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Annotatsiya. Mazkur maqolada o zgaruvchan kesim yuzali kanallarda suyuglik ogimining
statsionar va nostatsionar harakati matematik modellashtirilgan. Tadgigotda kichik g ‘alayonlar
usuli, Gurevich—Xaskind hamda Kuznetsov yondashuvlari asosida nostatsionar ogim parametrlarini
aniglash masalasi ko ‘rib chigilgan. Ogimning kompleks potensiali, tezlik va bosim maydonlarini
aniglash uchun analitik formulalar keltirilgan hamda erkin chegara uchun kinematik va dinamik
shartlar hosil gilingan. Torayuvchi kanalda pulsatsiyalanuvchi ogimlarning xossalari tahlil gilinib,
bosim amplitudasi va fazasining Struxal soniga bog ligligi o‘rganilgan. Tadgigot natijasida
kanalning siqilish zonasida yuzaga keladigan uyurmalik ogim parametrlarini hisoblashning analitik
usuli ishlab chigilgan hamda uyurmasiz ogimni ta 'minlaydigan kanal shaklini aniglash usuli taklif
etilgan.

Kalit sozlar: o‘zgaruvchan kesimli kanal, nostatsionar ogim, statsionar ogim, kichik
g ‘alayonlar usuli, Gurevich—Xaskind usuli, kompleks potensial, suyuglik dinamikasi, erkin chegara,
uyurmalik ogim, bosim amplitudasi, Struxal soni, Keldish-Sedov formulasi, matematik model, kanal
geometriyasi, analitik yechim.

VIIK: 622.691.4

HECTAIHMOHAPHAA 3ATAYA TEYEHHUSA ) KUJIKOCTHU B KAHAJIE IEPEMEHHOI'O
CEYEHUA

Batamkanos FOunam TuaosoBuy -kanuaar pU3MKo-MaTeMaTHIeCKUX HayK, JOLEHT
Babaxkanosa Upoaa FOanamesna?- 10k1op GUIocopuu Mo TEXHUYECKMM HayKaMm

'Kapmmackuii rocynapcTBeHHbI yHEBEpCHTeT, T. Kapmu, Y36ekuctan
2HCTUTYT BOEHHOH aBUAllMi YHHBEPCUTETa BOEHHOH 6€30MacHOCTH U 060pOoHbI Pecrybmuku
V36ekuctaH, 1. Kapmm, Y36ekucran

Annomayun. B Oannoli cmambe MamemMamuyecku MOOeIUpyemcs CmayuoHapHoe u
HeCmMayuoHapHoe No8eoeHUue meveHusi HCUOKOCIU 8 KAHALAX C NePeMeHHbIM NONEPEeUHbIM CeUeHUEM.
Paccmampusaemces 3a0aua onpedenenus napamempos HeCMAYUOHAPHO2O MeYeHUsi HA OCHOB8e
Memooa Manvix 803myujeruti, nooxooos Iypesuua—Xackunoa u Kysuweyosa. Ilpeocmasnenuvl
ananumuydeckue ¢opmynvl Onsl OnpeoeneHusi KOMNIEKCHbIX NOMEHYUAbHbIX, CKOPOCHMHBIX U
0aseHblX nojeli medeHus, a makice 6bl6e0eHbl KUHeMamuyeckue u OuHamudeckue yciogus 0.
€80000HOU epaHuybl. T[Ipoananuzuposansvl cEOUCMEA NYTbCUPYIOWUX MEYEHUL 6 CYHCAIOUJeMCS
Kauanie, U3yueHa 3a8UCUMOCMb AMNAUMYObl U ¢haszvl dasnenus om uucia Cmpyxane. B pezynomame
UCCe006aHUsl  pa3paboman aHAIUMUYecKUull Memoo pacuiema napamempos mypoyieHmHo20
MeyeHusl, BO3HUKAIOUe20 8 30He CHCAMUS KAHALA, U NPEOJIOHCEH Memoo onpeoeetus popmvl Kanald,
obecneyusaroujeti mypoyieHmuoe meyenue.

Knroueswvie cnosa: kanan c nepemeHHbiM NONEPEUHbIM cedeHuem, HeCmayuoHapHoe meyetue,
CMAYUOHApHOe meuenue, Memoo Maiblx 03myweHul, memoo Iypesuua—Xackunoa, KOMNJIEKCHbLU
nomeHyua, 2uOPOOUHAMUKA, CBODOOHAS 2panuya, mypoyieHmHoe medenue, amMniumyoa 0aeieHus,

49



INNOVATSION TEXNOLOGIYALAR 2026-yil 2(62)-s0n ISSN 2181-4732
INNOVATIVE TECHNOLOGIES 2026 volume 62, number 2 _ _
MHHOBAIIMOHHBIE TEXHOJIOI'MU Tom 62 Ne 2, 2026 E-ISSN 2181-4015

. _____________________________________________________________________________________________________________________________|]
yucno CmpyXana, gopmyna Kenoviuwa—Cedosa, mamemamuueckas mooelb, 2eoMempus KaHaud,
aHanumuyeckoe peuleHue.

UDC: 622.691.4
UNSTEADY PROBLEM OF FLUID FLOW IN ACHANNEL OF VARIABLE CROSS-SECTION

YuldashBabadzhanov?, candidate of physical and mathematical sciences,
associate professor
Iroda Babadzhanova?, doctor of philosophy in technical sciences

'Karshi State University, Karshi, Uzbekistan
2 Institute of Military Aviation of the University of Military Security and Defense of the Republic of
Uzbekistan, Karshi, Uzbekistan

Abstract. This article mathematically models the stationary and unsteady behavior of fluid flow
in channels with variable cross-sections. The study considers the problem of determining unsteady
flow parameters based on the method of small disturbances, Gurevich—Haskind and Kuznetsov
approaches. Analytical formulas are presented for determining the complex potential, velocity and
pressure fields of the flow, and kinematic and dynamic conditions for the free boundary are derived.
The properties of pulsating flows in a narrowing channel are analyzed, and the dependence of the
pressure amplitude and phase on the Struxhal number is studied. As a result of the study, an analytical
method for calculating the parameters of the turbulent flow that occurs in the compression zone of
the channel is developed, and a method for determining the channel shape that ensures turbulent flow
IS proposed.
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Kirish

Hozirgi kunda respublikamiz hududidagi o‘zgaruvchan kesimli kanallarda suvning nostatsionar
ogimi gidravlik va geometrik parametrlarini aniglash masalalari yetarli darajada o‘rganilmagan.
Bunday kanallarda ogimning murakkab tuzilishi natijasida uyurmali va kavitatsion zonalar hosil
bo‘lib, ushbu sohalarda loyga cho‘kindilarining to‘planishi ogqim strukturasining buzilishiga hamda
kanal devorlarining yemirilishiga sabab bo‘ladi. Natijada gidrotexnik inshootlarda gidrodinamik
bosim va tezlik pulsatsiyalari ortib, suv sathining pasayishi kuzatiladi, bu esa inshootlarning xavfsiz
va ishonchli ishlashiga salbiy ta’sir ko‘rsatadi.

Shu munosabat bilan o‘zgaruvchan kesimli kanallarda hosil bo‘ladigan uyurmali
maydonlarning o‘Ilchamlarini aniglash hamda nostatsionar ogqim sharoitida gidravlik bosim va tezlik
maydonlarini hisoblash usullarini takomillashtirish muhim ilmiy-amaliy ahamiyat kasb etadi. Mazkur
masala gidrotexnika inshootlari, irrigatsiya va melioratsiya tizimlari hamda gidroenergetika
obyektlarining samarali va bargaror faoliyatini ta’minlashda dolzarb vazifalardan biri hisoblanadi.

O‘zgaruvchan kesimga ega kanallarda suyuglik ogimining stasionar masalalari sigilmaydigan
ideal suyuqgliklar nazariyasi doirasida keng o‘rganilgan bo‘lib, ular asosan Jukovskiy metodi asosida
tadqiq etilgan.

Birog nostatsionar ogim sharoitida yuzaga keladigan gidravlik jarayonlarni tavsiflash va
ularning asosiy parametrlarini aniglash masalalari yetarli darajada tadqiq gilinmagan. Shu bois ushbu
tadgigotning magsadi o‘zgaruvchan kesimli kanallarda nostatsionar ogim sharoitida gidravlik
hisoblash usullarini takomillashtirishdan iborat.

Materiallar va uslublar
Mazkur kanaldagi suyuqglik ogimining nostatsionar masalasi esa kichik g‘alayonlar usuliga
asoslangan va Gurevich—Xaskind usuli deb nomlanuvchi metod yordamida tadqiq etilgan [1; 2].
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Ko‘rilayotgan jarayon uchun nostatsionar masalaning formulasi quyidagicha ifodalanadi.
Vagtning boshlang‘ich momentida suyuglik egallagan Po soha aniq aniglanadi. Ushbu chegaraning
bir gismi gattiq devor (kanal devori) bilan cheklangan, golgan gismi esa erkin sathdan iborat bo‘ladi.
Qattiq sirt sharti va erkin sathdagi bosim ma’lum bo‘lgani sababli, vaqt o‘tishi bilan o‘zgaradigan
ogim parametrlarini aniqlash vazifasi qo‘yiladi.
Kichik g alayonlar usulining umumiy tavsifini keltiramiz [3; 4].
Faraz gilaylik, w(z)-stasionar ogimning kompleks potensiali bo‘lsin. Amalda ushbu
bog‘lanish quyidagi parametrik ko‘rinish orgali ifodalanadi:

Wy(u),  z=2,(u), (1)
bu yerda “u”- kanonik soha bo‘lib, unga fizik tekislik va boshqga sohalar konformal akslantiriladi.
Endi stasionar ogimga ¢ kichik parametr orqgali ifodalangan quyidagi shakldagi kichik galayon
go‘shamiz:

Z(t)=z,+cz,(z, 1),
W(z,t)=w(z,)+ewi(z,,1),
V(z,t)=9,(z4)+&4%(z4 1),
P(z,t)=P,(z,)+eP1z,,t)
bu yerda: z- nostatsionar ogim sohasidagi fizik koordinata; w- nostatsionar ogimning kompleks
potensiali. & = 9e” kompleks tezlik; @ - tezlik vektorining x ogi bilan hosil gilgan burchagi;
P - bosim.
“u” parametrik o‘zgaruvchini hisobga olgan holda, nostatsionar masala yechimi xuddi stasionar
masaladagi kabi quyidagi ikkita funksiya orgali aniglanadi:
z=12(u,t), w(u,t).
Ushbu funksiyalarni kichik g*alayonlar usuliga ko‘ra quyidagicha ifodalash mumkin:
z=12,(u)+¢ez,(u,t)

, )

w=w,(u) +ew,(u,t)
Xuddi shunday, suyuqlik ogimi tezligi va bosimini mos ravishda quyidagicha ifodalash mumkin:
v(u,t) =3 ) + 4 (u,t)

P(u,t) = P,(u) + &P, (u,t)
Ma’lumki, bosim Koshi—Lagranj integralidan aniglanadi.

P+p(%p+%|l9|2) —c(t),

bu yerda: p -suyuqlik zichligi; ¢ - nostatsionar ogimning tezlik potensiali; C(t)- vaqgtga bog‘liq
funksiya.
Shunday qilib, z,,w,, &, p, to‘rtta parametrdan fagat ikkitasi erkin o‘zgaruvchi bo‘lib, ular

orgali golgan parametrlarni hisoblash muhim ahamiyatga ega. Biz bu metodning kichik tafsilotlariga
to‘xtalmay, A.V. Kuznetsov tomonidan rivojlantirilgan va soddalashtirilgan ko‘rinishidan
foydalanishga harakat gilamiz [5;6].

Faraz qilaylik, bizda ma’lum bir masalaning stasionar yechimi mavjud bo‘lsin. Endi stasionar
yechimdan katta farg gilmaydigan nostatsionar ogim masalasini ko‘rib chigamiz. Bu yerda
nostatsionarlik kanaldagi suyuglik ogimi tezligining kichik g‘alayonli o‘zgarishlari natijasida yuzaga
keladi.

Nostatsionar ogimning kompleks potensiali quyidagicha ifodalanadi:

W =W, +W,. (3)
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Endi esa W(U,t) =¢ew, = @(u,t) +i'¥'(u,t) uchun chegaraviy masalani belgilaymiz. Biz

U = U, ekanligini inobatga olib, doimiy deb hisoblaymiz (hagigatdan ham kanal devori o‘zgarmas

deb gabul gilinadi). (3)-tenglamadan foydalanib, suyuqlik sohasida suyuqglik tezligini quyidagicha
ifodalashimiz mumkin:

H(r,t) = Go(r) + Ap(r,t), 4)

bu yerda; r= FO +6- D, sohadagi ma’lum bir nuqtaning radius-vektori, (5 -nugtaning statsionar

chegara nisbati bo‘yicha siljishi, I, -statsionar chegaraning radius-vektori) o‘zgaruvchan

chegaraning o‘tmaslik sharti asosida, A.V. Kuznetsov tomonidan chegara sirtidagi normal tezlik
quyidagi formula yordamida hisoblanadi:

0o
9% _%% 995, ()
on ot 0s 7
bu yerda F,ﬁ — D, chegaradagi urunma va normal ortlar; &, = 5-n-o6 vektorning normaldagi

proeksiyasi; O — Dy konturning yoy uzunligi; 8, — D, chegaradagi urunma tezlik.

(5) shart erkin chegara uchun o‘rinli, ammo undagi 5nni bundan buyon n bilan belgilaymiz, u

noma’lum erkin chegarada ds =ds, = de, bo‘lgani uchun erkin chegaradagi kinematik shartni
k
quyidagicha yozishimiz mumkin
99 _0on g O _p, (6)
on ot op,
(4)-tenglamadan foydalanib, Koshi—Lagranj integralidan r= r_0 +6 nuqtada 0 gacha bo‘lgan aniqlik
darajasida suyuglik bosimini hisoblashning tarkibiy ifodasi quyidagicha keltiriladi:
o o9

p(r, +5.,t) = po(D—p(Eﬂ@-w)wnga,). (7)

(7)-tenglamadagi barcha hadlar statsionar chegaralarda hisoblanadi. Ushbu formula erkin chegarada
dinamik shartni quyidagi shaklda ifodalash imkonini beradi:

90 , 92 9P 1 g2xp -0 ®)
ot o,
(6) va (8) dan 7 ni yo‘qotsak,
Op o9
P _D|l 2D 9
< on {aeo 4 ©)
ni hosil gilamiz.
Bu yerda
p-2 .99
ot 0p,

Ho — statsionar ogimda tezlik vektorining x o‘qi bilan hosil gilgan burchagi. M.1. Gurevich va M.D.

Xaskind keyingi hisob-kitoblarni soddalashtirish magsadida (8) tenglamadan 195 X1 hadni chigarib
tashlab, quyidagi soddalashtirilgan ko‘rinishga keldilar [3; 4]:

9% g 99 _g (10)
ot 0,
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(5), (6) va (10) chegara shartlari kanonik sohada W(U,t) i aniglash uchun chegaraviy masalani

belgilash imkonini beradi. Bunda, ushbu funksiyaning boshlang‘ich giymati, cheksiz uzoqdagi
nuqtadagi sharti (agar ogim sohasi cheksizgacha cho‘zilgan bo‘lsa) hamda ogimchaning qgattiq
chegaradan ajraladigan nugtadagi sharti oldindan ma’lum bo‘lishi zarur.

y
M G
A =
(2) N Xe p E
3 : Y 0
—=2H 2h
BLC L E
A NP
M G

1-rasm. Torayuvchi kanalda suyuqglik ogimining sxemasi.
Natijalar va muhokama

Torayuvchi kanalda suyuglik ogimining bargaror holatini tahlil qilish (1-rasm) va kichik
tebranishlar usulini go‘llash orgali, kanalning cheksiz uzoq nugtasida suyuqlik tezligining ortishi
natijasida yuzaga keladigan nostatsionar ogimlarni o‘rganish mumkin

V. () =U +9(t).
Kanalning cheksiz uzoq nugtasida statsionar tezlik holatidagi garmonik (pulsatsiyalanuvchi)
ogim gonuni muhandislik hisoblarida katta ahamiyatga ega

() =9"-e™, (11)
bu yerda: k— tebranish chastotasi, j— vaqtinchalik shartli birlik.
T= % o‘lchovsiz migdorni kiritib, (11) -tenglamani quyidagi shaklda ifodalash mumkin:
() =9 ', (12)
Bunda
kH
w=—":.
U

Nostatsionar oqim masalasining keyingi hisoblash jarayonlarini soddalashtirish magsadida,

MN konturi gattiq devor sifatida gabul gilinadi va ushbu devor bo‘ylab 2—(p = 0 deb olinadi.
n

Shunda ow funksiyasi uchun chegaraviy shartlar quyidagi ko‘rinishda ifodalanadi.

ou ~
Imd—W=O, —o<Uu<-], I<u<oo.
du
(13)
Erkin chegarada bosimning doimiy bo‘lishi shartidan quyidagi natija hosil bo‘ladi.
~ jo _~
2%
ReW__cew™ 92 | c[14] (14)
du de,
Bunda
w = we 1"
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Tashqi ta’sir ostida yuzaga kelgan ogimni ifodalash usuli (;—W funksiyaning u = Onugtada
u

oddiy qutbga ega bo‘lishini talab giladi. Ushbu holatni, shuningdek (13) va (14) chegaraviy shartlarni
e’tiborga olib, umumlashtirilgan Keldish—Sedov formulasidan foydalanish orqali aralash chegaraviy
masalaning yechimini quyidagi ko‘rinishda yozish mumkin: [7;9]

ijv JoA ey (&)
dw / +de © C
du /y _1 7171 1+& (@a—<&)(&—u) u-—a
U : .
bu yerda A = V—; C, (11) dan aniglanadi
k
Q9 -Ja*-1
C,= . (16)
U
Cl- giymati Z_W funksiyaning u =1 nugtasida cheklangan bo‘lishi shartidan aniglanadi.
u
_ jold,
Cilerde  © c,

=0.

dé+

71 \1-£@-g  a-l

Bu holat ogimning ajralish nuqgtasida nostatsionar tezlikning cheklangan bo‘lishini ko‘rsatadi.
Shundan kelib chigib, oxirgi tenglamadan quyidagi ifoda aniglanadi:

C1:Q3 /a+1 1 | a”)
U Va-1I1(, o)

_joley (&)

E(Erde °
o) = j\/1+cf @ ou-d

(16)va (17) formulalarini (15) formulaga qo‘yib, quyidagini olamiz

~ * 2
aw _ Q¢ /az—l[l_(a—ujl(u,w)} 18)
du 7U@u-a)Vu -1 a-1)1(1,w)
U+ d)Epo(l*“) F(u) - iaﬂ
dz _ Q { a+l F(1)
du v, |a+d (u—a)(u+1)
(19) va (18) formulalar yordamida biz nobargaror tezlikni hisoblaymiz

dw _du dw ;.. _ Q9" / [u+1} 1_[a—ujl(u,w) ef{ézo‘l’)mm -a}m | 20)
dz  dz du A0 —1llu+d a-1)1(w)
Bo‘shligning nostatsionar chegarasini aniglash uchun tezlik nolga teng bo‘ladigan D nugtaning

abssissasini aniglash zarur. zﬂ = Oshartidan esa quyidagi ifoda hosil gilinadi:
z

bunda
ILw)=1(u,w)/u=1

(19)

54



INNOVATSION TEXNOLOGIYALAR 2026-yil 2(62)-s0n ISSN 2181-4732

INNOVATIVE TECHNOLOGIES 2026 volume 62, number 2
VIHHOBAIIMOHHBIE TEXHOJIOTHH Tou 62 Ne 2, 2026 E-ISSN 2181-4015
du dw .
l JQ)T — 0 , (21)
dw, du
ya’ni,

\/(a+1j(u—1j(u+dj+.9_’[1_(a—u)I(u,w)}ejmzol 22)
a-1)\u+1)\a+d U a-1)1(,w)

D nugtaning abssissasi

X [a+1} J[L+du+\/(d2—1)(u2—1)Igu—1+\/(g2—1)(u2—1)]0d

H & |a+d (@a-u)u+Du-9)*

(23) tenglama yordamlda aniglanadi, bunda integralning pastki chegarasi sifatida d giymati (22)
tenglamadan olinadi.
Oldingi masalada bo‘lgani kabi, ko‘rib chigilayotgan kanalda suyuglikning nostatsionar ogimi

(23)

0
vagtida bosimning ortishi (25) formula yordamida aniglanadi. a—(p giymati esa
0
dﬂ_g[aﬂ} (u+d)
du ~zla+d]|u-a)u+1)

(24) va (18) formulalar asosida hisoblanadi. %"funksiyani (18) formuladan foydalanib aniglash

(24)

mumkin, ammo uni funksiyasi uchun aralash chegaraviy masalaning yechimini yozish orqali yanada
sodda usulni topish mumkin:

= JCUU ~ 2 dW
Fluy=—w+V;, —, 25
=" " dw, (25)
bu yerda V, - bargaror ogim tezligining moduli hisoblanadi.
Chunki
ImF(u) =0, —o<U<-],
ReIE(u)zO, -1<u<l, . (26)
joU =
~ —0C 1 :
IMFu)=1 H ' <d-d
0, asu<oo

Doimiy 61 kattalik suyuglik ogimining qo‘shimcha nostatsionar sarf koeffitsientini
ifodalaydi.

C, =C, el _ Q4 gior
U
bundan
C, Qg
U

Keyinchalik, ushbu shartlarga mos ravishda tuzilgan analitik funksiya quyidagi shaklga ega
bo‘ladi.

_jaus uz_li d&

yoki
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Eu) =32, a_J . @7)
7T au—1+\/(a2—1)(u2—1)
(27) dan va IE(U) ta’rifdan quyidagi kelib chigadi
oJ . JjoU§ | a-u 1
j=—¢= n —, |u[>
H 7T au—1+./(a2-1)(u?-1)

Olingan ifodalarni bosim formulaga qo‘llash orgali quyidagi natijaga erishamiz:
AP 9| jor? n a—u B
PN U 7 lau—1+4/(@> -1)u?-1)

(N

(28)

U
bunda A = v teng (28) formulani quyidagicha yozishimiz mumkin.
Kk

AP

_ i(wr+y)
v > = nOe
PV

Amplituda N, va fazaning ozgarish burchagi y ning Struxal soni ® ga bog‘ligligi VDO kanal
devoridagi turli nugtalarda 2-rasmda tasvirlangan.

=x X
[ ‘ ﬁi": ii/
/ﬁ
14 —
12 /
8
I 1 —
o —
4 —
[ O B 1 e
o | | ‘ ‘
y 05 1 15 2 25 w
0 _— I
\«.\:‘ﬁ ‘ X=
| =033
\‘\\\\\\'———_h_
R —335
4,02
| ™A
-;

2-rasm. Nostatsionar harakatda bosim moduli va fazaning o¢zgarish burchagi y ning Struxal
soni @ ga bog‘ligligi.
Hisoblash grafiklaridan ko‘rinib turibdiki, teshikdan masofa %,ﬁ oshgan sari bosim o‘zgarishi
so‘nuvchi xususiyatga ega bo‘ladi [1; 2; 4; 11].

56




INNOVATSION TEXNOLOGIYALAR 2026-yil 2(62)-s0n ISSN 2181-4732

INNOVATIVE TECHNOLOGIES 2026 volume 62, number 2 i i

WHHOBAIMOHHLIE TEXHOJIOT M Tom 62 Ne 2, 2026 E-ISSN 2181-4015
_____________________________________________________________________________________________________________________________]

Xulosa

O‘zgaruvchan kesim yuzali kanalda suyuglik ogimining matematik modeli taklif etildi.
Oc<zgaruvchan kesim yuzali kanalda suyuglikning uyurmalik ogimi hisobga olgan holdagi statsionar
va nostatsionar harakati masalasining analitik yechimi olindi. Kanalning sigilish zonasida yuzaga
keladigan uyurmalik ogim geometrik o‘Ichamlarini kanalning siqgilish parametri x/H va ogim

tezligiga bog‘lig ravishda hisoblashning analitik usuli keltirildi. O‘zgaruvchan kesim yuzali
kanalning uyurmasiz ogimni ta’minlaydigan shaklining kanal geometriyasiga va ogim tezligiga
bog‘liq ravishda aniglash usuli yaratildi.

Masalada olingan natijalar nasos stansiyalarining ekspluatatsiyasida va loyihalashda muhim
ahamiyatga ega. Chunki uyurmalik zonaning geometrik o‘lchamlarini va ularni nostatsionar tezlikka
bog‘lig holda o‘zgarishini aniglash nasos stansiyalarining ish rejimiga ta’sir gilishi aniglangan.
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