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ClesBOHNACREs. 1'G © Yk jdsh 3 OokSsos-bint ks’ ©OH] kdadthdl ik, ykidsd
ftfjyot'Lse0s dyjhs wOHd L LORdsE HOfEs0y'2, e Ok eSO St
505 jdz0lscfugasets  ssoltedisod, H2MEA2 ykjd OECsotes ssodkdhised ‘didk
ZjoyjBCo. 10cOksE YRR Ybjhe Jyjis OHd WOSkilsjst kO dk'e jthdls sk,
LOMSEdS esised tjHOCKSED 0k jhokdytses o GdLo Wu=, kit tjHSsE e
ANhdSo  fro'eiiCes  a'ojehdsib  (bje™  HledSEOHEO Bk jBR0dS0 0
‘GWStBOSASO), UZjk HjeMOeds  OSEjHASOYRMS kO yjhLRws  CsB
T afsiehse0 she'lsd * @OECd LSEO'Gd (200312007), ctised GOk dOLdubS’
Colh”  GOkSHotet  bsodedhled ‘Bt = joujeCd (2003712013). CHHO
JCsz0sody T tOLSsad? SjkekdS yskdesa LORdP jhdn  SOGHAHOSTHSIR
HofjtelsOy™2. A'G © Oalsstesdy tfisk0H 200 hokzCsedm tieOy+ L Ofddtfstsisdydkdn
B lsH'D Gjt'h 24" Bjr0k'Cd 0 ‘b jctsodsh)s d¢jt s 2hdn HABOG ykdn fdhlsjd
G0 WehSy shot-hdn 50 SHfjosthdn dksctodHOn, odHORAR o LSED'd' kO LO
CiteHshEdR, 0 kOCEY dGJssHdukdn oS0L'oE ' &0oyOwGdm tish'BRIS'® HAW
fiskzH jels "o, tz Is°c ' SHG"* drshisesoW" & fitf"eslststehise".

JeSsailsjs APAMCS-2021 Pidiss o's0° tlesW,jfst0 Medskziz Jr -
BOXMO“ 26M%z g yhses LHEEEatW * fide, BOGOLS tosC'e iz HES', osteys’ tesBisd ¢%0
Is Jte jz0r #OESd 2 tshe'lsd.
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21 qdfdv 2021 Sk fogite Cjk0 gtdestsody w0okzd0, 0hiEzy jdd?
W fiste _fro'ofiiCies GOy shOE dsets  kdk'ajehdisjsz  “dsjh’ we0hk0 AtOHSO,
10Ntz jd? s0y‘ahdS Bhe'sd LSHEO &d, 0SOH jd'S-LONdEeRAS GSOHjE" ddPE’
hewbd, HeChst WLISs-GOLiGOkquidn @OLS, L0o'HEzeOy, SOWjHted tiedChOHES
&0k j0sfCd, BOOEts kg2 HjCOL WOCkEljsk tfedCaoHbs’ &Olsjds0lsdSd 150
GOS0 ol Cret GOy SEOEBSES ke jishdls ik ‘d ik 1o0t0 A0GSO.

ClejB0 qedestesady €0eked GOEsHdelw 14 ltedok 1946 t. & &'fis wisteqts
Jo'ofICts’ BBEONs* 2 tsHAh' S0 B SR Gk e jds s, Afj ek flo it Mdslsw
Blzdzs 5'is YsotwLOdk] L SHEJ®R L G02Ms0E N dn k& o jihdisis'e bn'hds’ Lotstd T
Jo' ol Sl GOy SHOEAGS kd e jEhdsissd ‘Bt 100Gd ALOGSO. L 1969 .
LOS'ydo L o'HLBOSEE &3 jn0h C-30kjds0duid? WoSkdekjs, © o 1972 fto.
Ot teOdislzislz &0 COW jHts" tftedStOHMGE" GOl jdi0dSd tH €t adzdylsosds W jfsts0
VLI ALRNBORO. L 1973 sy LORdisde SOBHAHOSHICE HAjieksOy s fidlsOsdco
BBEEEESS L t6'LOGEE ) jt jH]GREE o jlndit0, 0 8 1986 . T HAf jElk0y s i 0HOY'
®jr0t'Cd HjWistehlzoOnhkw tetshsS Lt LOGddd Mt jHdbhkdRd tfse jendvddi &0
LHSBESS™ oy jdsels fisztfjiw HeClsd W LASs-d0kjBosdutdn ¢S, L 1989 t.
C.1 HO0skzt" tfedot ds LoOmEY tesW jfistcd COW jHisd HedSOHES’ 0k jd0dSd, &z
19915, T 0Nz jses HesWjnstd fro'ofiCes GOy sHOL-uses s jehds st
"Bt ue0HO AOBSO. L 1996 - 2015 e, %O YHOH" HICORO YLl WOSkEls jls
e CeOnts B koS 50 ‘GWststB0lsdSd. LLOLES s jLdHjlsd LSEY G o°H 10
Mol 2011 tesClz tfiedhots‘Gls .4 w0z’ tsyjhdj LoOhkdw 0Nkl ket
Yte0y addS0 tsho‘lsd LSEO d&d|.
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JisBizdej MisOod ik HS  OESd, Hhls'2kj fOckjhyv Gseses
YeOyjus=eh s C. A wOokzzd Ywdkjhed o0esdk’ tojLizOsd & OdkzL’
Codtforsh jtedsets GsHjE=o0hGY. CliR0 qkdestsady, LOYsY0kSzotond EOLEM: L
fesWinhstst 4.¢. ZdwSowjdSel £ 1974 ty" GokSsed? fjd'¢Ot A jksH
e Gyidtkdn Jejdids e, fis0e aiitbsd, GO kjttjton Ssedha et ToHVENCREs
usBLE, tsLodsCz ‘Hi2 k0 fidCEOHtdR LONSEhize0n! GOt disjt hiEes & iktHE
ydhiseses GsHiE=e0hEY. I jteh’ HEhE HY bk BlEd o SBEOMS" GOkjBOsquEsEs
(BeHjEEa0kEY LOHOY hisOkdSd, HAZOG'Sd kO sYkddLoy” list” SBEEEESS
S'tereWO- fWe0 * lsdifiz uddssh jS0. W jSkdodist o Ha dt fists, LOYtstfisdso0nksets
&dds HAsHEZ © odSotedhisOkh o jionti JB&>0 50 o jtenti, fsisedn o'H-
Bt Yoo jentn JBH0, WE hjtsjHdbkdn. voS] 0G0k sdutkd YsHOGRGY 6 s st
dtejndibs e jient’ SBSESHGLE o s HEOGEG' L BlstHES NS Guidhds Jejdids's
HELOBEY  LEOYES Lijdhdsd fsndBCd  OfesChdkoy'. W OkSsod? dGofewd L
tesLofwLizo0bRY  LOHOY — HJWkdsizo0khw  SBSESHSS, LOYsYOSEa0hd? YW,
C.4. H0okzdasE fisde Ndestts o HEGdR o LSEO'E' 80 L0 CEHBGEE. oLz syd
NCEOHE M4 GlstedzOGRY HEhsto telzdn tiLzak0k"e ydhjetdld BJssHOBd HEwW
IssChls Ghdn jejdjds'e CowhstzSy‘2, shtBkdots o s HEORG L dohdeddhd
5" #0dsdf, C.4. H0okzz0 & 1988 totsy" LOYOLCmok* GOLSEad? GOtieWd 6l e jdddn
G0k jdz0cfuzdm BBHIEJ2, WCd2 Ehtffhas tesHsoxE® tsLodedlsd 286t [y jd,
Yo ists w.u. pdwe

Cled30 tedestesady, LOo>H] M otfisdytse0s L GOESsadRd M Eszodd WE 10n H-
dBets GOzCBotes yjdistlz S0C 2 ‘Ghdn d'fils LSEO dd S0 LOLzB ™MW, L 1997 tsy"
0S0 My otfsOy o0 HE LOYBYOLSEoOGRY Gotets ®GOLCsotes GOfwdlz L
HEME WY GGy kjtis- 5O donsYitikdndddy Z hitjnsedMOn L kskSdkd
gCedslsvgd 0 oSdbyjhdvgd. L ©OBLOR GOkSses’T heskd Avdhidid
dssHjlz=00hkbw 50 stfisdl Loy WLdSE-ts 0k ukdn tst'eod * H'H €t addylsetsd
C-A-u0okztd LORdhsdkd SOGHAHOMIS HdhitelsOy” 4. Z eSOk jkss, u. rdve,
u. R0, I =jtBokd?, - stsydikis, 3. 106'd, ¢. rizesodS, L stihos, u. alzHL,
W JOES, . skrohCd?, [ reshse, u. JOGHLOC, f Adhkdy’So, ¢. alsweits,
5. vlzeydd, . utfsHOt. CleJB0 qtedettesody L0 H] Y jtej230omw Hisk = hots'A
uk'e * HotsgOc0e SEMGSEEZ LOajtthdsd @OZCme" HEhE HYJhEY EZht hddd
LORdMsds HAMtels0y* 50 GO2BESG 'l He0yjoz0Nisze0hdvd. LN Zyk' L oHvyh st
YOdzovisOEsks  Hissdselz SO bizteBslklz Ceiid  Atedettesody0. Jeslkwesd BOCOS A
teC'e HeswWihtte C.4. ©0olzk0 0Ckdoks LO2GONW & MEOLEHESE GOLCEosE
HWEAG fists: BRze Cite'okdS® cektd k& ik, wek odSthkize0td LO ttseteOhsts
INTAS, Cjtlkzede M trddhd S0 dhiSh-eteh Sl © LSt d&hS-Me jHii Cdds
s jCk0kd. L 1998 . Ctojk0 ytecfetstesady Blteddk0o ‘GHAD HZOE GO k" >d0-
tesHAd? GOESsad? cteddls Ay jd 50 odSEOHOY 0. 0> kdadid Blzed Sads0Cd ties-
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Wilste0 C.4. 10okztd L bkyikdid AHjdhrCets  ksjnk ubses lzd'e jtehdisistz,
Uil ybses kg o jthdsisz &. atds, JihttsjghSses kd o jtehdisisl, kd4 e jthds sz
&. stBEjdy. TiLlzes0s0kd Y ' it ott0y" © fif e k" GOkSse" Hoy' kO o jkdSd?
sBive odSk0dkdn GOESEadn HEsME HXYJd-.

WOECE00 HWH G s C.4. H0oktd ktfesHisoy Hsodst sk s’ tsBslsd z_fo's-
Chil GOy sk EA Gl i ojehdss” ‘Gid’ 1e0k0 ALOGSO 5Hbks tseiwioko L
ogCtOHOY St osBilE. 3 0oyod+e’ S, WE' ydlkOe Cteddi0 qtedetstesody,
HASzo0kdh! G024 L0odH] 256t GOzSsed®d ‘dsitinokd. A4 Skthd L dse
tloscteOBzo0kEw, LOHOY &0 okOhk" LEOyjdkdw, o0t'0y 2aks-tisiSCy 2% GJssHA,
udindi e g issHd, ddlstsH S dyjetdn Jijddes’s, ydhdeit" GssHd dokjholsdyds’
WLdCd, Codtorskjeh) @oHiEE0GEY 5O ‘G Ctid0 Atdestsody Yshs b
feOyse0e GOH LBt M jhkVd &0 WOSkdlsjls* odhsCtCo0t W Sto0hdn SOHts'e 15O
Lo iV HE  tesBold  disEsHAR  SOZOwsedsdm MY jy'0kfis'e. IH 26k
¢t oddylsotss o HStedflsts diso® COW jHted 5O tfjtejojHjdts @0 WE'hidts adPd? t6°o jd
H0oy0kA G Csdstforsls jteds' zOBBtOSE" .

YW st C.4. ©0okzz0 L0 H] adveadve MMy E Gz 0Skdad s+, 1'% BOCOLS
6o Bz Yk jbsl atfjy 0t LEa0ndn oyjkdn BOH, Ytiksds tjHSEE e ? ¢okzSsadn
LB'telkS' * Mitek0dz’e. L 1991 - 1997 tete. SYBE=e0s Y jy 0k Lsa0dl tOHE tfied
Jo'on Sz zd o jefdis s’ ‘@G jd" 100 Ats0RSO L' L0k COGHAHOMACHR HAM jte-
s0y‘2 L sByditte0Eids GolkjgokdSd 50 GOk jkokduises dGsHjzEa0hkEY. L 1994
te. Blzo BORA? YL jdsi W0y sRoz dses S s sz LSO G L s st jisduds’ 50 Hied-
CHOHEE B jn0h Cd. W iSHESKEOLBe Bzo LEjdesd JShYitlsts’ sOHd L gedSEoHGs’
BOJBOdSd 50 §'BjtedlsdSd Adps LSEO d&d.

Clejs0 qtedetstesody Bko BOACHE UzHses' tesHOkd. M) LOoMH] L&Okd
BOYdd 26t d=Bto * tfso0clz HE HikzYdid. dot'n HISj2? othd odmtelid iz
flstetsetshis® * teOy =Bk’ BBes Mk Bits 9 HStedk 5O 6 Hlzj GOME HEZoOMkHw.
Jhesstzdes Ay v o HLEOYdd Mdlsls“te0H ikd? 00kt Cleidd Atdestssodyo.
X't L0oxHd tfieddshido s el kO stflsdds'Lds. W 'Ssdd &j d=Bdo figHlsd &0
&y, A'G y'Coodefw ofy'ds: ‘Misste' & foses SO, &'l jteOlkztests, Isjolsteisds,
Gdlsiylesd. Bies jjcodstd? odetvH adShdSos LOABYE jddkY 2 BOGOKASA.

BEeE M dkl‘ad? PEWR T oL teJy o teliSets 150 flzdslz dudatsets Mozl ‘dada™ t6"Hez 2
Ljdstz" 150 sBteOd 2 ftfisdo. M jzdSd? 0k, Pis ofyj yj & ddbzisdlz yoh'. ddj ofj lsj
HEBisd, Ps CleJB0 Aledestetsady LOEdM do [z d0f, WE fets'A zydwe, Mdisdld o yhs=
HOczowislses.

L. sttdsts, u.rdve
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MULTISTEP METHODS FOR SOLVING
NONLINEAR EQUATIONS

loannis K. Argyros®, Stepan Shakhno?, Halyna Yarmola®
'Cameron University
23Ivan Franko National University of Lviv
iargyros@cameron.edu, stepan.shakhno@Inu.edu.ua, halyna.yarmola@Inu.edu.ua

Unified local convergence analysis of generalized multistep methods is
provided under the same set of convergence criteria. Some well-known

multistep methods are also studied using the approach of restricted
convergence regions.

There is a plethora of problems that using mathematical modeling can be
written in the form of an equation

F(x)=0,
F:D X Y

1
is a nonlinear operator, defined on a convex domain D,
X and Y are Banach spaces. The exact solution of this equation can be found

where

only in special cases. To obtain an approximate solution to X of equation (1)
different iterative methods are used, for example, multistep methods. In general,
multistep methods can be written in the form

X, =x9,x,=x%,x =x2i= 2, 1,.,

O = 000,10 =,

@ = OO )= OG0 O)F (),
@ = OO0 )= OO0 I)FO)

X
)
() - () -
M is a given natural number and BED X, SR L(Y’X),
o limx, = x".
1=01,2,..m are continuous operators related to F such that » !
©) ()
Depending on the type of operators or , We can get well-studied multistep
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Newton-type methods, methods with divided differences and other type
methods [1-4].

It is known that multistep methods have a higher convergence order than the
corresponding one-step methods. But the convergence order of these algorithms is
found using the Taylor series with higher than one derivatives not appearing on the
algorithm. We provide a local convergence analysis of the multistep methods (2)
under weak conditions:

where Wio ) o) [0) are continuous and nondecreasing
functions. Under this type of conditions in general only linear convergence order is
shown. But the computational order of convergence (COC) or the approximate
computational order of convergence (ACOC) can be used [1]. The computation of
these parameters does not require high order derivatives. The scheme of calculation
of radii of convergence domain of methods is also described.

In this work we also studied the multistep Newton's method and the Schmidt-
Schwetlick method under classical Lipschitz conditions using the approach of
restricted convergence regions, and improved convergence analysis of the
Kurchatov-Schmidt-Schwetlick method. As a result we get tighter error estimates
and larger radii of convergence domain for these methods because new Lipschitz
constants are smaller then the corresponding ones obtained in earlier works.

Multistep methods were used to numerically solve test problems. Numerical
experiments were also performed which confirm the obtained theoretical results
and advantages of the new approach of studying iterative methods for solving
nonlinear equations.
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THE GENERATOR TO CONTROL PROBLEM FOR

THE TRANSFER PROCESS WITH SEMI-
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The generators for limit transfer process and control problem are constructed
for a system of stochastic differential equations with Semi-Markov switching and
diffusion perturbation. In particular, an algorithm for solving the control problem
is determined, namely: for each value of the transfer pro- cess and the state of a
semi-Markov process, we obtain control using the stochastic optimization
procedure.

Analyzing the state of the art concerning asymptotic properties of control
problem for stochastic evolution models reveals that a complete theory is still to be
worked out. Well understood are the models which are given by stochastic
differential equations with Markov switchings and impulse or continuous-type
perturbations in the classical schemes of averaging or diffusion approximation.
Thus, it seems natural to develop a theory of evolution equations with Semi-
Markov switchings and random perturbations.

Establishing convergence of the stochastic optimization procedure is an
important pup rose of system analysis in the uncertainties, which can be modeled
using an ergodic Semi-Markov environment. The relevance of determining new
properties and generalizations of optimization algorithms that use randomness in
the process of finding the optimum is evidenced by numerous applications in
control theory, information transfer theory, and also in solving nonparametric
problems of mathematical statistics. In present article we consider some prelim-it
control evolution model with a small normalization parameter. The establishment
of sufficient conditions for the convergence of the initial problem to the limit
problem is carried out using Korolyukis model theorems [4], [3]. We assume

diffusion transfer process i

(2], [3]

has given by stochastic evolutionary equation
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M

where

stochastic kernel has a form o Ty 0 W and it

between renewal moments

describes embedded Markov chain

W e L gy

0, and at intervals R T hetween renewal

moments E Values E of intervals are determines by distribution function

properties for the distribution  function M:

where  counting  process m has a form

In (1) M is a Wiener process [2]. Further we assume that semi-Markov

processm M is regular, that is e

ergodic with

[2] and it is also uniformly
distribution

where m N is a

stationary distribution of embedded Markov chain ﬁ M [4],and for the

average residence time of the process in state ﬁ there is a restriction

We define ﬁ as a potential operator for generator E by the relation [4]

i Where M is a projector on zero subspace of generator E [4].

This condition ensures the existence of a
global solution for evolutionary equations
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for each fixed value of semi-Markov process M m that is, at i

zc

criterion described by the function

each interval M

We have control for solution of equation

L, is satisfied.
Control problem (1), in averaged scheme with small parameter ! has a
form [1], [5]

and control function m can be determinated by stochastic optimization
procedure [1]

problem

3),
ms \We assume that functions

satisfy condition & at m

Definition 1. Compensating operator for EMRP (3), (4) is defined by

(4) have a form

relation

where
Further we consider set of inhomogeneous semigroups

m of problem (3), (4), which on test functions
representation

Fo ]l
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Lemma 1. Compensating operator
representation

generator
fulfilled.

Under conditions ab

T
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APPROXIMATION OF A SOLUTION OF

BOUNDARY VALUE PROBLEMS FOR DELAY
INTEGRO-DIFFERENTIAL EQUATIONS

I. Cherevko, A. Dorosh, I. Haiuk, L. Piddubna
Yuriy Fedkovych Chernivtsi National University
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In the present note we study an approximate method of solving boundary value
problems for delay integro-differential equations based on approximation of
the solution by cubic splines with defect two.

Introduction. Existence and uniqueness of a solution of delay boundary value
problems in various function spaces were considered by Grim and Schmitt [1],
Kamensky and Myshkis [2], Athanasiadou [3]. Applying spline functions for
solving differential-difference equations was investigated by Nikolova and Bainov
[4], Nastasyeva and Cherevko [5], Cherevko and Dorosh [6,7].

Problem statement. Existence of a solution.

Let us consider the following boundary value problem
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Let , be continuous

functions  in and . Wwhere

| | , | | , Pl, ¥ are positive

constants, , delays and are continuous

functions on , and additionally, is such that the set
is finite.

We introduce the notations:

J= a’a,
A function from the space is called a solution of
the problem (1)-(2) if it satisfies the equation (1) on (with the possible

exception of the set E ) and boundary conditions (2).

Theorem 1 Let the following conditions hold:

A

A the functions satisfy the

u;,v,,i=0,1 L, L2, j=1,4

Lipschitz condition for variables with constants 1’
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A

Then there exists a unique solution of the problem (1)-(2) in

Computational scheme. Example.
Let us consider an irregular grid on
the segment , E . We denote by an interpolating cubic

spline with defect two on  which belongs to the space
An iterative scheme of finding an approximate solution using cubic splines
with defect two is suggested in [4-7].
Let us consider the usage of this calculation scheme for finding an
approximate solution of the following boundary value problem

1 31 1 1
In this example L=L=L=0L, )

S0
2 2

H 2
1T= T, h=H=—K=1, u=— —yv=— —H,

2 40 2 8 4 3

2 2
H 2
"% 8z 73 =7

If we put 4 , then the conditions of
the theorem 1 are satisfied. The precise solution of this boundary value

problem, which was found using the step method, is
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Table 1: Precise and approximate solutions

1y |y, (%
0 1 1 0 0%
1.03971 1.03976 0.00005 0.01%
1.2935 1.2936 0.00010 0.01%
4
3 1.7162 1.7163 0.00010 0.01%
8
2.25 2.25 0 0%

. . . X) .
The results of the calculation are given in Table 1, where yp( ) is the

h=—
precise solution, ya(x) is the approximate solution obtained with 40 after 2

iterations, is the absolute error and is the relative error.
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We proposed an approach to diagnosing coronavirus disease based on the
classification of chest X-rays of patients with suspected COVID-19 and predicting
the spread of coronavirus infection under quarantine and without vaccination. The
COVID-19 pandemic, which originated in late 2019 in China, has become a
problem for the whole world. As of the end of March 2021, more than 100 million
people in the world were infected with COVID-19, and more than 2.5 million
people died as a result of the disease [4].

The development of reliable mathematical models, supported by the
availability and analysis of complete and accurate data, is a fundamental tool for
the interpretation and understanding of the epidemic, as well as for providing
support to digital health [1,2,4]

The rapid detection of the disease with accurate diagnosis for cases without
obvious symptoms can considerable reduce the mortality rate of patients. By using
models of residual convolutional neural networks (ResCNN), which are trained to
solve the problem of classifying X-rays of patients with suspected COVID-19, the
diagnostic task is facilitated. Models distinguish images of healthy lungs from
those affected by viral pneumonia or coronavirus. CNN can identify a particular
class of respiratory organs that for various reasons have turbidity in the images
also.

The problem of image classification is formulated in the form: let X T
the set of images or descriptions of objects, Y - the set of names or class numbers.

34



There is an unknown dependence T reflection Ll d, whose values are known

only on the elements of the training sample Wl . We

build an algorithm waBMk&d which can classify any object B it is the
convolutional neural network that is used to solve this problem. The network
architecture is based on the convolution operation, which can be described by the

T "; ™ "' - |K._.q_"

:-': g : : r K- ||||Ll o T
following formula: Klis AR | \here B the

original image matrix; 5]‘ the core of convolution.

When a deep neural network begins to curl up as the depth of the network
increases the accuracy of learning first increases and then decreases rapidly.
Therefore, we use the residual network.

The essence of such a network is that intermediate connections appear
between the layers, and thus learning is easier. Such connections are called
"shortcut connections”. Residual neural network models were taught to solve the
classification problem ResNet with 18, 34 and 50 layers. Periodically the humber
of filters doubles and their dimension decreases in increments 2. Only one layer
with source classes is used. The activation function in the neurons of this network
architecture is the truncated linear node function, which have the form

kel Where El input value of the neuron.

A set of X-rays of patients' chests, which was publicly available in the
competition organization system, was used to train the neural network. Kaggle. A
total of 20,965 images are divided into four classes The ResNet architecture model
was previously trained to classify about 1,000 classes of images, which greatly
accelerated the learning of the sample with images. Using packages reduces
ResNet learning time. Packet normalization was used to solve the problem of
network retraining. As a function of the neural network costs, we use the cross-

entropy function: - d where dj represents the target probability for
the output node j and p_j is the probability output for j after applying the excitation

function, where E represents the target probability for the output node j and p_j is
the probability output for j after applying the excitation function. We will use an
algorithm to optimize the residual convolutional neural network Adam (adaptive
moment estimation), which combines the idea of accumulation of movement and
the idea of a weaker update of the scales for typical features. We will choose the

speed of learning m

The residual neural network was previously trained to distinguish more than
1000 objects in images, the ResNet model achieved good accuracy in solving the
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problem of classification for 2 epochs. In each epoch, data packets from the
training sample passed through the neural network for 4193 iterations. Every 20
iterations, the accuracy and loss were measured on a test sample, where the
network images were classified by 1048 iterations, taking into account the packet
size 4.

Table 1. Learning results of the model ResNet

Number of layers of the | Accuracy on the test The average value of
model ResNet sample the loss function
18 95% 0,1534
34 96% 0,1298
50 95% 0,1478

The program which trains ResNet models with different numbers of layers is
written in Python, and uses the PyTorch machine learning library.

A Telegram bot has been developed that uses trained models to diagnose
COVID-19 also. The bot is written entirely in Python using the aiogram library.
Below is the screen shots of the process of the bot.

RayBot w1 T Aot

Image 1. Process of the bot.

A model based on Bayesian inference was used to predict the spread of
COVID-19. These predictions are only a theoretical attempt to predict as only
diagnosed cases are taken into account not actual ones and new strains of the virus
appear periodically.

The most machine learning methods are ineffective in predicting the spread of
coronavirus disease because the growth of COVID-19 cases is a significantly non-
stationary process. To identify complex patterns it is necessary to have large
enough training samples with a sufficient number of informative features, also.
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One effective approach is to use Bayesian inference, which is based on
Bayesian theorem. The least squares methods make it possible to find constant
coefficients for the models. In addition, it is possible to take into account the
opinion of the expert through the assignment of expert informative a priori
distributions for the model parameters. Thus, the results of Bayesian inference
forecasting can be seen as a compromise between historical data and expert
opinion, which is important for cases with small data.

This approach makes it possible to take into account the opinion of experts
who have determined a priori distributions for the model parameters. Thus, the
results of Bayesian inference forecasting can be seen as a compromise between real
data and expert opinion, which is important for cases with insufficient data.

Given the exponential increase in the incidence of COVID-19, we write a
Bayesian regression model in the form:

Lot (1)
where t is the period for which the number of infected is determined; t_0 is the
time shift in the spread of morbidity; U is the maximum value of the detected cases;
b is an empirical factor that describes the rate of spread of COVID-19; 0 is the
standard deviation. The number of infected € is the solution of the logistic equation
of the spread of infectious diseases

B e

e 2

The Monte Carlo method of Markov chains, in particular the Metropolis-
Hasting algorithm is used to find the solution with the PyStan package.

The Bovid19 Predictor bot was developed for the cross-platform messenger
Telegram to predict the spread of the disease. The Python 3.6 programming
language was used to create the bot. The following software environments and
components were used during the creation of the bot: Anaconda, PyStan, Scikit-
learn, Pandas, Matplotlib, PyFPDF, aiogram, pickle. The Anaconda distribution is
used for conflict-free interoperability of various software packages.
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The purpose of investigations is the construction of approximate schemes for
solving some two dimensional integral equations of the first kind with weak
singularities in kernel.

The object of analysis is different aspects of approximate schemes
construction of solvmg such integral equatlon of the first kind

1)
where in general case E is an open Lipschitz surface, ﬁ and E are the points of
Euclidean space ﬁ

Ordinary generalization of (1) is a permission that surface E is formed by

the aggregate E of surfaces, so that i DR It is possible to research operator
equation (1) solvability in different functional spaces. However, it should be taken
into account the specificity of the investigated physical phenomenon. For example,
the modeling of electrostatic field in the substantially spatial setting foresees the

account of conduct of the sought charge distribution density m near the contour

of unclosed surface E and lines of its fracture. In addition N M is the
given boundary value of potential on an electrode which is actually modeled by a

e ).

In the most general case
the solvability of (1) is expressed by such mequalltles [1]

4 is an isomorphism, and

T Wity S ).
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¢ld is an element of surface E in local coordinates m which are

connected with E Parametric equations for presentation of arbitrary quadrangular
plate provides as

Addressing to such type of boundary surfaces is explained by possibility of the use
for the approximate solving (2) in this case of numerically-analytical
methodology [2, 3].

Two-dimensional integral equation (2) was solved by the methods of
collocation with the use of piecewise-constant, bilinear, biquadratic and bicubic
approximations of the sought charge distribution density. As (2) belongs to integral
equations with weak singularity in the kernel, then when constructing a numerical
scheme of its solving there is a necessity in an approximate calculation of certain
class of two-dimensional improper integrals. The algorithms of calculation of such
integrals become substantially complicated through the presence of certain weight
function which takes into account singular behavior of the sought solution near the

contour of an open surface E and in the lines of its fracture.

The method of calculation of a typical improper integral on an element ﬂ

which contains the point of collocation & reviewed

, T steps of the net for E and ﬁ during discretisation @ Consider the number
of improper integral necessary transformations under the condition of
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approximation of unknown density by the piecewise-constant base functions and

©)

Integrand function i 3 has singularities due to I which

can acquire zero values in the separate points of surface E For elimination these
singularities in the first integral of (3) preliminary it is necessary to perform special
changes of variables. Besides, at further formal application of cubature formula for
its approxmate calculation it is necessary to find out the behavior of continuous

B, 2 a point Bl tends to |

in the point i of obtained limiting value.
Consider another approach to the approximate analysis of integral equations

in order to determine

of type (1)-(2). Taking into account the type of the surface E in most cases, topical
for practice, it is possible to show (2) as

(4)

are known functions, and, if

-smooth enough, then & is continuous, at least. It is said that
in (4) the singularity of the kernel of the integral equation (2) is obviously isolated.
The method we use to the approximate solving (4) consists in the substantial use of
a priori information about the way of behavior of the sought function. This
approach, in our opinion, can be considered as an approximate analogue the
construction of left regularizer for (4). It is called the method of self-regularization,
which is universal enough and it allows to get the solutions of the tasks with
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complicated geometry of boundary surfaces and such that represents the

We will suppose that in i the function akh W changes a little

choosing sufficiently small H and . Then, taking into account (5), it is possible
to pass from (4) to its approximate analogue

The equation (6) is a second-kind. By the help of this methodology we have
got the solutions of test and practically important complicated problems of the
theory of potential. It was also noticed that on condition of approximation of
integral operator in (6) on a two-dimensional net with the fixed steps of

discretisation of area @ it is possible to improve the estimations of accuracy of the
received results only due to the optimal choice of values of parameters E and .

It was shown that for this method the quantities E and , to some extent, serve as
regularization parameters.
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Building correlation rules to detect anomalies are shown on the basis of
the machine learning library for the system of security information and event
management Splunk. One of the most effective algorithms for detecting
anomalies is density function. The implementation of this algorithm allows you
to set different parameters on which training may depend and, consequently,
the end result.

Every day, cybersecurity operation centers face the need to find a balance
between the number of professionals who can analyze a cybersecurity events to the
number of those events.

We will focus on how to reduce the burden on analysts, namely, how to
reduce the number of false positives.

What is the main source of input for the analyst? That's right, correlation
rules. What does the Threat Detection engineer first face when it wants to improve
the response time of a CSOC - by reducing the number of false positives generated
by correlation rules. What can be done for this? Give up static thresholds and use
statistics instead. The idea is good, but not very effective, because the ecosystem in
which cybersecurity operates is extremely dynamic and there is a high probability
of "loss from the radar" is something extremely important due to changes in the
behavior of one of the controlled objects (end devices, servers, network equipment
or other). And when the statistics no longer meet your requirements in that case
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comes machine learning. Therefore, all improvements and construction of
interaction with ML will be carried out based on the SIEM "Splunk™.

SIEM (security information and event management) is a combination of two
terms that indicate the scope of application software: SIM (Security information
management) - information security management and SEM (Security event
management) - management of security events. SIEM technology provides real-
time analysis of security events (alarms) coming from network devices and
applications. SIEM is represented by applications, devices or services, and is also
used to log data and generate reports for compatibility with other business data.
The term itself was invented by Gartner in 2005, but since then the very concept
and all that belongs to it, has undergone many changes.

Machine learning (ML) is the study of computer algorithms that can improve
automatically through experience and by the use of data.] It is seen as a part
of artificial intelligence. Machine learning algorithms build a model based on
sample data, known as "training data”, in order to make predictions or decisions
without being explicitly programmed to do so. Machine learning algorithms are
used in a wide variety of applications, such as in medicine, email filtering, speech
recognition, and computer vision, where it is difficult or unfeasible to develop
conventional algorithms to perform the needed tasks.

A subset of machine learning is closely related to computational statistics,
which focuses on making predictions using computers; but not all machine
learning is statistical learning. The study of mathematical optimization delivers
methods, theory and application domains to the field of machine learning

What exactly can you use ML in cybersecurit
Anomaly detection Predictive Analytics Clustering
e
%'3‘35 %%0
it}

o

. d 5 "
Predict Service Health « |dentify peer groups

« Deviation from past bahavior SeoriChum « Event Correlation

« Daviatian from peers * Predicting Events « Reduce aler noise

* (2ka Multivariate AD or Cohesive + Trend Forecasting * Behavioral Analytics
AD) = Detecting Influencing entities

* Unusual change in features = Early warning of failure

Pic.1 Splunk ML capabilities

We will consider the first option - Anomaly Detection, because it will help us
in building correlation rules to detect various anomalies. Splunk, out of the box,
provides the ability to operate various machine learning algorithms,
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namely:

Pic.2 Splunk ML algorithms

All these algorithms will be useful and functional under different scenarios for
creating correlation rules.

One of the most effective algorithms for detecting anomalies is DensityFunction.
The implementation of this algorithm allows you to set different parameters on which
training may depend and, consequently, the end result. The algorithm also involves
estimating the different distribution of events within the sample for training.

'-'-*"\ Likely P(x) = /{(’—'{I

0.6 \ /
0.4 Not Likely ,
0.2 / Parameter

Pic.3 The parameter that is responsible for the input data on which the training will depend

Pic.4 Types of distribution: Exponential, Normal, Beta, Gaussian Kernel Density Estimation
(Gaussian KDE) distribution.
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So, let's write a correlation rule that will detect an abnormal number of end-
user infections with one type of malware. To implement we need input data, in our
case, it will be data from the EDR system. To train DensityFunction, we will create
a sample 180 days ago, not counting today. We will use the trained algorithm every
hour to analyze events for the previous hour and thus we will detect anomalies.

tic. 5 DensityFunction training and recording of results in the algorithm
"count_malware_infections_by_signature_1h_with_features"

et - ML Anormely Det=ction of Malware (et

Pic.6 Use the "count_malware_infections_by signature_1h_with_features" algorithm to
detect anomalies.
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The rule is implemented and works in real conditions. The result of work are 8
alerts in the last 7 days, which is an excellent result in terms of load, as the
company has more than 15,000 different types of end-users (servers, laptops, PCs)
where EDR is installed.

Pic.7 Results

On this example is shown using of the DensityFunction algorithm, but the
application of machine learning to detect other anomalies of different types of
malware is possible. We also can use other algorithms for Anomaly Detection, in
each case you need to conduct a lot of training on data sets to find the optimal
choice.
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The classic method of Lie-algebraic discrete approximation is applied for
solving the Cauchy problem for a partial differential equation with second
derivative by time variable, in particular, for the wave equation. A new
numerical scheme is proposed for the wave equation.

For a long time the main focus of numerical investigations via the methods of
Lie algebraic discrete approximations remained either evolution equations with the
first derivative: e.g. advection, heat transfer equations or stationary equations, e.g.
elliptic equations [178]. Various modifications and generalizations were made for
boosting performance, accuracy of numerical computations for solving evolution
problems via the method of Lie-Algebraic discrete approximations [4, 618]. The
key aim of current paper is to extend the method of Lie-Algebraic discrete
approximations for such evolution equations that have second derivate by time
variable, e.g. wave equation.

The method of Lie-algebraic discrete approximations was firstly developed by
Calogero [5] for solving the eigen value problems and later was extended by
Samoilenko V.Hr. for solving Cauchy problems for partial differential equations.
We would suggest call this method as ficlassico method of Lie algebraic discrete
approximations since there have been introduced various modifications of the
method e.g. the Generalized method of Lie-algebraic discrete approximations [6]
and Direct method of Lie-algebraic discrete approximations [7, 8].

The wave equation has its application in the different fields such as acoustics,
electromagnetics, and fluid dynamics. Hence efficient numerical solving of this
problem is an important problem besides the variety of different approaches.

ab R

Considering a bounded domain , time limit , cylinder

vV W

we take a Banach space @) and formulate the Cauchy

problem for the wave equation
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| | O
where 0 denotes a real non-negative number, (), () denotes

initial conditions and functional space W @) denotes the functional space in
which all functions and its derivative up to arbitrary order are bounded in the

domain .

The main prerequisite of the method of Lie-algebraic discrete
approximations is that the differential operator of the equation should belong to an
universal enveloping Heisenberg-Weylos algebra with the basic elements form the

Lie algebra / , 1.e. differential operator within the given problem
should be a linear combination or/and superposition of these base elements of Lie
algebra [1].

The next important step is generation the finite dimensional discrete quasi

representations of the Lie algebra / via matrixes . These
matrices act as differential operators within finite dimensional space. These can be
obtained via different approaches e.g. Lagrange interpolation [1, 3, 578],
trigonometric interpolation [2, 4]. We use Lagrange interpolation for our case. It is
important to note that these Lagrange polynomials can be treated as the basis

elements of finite dimensional space v

\

h that is a subspace of the original

functional space ~ . Since we use Lagrange basis we denote M the set of nodes
that are nodes for these Lagrange polynomials. We use uniform grid in this paper.

Having evaluated finite dimensional quasi representations and

computed matrix z? denoting a finite dimensional quasi representation of the

2 2
differential operator / x and it is constructed as a multiplication of matrix Z by
itself, we are able to perform the main step: we reduce a problem (1) to the system
of ordinary differential equations.

Let N denotes the count of nodes for the spacial variable and ™, ™ are
the values of functions and within the nodes of the grid M. Then we

formulate the Cauchy problem for a set of functions U

48



| /|

)
System (2) can be solved via various approaches and numerical methods,
e.g. Runge-Kutta that provides fourth order of convergence with respect to the time
variable. Since we have used Lagrange interpolation during construction of finite
dimensional quasi representations it is possible to achieve factorial rate of
convergence by special variable because generated matrix allows include

information regarding all the nodes within the grid.
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A mathematical model of fluid flow in the channels and on the surface
depends on many factors that can change fast enough, so this model should be
resistant to external and internal influences that significantly modify the solution of
the problem. Such changes depend on the relief of the surface on which the river
flows, in order to collect data on the area of the river flow, it is good to use
geoinformation technologies for the operational and real collection of input data.

To find the dynamics of fluid flow changes on the surface and in the prismatic
channel [1], the finite element method is used, which approximates the change of
the channel square and the velocity of water over time.

For this, the boundary value problem was formulated that describes the flow
of a fluid, the transition from the boundary value problem to the variational one, an
approximate numerical solution of the problem with the use of Gaussian
quadrature formulas and the method of tridiagonal matrix algorithm for solving
the system of linear equations [2] was found.

The initial-boundary problem of fluid motion in the prismatic channel is
formulated as follows:

()
1)
_u_fuuu oy
gt Bx gx CR @
Uy o U9, fli g o), ©)
u(t,0)=0, f(t,0)=0 (4)

where u,f T unknown variable speeds and cross-sectional areas; g = 9,8 m/s2 -
acceleration of gravity; fj=const - coefficient of Shezi; ° = const .
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B b b const_ iith of free surface;

inclination of the middle bottom line;
R=const - hydraulic radius of the channel.

For this initial-boundary the variational problem was formulated. The scheme
of regularization of equations is constructed, which allows it to be used both for
flat surfaces of the bottom of the channel, and for those in which the gradient of the
slope changes rapidly. The variation problem was solved by the finite element
method. Discretization by spatial variables was carried out by dividing the region
into triangular finite elements using bilinear basis functions; time discretization
was carried out using a one-time recurrent circuit. The model is tested in various
test cases. In order to implement the constructed models an application software
that allows using algorithms of constructed projection schemes for real territories
was developed.

Consider the result of the program work for a test case.

Input results: length x: 1; number of breaks per x: 20; length by t: 1; number
of breakdowns by t: 50; acceleration of free fall: 9,8; width of free surface: 20:
hydraulic radius of the channel: 1; coefficient of Shezi: 60.

Initial conditions: u0(x) = x, fO(x) = x. Sine of the angle of the inclination of
the middle bottom is 0.02.

As a result of the calculations the following results were obtained:

Fig. 1.Electronic map of the Pivdennyi Bug river.
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