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JI. I1. TAJIAHKO

AHAJIN3 PEJKUMA ITIOCTOSIHCTBA MOITHOCTH ITPH PET'YJIMPOBAHUM YA CJIA BATKOB
B UMUTAIIMOHHOMU MOJEJIM BEHTHJIBHO-UHAYKTOPHOI'O ABUT'ATEJIA

B cratee paccMaTpuBaeTCs BOIPOC aHAIN3a BIMSHUS 3aKOHA U3MECHEHUS YIPABISIONIMX MapaMeTPOB Ha XapakTep MEePEeXOTHBIX IPOILECCOB B PEXKUME
MOCTOSTHCTBA MOIIHOCTH B BEHTUJILHO-MHIYKTOPHOM JBUTaTele PyJHUYHOrO DJIEKTPOBO3a C MOMOLIBbIO Pa3pabOTaHHBIX MOJAENCH M MPOrpaMMBbI
Simulink makera mporpamm Matlab.B kauecTtBe yrpaBisromux napaMeTpoB BHIOPAHBI YHCIO BUTKOB (ha3bl, YTOJ BKIFOUCHUST Gon U YTOI OTKITIOUCHUS
O, - [IprBeICHBI PE3YIBTATHI PACYETOB HA ITHX MOJIEISX [UIS IBUTATEISI MOIIHOCTRIO 27 KBT 1 wactotoi Bpamenus 121506/ MuH.

KirroueBble €J10Ba: BEHTHIHLHO-MHIYKTOPHBIN JABUIaTellb, PEKUM MOCTOSHCTBA MOLLIHOCTH, MOJIeJIb, iporpamma Simulink, myibscanmu MoMeHTa.

Beeaenne. Pexxnm mmocrostHcTBa MoImHOCTH P=Cconst
SIBIISIETCSI OJTHMM K3 OCHOBHBIX PEXHMOB JIBUTATENE IS
Pa3IUYHBIX [PUBOJOB, B YACTHOCTHU JUJISl TPAHCIIOPTHBIX
ycTaHOBOK. Pa3pa0oTke M MCCIEIOBaHUIO ITOTO PEXUMa
paboThl BEHTHJIBHO-MHAYKTOpHOTO nBuratens (BUJ)
nocesieHsl pabotst [1, 2, 3].

B patote [1, 2] paccmoTpen oauH crocob yrnpasiie-
HUS pexxuMoM P=const: ¢asoBoe perymmpoBaHue, T.c.
HW3MEHEHHE MOMEHTa MOJa4Yd UMITyJbCa HAMPSIKEHHS Ha
KaTymku (a3 u UIMTENbHOCTH uMITyjbca. OrnpeneneH
JOMYCTUMBIN AHMANa30H W3MEHEHHS CKOPOCTH B ITOM
pexuMe Ul JIMHEWHOro pekuMa paboThl U peKHMa C
JIOKAJILHBIM HACBIIIEHUEM HCXOJs U3 YCJIOBUS YMEHBIIIE-
HUSI ToKa a3kl 10 HYJISI Iepe] CAeAYIOIUM IMKIOM KOM-
MyTanuu. BiusHue CKOPOCTH HA MyJbCAI[HH MOMEHTA HE
aHanusupyercs. [ aHaiIM3a MCHONB3YETCSl MOAEND JUIS
nporpammbl Simulink, paspaboTanHas Ha OCHOBE YIpO-
[IEHHBIX MATHUTHBIX XapaKTEPHUCTHK.

B paGote [3] mpemntoxeno 4 crocoba peryiuposa-
HUs A obecrieueHnst JaHHOro peskuma ((pazoBoe pery-
JMPOBAHUE, U3MECHEHHE BEJIMYHMHBI UTAIOLIETO HAIpsKe-
HHS, U3MEHEHHE YHCIIa BUTKOB, HCIIOJIB30BAHHUE MOMAr-
HuguBaHus). Js peanmsammu mociemHero crocoba He-
00xomuMo, 9TOOBI TOK (ha3bl HE YMEHBIAJCA JO HYJIA
repest CIenyoIUM IUKIoM KomMyTtarmu. [Ipu atom mis
TOTO, 4TOOBI HEe OBIJIO HENPEPBHIBHOTO pOCTa TOKa, HE0O-
XOJUMO OYEBHIHO OTPAHHUYUTH MakCHMyM Toka. Kpome
TOTO, WCIOJIb30BaHUE ITOTO crocoba TpedyeT mpuMmeHe-
HUSI METOJIUKHU pacyera, KOTOpas YYUTHIBAET B3aMMOWH-
IyTHUBHYIO CBSI3b coceqHuX ¢a3. B pabore mnpuBemeHo
CpaBHEHHE PACUETHBIX JAHHBIX C AKCIIEPUMEHTAJIbHBIMH,
49TO SIBJISETCS ITOCTOMHCTBOM 3TOH paboThl. OmHaKo pe-
3yJIbTAaThl UCCIIEJOBAHUS MMEIOT YaCTHBIM Xapakrep s
JIBUTATEJNIsl ONpEACICHHO IeOMETpUH, KOTopasi Jaxe He
MpUBEJICHA B CTaThe, U 3TH PE3YJIbTAThl TPYIHO HCIIOJb-
30BaTh JJIS JBHTaTeliei apyroi reometpuu. B paborax
[1-3] Takxke OTCYTCTBYET OMMCAHHE MEPEXOAHOrO MPO-
necca B pexunme P=const.

C y4eToM NpHUBECHHBIX 3aMEUaHU aBTOPOM CTaThU
ObUTH pa3pabOTaHbl WMHUTAIMOHHBIE MOJETH IS IPO-
rpammbl Simulink makera mporpamm Matlab, kotopsie
HCTIOJb3YIOT MArHUTHBIC XapPaKTEPUCTHKH, YIUTHIBAIOIIHE
peanbHOe HACHIIIEHHE M IOJYYEHHbIE C MMOMOIIBIO IMPO-
rpammbl FEMM. Beumn pa3paboTaHbl 1Be MOJENH. OJHA
JUTsl YCTAHOBHUBIIETOCS pekuMa [4] w BTrOpas uisi mepe-
XOJIHOrO pesxuma [5].

B paGorax [6, 7] mpoBeeH aHAIN3 C TIOMOILIBIO MO-

Jenu JUIsT YCTaHOBWBIIETOCS PEXHUMa JBYX CIIOCOOOB
perynupoBanust (pa3oBoe peryqupoBaHHE W H3MEHEHHE
Yucia BUTKOB IMYTEM MEPEKIIOYEHHs] COCJUHEHMsS KaTy-
ek ¢asbl ¢ MOCIeI0BaTeIbHOTO COEIMHEHHsI Ha Hapall-
JeNbHOEe COCJMHEHNE) A IBYX THUIIOB aBurareneii: 1)
motaocth 13 kBT, uacrora Bparienus 650 06/ muH, Ha-
npsoxkerne 130 B; 2) momHocts 14 kBT, yacToTa Bpalie-
nust 12156/ mun, Hanpsokenne 220 B. B atux paGorax
OTCYTCTBYET aHAJIN3 MEPEXOJHOTO TPOIecca OT OIHOTO
pexxuMa paboTBI K JPYyroMy. AHATW3 3THX IIPOILECCOB
HEOOXoIUM Il pa3pabOTKH KadeCTBEHHOW MPOrpaMMBbl
IUTT MEKpOIIpoIieccopa KoHTposuiepa. Hanboee mpocTo u
HarJIsIHO 3TH TIPOLECCHl MOXKHO IIPOaHaM3UpOBaTh C
MOMOIIBI0 WMHUTAMOHHOM MOJENH JUIi pOrpaMMBI
Simulink makerta nmporpamm Matlab. Borpocy co3nanus u
UCIIOJNIb30BaHMsl MMUTALMOHHBIX MOJIENIeH sl aHaiu3a
JnmHaMuueckux pexxumoB BUJI, B ToM 4ducie mpu mocTo-
SIHHOUM MOIIHOCTH, TIOCBsIIeHbI paboTs [8, 9, 10, 11, 12].

B paGore [10] mpoBeeH aHaIU3 MEPEXOIHBIX MPO-
IIECCOB B PEXHME ITOCTOSHCTBAa MOIIIHOCTH C MCIOIH30Ba-
HHEeM (a30BOTO peryaupoBaHus. [Ipm 3agaHny 3aKoHa
W3MEHEHHs YTJIOB BKIIOYCHHS M OTKIIOUCHUSA Ogn U O
(yrimoB Mexmy TOMIOCAaMH CTaTopa W poTopa, Mph KOTO-
PBIX BKIIFOYAIOTCS W OTKIIOYAIOTCA TPAH3UCTOPHI, IIO-
JAI0IIKe HAMPSDKCHHE Ha KaTylmkd (a3) 3a OCHOBY ObLIH
B3ATHl pe3y/bTaThl pacuera, NpuBeJeHHbIE B Tabm. 1 B
pabote [6]. OmHako pacyeThl MOKa3aiH, YTO 3aKOH H3Me-
HEHUS YIJIOB, TOJIyYSHHBIN Uil YCTAHOBHMBILIMXCS PEXKH-
MOB, HE 00eCIeUrBaET PEKUM MOCTOSHCTBA MOLIHOCTH B
MEPEXOAHBIX PEKUMAaX W €ro HeoOXOOMMO KOPPEKTHPO-
BaTh. Pe3ymnpTaT pacuera, npuBeIeHHEII Ha puc. 6 B pado-
Te [6], momyueH At CKOPPEKTUPOBAHHOTO 3aKOHA, OJ(HA-
KO 3TOT pe3yibTaT HEeNb3sI CAUTATH YIOBICTBOPUTEIHEHBIM
IO TOYHOCTH TMOAEeP>KaHUS ITOCTOSHCTBA MOIITHOCTH.

B pabGortax [11, 12] npuBemeHbI pe3yabTaTsl pacue-
TOB, KOTOpBIE IIOKa3ajJl BO3MOXXHOCTH CYIIECTBEHHOTO
TIOBBILICHUS] TOYHOCTH TOJIIEPKAHUSI IOCTOSIHCTBA MOIL-
HOCTH C MOMOIIBI0 (a3oBoro peryiupoBanusi. Hccieno-
BaHMs NpoOBeAeHBl s versipexdasznoro BUJ] mourno-
cTelo 27 kBT, HOMHMHAJIBHOM 4YacTOTOH BpalleHHs
121%6/MMH ¥ MaKCHMMAlbHON YacTOTOM BpalleHHS
36456/MuH. JlBuTaTeNh CIPOEKTHPOBAH UL TPHBOIA
PYOHHYHOTO 3JEKTPOBO3a Ha 0a3e JABHUTaTessl MOCTOSHHO-
ro TOKa, KOTOPBI BBITYCKaeTCs CepUilHO. YHCI0 BUTKOB
(a3pr ObUTO BBIOpAHO HMCXOAS M3 YCIOBHSA OOECICUCHUS
ONITUMAJIFHOTO peXrMa paboTHl B HOMHHAJIHHOM PEXAME
¢ MHHUMYMOM Ko3(durnenrta mymnbcanuii MomeHTa. [lpu
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YBEJIMYCHNN YaCTOTHI BPAIICHHS AT 00ECTICUSHHS PEKH-
Ma IIOCTOSHCTBA MOIIHOCTH HEOOXOINMO YBEIWYHBATH
yros BKIIOUeHHS Ogn. [Ipu 3TOM CymecTBeHHO yXyamia-
ercst ¢opMa Toka W pacTeT KOIPPHUIHUEHT ITyTbcamuii
MOMEHTAa.

Heans padoTel. C oMoIbio pa3padoTaHHON aBTOPOM
MOJIEIM TIPOBECTH PACUEThl MEPEXOAHBIX IMPOLECCOB NP
N3MEHECHHHM MOMEHTA HAarpy3KH, B KOTOPBIX C MOMOIIbIO
W3MEHCHHs YIJIOB BKJIIOYEHHMS M OTKIIOUCHHMS, a TaKKe
N3MEHCHHS YKCla BUTKOB Oy/eT 00ecreueH pexnuM IocTo-
STHCTBA MOIITHOCTH TIPY MUHAMYME ITyJIbCaIliii MOMEHTA.

Onucanne pacyeTHOro »3kcmepumenrta. Onru-
MaJbHOE pEIICHNWE ITOCTABICHHOW 3aJadH, OYEBHIHO,
MpeaIoaracT HEeIPEepsIBHOE YMEHBIICHIE YHCIIa BHTKOB
C OJHOBPEMEHHON KOPPEKTHUPOBKOM YIJIOB BKIIIOUEHUS U
oTkimodeHns. OpHAKO KOHCTPYKTHBHOE HCIOJIHEHHE
TaKoro M3MEHEHHMs! YHCJIa BUTKOB BECbMa 3aTPyIHHUTEIb-
Ho. [loaTOMy A7l yMEHBUICHHUS IyJbcalliii MOMEHTa Ha

Q, pa/cy =
300,

GOJIBIIUX CKOPOCTSX B pabore [6] ObLIO NPUHATO pellie-
HHME YMEHBIIUTH YHCIO BUTKOB (pa3bl BABOE IyTEM Tiepe-
KITFOUEHHsS KaTyirek (assl ¢ MOCIeI0BATEIHHOTO COCIHU-
HEHUs Ha mMapauielbHoe coequHenne. OIHAKO MpH
YMEHBIIECHNY YUCIa BUTKOB YBEJINUUBAETCS MAaKCUMAJIb-
HOE 3HAYeHWe TOKa (as3bl, 0COOEHHO Ha MEHBIIEH CKOPO-
cti. JIOMyCTUMOE MaKCHMAlbHOE 3HaueHHe TOKa (passl
peraMeHTUPYETCs JTOMYCTUMBIM PEXMMOM PabOTHI IO~
JIYIPOBOJHMKOBOTO Tpeobpasosarens. I1o 3ToMy KpuTe-
pHIO BHIOMpAETCsl 3HAUEHUE CKOPOCTH, IPU KOTOPOit ocy-
IECTBIIETCS TIEPEKITIOUCHIE COSANHEHNH KATYIIEeK (Basbl.

BBUTH IpOBEICHBI pacueTHbIE SKCIIEPUMEHTBI TIPH T10-
CTOSTHHOM YHCJIE BUTKOB ¥ TIPH TIEPEKITIOUCHAM IHCITa BHT-
KOB TIpH YTJI0BO# ckopocTr Q = 240pa/c npu W3MEHEHHH
ckopoctr o1 120 pan/c mo 360 pan/c. Hmwxke mpuBeneHs!
rpad¥KH, WLTIOCTPHPYIOIIHE TEPEXOJHBIC TPOLECCHl B
9TUX DKCIIEPUMEHTAX (CIe€Ba MPH MOCTOSHHOM YHCIIE BUT-
KOB, CIIPaBa [P NEPEKIIOYEHUH YUCIIA BUTKOB).
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0

Puc. 1 —3aBucuMocTs yrioBoi CKOpOCTH OT MTHOBEHHOTO 3HaYE€HHs MOMEHTA!
a —IIPU OTCYTCTBHU PETYINUPOBAHUS UHCIIA BUTKOB; O — IPU HAJIMYUU PETYJINPOBAHUS YHCIIAa BUTKOB.
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Puc. 2 —3aBUCHMOCTD YTIIOBO# CKOPOCTH OT 3HAYSHHUSI CPEIHEH MOLIHOCTH:
a —IIPU OTCYTCTBHH PETYJIUPOBAHMUS UHCIIA BUTKOB; O — IPY HAJIMYUU PETYJINPOBAHUS YHCIIAa BUTKOB.
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Puc. 3 —3aBucuMocTb yl"JIOBOﬁ CKOPOCTH OT 3HAYCHHUS CPCAHECTO MOMCHTA.!
a —IIpU OTCYTCTBUM PCryJIMPOBAHMS YHCJIA BUTKOB; (e IIpYU HAJIMYWHU PETYJIMPOBAHUA YHCJ1a BUTKOB.
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Puc. 4 —3aBUCHMOCTB YTIIOBO¥ CKOPOCTH OT 3HAUCHHUSI MAKCUMAIIBHOTO TOKa (ha3bl:
a —IPpH OTCYTCTBUH PETYIMPOBAHUS YHCIIAa BUTKOB; O — IPH HAIMYUH PETYIUPOBAHUS YHCIIA BUTKOB.
Q, pad/c o Q, pag/c
300 300
200 200 ’
100; 100
|
0‘*7* —— — ©on , Tpan 0L77 : — — @, , TPAR
22 26 30 34 38 22 26 30 34 38

a

6

Puc. 5 —3aBUCUMOCTB YIIIOBOW CKOPOCTH OT 3HAYEHHS YIiIa BKIHOUeHUS g
a —IIPU OTCYTCTBHY PETYJIMPOBAHMS YHCIIA BUTKOB; O — [IPY HAJIMYHUU PETYJINPOBAHUS YHCIIa BUTKOB.
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Puc. 6 —3aBucuMoCTh TOKa a3kl OT BPEMEHU: a — IIPH OTCYTCTBHHU PETYJINPOBAHMS YHCIIA BUTKOB JUISl YTIIOBOH
ckopoct 314.9pas/c; 6 — npu HAJIMYUK PEryIMPOBaHUS YHCIIa BUTKOB IS YIII0Bol ckopoctu 329.1pan/c.

AHaym3 pe3ysbTaToB. Puc. 1 wumoctpupyeT usme-
HEHUE MyJIbCAlMi MOMEHTa MPU HM3MEHEHHH CKOPOCTH.
ITpu OTCYTCTBHM pPEryJMpOBaHMUS YKCIa BUTKOB IIPH YyBe-
JIMYCHUH CKOPOCTHU MYJIbCAIIMH MOMEHTA YBEJINYNBAIOTCS,
0COOEHHO pe3ko B Hadaye pexknMa. KoaphuimeHT myib-
cauii MomenTa K, =M 5/Mare (OTHOIIEHHE MaKCHMallb-

HOIO MOMEHTa K cpeaHemy) usmensercs ot 1.2 mo 1.9.

[Mocne mepekIroYeHUsT YUCiia BUTKOB MMYyJbCAIUU PE3KO
ymensbIatores, Ky =1.2 — 1.25.

Puc. 2 wumocTpupyeT TOYHOCTH MOAJCPKAHUS
cpenueit MoHocTH (MpaBblid Kpail pucyHka). Kak ciemy-
eT u3 puc. 20), mocie MePEeKIIUYSHHUS YUCIIA BUTKOB TOY-
HOCTh YMEHBIIIUIACH, YTO BHI3BAHO HEYAAYHBIM MOJI00POM
yTI0B Ogn 7 Ot .

Puc. 3 wiumrocTpupyeT n3MEeHEHHE CPEAHEr0 MOMEHTa
NpY M3MEHEHMH CKOpocTH (IpaBblii Kpall pucyHka). Oue-
BUIHO, 3Ta 3aBUCHMOCTH JOJDKHA OBITH TUTIEPOOIHMIECKOM.
OTKJIOHEHHS OT THTIEPOOJIBI TOCTE TEePEKITIOYCHHUS YUCIia
BHUTKOB BBI3BaHO HEYJAYHBIM TOI00POM YTIIOB Ogn U Ot

Puc. 4 nokaspIBaeT, 4TO MAKCUMAJIbHOE 3HAYCHHE TO-

Ka ¢as3bl |nay (IpaBelil Kpail pUCYHKA) MpU OTCYTCTBUH
pETyJIMPOBaHMS YMCIIA BUTKOB HMMCET TCHACHIMIO K He-
0OJIBIIIOMY YMCHBIIICHHIO OT UCXOmHOro 3HaueHus 180 A.
Iocite mepeKITIOUEHIS YHCTa BUTKOB | nay PE3KO BO3pacTaer
1o 3HadeHns 270A, a 3aTeM IOCTENeHHO YMEHBIIIaeTCs.

Puc. 5 nokaspiBaeT 3aKOH M3MEHEHUS yIiia BKIIOYE-
HUS Oy, VIS 00ecIIedeHNs peXUMa IMMOCTOSHCTBA MOIIIHO-
ctu. [Ipu OTCYTCTBUM PETyIMPOBAHUS YHCIIA BUTKOB yroJ
®on HEMPEPHIBHO BO3PACTACT JO 3HAYCHUS OJM3KOTO K
KPUTHYCCKOMY, TPH KOTOPOM TOK HE YCIIEBACT YMECHB-
IIMTHCS IO HYJS Mepe] CICAYIONIMM IUKIOM KOMMYTa-
IUU. DTO O3HAYAET, YTO IMANA30H M3MCHEHUS CKOPOCTU
3:1 sBasiercs mpenenbHbIM. [locie mepeKioYeHus Yucia
BUTKOB yroi @g, B Hauajle Pe3KO yMEHbIIAETCs, 3aTeM
pacTeT, OJHAKO B KOHIIE JHAla30Ha OCTACTCs CYIICCTBEH-
HO MEHBIIE KPUTHYECKOro. DTO 03HAYACT, YTO B ITOM
PSKUME IHAIa30H H3MEHCHHS CKOPOCTH MOXKHO YBEJIH-
YUTE.

Ha puc. 6 npencrasiensl rpad)ukd U3MCHEHHS TOKa
($a3el BO BpeMEHH B KOHIIE pPACCMAaTPHBAEMOTO JUATa30-
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Ha. [IpH OTCYTCTBUM peryJMpoBaHHMs YHCIIA BUTKOB (op-
Ma TOKa PEe3KO yXyIIIHJIach, YTO M SBHIOCH NPHYMHOM
yBENW4EHUsT yrina Oy, Mg obecnedeHus 3aJaHHOTO MO-
MmeHTa. [locne nmepekiroyeHus ducia BUTKOB (opma Toka
CYIIECTBEHHO YJIy4IIMIACh, YTO IIPUBENO K CYIIECTBEH-
HOMY YMEHBUICHHIO MyJIbCAIIMHi MOMEHTA.

BoiBoabl. V3 aHanusza pe3ynbTaTroB CIELyeT, 4TO
PEKUM C M3MEHEHHEM 4YHCJIa BUTKOB ITyTEM IEpEKIIoYe-
HUSI COEIMHEHMs KaTylleK C II0CJIEA0BaTeIbHOIO Ha
rapajulelbHOE MOXKHO DPEKOMEHJI0BaTh K IPUMEHEHHUIO,
TaK Kak OH oOeclieynBaeT yMEHbLICHHE IIyJbCaluii
MOMEHTa M yBEJIMYEHHE AOIYCTHMOIO Auana3oHa H3Me-
HEHUSI CKOPOCTH.
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