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Byn uwme sxu on14omoyy 6eKmopoyk OAuiKapyyHyH jcapoamvl MeHeH mepmMeryy npoyeccmepur oOnmumanioaumulipyyHyH Cbi-
3BIKIYY IMeC MacenenepuHut Ybleapblibiuimapbl usunoenou. OnmumanoaumulpyyHyH MacenelepuHun Jcanebl3 4bleapbliblulblHbIH
HCEMKUTUKIMYY Wapmmapsl mabvliobl HCAHA AHbL KAAIA2AHOAU MAKMBIKMA 4bleapyy MYy3YYHYH aieOpmMu UUMeIun 4blkmol.
CyHywmaneau blKMAa MAcCeleHU YeuyyHY bipaammyy KOAOOHYAVUYH ONMUMALOAUMBIDYYHYH MUidemmepur 0oa000poyK uwmen
up2yynaposbl Mypoyy wapmmapoa anpuopoyK H#a3vliyyuy MuliiKel MaacupiepOur 00beKmil; Hevlioaped KOMNIEKCMYY Koeueouoy
bupzenewker ONMUMAIOAUIMBIPYY JHCAHA AHOAH apbl MUNUYHbIE KblpOaaiod ONMuUMAandyy 001600proo OeIyumypyneeH cucmema-
CHIHbIH UAPMBIHOA UHMEPBANObIK DeNUCUZOUKMUH AHbIH NAPAMEMPOUK MYHO30OMOIOPYH MHCAHA MbIUKbL 0326DYYI0POYH Macenene-
PUH ubleapyyea sxcapoamvl muem. OHYKMypyyuy blkMa aniobli aia H#COoI-HC000CYH napamempooe0o uz0eiun Heamran YeuumMoepuH-
Oe naiioaranvinam, beneunyy 60120H AHATUMUKATLIK WAPMMAPbL ONMUMANOYYIVKKA MAAHSAH, AHOAH KULUHKU ONePayUsHbIH MAaK
PEOYKYUATBIK AMaliblh MULOemmepune MamemMamuKaiblk npoSPamMMalauimsipyy, aibmepHaHcObIK Kacuemmep Cbl3bIKNYyy smec ye-
ObIULEBOUK HCAKBIHOAMBLISAH HCAHA PYHOAMEHMATIObIK MbLU3AM YeHeMOYYAYKMY Oeleunecer npeoMemmux H#aamviHoazbl masmyy.

Hezuszzu co300p. 9Ku 0146MOyy 6eKMOPOVK Oauikapyy, MepMeiyy CUCMEeMAanapbl, mepmeiyy npoyeccu, K8aOpammuvlk
QyHKYUOHAN, MAKCUMYM NPUHYUOU, UHMEPBATObIK Oea2UCU30UK, AHATUMUKATBIK WAPMmMap.

B smoii pabome ucciedosansvl 60npoCsl paspeuumMocmu 3a0a4u HeluHelHol OnmumMu3ayuy KoiebamenbHblx npoyeccos npu
o0gymepnom eekmopHom ynpaenenuu. Hailoenvl docmamounvie ycnoeusi 00HO3HAYHOU pA3PewumMocmu 3a0auy ONMmuMU3ayuu, u
paspaboman aneopumm nOCMpoenusi e€ peuwieHuss co CKoab y200Hou mounocmoio. [Ipednacaemuiii memoo eé peutenus nocieoo-
6AMENbHO PACNPOCMPAHAEMCS HA 3A0a4U ONMUMUZAYUU NPOEKMHbIX pA3paboOmox 8 YCI08UAX anpuopu (QUKCUPYeMbIX GHEULHUX
6030eticmeuti Ha 06beKm,; HA KOMIIEKCHYIO NpoOeMy COBMECHHOU ONMUMU3AYUYL U Oalee Ha MUNUYHble CUMyayuu ONMmuUMaibHO20
NPOEeKMUPOBaHUsl pACHPEeOeNéHHOU CUCTeMbL 8 YCA0BUAX UHMEPBATbHOU HeonpedeNéHHOCIU e€ NapaMempuieckux Xapakmepucmux
U GHewHux 8o3myujenul. Pasgueaemvlii n00X00 UCHONIbL3Yem NPe0sapumenshylo npoyedypy napamempusayuu UCKOMbIX peuleHul,
ONUPAIOWYIOCA HA U38ECTHblE AHATUMUYECKUE YCI08Us ONMUMATbHOCIU, NOCIEOYIOWYI0 ONepayuio moyHol pedyKyuu K cneyuanb-
HbIM 3A0a4am MamemMamuyecko2o npozpamMmuposanisl;, aibmepHaHCHble C80LICMEd UX dKcmpemanell, no0oOHble U38ECIHbIM Pe3Yilb=
mamam meopuu HeUHEUHbIX 4eOblUEECKUX NPUOTUNCEHUL, U PYHOAMEHMATbHBLE 3AKOHOMEPHOCTU NPeOMemHOU 0bnacmu.

Knrouesvie cnosa: osymeproe eexmopnoe ynpagienus, koiebamenbhuvle cucnmemsl, KO1e6ameibHvle npoyecchyl, K6aOpamuiHbiil
DYyHKYUOHAN, NPUHYUN MAKCUMYMA, UHMEPBATbHASL HEONPEOeIEHHOCMb, AHATUMUYECKUEe YCL08USL.

In this paper, the solvability problems of the problem of nonlinear optimization of oscillatory processes with two-dimensional
vector control are investigated. Sufficient conditions for the unique solvability of the optimization problem are found, and an
algorithm for constructing its solution with arbitrary accuracy is developed. The proposed method of its solution consistently apply
to the problem of optimizing the design in terms of a priori fixed by external influences on the object; on the complex problem of joint
optimization further, for typical situations the optimal design of a distributed system in the interval of uncertainty of its parameters
and external disturbances. The developed approach uses a preliminary parameterization procedure for the desired solutions based
on known analytical optimality conditions; the subsequent operation of exact reduction to special problems of mathematical
programming; the alternance properties of their extremals, similar to the known results of the theory of nonlinear Chebyshev
approximations, and the fundamental laws of the subject area.

Key words: two-dimensional vector control, oscillatory systems, oscillatory process, quadratic functional, maximum principle,
interval uncertainty, analytical conditions.
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Paccmotpum 3amauy MuHIMHA3anUY (QyHKITHOHAA

Ju(t)= j[v (2,%)—(1+ x)]2 dx + ,Bi(uf (t)+uZ (t))dt, B>0

: 1)
Ha MHOXXKECTBE peIICHUI KpacBou 3agaun [3]
V, =V, + gotzx(e”f -4 e“5(t)‘9), 0<x<l, 0<t<2
: )
V(0,x) =x(1-x),V,(0,x)=0 0<x<l )
V,(,0)=0, V,(t,D)+aV (1) =0, 0<t<2, a>0 @

(uy(t),u,(t))eH?(0,2)=H(0,2)xH(0,2)

TOBO MPOCTPAHCTBO.
Cnabo 0000mIeHHOe pelieHIe KpaeBoi 3a1aun praBHHeMOFO mpoliecca HaXoAuM 1o Gopmyire

V(t,x) = Z Wncosit+—jsmlrg ) £[2,u,(2), U, (2)]d7 |2, ()

— BEKTOp (YHKLUS YIPaBICHUS; H_ rus0ep-

& )
BI)I"IPICJII/IM YUCJIICHHOC 3HAYCHUC CJIC[[yIOHII/IX BCIIMYUH:
A4 =«
Tabnuya 1
A A A A A A A A A A A
1 2 3 4 5 6 7 8 9 10

3HaveHue 0.653271 3.29231 | 6.36162 | 9.47749 | 12.606 15.7397 | 18.876 22.0139 | 25.1526 | 28.292

=0

3navyenune | 0.426763 10.8393 | 40.4702 | 89.8227 | 158.912 | 247.739 | 356.305 | 484.61 | 632.654 | 800.438

2
A

n

Tabauya 2

A

ﬂ’l 12 ;’"3 14 ;Z’S /16 /17 ;LS /19 /110

3HaueHue 0.860334 | 3.42562 | 6.4373 9.52933 | 12.6453 | 15.7713 | 18.9024 | 22.0365 | 25.1724 | 28.3096

az(l)

3HaueHue 0.740174 | 11.7349 | 41.4388 | 90.8082 | 159.903 | 248.733 | 357.301 | 485.607 | 633.652 | 801.436

2
A

n

X(1-x)z, (x)dx,

O e
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Tabauya 3
7
v v, (v v e e Y Y Y,
3mauenme |0.16589-0.0131  |-0.070889 |-0.00019744 |-0.02026  |-2.5837e- |-0.010763 |-6.2759¢- |-0.0078062 |-1.5734e-
(1) 005 006 006
oa=|+5
2
3mauenne |0.02752|0.00017162 | 0.0050253 | 3.8982e-008 | 0.00041049 |6.6755¢- |0.00011584 | 3.9386e- |6.0936e- | 2.47566-
2 010 011 005 012
¥
Tabauya 4
4
v, v, v, v, € Vs v, W, ¥, Vi
3nauenne | 0.16603 | -0.023679 | -0.067823 | -0.00042932 | -0.020044 | -5.814%- |-0.010719 | -1.4758e- | -0.0077933 -4.2572e-
005 005 006
a=(1)
3uavenn | 0.027566 | 0.0005607 | 0.0045999| 1.8432e-007 | 0.00040176 | 3.3813¢-009 0.0001149 | 2.178¢- | 6.0736e- | 1.8124e-
2 010 005 011
el//n
2 2
L 2(42 +a?)
gn=J‘t xz,(X)dx, 2,0 =, |7 COS A X
5 (/ln +a +a)
Tabauya 5
g g1 g2 g3 g4 gs J6 g7 Js 9o g0
3nauenne | 0.479831% | -0.31863t2 | 0.016614t |-0.041082 |0.0038272 |-0.016315 |0.0013537 |-0.0097062 | 0.00045413 [ -0.0074403
(3]
a=—
2
3naucnue | 0.23024 |0.10152 | 0.00027603 | 0.0016877 | 1.4647e-005 | 0.00026619 | 1.8326e- | 9.4211e- |2.0624e- | 5.5358¢-
2 006 005 007 005
g,
Tabnuya 6
g 01 g2 (OK] g4 05 Je g7 Os 99 J10
3nauenne |0.4625 |-0.33998 [0.03176  |-0.047564 |0.0075543 |-0.018448  |0.0026878 |-0.010495  |0.00090205 |-0.0076283
(a=1)
3mauenme |0.2139 |0.11559 |0.0010087 |0.0022623 |5.7068e-005 |0.00034035 |7.224e-0060.00011015 |8.137e-007 |5.819¢-005
2
g,
2 2
1 2(42 +a?)
£ = j (L+X)2, (X)X, Z,(X) =, [ COS A, X
5 A+a +a
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Tabauya 7
5 51 52 53 54 ‘55 56 é:7 é:a 59 510
3maserme  |1.4773 |-0.3811 |0.033339 |-0.048326 |0.0076624 |-0.018551 |0.0027094]-0.010522 |0.00090904 |-0.007637
[«=3)
3maserme  |2.1824 |0.14527 |0.0011115 |0.0023354 [5.8712e- |0.00034414 | 7.3406e- |0.0001107 |8.2635e- |5.8324e-005
2 005 006 007
S
Tabnuya 8
5 51 gZ 53 §4 55 56 57 fg fg 510
3nasenme |1.4549 |-0.45028(0.063934 |-0.061785 [0.01514  |-0.022886 |0.005383 |-0.012118 |0.0018072 |-0.0080189
(=)
3nauerme |2.1168 |0.20275 |0.0040875 |0.0038173 000022922 |0.00052376 |3.2659-0066.4302¢-005 |0.94504  |0.94564
2
Sh
VYcnoBust, 06eceYrBaroue MOHOTOHHOCTD (DYHKITHH f [t’ ul (t) ! U2 (t)] BBIIIOJIHSIFOTCA, T.€.
of [t,u, (t),u, (t)] =2u, (t)euf(t)—“ Z0, of [t, u, (t),u, (t)] =2u, (t)euﬁ(t)—9 Z0
ou, (t) ou, (t) (6)
(DyHKL[I/ISI MMPpUHOWIIA MAKCUMYMa UMECT BUJ
1 m
H[t, o(t,x),u(®)] = Iw(t,x)g(t,x)f[t,ul(t),uz (t)]dx —ﬂZuf (t) =
0 k=1
h uf(t)-4 u(t)-9 : 2
- ja)(t,x)g (t,x)dx(e 1O e )—,BZuk (1)
0 k=1 ()
HepBoe YCIOBHUEC ONITUMAJIBHOCTU ONPECACIIACTCA CICAYOINMU COOTHOMICHUAMU
: of [ t,u (t),u,(t
'[g(t,x)a)(t,x)dx 605 (1) —2pu,(t)=0
0 ou,
: of | t,u,(t),u,(t
_[g(t, x)a(t,x)dx [t (04 (1)] —2pu,(t)=0
0 ou,
NJIn
! 2
Ja(tx)e(tx)ax(2u, (t)e) -2, (1) =0
0
! 2
Ig (t.x)o(t, x)dx(2u2(t)e”2(t)9) —2u,(t)=0
0 (8)
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Uy

8]t

1

u? (t)-4

:(2u1(t)e“12(t)4)(e > J :(Zuf (t)e”lz(‘)“‘)e“lz(t)‘4 =2u/(t)>0

u u u u
oBf | 2L | _opf | 2o e B I B
ﬂ ( ful ]u ﬂ ! [ ful ]u ful ]u [ ful ]u
u u 1 u u
o8f | 22| _opf | 2 e 2
ﬁ N ( fu2 }u ﬂ N [ fu2 ]u fu2 ju { fu2 ]u

2u7(t) 0
—45% " (t) =164°u/ (t)u; (t)>0,
0 2uj(t)
©)
riae a)(t X) onpezaenseTcs no Gopmyie
o(t, x)——ZZ{z//ncos/ltJr.[sm/l (T-2)g,( [r u, ( 2(7)]dr—§n}<
xsin A4 (T —t)z,(X). (10)
Teneps yuuTsiBasi 3HaUCHUE UHTErpaIa
1 © 0
Jatx)o(t.x)dx=3 g, (), (t) = 2-g, (t)en (1)
n=1 n=1
I/? ycnoBus (6), (10) HepBoe YCIIOBHE ONTUMAJIBFHOCTH TEPENHILIEM B BUIE
ﬂe4 ul Z g
_—22{1//n cosit+jsmi (T -7)9,(7) f [ 7.u,( (r)]dr—gn}x
xsin 4, (T -t)g, (t) Be” w(t ign
:—22{1//n cos/1t+J'sm/1 (T -7)9,(7) f [ 7.u,( (r)]dr—g‘n}x
xsin A, (T —t)g, (t). 1)
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ITockomneky, cormacHo (9), BTOpoe yCIOBHE ONTHMAIBFHOCTH BBHITIONHICTCS UISI JIFOOBIX YIpaBICHHUN

ul(t)I/I uz( ), B YaCTHOCTH M JId OITHUMAJbHBIX praBJ’IeHI/Iﬁ u](‘) (t)I/I ug (t), TO BCKTOpPHOC

0 —{,,0 0
ONTUMAJIbHOE yIPaBJIECHUE u (t) o (ul (t),u2 (t))

WHTErpanbHbIX ypaBHeHu# (11).
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