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THE FIRST AND SECOND ORDER MOMENTS OF THE JOINT
DISTRIBUTION FOR SEMI-MARKOV WALK PROCESS

E. A.IBAYEV, K.K. OMAROVA

Azerbaijan National Academy of Sciences Institute of Control System

elshanibayev@gmail.com, omarovakonulk@gmail.com

ABSTRACT

In this paper the Semi-Markovian random walk processes with negative drift and positive jumps is investigated.
An integral equation for Laplace-Stieltjes transform of the joint distribution of the first reaching moment to any level
and length of jump from the level this process is constracted. In particular, constructed integral equation is reduce to
the fractional order differential equation in the class of gamma and exponential distributions. Fractional order
differential equation is investigated. Explicit form of the Laplace-Stieltjes transform of the joint distribution is obtained.
Finally forms of the mathematical expectation and variance of the joint distribution were received.

Keywords: Laplace-Stieltjes transform, random variable, semi-Markov random walk process, Weyl fractional
derivative.

IIEPBBIE 1 BTOPBIE ITOPSAKOBBIE MOMEHTBI COBMECTHOI'O PACITPEAEAEHNST
A5 TIPOTECCA ITOAYMAPKOBCKOI'O BAY>KAAHMSA

PE3bIOME

B aanHOI1 cTaThe 11CCA€A0BAHBI POLIECCHI ITOAYMapPKOBCKOIO OAY>KAaHMs C OTpUIIaTeAbHBIM CHOCOM, IT0AOXKM-
TeABHBIMM CKauKaMM. /s ITpeoOpa3oBaHisl COBMECTHOIO pacmpejeenust Janaaca-CTiabTeca ¢ MOMeHTa IIepBOTO
AOCTVIKEHIS DTOTO ITpoljecca Ha KaKo¥-11bo ypoBeHb 40 AAVMHBI IIPOXOKAEHNS DTOTO YPOBHS TIOCTPOEHO MHTEeTpalb-
HOe ypaBHeHMe. B yactHOCTH, ITOCTpOeHHOe MHTerpabHOe YpaBHeH!e, B Kaacce 'aMMa 11 9KCITOHeHIIMAABHOTO pacIipe-
AeaeHnit, IpuBoAnUTC B AvdpdepeHInalbHOe ypaBHeHUe ApoOHoOro rnopsaxa. Vccaegosano AnddepeHriaabHoe
ypaBHeHHe ApobHOTO ropsiaka. IToaydena Tounas ¢popMyaa COBMECTHOTO pacipeeleHns peobpaszosanys /araaca-
Cmnarteca. B xonme, HaitaeHbI POPMyABI 445 MaTeMaTHIeCKOIO OXKVAAHWA ¥ AVICIIEpCUI COBMECTHOTO pacITpe-
AeAeHus.

Karouesnie caosa: Ilpeobpasopanne anaaca-Ctuabreca, caydyaiiHas BeAWdMHa, IPOILECC I10AYMapKOBCKO-TO
6.1y>KAaHIS, MHTETpaAbHOE YpaBHeHNe, APOOHasI IIPOU3BOAHas Beitst.

SEMI-MARKOV DOLASMA PROSESi UCUN BIRGO PAYLANMANIN BiRINCi
VO IKINCI TORTIB MOMENTLORI

XULASO

Magalada manfi axinli, miisbat sigrayish semi-Markov dolasma prosesi tadqiq olunmusdur. Bu prosesin birinci
dafe har hansi saviyyaye catma ani ila bu saviyyani ne gadar ke¢gmenin uzunlugunun birge paylanmasmin Laplas-
Stiltiyes cevirmeosi {igiin inteqral tenlik qurulmusdur. Xiisusi halda eksponensial vo Qamma paylanmalar sinfinde
qurulmus inteqgral tenlik kesr tertib téremali diferensial tenliys gatirilmisdir. Kesr tortib téramsli diferensial tenlik
arasdirilmisdir. Birgs paylanmasinin Laplas- Stiltiyes gevirmasi ti¢iin daqiq formul alinmigdir. Sonda birge paylanma
tiglin riyazi gozloms ve dispersiyann diisturlar1 tapilmisdar.

Acar sozlar. Laplas- Stiltiyes ¢evirmosi, tosadiifi kamiyyaet, semi-Markov dolasma prosesi, inteqral tonlik, Veyl
manada kasr térama.

1. INTRODUCTION

It is known that, random walk process with one or two barriers are being used to solve a
number of very interesting problems in the fields of inventory, queues and reliability
theories, mathematical biology etc. semi-Markovian random walk process practical and
theoretical importance. But in the most of these studies the distribution of the process has
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free distribution. Therefore the obtained results in this case are cumbersome and they will
not be useful for applications [2], [3]. In the work of Metzler and Klafter [15] a generalized
diffusion equation of fractional order on the basis of the continuous time random walk
model was investigated. Using factorization method boundary crossing problems for
random walks on a Markov chain were studied by V.I. Lotov and N.G. Orlova [13]. In
particular case of semi-Markov random walk processes we can obtain the explicit form for
probability characteristics. In the works of Nasirova [17] and her collaborators the Laplace
transform of the distribution of the first moment reaching level zero of the semi-Markov
random walk processes was studied (see, [1], [9], [18]-[21]). It should be noted that finding
the Laplace transform of the semi-Markov random walk processes is a powerful tool in
applied mathematics and engineering. In the present paper we study the semi-Markov
random walk processes with negative drift, positive jumps. We construct an integral
equation for Laplace-Stieltjes transform of the joint distribution of the first reaching moment
to any level and length of jump from the level this process. In particular, constructed
integral equation is reduce to the fractional order differential equation in the class of gamma
and exponential distributions. Finally, we find an exact solution of the fractional order
differential equation.

2. PROBLEM STATEMENT AND RESULTS

Let there be given a sequence of independent and identically distributed pairs of ran-
dom variables {ék , QV K }kzl defined on the probability space (Q, F, P), where the random

variables &, and &, k = 1,00 are positive and independent. Using these random variables

we construct the following Semi-Markovian random walk process.

where & =¢,=0.X,(t,®)- is called the Semi-Markovian random walk process with

negative drift, positive jumps.
It is taken into account here that ¢, (@) — &, (w) > Owith probability 1.

Let 7/ (@) be first reaching moment to level a (a>0) and »? (a)) be length of jump from
the level by process X, (t, a))

2 (w)=inf {t: X, (t,w)>a} and y2(w)= Xz(rf‘,a))— a.
Our aim to find the mathematical expectation and variance (the first and second order
moments) of the joint distribution of random variables 72( ) and 7{( ®).

We denote
L(t,y|z) = P{rf‘(a))< t; yla(a)) > ;/‘XZ(O,a)) = Z}. (1)
L(t, 7/|Z) is called the joint distribution of random variables z;' ( a)) and y; ( a))

It is well known that the Laplace -Stieltjes transformation of L(t, 7/|Z) has

0

L(6.7]2) = Ie‘gtdtL(t,y|z), 0>0.

t=0
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Theorem 1. Let & (w) and ¢, (w) be independent random variables. Then integral
equation for the Laplace-Stieltjes transform of the joint distribution of random variables
r2(w) and y?(w) has the form

L(8,7]2) = eT e jP{é’l(a)) >a+y—z+sjd,P{& (@) <sldt+

s=0

- j E(e,y\y)Te-ofdyP{gl(w)< y—z+tjd,P{&, (w) <t }+ ()

z ©

+ [ LAY [e"d,Pigi(e) < y-z+t)d Pl (0) <t}

y=—0o0 t=z-y

Proof of Theorem 1. By the law of total probability we have

t

X,0.0)=2}= [Pl (@) cdsiz—s+¢,(@) >a+ 7+

s=0

+ T jP{fl(w) eds;z-s+¢ (o) e dy}P{rf(a))<t—S; 7 (w)>y

y=—0 =0

P{r2(0)<t; () > y
(13)
X,(0,0) =y}

Taking into account equality (1), from equation (3) we get

L(t.y|2) = jp{é(w) eds;z—s+¢,(w)>a+y)+

a (4)
+ [ [Pla(@edsiz-s+¢ (o) e dy}Lit—s; 7|y}
y=—005=0
Applying Laplace- Stieltjes transform to equation (4) by variable t, we get

L(8,7]2) :HT e jP{fl(w) eds;z—s+¢,(w) >a+yjdt+
. t=0 s=0 (5)
+ I LG,y

y=—0

y) Te*mp{g1 (@) e dt;z —t+ ¢, (0) € dy}.

Taking into account that & (@) and ¢, (@) are positive and independent random variab-

les from (5) we get

0

L(8,7]2) =ej e jp{gl(a)) >a+y—z+s)d P (w) < sldt +
. t=0 O::0 (6)
+ [ L@sly)  [ed,Plgi(0) <y-z+tld Pl (o) <t}

y=—c0 t=max(0,z—-y)
From this integral equation we have equation (2).
Let's assume that a random variable &, has the gamma distribution with parameters

a >0 and ,B > 0, while random variable § 1 has the exponential distribution with parame-

ter 1.

p;(X)=1T(a) 0, x<0.

B VR ye“‘x, x>0,
X“e™™, x>0, Pg(x):
0, x<0,
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In the class of such distributions the integral equation (2) has the form

t

r aﬂa —u(a+y—1) T -6t —(u+p)s -1
L(8,y|z) = =—e ™" e e s dsdt +
A A
;uﬂa HZ ¢ —,uy~ T —(0+u+p)t a-1
+——¢e e Y L(4,7]y) |e 177 dtdy + (7)
e !

Il'lﬂa uz f —uyy T —(0+u+PB)tya-1
+=——¢e e L(8,7]y) |e t“~ dtdy.
EM I

Multiplying both sides of equation (7) by e’ and differentiating both sides with
respect to Z, we get

—uz 1 —uzy| /'lﬁa —(0+u+p)z f +B)Y | a-
et L'(0,y]z) — pe™ L(0,7\z)=—me (©O+up) y_jf“ PYL(G,7]y)(z - y)*dz. (®)
Multiplying both sides of last equation by €***"? we get
e P20, ¥|z) — e P L(0, ¥z _ M eAY (8, z-y)*dz.
0.712)~n 0.712) r(a)yj_w @79~y )
We set
Q(6.7]2) =e“"* L(8.712) (10)

From equation (9) we get
Q0. 712)-(u+0+ AQO7 D)=L~ [ QMO 1lyNz -y dz
Ta),:.
It is known that the Weyl fractional integral is defined as
» 1 o
D™(QEO.7j2) = s [ Q. Az —u)du
Taking into account the last equality, we have

Q.(6,72)- (u+6+B)Q6,72) + uB“D*(Q6,7]2)) =0. (11)

Let O € (0,1) and let ¢(z) be a differentiable function in (0,00) . The Weyl fractional
derivative of order & of a function ¢(z) is defined as (see [14] and [15] ):

D“4(z) = 1“(1—ia) [@-v)“ @

Applying to both sides of equation (11) the Weyl fractional derivative of order «, we get

D(Q(6, /z) — (u+ 6+ A)DE Q6. 7[z) + 15Q(6,7]2) =0 (12)

Let us seek the solution of fractional order differential equation (12) in the form
Q(H, 7/|Z)=ek(‘9’7)Z where k(6’, }/) is an unknown function.
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Thus
E(g’ }/|Z) —pkOy)-0-pz

It is obvious that I:(O, 7/|Z) =1. Hence, we get that k(0,7)= /3.

k(&,y)z

Applieng Weyl fractional derivative of order & of the function € we get

preten: = 1 [k@.7)e " (u-2)" du =

1—‘(:I'_Cf) U=—ow
K (o, oo

k(e é;-)e & J.t e—k(&ytdt [k(e }/)]0! k(6,7)z
a

From (12) for the defining of unknown function we have the following transcendent
algebraic equation

k(@) =(u+ 0+ B)- k(0. 7)) + 18" =0. (13)
Using from expression of E(H, 7/|Z) we can find the mathematical expectation and

variance of the joint distribution of random variables z;’ (a)) and y; (a))

From equation (13) we get
B ,
a+)B* —(u+p)-a-p

o) B a5 e ap 0] + 205K 0),
07)= (@rDF —(u+ fa-

Such that the mathematical expectation and variance of the joint distribution of random

k,(OJ/): (

variables 72(w) and y?(w) will be as follows

E<T1 i@ )— 2),
0 B
E(c?/2)=-{k'(0)-1]z = {1 T 0F i p)a B 1}

Vl

((Tl ,71 ‘Z)) [ Z)]
s pa-1ap -ala+1) ﬂ“][k 07]2+2a/3“k(0 7,
(u+B)ap™ —(a+1)p°

Conclusion

An integral equation for Laplace-Stieltjes transform of the joint distribution of the first
reaching moment to any level and length of jump from the level this process is constracted.
In particular, constructed integral equation is reduce to the fractional order differential
equation in the class of gamma and exponential distributions. Explicit form of the Laplace-
Stieltjes transform of the joint distribution is obtained. Using Laplace-Stieltjes transform the
mathematical expectation and variance of the joint distribution are found.
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YARIMOXDA ISTILIKKECIRMO TONLIYI UCUN BIR
MOSOLONIN HOLLI
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Lonkaran Dovlat Universiteti

elvinisgender86@gmail.com

XULASO

Baxilan maqals Yarimoxda kasilon emsalli istilikke¢irma tenliyi tigiin bir masalenin hallinin tapilmasina hesr
olunmusdur.Masalaya inteqral ¢evirmasi totbiq olunaraq kompleks parametrden asili adi diferensial tonlik {i¢iin
bir sarhad masalasi qurulmusdur.Bu masslads farz olunur ki, masslenin halli sonsuzlugda mahdud olsun. Tenli-
yin amsal1 kesilon oldugundan maesalenin halli hem sonlu hem de sonsuz araliqlarda tapilmisdir.Hor iki araliqda
tapilmis imumi hallordas bir birinden asili olmayan iki sabit istirak edir.Masaloya daxil olan serhad ve calaq sort-
larinin say1 sayca {i¢ olmasina baxmayarag,hallords istirak edan sabitlorin say1 dorddiir.Bu ise masalenin hallinin
yeganaliyinin pozulmasina gatirib ¢ixarda bilor.Bu uygunsuzlugu aradan qaldirmagq {i¢iin sonsuzluqda mahdud-
luq sartindan istifade ederak tapilmis sabitlorden birini sifira barabar se¢mok zarursti yaranir.Digar {i¢ sabiti ise
sarhad ve calaq sortlarindan tapib,kasilon amsall1 adi diferensial tenliyin hallinde nezare aliriq.Maqalada gosteril-
misdir ki kasilon amsall1 adi diferensial tonliyin halli kompleks miistovide meramorf funksiyadir.Masalonin halli
tiglin tapilmis maxsusi noqtaler polyus tipli meaxsusi noqtelar olmagqla,xayali oxu 6ziinde saxlayan zolaqda
yerla§ir.i§da ayrilis teoremi isbat edilmis ve masalonin halli kontur inteqral soklinde qurulmusdur.Hall {igiin
tapilmis kontur inteqralinin miitlaq ve miintezem yigilmasi gostarilmisdir.Buda ilkin mesalenin formal hallinin
asaslandirilmas: demoakdir.

Acar sozlar:xarakteristik determinant,ayrilis teoremi, yarimmiistavi,kasilmaz ayri, kontur, spektral mosals,
polyus.

«O HAXOX AEHUM PEIITEHVST OAHOW 3A AAUU AAS1 YPABHEHMS TEILAOITPOBOAHOCTN HA
I101YOCIN»

PE3IOME

ITpeacraBaeHHas CTaThs ITOCBAIEHA HAXOXKAEHMIO PeIieHNs OAHOM 3a4a4l A4Sl YpaBHEHIs TeTL10IPOBOAHOCTI
C paspbBHBIMI KOD(UIINEHTaMy Ha roayocn. [IpuMeHsst mHTerpaapHOe IIpeoOpasoBaHUe K 3ajade, CTPOUTCA
KpaeBasi 3a4ada 4451 OOBIKHOBEHHOTO AngdepeHIaibHOIO YpaBHEHIS, 3aBUCSIIEIO OT KOMILIEKCHOTO IlapaMeTpa. B
9TOM CAydae IIpeAllOJaraeTcs, 4To pellleHue 3ajadl, HaligeHHOe Ha OeCcKOHeYHOCTM, OrpaHudeHo. Ilockoabky
k09 PUITNEHT ypaBHeHI:l pa3pbhiBeH, pellleHne 3ajadli HaXOAUTC KaK B KOHEUHEIX, TaK 1 B OeCKOHEYHBIX MHTepBajax.
B obrmyix perieHumsIx, HallA€HHBIX B 0DOVIX MHTepBaJax, €CTh IIOCTOSIHHbIE, He 3aBUCALINE APYT OT Apyra. XOTs B 3ajade
KOAMYECTBO TPaHMYHBIX U IPVUCOeAVHEHHBIX YCAOBUIL PaBHO TpeM, KOAMYIECTBO ITOCTOSHHBIX, YIaCTBYIOIINX B pellle-
HIY, PaBHO YeThIpeM. DTO MOXKeT IPUBeCTH K HapyIIeHnIO e AMHCTBeHHOCTY peleHIs 3a4aun. YUToOk! yeTpaHUTh 9TO
HeCOOTBETCTBIIE, HEOOXOAVMO BBIOpaTh OAHY 13 HalIA€HHBIX IIOCTOSHHBIX PaBHO HYAIO, VICTIOAB3YSl YCAOBYE OTpaHMU-
9JEeHHOCTH pelreHns Ha OeckoHeyHocty. OcTaabHble TPV IOCTOSHHBIE HAXOAUM U3 TPAaHWIHBIX M IPUCOeAVHEHHBIX
YCAOBMIA U1 yUUTBIBAEM B pellleHNy OOBIKHOBEHHOTO A depeHIIalbHOTO YpaBHEHII C pa3phIBHEIMIU KOS UIIIeHTa-
M. B crartbe rokasaHo, 4To perreHye 0ObIKHOBEHHOTO AnddepeHINaibHOIO YpaBHEHIs C pa3phIBHEIMM K03dduiin-
eHTaMM SBASETCA MepaMOpHOI (PYHKITNEl Ha KOMILAeKCHOI 11A0cKocTi. OcoOble TOUKY, HaliAeHHBIe A PeIeHIIsT
3a/aun, IPeACTaBAsgIOT cOOOI OCOObIe TOUKY THUIIA ITOAIOC, PacIIOA0KeHHEBIe B I1010cCe, coJepiKalliell MHIMYIO OCb. B
paboTe jJoKasaHa TeopeMa pa3AOXKeHVs U ITIOCTPOEHO pellleHNe 3ajadi B BMAe KOHTypHOTo mHTerpasa.llokaszano
abcoAIOTHas M paBHOMEpHas CXOAMMOCTh HaliAeHHOIO KOHTYPHOIO MHTerpala AAs peIleHIs], YTO O3HadaeT
oGocHoBaHe (OPMaAbHOTO PeIIeHIsT ICXOAHOM 3ajaunt.

Karouesbie ca0Ba: XapaKTepUCTUIECKII OlIpeAeAnTeab, TeOpeMa pa3A0XKeHs], ITI0AYILA0CKOCTD, HellpephIBHA
KplBasl, KOHTYP, ClleKTpaAbHasl 3aJada, IOAI0C.



Isgandarov Elvin Sahvalad oglu

"ON FINDING A SOLUTION OF ONE PROBLEM FOR THE HEAT EQUATION OF ON A SEMI-AXIS"
ABSTRACT

The presented article is devoted to finding a solution to one problem for the heat equation with discontinuous
coefficients on the semiaxis. Applying an integral transformation to the problem, a boundary value problem is
constructed for an ordinary differential equation depending on a complex parameter. In this case, it is assumed that the
solution to the problem found at infinity is bounded. Since the coefficient of the equation is discontinuous, the solution
to the problem is found in both finite and infinite intervals. In the general solutions found in both intervals, there are
constants that are independent of each other. Although in the problem the number of boundary and associated
conditions is three, the number of constants involved in the solution is four. This can lead to violation of the uniqueness
of the solution to the problem. To eliminate this discrepancy, it is necessary to choose one of the found constants equal
to zero, using the condition that the solution is bounded at infinity. The other three constants are found from the
boundary and associated conditions and taken into account in the solution of an ordinary differential equation with
discontinuous coefficients. The article shows that the solution of an ordinary differential equation with discontinuous
coefficients is a meramorphic function on the complex plane. The singular points found for solving the problem are
pole-type singular points located in a strip containing an imaginary axis. In the paper, the decomposition theorem is
proved and the solution of the problem is constructed in the form of a contour integral. The absolute and uniform
convergence of the found contour integral for the solution is shown, which means the substantiation of the formal
solution of the original problem.

Key words: characteristic determinant, decomposition theorem, half-plane, continuous curve, contour, spectral
problem, pole.

Isdo agagidaki masalaye baxilir,

ou 0u 0,4),t >0 1
J— —_— (0]
5t a(x) 22’ x€(0, +00), D
tonliyinin
u(x,0) = ¢(x)(2)
baslangic sertini

au(0,t) + fiu(a—0,t) =0
@t (0,) + Brux(a = 0,t) = 0(3)
azu(a—0,t) + fsu(a+0,t) =0
sartlerini 6deysn mahdud hsllini tapmagq telsb olunur. Burada

p?, 0<x<a
q°, a<x<+o

a(x) = {

a; , f;(i = 1,2,3) adadlari kompleks sabitlar , p ve q haqiqi adadlardir. Belo ki, p > 0,4 > 0
sortlori 6denilir. Baxilan (1) — (3) masoalasine

y(x, 1) = f u(x, t) e Mtde(4)
0

inteqral gevirmasini tatbiq etsok, 4 kompleks parametrden asih ikitartibli kesilon samsall
tonlik {i¢iin asagidaki massleni alariq :

a(x)y =2y =—-pk), a<x<+o(5)
a,y(0,2) + By(@—0,1) =0
a,y'(0,2) + B,y (@ — 0,2) = 0(6)
azy(a —0,1) + Bzy(a+0,1) =0
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0<x< a vo Reld = O olduqda (5) tanliyinin hallini tapsaq alarlq
Y DG, (s +C, (e i p(©er™ g+ il p(©)er g (7)

0 <x < a veRel < 0olduqda (5) tanliyinin hallini asagidaki kimi tapmaq olar.

x

A
Y DG D (e 7 — 2 [ p@er™ Pag — L X o ag
®
a < x < +o va Reld > 0 olduqda (5) tenliyinin hallini tapsaq alariq
~x “Sx 1 (x 2(¢-) -9
Y@ D=Cs(De T+, Me ¢ 5 [Fo©ed” Vdg +5o [T P&t Vdg (9)

x = +oo olduqda y(x, 1) funksiyasinin mahdud olmasi {igiin zeruri sert €, = 0 olmaldir.
Yoni (9) hallini asagidak: kimi yazmagq olar :

A A A
Y6 D=C; e = [T p(©en Vde + 5 [17 p(§)en™ P (10)

a < x < +oovaReld < 0olduqda x » +oo sarti daxilinds (5) tenliyinin mahdud hallini
tapsaq alariq

A A
yCo D=CDet = 2 [ p@er® P — L [ p(eyen g (1)

2qAYx

ReA > 0 yarimmiistavisinde y(x, 1) funksiyasmin polyuslarini tapmagq tictin (7) ve (10)
diisturlarm (6) sisteminds yerine yazaq

[+ BTG + @+ fre TG0 = ﬂmu) ﬁ o7 #2(A)

@+ Be? D) — (@ + e PG = — 2y + 22 g L0, (1) (12)
. 14 P 2p2 2p?
lk age%“clu) +a3e‘%“cz(1) +Bge_%“63(/1) = xz(A) ﬁ 527

Bu sistemda asagidaki kimi isarslemalasr daxil edilib

a

A
() = f 0(©)e P de
0

A
2o () = f 0 (©)er® Vs (13)
0

A
(1) = f 9(©)e1“ Dis

a

(12) sistemin bas determinantin1 hesablasaq , asagidaki ifadeni alariq
A A S
AQY) = _5,833 T (2(ayaz + P1B2) + (@182 + raz) (e +e P )| (14)

xarakteristik determinantinin sifirlarin

Ap = %(lno(—T + VT2 — 1) + 2mni) , neR(15)

11
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kimi tapiriq . Burada

= G8thle By + Bray # 0, By # 0

a1 B2+p1az
isaro olunub .

Qeyd edak ki, ReA < 0 yarimmiistavisinda (8) vo (11) diisturlarm (6) sisteminda yerina
yazib , A(4)- m sifirlarmi tapsaq, (15) diisturunun dogrulugunu gorarik.

(12) sistemine Kramer qaydasin totbiq etsak , Cy (1) sabitlari tapa bilarik. Bels ki,

Ar(A)
Cr (D)= Akm , k=123

diisturlariyla tapilir.

Burada A, (1), k = 1,2,3 determinantlar1 asagidaki kimi toyin olunur.

B Ay
—m n1 (4 )— %z(l) a, + Be P 0
Ay A
8 = 2‘;2%1<A)+ fj W) @t fe 750
/; 2, A,
p/1 ny(A) — J43(/1) aze P pze 4
&a B
a, + p,er 1(/1) 742(/1) 0
A &a
B = [ (@ + ) —%m(anz%xzu) 0
&a asz B3 A
azepP 2p/1%2(/1)_2q/1%3u) .333 q
A A, B
a; + pie? a, +pie P 2p/1 (1) — %2(/1)
A A, A A,
B2 = | + Boer®) 5 (ar + e P 2‘; () + ’; 1, ()
A A
azer” aze P° pﬂ #a(A) — [; #3(2)

Teorem 1. (ayrilis teoremi)

Tutaq ki, asagidaki sartler 6danir.

1) @(x) funksiyasi [0, +00) araliginda ikinci tortibe qoder kesilmez tdremays malikdir.
2) xPp®(x) = 0(1), x > +oo vo

p0)=¢(a)=0,p>1,k=0,12

3) a1fy + Praz #0, B3#0

Onda ¢(x) funksiyas tiglin

1 (0.0)
p(x) = z_mz J ¢ Ay(x,2)dA(16)
n=0

12
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ayrilis diisturu dogrudur.Burada C,sads qapal kontur olub, 6z daxilinds y(x, 1) funksiyasinin
bir polyusunudaxilinde saxlayur.

Isbat1. Teoremi sortlori daxilinde ReA > 0 yarmmmiistovisindesr, (1) (k = 1,2,3) inteqgrallarin
har birini iki dafs hisse-hisss inteqrallasaq , bunlar1 asagidaki kimi yaza bilarik.

A

) L[ 0 ©e ¥ dg + ¢/ (0) - ¢ (@e |

2

A A
@ =55 | [ 0" @7 s + 9@ T - '@ (7)

0

+ oo
2

A
@ =L [ 9" ©e“ Pds + '@
0

Indi ise teoremin sortlori daxilinds (7)ve (9) diisturlarinda istirak edon inteqrallarm hor
birini iki dafs inteqrallasaq alariq

X a

A 2 1 i
—[fﬂ(f)eﬁ(f_x)df = %(p(x) - % [o'(x) — (p'(O)e_gf - f (p”(f)eﬁ(‘r_“)df]
0 0
& A 2 A a 2
f 0O Ve =500+ 5 =9/ + '@ + f 9" (§)er™ Vdg]
x 2 ) X N )
j(p(f)eﬁ(f_x)df = %ql(x) - Z_Z [p'(x) — @' (0)e @ — f 0" (©)ed® ™ dg1(18)

+ 00
2

a
A A
a\ q q ! " a\
| o@en™Pde =290 + L 1-p'0 - [ 9" )ed™ P
X X
Bu ¢evirmalerdensonraRed > 0 yarimmiistovisinds (15) diisturu ils tapilmis 4, -in § > 0
otrafindan kenarda y(x,1) funksiyasmi qiymetlondirek. Bunun tigiin A(A)xarakteristik
determinantini vo Ay (1) (k = 1,2,3) kdmokgi determinantlarini asagidak: kimi gevirak .

A A
A(2) = 2eP™ a% V(1) (19)

A A
Ay = e?” V(1) k=123

BuradalV (1) veo Vi(1)(k = 1,2,3)funksiyalar1 A(1)- in sifirlarindan kenarda A # 0 veo
ReA > 0 yarimmiistovisinin mahdud ve analitik funksiyalaridir.(17) — (19) barabarliklorini
(7) — (9) diisturlarinda nazaro alsaq alariq:

1 1
y(,2) = 25900 + 23 K62, = 12)(20)
Burada Kj(x, ) voK,(x, A)uygun olaraq [[1{(x,4) : 0 < x < a, ReA = 0} vo

[T:{(x,4) : @ <x < 4+00,Red =2 0} c¢oxluglarnda 2 # 0 vo A(1)- in sifirlarmin § >0
atrafindan kenarda mahdud vae analitik funksiyadir. (5), (6) masalasinden goriiniir ki, y(x,1) =
y(x,—A) beraberliyi dogrudur. Bu o demakdir ki, (20) diisturu ReA < 0 yarimmiistovisinde da
dogrudur.
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Indi iss A kompleks miistovisinde markazleri koordinat baslangicinda radiuslar1 monoton
artan vo lim,_, o, 1, = +o0 sartini 6dayen ¢evralor ardicilligimni 0,

(n=1,2,..) ilo isars edak. 0,(n = 1,2,...) gevralor ardicilliginin radiuslarmm elo secak ki,
bunlar|A — A,,| = § ayrilerini kesmasinlor. Bu homise miimkiindiir, ¢linki|4,41 — 4, = 2%” sorti
Odanilir.

(20) diisturundan istifado etsok alariq:

o f ez + o tim f, S8 43— oo an)

lim —f /1y(x A)dA = 0n T 77 Aim

n—oo 271
Burada K;(x, 4) funksiyalar1 O, gevralari tizerinde mehdud ve analitikdirlor.
Dogrudan da

Ay = pne'®,0 < @ < 2m
n — o olduqda p,, = oo olur.
|K; (e, | < M

K; (x A) _2nM

%0
p p-o©

0 20 [ e pe o] < 2

Diger tarafdan ¢ixaglar hagqinda Kosi teoremins asasan yaza bilerik.

hm—f Ay(x, A)dA = Z —f Ay DaAR2)

n—oo

Nohayat (21) va (22) -ni tutusdursaq ¢ (x) funksiyast igiin asagidak: diisturu alariq:

1 (o]
px) = ﬁZ) Je Ay(x, )da
n=

Teorem isbat olundu.

Indiise (1) — (3) masalasinin halli {i¢iin asagidak teoremi verak.

Teorem 2. Forz edok ki, asagidaki sortlor 6danilir.

1) @(x) funksiyasi [0, +00) araliginda ikinci tertibe qoder kesilmez tremays malikdir.
2) p(0) =¢@(@) =0, xPe®(x) =0(1), x > +oo,p > 1,k =0,1,2

3) B3#0, a1fs +fra #0

Onda (1) — (3) mosaleasinin halli

1
u(x, ) = — I 5/1 y(x, )e?*tdA(23)

kontur inteqrali saklinde gostermak olar. Burada S- sonsuz genislons bilen kontur olub, Red >
Oyarimmiistovisinda yerlasir. Skonturunun birinci riibde yerlagon kafi godar uzaq hissesid, =
Atg (E + §)ilo tst-listo diistir, dordiincii riibdo ise

A, = =Aitg (% + &) xotti ils tist-tisto diisiir.

isbat1. Spektral masalanin polyuslari iiciin tapilmis (15) diisturundan goriiniir ki, S kon-
turunu els se¢gmak olar ki, bu konturun daxilinds y(x, 1) funksiyas: analitik olsun. Spektral me-
salonin halli {i¢lin tapilmis (7) ve (9) diisturlarindan asanliqla almir ki, , S konturu daxilindes

14
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lim)350 ¥(x,4) = 0 sorti 6denilir. Bu iki faktdan va ters Laplas inteqral gevirmasinden istifade
etsak, (4) cevirmasinin torsini (23) soklinds gostermak olar.

Indi iso gostorak ki, (23) diisturu ilo toyin olan u(x, t) funksiyasi teoremin sortlori daxilinda
(1) — (3) mosalosinin hallidir.

A1 = 0 xattiile S konturu ilo simmetrik olan konturu $* ils isara edak. S konturunun 0y, ¢ev-
rosi daxilinds qalan hissasini Sy, , Oy gevrasinin S konturu daxilinde qalan hissesini i ile isare edok.

Oy gevrasinin birinci va ikinci riiblarinda yerlogson vo S ilo S* konturlar1 arasinda galan his-
sosini v} ilo isaro edak.

Qeyd edok ki, uy, , Sgoyrileri 4; = 0 diiz xattine nazarany, vo Sy ilo simmetrikdir. Eyni
zamanda vy qovsii A, = 0 diiz xattine nozeron v; qovsi ilo simmetrik secilmisdir. Ayrilig
teoreminin isbati zamani spektral masslonin halli tiglin

x, A 24
|y < T2
barabersizliyinin dogru oldugu gosterilmisdir.

s -268
+Ay(x,)l)e’12td)l| <M, fn4 eTkCOS20 dop = 1fn . eTkC0S0 1, 4 =

2
Ml fn+28Tkerkcose de += lez ‘r‘ erkcose do < = M1 f”_,_zgrk erk(1—7—19) do +

31

- 26 45
2 T _ —_
=M, (e e — e nrk)+

T
-lez e TG0 de——EMle’"k(l‘E")| LM, e
T

T 4
51+26

8
—Ml(er"( )+e_rk)— Me = —0

Tr—00

Vi qOvsii tizro agsagidaki inteqrah qiymatlandirmak tigiin (24) barabarliyindan istifads edak.

31T

s
|f w2 y(x, et td1| <M, fn r et Teos2¢ go = M fn+2; etTkeosy, dp <

My trp(1— 9) My trk(—9—3) _ M, ——trk
. f§+zarke w df + = fn ® e 5 TGO gg — e ™ £ —0(25)

Eyni qayda il v, qovsii {izre oxsar barabaersizliyi isbat etmok olar. Kosinin inteqral
teoremindon istifads etsok alariq:

A%t gy — A%t
) 5 Ay Vet tda = ) W Ay ettt
[s:2y(x, Dertdr = [ prsyes DertdA(26)
Kosinin inteqral diisturundan ve (25) , (26) miinasibatlorinden istifads etsok alariq:

. /ly(x et fd,1+—f Ay(x,Nertdr = . ol Ay (x, Der’tda

2Tl 27l
u(x t)—iZf Ay(x, Det*tdA(27)
T L e T
n=

Indi ise gostorak ki, sonuncu diistur (1) tenliyini 6dayir.

ou azu 1w 2 1+ ;

_ PR — 2 _ " At — A%t —

5t P z=5— Eofcn[/l v, ) —p()y"(x, D]Ae” dd = —— Eofcnw(x)le dA =0
n= n=
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Ayrilis teoreminden istifads etsok (27) sirasmin (2) baslangic sartini 6dadiyini alariq:
1 oo
- A2 -
u(x,0) == > [ Ay Dert| _jdd=p@)
n=0

y(x, 1) funksiyas1 (6)-n1 6dadiyini nazers alsaq asanligla yoxlamaq olar ki,(27) diisturu ils
tapilan u(x, t) funksiyasi (3) sertlorini 6dayir.

Tapilmus formal halli asaslandiraq:

|e/12t| = gt ReA? — ot|A%|cosargA® — gt |A*|cos2zargd — et|12|005(%+25) et |A?|sin28

d > 0 oldugundan et funksiyasi || — oo olduqda eksponensial siiratls sifira yigilir. Bu
onu gostarir ki, tapilmig hall miitlaq ve miintazem yigilir. Yoni apardigimiz biitiin amsliyyatlar
qanunidir. Teorem isbat olundu.
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PE3IOME

B pabote paccmoTpeHa 3aJada ITapaMeTpUIecKOl ONTUMU3ALVI MYABTUCEPBIICHON CICTeMBI Oe3 Oydepnsarim
BBI30BOB. [Ipeaa0>KeH aATOPUTM pellleHNs yKa3aHHOM 3aJauM ¥ AaHbI pe3yAbTaThl YMCAEHHBIX DKCIIEPYIMEHTOB.

Karouessre caoBa: MYAbTHCEPBYICHAA CVICTEMA, Pa3HOTUIIHBIE BI3OBbI, BEPOJITHOCTD IIOTEPN, OIITUMM3aI VST

SORGULAR UCUN BUFERI OLMAYAN MULTI-SERVISLi SISTEMIN PARAMETRIK
OPTIMALLASDIRILMASI MOSOLOSININ HOLLi ALQORITMI

XULASO

I[sdo sorgular iigiin bufferi olmayan multi-servisli sistemin parametrik optimallasdirilmasi messlasina
baxilmisdir. Gostarilon maselanin holli alqoritmi toklif olunmus ve adadi eksperimentlarin naticolori verilmisdir.

Acar sozlar: multi-servisli system, miixtolif tipli sorgular, itme ehtimali, optimallagdirma

ALGORITHM FOR SOLUTION OF THE PARAMETRIC OPTIMIZATIONPROBLEM OF
MULTISERVISE SISTEM WITHOUT BUFFER

ABSTRACT

In this paper, the problem of parametric optimization of the multi-service system without of buffer is considered.
The algprithm for solving the indicated problem is developed and results of numerical experiments are demonstrated.

Key word: multi-service system, calls of different types, blocking probability, optimization

BBegenme. 3asaun onTMMM3auM MyAbTVICEPBIUCHBIX CHUCTEM OOCAY>KMBaHNS ITOAPOOHO
1ccaeJ0BaHbl B MHOTOUMCAEHHBIX paboTax. boaee geTaabHO TH 3a4auy pacCMOTpPeHHI B paboTax
[1-4]. Ba>kHBIM KaacC MyABTMCEPBMCHBIX CHCTEM OOCAY>KMBaHMS COCTaBASIOT COTOBBIE CETU
cesa3u (CCC). Kak mssectHo, B CCC criermdrraecknM (peHOMEHOM SIBAeTCs IPOLecc X9HAOBep.
Taxk HasbIBaeTCsl Hpoliedypa Ilepejadnt IIporjecca OOCAY>KMBaHMS KOHKPETHOTO BBI30OBa 13
KaHada OAHOV COTBI B KaHaa cocedHeil coTbl. B myabtucepsucHbeix CCC  opraHusanus
yIIpaBAeHNs IIpolleccaMyl IIpephIBaHIsL elrle OoJlee yCyryOAsieTcsl TeM, YTO 34ecCh OCYIIeCTB-
AsIeTCsl Mpollecc 00CAY>KMBaHMSI Pa3HOTUIIHBIX BBI3OBOB, KOTOPBIE ITPeABSBASIOT pa3AUdHbIe
TpeOoBaHI: K ITOKasaTeAsM KadecTsa oocay>kusanus (Quality of Service, QoS).

HOCKOALKy InpepbiBaHNMsl y>K€ HadaTOro IIpoLiecca O6CAy>KI/IBaHI/I$I BbBI3OBa He SBAJAETCA
JKedaTeAbHbIM CO6I>ITI/I€M, TO B YKa3aHHBIX CCC BBOAJSITCSI Pa3AMIHbIE CXEMBI ITPMOPUTETHOTO
O6CAy>KI/IBaHI/I}I XBHA0BEP BBI3OBOB. SaqaCTon DTN CXeMBbI COAep KaTb pa3ANdHbIe IIOPOIOBbIE
IHapaMeTpbl, KOTOpbI€ B 3aBUCMMOCTI OT COCTOSIHNMST COTBI OIIpeaeAsiOT AOCTYII Pa3HOTUITHBIX
BBI30OBOB B KaHa/bI COTBL. Takue cxeMbl Ha3bIBAIOTCSI napaMeTpUIeCKIMUI CTpaTEIVIMU AOCTYIIA.

Ogna 13 Takux IapamMeTpUUYecKX cTpaTermii 4octyna Oblaa IIpeaaoxkeHa B paborte [5], rae
TaKKe pellleHa 3asada pacdeta xapakrepuctnk CCC mpu MCroab3oBaHUM ITPeAA0KeHHO
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crpaterun. Hacrosimas pabota siBAseTcsl ITpOJOAKeHeM JccAeA0BaHIi, HadaThIX B [5]. 34ech
IpeAJaraeTcsl aATOPUTM pellleHNs 3a4a4ll HapaMeTpIUJecKol ONTUMU3ALI MyAbTHCEPBICHBIX
crcreM odcay>KuBaHs 6e3 Oydepusarii 3asBOK Ha IIPYIMepe COTOBBIX CeTell CBS3IL.

Omicanme MoAeAM M aATOpUTMa pelneHNusl 3agaun. HamomHum, 4to B yKazaHHOI
pabore paccmaTpuBaetcs caedyomas Mogeab CCC. B cetm pasamuarorcs deTsipe THUIIa
BBI30OBOB:XDHJOBEP peueBble BHI3OBHI (hV-BBI3OBBI),HOBbIE PedeBble BBI3OBBI (OV-BBI3OBBI), XDHAO-
Bep BBI3OBBI 4aHHBIX (hd-BBI3OBBI) 11 HOBBIE BBI3OBBI JaHHBIX (0d-BBI3OBEI). B ceTu mcroansyercs
¢uxcupoBaHHasl cxeMa pacripejeJeHNsI KaHal0B U KaXJas coTta umeeT N>1 pamokaHaaoB.
VIHTeHCMBHOCTD X-BBI3OBOB paBHa Ax, xe{hv, ov, hd, od}. @ynxun pacrpesesenns speMeHn
3aHATVSI KaHA/A0B Pa3HOTUITHBIMII BBI3OBAMM SIBASIOTCS DKCIIOHEHIVIAABHBIMU, IIPU DTOM
CpeAHsIsl VIHTEHCUBHOCTh OOPa0OTKM OZHOTO PeueBOrO BBI30Ba paBHA v, @ COOTBETCTBYIOIIIVIA
IIOKa3aTeAb A5 BBI30BOB AaHHBIX PaBEeH |ld.

Bsoasarca tpu mapamerpa N1,N2 u N3, KoTopsle yA0BAeTBOPsIOT HepaBeHCTBY O<N1<N2<N3<N.
IIpeaao>keHHas: mapameTpuyeckasl CTpaTerusi orpejeaseTcs caedyiomum oOpasom: Ecam B
MOMEHT ITOCTyTIAeHMs Od-BbI30Ba UMCAO 3aHATBIX KaHAaAO0B CUCTeMbl He ©oabie Ni-1I, TO OH
IIpMHUMAaeTcsl Ha 00cAy>KMBaHUe; B IIPOTUBHOM CAydae OH ITOAydaeT oTKa3. Ecam B MomeHT
roctyrizeHnst hd-BbIsoBa 4YmcA0O 3aHATBHIX KaHAA0B CHUCTeMbl He Ooabite Nx-1, To OH
IIPUHIMAaeTCsl Ha 00CAy>KUBaHIe; B IPOTUBHOM CAydae OH IIOAydaeT oTKa3. Ecam B MomeHT
TIOCTYILA€HIS OV-BBI30Ba YMCAO 3aHATBIX KAaHA/AOB CUCTeMBI MeHbIe N3, TO OH IIPMHIMAEeTC Ha
oOcay>KuBaHIe; B IIPOTUBHOM CAydae OH IIoAydaeT oTka3. Ecam B MomeHT mocryraenns hv-
BbI3OBA IMeeTCs XOTsl OBl OAMH CBOOOAHBIN KaHaA CUCTeMBI, TO OH IIPMHMMAeTCs Ha
o0cay>K1BaHIe; B IPOTUBHOM CAyJae OH IoAy4daeT OTKa3.

OCHOBHBIMU ITIOKA3aTeASIMU QOS SIBASIOTCS BEPOSITHOCTU IIOTEPU Pa3HOTUITHBIX BBI3OBOB

P.: P

w1 Pra» Pog MicpeaHee uncao samsaTeIX KaHaaos N, . B ykaszanHoi paGote [5] moaydeHs

caeayioniye pOpMyAbl 4451 pacyeTa yKa3aHHBIX IT0Ka3aTeaelt QoS:

P, =2(N) Py = a0} Py= Dzl Py= (n),

n=Nj n=N;-b+1 n=N,—b+1

N -1
rae 72'(0): ZQn , zz(n)= gnzz(O), n=01...,N.
n=0

34ech IPUHATHI CAeAyIOlyie ODO3HaUYeHIs:

9 =1
9, 2%((Vv|(n_l< N3)+th|(n_12 N3))gn—l +b(Vd I(n = N1)+Vhd|(N1 <n< NZ))gn—b)’

n=1,.., Nu g =0, ecan x<0; Vov= Aov/[v, Viv=Ahv/llv, Vv = VovtVhv; Vod = hod/Hd, Vhd = And/Hd, Vd=
Vod+Vhd ; I(A) 0O03HaUaeT MHAMKATOPHYIO (PYHKIINIO COOBITIS A.

Hirke paccmaTtpuBaeTrcs 3asada ONTHMMM3alMy IIPeAAOXKEHHOM cTpaTermyu gocryma. Jas
IIPOCTOTBI M3A0XKEHUs 34ech IpeArioAaraeTcs, 4To BHYTpM TpaduKa JaHHBIX He JelaeTcs
pas3an4us MeXXKAy HOBBIMU M XDHAOBEP BbI30BaMI, T.e. rroaaraeM Ni=N2, T.e. Pi :=Po=Pha.

O6o3gaunMN2:=N1=N:. Torza 3agada OITMMM3aLMM MaTeMaTU4eCKU 3aIllMCBIBAeTCSI Tak:
TpeOyeTcs HaiTy Takue napsl (N2, N3), rae N2<'Ns, IIpu KOTOPOM YAOBAETBOPSIIOTCA CAeAyIolye
OTpaHIJIeHIs:
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Anzopumm pewenus 3a0a4u napamempu4ecKkori OnMUMU3AUUNL MYAvmucepsuctotl cucmembt e3 6ypepayuu 3a160x

P < ghvl(]-)

hv —
Pov < €0v/(2)
P, <é&,.0)
TAC &w, &v U & ABASIOTCA 3a4aHHBIMU BeAVTYMTHAMIL.

C yuerom wmonoronHoctn ¢yukumit B, P,

v Phas Py OTHOCHUTEABHO — BBeAEHHBIX

IapaMeTpOB 34ech pa3paboTaH cAeAyIOIIIT aATOpUTM peltieHns 3agaun (1)-(3).

Ilaz 1. Tloaaraetcst Ns :=k v TpoBepsIOTCA CAeAyIOIIe YCAOBIAS:
th (1) S Ehy /(4)
P (L)< &6, ) Py(N) < 4. (6)

ov - Yov/

Ecan BpimoawnsAioTcs Bee ycaosust (4)-(6), To mepeiltu K caeayionieMy Imary. VHade mipnu
3a4aHHOM 3HaueHn N3 3ajada He IMeeT pelleHsl.

[az 2. Pemaetcs caeayiommast 3ajada:

N, =arg min {P(N,) <z, .

Ilaz 3. Ecan P, (N,)<g&, u P,(N,)<s

- TO MepelTN K caedyiomniemy mary. JHade mpnu

ov”/

3a4aHHOM 3HadeHuM N3 3a4a4a He MMeeT pelleHsl.
[Iaz4. ITapaaseabHO pelaroTcs cAeAyIoIye 3ajadi:

N/ :=arg max {P,(N,)<e,}

Nae[N, N3]

N :=arg max {P,(N,)<e,}

ov
N,e[N,.Ns]

[z 5. VIckoMbliI MHTepBaA HaAAeXallyx 3HadeHuin N2 Hpu 3ajaHHOM 3HadeHum N3

onpeaeasercsa tak [N ,, N 2], rae N2 == min (Nzh", N;V).

[laz 6. Ecam N3<N, To noaaraercss N3:=Ns+1, 1 ocyiectsasercs repexod K mary 1. Vinaue
aATOPUTM 3aBepliaeT padoTy.

Vexoast m3 cBoiicTBa MOHOTOHHOCTH M3y4JaeMbIX (PYHKUMI A4S PellleHns 3a4ad B Irarax 2-4
HaMI JCIIOAB30BaH MeTO/J AuUXOoToMus (deaeHus 1onoaam). CaeaoBaTeAbHO, HPU KaKAOM
(pukcrpoBaHHOM 3HaueHUM ropora N3 HaXOAMTCSI MHOXKeCTBa AOITyCTUMBIX 3HadeHnit N2 (ecan
OHM CYIIECTBYIOT), ¥ OObeAVHeHIeM BceX IOAYJeHHBIX peIleHNII OIpeaeAseTcss MHOXeCTBa
9 PeKTUBHBIX 3HAYEHNI1 IIOPOTOBBIX ITapaMeTPOB.

C nmpumeHeHMneM pa3paOOTaHHOIO aATOPUTMa BBIIIOAHEHBI UMCAEHHbIe DKCIIePUMEHTHI 1
HallAeHbl MHOXecCTBO 9(pPeKTUBHBIX 3HaueHni (MD3). VcxoaHble gaHHBIE TeCTOBBIX 3asad (1)-
(3) A5 TMTIOTETHYECKOI MOAeAM BLIOpaHBI caeAytoniuM oopazom: N=50, Ae=8, An=3, Ao=2, An=1,
=9, p=4. CootsercTByIomue MD3 445 yka3aHHOM 3ajauyl IPYU pa3ANIHbIX OIpaHIYeHIsIX Ha
BEPOATHOCTH IIOTepU Pa3HOTUIIHBIX BLI3OBOB ITOKa3aHbl B Tabaule. /JekapToBoe Mpon3sseJeHue
[a,b]x[c,d] osHauaeT, uto N2€[a,b], N3e[c,d].

Kak BuaHO M3 TabAMIlel, ocaabaeHme TpeOOBaHMII Ha KadecTBa OOCAY>KMBaHNS BBI3OB
AQHHBIX TIPUBOAMUT K pacmmpeHnio MO3 3a cyeT yMmeHbIneHNs: S(PQPeKTUBHBIX 3HaueHMUI
napamerpa N2 (cM. cTpokm 1-4 yKasaHHOI TaOAMIIBI). DTOrO CAe40Bal0 OXKMAATh, TaK KakK C
yBeAndeHneM IlapameTpa N2 yMeHbIIaeTCs BepOATHOCTh IIOTepH BBI30B AaHHBIX. IIpu sTOoM
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pacmmpenue M93 nMeeT 40CTaTOYHO ILAaBHBIN XapaKTep IO OTHOIIEHUIO M3MEHEeHIIS BePXHETO
rpeJeaa BePOATHOCTU IIOTEPU BBI3OB JaHHBIX (T.e &). Taxke caeayer 3amMeTuTh, YTO IIPU
duxcrpopanHOM 3HaueHVM & MD3 coxpaHseT CBOiI Bi P 4OCTAaTOYHO IIMPOKOM AMaria3oHe
U3MeHeHIs APYTUX IIPeAeAOB 8w U &v (CM. CTPOKM 5-8 TaDAMIILI).

OrMeTnM, 9TO Ha MpaKTHKe Harpy3KU PasHOTUIIHBIX TpapUKOB M3MEHAIOTCS BO BpeMeHIL.
OaHako yKasaHHBIEe BbIIIe 4YJCJAEHHBIE DKCIIEPMMEHTHI BBIIOAHSIOTCA IIpU (PUKCHPOBAHHBIX
HarpyskaX. [losToMy akTyaabHBIMM SBASAIOTCA TakKXKe 3aJadyl M3y4deHMs] JyBCTBUTEABbHOCTU
9P PeKTUBHBIX 3HaUEHNI] ITOPOTOBLIX ITapaMeTPOB OTHOCUTEABHO M3MeHeHIs Harpy3oK. B sroit
CBs3M OTMETUM, YTO aHaAUTIIeCKoe MCcAe0BaHNe JaHHOM 3a4adyyl B IIPMHIINIIe He BO3MOKHO.
Iloromy onHa MOXeT OBITh MCCAe4OBaHa AMIIb C IIOMOIIBIO YMCAEHHBIX DKcIepumeHToB. K
CYacThlO, IPOCTOTa IIPeAA0KEHHBIX YMCACHHBIX HpoLiedyp pacdera HokasaTeaenn QoS mogean
IIO3BOASIIOT A€TKO OCYIIeCTBUTL ee pelleHne. Tak, IIpoBOAMMBIe MCCAeAOBaHI: MOKa3aAl, 9To
9 deKTIBHbIe 3HaueHIs ITOPOToBLIX IMapaMeTpos 3adaun (1)-(3) coxpaHsIOTCs B A40CTaTOYHO
IIMPOKOM UHTepBale M3MeHeHIs Harpy3oK. DTO OOCTOATeAbCTBO OODBCHSAETCS I1AaBHBIM
M3MeHeHeM 13yJaeMbIX IToKazaTeaell QoS OTHOCUTeAbHO HaIPy30K pa3HOTUITHBIX TPaQUKOB.

Tabavza. PesyabraTs! perenus sagaun (1)-(3).

Gw & &l M3
10+ 105 106 [12,30]x[31,50]
10+ 105 105 [10,30]x[31,50]
10+ 105 104 [9,30]x[31,50]
10+ 105 103 [8,30]x[31,50]
10+ 104 103 [8,30]x[31,50]
10+ 103 103 [8,30]x[31,50]
10+ 102 103 [8,30]x[31,50]
102 104 103 [8,30]x[31,50]

BriBoabl

B pa60Te N3y4daeTcs 3agada OITUMMUI3alun MYAI)TI/ICQPBI/ICHOIZ CIICTEMBI C Pa3HOTUIIBIMU
BbI3OBAMIL:XDHAOBEP pEIEBDbIE BbI3OBDBI,HOBbIE PEYEBDIE BHI3OBBI, XDHAOBEP BbI3OBbI AAHHBIX V1 HOBBIE
BbI3OBbI AaHHBIX. B cucreme VICIIOAB3YeTCsd ITIapaMeTprIecKasd CTpaTermst 40CTylla PasHOTUITHBIX
BbI3OBOB. SaAaIOTCH OI'paHMYIEHMT Ha BEPOJATHOCTU IIOTEPU PAa3HOTUIIHBIX BBISOBOB I ITpEeAAO-
2K€H aArOpuUTM pemeHIrl 3adaqdil OIITMaAbHBIX 3HaYeHUI I1apaMeTpOB BBEAEHHOI CTparermm
AOCTyIIa. Ha ocHose IIpEeAA0>KEHHOIO aATrOpuUTMa peaan3oBaHbl YIICA€HHDBIE DKCIIEPMMEHTDI.
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XULASO

Is dord tortibli parametrdan asih tenlik {iciin bir sarhod masslesinin xarakteristik determinantinin sifirlarimn
asimptotikasinin tapilmasma hesr olunmusdur. Sifirlarin daha daqiq asimptotik gosterilisi qurulmusdur.Serhad
sortlori timumi sakilli geyri lokal xatti bircins sarhad sertlarinden ibaratdir.9vvelcs kompleks parametrden asili tonliyin
fundamental halleri tapilmisdir,sonra ise bu hellerden istifade edarok tenliyin {imumi halli qurulmus ve bu timumi
halli vo onun {iglincii tortibe gadar téromslarini serhad sertlorinde nozers almagqla mesalonin geyri lokal sarhad sortlori
daxilinde Qrin funksiyast qurulmusdur.Qrin funksiyasimin toskil eden xarakterisitk determinantin bas hissasi
tapilmisdir.Bas hissasini taparken elo cobri sortlor segilmisdir kibas hisseni togkil edon eksponelsial funksiyalarmn
amsallarmi togkil eden ¢oxhadlilorin daracslari bir birinden forqli

olsun.Baxdigimiz isds bu ¢oxhadlilorden birinin daracasi digerinden bir vahid ¢ox olmasi ilo mexsusi adadlerin
asimptotikasimi tapilmasmna nail olmusuq.Bu da saerhad sertlarin sanki requlyar olmasmu temin edir.Qeyd edak ki
requlyar sorhad sortlori daxilinde maxsusi adadlorin asimptotikasmi bir ¢ox alimlar terafinden tapilmasma baxmayaraq
sanki requlyar serhad sortlori daxilinde baxilan maesslonin moxsusi adedlerinin asimptotikasinin tapilmasi
yenidir.Requlyar sarhad sartlori daxilinds maxsusi adadlsrinin asimptotikasin diiziiliisii miisyyen diiz xatti 6ziinds
saxlayan zolaqda yerlasirdiss sanki requlyar sarhad sertleri daxilindse maxsusi adadlarinin asimptotikasinin diiziiliisii
logarifmik ayrinin 6ziinds saxlayan ¢oxlugda yerlosir.

Acar sozlar:fundamental hsll, asimptotika, analitik funksiya, Vronski determinanti, asimptotik diistur.

FINDING THE ASYMPTOTICS OF THE EIGENVALUES OF A SPECTRAL PROBLEM
WITH QUASIREGULAR BOUNDARY CONDITIONS

ABSRTACT

The work is devoted to finding the asymptotics of the zeros of the characteristic determinant of a boundary value
problem for an equation dependent on four order parameters. A more accurate asymptotic representation of zeros has
been established. Boundary conditions are general non-local linear homogeneous boundary conditions. First,
fundamental solutions of the complex parameter-dependent equation were found, and then a general solution of the
equation was constructed using these solutions, and a Green function was constructed within the non-local boundary
conditions of the problem, taking into account this general solution and its derivatives up to the third order. The main
part of the characteristic determinant of the Green function has been found. When finding the main part, such algebraic
conditions were chosen that the degrees of the polynomials forming the coefficients of the exponential functions that
make up the main part are different from each other. In our study, we have managed to find the asymptotics of special
numbers by the fact that the degree of one of these polynomials is one unit greater than the other. This ensures that
border conditions are almost regular. It should be noted that although many scientists have found the asymptotics of
eigenvalues within regular boundary conditions, it seems that the asymptotics of eigenvalues within the regular
boundary conditions is new. If the arrangement of the asymptotics of eigenvalues within a regular boundary condition
is in a line containing a certain straight line, it is as if the arrangement of the asymptotics of eigenvalues within a quasi
regular boundary condition is in a set containing a logarithmic curve.

Keywords: fundamental solution, asymptotics, analytical function, Vronsky determinant, asymptotic formula.
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S.Z ©hmadov, S.T. Olasgarova, R.A. Qastmov

HAXOXXAEHUE ACUMITTOTVKIM COBCTBEHHBIX 3HAUYEHIV O AHOM CITEKTPA/IbHOM
3AAAYN C KBASUPEI'Y ASIPHBIMU IPAHNUYHBIMHI YCAOBUSIMU

PE3IOME

Pabora 1ocBsIieHa HAXOKAEHMIO aCMMIITOTUKY HyJAel XapaKTepPUCTIYeCKOTO OIlpeaeAnTeAs] KpaeBoll 3ajaunt
A4Sl ypaBHEHMsl, 3aBUCSILEIO OT 4eThIpeX IlapaMeTpoB IIOpsiAKa. YCTaHOBAEHO 0o/ee TOYHOe aCHUMIITOTUYECKOE
IIpeACTaBAeHVe Hyaeil. I'paHIYHbIE yCAOBUMSI — BTO OOILUe HeAOKaAbHble AVHEVHble OJHOPOAHBIE I'DaHIYHbIE
ycaosus. CHagasza ObBLAM HalideHBl (pyHAaMeHTaAbHBIE peIleHNs] KOMIIAEKCHOTO YypaBHEHI:], 3aBHCAINEIo OT
IapaMeTpa, a 3aTeM I10 DTUM PelleHNsIM IIOCTPOeHO oDllee pellleHNe ypaBHeHys U nocrpoeHa ¢yHKiys ['puHa B
HeAOKaABHBIX KPaeBBIX YCAOBIMAX 3a4a4l C YI€TOM DTOTO ODIIIETO pellleHNe U eTO IIPON3BOAHBIE A0 TPETheTo MopsiKa.
Haiizena raasHasi 9acTh XapaKTepuCTMUeckoro orpedeanteas GpyHkivm I'puna. Ilpy HaxoXXAeHuu raaBHON yacTyu
BBIOMpAANCh TakMe aareOpamyecKue YCAOBVs, YTOOBI CTeIleHM MHOTOUAEHOB, OOpasyiomux Kos(pQuIIeHTs
ITOKa3aTeABHBIX (PYHKIINIA, COCTABAAIONINX IAaBHYIO YacTh, OTANYAANCh APYT OT ApyTa. B Hamrem mccaeAoBaHuy HaM
Y4a40Ch HalT! aCMIITOTUKY CITEIMaAbHBIX YMCeA II0 TOMY, YTO CTelleHb OAHOTO 3 STUX MHOIOYEHOB Ha eAVHMILY
60111, YeM y ApyToro. D10 obecIreunBaeT IIOYTH peryAspHbIe TorpaHndHbre yeaosus. CaelyeT OTMETUTE, YTO XOTs
MHOTY€e yJeHble HalllAV aCUMIITOTHKY COOCTBEHHBIX 3HAUEeHMII B ITpeAeAax PeryAspHbIX TPaHUYHBIX YCAOBMIL, KaXKeTcs,
9TO aCUMIITOTMKa COOCTBEHHBIX 3HaYeHUII B IIpejelax PeryAsSpHBIX T'PaHUYHBIX YCAOBMIT sBAfeTCA HOBOM. Ecam
PacIIoA0XKeHe acHMIITOTUKM COOCTBEHHBIX 3HAUeHUIl B IIpejedaX PeryAspHOTO KpaeBOTO YCAOBMS HaXOAWTCS B
CTPOKe, coAep>Kalliell HEKOTOPYIO IPsIMYIO, TO STO Kak ecAyt Obl pacIioA0XKeHNe aCUMIITOTUKI COOCTBEHHBIX 3HaYEHMIA
B IIpe/eax ITOYTU PeryAspHOTO KpaeBoTo YCAOBI HaxoAUTCs B OMHOYKeCTBe, codeprKalieM AoraprdpMirdeckoe u3ruo.

Karouesbie caoBa: QyHaMeHTaAbHOe pellleHre, acUMIITOTHKA, aHaAWTHJYecKas QYHKIUA, OIpeieAnTeAb
Bpomnckoro, acumntoTideckas popmyaa.

Kompleks parametrdan asili dordiincii tertib adi diferensial tenlik ticlin timumi sakilli xatti
sarhad sartli asagidaki serhad masslesine baxaq :

py" —gA%y" + 'y =0, 0<x<1, 1)
& (k) - o (k)
L(y)= Zalky ~(x,A) +Zﬂlky ~(x,4) =0,
k=1 x=0 k=1 x=1
L) =Sy Px i)  + 3By V) =0, @
k=1 x=0 k=1 x=1
4 4
L(y) =Yy x4 +Y By x| =0,
k=1 x=0 k=1 x=1
_w k) S o (k)
L,(y)= Z%ky x,A) + Z:B4ky (x,A) =0,
k=1 x=0 k=1 x=1

Burada p,q, @,,, B.,(mn=1,234) adadlori kompleks sabitloridir.Spektral masalonin (1)

tonliyine uygun Birkhof manada xarakteristik tonliyinin koklori asagidak: kimidir:

q-q —4p o= [ITNT 4P
2p : 2p
_lg=+g -4p o = |2TNG 4P
2p * 2p (3)

i
2] :|w1|ew1 ) yi=agow, w,=-0

w =
@, =

i
W, = |a)3|e”’3 , v,=argo,, @,=-w,

Parametrden asihi (1) tenliyinin fundamental hallarinin asimptotikasini qurmaq {igiin A
kompleks miistovisini Re [a)n -, ]& =0 diz xatlori ilo ( n=k, nk =]71,) elo sektorlara bolok
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Kuvazi xatli sarhad sartlari daxilinda bir spektral masalanin maxsusi adadlarinin asimtotikasimn tapilmast

ki, hamin sektorlarda Re (a)n -y )/1 ifadasi 0z isaresini saxlasin.Burada asagidaki barabarsizlik-

lorin 6denmosi forz olunur.
T ) .
Rep>0, Req<0, 0<y, <y, <GV |ax|siny; —|ay|siny, >0

Asanligla yoxlamagq olar ki,bu sektorlar sayca sakkiz olub asagidaki kimi teyin olunur[4].
S, = {1| Re(@, - ®,)A <0,Re(w, — @,)A >0},
S, ={1| Re(w, — ,)A < 0,Re(e, — w,)A >0},
S, ={1| Re(w, — ,)A < 0,Re(w, — w,) 1 >0}, )
S, = {1| Re(@, — @,) 1 < 0,Re(w, — w,)A >0},
S, ={1| Re(w, — @,)A < 0,Re(w, — w,)A >0
S
S
S

}1
s = 11| Re(w, — @,)A <0,Re(w, — w,)A >0},
, ={1|Re(®, — @,)1 < 0,Re(@, — w,)A >0},

s = 1| Re(@, — @,)1 <0,Re(w, — w,)A >0},

Bir tonliyinin fumdamental hallari

k
dygf(kx’;t):(la)m)k eXp[/ia)mx], m=14k=0,3.

kimi tayin olunur.
Spektral masalonin Qrin funksiyas: bu sekildadir [2].

A(x,¢,4)

G(x¢,4) = AL

Burada A(A) funksiyasi, Qrin funksiyasinin xarakteristik determinant: adlanir vo
L(x(x2) L(y(x4) Llys(x2) Ly, (x2))

A(A) = Lz(yl(xyfl)) Lz(Yz(XJ«)) Lz(Ys(X:l)) Lz(y4(X:/1)
L3(y1(X,ﬂ)) L3(y2(xv/1)) LS(yS(Xvﬂ’)) L3(y4(X,/1))
L4(Y1(Xvﬁ)) L4(y2(x,/1)) L4(y3(x,l)) L4(y4(x,/1)

kimi tayin olunur. Bu determinantlarda istirak edean yl(x,/i), yz(x,ﬂ), y3(x,l) \G)
Ya (X, A) funksiyalari (1) tenliyinin fundamental hallaridir.

A(A) determinantir agagidaki sakilds yazaq:

A (A)+ Bn(/l)em1 v AL(A) + 814(/1)(9@4
A(L) =

Au(4) + B41(/1)em1 o Ay(A)+ B44(/At)eﬂm‘t

burada @, ®,,w;,w, Birkhof menada xarakteristik tenliyin kokleri olub (3) diisturlar ila

toyin olunurlar.
Ac(2)= 3 (0,2)

B, (1) = Z;ﬂnp (wkz)pfl.
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Elementar gevirmolorin kémoyi ilo A(A) xarakteristik determinantini asagidaki kimi

yazmagq olar:
A(A) = Dyy(A)* ¥ + D, (1)e* ) + D,y(2)e* 2 ) +
+D,,(1)e* > + D (1)e** + D,(1)e*? + Dy(A)e™ +
D,(4)e™* + D, (4).
Xarakteristik A(ﬁ.) determinantinda istirak edon D, (1), (k =12; :3,4) Vo
D, (4), (k = ﬁ) funksiyalar1 asagidaki sekilda toyin olunur:

D; (4) = zdw (i, ) ={@3).@4).(23). 24},

D.(1) = zduk i=14,
Dy(A)=dZ A +di A" +d2A° +diA° +d°A°
Burada g, (k =210;m=12; j =3,4), dP (i =14,p :fg), dze, (q :]TS) komiyyatlori sarhad

sortlorinin emsallarmdan, Birkhof menada xarakteristik tonliyin ¢, (i =1,4) koklarindon vo spekt-

ral masalenin tenliyinin amsallarindan ibarst miisyyen ifadeslordir. Ovvalce asagidaki lemmani
isbat edak.

Lemma. Tutaq ki, 0 <y, <y, < 2V || sin 7, —|aa|sin y, >0 Re p>0, Re q <0, sartlori 6denir.

el (Ay) =] Lys) -6 <4, — Ak <L(yy)+6, 4 >R}
oldugda A(/I) — xarakteristik determinantinin bas hissasi
A(2)=Dy,(1)e* ) + D, (2 )e*>* + D, (1)e** (5)
soklindadir. Burada
D, (A)=d3A° +d A +...+d2 A,
D,,(A)=d3A° +dj, 2 +...+d2 2%,
D,(A)=d]2 +d 2 +...+d 2,
dy = —(cofa);1 + 20, 0 + o o) L(ay, a,, B By),
dss = (0} w5 — 20, @ + o} ) L(a5, a4, Ba Bi),

Burada R —kifayet geder béyiik adad, & >0, Ly,) = T T =0, k, =ctgy;.
|, |cosy,

Isbat1: Lemman isbat etmak maqsadils asagidak isarslomalari qabul edok.
_ || cosyy — |ay|cosy, K = Sosw
@fsiny; ~|afsiny, " siny, Red=4,ImA=4,

cosy; | _lmcosy, +|as|cosy,
sing, " |eyfsin g, +|wyfsiny,

k; =
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Xarakteristik A(A) determinantinin sifirlarmin asimptotik gosterilisini miiayyonlosdirak.

Bunun iigiin avvalce A kompleks miistovisinds els ndqtaler goxlugu miisyyen edok ki, homin
coxlugda A(ﬂ) xarakteristik determinantinin ifadssinde istirak eden iistlii funksiyalarm say1
birden cox, onlarin haqiqi hisselari iss barabar olmagla yanas: an boyiik olsun. Bela ¢oxluglar
A —kompleks miistovisinde miisyyon yarmmdiizxetleri 6ziinds saxlayan yarimzolaglardan
ibaratdir. Bu yarimdiizxatlari toyin etmok {icin A(A) determinantinin ifadssinds istirak eden

funksiyalarm haqiqi hissalerini ciit-ciit barabarlasdirilib els yarimdiizxetlor gotiirmak kifayatdir
ki, bu yarimdiizxatlori 6ziinds saxlayan yarimzolaqlarda tistlii funksiyalarin say1 birden ¢ox,
onlarin haqiqi hissaleri ise barabar olmagla yanasi an bdyiik olsun[3].

Xarakteristik determinantin bas hissasini tapmaq maqsadilo miisyyeon elementar ¢evirmoloari
aparaq:
Re A(@, + ;) = Re A(w, + w,) miinasibatinds @, = —@, barabarliyini nazors alsaq

% = A 0tgy,. oldugu almar. Bu tanlikds k =Ctg y; oldugunu nozors alsaq = klﬂ‘l

diiz xetti alinar. Bu diiz xstti 6z daxilinds saxlayan IT, (4,y,) yarimzolaginda

A(ﬂ,) — xarakteristik determinantinin bag hissasini ayiraq.

Bunun dglin avvelce  Aell(4,p;) oldugda RelA(w +w,), (i=12;k=34) veo
Relo, (k =171) funksiyalarinin qiymeotlorini miiqayise edsk. Miiayyenlik {igiin TT,(1,y;)
yarimzolaginda yerloson A, =K A, diiz xotti {izorinde bu funksiyalarn giymotlorini
hesablayaq.

Rea)zl‘ﬂzzklﬂl = —Rea)l}u\/b:klll =0,

Rew|, ,, =(hRew, -1, Imw3)|22 » _Slf/}!// (siny, Rew, —cosy, Ima, ) =
1
_21|a)3| ; _ : ﬂ1| 3|
——Sim//l(mnz,z/lcosw3 cosy, siny, ) = sin l//lsm(%, w,),

T
O<y, <w;3< Z sartinin 6dendiyini nazere alsag, onda

Ao

siny,

Re%ﬂ“‘@:km =— sin(y, —y;) <0

oldugu alinar. Analoji qaydada asagidak: barabarsizliklari aliriq:
_ ey

siny,

R6w4/1\12:k1 =-Rew;4 ‘11 o = sin(y; —y,) >0,

_Zi\a)S\

Re (o, + ;)] sin(y, —w,) <0,
1

2 sin

ol

iy O vi(Jafcos w; —|ayos w) —os y |asin v —|agin ¥ )=
1

Re(aw, + a)4)/1|%:k1/11 =
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”1‘ “ Siny, ) >0

Ny,
Re(w, + @) —Re (e, + @)/ ﬂi‘%‘sin( —y,) <0
W, + s Ao =k 11 O+ Wy 2o=ky 11 sin s 4 L1 '
Re(w2+a)4)/1\12:k1;4:—Re(w1+w3)ﬁ\lz e = Ai‘ 1; sin(y, —y,) > 0.

Bu miihakimsalari {imumilasdirmakls A € I, (A,y;) yarimzolaginda yerlogon

A, = Actgy, (4 > R) yarimdiizxetti {izerinde agagidaki kimi giymatlondirmalor alinir:

Re/l(a)1+a)3)|12:klﬂl =Re l(a, +a)3)|12:klzi Re/la)3|l2 i <0,
Rexla)ILZZM1 = Rela)zhzzl% =0,
Re A(e, +a)4)|12:klil =Re (o, +w4)|iz:km = Reﬂua)4|%:klxi >0.

Bu iss onu gosterir ki, 4 € I1,(A,y;) yarimzolaginda A(A) xarakteristik determinantinin
bas hissesi (5) diisturu ilo toyin olunur. Ruge teoremindon istifads etmoklo A, (ﬂ,): 0 vo
A(ﬂ,)z 0 tenliklorinin IT,(A,,) koklarinin saymin eyni olmasi vo bu koklerin M‘ —nm
bdytik qiymatlerinds bir-birindan qiymetcs az farqlanmasi naticesine gole bilarik.

Lemma isbat olundu.

Kvazi requlyar sortlori daxilinde moxsusi hallorin asimtotikasmi tapmaq moaqgsadilo
asagidaki kimi isarelomalori aparaq:
ay Ay Pa Ba
p Ay Pa P
Uy Qs Pas Pas

Ay Ay Py B

L(a3,054,ﬂ3,ﬁ4):

Ay Ay Py Pu
Qyy QA P Pa
Ay Qs Pz Pus

Ayy Uy Pay P

L(az’a41ﬂ31ﬁ4):

Ay Ay Ay Py Ay Ay Py Pa
Ay Qs O, P Ay Ay Poy P
L(az,as,a4,,[)’4)= 22 32 42 & L(Olg,a4,,32,ﬂ4)= 32 42 2 Pa|
Qyy Qyz Az P Ay Uys Pos Pus
QAyy Uy Ay P Ay Uy Poy P

Ay Pou Pu Pu

_ B P P
s Pz P Pas .
Ay Pou Pu Pu
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Kuvazi xatli sarhad sartlari daxilinda bir spektral masalanin maxsusi adadlarinin asimtotikasimn tapilmast

A5, = (0003 + 0} — 'S — oS L@tz ta. By, o) — L(cgn . o 1)),
05, = (00} ~ o'} - o0 + 0 ALl 4, B 1)~ Lts, i, By, )
d; = 2((015@;1 - a)fa)fXL(az,as,a4,ﬁ4) + L(a4,ﬂ2,ﬂ3,ﬂ4)).

d’ = (a)fa)§’ +20; & +a)fco§)(L(a2,a3,ﬂ3,,B4) + L, a4, 35, ) —
—(a)fa)§ + 0] + ) @ +wfa)§)(L(a3,a4,ﬂl,,B4) + Ly, 0y, B By)) +

+(of ek —20f 0 + of ) ) ey a0, By, By)

d;, = (e -2+ f )(L( 4, B, ) + U, i, B, ) )+
+ofo; -dal - +of f )(Ua, ., B, )+ WUa, ., B, )+
+(-ofal + 20! - f ) e, 4, B, )

dy = 2(a>fco§—cofa)g)(L(al,as,a4,ﬂ4)— (e, 05,04, ) +

+L(a3!ﬂ2'ﬂ3'ﬂ4) - L(a4'ﬂ1’ﬁ3’ﬂ4))

d3, = (0w — &f @f — ol + 0 \L(r By ) — L(0tys s s B2))

d? = 2w} — 0 @ \L(aty, 5,20, B,) + L, B Bos )
soklindadir.

Burada

diy = (0 el — o0l — 0} 0 + ¥ oo} ) (L, B B) + L, 2, By, B)) +
+wfe] - 20! 0] + 0}0] ) (Ley 05, By, B) + Las, oy, B )+
+(-of @} + 200} - 0} ) (e, a0 By, By)
42 =2 wfaf ~afaf | [ 05 0 8) ~ 05, 4, 4 f)
~L(an B, B B) + Uew, o B B) ]
Birinci tortib sanki requlyar ssrhad sertlori daxilinde A(A) =0 tenliyinin koklarinin

asimptotikasim quraq.indi iss I1;(A,;) yarmzolaginda A,(1)=0 tenliyinin kdklorinin
asimptotikast tigiin asagidaki teoremi isbat edak.

Teorem . Tutaq ki, (1) tenliyinin va (2) sarhad sertlarinin amsallar1 asagidaki sartleri 6dayir.
Rep>0, Reqg<O0,

L(ag a4, 8. 8,)=0, L(ag. a2, B, Bi) - L(ty 0, By, i) =0,

L(ety 05,00, 8,)+ Ly, By, Bs. i) % 0
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sortlorini 6demakls yanasi

L(ey g By, Ba) L(@as . Bs, o)+ W u, B, ) V2 L(eg, @, 1, o)+ Ly, @, By, Br) Ko-
miyyotlorden heg olmazsa biri sifirdan forqlidir. Onda A;(A) =0 tenliyinin koklerinin asimp-

1, =_1{m
20,

+ O(Inv} k=12, (-D)*v - +o
%

totikasi

A

@y

+ i[Zm/ +%(2 —sgnv)+arg Ak}}+

soklindadir. Burada

-1
d; dd d,/ d;
Aiz_ 4 _ 24 4 ,A2=—4.
2035, (@2F  2ds dz,

d, adadi tenliyin ve sorhad sortlorinin smsallarmdan asihdir.

Isbati. Malumdur ki, I, (4, 1//1) yarimzolaginda A(A) xarakteristik determinantmin basg
hissesi olan A, (A) funksiyast

Al(/i) = D14(/1)e/1(a}l+w4) + D24(/1)e/1(w2m4) +D, (A)e**

soklinde toyin olunur. Teoremin gortlori daxilinde D, (/1), D,, (A) vo D, (/1) funksiyalarmi

miivafiq hesablamalarla asagidaki sekilds yazmagq olar:
D.4(4) = dlsaﬂva +0(4),
D,,(4) = d§4/18 +0(4),

D,(A)=d; X +d 2 +d/ 1 +0().

Bu omsallart A; (ﬂ,) =0 tenliyindenazars alsagjalariq.

1 . 1 1
{df4 + O(zﬂe“’“ + {d; + O(zﬂe” 2 4 {df/l +df+d/ =t O(?H =0

Bu tenlikde @, = —@; oldugunu nazars alsaq

L) e 1, o 1) 1
|:df4 + O(z):|e2 0y A + |:d2/1 + dj + dZ z + O(?]}e ) + |:d§4 I O(;]:| -0 (6)

oldugu almar. Aydindir ki, (6) tenliyi e —ya nazaran kvadrat tenlikdir. Bu tenlikds diskrimi-
nant

2
1 1 1 1

oldugda sada hesablamalarla bu ifadeni

1

1 8 8 947 _ 14848 2
D2 =d2 1+—2d; It (d) + 2d4‘342 4d, by 52 +o(13] .
d; (d4) s
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kimi yaza bilarik.
(6) tonliyinin koklari ise

1
ew:Q[_(dgmgm;;o(;nim} 7)
2d2, +O[)
A

kimi tayin olunur. Sads gevirmsler aparsaq alariq.

9
e = _3_3/1 +0(), 2 e, (4y,), 4] =0,

14

e _ d, _ dz, _ d, 1 1 eIl (;“/,)M|_m (8)
2d,d;, (d;)2 2dg, | 2 L

Asanliqla gostormak olar ki, o(e“2’1)= o)1 eI, (4,w1),
(8) diisturlarin

A\ — o0. Koklar tiglin tapilmis (7) vo

A e +1=0,k =1,2 9)
soklinds yaza bilorik. Burada

-1
—d] | d5,  d]

A1: 4 Y, .
2didy,  (d2f  2dy

A=l

=5
dl4

(9) sokilda yazilmis tenliyin koklarinin asimptotik ifadasini qurmagq olar.
A e +1=0k =12

tonliyinin koklari asagidaki sekildadir:
A 2_1{“{_ Akav[—mvﬂJer' } (10)
20, o

Inje,
a, = 1+ m + O[|I’l |V|]

Burada

Koklarin (13) seklinds tayin olunan ifadssinda
In, e, = O[In M]

oldugunu nazars alsaq, (12) tenliyinin kokleri tigtin

ze =—%{In( J i{Zﬁv+%(2—sgn v)+arg p@}

+0[n[} (-1 v — +e0.

Ay

2%

Teorem isbat olundu.
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DIFERENSIAL TUTUM DUYGACININ REZONANS TEZLIKLORININ
POZUCUNUN YAXINLASMASINDAN ASILILIGININ TODQIiQi
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Ruslan__433@mail.ru

XULASO

Magqaleds, regemsal mentiq elementlorinde qurulan hassas elementli iki avtogeneratorun diferensial tutum
duygact gisminde perimetrin miihafizo-xebardarliq sistemlorinds totbiq edilmesinin miimkiinliiyii laboratoriya
soraitinde ve agiq erazide yerino yetirilon tocriibelorde Oyrenilmisdir. Tacriibslorde avtogeneratorlarin tezlik
dayismolari yaxmnlasma masafasi ve hassas elementlorin uzunluglarmdan asili olaraq tadqiq olunmusdur.Gosterilon
yaxmnlagmalarin alman neaticelarine asaslanaraq geyd edilmisdir ki, obyektlorin perimetrlarinin miihafize-xebardarhq
sistemlarinds istifade edilon diferensial tutum duygaclarinda mentiq elementlorinde qurulmus hessas elementli
avtogenerator sxemlarinin totbiqi miimkiindiir.

Hossas elementlarin uzunluglarindan asili olmayaraq diferensial tutum duygaclarmn atraf miihitin deyismasina
adaptasiya olunmasmin avtomatik yerins yetirilmos xiisusiyyoti vurgulanmisdir. Uzunluglarn 6 m-o godar olanda
hassas elementlarin avtogeneratorlara toplanmis parametrli, 6 m-den bdyiik uzunluglarda ise paylanmis parametrli
element kimi qosuldugu miisyyenlosdirilmisdir.

Acar sozler:aviasiya tehliikesizliyi, miihafize-xabardarlq sistemi, diferensial tutum duygaci,avtogenerator sxemi,
rezonans tezliyi, hassas element.

THE STUDY OF DEPENDENCE OF THE RESONANCE FREQUENCIES OF DIFFERENTIAL
SENSOR ON THE INTRUDER’S APPROACHING

ABSTRACT

The article explores the feasibility of the use of auto-generators with sensitive elements, which were built on
digital logic elements, in the security warning systems of the area as differential sensors in laboratory and outdoor
experiments. According to the results of these approaches, the possibility of using self-oscillating circuits of sensitive
elements based on logic elements in differential-capacitive sensors used in systems for guarding and warning the
perimeters of objects was noted. In experiments, the frequency variations of auto-generators are studied depending on
the distance of approaching and length of sensitive elements.

The peculiarity of automatic adaptation of differential-capacitive sensors to changes in the external environment is
emphasized, regardless of the length of the sensitive elements. It is found that when the length is less than 6 m, the
sensitive elements are connected to the auto-generators as an element with lumped parameters, whereas the length is
more than 6 m - as an element with distributed parameters.

Keywords: Differential sensor, intruder’s approaching, resonance frequency, aviation security, sensitive element

MNCCAEAOBAHME 3ABMCMMOCTU PEBOHAHCHBIX YACTOT AP PDPEPEHITNAABHOI'O
AATUUKA OT IIPUBAVDKEHVSI HAPYIIIUTE/AS

PE3bIOME

B crathe mccaesyercss BO3MOXKHOCTb MCIIOAB30BaHM:A aBTOT€HEPATOPOB C UyBCTBUTEABHBIMM DAeMeHTaMI,
ITOCTPOEHHBIMI Ha IIM(QPOBLIX AOTMYECKUX DAEMEeHTaX, B CVICTeMaX OXPaHHOTO OITOBEIlleHNsT TEPPUTOPUN B KadyecTse
avdpdepenIalbHbIX AaTIMKOB B Aa00OpaTOPHBIX 1M HapyKHBIX DKclepuMeHTaX. Ilo pesyabsraTaM 5THX IT0OAXOAOB
OTMeYeHa BO3MOXKHOCTh MCIIOAB30BaHN: aBTOKOAeDaTeALHBIX IleTlelf JyBCTBUTEABHBIX DJA€MEHTOB Ha OCHOBe
AOTMYECKMX DAeMEHTOB B AuddQepeHIalbHO-eMKOCTHBIX JaTuMKaX, IIPVMEHSEeMBIX B CHCTeMaX OXpaHBl I
OTIOBeIlleHNsl TIepUMeTPOB OOBLEeKTOB. B oKcrepumeHTax uayyaeTcsl M3MeHEHME 4YacTOThI aBTOTeHepaTOpOB B
3aBVICHIMOCTH OT PacCTOSIHISA MPUOAVIKEHVI Y AAVIHBI 4yBCTBUTEABHEIX D1€MEHTOB.

INoauepkHyTa OCOGEHHOCTH aBTOMATIIECKON —ajanTamym  AuddepeHralbHO-eMKOCTHBIX — AaTIMKOB K
M3MEHEeHIsIM BHeIIHell cpeAbl He3aBUCHMO OT AAMHBI UyBCTBUTEABHBIX DAE€MEHTOB.YCTaHOBAEHO, YTO IIpU AAUHe
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MeHee 6 M 9YBCTBUTEAbHBIE DAEMEHTDI ITOAKAIOYAIOTCI K aBTOreHeparopaM KakK 3JA€MEHT € COCpeAOTOYECHHBIMU
IIapaMeTpamy, a Ipu AAHe Dosee 6 M - KaK DAEMEHT C paciipeaea€HHBIMU ITapaMeTpaMI.

Karouesbie caoBa: AnddepeHIMabHBI AaTINK, MpUOAVDKEHME HapyIIuTeAs, pe3OHaHCHas dYacToTa,
aBMalIOHHAasI 0e30I1aCHOCT, UYBCTBUTEABHBIN DAeMeHT.

1.  Giris. Miiasir dovrds beynslxalq hava dasimalarma xidmat edan strateji shamiyyatli
miilki aviasiya obyektlarinin dayarmgl faaliyystinin ve miihafizesinin tomin edilmasi,
terrorizmin yeni tozahiirlerine qars1 aviasiya tshliikesizliyinin tekmillagdirilmasi, elaco da bu
sahade beynalxalq alomds dovlatin niifuzunun qorunmas: vacib masalalerden hesab edilir [1, 2].

Gozlenilen tohliikslara garsi vaxtinda, dayaniqh ve etibarh cavab vermasi strateji shomiy-
yotli obyektlarin miihafiza-xabardarliq sistemlarinin inteqrasiya olunma saviyyasinden asilidir.
Dayaniqh ve etibarl fealiyyati miihafize-xebardarliq sistemins, straf miihitin tesirinden asili
olmayaraq, bas vermasi miimkiin olan tahliikslar haqqmda ilkin marhalads informasiya almaga
imkan yaradir [3-5]. Pozucunu (obyekti) ilkin morhalode askar edan bu sistemlaros inteqrasiya
olunan miixtalif nazarat konturlarindan biri de tutum duygaclaridir [6].

Tutum duygaclar vasitesilo obyektin (mas., insanin) yaxmnlasmasini nisbaton uzaq mosa-
fodon agkar etmok miimkiindiir [7]. Obyektin askaredilmosi imkanlarimi artirmagq tiglin tutum
duygaclarmimn hassasliq masafesi, straf miihitin deyismesine adaptasiya olunmasi xiisusiyyati,
elaca da istifads edilen avtogeneratorlarin qurulma sxemlori [8, 9], hassas elementlarin (HE-larin)
olgtilari va qurasdirilma konfiqurasiyas: kompleks sakilds todqiq edilmalidir [10, 11].

Mbagalodo magsad, rogemsal mentiq elementlorindo qurulmus hoessas elementli iki
avtogene-ratorun diferensial tutum duygaci gisminds tetbiqinin miimkiinliiyiinii miiayyenlos-
dirmekdan ibaratdir.

Bu magsadle ragemsal mantiq elementlarinds qurulmugs HE-li iki avtogeneratorun tezlik
dayismalarinin ve HE-larin uzunluglarindan asihihig tedqiq edilmisdir.

Tadqiqat metodu. Toadqiqat tiglin K155/1A3 markali iki ragemsal mikrosxemden istifade
etmoklo bir cap 16vhesi tizerinde eyni sxem {izroiki avtogeneratorqurulmusdur. Har iki
mikrosxemin daxilinds yerloson montiq elementlori avtogeneratorlarin sxemlarinds simmetrik
carpaz paylanilmisdir [9]. Avtogeneratorlarin sxemlari ve tezlikolgenloryerlasdirilmis diferensial
tutumduygacinin metal govdesi, real istismar geraitine uygun olaraq biitiin tacriibalarde
torpaglanmigdir [7], tacriibalerin aciq srazide yerina yetirilmasi zamani yagintilardan qorunmaq
tiglin alave olaraq hermetik plastmas qabda yerlosdirilmisdir (sok. 1, a, b).Sakilds tezliyin video-
kamera ila ¢okilmis geyd olunan giymatlari goriiniir.

:75%301
1354635

3
((.

17
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a0
I

a) b)

Sak. 1.Diferensial tutum duygaci metal gévdada (a) ve hermetik gabda (b)
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Tocriibolor Milli Aviasiya Akademiyanin (MAA) ve VOR-DME (VOR - her torafa
istiqgamatlonmis azimutal radiomayak; DME- har terafe istiqamatlonmis masafatl¢en avadanlq)
sistemi yerlogan obyektin orazisinds yerina yetirilmisdir. Tacriibalords avtogeneratorlarm
tezliklori, model nomrasi “SKU00653” olan sokkizrogemli iki tezlikdlgon cihaz vasitesilo
Olgtilmiisdiir. Tezlikolgon cihazlarin daqiqliyi “GWInstek GOS 620" markal signal generatoru ilo
yoxlanilmig va onlarm yiiksak daqigliye malik oldugu miiayyesn edilmisdir (1 MHs tezliyi 0,1 Hs
dagqiglikls olgiir) [12]. Stiratli tezlik deyismalerini geydes almaq tigiin 250 kadr/san ¢oklise imkan
veran GoPro video-kamerasindan istifada edilmisdir.

Laboratoriya seraitinds ve aciq yerde (MAA-nin vo VOR-DME sistemi yerlagsen obyektin
arazisinda) forgli giinlards yerins yetirilmis tocriibsler asagida tesvir edilmisdir.

2.  Tezlik dayismolerinin HE-larin uzunluqlarindan asililigi. Tezlik dayismsalorinin
HE-in uzunlugundan asililigs ii¢ giin arzinds codvall-do gostarilon miihitds todqiq edilmisdir.

Cadvall. Tacriibalerin yerino yetirildiyi {i¢ giindshava seraiti

Giinlar Havanin temperaturu, | Atmosfer tozyiqi, Riitubatlilik, Manba
Q) (mm civa siitunu) (%)
I 22-24 750-758 50-60 [13]
I 21-23 761 45-50 [14]
1 26-28 757 45-50 [15]

Todgiqat zamani 2 m, 5 m, 6 m, 10 m, 20 m, 30 m, 40 m ve 50 m uzunluqlu HE-lardan,
duygacin korpusunu torpaqglamagq {iciin 4,5 m uzunluglu mis moftilden istifade olunmusdur.
HE-lor, avtogeneratorlarin har birina ayri-ayrihqda birbasa birlegdirilmisdir. Tacriibaler
naviqasiya obyektinin arazisinda yerina yetirilmisdir (sok. 2, a, b).

Iso salindiqda her iki avtogeneratorun tezliklori, hassas elementlarsiz vo torpaqlanmasiz
17,12 MHs, 60 san kegondan sonra 17,01 MHs, torpaqlanma olduqda 16,82 MHs olmusdur.

a)
Soak. 2. VOR-DME radiolokator obyektinin srazisinds qoyulmus tecriiba:
a) arxadan, b) yandan goriiniis.

HE-larin uzunluglarindan asili olaraq {ti¢ forqli giinde qeyds alinmis tezlik deyismalerinin
orta giymatloerinin grafik tesvirleri sok. 3-ds verilmisdir. 0,01 MHs daqiqlikle tekrarlandig; tigtin
har iki avtogeneratorun tezliklori sokilds bir ayri ilo gostarilmisdir.
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Sak. 3. HE-larin uzunluglarindan asili olaraq avtogeneratorlarin tezliklarinin tig forqli giinlardes
dayismasinin orta giymatlarine uygun qrafik tesvirlor

Sekilden goriindiiyii kimi, HE-larsiz hor iki avtogeneratorun tezliklori 16,5 MHs atrafinda
+0,5 MHs-dan kigik giymatlarls dayisir (sok. 3, 1-ci ayri).

6 vo 10 m istisna olmagqla, HE-larin qalan biitiin uzunluqglarinda har iki avtogeneratorun
tezliklori 14,5 MHs otrafinda dayisir. Burada, HE-in uzunlugu 6 m olan hal xiisusilik taskil edir.
Bu halda, ti¢ forgli giinde yerino yetirilon biitiin tacriibslorde her iki avtogeneratorun
tezliklorinin HE-siz hala nisbaton ytiiksok olmasi tokrarlanmis ve uygun olaraqg, fior = 17,345066
MHs va faor 17,345066 MHs olmusdur (sok. 3, 2-ci ayri).

3.  Yaxinlagma il yerina yetirilon tacriibalar.Tutum duygacinin hassashiq mesafasinin
HE-larin uzunluglarindan asiihig tadqiq edilmisdir. Bunun tigiin 2 m, 5 m, 10 m va 50 m
uzunluqlu HE-lare m ¢akili (93 kq - 6lgmalari aparan tadqgiqat¢inin ¢ekisidir) insan yaxinlasanda
avtogeneratorlarin tezlik dayismalari geyd edilmisdir.

3.1.  Tacriibalor laboratoriya soraitinde yerina yetirilir. Avtogeneratorlara HE-lor
gisminda her birinin uzunlugu 2 m olan, eloco da bir-birina vo ddsemaye paralel iki naqil
birlasdirilir. Nagillor dielektrik diraklare barkidilir, onlarmn bir-birinden olan mosafasi 10 sm,
dosemadan hiindiirliiyii 1 m togkil edir.

Tadqgiqat zamarm yaxinlasma, 3 m moesafaden baglayaraq HE-nin orta noqtasine perpendi-
kulyar istiqamatda yerine yetirilmis vo har metr (1 = 3; 2; 1; 0 m) yaxinlasmada tezliyin qiymati
geyda alinmisdir (codval 2). I = 0 insanin HE-ye toxundugu qiymatdir.

Cadval2. 2 m uzunluqlu HE-ye yaxinlasma zamani avtogeneratorlarin tezliklarinin qiymatlari

1 I avtogenerator, fi II avtogenerator, f2
(m) (MHs) (MHs)

0 13,661799 13,661016

1 13,781477 13,778263

2 13,811120 13,811674

3 13,813097 13,813492

Insanin HE-den sifir (toxundugu hal) ve 3 m mesafeds oldugu anlarda rezonans tezliklo-
rinin farqi (Afe), I avtogenerator tligiin Afo = 0,151298 MHs, II avtogenerator tigtin Afo» = 0,152476
MHs togkil edir.

34



Kuvazi xatli sarhad sartlari daxilinda bir spektral masalanin maxsusi adadlarinin asimtotikasimn tapilmast

HE-nin uzunlugu 5 m segilmisdir. Tadqiqat zamanmi 3 m moasafodon baslayaraq,
perpendikulyar istiqamatde HE-ys ti¢ forqli néqtadan (I halda, avtogeneratorlara qosuldugu
hissaden; II halda, orta hissaden; III halda, uc hissaden) yaxinlasma yerins yetirilmis vo
tezliklorin qiymeotlari biitiin hallarda har metr yaxinlasmada geyds alinmisdir (cadval3).

Cadvel3. 5 m uzunluglu HE-ya yaxinlagma zamar avtogeneratorlarin tezliklsrinin giymatlari

1 I avtogenerator, f1 (MHs) IT avtogenerator, f2 (MHs)

(m) I hal II hal III hal I hal II hal III hal
0 11,238468 | 11,207155 | 11,209304 | 11,238467 | 11,207335 | 11,209322
1 11,240973 | 11,238147 | 11,238210 | 11,240965 | 11,238169 | 11,238253
2 11,241044 | 11,241434 | 11,242047 | 11,241045 | 11,241435 | 11,242048
3 11,241095 | 11,241639 | 11,242341 | 11,241093 | 11,241640 | 11,242341

Obyektin yaxinlagsmasit zamani HE-5 toxunma anmna nazaran tezliyin deyismosi:

I avtogeneratorda, II avtogeneratorda,
I halda Afo» = 0,002627 MHs, I halda Afo» = 0,002626 MHs,
1T halda Afo» = 0,034484 MHs, II halda Afo» =0,034305 MHs,
I halda Afo = 0,033037 MHs; I halda Afov = 0,033019 MHs,

togkil edir.

Tezlik dayismolorinin qrafiklori sok. 4-do gosterilmisdir. Goriindiiyti kimi, HE-lora
yaxinlasma zamani avtogeneratorlarin rezonans tezliklori eyni terzds, hem da azalma
istiqgamotinde doyisir.

A 4
f, MHs 1 avtogenerator £, MHs II avtogenerator
11,25 11,25

11,24 —— = g 11,24
11,23 1123

11,22 +——; / 1122 /

11,21 -l,/ =+=Thal 11,21 4 / —4—T hal

=#=11 hal =—1I hal
11,20 11,20
IIT hal IIT hal

11,19 11,19

11,18 . : : > 11,18 . T T >
0 1 2 31Lm 0 1 2 3 Lm

Sak. 4.Rezonans tezliklarinin avtogeneratorlara qosulmus 5 m uzunluqlu
HE-lare insamn yaxinlasma masafesindan asilihigt

3.2. Tacriibalor acgiq orazide yerina yetirilmisdir.Avtogeneratorlara5 m uzunluglu
koaksial kabellor vasitasilo HE-lor gisminds, her birinin uzunlugu 10 m olan iki nagqil
gosulmusdur.Nagqillor 1 m hiindiirliikde ve ara moesafesinds, Yer sathins ve bir-birine paralel
yerlagdirilmakls dielektrik diraklore barkidilmisdir.Tacriibaler, 3.1 gostorilon ardicilligla yerine
yetirilmis, tezlik dayismalarinin geyds alinan giymatlari codvaldas verilmisdir (codval4).

Cadval4. 10 m uzunluqlu HE-ys yaxinlasma zamani avtogeneratorlarin tezliklorinin giymatlari

1 I avtogenerator, fi (MHs) II avtogenerator, f- (MHs)

(m) I hal 11 hal 111 hal I hal I hal 111 hal
0 19,420569 19,461813 19,428018 19,420550 19,461812 19,428026
1 19,443941 19,461900 19,440790 19,443925 19,461904 19,440768
2 19,462565 19,462243 19,455898 19,462567 19,462248 19,455902
3 19,461537 19,458791 19,454895 19,461540 19,458793 19,454899
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Cadval 4-oasason demsak olar ki, har iki avtogeneratorun rezonans tezliyi biitiin hallarda
HE-don 3 m moesafsden 2 m-s goderyaxinlasmada - artma, 2 m-den toxunmaya qgadar
yaxinlagsmada ise azalma istiqamatinda dayisir. I avtogeneratorda I halda Afe = 0,041996 MHs, I
halda Afo, = 0,003452 MHs, III halda Afe = 0,02788 MHs; II avtogeneratorda I halda Afe = 0,042017
MHs, I halda Afe = 0,003455 MHs III halda Afes = 0,027876 MHs toskil edir.

Avtogeneratorlara HE-lor gisminds, her birinin uzunlugu 50 m olan iki nagqil birbasa
gosulmusdur. Nagillor,yuxarida gosterilon formada barkidilmisdir (sok. 2 a, b).

Tacriibalar, 3.1 va 3.2-ci tacriibalerde gosterilon ardicilligla yerins yetirilmis, tezlik dayisma-
lorinin geyde alman giymeotlari codval5-da verilmisdir.

Cadval5. 50 m uzunluqlu HE-ys yaxinlasma zamaru avtogeneratorlarin tezliklarinin giymatlori

1 I avtogenerator, f1 (MHs) II avtogenerator, {2 (MHs)

m) I hal II hal III hal I hal II hal III hal
0 | 14,993379 14,937367 14,937740 14,993377 14,937355 14,937738
1 | 14,990632 14,974322  14,973409 14,990640 14,974321 14,973408
2 | 14,987608 14,986177 14,983077 14,987605 14,986175 14,983071
3 | 14,986868 14,986205 14,983303 14,986866 14,986203 14,983301

Obyektin yaxinlagsmasi zamani1 HE-s toxunma anma nazaran tezliyin doayismasi:

I avtogeneratorda, II avtogeneratorda,
I halda Afo» = 0,006511 MHs, Thalda Afob = 0,006511 MHs,
I halda Afe = 0,048838 MHs, I halda Afeb = 0,048848 MHs,
I halda Afeb = 0,045563 MHs; I halda Afeb = 0,045563 MHs,

togkil edir.

Tezlik dayismalarinin qrafiklori sok.5-de gostorilmisdir. Gortindiiyii kimi, HE-lero yaxin-
lasma zamani avtogeneratorlarin rezonans tezliklari eyni torzds, I halda artma, II vo III hallarda
iso azalma istigametindae doayisir.

£ MHS I avtogenerator £, My II avtogenerator
15,00 15.00
— .
14,00 ey 14,99 e =
14,98 — 14,58 },/
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14,93 =1 hal io ==1I hal
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14,90 : : . 0 1 2 shhm
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Sak. 5. Rezonans tezliklarinin avtogeneratorlara qosulmus 50 m uzunluqlu
HE-lers insanin yaxinlasma masafesinden asililig1

Hossas elementinin uzunlugu 50 m olan avtogeneratorlarin rezonans tezliyinin giymatinin
zamana gora dreyfini (Afa = + 0,004001 MHs ve Afai = + 0,003998 MHs) nazars alsaqg, ns dlgiilon
parametrlarin diskretliyinin qiymati I avtogenerator {i¢iin I halda ns = 2, Il halda ns = 12, Il halda
ns = 11, II avtogenerator tigiin I halda ns = 2, II halda ns = 12, III halda ns = 11 olur ki, bu da
yaxinlasan obyektin ¢akisini 3 m-den ¢ox masafaden miisyyeanlesdirmays imkan verir.
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Tadqiqat isinin miizakirasi ve onun naticalari. Cokisi 93 kq olan insan 3 m mesafodan
perpendikulyar sokilds hessas elementlars yaxinlasarken biitiin hallarda avtogeneratorlarm
tezliklorinin deyismasi bas vermisdir. Bu deyismaler, hassas elementlarin uzunlugu:

- 2 m oduqda - I avtogenerator {iciin Afer = 0,151298 MHs; II avtogenerator {ictin Afo, =
0,152476 MHs;

- 5 m olduqda - I avtogeneratorda I halda Afe = 0,002627 MHs, II halda Afe» = 0,034484
MHs, III halda Afe = 0,033037 MHs; II avtogeneratorda I halda Afe = 0,002626 MHs, II halda Afe
=(,034305 MHes, III halda Afe = 0,033019 MHs;

- 10 m HE-lara 5 m uzunluqlu koaksial kabellar birlagdirildikds - I avtogeneratorda I halda
Afor = 0,041996 MHs, II halda Afe = 0,003452 MHs, III halda Afe = 0,02788 MHs; II
avtogeneratorda I halda Afw = 0,042017 MHs, II halda Afe = 0,003455 MHs, III halda Afe =
0,027876 MHs togkil edir.

Hassas elementlarin uzunlugu 50 m olanda avtogeneratorlarin rezonans tezlik giymatlarinin
zamana gora dreyfini (Afa = + 0,004001 MHs ve Af:n = + 0,003998 MHs) nazare alsaq, ns Slgiilan
parametrlorin diskretliyinin qiymeati her iki avtogenerator {i¢iin I halda ns = 2, Il halda ns = 12, 111
halda ns = 11 olur ki, bu da yaxinlasan obyektin ¢okisini 3 m-don ¢ox masafodan
miiayyanlasdirmays imkan verir.

Hossas elementlarin uzunluglarindan asili olaraq rezonans tezliklorin dayismalorine diqqat
yetirdikdoe goriiriik ki, avtogeneratorlarin tezliklorinin on kigik giymatlori hossas elementlarin
uzunluglar1 2 m olduqda (fior = 14,479189 MHs ve fio2 = 14,479186 MHs) qeyde alinmigdir. Qeyd
etmok lazimdir ki, her iki avtogeneratorda rezonans tezliklorin giymsatleri hessas
elementlorolmayan giymsatlerden kigik, lakin hassas elementlorin uzunluqglar1 6 m oldugda
boytik (fior =17,345066 MHs vo fi02 = 17,345066 MHs) olmusdur.

Uzunluglar1 6 m-a godar olanda HE-lor avtogeneratorlara toplanmis parametrli, 6 m-don
boyiik uzunluglarda ise paylanmis parametrli (uzun xatt) tutumlar kimi qosulur.

Belalikls, gostorilon xiisusiyyetlori ve yaxmnlagsmalarin tacriibslerden alman neticalerine
asaslanaraq qeyd etmok olar ki, obyektlorin perimetrlarinin miihafize-xebardarhq sistemlorindo
istifade edilon diferensial tutum duygaclarinda mentiq elementlorinds qurulmus hessas
elementli avtogenerator sxemlorinin totbigqi miimkiindiir. Bu zaman, hassas elementlarin
uzunluglarindan asili olmayaraq diferensial tutum duygaclarmin otraf miihitin deyismasine
adaptasiya olunmasi avtomatik yerine yetirilir.
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ABSTARCT

The thesis analyzes blockchain, which is a type of database. Its differences from other databases, its pros and cons
are given in the results researched from every aspect. By using blockchain integrations to solve problems in better way
which are faced by big organizations is shown. In thesis to technical issues, the positive impact of blockchain on

applications of it, as well as high security and network productivity in giant data systems are discussed in this article.
Key words: big data, blockchain, Bitcoin, data mining, operational big data, analytical big data, consensus
algorithms, cryptography
BLOK ZONCIR VO BOYUK VERILONLOR: BOYUK BIRLOSMO
XULASO

Tezisda verilonlor bazas1 novii olan blokgeyn tohlil edilir. Onun digar verilonlor bazalarmndan farqlori, miisbat vo
manfi cohatlari har aspektdon arasdirilan naticelords verilmisdir. Boyiik togkilatlarin tizlesdiyi problemlori daha yaxsi
hall etmak tigiin blokgeyn inteqrasiyalarindan istifade etmoklo gosterilir. Bu tezisdo texniki masoelolorle yanasi,
blokgeynin onun tetbiqlorine miisbat tosiri, hamginin nehang melumat sistemlarinde yiiksok tohliikasizlik vo seboka
mohsuldarlig1 miizakire olunur.

Acar sozlar: Boyiik verilanlar, Blok zenciri, Bitcoin, data mining, bdyiik verilon amaliyyati, boyiik verilon tohlili,
konsensus alqoritmlari, kriptoqrafiya

BAOKYEVIH 1 BOABIINE AAHHBIE: OTAMYHOE COUYETAHVE
PEDEPAT

B Tesnce anaamsupyercs 010k4eliH, KOTOpOe SBASIeTCs OAHOM U3 pa3HOBUAHOCTe ! Oa3bl AaHHBIX. Ero oramanms or
Apyrux 6a3 JaHHBIX, €ro ILAIOCH ¥ MUHYCHI IIpUBeJEeHBI B pe3yAbTaTax MccAeOBaHIs CO BeeX acrieKTos. [TokaszaHo, uto
C TIOMOILBIO MHTerpanuy 0AOKJIeNHOB MOSKHO Aydllle pelllaTh ITPOOJeMBI, C KOTOPhIMM CTaAKMBAIOTCS KPyIHbIe
opraHmsanyy. B Te3uce MoMmMO TeXHIYECKMX BOIIPOCOB OOCY>KAAIOTCs IIOAOXKIUTeAbHbIe BAVHIMA OA0KYeliHa Ha ero
MPUAOSKEHI], a TAKXKE BBICOKAs OE30I1aCHOCTD U MPOV3BOAUTEABHOCTD CETU B IUTAHTCKIIX CMICTEMAaX AQHHBIX.

Karouesbie caoBa:60b111ie AaHHbIE, OA0KJIEIH, OUTKOVH, MHTeAAEKTyaAbHBIN aHAAN3 AAHHBIX, OIlepall/IOHHbIE
6obIINe JaHHbIE, aHAAUTIYECKVe DOABINIE JaHHBIE, aATOPUTMBI KOHCEHCYca, KpUITTorpaduis.

1. Introduction:

If you have been following banking, investing, or cryptocurrency over the last ten years, you
mayhaveheard the term “blockchain,” the record-keeping technology behind the Bitcoin
network. Blockchain seems complicated, and it definitely can be, but its coreconcept is really
quite simple. A blockchain is a type of database. The waydata is structured differ significantly
from a traditionaldatabaseand a blockchain. A blockchain is a distributed database that
organizes data into classes called blocks, each of which includes a collection of data. Blocks have
specific storage capacities, and as they are filled, they are chained onto the previousblock,
creating a data chain known as a "blockchain". Blockchain technology accounts for the issues of
security and trust in several ways. Firstt new blocks are always stored linearly and
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chronologically. That is, they are always added to the “end” of the blockchain. After a block has
been added to the end of the blockchain, it is very difficult to go back then alter the contents of
the block unless the majority reached a consensus to do so.

In the digital information society, a high volume and a vast variety of data are generated at
any given time and are enabled by technical advances. Another phenomenon that leads to the
massive growth of data is social networks. A new term "big data", has been coined to describe
this massive volume of data. Big data is described by a number of characteristics, the most
important of which are length, velocity, variety, and veracity.

The incorporation of Blockchain to the Big Data analytics framework provides another data
layer. Blockchain-generated Big Data is safe since the network architecture prevents forgery. Big
Data on the blockchain is useful since it is structured, plentiful, and full, making it an ideal source
for more study.

2. Blockchain and big Data: A great marriage

Blockchain and Big Data are among the rising innovations that are high on numerous
organizations' plans. Both are relied upon to profoundly change the manner in which
organizations and associations are run in the impending years.

3. Big data analytics: present difficulties

The ascent of Big Data has introduced a huge number of issues for both large organizations
and regular shoppers. With the development of information great investi gation is turning into
even more tricky. Some seriousissues to information the executives and investigation incorporate
supposedly grimy information, blocked offinformation, and protection issues. What's more, as
Big Data expands in size and the snare ofassociated gadgets detonates, it uncovered a greater
amount of organizations' information to potential security penetrates.

With the approach of Big Data, information quality administration is both more significant
and more testing than any other time in recent memory. Organizations that are managing huge
datasets ought to guarantee that the information is perfect, secure and not altered and comes
from a real source. They need to ensure that the most recent variant is synchronized among the
entirety of the server farms progressively. It ought to likewise be guaranteed that these
information are available. For most, nonetheless, the information storehouses are as yet a
significant issue and a full broad computerized change is even more ideal than reality.

3.1. Motivations of the Blockchain and Big Data Integration
3.1.1. Data security

It is difficult for a single unit to pose a challenge to the data network because blockchain
uses consensus algorithms to validate transactions. Because of the network's distributed nature,
it's almost impossible for a single person to produce sufficient computing power to change the
validity conditions and enable unnecessary data into the framework.

To change the rules of the blockchain, a number of nodes must come together to form a
consensus. As a result, cybercriminals would find it almost difficult to reach and exploit data on
a massive scale. The information in the ledger can identify with energy exchanging, land and an
assortment of different areas. There are various Big Data investigation upgrades coming from
this reality. For example, misrepresentation counteraction, as the blockchain innovation permits
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the monetary establishments to check each exchange constant. Hence said, rather than
examining the records of the extortion that all around occurred, the banks can distinguish
dangerous or fake exchanges on the fly and forestall the misrepresentation altogether.

1
2=}

This technology also aids in the prevention of data leaks. Even the most senior managers in
an organization would require several licenses from other points in the network to access the
data after it has been processed on the channel. As a result, a cybercriminal would be unable to
obtain it.

As a result, the Blockchain allows for more peaceful sharing. I use the hospital as an
example, an organization might be required to exchange health recordswith the courts, insurance
providers, or patients employers. This operation, though, can be risky without the Blockchain.

3.1.2.  Data integrity

The control of purported messy information (or incorrect data) is a territory that blockchain
can emphatically affect the information examination field. Blockchain gives a consistent method
to direct information respectability and audit trails, since it finds out the beginning of
information through its connected chains.

Blockchain enablestrustby maintaining distributed and decentralized ledgers. As all data
should be verified via consensus models it is almost impossible for irrelevant data to exist. Also,
Blockchain gives a consistent method to lead information uprightness and audit trails, since it
determines the beginning of information through its connected chains. It, additionally, provides
transparency, since exercises and exchanges that occur on the blockchain organization can be
followed by all of the nodes. For example, a hospital can use it to ensure that patient data is kept
safe, up-to-date and that its quality is fully preserved. By placing health databases on the
Blockchain, the hospital ensures that all its employees will have access to a single, unchangeable
source of data. Indeed, poor data management in the health care environment carries a risk that
the patient may be mishandled, misdiagnosed, or the results of their tests may be lost or
corrupted. Similarly, two physicians who support the same patient may have access to two
different sets of data. The Blockchain eliminates this risk.

3.1.3.  Real Time analysis

A whole new field is emerging around accessing huge amounts of data and gleaning
insights from it, in near real-time. The marriage of blockchain and Big Data will help enterprises
by making real-time analytics much more achievable and reliable. Since each transaction is
recorded on the blockchain, real-time big data analytics is possible. Banks and financial
institutions will resolve cross-border trades, particularly those involving huge sums, in near real-
time thanks to blockchain-based big data analytics.

41



E.Z.Huseynov, N.P.Haciyev

3.14. Fraud prevention

To identify suspicious transactions, existing big data technologies focus on the study of
trends in historical data. As a result, big data would not be able to address the challenge of illegal
financial transfers.

Financial organizations can track each transaction in real time thanks to the storage of big
data in blockchain, enabling them to determine potentially suspicious transactions on the fly. As
a result, incorporating blockchain into big data will assist financial institutions in preventing
theft and safeguarding their clients.

4.  Blockchain for Big Data Storage
4.1. Blockchain for Secure File Systems

There are many cloud-based services that allow you to store and access files from any
computer, anywhere. Users, especially organisations, are reluctant to store sensitive data on a
system that is run by a third party. Even though encryption of files before unloading to the cloud
is one of the solutions, the cloud provider still faces some security challenges. Electronic
information systems are now the most widely used in medical care. Medical photographs,
medical history, diagnostic reports, and other types of data are produced on a daily basis. These
types of security issues can be solved by combining blockchain with the interplanetary file
system (IPFS). IPFS is a decentralized storage network that was created to solve file redundancy.
It creates a unique hash value for the stored file and allows the user to locate it using the hash
address. Until the medical data is stored in the cloud, it is encrypted using anattribute-based
encryption process. The user's private key is linked to their attributes, and the ciphertext is linked
to their policy. Any consumer with a private key that follows the access policy ava will decrypt
the ciphertext. In addition, blockchain is used to keep track of data storage and retrieval. The
hash value of medical storage data is stored in the blockchain to providep roof of user
authentication validity. The transparent blockchain architecture aids in file storage protection
and eliminates single points of failure.

4.2. Blockchain for Secure Database Management

Data contained in different types of information management systems is vulnerable to both
internal and external points of attack. The fraudulent patches in the databases were detected
using database tampering monitoring methods. To detect data misuse, it employs single-way
cryptography hash functions as well as digital watermarking. However, the approach is
inapplicable to the distributed databases. To store data on distributed networks and detect
malicious user transactions, a blockchain-based approach is used. By using time stamping,
blockchain prevents data tampering. To store the history of purchases, a virtual shared ledger is
included. Any transaction is egistered in a block, and each block is linked to the others using
cryptographic hash values. When the data in a block is changed by a malicious attacker, the
block's hash value is updated, and the block is rendered null.

Education data secure storage and distribution scheme, a blockchain-based scheme, is
proposed for the protection and secure storage of education alrecords. To create a secure and
stable environment, the scheme combines storage servers, cryptographic algorithms, and
blockchain.
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4.3. Blockchain for Big DataAnalytics

In numerous settings, the rise of edge and cloud computing has increased the volume of
data. For successful data analysis, several machine learning and deep learning approaches are
used. Support vector machine is a popular machine learning approach because of its efficiency
and accuracy. Data is collected from a variety of sources in vehicular social networks, including
social network providers, car manufacturers, and vehicle management organizations. The
properties of data from different data sources usually differ. Due to the variety of sources,
entities confront the problem of data with insufficient characteristics while training using SVM
classifiers. As a result, data must be shared among numerous organizations in order to combine
the data set with diverse attributes and train the classifier. The sharing of data from diverse
organisation scauses a data privacy concern. For vertically partitioned datasets from different
data sources, a privacy-preserving blockchain-based SVM training approach was developed. A
blockchain consortium and homomorphic cryptosystem were created in this way to establish a
secure training platform without the use of a trusted third party. The training operations are
carried out locally over the original data, and the interactions between the entities are protected
by a homomorphic cryptosystem and a blockchain consortium. When entities share attribute
values, the blockchain consortium assists in the creation of a public and secure data sharing
environment that allows for successful communication.

CONCLUSION

Blockchain is a revolutionary ledger technology that has garnered a lot of attention as a way
to enable huge data systems while maintaining high security and network efficiency. We did a
state-of-the-art review on the application of blockchain for big data in this study. We began by
discussing recent advancements in blockchain and big data, as well as the reasons for combining
these two technologies. We've done a lot of research on the usage of blockchain in a variety of
essential big data services, such as secure file systems, big data storage, big data analytics, and
big data privacypre servation.

The emerging blockchain-big data platforms and projects have been also highlighted and
analyzed. From the extensive literature review on blockchain-big data services and applications,
we have identified some key technical challenges and pointed out possible future directions to
spur further research in this promising area.

Therefore, it is evident from the discussion that a robust blockchain framework for big data
encompasses numerous technical challenges to be considered upon its integration and
deployment. The challenges pertaining to the blockchaincan be resolved with big data and the
vice versa. The substantial data accumulations and data services of the big data can be effectively
managed and secured by the blockchain. The de-centralized and immutable ledger with
advanced technologies ensures data integrity and big data analytics provides better insights for
making valuable predictions for massive data accumulation.
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ABSTARCT

The Internet of Things (IoT) has grown rapidly in recent years due to its wide range of usability, flexibility, and
smartness. The majority of IoT apps carry out tasks automatically, with no input from humans or physical objects. To
deploy such a new technology in a secure manner, present and prospective gadgets must be smart, efficient, and
capable of providing services to consumers. As a result, researchers are investigating security concerns on a daily basis.
Because IoT devices are most portable and light in nature, they have various concerns such as battery consumption,
memory, and the most essential is security. In this survey thesis, we explored on security threats with relation to several
types of IoT layers. Last but not least, we discussed several loT applications. This research will help academics and
manufacturers analyze and reduce the attack range on IoT devices.

Keywords: IoT, smart Homes, healthcare, Encryption, Security
OSYALARIN INTERNETI (I0T)
XULASO

Ogsyalarin interneti (IoT) genis ¢esidli istifade imkanlari, geviklik veo agilliliq sayesinda son illorde siiratle inkisaf
etmisdir. Ogyalarin Interneti totbiglarinin sksariyyati insan ve ya fiziki obyektlarin girisi olmadan tapsiriglari avtomatik
yerina yetirir. Bu ciir yeni texnologiyar tehliikesiz sokilds tetbiq etmak tigiin indiki ve perspektiv qadcetlor agilli,
samarali vo istehlakclara xidmet gostermak qabiliyyatine malik olmalidir. Naticeds, tedqiqatgilar giindslik olaraq
tohliikesizlik problemlerini aragdirirlar. IoT cihazlari en portativ ve yiingiil oldugundan, onlarin batareya istehlaki,
yaddas kimi miixtslif narahatliqlar1 var ve an vacibi tehliikasizlikdir. Bu sorgu tezisinds biz IoT tebagplarinin bir nega
novii il bagh tehliikesizlik tehdidlerini arasdirdiq. Nehayat, biz bir negs IoT tetbiqini miizakire etdik. Bu tadqiqat
akademiklars va istehsalgilara IoT cihazlarina hiicum diapazonunu tehlil etmays ve azaltmaga kémek edacak.

Acar sozlar: IoT, agilli evler, sohiyys, sifraloms, tehliikasizlik
MHTEPHET BEHJ,EVI I0o71)
PEDEPAT

B mocaeanme roaer unrepHer semeli (IoT) OnicTpo passusaeTcsi Oaarogaps IIMPOKOMY AMarla3oHy yA00cCTBa
VICITOAB30BaHMs, TUMOKOCTM U WHTeAAeKTyaAbHOCTM. BoabmmHcTBO mnpmaokeHmii loT  BBINOAHAIOT —3ajaun
aBTOMATIYECKY, Oe3 yJacTus A0Aeil maAy (PpU3NIecKx oO0BeKToB. JAs 0e30I1acHOTO VICIIOAB30BAHMSA TaKOM HOBOI
TEXHOAOTMI CYIIeCTByIOIe U Oyaylniue B AaABHENINON IIepCrieKTuBe TaAKeThl AO/KHBI OBITh YMHBIMI,
9P PEeKTMBHLIMI ¥ CITOCOOHBIMM ITPEAOCTaBAATh YCAYTU IOTpeOuTeAs M. B pesyanTare mccaejoBaTean eXkeHEBHO
M3yJaloT 1podaemMsl OesortacHocT. ITockoapKy ycrpoiicrsa IoT sBasIOTC HanOoAee MOPTAaTUBHBIMU U A€TKUMU TIO
CBOEII IIPUPOJAE, OHM MIMEIOT pa3ANdHble IPODAEME, TaKue KaK IoTpebaeHne OaTapen, IaMsTh, ¥ Haubo.Aee BaXKHOM
13 HUX sBAsieTcs] DesoracHOCTh. B ®TOM 0030pe Tesmca MBI pacCMOTpeAM YIPO3bl ©e30ITacHOCTV B OTHOIIEHMN
HecKoAbKuX Turos yposHeit IoT. U rocaeaHee, Ho He MeHee Ba>kKHOe: MBI OOCYyAAN HECKOABKO npuaoxkenui IoT, a
TaKKe JCcAejOoBaHNMe TIOMOXKeT YJ9eHBIM I MPOM3BOAMTeASAM ITpOaHaAM3MpOBaTh M COKPAaTUTh AMalla3oH aTakK Ha
ycrporvicrsa [oT.

Karouesnie caoBa:lIHTepHeT Belleil, yMHBIEe 40Ma, 34paBOOXpaHeHe, I poBaHe, 6e3011acHOCTh
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1. Introduction:

The Internet of Things (IoT) is a new trend in the world today. As technology spreads, it has
become a critical need for society, health care, universities, homes, and practically everything to
be connected to the internet. According to the research, the number of items projected to be
linked worldwide in 2020 is 8.4 billion, with this figure expected to rise to 20.4 billion by 2022.
Increase in the use of IoT applications in all settings throughout the world, with connection
between machines estimated to expand from 5.6 billion to 27 billion between 2016 and 2024.
Some privacy and security, authentication, and storage difficulties have been highlighted as a
result of the wide variety of IoT Application usage, and it's a challenging topic, for the time
being, between the research community. It is quite impossible to operate an IoT application with
full functionality and in a trustworthy way without a secure environment and infrastructure.
According to assaults against IoT devices surged by 600% in 2017. Typically, attackers do not
target IoT edges directly, but rather use them as a weapon to gain access to other sites. IoT
devices will be readily targeted owing to their manufacturer's nature, since most firms do not
address security and forensics for devices, instead focusing on cost, size, and usefulness. If we
peek behind the scenes of our daily lives, we will see a plethora of IoT devices, such as smart
electricity meters, which are used to regulate power usage, lights, and other resources. Security
cameras are another IoT item that will alert you if there is any unwelcome activity at night. Smart
fridges will also alert you if there is a scarcity of drinking milk, and sensor doors that open based
on your sound and facial recognition. Guess what, if a firm compromises on security in order to
save money and space, it will have an impact on all of the physical items with which you interact
on a daily basis in the IoT age. Modern automobiles also use sensors, and if the car sensors and
algorithms are hacked, your life is in danger. In today's healthcare, several sensors are utilized to
provide reports to doctors if a patient's life is in danger due to a targeted attack. Not only in the
healthcare sector is IoT security more important; in business, criminals may acquire your bank
data and make unauthorized activities. Indeed, these sorts of cyberattacks are the most harmful
to huge corporations, as demonstrated by one event from US history, which occurred in 2013; a
gang of attackers stole $160 million through credit cards. The key contribution of this research is
that we have enlarged on the many security challenges associated to the IoT layered
infrastructures and some of the IoT age applications.

Simply said, in today's technology day, anything is vulnerable to cyberattack and might
pose a hazard.

2. IOT SECURITY:

Because of the billions of IoT smart device communications, IoT security is the most
important and difficult challenge for the research community. Because IoT is in its early stages
and demand for smart devices is increasing, manufacturers are overlooking security aspects and
delivering vulnerable devices to the market. As a result, attackers are easily targeting the devices
and performing a large number of DDoS and other types of attacks to steal user personal
information and data from IoT devices.

2.1. Physical Assaults:

Physical attacks are those in which the attackers rely on the system hardware rather than
software.
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* Node Tampering: In this sort of assault, the attackers physically or electrically harm the

sensor nodes in order to gain access and edit vital information, such as confessing the
shared crypto keys, which may damage the entire sensor network.

Malicious Node Injection: In this sort of attack, the attackers install the malicious node
between two or more nodes and monitor the traffic between the nodes. This form of
attack is sometimes referred to as a Man in the Middle-Attack.

Malicious Code Injection: In this sort of attack, attackers attempt to insert malicious code
into the node's memory. As IoT device software updates in the open, attackers will be
able to introduce malicious code into the system, allowing the attacker to seize total
control of the IoT system.

Sleep Deprivation: Because most IoT devices rely on batteries for electricity, they must
adhere to the sleep cycle in order to last as long as possible. In a sleep deprivation attack,
the attacker keeps the devices active, which consumes more battery life and causes the
devices to shut down.

Physical Damage: As the name implies, in this form of assault, the attackers attempt to
obtain data by physical acts. Attackers begin by searching through organization garbage
bins for information such as date of birth and security numbers for confirming computer
passwords.

Social Engineering: In these attacks, the attackers target people rather than computer
systems in order to obtain information. Attackers are attempting to mold the target into a
bogus network and engage in harmful operations in order to get data.

2.2. Software Assaults:

In these sorts of attacks, the attackers utilize viruses, spyware, and other harmful software to
steal data or refuse service.

Viruses, Warms, and Spywares: Attackers are attempting to transmit certain harmful files
as an email attachment so that when the receiver gets the email and downloads the

attachment or other files from the internet,

the system will be harmed. To identify these sorts of assaults, several technologies such
as firewalls, antivirus, and other detection systems offered by researchers can be utilized.

Malicious scripts: In this sort of attack, the adversary uses malicious scripts in
conjunction with the standard query. When standard queries are executed, the scripts
execute automatically, posing a risk to the users. According to the Imperva Web
Application Attack Report (WAAR) round, about 96.15 percent of Web assaults were
carried out.

Phishing attack: This sort of attack is commonly used to steal the user's sensitive
information such as credit card numbers, email passwords, and so on. Emails or websites
are utilized in this form of assault. Adversary creates phishing sites that seem just like the
originals and tracks users. The enemy can make advantage of emails, websites, and
phone calls.

DoS Attack: A denial of service attack occurs when an adversary sends unexpected traffic
to a system, rendering the resources inaccessible to other users. The attacker can
potentially deceive the data and modify it for resending in a denial-of-service attack.
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2.3. Network Assaults:

Because IoT devices move about and are connected to the internet, they are more vulnerable
to attacks. Some network attacks are addressed further below.

Traffic Analysis: The adversary attempts to get the packet pattern and modify the
contents in this sort of attack. Although certain packets are encrypted, we cannot assume
that they are secure against assaults.

RFID Cloning: This sort of assault uses tags to depict specific tags, which might lead to
unmanageable dangers.

RFID Unauthorized Access: Because RFID tags are responsible for sending and receiving
data using distinct signals, there is a greater potential that someone will put the RFID
card reader and steal the data.

RFID spoofing: RFID tags are not physically reproduced in this sort of assault. In a
spoofing assault, the adversary uses customized equipment with additional functiona-
lities capable of mirroring RFID tags in order to get data. The enemy is attempting to gain
access to the original RFID tag and will do so by any means necessary. Using this
strategy, the adversary gains complete access to data channels as the original tag.

Sinkhole Assault: In this attack, the adversary attempts to install a malicious node
between the actual nodes in order to broadcast the bogus routes through the RPL routing
protocol in IoT. As a result, the attacker node is responsible for the majority of the hops.
This sort of assault will also have an impact on the performance of IoT devices.

MITM Attack: The adversary sits between the nodes and interprets the communication
between the two parties in this form of attack. When the sender sends information, the
adversary receives it and modifies it before transferring it to the recipient rather than the
real value. When the recipient responds, the opponent follows suit and responds to the
sender. Most of the time, this sort of attack is used to obtain credit card login information
or other personal information.

Routing Information Attack: In this sort of attack, the adversary attempts to redirect
traffic straight through a bogus route in order to obtain access to sensitive data.

24. Encryption Attacks:

In this form of attack, the adversary attempts to get access to the plain text by various means

such as stealing the key, discovering flaws in the code, cryptographic protocol problems, and so

on.

Side channels attack: In this sort of attack, the adversary targets physical security
implementations in order to leak personal and sensitive data. This type of assault has
grown in popularity in recent years.

Cryptanalysis attack: In this form of assault, attackers attempt to discover flaws in crypto
algorithms and infer crypto keys.

MITM Attack: A man in the middle attack in which the attacker attempts to steal public
value. Instead of using the original public value, the attackers create their own keys and
transmit them to the recipient in reply states.
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3. APPLICATION AREAS OF IoT:

Security and privacy are critical criteria for any IoT devices and apps that are already in use
or will be in the near future. With the fast advancement of technology, the use of IoT applications
is growing by the day. All manufacturers are working to improve device security, but some
applications are extremely sensitive, particularly in the health care system, and hence necessitate
stringent security standards. The following are some examples of IoT applications.

¢ Smart Houses: Smart homes are now the most useful and efficient IoT application.
According to the study, consumers looked for smart house 60,000 times. Another
important note is that approximately 256 firms are engaged in smart home products and
startups and are currently bulleting the features for IoT Uses, which aids IoT in quick
expansion.

¢ Smart Cities: Another IoT application that is gaining popularity throughout the world is
smart cities.

® One of the most common and sensible applications of IoT in the health system. As we
look into the system, wireless sensors are being placed in the patient's body and
connected to the cloud in order to relay patient information to the doctor. If we look at
the opposite side, if the doctor got genuine information and referred the medicine, and it
was hacked in some manner, and the enemy modified the medicine report, it is also a big
danger for the patient.

¢ Security and Emergencies: Another use in the IoT system is security and emergencies.
Today, most army operations, particularly in the demining field, employ most of the
machinery for such a work, and they also install wireless sensors to prevent illegal entry
to banned areas. Wireless sensors are deployed in most buildings to monitor burglar
activity, manage lighting and water systems, and much more.

4. 10T SECURITY:

As we discussed some of the security challenges in the previous part, we will now discuss
some of the methods for safeguarding IoT applications and the environment in this area. Edge
computing, fog computing, blockchain, and machine learning are the four key strategies for
defending the IoT ecosystem. The following are some in-depth explanations of the approaches
mentioned.

¢ Fog Computing for IoT Security: The majority of users and gadgets in the internet of
things are portable, and data is kept in cloud computing. As a result, there are additional
issues to solve, such as security, power consumption, bandwidth, and dependability. The
authors of developed three levels of architecture to operate between the transmitter and
recipient to tackle storage, processing overhead, limited resources, and security and
privacy challenges in (G.Zhuo, Q.Jia, L.Guo, M.Li, & Pan Li, 2016). (Zhang, J., Li, Q.,
Wang, X., 2018) adds the COLOR + technique, which is used to execute the majority of
the calculation on the terminal node. COLOR + is also used to detect spammers based on
suspension.

* Machine Learning for IoT Security: As previously stated, Dos attacks are one of the most
common techniques of stealing data in the IoT environment. The Multi-Layer Perceptron
(MLP) is utilized to protect against such significant attacks. The authors of (R.V. Kulkarni,
G.K.Venayagamoorthy, 2009) introduced particle swarm optimization using the back
propagation technique to improve wireless network security. Eavesdropping is another
sort of attack that has emerged in IoT. During the communication, the adversary may
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drop packets. To protect against this form of assault, machine learning approaches like
Q-learning-based offloading strategies or non-parametric Bayesian techniques might be
applied.

¢ Edge Computing for IoT Security: As with edge computing, data transfer occurs within
the network or within the device. When compared to fog computing, data movement is
reduced, which reduces security concerns. Another concern is data compliance in some
nations, which refuse to exchange data with other countries and impose limits on it. As a
result of adopting edge computing, the data compliance problem will be solved. Another
issue that is addressed by edge computing is the question of safety. If the user does not
have a fast internet connection, everything will be transferred to the cloud and will wait
for a response, which may jeopardize a person's or group's safety.

¢ Block chain approaches for IoT security: Blockchain technology is the most significant
advancement in IoT security. Which focuses solely on the secure application of IoT? In a
nutshell, Blockchain is a transactional database that stores all transactions as hashes. In
(O. Novo, 2018), the author offers a novel access control system that moderates the
different concerns associated with IoT devices. The paper's approach is decentralized and
built on Blockchain technology. As a single point system is one of the major difficulties in
the IoT ecosystem, the (P.LV, L. WANG, H.ZHU, W. DENG, and L.Gu, 2019) author has
presented a novel decentralized method for IoT called privacy-preserving
publish/subscribe utilizing Blockchain technology.

CONCLUSION

In this article, we emphasized on the security dangers to IoT devices pertaining to several

IoT layers, such as physical, software, network, and encryption levels. We've also spoken about
several IoT applications. We anticipate that this survey will be useful for IoT researchers and
manufacturers in improving the security level of future IoT gadgets.
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mocyie KayKI0i aHHOTAIMH Ha ero S3bIKE U COAEPIKaTh HE MEHEe 3-X CIIOB.
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