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O TPAHNYHBIX 3AJJAYAX AJIAd YPABHEHUN A BIOPT'EPCA
B BBIPOXKJAIOIIINUXCS OBJIACTAX
M. T. Hxenanues, M. I'. Epranues (Anamarsir, Kazaxcran)

Hycrs Qut = {z1,22,t : |2| = /ot +23 < kt, 0 <t <T < 00, 0 < k < oo} — obsacrs,
Oy = {|z| < kt} — ceuenne obnactu Quy st Vi € (0,T). Xy = 0 x (0,T), nie 9 ecthb rpanuna
Kpyra (2.

ITpsmyio 3azavy MbI u3ydaeM JJjis JIByMepHOro ypasHenusi Bioprepca:

Bu=0;u+ %div(uz) —vAu=f, {z,t} € Qu, (1)

O u(er, 22 — 2, 1) = Bluan, — IR —a0), =01, @

rje 7 — eJAuHWYHAs BHeMIHsig HopMasb K O, [ € La(Qut), v = const > 0.

Teopema 1. I'panuunas 3agada (1)—(2) umeer emuncrsennoe pemenne u € W, rme W =
Lo(0, T; W2(2)) N W0, T La(€)).

O6parHas 3ama4a: naiitu napy ysakmmit {u(x,t), A(t)}, yroBaerBopsifonux ypasHenuio Biop-
repca Bu = A(t)f(x), {z,t} € Qqu, ¢ ycnoBusimu Ha rpanure (2) U ycJI0oBHEM HEPEOIPeIeIeHHsT

/u(a:,t)da: =E(t), t € (0,T], (3)

Q4
e f € Loo(Qr), f(t) :éf fz)dz #£0, E(t) € W;(0,T).

Teopema 2. Obparnas 3a1ada umeer exuncrsennoe pemtenne {u(z,t) € W, A(t) € L2(0,T)},
rje u(x,t) yIoBaeTBOpsieT HarpyKeHHOMY ypaBHeHuI0 Broprepca

Oru + %div(uZ) —vAu+ k@u(w,t)]m:kt = @E’(t), {z,t} € Qu, (4)

f(t) f(t)

U rpaHugHbIM yesoBusiM (2), u A(t) onpegesnsiercst 110 (opmyJie

u(x7 €)||z|=kt Ei/(t)
ft) ft)

A(t) = —k

J1s1 ycTaHOBJIEHHsT pA3PEIUMOCTU I'PAaHIIHON 3a1aun (4) u (2) MbI UCIOJIB3yeM HAIIU Pe3yJlib-
TaTHI 110 HAIPY?KEHHBIM ypaBHeHusiM [1].
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O JIOKAJIBHO OBPATIMOCTMU p-T'OJIOMOP®HBIX ®YHKIII
B. B. Hosrogunun (Munck, Besiapycs)

ITycrs C,, — KOJIBIIO P-KOMILTIEKCHBIX 4Hces Buga a + jb, rae a,b € R, 2 =0, j # 0. B xosbIe
C, nmeroTcs genmTesn HyId BHJA j¢ U TOJBKO OHH. Bojee mOIpoOHO ¢ P-KOMIUIEKCHBIMHI UHCTaMI
MOKHO o3HaKoMuUThCA B [1]. Ilycrs D C C) — obmacrs, a dyukuus f : D C C, — C, p-roaomopdua
B D. C p-rosiomopdHubiME (DYHKIUSIMU MOXKHO 03HaKOMUTHCs B [2]. [lycrb 2 = x + jy u w = u + jo.

Teopema 1. Ilycre dyuxmus f(z) = u(x,y) + jv(z,y) p-rotomopdua B obmactu D C C, un
a=a+jf € D. Ecim u,(a, ) # 0, To cymecTByer OTKpbITast OKPECTHOCTH A TOUKU @ U OTKPBITAsI
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okpectHocTh B Toukn b = f(a) Takme, uro dbynxuus f : A — B umeer obparnyio f!: B — A,
KOTOpas HeNpepbIBHO p-auddepeniupyema B B u

{1 () ={f' (=)},

re w = f(z). Ecim sxe v/, (z,y) = 0 B mekoTopoit okpecrrocTn Touku (o, 3) € R?, To f ne obparuma
B COOTBETCTBYIOIIEN OKPECTHOCTU TOYKHU Q.

Ilycrs g : D C (CZQ, — C,.

Onpegnenenne. I'osopsar, uro dyukuus f : E C C, — C,, w = f(2) 3agana na E HesIBHO
ypasrenueM ¢(z,w) = 0, ecou g joboro z € E @ g(z, f(2)) = 0.

ycrs D* = {(x,y,u,v) € R*|(z,w) € D}. Oynxuus g(z,w) = A(z,y,u,v) + jB(x,y,u,v).

/ /
[TocraBum g B cooTBercBHE OoTOOpaxkenme G = é] : D* — R2. O6oznaunm G = [é}‘ g}]} ,
u v
A, A A Al
J= u v ’ G = |: T y:| )
‘B& B, z B, B,

A(z,y,u,v) =0
B(z,y,u,v) = 0.

Teopewma 2. Ilycrs G jpaskn guddepentupyemo 8 D* u A = B, A, =0, A, = B,, A = 0.
Ecsn touka (29, wg) € D C (CIZ, takas, 910 ¢(z0,wo) = 0 u det[G),(z0,wo)] # 0, Torma Haiigercs
OKpecTHOCTh F/ TOuKm 29 u efuHCTBeHHAas p-rojoMopdnas dynknua f : B C C, — C, rakasa, uTo
wo = f(20), u g(z, f(2)) = 0, npuaem

Ypasuenue ¢(z,w) = 0 paBHOCHJILHO CHCTEME {

LA, | ALB, - A,B,

7)== :

Jluteparypa
1. Joszodusun B.B. CXoauMOCTh Ha MHOXKECTBE DP-KOMILIEKCHBIX YHCET W CBOWCTBa P-
KOMIIJIEKCHBIX cTerneHHbIX psgos / B. B. Hosrogmwmmu // Becui B/IIY. Cepoia 3. ®izika. Mars-
marbika. [Hdapmarbika. Bisoris. Tearpadis. Ned (2020), 32-39.
2. Bacuaves H.JI., Joseodusurn B.B. O HEKOTOPBLIX CBOHCTBaX P-TOJOMOPQHBLIX U P-
anasmurudeckux dbyuxuuii // Becuyi Hay. axad. nasyx Beaapyci.. Cep. diz.-mar. maByk. T. 57, Ne2
(2021), 176-184.

ON SLIDING WINDOWS APPROACH FOR THE VISUALIZATION
OF THE PERIODICITY VIOLATION OF THE HUMAN LIVER TISSUE
O. Doubrovina (Minsk, Belarus)

The pseudo-periodic structure of human liver tissue having can be detected by the properties
of the ultrasound backscattered echo signal (or RF signal). It is known that liver diseases such as
tumors or cirrhosis violate the periodicity of the structure. There are several techniques based on
the wavelet analysis to identify these cases [1].

The tool for detecting the periodicity of registered RF signal was proposed in [2]. It is called the
scale index ind,. and it is calculated for the energy of the signal’s wavelet approximation on specified
decomposition levels. This index takes values in the interval [0, 1], for periodic signals inds. = 0, for
highly non-periodic signals inds. = 1 (see [2)].

This idea was applied in the series of experiments including the artificial phantom with pre-
defined periodic structure immersed into the liquid with different noisy properties, numerical model,
and liver tissue with cancerous areas in vivo described in [3, 4|. The RF signals had been registered
by the ultrasound scanner SonixTOUCH Research usually used in medicine.

In [4] it was shown that the mean value of the scale index for chosen small rectangular regions
for the healthy is near to zero and it increases for tumor area.

The idea of this investigation is to find the changes of the scale index values taken in the border
of the affected area of the human liver. This approach includes a sliding windows technique to





