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Annomayun. Paccmompena memoouka co30aHusi aCMamuyecKol CUCIEeMbl PecyIuposanis CKOpocmu Oist 08yX-
MACCOB020 ACUHXPOHHO20 INEKMPONPUBOOA NEPEMEHHO20 MOKA C 8eKMOPHbIM ynpaeieHuem. [Ipouzseden nouck Hau-
JYHUUX  OUHAMUYMECKUX XAPAKMEPUCMUK IMOU CUCTEMbl MEeMOOOM Oudepamm Kavecmea ynpasienus. Peanuzosan
KOMNJIEKCHBLIL NOOX00 K npobiieme OnmuMu3ayul 4acmomHo-pesyiupyemvlx Ha 6aze aemoHOMHO20 UHEEPMOpA Hd-
NPAACEHUSL INEKMPONPUBOO08 C O8YXMACCOBOU MEXAHUUECKOU HACMbIO U NOCHOSHHBIM MOMEHIMOM CONPOMUBTICHUSL.
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HOJIIIIEHHS JMHAMIKHA ACTATUYECKOM CUCTEMU BEKTOPHOI'O YIIPABJITH-
HS JBOMACOBUX ACHHXPOHHOTI'O EJIEKTPOIIPUBOJY 3 IOCTIMHUM HABAHTA-
KEHHSM

Anomauin. Po32nsiymo mMemoouKy cmeopeHHs AdCMamuiHoi cucmemu pezyio8ants WeuoKocmi 01 080MAaco8020
ACUHXPOHHOO eNIeKMPONPUBOOY SMIHHO20 CIMPYMY 3 6EKIMOPHUM YNPAGIIHHAM. Bukonano nowyx natkpawux ounamiy-
HUX Xapakmepucmux yiei cucmemu memooom oiazpam saxocmi ynpasninus. Peanizoeano komniekchuu nioxio 0o npo-
Onemu onmumizayii YacmomHo-pe2yIb08aHux Ha 0a3i ABMOHOMHO20 IH8ePMOPA HANPY2U eNeKMPORPUBOJI8 3 0BOMACO-
6010 MEXAHIYHOIO YACTNUHOI I NOCMIUHUM MOMEHINOM ONOPY.

L. V.Akimov, Doctor of Engineering Sciences, Professor
D.G.Litvinenko, A.A.Vakulenko

IMPROVED DYNAMICSASTATIC SYSTEM VECTOR CONTROL ASYNCHRONOUS
ELECTRIC TWO-MASSWITH CONSTANT LOAD

Abstract. The creation technique of astatic speed regulation system for the two-mass asynchronous electric drive
of an alternating current with vector management is considered. Search of the best dynamic characteristics of this
system by the method of diagrams of control quality is made. The complex approach to a problem of optimization
frequency-regulated on the bas's of the independent inverter of pressure electric drives with a two-mass mechanical
part and the constant moment of resistance is realized.

Bgenenne. 1I3BecTHO, 4TO COATAHCHPOBAHHOE YIyd- OH T03BOJISIET TIPU COXPAHEHNH HEW3MEHHOM CTPYKTY-
IICHNE JIMHAMUYECKUX XapaKTepHUCTHK MHOrokpaTHOMHTEr-  pbl CIIP obecrieunts jkenaeMble TMHAMUYECKUE XapaKTepH-
pupytonmx cucrem (MUC) ynpaeienwst nocruraercst ontu- — crika MUC make B CiTydae HCXOMHON HEYCTOMYMBOCTH 00B-
MH3alUell MapaMeTpoB MX aCTATHYECKUX PErYyNATOpOB MO  €KTa PETyIMPOBaHMSL.

KPUTEPHIO MaKCHMAIFHONW JOOPOTHOCTH M 3amaca yCTONUIH- O dexTnBHOCTD ONTHMU3AIMHK 1O KpuTepuio MY
Boctu (M1Y) ¢ HCIIONB30BaHHEM METO/@d JMarpamMM Kade-  OJHOMAcCCOBOrO [BYX- M TPEXKPATHOHHTETPHPYIOIIETO
crBa ynpasnerust (JIKY) [5]. acuHxpoHHOTO DIl ¢ BEeKTOPHBIM YIpaBJeHHEM IIpU II0-

Jis cuaTesa MUC mpensioxeHsl pa3iMuHble METO-  CTOSHHOM W HENMMHEHHOH Harpy3kax IIOATBEp)KICHAa B
Ibl: TOCIIENOBATEIbHOM KOPPEKIUH, MOJHHOMHANIbHBIA, paborax [2 — 4, 6]. [Ipu 9ToM s yIydIIeHns JHHAMIIC-
CO3IIaHME CHCTEM MOJAIBHOTO ymnpaBieHus. OTMETHM, CKHX XapakKTEpPHUCTHUK dacTOTHO-perynmmpyemoro OII co
a0 it aaekTpornpuBona (OI1) ¢ AByXMaccOBOM MEXaHH-  CIOKHOW MEXaHHYIECKOH 4YacThio ObLT MPEIIOKEH KOM-
YECKOW YacThl0O CHHTE3MPOBAHHAS KJIACCHYECKHMM METO-  IUIEKCHBIM MOAXOZ, OCHOBAHHBIA HAa MOATAIlHOM MpUMeE-
JoM cucrema noguuHennoro perynuposanust (CIIP), oka-  HEHHH METONOB HONMHOMHAJBHBIX YpPAaBHECHHN M [Ha-
3pIBacTCS Maod((EKTUBHOM U NTPHU HEKOTOPBIX 3HAYCHW-  I'pPaMM KadecTBa YIPaBIICHUS.
SX TapaMeTpoB Aaxe HepaboTocrmocoOHoH. CylecTBeH- HccenenoBanns no ymydmenuto auHamuku Ol me-
HBIM HEJOCTaTKOM TIIOCTPOCHHUS CHUCTEM MOJAIBHOTO  PEMEHHOI'O TOKA C IByXMAacCCOBOM MEXaHWYECKON YacThIO
YIPaBICHUS SIBIACTCS WX CIOKHOCTh M HEOOXOAMMOCTb  IIPU MOCTOSTHCTBE HATPY3KH SIBIIAIOTCS JIOTHUECKUM IIPO-
WCIIONIB30BAaHMSI HAOMIOAAIONINX YCTPOICTB. JIOJDKEHNEM yKa3aHHBIX pabor. Kpome Toro, oHu mpen-

B pa6ore [1, 8] mokazaHo, 4TO IS CHHTE3a CHCTEM  CTABJIIOT CAMOCTOSITCIBHBIN TEOPETHYECKWH M IPAKTH-
YIIPaBIICHUS! CIIOKHBIMH SJIEKTPOMEXAHMIECKIMH O0BEKTaMH  YECKHI MHTEpEC.

HanboJee 11es1eco00pa3HbIM SIBISIETCS MCTIONIB30BaHUE METOA ITocranoBka 3ana4 uccaenoBanus. Llensio uccrne-
TIOJTMHOMHAJIBHBIX YPaBHEHHUH. JIOBaHMS SIBISIETCS pean3anysi KOMIDIEKCHOTO MOAX0a K
© Axumos JI.B., Jlursunenxo J[.I'.,Bakynenko A.A., YIYYLIEHUIO JUHAMUYECKHX XapaKTEPUCTHK 4YaCTOTHO-
2011 peryJmpyemMoro JByxMaccoBoro acuuxponHoro OIT my-
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TEM CHHTE3a aCTaTHYCCKOTO PEryisTopa CKOPOCTH METO-
JIOM TIOJIMHOMHATBHBIX YpaBHCHHH W TIOCIEAYIOMICH OI-
TUMU3aImen ero mapamerpos merogom JIKY, obecneun-
BafOICH COATAHCHPOBAHHOE YBEIHUUYCHUC ITOOPOTHOCTH
CHCTEMBI U €€ 3araca YCTOMIUBOCTH.

Jl1st mocTIXEeHHsT TIOCTABIICHHOH [eNH B paboTe pe-
IIAFOTCS CICAYIOMKE 3aaYl: — CHHTE3 TIOJIMHOMHUATbHBIM
METONOM cmamuueckozo pezyasmopa ckopocmu (PC)
BEKTOPHO-YIIpaBIsieMoro acuaxponnoro Ol u mampHEl-
miee mocTpoeHne Ha ero ocHoBe MetonoM CIIP actatmde-
CKOTO PEryisiTopa; — ONTHMHU3AINI UCCIEeTyeMOU CHUCTe-

MBI METO/IOM AWarpamMM KadecTBa YIPaBJICHUS MO KpHUTe-
PHIO MaKCHMaJIbHOW JOOPOTHOCTH M 3araca yCTOWYHBO-
CTH, — TPOBEICHHE CPABHUTEIHHOTO aHAIM3a IEpeXol-
HBIX TIPOIIECCOB B CHHTE3MPOBAHHOHN NOJMHOMHAIBHBIM
METOJIOM M ONTHMU3UPOBAHHOM CHCTEMax C TIIOJIHOMN
JIBYXKaHAJIBHOW CTPYKTYpOil achaxpoHHOro JI1.
Marepuanbl ucciaenoBanus. B [7] paccmorpens
MaTeMaTuueckne Mojenn acuHxpoHHoro JOIT ¢ Bekrop-
HBIM YIIpaBJIeHHEM W 000CHOBaHA BO3MOXKHOCTH IEpEXO0-
Jla K er0 OJTHOKaHAJIbHOW CTPYKTYpE MpPH CHHTE3€ acTaTH-
yeckux PC. HOJ‘IO)KI/IM 3Ty CTPYKTYpY, NPHUBEACHHYIO B
M,

‘3

D i - PCMf
Uz - Hon | i
Wo (o) RO Wecp)LE

Puc.1. OnnokananbHas cTpykTypa acuaxpoHHoro JI1 mpu vy, =

oburenpuHATHIX 0603HaueHusx [9] Ha puc.l, B OCHOBY
nccnenoBanusl acMHXpoHHOro OII Ha 0a3ze aBTOHOMHOTO
unBepropa HanpsokeHus (AVH) ¢ aByxmaccoBoil mexa-
HHUYECKOi yacTeio. OTMETHM, YTO B JaHHOM Cilydae Ipu-
HATO JIONYIICHHE O IOJHOM KOMIICHCAIIMH BHYTPEHHHX
TIEPEKPECTHBIX CBSI3€H B CTPYKType ACHHXPOHHOTO JIBHU-
ratens (AJ]). OcoOeHHOCTBIO TpecTaBIeHHON Ha puc. 1
CTPYKTYpHI SIBIISICTCS HAaJW4YMe B HEW TPaIWIIOHHO Ha-
CTPOSHHOI'0 Ha MOIYIBHBI ONTHMYM KOHTYpa TOKa C
perymsitopom Toka (PT) u ucmonb3oBaHHeM 0OpaTHOMN
CBSI3H TT0 CKOPOCTH TIEPBOM MacChl .

[lpu ycmoBun KoMIIEHCAIMW BIMSHHUS BHYTpPEHHEH
obparaoit csa3u B AJ] mo DJ1C mBuraTens 38eHOM BUIA

Wroc e (P) :% , @
prhmy N e
1 BO3MOXKHOCTH TIPEICTaBJICHHS MTepeaaTouHON (pyHKIMH
ONTUMU3UPOBAHHOTO 3aMKHYTOrO KOHTYpa TOKa 3BEHOM
TIEPBOT'O MOPSIIKA
UK,

(2, p+1)’

3arueM nepeaaTouHyro (I)yHKHI/IIO o0bekTa B KOHTYpC
PEryInpOBaHUdg CKOPOCTU nepBoﬁ MaccChbI M.

Wir (P) = )

Y 2
ol 7% p + 1
U )
WOB(p)zuocgz; = )
pe p(2T, p+1) — p +1
(P
rae ko3 urmeHT YCUJICHUS o0beKTa

Ko=(1,5ZpK oK)/ (Js Kr); Kt — koabduimenT ratanka
TOKa; ZP — 9UCII0 Tap MoirocoB; Ky — KO3(PHUIMEHT CBI3H
poTopa; o — MOTOKOCLEIUIeHHe potopa; Kyc — Ko du-
IIUEHT AaT9uKa CKOpocTH, Cip — KECTKOCTh YIIPYroi Mexa-
HHMYECKOH YyacTH; T, — Masas OCTOSIHHAs BPEMEHH KOHTY-

pa ToKa; ®;, =+/C;,y/J, —pEe30HAHCHAS YaCTOTA YIPYIHX
konebanuii; Jy = J;+J, — cyMMapHbIi IPHBEACHHBIHN K BTy

JBUTATENSl MOMEHT MHepIuy npuBona; v = (J+J,)/Jd; — ma-
pamerp, XapaKTepHU3yIOIIHiA COOTHOIICHHS Macc.
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const

IMepenatounas pyakuus (3) COAEPKUT B UUCITUTEIE
(dopcupyrolee 3B€HO BTOPOTO TOPSIKA, a B 3HAMCHATEIIS
— KOHCEepBaTUBHOE 3BeHO. Hanunuue 3THX 3BEHbEB HE IO-
3BOJISIET IPUMEHHTH KiTaccuaeckuii meron cuareza CIIP,
4TO0 OOOCHOBBIBACT HCOOXOMAMMOCTH HCIOJIB30BAHUS ME-
TOJIa TIOJIMHOMHUANBHBIX ypaBHEHMI 1yis cuHTe3a PC.

B [1] pa3paGoranbl 1Be METOIMKH CHHTE3a acTaTHde-
CKHX PETryJIATOPOB TIOIHHOMHAIBHEIM MeTomoM: 1) Hero-
CpeJICTBEHHBIN CHHTE3 acTatrueckoro PC; 2) cHHTE3 CcTaTh-
YECKOr0 PETYIISITOpa ¢ MOCIEAYIOIMM TOCTPOSHUEM Ha €ro
OCHOBe acraTudeckoro. OTMETHM, YTO BTOpask METOMIHMKA
ocHoBaHa Ha TpamuimonHoMm mis CIIP merome pacuera
MIPONOPLMOHATBHO-UHTETPAIBHOTO  PEryJisiTopa  B3aMeH
MIPOMOPLIUOHAIBHOTO.

OCHOBBIBaSICh Ha pe3ynbTaTax HccienoBannii [1], rie
0o0ocHOBaHAa I3OBITOYHOCTh TpuMeHeHns PC monHOro 1mo-
psmKa, TIpoBeeM CuHTe3 actatudeckoro PC TIOHIDKEHHOTO
MOpsIIKa MO BTOPOW MeToauke. JJisi 3TOro mpeacTaBuM Ie-
penarounyro GpyHKImo 00bekTa (3) B BHjIe

P(p) _ KoPR. (PP, (P)P (P) @
Q(p) Q. (PQ,.(PQ.(P P

rae Pe(p), Qu+(P) — HOIMHOMBI, UMEIOIINE B Ka4ecTBe
CBOUX HYJICH TOJBKO JIEBbIE HYIIM U IIOJIOCHI, KOMIICHCH-
pyembie nipu nomoruu peryiastopa; P (p), Qu.+(p) — mo-
JIMHOMBI, COJIEpKAlle TOJNBKO JICBbIC HYJIH U IIOJIOCHI
00BbEKTa, B KOMIICHCAIIMH KOTOPBIX HET HEOOXOINMOCTH;
P_(p), Q-(p) — momMHOMBI, CoIepXKalye IPaBble W HEH-
TpaJbHBIC HYIH U IONIOCHI, 33 MCKIIOYEHHEM PAaCIIOio-
JKEHHBIX B Touke P=0, KOMIeHcamus KOTOPhIX HEIpPHEM-
JeMa u3-3a HapymleHus yciosus rpyboctn; s=0, 1, 2 —
KOJIMYECTBO TONIOCOB 00beKTa B Touke P=0

U3 cpasuenust (3) u (4) cneayet, 4To:

Q,<+(p):(2T p+1). PK+(p):1. Pn+(p):1; Qn+(p):1;
P(p)=—-p?+1; Qp)=—

(’312 (’312
3amauMcst acTaTU3MOM 3aMKHYTOW CHCTEMBI PEry-
JIMPOBAHMS CKOPOCTH V=1 U 3aIuilieM Ha OCHOBAHUH Me-
TOJa TOJIMHOMHAJBHBIX YPaBHEHUU MEpeIaTOUHYIO
¢byHkImio cratndeckoro PC MOHMKEHHOTO TOPSIKa

Wos (P) =

p+1 s1
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Q..(PM(p)
KoP. (PN(P)p"°

rae M(p), N(p) — Her3BeCcTHBIC MOTMHOMBI, TTOHW)KESHHOM
Ha emUHHULY cTerneHd i-1 U j-1 cooTBeTCTBEHHO, MME-
IUE BUJ

Wi (P) = ©)

M(p)=m_p " +..+mp+m,;
N(p)=n,,p' +..+np+n,

Koaddunmentsr momuromos M(p) u N(p) Haxomstes
U3 MOJIMHOMHUAJIBHOTO YPaBHEHUS CHHTE3a

M(p)P_(P)P,.(P)+N(P)Q_(P)Q,. (P)-p* =G(p), (7)

rae G(p) — XapakTepUCTHYECKHI MOIMHOM 3aMKHYTOM
CHCTEMBI, 331aBa€Mblil UCXOJIsl M3 YCIOBHS OOECIICUCHUsI
)KEIAeMOro TIEPEeXO0IHOr0 MPOIlecca, B YaCTHOCTH, OTBE-
YAIOIIMi OHOMY U3 W3BECTHBIX CTAHAAPTHBIX pacrpene-
JICHUI WK UX BHAOU3IMEHEHN; To=1/wo— IKBUBaICHTHAS
Majasi OCTOSIHHAsE BPEMEHH CHCTEMBI, OIPEAEISIFOIIAsICS
BENIMYUHON BBHIOMPAEMOro 3HAYCHHS CpPEIHEreOMeTpUYC-
CKOTO KOpHS Wo. Haiinem, o6o3nauaemble B Buze | |, cre-
OEeHH TMOJNWHOMOB, Bxomsmux B (4), ¢ yuerom (3):
Pt | =P+ 1=1Qu+ 1=0; [P=IPI=IQI=2; | Qs [=1; IQIF3.
Torma cremenn momuaoMoB M(p), N(p), u G(p)
umetot By |M|=1; [N|=2; |G|=5, t.e. M(p)=mp+myu

2
N(p) =n,p"+n,p+n,.

3anmmem ypaBHeHne cuHTe3a (7) B pa3BepHYTOM
(opMme ciaraeMbIX IO Mepe YObIBaHUSI CTENICHH P

ny
;zp (mﬂ’ jp3+
03

+—+n
+n1jp2 +(M+n)p+my =asT, p° +

(6)

n2 5
— bt

m,

+
(o
+0L4T04 p4+0L3T03 p3+0L2T02 p2+0L1T0p+0L0. 8

HeusBecTHble KO3(DGHUUHEHTSI M1 U Nj.3 TOTUHOMOB
M(p), N(p) HaxomsTCst U3 CpaBHEHHSI COMHOXKHTENICH TIpH

O 12
oY

2
12

2 2
Ols®yp 00y 0y . .
n, 5 M= 7 M= =Ny My =0,
(DO (DO [OX)
4 ©)
1 oy o (012 05,
Ny, = +—5 .
1= y-1 g ®g

W3 paBeHcTBa COMHO)KI/ITGJ'ICf/i ypasuenus (8) npu p
TIOJIYYUM YpaBHEHHE

(&2}/+ nlJ =a,T7,
()

peluasi KOTOpOe HAaXOIUM CPEAHEreOMETPHUYECKHIl KOpEeHb
cucrembl wo=1/Ty. Cornacuo (5), nepenarounas GyHKws
CHHTE3UPYEMOro cratiueckoro PC MOHIDKEHHOrO MOpsyIKa
onpeensiercst

(10)

Kec (2T, p+1)(T,p+1
Wre(p) = re( . HZP )(T.p+1)

(T;p"+T3p+1)
rne  Kpc=mo/Kong=moK:Jx/1,5ZpK oK o
To= nz/no; T3:n1/n0.

Jii  MaTeMaTHYeCKOro MOJCIHPOBAHUSA CHCTEMBI
puc.2 B3sTel mapamerpsl AJ u3 [2]. B pesynbrare pacue-
TOB JUISl TIONHOW ABYXKaHaJbHOW CTPYKTYpHI YacTOTHO-
perymupyemoro acuaxpontoro Oll, mpencraBieHHONW Ha
puc. 2a, 6, nomydeno. K= 09808 Z=4;, T4=0,0028 c;
Ry=1,0657 Owm; J=0,3875 xrm% T,=0,1088 c; L=0,07 I's;
L~=0,0683 T'w; 6=0,0428. TIpu U;3c=U3;=10B yurem, dTO:
K.=0,1258 B/A; K,.=0,1384 Bc; K,=14,6326 B/B6; K,=38;
T,=0,0002 c; y,0=0,6834B6. B npuBeieHHON CTPYKTYpHOIi
cxeme puc. 26 nepenarounsie Gpyakmun [1M perymstopos
TOKa ¥ ITOTOKA MMEIOT YHCIICHHBIC 3HAYCHUS .

: (11)

Ti=my/my;

1,5682( 0,0028 p+1
WPTl(p) =WPT2(p)= 0(0028p P )
17,1182( 0,1088 p+1
WPH ( p) = 0(1088 P ) .
' p

IIpu 5TOM CHHTE3MPOBAHHBIN MO TPATULMOHHON Me-
toauke CITP [T — PC n ¢punstp © nmeror Bua:

OJMHAKOBBIX CTEIEHSAX [ JIEBOH U NpaBod 4acTed ypas- JK; (8T, p+1) 109,46(0,0016p +1) .
HeHus (8). OHM UMEIOT CIIeIYIOIUE 3HAUCHHS Wee(P) = 48\VrOTEZpK]1C K.p = 0,0016p '
1 1
= = . 12
WelP) = &7 1) ~ (00016 +1) (12)
Lin W
1tpT,
O et
a '—+®“[
BRI M
© M,
R A EE LA v N Ree W™ o W TN [
PR ety g
K]+ Je—d—~
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Il a
ya B isg 0T AJT
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Puc.2. Crpykrypnast cxema A/l ¢ K3 poropom Bo Bparmarorelics: cicreMe KOOp/AMHAT, OPHEHTUPOBAHHOMN IO TIOTOKOC-
LEIUICHHIO pOoTopa ( @) M CUCTEMA €ro BEKTOPHOTO YIIPABIICHES! C KOMITCHCAIIHEH IepeKPEeCTHBIX 00paTHBIX cBsi3eil (0)

IMepexomubie mporueccel B cucreme ¢ PC (12), moa-
TBEpPXKJIAIOIIE BOSHUKHOBEHHE aBTOKOJICOAHUH CKOPOCTH
BTOPO# Macchl, IpeJcTaBIeHbl Ha puc. 3,a. Onpenenenne
rapaMeTpoB NeperaToyHoN (pyHKINM CHHTE3UPOBAHHOTO
cratrueckoro PC monwmwkenHoro mopsiika (11) ocymect-
BJICHO C HCIIOJBb30BaHWEM pacnpeneneHus barrepBopra
mATOTO TIopsinka ¢ kKoaddummenramu: og = 1; oy = 3,24; o,
=5,24; a3=5,24; 04= 3,24; 05= 1. [Ipumem y = 2. Torna
JUTSl 3HAYCHUS CPETHET €OMETPHUECKOTO KOPHS 3aMKHYTON
cuctemsl i3 ypasrenns (10) momyanm mo= 19,36 ¢,

Io 3aBucumocTsiM (9) paccuuransl 3HadeHust K03bdu-
menoB monmHoMoB M(p) u N(p): np = 0,000138 ¢ ny =
0,0086 ¢% ny= 0,116 ¢; m; = 0,051 ¢; My= 1. Om onpeersEoT
HEoOXO/IMMOE 3HAUCHHE TIepElaTOuHON (DYHKIMH CTaTHde-
ckoro PC u punbpa @ Ha BX0Oae cucTeMbl puc.2,0:
1,51(0,0004p +1)(0,051p +1) .

Wi (P) == 0001252 + 00747p 1)
W, ( )—;
@tP)= (0,051p +1) (13)

MaremaTiueckne MCCIEOBaHUS CHUCTEMBI PHC.2 C
cunresupoBanibiM PC (11) mokasamu, 4ro mpu y = 2 U
1oiavye CTYNEHYaToro BO3MYINAIOIIET0 CHI'HANIA TOSIBIIS-
ercsi mpocajka 1o ckopoctd. Ecmu mpumaste y<1,53 u
3aHOBO INPOM3BECTH TOJMHOMHAIBHBIN CHHTE3 CTaThde-
ckoro PC, To mMeeT MecTo MOJOXWTEIbHOE 3HAUCHHE
omMOKN NpH HaOpoce Harpy3KH. YCTaHOBJIEHO, 4YTO Cy-
IIECTBYET TaKoe 3HAa4YEeHHE Y, MPU KOTOPOM CHHTE3HPO-
BaHHBIM CTaTHYECKUH PETYISATOP NMPHUAAET CHCTEME acTa-
THUYECKHE CBOWCTBA M OMIMOKa OT Habpoca Harpy3Ku cra-
HOBHUTCS paBHOM Hymo. OIHMCAaHHBIA MapaMeTpHYecKuit
actatus3Mm fmocturaercs npu ¥ = 1,53, xorma wo = 20,93 L
IIpn 3TOM mONyYeHBI HOBBIE 3HAYEHHS NEPEIATOYHOH
¢ynxmmn PC n punsrpa O:
130,8766(0,0004p +1)(0,1538p +1) .

Wee(P) == 316,71 89232p +1)
W ( )‘;
> P = 01538, +1) - (14)

INepexomHple mporiecch 0 CKOPOCTH B TOTHOW Mojie-
i acuaxpoHHoro D1 ¢ cuatesupoBanHbM mis ¥ = 1,4, 1,53
n 2 cratnaeckuM PC npencrasienst Ha puc. 3,0.
Pa3paborannast cucrema IOTYMHEHHOTO pPEryINPOBAHUS
ckopocty ¢ PC (11) mmeer mepBblii MOPSIOK acTaTh3Ma 1o
yrpaeieHuio (Vy; = 1) U HyJIeBOii MOPSJIOK — 110 BO3MYIIe-
HUEO (Vyie = 0). OfIHaKo, aHAIN3 MIEPEXOIHBIX XapaKTEPHCTHK
Ha puc. 3,0 OATBEPXKIACT MOSBICHHE B CHCTEME C CHHTE3H-
poBaHHBIM Tipu Y = 1,53 crarmdyecknm PC acrarmdecknx

CBOWCTB 10 BO3MYLICHHIO. 3HAUWT, HCCIEAyeMasi CHCTEMa
TPHOOpETaeT BTOPOI TOPSIIOK acTaTW3Ma IO YIPaBJICHHUIO
(Vs = 2) W TepBbIi TOPSAOOK — IO BO3MYIICHHIO
(Vme = 1). To aHasIoruu ¢ TpaayIMOHHO CHHTE3UPOBAHHBIMH
ACTAaTHYECCKUMH CHCTeMamHu [5] B Takoil cTpykrype puc. 2
JIOJDKHA CYIIECTBOBATh ONTHMANbHAs HACTPOMKA IO KpUTe-
puro MJIY. M3BecTHO, 4TO quarpaMma KadecTBa yIpas-
nenust it MUC ¢ [TM-PC crponTcst B IIIOCKOCTH ABYX
napameTpoB. ko3 unmenta ycunenus [1M perymsatopa n
€ro IOCTOSIHHOW BPEMEHH, PACIIONIOKEHHOMN B YMCIUTENE.
Jns ucxogHOW HACTPOMKM CYHIECTBYIOT ABE XapakrTep-
Hble TOUKH Ha juHuu MJY: 1) Touka MakCHMaIbHON
JOOPOTHOCTH (C MaKCHMaJbHBIM KOI(D(PHIMEHTOM yCH-
JICHUSI PEryJSITOpa) IPY 3aJaHHOM 3amace YCTONIHBOCTH,;
2) TOYKa MaKCHMAIbHOTO 3amaca yCTONIMBOCTH IPH 3a-
JTaHHOM NoOpoTHOCTH. HeobxoanmMo OTMETHTH, YTO INpH
CHHTE€3€ CHCTEMBI YIPABJICHHS U1 pPacCMaTpPHBAEMOrO
OIl ¢ AByXxMaccoBOil MEXaHMYECKOW YacCTBIO OJHOW M3
BaXHBIX 3aJad SIBISETCS 00ECHeYeHnEe MaKCHMaJIbHOI'O
JeMITUPOBaHUS KOJIEOAHMH.
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Puc.3. [lnHaMuyeckne XapakTepUCTHKH aCHHXPOHHOTO
OII ¢ tpapuuuonssmM [TU-PC (a); ¢ cuHTE3MpOBaHHBIM
crarngeckuM PC uist pasningsbix y (6)

BbIMoMHUM ONTUMU3AIMIO ABYKPATHOMHTETPHPYIOLIEH
CIIP co cratmdyeckum PC, HacTpoeHHBIM B TOUKY ITapamer-
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puaeckoro acratmsma (y = 1,53 u wp = 20,93 c'l), Ha MaKcu-
MAJIBHBIA 3aIac yCTOMYMBOCTU. B KkauecTBe BapbUpyeMOrO
napamerpa, 10 aHAJOTHH C pa3paOOTaHHBIMH METOAMKAMH
st [T — PC, Beibepem B (11) mocrosmuyro Bpemenu 7.
Beenem B T3 PC (11) 6e3pasmepbiii apamerp by . Torma wist
napamerpoB PC (14) momyamm:

130,8766(0,0004p +1)(b, x01538p +1) .

Wie(P) = (01316p2 +89232 +1) ’
- (15)
Wo(P) = i 01538 +1)

Just pa3nuuHbIX 3Ha4YeHuit napamerpa by = 0,5+1 na
puc. 4,a npeacTaBiIeHbl aMIUIUTYAHbBIE YaCTOTHBIC XapaK-
tepuctuku (AUX). B kauecTBe MepsbI 3araca yCTOWYHBO-
CTH TIPIMEM YaCTOTHBIN IOKa3aTelb KojebarensHocTn M.

Ananu3 AUX noATrBep:KIaeT CyIIECTBOBAHHE Mak-
CHMaITBHOTO 3amaca ycroiausoctd M = 2,24 ipu by = 0,8,
yro Ha 18,75 % menbiie ucxomgHoro 3Hauenus M = 2,66
npu b;=1. Ha puc. 46 npuBeneHsl nepexo/HbIe XapaKTe-
puctuku s cucremsl ¢ PC (15) mpu mcxomaHod Ha-
CTpOMKE M C HACTPOMKON Ha MaKCHMaJbHBIA 3amac yc-
TorunBocTH. OTMETHM, YTO ONTHUMAJIHbHONH HACTPOHKE Ha
MakcuMaibHbIi 3amac ycroiuusoctd (b = 0,8) mpu 3a-
JTAHHOM JTOOPOTHOCTH COOTBETCTBYET HE TOJIBKO YMEHB-
IIeHHE KOIe0AaTeNbHOCTH IIEPEeXOJHOro Ipomecca II0
YIPaBJIEHUIO, HO M TIPX HAOpOCE HATPy3KH.

Cornacuo meronam CIIP [9] BBenem MHTErpaIbHYO
vacth B crarudeckuit PC (11) ¢ 9KBUBaJIEHTHOMN MOCTOSH-
Hoii BpemeHu To = 1/wo. [lomyunm mepenatodnyro GyHK-
o acratraeckoro PC cnemyromero Buna:

Kpe (ZTHP+1)U1P+1) y (4T, p+1) .

W = ;
re () (T,p* +Top+1) 4T, p
1
W = .
o P = T p D= @T,peD) (16)

Magniude (ahs)

1 10 10°
Fregusncy |radisss)

Puc.4. AMImTyHBIE YaCTOTHBIE XapaKTEPHCTHKH
3aMKHYTOM CHCTEMBI IPH U3MEHCHHH rapamerpa by

or 1 1o 0,5— (a); mepexomHbIe XapaKTEPUCTHKH

B cucreme mpu b;=0,8 u b;=1 — (6)

B vacTHOM ciydae, IpH yCIOBHH IapaMeTpHUUYEcKO-
ro acratmsma (y = 1,53), cucrema ¢ PC (16) Gyzmer nmersb
TpeTHil MOPSIOK acratusma mo ynpasnenuto (vy = 3) u
BTOPOU MOPSIOK — 10 Bo3myIeHuto (vy, = 2). Ilpu y #
1,53 BenmumHa acraTm3Ma YMCEHBIIUTCS HA CIWHUILY.
[TpoBeneM ONTHMHU3AIMIO CHCTEMBI pHC.2 C CHHTE3UPO-
BaHHbIM acratideckuM PC (16) Ha MakcHManbHBIH 3amac
YCTOWYHMBOCTH JUIA ABYX ciydaeB. vy = 1,53 m vy = 2.J[na
9TOro BBEIEM B MHTErpalibHyio cocraBisioiryio PC (16)
erie oauH Ge3pa3MepHsiil mapamerp b, mocie vero moy-
YHM:

KDN(ZTH 6+1)(b1 ><T16+1) % (bz X 4T0p+1) (17)
(T,8° +T,8+1) Mp
JlnarpaMma kadecTBa yIpaBJieHUs B 4aCTOTHOM obnac-

TH Ha IUIOCKOCTH riapamerpos by u b, curresnposantoro PC

JUTSL TPEXKPaTHOMHTETPHPYIOIIEH CTPYKTYPBI aCHHXPOHHOTO

OIlnpu y = 1,53 6e3 yuera QuibTpa 1 3a8aTIMKa HHTCHCHB-

HOCTH NpHBEZICHA Ha puc. S,a.

W3 nuarpamMMBbl ciemyeT, 4To MPH WCXOJHOM ITOKa-
3atene konebareapaocTd M = 3,83 (Touka 1 by = 1; by, =
1), mepenacrpoiika cucremsl B Touky 2 mipu by = 1,12; b,
0,91 obecneunBaer Mmokazarenb KoiebarenpHOCTH M
3,81, yro Ha 1 % MeHbIIe UCXOAHOMH BEIWYUHBEI. Takum
00pa3oM, ONTUMH3ALMS Jaja HE3HAUYNUTEIBHBIN pe3yilb-
TaT, IPAKTUIECKH HE3aMETHBIH Ha IEPEXOJHBIX XapaKTe-
pHUCTHKAX pHc.5,0.
11 = = =

Wer(p) =

Puc.5. [lnarpamma kauecTBa yrpasJieHHs B dac-
TOTHO#} 00nacT (a); MepeX0HbIC XapaKTePUCTHKH JIJIst
toukn 1 (b =1; b, =1) u 2 (b; = 1,12; b,=0,91) (6)
BhImonHUM ONTUMU3ALUIO JBYKPATHOUHTETPUPYIO-
meit cucremsl ¢ cuHTesupoBaHHeM PC mpu v = 2. s
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sroro nocrponm JIKY B mockoctu mapamerpos by u b,
(puc.6,a). B maHHOM cilydae ONTUMHU3ALHS OKA3BIBACTCSI
6ornee 3(GeKTHBHON, TaK KaK MaKCHMAJIBHBIA 3arac yc-
torunBocTH 1ipu M = 1,53 na 21 % Gonpuie UCXOAHOTO
mpu M = 1,86.

AHanu3 TIepexoJHBIX XapaKTepUCTHK Ha puc.6,0
MIOATBEPKIaeT YMEHBIICHUE KOJIeOaTeIbHOCTH IpoIiec-
COB B ONTHMM3HMPOBAHHOMN cucteme ¢ by = 2,7 u b, = 0,7

KaK 110 YIpaBJICHUIO, TAK U IO BO3MYIIICHUIO.
1.1 T
R

05 25

Puc.6. [lnarpamma kauecTBa yrnpaBJICHUS B
9aCTOTHOM oOacT (a); IMepexOaHbIC XapaKTEPUCTHKH
st touka 1 (b;=1; b,=1) u2 (by=2,7; b,=0,7) — (6)

BeiBoabl. Peann3oBaH KOMIUIEKCHBIA HOAXOA K
npobiieMe YJIydIIeHHs] AWHAMUYECKHX XapaKTEePHUCTHK
JacTOTHO-perynupyemsix Ha 6aze AIH DIl ¢ aByxmac-
COBOM MEXAHWYECKON YacCThIO M MOCTOSIHHBIM MOMEHTOM
COIIPOTHUBIICHHSA. Y CTAHOBIIEHO SIBJIEHHE BO3HUKHOBEHUS
IIapaMEeTPUUECKOr0 acTaTU3Ma B PacCMATPUBAEMON CHC-
TeMe IpPU CHHTE3€ NOIMHOMHAIbHBIM METONOM CTaTHYe-
ckoro PC moHmkeHHOro mopsaka. BrlmonHeHa onTumu-
3amusl TPEXKpaTHO- M JByKpaTHouHTerpupytomei CIIP
CKOpOCTH Ha MAKCHMAaJlbHBIM 3amac yCTOMYHMBOCTU IpPHU
3aJaHHON JOOPOTHOCTH, a TAKXe BIIEPBHIC IPOBEICHA
onrtumuszanys mno kpurepuro MJIY cucremsl co cratude-
ckuM PC, IpuBOASIIINM K ITapaMeTpHIeCcKOMY acTaTH3MY.
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