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CUCTEMA ABTOMATHYECKOTI'O YIIPABJIEHUSA
NEPEMEHHOM CTPYKTYPHI C IIU®POBLIMHU PETYJIATOPAMU
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B cratbe paccmarpuBaeTcs mpobieMa CHHTE3a CHCTEM aBTOMATHYECKOTO YNpaBJIeHHMs, pabOTaIOMUX B Pa3IUYHBIX pe-
JKMMax, HalpuMep OTPabOTKH CKauK00Opa3HbIX BO3ACHCTBHI U CIEKEHHS 32 MEUICHHO W3MEHSIOLIMMUCS BXOJHBIMHU CUTHA-
namu. B OoJbIIMHCTBE CIydaeB OAMH PETYISTOP HE MO3BOJSIET JOCTHYH TPeOyeMbIX MoKa3aTeneil kadecTBa paboTHI BO BeeX
pexuMax. OIHUM U3 CHOCOOOB pELICHUS NAHHOW 3aJaud MOXET CIY)KHTb CO3JaHHE CHCTEMbI NEPEMEHHOH CTPYKTYpBL
IIpensnosxkeHa cucreMa aBTOMATHYECKOIO YIPABICHMS NEPEMEHHOW CTPYKTYpBI, colepikalias JBa LU(POBBIX PEryisTopa,
OJIMH M3 KOTOPBIX BKJIIOYEH B IPSIMYIO IIENb ITOCIEI0BATEIbHO, 3 BTOPOI — IMapaJuIeNIbHO OOBEKTY YHPaBICHUS, HMEIOIEMY
JIOTIOJTHUTEIIBHBIN yCHIIMTENb ¥ eIUHUYHYIO OOpaTHYIO CBs3b. Takas cxeMma IIOCTPOEHHs OTIMYAeTCsl IPOCTOTON M 00nanaer
XOPOIINM KaueCTBOM MPHU OTPabOTKE CTYMEHYATIX U CHHYCOUIAIbHBIX BXOJHBIX CUTHAIOB PAa3INYHON aMITIUTY/ABL

IIpencraBnena pa3paboTaHHast CTPYKTYpHasi CXeMa CHCTEMBI MIEPEMEHHOM CTPYKTYpHI U OMUCAH MPUHLUI e AeHcTBHS.
Jlnst mpoBepkH pabOTHI CHCTEMBI BHIOPAHBI TPH PA3IMYHBIX 00BeKTa ympasieHus. C ydeToM TpeOOBaHHH, MPeabsIBISEMBIX
K KauecTBY (YHKIMOHHPOBAHHS CHCTEMBI, BRIOPAHBI MU(PPOBBIE PETYISTOPH! M ONpeeleHbl UX MapaMeTphl. [ mpoBepku
paboTHI PEUIOKEHHOW CUCTEMBI C Pa3IMYHBIMH OOBEKTAMH YIPABICHHUS M HU(PPOBBIMH PETYISATOPAMU MPOBEACHO MaTeMa-
THYECKOe MozenupoBaHue. [1oaTBepkIeHs Xopomiee OBICTPOAEHCTBHE CHCTEMBI aBTOMaTHUECKOTO YIPABJICHHS MPH OTpa-
0OTKE CTYNEHYATHIX CHTHAJIOB, 00ECIIeueHne MUHUMAIBHON U JAHHBIX PETYIATOPOB IMHAMUYECKOH OIMIHMOKH M BPEeMEHH
3ama3/IbIBaHus [IPU OTPAOOTKE TApMOHUYECKHUX BO3JCHUCTBUI Pa3nvHON aMILIUTYbL. [lodyueHHbIe pe3yabTaThl JOBEACHBI 10
MH)XEHEPHOT'O YPOBHSI U MOT'YT OBITh HCIIOJIb30BAHBI IIPH CO3[aHUU CUCTEM aBTOMATHUYECKOTO YIIPABJICHHS, COJCPKAIIMX APY-
THe 00BEKTHI YIPABICHUS U MU(POBBIE PETYIATOPHI, K Ka4eCTBY PAOOTHI KOTOPBIX NMPEABSIBISIOTCS Pa3INIHbIe, TOPOH Mpo-
THUBOpPEUYUBEIEC TPEOOBAHUS.

KiroueBble ci1oBa: nudposas cucTeMa aBTOMaTHYECKOTO YIPABICHUS IEPEMEHHOI CTPYKTYPBI, IIpsMast Lielb, 00paTHas
CBSI3b, IU(POBOH PETYIATOP, OOBEKT yIIPABICHUS.

Wn. 4. Tabmn. 4. bubmmorp.: 10 Ha3s.
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RECONFIGURABLE CONTROL SYSTEM
WITH DISCRETE-TIME CONTROLLERS

STRIZHNEV A. G.Y, RUSAKOVICH A. N.?

YResearch and Development Limited Liability Company “OKB TSP,
2Belarusian State University of Informatics and Radioelectronics

The paper considers a synthesis problem for automatic control systems, which operate in various modes, for example,
tracking step-wise effects and slowly changing input signals. Generally, one controller cannot ensure the required qualitative
characteristics in all operational modes. One of the methods to solve this problem is to create a reconfigurable control system.
The authors propose a reconfigurable control system with two discrete-time controllers. The first one is placed in series with
the forward path and the second one is connected in parallel with the reverse path having additional gain and unity feedback.
Such system structure is characterized by its simplicity and qualitative operational ability to track step-wise and sinusoidal in-
puts with different amplitudes.

The paper presents a developed block diagram of the reconfigurable system and describes its operational principle. Three
various plants have been chosen with the purpose to check the operation of the system. Digital controllers have been selected
and their parameters have been determined in accordance with the requirements to qualitative operational characteristics of the
system. Mathematical modeling has been executed in order to check the operation of the proposed system with various plants
and digital controllers. The modeling confirms good —speed performance of the automatic control system while tracking step-
wise signals, provision of minimum dynamic error for the given controllers and time delay while tracking harmonic signals
with various amplitudes. The obtained results have been successfully tested and can be used for development of automatic
control systems that contain other plants and digital controllers, if there are various and occasionally contradictory require-

ments to their operational quality.

Keywords: reconfigurable control system, forward path, feedback, discrete-time controller, plant.

Fig. 4. Tab. 4. Ref.: 10 titles.

Beenenue. CuHTE3 perynsTOpoB (KOPPEKTH-
PYIOIINX YCTPOHCTB) CHUCTEM aBTOMAaTHYECKOTO
yopasieanst (CAY) — oHa U3 BaKHEHITUX 3a7ad,
M3yYaeMBbIX TEOpHEH aBTOMATHYECKOTO YIIpaBie-
HUS, KOTOpasi SIBISETCS BECbMa CIIOXXHOM, HEOJ-
HO3HAYHOM, TpeOyIOMmEell TBOPUYECKOTO IOIXOa.
Ilpu pemieHun yKa3aHHOM 3amadd HEOOXOIUMO
YUUTHIBAaTh OCOOCHHOCTH pPabOThl KOHKPETHBIX
CHCTEM YNPAaBJICHHUS, UX KOHCTPYKLHIO, TEXHUYE-
CKHE XapaKTePUCTUKH, BHUI BXOJHOTO BO3ZEH-
ctBug. Ilpobrema cuHTE3a KOPPEKTHPYIOMIUX
YCTPOHCTB B OOJBIIMHCTBE CIy4yaeB TOYHO HE pe-
maetes [1].

Cuctema, onTuManbHasi ¢ TOUYKU 3PEHUS] OIHO-
ro KpuTepus, OObBIYHO HE HMEET ONTHMAIbHBIX
XapaKTepUCTUK M0 JApyromy kpureputo. Kpome
toro, MmHOTHe CAY paboTaroT B HECKOJBKHX pe-
KUMax, HampuMmep OTpabOTKU OOJIBIIMX CKA4KO-
00pa3HbIX BO3JCHCTBUI U CIIEKEHUS 32 MEAJICHHO
M3MEHSIIOIIUMHUCS BXOAHBIMU cuTHanamu. OquH w3
CIOCOOOB peIlIeHHs JaHHOW 3aJaud — CO3/IaHuc
cucteMbl nepemeHHoit cTpyktypel (CIIC) [2-5],
KOTOPYIO MOKHO BBIMOJHUTH ONTUMAIBHOH 10
HeckonpkuM Kputepusim. [lox CIIC caemyer mo-
HUMAaTh CHCTEMY, COJAEPKAIlyl0 HECKOJBKO 3aKO-
HOB yTpaBlieHHs, KOTOPbIEC MEPEKIIFOYAIOTCS B TPO-
necce (pyHKIMOHMPOBAaHHMS M TeM caMbIM obec-
MeYnBalOT Oosiee BBICOKME MOKa3aTeNld Kadyect-
Ba paboThl. B 3aBucuMOCTH OT TOTO, KaKHe KOOp-
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IOUHATBl CUCTEMbl W BHEIIHUE BO3ICHUCTBUS IO-
CTYHHBI [UI1 HU3MEPEHMS, NEPEKII0YEHHE MOXKET
MNPOUCXOAUTH IO BCIUYHUHE OHH/I6KI/I, BI)IXOILHOﬁ
KOOpAWHATHl HCIIOJHHUTEILHOTO YCTpOMCTBa, 3a-
JAOLIEr0 WM BO3MYLIAIOUIEr0 BO3ACUCTBHM, pe-
ryaupyemoro mapametpa [2]. Ilpumepom Ttakoit
cucteMbl Moxer ciuyxutb CAY, comepxamas
[T I-perynarop, napameTpbl KOTOPOTO MEPEKITIO-
YalTcs B 3aBUCHMOCTH OT COCTOSIHHUS DIIEMEHTOB
CAY [4], wu CAY, comeprkainasi B MpsMOi [EIH
IBa LU(POBBIX KOPPEKTHUPYIOIIUX YCTPOICTBA,
NEPCKIOYaCMbIX B 3aBUCUMOCTU OT BCJINYUHBI
OIIMOKU paccoriiacoBanus [6].

CIIC MoxHO peann3oBaTh W WHaue. B craThe
npemiaraetcss BapuanT peanusanuu CIIC ¢ mpu-
MEHEHHEM JBYX IEPEKII0YaeMbIX 110 BBIXOAY
uudpoBsix perymaropo (LIP), oamn u3 koto-
PBIX BKJIIOUEH B HPSAMYIO LIEIb MOCIEIOBATENRHO,
a BTOpOii — B 0OpaTHYIO CBSA3b, MapaJIeIbHO 00b-
exty ynpasierus (OVY), MMeromeMy IOTONHU-
TENbHBIA YCUIUTEIb W EAMHUYHYIO OOpaTHYIO
cBs13b. KommyTanus Beixonos LIP ocymecTsisieTcs
B MOMEHT JOCTIKEHHs BEJIMYMHBI OIIMOKM ompe-
JeNICHHOTO TOopora C HEKOTOPbIM THCTEpe3u-
com [7]. Takas cxema TOCTPOCHHS OTIUYACTCS
MPOCTOTOH M 00NagaeT XOpOIIUM KayeCTBOM IPH
0TpabOTKEe CTYNEHYAThIX U CHHYCOHJAIbHBIX CHI-
HAJIOB Pa3JIMYHON aMIUTUTYIBL.
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Pa3zpaboTka cxeMbl HM(POBOIl CHCTEMBI Iie-
peMeHHOH CTPYKTYphI. s OTpabOTKH CTyIeH-
YaThIX W CHHYCOWJAIBHBIX CUTHAJIOB Pa3IMYHON
aMIUIATYy 16l pa3paborana cxema nudposoit CIIC,
KOTOpasl MpuBeeHa Ha puc. 1.

OCYILECTBJIEH C MPUMEHEHHEM M3BECTHON METO/HU-
ku [6]. Takoi perynsarop mMmeeT NpeAeiabHBIH KO-
3G UIMEHT YCUJICHHUS M CHOCOOCH B JIMHEHHON
30HE PErylHpoOBaHHUA OOECICUYUTh MaKCHUMAaJIbHOE
OBICTPOACHCTBHIE NPU JETEPMUHUPOBAHHBIX BXO[-

HBIX Bo3JelcTBUAX. s BTOpOit

CTpYKTYpHl BBIOpaH LIP2, panee

" CHUHTE3UPOBAHHBINA 110 HOBOH Me-
X(t

L(P1 Kl
cyl
t t I\
1o F‘ °® WK—\I/ cv3
Cy2 iﬁ y Kn2

oy toauke [8]. Hannsrnii LIP xopormno

paboTaeT MpW HATHYUHM PA3IAU-
HBIX HEJIMHEWHOCTEH (B TOM YHC-

Jie JIOQT, HACHILCHUE, HEYypaB-

1[P2

HOBEIICHHOCTh HATPy3KH U Ap.)

Puc.1. Cxema mudposoii CIIC

IlepBast cTpyKTypa COIEPKUT CpaBHUBAIOIIEE
ycrpoiictBo CVY1, mwmdposoit perymstop 1IP1,
koMmmyTaTop (kirod Kirl), OV u cayxut mist otpa-
0OTKM OIMMOKH paccoriiacoBaHus He OOJbIIe 3a-
aHHOM e;. Bropas ctpykrypa, kpome CY1 u OV,
Bkarouaer Onoku 1[P2, Kn2, CY2 u qonolHUTENb-
HBIH ycunuTenp Y. OTa CTPYKTypa CIYKUT A
OTpabOTKH OMIMOKH PAacCOTNIaCOBaHMsS, NPEBBHI-
nratouieii e;. Ilepexmoyenne CTpyKTyp OCYIIECTB-
JSETCSI TIPU TOMOIIM YCTPOWCTBA YIPaBJICHUS
kimouamu YYK ¢ HEKOTOpBIM THCTEpE3HCcOoM, HC-
KIIIOYAIOIIMM 4YacToe IEpeKII0UYeHUe BIEpen H
Hazan. Korma ommbka paccoriacoBaHHUsl HE Tpe-
BBIIIAET 110 MOJYJIO 3HA4EHUs e;, kimrod Kl 3am-
KHYT, Kimod Kir2 pa3omMkHyT, 1 paboTaeT meppas
cTpykTypa. Korma ommoOka paccornmacoBaHus mpe-
BBIIAET BenM4nHYy €1, Y YK cpabateiBaer, Kimod
Kl pa3meikaercs, kimrod Kir2 3ambikaercs, u pa-
O0oTtaer BTOpas CTpyKTypa. BosBpaTHoe BKiIOUe-
HUE B pabOTy NMEPBOH CTPYKTYPhI IPOUCXOIUT TIPU
YMCHBIIICHUN OINMOKU PacCOTJIACOBAHUS HIKE
nopora e, npuieM e; < e;. [loporu nepekitoue-
HUSl e; U e, B JanbHeHmeM OyIOyT ONpeaescHBI
UCXOJl M3 KauecTBa PadOTHl KaKIOW M3 CTPYK-
Typ CAY.

Bri0op mm¢posoro peryasitopa gasi CIIC,
colepskamieii pasjiMyHble O0BEKTHI yNpaBJie-
Hust. s CIIC (pumc. 1), comepkamiel pasidd-
Heie OV, BBIOpaHBl CIEAYIOUINE PETYISTOPHI.
[ns mepBoil CTPYKTypbl MCIOJIB30BaH ONTHMAJIb-
HBIi UG poBoii perynsarop LIP1, cuaTe3 KOTOpOTO

Hayka
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U CHOCOOCH C JOCTaTOYHBIM
OBICTPOICHCTBHEM OTPadaThIBATh
pasHble BXOJHBIC BO3ECHCTBHS,
B TOM YHCIIE€ ¥ MIPOM3BOJIbHBIE. IIpUMEPHI HEKOTO-
pBIX YacTo BeTpevaronmxcs OY U pacCUUTaHHBIX
st Hux 1P nmpuBenenst B Tab. 1.
MopenupoBanue padorsl CAY ¢ pasziny-
HBIMH O0beKTaMu ymnpasieHus. /s nposepku
paboter CIIC B cpeme Simulink makera MatLab
OBUIM  COCTABJICHBI JBE CXEMBI MOJEIHPOBA-
Hus [9, 10], koropsie st OY G, (s) u LIP W,,(2),
W,,(z) npuseznensl Ha puc. 2. Cxema puc. 2a co-

CTOWT W3 JBYX He3aBUCHMBIX IH(poBeix CAY,
nepsasi U3 KOTopbix comepxkur OV G,(s) u P
W,,(z), a Bropas — OY G,(s) u LIP W,,(2).
CAY1 BbilloNHEHa NO OJHOKOHTYPHOWM CXEeM€ U
COJICPXKUT B TPSMOM IENH ONTUMANBHBIN 1UpPO-
Boit perymsatop W,,(z). CAVY2 BbimonHeHa o
JIBYyXKOHTYpHOU cxeme. BHyTpeHHHIl KOHTYp co-
crout u3 perynaropa W,,(z), BKIIOYEHHOTO ma-
pamnensHo OV G, (S), U AONOIHUTEIBHOIO YCUIU-
tens Ky B mpsAMOH 1LienM, a BHEIIHMH KOHTYp CO-
JIEPKAT CIUHUIHYI0O OoOpaTHyo CBs3b. CiemyeT
3ameTuTh, uto IIP W, ,(Z) paccuuran ans nuHei-
Horo OV G,(s), u mis nyumeit padotst CAY npu
0TpabOTKE CTYNEHYATHIX CHUTHAJIOB OOJBILONW aM-
mtyael Ha Bxojae LIP ycTaHoBneH Oiok orpaHu-
genust (Saturation) ¢ moporoMm orpaHHYEeHHUS Ha
ypoBHe U, <U,/K, = 255/4,44 =57 nen, rae u; —
ypoBenb Hacwimenus OV; K, — xoaddumueHt

ycunenus LIP W, , (z).
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Tabauya 1
O0beKThI ynpaBJjieHUus M HM(PPOBbIE PeryasiTOPbI
OOBeKT ynpaBiIeHHs Perynsarop 1IP1 Perymarop LIP2
a 1+bzt l+bz™
G, (s)=———, = =
(S) s(s+a) W,,(2) =K, 1+alz_1 W,,(2) =K, 1+a,12_1
a=102,413¢”; a=1415¢" a, =0,4941c™; b =-0,9317¢?; a, =0,5444¢c"; b =-1c™;
K,=4,05¢"; h=0,05¢ K,=31c™; h=0,01lc; K, =34
o 1+bzt +bz7? 1+bz™
G, () =——F——, —K Tt TRt —K 2Tt
2(5) s(s+a)(s+b) W, (2) KO1+ azt+a,z? Wo: (2) KO1+ az?t’
a=497115c”; a=1415¢"; a,=0,7295¢™; a,=0,0798¢"; a,=-04925¢"; b=-1c™
b=4854c” b, =-1,0200¢; b, =0,0823¢c7"; K, =6,42c; h=0,0lc; K, =1
K,=4,44c™; h=0,05¢c
o 1+bz™" +b,z7 1+bz " +bz?
G,(8)=—57——, —K Tt TRt —K ZTt TR
5(6) s(s? +bs +a) W,,(2) =K, 1+a,z " +a,z? W,,(2) =K, l+az'+a,z?
a=492,48¢7; a=1296c" a,=0,8121c™; a,=0,1593¢c™; a,=0,2222¢™; a,=0,0123c™
b=108c" b, =-0,8199¢™; b, =0,7233¢c}; b, =-1,9027c¢™; b, =0,9027 ¢*;
K,=97,11c™; h=0,03¢c K, =22,0884c™; h=0,01c; K, =50
a 0
Sym1 Cuantizer w2.1iz) G2(s) W2.1iz)
1 In Qut In Out In Out
Sum1 Quantizer Abs Relag S\MI:I| G2(s)
T ey e O a SRR
o M = = RS
WZ2.2(z)
Out L-.
_J |
B T
Saturation K021 Wiz)21.2 KO2.21 Wizj222
Out In
221.022+0.0823 | 21
"|22:0.72952+0.07979 %) e @ 7-0.4925 X
U =257 h=0.05 h=0.01
b1
Saturation G(s) 2.1 Gls)2.2 G(s)2.3  Quantizer
497115 1 1 o
) = o 4| ~ > w1
% s+1.415 s+48.54 s ?
U=4285 h=0.001
d=1

Puc. 2. Cxemsl mozenupoBanust pabotel CAY: a — CAY ¢ 00b1uHO#t cTpyKTYpOii; 6 — CAY mepeMeHHO CTPyKTYpbI;
B — LIP B mpsimoii iery; T — [P B 0OpatHOI 11eH; T — 00BEKT yIpaBICHUS

Hasl CBSA3b SBISIETCS OOLIEH I ABYX CTPYKTYD.
JUst IepeKITIoYeH sl CTPYKTYP HCIIOIB3YeTCs] KOM-
MYTHpYIOILIEe YCTPOWCTBO, CoaeprKaliee OJIOK BbI-
yucieHuss Moyist (AbS), peneiinblii 6JI0K ¢ THCTe-
pesucom (Relay) u mByXKaHAIbHBIA MEPEKITIO-
garens (Switch).

Ha puc. 26 mnpencraBiena cxema mnudpo-
Boi CIIC, mepBas cTpyKTypa KOTOpOH couep-
xutr LIP W,,(z), BKIIOUEGHHBIH IOCIIETOBATENb-
Ho OY G,(s), a ropas — LIP W,,(z), BkmoueH-
HBI mapatensHo OY G, (S) u peanusyromuii
ruOkyro oOpaTHyto cBs3b. Eaunuunas oOpat-

[ Hayka
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KommyTtupytomee yctpoiictBo paboTaer cie-
nyromuM oopazoMm. Ha Bexose 6moka Suml obpa-
3yeTcsl OIMOKa PaccoriiacoBaHus +€, M3 KOTOpOii

6ok AbS BbIEISIET MOIYIH |e| Curuan |e| o-
cTymaer Ha Bxoz 010ka Relay, nmeromero asa mo-
pora TepekiIioueHus e; U ep. Ilpm pabore CAY
U BBINOJIHEHUH YCIIOBUSA |e| <e, 6nox Relay dop-
MUPYET CUTHAJ JIOTUYECKOM «1», KoTopas BO3aei-
CTByeT Ha YNPaBISIOMNNA BXOJA TNEpeKIovaTe-
as Switch. B stom ciiyuae nepexmodarens Switch
noxkmoyvaer Beixon LIP W, (z) x Bxomy OV
G,(S) m TeM caMbIM peanu3yeT paboTy INepBoii
CTpYKTyphl. Ecnu BBITIONHSETCS yCIOBHE |e| >e,
To Onok Relay ¢opmupyer curHan Joruueckoro
«0», KOTOpBIN, BO3NEHUCTBYS Ha YNPaBISAIOMIUN
BXOJl Tepekirouarens Switch, obecrmeunBaer oT-
kmouenne Bbixoga I[P W,.(z) or Bxoma OV
G,(S) u MoaKIIOYEHUE K HEMY BBIXOJA JONOJIHHU-
TenpHOro ycumurens Ky. B atom ciydae peanusy-
ercst pabota BTOpoit cTpyKTypHhl. [lopor nepexiro-
yeHus e; = 150 men BeIOpaH M3 YCIOBHS IPHUMEpP-
HOW JJTUTENIbHOCTH TIEPEXOAHOTO IpoIecca IBYX
cucteM (puc. 2a) npu OTPabOTKE CTYIEHYATOro
BO3JICUCTBUS TAHHON aMIUIUTYABIL.

[Ipu nanpueimeit padore CAY u BHIIOJHEHUN
YCIIOBHS |e|< €, NPOUCXOTUT 0oOpaTHOEe cpabaTbl-
Banue Oinoka Relay u ¢popMupoBanue um curHaia
jmorudeckol «I». B 3TOM ciydae mnepekirova-
Tenmb SWItCh oTKIIIOYaeT BBIXOA JOMOIHHUTEIBEHOTO
yeunurens Ky, moxkmouaer Beixon LIP W,,(z) k

Bxoxy OV G,(S) u TeM caMbIM BO3BpallaeT K pa-
0oTe nepByr0 CTPYKTYpy. Ilopor mnepeximoueHus

X, eI

e, = 35 nen BeIOpaH U3 ycioBus €, < U, obecreue-

HUs paboThI IepBOM CTPYKTyphl CAY B MUHEHHOM
30HE PEryJMPOBAHUS M HUCKJIIOYECHHS JUINTEITbHBIX
MEPEXOAHBIX TIPOLECCOB TPU  MEPEKIIOYCHUU
CTPYKTYP.

B miporiecce MonennpoBaHus HCTIONB30BAIN Pa3-
mmaasie OY 1 paccunrannbie aist Hux [P (Tadm. 1).
OOBexThl ynpaBieHUs] UMEIOT IudpoBbie (KBaH-
ToBaHHble 1o Bpemenn h = 0,001 ¢ u ypos-
mio d = 1 1e10) BXOBI-BBIXOBI M 001a0ar0T HEIH-
HEWHOCTBIO THIA «HACBHIIICHUE», BEIMYHHA KOTO-
poro i obwvektoB G, (S), G,(S) cocraBuser

u, =+255 nen, a ana obowexra G,(S) oHa paBHa
u, = £12900 men. Liudposeie perymsaropsr W, ,(2),
W,,(z) wmmeror mar kBaHrtoBanus h = 0,05 c;
y W;,(z) aror nokasarens h = 0,03 ¢; y W,,(z) —

- W,,(z) ou cocrasuser h = 0,01 c. J{ns Gnokos
Relay wu Saturation omnpemeneHsl mapaMeTpHL:
e = 100 nemn, e; = 0, U, =£62 nema — a1 0ObEKTA
G,(s); e =200nen, e,=0, u, = £132 nena -
nist oosexta G, (S).

Pesynbrater padotel CAY (puc. 2) npu otpa-
0oTke crymeH4aThix (X=A) M TapMOHHYECKHX
(x=Asinot; ®=3,14c™") BosaeiicTBuii pasauy-
(A=0,28rpag.=50 mem; A =
A=2,75rpan. =500 nen)
MpUBEACHHI Ha puc. 3, 4 u B Ta0. 2.

Ha puc. 3, 4 HaHeCeHBI JIMHUN: BEPXHSSA TOPH-
30HTalIbHAsl COOTBETCTBYET +5 % OT curHama 3a-
JaHWsT; CPEAHsST TOPH30HTANIbHAS — CUTHATY 3aja-
HUS;, HWDKHSSI TOpPU3OHTalbHAs —5 % OT curHaia
3amaHusd. JIUTenbHOCTh TEePEeXOAHOTo Ipolecca
IpU 0TPaOOTKE CTYIEHYATHIX BO3ICHCTBHN 3a(UK-
CHpOBaHa 1o ypoBHI0 95 %.

HOM aMIUTUTY/bI
=0,82 rpan. =150 nemn;

50 . . 180

00 T T T

0,2 0,3 04 0,5 0,1 0,2

0,3

0,4 05 0,2 04 0,6 0,8 1,0

Puc. 3. Ilepexomusie nponeccel B CAY (puc. 2a) npu 0TpaboTKe CTYIEHYAThIX BO3ICHCTBHIH:
a— A=50nen; 6—150; B-500 nen
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X, e X, Jen

g0 . . 180

600 T T T T

0,2 0,3 0,4 05 01 0,2

04 0,5 0,2 04 0,6 08 1,0

Puc. 4. Ilepexonnsie nponeccsl B CAY (puc. 26) mpu oTpaboTKe CTyNEHYATHIX BO3ACHCTBHIL:
a— A=50ngen; 6—150; 8- 500 nen

Tabauya 2

Pesyabstatel padorel CAY ¢ OV G,(s) u TP Wy 1(2), W, ,(2)

JUTHTENBHOCTD HEPEXOHOTO MpoLecca, C,
CAY ¢ IIP pH 0TPabOTKE CTYIIEHYATHIX BO3ACHCTBHI pa3InyHON aMILTHTYI5I
A =50 nen A =150 nen A =500 nen
W,,(2) 0,106 0,258 0,770
W,,(2) 0,245 0,245 0,289
W,1(2) +W,,(2) 0,106 0,245 0,289
MakcuMaibHas omubKa (€/3anasqpIBaHue)
CAY ¢ IIP pH 0TPabOTKE CHHYCOMIANBHBIX BO3ICHCTBUI Pa3IMIHON aMILTHTY bl
A =50 nen A =150 nen A =500 nen
W,,(2) 14,1 nena/0,091¢c 42,4 nena /0,091c CpsIB
W,,(z) 21,5 nena /0,140 ¢ 64,5 nena /0,140 ¢ 215 nen/0,140¢c
W,,(z) +W,,(z) 14,1 nena/0,091c 42,4 nena/0,091c 215 nen /0,140 ¢

AHanm3upysi  pe3yJIbTaThl
(Tabm. 2), MOXKHO cenaTh BBIBOJ O ToM, 4yTo CAY

MOACIIUPOBAaHUSA

¢ perymstopom W,,(z) orpabaTsiBaeT CTymeHua-
THI curHan amrmummtynoil A =50 nenx 3HaYUTENB-

Ho OricTpee (0,106 ¢ mpotus 0,245 c), yem ¢ pery-
asropom W,,(z). Ilpu orpaboTke cTymeH4aToro

curHana ammmutygon A=150 nen CAY c peryns-
topamu W,,(z) u W,,(z) obecrneunBaer npu-
MepHO oauHakoBoe ObicTpoxeictBue (0,258 ¢ u
0,245 c). Ilpu oTpaboTKe CTYNEHYATOTO CHTHAIA
ammumtynoit A=500 nen CAY c perymstopom
W,,(z) obecnieunBaeT 3HAUMTEIBHO JIydIllee, YeM
¢ perynsaropom W,,(z), 6sictpozeiicteue (0,289 ¢
nporus 0,770 c). B mobom ciayuae mpu oTpaboTKe
CTYNECHYATHIX CHTHAJIOB BUJ TEPEXOAHOTO MpO-
necca SBISETCS ONM3KMM K alepuoOJHYECKOMY.
[Ipu oTpaboTke TapMOHHYECKHUX BO3ACHCTBUIM
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(x=Asinot; ®=314c") Manoii ammIMTyBI
(A <150 men) CAY c perynsropom W,,(z) obec-
MEYNBACT 3HAYHUTENILHO MEHBIINE MAKCHMATBHYIO
omuOKy ¥ 3ama3JpIBaHUe, YeM C PETYJSITOPOM
W,,(z). IIpu orpaboTke rapMOHUYECKUX BO3JCH-
ctBuit 6omnbioi amrmiutyasl (A =500 gen) B CAY
¢ perynsaropom W,,(z) Habmromaercst CpbIB clie-
keHus, a perymsarop W,,(z) obecneunBaer oTpa-
00TKy 0Oe3 cpbIBa.

CAY nepeMeHHON CTPYKTyphl XOpOIIO OTpa-
0aThIBaCT CTYIMEHYATHIC CHUTHAIBI PA3TUYHON am-
wmtyasl (4 = 50; 150; 505 mem), obecneunBaeT
OJIM3KO amnepUuOJUYECKHUN TEePEXOAHON IPOIEece
u osictponetictaue (0,106; 0,245; 0,245 ¢). Ilpu ot-
paboTKe TapMOHUYECKHUX BO3IACHCTBUN aMILIH-
Tynoii, MeHsmmei 150 menm, mokasarenw Kadect-
Ba pabotel CAY Takue xe, KaKk M C PeryIsTo-
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pom W, ,(z). IIpu orpaboTke rapMOHHYECKUX BO3-
NEWCTBHUHA ¢ aMIUTMTYAOH, Oompineit 150 gem, moka-
3arenu KadectBa pabotel CAY Takue e, Kak
u ¢ perymstopom W, ,(z).

Jns cpaBHeHUs B TaOn. 3 TpUBEACHBI PE3Yilhb-
tatel paboter CAY ¢ OV G,(s) u IIP W,,(2),

W,,(z), aBTabm. 4—c OV G;(s) u P W,,(2),

W,,(z) npu orpaGorke crymeHdaTsix (x = A) u

rapmonuueckux (X = Asinot; ©=3,14¢™") Bos-
JEHCTBUN Pa3IUYHON aMIUTUTYAbI.

AHanmm3 pe3ysbTaToB MOACIMpoBanus (Tao. 3, 4)
MOATBEPXKOACT XOPOIIyI0 paboTy cHCTeM, CoAep-
xkamux pasnuunsie OY u [P, uyto cormacyercs
¢ BeIOpanHoii cTparerueii cozganus CIIC.

Tabauya 3
Pesyabtatel padoTsl CAY ¢ OV Gy(s) u P Wy 1(z), W1,(2)
JUTTEeNbHOCTS HEPEXOIHOTO MpoLecca, C,
CAY c 1P IpH 0TPabOTKE CTYNEHYATHIX BO3JCHCTBUII PA3IMYHON aMILTHTYIbI
A =50 nen A =100 nen A =500 nmen
W, ,(2) 0,084 0,140 0,583
W, (2) 0,124 0,130 0,229
W, ,(2) +W,,(2) 0,084 0,140 0,229
MakcumMaibHas ormubka ((/3ama3abBaHue)
CAY ¢ 1IP pH 0TPabOTKE FrAPMOHUYECKHUX BO3ACHCTBII Pa3InYHON aMILTUTYIbI
A =50 nen A =100 nen A =500 nen
W, ,(2) 11,7 nena/0,075¢ 23,4 nena /0,075¢ 423 nena /0,262 ¢
W,,(2) 11,1 nena /0,072 ¢ 22,3 nena /0,072 ¢ 111 nen /0,072 ¢
W, ,(2) +W,,(2) 11,7 nena/0,075¢ 23,4 nena /0,075¢ 111 nen /0,072 ¢c
Tabauya 4
Pesyabstatel padoTbl CAY ¢ OV G3(s) u P W3 4(z), W3,(2)
JIMTEeTEHOCT MEPEX0JHOrO MPOLIecca, C,
CAY ¢ LIP pH 0TPabOTKE CTYIIEHYATHIX BO3ACHCTBUH pa3IMYHOMN aMILTUTY bl
A =50 nen A =200 nen A =500 nen
W,,(2) 0,070 0,127 0,238
W,,(2) 0,138 0,138 0,151
W,,(2) +W,,(2) 0,070 0,138 0,151
MaxkcumanbHast omubKa (g/3amna3piBaHue)
CAY c 1P pu 0TpabOTKe rapMOHUYECKUX BO3ACHCTBHI Pa3INyHON aMILTHTYIbI
A =50 nen A =200 nen A =500 nmen
W,,(2) 9,3 nenna /0,059 ¢ 37,1 nena /0,059 ¢ 92,6 nena /0,059 ¢
W,,(2) 10,9 nema /0,071c 43,8 nena /0,071c 109,5 mena /0,071 c
W,,(2) +W,,(2) 9,3 nema /0,059 ¢ 37,1 nena /0,059 ¢ 92,6 nema /0,059 ¢

BBIB O bl

1. Pa3paborana CTpyKTypHas cXxeéMa CHCTEMBI
MIEPEMEHHOM CTPYKTYPHhI, COJEpKaIas JIBe CTPYK-
Typel. [lepBas B mpsiMOW IIeH COJEPIKUT OITH-
MaNbHBIN THPpPOBON perynsaTop [6], BKIIOYEH-
HBIH TIOCJIEIOBATEILHO C OOBEKTOM YIIPaBJICHUS,
a BTopas — nudpoBoii perymsarop [8], peanusyro-
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muid THOKYI0 0OpaTHYIO CBSI3b M BKIIOYECHHBIN Ma-
paJuIeIbHO OOBEKTY YIpaBICHUS C JTOTOTHUTENb-
HBIM YCHJIMTEJEM W €IMHUYIHON 00PaTHOU CBS3BIO.
Hnst ynydmenuss paboThl MEPBOH CTPYKTYPBI CH-
CTCMbl aABTOMATHUYCCKOI'O YIIPABJIICHUA IIPpU OTpa-
0OTKE CTYMEeHUYaTHIX CUTHAIOB OOJBIION aMILTUTY-
Ibl HA BXOJI€ MU(PPOBOTO PETyNISATOPa YCTaHOBIICH
OTPaHUYHTENb C TOPOTOM up. llepeximroueHue
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CTPYKTYp OCYLIECTBISIETCSI IPU IOMOIIM CIELU-
aJIbHOTO0 KOMMYTHPYIOILIETO YCTPOMCTBA C HEKOTO-
PBIM THCTEPE3UCOM, HUCKIIIOUYAOLIUM YacToe Iepe-
KJItoueHue Brepen W Hazaa. C ydeToM KauecTBa
paboThl OTAECNBHBIX CTPYKTYpP CHCTEMbI aBTOMATH-
YECKOI'0 YINpPAaBJEHUSI ONpPEAEIECHbl WX MOPOTH Ie-
peKIItoYeHns e; U e;. Takoe MOCTPOEHUE CUCTEMBI
ABTOMATHUYECKOIO YIIPABJICHUS IO3BOJIAET peanu-
30BaTh MPEUMYIIECTBA ONTHMAIBFHOTO IH(PPOBOTO
peryisiTopa mpu OTpadOTKE MajblX CHTHAJIOB, HE
NPEBHIIAOIINX BETUUUHBI 21y, 1 XOPOIIYI0 pado-
Ty TIUGPOBOTO PETYIATOPA B IENH THOKOMW 00pat-
HOW CBSI3M TNPH OTPa0OTKE BXOAHBIX CHUTHAJIOB
OONBIION aMIUTUTY[ABI, MPEBHILAIONICH 3Haue-
HUSA 2u5.

2. C moMmouipl0 MaTeMaTH4eCKOr0 MOJAEIHPO-
BaHMsI OCYILECTBJICHA MPOBEPKa PabOThl CUCTEMBI
MIEPEMEHHOM CTPYKTYPHI C Pa3NUIHBIMU OOBEKTa-
MU YIOPaBICHUS W LUQPOBBIMU PETYISITOPAMHU.
[onTBepkneHbl Xopomiee OBICTPOACHCTBHE CH-
CTEMbl aBTOMATUYECKOI'O YIPAaBJICHUSA IPU OTpa-
0OTKE CTyNeHYaThIX CHIHAJOB, oO0ecrevyeHue
MUHUMAaJIBHOM JUIS JaHHBIX PETYIATOPOB JUHAMMU-
YeCKOW OmMOKM W BPEMEHHW 3ara3/bIBaHus TpU
0TpabOTKE TAPMOHHMYECKUX BO3JICHCTBHIA pasind-
HOM aMIUTATYJBbI.

3. CxeMa cuCTeMBbl ABTOMAaTUYECKOIO YIIpaBJie-
HUS [IEPEMEHHON CTPYKTYpPBHI SIBISIETCS HOBOM, OT-
JIMYaeTCsl MPOCTOTOW M XOPOIIUM KayecTBOM pa-
0otel. [lonydeHHbIe pe3ynbTaThl TOBEIEHBI 10 HH-
JKEHEPHOTO YPOBHS M MOTYT OBITh YCIIEHIHO
HCTIONb30BaHbl MPU CO3/IaHUU CUCTEM aBTOMATHU-
YECKOI'o YIpPaBJICHUS, COACPKAILUX JPyTrue 00beK-
TBI YIPABJICHUS U LUPPOBBIE PETYIATOPHI, K Kade-
CTBY pPabOTBI KOTOPBHIX NPEABSBISIOTCS pPa3Ind-
HbIE, IOPOW IPOTUBOPEUYUBBIE TPEOOBAHUSL.
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