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[IpoexTupoBanme nUdPpoBoii ciensmeil cucteMbl. MeToanYecKne yKa3aHus K
KypPCOBOMY IPOEKTY IO JUCHUILUINHE “Teopusi TUCKPETHBIX CUCTEM aBTOMa-
tuueckoro ympasienus” / Coct. H.A.Kynuna. — MBanoso: UBT'TTY, 2020.



BBeaenne

Iesnp KypcoBOro mpoekTa — MOJIyYUTh HABBIKM pacyera JIMHEHHBIX AUC-
KPETHBIX CUCTEM aBTOMAaTHYECKOTO YIIPABICHHUS.

B mponomxkenune pacueta cieasmield CHCTEMBbI C KOPPEKLIUEH 4acTOTHBIX
XapaKTePUCTUK HENPEPBIBHBIM KOPPEKTUPYIOIINM yCTpoiicTBOM [1] HeoOxo-
IUMO DPa3paboTaTh JUCKPETHOE KOPPEKTUPYIOIIEE YCTPOMCTBO, YAOBIETBO-
psitolee 3aJlaHHBIM TEXHUYECKUM YCIIOBHUSIM.

1. Onpenesienne TUCKPETHON nepeaaTOYHOI PyHKIMHU
KOPPEKTHPYIOLIEero 3BeHa

Jiist monmyyeHus: TUCKPETHOH NepeaaToyHol (yHKIMU 3BEHA IO ero He-
MPEPHIBHON IepenaToyHol (DYHKIHMHM MOKHO BOCIOJIB30BAaThCS JIIOOBIM H3-
BECTHBIM METOJIOM TIepexXo/ia OT MepeaaTOYHON PyHKINHU B (popme m3o0pake-
Hus 110 Jlamnacy K Z-u300pakeHuIo

HenpepriBaas nepenaTounast GyHKIUS MOKET OBITh 3a/1aHa 100 B opme
(2) MOCTOSHHBIMU BPEMEHHM YHCIHMTENS W 3HAMEHATENs W KOI(DPHUIHCHTOM
YCHJICHHS 3BEHA, JIU00 B (hopMe NpOOHO-paIlMOHANBHOMN (yHKIIMHA KO3 ULIU-
CHTaMU MTOJIMHOMOB YHCIIUTENSI K 3HAMEHATEIIS:

2 m
dy+d;s+d,s°+...+d,S
Co+ S +C,8% +.tc,S"

W(s)= &

[Mopsimox monuHOMa 3HaMeHaTeNss N JOJDKeH OBITh He MEHBIIE MOpsaKa
MTOJIMHOMA YHCITUTEIS M.

Jlyis ompeneneHus ITUCKPETHOM NepefaTovyHON (YHKIMH KOPPEKTHPYIO-
IIET0 3BeHAa HEOOXOJAMMO BBIOpaTh Meproj kBaHtoBaHus Tg. Yem menbie 7o,
TeM OoJiee TUCKPETHAs CHCTeMa MPHOIIKAETCS 10 CBOMM CBOWCTBAM K He-
npepbiBHON. OTHAKO TIPY CIIMIITKOM MAaJIbIX 3HAaYeHHSX 1( MPOIIECCOp B peallb-
HO¥ CHCTEME MOXKET HE yCIIeBaTh BBIMOJIHITH BCE HEOOXOAMMBIC BIYUCIICHUS.
Kpowme toro, npu ymenbmennu 7, yBEeITHUHBAETCS YUCIIO IIarOB IMEPEXOIHOTO
mporecca. Tak Kak BBIYUCICHUS MTPOBOASTCS 10 PEKYPPEHTHBIM (opMyiiam,
HEN30e)KHbIC OMMOKN BBIYMCIICHUN HAKAIUIMBAIOTCS OT IIara K Iiary 4 Ipu
Ype3MepHO OOJBIIOM YHCIIE IIaroB OMIMOKA BBHIYMCICHHHA MOXKET MPEBBICUTH
JOITYCTHUMYIO BEIIMYMHY (CHCTEMa MOXKET OKa3aThCs HEYCTOHYMBOHM, THOO C
HEYJIOBJIIETBOPUTEILHBIM KayeCTBOM IIEPEXOJHOTO mporecca). B cuimy cka-
3aHHOTO, T HE TOJKHO OBITH CIHMIIKOM Mano. PexomeHnayercst BeIOupath 1y B
mpenenax (0,1 ... 0,01)/ @, Tne @, — gacrora cpe3a CKOPPEKTUPOBAHHON CHC-
TEMBI.
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B paccmarpuBaeMoM mpuMepe nepenaTovHas QyHKIHS KOPPEKTHpYIolie-
)= (T,s+)(T,s+1)(T s +1)
(Tis +1)(Tos +1)(Tys+1)

Mepexo/l OT mepeaaToyHoil GyHkn B popme m3o0paxenwus no Jlarmacy x z-
H300paKEeHHUIO, TTOTyYUM

ro ycrpoiictea W, (s u To = 0,015 c. Bemonuss

0,2477° —0,6122%2 + 0,52 — 0,134

P (2)
2® - 227 +1,2342-0,233

W, (2) =

2. ITony4yeHue peKyppeHTHOT0 ypaBHeHHUsI HU(POBOTo
KOPPEKTHPYIOIIET0 3BeHA
[Tycth auckperHas nepenarounas GpyHkuus umeer B (1), KoTopyro 3a-
MUIIEM CIETYIOIINM 00pa3oM:
by +b,z +b,z% +..+b, 2" U(2)
8 +az+azi+..+a,z" X(z2)
rae X(z), U(z) — z-u300paxeHust COOTBETCTBEHHO BXOJHOM M BBIXOIHOW BEJIH-
YUH HU(PPOBOTO KOPPEKTUPYIOLIETO YCTPOICTRA.
[Mepenumem (3), n30aBUBIIMCH OT 3HAMEHATEJISI B JICBOM U MPABOM Y4acTAX:
(8 +a,z+a,2° +...+8,2"U(z) = (b + b,z +b,z° +...+b,z2")X (2). (4)
PackpbIB CKOOKH, MOJIEJIMB JIEBYIO M IIPABYI0 YaCTH YPABHEHHUs HA Z U Iie-
peinsa OT H300paKeHUH K OPUTHHATAM, TTOJTYYHM:
aUlk —n]+aU[k —n+1]+aU[k—n+2]+...+aU[K] =
=by, X[k —n]+b X[k —n+1]+b, X[k —n+2]+...+ b, X[k—n+m],
rae X[K] , U[K] — 3HaueHust BXOJHON M BBIXOJHOW BEIWYUH B MPOM3BOJILHBIH
takT Bpemenu K , X[k —1], X[k — 2], .. ., Uk —1], Uk —2] . . . — 3Ha4eHus
BXOJIHOM ¥ BBIXOJHOW BEIIMYHH B TPEIIIECCTBYIONIME TaKTy K MOMEHTBI Bpe-
MECHH.
W3 nocnenuero ypasuenus Boipazum U[K]:
U[K] :(bOX[k —n]+b X[k—n+1]+b, X[k —n+2]+...+ b X[k —n+m]—
—aUlk—-n]-aU[k—n+1]-a,U[k—n+2]-...—a, U[k-1])/a,. (5)
Vpasuenue (5) sBiseTCS PEKypPEHTHBIM YpaBHEHHEM, OIMHCHIBAIOIINM
aNToOpuUT™M paboThl HU(PPOBOTO KOPPEKTHUPYOLIETO ycTpoiicTBa. [1o Hemy Mo-
JKeT OBITH COCTABIICHA ITPOrpaMmMa pabOTHI TAHHOTO YCTPOMCTRA.
Hns paccmarpuBaemMoro npumepa

U[K] = (by X[k — 3]+ b, X[k — 2]+ b, X[k —1] + by X[k] -

W, (2) =

@)
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—aU[k —3]-aU[k —2]-aU[k -1])/ a,. (8)

3. Onpenenenne TUCKPETHOI MepeaaTOYHON PyHKIUM

KOPPEKTHPYIOIIETO0 YCTPOiicTBa ¢ moMonIb10 npuio:xkenust Control

System Toolbox BeIuncanTeNbHON cucTeMbl MATLAB

JInst peleHus MOCTABICHHON 3aauyd BOCIOJIB3YEMCS METOIUKOM, H3JI0-
»KeHHOI B [2].
[MepenaTounas GyHKIMA HECKOPPEKTUPOBAHHON CHCTEMBI B PA30MKHYTOM

K.

COCTOSIHUM MMEET BHU/L: Wp (s)= < , e Ko= 100 ¢,

s(Tys+1)(T,s+1)(T,s+1)

T,=0,015 ¢t, T,,= 0,06 c*, T,= 0,037 ¢™. [IpeacTaBuM 3Ty MepeaaTOUHYIO
(YHKLUIO B BUJIC YETHIPEX MOCIESIOBATEILHO COCMHEHHBIX 3BCHBEB:

>>
>>
>>
>>
>>
>>

syms s

Wl=tf ([0 1], [1 0]);

W2=tf ([0 100], [0.015 11);
W3=tf ([0 1],[0.06 11);
W4a=tf ([0 1], [0.037 11);
Wp=W1*W2*W3*W4

Transfer function:

3.33e-005 ™4 + 0.003675 "3 + 0.112 s”2 + s

Jist mepexoaa OT HENpepbIBHOM MOJENHU K AUCKPETHON HCHOJIb3YeM aHa-
noro-1udpoBoil mpeodpazosatens (ALIl) B Bupe skcTpamonsiTopa HYJIEBOTO
nopsaka ¢ nepuogom ksantosanus 0,015 c.

» Ts=0.015;
» Hd=c2d (Wp,Ts, 'zoh')

Transfer function:
0.004599 z~3 4+ 0.037 z"2 4+ 0.0266 z + 0.001705

Sampling time: 0.015



C IIOMOIIBIO (I)YHKIII/II/I bode BBISICHHUM, HACKOJIBKO OTJIMYAIOTCsA 4aCTOT-

it Wp u nosyuennoit Hd moge-

HbIE XapaKTePUCTUKHA UCXOIHON HEMPEPHIBHOM

nei (puc. 8):

» bode (Hd, '--"',Wp, '-")

Bode Diagram
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1 Hd mooene
ChopmupyeM pasoMKHYTYIO LETb CUCTEMBI KaK MOCIIEI0BATEIBHOE CO-

Freguency (radizec)

10

U OUCKPEemHO

10"

ObeKTa U KOMIICHCATOopa. MO,[[GJ'IB KOMIICHCATOpa IIpu-

HHMMAaeM B BHUJIC TPEX IIOCICA0BATCIBHO COCIMHCHHBIX 3BCHbCB!

v

Puc. 8. Yacmomnvie xapaxmepucmuxu nenpepwienoti \Wp
eIMHEHNE MOeNel O

[9.091 11);

14

]

» W5 = tf£([0.5 1

t£([0.037 11,[0.033 11);

» W6

tf([0.06 11,[0.015 11);

» W7

» Kompl = W5* W6* W7

Transfer function

0.00111 s*3 + 0.05072 "2 + 0.597 s + 1



0.0045 s*3 + 0.4369 s*2 + 9.139 s + 1
IIepexons oT HEMPEPBHIBHOM MOJIENN K TUCKPETHOM, OJIYYUM
» Wky=c2d (Kompl,Ts, 'zoh'")

Transfer function:
0.2467 z"3 - 0.6124 z~2 4+ 0.5005 z - 0.1344

z"3 = 2.001 z"2 + 1.234 z - 0.2331
Sampling time: 0.015

[lepenaTounas GpyHKINS CKOPPEKTHPOBAHHOMN CHCTEMBI
» Wck=Hd*Wky

Transfer function:

0.001134 z”6 + 0.006309 z*5 - 0.0138 z74 + 0.00203 z"3 +

z"7 - 4.814 z"6 + 9.728 z*5 - 10.68 z"4 + 6.868 z"3 - ”
+ 0.007299 z"*2 - 0.002721 z - 0.0002291
S
- 2.583 z72 + 0.5253 z - 0.04453

Sampling time: 0.015
B 0o0OpaTHO# cBsI3u MPUHIMAaEM 3BEHO
» Woc=1;
[lepenaTounas GpyHKINS 3aMKHYTON CHCTEMBI
» Hs=feedback (Wck, Woc)
Transfer function:
0.001134 z~6 + 0.006309 z"~5 - 0.0138 z"4 + 0.00203 z"3 +
______________________________________________________________ N

z"7 - 4.813 z*6 + 9.735 z*5 - 10.69 z"4 + 6.87 z"3 - 2.576 z"2 +

0.007299 z~2 - 0.002721 z - 0.0002291

+ 0.5226 z - 0.04476



Sampling time: 0.015
IMepexonnas xapaktepuctuka (puc. 9):

» step(Hs, 1.8)

Step Response

1.4 T T T T T T T T

12 T e e e ]

T E e e e e e

Amplitude

e S e

: :
1 1.2 1.4 1.6 1.8

1] 0.2 0.4 0.6 0.8

Time (sec)

Puc. 9. Ilepexoonas xapaxmepucmuka CKOppeKmuposanHou CUcmembol

U3 mepexo1HO# XapakTepUCTHKH (puUc. 9) clieryeT, 4To B CUCTEME C JIHC-
KPETHBIM KOPPEKTHPYIOIIMM YCTPOHCTBOM MepeperyIupoBaHne He MPeBbIIa-
et 20 %, a Bpems peryiupoBanus = 1,4 c.

4. Pa3paboTKa NMPpUHIUNHUAIBLHOI cXeMbl IU(POBOii
ciaensieii cucTeMsbl
Ha npuammmnmansHON cxeMe NOIKHBI OBITh N300paskeHbl CENbCHH-TIATIUK U
cenbcuH-TpanchopmaTop, (aszopbiit gerekrop, AL, 11M(POBOH BHIUKCIUTEI,
AT, anexTpoHHBIN yCHIINTENb MOIIHOCTH, OMY, IBUraTelb, pEAyKTOp.
[IpoBoanTh pacueT ANMEKTPOHHBIX CXEM W M300pa)kaTh WX pa3BepHYTHIC
MIPUHINITHAIBHBIE CXeMBI He TpeOyeTcs.
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