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XULASO

Isdo iki tortibli xiisusi téramali tenlik {igiin bir Kosi mesalesinin halli tadgiq olunmusdur. Baxilan goxluq x-a goro
sonsuz, t-5 goro sonlu olmagla sonsuz zolaq amselo gotirir. Tonlik tipini parabolikden antiparabolike deyismakle
Sredinger crlasmasma malikdir. Bels ki, Sredinger tipini yaradan xatt parabolik ve antiparabolikin serhaddini teskil
edir. Baxilan masalays Furyenin inteqral gevirmosi totbiq olunaraq, parametrdon asili adi diferensial tonlik {iciin Kosi
masalasi alinmusdir. Bels ki, alinan Kosi masslesi deyisen amsalli olmagla birtertibli tenlik {i¢iin yazilmisdir. Bu tenliyin
tiimumi helli tapilaraq baslangic verilanler daxilinde masalanin halli qurulmusdur. Sonra iss, ters Furye gevirmasinden
istifade olunaraq ilkin mesalonin halli qeyri-maxsusi inteqral soklinde verilmisdir. Osas maqgsad tapilmis qeyri maxsusi
inteqralin miitlaq ve miintezom yigilmasim gostormokden ibarstdir. Hall iigiin tapilmis geyri-maxsusi inteqralin
asaslandirilmasi o vaxt miimkiin olmusdur ki, paraboliklik oblast1 antiparaboliklik oblastindan genis olsun.

Acar sozlor: Kosi mosalesi, parabolik tenlik, antiparabolik tenlik, Furye g¢evirmesi, qeyri-mexsusi inteqral,
kompleks parametr

PEINIEHVE 3AAAYM KON AA51 ANPDPEPEHLINNAABHOI'O YPABHEHNSI C YACTHBIMMA
IMPON3BOAHBIMMU BTOPOI'O ITOPSIAKA , MEHSIFOIIETO TUII C ITAPABOAMYECKOI'O HA
AHTUIIAPABOANYECKUN

PE3IOME

B aanmoit pabote n3ydaetcst perrenne sagaun Ko aas auddepeniyaibHOTO ypasHeHMs ¢ YaCTHBIMY ITPOM3-
BOZHBIMM BTOPOTO ITopsaKa. PaccMaTpuBaeMast 001acTh, SBASIONIAsCs GeCKOHEYHON I10 X M KOHEYHOI! 110 t obpasyeT
GeCcKOHEUHYIO I1040Cy. YpaBHEHIEe, MEHEHs TUII C IIapab0AMYecKoro Ha aHTHIIapabOAMYeCcKMil B HEKOTOPOIT YacT
obaacTu BHIpoKAaercs B ypasHeHue tura [Ipeaunrepa. Tak, 9To AMHIA BRIPOXKAEHIS 0Opa3yeT IpaHUIy MeXAy 00-
AaCTSIMM, TA€ TUIL yPaBHEHI SIBASIETCS 1TapaboANIeCcKIIM 1 aHTUIIapadoandeckuM. ITpymeHeHss K paccMaTprBaeMoi
3ajaue MHTerpaAbHOe ITpeoOpasosanme Pypne moaydeHa 3ajada Kommr aas oOpIKHOBEHHOTO AMdpdepeHInaabHOTro
ypaBHEHIsI, 3aBUCALIErO OT Ilapamerpa. Takum obpasoM, IoaydeHHas 3adada Kommr ssasercs 3aJaHHOM AAst
ypaBHeHIsI TIepBOTO TOpsAKa C IlepeMeHHBIMM KoodpduiineHntaMu. HaiigeHo oOrree pelrreHne 9TOTO ypaBHEHNS U
YCTaHOB/AEHO pellleHNe 3ajadl B NPV HavaAbHBIX JAHHBIX. 3aTeM C IIOMOIIBIO 0DpaTHOTO ITpeodpasosaHst Pyphe
pelrieHne MICXOAHOM 3a4a4i IT0AydeHO B BIAe HecoOCTBeHHOTO uHTerpada. OcHOBHas 11eAb — ITOKa3aTh aOCOAIOTHYIO I
PaBHOMEPHYIO CXOAMIMOCTh IIOAy4eHHOTO HecoOCTBeHHOro uHTerpaja. CXOAMMOCTh HeCOOCTBEHHOTO WHTerpaJa
HaliAeHHOTIO A5 pellleHIs BO3MOKHO, Korda 004acTh I1apadoAMYHOCTY 00AbIIIe 004aCcTy aHTUIapabOAMIHOCTIA.

Karouesbie caosa: 3agaya Ko, mapaboaryeckoe ypapHeHMe, aHTuIIapaboAMYecKoe ypaBHeHMe, IpeoOpasoBa-
Hure Pypre, HeCOOCTBEHHBIN MHTETPal, KOMILAEKCHBII IapaMeTp.

SOLUTION OF CAUCHY PROBLEM FOR A SECOND ORDER PARTIAL DIFFERENTIAL EQUATION
CHANGING THE TYPE FROM PARABOLIC TO ANTiPARABOLIC

ABSTRACT

In this paper, the solution of the Cauchy problem for a differential equation with partial derivatives of the second
order is studied. The domain under consideration, which is infinite in x and finite in t, forms an infinite strip. The
equation changing the type from parabolic to antiparabolic in some part of the domain degenerates into an equation of
the Schrodinger type. So that the degeneracy line forms the boundary between the regions where the type of equation is
parabolic and antiparabolic. Applying the integral Fourier transformation to the considered problem, the Cauchy
problem for the ordinary differential equation, depending on the parameter, is obtained. Thus, the resulting Cauchy
problem is given for a first-order equation with changable coefficients. The general solution of this equation is found
and the solution of the problem is established under the initial data. Then, with the help of the inverse Fourier

3



Saleh Zeyni oglu Ohmadov, Abbas Oli oglu Mehdiyev

transformation, the solution of the original problem is obtained in the form of an improper integral. The main goal is to
show the absolute and uniform convergence of the obtained improper integral. The justification of the improper
integral found for the solution is possible when the area of parabolicity is greater than the area of antiparabolicity.

Key words: Cauchy problem, parabolic equation, antiparabolic equation, Fourier transformation, improper
integral, complex parameter.

Tipini deyisen ikitartibli xtisusi toremali tenlik {i¢iin asagidaki kimi Kosi masalesina baxaq:

ou(xt) _ 2%u(x,t) _
—r =(a—t) TP <x<0<t<T (1)
u(x,0) = p(x),—0 < x < © )

burada a kompleks adaddir.

Ogor t < Rea olduqda (1) tonliyi parabolik, t > Rea olduqda (1) tonliyi antiparabolik,
t = Rea olduqda tenlik Sredinger cirlasmasina malik olan tenlikdir.

(1)-(2) Kosi masalasinin hoall etmoak {iglin asagidaki kimi Furye inteqral gevirmasinden
istifada edak.

u(x, t) = \[%f:: e'%* 9(o, t)do 3)
0(x) = 7= " y(o)do )

(3) vo (4)-ii (1) vo (2)-do yerina yazsaq ve Furye ¢evirmoasinin yeganolik xassosinden istifada
etsok o parametrinden asili adi diferensial tanlik {i¢iin Kosi masalanini alariq.

dJo(o,t)
dt

9(0,0) = y(a) (6)

(5) tonliyinin timumi hallini yazaq

+ (a — t)o?9(0,t) =0 5)

9(o,t) = ceGt* -’

(6)-n1 axarinc ifadade nazara alsaq (5)-(6) masalasinin halli tigiin asagidaki ifadeni alariqg.

1
19(0_’ t) — l//(O')e(Etz_at)az (7)
(3) vo (4) Furye cevirmalarinin ters ¢evirmalarinin yazaq
1+
9(0,t) = 7= f_+oo e'%* u(x, t)dx 8)
1 40 _;
o) = =1 e p(x)dx ©)

(8)-(9) diisturlarini (7)-ds nazere alsaq alariq
o o 1.2
uCe,t) = — [*7elox (17 e p(y)dy) e” & o,
1 [ o i _ 2712
u(x,t) = - [17 [T 7 e EI TGO g () dady.
Q(x — y,t) ilo asagidaki inteqrali isars edak.

© jg(x— 12
QU —y,0) = 5 [ PTG (10)



Tipini parabolikdon antiparabolika dayisan tanlik iiciin Kosi masalasinin halli

a(t) = /at —%tz

Kokalti ifadenin miisbat olmas: iiciin t? — 2at < 0 olmalidur. Aydindir ki, 0 <t <2«
oldugda t% — 2at < 0 borabersizlik 6denilir. Ogor a > g segsok onda 0 < t < T igiin a(t) > 0

Odonir.

Ona gora da bir apardigimiz biitiin hallarda gebul edacayik ki, a > g sorti 6danilir.

u(t,x) = [17Q(x —y, Do (y)dy (11)

(10) diisturu ils toyin olunan Q(x — y,t) fundamental halli {i¢iin tapilmis inteqral soklinda
olan ifadani sadalasdirak.

/]\

Bx Ax
x-y.
2a(t) "

Cx Dx -

lN = CNDN U DNAN U ANBN U BNCN

Dy(N,0); Ay (N’)an;(t})/); Cy(—N,0); By = (—N,;Ca;(t);)

Q(x — y, t) —ni asagidaki kimi gevirak.

2 T —y1?
QU =y =5 o5 f O] aaro)
o2 a2
Qac—y,t) = — 5 ¢ 1w e ez g 12)
burada § = a(t)o
N
f e 2 dz = fe"‘zdxm\/ﬁ
CnDN -N
buradaz = x + i;a_(}t’ S
Xy Xy For
j e_szZ — jza(t)e—Rezzle| = fza(t) eYZ_NZ dy = e_NZ fza(t) eyzd]/mo
0 0 0

Eyni qayda ile limy_, fBNCN e dz=0

—z2

— (XY 2
e~%" = ¢~ i) funksiyasi (6-dan asil1)
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Iy-qapali siiq xetti daxilinds analtik funksiya oldugundan

X

_ iX=Y N2
le e 2 45 = 0 olur.

_ L XY \2
lim f e 2 g5 = 0
Iy

Yuxarida gosterilonlori nazers alsaq alarig.

© — Xy
f_-l-oo e [a(t)a lza(t)] d6 — \/E (13)
-u -(o NoZoro alaqg.
13)-ii (12)-d laq
Q= y,t) = - e (14)
Y 2vma(t)

(14) verilmis masalonin fundamental hallidir.

Teorem: Tutaq ki, ¢(x) funksiyasi (—oo;+) intervalinda kesilmaez veo moahduddur.
Rea > golduqda

u@ ) = [77 00—y, 09 (»)d)

funksiyast (1)-(2) Kosi masalesinin ¢?(0 <t <T,—o0 <x < +0)Nc(0 <t <T,—o0 <x <
+00)-dan olan moahdud hallidir. Burada Q(x — y,t) funksiyasi (14) dusturu ilo verilib, a(t) =

’a’t — %tz kimi toyin olunur.

Isbati: Ovvelco u(x,t) funksiyasmin t € [0,T], x € (—o0; +0) ¢oxlugunda kasilmaz oldugunu
gostorak. Rea > golduqda a(t) > 0 olur. r adadini ile boyiik se¢ak ki, r > 2x olsun. y > r {iclin

r_y
_(y—zx)2 _ y;
Qx = ,8) = 7o €420 < L ¢Tioww (15)

0 <t; sortini ddayen ixtiyari t; liclin t; <t <T olduqda a(t) funksiyasmin miisbat
oldugunu gosterak. & = min{a(t;); a(T)} isaro edak.

1
0<aeSa(t)<\ET
2 1 1

7 enS= (16)
(16)-nu1 (15)-doa noazars alsaq alariq
y? y2

e 16a%(0) < g 872 (17)

(16) va (17)-ni (15)-da nazara alsaq alariq

2

L_ oo (18)

20e\T

Q(x_y't) <

M
Q(x —y, )| < i



Tipini parabolikdon antiparabolika dayisan tanlik iiciin Kosi masalasinin halli

2

f:m e dy - inteqrali yigilir, onda f:w Q(x —y,t)e(y)d(y) — inteqgrali miitlaq vo
miintazem y1gilir. Eyni qayda ile gostermak olar ki, f__; Q(x —y,t)e(y)d(y) — inteqral1 miitlaq
va miintezom yigilir. Demali, fj;o Q(x —y,t)e(y)d(y) — inteqrali miitlaq ve miintozom y1gilir.
Inteqral alti funksiya kesilmaz oldugundan onun naticesi olan u(x,t) funksiyas kesilmaz olur.
Eyni qayda ilo u.(x, t), uy(x, t), uy, (x, t) funksiyalarinin da kesilmaz oldugunu gostors bilerik.
Indi iso Vx, € (—o0,+00) noqtosi gotiiriib qeyd edak. Gosterok ki, t — ty,x = x5 olduqda
u(x,t) = @(xy) olur.

Ve >0 {licin 36(e) > 0 var ki, |x — x| < 8(e) vo [t] < 6(e) tgtn |u(x,t) —p(xy)| < ¢
Odonilir.

@ (x) funksiyast x, noqtasinda kesilmaz oldugu tigiin elo 7(&) var ki, |@(x) — @(xo)| < %s

olar.

Inteqrallama oblastim1 hissolere ayiraraq u(x,t) funksiyasini ii¢ toplanamin comi kimi
gostorak:

ulx,t) =u (x,t) +uy(x, t) + uz(x, t),

_a)2
1 (x=y)

u (1) = = 70 e 40 p(y)dy,

x=»)?
1 +n ——=
up (6, 1) = == [ e 40 g (y)dy,

)2

(x-y
1 +y oY
us(x,t) = 5= 70 e +0 p(y)dy,

x = xo vat = 0 olduqda u, (x, t) funksiyasmi giymsatlondirak. (a > gﬁgﬁn)

- 2 Xo—11 2
1 J D () " i g
u (x,t)| = —=—— e 4a S—f e 4a
lug Cx, £ Na(® | p(y)dy Na(D) | y
(xo—71-%)(2a(t))
__ M f 2a(t)e*" dw
2vma(t) .

|x — x¢| < 7 oldugundan xy — 7—x < 0 va lim;, a(t) = 0 oldugundan aliriq ki, 36, (¢) >
0 varki, uy (x,t) < gs. Burada y = x + 2a(t)w avazlomasi gotiiriiliib.

dy = 2a(t)dw,

y—Xx
w =
2a(t)

Xo—NnN—X
2a(t) ’

YyoXg—N=>wW—

y = —00 = w — —oo. Indi iss u,(x,t) funksiyasm giymstlondirmak iigiin onu asagidaki
kimi gevirak:
uZ(x' t) = ]1(x' t) +]2(x, t)/
@-y)?

_ _@Xo) Xotn o
Ji(x, t) = 2 ral®) fxo—n e 20y,
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(x=y)?

]2 (x ) 2\/_a(t) f;}w:(‘l’(}’) - (P(XO))e_mdy_

Gostorak ki,

lim ¢-o0 1 (x; t) = (P(xo)/
X=X,

Xo+n—x
@ (x9) a(t) —w?
J1(x, 1) =5 \/_ao(t) fxoz 9 2a(t)e™® do,

2a(t)

@(x0)2a(t) Za(t) o ?
jl(x t) - 2\/_a(t) fx() n—x dwl

2a(t)

x+n—x>0 ve x—n—x<0 eyni zamanda lim,,,a(t) =0 oldugundan inteqralin
yuxar1 sarhaddi +o0-ga, asag1 serhaddi —oo-ga yaxinlasir.

Demsoli

lim ¢-0 J1(x,t) = @(x).
X—Xg
Yoni
1
106) — @ ()] < 2e.
Indi Iso gostarak ki,
1
> 0] < e,
Xotn (xo+n—x)(2a(t))

(x-y)?

1 3 1 2
X t)| = ———= xo)le *@*Ody < — f 2a(t)e™ dw
201 = 5= [ 100) =0t N 70 ®
Xo—1 (xo—1-2)(2a(t))
<

& 1 400 __ .2 & &
<; Fleedo=2,x0lI<g,

uy(x, t) funksiyasmi giymetlondirdiyimiz kimi eyni qaydada us(x,t) funksiyasi tiglin elo
6,(e)>0

var ki |x — xg| < 6(¢) vo [t] < §(¢) Ugln |uz(x, t)| < % € olsun. Ve > 0 liciin 36 = 6(¢) > 0
varki, |x —xo| < 8 vo |t] < § tigin [u(x,t) — @o(x )| < € 6donilir. Teorem isbat olundu.
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XULASO

fsde baxilan tenlik yiiklonmis xiisusi toremali parabolik tonlikdir.Bu tonliye sorhad sortlori elo daxil olmusdur
kibaxilan par¢amin uc noqtolori ilo orta noqtesi arasnda oslage verilmisdir.Eyni vaxta tenliyo baslangic sort
gosulmusdur ki,alinan moesalonin hallinin tapilmasi Syrenilir.Ovvealco maseloys Laplas operatoru tatbiq olunaraq
qarisiq moasalays uygun spektral masoalo qurulmusdur,sonra ise alinmis ii¢ ndqtsli spektal moasalo kompleks miitovide
totgiq olumusdur.

Beloki,parametrdon asili adi disferensial tonliyin {imumi halli tapildiqgdan sonra sabitlorin variasiya {isulundan
istifade olunaraq,qeyri bircins tenliyin {imumi halli qurulmu@dur.Umumi hallds istirak eden sabitleri tapmaq {igiin
tignoqteli sarhad sortlortinden istifade olunmusdur.

Bundan alava,spektal masalonin maxsusi adadlari tapilmis ve Qrin funksiyast qurulmusdur.

Qrin funksiyast tigiin qiymetlonme almmmsdir,ve bu qiymetlonmaden istifade ederek,ayrilis teoremi
verilmisdir.Bundan sonra, xiisusi toremsli diferensial tonlikds istirak eden yiiklonmis haddi nezers alaraq telob
olunmusdur kihall ilkin masaleni ddasin.Bunun asasinda halli tapmaq {i¢lin Voltera inteqral tenlik alinmisdir ve
gostarilmisdir ki, baxilan masalenin halli varsa bu hsll alinmis Voltera inteqral tenliyi 6demalidir.Voltera inteqral
tonliyin hellini tapmagq i¢iin aridicil yaxinlagmalar tisulundan istifade edilmisdir.

Acar sozlor. Fundamental hall, asimptotika, analitik funksiya, maxsusi adad, asimptotik diistur
SOLUTION OF ONE PROBLEM FOR THE LOUDED PARABOLIC TYPE OF EQUATION
ABSTRACT
The equation that we will consider is a parabolic equation with a loaded special derivative.

The boundary conditions included in this equation in a way that there is a relationship between the corner points
and the midpoint in the region under consideration.

An initial condition is added to the equation and the solution of this problem is investigated.

First, the Laplace operator is applied to the problem and a spectral problem corresponding to the problem is
constructed.

Then the resulting three-point spectral problem is studied in a complex equation. Depending on the parameters,
after finding the general solution of an ordinary differential equation, a general solution of an inhomogeneous equation
is constructed by the method of variation of constants.

There were used three-point boundary conditions for finding the constants included in the general solution.
In addition, the eigenvalues of the spectral problem were found and the Green's function was constructed.
An estimate was obtained for the Green's function, and was given a separation theorem by using this estimate.

Further, taking into account the loaded limit included in the differential-differential equation, it is required that
the solution satisfies the original problem. Taking this into account, in order to find a solution, the Voltaire integral

10
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equation was obtained and it was shown that if there is a solution to the problem under consideration, this solution
must satisfy the obtained Voltaire integral equation. There were used the method of successive approximations is used
for finding the solution of the Voltaire integral equation.

Keywords: Eigenvalues, Green function, fundamental solution, characteristic determinant, spectral problem.
PEIIIEHVIE OAHOM 3A/1AUYU AA51 HATPYKEHHOI'O YPABHEHMSI ITAPABOAMNYECKOI'O TUITA
PE3IOME

YpaBHeHIe-KOTOpoe MBI OyaeM paccMaTpuBaTh ABASETCA TapabOANYeCKUMM YypaBHEHMeM C Harpy>KeHHOI
CIIe1aAbHON IIPOU3BOAHOI.

rpaHI/I‘lHI)Ie yCA0BMST BKAIOYEHBI B OTO ypaBHEHIIE€ TaKUM o6pa30M, 4TO B paCCManMBaeMOf?I obaactu MeXAy
YrA0BBIMU TOYKaMU U CpeAHeﬁ TOYKOW €CTh CBSI3b.

B YpaBHEHIE AO6aBA}IeTC}I Ha4da/bHOE yCA0BIIE 11 ICCAEAYETC pelIeHne AQHHOU 3aJaunl.

CHavasza K 3aga4e IIpMMEHsIEeTC oIlepaTop /laraaca u CTpOUTCs CIIEKTpadbHasl 3ada4da, COOTBETCTBYIOIIAsI
3adaJe, a 3aTeM ITOAy4eHHasI TpeXTodedyHas CrieKTpaabHas 3ada4a MCCAeAyeTcsI B KOMILIEKCHOM YpaBHEHUN.

Taxum 00pa3oM B 3aBUCHMOCTM OT IIapaMeTpOB ITOCAe HaXOXAEHNA OOIEro pereHNs OOBIKHOBEHHOTO
AnddepenInaibHOIO ypaBHeHMs CTPOMUTCS OOlrjee pellleHMe HeoAHOPOAHOTO YpaBHEHMsS MeTOAOM Bapualiyin
KOHCTaHT.

A5 HaXOKAeHMsI KOHCTaHT BXOSIINX B ODIIlee pelleHye, MCII0Ab30BaACh TPeXTOYeUHbIe IPaHIIHbIe YCAOBIL.
Kpowme Toro, 6n1411 HatlAeHBI COOCTBEHHBIe 3HAUeHNs CIIeKTPaAbHOI 3ajaun 1 rocTpoeHa pyHKuys ['puna.

briaa moayuena onenka aas GyHKuyy ['pyHa 1 ¢ MCIIOAB30BaHMEM DTOM OIEHKM Oblla ITpMBeeHa TeopeMa
pasaeaeHusL.

Jajee yduTHIBas HaTpy>KeHHBII IIpeJel, BXOAAIUI B AuddepeHrnaapHO-AndPpepeHIIIalbHOe YpaBHeHNe,
TpebyeTcs1, ITOOHI pellteHye YAOBAETBOPLA0 MICXOAHO 3ajaJe.

YuuThIBas 9TO A4S HAXOXKAEHNS pellleHrs ObLA0 I0AyJ9eHO MHTerpaabHOe ypasBHeHMe BoabTepa 1 G110 MOKa3a-
HO, 4TO IPU HAAVMYMM PelleHNs pacCMaTpUBaeMON 3aJaull BTO pelleHue AO0AKHO YAOBAETBOPATH IOAy4eHHOMY
MHTerpaabHOMY ypaBHeHUIO BoabpTepa. Jas HaxoXaeHNs pellleHNsl MHTerpalbHOIO ypasHeHMe BoabTepa mcrioan-
3yeTcs MeTOJ, II0CAeA0BaTe AbHBIX IIPUOAVIKEHUIA.

Karouessle caoBa: CobcrseHnbIx 3HaueHys1, Pynkuyest I'puHa, pyHAaMeHTaAbHbIE peIeHIL, XapaKTePICTITIeCKIIIT
AeTepM UHaHT, CITeKTpaabHasl 3aada.

Asagidaki kimi istilikkegirma tonliyine baxagq:

WD) _ U0 4 p 2O )<l 150 (1)
Bu tenliys

u(—=Lt) —u(l,t)=0

1(0,6)=0 (2)

sorhad sortlorini
u(x, 0)=¢(x) (3)
baslangic sertini slave edak.
Burada, ¢(x) funksiyasi[—, [] par¢asinda toyin olunmusdur.

Laplas ¢evrilmesinden istifade etmakla qoyulmus qarisiq mesaleni A4 parametrindsn asili
olan x-a gora ikitortibli adi differensial tonlik ti¢lin qoyulmus serhod masalasine gatirmak olar.
Homin masals asagidaki kimidir:

#(x, 1) — 22v(x, A) = h(x) (4)

11
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v(=D)—-v({)=0
v(0) =0(5)
Demali sorhad sortinde ay = 1,5, = 0,y;, = —1,a, = 0,5, = 1,y, = 0 gotiiriilmiisdiir.
Sabitin variasiya tisulunu tatbiq edarak, (4) tenliyinin timumi hallini tapariq.

v(x,1) = Ae?* 4+ Be ™ 4

X l

eAG=8) _ g=A(x=5) pA=6) _ p=Ax=5)
+ [ hds — [ )t -

-l x
X l

= ner e+ [T ey - [ ncerae

-1 x

Aldigimiz ifadeni sadslagdirmak tigiin yeni funksiya daxil edak:

eAMX=§) _ p=Ax=§)

~ 4z
g(x/ f! /1) - el(x—f) — e—/l(x_f)
———— PR R
42 polsx=esl

Bu funksiyanin komoyi ils (4) funksiyasmin timumi halli tigtin bels diistur aliriq:
v(x,2) = Ae* + Be ™ + [ g(x,&,2) h(§)dE (6)

Burada A ve B ixtiyari sabitlardir.A va B -ni tapmagq {i¢iin sarhad sartinden istifade etmakle
asagidaka sistemi almus olariq:

( l
- A+B=— f 9(0,€,2) h(&)de
]

l

A(e™ —eMt) + B(eMt —e™M) = f[y(l, &) — g(=L& D]h(€)d¢

-1

Bu sistemi Kramer qaydasi ile hall edak.

Bas determinant:

1 1 M _ a2
D=|_ ~ |=2el—e !
e~ Al _ oAl oAl _ o-Al ( )

Komoakg¢i determinantlar:

L
- [ g6 nnea 1
p=| ,
- [loLen - g6 min@as e - e
1
l
1 - fg(O,f,/l) h(&)dE
DZ = -1

l
el _ e f [9(~L&, 1) — g(LE DIh()dE
]

12
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A=%;p=2
D D
Bunu timumi hellin ifadasinda yerine yazsaq,
_ D1 ax ;D2 -2 l _
v(x, ) =—te +2em M + [ g(x, §, ) h(§)dE
g(x' f. l) eﬂx e—ﬂx
! 9(0,§,2) 1 1
CLEN) —g(LEA) eM_gel oM _ gl
:fg( ) g(s‘z)(g et Mo o
-1
g(x’ f, /1) e e M
A(x' fi )') = g(ov Sv ﬂ-) 1 1
g(_l’ ¢, /1) - g(l, g, /1) e M _ Al QA _ -4
_ AxSAD
isaro edak.

(7) diisturu ilo teyin olunan G(x,¢§,1) funksiyasina (4)-(5) masalasinin Qrin funksiyasi
deyilir. Nohayet, aldigimiz (4)-(5) spektral masslonin hellini asagidaki diistur geklinds toyin
etmis olurugq:

!
v, A) = 1,6 & ) h(E)dE
G(x,&,A) Qrin funksiyas1 A-a nazaran meromorf funksiyadir. Ona gore de maxracin sifir-
larmyi, yoni G (x, ¢, 1)-nin polyuslarini vo bunlardan (sgar varsa) kenarda G (x, £, 1) funksiyasimin
oziinii tadqiq etmaliyik.

1 1 2 2
D= _ _ |=2el—e‘l
e Al _ gl odl _ o=l ( )

D) =0 & 2(eM—e?M)=0

Buradan

2 Al 2mKki.

e?M = 1 vayae?M = ¢2mki;

ki
Zlkl = ZkT[i; Ak = T,k EZ.

Ag-lar Qrin funksiyasmin polyuslaridir. Burada tapilan A, kokleri sirf xayali adadlordir ve
onlar 4 —kompleks miistovisinda xayali oxun tizarindos yerlasirlor. Bundan basqa k — oo sorti ilo
bu koklar sixlagsmirlar. Dogrudan da istenilon k {igiin iki qonsu kokii gotiiriib aralarindaki
moasafoni hesablasaq alariq:

k+Dmi kmip n
| Ake+1 = Al = %—T =7

Noatico sabit olduguna gora k — oo sortinden asili olmur ve o sifra yaxinlasmir. Bu ise A
koklarinin sixlasmadigini gostorir. Bundan basqa, agor 4, koklerini ohato edan §, radiuslu
gevralor ¢oksak, onda

DA) =0

tonliyinin kokleri bu gevralerin daxilinds qaldigindan onlardan kenarda gotiiriilmiis istenilan
oblastda

D) =c>0

13
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olacaq. Yoni, D(x) bir funksiya kimi asagidan mehduddur.
indi do A(x, &, A)-nin todqiqine kegak.

g(x’ f, /1) e/lx e—/lx
Ax,§,4) = 9(0,$,2) 1 1
gLED) —g(LEA) eM—elt M et
e/l(x_f) — e_)'(x_f)
;—l<E<x <
— 42
IEED =1 -6 _ g-atx-9)

- ol<x<é<
o s —l<x<E<l

g(x, ¢, ) funksiyasmndan istifads etsek,asatidaki fergi tapmagq olar:

eM+8) _ p=21+8)  LA1=8) _ p—-A1-9)
g(—l,f,l) - g(lrfrl) = - =

42 42
_shAUL+ &) — shal - ©)
B 21
Aldigimis ifadslarden gdrmoek olar ki, || — oo sarti ilo G(x, ¢, A1) funksiyasi 6ziinii I_/lll kimi
aparir:
60§D <=

Al
Bu giymatlondirmaden sonra qoyulmus masalenin requlyar oldugunu aliriq.

MBolumdur ki, requlyar masals {igiin ayrilis diisturu moévcuddur. Daha dogrusu, asagidak:
kimi hékm dogrudur:
Ogor f(x) vo f(x) funksiyalari [0,1] parcasinda kasilmazdirss,
l l
1 =
——Z f A5da f G(x, &, Df(§)dE = —ZResAS jG(x,{,A)f({)d{ :{f(ox)s'i 01
[7] [oF} -1 a ’

2mi
-1

Burada cy — 45 = mdi kokiinii shato edon ve daxilinde ancaq bir dena kok saxlayan kigik
radiuslu gevralardir. Bundan basqa, D(x) = 0 tenliyinin koklari sads olduguna gora Res — 45-o
¢ixaglar da sads polyuslara gors hesablanur.

Qarisiq mosaleye uygun spektral massle requlyardir ve bu halda ayrihs diisturu
movcuddur. Qarisiq maslenin hallini asagidak: diistur seklinde gostarmak olar:

; t
u(x, t) = _zimz f e“udz{flc(x,m) [(p(f) +f0 e"lZTF(T)dT] df}

Burada F(7) = % isars olunmusdur. ¢ iss daxilinds yalniz bir dens 45 polyusunu sax-

layan kigik radiuslu ¢evralardir. Bu inteqrali iki com soklinds yazib onlar1 sadslesdirok:
1 l
1 1 ¢
- _ A%t _ A%t -A%T
u(x, t) = zmz f e?*t2d2 f Glx, & Dop(E)dE zmza: f e?*t3da fG(x, E,A)de; e TR (1) dr
Ccy -1 cy -1

Qurdugumuz funksiyanin hall olmasini yoxlama iisulu ila gormak olar. Ogar u(x, t) funksi-
yasin (1) tonliyinds yazib formal olaraq differensiallasaq:

14
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ZmZJ. /12t,13d,1J-G(x &) [go(f) AZTF(T)dT] dé —
Zme Azr’pdlfc(x EN(=F()dE =

— Zme et ada fde(x ai ’D[ (g)—fote—ﬁzw(r)dr] +F(b)

Sonra G (x, ¢, 1) funksiyasin x # ¢ olduqda

d?G(x,&,2)
dx?

tonliyinin holli olmasn1 vo ayrilis diisturunu nezars alsag, onda (1) tenliyinin dogrulugu isbat

—22G(x, &) =0

olunur. Serhad sertlarinin 6danilmasi da G (x, §, 1) funksiyasinin xassasinden alinir. (3) baslangic
sorti do ayrihig diisturuna gors almur.

l
1
u(x,t) = _ﬁZ f 2dA fl 6(x, & De(E)dé = p(x)

Indi u(x, t) {igiin yazdigimiz birinci toplanani sadelagdirek. Bunun {igiin avvalce A-ya gore
inteqrali hesablayaq. Cixiglar diisturunu totbiq edirik:

Z f e?*tAd2 f G0, & Dp(E)dE =

21'[1

2 Ed0) .,
s
D) =e*—e?

D) =e?*—et=—(e*+e™h
Aa = T[al

oldugundan

-ndi

= —2cos = —2(-1)°?

i

e —e

D’(A) — _(enai + e—nai) =_2 5
1,
92(15)  1—he 27

A(x, f,/la) = g(x, f' AB)D(AB) - elax 1
9:(A;) e + he 2%

4L
92(19)  1— hez™

+e~Aox 1
gs(Ay) e* + hez*

Burada D(43) = 0 oldugundan
ACx,§,29) = —e2* [g(2) (70 + he #2) — g3 (A)(1 — he 79)]+

2% [9,009) (€% + he??) = g3(A5) (1 — he?)]
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Buradaki 1, koklori e? —e™* =0 eyniliyini 6dadiyins gora eto = e%o yazmagqla A(x, &, 45)
ifadesini bir qodar do sadalagdire bilarik:

telo* [gz(ﬂa) (6’1"’ + he%A"’) - g5(A3) (1 — he%A‘?)] =

1 1
= —2shiyx [gz(la) (ela + hef‘a) — 95(29) <1 - hei’la)]

Sonra

k(€ 25) = 92(25) (e’la + he%’lf’) — g:(A3) (1 _ he%ﬂa)

isaro etsok, alariq:
!

2, (Omi
I, = Za:e—(a") t% _flk(f, Aa)fp(f)df} shomx

Bu gayda ile ikinci toplanani hesablayiriq:

Zme AZtldlfG(x <) A)dff ~Tp(7)dr =

2, (Omi) 2
=) et 2 k(g, Aa)dg] e@mM™t F(t)dr shomx

Indi da hall {igiin aldigimiz ifadenin x-a gora toremasini tapaq:

0 2, (Omi
7 Ze_("”) (( Z;ﬁ{ [ e Aa)¢(€)d5}(na)chanx+

t

+z -(@m?%t ((675?3 [f k(, Aa)df] Bnchanx! e@’t F(r)dr

au(o )

Ogoer bu berabarlikde x = 0 yazsaq ve F(t) = oldugunu nazars alsaq, onda ——a goro

inteqral tonliye golirik:

u(0,t) ~"e ™ (am)i
ox _Z (-1)°

"9 t(a )2 7292 ou(0, t)
+<Z}—TT?——fk@Aw&>f R

fk@zw¢@w5+

0

Aldigimiz bu tenliyi ardicil yaxinlagma tisulu ils hall etmak olar. Bunun tigiin

e ™ 292 t(a )2
————7— | kK 29)p(§)ds = A(D)
Z: (-1)? f ?

e ™ 292(t- T)(an.)Z
k(& 25)dé = B(t,—71)
Z (-1)° f ?
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ou(0,t)
== =)

isaro etmok lazimdir.
t
Y(t) = A1) + f B(t,—1)yY(t)dr
0
Indi A(t) ve B(t, —7) funksiyalarim giymetlondirerak alinmig inteqral tenliyin hall edildiyini

gostermak lazimdir. Baglangic sartinde gotiirdiiylimiiz ¢(x) funksiyasmin kafi qader hamar
oldugunu ve k (&, 15)-nin giymatlarini nazers alsaq,

A@I < ) e Pt @mm

F]
yaza bilarik. Burada M = max,¢[o 11l¢(x) |.

Goriindiiyti kimi, bu sira istonilon t > 0 giymatinds yigilan olacaqdir. t = 0-da y1gilman te-
min etmak tiglin ¢(0) = (1) = ¢'(0) = ¢’ (1) = 0 sarti gobul edib, iki dafs hissa-hisss inteqral-
lamaq lazimdir. Eyni qayda ile B(t, —7) ifadasinin ds y1gilan oldugunu gebul edirik.

Demeoli aldigimiz inteqral tenliyi ardicil yaxinlagsma tisulu ils hall eds bilsrik. Bunun
uglin Yo = A(t) gottirtirtik. Sonra
t
Y, =A(t) + j B(t,—1) Yo (r)dr

0
t

Yy = AD) + f B(t,~7) $, (1)dr
0

va s. qobul etmaklo hallo yaxinlasmalar: tayin edirik. Bu qayda ilo qurdugumuz {1 (t)} funk-
siyalar ardicilligini k — oo sarti ils sonlu limiti oldugundan inteqral tenliyin de hallinin varhgm
deys bilarik. Belalikls,
ou(0,t)

0x

funksiyasini tapib yerine yazdiqdan sonra halli tamamile qurmus oluruq. Qurdugumuz hall

P() =

halslik formal haldir. Alinan siralarin yigilan olmasin ¢ (x) iizarine miisyyan sortlar qoymagqla
asaslandirmagq olar.
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PE3IOME

Ha Bceit ocu paccMaTpusaeTcsi ogHoMepHoe ypasHeHMe IllpeanHrepa, KOTOpoe Ha IIOAOXKUTEABHON IOAYOCH
IIpeAcTaBAseT cOOOM BO3MYIIEHHBIN rapMOHIYECKII OCIIUAASTOp. VI3ydeH CIIeKTp COOTBeTCTBYIOIETO OIlepaTopa.
IToaygensr GpopMyABI pa3A0KeHN: ITO COOCTBEHHBIM (PYHKIVIIM HEITPEPHIBHOTO 1 AVICKPETHOTO CITEKTPOB.

Karouesbie caosa: rapMoHIMYeckuii ocruaasTop, ypasHenue Illpesunrepa, criektp, coOcTBeHHDBIE (PYHKITUY,
$opmyasl pa3a0sKeHILL.

OLAVO ARTAN POTENSIALLI SREDINGER OPERATORUNUN MOXSUSI
FUNKSIYALARI UZRO AYRILIS DUSTURLARI

XULASO

Biitiin oxda birdlgiilii Sredinger tonliyine baxilmisdir, hansi ki, miisbat yarim oxda heyacanlanmis harmonik
osilyatra cevrilir. Uygun operatorun spektri todqiq edilmisdir.Bu operatorun kesilmez spektri vo diskret spektrine
uygun moxsusi funksiyalar {izre ayrilis diisturlar alinmisdar.

Acar sozlar: Harmonik osilyator, Sredinger tonliyi, spektr,moaxsusi funksiyalar, ayrilis diisturlari.

EIGENFUNCTION EXPANSIONS OF A ONE-DIMENSIONAL SHRODINGER OPERATOR WITH AN
ADDITIONAL GROWING POTENTIAL

ABSTRACT

The one-dimensional Schrodinger equation on the whole axis is considered which on the positive semiaxis is a
perturbed harmonic oscillator. The spectrum of the corresponding operator is studied. Formulas for expansion in terms
of eigenfunctions of continuous and discrete spectra are obtained.

Keywords: Harmonic oscillator, Schrodinger equation, spectrum, eigenfunctions, expansion formulas.

1. Begenme

Pacemorpum auddepeHimaabHoe ypaBHeHe
—y"+O(x)X2y +q(X)y = Ay, — 00 < X < 40, an

1, x>0,
0,x<0

, a BeL[IECTBeHHbIIZ II0TeHIIMaA q(X)

rae H(X) - ¢gynkims Xesucaiiga, T.e. 9(X)={

YA40BAETBOPIET YCAOBIIO

0

j(l+ |x|}q(x)|dx+ T(1+ x> )q(x)dx <o .(12)

—00

3ameTyM, 4TO TP MOAOXKUTEABHBIX 3HadeHM:AX X ypasHeHue (1.1) mpeacraBaseTr coOoit
BO3MYIII€HHBIN TapMOHIYECKII OCLIUAASTOP.
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A.I. Opyoxes

Auddepennmaartoe ypasuenne (1.1) orpegeasier [1] B rpocTpaHctse L, (— oo,+oo) caMo-
COIIPSIKEHHBIN orepaTop L, KOTOpBIN MOXKHO ITOAYYUTH 3aMBIKaHIeM CMMETPUYIHOIO OIlepa-
TOpa, orpeeAseMoro ypasHenneM (1.1) Ha ABasKAbI HelTpepbIBHO A pepeHIIpyeMbIX GUHUT-
HBIX PYHKIMAX. B 4aHHOI paboTe roaydyeHO pa3AoskeHye 0 COOCTBeHHBIM (PYHKIVAM Helpe-
PBIBHOTO criekTpa orteparopa L . VIsyuen cniekrp oneparopa L .

OrMeTuM, 4TO pa3daudHbIe CIIEKTPaAbHbIe 33424l AASl TAPMOHIYECKOTO OCLMAAATOPA, T.e.
Aas ypasHeHus (1.1), B pa3aM4YHBIX KOHTEKCTaX M3ydalach MHOIVIMM aBTOpaMM (CM. [2]— [7] n

OrbanorpaduIo B HIX).
2. IlpeasapureabHbIe CBeAeHWs

OGoszHaunM yepes I' KOMILIEKCHYIO A - IAOCKOCTh C pa3pe3oM ITO ITOAOKUTEABHON II0-
ayocn. ITycrs OI - rpaHuIia 9TOM IL10CKOCTH, COCTOSIIAsK 113 TOUYEK BEPXHETO U HIKHETO paspe-

30B 110 ITOAOKUTeABHON noayocu. B maockoctu I paccmorpyum GpyHKINMIO Ja , BBIOMpast pe-
IyASPHYIO BeTBb pajykaa takyio, uro A +i0 >0 mpu A>0. B padore [8] soxazaro, uro
npu q(X)z Oypasuenne (1.1) 445 KaXXAOTO KOMILAEKCHOTO 3HAYeHUs A MMeeT pellleHus

v, (X, ﬂ), IpeACTaBUMBIE B BIAE

DE(\/EX)X >0,
2

1 (2, ix
v.(x,4)= E{Dgl(o)" ZDA;(O)} " 21)
1 1 3 ’ —i2x
+2[D21(o)+|,/iD“(O)}e X <0,

2

%[D;_l(o)_i\g(og_l(o)Jl]DH(ﬁXF

2 2 2

vl %[D;l(o)n\/%[%@)j1}’“(‘@)“0'

2 2 2
e—iﬁx

2.2)

,X <0,

rae D, (X)- $ynxsa Bebepa(cm [8], [9] ). Obo3HaunM gepes fi(X, 2,) permenyst ypasHenyst (1.1)

C aCMMIITOTKaMM
f,(x,4)=w.(x,4)+0(l),x = *e0. (2.3)

V3 pesyabTaTos pabOThI [9] caeayeT, 94T0O npu ycaosun (1.2) Takue peleHns CyIecTByIOT I

eavHcTBeHHBI. CIipaBe4AMBHI ITpeACTaBAeHIs C IIOMOIIIBIO OIIepaTOpOB IpeoOpa3oBaHIAs
f (6 A) =y, (6 A) % [K () .t A)dt, 24)

rae siapa K N (X, t) SIBASIIOTCS HEIIPEPLIBHBIMY (PYHKIIVISIMU U YAOBAETBOPSIIOT COOTHOIIEHVSIM

K, (x.t)= o(@ (XT“D X+t —s 400, (2.5)
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Pasroxenus no cobcmeseHHbIM gﬁymcuu}m OaHOMepHOZO onepamopa mpeauﬂzepu € 0ONOAHUMEALHBIM pacmytpum nomeHyuarom

N3 dpopmya (2.2), (2.4) caeayet, uto mpu A €0l’ pemennem ypasHenns (1.1) sBasercs
TaKKe PYHKIVS f_iX,/l ). Kpome toro, 4 €0l',4#0 perent f_(X,ﬂ) u f_ix,M AVHEITHO

He3aBMCUMBI, TaK KaK MX BPOHCKMaH B cuay (2.2), (2.3) paBen 2V Aaaee, 3ameTuM, 4TO B CUAY
1), (24) pemerve f (X,A) npumimaer mpu A€l AeliCTBUTEAbHbIE 3HAYCHII.

CaeaoBaTeAbHO, IMEET MECTO TOXKAECTBO

f.(x,2)=a(1)f_(x,2)+a(2)f_(x,1), Aedl,1#0,(26)

rae QYHKITVS a(/i) orpeaeasieTcst popMyA0i

a(4)= {f-(xfji);/% (X'ﬂ)}, 27

mpideM 3aech u Aazee depes {U,V}=UV'—UV oBosHadaercs BpoHcKman yHKImit U m V.

DyHKIIMM t(ﬂ)zafl(ﬂ) u I’(/’L)z a‘l(/l)@ Ha3BIBAIOTCSL KOD(PPUIMEHTaM! YAaAeHUsT U

oTpaxkeHms1 445 ypasHeHs! (1.1) cooTBeTcTBeHHO.

s popmya (2.4), (2.), (2.7) BEITEKaeT, YTO QPYHKIIV a(/l) aHAAUTIMYHA B TA0cKocTu ' 1
HeIIPepPBIBHO BILAOTh A0 IpaHuuel Ol , 3a mckaoodyeHneM, O6biTh MoKeT, Touku A =0. B cuay
(26)mpu A € dl', A # 0 Ppynxums a(ﬂ) He oOparraercs B Hoab. Kpome Toro, coraacHo popmyae

(2.7) B Hyasx pyHKIIUN a(/1) pemerms (X, A)u f_(X, l) AVHEIHO 3aBUCUMEL Tak Kak perrre-
ast f, (X, 2,)1/1 f (X, /1) DKCIIOHEHINAABHO YOBIBAIOT IIPM X —> +00U X —> —00 COOTBETCTBEHHO,
TO CcoGCTBeHHbIe 3HaUeHTIst oriepatopa L cosaoaaor ¢ nyasmu gyrximmn a(A). Otcioaa sy
camocorpsokeHHOCTH orepatopa L, ¢ymkims a(l) MoxeT mMeTh Hyam, pacrioAOKeHHbie

AUIIDb Ha OTpI/IL[aTGAbHOIX I10A1yOCH.

Jazee, cTaHAQPTHBIM METOAOM [10] AOKa3bIBaeTCsl, UTO (PYHKITVA a(/l) MO3KeT MMeThb ANIIIb

KOHEYHOE YMCAO ITPOCTBIX OTPULIATeABHEIX HyAeit A, j =1,..., N . VIMeloT MecTo cooTHOIIe s

f+(x,ij ): C; f_(x,/1j ), (2.8)

a(4)= Ziiz +0(),1 -0, 29)

a(2)=(2iv4)'[V2 D% 0)+iva D% (o)}[u o(%ﬂ A —> 0. (2.10)

BBeaem obosnaueHs
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A.I. Opyoxes

3. Pasaoxxenmsi 10 COOCTBEHHBIM (PYHKIVISIM

Vccaeayem criexrp oneparopa L . BHauase BoiBoAIM POPMYABI pa3A0KEHUs 110 COOCTBEH-
HBIM (YHKIIVSIM HTOTO OIlepaTopa.

Teopema 1. Vmerom mecmo GopmyAvt pasroxeHus

i I%[fix,i )+ r(ﬁ)f(x,ﬂ)]f(y,/i)d/ﬂi(mj)z f?(x,ﬂj)ff(y,ﬂj): S(x—vy), 3.1)

o0

% [ £.(x 2)1.(y, 2)dp(2) = 5(x~y), 32)

20e O (X)— deavma pynxuyus Jupax, p(l) onpedersiemcs Popmyroii (2.12) u Ja =4a+i0.
AokazareabcTso. PaccMoTpym ypaBHeHe
—y"+a(x)y—Ay = f(x),
rae f (X)— ITpOM3BOAbHas BelllecTBeHHas (pyHkimsa n3 L, (— 00, oo), AZsl KOTOPOJ HY>KHO

oAy4dnTh pasaoxkeHne. Caeays COOTBETCTBYIOIIUM pacCyKAeHu:AM Tutamapiia [11, FJI.Z],

HaXOAMM, YTO COOTBeTCTByIomas pyHkis ['puna G(X, Y, ﬂ,) VIMEET B,

LA
2ivaa(a) T
LAL(y.4) |
2ivaa(a)

CoraacHo 11ocaegHeMy paBeHCTBY G(X, Y, ﬂ,) SIBASIETCSI aHAAUTIYECKOM (PyHKIIVe B

G(x,y,4)=

> X

riaockoctu I, 3a mckaouerneM pocTsix moaiocos A, j =1,..., N . TToaoxim

D(x, 1) = _[G(x, y,A)f(y)dy.
Toraa 6yaem umers

f(x)=-— | ®(x,A+i0)dA,

F(x)= — [D(x,4-i0)dA.
Orkygaa caegyert, uto

1 N
f(x)= —Z—ﬂiaIFCD(x, A)dA + JZl:ﬂr_els D(x,1).

i

IToacTaBAsis B 1IOCAe AHEE PaBEeHCTBO BMECTO (I)(x, /1), G(X, Y, /1) VX BBIPKEHILS, TI0AyJaeM,

qTOo
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1 LAy XA (%, 4)
2l T R ey

1 f A4 o o A (Y, 2)
273 2|\/_a(y) ar+ lelres 2|\/Za(/¥) = lx-

YuursiBast paseHcTBa (3.4), (2.8)- (2.12) B popmyae (3.3), moaydaem (3.1).

y). (34)

Aazee, u3 popmyasl (3.3) caeayert, uro ipu A > 0 BepHO TOKA€CTBO

f.(x1) f,(x,z+i0)+ﬂx,,1—+io)_ f (x,A+i0) f,(x,z—io).

a(f ~ a@+i0)  a(z+i0)  a(A+i0) = a(i-i0)

ITocaeanee cootHoIIeHne BMecTe ¢ (2.8)-(2.12) mpuBoAAT Hac K popMyae pasaoxkeHns (3.2).

TeopeMa AOKa3aHa.

Caeayer oTMeTUTD, YTO IIpU q(x)= 0 Jopmyast (3.1), (3.2) npesparatorcst B GOPMYyAbI
Ppa3A0>KeHVL

;;ijjazzm+auwauwwcwﬂwa=5u—w,

i]ova(x, Ay, 2)dpy(2) = 5(x-y),

rae

0,4<0,

A)= f'a‘;(j%_z d1,2 >0,

0

ao(z)=(2i\/2)'l{f 1, (0)+ hFD“()

a, 4
A=)

Aaaee, moap3ysick popmyaamu pasaoxenns (3.1), (3.2) 2erko ycraHaBAMBaeTCs
CAEXYIOIIee YTBeP>KAeHIe.

Teopema 2. Onepamopa L umeem menpepoishviii cnekmp, 3ANOAMAIOULUTL NOAOKUMEALHYIO
NOAYOCH [0,+OO).K]90.M€ mM020, IMOM ONEPaMmop MOXem uUMemb AUUib KOHeUHoe YUCAO NPOCHbLX
coOCMBeHHBIX SHAYEH UL, AeKAULUX HA OMPULAIEALHOL NOAYOCU.
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HILBERT NUVOLI SINQULYAR INTEQRAL OPERATORUN
ORLIC FOZALARINDA APPROKSIMASIYASI

LALD S. OLIZADO
Baki Dovlat Universiteti
lale-alizade-98@mail.ru

XULASO

Bu maqalade Orlig fozalarinda Hilbert niivali sinqulyar inteqral operator bu operatorun asas xasselorini saxlayan
xtiisusi operatorlar ardicilli1 ilo approksimasiya olunur ve yaxinlasmanin yigilma siirati gostorilir.

Acar sozlar: sinqulyar inteqral operator, Hilbert niivesi, Orlig fozasi, approksimasiya.

AIMMPOKCMMALVISI CMHIY A5IPHOI'O MHTETPAZIBHOI'O OITEPATOPA C S1IAPOM I'MI/IBBEPTA B
INIPOCTPAHCTBAX OPANYA

PE3IOME

B nacrosment pabote B mpocrpaHcTBax Opanda CUHIYASPHBIN MHTETpaAbHBIN orepatop ¢ siapoM Imapbepra
aIIIPOKCUMMPYeTCs I10CAe40BaTeAbHOCTBIO OIIEpPaTOpOB, COXPAHSIOIIMX OCHOBHBIE CBOJICTBAa BTOIO OllepaTopa, U
ITOKa3aHbI CKOPOCTY CXOAVMOCTY ITPUOAVIKEHIA.

Karodesbie ca0Ba: CUHIYASPHBIN MHTErpaAbHbIN orrepatop, sA4po I'masbepra, mmpocrpanctso Opanya, aIipok-
CUMaLsL.
APPROXIMATION OF SINGULAR INTEGRAL OPERATOR WITH HILBERT KERNEL IN ORLICZ SPACES
ABSTRACT

In this paper, singular integral operator with Hilbert kernel is approximated by a sequence of operators in Orlicz
spaces, and the convergence rates of the approximation are shown.

Keywords: singular integral operator, Hilbert kernel, Orlicz space, approximation.

1. Giris

Ly (T ), 1< p<ooile p deracoden inteqrallanan 27 -periodlu funksiyalarin

p
||¢)|| L(T) = J'|¢(tx P dt normali fozasini isars edok, burada T = [— T, 72'). Moalumdur ki (bax,
P T

mos., [12]), 1< p < oo halinda Hilbert niivali

(S(p)(t)z i ]{ Cott_—T(p(r)dr, teT
21 2

T

sinqulyar inteqral operatoru L (T) fozasinda mahdud operatordur.

[1] maqalasinda isbat edilib ki,

(Sp0)t) =1 nil cot(— i (22kn+ 1))¢(t 7 (2‘;”)), neN

Nk=0

operatorlar ardicilligi Ly (T) fozasinda mahduddur ve daracesi N—1 adadini asmayan ixtiyari
P(t) coxhadlisi tigin
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Lala S. Olizada

(SnP)t)=(SP)t)

barabarliyi 6danilir. Bundan alave [1] maqalesinde S,, operatorlar ardicilligmmin Ly (T)

fozasinda Hilbert niiveli S sinqulyar inteqral operatoruna giiclii yigilmas: gostorilorak Hilbert
niivali sinqulyar inteqral tenliyin yeni konstruktiv hall {isulu verilmisdir. Biz bu maqalade
Hilbert niiveli sinqulyar inteqral operatorun Orlig¢ fozalarinda S,, operatorlar ardicillig ila

approksimasiyasini verarak y1gilma siiratini giymatlondiracayik.
2. Orlig fazalar
Tarif 2.1. Qabariq va soldan kasilmaz @ :[0, + oo) — [O, + oo] funksiyasi

lim @(r)=®(0)=0, lim ®(r)=+w
r—->0+ r—+o

sortlarini 6dayerss, onda ona Yunq funksiyasi deyilir.

Torifdon almir ki, Yunq funksiyasi azalmayandir vo Y @) =1 sortini 6deyon ixtiyari
kez

o 20, KeZ ardialligr voixtiyari ty >0, k € Z noqtalari tigiin

CD[ Zakth < Yoy ®(ty)

kez keZ
barabarsizliyi 6denilir.

Y ilo ixtiyari O<r<+o0 diciin 0<®(r)<+o0 sortini Gdeyon Yunq funksiyalar:
¢oxlugunun isars edok. Hor bir @ € Y funksiyas: [O, + oo) yarmmintervalinda miitlaq kesilmaz
biyektiv funksiyadir.

T
Torif 2.2. Forz edok ki, ® Yunq funksiyadir. Ly (T)= {f 13k >0 fd)(k| f (X)')dx < oo}
-7
funksiyalar sinifi Orlig fozas1 adlanir.
Qeyd edok ki, (D(r): rP, 1< p <o halinda L(D(T): Lp(T); d)(r): 0, 0<r<i,
CD(r) =00, I >1 halindaise Lg, (T) = LOO(T) olur.

Lo (T ) fozasi
|1],, =nf {,1 ~0: [ q{@]dx g1}

=7

normas ilo birlikde Banax fozasi tegkil edir. Fatu teoremino osason ixtiyari f e LCD(T)

funksiyasi tigiin

T
[ @ |f(x] dx <1
2L,

barabarsizliyi 6denilir.
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Hilbert niivali Sinqulyar inteqral operatorun Orli¢ fozalarimda approksimasiyasi

Forz edok ki, @ Yungq funksiyasidir. Ogor elo k >1 adadi varsa ki, ixtiyari r >0 tgtin
@(2r) < ka(r)
barabersizliyi 6denilir, onda deyacayik ki, @ funksiyas1 Ay sartini 6dayir ve bunu @ € Ay kimi

isaro edacoyik. Aydindir ki, ® € A, olduqda @ € Y miinasibati do 6denilir. Oger elo k >1
adadi varsa ki, ixtiyari r >0 tigiin

o(r)< 2—1k(D(kr)

barabarsizliyi 6danilir, onda deyacayik ki, @ funksiyasit V, sartini 6dayir ve bunu ® eV,
kimi isare edacayik.
Orlig fozalar1 haqqinda dolgun melumat [4, 8, 9, 10] monoqrafiyalarinda tapmagq olar.

3. Hilbert niivali sinqulyar inteqral operatorun Orli¢ fozalarinda approksimasiyasi

p
| D/ 1< p < oo ilo sonlu HbHI :( > [on] p] normasina malik b = {bn }neZ ardicilhglar
P neZ

b
fozasini isaro edok. (h(b))n = Y — n e Z baraborliyi ils tayin olunan
mzn N —M

h(b) = {(h(b))n }neZ ardialligmna b = {b, }n <7 ardialliginmn diskret Hilbert ¢evirmasi deyilir.
M.Riss (bax: [11]) gostormisdir ki, 1 < p < oo halinda diskret Hilbert ¢evirmasi | P fozasinda

mohdud operatordur, ysni bu halda b €|, miinasibstinden h(b) el p miinasibati almar vo
hib)|, <Cy|b
), <Colbl,

barabarsizliyi ddanilir, burada C p yalniz p adadinden asihi sabitdir.

Biz diskret Hilbert ¢evirmoasinin modifikasiya olunmus variantindan istifade edacayik:
~ b
(h (b)) =y —
mez N—M _]/ 2
diskret Hilbert ¢evirmoasi do p >1 halinda | p fozasinda moahdud operatordur, yeni yalmz p

, heZ. K.Andersen [3] gostormisdir ki, modifikasiya olunmus

adadindan asil sabitdir elo C p > 0 adadi var ki, ixtiyari b |  tigiin
h(b), <Cplo
), <o,
barabersizliyi 6denilir.

[2] maqalasinda isbat edilmisdir ki, ixtiyari p >1 va & > 0 adadlari tigiin

(Hsu)t)= iki—u(t “:E(kj]]/:)5) ,teR

operatoru L (R) fozasinda mahdud operatordur vo

Hslle )i, <l i, G
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barabersizliyi 6denilir.

Bu naticeden istifade ederak S, operatorlar ardiciligmin Lp(T) fozasinda miintozom

moahdudlugunu gostere bilorik.

Teorem 3.1. ix’dyari p>1 Ggin Sn operatorlar ardicillig Lp(T) fozasinda miintozem

mohduddurlar ve ixtiyari ne N iiglin

I8al ey <4+ 201,

barabarsizliyi ddanilir.
Isbati. Forz edak ki, p € L, (T). Asagidaki qayda ilo u(t), t € R funksiyasi toyin edak:
u(t) = go(t), te [— 2, 27[] olduqda va u(t) =0, teR\ [— 2r, 272'] olduqda.

Ondauel, (R) olar vo (3.1) barabarsizliyinden alariq ki, ixtiyari & > 0 ticiin

Mot < B, _, Pl o) =2, , -l o162

Ip—>lp

Sdenilir. ixtiyari t €[ 7, 7] {igiin

e e X I S

k=0 n Nya, n

{Hhu}t):i s —U(Hﬂ(z’k:l)j—i s —(/)(Hﬂ(ZEHU > —u(tﬂ(m:‘ﬂ

= +
T k=0 -k —1/2 7T keA, -k —1/2 7T keA, -k —]/2

oldugundan, burada

—n+1l -1 _ _
A, = keZ:{ n+ }sks[n—} A =lkez:K<2n k> "t or k<[ Z0H
2 2 2 2

alariq ki,

[Hzﬂu}t)—(ano)a):

n

iy {cot”(zk”)— . MHM}I b u(tﬂ’(Zk*l))(&?))

n
Nkea, 2n #(2k+1) n mien,  —k-12

(3.3) baraberliyi va ixtiyari 0 < |X| S% tcglin

1
cotx——| <

X

SN

barabarsizliyinden
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Hilbert niivali Sinqulyar inteqral operatorun Orli¢ fozalarimda approksimasiyasi

1

—||<0||L i) —II(PIIL ) <4l B4
keA;

Lp([*”v”]) "

giymatlondirmasini alariq. (3.2) vo (3.4) barabarsizliklorindan ise

(4=}l

n

1y
N

+
Lp([-7.7])

H27ru Sn¢

n

[Snell vy H,,u

n

Lp(R)
oldugunu alariq. Teorem isbat olundu.

Noatica 3.1. Forz edak ki ® € A, [1V5. Onda Sn operatorlar ardicilligr Lg, (T) fozasinda

miintszom mahduddurlar, yoni elo Cq, > 0 sabit adadi var ki, ixtiyari ne N {iciin

IS <Cop (35

g moLam)
barabarsizliyi 6denilir.

[sbati. ® €A, (V5 sortine asason Lg (T) fozasi refleksivdir. Buna goro do elo
l<g< p<o oadedleri var ki, Lp (T) clg (T) c Lq (T) kosilmoaz daxilolma miinasibati
Odanilir (bax, mas. [7, 10]). Teorem 3.1-2 asason ixtiyari p >1 {iglin Sn operatorlar ardicillig1

Lp(T) fozasinda miintazom mehduddurlar. Onda Orli¢ fozalarinda interpolyasiya teoremina

asason (bax, [5, 6, 10]) alariq ki, Sn operatorlar ardicilhigr Lg, (T) fozasmda miintezom
mohduddurlar, yoni elo Cg >0 sabit adadi var ki, ixtiyari ne N {iglin (3.5) barabarsizliyi

Odonilir.
Teorem 3.2. Forz edok ki, @ € A5 (1V5. Onda S, operatorlar ardialligr Lg, (T) Orlig
fozasinda S operatoruna giiclii yigilir ve ixtiyari ¢ € L (T) funksiyasi tiglin

[S¢=Snel ()< Il 7)1, (1) +Co R a(0). neN,

barabarsizliyi 6denilir, burada Cg, (3.5) barabarsizliyinds istirak edan sabit, E,ﬁb _1(§0) —isa ¢
funksiyasmin Lg, (T) metrikasinda daracasi N —1 adadini asmayan triqonometrik ¢oxhadlilarla

an yaxs! yaxinlagmasidir, yani

. ag
En1(p)=inf {”(0— Pn—1|||_q) - Pro ()=7+

n-—
(am cosmt + by, sin mt)}.
m=1

. a n-1 .
Isbat1. Forz edoak ki, qn_l(t): ?O + Z(am cosmt-+Db,, sin mt) goxhadlisi ¢ funksiyasmin
m=1

Lo (T) metrikasinda deracasi N—1 adadini asmayan triqonometrik ¢oxhadlilorla an yaxst
yaxinlagsma ¢oxhadlisidir. Onda

(Sntn-1 Xt) = (Sat1 X1)

barabarliyindan alariq ki,
(S¢—S,0)t)=S(p~ 0y 1 Jt)= Sy (00 1 XE)
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olur. Buradan ise

[S¢=Snel,, ) < sl Lo ML) IS0l oLy (T))‘ lo=an-al )<

< (“S”L(D(T)—>L¢(T) +Co E24(0)

barabersizliyinin 6denildiyini alariq. Teorem isbat olundu.
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XULASO

Mogqale “Boytiik Verilonlor” — “Big Data” fenomenins hasr olunub. Maqalads bdyiik verilonlorin mahiyyati,
moanbalari vo imkanlari tohlil olunur. Maqalads hamginin, béyiik verilonlarin problemlari, 3V konsepsiyast ve movcud
yanasmalar todqiq olunur, boyiik verilonlorin analizi mosalalori arasdirilir. Bu konsepsiyanin reallasdirilmasmda
moveud proqram-aparat mehsullari analiz olunur.

Big Data miixtelif manbslorden forqli formatlarda yiiksek siiratlo daxil olan bdyiik hacmli verilanlorin emal,
analizi vo onlardan faydali biliklorin ¢ixarilmasi texnologiyalarin ve alatlorini 6ziindas birlosdirir. Son dévrler elmi vo
kiitlovi adebiyyatda Big Data texnologiyalar: elektron dévlst, biznes, sohiyys, elm, istehsal ve diger fealiyyot
saholarinde yeni perspektivlor acan ve ingilabi deyisikliklor eda bilocok texnologiyalar kimi taqdim edilir. Bu isde
hamin iddialarin sdykendiyi arqumentlorin potensialini miiayyen etmok ve Big Data sahesinds diizgiin strategiya
se¢mok iigiin homin texnologiyalarin mahiyyati, xiisusiyyetlori, texnoloji komponentlori vo analitik imkanlar1 kritik
analiz edilir, iistiinltiklari, perspektivlari vo mévcud problemlori gostorilir.

Eyni zamanda, “Big Data”nin zerarli ve faydali toraflori, problemlari ve golacak perspektivleri 6z aksini tapib.
Acar sozlar: Boyiik Verilonlar, Big Data analitikasi, verilanlorin intellektual analizi, Hadoop, prediktiv analitika.
“BIG DATA” TECHNOLOGIES: CURRENT SITUATION AND PROSPECTS
ABSTRACT

The article was devoted to the "Big data" phenomenon. The article analyzes the essence, sources and possibilities
of big data. The article also examines the problems of big data, the 3V concept and existing approaches, and examines
the issues of big data analysis. In the implementation of this concept, the existing hardware and software products are
analyzed.

Big Data combines technologies and tools for processing, analyzing and extracting useful knowledge from large
volumes of data coming in at high speed from various sources in different formats. In the recent scientific and mass
literature, Big Data technologies are presented as technologies that open new perspectives and can make revolutionary
changes in electronic government, business, healthcare, science, production and other fields of activity. In this work, in
order to determine the potential of the arguments on which those claims are based and to choose the right strategy in
the field of Big Data, the nature, characteristics, technological components and analytical capabilities of those
technologies are critically analyzed, their advantages, perspectives and current problems are shown.

At the same time, the harmful and beneficial aspects, problems and future prospects of "Big Data" have been
reflected.

Keywords: Big Data, Big Data analytics, intelligent data analysis, Hadoop, predictive analytics.
TEXHOAOI'MN “BIG DATA”: TEKYIIEE COCTOSIHME U TTEPCITEKTVBLI
PE3IOME

Cratbs nocsseHa ¢peHoMeny «boabmmx JaHHbIx» - "Big data”. B craThe aHaAMBMPYIOTCS CYIITHOCTD, MCTOYHMKIA
¥ BO3MOXKHOCTH 6OABINIX AaHHBIX. B cTaThe Tarcke paccMaTpmBaloTcs TpodaeMbl OOABIINX JaHHBIX, KOHIlenms 3V u
CYILECTBYIOIIME II0AXOAbl, PacCMaTpMBaIOTCA BOIPOCH aHaAu3a OOABIIMX AAHHBIX. [Ipm peaamsanuy JaHHOIM
KOHIIETIIIMI aHAAVMBMPYIOTCS CYIIeCTBYIOIIVe IIPOrpaMMHO-aITIIapaTHLIE IIPOAYKTHL.

Boapimme AaHHbBIC O6’I)€,Z|,I/IH}IIOT TEXHOAOIUN I IHCTPYMEHTBI A/51 O6pa6OTKI/I, aHaAm3a U U3BA€YEHII ITI0AE€3HBIX
3HAHUM U3 OOABIINX OOHEMOB AQHHBIX, ITOCTYIIaIOIINX C BBICOKOI CKOPOCTBIO 13 Pa3AMYIHBIX MICTOYHVIKOB B pa3AMYIHBIX
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¢opmaTax. B HOBeiliITIelT HAyYHON U MacCoOBOII AuTepaType TexHoaornu Big Data mpeacTraBAsioTCsl Kak TeXHOAOTUH,
OTKpHIBAIOIIVe HOBBIE IIepCIIeKTUBEI ¥ CIIOCOOHBIE ITPOM3BECTVI PEBOAIOIMOHHBIE M3MEHEHUs B DAEKTPOHHOM
IIpaBUTeAbCTBe, OU3Hece, 3]paBooXpaHeHN ], Hayke, IIPOM3BOACTBE U APYTHX cdepax aesTeabHOCTH. B sannoi1 padoTe,
9TOOBI ONpejeAUTh IMOTEeHI[Mal apIyMeHTOB, Ha KOTOPBIX OCHOBAHBI 9TU YTBEP>KAEHILI, U BHIOpATh IPaBUABHYIO
CTpaTeruio B 00AacTy 6OABIINX JAHHBIX, KPUTUYECK aHaAU3UPYIOTCS MTPUPOAa, XapaKTepUCTUKM, TeXHOAOTUYecKye
KOMITOHEHTHI ¥ aHaAUTIYEeCKre BO3MOXKHOCTM STUX TeXHOJOIMI, IIOKa3aHBl MX IPeUMYIIeCTBa, IepCIeKTUBB I
TeKyIIye Mpo0AeMBL.

Hp]/[ DTOM OBLAU OTpa’keHbl BpeaHble I I101€3HbI€ CTOPOHBL, HpO6AeMI)I 1 TIePCIIEKTVBbI «boaprmx ‘Z‘,aHHbIX».

Karougesnie caosa: boapmme AJannble, anaantnka boapmmx /JaHHBIX, MHTeAAEKTyaAbHBIN aHAaAU3 AAHHBIX,
Hadoop, mporHosHast aHaAUTHKa.

INTRODUCTION

The “Big Data” phenomenon, which appeared since the 2000s — reflecting a new era in data
acquisition and use, this concept is relative and may change from time to time. That is,
information considered “big” for today can be considered normal for tomorrow. Big data
volume is considered from 1 terabyte (1Tb=1024 Gb) to larger data (1Zetabyte=1024Exabyte).
(Worldwide Big Data Technology and Services 2013-2017 Forecast. http://www.idc.com)

In the last few years, as a result of the rapid increase in the volume and variety of processed
data and a number of technological solutions that accompany it, a “transition from quantity to
quality” is taking place - this phenomenon is called “Big Data”. Experts point out that the “Big
Data” trend is the obvious driving force of the ICT industry. (Manyika J., Chui M., Brown B,
Bughin J., Dobbs R., Roxburgh C., Byers, 2011: p.85). Today, it is already clear that “Big Data” is
one of the leading areas of computer science that opens new perspectives for research in the field
of processing, analyzing and extracting useful knowledge from large volumes of various types of
data.

Today, the ICT industry is poised to offer a variety of approaches that work with Big Data to
benefit both the public sector and businesses. Large enterprises (banks, telecommunications
operators, retailers) can learn almost everything about their customers based on the analysis of
data stored in their customer databases. Thanks to the integration of Big Data and cloud
technologies, Big Data also opens up great opportunities for small businesses. But despite all the
advantages provided by Big Data technologies, only 0.5% of digital data collected in the world is
investigated.

The main sources of Big Data are scientific experiments, sensor and social networks, portals
of government agencies, climate data, GPS signals, GIS systems, databases of large companies, e-
mail, mobile devices, large sales centers, bank transactions, etc. Sources of Big Data are mainly
divided into five categories: web and social media; machine-to-machine (M:M); transactions;
scientificc human-generated data. (Philip C.L., Zhang C-Y., 2014: pp. 314-347).The idea of
“Internet of Things” is the best example of MoM communication.

KEY PROBLEMS OF “BIG DATA” OR THE 3V CONCEPT

Regardless of the areas of application, there are common characteristics that describe “Big
Data” and also reflect their main challenges: volume, velocity, and variety. In English-language
sources, it is also called “3Vs”. Convergence of these parameters helps define Big Data and
differentiate it from other data. This model was first given by D. Laney in 2001 and constitutes
the basic concept of “Big Data” technologies. (Laney D. 2001. http://blogs.gartner.com/). This
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concept reflects the idea of more efficiently using, storing and analyzing large amounts of data
collected from various sources at a very high speed and obtaining more valuable information
from it. Analysts also mention the fourth - veracity and fifth - value characteristics, which are
sometimes described as “5Vs”. (Big data: The next frontier for innovation, competition, and
productivity, 2011. http://www.mckinsey.com/).

Volume is the main characteristic of “Big Data”. The volume problem primarily poses a
storage problem, requiring large-scale storage and distributed processing. Currently, a number
of technologies that perform the migration of information between devices in solving the storage
issue: DAS (Direct-AttachStorage), NAS (Network Attached Storage), SAN (Storage Area
Networks), HSM (Hierarchical Storage Management), ILM (Information Life-cycle Management)
is available. Recently, by implementing the clustering and virtualization of computing and
memory resources, the application of “grid” and “cloud computing” technologies that serve data
processing and storage have almost eliminated the problems in the field of storage. (Chen J.,
Chen'Y., Xiaoyong D., et.all, 2013: pp. 157-164). Depending on the volume, “Big Data” is divided
into 3 groups: (McAfee A., Brynjolfsson E., 2012: pp. 60-68).

1. Fast Data — their volume is measured in terabytes;
2. Big Analytics - their volume is measured in petabytes;
3. Deep Insight - their size is measured in exabytes and zettabytes.

Speed. As the volume increases, processing speed is also required. Two cases are considered
here. First, new data is generated at a great speed, existing ones are updated and collected.
Second, speed is evaluated as a time problem and is explained by the fact that existing
processing technologies have the ability to analyze data in real time. (McAfee A., Brynjolfsson E.,
2012: pp. 60-68).

Diversity is one of the natural features of “Big Data”. In addition to structured data
expressed in rows and columns of a traditional relational database, “Big Data” is also available in
such unstructured types — text, video-audio files, images, etc. This type of data makes up 80-90%
of all information in the world. It is very difficult to assemble and co-process them and put them
in a suitable form for analysis.

“BIG DATA” TOOLS AND TECHNOLOGICAL SOLUTIONS

“Big Data” technologies are related to the emergence of a phase — “information explosion” -
which has reached a “perfect” content level and is expressed by exponential growth with the
achievement of the Internet. With the overabundance of information, it becomes more difficult to
manage them, creating the problem of information overload. In order to solve the problem,
Google File System and MapReduce software-hardware platform was created by Google, one of
the giants of the IT field. Based on this, the open-source Apache Hadoop and Hadoop File
System software were developed and thereby laid the foundation of “Big Data” technologies.
(Hadoop. http://hadoop.apache.org).

MapReduce distributed computing model was introduced by Google in 2004 and is the basis
of parallel programming on “Big Data”. (Ghemawat S., Gobioff H., Leung S.T., 2003: pp. 29-43).
Its main idea is to process large and complex data by dividing it into small parts. The work of
MapReduce consists of two stages (Map and Reduce). In the “Map” stage, the input data is sent
to the master node for preliminary processing, and there it is distributed among other computers
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(worker nodes). In the “Reduce” phase, the main node collects the processed data from the
working nodes and based on it, the result of solving the problem is formed.

Hadoop, a project of the Apache Software Foundation, which is considered the de facto
standard of “Big Data”, is a more widespread technology, the main platform for processing and
analyzing big data in a distributed computing environment, an open source (open access) system
of the MapReduce model, and provides scalability to more than 1000 nodes. Hadoop consists of
two main components: Hadoop MapReduce and Hadoop Distributed File System (HDES).
MapReduce addresses parallel computing, while HDFS distributed file system addresses data
management. (Hadoop. http://hadoop.apache.org).

New types of databases. Under the influence of a sharp increase in the volume of data, certain
activity is beginning to be felt in the field of database management systems (DBMS), which is
considered a stable field, which manifests itself in the emergence of two movements such as
NoSQL and NewSQL. (Dean J., Ghemawat S., 2004: pp.137-150).

NoSQL (not only SQL or no SQL) is a term denoting a number of projects and approaches
aimed at implementing database models that are significantly different from accessing data
through SQL used in traditional relational databases (emerged in 2009).

NoSQL databases are a new type of database: non-relational, distributed, open source and
horizontally scalable. When implementing NoSQL-solutions, tables, trees and other data
structures can be used to describe the data schema. (Anglade T. noSQL Tapes.
http://www .nosqltapes.com)

Proponents of the NoSQL concept point out that this concept does not completely negate
relational models and the SQL language. The project proceeds from the fact that SQL is an
important tool, but it cannot be universal. One of the stated problems for relational databases is
that they perform poorly with large amounts of data. The goal of the project is to extend the
capabilities of databases where SQL is not flexible.

NoSQL (Not Only SQL) is considered the basis of the “Big Data” world today and is used to
solve problems such as scalability, availability and consistency of data management. In the
literature, these three characteristics of distributed systems are also known as the CAP
(Consistency, Availability and Partition Tolerance) theorem proposed by Eric Brewer, a professor
at Berkeley University. (Stonebraker M., Madden S., Abadi D. J., Harizopoulos S., Hachem N.,
Helland P., 2007: pp. 1150-1160).

Figure 1. NoSQL Databases
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Efficient cluster solutions. Currently, parallel database technologies are widespread. This
technology provides multiple processors access to a single database, which allows transactions to
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reach a higher throughput, support a large number of users at the same time, and accelerate the
execution of complex queries.

SNA (Shared Nothing Architecture) — an architecture where resources are not shared, scales
better and is becoming increasingly popular. SNA is a distributed independent computing
architecture where each node has its own memory, disk array, and input-output (I/O) devices. In
such an architecture, each node is independent in itself and does not share anything with other
nodes in the network. Each SNA node performs its own task by interacting with other nodes
using a specific protocol. The performance of such systems can be increased by adding
processors, RAM, disk storage to each node, or by increasing the number of such nodes.

Big Data and Cloud technologies. Cloud technologies are, above all, a flexible approach that
provides efficiency, scalability, migration and extensibility for Big Data analysis. (Stonebraker
M., Madden S., Abadi D. J., Harizopoulos S., Hachem N., Helland P., 2007: pp. 1150-1160). The
cloud environment helps improve the efficiency of data access and offers a flexible set of
resources to process large volumes of data. At this time, the problems of storing huge amounts of
data and providing sufficient computing resources for their processing are solved. In the cloud,
data is placed in several areas, which makes it possible to place it close to the user, reduce the
application time and increase productivity. (Ghemawat S., Gobioff H., Leung S.T., 2003: pp. 29—
43).

To support the integration of Big Data and cloud technologies, a virtual company called
Pivotal Initiative has been created, which includes companies such as Pivotal Labs, Greenplum,
vFabric, Cloud Foundry, Spring and Cetas. It is about combining PaaS and Big Data analytics
solutions into a single structure. In this alliance, VMware products are responsible for the
integration of infrastructure and PaaS, Greenplum systems - analytics, Pivotal - product areas
and creating a common commercial solution.

The Hadoop ecosystem. Currently, the Hadoop ecosystem (Figure 2) is considered
synonymous with “Big Data”. MapReduce technology, which provides automatic parallelization
of data and their processing in clusters, is implemented in Hadoop (created in 2005 by Doug
Cutting and Mike Cafarella, the name Hadoop was taken from the name of Cutting’s young
son’s toy elephant). Most of the components of Hadoop are open source software developed in
various Apache projects. (Ghemawat S., Gobioff H., Leung S.T., 2003: pp. 29-43).

Below is a brief description of some of the components included in the Hadoop ecosystem is given:

Figure 2. Hadoop Ecosystem
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HDFS (Hadoop Distributed File System) — at the core of Hadoop is a distributed file system for
storing and managing data stores ranging from several terabytes to petabytes in size. HDFS
divides the input data into blocks, and each block is placed in allocated locations on a cluster of
servers. TCP/IP layer is used for communication. HDFS is fault tolerant, if any of the components
fail, it does not affect the overall performance of the system. HDES implementation enables
applications to operate at the scale of thousands of nodes and petabytes of data. For example, the
HDEFS system manages about 40 Petabytes of data at Yahoo!

Pig is a high-level language for evaluating large amounts of data. The Apache Pig component
was created with the idea of creating and executing commands on Big Data clusters. A key
feature of Pig programs is parallelization, which helps in handling large datasets. The Pig
component consists of a compiler that generates MapReduce program sequences and the “Pig
Latin” language, which supports executing SQL-like queries on Hadoop distributed databases.
(Agrawal D., Das S., Amr El, 2011: pp.530-533).

Often, Hadoop is used together with standard technologies of data storage and processing,
and sometimes innovative solutions such as Storm, Dremel, Drill are also added. In addition,
practically all major manufacturers of business analytics products add functionality to their
products for accessing data that is persistently stored in Hadoop clusters. This list of components
can be expanded many times, as more and more companies enter the market with products
related to Hadoop in one way or another.

Currently, there are various software and hardware solutions that provide parallel
processing by information technology giants such as IBM, Microsoft, SAS, HP, EMC for storing,
managing, analyzing and visualizing large volumes of data. Traditional data warehouses
provide a set of tools such as multivariate analysis (OLAP), classification, clustering, today, for
the analytical processing of terabytes of information in the RAM, there are products from the
SAP company HaNa (High-performance Analytic Appliance), Oracle Exalytics, Oracle Exadata.
In addition, companies such as Netezza, Teradata, and Greenplum have software tools that
efficiently process terabytes and exabytes of data based on a traditional relational data
management system.

Today, modern IT factors: big data, analytics and cloud technologies cannot be imagined
separately from each other. Cloud technologies are one of the most successful approaches to
storage and large scale computing. Here, a large amount of digital information is managed and
stored centrally through “cloud” services — Iaa$ - Infrastructure as a service, PaaS$ - Platform as a
service, Saa$ - Software as a service. (Agrawal D., Das S., Amr El, 2011: pp.530-533).

“BIG DATA” ANALYTICS

We are currently living in an era of widespread science, technics and technology that has
enabled the production of large data streams in exabytes and zettabytes. In the field of science,
“Big Data” is increasing, because now scientific research is more focused on scientific
experiments (LHS-Large Hydron Collider, LSST-Large Synoptic Survey Telescope, Hubble
telescope, etc.,, which generates information in petabytes) than theoretical thoughts. The “Big
Data” array is emerging in commerce, because now most of the human activity is on the Internet,
online.

The demand for data analysis in real-time as close as possible led to the creation of Big Data
Analytics, which allows finding correlations between various parameters, characteristics, events,
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classification and analytical reports, and making predictions based on this. (Chen Y., Alspaugh
S., Katz R.H., 2012: pp. 1802-1813). Experts note two approaches in Big Data analysis: store and
analyze; analyze and store. In the first case, before applying analytical tools to the data raw data
obtained from transaction systems (OLTP - Online Transaction Processing) are processed and
loaded into the data warehouse. Traditional analytical solutions (OLAP - Online Analytical
Processing) created on the basis of this principle are inconsistency in the analysis of Big Data. It is
known that supercomputers calculate a large number of (flops) per second operations and are
useful only when working with structured data. Now, for data streaming analysis, a
hypothetical device is needed that processes the data immediately closer to the point of
collection, rather than collecting it in dedicated storage locations. Called DataScope, this device
aims to work with experimental data, unlike supercomputers. In general, the need to process
data arrays with petabytes has brought forth the “Data-Intensive Computing” approach. In this
case, data is directed not to calculations, but calculations to data.

In the field of Big Data analysis, there are the most modern technologies such as ROLAP
(Relational On-Line Analytical Processing), MOLAP (Multi-Dimensional On-Line Analytical
Processing), HOLAP (Hybrid Online Analytical Processing). Choosing one of them depends on
updating the data.

Deeper intellectual analysis (mining) of unstructured data and visualization of results are
the main issues of Big Data analytics. In solving the problem, such methods as classification,
clustering, neural networks from the class of data mining technologies are applied. (Wu X., Zhu
X, Wu G.Q., Ding W., 2014, vol.26, pp.97-107).

Intellectual analysis of unstructured data is a relatively young field of scientific research,
more studies have been conducted in the field of intellectual analysis of text data - Text Mining.
The main areas of research in the field of Text Mining are text classification, clustering,
abstracting, feature extraction, question answering, thematic indexing, keyword searching, tone
of judgment analysis (Sentiment analysis), analysis of opinions (Opinion Mining) can be
attributed. (Wu X., Zhu X., Wu G.Q., Ding W., 2014, vol.26, pp.97-107).

Predictive analytics. Predictive analytics is a set of methods of statistics, data analysis and
game theory used in the analysis of current and past data or events to predict future data or
events. (Siegel E. Predictive Analytics, 2013: 320 p).

A close concept to predictive analytics is Data Mining, as predictive analytics uses partially
similar methods. The essence of predictive analytics is the identification of a predictor or
predictors (parameters that affect the predicted event). For example, insurance companies look at
predictors such as age and driving experience when determining premiums. A set of predictors
constitutes a predictive analytics model, and this model predicts the observed event with a
certain probability in the future. (Siegel E. Predictive Analytics, 2013: 320 p).

The most famous example of the use of predictive analytics is the application of scoring
models for assessing the customer’s ability to pay when granting a loan in a bank. However, the
fields of application of predictive analytics are quite wide, the greatest need for it is in banking
and financial services working with end consumers, insurance, pharmaceuticals, public sector,
telecommunications and information technologies, and retail.

Eric Siegel in his book “Predictive Analytics” shows the ten most common application areas
of predictive analytics: direct marketing; predictive advertising targeting; detection of fraud
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schemes; investment risk management; customer retention; referral services; education; political
campaigns; decision making systems in medicine; insurance and mortgage loan. (McAfee A.,
Brynjolfsson E., 2012: pp. 60-68).

In order to deal with the problems of Big Data, there is a need for more specialized
specialists called “data scientist” with skills and habits in various fields, starting from traditional
informatics to mathematics. Starting from 2013, master’s programs in the field of “data science”
have been taught at the University of Dundee (Scotland), the University of Auckland (New
Zealand), Imperial College London, the University of Southern California, Washington,
Berkeley, and New York. This problem is considered as a new issue of education.

Building Big Data models. Often the challenge is to build accurate models for “Big Data” data.
Various Data Mining, Machine Learning algorithms have Map-Reduce implementations for
parallel processing of large volumes of data. But it is difficult to say whether the final model
obtained from the processing of large volumes of data is really accurate.

In fact, it is more convenient to build models of data that are not large. One approach to Big
Data analysis is to use the entire volume of data for segmentation and clustering, build a large
number of models for the resulting small segments and clusters, and then make predictions on
the appropriate model. At the limit, a separate model of each person can be built on a large
database of customers to predict future purchases.

Thus, an analytics platform supporting Big Data should be able to handle hundreds or even
thousands of models and have the ability to retune them when necessary.

THREATS AND BENEFITS OF “BIG DATA”

Big Data, like other technologies, has two sides: disadvantages and benefits. While fighting
one, the other cannot be forgotten. Heterogeneous raw data is a source of knowledge with an
impact that can fundamentally change all areas of society. In order to make new scientific
discoveries and achieve economic development, these data should be turned into knowledge. To
show the benefit of Big Data technologies, it is enough to mention the “Global Pulse” initiative of
the UN in 2009. Using this technology is important as a result of two-way interaction such as
“human-machine” and “machine-machine”, the joint analysis of data collected from various
sources and in various formats and the acquisition of new knowledge and useful information
from them are used in making new scientific discoveries, making the right decisions in public
and private organizations, in the protection of legal rules, social security, national security,
terrorism, job creation, predicting disease epidemics, improving marketing, uncovering people’s
hidden behavior, understanding their goals and intentions, understanding their interaction with
other people, the environment, national level economic in the financial sector in better
understanding risks, guiding policymakers and regulators, and better managing risk systems.
(Soares S., 2012: p.102)

Despite the mentioned advantages, as data increases, the number of subjects who have
access to information and use it also increases. Since most of the data is personal information, it
should be protected. Analyzing data about people without their knowledge is ethically and
legally unacceptable. This situation may lead to a new digital explosion between people and
organizations.
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SOME PROBLEMS OF “BIG DATA”

One of the main problems of “Big Data” applications is related to the evaluation of the
effectiveness of “Big Data” projects. There are two sources of effectiveness of such projects:

1) It reduces the costs and time spent on the analysis of large amounts of data, and enables
quick preparation of information for prompt decision-making;

2) Application of Big Data technologies provides customization of e-services. However,
despite the announced promises of cost-effectiveness and feasibility, it is extremely difficult to
calculate the cost-effectiveness of “Big Data” projects.

The second problem is related to the training of specialists who can apply “Big Data”
technologies in various fields. On the one hand, such specialists should be trained in
mathematical statistics, data analysis, machine learning, must have programming skills, and be
able to work in hardware-software complexes offered by IBM, Oracle, HP, SAS, SAP and other
companies. On the other hand, they should have the habit of posing problems in which Big Data
technologies are applied in a specific field. They should know the methods, scenarios and
algorithms of activity in the considered field, and should be able to formulate requirements for
the functional characteristics of the hardware-software systems implementing Big Data
technologies.

At the same time, addiction to new technologies can lead to frustration. For example,
meaningless correlations can be revealed as a result of “Big Data” analysis - Harvard University
professor David Leinweber proves that the income of companies included in the S&P 500 can be
predicted with high accuracy based on the volume of butter production in Bangladesh.
(Leinweber D., 2007: pp. 15-22). Many interesting problems can be studied and solved using a
small, sparse data set.

“Small Data” movement. Another important revolution is hidden behind the successes in the
field of Big Data: Small Data. A massive democratization of data collection and processing is
taking place thanks to the rapidly falling cost of data storage. Contrary to the trends of
centralization and control over large volumes of data (Big Data), in the age of technologies, the
greatest potential lies in the ecosystem of decentralized, distributed data and knowledge:

— Even at organizations like Microsoft and Yahoo! most of the work can be done on a single
computer. For example, the average job size at Microsoft is 14 GB and 80% of jobs are less than 1
Tb. The estimated average job size on Yahoo! is 12 GB. (Leinweber D., 2007: pp. 15-22).

— Studies show that jobs on Facebook obey the law of upper distribution, with small jobs
dominating. In at least 90% of cases, the size of the input data is less than 100 GB. A careful study
of Hadoop workloads at Facebook revealed that a very small minority of jobs scaled to terabytes
and larger, most jobs have input and output data in the megabyte-gigabyte range. (Chen Y.,
Alspaugh S., Katz R.H., 2012: pp. 1802-1813).

Personal data protection. Big Data technologies create serious problems in terms of privacy.
Various socio-economic actors collect quite a lot of data about users — the user's behavior in social
networks on the website, the behavior and relationships of the persons connected with the user,
their shopping behavior, etc. In addition, emotional shades of communications are also analyzed.
They analyze not only what the user writes on social media, but also how he/she writes. In short,
everything that seems important or unnecessary about a potential user is collected and a 360-
degree profile is created.
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Thus, the emergence of the possibility of “tracking a person from the cradle to the grave”
based on modern tracking technologies and Big Data analysis creates a very critical dilemma
between the attempts to protect the integrity of his/her personal life and the information demand
of society. (Tene O., Polonetsky J., 2012. http://www.stanfordlawreview.org/online/privacy-
paradox/big-data)

“BIG DATA” APPLICATION TREND ANALYSIS IN ENERGY INDUSTRY

We consider 3 application directions of Big Data:
¢ Renewable Energy;

¢ Demand Response;

o Electric Vehicles.

Each direction contains numerous technical spheres. In spite of, we introduce these three
applications particularly, there are no clear boundaries between them. Demand response should
be considered in both renewable energy and EVs while EVs is also a concrete implementation of
renewable energy.

All researches in different application fields have a common goal: cost minimization. In
addition, owing to the over-exploitation of fossil fuels, energy becomes precious and energy
consumption problem has arisen wide attention. Kung and Wang proposed a recommender
system for the best combination of renewable energy resources with cost-benefit analysis, which
contains analytical module, cloud data base, and user interface. (L. Kung and H.-F. Wang, 2015:
pp. 1-10). This study used Markov Chain to investigate the influences of decision-making related
to renewable energy and electricity demand in random time. Since the historical electricity data
is recorded in continuous time series, Continuous Markov Chain can be applied to analyze
energy big data in order to help power enterprises make optimal investment of renewable
energy and evaluate optimal energy configuration.

Based on the classification analysis, the total demand response from a region or a kind of
users can be available through polymerization. Meanwhile, the analysis results will work in
designing incentive demand response mechanism. Liu et al. provided a power demand model
which is derived from workload models and cooling demands of the data center. (L. Kung and
H.-F. Wang, 2015: pp. 1-10). Specifically, they calculated the total power demand by: d(t) = dir (t)
+ c(dir (t)), where dir (t) represents the total Information Technology (IT) workload demand at
time t which is the energy necessary to serve demand, and function c() represents cooling power
demand which is associated with IT demand dir. Note that PUE(t) means the Power Usage
Effectiveness (PUE) at time t, thus, c(ar)) can be calculated by c(are)) = (PUE(t) — 1) *dir (¢).

Goyena and Acciona introduced an energetic balance algorithm to warranty the electric
demand in a big energy storage system. This system analyzes the measured data constantly and
commits for high accuracy. In this algorithm, electric demand situations of overproduction and
underproduction are distinguished. Compared with the none-renewable production, renewable
production has been considered as the priority in order to meet the energy demand. According
to the results of this balance algorithm, datastorage level will be increased, decreased or limited. (
S. G.Goyena and S. A. Acciona, 2009: pp. 1-7).

Electric Vehicles becomes a promising alternative transportation method which is related to
the smart grid domain. With the increasing number of EVs, many problems in various areas of
EVs such as performance evaluation, driving range and battery capacity become great concerns
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by researchers. Lee and Wu provided a EV-battery big data modeling method which has been
used to improve the driving range estimation of EVs, using data cloud analysis and processing
technologies. The authors first presented a simple approach to project life cycles of battery packs
based on collected test data. The operating voltage of a battery pack E(;socr ) can be evaluated by:
(C.-H. Lee and C.-H. Wu, 2015: pp. 1980-1993).

E asoct)=OCV isocr) = I(R socr) + nrasoc

where I — means the current, SOC is noted as the state of charge, T — represents the
temperature, OCV —is short for the open circuit voltage, R —is the resistance of battery cell and n
— represents the resistance caused by polarization. Then they used a machine learning approach
to cluster the collected EV data by ever-increasing hierarchical self-organizing maps.

CONCLUSION

Big Data is a new generation technology that allows using large information arrays.
Software-hardware platforms such as MapReduce, Hadoop, HDFS, NoSQL created for the
purpose of processing and analyzing data characterized by features such as large volume, speed
and variety are available. Although certain problems in working with large volumes of data
have been overcome with the help of supercomputers, grid and cloud technologies, there are still
personnel, practical and scientific-theoretical problems in this field. The problem is not only in
the storage and management of large volumes of data, but also in the analysis of unstructured
data and the interpretation of results. By applying Big Data technologies, it is possible to quickly
achieve high achievements in many fields of science, gain in management and business activity,
and gain certain advantages in competition. Therefore, this new scientific direction should be
further studied and developed.

Currently, public interest in the field of Big Data is at its peak. For now, it is difficult to say
whether Big Data technologies will become as necessary in people's lives as personal computers
and the Internet in the near future, but it is in sight and no one doubts that it will change our
lives and business environment.

Big Data technologies have great potential and will seriously affect various fields of activity.
Changing the corporate information architecture is not enough. It is required to make changes in
the work of almost all structural divisions of the organization. The process of data analysis will
change from an isolated functional area to become an integral part of business processes. In
order to effectively benefit from the great potential of Big Data technologies, the development of
a purposeful and well-thought-out Big Data strategy is of particular importance for the
management and analysis of large volumes of data.
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ABSTRACT

In this paper the semi-Markovian random walk processes with negative drift, positive jumps are considered. We
give a mathematical modeling of the semi-Markovian random walk processes with a delaying positive screen, given in
the general form by means of an integral equation. In this paper, the residence time of the system is given by the
gamma distribution with parameters & > 0 and £ > 0 resulting in the fractional order integral equation. The main
purpose of this paper is to reduce an integral equation for the Laplace transform of the conditional distribution of the
boundary functional of semi-Markovian random walk processes to fractional order differential equation. The Laplace
transform of the conditional distribution of the first passage time for the semi-Markovian random walk processes with
positive delaying screen is find.

Keywords: Laplace transform, random variable, semi-Markovian random walk process, integral equation, Weyl
fractional derivative,

INIOAYYEHUE AVIDODPEPEHIINABHOI'O YPABHEHIS APOBHOI'O ITOPSIAKA A5
ITIPEOBPA30OBAHVS AATIAACA PACIIPEAEAEHVISI TPAHNTYHOI'O ®YHKIIVIOHA 1A

AHHOTAI VIS

B pabore paccMmaTpmBaloTcs POLIECCH TOAYMapPKOBCKOTO CAYYaltHOTO 0Ay>KAaHNs C OTPUIIATeABHBIM CHOCOM I
MOAOXKUTeAHbBIMM cKauKaMu. IIpuBeseHo MareMaTnyeckoe MOAeAMPOBaHME IIPOLIECCOB ITOAYMAapPKOBCKOIO CAydali-
HOTO OAy>XKAaHMsI C 3a4ep>KMUBAIOIIMM IIOAOKUTEABHBIM DKPaHOM, 3aJaHHOe B OOIeM Blje C IIOMOILBIO MHTerpalb-
HOTO ypaBHeHN:. B 9Toil craThe Bpems IpeOBIBaHMA CHCTEMBI 3aJaeTcsl TaMMa-pacrpejeleHneM C IapaMeTpaMi,
a>0u f >0, aro npusoaut x MHTErpaAbHOMY ypaBHEHMIO APOGHOTO TOpsiAka. OCHOBHAS 11e4b HACTOSIIIIENT

PabOTHI COCTOUT B TOM, YTOOBI CBECT! MHTErpaabHOe ypaBHeHue 445 IIpeoOpa3osaHs /larjaca ycAOBHOTO paciipeje-
A€HVsT TPaHUYIHOTO (PYHKIIMOHAAA ITPOIeCCOB MOAYMapKOBCKOTO CAyJaifHOTO OAyKaaHus K AnddQepeHInaibHOMy
ypaBHeHUIO ApobHoro nopsaxa. Haiiaeno mpeobpasosanne /lariaca ycA0BHOTO pacipejeseHis: BpeMeHM) IIepBOro
AOCTVDKEHUS AASl TIPOIIeCCOB ITOAYMapKOBCKOTO CAYYalfHOTO OAYKAaHVS C ITOAOKUTEABHBIM 3alep>KMBaIOIIIM
HKPaHOM.

KaroueBbie caoa: ITpeoOpasosanne /ariaaca-CriabTeca, cAydaiiHas BeAMYMHA, IIPOLIECC I10AYMapKOBCKOTO

64y>KAaHIs1, MHTETpaAbHOE ypaBHeHIe, APOOHas IIpOM3BoAHast Beitast.
SORHOD FUNKSIONALININ PAYLANMASININ LAPLAS CEVIRMOSI UCUN KOSR TORTIB
DIFERENSIAL TONLIYIN ALINMASI
XULASO

Magalada menfi axinli, miisbat sigrayish semi-Markov dolasma prosesi qurulmusdur. Umumi halda manfi axinli,
miisbat sigrayish semi-Markov dolagsma prosesinin inteqral tenlikls ifade olunan riyazi modeli verilmisdir. Bu
mogqalads sistemin gozloms miiddsti & >0 ve £ >0 parametrli Qamma paylanmast ils verilir ve kesr tortib
inteqral tenlik yaranir. Mbaqalode osas maqgsad semi-Markov dolasma prosesinin sarhad funksionalinin sorti
paylanmasmin Laplas gevirmesi iiglin qurulmus inteqral tenliyin kesr tertib diferensial tenliys getirmoakdir. Semi-
Markov dolasma prosesinin miisbat gecikdiren ekrana birinci defe ¢atma anmnin sarti paylanmasmnin Laplas ¢evirmasi
tapilmisdir.

Acar sozlar. Laplas ¢evirmasi, tosadiifi kemiyyat, semi-Markov dolasma prosesi, inteqral tenlik, Veyl manada kasr
toroms.
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1.INTRODUCTION

It is known that the semi-Markovian processes are a generalization of Markov processes
since the exponential distribution of time intervals is replaced with an arbitrary distribution. The
semi-Markovian process is constructed by the so-called Markov renewal process. The Markov
renewal process is defined by the transition probabilities matrix, called the renewal kernel, and
by an initial distribution. As is known, developments of semi-Markovian processes theory were
proposed by Pyke [21]-[22], Pyke and Schaufele [23], C.inlar [3], Gikhman and Skorokhod [5],
Korolyuk and Turbin [9], Limnios and Oprisan [11], Silvestrov [24], Grabski [6] and Feller [4].
The most important information concerning continuous semi-Markovian processes was studied
by Harlamov [7]. In the work of Metzler and Klafter [14] a generalized diffusion equation of
fractional order on the basis of the continuous time random walk model was investigated. Using
asymptotic methods and factorization methods similar problems were studied by Lebowitz and
Percus [10] and Lotov [12]. In many cases asymptotic analysis of the factorization representations
of dual transforms leads to the complete asymptotic expansions of the distributions under
consideration (see, [12]). But in particular case of semi-Markovian random walk processes we
can obtain the explicit form for probability characteristics. In the works of Nasirova [16] and her
collaborators the Laplace transform of the distribution of the first moment reaching level zero of
the semi-Markovian random walk processes was studied (see, [1], [8], [17]-[20]). Note that,
finding the Laplace transform of the distribution of the boundary functional of the semi-
Markovian random walk processes is a powerful tool in the fields of inventory theories, stock
control, queuing, etc.

In the present paper, the semi-Markovian random walk processes with negative drift,
positive jumps and delaying in positive screen is investigated. An integral equation for the
Laplace transform of the conditional distribution of the semi-Markovian random walk processes
is constructed. In particular, constructed integral equation is reduce to the fractional order
differential equation in the class of gamma distributions. Finally, we find an exact solution of the
fractional order differential equation.

2. PROBLEM STATEMENT AND PRELIMINARIES

Let {fk }le, and {é’ K }f:l be two independent sequences of random variables defined on any
probability space (€, F, P), such that the random variables in each sequence are independent,
positive and identically distributed. Now we can construct the stochastic process X (t) as

follows:

where &, =, =0. The process X(t) is called “The semi-Markovian random walk process
with negative drift, positive jumps”. Using form Borovkov A. A. [1] we delay the process X (t)
at”a” we have

X,(t)= X(t)—sup (0, X(s)—a).

0<s<1

Introduce the following random variable:

o =inf {t: X,(t)>a}.
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The random variable 7' is called boundary functional of the process X, (t)

Our aim to find the Laplace transform of the conditional distribution of random variable z,'.

We denote
L(6lz)= Ele*|x (0)=2).

L(0| Z)- is called the Laplace transform for the conditional distribution of 7.

Suppose that Xl(O) =Z (Z > O). It is obvious that we can write express of 7.’

a_ )50 it z-§+¢ >4,
T =
VOlE AT, if z-&+¢, <a

where T and 7! are different, but identically distributed random variables.

3. THE CONSTRUCTION OF AN INTEGRAL EQUATION FOR THE LAPLACE
TRANSFORM OF THE CONDITIONAL DISTRIBUTION AND REDUCTION TO THE
FRACTIONAL ORDER DIFFERENTIAL EQUATION

Theorem 1. Let X, (t) be the semi-Markovian random walk process with negative drift,
positive jumps and delaying screen on alevel a > 0. Then integral equation for the Laplace

transform of the conditional distribution of 7;' has the form:

o0

L(6|z)= je’gsP{gl >a-z+shdP{& <s |+

s=0

" 8 (1)
+ |e”dP{& <s I L@|y)d,P{¢ <y-z+s}
s=0 y=2—
Proof. By the law total probability, we have
L(0|z) = E(e’g’f X,(0) = z) Ie da)|X (0) = z)
(2)

= [e™PleX,0)=2)+  [e=TIP(de|X,(0) =2)
{w2-g+¢>a) o 2-4+¢<a )

Let us make a substitution
51:S’T:X' é,lzy

Then equation (2) will be as follows:

L(6]z) = Te"’s T P{¢& eds, edy}+ je’”s Ie’gxafs Pl eds;¢, edy; T edx|X,(0)=z—-s+Y|=
s=0 y=a-z+s
= [e* [P{g edsPlc, edyl+ j o e jP{redx\x (0)=z—s+y|P{& eds|P{, edy}=
s=0 y=a-z+s s=0 x=0 y=0

a-z+s

J.e’“P & edsiP{S, >a-z+s +.[e"95 jL(@\z—s+y)dP{§l<s}dP{§l<y}.
0 0 0
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Thus, the Laplace transform of the conditional distribution of 7] satisfies the integral
equation (1)

The theorem has been proven.

Let's assume that random variable &, has the gamma distribution with parameters & > 0

and 3 > 0 while random variable {; has the exponential distribution with parameter A

ﬂa a-1 -px -
X e x>0, e, x>0,
p. ()= T@) p;xx):{

0, x<0.
0, x<0,

In this case integral equation (1) will be as:

L(9|Z) = ﬁ e*/l(afl) je—(ﬂ+9+ﬂ)ssa,1ds +

F(a) 0
lﬂa Az T ~(1+6+p)s -1 ¢ -2y
+ e |e s e ' L(4|y)dsdy. (©)
r® Jeree

Multiplying both sides of equation (3) by €™ and differentiate both sides with respect to Z
, we get:

e "L, (0)z)- 16 L(0)z)= ?—ﬁa e Te’(ﬁ*g)ss“’l L(6)z - s)s.

(a) 0

After some transformations, the last integral equation will be as follows:

e(0+,6')2|_;(9‘ ) Ae“’*”)ZL 9‘ ij (Fron (7 —y)t L(H\u))du. (4)

Ia),

We denote

Qléiz)=e"*L(glz)

Then from equation (4) we get
Q.(0)z)-(2+0+p)Qlb)z) = j Q(6lu Xz —u)“du. 5)

It is known that the Weyl fractional integral of order & of a function Q(H‘Z) is defined as (see
[14] and [16])

D™ (Q(49| )) jQ 9|u (z —u)*"du.

Taking into account the last equality in (5), we have
Q.(0l2)- (2 + 6+ P)Q(blz) = -28“D* (Q6l2)). 6)

Let ¢ €(0,1) and let ¢(z) be a differentiable function. The Weyl fractional derivative of order
a of a function ¢(z) is defined as (see [13] and [15])
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DY2) = o J 0

Applying to both sides of equation (6) the Weyl fractional derivative of order & € (0,1), we
get

DQ(6)z)- (4 + 6+ ADQ(Az)+ 487 (QEz) = 0. 7)
Thus, we have proved the following theorem.

Theorem 2. Let X, (t) be the semi-Markovian random walk process with negative drift,
positive jumps and delaying screen on a level a>0. Let & be a random variable has the
gamma distribution with parameters o >0 and £ >0 and let {; >0 be a random variable has

the exponential distribution with parameter A >0 . Then integral equation (1) is reduced to the
fractional differential equation (7)

4. SOLUTION OF FRACTIONAL DIFFERENTIAL EQUATION (7)

k(92 can be written:

Weyl fractional derivative of order & of the function €
Daek(H)Z — (k(e))a ek(¢9)z )

k()z

We will take a solution of fractional equation (7) in the form Q(9|Z) =C(0)e"""*. Here

k(@ ) is a solution of the following characteristic equation of (7) with fractional exponents

k(@) (2 +0+B)-[(O)" + 25 =0

and the unknown function C(#) can be determined from initial conditions

|_(9|0) :%eza J.ef(ﬂ+€+ﬂ)ssa—lds+
0

ﬁvﬂa i ~(A+6+B)s a1 ¢ 2y
+——|e S e ' L(6)y)dsdy. (8)
)] JerLe

Thus L(6|z) = C(0)e™ """ Ttis obvious that L(0]z) =1. Hence, C(0) =1 and k(0) = 8.
Using initial conditions (8) we get

C(e) —_ k(g) — i_ ﬂ -0 e—(k(&)—ﬂ—&)a.

Thus the Laplace transform of the conditional distribution of random variable z," has form

L(9|z) =— k(9) - ’1_ p-0 (kO -p-0)z-a)

5. CONCLUSION

This study is intended to investigate the semi-Markovian random walk processes with
negative drift, positive jumps and delaying in positive screen. We construct an integral equation
for the Laplace transform of the conditional distribution of semi-Markovian random walk
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processes. In particular, constructed integral equation reduced to the fractional order differential
equation in the class of gamma distributions. The fractional derivatives are described in the Weyl
sense. Finally, we find an exact solution of the fractional order differential equation.
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ABSTRACT
The spectral analysis for the Schrodinger operator with complex almost periodic potentials and the discontinuous
right-hand side on the axis are studied. Investigated the main properties of the fundamental solutions, and constructed
the resolvent of the operator. A lemma about eigenfunction expansion for the Schrodinger operator is proved. The
procedure for finding eigenfunction expansion for the Schrodinger operator is given and eigenfunction expansion is
obtained.
Keywords: Sturm-Liouville Equation, Schrodinger operation, Almost Periodic Potentials

SANKI HOR YERDO PERIODIiK OMSALLI SRODINGER OPERATORUNUN
MOXSUSI FUNKSIYALARA GORO AYRILISI
XULASO
Sag torofi kesilon sanki her yerde periodik kompleks omsalli Srodinger operatorunun spektral analizi
Oyronilmisdir. Fundamental hsllorin asas xiisusiyyetlori aragdirilmisdir, operatorun rezolventas: qurulmusdur.

Moxsusi funksiyaya ayrilis haqqnda lemma isbat edilmisdir. Maxsusi funksiyaya ayrilisin marholaleri verilmisdir vo
moaxsusi funksiyaya ayrilis tapilmisdir.

Karouesnle caosa: Ypasuenne Ilrypm — Jiosnaa, oneparop IIpoaunrepa, Iloutn Bciogy nepmoguueckue
IIOTEeHIaAbl

PA3/10KEHMSA I10 COBCTBEHHBIM ®YHKIIVISIM OITEPATOPA IIPEAVIHTEPA
CIIOCTU MEPNOAMYECKMMMU ITOTEHIIVIAAAMMU

PE3IOME

Msyuaetcs ciekrpaabHbLi aHaau3 oneparopa IllpeanHrepa ¢ KOMILA@KCHBIMU ITOYTH BCIOAY IT€PUOANIECKUMN
ITOTEeHITVIalaMy U1 pa3phIBHON ITpaBoii YacThIo Ha ocu. Vccaej0BaHa OCHOBHEIE CBOVICTBA PYHAAMEHTAABHBIX PeIlleHII
U IIOCTPOMA Pe30/bBEeHTy orepatopa. JokasaHa JeMMa O pa3AOKeHMM II0 COOCTBeHHBIM (PYHKIUAM oOllepaTopa
Tpéanurepa. daHa mpoliedypa HaXOXAEHMSI Pa3A0XKeHIs 10 cOOCTBeHHBIM QYHKIVsIM oneparopa llpeaynrepa u
ITOAy4YeHO pa3A03KeHNe TI0 COOCTBEHHBIM (PYHKITM.

Acar sozlar: Sturm — Lyuvill tenliyi, Srodinger operatoru, sanki har yerds periodik potensial
AMS Subject Classification: 34B24, 34B27, 34105, 34L.25

Introduction

In this work, we investigated the spectrum of the differential operator L generated by the
expression

in the space L 2( —00,00) where
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1 for x>0
p(x) =I @)
p? for x<0

and the function q(x) is almost periodic in the form of
g(x) = an ) |9,]<+ = @
n=1

The set of exponents G ={@ , } is a numerable set of positive real numbers, the numbers are
increasing as the indexes are increasing and closed to the addition:

1) O<a, <a,<...<a <...a —+ ©
1 2 n n

2) Ifa.,a.€ Gthena .+ a.€G.
"7 i

This paper is an extended version of the conference paper published in [1].

Properties of the fundamental solutions:
fli (X, /1) and fzi (X, /1) are the solutions of the Sturm — Liouville equation

—y"(x) +q(x) y(x) =2%p(x) y(x) (4)

where 4 is the complex number and satisfy the following conditions:

lim f5(x,2)e"* =1 for £ImA>0
Im X—c0

lim f,(x,A)e™* =1 for tRei>0

Im Xx——w

and the following theorem.

Theorem 1. Let q(x) be in the form of (3) and p(x) be in the form of (2) then the equation
(4) has the particular solutions of the form

£ (x, A) = e—"b‘[1+zz Wns .“SX] for x>0 (5)

+
n=1s=nn +24

f_ otiAX| ¢ Whns _ Wns  giagx | ¢ 06
(x,2 [+Zzan+2m or x<0 (6)

n=1s=n

Where the numbers wy for f (x, 1) are determined from the following recurrent relations:

as(as —Qp )Wns + quwnk =0
ap+ay=aq
k>n

s
Zaswns +0s =0
n=1

and the series
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o0

Zizash"’nsk (6)

n=1%n s=n
converge.
The spectrum of the operator L
The functions fi"(x,4), f{ (x,4) and f5 (x,4), f; (x,4) are the linearly independent

solutions of (4) when ImA =0, Re A =0 respectively and each solution of (4) can be written as
the linear combination of these solutions.

fo (x,A) = A(A) f{" (x,A) + B(A) f{ (x,A) when x>0 o
fi" (x,4) =C(A) f5" (x,A) + D(A) f5 (x,4) when x<0

By solving the system of linear equations (7) we can find all the four coefficients:

— — + —_
WIf2 (0.4). 11 (0.2) B(z):w[fl ©2) 72 (0.4)] c(4 :%B(A) D(Z)z—%A(l) 8

Ad)= 2i4 2i4 (4)

Theorem 2. The kernel of (1), (2), (3) has the following form:

1 f1+(x,/1) fo (t,A) t<x

Rpa(x,t,2) =1 —
2B |17 (1,417 (x4) t>x  AeS

fr (A fS (L A) t<x
Riz (4t 2) =~ :

| ©)
2iAB(A) f(t,2) f2+(x,,1) t>x 1e$

Eigenfunction expansions

Let L be the operator generated by

d? .
———+q(x) 1nthespaceL2(_oo,+oo,,,(x)).
dx?

In the previous articles we have found the fundamental solutions and resolvent of this equation.
Now to define the spectral data of the operator L it's important to obtain eigenfunction
expansion for this operator. Let’s consider the following lemma.

p(x)

Lemma 1. Let y( x) be an arbitrary twice differentiable continuous function belonging to
Lz( -0, 0 !p(x) ) 'Then

X, I, /) t w t dl i X, 1, g ( O)

glx)=—y"(x) +g(Dy(x) €l,(-0,x)

Proof: From (9) we get that
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+ oo X
I1(x2) 1 1
:£R11(X.I,A)P(!)W(f)df=m:£{—Ff {(t,ﬂ,)+A—2q(t)f§(t,a)}w(r)dt+

(o]

J3(x,2) /‘ | )
_— — "4 . +
"B [ FEEAR RGP AN (r,l)]w(t)d{

X

By integrating this identity twice by integrating by parts method we obtain the following;:

(x) 1
fR(x,r,i)p(t)w(f)dt=— w}tj +A—2fR(x,r,i{)g(r)dt

where
g(x) =—w (x) +q(x)yp(x) €L,(-c,00)

It's easy to prove that if the conditions of the lemma satisfy, then when [A| — oo

o

(x) 1
fR(x,r,A)p( Dy di== =4 0(/12) (11)
Analogously, we can prove that formulae (10) and (11) are correct for any 4 # 0 . Lemma is
proven.

Integrating both hand sides of (10) along the circle |[1|=R and passing to the limit as
R — oo we get

1
w(x) =— lim — f2&dl/R(x,!,A)p(r)q/(I)dt

2mi
R— w0 |4]=R — o

co

The function f R(x,t,A4) p( 1) w(t)dt is analytical inside the contour with respect to 4

T a a
n n

excepting the points A=4 , n€ N, A== " /1=i§

LetI” +( ry ) denote the contour formed by the segments

a . a a a . . . .
[0 e 5], [_l $6, —— 5], , [_" 45— 5] and the semicircles of the radius é with centres at

" op 26 2 28 2
a
the points -~ o . n=1,2,3, located in the upper (lower) half plane. Then
2 \2p
Wi = —— /%U)W(r)lfkn(’“*”')(”/Rlz(“"”’“di]df=
2iz - - T+ -
0 0

oo

1
= — fZAp(r)w(r) f[R“(x,r,)t) —Rl,(x,t.ﬂ)]d).dw ResR| (x,1,4) + Res R (x,1,0)+
2irm - i=2a a
- rs n -t
28
+ Res R (x,1,2)
gH
2

A=

52
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Let’s calculate every term separately:
e f T
2iIAB(A) C(4)

4

Rll(xstyl) _Rlz(-xyty/l) =

The residues of the resolvents R, (x,t,2) at A 1,/12, ,/11 are denoted by G 11( /lfz,xa l‘) .
ThusG“(/ln,JC,f) will be equal to

G, (4,pxt)=1m(A=2)R (x.0,2).

A= A”
a n a n
In order to find the residues of the resolvent R ll( x,t,1) at the points 4 = 7 A= E we
a
need to calculate the following limits. Taking into account f Ex) =V, f* [x, F —"] and the
2

coefficients A(4) ,B(4) ,C( 1), D( A) which were defined in [1], we calculate:

| » Wil _
lim (a,—22)R,(x.0.2) =—f F(x.)|f F(1.2) + (1) |=

1ol 2 | W[f;r’fZ] _

2

—f*’,xa”f"'t& +Lf+x&f"'t&—if+xﬁf"'ta”
| ,2 1 ’ 2 ia"'l ,2 1 ’ ) ['a”‘l ,2 1 ’ )

Analogously, taking into account that f 2‘ (x,) =f 2‘ (x,4) ( a, - 2/1ﬁ) has no poles at
o

th 't—n ne N t
e points , , We ge
P 28 8

lim (@,—226)R, (x.1,4) = —f;(x 2

[N ( a”) ( a”]
W\f5|%— |-/ 1|* ]
, ]_; 2 2 f;(x a,,] N_(t a,[]z

Then for any function, (x) € L,(— o0, 00 ,p(x)) we have the following eigenfunction
expansion:

‘¢‘f (e, ) f () 2 o, a @,
_— dA+G (4 ,x,t)+— Hx,— |fHr,— |+F .
(x)_ f (1)1/’(7) B ZAB(/?.)C(/?.) + ll( ll'x )+ ia I)!Ilf 2 f L 2 + X1, Qaﬂ dt

n
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ABSTRACT

The paper deals with the of Smart Learning Environments’s design (SLEs). It's about the communication between
SLEs and so the IoT. With the question of how an interdisciplinary approach can contribute to the planning of SLEs
together with the disciplines of education and architecture the study empirically applies data collected in 2016. The
investigation began with the consolidation of information from transdisciplinary literature analyses into an extremely
assumptive model for constructing SLEs.

The fast advancement of mobile and sensing technologies has resulted within the emergence of context-aware u-
learning environments capable of detecting a student's real-world learning status further because the ambient context.
Individual pupils will be given suitable information within the appropriate place and at the acceptable time. According
to researchers, more aspects must be considered when creating and implementing learning systems to help students
learn in real-world circumstances in sensible ways.

Keywords: smart learning,internet of things, u-learning environments, computer mindtools
POEKTMPOBAHUE MHTEAAEKTYAABHOV OBYUAIOIIEV CPEABI
PE3IOME

B crathe paccmaTpuBaeTcs IIpOeKTHpOBaHNe MHTeAAeKTyaabHbIX oOydamomux cped (SLE). Peub maer o cpsasu
Mexady SLE m IoT. Uto KacaeTcsi Bompoca O TOM, KaK MEXAVCIUILAVHAPHEIA IIOAXOA MOXKET CIOCOOCTBOBATb
naaHuposaHmio SLE BMecTe ¢ auciunamHaMy oOpasoBaHMs M apXMTEKTYphl, MCCAeJOBaHME SMIIMPUYECKU
npuMeHseT JaHHble, coOpaHHble B 2016 roay. llccaesoBaHme Hauaaoch ¢ oObeduHeHMst MHpOpMaUMM U3
MeXAUCITUILAVHAPHOTO aHaAM3a AMTepaTyphl B Upe3BbluaiiHO MPeAlI0A0KUTeABHYIO MoAeAab AAs iocTpoeHne CAD.

BricTpoe pasBuTiie MOOVMABHBIX U CEHCOPHBIX TEXHOAOTUII ITPUBEAO K IOSBAEHNIO KOHTEKCTHO-3aBUCHMBIX CpeJ,
u-00yJeHsl, CIIOCOOHBIX ONpeJeAsiTh pPeaabHblil CTaTyC OOYYeHMsl ydalllerocs B 3aBMCHMOCTU OT OKPY>KalOILEero
koHTeKcTa. OTAeABHBIM y4eHMKaM OyJeT IpeJoCTaBAeHa COOTBETCTBYIOMas MH(POpMAaIIs B COOTBETCTBYIOIEM MecTe
1 B ipuemaeMoe BpeMs. [To MHeHUIO MccaejoBaTeelt, IPY CO3JaHUM U BHeAPEHU! CICTeM OOydeHMsI HeoOXOAMMO
YIUTBIBaTh OOABIIIE aCTIEKTOB, YTOOBI ITOMOYD YJAIIUMCS YIUTHCA B PeaAbHBIX YCAOBIIX Pa3yMHBIM OOpa3oM.

KaroueBble caoBa: uHTeAlekTyaabHOe oOydeHme, VIHTepHeT Belrei, Be3JecyIlyie CpeAbl OOYJeHIL,
KOMIIbIOTEPHBIE MHCTPYMEHTHL.

AGILLI TOLIM MUHITLORININ LAYiHOLONDIRILMOSI
XULASO

Senad Agilli Oyrenma Miihitlerinin dizaynindan (SLE) behs edir. SLE-lor ve buna gére do 10T arasindaki alage
haqqindadir. Fenlararas: yanagmanin tohsil ve memarliq fenlari il birlikds SLE-lerin planlagdirilmasina nece t6hfs vera
bilacayi suali ilo tedgiqat 2016-c1 ilde toplanmis mslumatlart empirik sokilde tetbiq edir. Tadqiqat disiplinarasi
adebiyyat tehlillarindan slds edilon malumatlarm son darace ferziyyali bir models birlasdirilmasi ile bagladi. SLE-larin
qurulmast.

Mobil ve hissetma texnologiyalarmin siiratli inkisafi miihit kontekstindan asili olaraq telsbanin real diinyadak:
Oyranme statusunu daha da agkar etmays qadir olan kontekstden xabardar olan u-telim miihitlerinin yaranmasi ile
naticelendi. Ayri-ayri sagirdlers uygun yerds ve maqbul vaxtda uygun melumatlar verilacokdir. Tedgiqatcilarm
fikrinca, tolobalorin real diinya seraitinde agilli yollarla Syrenmsalarine kdmek etmok {iglin tolim sistemlarinin
yaradilmasi va tetbiqi zamani daha ¢ox aspekt nazers alinmalidir.

Acar sozlar: agill 6yranms, asyalarin interneti, har yerds movcud olan dyrenme miihitleri, kompiiter alatlari.
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1. INTRODUCTION

This research project aimed to go looking out out if and also the way the IoT is applicable to
teaching and learning processes in SLEs in an exceedingly very way that sustainably supports
learning at the workplace. This paper thus focuses on corporate learning spaces that offer the
best opportunities for lifelong learning and seamlessly combine informal and formal
learning. Literature reviews substantiated the connection between the theoretical constructs of the
IoT and smart learning environments. The authors deconstructed known and directly related
learning methods in order to demonstrate clearly that IoT-based learning forms such as smart
learning environments (SLEs) are a specific combination of adaptive and u-learning formats that
interact to facilitate new functions and possibilities at the workplace.

Although context-aware ubiquitous learning appears to be a viable kind of learning, it is still
far from ideal technology-enhanced learning, which in this study will be referred to as "smart
learning." A smart learning environment not only allows learners to access digital resources and
interact with learning systems from any location and at any time, but it also actively provides
them with the necessary learning guidance, hints, supportive tools, or learning suggestions at the
right time, in the right place, and in the right format. Essentially, a smart learning system is a
technology-enhanced learning system that may advise learners to study in the actual world
while still having access to digital resources. ITSs are also known as "adaptive learning systems"
since their goal is to help individual students learn by modifying learning interfaces or content to
their requirements. Furthermore, as computer networks have grown in popularity, many
learning systems have been incorporated as web-based learning systems.

2. SMART LEARNING ENVIROMENTS

Context - aware ubiquitous learning - This research project aimed to go looking out out if
and therefore the way the IoT is applicable to teaching and learning processes in smart learning
environments in a very way that sustainably supports learning at the workplace. This paper thus
focuses on corporate learning spaces that offer the best opportunities for lifelong learning and
seamlessly combine informal and formal learning.The learning system in a context-aware
ubiquitous learning environment may employ sensing technologies to monitor learners' real-
world status, communicate with them through wireless networks, and present learning support.
The real-world learning status of the learners, as well as interactions between the learners and
the system, may be recorded for later analysis during the learning process.

Computer mindtools — Mindtools are computer systems that stimulate or help students
during the training process to assess, analyze, synthesize, and organize knowledge, leading to
meaningful and productive thinking and learning.The relevance of Mindtools was highlighted
by Jonassen et al., who stated that "technology should not assist learning by seeking to educate
the learners, but rather should be employed as knowledge production tools that students learn
with, not from." Mindtools, per Jonassen, are "a method of engaging learners in constructive,
higher-order critical considering the topics they're studying through the utilization of a computer
application software." He also included database systems, , expert systems and video
conferencing systems as samples of computer applications.

Criteria for a smart learning environment — Contexts include interactions between learners
and environments within the context of context-aware ubiquitous learning; thus, "smart learning
environments" will be defined as technology-supported learning environments that adapt and
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supply appropriate support within the right places and at the proper time supported individual
learners' needs, which may be determined by analyzing their learning behaviors. It's important
to stress that studying in a smart learning environment does not mean that students have a
certain amount of free time; in other words, no learning plan is employed to substitute leisure
activities. As a result, the following are some of the possible criteria for a smart learning
environment:

1. The learner's position or the circumstances of the real-world environment during which
the learner is placed are detected in an exceedingly smart learning environment, suggesting that
the system is in a position to grant learning assistance reckoning on the learner's real-world
status.

2. A smart learning environment may provide learners with immediate and adaptive
support by analyzing their requirements from several viewpoints (e.g., l-habits, profiles, and
private characteristics), similarly because the online and real-world environments during which
they're located.

3. Individual learners' personal variables (e.g., learning styles and preferences) and learning
status is accommodated in an exceedingly smart learning environment by adapting the
computer programme (i.e,, how information is presented) and topic content. The computer
program doesn't should be a standard computer. Instead, learners can use mobile devices (such
as smartphones or tablet computers), wearable devices or maybe ubiquitous computing systems
embedded in ordinary items to have interaction with the educational environment.

learning status
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Figure 1. Framework of a smart learning environment.

As a result, it merely serves as a checklist for academics and system developers looking to
create smart learning environments. The following elements make up the structure of a smart
learning environment, as depicted in Figure 1:

1. A module that detects whether or not a student is learning. This module connects to
some sensing devices to identify learners' real-world status as well as environmental settings
(e.g., temperature and humidity).

2. A module for assessing learning performance. This module assesses and records learners'
performance through online or in-person exams. Learners may be required to identify the
solution to a test item by watching or interacting with real-world targets in a real-world exam.
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3. This module offers learners with learning help based on their specific learning
requirements. Learning assistance can take the form of a learning assignment or subject
guideline, a tip for the learning activity, feedback on their performance, or a Mindtool to assist
them in learning more efficiently and effectively. The characteristics of the learning activities and
learning content, as well as the learners' learning performance, personal circumstances, and real-
world status, must all be considered when determining the type of help to be offered.

The individual design patterns and their associated success factors are presented in the next
subsection in the context of their systemic interaction.

1. Design pattern [0] - Corporate culture

Empowerment is a key aspect in fostering a collaborative company culture. This should be
interpreted to indicate tactics and activities that improve employee autonomy and self-
management, allowing them to do their duties over time.

2. Design pattern [A] - Human centricity

Users are at the center of smart learning environments (see "Current status of research into
smart learning environments"). To guarantee that SLEs are really user-centric, the design
approach must be focused toward the learner. The demands of the learners who utilize these
spaces must be the starting point for building smart learning environments.

3. Design pattern [B] — Didactical variety

To enable successful teaching and learning, smart learning environments must be
didactically diversified (see section "Current status of research into smart learning
environments"). The design pattern (B) is the second phase of the design process, and it builds on
the user centricity of the first phase.

4. Design pattern [C] — Hybrid learning space

Smart learning environments are physical places that may merge digital and physical
learning worlds to create hybrid experiences.Design pattern (C) it builds on the didactic diversity
of the second phase. The integration of ubiquitous but invisible IoT technology in the design
process for hybrid learning environments is required.

5. Design pattern [D] — Learning assistance

The ultimate goal of the SLE design process is to build a hybrid learning aid using Pattern
(D). It is the ultimate and most difficult phase, which builds on earlier design patterns. To
guarantee that the (hybrid) learning assistant offers the functionalities needed to give optimum
learning help via a "recommender system," the success elements of Design Pattern (D) must be
implemented progressively. In the design pattern [D], the factors to be executed in order are
numbered and denoted with an arrow.

3. CONCLUSION

The goal of this study is to provide a mainly consistent ontological foundation with defined
categories that may be utilized as action suggestions in the context of organizational SLE design
procedures. To address the absence of systematization in prior SLE research, the authors
proposed design patterns for the concepts of "user centricity (A)", "didactical diversity (B)",
"hybrid learning space (C)" and "learning assistance (D)".
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It is reasonable to expect that the introduction of new learning ideas will create a number of
contentious concerns, such as the ethics and moral principles of using technology in education,
which are undoubtedly important topics for debate. On the other side, smart learning's potential
benefits include the capacity to provide more effective and efficient learning assistance, the
ability to better understand learners' learning patterns, and the ability to undertake long-term
and seamless learning activities.
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PE3IOME

MSy‘laeTC}I MOJeAb CUCTEM YyIIpaBA€HI: 3allacaMl ¢ MTHOBEHHbBIM O6C/ly)KI/IBaHI/IeM n KaTaCTpOCl)aMI/I, KOTO-
prie IIPpUBOAAT K IIOAHOMY YHMYTOKEHUIO 3allacoOB CMICTEMBI. B cucreme VICIIOAB3YETCsI ITOAUTHKA ITOITOAHEHNST
3alracoB, COraacHO KOTOpOI7I B MOMEHT BBIITIOAHEHISI 3aKa3da YpOBEHb 3aIlaCOB AOCTUTAE€T MaKCMMa/AbHOTO 3Ha4de-
HILA. HOAy‘{eHI)I (l)OpMyAI)I AAS pacdyeTa XapaKTePpUCTK CHMCTEMBI U1 ITOKa3aHbl pe3yAbTaThbl YNMCA€HHBIX DKCIIepu-
MEHTOB 110 pacueTy MOJeA€eln.

KAIO‘IeBbIe cAOBa: cucremMma yl’IpaBAeHI/I}I 3alracaMu, KaTaCTpO(I)a, I1e11b MapKOBa, aAI‘OpI/ITM pacqua
KATASTROFLARI OLAN EHTIYATLARIN iDARO EDILMOSI SISTEMININ BiR MODELi HAQQINDA
XULASO

Magqaladoe ani xidmat gosterilon ve katastrof olduqda biitiin ehtiyatlart mahv olan ehtiyatlarin idare edilmasi
modeli dyronilir. Sifariglorin yerina yetrildiyi anda ehtiyatlarin saviyyesi maksimum olan ehtiyatlarin artirilmasi
siyasati istifade olunur. Sistemin xarakteristikalarinin hesablanmas: {i¢lin diisturlar tapilmisdir ve modelin
hesablanmas: tizro adadi eksperimentlarin naticelori gostarilmisdir.

Acar sozlar: ehtiyatlarin idare edilmosi sistemi, katastrof, Markov zanciri, hesablama alqoritmi
ON MODEL OF INVENTORY CONTROL SYSTEM WITH CATASTROPHES
ABSTRACT

The model of inventory system with instant service and catastrophes that lead to complete destruction of
stocks of the system is studied. The system uses a replenishment policy, according to which, at the time of order
fulfillment, the inventory level reaches its maximum value. Formulas for calculating the performance measures of
the system are obtained and the results of numerical experiments on the calculation of models are shown.

Key words: inventory control system, catastrophes, Markov chain, calculation algorithm

Beeagenme. B mogeasx cucrem ynpasaeHms sanacamu (CY3) mpearioaaraercs, 4To
BpeMsI IIPOAaK! 3ariaca IoTpeduTeAsiM paBHO HyA10. I1oApoOHBIN aHaAU3 MccaeAOBaHUI B
9TOM HaIlpaBA€HNMM MOXHO HalTu B padorax [1-7]. OTMeTuM, 4TO B MOAABASIONIEM
DoabIIMHCTBe pabOT IpMHMMAaeTCs AOMYyIIeHMe O TOM, YTO 3amachl CUCTeMBI SBASIOTCS
AOATOBEUHBIMY, T.e. OHI HUKOTJAa He IOPTATCA. A B paboTaX, B KOTOPBIX M3y4alOTCs MOJAeAN
CV3 ¢ moprammmucs 3arnacaMy HPUHMMAETCS AOIyIeHe O TOM, YTO 3arlachl CHCTeMBI
IOPTATCS C TeYeHMeM BpeMeHM (CAy4yaiHOTO MAM AeTepMUHMPOBaHHOIO). Bmecre ¢ Tewm,
3arracel CUCTeMbI MOTYT OBITh MCIIOpYeHBI MTHOBEHHO B pe3yabTaTe KaKMX-TO KaTacTpodu-
gecknx coonrtuit. [loaoo6ns1e Mogean CY3 B AOCTYyIIHOI AUTepaType IOYTU He 1CCAeAOBaHbI.
Vcxoas n3 oTOTO B HaCTOsIIIeN paboTe IpeaaaraeTcsa odHa Modeab CY3 ¢ katactpodpaMu 1
paspaboTaH aATOPUTM pacyeTa ee XapaKTepUCTHUK.

Omncanue MoOJdean " II0CTaHOBKa 3adavn. B MsyqaeMoﬂ MoAeAan IIPUMHNMAlOTC cae-
Ayomue AOITyHIeHI .
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B CV3 mocrymaet ryaccoHOBCKMI MOTOK PacXOAYIOIIMX 3asBOK (C-3asBKM) C MHTEH-
CHBHOCTBIO A.

BpeM}I O6C/ly>KI/IBaHI/I5[ 3asIBOK paBHO HYAIO, IIpNM DTOM Ka’K4a:sl M3 HUX Tpe6yeT 3a-
I1ac eAMHNYHOTO pasMepa. Ecau B MOMeHT IIOCTYIIAE€HM T C-3asIBKI1 YPOBEHD 3aI1aCcOB
paBeH HyA10, TO OHa TepseTCi C BEpOsJATHOCThIO eAVHIIIA.

B cucremy mocrymnaer Takske ITyaCCOHOBCKMII IOTOK AeCTPYKTMBHBIX 3asBOK (d-3a-
SBKM) C MHT@HCUBHOCTBIO K , IIPY 9TOM B MOMEHT ITOCTYIIA€HMS TaKUX 3asBOK BCe
3ar1achl CUCTeMbl MTHOBEHHO pa3pyIIaloTcs, T.e. YPOBeHb 3aIlacoB CHCTeMBI OITyCKa-
ercsa K Hyaw. Ecam ypoBeHb 3aItacoB paBeH HyAIO, TO IIOCTYIMBIIAs d-3asBKa He
BAMAET Ha pabOTy CCTEMBI.

B cucreme ncrioansyerca “Up to S” nmoaurtuka nonoanenns samnacos (I1113), xoro-
pas onpejeAaseTcs cAeAylOIM 00pa3oM: ecAll yPOBeHb 3aIlacoB CUCTeMBI OITyCKa-
ercs 40 BeAMuuHEl S,S < S/2, To AeaaeTcs 3aka3 Ha ITOCTaBKy 3aIlacOB; IIPU HTOM
o0BeM 3aKkasa olpeJeaseTcs TaKuM oOpa3oM, 4YTOObI B MOMEHT IOIIOAHeHMs 3alla-
COB CKAa/, CUCTeMBI 3aII0AHSETCs TTOAHOCTBIO.

Bpem:1 BbInOAHeHN: 3aKa30B Ha ITOTIOAHEHN S 3aI1acoB SABASETCS CAyJaiHON BeANdn-
HOII, KOTOpasi MMeeT IOKa3aTeAbHYIO (PYHKIIMIO pacIpejeleHMsI C IapaMeTpoM
v >0 1 He 3aBMCUT OT TEKYII[ETO YPOBH:I 3aI1aCcOB CICTEMBI ¥ OObeMa ITOCTaBKIL.

Sa,zlaqa 3aKAI049aeTCs B HaXOXACHUN CACAYIOINNX XapaKTePUCTUK CHUCTEMBI: CpeAHETO

ypoBeHsI 3amacos (Sav); cpegHell MHTeHCUBHOCTU 3aKa3oB (RR); cpegHero oObemMa IOCTaBKU

(Vav); BepOATHOCTH OTKa3a B 00CAy>KMBaHUM c-3as1BOK (Pc).

Pemenmne 3agaun. Pabota crcreMbl onmceIBaeTCsl 0OAHOMepHOI1 1enbio Mapkosa (LIM),

rAe ee COCTOSIHMS M YKasblBalOT ypOBE€Hb 3allaCOB CVICTEMBI. HOCKOABKy MaKCUMAaAbHBIN

pasMep ckKaada CUCTEMBI SBASIETCA KOHEYHBIM, TO IIPOCTPaHCTBO COCTOSIHUIT DTOM I1eNn

E= {O,l, s S} MIMeeT KOHEeYHYIO Pa3MepPHOCTb.

PaCCMOTpI/IM 3ajady HaxoXXAeHu: reHepartopa srom LIM. Ilepexoa n3 cocrossnusa M e E
B cocrostae M’ € E o6oznaunm m—>m'. Toraa c y4eTOM HpMH;ITOI?I INOAUTHKIN IIOIIOAHEe-

HIMST 3aI1aCOB 11 CXEMBI AOCTyIIa Pa3HOTUIIHBIX 3asIBOK, 3aKA049aeM, 9TO JMICKOMbI€ MHTEHCUB-

HOCTM OIIpeAeAsIOTCs Tak (cM. puc. 1):

IIOCKOABKY IIPY BBIIIOAHEHVM ycaosye M >0 c-3asBKM IPUHUMAIOTC AAsl 00CAy-
KMBAHVSL, TO VIHTEHCUBHOCTH Ilepexoida M— M—1 mpu BbIITOAHEHUM YKa3aHHOTO
yCAOBILS paBHa A ;

IIOCKOABKY IIpU BBIITOAHeHMu ycaosme M >0 d-zasBku paspymiaioT Bce 3arracel
CICTEMBI, TO MHTEHCUBHOCTD repexoga M —> 0 pasHa & ;

IIOCKOABKY B MOMEHT IIOCTYILAEHVSI 3aIlacOB CKAAJ CUCTEMBI 3allOAHSIOTCS I10A-
HOCTBIO, TO IIPU BBIIIOAHEHUN ycaoBue M <S, rae S < S/2, uHTEHCMBHOCTH Hepe-
xoga M — S pasHa V.

CranuoHapHyIO BepOATHOCTH cocTostHMA M, 0 <M < S, obosHaumm uepes p(m). Cy-

IIIeCTBOBaHIe CTallIOHAPHOTO peXKuMa BBIXOAMUT U3 cAeAylomiero ¢akra: Bce COCTOSHIS
IIOCTPOEHHOI KoHedHoMepHoI1 LIM coobmarorest Apyr ¢ Apyrom (cMm. puc. 1).
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Puc. 1. I'pad nepexoa0s MeKAy cOCTOSAHMAMU n3ydaemorr LIM

Mcxoaa m3 OnmMcaHHOIO BRIIIE aATOPUTMa IOCTPOeHMsl TIeHepartopa dgaHHon [IM
7

3aKAl049aeM, 4To cucteMa ypasHeHmit pasHosecus: (CYP) aas BeposTHOCTEN COCTOSAHMIT IPU
UCIIOAB30BaHUM AQHHON OAUTUKY VIMEeT CAeAYIOITNii BUA

w(0)= Ap(1)+ szz p(m); (1)

(A+v+x)p(m)=Ap(m+1),1<m<s; (2)
(A+x)p(m)=Ap(m+1),s+1<m<S—1; (3)

S

(A+x)p(S)=vD>_ p(m). @)

m=0
K sroit CYP (1)-(4) a00aBaseTcs yca0Bre HOPMUPOBKI

i p(m)=1.(5)

m=0

Paspaborannyio CYP (1)-(5) MoXXHO pemuTs caeayiomuM oopaszom. VI3 ypasaenne (1) c
y4eToMm ypasHeHue (5) moaydmm:

w(0)=2p(1)+ x(1- p(0))

nan

p(1)=dp(0)-b, (6)

V—I—K‘;b K
A A

rae d =

Jaaee 13 ypaBHeHU (2) HAXOAUM
p(m)=(@+d)" " p(2), 2<m<s+1. (7)

C yuerom (6) u (7) u3 ypasHeHmi1 (3) moaydaem, 4To

p(m)=@+d)’@+b)"*"p), s<m<S. (8

Obpeannsia popmy (7) u (8) moayduM cAeAyIoniie COOTHOIIeHU S
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p(m)=a,p(1), 1<m<S, (9)

(@+d)™, ecml<m<s+1,

rae a, = N
@+d)f@+b)"*", ecms+1l<m<S.

OxkonuateabHO, ¢ yuyeTtoM (6) 1 (9), U3 yca0BUs HOPMUPOBKM (5) BBIYMCAACTCS BEPOSIT-
Hocts P(0) caeayrorm obpasom:

S
rae ¢ = Z a,
m=1

ITocae onpeaeaennst CTalfOHaPHBIX BEPOSITHOCTEl COCTOSIHUI XapaKTePUCTUKY CUCTe-
MBI BBIUMCASIIOTCSI CTAaHAQPTHBIM CIIOCOOOM. JeTICTBUTeABHO, CPeAHNUIT YPOBEHb 3aI1acoB CIC-
TEeMBI MOXeT OBITh OllpeAeleH KaK MaTeMaTudeckoe OXMAaHue paciipejeleHie BeposiT-
HOCTell p(m), mekE, te.

S
, = 2. mp(m). (11)

m=1

ITockoabKy 3aKa3 445 MOCTaBKM 3aIlacoB JeAaeTcs TOrda, KOrAa X YPOBeHb OITyCKaeTCs
A0 BeAUYUHEI S, S < S/ 2, TO CpeAHsIsI MIHTEHCUBHOCTD 3aKa30B OIIPeAeAsIeTCs Kak:

RR = Ap(s+1). (12)

Cpeanuit 06beM NOCTaBOK BBIYMCASETCS KaK

S
=>(S-m)p(m). (13)
m=0
PaCXOAYIOH_II/Ie 3asIBKI IIOKNAAIOT CI/ICTeMy 693 HOqueHI/ISI 3allaCoOB, eCAM B MOMEHT IX
HOCTynAeHI/I}I ypOBeHb 3alIaCoOB paBeH HyAIO. OTCIO,ZLa 3aKA4A1049aeM, 4TO BepOHTHOCTb HOTepI/I
C-3asIBOK BBIUMICAJICTCSI CAe,Zl,y}OH_U/IM o6pa30M:

P, = p(0). (14)

Taxkum obpaszom, ¢ nomonipio popmya (11)-(14) Beramcasiorcs: TpedyeMble XapaKTepuc-
TUK CUCTEMBI.

4. YncaeHHble pe3yabTaTbl

PaCCMOTpI/IM pe3yAbTaThl YMCAC€HHBIX DKCIIEPVIMEHTOB, KOTOPBIE ITPOBOAMAVICH Ha OC-
HOBE€ aAropmTMa BbIYMCAEHMS XapaKTePUCTUK CHCTEMBI. He[lb IIpoBeAeHM T DTUX DKCIIepU-
MEHTOB 3aKAI049aeTC: B U3Yy4YE€HNN ITOBEACHVISI XapaKTePUCTUK CICTEMBI OTHOCUTEABHO M3Me-
HEHMI VICXOAHBIX IIapaMeTpOB CICTEMBI.

Humxe BO Bcex 9KcIlepMMeHTax CYMTaeTCs, 4TO OObeM cKJaja CUCTEMBI SABASIETCS
¢uxcuposanHeM, T.e. S = 50, mpu ®TOM Oa30BbIe 3HAUEHMUSI MICXOAHBIX AAQHHBIX BRIOMPAIOTCS
tak: A=25, ¥=0.3, v=0.9. Jasa onpeseleHHOCTU M3A0XKEHUs HPEANIOAOXKNM, YTO 3HAYEHU:
TOUKM 3aKa3a S sBAsSETCS yIpaBAsgeMBIM IlapaMeTpoM, T.e. ®Ta BeANYMHAa M3MEHSIeTCs B
orpeske 0 <s<25.
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PGSYABTaTBI BBIYMICANTEAbHBIX DKCIIEPVMEHTOB ITOKa3aHbl Ha pIIC. 2-5. Anaan3s II0Ay4€eH-
HbIX TpaCl)I/IKOB IIO3BOASIET CA€AaTh CACAYIOIIVIE€ BBIBOADI.

e CpeaHuii ypoBeHb 3aI1acoB CHCTeMBI (Sav) sABAs€TCS BO3pacTaioeil QpyHKIueir (cM.
puc. 2), Ipu 5TOM yBeANYeHUe MHTeHCUBHOCTEN C-3asBOK (/1) (puc. 2, a) u d-3asABOK
(K') IIPUBOAAT K YMEHBIIIEHUIO 3HaueHui1 9Tol PpyHKIuM (puc. 2, 0); 04HaKO C yBeAu-
YeHMeM MHTEeHCUBHOCTU IOIO/AHEHNs 3aIlacoB (v) 3Ha4yeHMs TOM (PYHKIIUU TaKKe
yBeanunBaercs (puc. 2, B). Takoe mmoBeseHne 4aHHONM XapaKTePUCTUKUA OTHOCUTEABHO
YKa3aHHBIX ITapaMeTPOB sBASETCS AOTMYHBIM UM OHO ABASETCA TeOpeTUYeCcKU
OXXIAAE€MBIM.

e CpeaHsisa MHTEHCHBHOCTH 3akKa3ob (RR) Takke sBAsIeTCs BO3pacTaloleil (pyHKIIMen
(cMm. puc. 3), 04HAKO 34€Ch yBeAMYeHe MHTeHCUBHOCTY C-3asBOK IPUBOANUT K YBEAN-
4eHUIO 3HaueHMI1 9Toi PyHKIuM (puc. 3, a). DTOro c1e40Bal0 0XX1AaTh, TaK KaK yBe-
AVYeHNe WHTEeHCUBHOCTU (C-3asIBOK IIPUBOAUTbL K YBEAMYEHUIO MHTEHCUBHOCTU
ronajaHnsl ypoBHs 3alacoB K TOUYKe 3akasa (s). Bmecre ¢ TeMm, 3gech yBeanmueHne
VMHTEHCUBHOCTH d-3asBOK IPUBOAUT K YMEHBIIIEHNIO 3HadeHNi 9Toi PpyHKIun (puc.
3, 6). Ha mepsblIit B3rasg, nmocaedHuit Qpakr sBAsSETCS He AOTMYHBIM, TaK KakK C yBeAM-
YeHleM MHTeHCUBHOCTU AeCTPYKTMBHBIX 3asBOK CAelyeT OXHUAaTh yBeAMYeHUs UH-
TEeHCUMBHOCTU 3aKa30B AAs IIOIIOAHEeHM: 3allacoB. Takoe IoBeJeHNe AaHHOV XapaKTe-
PUCTUKM OOBSCHSETCA CAeAyIOIIUM oOpasoM: Hpu (PUKCHMPOBAHHOM 3HaUYE€HUU
IapamMeTpa SC POCTOM MHTEHCUBHOCTM d-3asBOK yBeANYMBAETCSI MHTEHCHBHOCTD
I1IepexoA0B CICTEeMBI 13 COCTOSIHUI THUIIA

m,m > s, cocrositiue 0, TO eCTb K yMeHBIIeHUIO IIaHCOB ITOCTYILA€HU: 3aKa3oB I3
cocTosHMII TMna M,M<S. ApyrnM, Ha HepBbIii B3rAsi4 HEOXUAAHHBIM (PAaKTOM, SBASETCS
yBeAMJEeHNsI 3HAYeHUII DTONM XapaKTePpUCTUKM C POCTOM MHTEHCUBHOCTM ITOIIOAHEHMS
3armacoB (puc. 3, B). DTOT (aKkT MMeeT caegyiomiee OObsiCHeHMe: Ipu (PUKCUPOBAHHOM
3HaueHMe IlapameTpa S C POCTOM MHTEHCUBHOCTHU IIOIOAHEHMs 3aIlacoB yBeAMYMBAeTCs
VMHTEHCVMBHOCTh IIOIIaJaHMs CHUCTEMBI B COCTOSIHME S, M TeM CaMBIM, YBeANYMBAETCS
MHTEHCHMBHOCTD IIOIIaJaHMs CUCTEMBI B COCTOsIHME S+1, rae oCyIecTBASIOTCS 3aKasbl AAs
IIOIIOAHEHM S 3aI1acoB.

e Cpeannit oobeM nocrasok (Vav) siBasieTcst Bo3pacraloieil GpyHKImen (cM. puc. 4), ipu
DTOM yBeAMdeHNe MHTEeHCUBHOCTU C-3asBOK IIPUBOAUT K YBeAMYEHUIO 3Ha4eHUI DTOMI
¢yHkUM (prc. 3, a); HTOro cAe40BaA0 OXKMAATD, TAK KaK C POCTOM MHTEHCUBHOCTH C-
3a5IBOK YMEHBIIAeTCsl CpeAHII yPOBeHb 3aIlacoB VM IIOTOMY yBeANYMBaeTCs CpeAHMNI
0o0beM IIOCTaBOK 3arracoB. TOUHO TakKe OOBSICHSETCsS yBeANYeHUe 3HaueHUII DTOM
PYyHKIIUM € pOCTOM MHTeHCMBHOCTM d-3asiBOK (puc. 3, 0). OaHako c pocToMm
VMHTEHCUBHOCTH ITOCTYIIA€HNsI 3al1acOB YMeHbIIIaeTcsl CpeAHMIT 00beM ITOCTaBOK (pIiC.
3, B).

e BeposatHocTs moTepm c-3asBOK (Pc) siBAsieTcsl yObIBaroeir pyHKIMen (puc. 5), mpu
9TOM, KaK I 0XXI14aA0Ch, yBeATdeHlie MHTeHCUBHOCTe ¢-3as1BOK (puc. 5, a) 1 d-3asBOK
IIPUBOANUT K yBeAMYEHMIO 3HadeHMI »Toit PyHkumm (puc. 5, 0). C yBeandeHnem
VMHTEHCUBHOCTH IIOIIOAHEHNs 3allacoB 3HaueHMUs 9TOM (PYHKIINM YMeHbIIaeTcs (puc.
5, B). OTmMeTM, uTO 1ocaeaHue pakThl SABAAIOTCS BIIOAHE AOTMIHBIMI.

64



06 00101i MOJeAu cuceMbl YNPAGAEHS 3anacamy ¢ kamacmpopamu

(@)

(a)

RR

20

19

18

17

16

0.20 025 0.30 0.35

015

20
I

19
I

18
|

Sav

16
|

15
1

14
I

(8)

Puc. 2. 3aBucuMocTsh Sav OT IapameTpa s.

0 5 10 15 20 25 o 5 10 15 20 25

s (6) s

0.35
I

RR

0 1 10 15 20 25
: ()

Puc. 3. 3asucumocts RR oT mapamertpa s.

65



A.9. Iloaadosa

(@)

Pe

038 040 042 044 046 048

0.36

30

28

26

24

22

Vay

—&— =25

20
1

18
1

(8)

2
e > v-08

P:

—-—- v=09

040
1

0.35
L

Puc. 5. 3aBucumocts PcoT napamerpa s.

66



06 00101i MOJeAu cuceMbl YNPAGAEHS 3anacamy ¢ kamacmpopamu

5. 3akaroueHmue

ITpeaaosxena HOBasi MOJeAb CUCTeMBI OOCAY>KMBaHMs-3aIllacaHMsl ¢ KatacTpodamu, TAe
pacxoayroniye 3asBKU U paspyllaioniye 3asBKU SBASIOTC IIyacCOHOBCKMMML. PaccMorpena
MOJeab, B KoTopoil wucroassyercas “Up to S” mnoanmrtuka IONOAHEHMUs 3allacoB C
IIOAOXKUTEABHBIM BpPeMeHeM BBhIIIOAHeHMs 3aka3oB. VIsyuaercss MoOgeab € MIHOBEHHBIM
oOcay>KMBaHIEM pacxoaylomux sassok. [lokaszaHo, yTO MaTeMaTH4YeCcKOll MOAeAbIO DHTOI
CUCTEeMBI SBASIETCS OgHOMepHas Lenb Mapkosa. IlocTpoen renepartop msydaemon ILienm
MapxkoBa u HaiigeHsl POPMYABI 4451 HAXOXKAEHNUsA ee CTallIOHapHOTo pacrpejeaenus. Ha
OCHOBe CTaIlIOHapHOTO pacIpejeJeHnus Iienu Mapkosa MoaydeHb (GOPMYyABl  AA4s
HaXOXXAEHIUsA XapaKTepUCTUK CHUCTeMbl OOCAyKMBaHMsA-3allacaHUs C KaTacTpodamnu,
IIPOBeAEHBl COOTBETCTBYIOIIME YMCACHHBIE BHKCIePUMMEHTHl 1 IIPOaHaAM3MPOBaHbl MX

peBYAbTaTbI.
ANTEPATYPA
1.  Aames VL.A. UncaeHHoe nccaejoBaHme U ONTUMU3ALNsS CUCTeMBI yIIpaBA€HMs 3allacaMl C MTHOBEHHBIM

obOcAy>KMBaHIEM 1 ABYMsI TUIIaMU 3asBOK // CricteMsl yrpasaeHus u nHgopMaronHsie texuoaorun. 2020.
Neo2 (80). C. 28-34.

2. Aames J.A. Mogeap cuCTeMBl C MTHOBEHHBIM OOCAY>XMBaHMEM I PaHAOMM3MPOBAHHON ITOAUTUKOI
roroAHeHws 3aracos // ITpobaemsr magopmarusanym u yrpasaenus. 2021. Bemmyck 67. C. 71-75.

3. Kouiki C.,, Babai M.Z., Minner S. On the Benefit of Dual-sourcing in Managing Perishable Inventory //
Intern. J. of Production Economics. 2018. V. 204. Iss. 10. P. 1-17.

4. Haughton M., Isotupa K. A Continuous Review Inventory System with Lost Sales and Emergency Orders //
American J. of Operations Research. 2018. V. 8. P. 343-359.

5. Boulaksil Y., Hamdouch Y., Ghoudi K., Fransoo, ]J.C. Comparing Policies for the Stochastic Multi-Period
Dual Sourcing Problem from a Supply Chain Perspective // Intern. J. of Production Economics. 2021. V. 232.

6. Barron J. The Continuous (S, s, Se) Inventory Model with Dual Sourcing and Emergency Orders // Europ. J.
of Operations Research. 2021. 42 p.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Mathematics and Computer Science” accepts original unpublished
articles and reviews in the research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:
Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

.UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva 1.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine uith zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

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

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University- Riyaziyyat vo kompiiter elmlori” - ovvellor nagr olunmamig
orijinal asarlari vo miiallifin tadqiqat sahasi tizra yazilmis icmal maqalalari qobul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Maqalada bashiq har xiilasadan avval ortada, qara vo boyiik horflo xiilasslorin yazildigi hor t¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostorilon iki dildo olmalidir. Moagalonin har ¢ dilde yazilmis xiilasasi bir-birinin eyni olmahdir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalos asagidakilardan ibarat olmalidir:

Giris,

Tadqiqat metodu

Tadgigat isinin miizakirasi vo onun naticalari,

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

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

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

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

a)
b)

c)

Niimunolar:

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

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

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

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

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

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

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

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

YAZIM KURALLARI

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

Makaleler ingilizce kabul edilir.

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

Makalenin baslig1, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

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

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugsmalidir:

Giris,

Aragtirma yontemi

Aragtirma

Tartigma ve sonuglar,

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

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

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

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

a)
b)

c)

Ornekler:

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

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

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

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

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

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

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana génderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

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

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

«Journal of Baku Engineering University» - MaremaTuku 1 WHOOPMATUKH MyOJIHKYEeT OpUTHHAIBHEIE,
HayYHBIC CTAThU U3 00JIACTH UCCIICIOBAHKS aBTOPA U PaHee HE OITyOIMKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykormuicH TOIKHBI OBITh HaOpaHs! corsiacHo porpammbel Microsoft Word u oTripasiieHs! Ha 37K TPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIKE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

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

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEP:KaHUIO0 opUruHaia. KitoueBble ciioBa JOJKHBI ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHee 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCA B CKOOKaX, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCyHKaM pa3MEIIIaloTCsl MO PUCYHKOM, KapTHHKON i rpadukom. Ha3BaHnue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIIKE IUTHPOBAHUS B TeKCTe. ECITM Ha OJMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO yKa3aTh COOTBETCTBYIOILYIO CTPAHHILY, COXPaHsS MOPAAKOBBIA HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHKKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTepHAIbl CHM-
no3uyMa, KOH(GEPEHIINH WK IPYTHX 3HAYAMBIX HAYYHBIX MEPOIPHUATHI JOJDKHBI ObITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

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

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

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaga 2.5. Tekcr nedaraercs mwpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[NonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHUIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM dKCIIepTaMm.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

Cratbs, mocjie TOTo, KaKk aBTOp ydell 3aMedaHHus dKCIEePTOB, PEAAKIIMOHHOW KOJUIETHEH XKypHalla MOXKET
OBITh PEKOMEH/IOBaHA K MICYATH.
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