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Annotatsiya. Bugungi kunga qadar grunt o zanli kanallarda gryadalarning hosil bo ‘lishi va harakati
masalasi bo ‘yicha dunyoning turli ilmiy markazlarida keng ko ‘lamli dala kuzatuvlari hamda
laboratoriya tajribalari o ‘tkazilgan. Ushbu tadgigotlar natijasida katta hajmdagi eksperimental
ma’lumotlar to ‘plangan. Ayrim tadqiqotchilar mazkur ma’lumotlarni umumlashtirishga va yagona
hisobiy bog ‘lanishlar shaklida ifodalashga harakat gilgan bo ‘Isalar-da, hozirgi kungacha ushbu masala
bo ‘yicha to ‘lig ishonchli va universal natijalarga erishilmagan. Mavjud ilmiy adabiyotlarni tahlil gilish
shuni ko ‘rsatadiki, grunt o ‘zanli kanallarda gryadalar harakati muammosi ochiq o ‘zanlar
gidravlikasining eng murakkab va dolzarb masalalaridan biri bo ‘lib golmoqda.

Olingan tajriba va kuzatuv ma’lumotlarini tahlil gilish natijalari shuni ko ‘rsatadiki, to‘lginlarning
parametrlarida yuz beradigan o ‘zgarishlar gryadalarning geometrik va kinematik xususiyatlariga
bevosita ta’sir ko ‘rsatadi. Xususan, kanal ogimining statsionar holatida shakllanadigan gryadalarga
nisbatan, shamol to‘lginlari ta’siri ostida vujudga keladigan gryadalar kattaroq o ‘lchamlarga ega
bo ‘lishi kuzatiladi. Bu holat, avvalo, to ‘lginlar ta’siri natijasida o ‘zan tubida hosil bo ‘ladigan tangensial
kuchlanishlarning ortishi bilan izohlanadi. Mazkur kuchlanishlarning oshishi esa gryadalar
parametrlarining yiriklashuviga olib keladi.

Ochiq o ‘zanlarda oqiziglarning gryadali shaklda tashilishi nazariyasiga asoslanib, kanallarda suv
ogimining statsionar va nostatsionar harakat sharoitlarida oqiziglar tashilishini hisoblash usullari
vanada takomillashtirildi. Ushbu yondashuv o ‘zan tubida kechadigan murakkab morfodinamik
jarayonlarni yanada aniqroq tavsiflash hamda hisobiy natijalarning ishonchliligini oshirish imkonini
beradi.

Kalit so‘zlar: nostatsionar oqim, gryadalar, gryadalar tikligi, oqiziglar, ogiziglar harakati,
deformatsiya, o‘zan tubi, g‘adir-budirligi, gidravlik garshilik, dinamik tezlik, siljish tezligi, shamol
to ‘lginlari, olib ketuvchi kuch.
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Aunomayusn. Ha cecoonswunuii Oenb 6 pPA3IUYHBLIX HAVYHBIX YEHMPAX Mupa npoeeoeHbvl
WUpOKOMAcumabHvle Nojegvle HAONOOEHUsT U 1AOOPAMOpHbIE IKCHEePUMEHmbl N0  8ONPOCY
Ghopmuposanus u 08udceHUst 2P0 8 KAHALAX C 2PYHMOBLIM PYCIOM. B pesyibmame smux ucciedo8anutl
OvLl cobpan OOaLUWOL 00beM IKCNEePUMEHMANbHLIX OaHHbIX. XOoms HeKomopble ucciedosamenu
neIMAIUCy 0000wWUMs My OAHHbLE U NPEOCMABUMb UX 8 BUOe eOUHBIX PACUEMHBIX 3A8UCUMOCTEl, 00
HACmMosiue2o 8pemeny no 3momy 80npocy He NOJYUEeHbl NOTHOCMbIO OOCMOBEPHbIE U YHUBEPCATbHbLE
pe3yromamvl. Ananuz umeroweics Hay4Hou Tumepamypsvl NOKA3vbléaent, 4mo npooiema 08uNCeHUst 2psio
8 KAHANAX C 2PYHMOBbIM DPYCIOM OCMAEMCsi OOHOU U3 HAuboiee CIONCHLIX U AKMYAIbHbIX 3a0a4
2UOPABIUKU OMKPLIMBIX PYCEl.

Pezynomamol ananuza nonyyeHuviX IKCHEPUMEHMATbHBIX OAHHLIX U HAONIOOEHUN NOKA3bI8AION, YMO
UBMEHEHUsL NaApamempos GOJIH OKA3blearom HeNnoCPeOCmeeHHoe 6GIUsSHUe HA 2eoMempuyecKue u
KUHemamuyecKkue xapaxkmepucmuxu epsao. B wacmnocmu, nabarooaemcs, umo 2psaowvl, oopazyouuecs
noo gozdelicmeuem 6empo6vlX GOJH, UMelom Ooabuue pasmepvl NO CPAGHEHUI0 ¢ 2psaoami,
Gdopmupyrowumucs 8 CmayuoOHApHOM COCMOSHUY NOMOKA KAHALA. Dm0 00biACHAemcsl, npedicoe 8cezo,
YeenuyeHueM KacameibHblX HANPSINCEHU, BO3HUKAIOWUX HA OHe PYCld 6 pe3yibmame 8030eUCmeus
60/IH. Yeenuuenue 3mux HanpsiceHull npUoOUN K YKPYNHEHUIO NApamempos epsio.

Ha ocnose meopuu nepenoca nanocoé 6 gpopme 2psi0 6 OMKpbIMbIX PYyCciax Obliu YCOBEPULCHCMBOBAHbL
MemoOobl pacuema NepeHoca HAHOCO8 6 KAHANAX 8 YCI08USAX CMAYUOHAPHO20 U HeCMAyUOHAPHO20
osudiceHusi B800H020 nomoka. Takou nooxo0 noszeonsiem 0Oojlee MOYHO ONUCAMb  CLONCHbIE
MOp@oouHamuyecKue NPoYeccyl, NPOUCX00siuue HA OHe pYyCid, U NOBbICUMb O00CHOBEPHOCHIb
PACUEmHbIX Pe3yabmamos.

Kniouesvle cnosa: necmayuonapmuvlii NOMoK, 2psobl, KPYMUsHa 2pso, HAHOCbL, OBUJICEHUE HAHOCOS,
Odehopmayuist, OHO PYCIA, WEPOXOBAMOCHIb, 2UOPABIULECKOe CONPOMUBIIEHUE, OUHAMUYECKASL CKOPOCMb,
CKOPOCMb CO8U2A, BeMPOBble BONHbL, CULA YHOCA.
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Abstract. To date, extensive field observations and laboratory experiments on the formation and
movement of bedforms in channels with alluvial beds have been conducted in various scientific centers
worldwide. These studies have yielded a large volume of experimental data. Although some researchers
have attempted to generalize these data and present them as unified computational relationships, fully
reliable and universal results on this issue have not yet been obtained. Analysis of the existing scientific
literature shows that the problem of bedform movement in channels with alluvial beds remains one of the
most complex and relevant challenges in open channel hydraulics.

The results of analyzing the obtained experimental data and observations indicate that changes in wave
parameters directly affect the geometric and kinematic characteristics of the bedforms. In particular, it
has been observed that bedforms formed under the influence of wind waves have larger dimensions
compared to those formed in steady-state channel flow. This is primarily attributed to the increase in
shear stresses occurring at the channel bottom as a result of wave action. The increase in these stresses
leads to the enlargement of bedform parameters.

Based on the theory of bedform sediment transport in open channels, methods for calculating sediment
transport in channels under steady and unsteady flow conditions have been improved. This approach
allows for a more accurate description of the complex morphodynamic processes occurring at the
channel bottom and enhances the reliability of the calculated results.
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force.

Kirish. Ushbu magolada kanal suv ogimiga
shamol to‘lginlari ta’sir qilgandagi, ya’ni
nostatsionar harakatdagi kanal tubida sodir
bo‘ladigan gryadalar o‘Ichamlari aniqglanishi
hisoblanadi. Nostatsionar ogim sharoitida sodir
bo‘ladigan gryadalar hosil bo‘lish jarayoni,
statsionar holatdagi o‘zan tubi gryadalariga nisbatan
sezilarli darajada murakkabroq kechadi. Mazkur
jarayonning  kechishiga ogimning kinematik
parametrlaridan tashqari, shamol to‘lginlarining
parametrlari ham sezilarli ta’sir ko‘rsatadi. Shu
sababli, bugungi kunda bir yo‘nalishli oqimga
shamol to‘lginlari ta’sirida paydo bo‘ladigan
gryadalar  parametrlarini  aniglash ~ masalasi
kanallarni loyihalash, qurish va ekspluatatsiya gilish
jarayonlarida muhim rol o‘ynaydi va tadqiqotchilar
tomonidan katta qizigish uyg‘otadi.

O‘zanlardagi  oqiziglarning gryadli va
gryadsiz harakati bo‘yicha S.T. Altunin, V.S.
Altunin, V.S. Borovkov, K.V. Grishanin, V.K.
Debolskiy, Y.A. Ibadzade, 1.G. Kantardji, I.F.
Karasev, V.S. Knoroz, Z.D. Kopaliani, Y.M.
Kuzminov, E.l. Mass, I.I. Levi, B.F. Snishenko,
E.K. Rabkova, N.S. Znamenskaya, P. Akkers, L.
Van-Rayn, J.D. Jonson, J. Kennedi, H. Eynshteyn,
R. Engelund, A.H. Abalyans, Q.Sh. Latipov, H.A.
Ismagilov, A.M. Muxamedov, R.M. Karimov, M.R.
Bakiyev, E.J. Maxmudov, A.M. Arifjanov, D.R.
Bazarov, S.S. Eshev, T. Majidov va boshga olimlar
tomonidan ko‘plab nazariy, laboratoriya va dala
sharoitlarida tadgiqotlar olib borilgan. Ushbu ishlar
o‘zan tubida gryadalar hosil bo‘lishi, ularning
harakati va oqiziglarning tashilishi jarayonini
batafsil tahlil gilishga imkon yaratadi. [1-6, 9-10,
11-14].

Uslub va materiallar. Hozirgi kunda
nostatsionar oqim sharoitida sodir bo‘ladigan
gryadalar jarayoni mavjud tadgigotlar, shu
jumladan nazariy tahlillar va eksperimental
tajribalar asosida o‘rganilmoqda. Ogqiziglarning
gryadli tartibda harakatlanishi ularning harakatining
boshlanishidan boshlab, dumalash, saltatsiyali va
muallaq holatlarni egallashi bilan yakunlanadi.

Gryadalar shakllanishiga eng sezilarli ta’sir
ko‘rsatadigan omillar quyidagilardan iborat:

Ogimning turbulentligi;

Gryadalarning tikligi. hy, /£

Ushbu maqolada kanallardagi bir yo‘nalishli
ogimga shamol to‘lqinlari ta’sirida hosil bo‘ladigan
gryadalar shakllanishi va ularning parametrlarini
aniglash masalasi tahlil gilinadi. Mazkur masalani
o‘rganish maqgsadida Qarshi davlat texnika
Universiteti laboratoriyasida tajribalar o‘tkazildi.
Tajribalarda temir lotok ichida turli yon tomon
giyalik koeffitsientlariga (m = 2,0;2,5;3,0; 3,5)
ega bo‘lgan trapesiya shaklidagi kanal modellari
qurildi va har bir yon tomon giyaliklari uchun
tajribalar uch bosgichda amalga oshirildi.

Ushbu tadgiqotlar ogimi va shamol
to‘lginlarining gryadalar hosil bo‘lishiga ta’sirini
anigroq tavsiflash, shuningdek, kanallarni loyi-
halash va oqiziglar harakatini modellashtirishda
ilmiy asos yaratishga imkon beradi [9,10,13].

Oc‘tkazilgan tajriba ma’lumotlari statistik usul
yordamida gayta ishlangan. Natijalarni tahlil gilish
shuni ko‘rsatadiki, to‘lqin parametrlarining (h,, 4,)
o‘zgarishiga bog‘liq holda gryadalar parametrlarida
ham (h,,gr,{’,,gr) sezilarli o‘zgarishlar yuz beradi.
Shu sababli, kanal ogimining statsionar holatidagi
gryadalarga nisbatan, shamol to‘lginlari ta’siri
ostida hosil bo‘ladigan gryadalar kattaroq
o‘lchamlarga ega bo‘lishi kuzatiladi.

Haqiqatan ham, to‘lqinlar ta’siri ostida o‘zan
tubida tangensial kuchlanishlarning ortishi sodir
bo‘ladi, bu esa gryadalar parametrlarining
kattalashishiga olib keladi. Ushbu jarayonni birinchi
navbatda gryadalar balandligini hisoblash orgali
aniglash mumkin. Buning uchun laboratoriya va
natura ma’lumotlaridan foydalaniladi.

Yuogoridagi mulohazalarga asoslanib, stat-
sionar harakatda hosil bo‘lgan gryadalarning
to‘lginlar ta’sirida o‘zgarishini hisoblashda empirik
bog‘lanishlarni qo‘llash mumkin. Shu asosda,

nostatsionar oqim ta’sirida hosil bo‘ladigan
gryadalar  balandligini  aniglash  imkoniyati
yaratiladi.

hvgr A—v

——=1+2,21-—, 1)

gr ho

uzunligi uchun esa
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fvgr _ ﬁ
T 1+ 0,20h0 2
bog‘lanishlarni yozamiz.

Bu empirik formulalarni mos ravishda
quyidagi ko‘rinishda ifodalaymiz:
Ay
hygr = hgr (1 +2,21 h—o), (3)
Ay
logr = 4gr (14+0202), (@)

bu yerda h,, A,,- mos ravishda to‘lqginlarning
balandligi va uzunligi; hg, €4~ kanallarda
to‘lginlar bo‘lmagan oqimda sodir bo‘ladigan
gryadlarning mos ravishda balandligi va uzunligi
bo‘lib, ular biz tomondan taklif gilingan [3-6;9;10]
formulalardan  aniglanadi; hygy, £ygr-  0Qimga
to‘lginlar  ta’sir qilganda sodir bo‘ladigan
gryadlarning mos ravishda balandligi va uzunligi;
hy - oqimning o‘rtacha balandligi.

Olingan tajribada suvning nostatsionar
harakatida  sodir  bo‘ladigan  o‘zan  tubi
gryadalarining balandligini aniglash magsadida
laboratoriya tajribasi ma’lumotlari va (4)-formulaga
asosan hisoblangan giymatlar ~ Kiritilgan.
Shuningdek, 2-rasmda regression tahlil natijalari
ko‘rsatilgan, bu esa olingan ma’lumotlarning
empirik bog‘lanishini vizual tarzda tasdiglaydi.

h m
0.06
0.03 - o ®
~ L ]
hni: m
0 0.03 0.06

1-rasm. Tajribaviy gryadlarning balandligini
hisobiy gryadlarning giymatlari bilan taqqoslash.

0.075
0.066

y=237 452404
0057 _R2- (067

0.043

0.039 L 3

0.03
i
0.021

*

0.012 T T T T T
0.018 0.022 0.026 003 0034 0.033

2-rasm. Regression tahlil.

Shuningdek, gryad balandliklarining labo-
ratoriya va dala tajribalarida olingan ma’lumotlari

bilan hisobiy ma’lumotlarning taqqoslanishi 3-
rasmda ko‘rsatilgan.

h,./h,
0,6
0,4
()
(S}

02 o ©

o 9 olo

0 0,2 04 06 (CRVLT W

3-rasm. Nostatsionar oqim sharoitida
laboratoriya va dala tajribalarda olingan hgy, /h
nisbatining hisob bo ‘yicha olingan nisbatlari
bilan tagqqoslanishi.

Nostatsionar ogim holatida sodir bo‘lgan
gryadalar uzunligini aniglashning haqgoniyligi
ko‘rib chiqiladi. Laboratoriya tajribalariga asoslanib
olingan gryadalar uzunliklari bilan (4)-formulalar
bo‘yicha hisoblangan qiymatlarning taqqoslanishi
4-rasmda keltirilgan, shuningdek, regression tahlil
natijalari 5-rasmda tasvirlangan. Ushbu tahlillar
gryadalar uzunligini aniqlash bo‘yicha laboratoriya
va hisobiy natijalar o‘rtasidagi bog‘liglikni aniq
ko‘rsatadi va empirik modelning ishonchliligini

tasdiglaydi.
I m
0.6
0.3 .... ® ®
- Inis M
0 0.3 0.6

4-rasm. Tajriba va hisobiy gryadlarni taqqoslash.

047

043 v=53 42438 +
. Ri=0068

0.39

0.35 /
0.31

0.2 >

0.23

0.19 /

0.13 Y L 2

0.11 &

0.07

0.22 0.24 0.26 0.18 03 0.32 0.34

S-rasm. Regression tahlil.
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Kanal o°zanining nostatsionar ogimida sodir
bo‘lgan gryadalar uzunliklari bo‘yicha laboratoriya
va dala sharoitlarida olingan ma’lumotlar kiritilgan.
Ushbu qgiymatlar  (4)-bog‘lanishga  asosan
hisoblangan qiymatlar bilan solishtirilgan bo‘lib,
ularning bir-biriga yaqinligini 6-rasmda ko‘rsatish

Demak, deformasiyalanadigan ochiq o‘zanlar
gidravlikasining, shamol to‘lginlari bilan bog‘liq
bo‘lgan nostatsionar oqim sharoitida sodir
bo‘ladigan gryadalar balandliklari va uzunliklarini
hisoblash masalalarida hosil gilingan (3) va (4)-
formulalardan foydalanish mumkin.

mumKkin.

nisbatning hisob bo ‘yicha olingan nisbatlari bilan

[1]
[2]
[3]
[4]

[5]

[6]
[7]
[8]

[9]

6-rasm. Nostatsionar oqim sharoitida
laboratoriya va dala tajribalarda olingan l .. /h,

Xulosa. 1. Kanal ichidagi suvning statsionar
va nostatsionar sharoitlarida o‘tkazilgan labo-
ratoriya tajribalari asosida, kanal o‘zan tubida sodir
bo‘ladigan gryadalar balandligi va uzunligini
aniqlash uchun bog‘lanishlar olinadi. Laboratoriya

lvw /b,

4 va hisobiy giymatlarning taggoslanishi ularning bir-

biriga yaqinligini ko‘rsatdi.

2. Ochiq o‘zanlardagi oqiziglarning gryadli
ko‘rinishda tashilishini hisoblash usuli asosida,
kanaldagi suvning statsionar va nostatsionar
harakatlari ~ sharoitida  ogiziglar  tashilishini
hisoblash usuli takomillashtirildi. Ushbu hisob
usuli, oqiziglar tashilishiga to‘lginlarning asosiy
ta’sir xususiyatini, ya’ni to‘lqinli oqim sharoitida
ogiziglar tashilishining sezilarli darajada oshishini,
aks ettiradi.

0 2 4 6 (g /o

taqqoslanishi.
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