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IMocranoBka npoodaemsl. [Tocneanne qOCTHKEHUSI MUKPOITPOLIECCOPHOM
U MHUKPOKOHTPOJJIEPHOM TEXHHKH B pa3pabOTKe HETOPOTMX MOIIHBIX
MHUKPOKOHTPOJUIEPOB  CO3JalM TPEIIIOCHUIKH JJsl  yCOBEPIICHCTBOBAHUS
CYIIECTBYIOIINX u pa3paboTku HOBBIX cucTeM YIpaBieHUS
JJIEKTPOMEXaHUIECKUMH OOBEKTaMH M TEXHOJIOTHYECKHMH IIPOLECCaMH.
OntuMu3aIyst TaKUX CUCTEM IO Pa3IMYHBIM KPUTEPHUSIM HO3BOJISIET YIY4LINTh
XapaKTEepUCTHKH CHCTEM YIIPABICHMS M, KaK CIEICTBUE, MOBBICUTH Ka4eCTBO
BBIITYCKAEMOW  NPOAYKLIMH  NPH  OJHOBPEMEHHOM  CHW)KEHHH  €e
cebectoumoctrt. OHHUM W3  HaNpaBIeHUH  ONTHMM3ALUU  SBISETCA
UCIIOJIB30BaHKe UHTErpoau( depeHnnanoB JpoOHON pa3MEpHOCTH KOOPAUHAT
obbekra yrpasienus [1, 2].

AHayim3 JuTeparypbl. CucreMaM YNpaBlICHHS, PErYIATOPBI KOTOPBIX
paboTaroT Ha JIPOOHOMEPHBIX JIMHHUAX PaBHOBECHS, MOCBSIICHO OO0JbIIOE
KOJIMYECTBO pabOT KaKk OTEYECTBEHHBIX [3 — 5], Tak n 3apyOekHBIX aBTOPOB
[6]. IIpuBeneHHBIe B HHUX pPE3yJbTATHl MOKA3bIBAIOT, YTO HCIHOJIB30BAHUE B
COCTaBE JITOpPUTMa YIPaBICHUS NPOW3BOJIHBIX M WHTErPajioB JPOOHOM
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PasMEpPHOCTH IO3BOJIICT YIYYIINTh KAadeCTBO IIPOLECCOB YHPAaBIICHHMS,
co3zmaBas TIPEIITOCHUIKHI IS 00001EeHns omepanuit
uHTErpoan(GGEpEeHITNPOBAHN Ha CIIydail KOMIUIEKCHOH pa3MepHOCTH [7].
IMocnennee oOycraBiMBaeT BO3SHHKHOBCHHE aKTyalbHOM HaydHOW 3amadyi,
MOCBSIIECHHON HCCIICIOBAHUIO CBOMCTB 3aMKHYTBIX AWHAMUYECKHX CHCTEM C
uHTErpoand GepeHIaIaMi KOMIDIEKCHOTO Topsinka. OQHIM 3 MOIXOA0B K
PELICHUIO ATOH 3a/1a4u SBJSIETCS aHAJIM3 AMHAMUYECKHX CHUCTEM B YaCTOTHOM
obnactn, Oasupyromuiics Ha ONpEACICHUH U HCCIICJAOBAHUM YaCTOTHON
nepenarounoit pyunkuun (UI1D) [8].

Leanr crarem — pa3pabotka merona onpexaeneHus UIID 3amkayTOM
JMHAMHYECKOH CUCTEMBI ¢ HHTErpoAn(pGepeHIINaIoM KOMIUIEKCHOTO MOpPsIIKa
U UCCJICJJOBAHUE €€ YaCTOTHBIX XapaKTEPUCTHUK.

1. Teoperuueckue OCHOBHI MeToAa. PaccmorpuM 0000mICHHYIO
JJIEKTPOMEXaHUIECKYI0O CHCTEMY, YyPaBHEHHS JABIKGHHS KOTOpOH B
OTHOCHUTEJIFHBIX €IUHUIAX MOKHO MTPEACTaBUTh CIEAYIOINM 00pa3oM

pY = AY + MU, 1)

rae p — omeparop Jlammaca; Y — BEKTOp NEPEMEHHBIX COCTOSHUS; A —
Marpuia Kod(pQHUIUEHTOB, ONpEACIAIONINX CBOOOJHOE ABMKEHHE OOBEKTa
ymnpaeienus; M — Bektop K03(Q(UIMEHTOB, KOTOpBIE OIPEAECIAIOT
ynpasiseMoe ABIkeHne 00bekTa; U — ympapisomiee Bo3aeiicTBre.

Bynem cuutath, 4TO NBMKCHUE AUHAMHYCCKOTO 00BheKTa (1) MpOUCXOaUT
MO IEHCTBHEM YIIPABIISIONIEr0 BO3AEHCTBUS

—a—j *
U = (K, + p K, )x (Y - ), @
e Ky, K; - marpuubl-ctpokn  KOOQOHUUMEHTOB  yCHIEeHHS
TPOIIOPIHOHANBHON I HHTErPAIBLHOMN acTeil peryisiropa; Y, Y — MaTpHigs-
CTOJIONIBI JKEJTAeMbIX M TEKYIIUX 3HAYCHUH NepEeMEHHBIX COCTOSHHH.
Perymsarop, peanmusyromuit anroput™ (2), siusercs 006o6menuem [11°%-
perynsaTopa ¢ ApoOHOMEpHBIM HHTerpaTtopoM [6]. Takoil perymstop Oymem
Ha3bIBaTh [1M°-perynsaTopoM KOMIIIEKCHOTO MOPSIIKA.

IlonctaBuB ympaBisromee Bo3neiicTBue (2) B ypaBHEHHE JBHKCHHUSA
obwekra (1), mpeacTaBuM €ro CiIeayrIuM 00pazom

[PE-A+M(K, + p ™ PK)IY =M(K, + p™* PK))Y". (3)
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3amenuB B ypaBHeHuu (3) omeparop Jlamaca p Ha oneparop Pypbe jo,
MOJIYYHM CJICYIOIICE BRIPAKCHUE IS aMIUIUTYIHO-(ha30BOM XapaKTePUCTUKU
(ADX) nuHamMuueckoit crucTeMsl (3)

[joE-A+M(K, + jo @KLY = M(K,, +(jo) “ PK)Y. (4)

U3 ypaBHeHus (4) MoxkeT OBITh IOJIydeHA MaTpU4HAs YacTOTHas
nepenaroyHas GyHKIHs CUCTEMEI (3)

Y _[eE-A+M(K, + jo * PK)IIMK, +(jo)“PK).  ©)

Bepaxenus (4) u (5) comepxaT KOMILIEKCHBIH oIepaTtop (j(o)fuij,

ITIABHOE 3HAYCHHE KOTOPOI0 MOXKET OBITh ONPENENICHO 4epe3 dIIEMEHTapHBIC
(hyHKIHH CIeAYIOMHUM 00pazoM

(1) = fre(0)+ ifim (@)=
_ e cosBInw+an/2) ‘] eP™2sin(BInw+om/2) )

o* o*

[oncranoBka BeIpakeHUs (6) B 3aBHCHUMOCTH (5) TO3BOJIAET 3amUCaTh
MUII® cnenyronim oOpazom

Y(j(o)_ joE—- A+ + oK + jf (0)K [t x
Y*(jco) _[J E-A M(Kp fRe( )KI Jflm( )K,)} (7)
x M(Kp + fRE}(‘D)Ki + jflm (m)Ki)

Win
Y(jo) _ adj|- A+M(K, + fre(@)K; J+ j(0E + fi (@)MK; )] M
Y (jo) det(~A+M(K, + fre(@)K; )+ j(0E + fip (0)MK; )] 8)
x [Kp +(fRe( ) Jflm ((")))Ki]7
rne  adj.] - ¢yskous, BosBpammaromas MaTpHIy — alre0panuecKux

JIOTIOJTHEHHUH apryMeHTa.

Bripaxxenne (8) sBisercst MUIID cucremsr ¢ [MUC-perymsropom
KOMILJIEKCHOTO MOPSIIKa U MO3BOJISIET ONPEJENATh YaCTOTHBIE XapaKTePUCTUKU
LIMPOKOTO Kjlacca 3aMKHYTBIX cucteM He Ttosibko ¢ II, IIU, IIN® IIH° —
perynsTopaMu, HO M, HOPUHUMAas BO BHHMAaHHUE, 4YTO THII OIEepaluu
uHTErpoanGGEpEeHITNPOBAHNS ONPEIENIIeTCS 3HAKOM CTENeHH OIeparopa
muddepennupoBanus, cuctem c¢ I1J[-, TIJ1%, II[°-perynsaropamu. B cioygae
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uccnenoBanus cucteM ¢ IIMC'JI-perynatopamu uinu Gosee  CIIOXKHBIMH,
BEIpakeHHE (8) MONOJHSAETCS COOTBETCTBYIOIIMMH COCTABISIONINMH, HE
OTPaHMUYMBAs IIPH 3TOM 00JIaCTh MPUMEHEHUS pa3padOTaHHOTO METO/a.

2. Ilpumep ucnosb30BaHusl MeToAa. B xauecTBe nmpumepa onpenesum
YACTOTHYIO MEPENaTOUHYI0 (QYHKIHIO AT KOHTYpa PEryJupOBaHUsA CKOPOCTH
3JIEKTPOIIPUBOJA MOCTOSTHHOTO ToKa ¢ [T °-perynsaropom, JBHKEHHUE KOTOPOTO
OIHCBIBACTCS CIEAYIOUUMH YPAaBHEHUAMU IUHAMUKHU:

PY1 =2a12Y2;

PY, =ap1Y1 + a5y, +MyU; €))
k *
U= (kl +pa—fjﬁ](yl - yl).

CocrtaBuM 111 cUCTeMHI (9) MaTpHIIBL, BXOAAIINE B BRIpakeHHE (8)

0 & 0
A= i M= ;
dy; Ay m,
K,=(k, 0); (10)
K, =(k, 0).

[oncraBus matpuis (10) B Bepakenue (8), momyunm MUIID cucremsr

9)

: 0
Y adjw )
1 (AL EUSCIT N C T N
rae
0 ap 0
W =— + iy 0)+ fre(wlk, O)]+
dy; ) \My
(12)
10 0
tho + flm (O‘) (k2 0)
01 m,
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ITociie BemMoONHEHMs anreOpawdeckux mpeodpazoBanuii MUIID (11)
MPUMET BH]

1
a;,M,| k;0* +kye Pm {Cos([?)ln(m) + O;“J + jsin[ﬁln(m) + OZTH

— ¥ - J'azzmlw +o* (k1a12m2 - a12a21)+ D

Y » (13)

4 1,
jmo klm“+k2e25 {COS(B”‘((OHO;Tj+jsin(ﬁln(@)+0;tﬂ

240 - 1+o o
—0° 7 = JanoT T +o (klalzmz _a12a21)+ D

pr
rae D = k,a,,m,e 2 {cos([sln(m) +a—2n]+ jsin(BIn(w) +a—2nﬂ .

Pasmepnocts MUII® (13) 3amaercs 4UCIOM HE3aBUCHMBIX KOOPAMHAT
COCTOSIHMSI, TP 3TOM KOJMYECTBO HEHYJIEBBIX CTOJOIIOB ONpEnessieTcs
YHCIIOM 3aJal0IUX BO3/ACHCTBHUI, MOJaBaeMbIX Ha CHUCTeMy. Bwimenus u3
MUII® (13) mepBbIA 53JIEMEHT TEPBOTO CTONONA, MOIYYHM HCKOMYIO
YaCTOTHYIO MIEPEaTOUHYI0 (YHKIIHIO

pr
a;,m,| kjo* +kye 2 {cos([sln(m) +°°2nj+ jSin(BIn(co) +°‘27‘H

( ) — ¥ - Jlazz(ﬂhOL +o” (kla12m2 _a12a21)+ D

IMpuass o =1, =0 wu BocmoIb30BABIINCE 3aBUCHMOCTBIO (14),
onpeznenuM YT 3amkHyTOM cuctemsl ¢ KnaccuueckuM I -perynstopom

a;,M, (klm"‘ jkz)
3 . 2 : :
—O" = Japn” + U)(klanmz - 57112‘5‘21)Jr Jkoa,m,

D(jo)= (15)

VYMHO)eHne unciutenass W 3Hamenatens YLD (15) va j mpuBomur K
BBIPQKEHUIO, KOTOPOE€ MOXKET OBITh IOJIy4e€HO KIACCHYECKHM METOIOM.
Cumras mapamMeTpsl HCCIEIyeMOW CHCTEMBI €IWHHUYHBIMH, ITIOCTPOMM Ha
ocHoBanuu UII®D (14) u (15) coorBercTBytomme ADX (puc.).
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; : L ple
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Puc. A®X uccnenyemoii cuCTEMBI IPH Pa3INYHBIX ITapaMeTpax
uHTerpoauddepeHrana KOMIIEKCHOTO MOPSKA.

Awnanuz nonydeHHpIX AOX npu o= B =0wu o = 1, f = 0, onucrIBaeMbIX
BelpakeHUeM (14) ¥ HalJIeHHbIE KJIaCCHMYECKUM CIIOCOOOM COBIAJIAIoT.
IIpuBenennsle Ha puc. ADX MO3BOJIAIOT CAENATh BBIBOJ, YTO NPH YAaCTOTE
paBHOH HYJIIO €IMHWYHBIM KO3()(HUIMEHTOM YyCWIEHHA O00JagaeT TOJIBKO
cucreMa ¢ kinaccuueckuM [N -perynaropom. Yka3zaHHbIN HEJOCTATOK CUCTEM C
MHTErpoAn(pPEepeHIIaIoM KOMIUIEKCHOTO TOpPsIKa MOXET ObITh YCTpaHEeH
MyTeM yBEJIMUEHHS TIOpsiAKa UHTerpoauddepeHimaa.

BoiBoabl. lcronb3oBaHue MpU aHAIM3€ YAaCTOTHBIX CBOWCTB CHCTEM
MaTPUYHOTO WCUYUCICHHUS COBMECTHO C Teopueid (PYHKIMH KOMILJIEKCHOTO
NIEPEMEHHOIO I03BOJIIET MOJY4YUTh MNPOCThIE BbIpakeHus i1 MUIID
JTUHAMHUYECKHUX CUCTEM C HHTeTrpoauddepeHIInaIoM KOMILIEKCHOTO TTOPSIKA.

Amnamu3z 3aBucumoctert (13) u (14) mokaswBaet, yto UIID 3amkHyTOH
CUCTEMBI C MHTErpoau(pPepeHIIaIoM KOMIUIEKCHOTO TOpPsIKa HEe3aBHCHMOU
MEPEMEHHON, TO0 KOTOPOH HAaxXOAWTCsA NepenaTodHas (QYHKIWS, COIOCPKHT
rapMOHHUYECKHE COCTABJIAIOLLHE, ONpeAeIISIOIHUECS MOPSIKOM
uHTEerpoaudGepeHIaIa U 9acTOTOW BXOJHOTO Bo3aewcTBus. [IpuHMMas BO
BHUMaHHWE, 4TO WHTerpoauddepeHman KOMIIJIEKCHOTO TIOPSAKa SBISETCS
0600mennemM onepanuii AuGGHEPSHIUPOBAHUSI W HWHTETPUPOBAHUS, MOXKHO
caenatrb BbeIBOJA, 4TOo UIID ¢ rapMOHMYECKMMHU COCTABISIOIIMMU SIBISIOTCS
00600mennem n3BecTHHIX UIID mnHAMUYECKIX CUCTEM.

AHanu3 monydeHHBIXx A®X TmokaspBaeT, uro Hamuuywe B UIID
TapMOHUYECKHX COCTABJIAIOIIMX B ONPEJNEICHHOM YacTOTHOM JHara3oHe
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MO3BOJIIET TIOBBICUTH KOIPQPUIIMEHT YCHIIEHUS CHUCTEMBI, OOecrieunBas TeM
caMbIM (POPCUPOBKY 3aMKHYTOW CUCTEMbI B JTUHAMHYICCKUX PEKUMAX.

Cnucok surepatypsl: 1. Bacunves B.B. JI]po6HOE HCUHCIICHHE U ANIPOKCHMALIHOHHBIE METO/IBI B
MOJICTIMPOBAaHUH THHAMHYECKHX cucTeM / B.B. Bacumves, JI.A. Cumax. — K.: HAH VYkpaunsi,
2008. — 256 c. 2. Haxywes A.M. JlpobHoe ucuncienue u ero npumenenue | A.M. Haxywes. — M:
OU3BMATIIUT, 2003. — 272 ¢c. 3. bywep B.B. JlnHamMu4ecKre CBOWCTBA CHCTEM YIPABJICHHS C
JpOGHBIM TIOpsiKoM actatusma / B.B. Bywep I DnekTpoTeXHMYECKHEe U KOMITbIOTEPHBIC CUCTEMBI.
— 2010. — Ne 1. — C.13-16. 4. Bacunves A.B. Maremarnueckue mozpenu [11]I-koHTposIepOB
OUHAMHYECKHX CHCTEM LEIOro M ApPOOHOTrO MOPSJKOB Ha OCHOBE —S-TpeobGpa3oBaHMs
| A.B. Bacunves Il IHhopMaLMOHHBIE U TeJIEKOMMYHHUKALMOHHbIE TexHoioruu. — 2013, — T. 322.
—Ne 2. —C. 21-26. 5. Vuaiixun B.B. Metox 1poOHbIX npou3BoaHbIX / B.B. Yuaiikun. — Y 1bSHOBCK:
"Aprumok”, 2008. — 512 c. 6. Podlubny I. Fractional differential equation / I. Podlubny. — San
Diego: Academic Press, 1999. — 340 p. 7. Camko C.I". Unterpansl u quddepeHunas 1poGHOro
nopsiaka u Hekoropsie ux npunoxenus | C.I. Camro, A.A. Kunbac, O.U. Mapuues. — MuHck:
Hayka u Ttexuuka, 1987. — 688 c. 8. Ascueuu A.B. YacTOTHBIC KPUTEPUH YCTOWYMBOCTH
MuxaiinoBa u HaiikBucta Ui Mojenedl CHCTEM aBTOMAaTHYECKOIO YIPABICHHUS C JPOOHBIM
nopsiakoM / A.B. Ascuesuu, B.B. Ascuesuu I/ Bectrux tpancnopra [ToBomkbs. — 2010. — Ne 1. —
C. 35-41.

THocmynuna ¢ peoaxyuio 07.06.2013

V]JIK 681.5.03
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CkJ1aJiecHO MaTpU4HE PIBHSHHS PyXy y3arajibHEHOI 3aMKHyTOI auHamidHOi cuctemu (O3C)
3 iHTerpoaudepeHIiaioM KOMIUIEKCHOTO TMOpSIAKY. 3HaifieHa YacTOTHA IHTepIrpeTanis
inTerpoauddepenmiara KOMIUIEKCHOro mnopsiaky. CKiafeHa MaTpUYHAa YacTOTHA MepeaaTHa
¢ynknis (MUII®) npocmimkysanoi O3JIC. Posrmsmyro mnpukmany BusHaueHHs MUIID i
€JIEKTPONPUBOAY NOCTilHOrO cTpyMy. Ln.: 1. BiGmiorpad.: 8 Hass.

KaiouoBi cioBa: quHamiyHa cucteMa, iHTerpoguddepeHiiial KOMIUIEKCHOTO MOPSKY,
MaTpUYHa YaCTOTHA IepeaaTHa (QYHKIiS, eITeKTPOIPUBOL.

UDC VY/IK 681.5.03

Frequency response of closed-loop electromechanical system with Pl controller of
complex order / Volyanskiy R.S., Sadovoy A.V., Slipchenko N.V. // Herald of National
Technical University "KhPI". Subject issue: Information Science and Modeling. — Kharkov: NTU
"KPI", —2013. — Ne 19 (992). - P. 3-9.

Matrix equation of generalized closed-loop complex order dynamic system (GCDS) motion
is given. Frequency interpretation of complex order integrator is found. Frequency transfer
function matrix (MCHPF) investigated GCDS is shown. MCHPF for DC electric drive is
determined. Figs. 1. Ref: 8 titles.

Keywords: dynamic system, integrator of complex order, matrix frequency transfer function,
electric drive.
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