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Pe3rome. IlpuBomuTcss HOBast yHpOIIEHHas aHATUTHYECKas (OpMyia pemIeHUs 3a1adn
Komm a71st 0qHOPOJHONM CHCTEMBI JIMHEHHBIX APOOHO-TIPOM3BOAHBIX TU(depeHInanbHbIX
ypaBHEHHH ¢ rocTossHHBIMU K03 ¢unmentamu (CIATIAYIIK). Bxoasmas B 3Ty dhopmyiy
MaTpH4Has SKCHOHEHIMaIbHas QyHKuus 3aMeHsercs psuoM Teiopa. lanee momydaercs
aHAJIUTUYECKOEe BBIPA)KEHUE MHTErpasa, ¢ MOMOIIBI0 KOTOPOH I MepeXOoAHON MaTpHIbI
MOJY4aeTCsl COOTHOIICHUE, MO3BOJISIOMAs MONYyUnTh pemeHue 3agauu Komm ¢ BbICOKOI
TOYHOCTBIO. Pe3ynpTaThl pacHpoOCTpaHSAIOTCS U Ha Ciydail HEOJHOPOAHBIX CHCTEM C
MOCTOSSHHBIMU BO3MYILEHUSIMU U WJUTIOCTPUPYIOTCS] YUCIOBBIMU NIPUMEPAMH.

KuaroueBsbie ciaoBa: 3amaua Komm, nuHelHas cuctemMa IPOOHO-TIPOM3BOAHBIX, (DYHKIIHS
Murttar-Jlenepa, mocTosiHHEbIE MATPUIHBIC KOI()DUITUCHTHI

AMS Subject Classification: 49J15, 49J35

1. Bsenaenmne.

B pa6ote [10] paccmarpuBaercs pemenue CJIIITVIIK Ha ocHOBe ¢yHKIHH
Murtrar-Jledaepa. Onnako B [4-6] Takoe pellleHHe NPUBOAMTCS BIIEPBbIC Ha OCHOBE
SKCMOHCHIMATBHOW (YHKIIUH, KOTOpas ¢ BBIYUCIUTENLHON TOYKU 3PEHUSI SBISIETCS
Ooree MOIXOAALICH, MOCKOJIBKY SKCIOHEHLIUATBHYIO (QYHKIHIO MOXHO BBIYHCISTDH
npocratouHo touno [1,2,7,8,9]. IIpu 3TOoM B 3TO pelieHHEe KpOMe 3KCIOHEHIUATbLHOM
(YHKIIMU BXOJHMT W MHTETPANBHOE BBIPAKECHUE, KOTOPOE COCTABIISET OIpPE/CIICHHbIC
TPYAHOCTH AJsl BeIYMCIeHUs. [103TOMy eciaM BMECTO 3KCIOHEHLUHMATbHON (YHKLIUH
MOJICTaBUTh €€ pasnoxkeHue Teilsopa, TO MOXHO 3TH HHTETpalibl IOJYyYUT
AHATMITUYECKH, HO IMOTPENIHOCTH PEIICHHSI 3aBUCAT OT BBIOPAHHOTO YHUCIIA C1araeMoro
U3 IPHUBEJIEHHOTO psza.

B nanHo# paboTte monmy4aroTcsi aHaTUTHYECKHE (POPMYJIBI peleHHs, KOTOPbIE
B oTiHuue OT [5,6] comepkaT TONBKO OJTHO HHTETPAIBHOE BBIpAXKEHHUE, MO3BOJISIIOIIEE
takke mpoie monyuntsh pemenne CIIATUIAVYIIK. damee moacrasiss pas3iokeHHE
9KCHOHCHUMANbHOW (YHKIMM Ha TOJA HWHTETPalbHOE BBIPAXKEHUE, IOIy4YaeTcs
YHUCIICHHO-aHAJIUTHUeCKass (popMmyna pelieHus B Buue psnpa Teitmopa. PesynbraThl
WUTIOCTPUPYIOTCA YHCIIOBBIM TPUMEPOM M TNPUBOIUTCS CPaBHUTEIHHBIA aHAIU3 C
pesynbratamu [10].
2. YnpomenHas ¢opmyJia pemenus 3agaqyn Komm.

* PaGora Gblma npecTaBIeHa Ha cemunape Mucruryra [puknaasoit Matemaruxu 09.10.2018
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Kak uzBectHo [5,6], ms pemenus 3agaun Komu CIIIITIYTIK
D x(t)= Ax(t), x(t,)=x,, t>t, >0, (1)
UMEETCsI CICIYIOIIas aHAIMTHIeCKast hopmyia

s+1 s—2q

s+2q+1 2041 2q+1t, 2q+1 s 29+1
t2 o(t, —7)aed S 6 ot
A 2p+l 0 A2p+l 0 A d A2p+1 0
x(t)= z s+l|+ ! s+1, 4 +5§‘ s-2q, 8
2q+1 29+1 2q+1°
. s+l rast s+1 s-2q
$+2Q+ 2g+1 g+ 2941 2g+1
t q L t ’Z' 2q+1 2p+l t d
2p+l 2 +1 Z‘A 2p+l
<3 AT e o +ZA“ 5o 6) @
2q +1 2q +1 20+1

rae A- KkBampaTHas MaTpWIla pa3MEpPHOCTH  nxn, x(t)-BeKTop COCTOSIHU

_2p+1
2

pasmepHocTH N, X(t, )-HAYaIbHBIA BEKTOD, o € (0, 1) 17§ ,37ICh p H (

HaTypaJbHbIC YUCJIA, E -CAMHUYHAadg MaTpula pa3MCpHOCTU nxn .

Kak mnokasano B [4] mo0oe BeueCTBEHHOE YHCIO MOXHO MPHOIMKATH C
71000#1 TOYHOCTBIO K pallMOHAJBHBIM YHCIaM, a JII000e palMOHaIbHOE YHCIO C
YHCJIaMH OTHOIICHUE BYX HEYETHBIX YHCEL.

Jns ynporenus popmyi (2) ucnonb3yeM cooTHomenue [12]

a U(X )570{ r (§ _t)’”‘ r

D = o t)dt 3
xou('f) (—0!)! +;|; —06)! U()

KOTOpOE OIpenesseT NPOU3BOAHbBIE U(X)c HNOpSIIKOM ¢ . Vcrionb3ysl BEIpAXKECHUE

(3) B (2), mocie HeCIOKHBIX peodpa3oBanuii [4-6] cooTHOmEHHS (2) IPUBOAUM K
BUJTY

-1
s-2q s-2q s-2q
s+2q+1 ¢

2q+1

2logq S g2l | oaq| S MR 50 (t-7) m s
x(t) —| gh? z AZPHL o__2 A2PLgloA — A 20+ J‘ ; N X, =
50 574y = q I v 54l
29+1 2q+1 2q+1
-1
s-2q s-2q - s2q q
2 S 2q+1 2q S 2q+1 s+2q+1 ¢t t— 2041 ; i
DA g azed U aop J‘( 7)a " b)gr [x, 4)
par s-2q,| & s-2q, ! Ts-2q,
2q+1 2q+1 2q+1
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OtmetnM, 4yto B (hopmyinie (4) HOABIHTErpayibHAs (YHKIHS COACPKUT ClIaldyro
0COBEHHOCTh, TIOCKOJBKY S=24 <1 @ DJTO TO3BONSET MCYE3HOBEHHE TaKOM
2q+1

OCOOCHHOCTH TIOCJIE WHTETPUPOBAHMS.
Takum 06pa3oM, IMEET MECTO CIIEAYIOIIEe yTBEPIKICHHE:
Teopema 1. Ilycts mmeercs 3agaua Komm (1), rae kodppHUUIMEHTHI A-
MOCTOSTHHBIE MAaTPHIIBL. TOraa ee penieHre MpeCTaBiseTcs B BUaC (4).

OtmeTum, uto opMyna (4) B KiaccudeckoM ciydae, T.e. npu & =1
coBnazaer ¢ u3BectHbiMU [9]. JleiicTBurensho B nanHoM ciyyae P=0, =0 u

t
x(t)=e " [e’% + Aje’“dr}x0 —[E+ere(er —e™)k, =e¥x,. (@)
to
3. MeTtoa BbIYMCIeHUIA
IlogeiHTETpaibHOE BBIpaXKEeHHWE B (4) Takoe, YTO €€ WHTETPHUPOBAHUE Kak
AHAIUTUYECKUM, TaK M YUCJICHHBIM IIyTEeM CTalKUBAaeTCS C CEPbEe3HBIMHU
TPYAHOCTAMMU. Bo wusbexanme 3Toro Pas3IokKUM BXOIAAIICEC B IMOJABIHTEIPAJIBHOC

2q+1

e AZ p+l (T—to )

BBIPAKEHHE DKCIIOHEHIUANBbHYIO (DYHKIUIO
7 =1 B pan Teitnopa

2q+1 2q+1 2q+1 K
eAZP*l(rftO (T B t)

ZA 2p+1 (t-ty)AZPE
k!

HOI[CTaBJI}I}I psan (5) B (4) momryanm

3 (4) B OKPECTHOCTH

()

s-2q s-2q s+(k+1)(29+1) s-2q

29 s t2q+1 2q S 2q+1 © 2p+1 2041 ¢ t— k+2q+1 (6)
t) _ z A0 [AZP t7+z(_1)k Aie(t 1) AP J‘( ) drlx,
s=0 S*qu s=0 572q| k=0 k! % szql
2q+1 2q+1 2q+1
ITociie wHTErpUpOBaHUs CTEHCHHON (QYHKIUH B (6) OKOHYATEJIBHO JJIS PEIICHUS

3agaun Komm (1) numeem
-1
s-2q s-2q

s 20+1 s R w (K s(k+1)(29+1) 2q+1
Z A2p+1 t ) qu A2p+1 t2q ' _Z( l) A 2p+l e(t—to)AZP*l %
= S— 2q ' s=0 S— 2q 1 k=0 k |
2q+1" | 29+1°
ks s+1
(t—t,) 2o ©)

x

X
s—2q, K+ s+1
20+1 2q+1) |

B (7) xoneunyro cymmy 0603Ha4nM depes X, (t) , T.C.
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-1
29 29 e K+l K+1)(29+1) ke (8)
2q s 2q+1 s 2q+1 e("‘e)A P r (_l) + s+(k+1)(2q+1) (t_to) +m

t 29 t
Z A2p+1 _ 0 z A2p+1 2 A 2p+l
Xr(t)_ 872q| s=0 S*qu S*2q| = k! ( S+1J X TeN,

s=0
2q+1 2q+1 2q+1° 2q+1
rae mpH  r—»co npubmwkenHoe pemenue X (t)— x(t). JmA BhMCTEHHS

pemenus (8) moctynum ciemyronuMm obpaszom. Ilpuanmaem moboe aucimo I = l.
Beruncisiem X, (t) u Xm(t), (1=12,....). Ecim

||xI (t) —X_, (t)” > ||xI+l (t) — X, (t)” , 9)
TO Hpouecc BBIYUCJIICHUS HpOI[OJDKaeTCH, HNHaA4YeC Hpouecc BBIYUCJIICHUA
OCTAHABJINBACTCA U 3a pe].HeHI/ICM HpI/IHI/IMaeTCH X(t): XI (t), rac H'H SABJISACTCA

HOPMOM COOTBETCTBYIOMIEH (hYHKITHH.
Takum 00pa3oM, MBI IMEEM CIICTYFOIITHI

Aaroputm 1.

1.3anarotcs matpuna A 1 HauanbHOE yCIOBUE X, 13 (1).

2.TIpu r =1, 2, 3 no dopmyae (8) Berumcisores x(t), x,(t) u x,(t), r.e. | =3.
3.IIposepseTcs ycnosue ||X| (t) — X4 (t)” < ”XI+l (t) =X (t)”

Ecnu oHO ynoBneTBopsieTcs, IpoLEecC BBIYMCICHUS! MPEKpalaeTcsl U 3a PeLIeHue
npurnmaercst X, (). Muaue nepexox k mary 4.

4. Ilpunumaercs | =1 +1, Beruncnsercs X, (t) 1o (8) u mepexo K mary 3.
[IponmttocTpupyem pe3yabTaThl Ha CleayromeM npumepe us [1].
IMpumep 1.
PaccmarpuBaeTcs ckanspHbIi ciayvad , T.e. B ypaBHenuu (1) A=-1
HavaibHOE ycIoBHe X =1. Beuncnenne nposoaurcs Ha orpeske [4,6,10]. Illar
UHTEpBalia h — (.4, T.€. OTPE30K pa3OuT Ha 5 Touek. [Ipu pa3nUYHBIX 3HAUYECHUSIX X

BBIYMCIIEH X (t) no ¢opmyie (8). Cormacuo ¢opmyne (3,117), npuBeneHHoro B

[11], Berumcnen X, (t) . B Tabmure 1 nmpuBeneHo cpaBHEHNE ITHX 3HAYECHUH

Tabmmnal
a IIar utepamun IIar ureparuu
|xr (t) = Xy (t)” rp Mp
1/3 0.314 23 7
1/5 0.237 23 11
5/7 0.4248 37 4
1/7 0.1707 37 15
3/7 0.262 27 5
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/I IIIarOM UTEPALIUU SBJISCTCS BBIIIOJIHEHUE YCIOBUS (9).
Ilpu o =1 BbIyMCHsETCS X, (t)no dhopmyie (8) , TIe YIOBICTBOPSACTCS YCIOBHUE

||X37 (t) — X35 (t)” < ”Xss (t) — Xz (t)”

U1 3a pCHICHUCM IIPUHUMACM X37 (t )

Jns TaHHOTO Cily4asi BBIYUCIIAETCA aHAIUTUYECKOE pEHICHHE X, (t) o gopmyie
(4). CpaBHUBasi MOJYYECHHBIE PE3yIbTATHI , HMEEM:

X (£) = X, (1)) =1.149129 %107

OtMeTnM ,4To Kak otMedeHo B [9] dopmyna (3.117) mis ¢« =1 He BepHO.

Mpumep 2. Paccmorpum npumepl u3 [10], T.e.

D/*x+x=0,

IIe ¢ TOMOINBI0 COOTBETCTBYIONIMX MpeoOpa3oBaHWN MOCIENHEI0 ypPaBHEHHUIO
3aMuIIeM B CICIYIOLUINM BUIE

SHEEEH

1
ITpunnmaem otpe3ok [1 3] v HAYaNBHYIO YCIOBHIO IPUMEM X(1) = { % ((1))} _ {015} :
X .

Pemenune ypaBuenue (9%) B [1] npeacrasieHa B claeIyIOUMM BUIE
cos, (t) sin,(t) || c

X (t)—eMc= _”‘() DG
—sin, (t) cos,(t) || c,

0 1

rac A:{
-1 0

:|. C »sTumn HUCXOOHBIMH NAHHBIMH CHa4dajla MCIIOJIb3YS HAYaJIbHOC

YCJI0BUE BBIYHUCIIACTCA

2 =05, (0 = 3 (-1) TRET

t@ia-t

t(2i+2)a-1

22 (t) =sin, (t) = " (-1)’

—— p=L12,--k+1
iy I'2j+2)a

[pu y/10BIETBOPEHHE YCIIOBHE
|z -z o)< [z O -z ©] » |z0-270)<|z20-20)|
torna npuramaem z” (t) = 27 (t); 20 (t) = z5 (t).

Pemas CUCTEMY aHFC6paI/I‘leCKI/IX YpaBHCHUC
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@) z5Q) c1 { } C _[0.4294}
M) Q) RO ¢ 17| 14451 |

Hanee otpeske [1 3] pa3ouT Ha 5 TOUYeK, TAe UL KaXJIOW TOUEK HAXOIUM
3HAYCHUS

| cos, (&) sin,(t) || ¢ B A
X(t) _Lsina(ti) cos, (E)}Lj rre t, =t(0) +ih; h=041=12,

HpI/I Pa3IMYHBIX 3HAYCHUAX (X C OTHMHU UCXOIAHBIMH JAHHBIMH BBIYMCIICH Xr (t)

o ¢popmyie (8) u o popmyie (3.117) npusenennoro 8 [11] X, (t) . B Tabnune

2 MIPUBEICHO CPaBHEHHE ITHX 3HAYCHUH.

Tabnumna2
o X, (1) =X, (t)|| ||X(ti)—xM (t)||r t)—X(ti)”
173 0.241 154 1.47
15 0312 1722 1.68
17 0.213 1562 1611

4. Pemenue 3agauu Kommu (1) ¢ mOCTOSHHBIMHM BO3MYIIEHUSIMH.

Paccmotpum cnenyromnyto 3anaqy Ko
Dx(t)= Ax(t)+ B(x), x(t,)=x,, (10)
rae B(x) - BeKTOp pasmeproctu M.
Kak ussectro [10], perenue 3agaun Komiu (10) MMeeT BUI
) (t t)K+1(11 t k t k+1al
()= 2 A [+ Do) {Z [(kjl) ¢ 4y
B cmydae, xorma B( )= B mocTosHHBIA BEKTOp, JETrKO MOKa3arh, 4yto B (11)

WHTETpaJl BEIYUCIIAETCS K IMEEM CIIEAYIONIYI0 aHATUTHIECKYIO (hopMyITy
. (t—t )(k+1)a—1 » ) (t—t )(k+1)a (12)
()= A2 x +> A __B
© ; [(k + 1) —1)° g [(k+1)a}
Oynkmusa (12) seasercs pemenneM 3amadn Komm (10) ¢ moMormmipio (GyHKIIAN
Murtrara-Jledepa. Ternepb ¢ moMoIbio BelpaxkeHul (4) npeodpasyeM (QYyHKIIUH
(12) yepe3 FKCIIOHESHITUANBHYIO (DYHKIIHIO B CIICIYIOIIEM BUIC

 Coornomrenne (11) mpu t = to nMeeT 0COOEHHOCTH, KOTOPEIE MTPEBPAIIAOTCS B

O6eckonegHoCcTh [10]
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= -1
s-2q s-2q 2q41 ( )S—Zq
2q s t2q+1 2q s tZCHl SteqHl ¢ t—17 )20 :q‘
x(t) = A2P+1 0 2p+17+A 2p+1 (r—ty)-AZP dr X +
() SZ;‘ s—2qI SZ; s—2q' J s—2qI
i 2q+1 2q+1 20+1
s-2q s-2q
+| t2q s 2q+1 s+20+1 ( _ T)2q+1 Zud (13)
Aot o a7 [ el dr (B
[ A g AT g, !
2q +1 20+1

Takum 00pa3omM, ToKa3zaHa CIeAyIONIast
Teopema 2. [Tycts B 3anaye Kommu (10) B(X)Z B nocrosmnas marpuua. Torna

pereHne CoOTBETCTRYIOIIEH 3anaun Ko npencrasnsercs B Buae (13).
3ameuanue 1. Ormerum, urompu P=0, =0 (T.e. ¢ =1) u3 (13) nmeem

x(t)= {E + Aje(f““’*d r}x0 + j{E - A]Le("%)’*d T}dﬂ : B} -

t
=" +[e")dp - B =e"x, + A*(e" - E) B,

to

(14)

KOTOPOE COBMANAeT C KiIaccuueckuM pemenueM (mpu o =1) us [9,14,15].
2q+1
A2p+1

—t
Otmerum, uyto B (13) aHanoruyHo M.3 MCHONB3YACH PA3TIOKECHUEM e(’ o)
OKpecTHOH Touke 7 =7) B pan Teinopa (5) umeem (mepBoe craraemMoe Iepen

HAaYaJbHBIM JTaHHBIM X yXe mpeoOpazoBaH B 1.3, MO3TOMY 37€Ch

0’
paccMaTpUBaeTCs TOJIBKO MOCeHee HHTErPabHOE claraeMoe)

s+2q+1 5229 20:1

J'A 2p+1 d I 77 T)qurl e(r—tU)AZ“*ldz_ —

s—2q!
20+1
¢ s+2g+l q( T)Zil o K29 (T—]])k
— A2P+1 77 AZPH 'Ilu 7(:' d _
{[ {[ S— 2q| kZ(; Kl z\an
29+1
(k+1)(2g+L)+s ¢ 2q+1 Sz_qzj.
=2 (1A =t ferrd d(np-7)=
Z( ) I I S_Zq!kl (n-7)
2q+1
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(k+1)(2g+1)+s

s+1
Sy A e o)
k=0

: 15)
dn (

ﬂ!k! o K + s+1

29+1 29+1

2q+1
_t, A2p+1
Teneps pas3naras BbIpaXeHHE e(” o)

Ha psana MaKHOpeHa B BUJIC
|: 2g+1 :||

2q+1

plr)A _ i
1=0

(77 - to )A2p+l

(16)
u ozactasisis (16) B (15) umeem
2q+1
J _ i(_ 1)k A(k+1)(2q+1)+s i A|2p+1 (t t )I+k+—+1 . (17)
1
20+1 29 +1 q+1
VYuureias (17) B nocneqaem unterpaie (13) umeem
ﬂ s—2q
t 2q s 2q+1 s+2q+1 ,7 2q1 %
A2p+l n 2p+1 77 T r—tO)Ap dT dnB:
KJ.ZO S— 2q 1 E,‘
20+1 2q + 1
s+1 s+l
2q S t2q+1 t2q+1
— 2p+1 _ 0 (18)
SZ.;A s+1, s+1, . (B
20+1 2q+1

YuuteBas (7) u (18) B (13) monmyuum ciemyromiee BeIpaXEHUE IS BBIYUCIICHHS
pemenns 3agaun Komru (10)

-1

s=29 s=24 2ot s+l
2q S t2q+1 2 s t2q+l e(tle)AZp E (_1)k+1 s+(k+1)(2q+1) (t _t )k+m
x(t) = A2P+1 _0o A2p+l _ A 2p+L X 0 4
() SZ:(; s—2qI Z(; s—2qI s—2q' kZ‘ K+ s+1 %
2q+1 2q+1 2q+1 2q+1
120+ St S+ S+ 9
g || = (k+1)(2q+1)+s o 2p+1 fot ) +1+ 2941 2001 1
YA |3 () -2 A ) P S | PAACD)
s=0 par s—2q s+1 )= I s+1 s+1, s+1
bkH K+ l+k+1+—— ! !
2q+1 2q+1 2q+1 29+1 2q+1

B (19) GeckoHeuHble CyMMBI 3aMeHEM ¢ [ +1 craraempivu

,  TOJy4eHHbIE
BBIPaXKEHHS 0003HauMM vepes X, (t) IIpu aTom, kak B 1.3 , eciu

B )%, 0] > .. 0, ()

(20)
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TO MPOAOJIKHUM ITPOLECCC BBI‘lI/ICJ'ICHI/If/’I, MHA4YC BBIYMCICHHUA OCTAaHABJIMBAIOTCA M 3a

peleHue NpUHUMAaETC s X(t) =X, (t )

Hrtak umeercs ciaeayronuii BBIYUCIUTEIbHBIN aIrOpUTM:
Aaropurm 2.

1. U3 (10) dpopmupyrorcs matpuisl A, Bektop BosmymieHuii B u mauansnoe

JaHHOE XO .

s+(k+1)(2g+1)
2p+l

2. Bwuucistores A P
s+l
2g+1

k+

Bce cremenn mMEoxuTens Awms (19)), t

(HpI/I Pa3HbIX 3HAYCHUAX k u S MMOJIy4aroTCsAa

(pu pasHbIX 3HaucHmIX K

Su  (nomyuatorcs Bce Bosmoxkmbie cremenn [, (t—t,),1),

5720 | pka1e SFL gl
20+1 29 +1

3. Bemucmsores X, (t) u3 (19) (BMecTo 6eckoneuHO# cymmbl u3 (19) Gepyres

r+1 ciaraemsie).

4. [TIlposepsiercst ycnoBue (20), ecimm OHO YAOBIETBOPSETCS,

nporecc

BBIYHCJICHHUA NPOAOJIKACTCA, HHAYC IMMPOLCCC BBIYHUCIICHUA OCTAHABINBACTCA

¥ 3 PEIIEHUE NpUHUMaETCs X, (t) .

Ilpumep. B namHO¥ paboTe MOKa3bIBAaeTCsA MpHUBEACHHOE pemieHue (64) s

HavanpHOU 3anauu (53) u3 [10] sBAseTCS HE BEPHBIM.

JeiictBurensHo B [ 10] moka3siBaeTcs , 4TO pelICHUE HAYaIbHON 3a1a4u
y"+3D¥y+y=8

y(O) =0, yl(o) =0, te (011)

umeeT By (B [10] aTo mporymMepoBaHo (64)).

y(t) =107 Re[(—4.8 + 1.41)E,,, (ﬂltm) +(0.9- 7.4i)E3,2(/12t3/2) 4
+0.348E,,, (A,t¥?) — 0.59E,,, (1,t*)]

rae
A, =0.363-0.556i, 4, =0.363+0.556i,

A, =-2.962, 4, =-0.765

)54

Eyp(X) =

Xk

°F(3k+1]
2

spisercs pyakmeitMuTrara—Jlediepa.

M

=
I
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(21)

(22)

(23)
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VYuuteiBas (23) B BeIpaXeHUH pemieHus (22) u moJcTaBisisl MOCIEAHEE B

ypaBHEHHE (21), MOy IUM HAMMEHBIIYIO CTeNeHb nepeMEeHHON
-3/2
X COOTBETCTBYIOIIETO psfa, KOTOpas paBHA X , a s ero kodpduireHTa
HOJTYYHM CIICYIOIIeEe BHIPAXKCHUS
31077 -
(-4.8+0.9+0.348-0.59) |x ¥ +.....=0 (24)

—2r

HOCKOJ'H:Ky MOJYYCHHBIC BBIPAKCHHUA TOXKACCTBCHHO JOJIKHBI PaBHATHCA HYJIIO, TO
n
KaKA0C€ BBIPpAKCHUC TICpEa CTCICHBIO X TOXC HOJZKHO PaBHATBCA HYJIIO.

Bripaxkenue B ckoOke (24) npupaBHuBaeTcA K -4.142.

A 570 oaTBepxKaaeT, uto (64) u3 [10] He sBIsSCTCA peleHreM ypaBHeHus (21).

3aximo4enue.

B npannoit pabGore mnpuBoauTcs perieHue 3amaun Komwm [y OTHOPOAHBIX H
HEOJHOPOIHBIX CHCTEM JIMHEHHBIX OOBIKHOBEHHBIX An((epeHIaTbHBIX
ypaBHEHUH APOOHOTO MOPSIIKA C MOCTOSHHBIMU MaTPUYHBIMUA KOAPPHULINECHTAMH U
Bo3MyIIeHUsIMA. [lokaspiBaeTcs, 4TOo B OTiIM4YMe OT W3BecTHHIX [10], maHHBIHA
MOJXOJ ONHMPAETCsl HAa HSKCIOHEHUHUAIBHYIO (YHKIHIO, MOJIYYSHHBIX U3 (YHKIUH
Murrara-Jleduiepa. B omimmune ot cymectByrommx pesyiasraros [10,11], naHHbIH
METO/I JIy4llIe Peaiu3yeTcsl Ha KOMIIBIOTEepe U AaeT Oosiee TOYHBIE PEe3yIIbTATHI.

Jluteparypa

1. Aliev F A, Larin V. B. Generalized Lyapuniv equation and factorization of
polynomial matrices ,12-th  World Congress IFAC ,Sydney, Australia
1993,T.5, pp.157-159

2. AlievF A, Larin V. B. On the computation of balancing transformations for a
linear controllable system, Electric.,1993, T.1,N3, pp.182-191

3. Aliev F.A. and Larin V.B. Optimization of linear control systems, Gordon
Breach, Amsterdam, 1998, 272 p.

4. Aliev F.A., Aliev N.A., Safarova N.A., Gasimova K.G. Transformation
Mittag-Leffler function to an exponential function and its some applications to
problems with a fractional derivative. Arxiv preprint, arxiv 1804,02928.

5. Aliev F.A., Aliev N.A., Safarova N.A., Gasimova K.G., Velieva N.I. Solution
of linear fractional-derivative ordinary differential equations with constant
matrix. Appl.Comp.Math.Vol.17, No.3

6. Aliev F.A., Aliev N.A., Safarova N.A., Gasimova K.G., VelievaN.l. Solving
the linear fractional derivatives ordinary differential equations with constant
matrix coefficients. Arxiv preprint, arxiv 1805,06700.

243



PROCEEDINGS OF IAM, V.7, N.2, 2018

7. Aliev F.A., Bordyug B.A., Larin VV.B. Comments on “A stability-enhancing
scaling procedure for Schur-Riccati solvers”, Systems & Control Letters
,1990,14 (5), 453

8. Aliev F.A., Bordyug B.A., Larin V.B. Discrete generalized algebraic Riccati
equations and polynomial matrix factorization Systems & control letters
1992,18 (1), pp.49-59

9. Andreev Yu.l. Control of finite-dimensional linear objects. M., Nauka, 1976.

10. Bonilla B., Rivero M., Trujillo J.J. On systems of linear fractional differential
equations with constant coefficients. Appl.Math. Comput.VVol.187, 2007,
pp.68-78.

11. Monje C.A.,Chen Y.Q., Vinagre B.M., Xue D., Felue V. Fractional-Order
Systems and Controls. Fundamentals and Applications.Springer,London,
2010, 414 p.

12. Samko S.G., Kilbas A.A., Marichev O.l. Fractional integrals and derivatives.
Theory and applications. Gordon and Breach Science Publishers, Yverdon,
Switzerland,1993,780 p.

13. Srivastava H.M., Aliev N.A., Mammadova G.M., Aliev F.A. Some remarks
on the paper, entitled “Fractional and operational calculus with generalized
fractional derivative operators and Mittag-Leffler type functions” by
Tomovski Z., Hiffer and Srivastava H.M. TWMS J. of Pure and Applied
Mathematics, 2017, V.8, N.1, pp.112-114.

14. Amuer @.A. MeToasl pelIeHUs NOPUKIATHBIX 3a7ad  ONTUMHU3AIUH
JIMHAMHUYECKHUX cucTteM, JOim, baky, 1989, 320 c.

15. Jlapur B.b. YnpaBnenne mararonumu anmaparamu. Kues, Haykosa Jlymka,
1980,167 c.

ALGORITHM FOR SOLVING THE CAUCHY PROBLEM
FOR STATIONARY SYSTEMS OF FRACTIONAL ORDER
LINEAR ORDIN ARY DIFFERENTIAL EQUATIONS

F.A. Aliev?, N.A. Aliev!, N.A. Safaroval, N.I. Velieval

LInstitute Applied of Mathematics, BSU,Baku, Azerbaijan
e-mail: f_aliev@yahoo.com

ABSTRACT

A new simplified analytical formula is given for solving the Cauchy
problem for a homogeneous system of fractional order linear differential
equations with constant coefficients (SFOIDECC). The matrix exponential
function in this formula is replaced by a Taylor series. Next, an analytical
expression of the integral is obtained, with the help of which, for the
transition matrix, a relation is obtained that allows one to obtain a solution of
the Cauchy problem with high accuracy. The results also apply to the case of
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inhomogeneous systems with constant perturbations and are illustrated by
numerical examples.

Keywords: Cauchy problem, linear fractional derivative system, Mittag-Leffler function,
constant matrix coefficients
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