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OLIYEV NIHAN Olipanah oglu 1938-ci il dekabrin 22-do Bak:
soharinin Ikinci Zabrat gasabasinda diinyaya goz agmisdir. Ailada 4 oglan
Vo 3 qiz olmagla 7 usaq olublar. 1946-ct ildo hamin Qoasabadaki 75 sayli
natamam (7 illik) orta moktobo germis, daha sonra Birinci Zabrat
Qosabasindaki 73 sayli orta maktabda taohsilini davam etdirmisdir.

1958-ci ildo S.M.Kirov adina Azarbaycan Déviat Universitetinin
Mexanika-riyaziyyat fakiiltasina gobul olunub vo 1963-cii ildo homin
fakiiltoni  miivaffaqiyyatlo  bitirmisdir. 1963-1966-c1 illorda ADU-da
aspiranturada oxumus, 1967-ci ildo Ukraynamin Lvov saharindaki Ivan
Franko adina Lvov Doviat Universitetinda “Xarakteristik tonliyinin kokii
tokrarlanan olan adi xatti differensial tonliklar —sisteminin hallinin
asimptotik ifadasi va ixtiyari matris funksiya iiciin ayrilis diisturu”
movzusunda dissertasiya isini miidafio edarak fizika-riyaziyyat elmlori
namizadi elmi daracasini almisdir. 1966-ci ildon baglayarag ADU-nun
“Riyazi fizika tonliklori” kafedrasinda, sonra isa “Totbiqi riyaziyyat”
kafedrasinda calismisdir. 1993-2006-c1 illorda Iran Islam Respublikasinda
awoalca Tabriz soharinda, sonra isa Tehran sahorindaki universitetlordo
islomigdir. Sonraki faaliyyati yena Baki Doviat Universiteti va Azarbaycan
Milli Elmlor Akademiyasimin Riyaziyyat vo Mexanika Institutu ilo bagl
olub. 2006-c: ildo BDU-nun “Tatbiqi analizin riyazi iisullart” kafedrasinda
dosent vozifasindo iso baslamisdir. O, Azorbaycan Milli Elmlor
Akademiyasimin Riyaziyyat Vo Mexanika Institutunda “Umumi xatti sarhad
sortli xiisusi toromoali differensial tonliklor diciin sarhad moasalalarinin
hallinin aragdirilmas1” mévzusunda dissertasiya isini miidafio edarak
elmlor doktoru elmi daracasini almisdir. 2015-Ci-ilda professor elmi adi
almis va hazirda kafedrada professor vazifasinda caligir.

osas elmi maraq dairasi, xiisusi toromali differensial tonliklor digiin
qoyulmus masalalarin hallinin arasdirilmasidur.

Onun rahbarliyi altinda, élkada elmlor namizadi adini almagq iigiin
30-dan ¢ox disertasiya igi miidafio olunmusdur. Hal-hazirda 7-8 doktoranti
ilo intesiv olaraq islayir va onlardan ikisi 6z dissertasiya islorini basa
catdirmaq iizradirlor. Bununla yanasi, Iran Islam Respublikasindan olan 5
nafor doktorantdan 4-i miidafia etmis, besincisi iso miidafia arafasindadir.
300-don ¢ox elmi moaqalonin vo fars dilindo bir kitabin miisllifidir
(http//nihan.jsoft.ws).

Uc éviadi var.
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Zoif parabolik tanliklar sistemi ii¢iin bir tars masala haqqinda
Isdo “zoif” parabolic tonliklor sisteminde zaman doyisonindon asili sag toroflorin tapilmasi

haqqinda tors masalonin sonlu-farglar iisulu ila tagribi hallinin y1gilmasi aragdirilir.
{ur (t), fr (), k = 1, m} funksiyalar citlorinin tapilmasi haqqinda asagidaki tors masaloys baxilir:

Uk — Wixex = fre(®) i (x, B), (x,t)eD = (0,1) x (0,T] €y
Ui (x,0) = @ (x), x€[0, ] (2)
u, (0,8) = Py (t, a,i(o, £), we(l,t) = ¢p(t, W (L, 1)), te[O, T] (3)
j u(x, t)dx = r (t), te[0, T] 4)

0

burada, g, (x,t), @k (x), Yi (t, Uy), P (t, Ux), 1 (t), k = 1,m miioyyon hamarhq sortlorino malik
verilmis funksiyalardir, w, = (uy, ..., Ug—1, Ug41, - U ), T > 0.

Misallarla gostormak olarki, (1)-(4) Adamar monada geyri-korrekt mosaladir. Qoyulusu baximdan
(1)-(4)-o yaxin olan mosalalorin Tixonov monada korrektliyi [1] vo bir sira basga islordo
arasdirilmasdir.

Ogor (1)-(4) mosalisinin u, (k, t)eC>*(D), fi(t)eC[0,T],k =1,m Kklassik halli varsa, onda
gostoarmok olar ki, (1)-(4) masalasi (1)-(3) va

fie (@ = [1iee (8) = wix (1, £) + wpex (0, )1/ 1 (8), g (8) = f gi (x,t)dx (5)
0

moasalasina ekvivalentdir.
(1)-(3), (5) masalasinin diskret analoqunu ikitabagoali sonlu-farglor sxemini totbig etmoklo
agagidaki sokildo yaza bilarik [2]:

i,j+1 i,j i+1,j+1 l]+1 i—-1,j+1 i+1,j i,j i-1,j
uy —Uuy Uy —2u +u, X —2uy +u, T,

—* o . -(1-0) - =fla’  ©
u,i('O =@L,i=0,n (7)

o 1 0, 1 . 7 .
T = (G + D, u,”), un]+ =¢r(G+Dru’,j=0,p ®

j+1 j nj+1 n-— 1]+1 1,j+1 0,j+1

AL e TN W T Uk M % /qj+1 ©)

k T h h k

burada, h = % = ;v,i’:vk(ih,jt).u,i'ji =0,n,j=0,p.

k-larin j=1,p tapilmast (6), (7), (8), (9) miinasibotlorinden asagidaki sxem iizro aparilir:
19 segilmakla (6), (7), (8) miinasibatlorinden j = 0 oldugda u,ic'1 tapilir vo bu giymatlorin komayils
(9)-dan £} toyin edilir. Tapilmis fid -lori (6)-da (j = 1 oldugda) yerina yazib, (6), (7), (8)
miinasibatlorindon uk Z_lar toyin olunur va saire. Qeyd etmok lazimdir ki, har bir j = 1,2, ..., p iigiin

(6), (7), (8)-donw,’-larin tapilmast “diiz” mosaladir. (6)-(9) cakili forglor sxeminin (1)-(4)
mosalasinin dagiqg hallina yigilmasi arasdirilmis vo yigilma siirati qiymotlondirilmisdir.
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Self-consistent model of perturbation and linear self-stabilization

1. INTRODUCTION

The response, at present, to the question whether a gravitational instability exists at
wavenumber intervalk € [k;,o) is not affirmative. Note, that in the classical theory the
wavenumber interval is k € (0, k; ],and for this reason the instability is called as long-wavelength.
For such k the (relative) energy intervalis E € [0, —Q?]. And the question arises naturally: whether
will be an instability in the energy interval

E € [—Q?,—o0)occurs? It is clear that at such negative energies if instability arises it will be
short-wavelength. And, whether unless it is logical to think, that an emergence of dense objects are
connectedto the high-energy (|E| > |E.|) perturbations while the low-energy (|E| < |E.|)
perturbations give rise toan origin of rarefied objects, where E. is some critical energy. Comes up
other question: whether will thisinstability, of course if it will exist, of the Jeans’ instability kind of
or both make up a subclass in theinstabilities of density perturbation, which allow a more general
classification?

The classical analytical theory of the perturbation of self-gravitating homogeneous gas within
the frame-work of Jeans statement though reveals so-called Jeans instability, however cannot
completely describe thephysics and consequences of instabilities, altogether, formations of the
dense structures.

In spite of the fact that during the past several decades a lot of researches are devoted to the
Jeans instabilityboth from the points of view of the mathematical methods and the physical
complexities (see, e.g., Larson2003, Mac Low &Klessen 2004 and references therein), we again
address to the classical gravitationalinstability to show that it contains information more than which
up to now have been exhausted.

Our purpose in this note is to reveal a new quality of the gravitational instability on a simple
example ofthe perfect self-gravitating gas.

2. THE EQUATION FOR DENSITY DISTRIBUTION

This paper is the generalization of investigations (Aliyev 2000, 2002a,b, 2010a,b), in which

the stabilityof self-gravitating gas is studied. Dimensionless density reads

" " 1+ B2 12 [N
_lpr,r + (1 + ﬁz)lpr,r - ( -:pﬁ )lpr + glprlpr + lez =0 (1)
General solution to Eq. (1) with arbitrary « and ¢ is the well-known function:
Y@, 0= % - )

cosh (a (r — Bt) + )2’
In particularly, a? =, were o = p./po, and p. is the central density. If to return to the
variables (x, t) then Eq. (2) may be written as,

Y(x,t) = Fpo/cosh (hok)(x — vE)/VZ + ).

The solution of such kind is called the solitary wave. It is accepted to call stable solitary wave a
soliton.
3. LINEAR PERTURBATION

We should first determine what perturbation we want to learn. Indeed, the perturbation
equation canhave the various solutions depending on initial and/or boundary values which are
given. We restrict ourconsideration to investigate the perturbations with spatially bounded initial
distributions which arise asfluctuations under influence of the internal or external sources. Thus, we
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exclude to consider the spatiallyunbounded perturbation which has the origin thanks to the initial
value.

Consider a case when self-action is taken into account. Then, it can be shown that eigenvalues
of theproblem, w, are diskret and real:

w? = 12 — m?, (3)

where | and m are integer. Because of m < Ithe w has the real value and therefore any solution is
stable.It means that self-action suppresses the instability.
4, ONE-DIMENSIONAL UNIVERSE OF RECEDING SOLITONS

If to assume that there is a nonlinear self-organization of the gas cloud and the velocity field is
determinedas v = w/k, then by using the formula (3) we can represent a one-dimensional universe

with solitonsreceding in two directions with dimensionless velocities v]* = +VI? — m?,k = 1.
Such a universe will becharacterized by a discrete distribution of the velocity field (or of the
redshift which is proportional tovelocity): any pair of [ and m with |m| € (0,0) will define a
cluster of solitons.
5. CONCLUSIONS

It has been established that the nonlinear organization of a gas cloud leads to the appearance
of solitarywaves that are structured under perturbation:
1) short-wave instabilities are generated by central density perturbations leading to the birth of
denseand compact macroparticles;
2) long-wave Jeans instability is generated by metric perturbation;
3) observable discrete distribution of galaxies and quasars on the redshift is qualitatively
similar to thedistribution of receding solitons, which are solutions of a one-dimensional nonlinear
system of equationsdescribing the state of the self-organizing gaseous mass.
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Risks from Artificial Intelligence

Artificial Intelligence (Al) or machine intelligence is intelligence which is demonstrated by
machines. Nowadays the areas where Al is used are diverse and its increasingly complex algorithms
influence our lives dramatically. Moreover, there are already some Al algorithms which surpass the
capacities of human experts. As Al capacity improves, its application field will also grow. In the
near future, it is predicted that some particular algorithms will start optimizing themselves and
reaching a superhuman level of intelligence is a real possibility.

Although Al brings benefits to our society it is believed by a lot of experts Al is a real danger,
which is comparable to nuclear technology. Furthermore, scientific risk analysis shows that even if
the probability of high potential damages Al can create is low, it shouldn’t be underestimated.

First of all, by replacing human subjects, Al leads to a serious problem - putting people out of
work. The number of companies which use artificial intelligence in order to decrease the number of
workers is constantly increasing. So it reduces the chance of people to benefit from the different
employment opportunities.

Another problem is that autonomous weapons are Al systems which are designed to Kill
people. So, if wrong persons gain access to these weapons, they will use them to produce mass
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casualties. In addition, an Al arms race is another problem which could lead to an Al war that also
probably will result in mass casualties. In order to avoid being thwarted by the enemy, experts are
designing these weapons in such a way that they are extremely difficult to turn off. As a result,
humans can easily lose control of such a situation. Moreover, as levels of Al intelligence increase,
this risk grows.

Although the Al is designed to do something good for people, it can do it through destructive
ways. This problem can occur in case we misalign our goals with the AI’s goals. For instance, Al
can eliminate a big part of the world population in order to save the environment of our planet.

In this work, the most important risks which can happen due to the use of artificially
intelligent systems are analyzed. In particular, the question if Al can decide to get rid of people and
what can be reasons for that are considered carefully. Also since the possibility of Al having
consciousness is another problem which can lead to further risks, this topic also is covered in this
work.
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Matnlorin miialliflorinin kompiiter taninma sisteminda
istifada olunan alamatlarin tahlili

Molum oldugu kimi, matnlorin miisllifloro goro tosnifatlandiriima kompiiter sistemlorinds
vacib problemlordon biri matnlorin  slamatlorinintayin  edilmasidir. Moatnlorin - miialliflorinin
taninmasinda naticanin na daracads ugurlu olmasi alamatlorin segilmasinaasaslanir. Masalon, bazi
miolliflor yazilarinda eyni sozlordon ¢ox istifado edir, bozilori oxucuya sual verir va boazi
todqiqatgilar alamot kimi agar sozlordan istifads edirlor. Matnlari siniflondirmok va ya tiplorine gora
tosnif etmok tigiin istifado olunan slamatlor ilo motnin miisllifinin taninmas: ti¢giin isladilon slamatlor
bir-birindan forgli ola bilor.

Motnin miisllifinin taninmas1 masalasini formal olaraq asagidaki kimi tosvir etmok olar.

Baza verilonlorindo n sayda miiallif va onlarm har birini m; sayda Tj;, j=1,.....,m;, i=1,.....,n
motnlori yerlosdirilib. i-ci miallifin biitiin matnlorinin ¢oxlugunu Z; ilo isaro edok. Baxilan masalo
yeni daxil olan D matninin n miislliflordon hansina aid oldugunu, basqa s6zlo bu aSarin hansi Z;
sinfina aid oldugunu miiayyanlosdirmokdan ibaroatdir.

Isdo asorlorin miialliflorinin tanimas1 magsedi ilo miixtalif slamotlordan istifado edilorok
alamotlor gruplarininhansi daha effektiv olmasi arasdirilmigdir.

Eksperimental miiqayiso aparmaq mogsadi ilo internetdon sorti adlari Aj, Ay, As Asolan 4
miollifin 500sori informasiya bazasina daxil edilmigdir. Hor miollifin 2 odod kompiiter
sisteminomolum olmayanosari daxil edilmis vo onlarin miiallifliyi gizlodilmisdir.

Oyratmo mogsadi ilo A; miiallifinin 13, A; miiallifinin 11, Az miiallifinin 12, A; miiollifinin
14 osori gotlrilmiisdiir. Olamatlor segildikdon sonra tanima {igiin dayaq vektorlar vo neyron
sobokayanasmalarindan istifade olunmusdur.

Odadi eksperimentlar naticasinds miioyyan olunmusdur ki, tanimaya tasir edocok alamatlarin
secilmasi ¢ox boyiikk ahomiyyot kasb edir. Aparilan tocriibalor naticosindo moalum olmusdur ki,
osarlorin miialliflorinin tanimmasi t¢lin olamat kimi bir qrup yox, bir neg¢a qrup olamatlorin
qruplasdirilaraq konbinasiya edilmasi daha magsadsuygundur.
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Dayisan sarhadli oblastda bir tars masalonin taqribi halli haqqinda

Isdo parabolik tonlikdo namolum sag torofin tapilmasi haqqnda tors mosalonin togribi holl
olunmasi arasdirilir. Baxilan oblast doyison sarhadlidir, zamandan asili namalum omsalin tapilmasi
ticiin verilon sort lokal olmayan inteqral soklindadir.

{u(x, t), f(t)} ciitlorinin tapilmas1 hagqinda masaloys baxilir:

ou 0*u

"3 = f090(),0<x<y(®),0<t<T ¢Y)
u(x,0) = ¢(x),0 <x <y(0) (2)
u(g), t) = Yo (), uly(@),t) =¢1(6),0<t<T 3
Y

j ul,t)dx =r(t),0<t<T (4)

0
burada, g(x),@(x),P(t), Y1(t), r(t),y(t) —verilmis tolob olunan hamarliq sortlorini 6dayan
funksiyalardir, |g(x)| = const > 0,0 < x < y(t),y(t) = const >00<t <T.

Dayison sarhadli oblastlarda parabolik tonliklar ti¢iin tars masalalor nisbston az Gyronilmisdir.
[1] —do kvazixatti parabolik tonlik {iglin amsall1 tors masalolor arasdirilmisdr.
(1)  tonliyinin har iki torafini (0, y(t)) intervalinda inteqrallamagqla f (t) ti¢iin alariq:

y(®)
d d d , du(0,
o = |52 - H 20,0 - 220 220 j00,00 = | s ©)
0

Gostoarmok olar ki, (1)-(4) va (1), (2), (3), (5) masalalori ekvivalentdir.

(1), (2), (3), (5) mosalasinin tagribi hallini tapmaq ti¢iin ikitobagoli, zamana nazoron miintazom
olmayan soboka tizra aparilan ¢okili sonlu-farglor sxemindon istifads edilir [2].
D, oblastinda zamana gora geyri-miintozom soboks asagidaki sokilda qurulur:

Whr; = Wp X @, = {xi,xiy1—xi=hh=y(0)/ni=0n+p—-1} x
x{tj, 01— 6 =15 =¥ (Xnajer) =¥ (¥naj)j = 0,p — 1}

(1), (), (3), (5) masalasinin wp,; sobokasinda aproksimasiyasini gokili sonlu-forglor sxeminda

yazaq:

Uijer = Uij  Wirsjen ~ 2Ujjp1 t U141 Uiprj — 2U5 tUj—qj

1_
7 h? (1-0) h2
=figu,i=0n+p—-1,j=0,p—1, (6
Ui = @il =0,1; Uy = PojUnsjj =P =0,p—1 (7)
Tie1 =77 Untjj+1 — Un—1+j,j+1  Ut,j+1 — Uo,j+1 L
f)’+1: ] — J_ n+j,j hn J,] + J h J /qj+1,]:0,p_1 (8)
j

Qeyd edok Ki, avvalcadan f, giymatini segmoklo (6), (7) sxemi har bir j=0,1,... ligiin u; ; —lorin
tapilmasindan ibarat “diiz” mosaloys ¢evrilir. Tapilmus wu; ; —lor vasitasilo (8) diisturundan toyin
edilon fj,1 —lor iso alqoritmin névbeti addimini atmaga imkan verir.

(6), (7), (8)-don tapilan togribi hallin (1), (2), (3), (5) masalasinin dogig hallino yigilmasi
aragdirilmis, yi1gilma siirati giymatlondirilmisdir.
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Qeyri—hamar analizin elementlarindan istifada etmaklo
mahdudiyyat sortlarinin arasdirilmasi

Xatti programlasdirma masalosins baxaq
Z(X) = pX + PoX, +...+ P, X, = max(min) 1)

a, X, +a,X, +...+a,X, <a

1n " n

A, X, +a,X, +...+3,, X, <a,

2n“*n

()

a,, X +a,,X, +...+3,,X, <a,

mn®'n

X 20, X%,20, ..., X, 20, (3)

n

Burada p;(j=1n), a(i=1m), a,(i=1m, j=1n) verilmis sabit,
X; (j =1,n) iso machul kemiyyatlardir.

Bu masalonin mahdudiyyat sortlori hondasi olaraq n-6lgiilii oblast vo ya gabariq ¢oxluq
omola gotirir. Mohdudiyyat sortlorindoki borabarsizliklorin amolo gotirdiyi ¢oxluq iki qabariq
funksiyanin subdiferensialinin forqi kimi géstarila bilar.

D =of,(x) - of, (x).

Oksino iki funksiyanin subdiferensialinin forgi handosi olaraq n-olgiilii oblast vo ya g¢oxbucaqli
amoala gatira bilar.
Bu handasi fiqur ise asagidaki sokilda bir subxatti funksiya ilo xarakterizo olunur: [2]

R(x) =max[l,x]

R(x+Yy) <R(X)+ R(Y)
R(Ax) = AR(X)
(x,yeE", 1>0).

Burada Op homin alinmis hondosi fiqurla iist-iisto diisiir. Belo ki, bu funksiyanin qiymatlor

coxlugu gabariq ¢oxlugun dayaq funksiyasinin aldigi qiymotlordon toskil olunur.

Mohdudiyyat sortlorindoki  hor bir borabarsizlik miioyyon iqgtisadi vo ya fiziki prosesin
gostoricisi ola bilor. Tok-tok bu barabarsizliklori arasdirmagdansa bu baraboarsizliklordon alinmis
fiquru xarakterizo edon

funksiyan1 aragdirmaq daha effektivdir.

Maraqli cohot ondan ibarotdir ki, alinmis bu hondasi fiqur vasitesilo homin funksiya 6z
gradientlorinin aldigi giymatlorin komayi ilo tamamilo barpa oluna bilor. Funksiyanin qradienti
oblastin vo ya coxbucaqlinin verilmis istigamotda Sarhaddinds yegans oldugu ndqtalordadir.
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Alimmis oblastlar1 vo ya coxbucaqlilar1 ¢oxluq kimi birlosdirmok Vo ya ¢ixmagq ti¢lin biitiin
elementlari bir-bir toplamaq , ¢ixmaq lazim deyil.
Bu omaliyyat ancaq funksiyanin VR(X) gradiyentino uygun golon ndqtolori  vasitasilo yerino

yetirilir.
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Meyl edan argumentli bir sarhad masalasinin
maxsusi adad vo maxsusi funksiyalarimin asimptotikasina dair

Bu isds [0, 7] araliginda

Y (X) + 0, (X) y(X = A(X)) + 0, (X) y(X) + Ay(X) =0, 1)
y'(0) +hy(0) =0, 2)
y'(7)+ Hy(z) =0, 3)

masalasing baxilir.
Burada h, H ixtiyari heqgiqi adodlor, A>0 spektral parametrdir. g, (x) = 0 hali arasdiriimisdur.

w(x,A) (1) tonliyinin
@(0,2) =1 &'(0,1) =-h 4)
baslangic sartlorini 6doyan halli olsun. (1), (4) masalasi

w(X, 1) = cos sx—gsin SX —
—%qu(r)sin s(x— 7)oz — A(r), A)d 7
0

_%qu (2)sins(x— 1)o(z, A)dz (5)

inteqral tanliys ekvivalent, burada s =+/A.
w(x, A) halli (1) tanliyini va (2) sortini 6dayir. w(x, A)-i (3)-da nazars alsaq
Hao(z, 1)+ @' (z,A) =0 (6)
xarakteristik tonliyini alariq.
(5)-1 x-o gora diferensiallasaq

@' (X,A) =—ssinsx—hcos sx—fql(r) coss(x—7)a(r — A(r), A)dz —

~ [a,() cos s(x — 7)eo(z, 2)dlz (7)

alariq.

(5) va (7)-ni (6)-da nozars alsaqg (1)-(3) masalasinin maxsusi adadloari tigiin asimptotik ifadalor
tapilir. Bu moxsusi adadlar va (5) tanliyindan istifado etmoklo moxsusi funksiyalar {igiin asimptotik
ifadalor tapilir.

Bu deyilonlori nazors alaraq asagidaki teoremi isbat etmak olar.
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Teorem. g,(x) Vo g,(x) funksiyalarin mshdud téromasi varsa va A" (x), A'(x) <1
vo A(0)=0 sortlori 6donarsa (1)-(3) masalasinin moxsusi adod Vo moxsusi funksiyalart {iglin
asagidaki asimptotik ifadalor dogrudur:
1 1
s,=n+—|H-h-B(z,n,A(7))|+ 0| = |,
=+ L -n- (e a@)]+0 £
Yy, (X) =cos nx‘:1+ M} —
n
_sinnx
m

[(H =h=B(z,n,A)))x+ (h+ B(z,n, A7) 7]+ O(n—lz}
burada

A%, s, A(z)) :%fql(r)sin ﬁA(r)dz‘+%Jx'q2(r)sin Addz,

B(X, 4, A()) = %fql(r) cos AA(r)d +%Tq2 () cos Ardr.

Badalov Yunis,

dosent, fizika-riyaziyyat elmlari namizadi
ofandiyev Qorxmaz,

texnika iizra falsafa doktoru

Azorbaycan Memarlq va insaat Universiteti
AMEA idaraetma Sistemlari Institutu
yunisbedelov@mail.ru

g.afandiyev@mail.ru

Sozlarin hecalanaraq satirdan satra kecirilmasina statistik yanasma

Sozlarin hissalora boliinarok ndvbati Satra kegirilmasi asason nosriyyat isi ilo baghdir. Belo ki,
kegirmoani yerino yetirmadikdo Sotrin daha ¢ox hissasi bos galir. Belo hallara xiisusilo motni
stitunlarda yigarkon (mas.: gozet formasi) daha ¢ox rast golinir. Satrin “yarimg¢iq” dolmasi estetik
cohotdon z6vqsiiz gériinmoklo yanasi, daha ¢ox kagiz sorfino sabob olur. Digor torafdon, mosalon,
azyasl usaqlar {i¢iin nasr olunan kitablarda keg¢irmoadan istifads olunmur.

Miixtolif dillordo sozlorin névbeti Sotro kegirilmosi (bundan sonra — kegirmo) qaydalari
miixtalifdir. Masalan, ingilis dilinds kegirmonin s6zdoki movqeyi ligatlords gostarilir. Bazi dillordo
kegirmani yerina yetirmok {igiin s6zii istonilon formada bolmak olar. Cin, Koreya, Yapon, Esperanto
dillori bu gabildandir. Lakin oksar dillorda kegirma sézlorin hecalara vo ya morfemloroa (kigik dil
vahidi) boliinmasi ilo yerina yetirilir.

Keg¢irmonin movqeyinin toyini kegirmo qaydalarimin on vacibi sayilir vo biitiin dilordo
gostarilir. Digor qaydalarda miioyyan forglor miisahids olunur.

Kegirmo zamani sozlorin boliinmosi qaydalart miixtolifdir vo hor bir dilin spesifik
xtisusiyyatlarina va nagriyyat taloblorine asaslanir.

Azarbaycan dilinds kegirmo sézorin hecalara boliinmasi ilo yerino yetirilir.

Kecirmanin algoritmini yaradarkon sozlorin hecalara boliinmasi vo Satirdon satro kegirilmasi
qaydalarint nozoro almaq zoruridir. Miixtolif miolliflorin  gostordiyi imumi qaydalar
asagidakilardir:

1. S6zds yanasi galon saitlordon birincisi avvalki, ikincisi iss sonraki hecada, olur. Masalon, sa-
at, sa-ir, mii-ol-lim vo s.
2. S6zds iki sait arasinda bir samit galirsa, homin samit ikinci saito qosulur: a-na, a-ta va s.
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3. So6zdo iki sait arasinda iki samit golorsa, samitlordon birincisi avvalki, ikincisi isa sonraki
hecada olur. Masalan, alma, gar-ga, qur-gu, duy-gu, Hin-dis-tan, prog-res va s. Bozi alinma sozlorin
torkibinds yanas1 islonan gr samitlori orfoqrafiya qaydasina gora hecalar arasinda boliinmiir: foto-
graf, pro-gram, tele-gram va s.

4. Sozdo iki sait arasinda iki samit goldikdo vo bu samitlordon birincisi kar, ikincisi sonor
oldugda samitlor saitlor arasinda barabar boliinmiir. Bu zaman kar samit sonorla birlikds ikinci
saitin amoala gatirdiyi hecaya qosulur: hid-ro-plan, av-totrans va s.

5. S6zds iki sait arasinda ti¢ samit oldugda birinci va ikinci samit avvalinci, tiglincii samit iso
sonraki1 qosulur: alt-da, iist-do, gonc-lar, dinc-lik va s.

6. Bozi sozlordos iki sait arasinda golon ti¢ samitdan birincisi avvalki hecaya, ikinci va tiglinciisi
iso sonraki hecaya qosularaq hecalara boliiniir: sen-tyabr, ak-tyor, konkret va s.

7. S6zda iki sait arasinda dord samit olduqda samitlor hecalar tizro asagidaki qaydalarda boliintir:

7.1. Soziin torkibindoki yanasi golon dord samitdon ikisi avvalinci, ikisi iso sonraki hecaya
qovusur: abs-trakt, trans-krip-siya va s.

7.2. Ug yanas1 golon samitlo biton s6z sonuna samitlo baslayan sokilgi qosulduqda ii¢ yanasi
samit oavvalki birinci hecanin torkibinds, dordiincii samit (yoni sokilginin torkibindoki samit) ikinci
hecanin tarkibinda galir: svarts-dan, izoseyst-lor va s. Goriindiiyli kimi, burada séziin va sokilginin
sorhadi sabit galir.

Bu qaydalardan goriindiiyli kimi, yanast ti¢ Vo dord samit olan sozlorin hecalanmasinda
mioyyan istisna hallar yaranir. Fikrimizca, bu istisnalara sobab {i¢ vo daha ¢ox yanasi samitli
sOzlorin alinma sozlorlo olageli olmasidir. Belo hallar1 arasdirmaq moqsadilo bizim torafimizdon
Azorbaycan dilinin orfoqrafiya ligstinin (2004) statistik tohlili aparilmisdir. Tohlilin naticalori
gostarir ki, Azarbaycan dilinds dord yanasi samit olan 166, bes yanasi samit olan 4 s6z movcuddur.
Bes yanas1 samitli s6zlor asagidakilardir:

v qolfstrim

v" landsknext

v’ poststrukturalist

v’ poststrukturalizm

Dord yanasi samitli sozlordon 26-sina (arntronqit, batterflyay, blitskriq, dekstrin, ekskliiziv,
endspil, fokstrot, qreypfrut va s.) yalniz bir dofo rast galinir. Digar 140 s6ziin bir hissasi (87 s6z) 21
alinma sozdon yaranan, digor hissasi isa (53 s6z) ti¢ horfli sozloro miixtalif sokilgilarin
birlosmosindon yaranan sdzlor vo ya iki s6zdon yaranan miirokkab sozlordir. Mosalon, abstraksiya,
abstraksionizm, abstraktlagdirma, abstraktliq vo digar bu kimi sdzlor abstrakt soziindon, ekspressiv,
ekspressionizm, va digoarlari ekspress soziindon, konstruksiya, konstruktiv, konstruktor va digorlori
konstrukt (ingilisca: construct — qurmagq, tikmok) séziindon yaranmis sézlordir. Altgrup, kontrgayka,
kontrvariant, substrat, superstrat vo digor bu kimi sozlor miirakkab, verstlik, slindirli, slindirvari,
tembrli, orkestrlik, oleandrliq, magistrlik, kalandrg1, filtrli kimi sézlor iSs i¢ yanasi samitli sdzloro
bu va ya digar samitls baslayan sokilginin alava edilmasindon diizaltma sozlordir.

Fikrimizco, sub-strat, super-strat kimi miirokkob sozlorin hecalanmasinda yuxarida sadalanan
qaydalarda gostarilmayan istisna hallar mévcuddur.

ofandiyeva Aytakin,

igtisad elmlari namizadi, dosent
Baki Dovlat Universiteti
aytek@mail.ru

Paylanmis parametrli ekoloji sistemlor iiciin
idaraolunma slamati

Ekoloji proseslor paylanmis paraemtrli sistemlorlo daha doqiq tesvir olunur. Elmin va
texnikanin inkisafi ilo olagodar olaraq daha miirokkob proseslor {igiin optimal idaroetma
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mosalalorina baxmaq zarurati meydana ¢ixmisdir. Belo masalalar istilikkegirmo, qurutma, diffuziya,
stiziilmoa, va digor tobii proseslor ilo slagadar olan idaroetma mosalalorini dyranarkon yaranir. Belo
proseslori dyranarkan asason bir ne¢a faktlart nazors almaq lazimdir. Bu faktlardan birincisi prosesi
tosvir edan tonliklar sistemina baxib onun halli masalasini 6yronmak lazimdir. Masalonin qoyulusu
ilo olagodar olaraq prosesi xarakterizo edon parametrlori yoni idaroedici funksiyalarin sinifini
miioyyonlogdirmok lazimdir. Bundan sonra maSaloni Xarakterizo edon komiyyst yoni hansi
funksionala baxmag1 miioyyanlosdirmak lazimdir.
Tutaq ki, idarsolunan proses

0’z oz oz
e A(t,s)a+ B(t, s)§+C(t,s)z =D(t,s)(t,s), (t,s)eQ, (1)

tonliyinin

z S:,u(t): (00 (t)’
o ()
a_z s:y(t):¢1(t)’ aStSIB,

sortlorini 6doayan halli kimi tasvir olunur.
Burada A(t,s), B(t,s),C(t,s)—nxn-oliilii matrislor, D(t,s)—nxm -6lgiilii matris, ¢, (t),¢,(t)—n-

Ol¢iilii siitun vektorlar, u(t,s)—m-élgiih'i idarsedici slitun vektor funksiya, S= ,u(t) toromasi
y(t)<0 olan funksiya, QQ iso ABC oyrixatli tighucaq oblastdir. A(f,§), noqtasi geyd olunmus,
B(E, u(t)) vo C(,u’l(§ )s ) néqtolori iso uygun olaraq t =f,s =5 xarakteristikalarmim s = z(t) oyrisi
ilo kosismo noqtoloridir. Q(t,s)-ile MPQ -ayrixatli lighucaq oblast1 isaro edok. Burada M(t,s)
noqtasi  Q  oblastinda doyison ixtiyari noqtedir. Mimkiin idaroedici funksiyalar olaraq
u(t,s)e L, (Q) (1< p < +o0) funksiyalar goxlugunu gétiiracoyik.
(1)-(2) boraborliklorini sanki hor yerde 6doyon vo Q oblastin miitloq kesilmaz olan z(t,s)
funksiyasina (1)-(2) moesalasinin halli deyilir.
Tutaq ki, asagidaki sortlor 6danilir:
a) Alt,s),B(t,s),Clt,s) - matrislorinin elementlori istonilon Q(t,s)c Q oblastinda 6lgiilon vo
normalar1 Lebeq monada inteqrallanandir.
b) Al(t,s) - matrisinin elementlorinin sanki biitin s doyisenlori iiciin t deyisenine géras, B(t,s) -
matrisinin elementlorinin iss sanki biitiin t - doyisonlari ti¢iin S - dayisonine gors imumilogmis
toromalori var.

c) DIt,s) - matrisinin elementlori L, (Q)(%+% :1} sinifine daxildir.
a) — ¢) sartlari 6danilarss, onda har bir geyd olunmus u(t,s) miimkiin idaraedicisi ti¢iin (1)-(2)
mosalanin yegana miitlaq kailmaz halli var.
Tutaq ki, (1) sistemi, (tl,sl)e Q) noqtasi, (goo (t), (pl(t)) - baglangic funksiyalar1 vo a € R, vektor
verilmigdir. Elo miimkiin u(t,s) idaroedicisi tapmaq talob olunur ki, bu idarsediciys uygun (1)
sisteminin (2) baslangic sortini 6doyon Z(t, S) halli ii¢iin
2(t,s)=1a, ©)
miinasibati 6danilsin.
Bu halda deyirlar ki, (1) sistemi Q(tl,sl) oblastinda idaroolunandir. Tutaq ki, miimkiin u(t,s)
idaroedicisino uygun (1) sisteminin (2) baslangic sortini 6doyan Z(t,S) halli iigiin (3) miinasibati
0danilir. Onda alariq:



_U R(t,.s,,7,0)D(r,0)u(r,o)ddo=b. (4)
Qfty.s)
Burada
b:a_(ﬂ(tllsl)' ®)
(p(tl, 51) - baslangic funksiyalar vo R(t,S,tl,Sl) matris funksiyasinin komayi ilo birgiymatli toyin
edilon n - dl¢iili vektordur.
Idaraolunma slamati: (1) sisteminin Q(tl,sl) oblastinda idaroolunan olmasi iigiin zaruri vo Kafi
sort
M = H R(t,.s,,7,0)D(z,0)D'(z,0)R(t,,s,,7,0)ddo, (6)
Q(ty,s,)
matrisinin cirlagmayan olmasidir. Burada (') — transponirs isarasidir.
Novbati marhalo (1) sisteminin Q(tl,Sl) oblastinda idareolunan olmasi {iclin zoruri vo kafi sort
isbat olunur.

9hmadov Saleh,

dosent, riyaziyyat iizra falsafa doktoru
Abbasova Aygiin,

dosent, fizika-riyaziyyat elmlari namizadi
Mehdiyev Abbas,

dosent, fizika-riyaziyyat elmlari namizadi
Baki Dévlat Universiteti
salehmedovO@gmail.com
aygun_abbasova@bk.ru
abbasmehdiyev@mail.ru

Dayisan amsall dordiincii tartib tanliyin fundamental
hallarinin asimptotikasinin tapilmasi

Isdo A -kompleks parametrdon asili dordiincii tortib asagidaki tonliys baxilir

ip(x)y” +q(x)y"=4"y, 0<x<1, (1)
burada P(X) > 0 olmagla hagigigiymatli funksiya, q(X) iso kompleksgiymotli funksiyadir.
(1) tanliyina uygun Birkhof monada xarakteristik tonliyin koklori

@, (X) = w(X) = ﬁ; @, (X) =10(X); 0, (X) =—w(X); @, (X) =—1w(X) sokilds tapilir.

Tonliyin fundamental hollorinin asimptotikasin1 tapmagq iigiin A -kompleks miistovinin
asagidaki qaydada sokkiz sektora bolok [2]

T T
S, =X A:—-Atg—< A < Atg—+
1 { 198 2 /1198}

S,

7T 37
AAg—< A, <Atg— ¢
{ 1g8 2 1g 8}

T Sz
S, {/1 i —Atg B <A, <Alg ?} ,
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S,

{/1 /11tg—</1 <lltg—}

S, {ﬂ A, <—/11tg5 A, <—A1tg—}

3z 7w
S, = {l 1—Atg Y <A, <-Atg 5}'

Bu sektorlarin har birinds tonliyin fundamental hallorinin asimptotikasini tapmaq magsadi ilo
asagidaki teorem isbat edilmisdir
TEOREM.  p(X)  hogigigiymatli, ((X)  kompleksgiymotli ~ funksiyalar olmagla
p(x) e C*[01], q(x) € C[0,1], p(X) > Osortlori ddanilir.Onda (1) tonliyinin fundamental hollari
asagidaki asimptoyikaya malikdir

W = [i mfla)(X)/i]S a)ig (X)[l+ %iml(g (x)+ f.(x))+ O(%)} X
xexp[imlifw(f)df} m=14; s=03; || > +0o;1es, (n=18)
5 (do(@)) 1 1 q()
o= 1{8 o) 4w(§)lp(§)} :
f00=5F(x); f,(0 = £, () = (X): £,() = (); F (x) = 4wf(x) 2
Oliyev Ali,

riyaziyyat iizra falsafo doktoru, dosent
Sevdimahyev Yusif,

fizika-riyaziyyat elmlar namizadi, dosent
Baku State University

Mahmudzadas Tahmina,

magistrant

alialiev.b@gmail.com

yusifsev@mail.ru
tehminemahmudzade1996@gmail.com

Elastiki silindrik ortiikdo mayedaki ki¢ik amplitudlu dalgalarin yayilmasi1 haqqinda

Elastiki nazikdivarli, silindrik Ortiikde ikifazali, barotrop qabarcigli mayedoki kicik
amplitudlu dal@alarin oxa simmetrik yayilmasina baxaq. Hoyocanlanmamis halda radiusu R,
qalmligi 2h olan dairavi ortiikk gobul edok. Oxa simmetrik horokatin (x,6,r) silindrik koordinat
sisteminda tosvirinds hidrodinamik parametrlor yalniz x vo r koordinatlarinin funksiyasidir. Oxa
simmetrik halda mayenin hidrodinamik tozyiqi altinda ortiiyiin harokat tonliklorinin asagidaki kimi
yaza bilorik:

vou 1-v2 1-v2 92w
_W Y Rox  zEn S E P = 0, ()
0%u  vow  1-v? 9%U _
ax2 ' R ox E F*oarz

Ce_7 22 NG )
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Burada U(x,t) , W(x,t) - uygun olaraq, oxboyu va radial yerdoyismolordir, p,-ortiiyiin sixligt , E —
elastiklik modulu , v - Puasson amsalidir. Masalonin tamlig1 ti¢iin ortiiyiin tonliklor sistemina maye
Vo Ortiiytin sarhaddindoki sorti do slavs etmok lazimdir.
W _ a—(D|r =R
ox or
Axini1 potensialli gobul etdiyimiz iigiin ¢ (x, , t) siirat potensiali :
1 0%¢
A(p = 22 02 (2)
— Laplas operatorudur. Furye metoduna asasan , siirat potensialini
¢ = 1(x) - @2(r) exp(iwt) (3
soklindo axtaririq. Nazikdivarli ortiiklorin Klassik nozariyyasi miistovi kasiklor postulatinin
odandiyi, eyni zamanda orta satha normal olan garginliklari nazare almaga imkan veran Kirxhov —
Lyav hipotezino assaslanir. Bu mosalo texnikanin bir ¢ox saholorinds aktualdir. O ciimlodan,
aerodinamika, magistral boru kamorlorinin istismarinda bu tip masalslors rast golinir. Biitév miihit
mexanikasmin tonliklorindon istifado edorak, ayri — ayri gabarciglar {igiin ifadslori yazib,biitov
miihit qanunlar ¢orgivasinds gabarciqli mayeds yayilan dalgalarin yayilmasini yronmok miimkiin
olur.

1

92 02 0
Burada A= 54' 5z + e

9liyev Casarat

fizika-riyaziyyat elmlari namizadi,
AMEA, Samaxi astrofizika rasadxanasi
jascience@yahoo.com

Bazi ardicilliglarin analizi ii¢iin forgli metod

1. Problemin qoyulusu v aislanma yolu

Deyokki, verilmis f(k,n) = 0 sortino goro natural adodlor ¢oxlugunda k,n ardicilliglarinin
qurulmast istonilir. Isin hall yolu beladir: 6nco verilmis sortdon n = F (k) tonliyi ¢ixarilir, k € N
Vo k - ya giymatlor vermokls alinan ardicilligdan natural n - lor segilir (n € N), bununlada har iKi
ardicilliq hesablanir. DeyakkKi, k, n ardicilliglarinin imumi hadlari uygun olaraq v, u,- dir. Onda,
k,n ciitlitylino uygun olan {v,, u,}g ardicilliglari ti¢iin,

uo = ao, u1 = al,uz = az, v s UO = bo, U1 = bl,vz = bz, (1)
tapilir. Sonra har iki ardicilliq tiglin rekurent formul
Ups1 + Uy + Puy1 +6 =0, (2)

soklinds axtarilir. (1)-(2)-nin komayi ilo qurulan cabri tonliklar sistemi bos edirki, har iki ardicilliq
liciin axtarilan a, 8, § tapilsin. Umumi hadd iigiin analitik ifadenin axtarilmasi homiso ¢otin bir is
bilinib. Bu yazida, indiys kimi edilmiglordan asas forq odur ki, siiriisma operatorunun kémayi ila
rekurent formul (2), sabit operator omsalli tonlik soklinds yazilir:

eSu(x) + au(x) + e Su(x) + 6 =0, (3)
burada u, = u(x) isaralomasi aparilib vo S - operatoru x-o goro téromoni isara edir, (Su)(x) =
du(x)/0x, D(S) ={u(x) € C*°}|x € R*}, voe*S - siiriismo operatorudur, (e*Su)(x) =
u(x + 1).e*S - in formal siraya ayrilisin1 (3) tonliyindo yerino yazmagla, problem sabit omsalli
diftonliyin aragdirilmasina gatirmok olar. Bu, yol verirki, hall

u(x) = Ae*1* + Be*2* + C,(4)
formasinda axtarilsin. Sonra (4) vo (1)-don yararlanmagla cabri tonliklor sistemi qurulur
Vo A,B,C, kq Vo k, tapilir.
Xiisusi halda, « = =2, f =1, § = 0 olarsa, onda (3),
cosh(Su(x) = u(x), (5)
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tonliyina gevrilir. Bu tonliyin o vaxt halli ola bilarki, u(x) funksiyasi S operatorunun niivasini taskil
edon funksiyalar sinfinda olsun: u(x) € ker(S). Dogrudanda, cosh(S)-in formal olaraq siraya
ayrilisindan,

cosh(S) = 1+ Y7 5%,
goriiniirki, (5) tonliyinin ddenilmesi ii¢iin Y3 d?* u(x)/dx?" = 0, yaxud
odonilmoalidir, basqa sozlo, u(x) € ker(S?).

1. SeqAnmodulu

Hesablamalarin  avtomatlasdirilmas: tglin  “SeqAn” (Sequences Analysis) proqram-paketi
yaradilmigdir. O, modul kimi isloyir vo verilon kimi tolob etdiyi yalmz f(k,n) = 0 sortidir.
“SeqAn” program-paketi bir ne¢o alt programdan ibarotdirki, onlardan a) an - verilon sorto goérs
axtarilan ardicilliglar1 qurur; b) RecFor—ardicilliglar {igiin rekurent formula hesablayir; ¢) ExXFor —
timumi hadd Gi¢lin agkar ifadoni tapir. Asagidaki iki misalda deyilonlori agkar gostarok.

Problem 1: Elo tam n vok (k < n) odadlori tapmaq gorokdirki, k - ya godor olan adadlorin
comi, k + 1 - don n - o kimi olan adadlarin comina barabar olsun,

Yrmoim=Yiam, k<n. (6)
n Vo k — larin yaratdiglar ardicilliglari, rekurent formula vo a,, —ligiin agkar ifadoni tapin.

d?u(x)
dx?

= 0 sorti

an - verilon (6) sortina goro, [k, n] ciitliklorine uygun olan [b;, a;]g ardicilliglarini,
KN = {[1,1],[6,8], [35,49], [204,288], [1189,1681], ... },
RecFor —rekurent formulu,
Apny1 —6ay +an,_1—2 =0,

ExFor iso iimumi hadd tictin askar ifadani,

a, = 1/4(3 —2V2)" +1/4(3 - 2V2)™ —1/2.
tapir.
(3 — 2V2)( 3 + 2V2)=1- oldugunu bilmoklo a,- nin askar ifadasini belodo yazmagq olar:

an, = 1/4(3 —2vV2)" +1/4(3 +2V2)" — 1/2.

Problem 2: Elementlori agsagidaki sarti 6dayan,

Ymmam(k —m) = ¥ m(m — k), k <n, (7)
k von - lorin yaratdiqlari ardicilliglari, rekurent formula vo imumi hadd iigiin agkar ifadoni tapin.
Bu halda, birtorafdon, cobri tonliklor sisteminin determinant sifra barabar olur, o biri torafdan, (5)

tonliyi ilo iizlogirik vo “SeqAn”belo problemids, holledir:
KN = {[1,1],[3,4],[5,7],[7,10],[9,13],[11,16], ... },
Apy1 — 20n +ap-1 =0,
a,=1+3n.

2. Yekun

A. Gostormok olarki, 1 vo 2 problemlarinds baxilan ardicilliglarin elementlori, doguran f(z)
funksiyansinin z - o géro siraya ayrilisinin omsallaridir,
f(@) = Xn=o@nz",

14z — 1+ 8z + 4922 + 28823+ ...

f1 = (1-2)(z%2-6z+1)

fZE%:1+42+722+1023+....

B. Bu metod iimumilosdirila bilor: Ardicilliq tiglin rekurent formul hor hansi bir yolla tapilibsa
Vo ya verilibsa, onda o, siirlisma operatorunun komoayi ilo sabit operator amsalli tonlik soklinda
yazila bilar, sonar iso, ya inteqral g¢evirmolorin (Fiirye, Laplas), ya da sabit omsalli diftanliyin
hallinin kémayils timumi hadd tigiin agkar ifadani tapmaq olar.
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Uc fokuslu ellips

Molumdur ki, miistavi tizorinds verilmis noqtadon eyni mosafods olan noqtalorin handasi yeri
cevra, verilmis iki miixtolif néqtadon barabar uzaqligda olan noqtalorin hondosi yeri diiz xatt,
verilmis iki miixtolif noqtodon mosafslorinin comi sabit olan ndqtalorin handasi yeri iss ellipsdir.

Tarif.Miistovi lizorinds bir diiz xatt tizorinds olmayan {i¢ miixtalif noqto verilmisdirsa (yoni
ticbucaq verilmisdirsa), onda harokst edon dordiincii ndqts (cari ndqto) miistovi tizarinda horokot
zamani verilmis noqtalor ilo amolo gotirdiyi {ighucaq (bu zaman verilmis néqtalordon biri bu
ticbucagin daxilindo galarsa) vo gabariq dérdbucaqlinin perimetrlori eyni sabito barabor olarsa, bu
zaman cari noqtonin cizdig1 handasi yer (qabariq xatt) li¢ fokuslu ellips adlanir.

Qeyd.Ogar bu ii¢ néqtadan ikisi list-iista diisorss, onda adi ellips, agor ticii do tist-iisto diisarss,
onda ¢evra alinmis olar.

Verilmis miistovi tizarinds diizbucaqli Dekart koordinat sistemi geyd edib, homin ii¢ ndqtani
koordinatlar1 vasitasi ilo verak.

Yuxarida verilmis torifdon istifado etmoklo miistovi iizorinds bu ayrini (qapali xatti) quraqg.
Verilmis ii¢ néqtonin (onlar ¢akilmis gapali xattin daxilindadirlar) har ikisindon bir diiz xott kegirak.
Onda bu ¢ xott ayri Xatti alti ndqtads kasmis olacaglar. Gotiirdiiyiimiiz koordinat sisteminda
deyilon qapali ayri xattin tonliyini yazsag, (bu Xattin kasilmoz oldugu asanligla goriiniir) onun
toromasinin do kasilmoaz oldugu alinir. Amma bu ayri Xattin ikinci tortib téromasi yuxarida toyin
etdiyimiz alti ndqtadon basqa galan biitiin nogtalords kasilmazdir. Bu ndqtalor birinci név kasilma
noqtaloridir. Yoni bu ndqtalords sonlu sigrayislar mévcuddur.

Ogor bu alt1 ndqtads doa kasilmazlik olsaydi, onda ela ¢ixardi ki, “elo iki ndqte moéveuddur ki,
bu gapali ayri xatt hamin noqtalara nozaron adi ellipsdir”.

Ikinci tortib tdromonin Kkosilon olmasindan ¢ixir ki, bu qapali oayri Xott adi ellips yox, iig
fokuslu ellipsdir.

Qeyd.Bu ii¢ fokuslu ellips alti dona adi ellipsin kasilmoz birlosmasindon amala golmisdir.
Belo ki, homin ellipslorin fokuslar1 gotiiriilmiis ti¢ noqtadon iki-iki gotiirmoklo alinir. Har iki
noqtonin otrafinda iki miixtalif ellipsin hissalori qurulur. Deyilon alt1 ellipsin hissalari bir-biri ilo
hamar birlosorok ti¢ fokuslu ellipsi amala gatirirlor.

Eyni gqayda ilo miistavi iizorinds dord, bes va s. fokuslu ellipslordan do danismaq olar. Belo Ki,
miistovi {izarinds gabariq n bucaqgli gotiiriib, onun otrafinda (miistovi tizarinds) n fokuslu ellips
qurmagq olar.

Bu naticalor foza (ii¢ Olgiilii) tiglin do aparilmisdir. Belo ki, fozada miioyyan bir tetraedr
(icbucagl piramida) gotiiriilorok, onun otrafinda gapali bir soth qurulmusdur. Burada da foza
koordinat sistemi gotiiriib, homin sathin tonliyini alsag, bu tonliyin kasilmoz vo kasilmoz
diferensiallanan oldugunu gorarik. Bu Sathi, verilmis tigcbucaqli piramidani amalo gotiron iigbucaq
miistovilorini (onlar dorddiir) davam etdirmoklo kassok, hamin sathin tonliyinin ikinci tortib
toromasi bu kasisma Xxatlori boyunca birinci név kasilmays malik olurlar.

Ogor bu kasilmalor olmasaydi, onda aldigimiz soth adi ellipsoid olardi. Belaliklo biz fozada
(li¢ Olctilii fozada) dord fokuslu ellipsoidi qurmus oluruq. Miistovi halinda oldugu kimi, burada da
cox fokuslu ellipsoidi qurmaq olar. Bunun ii¢iin fozada qabariq ¢oxiizlii gotiirmok lazimdir.

Eyni gayda ils ti¢ fokuslu hiperbolani qurmagqla masgul olaq.



Bunun {igiin miistovi tizarinds bir diiz xatt {izarinds olmayan ti¢ ndqto gotiirok. Bu noqtalari
iki-iki birlogdirak. AB Xatti boyiik oxu olan fokuslart A vo B noqtalorinds yerlogon hiperbola
qurag. Bu hiperbolanin fokuslar1 arasindaki mosafa |AB| = 2¢, malumdur.

X Vi

2

2 2 2
>=1¢ =a; +b
a'l bl

|AB]) .o : - o
¢, molumdur | c, = a, ixtiyaridir. a, verilarsa b, -birgiymatli tayin olunur.

Eyni gqayda ils fokuslar1 B va C ndqtalarinds olan hiperbolani quragq.
2 2
a'2 b2
2c, :|BC| burada da a, ixtiyaridir. a, verilorsa b, birgiymatli toyin olunur.

Indi iso a,-i doyismoklo birinci hiperbolani elo harokot etdirok ki, onun I, golu ilo II, golu

bir néqtads toxunsunlar. Bu zaman bu iki goldan 11 golun bir hissasi ilo golib, birinci hiperbolanin
ikinci hissasi ilo davam edirik. Bununla ti¢ fokuslu hiperbolanin bir qolunu (ii¢ donadon) toyin etmis
olurug.

Eyni gayda ils galan iki qolu da qurmaq lazimdir.
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Qaz-lift prosesinds ki¢ik parametr ils verilmis hiperbolik tip
tanliklar sisteminin hallinin arasdirilmasi

Halgavari fozada vo galdirict boruda neft istehsalinin qaz-lift prosesina uygun qaz vo maye
qaz garigigmin harakatini tasvir edan birinci tortib ikidlgiili hiperbolik tonliklor sistemi ti¢iin kigik
parametrli baglangic sortli mosaloys baxilmigdir. Bu masalodo gostorilmisdir ki, sarhad masalasinin
holli yoxdur, lakin baslangic sartlor daxilinds hall var vo yeganadir. Masalonin halli {igiin asimptotik
iisul verilir.

Neft istehsalinin on mithiim morhalalorindon biri gaz-lift tisuludur. Qaz-lift prosesinds
horakati tosvir edon miixtalif riyazi modellor islonmigdir Vo onlarin komayi ilo miixtolif masaloalor
goyulmusdur, mosalon, minumum qgaz vermoklo maksimum neftin oldo edilmasi, hidravlik
miiqavimet omsalmin toyini vo s. Isdo horokoat tonliklrina kigik parametr daxil olan hala baxuilir,
belaki kigik parametr quyunun darinliyinin tors qiymatidir. Harokot tonliklorina gora hallinin varligi
aragdirilir. Holl baslangic sortlor daxilinds, kicik parametrin sira soklindo ayrilist vasitosi ilo
axtarilir.
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Molumdur ki, gaz-lift prosesi zamani halgavari fozada gaz vo qaldirici boruda maye-gqaz
qatisiginin harokatlorini xarakterizo edon xiisusi toromali hiperbolik tip diferensial tonliklor sistemi
asagidaki sokildadir.

P(xt) ¢ aQ(xt)

— =t .= =12
ot F OX
aQ, (x,t) P (x,t) @
2 - R 22 2a.Q,(xt) t>0, xe[0,21]
ot OX
Burada P, (x,t)-quyuya vurulan gaz tezyiqini (qaldirict boruda mayeqaz qarisigin), Q,(x,t)-
Aw
gaz hacmini, C; —sas siiratini, | —quyunun dorinliyini bildirir, &; —parametri iso 2a; = a%-i‘ﬁ

c

ifadosi vasitasi ilo tapilir. Bu ifadedo A —hidravlik miigavimet omsali, § —sarbast diismo tacili,

D —iso halgavari fozanin vo qaldiricinin effektiv diametridir. 1 vo 2 indekslori uygun olaraq
halgavari fozada vo qaldirici boruda harokati tosvir edon parametrlordir.

Ogor (1) tonliklor sistemina diiz xatlor metodunu tatbig etmakls hall etsok va har bir néqtads
maye-qaz qatisiginin hocmini vo tozyigini toyin etmok istosok, bu zaman diferensial tonliklor
sisteminda tonliklorin sayr haddindon ¢ox olacaq ki, bu da kompiiter hesablamalarinda ciddi
Xatalarin ortaya ¢ixmasina sabab olacaqdir. Bu sobobdon 6lgiiniin kigildilmasi moagsadi ilo kigik
parametr daxil etmaklo masalonin hallina baxag.

1
Yoni (1) sistemindo quyu dorinliyinin tors giymstine kigik parametr kimi €=§V9

Z= o = &X ovozetmasini aparaq. Naticads (1) sistemindon asagidaki tonliklor sistemini alariq:

P (z,t,e) ¢ aQ(zte)

ot F 0z @)
QUte) g RKY, 5o (z.t,8)
8’[ i a i <i L '

Alinan (2) tonliklor sistemini baslangic sorti daxilinda hollini arasdiraq:

P(z,0,¢)=P,(z,&)
{Q<z,o,e>=oo<z,e>‘3)

\bu sistemin & —a gora sira soklindon ayrilisiasagidaki sokildo olar (sadelik {isiin siradan iki hadd
gotiirtilmiisdiir):

P(10,6)= R0) o R0~ Qi)+ o Qe ™|

2a
Alinmis bu ifads (2) sisteminin & —tortibindon hallidir.

0z.t,6)= 0y (2 + {[Ql(z)+ F Po’(z))ezat . p(;(z)}
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Kosi-Riman tanliyi ii¢iin zolagda Steklov masalasinin
spektrinin tadqiqi

Kosi-Riman tonliyi ti¢lin miixtalif oblastlarda sorhod vo Steklov tipli mosalalorin hallori
todgiq edilmisdir.Togdim etdiyimiz mosalods istigamato gora fundamental hsllin komayindon
istifado olunmusdur.Bels ki, baxilan oblast va tonlikdon asili olan asas miinasibat qurulur va bu
miinasibotdon zoruri sortlor alinir ki, homin zoruri sartlor do qoyulmus masalonin fredholmlugu
tictin istifads olunur.

Asagidaki kimi tonliys baxaq:

ou(x) L ou(x)

=0, x, €(0,1), x, € R,

OX, X, 1)
burada 1= VJ=1,u(x) axtarilan funksiyadir. Bu tenliyin x, istigamotinds fundamental hollinin
U(x—§)=6’(x2—52)5(x1—§1—i(x2—52)), (2)

oldugunu bilorak asas miinasibati qurag.

0= jd jau(x) Uy (x - £)dx, +|jdx jau(x) Uy (x— £)dx, =

dx, [u(x)U (x— §)|1°2:_0o —ju(x) dez} +

Il
O'—.H

2 ®)
j X |:u(x)U (X — §)|X & oju(x) aU( M (X=¢) 4y }
. : X,
Xlzigwju(x)u (x=&)dx, —leig_njumu (x=&)dx, =0 @)
sorti ddonilorss, onda (3) don asagidaki asas miinasibati almagq olar.
U@ x)0(x, = £)50—&, =i(x, = &))dx, -
R u(é).¢, €(01), &, eR, (5)

=1 u(0,x)0(x;, = &;)6(=¢; —i(x, — &3))dx, =
[u0.3)005, = £)5(-4, =0, = £, U6 =04, -1

Bu osas miinasibatin birinci hissasi (1) tonliyinin ixtiyari hallini, ikinci hissasi isa zoruri
sortlordir. Zoruri sortlori ayiraq.

%U(sz) = iju(l, X2)9(X2 —§2)5(1— i(Xz —52))dX2 - iIU(O, Xz)e(xz _52)5(4()(2 —62))dX2
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%U(l, é:z) = iju(l, X2)9(X2 _52)5(4()(2 _52))dxz - iju(O, X2)9(X2 _52)5(_1_ i(X2 - §2))dxz
Vo ya ) '

1 . L 1

EU(O,éz) =-ul, &, -)o(-) +EU(O’ &2),

1 1 o
Eu(lu &)= _Eu(lv &,) +u(0, &, +1)oi),
Yaxud da 8(i) =1, &(-i) =0 olduglarini nozors alsaq
ul@&,)=u(0¢, +i), & eR (6)
Zoruri sartini almis olurug. Indi ise (1) Kosi-Riman tonliyi ligiin asagidaki kimi sorhad sartine
baxaq:
au(,&,) =4bu(0,&, +i), &, R, (7)
Burada a vo b verilmis sabit adodlor A iso spektral parametrdir. Nohayat (6) zoruri sorti ilo
(7) sorhad sortindon A parametri {igiin
1 -1

a —-Ab

‘:—Ab+a:0, (8)
tonliyini almig olurug. Demali

a
/1—6 9)

giymatindo (1), (7) Steklov mosalasinin trivial olmayan holli mévcuddur. Bu hall (5) osas
minasibatindon alinir.

U(€) =i[u(0,x, +)O(x, — &)6(L—& —i(x, - &)X, -

- iIU(O, X2)9(X2 _52)5(_51 - i(Xz _52))dX2 = U(O,fz —i+ ifl + i)@(—i + iél) +

R
+u(0, S+ ié:l)e(igl) =-u(0, S+ igl)g(i(l_gl) +u(0, &+ ié:l)e(igl) =
. (10)
=u(o, S+ 'fl)
Teorem: Verilmis & vo b sabit adodlori tigiin (1),(7) Steklov masalasinin yegana (9) sokilli
moxsusi odadi X, + iX; -in ixtiyari funksiyas1 kimi moxsusi funksiyas1 mévcuddur.
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Moahdud miistavi oblastda qarisiq tip tonlik iigiin iimumi xatti
sarhad sarti daxilinda masalanin halli

Molumdur ki, qarisiq tip tonliyin on yaxsi Oyronilmis sokli Trikomi tonliyidir. Bu tanlik
doyison omsalli oldugundan sonralar o tonliyi ovaz edon sabit omsalli tonlik Lavrentiyev-Bitgadze
tonliyi tiglin moasalalora baxilmisdir. Bu tonliklor elliptik hisso tiglin Laplas, hiperbolik hissa ti¢iin
1S asasan simin rags tonliyidir. Yoni hor iki halda tonlik ikinci tortibdir. Bizim baxdigimiz elliptik

Qe 29 O
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tip tonlik birinci tortib oldugundan (Kosi-Riman tonliyi) burada baxilan qarisiq tip tonlik ds birinci
tortib sabit omsalli xiisusi toramali Xotti diferensial tonlikdir. Asagidaki kimi sarhod masalasina
baxag.

aUaST(ZX)Jr (-1 65)EX) = f,(x), x=(x,%,)e D, cR?, s=12, (1)
algll) Xl)ul(Xw?/l( ))+ak(l) (X )ul(xl’0)+a ) Xl)uz(xl’o)+
alszz)(xl)uz(a(xl j[ﬂkl Xl’t)ul(t’71(t))+:Blgg)(xl’t)ul(tlo)+

+ﬂ£g)(xl’t)‘J2(tlo)+ﬂkz (let)uz ’72 }jt + J.Kkl(xlyg)ul(f)df"‘
+ [Ko( (e = (x) k=12 x ela,b] 2)

burada s=1 olduqda alinan (1) tonliyi bircinsli olmayan birinci tortib elliptik tip tonlik (Kosi-
Riman tanliyi), s =2 olduqda iss birinci tartib bircinsli olmayan hiperbolik tip tonlikdir.

Xatti asili olmayan iki sorhad sortlorinin biitiin verilonlori (emsallari, inteqralin niivalori vo
sortlorin sag toroflori) kesilmoz funksiyalardir. D=D, UD,, dD=T,UT,, T}, X, =7,(x)

X € (al’bl) 71(X1)< 0, 72(X1) >0.
Molumdur ki, s =1 oldugda (1) —don alinan tonliyin fundamental holli

1 1

U,(x— é = . y (3)
l( ) 27 X2_§2+|(X1_§1)
s =2 olduqgda (1) —don alinan tonliyin fundamental halli iso
Uz(X_f):e(Xz_652)5()(1_681_()(2_ng))’ 4)
burada
E, t>0,
2
et)=10  {_q,
—1,t<Q
2
Xevisaydin simmetrik, vahid funksiyasi, o (t)-is;; Dirakin “delta” funksiyasidir.
Tonliyi uygun fundamental hoallors vurub, integrallamagla:
_[ u, (x)J, (x = &)cos(vy, x, )+icos(v,, x, )Jdx —
oD,
¢ ( )J ( )d u1(ég) ¢ebh,,
— XM, (x=E&)dx =41 5
J- ' ' d Eul(g) ¢ edb,, ©)
.[ u, (X, (x = &)[cos(v,, x, )+ cos(v,, x, )Jdx —
oD,
U, (68) ¢ebh,,
— | f,(x X—&)dx =41 6
5[ 2( )JZ( {Euz(g) feaDz, ( )

osas miinasibatlarini, onlardan iss asagidaki zoruri sartlori almis olurugq:

17/1( )) —iv'(x Mdx. +
(981’71 51 '..[71 01 1,51))+I](X —fl)rl 71( 1)]d 1




u,(£,,0)= %J.u;(%l’;)dxl Fo

burada (...) ila sinqulyar olmayan hadlarin comi isars olunmusdur.
u, (X) ticiin zaruri sartlords sinqulyarliq olmadigindan onlari1 vermirik.

Sorhad sortlorindon istifado etmoklo verdiyimiz zoruri sortlordo olan sinqulyarliglar
requlyarlagdirilir. Alinan requlyar ifadslor verilmis sorhad sortlori ilo birlikdo qoyulmus sarhod
mosalasinin fredholmugu tigiin kafi sorti toyin edirlor.
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Dérdtartibli bir tanlik ii¢iin qarisiq masalonin dayisanlars ayirmanin ¢ixiglar iisulu ila halli

o’u _ du ou
s =ad_— +b 2
ot OX oxot

+ f(x,t), xe(0,1),te(0,T] 1)

tonliyinin
dux ) duxb)
o x* o x

-0, k=012,3 )

| x=0 | x=1

sarhad sortlorini va

TUY _ g (x), s=01 (3)
or |,
baslangic sortlorini 6doyan hallinin tapilmasi mosalosine baxilmisdir. Burada @, b-hogiqgi sabitlor,

f(x1), ©,(X), D,(x) iso kifayat godor hamar funksiyalardir.

G(x, &, A) ila

y" =2y =h(x) (4)

y(0)-y@®)=0
, oy (5)

y'(0)-y'@®=0

spektral masalasinin Qrin funksiyasini isaro edok va mosalanin hallini
1 1

) =— AA| G(x, &, D)Z(L, &, A)d 6
u(x.t) zw—_lg! !(Xé)(f)f (6)

soklindo axtaraq. Burada c, ilo inteqralalti funksiyanin ancaq A, polyusunu shats edon sado gapali

kontur isaro olunmusdur, V {izro com iso biitiin polyuslar1 ohato edir. (4)-(5) spektral masalasi
M.Rasulov manada requlyar oldugundan [1], istonilon kasilmoaz-diferensiallanan h(x) funksiyasini

asagidaki ¢ixiglar sirasina ayirmagq olar:
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h(x) = -

(7)

(6) formulasina daxil olan Z(t,&, 1) funksiyasini toyin etmok tigiin (6) diisturunu (1) tanliyinds va
(3) baslangic sartlorinds yazmaq lazim galacok. Qeyd edak ki, bu zaman f(x,t) funksiyasi tigiin

f(x,t) =—

ayrilis diisturundan va (4)-(5) masalasinin Qrin funksiyasimin ham da
y Vo _ 44 y=0
bircins talniyini va
y“(©0)-y¥®=0,k=03
sarhad sortlorini 6domasi faktindan istifado edacoyik.Belaliklo, Z(t,&, 1) funksiyasi
d’z , dz 4
it =bA"— o +at'Z+ f(&,1) (8)
Z(0,5,4) =@, (&)
2{(0,£,2) =®,(¢)

Kosi masalasinin halli olmalidir. Asanligla gormok olar ki, bu masalonin halli
t
Z(t, &, 2) = —— | (D4 (£) — D, (£)e™ — (Mg (§) - 0, (£) o™ + [ €™ —e™ ) (£, r)dr}
2 1 0

diisturu ilo tapilir. Burada

©)

, b++/b%+4a ,b— \/b2+4a
m=A—————, =
2
kimi igaro olunmusdur. (4)-(5) masalesinin Qrin funksiyasi iso molum G(x, &, 1) = %
A

diisturu ilo qurulur[1]. Burada

A(L) =4A(chA-1),

A% & A) = 9(X, & D)AA) + A%, &, 4)

A, (X, &, A) = (shA& —shA(Ll— &) Nchax —chA(x—1))+(chA& +chA(l— &) XshA(x —1) — shax),

1
g(X, f’ ﬂ“) - iﬂ Shﬂ,(X - 5) )
0<¢&<x<1oldugda "+",
0<x<&<1 olduqda "-"isarasi gotiiriiliir.
Belalikla, hallin

u(x,t):— A(Xéf/l)

Z(t, & A)dE

ifadosinda 1nteqra1alt1 funks1yan1n /1\, =2z Vi polyuslarinin ikitortibli, 4, =0 polyusunun iss sads
olmasini nozaro almagqla ¢ixiglar hesablanmus, (1)-(3) masalasinin analitik halli qurulmus, verilon
f(x 1), D,(x) vo ®,(x) funksiyalar1 tizerino hamarliq sortlori goyulmagla hallin varligi isbat
olunmusdur.
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Xiisusi qradiyent hadli xatti geyri-stasionar kvazioptika tonliyi iigiin birinci baslangic-
sarhad masalasinda hallin varhg: va yeganaliyi

Bu isdo hissociklor yiiklonmis vo dalga funksiyasi vo ya elektrik sahosinin foza vo zaman
dayisenlarinden asili is1q dalgasinin kompleks amplitudu olduqda bircins olmayan miihitds isiq
stialariin diffuziyasinin dyronilmosindo geyri-xatti optikada tez-tez alinan xiisusi qradiyent hoadli
xotti qeyri-stasionar kvazioptika tonliyinin baslangic-sorhod maosoalosine baxilir.Qeyd edok ki,
omsallar1 mahdud 6l¢iilon olanstasionar kvazioptika tonliyi va ya haqiqi doyisonli kvant mexanikasi
potensialli geyri-stasionar Sredinger tonliyi li¢lin oxsar baslangic-sarhad masaloalori daha 6nca atrafl
todqiq edilmisdir. Lakin kvazioptika tonliyi qeyri-stasionar olduqda, oxsar baslangic-sorhod
moasalalari nishaton zaif dyronilmisdir. Qeyd edilmalidir ki, xiisusi qradient hadli olmayan, 6lgiilon
mohdud omsalli xotti geyri-stasionar kvazioptika tenliyi ti¢iin baslangic-sarhod mosalasinin halli
todqiq edilmisdir. Zoif iimumilosdirilmis hoallorin sanki har yerdo varligi vo yeganaliyi Qalerkin
metodunun kémoayilo qurulur. Xiisusi gradient hadli vo amsallar1 mahdud 6lgiilon funksiyalar olan
geyri-stasionar kvazioptika tonliyi liglin baslangic-sarhad masalasinin hall olunma probleminin
oyranilmasi oshomiyyatli elmi va praktiki maraq kosb edir.

Q oblastindan verilmis l//=l//(X,t,Z) funksiyas1 iiclin asagidaki sortlori 6doyon baslangic-

sorhad mosalasing baxaq:

Oy . Oy v . ay . _ e

IEH%E a, v +ia,(x) 8x +a(xX)y +Vo (.t )y +iv (X1, 2)w = f(x.t,2), (xt,2)eQ, (1)
v(x0,2)=g,(x,2) (x,2)eQ, )
v(xt0)=p(xt) (xt)e;, (3)
v(0.t.2)=w(l.t,2)=0,(t2)<Q, @

Aydindir ki, (1)-(4) sortlorini 6doyon l//=l//(X,t,Z) funksiyasinin tapilmasi1 (1) kvazioptika
tonliyi ticlin birinci baslangic-sorhad masolasidir. Bu hallin varligl vo yeganoliyi masolosi asagidaki
teoremlo isbat olunmusdur.

Teorem 1. Tutag ki, a(x)v,(xt,2)v,(x,t,2), @(x2), @ (xt), f(xt,2)funksiyalar1 (5)-(9)
sortlorini 6doyir. Onda

ol yens <ol ooy
W, (Q) W2 (Q

Harada ki, ¢, >0 ¢,,¢, vo f -don hamiso asili deyil.

Teoremin isbatinda Qalerkin metodunun totbiqi bels bir lemma vasitasils ifado olunur.
Lemma 1. (16) soklindo Qalerkin ifadssi {i¢iin asagidaki giymatlonmo dogrudur:
2

0211 < 221 221 f 2011 y N 21,2,... . 6
W (@) CO(||¢0||&2v (QL)+”¢1”v°vz' (QT)J“” ||W2~(Q)j (6)

Isdo lemma 1-in kémoyi ilo Qalerkin metodu totbiq olunmus vo yuxarida verilmis

giymotlonmonin dogrulugu gostorilmisdir. Eloco do, alinmis giymotlonmo Teorem 1-do noazoro
0 211

alinmagla (1)-(4) baslangic-sorhod maosolosinin W (Q) fozasinda yegano hollini varligi isbat
olunmusdur. Isbat prosesindo hisso-hisso inteqrallama diisturundan, Kosi-Bunyakovski
borabarsizliyindon, Qronoul lemmasindan istifado edilmisdir.

N j 6
) w2 (Qr) (@)

L T W2

@
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Koreperlarin laylanma fazasina afin rabitonin horizontal lifti

Hamar c¢oxobrazlinin tenzor laylanmalarinda bazada verilon strukturlarin, o cimlodan tenzor
meydanlarinin va afin rabitalorin liftlorinin qurulmasi aktualligi ilo se¢ilon masalalordandir K.Yano
vo S.Kobayashi afin rabitonin toxunan laylanmaya tam liftini toyin etmis, onun xassalorini
oyranmislor. Eyni laylanmaya afin rabitonin horizontal lifti iso K.Yano va S.lIshihara torofindan
qurulmusdur. Hamar ¢oxob-razlinin xotti reperlorinin laylanma fozasinda afin rabitonin tam vo
horizontal liftlori K.P.Mok va L.A.Cordero va M.Leon tarafindan todqiq olunmusdur.

Bu moruzado hamar ¢oxobrazlinin koreperlarinin amala gotirdiyi laylanma fozasinda bazada
verilon simmetrik afin rabitonin horizontal lifti qurulur, bu liftin ayrilik vo buruqluq tenzorlar
todgiq olunur.

Tutag ki, M, C sinifindon olan n-olgilii hamar g¢oxobrazhidir. F*(M,) ilo M,
¢oxobrazlisimin biitin ndqtalorinds kotoxunan T,M,,xe M, fozalariin biitin koreperlarinin
¢oxlugu isars edilir. Gostorilir ki, F*(M,) n+ n2 -0l¢iilii hamar goxobrazlidir. Bu ¢oxobrazli xatti
koreperlarin laylanma fozasi adlandirilir (bax, [6]). M, ¢oxobrazlisi tizarinds verilon (U,Xi) lokal
Xaritasine F*(M,) laylanmas1 iizarindo {ﬂ_l(U),(Xi, Xi“)} lokal xoritesi uygundur, burada

7:F*(M,) > M, laylanmanin proyeksiyasidir. M, ¢oxobrazlisi iizorindo omsallari Filf

simmetrik V afin rabitosina baxilir.

D; :i.+l”iran$i, D; :i soklinds tayin olunan {D;,D; }i,a=1..,n c¢ox-lugu
ox' Xy v oX§ ”
V afin rabitasina adapts olunmus (uygunlasdirilmis) reper adlanir.

. - i O i
M, coxobrazlisi iizorinds verilmis X = X' — Vvector meydaninin vo @ = @ jdxJ kovektor
OX

meydammin F*(M,) laylanmasina uygun olaraq, horizontal vo o — c1 saquli liftlori
H i \Y/
X:XIDi, “a)=z_a)j5ijﬂ
]

soklinda tayin olunurlar.
Torif. M|, coxobrazlisi iizarinda verilmis simmetrik V afin rabitasinin F*(M,)) laylanmasina
horizontal lifti

HVHXHY:H(VxY), HVHXV“a)zv"(VXa)),
"Vy,,"Y =0, "V, fo=0 1)

saklinda tayin olunan HV afin rabitasino deyilir, burada X,Y —vektor meydanlaridir, ®,6—

kovektor meydanlaridir.
(1) boraborliklorindan istifads edilmoklo asagidaki teoremlor isbat olunur.

Teorem 1. Simmetrik V afin rabitasinin F*(M,) laylanmasina HV horizontal liftinin
{Gi,D; } adapto olunmus reperinda
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HFI _1—~| H1—~|(7 _H1—~| _ H1—~|O- r] o

ij —ije i Tijg =0, iig ”5,3’

H1—~| _ H1—~|o- N HFI _ H1—~|6 _
iaj _O’ iaj _07 iajﬂ _O’ iajﬁ _0

amsallart vardr.
Teorem 2. Simmetrik V afin rabitssinin F*(M,) laylanmasina "V horizontal liftinin

i 2 tobii reperinda
oxJ axﬂ

H =k k H+

Gy =T, r = X (CAT + TN - 0,00,
Hik L i sy kK _
r _—rjky, rij;_—r,kgﬂ, riaj_o,
Hrf_o HTk =0, "T% =0

Jﬂ Ia Jﬂ
omsallar vardzr.

Simmetrik V afin rabitosinin "V horizontal liftinin burugluq vo oyrilik tenzorlar: ilo bagh
asagidaki teoremlor ishat olunur.

Teorem 3. Tutaq ki, T - V simmetrik afin rabitssinin F*(M,) laylanmasina HV horizontal

liftinin buruqluq tenzor meydanidir. Onda T- (1,2) tipli ¢cop-simmetrik tenzor meydani olub,
7“0 w)=0, T("XYew)=0, T("X,"Y)=-y(R(X,Y))
baraborliklori ilo tayin edilir, burada burada X,Y —vektor meydanlari, @,8—kovektor
meydanlaridir, R 1Sa V rabitasinin ayrilik tenzor meydanidur.
Teorem 4. Tutag ki, R- V simmetrik afin rabitosinin  F*(M,) laylanmasina 7'V
horizontal liftinin ayrilik tenzor meydanidir. Onda

R(V«0," ) =0, R("X,Vew)=0,

R(TX,MY) 79 =" (4R(X.Y))),
R(X, ") z=" ((R(X,Y)2),
burada X,Y,Z —vektor meydanlar, ®,0,¢— kovektor meydanlaridir.
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The estimates for the solutions nonlinear elliptic equations

Let we is consider in some ball B,, = R" with radius 2r,r > 1at centr is 0, a solution u(x) in
c(B, Jnw;

n,loc

(BZr) of nonlinear elliptic equation of non-divergence type
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Zn:aij(x,u,Du)Dzu(x)+ f(x,u,Du)=0, (1)
i,j=1
fora.e. xe B, . Here a; =a; i.d. a(x, y, p) set of symmetric matrices of size nxn and

Vy e R, VX, p,& € R" coefficients satisfying
A A(plo(x)g* < (alx.y, p)é.&) < Apla(x)el,
f(x.y. p)< A+ A(p)a-+ o).
for some A >1, k >1 and some continuous mapping A:R" — R, for which there exist 4, and
M, >0 suchthat A(z)>4, for |z2/>M . @(x) is Mackenxoupt weight function (see [1]). Let

()

u:B,, — R be a bounded and continuous solution of (1).
We establish some estimate for the solutions of a degenerate non-divergence nonlinear elliptic
equations.

Theorem. Let a(x,y, p) and f(x,y, p) be coefficients independent of y fulfilling (2) with
respect to some A >1, 2:R" —[0,1], 4, €(0,2]Jand M >0. Let u:B, — R be also a continuous
solution of the equation (1). There exist two constants y e (0,1) and C >0, only depending on
n,A, 4, and M, such that for any p e (0,1) for any hypercutes Q,, ; and Q,, of same center and

radii p/8 and p with Q. =Q, =B, ,

oscu < yoscu+C | 1+oscly| |,
Q/’/ 8 Qp Q,,

where oscu =supu—infu.
Qr Q Qr
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The solutions to dirichlet boundary value problems for polyharmonic
equations in morrey spaces

A priori estimates are derived for the solutions of Dirichlet problem for the
polyharmonicequations in bounded smooth domains.

The Dirichlet boundary value problem for polyharmonic equation, we consider

(-A)'u=f in Q,
_u_ "
av avm—l
whereQ cRn, n > 2 is a bounded domain with sufficiently smooth boundary.

A problem in generalized Morrey spaces isconsidered. Based on a priori estimates, the
solvability of this problem in generalized Morrey spaces is proved. Similar problem for higher order
uniformly elliptic equations is considered.

Also, L, — L, ,regularity estimates are obtained.

=g on oQ


mailto:shahlagalandarova@yahoo.com

Gasanova Shahla,

doctor of philosophy in mathematics

Kerimova Mehriban,

doctor of Philosophy in Mathematics

Institute of Mathematics and Mechanics NAS of Azerbaijan
gunel.hassanova@gmail.com

The solution nonlinear elliptic-parabolic equations

Let €2 be a bounded domain in R", Q; = Qx(0,T). We consider the initial boundary value
problem

u(xt)=f(xt) (xt)er=0Qx(0T) )
u(x,0)=h(x) xeq (3)

Under some condition on the boundary €2 and coefficients, weights functions solvability
of first boundary value problem is investigated.

Gasymov Elmaga,

candidate of physico-mathematical sciences, professor
Baku State University

gasymov-elmagha@rambler.ru

Finite integral transformation

Let f(t) beacomplex, o(t)a real function of the real argument t (0<t<T, T issome
positive number) and f, @, - @e L([0,T])
Definition. We call the function Fi (1,t), determined by the formula

T (11)=ole)exp| - 4] alndn |f ().
’ - - (1)
f+(/1,t)=fw(r)exp —ﬂ_([a)(n)dn f(r)dz, te[0,T]

t

where A is a complex number, the image of the function f (t)
We have:

Theorem . Let wft)e C((O,T])ﬂ L([O,T]), j‘a)(n)dn >0  for

0<z<t<T, f(t) be bounded and continuous (except denumerable number of points at
which it may have discontinuity of first kind) with respect to} t € [O,T]
Then forall t(0<t <T), the function f(t+0)= lim f(z) is represented by its own image

7ot+0
in the form
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f(t=0)= W éexp{ila)(r)dz}ﬂ (1.0)dA 2

where  ® is an in finite smooth line in 4 -plane whose a rather distant part coincides with

continuation of the rays arg(A+a)= i(% + 49]; a,0 (0<@<m/2) are some constants,

and in (2) the integral with respect to ® is understood in the sense of principal value.
Proof. Let E,, E, (IME,<ImE,)be the points lying on ® for which

E,+a=
part of the line @between the points E; and E by &, .Then we have

E,+a=R,u R, —o for n—>o0 and R, —0o0 as n—>co . We denote the

nN—o0

.[ exp{}tja)(r)dr}f (1,t)dA = lim Iexp{/ij'a) dr} f_(2,t)dA =

nN—o0

+ j(pn exp{ R sm@ja) n)dn}[exp[—aja) dnjf(r)—f(t—o)}dr+

=2vJ/-1 lim { _f% exp{ (a+R, sm@j'a) n)dn}dr+

t-¢

(3)

In

+ f(t—0)[exp(~ ysin H)ylsin(ycose)dy},
0

onlue)= fotnkan | ofelsn] R, cosfotnian] 1=k, folokn,

where 6‘(0 <e< t) is an arbitrary constant .Using (3) and
Jexp(— ysin @)y tsin(ycoso)dy = % -0, (O << %) we get validity of (2) in the
0

case f~_(/1,t) \Validity of (4) for Er(/l,t) is established in the same way. The theorem is proved.
Assume fi(t)=f(t) for tt; <t <t.,, f(t;)="f(t +0), fi(t;.;)=f(t;,; —0), where
t;(0=ty, <t; <...<t, =T) are some points.
Corollary. If o(t)eC([0,T]), @(t)>0 for te[0,T] (>0 and the functions f,(t) are

absolutely continuous with respect to te[ti ,ti+1], (i :O,...,m—l) (m is a natural number),

then (2) holds for @ = 0as well.
The proof of this corollary is obtained from (3) for 6 =0
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Boundedness of the fractional maximal operator in local
Morrey- type spaces on Heisenberg group

We study the boundedness of the fractional maximal operator M, on the Heisenberg group
H" in local Morrey-type spaces LM, , (H n).We give a characterization of strong and weak type
boundedness for the operator M, in local Morrey-type spaces LM, , (H “)

Let H" be the (2n+1)-dimensional Heisenberg group. That is, H"=C"xR , with

multiplication (z,t)-(@,s)=(z+@,t+s+2Im(z-@)), where z-@ => z,®, . The inverse element
j=1

of u= (z,t) isut= (— z,—t) and we write the identity of H" as 0=(0,0). The Heisenberg group

is a connected, simply connected nilpotent Lie group. A homogeneous norm on H" is given by

(z,t) = Qz|2 +|t|)y2. With this norm, we define the Heisenberg ball centered at u =(z,t) with radius
r by B(u,r)z{VE H":
M, f(U)=[Blur) e [|fWjav(v),

B(u,r)
where Q is the homogeneous dimension of the Heisenberg group H" .
Let O<p,6<c. Denote by Q, a set of all non-negative measurable functions a)(r)

uflv‘ < r}. The fractional maximal operator M , is defined by

on (0,0) such that (t)=0 on the set of positive measure and [e(r)

<oo for some t, >0.
L/)(tl,w)

Let o, €Q, 0, €Q, .Recall that by V.S. Guliyev introduced the local Morrey-type space
LM ., (H ”) is given by

” f ”LM PO, (H") - ”Wl (rm f ||B(O’ rm'—s(o‘w) '

The main purpose of [1] is to give some succifient conditions for the boundedess of fractional
integral operators and singular integral operators defined on homogenous Lie groups G in local
Morrey-type space LM ,,(G), In a series of papers by Burenkov V., Guliyev H. and

GuliyevV.etc. be given some necessary and sufficient conditions for the boundedness of fractional
maximal operators, fractional integral operators and singular integral operators in local Morrey-type

spaces LM, ., (R")

Theorem 1 . (1) Let 1< p, <o0,0<p,<0,0<a<Q,0<6,,60,<0,0,€Q, and w, €Q,.
Now, if M, is bounded from LM (H")to LM%Y%(H“), then there exists a constant
C, >0 such that forall t>0,

P16r.en
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a—%ﬁ-min(Q—a,%J

t _ < Cyfa| (2
H(t n r),mm(Q—a Qp ) Loy (t.)
L(,Z(O,oo)
1 1 Q
Letl<p, <o, O0<p,<oo, 0<f <0,<0, 6,=<p, Q ——| Sa<—,
Pr P2, P
Q
| a,(r)r/ "
w €Q,, o, eQ, and the equality |———— < C2||a)1||L01(tlm) (C,>0) be true for all
t+r)/m L, (00)
t>0; then M, is bounded from LM, , (H")to LM, , (H")

(3) In particular, for 1<p, <o, 0<p,<wo, 0<f <6,<0, 6 <p,
1 1 Q . n
Q———|fa<—, ®eQ,,w,cQ, the operator M, is bounded from LM, wl(H ) to

P P P ' ’ o

LM, .,,(H") if and only if for all t > 0,

o, (0 P (e 1) e

< C3||a)1
'—92 (090)

L,,1 (t,oo)'

Note that, in the Euclidean setting Theorem 1 was proved in Burenkov V. I., Guliyev H. V.,
Guliyev V. S. «Necessary and sufficient conditions for the boundedness of fractional maximal
operators in local Morrey- type spaces».The research of V.S. Guliyev was partially supported by the
grant of 1st Azerbaijan-Russia Joint Grant Competition (Grant No. EIF-BGM- 4-RFTF-1/2017-
21/01/1).
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Cybercrimes andPrevention Tips

Nowadays the cyber-attacks towards digital systems and organizations are rapidly increasing.
Due to digitalization, organizations are in need to innovate and utilize new digital technologies and
infrastructures. This process is just raising the dependency on digital systems. As result
organizations, and individuals, are vulnerable to cyber risk. Attacks are becoming more organized
and sophisticated. One of the main reasons for the increased threat is easy access to malicious tools.

Cybercrime is a type of crime committed with the help of computer and telecommunication
technology. This type of crime is completely different from conventional crimes since it can not
only be easily committed from distant places but also it is difficult to detect. In other words, it is a
very low risk and high reward venture for the attacker. As the net can be accessed from any part of
the world, it is very difficult to identify the culprit. Moreover, this type of crime can take the form

Co 7 40 oD
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of simple snooping into a computer system where an attacker has no authorization. It may be just
simply spreading viruses in victim’s computer. It may be theft of sensitive data (credit card
number). For example, we might find our company faced with theft of sensitive marketing data by
one of our competitors in the marketplace.

Cybercrime can be classified into three categories: crimes against person, property and
government.

1) Against persons. These cybercrimes include various crimes such as harassing anyone, for
example, via e-mail. Moreover, one of the most important and widely spread cybercrimes includes
distribution of obscene material.

2) Against property. This category of cybercrimes includes crimes against forms of property.
These crimes involve computer vandalism and distribution of harmful viruses and programs.

3) Against government. This crime manifests itself into terrorism where an individual
attacker or a group of attackers attempts to get into a government-maintained website.

These are some of the more common and important computer-related crimes:

1) Data diddling. It is a common computer-related crime which involves changing data before
or during input to the computer. Data can be changed by anyone who was involved in the process of
creating, transmitting, encoding this data. In order to minimize this crime, it’s important to apply
internal security controls.

2) Trojan Horse attacks. It involves the placement of unwanted computer instruction in a
program so the victim's computer will perform an unauthorized function. To minimize risks of this
crime, it is important to implement security control measures for incoming data containing hidden
content.

3) Logic bomb. This is a computer program executed at a specific time in order to cause
damage to computer data or programs installed on it. In addition, the logic bomb often enters a
computer system using the Trojan Horse method, but it differs from Trojan Horse attacks because
their presence is detectable only after the bomb blows up. This crime can be minimized by simply
using some security methods that checks the system for inappropriate content.

It is very important for organizations to know how to deal with these attacks. The purpose of
this work is to compare cybersecurity solutions and to consider the advantages and disadvantages of
each of them. The main objective is to find similarities, key issues and challenges and find areas of
improvement of different solutions.
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Data mining and developing business via E-commerce basket analysis method

There are great amounts of data in a world. In comprehensive world, we are actually living in
the data age. Data is growing day by day and this is an irresistible increase. Business, science,
medicine, engineering, society and almost every other aspect of daily life generate gigantic data
sets. According to Forbes magazine, we create 2.5 quintillion bytes of data in a day and it grows
day by day. Over the last two years 90 percent of the data around the world was generated. These
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numbers are too big, and this inevitable increase creates some problems that need to be solved.
Large amount of data slow down and makes difficult to find necessary information. Improving and
changing environmental conditions, the globalization world, different marketing and research
methods of development, make “information” more important than “data”. The problems which big
amount of data leads to understand the importance of knowledge. We do not need vast amount of
data, we need useful information. Especially in business sector people need beneficial information
for developing business. How can we opt beneficial information from massive amount of data?
There are data mining concept which helps us to find knowledge from complicated data sets, more
precisely, data mining is the process of analyzing data from different perspectives and summarizing
it into useful information, including discovery of previously unknown interesting patterns, unusual
records or dependencies. Data Mining has three major components Clustering, Classification,
Association Rules.

e Association is the process of realizing relationships between different attributes in big
customer databases.

e Clustering- group similar records together in a large database of multidimensional records.

e Classification is used in order to forecast the class label example in which only the feature
attributes are known. Data analysts use these techniques for developing business.

There are two applications of data mining: research and development, | want to briefly discuss
highly successful and eminent application example of data mining: business intelligence. It is
crucial for businesses to acquire a better realization of the commercial context of their organization,
such as their customers, the market, supply and resources, and competitors. Business needs best
optimizations, solutions for developing itself because business is competitive area and every day
you need new tact for being more distinctive and better than others. Business can get potential
benefits from data mining. For instance, identify previously unseen relationships between business
and data sets, better predict future trends and behaviors, extract valuable knowledge from database,
generate business action built on data insights. There are some examples of how data mining assist
to improve business competitiveness:

e Sales forecasting: analyzing when costumer bought something and by means of data try to
predict when they would buy it again.

e Database Marketing: examining customer purchase patterns and looking at the
demographics and psychographics of customers to build predictive profile of the customer.

e Market Segmentation: a classic use of data mining, using data to break down a market into
meaningful segments like age, income, occupation, gender, interests, tastes and etc.

e E-commerce basket analysis: this strategy uses data mining to forecast future customer
behavior by past performance of customer, like what they bought, and data mining tries to find
patterns and relations among these products.

E-commerce basket analysis strategy is so simple. It works like: people bought example 1,
example_2, and example_3, together. If they buy these products together regularly, they will buy
them together again in the future. So, analytics offer to put these 3 products together to eliminate
the chances of forgetting to buy one of these products or persuade them to buy these products and
this tricky method improve sales. This method is so useful and in America some retail corporations
utilize it. For example, thanks to data mining techniques, sales of Walmart suddenly ascended.
Correct arrangement of products increased sales volume. Walmart is the real example of beneficial
sides of data mining applications in business development. Sales of the future will not only depend
on quality of products or advertisements, promotions. It will depend on professional data analysis
and who will use these methods intelligently, they will advance their business.
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Informatika fanninin riyaziyyatla slagali tadrisinds C™* proqramlasdirma dilinin
elementlarindan istifads edilmasi

Informatika fonninin tadrisinds miihiim mosalolordon biri digor elmlorin osaslarina daha derindon
yiyalonmok iciin tolobalori informatikanin mahiyystini agan fundamental biliklor vo praktiki
vardiglorlo silahlandirmaqdan ibarotdir. Bu baximdan informatika fonninin digoar fonlorlo olagali
todrisi aktual olaraq diger elmlarin asaslarina darindon yiyslonmak tigiin olverisli zomin yaradan
vasitolordon biri hesab edilmoalidir. Informatika fanninin riyaziyyatla slagoli todrisinin daha genis
imkanlara malik oldugunu inkar etmok miimkiin deyildir.

Informatika fanninin tadrisinda riyaziyyat fonni ils sistemli olaraq slagenin yaradilmasi magsadi
ilo riyaziyyat fonninin proqramlari tohlil edilmali vo olage ii¢iin daha mogsodouygun méovzular
secilmalidir. Bir mogalods yaradilan biitiin olagalori arasdirmaq miimkiin olmadig1 {iglin
informatika fonni tlizro «Fardi funksiyalar» movzusu, riyaziyyat fonnindon isa «Miiayyan integral.
Inteqrallarin hesablanmas1.» mdvzusu segilmisdir. Hor iki mévzu olagoni otrafli izah etmok iigiin
genis imkanlara malikdir

Movzular arasinda olagonin effektiv toskili, vaxtdan somarali istifado etmok mogsadi ilo
tolobalara avvalcadon trapesiyalar lisulunun tokrari vo asas hesablama diisturlarinin arasdirilmasi
tapsirilir. Informatika fanni iizro miisllim inteqralin trapesiyalar iisulu ilo hesablanmasi ii¢iin moalum
diisturdan hazir formada istifads edir.

Belo noticaya golo bilarik ki, taqdim olunan metodika ilo informatikanin “Fordi funksiyalar”
mdvzusunun riyaziyyat fonnindon «Miioyyon inteqral. Inteqrallarin hesablanmasi» mévzusu ilo
olagosini yaradarkon hom se¢ilmis moévzu tam agilmig olur, hom do tolobalor kompiiterds
inteqrallarin  toqribi hesablanmasi li¢iin zoruri molumatlar oldo edir vo praktik vordislor
monimsayirlar.

Beloliklo,bir-biri ilo tizvi sokildo bagli olan informatika vo riyaziyyat fonni arasinda olagonin
yaradilmasi yollarindan biri nazari vo praktik olaraq niimayis etdirildi.
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Elmi informasiya axininin artma qanunu

Elmi informasiya Axminmn Artma siirati onun méveud soviyyasi ilo diiz miitonasib gobul oluna
bilor.Hazirda elmi soviyys,yani publikasiyalarin say1 y olarsa,informasiya axininin artma stirati:

dy_
Y

Qe 43 O
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1dy . . . .. . . } .
olar.Burada k = ;d—’t'msbl surati elmi sahani xarakteriza edir.

Tanliyi hall etsok , alarlq:%:kdt voyay = cekt

c sabiti elmi informasiya axininin baslangic saviyyasini gostorir.

Maraqlidir ki,nisbi siirot 7% olarsa ,elmi informasiya axininin 2 dofo artmasi {iglin 10ilvaxt
lazimdir.Dogurdanda  baslangic anda elmi informasiya axinmin  saviyyasi  y,t=T
ildonsonra 2y,olarsa,alariq:

2y=yoe"t

In2 0,69 .
Buradan2=ekt T="= = 222 = 10 il
k 0,07

Xarici tormozlayici qiivvalarin tasiri sababindon informasiya axminin gostarilon eksponensial
artma ganunu doyiso bilor.Elmi informasiya axminin artmasi onun miayyan Soviyyasi ilo
hiidudlanarsa,artma ganunu asagidaki diferensial tonlikls ifads olunur.

& =ky(b—y) k>0,ye(0.b)
b —publikasiyalarin maksimal miimkiin qiymatidir.Elmi informasiya axininin nisbi siirati
dy
=2 —Kk(b-
v at (b—-y)

y — in xatti funksiyasidir.

Bu diferensial tonlik doyisonlarine ayrila bilon tonlikdir: y?g_y):kdt

Hor ikin torafi inteqrallasaq alariq:

YL PR
b \y Tb—y/ V" ‘

=kt+c

1 l y
b b—y
¢ = —Ina gobul etsok
11 Y 4 11 =kt
b 'b—y b7
Buradan In =L = bkt; 2L = ebkt
b-y b-y
Cevirmoalor aparsaq asagidaki naticoni alariq:

b

o T Tt ae K
Bu tanlikls ifads olunan ayri {igiin y=0 vo y=b diiz xattlori tifliqi asimptotlardir.
a=b=1 olduqda ayri sokilda tosvir olundugu kimi olar.

y

1
2

______—__—_—”’//,///

Bu asason Fizika sahasina totbig oluna bilar.
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Riyaziyyat darslarinds sagirdlarin foallagdirilmasi

Sagirdlorin todris prosesinds foalliga nail olmasinin miihiim sortlorindon biri dyranilon
materiali sagirdlors hazir reproduktiv sokilds deyil,problem mosoalo kimi tagdim olunmasidir.Bunun
ISo asasinda problemli situasiyanin yaradilmasi durur.

Problemli situasiya sagirdin elo psixoloji vaziyyatidir ki,o basa diismokds ¢atinlik g¢okir va
ona gora do masalanin halli tiglin daha faal diistinmali olur.

“Insanda o zaman diisiinmo faallig1 yaranir ki,0,nayi isa basa diismak tolobat1 ilo garsilagsin.”
Rubingteyn.

Sagirdlorin foalligin1 artirmaqdan 6trii problemli situasiya bir sira toloblors cavab vermalidir.

1.Sagirdlara taqdim olunan problem mosals kifayat godor ¢atin,lakin onlarin bilik saviyyasina
uygun olmalidir.

2.Problemin halli ila alds olunan informasiya sagirdlar ti¢iin shomiyyatli olmalidir.

3.Problem sagirdlorin malik olduglar1 biliklor osasinda holl olunmali deyildir.Onlarda yeni
biliklor gazanmaga tosobbiis yaratmalidir.

4 Situasiya 6ziliniin geyri-standart olmagi ils sagirdlordo maraq yaratmalidir.

Sagirdin emosional faalligina tasiri baximindan problemli situasiyani iki néve ayirmagq olar:

1.Sagirdlarin teacciiblonmasina sobab olan problemli situasiya.

2.Sagirdlorin basa diismokds ¢atinlik gokmasi ilo miisayiat olunan problemli situasiya.

Sagirdlarin toacciib etmasine sabab olan problemli situasiyanin yaradilmasi zamani miiallim
sagirdlara elo sual va ya masals toqdim edir ki,onlarin aminlikls verdiklori cavab sshv olsun.

Masolon:Sagirdlor bolmo omoalinin torifino gora bilirlor ki,a odadini b-ys bolmok elo ¢
odadinin tapilmasi demokdir Ki b-c=a olsun.Miiollim sagirdlora belo bir sualla miiraciot edir: 5-i 0-a
boldiikda naya barabor olar?

Sagirdlarin bir hissasi bunun 0-a barabar olmasini deyir. Tarifo gora yoxlama aparilir: 0-0#5.

Digor hissasi 5-a boraboar oldugunu deyir.Yeno yoxlama aparilir: 0*5#5.

Problemli situasiya yaranir.Sagirdlorin basa diismokda ¢atinlik ¢okmasi ilo miisayist olunan
problemli situasiyanin yaradilmasi zamani miiollim sagirdlora elo masalo taqdim edir ki,onu hall
etmak tigiin sagirdlorin Kifayat godor biliyi olmasin.

Masalon:Sagirdlor kvadrat tonliyi hall etmoyi bacardiglart halda miisllim sagirdlors elo masalo
toklif edir ki Viyet teoremini bilmadan hall etmokds ¢atinlik ¢akirlar.

Umumiyyatlo,belo bir gonaste galmak olar ki,sagirdlori foalliga aparan yollardan biri onlarin
toacciib etmasino sobob olan vo ya basa diismomosi ilo misayiot olunan problemli situasiyanin
yaradilmasindan kegir.

Habibov Vahab,
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Inteqral sarhad sortli istilikkecirmo tonliyi iiciin optimal idaraetms masalasinin
korrektliyi vo optimalligin zaruri sorti

Tutaq ki, idaro olunan proses Q; = {(x,t) 0<x</0<t <T}-d9 integral sorhod sortli
istilikkegirma tonliyi li¢iin asagidaki geyri-lokal baslangic-sarhad mosalasi ilo tosvir edilmisdir:
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U~ Uy +0, (DU =0,(x, 1), (% 1) €Q;, ()
u(x,0)=p(x), 0<x</, (2

u, (0,t) =0, u,(41) :J{H (X)u, (x,t)dx+o,(t), 0<t<T, 3

burada  ¢(x) €W, (0, £), H(x) EV\;Zl (0,0) -verilmis  funksiyalardir, o= (v,(Xt),0,(Xt),05(t))—
idaroaedici,u =u(x,t) =u(x,t;v) —isa (1)-(3) mesalasinin v idarsedicisine uygun hoallidir.
Miimkiin idarsedicilor ¢oxlugunu geyd edok:
V ={v=(,(x1),0,(x1),0(1)) e H = L,(Qr) x L, (Q;) xW, (0,T): |Ul(X’t)| <d, s.h.y. Q;-da,
”Uanz(QT) < d2’ ||U3 W, (0,T) < d3}’ (4)
burada d;,d,,d, >0—verilmis adadlordir.

(1)-(3) sorhad mosalasinin  biitiin miimkiin v €V idarsedicilorine uygun u =u(x,t;v) -hallori
coxlugunda

IO =[|ux T;0) -y [ ox )

funksionalin1 minumumlasdiraq. Burada y(x) €W, (0, ¢) — verilmis funksiyadir.

(1)-(5) moasalasinin gqoyulusunun korrektliyi agagidaki teoremda ifado olunmusdur.

Teorem 1. Tutaq Ki, (1)-(5) mosalasinin qoyulusunda verilmis sartlor 6donir.Onda

(1)-(5) mosalasinin optimal idareedicilor goxluguV, ={v, €V :J(v,)=J, =inf{J(v):v eV }}bos
deyil,V,, H -dazoif kompktdir vo (5) funksionalinin ixtiyari {u(”)}ardlcllhgl H-daV, -coxluguna
zoyif yigilir. .

(1)-(5) masalasi tgiin w =w(x,t) =w(x,t;0) hallino malik asagidaki qosma sorhod masalasini
daxil edok:

W+ — 0 (DY = K (w6, =0, (x1) eQr, (6)
w(X,T)=2u(x,T;v)—u; (x)],0<x< 7, @)
v, (0t)=0, v (/,t)=0, 0<t<T (8)

(5) mogsad funksionalinin diferensiallanmasi asagidaki teoremdo ifado olunmusdur.

Teorem 2. Tutaq ki, (1)-(5) mosolosinin qoyulusunda verilmis sortlor 6donir.Onda (5)
funksionali V - do Frese monada diferensiallanandir vo onun diferensiali v €V - noqtasindo
Av =(Av,, Av,,Av;) € H artimi tiglin

dJ (v,Av) = I(u wAv, +wAv,)dxdt +]l/l(€,t;U)AU3 (t)dt 9)
Or 0

boraborliyi ils toyin olunur.
(5) funksionalinin gradiyenti tiglin agkar sokildos ifado almaqdan 6trii halli @ = O(t) = 6(t; v)
funksiyasi olan
—0"t)+0(t)=w(/t;0), O0<t<T , (10)
0'0)=6(T)=0. (11)
sarhad masalasini daxil edirik.
Sonra isa (5) funksionalinin qradiyenti ti¢iin ifado alinmigdir.Qradiyentin bu ifadssi
asagidaki teormdo gostorilmisdir.
Teorem 3. Tutaq ki, (1)-(5) masalesinin qoyulusundaki sortlor &donir. Onda (5)
funksionalinin qradiyenti ixtiyari v €V noqtosinds

Co 77 46~ D)



J'(v) = (U, L) (X1 0), (X, t;0),0(t;v)) (12)
barabarliyi ils tayin olunur vo v — J'(v) inikas1 V -don H -a kasilmoz tosir edir.
(1)-(5) masalasinds idarsedicinin optimallig tiglin zaruri sort alinmigdir.Bu asagidaki teoremda
ifads olunmusdur.
Teorem 4. Tutaq ki, (1)-(5) maesalasinin qoyulusundaki sartlor 6dsnir.Ondav, = (v,,,0,,,0,,) €V

idarsedicisinin optimallig1 tiglin zaruri sort ixtiyari v =(v,,0,,0,) €V iiglin
T
[Tuy. (0 —v,) + . (0, —0,)dxdt + [ [6: (v —v3,) + 6. (05 —vy,)]dt > 0(13)
Qr 0

barabarsizliyinin 6dsnilmasidir. Burada u, =u(x,t;v,),yw, =w(X,t;v,), 0, =0(t;v,) funksiyalari
v = v, oldugda uygun olaraq (1)-(5);(6)-(8);(10),(11) masalalarinin hallaridir.
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Qarar gabuletmanin béyiik ol¢iilii bir masalasi

Bir ¢ox gqorar gobuletmo mosolalorinds “on yaxs1” variant L%[0,T] —ys daxilolan vo
asagidaki sortlori 6doyan n-olgiilii x(t) vektor funksiyalar1 igarisindon segilmaklo gorar gabul edon
torafindan istifads olunub tatbig olunur.

x() = A(®)x(®) — [, H(t, Dx(2)dr < b(t),
x(t) < d(b), (1)
x(t)=0

Burada b(t), d(t), A;;(t), H;j(t,7),i = 1,...,n,j = 1, ...,n gqabagcadan molum olan funksiyalardr.
Moasalon, on yaxsi x(t) variantinin (1) sortini 6domakls se¢imi, k sayda

) OT c*()x(1)dr(2)

kimi xatti funksionallarinin eyni zamanda on boyiik qiymot almasi sorti daxilinds icra olunmasi
tolob oluna bilar. Basqa s6zla (1),(2) goxkriteriyali masaloni hall etmak lazim galo bilar. Bu zaman
qarsiya ¢ixan ¢atinliklordon baslicasi talob olunan “an yaxs1” varianta aparan adadi proseduranin
cox boyiik Ol¢ii problemi ilo qarsilagsmasidir. Toqdim olunan igdo bu kimi ¢atinliyin aradan
qaldirilmasi yollar1 arasdirilir.
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Agroekologiya masslalarinin riyazi modellasdirilmasi

Toqdim olunan isdo torpaq ekoloji sistemlorindo miiasir problemlorin hallindo sistemli
yanasma konsepsiyasi osasinda riyazi modellorin yaradilmasi, onlarin adekvathiginin yiiksaldilmasi
vo praktiki masalalorin hallina totbigi tsullarinin islonilmasi magsadilio elmi yanasma todqiq
olunmusdur. Alinan noticolor tobii resurslardan rasional istifado olunmasi vo otraf miihitin
miihafizasi, torpaq miinbitliyinin qiymatlondirilmasi sahasinda bir ¢ox prakriki masalalarin hallinda
istifado oluna bilor.

Elmi-texniki inkisaf, on asasi iso sivilizasiyanin energetik giliciniin intensiv artimi dorin elmi
analiz tolob edon bir ¢ox problemlarin hollinin vacibliyini 6n plana ¢okir. Bu talablor insan
comiyyatinin foaliyyatinin otraf miihito birbasa tasiri naticasinds yaranmis va tacili hallini talob
edir. Lokal xarakterli todgigatlar no godor vacib olsalarda, getdikco kifayst etmir vo basor
comiyyatinin galocok mévcudlugu iigiin biosferin timumi tadgiqini talob edir. Otraf miihits insanin
antropogen tasirini idaro etmok, onlarin yarada bilacayi ekoloji tosirlori prognozlasdirmaq, zarorli
naticalori minimallagsdirmaq, akinayararl saholori sorlasmadan vo Sohralagsmadan, eroziya vo digoar
tobii vo antropogen tasirlordon qorumaq, torpaq saholorinin mohsuldarliq xiisusiyyatlorinin
monitoringi vo idarasi tiglin riyazi modellor yaratmaq, onlarin adekvatligini tomin etmok qarsida
duran an vacib masalslordan biridir.

Tocriiba gostarir ki, demoak olar ki, agroekoloji sahays aid olan biitiin torpaq sahalarinin osas
miinbitlik va istehsal xarakteristikalarini tayin etmak tigiin homin sahalorin miixtolif saquli genetik
kasiklorindo asagidaki gostaricilorin giymatlori har fasil tiglin 6lgiilmali va ilkin verilonlar kimi
golocak istifado tiglin formalasdirilmalidir.

- Higroskopik nomlik, % ;
- Humus, % ;

- Azot,%;

- COy %;

- CaCo0;3,%;

- C:N, const

- Udulmus Ca, mg/ekv ;

- Udulmus Mg, mg/ekv ;
- PH, const

Bu gostaricilorin hamisinin laborator toyinatt miimkiin olmazsa, vo ya torpagq sahasi hagda
informasiya geyri-bitkin, geyri-miiayyan vo ya geyri-salis olarsa, malum riyazi isullarla onlarin
emal1 va ilkin verilonlor bazasinin dinamik formalagdirilmasi va idarsetma sisteminin yaradilmasi
miimkiindiir.

Yuxarida sadalanan minimal hocmli informasiyanin mogsads uygun sokildo idars olunmasi
torpag massivina agrofiziki tosir (sumlama, suvarma va S.), aqrokimyavi tosir (mineral giibralorin
verilmasi, agroiglim vo giinas radiasiyasinin nozars alinmasi) ilo yerino yetirilo bilor.

Bunun {i¢lin is9, har bir prosesin miimkiin qadar genis riyazi modeli yaradilmali, bu modelds
uygun fiziki-kimyavi doyismolor nazars alinmalidir.

Gorlindiiyti kimi agroekosistem kifayat godor miirokkob sistemdir, ona goéra do istor zaman,
istorsa do mokan baximindan onun on effektiv tadqiqat tisulu riyazi modellogdirmadir.
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Forz edok ki, bu sistemi formalagdiran asas elementlor  x;, x5, ....x, - n saydadir. Onda
daxili elementlordon diizoldilmis X = {x;, x5, ....x,} coxlugu bu sistemin torkibi adlanir. Bu
elementlor 6z aralarinda miixtalif rabitoloro malikdirlor vo uygun miinasibatlorlo saciyyslanirlar,
yani tobii tam sistem amalo gatirirlor. Lakin bu elementlor insanin antropogen foaliyysti zamani
birtorofli vo qarsiliqlt xarici tosirloro moruz qalirlar. Konkret xarici tosirlorin ¢oxlugunu C =
{ci, €3, ... Cp} ilo isaro edok vo onu otraf miihit adlandiraq. Bu iki sistemin elementlori arasindaki
miinasibatlor (rabitolor) ¢oxlugunu F = {f;, f5, .... fi} isara edak. Biitiin bu ¢oxluglarin elementlori
imumiyyatlo, zaman vo mokan daxilinda dayise bilir., yani X(r,¢,t),C(r,@,t),F(r,p,t) va s.
kimi formalasdirilir. Burada r- har hansi hesabat markazindan olan masafa, ¢ - iso homin noqgtani
xarakterizo edon miistovi bucaqdir. Aqroistehsal mazmuna malik kond tosarriifat1 toyinatli konkret
sahs ti¢iin yalniz zamandan asililigin gotiiriilmasi daha mogsads uygundur. Biitiin bu ii¢ ¢oxlugun
on timumi halda faaliyystini sistemin funksionalliginin ifadasi yani

O(r,@,t) = {X(r,0,t),C(r,@,t), F(r,,t)
soklinds yaza bilorik. Belsliklo, agroekologiya mosalalorinin todgiginds sistemli yanagmanin asas
mahiyyati ®(r,p,t) ifadosinin - mogsadouygun  sokildo  idarasi,  mohsuldarligin
prognozlasdirilmasi, C(r, @, t) — nin bazi elementlorinin minimallasdirilmasi, X(r, ¢, t) — nin boazi
elementlorinin doyisdirilmasi, F(r, ¢, t) — nin elementlorinin adekvatligini daha da artirmaq tgtin
yeni, daha dogiq Vo genis miqyash riyazi modellorin yaradilmasi, on Yyeni hesablama
texnologiyalarina asaslanan komputer modellorinin yaradilmasi ¢ox vacibdir.

Istonilon tip vo mozmunlu masalalorin halling sistemli yanasma miioyyan tobii mokan {igiin
baxilan zaman daxilinda orginalin adekvat riyazi modelini do 6ziindo saxlayan komputer modelinin
yaradilmasi, alinan naticalorin miiayyan toklif vo (rekomendasiya) soklinds istifado iiciin toqdim
etmokdir. Baxilan masalanin hallinin an sads funksional sistemi asagidaki kimi ola bilar.

Biliklar Riyazi model Adekvathgin
bazasi DX, C F) yoxlanilmasi
(movcud natica)

) o
Riyazi Hesabat Istifadagilar
ilkin masalalarin alqoritmlari va . dglin tovsiya
verilanlar halli programlari L
J

Yalniz bir qida rejimini nozora alan bir faktorlu eksperimentlorin naticalorine gors, "riskli
kond tosorriifati" zonasinda mohsulun proqramlagdirilmas: (moderatorlagdirma) qgobuledilmoz
sokildo boyiik hesablama sohvlorino yol aga bilor. Mohsulun mohsuldarliginin riyazi modelini
istifado edorak, standart meteoroloji molumatlardan istifads ilo, agronomik tocriibonin faktorunu
artirarkon bu sohvlorin garsisini almaq asan olar. Baxilan isdo ekoloji faktorlarin mohsuldarliga
tosirinin riyazi modeli toklif edilmisdir. Gorlindiiyli kimi, mohsulu formalasdiran faktorlar saymin
artmasi ilo mohsulun modellasdirilmasinin (hesablanmasinin) daqiqliyi artir. Riyazi modellogdirmo
imkanlar1 gostorir ki, bu bir faktordan c¢oxfaktorlu agronomik todqiqata qodor, oldo edilmis
eksperimental naticalor tohlil edilorkon bitki dovriiniin nom va istilik todariikiinii xarakteriza edon
meteoroloji molumatlardan olavo molumat oldo etmok imkani verir. Nom tominatinin sortlori
oldugca doqiq bir sokildo boyiimok mdvsiimiinds diison yagisla tosvir edilo bilor vo istilik tochizati
hamin d6vrde maksimal gilindslik hava temperaturu ilo xarakterizo edils bilor. Analizds alava su vo
istilik, mineral giibrolor vo s. faktorlarmin daxil edilmosi sahasindo tacriibonin faktikliyini
artirmagqla yanas1 toklif olunan riyazi model asasinda naticolorin etibarliligini shamiyyatli doracods
artirmaq mimkiindiir.
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Qeyri lokal sarhad sortli yiiklonmis parabolik tonlik iiciin optimal idaraetma masalasi
Isdogeyri lokal sarhod sortli yiiklonmis parabolik tonlik {i¢iin optimal idareetmo masalasinin

goyulusu gatirilir. Baxilan optimal idaroetmo masalosindo sorhad mosslosinin iimumilogmis hallinin
varlig1 vo yeganaliyi 6yronilmis vo hall {i¢iin qiymoatlondirma alinmigdir.

Forz edok ki, £,T >0 verilmis adodlordir va Q :{(x,t):0<x< {, 0<t£T}. Tutaq ki,

3(0) = [|u(x Tiv) - y(x) [ dx (1)
(1) funksiyonalini asagidaki sartlor 6domaklo minimallagdirmaq talab olunur:

u, — (k(x,t)u,), +Zaku(§k,t) f(x,t), (xt)eQ,, )

u(x,0) = (p(X) 0<x</, A3)

k(0,t)u, (0,t) = Au(0,t) + !udx — 1, (t), @

k(DU () = Bl - (),  O<t<T,
V={o(x0) = f (0 eL@Q): |f(x1)]_ o, <R} )

Burada 3,3, T,R>0  -verilmis  ododlordi.cz, -  sabit  odedlordirk =1,m,
0<{ <é,<....<& <1 (0)) -do fikso olunmus négtolordir. Y(X) eW;(O,f),

@(X) eW; (0,0), p4(t), 14,(t) €W, (0,T) -verilmis funksiyalar,0 = f (x,t)-idaroedici funksiya,

u=u(xt)=u(x,t;v)(2)-(4) sorhod mosalesinin v =uv(x,t) idaroetmolorine  uygun
hallidir.Bundan basqa asagadaki sortlor 6danilir.
0<v<k(X,t)< [k, (X,t)|< g, [k (X,1)| < prshy. Q -do. (6)

buradfa £>v >0, 14, 14, >0 verilmis ododlordir .

(2)-(4) sarhod mosalasinin holli, ixtiyari 7(x,t) eW,(Q;), n(x,T)=0ii¢iin asagidaki inteqral
miinasibatini 6doyon

| (—um +k(x, t)u, 7, + Zm:aké(x—.fk)unjdxdt = [[ f (x. yndxdt + j P(X)17(x,0)dx —
Qr k=1 < 0

—[ (Bu(,t) = 1, )71, )t — [ (Bu(0,1) + [u(x,t)dx— 24, (1))7(0, )dt.

V21’°(QT )fezasmdan olan U=U (X, '[) iimumilosmis holl basa diisulur.
Malum daxilolma teoremine gore V,°(Q,) = L,(0,T;C[0,1]). Ona gorada u € L, (0,T;C[0,1]).
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Molum [2, ¢.165-171] -isinda olan naticalora gora, gabul olunmus forziyslora gora gdstormok
olar ki, (2)-(4) sorhad masalasinin hor bir o(x,t)eV mimki idaroetmalori iiciin yegano

u(x,t;0) €V;°(Q;) timumilosmis halli var v hall iigiin asagidaki aprior qiymotlondirmo dogrudur.

Jull 5, = maxfuCetio)], o+l <ML * ol 0 It r) +l2l 7))

Bundan basgqa V,°(Q, ) fozasindan olan (2) — (4) masalosinin iimumilosmis halli W*(Q;)
fozasina daxil olar va hall {igiin asagidaki qiymotlondirms dogrudur.

||u||w22~1(QT) = MZ(” f ”LZ(QT) +||§0”w21(0,4) +||lul”w21(0,T) +||fu2||w21(o,T))'
Burada M;,M, >0 v -don asli olmayan miisyyon sabitlordir.
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Biitiin sifirlar1 haqiqi olan bir sinif tam funksiyalar haqqinda

Tezisdoa
FO) = [77 fx)e™ dx(l)
soklinds tam funksiyalara baxilir vo elo f(x) funksiyalar sinfi tapmagagalisilir ki, uygun F(4)
funksiyasinin biitiin sifirlart hagiqi olsun. Malumdur ki, f(x) = e=***™ (a > 0,m > 2- natural
adaddir) vaf(x) = ch%x . @72MCh2X | £(x) = (2nch§x - 3ch§x)e—2mh2x olan hallarda F (1)
funksiyasinin biitiin sifirlar1 hagiqidir.

= 9 5 By
fx) =2 Z <2n2n4e§x — 3nn2e§x> g=mn’e
n=1

olan halda, B.Riman torofindon F(A)-nin biitiin sifirlarinin haqiqi olmasi hagqqinda hipotez 1859-cu
ildo irali stiriilsa do, indiya godar bu masals 6z hallini tapmayib.

Qeyd edok ki, biitiin sifirlart haqiqi olan tam funksiyalar haqqinda bels bir teorem dogrudur:
biitliin sifirlart hoqiqi olan tam funksiyalar ardicilligi kompleks miistovinin istonilon kompakt
coxlugunda miintazom yigilirsa, onda limit funksiyanin da biitiin sifirlar1 haqigidir. Odur ki, (1)-do
f(x) avazino f.(x) = f(x)w(x; c) gotirmokloF, (1) = fj;o f-(x)e*dx funksiyasmna baxmagq daha
moagsadouygundur. Burada

}, x| <c,

1 a(c) a(c)
w(x;c) = exp {1 2 I(c -|C- x> + <ﬁ)

0, lx| = c,

c>0voa(c)=ch0<p<1.

Lemma. 0 < f(x) <Me V™" (M >0,y > 0,6 >0) sorti ddonirss vo K c C istonilon
kompakt ¢oxluqdursa, onda

lime_, 1o SUPsex|Fc(A) = F(D)] = 0.
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Asagidaki isaralomoni gabul edak:

e @]

Teorem 1. Forz edok ki, f € C*(R) ciit funksiyadir vo lemmanin sarti 6donmaklo barabar,
els ¢, & o va ng-natural adadlor ardicilliglar: var ki,

Ill_)ngj\/ anpznk,nk(f) = 0

olsun. Onda (1) funksiyasinin biitiin sifirlar1 hagiqidir.

pin(F) = | s s*

Teorem 2. Forz edok Ki, P(x) = amx®™ + @p_1x?™ 2 + -« + ayx?, ag-lar hogigidir vo
a,, > 0.0nda

+ oo

FQQ) = f e PMeilx gy

— 00

funksiyasinin biitiin sifirlar1 hagiqidir.
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ikitartibli elliptik tip tanliklor iiglin oblastin sarhadi vasitasila
optimal idaraetma masalasinin korrektliyi

Isdo ikitortibli elliptik tip tonliklor iigiin coxdlgiilii Evklid fozasmin mohdud oblastinin
sorhadi vasitosilo optimal idaroetma masalosine baxilir, bu masalasinin korrektliyi {igiin
verilonlarin 6dadiyi asas sortlor sorh edilir.

Tyrar ki, D n olgili R" Evklid fozasinda 77 sorhodino malik mohdud oblastdir vo
X = (X, %,,...,X,) ndqtesi D oblastin ixtiyari noqtosidir. 77 sorhadi elo segilib ki, Laplas tonliyi

ticiin Dirixle masalasinin D oblastinda halli var. Bundan basqa A ikinci tortib elliptik operatordur:

Au ——za (a”(x) _) Zb(x)—+c(x)u

harada ki, &; (X) € L,(D), i,j=1,n, b(x)eL,(D),i=1,n, c(X)eL,(D).N - 7 sorhadinin
daxili ko-normalidir:
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n N
2—; = i,jz=:1aij (x)cos(x;; N)~(%:.
Asagidaki elliptik tip tonliklo tasvir olunan prosess baxaq:
Au=1f(x), xeD. 1)
Tutaq ki, bundan slave asagidaki 1-ci va 2-ci sarhad sortlori do verilmisdir:
u/r=g1(x), xel )
ou
a_N /r =Q(x), xel’ (€))

burada f(x) eL2(D), g1(x) eW21 /Z(F ) g2(x) eLo(7) — verilmis funksiyalardir. ©lave olaraq geyd
edok ki, ajj (X)=ai (), 0< pr, <C(X) <4,

126 < Y 4 (0GE < 37 o V(G G) R Vij=12m,
i—1 i)j=1 i-1

burada g, - miisbat odaddir, i=0, 1, 2, 3. Elliptik tonliklar nazariyyasinden malumdur ki, agar 4, —

odadi kifayast gador boyiikdiirse, (1) elliptik tip tonliyi ti¢iin Dirixle masalasinin halli miimkiindiir.
Sadolik t¢iin (2), (3) sorhad sortlorini bircins gabul edak, yani g1(x)=0.(x)=0. ©dosbiyyatlardan
molumdur ki, agor bu funksiyalar sifirdan forgli olarsa, namslum funksiyalar1 avozetms yolu ilo
sarhad sortlarini bircins etmak olar. (1) tonliyinin (2) birinci sarhad sartini 6dayan hallini ui(x), (3)
ikinci sarhad sortini 6dayan hallini isa u(X) ilo isara edok. Sarhad sortlorinin bircinsliyini nozora
alsaq (1)-(3) mosalasini asagidak: sokildo yazmaq olar:

Au(x) = f(x), xeD, k=1,2, 4

ur(x)/r= a‘g—,\(lx)/p: 0 (5)
Bu sarhad masalasinin hallinin asagidaki inteqral barabarliyini 6dadiyi gobul edilir:

J {Zaﬂ-(x) T {gbi(x)a{;x—(ix) #0004, 00~ 1(x) ]m(X)}dhO, ©)

D ]

harada ki, k=1,2, uy(x) va ux(x) W} (D) vo W, (D) fozalarindandir, 71(X) Vo 72(X) iso uygun olaraq
bu fozalarin verilmis elementloridir.

Indi iso oblastin sohadi vasitasilo optimal idarsetmo mosalasine baxaq. Tutaq ki, V miimkiin
idarsetmalor ¢oxlugunda asagidaki funksionalin minumumunun tapilmasi talab olunur:

3, () =[eo)(uy —Ww)[7 o) +elv =Vl o, —inf >0, (7)

harada ki, w(v) funksiyast [vo, Vi] pargasinda kosilmoz diferensiallanan funksiya, Vv — Ly(D)
fozasinda verilmis element, a>0 adadi parameter, u;(x) va Uy(x) isa uygun olaraq (1), (2) va (1), (3)
mosalalarinin hallaridir. (7), (4), (5) mosolosi D oblastinin 7~ sorhadi vasitosilo optimal
idareetma masalosidir.

D oblastinin 7~ sarhadi vasitasilo optimal idaroetma mosalasinin korrektliyi iigiin asagidaki
teorem isbat edilir.

Teorem. Ly(D) fozasmin els K altgoxlugu vardir ki, ixtiyari « >0 Vo V e K tigtin (7), (4), (5)
ekstremal masalasinin yegans halli var.

Qeyd edok ki, o >0 sorti kifayat godor doqiq sortdir. Konkret misallarla gdstarmoak olar Ki,

a =0 olanda (7), (4), (5) optimal idaraetma masalasinin halli ya yoxdur, ya da yegana deyil.
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Sarhad sartinda spektral parameter olan diferensial operatorun
barpasi ii¢iin alqoritm

Asagidaki sorhad mosalasine baxaq:
=Y () +a9(x)y(x) = 2y(x) (0<x<7), 1)
y(0)=0, @
y'(0)+ 2a y(z)+ py'(z)]=0,
burada A— spektral parametr, g(x) — L,[0,7] fozasina daxil olan hoqgigi funksiya, «, f —
hoqiqi odadlardir. Bu masalani L(a) ilo isara edacayik.
S(4, x) ilo (1) Sturm-Liuvil tanliyinin s(4,0) =0, s'(4,0) =1 baslangic sortlorini 6doyan
hollini isaro edok. Onda L(a) messlosinin xarakteristik funksiyasi
A1) =1+ Aas(z, ) + Bs'(z, )] (3)
soklinda olar. Bu funksiyanin sifirlar1 L(er) masalosinin moxsusi adodloridir.
Toqdim olunan bu isde L(e,), L(e,) (e, # a,) maesolalorinin spektrlorina goro tors masalonin

halli tigiin yeganalik teoremi verilmis vo bu masalalarin barpasi ii¢iin alqoritm qurulmusdur. Qeyd
edok ki, ayrilmayan sorhad sortina spektral parametr daxil olan Sturm-Liuvil operatorlart {igiin
barpa moasalalarina asasan [1-3] elmi iglarinds baxilmisdir.

Ruse teoremindon va s(7z,4), S'(7,A) tam funksiyalarinin asimptotik gostarilislorindon istifads

etmoklo isbat etmok olar ki, L(a;)(j=1 2) sorhod maslesinin 4" (k =0,+1,+2,...) moxsusi
odadloari tigun asagidaki asimptotik diistur dogrudur:

_ . —1) (i)
u£”=k+%+ “Jw;;( )+ﬂ|i , 4)

burada Qzéj.q(t)dt, {,Blfj)}elz.

Asagidaki yeganalik teoremi dogrudur.

Teorem. L(e,), L(a,) sarhad masalalorinin spektrlori bu masalalari birgiymatli tayin edir.

L(al), L(az) masalalori iki spektro goro asagidaki alqoritm vasitasilo barpa oluna bilar (geyd
edok ki, bu algoritm hom do yeganalik teoreminin qisa isbatini verir).

Algoritm. Tutaq Ki, L(al), L(az) mosalalorinin  uygun olaraq {,u&l) } {yﬁz)}spektrlari
verilmisdir.

1. (4)-don istifado etmoklo (2) serhod sortinin S parametri

1. 1
P el )
miinasibati vasitasi ilo barpa olunur.
2. o, —a, forqi bels tapilir:
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o, —at, = prlimk () - 4?).
3. {,uéj)} ardicilliginin kémayi ilo L(a j) masalasinin xarakteristik funksiyasi olan A (/1)

qurulur,
4. (3)-tin komoayi ilo s(;z,;t):M funksiyas1 toyin olunur vo onun
(0‘1 —a, )/1
Ay (k =+1+ 2,...) sifirlar1 tapilir.
5. (4) asimptotik diisturundan «; miiayyan olunur:

a; =-Qf ~1+2fz|im k(ygp —2k —%] ,

buradaki Q sabiti A4, -nin asimptotikasi vasitosi ilo hesablanir.
6. (3) miinasibatine osason s'(z, A1) funksiyast barpa olunur vo onun v, (k =+1+ 2)

sifirlart tapilir.
7. {4} vo {v } ardicilhglarinin kdmoyi ilo melum alqoritm iizro (1)-in smsali olan q(X)

funksiyas1 barpa olunur.
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On a solution of mixed type hyperbolic-parabolic equation

In this work, we consider

’ t 0!
Lu= % )
$,U, 1 <0,

mixed type hyperbolic-parabolic equation in the region

D={(xt)|[0<x<l,—a<t<p}.
Here |, and S are positive real numbers. ¢, parabolic and g, is hyperbolic operator.

Let be
D =Dn{t<0}, D, =Dn{t>0},

and
u(x,t) e C(D) N CYD) NC2(D) nC?(D_) nC3(D,), 2)
The goal of this work is to find solution for
Lu(x,t) =0, (3)
equation
u(x,—a) =p(x), 0<x<l, (4)
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and
Ju=A —a<t<p, (6)
conditions in (x,t) e DND,. A is constant, ¢(x) is sufficiently smooth and

9(0)=0, [o(x)dx = A, M

conditions are provided. J is integration operator in [O,I]. As it is seen that (6) is nonlocal

condition and it is encountered with this type of condition in economy, population modeling,
plasma physics.
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Ekonometrika -miiasir menecment sistemlarinin asasi kimi

Molumdur ki, xalq tesarriifatinin vo onun ayri-ayrt mithiim sahoalorinin optimal idars
edilmasini tomin edoacok samarali idaroetmo gorarlarinin hazirlanmasi vo gobul edilmasi kimi aktual
problemlorin halli igtisadi—riyazi todgigatlarda riyazi—statistik tisullarin vo hesablama texnikasinin
son nailiyyatlorindon istifadoni tolob edir. Belo zorurat holo godim zamanlarda riyaziyyat, ehtimal
nozariyyasi, statistika, igtisadiyyat elmlarinin vohdstinin iimumilosmis noticasi kimi meydana galon
yeni elmi istigamotin—iqtisadi kibernetikanin yaranmasina gatirib ¢ixarmisdir.

Hal-hazirda Rusiya Federasiyasinin, Belarus Respublikasinin aparici universitetlorindo,
Ukrayna Respublikasinin demok olar ki, biitin ali miiassisalorinds bakalavr vo magistr
soviyyolorindo iqtisadi kibernetika ixtisasi iizro miitoXossis hazirhg hoyata kegirilir. Iqtisadi
kibernetika elo bir ixtisasdir ki, bu ixtisas igsizlikdon gorxmur, hamiso bazari olan ixtisasdir. Bu
ixtisas igtisadi sistemlorin ham mikro, ham do makro saviyyads optimal davranis torzini toyin edir,
igtisadi riyazi modellosmo vo on yeni informasiya texnologiyalarina osaslanan miiasir elmi
istigamot olmaqla miiasir menecment sistemlorinin (istor fordi, istarss do istehsalatda) asasidir.

Qeyd etmoayi vacib hesab edirik ki, igtisadi—kibernetik fonnlar inkisaf etmis bir ¢ox 6lkalarin
universitetlorinds nainki igtisadi yonimlii, homginin, texniki, hiiqug, tibb, sosiologiya vo digor
ixtisaslarda mithiim istiqgamat kimi todris olunur. Hal-hazirda iqgtisadi kibernetika elmi istiqgamatinin
bazasinda tosokkiil tapan ekonometrik modellordon istifado edilorokAzorbaycan igtisadiyyatinin
mikro va makro saviyyalarinds mévcud olan bir sira nozari—praktiki mosalalorin halli ugurla yerino
yetirilmokdadir.

Qeyd edok ki, “Iqtisadi kibernetika” ixtisasi iizra tolobolorin ilk hazirlign BDU-nun Totbigi
riyaziyyat vo kibernetika fakiiltosinin boazi kafedralarinin iqtisadi yoniimlii todris yiikii osasinda
1991-ci ildon hayata kegirilmoya baslamisdir. Sonralar bu ixtisas ayrica béliim kimi TQDK-1n gobul
planinda togokkiil tapmis vo 1996-c1 ildon etibaron hamin ixtisas tizro tolobslorin yiiksok hazirlig:
mogsadilo Tatbigi—riyaziyyat vo kibernetika fakiiltasinin nozdinds Riyazi—igtisadiyyat vo igtisadi—
ekoloji sistemlorin modellosdirilmasi kafedrasi (hazirki Iqtisadi kibernetika kafedras1) yaradilmis va
indiyadok foaliyyat gostorir.
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Molumat iiciin bildiririk ki, “Iqtisadi kibernetika” ixtisas1 iizro tohsil alan tolobolor ixtisasin
yarandig ildon etibaron yiiksok ballar toplamis, bu ixtisas ti¢iin kecid bali har il digor ixtisaslarla
miiqayisads yiiksok olmusdur. Qeyd edilon ixtisas iizra tohsil alan Prezident toqaiidgiilorinin x{isusi
cokisi digor ixtisaslarla miiqayisodo boOyiik olmaqla yanasi, bakalavr vo magistrlar arasinda
forglonmo diplomu ilo bitironlorin say1 da har il nozeracarpacaq dorocods gox olmusdur. “Igtisadi
kibernetika” ixtisas1 lizro tohsilini bitirmis bakalavr vo magistrlar xarici dlkolorin niifuzlu elmi
miiessisalorinda-o ciimlodon, Kanadanin Toronto, Ingiltorenin Imperial, Brunel, York, Almaniyanin
Bonn, italiyanin Napoli, Fransanin Tuluza, Strasburg, Cexiyanin Pragaq v s. universitetlorinds 6z
tohsillorini miivaffagiyystlo davam etdirmis vo etdirmokdadirlor. Eyni zamanda miixtalif xarici
olkolordo, o ciimlodon, Ingiltorade (London Imperial Kollec, Cass Business School), ABS-da
(Kollarada Universiteti), Almaniyada (Heidelling Universiteti), Ispaniyada (Planlasdirma sirkati),
Tiirkiyada (Dokkuz Eyliil Universiteti), Kanadanin, Yeni Zellandiyanin, Avstraliyanin, BOO-nin
aparict miuossisalorinds, eyni zamanda Azorbaycan Respublikast Milli Maclisinds, Hesablama
Palatasinda, Morkozi Bankda, Azorbaycan Respublikasi Maliyys, Iqtisadi Inkisaf, ©mok Vo
Ohalinin Sosial Miidafissi, AR Daxili Islor, Vergilor Nazirliklorinds, Dovlot Sosial Miidafio
Fondunda, ARDNS-da, Azarbaycan Respublikast Dovlat Neft Fondunda, Azarbaycan Respublikasi
Prezidenti yaninda Votondaslara Xidmat vo Sosial Innovasiyalar iizra Dvlat Agentliyinds, Maliyya
Bazarlarina Nozarot Palatasinda, Azarbaycan Diplomatik Akademiyasinda, Pasa Bank, Domir yol
Bank, Azorbaycan Seonaye Banki, Uni Bank, TBC Bank, Diinya Banki, Nikoil Bank, Yap1 Kredi
Bank, Access Bank, Risk Sirkati, Sinam Sirkoti, Dasinmaz omlakin Reyestr xidmati, Azercell,
Bakcell, DELEOID sirkoti, Gilan Holdingds calisan vo yiiksok vazifolor tutan iscilor arasinda bu
ixtisas1 bitiran toloboalor xiisusils se¢ilir. Respublikada faaliyyat gostaran qeyri—dovlat miiassisalari,
o ciimlodon, banklar vo auditor toskilatlari, homg¢inin xarici toskilatlar bu ixtisas tizro tohsil almis
tolobalorin iso gobuluna ¢ox dstiinliik verirlor. Diinyanin biitiin aparici universitetlorindo miiasir
dovrde ¢ox vacib bir ixtisas olan Ekonometrika ixtisas1 foaliyyat gostorir.Bu ixtisasin agilmasi
Azorbaycanin qabiliyyatli gonclorinin amok bazarinda ¢ox rahat iglo tomin olunmasima sorait
yaradar.Ax1 bu ixtisasa yiyalolonlor riyaziyyatin, proqramlagdirmanin, informatikanin,
iqtisadiyyatin sirlorina daha dorindon balad olurlar.Bu da onlarin yiiksok miitoxassis kimi comiyyato
daxil olmasina imkan yaradar.

Azaorbaycan Respublikasi Nazirlor Kabinetinin 12 yanvar 2009-cu il tarixli 8 sayli gorart ilo
“Ali tohsilin bakalavr pillasi ixtisaslarinin siyahisi”nin tosdiq edilmasi zamani bu ixtisas ixtisaslar
qrupu siyahisindan ¢ixarilmis vo “Igtisadi kibernetika” ixtisas1 iizra toloba gobulu dayandiriimisdir.
Diinyanin niifuzlu Universitetlorinds iso bu ixtisas tizro-igtisadi kibernetika vo ekonometrika adi
altinda taloba gobulu ¢ox ugurla hoyata kegirilmokdadir.

Ekonometrik modellor iqtisadiyyatin mikro vo makro saviyyolorindo idaroetms
foaliyyotlorindo ugurla totbig olunur. Bu modellor vasitosilo iqtisadiyyatin bir sira nozori
problemlori statistikanin tsullart ilo faktiki vo ya empirik materiallar ssasinda yoxlanilir.Digor
torofdon ekonometrik model vo metodlar miiasir dovrdo iqtisadiyyatda noinki yeni biliklor aldo
etmok iiciin giiclii alotdir , 0 homginin praktik prognozlasdirma gorarlarinin gobul edilmasindo
bank isinds , biznesds va s. sahalords genis istifads olunan aparatdir.

Nozorinizo ¢atdiririq ki, Iqtisadi kibernetika ixtisasinin yenidon borpast vo ya  yeni
“Ekonometrika” ixtisasinin agilmasi masalasi istor Tatbiqi riyaziyyat vo kibernetika fakiiltasinin,
istorsa do BDU-nun Elmi Suralarinda dofalorlo galdirilmisg vo elmi - pedaqoji kollektiv torafindan
boyiik istoklo qarsilanmisdir.

Biitiin yuxarida qeyd olunanlar Baki Dovlat Universitetinin Totbiqi riyaziyyat vo kibernetika
fakiiltasinin nazdindo “Igtisadi kibernetika” ixtisaslasmasi iizro bakalavr tohsil pillasinin barpasini
Vo ya “Ekonometrika “ ixtisasinin a¢ilmasini zaruri edir. Bels ki, fakiiltonin elmi—pedaqoji resurslari
(Iqtisadi kibernetika, ©moliyyatlar todqiqi vo ehtimal nazoriyyasi, Optimallasdirma va idaroetms,
Informasiya texnologiyalart vo programlasdirma kafedralariin mévcud elmi potensiali nozords
tutulur) vo son zamanlarda fakiiltonin diinyanin aparict elmi moarkazlori ilo amokdasligi bu ixtisas



tizro bakalavr tohsil pillasinin agilmasina imkan verir. Tohsilo birbasa bagli vo ona cavabdeh
soxslorin dovrii motbuatlarda dofalorlo islotdiklori “Ali moktoblori qurtartb rahatligla is tapilan
ixtisaslarin borpasina vo bugiinki amok bazarinin tolobatina uygun yeni ixtisaslarin agilmasina
calismaq lazimdir” kimi dayarli fikirlorino do osaslansaq, miistaqil Azarbyacan Respublikasinin
igtisadi—ekoloji vo yeni informasiya texnologiyalarina nail olmaqla daha da qidratli diinyavi
dovlota ¢evrilmasi, yiiksok iqtisadi vo informasiya texnologiyalarina yiyslonmis ixtisasl kadrlarin
tiikkonmomasi naminos Tothiqi riyaziyyat vo kibernetika fakiiltasinin nozdinde “Igtisadi kibernetika”
ixtisasinin barpasini vo ya “Ekonometrika® ixtisasinin a¢ilmasmi bu giiniimiiziin tobii zarurating
cevirir.
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Analytical solution of the Klein-Fock-Gordonequation for the Woods-Saxon potential

An analytical solution of the radical part of the Klein-Gordon (KG) equation is of high
importance for spinless relativistic quantum mechanics, because the wave function contains all
necessary information on full description of a quantum system. There are only few potentials for
which the radial part of the Klein-Fock-Gordon equation can be solved explicitly for all n,ande. So

far, many methods were developed, such as supersymmetry (SUSY) and Pekeris approximation, to
solve radial part of the Klein-Fock-Gordon equation exactly or quasi-exactly for e =0 within these
potentials.

The one-dimensional Klein-Fock-Gordon equation is investigated for the PT -symmetric
generalized Woods-Saxon (WS) potential and Hulthen potential and is solved by using the
Nikiforov-Uvarov method, which is based on solving the second-order linear differential equation
by reduction to a generalized equation of hypergeometric type.

The radial part of the Klein-Fock-Gordon equation for the Woods-Saxon Potential cannot be
solved exactly fore = 0. It is well known that the Woods-Saxon potential is one of the important
short-range potentials in physics. This potential was applied to numerous problems, in nuclear and
particle physics, atomic physics, condensed matter and chemical physics.

Among the advantages of working with the Woods-Saxon potential we have to mention that,
in the one-dimensional case, the Klein-Fock-Gordon as well as the Dirac equations are solvable in
terms of special functions and therefore the study of bound states and scattering processes becomes
more tractable. It should be mentioned that the Woods-Saxon potential is, for some values of the
shape parameters a smoothed out form of the potential barrier. In Ref. [6] showing that transmission
resonances at k =0 in the Dirac equation take place for a potential barrier V =V (x)when the

corresponding potential well V = -V/(x) supports a supercritical state. The situation for short range

potentials in the Klein-Fock-Gordon equation is completely different, here there are particle-
antiparticle creation processes but no supercritical states.
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In this work we compute the scattering solution of the one-dimensional Klein-Fock-Gordon
equation in the presence of a Woods-Saxon potential and also we will show that one-dimensional
scolar wave solutions exhibit transmission resonances with a functional dependence on the shape
and strength of the potential to the obtained for the Dirac equation.

The one-dimensional Klein-Fock-Gordon equation takes form

g (0, +ieA, N0, +ieA, ly +y =0, (L)
where the metric tensor g = diag(,—1). In this paper we adopt the atomic units h=c=m=1
in the CGS system

o). [i£-vF -1hi=0 @

dx?
The Woods-Saxon potential is defined as
o-x) o
V(X) :V0[1+ e—a(X+L) + 1+ ea(X+L) ! (3)
whereV, is real and positive; a >0 and L > Oare also real and positive &(x)is the Heaviside step

function. In order to consider the scattering solutions for x <0 with E? >1, we procced to solve the
differential equation

d %y, (x V. 2
E? >1§/T22()+[[E_r“0(x+”j —1}//2(X)=0 (4)
In the Eq. (4) if we substitute y =—e“**Y) | then we obtain
2., d d V/z(y) Vo i
Sy e Yo | g =0 5
a ydy{y vl 1 ey v(y) (5)
Puttingy, (y) = y“(@—y) *h(y), Eq. (5) reduces to the hyper geometric equation.
yA-yh' + [+ 2p)-Q2u-22+1)yl —(u-2+0fu—-2-2h=0 (6)

The general solution of Eq. (6) can be expressed in terms of Causs hypergeometric functions
2F (u—v—A, p+v—11+2uy)+ Dy “(1-yY
XzFl(—,u—v—}t',—,u+v—Z;l—2,u:y). (7)
As X — —oo, we have that y — —ccand the asymptotic behavior of the solutions (7) can be
determined using the asympztt;ti(c behz;vior of the E::;u?s hyp)ergeometric functions
I'(c)(b-a 2 I(cla-b b
2F1(arb’c’ y): F(b)l"(c—a)(_ ) + F(a)l“(c—b)(_ ) ' (8)
Using Eq. (8) and noting that in the limit x — —oo, (— y)™ — e****Y) we have that the
asymptotic behavior of w,(x) can be written as
w,(x)= Ae™ (X + L)+ Be k*+t) 9)
Analysis of our calculations show that the width of the transmission resonances depend on the
shape parameter a becoming wider as the Woods-Saxon potential approaches to a square barrier.
Also, as in the Dirac case, the transmission (coff) coefficient vanishes for values of the potential
strength E—-m<V,, E+m and transmission resonances appear forV, > E + m. We also conclude

that, despite the fact that the behavior of shortrange potentials is qualitatively different from the one
observed for Dirac particles.

In this work we solve the Klein-Fock-Gordon equation in the presence of a spatially one-
dimensional Woods-Saxon potential. The scattering solutions are obtained in the terms of



hypergeometric functions and condition for the existence of transmission resonances is derived. We
have found how the zero-reflection condition depends on the shape of the potential.
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Riyazi biologiyanin va riyazi fizikanin bazi model diferensial tanliklorinin
bir-biri ile riyazi alaqasi va tatbiglori barada

Riyazi biologiyada bitki koklorinin nomliyi udmasinda siiziilmo prosesini tosvir edon model
diferensial tonliklordon  biri  u,(x,t)= (mu,(x,t)+bu,(x,t)), igctortibli xiisusi  tdromoli
psevdoparabolik  tonliyidir ki, elmi odobiyyatda Aller tonliyi adi ila moshurdur.
Ugy (% Y)+MU, (%, y)+0u (%, y)+ pu,(x y)+au, (x y)+ru(x, y)= £ (x )

soklinds tonlik iso iimumilogmis Aller tonliyi adlanir ki, torpaqda riitubotkecirmo prosesini

tosvir edir. Bu tonlik eyni zamanda timumi sokildsikinci tortib xatti hiperbolik tonliklorin kanonik
sokli sayilan

Uy (% y)+ pu,(x y)+qu, (x, y)+ru(x y)=¥(xy), (1)
tonliyini @imumilesdirir.(1) tonliyi rabitods istifado olunan u,(x,y)=ku(x,y),k=0 - telegraf
u(t.e) _otu(tg)

ot? 0&?
sonra qeyd edok ki, (1) tenliyinin ti¢dl¢iilii analoqu sayilan U, (X, Y, Z)dominant qarigiq toromoali

tonliyini vo rogsi proseslori tosvir edon Orags tonliyini imumilosdirir. Daha

tonlik  Bianki tonliyi adlanir vo radiodalgalarin Oyronilmosi zamani vibrasiya proseslorinin
modellasdirilmasindos istifados olunur. Toatbiqi shomiyyoto malik riyazi biologiyanin asas model
diferensial tonliklorindon biri imumilogsmis Manjeron tonliyidir vo bu tonlik asagidaki sokildadir:

o’u(x, o°u(x, o°u(x,

S0 (1) o) g ) P (1) P,
o°u(x ou ou
(x0T g ) M) 1) I o i) -0k, @

Yuxaridaki (2) tonliyi hidrodinamikada istifado olunan model diferensial tonlik
olmagla,limumilogmis Aller tonliyinin riyazi ifadssini 6ziinds saxlamaqla, daha imumi tonlikdir va
hor iki doyisona nazaron tokrar hoqiqi xarakteristikaya malik, dordtortibli, dominant qarisiq
toromoali hiperbolik tonlikdir. Indi bu iimumilosmis Manjeron tonliyinin xiisusi hali olan asagidaki
Xiisusi toromali tonliys baxaq:

o*u(x, ) v, (% y)63u(x, y)

ax28y2

4 2 2

d USX’ 2/)_ d u(x2 y)+ d u(x2 y) _ 0 @)

ox“oy OX oy
(3) tonliyi Bussinesk-Lyav tonliyi adlanir. Riyazi odobiyyatdan moalumdur ki,Bussinesk-Lyav
tonliyi enino inersiya effektlori nozors alinmaqla,nazik elastiki ¢ubuqlarda uzununa dalgalar tosvir
edir. Riyazi fizikadan molumdur ki, zarraciklorin rags istiqamati,dalganin yayilmasi istiqgamati ilo
uist-listo diisiirsa belo dalgalar iiziiniina dalgalardir. Uzununa dalgalar yayilarkon miihitds sixilma va
gorilmo deformasiyalar1 yaranir. Sixilma vo gorilmo deformasiyalarinda ham bork cisimlords,hom
do maye vo qazlarda elastiki qiivvolor meydana ¢ixdigindan uzununa dalgalar biitiin miihitlordos
yayilir. Nozori v totbigi cohatdon miioyyan olunmusdur ki, sas uzununa, isiq ening,zalzals isa hom
ening, hom do uzununa yayilan seysmik dalgadir.Qeyd edok ki, zarrociklorin rags istigamati
dalganin yayilma istigamatino perpendikulyar olarsa, belo dalgalar enino dalgalardir. Belaliklo,

Qe 60 O
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Bussinesk-Lyav tonliyi uzununa dalgalar1 tosvir etdiyindon vo uzununa dalgalar biitiin miihitlords
yayildigindan bu tonlik boyiik tatbiqi shomiyato malik olan model diferensial tonliklordan biridir.
Indi (3) Bussinesk-Lyav tonliyini asagidaki sokildo yazaq:

2 2 2 2
8_2 M—u(x, y) +M:0 Vo olava olraq forz edak ki, M—u(x, y)=u(x,y) ,
X oy oy oy

16%u(x, y)

bagqa sozlo desok, u(x, y)=ET sortinin 6dendiyini forz edok. Onda bu forziyys daxilinds

hiperbolik tonliklor sinfindon sayilan Bussinesk-Lyav tonliyi riyazi fizikanin asas model elliptik tip
diferensial tonliklarindan biri sayilan

ou(x, o%u(x,
ux y)  Sulxy) g @
OX oy
tonliyi ilo iist-listo diisor. Odobiyyatdan yaxs1 malum oldugu kimi, (4) tonliyiriyazi fizikada Laplas
tonliyi adlanmagla, mayelar {igiin stasionar siiziillma proseslorini tosvir edir. (4) tonliyindoki 6z-

d%u(x,y) . d2u(x, y)

axz ayZ

0ziino qosma Laplas opertorunu asagidaki sokilds iki diferensial operatorun

kompozisiyasi soklinds yazaq:
2 2
‘ U(Xz y)+6 u(xz y): 9 09,9 u(x, y), burada i - xayali vahiddir: i* =-1.
OX oy ox oy \ox oy
(4) Laplas tonliyi ils alagali olan

(Li%ju(x, y)=0, (5)

OX

tonliyi birinci tortib elliptik tip diferensial tonlikdir vo Kosi-Riman tonliyi adlanir.
(5) Kosi-Riman tanliyinin sol torafindaki birinci tortib elliptik diferensial operatorudaha iKi

diferensial operatorun kompozisiyasi soklinds yazmagq olar:
1 1 1 1

2 2 2 2
(%H%}u(x,y): al—iﬁal al+i\/fa—l u(x,y), (6)
X2 oy? |\ ox2 dy?
(6) diisturundan goriindiiyti kimi, riyazi biologiya vo riyazi fizika tonliklorinin nainki bir-biri ils,
hotta kosr tortib diferensial tonliklorlo riyazi olagolori vardir. Xiisusi ilo geyd etmok lazimdir ki,
Laplas tonliyi, Kosi-Riman tanliyi va kasr tortibli diferensial tonliklor ti¢iin mixtalif sinif lokal vo
geyri-lokal sorhad masalalori riyazi fizika tonliklorisahasinds vo imumiyyatlo desoak, diferensial
tonliklor sahasinds taninmis alim,riyaziyyat tizro elmlor doktoru, professor Nihan Oliyev vo onun

coxsayli yetirmolori torofindon miixtolif aspektdon otrafli todqiq edilmis vo bu giin do todgiq
edilmokdadir.
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Birinci tartib yeni diskret poverativ toraomali tanlik iiciin Kosi va sarhad masalalarinin halli

Kosi masalasi: Birtortibli yeni diskret poverativ téromali tonlik ii¢iin asagidaki kimi Kosi
masalasing baxaq:
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v =f, n=0, L)
Yo = Q, (2)

burada f,,, n = 0 verilmis ardicilliq, a verilmis sabit oadad, y,, iSo axtarilan ardicilligdir. Onda
diskret poverativ integraldan istifads etsok:

0 0 Yo 0 \ @)
ySf = fo = Pfk/ |

n k=n-1
ifadasini almis olurug. Burada yo-1n giymatini (3) -dayerins yazsaq alariq:

. 4
mfﬁz: fo = \*;)ﬁ @

k=n-1

Bu halda | tortib diskret poverativ téramali tanlik tigiin (1), (2) Kosi masalasinin analitik halli
(4) soklinda alinmis olur.

Sarhad masalssi: indi iso hamin (1) tonliyi ii¢iin 0<n<m oldugda sarhod masalosina baxag.
Sarhad sortini geyri-lokalsokildoverak:

Yo+ @Ym =B, )

burada m geyd olunmus natural adad, o vo P iso verilmis sabitlordir.
Yuxarida gostordik ki, (1) tonliyinin imumi halli (3) do verilon ifadadir.
Bu timumi hollo daxil olan y, sabitini toyin etmoak tictin bu (3) hallini (5) sortin do yerina

yazaq:

f1 nyO
yot+afimr =8 (6)
Bu ifadoni asagidak: sokilds yazib,
_flfoyo
ffr'r.1—2 — M
m-1 a
Onu logarifmlama vasitasi ilo (12)-dan alariq:
_f1f0y0
B=Yo _ fin-
logfm—l a ° - m—23 !
f1 fOZVO
logfm—z logfm 1 ffm ! !

bu prosesi davam etdirsok:

logy, logy, -+ log,,, logy,,, “2 =0, ™
ifadasini almis olariq.

Buradan y, ti¢iin ardicil yerino yazma tisulundan istifado etmokls alariq:

e Y 62 N .:)"’ )



Vo, sabitini vermoklo, (7) —don asagidaki kimi rekurent ifads qurag:
Voue = 1087, logy, -+ logy, , logs, =22 k>0, (8)

a )

Tapilan y,, - lar a > 0 olduqgda

.,f1f° J1
B—afim? <yo, <B-afim?, ©)
borabarsizliyini, a < 0 olduqgda isa
f1 150

B—afalit <yo, <B-af
borabarsizliyini 6domalidir.

Buradan tapilan y,, -larin mahdudlugu alinir.

Teorem: Verilmis I tortib diskret poverativ toramali (1) tenliyi tigiin (1), (2) Kosi masalasinin
halli (4) vasitasi ila, (1), (5) sarhad masalasinin halli isa (8) vasitasi ilo verilir.

Qeyd 1: Diskret additiv vo diskret multiplikativ toromali tonliklor tiglin miixtolif Kosi va
sarhod masalalori yaxsi arasdirildigina baxmayaraq diskret poverativ toramali tonlik tigiin avvalinci
hal olaraq baxildigindan I tartib tonlik ilo kifaystlonmis oldugq.

Qeyd 2: Ardicil yerino yazmagla alinan {yok} ardicilliginin biitiin hadlori eyni sabitlorlo
mohdudlasdirildigindan, bu ardicilliq y1gilir.
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9moak bazarimin kibernetik xarakteristikalar: vo onun tonzimlonma modeli

Azorbaycanda son illordo ugurla hoyata kegirilon sosial-igtisadi siyasstin on vacib
komponentlordon biri omok bazarinda tolob vo toklifin optimal nisbatinin yaradilmasi vo
qorunmasidir. Mahz bu halda amok bazari omoklo bagli hom sosial, hom do iqtisadi funksiyalarin
somorali sokildo reallagdirilmasini, eloco do bazarin istirak¢ilart arasinda rogabat gabiliyyatliliyinin
inkisafi, daha somorali omoys stiinliyiin verilmosi, peso hazirliginin yiiksoldilmasi kimi
stimullasdiric1 funksiyalarini optimal strategiyalar saviyyasinds hall eds bilor. ©gor omok bazarina
amoayin toklifinin va amoys olan talobin uzlasdirilmasi ilo slagodar iqtisadi miinasibatlorin macmusu
kimi yanassaq, onda bu bazarin kompleks tohlili bir ne¢a istigamatds-omak bazarimin dinamikasinin
empirik todqiqgi istigamoatindos, macmu omok bazarmin torkibindo funksional alt sistemlorin
dekompozisiyasi istigamotinds, omok bazarna qeyri-normal iqtisadiyyatin tosirinin &yranilmosi
istigamatinds, amak bazarinin tonzimlanmasina xidmot edon praktiki mexanizmlorin hazirlanmasi
istigamotinds vo s. aparmaq olar. ©mok bazar1 amays olan talob vo toklifin tonzimlonmosi
mexanizmi olarag amok miinasibatlori sektorunun biitiin komponentlarini-miibadilo sferasini (isgi
qiivvasinin alqi—satqisi), is¢i qiivvasinin bolgiisii vo istifadoesi sferasini, eloco do omak bazarinin
inkisafinin prognozlasdirilmasi ti¢iin mithiim shomiyyat kasb edon omoayin tokrar istehsali sferasini
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ohato edir. Olkonin omok bazarinin voziyysti vo ohalinin mosgullugu sferasmin tonzimlonmasi
global sosial-igtisadi naticalora malik problemdir. Ciinki, bir torafdon omak bazari makroiqtisadi
sistemin struktur komponenti kimi ¢ixis edir vo 6lko iqtisadiyyatinin faaliyyatinin somoralilik
gostaricisi bu komponentin faaliyystinin somoralilik xarakteristikasindan xatti sokilds asilidir. Digar
torofdon iss, igtisadi sistemin inkisafinin bir sira sosial proseslora gostordiyi tasir mohz amok
bazarinda amaya toklif edilon giymatlo miioyyan edilir. Odur ki, bazar miinasibatlori sisteminda
omok bazarindak: dayisikliklori baza doyisikliyi kimi, digor bazarlar1 xarakterizo edon proseslori iso
toroma xarakterli proseslor kimi dayarlondirmak olar. Omok bazarinin kibernetik sistem kimi
xarakteristikalarinin sistemli tadqiqi vo ekonometrik modellogdirilmasi Vo prognozlasdirilmasinin
miixtalif aspektlori ilo diinyanin vo Azaorbaycanin bir sira alimlori  mosgul olmuslar.Onlarin
todgiqatlarinda omok bazarna sistemli yanasilmamis, onun kibernetik xarakteristikalar1 askar
edilmomis, bu bazarda parametrlor arasinda slagslor sistem halinda todqiq edilmomis, gostaricilor
arasinda asililiglar ekonometrik giymoatlondirilmamisdir. Odur ki,belo todqgigatlarin aparilmasina
zorurat vardir vo bizim isin goriilmasi bu giin ¢ox aktualdir. Son illor igtisadiyyatda ugurla hoyata
kegirilon kompleks islahatlar 6lkanin amok bazarina da ciddi tosir gostormis, burada shomiyyatli
miisbat doyisikliklora nail olmusdur. Belo ki, dovlat sektorunda calisanlarin xiisusi ¢akisi avvalki
dovriin 35%-o yaxin gostaricisi ilo miiqayisada shamiyystli dorocads azalaraq 2016—c1 ildo 24%-o
catmisdir. Aparilmis sistemli tohlil Azarbaycan Respublikasinda son illar omak bazarinin davranigi
Vo inkisafi soraitini asagidaki kimi qiymatlondirmays imkan verir:

1.Son dovrlards 6lko ohalisi 16,8%, omok ehtiyatlart iso 10,8% artdigi halda, mosgullugun
artimi 11,8% olmusdur.2.Tadqiq olunan dévrde ohali mosgullugu gostaricisi tizro barabar siiratli
arttm dinamikasi miisahido edilmisdir, lakin artim tempi get-gedo asagi diismiisdiir.3.9mok
bazarinda tolob vo toklifin nishotindo koskin doyisikliklor miisahido olunmasa da, hor halda
imumdiinya maliyya bohraninin yaratdigi fosadlar bu bazarda miiayyan gorginlik
yaratmusdir.4.0Olkado shalinin mosgulluq vo issizlik problemlorini hall etmak {igiin reallagdiriimasi
zoruri olan mithiim problemlardon biri ds 6lks iqtisadiyyatina xarici investisiyalarin calb edilmasini
aktivlogdirmoak, bunun ii¢iin calbedici investisiya miihitinin yaradilmasidir. Bu baximdan 6lkaya
calb edilmis xarici kapitalin 6lka shalisinin maggulluq ve issizlik problemlarinin hall edilmasinda
oynadigi rolun kemiyyatco giymatlondirilmasi omok bazarinin idaro edilmasi baximindan vacib
magsad kimi garstya ¢ixir.

Beloliklo, aparilmig sistemli tohlil naticasindo belo bir gonasto galmak olar ki, 6lka ohalisinin
mosgullugunun tomin edilmasi yalniz iqtisadi xarakterli deyil, hom do sosial xarakterli problem
kimi doyarlonmolidir vo bu problemin optimal strategiyalar miistovisinds hoalli &lkonin amok
bazarinda tolob vo toklifin tarazlasdirilmasina sorait yaradacaqdir. Umumdiinya maliyys bohran
soraitinda 6lkanin siyasi va sosial-igtisadi durumuna birbasa tosir gostormok iqgtidarinda olan bir
qurum kimi dayarlondirilon amok bazarinin somarali foaliyyati probleminin halli xiisusi shomiyyat
kasb edir. Belo ki, bohranin tasiri omoak bazarinda miisyyan gorginlik yaratmis va issiz ohalinin say
arttmina gotirib ¢ixartmigdir. Odur ki, yaranmis real sorait amok bazarmin somarali idaroetmo
strategiyalar1 osasinda tonzimlonmasini tolob edir. Iqtisad elmindo omok bazarmin tonzimlonmasi
probleminin nozari aspektlori iki rakursdan—klassik yanasmadan vo Keyns¢i yanagmadan todqiq
edilmisdir. ©gor klassik yanasma amak bazarina 6ziinii tonzimloyan sistem kimi baxir vo bazarda
tarazlig1 oks etdiron osas faktor kimi amoyin giymatini gobul edirso, Keynsgi yanagsma amok
hagqqinin amok bazarinin tonzimlonmasi funksiyasini gobul etmir, ¢iinki amak haqqinin komiyyat
xarakteristikas1 birqiymotli sokildo miioyyon edilmisdir vo bu gostoricido reqressiv dayisikliklor
gedos bilmaz. Keyns¢i yanagsmaya gora bu tonzimloma funksiyasini dovlat yerino yetirmali vo amok
bazarinda amak toklifi vo amok tolobi arasinda disbalansi aradan qaldirmalidir. Todqiqatlar gostarir
Ki, omok bazar1 miirokkob kibernetik sistemlor iiclin xarakterik olan biitiin xarakteristikalara
malikdir va bu bazarin optimal idars edilmasi strategiyalarinin qurulmasinin an samarali yolu onun
miirokkab sosial-igtisadi sistemlor kKimi modellasdirilmasidir. Bu zaman modellasdirmoanin predmeti
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olarag omok biitiin funksional xarakteristiklari-ohalinin tokrar istehsali proseslori, amak
ehtiyatlarinin strukturu vo orazi iizro paylanmasi, miqrasiya proseslori, omok 6doniginin mévcud
vaziyyeti, mosgullugun vo issizliyin soviyyssi kimi faktorlar ¢ixis edirlor. Iqtisadi-Kibernetik
sistemlorin amok bazar1 ti¢iin saviyysli olan xarakteristiklarina misal olaraq tamliq, boéliinanlik,
tocridlilik vo onun nisbiliyi, identifikasiya oluna bilmasi, miixtaliflik, geyri-miiayyanlik, dinamiklik
xarakteristikalarint gostormok olar. Todqiqatlar gostorir ki, omok bazar1 biitiin bu sistem
xarakteristikalarina malik olmaqla yanasi, bozi 6zal xarakteristiklara—unikalliq, zaif oalagalilik vo
geyri-entropiyaliq xassolorina do malikdir. ©mok bazarinin kibernetik sistem xarakteristikalarina
malik olmasi bu bazarin todqiqi tiglin riyazi modellosdirmonin biitiin mexanizmlardan, yani
optimallasdirma  metodundan, ekonometrik modellogsdirmo  metodundan vo  imitasiya
modellosdirilmasi metodundan istifadoni miimkiin edir. Lakin ogar optimallagdirma metodu amak
bazarinin todgigindo  fordi totbiq imkanlarma malikdirso, ekonometrik vo imitasiya
modellosdirilmasi metodlart sintez olunaraq totbiq edilmalidir. Sosial-igtisadi sistemlorin bir tipi
olmagla amok bazarinin faaliyyst mexanizmi asagidaki funksional—differensial tipli modells ifads
edilo bilar:

dq—F Y,L,Z
dt_ (Q})}le)

Burada Q-omok bazarmin daxili vaziyyat vektoru; Y-omok bazarina tosir edon xarici miihit
faktorlar1 vektoru, L-omok bazarinin 06z-6ziinli tonzimlomo funksiyalart vektoru, Z-doévlatin
idaroetma mogsadi ilo amok bazarina tatbiq etdiyi moagsadyonlii tosirlor vektoru, e-otraf miihitin
geyri-miioyyanliyinin dogurdugu tosadiifi faktordur. F-o iSo amok bazar1 giriginin (tasiredici
faktorlar ¢oxlugunun) ¢ixisa (amok bazarmin dinamikasi) transformasiyasini tomin edon operator
kimi baxilir. Toklif edilon tonzimloms modelinds Y vo L komponentlarin istiraki onu amok bazari
izra optimal davranis strategiyalarinin miioyyoan edilmasi iigiin islok mexanizma ¢evirir. Lakin bu
halda omok bazar1 sistemi {i¢iin hokmon optimalliq kriteriyas: secilmalidir. Olka Vo regional amok
bazarlarinin foaliyystinin optimallagdirilmasmin bir aspekti Azorbaycan Respublikasinin miixtalif
istehsal sahalorindo faktiki mosgullugla is¢i qiivvasine somarali  tolobin balanshiligi ila
olagodardir.Omok bazari iizro prognozlasdirmani hoyata kegirmok ticiin  komiyyat, keyfiyyot
tohlilina osaslanan miixtolif {isullardan istifado etmok olar. Bu halda omok bazarinin
prognozlasdirilmas: {iglin ~ optimallagdirma, ekstrapolyasiya, ekonometrik modellosdirma Vo
imitasiya modellosdirilmoasi metodlar1 totbiq oluna bilor. Omok bazar1 {izro prognozlagdirma aparan
zaman Olkonin sosial-igtisadi durumunu mioyyan edon bir ¢ox faktorlar sistemli sokildo
olagalondirilmalidir. Bu faktorlarin qarsiligli alagaliliyi iso funksional asililiglar miistavisinds deyil,
stoxastik asililiglar miistovisi tizarindadir. Odur ki, asas todgigat vo prognozlasdirma vasitasi olaraq
asililiglarin ekonometrik modellasdirilmosi metodu, daha dogrusu bu modellogsdirmonin “qara qutu”
kimi baxilan amok bazar1 sisteminin giris vo ¢ixis komponentlorinin geyri-komiyyot xarakterli
olmasimi nazords tutan dispersiya vo ya kovariasiya tohlili deyil, komponentlorin komiyyat
xarakterli olmasina asaslanan korrelyasiya-reqressiya tohlili mexanizmi totbiq olunmalidir.

Todgigatlar belo bir qgonasts golmoays imkan verir Ki, omok bazarimin tadqigi Vo
prognozlasdirilmasinda tam prioriteto malik vahid bir riyazi mexanizm toklif etmok mimkiin
olmasa da, daha somarali vo real sokildo adekvat noticalor veron metodlar olarag ekonometrik
modellosdirma metodu vo bu metodun kiitlovi proseslor iiciin modifikasiyasi sayila bilon kiitlovi
xidmat nazori olaraq ¢ixis edir. Odur ki, 6lkanin amok bazarmin todqiqi Vo prognozlasdiriimasi
moasalasinin hallinds riyazi modellogdirmanin bu metodlarina iistiinliik vermok magsadsuygundur.
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Davamh inkisafin qiymatlondirilmasinda faktor tahlilin tadbiqi

XX osrin sonlarinda Birlogmis Millotlor Taskilat1 torafindon “ Davamli Inkisaf” adliyeni bir
konsepsiya qobul edilmisdir. Konsepsiyanin magzi “galocok nasillorin hoyatini tohliika altinda
goymadan, indiki nasillorin tolobatinin normal 6donilmasindon” ibarstdir. Davamli inkisaf
konsepsiyasi comiyyatlo tobiotin taraziligina asaslanan sosial-igtisadi toraqginin tamin edilmasini
nozordo tutur. Bu konsepsiyan1 moéveud texnogen inkisafdan davamli inkisafa kecidin diinya
sivilizasiyasi ti¢iin yeni inkisaf marhalasinin strategiyasi kimi do gobul etmok olar. Bizim 6lkads do
bu istigamatdo miioyyon islor aparilir vo “2008-2015-ci illordo Azorbaycan Respublikasinda
yoxsullugun azaldilmasi vo davamli inkisaf Dovlot Proqrami” qabul edilmisdir. Belaliklo miiasir
dovrde igtisadiyyatin faktiki voziyystinin hortorofli tohlili vo davamliligin giymatlondirilmasi
moasalasi ¢ox aktual va yerina yetirilmasi zoruri xarakter dasiyan bir problemdir.

Hor bir 6lkonin inkisafi ¢oxtorafli vo ¢ox aspektli bir prosesdir vo adaton sosial va igtisadi
mogsadlor noqteyi-nozorindon arasdirilir. Hotta iqgtisadi inkisafdan danigsdiqda bels, onu sosial
inkisafdan ayirmaq olmur.

Sosial-igtisadi gostaricilor bloku bu va ya digar 6lkeanin iqtisadi voziyyatini xarakteriza edoan
osas makro iqtisadi gostoricilor arasinda kifayat godor miithiim yer tutur. Masalon, shalinin hayat
saviyyasinin tohlili prosesinds igtisadi islahatlarin tosirinin noticalorini giymotlondirmo vasitosi
kimi miixtalif makroigtisadi vo sosial gostoricilorindon istifado edilir. Bu baximdan mogalodo
umimlikdo 23 gostorici osas gotiiriilorok onlarin ¢oxdlgiilii statistika {isulu vo ekonometrik
modellosdirma vasitosi ilo giymatlondirilmasinin tohlili aparilmigdir.Coxolgiilii  statistika
metodlarinn tadqiqi bu géstaricilorin bir nego mithiim faktora qodor ixtisarina imkan yaradir ki, bu
da natico etibarilo onlarin qiymatlondirilmasini kifayst godor asanlasdirir. Basqa s6zlo desok,
coxOlciilii statistika iisullarina aid olan faktor tohlili isulu vo onun miixtalif modifikasiyalarininasas
moqsadi tohlil edilon gostaricilorin saymi bir ne¢a imimlogdirilmis faktora godar azaltmaq va onlari
bu faktorlarin xatti kombinasiyasi kimi gostormokdir.

Bu mogsadla gostaricilor hagqinda ilkin malumati X= {Xij},i,:L...,m, j= 1,...,n matrisi ilo
tosvir edok. Burada Xj—i-Ci gostaricinin j-ciildo giymati, m- gostaricilorin sayi, n- illorin sayidir.
Beloliks todqigat zamani biz 14 il arzindoki 23 makroiqtisadi, sosial va ekoloji gostaricilari toqdim
edarok, 23*14 6l¢iilii matrisin elementlarini tohlil etmis, daha sonra X matrisinin standartlasdirilmis

O

Z={Zi j}formasma gotiririk: Z; = . Daha sonra standartlagdirilmig giymotlorin komayi ilo

tohlil edilon dayisonlor arasinda R = 1 ZZ'-korrelyasiya omsallar1 hesablanir.Aydindir ki, qurulmus
n
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korrelyasiya matrisasi tiglin moaxsusi giymatlor vo onlara miivafiq moxsusi vektorlar natics etibarilo
IR—AE|=0 - xarakteristik tonliyindon toyin edilir. Daha sonra tapilmis mexsusi ododlerdan

dioganal A matrisi qurulur. Noticodo A matrisi vo V-normalasdirilmis moxsusi vektorlar1 asasinda
qurulmus A-faktor yuklonmasi matrisi tayin olunur.Umimlosdirilmis faktorlar asagidaki kimi tasvir
olunur:

F=A"Z'voyaF =A"A'Z’,
burada A-faktor yiikklonmasi matrisi;

F- faktorlar vektoru;

A — xarakteristik adadlordan qurulan diagonal matrisdir.

Faktor tohlili dsullarindan praktiki mosalolorin hollinds an cox istifado olunani osas
komponentlor iisuludur. ©sas komponentlarin se¢ciminds ilk ndvbads an yiiksok dispersiyaya malik
olan komponents iistiinliik verilir, névbati morhalods ondan kigik dispersiyali komponent segilir vo
s. Belalikla, bu proses zamani ilkin gostaricilor goxlugunun say1 asagi diisiir vo goxsayli indikatorlar
avazine, arasdirilan dovr ticiin 6lkonin sosial-igtisadi inkisafina tosir gostoron osas faktorlari {izo
¢ixarmaq miimkiin olur ki, bu da ¢ox aktual problemdir.

Isdo asas komponentlor tisulunun totbiqi SPSS proqrami [2] vasitosi ilo yerino yetirilmisdir.
Osas komponentlor tisulunu todbiqi notocoesindo 23 godstorici 3 faktora endirilmis vo tohlilin
mogsadlorindon  biri-elementar  slamotlorin = boyiik  miqdarmi  hallarin  tutumlu  daxili
xarakteristikalarinin az miqdari vasitasilo ifado etmoklo olamoat fozasinin (sokkiz dofo) qisaldilmasi
masalasi hall edilmisdir. Beloalikla, 2000-2013-ci illor arzinds ¢oxolgiilii statistik tohlil vasitasi ilo
Azorbaycanin iqtisadi, sosial vo ekoloji gostaricilorini aragdirmaqla ii¢ faktor askar edilmisdir.
Secilmis faktorlarin osasinda bunlarin miimkiin inkisaf ononoslorini ekonometrik modellogsdirmo
vasitosilo prognozlasdirmaq olar. Belo ki davamli sosial iqtisadi inkisafini xarakterizo edon osas
indikatorlardan biri insan inkisafi indeksi (human development index-HDI) xiisusi shamiyyat kasb
edir. Bu mogsadlo isdo homginin oldo edilmis faktorlar vo insan inkisafi indeks ilo olagoni
qiymoatlondirmak tiglin ekonometrik model da toklif olunmusdur [3]. Modelin konkret formasini ¢ox
olgiili xoatti reqressiya tonliyi Kimi tasvir etmok olar:

HDI =b(0) +b(1)F1+b(2)F2+b(3)F3.

Qeyd edak ki, Eviews proqramindan istifado edarak, ekonometrik modelin daha konkret
formasini ala bilorik:

HDI = 0.707+0.020*F1 + 0.0194*F2 - 0.0007*F3.

Sonda onu geyd edak ki, modelin statistik xarakteristikalar1 vo onlarin miiqayisali tohlili onu
demoayas asas verir ki,qurulan model kifayst gador adekvatdir vo prognoz tigiin istifads edils bilor.
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Logistik tanliyin hallinin ehtimal xassasi

Moalumdur ki,
y'=@a-y)y (1)
tonliyi doyisonlorine ayrila bilon adi diferensial tonlikdir vo eyni zamanda loqgistik diferensial tonlik
( populyasiya tonliyi) adlanir [1,2].
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Aydindir ki, bu diferensial tonliyin askar sokilda halli

ce'
t) =
y® 1+ce'
kimi tayin olunur. Burada ¢ =1 gétiirsok onda (1) tanliyinin halli asagidaki kimi olar:
et
t) = . 2
y(t) e )
Burada t = _z(x=m) avazlomasini aparsaq (2) hallini
V3o
z(Xx—m)
exp (— =
=)
y(t) =F(x) = ©)
1+ exp (_ ﬂ-(x_m)J
NE
kimi alariq. (3) funksiyasina (m, 02) parametrli loqistik paylanma funksiyasi deyilir [4]
(3) loqistik paylanma funksiyasinin sixliq funksiyasi
ﬂexp(—” (x= m))
3 o
f(x) = V3 =, 4
(X —m)
o3| 1+exp| - 5
( o D
riyazi g6zlomasi
[xf )dx=m (5)
dispersiyast 159 _
j x2 f (x)dx = o2 (6)

dusturlart ilo hesablanur.
Iqtisadi-ekoloji masalalordo paylanma logistik tobisto malikdirss, totbigi baximindan asason
(0,1) intervalinin parametrlari ilo tayin olunur.
Logqistik paylanmani xarakterizo edon xarakteristik funksiya asagidaki sokildo toyin edilir:
f() = [e™ p(x)dx = e“mr[l—i“—@t]r[u i “—‘/étJ
o T T

Burada moda vo median m -o, assimmetriya omsali 0, eksesa omsali iso 1,2 barabar olur.

Loqistik paylanma funksiyasi normal paylanmadan kifayat qodor az forglonir. Bu paylanma
vasitosi ilo tibbi-biologiyanin bir ¢ox miithiim masalalorini  vo homginin bir ¢ox biokimyavi
reaksiyalar1 xarakterizo etmak olar.

Bilirik ki, populyasiya tonliyi asagidaki kimidir:

(7)

y'=(b-ay)y. 8
(8) tonliyinin halli
aeat
t) = 9
y(t) L bo” 9)
Kimidir. t = —% avazlomasini aparsaq (9) hallini asagidaki kimi alariq:
o



[jz(x—m)J
ae?l Vo

[rem)
1+be [ S ]
(10) funksiyasi (3) funksiyasi ila eyni sinfo moxsus oldugundan bu funksiya da tesadiifi koamiyyati
xarakterizo edon paylanma funksiyasidir. Paylanma funksiyasi vasitasilo sixliq funksiyasi asagidaki
kimi toyin olunur:

y(t) =F(x)= (10)

_z(x-m)
_ ar e V3o

fO)=F'(x)= Y30 (11)

-m 2
[l+ bea[i (3")]}

(11) sixhiq funksiyasindan goriiniir ki, populyasiya masalosi Xalis tesadiifi xarakters malik olan
masaladir.
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Riyaziyyat dorslorinds nazarstin vo oOziinilidarsetmanin 9Jsas xiisusiyyotlori

Sagirdlorin  bilik vo bacariglarinin idars edilmosi Gyronmo prosesinin torkib hissosidir.
Sagirdlorin  dyronma foaliyystinin diizgiin sokildo qurulmasina nozarat miiollima sagirdin oldo
etdiyi bilik vo bacarig1 qiymoatlondirmok, vaxtinda lazimi komok gostormok vo miioyyon edilmis
tolim maqsadloring nail olmaq imkanlarini verir.

Nozarot  miiallimo yalniz Oyronilon materiallarin  Syronilmasinin  saviyyasini  diizgiin
giymatlondirmoyi deyil,eyni zamanda 6z ugurlarini vo ¢atinliklorini tohlil etmok imkani yaradir .
Biliyin hor torofli yoxlanmasi vo noticolorin vaxtinda giymatlondirilmoesi olmadan, riyaziyyatin
todrisinin effektivliyindon danismaq miimkiin deyil.

Bilik vo bacariglarin idars edilmosinin osas mogsadi sagirdlorin nailiyyatlorini vo ugurlarimi
askar etmokdir. Birinci mogsad riyaziyyat proqramin toloblorino asason keyfiyyatli bilik, bacariq vo
vordislori sagirdloro dyrotmokdir. Ikinci, osas mogsad sagirdloro qarsiligli nozaret vo &ziinii
idaroetma qabiliyyatini, Oziintiidaroetmoa Vo qarsiligli nozarsto ehtiyacin formalasdirilmasini
asilamaqdir. Ugiincii  mogsoad sagirdloro  mosuliyyat, tosobbiiskarliq kimi soxsi keyfiyyatlori
Oyratmokdir.

Nozarot funksiyasi sagirdlorin bilik vo bacariq vo aqli inkisaf soviyyasini miioyyan etmoya
xidmat edir. Nozarotnin komoayi ilo ilkin saviyysli bilik, bacariq vo qabiliyystlor daha da
mohkamlandirilmok ti¢lin miioyyonlosdirilir. Planlasdirilan faktiki naticolorlo miiqayiso edilir,
miiollimin istifads etdiyi metodlarin, formalarin vo vasitalorin effektivliyini miioyyon edilir.

Tohsilin  nazarot funksiyast bilik vo bacariglarin artirilmasi, onlarin sistemlogdirilmasidir.
Riyaziyyatdan tapsirigqlarin icrast zamam sagirdlor todqiq olunan materiallar1 tokrarlayir vo
birlogdirirlor. Onlar daha ovval dyrondiklarini  tokrarlayir, hom do yeni vaziyystdo bilik vo
bacariglar totbiq edirlor. Nozarst timumilasdirma Vo molumatlarin sistemlosdirilmasinae komok
edir.

Diagnostik nozarot funksiyasinin mahiyyati sagirdlorin bilik vo bacariglarinda sohvlor,
catismazliglar vo bosluglar barads molumatlar aldo etmokdan ibarotdir. Inkisafin idaro olunmasi
funksiyas1 sagirdlorin bilik foaliyystini stimullagdirmaq, yaradiciliq qabiliyyatlorini inkisaf
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etdirmokdir. Nozarot sagirdlorin inkisafinda miistosna imkanlara malikdir. Nozarot sagirdlords
danisma, yaddas, diqqet, toxoyyiil, irado vo diislinco imkanlarini inkisaf etdirir. Biliyin yoxlanmasi
bacariglar, meyllor, maraqlar, ehtiyaclar kimi soxsi keyfiyyotlorin inkisafi vo formalasmasinda
boyiik tasiro malikdir.

Orientasiyali nozaratnin mahiyyati fordi bir sagird va sinifin dyranilmasi mogsadi ilo alds
olunan nailiyyst doracesi haqqinda molumat oldo etmokdir.Oyronilon molumatlarm no godor
oyranildiyini vo 6yranilmasinin saviyyasini miioyyan edir. Nozarot sagirdi onun ¢atinliklori vo
nailiyyatlori ilo olagalondirir. Sagirdin  sohvlorini vo ¢atismazliglarint agdiqda, o, bilik vo
bacariqlar1 artirmagq tigiin galisir. Nozarat, sagirdin 6ziinii yaxst dork etmasing, bilik va bacariglarin
giymatlondirmasine komak edir.

Inkisafin idare olunmas1 funksiyas1 sagirdlorin bilik foaliyyatini stimullasdirmaq, yaradiciliq
gabiliyyatlorini inkisaf etdirmokdon ibaratdir. Nozarat sagirdlorin inkisafinda miistasna imkanlara
malikdir. Nozarot obyektiv, hortorafli, miintazom va fordi olmalidir.

Nozarat prinsiplori:

e Mogsadouygun nozarotnin  moQsadi asagidaki suallara cavab verir: no yoxlanilmali,
nozaratnin naticalorine asasen hansi naticalor ¢ixarilmali, nazarotdan hansi tasir gozlonilmalidir.

e Nozarotnin obyektivliyi sagirdlorin faktiki foaliyyatini tohrif edon va noazaratnin tohsil
dayarini azalda bilan subyektiv va sohv Qgorarlarin gobul olumasindan uzaqlasmagq tigtindjir.

o Kompleks nozarst riyaziyyat darslorinds 6yranilon materiallarin monimsanma daracasini vo
totbiqi soviyyasini miiayyanlosdirmok magsadils aparilir.

e Daimi sistematik nozarat imumi todris prosesini ohats edir va fordi nazarat hor bir sagirdin
bilik va bacariglarinin qiymotlondirilmasini tolab edir.

Namazov Malik,

kicik elmi isci

Baki Dovlat Universiteti
maliksona@mail.ru

Krilov altfazasinda bazislorin Arnold ortoqonallagsmasi
Km(Vl, A) Krilov fazasinda bazis qurmagq iigiin asagidaki qaydani totbiq edok. ©vvalco
_ _ __ A2 _ _ AM-1L _
W=V, W,=Aw, W, =AW, = Aw,,...w =A"wW =Aw_,

vektorlari tapaq. Torifo gora K_(v,, A) =span {Wl W,y W }
Indi iso

k
Vk+1 = Wk+1 o Zaivi (1)
i=1

ortoqonallasma qaydasini totbiq edib {Wl; W2 yres 1Wm } don - {Vl ) V2 yres 1Vm } -3 kegok vo
alinan vektorlart normallagdiraq. Forz edok ki, oavvalki k-vektorlar qurulub, yani

0, i#]

vi, jlL<i, j<k): (v, v )= Lis]

Onda bels yazamag olar
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k
Via = AVk - ;aivi 2)

V, ., ortogonallagma iigiin, barabarliyin har iki torsfini ovvalki Vk( J < k) vektora skalyar

hasilini sifra baraboar edirlor
K
(Avk’vj) _Zai (Vi’vj) =0
i=1

Burada (2)-ni nozoro alsaq , onda & j omsallar1 asanlqla tapilir:

&, :(Avk'vj)-

Yazilan iisulun agagidaki alqoritmino Arnold ortoqonallagdirma deyilir.
[lkin verilanlor: V1 , ajHV1H2 :11 A1 m
J :1, m oldugda icra et: W= AVJ-
| :1, J oldugda icra et: hij = (W; Vi)
W=w-hyv,
| —ni coxaltmaq

hj+1.j = HWHz

Ogor h i+ =0 olanda SONA keg¢in. Bazis qurulub.

W

Vj+1 ' h
L]
j-u coxaltmaq
i
Qeyd: Burada ortoqonallasma omsallar1 ii¢iin, hj+1,jvj+1 — Avj o Z hijvi cobri ifadasindan
i=1

goriidiiyti kimi alqoritmin daxili dovriins ikigat indekslosmo daxil edilir.

Pasayev Nahid,

riyaziyyat iizra falsafa doktoru, dosent
Lankaran Dovlat Universiteti
umud_96@gmail.ru

Reaksiya-diffuziya tipli sistem ii¢ciin bir tars masals haqqinda

Toqdim olunan isda bir sinif ikinci tortib parabolik tanliklor sisteminds zaman doayisonindan
asili namoalum omsallarin tapilmasi haqqinda tors masalonin toqribi halli cohatlori arasdirilir.
Namolum omsallarin tapilmasi ti¢iin verilon sortlor geyri-lokal(inteqral) soklindadir.

Ce_7 71 NG )
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{ur(x,t), ¢, (t), k = 1, m} funksiyalar ciitlorinin tapilmasi hagqinda asagidaki tors masaloys baxaq:

auk 8 Uy
St a2 + ¢, (Dug = fie (x, t,uy, oo, Upy), (x,t)eD = (0,1) x (0,T] (D
uk(x: 0) - (pk(x)! XE[O, l], uk(ol t) = lpOk(t)' uk(l' t) = lplk(t)' tE[O, T] (2)

1
f ug (x, t)dx = g (t), te[0,T] 3)
0

burada, fi,(x,t, Uy, oo, Un)s Pr(X), Wor (1), Y11 (1), gk (t), k =1, m tolob olunan sortlori 6dayan
kifayst godor hamar funksiyalardir, T = const > 0.
Adamar manada korrekt olmayan (1)-(3) masalasinin Tixonov manada korrektliyi(klassik hallin
yeganaliyi va dayanigligi, bazi hallarda hom do varligi) [1,2]vs sairs islords aragdirilmisdir.
Asanligla gostormok olar ki, ager (1)-(3) masalasinin €%1(D) x €[0,T] sinfindon olan
{ur (x, 1), ¢ (t), k = 1,m} halli varsa, onda bu funksiyalar hom da (1), (2) vo

() = oui(l,t) auk(O t) dgk(t)l/f Fo(, 62ty o) dx 0

0x 0x

miinasibatlorini 6dayir. Basqa sozlo, (1), (2), (3) va (1), (2) (4) masalalari ekvivalentdir.
(1), (2), (4) mosalasinin odadi wsullarla togribi halli ikitobagali sonlu-forglor sxemini totbiq
etmoklo tapilir[3]. Toklif olunan {isul asagidaki alqoritm {izra aparilir: ovvalca c?, k = 1, m odadlori

secilir vo j = 0 oldugda uy", i = 0,n, k = 1, masagidaki miinasibotlordon tapilir:

i,j+1 i,j i+1 ]+1 l]+1 i—-1,j+1 i+1,j i,j i-1,j
uy o —uy —auk —2u +u, _(1_0)uk —2uy” +u, by =
T h2 h2 kYK
k”, = f (ih, jt, u1 s U (5)
0, +1 +1 +1 +1 . —
' ul® = ki = 0,n,u’ Pt =l i =0,p -1 (6)
Tapilmis u', i = 0,n vasitesilo j = 0 oldugda
j+1 un 1,j+1 ul J+1 41 j+1
+1 _ k k k k
=12 5 n > ]/] fie G0t ug (%, T, e, U (x, jT) dx,
k=1m (7)

miinasibotindon ci-lor tapilir vo {u bocli=0nk=1 m}qumatlarl (5), (6), (7) sisteminda
j = 1 gobul etmoklo, algoritmin névbati morhalosinin aparilmasinda istifads olunur.

Isdo totbiq olunan sxem iizra tapilan togribi hallorin (1), (2), (3) masalasinin dogiqg hallina y1giimas:
gostorilmisdir.

Panakhov Etibar,

doctor of physical and mathematical sciences, professor
Ahu Ercan,

research assistant, doctor of mathematical science

Firat University, Elazig/Turkey

Baku State University, Baku/Azerbaijan
epenahov@hotmail.com

ahuduman24@gmail.com

On discontinuous conformable Sturm-Liouville problems with
eigenvalue dependent boundary conditions

Abstract. Khalil define a simple fractional derivative called the conformable derivative which is
based on the basic limit definition of the derivative in “A new definition of fractional derivative”.

Qe 72 O
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Let f:[a,0) - R and t>0 . Then the left fractional conformable derivative of f of order
O<a <1 isdefined by [3,4]

T1)(t) = i ftra(t-a)™)-f 1)

-0 E

The right fractional conformable derivative of order 0<a <1 is defined by

(576 =t f(t+g(b—t)1‘“)— f(t)

&0 &

In this study, we study general spectral theory of fractional Sturm-Liouville problems to the
case of conformable discontinuous Sturm-Liouville problems with spectral parameter contained in
boundary condition and with this end, we show the properties of operator and obtain the
representations of the solutions under different initial conditions and the asymptotic formulas for
the eigenfunctions and the eigenvalues. Also, we compare the solutions with graphics with different
orders and different potentials and so, we observe the behaviors of eigenfunctions.

In this study we consider conformable discontinuous Sturm-Liouville equation
Iy o= —TO?TO?Y(X)JrCI(X)y(X)=ﬂy(x), O<x<d,
T T y(x)Ha(x) y(x) =2y (x), d <x<z

where  2=k?* is a spectral parameter , 0<a <1, xe[0,7], Ty and 7T are conformable

@

derivative operators, q(x) isareal-valuedin L,(0,7), y(x) is 2a— continuously differentiable
on [0,7z], thatis yeC®*[0,~], T (y) and "T, are continuouson [O,r].

We use the following boundary conditions throughout our study,
T.y(0)=0, (2)
A("T,y (%) + Hy (7)) = H, T,y () - Hyy (7) =0, 3)

and jump conditions
y(d+0)=-py(d-0)
- _ o , (4)
LY(d+0)=87T]y(d-0)

where g,d,h, H, Hi and Hz arereal constants, g=1, #>0, HH,—H, >0, d (0, 7).

We prove that the linear operator /¢, is symmetric, all eigenvalues of problem (1)-(4) are real
and two eigenfunctions f (x,ﬂl) and g(x,ﬂz) corresponding to different eigenvalues 4, and
A, are orthogonal.

The most important advantage of conformable derivative has similar properties with the
ordinary derivative like the derivative of the product and quotient of two functions, and also it
enables variation of order between O<a <1, and when «=1, it corresponds to ordinary

derivative. Levitan and Sargsjan analyzed spectral theory of S--L problems in usual case.
Differently from “Selfadjoint Ordinary Differential Operators”, we investigate spectral properties of
discontinous fractional S--L problems with spectral parameter contained in boundary condition by
using conformable derivative.
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Bir geyri-xatti dinamik sistemin kanonik ayrilisa asaslanan xattilosdirma
iisulu ila koreliasyon tahlili

Isdo
Yt)=1-Y* )+ X(@t),t>0,a>1 @)
tonliyi ilo ifado olunan geyri-xatti dinamik sistemin ehtimali-koreliasyon arasdirilmasi aparilir;
burada X(t)-stasionar tosadiifi funksiyadir. X(t)-nin riyazi gozlomosi m, (t) =0, K,(7)
korelyasiya funksiyast molumdur. Forz edilir ki, t = 0 aninda sistemin ¢ix1s doyisoni 1-o barabordir.
Kanonik ayrilisa asason Xottilogdirmo tisulundan [1] istifado olunur; (1) tonliyinin sag torofi
morkazlosdirilmis X (t) vo Y’ (t) tosadiifi funksiyalarina nazoron Teylor sirasina ayrilir.(1)-in sag
torofini g(X,Y) ilo isaro edorak, asagidaki taqribi miinasibati yaziriq :

gX, V) = g(my,m,) + %g(mx,my)(X —m,) +%g(mx,my) (Y-my) =

[1—m&@®) + mu(O)] + X°(©) + [-am& (O] (0). (2)
Y'(t) = my (6) + Y*(t) vo m,(t) = 0 oldugundan , (1) vo (2) miinasibatlorinden aliriq :
m,(®) +Y'(®) = [1 -m&@®)] + X' (©) + [-amID]Y° () . ®)

(3)-tin hoar iki torafinin riyazi gdzlomalarini barabarlosdirak:
E[m, ()] + E[Y"'(©)] = E[1 = mE@®)] + E[X"(©)] + E[-am$~ ()Y (1) |.

Buradan da
my(t) = 1 —mj(t) 4)
alirig. Y (0) = 1 baslangic sortino asasen m,,(0) + Y (0) = 1.
axirinci baraborlikdon do m,,(0) = 1 (5)

sartini aliriq. (4),(5) masalasinin hallim,, (t) = 1.
(3)-don (4)-1i torof-tarafa gixsaq,
Y'@®)=X"@®)—am§ Y () = —aY () + X () (6)
tonliyini yaza bilorik. (6) tonliyinin Y°(0) = 0 sertini 6dayan halli
Y'(t) = [ e X ()dx.
Y ()tosadiifi funksiyast Y°(t) tosadiifi funksiyasindan tosadiifi olmayan m,,(t) funksiyasi ilo
farglondiyindon, Y (t) vo Y°(t) tosadiifi funksiyalarmin korelyasiya funksiyalari iist-iisto diisiir:
Ky (ty,ty) = fotl fotz e-alti—t)+(t—w)l g (7, — 1,)d1,dT, . 7)
(7) disturundan, xiisusi halda , t; = t, = t olduqda, Y (t)-nin dispersiyasi tigiin asagidaki diistur
alinir:
DIY(D)] = Ky, (t,0) = [} [} e C+- 12 K (1, — 11)d1,d7; .
T =1, — T, isaro etsok, bazi ¢evirmolordon sonra dinamik sistemin ¢ixis doyisoninin dispersiyast
iiclin asagidaki diisturu almis olurugq :
DIY(®)] == [y Ke(2) e~ [1 — e72e¢D]qr . (8)
(8) diisturunu praktikada vacib hesab olunan K, (1) = o2e=F7* tipli korelyasiya funksiyasina tatbiq
edok. Forz edok ki, § = a ; onda
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DY (£)] = 0%e®/* { [ ey g — 2t [ e—a(r—%)zdf}

Bozi ¢evirmalardan sonra
D[Y(t)] = 02\/§ p/4 {¢0 <(2t + 1)\/%) —4, (\/g) — [¢0 ((Zt — 1)\/%) + i (\/g)] e—zw}

diisturunu aliriq , harada ki ¢0(x) = \/% ) (f e~%2°/2dz Laplas funksiyasidir.
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Dalga tonliyi iiciin tasadiifi baslangic funksiyalarina malik Kosi masalasinin
hallinin ehtimal xarakteristikalarinin hesablanmasi

Asagidaki Kosi masalasi arasdirilir:

02U (x,1) , 0°U
;=4 2!
ot OX

U0 =409, U600 =& (0, —0< x<o0;

—o<X<oo, t>0,

buradaa -ragslorin yayilma siiratini ifade edan parametr, & (x) vo&,(x)iss genis manada stasionar

sistem toskil edon baslangic funksiyalardir, yoni bu funksiyalarin riyazi gézlomalori sabitdir: El,g_z -

molum sabitlordir, onlarin avtokorelyasiya vo qarsiligli Korelyasiya funksiyalari iso yalniz
arqgumentlorin forgindoan asilidir:

Kgl (Xl’XZ) = Kgl (Xz - Xl)’ ng (X1’ Xz) = ng (Xz - Xl) ) R§1§2 (Xl’ Xz) = R§1§z (Xz - Xl)'
Forzedilirki, & (x)-in 2-ci, &,(x) -in isa 1-ci tartibagodarkasilmaztdramalari var.

Molumdurki, bumasaloninhslliDalamberdiisturuilotayinolunur:
U((x,t) =U,(x,t) +U, (x,t);

x+at

U, (60 =T (x+a) - & (x-at)], Us () == [&,(0)d.

x—at

Riyazi gézlomonin Xattilik xassasina asason U(X,t)-nin riyazi gdzlomasini tapiriq:

E[U(x,t)]= E[U1]+ E[Uz] =G + 6t
Tosadiifi funksiyanin korelyasiya funksiyasimnin torifino osason U, (x,t)-nin korelyasiya
funksiyas1 hesablanir:

KUl (Xl’ Xy )= E{Ulo (Xl;t)u ’ (Xz ) E %{[510 (Xl +at) + é:lo (Xl —at)] [510 (Xz +at) + '”:10 (Xz —at)[}

burada & — & -0 uygun morkozlogmis tosadiifi funksiyadir.
&, (x) -1n stasionarligina asason aliriq:
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1 1
Ky, (X1, %;5t) =EK§1 (X, _X1)+Z[K§1 (X, =% —2at) + K, (X, —x, +2at)] 1)

(1)disturundan , xiisusi halda, x, =x, =x oldugda ve nozars aldiqda ki, stasionar tosadiifi
funksiyanin korelyasiya funksiyasi ciit funksiyadir, U, (x,t)- nin dispersiyasini asagidaki diisturla
hesablaya bilarik:

1 1
D[V, (x1) = = Pl ()] + S K, (2a0).
Moalumdur ki, agar 77(x) tesadiifi funksiyast &(x) -don Xotti L operatoru vasitosils alinirsa,onda
Kn (X, %,) = I—x1 sz K§ (X, %,) 2)
(2) diisturuna asasan U, (x,t) -nin korelyasiya funksiyasini tapiriq:

1 X +at X, +at

Ko, (0= [ K= y)dy'sy” ©)

X, —at x,—at
U, (x,t) Vo U,(x,t) tosadiifi funksiyalarinin qarsiliqh korelyasiya funksiyas ii¢iin iso asagidaki

diistur alinir:
X, +at

Ruu, 04 %) = [[Re, (=% —at)+ R (y—x +at)]dy @)

X, —at
(1),(3) vo (4)-u
Ky (%, %55 1) = Ky (%, Xp51) + Ky, (%, X,38) + 2Ry, (%, %,;t) diisturunda nazars almagla,U(x,t)-

nin korelyasiya funksiyasi ii¢lin is¢i diistur tapmis olurugq.

Qasimov Rosid,

bas miiallim
resid5757@mail.ru
Lankoran Dovlat Universiteti

Parabolik tonlik ii¢iin ii¢iincii nov sarhad sartli oprimal idarsetma masalasi

Bu is xotti parabolik tonlik {igliniglincii ndv sorhad sortliidaroetma masolasinin
optimallagdirma qoyulusuna baxilmisdir. Masoalonin qoyulusunun korrektliyi arasdirilmig, mogsad
funksionalinin diferensiallanan olmasi isbat olunmus, optimalliq {i¢iin zoruri sort alinmigdir.

Tutaq ki, idara olunan proses Q; -do asagidaki baslangic-sarhad sortli xatti parabolik tonliklo

verilmisdir:
U, = (kG th, ), +al tu=f(xt) (xt)eQ;, (2)
u(x,t)_, =e(x) 0<x<¢, )
(o, + (01, =, 0), ~K(eth + pylt],, =0,(0), 0<t<T. ®

Burada f(X,t)e I—z( . ) go(X)eWzl(O, Z), 9,(t), 9,(t)eW, (0, #)-verilon funksiyalar, k(X, t),
q(x, t), Po (t) pl(t)-idareedici funksiyalar, o= (k(x, t), q(x, t), Po (t), pl(t))-idaraetme,

u= u(x, t) = u(x, t, U) funksiyas1 isa (1)-(3) idaroetmo masalasinin v idarsetmasing uygun hollidir.
Miimkiin idaroetmoalor ¢oxlugunu daxil edok:
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K ={k(xt)eW!(Q, ):0<v <k(xt)<
har yerinda }

Q= {q(x,t)e L, (Q ) <q, Sq( ) q,sanki Q; -nin har yerinds }

P ={p,t)eW!(0,T):0<p! < p (t)<p! ( 0, 1) sanki (O,T)-nin har yerinda ,} (4)

Burada z>v >0, @, >0q,>0, p’ > p. >0, d,,d,, p’ >0 (i =0,1) verilmis adodlordir.
Asagidaki optimal idarsetmo mosalasine baxaq: tutaq ki, U idaroetmosine uygun halli

u= U(X,t) = U(X,t; U) olan (1)-(3) baslangic-sarhad masalasinin sortlori 6danildikdo

[(xt)<d,, [k, (X,tx <d, sanki Q, -nin

u):jf[ao|u(0,t;u)—zo(t] +au(t,to)-z,(t)’ }it +azj|u X,T;0)— 2, (x) dx (5)

funksionalin1 minimumlagdirmagq tolob olunur. Burada &, &, &, = >0, a,+a +a,> 0 verilmis
ododloer, Zo(t), Z, (t) €W21 (O,T), ZZ(X) €W2l (0, / ) verilmis funksiyalardir.

Gostorilir ki, (1)-(3) sarhad masoalasinin V21,o (QT )-d9 yegano timumilosmis holli vardir, bu
holl sanki biitiin (X,t) €Q, igiin W22'1( 5 ) fozasinda (1) tenliyini &dayir vo onun aprior
giymatlondirmosi aparilmigdir.

E =W (Q; )xL,(Q; )xW}(0,T)xW;(0,T) fozasim daxil edok, burada I >2 hor hansi

odaddir.
Teorem 1. Tutaq ki, (1)-(5) masalasinin qoyulusundaki sortlor 6donilir. Onda bu masalasi

t¢tin he¢ olmazsa bir v, = (k* (X,t), d. (X,'[), P,. (t), P, (t)) €V optimal idaroetmosi var.
V, = {U* eV:J (l)*) =inf {J (U)Z v EV}} #J. V., optimal idareetmolor coxlugu E -dozoif
kompaktdir Vo J (l)) funksionalini minimumlagdiran istonilon
{U(m)}z {(k(m)(x,t), a™(x,t), p{™(t), pl(m)(t))}cv ardiciligi E fozasinda V, ¢oxluguna
zoif y1gilir.

Teorem 2. Tutaq ki, teorem 1-in sortlori ddonilir. Onda (4) funksionali V ¢oxlugunda Frese

monada  kosilmoz  diferensiallanandir  vo  onun  diferensiali veV noqtosindo
Av=(AX,Aq,Ap,,Ap,)eB (U+Av €V ) artim ilo

(3'(0), ALY, = [[ (U, A% + uyAq)dxdt +[u(0, t:0 )l (0,t;0)ap, (t)dt +
Qr 0

.
+ IU(K 4, U)Sl/(f s U)Ap1 (t)dt ifadosi ilo toyin olunur.
0

Teorem 3. Tutaq ki, teorem 1-in sortlori &donilir. Onda (1)-(5) masalosindo
U, =(k*(X,t), q*(x,t), po,,(t), Py (t))eV idaraetmasinin optimalligi ii¢lin zoruri sort

[ v [k (6, 1) — ke (6, O] + Uy [a(x, 1) — g (x, 1)]jdxdt +

+ [ 1.0, 0.0)[Po ()~ por O]+ u- (£, ). (4,0, ()~ P (O]t = 0

barabarsizliyinin istonilon v = (k(x,t) g(x, t), Po (t), p, (t)) eV {giin 6donilmasidir.
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Faktorizasiya iisulu ils iki 6l¢iilii Laplas tanliyinin fundamental hallindan 3 tartibli

tanliyin fundamental hallinin alinmasi

- o - I | 2 .
Isdo iki olgiili Laplas tonliyinin operatoru,tortiblori 3 V9§ olan operatorlara faktorizo
olunmagla Laplasin fundamental hallindon % tortibli tonliyin fundamental halli alinmisdir.

Faktorizasiya zamani vuruqglarin yerini doyismoklo Laplasin fundamental hoallindon 3 tortibli

xtisusi toromoali tanlik ti¢iin do fundamental hollin qurulmasi miimkiin idi.

Molumdur ki, hallini  bildiyimiz adi vo ya xiisusi toromali diferensial tonliyi
diferensiallamaqla gostormok olar Ki, tortibi asagi olan diferensial tonliyin halli, tortibi yuxari olan
tonliyi do 6doayir. Ancaq biz burada tors amal ilo mosgul olacagiq. Basqa s6zla desak, yiiksok tortibli
diferensial tonliyin fundamental hallinin komayilo asag: tortibli diferensial tonliyin fundamental
hollini alacagiq. Demok olar ki, bu yolla iki 6l¢iild, ikinci tortib elleptik tip olan Laplas tonliyinin
fundamental hallindon birinci tortib elliptik tip olan Kosi-Riman tonliyinin fundamental hallini

almaq olar. Lakin biz burada iki 6l¢iilii Laplas tonliyinin fundamental hallindan, kasr tortibli % Vo

ya 3 tortibli xtisusi toromali tonliyin fundamental hollini alacagiq. Bu enmo tisulunu, yiiksok tortibli

diferensial tonliyin hollindon asagi tortibli diferensial tonliyin hallinin alinmasi iisulunu
“faktorizasiya tisulu” adlandiracagiq.
Yuxarida soylodiyimiz kimi, iki 6l¢iilii ikinci tortib elliptik tip olan Laplas tonliyina baxag.

o°U(x) N oU(x) _
OX2 OX?
burada x = (X, X,). Malumdur ki, (1) tenliyinin fundamental halli

1
U(x):g-ln|x|, X=X+, (2)
flinksiyasidir. Belo Ki,

o%u(x) . o%u(x)
ox5 ox;
buradad(x,), k =12. Dirakin “delta” fiinksiyasidir. Laplas operatorunu asagidaki sokildo
faktorizasiya edok.

0, 1)

= (D2 + DU (X) = 5(X) =5(x)5(X,), 3

2 2 4 2 2 4
D; + D/ = (D} +aD?)(D} + DD} +)D7) =
2 4 4 2 2 4 4 2

= D} + fD?D} + /D¢ D3 + DD} + D D3 +a)D;. 4)

Alman ifadoni basladigimiz ifads ils tutusdursaq alariq:
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p+a=0,

y+af =0, (5)
ay =1,
Buradan da,
a=1 pf=-1 y=1 (6)

oldugunu almis olurug.
Onda yuxarida apardigimiz faktorizasiya asagidaki soklo diisar.

2 2 4 2 2 4
Dz2 + Dlz = (D23 + [)13)([)23 - D13 Dz3 + Dlg)! (7)
Vo ya
4 2 2 4 2 2
D? + D} = (D§ - DD + D?)(D; + D). (®)
Belslikls (3) va (8)-don alariq:
4 2 2 4 2 2
(D7 —D?D7 + D7) (D5 + D2 )U (x) = 5(X). ©)
Burada asagidaki sokilds isaralomo aparsaq:
2 2
DIUMX)+D2U(x) =V (x), (10)
onda (9)-dan alariq:
4 2 2 4
D3V (x)—D2DV (x) + D3V (x) = 5(x). (11)

Yoni V(x) fiinksiyast (11) tonliyinin fundamental hallidir. Bu fundamental hsllin alinmasi
ticiin (2) vo (10)-dan istifads edok:

2

2 2 2 2 X N3
V() = D7 U () + D U(x) = = D3 Injx| + - D Injx| = -2 [ e =D 10 [iZ e+
272' 272' 272' 5X2 0 (_g)l
o

1 i (g =7) " Inx?+7%dr (12)
277 OX 2 2 '
1o (=)
3

Miixtolif iisullar totbiq etmoklo (12) ifadosini hesablasaq asagidaki hokmii alariq.
Teorem:Toéramasinin tortibi %olan, bircinsli (biitiin hadlords téramalarin tortibi eynidir)sabit

omsall1 xiisusi toramali (11) tonliyinin fundamental halli

V(X) = 1 énx 1 1 1 (,/x2 X, — \/7 arcth-%/ZJr?;/szrixl_ﬁ ~
- 2 23/(x, +ix,)’ iX, J3:3/x, +ix, 6

2r(= )
3
1 1 (\/X —ix, —3/%, )° +,/x —ix,
3\/(X2 )’ [ " S(arctg \/_ \/ GH+
X Inx = (m %/X_)
' § 231/(x1 ix,)? iX,
3 +3fxrix, 1 GG —3% )
—\/_[arctg V3-3/x +ix, 6}} 23/(x —ix,)? { —ix,

-3 [arctg 3/—_:;:; i 6]} (13)

1

soklindadir.
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Sarhadda spektral parametr daxil olan ikinci tartib diferensial tonlik ii¢iin bir sarhad
masalasinin maxsusi adadlarinin bazi xassalari

Diferensial tonliyin 6ziino va sarhad sartlorinin har ikisina eyni spektral parametr daxil olan
asagidaki soarhod mosalasine baxaq:

u’(x) + q(x) u(x) = Au(x) €Y
Briu(a) + Bru' (@) = A [a11(a) — agu'(a)] (2)
B21u(b) + Pau’(b) = A [az1(b) — azu’(b)] 3)

Burada a < x < b,[a,b] c R, 2 —spektral parametrdir. q(x) potensial funksiyas1 haqigi
giymotli kosilmoz funksiyadir. a;, Bix (i, k = 1,2) — hogiqi ododlordir vo asagidaki sortlori
odayirlar.

ai2fin — a1 fiz > 0, =12 (4)

Toqdim olunmus bu isdo (1)-(3) sorhod masalasinin  maxsusi adadlorinin  va moxsusi
funksiyalarinin bazi xassalori 6yranilmisdir.

Asagidaki teoremlor isbat edilmisdir:

Teorem 1. (1)-(3) sorhad masalasinin moxsusi adadlari hagigidir, maxsusi oadadlori goxlugu an
¢oxu hesabi saydadir, sonlu limit néqtasi yoxdur va biitiin maxsusi adadlar sadadirlar.

Teorem 2. Tutaq ki, u(x) funksiyasi

u' +q(x)u=0 (5
tonliyinin
u(a) = Pz, u'(a) =Vay; + 1y
baglangic sartlorini 6dayan halli, v(x) iso
v'+h(x)u=0 (6)
tonliyinin
v(a) = f12,v'(a) =2"ay; + P11

baslangic sartlorini 6dayan hallidir.

Ogor istonilon x € [a,b] Ugin q(x) < h(x) vo A’ < A" sortlori 6donirsa vo a<x<b
intervalinda u(x) funksiyasinin m sayda sifr1 varsa, onda v(x) funksiyasinin da homin intervalda
on az1 m sifr1 vardir vo onun k — ct sifr1 u(x) funksiyasinin k — ct sifrindan kigikdir.
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Finite difference method for the film equation in a class of discontinuous functions

In this study, we will developa finite differences method for an initial-boundary value problem of
a fourth order degenerate diffusion equation which describes the thin filmflow, as follows

av a(p(v)
at + 0x ax (f( v) 0x3> (1)
v(x,0) = vo(x), (2)
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dkv(+L,0)

=0 (k=00 (3)
Here the function f(v) is called as the mobility coefficient and is typically given by f(v) =
v3 or f(v) =v3 + av”, r € [1,2] depending on the type ofboundary conditions imposed on the

fluid velocity at the contact with the solid support and fi, vo(x)dx = M. Suppose that the function

vo(x) has a finite support in interval[£,—#], andM > 0 be a known constant. Here, the function
vo(x) describes the finite mass, therefore, vy,(x) = 0 and the boundary conditions (3) show that the
fluid is permitted to drain over the edgesx = +£. The case ¢(v) = 0 and f(v) = v is known to
be critical since the motion of the contact line in that case would lead to infinite energy dissipation
[O'Brein, S.B.G., Schwartz, L.W., Theory and modeling of thin film flows, Encyclopedia of Surface
and Colloid Science], [Bernis F., Friedman A., Higher order nonlinear degenerate parabolic
equations], and v(x, t) denotes the film thickness.

Since the equation (1) is nonlinear, finding the exact solution is impossible. Therefore, majority
of having in literature papers have been investigated only asymptotic behavior of solution, [Bernis
F., Friedman, A., Higher order nonlinear degenerate parabolic equations], [Bowen, M., King, J.R.,
Asymptotic behavior of the thin film equation in bounded domains].

An analysis of the solution obtained in [3], [4] shows

thatv(x, t), 6v(x D v(x, 1) L v(x D v(x t)a (x 9 are continuous, but unda v(x “Ydo not exist for

x — £_ that are accurately agreed with physrcal future. On the basis of these estrmates we can say
that problem (1)-(3) does not have a classical solution.

In order to obtain a weak solution of the main problem (1)-(3), according to [Rasulov, M.A.,
On a method of solving the Cauchy problem for a first order nonlinear equation of hyperbolic type
with a smooth initial condition], a special auxiliary problem

du(x, o*u(x, a°u(n,
i. u(x t)_l( u(x t)> __f( < u(n t)) an, @

2 v(x t)

31 ot 2 dx*
u(x,0) = up(x), (5)

5u(+24,t)
"o (6)

whichhas some advantages over the main problem is introduced and using its solution, a new
method for finding the weak solution of the main problem is suggested.

The following theorem is proved.

Theorem1l If u(x, t) is smooth solution of the auxiliary problem (4)-(6), then

64u(x t) RN

is a weak solution of the main problem (1)-(3) in the integral sense.

Because that of the solution of auxiliary problem is higher smoothness than of the solution of
main problem, that, as is easily seen that the auxiliary problem permit us construct anefficiency
difference schema with higher order.

Thus, the numerical solution of the main problem can be calculated by using the solution of the
auxiliary problem obtained before, which expresses all of the physical properties accurately. In the
study also some computer experiments are carried out.
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Diferensial tanliklorin askar hallorinin kompiiter yonlii
grafik metodlarla tadqiginin va tadrisinin bazi xiisusiyyatlari

Bu giin Azarbaycanda yiiksok texnologiyali milli igtisadiyyatin vo informasiya comiyyatinin
yaradilmasi 6lkonin dévlat siyasatinin prioritet istigamotlorindandir. Bels vaziyyatds informasiya va
kommunikasiya texnologiyalari inkisafin on 6namli amilina ¢evrilir vo bu saha doévlatin siyasi,
igtisadi vo sosial foaliyystino aktiv tosir edorok, iqtisadiyyatin vo ictimai miinasibatlorin
qloballasmasini tamin edir.

Molumdur ki, riyaziyyat yonlii bir ¢ox elm saholori kifayst godor agir vo vaxt aparan
hesablama proseslorinin yerino yetirilmasi ilo miisaiyyat olunur. Miasir kompiiter sistemloribu
tipliproseslorin avtomatlasdirilmasi vo goyulan masalalarin halli {igiin ¢ox alverisli vasitolordir.Belo
program vasitalarindan istifado edan tadgiqatgr hesablama amaliyyatlarina demoak olar Ki, vaxt sorf
etmir, avazindo masalonin daha miikommal hall modelinin qurulmasi, kompiiter riyaziyyatinin
grafik imkanlarindan istifado etmoklo naticalorin oyaniliyinin artirilmast vo askar hollorin daha
somarali analizi tigiin slave imkanlar gqazanir.

Hazirda ali moktablordo diferensial tonliklorin todrisizamani onlarin daha ¢ox analitik
metodlarla halli isullarinaiistiinliik verilir. ©dadi tsullar ayrica fonn Kimi todris olunsa da, orada
diferensial tonliklorin todrisine bir ne¢o miihaziro Vo mosqalo saati ayrilir ki, bu da
tolobalaradiferensial tonliklorinmahiyyastini aydin tasavviir etmok tigiin kifayat etmir. Bu baximdan
diferensial tonliklorin kompiiter qrafikasinin imkanlarindan istifado etmoklo Gyroadilmasi
oyrananlarin manimsomo saviyyasinin yiiksalmasino vo onlarda diferensial tonliklorin totbiq
sahalari hagqinda daha aydin tasovviirlorin yaranmasina komok edir.

Qeyd edok ki, bu giin diinyanin qabaqcil ali moaktablorinds riyaziyyat yonliifonlorin todrisindo
Vo tadgigindokompiiter yonlii grafik metodlarin tatbigino genis yer verilso do, Azoarbaycan ali
moktablorindo bu metodlardan istifadonin vaziyysti iirokagan deyil. Belo voziyyotin yaranmasina
baslica sobab kimiqrafik metodlarin tatbigina genis imkanlar acan Yeni Informasiya Sistemlarinin
millilosdirilmis, yani azarbaycan dilino torclimo olunmus versiyalarinin olmamasi, bu sistemlarin
miivafiq istehsalg1 sirkotlorin lisenziyalari osasinda, yoni Odonisli sortlorlo yayilmasi,homin
sistemlorin istifadasi vo totbiqi ti¢iin azarbaycan dilinds talimati sonadlarin vo vasaitlorin azligini
gostormak olar. Bunlardan olavo, yaslt nosil miitoxassislorin yeni informasiya texnologiyalarimin
imkanlarindan istifadoys meylli olmamasi vo eloco do, orta moktoblorimizds informatika v xarici
dil (xiisusilo do ingilis dili) fonnlorinin lazimi soviyyads todris olunmamasi da bu prosesin
longimasino sobob olan amillordondir. Buna baxmayaraq, bu giin informasiya texnologiyalarinin
todriso genis totbiqi soraitindo diferensial tonliklorin 6yradilmasi zamani kompiiter yonli qrafik
metodlardan istifado imkanlar1 da genislonmokdadir. Belo ki, miiasir kompiiter riyaziyyatinin
vasitolorindon(MathCad, MATLAB, Mathematica, Maple va s.) istifado etmokls, nainki riyaziyyatgi
miitoxassislor, hotta bu sahs ilo nisboton az bagliligi olan iqtisadiyyat, ekologiya, insaat, cografiya
Vo S. kimi elm saholori itizrogaligan miitoxassislor vo ya odyrononlor do kompiiter yonlii qrafik
metodlardan istifado etmoklomiioyyan sinif integral ayrilorini qurmagq, onlarin miiqayisali todqiqini
aparmaq, miirokkob, boyiik diqqet vo dogiglik tolob edon diferensial tonliklori hall etmok,
coxparametrli proseslorin gedisini vo ya hadisalori hom statik, hom do dinamik doyison formada
(animasiya soklinds) addim-addim izlomak, gérmok vo gavramaq imkanlari alds edirlar.
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Belaliklo, diferensial tonliklor kursunun tadrisinds kompiiter yonlii qrafik metodlardan istifado
fonnin 6yrotmoa metodlarinin daha da zanginlosmasine vo miiasirlosmasina Sobob olmagla yanasi
asagidakilar1 6ziinds ehtiva edir:

- Oyranilan proseslorin vo hadisalorin modellasdirilmosi imkanlarmin daha da artmasi;

- Eksperimental-tadqigat faaliyyatinin daha miitosokkil vo mitkommal toskili;

- Hesablama vo axtaris omoliyyatlarina sorf edilon vaxtindaha ¢ox todqiqat islorino
yonlondirilmaosi;

- Kompiiter qrafikasinin imkanlarindan istifade etmakla, dyranilon obyektlor, hadiss vo proseslor
haqqinda ayaniliyin artirilmast;

- Xiisusan talabalords nazari vo montiqi fikir yiiriitmok gabiliyyetinin formalagmast;

- Toloboloro informasiya texnologiyalarindan istifado bacariqlanin asilanmasi vo onlarda
informasiya madaniyyastinin formalagmast;

Fikrimizca, ali moktablorin riyaziyyat vo miithandis yonlii ixtisaslarinin tadris planlarinda Yeni
Informasiya Sistemlorinin todrisi {iciin do saatlar ayrilmali, tolobalorin sorbast, yoxlama, kurs,
diplom voa s. islorinin yerino yetirilmasi zaman1 bu program paketlorindon istifadoys diggot
artirtlmalidir.

Biz ali moktobdos riyaziyyat vo informatika fonlorinin todrisi, eloco do miihondis ixtisaslari
lizro miitoxassis hazirliginin ilkin morhalasinds (I vo 11 todris ilinds) MatCAD paketinin
oyradilmasini vo riyaziyyat yonlii agir hesablamalar tolob edon fonnlorin tadrisinds onun
imkanlarindan genis istifadoyo yer verilmosini miitloq hesab edirik. Yuxarit kurslara kec¢dikco
MATLAB, Mathematica, Maple va s. kimi daha miirokkab program paketlorinin do dyradilmasi vo
totbigi moagsadouygun sayilir.
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MatCad14 sistemindoa diferensial tonliklorin halli ii¢ctin Given/Odesolve hesablama blokundan
istifada.

Natica etibari ilo demak lazimdir ki, diferensial tonliklorin todrisinds kompiiter riyaziyyatinin,
o ctimladon kompiiter yonlii qrafik metodlarin rolu bdyiikdiir. Lakin bu giin todris prosesinds bu
metodlardan az istifado edilmasi fonnin moanimsamo faizinin do asagi olmasma sabob olan
amillardondir.
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The role of interactive whiteboards in the education process

The creation of an information society and a competitive high-tech national economy has
become the focus of public policy in a number of countries. To date, in these countries, the most
important development factors are information and communication technologies (ICT). This area
influences the political, economic and social activities of states and ensures the globalization of the
economy and public relations. One of the most pressing problems is the question of how to integrate
the education system in the information society, what technologies and how to use it to modernize
education.

National strategy of development of information and communication technologies in
Azerbaijan (2003-2012). Adopted in 2003, at present it is considered the most priority for
Azerbaijan in the field of ICT application. At present, it is considered as highest priority implement
the goals of this strategy, our country adopted the State Program on Informatization of the
Education System in the Republic of Azerbaijan for 2008-2012, which was implemented and
implemented within the framework of this project. "The State Program for the Development of
Communication and Information Technologies in the Republic of Azerbaijan for 2005-2008
(Electronic Azerbaijan)" also provides for special events to promote ICT and raise awareness of
ICT in improving the education system. One of them is the INTEL-AZERBAIJAN course
organized by the Ministry of Education for Teachers with the support of MICROSOFT, one of the
world's largest ICT companies. All this shows that serious steps have been taken to modernize
education in Azerbaijan and introduce information technologies in education.

The use of multimedia technologies in the learning process is both an exciting learning
process and effective learning outcomes. Due to this, teaching materials are easily mastered by
students and pupils. The concept of multimedia includes moving images, text, sound and digital
signals. Multimedia database combines information about text, image and video clips. Multimedia
telecommunication service allows the user to send and receive any information. Multimedia
technologies are an integral part of the effectiveness of professional work of modern educators.
Thanks to this, the quality of the teachers' work has been improved.In order to install interactive
whiteboards, you need a computer ActivDriver, VGA, USB and Interactive whiteboard. And also
you need to have interactive software to use interactive whiteboards. At present, specialists working
in all fields should work with ICT and be able to use them properly. Equipping the education
system with ICT equipment, including computers, laptops, interactive whiteboards in the education
system is a great success in our Republic. Using an interactive whiteboard in the learning process
provides one of the basic principles of the lesson and its functionality. "Intellectual board™ is the
foundation of the 21st century education. Inclusion of this bill in the Azerbaijani education opens
new opportunities for our education. Intelligent boards are interactive whiteboards designed to
better understand the information displayed. With the help of an intelligent blackboard, the course
process can be interesting, informative, colorful, morecomplete. Promethean boards encourage
students to work, think, search, creativity, develop critical and creative thinking. All actions on this
board can be performed interactively by touching the touch panel with a special pen or finger on the
touch panel. The advertising board has many advantages. Using interactive software, interactive
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whiteboards can make learning more interesting. This includes MimioStudio, Activinspire,
ActivStudio, MimioPrimar. The Promethean board has many advantages: a) There is an original
MimioPrimary mode where visually attracts the attention of primary school students, and also
differs in its color from other modes. b) The process of conducting the lesson on this board can be
saved in the computer's memory, and also you can use the notebook. Students who are not in the
class can later watch the video. c) Teachers from different countries can become members of the
Promethean Planet Internet community, thereby increasing their knowledge and skills. First of all,
you need to register on the website www.prometheanplanet.ru. With the help of this site, teachers
can communicate with teachers from many countries, share knowledge and skills and ultimately
improve the quality of their work.

The difference between an interactive whiteboard and other boards is that it is a tool that is for
both the student and the teacher. At the same time, it ensures the activities of both parties. This
board has functions such as recording, storing resources, editing, deleting, distorting, moving from
page to page, adding and editing text, creating notes pages and using the projector. These functions
allow the teacher to conduct lessons in the classroom. These functions create conditions for teachers
to demonstrate their creativity, help to activate students, allow them to get into the subject.With the
help of these boards, teachers are able to create real conditions in the classroom, turning the lesson
into an interactive learning environment. You can use the following methods: a) Demonstrate the
lesson through presentations. The teacher can use video clips, video fragments, diagrams and
schemes, animations and music presentations. b) Perform practical tasks aimed to solving the
problems. You can perform a task solution, build diagrams. ¢) Conducting the laboratory works.

As we know, the possibility of implementing experiments is not only the achievement of
innovations in this process, but also the generalization of knowledge, as well as the solution of
experimental questions.Laboratory classes are conducted mainly in physics and chemistry. The
teacher cannot always perform laboratory work. Interactive whiteboards help with this. In this case,
you can refer to the help of Interactive Whiteboards. Laboratory experiments conducted with the
help of computer technology, take a special place in the learning process. In the event that each
student does not have a microscope and a micro preparation, a digital microscope can be used. With
it, you can display an image on the screen with it. At the same time, it is possible to conduct
interactive laboratory work. For this, you can use virtual labs. Interactive whiteboards allow
students to independently test their knowledge. In this case, you can evaluate students' knowledge
using games such as crosswords and puzzles. As a result, students' desire to learn will increase. You
can also assess students' knowledge using pre-tested tests.

However, it cannot be said that the use of interactive whiteboards increases the motivation
and desire of students to study. However, the student who was not decisive enough to answer the
lesson using an interactive whiteboard, he can confidently and easily answers questions. The use of
interactive whiteboards in the learning process increases the students' self-esteem. It should also be
noted that the interactive whiteboard itself cannot improve the quality of the lessons. However,
using the interactive whiteboard cannot eliminate the problems of the educational process, so the
teacher does not need to use the interactive whiteboard, but with use of it, the lesson becomes more
interesting and dynamic.

On the interactive boards there are 2 or 4 ActivPen handles. TheActivPen pen is the main
toolfor teacher and replaces the computer mouse. Using the ActivPen knob, press the handle of the
board slowly. Moving the knob on the board, the cursor will follow it.
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Agirhigh ortalama iisulunun geyri-salis idaraetma masalasina tatbiqi

Toqdim edilmis mogalods agirliql ortalama-defazifikasiya tisulu (Weighted Average Based
on levels) geyri-salis idaroetma mosolosine totbiq edilir. Xiisusi halda qeyri-Salis otaq
kondisionerinin is prinsipino baxilir. Masalonin halli tglin toklif olunmus alqoritm osasinda
program tominati yaradilmig, vizual-interaktiv qrafiklor soklinds alinmis noticalor oavvalki
naticalorlo miigayise olunmusdur.

Tutaq ki, A c¢oxlugu LR sokilds toyin edilmis qeyri-Salis coxluqdur:

A= LA,
ée%,11(§ )

burada A% =[L(E) Ra(&)]= e E|LA(©) <t <R (&)} A'#@, L:{L|L:[01]— E}- soldan kesilmoz
monoton azalmayan, R: {R|R : [0,1]—> E}- sagdan kasilmaz monoton artmayan funksiyalar sinfidir.

A ¢oxlugunun salis niimayandosi (defazifikasiya giymoti) agirlighh ortalama isulu ilo
asagidaki kimi toyin olunur:

1 1
lw (A) =L [La(£) p(§)dS +Cr [RA(E) P(&)S, (1)
0 0
burada ¢, vo Cr uygun olaraq sol vo sag toraflorin yayilma daracasidir: ¢, >0, cg >0,
1
C_+Cg =1, p(f) - soviyyalorin vaciblik funksiyasidir vo P : [0,1] —>E, = [O,+oo] u j p(f)d.gZ =1
0

sortlorini 6dayir.

Masalonin qoyulusu.  Aydindir ki, kondisionerin isi otaqda optimal temperaturu
saxlamaqdir. Tutagq ki, firlangicin firlanma siirotini doyigsmoklo otagda havanin temperaturunu
doyismok miimkiindiir. Marhalalar {izra kondisionerin is algoritmini qurag. ©vval fazi qaydalardan
ibarat biliklor bazas1 verok. Qeyd edok ki, bu, subyektiv proses olub, bilavasito ekspertin istayindan
asilidir.

1. Qaydalar bazasimin toskil edilmasi :

1) Otagin temperaturu asagidirsa, firlangicin firlanma siirati asagidir ;

2) Otagmn temperaturu ortadirsa, firlangicin firlanma siirati ortadir ;

3) Otagin temperaturu yiiksakdirss, firlangicin firlanma siirati yiiksokdir.

Otagin temperaturundan asili olaraq kondisionerin firlangicinin firlanma siiratini idaro edan
ekspert sistem geyri-salis montiqi ¢ixaris qaydalarini asagidaki marhalslor tizro emal edir:

1. 1.Giris vo ¢ixis doyisonlorinin fazifikasiyasi.Yoni har bir  qayda {igiin moansubiyyat
funksiyalarinin qurulmast;

2. Hor bir qayda {iglin doqiq giris qiymotinin uygun fazi giris qiymatlori ¢oxluguna
daxil olmasinin dogruluq daracalorinin hesablanmasi.

3. fazi ¢ixis qgiymotlori  g¢oxluglarinin dogruluq doaracalori ilo modifikasiyasi
(mohdudlagdiriimasi);
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4, Biitiin qaydalar iizro modifikasiya olunmus fazi  ¢oxluglarin superpozisiyasi;
5. Superpozisiyanin naticasinin defazifikasiyasi.

Sonuncu morhalads agirliq morkazi iisulu agirhiqlt ortalama tisulu defazifikasiya ilo ovoz
olunarsa, ekspert sistemin isinds vacib doyisikliklor miisahids etmis oluruq.

Sok. 1- gby rongli grafik ty=37,c, =0.3, k =1000 (p(&)=1002""%) olan halda agirhqlh
ortalama {isulunu tatbiq etmoklo otagda temperaturun doyismo rejimini gostorir.
Natica. Agirliglh ortalama tisulunu tatbigi ekspertin istoklarini xarakterizo edan ¢, cg, p(&)
gostaricilorinin komoayilo temperaturun doyismoasinin miixtalif rejimlorini almaga imkan verir.
Homginin otaq tiglin optimal temperaturu da sistem 6z tayin edir.

Xalilov Miibariz,

fizika riyaziyyat elmlari namizadi, dosent
Baki Dovlat Universiteti
khalilov_mubariz@mail.ru

Islonilmoanin son marhalasinds olan qazkondensat layina qazvari
agentlarlos tasir prosesinin modellasdirilmasi

Qazkondensat yataqlar1 asason layin 6z enerjisi hesabina, yoni tiikkonma rejiminda istismar
olunur. Lay tozyiqi qazkondensat sisteminin baslangic kondensasiya tozyigindon asagi disdiiyii
andan qaz fazasindan ayrilan kondensat layda vo quyudibi zona otrafinda ¢okmoys baslayir vo
torpanmaz olur.

Islonilmo zamani retroqrad hadisolorin bas vermosinin garsisinin almmasi iigiin, yoni lay
tozyiqini baglangic kondensasiya tozyiqi Saviyyssinds saxlamaq tiglin bir sira tisullar mévcuddur:

-Saykling-proses, hissa-hissa Saykling, suvurma tisulu, “Quru” gaz va suyun birgo vurulmasi
tisulu, araliq maye karbohidrogenlarlo zonginlogdirilmis “quru” qazla tasir iisulu va S.

Ogor layda retrograd hadisslor bas veribsa layda ¢okmiis kondensatin iglonilmays calb olunmasi
ticlin coxsayli ikinci tasir tisullart toklif edilmisdir:

-iglonilmanin  son moarhalasinde laya “quru” qazla vo ya maye karbohidrogenlorls
zonginlogdirilmis qazla tasir tisulu;

-gazkondensat quyularmin quyudibi zonasinin “quru” gaz vo ya ona miiayyan nisbatdo geyri-
karbohidrogen gaz olave etmoklos islonilmasi tisulu va S.

Homin disullar bir-birindon samaralik baximindan miigayisa olunandirlar. Ona goro do
islonilmanin son marhalesindo olan qazkondensat layina qazvari agentlorlo tesir prosesinin
naticalari praktiki shomiyyatlidir va bu istigamatdos tadqigatlarin aparilmasi aktualdir.

Bu baximdan nazarinizs asagidaki masalalorin halli vo onlarin asasinda toklif olunan texnoloji
tisullar toqdim edilir: Islonilmonin son morhalasindo olan gazkondensat layindan retroqrad
kondensatin “quru” qazin torkibindo miioyyan nisbotdo geyri-karbohidrogen gazla (azot vo karbon
qazi) tosiretmads ¢ixarilmasinin effektivliyinin qiymotlondirilmosi mosalasine baxilmigdir.

Ce_7 87 NG )
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Baxilan masalonin riyazi modeli

kf (s
div (kfm(s”‘)p’“ X; + (%) yijgradp =§[m(pmxism + pg¥is, )|+

H Hq
+32Q05(x-x,)(y -y, 5(z-2,).i =L N . M
. “ 1-V)o,M
=1, =1, =1, — g m ’
le Zly S o 1-V)p,M,, +Vp,M,
P :pm(p1T'21'22 v Iy ) Pq :pq(p’Tizl’ZZ’""ZN ),
Hey ::um(p’T'Zl'ZZ""’ZN ) Hy :/uq(p’T’zl’ZZ’""ZN ) (2)
p(X, yizitXt:O = po(X’ Y: Z)’ i (X’ y’Z’tthoznio(X’ y,z), 3)
p(x,y,z,t)
on |, =0 )

sistemi ilo ifado edilir. Burada 7, =yV +XL - lay qanigiginin torkibi; V. vo L=1-V - lay

garigiginda  uygun olaraq qaz vo maye fazalarinin hocmi; Q-siiziilmo oblastinin Sarhoddi n -
stiziilma oblastinin sarhaddine ¢akilmis normaldir.

Bu zaman qabul olunur ki, a) har bir komponent goraitdon asili olaraq miiayyan hissasi ham
maye, hom do qaz halinda ola bilor; b) fazalarin ayrilma sorhaddinds hor bir komponentin
adsorbsiyasi nazoro alinmir; ¢) maye - qaz fazalarinin birge suzulmosi zamani onlar arasinda
komponentlorin paylanmasi imumi sokildo tarazliq faza paylanmasina tabedir; d) Hor bir
komponentin har bir gaz-maye fazalarinda harokoati imumilogmis Darsi qanununa tabedir; e) fazalar
aras1 kapilyar tozyiq, daxili diffuziya nozars alinmur.

(1)-(4) tonliklor sisteminin halli zamani1 gqaz- maye qarigigimin fiziki xassalorini xarakterizo
edon parametrlor, yoni maye (kondensat), qaz fazasimin sixhqlar1 qaz vo maye fazalarindan
komponentlorin uguculuglarinin baraborliyina goro termodinamik tarazliq  tonliklorindon vo
qazkondensat qarisigin balans tonliklorini ifads edir.

(1)-(4) sistemi miirokkab geyri-xatti tonliklori 6ziinds birlosdirir va onun hallinin toyini {igiin
“tozyiqo gora geyri-askar, torkibo goérs iso agkar” hesablama sxemindon istifads edilmisdir.

Baxilan mosalonin praktiki realizasiyasi islonilmonin son morholosinds olan Bulla-doniz
qazkondensat yatagmin V blokunun VII horizontunun timsalinda aparilmis vo islanilmanin
texnoloji gostaricilori prognozlasdirilmisdir (horizotla bagh biitiin malumatlar goatirilmisdir).

Maye karbohidrogenlorin (kondensatin) ¢ixarilma gostaricilorinin intensifikasiyasi {igiin laya
torkibindo miiayyan nisbatdo azot (30%) va karbon gazi (22%) olmaqgla quru qazla tasir prosesi
aparilmigdir.

Bu mogsadlo yens do horizontda artiq istismart dayanmis 20, 44, 74 sayli quyular1 vurucu
quyular kimi segilmis vo homin quyularin tosir sferasina daxil olan isloyan 39, 46, 73 sayl
quyulardan hasil oluna bilan mahsulun naticalorinin giymatlondirilmasi apariimisdir.

Laya quru gazin tarkibinda verilon nisbatds azot vo karbon qazi vurmagla iki hal nazardon
kegirilmisdir:

-lay tozyiginin 12 MPa -dan 16 MPa -a qaldiriimasi. Bu halda laya vurulan qazin hacminin
laydan hasil olunan fluidin hacmindan 2:1 nisbatinds olmasi tomin edilmisdir.

-lay tozyiqil6 MPa oldugdan sonra qazkondensat sisteminin sixisdirilmasi tozyigin sabit

qalmas1 halinda davam etdirilmigdir. Bu halda laya vurulan su-qaz qarisiginin hacmi miqdan ils
laydan hasil olunan fluidlorin hacmi miqdarinin barabar olmasi qobul edilmisdir.



Qeyd olunan iki hal iizro laya vurulan qazin miqdar1 21.3 - 108m3(onun 22%-ni azot vo ya
30%-ni karbon gaz1 togkil etmisdir) olmusdur.

Lay tazyiginin 12 MPa -dan 16 MPa -a artmasi miiddstinds (I hal) layda ¢6kmiis retrograd
kondensat laya vurulan qaz qarisigi ilo hasilat quyularina sixisdirilir vo eyni zamanda onda
buxarlanir. Bununla slagodar olaraq layda kondensatladoymanim qiymati orta hesabla 0.32 -don
0.193-5 godor azalr.

Naticalar

-“quru” qazm torkibindo geyri-karbohidrogen qazlarla (azot vo ya karbon gazinin)
tikonmokds olan gazkondensat layina tosir tisulu islonilmonin tiikonmoa rejimi ilo miiqayisods
kondensatvermo amsalinin koskin artmasina gatirir.

-tilkonmis gqazkondensat layma “quru” qazin torkibinds geyri-karbohidrogen gazla (azot vo ya
karbon qazi ila) tesirds retroqrad kondensatin ¢ixarilmasinin hesablama naticalorinin bir-birina
yaxinlig1 onlardan istonilon birinin iqtisadi gostaricilorlo asaslanmagla se¢ilmasini zoruri edir.

Yusifov Mammad,

dosent, fizika-riyaziyyat elmlari namizadi
Qasimov Telman,

bas miiallim, fizika-riyaziyyat elmlari namizadi
Hiiseynova Xamim,

bas miiallim, fizika-riyaziyyat elmlari namizadi
Baki Dévlat Universiteti
qasimov.telman83@mail.ru

Klassik olmayan sarhad sartli simin rags tanliyi ii¢ciin minimal enerjili idaraetma masalasi

Tutaq ki, idaraolunan proses Q =[0<x <1, 0<t<T] oblastinda

z, =22, + F(x, )+ (t)p(x), L)
tonliyinin
2(x,0)= ¢(x), z,(x,0)=h(x), 0<x<1 (2)
baglangic sartlorini va
2(0,t)=0, z,(Lt)=2,(0,t), O<t<T ()

sorhad sortlorini 6doayan holli kimi tasvir olunur ([1]),burada f(xt)eL(Q) wit)e LZ[O,T],
o(x)eW,(01), (0)=0, h(x)eL,(0,1) molum funksiyalar, p(x)eL,(0,1) idaroedici funksiyadur.
Isbat etmok olar ki, geyd olunan sartlor daxilinda (1)-(3) mosalosinin {imumilosmis holli var vo
yeganadir.
Minimal enerji idaroetma mosolasi agagidaki kimi qoyulur:
Elo p(X)e L, (O,l) idaroedici tapin ki, bu idarsediciys uygun (1)-(3) masalasinin Z(X,t)eWzl(Q)
halli tigiin
2(x,T)=b(x), 0<x<1 (4)
sarti 6dansin va

1(p)=[ p2(x)x, 6

funksionali minimum qiymat alsin. Burada b(x) el, (O,l) moalum funksiyadir.
Toqdim olunan tezisda p(x)e L,(0,1) idarsedicisinin analitik ifadosi tapilir.
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Yusubov Ismixan,

dosent, fizika-riyaziyyat elmlari namizadi
Baki Dévlat Universiteti
iyusubov@gmail.com

Diofant tanliyina gatirilon bazi masalalor va onlarin halli hagqqinda

Tezisda Diofant tonliyina gatirilon {i¢ masalaya baxilir. Birinci masals bir tarazliq mosalosidir:

elo n vo k < n natural adadlar ciitii tapmaq lazimdir ki,

k=1 - ,
D W (1)

sarti ddansin. Bu masalanin halli iki doracali
nn+1)—2k?=0mnk €N (2
Diofant tonliyine gatirilir vo bu tonliyin tocriibalorlo slds olunan (a;, b)) , j = 0, ohollor ciitiiniin
komponentlori Fibonaggi tipli
{aj+2=6aj+1—aj+2,a0=0,a1=1 3
bj+2=6bj+1—bj,b0=0,b1=1 ()
rekurent miinasibatlorini 6doyir. Bu miinasibatlordon vo handasi silsilo metodundan istifads edarok

at va b} ardicilliglan Gigiin
{ ]}0 { ]}0

_ (3+2x/5)j+(3—2\/7)j—2
j = " . 4
) _ G2y 0.0 )
J 42
Bine diisturlar1 alinir. Burada eyni zamanda bu ardicilliqlarin agsagidaki miinasibatlori 6dadiyi do
isbat olunmusdur:

(@41 — @))% = 2(bj41 — bj)z =-1
(a1 — @))(aj = aj-1) = 2(bjs1 — bj) (b; — bj—1) = =3 (5)
(@41 = 4)(4j-1 = a-2) = 2(bjs1 = by) (b1 = bj2) = =17
Bundan slavo {aj}o ardicilliginin 6z hadlori arasinda asagidaki rekurent miinasibatlorin 6dondiyi

tosbit olunmusdur:
{(aj+1 +a; —1)* = 8a;a;4, ©)
aj=7a;_1—7a,_,+aj_3
Baxilan Ikinci mosolodo tarazligla baghdir:elo n vo k < n natural ododlor ciitii tapmaq tolob
olunur ki,
{'€=1 P =Xickerl (7)
sarti odonsin. Bu masalanin halli iki doracali
nn+1)—2k(k+1)=0; nkeN (8)
Diofant tanliyina gatirilir vo bu tenliyin do tacriibslorls alds olunan (a;, b)) , j = 0,00 hallor
ciitiiniin komponentlari yens do Fibonaggi tipli
Ajy, =601 —a;+2, ap=0,a; =3
{bj+2=6bj+1—bj+2,b0=o,b1=2 ©)
rekurent miinasibotlorini 6doyir. Analoji olaraq bunlar {igiin do (4)-2 uygun

o (1+\/§)2j+1+(1_\/§)2j+1_2

] 4 )
. . =0, 10
b, = (1+v2) T+ (1-v2) -2y J (10)
7 42
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Bine diisturlar1 alinir vo bunlar arasinda(5)-in banzori olan invariantlarin saxlandigi gostorilir.
Sadaco bu halda(—1, —3, —17)iglisii(1, 3, 17)iglisiiilo avaz olunur.
Nohayat baxilansonuncu masals firlanma momenti ila bagl tarazliq mosalasidir: elon vo k < n
natural odadlor ciitii tapmagq talob olunur ki,

itk =) =Xy i (i = k) (11)
sarti 6dansin. Bu masalanin halli isa tigdaracali
(k—-Dk(k+1)=(n—-k)(n—-k+1)2n+k+1);n,keN (12)

Diofant tonliyine gatirilir ki, bunun da (a;, b;) , j = 1, o hallar ciitiiniin komponentlori
ajy1=2a;—aj_1, =10, =4
{bjﬂ =2b; —bj_1, by =1, by =3
rekurent miinasibatlorini 6doyir. Nohayat bu miinasibatlordon istifado edorok {aj}zo &) {bj};o
ardicilliglar tigiin

(13)

{bjzz-j+1f_°'°° (14)
Bine diisturlarini aliriq.

Sonda, monim diggetimi bu moévzuya ¢okdiyine goro  ADA Universitetindon
F.V.Hiiseynova,ilk rekurent miinasibatin tapilmasina kompiiter proqrami yazmagqla yardim etdiyina
gbro ADA Universitetinin bas miiollimi A.I.Yusubova, ¢alismaya gostordiyi tosvigedicimaraga goro
BDU-dan N.O.Oliyeva Vonshayat sonuncu masalonin hallinds buraxmis oldugum xotanin

diizaldilmasi ilo slagadar olaraq Samax1 Astrofizika Rosadxanasindan C.S.Oliyeva tosokkiir ediram.

Aoaynaaes Camen,

npenoaaBaTe b MAaTeMATHKHU
Cpeanss mkoJa Ne7, r. [lkaanaadan
asamed-47@mail.ru

Ycuennsi HepaBeHcTBa @uHcaepa-Xaasurepa

B MaTemaTnueckoil 1uTepaType HEpaBEHCTBO

a?+b%+c? 2 45V3+ (a—b)? + (a—c)?+ (b —c)? (1)
rne a, b, cu SSABISAIOTCS COOTBETCTBEHHO JTTMHAMHU CTOPOH M IJIOMIAIBI0 TPEYTOJIbHHUKA, HA3bIBACTCS
HepaBeHcTBoM DuHcrnepa-Xaasurepa (P-X). B manHoit paboTe A0Ka3bIBalOTCS /JBa HEPABEHCTBA,
Ka)KJ]0€ U3 KOTOPBIX SABJSIETCS ycuiieHneM HepaBeHcTBa (1). CHadana ¢ yueToM paBeHCTBa

165% = 2(a®b? + a?c? + b*c?) —a* — b* — ¢* 2
KOTOpOE €CTh MPOCTO BUAEU3MEHEHHOH (opMmoii popmynsl ['epoHa Ui TUIOMAAN TPEYTOJIbHUKA,
npeoOpasyst pa3HOCTh

(a? + b? + c?)? — (45V3)? (3)
TOJIy4aeM TOXKIECTBO
2 2 2 __ 2(a+b)?(a—b)%+2(a+c)*(a—c)?+2(b+c)?(b—c)?
a? +b? +c* —45V3 = a?+b2+c2+45V3 (4)
13 KOTOPOTO Cpasy Xke CIIEAYETXOPOILIO H3BECTHOE HEPABEHCTBO:
a? + b? + c? > 45/3. (5)
Jlanee TOKa3bIBAETCS, YTO B IOOOM TPEYTOJNBLHHUKE BBIIOIHIETCS PABEHCTBO
2(a+b)? — (a? + b? + c? + 45V3) = 4ab [1 — cos (2?” — y)] (6)
IJI€ Y — YIoJ IPOTHBOJIEKAIIEN CTOPOHE C B TPEYTOJNBHUKE, U3 UETO CIIEAYET HEPABEHCTBO
2(a+b)* = (a® + b? + c* + 4SV3) @)
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21T
B KOTOPOM PaBCHCTBO JOCTUTACTCA TOJILKO IpPHU Y = ? . ﬂCHO, YTO 3TO HCPABCHCTBOBLIIIOJIHACTCSA

IUIs1 JTIOOBIX Tap CTOPOH TPEYroJbHUKA Ha JIeBOi cTopoHe. Eciiu Teneps paBeHcTBO (4)nepenucars B
BHJIE
a’?+b%+c?—45V3 =

2(a+b)? 2(a+c)? 2(b+c)?
————(a-b)+—F——(@—0)+——-F——=(b —0)?
aZ+b2+c2+4SV3 a?+b2+c2+45V3 aZ+b2+c2+4SV3
TO yuuThiBasg (7) W 3aMeHssl MEpPBYIO JpoOb Ha IMpPAaBOH CTOPOHE HAMMEHbBIIUM 3HaueHUEeM 1
[10JIy4ae€M HEPAaBEHCTBO

2(a+c)? 2(b+c)?

2 2 2 5} 2 2 2
a+b +c 245 3+ a—>b +—(a—c +—b—C 8
( ) a2+b2+cz+45\/§( ) a2+b2+cz+45\/§( ) ( )
KOTOPOE | SBJIICTCS TIEPBLIM yCUJICHHUEM HepaBeHCTBa (P-X). DTO HEPABEHCTBO 3aMeYaTelICH TEM,
2T
4TO OPU YCIIOBUU Y = 5 OHO TIPEBpaIlla€TCsl B PaBEHCTBA, B TO BpeMs Kak, HepaBeHCTBO PD-X

MpeBpalaeTcs B paBeHCTBA JIUILIb Ipu a@ = b = c.
Bropoe ycunenue nepaBenctsa (@-X)u3BiiekaeTcst TAakKe KaK CJIEICTBHE U3 TOXKJIECTBA

a®? + b% + c¢? — 453 — 2(a — b)? = 4ab [1—cos (2?”—)/)] 9)
KOTOPOC IMOJTYHaACTCATOXKACCTBCHHBIM HpeO6pa3OBaHI/IeM BbIPaKCHUA
a? 4+ b? + c? — 453 — 2(a — b)2.
U3 toxectBa (9) cpasy moiay4aeTcsi HEpaBeHCTBO
a? 4+ b? + c? > 45V3 + 2(a — b)? (10)

2n
KOTOpoe oOpalaercsi B paBeHCTBA MpU Y = 5 - ScHo, uto HepaBeHcTBO (10) BeImonHsIeTCA AMs

JO0OBIX IMap CTOPOH TPEYTOJIbHUKE HA MPABOU CTOPOHE.
Jlanee pmokaspIBaeTcs, YTO €CIM B TPEYrOJIbHUKEHMEET MecTo a =b=c , TO
BEPHOHEPABEHCTBO
2(a—c)?*=(a—b)*+ (a—c)* + (b —c)?,
13 KOTOPOr0 HEMEJIEHHO CIIEIYET, YTO HEPABEHCTBO
a? + b2+ c? > 453 + 2(a — ¢)? (11)
tuna (10) sBnsiercs ycunenueMm HepaBeHcTBa (D-X).
B konunexouy BeIpa3suth OnaromapHocts @D.B.I'yceitHoBy wu3 yHuBepcurera AJIA u
N.M.KOcy6oBy u3 BI'Y 3a oOcyxIeHus HEKOTOPHIX JeTajeil JaHHOM paboThl U 3a MX IIEHHBIC
3aMevaHusl.

Aoayanaena Jleman,

KAHAUAAT (PU3MKO-MATEMATHYCCKUX HAYK
I'acanoB Maramen,

HAYYHBIA COTPYAHHUK

HucTuTyT npodJsem Gu3suku

bakuHCcKkHi rocy1apcTBeHHbIH YHHBEPCHTET
I.k_abdullayeva@mail.ru
mamed.hasanov@bsu.az

Hccaenopanue pelieHue 3a1a41 pacnpenejeHus Temnia u npouecca 1ugdysuu

duznueckas HUHTCpIpeTalus ITOM 3aga4M 3aKJII0YacTCd B TOM, YTO KaXJasd TEMIICpaTypHasd
BOJIHA COTPOBOKAaeTcs NudPy3MOoHHOM BOTHON, HAYILIEH C TON kKe CKOPOCTHIO, BEIUYMHA KOTOPOI
MIPONOPLUMOHATIBHA TEMIIEPATypHON BOJIHE. 3aBHCUMOCTh MEXKIY ITUMH BOJHAMH OIPEAEIAETCS
TOJIBKO CBOMcTBaMHU cpefbl. [1o700HBIM ke 00pa3oM MPOUCXOTUT oOpaTHOe, T.e. AudQy3nOHHAS
BOJIHA COMPOBOXKIAETCA IOMOIHUTEIBHOW TeMIIEpaTypHOU BOJHOM.
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Mpbl OocTaHOBHMCSI Ha UCCIIEJOBAaHUM 3aJjaud, KOrJa TeMIlepaTypa CpeAblUIN MOBEPXHOCTh
TeJa U3MEHSETCS TI0 3aKOHY IPOCTOT0 FapMOHUYECKOTOKOJICOaHNSI.
PaccmoTpumM cuctemy ypaBHEHUI:

u, =u, —kv,, xe(031), t>0, 1)
v, =Ryv, -R,TFu,, xe(01),t>0 (2)

3meck U =U(X,t),V=V(x,t), K —ects ko3 dumuent macconepenoca, R, -kputepusi B3auMOCBSI3H

XX 1

ME3K/1y TEIUIO U MaCcCOINEPEHOCaMu, a T F -KpuTepus TeMnepaTypHO pa3HOCTH.

DTy CUCTEMYy YpaBHEHMM, MOXHO MPUBECTH K CHUCTEME JBYXHECBSI3aHHBIX YpaBHEHUHN THUIA
TEIUIONPOBOJHOCTH, TJA€ POJb IOTCHIMAIOBOYAET UrpaTh HEKOTOPblE KOMOWHUPOBaHHBIC
HEpEMEHHbIE  Z; , IBJIAIOLIMECS ITUHEIHO koMOuHae U u V.

Zi=p;u+Q;v,p; ¥ (; -HEKOTOPbIEC IOCTOSHHBIC YHCIIA.

Omnpenenum u3 ypasHenus (1) U,, u nmoiacraBuM ee B (2), TOrAa NOXYYHM:
Uy = U; + KV,

u

Vv, =TFu, + (Ri + kTFjvt

YMHOXKas IICPBOC YPABHCHUEC HAa HEKOTOPYIO ITIOCTOSIHHYIO P, @ BTOPOC Ha (
H IT10CJIC ITOWICHHOI'O CJIOXXCHUA 6yneM HUMCTb:

pu,, +Qqv,, = pu, +qTFu, + { pk + q(Ri + kTFﬂvt (3)

u
VpaBuenue (3) npumer Gopmy ypaBHEHHUS TEIIIOMPOBOAHOCTH OTHOCUTEIIBHO
Z=pu+QVv [pH YCIOBUH, UYTO

pk + q[l + kTFJ
R 2

Y q

U3 (4) cnexyet uTo, MpeaBapuTEIHHO UCKITIOYUB P U (], AJIA a’ MTOJTYYUTCS
clieiylollee ypaBHEeHuUE:

2
a = [1+kTF+i]+(—1)i (1+kTF+ij _4 , i=12 ®)
R R R

u u u

CrnenoBatenbHO, cucteMy ypaBHenuit (1)-(2) ¢ yuetom (3)-(5) MOXKHO mepenu-
caTh TakK:

2
%=i28—221, X e (04),t >0
ot a; ox
oz, 1 8%z (©)
2=——2, xe(01),t>0
ot a; ox
zi = pu(x, ) +qv(xt), i=12, 7)

rie — (i=12) npuobperaer (u3MICCKUi CMBICI KOO(Q(UIHMCHTA TEMIONPOBOJHOCTH HIIH
i

mnd¢ysuu.Kpaesbie ycaoBus paccMaTpUBaeMoil HAMM 3a/1a4yll UMEIOT BU/I:
—u, (Lt)+ KQ(t)-KM(t)=0 (8)



Vv, (L) +TFu, (Lt) + KM(t) =0 (9)
u(x,0) = F (x),v(x,0) = F,(x) (10)
u,(0,t) =v,(0,t) =0 (11)
KQ(t) 1 KM (t) ecTb KpuTepHH TEIUIO U MACCONEPEHOCA COOTBETCTBEHHO.
B pesynpraTe mpeoOpa3zoBaHMs B3aMMOCBSI3aHHOW CHCTeMbl ypaBHeHUH (1)-(2) HKpaeBbIX
ycnoBuid (8)-(11), ¢ yueroM HOBO# mepemeHHOU Z; (X,t) = p; u(x,t) + q;v(X,t)
MBI TOJYYUJIM JIBa HECBSI3aHHBIX YpaBHEHUM Tura TeruionpoBoaHoctu. Ilepsoe (i =1) u BTOpOE
(i=2) ypaBHEHHsI BMECTE€ C COOTBETCTBYIOUIMM HM KPAacBBIMYCIOBUSIM OKOHYATEIBHO OYIyT
BBITJISIJIETh TaK:

or; 1 0%z
ot a? ox?
2,(x.0) = @, (x)
0z; (0,t) _ 0
OX
EED (b, +aTIKQ() [Py ~ G, A-TRIKM )

rae p; u ; (1=12) omnpenenstoTcs COOTHOIIEHUAMH (7).
Orta cucteMa ypaBHEHUH ¢ yueToM (7) 1aeT HaM OTBET Ha MOCTABIIEHHBIH BOIIPOC.

2 2
a; -1 a; -1
u(x,t):—%{(ol(x,t)— }I'F §02(X1t)}
5:2_ 1 (12)
as,-1| TF
v(x,t) = 22 2{ 2 ¢1(X,t)—¢2(x,t)}

Ucxonubie auddepenimansusie ypapaenus (1)-(2) B mporecce npeodpa3oBaHus MPHOOPETAIOT
B HEKOTOPOM PO/JI€ CXOJICTBO C YPAaBHEHHSIMH, BBIPAKAIOIIMMU JIBa CBA3aHHBIX Konebanuil.IloaTromy
¢du3nueckas MHTEepHperanus ux peuieHuit (12) 3akimroyaeTcss B TOM, 4TO KakJaash TeMIlepaTypHas
BOJIHA CONPOBOKAaeTcs AU Py3nOHHOM BOITHOM, HyIIeH ¢ TOH ke CKOPOCThIO, BETMUNHA KOTOpast
MPOIMOPLMOHANIbHA TEMIIEPATYpPHON BOJHE. 3aBUCHMOCTb MEXAY STUMHU BOJIHAMM OIpEAEIseTCs
TOJIBKO cBoMcTBaMH cpefbl. [10100HBIM ke 00pa3oM MpoucxoauT obpatHoe, T.e. AMpPy3noHHas
BOJIHA COIIPOBOXK/IAETCS TONOJHUTEIBHON TEMIIEPATYPHOU BOJIHOM.

Alina-3age Kamuib,

npogeccop, 10KTOp GU3MKO-MATEMATHYECKUX HAYK
I'ammmMmos Byrap,

AUCCEPTAHT

HNucrutyT CHucrem Ynpasaenuss HAH Asepoaiigxana
kamil_aydazade@rambler.ru
vugarhashimov@gmail.com

IToBbINIeHNE TOYHOCTH YMCJIEHHOT0 pemieHus a1 depeHuaIbHbIX YPABHEHUI ¢
HEJIOKAJIbHBIMH YCJIOBUSIMH
PaccmarpuBaetcs cuctema JIMHEHHBIX HEAaBTOHOMHBIX A depeHInaib-HbIX YpaBHEHUM:


mailto:kamil_aydazade@rambler.ru
mailto:vugarhashimov@gmail.com

x(t) = A()x() + B(t), t€[0,T], 1)
C HEPA3ACICHHBIMU YCIOBUAMU OTHOCUTECIIBHO -1 IMPOMEKYTOYHBIX COCTOSIHUM:

l
> cixE) =4, @)
i=0

3necy x(t) € R™ — uckomas Bekrop-yukuums; A(t), C L _ 3ajaHHBIC KBaJ[paTHBIC MATPHUIIBI
pasmeproctu n, i =0,1,...,1; B(t), d — 3agaHHblc N MEpHBIC BEKTOPHI, MOMCHTBHI BPEMEHBI
t; €[0,T], npuuemt; <t, <--<t;=T.

B pabore s TMOBBIMIEHHS TOYHOCTH YHCICHHOTO perieHust cuctembl (1) mpemaraercs
HCIIOJIb30BAaTh MHOTOTOYCYHBIC alIPOKCHMAIIMHI Ha 3apaHee OMPeIeICHHOM CeTKe:

w={t; €[0,T]: t; =ih, i=0,1,...,N}.

B 3TOM cCiydae MbI MOJydMM AUCKPETHYIO CHCTEMY JIMHEHHBIX MHOTOIIATOBBIX yPaBHCHUIA,
anmpoKCHMHUPYIOLLYI0 crcteMy (1) ¢ TOYHOCTBIO, 3aBUCSIIIEH OT YKcia Touek.byem npeamnonarars,
MOMEHTHI t; IPUHAIJIEkKAT MOCTPOSHHON CETOYHOM 00JIaCTH .

Ei = Tsi’ i = 1,2, ey l,
rJe S;— MOPSIKOBOW HOMEp -TOW TOYKH B (.JlJ1s1 iepBoil pon3BoaHON OThyHKiIMKX (t) MOXKHO

HCITIOJIb30BATh U3BCCTHBIC k— I1aroBbIC (bOpMyJ'IBI AllIIpOKCUMAllUU
k>

(Olimr, = ) aqx*T+ 0™, 3)
q=—k;
3nec ki +k, =k —1, ky,k; = 0,x7 = x(74) € R", nOpAIOK TOYHOCTH aNNPOKCUMALUM M
ompejenseTcss cxeMoi ammpokcumars (3).YBenuumBas YHCIO TOYeK Kk, ydYacTBYIOIIMX B
anmpoOKCHMAIHK POU3BOIHON X (t) MOXKHO YBEJIMUYHUTH MOPSIOK TOYHOCTH AIMPOKCUMAITUH M.
Hcrone3yss Kakyr-Ii00 CcXeMy K—IIaroBoil ammpoKCHMaIliM IMPOU3BOIHON X(t) mopsaka

tognoct 0 (h™), cucTeMy JIMHEHHBIX K — IIArOBBIX JMCKPETHBIX YPABHCHUIA:
Kyj

xi= ) x4 pl, )
V=—k1j
C HCJIOKAJIbHBIMH HCPA3ACIICHHBIMU ITPOMEIKYTOUYHBIMU YCIIOBUAMU BUA:

l
Y cixsi=d. (6)
i=0 )

B cootHomerusax  (5)  kodpdummentsl @,  ompemensiorcs  Kod(QHUIMEHTaMH
muddepeHnanbHbIX ypaBHeHUH (1) u koadduuumeHTamMu pa3HOCTHOW anmpokcumaruu (3).
3HavueHus Kk, ju k, j» YIOBJIETBOPSIIOIINE YCIIOBHIO:

klj + kZ] =k-— 1, ] = 1,2, ...,N,

UMEIOT pa3jnyHbie 3HaueHus (T.e. cxembl anmpokcumarwu (3)) mpu j = 1,2,..,k, a s

j=k+ 1,2, ..,N, T.e. BHYyTPCHHHX Y3JIOBBIX TOYEK ), KaK TPABHWIO, CXeMa HE MCHSCTCI H

ONpEIEAETCS YPaBHEHUSIMHU BUIA:
k

X = z alxd™V + Bl j =k .,N. (7
v=1

IlepBbie k cooTHomeHuit u3 (5), cocrosmux U3 kn ypaBHEHUH, YUUThIBas HX CIELUPUKY,
MOJKHO CYHTATh YCIOBHSIMH C HEpA3[EICHHBIMH COCTOSIHHSIMH H 00beneHuTh ux ¢ (6).Takum
obpazom B (7) umeem (N — k)n ypaBaenwuii Buaa (7) ¢ k— nuaronansHoi Matpurieii SIko6u.

Jlnis penieHus TUCKPETHON cucTembl (5)—(6) mpeuiokeH cIeayouuil ToIX0, HCTIOMb3yIOIMNN
UJICI0 METO/Ia TIepeHoca (TIPOTOHKH) YCIOBHH.

PaccmoTtpum, Hanpumep, 0MHO p—oe ycioBue U3 (6), KOTOPOE 3amuIleM B BEKTOPHOU GopMme:



i xS = ®)

rae C;; — p-Tas cTpoka maTpuiisl C L= 0, R dp — p-Tasi KOMIIOHEHTa BeKTopa d.
3anuieM (8) B BUaE:

l
Cox%0 + Z Cixsi = d,, )

ByneM roBoputh, 4TO BEKTOPBI C;)’V U cKkansapel dynepeHocar ycinoue (9) BIpaBo, €ci B

ceTouHbIX Toukax Ty € [0,T], k = Sg, ..., S1 IS IPOU3BOJIBHOTO PEIIEHUS CUCTEMBI (7) BBITIOJIHEHO
yCIIOBUE:!

CVxY + z C”’ Si=dy, v=Sp..,S51. (10)
Ecnu takwe BEKTOPHBI Cg" v ckasaphl dy Oyayt onpenesensl, Toraa us (10) npu v = s; Oyner

IMOJIYYCHO HOBOC YCJIOBHC:
l
> i =y, (11)
i=1

9KBUBaJICHTHOE (8), B KOTOPOM Yy4acTBYET Ha OJJHO IMPOMEKYTOYHOE COCTOSIHUEC MEHBIIIE, YEM B
(8). Ilpu aTOM UMEET MEeCTO

C}j)‘ = Cl} + Cgsl,dé = d;) Hﬂﬂi = 2, ,l

BeKTopr C}())v U CKaJAPbI d; 6yI[eM Ha3bIBATh KOB(b(i)I/ILII/IeHTaMI/I caBuUra yCJIOBHfI. OHu He
CANHCTBCHHEIL. B YaCTHOCTH, JOKAa3aHa TCOpEMaA, OIIPCACIIAIOIIAasd TaKNEC KOB(i)(i)I/IHI/IeHTI)I.
ov v .
TeopeMa.BeKmopbz Cp u cKajispol d , NOJIYy4€eHHble U3 PEKYPPEHMHbIX COOMHOULEHUU.

Ct=CVaf, j=1,..,k (12)
dv+1 dv CSVﬁv’ (13)

aenaromcs Kodgduyuenmamu coguea yciosuti (6) omHocumenbHo OUCKpemHuou cucmemsi (7).

CootHomienust (12), (13) mo3BONSIOT OCYIIECTBUTH TOCIEIOBATEIIHLHOE COKPAIICHUE YYaCTHs
IIPOMEKYTOUHBIX COCTOSIHMM BO BCEX HEPAa3/IeNeHHBIX YCIOBHSX (6) 10 TeX mop, Moka He OyayT
MOJTy4YeHbl ycroBust Tuna Komm Ha mpaBoM KOHIIE TIO BCEM JTUCKPETHBIM MIEPEMEHHBIM.

AnneB Huxan,

npogeccop, 10KkTOp GU3MKO-MATEMATHYECKUX HAYK
AlmeB AXMenaJiu,

CTAPILINI HAYYHBIN COTPYAHHUK

HMHcTuTyTa NPUKIATHON MaTEeMaTUKHU

BaxkuHckuii rocy1apcTBeHHbIH YHUBEPCUTET
aahmad07@rambler.ru

HccaenoBanue peuieHus1 OAHOM CMEIIAHHOM 3a1a4U
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IIpencraBnenHas paboTa MOCBSAIIEHA UCCIIEAOBAHUIO PEILICHHS 3aa4M AJIs 1apadoIMuecKoro
TPEXMEPHOTO HWHTErpo-Iu(pPEepeHINaTLHOIO yPaBHEHUsI BTOPOrO TMOPsAKAa C TEePEMEHHBIMU
kodpuuuentamu. IIperiaraercss HecTaHAAPTHBIM MOAXO/ K PEIICHUIO 3ajauy, BO3HUKAIOLIEH Ipu
HKCIUTyaTalui He(YTSHBIX MECTOPOXKICHUH T.€. pH 100bIue HeTH.

Hccnenyercs maremarndeckas MOAETIb JABMKCHMsS He(PTH K LIEHTPalIbHOM HECOBEpIIEHHON
CKB@KMHE B IUIACTaX C penakcupymoomeid nopucrocteio. Ilomydaercs cmemanHas 3ajgava Ais
UHTErpo-1udepeHMaIbHOr0 ypaBHeHus: napabonndeckoro tumna. [IpaBasg 4acTe IpaHMYHOIO
YCIIOBHS SIBIISICTCS Pa3phIBHOM (DYHKITHEH.

MaremaTnueckasi MOJENIb KOTOPbIH ONMCHIBAET BBILIECKA3aHHOI'O IIpOLEcca TAaKOBa, YTO
UCCIIC/IOBAaHNE PEIICHUS] IIOCTABJICHHOM 3a7auydl W3BECTHHIMH METOJAMH HEIPHUEMIIEMO, T.C.
[OJyYUTh AHAINTUYECKOE IPEJICTABICHUE PEIIEHUs MOYTH HEBO3MOXKHO. IlosToMy MbI Oynem
NPUMEHATh cXeMy U3 paborel . [IpuBeneHHas cxemMa ONUpaeTcss Ha HEOOXOIMMBIE YCIOBUS,
KOTOpbIE IOJYy4YaroTCsd C IOMOIIbIO BTOpoW ¢opmynbl ['puHa M U3 aHamora 3Toil (opMyJibl.
OTMeTuM, 4YTO HEKOTOPBIE M3 3TUX HEOOXOAUMBIX YCIOBHM, IOTYYEHHBIX B COJIEP)KAT CUHTYIISIPHBIC
MHTErpajbl. DTH CHHTYJISPHOCTH PEryJspU3yIOTCS HE CTaHJapTHBIMH MeTojaMu. Takke Hazo
3aMEeTHTb, YTO MPU PEIICHUH ATOH 3aJa4d MBI MPUMEHWIA METOJ HHTETPAIbHBIX MTPeoOpa3oBaHuit
Jlanmaca u Jjanee moOCTaBieHHas 3ajada CBOJMJIACH K CHCTEME HWHTErPalbHBIX YpaBHEHHI
®pearonpma BTOPOTO POAA, sIpa KOTOPBIX HE COAEPIKAT CHHTYIIIPHOCTEH.

IIycts P=P(r,z,t), re (I’C, Rk), ze(0,h), t>0, r., Ry u h BemiecrBennbie uncia
r. <Ry, h>0.
PaccMOTpUM CIIEYIONIYIO CMEIIAHHYIO 3a1a4y IS MHTErpo-a1udpepeHIMaIbHOT0 YPaBHEHHUSL:

t t-7
10( P\ %P P .0 o,
| r |+ =a=+b—|em (P-Py)d 1
rar(rarj 072 a &.([e ( b)dz @)
C HAYaJIbHBIMHA
P(r,z,0) =Py, (2)
)41 l"paHI/I‘-IHI)IMI/I YCJ'IOBI/ISIMI/I
'P(Rk,z,t):Pk
0, 0<z<h,
1 P @)
r— = Mq
orl_. |z h<z<h,
¢ |2ak(h—h)
PP, @
82 z=0 aZ z=h

rne a, b, 6,, Py, P, M, q u K-Bemecrtsennsie nocrosnnsie uncna, P -uckomas QpyHKums.
[IpaBoii 4yacTbi0 OJHOTO U3 TPAHMYHBIX YCIOBUH, 3a7aHHBIX B (3), sIBIsSIeTCS pa3pbIBHAS (YHKIIHS
OT IEPEMEHHOU Z .

C mnomompto mnpeoOpazoBanus Jlamnmaca cmemanHas 3agada (1)-(4) cBemeHa K Apyroit
IPaHUYHOM 3aJaye.

VY CTaHOBIIEHO ClIEyIOLIEe YTBEPKICHHE!

Teopema 1. Ilycts &, b, 6,,, Py, B¢, M, Q,k, h,h, r, u Ry -Bemectsennnie uncna,

mpuaem h>0, O<h, <h, r, <Ry, 4 -xommnekcusii napamerp, Reé A >0. Torna pemenne



rpanndHoOr 3amaun (1)-(4) maeTcss ¢ MOMOIIBIO TMOJYYECHHOTO KOHKPETHOTO COOTHOIICHHS, TJIE
I'paHUYHBIC 3HAYCHUSA OIIPCACTIAIOTCS U3 CUCTCMbI HHTCTPAJIbHBIX ypaBHeHHﬁ.

Aaue Huxan,

JAOKTOP MaTeMATH4YeCKUX HAYK, npodeccop
AxmenoB Pamms,

KaHIUAAT PU3NKO-MATEeMATHYECKUX HAYK, TOLEHT
bakuHckuii rocy1apcTBeHHbI YHUBEPCUTET
ahmadov_ramiz@hotmail.com

O pemienun oxHoii 3axaun Komm 1151 00b1kHOBeHHOT0 AU pepeHunaIbHOr0 ypaBHeHus!

. 1
NepPBOro NOPsAKa ¢ HeMpPepPbIBHO MEHSIOIIMMCS MOPSAIKOM IIPOU3BOAHOIL, Ile AT paBeH 3

PaccmarpuBaercsa cnenyromas 3anaya Komm:

D,“y(x,A)d« +a,

O‘—:w\l—‘

1
D,”“y(x, A)da +a, [ D,”y(x, A)da =0, (1)
2

3

DY), =t DY, =k @

w\,_‘ w\»—\'—.m\m

Y(Xo) = 4y,

rre 0<x, <X

M3Bectno [1], utOo mis OOBIKHOBEHHOTO JWHEWHOTrO AU EPEHIINATLHOTO YpPaBHEHUS C
MOCTOSIHHBIMU KO3 (DULIMEHTaMH TIEPBOTO MOPSAKA:

Jl.a(a)D“y(X)da =0, X > X, >0, 3)

rae KodguuueHTsl a(x) ecTb cTyneHyaras pyHKIHs BUJA:

a(a)=a;eR, ae (%;%)1 (1=123), (4)

ypaBHeHHUs (3) IpUHUMAET BU:

D“y(x)da =0, (5)

c_,c,,) |

3
Da,
=4

3
U perieHue ypaBHeHus (5) umercs B Buae GpyHkuuu Bonbreppa [2], T.€. B BUE:

y(x) = y( l)—]z—/l”"dﬂ J (’“[Xj dz. ©)
Torna,
D“y(x) = D*y(x ﬂ)—deﬂ
d - Y _—1(,3_05)! ’

U €CJIM NPUHATH 0003HaueHue f—a=<& (me. f=a+E&), TO MBI IOJTYYUM:



D*y(x) = A" y(x), A>0. @)

Torna yuutsiBas (7) u3 ypaBHeHuUs (5) MOTYyYUM CIIEAYIONIEE :
i
3 3
>a; [A"da =0, A=1. (8)

R
3

A W3 1ocieIHero, NMeeM:
1 2 1 2

a,(2® —-1)+a,(1® —23)+a,(1—13) =0.

[Tocnennee o3HavaeT, YTO XapaKTEPUCTUIECKOE YpaBHEHHE OyIeT UMETh BU:
2 1

a,A+(a, —a,)A° +(a, —a,)4® —a, =0. 9)
1
U ecnu BBecTH obo3Hauenne p =A% (wm A= p°), To, MBI TIOTY4HM XapaKTEPUCTHUECKOE

ypaBHEHHE, COOTBETCTBYIOIIEE YpaBHEHHUIO (3) B ClIeyIOIIEM BUJIE:
3 2
Q0" +(@, —a;)p" +(a,—a,)p—a, =0 (10)
ITo naiinennsM A, , A, u A, obuiee pemenue ypasaenus (1), onpezpensercs cieayomum

obOpazoM:
y(%,4) :Clyl(x’ﬂ'l)_'_czyz (x,12)+03y3(x,ﬂg). (11)
rje
Y (%4,) = T%ﬂ k=123, (12)

s penienns 3anaun (1)-(2) onpenenum kodppuumentsiC ,C, u C,.
Omnpenenum 3T K03(DGUIUEHTHI U3 ycioBui (2) ¢ yueTom obriero Bua pemienus Y(X), T.e. u3
Buaa (11):

CYs (Xo, A1) +C, Y, (Xg, A) +C3Y5(Xg, A3) = 44

1 1
Cl D)? yl(xiﬂ'l) X=XQ + C3 D)? y3 (X!X’S)

1
X=XQ + C2 D)? y2 (X, ﬂ*z)

X=XQ =H (13)

2
X=XQ +C3 st y3 (XO’/13)

2
X=XQ + C2 Dx3 y2 (XO ! 1’2)

2
¢,Dry, (X, 4,)

X=XQ = /u2

Takum o6pazom, ecnu

Y1 (X, A1) Y2(Xo:4,) Y3 (%o, 43)
1 1

D,3y: (X, 4) D,3Y,(Xy, 4,)

D,3Y, (X0, 4)

1
D3, (%05 Ag)| xary | # 0 (14)

X=X X=XQ X=XQ

2
D,3Y, (X5, 45)

2
ng y2 (XO ' /12)

X=X0 X=XQ X=XQ
TO M3 IIOCJIETHEN CHCTEMBI ONPENETIAIOTCA KOOQDUUMEHTHI C;,C, B C,.

[ToxcraBnas nomydennsle 3Hadenus uaC,,C, m C,. B obmee pemenue (11) ypaprennms (1)

noJjy4uM pemenue 3anaun Komm (1)-(2).
U tak, yCTaHOBJIEHO CIIEAYIOIEE YTBEPKACHHE:



Teopema. Ilycts @, @,, a,, 4, 14 U M, -BEMIECTBEHHbIE IMOCTOsAHHbIE 4ucna . Torma mpu
ycnoun (14) cymectByer equHcTBeHHOE penienue 3anaun Komm (1), (2) umerommii Bua (11).

AamneB Huxam,

npogeccop, T10KTOP PU3NKO-MATEMATHYECKHUX HAYK
Ksasumos I'yceiin,

CTApPIINI NpenogaBarTe/b

bakuHckuii rocy1apcTBeHHbIH YHHBEPCUTET
HaxuyeBaHCKMid rOCy1apCTBEHHbIN YHUBEPCUTET
kazimov.husen@mail.ru

HccaenoBanue 3aqaum 11 00bIKHOBEHHOT'0 JIMHEIHOT0 BO3MYIIIEHHOTO
auddepeHIUAIBHOTO YPABHEHUSI BTOPOT0 MOPSAKA

B nmannoii pabote paccMoTpeHa 3amava il OOBIKHOBEHHOI'O JUHEHHO- AuddepeHnaaIsHoro
ypaBHEHHsI BTOPOro mopsiaka (rae Kod((GUIMEHT MPOU3BOAHON BBICHICTO IMOPSIKA €CTh MaJbIid
napaMmeTp) Ipu OOIIUX HEJIOKAIbHBIX TPAHUYHBIX yclIoBUsAX. CoennHsss HEOOXOAUMbIE U 3aaHHbBIE
TpaHUYHBIC YCIIOBUS, [UIS 3TOM 3a/Ja4d HAXOAWUTCS HEW3BeCTHass (QYHKIMS U ee MPOW3BOAHAS W3
MOJIYYEHHOU JIMHEHHOW anreOpanyeckoil cucrembl ypaBHeHUi. T.e. JOKamu3yrOTCS T'paHUYHbBIE
yCIIOBUS. A TOTOM ONPEAENSAIOTCS JIOCTATOYHBIE YCIOBHS JJIs ONPENCJICHUS BO3HMKHOBEHMS
norpaHuyHoOro cios. Torja, eciu npeeabHOe COCTOIHME peleHye ganHoi 3agaun ( mpu & =0)
HE YJOBIIETBOPSET TPAHUYHOIO YCIOBHs, TO BO3HHKAeT MOrpaHuWYHas moisioca. llenp Hamero
HCCIIEIOBAaHUE  3aKJIFOYAETCsl UMEHHO B OINPEENIEHUU TPaHUIbl, TJ€ BO3HUKAET IOTpaHUYHas
noJioca.

Paccmotpum crienyromyto 3aady:

0y =ey'(X)+ay (x)+by (x)=f(x), xe(0]), (1)
1 - .
Y = Yy D) + By DW=y, k=12, @
j=0

31eCch & = O wmabrit napamerp, a > 0, b, akj ) :Bkj y Yk - 3aJaHHBIC BEIIECTBCHHbIC KOHCTAHTHI,

a T(X)- samammas BemecTBennas ¢ymkmusa. Tak kak Mel OymeM paboTaTh B NPOCTPAHCTBE

BEIIIECTBEHHBIX (DYHKIIMHA, CKAIIPHOE MPOU3BeAeHNE OyeM 0003HaYaTh CIEAYIOMUM 00pa3oMm:
def 1

(f.9) = [ f()g(x)dx. ®3)
0
JleByto wacTh ypaBHenwus (1) ckamspHo ymHOkaeMm Ha pynkumo  Z_(X) :

(0.y.,2,)=¢]y"()z,()dx+af y ()2, ()dx +b] y. ()2, ()dx (&

B nonyyeHHOM COOTHOIIEHMM MEpPBOE CIaraéMoe MHTErPUPYEM [0 4YacTsIM JBa pas3a, a BTOpOe
ciaraeMoe - OAMH pa3. B utore momyunm:

(0.9.02)= 4] Y.092.00] - Y. 09z, + [ . 00220 |+

#al .92, 00f, ~].(02 (9 |+ by, (92, (0 = ®)
=B(y,,z2,)+(y../.2,)
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B(Y,,z,)=¢y.(Dz.() —¢VY.(0)z,(0) -y, Dz, (V) + £ y,(0)z.(0) +
+ay,(Dz,(1)-ay,(0)z,(0)

€CTh JIBOMHOE JIMHEHHOE, a

(6)

'z =e7'(x)—az (x)+bz_(x) 7)
conpspkeHHoe nupdepennmansHoe BblpakeHus: coryacHo (1). IlomyuenHoe cootnomenue (5)
Ha3bIiBaeTcs popMyson Jlarpanxa.

t.z,=¢z)(x)—az,(x)+bz,(x)=9(x), (8)
snece  Q (X) €CTh TpPOM3BOJbHAs Taakas (yHkius. BHavame paccMOTpUM OIHOPOIHOE
YpaBHCHHUCE!
ez'(x)—az.(x)+bz (x)=0. 9)
Ecmu pCHICHUC 2TOI'0 YpaBHCHUA UIIEM B CICAYIOIIEM BUAC!:
z (x) =e"" (10)
TO, I 9(8) IIOJIy4aeM CJEAYIolIee XapaKTepUCTUYECKOE YpaBHEHUE:
£0*(g)—al(e)+b=0. (11)

Kopnu sToro ypaBHeHuUs

0, (¢) = k=12 (12)

a+(-D*va® - 4be
2¢ ’

Torna He3zaBucuMble pemieHus ypaBHeHud (9) us (10) ompenensiem B cienyromieMm Bujae: (Ipu
0,(€) # 0, (&), 1. a° —4be>0)
O (£)x —
z,,(x)=e (k=1 2),
A 9T0 1151 001Iero pemeHus: ypaBHeHus (9) naet ciaeayroliee COOTHOIIEHUE:

2
2 (x)=3Ce""
k=1

3nece C, - npousBonmbHble KOHCTaHTBL. Temepb, HMCIHONB3Ys BAapUALMOHHBIA METOJ, MOXKHO
BBIYMCIIUTH OJTHO YaCTHOE pellieHre ypaBHEHU (8) B CeayIOIIeM BUIC:

L QA8 _ @l (e)-d)

Ze(X) :.[ 8[02 (8) _ 61(8)] g(é:)dé (13)

N3 »TOrO0 COOTHOIIEHHS, TOJYYEHHOTO /IS OJIHOTO YaCTHOTO pelieHus ypaBHEeHHs (8),
COMPSKEHHOTO K ypaBHeHHUIo (1), BUAHO, uyTO (yHIaMEHTAbHOE pellleHue ypaBHEHUs (8) umeeT
CHEAYIOUIUI BU:

Z (x—&)= (& —X) [eal(exx—é) _ eaz(s)(x—g)]’ (14)
5 AGRG]
3nece O(E —X) ecrp enummumas Qymkmms Xesucaiima [1]. Takum oGpasom, momydaem
CIIE/IYIOIIHE YTBEPKICHHS:
Teopema 1. Eciu B ypaswennu (1) a>0, beR, a® —4be>0, a £>0 ecrs mansi

napameTp, To QpyHJIaMEeHTAILHOE PEIICHUE JIJISl COMPSIKEHHOTO ypaBHEHUs (8) mojyJyaercs B BHJIE
(14) ( mo oTHOIIEHUIO K & ).



Teopema 2 [lpu BeinosiHeHuu ycinoBuil Teopemsl 1 1 eciiu HE yAOBIETBOPSETCS HEKOTOPOE
OIpe/IeNIeHHOE YCIOBHE , TO BO3HMKAET HOrpaHu4Has rnojnoca Ha rpanune X =0.

AimneB Huxan,

JAOKTOP MaTeMATH4YeCKUX HAYK, npodeccop
MycradaeBa Enena,

KaHIUAAT PU3NKO-MATEeMATHYECKUX HAYK, TOLEHT
BbakuHckuii rocy1apcTBeHHbI YHUBEPCUTET
helenmust@bsu.edu.az

Heo0xoanumpble ycJI0BHS ISl HEJIOKAJIbHOM IPAHUYHOM 321a4M Il IBYyXMEPHOI0
BOJIHOBOT'O0 YPABHEHHS

Paccmotpum ypaBHeHHE

lu(x )_82u(x) g [azu(x) azu(x)j 0 )

OXZ OX; OX5
3 y y
B obmactu D ={X = (X,, X, X,) } < R”¢ rpanuueii Jsnynosal = Bemykmnoii B nanpasnennn
Xg» C HENOKAJIbHBIMY I'PAHUHBIMH yCIIOBUSMH:

lu Z (1)()()8“().()

j=0

au(x)

(2)
o) T & (X')

xm(x')} + Zai(k) (xYu(x', 7, (x) =0,

=12 XES , (@)

3nece obmacte S < OX X, sBagercs mpoekuueil obmactu D ma mnockocts OX X, =0OX', ' -
rpannna obnactu D, apnsromasca nosepxHocTeio JlanmynoBa, I}, u I, - HIKHAA U BEpXHAA
HOJIyIOBEPXHOCTH ~ TPaHMIBl I COOTBETCTBEHHO, OINPEACICHHBIE —CIEAYIOMIUM  00pa3oMm:

I = {5 =(£,8.8): & =n(E), &=(&.8)es), e & =7(5.4,).k=12, - ypaBHenus
nomynosepxHocted I, n T,, dynkmmm p, (&), k=12, mBaxner muddepenuupyemsr mo odenm

nepemeHHbIM &, &, B obmactu S; koaddurmeHTs a(k)(x') , 0, k=1,2, j =1,2,3, ymOBIETBOPSIOT

yenosuio lembaepa, o (x'), i, k=1,2, HenpepsiBHEIE hyHKIME B 0671aCTH S.

@yHIaMEeHTAIbHBIM pellieHneM ypaBHeHus (1) sBisiercs
Uixy - 000 = &) =0~ &)° e —8))
2783 (%, — £)7 — (4~ £)7 — (%, — &)

YMmHo)uM ypaBHeHue (1) Ha pyHnaMeHTanbHOE petieHue (3) U IPOUHTErPUPYEM 110 YACTSIM 110
obnactu D , momyunm niepBoe OCHOBHOE COOTHOIIEHHE

J.{u(x)au(x ¢) au(X)U(x f)}cos(vx,xo)dx—

(3)

r OXq X,
(&), &eDh,
V2 oU (x— &) au(x) !
—-a U dx = 4
éﬂu(x) X, K 6)}05@ e (@), ger. “

Bropoe u3 cootHomenuii (4) Ha3biBaeTcs 1-bIM HEOOXOAMMBIM YCJOBHEM DPa3pEeUIMMOCTU
3anaun (1)-(2):
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oU(x-¢)

0

%u(g) :—j(u(x) -U(x-9%) Jcos(v Xo)dX —
2 5)
—aZZI(U(X)M—U(X—(f)au—(X)JCOS(VX, x;)dx, £ eT.
LT X X,
Takum 00pa3oM, HAMU YCTaHOBJICHA CIIEAYIOIIAs
Teopema 1. Ilycmo obnacme D c R® ¢ epanuyeii Jlanynosa T ocpanuuena u ewinyxia 6
nanpasnenuu Xy. Tozoa ona ypasuenus (1) svinonnsemcs nepeoe ocnosroe coomuouienue (5).

AHaJIOTMYHO T0JIy4aeM 2-bIEOCHOBHBIE COOTHOIICHHUS:

J-au(x) (aU(X_é) cos(v,, ;) — Px-¢) COS(inxo)de_
. 0%, OXq '
aZZ::j ou(x) [OU (x- . $) cos(v,, X;) — ( —¢) ————==cos(v,, Xj)]dx -
ﬁu_(f), ¢ eD,
_ 0¢, i—02. (6)
l ou(s) el
2 06 7
Bropoe u3 cootHommenuit (6) Ha3bIBaETCA 2-bIM HEOOXOJUMBIM YCIOBHEM:
1ou(d) _
2 0
J‘@U(X) (GU (x=9) cos(v,, X;) — %COS(VW Xo)jdx -

(7)

=lr J Xi

Zj au(x) {G‘U (X 5) COS(VX’ |) X (X 5) COS(VX, Xj de

rne el 1=0,2.
Wrak, HaMu yCTaHOBJIEHA

Teopema 2.71pu svinonnenuu ycrosui meopemvt 1 ons pewenus ypasuernus (1) evinonusiiomes
gmopwie ocHosHuvle coomuouterust (6).

AnuneB Huszu,

KaHIMAAT TeXHHYECKUX HAYK, JOLEHT
Mup3soes ®apxan,

KaHIMAAT TEXHHYECKUX HAYK, JOLEHT
BakuHckuii rocy1apcTBeHHbI YHHBEPCUTET
az_dicenter@mail.ru

farhad_1958@mail.ru

YkpensieHue moTeHHAIA IKOHOMUYECKOH KHOCPHETHKH
MJIA peajM3aluu Moaeau Ycronyusoro Pazsurus

Briepsroie Mogens YcroituuBoro Passurus (YP) O6buta BeipaboTana u npunsaTa B 1992 rogy Ha
BcemupHOW KoHbepeHiuu B Puo ne XKaneiipo. C Tex mop mMpoBEAECHO MHOTO HCCICIOBAHUU H
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HapaOoOTaH 3HAYUTENBbHBIA OmbIT. OgHAKO B A3sepOaimpkaHe mepexon kK YP, Topmoswmics psaom
M3BECTHBIX HETAaTHBHBIX MPOOJIEM, U KaK HE apaJOKCAIbHO BBICOKUMU IIEeHAMH Ha HE(Th.

I'maBHOe B koHuenuuu YP, B TOM, 4TO MUPOBOE COOOIIECTBO MPHIJIO K BBIBOAY, YTO B
COBPEMEHHOW SKOHOMHKE CYIIECTBYET B3aUMOCBS3b MEKAY TpeMsl (paKkTopaMu: JeMOrpapruecKuM,
9KOJIOTUYECKUM 1 3KOHOMUYECKHUM.

[Inanery 3emist MOKHO NPEACTABUTH, KaK 3aMKHYTYI0 3KOHOMUYECKYIO CUCTEMY, B KOTOPOMH
pPOCT HacelleHUs MPUBOJUT K YBEIMUEHHUIO MOTPEOJICHUS MPOJOBOJIILCTBUS U TOBAPOB HA OCHOBE
HCIOJIb30BAaHUsl COKPAIIAIOIIMXCS 3alacoB MHMHEPAIbHBIX PECYpPCOB U MCKOIAEMOro TOIUIMBA
IJJAHEThl. YPOBEHb HCIOJIb30BAaHUS AJIbTEPHATUBHBIX HCTOYHUKOB 3HEPIMU pPACTET, HO IIOKa
HezmoctatoueH. C pPOCTOM YMCIIEHHOCTH HACENICHUS U €ro MOTpeOHOCTEH, HECMOTpPsI Ha BHEJIPEHUE
9HEprod(PPEeKTUBHBIX U IKOJIOTUYECKUX TEXHOJOTUH TEXHOTEHHOE [aBJICHHE Ha OKPYKaIOLIYIO
cpeny (OC) nponomkaer ycunuBaThes. [[porcxoadar riiodanbHbie KITMMATHIECKUE U3MEHEHUS, POCT
MPUPOAHBIX KaTtacTpod u JIp.

Takum o0pa3oM, cnoxkuBmas Hed(D(PEKTHUBHAS SKOHOMHYECKAs CHCTEMa HYXKIAeTCsS B
ONTUMHU3ALUU CBOEr0 (PYHKIIMOHUPOBAHHSA HA OCHOBE Mozelu YP UM COOTBETCTBYEeT cXxeme
0o0paTHOW CBsI3M, HCHONB3yeMOW B KuOepHeTHKe. PaccMoTpuM STH (QakTOpsl Ha YpOBHE
A3zepbaiikaHa.

demorpaduueckuii pakrop. B cTpane HaceneHnue K KOHILYy rojia IOCTUTHET YucIeHHOCTH 10
MJIH. 4eloBeK. XOTs B CTpaHe HaOJofaeTcs TEHACHLMS CHUKEHHS POXKIAEMOCTH OHO IOKa
obecrieyrBaeT HEOOXOIUMBIN YPOBEHb BOCIIPOM3BOJICTBA HapooHaceneHus. [IpupoaHbie pecypcehl
U pa3BUTHE OSKOHOMHKH CTpPaHbl TMO3BOJISIOT TMPOAOJDKATh COKpamiath 0e3paboTuily 1o
TEXHOJIOTUYECKOI0 YPOBHS U CO3/1aBaTh HOBbIE paboune MecTa.

JkoJioruyeckuii ¢axkrop. UMs3BectHo, uro B AsepOaiimkxane u ObiBmiem CCCP
HKOJIOTUYECKUM TIpobJjeMaM yIelsjioch Mallo BHUMaHUS. B dacTHOCTH, B AOIIEPOHCKOM
HKOHOMHMYECKOM paiioHe OBLJI0O MHOTO OMACHBIX U TOKCUYHBIX IMIPOU3BOJICTB, OCOOCHHO B HE(PTSIHON
u HepTeXMMHUUECKOW mnpombiieHHOCTH B baky wu  Cymramre. BropeiM 1o  ypoBHIO
MIPOMBIIIICHHOTO pa3BuTus U 3arpsasHeHnto OC Obut ['sumka — ['a3axcKkuil SKOHOMHYECKUN palioH.
B 90-x rompl paboTa MHOTUX MPEANPUATANA B ITHX PETHOHAX IO PSAY NMPHYUH MPUOCTAHOBUIIACH.
[To3xke Hayaluch MPOLECCHl HKOJOTM3AIMM SKOHOMHKU M CO3JaHUE MPEANpUsATHN c Oolee
COBEPIIICHHBIMU «UHUCTBHIMUY» TEXHOJOTHUSMH, YTO CIOCOOCTBOBAJIO CHIDKEHHIO 3arpsisHeHust OC
MPOMBIIITIEHHOCTRI0. OCHOBHBIM  (haKTOpPOM 3arps3HEHHUS B HACTOSINEEe BpeMs SIBISIETCA
aBTOMOOWJIBHBIA TPAHCIOPT, TNI€ TaKXKe€ HIYT TPOIECChl C OrPAHHUYECHHUSIMHU HCIOJIb30BAHUS
yCTapeBIINX MOjieiell aBTOMOOUIeH 1 repexoaa K 0oiee IKOIOTUYHBIM MapKaM TorinBa «EBpo-4»
u «EBpo-5». Bospocmmii ypoBeHb razudukanuu peruoHOB MPHUBEI K PE3KOMY CIaay BBIPYOKH
JIECOB, a aKTUBHOE MPOBEICHNE MEPONPUITUI IO MOCAAKE 3€JICHbIX HACaXKJIEeHUN Ha AOIIepoHe U
BJI0JIb MarucTpaieil MpuBesio K poCTy JIECHBIX TUIONIAEH.

JkoHoMHuuecknii ¢akrTop. B mocnenHee BpeMs HMIET MHTEHCU(DHUKAIMS IKOHOMUYECKUX
pedopM B HEHE(PTSHBIX OTPACTAX, CENLCKOM XO3SIMCTBE U B psiie Apyrux. Maer cozmanue cpemHux
U MaJbIX MpPOU3BOJCTB B  peruoHax, odecreduBas co3laHue pabouux MecT. Peanmusyercs
[IporpamMbl caM03aHSATOCTH, C PUBJICYEHUEM WHBAIUIOB U IPYTUX TPy HACEICHHUS.

Mopaeas YcroitunBoro PasBuTusi 1 moAroToBKa ClenuaJucToOB.

B HacTosimiee BpeMsi B cTpaHe UMEIOT MECTO Psii IPOrPECCUBHBIX TEHACHIIMMI, TO3BOISIOIINX
00JeryuTh nepexo Kk Mmojenu Y P:

1. YckopeHHoe BHenpeHNe HHPOPMAIIMOHHBIX TEXHOJIOTUH;

2. UnTencudukanus peopMUpoOBaHUs IKOHOMUKH B HEHE(TAHBIX OTPACIIsX;

VYcunenue BHUMaHUs rOCyJapcTBa K peanu3aluu Moaeld YP Ha COBpEMEHHOM 3Tare HYKHbI
MIPEK/IE BCETro KaJpbl, CIIOCOOHBIE OCBOMTH HA CHCTEMHOM YPOBHE BEChH BBIIIIEHA3BAHHBIA KOMITJIEKC
3amady. Hamboiiee MOATOTOBIEHHBIMU K PEIICHHUIO TMPOOJIeM IMepexoJa Ha HOBYIO CTYIEHBb
SKOHOMMKH SIBJISIOTCS CHELMAIUCTBI M0 3KOHOMHYECKON KHOEpHETHKE, - HaydHOTO HaIlpaBJICHUS
Ha CThIKE MaTeMaTUKU, HHPOPMATHKH, a TAK)KE YIKOHOMUYECKUX U OU3HEC-TIPUIIOKECHUHN, B PaMKaX
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KOTOpOM pelaloTcs 3aadyd KOMIBIOTEPHOIO MOJECIUPOBAHMS, YIPAaBICHHS, ONTUMHU3ALMU U
MPOTHO3UPOBAHMA. ODKOHOMHYECKAsh KHOEpPHETHMKA 3aHMMACTCS MPUIIOKEHHEM HJICH, METOHOB
KHOEPHETUKH K SKOHOMUYECKUM CHUCTEMaM, YUUTHIBAIOIIAs B CBOMX YYEOHBIX MpOrpammax Bce TpU
¢dakTopa Moaenu YP: 35KOHOMHYECKHE U YIPABICHYECKHE TUCIMIIMHBI, a TAaKXKe dKOJOTHMUYECKHI
MEHE/>KMEHT.

Cpenu HUX: MaTEMaTHMYECKOE MOJIEIMPOBAHUE B JKOHOMMKE, TEOPHUS HEUYETKOM JIOTMKH,
nH(pOpPMATHKA, KOMIIBIOTEPHOE MPOTrpaMMHUpPOBAHUE TEOpHs CO(PT-KOMIIBIOTHHTA, (UHAHCOBAS
MaTeMaTHKa, 3KOJOr0-DKOHOMHYECKOE MOJIEIUPOBAHUE, DSKOHOMETpHUS HH(OPMAIMOHHOE U
¢buHaHCOBOE O0ecrieueHrne IKOHOMUYECKOU NIeATENbHOCTH, YIpaBIeHUE 3aracaMy, MEHEI)KMEHT U
MapKEeTHHI, CTPaTerM4ecKoe IJIAHUPOBAHUE, OCHOBBI IPUPOJOIOIb30BAHUS, HKOJIOTMUECKUIN
MEHEPKMEHT U JIp.

YckopeHHoe BHenpeHne MoJen YP Kak onTUManbHOIO yIPaBJICHHUsS] HA COBPEMEHHOM 3Tarle
pedhopmupoBaHus SKOHOMUKH A3zepOaiipkaHa Oojee 4yeMm akTyanbHO. J[is Takoi macimTaOHOM
paboThl clenyeT NpUBIEYh MUMEIOIIMXCS CHEIHMAIMCTOB B CTpaHe, rpaxaaH AsepOaiimkana u3
Ipyrux cTpad. A B Gmkaiiliee BpeMs paclIupUTh MOJATOTOBKY CIEIUAINCTOB 110 3KOHOMHYECKON
kuOepHeruke B BI'Y u AI'DVY, riae umeercs cooTBeTCTBYOIIAst 0a3a U OIBIT.

Auanes CoJTaH,

JOKTOP MaTeMAaTH4YeCKUX HAYK, npodeccop

XaJuuaos Byrap,

AOKTOp ¢pujiocopuu nmo mareMaTuke

HNucruryr Marematuku 1 Mexanukn HAH A3sepOaiinxana
soltanaliyev@yahoo.com

xelilove7@mail.ru

JAuddepenunabubie ypaBHEHUs ISl BeTBALIMXCH MPOLECCOB
¢ HelpepbIBHBIM BpeMeHeM M MUTPaluei

PaccMoTpuM OJTHOPOJHBIN BETBSILIMMNCA IPOLIECC C HEMPEPBIBHBIMU BPEMEHEM M MHIpanuen
u(t) (Haraes C.B. IlpeznenbHble TEOPEMBI ISl KPUTHUECKHX BETBSIIMXCS IPOIECCOB I anbToHa-

Barcona ¢ murpanueii. Teop. BEeposTH. 1 €€ IPUMEHEHHUS).
B mpousBoneHOM MomeHTe BpemeHu te[0,00) mmubo ¢ BepositHocThio PR, (f) B momymsiuro

ummurpupytor K uactun, nu6o ¢ BepositHocteio Q, (t) ¢ momyssiiuu smurpupyror I, (r =l,_m)
0 m

vactul. EcrectBenno ) P (t)+> Q. (t) =1.
k=0 k=1

I[lpollecc ~ MMMHTpanMM W OMHTpamumu  obosHaumm  uepes  £(t)  uP{E(t)=k}=
R (t),t>0, P{ft) = —r}= Q.),r =1m. Beibepem manoe A(t) (At —0).
Homyckaem, uto Py (At) =1+ p,At +0(At), B, (At) = p, At +0(At), k >1,

Q, (At) =q,At +0(At), 1<r<m, i Py +§:qr =0.

k=0 r=1L

OGosHaunm depes & (At) (i =1 ,u(t)) YHCIIO TOTOMKOB | -0i yacTuibl 3a Bpems A(t) u
P2 (t+ A =nlé (1) =)= H, (at) = | » T 04D =023
i —He =T T L h At=0(At), n=1.

Bgenem nmpousBosie GpyHKunu
. _ &) _ < n. _ < n
F.(t;s) =Ms _n§:OHn(t)s : h(s) = n§:Ohns CESE
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JlokazaHa cienyromasi.
Teopema. IIpoussonsmas Gpynkumns F,(t,S) ynosnersopser nudpdepenuuans-HOMy ypaBHEHHIO

dF,(t,s) oF ,(t,s)
”d—t - h(s)"a—s +(h(s)F,(t.9)),, F,(0,5)=1.

Aaues Toduk,

KAaHAUAAT (PU3HKO- MATEMATHYECKHUX HAYK, JOLEHT

baxmuen IIlaxuHn,

KAHAUJAAT TEeXHHYECKUX HAYK

HNucTutyT CHucrem Ynpasaenusi Hanuonanbnoii Axkanemun Hayk AsepOaiiizkana

tofig_eliev44@rambler.ru

shaxbazia@yahoo.com

(0 JEeHCTBUSAX HAJ YUCIAMH paSJIH‘lHOﬁ NpUupoabl, NpeaACTABJICHHBIMUA B BU/1€
0eCKOHEYHOI0 YhCcJja paauKajaoB

B crarbe omnpezneneHsl AEWCTBHUA HaJ YMCIAMHU Pa3jIMYHON IPHUPOIBIIPEACTABICHHBIMUA B
BUJi€ OECKOHEUYHOI'0 4MCJa BJIOKEHHBIX PAJUKajIOB. YCTAHOBJIEHO, YTO YMHOKEHHE JABYX TaKHX
qucel CBOJIUTCS K OECKOHEUHOW IIerOoYKe BJIOXKEHHBIX paJMKAJIOB, a JIEJIEHUE HUX IOPOXKAAET
MIOCJIEIOBATEIBHOCTD YHCEN, BRIPAKECHHBIX B BU/Ie OECKOHEUHOW MOCIIEIOBATEIPHOCTH BIIOKEHHBIX
paluKaioB, CTPEMALINXCS K OECKOHEUHOCTH .

Tax,HanpuMep 1puU  yYMHOXKEHMM uucia S5 Ha 6  TIOJy4YEHHOE  BbIpaXKEHUE

(k +3)(k +4)\/(1+(k +4) 1+ (K +5)1+..) (A + (K +5)\1+ (k + 6)\1+...)
k=123,....

SIBJISIETCSI OCHOBHBIM B TIPOIIECCE YMHOKCHHUSI.
B paGore, Takxke I BCEX YHCEN X PA3ITUYHON MPUPOIBI TOITydeHa Gpopmyria

x:\/1+(x—1)\/1+ Xy 1+ (X +DVI+ ... . (1)

Onepanys HaJ TaKUMH YUCJIaMU OTIpeeIIsieTCsl TaKuM o0pa3oM. Ecin —oo< X,y <oo, X#Y H

X= \/1+ (x—l)\/1+ x\/1+ (x +1)\/K
y= \/1+ (y—DyL+ yLt (y + D+,

TO, IO OIIPCACICHUIO

Xty= \/l+((xi Y) —l)\/1+ (x+ y)\/l+((xi y)+DV1+...

K-x= \/1+ (kx— D)1+ ko L+ (ks DL+ .

—w< K<+

X_ \/1+ (X—l)\/1+ X\/1+ (X+1D)vi+...
g \/1+(y—l)J1+ yyL+(y + V1.

CDOpMy.TIa (1) OTHOCHUTCA KO BCEM CHCTCMaM qHuCClI, O6J'I3.I[8.IOH.II/IX CBOIMCTBOM

KOMMYTAaTHBHOCTH. A JCIICHUC % ABYX TaKHUX YHCECII yI/I X CBOIUTCS K IIOCICOOBATCIBHOCTU
xk+y
X

,k=0,1,,.. nimxe 66CKOHEYHON MOCIEeI0BATEILHOCTH BIIOKEHHBIX PAIUKAIIOB.
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I[01<33aH0, 4TO IIpHU IIpH Kk —> 00 TIOCJIEA0BATCIbHOCTD OCCKOHEUHBIX BJIOJKEHHBIX paguKalioB
CTPCMUTCA K 6GCKOHe‘IHOCTI/I, T.C.

1{@_1} 1 Xy 1{@“) 1+(M+z}r+... e @)
X X X X

[Ipn kakux 3HaueHusax Ne N ={,23...} Bompoc o cnpasemmBoctu Gopmya (1) u (2), ans

CBKJIMLIOBOI'O IIPOCTPAHCTBA En OCTAaCTCA OTKPBITHIM.

AnueB ®uUKperT,

AOKTOP (PM3MKO-MATEeMATHYECKUX HAYK, AKATeMUK
Tarues Paman,

AOKTOP (pujiocopuu mo MmareMaTuKe

f aliev@yahoo.com

tagiyev.reshad@gmail.com

BbakuHckuii rocyaapcTBeHHbIH YHUBEPCHTET
Bbakunckuii yauBepcurTeT OU3Heca

Metona pelIcHus OTHOM KpaeBOﬁ 3aJa4M JJid CUCTEMbI ypaBHeHnﬁ rnnepﬁo.ﬂnqeacoro
THUIIA, OITMCBIBAKOIIUX ABHXKCHHUE B Fa3JII/I(l)THOM mnmpouecce

PaccmaTtpuBaercs kpaeBas 3ajaya JUisi OJHOM cucTeMbl audQepeHInanbHbIX ypaBHEHUN
TUIEPOOTUYECKOTO THIA, OIMCHIBAIONINX JBW)KCHHE >KHJIKOCTH M Ta3a MpU J00bYe HedTH
ra3u@THBIM criocoOoM. Mcxons M3 M3BECTHOTO MeToJa OECKOHEUYHBIX PSAOB, HCCIEIYIOTCS
CYILIECTBOBAHUE U €IMHCTBEHHOCTh PEIICHUS 3aa4H.

Kak wu3BecTHO, CyIIECTBYIOT pa3Hble MOAXOAbI K MOJEIMPOBaHHIO ra3nudra. JBukeHue
ra30KMIKOCTHOMN cMecH MO/JICTTUPOBATIOCH nuddepeHIaTbHBIMA YpaBHEHUSIMU
COCPEIOTOYEHHBIMH W C pacClIpelesICHHbIMU MapamMeTpaMy, B TOCJIEAHEM Clydyae MOCie
YCpPEIHEHHU, 3a/1a4a OMNSATh CBOAUTCS K PEIICHUIO YPAaBHEHUH C COCPEAOTOYEHHBIMH apaMeTPaMHU .

Pemenue ypaBHeHUs ABUKEHUs ULIeTcs B Buae psana Anuee H.A., Anues ®.A., I'ynues A.IL,
Hnvacoe M.X. «Meton psAaoB B pEUICHUM OJHOM KpaeBOM 3a1ayd JUIsl CUCTEMbl YPaBHEHMM
rUnepOOIMYEeCKOT0 THIA, BO3HHUKAIOIIEH TpH 100bIYe HEPTH», IS TOCTPOCHUS KOTOPOTO
JIOCTAaTOYHO 33/]1aTh TOJBKO JIUIb TPAHUYHBIEC YCIOBUS MPU HYJIEBOM 3HAYEHUHU NMPOCTPAHCTBEHHOM
nepeMeHHoll. B oOmem ciydae crpoutcss 0Oosee YNpOILIEHHBIH BBIYUCIUTENbHBIA aJTOPUTM,
MO3BOJISIOIIMM HAWTU PELIEHUE C BBICOKOW TOYHOCTBIO. [[penMyIiecTBo 1aHHOTO MOAX04a COCTOUT
B BO3MOKHOCTH PEIIEHUs MPOCTPAHCTBEHHOM 3aJlaud, B OTJIMYME PACCMOTPEHHOW paHEe IMIIOCKOU
Anues @.A., Unvsacos M. X., Hypues H.b. «3agaun MOJEIUPOBAHUS U ONTHUMAILHON cTaOUIH3auu
ra3au@QTHOTO IpoLEeccay.

[Tpu 1oObrde HeTH OCHOBHOE BHUMAHHUE YIESIFOTCS Ta3nu(THOMY CIIOCcO0Y, TIe IBIKEHUE B
KOJIBLIEBOM  TPyOONpOBOJE W  TOJABEMHHKE  OMHUCBHIBAIOTCA  CIEAYIOIIEHM  CHCTeMOM
nuddepeHIaTbHBIX YPaBHEHHUH ¢ YACTHBIMU MPOU3BOAHBIMU TUTIEPOOIMYECKOTO THTIA

-F 6Pi(§)>(<,t) = aQ‘a(tX’t) +23,Q,(x,t),
LRt aQi(xt) L _ (1)
R v i=12 xe(0,1)u(l,2l) te(0,T)
2a, = 9 +M = const
. D


https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BA%D1%82%D0%BE%D1%80_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%BE-%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D0%BD%D0%B0%D1%83%D0%BA
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BA%D1%82%D0%BE%D1%80_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%BE-%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D0%BD%D0%B0%D1%83%D0%BA
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C TPAaHUYHBIMH YCIIOBUSIMU HA BEPXHEM KOHIIE TPYObI:

x=0:R(0,t)=R,(t), te[0,T] (1.2)
snecs P(X,t)- masremme, Q(X,t)— wmaccomeii pacxon, F,— mnocrosmmee momam

monepedHsIx cedeHuil Tpyd, | =1 cooTBercTByeT mBHKEHMIO B KoibleBoil mpoctparctse (KIT)
X€(0,|), | =2- B momxbemuuKe XE(|,2|), @, — CpenHssi CKOpOCTb MOTOKa; C; (i =l,2)—
CKOpPOCTH 3ByKa B COOTBETCTBYIOIIMX cpelnax. B cimydasx, Korja COOTHOIICHHUS A (PYHKIUI
P(X,t) u Q(X,t) UJCHTUYHBI, BBOAUTCS (YHKIUS R(X,t) U TOJpa3yMeBaeTcs, YTO BMECTO HeEe
ClIeTyeT MOJICTaBUTh KaXAYI0 U3 UCKOMBIX (QYHKITUH.

Pemenue rpannanoit 3agaun (1.1), (1.2) B KoybIeBOM 001acTH, T.€. IPH (i =1), WIIEM B BHJIC
psna no xoopauHare X

R(x)= 3RO 03

k=0
rpannuHoro ycnoBus (1.2). Koadpdummentsr psina Ry (t), npu Kk > 0 onpexnenstorcst
PEKYPPEHTHO U3 cUCTeMBI T (HepeHINAIBHBIX YPaBHEHHH MTOCIE MTOICTAaHOBKH Pas3-
noxenus (1.3) B cucremy (1.1) u rpynnupoBKY cllaraéMbIX 110 CTENEHSAM X ,
R®k) (t)
— Dk _0
R2k (t) - D1 . (1.4)

G

2 QM F,R*(t
P2k+1(t): _le ' ng CE )’ Q2k+1(t): _le lCOTl() (1.5)
1“1 1

IZle BEpXHUE HHJAEKCH B (DYHKIMSIX R(()k)(t), Qék)(t) U 0(k+1)(t) IIOKa3bIBAIOT MOPSA0K

MIPOU3BO/IHBIX, & HUKHHE — COOTBETCTBYIOT wieHaM psija (1.3). 3nech

d .
D =—+2a, i=12. 1.6
m (1.6)

Takum oOpa3oM, mocie ompeneneHust GyHKIUN Rk (t) ¢ yueroMm (1,6) MOXHO JOKa3aThb
CIElyIOlIee YTBEPKICHHUE!
Teopema. Ecnmn F. d, u C; — neiicTBUTENBHBIE TOCTOSHHBIC YHCIA (DYHKIIUH Ro (t)

e8]
IpUHAJICKAT C( )(O,T) U IpU 3aJaHHOM JOCUCTBUTCIBHOM YHCIIC M YAOBJICTBOPAKOTCA
COOTHOIICHUA

1/1
1+ 2a,
Cl

RO <M, |&|<L, k=0; & =(

rne- |- mmna (KIT) (i = l) WM TOJBEMHOMN (i = 2) TpyObl, TO ¢yHkuuun R, (t)6ynyT
OrpaHUYeHHBIMH, a psbI (1.3) cxoasaTcs abCOMOTHO U PABHOMEPHO.
JlokazarenbCcTBO TeOpeMbl cienyeT u3 oneHku Gpynkiuu (1.4) u (1.5).

k k . '
3ameuanue. Ecnu ‘R(() )(txS M +l,, npu k 20, " ‘fl‘ < N,, e N — JECUCTBUTEIBbHOE

qrcio, To psaasl (1.3) Takxke cxoaarcs abCOTIOTHO U paBHOMEPHO.
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Apa3oB I'acan0ek,

JOKTOP (PU3UKO-MaTeMATHYECKUX HAYK, podeccop
Tapana AnneBa,

KOHIMIAT (PM3MKO-MAaTEeMATHYECKUX HAYK, JOLEHT
bakuHckuii rocy1apcTBeHHOI YHUBEPCUTET

HUWM Ilpuknannoit MatemaTuku

HUU ®dusnueckux [podaem

arazov_h@ yahoo.com

aliyevatarana@rambler.ru

O maremMaTHyecKOM MOeJTUPOBAHUHN TEOPUH MOMYJISII[UI ceMelicTB MaJIbIX TeJl

HaGnromaemble siBIEHUS XapaKTepu3yeTcs €AMHCTBEHHBIM Habopam mapamerpoB. B
MaTeMaTHYECKOM MOJICIMPOBAHUU KaXAbIH IpOLECC MOXKET ObITh ONHCAHO MHOXKECTBOM
nokaszareneil. IlosToMy, MaremaTHueckoe MOJEIMpPOBAaHHE JONYyCKaeT MCCIeIOBAaHUU BCEX
BO3MO>KHBIX BApUAHTOB HA0JII0/1a€MBIX IIPOLIECCOB.

OBosfOLMS  TUHAMUYECKOH CHCTEMbl MOXKET ObIThb PpEe3yJbTaTOM MOMyJsAluil opOuT
YCTOMYMBBIX M HEYCTOWYMBBIX IEPBUYHBIX OCKOJKOBBELIECTBA M MX CEMEHCTB, C OCOOBIMHU
Ha4yaJIbHBIMU ycHOBUsMHU. Kakaplii OCKOJOK 00aJal0T CBOMMH MCXOJHBIMH XUMHYECKHUMHU
cocTaBaMH W (PU3MYECKUMH TIEPBUYHBIMH mapaMerpamMud. OHH ONpENeNsioT HX MECTO B
IIPOCTPAHCTBE, a TAKXKe U YCTOMUYMBOCTh WJIM HE YCTOMYMBOCTH UX OpOuUT. KoTOphle cTaHOBUIMCH
(GbyHIaMEHTOM M CTPOUTENFHBIM MaTepuanioM oOpa3oBanusi CONHIA U TIaHET. 3aKOHOMEPHOCTSIMHU
9BOJIIOLIMM Habopa MacC M BHYTPEHHMMM SHEPreTHYECKHMMM IPOLIECCAMU YIIPABJIAIOT CHJIBI
HNPUTSKEHUS. U CUJIBI yJIapoB 60MOapaIupoBoK. B pesynbraTe OCKOJIKM C YCTOHYMBBIMHU OpOMTaMU
CO BPEMEHEM CTaHOBSTCSI MACCUBHEE 32 CUET OCKOJIOK C HEYCTOWYMBBIMH OpOUTAMHU.

W3BecTHO, 4TO mpH 00pa30BaHUM W SBOJIOLMHU KaK BHEIIHEH (OpMBI Tak W BHYTpEHHEH
CTPYKTYpbl 3€MJIM U JIPYruX Tel akTUBHO npuHumaer ydactue Coisnue, JIyna un Bcs Bceenennas.
OTH Mpouecchl MPOUCXOIAT MO/ BO3AEUCTBUEM ABYX CHII: 1) cyMMa KOTOpPBIX OOJblIe YeM cymma
MOTPEIIHOCTEN HAOII0JaeMbIX OLEHOK (3HaueHHil). OHM Bcer/a UCUUCIUMBI M1 MOKHO BBIPa3uTh B

n
BUJIE: Z F(xt), (n<ow, xe(x, x.,), te(t, t,)).Ona nogmaroTcs ydery mpH  IOMOIIH
i=1
MaTeMaTHYecKux MojenupoBanuii. 2) CymMma [EeHCTBHH KOTOPBIX MEHbBIIE YeM MOTPEIIHOCTH
HaOmroneHnid. OHM CKPBITHI, Y4aCTBYIOT BO BCEX AHOMAIbHBIX sBICHUSX. OHHM HEMOCPEICTBEHHO

0

HEYJIOBUMBI. IX CymMMa MOXHO MpeAcTaBaTh B BUE: z R, (X,t) .Jlna Bcex TMHAMMYECKUX CHCTEM
j=L

BEPHO PAaBEHCTBO:

o0

min Zn:Fi(x,t) =max| > R;(x1t) .

i
HNuaue rosops,

0 n
DR (xt)<O0-C< D R(xt)
j=1 i=1l
rae, O —pe3ynpTaT OLCHOK HaWJeHHOM u3 HaOmoneHud, C —pe3ynbTaT MOJYyYEHHBIH U3
0
BBIUHCIICHUM MO (popMyrnaM MaTeMaTH4ecKoro MOJIGJ'II/IpOBaHI/ISI.CYMMaZ R j (X,t) mpostBaser cebs

j=1
TOJIBKO TOTZA, KOTJa MEX1y €€ HEKOTOPbIMU CIaraéMbIMU 00pa3yeTcsl PE30HAHCHBIC SBJIECHMUS, T.€.
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Koraa HWX 4YaCTOTbl CTAHOBATCA COU3SMCPHMBIMU. OHHM OOBIYHO HA3BIBAIOTCS AHOMAJIbHBIMU
SABJICHUAMHA IIPUPOJBI. Onn BBIPpAXKAOTCA B BHJAC XaOCOB HJIIHU KaTaCTpO(i).BCC Ha6J'IIOIIaeMBIe
IIpoNneCChl, ABJICHH, (bOpMHpOBaHI/ISI U Ppa3sBUTHUA BaKOHOMepHOCTeﬁ IpupoAbl  ABJISACTCS

%

OTpaKEHHMEM JIENCTBMI 3TOM (byHKuHI/I.RZZRj(X,t), SABJIIETCS CyMMOW OECKOHEYHO MaJlbIX
j=1

neicTBuil  (Bo3mylueHuil). Bce aHomanbpHBIE sBIEHMs, MNpoLECCHl, O0Opa3oBaHUs, pPAa3BUTUSA

3aKOHOMEPHOCTEN KaTaKIM3MOB €CTh OTPaXEHMs JNeHCTBHMl 3Toi cymmbl. Ciywaercs 3To, Kornaa

4acTOThl 3JIEMEHTOB CJIaraéMbIX 3TOW CYMMBbI CTaHOBSTCS cousMepuMbiMH. Ilon BiusHuEeM cui

n 0
K(X,t)=ZFi(X,t)+ZRj(X,t) BCE Tela BO BCelneHHOM HaxXOomsTCs B COCTOSIHUH OTPOMHOIO
i=1 j=1
HanpspkeHus. TakoMy BO3JEHCTBYIO IOJIBEPraeTCs M XapaKTEpUCTUYECKHE MTOKA3aTeld PETMOHOB
MPOCTPAHCTBA. DTO OCOOEHHO YacTO HAONIOJAIOTCS B AHOMAJBHBIX SIBJICHHUSIX MPHUPOIBI, Kak
3eMJIETPSICEHHUS, U3BEPKEHUS BYJIKAHOB, LIYHAMH U T.J. HA IPUMEPE IIIaHEThl 3EMIIH.

CpaBHUTENBHBINM aHAU3 CTATUCTUYECKUX PE3yabTaToOB HAOMOneHNH Manbix Ten ComHeuHon
CUCTEMBI CBUICTEILCTBYIOT, YTO UX OPOUTHI B 3aBUCUMOCTHU OT WX HAYAIbHBIX YCIIOBUH U PETHOHOB
JIBUKEHUSIMOTYT OBITh pa3fielieHbl Ha JIB€ TPYMIbI: YCTOWYMBBIE M HeycTtoiuuBbie. CoriacHo
TeOpHH 00 YCTONYMBOCTU JIBUKCHUS,yCTOWYHMBBIE OPOHUTHI MPU MAaJBIX BO3MYIICHUSX,COXPAHSIIOT
CBOU COCTOSIHHS, B TO BpeMs KaK HEYyCTOWYHMBBIC OPOMTHI MOIBEPralOTCs TUCCUTIAIIMHA SHEPTHH H
CTaHOBATCA MPUYMUHON MPUCOSTUHEHUS C IPYTUMH 00bEKTaMU, Xa0COB U KaTacTpod.

AHanmM3 COBOKYIMHOCTH HAOJIOJAEMbIX CTAaTHCTHYECKUX 3aKOHOMEPHOCTeM u  (haKTOB
CBUJETEIbCTBYIOT, YTO IIPOCTPAHCTBO HBbIHE cyllecTByoUMi ColHEYHOW CHUCTEMBI MOIJIO
OBITH3aIOJIHEHbI HEKOTOPBIMU OCKOJIKAMU U MX ceMelicTBaMu. B Hacrtosiiee Bpemsi HaOIogaeMblie
LEHTpaJbHbIe KOH(PUTYypalluu, pa3iHuHbIe SBJICHHUSI U IMPOLECCH COOTBETCTBYIOT ACHCTBYIOUINM
3aKOHOMEPHOCTSIM pa3BUTHA. MareMaTH4ecKoe MOJEIUPOBAHUE JTUX IPOLIECCOB  SBIISETCS
€AMHCTBEHHBIM KJIIOUOM JUJISl PACKPBITUS MHOTMX HCTHH, BBIICHSIOIIMX Kak MpOILIOE, TaK U
Oynaylee HbIHE HAaOMIOAaeMbIX KOH(UTypanuii Ten, seneHuil u npoueccos. Kaxxnas yactuna Con-
HEYHOM CHCTEMBbl HAXOAWUTCSA B JABM)KEHMM O] BIUSHUEM CYMM CWJ, KaK CaMOH CHCTEMBI, TaK U
Bcell Bcenennoil. OmHM M3 HHMX MEHSIIOTCS HENPEPBIBHO, a JpYrHe, SBISAACH, CIEICTBUEM
pa3NUYHBIX Xa0COB M KaTracTpod HOCAT IUCKpeTHBINM XapakTtep. Pasnuunbie Tena ComHeuHOU
CUCTeMbl  OO0JaJaloT  pa3iMuYHBIMM ~ MaccaMH, pa3MepaMd, MeCTaMM, TeMIepaTypaMu,
COCTaBaMU,BHYTPEHHUMH CTPYKTYpaMH M BHEIIHUMHU (OpMaMu, U OHM HAXOJAATCA B PAa3IMUYHBIX
arperaTHbIX M 5SHepreTHyeckux cocrosHusx.Habmonaemoe cocrossuue COTHEYHOM CHUCTEMBI
SIBJISIETCSL CJIEICTBHEM 3aKOHOMEPHOCTEM Ppa3BUTUSA CHCTEMBI OCKOJIOK M HMX JBOJIIOIUHU 32 BCHO
BpeMs €€ CYIIECTBOBAHUS.

Takum 00pa3oM, poKJIeHHE U BONIOLUSA AUHAMHYECKOM CUCTEMbI MOKET OBITH CIIEJCTBHEM
MOMYJALUI OpOUT YCTOMUMBBIX W HEYCTOWYMBBIX MEPBUYHBIX OCKOJKOBH UX ceMeicTB. Kakmpiit
OCKOJIOK 00JIaJJal0T CBOMMM HMCXOJHBIMM XMMHYECKUM COCTaBaMHM U (PU3MUECKUMH MEPBUYHBIMU
napamerpamu. OHM ONpPENENAIOT UX MECTO B IPOCTPAHCTBE, & TAK)KE€ M yCTOMYMBOCTb WJIM HE
yCTOMYMBOCTh UX 0opOuUT. KoTopble CTaHOBMIMCH (DYHIAMEHTOM M CTPOUTENIBHBIM MaTepHUaioM
oOpazoBanust ConHIa M IUIaHET. 3aKOHOMEPHOCTSIMH Habopa Macc U BHYTPEHHUMH
SHEPreTUYEeCKUMH IPOLECCAMU YIPABJISAIOT CUJIbI IPUTSKEHUS U CHIIBI yiapoB 6oMOapaupoBok. B
pe3yabTaTe OCKOJIKU C YCTOWYMBBIMH OpPOMTaMH CO BPEMEHEM CTAaHOBSTCS MacCHBHEE 3a CUET
OCKOJIOK ¢ HeycToluuBbiMH opOutamu. B CosHeuHOW cHCTeMe BBISBIEHBI 00JIaCTe Kak
YCTOWYMBBIX, TaK U HEYCTOMYMBBIX JBWKEHUH U 0Opa3oBaHMil, T.e. PErHOHOB MOIYJSIIMMA
HeOecHbIX Tell. BenencTsue aToro u nosisuiach HaOmonaemast CosHedHasi cuctema. JTOT MpoLecc
MpOJOJKAeTCd M HbIHE B BHJAE NPUCOEIMHEHUS M OOMOApIUpOBOK MAalbIMH TeIaMH M HX
cemericrBamu CoJIHIIA U IUTAHET, B TOM YHUCIIE H 3€MIIH.
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Acanosa Odeans,

JAOLEHT, KAaHAMAAT (PU3NKO-MATEMATHYECKUX HAYK
BakuHckHuil rocy1apcTBeHHbINH YHHBEPCUTET
aahmad07@rambler.ru

HcciienoBanue rpaHUYHOMN 3aa4M co/iepsKalledl B TPAHUYHBIX YCJIOBUSX CTeNeHH
KOMILIEKCHOI0 MapamMeTpa

PaccmaTpuBaercs 3a1aua HaX0KCHUS PELIEHNs YpaBHEHUS

52, A2y 029 (x 2) = f(x, A) (1)
k=0

YAOBJICTBOPAIOUICTO I'PAHUYHBIM YCJIOBUAM

5 —
L) = 2a, (YO O+ L (YLD =0,().  (=16) 2
rae  koddduumeHTH a, (k= 073) YPAaBHEHUSA SABILIOTCA IIOCTOSAHHBIMH 4YHCIIAMH, a

a,c(A); B (A) (u=1,_6; k =0,5)-MHOrowieHsl KOMIUIEKCHOro mnapamerpa A. Kpome Toro,

pealbHble YAaCTU KOPHEM XapaKTEpHUCTHUYECKOTO YpaBHEHHS a;0° — a0’ +a,fv—a, =0umm
OTpULATENIbHBl WM paBHbl Hymo. [lpaBele 4YacTH ypaBHEHHS W TPAHUYHBIX YCIOBUM

f(x,4), o (1) (k =1,_6) SIBIISTIOTCS aHATMTHYECKUMU QYHKIIUSAMU 10 A B 001acTu

R; ={A:|2|>R, } npu x<(0;1).

argis£+5
4

3agaua (1),(2) pemaercs METOOM TEOPUM NOTEHIMANIOB. PelieHue MILeTcss B BUAE CYMMBbI
CHeHabHBIX MOTEHLMAIOB, C TIOMOIIbIO KOTOPBIX 3aaaya (1),(2) cBOAUTCS K PELIEHUIO0 CUCTEMBbI
anreOpanyeckux ypaBHEHUI, OTHOCUTEIbHO HEM3BECTHBIX IUNIOTHOCTEN 3TUX MOTEHIHAJIOB, T.€.

y(x,2) = kzw (% 2) 1 (), 3)

rne, W, (X,4) sapa NOTEHUHUAIOB, KOTOPbIE CTPOUTCS C MOMOIIbIO (PYHAAMEHTAIBHOIO PELICHUs
ypaBHeHus (1), onpenensieMoro GpopmyIioii:

x4 A4 A4

P(X—& 1) = ——{ ! e VU4 1 e 2 4 L e V2 ) (4)

2% (v, —0,) (V) —vy) (v; =) (L; — ) (V3 —v) (V3 —vy)

1 4acTHBIX pemeHuit ypasHenus (1). A g, (1) (k=16) Heu3BecTHbIE MJIOTHOCTH MMOTEHIIMATIOB.

[loncraBnsss (3) B rpaHuuHble ycnoBUS (2), OTHOCHUTENBHO 4 (A) (k:1,_6), MTOJTyYUM
cUCTeMY aJireOpanvyecKiX ypaBHEHUN:

1,0, (% D) (D =, () (5)

HenocpencTBeHHolt mpoBepkod J0OKa3bIBaeTCs, YTO CHCTeMa YypaBHeHuUM (5) coBmecTUMa,
CJIEJOBATEIbHO, OHA UMEET EIMHCTBEHHOE PELIEHUE. A 3TO JI0Ka3bIBAaET CYIIECTBOBAHUE PELICHUS
3amauu (1),(2).
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AcaanoB I'amupyJiia,

JOKTOP (PM3UKO-MaTeMATHYEeCKUX HAYK, Ipodeccop
I'yceitnoB 3adap,

KAHIMJIAHT QU3MKO-MATEMATHYECKUX HAYK, JOLEHT
HNHCTUTYT MAaTEeMATHKH M MEXaHMKH HAH a3epOaiizkaHa
CyMraurckuii rocy1apcTBeHHbIil YHUBEPCUTET
aslanov.50@mail.ru

huseynov_zg@mail.ru

O noJTHOTEe ABOWHON CHCTEMBI IKCIIOHEHT ¢ KOMILJIEKCHBIMH KO3()PUIHEeHTAMH B
npocrpaHcTBax Jledera ¢ mepeMeHHBIM MOKa3aTeieM CyMMHPYEMOCTH

PaCCManI/IBaeTCH IIOJIHOTA CUCTEMBbI DKCIIOHECHT C 06H_II/IMI/I KOMIIJICKCHBIMHA KOB(b(i)I/IHI/IeHTaMI/I B

npocrpancteax L, . Bompoc MOJIHOTHl MPUBOAMTCA K TPHUBHAIBHON  pa3pemuMOCTH

. . N _
COOTBETCTBYIOLICH OAHOPOAHOI 3aqaun Pumana B kimaccax, H, < H, rzre q(t) compsukennas K

p(t) dynxums.
PaccmoTpuM cnenyromyro CuCTeMbl SKCIIOHEHT

{A(t)eintB(t)efi(nﬂ)t }neh ’ (1)
rie Alt)= |A(t)|ei“(t); B(t)= |B(t)|eiﬂ ) _koMmIeKkcHO3HAYHbIE HA [— T, 7[] ¢byakmuu. bygem

paccmatpuBarhk noaHOTYy cucteMmbl (1) B mpoctpanctee L,y . Conpsikennoe k Lpt MPOCTPAHCTBO

1 1
M30METPUYECKH H30MOpGHA IpOCTpaHcTBy L, :

_+_
©op()  q(t)

npoctpancTee L, okBuBanenta pasenctBy Hymo moOod ¢ynkumm f(t) ms L, nns xoropoit

=1. IlosTomy monHoTa cucremsl (1) B

HMCHOT MECTO COOTHOIIICHUA
[A®e™ f(t)dt =0, [B(t)e ™ f (t)dt=0, VneZ.. ()

Hpe,Z[HOJ'IO)KI/IM, YTO BBIIMTOJIHCHO CJICAYIOIIEC OCHOBHOC YCIOBUC

e?:ssu]p{A(t)|+1;|B(t)|+l}< % (3)

Hwmeer mecTo crienyromas Teopema.
Teopema. Ilycts  p(t):1<p <p(t)<p’ <o, plt)eWL u  KOMIUICKCHO3HAYHBIC
koo durmentor A(t) u B(t) ymosnerBopsitot ycmouio (3). Torma cucrema sxcroneHt (1) moina B

npoctpancTe L, Tosbko B TOM ciyuae, eciu 3anava Pumana

F'(r)-G(z)F (r)=0, rel
F~(0)=0
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TPUBHUAIILHO pa3pelinma B Kiraccax (H q-aHq ) 3aeck pynkiuun F*(7) uF ™ (7) ompenenstores ¢

NOMOIIBI0 TPAaHUYHBIX 3HAYCHUHN f'(¢z) m f (r)pysaxkuun f(t) wa rpammme I a
G(r)= M, rel.
B(arg 7)

AciaanoB I'amupnyJiuia,

AOKTOP-(pU3MKO MaTeMaTHYeCKUX HAYK, mpodeccor
I'acanoB Meiipys3,

KAHIMAAT -(PU3MKO MaTeMATHYECKUX HAYK, TOLEHT
CyJaeiimanoB Ceiimyp,

AOKTOp (pujiocopuu mo mareMaTuke
Arpxadenuucknil puaunan AI'TTY

HNHCTUTYT MATEMATHKHM M MEXaHMKHN HAH a3epOaiinKkaHa
bakuHckuii rocy1apcTBeHHbI YHUBEPCUTET
aslanov.50@mail.ru

feyruz.hasanov@inbox.ru
seymursuleymanov7l@mail.ru

00 0000menHOM pemieHue 3agaun HeiiMana 1J1s1 3JUTMNITHYECKUX YPABHEHUI
BTOPOI0 NMOPSI/IKA B MHOTOMEPHOM CJi0€

Pacemorpum ciioit TT=1{2/2=(2, Zy,..., 2, Zy o Zyy )} THE
X=X\ Xgreos %) =(20, 250, Z,) ER™, Y =(Y1, Yoreos Vi) = (Zoagreos Zyi ) €Q, Q. OrpaHnyeHHas
001aCTh C JIMIIIUICBOM IpaHuliei 0C2 B R n+k=m.

B o6nactu IT=R" xQ paccMoTpuM ypaBHEHHE

n+k i a_U _ n+k i (1)
”Z:; oz, (aij (2) 5Zj j = ; az,
C xpaeBbIM ycioBueM Heiimana Ha 0C2
L] i f,(z)cos(nz,) (2)
ov o j=n+l

rJie V -HalpaBJicHHe BHEUIHEH KoHOpMau K 0Q) .
VYpaBHenue (1) cuuTaercs JUIMNTHYECKUMH, T.C.
n+k
mie” <Y a;(2)&&, M|&[°, zell, £eR™
ij=1
O0<m<M, g;(2)a;(z)

B kauectBe pemenue 3amaun (1),(2) paccmarpuBaercs o000meHHble pemeHus. O0001IeHHbIM
pemieHneM ypaBHeHHUs (1) ¢ kpaeBbIM ycioBueM (2) Has3biBaeTcs (QyHKUUS U(Z) Takas, 4TO
u(z) eW,(I1,) npu moGom a, rae IT, ={z|zell,|x|<a} u

n+k n
—zjaij(z)a—“.a—‘/’dz=j fo(2)y (2)dz - | f(2) Yz 3)
ij=1r1 aZ1 621' I =11y azi

KakoBo 6wl He 66110 1(Z), w(2) eW, (IT), w(z) =0 ans |X|>a npu HekoTOpoMa.

OyHKIIMOHAIBHBIM METOJIOM, KCIIOJIb3YSl HEPAaBEHCTBO Xapau JIOKa3bIBaeTCS Cleayrolas
TeopeMa CyIIeCTBOBAHUSI.
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Teopeva. Ecnm n>2, f(2)eL,(M),i=12.,n u [@+|xF)f2(@)dz<0, 10 cymectnyer
11
pemenue 3agauu (1),(2) Takoe, yTo

Hlxl | i=1 1

rneCoT Z He 3aBUCHUT.

[ERC {Z@_j }d“cf X f3(2)dz +C3 13 (2)dz

AciaanoB 'amupayJiia,

AOKTOP (pn3nko-MaTeMaTH4eCKHX HayK, npodeccop
JiiBasziasl I'one,

AUCCEPTAHT

Hucturyr Matematuku u Mexannku HAH A3sepo6aiigxana
Cymrantckuii I'ocyrapcTBeHHbI Y HUBepcUTeT
aslanov.50@mail.ru

riyazianalizl@gmail.com

Hpnnaunemuoch P€30JbBCHTLI OIIEPATOPHOI'0 YPAaBHEHUS BBLICOKOT'0
MOPAAKA HA KOHEYHOM O0TPE3KE K KJIACCy O,

B mpoctpanctBe LZ(H [0, ﬂ])paCCMOTpI/IMOHGPaTop L , MOpOXKIEHHBIN BEIPAKEHUEM

1(y)=(=D"y*” +Q(x)y, (1)
Y TPAaHUYHBIMH YCIIOBUSIMU
{y“’w): y*(0)=... = y*?(0) =0 2
y(m)=y" (1) =...= y*" P () = 0.
[Ipeanonaraercsi, uro omnepaTopHbii Kodhdumuent Q(X) yIOBIETBOPSET  CIEAYIOUIUM

YCIIOBHSIM:
1)Omneparopsl Q(X) mpu kaxaom Xe|[0,7] sBIIETCS CaMOCONPSKEHHBIMH, OPTaHUYHBIMU

cHu3y oneparopamu T.. (Q(x)f, f)>(f, f) g Bcex x e D(Q).
2) TIpu Beex X€e][0,7] Q'(X) sBmsercs BmomHe HEIpEepBIBHBIMUA  oreparopoM. Ilycts
o (X) <a,(X) <., (X) <... coOcTBennble 3HayeHus omeparopa Q(X) B MOpSIAKE BO3pPACTAHUS,

1-4n

0

OTHOCHTEJIBHO KOTOPBHIX MPEJNOJIAraeTcs, 4to OHM H3MepuMble dyHkimu. Pax D o 2" (X)
k=1

cxomurest ipu Beex X € [0, 7] u ero cymma F(x) e L [0, 7].

2n+1

3) [pu |x—§|£1H[Q(x)—Q(§)]Q‘a(x)HHSAIX—5|, o<a< , A>0.

4) Ipu [x—¢[>1 <B, rae Jmg, =min{Jme, >0, &¥" =1}

Q&) exp {— ‘"251 X —leZ%x)J

W3 ycnoBuid, HaJOKEHHBIX Ha onepaTopHble PyHKIuM Q(X) ciemyer, 4To, CIIEKTp omepaTopa

L sBasercs auckperHbIMH. Ilycte A, A,,..., A,,... SBISIOTCS COOCTBEHHBIMH 3HAYCHHSMU

Co 7114~ o)
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omepatopa L B mopsake ux pocrta. Tak kak L HeEOrpaHUYEHHBIM ONEpaTrop, MO 3TOMY IpHU
n— oo, 4, — 0.

Jloka3zpiBaeTcs cienyrolias TeopemMa.
Teopema. Ecnu omepatopubiii koddpdumuent Q(X) ymosierBopsitor ycimoBusim (1)-(4), To

0
CXOIUTCS pst—z, T.e. orieparop L siBisiercst onepatopoM Tumna I miapbepra-IlImuara.
k=1

Bannaiaues PoBmian,

npodgeccop HaHa, JOKTOP HAYK MO0 MaTeMaTHKe

Anuena /lynbs,

MAarucTp

Hucturyr Matemartuku u Mexannku HAH AzepOaiigkana
aliyeva_dunya8@mail.ru

bandaliyevr@gmail.com

BecoBble HepaBeHCTBa IS oneparopa Xaycaopgda B mpocrpancTe Jledera

OnHa W3 OCHOBHBIX 33/1a4 TAPMOHUYECKOTO aHAJIM3a SBISIETCS M3YYCHHUE OTPAaHWUYCHHOCTH
HEKOTOPBIX OINEPaTopoB B pa3WYHBIX (DYHKIMOHANBIHBIX IPOCTPAHCTBaX. B wactHOCTH,
IMOABJCTCA  BOIIPOC HN3YUCHUA JIMHEMHBIX orepaTopoB B KOHKPCTHBIX 0aHaxOBBIX
(GYHKIIMOHAJBIHBIX MpPOCTpaHCTBaX. Takue 3amaud TOSBISIOTCS M3 IMOTPEOHOCTH BHYTPEHHUX
3aJad TEOPHH OIEPaTOpPOB MM C TOYKH 3peHus auddepeHynansHeix ypaBHeHui . [Ipumep x
TAaKUM JIMHEHHBIM OINEPAaTOPOM MOXKET CIYXHUThb omnepatop Xaycaopda. DTOT MHTErpajbHbIN
oIepaTop IIyOOKO YKOPEHEH B HM3YYCHHH OJHOMEpHOro aHaimu3a Pypbe M CTan CyIIeCTBEHHOU
YacThI0 COBPEMEHHOTO TapMOHHMYECKOTO aHajiu3a. B~ 9acTHOCTH, OH TECHO CBSI3aH C
CYMMHUPYEMOCTBIO KIaCCUYECKUX pA0B Dypre.

[lyctey ¢yskmmm ¢ w3z f  onpemenenst Ha (0,00), 1€6ETOBO M3MEPHUMBI U HMPUHUMAIOT

[ .
BEIIECTBEHHBIC 3HAUEHUsL. [IpeIoKuM , uTo ¢ € Lloc(O, 00) U PaCCMOTPUM HMHTETPAJIbHBINA ONIEPATOP
OTIpeIeNICHHBIN CIeIYIIUM 00pa3oM :
X

e
H, (H(x) = [ Tyf (y)dy (1)

JlunelHbIil omepaTtop ompeneneHHbI paBeHCTBOM (1) HaszbiBaeTcsi omepaTtopoM Xaycnopda
Ilyctb wBecoBast ¢yHkius omnpeneneHHas Ha (0,00), T.e. @€ I_'1°°(0,00) u a)(x)>0 n.B.X>0
Uepes L,.,(0,00) obGo3naunm Becosoe mpocTpanctBo  Jlebera cocrosmii 3 1e6EroBo

U3MepUMBIX GyHKIUU f Takux , 4TO

p

@ p
[, o =| JIF O] @()dx | <0, 1<p<en

w(00)
0
Tenepr npuBeeM OCHOBHBIE PE3YJIbTAThI AOKJIAA.
Teopema 1. Ilycthl< p<oo, UM V BecoBble ¢GyHKIMM onpeneneHHble Ha (0,0) .

| o . .
[Mpenmonoxum , 910 @€ |_1°C(0, OO)I/IHBJ'ISIGTCSI HEOTPHUIIATSIIFHON (PYHKIMEHyI0BICTBOPSIIOIICH
YCIIOBHUIO
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P - V(xy)
=2 dy < oo, f 0.
y x>0 u(x) y <o, rae Ixrlo u(x) >

Hycte oneparop H, orpanuyenno aeiictyer u3 npocrpancrtea L, (0,00) B mpocrpancTso
Loy (0,) . Torma

H >
2L, (0,0) L, (0,0)

Teopema 2 .Ilycte 1< p < oo U V HeBo3pacTaromias BecoBasi GyHKIMs onpeaenennas Ha (0, o) .

[peamnonoxum , 4to @ € L'fc (0, OO) 1 BecoBast PYHKIHMS V yIOBIETBOPSIOT CIETYIOIIUM YCIOBUSIM:

1

2 S C
1) j’@y Pdy <co M CYLIECTBYET MOJOXUTENbHAS TOCTOsHHAsA C, Takas , 4TO ¢(t) < Tl
0

JUIsuIrI060ro t > %;

1

2) supﬁ%dx}pﬁv(x)lp dep <oo.

t>0
Torna oneparop H, orpannyeHHo neiictByer B mnpocrpancree L, (0,0) u cymecTByer

noNoXkuTeNbHAs nmoctosHHas C takas , uro ayis modoro f e L (0,00) uMeeT mMecTo HEpaBEHCTBO

HH¢ f Loy (0,) < C” f ||prv(01w) '

[TyOnukanus BbImoidHeHa npu ¢uHaHCOBOW monanepxkke MunoOpHayku Poccun (CornamenueN
02.a203.21.0008) u ipu puHaHCOBOM Noaepkke 1-ro AzepOaiimkano — POCCHICKOrO COBMECTHOTO
MEXTYHAPOIHOTO KOHKypca TPaHTOB

(Grant N EIF -BGM —4—-RFTF —1/2017 -21/01/1).

TI'aceimoB I'ycamenaun,

AOLEHT, KAaHAUAAT (PU3NKO-MATEeMATHYECKUX HAYK
Calyxu AOay/uiaes,

npemnoaasare/b

bakuHcKkHi rocy1apcTBEeHHOM YHHBEPCUTET

sebuhi-bdu@mail.ru
husameddin.qasimov@gmail.com

O ¢yHKTOpE CBA3BIBAIONIUM KATErOpus ajared0pouion
JIu ¢ xareropueii rpynnouaos Jin

Kak u3BecTHO, M3ydyeHHE XapaKTEpOB IOCIYKUJIO PA3BUTHUIO TEOPUM KOHEUHBIX TPYII U
KOHEYHOMEPHBIX IpEICTaBICHUN. Jlanee, omepanus yCpeAHEHHE IO TPYIIE M CIUICTAIOLUe
ONepaTopsl HENPUBOJUMBIX MNPEICTAaBICHUN IpuBenmend K u3BecTHoOW JsieMMe Illypa cBszaim
TEOPHIO MPEICTABICHUS KOHEYHBIX TPYNI C TeopHel KoHeYyHOMepHBIX anreOp. Tomonorusanms
9TOTO HAINPABIIEHUs CTAJIO U3YYEHHE MPEICTABICHUM KOMITAKTHBIX IPYIIL. BaXHbIMUpE3yIbTaTaMu
B 9TOM HAIlpaBJICHUHU SIBIAIOTCS TeopeMbl Xaapa-(hoH Heilmana o cyiecTBOBaHMM MHBapUaHTHOU
Mepbl. Ocobyto poinb urpaer teopema Ilerepa-Beiins o mosHOTE cHCTEMBI KOHEYHOMEPHBIX
npencrapnennid. Onu  Kapranom wu  Beitiem Obio mocTpoeHa Teopus KOHEYHOMEPHBIX
npenctaBieHuii nonynpocteix rpynn Jlu. Jlanee, ¢ pa3BuTHeM Teopun OECKOHEYHOMEPHBIX
MPEJCTaBICHUH HEKOMITAKTHBIX TPYII MapayieIbHO CcTpowiachk Teopus rpynn Jlu u anredp Jlu.
W3BecTHast cBA3b MOJIHOM JMHENHHOU rpynmnoi GL(n)C anredpoii matpuiy M (n) siBiseTcst IpUMEpoM
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CBSI3M MeXay rpynnamu u anreOpamu JIu. Ha camom gene 3Ty CBA3b MOXKHO ONMUCATh Ha SI3bIKE
KaTeropuii.

Ob6aznaunmGroupLlie - xareroputo rpynn Jlu, a yepesAlgebra Lie- xareroputo anre6p Jlu.
IIycte G -rpynma Jlu, G € GrouplLie. IlpoctpanctBo g = VectGriagkux BEKTOPHBIX MOJICH Ha
rpynne JIu GsBnsercs anreOpoii JIu 0OTHOCHTENBHO Ollpeanyu

[A1, Az]= DAy — Axh
(ckoOka xommyTaruu auddepeHpoBanuii aredpsl g ). Takum obOpa3zom kaxmou rpymme JInG

conocroBisieTcst anredbpa Jln g. Kaxxgomy romomopdusmy ¢:G; = G,CONOCTaBUM IPOU3BOIHOE
oToOpaXkeHHe @, KOTOpoe ABIseTCS roMoMophuzMom anredp Ju.
Tenep nocTporuM Kareropuu rpynnou1oB 1 aareopou1os Jiu.

IIycte M rnamkoe mHorooOpasue. PaccmMorpum — BekTOpHOE paccioeHne m:g—> M u

a: g = TMua3siBaembliiankopoM, Tae T'M kacatenbHoe MHoOrooOpasme. Ecim s OuimHEHHOM
CKOOKH

[,]:T(g) X T'(g) = I'(g)
BBITITOJIHACTCA yCJ'IOBI/Ie
1L a(x,y]) = [a(x),a(y)];
2. [x,fO] = flx,yl +a(x)(Ny,

st kaxaoro X,y € I'(g) u f € C*(M).

Torna Tpoiika m: g — M Ha3biBaeTcs anredpousom Hax 6a3oif M. [lanee ecrecTBeHHBIM 00pa3oM
ornpenensercss MophuzMbl areOpouoB Haj 6asoii M. Mtak mocTpoeHa KaTeropus anreOpouaoB
Hajg 6a3oii M. MOXHO pacHIMPUT ATy KOHCTPYKIIUIO H IMMOCTPOUTH KATETOPHUIO BCEXaITeOpOUIOB,
KoTopyto obo3HauuMm AlgebroidLlie.

[lonstne rpymmouga sBIseTcs 000OmMIEHWEM TOHSATHS Tpynnbsl. Hampumep B Teopuu
KaTeropuii KaTeropusi B KOTOPOH Bce MOP(MU3MBI SBISIOTCS HU30MOp(HU3MaMu  SBISIETCS
rpynmnoujioM. B Hamem ciydae paccMOTpuM jaBa MHorooOpasuss Ob u Mor Kak MHOXECTBO
O00BEKTOB M MHOXECTBO MOP(H3MOB HEKOTOPOH HOBOH Kareropuu. Jlajmee morpedyem, 4TO ABE
OTIEPALMU COMOCTOBIISIONINE KAKIOMY MOP(HU3MY €ro HadyalbHbIH U KOHEYHBIH 0OBEKT

p:Mor - Obu o:Mor - 0Ob

ABJSIOTCS rnagkumu. U Tak, rpynnous JIu siBisercst rpynmnouioM NocTpOEHHON KaTerOpuH.
MOHO TIOCTPOHUTH KaTErOPUIO BCEX TPYNIIOUAO0B, KOTOPYI0 0003HaunM GroupoidLlie.

O060061mas uaew conocTaBieHus Kaxaoi rpynne JIu ero anredpy JIu, Mbl Moixy4um, 4TO
Kaxaomy rpynnony Jlu coorserctByet anrebpous JIu.  Takum o0Opa3oM MbI MOKEM ONpPEAEIUTh

(ymxrop
Algebroidlie — Grouppoidlie.

Kynaunes I'amuer,

AOKTOP (pM3MKO-MaTeMaTHYECKHX HAYK, podeccop
I'apsxueBa Pyxanrus,

KAHAUAAT (PU3MKO-MATEMATHYECCKNX HAYK
AckepoB Unpak,

IOKTOp (puiiocopuu nmo MmareMaTukKe
bakuHckHuil rocy1apcTBeHHbIH YHHBEPCHTET
JIeHKOpaHCKNH roCyAapCTBEHHbIH YHUBEPCUTET
fermanogluhamlet@gmail.com
rhaciyeva74@gmail.com
idrakasgerov@gmail.com


mailto:fermanogluhamlet@gmail.com
mailto:rhaciyeva74@gmail.com
mailto:idrakasgerov@gmail.com

00 onpenenenun miaaamero ko3guureHTa runepo0JIM4YecKoro
YPaBHeHHsI BTOPOI0 MOPSAIKA ¢ HEJIOKAJIbHBIM YCJI0BHEM

B pabore paccmarpuBaercs 3amada ompeaenenus mapel  pyakmmi - (U(X, 1), X)) €

W, (Q) xV u3 ciielyromux CoOTHOMEHH

ztz‘,j _izl:@i;i(v(x)gx_ﬂ = f(xt) B Q=Qx(0T), (1)
wnmzud@,afgmzqhu)g Q, )
Zn:\/(x)%cos(v,xi)= j K(x y,Hu(y,t)dy ma S, 3)

u(x,T) = 7(x), 4)

rme S=0Qx(0,T) - 6okoas nosepxnocts mummnapa Q, f e L,(Q), u, eW, (Q), u, € L,(Q),
K e C(6Qx Q_T) , 7 €W, (Q) - 3anannble GyHKIHH,

\Y ={V(X) eW, (Q):v, <(X) < 1y,

ov
—|<u,
M

i=12,...,N m[moYTH BCIOAY Ha Q}, (5)

Vs Moy Ly ey 1, 38JTAHHBIC TIOJIOKUTEIBHbIC YUCIIA, @ V HOPMAJIb K rpaHuie .

@Oyukiuo (X) Ha30BeM yrpaBieHueM, a V - KjaccaM JA0IYCTUMBIX YIPABIEHHUIA.

DTa 3amaya TPUBOAMTCA K 3ajade ONTHMAILHOTO YIpaBIEHUs, T.€. TpeOyercs HalTH
byuxmuro MX) u3 V , Takyro, uTo oHa BMecte ¢ pemenueM U(X,t;V) samaun (1)-(3) mocrasisier
MHHMMYM (YHKIHOHAITY

1Y) = [[u(xT: V) — 2 ()] dx, (6)

rae U=U(Xt;V) - perrenue 3agaun (1)-(3)6 cooTBeTcTBYyIOIIEE ypaBieHHI0 X) .

OtMerum, uto Mexay 3anadamu (1)-(3),(5),(6) u (1)-(5) cymiecTByeT TecHas CBA3b, T.€. €CIU
B 3axade (1)-(3),(5),(6) min 1(VM) =0, To qononuuTensHOe yenoBue (4) BBITOIHAETCS.

Jlnst omycTUMOTo yripaBieHus: V(X) BBeIEeM CONMPSUKEHHYIO 33/1a4y:

aatvz/ —iz::axii(\/(x)g—ZJ = a‘LK(é, x (& ds, (x1)€Q, (7)
y(x,T)=0, %z—Z[u(x,T;V)—Z(X)], xeQ (8)

—0. ©)

S

iv(x)gx—wcos(v, X;)

Jloka3bIBarOTCs CIEAYIONINe TEOPEMBI.
Teopema 1. [lycTh BBINOJHEHBI BBILIE IMpeAINoiaraeMble YCIOBUS Ha JaHHbIEe 3aaayu (1)-
(3),(5),(6). Torma ¢dyakuonan (6) HempepbiBHO auddepennupyem no dpeme HAa V U ero

maddepenmman B Touke V npu npupamennn Ve W, (Q) onpenensercs BHpaKeHHEM

, " AU Oy
<‘] (VO),é\/}: . th
[E5 o
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Teopema 2. [IycTh BBITIOJHEHHBIE BHIIIE MPEIIOIaracMbIeyCIOBUs Ha AaHHBIC 3aaaun (1)-
(3),(5),(6). Torma ms ontuMansHocTH yupasienuss MX) €V B 3agade (1)-(3),(5),(6) HE0OOXO0AMMO,
YTOOBI BBIMOJIHSIOCH HEPABEHCTBO

D OU. (X, 1) Ow. (X,t)
izll o o (V(x) — V. (x))dxdt > 0
mns mo6oro V=MX) €V,

rac

U.(x,t) =u(x,t; L),

w.(X,1) =w(X,t;\L)
pettenus 3anay (1)-(3) u (7)-(9) coorsercrBenno mpu V=V, (X).

Kyimes I'amaer,

npogeccop, 10KTOp GU3NKOMATEMATHYECKHUX HAYK
TarueB Xukmer,

IOKTOP pustocopun mo MaTeMaTUKHA

BakuHckuil rocy1apcTBeHHbIH YHHBEPCUTET
tagiyevht@gmail.com

hkuliyev@rambler.ru

OO0 onpenenenun crapiiero ko3¢ @uiueHTa BOJITHOBOI0 YPaBHEHH S
€ HeJIOKAJIbHBIM YCJI0BHEM

B pabote paccMaTrpuBaeTcs 3aJava ornpeaeneHus napbl byHKIUI

(u(x,1),3(x)) eW21 (Q)xV u3 crenyrommx COOTHOIEHHM

azu

—Z—Au+3(x)u: f(x,t) BQ=Qx(0,T), (1)
ot

U(%,0) = uo(x),au(x’o) —u (0. xeQ, @)
ou

8_1/ S :éK(X! y)U(y,t)dy B 81 (3)
ux,T)=g(x), xeQ, 4)

snecs, QeR" -orpaHdYeHHas 00macTh ¢ rimagkod rpamuieir 0Q, S =0Qx(0,T)-60okoBast

MOBEPXHOCTh IuiuHApa Q, v -BHemHss HOopMaib K Tpanune OQ, f e L2 Q) uO(X) EW%(Q),

U (%) € Ly(9), K(xy) e L (@xQ), g(¥) eW1 (Q) -sanannas bymmm.
2
3anauy (1)-(4) npuBoaAMM K CIEAYIOIIEH 3a/Ja4ye ONTHMAILHOTO YIPABICHUS: HAUTH TaKyrO
¢byaknuo F(X) U3 MHOKECTBA

< ,ui,i =12,...,.,N noumu écrooy HaQ}, (5)
|

Ce 11999
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KOTOpasi JOCTaBJIsIET MUHUMYM (DYHKIIMOHAITY

39) =L T 9) - g(x))%dx (6)
20

npu orpannuenusx (1)-(3), rae u(x,t;9) pemenne 3agaun (1)-(3) mpu I =3(X), Vg1 Mo Hy e Hn

3a/IaHHbIE YHCIIA.
Otrmerum, ato ecr Min | ($) =0, To gomonHUTEIBHOE YCIOBHE (4) BBIMTOIHIETCS.

B wmoBoii 3amaue (1)-(3),(5),(6) mokaseiBacTcs uTO (GYHKIHMOHAT HEMPEPHIBHO
maddepenmmpyem mo Ppeire W BBIBOIUTCA HEOOXOAUMOE YCIIOBHE ONTHMAIBHOCTH B BHIIC
BapHAIMOHHOTO HEPABCHCTBA.

MamenoBa Ha3zaker,

AOKTOp pujiocopun mo MmareMaTuke, J0HEHT
Kyp6anos ®yan,

CTApPIIN NpenogaBaTeib

BakuHckuii rocy1apcTBeHHbI YHUBEPCUTET

fndu@bk.ru
nmM9194@hotmail.com

I/ITepaIII/IOHHI)Iﬁ METOA BbIYUC/ICHUSA COOCTBEHHBIX 3HAYEHUH
omepartropa Jlanjiaca ¢ He4YeTKUMH IrPaHHYHBIMHU YCJI0BUAMH

PaCCManI/IBaeTCH cJIeayronasa 3ajia4da Ha COOCTBEHHBIE 3HAYECHUS IJIA oIeparopa Jlamnaca:
Au+u=0 (x,y)eD
u|r =0

3mecs I sBnsercsa rpammueit obmactu D cocrosimieil U3 00bEAMHEHUS IPAMOYTOJIBHBIX

oOJacrei.
0 sBnsieTCs HEUYESTKUM HYyJIEeM TPEyroJIbHOTO BUA:

1)

6=(-h,0,h)
rac, HOCUTCIIEM ABJIACTCA OTPE30K [— h, h]
x+h ,—h<x<0
n

0(x)= X_hh,0<xsh

0, x<h,x>h

[TycTh MHOYKECTBO YHCEI {ai }?:1 pa3OuBaeT OTPE30K [0,1] Ha N yacTeii:
O<g<a,<..<a,<1
Bynem paccMaTpuBaTh ¢ yPOBHH HEUETKOro umcia 6 :
0% = (x| 0(x)> ).
JUtst KaKIOro ¢ MOXEM IOCTAaBUTH IBE 3aJa4i Ha COOCTBCHHBIC 3HAUYCHHS [UIs OllepaTopa
Jlammaca. 3anmava (1) paccmarpuBaercss Ha BHyTpeHHem oOmacth D;,u wa Buemnem D,

OTHOCHTENBbHO obmactu D | D, cDcD,.

Co 77120~ oD
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Jns perienusd 3a1a4 OpeajiaraeTcsi UTEparmOHHBIA METO/I.
[locne mpuMEHEHHMS HUTEPAllMOHHOTO METOJa  MOJY4YeHbl [Ba Habopa MPHOIMKEHHBIX

cOOCTBEHHBIX 3HAYCHNUH omeparopa Jlamiaca ayist Kax0ro ¢ ypoBHSL:
{ﬂ,a' }_1, {ﬁ,a' } 4, rmelsm< k

k
{Zm }m:1 HpI/I6J'II/I}KCHHI)IC COOCTBEHHBIE 3HAYEHUS 3aJa4dn BBIYUCJICHHBIC HUTEPALIMOHHBIM

METOJIOM .
Takum 00pa3oM,OTYy4eHBl MHOXECTBO MPUOIMKCHHBIX HEUETKUX COOCTBEHHBIX 3HAYCHHIA

3amaun (1).
b s = Ol 2 20 |

MamenoB MaromenaJu,

AOKTOP puiiocopun mo MmareMaruke, J0LEHT
Cyaeiimanos Ceiimyp,

AOKTOp (puiiocopuu mo MmareMaTuke
JdamamoB UnHIrns,

CTPALIMIA NPenoaaBarTeib
integral-59@mail.ru
seymursuleymanov7li@mail.ru
dadashov.57@mail.ru

CyMrauTckuii rocyiapcTBeHHbIii YHUBEPCUTET
Arpxadennucknii puauan AI'TTY
Hlamaxunckuil puianan ALY

HccnenoBanue moJIHOTHI 3JIEMEHTAPHBIX pelleHU HAYAJIbHO-KPaeBoOi
3aa44 JJIs1 Napa0oJMYeCKUX ypaBHEeHUH

PaccMmoTpuM HayanbHO KpaeByro 3ajauy /Ui NapaboIMYecKoro ypaBHEHUS

au(t, x o*"u(t,x) 2aml ofu(t, x
62 o T2 50, 00 P40 2o, @
ot
Lu=a,u™(t,0)+ B u™(t1)+ zvavpugmv)(t, X )+T,u(t) =0, @)
p=1
v=1+2m
u(0,%) = p(x) )
rie X, € (01),m, £2m,n COOTBETCTBYIOLIYIO CHEKTPATBHYIO 3aJady
2m-1
Au(x) +aum(x) + > a (xu(x)=0 (4)
k=0
Lu=0, v=1+2m ()
byHKIMS BUAAQ
y) £ it
it
u;(t,x)=e Eujo(x)+mujl(x)+...Jruj.kj(x) (6)

SBnsiercs >meMeHTapHbIM perieHueM 3aaauu (1)-(3) Toraa m TOJABKO TOrAa, KOTrja CUCTEMA
dymxmmit — Ujo;(X),Uj (X)), U i, (X) sBysieTcss  1lemOYKOM KOpHEBBIX GyHKIMA 3amaun (4),(5),

COOTBETCTBYIOIIECH COOCTBEHHOMY 3HAYEHUIO A i
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Nwmeer mecTo
Teopema. Ilycts :
1) a(x)=0, a(x)eC[0]], a(x)eL[0]], k=0+2m-1

T T
2) |arg a(x)|<5, €caM M 4eTHoe; [arg a(x)|>5, €CIM M HEYETHOE;

3)
my my m m
a0, e Oy by, - P,
A= #0;

Mam mym Mam mym

a2ma)l aZma)m 2ma)m+1 ﬂZma)Zm
iZ i”(2m-1)
m .

rie o, =1 w,=e",..,e ;
4) Ilpu HekotopoM (| € [1,0) dyHKIMOHAIB! T, HENPEPHIBHBI B qu” 0,);
5) @, eW,/"((0)L,u=0,v=1+2m);
Torpa 3anaua (1)-(3) uMeeT eAMHCTBEHHOE pELIEHHE
ueC'[(0,T),W,"(0),L,(0)]
¥ CYHIECTBYIOT unciaa C;, Takue, 4To

=0

W2™(0,1)

lim max +

n—ote[0,T]

U (t, x) — > Cu (t, x)
=

Ut X) =3 C b, (%)

L,(0,1)

rae U(t, X) peurenue 3amaun (1)-(3), a u;(t, X) anementapuas pemenus 3anaqu (1)-(3).

MamenoB Oxraii,

KAHIMIAT (PU3MKO-MAaTeMAaTHYeCKUX HAYK, JOLEHT
domuna Huna,

KaHAUAAT (PU3UKO-MATEeMATHYECKNX HAYK, TOLEHT
okmamedov@gmail.com

fominan@rambler.ru

BakuHckuii rocy1apcTBeHHbI YHHBEPCUTET

KOMMyTaToprIe TOKIECCTBA, BBINOJHUMBIEC B KJIACCE€ BCEX MOAYJJIAPHBIX MHOF006p33I/II71

Hanmomanm, uro pemérkall = (L; +,")Ha3bIBacTCS MOOYAAPHOU, €CIU IS JIIOObIX a, b,c € L
ycinoBue a < ¢ Bie4ér paBeHcTBO (a + b) - ¢ = a + b - c. Hanpumep, pemiérka BceX HOPMaTbHBIX
MIOATPYII IPOU3BOJIBHOM TPYIIBI SABIAECTCA MOAYJISAPHOM pPEMIETKOM, OJHAKO pEImETKa BCEX
SKBUBAJEHTHOCTE Ha 4-3JJIEMEHTHOM MHOXECTBE HeMoayispHa. HerpynHo BuaeTh, 4TO
MOAYJISIPHOCTh 3KBUBAJIEHTHA BBIITOJIHUMOCTH TOX/I€CTBA

Vx,y,z(x z+y) z=x"z+y"z
ClIeZIOBaTeNIbHO, BCE MOJYJSpPHBbIE PEMETKH 00pa3yloT MHOroo0Opasue B Kiacce Bcex airedp c
IBYMsI OWHAPHBIMH OTIEPALIUSIMH.

Konepysny-mooynaprvim HazsiBaeTcs m000e MHOToOOpasue anredp, B KOTOPOM BCe alreOpsl
00aal0T MOAYJIPHBIMH PEeIIETKaMU KOHTpy3HUUN. CTpoeHre TaKuX MHOTO0Opa3uil 10CTaTOYHO
WHTEHCUBHO H3Yy4YalOTCsl METOJIaMU KOMMYTATOPHOM TEOpPUH, B TOTOBAILIEMCS PaCHIMPEHHOM
m3nannn kHuru ®Opusza u MakKens3u Bc€ 3T0 Hamwio cBo€ oTpaxkeHue. Haieil nenpro siBigercs
yKa3aHHE TOXKIECTB, CIIPABEIJUBBIX B KJACCE BCEX MOJIYJSPHBIX MHOrooOpa3zuili U B KOTOPBIX
Y4acCTBYIOT KOMMYTaTOPBI.
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[IpousBonbHyIO TpoOWKy a = (ag,a4,a;) DIEMEHTOB pemérku L OOBIYHO Ha3BIBAIOT

TpeyroabsHUKoM. IlycTs a u b - Tpeyronpuuku B L. PaccMoTpuM Takue TepMBl:
Po = (ay + by) - (az + bz), pz:i=(ag+bo) - (a; + by),
p := (ao + bo)po = (ao + bo) - (ay + by) - (az + bz) = pz - (az + by),
Ci = (aj + ak) +(bj + by), {i,j,k} ={0,1,2}, u c:=cy-(co+cy).

Pemérka IL HaswiBaercs Jezapeosoii, ecnu s TOOBIX TPEYrOIbHUKOB a ¥ bBLu3 ycnoBus
p2 < a, + b, cnenyer ¢ = c,.IL Ha3bIBaeTcs Apeosoil, eciu s MOOBIX TPEYroJbHUKOB a U b B LL
BBIIOJIHEHO yCJIOBHUE (TOKAECCTBO) P < ay + by - (b1 + ©).

B pa6ote [es u [lukepunra [2] ycTaHOBJIEHA SKBUBAJIEHTHOCTh HMXKEPUBOIUMBIX YCIOBUMA
i 000 peméTku IL:

(@) IL Hesaprosa,

(b) L Aprosa,

(€) p<ae(a; +c)+by- (b +0),
d) p<ay+b+c,
€ ap+p<ag+by-(by+0).

Xopomo wu3BecteH pesynbTar (Ppmsa u MoHCOHA), UTO BCAKOE KOHIPYIHII-MOIYISIPHOE
MHOT000pasue sSBISETCS KOHTPYIHI-AProBbIM U, CIEIOBATEIbHO, BCAKOE KOHTPYIHI-MOIYIISIPHOE
MHOTI000pa3ue KOHIPYIHII-YIOBJICTBOPSIET BceM YCIOBUAM (8)-(€).

PaccmoTpuM Takue KOMMYTaTOpPHBIE TOXKIECTBA:

(1) [p.p] < ag+ by - (by + [c,c]),
() [p.pl <ag-bo+ag-(ay +[c,cl) + by (s + [c, D),
() ao+[p,p]l < ag+bg-(by + [c,c]).
OueBunHo (1) skBuBasieHTHO (3). Tak Kak TepMbl P MU C CUMMETPUYHBI OTHOCUTEIIHHO
B3aMMHOMN 3aMEHBI TPEYTOJIBHUKOB a U b, TO B3aUMHO cripaBeAsiuBo ¢ (1) ToxkaecTBo
(4) [p,pl < by +ag-(a; + [c, c]).
[Toatomy u3 (1) (u (4)) nonyuaem
[p,p] < (ao + by (by+[c,c])) " (bo + aq - (a; + [c, c])) = B CHJIy MOJYJISPHOCTH
=a,- (bo +ay - (a; + [c, C])) + by - (by + [c, c]) = B cuny MmoaynapHOCTH
=ay by +ay-(a, +[c,c])+ by (by +[cc)).

D10 nokasbiBaeT UMILIMKanuoo (1)—(2); obparHas uMIuMKanus oueBuaHa. Mtak ToxkaecTBa
(1)-(3) axBuBaneHTHBI. 13 (1) HECTOKHO MOTYIACTCS M TOKIECTBO

®) [p.pl <ag+b; +[cc]

Teneps MOKHO CHOPMYITUPOBATH OCHOBHOW PE3yJIbTAT

Teopema.  Bcskoe KOHIPY3HII-MOAYJSIPHOE MHOI000pa3ue KOHIPY3HII-YIO0BJIETBOPSET
toxaectBam (1)-(4).

OKBUBaJIEHTHOCTh ycnoBuil (1)-(3) ycraHoBieHa BbIllle, TaM € YKa3aHa BEPHOCTb
umiunkaun  (1)—(5). Cxema pgokasaTenbcTBa: HaAO MOKa3aTb, 4To AproBocTb Biedér (1).
JIeWCTBUTENbHO, HaABEIIMBas KOMMYTaTOp Ha YCIOBHE AproBocTH (B CHIYy MOHOTOHHOCTH
KOMMYTAaTopa) Mojay4yaem

[p,p] < [ag + by - (by + [c,c]),ag + by - (by + [c,c]],

a B CWJIy aJJIUTUBHOCTUKOMMYTaTopa Oy/1eM UMeTh

[p,p] < [ao, aol + [ao, bo - (by + [, cD] + [bo * (b1 + [c, cD), by * (by + [c, cD].

B cBoro ouepens nmeem

[p! p] < Qo + [bO ' (bl + [C, C]), bO ) (bl + [C, C])] < Qo + bO ) [bl + [C, C]]

Takum ob6pazom mnomyuaercss (1), mpuuém (1) He sBIsETCS CIENCTBUEM MOIYJISPHOCTH.
HanomHuM, 4To mpuMepsl Helle3aproBbIX MOAYIISIPHBIX PEMIETOK XOpOIIo U3BeCTHHI. [IoHATHO UTO
JUI KOHTPY HII-IUCTPUOYTUBHBIX MHOrooOpa3uii Hamu Toxzaectsa (1)-(5) cBoasTes K TOXaeCTBaM
Hesi-ITukepunra (KOMMyTaTOp B TAKOM CIIy4dae €CTh IMIPOCTO TIEPECEUCHNUE).



Mawmenos lOcud,

akagemuk HAHA

Macranues Barud,

JAOLEHT, KaHAMAAT (PU3HKO-MATEMAaTHYECKOI0 HAYK

HUckennepoBa YibBus,

npenojgaBareJib

BakuHckuil rocy1apcTBeHHbINH YHHBEPCUTET

A3epOaiiIzkaHCKU TOCYJapPCTBEHHBIN NeXarorn4eckuii yHMBepCcuTeT

(0 CymI€CTBOBAaHUS PECIICHUA CMeNIAHHOM 3aJa4M AJisl OJJHOI0
KJIacCa ypaBHCHHUSA ¢ TUIIOBBIM BBIPOKIACHUEM

B pabote n3yueHo CyiecTBOBaHME U €IUHCTBEHHOCTbH PEIICHHS CMEIIAHHOW 3aJauu

pl(t)%ero(t}J:a(x)Zig yO<t<T,O0<x<1 )
U(0,x) = ¢(X) 2
U(t,0)=U(t1) =0 3)

rae P, (t)= p,(t)+ip,,(t), Py(t)= py,(t) + ip,,(t) xommiexcHo3HauHbIE byHKIHH, a(x) >0 .

W3BecTHO uYTO ypaBHeHHME Ha3biBaeTcs mnapabonmmudbiM mo W.I'.IlerpoBckomy B obmactu
D= {(t, X) 0<t<T,0<x< 1} IPOCTPaHCTBat, X €CiM A JF000# TOYKH ('[, X) € D BemecrBennas
YaCTh KOPHS ¥ XapaKTEPHUCTHIECKOTO YPaBHEHUSI

R(t)y +a(x)o’ =0

Re;/(t, X, 6)< 0

YAOBJICTBOPAIOT HCPABCHCTBY

MpU JIFOOOM BEIIECTBEHHOM o#0 .

IIpennomnaraercs BBIIOJIHEHUE YCIOBUIA:

¢ dr
1°.Re [
0 Pl(T)
2° a(x)>0, 0<x<1
3 p(x) eC*[0,1], ¢(0)=¢(1)=0.
3amerum, uTo  ycioBue 1° TO3BONAET BBIATH 3a PAMKH MapabOJIMYHOCTH (f1axe

koppektHocT) 1o W.I'.IletpoBckomy ypaBHeHus (1).
CrnekrtpanbHas 3a1a4a , cootBercTByomas (1)-(3) umeer Bua:

y" — Za(x)y = —o(x), (4)
y(0)=y(1)=0 )
B a0l paboTe koMIIeKCHasT A MIOCKOCTh pa3duTa Ha 2 CEKTOPHI
S, = \(-1) ReA <0} i =1,2
B KOTOpPBIX TOJYYEHBI CIEIYIONIMe, Ha BHJ OOBIYHBIE, ACHMMTOTHYECKUE (OPMYINBI s
(dbyHIaMEHTATBPHOM CUCTEMBI YAaCTHBIX PEIICHUN ypaBHEHU (4) :

j : _ Y SA N
djyg)g);('i)=((—1)k1-/1)’-[1+E1-kgx”1)]e e

(j=0Lk=121€S;;i=12)
rae GyHkuuun E ik (x, /1) HETPEPBIBHBI K OrpaHuueHbl ipu A € S;;i=12;X € [0,1].

dr>0,0<t<T ;
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Oyuknusa ['puna G(X,f,/l) 3agaun (4),(5) aHanmUTUYHA BCIOAY Ha KOMIUIEKCHOW A IUIOCKOCTH,
3a HCKJIIOYEHHEM CUeTHOro MHokecTBa 3HaueHuit A =4, (K =0,£1,%2,...), KOTOpBIe SBISIOTCS €e
MOJIFOCAMHU U JI7Is1 KOTOPBIX CIIPABEUINBO ACUMITOTHUYECKOE IPEACTaBICHUE:!

Ao —ﬁmﬁ+o(a, (k| > =)

CrpaBeuiiBa ClieAyIomast
Teopemal: Ilycte Bemomsenst ycmosus  1°, 2°, 3°. Torma 3amaua (1)-(3) mmeer
kmaccuueckoe pemieHne  U(t, x) € C*?((0,T]x[0,1])~C([0,T]x[0,1])1 OHa TpejACTaBiIsAeTCA
dbopmysoit Buga (npu t >0 )
f Po( %
u(t,x)= Z:rese0 Al jG(x EA)p(ENE -

Teopema2: ITyctb BbimonHeHo yciaosue 3°. Torna 3amada (1)-(3) He MOXeT UMeTh Gonee
OJIHOT'O KJIACCUYECKOTO PEIIEHUS.
Mawmenos lOcud,
aKajgeMHK
AxMenoB XMKMeT,
JAOLEHT, KAaHAUAAT (PU3MKO-MaTEeMaTHYeCKUX HayK
HNHCTUTYT MATEMATHKH U MEXAHUKHU
HaunonanbHoii akageMnu HayK a3epOaiixana,
BakuHckuii rocy1apcTBeHHbI YHHBEPCUTET
yusifmamedov@icloud.com
hikmatahmadov@yahoo.com

00 oxHOM cMeIAHHOM 3a1a4e VISl YPABHEHUS TeIIONPOBOJIHOCTH IIPH
HETPAAUIMOHHBIX TPAHUYHBIX YCJIOBHUSAX

B npennoraemoii pabote paccMaTpuBaeTcsi CMeIIaHHas 33/1a9a BUIa

u, =a’u, (0<x<1t>0) (1)

u(x,0) = p(x) (0<x<1), @)

Lu=u(0,t+ @)+ au(Lt)=0

3

Lu=u0, t)+/3u(1t+a))=o} (t>0) )

Lu=au,(0,t)+ Au,(L,t)=0, 4

0= au(00)+ A (1,t):0,} O<t=a) @

rae U= u(x,t) UCKOMas, (D(X) u3BectHas Gpynkuus, o, S, a,, B, &,, 3, AeHCTBUTEIbHBIC YHCIIA.

KoMmOuHMpoBaHWeM BBIYETHOTO METOJa M MeEToJa KOHTypHOoro wuHrterpaia M.JI.Pacynosa
JIOKa3bIBACTCA CIEYIOLIasl.
2 -
Teopema. [Tycts Bemonustotes yenosust o, f3, +a,f3, # 0, p(x)e C [01] 1 =0, (j=34)
.Torma 3amaua (1)-(4) uMeeM €IMHCTBEHHOE KJIACCHYECKOE PEIICHHE W OHO MPEIACTABIISICTCS
bopmynoi

()= g2 [0 Q2 pO)pl)o2 - T2 e B s ) b

+= j/ie“Q X, 4,2,(4),2,(2))dA,
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rIe

S :{lzizaexp(—?i],ae[Zcm,oo)}U
Ui a=cli+in) ne[—l—ﬁ,l+ﬁ]}u{/1:/1=aexp(3;zij,ae[ZCm,OO)},

Ol)

Qe p)-] } o)l e oo a2

c> max[o, In

p(1)= ;eﬂzfv[eﬂzw I e~'u(0,t)dt — j eﬂztu(l,t)dt},
ﬂ e w —a 0 °

1 2 2 ¢ 2 © 2
q(A)=——s——e*| pe’ “’Ie # ‘u(l,t)dt—je “14(0,t)dt |,
'BeZA o o
0 0

G(X, g, /”t)- ¢byukipst 'puHa CrHeKTpalbHOM 3a1a4u COOTBETCTRYIOIIEH 3amaye (1)-(4).

OTtMmeTnM, YTO CMEIIaHHAas 3ajJa4a C OTKJIOHCHHEM apryMEeHTa B TPAaHUYHBIX YCIOBHUSX
paccmoTpena takxke B FO.A. MamenoBa “MareMarnueckasi MIOCTAaHOBKA M PELIEHUE OJHOW 3a/1auu
TEIUIONPOBOAHOCTH, TIPU YACTUYHO JICTCPMUHHUPOBAHHOM I'PaHUYHOM PEKUMe.”

MacranuneB Paman,

IOKTOP puiiocopun mo MaTreMaTHuKe, JOMEHT
HNucTutyT cucrem ynpasiaenusas HAH Asep0aiizkana
mastaliev_r@mail.ru

H606XO)II/IMLIQ YCI10BUA ONITUMAJBHOCTH IJIA IIPOUECCOB, OITUCBIBAEMBIX
cTOXacTH4ecKoi cucTemoii rnnepﬁo.lmqeucoro THIIA

ITycte  (, F, P) —HEKOTOpOE BEPOSTHOCTHOE MPOCTPAHCTBO C  BBIJACJICHHBIMHA  HEM
HEyOBIBatOMMHA TMOTOK 0 —airedp {Fiy, (t,x) € D = [to, t1] X [x0, %1]}; Fix = (Wi, T <ty <
t,s <xy<x), a W(t,x) —n—MepHblii CTaHIAPTHBIA BYXIAPAMETPUUCCKHI BHHEPOBCKHI
nporecc. R(D) — mpocTpaHCTBO M3MEPUMBIX 10 (t, X, w) WFp, — COTIacOBaHHBIX IPOIECCOB
z:D X Q > R™, Takux 4rto

t1 X1
E j j l2(t, D12 < +oo,
to “xo

E —3HaK MaTeMaTH4eCKOTo OXXHIOaHUs.
MaremMaTruueckas IOCTaHOBKA 3a/1a49M BBITJISAUT CJICAYIOIIUM o6pa30M:

S(u) = E{p(z(Ty, X1), 2(T2, X2), ..., z(Ty, Xx))} — min 1)
0%z(t, x) 2°W(t, x)

FYEp = f(t,x,z 2,2z, u) + g(t, x,2) FYEp

Z(to,X) = a(x),x € [xO'xl]ﬂ
Z(t, xO) = b(t), t € [tO; tl]' (3)
a(xy) = b(to).

,(t,x) €D, (2)
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3necwy f(t,x,p,u) — 3amanHas N —wepHast BEKTOP (YHKIUS, HEMPEPhIBHAS 110 COBOKYIMHOCTH
MEPEMECHHBIX BMECTE C YaCTHBIMH MPOU3BOIHBIMU O (P, U) O BTOPOTO MOPSIKA BKIFOUUTEIHLHO
rne p = (2,2:,2.); g(t,x,z) — 3amanHas N —wmepHas BEKTOp (YHKIHsS, HEMPEPhIBHAS 10
COBOKYITHOCTH TI€PEMEHHBIX BMECTE C YaCTHBIMU HPOU3BOMHBIMH IO Z JIO BTOPOTO IOPSIKA
BKJIIOYNTENBHO; KpaeBble N — mepble Bektop Qynkumn a(X),0(t) —samanneie na [X,,%;] un

O*W (t, X)
OtoX

[ty,t,]coorBercTBeHHO, YIOBJIETBOPSIOT ycnoBuio Jlummumna; — N —MepHBIH
AByXIapaMeTPUYCCKUI He3aBUCUMBIN «Oelblii IryM» Ha miockocTH| 1-3].

Ilon  gomycTUMBIMM  yIpaBieHMsMM ~ OyJeM  IOHUMaTh  HU3MEpUMble  (YHKLIUU
u(t,x), cTecHEHHBIC OTPAHMYCHHUSMHU TUITA BKIFOYCHHUS

u(t,x) € U,(t,x) €D, (4)

rae U —3aaHHOE HEeIycToe, OrPaHUYEHHOE M OTKPBITOE MHOXECTBO 3R,

[penmonaraercs, 4YTO KaXIOMY [IOMYCTHMOMY ympaBieHHIO U(t, X)COOTBETCTBYeT ¢
BEPOSATHOCTHIO | eMMHCTBEHHOE aOCOIIOTHO HEeMpephIBHOE perieHue Z(t, x)

3nech @(aq, a,, ..., ;) —3amaHHas, HenpepbIBHO-AH(depeHIupyemas ckasapHas GyHKIUs, a

(To X)), i=Lk(ty <Ty <T, < <Tp St;xg <X, <Xy, < <X <x1) —

3a/IaHHBIC TOYKH.

B pabote meToxn uccnenoBaHusl OCHOBAH HA MCIIOJIb30BAaHUM CTOXACTHUECKOTO aHajora MeToja,
IpeUI0KEHHOTro U pa3Butoro B paborax K.b. MaHncumoBa, ycTaHOB/IEHBl HEOOXOAUMBIE YCIOBUS
ONTUMAJIBHOCTH IIEPBOIO U BTOPOIO IMOPSAIKOB.

Merpasues Smap,

AOKTOP MAaTeMATHYECKUX HAYK

I'eiinap3ane Haprus,

JAOKTOPAHT

BakuHcknii rocy1apcTBeHHbI YHHBEPCUTET
yashar aze@mail.ru
nergizheyderzade@mail.ru

OOpaTHasi KpaeBas 3aJa4a IS JIHITHYECKOr0 YPABHEHHS BTOPOI0 MOPSAIKA ¢
HHTErPaJbHBIM YCJI0BHEM BTOPOIO poaa

OOpatHble 3a7auM NPEACTaBISIOT COOOH aKTHBHO Pa3BUBAIOIIMICS pa3fiesl COBPEMEHHON
MateMaTuku. OOpaTHblE 3aJaud JUIsl SJUIMITUYECKOTO YpaBHEHHs HCCIIEAOBAINCH BO MHOIHMX
paborax .

B npennaraemoii cratbe uccienyercs oOpaTHas KpaeBas 3aja4a JUuisl SJUIMIITHYECKOTO
YPaBHEHUs BTOPOTO MOPsAKA C UHTErPaIbHBIM YCIOBHEM BTOPOTIO POJA.

Paccmorpum ypaBHEHME

Uy (X, 1) +uy, (X, 1) = at)u(x,t) +bt)g(x,t) + f(x,1) 1)
U TMOCTaBUM JUIsi Hero B oOnactu Dy = {(x,t) :0<x<10<t< T} o0paTHYIO KpaeByl 3alady C
YCIOBUSIMU:
u(x,0)=(x), u(xT)=y(x) (0<x<1), )
u,(0,t)=0(0<t<T), 3)
HWHTETPATBHBIM YCIOBHEM BTOPOTO poja

1
bu(l,t)+'fu(x,t)dx:0 (0<t<T), (4)
0

" C JONMOJIHUTCIIBHBIM U YCIIOBUCMHU.
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u(x;,t)=h(t) 0<t<T) (5)
rae X € [0,1) (1=12) b-zagannsie uncno, f(Xt),g(xt),o(x), w(x), h(t) (i =12)-3ananusie
byHkMy, a u(x,t) u a(t) - uckombie QyHKIUU.

Onpeneaenne. Tpoiiky {u(x,t),a(t),b(t)} bynxmmit u(x,t)eC 2 (Dy),a(t)eC[0,T] u
b(t) € C[O, T] ynosnerBopsitonux ypasuetuto (1) B Dy, ycnosuto (2) 8 [01] u ycmoBusim (3)-(5) B
[0,T], Ha30BEM KIIaCCHUYECKUM pellieHHeM o0paTHOW KpaeBoit 3amauu (1)-(5).

B pabote uccnenoBana ogHa oOpaTHas KpaeBas 3ajaya i SJUIMITHYECKOTO ypaBHEHUS
BTOPOTO MOPSAKAa C UHTETPAIbHBIM yCJIOBUEM BTOporo poja. C momoiibio MeTosa Oypbe 3amaya
CBOAMTCS K DPELICHUIO CUCTEMbl MHTErPAJbHBIX YPAaBHEHUM, a TaKK€ HCIOIb3YS METOJ CKaThbIX
0TOOpaXKeHH JIOKa3bIBAKOTCSl  CYIIECTBOBAHME W E€IWHCTBEHHOCTb PpELICHUS CHUCTEMBbI
MHTETPAJIbHBIX ypaBHEHUM. JOKa3bIBalOTCA CYIECTBOBAHME W €IMHCTBEHHOCTHh KJIACCHMUYECKOTO
pELIECHHS UCXOIHOM 3aa4H.

MexTueB Maromen,

aKaJeMHK

®daryJ1aesa Jlaypa,

npodgeccop, T0KTOP HAYK M0 MeXaHUKe
®domuna Huna,

KAHIUAAT (PU3MKO-MATEMATHYECKUX HAYK
mehtiev_magomed@mail.ru
laura_fat@rambler.ru

fominall09@mail.ru

BakuHckuii rocy1apcTBeHHbI YHHBEPCUTET

MartemaTH4ecKkasi OLleHKA BAPUANMOHHOI0 MPUHIIUIA CMEIIAHHOT0 THUIIA
14191 1eopMupyeMbIX cpel

MHOXeCTBO OJICMCHTAPHBIX 3aJa4 MCEXaHUKU CILIOIITHOM Cp€abl peuIaroTCsa METOdaMU
BCKTOpHOﬁ MCXAaHHUKH U HE Tpe6y10T MNPUMCHCHUA aHATIUTUICCKHUX METOJ0B. OI[HaKO BO Bcex Ooiee
CJIOKHBIX 3aJja4yax CTAHOBUTCA 3aMCTHBIM ITPEBOCXOACTBO BapHallMOHHBIX MECTOAOB.

PaCCMOTpI/IM B TpEXMEpPHOM 3BKJ'II/II[OBOM IMPOCTPAHCTBEC TECJIO U IMPCAIIOJIOKHUM, YTO IIOJ

o M
ACUCTBUCM HArpy30K B HCM BO3HHUKACT MI'HOBCHHAA YIPYTO — IJIACTHYCCKAA I[e(bopMaum[ g'] n

)
L[e(bopMaum{ MOJI3y4EeCTU p” , TaK, 4TO ITO0JIHasd z[e(bopMauH;I gij HMCECT BU

() M :
gij = gij + pij’
HJIN B CKOPOCTAX

gij =¢&j + Pjj- 1)

Jlanee Touka HaJl CAMBOJIaMH O3Ha4aeT nuddepeHiupoanue mo pusnueckomy Bpemenn T .
IIpu »TOM MrHOBeHHas JedopMmanus NOTUUHACTCS YpPAaBHEHHMSM THIA TEOPUMU TEUCHHS.
duznyeckuil 3aK0oH JIJIsl TAKOU cpejibl 3anuiieM B ¢popme [1]

&' =Hjqo™, ()

Co 7128~ oD
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- M o o . .k .
rae &jj - KOBAPHAHTHBIA TEH30p CKOPOCTEH nedopMmanuii, G - KOHTpaBapUaHTHBIA TEH30D

CKOpPOCTEH HampsDKeHHd, a To4yka o3HavaeT nuddepeHupoBanne 1o Bpemenu 1. Ilpuyem
MEXaHUUYECKUE XaApaKTEPUCTUKH Hijkl = Hklij HE 3aBHCAT OT CKOpocTed nedopmanuii U

HanpspKeHUH. YCIOBUMCS CUMTATh, YTO AeopMaliusl MoJI3y4ecTH OMHCHIBACTCS COOTHOLICHUSMU
HEJTMHEHWHOMN TeOpuH BA3KO-ynpyroctu. Toraa, ¢ yaeToM aHU30TPONUH, UMEEM [2]

t
pij = [ Fi [t ~7,0" (T)]df (i,j=123). ®)
0

3nech Fij' (GyHKIMS TON3y4eCcTH, a IITPUX O3HAdaeT 4YacTHoe auddepeHunpoBaHHE IO

napametpy t — 7,

Fij [t —z,o" (T)]Z 8(%—7) Fij [t —z,o" (T)]: —% Fij [t —z,o" (r)]

OtmeTtuM, 4YTO cooTHOUIeHHe (3) SBISETCS JOCTAaTOYHO XOpOIIEH amnmpoKcHMaluen
YpaBHEHUs COCTOSIHMA Ul LIMPOKOIO Kijacca MaTepuasioB (METaJUlbl U UX CIUIAaBbl, KOMIIO3UTHI U
IIOJINMEPBI), CBOMCTBA KOTOPBIX HEBO3MOXHO OIMCATh B pPaMKaX KJIAaCCHUUYECKHUX MOJEJEH Teopuu
YIPYTOCTH, IUTACTUYHOCTHU U BA3KOW XKUJKOCTH.

Tenepp, B CHIIy BBICKa3aHHBIX IPENNOJIOKEHHUN, 00iee ONpefeseHHO OTMETHUM CYITHOCTb
IIPE/UIOKEHHBIX BapUALlMOHHBIX METOJOB. LIeHTpajIbHBIM MECTOM TEOpUHM HEJIMHEHHOH BS3KO-

YIIpYroctu ABJIACTCA BOIIPOC O BLI60pe KOHKPETHOI'O BHAA q)YHKI_[I/II/I FIJ , HCIIOJIb3YCMBIX B

KAuecTBE fJep MHTErpajbHBIX ONPEAEISAIOIMX YpaBHEHHHM HacneacTBeHHoro tuna (3). O0bruHo
IpU BbIOOpE sJIep ClIeAyeT PYKOBOJCTBOBATHCS CIEAYIOIUMHU COOOPaKEHUSMU: C OJHOW CTOPOHBI
MIOJIYYHUTh HaWJIy4llee COIIACOBAaHUE C AKCIEPUMEHTOM, a C APYroil CTOpPOHBI — OOECIEUYUTH
ya00CTBO MPHUMEHEHHMs] MaTeMaTH4YecKOro ammapaTa MpH pelIeHUH KOHKpPeTHbIX 3ajad. JlaHHbIH
NPUHIIMI JIOIYCKAaeT MCIOJIb30BaHHE TAKHX S/IEp, MPOU3BOIHBIE KOTOPBIX Mo t —7 He obnanmaror
cunrynspaocthio npu t —7 =0.

XapakTepHOil 0COOEHHOCTBIO TOCTPOCHHBIX (DYHKITMOHAJIOB SIBJISIETCSI TO, YTO OHHM BBITUCAHBI
B ckopocTsx [3]. Ecnu moctpouTh aHanormuHbele pyHKUIMOHANBI TUNa PeiicHepa, To mpuMeHeHne
YHUCJIEHHBIX METOJOB, HampuMep Merojaa PuTna, mpUBOIUT K PEIICHHUI0 CUCTEMbl HEJIMHEHHBIX
anreOpandeckux ypaBHEHUH WM CHCTEMbl TPAHCIICHCHTHBIX YPaBHEHUH, peain3alus KOTOPhIX Ha
KOMIIBIOTEpE BECbMa 3aTpynHUTENbHA. [IprMeHeHre ke aHaTOrMYHOTo MPUOJIMKEHHOTO METOoJ1a B
JAaHHOM TIOCTAaHOBKE TMPHUBOJUT K PEIIEHUIO CHCTEMbl KBa3WJIMHEHHBIX OOBIKHOBEHHBIX
i depeHIMaTbHBIX YpaBHEHMM ¢ 3aJaHHBIMH HaudaldbHBIMU ycioBHsIMHM (3amadya  Komm),
YHCJIEHHAs pealn3anus KOTOPOH 3HAYUTENBHO MPOLIE.

PamazanoB Aju,

KaHIMAAT (PU3HKO-MAaTeMaTHYECKHX HAYK, JOLEeHT
BaxkuHckuii rocy1apcTBeHHbI YHHBEPCUTET
ram-bsu@mail.ru

YCcToi4MBOCTH IPAIMEHTHOI0 AJITOPUTMA B OIHOH 3a1a4e
AMCKPETHOW ONTUMM3AIUU

B pabore mokazaHo, 4TO MpH BO3MYILIEHUH KPUBU3HBI JOMYCTUMON 00JacTH B 3aqadax
BBIIIYKJIOW IHUCKPETHOW  ONTUMHU3ALMM B TEPMHHAX TapaHTUPOBAHHBIX OLICHOK TI'PaJUEHTHBIN
QITOPUTM YCTONYMB.

Ce 7129 92
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[Tyctb Z",(R",) — MHOXECTBO N —MEpHBIX  HEOTPULATEIBHBIX  LIEJIOYUCICHHBIX

(meHcTBUTENBHBIX) BEKTOPOB, P < Z". —MopsIKoBO-BBITYKIIOE MHOKECTBO [l]
PaccmarpuBaetcs cnenyroias 3ajada A BBIMYKJION AUCKPETHOW ONTUMU3ALMU: HAUTH
max { f(X)|Xx=(X,..x,)ePcZ" },

rne f(x)eR, (Z"+) —neyOpBaromas dynxims, R, (Z"+)—kmacc P -KOOPAMHATHBIX BBITYKIBIX

byHKIMI[2] .

Uepes 6(P)o6o3HaunMKpyBH3HbIe MHOXectBa P [1]. I'pammenTHbIi anroput HasbiBaeM
YCTOMUYUBBIM, €CIIM FapaHTUPOBAHHBIE OLIEHKHU BO3MYIIIEHHOM 3ajaul HE yXyIIAI0TCS.

Teopema. B 3amaue A rpaJueHTHBIH QJIrOPUTM YCTOWYMB INpU "MaybIX" BO3MYILEHUSAX
KPUBH3HBI MHOXKECTBA P .

3ameuanue. Hacrosias paboTta pa3BUBaeT paHee MOIY4YEHHbIE PE3YJIbTATHL.

CanumoB Mat.1a0,

IOKTOP puiiocopun Mo MaTeMaTUKe, JOMEHT

CanumoBa Adepum,

ACCHCTEHT

matlab.salimov@yandex.ru

aferims@mail.ru

A3zepOaiilzKaHCKHUIl rocy1apCTBEeHHbIN YHUBEPCUTET He(pTH U POMBIILICEHHOCTH

00 oxHOM HesTOKAJIBLHASI KPpaeBas 3a1a4a i Napado1n4ecKoro ypaBHeHus ¢
NMePUOAUYECKHUMH U MHTErPAJIbLHBIM YCJI0BUAMM

HenokaneHbIMH KpaeBbIMU 3a/la4aMH MPUHSATO HA3bIBATH 33/1a4, B KOTOPHIX BMECTO 3aJaHUs
3HAYCHUH pPENICHUS WM €ro MPOW3BOJHBIX Ha (PMKCHPOBAHHOW YaCTH TPAHUIBI 33JaCTCS CBS3h
3TUX 3HAYCHWH CO 3HAYCHUSMH TeX K¢ (PYHKIMHA HAa WMHBIX BHYTPEHHUX WM TPAHHYHBIX
MHOT0o00pa3usix. Teopuss HeMOKaTbHBIX KpaeBbIX 3a7au BakKHA M caMa 1Mo ce0e Kak pasjen oouiei
TEOpUU KpaeBbIX 3a/lad JJIsl ypaBHEHUI C YaCTHBIMHM NMPOUM3BOAHBIMH, BaKHA OHA M KakK pas3fel
MaTEMaTHKH, UMEIONNIT MHOTOYHCIICHHBIE TTPIIOKECHUS B MEXaHHKE, (PU3HUKE, OMOIOTHH U JPYTUX
€CTECTBEHHOHAYYHBIX IUCIMILTNHAX. BrepBble cHCTEeMaTHYeCKOE HCCIEeOBAaHUE HEIOKaIbHBIX
HavalbHO-KpaeBbIX 3a1a4 Obuto mpoBeneHo B A. V. Bitsadze, A. A. Samarskii, “Some elementary
generalizations of linear elliptic boundary value problems”.

B npsmoyronbauke Qp ={(x,t): 0<x<1, 0<t<T} paccMOTpUM CIEAYIOUIYIO HEJIOKAJIbHYIO
KpaeByIO 3a7jauy: HAalTH
dynkmuio u(x,t) e C*?(Q) yaosnetsopsomyo B Q; ypaBHEHHIO

a, (Hu, (x,t) + a,(Hu, (X, t) +a(x,t)u(x,t) = f(x,t) 1)
HCJIOKAJIbHBIM Ha4YaJIbHBIM YCJIOBUSM
u(x,0)+au(x,T)=p(x) (0<x<1) 2
MNEPUOANYCCKUMHU YCIIOBHUAMU

u(o,t) =u(®t),u,(O,t)=u, (1t),

Ce 77130~ oD
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u, (0,t)=u, (Lt) (0<t<T), (3)

U UHTCTPAJIbHBIM YCJIIOBUAM

.l[u(x,t)dx:o (0<t<T) 4)

rae & >0-3agaHHOe ymcio, & (t), a,(t), a(x,t)-3axanubie GpyHKIMN.

Ilenpto maHHON pabOTHI SIBISETCS JIOKA3aTEIbCTBO CYIISCTBOBAHUS W CIUHCTBEHHOCTH
pemieHuii kpaeBor 3amaun (1)-(4). Ilpu pereHMH MCXOJHOM KpaeBOM 3aJadyd OCYIIECTBISACTCS
mepexoJ OT HCXOJHOW 3aJaud K HEKOTOpOM BcroMoraTenbHOM 3agade. JlokasbiBaeTcs
pa3peIuMOCTh BCIIOMOTATENbHOM 3a/aud. 3aTeéM BHOBb IPOU3BOJUTCSA IEPEXO0Jl K HCXOTHOM
3ajnade. B pe3ynbpraTe nenaercs BbIBOJ O pa3peliMOCTH UCXOIHOM KpaeBoil 3aauu.

Cyaneiimanos Hanup,

JAOKTOP HAYK 110 MaTeMaTHKe, podeccop

Dapaxxian JyHos,

AUCCEPTAHT

HMHCeTHTYT MaTeMaTHKH M MeXaHNKH HaH a3eplaiikaHa
dunya.farajli@mail.ru

O0 ouenkax Tuna Bumana-Banuponanis
3BOJIIOLMOHHBIX YPABHCHH I

PaCCManI/IBaeTCH 9BOJJIIONMOHHOC YPAaBHCHUC BU A

u+At) =0 1)

B rmibbepToBoM mpoctpanctBe H, rme A(t)- camocompspkeHHBIH omepartop ¢ JAUCKPETHBIM

criektpom. ITycte N(A) = > 1, npu A —> o0 BBIOJHSAIOTCS YCIOBHS THIIA
A <A

1) N(A) <cA™, c=const, s>-1

2) Ilpu0< o6 < A, A — oo BBIOJIHSACTCS YCIOBUE BHIA
N(A+68)—N(A1-6)<col+ )1, 0<v<l

ITycts @(y) >0, y >0 -neyObiBarommas QyHKIHS TaKasi, 9TO

1
wofy 2
j(j go(t)dtJ dy < +oo,
O0603HaYNM

) =max|u®), ¢, ), 90 =3 loglu®),u(v)

rae {p, (t)}-oproropmupoBanHas cuctema cobeTBeHHBIX yHKImit A(t) .
CnpaBennuBa ciienyronas
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Teopema. [Jlns pemenns U(t) ypasmemus (1), Ttakoro, uro [u(t)|—>oo, t—+0, BHe,

BO3MOJKHO, HEKOTOPOT'0O MHOYKECTBAa KOHEUHOM JIOTaprU(PMHUUECKON MEPHI CIIpaBeI-IuBa CIeAyroIas
onieHka tuna Bumana-Banupona:

lu(t)]| < y(t)t‘“Jgoit‘ﬂ g(t) ), a, £>0.

B wactHocTH, npH (t) = t* momyunm onenky Buma

)] < F)(log D), £ <0,
rae u(t) = u)t™”, y >0.

CyaeiimanoB Hu3zamu,

AOKTOP MATEeMATHYEeCKUX HAYK, IO EHT
AramaiusieB Payo,

AOKTOP (pu10co(PHH 10 TEXHUYECKN HAYK, TOLEHT
MexTtuen I'nakpan,

AOKTOP (pujioco(puu M0 TeXHUYECCKUH HAYK, CTApPIIMH NpenoJaBarelib
TI'agkbieB Pam3u,

CTApIINiA NpenogaBaTeib

BakuHckuii rocy1apcTBeHHbIH YHHBEPCUTET
r.agamaliyev@yandex.ru
suleymanov.nizamil953@gmail.com

O0 ogHOM npudIM:KeHHOM MeToe 3a1a4 Tuna CrekjioBa
Jannast pa0oTa mocBsIleHa U3ydyeHUIo 3a1a4 Turna CTeKJIOBa C HEJOKAIbHBIMUA TPAHUYHBIMHU

YCIIOBUSIMH, TJI€ TapaMeTp BXOAUT JIUIIb B TPAHUYHOE YCIIOBHE.
PaccmoTpum cnenyromyro 3agaqy

Au=08 D, (1)
ou
% r— Au (2)
ou
% s— (3)

W3 Teopun BapuallMOHHOTO MeTo/a cieayer, uto 3aaade (1)-(3) sxkBuBaieHTHA BapHaIllHOHHAS
3aJladya Ha MUHUMYM JUTd (yHKIIMOHAIa

(4)

Ha KJIacce TapMOHHMYeCKMX B oOmactu D QyHKIuUH, yHAOBIETBOPSIOUIMX  YCIOBHUIO
OPTOTOHAILHOCTH

Iuds=0
T
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[IpemioxeHHbI paHee aIrOpPUTMBI TIOCTPOCHHE pelIeHus 3anadun (4) OCHOBaH Ha
MPEBAPUTEIILHOM MMOCTPOSHUH CUCTEMbI KOOPJMHATHBIX (DYHKIUH, YIOBIECTBOPSIOMIUX KPACBOMY
yciaoBuiO 3amaun Ha S. OKaspIBaeTCs, MOXKHO TOCTPOWMTH M pelleHus ypaBHeHus Jlaruiaca,
YIOBJIETBOPSIOLINE KPAEBOMY YCIOBHIO Ha CBOOOAHON MOBEPXHOCTH I .

[TpubnuxeHHoe pereHne UIeM B BHJIE

N
v=> 3\
P

i(aij (1) — ﬂ(ﬂ)ﬂij )aij =0 (5)

=1

—

rac

(2)
ij

2,3

@ + U

o (1) = o’ +2ue;

@ G
iy & Kij -
Faycca " IPpAMOYTOJIbHUKA ITPpHU JOCTATOYHOM YHUCJIC Y3JIOBBIX TOYCK. Breraucnenus (byHKHI/II/I n ux
MIPOU3BOJIHBIC OTPEICIISIUCH 0 PEKYPPEHTHBIM (popMymam.

Cucremy (5) MOXHO HalKCaTh B BUJIE
(A +24A, + 12 A, - AB)X =0
rae A, A, A, u B- marpunsl koaddunuenton aiﬁl),aigz)
-MCKOMBIH, X - BEKTOp CTOJIONA KO3 PHUIHEHTOB a; .

BBIYUCIIAOTCA C IIOMOIIBRO (bOpMYJ'IBI HpI/I6J'II/I)KeHHOFO HUHTETPHUPOBAHUA

,aiﬁg) u f;; M- 3a/aHHbIA apameTp, a A

C mOMOIIBI0 H3JI0KEHHOW MOJM(HUKAIMKA BapHAllMOHHOTO METOJa MOXKHO CTPOMTH
NPUOJIMKEHHOE PEIICHHE, BECbMa OJIM3KOE K TOUHOMY.

Cozman makeT NPUKIAAHBIX TPOTPAMM JIJIsi BBIYMCICHHS COOCTBCHHBIX 3HAYCHUH U
cOOCTBEHHOU (PyHKIIUU.

Tarues Mucup,

KaHAUAAT (PU3HKO-MAaTEeMATHYEeCKHX HAYK, JOLEHT
tagiyev.misir@gmail.com

bBakuHCKH rocy1apcTBeHHbIH YHHBEPCHTET

Hesuneiinble BOJIHBI B IBYX()a3HBIX CHCTEMax

Teopus pacnpocTpaHeHUsl YAAPHBIX PaJUOBOJIH B HEIMHEUHBIX JIMHUAX U JIEKTPOMATHUTHBIX
BOJIH B HEJIMHEHHBIX Cpe/ax B OTCYTCTBUU JUcHepcuu OepeT cBoe Hadaso ¢ padbor [['anaHos A.B.,
®peiinvman .M. K Teopun yaapHbBIX 3JIEKTPOMAarHUTHBIX BOJH B HENWHEHHBIX cperax; Landaur
R.Parametric amplification along nonlinear transmission lines]. B [Qurensopext FH0.K., Huryn
V.K. Henuneiinble BoaHBI JeGopMaliui| NIpoaHaIM3UPOBAHO BIMSHHUE 3aTyXaHUS Ha JBOJIIOLUIO
¢ponta ymapHout BosHbl, a B [[amanoB A.B., ®peiinman [.MI. K Teopum ymapHbIx
AIIEKTPOMATHUTHBIX BOJH B HENWHEHHBbIX cpemax; Landaur R.Parametric amplification along
nonlinear transmission lines] moka3aHo CyIIecTBOBaHHUS yIapHBIX BOJH B 3aTyXalOIIUX Cpe/aax.

Jlo cux mop He IOJIHOCTbIO IOCTPOEHBI a/IEKBaTHbIE MAaTEMAaTHMYECKHE MOJEIW U HE JaHa
(dbu3uvecKass MHTEpHpeTanus JUisl MPOIECCOB Iepeaadn ciaabblx mymMoB (ciaOble BOJIHBI HAmps-
KEHUM, NMPOLIEANNX Yepe3 CIOM 3eMiH, uMmeromue yactotel — 10 I'm) Ha nanbHME paccTOsHUS
[Landaur R.Parametric amplification along nonlinear transmission lines]. Hecmotpst Ha ToO, 4TO B
pa3NUUHBIX OONACTSIX HAyKH HEIMHEWHbIE BOJHOBBIC YPAaBHEHHS OIMCHIBAIOT KOHKPETHBIE
¢bu3nyeckre mporecchl, OTINYaroIIMecs Mo cBoeil crenuuke, clieqyeT OTMETUTh, YTO PELICHUS
ATUX YPaBHEHUU C MaTEeMAaTHUYE€CKOW TOUKU 3PEHUS SABIISIIOTCA UICHTUYHBIMH.
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Ilepexoast K HCCIENOBaHMIO DPACHPOCTPAHEHUS [MHAMMYECKMX BOJH B JIBYX(a3HbIX
(KMJIKOCTBh-TBEpJIbIE YACTHUIIBI) Cpelax, MPUMEM, YTO OCPEAHEHHOE HAINpsHKEHHE B HUX
00yCIIOBJIEHO HampspKeHUeM Hecylie ¢assl, a TBepaas (aza cOCTOMT M3 OJHON MM HECKOJIbKHX
Macc, KOTOpas MOJCIHpYeTCs YIpPyrMMH W Bsi3kuMH dneMeHtamu [Landaur R.Parametric
amplification along nonlinear transmission  lines]. KpoMe WHEpUHOHHOW CHIIBI, Ha
OCHWJTHPYIOIIYI0 YacTUIly ACUCTBYeT Hecymias ¢as3a Kak BHEUIHss Harpys3ka. Ecim B cpemax
B3aMMHBIE KOHTAaKThl TBEPJBbIX YacTUL[ OTCYTCTBYIOT, TO I€peJadyd HMIYJIbCa MEXAY HUMHU
MIPOUCXOJIAT 32 CYET TOIBKO KHUIKOH (asbl.

Cuctema ypaBHEHUH, ONHUCHIBAIOLIAsl OJHOMEPHYIO IUHAMUKY JUCIIEPCHBIX JABYX(a3HbIX
cpea BKIIto4yaeT B ce0st 6ajJaHChl MAacC U UMITYJIbCa KX 101 (hasbl

e p1) n AN pi9)

-0, a, +a,=0; @
ot OX
Aep?)  Aepd8) _, 00 qyg @
ot ox o

rae a,, p,, .9i ,0 — COOTBETCTBEHHO 00bEMHAasi KOHIIEHTpAIlMs, UCTUHHAS TJIOTHOCTh, CKOPOCTh U
Hanpsbkenue ¢as; uaaekc 1 =1 cooTBercTBYyeT TBEpaOH (ase, | =2 -He-
cymieit gasze; Cumy Mex(pa3HOTO COITPOTUBIICHHUS MOXKHO 33/IaBaTh B BUIC
R,=K(& —2)+K-r(9 —9)9 —%

©)
Ju¢pdepeHnnanbHble 3aBUCUMOCTH 1e(OPMAIIMM €, TBEPJIOW YacTHUIBI OT HANpsDKEHHS o C

yueroM cui uHepiuu npumeMm B Bujae [Landaur R.Parametric amplification along nonlinear
transmission lines].

I=1

m DI n DI 4
[bo +§b| D—tljdz[ao +Za| D—tljel' ( )
rac bO y bl yeun bm ; ao y al youn an -IIOCTOAHHBIC KOB(I)(bI/IHI/IeHTLI, KOTOPBIC OIIPCACIIAOTCA

13 KOHKPETHBIX YIPYTro-BA3KUX MOJIENIEH.
[IponenpHas nedopManuss € M CKOPOCTh TBEPAOM uacTULbl & CBA3aHBI MEKAY COOOM

COOTHOILIEHUEM
De, :%_'_191 oe, _ 09, . (5)
Dt ot oX  OX
Cucrema ypasuenwii (1)-(5) 3aMbikaeTcs ypaBHEHHEM COCTOSIHUS JKUIKOH (ha3bl
p, =p, (). (6)

[Ipouecc, omnuceiBaemblli  ypaBHeHussMH  (1)-(6)  COOTBETCTBYET  HM30TEPMH-UECKOMY
B3aMMOITPOHUKAIOIIEMY JIBHJKEHUIO CIUIOLIHBIX CpPE.

Pemass cucremy ypaBHeHuidl (1)-(6) BBIBOOUTCS HENUHEHHOE YypaBHEHHE HBOJIIOLMH,
OIUCBIBAIOLIEE MPOLECCHl PACIIPOCTPAHEHUSI HEIMHEHHBIX BOJH B ABYX(a3HbIX KOHTHHYYMax. [Ipu
3TOM, TEpexXoAs B MOABIXKHYIO CHUCTEMY KOOpAMHAT, C H3MEHEHHEM Maciitaba BpeMEHH U
IIPOCTPAHCTBA HCCIENYETCS DOBOJIOLMUS BOJHBI OT MCTOYHHMKA BO3MylLIeHHMs. B mepBom
NpUOIMKEHUH TOJIyY€HO JHCIIEPCHOHHOE YPaBHEHME [UIsl CKOPOCTH CTAalMOHAPHO Oerymmx
JMHEWHBIX BOJH, BO BTOPOM HNpPUONIMKEHUU-HETMHEHHOE ypaBHEHHE 3BOJIIOLUHU, Mepa 3(hdekTt
HEJIMHEWHOCTH KOTOPOTO CHJIBHO 3aBUCUT OT CKOPOCTH JIMCIEPCHUU BOJIH, JAMCCUIALUU DHEPIUH,
PEOJIOTUY TBEPABIX YaCTHUI] U CHIIBI MEX(Pa3HOT0 B3aUMOICHCTBUS.

Tarues Paguxk,

AOKTOP MATEMATHYECKUX HAYK
Mareppamiu laxaa,
AHUCCEPTAHT,

Ce 7134w 9O



BakuHCKHMX rocy1apcTBeHHbI YHUBEPCUTET
r.tagiyev@list.ru

O pa3pemIMMOCTH KPaeBoii 32]1a4M ¢ HHTErPAJIbHBIM I'PAHUYHBIM YCJI0BHEM J1JIsl
MHOTOMEPHOTr0 MapadoIn4ecKoro ypaBHeHust

[lyctb € orpanuuennas obmacte B E., S-mmagkas rtpammma Q, S=S'US”,

Q =Qx(0,T), S} =5'%(0,T), Sy =5"x(0,T).
Paccmorpum B o6acti Q; mapabosnnueckoe ypaBHEHHE
-, ), ol = Fxt), (e ®
i=1 '
[Tycte TpeOyercs Haiitu B obmactu Q; pemenue ypaBuenue (1), ymoBieTBoOpsroliee
HaYaIbHOMY YCIIOBUIO

n?'

u(x, 0)=p(x), xeQ, )
I'PaHUYHOMY YCJIOBUIO
ulg, =0 (3)
1 HEJIOKaJIbHOMY YCIIOBHIO
ou
— =|H(X y tuly, t)dy|., .
N, £ (%, y, th(y, t)dyl,
3nece K (x, t) (i :1,_n), q(x, t), f(X, t), H (X, Y, t)-3anaHHHe (YHKIMH, yIOBIECTBOPSIOIIUE
YCIIOBUAM 0<v, <k (xt)< (i = ].,_n), 0<q, <q(xt)<q, nenaQ,

|H(X, y,tXS,un. 6.na S =Qx(0,T), f(X, t)e LZ(QT), (D(X)e LZ(O, E), rae v, 4 >0 (i ::I_,_n),

0, >0, q,, ¢ > 0-3anannbie yncna.
B nanHo#t pabGoTe 10Ka3aHa CYIIECTBOBAHME E€IWHCTBEHHOTO OOOOIIEHHOTO pEeIICHUS
3anauu (1)-(4) B mpocTpaHCTBE Vzl‘O (QT ) Y MOJTYYE€HO PHEPreTUUECKOE HEPABEHCTBO ISl PEIICHUS.

®daryiaesa Jlaypa,

npogeccop, 10KTOpP HAYK M0 MEeXaHHKe
Mamenosa Ha3aker,

AOKTOp (puiocopuu no MareMaTuKe
Baruguau Kaue,

MATHCTPAHT

BaxkuHckuii rocy1apcTBeHHbI YHHBEPCUTET
A3epOaiixaHCKHI TOCY1apCTBEHHbIH JKOHOMHUYECCKHI YHUBEPCHTET
laura_fat@rambler.ru
laura_azpar@rambler.ru
jale_vaqifli@mail.ru

Oco00eHHOCTH MPUMEHEHUS AJANTHBHBIX AJITOPUTMOB
B YMCJIEHHBIX MEeTO1aX MHTEeIPHUPOBAHMS

OnuH U3 JOCTATOYHO CIOXKHBIX, HO BECbMa Ba)KHBIX ATAIOB PEIICHUS THO00U MPaKTUIECKON
3a/1auyd CBSI3aH C MPoOJeMON BBHIOOpAa alropuTMa M3 HECKOJBKHX H3BECTHHIX. OYeHb YacTo
CKOPOCTh BBIYUCJICHUH M TOYHOCTb PEIICHUS 3aJaud 3aBUCAT OT YIPaBJISAIOIIMX NapamMeTpoB
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aNropMTMa, 3aJaBaeMbIX IoJb3oBareiaeM. OIHAKO croco0 BHIOOpAa ONTUMAIbHBIX 3HAYEHMH 3THX
apaMeTPOB, KOTOPHIE COOTBETCTBOBAIM Obl MHAMBUIYaIbHBIM OCOOEHHOCTSM pELIAEMOM 3a1a4u,
OblBaeT TPyAHO (OPMaNU30BaTh WIM OH BOOOLIE Hew3BecTeH. I103TOMYy 0COOYIO LEHHOCTH
HPENCTABNIAIOT AITOPUTMBL, 00JIaJarolMe CBOWCTBAMU aJaNTUBHOCTH, TO €CTh yMEIOIIUE
YUUTBIBATh MHIMBUAYAIbHbIE XApPAKTEPUCTHKH KOHKPETHOW 3a1a4u M3 O0JacTH OIIPEIeIeHHUs
JAaHHOTO anropurma.M3 aHanmsa IOTPENIHOCTEN METOJO0B YUCIEHHOIO MHTETPUPOBAHUS CIEMYET,
YTO TOYHOCTH MOJTYYEHHBIX PE3YJIbTATOB 3aBHCHUT KaK OT XapakTepa M3MEHEHHS MOABIHTErPaIbHON
(GYHKUMH, TAK W OT IIAra UHTErpUpoBaHMs. [Ipy STOM SCHO, YTO IS JOCTHIXKEHHS CPABHUMOM
TOYHOCTH IIPU MHTETPMPOBAHUM C1a00 MeHsIomeics (yHKIUK IIar MOKHO BBIOMPATH OOJIBIINM,
YeM IIPH MHTErPUPOBAHUM PE3KO MEHSAIOIMXCS (DYHKIIUIA.

Ha mpakTvke HEPENKO BCTPEYAIOTCS CIydau, KOTAa MOALIHTErpaibHas (QyHKIHsS MEHAETCS
H0-Pa3’HOMYy Ha OTHENLHBIX y4YaCTKaX OTPE3Ka HMHTErPUPOBAHMA. JTO OOCTOATENLCTBO TPEOYeT
TaKOM OPTraHU3alli¥ SKOHOMMYHBIX YMCIEHHBIX, TaK HA3bIBAEMBIX JAlTHBHBIX AlTOPUTMOB, IPH
KOTOPOH OHM aBTOMATHYECKH IIPUCIIOCAOIMBAIUCHL OBl K XapakTepy H3MEHEHHs (QYHKIMH.
AJIaNTUBHBIE aANTOPUTMbI MO3BOISIOT BBOAWTH Da3sHbIE 3HAYEHMS IIara MHTETPUPOBAHUS Ha
OTJENBHBIX y4aCTKaX OTPE3Ka MHTErPHPOBAHMS. DTO JAET BO3MOKHOCTH YMEHBUIUTH MALIMHHOE
BpeMs 0€3 OTEPH TOYHOCTH PE3Y/ILTATOB PACUETA.

PaccMoTpuM mpuHIUN paboTel aganTuBHOro anropurma.llepBonauansHo otpesok [a,b]
pazOuBaeM Han uacTell. B manbHeHImeM KaXIbli TaKOM OSIIEMEHTApHBIA OTPE30K JAEIHMM
HOCJIEN0BATENLHO momnonaM. OKOHYATENbHOE YHCIIO IIAr0B, UX PACIIOIOKEHHE M PA3MEPHI 3aBUCAT
OT MOBIHTErPAIbHOM (QYHKIMH W JOIYyCTHMOM mnorpemHoctd £ .K KakaoMy sjieMEeHTapHOMY
oTpe3Ky [X_;,X;] npuMenseM GopMyIibl YUCIEHHOTO MHTErPUPOBAHUS NIPH JBYX PA3JIMYHBIX €IO0

pas6uenusx. [Tomyuaem npubmmkenns 19| 112 s unrerpana no sromy orpesky:

X
|, = jf(x)dx. (1)
Xi-1
HOJIy‘-IeHHI)Ie 3HA4YCHUA CPAaBHHUBACM U IMTPOBOAUM OLCHKY HMX MOIPCIIHOCTH. Eciu MOrpCIIHOCTb
HaXOJUTCS B JIOIYCTUMBIX TPAHHUIIAX, TO OJHO M3 STHX NPUOIMKEHHI NPUHUMAETCS 3a 3HAUYCHUE
UHTErpaja 1Mo TOMY JJIEMEHTAPHOMY OTPE3KY. B NMPOTHBHOM cilydae MPOMCXOJIHT JalbHEHIIee
JIelleHre OTPe3Ka U BBIYUCIICHHE HOBBIX MpuOImKeHnit. C melbi0 S5KOHOMUH MAIIMHHOTO BPEMEHH
TOYKH JCJIICHUA pacCrioiaratorCsa TakKum 06pa30M, 4TOOBI UCIOJIB30BAJINCH BEIYNCICHHBIE 3HAYCHUSI
(GYHKIMU B TOUKAX MPEIBIIYIIETO pa3OreHusI.
JIiist aHaIM3a MOCTABJICHHOM 3a/1a4i KOHKPETH3UPYEM METO] YUCIIEHHOTO HHTEIPUPOBAHUSL.
I[Tpu Bhrumciennu uarerpaia (1) mo popmyne Cumrcona otpe3ok [X;_;, X;] cHavana pa3buBaem Ha

nBe yacTi ¢ maroMm h /2 wu Beruncnsem suadenue |V . IMotom seuucnsem 1 ¢ marom h, /4.
Toraa nonyuum BelpaskeHUs

Ii(1)=% f(Xi_1)+4f(Xi_1+%]+f(Xi) , (2)

h

19 =1 f(xi_1)+4f(xi_1+%)+2f(xi_l+%]+4f(xi+3Th‘]+f(xi) . (®

12
®opmyny (3) MOXKHO TakKe MOITYYUTh JBYKPATHBIM MpUMEHEHHEM (HOpMyIIbI (2) Ui OTPE3KOB
[Xi_1 X +h /2] m [X_ +0 /2, %].
Ipouiecc jieNenust OTpe3ka MONONaM M BBIYMCIEHHS YTOYHeHHBIX 3Hauenmit 13, 12

HPOJIOIDKACTCS 70 TEX MOp, MMOKa UX Pa3HOCTh CTaHET He OOJbIle HEKOTOPO 3a/1aHHOW BETUYHHEI
0; , 3aBucsmei oreu h:
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AHanornyHas Impouecaypa IMpoBOAUTCI A BCECX N 3JIECMCHTAPHBIX OTPE3KOB. Benmuuna

n

I=Zli MPUHUMAETCS B KaueCTBE MCKOMOIO 3HA4YeHUsl UHTerpayia. YcioBus (4) u
i=1

COOTBETCTBYIOIINI BHIOOP BEMUUUH §; 00ECIIEUNBAIOT BHIIIOJHEHUE YCIOBUS

b
I—If(x)dxsf:.

OOBIYHO aJaNTHBHBIC AITOPUTMBI JIOCTATOYHO CIOXKHBL. OIHAKO COYETaHHWE PEKYypCUU U
M3BECTHBIX MPOCTHIX CXEM MHTErpupoBaHus (popmysa MpsMOYTOJIbHUKOB, Tparnenuii, CuMIicona u
T. 1) TO3BOJSIET TOCTPOUTH NPHUMEPHI MPOCTHIX M M3AIIHBIX aJIalITUBHBIX AJITOPUTMOB
uHTerpupoBanus. [IpoBos YMCIEHHBINA SKCIEPUMEHT, MOKHO YOSIUTHCS B MIPEUMYIIECTBAX TaKHX
QITOPUTMOB Mepe]] KITACCUYECKUMH CXEMaMHU, KaK B CKOPOCTH, TaK U B TOUHOCTH BBIUMCIICHUH.

Xankummen 3akup,

KaHAUAAT PU3HKO-MAaTEeMATHYECCKHX HAYK
Ksasumos I'yceiin,

CTApIIMiA NpenogaBaTeib

BakuHckuil rocy1apcTBeHHbIH YHUBEPCUTET
HaxuuyeBaHCKHUII TOCy1apCTBEHHbII YHUBEPCUTET
hankishiyev.zf@yandex.com

Pemrenue oaHOI HeJTOKAJBHOM 3a1a4M JJIs1 JIMHEHHOT0 AU PepeHunaTLHOrO
yYPaBHeHHs NapadoMuecKoro THIAa MeTOA0M KOHEYHBIX pa3HocTeil

1. ITocTanoBKa 3aga4n
B nacTosimieit pabote uccienyercs cineayromias 3aaada s udepeHnn-aabHOroypaBHEeHUS
napaboINYecKoro TUIIA:

MycTh TpebyeTcs HAWTH HENpepHIBHYI0 B 3aMKHYTOH obmactu D = {O <x<,0<t< T}
byHkuuo U = U(X,t), yIOBIETBOPSIOIIYIO YPAaBHEHHIO
ou(x,t) a2 o%u(x,t)

+bu(x,t)+ f(x,t),0<x<Il,0<t<T, 1.1
" W (x,t)+ f(x,t) (1.1)
Ir'paHUYHBIM YCJIOBUSAM
|
u©,)=0, [u(xtydx=p(t), 0<t<T, (1.2)
0
A HAa4YJILHOMY YCJIOBHUIO
u(x,0)=e(x), 0<x<I. (1.3)

3nece f(X,t), u(t), o(X) - n3BecTHBIEHENPEPHIBHBIE ()YHKIUH CBOMX apTyMEHTOB, &, D - 3a1aHHbEIe
nercTBuTeNbHBIE  unciia.OTMeTHM, 9TO BTOpoe ycioBue B (1.2) ecTh HEIOKaIbHOE YCIOBHE,
KOTOpOE€ TMpPEACTABIIACT OMPEACICHHYI0 TPYIHOCTh MPHU PELICHHH 3TOW 3amadyd. B Hacrosiiei
paboTe 3TO YCIOBHE 3aMEHSETCS JIOKATBHBIM YCIOBHEM W PEIICHUIO IOJYYCHHOW 3aJaduu
MPUMEHSIETCS METO/T KOHCUHBIX Pa3HOCTEH.

[Ipeanonaraercs, uro 3amada (1.1)-(1.3) uMeeT eTUHCTBEHHOE pEIICHHE, 00JIaaoliee HyKHbIMH
10 X0y U3JI0KEHHS TIPOU3BOTHBIMH.
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2. CBenenue pemenue 3agauu (1.1)-(1.3) k pemennio 3agaumn
€ JIOKAJIbHBIMU I'PAHNYHBIMHU YCJIOBHSAMH
Paccmorpum BTOpoe rpanmuHoe ycioBue B (1.2) u mpommddepeHumpyeM ero 1o
IIEPEMEHHON t :
[
ou(x,t ,
| (X0 gy 4'().
, Ot
Orcrona B cuiny ypaBHeHus (1.1) nomyuum, uto

|
[ {az %mu(x,t) + f(x,t)}dx: 2'(t)
0

HIJIN

OX OX

Takum oOpa3zom, Mbl pemenue 3amaud  (1.1)-(1.3) cBenu k pemenuto ypaBHeHus (1.1),
YIOBJIETBOPSIIOILEr0 TPAHUYHBIM YCIIOBHSIM

u(0,t) =0, ou(l,t) ou(0,t)
OX

|
az[a“("t) _ a”(o’t)} = 1)~ but) — [ £ (x,tdx.
0

=), O0<Zt<T, (2.1)
U HavasnbHOMY ycioBHio (1.3). 3nech

|
ﬂnn=—1{un)—m40—jfumm{}
0

a2

3. PazHocTHAasi 3a1a4a ¥ peleHune dToi 3a1a49u
Pasmenum  otpesok [0,1] ocu Ox toukamu X, =nh, n=012,..,N, h=1/N, na N

paBHbIx yactel, a orpe3ok [0,T ] ocu Ot Toukamu t; = jz, j=012,.., j,, 7=T/ j,, Ha ], paBHBIX
yacreil. OnpenenuM B 001acTH D CETKY @), ={(xn 1), n=012,.., N, j=012,..., jo} B »roit

ceTouHoM obOnactu @, , 3agaue (1.1), (2.1), (1.3) conocraBuM ciaenyroNyt0 pa3HOCTHYIO 3aady:

i+ ) ) j+1 i )
I —Va :azA(oy,{*1+(1—a)y,{)+b—y” 2+ In y £,
T
n=12,.,N-1 j=012,.., j, -1 (3.1)
_ iyl yi —yi- yit g vyl -yl
yi=0, oI oI R o) R ),
j=01..., j, -1 (3.2)
y? =o(x,), n=012,..,N. (3.3)
_ yr{-—l _2yr{ + Yr{+1

31ech o - IEUCTBUTENbHBIA MapameTp I/IAer; = .
1
Joka3ano, uto pazHocTHas 3amada (3.1)-(3.3) npu o = 3 anmpokcumupyet 3aaaqy (1.1),

1 .
(2.1), (1.3) ¢ Tounoctsio O(h? + 72).Ilpuo = > Gynkumst 7z onpenensier-cst paBeHCTBOM

Ce 7138w 9o
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j :a_z{ﬂ(tj +Ej—by(tj +E]—'([f(x,tj +E]dx}.

B nacrosimieit pabore naH alrOpUTM peIIeHUs] MOCTPOSHHOHPA3HOCTHOM 3aayll METOA0M
IIPOrOHKH U ONPEECIICHB] YCIOBUS KOPPEKTHOCTH U YCTOMYMBOCTH METO/IA.

Mapudos Aryo,

JAOKTOP MaTeMaTHYeCKUX HayK, nmpodeccop
BakuHckuil rocy1apcTBeHHbINH YHHBEPCUTET
sharifov22@rambler.ru

Heo0xoaqumoe ycii0Bue ONTUMAIBHOCTH J1JIs1 JUCKPETHBIX yIPaBJisieMbIX CHCTEM
I'ypca-/lap0y ¢ HeJI0KaJIbHBIMH YCJIOBHSIMH.

Hycrts Q =[0,T]%[0,l] npsamoyronsruk. Ha Q BBenem mponssonbHas IPAMOYroibHAs CETKA
cocrosmas m3 Touek (tj,S;); 0=ty <ty <..<ty =T, 0=57 <51 <...<sy =L.

[TycTs Ha 9TOM CeTKe 3aJaHa CIIeAYIoIasi pa3HOCTHAS YPaBHEHHS

1
Ai(AjZij):FAjFij (Zij’AiZij’AjZijv Uij) (1)
C TPaHUYHBIMU YCIOBUSAMU
ta_l I sﬂ_l N
2 Azigj=p5, j=0M > Asjzig =y, j=0, 2
i=0 j=0
Ziv1j — Zjj
rie At =t 1 —t, AS; =S;,1—S;, Az =———,
i i+1 7 ] j+1 j 141j Ati
Zij+1 — Zij Ziv1j+1 — Zij+1 — Zivy,j — Lij
Ajzij :A—Sj’ Ai(AjZij): AtlAsj ’taStN' SﬂSSM.
[Tyctpb Ha pemenusx cuctemsl (1), (2) TpeOyeTcss MUHUMU3UPOBAT (PYHKIIMOHAI
I([uij ]):q)(zoo’ ZNm ) (3)
[uij]z(uij), iIO,N—l;jIO,M—l; uij EVij,ijIO,N—l,jIO,M—l 4

Tpeanonoraercs, uto Zjj = (Zﬁ , zﬁ,...,z{}), Ujj = (uﬁ ,...,Uﬁ) ; QyHKIUM Fij = (Fijl,...,l:ijn)

, @ ussectns, Vi i 1=01...N-1 j=01,...,M —1 -3anannsie maoxectsa n3 E " cerounsre
bynxuun @, ]=0,M,¥;,i =0,_N 3aJ1aHBl.

[Ipu ycnoBusax paspeuumoctu 3anaun (1)-(2) dynkumonan (3) npeacrasisier coboit GyHKIUIO
MNr nepemenusix. Ecin dynximn Fj u @ pocrarouno rinankue, muoxecrsa Vi j > 3AMKHYTBI U

orpannuensl B E',1=0,1,..,N-1 j=0,1..,M —1, 1o 3amauy (1)-(4) MOXHO paccMaTpHBaTh KaK
3aJjauy HEJMHEHHOro MporpaMMHUpPOBaHUA, U U IPHOIMKEHHOTo pemenus 3anaun (1)-(4) moryr
OBbITh UCMOJIb30BAaHHBI PA3IMYHBIE METO/Ibl MUHUMHU3AIIUH.

Ce 13999
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Teopema. [Tycts ¢pyuxiuu o @ ¥ ux yacTHBIC IPOU3BOIHBIC HEMPEPHIBHBI U YIOBICTBOPSIOT

ycaoBuio Jlunmmia no cCOBOKymHOCTH COBOKYITHOCTH CBOMX apTyMEHTOB.
Torna ¢gynkuuonan (3) mpu orpannyenusx (1), (2), (4) HenpepsiBeH U audepeHpyeM B

nopme L5([0,N]x[0,M]) , npuuenm ero rpauent | ’([u i ]) IIPEICTABUM B BHJIE.

, 1 | o
| ([uij]): rAstiju(zij’Aitij’AiZij’uij"//ij) IZO,N —1, J:O,M -1te
e Ly([0,N]x[0,M])

rue HIJ (Zij ’Aizij ’Ajzij ,Uij "Pij) :<1Pij , F'J (Zij ’Aizij , AJZU ,Uij )> ;

BEKTOp (YHKIHS lLPijJ:(LPij ), 1=0,N—-1; j=0,M —1 onpenensercs kak pemenue
CHCTEMBI CONPSKEHHOTO YPABHECHHUSL:
e B P — ot o— Lo o ot ot of

N-1M-1
-1 - o e — —
x| > X Hy + 0y +{ta sﬂltisjdta5sﬂ —ta]tiagﬂata— (5)
i=0 j=0
e o st _}CD {5_1 _ +}M—11
—Sﬂsj5s/35ta+5ta5sﬂ Voo T ﬂsj55ﬂ+5sﬁ EOA_tinii_

M-1 i L RILES! NCL ]
-> > Hy. +{ta1ti5ta + 5, } Z_Hqi- -> > Hy |+
: . ) a ; AS: ] : . n

J=0 11=0 i=0 2] i=0 j;=0
i J 1 j 1 i
+Z z Hy- ; __Z Hp-- __Z HCI"’
y-0 -0 M Alijzo TH o ASjiZp M
1 t <t 0 t, <t
S =1 17" 5 = “° ' i=0N-1
a |0 t>t, « |11 t,=>t
1 s;<s 0 s;>s
s, = 7 s, = 7P oM -1
B 0 Sj>Sp 1 Sj<Sp

I1iBa30B JDJIbIIAJ,

AOKTOP MAaTeMAaTH4YeCKUX HAYK, podeccop
bakuHCcKkHi rocy1apcTBeHHbIH YHHBEPCHTET
eyvazovelshad@gmail.com

O cymiecTBeHHOM CIIeKTpe MATHUTHOTO onepaTopa
HIpennurepa B HeOrpaHMYEHHBIX 00J1aCTAX

HYCTB COCTOABIIAA U3 IBYX KYCKOB Sl u SZ 3aMKHYTasd OTrpaHUYCHHAA Ij1aakKas ABYXCTOPOHHAA

noBepxHocTh S =S, US,, pasouBaer npoctpanctBo R" B pasubie obmacth Q, uw Q,: Q-

Co 77140~ oD
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BHYTPEHHSIA 10 OTHOLICHUIO K JAHHOU MOBEPXHOCTH, (), - BHELIHSS I10 OTHOIIEHHIO K JAHHOM
IIOBEPXHOCTU U COZEpiKallas OECKOHEYHO yAaleHHYr Todky. Jns obeumx obmacreit Q, n Q

JIaHHAs TIOBEPXHOCTh S SABJISCTCS TPAHUIICH.
C nmomoibo AyIeKTpoMarHuTHOro BeipaxkeHus [penunrepa

g = —Z[§+ ia, (x)jz +9(x) (1)

¥ TPaHMYHBIX yCJIOBMI mnoctpoum omeparop H?Y, rme a(x):(al(x),az(x),...,an(x)) u q(x)
MarHUTHBIC U DJICKTPUUECKHE TTOTCHIIUAIIBI, COOTBETCTBEHHO.
3a obnacth ompeneneHUs D(Hf ) onepatopa H? Gepem GeckoneuHno muddepeHIupyeMbie

(bYHKI_[I/II/I l//(X) ONIpCACIICHHBIC B Qe C KOMIIAKTHBIMH HOCHUTCIISIMH, YAOBJICTBOPAIOIINWEC Ha

HOBEPXHOCTU S, ycioBHIO Jupuxiie, a Ha moBepxXHOCTH S, ycnosuto Ilyankape, T.e

S
rae N- BHEIIHSS HOpMaldb K IIOBEPXHOCTH S,, a O'(X)- HenpepbiBHas (QyHKLIUS Ha S,.
JleiicTBHsI 3TOTO oneparopa Ha PYHKIIMH l//(X) u3 D(HS ) OTIPEIETTUM C MOMOIIBIO BhIpaskeHus (1),

1. monoxum: Hly = Ia’qw(x). 3aMbIKaHHE TOTO OIeparopa B MpocTpaHCcTBe L, (Qe) 0003HaYNM

gyepe3 H,, 1.e H_f: H,.

[TycTh BeleCTBEHHBIC MATHUTHBIC M AJIEKTPHUYECKUE TTOTECHIIMAJIBI YIOBICTBOPSIOT CICIYIOIIUM
YCIIOBUSIM:
1) pynkuuum a, (X)(k =12,..., n) u q(x) JIOKAJILHO OrpaHuyensl B R";

2) CyLIECTBYET IOJIOKUTENBHOE YUCIIO L TaKOE, UTO

lim I|ak(x)|”dx=0(k:1,2,...,n) o lim _[|Q(x)|”dx=0,

x-yl< x-yl<

rac

3)a)npu n=123.

sup |la.(x 2 dx < 400 k=12,..,n) u sup ||Q(x 2dx<+oo,
k

XeQe \x—y\<l XEQe \x—y\<1

0) mpu N> 3. CymiecTByeT MOJIOKUTEIBHOE YUCIO & TAKOE, YTO

2
sup de<+oo(k:1,2,...,n)

n—4+¢
"0y [X =Y

Q(x)’

| n—4+¢

sup dx <400 .

XEQe \x—y\<l |X — y

Ce 7141w o)



OtMmetumM, 4TO yciioBue 3) Ha3zbiBaeTcs ycioBueM LITymmerns.
Teopema. [1ycmb macHumusie u d1eKmpuieckue nomeHyuaIbl YO081emeopsom yciosuam 1)-
3). Tozoa cywecmeennwiti cnekmp onepamopa H, cocmoum uz eécex neompuyamenvhvix yucer,

m.e o, (H,)=[04).

KOcy6oB Illakmup,

JAOKTOP HAYK N0 MaTeMaTHKe, JOLeHT
BbakuHckuii rocy1apcTBeHHbI YHUBEPCUTET
yusubov_sh@mail.ru

Heo0xoanMple ycj10BUSI ONTUMAJIBHOCTH ISt
AHMHAMHYECKHXCHCTEM JPOOHOT0 MOPSAKA

JlanHas pa®oTa TMOCBsIEHA MCCIEIOBAHUIO 337a4ll ONTUMAJIBHOTO YIPABJIEHUS JUISL CUCTEM
IpOOHOTO TOpPsIKA.

[Tycte ympaBisieMblii Tporecc Ha OTpeske Bpemenu T = [t,,t;|OnuceiBaeTcs cucrTemoii
IpOOHOTO TIOpsAIKa

EDEx(t) = f(t,x(®), u(®)), (1)
X (tO) = xO ) (2)
rae x € R™-BeKTOp COCTOSIHMSI CHCTeMbl, U € R"-Bektop ympasienus, f(t,x,u) — 3agaHHas n-
MepHast BEKTOP-PyHKIIHS, Xo € R™-3anannas TOYKA. th{'i -oreparop JIPOOHOTO

nupdepenrmposanus, @ € (0,1]. J[poGHyro npou3BoaHyI0 OyaeM MOHMMATh Kak JIEBOCTOPOHHYIO
npoOHyro mpou3BoaHyo Kamyro. B kadecTBe MHOXXECTBa JOMYCTUMBIX YIIPaBJICHUH Oepem
MHOYECTBO KYCOUYHO-HEPEPBIBHBIX r-MEpHBIX BEeKTOp-QYHKIMHU(t),t € T NPUHUMAIOLIMX
3HAYCHUS U3 33IaHHOTO HEITYCTOTO OTKPBITOrO MHOXeCTBa V'

u(t) EVcR',teT.

33,[[3.‘13. 3aKJIF04YacTCAd B MUHUMHU3aAllUN (I)yHKHI/IOHaHa
%1

S = @G + [ FCox(,u(@)de
to
OTIpeIeNIEHHOr0 Ha pemieHusx cuctemsl (1),(2), MOpOXKAEHHBIX BCEBO3MOXKHBIMM JOMYCTUMBIMU
yrpasieHusmH, riae @ (x) u F(t, x, u)-3a1aHHbIe CKATAPHBIC )YHKIHH.
[Tpy HEKOTOPHIX OTPAHWYCHUSAX HA JAHHBIC 33/1a4H MTOJIydeHBI aHAJIOT ypaBHEHHS Diiiiepa, YCIOBUS
Jlexxannpa- KneOma, a Takke HEOOXOJUMBbIE YCIOBUS ONTUMAIBHOCTH JJIs OCOOBIX B
KJIACCMYECKOM CMBICJIE YIIPaBJIECHUH.

Ary6os Mawmen,

AOKTOP (PM3MKO-MaTeMaTHYECKHX HAYK, Ipodeccop
bakuHckHuil rocy1apcTBeHHbIH YHHBEPCHTET
yagqubov_mamed@mail.ru

O penieHuM 0HOM 32/1a4¥ yIIPaBJICHHS VISl YyPABHEHHUS TPEThero
MOPAJKA C pacnpefeJIeHHbIM H CTAPTOBBIM YIIPaBJICHUAMH
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IToctanoBka 3amaum. ITycts nmpomecc B Q={0<x<1, 0<t<t } onuceBaeTcs HaYaIbLHO-
KpacBOM 3a1aueii

Plo +2 =&y — 7y = u(x,t), 1)
2(x,0) =0, z,(x,0) =v'(x), 0< x <1, (2)
2(0,t)=2z(1,t)=0,0<t <t,), (3)

rae 3, & - NOJIOXKHUTENbHBIE TTocTosHHEIE, U(X,t) pacnpeneneHnoe ynpapienue, V'(X) - crapToBoe
yIIpaBJIcHHE, puyYeM B KAueCTBE JIOITYCTUMBIX yIIpaBJICHUI Oepercst
u(x,t) e L,(Q), v'(x)eL,(0]).
Tpebyercs Haiitu Takue U(X,t),v'(X), 271 KOTOPBIX, COOTBETCTBYIONIEE UM pemenne Z(X,t)
3anauu (1)-(3), y1oBIETBOPSIIO YCIOBHUIO
z2(x,t,) = (x) (4)
1 QYHKITMOHAT

J(u,vh) = j j uz(x,t)dtdx+a1.1[(v1(x))2dx, a, >0 (5)
Q 0

MIPUHUMAJl MUHUMAaJIbHOE 3HauY€HUE.
OcHoBHBIe pe3yibTaTbl. B pabote cHauana meronom Pypbe MOITYy4EHO MpeICTaBlICHUE
pewenus 3anauu (1)-(3) B Buze

o0

1 A 1 1, (k)t L(K)t oz
7(x,t) = zm{gv (5)[e2( t_ght ]sm k& E +

k=1
+ @ j. [elz(k)(t—S) _ eh(k)(t—S) }Jﬁs)ds}sin 7KX, (6)
B
rae |, (k), I, (k) - kopau ypaBHeHus

A+ @A+ &K a2 +k*z* =0,

1
u, (t) =J§ju(x,t)sin k& E

0

Jloka3biBaeTcss ~ paBHOMEpHas  CXOAMMOCTh  psaa  (6),  paaoB,  THOJYYEHHBIX
muddepenumpoBanuem no t u mo X. Jlanee, 3agava onpeaeneHus MUHUMyMa (yHKIpoHana (5)
pu yciaoBuu (4) CBOAUTCS K 3a/1au€ Ha YCIOBHBIM SKCTPEMYM U MOJYYEHO PELIeHne 3TOi 3a/1a4M B

BHUJIC PABHOMEPHO CXOJISIICTOCS Psijia Zﬁkz (t) m cxomsIEro YMUCIOBOTO psijaa Z(\'/“l)2 , TJIIe
k=1 k=1

alzﬂz (I, (k) - I1(k))2¢7k2Ak2 (t) Jl— 182 (I, (k) =1, (k))o,C,
) 2 Tk D,
{2% [ At + ﬁZCf}

sz (t) =

1
A< (t) — elz(k)(t1—t) _e|1(k)(t1—t) , Ck = Ak (O) y O = \/EJ' ¢(X)S|n ﬂkXdX,
0

b

D, =2, [ A (t)dt + 5°C;.

0



Mohammad Jahanshabhi,

professor

Azarbaijan Shahid Madani University
mjahanshahil554@gmail.com

Extension and development of different non-Newtonian calculus in order to solve
different differential and difference equations based on
Professor Nihan Aliev's approaches

Abstracts:

In this paper, at first we review Newtonian calculus and some Non- Newtonian calculus's
which introduced and extended in recent years. These creations and generalizations have been done
by several mathematicians to reach to different goals.

Then we centralize to discuss Professor Nihan Aliev's approaches. After that we give his ideas
and methods to obtain invariant functions with respect to related derivative and calculus. We will
use these invariant functions to solve several and different differential and difference equations.

Introduction:

Additive calculus (or classical calculus) was introduced in the 17" century. This calculus is
called Newtonian calculus sometimes. This calculus and its beautiful result differential equations
modeled and solved many physical and engineering problems in 18,19,20 centuries [1,2]. The
problems which are solved by this continuous calculus are appeared in continuous spaces with
continuous variables.

However, there are several problems in economy and natural phenomena need to use the
others and different calculus’s for solving these problems. To provide this, some discrete and
continuous additive and multiplicative calculi were introduced by mathematicians. In 1972, M.
Grossman and R. Katz introduced a new calculus. Afterward this calculus was called Non-
Newtonian calculus (or geometric and bigeometric calculus) [3,4]. After that, D. Stanely in [5] and
A.E.Bashirov et all in [6] extended the multiplicative calculus in continuous case.

On the other hand, professor N. Aliev in [9] studied the additive calculus in discrete case.
They introduced additive discrete calculus and gave some basic formula for discrete additive
derivative and integration.

After that, N.Aliev and M. Jahanshahi et all in [10],[12],[13] presented the multiplicative
calculus in discrete and continuous cases.

They also introduce the invariant functions for discrete and continuous multiplicative
derivatives. By using these multiplicative invariant functions, they solved linear and nonlinear
difference and differential equations. [14]

They also extend the analytical and numerical methods for solving linear and nonlinear
difference and differential equations via multiplicative calculus’s

To study and improve the analytical and numerical methods for solving difference equations,
in this paper, we will give some ideas of professor Nihan. Aliev about the creation of the above
mentioned calculuses and then we will use these ideas to extend Non- Newtonian calculuses such as
multiplicative and powerative calculuse in continuous and discrete cases separately

e 144~ o)



MycaeBa Maranar,

AOKTOP (pustocoduu nmo MmareMaTuke

A3epOailIzkaHCKHUii rOCY1aPCTBEHHbIN NeJaroru4ecKuii yHuBepcuTer
musayeva08@inbox.ru

MarteMaTuueckasi MoJeJIu HpOTHBOﬁOpCTBa

Hwxke wucchenyercs wurpoBasi MaTeMaTH4ecKas MOZETb IMPOTUBOOOPCTBA, pa3pabOTaHbI
AITOPUTMBbI OLIEHKH CTPATErnid CTOPOH UTPhl U YUCIEHHOI'O HAXOXICHHS ONTUMAJIbHBIX CTPATETUi.
JlaeTcsi aHanM3 TIJIaBHBIX IeNiel HamajeHus ¥ (U3MYECKOM 3amuThl  0€30IacHOCTH OOBEKTOB,
pa3zpaboTaHa mMareMaTH4eckass MOJENb 3TOM CHCTEMbl U Ha OCHOBE 3TOM MOJENU JaHa OIEHKa
3¢ (HEeKTHBHOCTH CTpaTeruii cTopoH. [Ipm 3TOM cuUcCTeMa HamajeHWs M 3alluTa OOBEKTOB
paccMaTpuBaeTcs Kak CIOXKHAas CHUCTEMa C MHOTOKPUTEpPHAIbHBIM IOBeIEeHUEM. Pecypcel
«HalaJeHusl M 3allUTa» CUUTAIOTCA OrpaHMYEHHBbIMM. [[1s1 HamaJeHus BBIMIPBILIEM CUHUTAETCS
MIPEOI0JICHHS BCEX CPEJICTB 3alIUThl. BBIUIpHIII HaNaJeHNUs €CTh MPOUTPHILI 3aIIUTH K HA000POT.

[lyctp HamajgeHue uMmeeT N TUIOB CPEJICTB HamajeHus, Bcero B koiaunyectBa N U ero
TEeppUTOpHUS Ui pa3MEIIeHUs STUX CPEACTB pa3buTa Ha x yacteil. [lycTs oxpaHsemas Tepputopus
pa3outa Ha | yacTedd u uIs  3aUMTBI  ATOW TEPPUTOPUH BBIICICHBI M THIIOB CPEICTB 3aIUTHI B
obmiem konudectse M. I[onyCTHM 4TO U3 I-TO THIA CPEIICTBA 3AIIUTHI B j-Ol YJaCTKE TEPPUTOPHH,
norpedyercss B kommuectse Vij, 1=1,2,..m, J=1,2,..., |. CtomMocTh OmHOTO  i-rO THIIAa CPEACTB
3allIUTHl B J-OM y4YacTKE OXPaHSIEMOW TepPUTOPHUit 0603Ha‘{I/IM uepes cij, i=1, 2,..m, j=1,2,...1.
ITycThb p;j- BEpOATHOCTL 6€30TKa3HON paboThI i-ro THIIA SIEMEHTA B j-OM  y4acTKe TEeppUTOpHii
3aIlUTBHI.

AHAJOrMYHO MPEANOJIOKHM, YTO M3 I-TO THIIA CPEICTBA HAIMAJCHHS B J-Oi y4acTKe €ro
TEPPUTOPUH, PA3MELIAIOTCS B KOJIMYECTBE Xjj, M I[EHA OJHOTO I-I0 THIIA CPEICTB B 9TOM Y4acTKe

TEPPUTOPUM HAMAJICHUs ecThb Sij, 1=1, 2,...,N, j=1 2,..., k. Pecypcel moTpaueHHbIC Ha CpeICTBa
3allIUThl  BBIpAXKAETCS  (PYHKIMEH Fily) =20 21_1 CijYij » KOTOpPyH HEOOXOIUMO
paccmatpuBath Ha MHOXecTBe Y1={y = Yij, ¥;;j = 0, i=12,...m, =12 .1, 5’:1 Yit1yi; =M}
Ha cpencrBa Hamanenus OyayT TIOTpPaYeHbl PECYpChl  BBIpAKACMOMN (byHKuHeﬁ G1(x)
= l I WA ij Xij KOTOpYI0O HEOOXOMMMO paccMaTpuBaTh Ha MHOxecTBe X1={X = Xjj :, Xj=q
Zizlxij =N, x;; =2 0,i=1,2,...,n, j=1,2,...,Kk, }.

OOmas HaJIEeKHOCTh CUCTEMBI 3aIlUThl  OyJeT BhIpaxkaThCs (QyHKIHEH Fao(y) =

e H§=1{1 —[1—p; j] Y}, KOTopyi0 HEOOXOMMO paccMaTpuBaTh Ha MHOXecTBe Yo ={ X=Xij:
m 1— 1 —
Yt vy < dj ] 2wy < i,y 20, i=12,..m, j=1,2,..1 }, roe v, u;j-3a1aHHbIe
XapaKTEPHCTHKH IEMEHTA CPEJICTBA 3alUTHI I-TO THIIA UCHOJIB3YeMOH B j-0if yacTi o0bekTa, i, fi—
3ananHble yncna. Oynkuus Fy(y) siBasiercs He BOTHYTOH M HE BBIMYKIOH (YHKIHEH Ha 3TOM
MHOKECTBE.

[ycte 713;(t)- BeposTHOCTH O€30TKasHOM pabOTHI i-ro TUIA 3JIEMEHTa-CPEACTBA B J-OM
y4acTKe TEPPUTOPHI HAMAICHUS B TEYCHHH OIpeaeieHHOro BpemeHu. COracHO BBIIIE
U3JI0KEHHOMY, 00II[asi HaJe)KHOCTh BCEX DJICMEHTOB  HamajeHHs OyJeT BhIpaKaThCs (YHKIHCH

Py
Go(x)=I1~, ]_[5-21{1 —[1—r;] 7Y }. Uenn nanajaenus sSBIAETCA MAKCUMM3aLMA 3Ty QYHKIHMIO Ha
— —_y..- n k i— .

MHOXecTBe Xo ={ X=Xjj: Xy WX < aj , Z]-:l w;jxi; < bi, x;;20, i1=1,2,..n, j=1,2,..K}, rne
W;j, W;j- 3a/laHHBIE XapaKTePUCTHKH i-TO TUIAa CPe/ICTBA HAMAJIEHHS HCIIONb30BAHHOK B j-0if ero
TeppuTOpUH, @;, Dj — 3amaHHBIe Yncina. MHOXeCTBO X; 3aJaHO JIMHEHHBIMH OrpaHHYCHHSIMHU,
MO3TOMY OHO SIBJISIETCSI MHOTOTPAHHUKOM B KOHEYHOMEPHOM MPOCTPAHCTBE.

IIycTh  q;j-BEPOATHOCTH JIOCTOBEPHOTO OOHApYKEHMsl HapylIMTeNs B J-OM YyYacTKe
TEPPUTOPHH C TOMOUIBIO I-TO THIIA  CPEACTB 3alUTBL. TOraa BEpOSTHOCTh JOCTOBEPHOTO
OOHapy»XeHHs HapyLIMTENsl B BCEX ydyacTKaxX OOBEKTa BCEMH CpeAcTBaMHU 3ammThl OymetFs3(Y)
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= Yi=1 Xi%1 QijYij, KOTOpYIO HaI0 pacCMaTpHBarTh Ha MHOKecTBe:  Y3={y=Y;j; 0 <
l m l m — . - =
j=1 Ziz1 Yy <1 Xjon Ziz1Yii=M, y;; =2 0,i=1,2,...m; j=1,2,.. | }.

IIycTh BeNMUYMHA p ;; €CTh BEPOATHOCTH HPEONONEHHS OJHMM i-M CPEICTBOM HamajeHUs
OJHOTO J-ro cpeiacTBa 3ammThl. BepostHocTh Gs(xiYyj) -IpeomoleHHs BCEX CPEICTB 3aIUUTHI
cpencTBaMH HamajeHus Oyjem cuntaTh BRIATpBIN Hamajgenus. Ilostomy W(xiyj)=IIjz,{ 1 —

iz1[1 = (1 —p;j) ¥]%/} B3amMonelicTBMEe HaNaAEHMS —3aIUTA BEIPAKACTCH MAKCHMH3AIMCH
) — — . n — m —
10 X ¥ MHHAMH3AIMEH 10 Y Ha MHOKECTBE V={(X)=(Xiy)): Xj=1Y;=M, XiZq x; =
N,x; 20, y; =0,i=1,2,...,m,j=1,2,..,n}.
-Jlnst pacueTa SKOHOMHUYECKOM PAIIMOHAIIBHOCTH «HAITAICHHS:
-y k : — — . Vk n —

G1(x) _Zj=1 Yi=1 Sij Xy — min, Ha Xi={X = X : Zj:l Yi=1xij =N, x;; =0,

j=12,...k i=1,2,..n,}

- Jlns  pacyera TEXHHYECKOM HAJEKHOCTH CPEJICTB «HAIAJCHUS

i
Gax) = [T, H}‘zl{l —[1 —17;] 7Y }>max Ha MHOXeCTBe X3
-Jl7st pacueTa SKOHOMUYECKOM PAIIMOHAIBHOCTH «3aIlUTHI»
Fi(y) = Z§=1 YiZi Cijyij — min,  Ha MHOXecTBe Y;
- JIist pacyeta TEXHHYECKON HAIEKHOCTH CPEACTB  «3AIUTHI»
Fa (y) = TIi%4 Hﬁ-zl{l —[1-p;;(®)]°Y} — max Ha MHOXKECTBE Y,
- Jlast pacuera JIOCTOBEPHOTO OOHAPYKCHHSI HApPYIIUTENS CPEACTBAMH  <3alllUTa» B €e
TEPPUTOPHH:
_ n m
Fs(y) = Zj=1 Dinq qij yij ~— max HAa MHOXeECTBE Y3
- Tlo yacTM B3aUMOJEHCTBHS MOJCHCTEM  «HANAICHUS» M «3AIUTa», HEOOXOIMMO PEIINThH
MaKCHMUHHYIO 33/1a4y T10 HTPOBOM MOJICTH «HATMAJCHHUS -3aIIUTAY:
Wxy)=IT2{ 1 —ITj=1[1 — (1 = pyy) *1]77}— max, min, Ha MHOXKeCcTBE V

JIiisl TIepevnCIICHHBIX 3a/iad JOKa3aHbl TEOPEMBI CYIIECTBOBAHUS W HEOOXOJMUMBIE YCIOBHS

onTuMaabHOCTH. Ha MOJIETBbHBIX TIPHMEpax MPOBEICHBI YHCICHHbBIC PACUETHI.
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