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ITudpoBble MHUKpPOIPOLIECCOPHBIC CPEACTBA ABTOMATH3AIMU ITO3BOJITIOT IOpa3fo LIMpe
HCTIOIb30BATh NIPUEMbI KOHCTPYHPOBAHUS CHCTEM aBTOMAaTHUECKOTO PETyINPOBAHUS, a TAKKE
MPUMEHATh B HUX ONTHUMAJBHBIE CIIOCOOBI PEryIHpPOBAHUS, HAIPUMEP MOXKHO OOBEAWHHTDH
METOJ] CTPYKTYPHO-TIapaMeTPUYECKOH ONTHMH3AaLNHM M TEOPHH HHBAPHAHTHOCTH. MeTox
CTPYKTYPHO-NIAPaMETPUUECKON ONTHMH3ALMK MO3BOJISIET CYLIECTBEHHO INOBBICUTH OBICTPO-
JIeHCTBHE CUCTEMBI IIPU OTPAOOTKE CKauKa 33/IaHUsl U COKPATHTh BpeMs OTpabOTKU KpaiHero
BHEIITHEr0 BO3MYILEHHS JI0 JIByX BEIMYMH 3ala3/(bIBAHUSA MO KaHAIY PEryJIUpYIOLIEro BO3-
neiicrus. Mcnonb3oBaHne IPUHINIA HHBAPHAHTHOCTH OCHOBAHO Ha JIOMIOJIHUTEIBHOM HU3Me-
peHuH HanboJiee OITaCHOTO BO3MYIIIAIOIIETO BO3/ACHCTBHS, 110 OTHOLIEHHIO K KOTOPOMY U JI0-
CTHTaeTCs yIydIIeHne KauecTBa PEeryINpOBaHNSL.

B manHOM HMcCenoBaHNM UL CYIIECTBEHHOTO YITYHIIEHHS! OTPAOOTKU BHEIIHETO BO3MYIIle-
HHSL PacXo[OM Ieperperoro mapa NMpHMEHEH NPHHIMI WHBapHaHTHOCTH. Kommencamwst Bmus-
HUSL BOSMYIICHHS Ha PEryIUPYeMYyIO BEJIMUMHY JIOCTHUIAETCS 3a CUET BBEICHHUS JIOTIOJIHHTENb-
HOTO CHTHaJIa Ha BXOJ KOPPEKTHPYIOILEro PEryJisiTopa ¢ BhIX0OJa YCTPOHCTBA KOMIIEHCALINH COOT-
BETCTBYIOLIEH CTPYKTYpbl. IIpH 3TOM BHEIIHee BO3MYIIEHHE M3MEPEHO PACXOJIOM IIeperpero-
TO mapa.

PesynpTaTsl MOJETMPOBAHNS MEPEXOTHBIX MPOIECCOB KACKaIHOM CHCTEMBI aBTOMAaTHYe-
CKOTO PETyJIMpOBaHUs, HA 0a3e KOTOPOH OBLIO pealM30BaHO OOBEIMHEHNE YKAa3aHHBIX METO-
JI0B, TIOKa3ajJM, 4YTO NpPU OTPAOOTKE BHEIIHETO BO3MYIIEHHS PacXoJOM Iapa MPOHUCXOIUT
YMEHBIIICHHE MaKCUMAaJIbHOW TMHAMUYECKOH OIIMOKM PEeryJMpOBaHHUs B LIECTh Pa3 M COKpa-
IeHne BpeMeHHU peryaupoBanus Ha 30 % 1o cpaBHEHHIO ¢ KacKaJHOM cucteMoi 6e3 ycTpoii-
CTBa KOMIICHCAIL[MM BHELIHETO BO3MYIIEHHs. [IpH 3TOM yMEHBIIEHHE 33/laHHOH MOCTOSHHOM
BPEMEHH KPUTEPHUs ONTUMAIBHOCTH OTPAaOOTKH 3aJaHHUS 10 OCHOBHOW PETryIHpyeMOH BelH-
YHHE BeleT K JalbHeHIIeMy YMEHBIICHHIO MaKCHMaJIbHOW AMHAMHYECKON OIIMOKU peryiu-
pOBaHUS NpU OTPaOOTKE BHEIIHETO BO3MYIIECHHS PacxXoioM Iapa, 4To M Jajiee IT03BOJIIET
TIOBBICHTH Ka4eCTBO PEryIHPOBAHUSL.

KiroueBble €JI0Ba: aBTOMaTHYECKOE DETYJIHPOBAHHUE, METOJ CTPYKTYpPHO-TIapaMeTpH-
Y4eCKOW ONTHMM3ALUU, TEOPUS HHBAPHAHTHOCTH.

Wn. 6. bubnmuorp.: 11 Ha3s.
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The usage of digital micro-processing automatic means allow to use design methods
(technique) of automatic control systems more wider, and also to apply optimal ways of con-
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trol, for example, it is possible to combine the Method of structural-parameter optimization
and invariance theory. This method allow to increase essential system speed in processing of
task jump and to reduce operation time of outside external disturbance up to two values of
regulated influence, and the usage of invariance principle is based on an additional measuring
of the most dangerous perturbation influence and in connection with it the improvement of
regulation quality is achieved.

In this article the principle of invariance is applied in order to improve greatly external
disturbance attack by consumption of over-heated steam. Compensation of disturbance influ-
ence on regulated value is achieving by introduction of additional signal on input of correction
regulator from output of compensation device ,measuring the external disturbance by con-
sumption of over-heated steam.

Modeling results of transient processes of cascade system of automatic control (CSAC),
on the base of which were realized the unity of these methods, demonstrated the fact that, in
processing of external disturbance by consumption of steam, the reduction of maximal dyna-
mic regulation error is six times and cutting of regulation time by 30 % in comparison with
CSAC without compensation device of external disturbance. And that is why it leads to the
further reduction of maximal dynamic regulation error in processing of external disturbance
by consumption of steam, and this allows to improve the quality of control.

Keywords: automatic control, method of structural-parameter optimization, theory of in-
variance.

Fig. 6. Ref.: 11 titles.

JIByXKOHTYpHBIE CHUCTEMBI aBTOMaTHdeckoro perymupoanust (CAP) momy-
YK ITUPOKOE PaCIpOCTpaHEHNE B 00JACTH aBTOMATH3AIMH TeTUIOIHEPreTHYe-
CKMX IMpoleccoB (KacKaJHble CHUCTEMbl aBTOMATHYECKOTO PEryJIMPOBAHUS
(KCAP) u CAP ¢ muddepennrpoBanneM MpoMeKyTOIHOTO curHamna) [1]. Me-
TOZBI TAPAMETPHISCKON ONITUMH3AITIN TAKUX CHCTEM ITPUBEICHEI B [2, 3].

CTpyKTypHBIE CXeMBbI OBYXKOHTYpHBIX CAP 0a3upoBanuch Ha BO3MOXKHO-
CTSIX aHAJIOTOBOM TEXHWKH W WCIOIB30BAHUH THIIOBBIX aJITOPHUTMOB PETYIIHNPO-
BaHUs, IOJYYCHHBIX W3 MEPeAaTOYHOH (YHKUMH MPONOPLUHOHATIBEHO-HHTET-
pansHO-nuddepenumansaoro peryisropa (IIM-perynstopa). Bmecte ¢ Tem
BO3MOKHOCTH COBPEMEHHBIX MHUKPOIIPOIECCOPHBIX CPENICTB aBTOMATH3AINH
ropaszno mupe [T1][-anropuTMoB peryinpoBaHusi.

Hcnonp3oBanue TUMOBBIX IBYXKOHTYPHBIX CAP He Mo3BoJIsS€T CYyIIECTBEHHO
VIIYYIIUTh Ka4eCTBO PETYIUPOBAHUS TETUIOIHEPTETHUECKUX MPOIECCOB IaXe
MIPU UX ONTUMAJIBLHOW NHHAMHUYECKOW HacTpoiike. B [4—6] mpemmokeH meton
CTPYKTYPHO-IIAPaMETPUUECKON ONITUMH3ALUN JUHAMUYECKUX CUCTEM C UCIIOJIb-
3oBanueM [N ]I-perynsaTopoB Ha OCHOBE NepeAaTOYHON (HYHKIIMH ONTHMAIBHO-
T'O PEryJsaTopa, YIUTHIBAIOIINHN JUHAMHUKY 00BEKTa PEryJIMPOBaHHS U 33aJaHHYIO
NEpEeaAaATOYHY IO q)yHKIH/IIO CUCTCMbI B Kay€CTBC KPUTCPUA OITUMAJIbHOCTH.
Metoa CTPYKTypHO-TIapaMETPUUECKON ONTUMH3ALUHU MO3BOJSET CYIIECTBEHHO
MOBBICHTE OBICTPOJICHCTBHE CUCTEMBI MTPHU OTPAOOTKE CKAayKa 3aJlaHus U COKpa-
TUTH BpEMA OTpaGOTKI/I KpaﬁHeFO BHCHUIHETO BO3MYUICHUA N0 ABYX BCJIMYUH 3a-
Ma3pIBaHUS TI0 KaHATY PETyJHUpYHomero BoznehcTBus. JlanpHeiimee ymydie-
HUE Ka4yecTBa PETyJIMPOBAHUS W TOBBIIICHHE JUHAMUYECKOW TOYHOCTU CHUCTEM
1enecoo0pa3sHo Ha 0a3e COeNWHEHHS METOJa CTPYKTYypHO-TIapaMeTpHYECKOM
ONTUMHU3AIMN U TEOPUN UHBAPUAHTHOCTH, T. €. TCOPHH KOMIICHCAIIUU BIVISIHUS
Bo3mytenus [7-10].

OmgHuM W3 OCHOBHBIX HANpAaBICHWHA pa3BUTHS TEOPUH HWHBAPUAHTHOCTH
SIBIIICTCSL CO3JIaHUE CHUCTEM, WHBApUAHTHBIX JIO €, MPHUBEJACHHBIX IEPBOHA-
yanpHOo B [8, 9]. I'maBHOE 31mech — oOecrieyeHUe YCIOBHH YCTOWYHMBOCTH HPHU
MIPUOJIMKEHNUH K COCTOSTHHUIO a0CONFOTHOW WHBAPHUAHTHOCTH.
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Jlpyroe HampaBieHHE CBS3aHO C WCIOIb30BAHHMEM METOAA JBYXKaHAJIbLHOCTU
KOMOMHHPOBaHHEIX CAP 1O OTKJIOHEHWIO W BO3MYIICHHIO. JIMHAMUYECKHIA
CMBICH yCJIOBHS aOCONOTHOW MHBAPHAHTHOCTH COCTOWT B TOM, YTO PETYISTOD
OCYILECTBIISIET BO3JEHCTBUE Ha OOBEKT, B TOYHOCTH PABHOE BHEIIHEMY BO3JEH-
CTBHIO, HO TIPOTUBOIOJIOXKHO HANPABICHHOE JAJIs MOJHOH KOMICHCAIIMH BO3MY-
menns. Kpurtepuii or6opa GU3NUIECKH OCYIIECTBISIEMBIX aOCONIOTHO MHBApH-
AHTHBIX cHCTeM BriepBble ObLT npeanoked b. H. Ierpoeev [10]: «Heo6xoanmpim
(HO HE JOCTATOYHBIM) MIPU3HAKOM (U3NIECKON pean3yeMOCTH a0COIOTHO WH-
BapHAHTHBIX CHCTEM SIBIIAETCS HAIMYKE B CXEMe, 10 MEHBIIIeH Mepe, IBYX KaHa-
JIOB TIepeayyd BO3MYIIAIONIETO BO3ACHCTBHS MEXKAY TOYKOW €ro MPUIOKEHUS
U TOYKOW, OTHOCHUTEIFHO KOTOPOW IIOCTHUTAETCS HHBAPHUAHTHOCTH (TIPUHITHI
IBYXKaHATBHOCTH)». Ilpn 3TOM ecnm mepenaTtouHas QyHKIUS YCTPOICTBA KOM-
neHcanuy Bo3MymeHus Wy (p) MOKeT ObITh IPEJCTAaBICHA B BUJE PAIMOHANb-
HO# npobu

bop™ +b,p" " +...+b, ,p+D,
a,p" +a,p" " +..+a,,p+a,

Wy, (p) = )

TO JUIS AOCTYDKCHUS YCIIOBUIM WHBAPHAHTHOCTH HEOOXOMMa MPOBEPKa YCIOBUS
m < n, TAe m U n — CTaplIue CTEeIeHU oreparopa Jlamnaca B uuciauTene U 3Ha-
MeHaTene cooTHolreHus (1), T. e. ¢u3nueckn peanmzyeMoe KOPPEKTHUPYIOIICE
YCTPOMCTBO.

[lycth mepenarounas GyHKIMS HHEPIIMOHHOTO ydacTka oObekta CAP Tem-
MepaTyphl MEPErpeToro mnapa 3a KOTIOM UMEET BUJI

W, (p)= g h = 22 g, @
Tp+l 140p+1

rae Ky, — x03duIeHT nepeaauyn MHEPIUOHHOTO y4acTka; T, — MOCTOSHHAS
BPEMEHU MHEPLUHOHHOIO y4aCTKa; T, — BPEMs 3ala3/bIBaHus 110 KaHaJly peryiu-
pYIOLIEero BO3AeHCTBUS; p — onepaTop Jlamaca.

[lepenaTounas GyHKINS OTEpPEKAIONMET0 YIacTKa OOBEKTa PETYTUPOBAHUS
MIPEACTABICHA B BUJIC MHEPIIMOHHOTO 3BeHA MEPBOI0O MOPsIKA

W, (p)= =2
on\P T p+1 253p+1

O

@)

*

rae Ko — kKoddhuIMeHT nepefaun Onepexarouero yuacTka; I — SKBUBAJIEHT-

Hasl TIOCTOSTHHAsI BPEMEHH OTIEPEKAIOIIETO YIaCTKA.
[Ipu sToM mepenarouHas GyHKIHMS BHEITHETO BO3MYIICHHS PacxoJ0oM Tapa
MMeeT BUJT

k, _ 5
T.p+1 30p+1

W, (p) = (4)

rae kK, — koo duireHT nmepeaayr BHEIIHETO BO3MYIICHUS; T, — MOCTOSHHAS
BPEMCHH.
CrpykrypHas cxema MoaenupoBanus kackagHoir CAP npuBenena Ha puc. 1.
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L | (P)
x&,‘_ﬂ S H’;J: (p) (p) J/ (p) _‘\ I:Vm-[ (p)
/,‘

@ (1)

o BOC

-1 roc

Puc. 1. CtpykTrypHas cxema MozaenupoBanus kackagHoit CAP (Bapuant 1):
y(t) — ocHOBHas perynupyemas BenuumHa; Yi(t) — mpoMexyTouHasi peryiupyeMast BeJIHUHHa,;
Xsn1 — 337aHHOE 3HaUEHHE ITPOMEKYTOUHOM PEryIHPYEMON BETUUNHBIL; X, — 33JaHHOE 3HAUECHHE
OCHOBHOI1 perynupyemoii BenuunHbl; f; — BHyTpeHHee Bo3MyleHue; f, — BHEIIHEe BO3MYIIICHHE
pacxoznom napa; Wy (p) — nepenarounas $pyHKLUHs CTAOMIN3UPYIOIIETO PETYIATOPa;
Wp2(p) — mepenaTounas GpyHKIMS KOPPEKTHPYIONMIETO PEryIsATOPa;
Wou(p) — mepenarounast QyHKIHMS OEPEKAIOIIEr0 YIacTKa 0OBEKTa PEryIupOBaHHs;
W,x(p) — mepenarounas GpyHKINSI HHEPLHUOHHOTO Y4acTKa 00bEKTa PEryIupOBaHHS;
W, (p) — mepematouHast (pyHKIMS BHEUIHErO BO3MYIICHHMS PACX0OI0M Mapa;
BOC - BryTpennss obparnas cBs3b; 'OC — rimaBHast oOpaTHast CBSI3b

[lepenarounyro ¢ynknuio crabmmmupytomero perymastopa W, (p) BeiOn-
paeM ¢ MOMOIIBI0 METOAA CTPYKTYPHO-TIAPAMETPHUSCKON ONTUMU3AIMH. 3aIu-
IeM TepeaTOuYHyl0 (PYHKIHIO BHYTPEHHETO KOHTypa 3aMKHYTOH CHCTEMBI

X (p) mo 3amaromeMy BO3AEWCTBHIO MPOMEKYTOUHOW pPErylIHpyeMoil Be-

JINMYKWHBI

W (W)
R R ATA) ©

[TepenaTounyio GpyHKIHIO BHYTPEHHETO KOHTYpa BEIOMpaeM Tak, 4TOOBI OHA
COOTBETCTBOBAJIA KPUTEPHUIO KAUeCTBa 110 3a/IAI0IIEMY BO3JICHCTBHIO

Wy, (p)=W (p), (6)

rae W, opt

! (p)— onTuManbHas nepeaaToyHas GpyHKIUS BHYTPEHHETO KOHTYpa I10
3aJarolEeMy BO3JEHCTBUIO.

C yuerom (6) nepenarounast GyHKuus (5) NpUMET CIEAYIOMINN BU!

WOt Wor (P)Vr (P) .
srll( ) 1+W (p) (p) ( )

W3 nepenatounoi ¢yHkimu (7) HAXOMUM MEPEAATOUHYIO (DYHKIIUIO OITH-
MaJbHOTO CTAOMIM3HPYIOIIETO PErysITOpa

W _ 1 ;;F;t (p)
pl (p) _W opt '
on (p) 1 W3ﬂl (p)

Tax xak nepenaTounas GyHKIUS ONEPEKAIOMIETo yyacTKa (3) uMeeT nepBhIi

(8)

TIOPSIIOK, TO Wm‘; MIPUHIMAEM B CJICTYIOIICM BHJIC:

opt 1
3111 ( ) 1 (9)
3;[1p +
Tae T. 3n1 — 3alaHHaA IIOCTOSTHHAA BpEMEHU MHEPILIMOHHOI'O 3BE€HA IICPBOI'0O IMMOPAIKA.

65



IMoacrasus (3) u (9) B (8), momyunm (11 CTAOMIM3UPYIOIIETO PEryIsATOpa)
nepeaatouHyio ¢pynkuuto [I1-perynsaropa ¢ oqHUM napaMeTpoOM INHAMUYECKOM
HaCTPOUKH T3y

T.p+1 253p+1

W, (p) =
P! konTsulp 6T3u1p

(10)

OnpeneneHre YUCICHHOTO 3HAYEHUS 1, OCYIIECTBIISIEM C UCIIOIb30BAHUEM
psia uKcen npaBuia 3010Toro ceuenus [11], npunss 3a nenoe T . Beibupaem

CIIeyrolee 3HAYCHUE TIOCTOSTHHOM BpEMEHHU KPUTEPHS ONTHMAaIbHOU O0TpaboT-
KU 3a[IaHUS] BHYTPEHHUM KOHTYPOM

T,,=0,3827T, =9,66c. (11)

[Nepenatounyro GyHKIHIO KOppeKTHpyommero peryiastopa Wp,(p) BeiOupaem
TAKKEe C TOMOIIBI0 METOJa CTPYKTYPHO-IApaMETPHUUYECKONH ONTHMHU3ALHH.
Jlnist aTOrO OmpesenseM MepelaTOuHy0 (PYHKIHIO SKBUBAJIECHTHOTO OOBEKTa C
y4eTOM TepeaaTovHbIx GpyHKIui 00bekTa (2) 1 3aJaHHOHN TepeaToYHON (yHK-
LUK BHYTpEeHHEro KoHTypa (9)

k _
W, (p) =W, (D)W = i vP=
9KB ( p) 06 ( p) 31l (TK p +1) (T3J11 p + 1) €

1! 2 -102p )
(140p +1) (ng11 p+ 1)

(12)

Tak xak nepenaToyHast QyHKIUS SKBHBAJICHTHOro o0bekTa (12) uMeeT BTO-

poli MOpSAOK C 3ama3gbIBaHHEM, 3aJaHHAs MEpeAaToyHas (QYHKIHS W;Z’Et(p)

KpUTEpHUs ONTUMAIBHOCTH OCHOBHOW PETYIUPYEeMON BEIWYHHBI MPU OTPaOOTKE
CKauKa 3aJaHus X,y MPUHUMACT CJICIAYIONIUI BHI:

—,p
W (p) = ——, (13)
(T Pt 1)

rae 7T, — 3aJaHHas MOCTOSIHHAS BPEMEHH KPUTEPHUs ONTUMAIBHOCTH OTPaOOTKH
3aJaHus [0 OCHOBHOHM PEryJMpyeMoi BeluuuHe, BbIOMpaemasi 1Mo HpaBHily 30-
soToro cedueHust [11] ¢ yaeToM MakCUMaIbHOW BEIMUUHBI PETYIHPYIOIIETO BO3-
JEUCTBUS, IPUHSB 3a LEJIO€ YCIOBHOE 3alla3/bIBaHKE Ty 10 KaHATY PEryIupyro-
LIEr0 BO3JICHCTBHUS.

IMoacraBus (12) u (13) B nepenaTouHyr0 QyHKIHIO ONTHUMAIBHOTO PETyIsi-
TOpa, MOIYYUM THepeAaTouHy0 (QYHKINI0 KOPPEKTUPYIOIIETO YCTPONHCTBA C Of1-
HUM apamMeTpoM JUHAMUYECKON HACTPOUKHU Ty

140p+1)(T,, p+1
vvpz(p)=( P+1) ”“p;) l,Tp (14)
12(T,,p+1) 4, €°
(Tmzp+1)2
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Bre16op uncneHnbrx 3HaueHUH 7, OCYIIECTBIISIEM C UCIOIB30BAHUEM psia
qyces NpaBuia 30510Toro cedyenus [11], npunss 3a nenoe ty. Beibupaem cueny-
IOIIKE 3HAUYCHUS 3aJaHHON TIOCTOSIHHOM BPEMEHH:

T,,= 0,09‘Cy= 9,18¢c; T,,, =0,1467 =14,89¢; T,, =0,2361,=24,07¢c. (15)

Pesynprarer MmonenupoBanus nepexoaHbix nporeccoB CAP mpu ocHOBHBIX

BO3MYIIIEHUSX C UCHOJIb30BaHMeM makera Simulink nmporpammuoro obecneue-
Hus MatLab mpencrasieHsl Ha puc. 2.

a 0
04
1,0 7 - Vs f1
Vi Xan / 0,3
0,8 /
0,2
0,6 }
0,1
04 0
0,2 -0,1
-0,2
0 100 200 300 400 t,c 600 0 200 400 600 t,c 1000
B
5,0

»h
40
35
3,0
25
2,0
15
1,0
0,5

Puc. 2. T'paduku epexoaHbIX IPOLECCOB
kackagHoit CAP (Bapuanr 1):
a — 0TpaboTKa CKayKa 3aaloIero BO3ICHCTBUS X,y
6 — TO K€ BHYTPEHHETO Bo3MyIieHus fy;
B — TO )K€ BHEIIIHETO BO3MYILIEHHS PaCX0JA0M

napa f,; t —Bpewms, ¢; 1 - 7,,; = 0,382 T:H =9,66¢,

Ty =0,097,=9,18 ¢; 2 — T, = 0,382, = 9,66 c,

Tyo=0,1461,= 14,89 ¢; 3 - T, = 0,382T,, = 9,66 c,
Tyo = 0,2361,=24,07 ¢

0 100 200 300 400 t,c 600

U3 rpadukoB mepexomHbIX MPOLECCOB BUIHO, YTO OTPa0OTKa CKadka 3aja-
HUSL TIPOUCXOJUT 0Oe3 MepeperyyiMpoBaHus, MPUYEM C YMEHBIICHUEM BeJu-
yuHbl 1, BpeMs pPEryIMpPOBaHUs COKpAIlaeTcs, OTpaboTKa BHYTPECHHETO H
BHEIITHETO BO3MYIICHUH TAaKXKe yIy4IIaeTCsl C yMEHBbIIIEHHEM 7.

[IpeobpaszyeM cTpykTypHyI0 cxemy KackamHoit CAP, m3o0pakeHHYIO Ha
puc. 1, B mpeyiaraeMyro cxemy, IpeICTaBICHHYIO Ha puC. 3.

Xt A LW, (p)
xﬂg - H;JZ (p) % prl(p) J/ IVOH(P) \1. L:-)Vuﬂ(p) Q
~1 BOC i o)

+1 W, (D)
-1 IOC

Puc. 3. CtpyktrypHas cxema MoaenupoBanus kackagHoit CAP (BapuanT 2)
(o603HaueHns Te XKe, YTO Ha puc. 1)
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BeIxoa matyrka mpoMeKyTOYHOW peryiupyeMoit BenunurHsl Yi(t) momaem Ha
BXOJI [TOJTHOM MOJIENN MHEPLUOHHOIO Y4acTKa OOBEKTa PEeryIMpPOBAHUSI, BBIXOA
KOTOpOH MOJaeM B BHJIE TIOJIOKHUTEIFHOTO CUTHAJIA HAa BXOJ KOPPEKTUPYIOLIEr0
perynsTopa Ui MOJHON KOMIIEHCAIlMH CHUTHANA TJIABHOHW OOpaTHOM CBSI3U MPHU
0TpaboTKe 3aJaHKs MO0 OCHOBHOW pETyIUpyeMOW BelWYMHE. 3aTeM BhIOMpaem
CTPYKTYpPY GH3HUYECKH PEeaTn3yeMOro KOppEeKTHPYIOIIETO YCTPOHCTBA KaK KOM-
neHcaTopa JUHAMUKH BHYTPEHHET'O KOHTYPa CUCTEMbl H HHEPIOHHOTO Y4acTKa
00BEKTa PETryIUPOBaHUS

(Tmp +l)(TKp +1)
kl/lH (TSLLZp +1)2

AHanu3 pe3ynpTaTOB MOJENHPOBaHUA INepexonHblx npoueccoB CAP, mpu
OCHOBHBIX BO3MYIIEHUSX, IPUBEICHHBIX HA pHUC. 4, IOKa3bIBAaET, YTO OTPabOTKa
CKayKa 3aJaHusl U BHEIITHETO BO3MYILEHHs PACXOAO0M Iapa MIEHTHYHA B 00enx
cxeMmax Ha puc. 1 u 3. Ilpu 3TOM yMeHbIIMIACh MaKCUMaJbHasl TMHAMUYECKas
omuOKa perylIupoBaHus pU OTPAOOTKE BHYTPEHHETO BO3MYIIECHHUS, U IIEPEXO-
HBIH MpoIecC He MEHSET 3HaK, YTO Ba)KHO JUIS TEIUIOIHEPTeTUIECKUX O0bEKTOB
pEryINpOBaHus], TaK KaK CIOCOOCTBYET MOBBIIICHUIO HAACKHOCTH paboTHl U
YBEJIMYUBAET CPOK CIIYKObl METaJlIa MaponeperpeBaTes.

W (p) = (16)

a 0
0’4 —1,23
1, I fl /\
Vi Xan 0,3
0,8 /
0,2
0,6 /
0,1
04 \\\
0,2 -0,1
i -0,2
0 100 200 300 400 t,c 600 0 200 400 600 t,c 1000

B
5,

»h
4,0
3,5
3,0
2,5
2,0
15

10

0,

Puc. 4. I'padukn nepexoaHbIX IPOIECCOB
kackagHoii CAP (BapuaHnTt 2)
(0o603HaueHUs T€ Ke, YTO Ha pHUC. 2)

0 100 200 300 400 t,c 600

JIJig CyIIecTBEHHOTO YIyYIlIeHUs] OTPAOOTKU BHEITHETO BO3MYIICHUS PacXo-
JIOM TIEPErpeToro mapa MPUMEHWUM TMPUHINI WHBAPUAHTHOCTH MJISI KOMIIEHCA-
LMY BIUSHUS BO3MYIICHUS HA PETYJIUPYEMYIO BEIUYUHY 33 CUET BBEICHUS JO-
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MOJIHUTEIILHOTO CHUTHAJIla Ha BXOJ KOPPEKTHPYIOIIETO pPEryiasTopa C BBIXOAA
YCTPOWCTBA KOMITEHCAIIMH COOTBETCTBYIOIIEH CTPYKTYPHI (PUC. 5), U3MEPHB J0-
MOJIHUTEJIBHO BHEIIIHEE BO3MYIIIEHHE PACX00M meperpeToro mnapa f,.

-1 )

(p
Xant h f: WB (p)_e-t}.f"
Y W Wa(p) 3 Wpl(p) le(m W (P)

M 6] (1)

+1 nﬂ(ﬁ)
-1 I'OC

Puc. 5. CtpykrypHas cxema MoAeIupoBaHus uHBapHaHTHOH CAP:
Wyfg (p) — mepenarounas pyHKIHS yCTPOHCTBA KOMIICHCAIIMH BHEITHETO BO3MYIICHUS

(ocraspHbIe 0003HAYCHHS T€ XKE, YTO Ha puc. 1)

. f
Hepenarounyio ¢pyHkumio ycrpoiicrsa komnencauun W 2 (p) BbiOupaem u3

yCI0BHUS
W, (PIWSE (p) = 1= 15 (p) W, (p)e ™" (17)

U3 (17) Haxogum nepenaTouHy0 (QYHKIHMIO yCTPOHCTBA KOMIICHCAILTUH

W (p) = Wopff))[ W (p) . (18)

Jlnist Toro 4ToOBI B YCTPOHCTBE KOMIICHCAIIMH (PH3WUYECKH PEa30BaTh OT-

opt

o (P), HEOOXOIMMO B IEPETATOUHYIO (DYHKIIHIO BHELIHETO

Houenue W, (p) /

BO3MYILIEHUSI PacxooM Ilapa J00aBUTh 3BEHO 3alla3fblBaHUSA CO BPEMEHEM,
PaBHBIM 3ala3AbIBAHUIO 110 KaHAy PEeryJIMpyIOILero BO3AEHCTBUSA, T. €. IPU
TUIAaHOBOM M3MEHEHHMH Harpy3kd KOTJa BHavajie M3MEHSIOT 3a/laHhe KOPPEKTHU-
PYIOLIEMY PETyJIATOPY, a 3aT€M B MOMEHT BPEMEHH, PaBHBIN 3ala3AbIBaHUIO 110
KaHaJly PEryJNpyIOIIero BO3IEHCTBHS, OCYLIECTBISIFOT IIEPEX0] Ha HOBYIO
HarpysKy.

C yuerom (13), mpuHAB OayuTacTHYIO TOCTOSHHYIO BPEMEHH 3HAMEHATEIS
nepenaToyHord (QYHKIIUM YCTPOHCTBA KOMMEeHcauu 1., = 1,3, UCKOMas Tepe-
natouHasi QyHKIMS YCTPOMCTBA KOMIIEHCALIMH PUMET CIIEAYIOIIUI BU;

-T,p ~1,p
Wyiz(p):kB(Tgﬂszrl) L e _5(Tyep+1) e | g

T,p+1 (T,op+1)° 30p+1 (T,0p +1)

OnTtuManbHBINA BBRIOOpP YHCIEHHOTO 3HaU€HUS 1,5, OCYIIECTBISIEM C HCIONb-
30BaHUEM DsJia YMCEN IpaBMja 30J0TOro cedenus [11], mpunsas 3a nenoe T,.
BriOupaem cnenyroniye 3HaYCHUS 3aJaHHON TTOCTOSTHHOM BPEMEHH

T, =0,09t,=9,18 ¢; T}, = 0,14671, = 14,89 c; T, = 0,23671, = 24,07 c. (20)
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PesynbraThl MoOZENUpOBaHUS MEPEXOJHBIX MPOIECCOB HHBAapUAHT-
Hoit CAP (puc. 5) npencrasieHs! Ha puc. 6.

1'6 ............
W fz i §
1,2
Puc. 6. T'paduk nepexoJHbIX IPOLECCOB

1,0 0TpabOTKH BHEIIHETO BO3MYILCHHUS PACXOI0M

8 napa fp; t — Bpems, ¢; 1 — T, = 0,382 T:n =9,66 c,
0,6 *

T =0,091,=9,18 ¢; 2-T,;, = 0,382 T, = 9,66 c,

0,4 ' .
02 Ty =0,1461,=14,89¢; 3-T,,, =0,382T, = 9,66 c,

0 Tyo =0,2361,=24,07 ¢; 4 - T,y = 0,382 T, = 9,66 c,

-0,2 T,,=0,01317,=134¢

0 100 200 300 400 tc 600

W3 rpadukoB nepexoqHbIX MPOLECCOB BUIHO, YTO MCIOJIb30BAHUE HPUHIIM-
1a MHBApUaHTHOCTH B npennaraemoil kackaaHoi CAP Ha puc. 5 no3Bossier no-
OUTBCSI C MPUMEHEHUEM TPETHEro BapHaHTa IPH OTPAOOTKE BHEIIHETO BO3MY-
LICHUS PACXOAOM I1apa YMEHBLICHUS MaKCHUMalIbHOW TUHAMHUYECKOW OIINOKH
pEeryaupoBaHusl B LIECTh Pa3 M COKPATUTh BpeMs peryaupoBanus Ha 30 % mo
cpaBHeHHIO ¢ KackagHoi CAP 0e3 ycTpoiicTBa KOMITEHCAIIMM BHEITHETO BO3-
mymieHusi. CHIDKEHHE TIOCTOSITHHOM BpeMeHW 7T, B CXeMe Ha pHC. 5 BeleT K
JalbHEHIIeMy YMEHBIICHUI0 MaKCHMAJIbHOW JUHAMUYECKOW OIIMOKU perynu-
pOBaHUs IpU OTPAOOTKE BHEIIHET0 BO3MYILEHHSI PacX0JlOM I1apa, CyLIECTBEHHO
MTOBBICHB TIPH ATOM Ka4eCTBO perynupoBanus (KpuBas 4 Ha puc. 6).

BbIB O bl

1. IpemioxkeHa WHBapUAHTHAsI CHCTEMa aBTOMATHUYECKOTO PEryJIMPOBAaHUS
MY TJTAHOBOM M3MEHEHHUH Harpy3KH, CTPYKTypa KOTOpPOW BEIOMpaeTcs Ha OCHO-
B€ MCIOJB30BaHMS METO/Ia CTPYKTYPHO-TIApAMETPUIECKON ONTUMHU3AINHN THHA-
MUYECKHUX CUCTEM, OTIMYAIOIIASACS TEM, UTO:

e TIEpeJ MEPEXO0M Ha HOBYIO Harpy3Ky KOTJIa BHaYaje W3MEHSIOT 3aJ[aHHe
KOPPEKTHUPYIOLIEMY PETYISITOPY € BBIXOJA YCTPOMCTBAa KOMIIEHCAIIUHU JOTIOJTHH-
TENbHO U3MEPEHHOI0 BHEIIHET0 BO3MYIIEHUS, 3aTEM OCYIIECTBIISICTCS MEPEXO/T
Ha HOBYIO Harpy3Ky KOTJIa;

e CTPYKTYpPy M ITWHAMHYECKYIO HACTPONKY CTaOMIM3HUPYIOLIETO PEryisTopa
BBEIOMPAIOT Ha OCHOBE IEPENaTOYHOW (PYHKIIMH ONTUMAIBHOTO PEryisiTopa Ha
OJTHOBPEMEHHYIO Ka4eCTBEHHYIO OTPaOOTKY 3aJafOIIEro CUTHAIA 10 MPOMEXY-
TOYHOH PETyINpyeMOi BETMUNHE i BHYTPEHHETO BO3MYIIICHHUS;

e JUTSI KOMITCHCAIIUHM CUTHAJIA TIaBHON 00paTHOU CBsI3M MpH 0TpabOTKE 3aja-
HHUSI IO OCHOBHOM PEryMpyeMOi BEIMUUHE BBIXOJ MPOMEKYTOUHOU pEryiupy-
€MOH BeJTMIMHBI TIOJAI0T Ha BXOJ MOJHON MOJETN MHEPIIMOHHOTO y4acTKa 00b-
€KTa PEeryJHpOBaHUs, BBIXOJ KOTOPOH TMOJOXKHUTEIBHBIM CUTHAJIOM TMOAAIOT HA
BXO/JT KOPPEKTHPYIOIIET0 PEryIsTOPa;

e IMEPENaTOYHYI (YHKIMIO KOPPEKTHUPYIOIIECTO PETyNIATOpa BBHIOMPAIOT U3
YCJIOBUS KOMIICHCAIIMM JUHAMUKHA BHYTPEHHETO KOHTYpa CHCTEMBI U MHEPIU-
OHHOTO Y9acTKa 00BEKTa PEryIHPOBaHNS.
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2. llepegarounyio yHKUUIO yCTPOICTBA KOMIIEHCALIMU HAXOAST U3 YCIOBUS
MHBAapUAHTHOCTU OCHOBHOW PETyIMpPYyeMON BEIMUYMHBI 110 OTHOLIEHUIO K Kpai-
HEMY BHEIIHEMY BO3MYLICHHUIO C Y4E€TOM 3aJlaHHOH NeperaTOYHOM (QYHKIUH
CHCTEMBI 110 OCHOBHOM peryJIupyeMoi BeTUUnHE.

3. [Ipennaraemasi MHBapHaHTHAsl KacKaJHas CUCTEMa aBTOMATHYECKOTO pe-
T'YJIMPOBaHMUS IIO3BOJIIET CYLIECTBEHHO YIIYYIIUTh KadeCTBO PErYIHPOBAHUS
MIPU OCHOBHBIX BO3ACHCTBUSAX.
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