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3amaun ONTHMHU3AIMH AWHAMHYECKHX CUCTEM CJIOKHBI U CBOJAATCS K JBYXTOUCHHOU KpaeBOM
3ajadye Kak CIEeICTBHE NMPUHIHUIA MakcuMyMma. Emeé Oompmiell CI0)KHOCTBIO XapaKTepu3yeTcs 3a1ada
CHHTE3a ONTUMAILHOTO YIPABJICHUS, TTOCKOJIBKY HET KOHCTPYKTUBHBIX YHUBEPCATBHBIX METOJIOB TO-
Jy4eHUs 3aKOHA YIMPaBJICHUS M3 PEelleHUs] KpaeBOH 3aJa4yd MpuHOMNA MakcuMyma. [loatomy Bcerna
aKTyaJIbHa 3a]ada MOJyYCHHUS 3aKOHOB YIPABJICHHS OJM3KHX K ONTHMAIBHOMY LENBIO UX TpaKTH4Ye-
CKOH peayn3anit, €CJIM 9TOT0 JOCTaTOYHO, M €€ PelleHne 0OBEKTHBHO HEOOXOIMMO IS UCTIONBh30Ba-
HUSI KaK MepBoe MPUOTMKEHHE K ONTHMAIbHOMY 3aKOHY TP UCTIONIB30BAaHUH UTEPAIMOHHONW CXEMBI
pelIeHus IBYXTOYeYHOW KpaeBol 3amaud. llpeuioskeH BapMaHT CHHTE3a KBa3HOTHMAIBHOTO 3aKOHA
yIpaBJeHHs] HA OCHOBE yCIOBHS MakKCUMyMa (yHKIIFH 0000IIEHHON MOIITHOCTH HAa MHOXeCTBE (PyHK-
U OrpaHUYeHHOM Bapuanuu. PaboTa moarororiieHa npu noauepkke rpanta POOU N 18-08-01494.

KiroueBble ci10Ba: TOJIOHOMHAS YIIpaBisieMasi IMHAMUYeCKasi CHCTEMa, YCIOBHSI MUHIMYMa
1e7IeBOT0 (DYHKIMOHAIA, OABIHTETpaIbHast (DYHKIHS [IeIeBOro (pyHKIMOHATA.

SYNTHESIS OF MANAGEMENT ON THE BASIS OF THE CONDITION OF
THE MAXIMUM COMMUNICATED POWER FUNCTION ON A MULTIPLE
FUNCTIONS OF LIMITED VARIATION
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The optimization problems of dynamic systems are complex and reduce to a two-point boundary
value problem as a consequence of the maximum principle. An even more complex problem is the syn-
thesis of optimal control, since there are no constructive universal methods for obtaining the control law
from solving the boundary value problem of the maximum principle. Therefore, the problem of obtain-
ing control laws close to the optimal goal of their practical implementation is always relevant, if this is
sufficient, and its solution is objectively necessary for use as a first approximation to the optimal law
when using an iterative scheme for solving a two-point boundary value problem. A version of the syn-
thesis of a quasi-minimal control law is proposed based on the maximum condition of the generalized
power function on a set of functions of bounded variation. The work was prepared with the support of
the RFBR grant N 18-08-01494.

Keywords: holonomic controlled dynamic system, minimum conditions of the target func-
tional, integrand function of the target functional.
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4s(t)
0000IIEHHBIX KOOpAUHAT;, A = I Z:QsdqS — pabota 0OOOIIEHHBIX BHEIITHUX CHII
g (tp) S=1
Q= [Ql(q,q, u,t),....Q,(a.q, u,t):|T — HENPEPHIBHBINA IO COBOKYITHOCTH TEPEMEHHBIX
BEKTOp 000OIIEHHBIX CHII, 00YCIIOBIEHHBIX HAJTMYHUEM BO3JACHCTBUI Pa3IMuHOrO poaa
[1]; u= [ul, .. .,um]T eGu— BEKTOp YIPABISIONINX BO3JECHCTBUN; Gy - 3aMKHYTO®
MHOYECTBO JIOIMYCTHUMBIX YIIPaBICHHIA; q(to), q(t) — HaYaJIbHOE M TEKYIIEE COCTOs-

HHUE BEKTOpa OOOOIIEHHBIX KOOPJAMHAT; N = dimQ — 4ucio cTeneHeii cBo6oasr JUHA-
MUYECKOM CHUCTEMBI, m=dimu — pasMepHOocTh, BEKTOpa YIpaBICHHUSA, N=Mm;

T — 3HaK TPAaHCIIOHUPOBAHHUS; [to,tl] C R—3aMKHyTBII HHTEpBaJ BpEMEHH, 3a KOTOPOE

IIPOUCXOAUT U3MEHEHUE COCTOSIHUS.
Cormacno npunnuny [ammneroHa — OcCTporpaackoro, Ipu IBHKECHHM U3
HA4aJIbHOTO COCTOSTHUSA

T . A
t=15, d(t)=[Go,---Uno] » A(to)=[Cho:---Gno] (2)
B KOHEYHOE COCTOSIHHE
T . "
t=t, d(ty) =[Gy, --An] » 4(t) =[Oz, G ] (3)
CHUCTEMBI IO/ IEUCTBUEM YIIPABJICHUS U HAa UCTUHOM TPACKTOPHUM JJI MHTETpasia AcH-
ctBus (1) cnpaBeuBo

'
5'S=[(5T +5'A)dt =0, 4)
ty

rae [3]
S'A= ZQSé‘qs,
s=1

— DJIeMEeHTapHas padoTa Ha BUPTYAIbHBIX TIEPEMEIICHUSAX, a 3HAK &' 0003HadaeT Oec-
KOHEYHO MaJIyI0 BEMYMHY, 3aBUCAIIYIO OT BEKTOpa BapHaluii 000OIIEHHBIX KOOPIH-
HaT [2]. U3 (4) npoucrekatoT ypaBHeHus Jlarpanxka BTOporo pona
9T T _q,, s=in. ®)
dt{ dds ) das
[TpunsTO, 4TO 060OIICHHBIE CUITBI MOTYT COBINAJATh C YIIPaBICHUEM aJAUTHUBHO,
MYJIBTUIIJIMKATUBHO WM 3aBUCETh OT HETo [4]. AHaIM3upyeTcs ciydail, KOTOPbIN «Hr-
paeT HEHTPAIBbHYIO POJIb IPU PACCMOTPEHUH CUCTEM BHJA (5) 1 uX 00001meHmiD» [5]

Q=u.
JlomycTuMm, 4TO 3a/1aHHAsI OTPE/ICIICHHO-TIONOKUTEIbHAS (PYHKIIHS F(C]) Hapsay
CO CBOMMH YaCTHBIMHU NIPOU3BOJHBIMU CKaJSIPHAsl HENIPEPHIBHAS HA OIPAaHUYEHHOM 3a-
MKHYTOM HMHTEpBaj€ BpEeMEHHU [to,ti] cR.
3amada CHHTE3a YIPABJICHHUS B TAKOM CIIy4ae: ONMPEAETUTh BEKTOP-PpyHKINIO Q
U3 YCIIOBUS MUHUMYMa I1I€JIEBOI0 (DyHKLIMOHANA
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b
= [Fla)t, (6)
f
npu ycinosusx (2), (3), (4) u orpannuennu Q eG ,rae G — 3aMKHYTOE MHOXECTBO
JIOTTYCTUMBIX 000OIIIEHHBIX CHJL.
BapuarmonHoe HepaBeHCTBO. PaccMaTpuBaeTCs paciupeHHbIH 1eseBor GyHK-
roHan [6-8]
Il =+ iS, @)
rme  A— muoxxurens Jlarpanxka .

ITycTh cymiecTByeT nocraBisomas MuHuMyM (6) Bekrop-¢pynkuus Q € G . Ee Bapua-

s npuBoauT 0600mennoii cune Qe G . Torma

AL(RQ)=1(Q)-1(Q)20 v Q=Q ®
rpe oQ(t) — Bapmarus 060OIIIEHHON CHITBI -
U3 (2), (3) cnemyer, uTo npu BapbUPOBAHUM 00O0OIIEHHON CHIIBI TIEPEXO/ CUCTEMBI
13 HA4YaJIbHOTO MOJIOKEHHUS] B KOHEYHOE 110 OKOJIbHOMY ITyTH JIOJDKEH COBEPIIIATHCS 32 OJTHO
U Toke BpeMsi. OTKy/1a ojtHas (aCHHXPOHHAs) Bapualysi 0000IIeHHON KOOPIMHATBI C TOY-
HOCTBIO JIO BEJIMYHH MEPBOTO MOPSIKA MAJIOCTH onpenersercs Tak [9,10]:

5q(t)=Aq(t)+q(t)st,
dq(ty)=o0(t) =0,

rime A — Npou3BOJbHAS HEOTPUIATEIIbHAS O0SCKOHEYHO Majiash BEJIMYHHA, ACI('[) —

(9)

CUHXPOHHAsS Bapualus. JJIeMeHTapHas paboTa, BapuaIusl KHHETUYCCKOW YHEPTUU U
npupanieHre MOIbIHTeTpAIbHON (QyHKIMK 1eneBoro gyHkmuoHana (8) MoryT ObITh
BBIYHCIIEHBI CIEAYIONUM 00pa3oMm:
n|or oT
OT = 2| —&s+_— s |,
s=1 Qs Qs

n
OA= les&qs’ (10)
S=

O'F= ilvs (Q)5qs’
S=
rae

Vy(Q)=gradF <=

S
— ¢uKTHBHAS 0000IIEHHAs CHIA.
B cootBerctBuu ¢ (10) npupariienue 3neMeHTapHOi paboThl, HOABIHTETPATbHON
¢$yHKIMY 11e51eBOTO (DYHKIIMOHAIA U BAPHALIMI0 KHHETUHYECKON YHEPTHH HA 3aMKHYTOM

UHTEpBae [to,ti] MOYKHO IIPEACTAaBUTH BBIPAKEHUSAMU
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n aF - - n
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n oT
ST =3 - 5q, + — 54 }
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(11)
Pacniopsimumcst BbiOOpoMm MHOkuTeNs Jlarpanka cieayronmm oopa3zom
A=0.
Torga ¢ yuerom (10), (11) npuparnienue pacmupeHHoro QyHkironana (8) amu-
CBIBACTCS CIEAYIOITUM 00pa3oM:

i n
Alp = [ Y[ARs + 5V ]5qsdt+j[/1[a‘r + 5A]+ ' Fldt.
tps=1 to

Cnaraemoe u3 (11), cogeprkaiiiee Bapualii0 KHHETUUECKOW SHEPTHH, UHTETPH-
pyeTcs 10 4acTsIM

b oaT
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tn

+ [ S[ARs + Vg |y dt +

tgs=1

nf d{or | T = N
+I{ s—!{ dt( e ] ﬁ"‘Qs}é‘QS"'Elvs&]s}dt'

MacCT BUJ

tn

Aly = jz[mgs + OV, Jodt + jzvsaqsdt

s=1

s=1

B cootBerctBum ¢ (5), (3) BelpaskeHue i npupamieHns GyHKIHOHATA TPUHH-

(12)
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. NNA =
B cuity He oTpuIIaTeIbHOCTH MOABIHTETPATLHON (QYHKITUH, TSI KOTOPOU 0O F>0
, 3HaK (12) onpexaensercs MepBbIM cliaraeMbIM. 1)1 BRITTOJIHEHUS yCiIoBHS (8) HE00Xo-
JIUMO, YTOOBI

ton

[ 210 +v:(Q) dt<J 220, +Vs(Qluct. (13)

s=1

ton

to
Paccmotpenue BapuarimoHHoro HepaBeHcTBa (13) uMeeT cMbICT POBOAUTH IS
KOHKPETHOTO MHOXECTBA JIOMYCTUMBIX YIIpaBieHH (0000IIEHHBIX CHUIT).
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