DORD TORTIBLIi OPERATOR-DIFERENSIAL
TONLIK UCUN BIR SORHOD MOSOLOSININ
HOLL OLMA SORTLORI
Kalemkus U.O.

Naxcivan Déviat Universiteti
umitkalemkus@yahoo.com

H - separabel Hilbert fozasinda belo bir sorhod mosalasing
baxaq:

u® (@) + p(t) A u(t) + ZA‘:AA‘_J.u(»") )= f(t),te(0,0) (1)

u(0)=u"(0)=0 2
Burada f(¢),u(t) funksiyalari R = (0,00)-da sanki har yerds toyin
olunmus qiymotlori iso /{ -da olan funksiyalardir, operator amsallar
iso asagidaki iki sorti 6doyir:
1) A 6z-6zlino qogsma miisbot-miioyyon operatordur;
2) B, =A4,47(j=0,4) operatorlar1 H -da mohduddurlar;
3) p(t) olgiilon mohdud skalyar funksiyadir vo 0<a < ff< .

Asagidaki Hilbert fozalarini toyin edok

L2<R+;H>={f<t>: ||f||L2(R+;H){jnfmnw} <oo},
W R ;H)={u(t): A'ueL,(R;H),u™” eL,(R ;H),

. 12 2 /2
||u \ = |A u” +||u()|| <o,
Wy (R, ;H) L,(R,;H) Ly(R,;H)

Torif. Istonilon f e L,(R,;H) iigiin elo u e W, (R_;H) varsa
ki, o (1) tenliyini sanki har yerds 6dayir, (2) sorhad sortlorini isa
A"u(t)) =0, Tim|4*u' (1) = 0

t—>+0!

lim

t—>+0

monada Odoyir vo onun liglin ||u Wiy = CONS f L diymet

londirilmasi dogrudursa, onda (1), (2) masolesine regulyar holl
olunan masalos deyilir.

Asagidaki teoremds (1), (2) mosolasinin regulyarligini tomin
edon sortlor gostarilir.
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Teorem. Tutaq ki, (1)-(3) sortlori 6donir va
4
Z ¢ ||B4—,i ” <1,
J=0

1
-1 -3/4 -1 - )
burada ¢ =a,¢=2"a", c¢,=2"a?, ¢ =2%"*‘B"*,

¢, =a *B?.0nda (1), (2) moesalasi regulyar hall olunandir.

UCTORTIBLI BiR XUSUSI TOROMOLI DIFERENSIAL
TONLIK UCUN QEYRI-LOKAL SORHOD MOSOLOISI
Kazimh Z.S.

Baki Doviat Universiteti

Sonlu D, ={(x,#):0<x<1,0<¢<T} oblastinda tii¢ tortibli
xiisusi toramali
u, (x,0) = b (x,1) = (O, (x,0) =

=a(t)u(x,t)+ f(x,0),(x,t)e D,, (1)
tonliyinin
u(x,0) +ou(x,T)=p(x) (0<x<1) )
u(0,0)=pPu(l,t) (0<t<T) 3)
u (0,0)=u_(L,t) (0<¢t<T) 4

geyri-lokal sorhod sortlori daxilinde klassik hollin tapilmasi
mosolasino baxaq, burada O, #=x1 - verilmis ododlor, b(?)>0,
c(t)>0,a(t), f(x,t), (x) verilmis funksiyalar, u(x,?) iso axtarilan
funksiyadir, belo ki, (1)-(4) mosolosinin klassik holli dedikds
asagidaki torif basa diisiiliir.

Torif. (1)-(4) masalasinin klassik halli elo u(x,?) funksiyasina
deyilir ki, bu funksiya (1) tonliyino daxil olan téromolori ils birlikda
sonlu D, oblastinda kesilmozdir, (1)-(4) sortlorini adi monada
Odoyir.

Isdo Furye iisulundan istifade edorok (1)-(4) mosalosi inteqral
tonliye gotirilir. Sixilmig inikas prinsipinin komayi ilo (1)-(4)
masalasinin klassik hollinin varlig1 va yeganoliyi haqqinda asagidaki
teorem isbat edilir.
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Teorem. Tutaq ki,
1. b(2),c(t),a(t) e C[0,T], b(¢) >0, c(t) >0 (0<t<T);

2. o(x) e C*[0,1], 9 (x) € L, (0,1),0(0) = Bop(1),
?"(0)=Bo"(1),0'(0)='(1) (B = *1);

3. f(x,)eC(Dy), a—axf(x,f) € L,(Dy), f(0,0)=pf (1,0)

(0<¢<T)

sortlori Odonir. Onda & >0 olduqda, 7 kafi qodor kigik
giymatlarinds (1)-(4) masalasinin yegana klassik holli var.

RIYAZIYYATIN TOLIMi PROSESINDO KOMPUTER
RIYAZI SISTEMLORINDON ISTIFADO HAQQINDA
Mahmudova M.H.

Baki Doviat Universiteti
mlk_maxmudova@hotmail.com

Elmi-texniki toraqqinin yliksok inkisaf  tempinin tohsil
sahasindo do ciddi sokildo miisahido edilmacine baxmayaraq,
tohsildo informasiya texnologiyalarinin totbiqi ilo bagli bir sira
problemlar mévcuddur. Bu problemlardon biri ds ali riyaziyyatin ali
moaktablords todrisi ilo baghdir. Ali riyaziyyatin keyfiyystli todrisi
informasiya kommunikasiya texnologiyalarindan neco somorali
istifade edilmacindon ¢ox asilidir. Ona goro do tolim prosesinda
istifado edilon proqram vasitolorinin toyinatini doqiq miioyyen
etmoayin bdyiik shamiyyati vardir.

Yeni informasiya texnologiyalarinin miithiim program
vasitolorindon biri  kompiiter riyazi sistemloridir (KRS). KRS
hesablama vasitalori sinfino aiddir. Hesablama vasitaesi hesablama
(rogom vo ya somvollarla ) xarakterli riyazi masalslorin avtomatik
sokildo holl edilmosi iigiin hazirlanmis qurgudur. Istifadeci
masalonin (proqgrami) sortini daxil etmaklo bu qurgunu doldurur va
orada alqoritmlorlo yerlogsmis masalo holl edilir. Hesablama
vasitasinin komayi ilo istifado¢i masaloni az vaxt sarf etmokls hall
edir. Belalikla,masalonin hallinds optimal variant se¢ilmis olur.

Hesablama vasitalorini sorti olaraq iki yers aywrmaq olar:
universal vo xiisusi hesablama vasitolori.
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Universal hesablama vasitolori yiliksok saviyyali proqram-
lagdirma dillarinde formalagdirilmig riyazi masalalori interpretator vo
kompilyator vasitosilo holl etmok imkanina malikdir. Universal
vasitolor konkret proqramlasdirma dili ¢orgivesinds istifadagiys
harakat sarbastliyi verir, lakin onunla is zamani bu dillori bilmok,
programlagdirma verdiglorine yiyslonmok, hesablama riyaziyyatinin
metodlarina balod olmaq tsleb olunur.

Xiisusi hesablama vasitolori proqramlagsdirma haqqinda
malumati olmayan istifadagilor liglin nazords tutulmusdur. Onlar da
0z novbasinds iki hissays boliiniir: emalgilar vo analitik hesablama
sistemlori. Birincilor cadval malumatlarini (elektron cadvallar) vo ya
grafik informasiyalar1 emal etmok {igiindiir. Analitik hesablama
sistemlor (vo ya kompiiter cobri sistemi) isa yens iki yera boliiniir:
Umumi toynatli sistemlor vo analitik hesablamalarm xiisusi sistemi
(mosalan, kvant elektrodinamikasinin tonliklori ils).

Kompiiter cobri sistemi avtomatlasmig, texnoloji cohatdon
vahid, lakin mohdud sokildo islonmis vo istifadaginin dilinds
nazords tutulmusdur. Bu sistem riyazi tomayiillii masalolorin hollini
tomin edon kompleks program vasitasidir. Kompiiter cabri sistemlari
konkret masalalor sinfino yonolmisdir. Belo sistemlor (onlar1 qisa
sokildo “vasitolor “ do adlandirirlar), imumi imkanlar baximindan
genis dairoyo malik olsalar da, baza alqoritmlori vo forqli yanas-
malara asaslanirlar.

Yuxarida geyd edilon proqgram vasitalorinin funksiyasi yalniz
sadalanan amoaliyyatlarla mohdudlagmir. Kompiiter cabri sisteminin
imumi xiisusiyyati ondan ibaratdir ki, onlarin biitiin imkanlar1 orada
tortib edilmis alqoritmlorden sonra reallasir. Istifadagi alqoritmlora
miiraciot etmir, bunun naticosindo do asagi soviyyali program
vasitolorindon istifadoys ehtiyac galmir. Kompiiter cobri sistemi
coxpancarali interfeysi, istifads {iglin malumat sistemi olan miiasir
program vasitalorini 6ziinde comlagdirir vo istifadagi ilo interaktiv
olaqads olur.

KRS riyazi fonlori &yrotmok iigiin proqram vasitolorini
layihalogdirmakdon o&trii istifado edilon bazadir. Yeni informasiya
texnologiyalarini layihologdirmok {iglin totbiq edilon metodologi-
yanin baza osasidir. Bu fonlor asagidaki kimi formalagmis, yeni
informasiya texnologiyalar1 iizro layihologmo metodologiyasinin
osas miiddoalarmi tomin edir:
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10.

11.

Onlarm bazasi asasinda yaradilan yeni pedaqoji texnologiyalar
tohsilalanlarin  yaradiciligimi  foallagdirir vo tolim  prosesine
innovasiyalar gotirir.

KRS-in totbiqi fealiyyet prinsipins - texnosentrizma zidd olan
oyani tolim vasitolorinin yaranmasinin yeni nozeri prinsipine
riayot edir.

Onlar vahid terbiya prosesindo Gyraden va Oyrononin tolim,
metodik va toskilati foaliyystini birlogdirir.

KRS 6yradon va dyrenan iigiin aciq olan informasiya banki va
informasiya toplusu ilo ononavi riyazi fonlorin meazmunu
arasinda canli qarsiligli slaqoni tomin edir.

KRS yeni informasiya texnologiyalarinin hom riyazi fonler, hom
do onlarm daxilinds fasilasizlik, anononin 6tiiriilmasi qaydasini
va bir- birina uygunlugu tomin edir.

KRS onlarin bazas1 osasmnda yaradilmis pedaqoji texnologi-
yalarin forma, metod va vasitalorinin uygunlugunu kompiiter
savadliliginin mozmununa vo miixtalif yas xiisusiyyetlorine
malik  Oyronanlorin informasiya moadoeniyyatine uygun olaraq
tomin edir.

KRS miisllimin tolim foaliyystinin toskilati cohotdon  biitlin
komponentlorinin  (tolim faaliyyotine uygun golon tslim
masalalori sistemi) tam formalagmasina istigamotlonmigdir. Bu
da 6z ndvbasinds xiisusi tolim situasiyalarmi layihslagdirmak va
Oyrananlarin imumi harakatlorini magsadyonlii sakilds formalas-
dirmaq yolu ilo slds edios biler.

KRS-o osaslanan  yeni informasiya texnologiyalarimin tosir
obyekti sagird va ya talaba deyil, sagird, talabs + kompiiterdir.
KRS-o ssaslanan pedaqoji texnologiyalarin aparici prinsipi mahz
Oyrononin aktivliyina hesablanib, ona goro do do bu, tolimin
motivasiyasi ii¢lin yeni tolablor irali siiriir.

KRS bazas1 ssasinda yeni informasiya texnologiyasinin hayata
kegirilmosi riyazi fonlor iiglin yaradilmis “kompiiter dyradici
miihiti” goraitinds bag verir.

KRS bazasi osasinda YIT niimunslorinin layiholosdirilmasi
metodologiyast oyanilik prinsipinin ¢oxaspektli olmasi va
keyfiyyot baximdan yeni anlam kasb etmasino asaslanir. Bu iso
uygun idrak metodu, tolim faaliyyati metodu ve arqument-
logdirms talab edir.
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12. Kollektiv tolim foaliyystinin miixtolif formalar1 ilo fordi
yanagmanin birliyi tomin edilir.
Yuxarida sadalanan biitiin imkanlar gostorir ki, kompiiter
riyazi sistemi tolimdo yeni informasiya texnologiyalarindan
istifadonin keyfiyyatli vasitasidir.
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INVESTIGATION OF THE UNIQUENESS OF CLASSICAL
SOLUTION OF A LINEAR HEAT EQUATION WITH
CONSTANT COEFFICIENTS
Mehdiyeva G.Yu., Azizbayov E.I.

Baku State University
eazizbayov@mail.ru

As it is known, many real-life phenomena in mechanics,
physics, engineering, biology, economics, etc. can be modeled by a
boundary value problem, for heat equations with constant
coefficients. However, in order to make the model more consistent
with real phenomenon, it is sometimes required to determine whether
the classical solution of stated boundary value problem is unique.

In this paper, we consider an initial boundary value problem
for a one-dimensional heat equation with constant coefficients

u (x,t)=a’u_(x,t)+bu_(x,t)+cu(x,t)+ f(x,t)

for all xe(0,1),7>0, (D)

where a#0. Equation (1) is complemented by non-homogeneous
boundary conditions
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u(0,0)=6,(t), u,(1,t)=0,(t) for >0, )
and initial conditions
u(x,0)=w(x) forall xe(0,1). 3)
Since we are interested in classical solutions, the following
compatibility conditions on the initial and boundary data are
additionally posed

w(0)=6,(0), w'(1)=6,(0)
which allowing for the continuity of the solution at the boundary of
the space-time cylinder.

Definition. A function ueC°([0,1]x[0,T]) satisfying
Ou,0 ueC’([0,11x[0,T]) is called a classical solution to the
problem (1)-(3) on a finite time interval [0,7], if it being plugged
into equations (1)-(3), turns them into identity.

Note that, the uniqueness of solutions can be deduce from the
weak maximum principle. Here, we decided to proof based on the
energy method from which we can also conclude the continuous
dependence of the solution on the data.

Theorem. For any 7 >0, classical solutions of the problem
(1)-(3) on [0,T7] are unique.

Proof: Assume the contrary. Suppose that on a finite time
interval [0,7'] the initial boundary value problem (1)—(3) has two
different classical solutions, such as u, and u,. Then their difference
v=u, —u, is a classical solution to the homogeneous proble

v, (x,0)=a’v_ (x,t)+bv (x,t) +cv(x,t) for (x,t)€(0,1)x(0,7),
v(0,0)=v(L,t)=0, forall 1(0,7T),
v(x,0) =0 for allx € (0,1).
Multiplying the equation with v(x,#), then integrating over

x €(0,1) and applying Green’s formula, we obtain
1

J.v, (x,Ov(x,t)dx=a’ J.vxx (x,t)v(x,t)dx

0 0

1 1
b v, (e (x, O+ e[V (x, 1),
0 0
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1 1
%%J.vz (x,t)dx = —azj.vf. (x,t)dx

0 0

1 1
+ bJ.vx(x, v(x,t)dx +cJ.v2 (x,t)dx . @)
0 0
Exploiting Young’s inequality

|
Ifnlsgf? +Z”2

for &,meR, >0, more exactly

g , |
S—v.(x0)+—Vv(x,1),
2x( ) o (x,0)
we can further estimate

1 d 2 21 2

——— | vi(x,)dx <—a” | vi(x,t)dx

2ar]” Jrien

1

|b|j.(§ “(x,1) +—v 2(x, t)}dx +cJ.v (x,t)dx

0
1

1
=— 2J.vz(x t)dx+%-([vf.(x,t)dx

1

J. (x, t)dx+cJ.v (x,t)dx

( e he s Wﬁ[ll o

0 0
el

Selecting now &> 0 sufficiently small such that ¢~ < a’, we

have

1d ¢, bl
—— v (x,)dx<| —+c || v (x,t)dx.
TG o
As an immediate consequence of Gronwall’s inequality, we
get

1 1
J.VQ (x,t)dx < eK’J.v2 (x,0)dx =0 for at each 7 €[0,T7].

0 0
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Here K = Z[H-FCJ.
2&

Finally, taking into account the continuity of v(x,?), we obtain

v(x,t) =0 and, therefore, u, =u,. The lemma is thus proved.

References

1.

G.Yu. Mehdiyeva, E.I. Azizbayov. On a homogeneous heat
equation with delay. Abstracts of Scientific Conference devoted
to the 50™ anniversary of the chair of Computational Mathematics
of Baku State University, Baku, 2012, pp.162-166. (in Russian)

. D.Ya Khusainov, M.Pokojovy, E.I.Azizbayov. On Classical

Solvability for a Linear 1D Heat Equation with Constant Delay.
Journal of Computational & Applied Mathematics, 2013, No.2,
vol. 112, pp. 169-195.

E.Il. Azizbayov, D.Ya Khusainov. The solution of a Heat
Equation with Delay. Bulletin of the Kyiv National University,
Series: Cybernetics, 2013, No 12, pp. 4-12. (in Russian)

. M. Renardy, R. Rogers. An Introduction to Partial Differential

Equations. (Texts in Applied Mathematics), 2nd Edition,
Springer, 2004, 434 p.

3AJAYA OB OINPEJIEJIEHUM ITIPABOM YACTH

SJUVIMIITUYECKOI'O YPABHEHUSA BTOPOI'O NIOPAAKA

C JOINOJIHUTEJIbHBIM UHTEI'PAJIBHBIM YCJIOBUEM

Merpanues S.T.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem
Tl'ananpgaposa .M.
A3zepobaiioncanckuii I'ocyoapcmeennsliit Ikonomuueckuil
Yuueepcumem

.PaccmotpuM ypaBHeHue

w, (xX,0) +u, (x,1) = a()g(x,0) + f (x,0) (1)

U TOCTaBUM Ul Hero B obmactu D, = {(x,t) 0<x<1,0<¢< T}

00paTHYIO KpaeByIO 3ajauy ¢ TPAHUYHBIMH YCIOBHSIMH:

u(x,0)=p(x), u,(x,T)=y(x) (0<x<1), 2)
u(0,60)=0, u_(1,/)=0 (0<¢<T), 3)
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U UHTErPAJIbHBIM YCIIOBUEM IIEPEONPEAEIICHUS
1

[ute,ndx=ht) (0<e<T), 4)
0
rae g(x,1), f(x,1), p(x), w(x), h(t)-3anannbie pyHkuuu, a u(x,t) u
a(t) - ickoMbie PYHKIIUH.
Onpenenenue. [apy {u(x,1),a(r)} dynxumit u(x,t) e C*(D,)
u a(t) € C[0,T] ynosnerBopsitorux ypasHenuto (1) B D, , ycioBuio
(2) 8 [0,]] u ycnoBusim (3)-(4) B [0,7'], Ha30BEM KIlaCCHYECKUM
pelieHueM oopaTHoM kpaeBoi 3anauu (1)-(4).
Jlemma2.  Ilycts @(x),w(x) € C[0,1], h(t)e C*[0,T],
h(t)#0mpu t€[0,T], f(x,t)eC(D,) " BBIIOIHIIOTCS YCIOBHS
COTJIACOBAHHMSI

j @(x)dx = h(0), j w(x)dx=h(T).

Torma 3amaya HaXOXKAEHHS KIIACCHYECKOTO PEIICHHUs 3aJauu
(1)-4) SKBUBAJIEHTHA 3a/1a4ue OTpe/eIeHUs GyHKIMI

u(x,tye C*(Dy) u a(t) € C[0,T] u3 (1)-3) u

h'(t)—u (0,¢) = a(t)j.g(x, t)dx + Jl.f(x, Hdx (0<t<T). (5

IlepByio kKoMmOHeHTy u(X,f) pemenus {u(x,t),a(t)} 3anaunm
(1)-(3), (5) O6ynem uckatp B BHE:

u(x,t) = iuk (t)sind,x (A, = %(21{ ~1)), (6)
rae )

1
u, (t)=2 j u(x,t)sin A, xdx (k=12,...)
0

-IBaXbl HENpephiBHO auddepeHnupyembie (QyHKIIMM Ha OTPE3Ke

[0,7]. Torna, nmpumeHsisi popManbHyto cxemy meroaa Oyprwe, u3 (1)
u (2) umeem:

ul ()= Zu ()= F(ta) (k=12,.;0<:<T), (7

u (0) =@, u, (I =y, (k=12,.), ®)
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rae
F(tu,a) = f, () +at)g, (1), /()= 2j.f(x, 1)sin 4, xdXx,
g, ()= 2j. g(x,t)sin A, xdx,

1 1
¢ =2[p(x)sin Axdx,y, =2[p(x)sin dxdx (k=12,.).
0 0

Pemras 3anauy (7), (8) Haxonum:
ch(A, (T —1t)) N sh(A.t)

uk(Z)Z k
ch(A,T) Ay ch(4,T)
+/1ik g G, (t,0)F, (t;a)dr, 9)
rae
~[sh(A, (T +t —1)) = sh(A, (T = (t +1)))] te[0,7]
. 2eh(A.T) B
A _ sh(A,(T = (t +7))) = sh(A4, (T = (t —1))) tele.T]
2eh(3,T) T

Ilocne moncranoBku BelpakeHuid u3 (9) B (6), mns omnpe-
JIEIEHUs] KOMITOHEHTHI u(X,?) Kiaccuueckoro pemieHus 3amauu (1)-
(3), (5), nonyuaem:

hA (T-0)  sh(A)
M= Z{ Dy " ez n”

+%J.Gk(t,r)Fk(r;u)dr}sinlkx . (10)
k 0

Teneps, u3 (5), c yuérom (6), nmeem:

1 -1 1 -
a(z){j g(x,t)dx} {h"(r)— j f(x,t)dx—Zlkuk(t)}. (11)
0 0 k=1
Hnst Toro, 4ToOBl MONXYYUTh YpaBHEHHE AJISI BTOPOM KOMIIO-
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HEeHTBI a(f) pereHus {u(x,t),a(z)} samaun (1)-(3), (5) moacraBumM
BeIpaxkenue (9) B (11):

1 e = (ch(A (Tt
a() = Hg(x,r)dx} {h (Z)—!f(x,t)dx—;ik [%@ ¥

dh(AT) " A,
HHH HU3YyUYCHHA BOIIpOCa CAMHCTBEHHOCTH PCHICHHA 3aJadyu
(1)-(3), (5) BaxkHyIO pOJIL UTPACT CIIEAYIOIAS
Jlemma 2. Eciu {u(x,z),a(t)} - moboe pemrenue 3amaun (1)-

sh(4,1) v +LJT'Gk (t,7)F, (r;a)dr}. (12)

(3), (5), To byrKmH U, (f) =2 j u(x,t)sin A xdx  (k=12,.)

ynosaerBopsitotT Ha [0,7] cucteme (9).

W3 nemmbl 2 cieyer, 4To MIMEET MECTO CIICAYoIIee

Caencrue. [Iycts cucrema (10), (12) umeer eauHCTBEHHOE
peurenue. Toraa 3amaya (1)-(3), (5) He MOKET UMETh 0OJIEEe OJHOTO
peurenus, T.e. ecau 3amada (1)-(3), (5) umeer pemieHue, TO OHO
€IUHCTBEHHO.

[pennonoxum, 49ro gamseie  3amaud  (1)-(3), (5)
YJIOBJICTBOPSIIOT CJICAYIOLIMM YCIOBHUSIM:

L o(x) e, (0.1), p(0) = ¢'(1) = 9"(0) = 0.
2.y (x) e, 0, w(0)=y'(1)=0.
3. /(0. [ (x,0) € C(Dy), [, (x,1) € L,(Dy),
f0,0)=f!(1,1)=0 (0<¢t<T).
4.g(x,0),8,(x,0) € C(Dy), .. (x,1) € L,(D,),
2(0,0)=g' (L1)=0 (0<¢<T).
5. h(t)e C*[0,T],h(t)# 0 npu t €[0,T].
Amnanoruyso [1] MOXXHO J0Ka3aTh CIEIYIOUIYIO TEOPEMY:
Teopema 1. Ilycte BbimonHeHsl ycnoBus 1-5. Torma mpu
JOCTaTOYHO MaiblX 3HaueHusX T 3amada (1)-(3), (5) umeer eauH-
CTBEHHOE pellIeHueE.
C nmomorpto JeMMbI 1 J0Ka3bIBaeTCs claenyromas

Teopema 2. IlycTh BBINONHSIOTCS BCE YCIOBUSA TeopeMbl 1 u
BBITIOJTHEHBI YCIIOBHSI COTJIaCOBAaHUSA
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j o(x)dx = h(0), j w(x)dx=h(T).

Torma mpu nocraToyHo Manbix 3HaueHusX T 3amaya (1)-(4)
UMeeT eIMHCTBEHHOE KJIACCHUECKOEe PEllIeHUE.

Jluteparypa
1. Merpammes  S.T. OOpatHas  kpaeBas  3ajaya  Jyis
SJITUIITUYCCKOI'O YpaBHCHUMA BTOpOro nopdaaka C

JOTIOTHUTENIBHBIME ~ MHTETpaJIbHBIM ~ yciioBueM //  BecTHuk
VYauyprckoro  YHuBepcurera.  Maremartnka.  MEXaHHKa.
KOMIIbIOTepHBIe HaykH.-1912. Bbim. 1.- ¢.32-40.

PARABOLIK TiP INTEQRO-DIFERENSIAL TONLIYIN
JEVREY TiPLi SINIFLORDO TOQRIBI HOLLI
Mommoadov 9.M.

Azarbaycan Dovlat Pedaqoji Universiteti

Bu isda
ou »
—o=a du+ [P+ A[KP.00UQ0A0 (1)
G,
inteqro-diferensial tonlik ii¢iin

Ulr=0; U(P,0)=¢(P) 2)
masalasinin Jevrey tipli funksiyalar sinfindo toqribi halli tapilir.
Burada G (0< x, <1) vahid kubdur, P=(x,,x2,...,xx).

i=l, s
Muallif Jevrey tipli funksiyalar sinfini asagidaki kimi toyin
etmisdir:
f (x,,xz,...,xx) funksiyasi o zaman Jevrey tipli funksiyalar
sinfino daxildir ki, bu funksiya G, kubunda kasilmazdir va

a}’lﬁ'}’lfr n,

1 ) ) 3
O e ) ) () ©)
0x,0x, -0 x,"

0<n <a, 0<}/.<1, i=ls, a>1

sarti 6doyir. Bu sinfi G

Vo (M,H,,H,,...H) o isars edirik. Isbat
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olunur ki, bu sinfin vahid dovrli funksiyalarin Furye sirasina
ayrilisinin Furye omsallar tiglin asagidaki gqiymatlondirma dogrudur:

|c(m,,m2,...,ms)| <M, -e’z”(d,|m,|y' +d2|m2|7/2 +...+dx|ms }/\) 4)
Bu sinifds adodi-nozari soboakalardon istifado ederak kubatur
vo interpolyasiya diisturlart qururuq: M,.d,,d,,...,d -lor sabit

| I . . ..
odadlordir, d, <—, i=1, s. Iterasiya iisulundan istifado edorok

masalonin halli {iglin

U(P,1) :F(P,t)+i/1”IK*(P,Q,t)K*(Ql,th)...x
xK'(0,.,0,,0F(Q,,0/d0,dQ, ...dQ,

aliriq.

F(Pat) = Z [C(p(m],mp..,’mS)e*47r3a3(m,3+mf+.,.+mf)]+
mg=1

mp,my ...,

t
+ J‘c.;(z_)e—47r’a’(m|’+mz’+.,.+m") (t _ T)dT x
0

stin Zﬂmjij*(P,Q,t) =

j=1

w
Z J‘c; 7(T)e—47[2(12(m|2+mzz+.,.+m‘z)(t _ T)dT %
o

S S
x H sin 27w m;x, H sin27q;y,;
Jj=1 Jj=1

Burada qu(%)- O(X,X,,...5X,) , C*,: -f, C;,; isa K(P,0,1)
funksiyalarin ~ Furye  omsallaridir. f(P,0), o(P), K(P,0,t)

funksiyalar1 uygun olaraq baxilan Jevrey tipli funksiyalar sinfins
daxildir.

M, = ({%}, {a;k }, . {a;)k }J paralelepipedal sobokalar

iigiin [1] qurulmus kubator diisturlari ilo Furye omsallarla toyin edilon
inteqrallar toqribi hesablanilir, hom kubator hom do iterasiya zamani
yol verilon xstalar qiymatlondirilir.
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THE ASYMPTOTICS OF EIGENVALUE DISTRIBUTION
AND TRACE FORMULA FOR STURM-LIOUVILLE
OPERATOR EQUATION
Movsumova H.F.

Baku State University

Let L,=L,(H,(0,1))® H ,where H is a separable Hilbert

space. Denote a scalar product and the normin H (-, -), and || .

B

respectively.Define the scalar product in L, as

012), = [ 00,201+ (3.,7), (M)

where ¥ = {y(),y,} € L,, Z = {z(1),z,} € L,, ¥(0),2(t) € L,(H,(0,D)),
v,,z, € H for which L,(H,(0,1)) is a space of vector functions

1
y(l) such that J.||y(t)||2dt<oo, p=bc+ad >0, ad <0, ac>0,
0

bd <0.
Consider in L,(H,(0,1)) the spectral problem
y]==y"@0+ () + q(0)y() = (1), 2)
y'(0)=0, 3)
ay(l) + by'(1) = A(cy(1) - dy' (1)) “4)

where A4 is a self-adjoint positive-definite operatorin H ( A > E E
is an identity operatorin H ), 4™ e o, .

In that paper our aim is to investigated the asymptotic
distrubtion of eigenvalues and regularized trace of the operator
associated with problem (2)-(4). Denote the eigenvalues and eigen-
vectors of the operator A by y, <y, <.. and ¢,,,,.., respectively.

Suppose that the operator-valued function q(t) is weakly measurable,
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|| q(t)” is bounded on [0,1] and the following conditions are satisfied:
1)There exists a second order weak derivative of q(z) on [0,1]

and for each ¢ [0,1] [q(")(t)]* =q"(t),k=0,1,2;
2) Y |q" Op..00)| <const; 3) q'0)=¢'(1)=0
k=1

4)JL(q(t)f,f)dt=0 for each fe H .

For Oq(z) = (0 inspace L, one can associate with problem (2)-(4) the
operator L, defined as

D(Ly)={¥ Y ={¥le)y,j/= y"(e)+ Anle) € L,(H.(0.1))

'(0)=0,y, =cx(1)-av'(1)
L)Y = (=" () + A0), ay() + by (1)}

The operator corresponding to the case q(t);t 0 is denoted by
L=L,+0Q, whereQ:0 {y(),cy(1)—dy'(1)} is a bounded self-
adjoint operator in L,. Denote the eigenvalues of the operators L,

and L bya <A,<..and p, <pu, <.., respectively. The following
lemmas are proved.
Lemma 1. The operator L is symmetricin L, .,

Lemma 2. Given A4 > E , then the operator L, is positive-definite
in L,.
Theorem 1. The eigenvalues of the operator L, form two

—~c’ ey’ +4d(b+d
sequences: /lk~_§+ ¢ C\/Czdz ( 7)

and

din~ 7 +(mm), neZ.
If ¢=0,b=d =1 in (4), then the boundary condition takes the form

ay(1)+ y'(1)=-2'0) ()
and in (1) p=a>0.
Lemma 3. If at [ —>00,y, ~ai”, 0<a<ow ,2<a <o then there
exists a subsequence 4, <A, <... of the sequence 4,,4,,... such that
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20 2a

A=A, Zdo[kz*“ —n,ﬁ*"j , k=n,,n, +1,. where d, is a posi-

tive number.

The trace formula for the problem (2), (3), (4) are obtained.
Theorem 2. Let the operator function q(z) satisfy conditions 1)-4).
Then under the conditions of lemma3,for the regularized trace the

following formula holds:

}nﬂi()‘n _ un): qu(o);: qu(l) .
n=1

SOME NEW MONOIDS FORMED RESIDUE CLASSES
Oner G.
Izmir Vocational School, Dokuz Eylul University, Izmir Turkey
gulsah.darilmazsdeu.edu.tr
Oner T.
Department Of Mathematics University, Tzmir, T urkey,
tahsin.oner@ege.edu.tr
Huseynova A.
Baku State University, Faculty of Mechanics-Mathematics
afaqhuseynova@mail.ru

ABSTRACT. The ring of integers and rings of residue classes have
many applications in mathematics and numerous fields of physical
sciences. For example, their applications in coding show the impor-
tance of these mathematical objects. Consequently, in this work, new
structures induced by rings of residue classes let their presence be
known.
Keywords: Ring, residue class, ideal, monoid.
1. Principal Ideals of the Ring of Integers

Let Z be the ring of integers and m be a nonnegative intger.
The set mZ. is the set of all multiples of To. When m # 0, the sets
mZ. are infinetly countable. If m =0, then mZ =0. Subsets of the
form mZ of the ring Z are its principal ideals. The number To. is
said to be generator of the ideal mZ. If the generator of the ideal M
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is m, then it is denoted bu M = (m). For the structure simplicity,
zero ideal 0 = (0) and unit ideal (1) = Z are chosen.

Many properties of the ideals of the ring Z bear upon
division. If ideal L is a subideal of M, we denote it as L <M . Let
us denote by

1(Z)={mZ|m=0,,2,..}
the set of all principal ideals of the ring Z.

The principal ideals mZhave the following properties.

Property 1. 0 <mZ for any mo.

Property 2. m|n, then mZ >nZ [1].

In ring theory, there are operations on ideals such as addition,
intersection and other. Here, we consider only ideals of the ring of
integers.

Addition and multiplication of 4 c Zand B c Zare defined as
follows:

A+B:{a+b|aeA/\beB}, (1)
A-B:{a-b|aeA/\beB}, 2)
where 4 and B are nonempty sets [1].

Ideals also are numerical quantities. We can express them by
formulas (1) and (2) as follows:

nZ+mZ={nk+ms|k,seZ} 3)
nZ-mZz{nk-ms|k,seZ} 4)
The following properties hold:
Property 3. If m =0, then nZ+mZ=nZ.
Property 4. If m=1, then nZ-mZ =nZ.
Let us denote the greatest common divisor and the least
common multiple of the numbers x and y by (x,y) and [x,y],

respectively.
Proposition 1 Let » and » be distinct nonzero integers. Let
d = (n,m) . Then nZ+mZ =dZ.

Proof 1If d = (n,m), then there exist integers p and ¢
such that d = pn + gm. Then we have d € nZ +mZ and hence
dZ.c nZ+mZ . Beside, d |nand d | m, thereby we get nZ < dZ
and mZ<dZ by Property 1 and Property 2, that is,
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nZ,+ mZ.< dZ.. Therefore, we get nZ+mZ =dZ..

Proposition 2 nZ - mZ = nmZ.
This means that intersection of ideals is again an ideal.
Proposition 3 Let k =[n,m]. Then nZ. "mZ =KkZ..

Zero ideal is the zero under addition. Unit ideal is the unity
under multiplication. The set /(Z) of all ideals of the ring Z is
partially ordered by inclussion —. [(Z)constitutes a lattice in
which zero ideal (0) and unit ideal (1) are the least and greatest
elements of I(Z) respevtively [2].

Residue Classes

We have defined residue classes by using two different points of
view.

First Perspective: Consider the following set for integers a € Z :

a+mZ={a+mk|keZ}.
This set is called the residue class of ¢ modula m , where m isa
fixed non- negative integer. Each elements of the ring of residues
is called a remainder modulo m . Also a+mZ is saied to be the
element of residue class. The residue class of ¢ modulo m is
denoted by @ or [a],. We will use [a], when we need to state

m

modulo m . Z, is used to denote the set of all residues class

modulo m. When m#0, Z, consists of m elements from
residues class, i.e., Z = {0, 1,...,m—1} Here, we have 0 =mZ,
1=1+mZ,and finally m -1=m—-1+7Z .

Cases m=0and m=1are intersting. For m=0, the class of
each a consists of itself, so Z,=Z.1f m=1, then mZ=1Z=17,
and a+mZ =a+1Z="7Z for a € Z. Thus, all classes in the set Z,
are equal to Z and consists of sole zero class: Z, ={[0],}, where
[0], =Z..

In residue classes addition and multiplication are defined modulo
m as follows:

la], +[6], =a+0], 5)
[a], - [p], =a-b], (©6)
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It is well known that the set Z  forms an abelian group under
addition by formula (1) and a ring under addition and multiplication
via formulas (1) and (2). It must be emphasized that it is a ring when
m#0.

For each m#0, residue classes partition th set Z into m
nonintersect-ing classes. But when m =0, division is infinitely
countable and each class consists of only one element.

Second Perspective: The understanding of residues class can be
defined by another point of view. This approach is given by the
concept of comparing integers. Let m be a fixed natural number.

If m divides the difference a —a’, then integers « and &' are
said to be comparable modulo m. This comparability can be applied
in the following way:

a=a'(modm) or a=, a' .

In number theory testbooks, comparability relation under a fixed
modulo is shown to be an equivalance relation. The comparability
class of any number m is equal to its residue class modulo . Thus,
we have

[a], = {a'| a = a'(mod m)}
If two integers are comparable modulo m , then the remainders are
the same when these numbers are divided modulo m . When it is
divided by m , all possible remainders are 0,1,2,---,m —1, and each
class can be represented in the form of residue class.

Let us show the advantages of the first approach. Comparing
concept is defined in terms of division. Then we are not able to
define the set Z, modulo m =0 as the comparability class.

Under all nonnegative modulo, let us denote the set of all residue
classes
By

2-(J,

m=0

The Z is the union of all rings of residue classes:
Z, =17 (countable classes),

Z, = {0} = {Z} (sole zero class),
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Z,=1{0,1}={2Z,2Z +1} (two classses),
Z, = {0,1,2} ={3Z,3Z +1,3Z + 2} (three classses),
Note that addition and multiplication operations of residue
classes in formulas (5) and (6) ar defined for classes given for a
fixed moludo. Let @,b €Z. If a,beZ , then addition and

multiplication are given by formulas that we know. Otherwise,
that is, under condition m # n, addition and multiplicaiton of

aeZ, and b e Z, are defined through formulas (5) and (6).

Note that a residue class is a subset of the ring of integers;
accordingly, its definition, addition and multiplicaiton by
formulas (1) and (2) are natural.

Addition of Classes

Let [a], and [b], be any two residue classes with appropriate
modulo m and ». Consider the following cases:

Case I m=0 and n#0. (Case m=0 and n=0 is
obvious.) Claerly,we have if ae€Z,=>a=a,and if
beZ =b=b+nZ. If aecZ, and beZ 6 then
a+b=a+b+nZIf a+b=ng+r, then we  have
a+b=r+nl= [r]n.

Case Il m#0 and n#0. Let [a], €Z,and [b], €Z, in
other words, [a], =a+mZ and [b], = b+ nZ . Then by formula
(3), we have

[a]m +[b],, =a+mL+b+nL=a+b+(m,n)L.

+ [b],, =r+(m,n)Z = [r](m,n) , Where

m?

m

If a+b=ng+r, then [a]
(m,n) is the gcd of m and n.

In this way, we have obtained a new formula which allows to
add arbitrary residue classes:

[a] +[b] _ [a+b]m, m=n
" 8 r+(m,n)Z=[r](m,n), [a]eZm,[b]eZn m#n
where a+b=dg+r, d=(m,n)

Theorem 1 The set Z of all residue classes is a commutative
monoid under addition defined by formula (7).
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Proof Commutativity of addition follows from definition. If
modulo of the classes to be added are equal, that is, if m = n then
more ise possible: Z  is an abelian group. To complete the proof, it
suffices to show that m # n.

First, show that it is associative. Let [a],,[p],and [c], be given.
Then by (7) we have
([a]m + [b]n) + [c]k =(a+mZL+b+nl)+c+ kL
=(a+b)y+(mn)L+c+kZ =((a+b)+c)+ ((m,n),k)Z‘

As we know, gcd is associative in the set of integers:
((m,n), k) = (m,(n, k)).

Thus, ((a+b)+c)+ (m,n),k)Z =(a+ (b+c))+(m,(n,k))Z.
Hence, we get
(a], +[e])+ el =lal, + (o] +1c]) -

Existence of zero element: Each congruence [a]m in the
congruence group Z, possesses its own zero element. Only number
zero 0 € Z. is the zero element of all residue classes.

On the Set of all Residue Groups

Consider the set Z_ = {ZO,Z,,ZZ,‘-an,m} of all residue
groups. It is known that th extern sum of groups is defined.
However, we want to define the sum of residue groups by other
rules.

Let us emphasize that the generator of each of these groups is the
set of certain subsets of the set of integers, that is, »=0,1,2,... for
each Z c2” We want to define more natural addition and
multiplication in Z .

Assume that A is the set of all subsets of Z. The following
identities hold by formulas (1) and (2):
A+(B+C)=(A+B)+C,A+0=A4,4+B=B+ 4,
A-(B-C)=(4-B)-C, A-1=4, A-B=B-A.

Propositin 4 The set A is a monoid under additon defined by formula
Propositin 5 The set A is a monoid under multiplication defined by
formula (2).

Addition rules determined by formulas (1) and (7) induce in Z_

a new oparation of addition:
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z,+2,=\la), +[p]. | la], €, Ap] €2, | ®)
Assume that n=0. Then Z =7Z, = {0,1,2,~-~,k,~~ } Consider the
sum Z, +7Z,,
Z, ={0+mZ1+mZ2+mZ,--,m—1+mL,}. For each
keZ=17Z, and [a]m € Z, we have
k+[a]m =k+a+mLel,  thatis Z,+Z, 6 cZ, .

On the other hand, the inclusion Z, —Z, +Z, is obvious; thus
we have Z,+Z, =Z, . In other words, the group Z, is the zero in
7., under defined additon.

Now suppose that m#0, n#0 and consider the sum Z, +Z, .
+[o]
Thus, by formula (8) we have [a]m + [b]n = [r](m,n), where

Then the set Z, + Z, consists of all sums in the form [a], -

a+b=dq+r and d =(m,n), thatis, Z, +7Z =7, . One can

show by Theorm 1 that Z +7Z =7 Associativity of addition

(mm)
can be deduced from Teorem 1. Therefore, the following result
holds:

Theorem 2 The set Z, ={Z0,Z,,Z2,~~,Zn,~-~} of all residue
groups is a monoid under additon defined by formida (8).
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TOROMONIN TOTBIQI ILO BOZi COBRI TONLIKLORIN
NAMOLUM 9MSALLARININ TAPILMASI METODIKASI
Qasimov E.A., Abbasaliyev M.C
Baki Doviat Universiteti

Bu mogqals tdromonin totbiqi usulu ilo koklari iizerinoe slave
sartlor qoyulmus namolum omsalli cobri tonliyin omsallarmin
tapilmasi metodikasina hasr olunub

Masalonin qoyulusu:

Flx) = x°+5x* —80x3 +ax+bx+c=0 (1)
cobri tonliyinin bir natural kokii 4-qat tokrarlanandirsaa b ¢

omsallarini tapin.

Hoalli: £ ododinin f{x) ¢oxhadlisinin n dofs tokrarlanan kokii
olmasi iiciin _ ) )

flk) =f k) = =f (k) =0, (k) = 0

olmasi hom zoruri, hom do kafidir.

Ogor ¥ =k odadi (1) tonliyinin 4-gat tokrarlanan kokiidiirsa
onda onu Ff(x) = (x —k)*(x —d) sokilindo yazmaq olar.Buradan
yaza bilarik ki,

fli) =0
fllk)=0
J.Il:'l'l'l' (k} — ﬂ

f{x) -in 1,2 vo 3-cii tortib téromoalorini tapaq
f'(x) =5x* + 20x° — 240x% + 2ax + b
F'(x) = 20x? + 60x% — 480x + 2a
F17(x) = 60x2 + 120x — 480
Biz indi """ (k) = 0 boraberliyino asason tapa bilorik ki,
(k) =60k*+ 120k — 480 =0
Bu tonliyin koklori k4 =2 k3 = —4 olacaq. Mosalonin sortindo isa

tokrarlanan kokiin natural odod oldugu qeyd olunub.Demali
tokrarlanan kok k = 2 olacaq. Bundan istifado edorok f''(k) =0

F'{k) =0 vo f(k) =0 borabarliklorinden a,b,c omsallarin tapa

bilerik. ilk 6nco f'' (k) = O boraberliyinden @ omsalini tapaq
F'(k) =20k +60k? — 480k +2a =0
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Burada k = 2 oldugunu nozars alsaq, @ = 280 olacagq.
indi iso k vo @a-mn bu giymotlorini f'(k) = 0 boraberliyindo

nozoro alaraq b omsalini tapmagq olar.

Fic) = 5k* + 20k3 — 240K* + 2ak +b =0
Burada k = 2, @ = 280 oldugunu nozars alsaq, b = —400 olacaq
k,a, b-nin qiymotlorini f{k) = 0 boraborliyinde nozors almagla ¢
omsalini tapa bilorik.

flk) =k>+5k*—80k® +ak® + bk +c =0
Burada ¢ = 280 olacagq.

Beloliklo (1) cabri tonliyi asagdak gokildodir
Flx) =x% +5x* —80x3 + 280x% — 400x + 280 =0
Cavab:a =280, b=-400, ¢=1280.
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SiMIN ROQS TONLIiYI U(;UN OPTIMAL IDARBETMB
MOSOLISINDO UMUMILOSMIS HOLLIN VARLIGI
Qasimov T.M., Hasonova L.K., Abbasova X.E.

Bakl Dovlat Universiteti

Asagidaki kimi masalays baxaq:

y,=a’y.., (x,t)eD(0<x<€, 0<t<T), (1)
y(x,O)zgo(x), yt(x’o)zl//(x)’ 0<x</, (2)
v.(0.0)=0, y.(t.)=alult)-y(e.0)} 0<e<T 3)

burada go(x), y/(x), u(t) molum funksiyalar, y= y(x,t) axtarilan
funksiyadir.
Qeyd edak ki, bu tip masalaya [1] isindo baxilmigdir.
Teorem: Tutaq ki,
o(x) W, (0.0), ¢(t)=0, y(x)e L,(0.0), ult)eL,(0.7)
Onda (1)-(3) mesalasinin imumilagmis halli var.
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//Becthuk bakunckoro YauBepcurera, Ned, 2009, ¢.19-23.
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SIMIN ROQS TONLiYi UCUN OPTIMAL iDARDETMO
MOSOLISINDO UMUMILOSMIS HOLLI
Qasimov T.M., Hasonova L.K., Abbasova X.E.

Baki Doviat Universiteti

Asagidaki kimi masalays baxaq:

y,=a’y.., (x,t)eD(0<x<€, 0<t<T), (1)

y(x,O)zgo(x), yt(x,0)=l//(x), O<x</, 2)

7(0,6)=0, y(t.0)=alul)-y(r.0)} 0<e<T (3)

burada go(x), y/(x), u(t) molum funksiyalar, y= y(x, t) axtarilan

funksiyadir.
Teorem: Tutaq ki,

o(x) e, (0,4), (¢)=0, w(x)e L,(0,¢), u(t)e L,(0,T).

Onda

x t = Zw:(q)n cosal,t +%z//n sin alnt}n (x)+

a

n

+ aaz J. sinal (t—7)dr,

0

“4)

Swras1 ilo toyin olunan y(x,t) funksiyas1 (1)-(3) mosslosinin

H,
l

n

2
imumilogsmis  holli  olur, burada X =[ J TR TR T

o -l ctgu=p tonliyinin miisbat holloridir [1],

l
cosA x
v, (x)= " a =J.coslenxdx, n=123,....
a
0

n
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ABOUT THE STRESS-STRAIN STATE OF AN
ANISOTROPIC CONE OF A VARIABLE THICKNESS
Sardarly N.A.

Baku State University

Research of asymptotic behaviour of the equations of balance
allows at some assumptions about boundary conditions on a lateral
surface to construct the solution, asymptotically converging to the
solution of problems of the three-dimensional theory of elasticity.
The axis-symmetrical problem of the theory of elasticity for a body
limited by two spherical and two conic surfaces is considered.
Homogeneous solutions have been obtained:

u, =y Coriu, (0), u, =y Coru, (0) (1)
k=0 k=0
_ Gl N Ay _ G1 N Ay o)
0, ==t Cr0,(0), 0, ="L3 Cr0.0) ()
k=0 k=0

G, & G, <
0y == Gt 0u(0), 7, =—-2 Cr T(O) ()
k=0 k=0

On the basis of results [1] asymptotic research of the stress-
strain state of a conic shell is conducted.
In the beginning the connection of homogeneous solutions with the

principal vector of stresses operating in the section p = constis
considered.

0,
P=2mq2p2j.(c7r cos —7,,sin0)dO 4)
0,
The stresses o,,7,, are presented in the form:

3 o 3
0, =004 p 1Y p 0,(0), 1,y =7l 4 p 2 3 p T, (0), (5)
k=1 k=1

. 1
where ¢, 7°, correspond to eigenvalues z=——.
Substituting (5) into (4), we have:
3

P=C17/0+p5k= CmpZAhv
k=1
where 7, = eG[-8(1 +v)~Lsin 6, cos’ 6, + O(¢)]
1%

2
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o
v, = 47TGJ. [Q,, cosO —T, sinO]sin 646 .
0,

It is proved that ally, (k=1,2,3,..) are equal to 0. For this purpose
the following boundary problem is considered:
3

3 53
o-r:plA2 rx’Trezpl 27-.'t’(rzrl)
3 3
o-r:p2A2QrS’ Tr9:p2A2T;’(r:r2)‘ (6)
It is established that the solution of a problem (6) exists and it turns
out from homogeneous solutions (1) if to put in them C, =9,

where O, is Cronecker’s symbol. In the case under consideration the
principal vector of external forces (6) in a projection to a symmetry
axis 6 = 0 has the form:

3 3
P = (pzz\7 - pIZﬁE)}/S =0
Last equality is possible only at , =0. For the principal vector it is
definitely obtained: P =Cy, .
The torque and force of cut in section p = const are counted up.

6,
M=r] J.[ar sin@—6,)—1,,(1—cos@—6,)lsint0 ~ r,’ sin@oefl 7,dn+ O,
8

6,
O=r, J.[ar sin(@—6,)+1,, cos(0—6,)]sinGd0 ~ r, sin@ogflrredn +0(&”).
9]

The analysis of solutions shows that the stress-strain state of an
anisotropic conic shell consists of three types: internal stress-strain
state, simple boundary effect and a frontier layer.
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PETRI SOBOKOSI VO MUNAQISOLOR
Somiyev H.V.
Baki Doviat Universiteti

Petri sobokasi asason modellogsmo {igiin islonib hazirlanmigdir.
Petri sobokasi sisteminin sados tosviri asason iki anlayisa — hadisa vo
sartlor anlayigma osaslanir. Hadiso dedikdo sistemds yeri olan
haroket basa diisiiliir. Hadisonin yaranmasi sistemin vaziyyastini idars
edir. Sistemin vaziyyati sartlor ¢oxlugu ils tasvir oluna bilar. Sort ya
predikatdir, ya da sistemin vaziyystinin montiqi tasviridir. Sort iki
giymat ala bilar: “yalan” va ya “dogru”.

Hadisalor horakatlor oldugundan onlar bas vera bilarler.
Hadisonin bag vermasi iiglin uygun sortlorin 6donilmasi zaruridir. Bu
sartlor sortloro godor hadisslor adlanirlar. Hadisolorin bas vermasi
sartloragadarin pozulmasina vo basqa sortlorin — postsartlorin yerina
yetirilmosina gatirs bilar.

Petri sobokosinin moaxsusiyystlorindon biri paralellik yaxud
eyni zamanda olma-ya malik olmasidir. Petri sabakasi biri — biri ila
qarsiliglt alagads olmayan iki hadiso biri birindon asili olmayaraq
bas vers bilar.

Petri sobokasinin digor vacib moxsusiyysti onlarin asinxron
tobioti ilo olaqadardir. Bu sobokade zamanin Olgiilmasi nozars
alinmir. Bu moxsusiyyot zaman anlayigina falsofi yanagmani oks
elotdirir. Bu yanasmaya gore: montiqi ndqteyi nazordon zaman
anlayisinin on timdo xassesi — hadisonin gismen nizamlanmasinin
toyin olunmasidir. Petri sabokasinin strukturu eledir ki, o hadisalarin
mimkiin ardicilligimi ~ toyin etmok {iglin zoruri olan biitiin
informasiyan1 6ziinds ehtiva etdirir.

Modellagon sistemin davranigi diskret hadisslorin ardicillig:
kimi basa diisiliir. Hadisolorin bas vermo sirast asas strukturun
giiman edilon (forz edilon) miimkiinatlaridan biridir.

Real hoyati miinaqise situasiyalarinda bir ne¢o ohvalatin eyni
zamanda bas vermasi anlarinda, hadisonin yaranmasinin amsls golma
siras1 birqiymotli deyildir. Bu o demokdir ki, hadisalor ardicilligi
coxlugundan istonilon biri bag vera bilor. Hadisonin yaranmasinin
gismon (natamam) diiziiliisii iso yeganadir. Bu anlayislart 6ziinds
ehtiva edon problemor folsofi xaraktero malikdirlor. Kainata
(diinyaya) baxis ndqteyi nozorindon bir ¢ox insanlar determinizmi
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goebul edirlor: biitiin harokotlor Kainatin vaziyysti kimi avvalcodon
miayyon edilmisdir vo heg bir nizamsizliq mévcud deyildir.

Nozara ¢arpan nizamsizliglar iso Kainatin vaziyyasti haqqinda
vo onun bir vaziyyotdon (halda) diger veziyyeto (hala) kegmasi
haqda kifayat qodor bilgilorin olmamasinin naticasi kimi basa diisiile
bilor. Bu monada modellogon sistemds icazo verilmi. kegidlordon
birinin buraxilmasi {igiin se¢cim determinikdir. Bu xiisusiyyoat models
aid deyil, ciinki model sistem haqqinda tam informasiya vermir.

Nisbilik nazariyyssino nozor salag. Onun osas tezislorindon
biri ondan ibarstdir ki, nayinss &tiiriilmasi bir anda bas vers bilmaz.
Hotta hadisonin bas vermssi informasisi fozada isiq siirati ¢ ilo
mohdudlasan siiratlo yayilir. Bu o demokdir ki, agor iki hadiso eyni
zamanda bas verirso, onda iki miixtalif miisahidagi torafinden bu
hadisalorin bas vermo sirasi miixtalif ola biler. Tutaq ki, A vo B
hadisalori eyni zamanda bas vermisdir. Bu hadisalori izloyan
miisahidogi A hadisasine yaxin olarsa, o A hadisesi haqda
informasiyant B hadisesindon olan informasiyadan tez alir. Bu
zaman miisahidagi bu gonaste golir ki, A hadisasi B hadisesinden tez
bas verir.

Belo tosvir bag veranlorin qiymatlondirilmasi iiglin zaruri olsa
da, Petri sobokosinin dinamik davraniginin tosviri ve analizi
masalalarinds bir sira ¢atinliklor yaradir. Sadoslik ii¢lin asagidaki kimi
mohdudiyyat daxil edirlor. Hor hansi hadisonin buraxilmasina ani
hadisoe kimi baxirlar (sifir zamani tolob edon) veo iki hadisenin eyni
zamanda bas vermoasi miimkiin deyil. Bu ciir modellogon hadisa
primitiv hadiso adlanir. Demali primitiv hadisolor anidirler vo eyni
zamanda bas vera bilmozlor. Bu onunla izah olunur ki, zaman t
kazilmaz hoqiqi doyisendir. ager biz har bir hadisoys bas vermo
vaxtim1 monimsatsak, onda ixtiyari qayda ils secilmis kasilmoz haqiqi
doyisonin iist- iisto diismo ehtimali sifra berabordir vo demsoli
hadisolor eyni zamanda bas vermoys (mdvcud olmaya) malik
deyillar.

Petri sobokasi nazoriyyesinin yaranma tarixi 1962-ci ilo
tosadiif edir — doktor Petrinin dissertasiyasinda.

Bir ¢ox tadqgiqat sahslorindo hadiso bilavasito yox, dolayist
yolla model vasitasilo Gyronilir. Model dedikds - bir gayda olaraq
Oyronilon obyekts yaxud sistemo xarakterik olan xiisusiyyatlorin
riyazi terminlorls tosvir olunmasi basa diisiiliir.
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Petri sobakasi modellogdirmads totbiq olunur. Modellogdirma
astranomiyada (ulduzlarin dogulmasi, mohv olmasi vo qarsiliqh
olagolorinin Oyronilmesi zamani), niive fizikasinda (harada ki,
Oyranilon radioaktiv atomlar vo elementar hissaciklor zamanin gox
kigik aninda mdvcud olurlar), sosialogiyada (harada ki, dyronilon
insan qruplarmma bilavasito tesiretik problemlorlo bagli olur),
biologiyada va digar sahslords tatbiq olunur.

Modelloar riyazi asasa malik olurlar. Bir sira fiziki hadisolorin
xarakteristikalarini adadlorls, bu xarakteristikalar arasindaki slagalori
iso tonliklorlo vo yaxud barabarsizliklarlo tosvir etmak olar. Tabiot
elmlorindo vo texnikada kiitla, fozada vaziyyst, moment, tocil vo
qiivve kimi xarakteristikalar tonliklorin komayilo tesvir olunurlar.
Modellagsmanin ugurla hayata kegirilmasi ii¢iin modelloson hadisolor
haqqinda vo modellogsdirmo {iisullarinin xiisusiyystlori haqqinda
bilgilerin olmas1 zoruridir. Ona gors do riyaziyyat bir elm kimi bagqa
elmlor torofindon Oyronilon hadisalorin  modellogmasinds totbiq
olunmasina rogmon inkigaf etmigdir. Misal olaraq, fizika elminda
fozada hal, siirot vo tocil kimi xarakteristikalarin modellogsmasi
(monenmuporanue) diferensial hesabi yaranmisdir.

Boyiik siirato malik hesablama masinlarinin meydana ¢ixmasi
modellogmonin istifade olunmasi vo doysrini xeyli artirdi. Qeyd
etmok lazimdir ki, hesablama masinlarina hom hesablama vasitasi
kimi, ham do modellasms obyekti kimi baxilir.

Hesablama sistemlori miirokkeb olmagla yanas1 bir — biri ilo
qarsiliglt slagads olan komponentlor ¢oxluguna malikdirlor. Har bir
komponent 6zli do miloyyon miirokkabliys malikdir, ¢linki sistemin
basqa komponentlori ilo qarsiligh olagododir. iqtisadi sistemlar,
hiiquqi sitemlor, kimyovi sistemlor vo digor sistemlor bir- birilo
qarsiligh olageds olan ayri-ayr1 komponentlordon ibarastdirlor.
Modellagon sistemlorin miixtslifliyine baxmayaraq onlar1 birlagdiron
timumi cohotlor do vardir. Osas ideya ondan ibaratdir ki, sistemlor
qarsiligl slagads olan ayr1 — ayr1 komponentlarden ibarastdir. Har bir
komponent 6zii do sistem ola bilor vo onun davranigini sistemo daxil
olan digor komponentlasrin asililigi olmadan da tasvir etmok olar. Hor
bir komponent miioyyon hala malikdir. Halin komponentlori onun
ovvalki hallarinin vaziyystinden, giris vo ¢ixis komponentlorinin
verilmasindon asilidir. Komponentlorin modellogsmasi zamani “hal”
anlayigmin ¢ox miithiim shamiyyati vardir.
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KONVEKTIV DIiFFUZIiYA PROSESININ RIYAZI
MODELININ QURULMASI
Sevdimahyev Y.M., Koarimova A.A
Baki Doviat Universiteti

Bir cox fiziki-kimyovi proseslorin bas vermo xarakteri
hidrodinamik parametrlorls toyin olunur.Yiiksok temperaturda maye
axininin dayandirilmast va statik temperatur yiiksok oldugu hallarda
axinin Oziindo diffuziya ilo olagoli olan vo ya digor heterogen
cevrilmoalordon ibarst miixtalif ndvli fiziki-kimyovi proseslor
yaranir. [1]Mayelsrd9 miixtolif diffuziya proseslorinin bas vediyi
hidrodinamik masalalorin riyazi modeli parabolik tipli xiisusi
toromoli qeyri-xatti diferensial tonliklor sistemi olur [2] .

Maye mohlullarda diffuziya mexanizmi molekulyar-kinetik
proseslo olagodar olub, istilik horakoti naticesindo molekullarm
garigdirilmasi ilo izah olunur.Molekulyar diffuziya ilo barabor
mayelordo maddslorin konvektiv kogiiriilmasi naticesinde yaranan
diffuziya bas verir.Bu iki diffuziya birlikde gotiiriiliir vo konvektiv
diffuziya adlandirilir [3] Sixilmayan damcili mayenin sixligini
zamana vo foza koordinatlarma noazoron sabit qobul edirik
p(x,y,z,t)=const Vd V(x,y,z,t) stroti ilo horokst edon maye
sixilmayan olduqgda diw =0.Fordi vahid hocmdoki mayenin
harakatinin diferensial tonliyi [1]

v -
P 7‘;=—gradp+yAv +f (1)
Burada u-mayenin ozliliiyll , p-tazyiqi, f—hscmi qiivvadir. Mayeda
horoket miqdarmin kogiiriilmasinin  Nyuton siirtlinmo ganununa
asason, uAV hacm qiivvesi ilo bas verdiyi gebul edilir. Mayenin

sonsuzolgiili  sistem olmasina  baxmayaraq mohdud Olgiili
oblastlarda (1) tonliyi Oziinii adi téromoli diferensial tonlik kimi
gostorir.Sonsuz Olgiilordon asili olan effektlor isa qeyri-mohdud
oblastlarda vo ya Ozliiliiylin itirilmesi ilo miisayst olunan Eyler
tonliklorinin dogru oldugu hallarda 6ziinii goéstormoys baslayir.
Kosilmoazlik tonliyi vo haroketin diferensial tonliyi sorhad vo
baslangic sortlorindon hor hansi biri il birlikde hall edilir.
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v =0 -bark cisimdon ibarat torpanmaz sarhadlor boyu

v =v® 1 = harokotdo olan iki maye fazadan ibarot maye
halinda, mohlulunun fazalararasi sorhaddinde

FY=F® FY=F® -iki maye fazanin bir-birino qarsiligh tosirlori
halinda, xiisusi halda mayenin sorbast sothi {izerindo qiivvenin
toxunan komponenti ticlin F, = 0 gotiiriliir.

Baxilan masalonin halli hidrodinamikanin ti¢6l¢iilii sarhad-baglangic
masalasinin hallar sinfins aiddir.Mayelor temperaturu sabit oldugda
miivazinot halin1 makroskopik harokat olan axinin vo mayedo hall
olunmus maddenin c(x,y,z,t) konsentrasiyasinin hissaciklor boyu
doyismesi ilo itirir.Holl olunmus maddslor olan maye miihitds
termodinamik miivazinat makroskopik horokotin olmadigi v =0,
temperaturun (T), tozyiqin (p) ve parsial (kimyovi) potensialin
u(T, p,c) sabitliyi halinda yaranir.Maddonin mayeds tam kogiiriilma
seli belo ifado olunur: j =cv — Dgrade  (2) - vektoru ilo ifads
olunur. D-miihitds diffuziya emsalidir.

Qeyri izotermik goraitds vo ya xarici fiziki meydanlarin tasiri altinda
olan axin halda tam axin selinin (3) ifadssins slavs toplananlar daxil
olurlar.Maddslar balansini ifado eden konvektiv diffuziyanin iimiimi
tonliyi [3]

Oc/ 0t +v(grad)c=DAc (3) mahiyyati vo formasi etibarilo 6zlii
mayeds kociiriilon horokot migdarmin balansini ifade edon Navye-
Stoks tonliyi ilo eynidir[3]. Odur ki, (3) tenliyinin hollinds (1)
tonliyinin hsllinds istifads edilon tsullar tstbiq olunur. Aydindir ki,

v =0 olduqda (3)-don ikitortibli sabit amsalli % = DAc .
Diffuziya tonliyi, c=c(X,y,z) gqorarlasmis konsentrasiya halinda iso

v(grad)c = DAc doyison omsalli ikitortibli diferensial tonlik alinir.

Reynolds odadinin  kigik qiymetlorinde mayedo maddslarin
konvektiv kogiiriilmosi molekulyar harokotdon bdyiik iistiinliiys
malik oldugundan (3) tonliyinds molekulyar diffuziyan ifade edon
DAc haddinin DAc =0 sorti halinda koordinatlarda
v,0c/0Ox+v,0c/0y+v.0c/0z=0

tonliyini aliriq. Tonliyin hollorindon biri c=const, digeri iso
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vgradc =0 (gradc L v) sortini 6dayir. Hor iki hollor sinfi prosesin
fiziki mahiyyatino uygun olmur [4,5].Fiziki-kimyovi reaksiya bas
veran bork cisim sothindo vo ya fazalarm tomas sothinin yaxin

otrafinda  konsentrasiyamnin  kaskin  doyismesi  basg  verir.
Konsentrasiyanin qradiyenti (dc/ox,0c/0y,0c/0z)  ¢ox bdyik

qiymatlor alir, (3)-do DAc hoddi borabarliyin diger hadlari ilo eyni
tortibli olur [3].

Hidrodinamikada Prandatlin sorhad lay1 Reynolds adadinin boyiik
giymatlorinda sorti olaraq mayenin iki oblasta bdliindiiyiine analoji
olaraq mayelordo konvektiv diffuziya prosesinde miihit iki sorti
oblasta boliiniir: reaksiya sathindon uzaq moasafods konsentrasiyanin
sabit oldugu oblast sotho bilavasito yaxin olan oblast vo
konsentrasiyanin kaskin doyisdiyi oblast.

Diffuziya sorhod laymmin giymoti & z(@)m@ Vo ya
u

S~D" 3(ﬁ)” ¢ Ui tortibindo alinir.Burada , 8, -Prandatlin sorhod
o

0
layinin giymati, x axmin frontu boyu fazalararasi sothin profilinin
timmumi halda qdvs
uzunlugu va ya ox boyu
mosafa, U,-makroskopik

axinin suratidir.
Molekullararas1 qarsiligh
tosir radiusu tortibindo

olan fazalar arasl Sy
sorhaddin =~ 5, <10°m ¢

qahnhqh layn‘lda muhltln .......................................................................... 5
molekullar1 eyni fazada 0 T x

bir-biri ilo,hom do diger

fazalarin yaxin olan laylar ilo qarsihigh tesirds olurlar.Qarsiligh
tasir oblast1 olan homin layda maddenin fiziki-kimyavi xassslari bu
oblastdan uzaqda yerloson hissaciklorin xassalorindoin  kaskin
forqlonirlor. Cismin sothi cilalanmadigi  halda, mayenin axini
pulslarla (gerarlasmamig), ham¢inin Reynolds adadinin qiymatindon
asilt axinin rejiminin doyismosinds turbulent diffuziya lay yaranir.
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XUSUSI NOV DIFERENSIAL TONLIKLOR SISTEMIi
UCUN INTEQRAL SORTLI SORHOD MOSOLOSININ
ODODI HOLLI
Seyidov Z.B., Qarayeva G.Y.

Baki1 Doviat Universiteti

Xiisusi nov diferensial tonliklor iiglin inteqral sortli sorhod

masalasineg baxaq:
w 4

y' =a(x)y" +b(x)y" +c(x)y +d(x)y +e(x)z + f(x),
Z"=0(x)z'+t(x)z+e(x)y' +w(x)y+ F(x), [0,T] (D)

Y0 =7, [a(s)y)ds =7,, ¥'(0) =75, (1) =7.,

20) =75, [ B(s)z(s)ds =,

0
Burada a(x), f(x) [0,7]-do kesilmoz funksiyalardir, vy, 7,,
Yss V4» Vs, Ve verilmis adadlordir.
Yeni funksiyalar daxil edok: y'=v,v'=u, u'=w, z'=G

£() = [a()y(s)ds, n(x) = [ Bs)=(s)ds. @)

Buradan aliriq
s(0)=0, (M) =y, n0)=0, n(T) =y,
§'(x)=a(x)y(x), n'(x)=B(x)z(x).
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Belolikla, (1) sarhod masalasi birinci tortib diferensial tonliklor
sistemi Ugiin ikindqtali serhad masalasine gatirilir. (1) sarhad
moasalasi ligiin

Y=+t h V;
V., =V, +hu

u,, =u,+hw

W, =+ ha)w, + hbu, + hcv, + hd,y, + he .z, + hf;
G, =(1+h0)G +htz,+hey, +hyyv, +hF,
é‘n = é‘ + haiyi
N, =0 +hpz, i=0,.,N-1
Vo =V160=0, 8y =V, Vo =V3, Uy =V45 2y = V5, 1y =0, 11y =7
forglor sxemi qurulur.
Buradaki baglangic namslumlar u,, w,, G, -1 toyin etmok {igiin

u, =Ry +Pv,+Ow +EG,+S,

& =Ry +Pv,+Qu,+Ew +BG, +8,

n, =Ry, + PV +Qlu, + E'w, + B'G, + S/
ayrilislar1 todqiq edilir.

TOHSI SISTEMi VO MUNAQISOLOR
Simiyev H.V.
Baki Doviat Universiteti

Inkisaf etmis &lkolords biliyo vo informasiyaya c¢ox fikir
verilir. Onlar hotta hayat soviyyessinin miioyysn olunmasinda asas
amil kimi gabul olunurlar. Bu giin texnologiya cohstdon inkisaf etmig
Olkolorin iqtisadiyyati1 biliklor bazasi osasinda inkisaf etdirilir.
Inkisafa baslamaqda olan 6lkalor iso biliklara sahib olmagla va onlari
istehsalatda, idaroetmodo vo s. totbiq etmoklo 0z sosial-iqtisadi
inkisaflarina nail ola bilarlor. Bunun iigiin bels 6lkalor tohsil vo elm
bazalarin1t mohkomlondirmalidirler. Hor seydon avval basa diigmok
lazimdir ki, bilik mahsul va ya kompiiter deyil ki, onu magazadan
alasan. Biliyi amtoadan forqlondiren iki cohat var.

Birincisi - biliyin bir adam torafindon monimsanilmasi o
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demok deyildir ki, onu basgas1 monimsoya bilmoz. iqtisad¢ilar bunu
eyni zamanda bir nego istifadoginin berabar doyer prinsipi
adlandirirlar. ABS-1n prezidenti olmus Tomas Cefersonun sézloring
g0ra, “Ogor moan insanla ideyalarimla boliisliromss va o insan bundan
miiayyon bilik alds edirss, bununla monim 6z biliyim azalmir. Belo
yolla har hansi insan monim samimdan od yandirib isiq alir, amma
menim samim elo parlaq olaraq yanmagimni davam etdirir”. Qeyd
edok ki, Tomas Ceferson holo ABS-in Virciniya statinin qubernatoru
olarkon diinyada ilk dofs statin qanunvericilik orqanina miiraciot
edorok “biliklerin yayilmasi planin’” miizakirs etmoyi tovsiys et-
migdir. Sonradan Rusiyada Lenin, Hindistanda Qandi T.Cefersonun
ideyalarin1 davam etdirarak bels bir gonasto golmislor ki, biliklarin
genis sokilds yayilmasi comiyyatin inkisafinin on timdo sortlarindon
biridir.

Ikincisi - ogor yeni yaradilmis miioyyan bir mohsul ictimai
doyara ¢evrilirss, onun miisllifi bagqalarmin homin mohsuldan
istifade etmasine he¢ bir qadaga qoya bilmaz. Belalikla, biliklorden
har bir soxs istifade eds bilor. Demoli, comiyyatin inkisafinin siyasi,
ictimai vo iqtisadi amillorindon on baglicast elmi biliklorden
laziminca istifade olunmasidir. Biliklorin yaranmasmda on miihiim
amil dovlatin elms va tohsils ¢okdiyi xarclordir.

BMT tarofindon 1990-c1 ilden baslayaraq, diinyanin ayri-ayri
dovlatlorinds insan inkisafinin miixtalif soviyyslorini milayyan etmok
moagsadilo bir sira moruzslor hazirlanir. Azsrbaycan Respublikasi
izro bu tipli moaruzalor 1995-ci ilden baslayaraq hazirlanmaqdadir.
Bu moaruzalards insan inkisafi indeksi — i.i.i., Qender inkisafi indeksi
—Q.i.1. vo insan yoxsullugu indeksi — i.y.i. gostarilir.

Insan inkisafi indeksi ii¢ osas gostorici — orta dmiir miiddati,
tohsil saviyyasi vo adambagina diison imumi daxili meahsul asasinda
hesablanir. Bu ii¢ komponentdon birinin tohsil saviyyasi olmas1 on
miihiim elementlordandir vo insan {igiin tahsilin na daracods 6nomli
oldugunun gostaricisidir.

Qeyd etmok lazimdir ki, bagsqa dovlstlorde elmi inkisafa sorf
olunan xorclor tohsil xarclorinin torkibinde hesablandigi {igiin
Azarbaycan Respublikasi {izro elmi inkisaf xarclorini tohsil xarc-
lorinin torkibine daxil etmok zoruroti yaranir. Azarbaycanda elma
sarf olunan xarclar gostaricisi son illor imumi daxili mohsulun tog-
riban 0.23%-ni toskil edir.
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Yuxarida deyilonlora asason aliriq ki, tohsila vo elma ¢okilon
xarclor iimumi daxili mohsulun hacmindon (UMD) va biidco xarclori
saviyyasindan asili olaraq miioyyanlasdirilir:

(oh) =" f(UDM), (BUD))
(EYM), = f((UDM), (BUD))

Omok haqqnin (OMH) saviyyesi imumi daxili mahsul va

tohsil soviyyasi vasitasilo miioyyan edilir:
OMH = f(UDM, toh)

Bu tonliklor sosial-igtisadi inkisafin makroekonometrik
modelinin tonliklari adlanirlar.

Coxumuza molumdur ki, hor bir Olkenin sosial-iqtisadi
siyasotinin asas mogsadi orazisindo yasayan insanlarm maddi vo
monavi talablarini 6domokden ibaratdir. 20-ci asrin 50-ci illorindon
baslayarag ABS vo Boyiikk Britaniya alimlori torafindon irali
siriilmiis “insan kapitali” noazoriyyasi inkisaf etmoya basglamigdir.
Bu nozeriyyenin torofdarlari “insan kapitali” dedikds tohsils,
ixtisasin artirilmasina, sohiyyays, elmo vo miqrasiyaya c¢okilon
xarclari, yoni insan inkisafina sorf olunan biitlin sarmayslori nazards
tuturlar. Tohsilo, elma vo ixtisasin artirilmasina yonaldilon xorclor
insanin biliyini artiraraq onun mohsuldar qiivvasinin artmasma tasir
gostorir.  Alimler belo bir naticoyo goliblor ki, insan inkisafina
yonalon sarmays sosial-iqtisadi inkisafa daha somarali tesir gdstarir.
Bagqa sahoalords oldugu kimi, tohsilo yonoldilon sarmaysler (xarclor)
onun sormays qoyulusuna tolobatindan ve sormayoslorin verdiyi
somoradan asili olaraq miloyyanlasdirilmslidir.

Tohsil sisteminde aparilan todqiqatlar gosterir ki, zsif inkisaf
etmis Olkalords yiiksok inkisaf etmis Olkolora nisboton orta vo ali
tohsilo ¢okilon xorclorin somorosi daha yiiksokdir. Inkisaf etmis
Olkalards orta tohsilo yonaldilon xarclor ilde 9.5% somara verirss, bu
gostarici zaif inkisaf etmig dovlatlords ilds 15.2% samara verir. Bu
Olkalordo ali tohsilo yoneldilon xorclor uygun olaraq ilde 9.4% vo
12.3% somoars verir.

Tohsilo yonsldilon sormayslarin samaralilik amsali

ETS = (QTS : ]00)/ST
diisturu ilo hesablanir. Burada Ers (faiz /il) — tohsilo sorf edilon
sarmayonin samoaralilik amsalini, Qzs— tohsilo sorf edilon sermayanin
naticasinds alda edilon golirin illik hacmini, Sy — tohsila sarf edilon
sarmayonin hacmini gostarir.

Sonda onu qeyd edok ki, postsovet respublikalarinin boyiik
oksoriyystindo demokratik idarsetms prinsiplorindon  imtina
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olunmasi, harcmorclik, gaddarligin artmasi, menavi doyarlorin itib
getmasi, qanunlara hdrmoat olunmamasi, comiyyotds harmonik
miinasibatlorin formalasmamasi, iqtisadi bohran, ohalinin kasib-
lagmasi va s. sosialist vo kommunist ideallarmin dirgalmasini stimul-
lagdirir. Belo soraitds biitiin comiyyatds vo onun ayrilmaz hissasi
olan pedaqoji prosesdo miinagisa vo miinaqige situasiyalarinin
yaranmasl tamamilo qanunauygun hala ¢evrilir. Bundan basqa son
zamanlar tohsil sisteminds ¢alisan professor — miisllim heystinin vo
taloboalarin sirasinda goxsiyyatdaxili miinagisolorin sayimin miisahido
olunmaqdadir. Maddi ¢atinliklor, sosial statusun asagi olmasi,
golocays limidin olmamasi miiallim vo tolaboalori macbur edir ki,
onlar olavo maas oldo etmok {iglin soxsiyyatlorini al¢aldaraq miioy-
yon saholords foaliyyst gostorsinlor. Soxsiyystdaxili miinaqigalor
miixtalif tipli miinaqisslorin yaranmasini stimullagdirir vo pedaqoji
prosesa neqativ tosir gostarir.

SORHOD SORTINDO PARAMETR OLAN QEYRIi-LOKAL
MOSOLOLORIN TODQIQI
Siileymanov N.S, Agamahyev R.X,
Mehdiyev H.B, Haciyev R.N.

Sorhad sortinds spektral parametr olan qeyri-lokal masalslorin
analitik hollini tapmaq ¢otin vo ya miimkiin olmur.Ona gors bu tip
masalalorin effektiv hollori adadi {isullarin kdmayils olur.Misal ii¢iin
bu tip mosalslora [1]- [2]-do baxilmigdir.Son ddévrlorde miisyyon
oblastda sarhad sortine parametr daxil olan Steklov tipli masalslarin
maxsusi adadlorinin hesablanmasi [3]-do verilmisdir. Burada miioy-
yan oblastda bu tip masalalori holl etmoak ii¢lin variyasiya, inteqral
tonliklorin, kompleks doyisonlorin iisullarindan istifado edilib.

Qeyd olunan is [4]-lin davamidir. Asagidaki masoloys baxaq:

AU=0 B D (1)
Yl _aw, @)
on |,
ou
=0, 3

=l 3)

harada D - n 0Olgiilii fozada mohdud oblastdir,sarhad iki hissadon
ibaratdir : 0D =T'US;
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n - D oblastimn sorhad normalinin ortudur.Gérmak olar ki, (1)-(3)
masalasi {iglin sonsuz sayda 0< A, <...< A <... moxsusi ododlari var
va A, > ©, n - o olduqda.

Variyasiya {lisullarindan molumdur ki, (1)-(3) masslosine
asagidaki funksionalin min-un tapilmasi ekvivalentdir.

J.Zu uds
n
Fu)=*7—— 4
Iu2ds @
harada ki, '

Iudx =0 5)

!
ortoqonalliq sorti Odenilmolidir.(4) funksionali ii¢lin variyasiya

masalasini Rits lisulu ilo hall etmok {iglin koordinatlar funksiyasi
sistemi kimi harmonik polinomlar1 segak.

C" =b, P"(cos@)cosmnR";
S"=b, R"P"(cos@)sinmn;
_2"m{(n—m)!
(m+n)!
Polinomlar {i¢iin asagidaki rekurent diisturlar dogrudur:

harada ki, b

mn

C'=r"cosmn; C =xC];
S" =r"sin mn; Sro=xS";
m 1 m 2 m
Sro=———|2n+ xS = (n-m)R*S!"
n+m+1
m 1 m 2 m
cr =———[2n+DxC - (n-m)R*C!, }
n+m+1
Moxsusi adadlari asagidaki tonlikdon toyin edoak:
det(a,:, —/lﬁ,:,,) =0 (6)

a; va [ konkret formula ils tayin olunur.

Qeyd olunan alqoritm (4) masalesinin hollinin S sorhad
sartindo 6domasi liclin avvalcadon toyin olunan sistem koordinat
funksiyalarinin qurulmasina osaslanir.Demoli, T sorhad sortini
0doyan Laplas tonliyinin hallini do tapmagq olar.
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Demali, agor S sothinds ? gismon sifirdan forqli olsa,onda A
n

moaxsusi adadi y parametrinin qiymstine yaxin olur.Ona gors matris

masalasinda u=2 yazsaq,asagidaki  moxsusi  adadlorin

hesablanmasi masalasinin hall edilmosina golarik.
(4, +224, + 224, — AB)x =0,

Burada (1)-(3) mosalasinin tapilmis toqribi halli I" sorhoad sortini

daqiq 6doayacayak.

Demoli,qeyd olunan variyasiya {isulunun modifikasiya
olunmus variantindan istifade etmokls doqiq halls yaxin olan toqribi
halli tapmaq olar. Qeyd edak ki,bu modifikasiya olunmus alqoritm
vasitosi ilo almmis moxsusi adadlor vo moxsusi funksiyalar svvalki
variantlara nisboton daha  doqiqdir,istifade  olunan yaddas
sahasi,komputerds realiza olunma vaxti daha effektlidir.
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KORTEVEQA-DE FRiZ VO DIFFiZiON TiP QEYRI-
XOTTILiYD MALIK EVOLYUSIYA TONLIYININ BiR
XUSUSI HOLLI HAQQINDA.

Tagiyev N.M., Mansurzads N.B., Tagiyev M.M.

Baki Doviat Universiteti

Maye ilo doymus ikifazali masamsli miihitlorde hayacanlanma
naticasinde yaranan qeyri-xatti dalgalar arasinda elo xiisusi tobiatli
soliton, knoidal, sdnan va s. nov dalgalar1 var ki ,bu dalgalar hom
manba , ham do yayildigi miihitlor haqqinda diger dalgalarla miiqa-
yisads daha ¢ox informasiya dasiyir. Buna sabab bu dalgalarin 6z
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formasini doyigsmadon miihit vo monbanin xarakteristikalarindan asilt
olaraq miiayyoan amplitudla va siiratls yayila bilmasidir.

Istifado olunan ikifazali kontinuum modelds hor iki fazaya iki
qarsiligl sixilan miihit kimi baxilir. Bu fazalarin garsilighh mexaniki
tasirde olduglari forz olunur. Bork fazam stalst qiivvaesine malik daha
kicik bir ne¢a hissacikdon amala galon 6zlii-elastiki hissaciklor togkil
edir. ikifazalh kontinuumda hoyacanlanma long doyison amplitud
metodunun kdmayi ils tadqiq edilir.

Masalonin qoyulusu. Birdlgiili vo izotermik hal iigilin
masalonin riyazi qoyulusu bark fazanin deformasiyasi ilo gorginliyi
arasindaki alagoni

(b+2b JO'+;/P (a0+2a1 J (1)

soklindo gotiirmakle kutlsnln va impulsun saxlanm351 tonliklorinin

a(aipi) + a(aipi‘gi) — 0’ a +a, = 1’ i= 1’2 (2)
ot ox
o(a,p3) ola,p99 oo oP i
( zpz z)+ ( lpl i )_511_ i__(_l)Rm (3)
ot ox ox ox
va termodinamik hal tonliyi
P = Py (o,P), Py = pz(P) (4)
ilo agagidaki kinematik miinasibotin
% oed, 89 )
o ox  ox

omols gotirdiyi tonliklor sisteminin hallinin tapilmasina gatirilir.
Fazalararasi miiqavimati asagldakl sokilde vermoak olar:

R,=(9, Q)fQQ 9\) (9,-8)+K,0(9,-9)9.-8| (6)
Bork fazanin tutdugu hocm «, -0 , maye fazaninki o, -y, miixtalif
fazalardaki maddelorin hoaqiqi sixligt p, vo p,-yo, siirotlori 9,9, -
ya barabardir;

o=a,('-P), P-maye fazadaki tozyiq , I'-bark fazamn hoqiqi

gorginliyi , o, -vahid tenzoru, a() a, -in baslangic qiymatini
1i 1 g qy

gostorir; y = Bk, B, vo k- bork hissaciyin vo biitliin bark fazanin
izotermik sixilma omsalini gdstarir.

Bork vo maye fazanin parametrlori burada uygun olaraq “1” va “2”
indeksloari ilo isaralonmislor.
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(1)-(6) tonliklor sistemini birlikdo holl ederak ikinci yaxinlagmada
geyri-xotti dalgalarin ikifazali kintinuumda yayilmasini tesvir edon
asagidaki geyri-xatti tonlik alinmigdir.

0) (0) _ 2
2088 no -t

ox |R| 0)(05(0) —y) ||
) 6l+119
+R Z( DA, —— Fi =0 (7)
burada
Al+l = l—‘m—l aObl _Fn:[a[, R2 Vo R3

0
miioyyon amsallardir.
(7) tonliyi Kontevera-de Friz tonliyinin timumilogdirir vo hom da
diffuzion tip geyri-xattiliys malikdir. Xiisusi hallarda bu tonlikdon
geyri-xotti dalgalarin molum klassik bir vo ikifazali miihitlords
tonliklori alinir.
(7) tonliyindoaki yliksoktortibli xiisusi téromoalor (1) miinasibati ilo
olagadardir.
(7) tonliyinin {imumi halda daqiq halli riyazi cohotdon ¢ox ¢atindir.
Ona gora do onun xiisusi halda daqiq hallini tapmaq {iglin avvalca

r=0 gétiirok vo R, -ni sifira yaxinlasdirsaq, onda (7) tonliyi sadolosir:

29, 408 oaMe
RZ( D) A, —

o aT or+

n=3 oldugdaa Beklunda gevrllmssml goymagla va Xirot metoduna
analoji metodu totbiq etmakls (8) tonliyinin daqiq halli tapilmigdir.

(®)
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PARAMETRDON ASILI MOSOLOLORIN HOLLI USULLARI
Tahirov B.O., Qocayeva X.A.
Baki Dovlat Universiteti

Parametrdon asili masalalorin  hoalli sagirdlorin  meontiqi
tofokkiiriiniin inkisaf etdirilmasindo avozolunmaz vasitadir. Onlarn
halli zamani an ¢atin marhals biitiin miimkiin hallar1 nazars alan hall
planiin qurulmasidir.

Moktab riyaziyyat kursunda Oyronilon parametrdon asil
masalalori asagidakilara bolmak olar:

1) parametrin verilmis ¢coxlugdan olan hor bir qiymati {igiin tonliyi,
borabarsizliyi vo ya onlarin miixtolif konstruksiyalarmi hall
etmayi tolob edon masalalar;

2) parametrin verilmis qiymeotlori iiglin tonliyin, barabarsizliyin vo
ya onlarin miixtslif kostruksiyalarmin hallori sayim tapmagi tolab
edon moasalalar;

3) tonlik, borabarsizlik vo ya onlarin miixtalif kostruksiyalarmin
verilmis sayda hollinin olmas1 {iglin parametrin ala bilacayi
giymatlori tapmagi talob edon masalalar;

4) tonlik, barabarsizlik vo ya onlarin miixtalif kostruksiyalarinin
hallari ¢oxlugunun verilmis sortlori 6domasi li¢lin parametrin ala
bilacayi qiymatlori tapmagi talab edon masslalor vs s.

Parametrdon asili masalalor, asason, analitik vo qrafik iisulla
hoall olunur.

Toqdim olunan is diiz xott vo parabolanin, diiz xott vo
cevranin, iki ¢evronin qarsiliqh veziyystinin Oyrenilmoesine xidmot
edon parametrdon asili masoalolors hasr olunmusdur. Onlardan bir
negasi ilo tanig olagq.

MBbsals 1. g parametrinin hansi qiymatlarinds

y=3a(x-3)-2

diiz xatti

y=2x"-Tx+9

funksiyasinin qrafikins toxunar?

Holli. y =2x* —7x+9 parabolasi ils hor bir geyd olunmus ¢ -
ya uygun

y=3a(x-3)-2
diiz xattinin ikiden ¢ox ortaq ndqtesi olmaz. Ciinki
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2x° = 7x+9 =3a(x-3)-2
tonliyinin ikidon ¢ox halli olmaz.
Bu tonliyin kdklarinin say1 parabola ilo y = 3a(x—3)—2 diiz
xottinin ortaq noqtslorinin sayma berabsr oldugundan onun
diskriminantini tapaq

D =94’ —30a—39:9(a+1)(a—%j.

. 13 . .
Demoali, a=-1 va az?3 giymatlarinda

y=3a(x-3)-2
diiz xatti
y=2x"-Tx+9

13
parabolasina toxunar, a € (—o0;—1) U (?;ooj qiymatlorinds isa bi iki

grafik iki noqtads kasiser.
f(x) va g(x,a) qrafiklorinin toxunma ndqtesinin x, absisini

{f(xo) = g(xova)
f'(xo) = g'(xova)

sistemindon do tapmagin miimkiin oldugunu neazors alsaq, onda
goyulmus masalani hall etmok ti¢iin

2x; —7x, +9 =3a(x, —3) -2
{4)(0 —-7=3a
sistemini hall etmok lazimdir.
Bu sustemi hall etsok, x; —6x,+5=0 tonliyindon x, =1,
X, =5 tapariq. Bu giymatlari sistemin ikinci tonliyinds nazars

alsaq a=—-1vo a =? alariq.

Mosald 2. a parametrinin hansi giymotlorinde y = ax+5 diiz
xotti (x+3)* +(y—4)* =8 ¢evrasino toxunar?

Bu mosalani ds bir nego tisulla hoall etmok olar.

I iisul.

y=ax+5
(x+3) +(y—-4)" =8
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sistemindon
(x+3) +(ax+1)> =8
tonliyini alariq. Bu tonlik sads ¢evirmadon sonra
(I+a’)x* +2a+6)x+2=0
soklina gatirils biler. Sonuncu tonliyin diskriminanti
D=QR2a+6)-8(1+a’)=-4(a’-6a-7)
kimi tapilar.
a=-1vo a=7 oldugda D=0 olar.
Demoli, a=—-1 vo a=7 olduqda y = ax +5 diiz xatti
(x+3)°+(y-4)°"=8
cevrosino toxunar. —1<a <7 olduqda iso y=ax+5 diiz xotlor
ailosinin hor biri (x +3)* +(y —4)* =8 gevrasinin kasoni olar.

II iisul. Ogor verilmis diiz xatlo ¢gevronin morkazi arasindaki
moasafo ¢evronin radiusuna barabar olarsa, onda bu diiz xatt ¢evroya
toxunar. Ona goro do (x+3)° +(y—4)’ =8 gevrasinin morkazi olan
M (-3;4) noqtesinden y = ax +5 diiz xatlorine qader olan masafonin
272 -yo borabor olmasi faktindan istifado etmoklo qoyulmus
masaloni hall etmok olar. M (-3;4) ndqtesindon
ax—y+5=0 diliz xottina qodor olan moasafonin 242 -y barabar
oldugunu asas gotiiriib g -ya nazoran asagidaki tonliyi alariq:

a-(-3)—-1-4+5 22
Elementar ¢evirmodon sonra bu tonlik a* —6a —7 =0 soklino gatirilo

bilor. Bunun koklori —1 vo 7-dir. Demoli, a=1 vo a=7 olduqda
y = ax + 5 diiz xatti verilon gevroya toxunur.
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BAS BEYN QABIGI FOALLIGININ iCRASINI TOMIN EDON
STOXASTIK PRINSiPLOR. MARKOV TiPLi REFLEKTOR
ZONCIRLOR
Tahirov M., Tahirov M.

Ekoenerji Akademiyasi, Kibernetika Institutu

1.Reflektor zancirlor. Insanin vo onurgali heyvanlarin bas beyn
boyiik yarimkiiralorinin qgabigi vo ona yaxin qgabiqalti birliklor
markazi sinir sisteminin — MSS ali gobasini togkil edir. Bu organin
funksiyasi orqanizmin ali aseb foaliyystinin (davranigin) osasini
toskil edon miirakkob reflektor reaksiyalarin icrasmi tomin etmokdon
ibarotdir. Bas beyn ali sobasinin reflektor faaliyyati ilk dofo gérkomli
rus fizioloqu L.M.Secenov tarafindon “Bas beyn reflekslori” asarinda
osasli sorh olunmusdur.  Bildirok ki, Secenova qodor psixi
proseslorin bag verma saobablori vo eloco do icra mexanizmi
fiziologlar va sinir sisteminin ndyranilmasi sahasinds ¢alisan alimlor
torofindon asasli Oyronilmomigdir. Bu hal onlarin bu problemi
subyektiv  psixologiyanin predmetino aid etmolori ilo izah
olunmusdur.

L.P.Pavlov Secenovun ideyalarini inkisaf etdirorok, bas beyn
gabiginin funksiyalarini tocriibi dyronmis, sorti reflekslor metodunu
isloyib-hazirlamis vo bununla ali asab faaliyyati tolimini yaratmigdir.
O, reflektor reaksiyalarm MSS-nin gabiqalti niivaleri, beyn liilasi vo
onurga beyni kimi alt gobalorinin irson méhkomlondiyini vo sinir
yollarinda irsen icra olunmasi tomin olundugu halda, bas beyn
gabiginda orqanizms gostorilon rongarong ¢ox sayli tasirler
naticosinde dogrulan qiciglanmalar {iziindon sinir olagalerinin
yenidon canlanmasina sabab oldugunu goéstormisdir. Onun olds etdiyi
bu naticalar reflektor reaksiyalarin garti vo sortsiz kimi iki asas qrupa
boliinmasils naticolonmisdir.

Burada malum nazari biliklars asaslanilaraq, sinir impulsunun sinir
hiiceyralari gabakalari iizra dinamikasi tohlil edilir, sinir hiiceyralori
sobakalori transplantasiya edildikds, sinir foaliyystinds no kimi yeni
tozahiirlorin icra edildiyinin tomin olundugu gostarilir vo bu metodla
psixi pozulmalarin normal hala gatirilmasinds ¢ox ciddi naliyystlerin
olds edilmasinag boyiik limidlar verilir.

Burada son magsad ,bas beyn qabigi foalliginin stoxastik prinsip
osasinda icra edildiyini nozers alarag,bu foalligm Markov vo
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yarimmarkov tipli reflektor qovslor sayssindo tomin edildiyini
gostormokdoan ibaratdir.

2. Morkazi sinir sistemindo Markov vo yarimmarkov tipli
Reflektor zoncirlor.  Burada biz insan orqanizminin vahid
tamliginin tomin edilmasindo miihiim rol oynayan “Markov va
yarimmarkov tipli neyronlar zoncirlori”,onlarin faydali totbiqglori
haqda danismagq istoyirik.

Bu sobobden ilk 6nce reflektor reaksiyalarin asasii togkil edon
reflektor qovslerin struktur qurulusu haqda dolgun tosavviire malik
olmaq lazimdir.

Bildirak,ki , burada reseptordan effektora goder olan hissads isin
icrasia cavabdeh olan neyronlardan tasril edilon zoncir goklinda
tortib edilon yolun ,”’Reflektor qovs” adlandirilmasi sortlogilir.Bela
qovsdo oksor hallarda hissi vo horoki neyronlar arasinda sanki
bilorokdon bir vo birneco assosiativ miidaxilo edilmis neyron
yerlasdiyi miisahidse olunur.Biz bels reflektor qdvslorin “Miidaxila
edilmis reflektor qdvslor” adlandirilmasini toklif edir vo belos
neyronlar zoncirlorinds sinir  impulslarmin 6tiirilmasinin idars
edilmasinin vo bununla qoyulmus moqsads nail olmanin tomin edils
bilmacayini diisliniirik.Belo zancirds reflektor qovs neyronlari arasi
mosafolorin iistli ehtimal paylanma ganunu ilo paylanmalari tomin
edilmakls ,qovs yarimmarkov qovsii edils bilor.Belo halda stasionar
impulslar selinin o6tiiriilmosi tomin edilmokls, orqanizmds askar
edilmis qiisurun aradan qaldirilmasi tomin edls bilar.

Biitiin bunlar barado daha oyani tosovviir yaratmaq mogsadila
organizmin sinir foaliyystini tomin edon “Tesadiifi neyron sobokasi
“kimi tanman Ugiincii tip soboko haqda bir goder otrafli melumat
verak.

Beyn qabig1 foalliginin stoxastik prinsip esasinda quruldugunun
sortlogilmasi, onun togkili li¢lin ¢ox vacib tolob hesab olunur.
Maraqlis1 iso budur ki, bu prinsip MSS-inin dasidigi funksiyanin
normal icrasmin tomin edilmasi tiglin do asas sayilir.

Ik énco son iyirmi—otuz ildo neyroplantalogiya sahosindo oldo
edilmis osashi yeniliklor haqda malumat verak.

Bildirok ki, kecon osrin sonlarinda Amerikali neyrocerrahin
heyvanlarin beynins sinir toxumalarini tranplantasiya etmasi , bu
sahads on doyarli nailiyyat hesab olunmusdur.Bels ki, sinanilanin bas
beyn toxumulari tranplantasiya edilorkon, onun beynindo osash
struktur-funksional doyismalor miisahids edilmisdir.
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1926-c1 ilds Bryurenko S. vo Ceculin S. torafindon Diinyada ilk
dofo slini qan ddvrani apparatinin qurulmasi , 1973-cii ilds iso
Amerikal1 neyrocerrah Robert Uayt torsfindon meymunun beynini
tadric etdikdon sonra iki giin yasamasinin miisahido olunmasi ,bu
sahads an bdyiik ugurlar sayilmisdir.Robert Uaytin sonralar sicovul
va meymunlarin baslarmin kociiriilmasini hayata kecirdiyi bildirilir.

Son dovrlerds neyrocerrahlarin : Parkinson xastsliyi,epilepsiya,
sisofreniya ,usaq isemik ensofalopatiya vo s. kimi miialicasi cox
cotin olan bir cox xastoliklorin miialico edilmasindo struktur-
funksional pozulmalarin korreksiyalar1 {iclin neyroplantasiya
metodundan istifads etdiklori bildirilir.

Burada Mon yuxarida adlar cokilon vo cokilmayan bir neca
xostoliyin  dogrulma saboblori haqda mslumat berilmasini vacib
hesab edirom. Bels ki, fikrimco orqanizds bas veran bu va digor bu
tip tozadlarin bag vermosinin asas sobabi, sinir sisteminds sinir
impulsunun : Eylerin yeddi korpli problemi, Poya problemi vo
Kommuvoyajer massalasinds oldugu kimi, qapal trayektoriyalar {izra
dovru harakst etmosidir.

Bildirirom ki , belo qapali vo elementlori arasmda har hansi
tip, Masolon ,Markov tipli,Martinqal vo ya korreliyasion asililiq
miinasibatlori ola bilon, zoncirvari asililiq miinasibatlori irsi vo
hoyatdan qazanilan vardiglora gora ds ola bilr.

3. Sorti reflekslorin iimumi xarakteristikasi va asas xassalori

Otraf miihitin vo ya organizmin miiayyan intensivliys ¢atan va bas
beyn gabig1 tarafindon gavranilan daxili vaziyyatin ixtiyari doyigsmasi
sarti qiciglandirici ola bilar.

Saslar (tonlar va kiiylar), isiqlanan predmetin konturlari, rangler,
iyler, dad vasitalori, doriys toxunma, tazyiq, isti vo soyuq tesirlar,
ozalonin gorginlik deracesi (yoni yigilma vo bosalmasi), badonin
fozada voziyyati, daxili organlarin voziyysti vo onlarm selikli
gisalarina tesir, maddslar va enerji miibadilesinin doyismasi va s. bu
kimi tobiotco forqli qiciglandiricilar sortsiz  qiciglandiricilarla
uzlagdiqda (birlosdikda) sorti refleks signalina gevrils bilir.

Daha uzun miiddstli dovrler {igiin do sorti reflekslor alina bilar.
Osason heyvanlarda vo bir ¢ox hallarda insanlarda her giin eyni
vaxtda qida qobul edildikds, ndvbati gida gobuluna goder mads
sirasinin sekresiyasinin bag verdiyi agkar olunmusdur.

Daimi is vo moigot rejimi zamani, is doqiq miloyyon edilmis
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zamanda goriildiikds, eyni zamanlarda qida qobul edildikdo vo
yuxunun eyni zaman dovrlorindo, insanlarda zamana nazeron
miixtoalif sarti reflekslor miigsahids olunur.

Sortsiz reflekslor orqanizmin anadan golme, irson Otiiriilon, sorti
reflekslor isa organizmin «hayat tacriibasi» asasinda fordi inkisafi
sayasinda alds etdiyi reaksiyasidir.

Sortsiz  reflekslor novlii, yoni baxilan ndviin Dbiitiin
“niimayandsloring” (lizvlorino) xas olan xlisusiyyat, sorti reflekslor
iso fordidirlor, yoni eyni bir ndviin iizvlorinin birinds ola, digorinds
isa olmaya bilar.

Sorti reflekslorlo miiqayisods sortsiz reflekslor nisbaton sabit
olurlar. Sarti reflekslor soraitdon asili olaraq doyise, ¢evrilo vo hotta
dasidiglart monada yox olub, itib geds bilirlor.Biitlin bunlar
insanlarin vo eloco do psixikaya malik biitiin canlilarm forqli
qabiliyyatli olmalarma aydinliq gatirir.

Sorti reflekslor osason bas beyn qabigmin funksiyasi hesab
olunurlar. Sortsiz reflekslor iso onurga beyni vo beyn liilosi
saviyyesinds icra edils bilirlor vo filogenez prosesi zamani bargorar
olan va reflektor reaksiyalarin irsi Gtiiriilon fonduna aid edilirlor.

Sorti reflekslor, sortsiz reflekslor asasinda amolo golirlor. Onlarin
omolo golmoasi iiclin otraf miihitin vo ya orqanizmin daxili
vaziyyatinin har hansi doyisikliyinin bas vermasi vo zamana goro
uzlasmasi zaruridir.

Jdobiyyat

1.Tahirov M. F. Markazi sinir sistemindo miirokkab stoxastik neyron
sobokalori vo belo sobokslorin foaliyyetlorine miivafiq psixi
tozahiirlorin elmi-metodiki prinsiplori . Tohsil Problemlori Institutu.
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Xaotik donavar sopalonmis handasi obrazlar forqli elm
saholorinin sintezinin asas1 kimi
Tahirova G., Tahirov M.
Baki Doviat Universiteti

Miiasir dovrde forqli elm saholorine mansub, lakin bircinslilik
olamatlorine gora oxsar olan anlayis vo mothumlarin todrisinin eyni
bir metodoloji osaslara gora qurulmasi zoruri tolob kimi garsiya
qoyulur.
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Burada bu mogsadlo gorkemli ingilis riyaziyyat¢gr vo montiqei
alim Djorj Bul (02.11.1815-08.12.1864) torofindon qurulmus
modelin  fundamental osas se¢ilmasinin magsadouygun oldugu
gostarilir.

Bu problem iizorinds daha otrafli dayanaq.ilk ©nco Bul
modellarinin Evklid fazasinda neca quruldugunu nazarden kegirak.
Bildirok ki, forqli elm saholorinin predmerlorino aid edilon
problemlorin artiq mitkommsal Oyronilmis hor hansi bir tosadiifii
modelin analoglar1 olmalar1 nozero alinaraq tadris edilmolori son
darcado faydalidir.

Bul modelindan istifade etmonin: cografiya;geologiya; handoesa
;kimya ; xiisuson iso fiziki kimya vo sair; kimi bir ne¢o fonnin
tadrisindo vahid universal asas vasito secilo bilmosini gosterir.Belo
yanagma fanlor arasi inteqrasiyanin tomin edilmasi vo negentropiya
prinsipinin tslabinin dégurdugu sintez metodunun konkret igrasi
demokdir.

Qeyd edok ki, inteqgrativ tolimin toskilinde Monte-Karlo modeli
kimi taninmig stoxastik modelin segilmasi do ¢ox doyarli todris
metodu hesab oluna bilar.
1.Evklid fazasinda stasionar Bul modellari.

Bildirok ki,miirokkab fiziololoji sistem hesab edilon  insanin
davranig1 onun fizioloji varhigm tomin edon sinir hiiceyrolori
sobakaloari vaziyyetlorinin zamana giire ardicil doyigmasi kimi toqdim
edildikdo,diskret zaman anlarinin z;,2,,...,Z, funksiyasi kimi toqdim
oluna bilor.Bu halda, belo komiyystlorin sistemin vaziyyat
xarakteristikasi adlandirilmasi sortlasilir.Bu xarakteristikalar n-6lciili
Evklid fozasinin noqtaleri kimi toqdim edildikds, sistemin hor bir
ani vaziyyati n-0lciili Evklid fozanin  bir noqtesi kimi ,sistemin
foaliyyati isa tosadiifi prosesin realizasiyasi kimi baxila bilar.

2.Tosadiifi gapal coxluq Bul modelinin an sads modelidir.
Burada osason stasionar vo izotrop Bul modeli haqda danismaq
nozords tutulur.Bildirek ki,”Tosadiifi qapali ¢oxluq”-TQC  Bul
modelinin an sads ,bununla belo ¢ox miihiim numunosini tomsil
edir.Bunun sabobi belo coxluglarin xaotik denover sopslonmis
handoasi obrazlarm modelini yiliksok daqiqlikle tomsil etmosilo izah
olunur.Maraqlis1 isa bels tosvirlards ilkin asas , neca deyarlor toxum
olaraq kiiraciklorin va dairaciklarin se¢ilmasinin yol verilon olmasi
ilo izah edilir.Biitiin bunlar Bul modelinin bir ¢ox elm sahalorinda
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mithiim ochomiyyat dagiyan masalalorin hallinds eynilik modeli
secilmasing imkan yaratmigdir. Masalon ,kimyagor mashur alim Poro
Kolloid mohlullarin &yronilmasi zamani donin maye haldan buxar
halina kegmasi zamani enerji doyigmasi tohlil edilorkon Uidoma va
Roulinson ,geoloji laylarin yerlogmasi tohlil edilerken Jako va Joton,
Bul modelini eynilik modeli segmislor vo belo se¢imlor bir ¢ox
fundamental yeniliklorin alds edilmasils naticolonmisdir.

Bildirok ki,”Hondoso” fonninin todrisinde handasi fiqurlarm
obrazlarmin Bul modeli vasitosilo  oyani vasito kimi istifads
edilmasi, tolimin keyfiyyotinin yiiksaldilmasinde cox miihiim rol
oynayir.Bul modelindon tadris prosesindo istifado edilmasino asas
sabab, bu modelin Puasson prosesinin realizasiyasi kimi tosvir edilo
bilmasidir.

Bul modeli stasionar ,bozi horokot ndvlerine goro iso invariant
oldugda ham ds izotrop olmasidir.Bu modelin erqodiklik xassalari
Ngyen va Sessin torafindon asaslt dyranilmisdir.Bu halda modelin
paylanma qanunu tutum funksionali ilo miisyyon olagads olan
funksional vasitasilo tosvir edilir. Qeyd edok ki,stasionar comlonma
prosesinin modeli olaraq Neyman-Skott torafinden segilon model Bul
modeli kimi toqdim edilmisdir.

3. 9sasim xaotik donavor sopalonmis handasi obrazlar tomsil
edon stoxastik modellar

Burada mogsad, belo modellorin forqli elm sahslorinin
predmetlarine aid edilon problemlorin hallinds universal hsll vasitasi
kimi  secilmolorinin na  dorocado ohomiyyatli  olmalarinin
gostarilmasindan ibaratdir.

Bu mogsadle gorkemli ingilis mentig¢i alim Djorj Bul
(02.11.1815-08.12.1864) tarafindon qurulmus ,onun adimi dasiyan
model vo Monte-Karlo modeli kimi taninan modelin universal tadris
vasitasi kimi se¢ilmasinin shomiyyoti gdstarilir.

Yeri golmiskon riyaziyyat alominds Bulun adin1 dasiyan cobrin do
moveud oldugunu bildirmak yerino diisordi. Cabrde A hor hansi
haqiqi adadi tomsil etdikds, bu adodin &zii ilo cominin 2A —ya
borabar, yoni A + A = 2A oldugu sortlosilir.Bul cobrinds isa A har
hans1 haqiqi adadi tomsil etdikds, onun 6zii ilo cominin 2A-ya deyil
elo A-nin 6zlino borabar A+A= A oldugu goabul edilir.

Qeyd edok ki,bizim belo yanagmadan istifade etmoyimizin
inteqgrativ tolim iiclin ¢ox shomiyyatli olacagina basqa soboblords
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vardir.Belo soboblordon on osasi maddi obyekto xas olan fiziki
xassolorin  homigso  hondasi  strukturlarla  kasilmaz  slagads
olmasidir.Masolon,kristalin fiziki xassesi kristallografik soboke ilo
mqayyon edilir.Eyni ilo kritik niigtoys ¢ox yaxin olan sistemin
xassolori nizamsizligin handasasilo miloyyon edilir.On maraqlisi isa
bloklarin dlgiilorinin biidytikliiyii sayssinds belo handass maddenin
atom qurulusundan demok olar ki,tamamils asili olmur va buna
gorads tamamila forgli sistemlors xas olan eyni unifersal xassolora
malik olur.Cox zaman kritik noqtolers yaxin olan otrafda fiziki
xassalorin universalliglar1 da mahs bununla izah olunur.

Bildirak ki,stasionar Puasson modeli an sada va elocads daha cox
istifado edilon stasionar TP modeldir.Bununla yanasi bu proses
noqtalorin “sirf tosadiifi” xaotik sopolonmosini tomsil edon proses
olmagla yanasi, bir cox miirokkab proseslorin ,TQC-in va tosadiifi
olciilorin qurulmasiin asasini togkil edir.

Peyk tosvirlorinin oksoriyystinin osasint donovar sopalonmis
handssi obrazlar toskil etdiyindon bu sahado do Bul modelino xas
olan xassa va xiisusiyyatlardan istifads ¢ox faydali olur.

Belo ki, forqli elm sahslorinin predmerlorine aid edilon
problemlorin artiq mitkommsal Oyronilmis hor hansi bir tesadiifii
modelin analoglar1 olmalar1 nozero alinaraq tadris edilmolori son
darcado faydalidir.

Biitin bunlar Bul vo Monte-Karlo modeli kimi tanman
modellardan istifads etmanin: cografiya;geologiya; hondass ;kimya ;
xiisuson iso fiziki kimya vo sair; kimi bir ne¢o fonnin todrisindes
vahid universal osas vasito secilo bilmasinin zsruriliyini vo
stlinliiklorini gostarir.

Qeyd edok ki.belo yanagsma fonlor arasi inteqrasiyamn tomin
edilmasi vo negentropiya prinsipinin talobinin dogurdugu sintez
metodunun konkret igrasmin ns doraceds shomiyyotli oldugunu
gosrtaracokdir.
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PARABOLIK TONLIKLOR SISTEMINDO SAG TOROFDO
NAMOLUM OMSALLARIN TAPILMASI HAQQINDA
Valiyev H.P., Sorifov N.X.

Azarbaycan Texniki Universiteti

Toqdim olunan isde parabolik tonliklor sisteminin sag
torofindoe zaman doyigonindon asili namelum omsalin tapilmasi
haqqinda tors masalonin hallinin toqribi tapilmasi cohatlori aragdirilir.
{ I (l), u, (x,t), k=1, m} funksiyalar ciitlerinin tapilmas: haqqinda
asagidaki tors masaloya baxilir:

Uy — U = fy (Z) k (x’l’ul"”’um )’ (xal)e D= (051)X(0’T]v )
U, (x,O) =, (x)’ X e [0;1];

uk(O’Z):WOk(Z)’ uk(l’l):v/lk(l)’ ZE[O’T]’ (2)
I”k(xat)dx:hk(l)a te[O,T] 3)
burada g, () ¢, () wo, () vy () A, () k=1,m verilmis hamar funksi-

yalardir.

Qeyd edok ki, (1)-(3) tors namolum klassik hoallinin varligi,
yeganaliyi va ilkin verilonlorden kesilmaz asililigi cohatlari avvaller
[1]-ds aragdirilmigdir.

(1)-(3) mosolasinin  toqribi  hallinin  tapilmasi  ardicil
yaxinlagma {isulu ilo asagidaki sxem tizro aparilir:

M/(;H) - M;E;:]) = fk(x)(l)gk (x,t,u](x),,..,uf:)), (x’t)e D ’ (4)
uy (x,0)=, (x). x €[00} ul(0,2) =y, (¢),
w0 =y, ()< [o.7], ©)

S0 = B (0,0) -l (1), ()]

1 -1
x(j g, (x,t,ul(“'”),...,ug”))dxj . tefor] ()
0

burada £(t)e C[0.¢], u®(x.t)e C**'**”*(D) segilib (4), (5) miina-
sibotlorindon  s=0 qiymatinde u{"(x,s) funksiyasinin tapilmas
haqqinda diiz masalo sonlu fargler {isulu ilo hall olunur. Tapilmisg
u!"(x,r) funksiyalar1 vasitesilo (6)-dan 7")(¢) funksiyalari toyin
olunur vo (4), (5)-do s =1 qiymatinds proses davam etdirilir vs s.
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Toklif olunan alqoritm {izra tapilan toqribi hollorin mosslonin
daqiq halline y1gilmasi haqqinda asagidaki teorem isbat olunmusdur.

Teorem. Forz edok: 1) g, (x.z,p)e C‘““(B), g, (x.0,p)
funksiyast p  doyisonine nozeron Lipsits sortini  ddoyir,
o, (x)ec*[01] w,()ec™[0,T] h()ec"[0.T], i=0]1, k=1,m;
2) (1)~(3) mosolosinin klassik holli vardir vo f,(¢)e C*[0,7],
u,(x,t)e et (5)

Onda (4)-(6) sxemi iizra tapilan {£,"), u)(x,0), k =1,m|,
s=12,.. funksiyalar ciiti (1)-(3) mosolasinin doqiq halli olan
{fi(¢), u,(x,2), k =1,m} funksiyalar ciitino hondasi silsilo siirati ilo
yigilir.

Idobiyyat
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SONLU OBLASTDA DORD TORTIBLi ELLIiPTIiK TiP
OPERATOR-DIFERENSIAL TONLIK UCUN
BiR SORHOD MOSOLOSI HAQQINDA
Zamanov H.I.
Qafgaz Universiteti
hasan zamanli@yahoo.com.

Tutaq ki, 4, 4, (J =@) separabel H Hilbert fozasinda xotti
operatorlardir. H -da

u® )+ A'u(t) + 24: A, (Du(t) = f(1), 1 €(0,]) (1)

W(0)=u"(0)=0, w'()=u"(1)=0 )
sorhod mosalasine baxaq. Burada sanki hor yerds ¢e(0,1) igiin

f@Ou)e H .
A 0z-0zlina qosma miisbat olduqda asagidaki Hilbert
fozalarmi toyin edok

L,(O0)): H) = {f(t) o = [ flr@f dr} }
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WO H) = {u(e): A'ue L((OD;H), u® e L((0,1); H),
u'(0)=u"(0)=0, u'(H)=u"(1)=0,

N 4 I /2
L O S -
Wy ((0,1);H) L, ((0,1);H) Ly ((0,1);H)

Torif. Istonilon  f e L,((0,1); H) fiigiin elo yegano

u eVOV;‘((O,l);H ) funksiyasi varsa ki, o (1) tonliyini (0,1)
intervalinda sanki hor yerds 6doayir, onda deyilir ki, (1), (2) masalasi
regulyar holl olunandir.

Burada bir (1), (2) masalasinin regulyar hol olunmasi iiglin
kafi sortlor gdstoracayik.

Teorem. Tutaq ki, A 06z-6ziino qosma miisbot operator,

B, =447 (j= 0,4) mohdud operatorlardir, bels ki

4
Sa b )<t
Jj=

4j

j jl4 4_] - e
burada d,,=d,, =1, d,, = 4 ] j=13. Onda (1), (2)

masalasi regulyar hall olunandir.

O CBOMCTBAX HEKOTOPOTI'O OIIEPATOPA
AETEPMHUHAHTHOI'O TUIIA B GL(2m,R)

Aonyanaes C.E., Hacu6osa JI.M.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem

IMycte gano GL(2m,R) o0las JUHEHHAsI Tpynmna JIelCTBU-
TENBHBIX MaTpHll Topsaka 2m . PaccMoTpuM ONOYHYIO MaTpHILy
A e GL(2m,R) caenyoomero Buaa:

M N
A= L k) TJie MATPHUIIBI - OJIOKH UMEIOT MOpsAAoK m . [lycte H

M N
L K
yIOBIIETBOPSIONINX CIEAYIOINIEMY YCIOBHUIO:

MHOKECTBO OJIOUHBIX MaTpuIl THIIa 4 = [
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t _t _ *

MK~'NL = aE, . (*)
3[[601) a - HCKOTOpOEC Z[GﬁCTBHTGJ’H)HOC YHCJIIO OTJIMYHOC OT HYJIA U
Em - CAWMHUYHAaA MaTpulia HnopsjakKa m . Hama 1ejib YCTaHOBUTDH

anreOpandecKyro Nnpupoay MHoxecTBa H, W €ro cBsi3b ¢ oOIei
nuHenHoM rpynmnoit GL(2m,R) .

Jis equHUYHOM MaTpulsl E, umeeM:

[Em 0 J ,
E, = n'kE E =E ,7T0ecT,
0 E,
BhITTONHsIETCsT yenoBue (*), B ganHOM cinydae a=1. Takum obpazom
E, eH.
Paccmorpum orobOpaxenue, A:H — GL(m,R) onpenense-
Moe 1o popmyiie:
A(A)="MK—-'NL=aE . (**)
Orobpaxenue A:H — GL(m,R) Ha30BeM OIEpPaTOPOM JETE€PMHU-

HaHTHOI'O THIIA.
Paccmorpum yacTHBIN ciydaii, korga Matpuubl 4 U B u3

M 0
MHOXecTBa H  umerorT ciuepyomuid  BUJ: Az{o Kj,

P 0
B ={0 Sj‘ MHOXECTBO MaTpHIl TaKOro Buja 0003HAYMM depe3

DH . fcaouro, E, e DHcH.

Chauana TmoOKaxkeM, YTO MHOXectBo DH  3aMKHYTO
OTHOCUTCIIBHO YMHOKCHHA. I[J'DI 9TOI'0, AOCTATOYHO ITIOKa3aThb, 4YTO
otobpaxenue A:DH — GL(m,R) coxpaHseT Ipou3BeAcHHUE:

A(A-B)=A(A)-A(B).

Torna o orpeeNeHHIO A(A)="MK =aE "

A(B)='"PS =bE, nna uexoroppix a#0 u b#0. Beraucoum
3HaueHue omneparopa A B 4-B.

M 0)(P O MP 0
Tak kak A-B = . = ,

0 K)\{0 S 0 KS
TO
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A(A-B)="(MP)(KS)='"P('"MK)S='PaE, S =a'PS =

=abE, = A(A)-A(B). ‘
Wrak, mis nogmuoxkectBo DH c H, OJOYHBIX MaTpUIL
M 0
0 K

ycraHoBiieHO. TOYHO TaKKe YCTaHABIMBAETCSA CIPABELIMBOCTD
runoressl U s MaokectBa RH — H 6nounsix mMarpun mpasoro

JUaroHaJlbHOIo BHJaa { j CIIPaBE€IJIMBOCTDH HaIlle THUIIOTE3bI

M N
TPEYroJbHOI'O BUaAa ( 0 K , 1 IJIs1 MHOXECTBa OJIOUHBIX MaTpul

M 0
LH c H neBoro tpeyronbHoro Bujaa ( I K] u3 muokectBa H .
SN
LH J RH

DH=LH N RH

[Tony4yenHoe MOXKHO IPECTABUTH B BUJC TUATPAMMEI
Hrak nokaszaHo cienyromas
Teopema 1. [TogmuoxxectBa DH,LH u RH c H sBusiorcs

MOHOMJAMHM.
Jluteparypa

1. K. C. H. MACKENZIE, GENERAL THEORY OF LIE GROUPOIDS AND
LIE ALGEBROIDS (CAMBRIDGE UNIVERSITY PRESS, 2005).

2. L. X.YU, A. S. MISHCHENKO, V. GASIMOV MACKENZIE
OBSTRUCTION FOR THE EXISTENCE OF A TRANSITIVE LIE
ALGEBROID., RUSSIAN JOURNAL OF MATHEMATICAL PHYSICS,
VOL. 21, Ne 4, 2014, PP 544-548.
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HECTALIMOHAPHOE IBU/KEHHUE I'A3A C YIAPHBIMHU
BOJIHAMM NOJI JIEMCTBUEM
KPATKOBPEMEHHOT O YIAPA
AOnynnaaeBa A.P.
A3zepoaiidcanckaa Mopckaa Axademusn

[IpeanonoxumM, 4To B TEUYEHHE MaJOro BPEMEHM ¢ B ras
BBIJIBUTAETCSL TIOCKUH €O CKOpocThio U, KOTOpBIH CO3JaeT B rase
nasnenne I1, = pU}. Tlox neiicTBEEM TIOPIIHS B CPEIE CO3MAETCS
ylapHas BOJIHa CO CKOpocTelo D. Dbynem paccmarpuBaTh
aBTOMOJIENBHOE IBU)KEHHE.

Jns aBTOMOAENBHBIX JBUXKEHUIN CUCTEMA YPaBHEHUU ra30Bou
JUHAMMKH B YacTHBIX IPOU3BOAHBIX CBOJUTCA K CHCTEME
OOBIKHOBEHHBIX U QepeHIINaNbHBIX YpaBHEHUH OTHOCHUTEIBHO

HOBBIX HEM3BECTHBIX (DYHKIIMH aBTOMOJIEIFHON IIEpeMEHHON & . [1]
r

S=—,
R(2)
rae A-pa3MepHas KOHCTAaHTa, ¢f -OTBUHYEHHAas KOHCTaHTa, 7 -
KOOpIMHATa, Ha PPOHTE BONHBI » = R(¢), T.e £=1.

R(t) = At , (D

bynem wuckate pelleHHE CHCTEMBl YPABHEHUS Ta30BOMI
NMUHAMHUKH B BUJIE: [2]

P=p,R°h(E), p=pg). v=RI(£) @
rane h,g, f -HoBble Oe3pa3MepHble HCKOMBbIE (YHKIMH aBTOMO-
AeNbHOW TepeMeHHON & .37ech TOYKa O3HAa4aeM IPOM3BOJIHYIO IO

BpPEMEHH , a ITPHUX Oe3pasMepHyI0 KOOPIUHATY.
IoacraBnsast (2) B cucreMy ypaBHEHHSI T'a30BOW JUHAMHKH
HOJIyYUM CIIeIyIoIue OOBIKHOBEHHOE, ypaBHEHHE BU/E [2]

&+B{f’+(f—§)(lng)/ +(v—1)1}=—£,a %0,
p, R g o

B re-ar+t=o
g
R d

ST PR+ (f=E)Inhg” =0

3)
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. R ¢
Po _ const™ ,4to jgaer p, =Bty =-"L
pO R Cv

3amaya 3aKJIIOYaercs B TOM, YTOOBI HAlTH 3aKOH ABM)KEHHS rasa-
¢ynkuuu P(r,t), p(r,t), v(r,t), yIOBIETBOPSIONINE TPAHUYHBIC

R
3necy — # 1,
R

ycioBus Ha (PPOHTE yAAPHOM BOMHBI & =1.

2 +1 2
hh=——, g)=L", fy=—" )
y+1 y—1 y+1
PaccmatpuBast 3amady ¢ TOYKM 3peHHE MaTeMaTHKa JUis
3HaueHut «a =0,6, y=14, B=0 TmnonydyeHO NPUOIIKEHHOE

pelieHue Buje:

h(§)=%(5—4§)'l’5, g&)=6(5-45"" | f(§)=\/§(1—2§)‘

Takum 00pa3oM, OKOHYATEIBHOE MPUOIMKEHHOE PEIICHUE CUCTEMBI
YpaBHEHMI T'a30BOI JUHAMUKM MOJIYYEHO B BUJIE:

P:%(S _45)—1.5Z2(a—1)’ v = \/g(l —Zé)la_la p=6p,(5 —45)—1.4

AHanu3 pemeHHus TOKa3biBaeT, 4YTO 3a (POHTOM BOJIHBI
JaBJeHUE, TIJIOTHOCTh M CKOPOCTh YMEHBIIAIOTCS. XapakTep
MPEACTBHOr0 PEIeHHUs 3aBUCHT OT (POPMBI UMITYJILCA JIABICHHSL.
Jluteparypa
1.Cenos JI.H. “Mexanunka crutomHon cpens” T.1.2. 1999 1.
2.Cranrokosnu K.II. “HeycranoBuBIeecs ABUKEHHUE CIUIOUIHOM
cpensr” 1975 1.

METOAUKA PEHIEHUSA CUCTEM
AJTEBPAMYECKHUX YPABHEHUM
Aonyaaaesa I'.3., Taxuposa I'.M.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
a.q.z.41@mail.ru , gtahirova2@gmail.com

Hambonee w3BecTHbIE BUABI alNreOpandecKuX CHCTEM
ClIeflytoIue:

- uenmple  anreOpaMydecKhe CHCTEMBbl  (CHMMETPHUYECKHE
CHCTEMBI, OTHOPOTHBIE CUCTEMBI);

- CHCTEMBI, CBOJMMBbIE K HHUM OINEpalusiMid YMHOXXEHUS U
BO3BEJICHUSI B CTelleHb (IpOOHO-pallMOHATILHBIE CUCTEMBI, CHCTEMBI
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WPPAIMOHATIBHBIX YPABHEHHH, CUCTEMbI C MOJYJISIMH ); @ TAK¥KE

- HEKOTOpBIE PACIpPOCTPAHECHHBIC THUIIBI 3aJ[a4, CBS3aHHbBIC C
cucreMaMu (CHCTEMbI, pEIIaeMble B IICIBIX YMCIIAX; ypPaBHEHWUS,
CBOJIUMBIC K CUCTEMaM);

- CUCTEMBI, B KOTOPBIX KOJIMYECTBO YPABHEHUI HE COBMAACT C
KOJINYECTBOM HEH3BECTHBIX;

- CUCTEMBI, COJICPIKAIIUE TapaMETPhI.

B aT10li cTaThe paccMaTpUBarOTCS CUMMETPUYECKUE CHCTEMBI
M YKa3bIBAIOTCS BO3MOXHBIC CIIOCOOBI PEIICHUH W TPUBOASTCS
MIPUMEPBL.

MHoOrowieH oT JIByX NEpeMEHHBIX f{x,)) Ha30BEM CHUMMET-
PUYECKUM, €CJIM OHA HE M3MEHSETCS OT MEPECTaHOBKU OYKB X H ),
T.€. JUIS JIFOOBIX 3HAYCHHIA X U ) BBITIOIHSIETCS PABEHCTBO

Sx)= fy,%).

AHAJIOrMYHO, CUCTEMY JBYX aJireOpanuecKuX YpaBHEHUU C
JIBYMsI HEU3BECTHBIMU X U Y

{ S (x,») =0,
g(x,y)=0
Ha30BEM CHMMETPUYECKOH, eclii 00a MHOTOWIEHA f(x,y) U g(x,y)
SIBJISFOTCS. CAMMETPHYCCKUMHU MHOTOWJICHAMH.

[lpu peleHUM CHUMMETPUYECKMX CHCTEM ajireOpandecKux
ypaBHEHUI PEKOMEH/IyeTCsl BBOJUTh HOBBIC HEU3BECTHBIC U U V

u=x+y,la

a

11 12

v=xy. \a, a

21 22

Yacro BCTpCUAIOIMMHUCA B CUMMCTPUUCCKUX CUCTEMAX BbIpa-
KCHHUAMU ABJIAIOTCA:

x* 4yt =u’ +2v,
x4y =u(u2 —3v),
2
xt+yt = (u2 —2v) -2V =u' —4uv+2v’,uta
Brirona Takoit 3aMeHBl HEM3BECTHBIX 3aKII0YAeTCs B TOM, UTO
CTENEHN MHOTOWICHOB B pE3yNbTaT€ 3aMEHBl YMEHBINAIOTCS, U

CHCTeMa CBOJUTCS K Oojiee MpoCToi.
Ipumep 1. Pemuts cucteMy ypaBHEHHI

x+y=13,
x*+y =793.
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Pemenune. /lanHas cucreMa HeE SBISETCA CUMMETPUUYECKOM.
2
[Tonoxum X~ = z , TOrga NOJy4YuM CUMMETPUYECKYIO CUCTEMY.

z+y=13,
2> +y’ =793.
CrenaB MOJICTAHOBKY u=z+Yy, V=z), TOJIY4YHM:
u=13, u=13, z+y=13, z=9,y=4,
, =3 =3 =
u —3uv=1793 v=36 zy =36 z=4,y=9

OtBeT. (x,)) € {(3;4);(-3;4);(2,9); (-2;9)} -
Teneps nepelieM K pacCMOTPEHUIO CHUMMETPUYECKUX CHCTEM
C TpeMs HEU3BECTHBIMH. AITeOpanvecKuii MHOTOWIEH Tpex
nepeMeHHbIX f(X,),z) Ha3bIBa€TCsd CHMMETPHUUYECKUM, €CITH:
Jw2)=fx2)=f(czy)=fnz0=/z1)=/zx))
AnreOpanyeckass cucTeMa TpeX ypaBHEHHH ¢  Tpems
HEU3BECTHBIMU X, V), Z
fl (x,y, Z) =0,
fz (x,y, Z) =0,
f5(x,,2)=0
Ha3bIBAETCS CUMMETPUYECKOH, ecnu f(x,y,z), i =123 cuMMmerpu-
YeCcKHe MHOTOUJIEHBI CBOMX IEPEMEHHBIX.
Takue  cucreMbl YPaBHEHMH  pelarTcs  TPOUHOMU
[IOICTAHOBKOM:
u=x+y+z, v=xy+yz+xz;, w=xz.
[Mocne HaxokaeHUs u, v, w Ha OCHOBE OOpaTHOW TEOPEMBI
Buera, numeeM:
£ —ut’ +vt—w=0,
KOpHU KOTOporo f,f,,f, B pa3jM4YHBIX IEPECTAHOBKAX SIBJIAIOTCS
PELIEHUSMHU UCXOTHOW CUCTEMBI.
UYacTto BcTpeuarolecs BhIpaKEHUS B TaKUX CHCTEMaX MOTYT
OBITH MepenucaHbl Uepe3 U, vV U W CIEAYIOIINM 00pa3oM:
Xy +zi=u’ -2v,
X +y +z =u’ -3uv+3w.
Takas 3aMeHa BeJIeT K YIPOIIEHUIO HCXOIHOM CHCTEMBI.
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IIpumep 2. Pemmts cucteMy ypaBHEHHI:
xX+y+z=3,
X' +y +z° =9,
X +y +z=27.
Pemenne. Tak kKak cucrema SBJISIETCS CUMMETPUYECKOH, TO,
cIeNaB TPOMHYIO MOACTAHOBKY u=x+ty+z;, v=xytxz+yz; w=x)z,
HMEEM:

u=3, u=3,
u' -2v=9 S<v=0,
w =3uv+3w=27 w=0.

BosBpamasick kK HICXOAHBIM MIEPEMEHHBIM, ITOTYYHM:
X+y+z=3,
xy+xz+yz=0,
xyz =0.
Ortcronia, IpUXOAUM K OTBETY
(x,1,2) €{(3;0;0);(0;3;0); (0, 0;3)} .
IIpumep 3.Pemnts cucteMy ypaBHEHHI
x+D(y+D=10
(x+»)(xy+1)=25
Pemienne. 3ameruM, mpoaHaNIM3UpPOBAB o0a ypaBHEHHS
CHCTEMBI, UTO OJJHOBPEMEHHas 3aMeHa x Ha y,a y Ha x HE U3Me-
HSET ypaBHeHHH cuctembl. CleoBaTelbHO, JaHHast anredpanyeckas
crcTeMa OTHOCHUTCA K CHMMETpHUYECKHUM cuctemam. [IpeoOpazyem
ypaBHEHUSI CHCTEMBI, BBIJIEIISISI B HUX BBIPAsKEHHS
X+y uxy:
xy+(x+y)=9
(x+y)xy+1)=25
Cnenaem MoAcTaHOBKY #=x+), v=xy. Toraa cucrema npumer

BUJL:
u+v=9
u(v+1)=25

Pemass oty cucreMy, HaxoquM ¢ CIMHCTBEHHOE pPEUICHHE
u=>5, v=4. BeimonHsas o0OpaTHYIO MOJCTAHOBKY, IOJly4aeM OTBET:

() e{(1;4); (41} .
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YIIPA’)KHEHUSA B CUCTEME METO/JI0B OBYUEHU S
Aonynnaesa I'.3.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem
a.q.z.41@mail.ru

B nmunmakTrke M MeToqMKe 00yYeHHS MAaTEMaTUKE JUTUTEIbHOES
BpeMsi HauOojee pachpoCTpaHEHHbIMH OBUIM JIBa MOAXOAa K
KJaccu(UKaIi METOJJ0B 00yIEeHUSI.

OIH U3 HUX UCXOIHUT U3 UCTOYMKOB 3HAHUIA:

1) ciioBeCTHBIE METO/IBI;
2) HaTJISAHBIE METOJIbI;
3) IpaKTUYECKUE METOIBI;

B ocHoBe apyro#t knaccu(UKanyy JIeKaT HeNd, COCpKaHue 1
XapakTep MOo3HaBATEIbHOM NeATeIbHOCTH YIalHXCS:

1) 00BSACHUTENBEHO-HILTIOCTPATHBHBIN METOI;
2) penpoayKTUBHBIN METO;

3) Meroa MpoOJIEMHOT'0 U3JIOKEHUS 3HAHMIA,
4) 3BpUCTUYECUKI METOS;

5) uccienoBaTenbCKUi METO/.

Ecnu nepBas xiaccuukaiysi METOI0B 00ydeHHs OTpakaeT B
OCHOBHOM ()OpMY [CSTEbHOCTH YUYUTENs W YYEHHKa, TO BTOpas
MCXOJUT U3 CONEpIKaHMsI ITOW AesTensHocTH. OHAKO, CoAepKaHue
U (hopma Hepas3pbIBHBI, MO3TOMY MOHATH CYIIHOCTh SIBJICHUS MOXHO
JHIIb C YYeTOM ero cojaepxkanus u ¢opmbel. Mcxoms u3 3toro
NPENCTABIISCTCS 11eIecO00pa3HbIM OIMUCAHUE METOJO0B OOy4YeHUs,
YUYHUTBIBAsi OJJHOBPEMEHHO M COJACPKAHUS JEATEINbHOCTH YYUTENs W
y4eHHKa (BHYTPEHHIOIO CTOPOHY METOAOB) M ee (opMy (BHEUIHIOO
cropony MeronoB). [Ipencrasienue o TakoM MeToe 00ydeHUs AaeT
clenyromas Tadnuia;

Meronsl 1o Merto/1bl 10 XapaKTePy AEATEIbHOCTH

HUCTOYHUKY O6bsicau- | Penponyk | OBpuctu | [Ipobnem- | Mccie

3HaHUI TEIBHO- -TUBHBIN -4ECKHMIl | HOE U3JI0- | JI0Ba-
HJUTFOCTPA JKEHUE TENb-
-TUBHBIN 3HAHUU CKHI

CrnoBecHbIe

Harnagusie

[IpakTuyeckue * * *
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VY4uThIBas HCTOYHHUK 3HAHUM, TTOJTydaeM CIIEAYIOIINE BHIbI
00BCHUTENBHO-WITIOCTPATUBHOIO METO/IA:
1) oOBsicHEeHUE (pacckas, Jiekius , Oecena);
2)00bSCHEHHE C HCIONb30BaHHEM HJUTIOCTpAIMA, JEeMOHCTpaLnH,
OOBsICHEHHE C BBIMOIHEHHEM pAa3JIMYHbIX MNPAaKTHYECKUX pabdoT
(u3mepeHuii, mocTpoeHuit u T.1.).

I'pynna penpoayKTHBHBIX MeTOAOB. ['pynma penpomyk-
TUBHBIX METO/OB 3aKJIIOYACTCs B CO3JIaHUM CUTYaIlMid, B KOTOPBIX
100 y4YEeHHWK BOCHPOHM3BOIUT MOHSATHE WM TEOPEMY B MpoIecce
pemieHus 3ajad, JU00 pEIIeHHE 3alad CIYKUT MaTepuaioM JUIs
0000111eHNsT U3yYSHHBIX (PAKTOB.

IIpumepsnr:

1.BocmiponsBenenne TeopeMbl 0 CyMMe KBajpaTa IBydWlIeHa
OCYLIECTBIISIETCS B MPOLIECCE BHIMOIIHEHUS YITPAKHEHUI:

BepHbI 11 paBeHCTBA:
a) (a+b)’ =a’ +2ab+b’ 6) (a—-7)'=a’-14a+49
B) 3+x)" =9+3x+x" r) (—=x+5)" =x>—10x+25
n) (a—2b) =a’ —4ab+b’

BellloslHEHME  yNpaKHEHUM  BO3MOXKHO € IO3TAIlHBIM
WCTIOJIb30BAaHHEM TEOPEMBI.
Jiis aToro QopmynupoBka TEOpEeMbI pPa30MBAECTCA Ha SJICMEHTHI:
«KBampar nBywieHa /paBeH CyMMe TpeX BBIpKEHMIA: /KBajaparta
MEepBOro 4YiieHa, /yABOCHHOT'O MPOM3BEIHHMS IEPBOT0 WieHa Ha
BTOPOH / ¥ KBaJpaTa BTOPOTO WIEHA».

2. TeopemMa o0 cymMMe CMEXKHBIX YIJIOB MOXET OBITh
BOCIIPOM3BE/ICHA TIOCPEICTBOM peIIeHHS 3ajJad Ha HaXOXICHHE
OJTHOTO M3 CMEKHBIX YIJIOB, €CITU 3a/1aH IPYTOM.

3. BomonHsAs ynpakHeHHS Ha BOCIPOU3BEACHHE YMHOXKEHUS
JBywieHa Buaa (a—b) Ha ABywIieH Buaa (a+bh) Ha OCHOBE
npaBuUja YMHOXKEHHS MHOTOWIEHa Ha MHOTOWIEH. Yualuecs
HOJIy4aloT U3BECTHYIO hopmyny: (a —b)a+b)=a’ —b",

I'pynna 3BpucruyecKux MeToa0B. ['pyrnna penpo yKTUBHBIX
METO/IOB 3aKJII0YaeTcs B CO3JaHHH CHUTYallMH CaMOCTOSTEILHOTO
OTKpBITHA (H)aKTOB B TMpOIECCe H3YUYEHHS YacCTHBIX CIly4aeB, B
OTKPBITHHM YacTHOCTEH Kakoro-mmbo ¢akra TpH PacCMOTPEHHH
00I1Iero CiTydas, B CaMOCTOSTEIBHOM 0000IICHUY.
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IIpumepsnr:

1.YnpaxkHeHUs: Ha YMHOXKEHHE CTENeHeW C OJMHAKOBBIMU
OCHOBAHHUSIMH TNPUBOIUT K OTKPHITHIO ONpEETeHUs] MPOU3BENECHUS
CTeTeHel ¢ OIMHAKOBBIMU OCHOBaHUSIMHU.

2.Pemienrie KOHKPETHOT'O KBaJIPaTHOTO ypaBHEHUS MO 0OIIeH
(dhopMyJie MPUBOIUT K 3aBUCUMOCTU MEKIY 3aJaHHBIMU KO3 du-

IIMEHTaMHI TIPH X, X M CBOOOJHBIM WICHOMH KOPHSMH JaHHOTO
ypaBHEHHUSI.

3.U3mepsisi cTOPOHBI M YTIIBI MPOU3BOJILHBIX TPEYTOJIBHUKOB,
YYEHUKH OTKPBIBAIOT 3aBHCUMOCTb MEXKIY YIJIaMH M CTOPOHAMH
TPEyrojibHHUKA, MPOTUB OOJIBIIEH CTOPOHBI TPEYrOJbHHKA JISKUT
OonpIINE yron 1 Hao0OpOT.

I'pynna wucciaenoBarelbckux MeToa0B. [pymmna 3BpUCTHYECKHX
METO/IOB 3aKJIIOYAETCsl B TMPOBEACHUH HMCCIIENOBAHUN MOCPEACTBOM
W3YyUYEHHS UX KOHKPETHBIX MPOSBJICHU, OpraHU3aliy UCCIIeAOBaHIN
MOCPEACTBOM JACAYKTUBHOTO pPa3BUTHSI y4yeOHOro martepuala, co3-
JaHWS CUTYallli, TPUBOASIIMX K 0000IICHHOMY 3HAHHIO.
IIpumepsnr:

1. Tpeamonoxum, 4YTO ydalHecss 3HAKOMBI C MOHATHEM
napajjieiorpaMmma, €ro CBOMCTBAMM M MpU3HAKaMU. BBITONHSAA
nepernOaHre pa3MYHBIX MOJENe MapajulenorpaMma, ydaliuecs
MPHUXOAAT K BBIBOMY, YTO HEKOTOPBIC U3 HUX UMEIOT OCH CHUMMETPHH.
[Mocne Toro MCceayoTes CBOWCTBA Mapaie/uiorpaMMa, HMEIOLIEro
OCb CHMMETpHH. YdYammecss BHIAT, UTO 4YacTHBIE cCIy4au
napajiemiorpaMma (psMOYTOJIbHUK, POMO, KBaJIpaT) ONpeAcisitoTCs
pacIMoNoKEHNEM M YUCIOM WX OCeld CUMMETPUH. 3aTeM H3ydaroTcs
TH BHJIBl [apajenorpaMma, BBIJEISIIOTCS oOlIMe CBOWCTBA,
pasnuyMs, pacCMaTpPUBAIOTCS NpPAKTHUYECUKE MPUMEHEHUs MOMy-
YEHHBIX BBIBOJIOB.

2. PaccmarpuBas pasnuuHBIE  CIy4ad — PaCHOIOKEHHS
BIIMCAHHBIX B OKPYXXHOCTH YTJIOB, MOXXHO «OTKPBITB» H3BECTHYIO
TEOpeMy O TOM, YTO TpajycHas Mepa BIHCAHHOTO Yrjla paBHA
MOJIOBUHE TPaJyCHON MEpHI AyTH, Ha KOTOPYIO OH OMHUpAaETcs.

3. JleAyKTHBHO-HCCIIEAOBATENbCKHA  MeTon  OOy4YeHHs
3aKIIOYaeTcss B OpPraHM3allil  HMCCICAOBAaHMM  MOCPEACTBOM
JEIYKTUBHOIO Pa3BUTHs yuyeOHOro marepuana. OH TpPOSBISICTCS B
TakuxX (popmax, KaKk aKCHOMaTHUECKHI METO/I, METOJl MOAETHPOBaus,
pellieHre 3a/1a4 Ha TPUMEHEHUE TEOPEM.
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[MpuBenem emie HECKOJIBKO TMPUMEPOB  HCIIOJIL30BAHUS
yIPaXXHEHUW B KavyeCTBE (HOPMBI SBPUCTHUECKUX M HCCICIO-
BaTCIIbCKUX METO10B O6y‘IeHI/ISI MaTEMaTUKeE.

BBenenuto noHsATHs apupMETHIECKOT0 KBATPATHOTO KOPHS UX
YKCIIa MOYXHO TIPEAINOCIIATh YIIPaKHCHUS THIIA:

1) VkaxuTe [Ba TPOTUBOIOJIOXKHBIX 4YHCIA, TakKde, 4YTO
KBaJIpaT KaXJI0ro U3 HUX paBeH: a)16; 0)0,25.

2) Inomamp kBagpara paBHa 400 ¢y’ . Yemy paBHa iHHA
€ro CTOpOHBI?

3) HaiiguTe HEOTpUIIATEIILHOE YUCIO X, TAKOE, YTO BEPHO
PaBEHCTBO:

a)x’=81;0) x’=0.36.

4) Haiimute HeoTpHLATENBHOE YHCIO, KBaJIpaT KOTOPOTo

paBeH:
a)144; 6)0,25; B) 0.

Urtak, ynpakHeHUS 3aHUMAIOT Ba)XHOE MECTO B CHCTEME
MeToJI0B 00ydeHusi. OHM SBIISIOTCA OJHOW W3 (OPM peanmu3aluu
MOYTH BCEX TPYII METOI0B 00yUeHHsT MaTeMaTHKe.

OB OJJHOM TPAHUYHOM 3ATAYE NIEPUOJUYECKOTO
TUIA AJSA YPABHEHUU BTOPOT'O MOPAAKA C
OINMEPATOPHBIMU KO®O®UIIMEHTAMU
AraeBa I'.A.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem

Paccmorpum B cenapaOenbHOM THIBOEPTOBOM MPOCTPAHCTBE
H xpaesyio 3amauy
—u"() + p(O) Au() + (4 +B)u' () + (4, + Bu(t) = (1), £ € (O.1), (1)

u(0)=e"u(), u'(0)=e"u'(), a € R=(-0,»), )
rne f(t) ¥ u(f) BeKTOp-QyHIIUH, ONpeneNeHHbIE B HHTEpBaje
(0,)  moutM BCIOAY CO 3HAYeHWUsSIMU B H , T1IpuueM

F(t)e L0 H), a u(r) e W2((0,); H), rie
L2 (.1 H) =1 f(0): ||f||L2((O,]);H) = (I”H(’)Hz dt) ’
W20, H) = fu(t) :u e L, ((0.1); H), Au € L, ((0,1); H),
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4

swonan *|4°
Ly ((0,1);H)

1
Il = A o}
W (0.1:H) Ly ((0.1):H)

[peanonoxum, uyTo Kod3pPuIHeHTs ypaBHeHus (1) yaoBier-
BOPAIOT CIIEIYIOIINUM YCIOBUSM:

1) A- TONOKHTENLHO ONpENETIEHHBI  CaMOCONPSKEHHBII
omneparop B H ;

2) p(¢t) ckamgpHas OrpaHWYeHHas wu3MepuMas QyHKUuS,
omnpeneneHHass B wuHTepBane (0,1) IOYTH BCIOAY, MPUYEM
O<a<f<om;

3) omeparopsl 4, A™' u A,A” orpannucHsl B H

4) omepatopbl B, A”' u B,A” BIOIHE HENPEPIBHBI B H .
OrnpeneniM MoApocTpancTsa mpocrpanctsa W, ((0,1); H) :
W01, Hya) = {u(t): u e W, ((0,1); H),u(0) = e“u(l),

u'(0) =e"u'(1)}
¥ CIeIyIoLIMe onepaTtopsl, aeicrBytoume u3 W, ((0,1); H;a) B
mpoctpancTBo L,((0,1); H):
Pu =—u"(t) + p(t) A’u(t) + Au'(t) + Au(t), u € W, ((0,1); H; )

Lu =—u"(t)+ p(t) A’u(t) + (A + B)u'(t) + (4, + B,)u(t).
Hmeet mecTo ceayroIue TeOpeMBl.
Teopema 1. Ilyctp BbIMONHAIOTCS yCnoBUS 1)-2) U HMeer
MECTO HEPaBEHCTBO

1
2Wa |
Torma omepatop P wu3oMoppHO o0OTOOpaXkaeT MPOCTPAHCTBO
W, ((0,1); H;a) na npoctpanctso L, ((0,1);H) .

Teopema 2. IlycTh BBINONHSIOTCS BCE YCIOBUSA TeopeMbl 1 u
ycinoBusi 1), Torma L ectb (peAronbMoBBIE  omepaTop,
peiicryroumit u3 W,'((0,1); H;a) B L,((0,1);H) .

OTrmeruM, 4YTO B YacTHOCTM TpU o =27k, keZ u

|+~ <1, (1)

a= %(21( +1); keZ ™Mbl momyyaeM YCIOBUSI pa3pelIMMOCTH

MEpUOUUECKON U aHTUTIEPUOANYECKOH 3a1auu, i ypaBHeHus (1),
COOTBETCTBEHHO.
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O IMCKPETHOCTHU CIIEKTPA JUO®PEPEHIIUAJIBHOI'O
OINEPATOPA UETBEPTOI'O NIOPAJKA C PACTYLIUM
HNOTEHIIMAJIOM
AzumoB AX.,
bakunckuii I'ocyoapcmeennviii Ynueepcumem,
azer.ezimov@socar.az
Jiisazos I.X.

Hucmumym Mamemamuxu u Mexanuku HAH A3zepoaiidicana
eyvazovelshad@gmail.com

B Hacrosme#l paGore B mpocTpaHctBe L,(R,) yCTaHAaBIMBAETCS

JIACKPETHOCTh ~ CNIEKTpa  omeparopa f, KOTOpbIi  sBisieTCs

3aMbIKaHWEM omnepatopa | nefictyromero no gopmyie
4
Hu= [z a,D* + q(x)Ju(x)
al=1
C 00macTpi0 oOmpeneneHus D(Hq)ngc (R) (cr (R,)- cosokym-
HOCTb BCEX (PUHUTHBIX OeckoHeuHO auddepeHIupyeMblX B R,
GyHkimii), Tae g(x)- BellecTBEHHas u3MepuMmas QyHKIMdA, a, -

BCHICCTBCHHOC YMUCJIO, €CIIN |Ot| - YCTHOC, YUCTO MUHUMOEC, €CJIN |Ot|

- HCYECTHOC.
By[[eM npeamnojaraTtb, YTO BBIIIOIHCHBI CJICAYIONIUE YCIIOBUA!

a ) ‘I(x) € L2,loz' (Rn );
b) lim q(x)=+o0;

4
&) Vp=(p,,pssp)eR, = G(p)=D (i)' a,p* 20;

‘a‘:l

d) lim G(p)=+o.tae p* = pi" - pt* oo pi w |p|=\ 3P0
k=1

Ucnonesys pesynbraThl padot [1-3] nokazana cneqyromas
Teopema. Ilycte BeIIONHSIOTCS YycnoBus a)—d). Torma Juis

moboro A e p(H q) pe3obBeHTa (H ,—M )' oneparopa H, sBis-
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€TCA KOMIIAKTHBIM OII€PATOpPOM, T.€ CIICKTP OIICpaTopa Hq COCTOHUT

13 COOCTBEHHBIX 3HAUYEHHN KOHEYHOW KPaTHOCTH, M UX TPENeTbHON
TOYKOW MOXKET OBITh TONBKO A = 400 .

JIuteparypa

1.

Amue A.P., DiiBazoB D2.X., O JIUCKPETHOCTHU CHEKTpa
MarHutHoro omneparopa Ilpénunrepa, DyHKL. aHAIM3 U €ro
npui., 46:4 (2012), c.83-85.

Aliev A. R., Eyvazov E. H., On discreteness of the spectrum of a
high order differential operator in multidimensional -case,
Proceedings of the Institute of Mathematics and Mechanics,
National Academy of Sciences of Azerbaijan, Volume 40,
Number 1, 2014, Pages 28-35.

Pun M., Caiimon b., MeToasl COBpeMEHHON MaTeMaTHYeCKOM
¢usuky, Ananms omeparopos, T.4., M.: Mup, 1982, 430 c.

OINNPEJAEJIEHUE KO®OUIMUEHTOB HAT'PYKEHHBIX
KPAEBBIX 3AIAY C HEJIOKAJIBHBIMMU Y CJIOBUSIMUA

Aiina-3ane K.P., AOaynnaes B.M.
Hu-m Cucmem Ynpaenenus HAH Azepoaitorcana,
A3zepb. I'ocyoap. Yuusepcumem Hegpmu u Ilpomviuinennocmu
kamil aydazade@rambler.ru, vaqif ab@rambler.ru

PaccmartpuBaercst 3aaya BOCCTAHOBJICHUSI KOD(PQPHUIMEHTOB IS

HaArpy»KeHHOro napaboIMuecKoro ypaBHEHHUS :

%z 30 0uxn+ N gu) + FosC)+ g

+ f(x,1), (x,0) e Q=(0;a)x(0;T].
3neck 3(x,t) — IMHEHHOM ITMITHYECKON omepaTop:

()= 5<x,z)§7 e, (x,z)g & (). )

N(x,t) — JHMHEHHBIA ONEPATOp HATPYKEHUs, OTHOCUTEIbHO

KOTOPOT0 PACCMOTPEHBI CIICAYIOIIHE BHIBI:
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N(x,Hu(x, 1) = ili (x,Du(x,,1), (3)

N(x, Du(x,1) = ili (e, u(x, 1) - “4)

3nech u(x,t)- Gynkuus pasosoro cocrosmus; X, £, s=12,..1 -

3alaHHBIC TOYKU HarpyxeHus, &(x,t) >0, & (x,t), &, (x,1), f(x,1),

b.(x,t), b (x,t)- 3anaHHble (QYHKIMH, HEMPEPHIBHbIC MO CBOMMH

apryMmeHTam.
B 3aBucumoctu ot BeiOopa (3) wim (4) ¢yukuus F(x,t;C)

COOTBCTCTBCHHO MMECCT OJWH U3 BUIOB:

F(x,t;C)= ZIZB[ (x,0)C.(2), 5)

F(x,t;C) = 23[ (x,)C.(x). (6)

3necy B,(x,t) — 3agaHHBIE HENPEPBIBHBIC JIMHEHHO-HE3aBUCHMBIC
¢ynkunu, C.(x) u C(¢) moanexart onpenenenuto, i =1,2,...,1 .

Hns ompenenenuss unaeHtudunupyembix ¢ynkuudi  C,(x),

C.(t) nmeroTcs cienyoure HadyalbHO-KpaeBble YCIOBUs, 3alaHHbIe

B BHIC HEPA3ACICHHLIX MWHTCTPAJIBHBIX W TOUYCUYHBIX 3HAYCHUM
(ha30BOr0 COCTOSIHMSIL.

B ciydae oneparopa HarpyxkeHus (3) HadadbHO-KpaeBbIE U
AOIOJHUTCIIBbHBIC YCIIOBUSA UMCIOT BU/:

u(x,0)=¢(x),0<x<a, (7)
X;+A

| D (x,t)u(x, 1)dx + iﬁj OIEI)) +i5¢ (Ou(x,,t)=L, (1), (8)

1]
i=1
a B ciIydae oreparopa HarpyxeHus (4) ycinoBus 3a/1aHbl B BHJIE:

[,+A,

i J‘I?, (e, Ou(x,t)dt + 21?, (x)u(x,2)+ ili (X)u(x,2,)=L,(x), (9)

= 7
:

u(0,0) =y (1), u(a,t)=w,(t), 0<t<T. (10)
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e 7, t,,t, — 3a/aHHBIC YIOPSJ0YCHHBIC MOMCHTBI BPEMCHH H3

[0,7] Te 0<f<i,<T, 0<7 <7 <T,

<T, 0<t <t

+1
t,+A, €[0,T]; min(t_l,fl):o, max(t_,]JrAl,i):T M Ui BCEX

i=12,.,0, j=12,..1, BbIIONHIETCA yCIOBUE thE[fi,fiJrAi]; u

X, ,X;,x, €[0;a], 0<Xx <X, <a, 0<X <X, <a,
0<X <X, <a, X +A €[0,a], min(%,, %, )=0,
max(y_cll +A, X, )=a u gnt Beex =120, j=12,..,1
BBIIIOJIHSIETCS.  yCJIOBHE X, € [)_Ci,)_ci + Ai]; ¢yakuuun  @(x),

w, (), w,(t), (I+1)-Mepusie bynkmmn K, (x,), I?j(x), Ii(x),
Ly(x) u (I+2)-mepurte dynkunn D,(x,t), D, () , D,(t), L,(t)

3aJaHbl U HEPEPHIBHEI 10 CBOMMH apryMEHTaM.

TpeOyercs onpenenuth u(x,t) U [-MepHYIO BEKTOP-(QYHKIIHIO
C(t) B cmyvae 3amaun (1),(2),(3), (5), (7),(8) 3amaua A) unu C(x)
st 3anaqn (1),(2),(4), (6), (9),(10) (3agaua B).

[IpeanoxkeH mOAXON, OCHOBaHHBI Ha TNPUMEHEHWH METOoAa
NpSIMBIX U CBEJICHWW UCXOJHOM 3a/1a4M K 3ajJlaue MmapameTpuiecKon
uaeHTH(GUKAIMU 1711 OOBIKHOBEHHBIX JH(QepeHIInalbHbIX YpaBHe-
Huit [1-3]. Jlamee wucmonmb3yercss CHelHUaIbHOE TMPEIACTABICHUE
pElIEHUs] MOJYYEHHOW KpaeBOM 3a/laud OTHOCHUTEJIBHO JIMHEWHOU
cucrembl au(depeHnnaIbHbIX YpaBHEHUH C HETOKaIbHBIMH YCIIO-
BUSIMH, C MOMOLIBIO KOTOPOro 3ajada MapaMeTpHYecKod HJICHTH-
(uKaIMK CBOIUTCS K PEIICHHIO BCIIOMOTaTENbHBIX KPaeBbIX 3a/1au U
OJIHOH CHUCTEMBI aJIreOpandecKiX ypaBHEHHH.

AHaJIOTHYHBIN TOIX0A NPUMEHEH K PEelIeHWI0 OOpaTHBIX 3ajad
OTHOCHTEIBHO Harpy)>XeHHOro JuQQepeHHalIbHOr0 YpaBHEHUS
TUMEpOONTNYECKOr0 THIMA MPHU HENOKAIBHBIX YCIOBUSAX IIEepeornpe-
JIeTICHUSI.

Bbumu ipoBenieHbl MHOTOYHCIICHHBIE YHCIIEHHBIE KCTIEPUMEHTEI
Ha TECTOBBIX 3aJladyax C MPUMEHEHHEM IMPEJIOKEHHBIX B JIAHHOU
paboTe GopMyII U CXEeM YMCICHHOTO PelieHUs. Pe3yabTaThl SKCIIepPH-
MEHTOB IMOKa3aj¥ JIOCTATOYHO BHICOKYIO 3(P(PEKTUBHOCTh IS MPaK-
THYECKOT'0 IPUMEHEHHS OMMCAHHOTO MOIXO0/1a.
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I'PAHUYHASA 3AJAYA JJIS1 YPABHEHUSA KOLIU-
PUMAHA HA IIOJIOCE
Ammen H.A., Axmenos P.T'.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
http//nihan.jsoft.ws, ahmadov_ramiz@hotmail.com

MHorouuciieHHbIe paboThl it ypaBHenus Komu-Pumana B
Pa3IUYHBIX OrPAaHUYCHHBIX IUIOCKUX 00JacTIX ¢ Pa3IMYHBIMU
HEJIOKAJIbHBIMU W TJIOOAJbHBIMU  CJIaraéMbIMH B T'PaHUYHBIX
ycnoBusix u3ydenbl xopomio [1]. IToutm Bo Bcex 3TmX paboTax ¢
MOMOIIIBIO (DYHIAMEHTAJILHOTO pelieHus ypaBHenus Komu-Pumana
[2] noka3biBaeTcsi (PpeAroIbMOBOCTh IMOCTABIICH-HBIX TPAHUYHBIX
3aj1ad4.

Wznaraemasi pabora TOCBAIICHA K ONPEACICHUIO PEIICHUS
elle OAHON TpaHUYHOU 3adauu A ypaBHenus Kommu-Pumana.

PaccmoTpum crienyronnyro rpaHMuHYIO 3a/1a4y:
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Ou(x) + Z-M:f(x), x, €R, x, €(0,1), (1)
6x2 5)61

u(x,,l)=au(x0), x €R, (2)
rae i =+/—1, f(x)-HenpepbiBHAas KOMIUIEKCHO3HAYHAss (DYHKI[HsI Ha
noigoce D= {x =(x,x,): x, €R,x, € (0,1),} , @ -BoOOILIEe ToBOpS,

KOMILUIEKCHOE ITOCTOSTHHOE YHCJIO.
Kak m3BectrO [1].

U(x=8)=0(x, = &,)0(x, =& —i(x, = &,)) A3)
siByIsieTcss (DyHIaMEHTAIbHBIM peliieHreM ypaBHeHus Komm-Pumana
[0 HampaBJIeHUIO x,, rae O(f)-emuuu4Has GyHkuus XeBucaiiga, a
O(z) -pynkius Jlupaka ¢ KOMIUIEKCHBIMH apTyMEHTaMU.

JIast  Toro, YTOOBI TONYYUTh OCHOBHOE COOTHOIICHHE,
yMHOXHUM ypaBHeHue (1) Ha ¢yHaaMmeHTandbHOe pemeHue (3) u
UHTErpHpyeM 1o obnactu D :

J;dxl -(i: 82)(:) U(x—&)dx, +i‘(i:dx2;[ ag)(j) U(x—E&)dx, =
[ - 21, )

WnTerpupys BHYTpeHHbIE HHTErpajibl B JIEBOW YacCTH paBEH-
crBa (4) 1o yacTsM U Ipeamnoiaras, 4To

}iil’olo J.[u(xl’XQ)U(xl =%, —&,)—

”(_xl > Xy )U(_xl - 51 s Xy 52 )]dxz =0 (5)

nMeEeM:

J.[u (x1 71)U(x1 - §1 71 - 52) - u(x1 7O)U(x1 - §1 7_52)]dx1 -

u(8),s €D

%u(éj),éj eD\D ©

—jdxz [ UG- g)dx, =

[Mony4ueHHOE OCHOBHOE COOTHOLIEHHE (6) COCTOMUT M3 JBYX
qacTeid, IepBoe U3 KOTOPBIX ONpeeNnseT oodliee pelieHne ypaBHeHNS
(1), a BTOpOE ABISIETCS HEOOXOJAUMBIM YCIIOBHUEM.
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Otnensist X U3 HEOOXOJMMBIX YCIIOBHIA, BO-TIEPBBIX, IOITYUUM:

%u(é 70) = .][u(x1 ,1)5()61 - 51 - i)dx1 _%.][u()ﬂ ,0)5()61 - 51 )dxl -

_ j dx, j f(x)8(x, =& —ix,)dx,

a BTOpPOC COOTHOLICHHUEC IPEBpPAIIACTCA B ToxkaecTBo. Torna HEO00-
XO0AUMOC YCJIOBUC ITPUMCT BU!

u(&, 0) =u(& +i, 1) = [ f(& +ix,, x,)dx,. (7)

VYuuTeiBasi TpaHUYHOE ycioBue (2) B HeoOXomumoM ycioBuHu (7)
nMeeM:

u(&,, 0) = au(g +i,0) = [ £(& +ix,, x,)dx,. ®

Pemasi ypaBHenwue (8) METO0M MOCIIEAOBATENBHBIX TTOCTAHOBOK
IIPU YCIIOBUU

|0£ | <1 )
HaxXoauM:

u(;,O):—iakjf(; + ki + ix,, X, )dx,, (10)

U HMEeT MECTO CIIeYIOLIee YTBEpIKICHHE:
Teopema 1. Ilycte f(Xx) HempepbiBHas OrpaHudeHHAs (GyHKIHS

uMerolIasi OrpaHW4YeHHOE MPOAOIKEHHE Ha KOMILIEKCHYIO IUIOC-
KOCTb, TorAa mpu ycnoun (5) u (9) psn (10) cxomutes.

Pemenne rpannunoit 3agaun (1)-(2) ¢ IOMOIIBIO OCHOBHOTO
COOTHOIIICHUS (6) MPENCTABISIETCS B CICAYIONIEM BHJIC:

u(@)=a[u(x,,00(x, = & —i(l-&))dx, -

=[x, [ F(00Cx, = £)8(x, =& —i(x, = &),

WJIH Ke B 0oJiee MPOCTOM BHJIE,
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u(€) = au(& +i(1-£)0) = [ f(& +i(x, — &, x v, . (11)
&

ecnu u(x,,l) onpeaenuT U3 rpPaHUYHOrO yCIoBUs (2) ¢ yueToM

(10).

U Tak ycraHOBIIEHA

Teopema 2. Ilpu ycnoBum Teopembl 1 pemenue 3amaun (1)-(2)
npencrasisgercs B Buze (11), roe u(&, —i&, +i,0) omnpenensiercst B
Buje (10).

JIuteparypa

1.List of publications of Dr. Nihan A. Aliev http://nihan.isaft.ws

2. BnamummpoB B.C. VpaBHeHusT MaTeMaTH4ecKOoH (HU3UKH.
«Hayxay», Mocksa, 1981, 512 ctp.

NPUBJWXEHHOE PEIIEHUE HEJIMHEMHOI'O
CUHI'YJIAPHOI'O UHTEI'PAJIBHOI'O YPABHEHMU S
C AAPOM I'MJIBBEPTA METOAOM
HBIOTOHA-KAHTOPOBHYA
Ammes P.A., Opymxona I'.111.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
aliyevrashid@mail.ru

PaccMoTpyM  HENMHEWHOE  CHUHTYISIPHOE  MHTErpajibHOE
ypaBHEHHUE
Fu=F(s,u(s),Ju(s))=0, 0<s<2r, (1)

rae Ju(s)zlj.ctgs_au(a)da, a F(s,u,v) 3aJaHHas B

2r 2

D= {(s,u,v):s € [O,Zﬂ],u,v € R}, 2m —nepuoandecKast Mo s TIiaj-
Kasl BEIIeCTBEHHAs (DyHKLUSL.

Yepes H, Oynem 00o3HauaTh OaHaXOBO MPOCTPAHCTBO 277 —

NepuoaAnYecKuX (QyHKIHHA yI0BIETBOPSIOIINX ycioBHio ['enbaepa ¢
ITOKA3aTeleM @ € 0,1) C HOpMOiA
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ols)-ols"]

o, = maxfels)+ sup I
OO6o3Haunm  yepes H,, (D;c) KJ1acc byHKIMi

F (s,u,v) :D — R, yIOBIETBOPSIOLINE YCIOBUIO

|F(S,,u,,v, )—F(sz,uz,v2)| < CQS, —S2|a +|u, —u2| +|v, —v2|)
s mo6oro (s,,u,,v,), (s,,u,,v,) 13 D.

Jlemma. Ilycth F(”) €H,,, (D; al.j),i,j =0,1,2, 0<i+ j<2.
Torna omeparop Fu=F (s,u(s),Ju(s)) ¢ hepeHIupyeMblil 110
®pemre B 11000i TOUuKE u, € H, , NpuueM

F'(u0 )h = E{'(s,uo(s),Juo(s))h(s)+ Fv'(s,u0 (s),JuO(s))Jh(s)

v iponsBonHas F'(u) ynosieTsopser ycnosuio Jlummmia
||F'(ul ) - F'(u2 )” <L- ||ul - u2||a .

Teopema. Ilycte ¢yHkIMS F (s,u,v) YIOBIETBOPSIET
YCIIOBHSAM JIeMMBI, QYHKIHUA u, € H,, Takas, 4To
a*(uy,s)+b*(uy,s)=1, ind[alu,,s)+ib(u,,s)]=0 u cosf, #0, rae
a(uo, s) = Fu'(s,uo(s), Juo(s)), b(uo,s)z Fv'(s,u0 (s), Ju, (s)) ,

2z
0, =2LJ.J(arg[a(uo,0)+ ib(uo,a)])da . Torna ecnim B,Lr, <%’ TO
n 0

ypaBHeHue (1) UMeer eIMHCTBEHHOE pellleHne u* B Iape S(uo, p)
npocTpancTBa H,, rae

1-/1-2B,Lr,
T BL

K KOTOPOMY CXOAMTCS MOIUGUIIMPOBAHHBIN MTEpAlIMHHBIN Mpolece

R H[F'u0 ]_lFu0

P > Bo = H[F'uo]il

B

H,—H, a

Herotona-KanTtoposuiia.
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O HEKOTOPBIX TEOMETPUYECKHUX HEPABEHCTBAX
AnuesB C.[Ix., Hama3zos ®.M.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
samed.59@mail.ru

Jnsi TeOMETPUUYECKUX BEIMYMH (DUTYp CYIIECTBYEeT HE0003-
pUMOE YMCIIO HEPABEHCTB, HE MOAMAIOIIMXC KAaKOW-IHO00 UX KIac-
cudukanuu. JloKa3aTenbCTBO T'€OMETPHUECKHX HEPaBEHCTB —
OOJIBIIIOE UCKYCCTBO, TPEOYIOIICe 3HAHUS CIEIHABbHBIX TEXHH-
YEeCKUX MPHEMOB, HAOOp KOTOPBIX JOCTATOYHO IIMPOK M OBJIa/ICHHE
BCEMHU BECbMa CIIOXKHO.

Ecnu  ompeneneHHble BEIWYMHBI HEKOTOPOIO TOXKAECTBA
BCera HEOTPHUIATEbHBI MITH BCETIAa HEMOIOKUTENbHEI, TO U3 3TOTO
TOX/IECTBA MOXKET OBITh TONydeHO HepaBeHCTBO. Kpome Toro, B
UMEIOIIEMCsl TOXIECTBE HEKOTOpPhIE BEIWYMHBI MOTYT OBITH
3aMEHEHbI OOJILIIMMU (MM MEHBIIMMH) BETHYHHAMH.

Paccmorpum Hekoropble npumepsl. JIOKakeM, 4TO CHHYCBI
MOJIOBUHHBIX YTJIOB TPEYTOJIbHUKA yOBIETBOPSIOT HEPABEHCTBY:

siné‘sinﬁ-sings—. (D
2 2 2 8

J7ist 9TOr0 CHavasa JI0Ka)KeM, 4TO CHHYCHI TIOJIOBUHHBIX YTJIOB

MPOU3BOJIBHOTO TPEYT'OIbHUKA yJOBICTBOPSIIOT HEPABEHCTBAM:!

A
s1n—<

Dc

2\%
sin— < 2
2 2@ @
s1n —<

2\/_

Ha ocHoBaHuu TGOpeMI)I KOCUHYCOB Il TpEyroJbHUKA,
MMeeM

Q

=b>+c*—2bccos A=(b—c)’ +2bc—2bccos A=

=(b—c)* +2bc(1—cos A) > 4bc-sin’ 4

CrenoBaTenbHO,
a

N

sin — <




AHaJOrMYHO JOKa3bIBAIOTCSA TIOCIEAHHE JIBa HEpaBEHCTBA
cucTeMsl (2).

YMHOXUB HEPABEHCTBA CHCTEMbI (2) TOWICHHO, MOJIy4aeM
HepaBeHCTBO (1).

Tenepr nokaxeM, 4TO JUIs BCSKOIO TPEYrojbHUKAa HMEIOT
MECTO HEpaBEHCTBa

3
cos2A4+cos2B+cos2C > 5 3)
a’+b’>+c> <9R?, “4)
rae R - pagMyc OnMcaHHOW BOKPYT TPEYroJbHUKA OKPYKHOCTH.
N3BectHo, uro ecmm (O - TEHTP OMHMCAHHON BOKPYT

tpeyronbauka ABC okpyxHOCTH, [{ - OPTOLCHTP TPEYyroibHUKA,
10 OH =04+ 0B +0C .
Otciona umeem: (OA + OB + 0C)* =0,

[IpUYEM 3HAK PAaBEHCTBA UMEET MECTO TOJIBKO JUIsl PABHOCTOPOHHETO
TpeyrojibHUKa. Bo3BeneM CyMMy B CKaJSIpHBIN KBaJapart:

3R? + 2R*(cos BOC + cos COA + cos AOB) > 0.
Ho
cos BOC = cos 24, cos COA = cos 2B, cos AOB =cos2C .
[ToaTOMYy, OMyUyaeM crpaBeIMBOCTh HepaBeHCcTBa (3):

cos2A+cos2B +cos2C > —%.

. a . b . c
Tak kak sin A =—, sin B=——, sinC =——, TO OTCIOJ]a UMEEM:
2 2R 2R

2

cos2A=1—2sin2A:1_a_2’
2R
b2
cos2B:1—2sinzB:1__2’
2R
2
cos2C=1—2sin2C:1_c_2‘
2R
CrenoBartebHO,
2 2 2
a b 1- ¢ >_i

1- +1- >
2R’ 2R’ 2R’ 2
OTKYy/Ia CJIeyeT HepaBeHCTRO (4):
a’+b’>+c*<9R.
AINIPHOPHBIE OLIEHKH JIJIS1 PELIEHUA OJJHOI'O
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KJIACCA MOJIYJIMHENHBIX YPABHEHUI YETBEPTOI'O
MNOPAIAKA
AaueBa A.I'., AnmueB C.J[:k.
Hucmumym mamemamuxu u mexanuxu HAH Azepoaitoscana

bakunckuii I'ocyoapcmeennwtii Ynueepcumem
arzu66@bk.ru, samed59@bk.ru

B pabote nmosyueHbl HEKOTOpPbIE aANPHOPHBIE OIICHKH JIJIS
PELIECHUI NOYTH BCIOY CJIEYIOIIEH OJJHOMEPHON CMEIIaHHON
3a/a4u:

u, (t,x)—ou, (tx)=Fxult,x),u t,x).u.,(t,x)u.,(tx)
0<Lt<T,0<x<m), (D
w(0,x)=p(x) (0<x< ), 2
ut0)=u(t,m)y=u_(t0)=u_(t,7)=0 (0<t<7), 3
rne o >0- ¢ukcupoBanHoe uncno; 0<7 <+oo; F,¢ - 3alaHHbBIC
¢bynkunu, a u(t,x)- uckomass (GpyHKOHS, TPUYEM MO pelIeHHEM
nmouTH Bcroay 3aaauu (1)-(3) nonumaem cieayromiee

Onpenenenne. Ilon pemenuemM moutu Beioay 3axaun  (1)-(3)
noHuMaeM QYHKIUIO u(Z,X), 00IagaroNlyto0 CBOHCTBAMHU:

a) u(t’ x)’ ux (t’ x)’ uxx (t’ x)’ uxxx(t’ x)’ut (t’ x)’

t, (6,2) € € CO,T1x[0,71); 1, (t,3),11,(0,0) € C(OTL L, (0,))
0) Bce ycinoBus (2) ¥ (3) yAOBIETBOPSIOTCS B OOBIYHOM CMBICTIE;

6) ypaBaenue (1) ynosierBopsiercs noutu By B (0,7)x(0,7) .

XXXX xXx

OtrMernM, 4TO JaHHas paboTa SBIAETCS MPOJOIKEHHEM

pabotel [1], B KOTOpPOM TakXe MOJNyYEHBl HEKOTOpBIE alpHOpHBIE
OLIGHKH JUTS pelieHui mouTH Beroay 3anaun (1)-(3).
YMHOKEHHEM paccMaTpUBAaEMOr0 YpaBHEHHS Ha TOIXOASALIYIO
(YHKUMIO W TOCHEAYIOUIMM  COOTBETCTBYIOUIMM  IOYWIEHHBIM
WHTETPUPOBaHWEM (BKJIIOYasi HEKOTOPblE WHTETPUPOBAHUS IO
4yacTsM), JIOKa3bIBaeTCs ClEAylolas TeopeMa 00 anpuopHOM
OTpaHMYEHHOCTH (B OIPENENCHHBIX CMBICIAX) PEHIeHUH MOYTH
Bcrony 3anauu (1)-(3).

Teopema. [1ycTs npaBast yacth ypaBHeHus (1) umeer BHI:

F(t, XU UGU uxxx) = fo(f, uxx) Uy, T f(t’ X UU U HUL) S
NpUYEM:
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a) f,tV)eC(0.T]x(~00));
6) f(t,xu,,.,u,)e C(0,T]x[0,7]x(-0,0)") u
B [0,7]x[0,7]x (=00,00)"
ft,xuenu,) u, <C-(I+u +u) +ul)+6-u;, 0<6<a,
rne C>0- mocrosHHas, a « >0- uucio, dQurypupyromee B
ypaBHenuu (1).
Torga Uit BCEBOSMOYKHBIX DEIIEHHH TOYTH BCrOAy u(t,x)

3amauw (1)-(3) crpaBeUIMBEI alPUOPHBIC OLCHKU:

s

[ultxyax<c, vee[o,r]; )

0
Tr
[ [l dxdt<C,. (5)
00

B 3aximoueHne OTMETHUM, YTO W3 ampHOpHOW omeHKu (4), B
CHITY OLIEHKH

u* (2, %) Smjuf(r,x)dxé P ~Iui(r,x)dx V7 e[0,7], x€[0,7]
0 0

u3 pabotel [2, cTp.27] IS BCEBO3MOXKHBIX PEIICHUIN MOYTH BCIOIY
u(t,x)3anaun (1)-(3) cremyer CripaBeyIMBOCTD aPUOPHOI OICHKH

||u(t, x)||C(QT) <R,,
a M3 alpUOPHOM OLeHKH (4), B CUITY OLICHKH

ul(r,x) < ﬂ-J.ui(T,x)dx Vrel0,T], xe[0,x]
0
u3 pabotel [2, cTp.28] /i1 BCEBO3MOXKHBIX PEIICHUM MOYTH BCIOIY
u(t,x) 3amaun (1)-(3) cnexyer cnpaBeIMBOCTh ANIPUOPHON OLIEHKH

1, (t,3) .y, SRy € Q) =[0,T]x[0,7].

Jluteparypa

1. Amuesa A.I'., AnueB C.J/[)x. HekoTopble anprOpHbIE€ OIIEHKH IS
pEeLIeHU OHOMEPHOM CMEIIAHHON 3aJadyu JUIsl OJHOTO Kilacca
MOTYJIMHEHHBIX YpaBHEHHH 4eTBepToro nopsaka // TexHomoruu
U METOOUKH B oOpasoBaHuH. HaydHo-TeXHMYECKHH >KypHa,
Boponex, Nel, 2014, c.3-8.

2. Aliyeva A.G. On the existence in large for almost everywhere
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solution of one-dimensional mixed problem for a class of
semilinear fourth order equations of Sobolev type // Proceedings
of Institute of Mathematics and Mechanics of National Academy
of sciences of Azerbaijan, 2009, v. XXX, p.19-36.

OB OJIHOM TPAHUYHOM 3AJIAUE, COJAEPKAIIER
B 'PAHUYHBIX YCJIIOBUSAX CTEIIEHU
KOMIIVIEKCHOTI'O TAPAMETPA
Acanosa O.I'., Mamenosa H.I'.

Baki Dovlat Universiteti

Kakx wu3BectHo, BbueTHbI Meronm M.JI.PacymoBa [1], [2]
MOXHO MNPUMCHATH K PCHICHUIO CMCHIAHHBIX 3aJ1a4 1A ypaBHeHI/Iﬁ
MPUHAUICKAIIUX ¥ HE MPUHAIISKANIMX TUIOBOM KIIACCH(UKAIMH
no IlerpoBckomy. [Inst ycmexa IpUMEHEHUs 3TOCO  METOHA
JOCTaTOYHO, YTOOBI CIEKTpaibHas 3a/Jada, COOTBETCTBYIOIIAS
CMEIIaHHOW 3aJiaue ObLIa PEeryJIsPHOM.

B Hacrosieit pabote uccnenyercs peryasipHOCTb TPaHUYHON
3a]aui HaXOXKJCHUS pellIeHNs] ypaBHEHUS

ay” (x,2)+b22y"(x,A)-A*y(x,2)=F (x,A) , x€(0,1), (1)
YAOBJIETBOPSIOIIEr0 I'PAHUYHBIM YCIOBUAM
7(0.2)=5'(0,2)-y'(1.2)=5"(0,2)- 2 y(1,2)=
=y"(0.2)+27y(1,2)=0, @
rne a, b TOCTOSHHBIE 4YHCIA, TaKHe, YTO XapaKTePHUCTHUECKOe
ypaBHEHHWE WMEET KOpHH, jisi KOTOpeix Rev,,=0 wu Rev,<0,
Rev,>0. DTo MOXeT BBINOMHATHCS, HAmpuUMep, eclnu a=-2i,
b=1-2i.Torga xapakTepucTUYECKOE YPaBHEHUE UMEET BUJ
vi+(1-2ip* +2i=0.

JTO O3HAYaeT, YTO ypaBHEHHE CMEUIAHHOW 3a7aud, KOTOPOif
coorBercTByeT 3amava (1), (2), npuHaaneKuT ciaabo mapadonyec-
Komy tumy [3].

Kak u3BectHo, pemenue 3agauu (1), (2) momyuaercsi B Bue

y(x,z)=fG(x,5,z)F(5,z)daf ,

rae G(x,i,l) - pynkuus ['puna, kotopas onpeaensiercs GopMyIioi
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_AW.£.2)
G(x,g,/l)_w.

A(A) - XapaKTEpUCTHUYECKUW ONPEAEIMTENb, I KOTOPOTo,
HEMOCPEACTBECHHBIM BBIYMCJICHUCM, IIOJIYYACTCd ACUMIITOTUYCCKOC
MPEACTaBIICHUE

AR)=2e* A (A)+ H (L)),

CIpaBe/UTNBOC TIPH A € ) = {A :|A> R,—%-i— S<argl < a} ,

1 ,
e azarctga, npuueM A, (l): —(7-0)+(7-i)e".

CrnenoBaTenbHO, U HYyJEH XapaKTepUCTUYECKOro OIpese-
JIUTENSI UMEET MECTO ACUMIITOTHKA

Ak:2k7r+0(%j, k=1,2,...

Jlaniee, n0OKa3bIBaeTCs, YTO OTH HYJIU SBIISIOTCSA TMPOCTHIMU
nosirocamu pynkimu ['puHa. D10 03HaAYaer, 4to UL A(l) UMeeT
Mecto Teopema 4 ([2], ctp. 205), u cupaBenInBa OI[eHKa

6 7/1 v +V, )
At Ia(a)= N,
npu Bcex A €X,, rae N; MOCTOSHHAs BETMYMHA 3aBUCSIIAS TOIBKO

or 6>0, npuuem O -paguyc KPYroB C IEHTPOM B TIOJIOCAX
¢ynkunu ['puHa. HakoHel, ¢ MOMOIIBIO MOMYy4YEHHBIX J0Ka3bIBaeTCsl,
uto s QyHkuuu ['prHa BHE HEKOTOPOH O -OKPECTHOCTH TIOJIOCOB
HMeEET MECTO OLICHKA

Gx,&,2) <

YTO ¥ JIOKAa3bIBACT PErYJISIPHOCTD MOCTaBICHHOM 3a1aun (1), (2).

Jluteparypa

1. Pacynos M.JI. Meron koHTypHOro uHTerpana, Msa. Hayka, M.,
1964.

2. Pacynmos M.JI. IlpuMeHeHHE BBIYETHOTO METO/Aa K PEIICHUIO
3aya4 quddepeHInanbabIX ypaBHenuid, M3n. DM, baky, 1989.

3. AcamoBa O.I'., Mamenoa H.I'. HccrnemoBanue TpaHUIHOU
3aJ]aud IS YpaBHEHHS YETBEPTOrO MOpPSAKa, COAEpIKaIed B
IPaHUYHBIX YCJIOBUSAX CTapIIKe CTEIEHU mapamerpa. Nozori vo
Tatbiqi mexanika, Baki, 2013, sah. 139-144.
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O MMOJIHOTE SJIEMEHTAPHBIX PEINEHUI
OJHOPOJHOT' O OITEPATOPHO-
JANODOEPEHIIUAJIBHOI'O YPABHEHUSI IEPBOTI'O
HNOPAIKA
Acaanos I'.'A., Mamenos M.M.

Hucmumym Mamemamuxu u Mexanuxku HAH A3zepoaiidicana
Cymeaumckuii I'ocyoapcmeennulii Ynueepcumem

B cenapabensHoM ['mnbeproBom mpoctpancTBe H paccmart-
puBaercs 3agada Komm s OAHOPOIAHOTO omepaTtopHO-audQe-
pEHLMAIBHOI0 YpaBHEHU [IEPBOr0 IOpAIKa

U'(t)= Ault)+ Bulr) (1)

U(0)=u, 2)

OGo3nauum uepes A, coOCTBEeHHbIE 3HauYeHHUs oneparopa A+ B ¢
yderom anreOpuyeckoit kparnocru. Ilyers U, U, ,  unenouka

KOpHEBBIX  BEKTOPOB  omepatopa A+ B  COOTBETCTBYIOIIAsS
COOCTBEHHBIM 3HAUCHUAM A,
GyHKIIH
t* " t
U,(t)=1* U (k—lﬁUﬂ tot U, +U, | )
/ . / - . .
SIBIISIETCS 3JIEMEHTAPHBIMH pelIeHUsIME ypaBHeHus (1).
Hmeer mecTa cienyromas Teopema
Teopema. I1yCTb BEINIOIHAIOTCS CAEAYIOLIUE YCIOBUS:
1. OmnepaTtop 4 mMeer IIIOTHYIO o0nacTh onpeneneHust D(A4) B H ;

2. TIpu nekotopom p >0 u A € p(4) oneparop R(/”LO’A)G 5, (H);

3. CymectByeT nyuu /¢ k(a) C yriaMyd MEXIY COCEIHUMH JIydaMu

T
He OGompme — wu uncnma o >0, fe(01] Takme, uro
P

R(A,4)< C|/1|7ﬂ, |arg/1| S%+a um Ael,(a);
4. D(B)> D(4) nnpu mobom & >0
[Bull <z -au]” -l " +C

5. U, eD(4)

ueD )
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Torna 3amayva (1) - (2) ©MeeT eAMHCTBEHHOE PEIICHHE
U)eclo,r] HINC'[(0,7T] H(4),H] wu cymectByror uncia

C. Takue, 9TO

Jn

lim max [u(t) - 2.Cu; (t* =0
n—o, te[O,T] j=1
limsup[ u'(t)— /zn:lenu‘j(z* +||lAu(t)- /zn:lenAu j(tﬂ =0

rae u(t) pewenue 3anaqu (1)-(2), a u, (t) 3JIeMEHTapPHBIC
pewenus ypasaenus (1).

Jluteparypa

1. H.I.Aslanov, M.M.Mamedov, Completeness of elementary
solutions of diferential-operator equations. Transactions of NAS
of Azerbaijan, Baku, 2008, XXVIII, Nel, p. 25-32.

Ob ACUMIITOTHYECKOM PACITPEJEJIEHUN
COBCTBEHHbBIX 3HAUEHHU ONNEPATOPHO-
ANOOEPEHIUAJIBHOI'O YPABHEHUS BBICOKOI'O
HNOPAJKA HA IIOJYOCH
Acnanos I'.H.

Hucmumym Mamemamuxu u Mexanuxu HAHA
Aonyanaesa H.C.

Cymeaumckuii I'ocyoapcmeennvle Ynueepcumem
aslanov.50@mail.ru

B npocrpanctee H, :Lz([O,oo],H), raie  H—cenapabenpHoe
ruIb0EPTOBO MPOCTPAHCTBO, M3YYaeTcsl aCUMITOTHYECKOE pacIpe-
JelleHusl COOCTBEHHBIX 3HAa4YeHMH omepatopa L HOPOXKIEHHOIO

BBIPpAXKCHHUEM
1(3)= (1) ()" + 0wy
" I'paHUYHBIMHU YCIIOBUAMUA
y(0)=y"(0)=..=y"(0)=0, 0<7 <1, <...<l, <2n-1.
IIpn HEKOTOpBIX MNPEANONOKEHHUIX OTHOCHTEIBHO Ollepa-
TOPHBIX (YHKIUHA P(x), Q(x) JTa 3aJa4a MMEET CYETHOE YMCJIO
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COOCTBEHHBIX 3HaueHHH A <A, <..<A <... Cc eIMHCTBEHHOH Npe/enb-
HOH TOYKOIl Ha GECKOHEUHOCTH.
O6osnauum uepes N(A) UMCIO COOCTBEHHBIX 3HAUEHWI,

MEHBIINX JaHHOro uuciaa A >0, 1.e. monoxum N (/1) = Zl .
Ay <A

OO6o3Hauum uepes f3, (x,s) cOOCTBEHHBIE 3HAUCHHUS OIepaTopa
P(x)$*" +Q(x) B nopsimke pocra.

ITpeAmonoKuM, ITO MPU HEKOTOPOM IEJIOM K BBIMOIHSACTCS
yCIIOBHE

n=1

i ]°~ r dxds o
2k
20 1B, (x,5)+ ]
Joka3piBaeTcs  CIpPaBENJMBOCTh  CHEAYIOUIEH  acUMITO-
TUYECKOH (POPMYIIBI TPH L —> OO

© 1 1 &%= dx ds
)Y

el (An + y)“ ~g;}[}[ [,Bn(x,s)+ y]u )

[Mpumenss u3BecTHyl0 TaybepoByio Teopemy M.B.Kenapima
u3 3Tod (opMynabl TMOMYyYMM CHEAYIOIIYI0 aCHMITOTHYECKYIO

dbopmyny s N (A):

N(1)~5-% [fdvds npn 2 —o0.
27 w1 (g, (v k)

K - BECCEJIOBbBI CUCTEMbI B BAHAXOBOM
MNPOCTPAHCTBE
Acnanos I'.H.
Hucmumym Mamemamuxu u Mexanuxu HAHA
I'yceiinos 3.I'.
Cymeaumckuii I'ocyoapcmeennvle Ynueepcumem

ITycts (X;K;(-,- ))—H IIPCTPAHCTBO U {xn}neN C X -HeKkoTopas

MUHHMaJIbHAS CHCTEMa C COMPSIKEHHOW CHCTEMO {x }N {x}
Ha3bIBAIOT OECCENOBOM, eciu I Jr000ro x e X BBIIOIHAETCS

A2
Z](x,xn)| <oo, DJro omnpenenenue, npuHamiexamas H.K.bapu,
00o00111aeTcst 6aHaxOBO# ClTy4ail ClieyroIuM 00pa3om.
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ITyctp (X;K;(-,- ))—B IIPOCTPAHCTBO U {xﬂ}neN c X MWHUMAJIb-
Hasl CHCTeMa C CONPSDKCHHOH CHCTEMON {x }HEN c X'. Ilycts K -
HEKOTOPOE B -NPOCTPAHCTBO MOCIEAOBATEIILHOCTEN U3 CKAJISIPOB.

Ecmm s moboro xe X : {x (x)}nEN € K, TO roBOpAT, 4TO
cucrema {x,}  obnanaer K -CBOHCTBOM.

IIpennonoxxum, YTO CHUCTEMA {xﬂ}neN cX obnamaer K -
CBOMCTBOM U B K MMeeTcs KaHOHUYECKui 6a3uc {eﬂ}neN.
Bo3bmeMm m060it x € X u paccMoTpum onepatopsl 7, € L(x, k)

T.x=Yx(x)e,meN
n=1
st moboro x € X cymectByet npenen lim7, x . Torga mo Teopema
m-—>0

banaxa-Illteiixay3a MHOXECTBO {||Tm ,meN } OTPAaHUYEHO U

BBITTOJIHACTCA HEPABCHCTBO

> 1, (v)e,

, VxelX.

SM”x
K

Taxkum o0Opas3oM, omepaTop Tx:Zx:(x)en MIPUHAIEKUT
n=1

L(X;K), npuyeM 7x, =e,, VneN.
Tenepp NpeAnonoxuM, 4T0 UMEIOT MECTO COOTHOLIECHUS
Tel(X;K), Tx,=e,, VneN
rae {xﬂ}neN-HOHHaH Y MMHHMMaJlbHasg cucTema B X | {eﬂ}neN-6a3Hc B K
. ) e, {e: }HEN c K’ -COOTBETCTBYIOIINE  CONMPSDKCHHbIE
cucreMbl. M3 cooTHOLIEHUS
0, = e:(em)z e:(Txm)z (T*e:)(xm), Vn,meN,
¥ U3 TIONHOTHI {x,} B X cnexyer,uro x. =T"e,, Vne N .
BosemeMm x € X U paccMOTpUM

X (x)z (T*e: )(x)z e:(Tx), VneN.
U3 Txe K cnenyer, uto {e: (Tx)}nEN € K u TakuMm obpasom
{x: } K, te |x}_, obmamaer K - cpoiictBom. B pesymbrarte,

JIOKa3aJly CIEAYIOUIYI0 TEOpeMY:
Teopema. [1ycTb BBINOTHEHBI YCIIOBHUS:
1) X — B -npoctpancTso U {x,|C X - MUHIMaTbHas B X cHCTeMa;

2) K -—B-mpocTpaHCTBO TIOCIIEIOBATENbHOCTEH M3 CKaIsAPOB C
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KaHOHHUecKnM Gasucom fe,} . c K.

Torma mmua TOro, 4roObBI {xﬂ }neN obmagana K -CBOMCTBOM,
HEO0XOMMO, a B CIy4ae IMOTHOTHI {xn}neN B X M JIOCTATOYHO CYIIIEC-
TBOBaHUe oneparopa 1 € L(X,K), Jist koroporo Ix, =e,, Vne N .

N3 3T0i1 TEOpEMBI TTONTYYaETCs CAEAYIOLINE CIEACTBUE

CaencrBue. [lycts X —H-npocTpaHCTBO € OPTOHOPMUPO-

BaHHBIM 6a3I/ICOM {(pn}neN nu {XH}HEN-HGKOTOPBH MHWHHUMAJIbHAA B HEM
cuctema. Jljig Toro, 4ToObI {xﬂ }neN Onl1a OeccenoBoi, HEOOX0UMO, a

B CjIydya€ IIOJIHOTBI {xﬂ}nEN B X H J0CTaTOYHO CYIICCTBOBaHUC

oreparTopa
TeL(X); Ix,=¢,,VheN.
JIuteparypa
1. bapu H.K. Tpuronomerpuueckue psaasl, M, ®uzmarrus, 1961,

672c.

2. bapu H.K. OwuoproroHajgbHbIE CHCTEMbl M 0a3uChl B
TrMIOEPTOBOM TpOCTpaHCTBe. Yu. 3anucku MIY, 1.4, B. 148,
1951, c. 69-107.

3. bunanos B.T., Benues C.I". Hexoropsie Bompock! 6a3ucos, baky,
«Qmm», 2010, 304 c.

4. bunanos B.T., I'ycetino 3.I'. k -OeccenoBel 1 K - THILOCPTORBI
cuctembl. K -6asucel. JJokn. PAH, 2009, 1. 429, Ne 3, ¢. 1-3

JAUCKPETHOCTbD CIIEKTPA OITIEPATOPHO-
JANOD®EPEHIIUAJIBHOI'O YPABHEHUSI BTOPOI'O
HNOPAIKA C YACTHbBIMU MPOU3BOJHbBIMU B
I'MJABBEPTOBOM IMPOCTPAHCTBE
Acnanos I'.H.

Hucmumym Mamemamuxu u Mexanuku HAH A3zepoaiidicana
Kacymosa I'.U., K.I'.baganosa
Cymeaumckuii I'ocyoapcmeennulii Ynueepcumem

Ilycte  H - cenapabenbHOe TWIBOEPTOBO MPOCTpaHCTBO. B

MIPOCTPAHCTBE Lz(R3;H) paccmarpuBaercs  omeparop L,
MOPOXKJICHHBIN ONepaTOPHO-TU(QepeHIINATEHBIM BbIPaXKEHUEM
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3. 9
Za—[ g}"‘Q(x)“
i=1 1

P(x) 5 Q(x) -1Ipu xe R’ sBusercs omepatopamMu B

npoctpanctBe 1 . [Ipi HEKOTOPBIX MPEIMOIOKEHUSIX OTHOCUTEIEHO
orepatop-yHKIIHHI P(x) 5 Q(x) JIOKa3bIBaeTCsi, 4YTO IIpHU
JIOCTATOYHO OOJBIINX 3HAYCHUSX Mapamerpa A CYIIECTBYET orepa-
TOp R, =(L+/"LE)7' U SBJSIETCS MHTErpajbHBIM ONEPaTOPOM C
OTEPATOPHBIM  SIAPOM G(x,n,l), KoTopoe OyzneM HasbIBaTh

¢ynkuueii ['puna onepatopa L.
HoxkaseiBaerca, uro ¢yakuums [puna G(x,n,l) SIBJISIETCSL

peUICHUEM CIICAYIOUIEI 0 NHTEI'PAJIbHOI'O YPAaBHCHUSA !

Glon2)= lna)- 3 o )2 (1)~ AN i

i=l g3

+ [(v.£.2)[0(6) - OWIG(x.&. 1)

3nech orneparopHas (QyHKITHS g(x,n,l) sBJisieTcst pyHIamMeH-
TaJIbHBIM PELIEHUEM YpaBHEHUs Z(y) + Ay =0 ¢ «3aMOPOKXCHHBIMU»

ko3 durmenramu. OHa UMeeT cneayfoumﬁ BHI:

\equlK +Z,P |x n|

47r|x n|
K(@n)="P*()-00)P(n) .

HOKa3aHO CIIPaBCJIMBOCTL CICAYIOMICTO0 ACUMIITOTUYCCKOIO

glx,n,A)=P

paBeHCTBa

Glx,n,2)= gl )1 +0(1)].
W3 5TOro acMMOTOTHYECKOr0 pPaBEHCTBA IONYYaeTcsi, 4TO
GbyHKIIS G(x,n,l) sBisiercst siapoM tumna [unsbepra - Llmuara.

Orcroza cieayer IMCKPETHOCTh CIeKTpa onepatopa L.
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OINTUMMU3ALIUS OJHOMN JUHENHON HEJIOKAJIBHOMN
TMIEPBOJIMYECKOM KPAEBOM 3AIAYN
YIPABJIEHUS
Axmvenos @.111.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem

Axnies C.C.
A3zepoéaiioncanckuii Iocyoap. Iledazozuu. Ynueepcumem
axiyev63@mail.ru

Paccmorpum ynpaBisieMyr0 JTUHEHHYIO HEIOKaJIbHYIO THIIEp-
OOTUYECKYIO KpaeByIo 3a1aqy
V2)(t,x) =z, (t,x) + z(t,x) A, (t,x) + z_(¢t,x)A4,(¢,x) +
+z, (z‘,x)/l2 (t,x)+ Z(TO,Q’O )Al3 (t,x) =b, (t, x,u,(t, x)),

(t,x)e D=TxX, (1)
(V22)0)=2,(t,%,) + [ 26K, (6,$)dE = b, (1, (1),
teT =[t,.1,], 2)

(V2)(¥) = 2,1, ) + [ 25, 00K, (7,007 = b, (x,1,(x),

xeXz[xoaxl]’ (3)
VOZEZ(to,xo)+”z(r,§)K0(T,§)de§=bo (uy). 4)

3necy  A)(t,x), A,(t,x), 4,(t,x), A (t,x), K,(¢,x), K,(t,x), K,(t,x)
3aJlaHHble nx n - MaTpuusl; 4,, 4;, K, K,, K, eLp,m (D), p =1,
T.€., JJIEMEHTBI U3 Lp(D); s A (t,x) u A,(t,x) ecTb QYHKIUH
a €L, (T ) U a,el, (X ), Takue, 4TO ||AI (t, x)” <a,(?),
||A2(t,x)||3a2(x) noutu Bcrogy Ha D; by(u,), b (x,u,), b,(t,u,),
b,(t,x,u,) - 3agaHHBIE n- MepHbIE BeKkTop-GyHKUMHU; (7,,5,)€D-
3a/laHHast TOYKA; #,,1,,X,,X, - 3alaHHble unucna; u, (x), u, (1), u,(t,x)
MEpHBIE YIPABIISIIOLINE BEKTOP-() YHKIIHH,

_]/'3_

OlpeneneHHble U u3MepuMble Ha X, I’ 1 D, COOTBETCTBEHHO; U, -7

-

15T

2

- MEpHBIM YIPaBIAIOIUNA BEKTOpPHBIM Napamerp. YacTtHble ciaydau
3agad (1)-(4) MOXKHO BCTPETHTH, HAIPUMED, B MPUKIAIHBIX 3aa4ax
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[1,2].

OrpaHUYEHHUs
u,elUy; u(x)eU,, n.B. xe X; u,(t)elU,, n.B. teT;
u,(t,x)eU,, n.B. (t,x)e D, 5)
rne U,cR";U cR";U,cR*;U,CR"- 3anaHHble OIpaHU-

Ha ynpaBnenus u,, u,(x), u,(t), u;(t,x) HakIagbIBaIOTCS

YeHHBIC M 3aMKHYThIE MHOXKECTBA, «II.B.»- O3HAYaeT «IOYTH IS
BCEX).
Bexrop-bynkums  b,(u,) wHempepeiBHa Ha U,. Bekrop-

bynkuun b, (x,u,), b,(t,u,), b;(¢t,x,u;) nouru ang Bcex (¢,x)e D
HENPEPBIBHBI 110 u,, u, W U,, cOOTBeTCTBeHHO Ha U, U, n U,, a
Takke ana Beex u, €U, wu,eU,, u,eU,, COOTBETCTBEHHO
bu)el,, (X), b(u)el, (T), b(u)el,, (D)

Yersepky u = (u,,u,(x),u,(t),us(t,x)) BekTOpoB U, € R";
uel, (X), wuel, (T), wuel,, (D), ylOBIETBOPSIOUNIX
ycinoBusiM (5) Ha30BEM JIOMYCTUMBIM YIPABJICHUEM, a MHOXKECTBO
BCEX JIONYCTHMBIX YynpaBieHuit o6osHaumMm U,. Pemenue
z(t,x) =(z,(¢,x),...,z,(¢,x)) 3amaun (1)-(4), cooTBeTCTByIOIIEE
JOIyCTUMOMY  ympaBieHuto u €U,, OygeM momaraTb W3
npocrpanctea C.JL.CoGonesa W, (D) n- MepHBIX BEKTOp —

byHkIui z € Lp,n (D), o0JIaaroMx 0000IIEHHBIMH TPOU3BOIHBIMU

z,z,,z, €L, (D). Kpurepuem 3amaum ynpaBiieHus BbIOpaH

127X T ix

(dyHKIHOHAT

S(u)=z(t0,x0)c(', +Z(t|ax|)cl,a (6)
KOTOpbIH Tpedyercss MUHUMH3HPOBaTh. 31ech ¢, €ER" u ¢, € R" -
3aJaHHbIe 7 -MEPHBIE CTPOYHBIC BEKTOpHI; (')-O3HA4YaeT TpPaHCHO-
HHUPOBaHHE.
Onepatop V =(V,,V,V,,V;) 3anauu (1) - (4) neiicteyer uz W, (D)
B ipoctpancteo A, (D)=R"x L (X)x xL, (T)xL, (D). Kpome
TOrO, JIMHEHHbIE OrpaHUYCHHbIC (YHKINOHAJIBI ONpEAeIeHHbIE Ha
A, (D) UMEIOT 001U BU
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A(@) = gy + [ & (DA )+ g, (4] (Ot +

+[[ gyt 022 0 didy,
D

rae 8=(8y,8,8,-8)€A,,(D) - NpOM3BONLHBIA DJIEMEHT,
A=A A,4,4,) €A, (D) - 3JIEMEHT,  MPEICTABJISIOMIUN
HekoTopblil dyHKumoHan, 1/p+1/g=1. C yderoMm OTMEUYEHHBIX, a
TaKXe Toro, uTo omnepatop Nz =(z(t,,x,),z.(¢,,x), z(£,x,),z,(t,x))
uzomopduo neiicreyer us W, (D) B A (D) [3,4], ISl 3371241

yrpasiieans (1) - (6) onpeneneHo MOHITHE CONPSHKEHHON 3a7aud B
BHJIC MHTETPO - ANreOpanvdecKux ypaBHEHUI:

WA ==(co+c)); WA (E)=—¢, {eX;
WA (@) ==ci,teT; WA)(7,¢)=—c, (,5)€D.
3nech Wy W, ,W,,W, - KOMIIOH €HTBI oreparopa
V=W, W, ,W,,W,) conpsxxennorox V =(V,,V,V,,V;).
C nomompio pemenus A€A (D) CONPSHKEHHON 3aJa4M

HalJIeHO MHTErpajbHOE BBIPayKEHHE ISl TpUpalleHus (yHKIMOHaa
W TONy4eHO HE0OXOAMMOE U JI0CTATOYHOE YCIOBHE ONMTUMAIBLHOCTH
yIpaBiIeHHsS B BHJIE YCIOBHUH MakCMMyMa. A HMEHHO, €cCld

pomycTumoe ynpasienne u €U, BMecte ¢ pemennem z €W, (D)
sagaun (1) - (4) u pemeHuem A €A, , (D) compsbKeHHOH 3a1a4n
JOCTaBIIsieT MHHUMYM QyHKOuoHany (6), TO BBINOJIHAIOTCSA
CJIEIYIOIINE YCIOBUS

b, (t, x5, (t, X)) A (t,x) = 1}333(173 (t, x,u;(t,x))Al(t,x), WB. (,x) e D,

b, (1, (t))A)(t, x) = maxb, (7,u, (A1), nB. teT,
b, (x, 1, (x))A,(x) = maxb, (x,u, (X)A/(f), mB. x e X,
by (u, )Z; = maxb, (u, )/To,

uyely
JIuteparypa
1. JlsmynoB A.A., barpunosckas I'.Il., Csupexes IO.M. u np.
Marematuyeckoe MojenupoBaHue B Ouonioruu.- M.: Hayka,

1975, 156c¢.
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2. Yynuoeckuii ®@.®D. Ternodusuka nmous.- M.: Hayka, 1976, 352c.

3. Axmeno @.I. Ontumuzanus runepOOIMUYECKHX CHUCTEM MpPH
HEJIOKAJIBHBIX KpaeBbIx ycioBusax bumamse-Camapckoro.- JJAH
CCCP, 1985, 1.283, Ne4, ¢.787-791.

4. AxmenoB @.II., AxsreB C.C. Onrtummzainus OIHOH 3amayu
yIpaBJIeHHS il JIMHEWHOW HEJIOKANbHOW THIIepOOIHYECKOM
KpaeBoi  3agaun.  YueHele 3amucku  A3TY,  cepus
¢dynaamentanbpHbIX Hayk. 2011, 1.X(40), Ned, ¢.109-113.

OB OJITHOM HEPEI'YJISIPHOM CIIEKTPAJIBHOM 3AJAYE
AxmenoB X.H.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
hikmatahmadov@yahoo.com

PaccmatpuBaercss cmekTpanbHas 3ajada JUIS  YpPaBHEHHS
YETBEPTOro MOPSAKAa ¢ HOPMUPOBAHHBIMU TPAHUYHBIMU YCIOBUSIMHU
BHJIA

y" +a,(x)y"+a,(x)y' +a,(x)y=2"y+h(x) (0<x<1) (1)

V) =ay™ O+ fy" 0+ 3 o,y 0+ fy0]=0 @

=0
(i=1234)
tie 32k 2k, 2k, 2k, >0, k >k,k, >k,

|ai H|B>0, (1=1,23.4).

Koo duumentsr ypaBHEHHS yIOBIETBOPSIOT —CIEIYIOIIMM

YCIIOBUSIM:
a,(x)EC ®™2[0,1], (v=0,1,2) (3)

B paGorax [2], [3] paccMOTpeHBI HEpETYISApHBIE CIIEKTPaIb-
HBIC 3aJlaun JJid YpaBHCHHUA BTOPOIro MmopsAAKa (TaK Ha3bIBAEMBIC,
MOYTH-PETYISPHBIMA).

JlokazaHbl HEKOTOpbIE HYXXHBIE (DaKThI: 1) H3y4eHBI OCHOBHEIC
CBOMCTBa XapaKTepHCcTHUecKoro onpeaenutens A(L); 2) cBolicTBa
¢ynkiuu ['puna G (x, {, A); 3) noka3aHa (GopMmyIia pasioKeHUs M0
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COOCTBEHHBIM M TIPUCOSTMHEHHBIM 3JIeMEHTaM CIIEKTPaIbHOM
3aauu.

OTMeTHM , YTO HYISIMH {A,} XapaKTEPUCTUYECKOTO OIpPEeTHTENs
A(A) HazbiBaercs Touku nomocos Gpyukuun ['puna G (X, G, A).

[TycTb 3amaua (1),(2) mouTH-peryisipHa K-ro Hopsika .
HoxaspiBaercs cnenyromas

Teopema 1. {ns dynkuuu ['puna 3amaya (1),(2) npu aro0six x,( €
[0,1] BHE & -OokpecTHOCTH (5>0) MOMIOCOB { A,} UMEET MECTO OILICHKA

GG |=

—| |3k’

Teopema 2. Ecnu koadduimentsr a,(x) (v=0,1,2) y10oBICTBOPSIOT
ycnopuio (3) u
h (x) €C'[0,1] Torma nmeer MecTo GOpMyIIa Pa3TOKEHUS

1 ,J—O
_Zm/__zj/m d/ij(x £,2)h (Qdi= {h( ¥

v Cv

I7ie C, -MPOCTOM 3aMKHYTBIH KOHTYp, OKPYXKaroIIW{ TOJNBKO OAWH
MOJIOC TIOABIHTErpAIbHONH (PYHKIIMK M CyMMa 110 V PaclpoCTPaHEHbI
Ha Bce nomock! GyHKuuu ['puHa.

3amevanne 1. YcIoBHs MOYTU-PETYISPHOCTH CHEKTPaIbHON 3a/1auu
(1),(2) BoIpaxkaercs He kK03 UIIMEHTAMH TPAaHUYHBIX YCIOBHHA (2),
a Tonpko ko3 dunmentamu ypaBaeHus (1).

3ameuanne 2. [loutu perysspHas cneKkTpalbHas 3ajadya HYJIEBOIO
nopsiika siisiercs peryisipHoi no Tamapkuny PacymnoBy [1]

Jluteparypa

1. M.JI.PacynoB. MeTox KOHTYpHOTO UHTETpaa.
Mocksa,Hayka,1964, 462¢

2. H0.A.Mawmenos, X.U.Axmenos, Cb. np. I pecni. Kond. ITo mex n
marem. 4. I. baky, 1995, ¢.106-109

3. Yu. A. Mamedov, H. J. Ahmadov, commun. Theor. Phys.
(Beijing,China),41 (2004) pp.649-654
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CIEKTP BEPXHETPEYI'OJIbHOM MATPHIIbI
AxyH1oB A.3.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem
anaraxundovl991@gmail.com

B pabore HaxoauTCs CreKTp OSECKOHEYHOH BEpXHE-TPEYroiib-
HOH MaTpHULbI
A(x,) :(rx0 +8X,, 1X, +...F8X,, FXy 85X, ..., FX, +sxn+1,...)
B 0aHaXOBOM IPOCTPAHCTBE

cs = {x =(x,): limZx,.cymeCTByeT}
n—o0 P rY

C HOpMOU

n

>x

i=1

||x = sup,

n

cs

MOJTyYEeHBI CIIEAYIONINE Pe3yIbTaThl.
Teopema 1. A:cs — cs sABIsIeTCS TMHEHHBIM OrPaHUYCHHBIM
OIIepaTopoM U

[ <[+
Teopema 2. Criekp onepaTtopa 4 UMEET CIETYIONINI BUT;
o(d)={:2eC,lr-2<|s}.

OTH TEOpEMBI TI0Ka3bIBAIOTCS C TIOMOIIIBIO CIIETYIOIICH JIEMMBI
Jlemma ([1], JIemma 2.1). Ilycts (c,) u (d,)

MIOCIIEN0BATENBHOCTD KOMIUIEKCHBIX YHCEII TAKUE, UTO lime, =c #

n—o0
|c| <1. Torma mis mociie10BaTenIbHOCTH

z,,=¢,2,+d, (n=0,12,.) BEPHbI yITBEPKIECHUS:

1) (d,) orpanuueHa Torja 1 TOJIbKO TOr/a, Koraa (z, )
OpaHH4EeHa.

2) (d,) cxomuTcs TOrzAa M TONBKO TOTJa, Korjga (z,)
CXOJIUTCHL.

3) (d,) cxomurcs K HYNIO, TOTAA ¥ TOJIBKO TOrAa, Korza (z,)
CXOJIUTCS K HYIIO.

[TonyueHHble pe3yabTaThl ABISIOTCS €CTECTBEHHBIM
MpOJIoJDKEHUEM pe3ynbTaToB [1] u [2].
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JIuteparypa
1. AM. Akhmedov and R. El-Shabrawy On the fine spectrum of
the operator A, over the sequence space C ., Comp. Math.

Apple., 61 (10), (2011), 2994-3002.
2. A.M. Akhmedov and F/ Basar, The fine spectra of the Cesaro
operator C, over the sequence space bv,,, (1< p <o) Math. J.

Okayama Univ. 50 (2008), 135-147.

ONPEAEJIEHUE KOO®®UIIUEHTA B
SJJIUNTUYECKOM YPABHEHUM'
AxynaoB A.Sl.
Hucmumym Mamemamuxu u Mexanuku HAH A3zepoaiidicana
adalatakhund@mail.ru
Ceaumxanos b.P.
Cymeaumckuii I'ocyoapcmeennulii Ynueepcumem
mektebsum9@mail.ru

Lenbro HacTosIIEelH pabOThI SBIISETCS MCCICIOBAaHUE BOIPO-
COB KOPPEKTHOCTH O0paTHOM 3aa4u 00 onpeneeHn HEM3BECTHOT'O
ko3 duimeHTa B IIUIMOTUYECKOM YpPaBHEHHHM BTOPOTO MOpPSIKA.
OOpaTHasi 3ajlaya paccCMaTpPHBACTCS B OIPAaHUYCHHOM 007acTH B
cllyyae TpaHMYHOTrO YycioBus Jlupuxie M C JOKajabHOM JIOTOJI-
HUTENbHONW HH(popManuei. OThICKUBaeMblii KO3 PHUIMEHT HE 3aBU-
CHUT OT OJIHOM IPOCTPAHCTBEHHOM NIEPEMEHHOM.
Jloka3aHna TeopemMa O EIMHCTBEHHOCTH pEIIeHHsS paccMmart-
puBaeMoli 0OpaTHOW 3aJauMl U MOJy4YeHa OIIEHKA XapaKTepu3yromas
«YCIIOBHYIO» yCTOMYUBOCTb.

Ilycts D= {(x,y)'a <x<b,s, (x) <y<s, (x), a,b — Hekoro-
pble IIOCTOSHHBIE, S, (x), sz(x) — 3a7aHHble (QYHKIUH }c R’—

001aCTh ¢ OCTATOYHO TNIaKoM rpanuneit 0D, D =D aD .
PaccmaTtpuBaercss oOpaTHasi 3ajaya 00 ONpPEACICHHM Iapy

! Nanmas pabota BeIONTHEHA TTpu (huHAHCOBOU Toziepkke Ponna Pazpu-
tist Hayku npu Ipesnnente AsepOaiimpkanckoit Pecrybinku — I'pant Ne
EIF-2013-9(15)-46-12-1
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GyHKIMHI {q(y),u(x, y)} 13 YCIIOBHI:

Au+g(yh=f(xy), (xy)eD, ©)
ulx,y)=o(x.y), (x,y)edD, )
u(xo,y) = h(y), s, (x)S y<s, (x), X, € (a,b). 3)

snech, f(x,y), o(x,y), h(y)— 3amannbie dynkimm.

[MonoGuble oOpaTHBIE 3aJaud HEKOPPEKTHBI B CMbIcie Ana-
Mapa ¥ u3ydajauchk B paborax [1-3].

OTHOCUTENFHO BXOAHBIX JaHHbIX 3amaun (1)-(3) caemaem
CIICAYIOLINE MPEITONI 0K ECHHSL:

1° f(x,y)e C“(E);
2°. o(x,y)e Cc***(oD);

3%, h(y) eC™ [Sl (x)a S, (x)]a
asx<b;
4°. 5,(x),s,(x) e C"“[a,b].

Onpenenenne 1. Tapy dymxumit {g(y), u(x,y)} Hazosem

peurenue 3aaaun (1)-(3), ecnu:

1) Q(y)e C[Sl (x)’ Sz(x)];

2) u(x,y)e C*(D)N C(B)

3) ans stux ¢yHKUMi ynoBierBopsercs cootHomenus (1)-(3) B
OOBIYHOM CMBICITE.

Teopema eIMHCTBEHHOCTH, a TaKKe OLEHKA «yCIOBHON
YCTOWYHMBOCTH pEHIEHUs OOpaTHBIX 3a7ad 3aHHWMAaeT IICHTPaIbHOE
MECTO B UCCIIEIOBAHUHU BOMPOCOB X KOPPEKTHOCTH.

Tycrs {g,(y), u,(x,y)}— pemenus 3amaun (1)-(3) coorser-
creytouue gauuem £, (x,y), ¢, (x,y), h,(v), k=12.

Teopema. Ilycts

1) ynxuun £, (x, ), @, (6, 0), B, (), 5, (x), £ =1,2
ynosierBopsior yeiaosusm, 1°-4°, coorsercrsento.

2) CyIIECTBYET pEIICHUs {qk (y), u, (x, y)} samaun (1)-(3) B
CMBICIIE ompeieNieHue 1, 1 OHU MPUHAAJIEKAT MHOXKECTBY

K, ={a.ufav)e €[5, (v} 5,(x)} ulx, v)e (D),

h(yl >2h, >0, ye [s, (x), s, (x)],
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‘Diu(x,yj <¢,1=0,12,
(x,y)e D, q(y)<0, q(y) <c,,yels,(x).5,(x)] ¢,,c,—  mexoropsie

IIOCTOSHHBIC YK CJia } .

Tornaa pemenue 3anauu (1)-(3) npu (x, y)e D eIUHCTBEHHO U
BEpHA OIEHKA «yCJIOBHO

la = ol e~ <l = 2l + o=l +In = ). @)

31ech ¢, > 0— 3aBUCUT OT JaHHbIX 3a1auu (1)-(3) u MHOXKecTBa K, .
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NPEJACTABJIEHUE PEINEHUSA OJHOM JIMHEMHOM
HEJIOKAJIbHOM IT'MIEPBOJIMYECKOM
KPAEBOM 3A/IAUYH
AxsieB C.C.
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Axmvenon @.111.
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PaccmoTpyM NTUHEHHYIO HENOKaJbHYIO THUIEPOONIN- YECKYIO
3a1a4y CJIENyIOUIEro BUIA
(1/32)05 x) = th (t,X) + Z(ta x)AO (ta x) + Zx (ta x)AI (ta x) +
+2,(6.0)d, (6.x)+ 2(2,.£,)4, (1.0) = g, (. 0). (. x) e D=T x X, (1)

(V20 =7,(65) + [ 2(OK, (1.$)dE = g,(0), 1 € T = [t,.1,].@)

X
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(V2)(6) =2, (g, 2) + [ 22, 00K, (7, ¥)d7 = 2,(x), x € X =[x0,,].3)

T

Voz=2(ty,x,)+ [[ 200K, (0.8 )dwds =g, (@)

3necy A,(t,x), 4(t,x), A4,(t,x), 4,(t,x), K,(t,x), K, (t,x), K,(t,x)-
3aJlaHHble 71 x n - MaTpuuel; A, 4;, K, K,, K, eLp,m(D), p =1,
T.€., C DIeMeHTamu U3 L, (D); s A (t,x) u A,(t,x) ecTb
ynxkumu g, €L, (T ) uacel, (X ), Takue, 4To ||A, (t,x)" <a,(),
||A2(t,x)||3a2(x) nouTH Bclofy Ha D; g, g,(x), g,(t), g,(t,x)-
3a/laHHBIE ;- MEPHBIE CTPOYHbIE BEKTOPHI, mpuueM g, € L, (X)),
g,¢€L, (T), gL, (D) (7,,6,)€D - 3anaHHas TOuKa,
ty,t,, Xy, X, - 3aJJAaHHBIC YHCJIA;

Yacrasle cyyau 3a1a4 (1) - (4) MOXXHO BCTPETHTH, HAITPUMED,
B IIPUKJIAIHBIX 3a1a49ax [1,2].

[lpn ycnoBusxX HalOXEHHBIX Ha gaHHble 3amaun (1)-(4)
pewmenue z(¢,x)=(z,(t,x),...,z,(¢,X)) 3TOl 3amaum OyaeMm moiaratb
u3 npocrpanctea C.JL.Cobonesa W, (D), n- MEpHBIX BEKTOp—
byHKIHi z € Lp,n (D), o0JIaaroMx 0000IIEHHBIMH TPOU3BOIHBIMU
z,,z,,z2, €L, (D).

Oneparop V = (V,,V},V,,V;) 3anauu (1)-(4) neiicteyer uz W, (D) B
npoctpancteo A, (D)=R"xL, (X)xL, (T)xL, (D) uersepox
g=(g,.8,-2,,8;)- Kpome Toro, kaxnaplii JHMHEHHBI OrpaHH-
YEHHBIH (YHKIMOHAN, ONpPEIENeHHbIH Ha A, (D), MOXKHO TIpeJi-

CTaBHUTb B BUJIC

£(2) =g+ [ &) f()dx+[ 2,(0) £ ()t +

+ [[ 2.0 £, x)dra,

TIOCPE/ICTBOM €IMHCTBEHHOM ueTBepku [ = (fy, /1, /5, ;) €A, (D),
I/p+1/g=1. YuuTeiBas 3TH OTMEUEHHBIE, a TAKXE TO, YTO
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omepatop Nz =(z(¢,,x,),z.(t,,%),z,(t,x,),z,.(t,x)) ocylecTBIsET
usomopduzm uz W, (D) B Ap,n(D) [3,4], i 3agaun (1)-(4)

YIAJIOCh OHpPEAEIHUTh IIOHSITHE CONPSDKEHHOM 3ajJaud B BUJE
CHCTEMBI HHTETPO - AJITeOpandecKuX ypaBHEHHIA:

Wof=res WIS =7(S), CeX; )
W)@ =y, (0), 1 eT; W, f)(@.6)=7,(7.6), (r.¢) €D.
3nece W,,W,,W,,W,-KoMIoHeHTbI omepatopa V™ =W, W, ,W,,W,)
COIPSIKEHHOIO K V=W,V.,V,,V3); IIpaBbIE 4acTH
Yo:71(8),7,(7),7;(7,{) —HEKOTOpBIE 71—  MEpHBIE  BEKTOPHI,
YoeR', v €L, (X), v, €L, (T), ys€L,, (D) Scno, uro

CONPSDKEHHBIA OmepaTop V™ JECTBYET B IpoCTpancTee A, (D)

I[anee, Ha OCHOBC COIIPSAKCHHOI'O OIlepaTopa OIIPCACICHO
IIOHATHEC q)yHZ[aMeHTaHI)HOFO peueHuA Kak YCTBCPKaA

F(t,x)=(F,(t,x),F,({,t,x),F,(t,t,x),F(7,{,t,x)) nxn- MaTpul
E)(tax)a E(',t,X)GL (X)a F;(':t:x)ELq,nxn(T):
F,(»t,x)eL,,,, (D), yroBIeTBOpsIOIIas MATPUIHON CUCTEME
W' =E; W, F)C)=0(x-0)E, eX;
W F)r)=0(t-7)E,7€T; (6)
W F)(z,0) =00 -1)0(x-C)E, (7,6)eD.
¢ napamerpamu (¢t,x)e D, tone W, W, . W, ,W;,, — MaTpudHsle

q,nxn

omepaTopsl mopsaka nxn, E —emunuunas  marpuna, 0(-) —

¢ynkuus Xepucaiipa. C moMoupl0 (QyHAaMEHTAJIBHOTO PEIICHHUs
MOJY4EeHO WHTErpalbHOE MpeAcTaBieHne pemenus 3agaun (1)-(4) B
BHJIE

2(6,%) = g, F (1) + [ g, (OF, (C 4, )dS +

+[&,(@OF, @ Lx)dr + [ 2,(r.¢ L x)dwds, (t,x)eD.
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PEILIEHUE CUCTEMbI HE3ABUCHUMBbIX YPABHEHUM
MIPU HEPA3JEJIEHHBIX TPAHUYHBIX YCJIOBUSIX
Ampadona E.P.

Hucmumym Cucmem Ynpaenenus HAH Azepoaiiorcana
ashrafova_yegana@yahoo.com

B nmanHoii pabore pa3paboTaH W UCCIEHOBaH YHUCICHHBIN
METOJ TMPOTOHKH I pacyera JAUHAMHYECKHX IIPOIIECCOB,
OIKCHIBAEMBIX  CHCTEMOW  HE3aBUCUMBIX  JU(hepeHITHATBHBIX
YpaBHEHHUI BTOPOTO TOPSIKA C COBMECTHBIMHU HEIOKAJTbHBIMH H
HEpPa3/ICIICHHBIMU KpaeBbIMU yCIOBHSAMH. CrHelu(puKod CHCTEMBI
YpaBHEHHI, PACCMOTPEHHOW B CTAaThE, SBJISIETCS TO, YTO YpPaBHEHUS
MIPEATOIararoTCcs He3aBUCUMBIMU JAPYT OT APYTa, T. €. YIACTBYIOIIHNE
B HUX (YHKIMH CBSI3aHBI TOJIbKO KPAeBBIMU YCIOBHSMH. Takue
3a/1aud BCTPEYAIOTCS MPU UYHUCICHHOM MCCIEIOBAHUU CIIOXKHBIX
MHOTO3BEHHBIX CHCTEM CETEBOM CTPYKTYpHI, MOBEACHHE KaxKIOT0
3BE€Ha KOTOPBIX OIMMCHIBACTCA OTACIBHBIM YpaBHEHHEM BTOPOTO
nopsijika rumnepOonuueckoro Tuna. Ha mpakTuke 3TH  3aaauu
BO3HHMKAIOT, HAIpUMeEp, B MAaTEMaTHYECKHUX MOJEISAX IMPOIECCOB
He(Tera3o00bIYl, B KOTOPHIX HMEETCS BO3MOXHOCTH BEICHUS
ydeTa JIOObIUU ChIPhS M3 ILUIACTa TOJBKO B IIEJIOM 10 KYCTY CKBaXKHH,
MpU pacyere HEYCTAHOBUBILIETOCS PEKUMA JBMKCHHUS KUIKOCTH,
raza B TpyOONPOBOJHON CHUCTEME CIIOKHOM 3aKOJIbIIOBAHHOW
CTPYKTYPBI, CIOXHBIX OOBEKTOB M TEXHOJIOTMYECKUX IPOIECCOB,
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IpH MaTeMaTHYECKOM MOJEIHUPOBAHUN KOTOPBIX HCIIOIb30BAJIIChH
MeToabl jaekommosuruu  [1],[2]. MartemaTudeckass TOCTaHOBKA
paccMaTpuBaeMol 3aJauM TpeAcTaBisieTcss B oOmIeM clydae Kak
JBYXTOUEUHAsl 3ajlaya OTHOCHTEIbHO  CHCTEMBI OOBIKHOBEHHBIX
mddepeHIHaIBHBIX YpaBHEHUH OONBIION pa3MEpHOCTH U AJIS ee
pEIIeHNsT MOXXHO HCIONB30BaTh W3BECTHBIE METOABI, B YaCTHOCTH,
nporoHku [3]-[5].

B pabote, yunThiBas CHenU(pUUECKYIO CTPYKTYPY CHCTEMBI
muddepeHIHAIBHBIX YpaBHEHHH M cnabylo, HO TMPOU3BOJBHYIO
3aIl0JTHEHHOCTh MAaTPHIIBl KPaeBhIX YCIOBHA, IpeiaraeTcs BapuaHT
METO/la IIepeHoca KpaeBblX ycnouil. Ilpemmyniectso npenna-
raeMoro IOAXOAa B CPaBHEHHWH C HEMOCPEICTBEHHBIM HCIIOb-
30BaHMEM METOAOB IepeHoca B OOIIEM BHJIE OYEBHIHO, T.K. 3/1eCh
MEPEHOC OCYIIECTBISIETCS TOJNILKO OTHOCHUTENBHO TEX TMEpEeMEHHBIX,
K03(D(pUIIMEHTHI KOTOPBIX B KPAaeBBIX YCIOBHUSX OTJIMYHBI OT HYJIA,
MPH ATOM MEPEHOC OCYLIECTBISIETCSI ¢ MPUMEHEHHUEM TOJBKO TOTO
¢ hepeHIuanbHOro ypaBHEHUS, B KOTOPOM  YYacTBYET
MepeHoCHMast TiepeMeHHas.

PaccmoTpuM cucteMy »n HE3aBHCUMBIX JIMHEHHBIX Tudde-
PEHIMANBHBIX YPaBHEHUH BTOPOTO MOPsIKa

j}k (x)= a (x)yk (x) +bk (x)yk (x) +c, (x), xe (Oalk ), k= la_na (1)
C HGpEBZ[GHGHHLIMI/I KpaeBLIMI/I yCﬂOBI/IﬂMI/I BHUIA

Zg:'lk.)'}k(lk)+zq:{kyk(lk):ril’ i:19n19 (2)
k=1 k=1
> gu i 0+ gny (0)=r", i=Ln,, 3)
k=1 k=1

WM B Oosiee 00IeM BHUJIC
> lgii )+ 4y () + 03,00+ 44y, (O)]= 7, i=Lm. &)
k=1
3nece m=2n=n,+n,; a,(x),b (x),c,(x), k= 1,n,— 3a1aHHbBIC
HelpepblBHbIE  (QyHKIUY, npuueM a,(x),b, (x) # const,x € (0,1,);

1,0 10 10 - 1.
g, -4, »r i,k =1,n,—3a1aHHbIe BEIWYMHBI; HEU3BECTHBIE Y, (X)—

JBaXbl HempepblBHO Iuddepenuupyemsr npu xe[0,/,];/, >0—

205



3aJaHbl U ynopsnmodeHsel, T.€. 0</, </, k=1,.,n-1.

3amaua (1), (4) sBIISETCS IBYXTOUCYHON KpaeBOMl 3ajaueci.

k+1>

HccnenoBannuio  BOIPOCOB — CYIIECTBOBaHHUS, EIUHCTBEHHOCTU
pelleHrs KpaeBbIX 3ajad B oOIIeM CiIydae IMOCBSIIEHO JTOCTaTOYHO
MHOro pabor. Ho ormeruMm, 4YTO WMEIOMIMECS  YCIOBHUS
CYLIECTBOBAaHUS U €IMHCTBEHHOCTH pELIeHMs Il HEaBTOHOMHBIX
CHCTEM HE HMMEIOT KOHCTPYKTHBHOI'O XapakTepa U HCIOIb3YIOT
(dyHIaMeHTaJbHYI0 MAaTpPHUIy PELIeHWH, MOCTPOSHUE KOTOPOH Jyist
HEABTOHOMHBIX CHCTEM TMpPEJCTaBISieT CIOXKHYIO  MpoOJeMy.
[losToMy Ha mpakTHKE pa3peliuMOCTh 3aJaydl TpoBepsieTcs B
MpOIIeccCe CamMoro YMCIEHHOrO METOAa peHIeHHs 3ajaud u Oynem
npeamnonaratb, 4YTO paccMaTpuBaeMas 3ajadya KOppeKTHa, T.e.
pelIeHue HMEeTCsl U OHO IMHCTBEHHO.
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MNPUMEHEHHUE £ -ITIATOBOI'O METO/IA K PELIEHUIO
OJY BTOPOTI'O IIOPAAKA
Mextuena I'.10., I'y1ueBa A.M.,
Hypuesa B./l., Merpanuesa H.B.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem

B »aroli pabore ucclieayeTcs YMCICHHOE pelleHUe 3aadu
Komm mns OHY Btoporo mopsiaka. C 9Toil 1enbio, 37€Ch
MpeyIaraeTcs MUCIoib30BaTh MHOTOLIATOBON METO/I C MOCTOSSHHBIMU
koo punmeHTamu.

[IpakTuyeckn, mpomecchl, HaOMOAaeMbple B  IPUPOIE,
onuckiBaroTcsa ¢ omompio OJIY. MHorue M3 HUX OMUCHLIBAIOTCS C
nomoieio OJ[Y mepBoro u BTOporo mnopsjka.

Ecin B mpouenype ogHa U3 TEpeMEHHBIX MEHseTcd T0
OTHOILIEHUIO K APYro, To 3TOT npotecc onucbiBaercs OAY. OnHoi
13 TPaJIMIIMOHHBIX 3aJa4 sBJsIeTCs cheaytomas 3aaa4da Kormm:

Y(x) = o, V(%) =5 ()

[Ipeanonoxum, 4To 3Ta MpodiaeMa UMeeT JOCTATOUHO TTIAJAKOe

pellieHre, omnpeneieHHoe Ha MHTepBajie [x,, X |. JIs HaxoxmeHus

YHCIEHHOro pemenus 3anaun (1), Mel pazodbeM OTpe3ok [x,, X | Ha
N paBHBIX YacTell mpu MOCTOSHHOM Tmare />0 u Touka CeTKH
ompezensiercss B cueaylouieMm Buae: X, =x,+ih (i=0,1,...,N).
O6o3Haunm yepe3 y, H Y. TpHOIIKEHHBIE, a Yepe3 y(x,) U
y'(x, ), COOTBETCTBEHHO, TOYHBIC 3HAYCHHS PECIICHUS 3a1a4d B
Toukax pasbuenuit x,, (m=0,12,..).

OOBIYHO YHWCIIEHHBI METOJ] pEIICHHs BBIIIEC YKa3aHHOU
3a/1a4¥ CTPOMUTCA B CIEAYIOLIEM BHUJE:

ko ko ko
Daiy, =h) By +h Dy, )
i=0 i=0 i=0
k k
[N ’
Za[y,,+[:h2ﬂ[F,,+[a (3)
i=0 i=0
rae koddouiwmentsl ai,f3,,y7,,0, 5 - HEKOTOpbIe NeHCTBUTEIbHBIC

uncia, npuueM ax #0, o, #0 u F, =F(x,,y,,7,) (m=012..N).
Haunnas ¢ HprooroHa MHOrme yueHbIE MCCIIEJOBAIH
NpHOJIMKEHHOE  pellleHHe OOBIKHOBEHHBIX JU(QepeHIHaTbHBIX
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ypaBHeHUI. MHOromaroBbeiii MeToji, mocTpoeHHbId B Buae (2)-(3)
SBJSIETCS.  OJHUM W3 TOMYJSPHBIX METOJOB JUIS  PCIICHUS
BbIIIEyKa3aHHOH 3agaun. Cepun paOOT pa3TUYHBIX aBTOPOB OBUIH
MOCBSIIEHBI MCCIEJOBAHUIO YMCIEHHOTO pelIeHHs OOBIKHOBEHHOT'O
nrddepeHnaIsHOro ypaBHeHust MeToaoM (2). Beuto nqokaszano, uTo,
ecni croco0 (2) ycroiuwB, TO MMeeTr Mecto p<2k+2, rue

BEIMYMHA p - CTCICHb TOYHOCTH, a k- mopsmok meroxa (2).

CrnenoBaTenbHO, TOUYHOCTH MeTona (3) 3HAYUTENBHO HHXKE, YeM
TOYHOCTh MeToAa (2). Jns moBbleHUss To4HOCTH Meroxa (3),
MOXHO HCIIONIB30BaTh OKCTPANONALNMU PuuapacoHa W MeEToa ¢
3a0eraHveM BIIEpe/:

k—m k
Za;y:ﬁ-[ = hZﬂ['FnH’ (m >0, A # 0) : (4)

i=0 i=0
Crnemyer OTMETHTh, 4YTO e€ciau MeToj (4) YCTOWYWB, TO
Powx =k +m+1. 30ecs Meton (4) 3aMeHseTCsl CAeLyIOIIM THOPH/I-
HBIM METOJIOM:

ia;y:m = hi ﬂ['FnHw, 4 (IV[| < 1’ i= 0’1"”’ k) (5)

i=0 i=0

Kak wu3BecTHO, THOpUIHBIE METOIBI OBLUTH IOCTPOCHBI Ha
CcThiIke MeTooB PyHre-KyTTel u AnaMca W ydeHble Havaid
UCCIIeloBaTh 3T METOAbl Tocie myonukanuu pabor [upa wu
Batuepa. [lpumenennme merona (5) K peIICHHIO OOBIKHOBEHHBIX
muddepeHIHANBHBIX ~ YpaBHEHHWH  MEpBOro  mopsaka  ObUIO
HCCIIeIOBAaHO MHOTMH aBTOPaMHU.

PaccmoTpum crienyronlyro 3agady, C pEHIEHUEM KOTOPOM
4acTO CTaJKHBAIOTCS TMPH HCCIENOBAHMM MHOTHX HAy4YHO-
TEXHUYECKHX 3a]ay:

V'=8(xp), y(%0) =yo, ¥'(x)) = yo, x€[x, X]. (6)

OnauM U3 3(QQGEKTUBHBIX METOJIOB YHUCIICHHOTO PEIICHUS
3aymauu (6) sBasiercs meroy lltepmepa.

Hns  moctpoeHuss Oojiee TOYHBIX METONOB PacCMOTPHM
CHEAYIOMINN METOA:

ia[yrﬁ—[ :hiﬂ[yr'z-ﬂ'-w,’ (IV[|< 1, i= 0717"‘7kv a, # 0) (7)

i=0 i=0
OueBnyHO, uTO crocod (7) MOXKHO paccMOTpPETh B KadecTBE
Pa3sHOCTHOI'0 YpaBHCHUA JJII HAXOXICHUSA TEPEMCHHBIX Yotk H KakK

MHOTI'OIIIar OBBIH METOA AJIA pCUICHHUA 3aJa4n
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V=1 y(x) =y, x€[x, X].

OOBIYHO Ha3BaHUE METOJA CBS3aHO C €ro KO3(QHUIMEHTaAMH.
3nech IS HaXO0XKIEeHU 3HAUEHUS K03 (HUITUEHTOB
a;,pB; (i=01,..,k), MBl HCHOIB3yeM METOJ HEOINpPEeIeTIeHHbIX
ko3 puiueHToB. KoapuImeHTsl METOJ0B ONPEACISIOTC TaKUM
00pa3zoM, 4TOOBI CTENEHb COOTBETCTBYIOIIErO METOJa TMONydYHiia
MaKCHMaJIbHOE 3HaYCHUE.

[Ipexne yem onpenenuTh 3HaYeHHE KOAPPHUIIMEHTOB, OOBIYHO

npu uccieaoBaHuu Merofa (7) paccMaTpUBarOT HcCCIeJOBaHUE
HEOOXOJMMBIX YCIIOBUH, HAJNOKEHHBIX Ha €ro Kod3(QUIHMEHTEHI,
KOTOpBIE UMEIOT CIIEIYIOIINIA BHI;

A:  Kosbduumentst «;,f; (i=0,12,..,k)- Hexkoropsle
JefCTBUTENbHBIC Yncia, npuueM oy # 0.

B: Xapakrepuctuieckue moJInHOMBI

k
p()=ai, v(i)=pAr"
i=0

HC UMCHOT 06HII/IX MHO)KI/ITGHGI\/‘I, OTJIMYHBIX OT KOHCTAHTHI.
C:o)20 u p>1.
OTMeTuM, dYTO I ONpeneieHUs 3HA4YeHUU MapaMeTpoB
o, Bl (i=0L2,...k [, =i+v;), MOXKHO HCIOIL30BATh
CITEIYIONIYIO0 CHCTEMY YpaBHEHUI:

k k l-v k l.v_l
a, =0; —a. =y ——fB (v=L2,...,p; 01=1). (8
Z , ;v! , ;(v_l)!ﬂ,( p: 0=1). (8)

Takum obpaszom, JUTSE orpeeaeHUs 3HAYEHHH
a;,pB; (i=0,L2,...,k) noryduM OZHOPOAHYIO CUCTEMY HEIMHEHHbBIX

anreOpanvecKux YpaBHEHHM, /i€ KOJIMYECTBO HEU3BECTHBIX PAaBHO
3k+3, a xomuuectBo ypaBHeHus p+1. OdgeBumHo, cucrema (8)
BCCrga MMECT TPUBHUAJIBHOC PCIICHUC. OI[HaKO TPUBHUAJIIBHOC
peuienue cucrembl (8) He mpeactaBisger uHTepeca. [103TOMYy MbI
paccMoTpUM citydaii, Korjga cucreMa (8) HIMeeT HeHyJIeBOe pelleHue.
UzBecTHO, uTO cucTeMa (8) MMeeT HEHyJIeBOe pelleHHe, eClIi UMEeT
MECTO CIeAyIolIee:
p<3k+2.

Orcroza clIemyer, YTo pPyax =3k +1.
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Ob OJHOM NIPUMEHEHUU MOIU®OUKALINUU
MHOI'OLIATOBOI'O METOJA K PEHIEHUIO
HUHTEI'PAJIBHO YPABHEHMUS BOJIBTEPPA
BTOPOI'O POJA
Mextuea I'.10., UaapipsiMisl I'.P., Uabsicasr T.T.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem
Aanaxsepauesa C.U.
Munzeueseupckuii I'ocyoapcmeennstit Yuueepcumem

Kak m3BecTHO, MHOTME 3aJa4yl €CTECTBO3HAHHMI CBOIATCS K

PELIEHUI0 HHTErPAJIbHBIX YPABHEHUH, CPEIUd KOTOPBIX HEMaJloe
MCECTO 3aHUMAIOT HWHTCIpaJIbHBIC YPAaBHCHUA C TIEPEMCHHBIMU
rpaHuIiaMu. 371eCh MBI HCCIEIyeM YHCIEHHOE pellecHUEe HeTnHEeH-
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HOT'0 MHTErpaJIbHOrO ypaBHEHMs TUIa Bobrepa.
Paccmorpum CIENYIOLIEE  UHTErPAIbHOE  ypaBHEHHUE
Bonbereppa

y(x)=g(x)+ IK(x,s,y(s))dS, (x, <s<x<X). (1)

Xo
[penmonaraem, 4ro sapo uHTerpana ¢yskuus K(x,z,y),

ydacTBylIllee B TMpaBod dYacTd cooTHomeHus (1) sBmsercs
HEMpPEepbIBHOM 10 COBOKYITHOCTH apryMEHTOB W OIpelefieHa B

obmactu G={x,<s<x< X, |y| <b}, a ypaBuHenue (1) wumeer
SIMHCTBEHHOE HEMPEPHIBHOE PEIICHUE, ONMPEICICHHOE Ha OTPE3Ke
[x,,X]. C uenbio ucciaeqoBaHUsI YHCICHHOTO PEIICHHUS YPaBHEHHS
(1) orpesok [x,, X ] ¢ momoripto octostHHOrO 11ara 4 >0 pazodbem
Ha N paBHBIX 4YacTeli W TOYKM pa3OMEHHH ompenenuM B BHJE
X;=x9 +ih (i=0,12,..,N). O60o3HauuM uepe3 y; HPUOIMKEHHbIE
3HaYeHHUs pelleHus ypaBHeHus (1), a uepe3 y(x;)-TouHOE 3HAUEHUE
¢yukimu y(x) B Toukax pazouenuii x, (i =0,1,...,N).

OIHMM W3 TOMYJSPHBIX METOIOB JUISl YMCICHHOTO PEIICHUS

ypaBHeHus (1) siBiseTcs MeTo] KBaJpaTyp, UMEIOIIMHA CIeqyIONHi
BH]I;
n
Y, =8, t hZa[K(xn,x[,y[), n= 1727"‘7N; 8, = g(xn)‘ (2)
i=0
3necy a; (i=0,1,...,n) - HEKOTOpbIE IEHCTBUTEIbHbBIE YHCIA,
HasblBaeMble Kod(p¢uIMeHTaMu KBaapaTypHol ¢opmynsl. Kak
cinenyer u3 ¢opMyisl (2), mpu mnepexone OT TEKyLIeH TOYKH X, K
ciegyrolmed  x,,; cymMma, ydacTBylomas B Qopmyne (2)
BBIUMCIIAETCS. 3aHOBO, IOCKONIBKY BenuuuHa K(x,,,X;,»;) 3aBUCHUT
OT 3HAYEHWU BEIMYUHBI 7, YTO SBJSIETCS OCHOBHBIM HEIOCTATKOM
METO/IOB KBaIPATyp.
Ormerum, 4yto B (opmyrne (2) 3nauenue pynkiun K(x,z,)

BBIYMCIIIETCS B TOukax pas0uenuii. CyIIECTBYIOT METOJbI, B
KOTOPBIX HCIIOJB3YIOTCS 3HAYEHHsST MHTErPAIbHON (QYHKIHMU (SIpO
uHterpana ¢Qyaknun  K(X,z,Y)) Ha NPOMEKYTOYHOHW TOUKE,

211



HalpuMep Kak B MeETO/Ae MpsSMOYyroibHMKoB. Ho 31mecs s
YHCJICHHOIO pelleHuss ypaBHeHus (1) mpeajaraeM HCIONIB30BAaTh
CHEAYIOMINN METOA;

k k
Za[yrm = hz ﬂ[y:mw, (|V[| <l;i=0,l,.., k), (3)

i=0 i=0
KOTOpBI OOBIYHO Ha3bIBAIOT TMOPUAHBIM MeToAOoM. M3BecTHO, uTO
NpUMEHEHHEe K THOPWUAHBIM METOAAaM YHCJIEHHOTO pEeIlIeHHUs
ypaBHeHus (1) mpunamiexxut Makpornoy, a merox (3) sBusercs
0000111eHreM MeTo1a Makporiioy.

Meropa (3) npuMeHsIeTCsl K YUCICHHOMY PEIICHUI0 HavalbHON
3agaud Uil OOBIKHOBEHHBIX UG QepeHINANbHBIX  ypaBHEHUH
nepBoro nopsaka. Kak u3BectHO, pa3BUTHE MHOTOLIATOBBIX THOPU/I-
HBIX METOJIOB JJIsi YHUCICHHOT'O PelleHHs] OOBIKHOBEHHBIX U depeH-
OUAbHBIX YpaBHEHMH Havaioch IOcie MyONUKAlMid HM3BECTHBIX
pa6ot ['upa u batuepa.

Kak wu3BecTHO, THOpUIHBIE METOABI TMOCTPOSHBI Ha CTHIKE
MeTonoB Pynre-KyTTel 1 Amamca. OTH METOJBI TOCTPOUIIH Tak,
9To0Bl OHM 00JIa/Iajy JyYlIMMHU CBOMCTBaMHU MeToioB PyHre-Kyrra
n Apamca. [locnemHee BpeMmMsi Hayalld CTPOMTH JABYXIIArOBbIE
Meroabl PyHre-KyTTel, KOTOpBlE TaKke TNpeAHA3HAUYEHBI JUIS
o0NaiaHus JIyYIIuX CBOWCTB OTHO M MHOTOIIIATOBBIX METOIOB.

Paccmorpum moctpoenue rubpumHbix merono tuma (3). C
3TOH LENTBI0 MOYKHO HCIIONB30BaTh CIEAYIONIYIO Pa3HOCTh!

y(x,.) = y(x,) =g(x,.,) - g(x,) +
“ntl

+ hT(K (%0058, V() = K (x5, 9(8))ds + [ K (x,,,,8, 9())ds
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Ob OJHOM T'MBPUJHOM METO/JE
Mextuena I'.10., Mup3oes P.P.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
Aonynzane C. 1.
A3zepbaiionc. I'ocyoapcme. Ikonomuueckuii Ynusepcumem

Kak u3BecTHO, penieHne HEKOTOpPBIX 3a7ad eCTeCTBO3HAHMI,
CBOIATCA K IOCTPOEHHMIO MaTeMaTW4eckoil MopaenH, a 3aTeM
nopbupaercs METOJ 1S UCCIE0BaHUs MOJTy4YeHHON
MaTeMaTHueckol Mojenu. OObIYHO JUIsi HMCCIEeNOBAHUS TaKUX
ypaBHEHWH  MPHUMEHSIOT NpHOIMKeHHbIe MeToabl. Cpeam 3TuX
METOJ0B Haubojee 4YacTo HCIOIb3YyeMbIMU SIBJISIOTCS KOHEUHO-
Pa3HOCTHBIE METOJIbI, KOTOpPbIE MMEIOT MPUMEHEHHE TTIOYTH BO BCEX
obmactax wmaremMatukd. OTMETHM, YTO TOYHOCTh KOHEYHO-
Pa3HOCTHBIX METOJOB 3aBHUCHT OT IMOA0Opa MX KO3((QUIMEHTOB.
[ToaToMy, 3m€Ch TaKkKe MPEUIOKEH CIOCO0 ISl HAXOXKICHUS THX
K03 pUIIMEeHTOB.

PaccmoTpuM  pelieHue  CIEIYIOLIEr0  MHTErPAJIbHOTO
ypaBHEHUS:

YO =0+ [ KCos, y(s))ds. (1)
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Wnterpansnoe  ypaBHeHune (1)  OOBIYHO  HAa3BIBAIOT
WHTErpaJibHbIM ypaBHeHHEeM BoibTepa BTOporo poja. ITo CBSI3aHO ¢
TeM, 4To ypaBHeHwe (1) B IJMHEHHOM cllydae OCHOBATEILHO
HcciieoBaHo BonbTeppod M Ha JOCTaTOYHO BBICOKOM YPOBHE
M3Y4eHO WX BO3HHKHOBEHHE B IpPaKTHYeCKHX 3amadax. OTMmeTrum,
YTO CHUHTYJSpHBbIE MHTErpajbHble YPaBHEHHS C IepeMEHHOU
rpaHMIeil BIEpBbIE B YACTHOM BHJE OBUIM HCCIENOBaHB AOeneM.
YuuteiBas, YTO HaWTH TOYHOE pelieHue ypaBHeHus (1) maxe B
JIMHEHHOM ciy4ae y/laeTcsl He BCerja, MHOTHE CIIEUAINCThI Ui ee
peleHNs] TPUMEHSUTH TPUOTMKEHHBIE METOIBI.

Meron KBaapartyp, MPUMEHEHHBIH K pelieHuto ypaBHeHus (1)
MOXeET OBITH 3aIlUCaH B CIEAYIOIIEM BUJE:

n
y(x,)=f(x,)+hD @ K(x,,x,,y(x)+R,, 2)

=0
rae R, SBISETCS OCTaTOYHBIM WIGHOM METOAa KBaJpatyp,
a; (j=0.,...,n) - HEKOTOpPBIE AEHCTBUTENLHBIC YHCITA, HA3bIBAEMBIE

ko dunmentamn Meroma kBaapaTyp. OtOpacbiBasi OCTaTOYHBIH
4jgeH R, , OITy4aeM CIEeAYIOLINI METOA:

y,=fo+h) aK(x,,x,y), (n=123..), y,=f(x,), 3
j=0

KOTOPBIM Ha3bIBaIOT METOJIOM KBaJpaTyp C NMEPEMEHHOW TI'paHULEH.
Meron (3) mpu a,#0 sBisercs HesBHbIM, a npu  a,=0,
COOTBETCTBEHHO, sBHbIM. Kak criemyer m3 cootHomeHu#d (3), aus
Ka)XX/IOTO 3HAYeHHs BEIMYMHBI 71 SAPO HWHTErpasa (QyHKIUH
K(x,s,y) Bblumcisercs n pa3 W NP YBEIMYEHHH 3HAYCHUH 7,
BO3pacraerT  KOJWYECTBO  BbluuciaeHuid  ¢Qynkmun — K(x,s,p).
CrnenoBaTeqbHO, Ha KaXJOM Iare BO3pacTaeT KOJIWYECTBO
BBIYMCIICHUM, YTO SBISETCA OCHOBHBIM HEIOCTAaTKOM METOAa
KBajapaTyp. Hekoropele aBTOpbI Ui YCTpaHEHMs YKa3aHHOIO
HemocTatka MetoAa (3) TPEIIOKUIM  WCIONB30BaTh  METOJBI,
MOI00HBIE CIEAYIOMUM Kk -IIAarOBBIM METOAaM C TOCTOSHHBIMH
ko3 pumenTamu:

DOV =hY B (X 0) “4)

i=0 i=0
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Jns HaxoKAEHWE YHUCIEHHOTO pemieHust ypaBHeHHs (1)
Ipeularaercsi HeKoTopasl yacTHas (popma ClenyIomero KOHEUHO-
Pa3HOCTHOTO METO/Ia C MMOCTOSTHHBIMU KO3 PHIINEHTAMHU:

k k n
DAV =hY (B + Bhin) +

i=0 i=0

k
+ hzz(y[y:ﬂ' + 7;[yr'l'+[+v, )’ (|m‘| < 1,

i=0

v |<Li=0,1,..,k). (5

B uwactaoctu npu B, =y, =7, =0 (i=0,1,2,..,k) u3 meroma (5)
nojgydyacm 06I)IKHOBCHHI)IG k-HIaI‘OBI)Ie METOJAblI C IOCTOAHHBIMU
koo duumentamu, apu y; =y; =0 (i=0,1,2,...,k) u3 merona (5)
nmojiyyaeM THOpuaHbIE MeTonbsl. Meron (5) B oOmiell ¢dopme He
WCCIIeIoBaH. 3/1eCh UcceayeM MpUMeHeHne MeToa (6) K pelmeHunto
uHTerpanpHoro ypaBHeHusi (1) tuna BombTeppa mpu ﬁi =7;=0
(i=0,1,2,...,k), xoTopoe OOBIYHO HA3BIBAIOT KOHEYHO-PA3HOCTHBIM

METO/IOM CO BTOpOH mpou3BogHOH. OueBuAHO, uYTO MeTon (5)
MNPpUMCHACTCA K PCHICHUIO HCEKOTOPBLIX 3aja4d, C€CJIM H3BCCTHLBI
) 0 (;i— C O =
3HAa4YeHUs BEMMYUH y,",..., v/} (j=0,1,2; y = y(x)) u cymecTByer
cocod st HaxOoxAeHWs  3HadeHmit  y) .yl g7
(j=0,1,2; i=0,1,2,....k). Jlerko 3ameTHTh, 4YTO NPUMEHECHHE
Merona (5) K pelIeHHI0 KOHKPETHBIX 3aJad COMPOBOXKAACTCS C
HEKOTOphIMU TpyaHocTsMU. ClienoBaTeNbHO, IS HCHOIB30BAHUS

MeToj1a (5) Hy>KHO IMOCTPOUTH CIICIUAIBHBIN allTOPUTM.

Paccmorpum noctpoenre meronos tuna (5) npu 5, =7, =0
(i=0,1,2,....k). C oroii wnempt0 MoCTpoUM  (HOPMYIIBI IS
BBIYMCICHHUN 3HaueHuid (ynkimu y'(x) u  y'(x). Ipenmonoxum,

YTO KaKUM-HHUOY/Ab METOJIOM HaWJIEHO PElICHUE ypaBHEHUS, MOCIe
ydera KoToporo B ypaBHeHud (1) momyuaercs ToxxaectBo. Torna us
(1) umeem:

V(@)= f(x0)+ K(x,x,y(x)) + IKL (x5, y(s))ds, (6)

0
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V(0= () +a'(x) +b@)+ [KL (s, y(s)ds,  (7)
rae a(x) = K(x,x, y(x)), b(x) =K (x,x, y(x)).
HaxoxaeHne 3HaYCHUH BEMUYUH V)., U Vy,; 10 hopmyie
(7) u (8) cBOIUTCSI K BBIYMCIICHHUIO CISAYIOIIEro HHTErpaa;

x
j K(x, s, 9(s))ds. (8)
Xo

Ecrm  x  BolumcneHuro  uwHTerpana  (9)  mpuMeHUM
KBaJIpaTypHyto ¢Gopmyiy (3), TO mojiyuaeM HUHTErPajIbHYI CyMMY C
nepeMeHHon rpanuueil. Iloatomy, 3aech yduThIBas H3BECTHOCTH
BeMMYUH Y, , Vo, A  Vh,, HAXOAUM CBSI3b MEKIY ITHMH
BEIMYMHAME C BEIHYMHAMH  V,.,, V... » Vo, KOTOPBIC SIBISIOTCS

HEN3BECTHBIMU.
[Tocne npoBeneHNsT HEKOTOPBIX ONEpPALIil TOTYIHM:

K K K
!
Za[yn+[ = Za[fn+[ + Za[an+[ +
i=0 i=0 i=0

+ hii VK (X3 X0 V)

j=0 i=0
Hcnone3yst MeTon  HEONpPEAENeHHBIX  KOX(PPHUIHMEHTOB,
HOJIyYUM CIEIYIOIIYI0 CHCTEMY alreOpandecKuX ypaBHEHHH.

Mo, =0, Y.(B,+B)=Dia,,

i=0 i=0 i=0

DRSO NU R NEES WS

i=0 i=0 i=0

k
(m =1 "y, +1"77) +

i=0
k k
@B AV = iZima[ (m=3,4,..,p).
i=0 m -2
Pemast mony4eHHnyto cucremy npu k =1, MOXKHO MOCTPOUTH METOJIbI
co crenenpio p<10.
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Ob OJJTHOM CIIOCOBE ITOCTPOEHHUE OJHOUIAI'OBOI'O
TUBPUJIHOIO METO/IA C BBICOKO¥ CTEINEHBIO
Mextuena I'.10., lajuesa I'.X.,

AckepoB T.M., Amuzane ¥.C.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem

Kak w3BecTHO, pelleHHss MHOTMX Hay4HO-TEXHUYECKHX 3a7ad
CBOIITCS K pelieHnio 3aiaud Komm st oObIKHOBEHHBIX avidiepeH-
LUAJIBHBIX YPAaBHEHMUI1, NCCIIENIOBAHUIO KOTOPBIX MOCBSAIIEHBI Psi] paloT.

INocnenHee Bpemst Ul HAaXOXKIEHMS pEIICHMS TaKMX 3ajad
HpeJyIararoT MCIob30BaTh TMOPU/IHBIE METOMIBL. 3716Ch PacCMaTpPUBAETCS
HOCTPOEHNE KOHKPETHBIX OIHOIIATOBBIX THOPHIHBIX METOIOB, UMEIOLINX
BBICOKHE TOYHOCTH.

PaccMoTpuM clieayromyro KIacCHYeCKyo 3a1auy:

V=06 p), y(x) =y, X, Sx< X (1)
[Mpennmonaraem, uto 3amada (1) wWMeeT EIMHCTBEHHOE
HEMPEPBIBHOE pEIIeHHE, ONMpPEIeSICHHOE Ha OTpe3Ke [xO,X ] Llenb

JaHHOI paboThl 3aKJIFOYAETCS B IIOCTPOGHUU YHCIEHHOTO METO/A C
BBICOKOH TOYHOCTBIO Ui pemieHus 3aaa4un (1). B cBsdu ¢ 3tum

OTpE30K [xO,X ] C TIOMOIIBIO TTOCTOSHHOrO Imara />0 pa3buBaem
Ha N paBHBIX 4YacTell W TOYKHM pa3OMCHUI OINpPENeNieM B BHJIE:
X, =x,+ih , (=0L...N). O6o3nauum dvepe3 y, - NMpUOIHKEHHOE, a
gepe3 y(x,)- TouHOe 3HayeHWe pemieHus 3agayn (1) B Toukax
x, (i=0,1,2,...,N).

K pemenuto 3anauun (1) npuMeHUM CIENYIOIIUNA THOPUIHBIHN
METOJI:
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S =hS B+ 0 7 S (V<1 =0.0.2,0k). (@)

i=0 i=0 i=0
He TpynHo mokazaTh, 4TO A7 HAXOXKACHUS KOD(PPHUIIMEHTOB
MeToj1a (2) MOXKHO HCIIONIb30BATh CIEAYIOIIYIO CUCTEMY:

ZOC[ =0, Z(ia[ -B,—7r)=0,

i=0 i=0
-1

S LG
ZOE TP a7 =23 )

[MosTOoMy, wuccnenoBanu pemenne (3) I HEKOTOPBIX
YacTHBIX ciiydaeB. OTMETHUM, YTO B 3TOM CHCTEME KOJIHYECTBO
ypaBHEHUH paBHO p-+1, a KOIMYECTBO HEU3BECTHBIX paBHO 4k +4

u cuctema (3) Bcerma MMeeT TpUBHalbHOE penieHue. O4eBHIHO,
cucreMa (3) Bcerma umeeT TpUBHAbHOE pemieHue. OJHAKO,
TPUBHAJIBHOE pEHIEHHE HE TPEACTaBIACT HWHTEpPEC, MOCKOIBKY B
3TOM ciydae U3 (Gopmylsl (2) MOTYYUTh Kakue-HHOYIAb METOJBI
HeBO3MOXKHO. [loaTOMy wuccrnenyeM HETpUBHANBHOE pelIeHUe
cucrembl (3). Jlerko 3ameruth, uto ecium  p+1<4k+4, 1o
cucrema (3) Oyaer MMeTh HETpPHBHAJbHOE pemieHne. MBI 37ech
MOKakeM, 4To npu k=1 CyIIeCTBYIOT yCTOHYMBBIE METOIBI C
TOYHOCTBIO
p<6. @)
OTMeruM, YTO TIONyYEHHOE HEPaBEHCTBO  SIBIACTCS
OrpaHHYEHHEM IS CTerneHn Merona (2), MOCKONBKY MOPSIOK K
cuuTaercss W3BecTHBIM. Ho, eciin mpenmnoiaokuM, 4To METOJ| THUIa
(2) ycroituuB, To oleHKa (4) MOXKET HE BBIOIHSITHCS, TTOCKOIBKY
YCTOWYMBOCTh METOJ]da HajlaraeT HEKOTOpble JOMONHUTEIbHBIE
yCIIOBUSI Ha KOA(GOUIHEHTH (i =0,1, 2,...,k), KOTOphIE OTpaHu-
YMBAIOT MHOXKECTBO DJTHUX BENMYMH. ECTECTBEHHO, 4YTO Takoe
OrpaHMYEHHE YMEHBIIAET TOYHOCTh MeToAa. MOXHO JJ0Ka3aTh, YTO
CYIIECTBYIOT YCTOMYMBBIC METO/IbI THIIA (2) CO CTETEHBIO
p=3k+3.

B cnydae k=1, pemas cucremy (3) ¥ yUuThIBast HOITYy4CHHOE
petienue B (2), HAaXOAUM CIIAYIONIHIA METO/I;

Yn+1 = Vn +h(fn+1 +fn)/12+
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+Sh(f, oo + n+l/2+ﬁ/10)/12. (5)
A B cayyae a,=1La,=-1, a,=0, pemas cucremy (3), B ciayuae
B, =0, =P, =0 nomyunm:
v, =5/18, 7, =8/18, y, =5/18,
v, =3/2+4/15/10,v, =3/2, v, =3/2-+/15/10.
C yuérom pemrenus (6) B popmyne (2) nmeem:
Vo =V, +h (5)’;+3/2+\g/10 +8y). + 5)’;“/2_‘5/10)/18- (7

Kaxk HU3BCCTHO, JIA YBCIMYCHHA TOYHOCTU MHOI'OIIAroBOro
METO0/1a, MOXKHO HCIIOJIB30BATh METO/ CO BTOPOM IIPOU3BOJHOMN.
Tenepb paccMOTpUM TOCTPOCHHE THOPHUIHBIX METOAOB CO

(6)

BTOPOI mpon3BoHONH. OTMETHUM, UYTO OOBIYHBIH k -marossrit MeTox
CO BTOPOW IIPOU3BOJHOM 3alMCBIBAETCS B CIEAYIOLEM BUJIE:
k k k
Za[ym—[ :hzﬂ[fm—[ +h227/[gn+[’ (8)
i=0 i=0 i=0
3/1eCh
g, =8(x,,y,) (m=0,12,..,),
g(x,y)= £, y)+ £, (x, ») f (x, ).
Meron (8) MOXHO MPUMEHUTH K pemieHuto 3agaun (1), a
TaKXe K PEIeHUI0 CIeayolel 3a1auun:
V' =F0 "), y(x) = o, Y'(%) =y, X, Sx< X (9)
[Mosromy meron (8) mepenuiineM B CISIyIOIIEM BHUJIE Kak
KOHEYHO-Pa3HOCTHBIM METOJ
k k k
DY =hY By A H Yyl (10)
i=0 i=0 i=0
Otrcrona cienyer, uto merox (10) jerko MOKHO ajar-
THUPOBATH K pemeHuro 3a1auu (1) u (9).
U3zBectHO, uTo ecnu MeToj (8) ycTOHYMB, TO CTEEHb €ro
YJIOBJIETBOPSET CIEAYIOLINM YCIOBUAM
p<2k+2. (1

Ecmu cpaBaum ounenku (11) u Bbie momydeHHOE, TO
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MOJTy4aeM, YTO THOPHIHBIC METOIBI SBJISIFOTCS 00JIee TOUHBIMH, YeM
MeToIel THA (9).

'mOpuaHbie METOABI CO BTOPOW TNPOU3BOIHOW MOMKHO
MOCTPOUTH B pa3HbIX BapUaHTAX.

BeiBoa. 31mech, B XpOHOJOTMYECKOH (hopMe CpaBHHIU
HEKOTOPBIE U3BECTHBIE METO/IbI, OMPENETUIN IPUUHUHBI TOCTPOECHUS
HEKOTOPBIX METOJIOB, a TAaKKE MPEMIOKUIN HAIMpABICHUS s
MOCTPOEHUSI METOJIOB C BBICOKOM TOYHOCTBIO. IlocTpoeHHbIE
KOHKPETHbIE METOAbl NPUMEHEHBl K PEHIEHUI0 HEKOTOPBIX
MOJENbHBIX  3aJay, pe3yJbTaThl KOTOPBIX COIIACYIOTCA C
TEOPETUYECKUMHU BbIBOJAMHU. ISl MCIONB30BaHUS HEKOTOPBIX
KOHKPETHBIX METOJOB MOCTPOECH aJTOPUTM. 37E€Ch HE PEIICHBI BCE
BOIPOCHI, CBS3aHHBIC C TOCTPOCHUEM U MPUMEHEHUEM THUOPUTHBIX
METOJIOB B ILIEJIOM, YTO MOXHO CYUTaThb €CTECTBEHHBIM. Jlanee
MOKa3aHbl TMPUOPHUTET WCCIACIOBAaHUN THOPUIHBIX METOJOB, HX
npeuMyilnecTsa M Hemoctatku. [loapiToKMBas BbBILIE CKa3aHHOE
MOXKHO YTBEPXKIaTh, YTO MCCIEIOBAHUE THOPHIHBIX METOJIOB
SIBJIIETCA OJHMM W3 TPUOPUTETHBIX HANpPaBICHUH B TEOPUH H
NPUMEHEHUHN YUCIIEHHBIX METOJOB.

JIuteparypa
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[TpubnukeHHBIE METONBI ONEepaTOpHBIX ypaBHeHUH / bBaky,
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2. Hoparumos B.P. CxomumocTh MeTO1a MPOrHO3a-KOPPEKIUY //
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3. Hoparumos B.P. OO0 omHOH CBSI3M MEXKIy TMOPSIKOM H
CTEICHBIO JUIsl YCTOHYMBOW (DOpMyIIBI ¢ 3a0eraHueM BIEpeE.
K.Bbruuc. mat. u Mat. puz., Noe 7— 1990 —¢.1045-1056
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generalization of hybrid methods. Proceedings of the 4th
international conference on approximation methods and
numerical modeling in environment and natural resources
Saidia, Morocco, may 23-26, 2011, 543-547.
HEOBXO/IUMBIE YCJIOBUA OIITUMAJIBHOCTHU B
OJIHOM TUCKPETHOM JBYXIIAPAMETPUYECKOM
3AJTAYE YIIPABJIEHUSA
AameBa C.T., Axmenosa 7K.b., MancumoB K.b.
bakunckuii I'ocyoapcmeennwtii Ynueepcumem
Hucmumym Cucmem Ynpaenenus HAH Azepoaiiorcana
mansimov@front.ru

PaCCMOTpI/IM 3aavy O MUHUMYMEC q)yHKHI/IOHaHa
Slu,v) = @1'['5(?51}} + '-’P:'[d(xzj}J (1)
pU OTPaHUUCHUAX
2t +1,x+1) = f(t,x,2(t,x)), teED=TxX,

(T={tgto+1,.... 55— 1}, X={xgxp+1, ., x;—1,x,x; +

1, vy X3 — 1}},
C Kpa€BbIMH YCJIOBUAMUN

z(rﬁ,x} =alx), x= Xpip+1..,x0

z(t,xg) = blE), t=tptp+1, ..., 1, )
felx+1), x=xgx5+ 1., x;— 1,
ﬂ(x-l_ij_{ dlx+1), x=x;+1,..,x,—1, 3)
clx+1) = F(x, c(x),ulx) },x =xgxp+1,.,00—1, 4)
C(xu} = Ca,
dix+1) = g{x, d{x), i',ﬂ(x]},x =Xqy,..,xg—1, (5)

dixy) = G{c(xi}},
ulx) EU CR",x = XpXp+1l ..,x—1,
vix) EVCR,x =x,%,+1,...,%, — 1. (6)
3mech f(t,x,z) — 3amamHas  ABaxAbl HempepbiBHO aubdepen-

uupyemass 10z OpH Beex (t,x) n-MepHas  BekTOp-(YHKIMS,
Flx,c,u) (g(x,d,v)) — samammas  gBaxal  HepepbIBHO
muddepennupyemas mo (¢, u) {(dj 'r:’::'} N-MepHas BEKTOP-(YHKIIUS
npu Bcex x, b(f) — 3ajmaHHas n -MepHas IUCKPETHAs BEKTOP-
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¢dyHKIUS, Glc) — 3aJaHHas TIBaKBI HeMpepBbIBHO
maddepeHupyemast ri-MepHasi BEKTOP-QYHKUHMSA, Ly, Ty,Xq5,%q,%X0 =
3aJlaHHbIC 4YHClIa, MOpHUYeM, pPa3HOCTU &y —fg M X5 — Xy —€CThb
HaTypanbHble uncna, ulx), v(x) — ynpasnsomme BeKTop-QyHKIMH,
U(V) — 3amaHHOe HEMyCTOE, OTPAHUYEHHOE M OTKPHITOE MHO-
JKECTBO, Cp — 3aJaH, @4 (c), @, (d) —3ananHble IBAXIbI HEMPEPHIBHO
nrddepeHupyeMble CKasIpHbIE (QYHKIIUH.

Crnenyst pabotam [1-2] B paccMaTpuBaeMoii 3a/1aue MOIy4CHbI
HeO6XO[[I/IMI)Ie YCJI0OBHA OINTUMAJIBHOCTH TICPBOr0 U BTOPOro
TTOPSIKOB.

Jluteparypa

1. Mancumos K.b. Jluckperusie cuctemsl. baky. U3n-so bBI'Y, 2013,
161 c.

2. Mancumor K.b. Ontumuzanus OZHOTO Kiiacca IUCKPETHBIX
nByxnapaMmerpudeckux cuctem // Juddepenn. ypaBHenus. 1991,
Ne2, c. 359-362.

3. MancumoB K.b. HeobxoaumMble ycnoBHsS ONTUMaILHOCTH BTOPOT'O
MOpsIZIKa B AUCKPETHBIX AByXIMapaMerpuueckux cucremax // 3. AH
Aszepbaiimxana. Cep. hus.-TexH. u MaT. HayK. 1998, Ne2, c. 56-60.

HEOBXO/IUMBIE YCJIOBUS OIITUMAJIBHOCTH B
OJITHOM JUCKPETHOM JBYXINAPAMETPUUYECKOM
3AJIAYE YIIPABJIEHUSA C TEPEMEHHOM CTPYKTYPOM
K.B.Mancumos, = T.®.MamegoBa
"Baxunckuit Focyoapcmeennuiii Yuugepcumem
“HCY HAH Aszepéaiioncana
mansimov@front.ru

[TycTb TpeOyeTcs MUHUMH3UPOBATh (YYHKIIMOHAT
S(uvv)zq’l (Z(tl > Xy ))'W’z (J’(tz X )) (1)
NPU OTPaHHYCHHSIX
Zt+1,x4+1)= £ (t,x,2(2,x)u(t,x)), £=t,,t,+1,....t,=1;
X=X,,X,+1,.006,—1, 2)

222



z(to,x)za(x), X=X,,X,+1,....x,,
2(t,x,)=bt), t=t,,t,+1,...t,—1,
y(e+Lx+1)=g(t,x, (6, x)v(1,x)), t=t, 8, +1,...,1,1;
X=Xy,%,+1,...,x, -1, 3)
y(t, ,x)=G(x,z(t, ,x)), X=Xy,X%,+1,...,x, =1,
yl(t,x,)=clt), t=t,,t,+1,...t,,
u(t,x)eUcR’ Ji=tt +1 ot =1 x=x,,x,+1,...,x, -1,
v(,x)eV R t=t b+t =15 x=x,,X, +1,0x, = 1. (4)
3necy  f (t,x,z,u) (g(t,x,y,v)) — 3aJaHHas n(m)-MepHasI
BEKTOP-(QYHKIMSA HENpephIBHAS IO COBOKYIHOCTH TI€PEMEHHBIX
BMECTE C YACTHBIMU IIPOM3BOJHBIMH II0 (Z,u)((y,v)) J0 BTOPOro

nopsaka BKIIIOYUTCIbHO, f,, ¢,, X,, X, — 3aJaHbl, IpUYEM pa3-
HOCTH f,—f, M X,—X, — €CThb HaTypaJdbHbIC 4YHCIIA, G(x,z) -
3aJaHHas JBaXIbl HempepbiBHO-AUddepeHpyemMas m -MepHast
BeKTOp-(QyHKIuS, a(x), b(t), c(t)—3az[aHHHe JCKPETHBIE BEKTOP-
(GYHKIMU ~ COOTBETCTBYIOLIMX Pa3MEpPHOCTEH, u(t,x) (v(t,x)) -
JUCKPETHBIA ¥ (q)-MepHLH?I BEKTOP YIPABISIOMUX BO3JEHCTBUI,
U (V)— 3alaHHOE  HEIYCTO€, OrPAaHMYEHHOE M  OTKPBITOE
MHOKECTBO, @, (z), 0, (y)—3az[aHHLIe BBl HempepbiBHO-AHDde-

pEHLIUPYEMBbIE CKAJISIPHBIC (PYHKIIHH.

Cnemyst paboram [1-3] B paccmarpuBaeMmoid  3ajaaue
YCTaHOBJICHBIL HCO6XOI[I/IMI)IC YCJIOBHA OIITUMAJIBHOCTH II€PBOro H
BTOPOTO MTOPSIKOB.

JIuteparypa

1. MancumoB K.b. luckperusie cucremsl. baky. U3n-so BI'Y.
2013, 161 c.

2. MaHcumoB K.b. OnTtumuzanus JIUCKPETHBIX
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1991, Ne 2, c. 45-48.
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ONTUMAJIBHOrO yrpasieHus cucremamu ['ypca-JlapOy. baky, U3n-Bo
3JIM. 2010. 360 c.
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