0 & &0

Ac=AL=E ' (2.3

31ecs p — yron moBopoTa cucreMbl koopauHat (d, () oTHocH-
TEBHO CHCTEMEI (0, §), TODTOMY MOYKHO 3aITHCATh

w, = f. (2.35)
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B cootBerctBun ¢ BhipakeHueMm (2—38) pabdotsi [1] B 6a3u-
ce (u,v) anekTpoMarHuTHBIA MoMeHT AJl ompenensiercst BbIpa-

KEHHEM
m= an(isviru - isu irv)‘ (2.36)
C moMOIIIBI0 COOTHOIIIEHUH B TIOCITEAHEH cTpoke (8) momy-
qUM
_ L . .
m_nL_G/ rulsn =Y rnlsu)' (237)
r

B wactHOCTH, B IPOEKUMAX HA OCH CTaTOPHOW M CHHXPOHHOM
cucteM koopauHat ¢ yueroMm (20) u (26) Beipaxenue (37) mpu-
MET CJICIYIOIINE BUIbI:

L . . L. .1 2.38
m=n—1 I, - i J=n—"i"J (2.38)
L (y a'b y b'a ) L y

r r

m = nLL—"‘y dlg - (2.39)

ITpu nonyuernn (39) yuutsiBaiocs, 4to Y ¢© 0. IIpocroe Bbipa-
’KEHHE DJIEKTPOMArHUTHOTO MOMEHTA IOJy4Yaercs TaKKe IpH
MCITIOJIb30BAaHNH BPAIIAIOIIECHCS CUCTEMbI KOOP/IMHAT, CBSI3aHHON
C BEKTOPOM CTaTOPHOI'O TOKa, Tak Kak Ig,° 0. Torma u3 (37)
L., :
m=n—"y _ig, - (2.40)

|_r ru " sn

Craenyer oOpaTuTh BHUMaHHE Ha TO, YTO BO MHOTUX pabo-
TaXx B BBIPAKCHUSX, aHAJIOIMYHBIX BbIpakeHusm (36)—40), B
NPaBBIX YACTSIX CTOMT MHOXKHUTEINb 3/2. DTO CBS3aHO C BHIOOPOM
ko3 uLmenTa SKBUBaJICHTHOCTH MEXKIY Tpex(da3HbIM M HKBH-
BaJIeHTHBIM JiByX(a3ubiM AJl. B nanHoii padore, kak u B pado-
te [1], ko3 duLneHT BbIOpaH U3 YCIOBHS PaBEHCTBA MOIIHO-
cTel TpexdasHoro u aAByxdaszHoro AJl ¢ SKBUBaJICHTHBIMHU TO-
KaMH U HalpsDKSHUSMH.
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2.1.2. Ypasnenusn omnocumenbHo ROMOKOCHEN1eHUA
cmamopa

B HekoTOphIX ciyyasx ynoOHee NpEICTaBUTh YpaBHECHHE
pabotsl AJ] HE OTHOCHTENBHO MOTOKOCIEIUIEHHS pOTOpa, a OT-
HOCUTENNBHO MOTOKOCLEIUIEHUs cTaTopa. [list 3Toro u3 ypasHe-
uuii (10) ¢ momornkio cooTHomenuit (2.114¢)

i, =Ly .- L),

y =Tl L) (241)
Lm
HEO0OXO0MMO UCKIIo4UTE | nY . Torna
W =-Ri;-wly +u, (2.42)
by .= p(Li)- =¥ .-
S S'S Tr
- (w - )3y .- s L) ;.S. (243)
[MpupaBHuBas npassie 4acTu B (42), (43), noayuum
S p(l—sis):_gﬁs-'-la__I - ( Wi - nW)S Ls‘]is+
r %]
5
+§E- way . +u. (2.44)
T 2

Beipaxenue nporuBol/IC (18) ocraercs cripaBeUTMBBIM U IS
JaHHOTO CITyYasi.

B nanpHeitmem notpeOytoTcs ypaBHeHus pabotel AJl, 3a-
MHCAHHBIE B CTATOPHOW CUCTEME KOOPANHAT (a,b) U CUHXPOH-

HOH cucTreMe KOOpJAUHAT (k, I), CBSI3aHHOM C BEKTOPOM IOTO-
KocUemIeHus y . Jist momy4eHust ypaBHCHU B CHCTEME KOOp-

muHat (a,b) B ypaBHeHusx (42)—(44) cienyer HoJI0XHUTH
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él, u 6,0 & LU
w, =0, UZSJ G IS:S G yszgl G (249
2o ( A (J d o
B pe3ysbTaTe 4ero 0yJaeM uMeTh
P =u- Ri,=¢, (2.46)

rae e — 2JIC cratopa.

=S p(Lsis)+$i5' Tiy5+rw\](ys- s Lj,), (247)

r r

s p(Lsis)=-§ﬁ+R,%§s+nws L3I, +

+§E- wJy , +u. (2.48)
Tr %)

s monydenus ypaBHeHHME paborel AJl B CHHXPOHHOMH
cucteme koopaunat (K,I), cBA3aHHO ¢ BEKTOPOM MOTOKOCLE-

IUIEHHS Yy, BPANIAIOIIMMCS CO CKOPOCTBIO Ws, B YPABHEHHSAX
(42)—(44) cnemyeT MOTOKHUTH

uu . gl & U
w, =g =wg, u:ekg, i=a™q ys:egkg (2.49)
eha s elu

(mpenmnonaraercsi, YTo ock K coBmagaer ¢ BEKTOPOM MOTOKOC-
LeIUieHus Y, BeieacTBue dero Yy ( © 0). B pesynbraTe Oynem

UMCTb
0
o 5l Riw S0 Y (2.50)
60y S/ska
élsku . 1 élsku -
pé =S p(les)' =@ - (WS_ nW)
g0 1 TE0
a&0u & igud L.
"G OG-S L.t (2.51)
I ol iy T
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s p(LSiS)=-§Rs+R N A

rﬂ

¥ s (2.52)
T a

VYpasuenue (50) maer

1 1 .
= i == i),
Y « p( Ri sk) W, ( R, SI)
OTKy/1a
W = (U| - Rsisl)y é(l' (252(9
VYpasuenwne (51) mo3Bonser 3anucath
L.(s T, p+1)i
W, - nw = 6T p+1isy (2.520)

Tr@ sk~ S Lsisk)

[MoxcraBnsist Bropoe Beipakenue u3 (41) Bo BTopoe paBeH-
ctBO B (38), MOXKHO 3amucarth

m:n(y saib Y a) ni Jy (253)
U3 Broporo pasenctra B (53) ¢ yuerom (49) cnenyer
m=ny i, . (2.54)

J1st IpsIMOro ynpasJIeHHss MOMEHTOM M IIOTOKOCLEIIJIEHUEM
MPEACTABIIAET MHTEPEC CIEAYIOLIEE BBIPAXKEHUE 3JIEKTpOMar-
HUTHOI'O MOMEHTA.

Lm
s L.L

ST

m=n Y

2.2. YyeT BIAMSIHUS MePEMEHHOCTH TEMIEPATYPHI
¥ MATHUTHOTO HACHIIIEHU S

B mponecce pabotel A/l ero mapamerpbl MOTYT IpeTepIie-
BaTh CYIECTBEHHbIC M3MeHeHUs. Tak, comporuBicHus Rs, R
MoryT Ha +50% MEHSAThCSI OTHOCHTEIBHO WX HOMHHAIBHBIX
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3HaueHuil. B paborax [10, 11] ucrnonb3oBaHa (HU3MYECKH TO-
HSTHAsl THIIOTE3a O PaBEHCTBE TEMIIEpaTypbl BCEX OOMOTOK,
BCJIC/ICTBUE YETr0 MPHHSATO

R=Ry(+bDT), R=R,(L+bDT),

R -Ro—oong, (2.55)
R Ry
rie Ry, Ro — HOMHHAJIbHBIC 3HAUCHHSI CONPOTHUBIICHHUIT TIPU TEM-
neparype To=25°C, b — TemmepaTypHblii KOIQQHIHEHT CO-
nporuienusi, DI — oTKIIOHEHHE TeMIepaTypbl OT ee 3HAUYCHUS
T,-

[ToMHMO CONPOTUBICHUIA, CHIIBHBIM H3MEHEHHSM BCIIS/ICT-
BHe 3(eKTa HACKIIICHUS] MArHUTHO# 11eni A/l IoiBEep:KeHbI ero
MHIYKTUBHOCTH. CyYIIECTBYIOT HECKOJIBKO METO/IOB OIUCAHHUS
HACBIIICHUS] MAarHUTHOW IeNM: KycOo4yHas JimHeapusauus [3, 4,
12], TabmmuHoe omucanue [2], WCMOIB30BaHHE 3aBHCUMOCTH
y = Aarctg(Bi,,) [13-15], rney - morokocuenenue, i — TOK

HamarHnuuBanus, A U B — koHctanthl [16, c. 637]. Kycounas
JIMHeapu3alus 1aeT MpOoCcThle 3aBUCHMOCTH, HO TOIUTCS TOIBKO B
ciydae pabotel A/l B cranmonapHoM pexxume. TabnudaHoe OmnH-
CaHHWe MOXKHO HCIIONIb30BaTh KaK B CTallMOHAPHBIX, Tak U Iepe-
XOJIHBIX PEXHMaX, HO OHO HE MO3BOJIACT MONYYUTh aHAJIUTHYE-
cKkue 3aBucUMOCTH. Vcnonb3oBanue (yHKIMU arctgX Mmo3BoJseT
JIOCTaTOYHO TOYHO BOCIPOHM3BOAUTH IMPOLIECC MarHUTHOTO Ha-
CBIIEHUSI KaK B CTAlMOHAPHBIX, TaK M HECTAIIMOHAPHBIX PEKH-
Max, HO BCJIEACTBUE CIOKHOCTH (DyHKIMU arCtgX He MO3BONSIET
0e3 anmpOKCUMAIlK STOrO BBIPAKEHHS IMOMYYUTh aHAIUTHYE-
CKHE pe3ybTaThl ONTHUMHU3AINH. AMMPOKCUMAIHS )K€ TPUBOAT
K motepe TouyHocTH. Kpome Toro, mocinenHuil MeToJ1 mo3BOISIET
MOJTYYUTh 3aBUCUMOCTDh WHAYKTUBHOCTEH OT MMOTOKOCLICTIIICHUS,
a He OT TOKAa HaMarHWYMBaHM, YTO CO3JIA€T JOMOIHUTENbHBIE
TPYAHOCTH B MOJTYYEHUH aHATUTHYECKUX PE3yJIbTATOB.

B coorBerctBum ¢ [17] TOK  HaMarHUYMBaHUS
=Y wbkm Y m®Y 4. Torma cormacio (32) u [15] wumeem
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Tk =-i_+i,. [lo3TOMY NPH TIOCTOSHHOM | 4 (mocTosHHOM Hamar-
HUYMBaHWM) OyzieM momnarathb i © .
HU3eectHo [3-5], uTo

=L, (,)=Ynln) (2.56)
Im
WIIN
L =Yaln) (2.57)
Im
HacebilieHre MarHMTHOW IENmu TMpeiaraercs y4uThIBaTh
BBIpQKCHHEM
[ :
Yo=Llyg———+L . (2.58)
“rE) "
3mech L ., L, ,,& — HONOKUTENbHBIE KOHCTAHTBI, IOAOHpae-

MbI€ M3 YCJIIOBMSl HaWJIydllled anmnpoKCMMalWW KpHBOM Hamar-
HUYMBAHUA, IpUdeM | T Lm2 = Lmo — 3HaueHHE B3aUMHOH

MHIyKTUBHOCTH POTOpa M CTaTopa Ha JIMHEHHOM y4aCTKe KpH-
Boi HamarawuuBanus. U3 (57), (58)

L= tm 4y

Sr@y?

Beipaxenue (59) 6onee npocToe, 4eM BbIpakeHHe

(2.59)

Ly =By notg@ 2
eAg
nonmydyenHoe B [13-15] w3 (2.59) mnpu anmpokcumarimu
y ¢ = Aarctg(Biy,).
Ha puc. 2.1 npencraBnena KpuBas HAMarHUYUBAHUS acHH-

XpOHHBIX nBuratene A-114 6M Yy o U ee anmpoKCUMalWH
C IIOMOIIIBIO 3aBUCUMOCTEN

y ml(im) = Llﬁ npu a=0.847, L1 =1.302,
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Yool )= LM+ L npn L, =132, L,=0051, a=0847.
J1+adi’

31eck Bce KO3 PUIIMECHTHI U MTEPEMEHHbBIC JJAHBI B OTHOCHTEIb-

HbIX enuHuIax. Kak cnenyer u3 puc. 2.1, o0e 3aBUCHMOCTH

OYCHb TOYHO ANMNPOKCUMHPYIOT 3aJaHHYI0 KPUBYH) HaMarHU-

ynBaHus. [loaTomy B AanbHeilieM OyneM TOJNB30BaThCs arl-

npokcumaitueit (58) mpu Lyp = 0. Cormacro [3]

L,=(@A+s L,

L =@+s,)L,, (2.60)
rJie Ss, Sr — KO3 (HUIIUEHTBI paccesHUsl CTaTopa U poTopa, pu-
qem

s,»s,»05s £0.1. (2.61)
B coorBerctBum ¢ (12), (15) u (61)
s =1- [(1+s)(1+s,)] ' £0.2. (2.62)
1.=
1.0
14 LI T '_F__,d_—f"_""_: ",
1.2 - :,\v*"” /
1 e ! ! Wea
o e ,.-“’;
P'{ 5
[N _‘_JJX 1
01 f;"
[yl A
I
alf

0 QA5 07 108 1.4 173 21 245 2B 315 &S

Pucynok 2.1
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Crenyer oOpaTHTh BHUMaHHE Ha TO, YTO Ss, Sr, S MOXHO CUH-

TaTh TaKMMH, YTO HE 3aBHUCAT OT TOKA HaMarHW4mBauws. M3

BoIpakerwii (60)—62) crnenyror coornomenus (12), orkyna
Lm(im) - I—mO . Lm(lm) - I-mO . I-r(lm)_l-rO (263)

- 1 - 1 - 1
Lr (Im) LrO Ls(lm) LSO LS(IIT‘) LSO
rae Lo, Le, Lro HOMUHABHBIC 3HAYEHUS WHYKTUBHOCTEH, CO-
OTBETCTBYIOIIUE JIMHEHHOMY YU4aCTKy HAMarHU4MBaHUS.
Tok HamarHUUMBaHus B cootBeTcTBUH ¢ (32), (57), (15) on-
penensiercs ypaBHEHUEM

M)y Rl L) o
ig(ml-m(lm)-Hm T“m &m_ Lr(|m) Im+|-r(im) Rld

niu ¢ yuerom (63)
M)

H H m I-mO
[Lon(im) +in, i

I-rO

1, =R (i - i). (2.64)

VYpaBuenue (32) MOXKHO MPEACTAaBUTh B BUJIE CTPYKTYPHOM
cxeMbl Ha puc. 2.2, kotopas ¢ yueroMm (15), (63) npeobpasyercs
K BUJY, IPUBEJCHHOMY Ha puc. 2.3.

Ia + s
= Lm \ 'jl;—l P2 -1
Pucynok 2.2
Ig N his,
. Lml:l L.‘fl%l & P -1 -
L}
Pucynok 2.3
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Takum o0pa3oMm, ypaBHeHHi0 (64) COOTBETCTBYET CTpPYyK-
TypHasi cxema TpejacTaBlieHHas, Ha puc. 2.3. Jlnsg ynobcTBa Ha

-1 .
puc. 2.3 3BeHO L.~ crmenyer 3aMeHMTh Ha 3BeHO i =i () -

B gactnoctn, u3 (58) u (56) npu L, =0, y ,°V,

im:y—r7 I-m:-_r: Linl_(ayr)27
VL - (ay )2 I
yisy Aty k. (2.65)

Cxema Ha puc. 2.3 Onu3Ka K cxeMe MOJACIH, MPEeIOKEHHOM
Heinemann u Leonhard [17], koTropas ycIelmHo npuMeHeHa B

pa6ore [3].
B cootBerctBuu ¢ [16, ¢. 638]
_— i
lim|=T1ig +&° r(1+s iy - (2.66)
i e U0 p

Kak Oyner mokazaHo B pasaeine 4, B ONTUMHU3HMPOBAHHON CHC-
TeME i, u iCl oaHoro mopsijaka. [Toaromy ¢ yaerom (61) B aToM

Cly4yae C JOCTaTOYHOM TOYHOCTBIO MOYKHO IOJIaraTh irn =i

e
Kpome TOro, B ONTHMU3UPOBAHHON CHCTEME TOKU |, M ‘i ‘
q

IPOIOPIUOHATBHEI, T. €. |iq | =mi,. Torma u3 (66) crenyer Tou-

L o_ 1. éms / i (2.67)
= 1+ % r Z o\,
m =it e fus g

Takum 00pa3oM, BO BCEX CUTYAIMSIX C JOCTATOYHON TOYHO-
CTBhIO MOJKHO T10/1araTh im 0j 4

HOE PAaBEHCTBO

Jns cBsi3u co CTAaTOPHOM CHUCTEMOW KOOpAHWHAT CIEAYET
BOCITIOJIb30BAaTHCS BBIPAKCHUAMU

ig =iy cosr +i,snr,

y ra :erOSI', y rb :yrSinr " (268)
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B cootsercrBuu ¢ (60) u (59), (66), (67)

x
L, .
Ls=(1+ss)|-m=(1+ss)§ 1+(ml. )2 +Lm2i
aly a

Ly

S S (2.69)
1+(aiy )? ’
; :#+Lr2, (2.70)
1+(aiy )?

npuyem npu L, =0, L, =L, ampu L,=0,L,=L,-

2.3. BeiBOaBI U3 pa3aesia 2

1. CocraBnenbl ypaBHeHus] AJ] OTHOCHTENBHO Kak IIOTO-
KOCIIETIJIEHHs] pOTOpa, TaK M MOTOKOCLIETUIEHHs CTaTopa B Ipo-
SKIHSIX Ha OCH Pa3IMYHBIX CHCTEM KOOPAWHAT.

2. [lomyuensl ypaBHEHHUs, omuchiBatomue padory A/l mpu
ydere TepeMEeHHOCTH WHAYKTHBHOCTEH, 0OyCIOBIEHHOW Ha-
CBIIIEHNEM MarHUTHOU TIETIH.

3. CocraBiieHbl ABE MaTeMaTHYECKHE MOJIEN KPHBOW Ha-
MarHM4MBaHMsl W TMPOBEACHA YWCIICHHAsI ammpOKCHUMAaIUs pe-
aIbHOW KPHBOM HaMarHMYMBaHHS MAaTEMaTHUYeCKUMH MOJIEIs-
MH, [TOKa3aBIlasi UX BHICOKYIO TOYHOCTb.

4. Ha ocHOBaHMHM MaTeMaTH4YeCKUX MOJeNell KpWUBOHW Ha-
MarHM4MBaHUs MOJYYEHBbI BHIPAKEHHUSI WHIYKTUBHOCTEH, YUH-
ThIBaroIye 3PEeKT MarHUTHOTO HACHIILICHUSI.

5. CocraBiiena CTpyKTypHasi cxema (HOpMHPOBaHUS IOTO-
KOCIICTIEH I, KOTOpasi yYUTHIBA€T MAarHUTHOE HACHIIIEHHE.

Cnucok auTepaTypsl 2

1. Ywmkua M. T'. Teopust aBTOMaTH3MPOBAHHOTO 3JIEK-
tponpuBoaa / Hwmukun M. I'., Kirouer B. U., Canmiep A. C. —
M. : Dueprus, 1979. — 616 c.
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Pazgen 3
HH®OOPMAINIMOHHOE OBECIHHEYEHUE
BEKTOPHOI'O YIIPABJIEHMUS
(BAUMCTBOBAHHBIE METO/IbI)

O6menpombinuieHHbie AJl, UPOKO UCHONB3yeMbIE B pas3-
JUYHBIX OTpacisX XO3sICTBA, HE OBUIM TpenHa3HAYeHbI IS
peryiaupoBaHusi ckopocTtH. [loaToMy B HUX HE MPETyCMOTPEHBI
HE TOJBKO AAaTYMKH CKOPOCTH, & U MECTa Uil MX YCTaHOBKH.
[TomMumo TOT0O, YTO yCTaHOBKA JATYHMKOB CKOPOCTH TpedyeT 1o-
pabotkn AJl, HamMuMe AATYUKOB CKOPOCTH CHIDKAeT HaIexK-
HOCTb DJIEKTPONPHUBOAA M MOBBIIIAET €r0 CTOMMOCTb. Kpome
CKOPOCTH POTOpa Ui MPSAMOr0 BEKTOPHOTO YIpaBJICHHUS HEOO-
XOIMMO UMETh MH(OPMAIINIO O MOTOKOCIECIUIEHUH POTOpa WIIH
craropa. [atuuku Ui onpeneneHnus MOTOKOCIEIIICHUH TaKKe
TpeOytoT nopaborku AJl. [losTomy mocnennue 15 ner yaenser-
cs OonblIoe BHUMaHHE pa3pa0OTKE aJTOpPUTMOB YIPaBICHUS
0e3 JaTYMKOB CKOPOCTH (K KOTOPBIM OyleM OTHOCHTb U HM-
MYJIbCHBIC MaTYMKU yriia moBopota poropa AJ]) u matyukos
MOTOKOCIIEIUIEHUH, a HCKIIOYUTEIBHO TOJBKO MO KIEMMHBIM
W3MEpEHHsIM TOKa M HanpshkeHust AJl.

CymectBytoT 3 criocoda OnpeAeieHus CKOPOCTH 0 KIeMM-
HBIM M3MEPEHHSM: C UCIOIB30BAHUEM TIABHBIX TAPMOHHK IPO-
TB0OJIC A/l, myTeM BbIAENEHUS Ma30BBIX MyNbCalliii B TOKE
cratopa A/l U myTeM <«BIPBICKUBAHUS» BBICOKOYACTOTHBIX CO-
CTaBJIAIONIMX B TOK cTatopa. B manHoM pasaerne OyayT paccMoT-
PEHBI TOJBKO METO/IbI, ucnoib3ytomme npotuBoC Al

J1n1si BEKTOPHOT'O yIIPaBJICHHS B HACTOSIIEEe BPeMsl MPaKTHU-
YeCKH BCeraa MPHMEHSIOTCS NpeoOpa3oBaTelyd 4acTOThI, HC-
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none3yomue HMM-uHBEpTOpHI, AAOIIME B CPEAHEM CUHY-
COMJIAJIbHO M3MEHSIOLIMECS TOKH (TJIaBHbIC TAPMOHUKH) C aM-
IJIMTYJIOW IIIYMOB, COCTABJISIIOLIEH AECSITKU NPOLEHTOB OT aM-
IUIATY/bI MOJIE3HOW COCTABJISIOLIEH TOKa. B BBIXOIHOM Hamps-
xkeHuu [IMM-uHBEPTOPOB aMILIUTYyJa LIYMOB B JECATKH pa3
MOKET MPEBBIIIATh aMIIUTYy [JIaBHOM FAPMOHUKH HaIpsike-
HUd. [[ns BeIUMCIIEHUS BEKTOpa COCTOSHUS M MapaMeTpoB Al
HEOOXOIMMO CHH3UTHh OTHOIICHHE HIYM/TIOJIE3HBIA CHTHAI B
HaNpsHKEHUHM W TOKE 710 YPOBHEW eIMHUII MPOLIEHTOB 0e3 HcKa-
KEHUH aMIUIATY/ABI ¥ (pa3bl TI0JIE3HBIX CUTHAJIOB.

3.1. MeToabI BbIYUCIEHHS BEKTOPA COCTOSTHHUS
0e3 00paTHOIi cBSI3U

[Ipu BexkTOpHOM yNpaBIEHUM MPOLECCHl PACCMATPUBAIOTCS
B CHCTEMax KOOPJAMHAT, CBSI3aHHBIX C MOTOKOCIIETIJIEHUSIMH PO-
Topa win craropa. [1o3ToMy olleHKa MOTOKOCHEIUIEHUs — OJIHa
13 OCHOBHBIX 33/1a4, CTOSIIUX IIPHU MPOEKTHPOBAHUH BEKTOPHO-
r0 yIpaBJIeHUS.

3.1.1. Botuucnenue nomoxocyenieHuil pomopa
u cmamopa

O1LIeHKY MOTOKOCIICIICHHS] POTOPa MOYKHO TOTYYUTh IyTeM
MHTErPUPOBAHUS CIIENYIOIINX YPAaBHEHUI:
«TokoBoro» (cM. (2.22), (2.25))

oY :gean CES i e (3.1.1)
e Tg T
«BOJLTOBOTOY (cM. (2.21), (2.24))
v =(u- Ri-s Lpi)L,,=Le (312
e=g-s Lpi, (3.1.3)
e =u- R, (3.1.4)
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rje P — oneparop AuddepeHIupoBaHus, W — yriioBas CKOPOCTb
BpamieHus poropa AJl, N — KOJIMYECTBO Map IMOJKOCOB €, € —
npotuBodJ[C poropa u cratopa. Hemoctatkom ypaBuerwus (1)
SIBJISIETCS. HEOOXOJIMMOCTD 3HAHUS TPYIHOAOCTYITHOH MepeMeH-
Ho#t W. HenocraTok ypaBHeHust (2) 3aKiito4aeTcsi B TOM, 4TO JJIst
MOJNY4YeHUsS] Y HEoOXOIMMO HCIOIb30BaTh YUCTOE MHTErPHUPO-
BaHMe. [Ipy YMCTOM MHTErpUPOBAHUH BOZHHMKAIOT OLIMOKH H3-
3a HEM3BECTHOCTH HA4alIbHBIX YCIIOBHH, a TaKKe MOSBISIOTCS
OIIMOKK M3-32 WHTETPUPOBAHUS TOCTOSHHBIX HEHU3BECTHBIX
CMEICHUN HYJEH, BO3HUKAIOIIUX IIPU U3MEPEHUU TOKOB U Ha-
HpSDKEHUI.

OIHMM U3 METO/IOB YCTPAaHCHHUSI YUCTOr0 MHTEIPUPOBAHHUS
SIBJISIETCSl 3aMEHA MHTErpaTopa B BhIpaKeHHH (2) MHEPIIHOHHBIM
3BEHOM T[IEPBOTO MOpPSIKa C IOCTOSHHOW BpeMeHu Tg [1].
O1eHKa MOTOKOCIICTUICHHST OCYILIECTBIISICTCS 110 3aBUCHMOCTH

Tyh+y =T,(u- Ri- s Lpi)L,, =T,Le (315

[Ipu Taxo# oleHKe BO3HUKAIOT OMIMOKKA aMILTUTYABl H (a-
3bI, OCOOCHHO KOTJa JABHUTaTelb padoTaeT Ha 4acToTe, HUXKE
4acTOTHI CONpsKeHMs T, MHEpPLHOHHOro 38eHa. [IpuBona, uc-
MOJB3YIOUIME WHEPIUOHHBIE 3BEHbS, MMEIOT OrpaHHYCHHBIH
nuanasoH perynupoBanus (He 6omee 1:10).

B pabote [2] omwcaH psi U3BECTHBIX METOOB OLEHKH TI0-
TOKOCIICTUICHUSI POTOpa W MpeiokeH HOBbIA Meron. CTpyk-
TypHas cXxeMa 3TOro MeTojla pejcTaBiicHa Ha puc. 3.1.1.

Ha puc. 3.1.1 unepuroHHBIE 3BEHBS JODKHBI HMETh 00JIb-
IIME TIOCTOSHHBIE BpeMeHU T, U T,, Ul TOrO YTOOHI BBIIEIUTh

B CMTHaJIaxX éab n yAab IIOCTOSAHHBIC COCTABJIAIOINUEC JJIs UX I10-

- & - + AT -
i s R 5 g

Sy Iz
L
—_-

Ip+l

Pucynok 3.1.1. CTpykTypHas cxeMa OICHKH ITOTOKOCIICTUICHUS
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CIIeyIOIIeH KOMIIeHCallK. BrifoueHne B CHCTEMY HHEPLIMOH-
HBIX 3BEHHEB MPUBOAMUT K UCKaKEHUAM (has3bl M aMIUIUTYABI U K
MOSIBJICHUIO 3aTSDKHBIX MEPEXOTHBIX MTPOIIECCOB.

B pabore [3] omucan meros, rie BMECTO MHTErpaTopa Hc-
MOJIb3YETCS 3BEHO C TepeaTouHoN (QyHKINEH

W(p)= 1P
T p”+2dTp+1

Takoifi METOJ] MHTETPUPOBAHUS TaKXKe HEpaOOTOCIIOCOOCH
pu yacTtorax T 1w nmxe.

B paborax [4-6] ommcaH TpexKacKaaHbId (UIBTP IS
OLIEHKH ToToKoctenaenus craropa no J/IC craropa. Ilepsriii
KackaJl MpeACTaBisieT co0O0l aHaIOroBoe MHEPLUOHHOE 3BEHO
IIEPBOr0 MOPSAJKA C HEPErYIUPYEMBIMHU IapamerpaMu. Bropoi
W TpeTHil KackaJpl — IUCKPETHBIC aHAJIOTH HHEPIHOHHBIX
3BEHBEB MEPBOTO MOPSAAKA C PErYIUPYEeMbIMA B 3aBUCHMOCTH
OT YacTOThl KO3 QHUIHEHTaMHU Mepeaayrl U TOCTOSHHBIMH Bpe-
MeHHU. PerynupoBaHue oCyIIecTBIIsIeTCs TAKAUM 00pa3oM, 4TOObI
CyMMapHBIH cOBUT (ha3bl Bcex Tpex Kackaaos coctaBisul —90°,
YTO SKBUBAJICHTHO MHTETPUPOBAaHHIO. BBIOOp MOCTOSHHBIX Bpe-
MEHH W KOA((UIMEHTOB Tepelavynd OCYIIECTBISETCS C IOMO-
HIBIO MTPEABAPUTENBHO PACCUUTAHHBIX TaOMUI MM HEHPOHHBIX
CeTeH, UTO JIe/IaeT BeCh alrOpUTM I'POMO3AKHM, a HU3-3a KOJIU-
YeCTBa 3BEHBEB — CIIOKHBIM.

3.1.2. Boiuucnenue ckopocmu u nOCHOAHHOU
eépemeHu pomopa

YmuOxkuM B (2.7) TpeThe ypaBHEHHE Ha i, YETBEPTOE — HA

m?

i,, ¥ BBIYTEM M3 IIepBOro Bropoe. Iomyunm

iy - Yo
(Wk _ n\N) =2 rurv }'/&rv U (316)
II'\y m + II'Iy ru
B cootBerctBum ¢ (2.8)
1 . 1
= L) =— - Lis)- 1.7
II'IJ Lr @ ru mISJ) II'V Lr @ v mISI) (3 )
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Paccmorpum Boipaxenus (6), (7) B cTaTopHO# cucTeMe KO-
opauHat, npuHsB 4yro u=a,v=Db, w, ©0. Torma ckopoctb
POTOpa ONPEAETUTCS BEIPAKEHUSIMU

w==% rb ira -}.I&ra irb —
N1yt o
:ly&rbﬁl ra ~ Lmia)'y&ra@ rb Lmib) (3.1.8)
NY ol L) ¥ ¥ o - L)

C nomouipto (2.24) u3 (8) MOXKXHO MOTY4UTh

_ L & (V 0 - Loia)- 8V o - L) (3.1.9)
Ny o O 0 - Lok )#Y 16 (Y 1o - Ll )

Honcranoska j,,i,, 3 (7) B NMEPBYIO CTPOKY CHCTEMBI
(2.8) maer
y su = LsiSU +Li® ru” Lmlsu)’y sv = LSiW +%6/ v Lmisv)’

OTKYJIa JUI CTAaTOPHOIN CUCTEMBI KOOPIUHAT

yra :%(ysa-s Lsia)’y rb:%WSb-S Lsib)’ (3110)

m

HJIM B MAaTPUIHOM BUJIC

ys%(ys-sLsi)' (3.1.11)

[Toncranoska i, , i, W3 nepBoro paBencrsa B (2.11) B nep-
BOE PaBeHCTBO B (8) maer
_ 1 v@’ a Lsia )y&rb - (y sb Lsib)y&ra (254)
n lea- Lsia)yra+®sb- Lsib)yrb
_ Lr ( a - Lsia)erb- (ysb- Lsib)era
: P (3112
an ( a lea )y ra +(y sb ~ leb)y rb

w
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Criemyer OTMETHTH, YTO Ha XOJIOCTOM X0ny AJl BBIMOIHS-
forest paBeHctBa 1., © i, © 0. IlostomMy, B COOTBETCTBUH C

nepBbIM paBeHCTBOM B (8), unciurenu u 3Hamenatenu B (8) u
(12) oOpamiatoTcss B HOJIb, BCICICTBUE 4Yero anroputmsl (8),
(12) TepsroT paboOTOCIOCOOHOCTS.

OrmpenenuM CKOPOCTH BpAlIGHHsS OTHOCHTEIBHO CTaTopa
BEKTOPOB IOTOKOCLEIUIEHUN poTropa u craropa. I[Ipumem
r,s:=i.Torma

tgr izy—'bb r i=arctgy—'b,

1a 1a

(3.1.13)

A€ i — Yrol MEXIy BEKTOPOM COOTBETCTBYIOIIETO MOTOKOC-
LIETUIEHHS U OCBIO & CTaTOPHOM cucTeMbl KoopauHat. Toraa

- . . T
W, = i i:y iay&ib y |by&|a _y&i Jy P

yii +yi2b B |yi|2
T (229) L T
S Y WED Ly Je (3.1.14)
v L |yl

B nuckpernom cirydae
r(k)-r,(k-1)=
_y ib(k)y ia(k' 1)'y ia(k)y ib(k' 1)
) y & (k)+y & (k) ’
rae K — nuckpernoe Bpemst. [lpu | =S

=y say&sb -y sby&sa :y&lJy s _

(3.1.15)

w,. =1

s s 2

YL+ s ly o

T T
S YW Yo (3.1.16)

vy
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C yuerom (2.46)
Y a (U - RIy )y o U - Ri) 5547,

w, =t =
T Yoty
Ipu i =T
& =y ray&rb -y rby&ra =y&;rJy roe—
r y r2a +y er |y r|2
P I, rJg L
=w=- LM =Y ?L—. (3.1.18)
|y r| |y r| m
C yuerom (2.21)
i :y ra (ub - Rslb -S p(leb»_
r Y iatY i
Y (W - Ria -5 p(Lda)) (3.1.19)
2 2 :
y ra +y rb
Crnemyer oOpaTUTh BHUMaHKE Ha TO, YTO B OOIIEM cliydyae

1
R.1R, .
OHpeZ[eHI/IM CKOJIBXXCHHE POTOpa OTHOCUTCIBHO ITOTOKOC-

LEIUICHHI poTopa W crartopa. YpaBHeHue (2.22) B CKaJlspHON
(dhopme umeeT BU

1 L
yg(ra ==Y e - WY +T_Ia1

T, ;
y&rb =- iy rb +nwy ra +iib' (3120)
T, T,
IMoacranoska (20) B (18) maer
. . T
¢ R ralzb y r2b| Y ‘]yzr . (3121
Tr yra +y rb Tr L’r|
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Herpyano yGeamTbesi, 4To BTOpOE cllaraeMoe B ITPaBOif
vyactu (21) npezacraBinsier co0oi aOCONOTHOE CKOJBKEHUE PO-
TOpa OTHOCUTENBHO MOTOKOCHEIIEHHS POTOpa, T. €.

L y ra b y rb a I ‘]y (3122)

° Tr yra +y rb ?|y r|

Bripasum Wy uepe3 nporuBol/IC e B coorBercTBuHM C
(2.24) B pennonoKeHn , YTO MOy Ib BEKTOPA MOTOKOCIIEILIE-
HUSI MEHSETCsl Iopas[io MEIIEHHee, YeM €ro HalpaBJeHHE,
MOXHO 3aIHCcaTh

L __dy, _Ty L
Te=2r=Tr g ] % Jy b Jy, =k Teb
R S Ta e AR A A
2
& Lo ael_o
byTJlJ ' e'ep =2 e
R ly. [ e = e[

m &
C yd4eroM NOJIYy4YSHHBIX COOTHOIICHHWH BbIpakeHue (22)
NPUHUMACT BUJI

L2
w, =& R —;—e (3.1.23)

B CHHXpPOHHOH CHCTEME KOOPAMHAT 3TO K€ CKOJIBXKEHUE
onpenensiercs Beipaxkenusmu (2.32), (2.33).
W3 BTOpoit ctpoku ypaBHeHus (2.51) MoXKHO 3amucath

_ (1+s T p)Lig (3.1.24)
sls s Tr (y B - s lei)’

CKOpOCTh pOTOpa ONPEACTUTCS BEIPAKESHUSIMHU
w=r,-w, =8 -w, »i -w, o (3.1.25)

rae Wyp IpHu aiaropurmax QopmupoBanus TokoB no (4.2.14),
(4.2.15) onpenensiercs BoipakeHueM (4.2.16).

TOYHOCTh BBIYMCICHUH IO TMOJYYCHHBIM 3aBHCHMOCTSIM
CYIIIECTBEHHO 3aBUCHUT OT 3HaHMs conpotuBieHuii Rou R, (T)).
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Ouennm T,. YMHoxas B (20) nepBoe ypaBHEeHHE Ha Y ra, BTO-
poe —Ha 'y, ¥ 3aTeM CKJIaJIbIBasi UX, ¢ yueroM (7), moiaydaem

i — y ray&ra +y rby'&rb -
Tr Lm(iayra +ibyrb)' (y rza ty rzb)
. { Ve, .Y VA, (3.1.26)
T 2 HLE '
eryrl_|yr| Lrlryr
T 1 d 2 _
ITockonbKy Yy , V&, =Ea|y r| , To npu |y | =const umc-

autenb B (26) TOXISCTBEHHO paBeH HYNO. B cBOK ouepess,
TIOCKOJIBKY B yCTaHOBHBIIEMCS pexume I Ay ., To iy, =0,
CIIeIOBATENBHO, U 3HaMeHaTenb B (26) Taxke paBeH Hy:o. [lo-
5TOMY OlEHKY T, MOYKHO POBOJMTH TONBKO TPH |y | = Var .

C nmpyroii ctopoHsl, U3 ypaBHenus (2.32)
T = Lia-Y 4
' ¥

rae iy,Y 4 MOXHO ONPENEIHTh C TOMOIIBIO COOTHOIIECHHIA

(3.1.27)

(2.34), B koTOpOom

cosrrz—yra ,
2 + 2
\/g ra yrb

snr =

r Y
\/g rZa +y r2b
Vo= 25, ig=iycosr, +iysnr. (31.28)

Kak crenyer u3 (27), T, MOXHO OmpeaenuTh TOIBKO IIPH

e
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3.2. MeToasb! OLIeHKH BeKTOpa cocToAHUsI A/l
¢ 00paTHOIi CBS3BIO

3.2.1. Ouenka nomoxocyenienuii pomopa u Cmamopa

K mHacrodmemy BpeMeHH MpeIOKEHO MHOI0 METOOB
OLICHKU TIOTOKOCICIUICHN . bosbias 4acTh U3 HUX HE paboTo-
CrIocoOHa MPU MaJlbIX CKOPOCTSIX poTopa. PaccMorpum Haubo-
Jiee MepCIIeKTUBHBIE METO/IbI OIIEHKH MOTOKOCIEIJIEHUS C TOU-
KA 3peHusi UX paboToCOCOOHOCTH B OKPECTHOCTU HYJIEBOM
CKOpPOCTH POTOpA.

3.2.1.1. Metox Hu, Wu [7]. B cOOTBETCTBUH C 3THM METO-
JIOM TOTOKOCIEIUIEHHE POTOpa WIH CTaTopa ONpeAessieTcs Bbl-

paskeHreM

1 w
= e+ < z7(1), 321
Y p+w, p+w, () ( )

rae € —npotuBoI/C, Z — KOMIIEHCAITMOHHBIN CUTHAI, W, — Yac-
ToTa cpe3a (uibTpa, | — mapaMerp, onpeaenAIONINi BETHIYNHY
orpannuenus. CTpykrypHas cxema uHTerparopa (1) npencras-
neHa Ha puc. 3.2.1.

ITpu z =0 Beipakenue (1) mepexoaUT B MHEPIIMOHHOE 3Be-
HO TMEPBOrO MOPSsI/IKA, KOTOPBIM Ha TMPAKTUKE YacTO 3aMEHSIOT
unTerparop. C Ipyroil CTOpoHBI, pu Z =Y MOJy4yaeTcs 4uc-

TN UHTErpatop. Kak BHIHO U3 MPUBEICHHOTO BBIIIC aHAJIN3A,
MOAMGUIIMPOBAHHBIA MHTErPaToOp IOJKEH COBMEHIATh JOCTO-
WHCTBAa YHCTOrO WHTErpaTopa W WHEpIMOHHOro 3BeHa (3.1.5)
IpU OTCYTCTBHH MX HEIOCTATKOB. TeM He MeHee, ONMUCaHHbII
MHTETPaTop MMEET CBOI HEIOCTATOK: HEOOXOJMMOCTh 3HAHUS
TOYHOM MH(OpMALIK 00 aMIUIUTYE BEKTOpa OTOKOCHETUICHHS,

o—» F_,E;L e LV

peg,

B
Sy AR T TE

Pucynok 3.2.1
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KOTOPO# JIOIDKHO COOTBETCTBOBATH orpanuuenue | . 1o HeoO-
XOIUMO ISl HCKITIOUEHHs Jpeiida HHTerpaTopa W3-3a HaIW4Hs
MOCTOSIHHON cocrapisomeii. Ecnu | >b/ |, BBIXOJI MOIU(UIIU-

POBAaHHOIO MHTErpaTopa OyAeT MMETh MOCTOSHHYIO U Iepe-
MEHHYIO cocTaBjstomue. [Ipuuem yem Gonbiie | oTHOCHTEND-
HO aMIUIATY/bI TOTOKA, TEM OOJbIIE MOCTOSHHOE CMEIIECHUE
BBIXOJa MOIM(DUIIMPOBAHHOIO MHTETPATOPa OTHOCHTENLHO HY-
n4. Ecmm | <ty | , TO TOCTOSTHHOT'O CMEIIEHUsS He OyJIeT, HO CHUr-

HaJl Ha BBIXOJIe OyJeT UMETh UCKaxKeHHYI0 Gopmy. [l ycrpa-
HEHHs JTOr0 HeJOoCcTaTKa pa3paldOTaH HMHTETpaTop, MpelCcTaB-
neHHbId Ha puc. 3.3.2. B xoHType 00paTHO# CBSI3M OCYIIECTB-
JISIIOTCSL TpeoOpa3oBaHne MOTOKOCIECIUICHUS B MOJISIPHBIE KOOP-
JMHATBI, OTPaHUYEHHE aMIUINTYAbI MMOTOKOCIEMJIeHHUs, MPeod-
pa3oBaHHe B JIEKapTOBY cCHCTeMy KoopauHaT (@, b) u ¢pwmibt-
panms IOoCpeICTBOM HHEPLUOHHBIX 3BeHbeB. OrpaHuueHue Oa-
3Upyercss Ha TEePIEeHAUKYISIPHOCTH (PaKTUYeCKUX 3HAYCHHH
noTokocuerieHus: u mpotuBo/IC.

IIpennoxeHHBIN KBaApaTypHBIA JETEKTOP ONpPENEIsieT Op-
TOTOHATBHOCTh MEXK/Y OLEHKOH MOTOKOCHENJICHHUS M MPOTHBO-
SJIC. IIU-perynsaTop ucnonb3yercs s GOPMUPOBAHHS YPOBHS
KOMITEHCaIluN

ki Qy’\a ea +y’\b eb
T lr2 2
pﬂ b’a+yb

Y omp :g(p +

g0 1 @u w o
Al;:l_ " € [:|+ i ycmpé. It
b( p chebu p+w, aangy

g= arctggA_bg, (322)
a @

rac y comp HeO6XOZ[I/IMa$I BEIIMYMHA MOOYJI MMTOTOKOCHCIIJICHUH,
kp, k. — xoapduumentsr [TH-perynsitopa, W, — YacToTa cpesa

($uUIBTPOB.
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TakuMm 00pa3oM, OrpaHHYCHHE SBJISCTCA IICPEMEHHBIM.
[punimn paGoThl aJaNTUBHON CXEMBI MPOUJLTIOCTPUPOBAH Ha

puc. 3.2.3.
OueHka BEKTOpa y COCTOMT M3 CyMMBI JIBYX BEKTOPOB!

BEKTOpa MpsiIMOH 11enH (BBIXOJ] MHEPIIMOHHOTO 3BE€HA) M BEKTOpa
0o0paTHO# cBsi3u. B naeane BeKTOp MOTOKOCIENIICHUS MEpIeH-
nukyisiper npotuBoDJIC U BBIXOJ KBaJIpaTypHOTO JIETEKTOpa
paBeH Hymo. Ecni cyliecTByIOT HauaibHbIC YCIOBUS WA UMe-
eTcsl MMOCTOSTHHOE CMEIIEHHEe, TO OPTOrOHaIBbHOCTD TEPsIeTCs
BEKTOp Y OTKJIOHsAeTCs Ha yron Dg (puc. 3.2.3)

Derp =Y (€-Ya& Vo6

vl vl

= excosg s

_l S B
o o _ﬁi L T i
erril g Bl S 00 o o A

pug
ik i
p_"ai. <71/ el e, B
o Fa é -
Pucynok 3.2.2
A ch
NE W, | 1
}'I .
e o
Pucynok 3.2.3
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rie g — yroil IOBOPOTa BEKTOpa IOTOKOCLEIIEHHS OTHOCH-
TEJIBHO CTAaTOPHOM cucTeMbl KoopauHaT (a, b ). Benuuuna
AMILTMTY/Ibl BEKTOpA OOpaTHOM CBS3M Y , NPH HATMYMUHU IIOCTO-
STHHOT'O CMEICHUS WM HaYaJIbHBIX YCIOBUH YBEINYHBAETCA J10
y §, npu sToM yron J cranosurcs pasHbeiM 90° . KBagpartyp-

HBI JIETEKTOP T'eHEepUpYeT OTPHULATENbHYIO OIIMOKY CHUTHaja.
Beixon IId-perymstopa Y c¢mp YMEHbIIAeTCs, MOBOpavMBas

BEKTOp Y [0 IOJO0XKEHUs, NepneHuKyIsspHoro nporusod/IC.
Amnanornuno cxema paboraer u npu g <90°. B atom ciyuae

JETEKTOp JaeT MOJOKUTEIbHYIO OIINOKY CUTHANA U MOBOpadHU-
BaeT BEKTOP IMOTOKOCLEIJIEHUSI B CTOPOHY yBEJIMUEHU yriia g .
Takum 00pa3om, HHTErpaTOp C aJalTHBHBIM YIPABICHHEM aB-
TOMATUYECKU IOACTPANBAET YPOBEHb KOMIICHCALIMM IOTOKA
Yo K HEOOXOIMMOI BeNWYHMHE, OCYIIECTBISIE MPAKTHUECKH

YHCTOE HHTETPUPOBAHHUE.
3.2.1.2. Meroa Ohtani, Tacada, Tanaka [8]. IIpotuso-
O/J1C craropa ABUTraTesns BHIYMCISIETCS 110 BBIPAKEHUIO

e=u-Ri. (3.2.3)
HpennaraeMHﬁ METOA BBIYMCIICHUA ITOTOKOCUCIIJICHUS CTa-
TOpa npeacrasieH Gpopmyioii (4) u mokaszan Ha puc. 3.2.4.

Y [P SV (3.2.4)
1+T p 1+T p

rac y ; — OpOorpaMMHO€ 3HAYCHUC MOAYJ IMOTOKOCHCIIJIICHUA

cratopa. YpaBHeHue (4) MOXKHO MPEICTaBUTh B BUJIC HAOIIO1a-
Tenst ¢ U3MEpeHneM y | 1 Kod(duunentom yeunerns T,

. =e oyl (3.25)
TL

B uzeansiom ciyuae (Y =y .) ypasnenue (5) npuHumaer

BUJI py ( =€,, COOTBETCTBYIOLIMI YUCTOMY UHTETPUPOBAHUIO.
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Pucynok 3.2.4

ITo yTBepIEHUIO aBTOPOB, METOA 0€3 JaT4MKa CKOPOCTH
paboToCrocoO0eH Ha HU3KHUX CKOPOCTSX. JlMamasoH perynupo-
Banus He MeHee 1:100, cTaOUIBLHOCTD YIPaBJICHUS CKOPOCTHIO
+0,1 % HOMHHAJIBHOI.

3.2.1.3. Metoa Akatsu, Kawamura [9]. DtoT meTos Ha-
IIOMHUHACT Hpem)l[[yumﬁ, HO MMpe€aHasHa4€H Jid OLUCHKU IMOTO-
KOCIIETUTEHHSI POTOpa

1/ . L
o= -V |J+—e, (326)
py r Tl r y r) L r

m

rie e =u.- Ri_-s L .pi,. B uzeansuom ciyuae (Y, =y ;)
ypaBHeHue (6) nepexouT B ypaBHEHHE

COOTBETCTBYIOLIEE U/1€aTEHOMY HHTEIPaTopy.
3.2.1.4. Metonx Holtz [10]. Meron BbIYHCIIEHHS TOTOKOC-
LETUICHHS CTaTOpa OMUCHIBACTCS YPABHEHUSIMH

Y= Qu- Ri+0,)dt. (3.2.7)
Oy =iy - ¥.) e, (3.2.8)
o9, (32.9)

gs = arCtg gy,\
a @
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arcig

Pucynok 3.2.5

rie y . — HPOrpaMMHOE 3HAaueHHE IOTOKOCIEIUICH s CTaTopa,
J, — OlleHKa yria MOBOpPOTa BEKTOPA TMOTOKOCIIENIEH s CTaTo-

pa OTHOCHUTENBHO CTAaTOPHOW cHcTeMbl KoopauHat (@, D),
k =0.4, 0.8 — xo>dpuiMeHT, BHIOpaHHBIA TaKMM 00pa3oM,

9T00BI KOMITEHCHPOBATh MIEPEMEHHBIC BO3MYIICHNUS, BHOCHMBIC
MOCTOSSHHBIMU CMEIICHHSAMH U AucOasaHcoM Kod(pQUIHEHTOB
YCUIJICHUS B KaHAJIaX U3MEPEHHs TOKOB CTaTOpa.

VTII0ByI0 CKOPOCTH BpAIlEHHsl BEKTOpPAa MOTOKOCLEILICHHS
CTaTopa MOYKHO BBIYMCIHTH 110 3aBHCUMOCTH

o, =29

Os
dt
CrpykTypHas cxema, cooTBeTcTByIoMIast ypauenusM (7)—10),
npezacTaBieHa Ha puc. 3.2.5.

3.2.1.5. Meroa Casadei, Serra, Tani, Zarri, Profumo

[11]. Meron BbIYMCICHUS OMUCHIBACTCS BHIPAKECHUSIMH
dy’
dt
L. o sLL.

y. =y - i gj:arctg%bg
r L S Lm ’ I\a;

(3.2.10)

=u- Ri+G(y e~y )

rae G — koa¢unueHT ycunenus HaOmronarens. Cxema BbIYKC-
JIeHUsI moTOKocIeruieHus poropa [11] mokaszana Ha puc. 3.2.6.
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Pucynok 3.2.6

ITo 3asBIEHHIO aBTOPOB, METOA PabOTOCIIOCOOEH B I'eHEpaTop-
HOM pexxuMme. [luanazon perynuposanus 1:300.

3.2.1.6. Metoa Hinkkanen, Luomi [27]. Ogxum u3 MeTo-
JIOB YCTpaHEHHUsl OMHMOOK YHUCTOrO MHTETPUPOBAHUS SIBISETCS
3aMeHa WHTErpaTopa MHEPLMOHHBIM 3BEHOM MEPBOT0 MOPsIKa C
MOCTOSIHHOM BpeMeHH T . B aToM ciyuae oleHka mOoTOKOCLeN-
JIEHUS1 OCYIIECTBIISIETCS 110 3aBUCHMOCTH

T +y'_ =Te. (3.2.11)

VpaBuenue (11) COOTBETCTBYET MPOIMYCKAHUIO CHUTHAla
O/C uepe3 HHEPIIMOHHOE 3BEHO.

[Ipu Takoli olleHKE BO3HHKAIOT OIMIMOKH OLICHKH aMILTUTY-
Ibl ¥ (a3el, 0COOEHHO KOTJa JBUTATellb paboTaeT Ha YacToTe,
HWKE YacCTOThI CONpspKeHust (T ‘l) MHEPLUOHHOrO 3BeHa. Ilpu-

BOJIa, MCIONB3YIONINEe MHEPUUOHHBIE 3BEHbS, OOBIYHO HMEIOT
OTpaHMYCHHBIM AMana3oH peryiaupoBaHusi, o0siuHo 1:10 mpm
TpeOOBaHUH, MPEIBSIBISIEMOM K COBPEMEHHBIM 3JIEKTPOIPUBO-
nam, 1:150...40000.

Becbma mpuBieKaTeTbHBIM METOIOM OIIEHKH MOTOKOCIIEIT-
JIeHUsl SIBIISIETCS METOJI, ONHMCaHHbIA B paborax [27, 28]. Dror
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METOJ Tak ke, Kak u (11), 6asupyercs Ha WHEPIIHOHHOM 3BEHE,
HO C IIEPEMEHHON IMOCTOSIHHOW BpeMeHH. J[J1s yBenudeHus qua-
na3oHa pabo4YrX CKOPOCTEH C yMEHbIIEHHEM CHHXPOHHOH CKO-
pOCTH JNOJKHA BO3pacTaTh IOCTOsIHHAas BpemeHu. Iloatomy

-1
npuHuUMaercs T = (e|WOS|) , Tie W, — CHHXPOHHasl CTaTOpHast

CKOpPOCTh, € — MaJbli MOJMOXKUTENbHBIN cKkalsip. C yueroM cka-
3aHHOIO JJI OLEHKU IOTOKOCLEIUIEHUS CTaTOpa ypaBHEHUE
(11) npumer Bux

o relw )y =e (3.2.12)

S

B pa6ore [27] o nmpoekuusaM BeKTopa Yy, HaXOAUTCS yrom

J Mexay BEKTOPOM Y U OCBbIO & CTaTOpPHOro 6asuca, a 3aTeM

nuddepeHIUpOBaHNEM HaXOAUTCS OICHKA Wi, CHHXPOHHOU
S

CKOpoCTH W,,. JJIsi TOYHOrO BOCIIPOM3BEICHHS MHTEIPHPOBA-
HUsSI HEOOXOAMMO € JenaTth Kak MOKHO MeHblne. C apyroii
CTOPOHBI, /U OBICTPOrO YCTPaHEHHs HAYajJbHBIX YCIOBUH M
YMEHBIIICHHS HAKOIUICHHS OIIMOKM 32 CYET WHTErpUPOBAHUS
BO3MOKHOTO TIOCTOSSHHOI'O CMEIIIEHHsl B CUTHaJle € HaJo yBe-
auyuBath €. [ CMATYeHUs 3TOro MpoTUBOpEYHs B pabore
[27] npennaraercs mpuOIM3UTH AMHAMUYECKHE CBOICTBA 3BEHA
(12) x nuHaMHYECKMM CBOMCTBAM HWHTErpaTropa 3a CueTr Kop-
PEKIMH BEKTOpa €. DTO JI0CTUIaeTcs CIENyIOmHM 00pa3oM.

[Tepenarounbie QYHKIMN WHTETPUPYIOLIEIO ¥ WHEPIHOH-
HOT'O 3BEHbEB COOTBETCTBEHHO PABHBI

11
s's+T?

rae NoCTodHHasA BPpEMEHU T ONpeaciaCTCda YpaBHCHUEM

T1l= e|W05| . (3.213
Torga AOUX yka3zaHHBIX 3BEHBEB ONPEAEISIOTCS BBIpAKEHUS-
MU
1 1 .
jWOS jWOs + e|WOS|
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A®YX MHEpIMOHHOTO0 3BEHa MPEICTaBUM B BHJIE
1 _ 1
jw+ew  jw(l- jesignw)

w(jw)= (3.2.14)

C yuerom Buga AOUX (14) Oyznem nmoaaBath Ha BXOJ] HHEP-
IMOHHOT0 3BeHA CUTHAII

€ +je =(e,31 + jeb)(l- jesignw) =
=(e, +e,esignw)+ (g, - eesignw)  (3.2.15)
Torza ¢ yuerom (14) u (15) Gynem nmers

(e; +je, )jw+—e|w|:
= (ea +je, )(1 jesignw) i jesilgnw)jw = (ea +je, )Jiw

[Tyctb curHansl €, €, COAEPKAT INOCTOSIHHBIE COCTaBIISAIONINE
e, €. Torna mpu signw = const MOCTOSHHBIE CHTHAJIBI OyayT
MPOITYCKAThCS Uepe3 MHEPIIMOHHOE 3BEHO.

Ve +ewy =¢€.

B 3TOM citydae olieHKa MOTOKOCIEIICHUS OYeT UMETh T10-

CTOSIHHYIO OIIMOKY

. e’

yo:m,

Kotopast ipu W1 O OyzmeT orpaHHYEHHOH.

Jlist Toro 4toObl BBHIXOJHOW CHTHAJI WHEPIMOHHOTO 3BEHA
COBMAJal C BBIXOJHBIM CHI'HAJIOM HHTETPUPYIOIIEIO 3BEHa,
CKOppEKTHpYyeM B cooTBeTcTBUH ¢ (15) BXOAHON cUTHANI HHEp-

* * x \T
IIMOHHOTO 3B€Ha € = (ea € ) CIEYIOUIUM 00pa3oM:

. _ 56, +6,eSgwW,, U
e=(E-JeS|gnNOS)e=gea 5S40 0 (3.2.16)

&, - e esignw,
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rae J,E — kococuMMeETpUYecKast U CUMMETPUYECKass MaTPULIBL

COOTBETCTBEHHO, OIPE/ICIICHHBIC BHIPAKECHUSIMH
;.0 -w @ o
& oy & 1
Vpasuenue ¢uibtpa (12) cO CKOPPEKTUPOBAHHBIM BXOJI-
HBIM CUTHAJIOM UMEET BUJI

Wo+eMy ', =e =(E- Jesignf,)e., (3217)

IJIe CKOPOCTh W, 3aMeHeHa ee OuleHKoH W . CtpykrypHas

cxema ¢unbtpa (17), npeanoxennoro B padore [27], nzodpaxe-
Ha Ha puC. /. METOM OLEHKU CKOPOCTU W, H300paKEHHbIH Ha

pHC. 7, COOTBETCTBYET OIepalfu

AR (3.2.18)

Os 2

A

Ys

Kaxk BugHO Ha puc. 3.2.7, omeHka y', 3aBHCHT OT VVOS, TO
€CTh OLIEHKA \if,, OCYILECTBIIETCA B 3aMKHYTOM KOHTYpE, YTO

MIPUBOANT K 3aTATHBAHUIO MEPEXOIHBIX MPOIIECCOB.
Crnenyer OTMETHUTb, UTO YIJIOBBIE CKOPOCTH pOTOpa U CTa-
TOpa CBSI3aHBI COOTHOLICHUSIMH W, » W, B MEPEXOAHBIX MPO-

1eccax u W,, =W, B CTALMOHAPHBIX MpOLECCaX.

Pucynok 3.2.7
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3.3. Ouenka BexTopa cocTosHusi AJ]
c nomombi0 MRAS

Model Reference Adaptive System (MRAS) OykBanbHbIi
MEePEeBOJI: aJaliTUBHAs CHCTEMa C 3TajloHHOW Moxaenbro. MRAS
COJICP)KUT HTAJOHHYI0O M HACTPAMBACMYyK0 MOJEIH, a TaKKe
OJIOK aJanTaliy, KOTOPBI MPOU3BOMT OLIEHKY CKOPOCTH. JTa
OIICHKA CKOPOCTH 3aBOJIMTCS B HACTPAMBAEMYIO MOJICITb.

3.3.1. Memoo MRASy

B coorBerctBuu ¢ paboramu [12-14] ponb 3TaNOHHOH H
HAcTpaMBaeMoil MoJeiell HUCIOJHSAIT YypaBHeHus (2.21) u
(2.22) cOOTBETCTBEHHO, T. €. TAJOHHAS MOJEIb («MOJEb Ha-

MPSDKEHUS)
B, =@- Rg-s p(Lsoi)B%, (33.1)
-
HAcTpanBaeMast MOJIEITb («TOKOBAs MOJIENb>)
oY, :Eenvw- B8 +lmj, (332)
ro @ ro

rJIe CHMBOJ « ~ » O3HAYaeT OIEHKY COOTBETCTBYIOLICH mepe-
MEHHOH, a uHaekc «0» yka3pIBaeT Ha TO, YTO B MOJICINIAX MpH-
HUMArOT y4aCTHUC HOMUHAJIbHBIC 3HAYCHUSA MMapaMCTPOB. Ecnu
mapamerpsl mozeneit (1), (2) coBmamaroT ¢ peajgbHBIMU Tapa-
MeTpaMH JBHUTraTels, TO OLeHKH Y,y Oy1yT coBmaiaTh TONb-

KO B TOM ciiydae, Korga W OyZer CoBIajaTh ¢ HCTHHHBIM 3Ha-
yeHrueM W . Takum 00pa3oMm, CHTHAJIOM CTEIEHH COOTBETCTBUS
mogueneit (1) u (2) MOryT CITy>KUTb BBIPaXKCHHSI

ey, Y =Y Y [snDly ) =
=Y WYY W Y Y (3.3.3)

Cucrema cunTaercss HaCTpoeHHoM, korga SN (,,y";) =0,

T. €. KOr1a BeKTOps Y, MY, mapauiensHbl. OfHAKO, BCIEICT-
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Y
3Ta cucTeMa Moaylu He moxactpamBaer. Ha puc. 3.3.1 mnpen-
CTaBJieHA CTPyKTypHas cxema MRAS jyis oreHku CKOpocTU U
norokocuerieaus poropa. Ha puc. 3.3.1 uzonpoMHoOe 3BEHO
npezcTapiser coboit 6ok axanrauuu, W, (p), W, (p) — BekTop-

| 1

BHE TOTO, 4TO PaBeHCTBO € =0 Moxker 6uITh 1 mpH |Y',

HBIC TIepeaTOYHble (PYHKIIUU STATOHHONH U HACTPamBaeMOW MO-
neneii, coorBercTBEHHO. CHTHAIBI yAu u y”i MOTYT OBITH HC-

MOJIB30BAHBI Ul OPTraHU3alWi MPSMOTO BEKTOPHOIO YIpaBiie-
Hust, a W — Ju1st yrpasiienust CKopocTtbio poropa AJl.

PaccMoTpyM MOJIEpHU3UPOBAHHYIO CTPYKTYPHYIO CXEMY,
KoTopasi cooTBeTcTByeT cxeme Ha puc. 3.3.1. {ist sToro ypas-
Henue (1) nepenuiieM B BUIE

Vo= 6e(u- Rei)-s Lige. (334)
ep u I—mO

Yucroe unTerprpoBanue B (4) oOyciaBiuBaeT MOSBICHUE
OIMOOK, CBSI3aHHBIX, BO-TICPBBIX, C HAKOIUICHUEM OIIMOKH 3a
CUET CIBUTOB HYJIS KIIEMMHBIX JaTYMKOB, BO-BTOPBIX, ITPH YHC-
TOM HWHTETPUPOBAHHM TMOSBIIACTCS HEM3BECTHBIA CIBHI B BH/IC
HAYaJIbHBIX YCIOBUI MHTETPUPOBAHHMS.

W.(p) Yu

;G__-';>

EIJ— £1+£2fp ——

Pucynok 3.3.1. CtpykrypHas cxema MRAS-y
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Pucynok 3.3.2. MoaupunmpoBanHast CTpyKTypHas
cxema MRASy

Jnst yeTpaHeHUs HeIOCTATKOB, CBA3aHHBIX C «YHUCTHIM» HH-
terpupoBanueM, C. Schauder [15] mpemnokun cxemy, mpea-
cTaBJicHHYI0 Ha puc. 3.3.2. JlanHas cxema, XOTsS M yCTpaHser
HeKenaTeabHbIe 3()(EKTH «UUCTOr0» HHTErPUPOBAHUS, BHOCHT
JIOTIOJTHUTENIbHOE 3ala3/ibIBaHHe 32 CYET WHEPIMOHHBIX 3BCHB-
€B, BCJICJICTBHE YEr0 HIKHSS TPaHMIA JUana3oHa PeryaupoBa-
HUsI CKOPOCTH POTOpa OrpaHUueHa CHu3y. TeMm He MeHee, CHC-
TeMa COXpaHs’IeT POOACTHOCTh B PESKUME peBepca C MPOXOK/Ie-
HueM yepes Touky, rae W=0.

3.3.2. Memoo MRAS-e

Jnst ycTpaHeHHS HEXKENaTelnbHBIX 3(PQEKTOB «UHCTOTO»
WHTErpUpoBaHusl Oe3 BHeceHHs 3amasnueiBanus F.-Z. Peng u
T. Fukao npemmoxunm [16] cxeMy, HCITONB3YIONIYIO TS CpaB-

HEHUsl He INoTokocuenienus, a nporusodJIC €, €, mpen-

CTaBJIEHHBIE COOTBETCTBEHHO BhIpaxkeHusmu (2.24), (2.25),
a UIMEHHO

& =u- Ryi-s p(Ld), (3.3.5)
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g=moyy. B Lmoid (3.3.6)
I‘rO TrO a TrO a
8 :% oy (3.3.7)

Kpome Toro, B CTpyKTYpHO#l cXeMe y4acTBYeT ypaBHECHHE,
aHanornuHoe (2.22), a UIMEHHO,

L,
gnWJ - —:y +m0 (3.3.8)
rO a ro

B ypaBuenusix (5)—(8), kak u panee, uepe3 «*» 0003HAUYEHBI
OLCHKHN COOTBCTCTBYIOIIUX IMEPEMCHHBIX, a HHACKC «O» YKa3bI-
BaeT Ha TO, YTO Oepercs HOMUHAIBHOE 3HAUEHUE COOTBETCT-
Byromero kodpounuenta. CTpyKTypHas cxema MpelcTaBlieHa
Ha puc. 3.

rr
DTaToHHzZA
TTRCATRAT]

—
L &
I . e Je,
. [licrozreaenas oaets . ; &
L (55 L : |
-
Tl 1 ea PHE | v
_— e = B
= L
Ly - ¢
: iy
free -
e
3 Lot
__ = __
4 R . .
£ ._< = ‘ e , ir
Ep—— ——
L -

Pucynok 3.3.3. CtpykrypHas cxema MRAS-e
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3.3.3. Memoo MRAS-( " &)

PaborocriocobHoCTh onvcanHbIX Bhiiie cxeM MRAS B 3Ha-
YUTEIBHON CTEIECHW 3aBUCHT OT TOYHOCTU 3HAHUS MCTUHHBIX
napamerpoB AJl, B yactHoCTH, comporuBinenuidi Ru R . [ns
oOecrieueHrs] MHBAPUAHTHOCTH CUCTEMBI OIPECIICHUS CKOPO-
cTH poTopa w 10 oTHomeHuio k R, F.-Z. Pengu T. Fukao [16]

IPE/IOXKIIIN UCIIONB30BATh HE CaMi BeKTOpbI mpotHBoDJIC €,

u €, a MX BEKTOPHbIE NPOU3BE/ICHUS HA BEKTOP TOKA CTATOPA

|_, T. €. i_, éj u i-, é, 4YTO B MAaTpU4IHOM BU/JIC BBITJIAIAUT TaK:
e&Jim QTJi . HerpyaHo yOenuThCs ¢ TIOMOIIBIO BBIPAKCHUH
(5), (6) B TOM, uTO B poM3BeeHUK € Ji OTCYICTBYET cliarae-
Moe, cofepkamiee R.i, a B mpousBefieHuH €' Ji— ciaraemoe,
conepkamee LT 'i . DTO CBUIETENBCTBYET 00 MHBAPHAHTHO-
cti cucreMsl no otHomeHuto k R;. Kpome Toro, omucaHHbIil

AJITOPUTM TIOBLINIACT p06aCTHOCTI) CUCTEMbI II0 OTHOLICHHWUIO

—_ e

w—Tpllil

—a

HoT HE]

Pucynok 3.3.4. CtpykrypHas cxema MRAS- (f ’ é)
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K HETOYHOCTH 3HaHuA T . OIHAKO caMO 3HaYeHHEe T HE ompe-
nensiercsi. B kauectBe aprymeHnTta OJioka aJanTalydd aBTOPHI
NPEIUIOKUITN UCIIONIBb30BaTh (DYHKITHIO (éj -é )J i . Ctpyktyp-
Hasl cXeMa CHCTEeMBI IIpejicTaBieHa Ha puc. 3.3.4.

3.3.4. Onpeodenenue ckopocmu u nOMOKoCyenIeHus
pomopa ¢ nomouvlo navnwooamens Jlyanoepzepa

Jns yMeHbllIeHHsl HWKHEW T'paHMIlbl AMana3oHa peryJnpo-
BaHus ckopoctu poropa A/l H. Kubota u K. Matsuse npemsio-
xuu [17-21] nabaromatens tuna Habmogatens JIysubeprepa,
B KOTOPOM B Ka4eCTBE O0bEKTa HAOIOACHUS pacCMaTpUBaCTCS
cucrema ypaBaenuii (2.23), (2.22). HabGmoaatenb CTPOUTCS MO
YpaBHEHHUSIM

=6 Lo) " 8Ro + Ro(Lal )7+
L8 LoLyo) H(ETZ- nd )y +u+G, (w)H,
y& = (rWJ - ETr'Ol)yA +LyoTol +G, (W )%, (3.3.9)

rie Gl(w ), G, (V\7 )— MaTpuisl K03 UIMEeHTOB ycuiaeHus Ha-
OirofaTeneii, METOAMKa BhIOOpPAa KOTOPHIX JaHa B padorax [17,

18, 20],
=i, (3.3.10)
BHOK aJarnTainvyu U OLICHKU CKOpOCTI/I OIIUChIBACTCSA ypaBHeHI/IeM
t
i = ki Jy + k T Jy" dt. (3.3.11)
0

CTpyKTypHas cxeMa aJalTHBHOrO HAOJII0IaTeNs MpeacTaB-
nieHa Ha puc. 3.3.5.

B paborax [18-21] maubl criemyroiye aJrOpHuTMBI, TTO3BO-
JISIFOLIME TIAPAJIENIbHO C OLIEHKOM MTOTOKOCIEIUIEHHUSI M CKOPOCTH
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A CHHXPOHHEIH i
OBHTATENE

R

Hadmogatens

)

I S|

1 »
e (11)

Pucynok 3.3.5. CtpykrypHas cxema
aJlaliTUBHOI O HaOJIo1aTeNs

Y CKOPOCTH pOTOpa OLICHWBATh CONMPOTUBIICHHS CTaTopa M Po-
Topa:

pgg =1 1%Tf1 I& =1 2V%idd ) (3.3.12)
rae |, |, — cxamspupie kosduumentsr, 1, — rapMonmue-

CKasa COCTaBJIANONIaA, HaKjJIaJblBacMasd Ha HaMarHM4nBarouryro
COCTaBJIAIOUIYIO CTATOPHOI'O TOKA.

3.4. Onpenesienne HANPSKEHUsI CTATOPA

I[Tpu ucnons3oBanuu npeodpaszosarens yactotsl ([TH) ¢ He-
pEryJIUpyeMbIM BBIIIPSIMHUTEIEM M WHBEPTOPOM C IMIMPOTHO-
umiyabcHoi mMonysiiuent (LLIMM) HanpsbkeHue npencTaBisieT
co00il TOCIEeOBATENBHOCTh HMITYJIBCOB. JTO CYIIECTBEHHO
OCJIOXKHSICT ONpE/C/ICHNE TJIABHBIX TapMOHMK HANpPsDKEHUH.
B sToM ciydae mcnonb3yercst Clenyonmii MeTo/] BEIYHCIICHUS
TJIABHBIX TAPMOHUK.
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Ces3b MeXKIy (ha3HBIM HANPSKCHUEM U, (S= a, b,C) M 1IM-

puHOit ummynsca DT npu AAUTENsHOCTH TakTa cpadaThIBAHHS
HUHBEPTOpa | OMpeenseTcs 3aBUCUMOCThIO [22]
_ D1
us - ud (o] ? 1

rae Uy, — HampsbkeHue menu nocrosHHoro toka I14, a DT

OMPENENAETCS C MTOMOIIBIO TPEYTrOIbHON CUHYcoubl. [l Tou-
Horo 3amepa DT tpeOyercst oueHb MajeHbKHIA TAKT CUETA.

Bropoii MeTo 6azupyercs Ha U3MEPECHUHN HAIIPSDKEHUSI 11e-
MM TOCTOSIHHOTO TOKa [TY u TaOauIlbl NEepEeKITOUeHUN KU e
uHBepTopa. Ha puc. 3.4.1 naHo cxemaTndeckoe mpencTaBlieHHe
KIIIOYEH MHBEPTOpa, a TabJiila uX nepekiioueHuid — B Tadm. 3.1.
da3Hble HaIpsAKECHUA BBIYUCIIAIOTCA 110 3aBUCUMOCTIAM

u, =§udc(zsA- Ss- So) Uy =§udc(- S\ +25, - S,

uc :%udc(- SA - SB +28C)'

DTOT MeTOoA Takke TpeOyeT OueHb MalleHbKOro TaKTa cuera
MHKPOIIPOLECCOpPA.

Tpernil MeTon NpeaycMATPUBAET CIIIAKUBAHHWE HaIpsbKe-
Hus Ha Bbixojne [1Y ¢ momomnpio duibrpa. [locTosiHHAs Bpeme-
HU QUIBTpa BBIOMpaeTcs Ha OCHOBaHUM TaKTOBOM yactoTsl [1Y.
CriaxxeHHOE HaIpsDKEHHE MOXKET ObITh 3aMEpEHO ¢ TTOMOLIBIO
W3BECTHBIX M3MepuUTeneil HanpsbkeHus. IIpu 3ToM 1ocTato4HO
W3MEpPUTHh HAMPSHKEHUE TONMBKO JBYX (pa3, Mo KOTOPhIM MOXHO
BBIUHCITUTH HampspkeHue tpetheit dasel (ecMm. (2.1), (2.2)). He-
JOCTaTKaMH 3TOTO METOJa SIBIAIOTCS CIBUT (a3 U MCKaKeHHE
aAMILIUTY]] 3aMEPEHHBIX CUTHAJIOB 10 OTHOLIEHUIO K UCTUHHOMY
HaIpspKEHUIO.

UYerBepThlil METOX IpPEUIaraeT BMECTO UCTUHHOIO Halps-
JKEHUSl MCIIONb30BaTh IPOrPAMMHBIE 3HAYEHUS HAIPSKEHUS

Uyps Uy, Ug s KOTOPBIC SBJISIIOTCS apTYMEHTOM YIPABJICHHS
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WHBEPTOPOM. DTOT METOJl HE YYUTHIBAET BIUSHUE BO3MOKHBIX
M3MEHEHUH HaNpsDKEHUs NMUTaroLel cetu. g ydera 3TUx H3-
MEHEHUI aMIITYIbl TPOTPAMMHBIX 3HAYEHUH KOPPEKTUPYIOT-
Ci MO HAIpPSKEHHUIO B LENHU NOCTOAHHOro Toka IIY, xoropoe
MPOMOPIHUOHANBEHO HATIPSDKEHHIO MTUTAFOIIEH ETH.

[NepeunciieHHbIe METOIBI SIBISIFOTCS KOCBEHHBIMHU U HE YUH-
THIBAIOT Takue 3(QQEeKThl Kak MaJeHHe HAMPSKEHUs, 3ara3zbl-
BaHUS MPU OTKPHITUU M 3aKPBITHH B KOMMYTHPYEMBIX JJIEMEH-
Tax, a TAaKXKe 3a CUET «MEPTBOr'0>» BPEMEHH.

dazHple CTATOpHBIC HAINPSDKEHHS JKBUBAJICHTHOTO JBYX-
(a3HOro ABUTATENS ONPENCISIOTCS 110 3aBUCHMOCTSIM (2.2).

Pucynok 3.4.1. AnropuT™ nepeKItoueHus KITo4ei:
«+>» — BKITIOYEH, «—» — BBIKIIIOYEH

Tabnuma 3.1
Sa=1 S+ Ss—
Sa=0 Si— Syt
Sg=1 Sst Se—
Sg=0 Sz Set
Sc=1 Ss+ S
Sc=0 Ss— Sot+
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3.5. AcumnroTuyeckoe nudpdepenpoBanmne
¢ moMoIIbI0 Haboxarenei [23]

B pa3paboTaHHBIX B JaHHOW KHHUTE aJlTOPUTMAax 4acTo Ipu-
CYTCTBYIOT IIPOHM3BOJAHBIE OT CHUTHAJIOB, COCTOSIIIMX W3 TIOJIE3-
HBIX COCTaBJISIOIIMX M BBICOKOYACTOTHBIX ToMeX. [Ipumepom
TaKAX CUTHAJIOB CIYKaT TOKA W HANpsDKEHHs, UCKaKEHHBIE 32
cuer pabotsl IIIMM npeoOpasoBatens dyactorsl. uddepeHiiu-
pOBaHUE TaKUX CHTHAJIOB MPUBOIUT K HEIOMYCTUMOMY YBEIH-
YEHUIO YpOBHS mIyMoB. J{jist 3TOrO ciydasi pa3paboTaHbl acuM-
nrotuueckue aAuddepeHuaTopsl, BHITIOJHEHHBIE B BUAC Ha-
Oomopateneil. Maes acumnrotHyeckoro auddepeHnmpoBanus
3aKITI0YAETCS B CIICIYIOIEM.

[Tycts M3MepsieTcsi mepeMenieHue J C BBIXOAHBIM CHUTHA-
oM

y=J +v, (3.5.1)
rjie V — BBICOKOYACTOTHBIH 1rymM. Heobxomumo orennts J | F, 8.

Ecnu ¢ J oTokaecTBUTH IepeMelieHue, To J»?l, $ 6ynyr coor-
BETCTBEHHO CKOPOCTh M YCKOpeHue. Beenem o003HaveHus

J=x,F=x,, $=x . (35.2)

[pumem, uto X3 =const i %, =0. O6oznauenusm (2)
COOTBETCTBYET CHCTEMa

%=X, &, =X, % =0. (3.5.3)

C nomonibo 0003HaYeHU

e u €@ 1 0y
_e, u _é a —
e H & 0 0Og

3anmmieM cucremy (1), (3) B BekropHO-MaTpu4HOii (hopme

k= AX, y=Cx+v. (3.5.5)

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

87

s cuctemsl (5) 3amuimem HaOmIOAaTENh B CTaHIAPTHOM

dhopme
&= AR+ L(CX- y). (5.8.6)
IMoacranoBka y u3 (5) B (6) maer
§= AR+ L(C(X- X)-n)- (35.7)

BeezieM B paccMoTpenue ommbky Hadmogatens Ji=J - J
U BbIYTEM U3 ypaBHeHus (6) nepBoe ypaBuenue B (5), B pe3yiib-
TaTe 4ero MoJy4YuM ypaBHEHHE OMIHO0K

§= A%+ L(CK- V). (35.8)

Kak Bugno u3 (8), ommbka muddepeHiinaTopa HaXOAUTCS
MyTEM WHTErPUPOBAHUS, BCIEACTBHE YEro PoJb IyMa yMEHb-
maercs.

Habmronatens (6) mo3BonseT OIEHUTH BEKTOP X, B COCTaB
KOTOPOTO BXOJIAT IEpeMEILEHNE, CKOPOCTh U yckopenwue. Ilo-
CKOJIbKY OIIEHKAa BEKTOpA X OCYIIECTBJISETCS MyTeM HWHTErPUPO-
BaHMs ypaBHeHUs (6), TO HCKOMBIE ITepeMEHHbIE OT()UILTPOBBI-
BAIOTCS OT BBICOKOYACTOTHBIX MOMEX, BXOIAMIMX B ). HTEpec-
HO OTMETHUTH TO, YTO CKOPOCTh M YCKOPEHHE IONy4aroTCs HE
nyTeM JudQepeHIupOBaHUs TEPEMEIEHHsS, a IyTEM €ro HH-
TErPUPOBAHHS.

3.6. BeiBoanbI u3 pa3nenaa 3

Kak BugHo u3 (3.1.26), f71s1 OIeHKH COMPOTHBIICHHUS POTOPA

R wunm nocrostHHoi BpemeHu potopa T, B peanbHOM BpEeMEHH

HEOOXOIMMO HM3MEHEHHE MOJIYJsl BEKTOpa IOTOKOCLEMJICHUS
poropa. C 3ToH 1i€bl0 B HAMAarHUYMBAIOIIYI0 COCTaBIISIOLIYIO
TOKa CTaTOpa WHKEKTUPYIOT HU3KOYACTOTHYIO CHUHYCOWJIAJIb-
HYI0 COCTaBJIIOILYIO ¢ MaJIol amrumntynoil. IIpu sTom B noro-
KOCIICIUICHUH TOABJIACTCA NMEPEMEHHAA TAPpMOHUYCCKad COCTaB-
JSIOINAs, KOTOpasi y4acTBYeT B MIACHTU(UKALUU. DTO Hakia-
JbIBACT JOITOJIHUTCIIBHOC Tpe60BaHI/Ie K METOJaM OLICHKH VY ,
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a IMEHHO, JIOCTATOYHO TOYHOE BOCIPOM3BEICHUE MHKEKTHPO-
BAHHOM COCTaBJIAIONIEH B OteHKe | .

CymiecTByromnye pa3oMKHYTbIe METOMBI OIEHKA CHHXPOH-
HOW CKOpPOCTH, CKOPOCTH CKOJIBKEHHSI, CKOPOCTH U COIPOTHB-
JIEHUsI POTOpa MPOCTHI, HO TPEOYIOT 3HAHUS TOTOKOCHEILICHHS
potopa unu craropa. [loTokocenieHnst MOKHO JIETKO OIpee-
JTUTh yTeM uHTerpupoBanus J3/C, ogHAKO MPHU 3TOM MOSBIIS-
I0TCsI TTIOCTOSIHHBIE OIIMOKH, PaBHbIE HEM3BECTHBHIM HavaJbHBIM
YCIIOBUSIM MHTETPUPOBAHMSA, W JIMHEWHO HapacTalouye OImmo-
K{, OOYCIIOBJICHHBIE TIOCTOSTHHBIME OLIMOKaMH M3MEPEHHS WITH
OLICHKU TOKOB M HampspkeHui, Bxoasmux B DJ]C. Otu ommbku
OTpaHUYMBAIOT MyTEM 3aMEHbl HHTETPAaTOPOB Ha HHEPLIMOHHBIC
3BeHbs. BerencTeue 3roro, pabouuii auana3oH OIEHKH IOTO-
KOCLEIUICHUI OTPaHUYMBAETCS CHU3Y CUHXPOHHON CKOPOCTBIO
nopsiaka T, rme T — MOCTOSIHHAsE BPEMEHH WHEPLUUOHHBIX
3BeHbeB. [1o 3T0i nmpuuuHe ObUTH pa3paboTaHbl 3aMKHYTHIE Me-
TOJBI OILEHKH TOTOKOCIEIUIEHHH, TTOCTPOSHHBIE TI0 MPUHIIHITY
HaOIoaTeNel, B KOTOPHIX POJIb M3MEPEHHS BBHIMOJIHSIOT MPO-
rpaMMHbIE MOTOKOCUeIIeHus [7—11]. DTu MeToxbl UMEIOT Clie-
JyIOIINEe HEAOCTATKH:

— OHHM TpPeOYIOT JOCTaTOYHO TOYHOTO 3HAHUS HAYAIBbHBIX
yCIIOBUH U1 HaOIroIaTens,

—C yMCHBIIEHHEM CHHXPOHHOW CKOPOCTH KO3(PPHUIIMEHTHI
HaOJIoaTeNel TOKHBI YMEHBIIATHCS TI0 MOJYJIIO, YTO BIEYET
3a co00l yMEHBIIICHHE OBICTPOACHCTBUS HAOIOIaTENCH,

—9TH HaOMIoaTeNy MiIOX0 BOCCTaHABIMBAIOT UCKYCCTBEH-
HO BHOCHMYIO TapPMOHHYECKYIO COCTABIISIONIYIO MOTOKOCIIEII-
JIeHUs1, HEOOXOTMMYIO JIJIsI OLICHKH COMPOTHUBJICHUS pOTOpA.

YkazaHHBIX HEJOCTATKOB JIMILIEHBI 3aMKHYTBIE METOJIbI Of-
HOBPEMEHHOM OIIEHKH CKOPOCTH W MOTOKOCLEIUICHHS POTOpa,
WCTIONB3YIOIIME TPUHOUN  pabOThl  aJalTHUBHBIX  CHUCTEM
(MRAS) [12-16]. B cBoto ouepen, paboTOCITOCOOHOCTE ATHX
CHCTEM 3aBHCHT OT TOYHOCTH 3HaHHS CONMPOTHUBIICHUH POTOpa U

craropa (paboTocrmocoOHOCTh METOAA MRAS—(i ’ é) HE 3aBH-
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CHT OT COMPOTUBJICHHUS cTaTopa). KpoMe Toro, 3T METOBI J0-
BOJIBHO CJIOXHBI.

JanpHeWM COBEPIIEHCTBOBAHUEM METOAOB OLICHKH BEK-
TOpa COCTOSHHS W mapameTpoB AJl sBiseTcs NpUMEHEHHE
azanTUBHOrO HaOmomaTens [17—21], KOTOpbIi aeT OIEHKY He
TOJIBKO CKOPOCTH W TOTOKOCIEMJIEHUSI POTOpa, 8 M COMPOTHB-
JIeHU# cratopa U poropa. HemocraTkamu 3TOro meroaa siBis-
IOTCSI CTIOKHOCTD U OTCYTCTBHE aHAJIMTHYECKOTO JI0KA3aTeNbCT-
Ba €ro paboTOCIIOCOOHOCTH.

OOmMM HemocTaTKOM PAacCMOTPEHHBIX B pasziene METOAOB
SIBIIICTCS YXYALICHUE X TOYHOCTH MPH HAJIWYMK CMEIIEHUH B
M3MEPEHMSX TOKA W HANPSHKECHHUS.

Takum 00pa3oMm, B HAacToOSIIEe BPEMS OTCYTCTBYIOT IPO-
CTBIE METOJIbI OLICHKH BEKTOpa COCTOSHUS M mapaMeTpoB AJl.
Pa3paboTke Takux METOA0B OyayT MOCBSIIEHBI IMOCISIYIONIIE
pas3zaensl.
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Paszgea 4
CHHTE3 POBACTHBIX OIITUMAJIBHBIX
AJITOPUTMOB YIIPABJIEHUA

B cBsizu ¢ HeompeneneHHOCThIO MOMEHTa WHEpPIUH Bpa-
HIAIOIIMXCSl YacTell NpuBOJa, HAarpy3kd, NOMEX, COMpPOTHBIIC-
HUH 3JEKTPUUYECKUX IeTell, HaJMyreM HaCHILEHNUS W WHEPIH-
OHHOCTH MarHWTHOW WENH, 3JEKTPOMArHUTHBIMU THPOILIECCaMU
B cTanu NpuBoA ¢ AJl siBIsieTcs CyIIECTBEHHO HeEOoIpeaeseH-
HBIM OOBEKTOM ympaBieHus. MarautHas uenb AJ] umeer
OONBIIYI0 HEH3BECTHYIO TOCTOSHHYIO BpeMeHH. MarHUTHBIC
MEPEXOJHBIC MPOLIECCHl MOXKHO ObLTO OBl POpPCHPOBATH, HO IS
3TOro HeoOXoaAUMO ObII0 OBl ycTaHOBUTH B AJl maTyuk moro-
KOCIIEIJIEHHsI, YTO HexenaTenbHo. [109ToMy 0OBIYHO MpH Bek-
TOPHOM YIPaBJICHHH CTAOMIM3HPYIOT HAMarHMYMBAIOIIYIO CO-
CTaBISIIOILYI0 CTaTOPHOTO TOKA, YTO YCTpaHSET IepexOJHbIe
Ipolecchl B MarHUTHO# 1enu [1] u BaMsHUE HeonpeaeeHHOo-
CTH ee MOCTOSHHOW BpeMeHH. OIHAKO STO MPU MallbIX dJIeK-
TPOMAarHUTHBIX MOMEHTaX BEJET K YBEIHMUYECHHOMY DJIEKTPOIO-
Tpebnenuro. [lodTOMy 3aMaH4YMBO TOMBITATHCS OOECHEUUTH
(dopcupoBaHue MMePEeXOIHBIX MPOLIECCOB B MArHUTHOM 1IeTn 0e3
JaTyrKa TOTOKOCHEMJICHUS M MHHUMH3HPOBATH 3IIEKTPOIO-
TpeOJieHHe 3a CUeT COrIaCOBaHHOIO M3MEHEHHs] HaMarHU4u-
BAalOUIEH U MOMEHTHOM COCTaBIIIOIIMX TOKA CTATOpa B COOT-
BETCTBUU C BETMYMHON M 3HAKOM TPeOyeMoro 3JeKTPOMarHuT-
HOIO MOMEHTa, a TaKke 00ecledynTh POOaCTHOCTh CHUCTEMBI
YIIPaBJICHHUS 3JIEKTPOIPUBOIOM IO OTHOLICHHUIO K MepeYrCieH-
HBIM BBILIE HEOMPEEIEHHOCTSM.
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4.1. Cunre3 podacTHHIX AITOPUTMOB
(¢opMupOBaHHUS YTEKTPOMATHUTHOT0O MOMEHTA

HeompeneneHHoctu TpeOYIOT NPUMEHEHHUST POOACTHBIX Me-
Tonos ympasineHus. Ilupoko pacnpocrpanennsie IIH-pery-
JSTOPBI [2—4] 4yBCTBUTENBHBI K M3MEHEHHIO MOMEHTA MHEPIIUU
W K OrpaHHYCHUSM, HAKIAJbIBAEMBIM Ha YIIPABISIOMUN MO-
MeHT. Cpenn poOacTHBIX METOAOB YIPABJICHUS DJIEKTPONPUBO-
JIOM HauOoJee 4acTO PacCMaTpUBAIOTCSl aJallTHBHBIE CUCTEMBI
ynpasieHus (ACY) [5-7] u cucteMbl ¢ mepeMeHHOW CTPYKTY-
poii (CIIC) [8-10]. ACY ¢ HacTpanBaeMoOil MOJIENTBIO TPEOYIOT
0OJIBIIIOr0 00bEMa BBEIUMCIIEHHN, OOBIMHO UMEIOT Majioe OBICT-
POACHCTBHE M TJIOXO MOANAIOTCS aHATUTHYECKHUM HCCIIe0Ba-
HusM. ACY ¢ uaeHTHQHKanMed NapaMeTpoB MPEAbSBISIOT
cnequduueckue TpeOOBAHUS K XapaKTepy ABHXKEHHUS POTOpa,
4acTo OTIMYAIOIINECs OT TpeOOBaHUN TEXHOJIOTHYECKOTO Mpo-
ecca.

XapaxkrepHoii ocobenHocteio CIIC sBnsiercs Hanmuuue B
CHCTEME YIPaBICHHUS CKONB3SIIUX PEKUMOB, KOTOpPbIE, TOMHUMO
obecrieueHusi poOACTHOCTH, MPHUBHOCAT M HENOCTATKH, TaKHe
Kak:

- HaMM4ue BHOpaLuii, CHIKAIOIUX HaJISKHOCTh MEXaHH-
YECKHUX YacTed NpUBOAQ,;

- TIoTepsi pabOTOCIIOCOOHOCTH B TPHCYTCTBHH B CHCTEME
yIIpaBJICHHS Mapa3uTHOW JTUHAMUKH;

* TUIOXasi IOMEXO0YCTOMYMBOCTD 1O OTHOIIEHHIO K BBICOKO-
YaCTOTHBIM ITOMEXaM,

- OTCYTCTBHE pPOOACTHOCTH HA YYacTKe JOCTHUKEHHUS I10-
BEPXHOCTH TMEPEKITIOYCHNUS,

* HAJIMYHKeE MyJIbCalluid CKOPOCTH.

B paborax [11-14] mpemraraercs psa MEPONPHUSATHH 10
YCTPaHEHHUIO OTHENbHBIX U3 MEePEUHCICHHBIX HeJocTaTKoB. Of-
HAKO HM OJJHO W3 MpeAjaracMbIX MEpONPHUSATHHA He yCTpaHseT
cpasy Bce HepocTaTKH. [lepeunciieHHbIX HeJOCTaTKOB JIUIICHBI
pobacTHbIe KOMOWHWUPOBAHHBIE CHCTEMBI YIpPaBIeHUS C Ha-
OmroaTens MU HeonpeneneHHocTd. Kpome Toro, oHu o0sagaroT
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Oosiee mpocToii HacTpoikoi. CHcTeMa Takoro THIIA BIIEPBBIC
Obuta mpemiokeHa u uccienoBana B. JI. ®dypacoseim [15].
[ozanee E. M. TToranenko ObUT MPEATIOKEH U MCCIEOBaH P
CHUCTEM JaHHOIO Kjiacca, KakK 1A HHHCﬁHLIX, TaK U OJ14 HCIU-
HEWHBIX HECTAlMOHAPHBIX 00BEKTOB yrpasiieHus [16-22].

4.1.1. ¥Ynpasnenue ckopocmovio pomopa oeuzamens

YpaBHeHus ABMKEHUS poTopa AJl U 3IEKTpOMArHUTHOTO
MoMeHTa B cooTBercTBHH ¢ (2.32), (2.39) u [23] ompenensiercs

BBIPAKEHUSMH
IW=m+m +m, (4.1.1)
L, .
m= nTmy alg: (4.1.2)
r
Try&d +y d = Lm'd’ (413)
rae M — MOMEHT Harpy3ku, M — MOMEHT, 00YCIIOBJICHHBIN 3JICK-
TPOMAarHUTHBIMHU TIporieccaMu B cranu [23], | — MomeHT nHep-
HH.

Bbyner nmomarartecs, 4ro M, M HE U3BECTHBI, a MapaMeTpPhbl
CHUCTEMbI HETOYHO U3BECTHBI, IPUYEM

[ =1,+1,m=m,+m,
L,=L.o+Ly L =L,+L,. (4.1.9)

3nech log, My, Lo, Lio — AeTepMuHUpOBaHHBIE YacT (HOMH-
HaJbHBIC 3HA4YCHHUs), mpudeM, i Lo, Lo 32 HOMHHAIBHBIE
3HAUCHUS TPUHUMAIOTCS 3HAYCHHS WHIYKTHBHOCTEH Ha JIMHEH-
HOM Y4YaCTKe KpUBOM HaMarHU4uMBaHus, Js, Ms, Loy, Lrs — Kycou-
HO nudepeHnnpyemMble HEM3BECTHBIE MOTPEIIHOCTH. B cooT-
BerctBuu ¢ (2), (3)

m=nL, L (L - Tydq) i (4.1.5)

OCHOBHOI1 TIPOOJEMOM, CTOSAIIEH Ha MyTH ONTHMHU3AIMU
CUCTEMbI B JIMHAMHUYECKUX pPEXKUMaX, SIBISETCS OOJbIIas Mo-
crossunas Bpemenu T, B (3) u (5). C menbio ee KOMIEHCAINH,
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a TaKxke KOMITEHCAIINM BIMSHUS HEONpeAeTeHHOCTeH, 32 HOMU-
HaJIBHBIA 3JIEKTPOMAarHUTHBIM MOMEHT IIPUMEM
— A2 -1
my =Nkl glgly- (4.1.6)
B stom ciyuae ¢ yuerom (4)—«6) ypasuenuio (1) MOKHO
MPUAATh BUJ
M =m, +f, (4.1.7)
rae

frmmamm - &+ Ly L. T, Mg dg) - (4-18)

VYpasuenue (7) npeacrasiser coboii ypaBHEHHE MOTHOCTHIO
JETepMUHUPOBAHHOTO O0BEKTa C HOMHUHAJILHBIMH TMapaMerpa-
MH, TIOIBEP)KCHHOTO JICHCTBUIO CyMMAapHOW HEONpeIeIeHHO-
cru f. B coorBerctBum ¢ [16-22] 3amaya coCTOMT B OLICHKE He-
onpeneNieHHOCTH | 1 KOMITeHCaIlK e ¢ TOMOIIBIO CIIeIHaIIb-
HOT'O CJIaraeMoro B 3akoHe yrpasieHus. [lomaras, uro f — ky-
couHo-audPepenupyemast GyHKIHS, TpUMEM

fr=x, b=, f0=x, 0=k, (419
Torpa f MOXKHO OmTHCaTh CHCTEMON ypaBHEHHI

=[x, %]’ f=x, = Dx,%=Fx+Nf ¥, (4.110)

raec
€0 1 0 K 0u
o-f 0,,,], _go 0 1 K OE
[ F=&K K K K Ku, (4111
N=[orey 7 0 0 0 K 1y
€0 0 0 K Of

Bbynem paccmatpuBath ypaBHeHue (7) Kak M3MEpEHHE BEK-
Topa Heomnpenenennoctu f. [IpeacraBum ypaBHenue (7) B Buje
CHCTEMBI

y=f=Dx, y=IM-m, (4.1.12)
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Cucrema ypasHenmii (10)—(12) siisiercsi MONMHOCTBIO HAOIIO-
naemoit. HabnromaTerns uist 3Toi cucteMsl umeet Buj [16-22]

§=FR+L(DX-y)=
=FX+L(DX- I@+m), LT R, (4.1.13)

rne L —matpuna koaddunmentos ycunenus nadmoaatens. s
yCTpaHeHHsi HEOOXOIMMOCTH Toy4eHust W BBOaUTCS 0603HA-
yeHue

z=%+LIwb %=2z- Lljw, (4.1.14)

C TOMOIIBI0 KOTOPOro BTopoe ypaBHeHue B (13) mpuHHMaeT
BUJ

g=(F+LD)z- (F+LD)LIw+Lm, (4115

B (15), B ortauuue ot (13), orcyrcrByer W. Bcenencrsue
nonHoi Habmomaemoct cuctembl (10)—(12) cnektp mMaTpuiibl
(F +LD) mokHO 3anath 100bIM KeIaeMbiM 00pa3soM U TEM
caMbIM oOecriednTh podacTHOCTh Habmomarens (15), (14) [16-22].
OLCHKA HEONPEEICHHOCTH f NEPEMEHHOM { IPOM3BOAMTCS

110 3aBUCUMOCTAM
f =D%x=D(z- LIw). (4.1.16)

3uas f, B coorBeTcTBUH C (7) 3aKOHY YIIPABIICHHS CIETyeT

NpUaTh BUJ

m, =my, - f (4.1.17)
IMoacranoska (17) B (7) naer ypaBHeHHe
|\W=my,+(f - f). (4.1.18)

[Tpu TouHOl paboTe HabIrOMATENS, YTO JOCTHUIACTCS YBeE-
nuueHneM HopMbl Matpuubl L,limf npu t® ¥ pasen f.

B atom ciyuae ypaBHenue (18) npunumaer Bua

| = my,. (4.1.19)
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ITycTh TpebyeTcst OTCIEKHMBATh 33JaHHYIO0 (TIPOrPAMMHYIO)
TpaekTopuio W . [Tycts Take

My =- koW -w))+1 W, . (4.1.20)
IToacranoska (20) B (19) moposkaaer ypaBHEHHE
| (& - \&p)+k0(w- Wp) =0. (4.1.22)

IIpu k, >0 (I, Bcerna Gomple HysIs) UMEET MECTO ACHUM-
NTOTHYECKAsT YCTONYMBOCTH HYJIEBOIO PEIICHHS YpPaBHEHUSI
(21), cnenosatensro, mpu t® ¥ w® w . Kauectso nepe-
XOJIHOTO Tpolecca ompenensercs mapamerpamu |, u K. Pe-

uieHue ypaBHenus (21) umeer Bua
w-w, =[w(0)- w,(0)]exp(- kt/1,)-
IMoacranoska (16) B (17), a (17) B (15) maer ypaBHeHHe
f=Fz+Lmy - FL Iw. (4.1.22)

Cuctema (22), (16) maer oreHky HeompeneneHHocTH f,
a Beipaxkenus (17), (20) —3akoH yrpaBieHHSs.

Cremyer oOpaTuTh BHUMaHUE HA TO, YTO MEPEXOIHBINA TPO-
rece B (21) He 3aBHCHUT HH OT OJJHOW W3 MEPEUNCIICHHBIX BBIIIE
HEOIpe/IeNICHHOCTel, BKIIOYCHHBIX B (8), B TOM umcie W OT
HWHEPLUMOHHOCTH MTPOLIECCOB B MArHUTHOM 1ienu. Eciii B L L,
He y4TeHbl 3((EeKThl MATHUTHOTO HACHIIIEHHUS, TO YIIPaBICHHE

OKa3bIBaeTCsl pOOACTHBIM TaK)KE K MATHUTHOMY HACHIIEHUIO.
3amuiiem ypaBHeHue omnbOku Habmogarens. [lycts ommo-

'm0 ?

Ka HaOIrOJaTeNns Ompeensercsa BhpaxkenueM X = X- X. Ilox-
CTaHOBKa mepBoro paBeHcTBa u3 (12) B mepBoe ypaBHEHHE U3
(13) u BBIYMTaHWE W3 TIONYYEHHOTO TOCIEIHEr0 ypaBHEHHS
B (10) naer ypaBHeHHE OMIMOKH

f=(F +LD)%- Nf®,
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VcraHoBuBmasicss omubOka 3aBUcUT Toinbko oT f®, 49ro

CBHJICTEIBCTBYET 00 acratmame cucrtembl K-ro mopsaka. Kak
cienyer u3 BToporo ypaBHenus B cucreme (14) u cucremsi (9),
HaOJfolaTeNb MO3BOJSIET OLIGHHTh HE TOJBKO HEOINpe/ieeH-

HOCTb f ,aH k €€ IMPOU3BOJHBIX, YTO MO3BOJJACT YIYy4lIUTH
yIpaBJieHHe 3a CYeT BKIIOYCHUs B 3aKoH yrpasieHus (17) npo-

u3BomHbIX or f . Dro Oymer cmocoGCTBOBATH YMEHBUIEHHIO

OTKJIOHEHHsSI CKOPOCTH OT MPOrPAMMHOTO 3HAUCHHUS MPU BKITIO-
YEHHU W CHSTHH HArpy3KH. YKa3aHHOE OTKIIOHEHHE OCOOCHHO
CYIIECTBEHHO MpPU MaJibIX MPOrpaMMHBIX CKopocTsx. [lpu
k =1 ypasuenus (22), (16), (17) npuanmarot BU

#=lm,  f=z-lIw, m=m,- f, (4123
rae | — ckamsapublii KO3(QOHUIMEHT YyCHIeHHWs HabmoaaTens,
a my,, Kak u paHee, omnpenenserca Boipaxenuem (20). Iycts

p— omeparop muddepennuporanus. [locnenoparenbHo Mmoa-
craBisisi B cucteme (23) Z U3 mepBOro ypaBHEHHS BO BTOPOE,

asareM [ W3 BTOPOro ypaBHEHWs B TPETHE, MOTYIHM

_ My, 0
m=my- | g— Wz
p o}

ITo nanHOMy BbIpaxkeHuto ¢ yderoM (20) MOXKHO 3aKITiO-
9KTh, 9TO NP K =1 CHHTE3UPOBAHHBIM 3aKOH yrpaBieHus (23)
skBuBasieHTeH [IM-perynstopy. OnHako, B OTIMYHE OT KIacCH-
yeckoro [11-perynstopa, npu BEIOOpE MapamMeTpoB CUHTE3HPO-
BaHHOTO PETyJISATOpPa MCCIEAYIOTCS JIBa HE3aBUCHMBIX ypaBHe-
HUS TIEPBOTO MOPSIKA, & HE OIHO YpaBHEHHE BTOPOTO MOPSIIKA.
3TO TO3BONSET HE3aBUCHMMO (POPMHUPOBATH BUJ TEPEXOTHBIX
MPOIIECCOB, C OJHOH CTOPOHBI, 1 KOMIIEHCHUPOBATh HEONpese-
JIEHHOCTBh, ¢ Jpyrod cropoHsl. [IpemmymiecTBa emie Oonblie
BO3pacTaroT IIpH IMO3UIIHOHHOM YIIPABIEHHUH DJIEKTPOIIPHUBOIOM
WJIN YBCIIMYCHHU MOPAJKAa aCTaTU3Ma CUCTEMBI, TaK KaK B 5TOM
ciydae cucrema ympasieHus ¢ [11-perynsatopoM MoxeT mote-
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pATh YCTOWYHMBOCTH IPU YBEIUYEHHH MOMEHTa WHEPLUH WU
M3-3a OrpaHUYCHHI yrpaBisroniero MomenTa. KomouHupoBaH-
HOE JK€ YIpaBJICHWE HU MPU OTPAaHUYCHHSX, HU NPU yBEIUYe-
HUHM MOMEHTA MHEPIMH HE TepPseT YCTONYMBOCTH.

[TockonbKy Mpu KOMOMHHPOBAHHOM YIIPABICHUH HEOMpe-
JICTICHHOCTh OI[CHUBACTCSI M KOMIIEHCUPYETCS, CHHTE3HPOBaH-
HBIC aJTOPUTMBI YIpaBJICHUsI 0€3 TepeHACTPOUKU OJUHAKOBO
3¢ GEeKTUBHO PadOTAIOT MPH PA3INYHBIX BHIIAX HATPY3KH U T10-
MexH (MOCTOSIHHBIC, JIMHEHHO, KBAJAPATHYHO U T. [, 3aBUCSIINE
OT BPEMEHH).

4.1.2. ¥Ynpasnenue noyodxiceHuem pomopa oguzameisn

B sTOoM ciydae HEOOXOIMMO HM3MEpPSATh CaMO IOJOKCHHE
poropa. CKOpocTh pOTOpa, HEOOXOAMMYIO JUISi YIPaBJICHHS,
MOXKHO TIOJTyYHTh MHOTHMH CIIOCOOAMH:

1) BBIYKCIIEHHEM T10 3JIEKTPOMATHUTHBIM TPOIECCAM B JIBH-
raresie, 4eMy MOCBsIIEHa OO0JIbIIIast 4YaCTh ATON KHUTH,

2) myteM 0OpabOOTKH MOCIENOBATEIBHOCTH HMITYJIbCOB B
CTATOPHOM TOKE, BBI3BAHHBIX MAarHUTHOH HEOJIHOPOIHOCTBHIO
ANIEKTPO/IBUTATEIIS,

3) C TIOMOIIIBIO0 PACIIUPEHHOTO HAOTIOIATENS, OJHOBPEMEH-
HO OIICHUBAIOIIETO CKOPOCTh M HEONpeeieHHOCTh [16-21],

4) mytem 00pabOTKH MH(OPMAIIMHU MTO3UIIUOHHOTO TATYHKA.

B ciyuae maTuMka ¢ HEMpPEpBIBHBIM BBIXOAHBIM CHTHAJIOM
CKOPOCTh MOXXHO BBIYHMCIIUTH C MOMOIIBIO aCHMIITOTHYECKOTO
muddepennmaTopa, onucanHoro B moxapaszzaene 3.5. [Ipu wuc-
MOJIb30BaHUM MHKPEMEHTHOIO JaTYMKA — C MOMOIIBIO JKCTpa-
HOJIATOpPA HYJIEBOTO, TIEPBOTO MJIM BTOPOro MOpsiika (B 3aBUCH-
MOCTH OT TOYHOCTH JaTuuka). PacCMOTpUM NMpPUMEHEHHUE HKCT-
parossiTopa BToporo mopsijika.

BbIXOIHOM CUTHAJI HHKPEMEHTHOIO JaT4HKa MPENCTaBIIsIET
co0Ol TOCIIeI0BATEIbHOCTh PABHBIX HMITYJIbCOB, MOCTYIAIO-
IIMX Yepe3 PaBHbIC YIJIbl IOBOPOTA POTOPA, HO HE 0053aTEIbHO

uepe3 paBHble IpoMexyTkd Bpemenn. Iyers t,, ¢, ¢, ¢ —

MOCIEAOBATENBHOCT OMMKAWIIMX JIPYr K JPYyry MOMEHTOB
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BPEMEHH IIOCTYIUICHHS HMITy/IbCOB, mpudeM, [, — Tekymimii

MOMEHT BPEMEHH. YTOJI I0BOpoTa poropa J MOXHO ompese-
JHUTh TIYTEM CyMMHpOBaHUs uMIyibcoB (puc. 4.1). TpeOyercs
CIIPOrHO3UPOBATh Yrojl IIOBOPOTA, CKOPOCTb M YCKOPEHHE Ha
IIPOMEKYTOK BPEMEHU MEKILY tn u t_,,. Ilo anamorun c pas-
JIO)KEHHEM B psif Telopa MOXHO 3alucaTh IIPOrHO3 HepeMe-
IIeHUusd J o B BH]JIC

J, »J, +J§‘n(t - tn)+%j@§](t - t)% (4.1.24)
€ CKOPOCTh M YCKOPEHHE B MOMEHT [, ompeaenstorcs coor-
HOIIICHUAMH

3=9 1 5 (4.1.25)

"odtaws, t,-t.,

n

gdd 1 (4

-‘ﬁnl)» ! ’

"ot dtaes, to-t 0" "YUt -t

e 1 1 u
xe———(3,-3,,)- ———(,1-J..)g (41.26)

étn - tn—l tn—l - tn—Z u

C yuyeroM TOro, 4YT0 MMIYJLCHI CIEAYIOT Yepe3 MOCTOsH-
Hoe yrjoBoe paccrosHue J,, paseHcTBa (25), (26) MOKHO

npeacTaBuThb B BUAC

f=Jo gy Jo 21 1 0 (4127

tn - tn—l ) tn - tn—l%tn - tn—l tn—l_ tn—Zﬂ

Jp

1

J(©)
Pucynok 4.1. IMnynbscbl TpupanieHuid CHrHaJIoB,
KOTOpBbIE BEIpaOaThHIBAET HHKPEMEHTHBIN JTaTIUK
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Beipaxxenue (24) naer mporHo3 yria moBopoTa Ha MpoMe-
KyToK Bpemenu mexay t, u t . [Ipornos ckopoctu Ha 3TOT

e MPOMEKYTOK BpEMEHH MOYKHO MONy4YHTh, npoanddepeHn-
poBas Beipakenue (24). Toraa

PR +81-1,). (4.1.28)

[Ipenckazanue yckopeHus moiydaercs mnyrem auddepeH-
LUPOBaHUs BhipakeHus (28) B Buze

£ (4.1.29)

Wrak, OyseM cuuTath, 4TO U3BECTHBI J U J& . [Tpu no3uuu-
OHHOM YITpaBJIeHHH BMecTO ypaBHeHus (1) cieayer ucmoib3o-
BaTh YpaBHEHHUE

1IE=m+m +m, (4.1.30)

a ypasuenus (2)—(19) ocratorcst B cuie. Ilycts Tpebyercs ot-
CIIEKUBATL 3a/AHHYIO TPACKTOHIO J jip,j&p. BmecTo ypaBHe-

Huit (19)—(20) a5t MO3UIIMOHHOTO YIIPABICHUS 3aIHILIEM
W ET (4.1.31)
My ==k - 3,)- k(- F)+1 8. (4132)
[MToxcranoska (32) B (31) npuBOAUT K ypaBHEHUIO
Lo F) +1(F- ) +k,@ - 3,)=0
C XapaKTEePHCTUYECKUM ypaBHEHHEM
l,p° +kp+k,=0. (4.1.33)

Kopuu ypaBHenus (33) uMerOT BHT

o, = KAk Al (4.1.34)
' 21,

U3 (34) caenyer, uto HeonpeaeneHHOCTh (8) He BiHseT Ha
MOKA3aTeNn KayecTBa MePEeXOIHBIX MPOIECCOB B CHCTEME M Ha
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ee ToyHOCTh. COMOCTaBUM TMOJydYEeHHBIN pe3ysbTaT ¢ Tpaaulu-
onHbIM [TH/[-perynstopom.

IIpu perynupoBanuu nepemenieHus c¢ nomounpto [TH/I-
peryisTopa OyieM UMeTh

M=k -3)- k- 3)- g - 3, +1.%, (4139

XapaKkTepuCTUYECKOe YpaBHEHUE, COOTBETCTBYIOIIEE ypaB-
Henusim (31), (35), umeer Bu

Ip® +k,p® +k,p+k, =0. (4.1.36)

Heo0xoauMbIMH U AOCTATOYHBIMU YCIOBHSIMA aCHMIITOTH-
YEeCKOW yCTOWYMBOCTH CHUCTEMBI TPETHErO MOpsiAKa OyayT mo-
JIOXKHUTENBHOCTh KOA(PPUIIMEHTOB XapaKTePUCTHUECKOTO ypaB-
Henus (36) ¥ COOTHOIICHUE

k.k, - 1k, >0. (4.1.37)

Kak BuaHO u3 coorHomenus (37), B OTIIMUUE OT CHHTE3H-
POBAaHHOIO POOACTHOr'O alrOpUTMa YIpPaBIECHHs, CHCTEMa C
MU /I-perynsTopoM mpu yBEITHYEHWHM MOMEHTa MHEpIHH | Mo-
JKET MOTEPSITh YCTOMYUBOCTb.

PaboTocrocoOHOCT CHHTE3UPOBAHHBIX POOACTHBIX aJITO-
PUTMOB YIpPaBJIEHUS MOATBEPIKJCHA YMCIEHHBIM MOJICTUPOBa-
HUEM B pasnenax 6-9.

4.2. CuHTe3 JIOKAJIIBHO ONTUMAJILHOTO YIIPABJIEHHS
0e3 yueTa MArHUTHOTO HACBILEHUS

ANTOpUTMBI YHpPaBICHUSI JOIDKHBI OBITH TaKUMH, UYTOOBI
anekrpornorpedaenue AJl 0bu10 MUHUMATBHBIM. ONTUMH3AIINIO
ANEKTPONOTPEOICHUST MOXKHO MPOBOAUTH MyTeM (opMupoBa-
HUSl (Pa30BOM TPACKTOPHHM W PEaU3yIOLIero e¢ YIpaBJICHHS,
TP NIEPEMELIEHUH 110 KOTOPOW MEXy JIByMsl TOYKaMH MHHH-
MU3HpYETCs TOoTpelysieMast AJIeKTpOdHeprusi. Takod Moaxon
Il HEOTpeeIeHHbIX cucTeM ManodddektuBeH. Jpyrum my-
TEM OINTHUMHU3AIMU SIBISIETCS MHHUMH3ALHsT TOTpeOmseMoit
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MOIIHOCTH WJIM KaKOH-IMOO ee COCTaBISIONIeH B KaXKIOH TOUKe
(a3oBoii TpackTopuu (B KaXKblii MOMEHT BpeMeHH). Takoe cy0-
ONTHMAaJIbHOE YIpaBJICHUE HA3bIBAETCS JIOKAIBHO ONTHMAJb-
HBIM [24]. BTOopoii moaxo/ oka3bIBaeTCsl €AMHCTBEHHO BO3MOX-
HBIM TIPY 3aJ]aHuM (a30BOH TPAEKTOPUH, UCXOAs, HAIPUMED, U3
TEXHOJOTMYECKUX TPeOOBAHUI.

JlokanbHO ONTHMAaNBHOE YIIpaBlieHHE TP KOHKPETHOM Ha-
Ipy3Ke B CTAllHOHAPHBIX pEKUMax paboThl MpH HEMOCPecT-
BEHHOM YIPABJICHHH YaCTOTOW M HAmpsDKeHUeM cratopa (cka-
JIIPHOE yTpaBjeHue) xoporro usydeno [25-27]. Tlepenectn
pe3ynbTaThl ATHX PabOT Ha BEKTOPHOE YINpaBJICHUE C HEOMpe-
JIETIEHHON Harpy3KoW He MPEJCTaBIIAETCS BO3MOKHBIM.

[Ipu cuHTE3€ TOKaJbHO ONTHMAJIBHBIX ajJrOPHUTMOB B JaH-
HOM Tojipa3jienie BoCmoib3yemMcs ypaBaenusmu (2.32), (2.33),
(2.29) B npennmonokenuu, uro L, Ly, Ly = const. Oto coorBer-
CTBYET TPEHEOPESKCHHUIO 3(PPEKTOM MArHUTHOTO HACBIIICHHUS,
Wwin paboTe Ha JTMHEHHOM YYacTKe KPHBOH HaMarHWYWBaHUSL.
VYxazaHHbIE ypaBHEHUS! TPHHUMAIOT BH/T

Ty +Y ¢ =Ly (4.2.1)
W, =w, - W= e (4.2.2)
TY 4
u=s Lf+(R +RL )i +ws LI -
L, ET - W)y, O (4.23)

rie BBesieHo o6o3Hauenne L =L Lt

AxTuBHYI0 MomHOCTh (P,), morpebnsemyro AJl, MOXHO
HalTH ¢ momolikio Beipaxkenuit (2.20), (2.26), (3) cienyrommm
o0pazom:

P =i"u=i, u, +i,u, =i u, +i u, =
1d,, . ,
=S LSEE(I§+I§)+(F§+R|3")
T i) LTy o trwlyLy G (4.24)
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IToncranoBka B mpexanocnenHee ciaraemoe B (4) y , u3 (1)

u yuer BoipaxkeHus (4.1.2) B mociiesHeM cllaraeMoM JIaroT
=s L%%(ij +i2)+ R (i5 +iZ) +RLZ 02 +wm+L ik, (4.2.5)

[epBoe caraemoe npeacTaBisier coO0W MOTEPH pacCcesHus,
BTOpOE M TPEThE CllaraeMble — IOTEPU MOIIHOCTH Ha HarpeB
COOTBETCTBEHHO B OOMOTKAX CTaTOpa M POTOpa, YETBEPTOE Clla-
raeMoe SIBJISICTCS MEXaHWYeCKOW MOIIHOCTBIO, ISTOE cliarae-
MO€ — MOIIIHOCTh MarHUTHBIX nonei MammHbl [26, ¢. 53]. Cym-
Ma BTOPOr'O U TPEThEro CjaraeMbIX MpeacTaBiser codoil more-
pu B meau (Pcy).

[ToxcranoBka B mociennee ciaraemoe B (4) NW u3 (2) u

ucnosnb3oBanue (4.1.2) Beipaxkenuto (4) npuaaoT BUI

YaOiw ™ (426)
L ’n

m @

P =s L——| | +Rj| | +RLmr'd9| -

B ycranosuBsIiiemcsi pexume ¢ yderom (1) Beipaxenue (6)
MPUHUMAET BHIBI

P, =R]|i[ +Wo'% =R[i[ +Wolpy oy - (427

TakuMm 00pa3oM, B yCTAHOBHUBIIIEMCSI PEKUME MOABOAUMAS
aKTHBHAsI MOLIHOCTb PACXOyeTcsl Ha MOTEPH B MEU CTAaTopa M
CO3JIaHNE TOJIC3HON MOIIHOCTH B 3a30pe.

[ToMHMO aKTHBHOW MOIIHOCTH CYLIECTBEHHBIMH SIBJISIFOTCSI
taroke norepu B ctanu (Ps). C yuerom (1) [28, 27]

P=aWw,yy’i=a(w,)(L%iZ- 2L Tyé i, +T3%3), (4.2.8)

_ 16
rie W, - uacrora Toka craropa, 0<a (W) =k, [w,[ " - ommu-
puueckas 3aBucumoctb, 0<Kk, =const. ITpu jpocraTodHo Ma-

nom |Wy| B (8) cmaraememm ¢ Y. moxHO Tpenebpeus. Kpome

TOro, Kak Oyaer npuHsTo B JanbHeimem, I, 2 0, npu stom npu
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pasrone (Topmoxenun) Y&, 3HaKonepemMeHHast, IPUYEM 3a Bpe-
t

Msi pasroHa (topmokenust) AJl 6e3 Harpy3ku d&d iqdt» 0 (310
0
MOATBEPIKIACTCS MOJEIMpOBaHueM). BenencTBue 3Toro B BbI-
paxenusx (5), (8) cnaraembiMu, 3aBHCSIIUMU SIBHO OT V&, Oy-
aeM mpeHeOperaTb. Kpome TOro, ¢ y4eroM COOTHOIICHUS
S £0,2 u3 (2.48) u Toro ¢axra, uTO B Ha4aIe M KOHIE Pa3ro-
Ha (TopMoOXeHUs1) Oe3 Harpy3Kd ONTHMU3UPOBAHHOH CHCTEMBI
i2=iZ+ ij =0, BCJIEJCTBHE YETO
“d o i 22
%(Id +ig)dt=(ig +i7)

0

&
=0.
0

[Toaromy nepBbIM ciiaraeMbiM B (5) Oyaem npeHeOperaTh.
[Monuas motHocTh NIOTEph (P) onpenensercs BeipaxeHnem

P=P +P. (4.2.9)

C yuerom ckazannoro u Beipaxkenwii (5), (8), (9) 6yxem mo-
Jarath

P» P, +wm=R(i§ +if) +R L7+

+wm+a (w,)L%i2 (4.2.10)

m'd?
rae P, - snexrpomarnutHsie norepu [25, c. 21].

Kax Bugno u3 (4.1.6), oquH U TOT K€ MOMEHT [T}, MOXHO
€03/1aTh GECKOHEYHBIM KOJIMUECTBOM couetanuii iy u i,. Ocy-
WECTBUM CHHTE3 4, |,, MUHUMH3MDYIOUIMX MOTpEbIsEMyro
MOIIHOCTh. J[jis1 3TOro BBIpa3UM iq u3 (4.1.6) u noxcraBuM

B (10). [Tonmyunm
Prwm+(R +a 12)i2+ (RARL)MLo - (421)

214 :2
N°L g
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B (11), xax u panee, uepes L ., L, 0003HAYeHBI MHIYK-
TUBHOCTM Ha JIMHEWHOM Yy4YacTKe KPHBOH HaMarHUYMBaHUSL.
[pupasuss npousBopuyto or (11) mo iy (wm, yrto mporue,

+2 o
1o | d) HYJIIO, TIOJIYYUM CIICIYIOUINI 3aKOH ()OPMHUPOBAHUS TO-
KOB, MUHIMH3UPYIOIIUI MOTPeOIIsiEMYIO0 MOIIHOCTb:
2 2
_ JRHRL, [[m) = Rra b ||
& +a Lﬁwo anO ® & + Rr L?nr anO

B (12) mHzmekc «p» O3HAYaeT <«IIPOrpaMMHOE 3HAYCHHUE.
IMockoneky cootHomenus (12) naroT TOIBLKO MOIYIH TOKOB, TO
JUISL OTIPEICTICHHOCTH OY/IeT MOoJaraThCst

g :|idp|, oo :|iqp|signmo_ (4.2.13)

lie] (4.2.12)

ITo BepaxenusiM (12) ckiaapiBaeTCs BlieYaTieHHE, YTO TPH
CHHTE3€ COBEPIICHHO HE ObLIM yYTEHbl MAarHUTHBIC MEPexXo/l-
Hble mporecchl. OMHAaKoO 3TO HE Tak. J[MHaMHKa HaMarHU4YMBa-

HUS Yepe3 WICH C y&d BXOAUT B HeonpeneneHHocTs f B (4.1.8).

Cnenosarensho, sddexr Y& 4 OTPaKeH u B onerke f, Koropas

B cootBeTcTBUH C (4.1.17) yuntsiBaerca B M, . Takum obpazom,
y4eT MepexXO/HbIX MPOLECCOB B MATHUTHOM LIEMHU OCYILECTBIIS-
ercs B (12) 3a cuer M, .

B moapasnene 8.1 cuHTe3npoBaH poOACTHBIA BBICOKOTOY-
HBI KOMIIEHCATOp TOKa, 00ECTIeUNBaIONINi BHITOJHEHUE COOT-
HOUIEHUM

=i i =g (4.2.14)

lq

Kak BumHO u3 Beipakenuit (10), (12), xk cratopy u poTopy
MOJBOJIATCS TPOIIOPIUOHATBHBIE KOJIWYECTBA TEIIOBOW MOIII-
HOoCTH. [Ipy NPUHYIUTETFHOM OXJIQXKICHUH Yepe3 BO3IYIIHBIN
3a30p OTBOJI TEIJIOBOW MOIIHOCTH OT CTaTOpa M POTOpa TaKKe
OyZerT MpUOIU3UTENBLHO MPONOPIIMOHATBHBIM. CKa3aHHOE TOJI-
TBEPIKIAET CIPABEUIMBOCTh cooTHOIIeHuH (2.55) s cuHTe3n-
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POBAHHBIX 3aKOHOB HM3MEHEHMS! COCTaBJIAIOIIMX TOKA CTaTOpa.
IIpyn TpagMUMOHHOM HE3aBUCHUMOM YIIPABJIEHUU IIOTOKOCLEI-
JIECHUEM M MOMEHTOM TaKas KOPPENLUs MEXKIY I10JBOIUMBIMU
MOILHOCTSIMU K CTaTOPy ¥ POTOPY HE OUYEBU/IHA.

Comporusnenus R, u R, Bxomsamme B (12), He U3BECTHHI U

MOT'YT MEHSTBCS B IIMPOKHUX Tpezeiax. Torga ¢ yueroM cooT-
Hourenui (2.55) Beipaxkenus (12) MOXXHO TepenucaTh B BUJIC

|id|=4 R+ Ry |mJ|, |i |=4&o+aol-$no |m)|, (4.2.15)
’ R @0l | Mg ® Ro+Ro VNl

rae a,=a (1+g) ', a g ompeneneHo B MOACHEHHH K dopmyrie

(2.55). TlocnenoBarenbuas mnoxacranoska (15) B (13), (13) B
(14), (14) B (4.1.6) ¢ yueToM JOCTATOYHO TOYHOTO PABEHCTBA
LmO = Lr o AAa€T TPUBHAIILHOE TOXKAECTBO [T} o m,. JT0 cBUIE-
TEIBCTBYET 00 MHBAPUAHTHOCTH 3JICKTPOMArHUTHOIO MOMEHTA
M0 OTHOUICHHIO K BapHalUsIM COMPOTUBIICHHI POTOpa U CTATO-
pa. C yueroM BBISIBICHHONW MHBapUAHTHOCTH, & TAK)Ke HEOIpe-
nenenHoctu conporuBinenuit R, u R, BMecro pasencrs (12)

B JaJibHElIIIeM Oy IyT HCIOMh30BaThCs BhipakeHus (15).
JocronncTBom Beipaxkenuii (15), (13) mo cpaBHEeHHIO C U3-
BECTHBIM pe3ynbTatoM [28] sBisiercs To, uto B (15), (13) Heno-
CPEICTBEHHO TOJMY4YeHbl MPOrpaMMHBIC 3HAYCHHUS TOKOB, IO
KOTOPBIM OCYILECTBIISICTCS YIPABJICHHE, KaK B CTAIlHOHAPHBIX,
TakK U TMEePEXOAHbIX peknmax. B pabore [28] B pesynabrare om-
TUMH3AIMN TIOJyYeHO MPOrpaMMHOE 3HAYCHUE MOTOKOCIIEIIe-
HHS POTOpa Y 4o, U3 KOTOPOTO C TOYHOCTBHIO, OMpeEensieMOi
TOYHOCTBIO 3HAHMA |, B CTAIMOHAPHBIX PEXHMMAX MOKHO I10-

JyuuTh |y, . OIHAKO B EPEXOIHBIX PEKHUMAX | dp CTOXKHBIM 00-
pa3oM 3aBUCHT OT Y 4, 4epe3 ypaBHeHue (1), B koTopoe, moMUMO
L., BXOZUT CYIIECTBEHHO HEONPEENEHHbIN napamerp T . Bee

3TO MPUBOIUT K YXY/AUICHUIO TOYHOCTH PE3YJIBTATOB PabOTHI
[28] o cpaBHEHHIO C TTOYYEHHBIMHU BBIILIE PE3YJIbTATAMH.
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C yuerom (2), (1), (15), (13) mporpammHoOe 3HaueHHUE abCO-
JIFOTHOTO CKOJILKEHUSI B YCTaHOBHMBIIEMCS pexume (yé © 0)

MPUMET BU/]L

r

IMTocnentee paBeHcTBo B (16) CBHICTENLCTBYET O TOM, UTO
aOCONIOTHOE CKONBbXKEHHE IIpu |, = CONSt TOMKHO OBITH MOCTO-
SHHBIM, [IPUYEM OHO CIIPABEIMBO U NpH Iy, = 0. Kak cnenyer us
(16), onTuManbHOE CKONBKEHHE MMEEeT MOpsmoK T ', To ecTh
SIBJSIETCS Majod BeNWYMHOW. B HecTtaloHapHOM cilydae JUist
OoMbIIeil TOUHOCTH a0COIIOTHOE CKONBXKEHHE CICAYeT CUMTATh
no 3aBucumoctaM (1), (2), Kyaa BMECTO HCTUHHBIX TOKOB gl
CICIYET MOJCTABUTh UX NPOrPaMMHBIC 3HAYCHUS Iy, Iy, -

OneHuM MaKCUMAaJIbHO BO3MOXKHBIA DIIEKTPOMATrHUTHEIN
MOMEHT Ipu (OPMHUPOBAHMU TOKOB B coorBercTBuu ¢ (15),
npeonaras, 4To MOAyJb TOKa CTaTOpa OrPaHUYCH BETHYMHON

ijp + ijp £i2 . (4.2.17)
C yuerom (15) u3 (17) MOXKHO 3anmcaTh

VR +Ro)(Ro+20li0) (42 1g)
2RSO+R’O+aOL$nO .
Beipaxxenue (18) mo3BossieT 3aKIOYUTh, YTO MAaKCHMAJbHO

BO3MOXHBII MOMEHT MaJIO 3aBUCHUT OT TemmepaTypsl AJl, koTo-
pas TposiBJIseTCs uepes 3HaueHus R ,R.

| n‘b| £ iriaxm-mo

Heckonbko n3mMeHnM noctaHoBKy 3aaaun. [lycts Tpedyercs
HalTU 3HAYEHUS TOKOB, CO3JAIOIINX MAaKCUMaJIbHO BO3MOKHBIN
MOZYJIb 3JIEKTPOMarHUTHOTO MOMEHTA MPH YCIOBUH, YTO

2 12 =i (4.2.19)

I dp qap max
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3amensis B (4.1.6) Iy,1, Ha ly,,l,, nnoncrasmss |, u3 (19)

B (4.1.6), c yuerom (2.12) Oynem umerh

2 =M (4.2.20)
- L?no jp ®
N
rrb n LmO.dp(ImaX ij) (4221)

B3siB ipon3BoHYIO f WV , HAliZIeM yCIIOBHSL OITUMAJIBHOCTH
‘ﬂ i

INSIME j% 7 (4.2.22)
KOTOpLIC Jar0T
2
M = 2 (4.2.23)

PaccmoTpum emie oaHy 3amavy: Uil 3aJJaHHOTO 3JIEKTPO-
MarHMTHOTO MOMEHTa M, HalTH COCTaBJISIOLIME TOKA CTATOPA,

2 B coOTBETCT-

MHHMMH3HPYIOIIKE ero MOAYIb | =i o iqp

Buu ¢ (4.1.6) mpu L, » L, umeem

.2 .2 &rr]o 9
max Idp Q TI

dp
en LmO a

MakcuMaibHbIi TOK |, Oy/leT MHHHMAIbHBIM IIPH BBIIIOJHE-

HHUU YCIIOBHUA

12 . em 0
—max =2 = 2=0
TIIdp dp gn I‘mO ﬂ *
oTKyza ¢ yderom (4.1.6)
Idp = L:’b| :quSIgnrrb (4224)

'm0
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Torna

20 2 2 |mo|
max = lgp Tlgp =2-—,
an

NI
2

|my| = ano'%_ (4.2.25)

Cpasuenne (23) ¢ (25) cBumerenscTByeT 00 WASHTHYHOCTH
pE3yIbTaTOB B PACCMOTPEHHBIX JIMHEHHBIX 3a/1a4ax.

B coorBerctBun ¢ (10) ompemenum moTpediIsieMyro 3JieK-
TPOMAarHUTHYIO MOIIHOCTh TPH (POPMUPOBAHUH TOKOB IO 3aBH-
cumoctsM (15) wiy, uto mpakTHUecku To xe, 1o (12).

_m| fraZR* )
Pe'%_nl_mo 1+RR;1 (2R5+R+RLmr)'

Tak kak Lfn »1, TO

& >>2|riﬂ¢(l+a CRHC+RRY.  (4226)

TO €CThb BJIEKTPOMAarHUTHBIE TIOTEPU, B OCHOBHOM, IIPOIOPLUO-
HAJIbHBI |n'b|F§ (3aBUCAT OT 3JEKTPOMATHUTHOIO MOMEHTa M

TeMIepaTypsbl).
PeaktuBHas MomrHocTh (Q) onpernensercs: BhIpaKeHUIMH
T . . .
Q=-1"Ju=igu -l Uy =i, U, -1y, .

a

IToxcranoBka B Hero BbipakeHusi (3) B yCTaHOBHBIIEMCS
pexuMe Jaer

Q=wys L|i [+ L, (T, +nwi, )y . (4227)
B ycranoBuBImemcs pexume B coorBerctuu ¢ (1), (2.15)

Q=wys L|i[f+L,(1-s )(T, %, +nwiy ) iy. (4.2.28)
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U3 (2) cnenyer TS 1iq =W, i,. Toraa c yderom cooTHOIIE-

HUS W, + W =W,, crienytoero us (2),
Q=WOLS(i§+s |§) (4.2.29)

B coorsercreuu ¢ (12) u tem, uro s <0,2, i, <iy a1 on-

TUMHU3UPOB aHHON CHCTEMBI MoJIy4yumM

Q »Wol—gig = & i Rz LS| m)|Wo . (4230)
R+al, nL,

Takum 00pa3oM, peakTHBHAsh MOIIHOCTh (MOIIHOCTh Ha-
MarHM4YMBaHMs) MPOMOPIHMOHAIBHA MOJIYIIO 3JIEKTPOMArHUT-
HOT'O MOMEHTa M CKOPOCTH BPAILLEHHs BEKTOPA IOTOKOCIIEILIE-

HUs potopa (IPOOPIHOHATBEHA MOIITHOCTH | mO|WOn'1).
Koa¢pdpuument momrHocTn COS]  ompenensiercsi 1Mo 3aBHU-

CUMOCTH

cosj = , (4.2.31)

Pem
[Paz + Qz

rae cocrasJstoniye Beipakenus (31) naust B (7), (26), (30).

4.3. CpaBHeHHe JOKAJbHO ONTUMAJIBbHBIX YIPaBJIeHHit
U CTAHAAPTHOTO YIPABJICHUS

[Ipu BexTOopHOM ympaBneHuu AJl B HacTosiiee BpeMs IO-
TOKOCLENIIEHHEe poTopa y , (ukcupyercss 3ajaHueM MOCTOSH-

HOI1 cocrasisifoeit Toka Iy = 1. (crangapraas cucrema). Ilpu
aToM B cootBercTBuH ¢ (4.1.6), (5), (2.12), (2.48)

my =Nl i, P i, = nfbi _ (4.3.2)

mo™*
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Pl =(R+aL2)i2+(R +R)i2=

@ 2y:2 €&m O
“R+al)FRARICS . (032

[otepu B cTanu B HOMUHAJILHOM peXHUMeE OOBIYHO HE TIpe-
BoimatoT 20% oT 00IIMX AJIEKTPOMAarHUTHBIX moteph i 30%
OT 1oTepsb B cTarope. CienoBaTenbHO, MOXKHO M0J1araTh

aWw)L2R"=x, 0£X£0,3. (4.3.3)

CpaBHUM CTaHIAPTHYIO CHUCTEMY IO MOTPEOISIEMON 3JIeK-
TPOMATHUTHOM MOIIHOCTH C JIOKaJIbHO ONTHUMAJIBHOM CHUCTe-
MOH, MUHUMH3HPYIOUIEH O0IHe 3JIeKTPOMAarHUTHBIE MOTEpH,
IIpU CO3aHUHU OJHOIO U TOTO K€ JIEKTPOMAarHTUHOIO MOMEH-

2
ta. Jlna sroro moacrasum (R, + R)gem’ 9 u3 (4.2.26) B (2)

e mo &
M BOCTONb3yeMcs obo3nauenueM B (3). Torma

. _ i (P$)?
P, =R/ (1+X)i. +W (4.3.49)

[pumem B (4) P, ° P¢. Toraa u3 (4) cienyer
P = 2R/(1+X)iZ = P, (4.3.5)

Haiinem 3HaueHHE 3IEKTPOMArHUTHOIO MOMEHTA, IIPH KO-
TOPOM BBINONHSIOTCS cooTHOIeHus (5). s atoro noacraBum
P¢ u3 (5) B (4.2.26), otkyna

"=nL 2 /%. (4.36)

|mo|* COOTBETCTBYET HOMMHAJIBHOMY 3HAUYCHUIO JJIEKTpOMaAr-

|m,

HUTHOI'O MOMCHTA.
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Ilycte Teneps MOAYJIb AIEKTPOMAarHUTHOIO MOMEHTA OTJIN-

qaercs (OOJIbIle WITM MEHbIIIE) |rrb| , TO €CTh
|my|=almy, a>0. (4.3.7)
Torna B coorBercTBuu ¢ (4.2.26), (2), (6), (7)
P, = R(L+x)i2(1+0?), P¢=2R(1+X)i%q. (4.3.9)

Ha ocnoBanuu (8)

. : P¢ _ 2q
P - P¢=R(@1+x)i%(1- gq)?30 "= :

em
Kak cnenyer u3 (9), P, >P¢" q* L,P, =P¢ npu q=1,
YTO CBHJIETENLCTBYET O GOMbINEH IKOHOMHYHOCTH CHHTE3UPO-

BAaHHOT'O ajiIropuT™Ma 1o CpaBHCHHUIO C TpaJUIITMOHHBIM aJIT'OPUT-
MOM IIpHU BCEX DJJICKTPOMArHUTHBIX MOMCHTAX, OTJIUYHBIX OT

(4.3.9)

HOMHHAJIBHOT'O |mo| N3 (9) Taxxke cienyer, uro npu = 0,5

(q=2) (npu >IEKTPOMArHUTHOM MOMEHTE, B 2 pa3a MEHbBIIEM
(6onbiem) HOMHHaNBHOrO MomeHTa (( = 1)), morpebnsemas
MOIITHOCTh B CUHTE3UpOBaHHON Hamu cucteme Ha 20 % MeHbIe
MoTpeOIsIeMOi MOIIHOCTH TPaMIIMOHHOM crcTeMbl. Ha puc. 4.3.1
noctpoeHa Bropas u3 (9) 3aBUCHMOCTb.

PaccmoTpuM Tereph peakTHBHBIC MOIIHOCTH CpaBHHBae-
MBIX CHCTeM. B ycTaHOBHBIIEMCS PEKHME B COOTBETCTBHH C
(2.33) u BeIpakenuem Y 4 =L i. umeem Tr'liq :(WO - nw)i*,

BCIIeICTBUE 4ero BbipakeHusm (4.2.29), (4.2.30) comnocrasis-
I0TCSL BBIPKCHHUS

. e @ s .
Q =w,L&2+s .- urw L% (43.10)
H
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i
lE"'.I.IJ'
Fom T P ]
/ ™
081/ =¥
f
/
T B
0.6 /
04T
0,27
0 } } + {
0,5 I L5 2 1
Pucynok 4.3.1

3uayeHue |, ONpEeNnseTcs u3 yCIoBUs ONTHMATBLHOCTH YIIPaBIIe-
HHSI TPY HOMHHAJIBHOW HAarpyske, T. €. B CoOTBeTcTBUH C (4.2.12)

_[RAR [ M|
" \AR+al2\ nL,
o :\%mm Wols | R+R (4.3.11)
nL,, R +al?

C yuerom (4.2.30), (11)

Torma u3 (10)

Q_ [m (4.3.12)
Q ‘ rrbnom
[Mpunumast Bo BuuManue (4.2.30), (10) moxHO 3anmcaTh
Q_ii_[ml [R+R (4.3.13)
Q i i, |R+al?
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Tockombky | m)r © |Mygp,| » TO B COOTBETCTBHM C (7) 1 (12) MOXK-

HO 3armcaTthb

Q _|m| _nmQ=qq. (4.3.14)

* *

Q [my

Takum 00pazoM, peakTHBHAS MOIIHOCTh CTaHJIAPTHOM CHC-
TEMbI MOCTOSHHA, a MPEIaraéMoil ONTUMU3UPOBAHHOW CUCTeE-

MbI Tipu | my| <|my| Membie Q, a npu |my|>|m| Gombme Q.

4.4. CuHTe3 JIOKAIBHO ONTUMAIBHBIX AJTOPUTMOB
YIpaBJaeHHSA C Y4eTOM HeJUHEHHOCTH
KPUBOii HAMATHUYMBAHUS M OTPAHHYEHUS TOKA

B nogppaznene 4.1 cuHTe3upoBaH poOACTHBIN MO OTHOLIE-
HHUIO KO BCEM BHUJAM HEONPEAEIICHHOCTENM M HEIMHEWHOCTEH,
B TOM YHCJIE ¥ TIO OTHOIICHHUIO K HACHIIIEHUIO MATHUTHOH IIeMTN
AJl, anekTpoMarHuTHeI MOMeHT. OfHaKko B mojapasaenax 4.2,
4.3 paccMaTpuBanach ONTHMHU3aIMs Oe3 ydera 3TOro Hachllle-
Husi. Ecnu gBuratens paboTaeT B HEAOTPY:KEHHOM pEXHUME, TO
nojy4eHHble B moxapaznenax 4.2, 4.3 anropuTMsl Ui pa3iny-
HBIX KPUTEPUEB ONTHMAIBHOCTH CIpaBeUIUBEI. B ToM xe ciy-
qae, xoraa AJl nomkeH co3maBaTh OONBIINE 3JIEKTPOMArHUT-
HbIe MOMEHTHI, OH OyzeT paboTaTh B 30HE HACHIIICHUSI MarHUT-
HOH 1enu. B aToM cnyvae HeoOXonmuMa MaKCHMU3AIHS MOLYJIS
AJIEKTPOMAarHUTHOIO MOMEHTa IpH OIpaHUYEHHH TOKAa M Ha-
NpSDKEHUsT MM TPH 33aJaHHOM DIJIEKTPOMATHHTHOM MOMEHTE
MUHUMU3AIUS  KaKOH-THOO0 COCTaBJIAIONIEH TMOTpeOIsieMoit
MOIIHOCTH C YU4€TOM HACBIIICHUS! MATHUTHOH LIETIH.

B cBsi31 ¢ BaYKHOCTBIO BOMPOCA y4YETy HACHIIIEHUS MAarHHT-
HOIi 1enu AJ] MOCBSIIIEHO JOCTATOYHO OONBIIOE YKUCIO PadoT.
OnHako 3TH MyOJIMKAIMK OTHOCATCS, B OCHOBHOM, K CKaJISIpHO-
My YIpaBlieHHIO. ABTOpaM M3BECTHBI JHIIb paboTsl [28, 29, 1,
31-33] ¢ nokanpHOM ONTUMH3ALUEH TPUMEHUTEITBHO K BEKTOP-
HoMy ympanenuto AJl, mpuuem B [28, 1, 31, 32] He yuTeHO
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MarHMTHOE HackIleHue, B padorax [1, 33] oTcyTCTBYIOT aHaH-
THYECKUE Pe3yJbTaThl, a B pabore [34] He yuyTeHbl HU MarHUT-
HOE HACBIILICHUE, HM OTPAHUYCHHUSI TOKA U HATIPSDKCHUSI.

Llenbio maHHOTO MOIpa3zena sBIseTCs pa3paboTka BEKTOP-
HBIX QJITOPUTMOB YIIPABIICHUS, MaKCHUMHU3UPYIOIIUX MOAYIb
ANIEKTPOMArHUTHOrO MOMEHTa IpU 3aJaHHOM TOKE CcTaTopa
(mpu pabore Ha OrpaHUYEHUH TOKA) U MHHUMH3UPYIOUIUX TOK
craropa (IOTepw B MEAW CTATOpa) MPH 3aJaHHOM 3JIEKTpoMar-
HUTHOM MOMEHTE C YU4ETOM HACBIIICHHS MAarHUTHOM 1ienu A/l

Cunte3 Oyaer OCYIIECTBIAThCA M0 ypaBHeHWsM (2.39),
(2.32), (2.33), (2.59), (2.69), (2.70) mpu L ,=L,=L,=0n

o
i, @ Iy, @ IMEHHO

m=nL,LY i, (4.4.1)
e =Y ¢ +Llg, T=LR" (4.4.2)
w, =w,- =L (y ;)™ (4.4.3)
B ycranosuBuiemes pesxume (Y ¢ = Liy)
w, = % :_: (4.4.3)
B coorsercreun ¢ (2.59), (2.69), (270) npu L , =L, =L, =

= 0 npumem
— I—r 0

I—m = LmO 7Ls = LSO 7Lr I (444)
(@) @) i (ai,)

C yuerom (2.12), (2.63), (4) u3 (1) crnenyer

nZ,. . \2\"Y2
m= I‘""ldlq(l+(ald)2) : (4.4.5)
Lo
Comocrasnenne (5) ¢ (4.1.6)((4.1.8) cBuaerensCTByeT 0

TOM, 4YTO NpH (POPMHUPOBAHMHU DIEKTPOMATHUTHOTO MOMEHTA
3 (EKT MAarHUTHOTO HACBHIILICHUS YYTEH B HEOMPEACICHHOCTH f.
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4.4.1. Maxkcumu3zayus mooyisa 31eKmpoMazHUNHO20
MOMEHmMA npu 0ZPAHUYEHHOM MOKe CIamopa

ITycTh TOK cTaTOpa OrpaHUYeH BEITUYUHAMU +i__ ., TO SCTh
P2 2 £ 2
2, =i2 +iE, (4.4.6)

02
Honcranoska |; u3 (6) B BO3BENEHHOE B KBAJPAT pPaBeH-

ctBo (5) ¢ yuerom (2.12) maer
f =( nLl,) 2(i2, - i2) (L ai2) . (4.4.7)

|m Oyzer uMeTh MaKCHMaJIbHOE 3HAYCHNME MpH 1 (m’) /1(i2) =0,

T. €. IIpU
alig +22-i2, =0, (4.4.8)
OTKyJa
2:2
2= TV (4.4.9)
a

B (9) mepen kopHEM OcTaBjIeH TOIBKO 3HAK IUTIOC, T. K. MPH

)
3HaKe MHHYC OKa3ajloch Obl, 4To I < 0, dero He MOXeET OBITh.

s (6), (9)
2:2 2:2
2 = 1 e~ VLT e (4.4.10)
a
N3 (9), (10) momyuaroTcsi ClieAyrOlIMe 3HAYCHHS TOKOB,
MAaKCUMH3UPYIOINE MOAYJIb 3JICKTPOMAariHuTHOr o MOMCHTA.

, \/-1+ 1+a’i’,
lig| = ,

a
g |= JL atin, _a I+ 3% (4400
ITo ananoruu c (4.2.13) mpumem
iy = 1], iy =]ig|sign m. (4.4.12)
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U3 seipasennit (8) u (6) mpn a=0 (L, =L,,) crenyer
lig] = [ig| = tmec (4.4.13)

V2’
uro cosnazgaer ¢ (4.2.22). U3 (11) npu mansix i, CcooTHOLIE-

Hust (13) BBINOMHAOTCS MPHOIMIKEHHO C MOBBIIICHUEM TOYHO-
crunipu i ® 0. Ha ocnoBanuu (9), (10)

2;:2 2;:2
222 2t e n WY AT (4.4.14)

a

q

OTKYy/a

1(iz-i2) 1
ﬂ(qiiax(j =1- \/1+a2i§m > 0. (4.4.15)

U3 (14), (15) cnenyer, uro mpu i, =0 BbImONHSIETCA pa-

BCHCTBO |iq|=|id|,a ¢ poctom | pasHOCTH |iq|- |id| BO3-

pacTaer, 4To COOTBETCTBYET (PM3HMUYECKUM IIPE/ICTABIICHUSIM.
[ToxcranoBka (11) B (5) mo3Bossier MOMYYUTh BBIPAKCHHE

MaKCHMHU3HPOBAHHOI'O MOAYJISI SJIEKTPOMAarHUTHOIO MOMEHTa

n L

M =
max

a’ [1+atiZ,,
’ \/( ai?, +2)(1/1+ aiz, - 1)- aiz, . (44.16)

B Tom xe CJlyda€, Korga MaroHuTHOC HaCbII€CHUEC HE YYUThI-
Baercs, |m| _ 1aHo BbIpaxeHueM (4.2.23).

IMoncranoBka B (3¢ Beipaxkenuii (4), (11), (12) naer ckosnbxke-
Hue. [loscTaHOBKA BhIIICIIEPEUNCIICHHBIX BhipaxkeHuil B (4.2.10)
MIO3BOJISIET OMPEICIUTD MOJHYIO M 3JIEKTPOMArHUTHYIO MOIIHO-
CTH B PACCMaTPHUBAEMOM PEKUME PaOOTHI.
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P=P_+wm=wm+RiZ2, +%(1+azi§m'\/1+azi§m)+
2 _ 2t 2
v @417)

1+ai’, &

Craenyer oOpaTHTh BHUMaHHE Ha TO, YTO, XOTS BBIPAKEHUS
MHIYKTHBHOCTEH (4), y4MTHIBAIOIIME MarHUTHOE HACBIIICHHUE,

3aBHCAT OT Iy <I 3((PEKT MArHUTHOTO HACHIIEHUS B BbI-

max !

paxenusix (11), (16), (17) saBucut ot i, -

4.4.2. Munumuzauus moka cmamopa
npU 3a0aHHOM IJIEKIMPOMAZHUIMHOM MOMEHME

2

PaccMoTpuM  paBEHCTBO | :i§+i§, KOTOPOE COBMECTHO

¢ (5), (2.12) naer ypaBuenue

o ., MA(L+a%:
i? :|§+¥. (4.4.18)
212 ;2
L, ol
Tok Oyner MUHHMAJIBHBIM TIPU 33JaHHOM JJIEKTPOMArHHT-
HOM MOMEHTE MPH BBIOJIHEHUH yCIOBUS (iz)/ (i3) =0. 910

YCJIOBHE€ BBITIOJIHACTCA IIPU

iy = /ﬂ (4.4.19)
nL,,

Kaxk u B nonpaszene 4.2, nmpumem i, = | id|. Torma c yuerom
(19) u3 (5)
[m] g, a?m|g” T
iy = —§1+—% signm=i/1+ (aiy )’ signm  (4.4.20)

Nk NLno &

I/IHTepeCHI)IM SABJIACTCA TO, UYTO TOK id COBCPUICHHO HC 3aBHUCUT

OT XapaKTepa KPHBOM HaMarHUYMBAHHUS U OMPEIENSIETCS TOIBKO
WHAYKTHBHOCTBIO Ha JuHeiHOM yuactke. M3 (20) crmemyer, uto
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npu |m|=0 ‘iq‘ :|id|, a ¢ yBeMYeHHeM |m| ‘iq‘ pacrer ObICT-
pee, 4eM 1 . D10 hU3MUECKH BIIOIHE MOHSTHO.
Hoxncranoska (4), (19), (20), T, =L, R*, L, =L, B (4439 no-
3BOJISET MONYYUTh BBIPAKEHHE A0COMOTHOIO CKOMLKEHHUS B BULIE
1& a’|m|o

Wy =W w="-el+——adgnm T =LR’, (4.4.21)
Troe n a

T. €., HA HEJIMHEHHOM Y4acTKe (a > O) ONITUMAJIBHOE CKOJIbIKE-
HHE TI0 MOJIYJIIO OyJdeT BO3pacTaTh C yBETHUYECHHEM |m|, a Ha

JINHEUHOM y4YacTKe (a: 0) CKOJIBXKEHUE 110 MOLYJIIO OCTAeTCs
HEU3MEHHBIM.

[Moxcranorka (19), (20), L, =L, (4) B (4.2.10) naer 3aBu-
CHUMOCTH IIOJIHOM U 3JIEKTPOMArHUTHOM MOLIHOCTEH MOTEPH OT

AJEKTPOMAarHUTHOIO MOMEHTa C y4eToM 3 QeKTa HachIICHUS
MarHUTHOM LIeNH B BHUJIE

,

o n
A 2 2 N
,gRSZeZ+a|m|o RZ%Jra|m|$:+a(wl)|£n|LmO
8 & MNowg é& MNog & a’| m|©
e Mwg
niin
P:Pm+wm:wm+—|m|(2&+R)+
N,
+(F§+F§)ae"’lm92+a(wl)|m|L”O (4.4.22)
&Ly @@ | m|6’ o
n91+7+
¢ Ny g
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B coorBerctBum ¢ (19), (20) MUHUMHU3MPOBAHHBIH TOK OI-
penensiercst 3aBUCUMOCTSIMH

=i 412 —| §2+a Al 0 (4.4.29)
Nlo
N3 (23) MoxxHO 3amucaTth
2 +2x-i%2= 0, sz,
L,

OTKYy/a

|m|= :;—( 1++/1+a%? ) (4.4.24)

Comnocrasnenne (24) ¢ (16) mokassiBaeT, 4TO CpaBHUBAEMBIE
METO/Ibl ONTHMU3AIIMY JAI0T pa3inuHble pe3ynbTarhl. [loaTomMy
B Cllydae repexoja ¢ OJHOr0 aJIrOpUTMa Ha JPYrod BOSHUKHYT
HeXeJaTeNbHbIe Tepexo/Hble mnpoiecchl. [logcranoBka (24)

B (19), (20) maer
. 1 2.2
i :—,/— 1+1/1+a 1“,
¢ a (4.4.25)
i, =iy Y1+ a%i’signm,.
IMpu a=0 wiu maneix | Beipaxenus (24), (25) ¢ nmomo-
1110 NpaBuIIa Jlonurans ynpomaroTes 1o BUIa
2
jmj= "y
2
LI ]
T2
Ha puc. 4.4.1 nzo0paxensl (a3oBble TPAEKTOPHH Ha IJIOC-
KOCTH (id , iq) npu u3MeHeHMHn m>0. Cimyyait m<Q cuUMMeT-

sgnm-’

. T — 32 432
puuen orHocutensHo ocu Qi . Ha puc. 44.1 1 =,/iy +ig .
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/ ! ; * l-ll'u
)::__‘ 45[ '\.I ' I
(K] f‘;r 'I! lI ||.:l'
Pucynok 4.4.1

CTpeHKI/I IMMOKa3bIBAIOT HAIIPABJICHUEC YBCINYCHUA | m| .
HyHKTI/IpHI)Ie JIMHUW — IpU OTCYTCTBUHU MArHMTHOI'O HACBIIIC-
HUA, CIIJIONIHBIC — C YYCTOM MAarHMuTHOI'O HACBIILICHUA. Touku a

u b coorBercTBYIOT OHOMY M TOMY K€ DIEKTPOMATHHTHOMY
MOMEHTY.

4.4.3. Bausnue nacovluieHus MazHUMHOU yenu
Ha XapaKmepucmuku 0guzamesis npu QuKcuposanHom
MOOyJie HOMOKOCUECNIEHUS POMOPA

IIpu craHgapTHOM BEKTOPHOM YIPaBIEHHHM MOIYNb MOTO-
KOCIIETUTEHHS pOTOpa (UKCHPYETCS, TO €CTh

Y4 =Y. =L, =oonst, (4.4.26)

A€ MHICKC «* » YKa3bIBa€T HAa HOMHWHAJILHOC 3HAUYCHHUE COOT-

BETCTBYIOIMX BenuuuH. [lapamerpbl u3 (26) ecTecTBEHHO BbI-
OpaTh MCXOHs U3 ONTHMHU3AIMU NP HOMHUHAIBHOM JJIEKTPO-

MarHuTHOM MOoMeHTe M. . B aTom ciyuae u3 (19)

(4.4.27)

B coorBerctBHH, ¢ (5)

m= anOLiq(1+ azif)'y2 : (4.4.28)
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OTKYy/a

_meatiz) (4.4.29)

d L, ol

[lonmHas u >nekTpomMarHuTHas MomHocTH AJl B COOTBETCT-
Buu ¢ (27), (29), (4.2.10), (4) mpu L, =L, onpenensiercs BbI-

paxxeHuem
P =P_+wm= Wm+R5L0|+(RS R)nL,TO|m|
G L2 a )| mL
nLeg N 1+

HIJIN
R _ L€ '
P =P, +wm=wm-+(nL) ?Rs|m|+(RS+F§)W+

(am)’ U, a(w )ImILm (4.4.30)
anOu n 1+a°

WntepecHo, uto »5¢@dexT MarHUTHOTO HACBIICHHS TIPH

+(R+R)

a (Wl)o O maer oaHy M Ty e npuOaBKy MOTPEOIAEMOI MO

HOCTH B O0OHMX 3aKOHAaX yIpasieHus (CM. IpeAnociIeHue cia-
raembie B (22) u (30)).

[Mycts Temepp AJl paboTaer Ha OrpaHUYEHHH CTATOPHOTO
TOKa

2, =iZHIZ P [ig] =iz, - i2. (4.4.31)

Torma HOTpe6H§IeMa$I ABUTATCIICM pE3UCTHUBHAA MOIIHOCTH OIl-
PEACIINTCA BbIPAXKECHUEM

P =R(i2+i2)+RiZ=Ri2, +R (i2, - i?), (4432
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a BBIPaXEHHUE MOJYJISI SJICKTPOMArHUTHOTO MOMEHTA COTJIACHO
(28), (31) npumer Bux

(4.4.33)

4.5. OnTuMHU3aNus ATTOPUTMOB BEKTOPHOTO YNIPaBJIeHUs
ACHHXPOHHBIM JBUTaTeJieM NPU 00JIBIIMX CKOPOCTAX
€ Y4eTOM OrpaHHYeHHii HAPSIZKEeHUsI

TpeboBanue peryaupoBaHus ckopoctd AJl B mUpoKoM
JMana3oHe MPUBOJAUT K HEOOXOJMMOCTH BBEAEHHS OrpaHHUye-
HUH TOKa M HampspKeHus: cratopa. OrpaHuyeHue MOAYJS TOKa
paboraer mpu OOJBIINX MO MOIYJIO DIIEKTPOMATHUTHBIX MO-
MEHTaX M MajbIX 10 MOJYJI0 cKopocTsx. (B manpHeiem st
KpaTKOCTH CJIOBO «MOAYJb» TaM, IJie HE MOTYT BO3HHUKHYTh
HeJopasyMeHusi, Oyaer omyckarbes). OrpaHudeHHe Hampsoke-
HUSl TIPOSIBISIETCST MPH OOJBIIMX CKOPOCTSIX, KOTZA CHIIBHO
BrusHue npotuBo/{C, BcaeacTBue yero Tok cratopa mai. [o-
3TOMY TpH OOJBIINX CKOPOCTAX poropa AJl mamenwem Hamps-
KEHUS! Ha aKTHBHOM COINPOTHUBJICHWH CTaTOpa MOXKHO IpeHed-
peus no cpaBHeHuto ¢ nporuBoD/IC. [Ipu ManbIx Tokax craTo-
pa, BO-TIEPBBIX, UMEET MECTO MaJiblil AJIEKTPOMATHUTHBIA MO-
MEHT, BO-BTOPBIX, HEBO3MOXKHO KOCBEHHO OIIEHHTH CKOPOCTh
AJl, 9TO HE MO3BOIAET UCKITIOYUTDH JATYHK CKOPOCTH U3 MIPHBO-
na. Jlns ycTpaHeHHs 3THX HEIOCTaTKOB NpEAaraercs BBECTH
JOTIOTHUTENBHBIN PEXUM padoThI, 3aKIIIOYAIOIIHMICS BO BBEIE-
HUU OTPaHUYEHHs TOKa craTtopa cHu3y. OrpaHHYEHHs TOKa H
HaNpsDKEHUS] CTaTopa OKa3bIBAIOT CYIIECTBEHHOE BIMSHUE HA
JMHAMHYECKHe U cTaThueckue xapakrepuctuku AJl. Mmerorcs
pa6otsl [1, 31-33], rae mpoBeAcHbl aHATUTHYECKHE HCCIIEeNO-
BaHUS PEKHMOB BEKTOPHOrO yrmpasiieHus AJl, koraa Hampsoke-
HUSl HAXOAATCS Ha OrpaHHuYeHusX cBepxy. OmHaKo 3TH Hccie-
JOBaHMSI CBOMISATCS TOJNBKO K MAKCHMHU3ALUK 3JIEKTPOMAarHUTHO-
IO MOMEHTA.
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4.5.1. Onmumu3zayus cucmemsl npu pabome
¢ donvbuuMu cKOpocmamu

Ilenbr0 AAHHOrO IYHKTA SIBISETCS IOJIYyYEHUE 3aBUCHUMO-
CTEl MEXIy pasNUYHbBIMU KOOPAMHATAMHM U SHEPreTUYECKUMU
[I0Ka3aTelsIMA ONTUMU3UPOBAHHON CUCTEMBI IIPU HAJIMYHMU Or-
paHHYEeHUI HanpsDKEHUS B PeKUME OOJBIINX CKOPOCTEH pOTO-

pa AL

[Ipu GoMbIIMX CKOPOCTAX pOTOpa NaJCHHEM HampsKESHHS
HA aKTUBHOM CONPOTHBIICHHH CTATOpa MOXKHO MpeHeOpedb 1o
cpaBHeHuto ¢ nmpotuBoI/IC. Toraa B cTallMOHAPHOM pEXHME

MO>KHO [10J1araTh, 4TO IIPOEKIUU HAIPSKECHUS (u) U TOKa (I)
craropa AJl B CHHXpOHHOW CHCTEME KOOpJHHAT (d,q) CBs3a-
HBI cooTHOLIeHHsMU [1, 31-33]

Uy = -W,sL Uy, =Woldy, (4.5.1)

si q?
a C-)HGKTpOMaFHI/ITHHﬁ MOMCHT (m) onpenensleTc;I BI)Ipa)KeHI/IeM
(4.1.6)

m=nL_L i,i (4.5.2)

mr—m'd 'q°”

B (1) u (2) W, — cuHXpOHHasi CKOPOCTb BPAIIEHUS BEKTOPa

HOTOKOCIEIUICHUS! POTOpPa B CTaTOPHOI CHCTEME KOOPIHMHAT);
N — KOJIMYECTBO Map MOIIOCOB;S — KOID(UIMEHT paccestHus
Beero AJl; i,,i,— HamMarHMYMBaIOWask U MOMEHTHAsi COCTaB-

Jsgromue Toka; L, L, L — B3aMMHasg MHIYKTHBHOCTh CTaTOpa
M poTOpa M MHAYKTHBHOCTH CTaTOpa M poOTOpAa, Lmr = LmL'rl.
OrpannyeHune HalpsHKEHUS 3a71a]TUM B BUJIE
2 2 _,2 2
Uy +Ug =U" £ U, - (4.5.3)

[MToxcranoska (1) B (3) maer ypaBHeHue

(siy)?+i2= (ﬁ)z. (4.5.4)

S
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e
0 la
Pucynok 4.5.1

Ipu dukcnposanHom U ypasuenue (4) na mockoctu (iy,1,

OIKCBhIBaCT HA0Op 3JUTUIICOB, BBITSHYTBHIX M3-32 COOTHOLICHHS
s <0,2 Baoins ocu Oi q (puc. 4.5.1). Kaxpiii u3 >1MIcos co-

OTBETCTBYET ONPEAENEHHOMY 3Ha4eHHI0 W, . DJUIMIICHI, COOT-

BETCTBYIOIINEC OOJIBIINM 3HAYECHHUSIM |\N0|, JIC)KAT BHYTPHU 3JI-

JIUTICOB C MEHBIIUMH 3HAYECHUSIMU |Wo|- Tak xax Iy 3 0, 10 pa-

Ooueii 30HOH SBIIAETCS TpaBasi MOIYIIIOCKOCTb.
C nomousio (2) nckmounm i, u3 (4). Torna

[TockonbKy AUCKpUMHHAHT B (5) HE JODKEH ObITh OTpHIIA-
TEJIBHBIM, TO JIOJDKHO BBITIOIHATHCS COOTHOIICHHE

.2
2u 0, (4.5.6)
eWOLsﬂ
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MakcumaibHOe 3HaYeHne [N B 3aBUCHMOCTH OT |; MOMKHO
HalTH U3 BBIPAKECHUS ﬂ|% = s ypaBHenus (5) iy, 4ro
|
d

TO K€ CaMoe, U3 BBIPAKEHHS q(m)2 o Bropoe paBeH-
.2 -
ﬂod)
CTBO JaeT BBIPAKEHHE TOKA |, MAKCHMH3HPYIOIIEE MOLYIb

QJICKTPOMAriuTHOr0O MOMEHTA.

. 1| u
i, =—— 45.7
L (45.7)
W3 (4) u (7) MOXKXHO TTOTY4UTh
. 1 u |,
I, =—— signm. 4.5.8
q s \/E WOLS g ( )
Cpasuenue (7) u (8) mo3Bossier 3anucaTh
i, =s “li;signm. (4.5.9)

IMoacranoska (7), (8) B (2) maer 3aBHCHMOCTH SKCTPEMATbHBIX
3HAYCHHI SJIEKTPOMATHHUTHOTO MOMEHTa OT HANpPSDHKEHHsS CTa-
TOpa U CUHXPOHHOMU ckopoctu W, B BUJE

.2
|m|=ige u 9, (4.5.10)
25 Ew ol

rne C = aner_

W13 (10) BuIHO, YTO 3a CUET OrpaHUYCHHS HAIPSIKCHHS CO-
oTHOMIeHUEM (3) AIIEKTPOMArHUTHBIE MOMEHT Takxke OyJer or-

paHWYeH, MPHYEM MaKCHMMaIbHOE 3HAYEHHE |n’1 Oymer Tem
MEHbIIIe, YeM OoJIbIe OyaeT |Wo| .

[Motpebisiemble TOMHYIO (P) u snektpomarautayio (P, )

MOIIHOCTH MOYKHO OTPEENUTh ¢ TIOMOIIBI0 Bhipaxernuit (4.2.10),
(7), (8) (10) B Buze
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P= P“+Wm_ef2/\6 gRﬁRLm)S'Z +R +a(w) Lm+§W991”ﬁ
(4.5.11)

rae W — MexaHuueckasi yriioBast CKopocTh poropa. [lockonbky
NW » W, TO pa3BMBaeMas MEXaHUYECKas MOIHOCTh

2
c ey O
_5| n(wm 45.12

Kaxk Bumso 13 (7)—(12), 251eKTpOMarHuTHbIE MOMEHT U MOIII-
HOCTH (C TOYHOCTBIO JIO MOTEPh B JKele3e) oOpaTHO MPOIop-
IMOHAJIbHBI KBAJpaTy, a MEXaHWUYecKas MOIIHOCTh M TOKU —
MEPBOM CTENEHU CHUHXPOHHOM ckopoctu. lloncraHoBka B BbI-
paxenns (7)~(12) snauenns |u|=u,, MO3BOISIET ONMPEIETUTH

P,=wm=———

npenenbHbIe 3HAUCHUS! COOTBETCTBYIOIIMX NepeMeHHbIx. Ciie-
JayeT OTMeTHTh Ha ocHoBanuu (11), uro Oe3 yuera moTephb
B CTQJIM MOIIHOCTH, pacceMBaeMbie B CTaTOpe M POTOpE, MpPO-
MOPIMOHAIIBHBI MKy COOOH.

Beipaxxenust npoekiuii Toka (7), (8) 3aBucst ot craTopHOro
HanpsbkeHus U. s ocymiectsieHus ynpasieHus Al HeoOxo-
JMMO MMETh UX 3aBHCHMOCTH OT MOTPEOHOro 3JEeKTPOMArHUT-
HOro MoMeHTa M. [l ycTaHOBIIGHUS CBSI3M MKy U M M MOX-
HO BOCITOJIb30BaThCs paBeHcTBoM (4.5.10), oTkyna

‘ \/ c ' \sc

B (13), m — Hy)xHOE 3HaYCHHE ITEKTPOMATHUTHOIO MOMEH-
Ta, OrPaHUYEHHOE COOTHOIICHUEM

L2
|”1 c aeu o, (4.5.14)
WoLsﬂ

a camu BbIpakeHus (13) obecrieunBalOT MUHUMYM MOJYJIS Ha
MPSDKEHUS TIPU 3aIaHHOM DJIEKTPOMAarHUTHOM MOMEHTE.
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Beipaxenust (10), (11) mo3BONSIOT BBIPA3UTh MOIIHOCTH
4epe3 AJICKTPOMArHUTHBI MOMEHT CIIEIYIOIIUM 00pa3oM:

L PR © wsgunl
P—Pan+wm—TgFi+R|-m)S +Fi+a(V‘6)'-m+gWSg‘"E|

(4.5.15)

Takum 00pa3oM, 3JEKTPOMArHUTHAs, MEXaHUYECKast U TOJI-
Hasi MOLITHOCTH MTPOIMOPIIMOHATBHBI MOJIYJIFO AJIEKTPOMArHUTHO-
ro MOMEHTA.

B coorBerctBumn ¢ (4.2.16) u (13) mis ycraHoBHBIIErocs
pexxuMa abCOTIOTHOE CKOJIbKEHHE

[
w, ==L §gnm: (4.5.16)
Tig TS
C yuerom toro, uto S £ 0.2, cpaBaenue (16) ¢ (4.2.16) mno-
Ka3pIBaeT, YTO MpH OOJBIINX |W0| MOIY/Ib OINTHMAJILHOIO

CKOJIbKEHHS BO MHOTO pa3 0oJblle, 9YeM MOIYJb ONTHMAIbHO-
I'0 CKOJIbXKEHUS IIPU YMEPEHHBIX 3HAYECHUSAX |Wo|

4.5.2. Paboma cucmemsl npu 02paHuyeHusX moxa
U HANPAICEHUs

CunTesupoBaHHble B Toapasaenax 4.2, 4.4 onTuMmaibHbIE
QITOPUTMBI, K COXKaJeHUIO, 00JIaaloT IBYMS HEJOCTaTKaMU:
1) GonbIION TMOCTOSHHOW BpeMEHH (OPMHUPOBAHHS DIICKTPO-
MarHMUTHOTO MOMEHTa, 2) HEBO3MOXXHOCTBIO MPU MaJbIX TOKaX
OLICHUTH cKopocTh AJ] Oe3 ee naTdmka, 4TO HE MO3BOJSIET HC-
KIIIOUYUTh UX M3 NpuBoAa. Jis ycTpaHeHHs 3TUX HEJOCTaTKOB
BBEJIEM JOMNOIHUTEILHOE YCIOBHE

i2+i2 =173 2 (4.5.17)

min*®
Honcranoska (9) B (17) maer 2 +s %2 =i, OTKyja c 10-

MOIIBIO (9) MOXKHO MOTYUUTH
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sl i (4.5.18)
=—— i =—L_signm" -
Ji+s? ' (1+s? °

[Monoxwus B (18) |

JyJII0 COCTaBIISIIOIIME ToKa cTatopa. [IpupasuuBas B (18) u (7),
(8) cooTBeTcTBYIOIIME TTEpEMEHHBIE, HAMIEM

| = Vi+s?|u, (4.5.19)
Vs i

IMonoxus B (19) U=U,,, | =i,  HalJIeM MakCUMalbHO

min ? MMOJIYy4YuM MHUHHUMAJBHBIC 110 MO-

BO3MOYKHYIO CHHXPOHHYIO CKOPOCTb

= V148 ? Uy (4.5.20)
° \/él‘s|lm|n|

[MpupasuuBas B (18) u (13) cooTBETCTBYIOIIME MEPEMEH-
HbIE, HaliieM

| m) = SCiZZ, | m _SCImln . (45.21)
1+s mn o 1+s?

Jlerko yoeauThcs B TOM, 4TO cooTHOIeHus (16) s ckolb-
KEHHs OCTAIOTCS B CHJIC W TNPH COOTHOWICHUSX TokoB (18).
HozncranoBka Iy, iq, W, =Wg u3 (18), (19) B (4.2.10) nossonser
MOJYYUTh BBIPAKEHUE MOTPEOIISIEMON MOIIHOCTH B pacCMaTpu-
BaeMOM pEKUME.

VpaBuenus (1) He yuUTBHIBAIOT MAICHUS HANIPSHKCHHS HA aK-
TUBHBIX CONMpPOTUBIIEHHsAX. C y4eToM 3TOro MajeHHs HarpsoKe-
HUsl ypaBHeHus (1) mpUHUMAIOT BUJL

u$ = Ry - wos L, » u$=Ri, +wgLd,- (4.5.22)

C mnomowmpsto obosnaveHuit Uy =u$- Ri,, U, =u¢- Ri,
ypaBHenus (22) npuBozasrcs K Buay (1), 4To Mo3BOJISET PeUIUTh
3aJ[a4M TOrO MyHKTA JUISl YTOYHEHHOW CHCTEMBI.
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4.6. BeiBoas! u3 pasaena 4

1. CunresnpoBan 000OIIEHHBIN HaOmIOgaTENh HEONpesae-
JIEHHOCTH TPOM3BOJILHOTO ToOpsiAka. B HeompeneneHHOCTh
BKJIIOUEHO BIJIMSHHUE HEOIpEAEIeHHOCTel MOMEHTa WHEepLHH,
Harpy3ky, IOMEXH, WHAYKTUBHOCTEH, BIUSHHUS IOCTOSHHOM
BpPEMEHH Ipolecca U KpUBOW HaMarHW4YMBaHUA.

2. CUHTE3UpOBaHbl alTOPUTMBI  PEryysaTopa, obecredn-
BaIOUIME KOMIICHCALIMK HEOIPENEIECHHOCTEN U 3aJlaHHbIN BUJ
MIEPEXOJHOr0 Mpollecca pa3roHa W TOPMOXeHHs poTtopa AJl
TIpH YIPaBIECHUH MTOJIOKEHUEM U CKOPOCTHIO.

3. CuHTE3UpOBaHbl BBIPAKECHUSI COCTABISAIONIMX B CHH-
XpOHHOI cucTeMe KOOpAMHAT MPOTPaMMHBIX TOKOB, MHUHHMH-
3UPYIOIUX 3JIeKTpoMarHuTHele notepu AJl. Jlns cuHTEe3upo-
BaHHBIX MPOrPAaMMHBIX TOKOB IOJIY4€HBI BBIPAKEHUS JIEKTPO-
MarHUTHBIX MOTEPh (QKTHBHBIX M PEAKTUBHBIX), 3JIEKTpOMar-
HUTHBIX MOMEHTOB M aOCOJNIOTHBIX CKOJIbXeHui. [IpoBeneHo
CpaBHEHHUE Pa3IUYHBIX aJTOPUTMOB IO MEPEUNCIEHHBIM BBILIE
nokazarensiM. Ocobo cieayer OTMETUTh, 4TO (OpMUPOBaHHE
TOKOB crtaropa Mo 3aBucumoctsMm (4.2.12), (4.2.13) wm
(4.2.15), (4.2.13) nenaer AyIEKTPOMArHUTHBIIT MOMEHT HHBApH-
AHTHBIM 110 OTHOUIEHHIO K COMPOTHUBIIEHUSIM pPOTOpa U CTaTOpa.

4. [poBeneHO CpaBHEHHWE CHCTEMBI, MHHHMH3UPYIOLICH
AJIEKTPOMArHUTHBIE MOTEPH, C KIIACCUYECKON CHCTEMOU ¢ (K-
CHpPOBaHHBIM TOKOM HaMmarHuuvBaHus. [lokazano, 4yTo 3TH cuc-
TEeMBbl TIPY HOMMHAJIBHOW Harpy3ke WaeHTH4YHbl. OfHaKo, Mpu
W3MEHEHUU HArpy3Kd B OONBIIYIO MJIM MEHBIIYIO CTOPOHY OT
HOMHUHAJILHOTO 3HaYeHUs] CHHTE3MpPOBaHHAsI HAMHU cucTeMa 0o-
Jiee SKOHOMHYHA. B "acTHOCTH, mpu Harpyske B 2 pasza 0o0ib-
el WM MEHbIIeH HOMHUHAIBHOM MOTpediiieMasi MOIIHOCTh Ha
20 % wmeHbllle, 4YeM y CTaHIapTHOW cucTembl. [loka3zaHo, 4ToO,
4yeM MeHblne (00JIbIIe) ANEKTPOMArHUTHBIIT MOMEHT €ro HOMH-
HAJIBHOTO 3HAYEHHMs, TO TeM MeHblle (OoMble) peaKkTHBHAs
MOIITHOCTh ONTHUMH3UPOBAHHON CHCTEMBI IO CPABHEHUIO C pe-
AKTHBHOM MOIIHOCTBI) KJIACCUYECKOW CUCTEMBI, KOTOpas II0-
CTOSTHHA.
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5. C yuerom KpHBOI HaMarHMYMBAaHUSI CHHTE3UPOBAHBI BbI-
PaKEHHsI COCTaBIISIOIIMX TOKa CTaTopa, KOTOphle MaKCHMH3HU-
PYIOT MOIYJIb AJIEKTPOMAarHUTHOIO MOMEHTa MPHU OrpaHuYECHUH
ToKa ctatopa. [TomydueHHble BbIpa)eHus MO3BOJISIIOT JIETKO Hail-
TH aHAJIUTHYECKUE 3aBHCUMOCTU aOCONIIOTHOTO CKOJIbKEHUS,
ANEKTPOMAarHUTHOTO MOMEHTa W MOTPeOsieMOH MOIIHOCTH B
3aBHCHUMOCTH OT BHJIa KPUBOW HaMarHMUMBaHHS U MPEAETBHOTO
3Ha4YEeHUS TOKa CTaTopa.

6. CuHTE3UpOBaHbl BBIPAXKEHHSI COCTABJISIOIIMX TOKAa CTa-
TOpa, KOTOpble MHHUMHU3UPYIOT MOJYJIb TOKa CTaTopa MpH 3a-
JaHHBIX AJIEKTPOMArHUTHOM MOMEHTE M KPMBOM HaMarHHYHBa-
HUS, a TaKKe TONyYeHBl BBIPAKEHHS COOTBETCTBYIOLIMX HM
TOKa CTaTopa, aOCONOTHOTO CKOJBKEHHS M TOTpebisieMoi
3JIEKTPOMArHUTHOW MOIIHOCTH.

7. [lomyueHbl BBIPaKEHUs COCTABISIOIIMX TOKA CTaTOpa,
AJIEKTPOMAarHUTHOIO MOMEHTa M PEe3UCTUBHONH MomHOcTH AJ]
npH PUKCHPOBAHHOM MOJYJIE TOTOKOCIIETIIICHUSI POTOpa C yde-
TOM OTPaHHYEHHUS HA MOIYJb CTATOPHOTO TOKa M HACHIIICHHS
MarHuTHOM menu AJl.

8. [TokazaHo, 4to 3(dekT MarHUTHOro HachkieHus (0e3
ydera 1moTeph B jKelie3e) JaeT OJMHAKOBOE yBEIUYCHHE MOTPeO-
JISIeMOM MOIITHOCTH KaK B CTAHJAPTHOM, TaK M B TIPEIIOKEHHBIX
3aKOHaX YIpaBJeHUS.

9. Ins cnydast OOJNBIIMX CKOPOCTEH CHHTE3MPOBAHBI MPO-
creie BoipaxkeHus (4.5.13), (4.5.14), nosBossroume Gopmupo-
BaTh 3aJlaHHBIA AIIEKTPOMArHUTHBIA MOMEHT C MUHUMAJIbHBIM
MO0 MOZAYJIO CTATOPHBIM HAIPSKECHUEM.

10. IMony4ens! Boipaxkenus (4.5.18), (4.5.20), (4.5.21) s
TOKOB, CHHXPOHHOM CKOPOCTH U DJIEKTPOMAarHUTHOTO MOMEHTA,
C YUETOM OTpaHUYCHUI TOKa U HANIPSDKEHUS.

11. Cnenyer oTMETHTB, YTO B pasjene 4 CUHTE3UPOBAIKCH
QITOPUTMBI JJISl CTAI[MOHAPHBIX PEXUMOB. TeM He MeHee, OHH
paborocrnocoOHBl M Uil HECTAIMOHAPHBIX PEXUMOB pPabOTHI.
VYkazaHHOE CBOMCTBO OOBACHSIETCS TEM, YTO BIIMSHHE HeECTa-
[UOHAPHOCTEW YYHTHIBACTCS HEONPEACICHHOCTIO, KOTOpas
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KOMITEHCHpYETCS 3a c4eT KOMOMHHPOBAHHOTO TPUHIIMIA JeH-
CTBUA PEryIATOpa MEXaHNYCCKUX ITEPCMCHHBIX.
ConeprkaHne TaHHOTO pasjielia H3IokeHo B padborax [35-40).
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Pa3gen 5
CHUHTE3 U AHAJIN3 METOJAO0OB ®UJIBTPAIIUNA
MHOT'O®PA3HBIX HEOINIPEAEJEHHBIX
CUT'HAJIOB

CoBpeMeHHBbIE 3IEKTPONPUBO/IBI TEPEMEHHOI'0 TOKA, B TOM
gucie U AJl, cogepkat npeodpasoBatenu yactotel (ITU) ¢ mm-
poTtHO-uMITyJIbcHOM Moaysinuei (LLIUM). Tlutanue AJl ocy-
LIECTBIISIETCS, B OONBIIMHCTBE ciydaeB, oT Tpexdasznoro ITH
C BBIIPSIMUTENIEM U UHBEPTOpOM Hanpsixenus ¢ IIHMM. Beixon-
ueie HanpspkeHus [T ¢ MM npencrasisiror coboli mocieno-
BaTENbHOCTh MPSMOYTOIbHBIX HMIIYJIbCOB Majol JUIMTENbHO-
cru. Ha puc. 5.0 nokasansl cursan U,, COOTBETCTBYIOIIUI IO~
rpaMMHOMY (KelnaeMoMy) 3HAYCHHIO TJIABHOW T'apMOHUKH OJl-
HOil u3 (a3 BeixogHOoro curHaia [1Y, u Bua HanpsHKeHUS u,,

Toii xe (a3pl Ha Bbixone [1U. Kak BumHo Ha puc. 5.0, Ha HEe0O-
XOAUMYIO JIUISl YIPaBJIEHHS TJIABHYI0 TaPMOHHKY BBIXOHOTO
HAMPSHKEHUS HATOKEHBI BRICOKOYACTOTHBIE IITYMBI

EL”” Il mmmmIWHWWH%HHHHHNM

N []IJh 0085 0.0% 0.055

Pucynok 5.0. DddexTs! MUPOTHO-UMITYIHCHON
moayssiuu (LLITUM)
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Gonpinol amrunTyael. Takas ¢opMa BBIXOTHBIX HANPsDKEHWUH He
MO3BOJISICT MMYTEM YHUCIIOBOM 00pabOTKH JIOCTATOYHO TOYHO BHI-
JICNIUTh TJIABHBIC TAPMOHUKH. BBIXOMHBIE HAMPSHKEHUS MOXKHO
MPUOIIKEHHO TPEICTAaBUTh KaK CYMMBI IOJIC3HBIX CHUTHAJIOB
(rTaBHBIX TAPMOHHK) M BBICOKOYACTOTHBIX MTOMEX, TPHYEM, aM-
IUTUTYIBI TIOMEX MOTYT B JICCSATKH pa3 MPEBHIIATh aMILUTUTY/IbI
MoJIe3HbIX CUTHAIOB. [1oI0COBBIC (DUIIBTPBI, MPEIHA3HAUCHHBIC
JUTSI BBIJICTICHUS TJIABHBIX TapPMOHHK B pacCcMaTpUBAEMOM CIy-
Yae, CJMIIKOM CIIOKHBI. B HUX BXOIUT OOJBIIOE KOJUYECTBO
COINIPOTHUBJICHUN C HE CTAOMJIBHBIMH ITapaMeTpaMH, Y4TO MPUBO-
JUT K OOJIBIIIMM TOTPEIIHOCTSIM B OT(HIITPOBAHHBIX CUTHAJAX.
[TocraHOBKAa TPOCTHIX AHAJIOTOBBIX (PUIBTPOB MPHUBOAMT K HeE-
JIOTTYCTUMOMY HCKa)XCHHMIO TJABHBIX TrapMOHUK. bomee Toro,
ecnu [IY nuTaroT 31eKTpOABUTaTENN NIEPEMEHHOIO TOKA C BEK-
TOPHBIM YIIPABJICHUEM, TO B CHUJIYy CHEIU(DHUKHN aIrOPUTMOB BEK-
TOPHOT'O YIPABJICHUS YACTOTA TJIABHBIX TapPMOHHK BBIXOJHBIX
curHanoB 1Y moxker ObITh HenszBecTHOH. Benencreue ckazaH-
HOTo, B peanu3oBaHHbIX Ol TIaBHBIE TAPMOHHMKHU BBIXOIHBIX
Hanpspkeau [T4 ¢ IMM oToXIeCTBIAIOT € YHPaBISIOLUMHU
cUrHajaMi, nomaBaeMbIMd Ha Onok WM. OgHaxo Takoil moma-
XOJI MPUBOJUT K TOrPEIIHOCTSM 3a CYET M3MEHEHHS MUTAIOIIETO
HampsDKEHUST CETH, MaJIcHUSl HaNpsLKEHUS Ha TpaH3UCTOpax, 3a-
Ma3JpIBAaHUN TP OTKPBITUM U 3aKPHITUU TPaH3UCTOPOB OJIOKa
III1M, a Takxe 3a cueT «MepTBOro» BpeMeHu. Ilomumo aroro,
LIETTH DJIEKTPOIIPUBOJIOB, COCTOSIIHE U3 TATYNKOB CUTHAJIOB, aHA-
JIOTOBBIX (DUIBTPOB M aHANOTO-IU(POBBIX Mpeodpa3zoBaTeleit
(AIIIT), MOTYT IPHBHOCHTH B M3MEPSEMbIE CUTHAIIBI HEN3BECTHRIE
MOCTOSIHHBIC OIIMOKH (CMEIeHUs HyJIei).

ABTOpaMH JaHHON pPabOThI TMOJIYy4EHO JOCTATOYHO MHOTO
pPe3yNbTaTOB 1O BBIIEIECHUIO TJIABHBIX TAPMOHHK B OIMHCAHHBIX
BBIIIC YCIOBUSX. DTH PE3yJIbTaThl OMYOJIMKOBAHBI B OOJBIIOM
KOJIMYECTBE KYPHAJIOB Pa3IUYHBIX HAUMEHOBAHUM, UTO 3aTPYy/-
HSET UX aHaJli3 U UCIIO0JIb30BaHUE.

Lenbro maHHOrO pasjena sABseTcs 0000IIeHUEe paHee Moy-
YEHHBIX, a TaKKE H3JIOKCHHE HOBBIX PE3yJIbTATOB IO BHIJC-
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JICHHIO TJIABHBIX TAPMOHUK MHOTO(a3HbIX CUTHAJIOB B YCIIOBHUSX
CYLIECTBEHHOW HEOINpPENENeHHOCTH.

5.1. KunemMaTnka BpamawImnxcs BeKTopos [5]

B npousBoncTBe HaubolbIee pacpoCTpaHEHHE MOTYIHIN
tpexdaszupie D/1. [lo nBym ¢azam TpexdasHoro curHama D/
MOXKHO TIOJYYHTh €ro IBYX(}a3Hy0 MaTeMaTH4eCKYyl MOJCb,
KOTOpasl U UCIIOJIb3YETCS B NAJIbHEHMIIIEM.

PaccmartpuBaeTcst III0CKOe BPalleHHe BEKTOpa | , 3aJaHHOTO

€ro AByMs OPOEKLUUAMH |_ . i B OOIIEM cilydae Ha OCU HEOPTO-
y a’''b

TOHAJILHOM CHCTeMbI KoopauHat (a, b)

i, =|i|cosr , (5.1.1)
i, =|i|sin(r -j )=|i|(cosj sinr - sinj cosr ), (5.1.2)
rae I — yrox Mex/Iy BEKTOPOM | M OCbIO @, ] — yroi, xapak-

TEPU3YIOIIMI HEOPTOrOHAIBHOCTL Ooceli @ m b . Hanpumep, B
SIEKTPOTEXHUKE | — yron casura ¢assl D nepemennoro toka

OTHOCHUTEJIBHO HAlpaBJIeHHs, OPTOroHanbHoro dase a.
U3 (1) u (2) moxHO 3ammcaTh

sinr = M . (5.1.3)
|i|cosj

BBenem 0003HaueHUs

ia=X11 M:XZ, i =X.
COSj
(5.1.4)
C yuerom 31X 0003HaueHuil ypaBHenus (1) u (3) npezacra-
HYT B BUAC
x =|x|cosr, x,=|x|sinr, (5.1.5)
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rae |x|=m . lpoauddepeHuupyemM mo BpeMeHH BbIpa-
xenus (5)

% =|x[cosr - &|x|sinr,

%, =|x[sinr + 1| x|cosr . (5.1.6)
C yuerom (5) Beipaxenus (6) MOKHO MTPEJACTAaBUTH B BHJIE

=L 1y . R ¥ =L BXx. 517
&1 |X|Xl X21 2 |X|X2+ Xl ( )
Ywmuoxas B (7) mepBoe ypaBHEHHE Ha X, , BTOPOE —Ha X, W,

3aTEM, BRIYMUTAsI U3 BTOPOI'0 MEPBOEC, MOTYUMM CKOPOCTh Bpallle-
HHUS BEKTOpa X B BUJL

W= = (X, - Xk x|'2. (5.1.8)

Takum 00pa3oM, CKOPOCTb M3MEHEHHUS MOIYJsl BEKTOpa He
BJIMACT HAa TOYHOCTH OMNPCACICHUA CKOPOCTHU €ro Bpall€HUA I10
3aBUCUMOCTH (8).

ITycTs Teneps npoekuuu X, U X, U3MEPSAIOTCS C MOrPEIIHO-

cramu J, u J,, Tak 4TO M3MEpeHus X, , X, UMEIOT BUJ

2m
Xm =X+, X, =X, +J,, (5.1.9

npudeM J, u J, NPeICTaBIsIOT COOON BBICOKOYACTOTHBIE, MO
cpaBHeHuI0 ¢ W , rapmonuueckre ynkiu. [Ipu momcraHoBke
X1 X, 13 (9) B (8) BausHue nmomex 3a cuer auddepenimpo-

BaHMs CYIIECTBEHHO YCHUJIMBAETCS, B PE3YJILTATE YETO alTOPUTM
(8) moxer moTepsATh PabOTOCITOCOOHOCTH. J[Ist yMEHBIICHHS

BJIMSIHUS TIOMEX MPOIYCTUM CUTHAIbl X, X, 4€pe3 OJAMHAKO-
Bbole (uabTpel. B pesynmpTare 3TOro moiydaTcs CHTHAJIBI
Ximi » Xopg » TAKHC YTO
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X mf :|Xf |cos(r Ty )+J 1f

Xyt :|xf |sin(r +y )+d 5, (5.1.10)

rie ‘ X; ‘ — MOJyJIb BEKTOpa X; , OJIyYAOIIErocsi B pe3ysibTaTe
nporycKanus 4epe3 GuibTp BekTopa X;y =y (W) — casur mo
¢aze curnanoB (mpoexuuit) X; , X,; OTHOCHUTEIBHO COOTBETCT-
BEHHO CHTHANOB X, X,; J,;,J ,; — IOMEXH, IPOIyIICHHbIE

gyepe3 Guibtpel. [lo ananoruu c¢ (5)—7) mis mpoekiwmii (10)
MOXKHO 3aIHCaTh

o |
f‘lmfz‘xf‘xlf'('&"'y&)xy‘"jlf’
f
o |
Kot = ‘Xf Xy +('& +y&)X1f +‘ﬂ2f )
f

otkyna 1o ananoru ¢ (7), (8) momyuaercs
-2

W= =-yt +(X1fi(2nf - Xop Ky )|Xf | -
-2
- (lej(zf - Xzfj(lf )| Xy | . (5.1.11)
[Mockonbky B (11) mPHCYTCTBYIOT TNPOM3BOAHBIC IMOMEX
F ., 3, , TO I yMeHbIICHHS MX BIUSHAS (UIBTPBI JOJKHBI

OBITH HE HIDKE BTOPOTO MOPsAKA WM OL[eHKa cUrHajia W JIOJK-
Ha OBITh TpOMYyIIeHa dYepe3 IOMOoNHUTENbHbI (uibTp. [lo-
CKOJIBKY CHTHAJIBI X X, ,;&lf ,‘}@2 ; HEHM3BECTHBI, TO OLICHKY CKO-

poctd W MOXKHO ITOJIYYHTb [10 BEIPAKEHUIO

W= -yb + (lef Komi = Xomp Koy )‘ Xt ‘-21 (5.1.12)
raie
‘xmf ‘2 =x2 + X . (5.1.13)
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B ciydae mo3WIIMOHHBIX, HHTErPUPYIOMKX WU Auddepen-
HUPYIOIIUX 3BEHLEB Y (W)=const, clefi0BaTensHo, Yh = 0.

B obmem e ciydae yé :?y /ﬂwg& ITockonbKy ISt ONTH-
a

MaJbHO JEeMI(UPOBAHHBIX 3BEHBHEB

Ty / — MaJible BEIHYH-
w
HBbI, TO B O6HI€M cnytlae MOXKHO ITOJIOKHUTH
A -2
W = (xlmf Kort = Xon Kt )| Xt | : (5.1.14)

3amensisi B (14) npom3BOJHBIE KOHEYHBIMH Pa3HOCTSIMHU
C TAKTOM cueTa [, HOIy4UM [UCKPETHYIO PEATM3aLHUI0 alIro-
putma (14) B Buze

Xt (K] Xorg [K = 2] X [K] X [ - 1].
To| Kot [k] |2

W= (5.1.15)
[Ipennonaras MENJICHHOCTh HM3MCEHEHUS |X|, u3z (7), (8)

MO)KHO 3aIlMCaThb BBIPAKEHUS, COOTBETCTBYIOLUE OIEPALUU
MHTEIPUPOBAHUS

X =Wk, X, =-wh. (5.1.16)

[Ipu 3THX K€ yCIOBUSX Oomnepanuu AuQhepeHIIMpOBaHHS CO-
OTBETCTBYET CUCTEMA

K =-WX,, K, =WX. (5.1.17)

5.2. Hesaunelinbie GUILTPLI-HA0I0AaTeH ABYX(a3HBIX
curHanos [3, 4]

OreHnM MPOCKIMH Xl, X2 BEKTOpa X IO H3MEPEHHUIM
(5.1.9) B npeanonaoKeHuH, 4TO | x| MeHsieTcsi Me[uIeHHo. Torma

B coorBercTBUH ¢ (5.1.17) Oynem monaraThb
b =-wWX,, ¥ =wX. (5.2.1)
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bynem paccmatpuBath (1) Kak JUHAMHUYECKYIO CHCTEMY C
mmepenusivu (5.1.9). IMockonsky mpu J, ©J,° X, ° X,,°© 0

u3 cucremst (1), (5.1.9) crenyer X °© X, ° 0, to cucrema (1),

(5.1.9) sBnstercs momHOCTRIO Habmogaemoit [1]. C ygerom aTo-
ro, npearnojarasd, 4To UMECTCAd OLI€CHKAa 4YaCTOThI \/\7, JJIs1 CUCTE-
mbl (1), (5.1.9) MmoxHO TOCTpOHTh HabIrOAaTeNnb JlysHOEprepa
B BHIE [1, 2]

§1='sz+|11(21' le)"'llz()A(Z' XZm)’ (5.2.2)
§2 =W )A(1+ |21()A(1' le)+ |22()A(2 - X2m)’ (5-2-3)

rae I, (i , =1, 2) — k03D PUIMEHTHI yCUIICHUS HAOIIOaTEs.

OmmoOKu OIEHOK, TIOTYYSHHBIX C IOMOIIbI0 HAOIr0IaTeNs,
OTIPEICNAIOTCS BBIPAXKEHUSIMHU

X =X-X, X=%X-X. (5.2.4)
I[Monaras, uro W © W, u BeluuTas u3 ypaBHeHus (2) meppoe

ypaBHenue B (1), a u3 (3) — Bropoe ypaBHenue cucremsl (1), ¢
yderom (5.1.9) momy4nm cucreMy ypaBHEHHH OIIMOOK

leui' (W' Iu)iz' |11J1' |12J21 (5-2-5)
&2:(W+|21)K+|22§2' |21J1' Izz‘]z- (5.2.6)
Pewiennie 3TOM cHCTEMBI COCTOMT W3 YAaCTHOI'O PEILICHHS,

o0ycioBneHHOro omexamu J;,J ,, U 00IIEro pemeHus cooT-

BETCTBYIOLICTO OAHOPOAHOI'O0 YpPaBHCHHA C XapaKTCPUCTUUC-
CKHUM ITOJIMHOMOM

pz_ (|11+|22) p+|11|22+(|21+w)(w' |12)1 (5.2.7)
rae P — oneparop aupdepennupoBanus. C TOMOIIBIO MOJAITb-
HOro yrpasienus [2] MoxHO HazHaunTh Kod(uuuentsr I, i
00eCre4YrBaroIne aCUMITOTHYECKYIO YCTOWYMBOCTD PEIICHHUS
cucrembl (5), (6) ¢ kemaeMbIM BHJIOM peaknWid Ha CTy-
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IIEHYaTble BO3ACUCTBUS. BBI3BIBAIOT HHTEpPEC JBa Ciydas:
Hl,=1,,=0,2 1,=w=-1,,. B nepsom ciyuae B Kax-
JIOM YpaBHEHHU YMEHBIIAETCsl HOMEHKJIATypa BO3MYIIAIOLINX
BO3IiCTBHIA, BO BTOpOM ciydae ypaBHenus (5) u (6) ctaHoBsST-
Csl HE3aBHCHMBIMH, a XapaKTepHcTHuYeckoe ypaBHeHue (7) — ¢
MOCTOSHHBIMU KO3 duienTamu. Kak mokaspiBaeT aHaiu3 mo-
auHOMa (7), Ul aCHMITOTHYECKOH YCTOWYMBOCTH HEOOXOJMMO
U I0CTATOYHO, YTOOBI BHITOIHSUIUCH YCIOBUS

|11+|22<0' |11|22+(|21+W)(W' |12)>0'

Bcenencreue ananornuHocty ypasHenwuii (5), (6), He orpanu-
yuBas BO3MOXKHOCTEH CHUCTEMBI, MOKHO IIOJIOKHUTH

1,=1,=1<0.
Jlnst onpenenenns W ymuoxum (2) Ha X, ¥ BbIUTEM U3 110-

JlydeHHOro ypaBHenue (3), yMHOXKeHHOe Ha X,. B pesynbrate

MOJTYyYHM
W= )A(lﬁz' )A(2§1+(|21)A(1' 1:%) (% - le)+
(|22)A(1 : |12)A(2)()A(2 : sz)
+ 2+ X2 : (5.2.8)

Tak kak HaOmomartens (2), (3) maer COOTHOMICHHUS
% » X, X, »X,, to Ha ocxoBaunn (5.1.9) Beipaxenue (8)
MOYKHO TTEPEUCaTh B BHJIE
)A(lﬁz - )A(z k - (I 21)A(1 - |11)A(2)J 1 (I 22)A(1 - |12)A(2)J 2 (5_2_9)

A

%+ %

W=

JUJisi TIOBBIMICHUSI TOYHOCTH OLMEHKA W BBIXOJ] BBIPAKCHUSI
(9) Hamo mpomycTUTH Yepe3 HU3KOYACTOTHBIA (PUIBTP, YMEHB-
IIAIONINI BIUSHHAE BBICOKOYACTOTHBIX momex J, u J,. B pe-
3yJbTaTe MPU HATMYUH YKA3aHHOTO (PHIIBTPA MOKHO MOJIAraTh
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% %, -

2§1_
+%

N
>

W = (5.2.10)

>
[N}
>

IIpu TouHoit pabore Habmomatenst X » X, X, » X, . Torna

Ha ocHoBauuu (9) u (5.1.8) Oymem umers W » W .

Jlyiss yHpoIeHusT CTPYKTYPHOH CXeMbl HaOJtojaTess Mpu-
mem |, =W=-1,. Torna npu obosnauenuu 1, =1, =1,
HaOI0aTeNb MPUMET BH/T

=1 (% - %) WX,
%, = 1, (%, - Xy )+ W X, - (5.2.11)
CrpykrypHyto cxemy cuctemsl (11), (10) moxxHO mpezcTa-
BHTH B Buje puc. 5.2.1
OunbTp, MpeAcTaBleHHBIM Ha puc. 5.2.1, ¢ TOYKK 3peHHs
AQHAJIOTOBOW BBIYHUCIIUTEIBHONM TEXHUKU JOBOJIBHO CIOXKEH. ITo-
3TOMY OH JIOJDKEH OBITh PETM30BaH C MCIOIB30BAaHUEM MHKpO-
nporeccopHoit Texuuku (MIIT). Tlomexu, Bxomsime B X, Xom
(cm. (5.1.9)), MoryT mpeacTaBIIATh COO0H y3KHE TPSIMOYTOJIbHBIC
UMITYJIbChI (HarpuMep, BHIXOJHOE HANpsDKEHHE Tpeodpa3zoBaTess
gactotsl ¢ [LIIM), koTopbie TPEOYIOT OUeHBb MaJIOro

Pucynok 5.2.1. [IpomexyTrouHast CTpyKTypHas cxema
OJIHOKACKaJIHOTO (pribTpa
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TakTa cyera, 4uto cuibHO 3arpyxaer MIIT. [Toatomy ¢unbtp He-
00X0ZIMMO BBIIONHSATH C TIOMOILBIO aHAJIOTO-II(PPOBBIX CPEICTB.
[Mpuyem anasoroBast 4acTh [OJDKHA COJEP)KaTh COOCTBEHHO
(GUIBTPBI, a MUCKpETHast 4acTh — ajredpanydeckue onepanuu. [lo-
MEHSB MECTaMH B JIMHEHHOH cxeme Ha puc. 5.2.1 BblelcHHbBIC
MyHKTHPOM 3BEHbsI, MPHJIEM K cXeMme Ha puc. 5.2.2.

[NokakeM aHaNMTUYECKH, YTO CXeMbl Ha puc. 5.2.1 u 5.2.2
9KkBUBANEHTHbI. COCTaBHM CHUCTEMY YypaBHEHHH, COOTBETCT-
ByIOIIyIO pHC. 5.2.2:

Xon = f K= %y - M Ix,,
s- 1,
rac
éxlml] éx:lnfu O -1
=8 " X =6 0 J=&
om] o & O

OTol cCUCTEME COOTBETCTBYET ypaBHEHHUE
&- I X=-1x +WJx,,

KOTOpOE, B CBOIO Ouepe/ib, IKBUBaJICHTHO cucteme (11) u coor-
BETCTBYET cxeme Ha puc. 5.2.1.

B cxeme Ha puc. 5.2.2 aHanoroBble MHEPIUOHHBIC 3BEHBS
YCTPaHSIIOT BEICOKOUACTOTHBIE TIOMEXH, & JUCKPETHAS YacTh YCT-
paHsieT COBUTH MO (a3e M HCKaKEeHHsS aMIUMTYABI MOJE3HBIX
COCTaBIISIIOIINX CHTHAJIOB, BO3HUKAIOUIME TMPH IMPOXOKACHUH
CHTHAJIOB Yepe3 HWHEPIUOHHBIC 3BEHbS. YCTpaHEHHE BBICOKO-
YaCTOTHBIX TIOMEX IO3BOJSIET CYIIECTBEHHO YBEJIWYHTH TaKT
cuera Mukponporeccopuoi Texuuku (MIIT) u Tem cambiM
yaemeBuThy ee. [Ipn HeoOXOAMMOCTH YITydlIeHUs (QHIbTPYIO-
IIMX CBOMCTB (DMIIBTP MOXHO CHENaTh COCTOALIMM W3 ABYX W
Oosee KackaaoB.

JIByxkackaJHbIil GUIBTp TpeacTaBlieH Ha puc. 5.2.3. Jlns
yaydieHnus (QUIbTPYIOIINX CBONCTB W YMEHBIICHHUS TaKTa cye-
ta MIIT cTpykrypHas cxema npeodpasyercs K BUIy puc. 5.2.4.
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Pucynok 5.2.2. TIpeoOpazoBaHHast CTPYKTypHast cxema
OJIHOKACKaJIHOTO (puibTpa

HccnenoBanns MOKa3bpIBalOT, 4YTO OIEHKY CKOPOCTH W
B cXeMax Ha puc. 5.2.2, 5.2.4 nyudiie noiay4ats He 1O 3aBUCHMO-
cru (10), a 1o BBIpasKeHUIO

W = Xt i(zf - Xy &u . (5_2_12)

brok orenku ckopocti (12) He OynerT BXOIUTh B 3aMKHYThIH
KOHTYP HAOJIO/IaTelNsl, YTO CYIIECTBEHHO YIYUIIUT YCTONYUBOCTh
pabothl Bcero Habmoaarens. Ha puc. 5.2.5 u 5.2.6 npeacrasnenst
CTPYKTYpHBIE CXEMbI OJHOKACKAJHOTO M JBYXKacKaJHOTO Ha-
OxrofaTesieil ¢ OleHKOW CKOPOCTH 110 BhIpakeHu o (12).

Takum 0Opa3oM, B mojpasjese 2 OnMcaHbl OJHOKACKAHBIH
U MHOI'OKaCKaJHbIC q)HHI)TpI)I HU3KHUX YacCTOT, COCTOAIIHNE U3
HEMNPEPBIBHBIX BXOAHBIX ‘IaCTeﬁ, MNpe€aAHa3SHAaUYCHHBIX I yCTpa-
HCHUS BBICOKOYACTOTHBIX ITTOMEX, U JUCKPETHBIX KOMIICHCATO-
POB, YCTpaHAOINX aMIUIUTYJHBIC U (1)330BI)I€ HCKAXXCHUA IJIaB-
HBIX TAPMOHUK, BHOCHUMBIC HCIIPCPBIBHBIMU YaCTAMU. Hanuume
HEMPEPBIBHBIX BXOOHBIX yacrtei IIO3BOJIACT YBCIINYUTH

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

150

TaKThl TUCKPETHOCTH aHAJIOro-mH(poBEIX MpeoOpazoBatenei u
MpoIeccopoB.  IPGEKTUBHOCTh MHOTIOKAaCKaIHBIX (DUIBTPOB
TaKOBa, YTO OHU MOTYT BBIACIATH INIABHBIC FAPMOHUKHU JIAXKE B
BBIXOJJHBIX HANpsUKEHHSIX mpeodpas3oBaTenei yactoTsl ¢ LIIMM.

Alserosan AHorprenna
TAcIL | TACTL
I
) ! |
o 1 :
1
=4 |
= 1
]
]
|
1
1
|
I
I
1
I
|
Yie |—F1 ||
= |
1
g=£ ||

PHcyHéx 5.2.3. [IpomexxyTouHast CTpyKTypHasi cxema
JIBYXKACKaIHOTO (priibTpa

ANaTaToBag

AT

Imezpernag
YT

'I!.'u 3 ‘E‘

o= #. M- 2.

F s
G-, s - £,

IJ'

Pucynok 5.2.4. CtpykrypHas cxema
JIBYXKACKaIHOTO (priibTpa
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Pucynok 5.2.5. OxoHuatenbHas CTpyKTypHas cxeMa
OJTHOKAacKaJTHOTO (hHIIbTpa

ATATOTORA JEcEpeTia
CHICTH NHCTH
i €7 iy | i ¥
e [PETRTPET - %
= + ’
e [ S é
| 1{ @ \/ ;g 2™y ;
! Lid) | ."."\ [] J,:'I,
| {-_,___ \ ,E £ S
¥2m £y fa :.1 n 43
—-.-|:? 'E:I:I{'“ f__ i_.r _'xl y +'.

Pucynok 5.2.6. OxoHYaTeNnbHas CTPYKTypHAs CXeMa
JIBYXKACKaHOTO (priibTpa

5.3. KomneHcauuoHHbie pUIBTPHI
ABYX(a3HBIX CUTHAJIOB [6]

Llenblo JaHHOTrO MOApasjena SBISETCS CUHTE3 (UIBTPOB
BbIXOAHBIX curHanos IT4 c¢ MM apyrum MeromoMm, KOTOPBII
HE TOJILKO NOBTOPSET Pe3ylabTaThl pas3jiena 2, a U JaeT HOBbIC
CTPYKTYpHI (PUITBTPOB.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

152

CuHTe3 KOMIEHCANHOHHBIX (puiabTpoB. [lycTh Tpexdas-
Hble BbIXoAHbIE curHaibl [IY c MM, npuBeneHHble K IBYM
(hazaM, UMEIOT BH]T

X1m:)<1+‘]1' XZm:X2+‘]2' (531)

rae J, u J, IOpeicTaBisioT cOOOM BbICOKOYACTOTHBIE MO CPaB-
HEHUIO C OCHOBHOHM 4acTOTOM W IIOIPEMIHOCTH BXOJHBIX CHUI-
HAJIOB X, X,,,. CUTHANBI X; U X, MOXKHO PacCMaTpHUBATh Kak

HpOGKHI/II/I BeKTOpa IIOJIE3HBIX CHUTHAJIOB X HA OCU HCIIOABU XK~
Horo 0asuca. Torga MOXKHO 3anucaTh

X =|x|coswt,x, =| x|sinw t,

w = (x4 - x4 )| x| (5.3.2)

rae W — CKopocTh BpamieHus Bekropa X. ITycts curnansr (1)
TIPONYCKAKOTCS YEPE3 WICHTUYHbIE QUIBTPBL W, (p) ¢ amIuiu-

TyAHOU A(W) u Qa3oBoii Y (W) YaCTOTHBIMHU XapaKTEpPUCTHKA-

mu. He npuHHMasi BO BHUMaHUE caBur 1o ¢ase momex J,, J,
Ha BBIX0OJaX (PUIBTPOB, OyEeM HMETh

x; = A(w)| x| (coswt cosy - sinwtsiny )+A(w, )J,,
x, = A(w)| x|(sinwtcosy +coswtsiny )+A(w,)J,,(5.3.3)
rae W, — uactora morpemHocteil. M3 (3) Ha ocHoBaHuH (2)

MOXKHO HAfTH MCTHHHBIE 3HAYEHHUS TPOEKInii BekTopa X (wc-
KOMBIE CHTHAJIBI) B BHJIE

X =| x| coswt = A™(w)(X cosy +x,siny ) +A*(w) Aw, )(J,c0sy +J,sny ),
x2:|x|sjnwt:A1(w)(x;oosy - X dny )+A1(W)A(V\IJ)(.J2GBY -J,sny ).
(5.3.4)
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[Tockonbky morpemnocT J; U J, HE U3BECTHBI, TO BMECTO

WCTUHHBIX 3HAYCHUM Xl u X2 MOXHO 3anucaTtb HX OICHKH

%, , X, TI0 3aBHCUMOCTSIM
% = A} (w)(X cosy +xsiny ),
)ACZZA'l(W)(X;CDS/ - X dny ) (5.3.9)
ByzieM nonarats, 4TO aMILIMTY/b! CUrHANOB J, U J, paBHbI
J, . Torja norpemnoctu X, =X - X, iz =X, - X, ouenok (5)

M0 CPAaBHEHUIO C TOYHBIMH 3HaueHUSMH (4) MOXXHO OLICHUTH
BBIPa)KEHUEM

% =%, = A tw)Alw, )3, . (5.3.6)

[TycTh cOOCTBEHHO (DUIIBTPBI MPEACTABISAIOT COOOM MHEPIIH-
OHHBIC 3BEHbSI TIEPBOTO TOPS/IKA
k K;
W(p=——, Aw=——o—,ty W)=-Tw, (5.3.7)
Tp+l V(T +1

sny =-Twk;*A(w), cosy =k;*A(w).  (5.3.8)
IMoacranoska (7), (8) B (5) maer
%, = k;l(x; - Tw xz) X, = k;l(x; +Tw X, ) (5.3.9)

B Boipaxenus (9) Bxoaut HemsBecTHas yactora W . J{is ee

OLICHKH BOCIIOJIb3yEMCs BHIPAKECHHSIMH

LR o
ol - 1- % [kJx k- 1
R EIPE o I

W=

W=
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3alMCaHHBIMU B TUCKPETHOM O€3pa3MepHOM BPEMEHHU K crak-
TOM cuera Ty, KOTOpbIe MOIYy4aloTCs Ha OCHOBaHUHM (2) myTem

3aMCHbI MMPOM3BOJIHBIX KOHCYHBIMH PA3HOCTAMMU. HOZ[CTaHOBKa

A(W) u3 (7) B (6) maer

X =%, = \/((TW)Z +1)((TwJ )2 +1)'l J,.

Koadduiment ocnabdiaeHus momex

c =\/((Tw)2 +1)((TWJ ) +1)’1 : (5.3.12)

Takum o0pazoM, HauMEHbIIMKA KOX(PQPHUIMUEHT OciabieHus
MoMexX MMEeT MECTO MPHU MaKCHMAaJIBHOW IO MOAYII0 4acToTe

2
W. Tak kak W 3 >>W , To mpu 1 << (TW) BBIpaKeHHE K0d(-
¢urmenta ociabnenus (12) ymporaercs 10 Buaa

_1
c= %WJ. (5.3.13)

Criestyer UMeTh B BHJLY, YTO YBEIMYEHHE | MpPUBEIET K 3a-
na3pIBaHuIo 1o (pase onenku W mo otHomenuro kK W B nepe-
xomHbIX nporeccax. Ouenku (9) B ycTaHOBHBIIEMCS pKHME HE
MMEIOT NCKAKCHUI HU 10 aMILUTUTY e, HU 110 (a3e.

CTpykTypHas cxeMa KOMITEHCAllMOHHOrO (uibTpa Ha 0ase
MHEPLMOHHBIX 3BEHBEB, OCTPOSHHAs 10 BhipakeHusm (9), (11),
npeacraBieHa Ha puc. 5.3.1. Ha puc. 5.3.1 AIII — ananoro-
uugpoBoii npeodpazoBatenb. CpaBHeHHE cxeM puc. 5.2.5 mpu
I'll =-T wu puc. 5.3.1 nokassIBaer, 4T0, XOTS CXEMbI CHHTE3H-
POBAIIUCH PAa3HBIMH METOJAMH, PE3YJIbTAT MONYUYHIICS OJHUM H
TEM Ke.

[Tycts Temepb B KauecTBe (QUIBTPOB HCHOJIB3YIOTCS WICH-

TUYHBIC KOJIeOATEIbHBIC 3BEHbS C MEPEIATOYHON (PyHKIIHEH
k
w; (p) f k;,T>0, (5.3.14)

CT2pZ+2dTp+1’
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JJI KOTOPBIX

Alw)= k tay (w)=- Zde\VAv,z . (5.3.15)

- T2w2) + (2dTw)? -7

OTKy/1a
. 2dTw
siny (w)=- ; =
\/(1- Taw?)" +(2dTw)

1- Taw? (5.3.16)
(1- Twe)’ + (2dTw )
IMoacranoska (15), (16) B (5) maer
% =k;"€x; (1- TAw?)- x;2dTw #,

cosy (w)=
X

%=k &G (1- Tw?)+x2dTwy (5317

Ormenka ckopoctd W , Bxoasieii B (17), ocyiiecTBiasiercs mo
BeipaxxeHusiM (10) wu (11).

AHanorosas 4acTk | JIHCKpETHAA YACTh

S jﬂﬁ -

|¢Hh|m{ ) [ T

.-"-FFF

|
o T f T
R T AL

Pucynok 5.3.1. KomneHcanonuslii Gpuibtp
TIEpBOTr'O MOpsi/IKa
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Pucynok 5.3.2. KomneHcanonusii Gpuibtp
BTOPOTO HOpSIKA

B cootBerctum ¢ (6), (15) koahduiment ocnabieHus mo-
MEX

-1
) " ) .
C:Jﬁ- T2W2) +(2dTW)2%- T2\N§) +(2dij )29 .(5.3.18)
) 1) %}
Kak crenyer u3 (18), npu W, >> 0 xoaddurment ocnad-
JICHHUA TIOMEX TMPHUHUMACT MHHUMAJIBHOC 3HA4YCHHE, KOrja
1>>T?W?. B stom ciyuae Boipaxenue (18) ympomaercst 10

BHUJIA
2
® o
C = o (5.3.19)
g% Wi g

Cpasuenne (13) u (19) cBHAETENLCTBYET O CYIIECTBEHHOM
YBEJMUYEHUH TIOMEXO3AIIUIIICHHOCTH CHCTEMBI C (UIBTPaMH
BTOPOTO MOPSIIKA 10 CPaBHEHHWIO C CHCTEMaMH ¢ (pUiIbTpaMu
MEPBOTO TIOPSIKA.

Ha puc. 5.3.2 npencraBieH KOMIIEHCAIIMOHHBIH (QHIBTP
BTOPOTO MOps/Ka, Tae W, (p) ONpPENENSEeTCs BBIPAKEHUEM

(14).
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Pe3ynbTaThl MoaeqnpoBanus. MojenupoBaiach cucreMa
ypasuenuit (1), (10), (14), (17). Ha puc. 5.3.3 npezacrasiieHs
rpagpuku X

oms X5, X, B ycTaHOBHBIIEMCsI peskuMe. Kak BHIHO

Ha puc. 5.3.3, uMeeT MeCTO TOUHas OI[CHKa OCHOBHOW TapMOHU-
KM curHasia. Bo Bcex MOCIEyIONNX Pe3yabTaTax MOJCIHPOBa-
HUS TTOMeXa Tojiaranach ¢ TEMH K€ mapaMerpamu (aMILIuTyaa

1000, uacrora 10%c 1) 1 3amymieHHBIC CHrHABI HE TTOKA3bIBA-
torcst. Ha puc. 5.3.4 mpuBeneHsl pe3ynbTaThl MOACTHPOBAHUS

paboTel GUIBTpPa MpU U3MEHEHHH 4acTOThl oT 0C 1 1o 300c?
n yBenmueHnn moxyis X ot O mo 100 3a 0,5¢ . Kak cienyer u3

puc. 5.3.4, umeer MeCTO TOYHAS OI[CHKA HEU3BECTHBIX MCKOMBIX
nepemMeHHbIX. [ QUIABTPOB M HaOMIOAATENEH CUCTEMBI <«IBH-
rarens — [IT4 ¢ ILINUM» Hanbonee KpUTUUHBIMH SIBISIOTCS HU3-
kue gactothl (qactotel Hwke 30 1/c). Ha puc. 5.3.5, 5.3.6 uzo-
OpaXeHbI MCKOMbIC TIEPEMEHHBIC NPU M3MEHEHWUH YacTOThl OT

oc? o 1¢7? (1 obopor 3a 6 c.). Kak CBHIETENBCTBYIOT ATH

PUCYHKH, OCYIIECTBIISIETCS TOYHAs OLIEHKAa KaK COCTaBJISIOIINX
BEKTOpa X, TaK W JOCTaTOYHO TOYHAs OIIEHKa CKOPOCTH €ro
BpaileHusi. bomee Toro, ¢pmibTp okaspiBaercs paboTocmocol-
HBIM J1aXKe IIpu ckopoctu 0,1c” L

Komnencannonusiid puasTp BTOpOro mopsiaka odiagaeT He-
COMHEHHBIMH TPEUMYIIECTBAMU IO CPaBHEHUIO ¢ (PUILTpOM
MEpBOro MOpsiIKa U MOXKET ObITh MpPUMEHEH sl QUiIbTpanuu
KaK TOKOB, TaK ¥ HanpsbkeHui Ha Beixone I14 ¢ M.

3akimoyenue. CHHTE3UpPOBAaHHBIE (QMIBTPHI COCTOSIT U3
OOBIYHBIX aHAJIOTOBBIX (DMIIBTPOB M JHCKPETHBIX KOMIIEHCATO-
poB (9) (wis ¢punsTpa mepsoro nopsaka) u (17) (wis ¢puisTpa
BTOpOro mopsijka). Yacrora onpeaensercs 1Mo 3aBUCHMOCTSIM
(10), (12).

WHTepecHO OTMETUTh, YTO, XOTS METO/bI CHHTE3a B JaHHOM
nojpasfene U B Moapaszaene 2 COBEPUICEHHO OTIMYHBI APYT OT
Jpyra, CHHTE3UpPOBaHHbIE (PMIIBTPHI IIEPBOTO MOPS/IKA OKa3aIHCh
WJICHTUYHBIMU. Pa3paboTaHHbIN METO, B OTIIMYHE OT METO/a
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Pucynok 5.3.5 Pucynok 5.3.6

paszena 2, kpoMe (pUIbTPa MEPBOro MOpsiiKa MO3BOJIMII CHHTE-
3upoBaTh (GuIbTp BTOpOro mopsiaka. Kak u B mojapasupene 2,
MOXKHO CHHTE3UPOBATh MHOTOKACKaIHbIC (PUIBTPHI JFOOOr0 I0-
pAaKa, COCTOSIIME U3 (PUIBTPOB MEPBOTO U BTOPOTO MOPSIKOB.
[osy4ueHbl MPOCTHIC COOTHOIICHMSI JIJISl OIEHKU CTEIEHU (UIIbT-
paiu 000MX THUIOB (PUIIBTPOB, MO3BOJISIONIUE BHIOPATh THIIHI,
KOJIMYECTBO KAaCKaJOB M MapaMeTpbl (UILTPOB B 3aBUCUMOCTH
0T TpeOyeMoil TOYHOCTH (DUIBTPAIINH, AMIIUTY/IBI TOMEX U CO-
OTHOIIIGHUS] YaCTOT TOJIE3HBIX CHTHAJIOB U ToMeX. YucieHHoe
MOJIC/IUPOBaHKe (UIBTPA BTOPOrO TOPSAKA MOITBEPIUIO OT-
cyTcTBUE (Ha30BOT0 MCKAXKCHHSI TIOJIE3HONW COCTABJISIONICH CHUT-
Hajla ¥ HAJMYME MAaJIOT0 MCKAKEHHS aMIUIUTYJIBI TOJILKO MPU
OBICTPBIX MIEPEXOTHBIX MPOIIECCaX.
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5.4. AnanTuBHBIi GUILTP-HADIIOAATETD
ABYX(a3HBIX CUTHAJIOB [8]

B paborax [3, 4, 6] (B moapasnenax 2, 3 gaHHOU pabOTHI)
JUISl M3MEPEHUS] TJIABHBIX TapMOHHMK MPEIUIOKEHBI MPOCTHIC
aJaNITUBHBIC HAOIIONATENN, COJCpIKAIle pa3IUYHbIe Herpe-
pBIBHBIC (DUIBTPBI U THCKPETHBIE KOMIICHCATOPHI MCKaKCHUIl
IJIABHBIX TapMOHUK. TOT (hakT, 4TO B HHU(PPOBYIO YaCTh aJro-
PUTMOB CHTHAJIbI MOCTYNAKOT HE HEMOCPEICTBEHHO C BBIXOIOB
ITY, a ¢ BBIXOIOB aHAJIOTOBBIX (DUIILTPOB, MO3BOJISIET CYILECT-
BEHHO YBEJIMYHTH TAaKT cuera. HemocTaTkoM yka3aHHBIX HAOITIO-
nateneil sBisieTcst Hannaue TudGepeHInPOBaHMs CUTHATIOB AJIs
OIICHKM YaCTOTHI TJIABHBIX TaPMOHUK, CHIIKAIOUIMX MOMEX03a-
HIMIIEHHOCTh aIropuTMOB. J{JIsi BOCCTaHOBJICHUS TOMEX03alllH-
IICHHOCTH CHTHAJIbl BBIYMCICHHBIX CKOPOCTEH MPOIYCKAIOT 4e-
pe3 ouibTphl (cM. puc. 5.3.2), 4TO NPUBOIKUT K MOSIBICHHUIO 3a-
nas3/bIBaHUK B OMPEIETICHUN YacTOThl. JTO, B CBOIO OuYepellb,
MNPUBOJUT K CHIKCHHIO TOYHOCTH HaOIrOIaTelei.

Llenbto 1aHHOTO MOpa3/iena SBISIETCS CUHTE3 aJalTHBHOIO
HaOMIOaTeNsl TJaBHBIX TapMOHHUK BBIXOJHBIX CHTHAIOB (Ha-
npsbkenid u Tokos) T4 ¢ IIIMM, B KOTOpoM OTCYTCTBYeT aAud-
(hepeHIupOBaHNE CUTHAJIOB.

Cunre3 HabawaaTeas. MssectHo [7], uro moboit Tpexdas-
HBII BekTOp (HampspkeHHe, TOK, nmorokocuerienne, 3JC u T. 11.)
MOXKHO MPUBECTH K SKBUBAJCHTHOMY B TOM MJIM WHOM CMBICIIC
IBYX(a3HOMY BEKTOpY. AHaJIMTHUECKUE HUCCienaoBaHus [6] u
MojenupoBanne auHamuku Ol ¢ Habmogarensmu pabor [3, 4,
6] (cMm. moapaszmen 5.1) mokas3pIBAIOT, YTO KHHEMATHKA JBYX(as-
HOrO BEKTOpa JOCTATOYHO TOYHO OIMCBHIBACTCS BEKTOPHO-
MaTPUYHBIM YpaBHEHHEM

k=wJx, (5.4.1)

rae W — HeusBeCcTHas CKOPOCTh IIJIOCKOI'O BpallCHHA BCKTOpa

X, J — kococummerpuueckas mMatpuia. YKasaHHbIE BEKTOpP U
MaTpHLla UMEIOT BU]T
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e"l“ -éo - 10 (5.4.2)

ITycTh BEKTOp X COOTBETCTBYET INIABHBIM FAPMOHMKAM JBYX
(a3 neyxdasnoro curnana. Ha Beixozge [TY Ha riaBHbBIC Tapmo-
HUKHW HajlaraloTCcd BbICOKOYACTOTHBIC IIYyMBbI, 06yCHOBHeHHI)Ie
LINM, oOpa3yromue BekTop V. Takum oOpa3oM, U3MepeHHEM
OyJeT BEeKTOp

y:X+V, V:[V1 VZ]T_ (543)

3amauel ABISETCA OLEHKA BEKTOpa X M ckopoctd w. g
storo 1o ypasHenusM (1) u (3) cocraBum Habmogatens [1, 2] B
BUJIC

§=Ix+L(X- ), (5.4.4)

rae L — matpuna xoaduimeHToB nepenadn HabIoaaTeNs, 3Ha-
KOM «*» 0003Ha4YEHBI OIIEHKH COOTBETCTBYIOLINX ITEPEMEHHBIX.
VYpasuenue (4) ¢ yuerom (3) mpUBOIUTCS K BULY

§=WIR+L(R- Xx- V). (5.4.5)
BBeneMm B paccMoTpeHre OMMOKHA HAOMI0AaTENs

X=X-X, W=W-w. (5.4.6)
C nomomipto 06o3HauyeHuii (6) ypaBHenue (1) mepenuimercs: B
BHUOC

- H)=(W-W)I(R- X). (5.4.7)

Beruuranue u3 ypapuenus (5) ypaBHenus (7) maer ypaBHe-
HUe omKOKN HabIroIaTeNs

§=WIR+ (W- W)IX+L(X- V). (5.4.8)

Haiinem yciioBusi, npu KOTOPBIX OJIHOPOJIHOE YpaBHEHME,
COOTBETCTBYMOIICe ypaBHeHuto (8), Oyaer MMeTh aCHMITOTHYE-
CKM yCTOMUYMBOE HyJIeBOE pelieHue. i1 3Toro BOCIoiIb3yeMcs
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npssmMbiM Metoziom B. M. JlsmynoBa. [Ins ypaBaenus (8) npwu
V° 0 cocraBum pynkuuio JIsnyHoBa B BUIE

1+ - 1. 5
V=2X"ogX+—(W-w), 5.4.9
S X ax+_ (- w) (5.4.9)

rae kodp¢unuentel >0,1 >0. byaem nonarats, uto W Me-

HAETCS HACTOILKO MEUIEHHO, 4TO MOXHO monoxuts WO 0.
[Ipu 3TMX yCIOBHUSX MOJNHAS POM3BOAHAS 110 BPEMEHH (DYHK-
muu V ¢ yuerom ypasrenus (8) mpu VO O npumer Bun

VW =XTo[WIR+(W- W)IX + L§]+|1VV\I%I. (5.4.10)

ITosoxum, uro B (10)

XT QW IR + llvvv@ ° Q. (5.4.11)
U3 toxnecta (11) MOXKHO MOTY4UTh
W=-1qgx" 3%,
otkyna ¢ yueroM (6), (3) u ob6oznauenus | g =k>0 cnenyer
W=kxTIx»ky'JI%. (5.4.12)

C yuerom (11) u Toxaecrea X' JX© O Boipaxenne (10)
YIIPOII[AeTCsI 10 BUIA

VM =XTqLX. (5.4.13)
B ToMm ciydae, xorma gL <0 (c yuerom Toro, uto g>0, L -

OTpeIeTICHHO OTPHIIATeIbHAs MaTpHIa), (GyHKIHs i Oyzaer
3HAKOOTPHUIIATENIbHOW MO OTHOIICHUIO K ypaBHeHuio (8) mnpwu
v©° 0. HoxcranoBka X © O B (8) mpu VO O maer WIX° O, or-
Kyna cienyer, uto npu X1 O ToxmectBenHo, omubka W° 0.
Cka3anHoe o3Hauaer, uTo npu >0, L <0, X! 0 TOXKAECTBEHHO
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B COOTBETCTBUU C Teopemoii bapbammua-KpacoBckoro perenue
ypaBHenus (8) OyeT aCHMITOTHYECKH YCTOHYHBBIM.

Kak BumHO u3 ypaBHenuit ¢puibtpa (4), (12), muddepenm-
pOBaHUE U3MEpPEHHS Y OTCYTCTBYET, U NaHHBIN QHUIBTD SBISETCS
Ooree MOMEX03alMIIEHHBIM 110 CPaBHEHUIO ¢ QUIbTpaMu padoT
[3, 4, 6] (cMm. moapasaensl 2, 3 JaHHOTO pas3jena).

Matpunia L umeer cTpykTypy

L = §'|11 IlZ';I
a2 u

s BbIOOpa MaTpuilbl L COCTaBUM XapaKTEpUCTHUECKOES
ypaBHEHHE, COOTBETCTBYOIIEE ypaBHeHuto (8) mpu W © 0. D1o
ypaBHEHUE UMEET BUJ

2 —
P? - (L 1) p+lyly +(W- 1,)(W +1) =0. (5.4.14)
Hcxons M3 aHamOrMYHOCTH OOOMX CKANAPHBIX ypaBHEHU,
COOTBETCTBYIOLIMX ypaBHEHHIO (8), a Takke ¢ y4eTOM YCIOBHiA

ACUMITOTHYECKOW YCTOMUMBOCTH, OY/IEM I0JIaraTh

=1, =1 <0, I, =-1,=f (5.4.15)
B atom ciyuae ypaBHenue (14) npuHumaer Bua

p2- 2Ap+12+(W-1)2=0. (5.4.16)
TpeacTaBnsiioTcs MHTEpecHbIME 2 citydas: 1) | = 0, 2) | =w.

YnciieHHoe MojeaupoBanue. MozenupoBajics Iporece
¢GunbTpanu AByx(a3HOro curuaiga X ¢ MmepeMeHHBIMH aMIUIU-
TYJOi M 4acTOTO#, onuchiBaeMblii ypaBHeHusimu (3), (4), (12).
CurHan V npeacTaBIisuics CHHYCOHION ¢ aMILTHTYA0U 75 u vac-
toroit 24000 ¢ ' (Tunuunas uacrora IIIMM). Ha puc. 5.4.1, 5.4.2

MPEACTABIIEHEI BXOJHOM CHI'HAN Y1, TIABHAs rapMOHHMKA X, €€

ouenka X, yacrora curuana X, W u ee ouenka W .
3akimouenue. CHHTE3MpPOBaH aJaNnTUBHBIN (UIBTP-HAO-
JroJaTelb HU3KUX YacTOT JBYX(a3HOr0 rapMOHUYECKOTO CHI-
HaJla, OLIEHUBAIOIIUI IJIaBHbIE FAPMOHUKU (ha3 M YaCTOTY CHI-
HAJIOB C IPUEMIIEMOMH ISl TPaKTHKH TOYHOCTHI0. PuibTp oba-
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0 o3 0.04 006 0.08 01

Pucynok 5.4.1

. '”I il |1! I]| r| r| |!| |!
'-. ' 'U| ll[l||||“1||||“|1

0 02 04 06 08 1
Pucynok 5.4.2

[

JIa1aeT TMOBBIIIEHHON TOMEX 03aNHIEHHOCTRIO 110 CPAaBHEHHUIO ¢
OIHOKacKaJHbIM (uibTpoMm moapasnenoB 5.2, 5.3. Jlnsg nans-
HEHIero yaydireHuss (GUIBTPYIONMX CBOWCTB (HIBTPA €ro
MOXKHO KOMOMHHPOBATh ¢ puibTpamu pador [3, 4, 6] (Cm. nox-
pasaensl 5.2, 5.3 maHHOrO pasaena) ¢ WCHONb30BAaHHEM B HHX
OIIEHKH YaCTOTHI U3 JaHHOro GuiabpTpa. B aTOM ciydae GpuisTp
OyJieT MHOI'OKaCKaIHbIM.

5.5. ®uabTphI-Haba0AaTETH ABYX()A3HBIX CHTHAJIOB
NpPH HAJTWYUH cMeleHuid HyJei [9]

B paborax [3, 4, 6] (cMm. moapasaesns 2—4 1aHHOTO pas/ena)
Jutst puibTpaluK BeIxonHbIX curaanos [14 ¢ IIIMM cunTtesupo-
BaHbI OJJHOKACKaJIHbIC U MHOTOKacKaHbie GuibTpbl. CTPYKTYp-
HBIC CXEMbI 3TUX (PHIBTPOB M3 COOOPaKEHUI MPOCTOTHI UX all-
MapaTypHOM peanu3alldi MPEACTABICHBI COCTOSIIUMH U3
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AHAJIOTOBBIX BXOJHBIX (DHIBTPOB MEPBOro U (HJIHM) BTOPOTO I0-
PSAAKOB U COOTBETCTBYIOLIUX JUCKPETHBIX KOMIIEHCATOPOB MC-
Ka)KeHWH, BHOCHMBIX aHAaJIOTOBBIMU (GMiIbTpamMu. [aTuuku cur-
HaJoB, aHanorosbie puiabTpsl U ALIl, MTOMUMO aMIUTUTYAHBIX U
(ha30BBIX UCKaKEHUH TMONE3HBIX CHUTHAJIOB, MOTYT MPHBHOCUTH
MOCTOSIHHBIE OIIMOKH, B BHJIE CMEIICHHUH HYJIEH.

Llenbto aHHOrO MoJpa3sjena sABJsSeTCs CHHTE3 Habmrojare-
Jiell TJIaBHBIX TapMOHHUK B IBYX(a3HBIX HEONpPEeNeHHBIX CHT-
HajlaX IPU HAJIWYUM CMELICHWH HYyJNEd U BBICOKOYACTOTHBIX
LIYMOB.

OcHoBHoOIi pe3yabrar. M3BecTHo, uTo Mo IBYM (azam
Tpex(}a3HOro curuaga MOKHO IMOCTPOUTH DKBUBAJIEHTHBIH B TOM
WM MHOM CMbIciie aAByxGa3ubiii curnan [7]. Jns dunsrpanuu
BBICOKOYACTOTHBIX TIOMEX CHTHAIBI KaXI0M (asbl AByx(a3zHOH
LN NPOIYCKATCS Yepe3 UACHTUYHBIE aHAJIOIOBbIC JIUHEIHBIE
¢unbTpel. Ha BhIXOmax (QUIBTPOB MMEIOT MECTO MCKA)KEHHBIE
no $aze W aMIUIUTY/E TJIaBHbIE TAPMOHUKU HE OT(QHIBTPOBAH-
HBIX CUTHAJIOB (IIOJIe3HBIC CUTHAbI). BenencTBue HenaeanibHO-
creit matunkoB, uabTpoB U AL BeIXOAHBIE CHUTHANBI (PHIBT-
POB MOTYT COJAEpXkaTb HEU3BECTHBIE IIOCTOSHHBIE CHUIHAJIbI
(cmemmienns). Takum 00pa3oM, BBIXOJHBIC CHUTHAIIBI (UIBTPOB
MOKHO IIPEICTaBUTh B BUJIE

Y=X *+X,, (5.5.1)

rae X, U X, — BEKTOpHI INIABHBIX TaPMOHHUK U MX CMEIICHUH.
(mapupoBaHue BIMSHUS [IIYMOB PACCMOTPEHO B MOApa3aeiax 2—
4) B (1) u B nanbHe#IeM NPHHSATO

&, U &l
X=8 0 X~=é U
o =y
dof O "
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B (2) unnekcer 1 u 2 yka3siBatoT Ha HOMep (asbl. [Ipu ma-
JIOi CKOPOCTH M3MEHEHUS aMILTUTY/Ibl CUTHAJIOB, 110 CPaBHEHUIO
CO CKOPOCTBIO MX M3MEHEHHs 3a CUET MEePEMEHHOCTH UX (a3bl,
MOXKHO 3amHcaTh cUCTeMy Au(epeHIaIbHbIX ypaBHEHUH [3—
6] (cMm. mompasmens 5.2, 5.4)

% =wIx, (5.5.3)
%, =0. (5.5.4)

B (3) W —ugacrora mose3Hbix curaaios. Paccmarpusas (3),
(4) xax nuHamuveckyro cuctemy, a (1) B kauecTBe ee m3Mepe-
HUsI, TTPOBEPUM BBINIOJIHEHUE YCIOBUII BOCCTaHABIMBACMOCTH
cucremst (1), (3), (4) [1]. Tlpu Yy ° O u3 ypasueuuii (3), (4)
cienyer X © X, © 0 mpu wl 0 (dgtJ! Q). Takum oGpasom,
cucrema (1), (3), (4) siBsETCS MOMHOCTHIO BOCCTAHABINBAEMOI
mpuw ! 0.
[MocTpouM penyuupoBaHHBIM HaOmogaTeNnb BEKTOpa CMe-
mennsa X, [2]. U3 cucrems! (1), (3), (4) ucxmounm X . Toraa
Y=wI(y- X)- (5.5.5)
C moMOIIBI0 BCIIOMOTaTENIbHON IIEPEMEHHOM Y, Mepenu-

mem ypaBuenue (5) B Bue
Yo =-WJ X, (5.5.6)
Vo= ¥-wdy, (5.5.7)
npuuem, (7) — usBectHass QyHxius (QyHkims usmepeHns Y ).

Jlist cucremsr (4) ¢ nceBnonsmepenneM (6) 3anmuiem ypaBHEHUE
Habomatens [1, 2]

%=L (C%- ¥,),20eC=-wJ,
HUJIN, 4YTO TO K€ CaMO¢€,

& =-LWJIK+Y,). (5.5.8)
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3Hak «“» yka3bpIBaeT Ha OI[EHKY COOTBETCTBYIOIICH Tepe-
MEHHOH, a Lr — Matpuia Ko3QPUIMeHToB ycuneHus Habroaa-
tens. [Toacranorka (6) B (8) naer ypaBHenue

& =-LWJI(R - X,). (5.5.9)
ITyct ommOka HaOmonaTens X, =X,- X,. BelunTanue us

(9) ypaBHenus (4) mpUBOIMT K ypaBHEHHIO OMIMOKHM HaOItOna-

Tens
§ =-LwJX. (5.5.10)
ITycts Takxe
_ _ ély 1,0
L, =Csgw, L =g" 2§ (5.5.11)
gl 120

torjaa ypasuenue (10) mpumer B
§O =- Er|w| J YO (5.5.12)

VYpasuennto (12) coOTBETCTBYET CAeayrolas CHCTEMa CKa-
JIIPHBIX YPaBHEHHN

§01 =- |W|(I12Y01 - |11X02)1 (5-5-13)
ﬁoz =- |W|(|22i01 - |21i02)' (5-5-14)

Ymuoxus ypasnenue (13) na X, a (14) na Xy, u 3arem
MOJIYYEHHOE CII0KHB, Hail1IeM
dl(-, - ~ ~ ~
EE(X()Zl + onz): - |W |[|12X021 + (Izz - Ill)XOlXOZ - |21X§2]' (5'5'15)

Jl1st onpeneneHHoN OTPULATEIBHOCTH IIPABOM YaCTU paBeH-
crBa (15) 10cTaTOYHO BBIMOMHEHNE YCITOBHMA

W10, I, >0>1,, 2y- Iyl >[l,- 1, (55.16)
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B coorBercTBuu ¢ Teopemoii JIsimyHOBa NpH BBITOJIHEHUH YCIIO-
Buii (16) nyneBoe pemenne cucremsl (13), (14) Oyner acummro-

THYECKA YCTOMYMBBIM Kak IpHU |W| =const>0, Tak U ImpH
|W| =var>0. U3 cooOpakeHHi pPaBHOIEHHOCTH YypaBHEHHI
(13), (14) npumem

l,=-1,>0, 1, =1,. (5.5.17)

IIpu w=const xapakTepuCTHUECKOE ypaBHEHHE CHCTEMBI
(13), (14) umeer Bux

p?+|wW|(ly, - L)p+|W[* (Il - 1),,) =0. (5.5.18)

HeoOXomMMbIMH ¥ JIOCTATOYHBIMU YCIIOBUSIMH aCHMIITOTHYE-
CKO#l yCTOHYMBOCTH HyJeBoro perieHus cucremsl (13), (14) sB-
JSIOTCS YCIIOBUS

wt 0, |12 - |21 >O’ |11|22 - |12|21 >0.

B nanmbHeiimem Oyner mosarathesi BeionHeHue ycinoBuit (17),
IpU KOTOPBIX XapakTepuctuieckoe ypaBHeHue (18) npuanmaer
BUJI

p?+ 2w |l p+|w[*(12 +12)=0. (5.5.19)

Jnst ynpoueHus CTpYKTYpbl HaOmofatens W MOTydeHHUs are-
PUOIUYECKUX NIEPEXOIHBIX IPOLIECCOB PUMEM

l,, =1,,=0, l,=-1, =I. (5.5.20)
Torpa ypaBuenue (19) npumMer BHT (p +|w |I)2 =0 C KOPHIMHU
p,=p, =-|wll. (5.5.21)

Jlnst monydeHuss pabodero Buaa HaOmomaTens noacraBum (7)
B (8). B pe3ynbTare momy4uum

& =-LwJ(%,- y)- L¥ (5.5.22)

Henocratkom ypaBHeHusi (22) sBisieTCs HaJIMYUE IPOM3-
BOJHON ¥ . Jlns ee ycTpaHeHUs BBeeM 0003HaUYEHUE
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Lx+Ly=zb X, =z- LY. (5.5.23)

[MoncranoBka X, u3 (23) B (22) naer ypaBHeHHE
#=-LwJ[z- (L, +E)y]. (5.5.24)
B (24) npousBognast ¥ orcyrcrByer. C yuerom (1) u (23)
ypaBHenue (24) MoxHO nepenucats B Buae & =L ,w J X . Cpas-
HeHHWEe  moiydeHHoro ¢ (24)  mo3Boisier  3amUcath
X. =(Lr +E)y- z. C yuerom (11) u (20) ypaBuenue (24) mpu-

HUMAET BUL
f=-1|w|gz+(1Jsignw- E)yy (5.5.25)
WITH B CKAIAPHOM BUJIE
B=-1|w|(z-y- ylsignw),
£,=-1|w|(z- y,+ylsgw).  (55.26)

B coorserctBuu ¢ (1), (11), (20) u (23) oueHky HCKOMOro
BekTopa X« MOYKHO MOJYYHUTH 110 3aBUCHMOCTH
X = - [z + (I Jsignw - E)y]. (5.5.27)
Cpasuenne (27) ¢ (25) mokassiBaer, 4yTO B MPaBOil YacTH
ypaBHeHus (25) crout X,. COOTBETCTBEHHO, B IIPaBhIX YACTSIX
ypaBHeHHit (26) cTOAT mpoeKiuu X, X, BEKTOpa X .

AnanTuBHBI HaOMONATENb Uil OLCHKHM HECMEIICHHBIX
TJIABHBIX TAPMOHMK JBYX(a3HbIX CHUTHAJIOB OIHUCHIBACTCS CHC-
TeMoll ypaBHeHwuit (25), (27).

Pe3ynbTaThl MomeaupoBaHusi. MoIEIMPOBAINCH YpaBHE-
uus (25), (27), (1), mpexncraBieHHble B qUCcKpeTHOM Bujae. Cur-

Haldl X« (QOpMHpOBAIICA C TOMOIIBIO CHHYCHO-KOCHHYCHOT'O
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i a - a4 e T [ 0 02 a4 6 L.E 1 &

Pucynok 5.5.1 Pucynok 5.5.2

reHepatopa ¢ HapactanueM aMmiuaTyasl oT O no 100 32 0,5 c u
gactotel or 0 mo 100 3a 1 c. CmeleHus HyJs NPUHUMAIUCH
creayronmmMu: Xy, = 20, X, =-20 (B3aThI OONBINHUMH st OOJTb-
el HarsgaHocTH). Ko duument nabmonarens | mpuaumacs
paBubM enunune. Ha puc. 5.5.1 mpeacrtaBiieHBl HpoOmEccH
oneHku cMmereHui. Puc. 5.5.1 cBupeTensCcTBYET 0 TOM, YTO Tie-
PEMEHHOCTh aMIUIUTY/Ibl CUTHAIOB X, X, CYIIECTBEHHO BIUSCT
Ha TOYHOCThH OIICHKH CMEIIEHHUH, B TO BpeMs KaK MepeMEHHOCTh
4acTOThl CUTHANIOB X, X., Biusger mano. Ha puc. 5.5.2 noka3ansl
M3MEpEHHUE Y, , TVIaBHAs TADMOHMKA X, M €€ oleHka X, . U3 puc.
5.5.2 cienyer, 4TO MpH OTCYTCTBUM M3MEHEHHMSI aMILTUTY bl CHI-
HAJIOB X.,, X., OLEHKa X, IIOJHOCTBIO CoBmajaer ¢ X, . ITose-
JI€HUE KPUBBIX Y,, X.,, X, MIMEIOT aHAJOINYHbII XapaKkTep.

3akarouenne. CHHTE3MPOBAH AJTOPUTM OLIEHKH CMEIEeHHH
¢da3 nByx(das3HBIX CHT'HAJOB M HMX MEPUOJMYECKUX COCTABIISIO-
mUX. B 94acTHOCTH, aNroOpuT™M MOKHO MCIOIB30BaTh B aHAJIOTO-
nupoBBIX QUIBTPax, MpeAHa3HAYCHHBIX IS OLEHKH TIaBHBIX
TapMOHHUK BBIXOAHBIX CHTHAJIOB MpeoOpazoBaTeneil 4acTOThl C
HIUPOTHO-UMIYJIbCHOW ~MOAYJSALUEH. AHAJIOrOBbIE JAaTYUKH
CUTHAJIOB M (PUIIBTPBI MOT'YT BHOCHTD CMelleHusl Hynei. [t ux
yCTpaHeHUs pa3pab0TaHHBIN BhIIlE HAOIIOIATEIb JOJKEH ObITh
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YCTaHOBJICH MOCIIE aHAIOTOBBIX (PHIBTPOB B JTUCKPETHON 4acTH
cucrembl. OTHAKO 3TOT GUIBTP TS YIyUYIIEHHs] AUHAMHYECKHX
CBOMCTB HYXJIa€Tcsl BO BHEIIHEH MH(OpMAIMK O 4acTOTe TIiaB-
HBIX TapMOHUK. YHCIEHHOE MOJENNpOBaHKME MOATBEPIUIO pa-
00TOCIIOCOOHOCTh CHHTE3UPOBAHHBIX aJITOPHUTMOB.

5.6. KanudpoBka 1Byx(¢a3HbIX CHTHAJIOB
B peajibHOM BpeMeHHU

Llern »JIEKTPONPUBOIOB, COCTOSIIME W3 JATYMKOB CHUTHA-
70B, aHaoroBeix (GuiabTpoB U ALIl, MOTyT MPUBHOCHTH B H3-
MepsieMble CHUTHAJIBI TOCTOSHHBIC OIIMOKU (CMEIICHHs HYJICH).
HCCMOTp)I Ha BAXHOCTb YCTpaHCHUS BIIUAHHWA B pCaIbHOM BpPC-
MCHH ITOCTOAHHBIX CMCHIGHI/Iﬁ B MHOI‘O(ba?:HI)IX CUI'HaJiax, Hy6'
JIUKAIMKA Ha 3Ty Temy Mano. B pabore [9] (cm. mompasmen 5.5
JTAHHOTO pasjiefia) CHHTE3UPOBAH (QYIILTP IS OIIEHKH TJaBHBIX
TFapMOHHMK W TIOCTOSHHBIX OMHMOOK. OmHAKO ATOT (DHIBTP IS
YIAY4YIICHUSA JUHAMHUYCCKUX CBOMCTB HYXJac€TCd BO BHEIIIHEH
WH(POPMAIIUH O YACTOTE INIABHBIX TAPMOHUK.

Henbio manHOTO Moapasfena siBisiercss paspaborka (UIIbT-
POB, OICHHUBAIOIINX B PCAJIbHOM BPEMEHU IMOCTOAHHBIC CMCEIIC-
HUA TJIaBHBIX TapMOHUK Z[ByX(ba:%HI)IX CHUI'HAJIOB, COACpIKAIIUX
BBICOKOYACTOTHBIE IIYMbI, HE TPEOYIOIIMX BHEMHeH HH(popMa-
MK 0 4aCTOTE I''TaBHBIX TAPMOHHUK.

5.6.1. Pazpabomxa memoooe oyenku
HOCHMOAHHBIX CMEWeHUT

[Tycts Tpexdasubie Beixoaubie curransl [14 ¢ UM, npu-
BEJICHHBIC K JIBYM (pa3aM, UMEIOT BU]I

le = X1+Jl’ XZm = X2 +‘]2’ (561)
rae

J1=X01 091, J2 =X +05- (5.6.2)
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B (1) mw (2) J, m J, — NOrpemHoCTH BXOJHBIX CHUTHAJIOB

X

im?

KOYaCTOTHBIC LIYyMBbI. CurHasl X1 n X2 MOXHO pacCMaTpuBaThb

Xomi Xg1» Xop — HOCTOSIHHBIE OmMOKY; §,,J, — BbICO-

KaK MPOEKIIMU BEKTOpa TOJIE3HBIX CUTHAIOB (TJIAaBHBIX rapMo-
HHUK) X Ha OCH HENOJABMXKHOro Oasuca. Toraa MOXHO 3amucaTth

x =|x|cswt, x, =|x|snwt, (563
rJie W — CKOPOCTh BpaleHus Bekropa X . B ciyuyae MoCTOSHHO-
IO WJIM MEUICHHO MEHSIOIIErOCs |x| 13 BeIpaKeHui (3) MOKHO
3amnucaTh

K =-WX,, ¥ =WX, (5.6.4)
YMHOXUB B (4) BTOpoe ypaBHEHHE Ha X, U BBIUTA U3 TOIy4EH-
HOT'O [IEPBOE YpaBHEHHUE, YMHOKECHHOE Ha Xp, TIOJTYYUM

-2
w o= (%, - X)) x| (5.6.5)
W3 ypaBHeHwmii (4) MOKHO MOTY4UTh
X =Wk, X, =-w'k. (5.6.6)

OueBuiHO, uTo (opmyiisl (6) dakrtuuecku siBisiFOTCS HopmyJia-
MU UHTETPUPOBAHHUSL.

3aja4a COCTOMT B YCTPAHEHMM BIIMSAHUSA IIyMOB (,,J, Iy-
TeM (UIBTPALMH, OLEHKE X,,,X, C IHOCIEeIyIouel KoMIeHca-
LUEN UX BIMAHUS C LETBIO ITOIYyYEHUS OLIEHOK X, X, .

Hns  GuibTpau BBICOKOYACTOTHBIX TOMEX MPOMYCTHM
CUTHAIBI X, X,,, 4e€pe3 UICHTUYHBIE (PUIBTPBI HU3KUX YACTOT

C MepeAaToyHol QyHKIeH
k

W, (p)=—————:
f(p) T2p2+2d-|—p+l
rae p — oneparop Jlamaca. Ha Beixoge GuibTpoB moiydartcs
CHTHAIBIL X, , X, .

k., T>0, (5.6.7)
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Hns  ycTpaHeHus  BAMSHUSA MOCTOSIHHBIX ~ OIITMOOK
Xo1 » Xgp CHTHAIBI X, X, cleayer npoauppepeHnuposarh, B

pe3ynbTaTe 4ero noIyduM
k= xg % = x§. (5.6.8)

Ecnu paBencrBa (8) mpouHTErpupoBath, Hampumep, C I0-
MoIIbI0 (opMyIt, aHadorudHbix (opmynam (6), To moiydaTcs
IICPEMEHHBIE  , X, , +X,, PABHBIC X;, X, 3@ BbIYETOM BIHMSHUS

Xo1» Xgz - TOIa MOYKHO 3aIUCaTh
KiXop =% =%, KiXop =Xom o Xs. (5.6.9)

Curnansl X§, X§, %, %, ¥ . X, , +X, IOAUHHSIOTCS YPABHEHUSIM,
aHaJIOTMYHBIM ypaBHeHUsM (4). [To3TOMYy MOXKHO 3amucarth

w = (x@$- xgkg)| x¢|'2 , (5.6.10)
w= (x4 - k)% [, (5.6.11)
X EWEXE, oG =-w g (5.6.12)

BcnencrBue Toro, 4ro

§ =xt & =x¢, (5.6.13)

BeipaxkeHuio (11) npumaercs Buj
w = (x1 x$ - k;x1¢)| X"
[Mockonbky BblpakeHusi (12) HUMEOT OCOOCHHOCTH TpH

w =0, TO MOXHO OXHJIaTh, YTO pa3pabaThiBacMas METOAMKA
Oyzer HepabOTOCIIOCOOHOM B OKpecTHOCTH TOUkM W =0. Yuu-

(5.6.14)

ThIBasA TO, YTO CMCHICHUA XOl' on MCHAKTCA OYCHb MCIJICHHO,

B METOJIUKE HAJ0 IPESYyCMOTPETh COXPAaHEHHUE PAHEE IONIy4YEH-
HBIX MIPH BBICOKUX CKOPOCTSIX OLEHOK Jjisi pabOThl B OKPECTHO-
CTH HYJIEBOM CKOPOCTH.
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Ha ocHOBaHMM TIPOBEIEHHBIX BHIIIE PaccykKIeHUH Ha puc. 5.6.1
cocTaBlieHa (PYHKIIMOHAIBHO-CTPYKTYpHAsl CXeMa MeToJa OLleH-
KA TIOCTOSHHBIX CMEUICHWH, COAep)Kalluxcs B CHCHajIax
Xim» Xom- Ha puc. 5.6.1, IoMMMO BBEIEHHBIX BbIlIE 0003HAYE-

Hull, npunasro: ALl — anamoro-umdpoBoil mpeodbpazoBaTenb;
V\/d(Z) — mepenaTovHas (yHKIHUsS 3BeHa JUCKpeTHoro augde-

penuuposanus; W, (z) — MCKpeTHas peanusanus 38eHa W, (p)

B3 — Onoku 3armoMuHaHUs, TPEAHA3HAYCHHBIC I COXPaHCHUS
3HAUCHUM OIICHOK CMEIICHUH Ha BpeMs pabOThl B OKPECTHOCTH
ckopoctu W = 0. Cucrema sieBee ALIIl — ananoroas, nmpasee —
JICKpETHAs, peajin3yeMas B UG poBOM IpoIieccope.

bonee npocras cxema OLEHKM CMEIICHUH MpPEACTaBIeHA Ha
puc. 5.6.2, rme, MOMHMO BHIIIE BBEJCHHBIX OOO3HAYCHUH B
puc. 5.6.1, BBeneno obosnauenne W, o (Z) JIMCKPETHOTO (DribTpa
HU3KUX YaCTOT C MEepPEeAaTOuHON (PYHKIMEH, COOTBETCTBYIOIICH
HeMpepbIBHON MepeIaTOuHON PyHKIMH

VVLPF(p) =TLPF (1—LPF p +1)_l'

VYkazaHHBII (WIBTP NMPH JOCTATOYHO BBICOKHX YacTOTax
BBHITMIOJIHSACT (YHKIMH WHTErparopa. B 3ToM ciydae CKOpoCTh
MOXKHO OTpenesiuThb 1o Gpopmye (14).

Pe3yabTaThl MoaeaupoBanus. MojennpoBaiack CUCTEMA,
cxema KOTopoil m3oOpaxxeHa Ha puc. 5.6.1. AMIUIMTYABI TiaB-
HBIX TAPMOHUK M IIyMOB NpuHUManuck paBHeIME 100 u 20 co-
oTBercTBeHHO. Ha puc. 5.6.3 mpeactaBiieHbl TpaQuKH OIEHOK
CKOPOCTH TJIaBHBIX TAPMOHHK, paBHoil 1¢™, (puc. 3, a) u cMe-
mennii + 20 (puc. 3, 6). Ha puc. 5.6.4 naHo cpaBHEHHE HCTHH-
HBIX 3HAYCHUH CKOpocTH u cMmertiennit (£ 20) ¢ ux oreHKaMu.

3akarouenne. CHHTE3UPOBaHBl AJITOPUTMBI OLEHKH B pe-
QIBHOM BpPEMEHH MOCTOSHHBIX CMEIICHHH M YaCTOTHI TJIaBHBIX
TapMOHUK JIByX(a3HbIX CHUTHAJIOB 110 3alIyMJICHHBIM HECTaIHO-
HApHBIM TApPMOHUYECKHM JABYX(a3HBIM CHUTHAJNAM C HEHM3BECT-
HBIMH TTOCTOSIHHBIMU CMEIISHUSAMH B Kaxxaon (aze. [Ipu HeoOxo-
JMMOCTH OLICHKH TJIABHBIX TADMOHHK BXOJIHBIX CUTHAIIOB
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Pucynok 5.6.3 Pucynok 5.6.4

BeIxOzbl 1, 2, 3 paspaborannbix ¢uisTpoB (puc. 5.6.1, 5.6.2)
CIIeAyeT MOoAaTh B COOTBETCTBYIOUIME TOUKH 1, 2, 3 CXeMBbl, pa3-
paboranHoii B pasgene 1 (puc. 5.6.2). IIpu 3TOM 9acTh CXEMBI
pucyHka 2 neee Touek 1, 2, 3 He UCTIONB3yeTCsl.

UuciieHHOE MOJICIUPOBAHUE TOATBEPAMIIO PabOTOCIIOCO0-
HOCTh CHHTE3MPOBAHHBIX JITOPUTMOB OLICHKU TJIABHBIX rapMo-
HUK TIPU JIFOOBIX CKOPOCTSIX 33 MCKIIIOYEHHEM HYJIEBOW CKOpPO-
ctu. CHHTE3MpOBAHHBIC AaJlTOPUTMbI pEATU3YIOTCS B BHUJIE
(GUIBTPOB, COCTOSIIMX M3 HEMPEPHIBHBIX (@HAJIOrOBBIX) BXOJI-
HBIX COOCTBEHHO (MIBTPOB M JUCKPETHBIX KOMIIEHCATOPOB,
peann3yemMbIX B U(PPOBOM IPOIECCOpE.
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5.7. ®uabTpbi-HA0MI0AaTEH 0AHO(A3HBIX CHTHAJIOB
NpU HAJTWYNH cMemeHuid HyJei [10]

st Ka4ecTBEHHOr'0 yNpaBiieHHs] HEOOXOIUMO HUMETh TOY-
Hble JaTyukd. OIHOH M3 CaMbIX PacIpOCTPaHEHHBIX OMHOOK
JATUYNKOB SIBJISIETCS cMelleHue Hynd. CMelieHne Hyls MOXKHO
OINIPEJEINUTD MOCIEN0BATENBHON MOJAYE ABYX IOCTOSIHHBIX U
PaBHBIX MO MOJAYJIIO CUTHAJOB, HO C NMPOTUBOMOJIOKHBIMU 3Ha-
kamu. [lyrem anreOpanyeckoro CyMMHpPOBaHHUsl YCTAaHOBUBIINX-
Csl BBIXOJJHBIX CHUTHAJIOB TOITY4aeTcsl yABOCHHOE CMELIEHHE HY-
ns1. OIHAKO OMHMCAaHHBIN CHOCO0 KaIMOpPOBKH TpeOyeT BBECHUS
CIENUATLHOTO KaIHOPOBOYHOIO PEKUMa, W HE NPUMEHHUM B
IITaTHOM pabOTe CUCTEMBI, COICPIKAIICH YKa3aHHbBIC TaTYNKuU. B
3JIEKTPOCETAX MEPEMEHHOr0 TOKa M3MepseMble CUTHAJIbI SBIIA-
10TCsl cuHycouaaibHbiMu. B padore [10] (mompasnmen 5.6) cun-
TE3UPOBAHBI ANTOPUTMBI KaTMOPOBKH AATYMKOB TOKA M HAIPs-
KEHUST 08YX(ha3HblX TAPMOHUYECKHX CUTHAJOB B IITATHBIX pe-
KUMax | MOJTy4eHbl XOPOIINe XapaKTepUCTUKN TOYHOCTH.

Hwxe npeanararoTcs anropuTMbl KaJIMOPOBKHM B INTATHBIX
pexUMax paboTbl CUCTEMBI IPH 0OHOGDA3HOM CUHYCOUAATBHOM
MOJIE3HOM CUTHAJIE.

ITocranoBka 3agaun. Ha patduk mojaercs CHHYCOMAAJIb-
HbIM curHan. Ha ero BbIXoje BCeACTBHE HAJIWYHUS CMEUICHUS
HyJs OyZeT cMellleHHas! CHHYCOUa

Y =X, + X (5.7.1)
rae X,, X, — IOCTOSHHAs ¥ TapMOHHMYECKas COCTaBIIIOIINE BbI-

XOJHOTrO CHUTHANA Y, T. €. X, = X coSwt. 31ech W — 4acToTa Bbl-
XOIHOro curHana. BeenemM B pacCMOTpPEHHE HOBYIO IEpEMEH-
Hyl0 X, = X sinwt. Torzaa mpaByo 4acTs ypaBHeHHs (1) MOXKHO
OIKMCATh CIEAYIOLIEH CUCTEMON YPaBHEHUIA:

% =0, (5.7.2)
K =-wX,, % =WX,. (5.7.3)
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IMokaxxem, uto cuctema (2), (3) ¢ usmepennem (1) sBrsercs
nosnHocTbio HabmogaeMoi. Ilpu y© O cucrema (1)-(3) npunn-

MaeT BU
0°-wx,, % °wx,

OTKysia crefyer, uto mpu (W >0 % © X, © 0, a u3 (1) Torma

ciaenyer X, ° 0. OT1o cBuzmerenscIByer [2] o momHoN HabmO-

naemoctu cuctemsl (1)—3). CrenoBatenbHo, T 3TONH CHCTEMBI
MOXHO TOCTPOUTH Ha6HIOI[aTeHI) A OUCHKH TIICPEMEHHBIX

Xor %13 %5 -

5.7.1. Cunmes naonrwoamensa 1

HaOmronaTens Juisl OLIEHKH IEPEMEHHBIX X, X, X, UMEET BUJL

§= AR+ L(CR- ), (5.7.4)
rac
&, 0 0 0 04y
LB, 0 a8 .
X_éxll]’ A—§ 0 W@,
B¢ O w 0f

0
c=ft 10, L=3,

2

(5.7.5)

I 2D O

[ oY en¥ ey ed

l,, 1;, I, — ko3 dunmrents! nepenaun HabIOAATENS, 3HAKOM «™»
0003HAYEHBI OIICHKH BEKTOpa X = [X0 X, XZ] T, KoTOpbIii
ONMCBIBACTCS YPAaBHCHUAMU

k= AX, (5.7.6)
y =Cx. (5.7.7)

1
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Berauras u3 (4) (9) c yueroM (7), MOJYyYUM ypaBHEHHE
ommboK Habmomatens X = X- X B BUJE
§ = (A+LO)X. (5.7.8)
VYpasuenue (8) uMeeT xapaKTepUCTHIECKOE YPaBHEHHE
p’- (I, +1) p* +w(w +1,) p- w?, =0. (5.7.9)

B xauecTBe CTaHJApPTHOIO XapaKTEPUCTHYECKOI'O0 YpPaBHEHUS
[IPUMEM ypaBHEHHE

p*+aWp*+aWp+W =0, (5.7.10)
rae W — gacrora, xapakrepusyromas ObICTpOAENCTBIE HAOIO-
JaTeJIsL.

B cinydae OMHOMUAIBHOTO pacrpeaeieHus KopHeit
a=a,=3. (6.7.11)
B ciyuae pacnpenenenus kopHeit o barrepsopry
a=a,=2. (5.7.12)

[MpupaBHuBas KOAXPPUIUESHTH TPU OAWHAKOBBIX CTEHEHSX P
B ypaBHeHusx (9) u (10), Haiizem

W W
|O=-—2,|1=—2-81W1

W W

2:%-\,\,. (5.7.13)

VYpaBuenwue Habmoaarens (4) B TUCKPETHOM BHIE OYIET BBI-
TISJETh TakK:

oK1 = (%o[k - 2+ 15Ty (x[K] - YIKD)/@- 15T,),
x[K1 = (x[K- 1 - TWIKIX[K] +LTo(%[K] - VKD))/(1- LT,)
X,[K] =3[k~ 1 +TW[KIX[K] +1,T, (K] +%[K] - VK]). (5.7.14)
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5.7.2. Cunmes naonrwoamens 2

Jlns yMeHbIIeHHs TIOpska HaOMoAaTeNns MOACTaBUM X, H3
(1) B (3). C yuerom (2) nomyuum

¥=-wx,, (5.7.15)
K =wW(y- X)), (5.7.16)
% =0. (5.7.17)

Vpasuenue (15) MokHO paccMaTpuBaTh Kak M3MepeHHe Z rie-
peMeHHOH X, mns cucremsl (16), (17), 1. e.

Z=-WX,, z=¥. (5.7.18), (5.7.19)
Cucremy (16)—(18) MOXXHO NpeICTaBUTH B BUIIC
§=A0+B,y, z=Cyq, (5.7.20),(5.7.21)
rae
q:%é A =§(\)N 8§ B, =§2§ c,=[o -w. 6722
Jst cucremsl (20), (21) mocTporM HaOIIOAATENb B BHJIC

§= A4+B,y+L,(C,G- 2), (5.7.23)

rae L, =[|q1 g2 T — marpuna ko>(QUIHEHTOB Tepeqauy Ha-

omronarens. [ToacranoBka z w3 (21) B (23) u BeuMTaHWE U3
nmoiydenHoro ypasuenus (20), maroT ypaBHEHHWE OINMOOK Ha-

OmomaTens
&§=(A+L.C)T. (5.7.24)
VYpaBuennto (24) COOTBETCTBYET XapaKTEPHUCTHIECKOE ypaBHe-
HHUE
p? +wl,p- w?l , =0. (5.7.25)
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B kauecTBe CTaHAApPTHOI'O YpaBHCHHUA ITPUMEM YpPAaBHCHHUE
2 2 _
p-+a,W,p+a,W,” =0, (5.7.26)
rae W, — 4acTora, XapakTepH3yroLas ObICTPOCHCTBIE HAOIIO-

JaTens.
[MpupaBHuBas Ko3((GUIUEHTH MPH PAaBHBIX CTEMEHIX P
B ypaBHeHHsX (25) u (26), Halinem

W, W,
== le =aut- (5.7.27)
Jlns MojenmupoBanus Habmomarens moacraBuM Z u3 (19) B (23).
Torma
§=A0+B,y+L,(Ca- ¥). (5.7.28)

C menbto yctpaneHus: HeobxoauMmocTu AuddepeHnpoBath
BBIXOJHOI curHan Y, npuMeM 0003HaUYCHUE

g+L,y=r P g4=r-Ly. (5.7.29)
C yuerom o6o3HaueHus (29) ypaBHenue (28) mpuHuMaeT Bu
f=(A +L,C)r +(B,- (A +LCOLJy- (5.7.30)
VYpasuenue (30) B CKaJISIpHOM BH/IE BBITJISIUT TaK:
B =wl,(-r,+1,Y), (5.7.31)
g, =W|_- = gl + (41, + Ijz)yJ. (5.7.32)
Xapakrepuctuueckoe ypaBHenue cuctemsl (31), (32) umeer
Bup (25). [lpu |, = 2signw, |, =- 1 ypasuenue (25) npunuma-
€T BU]I
D(p)=(p+w|)*=0. (5.7.33)
Cuctema (31), (32) B IUCKPETHOM BHJIE BBITIAANT TaK:
K] = K- 7+ WIKITl, (1K1 - 1K)
rlk - KT (1 +1EMK - 60K g 5

"kl = 1+ WKITylo,

rae T, —TakT cuera.
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Ohy” |

0 0.1 0.2 03

Pucynok 5.7.1

ITo ypaBuenusm (1), (34) cocramieHa mporpaMma MOIEITH-
poBanus Ha [IDBM. Ha puc. 5.7.1 npencraBieHsl pe3yiabTaThl

MoJIeTMpOBaHKs ¢ yacToToit W=50 ¢’*, X =1, x,=05. B co-
OTBETCTBUM ¢ pHc. 5.7.1 Bpems kanubpoBku cocrasisier 0,14 c.

Kak Bumno n3 (33), npu samannbix |y, |, Bpems kanuOpoBku

MPONOPIIMOHATBHO W .

5.8. BeiBoanI u3 pa3nenaa 5

B noapasznene 5.1 momyueHsl OCHOBOIOIATAIOMINE COOTHO-
IICHHUs KHHEMATHKH BPAIIAIOIINXCS BEKTOPOB, MCIIOIb3yEMbIC B
nanbHeieM. B monpasaene 5.2 ¢ moMoIp0 Teopuu Ha0Io1a-
TeNnell CHHTE3WPOBaHBbI OJHOKACKATHBIE M MHOTOKACKaJHbIE
GUIBTPBI VIS BBIICICHUS TJIABHBIX FAPMOHHUK CHJIBHO 3aIlyM-
JICHHBIX MHOTO(A3HBIX CHTHAJOB MpPU OTCYTCTBHH CMEIICHUIl
Hyneil. CHHTe3MpOBaHHbIC (HIBTPHI COCTOSIT M3 AHAJIOTOBBIX
BXOJIHBIX COOCTBEHHO (UIBTPOB M HHU(MPOBBIX KOPPEKTHPYIO-
mUX OJIOKOB, YCTPAHSIOMINX MCKaKEHUs (a3 M aMIUIUTY] TJIaB-
HBIX TapMOHMK BXOJIHBIX CHrHaJIOB. Hanu4nme aHaIOroBBIX
BXOJIHBIX (DHJIBTPOB MO3BOJISIET YBEJIHMYUTh TaKT pabOThI aHAJO-
ro-uu(poBeIX MpeoOpa3oBaTereld W TaKT cyUera Mpoleccopa.
D¢ dexTHBHOCTS pabOThl CHHTE3WPOBAHHBIX (HIBTPOB TaKOBa,
YTO MX MOXHO HCIOJNB30BaTh HE TOJBKO AJISI TOKOB, & W AN
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BBIXOJHBIX HAMpPsHKEHUI mpeoOpa3oBaTenei 4acTOThl C IIHPOT-
HO-UMITYJILCHON Mopyssiuen. B moapasnene 5.3 npyrum mero-
JIOM, Ha3BaHHBIM KOMIIEHCAIIMOHHBIM METO/IOM, CHHTE3UPOBAHBI
HE TOJBKO Te ke (QUuibTphl, Oazupyrompecs Ha WHEPIIMOHHBIX
3BEHBSIX MEPBOrO MOpPsAKA, a U (GUIBTPHI, TOCTPOSHHBIC HA OC-
HOBE KOJICOATEIbHBIX 3BEHbEB. JTO JenaeT ux Oonee 3ddek-
TUBHBIMH TIpH MEHbILIEM o0beMe BBIYMCIEeHHH. B mompasmene
5.4 ¢ momompio mpsAMOro Merozaa JISmyHOBa CHHTE3MPOBAHBI
aJlaliTUBHBIC (MIBTPHI-HAOIONATENH TOrO K€ Ha3HaueHus. U3
BCEX CHHTE3MPOBAHHBIX (PUIBTPOB MPENNOYTEHHE CIEAYyeT OT-
naTh QUIbTpaM, Ha3BaHHBIM KOMIICHCAIIMOHHBIMH (UIBTPAMH.
B nonpasznene 5.5 cunTe3upoBanbl (GpUIBTPHI-HAOTIOIATEH IS
BbIJICNICHHS TJIABHBIX TAPMOHHWK W3 IBYX(a3HbIX 3alIyMIICHHBIX
CUTHAJIOB C HEM3BECTHBIMU CMEIICHHUSIMH HYJICH B Kax0H (hase.
OunbpTpsl 005121aI0T XOPOUIMMH AWHAMHYECKUMH XapaKTepu-
CTHKaMH, HO TpeOyloT BHEIIHEH MHQOpMalMH O YacToTe TJiaB-
HBIX TapMOHUK. B mompaszgene 5.6 mocTpoeHbl (QHUIBTPHI IS
OLIGHKH TIOCTOSIHHBIX CMEIICHUH HyJel B 3allyMJICHHBIX ABYX-
(a3HBIX cUTHaNaX, HE TpeOyrolMe BHEIIHEW HWH(popMamuu o
94acTOTe IVIABHBIX TApMOHUK. DTH (HIBTPBI XOPOIIO COUETAIOT-
cs C KOMIIGHCAllMOHHBIMH (QHMIbTpaMH Tojapazzaena 5.3 ans
OLIGHKH TJIABHBIX TAPMOHHK 3aIIyMJICHHBIX CMEIIEHHBIX JIBYX-
¢azubIx curHanos. B moapasnene 5.7 cuHTe3npOBaHbl PUIBTPHI-
HaAOMIOAaTeNN TJaBHOMH TapMOHHMKH OJHO(A3HBIX TepHOANYC-
CKMX CHTHAJIOB MPH HAJTHYMH HEU3BECTHOTO TMOCTOSIHHOTO CMe-
meHusl. OTH (UIBTPBI MOXKHO MCIOJIB30BaTh Ul BBIACTCHUS
ME/JIEHHO MEHSIOMIErocsl CHTHaJIa MPU M3BECTHOW YacTOTe Iie-
PHOANYECKOrO CUTHAJA.
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Pasnea 6
OHHEHKA BEKTOPA COCTOSHUA
ACHUHXPOHHOTI'O IBUTATEJA

[Ipn BekTOpHOM YNpaBICHUM B POJIM KOOPAMHAT BEKTOPa
COCTOSTHHSI MOT'YT BBICTYNATh TOKH CTaTOpa, MOTOKOCIIETUICHUS
pOTOpa M cTaTopa, CKOPOCTH BPAIlEHUs] BEKTOPOB IMOTOKOCIEIT-
JIHWH pOTOpa, cTaTopa U caMoro poTopa, CKoibKeHue. B man-
HOM pa3Jiefie pacCMaTpUBAIOTCS Pa3IMYHbIE METOIbI OLEHKH
nepevrciieHHbIX KoopauHat. [lpu paspaboTke mH(OpMaIMOH-
HOro obecriedeHus: 00JIbIIOe BHUMaHHE OYJET yIelIeHO CHUXKe-
HUIO 00beMa BBIYMCICHUH alrOpUTMOB, KOTOPOTO MOXHO JIOC-
TUTHYTH 3a cuer [1, 2]

1) npenBapuTeNbHON (GUIBTPALMH KIEMMHBIX H3MEpPEHUI
TOKOB M HANpPsKEHWH, pacCMOTPEHHOM B pasnene 5, mo3Bo-
nsroted yBenuuuth Takt cuera B LICIT;

2) pa3breHus aaropuT™Ma Ha psiji OJIOKOB C OJHOCTOPOHHH-
MU cBs3siMu (0e3 0OpaTHBIX CBsI3eH),

3) pa3paboTKH aNrOPUTMOB C MOCTOSITHHBIMH KO3((HIIHEH-
TaMH, 4TO B ciydae OUQQepeHIUANbHBIX HIH Pa3HOCTHBIX
ypaBHEHWH TIO3BOJISIET 3apaHee BBIUMCIUTH WX TEpPeXOIHbIe
MAaTpHIIBI,

4) yMEHbBILICHUS TIOPSIIKA CHCTEM YPaBHEHHUI PEryiasiTopoB
u HaOmonaTenei.

B sToMm paszzmene paccmMaTpuBalOTCs airOpHUTMBI, pa3pado-
TaHHBIE C YYaCTHEM aBTOPOB.
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6.1. OuneHka BeKTOPOB MOTOKOCIENJICHHIT
U MX CKOPOCTel ¢ MOMOUIbIO HeJIUHEHHBIX
Ha0oaaTeeii [3]

B coBpeMeHHBIX cHCTEMax YIpaBieHHS aCHHXPOHHBIMH
npurarensimu (AJl) (BekTopHOE ympaBlieHHE M MPSIMOE YIpaB-
JICHHE MOMEHTOM U TOTOKOCIICIICHUEM) KITFOUEBBIMH KOOD/IH-
HAaTaMH MX BEKTOPa COCTOSHUS SIBJISIFOTCS TPOEKLIUU BEKTOPOB
MOTOKOCIIEIUIEHUH POTOpa MM cTaTopa Ha OCH Pa3IMYHbIX Oa-
3MCOB U CKOPOCTH BpalleHHS 3TUX BEKTOpoB. V3BEeCTHO, 4TO
MOTOKOCIIETITICHNE MOXKHO HaliTu uuTerpupoanuem JJC. On-
HAKO, MPH «IHCTOM>» HHTETPUPOBAHNH BO3SHUKAIOT OIIMOKH H3-
32 HEM3BECTHBIX HAYaJbHBIX YCIOBHH W HWHTErpajioB OT IO-
TpelHOCTel JaTYMKOB TOKA W Hampsbkenus. Ha puc. 6.1.1 nano
CPaBHEHNE UCTHMHHON COCTABIISIONIEN MOTOKOCUEIUIEHUS Y | C

ee OLIEHKOH Y , TIONYy4EHHON YMCThIM HHTerpupoBanuemM J/1C.

-

Q a 4 3 g 10

Pucynok 6.1.1 — CpaBHeHHE HCTHHHOW COCTaBIISIIOIICH
NIOTOKOCLEIUIEHHUS Y , M €€ OLEHKH Y, , HONydeHHOH

C IMIOMOUIBIO YU CTOTI'O UHTCTPUPOBAHUA
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Jns ycTpaHeHHUsl OIIMOOK OT HAYaJbHBIX YCIOBHI M orpa-
HUYCHHUS OIIMOOK OT CMEICHUS HyJIeH TaTYMKOB MPEITI0KEHO
BMECTO 3BEHBEB «UHCTOr0» WHTEIPUPOBAHHUS YCTAHABIIMBATH
MHEPLUOHHBIC 3BEHbs TIEPBOro mopsiika. OMHAKO MPU HU3KHX
Y4acTOTaX Takas 3aMeHa MPUBOJMT K HEIOMYCTHMO OOJBIIUM
MOTPEUIHOCTSIM aMIUTUTYBl M (a3bl moTokocieruieHus. K Ha-
CTOSILIIEMY BPEMEHH TPEUTOKEHO OOJIBIIOE KOTHYECTBO APYTUX
METOJIOB OIICHKM YyKa3aHHbBIX MEPEeMEHHBIX. BOJBIIMHCTBO M3
HHUX HEpPabOTOCIIOCOOHBI B OKPECTHOCTH HYJICBOH CKOPOCTH PO-
Topa. Mckirouenne cocrarmsior meroast HU-Wu [4], Ohtany
[5], Holtz [6]. Anropurmer metoaoB [4—6] xoporro paboraroT
TOJIBKO MPU MaJbIX HAYadbHBIX OTKIOHCHHSX Y OT HCTHHHOTO

BEKTOpa MOTOKOCLEIUICHUSI Y W HMMEIOT CIa0yro CXOAUMOCTb
npy OOJBLIMX HAYAJIBHBIX OTKJIOHEHHUsX. [103TOMY anropuTmbl
[4-6] He ronmsTcs MpU BKIIOYEHHH B PeKUME moaxBata (BKITIO-
YEeHHE JIBUTATEllsl C pa3orHaHHbIM poTopoM). [liisi omeHkH co-
IPOTHBIIEHHS poTopa R HEoOX0AMMO M3MEHEHHE MOJIls BeK-
TOpa MOTOKOCLEIICHUsI pOTOpa b/ | C aToli LIenbI0 B HAMArHH-
YUBAIOLIYIO0 COCTABIISIOIIYI0 TOKAa CTATOPAa WHXKEKTHPYIOT HU3-
KOYaCTOTHYIO CHHYCOMIAJIBHYIO COCTABIIAIOIIYIO0 C MaJIOil aMm-
IUIMTYI0H. DTO HaKJIaJbIBaeT JIOMOJIHUTENbHOE TPeOOBaHHE K
METO/IaM OLIEHKH Y , a UMEHHO, JOCTaTOYHO TOYHOE BOCIIPO-

W3BEIeHNe MHKEKTHPOBAHHON CcoCTaBsiomell y | B ouenke
V|- Koppexuus anropurmos pabor [5, 6] ocymectusercs my-
TE€M MUHUMM3ALUHU Pa3HOCTH (" -y p) yTAey , —TPOrpaMMHOC

3HaYeHUE TIOTOKOCIIECIUICHUSI B CTATOPHOM CHCTeMe KOOpAMHAT,
HE COJEpiKalllee WHKEKTUpyemou cocrapistomen. [loatomy
MpH J0CTaTOYHO OoNbImMX Kod(duIMeHTax mnepemavyu ajro-
puTMa, HEOOXOAMMBIX JuIsi TpeOyemoro OwlcTpoaeicTBus, Y

CTPEMHTCS K Y ), BCICJCTBHE 4€r0 OLCHKA yA TaKxe He Oyner

CoZIepKaTh MHKEKTUPYEMOI cocTaBiisatonieil. [1o 3Tol npruurHe

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

188

ko> dunment npu HeBaske ( -y ) chemyer ymenbmiath, a

3TO YMEHbIIAET OBICTPOJICHCTBHE allTOPUTMA.

Lenp maHHOTO MoOApasjelia — CUHTE3 HaOIroaaTeNnell moTo-
KOCIIETIJIEHHUH poTopa U cTaTopa, JUIIEHHBIX YKa3aHHBIX HEJ0C-
TaTKOB.

Ha ocnoBanuu (5.1.17), (5.1.16) ¢ yderom (2.24) MOxHO
3anmcath

y&a =-Wy 1y&b =Wy, (6.1.1)
— —y-1 — — -1
Y1=Ya =WoLkrm€p, Y2=Y b =-Wo'Lim& , (6.1.2)
rae Y .,Y , — IPOEKIMU BEKTOPa MOTOKOCLEIJIEH S POTOPa Ha
OCH CTAaTOPHOTO 0asuca, W, — CKOPOCTb BpAIleHUs BEKTOpa Y

B CTaTOpHOM Oa3uce (CHHXPOHHAsI CKOPOCTh), €, , €, — IpOeK-

uuu Bektopa 3J[C Ha ocH CTaTOpHOM CHCTEMBbI KOOPAMHAT, KO-
TOpbIE MOJKHO HOJIYyYHTh 10 BhlpaxkeHusm (2.24), L =L L'

PaccmarpuBas (1) kak ypaBHeHHs oObekTa, a (2) B KauecTBe
M3MEPEHHUI, 3aMuilieM ypaBHeHUs HaOmonaTens JlysnOeprepa B
BH/IE

Yo =-wy', +ha . - Y1)+|12Vb - y2)1
Yo =We o +1ola - vi)+ Izze’Ab - YZ)1 (6.1.3)
roe 1., 1,,, 1, |,, —ko3bduuuenTs! ycunenns HabmonaTens.
[TycTb ommOKku HaOmoAaTeNs ONpPEIeNeHbl 3aBUCUMOCTIMU

ya :ya-ya’yb :yb-yb'
BbruuTass u3 ypaBHeHHi cucTeMbl (3) COOTBETCTBYIOIIHE

ypaBHeHusi cuctembl (1) U mpuHUMas BO BHUMaHHUE 00O3Haue-
Hust (2), Oyaem uMeTh

Yo =-wy, Ly Ly,
y&b :W&ra + |21y~a +1 2?y~b' (6.1.4)
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Cuctema (4) nMeeT XxapaKTepHUCTHIECKOE YPAaBHEHHE

2
p -(|11+|22)p+[|11|22-(|21+W) ] 0.
U3 cooOpakeHW#l HE3aBUCHMOCTH XapaKTEPUCTHUECKOTO
YpPaBHEHUA OT CKOPOCTHU W0 U CUMMCTPHUH ITOJIOKUM

l,=w,=-1,,1,=1,,=1. (6.1.5)
Torna cucrema (3) ¢ yueroM (2) mpuMer BHJ
= Ié/ -w;'e, L )+eal L m
b = Iefb +W(_)1€a er)+ eb er ) (616)

Takum obpa3zom, B (6) 0ba ¢uibTpa CBsI3aHBI MEKIY COOOM

TOIBKO depe3 Bxoasl € , € . Ilycts | = -T2 e T, — 1o

ob ?
CTOsSTHHAsi BpeMeHu (uibTpa HaOmronatens. Torma ypaBHEHHS
(6) B omepaTopHOii hopMe IPUMYT BHT

Ya =%(Tobea +V%leb),
Yo =#";1(Tobeb -W;'e, ) (6.1.7)

B (7) ncTunHas cKOpOCTh W, 3aMEHEHa €€ OLEHKOM

wo :y ay&b -y by&a - er(y aeb - Z bea) (618)

Yty Y2+

Henocratkom cuctemsi (7), (8) sBisiercs TO, 4TO 3TO 3aMK-
HyTas HEJIMHEWHas cucrema. Takas cUTyauus MMeNla MECTO B
HeMmMHEeHHOM (uUIIbTpe-HabmoaaTene ABYX(a3HBIX CHTHAIIOB,
paccMOTpEeHHOM B mozpaszene 5.2. B atom GpuiibTpe BO3HUKAIN
Mpo0JIeMbl JUHAMHYECKOW yCTOHYMBOCTH. BhIXoa ObLI HaiijieH
B OIICHKE CKOPOCTH IO BBIXOJHBIM CHUTHAJIaM BXOJHBIX (DUIIBT-
POB, BCJIEICTBHUE YEro OIEHKAa CKOPOCTU BBIHOCHIIACH M3 3aMK-
HyTOro KoHTypa. B mabmomatene (7), (8) Bo3HmMKaeT Ta ke
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npo6iema. OHAKO B ATOM Clly4ae HEMOCPEICTBEHHO MpUMe-
HUTHb ONUCAHHBIM IPUEM HEBO3MOXKHO. [ co3maHus Takou
Bo3MOXkHOCTH anroputmy (7), (8) mpumamum npyroit Bup,
HPEANONOKHB, 4TO W, — KBasuIocTsHHA. Toraa cucrema (7),

(8) mpumer Bux

yAa = er(e; +(Tobwo)_1e;)'
y’\b = er(e:) - (TobWO) ea (619)
rac
* Tb * * T
=9 a = , = ; (6 1. 10)
Tobp+1ea Yar &7 obp"'leD o
N e;é; - a

Ot u3BeCTHOro ajroput™a oleHku norokocuerieHus (10)
(mporryckanue D/IC 4epe3 MHEPLUUOHHBIC 3BEHBS) aJTOPHUTMBI
(7), (9) orMuaer HaIM4YKMe BTOPBIX claraeMbiX B cKoOkax. [Ipu

Gonbmx W, 9TH criaraeMble CTAHOBSITCS MaIbIMH U aJTOPHT-
mbl (7), (9) coBmamator ¢ m3BectHbiM anroputmom (10). Ipm
MalbIX W, BTOphIE CllaraeMble KOMIIEHCHUPYIOT OTIMYHE Yac-

TOTHBIX XapPAaKTEPUCTUK MHEPIIMOHHBIX 3BEHBEB OT YaCTOTHBIX
XapaKTEepUCTHK MHTErPUPYIOLIETO 3BEHA.

C y4eTom TOro, 4To MOTOKOCIEIICHUE CTATOPa OMMChIBACT-
cs ypaBHCHUSIMH, aHajoruuHbiMH ypaBHeHusM (1) u (2), mo
anamorun ¢ (6), (8) HabmomaTenio MOTOKOCIEIIICHUST CTaTOpa
MOKHO MIPUIATh BH/I

y&B = I(yAa - Wsolesb er) +esaer
Yo =1l e +WioeLn) *euln  (6.112)
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_%ab - &b

W, > > (6.1.13)
€ &
W, :y Qy%, -y’\szby&sa — erel iﬁesb -}; sbesﬁ)’ (6.1.14)

HocrounctBoM uastpa (12) siBrisercs HE3aBUCHMOCTD €0
ObICTpOsIEHCTBUS OT W, , HEOCTATOK — HAJMYHe 0COOEHHOCTH

npu W, =0. [l ycTpaHeHMsl 3TOr0 HENOCTaTKa MOJIOKHM

= |W So||_, rue | — xoncranra. [Tpu 3toM usetp (6) mpumer
BUJI

y&sa = _I(WSO|yAsa - (s-gnwso)esb er) + esa er !

Vo = T(|V\A/So|yASb +(signw,)e,, er) +eyl, ., (6.1.15)
rae

€=U -Ri,, & =uU,-Ri, .
Ha6monartens (15), B ommune ot (12), He umeer ocoOeH-
Hocrel. [Ipu Wso =0 c yuerom Toro, uro sign0=0, cucrema

(15) mpuHUMarOT BHI y&Sa =L e y&sb =L, e,  TO ecTb

rm-sa !
Habonatens (15) mepexoauT B YHUCTHIM MHTErPaToOp ¢ HAYAh-
HBIMH YCJIOBHSIMH, OOHYJICHHBIMU Ha TPEIbIAYIIEM HHTEpBaJC
BpeMEHH. JTO O3HA4aeT, 4To HabmioaaTenb padoTocmocobeH
MpH HYJIEBOW CKOPOCTH 10 TEX MOp, MOKa n3-3a cOosi B pabote
WJIM HAKOIUICHUsI OIIMOOK HE TOSBSITCS HEM3BECTHBIC Hayallb-
Hble yciioBus. [yt TOro 4roObl COBMECTUTH JOCTOMHCTBA Ha-
omronarens (12) mpu | =const u npu | = |V\750||_, Oynem mona-

rats | = const mpu |WSO| >|W;o n | =Ml npu |V\750|£|W;0 ,

*
rae WSO — HEKOTOPOC MOPOTOBOC 3HAUCHUE CKOPOCTHU.
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Bripaxenus 3J1C poropa conep:kar MpoU3BOAHBIE TIO Bpe-
MEHH OT MPOSKIUi TOKOB. J[ist ycTpanenus omneparuu qudde-
PCHIIMPOBAHUS TOKA MPH OIICHUBAHUH MTOTOKOCIICIUICHHSI POTO-
pa moctynuM crienyromuM oopa3oM. [TockobKy BEKTOp MOTO-
KOCIICTIJICHUS POTOpa OMPENENIICTCS BhIPAXKCHUSIMU

y :er( s~ S Lsi)l ysz%(u_ Rsl)'

rjae Y ¢ — BEeKTOp MOTOKOCLEIUIEHHs CTaTOpa, 3alaHHbIN IPOeK-
msAMU Y Y ¢ Ha OCH CTaTOPHOM CUCTEMBI KOOPJAMHAT, TO

IIOTOKOCLEIIJIEHUE POTOPA 110 AHAJIOTUU € MPEABLAYIIUM MOKHO
OLICHUTH 10 AITOPUTMY

yAa = er(yAsa - S Lsia )!
Yo =L s - s Liy)- (6.1.16)

Ilpumeuanue. Kax TOKa3bIBAIOT pacydeThl, Ha TMPAKTHUKE
MOXHO moyarate W, =W, W, =W, .

O‘IeHI) BaXXHBIM SBJIACTCA TO, YTO B NPCAJTOXKCHHBIX aJiro-
pUTMax HE y4aCTBYET CYLLUECTBEHHO MEHSIOIIEECS U HEU3BECT-
HOE COIIPOTHUBIIEHHUE pPOTOpa R . ComporuBiieHHE XK€ cTaTopa

RS, BXOJsIIl€E B BhIpaxkeHus €, , € , MOKHO BBIYUCIIHTE C I10-
MOILBI0 HU3MEPEHUsI TEMIIEPATYPHl CTATOpPa, YTO TEXHUYECKU
BO3MOKHO, WJIN C IIOMOILBIO aJITOPUTMOB OLIEHKH RS, CUHTE3M-

poBaHHbIX B noapasneie 7.1. [pennmaraemeie anroputmsl (12),
(15), (16) paboTOCTIOCOOHBI MTPH JTFOOBIX CKOPOCTSX.

6.2. OueHka NoToKoCHENJIeHHI ACHHXPOHHBIX ABUTaTeJIel
NPHU HAJIMYUH NOTPEIIHOCTEH U3MEepeHu it
TOKA ¥ HanpsKeHus [8]

YnomsayTeie B mojpaszene 6.1 aaroputmer pador [4-6],
a TaKKe CHHTE3MPOBAHHBINA TaM AJITOPUTM, O0JIAJA0T HEAOCTAT-
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KOM, 3aKJIIOYalOIIMMCsl B CHIDKEHHHM WX TOYHOCTH H3-32 BO3-
MOXHBIX CMELIEHUH HyJel B azaX TOKOB M HAPSHKEHUH. DTO-
ro MOXKHO M30eXaTh, IPUMEHUB (HUIBTPHI TOKOB U HampsiKe-
HUM, CHHTE3UPOBaHHBIC B TIojpasenax 5.5-5.7.

Lenbio maHHOTO Mompasjena sBIsSETcs MOJCPHHU3ALMS all-
TOpPUTMOB Tofipaszena 6.1 s ycTpaHeHHs BIUSHHAS CMEICHUS
HyJel nqatynkoB. O0 akTyaJbHOCTH MOCTABICHHOW 3a/1a4i CBU-
JIeTeNbCTBYeT pabora u3BecTHBIX yueHsix Holtz J., Quan J. [9],
BBITIOJTHEHHAST HE3aBHCHUMO OT paboThl [8] u pemaromas Ty xe
3a1aqy APYruM METOJIOM.

B npeanonoxeHnu, 4To CKOPOCTh U3MEHEHUST MOAYIISl BEK-
TOpa MOTOKOCIEIUIeHHsT potopa (Y ) ropa3mgo MEHbIIe CKOpo-
CTH €ro M3MEHEHHUs 3a CUeT BpalleHWs B CTaTOPHOM Oasmce
(@, b) co ckopocTei0 W,, ypaBHEHHS U3MEHEHMS BEKTOpA I10-

TOKOCLICIUIEHHS] UMEIOT CIIEAYIOIIUI BU!
Ve =w,Jy . (6.2.1)
Vpasuenue (1) — marpuunas 3amuch cucrems! (6.1.1) Bexk-
Top Y cBs3aH ¢ BekropoM D/IC € ypaBHeHHEM
v=L._e (6.2.2)
a OJIC, B cBOIO ouepenpb, onpenensieTcs BhpakeHueM

e=u- Ri-s L,pi. (6.2.3)

B (1)~(3) u manee npuHsTH Creyromme obosHadenmst; U, 1 —
BEKTOPHI TOKA W HAlpsHKEHUS craTopa (3TH U APYrHe BEKTOPHI
3aJjaHbl IPOEKIMSAMH Ha ocu Gasuca (a, b)), L, L, — namyk-

THBHOCTU CTaTopa M poropa, L — B3auMHas MHIyKTHBHOCTb

craTopa u poropa, R, — conporusnenue cratopa, S — ko3¢pdu-
IUEHT paccenBaHusi, ) — onepaTop AU QepeHIUPOBaHNUS,
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_ __A -ll;l _él 0o

& 0§51
_€é 0ou —is—l- L2, 604
g Ou _Lm, - LSLT- (--)

VYpasuenns (1) u (2) BereacTsre 00paTHMOCTH MATPHUITHT J
MO3BOJISIFOT 3aMKCaTh

y =-w;' L .e (6.2.5)

[Ipeamonaraercsi, 4To JATYMKH, U3Mepsromme U, | , UMeoT
CMEIIEHUST HYyJIeH, TPUBOJISIINE K CMEIIEHHIO BhIpaxeHus (3)
HAa IOCTOSHHBIN BEKTOP €, ONUCBLIBAEMEIN ypaBHEHUEM

é =0. (6.2.6)

[TosTOMyY H3MepeHreM BekTopa Y OyaeM cUHTaTh BhIpaske-
HUS

y=- Wc_)l‘Jer(e+ eO) =Yy - Wc_)l‘JerGO' (6.2.7)

Llenpto TaHHOTO MOApa3/ena sBIAETCSA OLEHKa Yy U € IO
BeipaxxeHusiM (1), (6), (7).

bynem paccmarpuBath (2) u (6) kak ypaBHeHHs 0OBEKTa,
a (7) xax wm3mepenue. [Ipexae yeM NPHUCTYNHTh K CHHTE3Y
¢bunbTpa, UCcaeayeM BoccTaHaBInBaeMocTh cuctemsl (1), (6),
(7). B coorBerctBum ¢ Teopemoit [10], s monHON BoccTaHaB-
JIMBAEMOCTH HEOOXOMMMO M 10CTaTO4HO, 4To0bl mpu Y © O u3

cucremsl (1), (6), (7) caemoBamo € °y ° 0. Ilycts y© O,
tormaa u3 (7) cremyer

y °w'L e, (6.2.8)
IMoacranoska (8) B (1) ¢ yuerom (6) maer
0=-JJ.8,. (6.2.9)
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[ockomeky JJ =-E, 1o mpu W, 1 O u3 (9) u (8) cnenyer
€ °y ° 0. Crenosarensro, cucrema (1), (6), (7) sBusercs

TIOJTHOCTBIO BOCCTaHaBIMBaeMoi pu W, 1 O u 1711 Hee MOXKHO

mocTpouTs Habmoaarens [10, 11] B Bume
Y=wody +L 6 - WohL8, - ), (6.210)
& = L6 - Wo' L& - V), (6.2.11)

rJie 3HAKOM «*» 0003HAYEHBI OIICHKH COOTBETCTBYIOIIUX Tepe-
MeHHbIX; L, L, — MaTpuusl ko3p(ULUEHTOB ycuieHus Ha-
omromarens pasmepomM 2 2. Jlus CHUKeHMs 00beMa BbIYHCIIE-
HUI TIpy peanu3anuy HaOonaTens B coorBercTeun ¢ [12, 13]
MPEJCTaBUM €r0 B BHJIC JBYX OJIOKOB: HaOJIOIaTels mpeodpa-
30BaHHOT'O BEKTOPA MIOTOKOCLEIIEHHA Y

Yo =w dy. LY. - ) (6.2.12)

u Habmonarens norpemHocreid IJIC (B manbHeimeM mpocto
norpemrocreil). B (12) L, — mocrostnuas matpuia koddou-
LUEHTOB ycwieHus HaOmopatens. [ns pasageneHust HaOmoza-
TeJIsl BBOIMTCS Heocoboe npeodpaszoBanue [12, 13]

¢ 0_eE Su¢g.u
SEW Y
3neck ST R?? — mocTosHHAs MaTpHIla, ONpPEIETeHHas HU-
*Ke. B COOTBETCTBUHM € 3TMM NPE0OPa30OBaHUEM
y =y, +S8é. (6.2.13)

[MToxcranoska (13) B (10) ¢ yuerom (11) u cpaBuenue ¢ (12)
JAI0T ypaBHECHHSI

L =L - S, (6.2.14)
(L +w,J)S=Lw;"JL,,. (6.2.15)
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Beiie Obuto mokaszano, yro cucrema (1), (6), (7) mpwm
W, 1 O sBnsercs moiHOCThIO BoccTaHaBiuBaeMoil. ITosTomy

npu W, ¢ 0 BbiGopom marpuusl L. marpuny (L. +w,J) mox-
HO clienaTh TYPBUIIEBOH, 3aJaB el JII00OH XKemaeMblid CIIEKTP.
Benencrsue rypsunesoctn marpuua (L. +WyJ) Oyzer obpa-

tumoii. Torna u3 (15) MmoxHO 3anucath
S=(L +w,J) ‘Lw; L, (6.2.16)

IMoacranoBka (13) B (11) maer ypaBHeHwe HaOmIOgATENS
MOrPEIIHOCTEN

_ -1 A A

&=L(S-w L &+ LY. - y).  (6217)
ITockonsky Heocoboe mpeodpazoBanue (13) He Hapymaer

MOJIHOM BOCCTAHABIMBAEMOCTH CHCTEMBI, TO CIIEKTP MaTPHIIHI,

crosiiueii nepes €, MOXHO 3a/aBaTh MPOU3BOILHO. Takum 00-

pa3om, HaOmoaaTenb pasaeneH Ha nse yactu: (12) u (17), npu-
4yem ypaBHenue (12) nesaBucumo ot ypasHenus (17), Bcaenct-
BHE YEro 3TH YPaBHEHUS HMHTEIPHPYIOTCS IMOCICAOBATEIBHO,
YTO CYHIECTBEHHO CHMIKACT 3arpy3Ky BeIYMCIUTENS. Bekrop Y

orenuBaercs 1o 3aBucuMoctu (13). Crenyer OTMETHTB, YTO
ypaBHenue (12) momHocthio coorBerctByeT cucteme (6.1.3),

CHHTE3MPOBAHHOM Oe3 yuera cMenteHust €.

Beiie mpu cuHTe3e HaOMIOAATENs MPEnoiaarajgoch, 4To
CHHXPOHHAsi CKOpPOCTh W, M3BecTHA. B ToM ciydae, korna oHa
HE U3BECTHA, €€ MOJKHO OIEHHUTH CICAYIONIUM 00pa3oM. Y MHO-
UM cresa ypaHenne (1) Ha Y 'J. V3 MONY4eHHOr0 MOMKHO
HalTH

_ Y M (6.2.18)

W, =- —.
v |
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3amenus B (18) Y Ha ero ouenky Y , momyunm

i YW (6.2.19)

Cuctema ypasuenuit (12), (16), (17), (19) obpasyer aman-
TUBHBIN QuibTp U151 onenku Y ,€,,W,. Jlpyrue merospl omeH-
KW CHHXPOHHOW CKOPOCTH OIMCAHbI B oapaszeie 6.4.

PaccmoTpuM Bompoc MOMEXO3alUIIEHHOCTH CHHTE3HpPO-
BaHHBIX aJTOpUTMOB. B BhIpakenue (3) BXOAUT MPOM3BOAHAS
OT TOKa, KOTOPBIH COAEPKUT BBICOKOUACTOTHYIO MOMEXY, 00Yy-
CIIOBJICHHYIO HIMPOTHO-UMIYJIBCHOW MOAYISMel mpeodpaszo-
BaTeNsl YacTOThl. Y CTPaHHUTh 3Ty MPOOIeMy MOKHO ABYMS Me-
TojlaMu. Bo-mepBbIX, MOXXHO BOCHOJIB30BAaThCS BbIpaKEHHEM

(5.4.1)
pi =w Ji, (6.2.20)

rae W, — CKOpoCTb BpallleHHsl BEKTOpa TOKa B CTATOPHOM 0a3u-

CC, MpUuYeM C [[OCTBTO‘IHOf/i CTCIICHBIO TOYHOCTHU MOXKHO IT0JIa-
raTb

W, »W,. (6.2.21)

[MTocnenoBatenbubie noacranoBku (21) B (20), (20) B (3), a
(3) B (7) ycrpanmsror mpobiemy mudepenimpoBanus. Bo-
BTOPBIX, BMECTO ypPaBHEHHH moTokociernieHus poropa (1)—(3)
MOKHO PacCMaTpUBaTh YPaBHEHHsI TIOTOKOCIICIUICHUSI CTaTOpa

V. =wJly ., Ve =€, e, =u- Rj,

KOTOpBIE HE COJEepKaT NMPOU3BOAHON Toka. [loTokocuenneHus
pOTOpa U CTaTopa CBSI3aHBI COOTHOLIEHUEM

y =L.,& .-s L)

B nanHOM mojpasnene CHHTE3UPOBAHBI AJITOPUTMBI OL[EHKH
MTOTOKOCIIEIIJIEHUH POTOpa U cTaTOpa aCHHXPOHHBIX JBUTaTeNen
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MpH HAJMYUHM MOCTOSHHBIX MOTPENIHOCTEH M3MEPEHUsl TOKa H
HanpspkeHus. OLieHKa OCYIIECTBIISETCS ¢ MOMOMIbI0 Haluoaa-
Telsl YeTBEPTOro MopsaKa. B oTiauume oT KiaccH4eckoro Ha-
OmroaTens, CHHTE3MPOBAHHBIA HaONIOJATENlb TPEICTABICH B
BUJC JIBYX TOACHUCTEM BTOPOTO MOpsAKAa KaKAas C OIHOCTO-
POHHEH CBSI3bI0 MEXKAY HUMH. DTO MO3BOJNSET WHTEIPUPOBATH
UX IIOCJIEN0BATENIbHO, 32 CYET 4Yero JOCTUraeTcs CHUXKEHHE
o0beMa BBIUMCIIEHHH. B mompasnene Takxke MpeaigoKeHbl MoO-
TUKaIUN CHHTE3UPOBAHHBIX ANTOPUTMOB, TOBBILIAIONINE MX
MOMEX 032U IIEHHOCTb.

6.3. Ouenka cKOpocTH BpalleHUsl BEKTOpa
MOTOKOCIHENJIEHHSI POTOPA H CaMOro poTopa

B Hacrosiiee Bpemsi B OOJIBIIMHCTBE CIIy4aeB MCIOIb3YIOT
nocrostHHoe HamarHuunBanue AJl. st aToro ciyyasi ObUT CHH-
TE3MPOBAH AJTOPUTM BBIYMCIICHHS YIIIOBOW CKOPOCTH BEKTOpa
MOTOKOCIICIIEHUST poTopa (CHHXpOHHOM ckopoctn) [14]. U3-
BecTHO (3.1.26), 4TO /1Sl BBIYKMCIICHUS] CONPOTHBIICHUS WU T10-
CTOSIHHOH BPEMEHH POTOpa HEOOXOAMMO M3MEHEHHE MOTOKOC-
nervieHuss poropa. C 3ToH 1eIpl0 B HAMarHMYMBAIOIIYIO CO-
CTaBJIAIONIYI0 TOKA CTAaTOpa HHXCKTHPYIOT IEePUOAHYCCKYIO
COCTABIISIIOLIYIO C MAJIOH aMILTUTYAOW. DTO BBI3BIBAET HEOOXO-
JIMMOE MEepHOANYECKOe M3MEHEHHE MOTOKOCIEIUICHUSI POTopa.
CuHTe3MpyeM aJITOPUTM OIICHKH CHHXPOHHOH CKOPOCTH JUIst
3TOrO Ciydasi.

PeakTuBHasE MOLIHOCTH JBHTATENsl OMPEACISACTCS BBIpaxKe-
HUSIMU

Q=-i"Ju=i,u, - iyu, =iju - iu;. (631

Beipaxkenue craroproro Hanpsbkenus (2.29) pasnena 2, 3a-
MUCAaHHOTO B CUCTEME KOOP/IMHAT, CBS3aHHOW C MOTOKOCIIETLIe-
HHUEM pOTOpa, UMEET BUJI
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u=s Lf+R+RL7)i +
+Ws LJi- L (ET - nwd)y, 0.  (6.3.2)
IMoacranoska (2) B (1) maer
Q=wes Lyjil" + Ly (T, Yy +nwig )y o +
+s Ly(igh, - igk). (6.3.3)

HyCTI) HaMaron4uvBaronias CoCTaBJIdromias CTaTOPHOTO TOKa
ONMUCBIBACTCA BBIPAKECHUEM

rae | 40> 0 I,, — IOCTOSIHHAs M MH)KEKTHPYeMasi COCTaBIISIO-

1€ COOTBETCTBEHHO, IIPUIEM [ a0 > |i @ | Toraa B cooTBeTCT-

BuM ¢ (2.32) paznena 2 nmoToKoclerIeHue poropa Oyaer u3me-
HATHCA 110 3aBUCUMOCTHU

Ya=YaotYaw: (6.3.5)

€ Y 4o = Ligor Y gy — NOCTOAHHAsS W TEPEMEHHAs COCTAB-
JISIOIHE COOTBETCTBEHHO, IIPUYEM Y >>L/ o | .
[Mepenumem (4), (5) B Buze

iy =igoL+d), d =iy, (6.3.6)
YaZY d0(1+q/ )1 d, =y o w - (6.3.7)

Ckopocts portopa onpenensiercs: BoipakenueM (2.33) pasnena
2, a UMEHHO,

nw=w , —— (6.3.8)
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IMoacranoska (7) B (8) maer

- A =W, - I—q (6.3.9)
TY 4o(1+d,) Tigo(1+d,)

Benencteue MajocTH  BEITHUMHEL |dy| MOXHO 3aIllucaTb

nw=w,

(1+d, Y t»1- d, - Ha ocHoBaHmMH 5TOrO, Tepenuiuem Bbipa-

xenue (9) B Buze

W » W, - lq (1-({/). (6.3.10)

TrIdO

C nomorsio (6), (7), (9) mpeobpasyem (hparMeHT BBIpake-
uus (3), a UMEHHO,

i i
T4, + iy =T34, +w, - T“_“ (1-4d,)=
r'do
=T Ny +Woly - T, (1- d, )(1+d,).
[IpeneOperas MaibIMU BTOPOT'O TIOPSiIKA MAJIOCTH, 3aTIHILIEM
i
T, i, +nwiy »w g, +T—q(og -d,). (6.3.11)
U3 (3) u (11) crenyer
. . Pa—
_ Q-s Ls('di% - 'qi%) - Lyl T, (Ol/ - d, )y d.(6.3.12)
S Ls('j +|§) + Lmrldy d

Wo

IMoxcraBuB (7) B (12) u mpeHeOperas 4ieHaMH, MPOINOP-
LMOHAJIBHBIMU KBaJpaTaM MaJbIX MEPEMEHHBIX, MOJYyYUM BBI-
pakeHHue CUHXPOHHOW CKOPOCTH, U3 KOTOPOr'O BHUJIHO, YTO CKO-
POCTh COZEPKUT IMEPUOJUUYECKYI0 COCTaBIISAIONIYI0, 00YCIOB-
neHHyto uHxeknueit. [locne npeneOpexxeHUss B 3TOM BhIpayke-
HUU 4WIEHaMH, TPONOPLHOHATIBHBIMU dy ,d., momyunm ympo-

IIEHHOC BBIPAKEHUEC
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Q-s Ll - idh) (6.3.13)
S Ls(lj +|§) + Lm I‘mididO

0=

C yuerom (1) mpu TouHOM paboTe PerysasITOpoOB TOKa, 4TO, HA
CaMoM Jielnie, UMeeT MecTo, BripaxkeHue (13) nepenuiieM B BHIE

— I Uy - iU, -sL (' ibigél)_ (6.3.14)

WO
s L(iZ+i2)+L L.

m dp dp0

3aMeyaTenbHbIM SBIISETCS TO, 4TO 1) BBIpa)KEHHUE CKOPOCTH HE
3aBHCHUT HU OT CONPOTUBIICHUS POTOpPA, HH OT COMPOTHBIICHHS
cratopa, 2) CKOPOCTh OINpPENeNsieTcsl MPOSKIMSIMH BEKTOPOB
TOKa M HallpsDKEHUSI B CTATOPHOM 0asrce, B KOTOPOM dTH Tepe-
MeHHbIe 3aMepsitoTcsi. Boipaxenue (14) coaepKUT Mpou3BOJI-
HBIE OT TOKOB. Ha mpakTuke CHrHaJbl TOKOB HCKaXKEHBI IyMa-
mu ot IMM. [Ins momy4yeHHus MpOU3BOAHBIX € OCIA0JIEeHHBIMU
IIyMaMHd MOXKHO BOCIOJIb30BATHCSl aCUMIITOTHYECKUM Judde-
PEHIIMATOPOM, PACCMOTPEHHBIM B TIojIpaseie 3.5.

B Tom cnyyae, korza moTokocuerieHne GUKCUpOBaHO, BbI-
paxenue (13) npunumaer BubI [19]

w, = Q-sLik  _Q-sLidh (6.3.15)
s L (iZ +i )+L le L.(iZ +s |q)

B neicTBUTENBHOCTH IIPU MEPEXOAE U3 OJHOIO PEXUMA B
JPYroi HAOIIOMAIOTCS CKAYKH B |y | JInist yMEHBIIIEHUS BIHS-

HH OIYMOB Ha OILI€CHKH CKOPOCTH a TaKXK€ Ui YCTPAHCHUA IIPO-
OieM, CBsI3aHHBIX ¢ AU PepeHIMPOBAHUEM TOKA |, TIOCTPOUM

HaOM0IaTeNh CHHXPOHHOM ckopoct [19]. B kadectBe auHa-
MHYECKOI'0 YPaBHEHUS IPUMEM

w,=0. (6.3.16)
Ha ocHoBanuu (15) HazHauum

y=Q-sLjk, (6.3.17)
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a UBMEPCHUC OIPECACINM BbIPpAKCHUEM
y =L +siZ)w,- (6.3.18)

Ha ocnoBanuu (16), (18) 3anuiem ypaBHeHHe HaOIr0aTE-
ast [10, 11]

W, =1L 2 +si2M, - V], (6.4.19)

e | - ko3 duIMeHT nepegayn HabmogaTens, W, — OeHKa
Wo. . IMoacranoska (18) B (19) naer
W, = 1L, (12 +5i2)(, - w,) (6.3.20)

Jlyis nosy4eHus ypaBHEHUS OIMOKU HAOIIOAaTelIs BHIUTEM
u3 ypaBHenus (20) ypaBuenue (16), Torna ommbka HabIrOIaTE-

Jst W =W, - W, OnUIICTCS ypaBHCHUEM

W, = 1(s L,(i2 +i2) + L, L2, - (6.3.21)
YmHOkHMM ypaBHeHue (21) Ha V%O . [TonmyuenHoe nepenuiiem B
BHUJIC
F=1L32 +s i, (6.3.22)
rac
2
V= % . (6.3.23)
2

Mockomsky, L (if +si2) > 0, To mpn I< 0 n W, 2 0,

¥ <o. Toraa Ha ocHoBaHMM Teopembl A. M. JIanmyHOBa MOXHO
3aKII0YNTh, 4To permenne W,= O ypaBHeHus (21) sBusercs

ACUMITOTHYECKH YCTOMYMBBIM, T. €. OIIMOKAa HAONromaTesns ¢
TEeUEeHHEeM BpPEMEHH CTpeMuTcs K Hyio. CreaoBaTeiabHO, C Te-
YCHUEM BPEMEHHU WO ® Wy I[lycts Ls(ij +s |§) 3 g>0. Torna
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CTEMEeHb YCTOHYMBOCTH HYJIEBOrO pelieHus ypaBHeHus (21)
h3|lg.

Habmronatens onuceiBaercs ypasaenusmu (17), (19). Iox-
craHoBka (17) B (19) naer ypaBHeHHe

W, = 1[L (12 +S i)W, - Q+s L,k

olap qp] (6.3.24)

Henocratkom ypaBHeHusi (24) siBisiercsi HalU4ue B HEM JaUQ-
tepenmpoBanus Toka |,. Jlis ycrpaHeHus 5TOro HejocTaTkKa

BBOJIUTCS 0003HAUYEHUE

-Is L

daplgp =2, (6.3.25)

C y4eTOM KOTOpOro, ypaBHeHue (24) npuodperaer BH
=I[L (>iZ+si )(z+|s Ligpigp) - Q- (6.3.26)

B cootBerctBun ¢ (25) mckomas oleHka Oyaer ompese-
JIATBCA BBIPAKCHUEM

W, =z+Is LJ

daplap- (6.3.27)

Habmronatens (26), (27) He comepHUT MPOU3BOAHBIX. B 3TOM
HabmoaTene GUrypupyroT MpoeKuy TOKa B CHHXPOHHOM Oa-
3UCe, a Ha MPAKTHKE 3aMEpPSI0TCS TOKH B CTaTOPHOM Oa3uce.
Bcnencrere BbICOKOW TOYHOCTH PabOThl KOMIICHCATOPOB TOKA
(cM nmogapaszen 8.1) BMecTo mpoekumii Toka |, iq MOXKHO HC-

MOJIb30BaTh HMX IMPOTPAMMHBIC 3HAYCHHS | i iqp. B cBs3u ¢
aTUM cuctemy (26), (27) nepenuiiem B Bujie

=1L, (|dp+3| )(Z+I1s Ligig) - i, Uy +iy u, ], (6.3.28)

Wy =z+Is Ly, -

(6.3.29)
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B coorBerctBuu ¢ (2.35) ckopocTh poTopa

Wo - Wy
w=—2 < (6.3.30)
n
rae N — KOJINYECTBO Tap moJiroCoB, a CKOJILXKCHUEC
[
w, = Ly | (6.3.31)
Try d

B ycraHOBUBLIEMCS pEeXUME WIH IIPU L/ | © const B coot-
BercTBuU ¢ (2.34) y 4, = L i . C y4eToM JOCTaTOYHO TOYHBIX

paBeHctB Ig=lqp, 1o =14, my ;=L i, u3(31) nomyanm

|
W, =——. (6.3.32)
Trld p

([TporpamMMHbIe 3HAYCHHUS | dor iqp HOJNy4YeHBI B ojipasene 4.2).
Kak BHIHO M3 M3JI0KEHHOT0, CKOJBKEHUE M CKOPOCTh pOTOpa
HE 3aBUCST OT COIPOTHBIICHHUS CTATOPA.

PesynbraThl MOJENMpOBaHMS MOKa3bIBAIOT, YTO OLCHKA
CHHXPOHHOU ckopocTH 1o 3aBucumoct (14) wiu (15), uim o
3aBucuMocTsM (26), (27) maer To4YHBIC pe3yJbTaThl TOJBKO B

muanasone ckopocredi poropa 0...0.25w_ . Ilpu Gombimx

CKOpPOCTSAX MPUBJIEKATENbHON MpPEACTaBIAETCsS Cleaylomas
(hopMyIia OIEHKU CHHXPOHHOW CKOPOCTH:

ual&b_ ubl&a 6.3.33
Wo(u)»w, (6.3.33)

rae U, , U, — COCTaBJIAIOIHME BEKTOPA CTATOPHOIO HAIIPAKEHUS

B CTaTOpHOM Oazuce. JTO CBSI3aHO C TEM, YTO MPH OONBLIMX
CKOopocTsax ocHoBHYI0 aoito B DJIC BHocuT Hampsikenue. Ilo-
3TOMY IpH OONBIINX CKOPOCTSIX ISl OLIGHKH CHHXPOHHOH CKOPO-
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ctu BMecTo DJIC MOXHO HCHOIB30BaTh BBIPAXKEHHUE CKOPOCTU
Bpatenusi Bekropa Hanpspkenus (33). s ycrpaHeHus: HeoOXo-
JMMOCTH BBIYHCIICHUsSI TJIABHBIX TAPMOHMK HaIpsDKEHUsI cTaTopa,
BXOZISIIMX B BhipakeHue (33), BMECTO HUX MOXKHO HCIIOJIb30BaTh
COOTBETCTBYIOIIME COCTABJIAIONIME MTPOTPAMMHBIX CHUTHAJIOB, TI0-
naBaeMbIx Ha Onok LM,

JU1st monmy4eHust TOUHOM OLIEHKH CUHXPOHHOW CKOPOCTH BO
BCeM paboyeM [uamna3oHe COEAWHUM JOCTOMHCTBA METOOB
OLICHKU CHHXPOHHO#H ckopoctu (14) u (33) myrem ux comnpsike-
HUS ¢ TIOMOIIbIO BecoBoro ko3ddurnuenrta. Kak cienyer us pe-
3yJIBTaTOB MOJEIUPOBAHMUS, TIEPEX0]] OT OAHOTO METO/a K ApY-
rOMYy MOXET HaXOJIUThCS B JMala3oHe ckopocreil poropa 10—
20 pan/c, uro coorBercTByeT 1525 % OT HOMHHAIBHON CHH-
XPOHHOH CKOPOCTH, KOTOPYIO MOXHO ONpPENCIUTh M0 Gopmyiie
w =nw rae N — xonuuecTBO mnap noiocos, W

Onom HoM ! HOM
HOMHUHAJbHAs yrioBas CKOPOCTh BpamieHus poropa AJl. s
MPOCTOTHI CKOPOCTh BPALIEHUsI BEKTOPA MOTOKOCUEIJIEHHUS OI-

peaciinM BbIPpaKCHHUEM

W, =W, (Q) X1- k) +W,(u) Xk,  (6.3.34)
rae WO(Q), W O(u) — OLICHKH, TIOJIYYEHHBIE 110 3aBUCUMOCTSIM

(14) u (33) coorBercrBentno, K — BecoBoil ko3 uImenHT, KO-
TOPBIN OMpPEIEISETCS PABCHCTBOM

k= WoW)| (6.3.35)
w

Onom

Jlinst meMoHcTpanuu padorocnocodHocTr anroput™a (14),
(33)—(35) mMomenupoBaNIKCh CISTYIONINE PEKUMbI PabOTHI IBHU-
raTess, nmokaszaHHeie Ha puc. 6.3.1, 6.3.2 B BUIC IUKIOrpamMM
W3MEHEHUs! CKOPOCTH poTropa W u Harpy3ku M. Ha puc. 6.3.1
B IIEPUO]] OT HYJICBOI /10 BTOPOH CEKYH/bI JBUTATE]Ib HaAMar-
HuuuBaics. Co BTOPOil CEKyH[bI OCYLIECTBIISLIICS Pa3roH 10
3aganHoi ckopocTH. C 4-if o 8-10 CeKyHbl K ABUTATEN O ObLI
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Pucynok 6.3.1 Pucynok 6.3.2

MPHUIIOKEH HOMUHANBHBI MOMEHT Harpy3ku. Ha 10-ii cekyHne
BKIIIOUacs pesepc ckopoctu. C 14-it mo 18-10 cekyHbI K JBU-
raTeiro ObLI MPUJIOKEH MOMEHT, OJHOHAIPaBJICHHBIA CO CKO-
pocteio asurartens, paBubiii 100 Hwm (0,38 M,,,) (reneparop-
HBIH pexxum). s wiumrocTpauy cTabuin3aniuy HyJIeBOH CKO-
POCTH BpallleHUs POTOpa ObLT 3aJlaH CICAYIOIIUN peKUM pado-
oI (puc. 6.3.2). B nepuos ¢ HyJeBOil 10 BTOPOH CEKYHJIbI IBH-
rarelb HaMarHU4uBaJcs, 3aTeM B mepuo ¢ 6 mo 14 cekyHasl
ObLJI MPUJIOKEH HOMHHAJIBHBIH MOMEHT Harpy3ku. Kak BHIHO
Ha puc. 6.3.1, 6.3.2, ocymiecTBiseTCS TOYHAs CTaOMIU3AIUSL
CKOpPOCTH poTOpa ¢ momortibkio anroputmoB (15), (30), (31),
(33)—(35). Ha mocnmenyronmx pucynkax 6.3.3,a, 6, ¢ mpose-
MOHCTPMPOBAH TIPOLECC OLEHKH CHMHXPOHHOH CKopocTH W, C
TOH K€ IIMKJIOIPaMMOI CKOpOCTH pOTOpa, 4To U Ha puc. 6.3.1,
TpH MaKCHMAJTbHBIX CKOPOCTAX poTopa W, = 150, 50 u 1 pan/c.

Ha puc. 6.3.3, 2 mokazaHa CHHXpOHHasI CKOPOCTb MPH CTaOMIIH-
3allMd HYJCBOH CKOPOCTU POTOpa C IUKIOrpaMMOi paboThI,
cooTBeTcTBYMOIIEH puc. 6.3.2. Ha puc. 6.3.3 OykBoii M Mapku-
POBaHBI KpHBbIC UCTUHHBIX 3HAYEHHH CHHXPOHHOH CKOPOCTH,
MOJTyYSHHbBIC M3 MOJIENH JBUTaTeNs, a udpoi 1 — ee OlCHKH.
IIpyn ManbIX CKOPOCTSX BO BpeMs JCUCTBUS Harpys3Ku CTaHO-
BATCS 3aMETHBIMH KoJeOaHMsl CHHXPOHHOH CKOpOCTH, O00Yy-
CIIOBJICHHBIC HWH)KEKIMEeH B HAMarHUYWBAIOLIYIO COCTaBJISIO-
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LIyI0 TOKa CTaTtopa MEPUOAUYECKOW COCTaBIISIOUIEH, MpeaHa-
3HAYEHHOM JUIsi 00eCIIeUeH sl TIEPEMEHHOCTH MOJYJIsl OTOKOC-
nervieHus. [lepeMeHHOCTh MOJYJIsl TIOTOKOCIICIUICHHST HE00XO0-
JauMa JUis 00ecriedeHUs] MISHTH(DUKAIIMN COMPOTUBIICHUS POTO-
pa. s ycrpaHeHus: KoyieOaHHN 3JIEKTPOMArHUTHOIO MOMEHTA
¥ CKOPOCTH POTOpPa B MOMEHTHYIO COCTABIISFOIIYIO TOKa CTaTO-
pa MHXEKTHPYETCsl KOMIIEHCUPYIOIIAsi COCTABISIONIAs TOW Ke
YacTOTHI CO CIEIHAIBHO TOJ00paHHBIMK aMILUIUTYI0H U (ha30ii
(cm. pucynku 1, 2). Kak BUIHO M3 PHUCYHKOB, MPEII0KEHHBIH
METO/] OLICHKU CKOPOCTH BpAICHHs BEKTOPA MOTOKOCICIIICHHUS
(CMHXpOHHOI CKOpOCTH) OOJaZaeT XOpOIIeH TOYHOCTHIO BO
BCEM JIara3oHe CKOPOCTEH.

Ha puc. 6.3.4 mpeacraBieHbl pe3yiabTaThl MOACIHPOBAHHS
mpolecca OIEHKA MOTOKOCHEIUICHHUsT POTOpa MO alrOpUTMy
(6.1.12), (6.1.16) npu OLIEHKE CHHXPOHHOW CKOPOCTH IO aJIro-
putmy (14), (33)—«35) ¢ nukiorpamMmoii paboThl, peICTaBICH-

"__?.{,_ P I__(r.!,, perdic

m, ! | —~—— m.{

0 + y e
-"-I:I 5 (1] 5 b, 15 (1] & I i i 5

[

a) _ i)
i, padic I_ff!.. padic
] !

IAAAAAS

r -‘:_.lj_r | | \.\ mo|

Pucynok 6.3.3
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Pucynok 6.3.4

Hoii Ha puc. 6.3.1, 6.3.2. (Iluxgorpamme, MpeaCTaBICHHONW Ha
puc. 6.3.1, coorBercTBYIOT pucyHku 6.3.4, a, 6, ¢, TUKIOrpaMme
pucynka 6.3.2 coorBerctByer puc. 6.3.4, 2). Ha puc. 6.3.4, a—
nudpoii 1 0603Ha4YeHBI UCTUHHBIC MOTOKOCIEIUICHUS, 1TU(POi
2 —ero oneHku. Pucynku 6.3.4, a—2 CBUCTEILCTBYIOT O BBICO-
KOM TOYHOCTU OIEHKU TOTOKOCIEIUICHUS, BO3MYIIIEHHOTO HMH-
JKEKIIMEeH.

6.4. OnpenesieHre CKOPOCTH H YCKOPEHHS POTOPA
ACHHXPOHHOTO JBUTaTeNIf ¢ OMOIIBIO
Haooaareneii JIyanoeprepa [15]

YcranoBka Ha A/ maTurka CKOpOCTH CBsi3aHa ¢ mpodiiema-
MH, BO MHOIux Cliy4dasx HCIIPCOAOJIMMbIMU. HOC—)TOMy ycniusa
CIIEIMATUCTOB M0 ympasieHuio AJl B HacTosiee Bpems Ha-
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NpaBJICHbl Ha KIIEMMHOE yrpaiieHue (ynpasieHue 0e3 JaTunuka
CKOPOCTH, TOJIbKO IO M3MEPEHHSIM KIIEMMHBIX TOKOB HJIH TOKOB
u Hanpspkeruil) [16, 17]. OqHako peanu3alys U3BECTHBIX ajro-
PUTMOB OIIEHKM CKOPOCTH POTOpa CBs3aHa ¢ OOJbIINM 00Be-
MOM BBIYHCIICHH.

Llenbto naHHOrO mHoApasjena sBIAeTrcss pa3paboTka M Hc-
CIICOBAHHE TMPOCTHIX B BBIYMCIUTEILHOM OTHOLICHUH AaJro-
PHUTMOB OIIEHKH CKOPOCTH H ycKOpeHus poropa A/l.

[ToBeneHne BEKTOpa MOTOKOCIICIUICHHS POTOPAa MOXKHO OITH-
caTh TaK Ha3bIBa€MbIM TOKOBBIM YpaBHEHHEM

V=wJ-TEy +L, T4, (6.4.1)

rae W =0NW, N — KoIu4ecTBo map mnomocoB AJl; y ,i — Bek-

TOPBI TOTOKOCIICIUICHHUS] POTOpa M TOKA CTaTopa, 3aIaHHbIE IPO-
eKIMSIMA HA OCH CTaTOPHOM CHUCTEMBI KOOpAWHAT (a, b), T -

IIOCTOsIHHAS. BpEMEHH poTopa, L., — B3aMMHas MHIYKTHBHOCTD

poTopa u craTopa

L, 1 0 -
== E= )= . 6.4.2
3[[601) Rr — aKTUBHOEC COIIPOTHUBJICHUE POTOpA, |_r — UHAYKTUB-
HOCTBH poOTOpa. Hpennonaraercsl, YTO BEKTOpP y U ero CuH-

XpPOHHAsI CKOPOCTh BBIYUCIISIOTCS 10 KaKOMY-JIMOO U3 TpHUBE-
JICHHBIX BBbIIIE alropuTMOB. B ypaBHenuu (1) Beigeaum wu3-
BecTHbIe (3) 1 Hen3BecTHbIC (4) YacTn

VW+TYy - L T li=y, (6.4.3)
— T _
y=ln vl =dyw, . (6.44)
Bynem anmpokcuMupoBaTh U3MEHEHHE W, JTUHEHHOW (YHKIH-

eit Bpemenn W, = 8g + &t . [lockonsky mpeamonaraercs mo-

CTPOUTH HAOIOAATENh ¢ OONBIIUM OBICTPOIEHCTBHEM, TO KO-
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dpdunnentsl 8, u @, OyaeMm nonarath KBa3HIOCTOSHHBIMH.

Tornma ¢ momonb 0003HAYEHUN
wo=x, W =X, W=%=0
MOKHO 3aIucaTh

%, =%, % =0. (6.4.5)

PaccmarpuBas (5) kak TUHAMUYECKYIO cucTemy, a (4) kak us3-
MepeHue, nmocrpouM HabOmtoxarens JlysnOeprepa s OLICHKH
X,, X, B Buze [10, 11]

A=241(y %-y) %=Ly X-y),  (646)
rae |, |, — marpuipi-ctpoku K03hhUINEHTOB HAbIIOIATENS.

3HaKoM «» 0003HaYEHBI OLIEHKH COOTBETCTBYIOIINX IEPEMEH-
HbIx. [ToncranoBka Y u3 (4) B (6) maer cucremy

A=2%4Ldy (%= %) & =LY (%- %) (647)
Jnist monmy4yeHust ypaBHEHHH omiOoK HaOIoaaTens
MEX-X, =% %
BbIUTEM M3 ypaBHeHwUi (7) cooTBercTByIfomume ypaBuenus B (5).
IToyunm

=t +1dy % % =1Ly & (6.4.8)
[Tpumem
=Ty 737, 1,=Ty 737, (6.4.9)

rae |, |, — ckanspusie koncranter. Torna ypasuenus (8) ¢ yue-

ToM Toro, uto J'J =E, MPEICTABSITCS B BUAE

L=+ % &=Ly [ (6.4.10)
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Ha npaxrtuke Iy |: const, wim Yy MEHSETCsS MEIIEHHO.

Torpma xapakrepuctndeckoe ypaBHenue cucrembl (10) mmeer
BU]I

- Ty [ p- Ty [ =0

C KOpHSAMHU

IENGIRZSTS
p1,2 - 2
IIpu paBeHCTBE KOpHEN

1- e +_ 17 : 4.11
pl:pZ:—|1[y|, |2:-—I12[y| :-% (6.4.11)
2 4 [y |
NoMy4yruM pabouyro CHcTeMy ypaBHeHHi HaOmomarens. B (3)
HEXKECIAaTCIIbHBIM SBJIACTCA HaJIN4YUC y& . HHSI YCTpaHCHUA B

HalmogaTerne Y& BOCHOIb3yeMcs 3aBUCUMOCTBIO
w=w,Jdy , (6.4.12)

IIPUMEHUMOM TIpH ly | = CONSt WK IIpU €ro MENJIEHHOM H3Me-

unennu. [Toxcranoska (12) B (3) maer
W, J+T'E)y - L T li=y. (6.4.13)
IMoacranoska (13) B (6) ¢ yuerom (9) maer
=% 4Ly [ %- Ty TTIWd +T'E)Y - LT,
%=Ly [ %- Ty "3 [Wed +T'Ely - LT, ]. (6.4.14)
Cucremy (14) MoxHO peoOpa3oBaTh K BUIY
L =%+ T [ (& - wo) +TL Ty T
L=y [ (k- wo) +LLTY 3. (6415)
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B ycTaHOBUBILEMCS PEXUME HAOIIOAATENIS (&1 = &2 = 0) u3
BTOpOFO ypaBHeHI/DI CHeZ[yeT
TqT;
% =W =w, - oY 32 L (6.4.16)
Ty

3aMeyaTenbHbIM SBIIsETCs TO, 4TO (16) B TOYHOCTH COBMAajaeT ¢
HU3BCCTHBIM BBIPAXKCHUEM

L i
W =W, - Wy =W, - ?my_q, G/d>0)'
d

r

JT0 yKa3bIBaeT Ha TO, YTO, XOTs HAOJIIOaTh ObLT MOIY4YeH (Hop-
MaJIbHbIM (a0CTpaKTHBIM) 00pPa30M, B HEM MPUCYTCTBYET (pu3u-
4eckast CyTh mpoiieccoB. HaOmomarens (15) mosBossier ore-

HUTHh HE TOIBKO CKOPOCTH (f(i), a U yCKOpEeHHEe poTopa ()?2).

Yckopenue, mpasja He OTQUIBTPOBAHHOE, MOJKHO MTOJYYHUTh U3
HaOM0IaTeNsl CKOPOCTH TepBoro mopsiaka (s storo B (15)
ciesyer nonokutk X, © 0). B ocraBuiemcs nepsoM ypaBHEHHH

cucrembl (15) yckopenwem Oyier ero mpaBas 4acTh. 3HAHHE
YCKOPEHHsI TO3BOJISICT YJIYYIINTh BECh IPOIECC YIPaBICHUS
JIBUTaTEIIeM.

W306aBuThCS OT MPOM3BOMHOMN B (3) MOXKHO M JPYrHM CIIO-
coboM. JIj1s1 3TOro ¢ MOMOIIBI0 0003HAYEHUIH

c

. _éxu é.u € 1u 4.
A 1 L i N_A ,y 2 [:I 6417
"8l 4 of S/ba (6.4.17)

npencraBuM cucremy (6) B BEKTOPHO-MAaTpUYHON (opme
§=NK+L[Jy %- V] (6.4.18)

[MToncranoska Y u3 (3) B (18) maer

§=NR+L[Jy & -y&- Ty - Li)]. (6419
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OOGo3HaueHus
z:)Z+Ly b x=2z- Ly (6.4.20)
MO3BOJISIIOT TepenucaTh ypaBHenue (19) B Buze

B=N(z- ly ) +L(Jy %- T/'¢ - L,j))- (6.421)

BekropHo-MaTpuuHOe ypaBHeHue (21) 3KBHBAJCHTHO CHC-
TEME CKAIIPHBIX YPaBHEHHI

B=2-1y, +|1('y p(Z- 1y o)- Tr_lﬁ’a - Lmia)),
b=, (2 ly)-T',- L) (6422

Cnenyer oTMETUTB, YTO B TOM cilydae, korna 'y u W, u3-
BECTHBI, W =W MOXXHO HEMOCPEICTBEHHO BBIUHUCIUTEH IIO

tdopmyite (16). [Tpr HEOOXOAUMOCTH CTITAKHBAHHUS, HA OCHOBA-
Huu (16) MoxxHO mocTpouTh HaOmOAaTenb. s 3TOro Haxo-
JIATCS BBIPaXKEHHE aOCOMIOTHOIO CKOJIbKEHHUS

L i’
W, =w -w = Y (6.4.23)
sl 0 * T 2
2
" JId HET'O BBOAATCA CICAYIOIINE 0603HaquHﬁ:

y = |2ws,, y=LT4dy . (64.24)(64.25

B kadecTBe IMHAMHYECKOrO0 YpaBHEHHS HCIIONIb3YyETCs
ypaBHEHUE

W, =0. (6.4.26)
Ha ocHoBanuu ypaBuenuii (26), (24) crpoutcs HaOmoaaTE b

W, =Ty i - v)- (6.4.27)
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IMoacranoska (24) B (27) maer
=112 s
W, =Ty [, - w,). (64.28)

Boruuranne u3 ypaBuenus (28) ypasuenus (26) gaer ypas-
HEHHE OINOKU Wsl :Wg - Wy BBHIEC

W, =Tl [, (6.4.29)

HyneBoe pemienne ypaBHeHus (29) acMMITOTHYECKH YcC-
TOH4HMBO MpH |, <0.

JUtsi monmydeHus ypaBHEHUM, INOUISKAIIUX MOJEIUPOBA-
HUIO, oactaBuM Y u3 (25) B (27). Torna

W, =Ty Wi, - LT 8 d). (6430

C yueTom coOTHOWEHHH W, =W, - W =W, - X 1pu

w, = const , ypaBrenue (30) COBNajeT ¢ MEPBLIM ypaBHEHHEM

A

cucremsl (15) npu %X, ° 0 (Habmonarens nepsoro mnopsjka),

YTO T'OBOPUT O CXOXKECTH TUHAMHUYECKUX XapaKTEpUCTHK Ha-
OmrofaTenei.

PesyabTarel moaenuposanus. [Ipu MoxenupoBanuu au-
HaMHuuecKux mpoieccoB Ha [I9OBM paccmarpuBancs AJl Tuma
A2-81-4 c xapakTepuCTHKaMH, TpUBeNeHHbIMH B [lpmioke-
Huu A. Yacrora nmmnynscos HIMM ITH npunumanacek, paBHOM
4 x['n. B anroput™bl ObITM BBEIEHBI OrpaHMYCHUS] TOKA U Ha-
MPSDKEHUS, a TAKKE OCYILECTBICHO MOJCIUPOBaHUe d3PPEKTOB
IMM u O6pocKOB HampspKeHUsl NMHTarome cetr. [1ocKoibKy ¢
MOMOIIBIO aHaNOTO-UHU(POBBIX (PHIBTPOB, HMCCIENOBAaHHBIX B
paszene 5, MOXKHO 3aMepsITh HallpsbKEHUE HETTOCPEICTBEHHO Ha
Bbixojsie 1Y, To TeM caMbIM yCTpaHSETCS TTOTPEITHOCTh (hOpMU-
pOBaHUS HaNpsDKEHUs, 00YCIIOBICHHAS MU3MEHEHNEM HaIlpshKe-
HUS TUTAIoOIIe CceTH, 3ama3/ibIBaHUeM OTKPBITHUSA U 3aKPBITHS
TpaH3ucTopoB ITY, MepTBBIM BpeMEHEM U MaJCHUEM HaIpsikKe-
HUS Ha TPAH3UCTOpaxX. AJITOPUTMBI YIIPABJIEHHUS MPEICTaBICHbI
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B JHMCKpeTHOM Buje ¢ TakToMm cuera 100 mxc. B mepwon mo
0,1 ¢ nBurarens HaMarHUYHUBAJICS, 3aTEM OCYIICCTBIISIICS pa3-
TOH JI0 IporpaMMHoOi ckopoctd. Ha 1-if u 2-if cekyHaax moja-
BaJlaCh U CHMMaJlaCh HOMMHAJIbHAsl Harpys3ka. 3aTeMm Ha 2,8 ¢
MOJIaBaJICS CUTHAJ Ha peBepc ckopoctu. B nepuox ¢ 4,3 o 4,6
CEKYH[IbI MOJICIMPOBAach MPOCaJKa HANPSDKEHUS CETH Ha
30 %. Habmronarens cootBercTBoBal anropurmy (15).

Ha puc. 6.4.1, a— nokazaHbl IPOLIECCHl YIPABICHUS TOJIBKO
MO KJIEMMHBIM H3MepeHusM (0e3 HCIOoJiIb30BaHUS JTATYMKOB
cKopocTH M noTokocieruienns). Ludpoi 1 mapkupoBaHbl Kpu-
BbIe ()aKTHUECKOH CKOPOCTH ABHUTATENS, HUPPOH 2 — ee OleHKa,
a uudpoit 3 — orenka yckopeHus. OneHka ycKopeHus MaciiTa-
oupoBanace koddpduuuentom 0,075. Ha puc. 6.4.1, a, 6 npo-
rpaMMHBIE CKOPOCTH cooTBercTBeHHO paBHbl 150 u 0,5 paz/c.
Ha puc. 1, ¢ moka3aH mnpoiecc crabuin3alu HyJIeBOH CKOpPO-
ctu. Ha puc. 1, 2 npeacraBiieH ¢pparMeHT NPEAbIAYIIETO Mpo-
1ecca B yBeJIMUEHHOM MaciTabe, rie BuaHo BiausHue [HIM.

Pucynok 6.4.1
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Kak BUJHO M3 NOCJICOAHETO pPUCYHKA, CTaTUYCCKasd OIIMOKA CKO-

poctu paBHa 5X.0°° pan/c. Puc. 6.4.1, a—2 CBUJIETENLCTBYIOT O
XOpOIIIEM KauecTBE YIPaBJICHUS U IIUPOKOM JHANa3oHe pery-
JIMPOBAHMUS CKOPOCTH.

MogenupoBanue pabotsl AJl Tpu ympaBieHHH TOJNBKO MO
KJIEMMHBIM HU3MepeHusiM (0e3 JaTunka CKOPOCTH) C CHHTE3UPO-
BaHHBIMH JITOPUTMAMH JIAJIO CIIEIYIOUINE PE3YIIbTATHI.

1. Cucrema obnajaer acTaTM3MOM IO OTHOIICHHIO K Ha-
rpy3ke AJl 1 M3MEHEHHSIM HaNPSHKECHUs MUTAIOUICH CeTH.

2. TToiepKUBaeTCsl MOCTOSTHHASL CKOPOCTh, B TOM YHCJIE U
HyJIeBasi, KaK NPU HAJIMYUU MOCTOSIHHOM HArpy3kH, Tak U 0e3
Hee, TPUYeM CTaTUYecKas OMIMOKa MPAKTUYECKH OTCYTCTBYET.
Ecnu momycTuth morpemHocTh MEHUMaNbHON ckopoctu 20 %,
TO JIMAIa3oH peryaupoBanus ckopoctu cocrasisier 1:40000.

6.5. Onenka 371eMEeHTOB BEKTOPA COCTOSIHUSI ¢ TOMOIIBIO
KOMIIeHCAIMOHHBIX (puiabTpoB [20]

BBenenne. PaccmaTtpuBaercst MHorodasHas —cHUCTeMa.
B kaxoii ¢aze MOTyT MPUCYTCTBOBATH MOCTOSHHOE CMEILICHHE
HYyJS U BBICOKOYACTOTHBIE ITYMBI. J{J1s1 KaueCTBEHHOr O yIpaB-
JIEHUs1 AJIEKTPOTEXHUYECKOH CHCTeMO# TpeOyeTcsi BbIIeleHHe
TJIABHBIX TAPMOHHK (a3 U NPOBEACHUE C HUMH PA3IHYHBIX Ma-
TeMaTH4ecKUuX onepanuii: auddepeHuupoBanue, HHTErPUPOBA-
Hue ¥ T. 1. [locne auddepenpoBanus peasbHOro (MCX0IHO-
r0) CHUTHAJla YPOBEHb BBICOKOYACTOTHBIX IIYMOB BO3pacTacr,
YTO MOXKET CHENaTh HEBO3MOXKHBIM JalbHEHINEE HCIIOIb30Ba-
HHUE MOJIIY4EHHOrO CHTHajla. B pe3ynbrate HHTETPUPOBAaHMS
CUT'HAQJIa YPOBEHb LIYMOB CHUYAETCS, HO MOSBJIFOTCS ITOCTOSIH-
Has omuOKa, paBHAs HEM3BECTHOW MOCTOSHHON HHTETPUPOBA-
HUSl, U JIMHEHHO BO3pacTaromas co BpeMEHEM OIIMOKa 3a cyeT
MHTETPUPOBAHUS HEU3BECTHOIO CMELIEHUS HOJIA. B oTiinuue ot
ofHO(a3HOTO CUTHAA, MHOrO(a3HbIe CUTHAIBI 00JIAAaloT JI0-
MOJTHUTENFHON WHQOpManueld 3a cyeT AeTepMUHUPOBAHHOM
B3aUMOCBSI3M MeXIy (azamu (OJJHU M T€ KE 4acToTa U aMILIH-
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TyJa, TOCTOSHHBIN CABUT (ha3bl MeX Iy cHTHaiamu). B moapas-
nene 5.3 3ot (akT ObLI YCIENIHO UCTONB30BaH JUIS (PHIIbTpa-
WU IBYX(a3HOro CUTHAMIA.

Henpto nmaHHOTrO mOJApaszena SBISETCS HCHONb30BaHUE
CBOWCTB MHOT0()a3HBIX CUTHAJIOB JJIsl BBITIOJIHEHUS Psiia MaTe-
MaTUYECKUX OIepaluii ¢ HUMHU, Takux Kak auddepeHimpona-
HUE, HHTErPUPOBAHHE, U JIP.

[TockonbKy CyIIECTBYIOT SKBHBaJIeHTHBIE MPe0Opa3oBaHHS
MEKAYy Tpex(hasHbIMH U IBYX()a3HBIMH CHUTHAJaMH, TO HIKE
OyIyT paccMaTpHUBaThCS TOJIBKO ABYX(ha3HbIE CUTHAIBI.

6.5.1. Ocnosnoi pezynomam

PaccmatpuBaercs nyx(dasHas cucrema X,y X, » Ipeacras-

astromias coO0M MPOEKIMM BEKTOpPAa X Ha OCH OPTOrOHAIBHOI'O
Oazmca (a,b ) [TycTh rmaBHBIE TApMOHHUKH (Da3 OMUCHIBAIOTCS

YPaBHEHUSIMU

X =|%|COSWE, X;, =[X;|sinwt. (6.5.1)

[Tpou3BoHbIC U MHTETPaJIbl BhIpaskeHuit (1) mpu yciaoBuu Men-
JIEHHOCTH M3MEHEHHUs aMIUIMTYbl X M 4acToTel W mpulnu-

JKCHHO MOKHO OIIMCAaTh YPaBHCHUAMUN
Yo, =-W|X|SinWt =-wxg,,
do, =W|X;|coswt =wx, (6.5.2)

Ofa At =W X [SinWt =W X,
O dt =- W%, coswt = -wix,, - (6.5.3)
YMHOKMM B (2) MEpBOE ypaBHEHHE HA X, , BTOPOE ypaBHe-

HHEC Ha - XOa 1 3aTEM IMOJIYUCHHBIC YPABHCHU A CIIOXKHB, HaﬁlleM

W= Xoa &(;b - Xop Hon (6.5.4)

XOa +X§b
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Ha MPAaKTUKE UMCIOT MECTO COOTHOILICHUSA

X =X Ha X =X, 4, (6.5.5)
rae J, 1 J, NPEACTABIAIOT COOOH BHICOKOYACTOTHBIE 110 CPAB-
HEHUIO C OCHOBHOW 4acToTod W IIOrpelmHOCTH BXOJAHBIX CHUT-
HajoB X, , X, . [l ycTpaHEeHHs BBICOKOYAaCTOTHBIX IIOMEX CHTI-

Habl (5) mpeaaraercs MPOMyCTUTD Yepe3 UACHTHYHBIE (PHITBT-
PbI HU3KHX YaCTOT C mepenaToynoil ¢pynkimein W (p), UMeEI0-

el aMIUIUTYJHYIO A(W) 1 (GasoBylo | (W) YaCTOTHBIE Xa-
pakTepucTiki. He mpuHUMas BO BHUMaHHE CABHT 1O (hase 1mo-
Mex Ja ,J , Ha BbIXOZax ($uabTPOB, OyIEM UMETH
X = A(w)| %, |coswt+j )+ A(w, ), ,
X, = A(W)| X, [sin(wt+]j )+ A(w, )J,
WJIH, 9TO TO K€ CaMog,
X, = A(w)| % |(coswtcosj - sinwtsinj )+ A(w, )J,
% = A(W)| X, |(sinwtcosj +coswtsinj )+ A(w,)J,, (6.5.6)
rje Wy —uacrora norpemnocteit. U3 (6) na ocnopaunuu (2), (5)
MOXXHO HaWTH TOYHBIC 3HAYCHHSI MPOCKIUH BEKTOpA X, (ucko-

MBIC CI/II‘HaHI)I) B BUJIC

Xe =| %|coswt =
= AH(w)(X cosj +x,sinj ) +A*(w) Alwg )(3, cosj +3,sinj ),
X =| % |dnwWt =

=A'(w)(X oosj - X sinj )+ A (w) Aw )(J, cosf - J,sinj ). (6.5.7)
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[ockonbky norpemsoctd J, u J p HE H3BCCTHBI, TO BME-
CTO TOYHBIX 3HAYECHUH X,, U X,, OyaeM HCHONb30BaTh UX

OILICHKHU f(Oa , )?Ob 10 3aBUCHMOCTSIM

%o = A1 (W)(X cog +x,sinj ),

Soo = A (W)(X, cosi - X sinj ). (6.5.9)
B Bblpaxenus (8) BXOAAT BBIXOAHBIE CHMIHAIBl (DHILTPOB

* *
Xa, Xb , C TIOHWKEHHBIM COJIEP)KAHUEM IIIyMOB, CIIEAOBATEIb-

HO, 3TH BBIPAKCHUA MOKHO paCcCMAaTpUBATh KaK OLICHKHU IJIaB-

HBIX 'APMOHMK MCXOAHBIX CHTHANOB X , X . Onpenenum mo-

IPEMIHOCTA 3THX OLICHOK. byJaem mosaraTs, 4TO aMILIUTY/bI
curganmos J. wm J, pasuel J,. Torma morpemmocTu

Kl :)A(Oa - X %b = )A<0b - X, OueHok (8) mo cpaBHeHHIO C

TOYHBIMHU 3HaYCHHUSAMH (6) MOXKHO OLICHUTH BBIPAKCHHEM
_ — -1
%, =% = A" (w)A(w,)J

®unbTpsl BEIOUPaOTCs U3 yciaoust Omuszoctn A(W) k eau-

(6.5.9)

a"

uuie, A(W,) x mymo.

[Tycth cOOCTBEHHO (QHIBTPBI MPEACTABISIIOT COOOH WHEp-
[IMOHHBIE 3BEHbsI IEPBOTO TOPSIKA

_ Kk

= _ k>0 T>0
MCEwillle
(T —nocrosiHHAs BpeMEHH) C YaCTOTHBIMH XapaKTePUCTHKAMHU
k .
Aw)=———, tgj (W)=-Tw.  (65.10)
(Tw)™ +1
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C moMoI1bI0 COOTHOUIEHUH
tg (W : 1
st Y e
u Beipakenuit (10) MoxHO 3amucaTh
sinj =-Twk;*A(w), cosf =k;*A(w).  (6.5.11)
IMoacranoska (10), (11) B (8) maer
)A(Oa = k;l(X; - Tw X; ):

sinj (w) =

Rop = kit (X, +TW X ) | (6.5.12)

rJIe W 3aMeHeHa ee OIeHKOH W, kortopas mo aHaigoruu ¢ (4)
OTPEIETISICTCS BRIPAKEHUEM

* &* _ X* *
w=2220 fzﬂa . (65.13)
XX

C ucnons3oBanuem (2), (3), (12) sanumem

R =-vi (X, +TWX ), &, =Wk (X, - TV, ). (65.14)
Ofnlt = (k) (5, +TWX, ).
0
ézobdt:-(ka)'l(g - WX ). (6.5.15)
0

wmnpu kK, =T

t

Ofadt = (X, +(TW) 2, ),

éf(ob dt= (Xb - (TW) X ) : (6.5.16)
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Beipaxenue ckopocti (13) comepXuUT MpOHM3BOIHBIE OT
CHTHAJIOB, MTPOMYILEHHBIX Yepe3 WHEPIMOHHBIEC 3BEHbS IEPBOTO
nopsaka, To ecTh W, a CienoBarenbHo, u nepemennsie (12),
(14), (15) dakruuecku OyayT comepkaTh He OTQUIBTPOBAHHBIC
BBICOKOYACTOTHBIE IIYMbI. J[JIs MOBBIIIEHUS] TTOMEXO03allUIIIeH-
HOCTM MOXHO CHMTHaJ1 W IIpOIyCTUTh Yepe3 QUILTP HU3KOM
gacToThl. PaccMoTpum apyroit myts. Bmecto GmibTpoB nepBo-
r'o MOpsiIKa MPUMEHUM (UIIBTP BTOPOTO MOPS/IKA C IMepenaTod-
HOW (D)yHKIIMEH M YaCTOTHBIMH XapaKTePUCTHUKaMH CIeIyIolie-

ro BUJA;
- Ky . (6.5.17)
Wf (p)—m, kf ,T, d >0,
Aw)= kf gj (w)=- 2™ (6518)
\/(1- Tan?)” +(2dTw)’ 1 Tw
OTKy/1a
sinj (W) —_ 2dTw
\/(1- Taw?)" +(2dTw )’
2
cosj (w)= 1- Tw (6.5.19)

\/(1- Tawe)’ +(2dTw )

IMoacranoska (18), (19) B (8) maer ypaBHEHHS OIEHOK TJIaB-
HBIX TAPMOHHUK

% =K TEX, (1- TAW?)- X, 20T H,
Rop =K TEX, (1- TAW?) +x 2dTW g, (65.20)

rae W 3ameneno Ha W . C ucnonssoBanueM (2), (3), (20) 3a-
IIUIIeEM
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R =Wk €% (1- TA0) + X 20TV
&, =w K" €X, (1- T2?)- % 2dTw

0
o (65.21)
U
u

t
Ofca 0t = (WK, ) 6%, (1- TW?) + X 2dTW
0

Oopdlt =- (Wk,) "X (1- TAWW?)- X, 2dTWr U . (65.22)
0

B paccmotperHoM ciyuae BeIpaxkenne ckopoctu (13) co-
JIEPKHUT MPOU3BOIHBIE MTEPBOrO MOPAAKA OT CHTHAJIOB, MPOITY-
IIEHHBIX Yepe3 KoebaTebHbIe 3BeHbs (BTOPOro MOPs/Ka), TO
ecTh W, a ciaeqoBaTenbHo, U nepemennbie (20)—(22) e OyayT
COJIEPKATh BHICOKOYACTOTHBIE IIYMBI.

6.5.2. Ilpumenenue cunme3upoeannvlx uibmpos

®unbtps (12), (20) moapodbHO U3yueHsl B moapasnene 5.3.
HpI/IMeHI/IM CHUHTC3MPOBAHHLIC MHTCIPATOPhI AJIA OLICHKU HCU3-
MepsieMbIX TOTOKOCIICTUICHHH (cTaTopa WIIM pOTOpa) JBUTaTe-
JIel IepeMeHHOoro Toka myteM uHterpupoanus JJ(C.

[Totokocuernnenue poropa Y cBsizano ¢ IJC nBurarens €
3aBUCUMOCTAMHU

¥, =L L%, ¥, =L L%, (6.5.23)

rae L ,L, — MHIYKTHBHOCTH POTOpAa M B3aWMHAas WHIYKTHB-

HOCTh poTopa u ctaropa. [1o Beipaxkenusm (23) myTeMm MHTeT-
pPHPOBaHUSI MOXXHO MOJYYHTh MMOTOKOCUEIJICHUE, HO C TOYHO-
CTBIO JI0 HE M3BECTHBIX HAYAJIbHBIX YCJIOBHH M C BO3pacTaro-
HIMMH C TEYCHHWEM BPEMEHHU OIIMOKaMH 3a CYET MOCTOSHHBIX
cmemienuit B ¢azax DJIC. [nsa ycTpaHeHus: BIMSHUS HAYailb-
HBIX YCJIIOBHI M OrPaHUYCHHUs OIIMOOK 32 CYET CMEICHHUS HO-
JIel BOCIIOJIb3yeMCs aliropuTMOM UHTerpupoBanus (16), cunre-
3WPOBAHHOTO JIJIsl ”HEPLIMOHHOTO 3BEHA MEPBOro MOPSIKA.
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O0603Ha4YMB
x, =LLye, % =LLle,. (6.5.24)
¢ omolneko anropurma (16) moayuum
y. =L L’ml(e; +(Tw0)’1e;),
Yy =L L’ml(ei, - (TV”VO)’le;), (6.5.25)

rie WO — OLIEHKA CUHXPOHHON CKOpPOCTH,

- e = : (6.5.26)
& Tp+1ea % Tp+1eb
2 -V L (y.e -y .e
Wozyay‘%g yﬂgy&a N rm(yzeo LA ) (6.5.27)
y a +y b ya +y b

IIpumeuanue. Bmecto BbipakeHuit (27) MOKXHO HCIIOJIB30-
BaTh OLICHKU CHHXPOHHOW CKOPOCTH MO BbIpakeHusMm (6.3.14),
(6.3.33)—6.3.35), unu (6.3.26), (6.3.27), (6.3.33)—(6.3.35).

Beipaxenust (25)—(27) B TO4HOCTH COBHANAIOT C BBIpaxke-
HUSMHU TIOTOKOCIICIUICHHS, IMOJlydeHHBIMU B mopapasaene 6.1
(bopmynsr (6.1.9)<6.1.11)) coBepuICHHO APYTUM METOIOM, a
MMEHHO, ¢ TIOMOIIbI0 HaOmonatens JlyanOeprepa. 3aMeHHB B
(27) mpou3BOAHBIE KOHEUHBIMH PA3HOCTSMH, IMOJIYYUM JIHC-
KPETHBI aJITOPUTM BBIYMCICHUS CKOPOCTH BEKTOpa MOTOKOC-
LETUICHHS

L@ a[Kle[Kl-y, [Kla k]) | (6528
yalkl+y (K]
Ha puc. 6.5.1 uzo0paxkeHa CTpyKTypHasi cXxeMma ajiropurMa

OLICHKH TIOTOKOCIICIUICHHSI C TIOMOIIBbIO (PUITbTpa TIEPBOTO MOPSII-
ka. Airoputwm (25)—(27) taxxke, kak u anroput™ (6.1.9)+6.1.11),

W, [K] =
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Ananoroead yacte | ﬂ,HCKpETHaH HACTE

€a T

Tp+1

g | T

Tp+1 I
|

Pucynok 6.5.1 — CtpykTypHasi cxeMa aJroputMa OICHKA
MTOTOKOCIEIUICHHS C TIOMOIIBIO (PHIBTPa IIEPBOTO MOPSIIKA

MMeeT 0COOEHHOCTh npu W, =0, OT KOTOpo# MOXHO u30a-

BHUTBCS TaKXKe, Kak U B moxpaszaene 6.1, 3a cuer BBejeHuUs Iie-
PEMEHHOCTH MTOCTOSHHON BPEMEHH 110 3aBUCUMOCTH T = ev\A/bl,

rae € — MaJblii OCTOSIHHBIA CKAJIAP.
[Tycts Tenepb MCHONB3YIOTCS (PUIBTPHI BTOPOT0 MOPSIKA
(17) m obo3Hauenus (24). Torma B cooTBercTBUH C (22)
Ya =Wok )1gen (1‘ -I-zwg) +€, 2dTW, H!

~

Yo =- (A, k) '€ (1- TA43)- €, 20TW, U, (6.5.29)

rae
kf

Ki . (6.5.30)
T?p*+2dTp+1

S % T aqTp el

ea =
Beipaxenust (28)—(30) cocTaBisitoT aJropuT™M OILEHKH MO-
TOKOCIIETUIeHUs ¢ (pUIbTpaMu BTOporo mopsiaka. Ha puc. 6.5.2
M300pakeHa CTPYKTypHasi CXeMa ajropuTMa OLEHKH IT0TOKOC-
LETUICHHS C TOMOIIBIO (PHIIBTPA BTOPOTO MOPSIIKA.
Ha puc. 6.5.3 mokaszaHbl pe3yiabTaThl MOACTHPOBAHUS
Hpolecca OLEHKU BEKTOpa IMOTOKOCLEIUICHUS! MO BBIPAKEHUIO
(28) u puc. 6.5.2 (Ha puc. 6.5.3 moka3aHbl TOIBKO COCTABIISIO-
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e Y .Y, , TOJHOCTBIO XapaKTEPU3YIOIIHE TOYHOCTh OLEHKH
BCEro BEKTOpa) M CKOPOCTH ero BpaiieHus. Ha pucynke mone-
JMPOBAJIACh CIEAYOLIAs HUKIOrpaMMa padoThl: pa3roH poTopa
B TEUEHHE TePBOIl CeKyHIbl 10 ckopoct: 50 ¢, Ha Tperbeii
CeKyH/Ie BKIIOUAJICS peBepc 10 ckopocti —50 ¢, 3atem ocy-
LIECTBIIIOCH TOpMOKeHne 10 ckopoctr —0.025 ¢ . Kak crey-
€T M3 PHCYHKa, BO BCEX PE&KMMax padOThl OCYIIECTBISETCS
TOYHAs OIIEHKAa CKOPOCTH 33 UCKITIOUCHUEM HYJIEBOM CKOPOCTH.

€a [x ;
e G[AT e.l#] &4l

€a
We(p) ALIN

*
2glk]
Pucynok 6.5.2 — CtpykTypHas cxeMa aJroputMa OICHKA
MTOTOKOCIEIUICHUS C TIOMOIIBIO (PHIIBTPA BTOPOTO MOPSIKA

3 T

(T Al

\

i
)

i
|
LLLNE 1 \' i\‘l- /[U '

: I i L 1
iﬂl 1 2 3 4 4 ] v

Pucynok 6.5.3 — Pe3ynbTaThl MOACTHPOBAHUS OICHKH
MOTOKOCIUEIJICHHS ¥ €r0 CKOPOCTH BPALIEHHUS 110 BhIpakeHHIo (28)
u puc. 6.5.2
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TOYHOCTh OIIGHKU TIOTOKOCIICIICHUSI CTAHOBUTCSI HEYIOBJIC-
TBOPUTENILHOM B JIMAla30HE CKOPOCTEH IMOTOKOCIICIICHUS
+ 0.025 ¢, H3BecTHO, YTO CKOPOCTh POTOPA C TOYHOCTBIO 0
CKOJIb)KEHNUS OMPENENIETCS 3aBHCUMOCTBIO W = Nn"w,, Te N —

KOJIMYECTBO Map IMoocoB. B tumnunoM ciaydae (N = 2) ymos-
JIETBOPHUTENbHAS OI[CHKA MOTOKOCIEIJICHHSI OCYIIECTBIISIETCS BO
BCEM JIMana3oHe CKOPOCTel poTopa, KpOMe OKPECTHOCTH HYyJIe-
BOi cKopocTH, B auamasone W =+0.0125¢* (omun oGopor 3a

13 cekynn). JlaHHBIH METOJ OTJIMYAET BBICOKOE OBICTPOICHCT-
BHUE MPH OIIEHKE MOTOKOCHEIUICHUs (JUTMTEIBHOCTD MEPEXOTHO-
ro mporiecca He mpessimaer 0.02 ¢).

6.6. BeiBoanbI u3 pa3nesa 6

CuHTe3upoBaHbl HaOIIONATENH, OLICHUBAIOIINE BEKTOPHI
MOTOKOCIIEIVIEHUH M MX CKOPOCTH B CTATOPHOM 0a3uce Kak MpH
OTCYTCTBHH, TaK ¥ MPH HAJHUHH MOCTOSHHBIX cMemennii D/C.
HaOmonaTenu He TepstoT paboOTOCIOCOOHOCTh TIPHU BCEX CKO-
poctsax. Paspaboran mpoctoli GUIBTp IS OLEHKH BEKTOpa T0-
TOKOCIEIUICHUs. B ero ckopoctu mo DJ[C, paborocrnocoOHbIH
MpH BCEX CKOPOCTSX, BKIOYasi HyJeByto. DuUibTp OCHOBaH Ha
WHEPIMOHHBIX 3BEHBSIX MEPBOrO MOPSIKA C IMOCTOSHHOW Bpe-
MEHH, 00paTHO MPOMOPIHOHATIBHOM MOIYII0 CKOPOCTH MOTO-
kocuerieHus. Cremyer TakkKe OTMETUTh CHHTE3MPOBAHHBIN
QITOPUTM OIICHKW CHHXPOHHOW CKOPOCTH, KOTOpBIH paboTo-
CIOCOOEH TMPH CPeHUX M HU3KUX CKOPOCTSX, BKIIOYAs HyJe-
BYIO CKOPOCTh. AJITOPUTM HE 3aBHCUT OT CONPOTHBIICHUI cTa-
TOpa ¥ PoTOpa. DTOT aJNTOPUTM MOXKET COYETATHCS C YIIOMSIHY-
THIMU BbIlle HaOmogatensMu. CHHTE3MpoBaH HaOIIOIATENb,
OLICHHUBAIOIINHA CKOPOCTh M YCKOPEHHE POTOpa, BKIIOUas HMX
HyJICBbIC 3Ha4YCHUs. BxomHol uHpopManuen st HaOIoaaTes
CIyXHT TOTOKOCIeruieHne poropa. [lonydennas uHbopmanus
MO3BOJISIET BBIYMCIIUTE CKOIIBKEHHE.
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Pa3zpaboran MeTox, TO3BOJISIONIMK OCYIIECTBIATh TaKHe
olepaly Kak pa3iu4yHoN crerneHu (GuibTpanus, anddepeHn-
pOBaHUE ¥ MHTErPHUPOBaHNUE MHOTO(A3HBIX 3alTyMJICHHBIX CHT-
HAQJIOB C HEM3BECTHOW YAaCTOTOM M CMEILIECHUSIMHU HYJIEH BXO.-
HBIX CUTHAJIOB. DTOT METOJl MO)KHO PacHpOCTpaHUTh U Ha JIpy-
rue MareMaruueckue onepauuu. IIockonbky Meron He comep-
XKHUT COOCTBEHHO MU(QEepeHIIUPOBAHNS U YHCTOrO MHTErPUPO-
BaHUs, a Oazupyercst HA aCHMIITOTHYECKA YCTOWYHMBBIX (BHIIBT-
pax mepBOro WM BTOPOTO MOPS/IKA, TO OH 00JIaaeT XOopouleH
MTOMEX03aIUIIIEHHOCTHIO 110 OTHOIIEHHUIO K BHICOKOYAaCTOTHBIM
IIyMaM, He IPUBOAUT MPY UHTETPUPOBAHUM K HEOTPaHUUYEHHO-
My BO3pACTaHHIO OMIMOOK 32 CUeT BO3MOKHBIX TOCTOSHHBIX
CMEIIEHN BO BXOAHBIX CHrHallaX. Meron oOiagaer MalibIM
o0beMOM BBIYHCICHUH. B KkadecTBe mpuUMepoOB paccMOTPEHBI
(GUIBTpPHI, peAHa3HAYEHHBIE U OLIEHKH BEKTOPOB MOTOKOC-
LEIUICHUI pOTOpa M CTaTOpa M HMX CKOPOCTEM BpaIlEHUs I10
S/C. KoMmmbproTepHOe MOACIUPOBAHUE TOATBEPAUIIO OXKHUOAC-
MbIe JTMHAMHYECKHE XapaKTEPUCTUKU pa3paOOTaHHBIX (HIIBT-
POB U HAOJIIOIATENCH.
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Paszgea 7
NMIAEHTUO®UKALNNUSA MTAPAMETPOB
ACHUHXPOHHOTI' O QJIEKTPOIIPUBO A

BektopHoe ympaBiieHHE C HCHONB30BAHHEM TOJIBKO KJIEM-
MHBIX JaTYUKOB JAa€T MOJOKUTENbHBIE Pe3yabTaThl IIPH TOITHO-
CTbIO M3BECTHBIX MapaMeTpax 3JIeKTpornpuBoaa. MdakTHUeCcKH
e BCE MapaMmeTphl SBIISIOTCS HeW3BecTHbIMH. HawnOombiueit
HEONPEACICHHOCThI0 B ACHHXPOHHOM DJIEKTPONpUBOIE 00Jia-
JAI0T CJIEAYIOILUE [1apaMeTphl:

1. ConpoTruBieHus cTaTOpa U pOTOpa JBUTATENS, a TAKKe
COMPOTHUBIICHUS COEAMHAIOMUX 3JIEKTPUUECKUX Iened mnpu-
BOJA.

2. [lorpemHocTy TpeoOpa3oBaTelisi 4YaCcTOThI, CIararolIruecs
W3 TOTPEIIHOCTeN HaNpsyKeHHs B LIEMH MOCTOSHHOTO TOKa, 3a-
JIepKEK TPU OTKPBITUM M 3aKPBITUU TPAaH3UCTOPOB, MEPTBOTO
BPEMEHH, CONMPOTUBIEHHUS TPAH3UCTOPOB AaBTOHOMHOI'O MHBEp-
TOpa HaIpPsKEHUS.

3. [lorpemHOCTH AaTYUKOB TOKA U HATIPSKEHHS.

4. Harpyska.

5. [IpuBeneHHbI MOMEHT WHEPIIMH ABHTATEIIS.

Bomnpoc unenTudukanuy norperHocTeld JaTYMKOB PellicH B
noxpaszaenax 5.5-5.7, 6.3 u B nynkre 8.1.2. B noapaznene 4.1
CHHTE3MPOBaHbI AITOPUTMBI YIIpaBJICHHs], poOaCTHBIE KO BCEM
BHJaM HEONpeNeIeHHOCTH, MMEIOIIUM MECTO Ipu (OpMHUpPOBa-
HUU DIIEKTPOMarHUTHOrO MOMEHTA, a Takke poOacTHBIE K He-
TOYHOCTH 3HAHUS MPUBEAEHHOI'0O MOMEHTa MHEPLUU U Harpys-
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ke. HecmoTpst Ha TO, 4TO pa3paboOTaHBl aJrOPUTMBI yIIpaBJie-
HUA, pO6aCTHI)IC K HCOIPCACICHHOCTH MOMCHTAa MHEPLUUU, A
TEXHOJIOTMYECKOrO MPOIECCa YacTO HYKHO 3HATh BETHYHHY
MOMCHTA MHCPIUH.

Haubonbieil HeonpeneneHHOCThIO CPEeH 3IIEKTPOMAarHHT-
HBIX MMAPaMETPOB O0JIAA0T U3MEHSIIOIINECS BCICACTBHE U3Me-
Henus temmepatypbl AJl conpotusienus potopa (R) u cratopa
(R). 3amaua 3HAUUTETHEHO YCAOKHSIETCS, KOrla CKOPOCTh POTO-
pa AJl (w) He uaMmepsieTcst, a U3MEPSIOTCS JINIIIb KIIEMMHBIE TO-
KU W HanpsbkeHus. TeM He MeHee, Ul 3TOro Cliydast Mpeijio-
KeHO Heckonbko MeroaoB [1-9]. B paborax [1, 7, 9] onenuBa-
forest ® U R.. B nyonukanusx [2, 5, 6, 9] onenusaiorcs o u Re.
B pab6orax [3, 4, 8, 9] onenuBaiorcs @, Rs 1 R.. Bo Bcex yro-
MSHYTBIX aJIrOpPUTMAax, HapsAy C IEPEUUCICHHBIMHU IapaMer-
pam#, OLEHWBAIOTCSI HEOOXOJUMBIEC ISl YIPaBIEHUS BEKTOPHI
notokocuenienus poropa (y ) u (uwmm) craropa (y (). Pac-

CMOTpeHHbIe B paboTax [1-9] amropuTmsl, B 0COOEHHOCTH Te,
KOTOpBIE OJIHOBPEMEHHO OLICHUBAIOT @, Ry, R my , cioxHBI.

DTO BBIJIBUTACT TMOBBIIICHHBIC TPEOOBAHUS K 00bEMY MaMSITH U
OBICTPOJICHCTBUIO BHIYUCIIHTEIIS.

Craenyer oTMETUTb, YTO CpPEOy OMYOIMKOBAHHBIX aJlTOPHUT-
MOB UMEIOTCsSI He paboTrocrocoOHbie. [IpuMepoM MoxeT city-
KHUTh AJITOPUTM OLICHKU CONPOTHUBIICHUS Rs, OnMcaHHbIi B y0-
nukanuu [7], paboTocrnocoOHOCTh KOTOPOro Obuia obecredeHa
aBTOpaMH JIaHHOW KHUTH B myHKTe 7.1.4.

Lenbio maHHOrO pasiena SBISETCS pa3padOTKa MPOCTHIX
QJITOPUTMOB MJCHTU(UKAIMU CONPOTHBIICHUII CTaTOpa U POTO-
pa, a TaK)Ke MPUBEICHHOrO MOMEHTa HHEPLUH POTOpa JBHUIraTe-
JI ¥ BHELIHUX BO3JICHCTBUM HA HETO.

VHpoIIeHUs aJroOpuTMOB WACHTU(PHUKAIUE MOXKHO JTOCTHYb
3a cyeT pa30MeHHUs aNIroOpUTMa Ha HEe3aBUCHUMbIC OJIOKH, MJIM Ha
OJIOKM C OTHOCTOPOHHHUMHU CBSI3SIMH.
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7.1. CuHTe3 aITOPUTMOB HIAEHTH(PUKATMH
compoTuBJieHus craropa [10, 27]

IMocTanoBka 3apaun. YpaBaenus padotsl A/l B craTopHOM
6asuce (a, f) B coorBercTBuU ¢ myHKToM 2.1.1 mMmeroT ciie-

YOI BU!
u=Ri+sLf+L ¥k, (7.1.2)
E L.
= - = —mj, (7.1.2)
¥ =(wJ Tr)y + 7!
m=nL_i"Jy , (7.1.3)

rie U, i, iy — BEKTOPBI HAPSHKEHHS U TOKA CTATOpa M MOTOKOC-
nerienus poropa; R, R, Ls, L — CONPOTUBICHUS ¥ UHIAYKTHB-
HOCTH CTaTopa W poTopa, Ly, — B3auMHas MHIyKTUBHOCTH CTa-

Topa u poropa; L =1L L'rl; N — KOJIMYECTBO Map MOJIIOCOB; W —

mi
YTJIOBast CKOPOCTh POTOPA, ¢ — OO KO PHUIMEHT paccenBa-
HUS; M — 3JIEKTPOMArHUTHBIN (YITPaBIISAIONINiT) MOMEHT;

.0 & oy ,_ € -l L,

ngxalj’Ezgl 031\]:’\ L]!Szl' m ]

gxbl] & 1f & of L,L,
L. =LL T =LR™, (7.1.4)

X — KaKoi-1u60 BEKTOp, 38 JaHHbIi CBOMMH TPOCSKIHSIMH Ha OCH
6asuca (a, f); T, —HOCTOSIHHASI BpEMEHHU POTOPA.

ypaBHCHI/IH SJICKTPOMArHMUTHLIX MPOIECCOB B aCUHXPOHHOM
JIBUTATEsIe, OMUCHIBAEMBIX B CHHXpOHHOM Oasuce (d, (), ocs d
KOTOPOrO CBsi3aHAa C BEKTOPOM IIOTOKOCLEIUICHHsI poTopa Y

(y :[y dO]T), umerot B (cM. myHkt 2.1.1)

Ty, +Y 4 = Loy, (7.15)
u=s LE+R +RLE)i+ws LJi-
- L, ET S -nwd)ly 4 O], (7.1.6)
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m=nL,y i, (7.2.7)

B (6) w, —yrioBas ckopocTh BEKTOpa Y B CTaTOPHOM 0Oa-

3uce (CHHXPOHHAsI CKOPOCTb).
[Mpu muddepenrpoBanny Bpalaromerocs BEKTopa HMeeT
MECTO BBIpQKEHUE

Y =h%b/ [+ wpdy - (7.18)

Benencreue OomnblIold MOCTOSHHOM BpEeMEHH H3MEHEHHS
ly |, atem Gonee npu |y |=const, Gyxem nonarats

YERYE (7.1.9)

B npuBeneHHBIX BBIpAKEHUSIX MPUCYTCTBYIOT HATPSIKESHHS,
TOKH M WX MPOHU3BOJHBIE, COACPKAIINE BHICOKOUACTOTHBIC IITY-
MBI, OOYCJIOBJIEHHBIC LIMPOTHO-MUMITYJIbCHOM MOZIYNSIIHEH B
npeoOpasoBareie 4YacToThl. B manbHeiimeM OyaeM cuuTaTh, 4TO
TOKH ¥ HaIlpsDKEHUS TPOITYLIeHBI Yepe3 QHIbTPBI, ONHCAHHBIC B
paszene 5, Beiensionme 6e3 UCKaXEHUI TIaBHbIE TAPMOHUKH
HaTpsDKEHUH W TOKOB, MPHYEM, CTeNeHb (UIbTpalu TakoBa,
YTO BBIXOJHBIC CUTHAJBI (PWIBTPOB MOXHO IuddepeHIupo-
Batb. Kpome TOro, 4ro0bl 000iTH MpoOIeMy IIIyMOB B 3JIeK-
TponpuBogax, paborarommx ot [IY ¢ HIMM, ugacto BMecTo
TJIABHBIX TAPMOHHMK SKBUBAJICHTHBIX JIBYX(a3HbIX HaNpsKEeHUH

U, , U, Ha BbIixoze [IY B anroputMax yrmpaBieHHs UCIIOJIB3YIOT

HUX IporpamMMHbIe 3HaUYeHUS U u, b CtpyKkTypa BEKTOPHOTO

ap’
YIIpaBJICHUA TaKOBa, YTO M3BCCTHLI TAKKC YHPABJIAIOIINE CHUTI-

Hansl IHIAM Uy, U, ,, IPEACTaBICHHBIE B CHHXPOHHOM 0asu-

qp?
ce. Takum oOpa3oM, 3amava OyJeT pemaThCs B MPEIIOIOKE-
HUH, YTO BEKTOPBI U, | U3BECTHBI U AUPPEPEHIIHPYEMBI.

Henbio moxapaszaena siBisercs pa3paboTka MO ypaBHEHHSIM
(1)—H9) cpaBHHUTETBHO TIPOCTHIX AITOPUTMOB HACHTH()HUKAIIHH
CONpOTUBIEHUs cTaTopa Rs.
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7.1.1. Hoenmugpuxayus conpomusienus cmamopa
(Anzopumm 1.1)

C yuerom (1) axtuBHas MourHOCTh AJl Ompesessercs BbI-
paKEHHSIMH

. . 1 d,. .
P=|Tu:RS|||2+Es Lsa|||2+Lmr|Ty& . (7.1.10)

C nomomrpio (3) u (9) mpeodpasyem dparment Boipaxkenus (10)
CJICIYIOLIUM 00pa3oMm:

Lonri TYE = Linri Twg Jy :WO%. (7.1.11)

Hcrunnbie 3HaveHHss M MOXHO 3aMEHHTh PACUYCTHBIMH
sHaveHusiMu M, u3 (4.1.23) C ygerom (11) Beipaxenus (10)
MPUHUMAIOT BH/

| o 1 d,
P=ifu=R|if +s Lsa|||2+wo%. (7.1.12)

Pa3znynble MeTO/IBI OLIEHKH W, OBbUIM PACCMOTPEHBI B pas-
nene 6. Haubonee mpuBIEKATENbHON SBISETCS OLEHKA W, M3

noapasaena 6.3, T.K.OHa HE 3aBUCHT OT HEM3BECTHBIX Mapa-
MeTpoB. [TocKONIbKY BCE MepeMEHHbIC B KOHCTAHThI, BXOSIINE
B (12), xpome R,, m3BectHbl, To M3 (12) dopmanbHO MOKHO

Haiith R,. Jliist criiakuBaHust BOSMOXKHBIX IMJIbCALUN U yCTpa-

HEeHHs Heo0X0oAUMOCTH A depeHIIMpOBaHUS MOIYIISL TOKa TO-
crpoum Habmonarens R,. Bynem nonarats

R =R, +R,, (7.1.13)

rie R,, R, —HOMHHaIBHOE 3HAYECHUE COMPOTHUBIIEHUS CTATOPA

M ero OTKJIOHEHHE OT HOMHHAJILHOTO 3HaueHus. C yuyeToM 3To-
r0, ypaBHeHuto (12) MOXXHO pUIATh BUJ

ye =|i['Ry, (7.1.14)
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. . 1 d,.p2 m,
=iTu- R.|i[P- s L—|i[P- w2 . (7.1.15)

Y, =iTus Ryfif - 25 L i - w,
HOCKOHLKy st MCHSECTCS MEAJICHHO, TO MOKHO I10J1araTb
R, =0. (7.1.16)

Jins ouenkn R mo ypasnennsm (16), (14) moctpoum Habmo-
narenpb [11]

A, =117 R, - i) (7.1.17)

rae R, —omenka Ry, |, —kodsdduiment nepenaun nabmoza-

tenst. [Toncranoska (14) B (17) u nocneayroiiee BeIYUTAaHUE U3
mojaydeHHoro ypaBHenus (16) maer ypaBHeHHWE OITHOKK Ha-
Omroarens

Ry =R, - Ry (7.1.18)

B BHUJIC
B =IiR, - (7.1.19)

VMHOXHB JIeBYIO 1 TipaByto yacti B (19) Ha ﬁ{d , TOJTY4UM

V=R LR

rae V MOXXHO paccMaTpuBaTh Kak pynkuuto Jlsmynosa. Toraa ¢
HOMOIIBIO TeopeMbl JIsmyHoBa Jierko gokasath, yro mpu 11 0,

| <O Hyneoe pewenne ypasuenus (19) Gyzer acumnroTHYe-

cku ycroiunBo. Ha npakruke coorHomenue | 1 O BoImonHser-
cs Bcerga. CKOpocTh yObIBaHUS OIMIMOKH MOXKHO 3aJiaTh 3Haue-

uuem .
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[Mocne noacranoBku (15) B (17) u yuera (12) nomy4uum
i 2 .12 1 d .12 lTb T u
=lgg + " +=s Ly—|i| +W,—]- i uy=
Ry =flR +Ro) [+ 35 Liglif - g

=1,(P- P). (7.1.20)

N3baBumes ot auddepenimpoBanus B npaBoit yactu (20). s
3TOTO BBeJeM 0003HaYeHHE

z=Ry - s Li [, (7.1.22)

OTKYy/a

R, =2+, sL|| (7.1.22)

C yderom obo3navenuii (21), (22), a Takxe 3ameHbl U = u,

ypaBuenue (20) npumer BU
. 8.2 1 20 .7 12
ﬂs—lsg|| &HS—S Li| = i"u +Ry|i
e e 2 o
ConpoTHBIICHHE CTATOPA OLICHUBACTCS 110 3aBUCHMOCTH

R=R,+R,. (7.1.24)

Jlnst nomydeHus Im,, MOMUMO BbIpaskeHus My u3 (4.1.23),

(7.1.23)

MOXKHO BOCIIOJIb30BaThCs Takxke BbipakeHneM (4.1.6), B koTo-
POM MCTHHHBIE TOKH 3aMEHEHbI IPOrPaMMHBIMH TOKaMHU

—Al2 -1
my =Nlololaplgp- (7.1.25)
MozenupoBaHye IOKa3bIBAaET, 4TO 3aMeHa B (25) idp,iqp
COOTBETCTBEHHO Ha |, I, rae Iy :(Idp +Id)/2, Iy —( ap )/2
TMOBBIIACT TOYHOCTH OILICHKU COITPOTUBJICHHUA CTATOPA. KaK YiKE

OBLJIO CKa3aHO, MPEANOYTUTEIBHO UCIIOIb30BATh OLICHKY W, M3
nozpaszaena 6.3.
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I.\.I."I'. f - - i'- ..r.
i Hatimogatens | o s :
Vap MEF ™ . (63,28, 29) i Hmm”f-:“ &
'-‘p"qy - Hap: Mg R {22]-[25
P

Bnok-cxema anroputma mpexactasieHa Ha puc. 7.1.1. Cre-
AYCT OTMETUTD, YTO BXOJHBIMH CUTHAJIaMU aJITOPUTMa ABJISAIOT-
Cs U U3BCCTHLBIC ITCPECMCHHBIC.

7.1.2. Oyenka conpomugnenus u HOMOKOCHEni1eHus
cmamopa (Ancopumm 1.2)

Bocnone3yemcst ypaBaenuem (1)

¥ =L,(u-Ri-sLH-. (7.1.26)
[Mpumem o0o3HaUCHUE
LY s =Y *+SLlimi s (7.1.27)

I s — MOTOKOCIEIUIGHNE CTaTopa, C y4eTOM KOTOPOTro ypaB-
Henue (26) mpumer BuJ

Ve, =u- Ri. (7.1.28)
YMHOXHM ypaBHeHue (28) ciiea Ha Y ST . Torma nonyuum
1d 2 .
u- Ri). 7.1.29
> dt| . (u- Ri) ( )
U3 ypaBHenus (29)
T 0
. 7.1.30
R = 20It|y| -y u X(y i)’ (7.1.30)
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V Boipaxenus (30) aBa Hemoctatka: 1) Hanmume audde-
2
pentpoBanus |y |, 2) BOSHUKHOBEHHE CHHTYJISPHOCTH TPU

T.
y o 1 =0. Ycrpanum 3TH HEOCTATKH CIEAYIOIIHM 00pa3oM.

Bynem monarats, kak u panee B (13),

R=R,+R,. (7.1.31)
C yderom 31oro, ypaBHeHH0 (29) MOXKHO MPUAATH BUJL
Y. =Y iRy, (7.1.32)
TJ€E, C IPYrof CTOPOHBI,
T . 1 d 2
= u- i)- —— . 7.1.33
ys ys( RSO) 2dt|ys| ( )
[ockonbky R MEHsETCS MEIEHHO, TO Oy/IEM MOJIaraTh
R, =0. (7.1.34)

st onenkn Ry, mno Beipaxenusm (34), (32) nocrpoum
Habmonatens [11] B Buze

B =1y iR, y.). (7.1.35)

IMToacranoBka Ys u3 (32) B (35) 1 BeIYMTaHHE U3 TONYIEHHOTO
ypaBHenus (34) qaetr ypaBHeHHE OMMOKH OIICHUBAHKS B BHJIC

B, =ly iR, (7.1.36)

re omunoka

R,=R,- R,. (7.1.37)
ITycts
|, =Isigny i)- (7.1.38)
[oncranoska | u3 (38) B (36) ¢ mocneayrommM yMHOKXECHHEM

noixydenHoro Ha R naer ypaBHenue
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- z 7.1.39
2 dt ng iR, ( )

Ha ocuoBannu (39) MOKHO Cc/IeNIaTh 3aKJIIOYEHHE, YTO TIPH BHI-

Lo T -
nomHennn yenouit Y (11 0 u | <0 ommbka Oyzmer ymeHs-
matbesi. B coorBerctBum ¢ (36), (38) ckopocTh yMeHbIICHUS
[

[MoxcraBum (33) B (35). Honyth
=1 [ +1
R - % RS a

Jlnst yerpanenust Heooxomumoct quddepenuuposanus B (40)
BBe/leM 0003HaueHUe

OIIMOKH MPOITOPIIMOHATIEHA

-y (u- Rsol)H (7.1.40)

z, =Ry, -§|ys|2, (7.1.41)
OTKyZa
R, =z +|Es|y g (7.1.42)

IMoacranoska (42) B (40) maer

A

ﬁszlsg/";igezs+l_5 " ] Rsoi)ﬁ- (7.1.43)
e e 2 U

B (43) Heu3BecTHOE MCTHHHOE 3HAYCHHUE s 3aMEHEHO Ha €ro
oueHky Y .. B coorBercruu ¢ (42), (38), (27), rae BMecTo y u

s CTOAT UX OLGHKH Y nY ,

A . A A
Ro=z+2V [ R=Re+Ry.  (T144)
|, =Isignyi, (7.1.45)
y.=L,y +sLi. (7.1.46)
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HaommogaTean S
g p g7 R (43} (4] o HAG T nate ik
| £, L5434 W (6 113)

{5.1.13)

Pucynen: 7.1.2

Cuctema (43)—46) ne comepkut auddepeHInPOBaHUS H
CHHTYIAPHOCTH. B 3Ty cucTeMy BXOIAT OLGHKU Y H Y _, TIOIy-

Yaemble 10 KaKOMY-TH00 M3 alrOpUTMOB pasaeioB 4 u 6. Otu
AJITOPUTMEBI, B CBOIO OYCPC/b, 3aBUCAT OT CONPOTHUBIICHUSA RS,
KOTOpoe MeHsieTcs Ha ero oneHky R.. Takxum oOpasom, oreHka

R,,Y uny . npexacraBmser coboil 3aMKHYTYIO cucteMy. biok-

cxema 3Toro uaeHTu(uKaropa npeacrasieHa Ha puc. 7.1.2.

7.1.3. Ouenka conpomuenenus cmamopa
u nomokocyennenusn pomopa (Ancopumm 1.3)

Ha puc. 7.1.3 mpencraBnena popaboraHHasi OJOK-cXxema
orteHkH Rg u y, onncannas B padore [7].

JlopaboTka 3aKiIr04aercss BO BBEICHHUU LEMU C CHTHAJIOM
signw, , 6e3 koToporo cxema He paborocnocobHa. B 3toit cxe-

M€ OIICHKa COITPOTHUBJICHUA CTAaTOpa OCYHIECCTBJIACTCA IO 3aBU-
CUMOCTH

k @ RN
Rﬁg p+—'ﬂTJ€/ p-y)SIgnwo, (7.1.47)
Po
rae kp, k, — koadpunmentsl [IU-perynstopa, P — omeparop

Jlannaca, Y |, — IporpaMMHO€ 3Ha4eHHE BEKTOPA MOTOKOCIIEN-

JIEHHSI pOTOpa.
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z]y [Way W,.Bv _.-®_>

A- 4? e
sign |ay,

Hab1rogatens
v [28-30]

T

lgsdg  Hyp.lgy

|E| — 3HAK CKaJIApHOI'0 IIPOH3BEICHIIA

Pucynor 7.1.3

7.1.4. Pe3ynomamut Modenuposanus

s mpoBepku pabOTOCIOCOOHOCTH CHHTE3MPOBAHHBIX all-
TOPUTMOB OBLJIO MPOBEACHO HH(POBOS MOACIMPOBAHUE JUHA-
muku ynpasisemoro AJl. [lpu monenupoBanuu paccMaTpuBal-
csa AJl A2-81-4, napameTpbl KOTOPOro U IIpeodpa3oBaTess yac-
TOTBI yKa3aHbl B MPHJIOKEHUU A. B anropuT™el ObUIH BBEICHBI
OrpaHUYCHHS TOKA U HATIPSDKCHUS, a TAKIKE OCYIIECTBICHO MO-
nenupoBanue dpdekror [IIMM u OpoCKOB HANPSHKEHUS B CETH
NUTaHUS. AJITOPUTMBI TPEICTABICHBI B JTHCKPETHOM BHE C
taktoMm cuera 100 mkc. [{ns obecrieueHUs: BO3MOKHOCTH OIICH-
KU COMPOTHBIICHUS POTOPa B HAMATHUYMBAIOIILYIO COCTaBJISIO-
LIyI0 TOKa CTaTopa HWHXKEKTHPOBAlIach CHHYCOMJAllbHAsl CO-
CTABJISIOMIAs C AMILIHTY/I0H 3A M YrioBoii yacToToii 5¢

Ha puc. 7.1.4, 7.1.5 noka3aHbl IpoliecChl YIPaBICHHS TOIb-
KO TI0 KJIEMMHBIM M3MEPEHHUSM TOKOB U M3MEPEHHIO HaIpsiKe-
HUsL B 1enu noctostuHoro toka [T (6e3 ucrnons3oBaHust 1aTyu-
KOB CKOPOCTH M TOTOKOCHerieHus). CHUHXPOHHAs CKOPOCTb
onpenensach o 3asucumoctsim (6.3.28), (6.3.29). Ha puc. 7.1.4
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MMOKa3aHO M3MCHCHUC CKOPOCTU pPOTOpa (W) Ha y4dacCTKax Ha-

maranuuBanus marautHod 1enu (O£t£0.3 c¢), pasrona, npu-
noxenuss Harpysku (mpu t=1.2 C), cOpoca Harpy3ku (mpu
t=1.7 c), peBepca, CTYNEHYATOr0 MPOBaJa HAMPSHKEHHS M-
tatoreit cetr Ha 30 % (t = 3.2 C), BocCTaHOBIIEHHS HOPMATBHO-
ro Hanpsokenus (t = 4.2). Ha puc. 7.1.4 Takxke moka3aHo u3Me-
HEHUE OJHOW COCTABIISIOLIEH TOKa CTaTopa IPU OrOBOPEHHOMU
nocieaoBaTeNnbHOCTH onepaunid. Ha puc. 7.1.5 mokazan mpo-
[[ecC CTaOMIIM3alMK HYJIEBOM CKOPOCTH TPH TOJade M CHATHU
Harpysku. Puc. 7.1.4, 7.1.5 cBUACTEIBCTBYIOT O XOPOIIEM Kade-
CTBC YIIPABJICHUA U HIMPOKOM JUAINa30HE PCTryJIMPOBAHUA CKO-
POCTHU IPpU MHBAPUAHTHOCTH YIIPABJICHUSA 10 OTHOIICHUIO K CO-
IMPOTUBJICHUIO CTAaTOpA.

Jns mintrocTpauu paboTococoOHOCTH TPEX PacCMOTpEH-

HBIX aJITOPUTMOB OLCHKHN Rs C UIBMCPCHUEM TOJILKO TOKOB CTa-

TOpa BOCCTaHABJIMBAJICS BEChb BEKTOp cocrosiHus AJ] u omHO-
BPEMEHHO HICHTH(UIMPOBAJIOCh AKTHBHOE COIPOTHUBIICHUE
cratopa. [Ipuyem mpolecc OLEHKH CONPOTUBIICHHS HAYMHAJICS
cpasy nocie BriatoueHus AJl. Ha puc. 7.1.6 comocrarieHsl pe-
3yJbTaTbl OLIECHKHU W ,V |,W0 , WSI C UX HCTHHHBIMU 3HA4ec-
HUSIMH B TIpOIIECCE pa3roHa, Harpy3ku A/l ¢ mocnenyrorieit cra-

o —1 o
ownuzanueit ckopoctu poropa 10 pag*c™ COBMECTHO C OIIGHKOMH
R, . Kak BunHO U3 pucyHka 6, mporecc OLEHKU 3aMeTHO YXYJ-
IaeT Ka4yecTBO yrpaieHus. Kpome TOro, OleHKH KOOpIMHAT
HUMCIOT 3aMCTHLIC MOTPCHIHOCTH. Bnusuue HWHXXCKIIUU BUIHO B
KPHBBIX b/ | Wq, W, . MOMeHTHas COCTaBIsIONIas TOKA CTa-
TOpa BBIOpaHa MCXOJS M3 OTCYTCTBHUS MYJIbCAIIUIA AJIEKTpoMar-
HUTHOTO MOMEHTa M CKOpOocTH potopa. Ha puc.7.1.7 u 7.1.8
IPEICTaBIICHBI IIPOLECCHl OLleHKH R, ¢ momolbio Tpex ajiro-
PUTMOB B TPENNOI0KEHNH, YTO NIEpBOHAYAIIbHASI HHPOPMAIIHS
o R, B 2 pa3a Gombme (puc. 7.1.7) u B 2 pa3a mensbie (puc.

7.1.8) MCTHHHOTO 3HAYCHHUSI R, COOTBETCT-
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BeHHO. [Ipuyem mporecc OmEHKH CONMPOTHBICHHS HAYHMHAJICS
cpa3y nocie BkiatoueHus AJl. Takue ycimoBus MpeacTaBiIsIOTCS
HAMXYIIIUMHA U3 BO3MOXKHBIX U B M3BECTHBIX IMyOIMKAIMIX HE
paccMaTpuBaMCh. B mpormecce ympaBiieHHS JBUTaTENEeM HC-
MOJTB30BAJICS 0pabOTaHHBINA anropuT™ oieHkn Ry mo Akatsu-
Kawamura [7], a anmropuT™Mbl OLIEHKH, CHHTE3UPOBAHHbIE aBTO-
pamu, pabotany B MHIUKATOpHOM pexume. Bee 3 anroputma B
YCTAaHOBUBIIEMCSI PEXHME JAIOT MPAKTHUYECKH COBIIAJAIOLINe
pe3yabTathl. [lomoxuTensHo omnyaercs anroputM 1.1 oreHku
R,, IPEIOKEHHBIH aBTOpaMH, KOTOPHI oOnajzaer OoabHIUM

OBICTPOJICHCTBIEM B YCTAaHOBHBILIEMCS PEXKUME M, YTO OCOOCH-
HO BaxXHO, uaeHTH(UIMpyer Ry B pexxnMe HaMarHUYMBaHUS
AJl. Ouenka Ry ocymectBusiercs 3a nepBoie 0,1 c. Hecmotpst
Ha TO, YTO OCYIICCTBIISUIACH WHXKEKIUS TEPHOJAUYECKON CO-
CTaBJISIOIIEH B HAMarHWUYMBAIOLIMM TOK CTaTopa, B OLIEHKAX
Rs Busnne vmkekuMu Mano3aMeTHo. JTO OOBACHAETCS TEM,
YTO W3 OIEHOK, MOJYYSHHBIX HEMOCPEJACTBEHHO U3 HaOIo1aTe-
JIeH, C IOMOIIBIO (WiIbTpa U3 Toapasaena 5.7 ycrpaHsuiach re-
PUOIMYECKast COCTABIISIONIAs], 00yCIOBIICHHAS HHKCKITUCH.

Ac 1 .-1,:"..1

S0 2
0 0— e L e
-5 -2}
ST -4- 1
.|I-T|I|. o i
- 20 AR S SN S SHE S -3 - .
oS L 1.8 3 CERRF o ¢ 05 1 L5 X2 L5 3
Focyeor 7.1.4 Prcynos 7 1.2
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Pucynok 7.1.8

BuiBoasl. MonenupoBanune pabotsl AJl mo anroputMam
nonpazaena 2.1 mpu U3MEPEHUU TOJIBKO KIEMMHBIX TOKOB U
HAIpsDKEHUs! B IIEMH MOCTOSIHHOTO TOKa Mpeo0pa3oBaTeist yac-
TOTHI (0€3 IaTYMKa CKOPOCTH) JaJI0 CIICAYIOLINE PE3YIIbTaThI.

1. Cucrema obnamaer acTaTU3MOM IO OTHOIICHHIO K Ha-
rpy3ke AJl 1 M3MEHEHHSM HaNPSHKEHUs MUTAIOUICH CeTH.

2. TTocTosiHHASI CKOPOCTh, B TOM YHCIIC U HyJIeBasi, KaK MpH
HAJIMYMK TIOCTOSTHHOM HArpy3KH, Tak u 0e3 Hee, MO/Iep)KUBacT-
ca ¢ TouHOocThi0 0,8X0°°%pao*c*. Ecim momycruts morpem-

HOCTh MHUHHMMaJbHON ckopoctu 20 %, TO auama3oH peryaupo-
BaHUs ckopocTH coctaBuT 1:40000.

3. OueHKu CKOpOCTel poTopa M ero BEeKTOpa MOTOKOCIEI-
JIEHUs1 He 3aBUCAT OT CONPOTHBIICHHUS CTaTOPa, BCIEACTBUE YETO
W cama CHCTeMa YNpaBJeHUs, TIOCTPOSHHAs Ha JTHX OLIEHKaX,
SIBIISICTCS. WHBAPUAHTHOW IO OTHOIIEGHHIO K CONPOTHBIICHHIO
craropa.
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4. [lpu cuHTeE3e aNropuT™Ma OLEHKH CHHXPOHHOH CKOPOCTH
MPEAIoNarajoch, YTO0 MOIYJb BEKTOpa MOTOKOCIEIUIEHHS po-
TOpa MmocTosiHeH. B To e Bpems, AJs OLEHKH COMPOTHBIICHHS
poTOpa B KOHTYp HaMarHMYWMBaHHUS WHXKEKTHPYIOT CHHYCOM-
JalbHYI0 COCTAaBIIAIOUIYI0 TOKAa, BCIEICTBHE 4Yero B OICHKE
CHHXPOHHOW CKOPOCTH MOSIBIISIETCS CHHYCOHMJAQJIbHAS COCTaB-
Jonas TOM JK€ 4YacTOThl. Y CTPaHHUTh 3Ty COCTaBJISIOLLYIO
MOXXHO C TIOMOIIBIO JIOTIOJHHUTENLHOTO HaOMogaTens W3 Moj-
pasnena 5.7.

CuHTE3 W aHaJIW3 METOJIOB OLICHKU COMPOTUBIICHUS CTATO-
pa Ianu cleayoume pe3yabTaThl.

1. UccnenoBanbl 3 anroputMa OLEHKH COMPOTUBIICHUS CTa-
topa. Anroputmbl 1.1 n 1.2 cuHTe3MpOBaHBlI aBTOpaMU JaHHOM
CTaThH, a aITOPUTM paboThl [ 7] MoaMHUIIMPOBaH, T. K. B OIy0-
JINKOBAaHHOM BHJIC OH HE pabOTOCITOCOOCH.

2. Bce anropuTMbl OIEHKH CONMPOTHBIICHHS CTaTOpa, B TOM
YHClie U PACCMOTPEHHBIC B JJAHHOW CTaThe, PabOTOCIIOCOOHBI
TOJILKO B HIDKHEH MOJOBUHE JMANa30Ha PeryInpoBaHus CKOpPO-
cru. K cuactbio, BIMsIHUE CONPOTUBIICHUS CTaTOpa Ha AWHAMH-
Ky AJl B BepxHeil OJOBUHE JUANIa30Ha PEryIUPOBAHUS CKOPO-
CTH HE3HAYUTENBHO.

3. B ycraHoBuBHIEMCSI peXHUMe Bce 3 alropuTMa HUMEIOT
OJIMHAKOBYIO TOYHOCTh M HEOOJbIINE KOeOaHUs OIICHOK, 00y-
CIIOBJICHHBIC HWH)KEKIMEed B HAMarHUYWBAIOLIYI0 COCTaBJISIO-
LIIyI0 CTaTOPHOrO TOKa CHUHYCOMJAIbHON COCTaBJISIOLICH,
MpeAHa3HaYeHHOH Ui OOecriedeHus] OILEHKH COMpPOTHBIICHHS
potopa.

4. B otnunuue ot anroputmoB 1.2 u 1.3, anroputm 1.1 paGo-
TOCIIOCOOEH B pE&KMME HaMarHW4KMBaHUS, B KOTOPOM JUTUTENb-
HOCTb OIICHKU CONPOTUBIIEHUs cTaTopa He mpeBbimaeT 0.1c.

5. B Hawane mycka MMeeT MECTO XaOoTHYECKHUH MpoIecc
oneHKd R_. OTO 00BACHAETCA OJIHOBPEMEHHBIM MPOTEKAHUEM

IIPOLIECCOB YIIPABJICHUS U OLIEHKU COIPOTUBIIEHUS R .

KauecrBennas OLICHKA COIIPOTUBJICHUA CTaTOpa IO3BOJIACT
U30aBUTBECS OT HGO6XO[{I/IMOCTI/I HU3MCPCHHMA BBIXOAHBIX HaIIps-
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skeHuit [TY, a ucnonp30BaTh BMECTO HUX YIPaBIIAIOIIME CUTHA-
nbl Oiioka [IIMM. B stom ciywae pa3zpaOOTaHHBIE ajIrOPUTMBI
OyIyT OLICHUBATh HE aKTHBHOE CONPOTHBIICHHUE CTATOPa, & CyM-
MY 3TOT'O CONPOTUBIIEHHUS C COMPOTUBIEHUEM Kalelsi U DKBUBa-
JICHTHBIM conpotuBiieHueM Onoka [IIMM, Bkitouaromumm B ceost
CONPOTUBJICHUS] TPAH3UCTOPOB U (UKTHUBHBIE COMPOTHBIICHUS,
YUUTHIBAIOIINE BIMSHUE 3ala3AblBaHUS NMpPU OTKPBITUH M 3a-
KpbiTuu TpaH3ucropoB IIMMNM, u «vepTrBOE» BpeMs B HEM.
Kpome Toro, B MACHTH()HUIMPOBAHHOM CONPOTHBICHHH OYIyT
YUUTHIBaThCS M3MEHEHHE HAMPSKEHUS MUTAIOMIEH ceTh U 3-
(eKT BBITECHEHHS TOKa. DTOT (hakT obecrieunBaeT poOacTHOCTh
CUCTEMBI 110 OTHOIICHHUIO K MEePeYNCICHHBIM 3 dexram.

7.2. Unentudukanus conpoTUBIEHUS
(mocTostnHO¥ BpeMeHn) poropa [16, 27]

7.2.1. Ouenka ckopocmu u ROCHOSIHHOU 6PEMEHU POMOPA
¢ HOMOWbI0 adanmuenozo nadarwoamens [12)
(Anzcopumm 2.1)

CocrosiHue mpoOiieMbl HIACHTH(PHUKAIMKA COMPOTHBIICHUS
poTOpa WM CBA3aHHOM C HHMM IMOCTOSHHOW BPEMEHHU pPOTOpA
OBLJIO IPOaHAIN3UPOBAHO B HaYalle JAHHOIO pasfena.

B »TomM myHKTE paccMmarpuBaercs aByxdasHas MOAETb
ACUHXPOHHOrO ABUrarens. BekTop moTrokocuenieHus poropa,
3aJJaHHBIA NPOEKUMAMHU y .,y , Ha CTaTOpHHIA Gasuc (a, b)

OITUCBIBAETCS «TOKOBBIM» ypaBHeHHeM (2.22)

v=wJ-aE)y +Lai, (7.2.1)

rae W, =rnw, N— KomuuecTBO map nojirocoB; W — He H3Me-

psieMasi yrioBas CKOPOCTH pOTOpa; | — BEKTOp TOKAa CTaTopa,
3a/IaHHBIN TIPOEKITUSIMHU ia, ib ; L, —B3auMHas MHIYKTUBHOCTb

poTopa u craTopa,
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S frheng B0
$.0 " 1l 7T of
-t1=R. (7.2.2)

3neck L, — mHaykTHBHOCTH pOTOpa, |, — NOCTOSIHHAs BpeMe-

HU poropa. [lonarasi, 4To U3BECTHBI OIEHKU W, =W U & , 1o
ypaBHenuto (1) u u3mepenuto y nocrpouM Habmromatens Jy-
sHbeprepa [11]

W=WxI-dEy +LAi+Ly -y). (7.23)

B (3) L — maTprna ko3ppuiineHToB HaOIM0AaTENS, 3HAKOM <>
0003HAYEHBl OIIEHKM COOTBETCTBYIOIIMX IIepeMeHHbIX. [lo-
TPEIIHOCTH OLEHOK OyneM 0003HadaTh CUMBOJIOM « ». [Ipu-
MEM, 4TO

=W, - W,y =y -yh,a=da-d. (7.2.4)

VYpaBHeHne omMOOK HAOMIOAATENS MOXKHO TOTYYUTh ITyTeM
nozactanoBku (4) B (1), ¢ mocienyonumM BbIYUTAHHEM IOJY-
YEeHHOr0 U3 ypaBHeHHs (3)

W=WJ-dE+Ly +W.Jy -a(y - L.i). (7.25)

Jnst cuHTe3a aAanTHPOBaHHOTO HAOMIOAATeNs, OIEeHHUBAIO-

mwero W,, T, u yrounstomero Y , ucnonbsyeM ¢pynkuunro Jls-

IIyHOBa

N 2 . 2
v :y~Ty~+ (W* I' W*) + (a I' a)

w a

(7.2.6)

[MonHast mpou3BoOAHAs 10 BpeMeHH GyHKIuU V , mojydeHHas B
cuny ypaBuenuii (5) ¢ mpeamonoxkenwem, uyro W, =condt,

a =const, umeer Bug
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W=y [0ALT - & E+L) +(iud - & E+L)yb +kify TIVh+T Yy ) -

-aly - L)y +y Ty - L|)]+2W\’&' 2T>é (7.2.7)

w a

C yuerom (2) Beipaxenue (7) MOKHO TIEPETTUCHIBAT B BH/IE

M=y T[(WJ-dE+L) +W.J-dE+L)y +2wy "Jy -
o 2wv%/ 2a>e%

w a

S2a(y - L)y (7.2.8)

ITockomnbky V%I u é JI0 CUX TIOp HE OrOBapUBaJIUCh, JJI yNpO-

1IeHHs BeIpaxkeHus (8) mpumem
Wo=- 1 Ty, &=l - Li) V=l Live, (7.29
rae |, — Bektop Toka poropa. B atom ciyuae (8) mpuamMaer
BUJI
\ =y~T[(W*J -AE+L) +(WJ-AE+ L)}y~=
=y "(L+L" - 2dE)y . (7.2.10)
Hpu |  >0,1, >0 ¢ynkuus (6) sBasercs onpeeneHHo

MOJIOKHUTENBHOM, ee npou3BoaHas (10) npu npaBUILHOM BBIOO-
pe L moxer ObITh cjellaHa 3HAKOOTPHIIATEIBHOM, MPUYEM,

£ ° 0 npu yh © 0. Ilpu yk © 0 u3 (5) cnexyer
- dfy - Lj)°o. (7.2.12)
9T0 TOXICCTBO B CKAJIAPHOM BUJIC BBITJIAUT TaK.

Wy, +é(y , - Li,)° 0,
Wy, - dfy, - Lj,)° 0. (7.2.12)
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Cucrema (12) umeer perrenne W, © & © O torga u ToaBKO TO-

r1a, Korjaa onpeaeinuTenb cucreMsr (12)
D:yj +y tz) - Lm@ bib +yaia):
=y |- Ly Ti=Lily 0. (7.2.13)

(ITpu monyuennu (13) ObUTH KCTIOIB30BaHbI 3aBHCUMOCTH (2.8)

pasnena 2. DTo e yCIIOBUE MOXKHO MOJyYUTh HEIOCPEICTBEH-

HO 110 ToxkaecTBY (11) myTem ero yMHOXKEHHUs CHavalia ClieBa Ha
T .

y ', asaremcnesasxena (y - L i)' J).

Takum o00pasoMm, mpH BeIoNHeHWH yciaoBuit  (13),
|, >0,1, >0 u 3uakoorpunarensroctu ¢ynkuuu (10) na
ocHOBaHMH TeopeMbl bapOaiiaa-KpacoBckoro MOKHO 3aKITiO-
auTh, 4T0 peurenne ypasraenus (5) b © 0, W, =& =0 sBisercs
ACHIMITTOTHYECKH YCTOHYHBBIM, T. €. OIHOKa HaOmomarens (3)
ACHMITOTHYECKU CTPEMHUTCS K HyJr0. Tak Kak MpH MONyYeHHH
ypaBHenus (5) v npu 10Ka3aTENbCTBE YCTOMYMBOCTU €r0 Hylle-
BOI'O pEIICHUs HUKAKWE OTPAaHMYCHUS HE HAKIAJIbIBAIUCh U
limV =¥ npu yh, W, ,& ® ¥, To MOKXHO 3aKIIFOUUTh, YTO pe-
menue Vh© 0, W, =& =0 sBagercs rao6anbHO aCHMITOTHYE-
cku ycroWunBeiM. HepaBenctBo B (13) o3Hawaer criemyroriee.
Habnronatens He paboToCocOOEH B pEKUME XOJIOCTOTO X072
(rme i, =0) u B ycranoBuBumIeMcs pexume (re BEKTOPHI

: Ay ). TIocKONEKY B YCTAHOBUBIIEMCS PEXUME irTy °0, 10
Habonatens (3) paboTocrmocobeH TONMBKO B TIEPEXOTHBIX TPO-
eccax.

Bribepem matpuity L, obecneunsaroryto 3aannbiii nepe-
XOIHBIH TIporiecc st ypaBHeHus (5) BHE 3aBUCHMOCTH OT CKO-
POCTH ¥ OLICHKH MTOCTOSHHOM BPEMEHH POTOpA, B BHIE

L=-WwJ+d E+IE, (7.2.14)
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rae | — kosdduument, xapakrepusyoIHii ObICTPOIEHCTBIE
nabmozarens. [Ipu Bei6ope snemento Matpunsl L B cootBer-
crBu ¢ (14) nocnennee Boipakenue B (10) mpuHUMaeT BHT

V= 21k Tyh = 21|, (7.2.15)

OTKyJia BHJHO, YTO CKOPOCTh W3MeHeHHus (yHkuuu JIsmyHoBa

HE 3aBHCUT OT CKOPOCTH poTopa. Takum 00pa3oM, aCHMIITOTH-

YecKast yCTOMYMBOCTh OyaeT umers Mecto npu | < 0 u BeImon-

nennn ycmous (13). M3 acHMOTOTHYECKOM YCTOWYHBOCTH HY-

nesoro pemenus ypasuenus (5) cnenyer limyh =0, limw, = 0,
X® ¥ t®¥

& =0, oTkysa MOKHO 3aKJIIOYUTh, YTO pelieHne cucremsl (3),

(9) maer limy" =y , limW, =w,, limd =a , T. €. HOJIy4aoTCs
t® ¥ t®¥ t® ¥

OLIEHKH CKOPOCTH W, , HOCTOSSHHOW BpPEMEHU Tr =alu yTO4-

HEHUE IPOEKLHid BEKTOopa 'y .

s yctpaHeHus mpoOJieM YHMCTOr0 MHTETPUPOBAHMS BMe-
cro (9) npumem

t
W=k, yh Ty +k, Ty
0

t
a=k, - L.i)'yh+k_ v - L.i)"yhdt,
0
WK B IPOEKIIUSIX BEKTOPOB

t
W =K, O Yy -y oY)+ K, Y Y - Y oY, D, (7.2.16)
0

A=k, @/, - LWL+, - Ll VLB
mé«/a - L Vb, +67, - L)y t. (7.2.17)
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Vpasuenuto (3), ¢ yuerom Beipakenus (14) coorBercTByer
CUCTEMA CKAJISIPHBIX YPaBHEHUN

Bosly +LAL - @+, -y,

Vo=ly, +Ldi, - @ +ly, +Wy,. (7.2.18)
Cuctema (16)—(18) mosBoasier oieHWTh W,,a M YIy4IIUTH
OLIEHKY MPOEKIM BEKTOpa MoToKociemienus. s obecneue-

HUS paboThl aAaNTHPOBAHHOTO HaOIIOHaTedsl HEoO0XOJUMO
3HATH i, 1,,Y ,,Y , - B Ommune ot Habmrosateneii pador [12—

15], npu BeIOOpE KO3 GUIMEHTOB MpeIaraeMoro HaomoaaTe-
ns1 B cootBercTBHHM ¢ (14) ero OsIcTpojaeiiCTBHE HE 3aBUCHT OT
CKOPOCTH POTOpA.

Pe3ynbraThl MOAEIMPOBAHUS MMOKA3bIBAIOT, YTO TOYHOCTD
UICHTU(UKALMK TTOCTOSIHHOW BPEMEHH POTOpa B YCTAHOBHB-
HIEMCsl PeKUME YIOBIICTBOPUTENIbHA. B TepexoaHbix mporec-
caXx TOYHOCTh HJCHTH(UKAIMH HApyIIaeTcsi. JTO CBA3aHO C
TeM, 4TO MPH CHHTE3€ HAOIIOJAaTeNs] CKOPOCTh POTOpA CUUTA-
JIaCh ITOCTOSIHHOM.

7.2.2. Quenka ckopocmu u ROCHOSIHHOU 6PEMEHU POMOPA
C HOMOUBbIO MOOUPUUUPOBAHHO20 AOANMUEHO20
naonooamensn [17] (Ancopumm 2.2)

B pa6orax [4, 12—15] no U3BECTHOMY BEKTOpPY TOKa CTaTO-
pa | CHHTE3MPYIOTCS aJalTHBHBIC HAOJIOATENH, OLCHHBAO-
mme W, R . Bartux paborax caenaHo He cOBceM KOPPEKTHOE

NpPEeAIonoKeHue, 4To W =const . Bcieacreue 3Toro B nepe-
XOJHBIX TIPOIlECcCax MPOUCXOAUT COOM B OIIGHKE CKOPOCTH U
MOCTOSIHHOM BPEMEHU POTOpA.

Llens maHHOTO IMyHKTa — OlleHKa W B R, 0 N3BECTHBIM TIe-
peMeHHBIM Y ¥ | B cTaTopHOM 6asuce 6e3 Kakoro-mubo orpa-
HUYCHHS, HAKJIA/IHIBAEMOT0 Ha XapakTep u3MeHeHus W, a Takxke
yBeIMYeHHE ObICTPOICHCTBHS HaeHTHuKaropa W u R, .
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MocranoBka 3anauun. Kak u B nmynkre 7.2.1, paccmatpuBa-
eTCsl KTOKOBOE» ypaBHeHue (2.22) pa3nena 2
=(wJ-aEly +Lai, (7.2.19)
rae N — KOJIMYeCTBO Map MOMocoB; W — He u3MepsieMas yrio-

Basi CKOPOCTh potopa; | — m3mepsieMblii BekTOp TOKa cTaTopa;
L, —B3auMHast HHAYKTUBHOCTH POTOpA M CTATOPA;

0 -1 a=T71,
1 0

7=k (7.2.20)

R

3necy L, ,R, T — uHaykTuBHOCTB, CONpOTHBIEHHE M TIO-

E:‘l 0‘1 J=

01

CTOSIHHAasi BpEMEHU poTopa. Bekrop Y cuuTaercs u3BECTHBIM.
Hckomrble Hen3BecTHBIE — W H A .

YMHOXHB ciieBa ypaBHeHue (19) Ha Y J, MOIY4YUM
y "Ik =-nwly |"+L.ay T3,
OTKyJa

(7.2.21)

W3BectHO, uTO
y Ty _ y Ji
2 2
y | y |

rie W, CHMHXPOHHas CKOPOCTh (CKOPOCTb BEKTOpa IMOTOKOCIIE-

Wy, L@ =-ga =-Wy, (7.2.22)

IUICHUs Y B CTATOPHOM Oa3uce), Wg — CKOPOCTb CKOJIBKEHHUSL.
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Ha ocHoBanum (21) u (22) 3anmchiBacTCsi U3BECTHOE COOTHO-
HICHHE

Wy =nw +wy . (7.2.23)

CraButcs cienyromas 3aga4a. Ha ocHoBaHuM MaTeMaTHye-
ckoro onucanus padotsl apurarens (19)—(23) no undpopmanuu
O TOKax CTaTopa M IIOTOKOCLEIUICHUH POTOpa HEOOXOJUMO
UJICHTU(HUIIUPOBATH CONPOTHBIICHUE U CKOPOCTh POTOPA.

CuHre3 anropurma. bynem monarate, 4To BEKTOpbL Y U |

u3BecTHbI. [1o 3T0it MHMOPMAIMK U 3aBUCUMOCTSIM (22) MOXHO
BbIuMCIUTL W , U ( . [Toncranoska NW u3 (23) B (19) maer

yi=(w,d- (@I+Baly +Lai- (7.2.24)

U3 (20) cnenyer @ =RL'=T*. Benuunny L, moxwo cun-
TaTh MOCTOSHHOM, a Ry HACTOJIBKO MEIEHHO MEHAIOIIENCS n3-
3a M3MEHEHHs TEMIIEPATYphl POTOpPA, YTO MOKHO IOJIaraTh
&=0.

Wrax, mpennonaraercs, 410 Y , I, Wy, (| — H3BECTHEI

CraBuTCs 3amada MO STHM JaHHBIM W ypaBHeHHsM (24) u
& =0 yrounuts Y ¥ OLEHHTH A , a 3aTEM O 3aBUCHMOCTIM

(22), (23) BerupCcIUTE Wy M W .
ITo ypaBuenuto (24) ¢ uamepeHreM Y B COOTBETCTBHHU C
[11] crpoum HaGmOAATEND B BHIE

W=Wyd- (QU+E)) +Ldi+Ly -y). (7.225)

rae L— marpuna xkodd@uimeHtoB HaOMOAATENS, 3HAKOM «»
37ech M aanee 00O3HAYEHbI OLEHKH COOTBETCTBYIOLIMX Iepe-
MeHHBIX. [TorpemHocTy oreHOK OyneM 0003Ha4aTh CHMBOJIOM
<« ». [Ipumewm, uto

y=y-y,a=d-a. (7.2.26)
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IToncranoBkay u a wus3 (26) B (24) naer
Yoyt =[w,d - (U +E)a - Ay - y)+ L - a)i. (7.227)

[Tyrem BbrumTanusi ypaBHeHus (27) uz (25) momywaercs
ypaBHEHHE IO PEIIHOCTEH OIIEHOK HalOmoaTens

W=(w,J- (QJ+E)@-&)+Ly - (qJ+EY - L,j)a. (7.2.28)

Jnst cuHTe3a aganTHPOBaHHOTO HAOMIOAATeNs, OIEeHHUBalO-
HIero & M YTOYHSIOUIEroy , ucnonbdyeM ¢yHkuuto JlsmyHoBa

o 2
V=y Ty + @ . (7.2.29)

B (29) | >0. Bnonne 000CHOBaHO MPEIMONIOKUM, YTO
a =const. Torna

VYLV FVAY P (7.2.30)
IMocne noxcranosku B (30) ¥ u3 (28) momyunm

W=yhT (L7 +L- 28 )yb - Q47 (q) +E)dly +

+24L iy + 2 (7.2.31)
Jnst hopMHupOBaHUS HY)KHOU CTPYKTYpPHI (PYHKIIUH . pH-
MeM
d=1y "y T - L) (7.2.32)
B atom ciyuae (31) umeer Bua
V=T (L+ LT - 24 E)yh- (7.2.33)

Ilpu | >0 ¢yuxuus V B (29) siBisieTcst onpeeseHHo mno-
JIOXKHUTELHOMN, ee Tpou3BoAHYI0 (33) mpu MpaBMILHOM BhIOOPE

L MOXHO C/€JIaThb 3HAKOOTPULIATENIbHOW, MPUYEM, \ﬁ ° 0 npu
y °o0.
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B pabore [12] ms1st vicciieIOBaHUST YCTOMYHUBOCTH a1l THB-
HOro HaOromaTesns ObUIa yJadyHO NMpUMEHEHa Teopema bapba-
mmHa-Kpacosckoro. [lonbiTaeMcss MpUMEHUTDH 3Ty TEOPEMY U B
JIaHHOM ciy4ae. [lokakeM, 4YTO COBOKYIHOCTh TOYEK, TJIE,
yh © O He cocraster HenbIx pemenuit cuctems (28), (32). Ipu

yh © O u3 (28) cienyer
[ady + - Lj)laco. (7.2.34)

C yuerom Bbipakenusi Qu3 (22) toxnmectBy (34) MOXHO
NpUAaTh BUJL

ﬁ Yy - Lmi%]o 0 (7.2.35)
ea a

T
VMHOKHB cieBa Bhipaxkenue (35) nay J , momyunm

&
éW +L, y 'Ji a_doo 0- (7.2.36)

1]

[Tpu nonyuenun (36) ObLIM WMCHONB30BAHBI CIEAYIOIINE
CBOMCTBA KOCOCUMMETPHYECKOW MATPHUIIBI:

J*J=-E, y'Jy °O0.
C yuerom (22) s Toxaecta (36) MOXKHO 3amucaTh
(wy -wy)a° o,

oTKyna He ciexayer, urto a © 0, To ecth Teopema Bapbaruuna-
KpacoBckoro He BeimonHsiercs. To, 4TO HE yaaaoch J0Ka3aTh
ACUMITOTHYECKYI0 YCTOWYMBOCTh IMPOIIECCa HACHTH(UKAIUH,
elle He O3HAa4YaeT, YTO PEATbHBIA MPOIECC HE SIBISETCS acHM-
NTOTUYSCKH YCTOWYMBBIM, TaK Kak Teopema bapOarivHa-
KpacoBckoro maer nuirs JOCTATOYHBIE YCIOBHS aCUMITOTHYE-
CKOM YyCTOMYMBOCTH. AHATUTHYECKHUE HCCICHOBAHMS CIEIyeT
JIOTIOJIHUTh YUCICHHBIM U (PU3NYECKUM MOJICITUPOBAHHUEM.
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Jns ymobcTtBa BeIUMCIeHUit B ypaBHeHun (32) croemaem
MOJCTAaHOBKY Yy =Y -y . B pesymbrare momydnm

t

d=a,+| (g +¢ -y)'l - Ligdt (7.2.37)

0
rae npunsato  @(0) =a,, a, — HOMUHAIBHOE 3HAYEHUE Tapa-

Merpa a .

Beibepem maTpuiy L, obecrieunBarolyro 3alaHHBIN mepe-
XOIHBIH mporece s ypaBHeHus (28) npu Iro0bIX HaYaIbHBIX
YCIIOBUSIX B BUJIE

L=-w,J+(q) +E)d +IE, (7.2.39)
rae | — ckansipubiit KO3 duuKeHT, XapaKTepU3yOIHi ObICT-
poneiictBue Habmonatens. C yuerom (38) ypaBuenue (25) npu-

HHMAaET BUJ
Y=ly +L di+[w,d- (I +E)d- IE]ly . (7.2.39)

CuHTe3MpOBaHHBIH HAOMIOJATEb OIMKMCHIBACTCS ypaBHE-
ausmu(37), (39). Ilpu BeiGOpe Matpuibl L B cOOTBETCTBHH C
(20) BeIpaxenue (33) npuHUMAET BU

V=21 Ty =27 (7.2.40)

Ecnu u3BecTHa BelUuMHA & , TO 110 ypaBHeHusaM (22), (23)
ONPEACHAOTCS UCKOMBIE Wy U W .

7.2.3. Aoanmuenuiii HabI00amens NOCMOAHHO
épemenu pomopa 6 CUHXPOHHOM
oasuce (Anzopumm 2.3)

VYpasuenne (19) cnpaBemauBo s oboro Oasuca. 3amu-
[IeM ero B CHHXPOHHOM 0aswce, e

Y =060,y =y | i =l i)- (7.2.41)
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Paccmorpum npoussenenus y 'y uy Ti. C yuerom (41)
MOTYYHM
1

d o
Y=oy E2RAEZN (7.2.42)

T
YmuoxuM ypaHeHue (19) cnea Ha Yy . IlpuHumast Bo BHH-
MaHHUE COOTHOIeHUs (42), mony4nm

y My =-ay ; +al.y 4iq- (7.2.43)

[ockonbky Y , >0, ypaHenue (43) MOXHO NMPHUBECTH K
BHLY

y&d =a('y a7t Lmid)' (7.2.44)

ByzneM cunTath, 4TO U3BECTHBI Y H i, IO KOTOPBHIM BBIYHUC-

JAOTCA Y | H i dq CraBuTcs 3aga4a oneHuTh a . Kak u panee,

Oynem monarate a = const. Kpome Toro,
a=a,+a,, (7.2.45)

rjae a , — HOMUHAJIBHOE (macmoptHOE) 3HaueHME A , a, — OTKIIO-

HEHHE OT HOMHHAJBHOTO 3HAUYCHWs, MpUYeM, 8o = COnst,
aq = const. C yuerom (45) ypaBuenue (44) npuHUMAET BUJ

Wy =@, +ay)CY 4 +La)- (7.2.46)

Jnst ypaBHenus (46) ¢ m3MepeHHeM Y , HOCTPOUM Habmona-

TCIb

o=@ +8,)(Y o L) H16 o -y o), (7.247)

rae | — koaddunment vadmoaatTens. IMEIOT MeCTO COOTHOIIIE-
HUA

Ye=Yae-Yq a4 =d4-a,. (7.2.48)
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IToacranoBka Beipakenuii (48) B ypaBuenue (46) maer

YoV =@ +dy - &)Ly - 6 -V ,).  (7.2.49)

[Tyrem BerumTanus u3 ypaBHenus (47) ypaBuenus (49) nomyua-
€M ypaBHEHHUE OLIMOOK HAOII0IaTEN s B BUJIC

y&d =(I -a,- aAd ))rd +5d6/ d”~ Lmid)' (7-2-50)

JI1sl OKOHYATeIbHOTO CHHTE3a HaOJI0AaTeNsl BOCIIONb3yeM-
csl IpsIMBIM MetozioM JIsmyHoBa, BEIOpaB B KadecTBe (DyHKIIUU
JlsmynoBa V BeIpakeHHe

V=yli+ltd,-a,)? (7.2.51)
JUIsl KOTOPOro Npu a4 = const
V=) +20 18 4, (7.2.52)
C yuerom (50) Beipakenue (52) mpuHHUMaeT BHT
V=37 [(1- ag- 84 o 4840 - Lo )| +2 8y (7:259)

[TockonbKy XapakTep M3MEHEHUs &d HUKaK HE OroBapuBajcs,

TO IIPUMEM

éd =Y 40 ¢ Lada) =1 64 =Y 0)¥ 4 - Lidg) - (7.2.54)
Beipaxenue (54) mo3Bosnsier ynpoctuth paBeHCcTBO (53) 10 Bra
V=2(-a,-4d,). (7.2.55)

Bripaxenue (55) He COIEpKUT MepeMEHHOH A, d» OITOMY

OHO HE MOXET OBITH ONPENEICHHO OTPULIATEIbHBIM, & MOXET
OBITh CIIENIAHO TOJBKO 3HAKOOTPHUIATEIBHBIM TIPU BBIITOTHEHUU
yCIIOBUSA

| =1 +a,+d,, |<0. (7.2.56)

HccnienyeM ycToMuMBOCTD HYJIEBOIO pellieHUs HaOroarTe-
a5 (50), (54) ¢ momorpio Teopembl bapbOamriaa-KpacoBckoro.
[Tycts BhImonusercs ycnoBue (56). Torna ¢pynkuus (55) 6yner
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3HAKOOTPHIIATEIbHOM, oOpalnaromelics B HOJb IPHU y~d =0.

Iycts y, © 0. Toraa u3 (50) cnenyer

ayy4-Lyg)°0. (7.2.57)
Cornacuo (57) &4 © O NpH TOXK/IECTBEHHOM HEPABEHCTBE
Ya-LigtO, (7.2.58)

CIEeI0BATENbHO, HAa OCHOBaHWMHM TeopeMbl bapbaminna-Kpa-
COBCKOTO MOJKHO 3aKIIOYMTh, YTO HYJIEBOE pEIICHUE
Y g =4 =0 cucremn (50), (54) Oyner acumnToTHyecKu yc-

TOWYMBBIM TIpH BhinonHenuu ycnosuii | >0, (56), (58). Toraa
u3 cootHorenuii (48) cnenyer

limy" =y, limd, +a,=a npu {® ¥

Awnanu3 Beipaxkenuii (44), (58) cBumeTenbCTBYET, UTO WICH-
THUKaIMs @ Bo3MOXHaA Tonbko mpu Y, 1 0.

Bmecto paBencts (54) ynoOHee UCTOnb30BaTh BEIPAKEHUE
t
dg =l P a-Y oV q- Lyig)at. (7.2.59)
0

Ecimu m3BectHO & , TO mo ypaBHeHusM (22), (23) ompene-
JIAIOTCA UCKOMBIE Wy U W .

7.2.4. Habnrooamenv noOCHMOAHHOU 6pEeMEHU pOmMopa
6 cunxpontnom oazuce (Anzopumm 2.4)

[Mepenumem ypaBHenue (44) B Bujie
Wy = (Lyig - Y g)a- (7.2.60)

IIpu usBectHbIX Y ¢ u |4 u3 BeIpaxkenus (60) MoxkHO Gopmarib-

HO BBIYUCIUTD @ . OJHAKO MPH ATOM BO3HUKAIOT TPH MPOOIIMBI:
1) yxyauieHue MOMEXO3allUIIEHHOCTH, CBsi3aHHOE ¢ audde-
peHuMpoBanueM Y 4, 2) oOpaileHue B HOJNb BBIPAXKEHHS B
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ckoOkax, 3) HEBO3MOKHOCTb MIeHTHU(MKauu 1ipu Y , © const.
Tperbst npobiiemMa yCTpaHSETCS IyT€M MHXKEKIMU B |, CHHY-

COUJIAJIbHOW COCTABJISIOLIEH C MajblMM YacTOTOM M aMIUIATY-
nou. Tlockoiapky MOXKHO Tonaratb @ = CONSt, MOBBICUM TOME-
XO03alIMIIEHHOCTh QJITOpPUTMa IyTEeM YCTpaHeHHus auddepeH-
nupoBaHus. /i 3TOro MpOIMYCTUM JIEBYIO M MPaBYIO YacTH
ypaBHenus (60) yepe3 MHEPLUOHHBIC 3BEHBsI, B pe3yJbTaTe 4e-
'O TOJTyYHM

Py -1
" p+1yd = IO+1(Lmld yqa, (7.2.61)

rae p — omnepatop auddepeHnupoBanus. BeimonHsercs coot-
HOIIICHHE
P g 10 (7.2.62)
tp+l tp+ly
IMoacranoska (62) B (61) maer paBeHCTBO

Lot 7.2.63
?tp_'_lg/d atp+l(|—m|d Yq) ( )

KOTOpoe He conepxut auddepenuupopanus. [Jns ycrpaneHus
BTOpOW MPOOJIEMBbl BMECTO HAaXOKACHHS @ HEHOCPEICTBEHHO
u3 ypaBHeHus (63) cHHTE3UpyeM HAOIIOIaTeNh, OI[CHUBAIOIIH a.
(IMpumenenune HabIrOAATENS eiie OOJbIIE MOBBICUT MTOMEX03a-
HIMIIEHHOCTh airoputMa). [y 3Toro mepemnuineM ypaBHEHHE
(63) B BHIE CHICTEMBI

@ 10
y—gl TYSEAL (7.2.64)

yzat erl(Lmld -y 4)- (7.2.65)

ITockosibKy MOXKHO TOJaraTh a = const , To

&=0. (7.2.66)
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s cucremsl ypaBHenuit (65), (66) chopmupyem Habiio-
narens B Buje [11]

d=1@m- y), (7.2.67)
rae | —xoapdunuent nabmronatens, Y B3t us (64), a
t .
=—(L,iq - : 2.
m= (e -y o) (7.2.68)

Jutst cuntesa | moxcrasum y u3 (65) B (67). Torna
d=Im@ - a). (7.2.69)

[TycTh MOrpeiHOCTh OIEHKH HAGIIOMATENs OMpeaenseTCs
BBIpDOKEHHEM @ =4 - a . Boiunras ypasHenue (66) u3 (69),
MOJyYdM YpaBHEHHE, OMHUCHIBAIOIICE MOTPEIIHOCTh OICHKH
HaOJIo1aTeNs B BUJC

&=Ima. (7.2.70)

Jlist Toro 9ToOBI MOrPEIIHOCTL OIEHKH CTPEMHIIACh K HY-
JII0, HaJlo, 4To0bl |M < 0. DTOro MOXXHO JIOCTUYb, UCIOIb3YS
JIF000€ U3 COOTHOILIEHHIT

| =Im, | =Isignm, (7.2.71)
rae | <0. Ha ocuoBanuu (70) u (68) MOXKHO 3aKIIOUHTH, UTO
ycinoBueM paborocrnocoOHOCTH HaOmoaatens OyneT ycloBHE

(58), xoropoe, cormacHo (44), 5KBUBAIEHTHO TOXIECTBEHHOMY
yenosuio &yt O.Ecou ussectHo &, To no ypasHenusm (22),

(23) onpenenstorcst uckomMbie Wy U W .

7.2.5. Habnrooamenb noCMosiHHOU 6peMerHu pomopa
6 cmamopnom oasuce (Anzopumm 2.5)

T
VYMHOXHB ciieBa ypaBHeHnue (19) Hay ', momydum

j— I . 7_2_72
I 2 a ry Ir ( )
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[Tpu nony4dennu (72) ucnosnp3oBano coorHomenue (2.119)
i, = L}lﬁ/ - L), (7.2.73)
rae i —Tok poropa. [Ipsmoii Croco0 HAXOXKJICHUS & U3 ypaB-

HeHus (72) cBsi3aH ¢ TEMH K€ POOJIeMaMH, YTO U B aJITOPHUTME
2.4. B 1aHHOM aJITOPUTME 3TH MPOOJIEMBbl OYAYT peIIaTbCs Te-
MU ke MeTofaMu. [To aHanoruu ¢ BeipakeHusmu (64), (65) an-
roputMa 2.4 MOXXHO MOJTYYUTh CUCTEMY

0, 12
y=8. 1 ¥ (7.2.74)
tpt+tly 2
t L
=-al,——y Ti,. 7.27
y=-ak oy (7.2.75)

[TockonbKy, Kak U paHee, MOKHO TojaraTh a = const , To
& =0. (7.2.76)

Jlnst cuctembl ypaBHenwuii (75), (76) chopmupyem HaOIio-
narens B Buje [11]

&=1@En-vy), (7.2.77)
rae | —xoddduiment nabmonarens, y B3ar us (74), a
n=tlbr g7 (7.2.79)
tp+l

AnanoruyHo anroputMmy 2.4 MOXHO IOKa3aTh, 4TO, JJIS
CTPEMJICHUS K HYJIIO OIMOKKM HAOIIOIATENs JOCTATOYHO, YTOOBI
BBITTOJIHSUIOCH OJJHO M3 COOTHOIIEHHUH

l=In, | =Isignn, (7.2.79)

rae | <0, u coorHomenue (58).

Crnemyer OTMETHTh, YTO anropuT™Mbl 4 W 5 HICHTUYHBI, HO
3aMucaHbl B PasHBIX 0asucax. AJNTOPUTM HIACHTH(PHUKAIMUA CO-
MPOTHUBIICHHUS pOTOpa padoThl [7] Takxke Oa3upyercs Ha ypaBHe-
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Huu (72), HO TIOCTPOCH HE C MOMOIIBIO HAOIIOIATENs, a Ha OC-
HOBE MEHEEe YHHBEPCAJbHOI0 METO/Ia HAMMEHBIINX KBAJIPATOB.
Ecnu u3BectHO & , TO 10 ypaBHeHUsM (22), (23) ompenensiorcst
MCKOMBIE Wy U W.

HaGmonatens onuckiBaercst ypasHenusimu (74), (77), (78).

7.2.6. O komnencayuu AUAHUS UHIICEKUUU
Ha npoyecc ynpasienus
Jlyist OlleHKH COMPOTHBIICHUS poTopa R. B peaqbHOM Bpe-

MEHM HEOO0XOIMMO M3MEHEHHME MOJYJIS BEKTOpa IOTOKOCIIEIN-
JIEHHsI poTopa b/ | , TaK KaKk

ayp?
= - E dt -
T
2 Iy
C »TOM 1enbi0 B HAMarHM4YMBAIOILYIO COCTABIISIONIYIO TOKA

cTatopa WHXEKTHPYIOT HHU3KOYAaCTOTHYI0 CHHYCOMAAIBHYIO
COCTABJISIFOIIYIO ¢ MAJIOW aMILIUTYI0U

g =ldgo tlqa°
TAC iyo >0, id j — TOCTOSIHHAsI U MH)KEKTHpyeMasi COCTaBIIsiO-

1€ COOTBETCTBEHHO, IIPUYEM | do >> idJ . Mmxektupyemas co-

CTaBJIAIOIIasd HaAMarHM4nBaromIiCero TokKa 3a1ac€TcCs BbIPAKECHUEM

igg = linj SIN(W iy 1)
— aMIUIMTYy/1a 1 4aCTOTa MHXKCKTUPYEMOI'O CUT'HAJIA
inj = 002|d 01 Wan = (3_5) pa/:[/c])

IIpy 3TOM B IOTOKOCLEIUICHHM IOSBIISIETCS IIEPEMEHHAs rap-
MOHHWYECKasi COCTABIIAIONIAs, KOTOpasi y4acTBYeT B UICHTH(H-
Kaluu

rae lipg 1wy

(B pacyerax mpuHHUMAIOCh |

Yd=YdotYdi’
rie Y 4o = Limido, Y g3 — TMOCTOSHHAsI U HEpEMEHHas COCTaB-

JIAIOIIUE COOTBETCTBEHHO, IPUYEM b/ d0| >>b/ dJ | .
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9HeKTpOMaFHHTHLII>'I MOMCHT JBUTIaTClId IMPONOPIHUOHAJICH
m>» iyl q: UToObl B MOMEHTE OTCYTCTBOBaJIa KojeOaTelbHas

COCTaBJIAIOIAs, JOJIKHO BBIITOJIHATHCA COOTHOLICHUC
(igo *+igy)(iqo *igy) =ido’igo-

PackpbiBasi CkoOKM M TpeHeOperas ciaraeMbiM igjigj Kak

q

BEIIMYMHON BTOPOrO MOPsIJIKA MAJIOCTH, HAIEM COOTHOLIICHHE

. __lqo.
lgg =l
ldo
Takxum 00pa3oM, ISl UCKITIOYEHUS KOIEOaHHH 3IeKTpoMar-
HUTHOT'O MOMCHTA ABHUIAaTCIA, FapMOHHUYCECKAasd COCTaBJIAIOIIAsA

TOKa iq JIOJDKHA HaXOJUThCS B IPOTHBO(A3e ¢ TapMOHUYECKOM

COCTAaBJISIOIIEN TOKA K

7.2.7. Pe3ynomamut MoOenuposanus

[Mapamerpsr AJl u ITH npuBeneHs! B npuiiokeHuu A. Airo-
PUTMBI YIpaBJICHHs MPEACTABICHBI B TUCKPETHOM BHUJE C TaK-
toM cuera 100 mxc. B anroputmsbl ObLTH BBEIEHBI OTpaHUYCHHS
TOKa M HAMpPSHKCHUS, a TAaKKE OCYHIECTBICHO MOJAETHPOBaHHUE
s¢pdexroB LHNM 1 6pockoB HaIpsDKEHUS B CETH MHUTaHUs. bbI-
JI0O IPUMEHEHO BEKTOPHOE YIIPaBJIEHHE TOJIBKO MO KIEMMHBIM
n3mepenusM. Ilpu pabore AJl oCymiecTBISUIMCH UACHTU(UKA-
1M Iapamerpa @ =T, * U OlleHKa CKOPOCTH POTopa W II0 UeThl-
peM CHHTE3MpPOBaHHBIM ajroputmam (2.2-2.5). Jlns obecrneye-
HUS WACHTH(UKAIUN B HAMAarHHYMBAIOUIYIO COCTABIISIOUIYIO
CTATOPHOrO TOKA MHXEKTHPOBAJICS TOK YacToToi 5 ¢ u am-
wmtyaoi 3 A. Havanbuble 3HaYeHuss T, NpPUHMMAIMCh paB-

upivu 0.5T o u 2T, toe T, 0 — HOMHHAJIBHOE 3HAYEHHE M0~

CTOSIHHOM BpeMeHH poropa. IlepexonHble mpoueccsl ¢ yKa3aH-
HBIMHW HaYaJIbHBIMU YCJIOBUSAMU IPU NPOUYHX PABHBIX YCIOBUAX
OKa3aJIMCh OJIN3KH, TaK KaK HavaJbHbBIC YCIIOBUS HaOrOAaTeNIeH
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paBibi O ® BCce TMpoLecChl WASHTH(QUKAIMK TapaMerpa
a =T/ ! maummarorcs ¢ 0. HaubGonee cioxHol 3a1aueii Bek-

TOPHOT'O YIpPAaBJICHHS MCKIIOYUTEIBHO 10 KIEMMHBIM U3MeEpe-
HUSIM SIBJISIETCSL YIPaBJICHHE MPU OJM3KUX K HYJIIO M HYJICBOM
CKOPOCTSIX POTOpa, OCOOEGHHO B reHepaTopHoM pekume. [lo-
ATOMY, HECMOTpPSI Ha MHOTOYHMCIIEHHOE MOJCIHPOBAHHUE B IIU-
POKOM Jiarna3oHe CKOPOCTEH, JaHHbIH pa3/ien WLTFOCTPUPYETCs
TOJIBKO T'eHEePAaTOPHBIM PEKUMOM ITpU MalbiX (puc. 7.2.1) u Hy-
nesoii (puc. 7.2.2) ckopoctsix. Ha puc. 7.2.1 moka3assl mporec-
ChI OTCIKMBAHHS 3aJaHHOI CKOPOCTH 5 ¢ ¢ ee peBepcoM Ha
9 ¢, npunoxenueM (Ha 1 ¢) u cHsiTHeM (Ha 7 ¢) Harpy3KH B Te-
HEpaTOpHOM pekuMe (CM. TpadHK CKOPOCTH) W IPOIECCHI

uIeHTH(QUKAIIMY HOMHHANBHOTO 3HAYeHHs d, =T, TIpH Ha-
uanbHON onenke T =2T . Ha puc. 7.2.2 nokasaHbl mpoueccsl
cTa0HIM3alMK HYJIEBOH CKOPOCTH U WACHTH(HUKAINN MapaMer-

pa a, =Tr'01 [IpU NPUIOKEHUU U CHITUM HOMHHAJIBHOM Ha-
rpy3ku. Ludppamu 2, 3, 4, 5 0o603HaUCHBI pe3yabTaThl, MONY-
YeHHBIE C TIOMOIIBIO COOTBETCTBYIOIIMX HH(paM alropuTMOB
uaeHTHUKaMK napamerpa d, =T, . (Anropurmsl 2 u 3 He
ONTUMHU3UPOBAIKCE). OmmnoOKa MISHTH(PHUKAIME B yCTAHOBUB-
remMcs pexume npaktuuecku pasHa 0. B otnuume ot anroput-
MoB pabot [1-4, 12-15], npouecc naentudukanun T, He Ha-

pyliaercs u3-3a MPUIIOKEHUS, CHATHUSL HATPy3KU U U3-3a peBep-
ca ckopoctu. Hapsny ¢ unentuduxamuein T, ocymiecTBisercs

JIOCTaTOYHO TOYHOE OTCISKMBAHUE IPOrPAMMHOI CKOPOCTH
W, Ommbka crabunm3anuy HyJIEBOH CKOPOCTH B YCTaHOBHB-

mremcs pesxume cocrasaser 0.002 ¢ Tlocne npuIoKeHns Ha-
IPy3KH HaOJIIOJIal0TCsS HE3HAYMTENbHBIE 3aTyXalolue Koiebda-
HUS, 00YCIIOBJICHHBIE MEPEXOIHBIMHU IIpOIleccaMy B HaOIro/1a-
TeJe MOTOKOCIEIUIeHHs poropa. [IpumedaTenbHO, YTO HICHTH-

¢uranus T, MOXKET OCYIIECTBIATLCA P CTAOMIIM3ALMH HyJIE-

BOI1 ckopocTu. XOTs C TOMOIIbI0 TeopeMbl bapbammua-Kpa-
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Prcvaok 7.2.1

‘5 & i " I-I'
¢ t 2 3 4 5 & 1 & 9 1o¢

Frcveok 7 1.2
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COBCKOTr'0, JalOIIeH JOCTaTOYHBbIE YCIOBHSI aCUMITOTHYECKOM
YCTOMUMBOCTH, HE€ YNaJIOCh JI0Ka3aTh ACUMIITOTHYECKYIO YC-
TOWYMBOCTh Tpolecca HACHTUDHUKAIHMU IO alropuT™My 2.2,
MHOT'OYHCIIEHHOE KOMIIBIOTEPHOE MOJENUPOBAHUE YKa3bIBAET
Ha paboTOCIOCOOHOCTH ATOTO alTOPUTMA.

3akmoyenue. CHHTE3UPOBaHBI U MCCIIENIOBAHBI 5 anropuT-
MOB OLEHKU IOCTOSIHHOW BPEMEHHM M CKOPOCTH poTopa. beICT-
pOACHCTBHE W HACTPOMKHU alTOPUTMOB HIECHTU(UKAIMK B 3Ha-
YUTEIHHON Mepe 3aBUCAT OT MapaMeTpOB WHKEKTHPYEMOro Ie-
peMeHHoro Toka. [loaTomy Bpemsi HIeHTH(UKAIMA MOXXHO CO-
KpaTUTh IO CPaBHEHUIO C MPUBEJCHHBIMU Ha PUCYHKaxX MpHMe-
pamu (omTHMHU3AIMS HE TPOBOANIACK). MoaenupoBaHHe JTUHA-
MUKHU [10Ka3aJI0 CIEAYIOLIEE.

1. Unentudukanuss T, OCyIIECTBISETCS TOIBKO TPH HH-

JKEKIIMM B HAMAarHUYMBAIOIIYIO) COCTABJISIOIIYIO TOKa CTaTopa
FapMOHHUYECKON COCTABIISIIONIEH ¢ MAJIBIMU AMIUIMTYIOM U 4ac-
TOTOIA.

2. Unentudukanus T, c OJTHOM CTOPOHBI, U IBUTATEIHHBIIMA

PEXUM C 11000 HArpy3Koi WM PEKUM XOJIOCTOr0 X0/a, ¢ Ipy-
rOi, COBMECTHMBI BO BCEM JMala3oHE CKOpPOCTell poropa OT
HYJIEBOH (BKJIFOYAsl HYJIEBYIO) 10 HOMUHAIBHOM.

3. Unentuduranus T, ¥ TEHEPATOPHBIH PEKHUM C JIHOOOH
HArpy3Koi, He MpeBhIAIONIei HOMUHANBHYIO, COBMECTHMEI B
nuanasoHe ckopocreil or HomumHansHoM (W) no 0.07wW,.

B mnanaszone or 0.07W, 110 HyJeBOH CKOPOCTH HeHTH(UKA-
uus T, COBMECTHMA C IEHEPATOPHBIM PEKUMOM IIPH HATPy3Kax

ot 0.6 HOMUHaNBHOM HATPY3KH JI0 HYJIEBOH.
4. Tlpu orcyrcTBuM MHKeKUMH (uaeHTH(UKauuu T ) npu-

BOJI pabOTOCIIOCOOEH B I'eHEPAaTOPHOM PEXHME MPU BCEX Ha-
Ipy3Kax W CKOPOCTSX M3 JHAama3oHOB OT HYJEBBIX 10 HOMH-
HAJIBHBIX 3HAYECHU .

5. B ornnume or pabor [1-4, 12-15], mpouecc uaeHTuu-
Kallii TIOCTOSHHOW BPEMEHHM pOTOpa HE Hapymaercss H3-3a
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HPUJIOKEHUS, HAIMYUS, CHATHS HArpy3KH U U3-3a peBeEpca CKO-
poCTH. DTO OOBACHSETCS TEM, YTO TPU CHHTE3E aITOPUTMOB
OBLJIO MCKJIIOUEHO MPEINON0KEHUE O IOCTOSHCTBE CKOPOCTH.
Bpems unentnduranun T, Npu HaYaabHBIX OTKIOHEHHAX OIle-

HOK OT UCTHHHOTO (HOMHHAJIBHOTO0) 3HAYESHUS T, IOKAIIUX B

npenenax or 0.5T. o no 2T, 5, ne npesbrmaer 10 c. B ycrano-

BUBIIIEMCS] PSKHME OIIUOKA OIICHKU MMOCTOSHHOW BPEMEHH PO-
TOpa C MOMOIIIBI0 CHHTE3UPOBAHHBIX AJITOPUTMOB MPAKTHUYECKU
paBHBI HYJIO. DTOT pe3yJbTaT JOCTHTHYT 3a CUET MPHUHSATHS
aBTOpaMH CIICIUAIBHBIX MEp TI0 MOBBINICHUIO TOYHOCTH OIICH-
K{ TIOTOKOCLEIIIEHHSI POTOpA.

6. Bo3sMO)kHOCTh HMIIEHTU(UKALIMM TIOCTOSHHON BpeMEHH
poTopa npu CcTaOWIN3aluM HYJIEBOH CKOPOCTH IO3BOJISET HC-
MOJIB30BAaTh ATOT PEXHMM JUISl MPEACTAPTOBON HICHTH()UKAIIMN
yKa3aHHOT0 apamerpa.

7. Beicokast TOYHOCTb U JJOCTATOYHO OOJNBIIOE OBICTpPOJIEH-
CTBHE OIIEHKH COMPOTHBIEHHUS POTOPA MO3BOJSIOT JOCTATOYHO
TOYHO OI[EHHBATh TEMIIEPATYPY POTOPA M OCYIIECTBIATH yIIpaB-
JeHHe ABUTaTeneM 0e3 ero neperpena.

7.3. OneHKa mapaMeTpoOB YNpaBJjsieMOil MeXaHU4YeCKO# CHC-
TeMbI B peaibHOM Bpemenn [17, 25]*

Benenne. HeomnpeeneHHOCTH, BCera UMEKOIINE MECTO B
CHCTeMax YMpaBIICHUS, yXYAIAIOT UX JAUHAMUYECKUE U CTaTH-
YECKHE XapaKTePUCTUKU U MOTYT TIPUBECTH K MOTepe uX pado-
TOCTIOCOOHOCTU. ISl yCcTpaHEHHs BIIMSHHS HEOMpeEIe/IeHHO-
cTeil pa3paboTaHbl M MCCIIEIOBaHbI KOMOMHUPOBAHHBIC YIIpaB-
JSIFOLIIE CHUCTEMbI C HaOmromaTensiMu (KOMIIGHCATOpPBI), pac-
CMOTpeHHbIe B noapasaeine 4.1. Dtu koMIieHcaTopbl 00ect e n-
BAaIOT POOACTHOCTh CUCTEM YIPABIICHHUS 110 OTHOIICHHIO K Tapa-
3UTHOW JJMHAMUKE, HEOPEIEICHHOCTSIM U HEIIMHEHHOCTSIM TIPH
HETIOJIHBIX ¥ HETOUHBIX M3MEPEHHUSIX BEKTOpa cocTosiHus. Ecte-

! Pa6orsi [17, 25] npormTipoBats ¢ cornacust A. E. Kasyposoii.
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CTBEHHO, YTO OIMCAHHBIC KOMIICHCATOPBI B COCTOSIHIH O0ecrie-
YUTh POOACTHOCTH OOJiee MPOCTOM CUCTEMBI YIPABICHUS, KOTO-
past paccmarpuBaercs Hike. OJHAKO TEXHOJIOTHYECKUE MPO-
LIECChI YacTO TPEOYIOT 3HAHUS MOMEHTA MHEpIMH (MJIM MacChl)
00BbEKTa yIpaBICHUS U HATPY3KH HA HEro. ITHM BOIPOCaM TO-
cesmersl padorsr [9, 18-20]. B pabore [9] momyueHs! He pe-
KyppPEHTHbBIE BBIPAKCHUSI MOMEHTA WHEPIUH, HMCIOJIB3YIOIINE
MH(OPMAIIUIO C JATYNKA CKOPOCTH, KOTOPBIE HEJb3s1 UCIIOIb30-
BaTh B peasibHOM BpeMeHu. B myOnukanuu [18] B kauecTBe us-
MEpHTENsl HUCIONIB3yeTCs WHKPEMEHTHBIN (MMITYJIbCHBIH) IaT-
uyuk (MJ]) npupamnienuii yria mopopora Majioi 4yBCTBUTEIBHO-
cru (low resolution incremental encoder), cosmarommuii mpoodie-
MbI BBIYMCIICHHI MPUPAILCHUI YTiIa MOBOPOTA MPH MAaJbIX CKO-
POCTSIX BpaIlleHHsI POTOPA U OLICHKH CKopocTH. O0mmit puiabTp
OLICHKU CKOPOCTH, HArpy3KH M MOMEHTA MHEPIIMU aBTOPHI 110-
Jy4aroT B BUJAE CYMMBI TPEX OTIENbHBIX aJrOPUTMOB OLIEHOK
yKa3aHHbBIX MEPEMECHHBIX, MOIYYCHHBIX MPH YCIOBHH H3BECT-
HOCTH OCTaJIbHBIX JIByX INEPEeMEHHbIX. boiee Toro, aaroputm
OLICHKM MOMEHTAa MHEPLUU HE SIBISIETCS PEKYPPEHTHBIM. Takoi
aJITOPUTM, BO-TIEPBBIX, HE JaeT UH(POPMALIUIO B PEaIbHOM Bpe-
MEHH, BO-BTOPBIX, JOKA3aTEILCTBO €r0 CXOAUMOCTH OTCYTCTBY-
er. B pabore [19] npumeHen ToT ke mpueM. OTindne 3aKiova-
ercsi B TOM, YTO CKOPOCTb M Harpy3ka OLICHHBAIOTCS B OJJHOM
¢unbTpe Kanmana mpu M3BECTHOM MOMEHTE MHEPIIMH, & MO-
MEHT MHEPIIMU BO BTOPOM (HIBTPE MPU U3BECTHBIX CKOPOCTH U
Harpyske. AJIroputM o0jajaeT TeMH K€ HEOCTaTKaMU, YTO U
anroput™ pabotel [19]. B mybnukammu [20] omenka MoMmeHTa
MHEPLUHN M HArpy3KH OCYLICCTBIISICTCS MyTEM IMOTYyYeHHS CHC-
TEMbl YPaBHEHUI IBH)KEHUS JUISl PA3IMYHBIX MOMEHTOB Bpeme-
HU M HaXOXJICHUS M3 3TOI CUCTEMbI HEM3BECTHBIX MTApaMETPOB.
AJITOPUTM HE SIBJISICTCS. PEKYPPEHTHBIM U TIOJIy4YCHHBIC Pe3yIlb-
TaThl HE TPUBS3BIBAIOTCS K PealbHOMY BpeMeHH. Jlokas3aresb-
CTBO CXOJJMMOCTH aJITOPUTMA OTCYTCTBYET.

Lenbro nanHOro mnoxpasziena sBJIAIOTCA CHUHTE3 W aHAIH3
QJITOPUTMOB WACHTU(UKAIIMK MOMEHTa WHEepUUH (MM Macchl)
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MOJIBY)KHOW YacTH YIPaBISIEMOT0 MEXaHW3Ma, Harpy3Kd Ha
HEro u Ko3(p(uIMEeHTa BA3KOr0 TPEHUs 10 MH(POPMAIIHK O CKO-
pOCTH.

7.3.1. Ilocmanoeéxa 3ad0auu

PaccmaTtpuBaerca ympaBisiemMas MeXaHHYecKas CHCTEMa,
olrchIBaeMas ypaBHEHUEM

Ik =m+dw + f;. (7.3.1)

TakuM ypaBHEHHEM MOXKET OIHCHIBATHCS KaK BpalaTrelbHOE,
TaK ¥ MOCTYMATEeIbHOE ABUKEHHUS, TIPH 3TOM | — MOMEHT HHEp-
muu (Macca), M — YOPAaBJISIONIHE MOMEHT (ympaBJisoiiee
yeunue), d,w — moment (cuna) Tpenus, f —— MOMEHT (cuia)

Harpy3ku, W — ckopocts (yrioBas win juHeiiHast). Tpedyercs
CHHTE3MPOBaTh HAOJIIO/aTeNy, OLEHUBAIOIINE HEH3BECTHBIC
kodpdunuenter |, d,, f, B peansnom Bpemenu npu Qynximo-

HUPOBaHHUHU cucTeMsl (1).

OO6bIuHO OBICTpOJCHCTBUE HAOMIONATENS HAa3HAYAOT OOJb-
UM, 4eM ObICTpojeiicTBUe cucTeMbl yrpasienus. [Ipeamnona-
raercs, 4To 3a XapakTepHoe Ui Halmoaartens BpeMs Koddpdu-
uuentsl |, d,, f, MeHsIOTCA HACTONBKO MEIIEHHO, YTO UX MOX-

HO MPMHATH TOCTOSHHBIMU. Pasnenum ypasuenue (1) na |
Toraa ¢ yuerom 0003HaUCHHU I

I""=q, ad,=d, o, =f, a=g,+q,, (7.3.2)
ypaBuenue (1) mpumer Buj
W=(g,+a,)m+dw+f. (7.33)

B (2) u (3) @, — HOMHUHANIbHOE 3HAYEHME TApamMeETpa @, Ay —

€ro HEM3BECTHAsl COCTaBJIAIONIAs. B Cuily BbIlIE OrOBOPEHHBIX
CBOWCTB KO3(D(PUITUSHTOB MOKHO 3aITUCATh

4,=0 d=0, $=0 (7.3.4)
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N3mepennem sBisercs W . YmpasieHue M cuuraercs
HN3BCCTHBIM.

7.3.2. Ananu3s eéoccmanaenusaemocmu
(noenmugpuyupyemocmu) cucmemot

Paccmorpum ypasuenus (3), (4), mpenmonaras, 4to W H
W usBectHbl. YpaBHenue (3) MpeacTaBuM B BUJIE CHCTEMBI

y=w- am, (7.3.5)
y=gm+dw+ f. (7.3.6)

[TpaBast yacte B ypaBHeHuM (5) M3BEeCTHA, a B ypaBHCHHH
(6) m3BectHbl M u W . Hemssectnsie — a4, d u f, xotopere

onuceiBaloTcs ypaBHenusimu (4). Vccnenyem BoccTaHaBiuBae-
MocTh cuctemsl (4), (6). CoriacHO KpHUTEPHIO BOCCTAHABIIH-
BaeMocTH [21, 22] cmcTeMa IMOJHOCTBIO BOCCTAHABIMBacMast
TOraa U TOJIBKO TOrZa, Korja u3 ypaBHCHUSA

0°am+dw+ f

cnenyer @, ° d° f © 0. Taxum o6pasom, crpaBenIMBO Cclie-
JyIoIee YTBEePIKICHHE.

Ymeepocoenue 1. JIns nomHON BOCCTAHABIMBAEMOCTH CHUC-
tembl (4), (6) He0OX0MMO U 10CTATOUHO, yTOOBl M, W, 1 ObI-

JI1 IMHEWHO HE3aBUCUMBL.
Ha ocnoBanuu BbipakeHusi (6), ompeneneHusi JMHEHHOI
HE3aBUCHMOCTH H yTBepxaeHus 1 chopmymupyem.
Ymeepocoenue 2. JIns nomHoN BOCCTAHABIMBAEMOCTH CHUC-
Tembl (4), (6) He00X0MMO, YTOOBI HE BBITIOIHSUIUCH TOXKIECTBA
m© const, w° const.

B wacTHOCTH, IIpY aCHUMIITOTHYECKOH YCTOMYHMBOCTH 4YaCT-
HOro peureHus ypaBHeHus (1) ¥ 3aJaHuu M, TPOMOPIIHOHAb-
HeM SN(gt), rae § — wacrora, W OyzeT CMEIIEHHOH CUHY-

COUJI0M, TPOMOPINOHAIbHON sin(gt +) ). Ho tpuronomerpu-
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veckue yHkuuu sin(gt) , SN(Qt+j ) u const mpu j 1 O u ue
KpaTHOM [) JIMHEHHO HE3aBUCUMBI. B 5TOM ciydae mapamerpol
ay, d, f momHocrio BoccTanaBmBaeMBL.

7.3.3. Cunmes aoanmuernozo naoarwoamens
[pennonoxum, uyto TpeHre dW HACTOIBKO MAJO, YTO MPHU
€ro BKIOUeHHH B f CBOICTBO \& = (0 MOXHO CUHUTaThb OC-

taformMcs B cuite. Toraa ypasuenus (3), (4) MOKHO TipescTa-
BUTH B BH/JIC

W=(g,+g,)m+f, (7.3.7)
4, =0 #=0. (7.3.8)

B kauecTBe u3MepeHus paccmarpuBaercsi ckopocts W . Io
ypaBHenusm (7), (8) cocraBum Habmomarens [21, 11, 23].

W=(a,+4,)m+ f +1,04- w), (7.3.9)

=10 w), (7.3.10)

rae |, |, —xoapdurmentsr HabmIOMATENS, 3HAK «» YKa3BIBA-

€T Ha OIICHKY COOTBETCTBYIOIIEro Kod(h(UIMEHTa WIN Iepe-
MeHHOW. OmpenenuM OMmMOKH HaOMIOAATeNsl CIENyIOIUM 00-
pasom:

W=w-w,t=7f-f,& =8 -a,. (7311

Jnst monmyueHns ypaBHEHHH OIMOOK BHIYTEM M3 YpaBHEHHH
(9), (10) coorserctBytoue ypasuenus (7), (8). B pesynbraTe
atoro ¢ yderoM (11) nomy4aum

w=am+friw, =i (7312

JIs1st MicclieIoBaHus yCTOMYMBOCTH HYJIEBOT'O PEIICHHS CHC-
Tembl (12) Bocmonb3yemcs npsiMbiM MetojioM B. M. JlsmyHoBa.
B kadectBe ¢yukuuu JIsnynosa Beibepem GyHknuio V B BUIe
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N =W +qf? +1 &, (7.3.13)
rae xkodpduuuentel >0, | >0. Ilonnas npousBoaHas 1O

spemenu oT pynkuuu V ¢ yuerom (11) u (8) naer
Vv +qf f+1 84 (7.3.14)

INoacranoBka V@, % u3 (12) B (14) no3Bosser 3anucaTh
VE=w(a,m+ F+ 1) +gfw+1 4,4, (7.3.15)
B (15) npumem
wa,m+1 4.4 c 0wt +qflwe 0, (7.316)
OTKyJia Clieyer
éd =-1wWm,ql,=-1
iy, ¢ yaerom (11),
4 =-1 (W- w)m, (7.3.17)
l,=-q*<0. (7.3.18)
[Tpunumast Bo BuuManue (16), u3 Boipakenus (15) momyqnm
— [ W2
V=1 2. (7.3.19)
DOyHKIHS & s paBeHcTBa (19) 110 OTHOIICHHUIO K CUCTEME
ypasuenuii (12) npu |, <O 3nakoorpunarensna. Jlnsa nposepku
BBITIOJIHEHHUS YCIIOBHiA TeopeMbl bapOaimua-Kpacosckoro [24]
Haiiziem, ipy Kakux ycnosusix Toxkaectso YOO He BbimonHseT-

Cs Ha LEJbIX TpaekTopusx. M3 toxaectsa W O u ypaBHeHui
(12) crenyer

gm+ oo, foconst. (7.3.20)
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U3 (20) cmenmyer, uto &, © f o0 Tombko mpu M=va
(m — nepemenHas). Takum 00pa3oM, PH BHIMOIHEHUU YCIOBHS

m = var (7.3.21)

Tox1ecTBO \A © O BBIMONHACTCS HA IMHCTBEHHOM TpaeKTOpHUU
wo fogeo.

Takum o00Opa3oM, Ha OCHOBaHMH Teopembl bapOarHa-
KpacoBckoro 0CTaTOYHBIMU YCIOBUSIMH aCHMITOTHYECKOM
YCTOHYMBOCTH HyJeBoro perieHus cucremsl (12), (17) Oynyr
yCIIOBUS

| >0, I,<0, I,<0, m=var. (7.3.22)

B (22) tperbe HepaBeHCTBO monydeHo ¢ yderoM (18) u To-
ro, yro ( > 0 u mpou3BONbHO MO BenuduHe. [ TOro 4yrook!
n30eKaTh MPOOJIEMbl «YHCTOro» MHTerpupoBanus B (17) mpu
onpeseneHny g, BMecto paBencTsa (17) samuuiem

& =- k(W - w)m- kzaw wymdt, (7323

rae kodpuiumentr K >0, k, >0. Ypasnenue (23), 310, 1o
cyTd, OJIOK ajanTanuy, 00CCIEeUNBAIOIINI JBIKCHUE OLICHKH
4, K uctuHHOMy 3Hauenuto @, . [losTomy cucrema ypasHe-
uuii (9), (10), (23) mpeacrasnser cobo# aTanTUBHBINA HaOIIOIa-
Tens KodpdummentoB @y, f, croaxusaronmii u3mepseMmyo
nepeMeHHywo W . HaiineHHble oneHku u cootHotieHus (2) no-

3BOJISIFOT BBIYHMCIUTH MCKOMBIE MTapaMeTphbl CISAYIOIUM 00pa-
30M:

A

I =(a,+&) " f, = fla,+4)™" (7.3.24)

CuHTEe3UpOBaHHBIN HabIrOIATENb OlleHHBaeT Kod(dunen-
Thl (24) u criaXuBaeT MepeMEeHHY0 W B TO BpPeMsl, KOT/1a BbI-
nonusiercst ycinosue (21). B TeueHue Toro BpeMeHu, Koraa yc-
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noBue (21) He BBIMOJNHSETCS, HAOIIOJATENb COXpAHIET paHee
OLICHEHHOE 3Ha4YeHue |, mponoinkas oleHuBaTh f WU CrIIaXH-

Bath W.

7.3.4. Cunmes Headanmuenozo HadI00amens

Paccmorpum ypasuenus (3), (4), npenmonaras, 4to W 1 W
u3BecTHbI. YpaBHenue (3) mpencraBuM B BHIE cucTeMbl (5),
(6). TIpaBas yacTe B ypaBHeHHHU (D) M3BECTHA, a B ypaBHEHUH
(6) m3secTHrl M u W . Heussectnsl g,, d u f , xoropsie onu-
CBIBAIOTCS ypaBHEHUAMH (4).

BBenem o6o3HaueHUs

X, =a,, %=Ff, x,=d,

X=[%, %, %], C=[m1w], (7.3.25)

C MOMOIIBI0 KOTOphIX cuctema (4), (6) mpeacraBnsiercs B BeK-
TOPHO-MAaTPUYHOM BH[IC

%=0 y=Cx (7.3.26)

Jlnst cuctemsl (26) TOCTpOMM HAOTIOIATENb, OIlEHHBAIOTIHIT
BeKTOp X B BHIE

§=L(Cx- ), (7.3.27)
Trac

L=[l, 1, 1]~ (7.3.28)
BEKTOp Kod(pduunentoB Habmonatens. [loacranoska Yy u3 (5)

B (27) naer
§=L(Ck- W+a,m). (7.3.29)

IMpu L =congt BBeaeM oO003HAUYEHHE

X+lw=1z, (7.3.30)
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nocie noacranosku X u3 (30) B ypasuenue (29) naGmroaTens
MMPpUHUMACT BUJ

%=z-wL, #=L(C(z- Lw)+a,m). (7.3.31)

Kak Buano u3 (31), st moctpoeHust HaOMIOAATENS HET He-
00XOIMMOCTH HaXoauTh W, J0CTaTOYHO 3HATH W . YpaBHEHHE
ook Habmronarens (27) HaiiieM BIYMTaAHUEM U3 YPaBHCHHS
(27) nepBoro ypaBaenus B (26). C yueToM BTOPOro ypaBHEHHS
B (26) ypaBHeHHE OMHMOOK 3aIHIIEM B BUJIE

%=LCx. (7.3.32)

OcranoBuMcst Ha BbiOOpe Matpuibl L . [l koMnakTHOCTH
usnoxenus merona B (25) monoxum d° x,°0. Torma C=[m1],

L=[l,,L,]' u ypaBuenue (32) npumer Buj
pk, = I,m, + |, %, p¥, = ,mk +1,%,, (7.333)

rae - onepatop nuddepennuposanus. Haiina ¥, us Broporo
ypaBHenus B (33) u 1ojicTaBHB €ro B MePBOE ypaBHEHHE, MOTY-

qaeM
& - (1, +1,m& - bk = 0. (7.3.34)
YMHOxHB ypaBHeHue (34) Ha ﬁl, 3aMyIleM ypaBHEHHE
2 S 9(12 =@, +I,m#&.  (7.339)
ITycts
|, =1, " (7.3.36)

C yuerom (36) ypaBHeruio (35) MOXKHO MPHIATH BU/I
V=l T Velemak (733

Vpasuenus (37) nonyuensl npu nomoun ypasHenus (34). [Ipu
E <0 ¢ynxuus V Gymer onpeneneHHo MOI0KHUTENLHOM, IPH-
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4eM IIpu |%1|, |ﬁ1|® ¥ |limV=¥, a ¢Qyaxuus v npu

- L
(I, +1,m@") <0 Gyner 3HakooTpunaTenbHOM. Haiinem, mpu Kakux
YCIOBUSAX \k° 0 TompKo Ha Tpaekropuu ¥ ° ﬁio 0. Uz o
CIIEAYET TOXIECTBO ﬁl 0 0, ¢ yueTOM KOTOpPOI'0 YypaBHEHHE
(34) npu oroBopeHHbIX 3HaueHUAX Koddduumentos |, |, cro-
JUTCA K TOXKIECTBAM ﬁlo %10 0. Takum oOpa3oMm, Ha OCHOBa-
HUM Teopembl bapOammna-KpacoBckoro [24] 3aximouaeM, 4To
npu

l,=lLd*, I, =const<0, (I, +I,mi*)<0 (7.3.38)
HYyJIEBOE pELIeHHE aCUMIITOTUYECKH YCTOMYMBO B ILIEIOM. JTO
oznadaer, yro npu t® ¥ x ® a,, X, ® f . Bxoxsuee B (38)
n&] MOXHO IMOJYYUTH I10 m IIpr MOMOIH aCUMIITOTUYECCKOI'O
g depeHimaTopa.

ITpu rh = O B HaGmOMAaTENE BO3HUKAET OCOOCHHOCTh M3-3a
Hannuus B yeaosusx (38) mt. Ecom =0 (m=const) ue na
LEIbIX TPAaCKTOPUAX, TO ACUMIITOTUYCCKAA yCTOfI‘II/IBOCTI) Ha-
omronatens (29) coxpansercs. Vckmodenne u3 paboThl TOYEK,
rae =0, He cy)aeT o0nacTh paboTOCOCOOHOCTH HAOII01a-
Tes, T. K. ipu =0 cucTemMa no mpupojie He Habroqaemast.

Jlnst yerpanenus ocobennoctr ipu =0 Bmecro (36) mo-
JIOKUM

I, =1, >sign . (7.3.39)

Torma BMecTo Beipakenuii (37), (38) momyuaem
v :%(ﬁf - Tjwfse). =0, +lmsignd)#,  (7.3.40)

|, =1,>signrh, I, =const<0,
(I, +m>xsign ) <O0. (7.3.41)

B sTom cityuae Beipaxkenns (31)—41) He ©MEIOT 0COOCHHOCTEM.
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7.3.5. Pe3ynvmamut modenuposanus

[Tpn MozenMpOBaHNM MPUHUMAINCH CIEAYIOIINE napaMer-
pBL:

l, =117xexn?, f =0..262 HXu, npu CTyHeHYaTO M3MEHSIO-
IIEMCSl CHTHAjJe 3aJaHusi CKOPOCTH MOMEHT HMHEpUUU
I =(0,5 1,0; 2,0)l,, a npx CHHYCOUAIILHOM CUTHAJIC 3a/laHUs
ckopoctH | =(1,0; 2,0; 30)l,-

MonenupoBanuck cleayroonye ypaBHEeHUs JBHKEHUS C 3a-
KOHOM yrnpagienus (4.1.23), (4.1.20):

IW=m+f, Ww=(m+f)l", (7.3.42)

I =1,+1, =condt, |,=const, f,=const, (7.3.43)
|\=m + £, (7.3.44)

fo=1f - 1, (7.3.45)

m =my,- fe (7.3.46)

My = - Ko(W - W) + 10, (7.3.47)

fo=z- 11w, (7.3.48)

#=Im,. (7.3.49)

AnanTuBHBIA HaOJIOAATENIb OMUCHIBAJICS  CIEIYIOIIUMU
YpaBHCHUSIMU

W=(a,+a,)m + f +1,(0-w), (7.3.50)
=1, 0- w), (7.3.51)

8, =- k(W - wm, - k- wymdt, (7352
0

I=(a,+4&,) "% l,=a" f,=1f(a,+4,)" (7353

rae @, BBeneHo B (2) u B noscHeHuHu K popmynam (2) u (3).
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PesynbraThl MofenrpoBaHusl pabOThl aJanTHBHOTO HAOIIO-
natens npencraeieHbl Ha puc. 7.3.1-7.3.5. B wactHocTH, Ha
puc. 7.3.1-7.3.4 npuBeneHsl rpaduKy NEPEXOJHBIX MPOIECCOB
(W — yrmoBast ckopocTh 00bekTa, f, — Harpyska, | — MOMEHT

A

MHEPLHHU M, COOTBETCTBEHHO, W, f, [ — ux oueHku MpU CTy-

nenuyatoMm (puc. 7.3.1-7.3.3) u cunycounanbaom (puc. 7.3.4)
CHTHANIAX 3aJanus cKopoctn) mpu | =21 (puc. 7.3.1), | =1,

(puc. 7.32), 1=05l, (puc. 7.3.3), | =3I, (puc. 7.34). Ha

puc. 7.3.5 1aH rpaduk 3aBUCUMOCTH BPEMEHU UACHTU(UKALIUN
MapaMeTpoB OT MOMEHTA UHEPIIHH.

AHanu3 NoJIy4YeHHBIX Tpa)UKOB MOKa3bIBACT, YTO CHHTE3U-
POBaHHBIN aJlaNTUBHBIA HAOIIOAATENb CIIOCOOCH HMICHTH(UIIN-
poBaTh MOMEHT HHepiuHu (MM Maccy) MOJBHKHON dYacTu
yIPaBJIsIeMOr0 MEXaHM3Ma W Harpy3Ky Ha HEro o M3BECTHOM
CKOPOCTH W U yIpaBlisitolieMy Bo3neiicteuio M, . [Ipu atom, ¢
YMEHBIICHHEM MOMEHTA MHEPIUU | Ka4eCTBO MJICHTHU(UKALIUU
MapaMeTpoB YIy4IaeTcs.

PP . |
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i ! z : 4 =
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-0 - ! .
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Pucynok 7.3.1
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Pucynok 7.3.3
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Pucynok 7.3.5
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Harpyska npennonaranace HoMuHanbHOU. IIpu ymeHsble-
HUU Harpy3kd W pa3dpoca MOMEHTa WHEPLUH BpeMs WICHTH-
(huKanuu CoKpalaercs.

3akmarouenne. CHHTE3UPOBAHBI JIBA aJITOPUTMA OLIEHKH I1a-
pamerpoB (Macchl WM MOMEHTa MHEPIMH, HATPY3KH U KO-
(buIMeHTa BSI3KOTO TPEHUsI) YIMpPaBiIsSeMOl MEXaHUYECKO# cuc-
TEMBbI B pealbHOM BPEMEHH B MPOIecce MTATHOH paboThl CHC-
Tembl. [l (QYHKIMOHMPOBAHUS aNTOPUTMOB HEOOXOIUMO
3HaTh CKOPOCTh M YIpaBJIsiolllee BO3lercTBUE. B oTinuuue or
MPOTOTHUIIOB, TOJyYEHHbIE aJlTOPUTMBI UICHTH(QHUKAINN PEKYp-
peHTHBI. VeHTuduKanys napaMeTpoB OCYIIECTBIISIETCS TOIBKO
B T€ MOMEHTHI BPEMEHH, KOTJIa BBHIMOIHSIOTCS JOKa3aHHBIE W
cOopMyTUpOBaHHBIE KPUTEPHH BOCCTaHABIMBaeMocTH. Bo Bcex
CllydasiX MOJICTUPOBAaHHS MOMEHT WHEPIMH OLCHHUBaeTcs 3a
Bpemst MmeHee 0,05 cek. ¢ Hawana pasrona. [locie BkItOUCHHS
HArpy3KH MPH HEBBITIOIHEHHH YCJIOBHS BOCCTAHABINBAEMOCTH
nHpOpPMAaIUs O MOMEHTE MHEPIHUU HCKaKaeTcsi ¥ MTHOBEHHO
BOCCTAHABIIMBACTCs cpa3dy 1mocie cOpoca Harpy3ku (cm.
puc. 7.3.1-7.3.3). Ilpu BBHINOIHEHNH YCIOBHH BOCCTAHABIIH-
BAaEMOCTH HJEHTU(UKAIUSI BCEX MapaMeTpoB MPOHCXOMUT Ofl-
HOBpeMeHHO (cM. puc. 4). C yMeHbLICHHEM Harpy3Kd Bpems
uaeHTH(PUKAIUK yMeHblnaercs. YucieHHOe MoJenupoBaHHe
MOATBEPANIO PabOTOCIOCOOHOCTh CHHTE3MPOBAHHBIX — aJT0-
PUTMOB.

7.4. BeiBoabI U3 pa3aesia 7

1. CunTe3upOBaHbl U HMCCIICAOBAHBI 3 QJTOPUTMA OICHKU
COIIPOTHUBJICHUS cTaTopa. Bee anropuTMbl OI[EHKH COITPOTHBIIC-
HUS CTaTopa, B TOM YKCJIE U PACCMOTPCHHBIC B JAHHOM pa3jie-
Jie, paboTOCIIOCOOHBI TOJBKO B HIDKHEH IOJIOBHMHE JHara3oHa
peryiupoBaHus ckopoctd. K cuacThio, BIMSHUE CONPOTHRIIC-
HUS cTaTopa Ha AMHAMHUKY AJl B BepXxHel MOJOBHHE JHAara3oHa
PEryJIMpOBaHus CKOPOCTH HE3HAUNTEIIBLHO.
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2. B ycraHOBHBIIEMCSl pE&KHME Bce 3 alrOpuTMa HUMEIOT
OJIMHAKOBYIO TOYHOCTh M HEOOJbIINE KONeOaHUsI OIICHOK, 00y-
CIIOBJICHHBIE HWHXKEKIMEed B HAMarHMYWBAIOLIYI0 COCTaBJISIO-
IIyI0 CTaTOPHOTO TOKa CHUHYCOMJAIbHON COCTaBJISIOLICH,
MpeAHa3HaYeHHOH Ui OOecredeHus] OLEHKH COMPOTHBIICHHS
potopa.

3. B ornmnuue ot anropurmo 1.2 u 1.3, anroputm 1.1 paGo-
TOCIIOCOOEH B pE&KMME HaMarHW4KMBaHUS, B KOTOPOM JUTUTENb-
HOCTH OIICHKU CONPOTUBIIEHUS cTaTopa He mpesbimaeT 0.1c.

4. TouHasi OIlEHKa COMPOTUBIICHUS CTaTopa IMO3BOJSIET H3-
0aBHUTHCS OT HEOOXOAMMOCTH M3MEPEHUSI BBIXOAHBIX HaIpsKe-
Huil [1Y, a ucnosp3oBaTh BMECTO HUX YNPaBIIAIOLINE CUTHAJIbI
osoka [1IMM. B aToM ciydae pa3paOOTaHHBIC aJlTOPUTMBI OY-
JyT OLICHUBATh HE aKTUBHOE COIPOTUBIICHHUE CTATOPa, & CYyMMY
3TOTO CONMPOTHBICHHUS C CONMPOTHUBIICHHEM KaOensi M DKBUBa-
JICHTHBIM conpotuBiieHueM Onoka [IINM, Bxatouaromumm B ceost
CONPOTUBJICHUSI TPAH3UCTOPOB U (UKTHUBHBIE CONMPOTHBIICHUS,
YUUTHIBAIOIIME BIMSHUE 3aMa3bIBaHUs MPH OTKPHITHU M 3a-
KpbiTuu TpaH3ucropoB IIMNM, u «vepTrBOE» BpeMs B HEM.
Kpome Toro, B HACHTH(PHUIMPOBAHHOM CONPOTHBICHHH OYIyT
YUUTBHIBaThCS M3MEHEHHE HAMPSKEHUS MUTAIOMIEH ceTh U 3-
(eKT BBITECHEHHS TOKa. DTOT (hakT obecrieunBaeT poOacTHOCTh
CUCTEMBI 110 OTHOIICHHUIO K MEePEYNCICHHBIM 3 dexram.

5. CuHTE3UpOBaHBI U KCCIIEIOBAHBI 5 arOPUTMOB OLICHKU
TIOCTOIHHOM BPEMEHH U CKOPOCTHU poropa. Unentndukanus T,

OCYILECTBIISICTCS TOJIBKO MPU MHIKEKIIUU B HAMAarHUYHBAIOIIYIO
COCTABJISIONIYI0 TOKA CTaTOpa rapMOHUYECKON COCTaBIISIONICH
C MaJIoi aMILIUTYJON U YaCTOTOMU.

6. Unentudukanus T, , C OHOIi CTOPOHBI, U JIBUTATENbHbIN

PEXUM C 11000 HArpy3Koi WK PEKUM XOJIOCTOr0 X0/a, ¢ Ipy-
roi, COBMECTHMBI BO BCEM JMala3oHE CKOpPOCTell poropa OT
HYJIEBOH (BKJIFOYAsl HYJIEBYIO) 10 HOMUHAIBHOM.

7. Unentuduranus T, ¥ TEHEPATOPHBIA PEXUM C JHOOOH

Harpy3Kou, HE NPEBBIIAIONIEN HOMUHAJIBHYIO, COBMECTHUMBI B
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JManasoHe cKopocTed oT HoMuHanmbHOH (W, ) 10 0.07w,,.
B mnanazone or 0.07W, 110 HyJeBOH CKOPOCTH HEHTH(UKA-
uus T, COBMECTHMA C F€HEPATOPHBIM PEKUMOM MPH Harpy3kax

ot 0.6 HOMUHANBHOM HATPY3KH JI0 HYJIEBOH.

8. Bpems uentudukanmn T, NPU HaYaJIbHBIX OTKIOHEHH-

SIX OIEHOK OT MCTHHHOTO (HOMHHAJILHOIO) 3HAYECHUS TrO’ Je-

xaumx B ipesenax or 0.5T, o no 2T, , ne npesbimaer 10 ¢. B

YCTaHOBHUBIIIEMCSl PeKUME OIIMOKa OIEHKU MOCTOSHHOW Bpe-
MEHU pOTOpa C TIOMOIIbID CHHTE3MPOBAHHBIX aJTOPUTMOB
NPaKTHYECKH paBHA HYJIIO.

9. Ilpu orcyrcTBum uHkeKuMU (MaeHTU(UKaUUU T, ) Npu-

BOJI pabOTOCIIOCOOEH B I'EHEPATOPHOM PEXHME MPU BCEX Ha-
Ipy3Kax M CKOPOCTSIX W3 JHANa30HOB OT HYJEBOTO 10 HOMH-
HAJIBHBIX 3HAYEHH.

10. Bo3MOXXHOCTh UACHTH(PHUKALWN TOCTOSIHHOW BpEMEHHU
poTOpa MpH CTaOMIHM3AalKUU HYJIEBOH CKOPOCTH IMO3BOJISET HC-
MOJB30BaTh ATOT PEKHUM U TPENCTapTOBON HIIEHTU(UKALNH
yKa3aHHOTO Mapamerpa.

11. Bricokasi TOYHOCTh W JOCTAaTOYHO OOJBIINOE OBICTPO-
JeWiCTBHE OLIEHKH COMPOTHBIIEHUI cTaTopa M poTOpa MO3BOJIS-
10T IOCTaTOYHO TOYHO OLIEHUBATh TEMIIEpaTyphl CTaTOpa H PO-
Topa mo 3aBucuMocTIM (2.55) pasmena 2 W OCYHIECTBIISTH
yIIpaBJIeHHE JABUTaTeNeM 0e3 ero meperpesa.

12. CuHTE3upOBaHbl JBa QJITOPUTMA OICHKH MapaMeTpoB
(Maccel WM MOMEHTa WHEPLUH, HArPY3KH M KOIPPHUIIUCHTA
BSI3KOI'O TPEHHMsI) YHPABJISIEMOW MEXaHHMYECKOH CHCTEMBI B pe-
aJIbHOM BPEMEHHU B IPOIIECCE ITATHONH paboThl cucTeMbl. Jlis
(YHKIMOHUPOBAHHUS aJITOPUTMOB HEOOXOIUMO 3HATh CKOPOCTh
U YIPABJISIOLIEE BO3JICHCTBHUE.
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Pasnea 8
CHHTE3 POBACTHBIX KOMIIEHCATOPOB
TOKOBBIX KOHTYPOB [1, 2, 13-15]

BBenenne. AHaIUTHYECKHE WCCIEIOBAHUS BEKTOPHOIO
ynpasieHus (BY) aBurarensiMu nepeMEHHOro TOKa MOKa3allu,
4TO B JUHAMUKE CUCTEMBI MOJKHO BBIICTUTH MEIJICHHBIEC U ObI-
CTphle Tporiecchl. MeneHHbIe MPOoIecChl UMEIOT MECTO B KOH-
Typax peryaupoBaHUs CKOPOCTH, MOTOKOCHEIUIEHUS, WJIEHTH-
¢duKayy napamMeTpoB U OLEHKH BEKTOpa COCTOSIHUS IBUTATEIIS.
BreicTpoli nuHAMHKON 00J71a1al0T KOHTYPHI PEryJIMpOBaHUs TO-
KOB. OTO JJaeT OCHOBaHHUE HCCIIEAOBAaTh KOHTYpPHl TOKOB He3a-
BHCHMO OT MEJUIEHHBIX IpolieccoB. Bompocam mpoekTupoBa-
HUS PEryJIATOPOB TOKOBBIX KOHTYPOB B JIBUTaTeNsAX MepeMeH-
HOTO TOKa TIOCBSIIEHO OONBIIOE KOAMYECTBO pabor [3—6].
B Hacrosimee BpeMs B KadecTBE PETYIATOPOB TOKa HanOOIb-
mee pacnpocrpaHenue noiyuunn I[I-perynsropsl, ycTaHOB-
JIEHHBIE B YacTsIX 00OOMX KOHTYPOB TOKa, OMHCAHHBIX ypaBHeE-
HUSIMH B CHHXPOHHOM 0asuce, CBA3aHHOM C TMOTOKOCIIEIIICHH-
em poropa [4]. Kak mokazaHo B paborax [7, 1], B 3aMKHYTBIX
KoHTypax Toka ¢ IIM-perynstopaMu HpUXOAMTCS HAXOAUTH
KOMIIPOMHUCC MEKAY OBbICTOJACHCTBHEM, TOYHOCTBIO, C OTHOMN
CTOPOHBI, U TIepeperyIupoBaHUEM, C IPYToil, BCIEICTBHE YEro
OBICTPOICHCTBHE TOKOBBIX KOHTYPOB OIpPaHHYEHO. DTO SBISET-
Csl OZIHUM U3 OCHOBHBIX HEIOCTAaTKOB, IMpUIUCHIBaeMbIX BY 1o
CPaBHEHHIO C MpsIMBIM yrpaBieHrneM momeHnTom [8]. Heompe-
JIETICHHOCTH DJIEKTPOJIBUTATENSl U TMpeodpa3oBaTessl 4acTOTHI
CYLIECTBEHHO yXY/IIAIOT IUHAMUYECKHE XapaKTePUCTUKN KOH-
TypoB Toka ¢ [IM-perynsaropamu. Kpome Toro, Mexny KOHTY-
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paMu TOKOB MMEIOT MECTO NEpEKpPECTHbIE CBSA3M, MPOMOPIHO-
HaJIBHBIE HE U3MEPSEMOM CHHXPOHHON CKOPOCTH BEKTOpa IO-
TOKocLeIuieHns poropa. B cucremax ¢ IIM-perynsitopamu st
yCTpaHEHUs BIMSIHHUS MEPEeKPECTHBIX CBs3€M MPUXOIUTCS BBO-
JUTHh KOMIIEHCHPYIOIUE MEePEKPECTHBIE CBS3H, YCIOKHSIOIINE
aJrOPUTM YIpPaBIEHHUS.

B nanHoM paszene cTaBUTCS M pelaercsd 3ajada CHHTE3a
QITOPUTMOB  YIpaBJieHHs, O0ECIEeYNBAIOIINX HE3aBUCHUMYIO
ONTHUMH3ALHUIO TI0 OBICTPOACHCTBHIO, TOYHOCTH U TEpeperyu-
POBAaHMIO TOKOBBIX KOHTYPOB B YCIIOBHUSX HEONPEIEIEHHOCTH
napaMeTpoB AJIEKTPOABHUIATENs, MpeoOpa3oBaTeist YacTOTH,
MOrPEIIHOCTEH AaTYMKOB TOKA M aHAIOro-IIM(POBBIX Mpeodpa-
30BaTeNiell W MpH HAJIWMYUU HEONpPEEeNIeHHBIX IMepeKpeCTHBIX
cBszeit. C 3ToM 11ebIo pezsiaraercss BMecTo cranaapTHoeix [11-
pPEryasaTopoB MPHUMEHATh KOMIIEHCATOphI, COCTOAIIME M3 Ha-
OmroaTenell HEONpPeAENeHHOCTH U KOMOWHUPOBAHHBIX PEryJisi-
Topos [9], onucannble Takke B moapasaeie 4.1.

MocranoBka 3agaun. Ha puc. 8.1 mpencrasieHa QyHk-
LMOHAJIbHAsI CXeéMa JBYX TOKOBBIX KOHTYPOB C MpeiJlaraeMbIM
HaOJI01aTeNIeM HEONpeNeIeHHOCTH, /1€ MPHHATHI Ceylore

0603HaYeHHS: yq,, lgq — BEKTOPHI NPOTPAMMHBIX TOKOB W

OLCHKHN TJIaBHBIX TapMOHHUK TOKOB B CHHXPOHHOM Oasmce
(d,q), ceszaHHOM ¢ BEKTOPOM IOTOKOCLCIUICHUS POTOPA;

(1) — perynsaropsr Toka (PT); 2 u 8 — npeobpasoBarenu mOCTO-
SIHHBIX TOKOB B JIByX(a3HbIi epeMeHHbII TOK U Ha000poT; 3 —
npeodpa3oBaTelib JABYX(a3HOTO TOKAa B 3KBUBAJICHTHBIM TPEX-
¢asueiii Tok; (4) — mpeobpaszosatens dactoTel ITH ¢ IINM,;
(5) — mBurarems nepemennoro toka (AJ); (6) — amamoro-
mudpoBoii mpeodpazosatens (AIIT); (7) — mpeobpasoBarenn
IByx (a3 Tpexda3HOro TOKa B 3KBUBAJICHTHBIA JBYX(]a3HbIH
Tok; (9) — nabmopnatens Heonpenenennoctu (H); (10) — rene-
paTop QyHKumil Sinwgt, COSW t; W, — CKOpOCTb BpallieHus 0a-

3uca (d,q) B craTopHOM Oasuce (a,b) (CHHXpOHHAs CKOPOCTS);
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PI/IcyHOK 8.1. (DyHKHI/IOHaJ'H)HaH CXEMa TOKOBBIX KOHTYPOB

MHJEKC [ YKa3bIBAET HA NMPOrPAMMHBIE 3HAYECHHUS TOKOB | M
Hanpsbkenuit U ; A, B, C — o6o3nauenus a3 tpexdasHoro to-
Ka, f — BEKTOp OLIEHKU HEONPENEIEHHOCTH KOHTYPOB. YacTh

CXEMBI JIEBEE IIYHKTUPHON JINHUU MOAEIUPYETCS B YIPABIISIO-
meM MUuKporporeccope. [IpuHunn AecTBUS CXEMbI ONKCAH B
nonpasaene 8.4.

IIpennmaraemast cxema OTIMYAETCS OT TPAAULIMOHHOM CXEMBI
c [Ih-perynsTopamMn HanmuuueM HaOroAaTenel HeonmpeaeseH-
HocTH H M KOMOWHUPOBAaHHBIX PEryISTOPOB, B KOTOPBIE MOTYT
Bxonuts Kak II-, tak u II1-perynstopsl.

CuHTE3 KOMIIEHCATOPOB TOKOBBIX KOHTYpPOB YAOOHEe mpo-
BOJIUTH, KOTJa YpaBHEHHS BceX OJIOKOB KOHTYPOB 3alMCaHbl B
cuHXpOHHOM Oasuce. [TY ¢ gocTaToO4HOH CTENEHBIO TOYHOCTH
JUIsl JAHHOM 3aJa4d MOXKHO OIUCATh YCWJIMTEIbHBIM 3BEHOM C
HEU3BECTHBIM KOd(hduimentom ycunenus kK . Bausuue news-

BECTHBIX OpPOCKOB HANpsHKEHUS CeTH, MaJeHUs] HAMPSHKEHUsS Ha
TPaH3UCTOpax, 3ama3[bIBaHUS HMX OTKPBITUA W 3aKpbITHS, a
Takxke dPQeKkra «MEpTBOro» BPEMEHH MOXHO TaKXKe ONUCATh

OTKJIOHEHUEM k1 OT €ero HoMUHaJIbHOrO 3HaueHusd. [ u T4
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B CHHXPOHHOM 0a3uce OMHUCBhIBAeTCS CIEAYIOMEH CHCTEeMOit

YpaBHEHHUI:
TR =-Y,+Lig (8.1)
S Lipigq =- Rigq - Wes LJig, - e+, (8.2
e=w,L,Jy +L. py, (8.3
u=kuy,,, (8.4)

TJI€ Y ,i,U — BEKTOPBI MOTOKOCIEIUIEHHs] POTOPA, TOKA U HATIpsI-
JKEHMs cTaTopa, 3axannbie B 6asuce (d,(); €— BekTop nporu-
B0OJIC; W, — yrioBas CKOpOCTh BpallleHHs BekTopa Y , ¢op-

MUPYIOIIas TIEPEKPECTHBIE CBA3KM MEKIY KOHTYPaMHU TOKa, S —
koo dunment paccenBanus; P — oneparop auddepeHupoBa-

HUS,
2
Tr=L =1- Lm,Lm:_m S: 5
R LL, L, R’
, gl Gl e @1
=g wl=a au=ée ud 8.5
ol T80 G & oG9

B (1)—3) L, L, L, — UHIYKTHBHOCTH CTaTOpa, POTOPA U B3a-

. (
HMHagd HMHAYKTUBHOCTL CTAaTOpa U POTOpAa, TS — IIOCTOsIHHas

BPEMEHH KOHTYpa TOKa, T — MOCTOSIHHAs BPEMEHH POTOpA.
[Mockoneky T, >>T(, T0 B (2), (3) MOXHO moONMaraTh
y =const. Kaxaomy Matpudaomy ypaHenuio (2)—(4) coor-
BETCTBYIOT JIBa CKaJSPHBIX YpaBHEHHS. 3a CUET KOCOCHMMET-
pHuUecKoil MaTpuibl J MEKIy 3THMH YPaBHEHHSIMH CYIIECT-

BYIOT IIE€PEKPECTHBIC CBS3HM, YXYALIAIOIIHAE AVUHAMUKY H 3a-
TPYAHSIOIINE CUHTE3 CUCTEMBI yIpaBieHus. ConpoTUBIEHUS
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(
R, u R, a cienoBarensro, T, u T, BcieacTBUE M3MEHEHUs

TEMIICPATYpPhbI ABUTATCIIA MOI'YT CYILIECTBEHHO MEHATHCA U IIPpU-
HUMATb HEU3BCCTHBIC 3HAUCHUA, CYIICCTBEHHBIM 06p330M BJIN-
sIs1 Ha TUHAMUKY KOHTYPOB.

CraBuTcst 33/1a4a CHHTe3a POOACTHOM JEKOMITIO3MPOBAHHOM
CHCTEMBI YIpaBlieHUs, oOJiafaromeld OonbIHuM OBICTPOJIeHCT-
BUEM IIPU OTCYTCTBUHM IIEPEPEryIUPOBAHUA II0 CPABHEHUIO C
cucremoii ¢ [IN-perynaropamu.

8.1 Cunre3 koMneHncaropa
ITox koMIIeHCATOPOM MOHUMAETCS COBOKYITHOCTh HaOIIto1a-

Tens u peryiusaropa. Ilycrs R, Ky, Ly, — HOMUHaJIbHbIE 3HaYe-

HHSI COOTBETCTBYIOLINX MMapaMeTpoB, a
Rs' Rsostj, k1' k10=k1d' Ls' LSO:Lsd’ (8.6)
rre R, km , Ly — HOrPEIIHOCTH 3HAHUS [TapaMETPOB. Crenys

pabote [9], npencraBum cucremy (2)—(4) B BHC HOMUHATBHON
MOJIENH, Ha KOTOPYIO ACHCTBYET BEKTOP HEONpPEIeIeHHOCTH f

a UMEHHO,

Py, =- igq ¥ Ko(Uggp + T), (8.7)

1
TS

Ko =Ky (S Lso)_la (8.8)
f =k (KgUggp - € WS LJig, - Ryigq - Piggle).  (8.9)

Bce koo durtnentsr u mepemennsie B (7), (8), 3a uckimoue-
HUEM pidq u f , cunrarorcs M3BeCTHHIMMU.

3aja4a COCTOUT B OYHCTKE CUTHAJA idq OT TyJibcaIuii, o0y-

cnonennbix 11IUM, onenke f wu ero kommnencamuu B peryiis-
Tope. CkanspHble YpaBHEHUS, COOTBETCTBYIOIINE BEKTOPHOMY
ypaBHenuio (7), Bzaumocss3ansl yepe3 f . Ilpu kommencanuu
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f ypaBHenus GynyT pasBs3aHbl U HEONPENETEHHOCTH HE OY-

YT OKa3bIBaTh BIMSHHE Ha AMHAMUKY KOHTYpoB. byzaer mpen-
noJjaraThCcs, YTO MOCTOSHHBIC BpEMEHU HAO0AaTeNsl Ha MOopsi-
JIOK MEHbIIIE TTOCTOSIHHBIX BPEMEHHU 3JIEKTPUUECKHX MPOIECCOB
B yIIpaBlisieMbIX KoHTypax. [loaTomy mnpu cuHTe3e HabmonaTe-
JI1 MOXHO TI0J1araTh

f=o. (8.10)
Nsmepennem aunamuueckoit cucremsr (7), (10) susercs
idq. Bynem ctpouTh 1Sl KaKI0r0 KOHTYypa TOKAa HE3aBUCHUMBbIN

komrieHcatop. [loaTroMy B pajibHeiiemM OyneM paccMaTpUBATh
CKaJIIPHOE ypaBHEHHE TOKa, 1Mo ¢dopme copmamaromee ¢ (7), a
HUMEHHO,

pi =~ (T$)" i + ky(u, + ) 8. 11)

C U3MepeHHEM
y =i. (8.12)
[ockonsky mpu Yy © i © u, © 0 u3 (11) cnenyer f © 0, To

cucrema (10)—«12) sBusercs momHocThIO HabOmromaemoit [10].
B cBAA3M ¢ 3TUM, IOCTPOUM HaOmoaaTens st ouenku | u f [9]

pl == (TH) i +ko(u, + F)+1,(T - i), (8.13)
pf =1,( - i) (8.14)

31eck U Janee 3HaK «» yKas3bIBaeT Ha OLEHKY COOTBETCT-
BylOLIeH InepemeHHol; |, |, — mocrosaHHble KO3 ULHEHTHI

HaOmoaarens. Beruntanue u3 (13) ypaBuenus (11), a u3 (14)
ypaBHenus (10) maer cuctemMy ypaBHeHHI OmOOK HaOIFOIaTeNs

pi =(l,- (T HT +k,f, (8.15)

pf =L, . (8.16)
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Cucrema (15), (16) nmeer xapaKTepuCTHIECKOE YpaBHEHHE
p*+((TH - 1)p- ki, =0. (8.17)
ConocraBuM ypaBHeHue (17) ¢ 3TallOHHBIM ypaBHEHHEM
p*+2dW, p+W =0.
B pesynbraTe nonyyum
L, = (T$) - 20W,, 1, =-k;WE. (8.18)
Yacrora W, xapakrepusyer ObicTpozelicTBUe HAaOIIOAATEIIS.

Perynsarop KOHTypa TOKa IIPEICTaBUM B BUJIE
u, =(q + P )i, - 1)- f, (8.19)

riue ip — NporpaMMHOC 3HaueHue Toka, (;, , — MOCTOSHHBIC

kodpunuentsl. [ToacranoBka (19) B (11) ¢ yderom cOOTHO-
LIEHUH
T, f=f+1 (8.20)

OacT YPaBHCHUEC INMHAMUKU YIIPABIAECMOIO KOHTYpa TOKa

=i+

pi = - (T$)* + kot + koG, P )i + ko (0 + P )i, - ) - ko P
(8.21)
ITpn paBHIIEHOM BBIOOpE TTapaMeTpoB HAOIIOAATENS Iepe-

MmeHHble |, f ¢ TeueHneM BpemeHH cTpemsTcs K Hymo. ITo-

ATOMY XapaKTepUCTHUECKOe ypaBHEHHE Juis ypaBHeHus (21)
uMeeT BUJL

P+ ((T$) ™" +Koay) P+ koG, = 0. (8.22)

ConocraBisisi ypaBHeHHE (22) ¢ 3TaJOHHBIM XapaKTEPUCTH-
YEeCKHM ypaBHEHHUEM

p®+2dW, p+W =0,
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rae W, xapakrepusyeT ObICTpoOjeiCTBHE yNpaBiIseMOro KOH-

Typa, MOKHO TIONYYUTh 3Ha4eHUs K03 puimeHToB perynsropa
B BUJIE

g =k'(2dW, - TH)H, o, =kW. (8.3

Takum oOpazom, HaiineHb! Beipaxenus (18), (23) wist BbI-
Oopa mapamMerpoB KOMIIEHCATOpa.

8.2. CuHTe3 KOMIIEHCATOPA NPH HATHYHH
CMeILleHUI HyJIell JaTYUKOB TOKA

Hatuuku Toka Ha puc. 8.1 crosat nepen AIIIL. [TocrosiHHbIC
OIMOKK 3TUX JIATYMKOB IMOCNE Oloka 7 mpeoOpa3yroTcs B I0-

CTOSAHHBIE OIIUOKK C

w1 Cq, COINYICTBYIOLIME CHTHAJIaM

I, 1, . Cnenyer ormeruts, uro camn ALl Takke moryt ciy-

XKHUTb WCTOUYHUKAMH TOCTOSHHBIX cMemieHuid. [locne Gmoka 8
9TH OWMOKM TMEpeXoasiT B CHHYCHO-KOCHHYCHBIE OIIMOKH

Cor» Cop YACTOTHI W, CKIIA/IBIBAIONIMECS C CHTHANAMH Iy, I
BEKTOpa idq. JeiictButensHo, mycth Cg — BEKTOpP MOCTOSHHBIX
ouMbOoK, COMYTCTBYIONIMH BEKTOPY i, B CTaTOpHOM Gasmce
(@,b), A —wmarpuua nepexozna or 6asuca (a, b) K CHHXPOH-
Homy OGasucy (d, Q), C,- Bektop ommGok B Gasuce (d, Q).

HmMmerot MecTo CICAYIOMME COOTHOIICHMS:

= 2COSW, inw,t U 41 Op
Co = AC,, = gCOS ot SInWt E, AN —E= ?1 Og (824)
c,=ATc, & SINWt coswty & 1M

ITockONBbKY 3JIEKTPOMATHUTHBIA MOMEHT IPOIOPLUOHAIIEH

idi q» TO TIOCTOSIHHBIC OIIMOKH JaTYUKOB MPUBOJAT K TIEPHOJIH-

YECKMM KOJICOAHUSIM 3JICKTPOMAarHUTHOrO MOMEHTA C 4aCTOTOM
2W0. Kpome Toro, cMerenust Hyne JaTYUKOB TOKA MPUBOMIST
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K ommnOKkaM B omeHKax BekTopa coctosHust AJl. I[loaromy Heoo-
XOMMO OTHETHTH 1y, iy, OT COMYTCTBYIOIIMX WM OIIMGOK.

3nas ouenky C,, mo coorBercrByromeil dopmyne u3 (24)

MOKHO TIOJIY4UTb OLEHKY C_

PaccMoTpuM 0iMH M3 IByX KOHTYpPOB TOKa (MHJIEKC KOHTY-
pa MpH HalMCaHWM OMYIIEH). B COOTBETCTBUM C BhINIECKa3aH-
HBIM, U3MEPEHUEM SBIISIETCSA

y=i+cy, (8.25)
rae Cy OIMHCHIBACTCS CHHYCHO-KOCHHYCHBIMU YPaBHEHUSIMHM
&01 = - WoCpp» &02 =WqCo1 - (8-26)

Hccnenyem nabmromaemocts cucrems (10), (11), (25), (26).
IIpu y© u, 0 O ypasuenue (11) npuHUMaeT BUI

&01 °- (Ts%)_lcol - kof : (8-27)

[oncranoska &, u3 (26) B (27) naer ypasHeHue
(TS%)_ 1C01 - WOCOZ + kO f © 0 (828)

ITockomeky T4 * O, k,* O, f =const, a Cy, u Cy, ceasa-
HBl MeX1y coboil kak SINWyt u COSW,t (r.e. mepemeHHbIE
Corr Cpos f sBmsroTcs nMHElHHO HGSaBI/ICI/IMI)IMI/I), TO IIpHU
W, 1 O ToxmectBo (28) MOXET OBITH BBIIOIHEHO TOJIBKO IIPHU

Cy © Cp, © T © 0. Ckaszannoe no3soisier 3akmounts [10], uro

cucrema (10), (11), (25), (26) sBisiercs MOTHOCTHIO HaOMIOAAC-
MO W I Hee MOXHO MOCTPOMTH HAOI0IaTeNh YETBEPTOro

Topsiika Juis OLeHKH Iepemenssix 1, f, Cy, C, omHoro ms

JIBYX KOHTYpOB Toka. HaOnromatens CTpOUTCS MO ypaBHEHHSIM
(10), (11), (25), (26). dns ymeHblieHUs: 00beMa BBIYUCIICHU,
CBSI3aHHBIX C HAONIONATENEM, CHHTE3UPYEM €ro B BHUJE CHUCTe-
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MBI JIBYX YpPaBHEHUMN, OJHO U3 KOTOPBIX SIBJIIETCS HE3aBHUCH-
MbIM. C 3TOW LENbIO MPENCTaBUM ypaBHEHUS! paOOThl KOHTYpa
TOKa B CIICAYIOLIEM BHJIE!

k= Ax+Bu,, (8.29)
kE=F z (8.30)
y=Cx+Hz, (8.31)

rae

(LU giu e (T8 ki o ol €0 -w
S0 &d €0 of gy & 0y

z=[e, " C=H=[1 0] (8.1.32)

B=

Kak yxe ObUIO CKa3aHO, C LENBI0 CHUXCHHS O0beMa BBI-
4YHCIIeHW B HaOnoaTene oH pasOuBaercst Ha JBe dactu [9):
Ha0JII0IaTeNh Pe0OPa30BAHHOIO BEKTOPA COCTOSIHUS

% =AXx +Bu +L(CX - y) (8.33)
u H36HIOZ[3T€HI) HEONPCACIICHHOCTHU
5=[F+L,(CS+H)]z+L,(C% - y). (8.34)

B(33), @) L=, L,J. L=, 1,]' —warpums xo-
a¢huIMeHToB ycuieHus HabIoaaTeNs,

K =X+S2 (8.35)
Marpuiia S omnpeensercs U3 ypaBHEHHs
(A+LC)S- S +LH=0. (8.36)
XapakTepucTUIecKoMy onpenenuTento ypasHenus (33)
|Ep - A- LC| =0
COOTBETCTBYET XapaKTePUCTHIECKOE YPaBHEHHUE
p? +|(T$) - L] p- K., =0. (8.37)
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W3 comocraBnenusi ypaBHeHusi (37) ¢ 3TallOHHBIM XapaKTepH-
CTUYECKUM YpaBHEHHEM

p>+2d.W.p+W =0
HaiiieM

L, =(T$) - 2d W, 1., = ky"WE. (8.39)

3nece W, — yacToTa, XapakTepusylolias ObICTpOJCHCTBUE
nabmomarens (33).

Matpuna F B coorsercrBum ¢ (32) umeer coOCTBEHHbIE
sHauenus * jW,, rae j=+/- 1. Matpuna (A+ L.C) na3naua-
eTcsl TYPBHIIEBOM, UCXOAS U3 €€ kKelaeMoro crekrpa. [loatomy
crexTpsl Matpul] F u (A+ L C) He mepecekaroTcs, 4TO SIBIIS-

ercst HeOOXOUMBIM U JIOCTATOYHBIM YCIIOBHEM CYIIECTBOBAHUSI
eMMHCTBEHHOro pemieHuss S ypaBHenus (36) [11]. 3Has S wu
JKeJaeMble THHAMHYECKHE XapaKTepUCTHKN Habmoarens (34),

MOxHO Haiitn matpuuy L,. Ilo cucreme (33)—(36) ¢ yderom
oG03Ha4eHHit (32) MOXKHO MONYYHTh OLEHKH |, f, Coys €y COOT-

BETCTBYIOIMX ITEPEMECHHBIX.
3aKOH YIpaBJICHUS B HMCCIEIyeMOM KOHTYpe TOKa Oyner
umetb Bup (19), s koroporo crpaBeminBbl Bbikiaaku (20)—
(23).
N3510keHHBIA BBILIE CHUHTE3 KOMIIEHCATOpAa OTHOCUTCS K
omHOMY U3 KOHTYpoB Toka 0 wmu (. TTokaxkeM, 4TO OLEHKA
C,, SIBISCTCS OLICHKOH CMEIUCHHs HYJNsl B CMEXHOM KOHTYpE.

JleificTBUTENIBHO, B COOTBETCTBUH C (24)

ec cosw,t +C,, SInw,t U _€CyU

. (8.39
€ ¢, sinw,t +c,, coswtd &4 (8.39

C, = Ac, =

S

Herpynno yoemutscst B ToM, uT0 Cyy, Gy, u3 (39) ymosmerso-

PAIOT ypaBHEeHUAM (26), uTo ¥ TpebOBATOCH MTOKA3ATh.
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Jlns cMeKHOTO KOHTypa crpaBeminBel ypaBHenus (10),
(11) ¢ usmepennem Y, =1, (8.40)
rie Y, = Y, - €, a Y, —Bbixox 610ka 8. ITockoibky (40) mo

coaepkanuio copmamaer ¢ (12), To Beikmaaku (13)—(23) ocra-
I0TCSI CIIPAaBEATIMBBIMH TSI UCCISAYEMOTO CIydasl.

Takum 00pa3oM, CHHTE3UPOBaH KOMIIEHCATOP MPH HAIIU-
YUY CMEILCHUN HYJIEH B JaTYMKAX TOKA.

8.3. Pe3ysibTaThl MOJAEIMPOBAHUS

[Ipu monenupoBanun Ha IIOBM paccmaTpuBancs acuH-
XpOHHBIN nBUTaTenb THna A2-81-4 co cienylomuMH HOMH-
HaJIbHBIMU Xapaktepuctiukamu (cm. [punoxkenne A):

Ry, =00720m R,=01060M L,,=00377Iy L,=L,,=00387/%
s =0051 T, =0365¢, T§=sT,=00274c, k,=507 k ,=1

[To 3aBucumoctsimM (18), (23) ObLIM BBIOpaHBI CIEAYIOIINE

3HayeHus kKodddunmenTos: |, =- 67055, 1,=—493.1, g, = 0.915,

g, =35. A/l ¢ npeobpa3oBaresneM 4acTOTHI MOAEIUPOBAINUCH
YpaBHEHHEM

pi =- (T i +ku, (8.41)

rIe  HampshkeHWe, ToJaBaeMoe Ha  3JICKTPOJBHUraTElNb,

u=u,+318sinnt, B; n =25100 ¢'* (4 x/y)- 4acrora  IIMM

IT4.
Vpasuenus (13), (14), (19) MoaenTUpoBaINCh B AUCKPETHOM

BHJIe ¢ TakToM cueta T, =107 ¢ ypasHeHusmu
Tn+2) =i +T{- (1) 7 [n] +k(u, [n] + £ [ +L,( ] - i[ ]}
f[n+1 = f[n] + T, (] - i[n]), (842
u [ =u [n- Y +q-1[n)+i[n- W)+ TG, - {[n])- f[n]+f[n-
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i 2005 DOl 4015 60T Ders £, o
Pucynok 8.2. Tlepexoanbie porieccs

B TOKOBBIX KOHTYpax

Ha puc. 8.2 comocraBieHbl MpOrpaMMHBINA TOK ip = 40A,

pe3yabTaThl MOICTHPOBAHHS ONTHMHU3HMPOBAHHOIO KOHTYpa
TOKa ¢ GuiabTpoM mepBoro nopsiaka u [TU-perynstopom pabo-
Tol [6] (kpuBbIe 1 1 2) ¢ pe3ysbTaTaMHi MOJCIHPOBAHUS CHHTE-
3upoBaHHO# cuctembl (41), (42) (xpuBas 3). Kak BuaHo u3
CpaBHEHHS TIEPEXOJIHBIX MPOIECCOB, CHHTE3MPOBAHHBIN BBIIIC
KOMITEHCAaTOop oOecreunBaer Oomnbliee OBICTPOACHCTBUE MpPH
OTCYTCTBHH TiepeperyiupoBanus. HecMoTps Ha TO, 4TO peryJs-
Top (19) comepxkut M-COCTaBISIONIYIO, TIEPEXOIHBIN MPOIECC
MOJYYeH arepuOJHYSCKUM. ITO OOBSICHSACTCS B3aMMOJICHCTBHU-
€M TIPOIIECCOB B HaOJItoaTeNe U yipasiisieMoM o0bekTe. boree
TOrO, epeXoHbIil nportiecc (kpuBasi 3) MPaKTUUECKH HE MEHS-
ercst npu 0.5k, £K £ 2k,, O0.5T¢E£TIE2T¢ Kak mpu moode-

peIHOM, TaKk M TIPU OJHOBPEMEHHOM BapbHPOBAHUH IEpPEUMC-
JICHHBIX KOA(PPUIMEHTOB.
Bpewmst nepexonHoro mnporecca U OTCyTCTBUE Iepeperyiiu-

POBaHMSI COXPaHSIOTCS MPU BCEX 3HAYSHMSIX ip. Ha puc. 8.2

MOKa3aHbl Pe3yNbTaThl MOJETHPOBaHUs Oe3 ydeTa NIyMOB Ha-
npspkeHust, o0ycnosieHHbix LLIMM. Ha puc. 8.3 mpeacrasien
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Pucynok 8.3

nponecc ¢ yderom mymoB LHIWUM. Ilpsmas 1 — nporpammuoe
3HAUCHME TOKA, KpUBas 2 — UCTUHHBIC 3HAYCHUS TOKA, KPUBas
3 — olleHKa OCHOBHOM (ITOJIE3HOM) COCTABIISIOIIEH TOKA.

Puc. 3 cBuaerensCTBYeT O JAOCTATOYHO KadeCTBEHHOM
OIIGHKE TIOJIE3HOM COCTABISIONIEH TOKA C y4eTOM OONBIINX MO-
Mex, BHocuMbIx HIMM.

3akarouenne. CHHTE3UPOBAHBI aJlTOPUTMbI KOMIIEHCATOpa
JUIS YIpaBJieHUS KOHTypaMH TOKa Kak Oe3 ydeTa CMEIeHHUs
HyJel JaTYMKOB TOKA, TaK M C y4E€TOM 3TUX cMmeuleHuil. Ha-
OmroaTeny, BXOZSIIME B COCTaB KOMIIEHCATOpPa, OLEHWUBAIOT
[JIABHBIE TAPMOHUKH TOKOB, HEOINPEIEIEHHOCTH KOHTYPOB TO-
KOB, BKJIIOUas CMEIIEHUS HYJIEH JaTYMKOB U IEPEKPECTHBIE
cBs3H, Ha (oHe momex, coznaBaembix LIIMM. CuntesupoBaH-
HBIA KOMIIGHCATOp oOOecneuyuBaeT pPOOACTHOCTH CHUCTEMBI
yIIPaBJICHHUS MO OTHOIICHHUIO K MU3MEHEHUIO Kod(pUIMeHTa e-
penaun mpeoOpa3oBaTensl 4acTOThl, OpOCKaM HAMpPSHKCHUS TH-
TaroLIEeN CETH, K OTKIOHEHHUIO BCEX IIapaMETPOB JBUTaTens OT
HOMHHAJIBHBIX 3HAYEHHUH (BIMSHUE OTKJIOHEHHH OT HOMHHAJIb-
HBIX 3HaYeHW# L , R, L., BXOAAIIMX B IEPEKPECTHHIE CBSI3H

MEX]Iy KOHTypaMHu TOKOB, KOMIIEHCHPYETCS BMECTE C KOMIIEH-
caluell caMHX MEepeKpEeCcTHhIX CBs3eit). UucieHHoe MOJenupo-
BaHHUE T0Ka3aJlo, YTO CHHTE3UPYEMBIi  KOMIIEHCATOp 110 CPaB-
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HEeHUIO0 ¢ KiaccuueckuM [IM-perynstopom oOecrieunBaer
Oonpliee OBICTPOAEHCTBHE MPH OTCYTCTBHH II€peperyInpoBa-
HUS 1 OOJIBIIYI0 poOACTHOCTH MO OTHOUICHUIO K HEONpeAeeH-
HOCTSIM, B 0OCOOEHHOCTH, K ITEPEKPECTHBIM CBS3SM.

8.4. lTpunoxenue. [IpuHIUN AeiicTBUS CXEMBI

Ha puc. 8.1 nzo0pakeHbl TOKOBBIE KOHTYPhI CUCTEMbI BEK-
TOPHOT'O YIPABIICHUS JBUTATENsl IEPEMEHHOrO TOKa, B YaCTHO-
crtu, acuaxpouHoro asurarens (AJl) 1. B AJl nmpu paccmorpe-
HUU TPOLIECCOB B CTATOPHOM 0asuce Bce TepeMeHHbIC SBIISIOT-
cs Tpex(azHbIMH W H3MEHSIIOTCS CHHYcOMAanbHO. OpraHuso-
BaTh KAYeCTBEHHOE YIIPaBJICHHE TAKHMMH IMPOIECCAMU CIOKHO.
Kaxyto Tpexda3Hyro nmepeMeHHYI0 MOXKHO TPEICTaBUTh B BH-
Jie BEKTOpa, BPAIIAIOMIErocsi C OINpEeNelIeHHOH CKOPOCTHIO B
CTaTOpHOM Oa3mce. DTOT BEKTOP MOXKHO CIIPOCKTHPOBATH Ha
opToroHabHbIH 0asuc (a, b ), cBsa3aHHbIH co ctatopom AJl. B

pe3yJibTare MPOMCXOAUT MePEXoi OT Tpexdasnoro AJ[ K 3KBH-
BaJieHTHOMY nByX(paznomy AJl. OTo ocymiecTBisieTcss 6I0KOM
7. OnucaHHOE YIpOUICHUE SBISETCS CYHNIECTBEHHBIM, HO HE
npuHOUNUATEHEIM.  Ecnm  aByxdasHble 3JeKTpOMarHWTHEIE
IpoIecChl paccMaTpuBath He B Oasuce (a, b), a B Oasmce

(d,qg), ocs d koTOpOro CoOBmagaeT ¢ BEKTOPOM IOTOKOCIIEN-

JICHUs pOTOpa, TO (ha30BbIC MMEPEMEHHBIC y)Ke HE OyIyT CHHY-
COMJANBHBIMU. JTO ocymiecTBisiercs B 61oke 8. B aToM ciyuae
BO3HHUKAET TIOJIHASI aHAJIOTUSI C IBUTaTElIeM MOCTOSHHOI'O TOKa

(AIIT). CocraBustouasi Toka 1, Ha3bIBAETCS TOKOM HAMarHH-
YMBAHUS U COOTBETCTBYET TOKY 00MOTKH Bo30yxaenus JAI1T, a

iq Ha3bIBAETCS MOMEHTHOW COCTaBJISIONIEH M COOTBETCTBYET

ToKy sikopHoH nenu JIIT. IIpu 3TOM BO MHOruX cilydasx OKa-
3bIBaeTCA IpuUMeHuMoN Teopus ynpasieHus IIT. Ha gactu
cxeMbl Mex 1y Onokamu 8 u 2 , rae nelictByer anHanorus ¢ JIIT,
(OPMHPYIOTCSI <TIOCTOSIHHBIES YIIPABIISIOLIHE HaIPSKCHUS

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

305

Uy s Ugp (udqp). 3arem ¢ moMomipio 0s10koB 2 1 3 hopmupy-

ercst TpexhasHblil ynpasisiomii curaai Upyge, - [peobpasosa-

tenb yacToThl (ITH) 4 cocTouT U3 ABYX OJOKOB: BRITPSIMHUTENS U
0s10Ka IUPOTHO-UMITYIbcHON Moaymsiuuu (ILIUM). TTY dop-
MUpYeT TpexdazHoe HanpsbKeHne, nuTtatomee A/l

Herounocts 3nanus mapamerpos AJl, HenneansHoctu 114,
HaJMYMe HEU3BECTHBIX MEPEKPECTHBIX CBA3CH MEK/y KaHAJIaMU
d u q npuBOIAT K HEOOXOJUMOCTH KOMIIEHCUPOBATH BIIUSHHE
3THX HewjeanbHocTel. B JaHHOM mozpasjene 3TO OCyIecTB-
JIACTCS. ¢ TIOMOIIIBI0 KOMOMHUPOBAHHOTO PEryjsTopa ¢ Ha0JI0-
JaTelieM HeolpeneNeHHoCTH. HeompeneneHHocTs GpopMupyer-
Csl MyTEM BBIJCIICHUS WJICANTBHON CHUCTEMbl U OOBCIUHCHHEM
BCEX HEOIPEIECIIEHHOCTEN U HEUICAIbHOCTEW B OJJHO CJIAraeMoe

f , KOTOpOEe MOKHO paccMaTpHBaTh KaK BHELIHEE BO3JIECHCTBIE
Ha HjealibHy0 cucremMy. C oMoIiko HabmoaaTens 9, moMuMo
OLCHKM TOKOB |y, 1,, OLCHMBAIOTCS HEONPELEICHHOCTH

q1
f, £,

BrnusiHue 5ToM HeompeneleHHOCTH KOMITEHCHPYeTcs KOMOMHH-
POBaHHBIM peryisTopoM 1.

KOTOPBI€ COCTABJIAKOT BCKTOP HCOIPEACICHHOCTHU f.

8.5. BeiBoanI u3 pa3nena 8

B Hacrosiiee BpemMsi B KauecTBE PEryJsiTOPOB TOKA Hawu-
Oonpiiee pacrpocrpanenue nomyuwin [IW-perymsaropsl. B
3aMKHYTBIX KOHTypax Toka ¢ IIM-perynstopamMu NpUXOIUTCS
HAXOIUTHh KOMIIPOMHCC MEK/Y OBICTOIEHCTBHEM, TOUHOCTBIO, C
OJHOW CTOPOHBI, W NEPEPEryINPOBAHUEM, C IPYTOH, BCIEICT-
BHE 4Yero OBICTPOJEHCTBHE TOKOBBIX KOHTYPOB OTPaHHUYEHO.
OTO sABISETCS OAHUM M3 OCHOBHBIX HEIOCTAaTKOB, MPHUIIMCHI-
BaeMbIX BY 10 cpaBHEHHIO C NpPSAMBIM YIPABIECHUEM MOMEH-
TOM. KOHTYpBI TOKOB MOJBEPKEHBI BIMSHUIO LENOTO «OyKeTa»
HEONPEACICHHOCTEH: HEeM3BECTHBIM OpOCKaM HaIpsHKEHUs ce-
TH, NTaJICHUIO HANPSHKEHUS HA TPAH3UCTOPAX, 3ala3/bIBAHUIO HX
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OTKPBITHSA U 3aKPBITHS, a Takke 3PPeKTy «MepTBOr0» BpEMEHH,
HEONPEACTCHHOCTH BCIIECTBUE U3MEHEHHS TEMIIepaTyphl ABH-
rateyisi CONMpPOTHBICHHHA CTaTOpa M POTOpa, HEONpPEACICHHBIM
MEPEeKPECTHBIM CBS3SM MEXAY KOHTypaMH TOKOB. Ilepeumc-
JIEHHBIC HEONPEIeTICHHOCTH AIIEKTPOBUTATENS U ITpeoOpa3oBa-
TeJsl 4acTOThl CYHIECTBEHHO YXYAIIAIOT AMHAMHUYECKHE Xapak-
TEPUCTUKU KOHTYpOB ToKa ¢ II1-perynsropamu.

ViyunieHne kauecTBa MEPEXOIHBIX MPOLECCOB U yCTpaHe-
HUE BIIMSHUS TEPEUHCICHHBIX HEONpeleeHHOCTeH JOCTHra-
IOTCSI 332 CYeT MPHUMEHEHUsT po0acTHOrO0 KOMOWHHUPOBAHHOTO
yIpaBJeHHs, TOAPOOHO PacCMOTPEHHOro B mojapasjaene 4.1.
Heonpenenennocts GopMupyercss myTeM BBIICICHHS HIealb-
HOW CHCTEMBI M OOBEIMHEHHEM BCEX HEOIpeNelIecHHOCTEH B
OJIHO cllaraeMoe, KOTOpoe MOYKHO PaccMaTpHBaTh Kak BHEIIHEE
BO3/IeiicTBHE Ha HaealbHYIO cucTeMy. C TOMOIIBI0 HaOoa-
Telsl OllEHUBAETCSI HeonpeaeneHHocTh. Ee BIusiHe KOMIIEHCH-
pyercss KOMOMHUPOBAHHBIM PETYJISATOPOM. 3a CUET 3TOro oOec-
MEUUBAIOTCA aNepUOJHMYECKHE TMEePEXOAHbIE MPOLECCHl C JJIH-
TENBHOCTBIO B IIONATOpa-ABa pasa MeHblied, yem y IIH-
PETYJSITOPOB, U BBICOKAas TOYHOCTh (DOPMHUPOBAHHS TOKOB H
HaIpsDKCHUH.

Martepuaisl JaHHOTO pa3jiena MPUMEHUMBI ISl BCEX THIIOB
JBHUTraTesel epeMeHHOr0 TOKa ¢ MPeodpa3oBaTENsIMH YaCTOTHI
(ITY), BrurOYAOIIUMHU B ceOsl BHIIPSMHUTEb U OJIOK IIHPOTHO-
umiyabcHoi monyssiiuu (ILM).

Cnucok Juteparypsi 8

1. OnTumH3auusi U HCCIENOBaHHE TUHAMHUKHA TOKOBBIX
KOHTYpOB CHCTEMBI BEKTOPHOTO YIpPAaBJEHUS aCHHXPOHHBIM
neuratenaem / [E. M. Tloramenko, JI. C. Tauwnmues, E. E TTota-
nenko, B. I'. buuaii, E. B. BacunbeBa]. — EnekrporexHika i
enekrpoenepreruka. — 2003. —Ne 1. — C. 42-47.

2. Tloramenko E. M. CuHTe3 poOacTHBIX KOMOMHHUPOBaH-
HBIX PETYJISTOPOB TOKOBBIX KOHTYPOB MPH BEKTOPHOM  YIIPaB-
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JIeHUH JBUraTensamMu nepemenHoro toka / E. M. Ioranenko, E.
E. Tloranenko — [IpoGnembl ympaBieHuss ¥ HHOOPMATHKH. —
2006. — Ne 6. — C.69-78.

3. Design of fast and robust current regulators for high-
power drives based on complex state variables / J. Holtz, J.
Quan, J. Pontt, J. Rodriguez, P. Newman, H. Miranda — IEEE
Trans. on Industry Applications. — 2004. — Vol. 40, Ne 5. —
Pp. 1388-1397.

4. Novotny D.W. Vector control and dynamics of AC
drives / D.W. Novotny and T.A. Lipo — Oxford: Oxford Uni-
versity Press, 1996. — 440 p

5. Influence of digital current control strategy on the sen-
sitivity to electrical parameter uncertainties of induction motor
indirect field—oriented control / B. Robyns, P.A. Sente, H.A.
Buyse and F. Labrique — IEEE Trans. on Power Electronics. —
1999. — V. 14, Ne 4. — P. 690-699.

6. Briz del Blanco F. Dynamic analysis of current regula-
tors for AC motors using complex vectors / Briz del Blanco F.,
DegnerM.W and Lorenz R.D. — |IEEE Trans. Industry Applica-
tions. —1999. —Vol. 35, Ne 6. — Pp. 1424-1432.

7. Leonhard W.. Control of electrical drives. / Leonhard
W. — Berlin: Springer, 1996. — 420 p.

8. Vas P. Sensorless vector and direct torque control /
Vas P. — Oxford: Oxford University Press, 1998. — 729 p.

9. Toranenko E. M. PoGacTHeie KOMOMHUPOBaHHBIE CHC-
TeMbl ympaBjieHus ¢ Habmomgarensmu /[ IToramenko E. M. —
[Ipobnemsl ynpaBienuss U uHpopmatuku. — 1995. — No 2. —
C. 36-43.

10. Ksakepnaak X. JIuHeiiHbIE ONTHMAJIbHBIC CHUCTEMBI
ynpasienus / X. KBakepnaak, P. CuBan — M.: Mup, 1977. —
650 c.

11. T'antvaxep @. P. Teopus marpui / l'antmaxep @. P. —
M.: Hayka, 1988. — 552 c.
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12. Das J. C. Passive Filters — Potentialities and Limitation
/ Das J. C. — |IEEE Trans. on Industry Application. — 2004. —
Vol. 40, No. 1. — Pp. 232-241.

13. Potapenko E. M. Synthesis of Robust Combined Regu-
lators of Current Circuits under Vector Control of Alternating-
Current Motors/ E. M. Potapenko, E. E. Potapenko — Journal of
Automation and Information Sciences. — 2006. — V. 38, Is-
sue 11. — Pp. 45-55.

14. Toranenko E.E. CuHTE3 M aHaIN3 KOMIICHCATOPOB KOH-
TYypOB TOKa aCHHXPOHHBIX dyektpoasurarenei / E.E. TToranen-
ko, E.M Tloranenko // Marepuainsl 11-if MexayHapoaHOH KOHG.
M0 aBTOMATUYECKOMY ympaBlieHnio «ABtomaTrka-2004», T. 2.-

Kues, 2004.-C.49.

15. Tloranenko €.€. BekTopHe KepyBaHHS aCHHXPOHHHUMH
neuryHamu |/ €.€. Tlotamenko — ABTopedepat aucepTarlii Ha
3100yTTS. HAYKOBOTO CTYNEHS KaHI. TEXH. Hayk — XapkiB:
XHYPE. —2005. - 20 c.
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Pa3znea 9
OBOBIIEHUE MMOJYYEHHBIX
PE3YJBTATOB

9.1. Oouiast pyHKIMOHAJIBHAN CXeMa ACHHXPOHHOT0
ABHUTATEJISI ¢ BEKTOPHBIM YIIPaBJIeHHEM

Bo BBenmeHuu ObUTM OTMEUEHBI 2 TIOX0/a K pa3paboTke ai-
roputmoB BY':

1) s cucTeMbl ypaBHEHWid, omuchiBaolieii padory A/,
AQHATMTUYECKH CHUHTE3UPYIOT alTOPUTMbI YIPaBICHHUS BCEM
JBHUTaTe]IeM, KOTOpbIe O0EcleunBaloT ACHMIITOTHYECKYIO YcC-
TOWYMBOCTH TOJIOKEHUSI MITH CKOPOCTH POTOpa, WIH MX 3a/aH-
HOH TpaeKTOpHH,

2) monHas cucTeMa ypaBHEHHUH, onuchiBatomas padory All,
JEKOMITIO3UPYETCSl Ha PsA MOACUCTEM, AN KaXKJAO0W TOACUCTE-
MbI CHHTE3UPYIOTCS (B 3aBUCUMOCTH OT TI0/133/]1a4H) aJITOPUTMbI
yhpaBJieHus, WJeHTU(UKAMKU, HAOMOACHUS, (QUIbTpaluu
W p., TIOCIE Yero ajropuTMbl OOBEAMHSIOTCS B OIWH ajro-
PHTM.

IlepBblid METO IAae€T CTPOroe J0Ka3aTeIbCTBO ACUMIITOTH-
YEeCKOM YCTOMYMBOCTH, HO TpeOyeT YNPOIIEHHs IOCTAaHOBKH
3a]a4i ¥ IPUBOJUT K CIIOKHBIM aJlTOpUTMaM yrpasjieHus. Bro-
poli Merox jaer Oojiee MPOCThIE AJNTOPUTMBI B 0O0JIEE TOTHOMN
MMOCTAaHOBKE, HO MOATBEPKICHHE PaOOTOCIIOCOOHOCTH 00BE/IH-
HEHHOI CHUCTEMBI TOCTUTACTCS YUCICHHBIM M (HJIH) HATYPHBIM
MoJenrpoBanrueM. PazneneHre 3agauu ynpaBieHHs HA OJOKH
MO3BOJISIET CTPOHUTH B KAXKAOM KOHKPETHOM CIlydae BCIO CHUCTe-
My U3 pa3IMYHBIX OJOKOB, UCXOI M3 TpeOOBaHUMN TOYHO-
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CTH, MPOCTOTHI AJITOPUTMOB, DJIEKTPONOTPEOIeHNUs, qUana3oHa
peryaupoBaHus U T. 1. biodHas cTpykTypa yHnpomaer CHHTe3 H
OTJIaJIKy ajJrOPUTMOB YIpaBJIEHUs, a TaKKe MO3BOJSET YMEHb-
T OOBEM BBIYMCICHHH 3a CUET BO3MOXXHOCTH Ha3zHAYCHHS
CBOEro TaKTa cYeTa B KoM OJioke. ABTOpaMHu JaHHOH KHUTH
BBIOpaH BTOPOH MyTh, B COOTBETCTBHH C KOTOPBIM B pasjenax
4-8 pemaroTcsl OTAeNbHBIE TIOA3a1a4d, TPUYeM, Kaxaast moj3a-
Jlaya peraercsi HeCKOJIbKUMH MeToiaMu. Hannuue paziuyHbIX
METO/IOB pPELICHUs] OJHOW M TOH JKe 3a7aud OyJIeT MOJIEe3HO YH-
TaTeII0 B METOJOJIOTHYECKOM OTHOIIECHHH. briounast cTpykTypa
QITOPUTMOB ~ OLEHMBAaHWUS H HWACHTH(PHUKAMK TO3BOJIIET
YMEHBIINTH 3arpy3ky uudpoBoro Berauciaurens. [Ipu dpopmu-
POBaHUM CTPYKTYpBI OOIIEro ajiroputMa HaJo0 PYKOBOACTBO-
BaThes crenytommmu [1, 2] mpaBunamu: 1) pasnmenste anro-
PUTM Ha psii OJOKOB ¢ OJHOCTOPOHHUMH CBsi3simu (0e3 obpat-
HBIX CBsi3eii), 2) MCIONb30BaTh AJTOPUTMBI C TOCTOSHHBIMHU
kod(unmentamu, 4yTo B ciyyae nud¢epeHInaIbHbIX WK pa3-
HOCTHBIX YpaBHEHHH IO3BOJAET 3apaHee BBIYMCIHUTH WX TIepe-
XOIHBIC MATPHIIbl, 3) YMEHbBIIATh MOPSIOK CHCTEM ypaBHEHHI
peryJsaToOpoB M Habmomareneit, 4) OCyIIecTBIsATh MpeaBapu-
TEIbHYIO (DUIIBTPAIMIO KIICMMHBIX M3MEPEHHI TOKOB M Harpsi-
YKEHHH, 4TO MO3BOJISET yBETNUUTh TakT cuera B LICII.

B cooTBeTcTBHM C M3JI0)KEHHBIMH COOOpaKCHUSIMH U3 pa3-
paboTaHHBIX B pasjenax 4—8 anropuTMOB cocTaBiieHa 0000-
nmenHas QyHKIMOHAIBHAsA cxema anexTporpusoaa (OI1), mpen-
craBnenHas Ha puc. 9.1.1. Ha pucynke nzobpaxensl oOme st
BCEX HIDKE paccMaTpuBaeMbIX cxeM O10ku. OTiHymMe cxeM co-
cpenoroueHo B O61oke «HaOmoaarenu, naeHTHGUKATOPBI». AJl-
TOPUTMBI OKpalIeHHBIX OJIOKOB pa3paboTaHbl aBTOPAMHU H OIH-
caHbl B pazzenax 4-8.

Ha puc. 9.1.1 npunsTHI clienyomme 0003HaYCHUS:

iy =i, ib)T, u, =(u,,u, )" — BEKTOPBI KIIEMMHBIX TOKOB

¥ HaNpsDKEHUH, TIPUBENEHHBIX K CTATOPHOMY 0asucy (a, b),

<«» — CHMBOJI OIIEHKH COOTBETCTBYIOIINX NIEPEMEHHBIX,
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Pucynok 9.1.1. dynkunonansHas cxema A/l
C BEKTOPHBIM yIpPaBJIECHHEM

W, — CKOPOCTb BEKTOPA MOTOKOCIEIUIEHUS y B CTATOPHOM
0asuce (a, b) (CHHXpOHHas CKOPOCTB),

W — CKOpPOCTb POTOpa,

w,, —IPOrpaMMHasi CKOpoCTh PoTopa,

m, — 'Kenaemblil (IPOrpaMMHbIH) 31EKTPOMArHUTHBIA MO-
MEHT,

- — - - T — T _ _

o = @ dor |qp) » Ugep = (u o qu) BEKTOPBI TPOrPaMMHO
ro TOKa W HaNpsDKEHWs, 3alyCaHHble B CHHXPOHHOM Oasmce
(d,a),

Up = (uAp, qu, uCp) — IIPpOrpaMMHBIN CHUTHaJI, COOTBETCT-

BYIOIIMH JKelaeMoMy Tpex(azHoMY HampsHKEHHIO,
u= (uA, Usg, uc) — Tpexda3zHoe KileMMHOe HanpsbkeHue A/l.
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[Muranue A/l ocymectBisercst otr TpexdasHoro npeodpaso-
Batens 4actotsl ([TH) ¢ BeIpsiMUTENIEM W MHBEPTOPOM HaIps-
KEHHs C IIUPOTHO-UMIyidbcHOH Momymsiued (IIUM). [ns
yIpaBJICHHs JBUTATEIEM M3MEPSIOTCS TOJIBKO CTATOPHBIC TOKH

B IBYX (asax |,; (a B HEKOTOPBIX MOAM(UKALMSX U HAIIPSDKe-

HUA U,g, YTO IIOKA3aHO MYHKTUPHOH nuHUeit). [ BbIIeTeHUs
TJIaBHBIX TapMOHUK yKa3aHHBIX MEPEMEHHBIX TOCJIEIHHUE IPOo-
MyCKAIOTCS 4Yepe3 aHaJloroBble (MIBTPHI, KOTOpbIE, MOMHUMO
¢GunbTpanyy, NPUBOIAT K MCKAKEHUIO aMIUIUTYJ] W (a3 riias-
HBIX TapMOHHK. /[l ycTpaHeHus 3TUX HCKaXEHUN B yIpas-
JISFOLIIEM MUKpoIIpolieccope hopMHUPYIOTCS KOMIIEHCATOPhI UC-

kaxeHuit. [1onydeHHbIe OLEHKHU TTIaBHBIX TAPMOHKK TOKOB I,

(a mpu Hamuunn u Hanpsokenuid U, ) mocrynawot B 610k «Ha-

OmronaTeny, UACHTU(OUKATOPHI», Kyla TakXKe MOJAITCS JIBYX-

(as3Hbie nporpamMMHble Hanpsbkenuss U, (B 3TOM ciiydae cur-

abp

Hanbl U,g, U, He UCIONb3YIOTCA) U NPOrPaMMHbIE CTATOPHBIE

TOKHU 3aJaHHbIC B CHUHXPOHHOM Oasuce. Ha ocHoBanum

Lagp
3TOM MH(OPMAIMK OLEHUBAKOTCA CKOPOCTh poropa W U Ha-
TPaBJIAIOIME KOCHHYCBI SINT |, COSI | BEKTOpA NMOTOKOCHENIe-
HUSl POTOpa OTHOCHUTENFHO cTaTopHoro 6asuca. OueHka ckopo-
ctn poropa W CpaBHMBAETCS C €€ IPOrPAMMHBIM 3HAYEHHEM
W, . [lonyuennast pasHOCTb 1ocTynaer B «Perymsitop asurate-
JIS1», KOTOPBIN (paKTHUECKU SIBISIETCS. KOMOMHUPOBAHHBIM KOM-
MeHCcaTopoM, (OPMHUPYIOIIUM  TPOrPaMMHBIH  (3KeTaeMBbIif)
3JIEKTPOMAarHUTHBIM MOMEHT IM,. B oTinnuue oT TpajuiMOHHO-
ro [IU-perynsTopa, KoMIeHcaTop, pa3paboTaHHBI aBTOpaMH,
SBIISIETCSl POOACTHBIM TI0 OTHOLIEHHUIO K HAarpy3ke, BO3MYILCHH-
sIM, HEOIPe/IeNeHHOCTH MHAYKTUBHOCTEN M MPUBEIEHHOIO MO-

MEHTa HHepuuu portopa. KommeHcatop obecrneunBaer 3ajaH-
HBII BUJI IIEPEXOJHOIO Ipolecca AaKe IPU HAJM4YMKU OrpaHu-
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YeHMI TOKa M HanpspkeHus. C momoipro MoMeHTa [T, u3 yc-

JIOBHSI MUHUMYMa MOTPEOIsIeMON MOIIIHOCTH WM TIOCTOSHCTBA
TOKa HaMarHW4MBaHUsS (OPMHUPYIOTCS MPOTPAMMHBIC TOKH
i dp? iqp B CHHXpoHHOM Oa3uce. C MpOrpaMMHBIMA TOKaMHU
CPaBHUBAIOTCS OIICHKHM OJJHOMMEHHBIX TOKOB CTaTOpa, ChopMHu-
pOBaHHBIE C TIOMOIIBIO TpeodpaszoBatens a,b /d,q. [Tomyden-

HbI€ Pa3HOCTH MOJAIOTCS B PEryNaTOpbl TOKa. Perynaropsl To-
KOB pa3paboTaHbl aBTOpaMH B BHJE KOMOMHHPOBAHHBIX KOM-
neHcaTopoB. B ommnuune or tpaaunuoHHbXx [IW-perynstopos,
KOMITEHCATOpBl 00ecieunBaloT HEM3MEHHOCTh 3aJaHHBIX TIepe-
XOJIHBIX IMPOIIECCOB B KOHTYpax TOKOB NPU M3MEHEHHU KO-
¢unmeHTa nepenayn npeoOpa3oBaTeNs YacTOTHI, OpOCKax Ha-
MpsDKEHUS MHTAIOIIEeN CeTH, OTKJIOHEHHUSX BCeX IapaMeTpoB
JIBUTATENs] OT HOMUHAJIBHBIX 3HaueHni. KoMrieHcaTtops! ycTpa-
HAIOT BIIMSHHUE NEPEKPECTHBIX CBA3EW MEXAY KOHTypaMu ToO-
KoB. Ha BBIXOZIE pErymsaTopoB Toka (GOpPMUPYIOTCS MPOrpamMm-

HbIE HanpsuKeHus Uy,, B CHHXPOHHOM 0asuce, KOTOpbIE € I10-

Momiplo 6110Kka d,q/a,b HEPENpPOEKTUPYIOTCS B IMPOrpaMMHbIE

nByx(das3Hble HampspkeHHs U [Ipu mpoxoxaeHun dvepes

abp "
070K «2/3», 3TH HampsHKEHHs TepeBOIATCA B Tpex(asHbie
ynpasssifomme curuainst 6iaoka UM U, . [lyHKTMpHas uenb

obecrieunBaeT MO3ULIUOHHOE YIPABICHUE PUBOIOM IO CUTHA-
JIaM TIO3MI[HOHHOTO JaTYMKa J , YCTAHOBJIICHHOTO Ha Bajly JBH-
rarens. UHpopMalus o cCKopocTH poTopa B 3TOM clydae Moiy-
YaeTcs C MOMOIIBI0 aCUMITOTHYECKOro MuQQepeHInPOBaAHHS
MO3UI[MOHHOTO CHTHAJIAa, PACCMOTPEHHOro B Tozpasiene 3.5,
WJIH DKCTPaNoisATOpa, OnucaHHoro B myHkre 4.1.2. 3akoH mo3u-
[MOHHOTO YMpaBJlieHWs CHHTEe3upoBaH TaM xe. brnok «Habio-
JaTelu, I/I[[CHTI/I(bI/IKaTopI)I» ABJIACTCA CaMbIM CJIOXXKHBIM H 06’[:.'
€MHBIM B BBIYHUCIIMTEIIBHOM OTHOLICHUH 3JIEMCHTOM aJIrOpUTMa
yIpaBJIeHUs, B 3HAYUTENBHON CTEMEHH OIMpPENeNsIoNM e
CBOICTBA U IIOKA3aTEIN KayecTBa.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

314

9.2. Pa3nenbHOe ynpaBjieHHe CKOPOCTBHIO
" nmepeMeleHueM

9.2.1. Ynpaenenue ckopocmuio

Ha ocHoBaHuM MatepuaiioB paszaenoB 4-8, a Takxke c yue-
TOM pEeKOMEHJalui, JaHHbIX B nozapasaene 9.1, aBropamu co-
cTaBlieHa (QyHKIHOHalbHasg cxema Omnoka «HaGmiogarenwy,
uaentuduxarops». Ha puc. 9.2.1 npencrasiena cxema 0i0ka
«HabmonaTenu, uIeHTHOUKATOPBI» ¢ HE3aBUCHMOM OIICHKOM

A

COIIPOTUBJIEHUI CTaTOpa U poTopa , BXOozdmero B T .
r

Unentuduxarms IQ, OCYIIIECTBIISIETCS 33 CUET UHXKEKIMU B TOK
HaMarHAYUBAHKSI TAPMOHHUYECKOTO CHTHAJA.

Ha cxeme mpHHATHI CIEAYIOIIHEe 0003HAUCHUSL:

1 — anroput™ (6.3.28), (6.3.29), (6.3.33)—(6.3.35) ormenkn
CHHXPOHHOH ckopocT W,

2 — amroput™ (7.1.22)—«7.1.25) OlLCHKH CONPOTUBIICHUS

cratopHoil e R,

3 — anroputm (6.2.12), (6.2.14)-(6.2.17) oLeHKH MOTOKOC-
nerieHus poropay ,

4 — anroputm (7.2.74), (7.2.77)—(7.2.79) oLileHKH CONPOTHUB-
nenus poropa R,

5 — anropurm (6.3.32) ouenku ckonbkenust Wy ,

6 —anropur™ (6.3.30) ouenku ckopoctu poropa W ,

7 —anroputm (2.34) OLEHKH HAINpPABJISIONINX KOCHHYCOB
IOTOKOCHENIEHHs poTopa Y B cTaTOpHOM Gazuce (a , b),

8 —anroputm (5.7.29), (5.7.34) ¢dunbrpanuu, ycrpaHsro-
el BIUSHUE WHIKEKITUH.

Beibop anroputma Gmoka 1 00yciioBieH ero He3aBUCHMO-
CTBIO OT COIPOTHUBIICHHI CTaTOpa M pOTOpa, a Takke padoTo-
CIIOCOOHOCTBIO B JIMANa30HE CKOPOCTEH poTopa OT HYJIEBOM
(BxroYas ee) 10 HOMUHATLHOU. ClieyeT OTMETUTD, UTO 3Ha-
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SR, COS Py

Pucynok 9.2.1. dyHKunoHaNbHAs cXeMa IS IPSIMOT0
BEKTOPHOT'O YIIPaBJICHHS C MHXKEKIMEH rapMOHUYECKOTO
CHTHaJa B TOK HAMarHMYHBaHUS

HHME CONPOTHUBJIEHUN POTOpA U CTATOpPA IMO3BOJIAET BBIUUCIUTH
TEMIIEPATYPhI MOCIEAHUX U TEM CaMbIM TNPEAYIPEAUTH Mepe-

rpes asurarens. Kak BuaHo Ha pucynke 9.1.1, npu ucnomnb3o-
')
BAHUHM NPOrPAMMHBIX HANPSOKCHWH U,y , TOKOB I,

putmoB (7.1.22)—(7.1.25) BMECTO aKTUBHOTO COIPOTHBIICHHUS

n aiaro-

cratopa R, OyzieT oleHnBaTLCS CyMMa 3TOTO CONPOTHBIIEHHS C

CONPOTUBJICHUEM KaOemnsl M DKBUBAICHTHBIM COMPOTHBIICHUEM
6noka IIIMM. DkBuBaneHTHOe compoTuBieHne Omoka [IIMM
BKITIOYAET B ce0sl COMPOTHBIICHUS TPAH3UCTOPOB U (PUKTHBHEIE
COIPOTHBIICHHMS], YYUTBIBAIOIUE BIIUSHUE 3ala3iblBaHUs IIpU
OTKPBITUU M 3aKpblTuu TpaHzucropos MM, a takxke «mept-
Boe» Bpemsi. Kpome Toro, B HACHTH(QHUINPOBAHHOM COIPOTHB-
JieHuW OyayT YYUTHIBATHCS M3MEHEHHE HaPsHKEHUS MU TAIOIeH
cetd U 3 QeKT BBITECHEHHS ToKa. JTOT (akT obecreunBaeT
PpO0aCTHOCTh CHCTEMBI TI0 OTHOLIEHHUIO K MEPEYHCIeHHBIM 3(¢-
¢exram. [Ipu rcroap30BaHUU TSI BEIYUCIICHUST CONPOTHBIICHUS

craropa Hanpsbkenus U, 1 GIM3KOM pacrionoKeHuu npeodpa-
30BaTeCId 4aCTOTbl W ABUIATCIIA 6y£[eT OLICHUBATHCA HMEHHO
aKTHBHOE CONPOTHBJICHHE cTatopa. Kak Oyzier moka3aHo HUXKe,

3TOT q)aKT MO3BOJIACT MPOCTBIM KOCBCHHBIM MCTOJOM OLCHHUTH
COIIPOTHUBIICHHE POTOPA.
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Pe3ynbraThl KOMIBIOTEPHOTO MOJICIMPOBAHUS  YIPABIICHUS
ckopocThio AJl ¢ cucremoil ympaBiieHHs, M300pakKeHHOH Ha
puc 9.1.1, 9.2.1, npencraeiensl Ha pucyHkax 6.4.1, 6.5.2,
7.1.4-7.1.8, 7.2.1, 7.2.2. Ha nepe4yncIeHHBIX PUCYHKaX IOKa-
3aHO TIOBEJCHHE OTJICIBHBIX IEPEMEHHBIX NPH BEKTOPHOM
YIIPaBJICHUH B PA3IMYHBIX PEKUMaX paOOTHI.

B nanHo# cxeme mjisi MACHTU(DUKAIMN CONMPOTHRIICHUS PO-
TOpa B HAMarHMYMBAIOLIYI0 COCTaBJISIONIYI0 CTaTOPHOTO TOKA
WHKEKTUPOBAJIACh TIEPHOIUYECKasi COCTABIIAIONIAs, BCIEICTBHE
4Yero MOJIyJIb TTOTOKOCIEIUICHUS TaKXe MproOpeTan HeoOXo -
MYyIO Ui WJICHTU(UKAIUN TEPUOTUUCCKYI0 COCTABJISIIOILYO.
Takue e cOCTaBJSIONINE MOMYYaldd M BCe JAPYrHE IMepeMeH-
Hble. J{1s ycTpaHeHHs TePHOANYECKUX COCTABIISIONIUX B AJICK-
TPOMAarHUTHOM MOMEHTE M CKOPOCTH POTOpa B MOMEHTHYIO
COCTaBIISIIONIYIO CTATOPHOTO TOKAa BIPHICKHBAJICS TapMOHHYe-
CKH# TOK TaKo# 4acTOThI, pa3sl U aMIUTUTY/IBI, YTOOBI TIPOU3BE-
JNieHue b/ |iq HE COJEPKaIo MEPUOTMUECKOH COCTABIISIONIEH.

Haubonee cnoxxHo obecneunBaercs paboTOCIOCOOHOCTH MPH-
BOAOB 663 AaTYUKOB KMHEMATUUYCCKUX MMEPEMEHHLIX ITPHU MaJIbIX
CKOPOCTSIX, TeM OoJiee, B TeHEpaTOPHOM pexume. s comoc-
TaBJICHUA TMOBCACHHA BCCX IMEPEMCHHBIX BCKTOPHOI'O YIIpaBJIC-
HUSl B YKa3aHHBIX ciydasx Ha puc. 9.2.2-9.2.4 npencraBieHbl
pe3yNbTaThl MOACITHPOBAHUS CIEAYIONIEH MUKIOorpaMMBbl pado-
Thl. B Teuenue MEPBLIX IBYX CCKYHJ C MOMCHTa BKJIIOYCHUA
JIBUTATEIIS OCYILIECTBIISIETCSL €r0 HamarHuuusanue. Ha BTopoi
CeKyH/Ie BKIIOUAETCS PA3roH poTopa a0 ckopoctu 1 ¢ . Ha
YeTBEPTOH M BOCBMOM CEKYHJIaX CTYNEHYaTO MojaeTcs u copa-
CbIBAC€TCsA HOMMUHAJIbHASA Harpys3ka, COOTBETCTBYIOLIAsA ABHUIA-
TEIbHOMY PEXUMY, a Ha JECATON CEeKyH/e BKIOYaercs peBepc
JUISL TOCTHKEHHS CKOPOCTH X0IocToro xoxa —1 ¢ . Ha uersip-
HaJIUATOW U BOCEMHAALIATON CEKYHJIaX CTYIIEHYaTO IOJAETCs U
cOpacheiBaeTcs HOMWHaJIbHAs Harpy3Ka, COOTBETCTBYIOIIAS Te-
HepaTopHOMYy pexumy. (OOo3Ha4YeHHsI MMEPEeMEHHBIX Ha PUCYH-
KaX COOTBETCTBYIOT CITHCKY MPUHATBIX 0003HaueHuit). Kak BugHO
Ha puc. 9.2.2, B CMHXPOHHO#H CKOpOCcTH W, U CKOJIBKEHHH W
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Pucynok 9.2.2
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Pucynok 9.2.3 Pucynok 9.2.4

MpH HaJWYMH HArpy3KH 3aMeTHBI KoJeOaHusi, 00yCIOBICHHBIC
WHXEKINeW CHHYCOMJIaIbHOI0 TOKa B HaMarHW4MBAaIOLIYIO CO-
CTaBJISIONIYIO TOKa cTaTopa. B To e Bpems, B CKOPOCTH pOTO-
pa W BIHSHHE WHXEKIHH OTCYTCTBYeT. DTO JOCTUTHYTO 3a
CYeT TOro, YTO B MOMEHTHYIO COCTABJIAIOIIYI0 TOKa CTaTopa
MOJAETCsl KOMIICHCUPYIOIAasi COCTaB/IIoNIasl, B pe3yJbTaTe de-
r0 3JIEKTPOMATHUTHBIA MOMEHT, TPOIOPIHOHAIBHBIA Y diq,
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TEOPETUYECKA HE 3aBUCHUT OT WHXKEKIUU. ClieAyeT OTMETHUTH,
YTO YKa3aHHas WHKCKUUA, IMOMHUMO I/I[[GHTI/I(bI/IKaHI/H/I COIIpo-
TUBJICHUSI pOTOpA, TapaHTUpPYyeT, B cCiydyae HEOOXOAWMOCTH,
CTa0MIU3alMIO HYJIeBOH ckopocTH poropa. Ha puc. 9.2.2 noka-

3aHO U3MEHEHHE CKOpOCTe poTopa (W) CKOITLKEHHUST (W SI) u

)
CUHXPOHHOM CKOPOCTHU (Wo)-

Ha pucynkax 9.2.3 u 9.2.4 nokazaHo u3MeHEHHEe POCSKIUi
BEKTOPOB TIOTOKOCHLEIUICHHsI POTOpa M TOKa CTaTopa Ha OCH

CTaTOPHOrO (a,b) Y CUHXPOHHOI'O (d,q) 0a3uCoB.

9.2.2. Ynpaenenue nepemeujenuem

B mpenpiaymux pazgenax paccMaTpHBAaJIOCh YIpaBlieHHE
CKOPOCTBIO ACHHXPOHHOT'O JBUTATENS C KOPOTKO3aMKHYTHIM
potopom (AJT). Jist MO3UIIMOHHOTO YIIPaBJIEHHS OOBIYHO TIPH-
MEHSIIOTCS IBUTATENIN TTOCTOSIHHOT'O TOKAa, OCHOBHBIM HEIOCTAT-
KOM KOTOPBIX SIBJIIETCS HAJIMYKE KOJUIEKTOPA, KOTOPHIN YCIOXK-
HSIET JBHTATENb, CHUXKAET €ro HaJACKHOCTh, YAOpOXKaeT 00ciy-
YKUBaHHE, JeIaeT HEBO3MOXKHBIM €ro 3KCIUIyaTallMi0 B arpec-
CHUBHBIX M TOXApOOMACHBIX cpedax. B HacTosiee Bpems ais
MO3UIIMOHHOTO YTPABIICHUS Yalle UCIOIB3YIOTCS CHHXPOHHBIC
JIBUTATENIN C MOCTOSHHBIMU MarHUTaMH, JJs KOTOPBIX Xapakx-
TepHA BBICOKAsl CTOMMOCTH MOCTOSIHHBIX MAarHUTOB M HX CIIO-
COOHOCTh K pa3sMarHMYMBAHUIO, B PE3YJIbTATE YETO C TCUCHUEM
BpPEMEHHU XapaKTEPUCTUKH JBHUTaTenel yxymamaroTcs. Kpome
TOTO, MOIIHOCTh CHHXPOHHBIX JIBUTATENEH C MOCTOSHHBIMU
MarHuTaMu OorpaHudeHa. B To >xe Bpems, Uil TOAJEp>KaHUs U
peryInpoBaHus CKOPOCTH TONYYMIIM IIMPOKOE PaclpocTpaHe-
Hue AJl, He MMeEIOIKE TMEePEUUCICHHBIX BBIIIE HEIOCTATKOB.
B Hacrositiiee BpeMs BBITYIIEHO M 3KCILTyaTUPYETCs OOJbIIoe
KOJIMYECTBO ATUX ABurarenei. Kak mokazaHo B MpenbIAyIIUX
pasaenax, AJl ¢ pa3paboOTaHHBIM TaM BEKTOPHBIM YIpaBICHUEM
o0ecreunBaloT BBICOKOKAUYECTBEHHOE YIIPaBJIeHNE BO BCEM JMa-
na3oHe ckopocreil. [loatomy €CTECTBEHHO YKEJIaHHE Hc-
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nonp3oBaTh A/l M s MO3UIMOHHOTO yrpaBieHus. B cioydae
yJIa4HOT'0 PEUIeHHs] 3TOTO0 BOIpPOCa MOSABIAETCS BO3ZMOXKHOCTD
CO3JIaHUSl YHHUBEPCAIBLHOIO AIEKTPOIPUBOJA, KOTOPBIH, MO XKe-
JaHHUIO TOTpeOUTeNel, MyTeM MPOCTBIX KOMMYTallUH MOXKHO
MEePEHaCTPOUTD KaK JJIsl TO3ULIMOHHOI0, TaK M JJIsl CKOPOCTHOTO
yTpaBJIEHUS.

Bonpocam nosunmonHoro ynpasieHus AJl, B ominuue ot
YIIPaBJICHHS CKOPOCTBIO, MOCBSIIEHO HEOONbIIOE KOTUYECTBO
pa6or [1-5]. B pabore [1] mns momHOCTBIO M3BecTHOTO AJl 110
WHGOPMAIIUK TTO3ULUOHHOTO JaTYhKa W JTATYUKOB CTaTOPHBIX
TOKOB TIOJTyY€H aJTOPUTM YIpaBieHHs!, 00eCIeunBaIOIINil HKC-
MOHEHIINAJIbHYIO YCTOHYMBOCTh 3aJaHHOW TpaeKTopuu Oe3 ra-
paHTHM TOKa3aTelieil KavuecTBa CHUCTEMbI yrpaslicHus. B my0-
nukanusix [2, 3] ¢ mOIHOCTBIO NU3BECTHBIM BEKTOPOM COCTOSIHHUS
(3a MCKIIFOYEHHEM TTOTOKOCIICTUICHUSI POTOPa) U HE M3BECTHBIM
CONPOTUBIICHUEM POTOPa CHHTE3MPOBaHbI AITOPUTMBI, obectie-
YUBAKOIIME ACUMIITOTHYECKYIO YCTOMUMBOCTD 3aJJaHHOM TpacK-
Topuu (0e3 rapaHTHH MoKa3aTeneil kadecrBa). K rmagkoctu 3a-
JAaHHOW TPaeKTOPHUU B ATHX PabOTax MPEembsBIISIOTCS JKECTKHE
TpeboBanusa. B pabore [4] mis obecrieueHus poOACTHOCTH 1O
OTHOILIEHUIO K HEONpEeIeNIeHHOCTH NapaMeTpoB IBUTATENs U
BHEIIHUX BO3MYIIEHUH NPHMEHEHO YIpPaBJIEHHE CO CKOJIb3s-
OIMMH PeKUMaMU. JDTOMY BUAY YIPaBJICHHUS HPUCYII sl Cy-
HIECTBEHHBIX HEIOCTATKOB, @ NMEHHO,

- HaJM4Me BHOpAIMi, CHIKAIOIMX HAJISKHOCTh Mexa-
HHUYECKUX YacTeW MPUBOAA,;

- BO3MOXKHasl moTepsi pabOTOCIOCOOHOCTH B TPHUCYTCT-
BHMHM B CHICTEME YIIpaBJIEHUS Mapa3uTHON JUHAMUKH;

- TJIOXas TIOMEXOYCTOMYMBOCTD MO OTHOLIEHHUIO K BBICO-
KOYaCTOTHBIM ITIOMeXaM;

- OTCYTCTBHE pOOACTHOCTH Ha y4acTKe JOCTH)KCHHUS IO-
BEPXHOCTHU MEPEKITIOUECHHUS;

- HaJIM4Me MyJIbCcalluii CKOPOCTH U MOMEHTA.

B cratee [5] anst ynpaBieHHs CKOPOCTHIO M MOJOKEHHEM
UCIIOJIb30BaHO KOCBEHHOE BekTopHOe ympasieHue (KBY). Ilo
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3asgBJICHUIO aBTOPOB cTaThi, npuBoabl ¢ KBY tepsror paboto-
CIOCOOHOCTB TIPU HE TOYHOM 3HAHWU COMPOTUBIIEHHS poTOpa
(nm) mpu HaNMMYMK HArpy3kd (IO HAlIEeMy MHEHHIO, 3TO OCO-
OCHHO XapaKTepHO JUIsl TeHepaTOpHOro pexxuma). s ycrpane-
HUSL 3TOTO HENOCTaTKa MPEII0KEeHO BMECTE C TPaJUIIHOHHBIM
KBY wucnonp3oBaTh poOAaCTHBIM KOMIIEHCATOpP, KOTOPBIH HE
BIMSIET Ha paboTy CHUCTEMBbl B HOMHHAJILHOM DPEXKHME, a MpH
HETOYHOM 3HAHHH CONPOTHUBIICHUS POTOpa M (WJIM) NPU HAJH-
YMH HEM3BECTHOW HATPY3KH yIydllaer paboTy CHCTEMBI yIpaB-
JICHUSL.

Takum 00pazoM, B IOCTYIHOH JHTEpaType OTCYTCTBYET
WHPOPMAIUS O CHCTEMax BBICOKOTOUHOIO YIpaBJIEHHs IMOJO-
xKeHueM potopa AJl B TeHEpaTOpHOM U JABHTATEIBHOM PEXHME,
obnafaommux poOAacTHOCTBIO MO OTHOLICHHIO K HEONpeAcseH-
HOCTH COINPOTHBIICHHH CTatopa M pOTOpa, MOMEHTa WHEPIHH
poTOpa, pe3ko NMepeMeHHON HAarpy3Kd ¢ HEU3BECTHBIM 3aKOHOM
WU3MEHEHUS.

[Ipy MO3MIIMOHHOM YNPaBICHUHM OLEHKY CKOPOCTH POTOpa
MOXXHO (M ClIeyeT) NOIYYUTh 110 HHPOPMALIUHU MO3UIIMOHHOTO
JIaTyrka. OTO OOCTOSTEIHCTBO MO3BONAET OLEHUTH COMPOTHB-
JIEHUsl M TeMIepaTypy poTopa M cTaTtopa APYrUM METOIIOM, a
WMEHHO, C WCIOJB30BaHHEM 3aBUCHMOCTEH, 3aMMCTBOBAaHHBIX

u3 Beipakennii (6.3.30), (6.3.32), (2.55)

W, - W, i
w=lo "M e 1=, (2
g ==
n Trld p Rr
rac idp’ iqp - HpOFpaMMHI)Ie 3HAYCHUA CTaTOpHI)IX TOKOB, 3aIln-

CaHHBbIC B CHHXPOHHOM Oa3uce U CHOPMHUPOBAHHBIC B pasjic-
ne 4. Beipaxkenus (1) mo3BOJISIOT 3amucaTh

i
Wo - nw :Wsl =R ﬁ . (9.22)

r'dp
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®dopmanbHO U3 BbIpaKeHUs (2) MOXKHO BBIYHMCIUTH COIMPO-
TUBJEHHE R 3a MCKIIIOYEHHEM PEXUMA XOJIOCTOrO X0/1a, KOr/1a

A

W,

y = iqp =0. [ns ycrpaHeHus 3Toli 0COOCHHOCTH TIEPEIHILIEM

BhIpakeHust (2) B BHJIE CHCTEMBI
yO Wy, Y= Rig(Lig)™ (9.2.3)

HOCKOHLKy COIIPOTUBJICHUE MCHACTCA MEJICHHO, TO 6yneM

nonarats R=0. PaccmaTpuBas 5T0 ypaBHEHHE KaK AMHAMUME-
CKOE€ ypaBHEHHE C M3MEPEHHEM B BHJIE PABEHCTBA B CHCTEME
(3), moctpoum Habmomarens [11, 12] mis OleHKH COMPOTHRITE-
HHSI POTOPA B BHJIE

R =liy(Lig) 'R - R). (9:2.4)

riae | - KO3 GUIMEHT yCHiIeHus HaOmtomarens. Beruuras us
ypaBHenus (4) ypasHenue R =0, nonyunm ypaBHeHHe OLIHGKH
HaOIoAaTENs ﬁﬁ = (IQr - R) BBuzEe

] =ligy(Lig) 'R - (9.2.5)

B ypaBuenun (5) BbIpaskeHHEe B CKOOKaX BCEr/ia MOJOKHUTEIb-
Hoe. [{iist obecreueHns: aCUMIITOTHYECKONW YCTOWYMBOCTH HYJIE-
Boro pemieHus ypasaenus (5) nonoxum

| =-lsigniy,. (9.2.6)

rae | =const >0. IIpu BHIIOTHEHMH TPHHATHIX YCIOBHI Hy-
JieBOe perienne ypaBHeHus (5) Oymer aCHMITOTHYECKH YCTOM-
YUBBIM. DTO O3HAYAET, 4TO |im f{r =R. C moMo1p10 paBeHCTB

t® ¥
(3) u (6) npumaaum HabmomaTenio (4) padbounit BT
B =T ff[(Lig) 'R - Vi1 (9.2.7)
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f:-’qp

Pucynok 9.2.5

e Wy ONpEeNeHo MepBbIM paBeHcTBOM B (2). Ilpu | . 10
BhIpakeHue (7) oOHOBIsET oueHKy R, mpu iqp =0 — coxpaHus-

€T NpPeAbIAYINYI0 oieHKy. C y4eToM Majioro OTJIHYHs TeMIiepa-
Typ 0OMOTOK pOTOpa ¥ CTaTopa B COOTBETCTBHH C 3aBHCHMO-
cramu (2.55) compoTHBIeHHE CTaTOpa OMPEACIUTCS PAaBEHCT-
BOM

R=Ry(RR;) (9:28)
e R,, R, — HOMUHaNbHBIE 3HAUEHUS CONPOTUBIIEHUN TIPH

temnepatype T, =25°C. TemmnepaTypsl poTOpa M CTaTopa Ipu
TEX KC YCIIOBUAX ONPEACTIATCA BhIPpAKCHUAMUN

o (RREdat ToT 020

r7ie & — TeMIlepaTypHbIi KO3 PHUIIMEHT CONPOTHBICHUS.

Ha puc. 9.2.5 nokazana ¢yHkumoHanbHas cxema OJIOKa
«Mneatuduxaropsl, HaOMOJATENN>» PY TTO3UITUOHHOM YIPaB-
JICHUH.

9.3. YHuBepcaIbHOE BEKTOPHOE YIIPaBJIeHHE
ACMHXPOHHBIM NMPUBOJI0M

[Mon yHuBepcaibHBIM BEKTOPHBIM YIpaBieHHUEM OyaeM Io-
HUMaTh yIpapJeHue, obecrednBaroliee, padoTocIoCOOHOCTh
NPUBOJIa BO BCEX PEKUMax pabOThl (IBHraTelbHOM, IeHepa-
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TOPHOM, XOJIOCTOTO XOa) [UIsS YIPaBJIEHHS CKOPOCTHIO W TIO-
JIOKECHUEM.

B npenpiaymem noapasaene pazpaborans 2 Oioka «MmeH-
TU(UKATOPHI, HAOIIOAATENN», KOTOPhIE B COCTaBE CXEMBI, IO-
kazaHHoW Ha puc. 9.1.1, obecreunBarOT KaueCTBEHHOE YIIpaB-
JICHHE WM CKOPOCTBIO, WJIM TiepeMelleHueM. Mexay 3TUMU
OJioKamMu MaJio OOIIIero.

[MocraBuM 1eNb pa3padoOTaTh TAKOH aJIrOPUTM BEKTOPHOTO
yIPaBJICHUS, KOTOPBIA ¢ MUHMMAJIbHBIMH M3MEHEHUSIMH 00ec-
MEYUT TOYHOE POOACTHOE MO OTHOIICHHIO K HEOIpPEICICHHO-
CTSIM MPUBOJIA YITPABJICHUE CKOPOCTHIO U MEPEMEIIICHUEM.

9.3.1. @opmuposanue ynusepcanbHo20 ynpasienus

[Ipu pa3paboTke yHHUBEpCAIbHON CHCTEMBI YIpPaBICHUS 32
OCHOBY MPHUMeEM TpsiMoe BekTopHoe yrpasierue (ITBY) ckopo-
CTBIO, TIOCTPOCHHOE Ha PEe3yJbTaTaxX MCCIEIOBAHUM, MPOIETaH-
HBIX B OPENbIAYIMX pasfenax. Jus yrnpaBieHUs CKOPOCThIO
OyIyT HCIONB30BaThCs TOJIBKO KIEMMHBIC U3MEPEHHS TOKA M
HarnpsbkeHus cratopa. [Ipu MO3UIIMOHHOM YIPaBJICHHH KIIEMM-
HbIC M3MEPEHHs JOTOJHIIOTCS U3MEPEHHEM MOJIOKEHHS C TO-
MOIIBIO BHEIIHEr0 JaT4yrka. B kauecTBe TAKOBOro B MOCIIEIHEE
BpeMsl TOJNyYHJIH PacpOCTPAaHEHHE WHKPEMEHTHBIC IaTYHMKH,
paccmotpenHbie B myHkre 4.1.2. (B naHHO# KHUTE HE paccMaT-
PHBAIOTCS BOIPOCHI MO3MIIMOHHOTO YIpaBJIeHHs 0e3 BHEIIHEro
JaT4rKa, KOTOPOE MOXHO OCYIIECTBHTH 3a CUET €CTECTBEHHON
WM UCKYCCTBEHHOM DJIEKTPOMATHUTHOM AHU30TPOIHM aCHH-
XpoHHOTrO nBuratens). [Ipu yrnpaBieHuH nepeMelieHneM Halu-
Yre TMO3ULIHUOHHOTO JaTYMKa T03BOJSIET OCYIIECTBHTH Oolee
TOYHYIO OLIEHKY CKOPOCTH 1O ero WH(OpPMAaluh C MOMOIIBIO
pa3nuuHOro Bujaa HaOmomarened, auddepeHmuatopos (moa-
paznen 3.5) u akcrpanonstopoB (myHkT 4.1.2). CkopocTs mpu
MO3UIIMOHHOM YIIPaBJICHUU OyJeT OICHMBATHCS C MOMOIIBIO
ACHMIITOTHYECKOTO nu(depeHnnaTopa, oMMCaHHOro B MOApas-
nene 3.5.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

324

Jns gocTukeHus: mOCTaBICHHOM I€1U, MO MHEHHIO aBTO-
POB, B HaWOOJbINEH CTENEHU TOJIXOAAT CICAYIOIINE METOJIbI.

Meroxn oLeHKH CHHXPOHHOH ckopoctn W, (6.3.28), (6.3.29),

(6.3.33)(6.3.35), KOoTOpHIii HE 3aBUCHT OT COMPOTHBIICHHH PO-
TOpa ¥ CTaTOpa U MpU HAIMYMW HArpy3KHu paboTOCIOCOOeH MmpH
HYJIEBOM CKOpPOCTHM pOTOpa. METOoJ OLEHKU CONPOTUBIICHUS

CTaTOPHOM IIeNn IQS (7.1.22)—(7.1.25), paboTocnocoOHBIN Kak

NpU HAJIMYUK 3JIEKTPOMAarHUTHOIO MOMEHTa, TaK U B PEKHUME
HaMarHUYUBaHUS IBUratesisi. MeTos OlleHKH MOTOKOCICIIICHHUS
poropa Yy (6.2.12), (6.2.14)-(6.2.17), paborocrnocoOHBIi 1pn
BCEX CKOpocTsix poropa. Ajnroput™m (2.34) oleHKH Hampas-
JSIOIMX KOCHHYCOB IIOTOKOCICIUICHUS] POTOpPa Yy~ B CTaTOPHOM
Oaszuce (a , b). JIs1st OLIEHKU COMPOTHBIICHUS POTOPA BOCIIOb3Y-
eMCsl €r0 CBSI3bIO C CONMPOTHBICHUEM CTaTopa, 00YCIOBICHHOM
B3aMMOCBSI3bI0 TEMIIEPATyp pOTOpa M CTATOpa, HA YTO yKa3aHO
B paborax [6-10]. B paborax [6, 9, 10] cuuTator, uTO Temiepa-
TYpbl OOMOTOK POTOpa M CTaTOpa paBHBI, B IMyOnukamusx [7, 8]
IKCIIEPUMEHTAJIBHO OINpPECICHO, YTO TeMIepaTtypa OOMOTKH
poropa Ha 10°C Oonblie Temmeparypbl OOMOTKH CTaTopa.
VYuuThIBas Majyro pasHHIly TEMIEpPaTyp B COOTBETCTBUU C 3a-
BrucuMocTsamMu (2.55) ananorununo (9.2.8) 6ynem nmomaraTh

R =R,(RRa): (03.)

CkopocTs poTopa olleHHnBaercst o BeipaxeHusM (6.3.30)—
(6.3.32), He 3aBHCAIIMM OT CONPOTHBICHUS craTopa. Ha
puc. 9.3.1 crIOmHBIME W TYHKTUPHBIMH JIMHHASMHU TIOKa3aHa
(yHKIMOHAIBHAS CXeMa OJIOKa OMUCAHHBIX BBINIC HIACHTH(U-
KaTopoB W HaOmofarteneil, MCIONb3yeMbIX NpPU YIPaBICHHH
CKOPOCTBIO0. J[OCTOMHCTBOM COBOKYITHOCTH TI€pPEUYHCIICHHBIX
METOJIOB SIBJISIETCS TO, YTO OHU MEKIy COOOI He CBs3aHBI 00-
paTHBIMH CBSI3SMH, YTO CIIOCOOCTBYET YCTOWYHMBOCTH PabOTHI
BCeH CHCTeMBl. AJIFOPUTM KOMOWHHUPOBAHHOTO YIIPABIICHUS
ckopocThio 3azmaercs BbipakeHusmu (4.1.20), (4.1.23). Anro-
puT™M
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El‘alj

Pucynok 9.3.1

KOMOWHHPOBAHHOTO MO3UIIMOHHOTO YIPABJICHHS PHHUMACTCS
B Buae (4.1.32), (4.1.23). IlepeuncieHHbie METOIbI KOMOMHH-
POBAHHOIO YIPaBJIEHUS C OLEHKONM U KOMIIEHCAIUEel Heompe-
JICTICHHOCTEH [IeNIAl0T CUCTEMY POOACTHOI 1O OTHOIICHHIO K
HEOIPE/IeIICHHOCTSIM MPUBEJICHHOT0 MOMEHTA WHEPIIUU POTOPA,
Harpy3KH, MexaHu4eckux mnomex. OIeHKa CKOPOCTH poTopa
IpU MO3UIMOHHOM YIIPABICHUH OCYIIECTBIISCTCS C IMTOMOIIBIO
acuMNTOTHYeCKOro auddepeHnnpoBaHus MO3UIUOHHOIO CHT-
Hana o 3aucuMoctsM (3.5.2)—«3.5.8). B atom ciryuae 3aBucu-
moctu (9.1), (6.3.30)<6.3.32), (4.1.32), (4.1.23) (na puc. 9.3.1
osoku 9, 5, 6) He ucnonp3yroTes. OLEHKY TeMIepaTyphbl CTaTo-
pa ¥ poTopa MOXKHO MOJYYHUTh MOCIIE OLEHKU CONPOTHUBIICHUS
craTopa ¢ UCIOJIb30BaHUEM BhipakeHu# (2.55) mo paBeHcTBaM

TAts:To’f('AiKol- 1)a'1, T, =T (9.3.2)

9.3.2. Pe3ynvmamut modenuposanus

[Mapamerper A/l ykazausl B npwioxkennn A. Ha puc. 9.3.2
MPEICTABIEHBl WCTHHHAS CKOPOCTh POTOpa M €€ OIleHKa.
VpaBieHUe OCYIIECTBIISUIOCh TOJIBKO MO KJISMMHBIM H3Mepe-
HUSIM B MPOLIECCE pa3roHa JBHTATENsl C HYJICBOW CKOPOCTH 0
150 paodlc, mogaun u cOpoca HArpy3Kd COOTBETCTBEHHO MPH
0.8 cu 1.5 ¢, peBepca 1o ckopoct —150 padlc u mocneayore-
T'0 TOPMOXEHHUS 70 HYJIEBOH CKOPOCTH.
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Ha puc. 9.3.3 nmokazana paboTa cucTeMbl yIpaBieHHUs 1O MOJI-
JiepKaHUIO HYJIEBOW CKOPOCTH POTOpa Kak ¢ HOMHUHAJIbHOM Ha-
rpy3Ko#, Tak u 6e3 Hee. [lorpemHocTh MopAepKaHUS HYJIEBOM
ckopoctu He 6onee 0.01 ¢ *. Puc. 9.3.4 mwumocTpupyer usme-
HEHHE BEKTOpa Y , ero CHHXPOHHOM CKOPOCTH M OIIEHOK Iiepe-

YHCJICHHBIX MEPEMEHHBIX MPHU IIMKIOrpaMMe paboThl, COOTBET-
crytomeit puc. 9.3.3. Kak Bugno Ha puc. 9.3.3 u 9.3.4, nyne-
Basi CKOPOCTb MOXKET MOJICPIKUBATHCS JUTUTENIbHOE Bpems. Ha
puc. 9.3.5 noka3aH pa3roH JaBUTATENsl MPU HOMUHAIBHOW Ha-
rpy3Ke OT HyJIeBO# ckopocTH 10 ckopoctu 10 padlc, B mporec-
ce KOTOPOr0 OCYLIECTBIISUIACh MACHTU(UKAINS COMPOTHBIICHUS
cratopa, nokazanHas Ha puc. 9.3.6. Cnenyer oOpaTUTh BHUMA-
HHUE Ha TO, YTO YIpaBJICHHUE JBMKCHHEM MPOUCXOAMIO C yda-
CTHEM HACHTU(UIIMPYEMOTO CONPOTHBIICHNUS, HaYaIbHAsl OLCH-
Ka KOTOporo 0buia B 2 pa3a O0JIbIIE €ro UCTUHHOTO 3HAYCHUS.

2 . :
1 1y
i i _'T'-—o.. ¥ .
ot H A i o
hl o
a1 e e I { ..‘_ .................. _—
11 L 0As, e
1 i| || { { | i &
II‘| f || Y o ; o
F-‘l 'hl I'-i'l I‘..' Lj-m : — o — __— =
=ty 1 2 3 PR R T

Pucynok 9.3.4. [lorokocuernsienue B mporecce
CTaOUIN3aLUU HYJIE€BOH CKOPOCTH
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Pucynok 9.3.5. Pasron ¢ nnentudukanmei
COIPOTUBJIEHUSI CTaTOpa
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Pucynok 9.3.6. UnenTnduxanus conpoTuBIeHUs
cTaTopa
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OIHOBPEMEHHO B WHAMKATOPHOM PEKUME OCYIIECTBISIIACH
UICHTU(HKALMS CONPOTHBIICHUS CTATOPa C HAYaJIbHOM OIICH-
KOii B 2 pa3za MeHbIIIel ero MCTUHHOTO 3HaueHus. Kak BuaHO Ha
puc. 9.3.5 u 9.3.6, nocie 3aBepIICHUs MEPEXOTHOTO Mpoiecca
yCTaHABIMBAIUCH 3aJaHHas ckopocth 10 paod/c u TouHast oreH-
Ka COMPOTUBJICHU.

W3BecTHO, 4TO /IS ynpaBiieHHus cKopocTbio A/l TONBKO 1o
KIIEMMHBIM U3MCEPCHUAM HaI/I6OHee KPUTHUYHBIM SBJIACTCSA I'C€HE-
paTopHbIli pexum. Jnsg wunocTpanpu paboTOCHOCOOHOCTH
npejyiaraeMoi cucrembl Ha puc. 9.3.7 mokasaH mporecc pasro-
Ha apuratens g0 ckopoctu 10 padlc mpu HOMUHAILHON Ha-
rpy3Ke B I€HEepaTOpHOM pexume. [Ipu 3TOM HCIONB30BaINCh
TOJILKO KJIEMMHBIE U3MepeHus. Kak BUIHO Ha pUCYHKE, HA0JIH0-
naercsi HeOOJBIIOe MepeperyIupoBaHue, KOTOPOe MOXKHO YCT-
paHuTh MYTEM NPUMCEHCHUA 3aJaTYMKa MHTCHCHUBHOCTU Pas3ro-
Ha. Jlng wumocTpaimu  paboTOCIOCOOHOCTH IPEIaraeMoro
YHHMBEpCAJIbHOTO BEKTOPHOro yrpamieHus A/l mpu mosuimo-
HUpoBaHuM Ha puc. 9.3.8 mokazaH pa3BoOpOT poTOpa JBUTATEINS
Ha 0.5 pan ¢ mocnenyroiel crabuimM3aIyeld ToOro MmoJIoKEHHUs
IpH 1ojaue ¥ cOpoce HOMUHAIIBHOH HATrPy3KH.
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9.4. BeiBoabI u3 pa3aeiia 9

Ha ocHoBanuu paszenos 4—8 pa3paboTaHbl 2 CXeMbI BEKTO-
pHOTO yHpaBJeHUs, TMpeJHa3HaYeHHBbIE [UIS Pa3/IeIbHOrO
yIIpaBJIEHHS CKOPOCTBIO U TepemenieHueM. [Ipenmoxkena cxema
YHUBEPCAILHOTO BEKTOPHOT'O YIPAaBICHHUs, TO3BOJSIONIAS IIY-
TEM HE3HAYUTEIFHOI'0 W3MEHEHHS alTOPUTMOB YIPaBIICHHS
OCYLIECTBIIATh KaK yIpaBjieHHe CKOpocThio poTopa AJl, Tak u
ero mojoxeHuem. s ynpaBieHHs CKOPOCTBIO HCIOIB3YIOTCS
TOJILKO KJIEMMHBIE U3MEPEHHsI, ISl YIPaBICHUS TIOT0KEHHEM K
KJIEMMHBIM H3MEPUTENSIM J100aBIsieTCsl M3MEpUTeNb Iepeme-
HICHUS.

Pa3paboraHHble CXeMBI BEKTOPHOTO YIPABIEHHUS MO3BOJIS-
10T TI0 U3MEPEHUSAM JBYX U3 Tpex (a3 TOKOB (MM TOKOB M Ha-
NpPsDKEHHI) OLIEHUTh

- TJIaBHbIE TAPMOHHMKH BEKTOPOB TOKA W HANPSIKEHHS,

- TJIABHBIE TAPMOHHMKH BEKTOPOB IMOTOKOCHEIJICHUH pPo-
TOpa " CTaTopa,

- UX YIJIOBBIE YaCTOTHI,

* CKOpPOCTh BpalIeHHsI POTOpa,

- COMPOTHBIIEHHS 0OMOTOK POTOpa U CTATOPA,

- TeMIIepaTypbl poToOpa U CTaTopa,

- CMEILEHUs HyJIel TOKOB M HAIIPSDKEHUM B LIEISIX CTaTO-
pa, B TOM YHCJIe, ¥ MOTPEIIHOCTH TaTYUKOB,

- IPUBEJCHHBIA MOMEHT HHEPLIUU POTOPA,

- BHEILIHEE BO3/IEHCTBUE HA POTOP.

Pe3ynbTaThl KOMIBIOTEPHOTO MOJETUPOBAHUS YIPABICHHS
ckopocThio AJl ¢ cHUCTeMO#l ympaBiieHUs, M300paKeHHOH Ha
puc 9.1.1, 9.2.1, npencrasnensl Ha pucynkax 6.4.1, 6.4.2, 6.5.1,
7.1.4-7.1.8, 7.2.1, 7.2.2, 9.2.2-9.2.4. Pe3ynbTaThl MOJICIUPOBA-
HUSl YHUBEPCAIBHON CHCTEMBI MPH CKOPOCTHOM M TO3HIIMOH-
HOM yIpaBlieHWH, u3o0paxennoi Ha puc. 9.1.1, 9.3.1, npen-
craBnenbl Ha puc. 9.3.2-9.3.8. O1Tu pe3ynbTaThl MOKa3bIBAIOT,
YTO BO BCEX PEKUMax padoThl (IBUraTeIbHOM, TCHEPATOPHOM U
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XOJIOCTOTO XO71a) BO BCEM JMAma30HE CKOPOCTEH CHCTEMbI
yIIpaBJIeHHs 00ecleunBaloT poOACTHOCTD 110 OTHOIICHHIO K:

- MaJIeHUI0 HaTpsDKEHUs] Ha TpaH3uctopax Omoka LM
3a CYET UX CONPOTUBJIEHUH,

- 3ama3/bIBaHUSAM Ha OTKPBITHE U 3aKpbITHE TPaH3UCTO-
poB 6moka [IT1IM u 3a cuer MepTBOro BpeMeHH,

- OpockaM HampsHKEHUS MUTAIOMIEH CEeTH,

+ pa3dpocy CONpOTUBIIEHUI pOTOpa U CTaTOPA,

- CMEILIEHUIO HYJIeH TOKOB M HANpsKEHUW B LEMAX CTa-
TOpA,

- HEONpEJEeTEeHHOCTH TMPUBEIEHHOI0 MOMEHTa HHEPIUU
poropa,

- HEM3BECTHOMY BHEIIHEMY BO3/I€IICTBHIO Ha POTOp,

- mymam, o0ycioBieHHbIM [TITNM.

Bo BceM muana3zoHe cKOpOoCTel OT HOMHHAJIBHOM A0 HyJe-
BOU M BO BCEX peKUMax paboThI (ABUTaTEILHOM, I'eHEPaTOPHOM
M XOJIOCTOT'O X071a) pa3paboTaHHbIE CHCTEMbI 00ECIICYHBAIOT:

- peryJiupoBaHHE U peBEpC CKOPOCTH,

- acTaTU3M IO OTHOLIEHUIO K HarpysKe,

- CTaOWJIM3AIIMIO JIFO0OH, B TOM YKCIIC U HYJIEBOH, CKOPO-
CTH,

- ONTUMANBHOE TIO MOTPeOIIeMOl MOLIHOCTH YIpaBiie-
HUE CKOPOCTBIO U YTJIOM ITOBOPOTa POTOpPA,

- HEMpEepBhIBHBIM KOHTPOJIb TEMIEpaTyphl poTopa M cTa-
TOpa JABUTATEN,

- TIPY HAJIMYMW MHXKEKIUU B TOK HaMarHWYWBaHUS obec-
MEUYUBACTCS CTAOUIIM3AIMs HYJIEBOW CKOPOCTH POTOPA.

[ToMrMO paccMOTPEHHBIX CXEM BEKTOPHOTO YIIPaBIICHUS,
MaTepuaiabl JaHHOW KHHMIM IIO3BOJIIOT COCTaBUTh M JApPYTHE
CXEMBI, MpeqHa3HauYeHHbIe IS WHBIX Lefel, HarpuMep, s
yIpaBIEHNUS YCWINEM WM TepeMelleHHeM M YCHJIMEM OJHO-
BpPEMEHHO.
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3AKJIIOYEHHE

Ota KHHra MOCBSIICHA aTOPUTMaM BEKTOPHOTO YIIPABJICHUS
ACHMHXPOHHBIM TPHUBOJIOM. 3a e¢ OOPTOM OCTAJIMCh TAaKUE BOIPO-
Chl KaK BEKTOPHOE YIPABJICHHE CHHXPOHHBIMH, BEHTIJIBHO-
WHIYKTOPHBIMU M APYTUMHU npuBoaamu. CaeayeT OTMETHTb, UTO
MOJIyYCHHBIC B JIAHHOM KHHI'€ PE3yJIbTaThl ¢ HEKOTOPBIMH JI0pa-
0OTKaMH MOT'YT OBITh MCIIOJIB30BaHbBI JJIsl YIIPABJICHUS MEpeUrc-
JICHHBIMH THIIaMH ITPUBOIOB. B KHUTE HE pacCMOTPEHBI BOITPOCHI
MPSIMOTO YITPABJICHUS MOMEHTOM M TIOTOKOCIICTUICHHEM, METOJIbI
OIIPE/ICNICHHsI YIJIa MOBOPOTa W CKOPOCTH pPOTOpa JIBUTATEIS C
WCIIONTE30BAaHUEM TMA30BBIX MyJbcanuii Toka u 3¢ddexra Maraut-
HOT'0 HACHIIICHHMS], BBIABJICHUS HEUCIIPABHOCTEH MPHBOJA B TPO-
I[ECCe €ro MTaTHOM paboThl. KHUTa COmep:KUT, B OCHOBHOM, pe-
3yJIBTAThl UCCIICIOBAaHHUI aBTOPOB. DTH PE3y/IbTaThl MOIYUYCHBI 3a
CUeT MPUMEHEHHS TeOpuu HaOoareeii, punbprpanuu u poda-
CTHOro ynpanieHus. [1o MHEHHIO aBTOPOB, 3TU METOJbI MOXKHO
YCIICIIHO MPUMEHUTh JJIsl PEIICHUS TIEPSUUCIICHHBIX BBIIIC 3a-
nad. CrieyeT OTMETHTh, UYTO M3-3a TPUMCHEHUS Ha3BaHHBIX Me-
TOJIOB KHHTA JOBOJBHO CIIOKHA JIJIsl YTCHUS MPUBOIYMKAMU C
TPaJUIIMOHHBIM 00pa3oBanueM. C Ipyrod CTOPOHBI, OHA TPY/HA
JUTSI TIOHUMaHMsI CIICIUATICTAMH 110 YIIPABJICHUIO, HE CBSI3aHHBI-
MU TECHO C AJIEKTPOnpuBoIoM. [loaToMy cyiecTByeT HeoOxo-
JIMMOCTb B HAITUCAHUM Ha 0a3e 3TOi KHUrK yueOHUKa. B cBsi3u ¢
STHM aBTOPHI OyJIyT MPHU3HATEIILHBI 32 3aMCUaHUS U PEKOMEH 1a-
IIUH B OTHOIIEHHH COIEPKAHUS KHHTH.

C HaWITyYlINMU MMOXKCITIaHUAMA YUTATECIIAM,

aBtopsl E. M. Iloranenko, E. E. Iloranenko.
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Hpnaoxenue A
XAPAKTEPUCTUKHU ACUHXPOHHOTIO
ABUT'ATEJS

[Tpu MozenupoBaHUH MCIIOJIB30BAJICS ACHHXPOHHBIN JBUTa-
TeNb C KOPOTKO3aMKHYTBIM poTopoM A2-81-4, nmeromuii cie-
JYIOIIHE TTAPAMETPHI:

HOMHHaIbHAg MoiIHOCTh 40 kBT,

HOMHUHaNIbHOE (AelicTByromiee) (a3Hoe craTopHOE Hamps-
xenue 220/380 B,

HOMHHAJIBHBIA (JCHCTBYIOIINIT) (ha3HbId CTaTOPHBINA TOK

130/75 A,
MaKCHMaJlbHas MePerpysKa mo Toky j - =15

HOMHHAJIbHAsE CKOPOCTh poTtopa 1460 06/muH,
MOMEHT WHepIuu npusoja 1,17 KM,
HOMMHAJIBHBIH MOMEHT Harpy3ku (M) 262 Hw,

HOMMHAJILHOE 3HAUYEHU e TIOTOKOCIeIIeHus potopa 1,4 BO,
HOMHHAJIbHOE 3HAYEHHE DIIEKTPOMATHUTHOTO MOMEHTA

3100 Hwm,
aKTHUBHOE COMPOTHBIICHHE CTATOPa (Rq 0) 0.072 Om,
akTHBHOe  (NPHBEIEGHHOE)  CONMPOTUBIICHHE  POTOpa
(Rro )0,106 Owm,

WHJYKTUBHOCTb PacCesHUs CTaTopa (S . Lso) 9,1540“ I'n,
HHAYKTHBHOCTE paccesHus (MpUBEASHHAsN) pOTOPA (S ) Lro)

9,1540* I'n,
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UHAYKTUBHOCTH HAMarHn4uBaHUs (L

mo ) 0,0377I'n,

HOMUWHAJIbHAA 3JICKTPOMAarHuTHasd 1noCTodHHas BpEMCHHU PO-

TOpa (Tr )0.365 C.

[IpeoOpasoBaTenb 4acTOTHI UMEET CICAYIONINE XapaKTepH-
ctuku: yactota LIIIUM — 4kI'1, ammmuryna UM 520 B, nua-
Ma30H PEryJIMPOBAHMSI BBIXOHON YaCTOTHI IJIABHOW TapMOHHKH
(0.1-400) I'u. B anropuT™bl ObUTH BBEACHBI OrPaHHUYCHUS TOKA
Y HalpsHDKCHUS, a TaKKe OCYIIECTBICHO MOCIUPOBaHUE (-
¢dexroB LHNM u OpockoB HaIpsbKEHHS MUTAIOMIEH ceTH. AJro-
PUTMBI YIPaBJICHHS MPEIACTABISIINCh B JIUCKPETHOM BHJIE C
taktoM cuera 100 Mmkc.

3a HOMUHAJIbHBIE ObUIM MPUHATHI CIACAYIOIINE 3HAUCHUS
MapaMeTPOB CHCTEMBI:

R, =0.0720m,R,=0,106 Om,n=2,w_,=150¢"*,
l,=1.17kg>n’,g =0,m =0,L,, =38.7X0*Hn,
L,,=37.740°%Hn,L ,=38.7X0°Hn,

s =0.051;
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IIpunoxenune b
UCCJEJOBAHUE YCTOMYUBOCTH
METOIJAMMU JAIIYHOBA

Meronbl uccnenoBanus ycronuusBocTd JIdmyHoBa IO3BO-
JISIOT UCCIIEe0BAaTh YCTOWYMBOCTh CUCTEM YIPABIIEHMS, OMUCHI-
BAaEMBIX JIMHEHHBIMU, HETMHEWHBIMH, TUCKPETHBIMHU, HeImpe-
PBIBHBIMH, OECKOHEUHOMEPHBIMU YPaBHEHHSIMH, a TaK e ypaB-
HEHHUSMH B YAaCTHBIX TPOU3BOAHBIX.

JIOCTOMHCTBO 3TOr'0 METOJa B TOM, UTO JUI MCCIEOBAHUS
YCTOWYMBOCTH HE TpeOyercs HaXOAWTh HU pelieHus: audde-
PEHIMANBHBIX YPaBHEHUHN, HU paCCUNTHIBATH KOPHH.

Qusuueckas cymv memooog Jlanynosa. Ha puc. b.1 npen-
craBiieHa (a3oBasi TPAEKTOPHSI ACHMIITOTHYECKH YCTOWYHBOM
CAY. CrpenkaMu yKa3zaHbl pa3fU4Hble TMOJIOKEHUS pajyc-
BekTopa I .

Panuyc-BexTop m3o0paxkaromieii Touku Ha puc. b.1 onpene-
JISieTCs BBIpayKEHUEM

232, 2
re=xa+x;.

YcnoBueM acHUMITOTHYECKOW YCTOWYUBOCTH SIBIISIOTCS yCIIO-
BHS

limr|=0,  Y}|<0-
t® ¥ dt
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Xp =¥

/7

X
1
<

Pucynox b.1 — ®a30BbIii MOPTPET aCHMITOTHYECKH
YCTONUUBOM TPaeKTOPUU

JIIs1 CHCTEMBI TPEThero mopsiaka 2 = X12 + X% + xg.

2 _ 2 2 2
Hus cucteMmel N-ro mopsiaka 2 =X +X5 +...+ X7 .

[Momumo mepeuncieHHbIX (YHKIUA 00 acCHMITOTHYECKOH
YCTOWYMBOCTH MOYKHO CYJHUTb H 110 APYTMM (YHKIIHSIM, HaIpH-
Mep, U CUCTEMBI 2-T0 MOpsIIKa

V=axi+ax; "a,a>0 |limV=0p <0
t® ¥

WM JIpyrast YeTHas QyHKIus
V =apd +ay%;.

Oyuknus V , ¢ MTOMOIIBIO KOTOPOH yaaercsi CyIuTh 00 yc-
TOMYMBOCTU CHUCTEMBI, Ha3bIBaeTcsa pyHkuueii JIanyHosa.

Hns pyHkuuun JlsmyHOBa XapaKTEpHO TO, YTO OHA SIBISIETCS
BCerja TMOJOXKUTENbHOW u oOparmiaercs B 0 ToiabKO B Havale
KOOp/IMHAT.

@ynkuusa V (X, Xp,..., X) » 3aBUCAIIAA OT BCEX KOOPJAMHAT

BEKTOpa COCTOAHWSA, Ha3bIBACTCA OIMPEACACHHO MOJI0KUTEIbHOM
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(orpunarenbHoii) B obmactu D, comepikariell Havuamo KOOpIMHAT,
€CII B ITOW 00JIaCTH OHA BE3/IC MOJOKHUTENbHA (OTpHIIATEIbHA)

KpoM€ Hayaja KOOpJAWHAT, Xl = X2 = X3 =...= Xn = O, rJae oHa
o0paraercs B HOJb.

Oyuxupst  V (X, X0,...,X,) Ha3BIBAETCS  3HAKOINOJIOKH-
TeJIbHOH (3HAKOOTPHIIATENIBLHOI), €CIIM OHA B ATOH 00JacTH
ynosierBopsier coornourenuto V 3 0 (V £0).

IIpyu3HakaMu acCUMITOTHYECKOHM YCTOMYMBOCTH CHCTEMBI
SBIISIIOTCS: CYIIECTBOBAHHME JUIS MCCIENyEeMbIX YpaBHEHHH OII-
pEIeIeHHO MOJIMKUTENbHON (QyHKIMH V H B 000 MOMEHT
Bpemern W <0, T. e. W J0mKHA GBITH ONPEIENEHHO OTPHILA-
TEINbHOMU.

b.1. Teopema JIsnyHoBa 00 aCHMITOTHYECKOI
YCTOMYUBOCTH

Paccmorpum cucremy HenmuHEHHBIX auddepeHInanTbHbIX
YpaBHEHUI

% = X (X, X0, Xq) =11, (5.2)

X; —B o0leM ciry4ae HeluHeHHbIe QYHKINH.

Teopema JlsimyHoBa. Eciu ons cucmemsr (1) 6 obracmu
D, cooepocaweit navano xoopounam, cywecmseyem onpede-
JIeHHO noaodxcumenvhas yuxkyus ', noanas npouzeoouas Ko-

mOopoii no 8pemeHu U , 63smas ¢ cuny cucmemwt (1), onpede-
JIeHHO OMPUYAmMenbHa, Mo HA4a10 Koopounam Oydem acum-
nMomuYecKyu YCmoudusslM npu YCio8uu, Ymo HayaibHule YClo-
sust 3simot uz oonacmu D .

[Mycte s cuctemsl (1) cymectByer GyHkuus JsnyHoBa

V (X, X9,y %) - (5.2)
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®pasa «10JIHAs POU3BOAHAS 110 BPEMEHH, B35iTasl B CHILy CHC-
Temsl (1)» o3Havaer

n @ n
o TV o TV
V=g —% =3 — X;(...). (5.3)
i 6 o T
Teopema JlanyHoBa aeT JOCTaTOYHBIE YCIOBHS aCUMIITO-
THYECKON YCTOMYMBOCTH.

b.2. Teopema bap6amnna-Kpacosckoro

Teopema JIsmyHoBa TpeOyeT, 4TOOBI B TEUEHHE BCETO Mepe-

XOJIHOTO Tporiecca <0 (puc. B.2, ). OueBuHO, YTO B CIIy-
yae, n300pakeHHOM Ha puc. b.20, cucrema Taxke Oyner acum-
nToTuuecku ycroiunBod. Teopema bBapbammna-Kpacockoro
OXBAaTBIBAET U ATOT CIIy4ai.

PaccmatpuBaercs cucrema (b.1).

Teopema. Ecau onsn cucmemet (b.1) 6 oonacmu D cywecm-
gyem onpedeiieHHo noaodxcumenvras gyukyus ', maxas, umo
ee nonnas NPoUu3eoOHAs NO BPEeMEeHU, 635MAsl 8 CUNLY CUCTEMbl

(F.1), 6yoem snaxoompuyamensrou (\& £0), npuuem mmonce-

cmeo mouex, 20e M =0, ne cooepoicum yenvix mpaeKxmopuil
Kpome Hauana KoOpoOuHam, mo NOJOJCeHUe PasHosecuUs Oyoem
ACUMNMOMUYECKU YCMOUYUBO NPU HAYATLHBIX YCI0BUAX U3 00-
nacmu D .

IIpumep. Tlycts nano ypaBHeHue MmastHHKa (1), u300pa-
eHHoro Ha puc. b.3.

$§+af+bsiny=0, (5.4)
a,b>0. (B.5)

VMmuoxuM ypaBaenue (4) va ¥ . [Tomyanm

$y+bsiny-y=-ap>.
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V
=0
V<0
t t
0
a)
Pucynok b.2 — Xapakreps! nsmenenust ¢pynkiuu JismyHoBa
Pucynok b.3 — Maremarndeckuii MasTHUK
3T0 ypaBHEHHE PeoOpazyeTcs K BUILY
\E=-ay?, (5.6)
rue
éy?
V =g +b(1- cosy)u (6.7)
62 u

T. k. ynxius V  obpamaercs B 0 ronsko npu Y =¥ =0, a Bo
BCE€X OCTAJIbHBIX ClIy4dasaXx ABJISACTCA HOHO)KHTGHBHOﬁ, TO q)yHK'

st Vo SBIISIETCS ONPEICNICHHO MOJI0KUTENbHON. Kak BHIHO 13
2

(7), V —nonnas sHeprusi cuctemMbl. B naHHOM city4ae EY SB-

JIeTCsl KWHETHYECKON DHEprueii, a BTOpoe cllaraeMoe siBJIseTCst
MOTEHIMAIbHOM 3Heprueil. B npasoii wactu (6) crout GyHKIMsS
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paccestHust \=- a&z. Ben M© 0, 1o paccesiHue DHEpPrUu

KoyieOaHul OTCyTCTBYeT. [loKa)xkeM, 4TO Takasi CUTyalyst MOKET
OBITH TOJBEKO B Havane koopaunar, rae Y =¥ =0. Jlng sroro
NPEANOJIOKUM, UTO

M =-a¢?° 0b ¥° 0. (5.8)

Tak xak QyHKIHS \!' e saBucur ot Y, TO OHa fABJsIETCA 3HA-

xoompuyamenvrou. U3 ycnosus ¥ ° 0 cnenyer
$°0; y=const=c. (5.9)
[MoxcraBum (8), (9) B (4). [omxyuum
bsnc® Obp c=0pb y=0,

T. €. yCJIOBUE \L© O mosKer BHIMONHATECS TONBKO B HAUaNe KO-
opauHat. Takum 00pa3oM, BBITIOJHSIOTCS BCE YCIOBHS Teope-
Mbl bapbammna-Kpacosckoro.

Teopema Bapbammna-KpacoBckoro Tak ke, Kak U Teopema
JIsnyHoBa 00 acCMMITTOTHYECKOH YCTOWYMBOCTH, JaeT JIOCTa-
TOYHBIE YCJIOBHS YCTOHUNBOCTH. HeBO3MOKHOCTh HAalTH (DyHK-
uuto JlsmyHoBa erie He TOBOPUT O TOM, YTO CHCTeMa He SBJseT-
Cs1 ACUMIITOTUYECKH YCTOWUYUBOM.

PaccMmoTrpeHHsIil IpUMEp WILIIOCTPUPYET OJUH U3 METOJOB
nocrpoenus: pynkuuii Jisnynosa. @yunkuus Jlsnynosa (7) mpo-
MOpPIMOHAJbHA TIOJHONM 3HEPTUU CUCTEMBI. CyMME KHWHEeTHye-
ckoil (mepBoe ciaraemMoe) M MOTEHIMAIbHOW (BTOpOE ciarae-
Moe) sHepruii. TakuM 00pa3oM, MoHast SHEPTUsT CUCTEMBI MO-
KET BBICTYNATh B poii pyHKIMHK JIsmyHoBa.

Crnucok JIMTepaTypbl

Mepkun /[I. P. BeneHue B TEOpUIO YCTOMYMBOCTU JIBHIKE-
Hus. — M.: ['n. pen. ¢wus.-mat. nmT. u3a-Ba «Hayka», 1971. —
312c.
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IIpunoxenune B
JANHAMUYECKHUE ®UJIbTPbI

Ha npaxtrke 0ObIYHO MOKHO U3MEPUTH TONBKO YacTh dJie-
MEHTOB BEKTOpa COCTOSHHUS. HewmsmepsieMyio 4HacTh BEKTOpa
COCTOSTHHISI BOCCTAHABIMBAIOT (OIEHHBAIOT) C TIOMOIIBIO THHA-
MHUYECKUX (PUIBTPOB

[TycTh 0OBEKT yrnpaBiieHHs OMMUCHIBACTCS CHCTEMOI

k= Ax+Bu+Gf , (B.1)
y=Cx+Dyv, (B.2)

rome X,u,y, f ,V. — BEKTOPBI COCTOSHMS, YIPaBJICHUS, U3MeEpe-
HUSI, BHEIIHUX BO3JECUCTBUM M MOTPEIIHOCTEN AATUYUKOB COOT-
BercTBeHHO; A, B, C — MaTpuilbl 00beKTa, yIpaBiICHUS U W3-

MepeHusl.
PasmepHOCTH BHOBbH BBEAECHHBIX BEKTOPOB M MaTpUIl JaHbI

B (3).
xI R:ul Ryl R:f1 R;
vi R:;GT R""; DT R" 9. (B.3)

B.1. CTpykTypHas cxeMa M ypaBHEHHSI TUHAMUYECKUX
¢puasTpoB

CocTaBUM CTPYKTYPHYIO CXeMy OOBEKTa yIpaBJICHHs, CO-
orBercTBymouLyto cucteme (1), (2) u n300pakeHHyI0 B BepXHei
qactu puc. B.1.
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B omnnume OT MaTepuanbHO CYIIECTBYIOIIETO OOBEKTa
ynpasieHus (HanpuMep, 3JIeKTPOABUIATENsl C TEXHOJIOTHYe-
CKMMH MEXaHU3MaMH), AWHAMUYECKUH (UIBTP MPOrpaMMHpPY-
ercs M pemiaercs B BeuuchuTene. CTpyKTypHas cxema JIUHA-
MHYECKOT0 (UIBTpa JODKHA B MaKCHMAaJIbHO BO3MOXKHOW CTe-
MEHU COBIAJIaTh CO CTPYKTYPHOM CXeMOH 00BhEKTa yIIpaBJICHUS
(awxHsis gacTh puc. B.1). B ctpykrypHyto cxemy ¢uibtpa He
BOIIUTK IIETH, CBSI3aHHBIE C HEM3BECTHBHIMHU BXOJHBIMH BO37IEH-
crBusmu T u V. Jlng cunxponusanun paboTel JMHAMUYECKO-
ro ¢unpTpa ¢ paboToil 00bekTa ympaBiIeHHs NpeTHa3HAuYeHa
nemnb, cojepxarnas matpuiy L kod(h¢uireHToB ycHieHust
¢uibTpa pazmepom (N° I ). Ilo crpykrypHOil cxeme (uibTpa
3aIuIleM ypaBHEHHE ero paboThl.

&= AX+Bu+L(§- y). (B.4)
PasHocts Y- Y Ha3biBaeTcs HeBsI3KO#M. C MOMOIIBIO ypaBHe-
Hust (2) npencraBum ypaBHenue (4) B Bujie
%= AR+ Bu+LC(X- X)- LDv. (B.5)
Beenem B paccmoTpeHue omuOKy JMHAMUYECKOTO (BUIIBTpa
X =X- X. (B.6)

JIi1st oTydeHHsl AMHAMUYECKOr0 ypaBHEHHs ommOku (uibTpa
BbIYTEM U3 ypaBHeHus (5) ypaBuenue (1), momy4uum

§= AX+LCX- LDv- Gf . (B.7)

VYpasuenwue (7) MOXKHO pacCMaTpUBaTh Kak HEOTHOPOIHOE
muddepeHIMaIbHOE ypaBHEHHE C BHEIIHHM BO3/ICHCTBHEM
- LDv - Gf . Just Toro utoOsl ommbka puiabTpa Obla OrpaHu-
YEHHOW, HE0OX0IMMO, YTOOBI YaCTHOE pelieHne ypaBHeHus (7)
OBLJIO ACUMIITOTHYECKH YCTOWYMBBIM. 151 3TOr0 HE0OXOIUMO U
JIOCTaTOYHO, YTOOBI HyJEBOEe pelieHHe ypaBHeHus (8) Obuio
ACHMITOTUYECKH YCTOWYHBBIM.

§ = (A+LC)X. (B.89)
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f \Y
—>» G | —>»{ D
u X y
Y B X 1p » C —>
A
00BEKT ynpaBleHHUs
JMHAMUYECKHH QUIBTP
J/ - Y
.-y
e X L[c Y,
A
Pucynoxk B.1 — CTpyKkTypHBIE cXeMbl OOBEKTa yIPaBICHHS
JMUHAMHYECKOTO (PIITBTPa
VYpaBuennto (8) cOOTBETCTBYET XapaKTEPHUCTHIESCKOE ypaB-
HEHUE

det(Ep- A- LC) =0, (B.9)

rae L — HemsBecTHas matpuia Ko3GQUIIMEHTOB YCHICHHS M-
Hamu4eckoro Quibtpa. PackpbiBas ompeaenuTenb W MpHpaB-
HUBAs MOJYYCHHOE K KaKOMY-THOO CTaHAapTHOMY IOJMHOMY,
MOXKHO 3aITUCaTh CHCTEMY aJIreOpanyecKuX ypaBHEHHH sl Ha-
XOXIeHUs dieMeHToB Marpuiibl L. Tlpu 3TOM mepexomHblit
mporecc ypaBHenus (8) Oymer COOTBETCTBOBATH 3ajaHHOMY. B
TOM cily4ae, Koria pemienue ypaBaenus (8) crpemutces k 0, u3
(6) cmenyer, urto

limX=x. (B.10)
t® ¥
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Coornomenne (10) crnpaBemIMBO TONBKO Ui ypaBHeHUs (8).
B ciyuae ypasuenus (7) X Gyner ctpeMuThCs HE K X, a K He-
KOTOpO# oOKkpecTHOCTH (TpyOke) Bektopa X. Jlmamerp 3Toi
TpyOKH OOYyCJIOBJICH BHEIIHMM BO3jeiicTBHeM ypaBHeHus (7).
B ciywae, Korjga 3TOT aMaMeTp Mal, BEKTOp X Ha NPAKTHKE
MOHO OTOKIECTBIATH C BEKTOPOM X U UCIOIB30BaTh X IIPH
(OpMHUPOBaHHHU 3aKOHA YITPABJICHHUS.

VYpasuenne (7) mpeacTaBiser coOOW MaTpUYHOE MHEPIIH-
OHHOE 3BeHO. VI3BECTHO, YTO MHEPIIMOHHOE 3BEHO SIBJISIETCS XO-
pormM GUIBTPOM HU3KHMX 4acTOT (OTGHILTPOBBIBAET BBICOKO-
YaCTOTHBIC TIOMEXH), CICAOBATEILHO, YACTHOE PEIICHUE YpaB-
Henus (7) OymeT UMeTh CYIIECTBEHHO YMEHBIIIEHHBIE BBICOKO-
YaCTOTHBIC MTOMEXH, T.€. TUHAMHUYECKHH (DUIBTP, TOMUMO BOC-
craHoBiicHHs (OIIEHKH) BCEro BEKTOpa COCTOSHUS OObeKTa
yIrpaBiieHHs, Oyaer Takke OT(HUIBTPOBBIBATH BBICOKOYACTOT-
HbIE TIOTPEITHOCTH JATYNKOB M BBICOKOYACTOTHBIEC BHEITHHE
BO3JEHUCTBHS Ha 00beKT. B ToM ciyuae, koraa Matpuna L BbI-

OpaHa Tak, 4To X SBJISAETCS HAWIy4lIENd CPeIHEKBapaTHYe-
CKOM OIICHKON BEKTOpa COCTOSIHUS 00BhEKTa X, TMHAMUYCCKUI
¢unbTp HazeBaercs ¢puasTpom Kaamana. B Tom ciydgae, xo-
raa matpuiia L BeiOupaercst u3 apyrux cooOpaskeHuid, auHa-
MUYeCKHi PUIIbTp Ha3biBacTCsS HadroaaTeneM JlyyHOeprepa.

JuHamuueckne (QWIBTPHI MO3BOJSIOT BOCCTAaHOBHTH BECh
BEKTOP COCTOSIHUSL U OT(PHIBTPOBATH BBICOKOYACTOTHBIE BO3-
JecTBHS Ha OOBEKT M MOrPEIIHOCTH JaTunka. OQHaKo He A
KaXX/I0 CHCTEMBI MOYKHO TIOCTPOHTH PabOTOCTIOCOOHBIN AWHA-
MU4ecKuil GuibTp. s Toro 4To0b1 MOKHO OBLIIO €ro MOCTPO-
WTh, CHCTEMA JIOJDKHA OBITh MOJIHOCTBIO HaGI0aeMoi (roBo-
par, 4yro mapa matpuil ( A, C ) IODKHA OBbITh MOJHOCTBIO Ha-

Oxro1aeMoii).
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B.2. Kputepuu nabaiogaemocta

Cucrema Ha3bIBaeTCs MOJHOCTHLIO HADJIIOAAEMOIi, KOrja e¢
BEKTOP COCTOSIHHS MO’KHO BOCCTAHOBHUTH 3a CKOJIb YTOJHO Ma-
JIBIM IPOMEKYTOK BPEMEHH.

Teopema 1. Cucmema snsiemcs HOAHOCMbIO HAOIOOAEMOTU
mo20a u MOAbKO mMo2od, Ko20a Mampuya HaOI00aemMocmu
Q, umeem pane, paeuviii nopsaoky cucmemsl N, 20e N — pas-

MEPHOCMb 8EKMOPA COCMOSAHUSL CUCHEMbl (XT R" )
Qu - [CT , ATCT , (AT )ZCT - (AT )n-lcT]T an' n (B.ll)
Panr marpuibl Q, paBeH N TOrJa U TOJBKO TOr/a, KOT/Ia U3 ee

0JIOKOB MOYKHO COCTaBHTh MAaTpuily N’ N, ONpenenuTesb Ko-
Topoi He paseH 0.

CylecTByeT u Apyroii, Oojiee yaA00HbBIN, KPUTEPUI MTOTHOM
HAO0JI01aeMOCTH.

Teopema 2. Cucmema (1), (2) ssrsemes noanocmvio na-
onodaemoli  moeda U MOABKO  mo2dd, Ko20a  Npu
veO, f°0,u®0 y°0 us cucmemor (1), (2) creoyem
X© 0. Inst mpuMeHeHHs1 3TOH TeopeMbl yaoOHee, KOoraa CHc-
tema (1), (2) npencrasieHa B CKaJIIpHOM BHUJIE, T.C. B BHJIE CHC-
Tembl ¢ depeHnnaIbHbIX YpaBHEHHH, IPUYeM He 00s13aTelb-
HO B opme Kormmu.

B.3. Ha0.1oneHue 00beKTOB, MOABEPKEHHBIX IEHCTBUIO
BO3MYIIEHHI1 M MOTPENIHOCTEH 1aTYHKOB (0OIEeHKA BHEIIHUX
BO3MYIIEHHI H MOTPENIHOCTE TaTYHKOB)

Ha mpakTtrke 0OOBEKTHI ympaBieHHsI BCEra IMOJIBEPKEHBI
BHEIIHUM BO3/EHCTBUAM. DTO Harpyska, BeTep, TpeHHe U JIp.
Bo3/eiicTBUsA. B M3MepuTenbHBIX MpHOOpax 4acTo MpPUCYTCT-
BYIOT CMEIICHHS HYJIsI (OCTOSIHHAS TIOTPEIIHOCTD), MOTPEIIHO-
CTH C 4aCTOTOW MHUTArOLIEN ceTu U Ap. Bo MHOrux ciydasx 3a-
KOHBI U3MEHEHUS ATUX BO3/ICHCTBUN U3BECTHBI, HO HE H3BECTHBI
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UX BEIMYHMHBL. B COOTBETCTBUH C 3TUM OOBEKT yIpaBIICHUS
onuceiBaercs cucremoii (1), (2).

Jnst perieHus MOCTABJICHHOM B Ha3BaHHUMU IOJpa3/iena 3a/1a-
YM HAJIO BHEIIHWE BO3JCUCTBUs f M morpemHocTH naTyvkoB

V onwmcaTh cucteMoi auddepeHnnaIbHbIX YpaBHEHUH.
Hanpumep, nycrs fy =const, Ttorma ypaBuenuwe Oymer
ﬁO =0.
ITycte Tenepy f = fy+ fit. Beenem obosnavenns f =z,
f=2, Torna # = f, =2, n &,=0.
Cucrema ypaBHEHUN UMEET BUJT ﬁl =2,, ﬁz = (0 W4 B Mat-
puuHoOl dopme

20 O Liéz §
gzglgz‘?o dely  f=Qz, meQ=[td.
&1 & 0fez
Hycte f = fysinwt. Bsegem o6osuauenus f =2z,

f=w f,coswt =w z,. Torna cucrema ypasHenuii Oyner
ﬁl :WZZ’ &2 =-W21 207051

,:é L:Ié l:<|’ f:Q21 I‘[[CQ:[J-O]-

Ha ocHOBaHNM CKa3aHHOTO MOYKHO 3aIlMCcaTh
f=Qz, #&=Mz. (B.12)
v=Rq, §=Ngq. (B.13)

Takum oOpaszom, Hapsay ¢ ypaBHeHusimu (1) u (2), MOXHO
3amucaTh yPaBHCHUS BHEIIHUX BO3JCHCTBUI HA OOBEKT B BUJIC

=Mz, f=Qz (B.14)

[orpemHocTH JATYMKOB MOXHO aHAJOTMYHBIM 00pa3oMm
onucath B BHJIe cUCTeMbl Au(ddepeHnanbHbIX ypaBHEHH

§=Ng, v=Rq. (B.15)
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Jlnst oObequHeHHON cucTembl ypaBuenuid (1), (2) u (14),
(15) pacuripeHHbIH BEKTOP COCTOSHHSI TPUMEM B TAKOM BHUJIE:

(B.16)

> (D> (D>
CDNCD 9\
oo &

’

&t

Torna pacumpeHHas cucrema (CUcTeMa ¢ PacHIMPEHHBIM BeK-
TOPOM COCTOSIHUSI) OyJIeT BBITJISIETh TaK:

6eMra8 &
éA GQ O0u ¢éBu

-§ u.,éyd,, B.17
ﬁ‘(:e M O@r+§0@u (B.17)
g0 0 Npg g0g
y=[C O DR]r =Cgr . (B.18)

Jlis oneHkn BekTopa I HAOMIOJATENb, MOCTPOSHHBIN 110
CTaHJAPTHOMY MPUHIIUITY, UMEET BU]T

= Asf +Bgu+L(Csf - V). (B.19)

Jliist Toro uro0Bl paciMpennbiit Habmoaarens (19) 6s1t pa-
6oTocmocobeH, HeoOXOUMO U JIOCTATOYHO, YTOOBI Mapa Mat-
put (Ag, Cg) Oblia HoIHOCTBIO HaOMI0AaeMOl (4TOOI cucTeMa
ypaBuenuit (17), (18) Obuta momHOCTRIO HabmtomaeMoii). B pe-
3yJbTaTe peuieHus ypaBHeHus (19) cymiecTByer olieHKa BEKTO-
pa cocrossHusa I, T. €. olleHKa X, Z, (. Taxum 06p330M, o1 e-
HUBAIOTCS BEKTOpP COCTOSIHUSI OOBEKTa YIpaBIICHHUS, BHEIIHUE
BO3JICHCTBHS HA HEr'O M MOTPEIIHOCTH JATYUKOB. B pe3ynbrare
MOXKHO TIOCTPOHTB 3aKOH YIPABJICHHS B BH]IC

u=-PX- Qz. (B.20)
[MoxcraBum (20) B (1). [omyuum
%= Ax- BPX- BSQ2+Gf - (B.21)
f
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Ecin BS=G, TO BHEIIHEE BO3/ICHCTBYE OYAET CKOMITCHCH-
poBaHo. Kak U3BeCTHO, Takoi MPUHIUI YIIPABJIECHUS Ha3bIBaeT-
sl KOMOMHHPOBAHHBIM YIIPaBJICHUEM.

B.4. Ucniosib30BaHue HAOII01aTe 1€
JJIsl IOCTPOEHUSI POOACTHBIX CHCTEM YNPABJIECHUSA

Ha npaxtuke napamerpsl cuctemsl ynpasienus (CY), Bo-
MEePBBIX, TOYHO HE W3BECTHBI, BO-BTOPHIX, OHM MOTYT CYILECT-
BEHHO M3MEHSATHCA KaK B MIPOIIECCE XPaHEHHUs, TaK U B TIpolecce
9KCIUTyaTallui. B wacTHOCTH, B 3JIEKTPONPUBOJE CYIIECTBEHHO
HEOIPE/ICTICHHBIME MOTYT OBITh MPUBEICHHBIH MOMEHT WHEp-
MU pOTOpa W CONPOTUBJICHUS pOTOpa M cTatopa. DTU mapa-
METpPbI MOTYT MEHSATBCS B JIBa pa3za Kak BBEPX, TaKk M BHH3. Ta-
Kre OOoJbIINe W3MEHEHUS TapaMeTpOB JeIaroT OOBIYHbIE Kiac-
cuueckue CY HepaborocmocoOHbIMU. [l obecriedenus pado-
TOCIIOCOOHOCTH B YCIIOBHSAX CHJILHOW HEOINPEIeIeHHOCTH pas-
paGotansl criermanbabie CY. Oro apantusheie CY, CY ¢ ne-
pemenHo# crpykrypoit (CIIC) (cucTeMbl CO CKONB3SIIUME pe-
KHMaMH) U JIp.

Cuctembl ympaBieHus, paboTOCIOCOOHBIE B YCIOBHUSX
OOIBILION HEONpeneNeHHOCTH, OTYYMIN Ha3BaHHE POOACTHBIX
CV (ot anrnmiickoro robust — sxecTkuii, po4HbIil). B nanHom
noapasaene Oyaer paccMaTpuBaThess komOuHUpoBanHas CY ¢
HaOJIoIaTeNieM HEONpPENeNIeHHOCTH, aHAJIOTHYHAs CHCTEME,
M3YYEHHOM B roxpaszaeie B.3.

bynem nonarate, 4To

A=Ay+A,B=By+B;,C=C,+Cy (B.22)
rae Ay, By,Cy — HOMHHAJIbHBIC MATPHIIbI, SJIEMEHTBI KOTOPBIX

OOBIMHO M3BECTHBI M3 IACIOPTHHIX IaHHBIX, Ay,By,Cy — Hems-

BECTHBIC OTKJIOHEHHS OT HOMUHAJIbHBIX 3HAYCHHUH.
[Moxcranoska (3) B (1) u (2) naer

k= Agx+Bou+Gy fg, (B.23)
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y=Cox+Dgvy, (B.24)
rac
GSfS=AHX+BdU+Gf, DSVS=CdX+DV— (B.25)

BEKTOpHBI HeonpenenenHocTeld. Ypasuenus (4), (5) no crpykry-
pe TOTHOCTBIO COOTBETCTBYIOT ypaBHeHusiM (1), (2).

Cmasumcs 3a0aua:. s cuctemsl (23), (24) cunTe3npoBath
HaOJII0/1aTeNb, OLCHUBAIOUINIT BEKTOP X M BEKTOPHI HEOINpee-
nenHocreit. Kak BugHo u3 (25), BeKTOpPBI HEONpeaeeHHOCTe!
MEHSIOTCSI CO CKOPOCTSIMH TOT'O K€ MOPSIJIKA, YTO U BEKTOPBI X
u U. [Tostomy ObicTpojciicTBHE HaOJIOATENsT HA3HAYMM Ta-
KUM, YTO 3a BpeMs MEPEXOHOro mpoliecca HadIoaTens nepe-
MEHHbI€ X B U H3MEHAIOTCA HACTOJIBKO MAaJio, YTO HA 3TOM

MHTEpBaJie BpPeMeH! MOXHO monarate Gi fg = const, Dyvy =
= const wiu

d d
fhll fa) = —~ (DzV:)=0. B.26
dt (Gé é) 0, dt( aVa) ( )

Eciu cucrema (23), (24), (26) siBisiercs MONHOCTBIO Ha-
OmromaeMoi, To IO METOJMKE, ONMCaHHOW B mozpaszzene B.3,
MOXHO TOCTPOUTH HaOJIO/aTeNb, OLCHUBAIOIINA BEKTOp CO-
CTOSIHASL M BEKTOphl HeompeneneHHocTed. [lo mHbopmanmy,
MOJIYYSHHON C TIOMOIIBIO HAOJII0aTeNs, MOXKHO 3a7aTh KOMOU-
HUPOBAHHBIN 3aKOH yrpasieHus Tumna (20), ¢ HOMOIIBI KOTO-

poro napupyercs BiusHue BekTopa Heonpenenennoctu Gj fj .
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