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[pensnoxxeHa cTpyKTypHasi cxeMa KOMOMHHPOBAaHHOW CUCTEMBI aBTOMaTHYECKOTO PETYJINPOBAHUS
anepuoanueckoro oobvekra 1-ro mopsaka ¢ [1M/[-3akoHOM perynupoBaHus 10 OCHOBHOMY KaHAIy
U LENbI0 KOMIIEHCAIMM HM3MEHEHMsI BO3MYILAIOIIETO BO3JCHCTBHS, PEAIM30BAHHOM Ha OCHOBE
JByX gononHutenbHbix [TW/-perynstopos.

Knrouesvie cnosa: apromatnueckoe peryiauponanue, [IMJI-perynsTop.

BBenenune

KoMOuHHMpOBaHHBIE CUCTEMBI aBTOMaTh4deckoro peryiaupoanust (CAP) yacTo ucnonb3yrores
B TEIUIODPHEPTeTHKE M COYETal0T MPHUHIMII PETYJIMPOBAHUS MO OTKJIOHEHHWIO W KOMIIEHCAIHH
nu3MepsieMoro Bo3mymieHus. Cunre3 koMmOuHupoBanHOH CAP Brirouaer B ceOsi 1Ba 3Tama: CHHTE3
ocHoBHOM CAP 1o OTKJIIOHCHHMIO- M CHHTE3 MEPeIaTOYHON (PYHKIIMKM KOMIIGHCATOpa HU3MEPSEMOro
Bo3MyIeHus. [Ipu 3ToM HEOOXOANMO YYHMTHIBATh TPEOOBAHMUS, MPENBSIBISIEMbIE K YCTOWYMBOCTH H
kadgecTBy perynuposanusi CAP, a takxke HeoOxoaumoe ycnosue usznueckoil peanuszyemoctu CAP,
YTO BO3MOXKHO HE BCErZa P HOMBITKE 0OUThCS abcomoTHON nHBapuanTHOCTH CAP K n3aMeHeHus M
BO3MYIIAIOIIETO BO3/IEHCTBUA.

B nanHO# paboTe Ha MpUMeEpe CHCTEMBI PErYJMPOBaHHS TEMIEPaTyphl B KIMMAaTHUECKOU
KaMepe I0Ka3aHa BO3MOXKHOCTh CHHTe3a KoMOMHupoBaHHOW CAP, MHBapHaHTHON K M3MEHEHUSIM
BO3MYIIAIOLIEr0  BO3ACHCTBUS, C wucnoyib3oBaHueMm I[IM]I-perynsitopa B KauecTBE KOMIIEHCATOpa
M3MepsieMoro BoO3MyIIeHus. [lyTeM YHCIEHHOro MOJIENMPOBAHHA BBIIOJHEH AaHAJIN3 KadecTBa
perynnpoBaHus npearaeMoil cxemsl CAP.

OcHoBHAfl YacTh

CrpykTypHass cxemMa KoMOWHMpoBaHHOW onHOcBsi3HOW CAP Temmeparypsl BO3dyxa B
[IOMeIIeHNH oka3aHa Ha puc. 1. Kak cnexyer u3 npuBeneHHoi Ha puc. 1 ctpykrypHoii cxembl CAP,
nepenaroynas ¢pynkuusi CAP no Bo3myImaionieMy BO3I€HCTBHIO PaBHA!

f fof u
W' (S)Z 9(5) :WObj _Wd 'Wreg '\Niu 'Wobj (1)
; .
0 (S) 1+W, Wy, -W, - W

i obj

VYcnosue muBapuaHtHOCcTH CAP OTHOCUTENBHO HM3MEHEHUH BO3MYLIAIOLIEIO BO3ACUCTBUS
CBOIUTCS K YPAaBHECHHUIO:

W —W, W W WS =0, )

obj obj

98


http://bntu.by

]
T

P,
P, - ny
0" + +
I N

Puc. 1. CtpykrypHas cxema komOuHupoanHoi CAP TeMnepaTypsl B kiiumMaTudeckoit kamepe; OY —
00BEKT ympaBleHUs — KIIMMaTH4YecKas kamepa; 0, °C — n3MeHeHHe TeMIepaTyphl BO3AyXa B Kamepe
(ynpaBnsiemas BenmunHa); 6', °C — n3MeHeHne TpeOyeMoro 3HaUCHHS TEMIIEPaTypHl (3a1al0IIee BO3AeHCTBHE);
0, °C — u3sMeHeHue HapyKHOM TeMIepaTyphl (BO3MyLIaollee Bo3eicTBrE); Y — HCHOIHUTENLHOE
ycrpoictBo; M1, 2 — natuuku temneparypsl; P1, P2 — perynsropst

Otcroga mosyyaercsi CIEAyroIlee BBIPAKECHUE U MepenaTouyHol (GYHKUMHM peryisropa P
(xoMIIeHCaTOpa N3MEPSEMOT0 BO3MYIICHHUS):
f
f_ W @3)
reg f u
W, W, -

i obj

Ilepenarounast pyHKLUsS Wr;g perynstopa P2, Takum 00pa3om, HE 3aBUCHUT OT NEepeAaTOYHOM
bynkuun Wreg perynsitopa P1, a onpenensercsa AnHaMUYECKHMMH XapaKTEepUCTUKAMH CaMOTro 00BbEeKTa
yIOpaBiIeHHs, a TaKKe JaTyuka TemIlepaTypbl M MCIOJHUTENBLHOTO ycTpoiicTBa. B To ke Bpems,
3HaMEHATENb B BeIpakeHuH (1), SBIsromuiicss Xapakrepuctuaecknm nmonuHoMoM CAP, He 3aBHCHT OT
XapaKTepUCTHK 3JeMeHTOB [z, P2 menm koMmeHcamuy BO3MYILAIOLIETO Bo3aekcTBUA. IloaTomMy
3Ha4YeHHsT KOpHeH Xapakrepuctuueckoro ypaBHeHuss CAP, a, cienoBaTenpHO, Takue IOKa3aTelH
KadecTBa PEryIMPOBaHHSA, KaK YCTOWYMBOCTb, 3alac YCTOHYMBOCTH, KOJe0ATelIbHOCTh, OYAYT
OTIPENIeNIATECS XapaKTePUCTUKAMH 3JEMEHTOB, BXOJSIIMX B OCHOBHYIO LENb PEryaupoBaHus (IO
OTKJIOHECHHIO).

B kauectBe perynstopa Pi, Ttakum oOpazom, MoxeT wucnonbs3oBathes [1M/I-perymstop.
Hactpolika 3HayeHuii ero mnapameTpoB Ko, Ki, Kg Moxer ObITHb BBIIOJHEHa METOJaMU
KOMITBIOTEPHOTO MOJICIMpOBanus 1o mepexonHoi pynkuun CAP mo 3amaromemy BozaericTButo. s
3TOT0 MOXKHO HCIOJIb30BaTh, HAMpPHUMEP, KOMIBIOTEPHBIH MakeT AMHAMHUYECKOTO MOJEIHPOBAHMS
Simulink u Bxomsimmii B ero cocraB kommoneHT NCD Outport, peanusyromuii rpaduyueckuit
uHTepdeiic s HaCTPOHKK MapaMeTPOB THHAMUUYECKUX chucTeM [1].

[MpubnmxeHHOe MaTeMaTH4YecKoe OIMCAaHWE CTAaTHYECKUX W JMHAMHUYECKHX XapaKTEePUCTHK
JJIEMEHTOB  CHCTEM KOHAWIIMOHMPOBAaHUS  BO3AyXa OCHOBAaHO Ha MPUMEHEHWH  METOJIOB
uneHTudukanmu [2]. AHanu3 NpUBOAMMBIX B Pa3iMYHBIX JIMTEPATYPHBIX MCTOYHHKAX TaHHBIX [3, 4],
M03BOJISIET MCHOJIB30BATh HHEPIIMOHHOE 3BEHO 1-T0 MOpsiaKa Uil MaTeMaTH4eCKOTrO ONMCAHUS JaTYNKOB
TEMIIEPaTyphl, HCTIOTHUTEILHOTO YCTPOICTBA U 00BbEKTa yrpaBieHus paccMaTprBaeMoii CAP.

BelpakeHust ni1si mepenaTouHbIX (YHKIMM KIMMATHYeCKOM Kamepbl, COOTBETCTBEHHO, II0
VIPaBISAIONIEMY U BO3MYIIAIOIIEMY BO3ACHCTBUAM, TAKUM 00pa30M, UMEIOT BUI:

KU
b =T (4)
T-s+1
f :K_f (5)
N
rae KY, K' — kosdduumentsr npeobpasosanns (ycunenus); T, ¢ — IOCTOSHHAS BPEMEHHM OOBEKTa
YIpaBICHHUSL.

Koaddumment K', xax cnemyer u3 cxemsl Ha puc. 1, spisercsa 6e3pa3sMepHOil BETHMUMHOIN, TaK
KaK CBS3bIBACT W3MEHEHWE HApPYKHOW TeMIleparypbl ¢ U3MEHEHHEM TeMIlepaTyphl BHYTPU Kamephl.
PasmepHocTs K03 duimenta K" Oy/aer 3aBiceTh OT THUIIA HCIIOJHUTEIFHOTO YCTPOUCTBA.
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HcnomauTensHOE YCTPORUCTBO Kak JMHAMUYECKOE 3BEHO TAKXKE€ MOXET OBITh MPEICTABICHO
WHEPITMOHHBIM 3BEHOM 1-T0 Mmopsaka:

Kiy (6)

. = y
YT, s+l
rae Kiy — koaddumnuent npeodpazoanns (ycunenuns); Tiy, C — IOCTOSHHAS BPEMEHH HCTIOTHUTEIBHOTO
YCTpOMCTBA.
Jannbie, npuBegcHHbIC B [3, 4], TOBOPAT O BO3MOXKHOCTU TaKOTO MPHOJIMKEHUS Kak s

3JIEKTPOHArpeBaTeseh, Tak ¥ U1 OBEPXHOCTHBIX TEIUNIOMAaCCOOOMEHHBIX anIapaTos.
[Tepenarounbie GYHKIIMU 0OOUX AATYMKOB TEMIIEPATYphl UMEIOT BuA [3]:

1
W, (s)=W,"(s)=——, 7
4 (s) d()Td.SJrl ()

rae T4, ¢ — MOCTOSTHHASE BpEMEHH aTYHKa.

IMoxacrasisist (4) — (7) B BeipakeHue (3), MOTYUUM:

K" (T, -s+1)(T, -s+1
W/ = (Ts -s+1)(T, +). (8)

Kiu -K*

[lepenatounas ¢yakmus (8) MoXeT OBITh peanu3OBaHA IIYTEM IIOCIIEOBATEIHHOTO
coenunenus AByx [T ]I-perynaropos:

W, =(Kgl+ KifléJr del-sj-(ng +K,, -%+ K/, ~s), (©)
riue

Kii =K, =0;

Kl =K"/KY;

K!, =VKy (10)
K¢ =K"-T,/KY;

dez :Tiu/Kiu'

IIpoBepka peanmnusyemoct npeanokeHHoW cxembl CAP, a Taxke OLEHKa KadecTBa
pEeryIrpOBaHUs BBIOIHINCH METOJAOM KOMIIBIOTEPHOTO MOJACIHPOBAaHUs C HCIOJB30BaHHEM
KOMITBIOTEPHOTO TaKeTa JauHaMuueckoro MojenupoBanus Simulink [1]. B kadectBe o0bekTa
yIpaBlieHHs paccMaTpuBajicst 1a0opaTopHbIi yueOHbIH cymmnbHbIi mKad «LICY», nmeromuii o0bem
CymmibHON kamepbl 10J1. 3HadeHus mapameTpoB nepenarounbix ¢yHkimi (4), (5) koMmmbTepHON
MoJIeNT 00BEKTa OBUTH ONpe/IeeHbl SKCIEPUMEHTAIILHO B pe3yJibTaTe MPOLEAYPhl HACHTU(UKAIIHH.
N300paxkeHne KOMIIbIOTEpHON IuHamuueckol monenu CAP mokazaHo Ha puc. 2, a 3HaueHHA
napamMeTpoB HepenaTouHsix GyHkumii snementoB CAP npusenensl B Tabnuie.

Ha niepBom srarne uccnenosanus CAP ¢ momoripo peanu3oBanHoro B Simulink kommoHeHTa
NCD Outport Op1 Bomonned cunte3 [IM[-perymaropa P: mo ocHoBHoMy kanamy. Hactpolika
ko3 uumentos TN -perynsropa P1 npousBoauiack mo 3afarmouieMy CTYHEHYaTOMY BO3ACHCTBHIO
Ha repexoanblit mporece ¢ 20%-m nepeperyiupoBanueM. [loyyueHHble 3HaYeHUs KO3(PPHUIIMEHTOB
Kp, Ki, Kg¢ mpuBenenst B Tabmune. Jlanee mo ¢opmynam (10) Obutm paccumrtaHbl 3HAYCHHS
kod¢ppunmentoB [MU/I-perymstopoB P2(1) u P2(2). B xauectBe perymstopoB Pi, Po(1), P2(2)
UCIIONIb30BAIUCh  KOMITBIOTEpHBIE  Mozenu  peanbHoro  [IM/-perymsaropa [1]  (xommoneHT
PID(2) Controller), B xotopbix auddepeHnupyomas COCTaBIsOmas allpOKCHMUPYETCS 3BEHOM

BUIA S/(S/N +1).
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Bosmymamomee
EBO3ICACTEHE|

1
Td s+1
Jaram: 12

-

o
-

[MO-per. [HO-per
PXD) PX1)

T.g+l

K iu K u
= [
T s+l T.s+1

Baganies
EBO3NEACTERE

1
T s+1
Jarmm: 1

Puc. 2. lunamudeckas kommbiotepras Simulink-momens CAP TeMnepaTypsl B KIIMMaTHIECKON Kamepe

3HaueHHs IAPaMETPOB NepeJaTOYHbIX (PYHKIUI 3JIeMeHTOB Mojeupyemoii CAP

3BeHo [apamerp 3HayeHue E g
H3MEpeHHs
K 0,23 °C/Br
OOBEKT yIIpaBICHUS Kf 1
T 800 c
JlaTauku TemrepaTypsl Ta 20 c
VcrionHuTENBHOE YCTPOHCTBO — Kiy 1 Bt/B
9IIEKTPOHATPEeBaTeNb Tiu 50 c
Kp 17,28 B/°C
ey 7 13 BT
Kd 0,32 (B-c)/°C
WL Po(1) it G B
-peryimsitop P2
K, 86,96 (B-c)l°C
. Ko 1 B/°C
[T ]]-perynstop P2
K, 50 (B-c)l°C

Ha puc. 3 (kpuBas 1) mokaszaHa TOJy4Y€HHAs METOJIOM KOMIIBIOTEPHOTO MOJICIIUPOBAHUS
nepexonHas GpyHkuus paccmarpuaemoir CAP o Bo3myLiaoneMy Bo3AecTBUIO. Tak KaK B KauecTBe
UCIIOTHUTENBHOTO  YCTPOWCTBA  MPEAIONarajioch  HWCIHOJIb30BAHME  JJIEKTPOHArpeBaTeNlst  C
MakcUMabHONU MomTHOCTBRIO 100/ BT, To Ha MOJeIMpyeMBbIid TIEPEXOAHBINA MPOIECC OBLIO HATOXKEHO
COOTBETCTBYIOII[Ee OrpaHHUYEHHE, MPH KOTOPOM MaKCHMajJIbHOE MO0 MOJYJIIO M3MEHEHHE BBIAENsIeMO
3JIEKTPOHArpeBaTeIeM MOIIHOCTH HE A0JDKHO ObLIO mpeBbiuaTh S0 BT.

Hinst cpaBHeHus: Ha puc. 3 (KpuBas 2) MokaszaHa repexoaHas QYHKIHS 10 BO3MYIIAIONMEMY
BozzeicTuto st CAP Ge3 ey KOMIIEHCAIIH H3MEPSIeMOro BO3MYIICHUSI, T.€. C peryJHpOBaHUEM
TOJIBKO IO OTKJIOHEHHIO.

0,°C ]

-0.05 . ! ! y
0 600 1200 1800 2400 3000 tc

Puc. 3. Ilepexoansie GpyHKIINU TTO Bo3MyIIaomeMy BozaeicTButo st CAP ¢ koMOMHUPOBaHHBIM
perynupoBaHueM (KpuBas 1) U ¢ peryIHpOBaHHEM 10 OTKJIIOHEHHUIO (KpUBas 2)

Takum 00pa3zoMm, Kak BHJIHO M3 pPHC. 3, HCIOJB30BaHHE KOMOWHHPOBAHHOTO YIIPABIICHUS
MO3BOJISIET YJIYYLIUTh KAayeCTBO PETYJIMPOBAaHUA CUCTEMBI NPU H3MEHEHHH BO3MYILAIOLIETO
BozneticTBus. [IpemoxkeHHbIN B TaHHOM paboTe cmocod KoMIeH Ay Bo3MyIieHui Ha ocHoBe [T /]-
PEryIATOPOB 00JIETdaeT BO3MOKHOCTD €TI0 MPAKTUICCKOHN peaTn3alivy.
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SYNTHESIS OF FEEDFORWARD COMPENSATOR IN THE
COMBINED SYSTEM OF AUTOMATIC CONTROL
WITH PID-REGULATION ON THE MAIN CHANNEL CIRCUIT

M.H. CHEIKH EL NAJJARINE , A.G. SENKOV, N.N. HURSKI

Abstract

An automatic control system for the 1st order aperiodic object is suggested. The structural
scheme includes main control circuit with a PID-regulator in it and a disturbance compensation circuit
realized by two additional PID-regulators.
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