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REZYUME. Tasvirni qayta ishlashda Gabor transformatsiyasini va Gaussning tarjimalari va modulyatsiyalaridan
foydalanadigan bir o‘Ichovli signal hisoblanadi. U tasvirni o‘qish, tahrirlash, yaxshilash, segmentatsiya qilish, obyektlarni
aniqlash, va ularning xususiyatlarini tahlil qilish kabi bosqichlarni o‘z ichiga oladi. Katta hajmdagi ma’lumotlar bilan
ishlashga gibrid kvant algoritmlar yaqin kelajakda real vaqtda ishlov beriladigan tasvirlarni tahlil qilishda samarali vosita
bo‘lishi mumkin.

PE3IOME. 3Ot1o onHOMEpHBIH CHUTHaJ, KOTOPBIH MCHONB3yeT NpeoOpasoBaHuss ['abopa W TaycCOBBI CIBHIH H
MOAyJSiIqMA Tnpu o0paboTke u3oOpakeHnid. OH BKkiIroyaeT B ce0s Takue OTambl, KaK YTCHUE HM300paKEHUH,
pelakTHpOBaHUE, YIYYIICHHWE, CErMEHTalMs, OOHapyXeHHe OOBEKTOB W aHaJIM3 MX XapakTepucTHK. [nOpuimHble
KBAaHTOBBIE alITOPUTMBI ISl paOOTHI C OOJIBIIUMH 00BEMaMH JJAaHHBIX MOTYT cTaTh d((QEKTUBHBIM MHCTPYMEHTOM aHaJIH3a
n300pakeHniH, 00pabaTHIBAEMBIX B PEIbHOM BpEMEHH, B OJvkaiiiieM Oyymniem.

SUMMARY Image processing is a one-dimensional signal processing that uses Gabor transforms and Gaussian
translations and modulations. It includes steps such as image reading, editing, enhancement, segmentation, object detection,
and feature analysis. Hybrid quantum algorithms for working with large amounts of data may be an effective tool for
analyzing images processed in real time in the near future.
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Kirisiw. Koplegen ameliy maseleler dara tuwmdili  bolmagan elementlerge iye bolip, qalgan barliq elementler
differencialliq tefilemeler ushin shegaraliq maselelerdi nolge ten boladi. Bul struktura kompyuterde esaplawda
sheshiwge alip keledi. Bunday maselelerdin dal sheshimin  jadd qolayli bolip, esaplaw resurslarm tUnemleydi ham
(analitikaliq sheshimin) tabiw koép jagdaylarda mumkin aydaw usili siyaqli arnawli algoritmler jardeminde bul
bola bermeydi, asirese tenlemenin koefficientleri 6zgermeli  sistemalardi tez ham aniq sheshiw mumbkinshiligi kelip
yamasa tenleme siziqlt emes bolgan jagdaylarda. Sonliqtan  shigadi [3].
amelly maselelerdin matematikaliq modeli bolgan Ayirmali tenlemeler sistemasi matricalar teoriyasin,
differencialliq tenlemeler tiykarman sanli usillar arqali  &sirese ush diagonalliq teoriyani qollaniwdin &jayip misali
sheshiledi. Differencialliq tenlemelerdin juwiq sheshimin  bolip tabiladi. Oz gezeginde, ayrmali sxemalarga alip
islep shigiw matematikaliq fizikanin tiykarg: tenlemelerine  keletugin koplegen aktual fizikaliq maseleler siziql algebra
sanlt usillar quriw ham olardin izertlew menen baslanadi  boyinsha jana intensiv izertlewlerdin alip bariliwina turtki
[1]. boldi. Tiykarg1 yaki jardemshi bélim sipatinda ush

Tiykarg1 bélim. Aydaw usili — bul Gauss usilimin  diagonalli siziqh algebraliq tenlemeler sistemasi kirgizilgen
arnawli, optimallastirilgan jagday: bolip, ush diagonalli  maselelerdi birneshe tarlerge boliw mimkin [7]:

(tridiagonal) koefficientlerge iye bolgan sizigh algebraliq 1) Ekinshi tartipli differencialliq tenlemeler ushin bir
tenlemeler sistemasin sheshiwde kefnen qollaniladi.  6lshemli shegaraliq maseleler. Maselen:

Bunday strukturaliq sistemalar kemnen-kem ushirasadi yaki Puasson tenlemesi — elliptikaliq turdegi ekinshi tartipli
olar sanli korinisi jagiman quramaliraq, aniq emes shartler  differencialliq tenleme:

astinda qaliplesedi. Bul jagdaylarda wsh diagonalliq du

strukturant saqlap qaliw ham sheshimin natiyjeli usilda =—f(x), X€(ab) (1)
tabiw koplegen esaplaw mashqalalarin payda etedi. dx’

Sonligtan aydaw usili tek arnawli strukturaga iye bolgan Bul jerde:

maseleler ushin natiyjeli bolip tabiladi hdm on1 qollaniwdan e u(x) — izlenip atirgan funkciya (maselen, tempera-

aldin algebraliq tenlemeler sistemasmin strukturasi teren
tallaniw1 kerek [2-3].

Ush diagonalliq matricalar (yaki Yakobi matricalar) . )
6zine tan strukturaga iye bolip, olar tek bas diagonal ham (1) teleme shegaraliq shartler menen tohqtirilip
ogan qosimsha joqart ham tomengi diagonallarda nolleri Puasson tenlemesi ushin tomendegi maseleler alinadi:

tura, potensial, basim);
® f(x) berilgen funkciya (mdselen, jilliliq deregi).
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e Dirixle maselesi (shegarada funkciyanin manisi
berilgende):

w(@)=a, u(b)=p 2)

e Neyman maselesi (shegarada tuwindi  manisi
berilgende):

u'(a)=y, u'(b)=38 3)

e Aralas shegaraliq masele. Bul maselede bir

shegarasinda funkciya manisi, ekinshi shegarada bolsa onin
tuwindist beriledi:

u(a)=a, u'(b)=3 “4)
2) Bir olshemli waqitqa baylanisli parabolaliq
maseleler. Stacionar emes jilliliq o6tkizgishlik yamasa
diffuziya masele%u Pu
—=0—5, 0<x<L,t>0 (%)
ot ox

Bunday tiptegi tefileme joqaridagi siyaqli baslangish
ham shegaraliq shartler menen toliqtiriladi.

Sonday-aq, Kop olshemli elliptikaliqg ham parabolikaliq
tenlemelerdi sheshiw (eki Olshemli shegaraliq oblastta
Puasson tenilemesi ushin Dirixle maselesi);

Ush diagonalliq sistemalardin qollaniliwi matematikaliq
fizika maseleleri menen sheklenbeydi, olar splaynliq
approksimaciya algoritmlerinde, sonday-aq, siziql algebra
maselelerinde  uliwmaliq  korinistegi ~ matricalardin
menshikli manislerin tabiw maselelerinde de ushirasadi.

Ush diagonalli SATS sheshiw ushin kobinese aydaw
usili qollaniladi. Onin tiykargr abzallig tejemliligi, yagnty
bul usil daslepki sistemanin strukturasinan maksimal
paydalaniw1 esaplanadi. Usildin kemshiligi sonda, harbir
takirarlawda dongeleklew gateligi toplanip baradi [4].

Tenlemeler sistemasinin kanonikaliq jaziliwi
tomendegishe:
Ape-ry X T Qg X T Ay
'.xk+1:bk, k:1’2,...’n;
[ai0=0 | 6)
| a =0 | (
|_ n(n+1) J
Sistema matricasi tomendegi koriniste jazilad::
a, a, 0 0 0 0 ( X1 ‘( b
7
aZl a22 aZ} O O 0 ' xZ | b2 ( )
ayp Ay dy 0 0 |fx =l by
LO o 0 0 ..aqa,aq, x J \bﬂ
Joqarida atap otilgenindey, bul usildin tiykargi

kemshiligi qateni topart menen jiynaw qabileti bolip
tabiladi, sonliqtan aydaw usilinin ormiqliligin izertlew
usillart ahmiyetli bolip tabiladi. Aydaw usilinin ornigliligin
tallawdin tiykargi usili bul diagonaldin ustemlilik sharti
bolip tabiladi. Bul jerde aydaw koefficientlerinin
bolsheklerdegi bolimlerine itibar beriw kerek boladi. Eger
bolimler nolge jaqn bolsa, onda aydaw usili turaqli emes
boliwi mumkin. Diagonaldin ustemlik sharti aydaw
ornigliligi ushim jeterli shart bolip tabiladi, biraq zartrli
emes. Diagonaldin ustemlik sharti tomendegishe jaziladi:
1. Saykes 6lshemlilik;
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>
2. ‘am[z‘] ‘ = ‘am[i—l] ‘ + ‘a

[0+ (keminde bir tensizligi

qatan boladi);

3. a,; # 0 bas diagonalinifi elementleri nollik emes.

Kopshilik  programmalastiriw  tillerinde  indekslerdi
nomerlew 1 den emes, al 0 den baslanganligi ushin bul
tuwrilawdi da esapqa aliw kerek.

Baslangish shdrtleri. Matricanin barliq qatarlarinda
ushewden artiq san bolmaw1 ham koefficientler rekkurent
qatnaslar bolip, qonsi koefficientler arqali anlatilip,
shegaraliq manislerge baylanisli bolgan1 ushin rekkurent
qatnaslar ushin tomendegi shegaraliq shartlerdi itibarga
aliw kerek.

Shegaraliq shartleri: ||—a[0][,1] =0 —||_

||_c{nfl][n] ZOU
Aydaw usihnin esaplaw algoritmi. Aydaw usili eki
basqishtan  ibarat: tuwrt juriw  ( u, ,v, aydaw

koefficientlerin aniglaw), keri juriw ( x, belgisizlerdi
esaplaw).

Aydaw usilin qollaniwdin ameliy sxemast:

1. Ao ush diagonalli matricani ham b[n] erkin
koefficientler baganasin kirgiziw. Shegara shartlerin esapqa
altw ham inicializaciyalaw;

2. Tuwrt juriw.

Aydaw koefficientlerin = qaliplestiriw  ( (» —1) ge
shekem);

i)
—da
[i](-1]

ham

Vi Vv

[i-1]

It
_ G Wiy by
[l _ _ .
iy ~ G Ve
Matricanin birinshi gatar1 ushin aniglastiramiz:

—a , - —b
Vig T 4o ham U =

—g o,
) [o][0] (01101
Matricanin aqirg1 qatar1 ushin aniqlastiramiz:
Vin-1] = 0 ham
a ‘u =b
[n—1][n-2] [n-2] [n—1]
—a %
[n—-1][n-1] [n-1][n-2]
a -b
[n—l] [n—z] n—l]
a —-a %
[n—l] [n—l] [n—l] [n—Z] [n—Z]

U

Un-11= —a

[n-2]
-u
[n-2]

Upa)= _

3. Keri juriw;

Aqrgt  x,  koreni formulasinan

X1 = Upnny
esaplanadi.

Qalgan korenleri
esaplanadi:

rekkurent gatnaslar jardeminde

X = Vi " X Uy
vektor1 korinisinde
X = (x[o],x[l],...,x[n_l] )’.

Kompyuterde sanli modellestiriw. Keltirilgen aydaw
ustlinin algoritmine tiykarlanip Python tilinde (sanli usillar
ushin ushinshi tarep kitapxanalarinan paydalanbastan)
programma o6nimi téomendegishe jaratildi [5]. Tiykarg
ayna:

4) Natiyjeler boladi:




§ SATS ti Aydaw usih menen sheshiw - [m} x

Matritsa A (gatarlar boyinsha izbe-iz, elementleri bir bos onn qalding kiritiledi):

Vektor B (bir qatarda, elementleri bir bos onn galding kiritiledi):

Esaplaw

Natiyje:

Bul programmaliq 6nim SATS i aydaw usili menen
sheshiw imkaniyatin beredi. Bunda SATS ush diagonalli
matricaga iye ham olshemi n x n de uygariladi. Onin 4
matrica elementlerin hadm saltan agzasinan ibarat 5
vektorin kiritiw arqali berilgen maselenin sheshimi
esaplanadi [4-5].

Maselenin berilgenleri kiritilgennen son Esaplaw
tuymesi basiladi ham esaplaw natiyjeleri Natiyje: bolimine
shigariladi.

Toémende programmaga berilgenlerdi kirgizip esaplaw
amelge asirilgandagi natiyje keltirildi:

Hlim hdam jamiyet. ¥e5.2025

§ SATS b Aydaw usili menen sheshiw - =] X
Matritsa A (gatarlar boyinsha izbe-iz, elementleri bir bos onn galding kiritiledi):
110.8 0.0475 0 0
10.0321 5.5 0.0523 0

10 0.0369 9 0.057
10 0 0.0416 8.1

Vektor B (bir gatarda, elementlen bir bos onn qaldinp kiritiledi):
12.1430 13.0897 13.8744 lS.EQ'?EI

Esaplaw

Natiyje x =[1.1186, 1.3106, 1.5032, 1.7080]

Juwmagq. Juwmagqlap aytqanda ush diagonalliq matrica
koplegen fizikalig héam injenerlik maselelerde payda
bolatugin SATSlardin 4piwayr ham qolayli anlatihiw
formas1 bolip tabiladi. Aydaw usili ush diagonalliq
strukturaga qarata natiyjeli algoritm bolip, bul esaplaw
procesin sezilerli darejede ansatlastiradi ham natiyjelerdi
tez aliw mumkinshiligin beredi hamde bul usildi sanh
sheshiw ameliyatta qollaniw ushin dhmiyetli qural bolip
tabiladi. Arnawl islep shigilgan 6nim arqali paydalaniwshi
ush diagonalliq matrica elementlerin hdm bos agzalarin
kirgizip, berilgen SATSt1 sheshiwdi tezlestiredi. Solay etip,

ush diagonalli matrica tiykarindagi maseleler ushin aydaw
usilt hdm kompyuterde sanli sheshiwdin saykesligi ilimiy
ham ameliy sheshimlerdi ele de nétiyjeli etedi.
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REZYUME. Maqolada uch dioganalli matritsali chiziqli algebrik tenglamalar sistemasini (ChATS) yechishning natijali
sonli algoritmi bo‘lgan haydash usuli (Tomas algoritmi) haqida bayon etiladi. Algoritmning bosqichma-boshgqich tarifi,
avzalliklari, cheklovlar va qo‘llanilishiga misol keltirilgan. Algrotim asosida yaratilgan dasturiy vositani qo‘llanilishi
keltirilgan.

PE3IOME. B cratse paccmarpuBaercst 3pQeKTHBHBIA YHCIEHHBIH aITOPUTM PELICHUS] CUCTEMBI JIMHEHHBIX aireOpau-
yeckuxX ypaBaeHuil (CJIAY) ¢ TpéxnuaroHaibHONH MaTpHUICH — MeTo ] MPOTroHKH (anroputM Tomaca). OnucaHbl MOIIaro-
BBII aITOPUTM, €r0 NPEUMYIIECTBA, OTPAaHIMYCHUS U 00s1acTh MpuMeHeHus. [IpencTaBieHo ucnonp30Banue pa3paboTaHHO-
T'O MPOrPaMMHOTO MIPOIYKTa HA OCHOBE JAHHOTO alrOpuUTMa. B cTaThe Taxske MpUBEAEHBI TPUMEPHI IPUMEHEHHUS METO1A.

SUMMARY. The article discusses an efficient numerical algorithm for solving a system of linear algebraic equations
(SLAE) with a tridiagonal matrix — the Thomas algorithm (also known as the tridiagonal matrix algorithm, TDMA). The
step-by-step description of the algorithm, its advantages, limitations, and applications are provided. The implementation of
the developed software product based on this algorithm is also presented. The article is enriched with examples of practical
applications.

G‘OVAK-ELASTIK ANIZOTROP MUHITDA TO‘LQINLARNING
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Kirish. Zamonaviy geofizik tadqiqotlar, zilzilaviy ahamiyatga ega. Chunki tabiiy geologik qatlamlar —

xavfsizlikni baholash va yer osti resurslarini izlashda elastik
muhitda to‘lginlarning tarqalish xususiyatlarini chuqur
o‘rganish muhim ahamiyat kasb etadi. Ushbu
o‘rganishlarda g‘ovak-elastik va anizotrop muhitlar alohida

masalan, qumtosh, ohaktosh, gil jinslar — odatda g‘ovak,
ya’ni suyuqlik bilan to‘yingan bo‘lib, ular mexanik
xossalari bo‘yicha ham yo‘nalishga bog‘liq (anizotrop)
bo‘ladi [1].




