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O6 oaHOIT BeKTOPHOIT MpobJjieMe MOMEHTOB, BO3HUKAIOMIEN B
aHaJIN3€e CHUCTEM HEUTPAJILHOTO THUIMA '

Mot paccmampusaem paspetsumocms eKmMopHoti NPobAeMbL MOMEHMOG, CEA-
3aHHOT C AHANUIOM YNPABAAEMOCTNU HEKOMOPHLY CUCTEM € 3aNa30b6aAHUEM
Heldmpasvrozo muna. Ham ydaroct mouno onpedesums MUHUMEALHOLT UHMED-
6a4 HA KOMOPOM NPOOAEME MOMEHMOE PA3PEUUMA.

KitroueBbie cjioBa: BeKTOpHAs MpobieMa MOMEHTOB, CUCTEMbl HEUTPAIBHOTO THTIA,
TOYHAS YIPABJIIEMOCTD, paclpeesieHue CrekTpa.

Uccnemys 3amagqy ynpaBasgeMOCTH JIjisi HERTPAJIbHBIN CHCTEM BUJIA,
0 0
2(t) = A1 5(t—1) + /Az(&)z(t +0)do + /Ag(@)z(t +0)do+ Bu(t), (1)
~1 ~1
rie A_1 ecrb mocTostHHAst m X n Marpuna, det Ay # 0, As, A3 — n X n marpwu-
bl C 3JIEMEHTAMWU W3 Lg(—l,()) n B — mocTrostHHast n X r MATPWIA, MBI CBEJIN e€e K
K 9KBHBaJIEHTHO} 1npobsieme MomeHTOB [4]. MBI paccmarpuBaeM OnepaTopHyO MOJIEb

cucrem HeiirpasbHoro Tuna (1) BBemenHyio B pabore [2|. B npocrpancrse cocrosiHuii
M5(—1,0;C™) = C™ x La(—1,0;C") cucrema (1) npuobperaer Buj

()4 (20) o

rje omeparop A 3aJaH paBeHCTBOM
A (W)) _ <f£)1 A(0)2(0)d0 + [°) A3<6)Zt(9)d0> '
2t(+) dz(0)/d6
Obsacth ompenenenns omeparopa A
D(A) = {(y,2(")) : 2 € H'(-1,0;C"),y = 2(0) — A_12(—1)} C M.

Omneparop A sasnsierca rereparopom Co-rpymmsl. Omepatop B ompejesieH paBeHCTBOM
Bu = (Bu,0). CoorHomenne MeX/Iy pelneHHsIMHA CHCTeMbI HefiTpaspHOro Ttuma (1) m
cucTeMoii (2) 3a1aH0 cieyromeil 3aMeHoit

y(t) =z(t) — A_q1z(t — 1), z(0) = z(t+0).

[TosiHoe onuncanue crekrpasibHbix cBoiicrs oneparopa A nano B [5]. Paccmorpum st
MPOCTOTHI CIyYaii, KOTma Bce CoOCTBeHHBIE 3HauUeHws A_q saBasiorcd mpoctbiMu. O6o-
3HAYNM 3TH COOCTBEHHBIE 3HAYEHUS U€PE3 [y, M = 1,...,n. Mbl OyieM HCIOIb30BATh
obosznagenne A Bmecto A B caydae, korga Az(0) = As(0) = 0. CobcTBennble 3HaTEHUS
omeparopa A TOXKe SBIAIOTCH IPOCTHIMA U UMEIOT BH/T

A =1In|pm| + i(Arg pi, + 27k),m=1,... ,n,k € Z,

a COOTBETCTBYIOIIIUE UM COOCTBEHHBIE BEKTOpa UMEIOT BUJT

0
om
P = (ekaeq)m> € Mo,

!PaBora BbIIOIHEHA HPH YACTHYHON IIOAJEPKKE IPAHTA MUHHCTEPCTBA HAYKH H BBICIIETO
obpaszosanus [Toawmm, rpant No. N514 238438.
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e A_1®p, = pm @y, m=1,...,n. Kpome toro, A mMeer myneBoe cobCTBEHHOE 3HAUe-
me A\Y = (0, KOTOPOMY COOTBETCTBYET N-MEPHOE COGCTBEHHOE TOAIPOCTPAHCTEO MTOPOK-
nernoe BekTopamu @3V, .. ., P . CemeicTBO COBCTBEHHBIX BEKTOPOR {@?}U{@?} obpasyer
6asuc Pucca B M. Dror Oazuc obosnaunm . B obiem ciydae, ecian MpearnooKuTh,
aro Ag(0) n Az() rakossl, uro Bee coberrennble 3nadenust A: A\, m=1,...,n, k €Z
OCTAIOTCAd TPOCTHIMU, TO 3THU CO6CTB€HHI)I€ 3HAYCHUA YIOBJIETBOPAIOT YCJIOBUIO

-2
> <o, 3)
k,m
a COOTBeTCTBYIOIINE COOCTBeHHBIE BEKTOPa {0} } yCI0BHIO
|2
>Nk = @ < oo
k,m

Cob6erBennbie BekTOpa {¢)'} BMecre ¢ {cp?} obpasyror 6asuc Pucca B My, KOTOPBIit

SIBJISIETCsI KBaIpaTUIHO BIM3KNM K criekrpaabHoMy 6asucy {@} oneparopa A [5, 6].

Mycrs {1} u {4y} spasorcs GrnoprororatbabiME Gazucamu st {P} n {p} coorser-
crsenno. Herpyuuo nposeputs, aro {¢} n {1} ecrb cnexrpaibubie 6azucs ConpsizKe-
HBIX Oreparopos A* u A* coorBercTBEHHO

AP = N, AR = NP,

rie () 0603HAYAET KOMIIJIEKCHOE COTPsi’KEeHMe.
Kpowme Toro, 6a3uchl SBASIOTCS TakKe KBaIpaTuIHO Osm3kumMu [3]:

- 2
S e = o < oo
k,m

Jasee 3amernm, 4T0, Kak 910 1H0Ka3aHo B 6], BekTopa ¥}, k # 0 umeror Buj

— U
¥ m m
o= | Fre €My = Fte : (4)
* *
riae W,,, m =1,...,n cCOGCTBEHHbIE BEKTOPA MaTPUIbl A_1,
Afl"/)m = ﬂmwrm
u
2
S Wk = Ul <00, m=1,...,n. (5)
k,m
g xkaxaoro © € My MBI mMeeM pa3jIozKeHne
=Y (&9
we{p}
N3BecTHO, 9TO COCTOsTHUE T = (z:(y) € M> moctmxmMo 3a Bpemst 1 ¢ TTOMOIIBIO

yrnpasjenns u3 u(-) € La(0,T;C") Torma u TOJBKO TOTIA, KOTJIA OHO MMEET BHU]I

- (%) — O/T eMBu(t)dt,  wu(-) € Ly(0,T;C"). (6)

DT0 yCJI0BUE YIPABIIEMOCTH MOYKET OBITEH 3aIMCAHO, UCTOIL3Ys basuc {p} B Bue
T

S =3 / (A Bu(t), ¥)dtp.

ve{p} ve{pr} o
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To ectb ycsioBue yupasisiemocty (6) 95KBUBAJIEHTHO CJIELYIOIIEHi CHCTEMEe DaBEHCTB:

T
@) = [HBuv. o)t e (w) (7)
0

b;

O> € My, i =1,...,r. Bauumem

IMycrs {bi,...,b,;} cronbus marpuns B u b; = <
IPaBYIO 9aCcTh paBeHCTBa (7) B BUJE
T ., T
JietBut. vyt =Y" [ Aot
0 =15
[Mockosbky {9} cuekrpasbubiii 6a3uc A*, To yciaosue yupasisgemoctu (6) SKBuBa-
JIEHTHO CHCTEeMe DABEHCTB
T
m 1 m At (11 T
0
m = 1,...,n, k € Z, rae bim = (k+ 1) (bj,y"). Pasencrsa (8) npencrasisior

coboii BEKTOPHYIO TIPOOJIEMY MOMEHTOB OTHOCHTENLHO Hem3BeCTHBIX u;(-) € Lo[0,T,
j=1,...,r. Ucnonszys (4), MbI 3aMeTUM, 9TO

(k + ;) (bj, 0" = <<t6j> 7 <\Il*m>> = (bj, Upn) = b,

TO €CTh TH 3HavYeHus He 3aucar oT k. Torga u3 (5) cregyer, uro K03 duIUEHTHI bfg m
b
YJIOBJIETBOPSIOT YCJIOBUIO

S B~ B = S g b — )P <00 G =1, (9)
k,m k.m
B ckanmaprom caydae, Korma r = 1, mpu ycaoBun
= (b, ) #£0, m=1,...,n, (10)
KOTOPOE SIBJISIETCsl yCJOBUEM yIIpaB/sieMocTh jyist napbl (A_1, B) u yciaosun
(b1, ") #0, m=1,...,n;k € Z, (11)

O3HAYAIONIEM AlMPOKCHMATHBHYTO YIPABIAEMOCTDb CUCTeMBI (2), mpobsiema, (8) mpejcras-
JigteT co00il He KJIACCHIECKY 0 TPUTOHOMETPUIECKYT0 IPOOIEMY MOMEHTOB OTHOCHTEIHHO
ckassiproit dbyrkunu u(-) € L]0, T]. PaspemmmMocts 910i po6IeMbl TTOJHOCTHIO W3y e~
Ha B [1].

B BekTopHOM ciiyuae npobJieM 3HaunTeabHO TpyaHee. Kak mokasano B pabore [4],
MUHUMAJIBHbIH MHTEPBA Pa3pemuMocTh (8) CBA3aH C TIEPBBIM WHIEKCOM yTIPABISEMOCTH
ni(A_1, B) cucremst & = A_jx + Bu (cm. [7]).

DTOT pe3yabTaT MOJATOJKHYJI HAC PACCMOTPeTh 0OPATHYIO 3aja4y: u3ydarh mpobaemy
MOMEHTOB (8), eCTECTBEHHO, TPU HEKOTOPHIX CIENUATLHBIX TPETIONI0KEHUSX, UCTIOIb3Y ST
M3BECTHBIE PE3YJIbTAThl 00 YIPABJISEMOCTH JIJIsi CHCTEM HEATPATBLHOIO THIIA.

Meb1 nokassiaem, uro yciaosusi (3), (9), BMeCTe ¢ HEKOTOPBIMHU YCJIOBUSIMU aHAJIO-
ruaabivMu (10), (11) siBasitorcst HE TOJIBKO HEODXOAMMBIME, HO Takxke “Giausku” K J0-
CTATOYHBIM Jijisi TOTO, 4T00BI 11poGaeMa MomenToB (8) ObLia SKBUBajeHTHA NPOOIEME
YIPaBISEMOCTH /I HEKOTOPOIi ynpaB/sieMoil cucrembl Hefirpagbnoro tuna (1).

Teopema 1.1. IIycmv npobaema momenmos (8) coomeememeyem npobaeme Yynpas.ai-
eMOCTU OAA HEKOMOPOT, MOUHO YNPasasemoti cucmemst wetimpanrvhozo muna (1). Tozda
BHINOAHAIOMCA YCAOBUSA
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~ 2 -
i) Z‘A}f —X,y( < 00, 20e NI = In|jm| + i(Arg i + 27k), m=1,... ,n,k € Z,

k,m
L1y« -y [y HEKOMOPBIE HEHYACEDLE DASAULHBLE KOMNACKCHBIE YUCAA;
. ) .
ii) g ‘bim—b]m‘ < 00, 20e by, (m=1,...,n,5 = 1,...,7) ecmv nexomopwie
b
Ji.k.m
0eTICMEUMEABHBIE YUCAL MAKUE, 4O E ‘b]m‘ >0, m=1,...,n;

J
iii) Z‘b{:m‘>0,m:1,...,n,kez.
J

II. O6pammno, nycmo wucaa {\]'} ydoeﬂemeopﬂmm‘ycnoeum i). Toeda cywecmsyem & >

i J . .
0 maxoe, umo das #0600 NOCAEAOBAMEALHOCTIU {bk’m}, ydosaemeoparoueti Ycaosulo ii)
6 CAedYIOUeM YCUAEHHOM Bude

Z ‘bim - b’m’ <e,

Jk.m

a maxoice Ycaosuo 1ii), npobaema momenmos (8) 6ydem coomsememeosams npobaeme
ynpasasemocmu 0 nexomopot cucmemsv wetimpanvnozo muna (1). Ipu amom mam-
puya A_1 pazmepa n X n u mampuya B pasmepa n X T 6 cucmeme HeUmMPaibHo20 MUnNa
Mo2ym 6vimb 6LIOPAHBL KakK:

A—l = diag{lu’la s 7/1%}7 B = {bjm}"zn::li,ﬂjn

Ormernm, uro Teopema 1 siBasieTCst NpsIMbIM 00ODIIEHUEM TEOPEMBI O pacCIpeieie-
HUU CIIEKTPA CUCTEMbl HEIITPAIBHOIO THIIA C OJHOMEPHBbIM yupasienueM [6]. O6o3naunm
dyepe3 Ry MHOXKECTBO MOMEHTHBIX HOCJIeoBaTebHOCTEl {57} /17151 KOTOPBIX Hpobsiema
(8) paspemmma, r.e. cymecrsyior dbynkmun ui(t), j = 1,...,7 u3 L[0,T] rakue, aro
pasencTBa (8) BbinosHsaOTCst. VI3 061mieit reopun npobieMbl MOMEHTOB CIeayer, 4T0 Ry
SIBJIIETCS TTOJMHOKECTBOM TPOCTPaHCTBa lo. C MOMOIIBIO CBEIEHNsST TPOBIEMBI MOMEH-
TOB K 3aJiaue YIpaBJseMOCTH Mbl MOYKEM OMpPEIeUTh TOYHOe 3HadeHne Ty Takoe, 4To
Rp =lo mipu T > Ty. Conocrasysig Teopemy 1 u pesyabrar padbotsl [4] (pasmen 7), Mbr
MOy 4aeM

Teopema 2. I[Tycmov ycaosus emopoti wacmu meopemv, 1 i) — iii) evinoanenvi. Mol
uMeeM:

(1) Ecau T > ni1(A_1, B) mozda Ry = ls.

(2) Ecau T = ni1(A_1,B) mozda R ecmv nodnpocmpancmeo npocmpancmea lo
KomeunomepHoti Kopazmeprocmu 6 ly (603moorcen cayuati, xKoeda Ry = ls).

(3) EcauT < ni(A_1, B) mozda Ry asasemcsa nodnpocmparncmeom ly 6eckoneumo-
MEPHOTL KOPA3MEPHOCTN.

IIpumep. Paccmorpum gBe BEKTOPHBIE TPOOIEMBI MOMEHTOB:

T
sl — / T H2TFE (1 100y (£) + ua(£))dt,
0
T
Si :/e(i2wk+€i)t(ul(t)+UZ(t))dt7
0 (12)
5= /6(1og2+i2wk+si)t(ul(t) — us(t))dt,
0
T
3% _ /e(log3+i2wk+aﬁ)t(u1(t) — ug(t))dt,
0
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n
T
8,1€ _ /e(i(ﬂ+2ﬂk)+€’1€)t(6’lll(t) _ uQ(t))dt,
0
T
Si _ /e(ika+5i)t(4ul(t) — uo(t))dt,
0 (13)
5 = /e(log 2i2mket <Dt (34, (1) — ua(t))dt,
0
T
o= /e(log B+i2mktet (24 (1) — ua(t))dt,
A 0
kez, Zk(gi)Q < o0, j=1,...,4. Obe npobjieMbl MOMEHTOB MOTYT OBITH CBEIEHBI K
3a/1ave ynpasaseMocTu as cucrem Buga (1), ve
0 1 0 0
0 0 1 0
Aa=10 0 o 1|
6 -5 -5 b

{p1, po, p3, pa} = {—1,1,2,3}, coorsBercrByiomue cobcTBeHHbIE BeKTOPa Marpuibl A* |
ecTb

—6 6 3 2
11 1 -1 -1
\Ijl_ —6 )\112_ —4 )\113_ -3 7\1’4_ 921>
1 1 1 1
00 0 0
10 0 0
U B TIepBOM ciydae By = 0 o |- Bo Bropom ciyuae By = 1 o | At onpenenenroro
01 0 1

peiGopa As(f), Az(0). Tlockompky ni(A-1, B1) = 2 m ni1(A-1, B2) = 3, To npobiema
momentos (12) paspewmma ans Beex {s).} € lp, eciu T > 2, B 10 Bpems Kak upob/ema
momenTos (13) paspemmma npu T > 3.
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ABSTRACT

We consider solvability of a vector moment problem by means of its correspondence
to controllability problem for a certain delayed system of neutral type. In this way we
succeded to determine exsctly the minimal interval on which the moment problem is
solvable.

AHHOTALIUA

Mgsr paccmaTpuBaeM pa3permMoCcTh BEKTOPHON TPoO/eMbl MOMEHTOB, CBI3AHHOI C
aHaJIN30M YTIPABJISIEMOCTH HEKOTOPHIX CHCTEM C 3ama3/IbIBAHNEM HEeHTPaJhHOTO THIIA.
Hawm ymasocs TOYHO ompene/inTh MUHUMAJIBHBIN WHTEPBAJI HA KOTOPOM mpobJiema Mo-
MEHTOB Pa3pernmMa.

AHOTAILIA

Mu poarasggaeMo 3a/a4dy po3B’a3aHHs TPoOJEeMU MOMEHTIB, 110 OB SI3aHA 3 aHAJIIZ0M
KEPOBAHOCT] JedKUX CUCTEM 3 3ali3HEHHAM HelTpaybHoro tumy. Ham Basocss TOYHO
BU3HAYUTU MiHIMaJbHUN iHTEPBAJ HA SKOMY MPODJIEMY MOMEHTIB MOXKHA BUPIIITUTH.



