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ITOCTPOEHUE ®YHAAMEHTA/ZBbHOI'O PEINEHNSI
AVHEMHOI'O YPABHEHUS YETBEPTOTI'O ITOPSIAKA ITPU
bOABIINX ITO MOAY 410 3HAUYEHUSIX ITAPAMETPA

C.3.AXMEAOB, C. T. AAECKEPOBA

baxuncknii ['ocygapcTBeHHBIN YHUBEPCUTET
Aszep0aiiaxxanckuit I'ocysapcrsennsiii Ilejarornyecknii YHuBepcureT

salehmedovO0@gmail.com, sabina.alesgerova75@gmail.com

PE3IOME

B paGore paccmaTpuBaeTcst ypapHeHMe YeTBEPTOTO IOpsAKa C KOMIIAEKCHO3HAYHBIMIY TIepeMeHHBIMI Koo -
LIMeHTaMU, coAep>Kalliee KOMILIEKCHBIN ITapaMeTp. A4 HaxoKAeHns 601ee TOUHON aCHMITTOTHKI YeTHIPeX AVHEIHO
HE3aBVMICUMBIX JaCTHBIX PeIleHNil DTOTO ypaBHEHNUs HpU OOABIINX IO MOAYAIO 3Ha4eHMsX IapaMeTpa ypaBHeHVe
TIPUBOJAUTCA K CUCTEMe ypaBHEHMII IIepBOTo Iopsjka. brLan HaiigeHbl KOpHU ypaBHeHMs Bupkroda, cooTBeTCTBY-
IOITIeTO paccMaTpuBaeMoMy ypasHeHuo. Komraexkcnast maockocTs Oblaa pasgeseHa Ha 8 ceKTOpOB, TaK 9TOOLI AeTACT-
BUTEAbHAsl 4aCTh Pa3HOCTU KOPHeN XapaKTepUCTUYeCKOIO ypaBHeHM: B CMbIcAe Bupkrosa ocraBasach ITOCTOSHHOIAL
PacdeTsI ITOKa3BIBAIOT, YTO KOANMYECTBO DTUX CEKTOPOB B KOMILAEKCHOI I10CKOCTH paBHO BOCEMILYUTOOEI H01ee TOUHO
HalTU acUMITOTUKY (YHAAMEHTaABHBIX peIlleHnii B Ka’KAOM U3 DTHUX CeKTOpPOB, HeODXOAMMO MCKaTh peIlleHre
ypaBHeHMsI KaK IIpou3BejeHue 13 Tpéx maTpull. Tak, mepsas 1 TpeThsl MaTPUIIBI IIOCTPOEHBI IIPU IIOMOIIM KOPHeil
XapaKTepUCTUIeCKOTO ypaBHeHus bupkosa, a 4451 ITOCTpOeHNs BTOPOI MaTPULIbI IIOMUMO KOPHeN XapaKTepucTudec-
KOTO ypaBHeHMsI BupKrosa mcrioan3yercs Takke KospUIIMEHT IpU TPOU3BOAHON MAaAIIero MopsiAKa, BXOASIIIEN B
ypasHeHue. [TokasaHo, 4TO Ipy GOABIINX 3HAYEHMAX II0 MOAYAIO ITapaMeTpa onpeseanTelb BpOHCKOTo noayyeHHbIX
JaCTHBIX pellleHNi OTANYeH OT HyAs, 9TO JOKa3bIBaeT VX AVHEeITHyIO He3aBUCUMOCTh. B ocTpoeHHoIT TakM 00pa3oM
acuMIITOTHKe PyHAaMeHTaAbHBIX PellleHn 1, Hapsady ¢ KoadduimeHToM npu A, 6b11 Takke TOUHO HaiizeH Koaddu-
LMEHT IpUA~ ! 11 A0Ka3aHO, YTO OCTaAbHbIE CAaTaeMble BKAIOYEHBI B ACHIMIITOTHKY.

Karouesbie caoBa: pyHAaMeHTaAbHOe pellleHne, acCMIITOTIKA, aHAAUTIIecKas: (PYHKINSI, COOCTBEHHOe 3Haue-
HIle, aCMIITOTIIecKas popMyaa.

CONSTRUCTION OF FUNDAMENTAL SOLUTIONS OF THE FOURTH ORDER
LINE EQUATION AT THE MAJOR VALUES OF THE PARAMETER

ABSTRACT

The paper considers a fourth-order equation with complex-valued variable coefficients containing a complex
parameter. To find a more accurate asymptotics for four linearly independent particular solutions of this equation at
large values of the parameter, the equation is reduced to a system of first-order equations.The roots of the Birkhoff
equation corresponding to the considered equation were found. The complex plane was divided into 8 sectors so that
the real part of the difference between the roots of the characteristic equation in the sense of Birkhoff remained constant.
Calculations show that the number of these sectors in the complex plane is eight. In order to more accurately find the
asymptotics of the fundamental solutions in each of these sectors, it is necessary to look for a solution to the equation as
a product of three matrices.Thus, the first and third matrices are constructed using the roots of the Birkhoff
characteristic equation, and to construct the second matrix, in addition to the roots of the Birkhoff characteristic
equation, the coefficient at the lower-order derivative included in the equation is also used. It is shown that for large
values of the modulus of the parameter, the Wronsky determinant of the obtained particular solutions is nonzero,
which proves their linear independence.In the asymptotics of the fundamental solutions constructed in this way, along
with the coefficient at A, the coefficient at A~ 1is also exactly found and it is proved that the remaining terms are included
in the asymptotics.

Keywords: fundamental solutions, asymptotics, analytical function, specific value, asymptotic formula
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PARAMETRIN MODULCA BOYUK QIYMOTLORINDS DORDUNCU TORTIB
XOTTI TONLIYIN FUNDAMENTAL HOLLORININ QURULMASI
XULASO

Isdo dérdiincii tortib, 6ziinde kompleks parametr saxlamaqla doyisen emsallarikompleks giymoatli olan
tonliyebaxilmisdir.Bu tenliyin parametrin modulca boyiik giymsatlorinds xatti asili olmayan dord xiisusi hellorinin
asimtotikasmi daha deqiq tapmaq maqsadi ilo tenlik birtertibli sisteme gatirilmisdir.Tenliye uygun Birkhov menada
tonliyin koklari tapilmigdir.Kompleks miistovi elo 8 sektora boliinmiisdiir ki, Birkhov menada xarakteristik tonliyin
koklerinin farqinin haqiqi hissasi sabit qalsin.Hesablamalar gosterir ki, kompleks miistovide bu sektorlarin say1 sokkiza
barabardir.Bu sektorlarn her birinde fundamental hallerin asimtotikasini daha deaqiq tapmaq magsadile tenliyin hallini
ti¢ matrisin hasili seklinds axtarmaq lazim golir.Belo ki birinci ve tiglincii matrislor :Birkhov menada xarakteristik
tonliyin koklori vasitesilo qurulur.ikinci matris iss Birkhov moanada xarakteristik tonliyin koklari ilo yanast tonliys daxil
olan Kkigik tortib téromanin amsalindan da istifade olunur.Asimtotik sekilda tapilan formal hallin asalandirilmasinda
arial yaxinlagmalar tisulundan istifads olunmusdur.Parametrin tapilmis modulca boyiik giymatlerinde tapilmus xiisusi
hallerin xatti asili olmamasim gostermak ti¢iin bu hallerden diizeldimis Vronski determinantinin sifirdan forqli oldugu
gostorilmisdir.Bu qayda ilo qurulmug fundamental hallerin asimtotikasinda A-nin smsali ilo yanagt A~1-in do smsali
daqiq tapilmis ve yerdes qalan diger toplananlarmn asimtotikaya daxil olundugu isbat olumusdur.

Acar sozlar: fundamental haller, asimtotika, analitik funksiya, maxsusi qiymat, asimtotik diistur.

Pabota ITIOCBAIIIeHa HaXO>KAE€HUIO aCIMIITOTUIKI Cl)}IHAaMeHTa/H)HOFO pemenyl ypaBHEHII

Y4eTBEPTOrO IOpsAKa C IepeMeHHbIMU Koodpummentamn. IToMnMo acuMHOToTHKIA A ObLAU

1

YTOYHEHBI U1 KO3(PPUIIMEHTHI TpU Z .

IlpeacraBaennas pabora IOCBAIleHa HaXOXKAEHMIO (PyHAAMEHTaAbHBIX — pelleHui
OOBIKHOBEHHOTO AP PepeHIINIalbHOTO YpaBHEHUsI YeTBEPTOro IIOpsiAKa, 3aBUCAILETO OT

KOMILAEKCHOTO IlapameTpa A

ip()y" +q(x)y" -2y =0, 0<X<1y)

rae, Q(X) - KOMIL1€KCHO3HauHasl PyHKIIVS

KOpHII XapaKTepICTIUecKoro ypassenmst 1o bupxrody ip(X)@? (X) =1, cootsetersyiormero

ypasHeHMIO (1)1MeroT BUA;

o(x)= L exp3—”i

4/pixi 8

,(x) = ~o(x),0,(x) = ~i(x)
Pasgeanm 4~ KOMILAEKCHYIO I110CKOCTh Ha BOCEMb CeKTOPOB CAeAyIOIIUM 00pa3oM:
S, = {11 (-1 Re(L—iko(x)2) > 0; (1) Re(ix)2) > 0}, K =12

S = £ (1) Re(1-1)o(x)2) < (1) Reaic)a) > 0}, K =34

Sy = 11 (1) Re(w(x)2) < 0;(1)* Re((L+ iJo(x)2) > 0}, K =26

S = {)“ : (—1)k Re((l+ i)a)(X)/l) <0; (—1)k Re(ia)(x)/l) . 0}, k=78
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AA}I HaXOXAEeHVI aCIMITITOTUKI CI)YH,ZI,aMeHTa/H)HLIX pellIeHI/Iﬂ YpaBHEHILI (1) B Ka>XA0M U3

CEKTOPOB S (k = ]T8)anBe4'éM CAeAYIOIIYIO TeopeMy
Teopema.

ITycrs p(X) eC? [0,1], a, (X) eC! [0,1] , p(x) > 0 gericTBUTEABHAs, A q(x) KOMILAEKCHO3Ha4-
Hast pYHKLVSL , TOTAQ B KaXKAO0M U3 CEKTOPOB S (k = J.,_S)aCMMHTOTMKa AVHEeITHO-He3aBUCIMBIX

periennii ypasHenus (1) mmeer Bua:

YD) _fin ] ){1+ Lir(o (X)+fs(X)FO(i—lzﬂeXP{im1/@0)(5)0'9‘}

dx®
0<x<1, m=14;s T’);Zesn<n:]§), —> 400, (2)
rae

_i|5. L (dele)) 1 1 a¢)
g(x)_ﬂ%% 0)3(5)( dz j 4o2) p(é)} :
fl(X)=5f(X)/ fz(x): fA(X):_f(X) fS(X)=—3f(X)

1 do(x)
) 4o’ (x) dx
ZloKa3aTeabCTBO:

BBeaém caeayromniie 0003HaYEHIL:

y(x,2)=y,(x,2)

W = 2y,(x, 2)

dy, ng 2) _ iy (6 4) ©)

dyséi ) _ A,(x,A),  0<x<l.
Toacrasus (3) B ypasieri (1) TOAYIHM CHCTEMy MATPHUHBIX yPABHeHIIiI B
W - (2AX)+ 2 ROY (x2), @

rae Y(X, ﬂ)BeKTop-CTOAGSeu, a A(X), B(X) KBaJpaTHasi MaTpUIia 4eTBEPTOro mopsiaka 4 x4 :

Yi(x.2) S
Y, (X, 4
Y(x,A)= y3EX/1))’A() (i 0 0 O0f

71



C.3. Axmedos, C.T. Areckeposa

1 0
0 0
R(X)=| 0 0 0 o 0<x<1.
-a(x) 1
ip(x) ip(x)

Perrenne MaTpuyHOTO ypasHeHus! (4) nitem B Bije

Y(x 1) = B(x)[E +%S(x)+/l—lzd)(x)}ﬂ(x,/I)exp[i:[a)(g)df}, ©)

rae
bll((x)) blz((x)) b13((x)) b14((x)) 1 0 0 O
by (X)  D,(X)  bylXx) by (x , 01 0 0f,
97 b0 a0 b0 0| ETl0 0 1 o0
bu(X)  by(x) by(x)  by(x) 00 0 1
w,(x) 0 0
0 wofZx) 0 0
o=y o,(x) 0
0 0 0 w,(x)
S(X)z(Sij(X))i’j:f ’ (D(X):(¢ij(x))i’j:ﬂ ’ ﬂ(X)z (ﬂij(x))iyj:ﬂ'

AAs HaxOXAeHUs MaTpPULIbI B(X)CHaqua IIOCTPOUM MaTpPUILTy T(X)=(tij(x))i s TAK

yTOOBI OHa Y40BAETBOPpsLA1a yCAOBUIO

AXJT(x)=T(X)ol(x), 0< x<1. (6)

YunreiBas (6) AeTKO HATH MaTPULLy T(X)

1 1 1 1
()= o(x)  o,(x) o) o(x)
Vo) e eilx) eilx)
0l 6l() @il ()
I/ICHOALSy;[ MaTpuUILy T (X) MO>KHO ITOCTPOUTh MaTpuUITy T - (X)T '(X):
-3 1+i 1 1-i
1-i -3 1+i 1
TR —; 1+i
1+i 1 1-i -3 (7)

Obo3HaYMM qaepes3 F(X) AVIaTrOHaAbHYIO MaTpuny, rAaBHbIMI AMaroHaAbHBIMU BA€MEHTa-

MU KOTOPOW SIBASIIOTCS }; (X), (i =1,_4) . ObosHaunM yepes G(X)ManI/IL[y, DAE€MEHTHI TAaBHOIL

AVUTOHAAV KOTOPOU paBHBI HYAIO U YAOBAETBOPSIIOIIEN YCAOBIUIO

G(x)=T ()T *(xJT'(x)r(x)+ T (x)r"(x). (8)
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Yunreisas (7) u (8), moaydum y;, (X) —w? (X) , (i = 1,_4)

Matpury B(X)6y,4eM JICKATh B BUAE

B(x)=T(x)-(x). 9)

Yuureisast (9) MOXKHO HalITU MaTPUILY B(X)B BlU/E

1 1 1 1
2o lax)  @,(x)  @yx)  @,(x
N 0l i) ()|

(
o!(x) @ (x) @(x)  @ix)

~—~—

Yunreisas F(X)I/IT - (X)T '(X) B (8), MO>KHO ITOCTPOUTD MaTpPULLy G (X)

0 1+i 1 1-i

G(x)=- 1 _da)(x) 1-i 0_ 1+i 1_
20(x) dx | 1 1-i 0 1+i

1+i 1 1-i 0

Ecan ypasrenue (4) cHayaaa 1CKaTh B BUAE
Y(x)=B(x)-M(x,4), (10)

To aas maTpuLbI M (X, ﬁ)HOquMM ypaBHeHue

M) ale)- 8 (B 0+ 2B (ORMBO (e 2) (a1

dx A

Pemmenne matpranoro ypasaenust (11) nimem B Buae

M(x,/l)z[E +/118(x)+;d)(x)jz(x, 2)

(12)

[Toacrasus (12) B ypasnennu (11) moayumm caeayroniee ypaBHeHMe

(25004 2 00| LA~ (o) alele)- 8 * (B )+

dx
= olx)o(x) - B (B ()S() - $(x)+ B (X)R(B(X) +

1

?(B—l(x)pe(x)s(x)(s(xp %CD(X)D - BB (X))~ qy(x)}z(x, 7) 13)

YuuTbiBas MaTpPUIIBI G(X) I/Ico(x)Bce DA€MeHTBI ManI/II_IbIS(X), KpOMe AMaroHaAbHbIX,
MO>KHO HalTi 110 popMy.e

@(x)3(x) = S(x)afx) = G(x) (14)

S, () =— i j (19
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Takum obpaszom , MmaTpuily S(X) MO>KHO 3aIlicath B Bije

S,(x) —2if(x)  f(x) 2if(x)
S(x) = 2f(x)  S,,(x) —ZfEx; if(x) ], (16)

T f(x) —2if(x) S,(x)  2if(x)
2f(x) —if(x) -2f(x) S,(x)
rae
1 da(x)
f00= 0?0 ax
Jazee gepes N (n, i 0003HaYNM

N(x)=G(x)s(x)+S(x)~ Bl() (x)B(x) (17)
ITpupasHsas Ko>PPuUIMEHT Ipu % B npasoyt vactu (13) mpomsseseHUIO d)(x)a)(x),

MOAYIUM a)(x)(I)(X)— N (X) = CD(X)a)(X) (18)

M3 (18) BUAHO, 4TO paBeHCTBO HYAIO DA€MEHTOB IAaBHOM AMaroHaA MaTpPUIIbI S(X),

o1rpeaeAseMbIX (17) SIBASAETCS H€O6XO,ZI,I/IMI)IM. YuauTeiBast BbIITIE€CKa3aHHOE, II0OAYIMIM:

dskk(x>+i”[4wq<x) 5 (dw(x)n:o,k:ﬂ

dx (x)p(x) 8w (x)\ dx

MHTerI/Ipy}I I10CAeaHee, II0AYy9IVIM:

Lk S da)(r) i (T) -14
Sy (X)=+i !{8503(1)( . j —4w?r)p(r)}dr, k=14 (19)

Yunreisas (17) , MoxHO HairTy GyHKIVM N, (X)( I, ] =141%# ), oTauuHbIe OT DA€MEHTOB

nkk(x)zol(k:ﬂ):

‘)5, 5219100 ___aly

8 (x)\ dx j dx  4a(x)p(x)’
1 (do(x)Y d f(x) ()
”13(X)“sw3(x)[ o j[SSS(X)“‘]‘ ix 4a)?x)p(x)’

8a°(x)\ dx X 4o(x)p(x)
N, (X)=- L da)(x)2 —i)S,; +3+1]+ df(x)+i 9(x) ,
) =g o)) s, a2 (0 A

0o L da(x)\’ )t i+idf(x)—i a(x)
) [ ] [Sus(x) 41 dx 4eo(x)p(x)
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)= L (dw(X)jz[sll+4]+df(x)_ a(x)

80°(x)\ dx dx  4o(x

(x)

I
Bl 1 e 1 a1 @10 a0
ol o) oo va)-a s 0 B

OV s s teaileo 400, ax)
j[(l JSus+1+3i]+ 2= 4o(x)p(x)

)2[(1+i)811 gmifa2d 0 al)

dx 4a(x)p(x)

na) =5 Uj (5, i)~ 910 ;__alx)

dx dx  4o(x)p(x)

n43(x)=— : (dw(X)JZ[(l_i)Sw_3_i]_2df(X)_i Q(X) ’

dx 4eo(x)p(x)

>
w
S
—
<
N—
|
[EEN
VR
o
S
A~~~
—

df(x) 1 d’a(x) 1 (dw(x)jz,(zo)

dx 40*(x) dx*  20°(x)\ dx

Vaurssas naitaenyiomarpuity N(X)u (18) , MoskHo Haitty yHimm ¢, i (x), (i, j= 14i=j)
Hi(x o
(pij(x):n”()x, (i,j=141%#]).

Taka kak DAeMeHTHI TAaBHOM AViarOHaAn MaTpuIbl (D(X) SIBASTIOTCA TIPOM3BOAbHBIMU

HeTIpepbIBHO-AU(PepeHIIPyeMbIMU PYHKIIVSIMHU, TO MX MOXKHO I10400paTh B BUAE ¢;; (X) =0,

(i= 1,_4) . Yaursisas (14), (17) u (18) B (13), moayunm:

(E2500+-2 00| ZEA 200+ s+ L 0kl +

dx A

1[B1(x)R(x)B’(x{S(x)+/11<D(x)] B (B (X)B(x) cD'(x)HZ(x, 2)- 1)

12
YMHOXUB 0Oe 4YacTu MaTpUMYHOIO ypaBHeHM:s (21) nHa Marpuiyy (E L1 S(x)+ 1 (D(X))_l,

TTOAY9VIM:

dzgxx’ﬁ) Jo )20 2) 5 Clx 2)2(.2) (22)

rae
c<x,z>=(E+js<x)+;®<x>j‘l[s1(x>R<x>B(x{s<x)+;®<x>j (0B (x)p(x) - &' (x)] (23)

B cnay ycaosuit TeopeMsl BUAHO, YTO B KaXKAOM U3 CEKTOPOB S, (k =]§) AAsl OOABIIINX
3HAYeHMIX |/I| PysKIIIA C(X,l), roaydeHHas 13 popmyasl (23) sABASETCS OTpaHNMYEHHOIA.

Permenne ypasHeHus (22) UIETCS B BUAE
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Z(x,A)=n(x, A exp{/lj.a) §)d§] (24)
0
IToacraBus (24) B (22) 1 3amcaB HOAy4eHHOe ypaBHeHIe B KOOpAMHaTax, OyAeM UMeTb

) 5o 0 520+ 5 32 4)- 29

dx

IIponHTerpuposas AnHeHOe ypaBHeHe (25) , oaydum
1 ¢ :
i (X'ﬂ) =6+ ra J‘eXp[/iGi j (\’fv X)]Zcim(é’ /1)77m i (5: ﬂ)dg (26)
Xi j m=1
rae

el0:1}, 6, (£%)=[(o

w (M=o , 0. -cuMmBoa Kponekepa.
j npn ] p p

\m'—,x

34ech 4ncaa Xi; Hy>KHO BBIOpaTh TaK, YTOOBI B KaXXAOM W3 CEKTOPOB S, (k =ZL_8)

BBIIIOAHAA0CH HepaseHCTBO Re AG; | (£,x)<0,i= 14, re. CAeAyIOIIUM 00pa3oM:

B cexropax S, (k =1,2)

2= X13= X4 = Xos = Xoa = Xa3 =0,
X =Xa1=Xan = X3z = Xas = X2 =1;
B cexropax S, (k = 3,4)

X1 = X153 = X1a = Xo3 = Xoa = X2 =0,
X2 =X =Xa1= X2 =Xao =Xz =1;
B cexropax S, (k =5,6)

X1 = Xs1= X4 = Xoz = Xoa = X34 =0
Yo =X13 =X = X0 =Xa2 =Xz =1,
B cexropax S, (k =7.8)

X1 =Xa1 = X1 = X2 = Xoa = X34 =0
Y12 = X153 = X1a = Xos = Xz = Xaz = 1.

YuaureiBasi BBIOpAHHbIE 3HAYEHIST AAS () j(X), I,J=14i+# jB KaxaoM U3 CEKTOpOB,

HTerpaapHO€e ypaBHEHIE (26) MO>KHO 3aIlricaTb B BUAe:

(%, 2)=1 ;jicm (& A, (£,4)0E
(0 A)= I P if )= 0,13 ConE A1 (&, A) - @7
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ITocmpoenue GpynOaMeHMANLHOZO peuteHs. AUHETIHOZ0 YPAGHEHUS HemBEpInozo nopsdka npu GOALUUX 10 MOOYAIO SHAUEHUAX napaMempa

ITpu Re Z(a)i (X)— o, (X))> OpermmM crcreMy MHTErpaAbHBIX ypaBHeHWiT (27) METOAOM
[0CAeA0BaTeAbHBIX IPUOAVDKEHUIL. B 11ocae40BaTe AbHBIX IPUOAVIKEHVSIX A4S 7], (X, /1) BBeAEM
obosnauerms jna = Mijna — Mijn- B Takom caydae moayanm caeayiomive Gopmyasr:

ﬂii,l(x’ﬂ’):]'; ,Bij,l(xiﬂ“)ZO; I # j}

X X

Binal02) = 5 [0 2[00, (8 Coe A ()

0 4

Ecan Re A(oy(x)-o,(x))<0, n1=123,.. 25, (k=18)

Brinal62) == [0 2] (00(0) -, ()8 3C, 6 o (2105

Mpu Re (o, (x)- o, (x))> 0, n1=123,.. 25, k =18) 28)

M >0, uronpu A €S, (k = ].,_8) OyAeT BEpHO HEPaBEHCTBO

1
3 [[Cun (6 2)0 < M 1 = 12,3, 1] >0
m=1 o
‘ﬁii,l(x’/lx =1 ﬁij,l(xiﬂ)‘ =0; e j;
1<
|12 X ﬂ' _2IZ|C|m é ﬂ’ |ﬂmjn X, ﬂ’j|d§|< <
|ﬂ,| 0 m=1

M R nn=1,2,3,...2,eSk k =18).
M 1R Cue AN < { 7 J -3)

Takym 00pa3oM, Ioayyaem 41CcAOBOM Psig,

2 n
1+ﬂ+ M ot M +..,(29
2 2 2
2z A

SABASIIOIINIACS Ma>kKOPaHTOM (PYHYIIMOHAABHOIO PsIAa

o0

> Bia(x2) (30

n=1

Takkak umcaosoir psg (29) cxoamurcs, To 1o TeopeMe Berieprtpacca ¢ynkrmonaa (30)
abCOAIOTHO M PaBHOMEPHO CXOAMUTCSL.

Takum 0Opasom, pertieHre MHTErpaAbHOTO ypaBHeHMs (27) UILeTCs B BIAe

n(x2)=;, +0( j 4 —>+0 Aes, (k= 18)

Perrenne (5) B KoopAMHaTax MMeeT BIA
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yij(x,i)z{bij(x)+%z4:bim(x)5mj(x)+ (jﬂexp{ija) }(31)

m=1

1’—4, |/1| —> 0

i, j= , 2es, [k=18)

Boruncans matpury B(x)S(x), moayumm

B(x)S(x)=
9()+5f(x)  —i(g(x)+5f(x)) ~(9(x)+5f(x)) i(g(x)+5f(x))

6 NI =100) allg(x)=1())  @lg(x)-F(x)) alxNg(x)-f(x)
" (xNg(x)-3f (x)) io* (xXg(x)-3f (x)) - 0 (x)g (x) - 3f (x)) —ie* (x)g (x) - 3f (x))
()

@ (xNg(x)- f(x)) @’ (xNg(x)- f(x)) @’ (xNgl(x)-F(x) -’ (xNglx)- ()

Yuursisas (5) nan (31), 91eMeHTB MaTpPUIIBI B(X)S(X) matrisinin elementlarini (5) yaxud

(31) ACVMIITOTUIKA 9aCTHBIX peH_IeHI/Iﬁ YPaBHEHIL, 3aBUCIIIIIETO OT ITapaMeTpa NIIETCA B BIIAE

Yk (X’ l) = Y (X’ ﬂ)/
Y (%, A) =y (X, 1),
ye (%, 2)= Yy (%, 1),

Vo6 2) = v (%, 2) (k =14).

Breruncans BpOHCKI/IaH U3 DTUX peHleHI/H?I II0Ay4NM,

: 1
V(y11 y21 y31 y4)= _12| i6|:1—|— O(ZJ:|’

2] = +o0, 1es, (k=18)-

DTO MOKa3bIBaeT AI/IHGIZHYIO HEe3aBIMCMMOCTD YaCTHBIX peI_HEHI/HZ.
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AHA/IOT YPABHEHUS YMIAEPA I HEOBXOAVIMOE YC/AOBUE
OITMAABHOCTH BTOPOT'O ITOPSIAKA B O AHOM
ABYXDTAITHOM 3AAAYE OIITYMA AbHOT' O
YIIPABAEHVSI, OIIMMCBIBAEMASI CUCTEMAMMA
ABYMEPHBIX PA3BHOCTHEIX YPABHEHUN
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Mucturyt Cucrem Yripasaennss HAH Aszep6aiiaxana

kamilbmansimov@gmail.com, mammadovaturkan 1@gmail.com

PE3IOME

B cratee craBuTCsI U u3ydgaercst OJHa AByXSTallHasl 3agada OIITMIMa/AbHOIO YIIPpaBAE€HVL, OIIVIChIBaeMast
COBOKYITHOCTBIO ABYX CUICTEM Pa3HOCTHBIX ypaBHeHI/II?L HpI/I IIpeAIIOAOKEHNN OTKPBITOCTI obaactu YyipaBA€HIL
YCTaHOBAEHbDI HeO6XOAI/IMbIe yCA0BIL OIITIMAABHOCTH ITIEPBOI'O 1 BTOPOTO IIOPSIAKOB.

Karogesbie ca0Ba: aHaa0T ypaBHeHIs Dilepa, pa3HOCTHOe ypaBHeHUe Turla Boabreppa, 4MCKpeTHbIN aHaA0r
IurepbOANYECKOTO  YpaBHEHIs, ABYX®TallHasl 3ajada ONTMMAaJBHOIO yIIpaBAEHN:, HeoOXOAVMOe YCAOBUe
ONTUMAaABHOCTY IIEPBOTO 1 BTOPOTO ITOPsIAKOB.

AN ANALOGUE OF THE EULER EQUATION AND THE NECESSARY OPTIMALITY CONDITION OF THE
SECOND ORDER IN ONE TWO-STAGE OPTIMAL CONTROL PROBLEM DESCRIBED BY THE SYSTEMS OF
TWO-DIMENSIONAL DIFFERENCE EQUATIONS

ABSTRACT

In paper stabilize and retrieve the two-dimensional axis of optimal control, describing the two-dimensional
system. When opting for an overlay area set up, the optimization of the override and exit pad.

Keywords: Analog of the Euler equation, the voltage distribution of the type Volterra, the discrete analogue
hyperbolic antenna, the two-dimensional optical control, the nonlinear optimization of the joint and the voltage.

IKIOLCULU FORQ TONLIKLOR SISTEMI ILO TOSVIR iKi MORHOLOLI BiR
DiISKRET OPTIMAL iDAROETMO MOSOLOSINDO EYLER TONLIYININ ANALOQU
VO OPTIMALLIQ UCON IKiNCi TORTIB ZORURI SORTLOR

XULASO

Isdo ikiolgiilii forq tenliklor sistemi ilo tosvir olunan iki marhalali bir diskret optimal idarsetma masalasi qoyulmus
vo Oyrenilmisdir. frareetma oblastinin agiq olmast forziyyesi daxilinde optimalliq iigiin birinci ve ikinci tertib zeruri
sortlor isbat olunmusdur.

Acar sozlar: Eyler tonliyinin analoqu, Volterra tipi forq tenliyi, hiperbolik tenliyin diskret analoqu, iki marhalali
optimal idareetma masalasi, birinci ve ikinci cargelarin optimallig1 tigiin zaruri sart.

Bseaenme. B paGorax [1, 2] usyyeHn! 3agauy ONTUMAABHOIO yIIPaBAEHNS AVCKPETHBIMU
AByXIIapaMeTPUYECKUMI CHCTeMaMli, OIMChIBaeMble CUCTEeMaMM ABYMEPHBIX pPa3HOCTHBIX
ypasHenmii tuna Boasreppa. Ho MHOImMe Iporeccel sBASIOTCS MHOTOSTAIHBIMU MAM COC-
TaBHBIMH (CM., HaripuMep, [3-5]).

Vcxoas m3 »Toro B IpejaaraeMoii paboTe paccMaTpUBaeTCsl OAHA ABYX®TallHasl 3aJada
OITHMAa/ABHOIO YIIPaBAEHNs, OIIChIBaeMasl CCTeMaMI ABYX Pa3HOCTHBIX ypaBHEHNII, ITepBast
U3 KOTOPBIX €CTh AVICKPETHBIVI aHa/AO0T TMIIEPOOANYECKOTO YPaBHEHS C KpaeBBIMU YCAOBVLSIMU
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I YpcCa, a BTOpasl sIBASIETCA pasHOCTHBIM aHa/A10IoOM TI/IH€p60/H/I‘I€CKOI'O I/IHTel"pO—,ZI,I/ICl)(l)epeHLU/IaAL-
HOTO YypaBHEHIISI THIIA BO/leeppa. HpI/I MpeAA0>KEHNST OTKPBITOCTIL obaacrent YIIpaBA€HNL
II0AY4€HBI DI, HGO6XO,Z|,I/IMI)IX yC/lOBI/HZ OIITIMAa/AbHOCTH IIEPBOI'O M BTOPOIO ITIOPSIAKOB.

INocranoska 3agaun. Ilycte U € R™ nV < RY. 3ajaHHbBIe HeITyCTble, OrpaHIYeHHbIe U
OTKpBIThIE MHOXEeCTBa, ty,tq,t,Xp, X1, —3a4aHHBIE 4MCAa, IIpu4YeM pasHocTut; —to,t, —t; U
X1 — X — €CThb HaTypaAbHble urcaa, u(t, x), v(t,x) — ru g-MepHble COOTBETCTBEHHO,AVICKPETHBIE
yIIpaBAAIoLIe BeKTOp (PYHKIIVIL.

PaccMoTpyM  3agady  HaXOXKAEHMA — MMHUMAABHOTO — 3HAUeHMs — TepMMHAABHOTO
¢JyskMoHasa

Jw,v) = @1(2(t1,x1)) + @2(y(t2,x1)) (1)

HpI/I or paHI/IquI/I}IX
u(t,x) eUcCR",(t,x) €D, ={(t,x):t=tpto+1, .., —Lix=x0,x0+1,..,,— 1}, (2)
v(t,x) eV RL(t,x) €D, ={(t,x):it=¢t,t;+1, .t —Lx=x0,%x +1,..., 5, —1}. (3)
zt+1,x+1) = f(t, x, z(t, x), u(t, x)), (t,x) € Dy, (4)
z(tg,x) =ax),xeX={x=xg,x0+ 1,...,x.}, (5)
z(t,x0) = by (t), t €T, = {to, to + 1, ..., 8,3},
a(xo) = b(ty),

yt+1,x+1) = Z z 9(t.x, 7,55, 5),v(z,s)), (t x) €D, (6)
y(ty,x) = G(z(ty, x)),x € X,(7)
y(t,x0) = by(t), t €T, = {ty,t; +1,...,t;},
G(Z(tp xo)) = by(ty).

3aecw f(t,x,z,u) (g(t,7,y,v)) — 3asaHHasin(Mm)-MepHasl BeKTOP-(PYHKIVS, HeIlpepbIBHAs
II0 COBOKYITHOCTM IIepEeMEHHBIX BMeCTe C YaCTHBIMU IIPOM3BOAHBIMM TIO (Z,U) IIpU BCex
(¢, x)((t, X, T, s))((y, v)),a(x), b1(t), b,(t) —3asaHHBIE AMCKPETHBIE BEeKTOP-(PYHKIMM COOTBETCT-
BYIOIIVIX pa3MepHocTell, G (z) —3ajaHHas ABasKAbl HEIIPepBhIBHO A pepeHLpyeMas m-MepHast
BeKTOP-PYHKIL, @1 (2), ¢, (V) —3ajaHHBIE ABaXKABI HEIIpepHIBHO-AudQepeHIpyeMbre cKaasp-
Hble (PYHKIIUIA.

Kaxxayio napy (u°(t, x), v°(t, x)), yrpaBasionyx GpyHKIUIT ¢ BBITIETIPUBEACHHBIMU CBOVIC-
TBaMM, Ha30BeM JOITYCTMMBIM yIIpaBAeHUeM.

Jomnyctumoe yripasaeHue (u®(t,x),v°(t,x)) AOCTaBAsIIOIIee MUHMMAa/AbHOe 3HaueHue (PyHK-
1moHaay (1), mpu orpanmdensix (2)-(7), Ha30BeM ONTVMAABHBIM YIIPaBAEHMEM.

CrnemmaabHOe nIpupameHyie pyHKIMOHaAa KadecTBa.

Cunraa(u®(t, x), v°(t, x), z°(t, x), y°(t,x)) PUKCHMPOBaHHBIM AOITYCTUMBIMIIPOIIECCOM, depes
(@(t,x) = u®(t,x) + Au(t, x), v(t,x) = vO(t,x) + Av(t, x), Z(t, x) = z°(t, x) + Az(t, x), y(t, x) =
y°(t, x) + Ay(t, x)0OO3HAIMM [TPOM3BOABHBII AOTIYCTUMBII IIPOLIECC.

Toraa npupamenne (Az(t, x), Ay(t, x)) cocrosams(z°(t, x), y°(t, x)) Oyaer permenuem cae-
AYIOIIeN Pa3HOCTHOM KpaeBoil 3ajauut:
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Az(t+1,x+1) = f(t, x,Z(t, x), u(t, x)) - f(t, x,2°(t, x), u’(t, x))),(8)

Az(ty,x) = 0,x € X,(9)
AZ(t,xo) = O,t € Tl’

Ay(t+1,x+1) = Z Z (g(t, x,T,5,y(t,5s), v(t, s)) - g(t, x,T,5,y(t,5), v(r, s))),

T=t1 S=Xo
(t,x) € D, (10)
Ay(ty,x) = G(2(t, x)) — G(2°(ty, %)), x € X, (11)
Ay(t,xy) =0,t €T,

ITycts p°(t,x),q°(t,x) mOKa HPOM3BOABHBIE NI M-MEPHbIE COOTBETCTBEHHO, BEKTOP-
dynxium. Vs (8) u (10) moayumm crrpaBeaAmBOCTb TOXKAECTB

t1-1x1-1 t1-1x1-1
Z Z p° (t,x)Az(t + 1, x +1) = z Z p°' (¢, |f(t x,t,5 2(t,5),u(r,5)) —
- f(t; X, T, S;ZO(Ti S); uO(Tf S))]] ) (12)
tr—1x1-1 tr—-1x1-1 t
Z Z qO'(t,x)Ay(t+ 1,x+1)= Z z z Z q° (¢, x)[g(t x,1,8,y(t,5), (z, s)) -

- 9(t,x,7,55°(1,5),v°(z, s))]] .(13)

Vcrioap3yst AByMepHBIiT aHaA0T TeopeMbl PyOuHMU (CM., HatIp., [2,6,7]), moAydnM, 9TO

tr—1x9-1

Z Z Z Z q° (¢, x)[g(t x,1,8,Y(t,5),0(t, S)) g(t x,7,5,y°(,s),v°(z, s))]] =

t=t1 x=xg | T=t1 S=xo

t1—-1x1-1[ t; x1

= Z Z Z Z q° (, Dg(v, s t,x,5(,5),5(x,s)) — g(t, x,7,5y°(1,5),v°(z, s))]] .(14)

t=tg x=xq | 7=t s=x
BBeas obo3HaueHs

H(t,x,z,u,p°) = p°'(¢t, ) (t,x,z(t, x), u(t, x)),

2 X1

M(t,x,vy,v,q°) = z z q°(z, $)g(t,s,t, % y(t x),v(t,x)),

T=t S=Xx

3armileM IpupalieHne PpyHKIMoHala Kadectsa (1), yanToiBasi BBeJeHHbIe OOO3HaueH!s 1
ToxkAaectBa (12)-(14). Vimeem

A, v°) = J (@, 7) — J(O, v°) = (§01(Z_(t1'x1)) - 401(20(151;951))) + (§02(}_’(t2,x1)) - §02(}’0(f2rx1))) +

t1-1x,-1

+ Z Z p® (¢, x)Az(t + 1,x + 1) — (15)
t=tg x=x¢

t1—1x1—-1

- Z Z [H(t, x, 2(t, x), u(t, x), p°(t, x)) — H(t, x,2°(t, x),u’(t, x), p°(t, x)) | +

t=toy x=xq
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ta—1%1—1 ty—12x1—1
+ Z Z q° (& x)Ay(t+1,x+1) — Z Z [M(t,x,7(t,x),9(t,x),q°(t,x)) —
t=tq1 x=xg t=t1 x=xg

—M(t,x,y°(t, ), v° (¢, x), p° (¢, x))].

3aiiMeMcsl IpeoOpa3oBaHeM CAaraeMBbIX

t1-1x1-1

Z Z p® (t, x)Az(t + 1,x + 1), (16)

t=tg x=x¢

tp—1x,-1

Z Z q° (t, x)Ay(t + 1,x + 1) . (17)

t=t1 x=x¢

Caeaas sameny nepemenHnx t + 1 = a,x + 1 = f u3 (16) noaydum, 4To

t;1—1x,-1 ty X1

Z Z % (6, )AZ(E + 1, % + 1) = z z PO (£ = 1,x — 1)Az(t, x) =
t=ty x=x¢ t=to+1 x=x9+1
X1 X1
= Z PO (¢, — 1,x — 1)Az(t,, x) — Z p° (to — 1,x — 1)Az(ty, x) + (18)
x=x9+1 xX=xo+1
t1—-1 X1

+ Z Z pOI(t - 1,X - 1)AZ(t' x) = por(tl - 1: X1 — 1)AZ(t1,X1) -

t=to x=xo+1

x1-1
—p°' (t; — 1,x5 — DAz(t5, %) + Z P (t; — 1,x — DAz(ty, x) — p° (to — 1, %, — 1)Az(ty, ;) +
X=Xq
x1—1
—pol(t0 —1,xy — DAz(ty, x0) — Z po'(to —1,x — DAz(ty, x) +
X=xq
t1-1 t-1
+ z pol(t —1,x; — DAz(t,x;) — Z pO’(t —1,xy — 1Az(t, x) +
t=t, t=ty
t1-1x1-1
+ Z Z p°'(t —1,x — DAz(t,x) = p° (¢, — 1, %, — 1)Az(ty, x,) +
t=tg x=xg
x1—-1
+ Z %' (t, — 1,x — 1Az(ty, %) +
x=xg
t1-1 t1—-1x1-1
+ Z p°'(t — 1,%, — 1Az(t, x,) + Z Z p°'(t —1,x — DAz(t,x) .
t=to t=tg x=xg

Jazaee aHaa0TMYHBIM OOpa3oM, yUnThIBas Kpaesble ycaoBus (7) u3 (17) moayyaem, uto

t—1x1-1 ty X1
DY oty iD= Y > gVt - L - DAy =
t=t, x=x t=t1+1x=x0+1

X1 X1
= Z g% (t; — 1,x — DAy (t,, x) — Z g% (t; — 1,x — DAy (ty, x) +

xX=xo+1 xX=xop+1
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t,—-1  xq
F) )@= Lx = DAY = 0% (6 — 1, ¥y — DAY(6x)
t=t; x=xp+1
x1—1
—q? (t, = 1% = DAYt x0) + ) 7' (6 = 1x = DAY(t5,2) -

xX=xq

_qol(ﬁ —1Lx; — DAy(ty,x1) + qor(t1 —1,xy — DAy(ty, %) —

x1—1

tp—1
- Z CIO’(tl —Lx—DAy(ty, %) + Z qol(t —Lx; — DAy(t,x) —
xX=xq t=ty
x1-1 t2—=1x-1
- Z q° (t = 1,x0 — DAY(t, x,) — Z Z q°' (t = 1,x — DAy(t,x) =
X=Xq t=tq x=Xxg
x1-1
=q%(t, — 1, — DAy(ty, x,) + Z q% (t, — 1, x — DAy(ty,x) —
x=x9
x1-1
4" (6 = L = DAY, x) = ) q%(t = 1x = DAY (6,0 = (19)
X=Xq
tp—1 tp—1x1-1
=D @=L - DAYEx) + ) Y (- Lx = DAy,
t=tq t=t; x=Xo

Yuursisas Toxaectsa (18), (19) popmyaa npupamenns (15) kpurepus KayecTsa 3arichl-
BaeTCsl B BUAE:

AJ (O, v°) = (‘P1(Z_(t1:x1)) - <P1(Zo(t1: x1))) + (902 (}_’(tzﬁﬁ)) - 902(y0(t2:x1))) +

x1-1
(6 = 1,2 = DAZ(t, 1) + ) 0 (6 = Lx = DAz(e, 0 +
X=xq
t1-1 t1-1x1-1
+ Z PO (t =1, %, — 1)Az(t,x,) + Z Z p% (£ =1, % — 1)Az(t, x) +
t=to t=tq x=x¢
x1-1
+q0,(t2 —1,x; — DAy(ty,x1) — QOI(t1 = 1,x; — DAy(ty, %) + Z qor(tz —1,x — DAy(t,,x) —
X=Xq
x1—1 t—-1
= D%t~ Lx— DAY, + ) q¥ (- 1x — DAY(Ex) +
x=x t=t,
t1—-12x1-1
+ Z Z g% (t — 1,x — DAy(t, x) —
t=tg x=xg
t1—-1x4-1
- Z Z [H(t,x, 2(t, x), u(t, x), p° (¢, x)) — H(t, x, z°(t, x), u°(t, x), p° (¢, x))] -
t=ty x=x¢
tp—1x1—1
=)D M6 360, 5600, 4°(6 1) =M (8,000, 0°(6,2), 4°(, )] (20)
t=t1 x=Xo
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ITockoabky
Ay(ty,x) = G(2(t, x)) — G(2°(ty, %)),

TO popMmyaa npupaiteHs (20) MOKeT OBITD 3aIlMCaHa B BUAe

A, v°) = (<P1(Z_(t1'x1)) - ‘P1(Zo(t1: x1))) + (QDZ (}_’(tz‘xﬂ) - ¢2(y0(t2'x1))) +

x1—1
+p0’(t1 - 1, xl - 1)AZ(t1,x1) + Z pOI(tl - 1,x - 1)AZ(t1,x) +
X=Xg
t;-1 t1—1x9-1
+ Z o' (t —1,%, — DAz(t,x,) + Z Z p'(t — 1,x — DAz(t,x) +
t=tg t=to x=xo
+4°'(t; — 1,2y — DAY(tx1) — ¢° (6 — L2y — 1) (6(2(t, 1)) = 6(2°(t1,3)) ) +
x1—1 x1—1
%6 - L= DAY(BD) - ) a6 = 1x = D (6(26,0) - 6(2°(t,0)) +
X=Xg X=Xo
tp—1 t1-1x-1
+) a¥E-Ln - DAYER) + ) > = 1= DAY(E0) -
t=tq t=to x=xp
t1-1x9—1
- Z Z [H(t, x, 2(t, %), (¢, %), p° (¢, x)) — H(t, x, 2°(t, %), u®(t, %), p° (£, %))] =
t=ty x=x¢
tp—1x1—-1
- Z Z [M(¢,x,7(t,x), 9(t, x), q°(t, x)) =M (t, x, y° (£, x), v° (£, x), q° (¢, ))]. (21)
t=tq x=xg

BBes obo3HaueHne
N(x,z(t,x)) = q° (t; — 1, x — DG (2(ty, x)),

a 3aTeM ucrioan3ys ¢popmyay Teitaopa, popmyaa npuparienns (21) 3anmceiBaeTcs B Bge

0¢'1(2°(ty, x1)) 1, 021 (2°(ty, x1))
80, v%) = TR N 1,30 + 5 07/ (6, 1) T A 3) +
0¢'5(v°(tz, x1) 1, 0%, (2°(ty, x1)
+o, (l1Az(ty, x) 1) + 2(—21)A)’(t2:x1) + Ay (tz;x1)2(—221)A3’(t2;x1) +
dy 2 ay
x1-1
+0, (187 (62, 1)) + /(6 = 1,3 = DAz(es, 1) + ) p'(6 = Lx = DAz(t,) +

x=xq

t—1 t1—1x,—1

4 Z PO (t =1, %, — 1)Az(t x,) + Z Z p% (£ =1, % — 1)Az(t, x) —
t=to t=tg x=xg

1
_Nz’(xp Zo(tp x1))AZ(t1: X)) — EAZ’(tp x1)sz(x1: ZO(tl’ x1))AZ(t1, x1) — 03(||Az(t,, x1)||2) +

x1—1 x1—1
V(6 = LMY = ) N (3, 2°(6, 1)A(t, 0) -
x=xo x=xq
1x1—1 x1—1
=2 D At ON, (3,26, A2, ) = ) 0y (llAz(t, 0IIP) +
xX=Xq X=Xg
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ty—1 t1-1x1-1
) q¥( =L - DAY + ) D q¥ (= 1x — DAL -
t=tq t=tg x=xg
t1-1x1-1
- Z Z [Hj(t, x,2°(t, x), u’(t, x), p° (¢, x)) — H,,(t, x,2°(¢, x), u (¢, x), p° (¢, x) ) | Au(t, x) —
t=tg x=Xxo
) t1-1x1—1
-5 Z Z (AZ'(t, X)H,, (¢, %, 2° (£, %), (¢, %), p°(t, X)) Az(t, x) +
t=tg x=xg
+2Au'(t, x)H,, (t, x, z°(t, x), u® (¢, x), p° (¢, x))Az(t, x) +
t1-1x1-1
AU (6,0 Hy (65,206, 20, 00(6, 0,0 (6 0)Bu(6,0) = Y > 05((UIAz(e, 01l + 18y (e, 0D -
t=tg x=xg
ta—1x1—1
- Z Z [M},(t, %, y° (£, ), v°(t, %), q° (¢, x) ) Ay (t, x) + M, (t, x,y°(t, x), v° (¢, %), ° (£, x) ) Av(t, x)| —
t=t; x=x¢
) tp—1x1-1
~3 Z Z (8y' (&, )My, (8, x, y° (£, %), v° (£, %), q° (¢, X)) Ay (¢, x) +
t=t; x=x¢

+200'(t, x)Hyy (8, x, yO (£, %), V0 (t, ), q°(t, X)) Ay (¢, x) +
+AV' (¢, x)H,, (t, %, ¥° (£, %), v° (£, x), 4° (£, X)) Av(t, x) ) —

ty—1x,-1

> osUlay(E 0l + 1av(e, 0D (22)

t=tq x=xg

[peArIoA0KMM, 4TO A0 CUX MOP SBASIOIIVECS MTPOU3BOABHBIMU BEKTOP (PyHKIMAMM
p°(t, x), ¢°(t, X) yA0BAETBOPSIOT COOTHOIIIEHILSIM

p°(t — 1,x — 1) = H,(t, x,2°(t, x), u’(t, x), p° (£, x)), (23)
p°(t; — 1,x — 1) = N,(x, 2°(ty, %)),

a(ﬂ1(lo(t1.x1))

0 — — N
p°(t;—1Lx,—1)= a7

+ N, (x1,2°(t, %1)), (24)

°t—1,x—1)= My(t, x,v°(t, x), v°(t, x), ¢°(¢, x)),
q°(t, — 1,x — 1) =0, (25)
q°(t—1,x,—1) =0,

992(¥°(t2.x1))

qo(t2_1'x1_1)=_ ay

. (26)

Toraa popmyaa npuparienns (22) pyHKIMOHaAa KayecTsa IpUMeT BI/

t1—-1x1-1
A (u°,v°) = — Z Z Hy,(¢,x,2° (¢, %), u® (¢, x), p° (¢, x)) Au(t, x) —
t=to x=xg
tp—1x1-1
- Z Z M (t, %, y°(t, x), v (t, x), ¢°(t, x) ) Av(t, x) +
t=t1 x=xg
62‘P1(20(t1’x1)) 62<p2(zo(t2,x1))

1 1
+ EAZ’(tpxﬂ Az(ty, x) + EAy’(tz; x1) Ay(ty, x1) —

0z2 dy?
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t1-1x,-1

—% Z (A2 (t, ) Hy (¢, x, 2 (8, ), w0 (¢, ), p° (¢, x))Dz(t, x) +

t=tg x=xg
+2Au'(t, x)H,, (t, x, z°(t, x), u® (¢, x), p° (¢, x))Az(t, x) +
+Au'(t, x)Hy, (t, x, 2°(t, x), u® (¢, x), p° (t, x)) Au(t, x)) —

t—1x1-1

1
2 Z Z (8y'(t, )My (£, 2, y° (£, %), v° (8, %), q° (8, X)) Ay (£, %) +

t=tq1 x=xg
+200'(t, x)Hyy (8, x, y°O (£, %), VO (t, ), q°(t, X)) Ay (¢, x) +
+AV'(t, x)H,,, (t, x, y° (t, x), v° (¢, x), q°(t, ) Av(t, x)) +

+0, (182G, 2)17) + 0,18y (62, 1)) = 031472, %I = ) 0, (IA2(t1, DI
t1-1x1-1 tr-1x1-1 -
=0 osiaze I = Y oslayE0IP). 27)
t=tg x=xg t=tq x=xo

IlepBas n BTOpas Bapmamm QyHKIMOHAaAa KadecTBa. [Iycrts € nponssoabHOe gocTa-
TOYHO Mazoe I10 a0COAIOTHON BeAndrHe uncao, a Su(t, x) € R™, (t,x) € D; mpousBoAbHas AUCK-
peTHas1, orpaHIYeHHas! BeKTOP-(PyHKIT: (40ITycTIMasl Bapyals ypasaeHnst). Iloaaras

Au(t,x) = edu(t, x),
Sv(t,x) =0.(28)
u gepe3 (Az(t, x), Ay:(t, x)) 0003HaUMM crieraabHoe tpupamnienve cocrosamst (z°(t, x), y° (¢, x)),
OTBevaroIIee creryaabHoMy rpupariennio (28) yrpasaerms (u°(t, x), v° (¢, x)).
Vcnioansys kpaesylo 3agauy (8)-(11) Mo>kHO A0Ka3aTh, UTO
Az (t,x) = €dz(t,x) + o(e: t, x), (29)
Ay (t,x) = edy(t,x) + o(e: t,x).(30)
rae (6z(t, x), 5y (t, x))(Bapuarmst cocrostrms (z°(t, x), y°(t, x))) sBAsIETCA pereHneM AMHEHO
KpaeBoi 3a4aunt (YpaBHEHNs B BapMaIVsiX):
§z(t+ 1L,x +1) = f,(t, %, 2°(t, %), u’(t, x))8z(t, x) + £, (t, x,2°(t, x), u®(¢, x) ) Su(t, x), (31)
6z(ty,x) =0,(32)
6z(t, xy) = 0.

t X
Sy(t+1,x+1) = Z Z 9y(t,x,7,5,¥°(1,5),v°(1,5))8y(1,5), (33)

8y(ty,x) = G,(2°(ty,x))8z(ty, x) (34)
Sy(t,xy) = 0.

Yunrsisas (28), (30) n3 popmyasl npuparttieHys (27) IOAYyIUM CIIpaBeAAVBOCTD Pa3A0KeHs

t1—1x,-1

J@W® + Au,, v°) — J(uOv%) = —¢ Z Z H;,(t,x,2°(t, ), u® (£, x), p° (¢, x) ) Au(t, x) —

t=to Xx=Xo

86



Anaroz ypaenenus aiirepa u Heo6xo0umoe YcA0sUe ONMUMAAbHOCHIL 6110p020 HopAdKa 6 00101 d8YX3mantoll sadade
ONMUMAALHOZO YNPAGAEHUS, ONUCHLEACMAS CUCEMAMYU )EYMEPHDIX PASHOCHHBIX YpaGHeHUiL

,tim1x1-1

Z Z [62'(t, x)H,,(t, x,z°(t, x), u’(t, x), p° (t, x))6z(¢t, x) +

t=tg x=xg

+268u' (¢, x)H,,, (t, x, 2°(t, x), u’ (¢, x), p° (t, x))6z(t, x) +

+8U'(t, x)Hyy (£, x, 2° (£, x), u (£, x), p° (£, X))AS (L, x)) —
,t2m121-1

Z Z 8Y' (£, )My, (£, x, y° (t, %), v° (¢, %), q°(t, x))8y (¢, x) + (35)
2‘P1(Zo(t1:x1))
0z2

x1—1
- Z 82'(t1, )N, (x, 2°(ty, x)) 8z (t;, x) —

X=Xq

=67/ (4, xl)sz(xlr z%(ty, xl))az(t1; x1))-

az‘l’z(zo(tzi x1))

8z(ty, x1) + 8y'(ty, x1) 9y?

&2
+o(e?) +— (82 (t1,x1) AS(ty, x1) —

Ecau crieriaapHOe npupaliieHne ypasAsonieit GyHKIII vO(t, x) OIIpeeANTs 110 popMyae
Av, (t,x) = pév(t, x), (36)

Tae 4 — IIpOMn3BOAbHOE, AOCTATOYHO Mal0e II0 abCOAIOTHOV BeAVUIIIHE 4rCAaO, a dv(t,x) € RY,(t,x) €
D, IIpOM3BOAbHAsT AVICKpETHAasI, OrpaHN4IeHHasT BeKTOp-CIDYHKLU/[}I, TO 13 (27) 1104y4aeM, 9410

A, W, v°) = J(®,v° + psv) — J(w®,v°) =

to—1x,—-1

=—yu Z Z M (¢, %, y°(t, ), v°(t, %), 4°(t, x) ) dv(t, x) ——<6c(t2, t1)

t=t, x=x,

(Pz(y (t 2:x1))6 (tyx1) — (37)

tr—-1x1-1

- Z Z (8¢'(t, )M, (t,x, y° (¢, %), v°(t, x), q° (t, x))8c(t, x) +

t=t1 X=Xy
+268v'(t, x)H,.(t, x, y° (£, x), v° (t, x), ¢° (¢, x)) 6c(t, x) +
+8v'(t, x)Hyp (8, %, ¥° (£, %), v° (£, %), ° (£, X)) 6v (¢, X)) + 0(u?),

rae 8c¢(t, x) Bapuarmst cocrosirmst (z°(¢, x), y° (¢, x)), orBevaromas sapuaruu §v(t, x) yrpasas-
omeit pynkimu v0(t, x), SBASIOMANCS PEeHNeM CAeAyIONIEr0 YpaBHEeHs B BAPUAIVsIX

t x
Sc(t+1,x+1) = Z Z [g’y(t,x, 1,5,v%(7, 5), v°(x, s))dc(‘r, s)+

T=t1 X=X
+9,(t,x,7,5,y°(7,5),v°(z,5))dv(z, s)], (38)
Sc(tll x) = 0: (39)
6c(t,xo) = 0.

B cuay orkprrtocti obaacreit ynpasaenus U, V, us pazaosxenni (35), (37) Ha OCHOBe OCHOB-
HOTIO pe3y/AbTaTa BapMallMOHHOIO MCYMICACHUS CAeAYET, 4YTO €CAM w°(t, x),v°(t,x)) ontumasn-
Hoe yITpaBAeHue, To A4s Bcex 6u(t,x) € R", (t,x) € D; u 6v(t,x) € RY,(t,x) € D,coOTBETCTBEH-
HO BBITIOAHSIOTCST COOTHOIIIEHVAS

t1—-1x1-1

Z Z H; (¢, x,2° (¢, %), u® (¢, x), p° (£, x) ) Su(t, x) = 0, (40)

t=ty x=x¢
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t—1x,-1

DD My (6,060,060, 4°(6,0)80(E, %) = 0, (41)

t=tq1 x=xg

0%, (Zo(tp x1))

82 (t1,x1) AS(ty,x1) —

9%0,(2°(t,, x
6z(ty, %) + 5}”(t2’x1)w

0z2
x1—1
- z 52’@1,X)sz(x’Zo(tpx))(sz(tpx) - 52'(t1'x1)sz(x1‘ZO(t1‘ xl))6z(t1, x1) —
X=X0
t1-1x1-1
= ) D 82 (6 W (6,3, 26,2, 00 (6,0, PO (6, 1))02(5, ) +
t=tg x=x¢

+268u' (¢, x)H,,, (t, x, 2°(t, x), u’ (¢, x), p° (t, x))6z(t, x) +
+6u'(t, x)H,p, (8, x, 20 (t, ), u®(t, x), p° (£, x))AS (¢, x)] —
tp—1x1—-1
- Z Z 8y'(t, x)M,,,(t, x,y° (t, %), v° (t, x), q°(t, x)) Sy (t, x) = 0, (42)

t=tq x=xg

62(p2 (yo (t2, x1))

ayz 6C(t2, xl) -

(6C,(t2: xl)
t—1x1-1

- Z Z (8¢'(t, x)M,,,(t, %, y° (¢, %), v°(t, x), q°(t, x))8c (t, x) +

t=t; x=xg
+268v'(t, x)H, (t, x, y° (£, x), v° (t, x), ¢° (¢, x)) 6c(t, x) +
+617’(t, x)va (t! x' yo(t; x): UO (t! x)l qo(ti x))é‘v(t, x)) 2 0 (43)
Kak Buano, Toxxaectsa (40), (41) s1BAAIOTCSI HeSBHBIMM HEOOXOAVMBIMM YCAOBUSAMM OITH-
MaABHOCTH II€pPBOTO IOpPsIAKa, a HepaBeHCTBa (42), (43) mpeACTaBASIOT COOOI HesIBHbIE HEOOXO-

AVIMbI€ YCAOBIISI OIITIMAABHOCTIT BTOPOTIO IIOpPsAKa. HOE)TOMy, "3 HUX CAe40Baa0 ObI IIOAY4IUTDb
SIBHbIE H€O6XOAI/IMIJI€ YyCAOBMAT OIITUMaAbHOCTU, HOCAIIIVIE KOHCTPYKTI/IBHHﬂ XapakTrep.

IToaaras B Toxxaectsax (40), (41)

_(u, (t, X) = (9'5)'
Su(t,x) = {0, (t,x) # (6,5,
(v, (t,x) =(6,%),
Sv(t,x) = {0, (t,x) # (6,%),

rAe u € R" nv € R nponsBoAbHbIe BEKTOPbI, COOTBETCTBeHHO, a (0,§) € Ty X X, (6,§) €
T, X XCOOTBETCTBEHHO IIPOM3BOAbHBIE TOUKY, VI3 HUX CPa3y II0AydaeM, 9To

Hllt(gl ‘f' 20(9' E)' uO(Q, f)i pO(Q’ f))u =0,
M, (6,€,9°(6,8),v°(6,8),4°(6,8))v = 0.

s ITOAYY€HHBIX COOTHOIIEHUTI caeayer caeayroniee H€O6XOAI/IMO€ ycaoBue OolTrMaabHOC-
T TIIEPBOTO IIOPsIAgKa

Teopema 1. (anaaor ypasHeHu:1 Diiaepa). A4 oNTUMaAbHOCTHU AOITyCTMMOTO YIIPaBAeHI
(u°(t, x), v°(t, x)) HEOOXOAUMO, YTOOBI COOTHOITIEHVST

Hy(6,€,2°(6,9),u°(6,$),0°(6,8)) = 0, (44)
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M,(6,£,°(6,6),v°(6,£),4°(6,6)) = 0 (45)
BBIIIOAHSAMCH A451 BeeX (0, §) € Dy,(0,&) € D,COOTBETCTBEHHO.
3ariMeMCcst BBIBOAOM HeOOXOAVIMBIX YCAOBUII ONITMIMAABHOCTY BTOPOTO MOPsIAKA.
ITycts R (t, x,7,5) (n X n) MaTpuuHast QPyHKINL, SIBASIOIIAsCA pellleHreM KpaeBoli 3a4a4m
Ri(t,x,1— 1,5 —1) = Ri(t,x,7,5)f,(7,5,2°(1,5),u’(z,5)), (46)
R,(t,x,t — 1,5 — 1) = 0, (47)
Ri(t,x,T—1,x—1) =0,
Rl(t,x,t — 1,x — 1) - Ell
rae E; — (n X n) eauHmyHas MaTpuia.
Yepes R,(t, x, T, s) 0003HauMM (M X m) MaTpUIHYIO PYHKIINIO, SBASIONIYIOCS PellleHreM 3ajad

t—1x-1

Rz(tvva - 1rS - 1) = Z z Rz(t:x: a,ﬁ)gy(a,ﬁ,‘[,s,y"(‘[,S)), (48)

a=t B=s
R,(t,x,t —1,s —1) =0,(49)
R,(t,x,T—1,x—1) =0,
R,(t,x,t —1,x — 1) = E,
(Ey — (m X m) eauHIYHAsA MaTpUIIa).

Toraa Ha ocHOBaHUI pe3yAbTaTOB pabOTHI [2] pelteHns Kpaesbix 3adau (46)-(47), (48)-(49)
MOTYT OBITh peACTaBAeHbl COOTBETCTBEHHO B BUe

t—-1 x-1
S5z(t,x) = Z z Ry (t,x,7,9)f,(7,5,2°(x,5),u’(z, 5) ) Su(t, ), (50)
T=tg S=Xp
x-1
oy(t,x) = R,(t,x,t; — 1,x — 1)6y(ty, x) + Z R,(t,x,t; — 1,5 — 1)6y(ty,s), (51)
5=xg

t—-1 x—1 |t—1x—-1

Sc(t,x) = Z Z z z Ry(t,x,a,f) gv(a,ﬁ, 1,5,v%(7, 5), v°(x, s))(Sv(T, s)|.(52)

T=t1 S=X¢ | @=T f=5
3arimeMcs IpeoOpa3oBaHueM IpejcrasaeHne (51)

B cnay (51) umeem

Sy(t,x) = Ry(t, x,t; — 1,x — 1)G,(2°(ty, x))62z(ty, x) +

+ Z Ry(t,x,t; — 1,5 — 1)G,(2°(ty, 5))8z(ty, 5). (53)

S=Xp

s (50) caeayet, ato
t1-1 x-1
6z(ty,x) = Z Z Ry(ty,x, @, 8)fu(a,5,2°(1,5),u’(a, s))dula,s), (54)
T=tg S=Xg
t1-1 x-1

62(t1,5) = ) )" Ralty 5,7 fulr 6,2° B, u (2, ))Sul, ). (55)

T=tg S=Xg
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ITpmuHnmMast Bo BHUMaHMe peAcrasaenne (54), (55) B (53), OyaeM 1MeTh

oy(t,x) =
t1—-1 x-1
= Z Z Ry(t,x,t; — 1,x — 1) G,(z°(t1, X))R, (t1, %, T, s)fu(‘r, 5,2%(7,5),u’(, s))&u(‘r, s)+
T=tg S=Xo

x—1t1-1 s—1

+ Z Z Z Ry(t %t — 1,5 — 1) G,(2°(t1, 5))Ry (t1,%,7, B) X (56)

s=xg a=tg f=Xgo
X fu(7. B, 2°(x, B), u’ (7, B)) Su(z, B).

Aazaee noayuyaem, 4To

x-1 x-1
Z Z Ry(t, %t — 1,5 — 1) G, (2°(ts, 5))Ry (t1, %, 7, B) X
s=xg =X
x-1 x-1
Xt B2 @A @O)SUEE = D) D Reltixty = LB =D 6,(2° (1 D)Ri (61, f,7,5) X
s=xg f=5+1

X fu(7,5,2°(z,5),u’(z, 5))6u(, 5).
ITosTOoMy moaarast

Ql(t,x,‘r, S) = Rz(t: X, tl - 1!ﬁ - 1)GZ(ZO(t1,ﬁ))R1(t1, ﬁl T, S) +

x—1

+ z RZ(t!x! tl - 1'ﬁ - 1) GZ(ZO(tl,ﬁ))Rl(tl,ﬁ,T,S)

B=s+1
npeacrasaeHne (56) IIpeACTaBAseTCs B CAeAyIOleM Buae

6y(t,x) = (57)

t1—1 x—1

= Z Z Q:(t,x,7,5) fu(z,5,2°(7, 5),u’(z, 5))Su(z, s).

T=tg S=Xo
Terneps npeAnoaoxmm, 4To
ou(t,x) = 0,6v(t,x) # 0.

Toraa pemenne kpaesoii 3agdaun (38)-(39) MoskeT OBITH IPeACTaBAEHO B BUAe

t—-1 x—1 |t—-1x-1

Sc(t,x) = Z Z Z Z Ry(t,x,a,B) go(@, B,7,5,¥°(7,5),v°(x,5))6v(zT,5) | . (58)

T=t1 S=x¢g | a=T B=s
Vcnoawsyst npeacrasaenmst (50), (57), (58) saiimemcst mpeoOpa3oBaHIeM OTAeABHBIX cAarae-

MBIX B HepaBeHCTBax (42), (43).

Paccmorpum caaraemoe

-1 x-1 t-1 x-1

67'(ty, x1) <P1( (tl xl))é' (t1,x1) = z z z Z §U' (z,8)f (7, 5,2°(z,5), u (7, 5))R1 (£, X1, T, 5) X

T=t1 S=xg9 A=ty f

% 62(P1 (Zo(tp x1))
0z2

fula, B,2°(a, B, u’(a, B))Sula, B).

Aaaee
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X

t1—1x1-1
Z Z 6z'(t, x)Hy (t, %, 2°(, %), u’ (£, x), p° (t, ))6z(t, x) =
t=tg x=Xo

t1—-1x1-1 /t1-1 x—1

= Z Z Z Z 6u’(r,s)f’u(r,s,zo(r,s),uo(r,s))Ri(t,x,r,s) X

t=tg x=x9 \T=tg S=Xp

t-1 t-1
x H,,(t,x,z°(t, x),u’(t, x), p° (¢, x)) Z Z R,(t,x,a,fB) X
a=to B=to
t1-1x1-1t1-1x1-1

X fu(a B,2%a, B),u’(a, ,[s’))c?u(a,[)’)) = Z Z Z Z 8U'(z,8)fu(7,5,2°(x,5),u’(7, 5)) X

T=tg S=Xxg a=ty B=xg
t1-1 x1—-1

Ri(t,x,7,8) X Hy,(t,x,z°(t, x),u’(t, x), p° (t, x))R, (t, x, @, B)16u(a, B),
t=max(t,a)+1 x=max(s,B)+1
t1-1x7-1
Z Z Su'(t, x)H,, (6, %, 20 (£, 1), u° (¢, %), p° (¢, %))82(t, x) =
t=tg x=x¢
t1-1x1-1 /t1-1 x—1
= Z Z Z Z Su'(t, x)Hyy, (8, x, 20 (¢, x), u®(t, x), p° (¢, x))R, (¢, x, T, 5) X
t=to x=x9 \T=tg S=Xg
X fu(‘r, 5,2%x,5),u’(z, s))) Su(t, s),
tp—1 311
Z Z 8Y' (£, )My, (£, x, y° (t, %), v° (t, %), q° (t, x)) 8y (t, x) =
t=t; x=x
tp=1x1-1 [t1—1 y—1 t1—-1 x1—1

SV TS Y S s s 9)ei s

t=ty x=x9 \T=tg S=xg a=tg f=x¢o
X Myy(t; X, yo (tl x)l UO (tl x)l qo(t: x))Ql (t) X, q, .8) X

x fu(a, B,2°(a, B), u°(a, B))Su(a, f)) =

ty—1ty—1t;—1x1-1 x1-1

DIDIDIDIPNCHCRIICTRCORENE

t=tq T=tg a=ty S=Xp B=x0

x1-1
X Q1(t, x,7,5)M,, (t, x,y°(t, x), v°(t, %), ¢°(t, x)) Q1 (t, x, &, B) | X
x=max(s,B)+1
X fu(a, B, z°(a, B), u’(a, B))bula, B) =
t1-1x,-1t1-1 x1—1
= Z Z Z Z §u'(z, $)fu(z,5,2°(z, 5),u(z,5)) x
T=tg S=Xx¢ A=ty f=X¢
t,—1 x1-1

X Z Z Q1(t,x,7, BM,, (&, x, ¥° (£, %), v° (£, %), 4°(£, %)) Q4 (¢, x, &, B) | %

t=t; x=max(s,f)+1

x fu(a, B, 2°(a, B), u’(a, B))Su(a, B)-
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IMoaaras
t1-1 x1—-1
Ki(t,s,a,B) = Z Z Ri(t,x,T,5) X
t=max(t,@)+1 x=max(s,)+1
X H,,(t,x,z°(t, x),u’(t, x), p°(t, x))R, (¢, x, @, B) +
ta-1  xp-1
F) Y AR T M (620,060, 66 0)Q (63, @, B) -

t=tq x=max(s,f)+1

aZ‘P1(ZO(t1'x1))

_Ri(tl' xl, T, S) aZZ

Ry (t1, x1, @, B).

Hepasencrso (42) 3anucpiBaeTcs B Bue

t1-1x1—-1¢t1-1x1-1

Z Z z z §U'(z,8)fu(t,5,2°(z,5),u’ (7, 9) K, (1,5, @, B) X

T=tg S=Xo a=tg f=Xo
X fu(a B, 2°(a, B), u’(a, B))Su(a, B) +
t1-1x1-1 /t1-1 x—1

+2 Z Z Z Z Su'(t, x)H,, (t,x, z°(t, x), u® (¢, x), p° (¢, x))R, (t, x, T, 5) | X
t=to x=x9 \T=to S=Xg
X fu(t,5,2°(x,5),u’(x, s))) 6z(t,s) + (59)
t1-1x1-1

+ Z Z SU'(t, x)Hyo (8, x, 2° (8, %), u° (8, x), p° (£, x) ) Su(t, x) < 0.
t=tg x=xg
IleperiaeM K mpeoOpa3oBaHMIO HepaBeHCTBa (43) MCIIOAB3ysl IpeacTaBaeHue (58) Aas
6z(t, x).

Iloaaras
t-1 x-1
Q,(t, x,1,8) = z Z Ry(t,x,a, B) go(@, B, 7,5,2°(x,5))
T=t1 S=Xo
n3 (58) moaydyaem, 4To
t—-1 x-1
de(t,x) = Z Z Q,(t,x,t,5)0v(T, 5).
T=t1 S=X¢

YuuteiBas IIpeacraBaeHue 1oay4aeMm, 4To

az‘Pz(}’o(tz:xﬂ)

5c’(t2,xl) ayz

5C(t2, xl) =

t1—1x1-1t;-1 x,-1

2 0
= Z Z Z Z 6U’(T’S)Q’2(t2’x1'r'S)%}WQZ(QJCLQ,[;)(SU(T,S)

T=tg S=Xo a=ty f=xg

ty—1x,-1 to—1x1-1 [t1-1 x—1

Z Z 8c'(t, x)M,,, (t, x, y° (t, %), v°(t, x), °(t, x))c(t, x) = Z Z Z Z 5v'(1,5)Q,(t, x,1,8)

t=tq1 x=xg t=t1 x=x9 \T=tg S=Xg

X My, (t,x,y°(t, x),v°(t, x), 4°(t, x)) (i xi Q,(t,x, a, ﬁ)Sv(a,ﬂ)) = i xi i XIZ_ &v'(z,s) X

a=t, f=x¢ T=t1 s=xo a=t; =X
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ty—1 x1—-1
| > @enn My, (65060, 000, a6 0) 0t x, 0 B) | Sula, )
t=max(t,a)+1 x=max(s,f)+1
tp—1x1—1
Z Z 8V'(t, x)M,,,, (t, x, y° (£, ), v° (¢, x), 4°(t, x))6c(t, x) =
t=tq1 x=xg

t1-1x1-1 [ty=1 x—1

= Z Z Z Z SV'(t, x)M,yy, (t, x, y° (t, %), v° (£, x), 4°(t, X)) Q2 (t, x, T, 5) Sv(z, 5)

t=tg x=xg9 \ T=t1 S=Xo

Bseast obo3HaueHme

62(p2 (yo(tz: x1))

ayz QZ(tZ; xl: a:ﬁ) +

KZ (T' S, Q, ﬁ) = _le(tZJ X1, T, S)
tp—1 x1-1
= Z Z Q5(t, x, 7, s)Myy(t, x,y°(t, %), v°(t, %), q°(t, X)) Q2 (t, x, @, B),
t=max(t,@)+1 x=max(s,)+1
HepaBeHCTBO (59) 3anucbIBaeTCs B BUAe
t—1x1-1t,—1 x1-1
Z Z Z Z §vV'(1,9)K, (1,8, a, B) Sv(a, B) +
T=t1 S=Xx¢ a=t1 f=X¢
ta—1x9—1 [ty—1 x—1
+2 Z Z Z Z 8V' (£, x)Myy (t, %, y° (£, ), v° (£, ), ¢° (¢, %)) Q. (t, x,7,5)8v(T,s) | +
t=tq x=x9 \T=tq S=Xg
t2-1 x-1
+ Z Z SV (t, x)M,, (t, x,y° (£, x), v°(t, x), ¢°(t, x)) 6v(t, x) < 0.(60)
t=t1 x=xg

CdopmyanpyeM HoaydeHHBII pe3yabTaT

Teopema 2. Ecau aornrycrumoe yripasaenne(u® (¢, x), v°(t, x)) siBasieTcs pereHnem ypasHe-
HUA Dillepa, TO AAsl €T0 ONTMMAaABHOCTM B paccCMaTpuBaeMOll 3ajade HEOOXOAVMMO, YTOOBI
HepaseHcTBa (59), (60) BbIITOAHAAMCE A5 Beex U(t, x) € R, (t,x) € D; m Sv(t,x) € R9,(t,x) € D,
COOTBETCTBEHHO.

Hepasencrsa (59), (60) s1BAAI0TCA 40BOABHO OOIIMIM, HO B IIPUHITNIIE KOHCTPYKTMBHO ITPOBep-
sIEeMBIMII HEOOXOAVIMBIMM yCAOBVSIMM ONTMMAaABHOCTM BTOPOrO IOpsidka. VI3 HIUX MOXKHO

IIOAY4IUTDh €1e Jerde IIpoBepseMble HeO6XO£|J/IMI)Ie YCAOBIT OIITMIMAABHOCTY, HO OHU 6yAYT
MeHee I/IHCl)OpMaTI/IBHbIMI/I. HpI/IBeAeM OJHY 13 HUX.

ITycts (6,€) € Dy ((6,€) € Dy),u € R",v € RY Ipon3BOABHBIE TOUKIL.

TToaoxum
_(u, (t,x) =(6,%),
fu(t,x) = {o, (t.x) % (8.6) O
_ (v, (t,x) =(6,%),
W)= {00 .

Teopema 3./as ontumaapHOCTH Kaaccudeckoit skcrpemaan (ul(t, x), v0(t, x)) neodxoau-
MO, YTOOBI HepaBeHCTBa
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u'f',(6,6,2°(6,9),u’(6,§))K1(6,¢,6,)1,(8,6,2°(6,),u’(6,8))u + (63)
+u'Hyy (6,€,2°(0,6),u°(6,6),p°(6,8))u < 0,
V'K,(6,€,6,6)v + ' M, (6,€,5°(6,8),y°(6,),4°(6,8) )v < 0 (64)
BBITTOAHSIACE A4s1 Beex (6, &) € Dy, u € R"u(6,§&) € D,,v € RYcOOTBETCTBEHHO.

Hepasencrsa (63), (64) a0ka3biBaeTcs ¢ McIioAb3oBaHyeM (61), (62) B HepaseHcTBax (59), (60)
COOTBETCTBEHHO.
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OB OAHOW AVMHENHOM 3A AAYE YITPABAEHUS C
MHOI'OTOYEYHBIM ®YHKIIMMIOHA 10M KAUECTBA

P3AEBA B.I.

Cymeaumcxuii I'ocydapcmesentviii Yrusepcumem

PE3IOME

PaCCManI/IBaeTC}I OJHa 3ajda4da OITMMaAbHOIO YIIpaBA€HIIs, OIIVICbIBaeMasi ABYM: CHCTeMaMIM ABYMEPHBIX
MHTETpaAbHbIX ypaBHeHI/HZ THUIIa BOAI)Teppa B pa3AM9IHbIX 004acTsIX (1)a3OBOFO IIpOCTpaHCTBa.

B Cl)OpMe IIpyHLIIIa MaKCMyMa HOHTp}IFI/IHa AOKa3aHO HeO6XO,Z|,I/IMO€ 1 A0CTAaTOYHOE YyCAOBME OIITUMAaAbHOCTI.

KaroueBbre CAOBAVIHTEIpalbHOE YpaBHEHNE TIIIa BOAI:Teppa, HEO6XOAI/IMOS n A0CTaTO4YHOE YyCAOBUE
ONTMAaABHOCTV, ITPVHIINIT MaKCIMyMa HOHTP}II’I/IHa.

ON A LINEAR CONTROL PROBLEM WITH A MULTI-POINT QUALITY FUNCTIONAL
ABSTRACT

We consider one optimal control problem described by two systems of two-dimensional integral equations of the
Volterra type in different regions of the phase space.

A necessary and sufficient optimality condition is proved in the form of Pontryagin's maximum principle.

Key words: integral equation of Volterra type, necessary and sufficient conditions for optimality, Pontryagin's
maximum principle.

BBeaenme. B paborax [1-4] 1 Ap. nsydeH psig 3a4a4 ONTHUMAaABHOTO YIIpaBA€Hs, OIVIChIBae-
Mble B pPa3HBIX OTpe3KaX BpeMeHM OOBIKHOBEeHHBIMU AuQpepeHIaabHbIMI YPaBHEHSIMIL.
Takue 3asa4uy ONTMMAaABHOTO YIIPaBAEHVSI Ha3bIBAIOTCSA CTYIIEHJAThIMU 3ajadaMyl ONTHMAaAb-
HOTO yIIpaBACHNS LAY Ke 3a4a4M OIITIMAaAbHOTO YIIPaBA€HMS C IIEPEeMEeHHON CTPYKTYPOIJA.

B nmpeaaaraemoii pabote nsydaeTcsi 0gHa 3a4ada ONTIMAaAbBHOTO YIIPaBAeHIIs, OIl/ChIBaeMast
B Pa3AMYHBIX 004aCTsX AMHEVHBIMI AByMEPHBIMI MHTETPaAbHBIMU YpaBHeHUsAMM Tuila Boap-
Teppa ¢ AMHeHbIM KpUTepueM KaudecTsa. JoKazaHO He0OXOAMMOe 1 AOCTaTOYHOe YCAOBIe OIl-
TUMaAbHOCTH B popMe ITpuHIIMIIa MakcuMyMa IToHTpsArmHa.

INocranoska 3agaun. [1ycts U; € R",U, € RY 3azaHHbBIe HEeIyCThIe U1 OTrpaHIYeHHbIE MHO-
xectBa, Dy = [tg, t1] X [xq,%1], Dy = [tq,t;] X [x¢, x1] 3a4aHHBIE IIPSIMOYTOABHUKY, IIpUIeMt; <
ty, uq (t, x), u,(t, x) M3MepUMBle U OrpaHIYEeHHbIE COOTBETCTBEHHO 1" U §-MepHbIe BeKTOP-PYyHK-
L1, YAOBACTBOPSIOIINE OIPpaHIYeHVISIM

u,(t,x) €Uy c R”,(t,x) € D1, (1)
u,(t,x) € U, c R9,(t,x) € D,.(2)

IIpeanioaoxmM, 4YTO yHIpaBASeMBI IIPOLIECC ONMCHIBACTCS  CHCTEMaMM  AMHENHBIX
VMHTEeTrpaAbHBIX YpaBHeHni1 Tuiia Boarreppa

z(t,x) = f f[Al(t, x,7,5)z(t,s) + fl(t, x,T,S,u, (T, s))]dsdr, (t,x) € D1, (3)

to Xo

y(t,x) = j j[Az(t, x,7,5)y(t,s) + fz(t, X, T,S, U, (T, s))]dsdr + Gz(ty,x), (t,x) € D;.(4)

t1 xo
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Psaesa B.I.

3aecy Ai(t,x,1,5),i = 1,2 — 3asanHbIe (N X n)-MepHbIEe HEIPEPBIBHBIE II0 COBOKYITHOCTI
IlepeMeHHBIX COOTBETCTBEHHO MarpuuHble QyHKIuY, fi(t,x,T,s,U;) —3asaHHbIe HeIlIpephIBHbIE
n-MepHble BeKTOp-PpyHKIIMM, G —3a4aHHasd (n X 1) IOCTOsIHHAsA MaTpulia.

Iapy (ul (t,x),uy(t, x)), YAOBAETBOPSIIONIYIO orpaHnyeHsiM (1)-(2), Ha30BeM AOITyCTUMBIM
yrpasaeHneMm. ITpeanoaaraercs, uto mHTerpaabHble ypasHeHu: (3), (4) Opu KaXkKAOM 3a4aHHOM
AOIIYCTVIMOM yIIpaBA€HUI UMEIOT e4VHCTBeHHOE HellpephIBHOE pellleHle.

ITycrs (T, X)) (to < Ty < - < T S tg,x0 < Xy < < Xp £x9),(0;,8)(tg <0y << <
t2, %0 < & < -+ <& < x;) 3a4aHHbIe TOUKY, a ¢;,d;, i = 1,k 3a4aHHbIe N-MepHbIE TIOCTOSTHHBIE
BEKTOPBL

Ha pemenmax wmHrerpaapHpIX ypasHeHMIT (3), (4), IOPOXAEHHBIX BCEBO3MOXKHBIMI
yIIpaBAeHVSIMY OIIpeeANM AMHEIHbBIII MHOTOTOYeUHbIN (PYHKIIMOHAA

k k

S(uy,up) = z ¢i'z(Ty, X)) + ) d;'y(6:,¢).(5)

i=1 i=

PaccMoTpuM  3agauy HaxOXKAeHMs MMHMMAaABHOTO 3HadeHMs (QyHKIMOHada (5) mpu
orpannyeHyax (1)-(4).

Aorycrimoe yrpasaenne (uy (¢, x), u,(t, x)), A0CTaBASIOIIee MUHIMAABHOE 3HaUeHVe (PYHK-
mmoHaay (5) mpm orpaHmdenmsax (3), (4), HasoBeM OITMMAaAbHBIM yIpaBAeHUEM, a
cooTBeTCTBYIOIMII rporecc (uq (¢, x), u, (t,x), z(t, x), y(t, X)) — ONTUMaABHBIM IIPOLIECCOM.

[Ipumensia oauH BapuaHT MeToAa IIpUpallieHni, yCTaHOBUM HeoOX0AMMOe 1 4OCTaTOYHOe
yCAOBVIe OITUMAaAbHOCTY TUIIa HpUHIMIIA MakcuMyMa [ ToHTpariHa.

Heo0xoammoe 1 40cTaTO4HOE yCAOBYEe OIITMAAbHOCTIL

Cuanras (uq (¢, x), u,(t,x), z(t, x), y(t, x)) PUKCHPOBAHHBIM AOMYCTUMBIM IIPOLIECCOM, Yepe3
(@ (%) = uy (£, %) + Duy (8, %), Uy (t, %) = up(t, %) + Auy (8, x), 2(t, x) = z(t, x) + Az(t, x), ¥(t,x) = y(t,x) + Ay(t, x))
0003HaYMM ITPOV3BOABHBIN AOITYCTUMBII IIPOLIeCC I 3alnIeM Ipuparienre yHKIoHaaa (5),
npu Au,(t, x) = 0. Vimeem

k k
B, S (s, 14p) = S, 1) = Sy, 1) = Y6/ Ba(T XD + ) dif Ay(0,6).(6)
i=1 i=1

s (3), (4) sicHO, uTO TIpM Au,(t,x) = 0, (Az(t, x),Ay(t, x)) SIBASIETCSL pellleHlieM CUCTeMBI

VIHTETPaAbHbIX YPaBHEHNI

t x
Az(t,x) = f f [Al(t, x,T,5)Az(t,s) + (fl(t, X, T,S, Uy (T, s)) - fl(t, X, T,S, Uy (T, s)))] dsdrt, (7)
to Xo
t x
Ay(t,x) = f fAz(t, x,T,5)Ay(t, s)dsdt + GAz(t,, x). (8)
t1 Xo
Iycts a;(t, x),i = 1k Bi(t,x),i=1k— XapakTepucTIdeckue (PyHKIIUM COOTBETCTBEHHO
obaacreit [to, T;] X [xo, X;], [t1,0;] X [x0,&], a y;(x),i = 1,k — xapaxrepuctudeckue QyHKIMN
OTpPe3KOB [Xy, §;]. Toraa us coorHomennii (7) u (8) caeayet, 4To
t; xp

Az(T;, X;) = J f a;(t, x)[A(T;, X;, t, x)Az(t,s) + (fl(Tl-,Xi, t,x, 8y (t, %) — fi(To Xi t, x,uy (¢, x)))] dxdt, (9)

to Xo
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2 X1

Ay(8, &) = f f Bu(t, X) A5 (81, €0 t, 1)y (6, X)dxdt + GAz(ty, ). (10)

t1 Xo
ITycts Y ((t,x),i = 1,2 — moka IIPON3BOAbHBIE N-MepHBbIe BeKTOP-(PYHKIII.

Vcrioansys onepaunio cKaAspHOTO ITpousBeaeHst u3 (7) u (8) moaydaem, 4To

f j (6, x)Az(t, x)dxdt = j j (6, %) l f fx (A1 (¢, x,7,5)Az(7, 5) +

t1 Xo to Xo

+fi (t, x,T,S, (T, s)) -f (t, X, T,S, Uy (T, s))dsd‘r] dxdt, (11)

f f Y, (t, x)Ay(t, x)dxdt = j} f P, (t,x) (f fB(t x,7,5)Ay(1, s)dsdr) dxdt +

to Xo

t1 %o t1 Xo t1 xo
ty x1
+ f f Y, (t, x)G Az(ty, x)dxdt. (12)
t; Xo

Vcnoawsyst popmyay Aupnuxae (cm., Hamp., [5]) Toxxaectsa (11), (12) moryT ObITH IIpeac-
TaB/€HBI B Bl

! x{ Y, (t, x)Az(t, x)dxdt = t{ x[ J J Y,'(z,5) (A (1,5, t, x)Az(t, x) +

+fi(r s, t,x,0,t,x) — fi(t, s, tx,ul (¢, x))) dsdr] dxdt, (13)

f j} o' (¢, 0y (¢, x)dxdt = jz T (Jtz jl Y,'(1,5)A,(T, s, t, x)Ay (¢, x)dsdr) dxdt +

t1 Xo t1 xo \t x
t, X1
+ j ] ¥,'(t,x)G Az(t,, x)dxdt. (14)
tl X0

ITpuHnmast o BHuMaHMe cootHomens (9), (10) 8 popmyae npupareHns (6) HOAYINM, YTO

t1 X1 g

Az, S(uy,up) = J Jzci’ai(t,x)Al(Ti,Xi,t,x)Az(t,x)dxdt+
to xo i=1
t1 X1
+f f ¢;'a;(t, x) (fl(Ti,Xl-, t,x,ﬁl(t,x)) —fl(Ti,Xi,t,x,ul(t,x))) dxdt +
t1 Xo
t2 X1 g
f f D B0 4,08 60V, x)dxdt+Zd GAz(ty, &). (15)
ty xo i=1 i=1

ITockoabky

t1 X1

Az(t:, &) = f f ViGOAy (61,0 £, 082(6 ) + (A0 & 6.2, (60) = At & t.x,1 (6,0)) ) dxd, (16)

to Xo

To yuntbisasi (13), (14), (16) B (15) moaydnm, yTo
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t1 X1

Az, S(uy,up) = Z f f ci'a;(t, x)[A(T;, X;, t, x)Az(t, x) +

i= 1ty xo

+£(Tu Xi t,x, 0,6, %)) — f1(Te Xi 6%, uy (8, %)) |dxdt +

k tz2 x1
+ d;'B;(t,x)A,(0;, &, t,x)Ay(t, x)dxdt +
2,] [ wnenn
+Z 46 [ [ neolaten gt 0260 +
+ (fl(tl, &t x, 1y (8, x)) - fl(tl, &t x,uq(t, x)))] dxdt +
W, (t, x)Az(t, x)dxdt — Y,'(t,s)(A(T, s, t, x)Az(t, x) +
[ foia ][]
+f1(‘r, s, t,x, Uy (t, x)) - fl(r, s, t,x,uq (L, x))dsd‘r]dxdt + f f Y,'(t, x)Ay(t, x)dxdt —
t1 Xo
ty t2 X1 ty xq
J. f f f Y,'(1,8)A,(1, s, t, x)Ay(t, x)dsdr] dxdt + f f Y,'(t,x)G lf f [A,(ty, x,T,8)Az(t,s) +
(fl(tl,x T, s, U, (T, s)) fl(tl,x T, S, Uy (T, s))) dsdr dxdt =
f f [Z ¢;'a;(t, x)[A(T;, X;, t, x)Az(t, x) +f1(Tl,Xl,t x, Uy (t, x)) fl(Tl,Xl,t x, uq (t, x))]] dxdt +
to Xo
ty xq t1 X1 g
f f [Zd 'By(t, %) Ay (8, €5, t, x)Ay (¢, x)dxdt + f f Zd 'y, 00[A, (61, &, £, X)AZ(E ) +
t1 Xo to xo =1
+ (fl(tll Ei' t,x, a1(t: X)) - fl(t1, Ei' t,x, ul(t, X)))] dxdt +
+ Y, (t, x)Az(t, x)dxdt — Y'(t,8)(A1 (7,8, t, x)Az(t, x) +
/] n
ty x1
+f1(1', s, t,x, U, (t, x)) - fl(‘r, s, t,x,uq(t, x))dsdr]dxdt + f f Y,'(t, x)Ay(t, x)dxdt —

ty X1 tz X1

f f f f ¥, (1, 5)A, (1,5, t, X)Ay(t, x)dsdr dxdt +

t1 xo9 t
ti x1[ t2 x1

- f f f f Y, (7,5)G[AL(ty, s, t.x)Az(t,x)drds‘ dxdt — (17)
to xo Lt1 x

t1 X1 X1 t2

—f ff fl/)z’(‘r,s)G (fl(tl,s, t,x,ﬁl(t,x))—fl(tl,s, t,x,ul(t,x)))] dtds dxdt.

to Xo X ty
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ITpeamnoaoxum, uro Y;(t, x),i = 1,2 y40BA€TBOPSIIOT COOTHOIIEHVISIM

t1 x1

Y, (t,x) = f f A{'(z,s,t, ), (1, s)dsdt
t x

t2 X1 k
+ f J- Ai(ty, s, t,x)G 'Y, (T, s)dsdt — Z a;(t,x)AL (T, X, t,x)c; —
ty x i=1

k
= ) A6, 6t 06 di (o),
i=1

t2 x1 k

bt = [ [ 4w )dsde = ) i 0A5 604 (19)
t x i=1

Toraa popmyaa npuparuenns (17) mpumer Bug
tl X1
Dy, S(ug,up) = f f [Hy(t, 2,91 (6, %), Uy (8, %)) — Hy (&, x, 91 (6, %), uy (¢, ) | dxdt , (19)
to X0
TZe IO OITpe e eHIIO
t1 %1

Hl(t,x,l,bl(t,x),l,bz(t,x),ul(t,x)) = J J lpl’(r,s)fl(r,s, t,x,ul(t,x))dsdr—
t x

k k
—Z a;(t, x)cify (To X t,x,ug(t, %)) —Zd{Gf1 (ty, & tx,ug(t, %)) +
i=1 i=1
t2 X1
+ J J Yy (t,8)Gf; (tl,s, t,x,ul(t,x))dsdr.
t1 x

Teneps npearoaoxum, uro Ati; (t, x) = 0,aAu,(t, x) # 0.

Toraa sicHo, uto Az(t, x) = 0 1 modTOMY

k
B, S (s ) = S(an, Tp) = S, 05) = ) ' Ay(6y, 8. (20)

i=1

ITpu sTOM npuparenne Ay(t, x) cocrosaus y(t, x) OyAeT pellleHneM UHTerpaAbHOTO YpaB-
HEHIIST

Ay(t,x) = f f[Az(t,x, 7,5)y(t,s) +

+ (fz (t, X,7T,S,U,(1, s)) - f (t, X, T,S, Uy (T, s)))] dsdrt.(21)

I3 (21) moaydaem, 4to

ty X1

Ay(ei' EL) = f f ﬁi(tr x) [Az(ei' fi' t, x)A}’(f, X') + (fz(ei' fi' t,x, ﬁZ(t: .X')) - f2 (Gir Eir t,x, Uy (t: X)))] dxdt. (22)

£y %o

Cyuerom (21), (22) B popmyae npupamiens (20) moayamm
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k t2 x1

BuStuu) = Y [ [ dBie 04,6, 08y @ x)dxde +
=1t xo

t2 X1 g

+ f f Z d;' B;(t, x) (fz(Hi,Ei,t, x, Uy (t, %)) — f2(05, & t, x,u, (2, x))) dxdt +

t; xo i=1

+ j-z f P, (t, x)Ay (t, x)dxdt — j-z j{} (f f Y,'(t,8)A,(1, 8, t, x)dsdr> Ay(t, x)dxdt —

t1 Xo t1 Xo t x

_ f f < f f ¥,'(T,5) (fz(T,S, t,x.ﬁz(t,x))—fz(r,s,t,x,uz(t,x))) dsdr) dxdt. (23)

t1 Xxo

Beeaem anazor ¢pyukuym I'ammasrona-ITonTpsarnza
ty X1 k

Hoe ) = [ [ 2/ @55 6xs 6 0)dsdr = ) di Byt f (00 6o 62,106, 0),
t x i=1

Toraa ns (23) moaydaem, 4T, ecan P, (t, X) sABAsETCs pellleHreM colIpsKeHHou cucteMsl (18), To

ty X1

Ay, S(uy,uy) = — f f [Ha(t, %, 6, (8, ), Y2 (8, %)) — Hy(t, %, u (8, x), ¥, (¢, x))|dxdt . (24)

t1 xo
Yactasie gopmyasl mpupartennst (19), (24) mosBoasior cpopMyAUpoBaTh U AOKa3aTh

HeoOXOAVIMOe 1 AOCTaTOUHOE YCAOBUE OITUMAABHOCTH YIIPaBAEHIIS (ul (t,x),uy (¢, x)).

Iycts (6, &) € [to, t1] X [xg, x1] IpOM3BOABHAsT TOUKA /lebera (1IpaBuAbHAs TOUKA (CM., HAIIP.,
[6])), ynpaBasiomeit GpyHKIym Uy (t, x), v, € U; — IPOU3BOABHBIN BEKTOp, a € > 0 IIpOU3BOAB-
HO€e AOCTaTOYHO Ma/oe YMCA0, Takoe, uyTo O + & < t1,& + € < x4..

IMoaoxum

vy —u(t,x),(t,x) €[0,0 + €] x[¢,¢E+¢),

0,(t,x) € D;\[6,6 + €] X [¢,¢& + ¢). (25)

Au (t,x:¢€) = {

[Ipumensia TeopeMy o cpeaHeMm, u3 (19) moaydaem cripaBeaaMBOCTb Pa3A0KeHNS
S(u1 (t,x) + Auq (t, x: €),uy (¢, x)) — S(u1 (t,x),u,(t, x)) =
= —22 (Hy(6,§, 91, 12,v1) — Hy (6,691, ¥2,1,(8,8)) ) + 0(e2). (26)

Aazee mycts (6,6) € [ty,t;) X [xg,x;) HpOU3BOABHASI IIPaBUABHASI TOYKA YIIPABAEHILI
Uy (t,x), vy € Uy — IIPOU3BOABHBIN BEKTOP, a 4 > 0 40CTaTOYHO MaA0e IIPOMU3BOABHOE YICAO, Ta-
Koe, uTo 6 + £ < t5,& + € < x;. CrrermaapHOe IIpMpaIIieHne yIpaBAsiome QyHKImm u; (¢, x)
omnpeaeanm 1o popmyae
v, —Uy(t,x), (t,x) €10,0 +p) X [£,&+p),

() = {72 DB, 6 + ) X [€,€ + ).

(27)

C ygertom (27) moayyaem, 9to
S(ua (6, 2),up (6, %) + Buy (t,x: 1) — S(ua (%), uz (£, %)) =

= —112 (Hy(60,§,12,v2) — Ho(6, 6,92, 12(6,9)) ) + 0(4?). (28)
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C momonipio paszaoxxeHni (26), (28) aoxasbiBaeTcs

Teopema. Aas1 onTMaabHOCTH AOITYCTUIMOTO YIIPaBAE€HI (u1 (t,x),uy(t, x)) B paccMar-
puBaeMoii 3azade HeOOXOAMMO M AOCTaTOYHO, YTOOBI COOTHOITICHIAS

121635(1 H1(0,8, %1, v1) = H1(9'f'¢1:¢2'u1(9: f))'
gleal;(z Hy(0,8, 91,92, v2) = HZ(Q, $ 1,2, u, (6, f))

BBITTOAHSAVICH AAst BeeX (0, &) € [ty, t1] X [xg,x41], (6, €) € [t1,t5) X [x0, X1)COOTBETCTBEHHO.

JokazaHHas TeopeMa sBASETCS aHAAOTOM MPMHIUIIA MakcumyMa llonrpsaruna aas
paccMaTpmBaeMon 3ajaun.

3ameuanne. Vicrioapsysl npuBeJeHHYIO CXeMy, MOXKHO AOKa3aTh AOCTaTOYHOE YCAOBUE
ONTMMAaABHOCTM THUIIA IIpuHIMIIA Makcumyma IloHTpsruHa, B cayyae MHOTOTOYEYHOTO,
HeAVHeHOTO U BBIITYKAOTO (PYHKIIMOHala KauyecTBa.
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XULASO
4 2
Burada iki 6lciilii Laplas tenliyinin operatoru tortiblari 3 Vo3 olan operatorlara faktorize olunmagla Laplasin
4
fundamental hollinden 7 tertibli tenliyin fundamental halli almmgdir. Faktorizasiya zamar vuruglarm yerini dayis-

2
mokls Laplasin fundamental hallindon 3 tortibli xiisusi toromali tonlik tigiin do fundamental hollin qurulmasi miim-
kiin idi.
4 2
Acar sozlar: Laplas tonliyi, fundamental hall, faktorizasiya {isulu, gtartibli diferensial operator, gtartibli dife-

rensial operator, kosr tortib xiisusi toromsli tonliyin fundamental halli.

4
BBEAEHVIE ®YHAAMEHTA/IbHOI'O PEIIERVISI ABYXMEPHOI'O YPABHEHMA TIOPSIAOK 5 OT
DOYHAAMEHTAABHOI'O PEINEHNMST YPABHEHIS AAIIAACA METOAOM ®AKTOPMBALINIL.
PE3IOME

4
3

Msaaraemast paboTa rocssameHa GaKTOPU3aIMIio AByMEpHOTO ollepaTopa /laraaca K orepaTopy MOpsAJOK , U

2 4
g Tak, ‘ITO6I)I l'IOAy‘II/IT CI)yHAaMeHTaAbHOE pELLIEHI/Ie AByMepHOl“O ypaBHEHI/DI HOpiIAOK 5 oT q)yHAaMEHTaALHOI‘O

pemennst ypaBHEHIST /lariaaca. YautbiBas KOMMYTaTBHOCTD ITOAY4YE€HHBIX METOJ0B df")aKTOpI/ISaLU/II/I oriepaTtopa,n3
2

ITpOBeAEHHON CXeMBI Tak>Ke ToAyJaeTcs pyHAaMeHTaAbHOe pellleHNe 4ByMEepHOTO YPaBHEH ITopsKa 3-
Karouesrble caoBa: ypasrenne /larnaca, pyHAaMeHTaAbHBIE pellleHyis1, MeTo gpaxkropusanys, AuddepeHrian-

2

4
HBIIT OIlepaTop IIOPSIAOKS, AuddepeHIaibHbIi onepaTop MOpsIAOK 5, aMEHTaAbHOE PellleHre yYpPaBHEeHMsI C
3 3

9JaCTHLIMU ITPOM3BOAHBIMIU APOOHOTO HOPsAKa.
4
DETERMINATION OF THE FUNDAMENTAL SOLUTION OF THE EQUATION OF ORDER 7 FROM THE

FUNDAMENTAL SOLUTION OF THE TWO-DIMENSIONAL LAPLACE EQUATION BY THE
FACTORIZATION METHOD

ABSTRACT

4
In the work the fundamental solution of the equation of order 7 is obtainedfrom the fundamental solution of the

4 2
Laplace equation by factorization of the two-dimensional Laplace operator by the operators of order 7 and7 . It is also

2
possible to construct the fundamental solution for the partial derivative equation of order 7 from the fundamental
solution of the Laplace equation by replacing the mulpipliers during the factorization.

4
Keywords: Laplace equation, fundamental solution, factorization method, differential operator of orderz,

2
differential operator of orderg , fundamental solution.
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4

Faktorizasiya iisulu ila iki 6lciilii Laplas tanliyinin fundamental hallindan - -tartibli tanliyin fundamental hallinin alinmas:

Giris: Malumdur ki, heallini bildiyimiz adi ve ya xiisusi toremeli diferensial tenliyi
diferensiallamaqla gostermak olar ki, tortibi asag1 olan diferensial tenliyin halli, tortibi yuxar:
olan tenliyi da 6dayir. Ancaq biz burada tars amal ilo masgul olacagiq. Basqa sozls desak, yiiksak
tortibli diferensial tenliyin fundamental hsllinin komayile asag: tertibli diferensial tenliyin
fundamental hallini alacagiq. Demak olar ki, bu yolla iki 6lgiilii, ikinci tortib elliptik tip olan
Laplas tonliyinin fundamental hsllinden birinci tartib elliptik tip olan Kosi-Riman tenliyinin
fundamental hallini almaq olar. Lakin biz burada iki Olgiilii Laplas tenliyinin fundamental

2 4
hallindan, kesr tortibli — vo ya 3 tortibli xtisusi toromsali tonliyin fundamental hallini alacagiq.

Bu enms tisulunu, yiiksak tortibli diferensial tonliyin hallinden asag: tortibli diferensial tonliyin
hallinin alinmast tisulunu “faktorizasiya tisulu” adlandiracagig.

Bu tisulu ham adi, ham ds xiisusi téromali diferensial tenliklars totbiq etmak olar. Biz bu
1 1
tisulla artiq bir ne¢o hala baxmisiq. Ovvalki iglardaE Vagtartib xtsusi toromali tonliklorin

fundamental hallini almisiq [2], [3].

Mobsalonin qoyulusu: Yuxarida soyladiyimiz kimi, iki 6l¢iilii ikinci tortib elliptik tip olan
Laplas tenliyine baxagq.

U (x) N U (x) _o (1)
X} ox; ’

burada X = (X, X,). Malumdur ki, (1) tonliyinin fundamental halli [1]

1
U(x)zg-ln|x| =YX, @

fiinksiyasidir. Belo ki,

2 2
T A =D DU =500 =50050c). ()
burada d(X, ), k =1,2. Dirakin “delta” fiinksiyasidir. Laplas operatorunu asagidak: sokilda
faktorizasiya edok.
2 2 4 2 2 4
D; + D/ =(Dj +aD?)(D; + DD + /D7) =
2 4 4 2 2 4 4 2

=D? + AD?D; + DD} +aD?D; + DD} +ayD’.(4)
Alinan ifadeni bagladigimiz ifads ils tutusdursaq alariq:
p+a=0,

y+af=0, (5)
ay =1,

Buradan da,
a=1 f=-1 y=1(6)

oldugunu almis olurug.
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Onda yuxarida apardigimiz faktorizasiya asagidaki sokls diigor.

2 2 4 2 2 4

D? + D? = (D} + D?)(D3 — D¢D; + D?), (7)

voya
4 2 2 4 2 2

D; +Df = (D7 - D7D; +D7)(D; +Dy). (8)

Belsliklo (3) va (8)-den alariq:

4 2 2 4 2 2

(D - DD} + D2)(D; + DU (X) = 5(x). (9)

Burada asagidaki sokilds isarsloms aparsagq:

2 2

D2 U (x)+ DU (x) =V (X), (10)

onda (9)-dan alariq:

4 2 2 4

D3V (x) - DDV (x) + D3V (x) = 8(x). (11)
Yoni V (X) fiinksiyasi (11) tonliyinin fundamental hallidir. Bu fundamental hallin alinmasi
t¢lin (2) va (10)-dan istifades edak:

2 2 2 2 X3 _ %
V(X) = D23U(x)+D13U(x):iD23 In\x\+iDl3 In\x\:iij‘uln X, +t2dt+
2 2 0 (_2 I

272' 5X2 7)
3 !

PR (=) In X2 +7°dz. (12)

27 OX, 2
o ( 3)!
Alman (10) ifadassinda
I, =iij@m JxZ +t2dt, (13)
271' 8)(2 0 (_7)!
3
\C)
:iini(xl_r) B In 3¢ +z2dz, (14)
! 2 axl 0 (_g)l 2 l
3!

soklinda gobul edib, onlar1 ayri-ayriligda hesablayaq.
Hissa-hisse inteqrallama ve xiisusi toremanin xassslarinden istifade edersk asagidaki

ifadeni alariq.

2

) Lol xf+t2dt=—iij‘i(xz_t) In \/x? +t*dt =
27 0%, % (_g), 2 X, vt 1,
3" 3
B A (U N Py _T(Xz—t)5 tt | 1% |nx1+T(X2‘t)? tdt | 1]% " A (15)
2o, | L s L xAt| 2z (_g)! s (_2)| X+t | 27 (_g)! '

3 o 3 3 3"
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burada asagidaki kimi isarsloma gobul edilmisdir:

-t " tdt  (15.1)
2, X +t?

0 (—5)!

G=

Buinteqralda X, —t =7° avezlomesini aparsaq, asagidakin alariq:

SO (R I S S PR B R e
- 2, x24+t? 2, x2+(x,-n%)? 2 QEp

(_g)! 1 %(_g)! 1 21 (_g)! o 7 21 1 T4

-8 it X, /N
= (_E)| _([ (773 _ (X2 4 in)an _ (X2 — IXI))dn (16)
3

Burada inteqralalt: fiinksiyani sads kasrlare ayirsaq asagidaki kimi natics alacagiq:

6-_3 | 1 dp 1 dn___1_ 3 [6+6,) 17
2 3 P 3 P 2 1 2 b
=5 247 —(%+ix) 24517 =(X-IX,) (=)
3 3
burada,
Sy S & SR/ Bt
29 _(X2+iX1) ’ 249m ¥ —(x, —ix,) ,

gebul etsak vo inteqralaltl fiinksiyalar1 yenidan sada kesrlers ayirib hesablasaq alariq.

3)(2

1 _ 1 dr _
j (Xz ix;) 2 ‘o[ (7 =3/%, +ix)° +n3/%, +ix, +3/(X, +ix,)?)

1 1 2

3/x N R n+ .
1 Jf 3-3/06 +ix)?  3-3/(x, +ix)?  3-3/% +ix B
2 5| n-3/x+ix 7% +13/%, +ix, +3/(%, +ix,)?
I 1 77+%§/x2+ix1+23\/x2+ix1

= - dn.

S || i)+ (4 vy

Burada alman sads kasrlorin ibtidai fiinksiyasini tapib, sarhad giymatlarini yerine yazsagq,
onda

1 1
Gl_—gm In‘n— (77+—,/x2 |x1) +(—,/x2+|xl))

1
=In
2

1 -

—3/ [ "

_ﬁarctgw :_E 1 In ?{/72_3 X2+IX1_
ﬁm 63,¢(X2+iX1)2 —3,]X2+iX1

2
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1 . V3 .
1 (?{/x_erE%/x2 +ix, )2 + (73,/x2 +ix,)?

—=—In
2 3/(x, +ix,)?

.3 3/ i
— /3| arctg 2:3%, + X2_+ i —arctgi =
V3-3/%, +ix, V3

_ 1 1 (\/X +ix, \/_)3 /3 arct 2-3/%, +3/%, +ix, 9)
) 6\/(X2+|X) X J \/_\/X2+IX 6
Eyni qaydaile G, —nihesablayaq:

3X2

T2l (i) 2

3/x

N

dz _
E|J‘ (77 _3\/ Xy — in)(UZ +773\/ Xy — ixl +3\/ (Xz - ixl)z)
1 1 2
n+ -
3-3/(x, —ix)?  3-3/(x, —ix,)? 3-3/x, —ix, q
- - n=
7 —3/%, —ix, 17° + 13X, —ix, +§/(x2 —ix)?

3)(2

1
:_Eg

SXZ

1 77+£§/x —ix, +§§/x —ix,

1
63/(x, —ix, )’ ;'; n-3 xz—ix1

dn.

i+ %TK)H—VT?D

Burada da alinan sadoe kasrlarin ibtidai flinksiyasini tapib, serhad giymeatlorini yerins yazsaq
asagidaki ifadeni alariq.

, =— In

GW) In‘n |x1 - (n+= ,/ —ix,)? +(—1/ |x1))

n=0

3%
—«/§arctg—77+73 S __1 1 \/— Yxp 1%
\/5/—. 6 3/(x, —ix —3/X, —ix,
73 X2_|X1 \/( 2 1) \/
n=0

1|n (%/724'%3\/)(2_')(1) +(73\/X2 IXl)

2- \/xj +3/x, — B 3
m ﬁ{arctg e m arctg \/§J -

_ 1 1 (,/x2 X, — \/7) 3arctg2 \/7+,/x2 X, (20)
63/(x, —ix,)? —ix, V3-3/x, —ix, 6

Alinan (17) ve (18) ifadalarini (15)-de ve daha sonra (13)-de nezars alsaq asagidaki kimi
natico alariq.

[EEN
wir

l,=— . o+ |-t 1 “X2 le ‘/7 V3larctg— Y2 V72 ‘/7+m
o (_E)! ' (_E)! 6.3/(x, +ix, ) 2 X, V3-3/x, +ix, 6
3

106
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11 p Q) A 236+ i 7| (1)
63/(x, %)’ | 2 —ix; V3:3/x,~ix, s

Belaliklo biz |, -ni hesablamus oldug.

Analoji qaydails |,-i hesablayaq.

1

B N Y €t IO e U SCI - C ) RN e O
L= 27z8x (_E). Inyx; +7°dr = 27[8X1£dz' T Inyx;, +7°dzr =
3" 3
1 0|-0)" " 1 -0 dr | 1] x’ Y(x 1)  dr
== I — = — I =
27[ 6)(1 1' " XZ tr '([ 1' X22 + TZ 277 (_7)| 4 X2 +'(IJ‘ (_g)l X22 + Tz
3! . 3! Al AL
N Inx,+F ,(22)
2 (_ g)l
%
burada asagidaki kimi isarsloma gebul edilmisdir:
E_ =0’ dr_(221)
0 (_ E)l XZ +7
3
Buinteqralda X, — 7 = &° avozlomesini aparsagq, asagidakini alarig:
X = 0 g2 3 2 ¥ 3
S (O R LI S O I X —& g

(_E)! x§+r2_%(_g)! X2 + (x, — &%)? a ), 2 & 2%, & X+ X
3

Ix 3

3 X, —
(23
Gﬁyl —W+wﬂ:—u )=

Burada inteqralati flinksiyan sade kasrlare ayirsaq asagidakini alacagig.

F__ 3 _EW dé& 1? dé _ 3 [F+F,] (24)
Col 21 E-trix) 29 F-te-ix) | (2
3 3
burada,
Pu P
F - ljdif _ lj (25)
29 & —(x+ix) 2 (X1 ix,)

gebul etsak va inteqralalt: fiinksiyalar1 yeniden sads kesrlare ayirib hesablasaq alariq.

3)(1

1% dé 1 dé&

i 2 l. E-(x+ix,) 2 ! (& =3x, +i%, )(E2 + &E3[x, +ix, +3/ (X, +iX,)?) -
1 1 2

F| 30y afoarigy 3k |

R e e e il

N\l—\
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? L §+%V@+M2+§V&+Wz a
K= e (64 i)+ (g iy

Burada alman sads kesrlarin ibtidai fiinksiyasin tapib, searhad giymeatlorini yerine yazagq.

Onda,

%/71
11 —n 1 1 . V3 .
F=-Zr———|InE-3x +iX,| —=I[(E+Z3/x +iX,)* +(—=3/x +iX,)?)| -
1 Gm)z{ ‘éz X 2‘520 > ¢ S VX 2) (2 X, +iX,) )520
1, —"
—x/garctg—%hFE3 nr _-1 = In o 3 rix,
V3, - 6 3/(x, +ix,)? —3/x, +iX,
3% +ix
2 1 2 o
_1 (\/ZJFJXHIXZ) +( 3X1+IX2) —+/3| arct 2-3/x +ix +ix, _arctg = | | =
2 3(x + |x2) J J3-3/x +ix, BT

1 1 (,/X1+IX —\/7) 3| arctg 234 XX, Q/Z+31/X1+ix2 7| (6)
63/(x, +ix,)? iX, V3.3/x +ix, 6]

Analoji qaydails F, —nihesablayaq.

14 d
! 5

27 (3t ) i Y0 i)

_1
2 - (X —|x2) 2

0—,

0
1 1

= 340 3ife ) 3% b |

0| S, & Efn —ix, +3/(x —ix,)

13 —1i §3 _i
1 1 f 1 ~ §+§\/X1 |X2+2\/Xl iX, .
63/(x,—ix,)* 5 | &-3/x —ix, (‘f+;m)z+(fm)z

Burada da alinan sada kasrlarin ibtidai flinksiyasini tapib, serhad giymeatlorini yerina yazsaq
asagidaki ifadeni alariq.

1 1 ]_3 —\2 \/53 VR
Fem)[ (gt + (i)

=0

Ix
In‘§—3,/x1—ix2‘§_;—

1In
2

3)(1

§+ X =X, 1
_farctgf— =33 —
m Y% —ix;)

£=0

1 In i/z_svxl_ixz _
—3/% —iX,

108



Faktorizasiya iisulu ila iki 6lgiilii Laplas tonliyinin fundamental hallindon %—tartibli tonliyin fundamental hallinin alinmasi

1 . V3 .
1 (?{/XT"'ES\/Xl_'Xz)Z+(73\/X1_'X2)2 2.§/x71+§/xl—ix2 1
In —J3larctg= Y2V 2 _arctg—— || =
3\/(X1—ixz)2 V3-3/% —ix, V3

. (27)

|

11 F'“ (3,/x1—ix2—%/x_z)s_\/é[arctgz.ﬁ+s/xl—ix2 oz

630 —ix,)? | 2 —ix, V3-3/x, —ix, 6

Yuxaridaki (22) ifadasinda (24)-ii nazors alsaq:

11 {h(ﬁﬂ@[tngﬁﬂ

V3-3/x +ix, 6

3

_1 1 1 (3,/X1—iX2 —?{/72)3 _ 2‘?{/X71+31[X1—ix2 _z (28)
6 3/(x, —ix,)’ {ZIn —iX, ﬁ[arctg J3-3/x —ix, 6|

miinasibati alinmisolar.

2 iX,

E oldugundan,

Eyni zamanda I, = Llx X, +
2 (_ E)l
Lt 37

Lot % \ 3 |1 1 (1 Gt -3x)
o, 2, et 2 63/(x +ix,)? 2" ix -
(—5)! (—E)! 17 2
_\@ arctgz'E\'/Z"'g\/Xl*‘ixz T _1 1 Eln (3\/X1_ixz _%)3_
J3:3fx +ix, 6] 63f(x —ix,)?|2 —ix,

_ﬁ[arctg 2 j/\/gjgjii“ill;lxz —Z]ﬂ} (29)

Indi isa (12) ifadesine qayidib, (21) va (29)-u nazars almagla onu asagidaki sokilds yazagq:
VX)=1,+1,,

oldugundan, asagidaki hokmii alariq.

4
Teorem:Toramasinin tertibi — olan, bircinsli (biitiin hadlerds téremsalsrin tertibi eynidir)

sabit amsall1 xtisusi toramali (11) tenliyinin fundamental halli

_71 X é In x —1 L Eln (3NX2+iX1—§/Z)3_\/§ arctg% “XZ-HXl_E _
21(~ E)! L 230k i) ) V3:3fx,+ix, 6
3

1 1- 2 Eln(SIXZ_iX{_G{/Xj)S_\/g achth~3x2+3x2'—ix1 _xl,
23\/(X2_|X1) 2 —IX \/§~3,/X2—IX1 6

V) 2 iX
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1 1 RIX +ix, —3/%)°

3/(x, +ix,)% | 2 X,

e arcth'i/;l+3Vxl+ix2 T _1 1 lln /% —ix, _\/X72)3_
V3-3/x, +ix, 6)| 23(x-ix,)*|2 —ix,

— /3| arctg 2% 3 Xl__ Yo 7110 (30)
J3-3fx, —ix, 6

2

1
+x3%In XZ_E

soklindadir.
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XULASO

MBagqalads kanonik sokli M.G. Qasimov terafinden verilon Dirak sisteminin ve ayrilmayan serhad sertlorinin
dogurdugu sarhad maselasine baxilir. Serhad sertlarinden birina spektral parametrin xatti funksiyast daxildir. Baxilan
sorhad mosalasinin moxsusi adadlarinin tekrarlanmasi aragdirilir. Maxsusi adadlerin (hamginin sarhad masalasinin
xarakteristik funksiyasmnin sifirlarmmin) iki defe tekrarlanmasi tigiin zeruri ve kafi sertlor tapilir. Bu sertlarde Dirak
tonliyinin hall komponentlorinin giymatlori ve sarhad sertlorinin amsallari istirak edir. Qeyd edak ki, maqalade alman
naticolardan diferensial operatorlar {iclin spektral analizin diiz ve tors masalelarinin todgiginda istifade oluna bilar. Bela
ki, maxsusi adadlarin tokrarlanmast {igiin alinan sartler spektrin strukturunun arasdirilmasinda, operatorlarin maxsusi
adadlarinin qarsiiqh yerlosma qaydasmin miioyyen edilmesinds ve barpa masslalorinds kafi sortlorin tapilmasmnda
miihiim shamiyyat kasb edir.

Acgar sozlar: Dirak operatoru, ayrilmayan sarhad sortlori, maxsusi adadlarin tokrarlanmast.
ON THE MULTIPLICITIES OF THE EIGENVALUES OF THE DIRAC OPERATOR
ABSTRACT

The paper considers the boundary value problem generated by nonseparated boundary conditions and the
Dirac system in the canonical form issued by M.G. Gasimov. One of the boundary conditions includes a linear function
of the spectral parameter. The multiplicity of the eigenvalues of the considered boundary value problem is investigated.
Necessary and sufficient conditions for double eigenvalues (and also zeros of the characteristic function of the
boundary value problem) are obtained. Under these conditions, there are the values of the components of the solution
to the Dirac equation and the coefficients of the boundary conditions. Note that in this paper the results obtained can be
used to study direct and inverse problems of spectral analysis for differential operators. It can be added that the
conditions obtained for the multiplicity of the eigenvalues are important in studying the structure of the spectrum, in
determining the rule for the mutual arrangement of the eigenvalues of operators, and in finding sufficient conditions
for recovery problems.

Key words: Dirac operator, nonseparated boundary conditions, the multiplicity of the eigenvalues.
O KPATHOCTU COBCTBEHHBIX 3HAUEHU OITEPATOPA AVIPAKA
PE3IOME

B pabore paccmarpuBaeTcs KpaeBasl 3ajada, TIOPOXKAEHHBIMM Hepa3AeAeHHBIMY I'PaHUMYHBIMU YCAOBVSIMU W
cucteMolt Jupaka B KaHOHMYECKOM Buae BbhigaHHOM M.I. I'aceiMoBOM. B 04HO M3 IpaHMYHBIX YCAOBMIT BXOAUT
AVHeTiHas PYHKITV CIIeKTpaAbHOTO HapaMeTpa. VccaeayeTcss KpaTHOCTV COOCTBEHHEBIX 3HAYEHMII paccMaTpMBaeMOIl
Kpaesoli 3adaun. IloaydeHsl HeoOXoAMMEIE M AOCTATOUHbIE YCAOBV AAs ABYXKPATHBIX COOCTBEHHBIX 3HaueHuiI (a
TakcKe Hy/Ael XapaKTepMCTHIecKnii PyHKIIMM KpaeBol 3ajaun). B 9Tux ycaoBmsIx mMeeTcs: 3HaUeHIsI KOMIIOHEHTOB
perrenns1 ypasHeHys dupaka 1 Ko3¢pQUIMEHTE IPaHIIHbIX ycAosuit. OTMeTNM, 4TO B JaHHOM paboTe IT0AyJeHHbIe
Pe3yAbTaThl MOTYT OBITH MCIIOAB30BaHBI I MCCAeAOBaHIY TIPSMBIX 1 OOPaTHBIX 3a4a4 CIIEKTPaAbHOTO aHaAm3a AAs
anddepeHIMalbHBIX OIlepaTopoB. MOXXHO 400aBUTh, YTO IIOAyJaeMble YCAOBMA AAs KpPaTHOCTM COOCTBEHHBIX
3HaUeHUI! VIMeeT BaKHOe 3HayeHMe IIPY MCCAeA0BaHUY CTPYKTYPHI CIIeKTpa, IIPY ONpejeAeHny IpaBiia B3alIMHOTO
PacIIoA0XKeHNsI COOCTBEHHBIX UMCea OIIepaTOpOB M IIPU HaXOXKAEHWUM AOCTaTOYHBIX YCAOBUI BOCCTAHOBUTEABHBIX
3ajad.

Karouessle caosa: orieparop A,Mpaka, HepasAeaeHHbIe I'PaHNYHbIE YCAOBILI, KPaTHOCTD COOCTBEHHBIX 3HAUYEHMIA.
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1. Giris
MBolumdur [1] ki, bir6lgiilii stasionar Dirak sisteminin kanonik sokli asagidaki kimidir:

BY '(X)+ Q(X)Y (x)= AY(x), (1)

0 1 p(X)  g(x) y:(X)
burada g = ’ = rY(X) = :
[_1 oj Q%) [q(X) —p(X)] % (yz(X)j

W, [0, 72'] il [O, 7[] parcasinda toromosi kvadrati ilo comlenen (yoni L, [0, 7z’]—ya daxil olan)
miitloq kesilmoaz funksiyalardan ibaret olan Sobolev fozasmi isaro edok. Forz edak ki, (1)
tonliyinin Q(X) matris funksiyasmin p(x) ve q(x) elementlari W, [0, 7] fozasmna daxildir.

[0, 7[] parcasinda (1) kanonik Dirak tenliyinin ve
AY(0)+AY(7)=0(2)

timumi sarhad sartlerinin dogurdugu serhad mesalssins baxaq, burada

all alZ a13 a14
= 4 Ai = ( ] 7
. (am azj 8 Ay
= (i =12; k= 1,_4) istonilon kompleks adadlardir.

Torif. Ogor A parametrinin A =4, giymetinda (1) tenliyinin (2) sarhad sartlorini 6dayen
Yo (X) trivial olmayan halli varsa, onda 4, adadina (1), (2) serhad masalesinin maxsusi adadi,
Yo (X) vektor-funksiyasina ise hamin sarhad masalasinin 4, maxsusi adadine uygun maxsusi
vektor-funksiyasi deyilir. Verilon 4, mexsusi adadi ti¢lin (1), (2) masalesinin xatti asili olmayan

hallarinin say1 A, maxsusi adadinin tokrarlanma daracasi adlanur.

Tutaq ki, (2) serhad sortlorinds
(ed+p 1 A (@ 0).
A"_( o 0) Al_(y J

{yz 0) + (A + B)Y,(0) + wy, () =0
Y, (77) + ¥, () — @y, (0) = 0

Onda sarhad sortlori
(3

soklins diiser, burada A —spektral parametr, &, B,y — haqiqi adadler, @ iss kompleks adaddir.
(1), (3) sarhad masalasini D ils isare edacayik.

Ayrilan serhad sartli (o = w=0) Dirak operatorunun spektral xassslori [2, 3, 4, 5, 6, 7] va
basqa elmi islorde tedqiq olunmusdur. Serhad sertleri ayrilmayan (o climleden periodik,
antiperiodik, kvaziperiodik, timumilasmis periodik) olduqda [8, 9, 10, 11, 12, 13], saerhad
sartlorina spektral parametr daxil olan hallarda ise [14, 15, 16, 17, 18] maqalslorinds Dirak sistemi
tigiin spektral analizin d{iz ve ters masalalari hall edilmisdir.

Bu maqaleds aw # 00olduqda, yoni ayrilmayan serhad sartlarinin birine spektral parametrin
xotti funksiyasi daxil olan halda D serhad masslssinin maxsusi adadlarinin (hemginin D
xarakteristik funksiyasmin sifirlarmin) tekrarlanmasi tigtin zeruri ve kafi sertlar tapilmusdir.
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Dirak operatorunun maxsusi adadlarinin tokrarlanmasi haqqinda

2. Sarhad masalasinin maxsusi adadlarinin tokrarlanmasi

C(x,A) = Cl(x’ﬂ) vo S(X,A) = Sl(X,ﬂ,) ilo (1) tenliyinin
c,(x,2) 5,(x,4)

1 0
C(0,4) = [Oj S(0,4) =(J @)

baslangic sartlorini 6dayen hallerini isars edak. Bu hallorin Vronski determinant: eyniliklo 1-
9 barabardir, yeni

C, (X, A)s, (X, 4) —C, (X, A)s,(x,4) =1.(5)
(1) tonliyinin timumi halli
Y (x,2) = M,C(x,4)+M,S(x, 1)
soklinde olacaqdir, burada M, ve M, istenilon sabitlordir. Bu halli (3) serhad sertlarinde

nazare alsaq va (5) eyniliyindan istifads etsok, asanligla gostormak olar ki, D sarhad masalasinin
xarakteristik funksiyasi

d(2) =2Re @ —c, (7, 1)~ 1c,(m, 2) + o] "5, (7, 2) + (@A + B)[s, (7, 1) + 15, (7, 2)] (6)

soklindadir. Bu funksiyanin sifirlar1 D masalasinin maxsusi adadlaridir. Malumdur [17, seh.
191] ki, a<0olduqda D masalasinin maxsusi adadleri hagigidir. Asagida har yerds forz
edacayik ki, o < 0.

Teorem 1. 4, adadi yalmz vs yalniz o zaman D sarhad masslasinin iki dafe tokrarlanan

maxsusi adadi olar ki, @ sifirdan farqli haqiqgi adad olsun vo
aly+p+wc(r,4,)=0, (7)
S, (7, A) +y51(7,4,) =0 (8)
barabarliklori 6densin.

isbati. Tutaq ki, 4, adadi D sarhad mosalesinin iki dafe tokrarlanan mexsusi adadidir.
Onda A =4, giymeati {iclin (1) tenliyinin (3) serhad sartlarini 6deyen iki xatti asih olmayan Y, (X)
vo Y, (X) halleri var. (1) tenliyinin her hansi basqa halli Y, (X) vo Y, (X) hallorinin  xotti
kombinasiyas: kimi (3) sarhad gortlorini 6dayacekdir. Xiisusi halda bu C(x, 4,) veo S(X,io)
hallari tigiin dogrudur. (3) ve (4) miinasibatlorine asasen

5 Y 9
5 Y )

aly + B+wc,(7,2)=0,

=0,
0.

Buradan aliriq ki,
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52(7[110)"'751(7[110):0’
—w+yc,(r,2)+c,(z, 2)=0,
1+ ws,(7,4,)=0. (9)

Demsali, (7) vo (8) miinasibatlori 6denir. (9) berabarliyine asasen w= — ! ) A, haqiqi

S (7Z Ao
adad oldugundan s, (72', /10) haqiqi olur. Demali, @ sifirdan forqli haqiqi adaddir.

Torsing, tutaq ki, w—sifirdan forqli haqiqi adaddir ve (7) vo (8) barabarliklori ddenir.
Gostarak ki, A, bu masalenin iki dafe tokrarlanan maxsusi adadidir. (5) eyniliyina asasen

¢, (%, A)s,(x, 1)+ rs,(x, 2)] =, (x, ), (x, 1)+ ¥ ¢,(x, )] =1. (10)
(8) vo (10)-dan asanhgla almar ki,

1
cz(fr,ﬂo)ml(fr,io)}m- (11)

d (/10 ) = 0 barabarliyinda (6), (8), (11) miinasibatlorini vo @-min haqiqi adad olmasini nazeara

alsaq,
2@4_;4_(025 (7, 2,)=0
s,(7,4,) ! °
baraberliyini alariq. Buradan asanhqla tapiriq ki,
ws, (7,1, )=-1.
Onda
d(4,) = 20—, (7, Ay ) — 1¢,(7, Ao )+ @?s, (70, A, )+
+(ad + B)sa (20 )+ 1517, 45 )] =
=2w—C,(7, 4y )—1¢,(7, 2y )— =0,
yoni

16(7.20)+¢, (7, 2 ) = @

(7), (8) sartlorinden, (4)-den vo son iki barabarlikden istifads etmakls asagidaki miinasibatlor
almur:

C,(0,4) +(at, + p)c,(0,4) + ac, (7, A) = al, + f+ac, (7, A1) =0,
¢, (7, A)+ ¢, (7, A) —ax,(0,A) =w—w =0;
S,(0,4) + (a4, + £)s,(0, ) + a8, (7, A) =1+ a8, (7, 4) =0,

S, (77, A) + 15, (7, A) — 8,(0,2) = s, (7, A) + 18, (m, 2) = 0.
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Demoli, (1) tonliyinin C(x,4,) v S(x,4,) soklinds hallori (3) sorhad sortlorini ddayir vo
buna goro de onlar D masalasinin maxsusi vektor-funksiyalaridir. Bu hallor xotti asili

olmadigindan A, iki dofe tokrarlanan maxsusi adad olur. Teorem isbat olundu.

3. Xarakteristik funksiyanin sifirlarinin tokrarlanmasi

D sorhad messlosinin d (ﬂ) xarakteristik funksiyasmin sifirlarinin tekrarlanmas: haqqinda
asagidaki teorem dogrudur.

Teorem 2. A, adadinin D sarhad masalasinin d(ﬂ) xarakteristik funksiyasimin tokrarlanan
sifr1 olmasi tiglin Teorem 2-nin sartlarinin 6denmasi zaruri va kafidir.

Isbatl. Zorurilik. Tutaq ki, A, odadi d (/1) funksiyasmin tokrarlanan sifridir, yoni
d(ﬂo) =d (ﬂo)z 0 (funksiya {izorindoki néqte A -ya géro tdromeni gdsterir). Isbat edok ki, @
sifirdan forgli haqiqi adeddir ve (7), (8) barabarliklori 6danir.

Ovvalca gostarak ki,

52(77’10)"'751(”’20)7&01 (12)

olarsa, onda d (/10 ) # 0. Malumdur [5, soh. 257] ki,
¢;(x,2)=|R](x,t,2) C(t, A)dt,
(13)

$;(x,A)=[s"(t.2) R,(x,t, Axt,

Oty X O ) <

burada
R,(x,t,2)=s,(x,2)C(t,2)—c,(x, A)S(t, 2), j =1.2.
T iso transponiro isarasidir. d(1) xarakteristik funksiyasindan A -ya gora térome alag;
0(2) ==, (e, 2)= 6, (. 2) ol (. 1)+
+(ad+ B8, (m, )+ 8,(m )]+ als, (7, 2)+ 55,(7, 2)}

(13) diisturlarindan istifads etsak,
d(4)=—[R] (z.t, AC(t, A)dt — y [ RT (,t, A)C(t, At + || [ST (t, )R, (.1, A)dt +
0 0 0

(an+ ﬁ)ﬁST(t,ﬂ)Rz(ﬁ,t,;t)dt+;/TST(t,/l)Rl(n,t,/I)dt}+a[sz(7z,/1)+;/sl(yz,i)]z

=ﬂf(A)CT(t,l)C(t,i)+ g(A)CT (t, A)S(t, A)+r(2)ST (t, 2)S(t, A)|dt— of (1) (14)
almar, burada
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f(2)==s,(z,2)-rs,(%, 2),
g(l)zcz(”’i)Jr701(7711)+|a’|251(”’/1)+(0‘]'4‘5) (Sz(”ii)+7 51(7711))'

r(A) =l c,(z,2)~ (@d + B)(c, (7, )+ ¢, (%, 1).

d(2,)=0 oldugundan A, adadi D masalesinin maxsusi adadidir. Tutaq ki, H (X):[El ((X))]
X
2
buna uygun mexsusi vektor-funksiyadir. C(x, A, ) vo S(X, 4, ) funksiyalari (1) tenliyinin A = 4,
olduqda (4) baglangic sartlarini 6dayen fundamental hallar sistemi oldugundan

H(x)=h,(0)C(x, 4, )+ h,(0)S (x, 4, ). (15)
Onda aydmndr ki,
|hl(x)2 +|h x)|2 =H"(x)H(x)=|h(0)*CT (x, 4, )C(x, 2, )+
|, (0)S (%, 25)S(x 4o )+ [n,(0) 1, (0) +1,(0) hy(O)CT (x,4,)S (. 4 ). (16)
(3) sortlarinden ikincisini nozare almaqla (15)-den X = 77 olduqda alariq:

,(0)= 2 ‘gﬂ(ﬂ )j};jf;(ij o)h,(0).

Onda

|a)|2 + [Cz(ﬂ"/?“o)‘kwl(”iio)][cz(”’ﬂo)+Q’Cl(”’}“o)_ZRe a)]|h1(ox2.

[52(7[1/10)"‘751(”’/10 )]2

d(4,) =2Rew—c,(7, Ay )—1¢,(7, Ay )+ @?s, (7, Ay ) +
+(aﬂo +ﬂ)[52(”'/10)+751(”'io)]: 0

Ih,(0)" = h,(0)h,(0)=

miinasibatindan
C,(7, )+ 7 ¢y(7, 45 )—2Re w = |a)|231(7[’ o)+ (e + IB)[SZ(”’ Zo)+y 87,2 )k
Bu barabarlikden va (10) eyniliyindan istifade edarak asagidakilar: yaza bilarik:

2 ‘a)‘z +[Cz(”'ﬂo)"'Wl(”’ﬂo)]ha)‘zsl(”'ﬂo)+(a/10 +/B)[52(”1/10)+751(77’/10)]J 2
‘hZ(OX ) [s, (7, 2 )+ 15, (7, 4, ) ‘hl(OX B

|l Cl(ﬁ,lo)-si-z(((j:;:-)f 7)/(:((77;:112)% }Cl(ﬁ,lo))|hl(o)|z r(4) Ih, (0)’.

Oxsar qaydada hesablama aparsagq,
A
h, (0)h,(©)+ , O 2<o>=%°§|hl<or

alinar. Son iki barabearliyi (16)-da nazars alaq:
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|hl(x]2 +|h2(x)|2 =

=[£(4)CT (2, X)C (s, )+ 0(4)CT (. X)S (2o, 1)+ 1(2)ST (25, )8 (0, X))

Bu baraberliyi sifirdan 7 -yadak inteqrallasaq ve (14)-don istifads etsak,

Iﬁhl(xy |, () Jax—afn, 0)° = *;8}) d(%):

miinasibatini alariq. & < 0 oldugundan sol toraf sifirdan farqlidir. Onda d(ﬂo) #0.

Indi iso forz edok ki, A =4, adadi d (/1) funksiyasmin tokrarlanan sifridir. 9gar (12) bara-

barsizliyi 6denarss, onda indice isbat etdiyimize gors d(4,)# 0. Bu isa d(/,)=0 berabarliyine
ziddir. Ona gora da

52(77’10)"'751(”’20):0- (17)

(10) eyniliyinds (17)-ni yerine yazmagqla (11) boraberliyini alariq. Buradan d(1,)=0 ol-

masina asaSon

2Re w +

+|a|’ s, (7, 2)=0.

1
51(77’/10)

Bu barabarlik gostarir ki,
25, (7, 4y JRe +1+|(Re ) +(Im )’ (7, 4,) =0 vo ya

[1+s5,(, 4, )Re o] +[s,(7, 4, )Im ] =0.
Buna goro do 1+5,(7, 4, )Re =0 vo s,(7, 4, ) Imew=0.

(11)-den aydmndir ki, S, (7[, ﬂ.o)i 0. Onda sonuncu iki barabarlikden ¢ixir ki, @ sifirdan
forgli haqiqi adaddir vo 1+ ws; (71', Ao ): 0. Demali,

g(%):Cz(”'ﬂo)"‘VCl(”Jfo)—a):a)—a):O
\C f(/lo)= 0, d(/io)= 0 oldugundan (14)-den aliriq ki,

r(4, )TsT (X, 44 )S (X, 4, )dx = 0. (18)

0

Asanhgla yoxlamagq olar ki, A = 4, olduqda S(X, 4, ) halli (1) tenliyinin (3) sarhod sortlarini
Odayen hollidir, yoni S(X, Ao ) halli D masalasinin maxsusi vektor-funksiyasidir. Ona gore do

ST (x, 2 )S(x, 4, Jdx = 0.

O t—3

Buradan va (18) barabarliyindan ¢ixir ki, I’(ﬂo ) =0.0nda

_|a)|2C1(7T’/10)_(aﬂo +ﬂ)(cz(”’ /10)+7’C1(7T!/10)):O
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miinasibatini (11) ve 1+ @s, (7, 4, ) = 0 barabarliklorinin kémayi ilo

1
soklinds yazmagq olar. @ sifirdan farqli haqiqi adad oldugundan
aly + B+ wc,(r,1,)=0.

—|60|2C1(7z,/10)+(a/10 +IB) = —|a)|2C1(7r,/10)—a)(a20 "',3): 0

Beloliklo, aldiq ki, A, adoadi d (ﬂ,) xarakteristik funksiyasmnin tekrarlanan sifr1 olarsa, onda
o sifirdan farqli haqiqi adad olur ve (7), (8) barabarliklori 6denilir.

Kafilik. Tutaq ki, (7), (8) v d(4,)= 0 miinasibatlori 6denir, @ iso sifirdan forgli haqiqi adod-
dir. Gostorak ki, d(/io): 0. (8) vo (10) barabarliklarinden istifado etmakls (11) miinasibatinin
dogrulugunu asanligla gostarmoak olar. @ -nin haqiqi olmasina asasen yaza bilorik:

d(2)=2w-c,(7, 4)) - yc,(7, 4y)+ @?s,(z, 4,)=0.

Buradan vo (11)-don

20+ ———+w’s,(7,4,)=0.

51(”’20)

Sonuncu barabarliyin hor terafini s, (7, A, )-» vursag, [a) S, (7[, Ay )+1]2 =0 oldugunu alariq.
Demali, @S, (7[, Ao ) =—1. Onda (11)-o asasan yaza bilarik ki,

¢, (7, 2y)+9¢,(7, Ay )= . (19)
(7)-nin har tersfini @-ya vurub (19)-den istifads etsak,
@°C,(7, 40 )+ (aly + B)(C, (7, 20 )+ 7 1 (7, 49 )) =0
miinasibatini alariq.

Beloliklo, f(1,)=0, g(4,)=0 vo r(4,)=0 borabarliklori ddenir. Onda (14)-den ¢xar
ki, d (ﬂ.o ) =0. Teorem isbat olundu.
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OMOK DINAMIKASININ INTEGRO FARKLI TODQIQATININ FORQLI ANALOGU iLE TOSVIR
EDILON BiR OPTIMAL NOZAROT PROBLEMINDO GOROKLI OPTIMAL SORT

XULASO

Fredholm tipli bir inteqro-diferensial tenliyin forq analoqu ile tesvir olunan bir diskret optimal idarsetms
problemini nazardan kegiririk. Bir sira zaruri birinci deracali optimalliq sartleri miisyyen edilmisdir.

Acar sozlar: Fredholm tipli inteqro-diferensial tenlik, lazimi optimalliq serti, diskret maksimum prinsip, variasiya
tonliklari.

A NECESSARY CONDITION OF OPTIMALITY IN ONE OPTIMAL CONTROL PROBLEM DESCRIBED BY
THE DIFFERENCE ANALOG OF THE INTEGRO-DIFFERENTIAL EQUATION OF POPULATION DYNAMICS

ABSTRACT

We consider one discrete optimal control problem described by a difference analog of an integro-differential
equation of Fredholm type. A number of necessary first-order optimality conditions are established.

Key words: Fredholm type integro-differential equation, necessary optimality condition, discrete maximum
principle, variational equations.

1. Ilocranoska 3agaum. Ilycrs yripaBasieMblil IIPpOLIECC OIMCHIBAETCA CAEAYIOLIeNn
CUCTEMOI Pa3HOCTHBIX YPaBHEHUIA

2t +1,)= 3 £t 5.2 5) ult,s)),

@
t=t,t,+1L...,t, =L X=X, % +1... %X

C Ha9aAbHbIM YCAOBMEM

2(ty, X)=a(x), X =%, X +L..0, X, )
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Heobx00umoe ycaosue onmumarbrocmu 6 00101 3a0ate ONMUMAALHOZO0 YHPABAEHUS, ONUCHIEAEMAS PASHOCTTHBIM
AHANOZOM UHMeZpO-OuPPepeHtuuarvHozo YpasHeHUs OUUHAMUKI HORYASAUUY

3aecn f(t, X, S, Z, u)—3a4aHHa;1 N -MepHast BeKTop—q)yHKum[, HEeIIpepbhIBHAS II0 COBOKYIIHOC-
TU TepeMeHHBIX BMeCTe C YaCTHBIMM ITpoM3BOAHbBIMM 1o Z, 1,,1,X;,X —3adaHHbIe 4mcCaa,
TIpuYeM Pa3HOCTh tl_tO n X, —X, €CTb HaTypa/bHbIE€ YIICAQ, a(x)— 3adaHHas N-MmepHast
AVICKpeTHast BeKTop-Cl)yHKLU/I}I, u(t, X)— I -MepHBIVI  AVCKPETHBIVI BEKTOP  YIPaBASIOIINX

BOS,Zl,eI;[CTBI/H;[ CO 3HAYEHIMSIMI 13 3a4aHHOTO HeHyCTOFO n OrpaH]/I‘—IeHHorO MHO>KeCTBa U , T.e.
u(t,x)eU, t=ty,t, +1,....t —1;x =%, % +L00, X, 3)
Takne praBA}IIOH_U/Ie (byHKLH/H/I Ha30BeM AOHYCTI/IMI)IMI/I.

Ha pemenmsx cucremsr (1)-(2) HOpOXXAEHHBIX BCEBO3MOXKHBIMM — AOITYCTUMBIMMU
yIIpaBAeHISIMHY OIIpeeAnM (PyHKIIMOHAA

S()= 3 (el 1) @

3aecph (0(2)— 3a/aHHas HeIlpephIBHO AudpepeHpyeMast ckaaspHast QyHKI.
Byaem msyuaTs 3agaqy o MyuHMMyMe QyHKIIMOHaAA (4) mpy orpanmndeHsx (1)-(3).

Aomyctumoe  yripasaeHue u(t,X) AOCTaBASIONINIT MUHUMYM (yHKIIMOHaAy (4) mpu
orpanyyensx (1)-(4) HazoBeM ONTUMAAbBHBIM YIIPAaBA€HMEM, a COOTBETCTBYIOIIMII ITPOLIECC
(u (t, X), Z(t, X)) —ONTMMAaAbHBIM IIPOLIECCOM.

2. AHaaOr AMICKpeTHOrO ycaoBusi MakcuMmyMa. [Ipearioaoxmm, uro (u(t, X), Z(t, X))—

(UKCHPOBaHHBIN AOITYCTUMBIIT ITPOLIECC, @ MHOXKECTBO
f(t,xs 2t x)U)={a:a=ftxsz({tx)v)veU} ©)
BBITTYKAO.

Ilycts €€ [O,l] —IIPOM3BOABHOE  YICAO, V(t, X) —IPOM3BOABHOE  AOITYCTHMOE

YyiipaBA€HVE TaKOe, 9TO

2(t+1,x¢6)= i f(t,xs,z(t,s;¢)ult,s;e)) =

$=Xp

= 2 [f(t,xs, 2(t,s;¢)ut,s))+ e[ f (t,xs,z(t,s; &) v(t,s))— o

— f(t,xs,z(t,s;¢)u(t,s))]]

2(t,, % 8)=a(x), X=X, Xy +1L.00, X, . 7)
DTO BO3MOXKHO B CI1AY BBIITyKAOCTY MHO>KecTBa (5).
[Toaoxum
oz(t, X, &
y(t,x):()/ : ®)
o€ =0

B ciay ycaosuit raagkocty, HaA0KeHHbIe Ha IIPaByIO YacTh YpaBHeHI (6) moAydaeM, 4To
y(t, X), onpeseaseMast popMy0ii (8) sABAsIeTCs pellleHreM 3ajaun (ypaBHEeHISI B BapHalllisX)
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y(t+1x)= i{af (t,x,s,z(t,s)ult, S))y(t, )+

0z

b )
+[f(t,x,s,2(t,s)v(t,s))— f(t,x,s,2(ts)u(t,s))]]
Yty X)=0, X=X5, % +1.0 X,. (10)

Yepes l//(t, X)— 00O3HaUMM IIOKa ITPOM3BOABHYIO N-MEepHYIO BEeKTOP-QYHKIIMIO.
YMmHOKas1 00e gacTy cooTHoeHns (9) caeBa cKaAspHO Ha l//(t, X), a 3aTeM CyMMUpYs 00e 4acTu
roay4deHHoro cootHomeHnsA o t u X ot t; 40 t, =1 mor X; 40 X, COOTBETCTBEHHO, ITOAYINM:

t,-1 t -

> Zy/tx (t+1,x) Z i{zwtx (txs,2(t,s)u (t’s))y(t,s)+

t=t,  X=Xp t=ty  X=Xo| S=Xg aZ

+[f(t,x,s,2(t,8)v(t,s))— (t, x5, 2(t,s)ut,s))]=

_ tl_i i i!//'(t S)6fz(t, S, X, za(; x)u(t, x)) it x)+

5 i[iw’(t,s)y(t,s)[f(t,s,x,z(t,x),v(t,x))— ftsxz(txux)]].

t=t,  s=Xo| s=Xo

Tprmersst popmyay Teli10pa MOAYIAEM CIIPABEAAMBOCTS PA3A0SKeHILIT
S(u(t, x;£))—S(u {ng 2(t, x; ¢ } i%}x» y(t,, x)+o(e).
Orcioaa, ¢ yuerom Tosxaectsa (11), mmeenm:

S(u(t, x;£))-S(u(t, x))= gi%(ztlx» y(t, x)+

t-1 X X X

+822l/ltx t+1x—gz ZZV/tS tl,x

t=ty X=X, t=ty X=X3S=Xy

“(t’s'x’zgz’x)'“(” (t.) gz ﬁ;gyx’(t,s)[f(t,s,x,z(t,x),v(t,x))— )

f(t,s, %, z(t,x),u(t,x))[|+ o(s).

Herpyano aokazats, 4to

X

S Syt 10= 3l -1yl

t=ty  X=Xg X=Xg

t,-1

—y'(t, — 1, x)y(ty, x)]+ > Zz//t ~1,x)y(t, x). (13)

t=t, X=X,

[IpunuMast Bo BHMMaHMe cooTHoIeHns (8)-(13) criermmaapHoe npupartienue (12) kpurepust

Ka4yecTBa COOTBETCTBYIOIee AOIYCTVMBIM YIIPaBACHVSIM u(t, X; 8) n u(t, X) IIpeACTaBAsIeTCs B
BUIAE
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S(u(t, x;¢))—S(u(t,x))= gim y(t, x)+

X=Xg oz

-1 X1

e -1 Xy XS Syt -1 Xyl x)-

X=Xg t=t, X=X,

t=ty X=Xq| $=Xo oz

X

_gt“ i{zw’(t,s)[f(t,s,x,Z(t,X),V(t,X))— £(t,s,x, z(t,X),U(t,X))]}O(g)-

=ty X=Xo| 5=Xy

ITycts N -mepHast BeKTOp-PYHKIV (//(t, X) SIBASIOTCS pellleHreM 3aJadun

wlt-1x)= g of'(t,s, x, za(; x)u(t, X))://(t, 5), 15)
w(t, -1, x)=—W- (16)

Bagauy (15)-(16) HasOBeM COIIPSDKEHHON CUCTeMON B paccmaTpuBaeMon 3agade. [Ipu
BBIIIOAHeHUY cootHomeHuit (15)-(16) popmyaa npupamenns (14) npumer i,

-1 x-1 X

S(u(t, x;&))-S(u(t,x)) = 8§;;[H (t,x,s, z(t, x),v(t,x), w(t,s))—
—H(t,x,s, z(t, x),u(t, x), w(t,s))]+ole), (17)

I/Ze 10 olpeaeAeHNIO

H(t, x,s, z(t, x),v,w(t,s)) =y/(t,s)f (t, x, s, z(t, X), V).
[Tpn nomomm pasaoxenus (17) gokaspiBaeTcs

Teopema 1. Ecanm muHoxectBo (5) BblyKa0. Torga 44s ONTMMAaAbHOCTH AOITyCTMMOIO
yIIpaBACHNS u(t, X) B 3agaue (1)-(4) HeoOX0AMMO, YTOOBI HEpaBEeHCTBO

-1 X X

> 2 2 [H(Exs 2(t ) vt X)y (e ) - HE x5, 2t x)hult x) (e s)]<0,  as)

t=ty X=X 5=Xq
BBIIIOAHSAOCH A4S BCEX V(t, X)eU, t=t,t, +1...t, -1 X=X, % +1...,X.

3. /lMHeapu3OBaHHbBIE YCAOBMsI ONTMMaabHOCTI. IIpeanosoxnm, uyro muoxecrso U
BBIIIYKAO€, a f(t,X,S,Z,u) HeIpepbIBHA 110 COBOKYIIHOCTY II€PEMEHHBIX BMECTe C YaCTHBIMU

IIPOM3BOAHBIMU 10 (Z, u).
Iycts 11 e [0,1] IIPOM3BOAbHOE YICAO, V(t, X)— IIPOM3BOABHOE AOITyCTUMOE yIIpaBAeHIe.

UYepes u(t, X; ,u)z u(t, X)+ ,u[v(t, X)—u(t, X)] 0003HAYMM MPOBapbUPOBaHHOE («BO3MYIIle-
HIe») yrpapaeHue. JoIycrum, 94To Z(t, X; y) sABAsieTcs perteHneM 3agadm (1)-(2), coorsercrsy-

IoIIee AOITyCTUMOMY yIIPaBA€HIIO u(t, X; ,u), T.e.
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2t +1x0)= > F(t,x,5,2(t, 5 1) ult,5; ) 20)

S=Xg
2(t,, x; 1) = a(x).
Bseaem obo3HaueHme

p(t,x)=az(ta’x;”) / - @)
ﬂ u=0

(21)

Ncnioansys (20)-(22) n u(t, X; ,u) AOKa3bIBAETCsI, UTO

S(uft )~ S(uft )= i3 32 3 RS HEX AL 50yt 0) 5 ()

t=ty X=X35=X,

13 moAy4eHHOTo pa3A0KeHs cAelyeT
Teopema 2. Ecan muoxectso U Bbirykaoe, a f (t, X, S, Z, u) HeITpephbIBHA 110 COBOKYITHOCTH
IlepeMeHHbIX BMeCTe C YaCTHBIMM ITPOMU3BOAHBIMU IO (Z, u), TO AAs1 ONTUMAABHOCTU AOIYCTU-

MOTO yIIpaBAeHNs u(t, X) B paccMaTpuBaeMoli 3agaue (1)-(4) HeobX0AMMO, YTOOB! HepaBeHCTBO

“ii iaH '(t,x,s,z(t,;&,u(t,x),z//(t,x)) (v(t, ) u(t, X)) <O,

t=ty x=X9| S=Xo

BBITIOAHSAOCH A4S BCeX V(t,X)eU, t=t,,t,+1...t, =1, X=X, % +1...,X.

4. Anaaor ypaBHeHIs1 Diiaepa. PaccMoTpuM caydail OTKPBITON 00AacTi YIIpaBAeHIs
ITycts mHOXectBO U OTKpBITOE, a f(t, X, S, z,u) HeIIPepPBIBHA 110 COBOKYIIHOCTY IePEMEHHBIX
BMeCTe C YaCTHBIMM ITIPOU3BOAHBIMMI I10 (Z, u).

B cuay orkpniToi 004acTu yrnpabaeHNs ClleliaabHOe MpupallieHne yIpaBAeHNs u(t X)

onpeaeanm 1o popmyae

AU, (t, X)=vau(t, x), t=ty,ty + 1.t =1, X=X, Xy +1,..0, X,.

34ecb V— JA0OCTaTOYHO MaJdo0e II0 aOCOAIOTHONM BeAudyHe 4JICAO0, a dj(t,x)e R"

t=t,,t,+1...t, =1, X=X,,X, +1..., X, mpousBoabHas orpaHnyeHHas I -MepHast BeKTOp-PyHK-

1 (AOITyCTUMasl Bapyaliys yIpaBAeHIs).
ITpu caeaaHHBIX IIPeATIOAOKEHMAX AOKa3bIBAaeTCs, YTO IlepBas Bapualusl B KAacCUIeCKOM

cMbIcae, ( cM. Haap. [1, 2]) Cl)yHKLII/IOHaAa KauecTsa (4) nmeeT BU,

41 % % t X, S, zt X) (t,X)a‘//(t’S))aj(t,x).

y)atiiris

t=ty X=X, 5=X,

CAeAOBaTeAbHO, B C1ay TOIO, 94TO B CAy49ae OTKPBITOCTI obaactu YiipaBA€HIT II€pBasi
Bapuanl (bYHKLII/IOHaAa KayecTBa paBHIAETCI HYAIO II0Ay4YaeM, 4YTO BAOAb OIITMIMaAbHOIO

poiiecca (u(t, X), Z(t, X)) AZSI BCeX 5u(t, X)e R, t=t,,t,+1...t, =L X=X;, X, +1,..., %

Ei{i AH'(t, x,s, z(t, x),u(t, X):V/(t’s))}m(t, x)=0. @)

ou

t=ty X=Xo| s=X,
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[Tpn momomm (23) A0Ka3bIBaeTCs

Teopema 3. Ecan MHOXecTBO U  OTKpBITOE, TO 4451 ONTUMAABHOCTY AOITYCTIIMOTO yIIPaB-
AeHus u(t, X) B 3agaue (1)-(4) He0oOXOAMMO, YTOOBI COOTHOIIIEHVIE

i OoH '(,9,5, S, 2(0, g),u(@,é), ‘//(91 5)) -0

bt ou

BBIITOAHSAAOCH 45 Beex O =1y,t) +1,...,t, =1, &=X,, %X, +1...,X.
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XULASO

Omoliyyat sistemi —proqram va verilonlarin miitesokkilyigmidir. Bu yigm hesablama sistemiresurslarmin idara
olunmasi, EHM f{igiin proqramlarin yaradilmasmin asanlagdirilmasi, hemginin EHM-in idars edilmasi iigiin nazards
tutulmugdur. ©maliyyat sisteminamiiasir baxis ham do EHM resuslarimn istehlakgis: kimi istifadaginin baxigint aks
etdirir. Omeoliyyat sistemiistifadacilo EHM avadanlig1 arasinda vasitagi rolunu oynayan proqramdir. Omaliyyat sistemi
istifadagiye proqramin rahat ve effektiv sokilde yerina yetirilmasine lazimi serait tomin etmak ii¢iin nazards tutul-
musdur. Omsliyyat sistemi-kompiiter resurslarini idare edan, totbiqi proqramlarin ise salinmasim, onlarm xarici qurgu-
lar vo digar proqramlarla qarsiligh slagesini, hamginin istifadaci ilo kompiiter arasindaki dialoqu tamin edsn program
vasitolorinin macmusudur. Omoliyyat sisteminin osas funksiyalarindan biri —informasiyanin daxiletma-xaricetma
prosesinin avtomatlagdirilmasi,verilonlarin yadda saxlanilmast ve onlarin idare edilmasi, istifadaci terafinden yerina
yetirilon totbigi proqramin idare edilmasidir. Omsliyyat sisteminin niivesi onun asas hissasi hesab olunur. Omaliyyat
sisteminin niivesi kompiiter iso salindiqdan sonrasmoli yaddasa ytiiklonir ve emliyyat sistemini,yaddasi, totobiqi
programlarin yerine yetirilmasini vo onlarmn aparatlarla qarsiigli slagesiniidars edir. ©maoliyyat sisteminin niivesi,
hamgininmdiixtalif proqramlarin prosessorlarla isardicilligini vo vaxtini, aparat ve programlarn nasazhigim toyin edir.

Acar sozlar:sistem, goxmasalali, MS DOS, Linux, ¢oxistifadagili. svoping.
OPERATING SYSTEMS
ABSTRACT

An operating system is an organized collection of software and data. This set of computing systems is designed to
manage resources, facilitate organizing the computer programs, as well as computer management. A modern view to
the operating system also reflects the user's view as a consumer of computer resources. The operating system is a
program that has a connection role between the user and the computer equipment. The operating system has been
designed to provide the user with the necessary conditions for comfortable and efficient execution of the program.
Operating system - a set of software tools that manage computer resources, enable the implementation of applications,
their interaction with external devices and other programs, as well as the dialogue between the user and the computer.
One of the main functions of the operating system is the automation of the process of input and output of information,
storage and management of data, management of the application performed by the user. The core of the operating
system is considered to be a main part. The kernel of the operating system is loaded into the RAM just after the
computer is launched to work, and that controls the execution of the operating system, memory, application programs
and their interaction with the hardware. The kernel of the operating system also determines the sequence and timing of
various programs, and hardware and software faults working with processors.

Key words: system, multifaceted, MS Dos, multiuser, Linux.
OIIEPAIIMOHHBIE CUCTEMBI
PE3IOME

Onepanmonnas crucreMa IpeJcTaBAsieT coD0i OpraHM30BaHHbI HaOOP ITPOrPaMMHOTO OOeCTIeUeHNsT U AQHHBIX.
DTOT nakeT npejHa3HadeH A4S yIIpaBAeHN: pecypcaMii KOMIILIOTEPHON CHCTeMBL,00AeryeHNs CO34aHNs KOMITBIOTep-
HEBIX IPOTPaMM,a TakKe yIpaBAeHNs KoMIbioTepoM.CoBpeMeHHBIN B3IAs14, Ha OITepalliOHHYIO CHCTeMY TakXKe OTpa-
KaeT B3ras/, 0Ab30BaTeAs KaK IoTpeduTeAs KOMIIBIOTEPHBIX pecypcoB.OnepalioHHas cucTeMa - 9TO MPOrpaMMa,
KOTOpasI BEICTYTIaeT B KadecTse IToCpeaHIKa MeXAy IT0Ab30BaTe eM 1 KOMITBIOTEpHBIM obopyaosaHueM. Onepariion-
Has CHCTeMa IpeJHasHaueHa AAs IIpejOCTaBA€HMs I10Ab30BaTeAI0 HEOOXOAVIMBIX YCAOBUI AAs KOMQOPTHOIO U
5 eKTMBHOIO BBINIOAHEHMs IIporpaMMbLONepalioHHas CUCTeMa - YIIpaBAseT pecypcaMit KOMIIBIOTepa,3allycKaeT
MIPIAOXKEHN, B3aIMOAEIICTBYeT C BHEIITHMMI YCTPOMCTBaMU M APYIVIMM IpOrpaMMaMIL.,a TakKe HaOOp IporpaMM-
HBIX Cpe/CTB,00ecIIeunBaloMX ANalor MeXJy II0Ab3oBaTedeM ¥ KOMIbIOTepoM.OAHOM 13 OCHOBHBIX (DYHKITVIA
OIIepalIMIOHHOM CUCTEMBI SBASETCA aBTOMaTM3allus IIpoIlecca BBOJAA ¥ BEIBOJA MHQpOPMAaIVILXpaHeHUs AAHHBIX I
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yHpaBAeHIsT UMI.SIAPO OIepaliOHHON CHUCTEMBI SIBASETCS €r0 OCHOBHON YacThIO: SIAPO OIEPAIVIOHHON CHCTEMBI
3arpy>KaeTcsl B IPaKTIYecKyIO IIaMATh ITOCAe 3alTycka KOMITbIoTepa U yIIpaBAseT pabOTON OIepaliioHHON CHCTEMBI,
ITaMSITI, IIPUKAAAHBIX IIPOTPAMM U UX B3aIMOAEVICTBYIEM C YCTPOVICTBaMIL. SIApO CrCTeMBI TaKKe OIpeAeseT Iocae-
AOBaTeABHOCTD U CMHXPOHM3AIINIO Pa3ANIHBIX IPOrpaMM,paboTaloniux ¢ IpoIieccopamMy, alrapaTHEIMI U IIPOTpaM-
MHBIMU COOSIMIA.

Karouessle caoBa: cricteMa,MHOro3asaqyHocTh, MS DOS, Linux, MHOTOIT01b30BaTEAbCKIAIA.

Sistem (yunanca, systema-hissalarden taskil olunan birlesmadir)-qarsihqli alagali, miin-
tozem qarsiliqh fealiyyatda olan obyektlarin toplusudur.

Kompiirer sistemi bir va ya bir ne¢e kompiiterds, qarsiliqh slageds olmagla, informasiya
emal1 prosesini yerins yetiron daxili ve periferiya qurgulari, eleco do proqram vasitalerinden
ibarat olur.

O, 6zlinds miixtalif alt sistemlari birlogdirs bilor vo daha iri sistemin alt sistem kimi foealiyyot
gostara bilar. Program teminatina aid olan ve sistemin faaliyystinin hazirligma cavabdeh olan bir
hisss timumi hesablama sisteminin amaliyyat sistemini togkil edir.

Omeoliyyat sistemi-informasiya emalmin idare olunmasin ve aparat vasitalerinin bir-biri ils,
hamginin onlarmn istifadagilorlo qgarsiligh olagesini tomin edir. ©moliyyat sistemilazim olan
programikompiiterin yaddasmna yiiklayir ve onun icrasmna nozaret edir. Omoliyyat sistemi,
hamginin istifadagive diger kompiiterlarls is tiglin qarsihiql slagali inerfeys toqdim edir. Omo-
liyyat sisteminin digar hissesi ise yaddasa lazim olduqca yiiksek saviyysli mesalaleri yerina
yetirir vo istifadagini totbigi programlarinterfeysi(API-Application Proqram Interface) ilo tamin
edir.

Miiasir emoliyyat sistemlorinin boyiik okseriyysti ¢oxmosalalidir, yeni kompiiter
resurslarmin bir negs totbiqi proqram ve masalalararas: paylanmasini idare edir. Bels ki,

% resurslardan birlikds istifades etmakls bir ne¢o program eyni vaxtda isloys biler;

% programlar verilenlorls 6z aralarinda miibadils eds biler.

Bir ne¢o proqram (masslon, matn redaktoru, codval prosesoru ve har hanst musiqi)ytiikle-
narsd, onda hesablama sistemi ¢oxmasaloli rejimda isloyir. Bu rejimde har bir massle iiglin
prosesor vaxti vo yaddas ayrilir, amrlor yerino yetirilir, har bir proqram ve ya istifadagiyo
miiayyan molumatlar otiiriiliir. Markazi prosessorda bir proqgramdan diger progqramin yerine
yetirilmasinae kegid stiratle bag verir. Coxprosessorlu sistemlards ve ya goxniivali prosessorlarda
proqramlar paralel olaraq yerine yetirilirlor.

Omeoliyyat sistemlari her bir tatbiqi program ticlin emali yaddagin bir hissesini ayirirlar. Ona
gora da totbigi programlar diger aparat resurslari olansert disk, printer vo uzaq moasafodaki
soboakoaya miiraciatlori amaliyyat sistemlarinin rohbarliyi altinda icra edirlor.

Coxmosalalik o demak deyildirki, istonilon sayda masaleni yiiklomak olar. No qadar ¢ox
masale yiiklenarss, sistem bir o gadar yavas isleyacak, yaddasda bos yerin ayrilmasi, qurgularin
boliisdiiriilmesi ve ya onlarin ndvbasinin tayin olunmasinda ¢atinlik yaranacaqdir.

Omeoliyyat sistemlari ve proqramlar emoli yaddasda miibadile buferi ve ya sadace bufer
yaddasi yarada bilerlor. Miibadilo buferi amoliyyat sisteminin bir hissasi olmaqla berabor,
amoliyyat sistemi torafinden miihafize olunur ve surati ¢ixarilmis fragmenti eamoli yaddasda
saxlayir. Amma bazi proqramlar bir ne¢e fragmenti mubadils buferinds miiveqqati y1g1b saxlaya
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bilir. Qrafiki interfeys qovluq, pencarslori ve ya tetbigi proqramlarin pencarelori arasimnda
verilanlarin kogtiriilmasins imkan verir. Masalan, Excel-ds olan diaqraminve veb saytdak: seklin
Word senadins yerlagdirils bilinmasi buna bariz niimuns ola biler.

Bildiyimiz kimi, kompiiterlerds asas problem kimi amsli yaddas tutumunun ¢atismazhigidir
ki, bu problem yaddasin idare edilmasi texnologiyas olaraq virtual yaddas (haqigetds olmayan)
vasitasilo hall edilir. Virtual yaddas (virtual memory)omsli yaddas ve sart diskde miivaqqeti
saxlanilan sahenin qarsiliqh slagslondirilmasi naticesinde istifade olunmagq tigiin emsliyyat
sistemi torofindon yaradilir. Omoli yaddasda toyin olunan cari yaddasin imkaninda boyiik
hacmoe malik bir ne¢o programlari yerine yetirmok vo bdyiik hocmli verilonlorin emal edilmasi
ticlin coxmasalali emaliyyat sistemleri virtual yaddasdan miiveqqati olaraq istifads edir.

Virtual yaddas, bildiyimiz kimi, emsli yaddasda maselonin halli iigiin ayrilan virtual sahe-
nin bir hissesinde gismen, dinamik sokilds yerlosmoklo barabar, qalan hissasi ise disk yaddasin-
da yerlasir. Ogor cari(aktiv) programin islomasi ti¢lin amoli yaddas kifayot etmirss, o zaman
mikroprossesor terafinden istifads edilmayan proqram ve ya onun bir hissasi emoli yaddasdan
silinerak diska kogiiriiliir. Bu bosalmis yers aktiv proqramin lazimi fragmenti yiiklanir.
Yaddasdan silinen proqramlardan birine idarsetms verildikds, o yeniden amali yaddasa
ytiklonir. Bunun naticesinde yaddasda olan diger telob olunmayan proqramlar yaddasdan
silinir. Belalikls, proqramlar sart disk ve amali yaddas arasinda dinamik sokilde dovr edir.

Virtual yaddagla temin olunma, eyni zamanda ¢oxlu sayda proqgramlarin agilisina imkan
verir. Lakin bu halda diskden yaddasa ve yaddagdan disks yiiklonme amaliyyatlar1 kompiiterin
mohsuldarhgmi azaldir. Belo maqsadler ticiin istifads olunan xarici yaddasm bir hissasi
yiiklanms fayli, bu proses 6zii iss “svopnq”adlamir. Fayllarm bu ciir yiiklonme hacmi amali
yaddasin tutumundan bir nece dafe gox ola biler. Qeyd edsk ki, ager icra olunan program
gozasiz sona catarsa, onda OS sart diskdeki miiveqqgeti fayh silirr Amma programin sona
catmasinda her hansi goza ve ya sehv yaranarsa, diskde fayl fraqgmenti qala bilor. Virtual
yaddasin sazlanmasi avtomatik ve ya sl ilo yerine yetirilir. Bu sazlanman al ils yalniz xiisusi
biliye malik istifadagilar yerins yetirs bilarlor.

Hoar hansi konkret qurgunun emoliyyat sistemi ilo qarsihgh slagesni yaratmaq tigiin
qurgunun drayveri adlanan xiisusi proqramdan istifads olunur. Qurgularin drayverlori miixtolif
firmalar torafinden buraxilir vo miimkiin qurgularin siyahis1t ©S-nin instalyasiya olunmasi tigtin
istifade olunan kompakt diskinds ve homin firmanin Veb-sahifosinde olur. 9S-nin instalyasiyasi
zamani kompiiters qosulan biitiin qurgularm drayverleri qurasdirilir ve tenzimlanir. Drayver
O5-nin instalyasiya olunmasi zamar istifade olunan kompakt diskinds yoxdursa, onda hemin
qurgu ticlin mexsusi olaraq nezerds tutulan diger kompakt diskden qurasdirmaq olar.Qeyd
edok ki, kompiitero qosulan biitiin qurgularin diizgiin islonmoesi tiglin hokmen uygun
drayverloar qurasdirilaraq, tenzimlonmalidir.

9S-da yeni periferiya qurgularinin kompiitera qosulmast {iciin pesokar istifadaci miiayyen
biliklare malik olmalidir. Masalan, konfiqurasiya faylimi yamagi bacarmali, lazimi drayverin
gosulmas1 amrinin strukturunu bilmslidir.

Bu menada, emoliyyat sistemi 6zii serbast olaraq, konfiqurasiya fayllarini dayisdirir,
konkret texniki qurgunun avtomatik toyin olunmasini aydinlagdirir vo onun avtosazlanmasin
tomin edir. Sanki istifadagiye lazim olan pesokar biliklori 6z 6hdasine gotiiriir.

Bu cur texnologiya “Plug and Play”(qos va isle)adlanr.
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Omoliyyat sistemlarini miixtalif alamatlora gore tasnif etmak olar . Bu slamatlarden asaslari
asagidakilardir:

1) sistemls eyni vaxtda isloyen istifadagilorin saymna gora: biristifadagili, coxistifadacili;

2) sistemin idarsolunmasi ile eyni vaxtda yerine yetirlon masalalorin sayma gora: birmasalali,
coxmosalali;

3) prossesorlarin sayma gora: birprossesorlu, goxprossesorlu;

4) prossesorun moartbalarinin sayina gore: 8-martobali, 16-mortabali, 32-martabali, 64-mortabali;

5) istifadaci interfeysinin tipins gora: amrli(matnli) ve obyektyonlii(qgrafiki)

6) informasiya emal rejimino gora: paket emalli, vaxt bolgiilii, real vaxt miqyasly;

7) resurlardan istifadenin tipine gora: sebaks, lokal.

Birinci alamate gors, biristifadagili 9S-den farqli olaraq, goxistifadagili emsliyyat sistemlori
kompiiterde eyni vaxtda miixtslif terminallarla bir nego istifadaginin islomasine imkan verir.

Ikinci alamatine gore, coxmasalalik anlayisi mévcud hesablama sistemi gorgivasinda eyni
vaxtda bir ne¢e proqramin yerins yetirilmasidir. Birmesslali OS iss, eyni vaxtda yalmz bir
programin yerins yetirilmasine imkan verir.

Ugiincii slamate gors, bir prossesorludan forgli olarag, ox prosessorlu ©S bu va ya diger
masalanin halli ti¢lin bir negs prossesor resusrslarinin paylanmasi rejimine imkan verir.

Dordiincii slamato gora, Os-lor 8, 16, 32 vo 64 maortobalilora boliiniirlor. Omaliyyat
sisteminin martabalilliyi prossesorun martebasi ilo toyin olunur.

Besinci alamata gors, OS istifadaci interfeysinin tipina gora obyektyonlii(qrafik interfeysli)ve
amrli (moatn interfeysli)kimi iki sinifs boliintir.

Altinci slamata gors, OS-ler asagidakindvlare boliiniirler:

> paket emali: kompiiterds yerins yetirilmali olan programlara uygun olaraq tapsiriglar
paketi formalasdirilir ve miimkiin tstiinlitk dsracesini nazare almaqla novbsli yerine
yetirilir;

> vaxt bolgiilii: miixtslif terminallardan bir negs istifadaginin eyni vaxtda kompiiters miiracies-
tini yerine yetirmoak ticiin 9S xidmati xarakterli tapsiriqlara uygun magin resurslarin1 novbe
ilo segir.

> real vaxta gora: bu emaliyyat sistemlari (real —time operating system-RTOS)lazim olan bir
sira moasalalari eyni zamanda hall etmaye imkan verir ve sistemde bag versn hadiselare
lazinm olan reaksiyani temin edir. Bu sistemlorin asas mosslesi verilonlorin emalinin
vaxtinda yerine yetirilmasidir. RTOS —un digar ©S-dan forqli slamatlarinden biri istifadagi
sorgularia miisyyen olunmus vaxt arzinde kompiiterin cavabini tomin etmasidir.

Yeddinci alamate gora, OS-lari seboke vo lokal olmagla iki hissaye boliiniir. Sebake ©S
verilanlardan birlikdas istifade etmak magsedile sebakads birlasdirilmis kompiiter resurslarmin
idaraolumsai ti¢lin nazards tutulub. Burada, hamginin, sabsks resurslarinin istifadssi tigtin ¢oxlu
sayda servis imkanlar1 mévcuddur.

DOS ailasinin amaliyyat sistemloari. Bu ailonin birinci tizviit MS DOS (Microsoft Disk
Operating System-Microsoft firmasmin disk amoliyyat: sistemi) amaliyat sistemidir. Bu 9S IBM
PC kompiiterlor tigtin 1981-ci ilds yaradilmisdir.
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DOS ailesinin amoliyyat sistemlori birmaselalidir vo asagidaki xarakterik xiisusiyyotlors
malikdir:

- istifadagi terafinden daxil edilon amrlarin komayils interfeysin hayata kegirilmasi ;

- Sistemin IBM tipli miixtslif kompiiterlards islonmasini temin etmok {iclin struktur
modullulugu;

- Sistemin iglomosi tiglinnisbaten kigik Ol¢iilii emali yaddasa (640 kbayt)malik olmas:.

DOS ailasinin amoliyyat sistemlarinin miithiim ¢atismazhigi-ferdi kompiiter resurslarma ve
OS icazs olmadan miiraciatden miihafizo vasitalarinin olmamasidir.

MS DOS amsaliyyat sistemi asagidaki funksiyalar1 yerine yetiron kompleks proqramlara
malikdir:

e Programlarin icrasinin idars edilmasi;

e Fardi kompiiterresurslarinin idars edilmasi;

e Prossesorun ve fardi kompiiterin xarici qurgularinin istiraki ilsinformasiya emalmnn
toskili;

e Xarici yaddagda informasiyanin saxlanilmasi ve disklara xidmat isinin yerins yetirilmasi.

Bu amsliyyat sistemi diskde saxlandifindan, disk emaliyyat sistemi (DOS-Disc Operation
System)adin1 alib. MS DOS amoliyyat sisteminin proqramlari lazim olduqda emoli yaddasa
ytiklonir.

Hal-hazirda fordi kompiiterlar tigiin Windows, UNIX va OS/2 amsliyyat sistemlari cox genis
yayihib. IBM PC ils uyusan magmlarda an ¢ox MS DOS, DR DOS ve PC DOS emoliyyat
sistemlariistifade olunurdu. MS DOS Microsoft firmasi, DR DOS -Digital Researchfirmasi vo PC
DOS -IBM firmast torofinden yaradilmigdir. Istifadagi {iciin bu amoliyyat sistemlari arasinda elo
bir forq yoxdur.

MS DOS amaliyyat sistemi asagidaki asas hissalorden ibaratdir:
* Fayl sistemi;

* Xarici qurgularm drayverlari;

* omrlar prossesoru

MS DOSamesliyyat sistemi emrler vasitssils yerins yetirilon bir sira xiisusi xidmat proqram-
larina malikdir. Bu amrlerin bir hissesi diskde adi proqram adi proqram fayh kimi yerlasir ki,
bunlar da xarici emrloer adlanr.

Qeyd etmok lazimdir ki, istifadagilorin okseriyyati praktiki olaraq MS DOS —un bir ¢ox
amrlerinden istifade etmir. Istifadagi hiss etmaden bu amrler geyri-agkar sokilds yerina yetirilir.
Amma bazi amrlarin dyrenilmasi vacibdir. Omrlari yerine yetirarken faylin yolu(marsurutu),
daha dogrusu, yerlasdiyi tinvan gostarilmslidir, yani, fayl hans1 mentigi disk ve altkataloqda
yerlasir. Osas amrlor asagidakilardir:

1. Cari diskin toyini .

<mantiqi disk>:

130



Omoliyyat sistemloari

Bu amrls yeni cari disk toyin olunur. Masealon,D: emrini daxil etmakls, D cari disk kimi tayin
olunur.

2. Car1 kataloqun dayisdirilmasi.

CD <yol>

Masalon, CD/Windows/TEMP amri ils cari diskdoki carikataloq TEMPolur.
CD/-bas kataloqa kecid alinir.

3. Gostarilen disk ve ya kataloqun miindaricatinin ekranda aks olunmasi.

DIR <yol><faylin adi>[/P] [/W] [A: atribut] [/O: ¢esidin novii]

/P-miindaricat ekranda bir siitunda yerlasir vo hor dofe ekran dolduqdan sonra, fasilo
yaranir.

/ W-miindaricat ekranda bir siitunda yerlasir.

/A-verilmis atributlara gors fayllarin miindasricati ekranda aks olunur. Atributlarm siyahist:
D-kataloq ve ya qovluq, R-yalmz oxunan fayllar, H-gizli faylar, S-sistem fayllari, A-arxivlesmis
faylar.

/O-fayllarm miindoaricat ¢egidlonmosi sokilde ekranda oks olunur. Cesidin novii-N slifba
uizra, S-0l¢ii tizro, E-genislonma tizrs, D tarix tizro.

MBasalen:
dir-cari kataloqun miindsricati ekrana xaric olunur;

dir*. exe-cari kataloqun biitiin. exe genislonmali fayllar1 hagqinda melumat ekrana xaric
olunur;

4. Fayllarn siiratinin alinmast.
COPY<fayll><fayl2>

Bu amrin komayils fayll-in fayl2 adli surati alimir. Masslon COPY KAFEDRA. DOC
KAF_COP. DOC omri ilo cari katalogdaki KAFEDRA. DOC fayln cari katalogda KAF_COP.
DOC adh surati almur.

Qeyd etmok lazimdir ki, burada faylin adinda qurgularin adlarindan istifade etmak olar.
Mosalon, COPY SIYAHI. TXT, PRN omri ilo STYAHL TXT faylinin siirati ¢ap edilir.

COPY CON SIYAHI TXT amri ilo STYAHIL TXT adli metn fayli yaradilir ki, bu fayla
verilanlar klaviaturadan daxil edilir. Burada CON portu isare edir ve daxiletmads klaviaturan,
xaricetmads ise ekrani gostarir. Daxiletma CTRL+Z vo ya F6 klaviglerindan istifads ils sona gatir
vo cari katalogda STYAHL. TXT fayh yaranur.

COPY SIYAHI TXT CON amri ilo iss ST'YAHI. TXT faylinin siirati ekranda alinir. COPY
amrinin komayile bir ne¢o fayl birlesdirorak basqa bir faylda siiratini almaq miimkiindiir.
Mosoalon, COPY FAYL1. TXT+FAYL2. TXT FAYL3. TXT amri ilo FAYL1. TXT ve FAYL2. TXT
fayllarinin terkibi birlagarek FAYL3. TXT faylina yazilir.

5. Fayllarin silinmasi.
Fayllarmn silinmasinde DEL (ERASE) <fayl> amrlarinden istifade olunur. Bu emrlar fayl ve

ya fayllar qrupunu silir.
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MBasalan, DEL*doc emri ile cari kataloqdaki. doc genislonmali fayllar silinir.
ERASE D: /file_1. txt-D diskindoki file_1. txt fayh silinir;
ERASE D: /* . bak-D diskindaki . bak genislonmali biitiin fayllar silinir;

DEL D: /files/?d?. *-D diskindaki files kataloqunda, adinda d simvolu olan {i¢ simvoldan
ibarat biitiin fayllar silinir.

6. Fayllarin adinin dayisdirilmasi.

Fayllarin adinin dayisdirilmasi {i¢lin REN (RENAME)omrindon istifade olunur. Omrin
formati: REN faylin_adi faylin_yeni_ad1

Maosalan, REN test. txt info. dat-cari kataloqdak test. txt faylinin ad1 dayiserak info. dat olur.

REN *. txt*. prmn — cari kataloqdaki. txt genislonmoli fayllar, adlar1 eyni qalmagqla
genislonmasi . prn olan fayllarla avez lunur.

7. Faylin torkibinin ekrana xaric olunmast.

Bir vo ya bir ne¢go matn faylinin terkibinin ekrana xaric olunmasinda TYPE <fayl>emrindon
istifadas olunur.

Maosalan, TYPE file _dos/txt emri ils cari kataloqdaki file_dos. txt faylnin terkibi ekranda aks
olunur.

8. Kataloglarmn yaradilmasi.

MD(MKDIR) <katalog>

Masolon, MKDIR TEST_1-cari katalogda TEST_1 kataloqu yaradilir;

MD E: /INFORM/TEST_2-E diskinin INFORM kataloqunda TEST _2 altkataloqu yaradilir.
9. Kataloqglarin silinmasi.

RD (RMDIR) <katalog>

Masalan, RD TEST _1-cari kataloqdan TEST _1 kataloqu silinir;

D: /INFORM/TEST _2-D: disikinin INFORM kataloqundanTEST _2 kataloqu silinir.

10. Kataloq adimin ve fayllarinin yerinin deyisdirilmasi.

Kataloq admi ve fayllarin yerinin deyisdirilmasi iigiinMOVEamrinden istifadeolunur.
Kataloq admin dayisdirilmasi {i¢lin amrin format:

MOVE kataloqun _ad1 yeni_kataloqun _ads

Masalan, MOVE kitab infor-cari kataloqun kitab altkataloquna infor yeni adz verilir.
Move C: /temp tmp-C: diskindaki temp kataloqunun ad1 dayiserek tmp olur.
Fayllarin yerinin dayisdirilmasi ti¢tin MOVE amrinin format1 agsagidaki kimidir:
MOVE fayl _1, fayl 2, ....fayl N fayllarin_yerlagacayi_yeni kataloqun_ad1

MBasalon, MOVE*. doc d: -cari katalogdaki . doc genislonmali fayllar D: diskinin bas
kataloquna gondeorilir.

MOVE*. txt AIS —cari kataloqun genislonmali fayllar1 AIS altkataloquna gondorilir.
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MOVE prog_1. bak D: /prog_1. doc-cari katalogdak: prog_1. bak faylinin ad1 prog_1. doc
olmag]la D: diskins gondarilir.

11. Tarix vo saat tayini.

Cari tarix va ya saatin aks olunmasi ve ya dayisdirilesi {iclin DATE va TIME amrlerinden
istifade olunur. Bu amrlordon parametrsiz istifado etdikde cari tarix vo ya saat aks olunur.
Amma /T parametri ilo cari tarix vo ya saat1 doyisdirmek miimkiindiir.

Masalan, DATE/T 29. 09. 2015 amri ils yeni tarix toyin olunur.
TIME/T 19: 31 amri ils yeni saat tayin olunur.

12. Ekranin tomizlanmasi.

CLS amrinden ekranin tamizlenmoasinds istifads olunur.
Omoliyyat sisteminin asas funksiyalar::

» 9S5-nin niivesi avtomatik yiiklonmen tomin edir;

» Diskds verilonlarin saxlanilmasi {igiin fayl sistemin tagkil edir, onlara miiraciati vo emal
imkanini tomin edir;

» Proqrami emoli yaddasa yiiklayir va icrasimi idars edir.

Omoliyyat sisteminin miikemmol yiiklonmesi ti¢lin kompiiterin aparat sisteminin saz
olmasi va yiiklonma tigiin faylm olmasidir.

Omoliyyat sisteminin yiiklonmasi bir nego moarhalodan ibaratdir:
» Kompiiterin aparat hissesinin avtomatik testlonmosi,

> Yiiklayicinin axtarist va inisiallagdirilmasi.

> amoliyyat sisteminin niivesinin amoli yaddasa yiiklenmasi,

> istifadacinin sistemda geydiyyat {iciin devetin verilmasi.

Kompiiter qosulduqda giris-cixisin baza sisteminin-BIOS (Basic INPUT-Output System)
idarasiile aparat vasitalorinin 6z-6ziine avtomatik testltonmo proseduru olan POST (Power-On-
Self-Test) yerinoyetirilir. Aparatlarda hor hans1 problem askarlandiqda, moaselen, yaddasda,
sistem platasinda, prosessorda, videokartda, klaviaturada siqnal olmadiqda BIOS sistemi sehv
haqqmda monitorun ekrania malumati xaric edir ve miixtslif ses signallar1 verir.

Yoxlamanin miiveffaqiyystle sona c¢atmasi emoliyyat sisteminin yiiklonmesine kegcidas
imkan verir. BIOS sistemi yiiklayici diski (sert diski ve ya kompakt disk-bu disklerin ardicilligt
BIOS-da teyin olunur) teyin edir. BIOS diskin birinci sektorunda bas yiiklayici yazini (MBR-
Master Bot Record) ve bolmalar tesvir olunan cadvali oxuyur, aktiv bolmeni tapir ve buradan
amoliyyat sisteminin ytiklayicisininbirinci sektorunun tinvanini oxuyur. Sonra mantiqi diskden
oxunan yiiklayici emsaliyyat sistemini ytiklomak {i¢iin amoli yaddasda yerlasdirilir. Ogor diskda
sistem bolmasi olmazsa, ekrana asagidak: tipli sehv goriiniir: Non-system disk or disk error.
Replace and press any key when ready.

Yiiklayici diskin bas kataloqundan amali yaddasa daxil olan yiiklayici proqram idareni 6z
tizorine gotiiriir vo agor bir ne¢o amoliyyat sistemi olarsa, hansi amsaliyyat sisteminin ise
salinmast telab olunursa onu tayin edir ve emaliyyat sisteminin fayllarm yiiklayir.
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Omoliyyat sisteminin Interfeysi. Kompiiterdo informasiyanin emal olunmasmnda
“interfeys”terminindon genis istifade edilir. Ingilis dilinden terciimeds “Interface” sdziiniin
manasl “Xarici sifot”demakdir.

Kompiiter alominda interfeyslarin ¢oxlu sayda névleri vardir:
> istifadagi interfeysi,

> intellektual interfeys,

» insan-magin interfeysi,

> proqram interfeysi vos.

Interfeys-vasitolor vo gaydalar toplusu olub, qurgularmn, programlarm ve insanlarm bir-
birils qarsiligl alagesini tomin edir.

Fordi kompiiterin amaliyyat sistemlarinin kompiiterls rahat islomosi tigiin miibadile vasitesi
olan interfeys olmalidir. Ik dafe amrler satirli interfeys MS DOS (Microsoft Disk Operation
System-disk amaliyyat sistemi) amoliyyat sistemindae totbiq olunubdur. Buradasistemls qarsiligl
slage emrlarin klaviaturadan harf-roqem ardicilliqh satirler seklinds daxil edilmasi heyata
kegcirilirdi

Qrafiki interfeysi birinci dafe 1962-ci ilde Sketchpad proqraminda Massaguset Texnologiya
Institutunda Ayven Sazerland torofinden, daha sonra 1973-cii ildo Xerox firmasmin
kompiiterlorinda ve Apple sirkatinin Macintosh kompiiterinde Mac OS amaliyyat sisteminda
totbiq edilibdir. Sonra Microsoft sirketi bunu Windows amaliyyat sisteminda istifads edibdir.

Istifadacinin grafiki interfeysi (GUI-Graphical User Interface)-istifadacinin ekranda yerlogon
pancars, siyahi, dityms, hiperistinad, isara ves. kimi viziual elementlarls hesablama sisteminin
qarsihgh slage yaradan qrafiki miihitdir.

Bu miihitds emrlar klaviaturadan sozlorls deyil, qrafiki interfeysin asagidak: elementlarinin
komayi ile daxil edilir:

¢ ekran sahasinds yerini dayise bilen diizbucaqli pancers;

e menyu vo diiymolar panel;

e fayl, qovluq ve qurgulari tesvir eden isarslar;

e ekran gostericisi, yoni kursor;

e maus gostoricisi.

Hal-hazirda fordi kompiiterlords istifade olunan biitiin miiasir amsaliyyat sistemlari
istifadaci ilo qarsiligl alageni grafiki interfeysin komayi ilo tomin edir. Qrafiki interfeyslor aksor
totbiqi proqramlarda da istifads olunur.

OS/2  ailasinin amoliyyat sistemlori. 1987-ci ildoe fordi kompiiterlorin yeni ailosinin
yaradilmasi ilo slagedar IBM firmasi terefinden OS/2 9S hazirlanmisdir. OS\2 (Operating
System/2) ikinci nesil goxmasalsli amsliyyat sistemidir. OS/2 IBM PC ils uyusan kompiiterlor
tictin 32-martebali qrafiki coxmasalali amsliyyat sistemidir. OS/2 bir nege tatbigi proqramin
paralel isini tomin edir vo bu zaman isloyan proqramlari bir-birinden, amaliyyat sistemini isa i.
loyan proqramlardan miihafize edir. 9S-do proqramlarin yazilmasinda API (Application
Programming Interface)-totbiqi programlar interfeysinds yerlagan hazir program modullarmdan
istifadeye imkan verir.
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OS/2 amaliyyat sistemi DOS-un fayl sistemi ilo uyusan rahat qrafiki istifadagi interfeysine
malikdir. Bu da verilonlords hegbir ¢evirme aparmadan, onlardan hom DOS-da, hem da OS/2-da
stifade etmaye imkan verir.

OS/2-nin asagidaki modifikasiyalart mévcuddur:

% OS/2 Warp 3. 0-yaddasdan istifads vo qrafiki interfeys tokmillasdirilib;
% 0S5/2 Warp Connect-saboke imkanlar1 tokmillagdirilib;

% OS/2 Warp Server-serverli 9S-do is ti¢lin nazardas tutulub.

OS/2-nin asas ¢atismazligl onun az sayda tatbiqgi programlara malik olmasidir ki, bu da
onun MS DOS va Windows 95-a nisbaton az yayilmasina sabab olub.

UNIX ailosinin amsaliyyat sistemlari. UNIX-32 martobali, goxmasalali, ¢oxistifadagili amaliy-
yat sistemlari ailasidir. 1969-cu ilde AT&T konsernin Bell Labs firmasi terafinden yaradilmigdir.

1992-ci ilde AT&T konserni, UNIX sistemi ilo masgul olan biitiin strukturu Novell sirkatine
satd1. Artiq burada Unix Ware adli versiya yarandi, amma genis yayillmad.

1997-ci ilde buraxilan versiya BSD (Berkeley Software Distribition) adlandi. Hal —hazirda
ATT va BSD ad1 altinda Unix sistemlarindan istifads olunur. ATT ilo AT&T konsernin yaratdigi
va Berkli Universitetinin yaratdigi UNIX-in bir neco veriyas: var ki, onlar pulsuz paylanir.
Bunlardan an meshuru Linux-dur. ATT-ds yaradilanlardan —Solaris, HP-UX ve IRIX, BSD-da
yaradilanlardan ise -Sun OS, DEC korporasiyasmim OSF ve BSD\ OS amaliyyat sistemlarini qeyd
etmak olar.

UNIX-in iistiin cohati onun miixtolif kompiiterlorda istifadasinin miimkiinliiytidiir.

UNIX asagidaki imkanlar1 6ztinds birlesdirir:
» Paylanmus verilonlar bazasma miiraciet;

» Lokal seboakads islomak;
» Uzaq mosafali alage vo adi modemdan istifads etmokls global sebakaya ¢ixis.

Sonuncu imkan UNIX-in an vacib komponentlarinden biridir. Hazirda UNIX {igiin ¢oxlu
sayda tatbigi proqramlar mévcuddur. MS DOS ve Windows {igiin genis yayilan bir ¢ox tatbiqi
programlar UNIX —ds ds istifads oluna bilar. UNIX ailesinden olan bir ne¢e ©S movcuddur. Bu
ailaden olan miixtalif versiylarin 6z adi var.

UNIX-in fayl sistemi fayllara icazasiz miiracistdon miihafizeni tomin edir.

Hal-hazirda UNIX ailesindan olan sabake ©S-dan genis yayilan1 64-martebali ¢oxistifadagili,
¢oxmosalali UNIXWare amoliyyat sistemidir. Bu emaliyyat sisteminin bir ne¢o server amsaliyyat
sistemlorinden olan FreeBSD, NetBSD ve OpenBSD-dan genis istifads olunur. UNIX ailasinin
amaliyyat sistemlarinden olan LINUX amaliyyat sistemi Finlandiyanin Helsinki Universitetinin
talebasi Linus Torvalds tersafinden yaradilmigdir.

Linux ¢oxmaosalali vo goxistifadagili emaliyyat sistem olmagla AT&T kodundan istifads
etmir. Ik versiya Minix adlanmaqla 1991-ci iin avqustunda yaradilidi. 1991-ci ilin oktyabrinda
iso Linus Linux-in ilk 0. 02 versiyasi yaradildigini rosmen elan elan etdi. Linux-in 0. 03
versiyasindan sonra 0. 10 nomralemaye kegdi ki, bununla da onun layihssinds ¢oxlu insan
istirak etdi. Novbati versiya 1992-ci ilds yaradild1 ki, bunun da némrasi 0. 95 oldu. 1993-cii ilin
ekabrinda ise Linux 0. 99 yaradildi.
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Linux verilonlorin saxlamilmas tigiin miixtalif tip fayl sistemlorini destokloyir. Masalan,
msdos fayl sistemi MS DOS-un fayl sisteminin drayverlarinin Linux tigiin imkanlarmi
genislondirir. Linux geboka ilo isi tomin etmoak tigiin TCP\P protokollarina malikdir. Linuxun
niivesi yalmz lazim olan soshifonin yiiklonmasini tomin edir. Yoni diskden yaddasa istifads
olunan proqram seqmenti yiiklonir. Miimkiin yaddasmn hacmini artirmaq {tigiin Linux diskin
sohifalora boliinmasini hayata kegirir. Sistems fiziki yaddasdan ¢ox yaddastelob olunarsa,
”svoping”in komoyi ilo geyri-aktiv sehifoni diske yerlagdirir.

UNIX-ds istenilon utilit Linux-de moévcuddur. Bura 1s, awk, tr, sed, bc, more vo s. baza
amrlori daxildir. Linux-da vi, ex, pico, cove vo hamg¢inin GNU Emacs, Lucid Emacs vo KWrite
kimi motn redaktorlar1 mévcuddur. Linux-da hamginin ¢oxlu sayda matn prossesorlar1 var.
Bunlardan biri groff-GNU (Bell Labs torafinden yaradilib), o biri iso Donald Knut terafinden
yaradilan Tex matn prossesorudur. Tex-in genislonmasi ise texinfo-dur. Linux amoliyyatsistemi
UNIX miihitinde proqramlasdirmani tam temin edir. Bura standart kitabxanalar, proqram
vasitelari, kompilyatorlar ve sazlayicilar daxildir. UNIX-da bir ¢ox tatbigi programlar ve sistem
programlar C ve C++ dilinds tertib olunur. Linux-da C ve C++ {igiin standart kompliyator GNU
gee-dir. C vo C++ dilinden bagqa diger kompliyator va interpretatorlar Linux {iciin yaradilib.
Bura Smalltalk, Fortran, Pascal, LISP, Scheme vo Ada daxildir.

Mac OS (Macintosh Operating System) Apple sirkotinin fordi kompiiterlar tiglin nazards
tutulan amaliyyat sistemidir. Macintosh fordi kompiiterlari ve onun amaliyyat sistemi olan Mac
OS Apple Computer Inc. sirkstinin mehsuludur. Macintosh adi alma néviinden gotiiriiliib.
Macintoshun istehsalma 1984-cii ilds baglanilmisdir. Qeyd edak ki, Apple sirkati maus vo qrafik
interfeysdan istifade eden ilk sirkatlorden biridir. Macintosh-dan avval Apple sirketinin Lisa,
Apple II, Apple III kimi sistemlari olsa da 1986-c1 ilds onlarin faaliyyeti dayandirilmisdir ve
biitiin mahsullar Macintosh ad1 altinda toplanmisdir. Apple seriyal biitiin kompiiterlor Apple
sirketinin 6z mahsulu olan Mac OS amaliyyat sisteminden istifads edirlor. Mac OS amaliyyat
sistemlari 6z aralarinda Mac OS Classic ve Mac OSX kimi iki qrupa ayrilirlar. Hor iki emsliyyat
sistemi bir-birinden tamamile ayr igleyirler. Onu da qeyd edak ki, 2009-cu ilin avqust aymda
Mac OS X amaliyyat sisteminin sn son versiyasi olan Snow Leopard buraxilmisdir. Mac OS-un
avvalki versiyalar1 yalniz Motorola prossesorlu kompiiterlar {igiin nazards tutulmusdur. Sonraki
versiyalar iso Power PC arxitekturu ilo uygunlugludur. Mac OS X Snow Leopard-in isi tigiin
Intel-in olmasi vacibdir. 2000-ci ilden baslayaraq Apple 6z kompiiterlorinde Intel
prossesorlarindan istifads edir. Mac OS Leopard amaliyyat sisteminin digar amsliyyat sistemlari
ilo miiqayisada bazi {istiin cehatlari mévcuddur. Masalen, Mac OS X Snow Leopard smaliyyat
sisteminin quragdirilmasi olduqca sades hayata kegirilir. Mac OS X Snow Leopard stabil olaraq
yliksak stiratlo isloyir vo onun menyusu istifads tiglin ¢ox sadadir.
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IKi AVTOGENERATORLU DIFERENSIAL TUTUM QURGUSUNUN
PROQRAM TOMINATININ ISLONILMOSI

R.N. NOBIYEV, Q.I. QARAYEV, R.R. RUSTOMOV, H.S. QULUZADO

Milli Aviasiya Akademiyas

XULASO

Magqaleds, perimetrin inteqrasiya olunmus miihafize-xabardarliq sisteminda tetbiq edilon iki avtogeneratorlu
diferensial tutum qurgusunun aparat teminatimn xarakteristikalari miisyyenlasdirilmis ve proqram teminati
islonilmisdir, elaco do avtogeneratorlarin ¢ixis signallarmin tezlik giymetlorinin emal tiglin Arduino Uno
modullarindan istifads etmaklo yazilmis proqramin alqoritminin blok-sxemlari vo baslangic kodlar1 gosterilmisdir.

Arduino platformasmndan istifade etmakle islonilmis, kifayst qoder yiiksok etibarliliga ve miivafiq tehliikesizlik
toloblorine malik olan iki avtogeneratorlu diferensial tutum qurgusunun miilki aviasiya obyektlorinds totbiginin
magsadauygunlugu geyd edilmisdir.

Acar sozlar: miilki aviasiya, aviasiya tehliikasizliyi, perimetr, miihafizo-xebardarhq sistemi, inteqrasiya olunmus,
diferensial tutum qurgusu, avtogenerator, Arduino platformasi, program tominati.

PA3PABOTKA ITPOTPAMMHOI'O OBECITEYEHNSI YCTPOVICTBO AVIPPEPEHITMA IBHOM
EMKOCTHU C ABYMSI ABTOTEHEPATOPAMMU

PE3IOME

B cratbe paszpaboTaHO ImporpaMMHOe obecriedeHNe 1 oIpeAeleHbl XapaKTePUCTUKI allllapaTHOTO ODeCTIeve s
ycTporicTsa AudpPepeHIINaabHOM eMKOCTU C AByMs aBTOTeHepaTopaMI, IIPMMEeHsIeMOTO B MHTETPUPOBAHHOM CcTeMe
OXpaHBI-TIPeAYIIPEeXKAeHIsI TIepUMeTpa, a TakKe IIpeACTaBAeHBI OJO0K-CXeMbl aATOPWUTMOB U VCXOAHBIE KOABI
IporpaMM, HAaIMCAHHBIX A4S OOPaOOTKM YaCTOTHBIX 3HAYeHMIT BBIXOAHBIX CUTHAAOB aBTOT€HEpPaTOPOB C
ncroas3osanneM Moayaert ArduinoUno. BeLa0 oTMeueHO I11e1eco00Pa3HOCTh MCIIOAB30BaHMS BHICOKOHAAESKHOTO U
COOTBETCTBYIOITNETO  TpeboBaHMAM  Oe3oracHOCTM — ycTporicTBa  AuddepeHIalbHO ~ eMKOCTM € ABYMs
aBTOTeHepaTopaMI pa3pabOTaHHOTO C MCI0Ab30BaHNeM 111atdpopmbl Arduino Ha 0OBbeKTax rpask4aHCKOI aBMaIfiL.

Karouesbie caoBa: rpaXkJaHCKasl aBMalfysl, aBMallIOHHas Ge30I1acHOCTD, ITIEPVMETP, CICTeMa OXPaHBI U OIIOBe-
ITIeHIs], MHTETPUPOBaHHas, YCTpolicTBa AuddepeHnaabHOl eMKOCTH, aBToreHepaTop, naatdopma Arduino, mpor-
paMMHOe obecIIeueHue.

SOFTWARE DEVELOPMENT DIFFERENTIAL CAPACITANCE DEVICE WITH TWO AUTO GENERATORS
ABSTRACT

The article develops software and defines the hardware characteristics of a differential capacity device with two
auto generators used in an integrated perimeter security-warning system, and presents block diagrams of algorithms
and source codes of programs written to process the frequency values of the oscillator output signals using Arduino
modules. Uno. The expediency of using a highly reliable and safety-compliant device of differential capacitance with
two auto generators developed using the Arduino platform at civil aviation facilities was noted.

Keywords: civil aviation, aviation security, perimeter, security warning system, integrated, differential
capacitance device, auto-oscillator, Arduino platform, software.

Aviasiya tohliikesizliyinin temin edilmesinde “texniki resurslarin genislondirilmesive
innovasiyalarin stimullasdiriimas1” metodlarimn tatbigi ICAO terefinden qarsiya qoyulan beg
prioritet istigamotlorden birine daxildir[1]. Texniki vasitelor gisminds, hal-hazirda miilki
aviasiya obyektlorinda perimetrin qorunmasinda masafaden avtomatik idare olunan inteqrasiya
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olunmus miihafize-xebardarliq sistemlari ve bu sistemlerin nazarst konturlarinda tutum
duygaclari totbiq edilir.Inteqrasiya olunmus miihafize-xebordarhq sistemi miixtalif nezarot
konturlarmi tagkil edan texniki vasitelorin vahid proqram teminati asasinda avvalcoden daxil
edilmis alqoritmlar iizrs birgs faaliyystini temin edir. Miihafiza edilen sraziys qanunsuz ke¢ma
aktin1 agkaretmo effektivliyini ve etibarhlifim artirmaq tigiin bu sistemlarin proqram-aparat
kompleksi tokmillosdirilir [2-8]. Nozarot konturlar1 ve ya hassas elementlori agiq havada
quragdirilan inteqrasiya olunmus miihafize-xebardarliq sistemi {iclin melumatin Gtiiriilmasinds
istifads olunan interfeysin - melumat miibadils kanalmin etibarliig: boyiik shamiyyat kasb edir

9.

Magqalada maqsad, miihafize-xabardarhq sistemi ti¢lin proqram-aparat platformasinda iki
avtogeneratorlu diferensial tutum qurgusunun aparat teminatinin xarakteristikalarmin
miisyyonlasdirilmasi ve proqram tominatinin islenilmesinden ibaratdir.

Praktiki olaraq, aciq havada aparilan istenilon miiasir tocriibanin miihiim marholssi, alman
moalumatlarin toplanilmasi, sonraki emal ve tahlili {i¢iin onlarin kompiiterds reqemsal formada
saxlanilmasidir.

Miiasir elektron komponentlor bazasi ve Olgli texnikasi mslumatlarin toplanilmasi ve
eksperimental maketin idaro olunmasi {iglin oks alagenin togkilini tomin eden Olgii
komplekslorini hazirlamaga imkan verir. Radiofizika vo elektronika sahslorindo tocriibalarin
aparilmasi, miixtolif qurgularin eksperimental maketlorinin qurulmasi ve fiziki kemiyyetlorin
Olciilmosi, eloco da tacriibs prosesinin avtomatlagdirilmis idars edilmesi proqram-aparat
tominatin1 6ziinds birlegdiran universal platformalardan istifads etmakle miimkiindiir. Mévcud
universal platformalar tezliyi ve amplitudu genis diapazonda dayisen siqnallar ils isloyen, alds
olunmus msalumati toplayan, tohlil vo emal eden, eloco do asan Oyrenilon qrafik
programlasdirma dillsrinden istifads edsrek avadanligin idarsedilmasini temin edesn giiclii ve
idareedici aparat modullarii toklif edir.Lakin, belo universal platformalarin totbiqi bezi
masalalorin hallinds samarali olmur [10, 12].

Belo voziyystds, radiofiziki tecriibanin qurulmasi ile alagali bir sira maselalari semarsli ve
tez hoall etmak {iclin Arduino proqram-aparat platformasmi istifade etmak miimkiindiir.
Platforma giymsatinin ucuz, program tominatinin pulsuz, sadslesdirilmis proqramlasdirma
dillorinden istifade etmoklo menimsanilmas imkaninin siiratli, alave elementlor vo qurasdirilma
avadanlig tiglin telablarin minimal olmasi il farglenir.

Arduino platformas: fiziki sinaglarda istifade edilon 6l¢gmaler, malumatlarin kompiiters
otiirtilmasi ve icraedici qurgularin idare olunmas: ilo bagh bir ¢ox texniki messlelori qisa
miiddatds, asanligla ve daha az material sarf etmakle hall etmays imkan verir.

Arduinonun 20-den ¢ox baza modullarindan biri - Arduino Uno modulunun c¢ap
16vhasinda avvelcaden qurasdirilmis iki mikrokontroller var. Bunlardan biri - 20 MHz-a gadar
takt tezliyinda isloyan, 32 KB - FLASH komanda yaddasmna ve 2 KB - SRAM molumat yaddasina
malik inkisaf etdirilmis ATmega328, ikinci - USB interfeysi vasitesi ilo qurgulararasi mslumat
miibadilesine xidmat eden ATmega8U2 mikrokontrolleridir. Fiziki olaraq, baza modulu ils
kompiiter USB port vasitesi ile birlegse ds, onlar arasinda malumat miibadilssi virtual COM port
(VCP) rejiminds yerino yetirilir.

Arduino miihitinde yazilmis proqgram "sketch" adlanmir. “Sketch” yazildigdan sonra,
kontrollera yiiklonir (bunun tiglin miihitde "yiikloma" diiymesindon istifade edilir) vo
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ytiklonmadan sonra proqram doarhal icra olunmaga baslayir. “Sketch” biitiin Arduino baza
modullarinda islayir [11, 12].

Diferensial tutum qurgusunda avtogeneratorlarm cixis sigqnallarmin tezliklori hagqinda
molumatt noutbuka 6tiirmak {iciin iki Arduino Uno modulundan istifads edilmisdir. Arduino
modullarinda yazilmis proqramin alqoritminin blok-sxemi ve baslangic kodu uygun olaraq sok.
1 va sak. 2-da gostorilmisdir.

Yox
Signali l Ha — Tamamlandi
Basla, - gézla | ~ ' - -
Yax f H

Kata bildir

p—

Sok. 1. Arduino moduluna yazilmis programin blok-sxemi

#include <FreqCount.h>
float deyer,count;

void setup() {
FreqCount.begin(1000);
Serial . begin(9600);

}
void loop() {

if (FreqCount.available()) {
float count = FreqCount.read();
deyer= count;
Serial.printIn(deyer);
delay(1000);

}

}

Sak. 2. Arduino moduluna yazilmig proqramin baslangic kodu (sketch)

Noutbukda yazilmis Unity program teminati vasitesilo avtogeneratorlarin tezliklori hag-
qinda moalumat geyde alinur, tezlik giymetlori miiqayise edilir, aralarindaki farq monitorda
gostarilir va farqin qiymatindan asili olaraq hayeacan siqnali yaradilir.

Noutbukda yazilmis proqramin alqoritminin blok-sxemi va baglangic kodu uygun olaraq
sok. 3ve sak. 4-da gostarilmisdir.

Smaglar zamani hayacan signaly, signallarin tezlik qiymatlari arasindaki forq Af = 100 Hs-don
¢ox olduqda formalasdirlmisdir. Af-in gqiymeati idare olunur ve tedqiqat naticesinds daqiqlosdirilir.

L’
USB portlan
) ] &>
|  Ha Tezlik Hesab
| farglarini
hesabla

naticasini
Sak. 3. Noutbukda yazilmig Unity proqraminin blok-sxemi

istehsal et
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using System.Collections;

using System.Collections.Generic;

using System.]O.Ports;

using UnityEngine.SceneManagement;
using UnityEngine.UI;

using UnityEngine. Audio;

using UnityEngine;

public class Sensor : MonoBehaviour

{

public InputFielddaxil;

public float sd1, ferqucundeyer,inputDeyer;
public AudioSourceaudioData;

public GameObjecterrorPanel;

SerialPortsp = new SerialPort("COM4", 9600);
SerialPort sp2 = new SerialPort("COM3", 9600);
public string deyer1,deyer2;

public Text tez1, tez2, ferqtext;//, IT1;

public Image errorMan;

public string daxiledilen;

void Start()

{

errorPanel.SetActive(false);

sp.Open();

sp.ReadTimeout =-1;

sp2.0pen();

sp2.ReadTimeout =-1;
errorMan.GetComponent<Image>().color = new Color32(255, 255, 225, 225);
tez1.GetComponent<Text>();
tez2.GetComponent<Text>();
ferqtext.GetComponent<Text>();

audioData = GetComponent<AudioSource>();
}

private void LateUpdate()

{

daxiledilen = daxil.text;

string[] inputDeyer= daxiledilen.Split(’,');
ferqucundeyer = float.Parse(inputDeyer[0]);
}

void Update()

{

if (sp.IsOpené&& sp2.IsOpen)

{

deyer1 = sp.ReadLine();

deyer2 = sp2.ReadLine();

}

else {
errorPanel.SetActive(true);

}
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string[] bir = deyer1.Split(’,");

string[] iki = deyer2.Split(,");

float IMP1 = float.Parse(bir[0]);

float IMP2 = float.Parse(iki[0]);

float ferq = Mathf.Abs( IMP1 - IMP2);
Debug.Log(ferq);
tezl.text=""+1IMP1;
tez2.text=""+IMP2;
ferqtext.text=""+ ferq;
Debug.Log(ferqucundeyer);

if (ferq>= ferqucundeyer)

{

Debug.Log("asasas");
errorMan.GetComponent<Image>().color = new Color32(255, 0, 0, 225);
audioData.Play();

}

else

{
errorMan.GetComponent<Image>().color = new Color32(255, 225, 225, 225);
audioData.Stop();

}

}

}

Sak. 4. Noutbukda yazilmis Unity proqramin baslangic kodu

Arduino platformasinda iglenilmis program teminatindan istifads etmaklos perimetrin
inteqrasiya olunmus miihafize-xebardarhq sisteminin terkibine daxil olan nazarst konturlari
arasinda ¢oxsayli informasiya miibadilasi togkil edilir. Bu zaman hom hayacan signali, ham da
biitiin nazarst konturlarinda bas versn miintezem hadiselar haqqinda ¢oxsayli melumatlar
operatora Ottirtliir.

Belalikls, miihafize-xebardarliq sisteminin vaziyyeti ve nazarst konturlar1 obyektin grafik
planma uygun idars olunur. Obyektin cari voziyyeti haqqinda malumatlar avtomatlagdirilmis
halda operatorun kompiiterine gondorilir ve kompiiterin monitorunda goriiniir. Bu da
operatorun faaliyyotini ohamiyyetli derocods asanlasdirir ve qorar gobuletmos miiddatini
qusaldr.

NOTICO

Arduino platformasinda islanilmis vahid program teminati genis funksional xiisusiyyatlars,
operator {iglin rahat isloms imkanina malikdir ve miihafize-xebeardarliq sistemlarinda
pozucunun yaxinlagmasi zamaruiki avtogeneratorlu diferensial tutum qurgusunun tezliyinin
dayismasinin etibarh sokilds xebardarhq signalina ¢evirmek miimkiindiir. Program teminatinin
kifayat qoder yiiksoek etibarliign ve miivafiq tohliikesizlik teloblorine malik olmasi iki
avtogeneratorlu diferensial tutum qurgusunun strateji obyektlarin, o ctimladen miilki aviasiya
obyektlarinin miihafizesinds tetbigins imkan verir.
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Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostorilon iki dildo olmalidir. Moagalonin har ¢ dilde yazilmis xiilasasi bir-birinin eyni olmahdir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadgigat isinin miizakirasi vo onun naticalari,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarm altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo géstorilmoklo mogqalonin sonunda motn daxilindoki
stra ilo diiziilmolidir. Eyni monbays iki vo daha cox istinad edildikds avvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

BOdobiyyat siyahisinda verilon her bir istinad haqqinda malumat tam vo deqiq olmalidir. Istinad olunan monbanin
bibliografik tesviri onun ndviindon (monoqrafiya, darslik, elmi moqalo va s.) asili olaraq verilmolidir. Elmi mo-
qalslora, simpozium, konfrans, vo diger niifuzlu elmi tadbirlorin materiallarina v ya tezislorine istinad edarkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. Il International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sahifa olgiilori: iistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm vo sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisallif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Matematik ve Bilgisayar Bilimleri” dnceler yayimlanmamus orijinal
calismalari ve yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin baslig1, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig1 dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her {i¢ dilde yazilmis 6zeti birbirinin ayn1 olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugsmalidir:

Giris,

Aragtirma yontemi

Aragtirma

Tartisma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilari onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun st kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde koseli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [lmi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A 1. Appligation of Information-Communication Technologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri génde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlar tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsilig1) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - MaremaTuku u WHOOPMATUKH MyOIHKYEeT OpUTHHAIBHEIE,
HayYHBIC CTAThU U3 00JIACTH UCCIICIOBAHKS aBTOPA U PaHee HE OITyOIMKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykommicH TOIKHBI OBITH HaGpaHs! coracHo mporpammbel Microsoft Word u oTripasiieHs! Ha 37K TPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIKE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN aJipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTABICHHON CTaThH, MOJDKHA copepkaTth 100-150 crmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KayKI0i aHHOTAIMH Ha ero S3bIKE U COAEPIKaTh HE MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJIa OPUTHHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu k pUCYHKaM pa3MEIIAIOTCs MO PUCYHKOM, KapTHHKON Wi rpadukom. Hazeanue TaOauIp! MUIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHUILY, COXPaHAS MOPSIAKOBBIM HOMep nutupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTEPHAIIbl CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuyua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

Crcok IMTHPOBaHHOM JIUTEpaTyphl Habupaetcs mpugdTom 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY VIS yUeTa 3aMeUaHuil KCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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