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PACYET CUHTE3UPYEMOI'O OIITUMAJIBHOTO
N KBASUOIITUMAJIBHOI'O PET'YJISITOPA

Cmpenxoe A.A., Apymionan A.A.

B nacmoswee epems nocmpoena mamemamuuecxas meopus on-
mumanbHo2o ynpaeienus. Ha eé ocnose paspabomanvt cnocooul
NOCMPOEHUs ONMUMATLHBIX 10 OLICMPOOEUCMEUIO CUCTEM U NPO-
Yeoypvl AHATUMUYECKO20 KOHCIPYUPOBAHUSL ONMUMATLHBIX pecy-
JIIMOPO8.

Pewaemyio 6 dannoii pabome 3adauy 6 cospemeHHOU meopuu
VAPAGLEHUsL RPUHSINO HA3bIEAMb 3A0ayell AHATUMUYECKO20 KOHCIP)-
uposanust onmumanvroco pezyisimopa (AKOP).

Lenv — neobxooumo natimu saxon oopammuoti céasu U(X), komopuiil
nepesooum obvekm u3 nawaivnozo cocmoanusn X(0) = X, 6 koneunoe
cocmosinue X(©) = () ¢ HaumMenbuM 3HaueHuem PYHKYUOHAA Kaye-
cmea, 00vA61EHHO020 paHee.

Memoo unu memooonozus npoeedenus padomsl: 8 cmamve uc-
NONb30BATUCH MAMEMAMUYECKIUe MeMOObl U MOOE.

Pesynomamol: B nacmosiwee epems nocmpoena mamemamuye-
CKasi meopus ONMUMaibHo2o ynpaeienus. Ha eé ocnose paspabomanvi
Cnocobbl NOCMPOeHUs ONMUMANILHBIX N0 ObICIPOOEUCMBUI0 CUCTEM
U npoYyedypbl AHATUMUYECKO20 KOHCIPYUPOBAHUS ONMUMATbHBIX Pe-
2YISAMOPO8.

Oobnacmv npumenenusa pe3ynbmamog: nouyyeHHbvle pe3yibmanol
Mo2ym Oblmb UCHOTL30BANBI UHIICEHEPAMU 8 PA3TUYHBIX OMPACTSX NPO-
MBIULTEHHOCTNU NPU NPOEKIMUPOBAHUU ONMUMATLHBIX 1O MOYHOCTNU
ANEKMPONPUBOO0E, NOCMPOEHHBIX HA DA3E BEHMUTLHBIX CUHXPOHHBIX
oguzamenetl nepemMeHHo20 moxa (Pooomul U MAHURYIAMOPbL, NPUBOObL
n00ay u 21a6HOe OBUINCEHUS MEMATLIOPENCYUIUX CIAHKOB, KOOPOUHAM-
Hble YCMpoUcmed, agmomamuyeckie IuHuY no 0opadomie paiuyHIx
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Mamepuanos unu coopke uzoenuil, ynaKogouuvle i neyamHvle Mail-
Hbl, RPUHMEPDL U NIOMMeEPbl, HAMOMOUHbBLE U ICHMORPOMAICHbLE Me-
Xanuzmol).

Knrwouesvie cnosa: onmumanvroe ynpasienue,; bvicmpooeticmeue;
ONMUMATLHBLIL PE2YAMOp.

CALCULATION OF THE SYNTHESIZED OPTIMAL
AND QUASI-OPTIMAL REGULATOR

Strelkov A.A., Arutyunyan A.A.

At the present time, a mathematical theory of optimal control has been
constructed. On its basis, methods for constructing optimal systems for
speed and methods for the analytical design of optimal regulators have
been developed.

The problem solved in this paper in modern control theory is usually
called the task of analytical design of the optimal controller (AKOR).

Purpose. The goal is to find the feedback law U(X), which transfers
the object from the initial state X(0) = X, to the final state X(o) = 0 with
the smallest value of the quality functional announced earlier.

Method or methodology of the work. The article used mathematical
methods and models.

Results. At present, a mathematical theory of optimal control is con-
structed. On its basis, methods for constructing optimal systems for speed
and methods for the analytical design of optimal regulators have been
developed.

Scope of application of the results: the results obtained can be used
by engineers in various industries in the design of optimal precision
electric drives built on the basis of AC synchronous synchronous motors
(robots and manipulators, feed drives and main movements of metal cut-
ting machines, coordinate devices, automatic lines for processing various
materials or assembly of products, packaging and printing machines,
printers and plotters, winding and tape mechanisms).

Keywords: optimal control; speed; optimum regulator.
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Beenenne

B HacTositiee Bpemsi mocTpoeHa MaTreMaTruiecKasl TeOpusi ONTH-
MaJbpHOTO yrpaBineHus. Ha e€ ocHoBe pazpaboTaHbI ClIOCOOBI TOCTPO-
CHUS ONTUMAJIBHBIX 10 OBICTPOJICHCTBHIO CUCTEM U MPOLIEAYPHI aHa-
JUTHYECKOTO KOHCTPYHPOBAHUS ONITUMAIIBHBIX PETYISTOPOB.

Permaemyto B JaHHO# padoTe 3a/1a4y B COBPEMEHHOM TEOPHUH YIIPAB-
JICHUS IPUHSITO HAa3bIBaTh 33/1a49€l aHAITUTUIECKOTO KOHCTPYUPOBAHHUS
ontuMansHOTO perynsaropa (AKOP). 3amaga cTtaBUTCS ClIeHyIOMNUM
o0pa3oM: HEOOXOIMMO HaWTH 3aKOH 00parHOit cBsizu U(X), KoTOphId
HEPEBOMUT OOBEKT U3 HavanbHOro coctosuus X(0) = X B KOHEYHOE
cocrostare X(0) = (0 ¢ HaMMEHBIIUM 3HaYeHHEeM (PyHKI[MOHAIA Kade-
CTBa, OOBSIBIICHHOTO PaHee.

Lesn — HeoOXonuMo HalTH 3aK0H 00paTHO# cBsi3u U(X), KOTOpBIi
HEPEBOIUT OOBEKT M3 HauaabHOro coctosHus X(0) = X B KOHEYHOE
cocrosinre X(o0) = 0 ¢ HaMMEeHbBIINM 3HaueHHeM (YHKIHOHAIA Kade-
CTBa, OOBSIBIIEHHOTO paHee.

MarepuaJjibl 1 METOIbI

Jns cpaBHEHMs] ONTUMaIbHON M KBa3MONTUMAIbHOW CHUCTEM TpU
MOJICTMPOBAHUU PACCMOTPUM pacueT ONTUMAIBHOrO perynaropa. Kpu-
TepHil ONTUMATLHOCTH 10 OBICTPOJCHCTBHIO UMEET BU/I;

J=].1dt—>min (1.1)
X(0)=X,,X(T)->0 (1.2)
|uj (t)|SU].MAX (1.3)

B JaHHOM CJiy4da€ ONTUMAJIbHBIM YIIPABJICHUEM SBJIACTCSA penel‘/'l—
HOC, 4YTO JICTKO MOXHO /JOKa3aThb, UCIOJbL3YS IMPUHIUIT MaKCUMYyMa

[TonTpsiruna:
HX (v ().U0)=2v./, (14)
. OoH | =l
rne vy, (1)= ol 1,...,n — CONPSKEHHBIC KOOPAMHATEI.
X

[IepenuuiemM npuHUOUII MAaKCUMyMa U3 yCIoBHs MakcumyMa Ilon-
TpSTHHA U BBEJICHHBIX OTPaHUYCHUMN:
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n m m n
H(X () (1)U ()=He+Y v, | D bu, (t)|=H, +Z[Zwibij}j(1.5)
i=1 Jj=1 =1 \Ui=l
Kak BuIHO, raMHUIIBTOHHAH JIMHEHHBIM 00pa30M 3aBUCHT OT yIPaB-
JISTIOIIMX BO3/ICHCTBHIA. B CBsI3M ¢ 3TUM jJaHHast PyHKIMS OyAeT npu-
HUMAaTh MAaKCUMaJbHbIC 3HAYCHUS IPU TPAHUYHBIX 3HaUeHUsIX U, .
Takum 00pa3oMm, ONTUMANIBHOE YIPABIEHUE UMEET BUL

u; (t)= —U ,yuuxSign Zwi (t).bl.j (1.6)
i=1
Brenem QyHKIHMIO ONITUMATLHOTO MTEPEKITIOUCHIS PETYIsITOpa:
v (x,%,,..,X,)=0 (1.7)

CnenosarenbHo, v>0,ecmu U> U ;v<0,ecmu U< U _ .

a() = 055+ 1
q(x) = -O,S-xz =1
5(x) = Oj»l2 -1
w(x) = 054 — 1
4(x) = 055

2(x) = =05 x:

AP
@
()
%) 0

X1

Rt
4
o

-10 -3 ] 3 10
x

X2
Puc. 1.1. ®a3oBble TPaeKTOPUHU IBHIKCHHS
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[Mony4nm QyHKIHIO yrIpaBIeHUS:

U(X)=U,,sign[v(X)] (1.8)
Wrak, HCXOMHBIN 00BEKT YIIPaBICHHUS:

1
= Ex% +C,ipu U, = 1,
(1.9)

1
X, = —zxzz + C,npu U,,, = —1,

CemeiicTBo (a3oBbix KpuBbIX ¢ kodpdumuentamu C =1, 0 u -1
MOKa3aHo Ha pucyHke 1.1.

[lo ycnoBuio 3a/1a41 MBI TOJDKHBI TIOMACTh B HA4alI0 KOOPMHAT, Clie-
JIOBaTENIbHO MBI JJOJDKHBI IBUTaThC 110 (ha3oBbIM Tpaektopusim C = 0. s
00BEKTa yIpaBIEHHs BTOPOTO TOPsiAKa (DYyHKITHS TepeKITIOYeHNs OTHCHI-
Baetcs KpuBoii L (puc. 1.1), koropas momydaercs 00beAMHEHHEM KPUBBIX
¢ C=0, nexamux or X, mist U=-U__ wcnpaBaor x, msa U=U_ .

kY

Um

X
X2
Puc. 1.2. dyHKuns nepexaroyeHus

B cootBeTcTBHH C YpaBHCHUAMU MOXKHO aHAJIUTUYCCKU OIMNCaTh L:
v(xq,x;) =x1 +0,5x,|x,] =0 (1.10)
U(x) = Upaxsign(xy + 0,5%,[x5]) (1.11)
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ITepexomHbIil MPOIIECC CHCTEMBI C ONTUMATIBHBIM MO OBICTPOACH-
CTBUIO PETYIIITOPOM PUMET BHJI, M300paKEHHBIN Ha pucyHKe 1.3:
4

()

%2

~__

i1
Puc. 1.3. J/IBrxeHHE CUCTEMBI YIIPABICHHS 32 CUETA HEHYJIEBBIX HaYaJIbHBIX
YCIJIOBUH C MCIOJIB30BAHUEM ONTHUMAIBHOTO PErysTopa

Pacuer kBa3MONTHMAIBHOTO PETYIATOpA
OYHKIMOHAIBHOE ypaBHEHHE beilsiMana uMeeT BUA:

oS . oS
-—=min< F (X,U,t)+| —
ot vuea oX

ToacTaBss B JAHHOE yPaBHEHHE JaHHbIE POSKTHPYEMOil CHCTe-
MBI, TOJTyYHM ypaBHEHHE BessiMana B 4aCTHOM BHJIE [UTS HaIlCH CH-

CTCMBI:

j O (X,U,1) (1.12)

2 T
_a_S:min &4_”.”24_(2_;} (AX+BM) (113)

ot U | l+ax;

N3 paBencrna:

2 T
0 &12-‘1-}".142 +(6SJ (AX+Bu)
1+oux; oX

=0(1.14
™ (1.14)
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Havaem u(?):

B(asy
t)=——| — .
| u(r) 2r(6Xj (1.15)
Nnin:
1(0S
t)=——| — 1.16
u(t) 2r[8x2j (1.16)
CrnemoBaTeabHO:
1 oS
X)=sat | ——.— 1.17
u( ) f(tcllﬂ[ 2r 6x2] ( )

IToncraBum BeIpakeHUE UB ypaBHEeHHE bemimana:

2 2 r
1 oS oS 1 oS
Y el +(—j AX+B| —. 2 ||=0 (1.18)
I+ox, 2r ox, oX 2r ox,
VrpocuB JaHHOE ypaBHEHHE, TOTY9UM:
ax; 1 | Os Os-x, 0s-X,
— st — | ==+
l+ox; 4-r\ox, ox, ox,
IToxcTaBum naHHOE BhIpaxkeHHe 11 GpyHKIuK bennmaHna B BeIpa-
xernne (*) u npuBenem momoOHbIe criaraeMble. Jlanee mpupaBHIeM K

HYJIE0 K03 (PHUIIMEHTHI PU OIMHAKOBBIX cTerneHsX. [logcTaBum B Haii-

. 1 0Os
JCHHBIN 3aK0H ynpasieHus U (t) =0 . THIOJIMHOM S(X), allpoK-
‘T OX
2
cumupyomui pyHkunio bemmvana.

=0 (1.19)

Pe3yabTarbl U 00CyKIeHUE
CpaBHEHHE MTOTyYEHHBIX PETYISTOPOB Oy/IeM POBOAMTE 110 3 KpHU-
TEPUSM: 3HAUCHUS UHTETPATIbHOTO KPUTEPHUS, HAIMYUE WU OTCYTCTBUE
nepeperyupoBaHus (MepBbIi U BTOPOH BHIOPOC OIIMOKH) U BpeMs
TIEPEXOTHOTO Tporiecca. MoenupoBanue 00erX CUCTEM YIIPaBICHHS
MIPOU3BOIUIIOCH TIPU OJMHAKOBBIX HAYAIHHBIX YCIOBUSIX, PABHBIX
x1(0) = 2 epao
{ (1.20)
x,(0) =0
st mpoBepKU TOYHOCTH MOCTPOCHUS 3aJaHHBIX CUCTEM, MOXKHO
HCIOJIb30BATH CIEIYIOIINNA METOJI: UHTETPaJbHbIN KPUTEPU KaueCcTBa
CHUHTE3UPYEMOU CHCTEMBI JIOJDKCH OBITh PaBEH 3HAYCHHIO (DYHKIIUU



150 International Journal of Advanced Studies, Vol. 8, No 2, 2018

bennmana IIpy TEX K€ HaYaJIbHBIX YCJIOBHAX, IIPU KOTOPBIX MTPOBOAN-

70Ch MOL[CJIHpOBaHI/IC
o 99xx;%(t) 5 .

= J, Trooz T XU (t)dt » min (1.21)

BLIpa)KeHI/IC st u(t) [ KBa3HONTUMAIIEHOTO PETYIATOpA BBIIIIS-

JUT CJICIYFOIIUM 00pa3oM:
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3aKkJIroueHue
MoxHO cenarh BBIBOA, YTO KBa3WONTHMAJbHAS CHCTEMa Jydlle

BCEro MPUONMKACTCS K ONTUMANILHON Npu 3HadueHun ¢=10 u r =0.1.

[Ipu »TOM 3HaueHNM OTPabOTKAa BXOJHOTO BO3ICHCTBUS KBa3UOIITH-
MaJIbHBIM PETYIATOPOM MPAKTHUECKU TOBTOPSET OTPAOOTKY BXOAHOTO
BO3EHCTBUAONTUMAIBHBIM 110 TOUHOCTH PETYISITOPOM, & pacconiaco-
BaHHUE MEXKY 3HaYeHNeMPYHKIIMHU bemana 1 MHTerpaibHbIM KpUTe-

PUCM CPAaBHUTCIIBHO HEBCIIUKO.
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